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РАЗРЕЖЁННЫЕ БУФЕРА — ИСПОЛЬЗОВАНИЕ МЕХАНИЗМА
ВИРТУАЛЬНОЙ ПАМЯТИ ДЛЯ УМЕНЬШЕНИЯ

РАСХОДОВАНИЯ ФИЗИЧЕСКОЙ ПАМЯТИ И ЭКОНОМИИ
ПРОЦЕССОРНОГО ВРЕМЕНИ

И. М. Адамович1, Д. В. Земсков2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï à�§à¥¦ñ−−ë¥ ¡ãä¥à� | ¤¨�¯�§®−ë �¤à¥á®¢
¢¨àâã�«ì−®© ¯�¬ïâ¨ ª®¬¯ìîâ¥à�, ¤«ï ª®â®àëå ç�áâ¨ç−® ¨«¨ ¯®«−®áâìî ®â-
áãâáâ¢ã¥â ®â®¡à�¦¥−¨¥ ¢ ä¨§¨ç¥áªãî ¯�¬ïâì. ’�ª¨¥ ¡ãä¥à� ¯à¥¤−�§−�ç¥−ë
¤«ï ¨á¯®«ì§®¢�−¨ï ¢ ¯®¤¯à®£à�¬¬�å ¤«ï ¯¥à¥¤�ç¨ ¢ −¨å ¢å®¤−ëå ¨«¨ ¯®«ã-
ç¥−¨ï ¨§ −¨å ¢ëå®¤−ëå ¤�−−ëå â�ª¨¬ ®¡à�§®¬, çâ® ¯à¨ çâ¥−¨¨ ¨«¨ §�¯¨á¨
¯®¤¯à®£à�¬¬®© ¤�−−ëå ¯® �¤à¥áã, ¤«ï ª®â®à®£® −¥ ¢ë¤¥«¥−� ä¨§¨ç¥áª�ï
¯�¬ïâì, ¯à®¨áå®¤¨â ¢ë§®¢ §�à¥£¨áâà¨à®¢�−−®© ¯®¤¯à®£à�¬¬ë-®¡à�¡®âç¨ª�
¨áª«îç¨â¥«ì−®© á¨âã�æ¨¨, ¢ë¤¥«ïîé¥© ä¨§¨ç¥áªãî ¯�¬ïâì ¤«ï äà�£¬¥−â�
¢¨àâã�«ì−®© ¯�¬ïâ¨, ª ª®â®à®¬ã ¯à®¨§®è«® ®¡à�é¥−¨¥, � ¢ á«ãç�¥ çâ¥−¨ï
¤�−−ëå | §�¯®«−ï¥â ¢ë¤¥«¥−−ë© äà�£¬¥−â −¥®¡å®¤¨¬ë¬¨ ¯®¤¯à®£à�¬¬¥
¤�−−ë¬¨. „¥©áâ¢¨ï, ¯à®¨§¢®¤¨¬ë¥ ¯®¤¯à®£à�¬¬®©-®¡à�¡®âç¨ª®¬, −¥ ¢«¨ïîâ
−� ¨á¯®«−¥−¨¥ ¯®¤¯à®£à�¬¬ë, â. ¥. ¯à®¨áå®¤ïâ −¥§�¬¥â−® ¤«ï −¥¥. ’�ª®© ¬¥å�-
−¨§¬ ¯®§¢®«ï¥â ¨§¡¥¦�âì −¥−ã¦−®£® ¢ë¤¥«¥−¨ï ä¨§¨ç¥áª®© ¯�¬ïâ¨ ¢ á«ãç�¥,
ª®£¤� ª®«¨ç¥áâ¢® §�¯¨á�−−ëå ¨«¨ áç¨â�−−ëå ¯®¤¯à®£à�¬¬®© ¤�−−ëå ¬¥−ìè¥
à�§¬¥à� ¡ãä¥à�, � ¢ á«ãç�¥ çâ¥−¨ï ¤�−−ëå | áíª®−®¬¨âì ¯à®æ¥áá®à−®¥ ¢à¥-
¬ï, −¥®¡å®¤¨¬®¥ ¤«ï §�¯®«−¥−¨ï ç�áâ¨ ¡ãä¥à� ¤�−−ë¬¨, ª®â®àë¥ −¥ ¡ã¤ãâ
¨á¯®«ì§®¢�−ë ¯®¤¯à®£à�¬¬®©.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�â¨ª�; ¢¨àâã�«ì−�ï ¯�¬ïâì; ¡ãä¥à� ¯�¬ïâ¨; ¯®¤-
¯à®£à�¬¬ë; ã¬¥−ìè¥−¨¥ à�áå®¤®¢�−¨ï ¯�¬ïâ¨; íª®−®¬¨ï ¯à®æ¥áá®à−®£® ¢à¥-
¬¥−¨

DOI: 10.14357/08696527160101

1 Термины и определения

�®¤¯à®£à�¬¬� | äà�£¬¥−â ¯à®£à�¬¬−®£® ª®¤�, ª ª®â®à®¬ã ¬®¦−® ®¡à�â¨âìáï
¨§ ¤àã£®£® ¬¥áâ� ¯à®£à�¬¬ë. ‚ à�§−ëå ï§ëª�å ¯à®£à�¬¬¨à®¢�−¨ï ¬®¦¥â â�ª¦¥
−�§ë¢�âìáï ¯à®æ¥¤ãà®©, äã−ªæ¨¥©, ¬¥â®¤®¬. ˆ−®£¤� ¨á¯®«ì§ã¥âáï ®¡é¨© â¥à¬¨−
ú¢ë§ë¢�¥¬ë© ¡«®ª ª®¤�û.

�à£ã¬¥−âë ¯®¤¯à®£à�¬¬ë | §−�ç¥−¨ï, ¯¥à¥¤�¢�¥¬ë¥ ¯®¤¯à®£à�¬¬¥, ¯à¥¤−�-
§−�ç¥−−ë¥ ¤«ï §�¤�−¨ï ¢å®¤−ëå ¤�−−ëå ¨«¨ ¨å ¬¥áâ®à�á¯®«®¦¥−¨©, ¢«¨ïîé¨å

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, adam@amsd.com

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, dima@amsd.com
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÷�§à¥¦ñ−−ë¥ ¡ãä¥à� | ¨á¯®«ì§®¢�−¨¥ ¬¥å�−¨§¬� ¢¨àâã�«ì−®© ¯�¬ïâ¨

−� ¯®¢¥¤¥−¨¥ ¯®¤¯à®£à�¬¬ë, � â�ª¦¥ §�¤�îé¨¥ ¬¥áâ®à�á¯®«®¦¥−¨ï ¤«ï ¢ëå®¤-
−ëå ¤�−−ëå.

‚¨àâã�«ì−�ï ¯�¬ïâì | â¥å−®«®£¨ï ã¯à�¢«¥−¨ï ¯�¬ïâìî ¢ ª®¬¯ìîâ¥à�å,
à¥�«¨§®¢�−−�ï �¯¯�à�â−ë¬¨ ¨ ¯à®£à�¬¬−ë¬¨ áà¥¤áâ¢�¬¨, á ¯®¬®éìî ª®â®àëå
�¤à¥á�¬ ¯�¬ïâ¨, ¨á¯®«ì§ã¥¬ë¬ ¯à®£à�¬¬®© (¢¨àâã�«ì−ë¬ �¤à¥á�¬), áâ�¢ïâáï
¢ á®®â¢¥âáâ¢¨¥ ä¨§¨ç¥áª¨¥ �¤à¥á� ¯�¬ïâ¨ ª®¬¯ìîâ¥à� (â�ª −�§ë¢�¥¬®¥ ®â®¡à�¦¥-
−¨¥ ¢¨àâã�«ì−®£® �¤à¥á� −� ä¨§¨ç¥áª¨©).

‘âà�−¨ç−�ï ¯�¬ïâì | á¯®á®¡ ®à£�−¨§�æ¨¨ ¢¨àâã�«ì−®© ¯�¬ïâ¨, ¯à¨ ª®â®à®¬
¥¤¨−¨æ¥© ®â®¡à�¦¥−¨ï ¢¨àâã�«ì−ëå �¤à¥á®¢ −� ä¨§¨ç¥áª¨¥ ï¢«ï¥âáï à¥£¨®−
¯®áâ®ï−−®£® à�§¬¥à� (â�ª −�§ë¢�¥¬�ï áâà�−¨æ�).

÷¥§¥à¢¨à®¢�−¨¥ ¯�¬ïâ¨ | ¢ë¤¥«¥−¨¥ á¢®¡®¤−®£® ¤¨�¯�§®−� �¤à¥á®¢ ¢ ¢¨à-
âã�«ì−®© ¯�¬ïâ¨ ¡¥§ −�§−�ç¥−¨ï ¥¬ã ¤¨�¯�§®−� �¤à¥á®¢ ä¨§¨ç¥áª®© ¯�¬ïâ¨.

‚ë¤¥«¥−¨¥ ¯�¬ïâ¨ | −�§−�ç¥−¨¥ ¤¨�¯�§®−ã ¢¨àâã�«ì−ëå �¤à¥á®¢ ¤¨�¯�§®−�
�¤à¥á®¢ ä¨§¨ç¥áª®© ¯�¬ïâ¨.

�âáãâáâ¢¨¥ ¤®áâã¯� ª áâà�−¨æ¥ ¯�¬ïâ¨ | á¨âã�æ¨ï ¯à¨ ®¡à�é¥−¨¨ ¯à®-
£à�¬¬ë ¯® �¤à¥áã ¯�¬ïâ¨, −¥ ®â®¡à�¦¥−−®© ¢ ä¨§¨ç¥áªãî ¯�¬ïâì.

�ãä¥à | −¥¯à¥àë¢−ë© ¤¨�¯�§®− �¤à¥á®¢ ¯�¬ïâ¨, ¯à¥¤−�§−�ç¥−−ë© ¤«ï
çâ¥−¨ï ¨§ −¥£® ¯®¤¯à®£à�¬¬®© ¤�−−ëå, §�¯¨á¨ ¢ −¥£® ¤�−−ëå ¨«¨ â®£® ¨ ¤àã£®£®.

‚ëå®¤−®© ¡ãä¥à | ¡ãä¥à, ¯à¥¤−�§−�ç¥−−ë© ¤«ï §�¯¨á¨ ¯®¤¯à®£à�¬¬®© ¢ë-
å®¤−ëå ¤�−−ëå ¤«ï ¨å ¯®á«¥¤ãîé¥£® ¨á¯®«ì§®¢�−¨ï ¢ ¢ë§ë¢�îé¥© ¯à®£à�¬¬¥.

‚å®¤−®© ¡ãä¥à | ¡ãä¥à, ¯à¥¤−�§−�ç¥−−ë© ¤«ï ¯¥à¥¤�ç¨ ¯®¤¯à®£à�¬¬¥
¢å®¤−ëå ¤�−−ëå.

÷�§à¥¦ñ−−ë© ¡ãä¥à | ¡ãä¥à, ¤«ï ª®â®à®£® ç�áâ¨ç−® ¨«¨ ¯®«−®áâìî ®âáãâ-
áâ¢ã¥â ®â®¡à�¦¥−¨¥ ¢ ä¨§¨ç¥áªãî ¯�¬ïâì.

�à®£à�¬¬−®¥ ¨áª«îç¥−¨¥ | á¨âã�æ¨ï, ¯à¥àë¢�îé�ï −®à¬�«ì−ë© å®¤ ¨á¯®«-
−¥−¨ï ¯à®£à�¬¬ë ¨ âà¥¡ãîé�ï ¨á¯®«−¥−¨ï ¤®¯®«−¨â¥«ì−®£® ¯à®£à�¬¬−®£® ª®¤�
(¯®¤¯à®£à�¬¬ë-®¡à�¡®âç¨ª� ¨áª«îç¥−¨ï).

�¡à�¡®âç¨ª ¨áª«îç¥−¨ï | ¯®¤¯à®£à�¬¬�, ¢ë§ë¢�îé�ïáï áà¥¤áâ¢�¬¨ ®¯¥-
à�æ¨®−−®© á¨áâ¥¬ë ¯à¨ ¢®§−¨ª−®¢¥−¨¨ ¯à®£à�¬¬−®£® ¨áª«îç¥−¨ï.

÷¥£¨áâà�æ¨ï ®¡à�¡®âç¨ª� ¨áª«îç¥−¨ï | §�¤�−¨¥ �¤à¥á� ¯®¤¯à®£à�¬¬ë,
ª®â®à�ï ¡ã¤¥â ¢ë§ë¢�âìáï áà¥¤áâ¢�¬¨ ®¯¥à�æ¨®−−®© á¨áâ¥¬ë ¯à¨ ¢®§−¨ª−®¢¥−¨¨
¨áª«îç¥−¨ï ª®−ªà¥â−®£® â¨¯�.

�¡à�¡®âç¨ª ®âáãâáâ¢¨ï ¤®áâã¯� ª áâà�−¨æ¥ ¯�¬ïâ¨ | ¯®¤¯à®£à�¬¬�-®¡-
à�¡®âç¨ª ¨áª«îç¥−¨ï, ª®â®à�ï ¢ë§ë¢�¥âáï ¯à¨ ¢®§−¨ª−®¢¥−¨¨ á¨âã�æ¨¨ ®âáãâ-
áâ¢¨ï ¤®áâã¯� ª áâà�−¨æ¥ ¯�¬ïâ¨, ¯®«ãç�îé�ï ¯à¨ ¢ë§®¢¥ �¤à¥á á®®â¢¥âáâ¢ãîé¥©
áâà�−¨æë.

Š®−âà®««¥à ¡ãä¥à� | ¯®¤¯à®£à�¬¬�, ¢ë§ë¢�¥¬�ï ¢ ®¯¨áë¢�¥¬®© à¥�«¨-
§�æ¨¨ ¯à¨ ¢®§−¨ª−®¢¥−¨¨ ¨áª«îç¥−¨ï ®âáãâáâ¢¨ï ¤®áâã¯� ª áâà�−¨æ¥ ¯�¬ïâ¨,
®â−®áïé¥©áï ª ª®−ªà¥â−®¬ã ¡ãä¥àã.

„¨á¯¥âç¥à ª®−âà®««¥à®¢ ¡ãä¥à®¢ | ¯®¤¯à®£à�¬¬�, ¯®«ãç�îé�ï ¢ ª�ç¥áâ¢¥
�à£ã¬¥−â� �¤à¥á ¯�¬ïâ¨, ¯à¨−�¤«¥¦�é¨© ¡ãä¥àã, ¨ ¢ë§ë¢�îé�ï á®®â¢¥âáâ¢ã-
îé¨© íâ®¬ã ¡ãä¥àã ª®−âà®««¥à.
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ˆ. Œ. �¤�¬®¢¨ç, „. ‚. ‡¥¬áª®¢

2 Введение

‹î¡�ï ¯à®£à�¬¬� ¨á¯®«ì§ã¥â ¬−®¦¥áâ¢® ¯®¤¯à®£à�¬¬, ¡®«ìè®¥ ª®«¨ç¥-
áâ¢® ª®â®àëå ¯à¨−¨¬�¥â ¢ ª�ç¥áâ¢¥ ¨áå®¤−ëå ¨«¨ ¢ë¤�¥â ¢ ª�ç¥áâ¢¥ à¥§ã«ì-
â¨àãîé¨å ¤�−−ë¥, åà�−ïé¨¥áï ¢ ®¯¥à�â¨¢−®© ¯�¬ïâ¨ ¨ ¨¬¥îé¨¥ ¯¥à¥¬¥−−ãî
¤«¨−ã.

��¨¡®«¥¥ å�à�ªâ¥à−ë¬ ¯à¨¬¥à®¬ â�ª¨å ¤�−−ëå á«ã¦�â á¨¬¢®«ì−ë¥ áâà®ª¨,
¡¥§ ¨á¯®«ì§®¢�−¨ï ª®â®àëå âàã¤−® ¯à¥¤áâ�¢¨âì á¥¡¥ §�ª®−ç¥−−ãî ¯à®£à�¬¬ã.
�®¬¨¬® ¨á¯®«ì§®¢�−¨ï á¨¬¢®«ì−ëå áâà®ª ¤«ï ¯à¥¤áâ�¢«¥−¨ï â¥ªáâ� ®−¨ ¨á¯®«ì-
§ãîâáï ¤«ï §�¤�−¨ï ¨¬¥− ä�©«®¢ ¢ ä�©«®¢®© á¨áâ¥¬¥ ¨ â. ¯. �¨−�à−ë¥, â. ¥. −¥-
â¥ªáâ®¢ë¥, ¤�−−ë¥ ¯¥à¥¬¥−−®© ¤«¨−ë ¨á¯®«ì§ãîâáï ¢® ¬−®¦¥áâ¢¥ �«£®à¨â¬®¢,
ª ª�ª®¢ë¬ ®â−®áïâáï �«£®à¨â¬ë ª®¬¯à¥áá¨¨, è¨äà®¢�−¨ï ¤�−−ëå ¨ ¤à. ‚�¦-
−ë¬ á¢®©áâ¢®¬ â�ª¨å ¤�−−ëå ï¢«ï¥âáï â®, çâ® −¥®¡å®¤¨¬®áâì ¨å ¯à¨áãâáâ¢¨ï
¢ ®¯¥à�â¨¢−®© ¯�¬ïâ¨ ®£à�−¨ç¥−� ¯® ¢à¥¬¥−¨ −� ¯¥à¨®¤ ¨á¯®«−¥−¨ï ¨á¯®«ì§ã-
îé¨å ¨å ¯®¤¯à®£à�¬¬. �¥á¬®âàï −� â® çâ® ¯®¤¯à®£à�¬¬ë ®áãé¥áâ¢«ïîâ ¤®áâã¯
ª à�§−ë¬ äà�£¬¥−â�¬ â�ª¨å ¤�−−ëå −¥®¤−®¢à¥¬¥−−®, ¢ë§ë¢�îé�ï ¯à®£à�¬¬�
¯à¥¤®áâ�¢«ï¥â ¨å ¯¥à¥¤ ¢ë¯®«−¥−¨¥¬ ¯®¤¯à®£à�¬¬ë ¢ ¯®«−®¬ ®¡ê¥¬¥, ¥á«¨ íâ¨
¤�−−ë¥ ï¢«ïîâáï ¢å®¤−ë¬¨, ¥á«¨ ¦¥ íâ¨ ¤�−−ë¥ | ¢ëå®¤−ë¥, â® ¨å ®¡à�¡®âª�
¢ë§ë¢�îé¥© ¯à®£à�¬¬®© ®âª«�¤ë¢�¥âáï ¤® ¬®¬¥−â� ¨å ¯®«−®£® ä®à¬¨à®¢�−¨ï
¨ ®ª®−ç�−¨ï ¨á¯®«−¥−¨ï ¯®¤¯à®£à�¬¬ë.

‡�ç�áâãî ¢ë§ë¢�îé¥© ¯à®£à�¬¬¥ −¥¨§¢¥áâ−® ª�ª ª®«¨ç¥áâ¢® à¥�«ì−® ¨á-
¯®«ì§ã¥¬ëå ¯®¤¯à®£à�¬¬®© ¢å®¤−ëå ¤�−−ëå, â�ª ¨ ª®«¨ç¥áâ¢® ¢ëå®¤−ëå ¤�−-
−ëå, ¢ë¤�−−ëå ¯®¤¯à®£à�¬¬®©. ‚ â�ª®¬ á«ãç�¥ ¯®¤¯à®£à�¬¬¥ ¯à¥¤®áâ�¢«ïîâáï
¢å®¤−ë¥ ¤�−−ë¥ ¨«¨ ¢ë¤¥«ï¥âáï ¯�¬ïâì ¯®¤ ¢ëå®¤−ë¥ ¤�−−ë¥ ¬�ªá¨¬�«ì−® ¢®§-
¬®¦−®© −¥®¡å®¤¨¬®© ¤«¨−ë, çâ® ¯à¨¢®¤¨â ª ¨§«¨è−¥¬ã à�áå®¤®¢�−¨î ¯�¬ïâ¨
¨ à¥áãàá®¢ ª®¬¯ìîâ¥à� ¤«ï £¥−¥à�æ¨¨ ¢å®¤−ëå ¤�−−ëå.

‚ ¬−®£®§�¤�ç−®© á¨áâ¥¬¥ ®âà¨æ�â¥«ì−®¥ ¢«¨ï−¨¥ −¥−ã¦−®£® à�áå®¤®¢�−¨ï
¯�¬ïâ¨ ¨ ¯à®æ¥áá®à−®£® ¢à¥¬¥−¨ à�áâ¥â, â�ª¦¥ −¥£�â¨¢−® áª�§ë¢�¥âáï ã¢¥«¨ç¥−¨¥
¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï ¯®¤¯à®£à�¬¬, â�ª ª�ª ®¯¥à�â¨¢−�ï ¯�¬ïâì ¯®¤ ¤�−−ë¥ §�−ïâ�
−� ¢à¥¬ï ¨å ¢ë¯®«−¥−¨ï.

�à¥¤«�£�¥¬ë© ¬¥å�−¨§¬ ¯à¥¤−�§−�ç¥− ¤«ï ã¬¥−ìè¥−¨ï ª®«¨ç¥áâ¢� ¢ë¤¥«ï-
¥¬®© ¯®¤ ¤�−−ë¥ ¤«ï ¯®¤¯à®£à�¬¬ ä¨§¨ç¥áª®© ¯�¬ïâ¨ ¨ −�ª«�¤−ëå à�áå®¤®¢ −�
£¥−¥à�æ¨î ¢å®¤−ëå ¤�−−ëå §� áç¥â ¨á¯®«ì§®¢�−¨ï ¢¨àâã�«ì−®© ¯�¬ïâ¨ ®¯¥à�æ¨-
®−−ëå á¨áâ¥¬, � ¨¬¥−−® â®£® ¨å á¢®©áâ¢�, çâ® äà�£¬¥−âë �¤à¥á−®£® ¯à®áâà�−áâ¢�
¯�¬ïâ¨ ¬®¦−® §�à¥§¥à¢¨à®¢�âì ¡¥§ ¢ë¤¥«¥−¨ï á®®â¢¥âáâ¢ãîé¨å ¨¬ äà�£¬¥−â®¢
ä¨§¨ç¥áª®© ¯�¬ïâ¨, � ¢ë¤¥«¥−¨¥ â�ª®¢ëå ¯à®¨§¢®¤¨âì â®«ìª® ¯à¨ ®¡à�é¥−¨¨
¯®¤¯à®£à�¬¬ë ¯® §�à¥§¥à¢¨à®¢�−−®¬ã �¤à¥áã.

�à¥¤«®¦¥−−ë© ¢ áâ�âì¥ ¬¥å�−¨§¬ ¬®¦¥â ¡ëâì à¥�«¨§®¢�− áà¥¤áâ¢�¬¨ ¬−®-
¦¥áâ¢� áãé¥áâ¢ãîé¨å ®¯¥à�æ¨®−−ëå á¨áâ¥¬ (�‘), ®¤−�ª® ¢ ª�ç¥áâ¢¥ ¯à¨¬¥à�
à�áá¬�âà¨¢�¥âáï ¥£® ¢®§¬®¦−�ï à¥�«¨§�æ¨ï ¢ á¥¬¥©áâ¢¥ �‘ Windows −�ç¨−�ï
á ¢¥àá¨¨ Windows XP. „�−−®¥ á¥¬¥©áâ¢® �‘ ¢ áâ�âì¥ −�§ë¢�¥âáï �‘ Windows,
¡¥§ ¤®¯®«−¨â¥«ì−®£® ãª�§�−¨ï �‘ Windows XP ª�ª ¬¨−¨¬�«ì−®© ¯®¤¤¥à¦¨¢�-
¥¬®© ¢¥àá¨¨.
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3 Обработка исключительных ситуаций в разных операционных
системах

�¡à�¡®âª� ¨áª«îç¥−¨© à¥�«¨§ã¥âáï ¬¥å�−¨§¬®¬ à¥£¨áâà�æ¨¨ áà¥¤áâ¢�¬¨ �‘
¯®¤¯à®£à�¬¬-®¡à�¡®âç¨ª®¢ ¨áª«îç¥−¨©, ¬®£ãé¨å ¢®§−¨ª−ãâì ¯à¨ ¨á¯®«−¥−¨¨
¯à®æ¥áá�. ‚ à�§−ëå �‘ â�ª¨¥ ¯®¤¯à®£à�¬¬ë ¬®£ãâ ¡ëâì ª�ª ¯à¨¢ï§�−ë ª ®¯à¥-
¤¥«¥−−®¬ã ¨áª«îç¥−¨î ¨«¨ £àã¯¯¥ ¨áª«îç¥−¨©, â�ª ¨ −¥ ¨¬¥âì â�ª®© ¯à¨¢ï§ª¨,
ï¢«ïïáì ®¡à�¡®âç¨ª�¬¨ ¨áª«îç¥−¨© «î¡®£® â¨¯�.

Š®«¨ç¥áâ¢® ¢®§¬®¦−ëå §�à¥£¨áâà¨à®¢�−−ëå ®¡à�¡®âç¨ª®¢ â�ª¦¥ §�¢¨á¨â ®â
�‘ ¨ ¬®¦¥â ¢�àì¨à®¢�âìáï ®â ®¤−®£® ¤® ¯à®¨§¢®«ì−®£® ç¨á«� â�ª®¢ëå.

�à¨ ¢®§−¨ª−®¢¥−¨¨ ¨áª«îç¥−¨ï ã¯à�¢«¥−¨¥ ¯¥à¥¤�¥âáï §�à¥£¨áâà¨à®¢�−−®©
¤«ï ¤�−−®£® â¨¯� ¨áª«îç¥−¨ï ¯®¤¯à®£à�¬¬¥-®¡à�¡®âç¨ªã ¨«¨, ¥á«¨ §�à¥£¨áâà¨-
à®¢�−−ëå ®¡à�¡®âç¨ª®¢ −¥áª®«ìª®, ª�¦¤®¬ã ¨§ −¨å ¯®á«¥¤®¢�â¥«ì−®.

�® ®ª®−ç�−¨¨ ®¡à�¡®âª¨ ¨áª«îç¥−¨ï ®¡à�¡®âç¨ª ¨¬¥¥â ¤¢¥ ®á−®¢−ë¥ ¢®§-
¬®¦−®áâ¨:

(1) á®®¡é¨âì á¨áâ¥¬¥, çâ® ¨áª«îç¥−¨¥ −¥ ®¡à�¡®â�−®. ‚ â�ª®¬ á«ãç�¥ á¨áâ¥¬�
¯à®¤®«¦¨â ¯®á«¥¤®¢�â¥«ì−® ¢ë§ë¢�âì ®áâ�¢è¨¥áï §�à¥£¨áâà¨à®¢�−−ë¥ ®¡-
à�¡®âç¨ª¨;

(2) á®®¡é¨âì á¨áâ¥¬¥, çâ® ¨áª«îç¥−¨¥ ®¡à�¡®â�−®. ‚ â�ª®¬ á«ãç�¥ á¨áâ¥¬� ¯à®-
¤®«¦¨â ¨á¯®«−¥−¨¥ ¯à¥à¢�−−®£® ª®¤� á ¯®¢â®à−®£® ¨á¯®«−¥−¨ï ¨−áâàãªæ¨¨,
¢ë§¢�¢è¥© ¨áª«îç¥−¨¥.

‚ �‘ Windows íâ®â ¬¥å�−¨§¬ −�§ë¢�¥âáï Vectored Exception Handling
(VEH), çâ® ¯¥à¥¢®¤¨âáï ª�ª ú¢¥ªâ®à−�ï ®¡à�¡®âª� ¨áª«îç¥−¨©û, ¨ ¨¬¥¥â á«¥¤ã-
îé¨¥ á¢®©áâ¢�:

{ ¯®§¢®«ï¥â §�à¥£¨áâà¨à®¢�âì −¥®£à�−¨ç¥−−®¥ ª®«¨ç¥áâ¢® ®¡à�¡®âç¨ª®¢ ¨á-
ª«îç¥−¨©;

{ à¥£¨áâà¨àã¥¬ë¥ ®¡à�¡®âç¨ª¨ ¨áª«îç¥−¨© −¥ ¨¬¥îâ ¯à¨¢ï§ª¨ ª â¨¯ã ¨á-
ª«îç¥−¨ï, � ¯®«ãç�îâ ¨−ä®à¬�æ¨î ® â¨¯¥ ¨áª«îç¥−¨ï ¨§ ¯¥à¥¤�¢�¥¬ëå ¯à¨
¢ë§®¢¥ ¯®¤¯à®£à�¬¬ë-®¡à�¡®âç¨ª� á¨áâ¥¬®© ¤�−−ëå;

{ −¥ ¯à¨¢ï§�−ë ª ¯®â®ªã ¨á¯®«−¥−¨ï ¯à®æ¥áá�.

÷¥£¨áâà�æ¨ï ®¡à�¡®âç¨ª� ¢ �‘ Windows ®áãé¥áâ¢«ï¥âáï ¢ë§®¢®¬ äã−ªæ¨¨
API AddVectoredExceptionHandler.

4 Механизм действия разрежённых буферов

Œ¥å�−¨§¬ ¤¥©áâ¢¨ï à�§à¥¦ñ−−ëå ¡ãä¥à®¢, ¯à¥¤áâ�¢«¥−−ë© −� ¤¨�£à�¬¬¥
¯®á«¥¤®¢�â¥«ì−®áâ¨, á®áâ®¨â ¨§ á«¥¤ãîé¨å íâ�¯®¢:

(1) ¯à®£à�¬¬� à¥§¥à¢¨àã¥â áà¥¤áâ¢�¬¨ �‘ ¤¨�¯�§®− �¤à¥á®¢ ¯®¤ ¡ãä¥à ¬�ªá¨-
¬�«ì−® −¥®¡å®¤¨¬®£® ¯®¤¯à®£à�¬¬¥ à�§¬¥à�;

(2) ¥á«¨ ª®−âà®««¥àã ¡ãä¥à� ¤«ï à�¡®âë −¥®¡å®¤¨¬ë ¤®¯®«−¨â¥«ì−ë¥ ¤�−−ë¥,
¯à®£à�¬¬� á®§¤�¥â ¨/¨«¨ ¨−¨æ¨�«¨§¨àã¥â ¨å;
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„¨�£à�¬¬� ¯®á«¥¤®¢�â¥«ì−®áâ¨

(3) ¯à®£à�¬¬� à¥£¨áâà¨àã¥â ã ¤¨á¯¥âç¥à� ª®−âà®««¥à®¢ ¡ãä¥à®¢ ¬¨−¨¬�«ì−ë©
¨ ¬�ªá¨¬�«ì−ë© �¤à¥á� ¡ãä¥à� ¨ á®®â¢¥âáâ¢ãîé¨© ª®−âà®««¥à ¡ãä¥à�
¨, ¯à¨ −¥®¡å®¤¨¬®áâ¨, ¤�−−ë¥ ¤«ï ¥£® à�¡®âë;

(4) ¯à®£à�¬¬� ¢ë§ë¢�¥â ¯®¤¯à®£à�¬¬ã, ¯¥à¥¤�¢�ï ¥© ¡ãä¥à ¤«ï çâ¥−¨ï ¨«¨
§�¯¨á¨ ¤�−−ëå;

(5) ¢® ¢à¥¬ï ¨á¯®«−¥−¨ï ¯®¤¯à®£à�¬¬ë ¯à¨ ª�¦¤®© ¥¥ ¯®¯ëâª¥ çâ¥−¨ï ¨§ ¡ã-
ä¥à� ¨«¨ §�¯¨á¨ ¢ ¡ãä¥à ¤�−−ëå ¯® �¤à¥áã, −¥ ¨¬¥îé¥¬ã ¢ë¤¥«¥−−®©
ä¨§¨ç¥áª®© áâà�−¨æë ¯�¬ïâ¨, ¢ë¯®«−ïîâáï á«¥¤ãîé¨¥ ¤¥©áâ¢¨ï:

(5.1) ¢®§−¨ª�¥â á¨âã�æ¨ï ¨áª«îç¥−¨ï ¨ ã¯à�¢«¥−¨¥ ¯¥à¥¤�¥âáï �‘;

(5.2) ®¯¥à�æ¨®−−�ï á¨áâ¥¬� ¢ë§ë¢�¥â §�à¥£¨áâà¨à®¢�−−ë© ®¡à�¡®âç¨ª ¨á-
ª«îç¥−¨ï ¤®áâã¯� ª ¯�¬ïâ¨ ¨ ¯¥à¥¤�¥â ¥¬ã �¤à¥á ¯�¬ïâ¨, ¯à¨ ®¡à�-
é¥−¨¨ ª ª®â®à®¬ã ¯à®¨§®è«® ¨áª«îç¥−¨¥;

(5.3) ®¡à�¡®âç¨ª ¨áª«îç¥−¨ï ¤®áâã¯� ª ¯�¬ïâ¨ ¢ë§ë¢�¥â ç¥à¥§ ¤¨á¯¥â-
ç¥à� ª®−âà®««¥à®¢ ¡ãä¥à®¢ á®®â¢¥âáâ¢ãîé¨© �¤à¥áã ¨áª«îç¥−¨ï
ª®−âà®««¥à, ¯¥à¥¤�¢�ï ¥¬ã ¢ ª�ç¥áâ¢¥ �à£ã¬¥−â®¢ �¤à¥á ¨áª«îç¥−¨ï
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¨ §�à¥£¨áâà¨à®¢�−−ë¥ ¤«ï íâ®£® ª®−âà®««¥à� ¤�−−ë¥, −¥®¡å®¤¨¬ë¥
¤«ï ¥£® à�¡®âë;

(5.4) ª®−âà®««¥à ¢ë¤¥«ï¥â áà¥¤áâ¢�¬¨ �‘ áâà�−¨æã ¯�¬ïâ¨, á®¤¥à¦�éãî
�¤à¥á, ®¡à�é¥−¨¥ ª ª®â®à®¬ã ¢ë§¢�«® ¨áª«îç¥−¨¥, ¨ ¥á«¨ ¡ãä¥à
ï¢«ï¥âáï ¢å®¤−ë¬, â® §�¯®«−ï¥â íâã áâà�−¨æã ¤�−−ë¬¨;

(5.5) ª®−âà®««¥à ¢®§¢à�é�¥â ã¯à�¢«¥−¨¥ ¤¨á¯¥âç¥àã ª®−âà®««¥à®¢ ¡ã-
ä¥à®¢; â®â, ¢ á¢®î ®ç¥à¥¤ì, ¢®§¢à�é�¥â ã¯à�¢«¥−¨¥ ®¡à�¡®âç¨ªã
¨áª«îç¥−¨ï ¤®áâã¯� ª ¯�¬ïâ¨; ¯®á«¥¤−¨© ¢®§¢à�é�¥â ã¯à�¢«¥−¨¥
®¯¥à�æ¨®−−®© á¨áâ¥¬¥ á ãª�§�−¨¥¬, çâ® ®è¨¡ª� ¨á¯à�¢«¥−�;

(5.6) ®¯¥à�æ¨®−−�ï á¨áâ¥¬� ¢®ááâ�−�¢«¨¢�¥â ª®−â¥ªáâ ¨á¯®«−¥−¨ï ¯®¤¯à®-
£à�¬¬ë ¨ ¯à®¤®«¦�¥â ¥¥ ¨á¯®«−¥−¨¥, −�ç¨−�ï á ¯®¢â®à−®£® ¨á¯®«-
−¥−¨ï ¨−áâàãªæ¨¨ ¯à®æ¥áá®à�, ¢ë§¢�¢è¥© ¢®§−¨ª−®¢¥−¨¥ á¨âã�æ¨¨
¨áª«îç¥−¨ï.

‘ãé¥áâ¢ãîâ ¡®«¥¥ á«®¦−ë¥ áæ¥−�à¨¨ à�¡®âë á ¡ãä¥à�¬¨, −�¯à¨¬¥à:

(1) ¯à¨ ¯®á«¥¤®¢�â¥«ì−®¬ çâ¥−¨¨ ¨§ ¡ãä¥à� ¯®áâ¥¯¥−−®¥ ®á¢®¡®¦¤¥−¨¥ −�ç�«�
¡ãä¥à� ®¤−®¢à¥¬¥−−® á ¢ë¤¥«¥−¨¥¬ áâà�−¨æ ¢ ª®−æ¥ ¡ãä¥à�;

(2) ¯à¨ ¯®á«¥¤®¢�â¥«ì−®© §�¯¨á¨ ¢ ¡ãä¥à ¯®áâ¥¯¥−−®¥ ¨á¯®«ì§®¢�−¨¥ ¤�−−ëå
á £®«®¢ë ¡ãä¥à� ®¤−®¢à¥¬¥−−® á ¢ë¤¥«¥−¨¥¬ ¨ §�¯®«−¥−¨¥¬ áâà�−¨æ ¢ ª®−æ¥
¡ãä¥à�.

5 Примеры использования

‚ ª�ç¥áâ¢¥ ®¤−®£® ¨§ ¯à¨¬¥à®¢ ¨á¯®«ì§®¢�−¨ï ¯à¥¤«�£�¥¬®£® ¬¥å�−¨§¬� à�á-
á¬®âà¨¬ à�¡®âã á API (Application Programming Interface) äã−ªæ¨ï¬¨ ä�©«®¢®©
á¨áâ¥¬ë �‘ Windows, ª®â®àë¥ ¯à¨−¨¬�îâ ¢ ª�ç¥áâ¢¥ �à£ã¬¥−â� á¨¬¢®«ì−ãî
áâà®ªã ¯¥à¥¬¥−−®© ¤«¨−ë, ®¯à¥¤¥«ïîéãî ¨¬ï ä�©«�.

Š â�ª®¢ë¬ ®â−®áïâáï äã−ªæ¨¨ ®âªàëâ¨ï, ¯¥à¥¨¬¥−®¢�−¨ï, ã¤�«¥−¨ï ä�©«�
¨ ¨¬ ¯®¤®¡−ë¥. ‚−ãâà¥−−ïï à¥�«¨§�æ¨ï â�ª¨å äã−ªæ¨© à�¡®â�¥â á® áâà®ª�¬¨
¢ ª®¤¨à®¢ª¥ UTF-16 [1] ¨, −¥á¬®âàï −� â® çâ® áãé¥áâ¢ãîâ �−�«®£¨ç−ë¥ äã−ªæ¨¨,
¯à¨−¨¬�îé¨¥ ¢ ª�ç¥áâ¢¥ �à£ã¬¥−â®¢ ¨¬¥−� ä�©«®¢ ¢ ®¤−®¡�©â−®© ª®¤¨à®¢ª¥,
¢ â�ª¨å äã−ªæ¨ïå ¯à®¨§¢®¤¨âáï ¨å ¯¥à¥ª®¤¨à®¢ª� ¢ ä®à¬�â UTF-16.

�®áª®«ìªã ¨¬¥−� ä�©«®¢ ¢ ®¤−®¡�©â−®© ª®¤¨à®¢ª¥ −¥ ¬®£ãâ á®¤¥à¦�âì ¢á¥
¤®¯ãáâ¨¬ë¥ ¢ UCS (Universal Coded Character Set) [2] á¨¬¢®«ë, ã¤®¡−® ¨á-
¯®«ì§®¢�âì ª®¤¨à®¢ªã á ¯¥à¥¬¥−−®© è¨à¨−®© á¨¬¢®«®¢, −�¯à¨¬¥à UTF-8 [3]
¨«¨ ACE [4]. ’�ª ª�ª API-äã−ªæ¨¨ ä�©«®¢®© á¨áâ¥¬ë �‘ Windows −�¯àï¬ãî
á â�ª¨¬¨ ª®¤¨à®¢ª�¬¨ −¥ à�¡®â�îâ, −¥®¡å®¤¨¬® ¯¥à¥¤ ¢ë§®¢®¬ íâ¨å äã−ªæ¨©
¯à®¨§¢®¤¨âì ¯à¥®¡à�§®¢�−¨¥ â�ª¨å áâà®ª ¢ UTF-16. �à¨ â�ª®¬ ¯à¥®¡à�§®¢�−¨¨
ª®«¨ç¥áâ¢® ¡�©â ¤«ï åà�−¥−¨ï ¯à¥®¡à�§®¢�−−®© áâà®ª¨ §�à�−¥¥ −¥ ¨§¢¥áâ−®, å®âï
¨ ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥−® ¯à¥¤¢�à¨â¥«ì−ë¬ áª�−¨à®¢�−¨¥¬ ¨áå®¤−®© áâà®ª¨, çâ®
âà¥¡ã¥â ¤®¯®«−¨â¥«ì−®£® ¯à®æ¥áá®à−®£® ¢à¥¬¥−¨.
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‚ �‘ Windows áãé¥áâ¢ã¥â ®£à�−¨ç¥−¨¥ −� ¬�ªá¨¬�«ì−ãî ¤«¨−ã ¨¬¥−¨
ä�©«�, ª®â®à®¥ á®áâ�¢«ï¥â 32 767 á¨¬¢®«®¢, ¨«¨ 65 534 ¡�©â, ¥á«¨ ¨á¯®«ì§ã¥âáï
ª®¤¨à®¢ª� UTF-16.

’�ª¨¬ ®¡à�§®¬, ¬®¦−® ¡ë«® ¡ë ¨¬¥âì §�à�−¥¥ ¢ë¤¥«¥−−ë© ¡ãä¥à ¬�ªá¨¬�«ì-
−®© ¤«¨−ë ¨ ¨á¯®«ì§®¢�âì ¥£® ¤«ï ¯à¥®¡à�§®¢�−¨ï ¨¬¥−¨ ä�©«� ¨§ ¬−®£®¡�©â−®©
ª®¤¨à®¢ª¨ ¢ UTF-16. �¤−�ª® ¢ ¬−®£®¯®â®ç−®© ¯à®£à�¬¬¥ ¬®¦¥â ¢®§−¨ª−ãâì ®¤-
−®¢à¥¬¥−−�ï −¥®¡å®¤¨¬®áâì ¨á¯®«ì§®¢�−¨ï â�ª®£® ¡ãä¥à� ¢ −¥áª®«ìª¨å ¯®â®ª�å
¨á¯®«−¥−¨ï, çâ® ¯®¢«¥ç¥â §� á®¡®© −¥®¡å®¤¨¬®áâì ®¦¨¤�−¨ï ¯®â®ª®¬ ®á¢®¡®¦-
¤¥−¨ï ¡ãä¥à�. ˆá¯®«ì§®¢�−¨¥ ®â¤¥«ì−®£® ¢ë¤¥«¥−−®£® ¡ãä¥à� ¬�ªá¨¬�«ì−®£®
à�§¬¥à� ¤«ï ª�¦¤®£® ¯®â®ª� ¯à¨¢¥¤¥â ª −¥à�æ¨®−�«ì−®¬ã ¨á¯®«ì§®¢�−¨î ¯�¬ïâ¨.

‚ ¯à¥¤«�£�¥¬®¬ ¬¥å�−¨§¬¥ ¨á¯®«ì§ã¥âáï ®¤¨− ¨«¨ −¥áª®«ìª® ¢à¥¬¥−−ëå
¡ãä¥à®¢, ª�¦¤ë© ¨§ ª®â®àëå ï¢«ï¥âáï à�§à¥¦ñ−−ë¬, â. ¥. ¯�¬ïâì ¯®¤ ¡ãä¥à
¬�ªá¨¬�«ì−® ¤®¯ãáâ¨¬®£® à�§¬¥à� §�à¥§¥à¢¨à®¢�−�, −® −¥ ¢ë¤¥«¥−� ¨«¨ ¢ë¤¥«¥-
−� ç�áâ¨ç−® (−�¯à¨¬¥à, â®«ìª® à�§¬¥à®¬ ¢ ®¤−ã áâà�−¨æã ¢ −�ç�«¥ ¡ãä¥à�). �à¨
¯¥à¥¤�ç¥ â�ª®£® ¡ãä¥à� ¯®¤¯à®£à�¬¬¥ âà�−áª®¤¨à®¢�−¨ï ¨¬¥−¨ ä�©«� ¢ ª�ç¥áâ¢¥
¢ëå®¤−®£® ä¨§¨ç¥áª�ï ¯�¬ïâì ¯®¤ ¡ãä¥à ¡ã¤¥â ¢ë¤¥«ïâìáï â®«ìª® ¯à¨ −¥®¡å®¤¨-
¬®áâ¨, ¯à¨ ¯®¯ëâª¥ §�¯¨á¨ ®ç¥à¥¤−®© ¯®àæ¨¨ âà�−áª®¤¨à®¢�−−®£® ¨¬¥−¨ ä�©«�
¯®¤¯à®£à�¬¬®© ¢ −¥¢ë¤¥«¥−−ãî ®¡«�áâì ¡ãä¥à�.

„àã£¨¬ ¯à¨¬¥à®¬ ¨á¯®«ì§®¢�−¨ï ¬¥å�−¨§¬� ¬®¦¥â ¡ëâì çâ¥−¨¥ ¨§ â¥ªáâ®¢®£®
ä�©«� áâà®ª¨, ¯®áª®«ìªã ¤«¨−� â�ª®© áâà®ª¨ ®¯à¥¤¥«ï¥âáï −�å®¦¤¥−¨¥¬ á¨¬¢®«�
(¨«¨ á¨¬¢®«®¢) ª®−æ� áâà®ª¨.

�¡ëç−® −� ¬�ªá¨¬�«ì−ãî ¤«¨−ã áâà®ª¨ ¤«ï çâ¥−¨ï ¨§ ä�©«� −�ª«�¤ë¢�¥âáï,
å®âï ¨ ¤®áâ�â®ç−® ¡®«ìè®¥, ®£à�−¨ç¥−¨¥ | ¯®àï¤ª� 65 000 ¡�©â. �−�«®£¨ç−®
¯¥à¢®¬ã ¯à¨¬¥àã ¯®¤¯à®£à�¬¬� çâ¥−¨ï ¨§ ä�©«� ¯®«ãç�¥â à�§à¥¦ñ−−ë© ¢ëå®¤-
−®© ¡ãä¥à ¨ §−�ç¥−¨¥ ¥£® ¬�ªá¨¬�«ì−®£® à�§¬¥à� ¨ ¯¨è¥â ¢ −¥£® áâà®ªã ¨§ ä�©«�
¤«¨−®©, −¥ ¯à¥¢ëè�îé¥© íâ®£® à�§¬¥à�, ¯à¨ íâ®¬ −¥ ¢ë¤¥«¥−−�ï −� ¬®¬¥−â
§�¯¨á¨ ¢ ¡ãä¥à ¯�¬ïâì ¢ë¤¥«ï¥âáï ¯à®§à�ç−® ¤«ï ¯à®£à�¬¬ë.

…é¥ ®¤−¨¬ ¯à¨¬¥à®¬ ¬®¦¥â á«ã¦¨âì á¨âã�æ¨ï, ª®£¤� ¯®¤¯à®£à�¬¬¥ ¤®«¦¥−
¡ëâì ¯¥à¥¤�− ¢å®¤−®© ¡ãä¥à, ª®«¨ç¥áâ¢® §�âà¥¡®¢�−−ëå ¯®¤¯à®£à�¬¬®© ¤�−−ëå
¨§ ª®â®à®£® §�à�−¥¥ −¥ ¨§¢¥áâ−®. ÷�áá¬®âà¨¬ â¥ªáâ®¢ë© à¥¤�ªâ®à, â¥ªáâ ¢ ª®â®-
à®¬ åà�−¨âáï ¢ ª®¤¨à®¢ª¥ á ¯¥à¥¬¥−−®© ¤«¨−®© á¨¬¢®«�, −�¯à¨¬¥à UTF-8 ¨«¨
ACE. �®«ì§®¢�â¥«î â¥ªáâ®¢®£® à¥¤�ªâ®à� −¥®¡å®¤¨¬® −�©â¨ ¢ â¥ªáâ¥ á â¥ªãé¥©
¯®§¨æ¨¨ ªãàá®à� ¯®¤áâà®ªã, ¨á¯®«ì§ãï à¥£ã«ïà−®¥ ¢ëà�¦¥−¨¥. ‘ãé¥áâ¢ãîé¨¥
¡¨¡«¨®â¥ª¨ à¥£ã«ïà−ëå ¢ëà�¦¥−¨© −¥ ¯®¤¤¥à¦¨¢�îâ −�¯àï¬ãî ¯®¨áª ¢ â¥ªáâ¥
á ª®¤¨à®¢ª®© á ¯¥à¥¬¥−−®© ¤«¨−®© á¨¬¢®«� (¯® ªà�©−¥© ¬¥à¥, �¢â®à�¬ â�ª¨¥
¡¨¡«¨®â¥ª¨ −¥¨§¢¥áâ−ë). ’�ª®© ¯®¨áª, å®âï â¥®à¥â¨ç¥áª¨ ¨ ¬®£ ¡ë ¡ëâì à¥�«¨-
§®¢�−, −® ¤®áâ�â®ç−® á«®¦¥− ¢ à¥�«¨§�æ¨¨. �¥ª®â®àë¥ ¡¨¡«¨®â¥ª¨ à¥£ã«ïà−ëå
¢ëà�¦¥−¨© ¯à¥¤®áâ�¢«ïîâ ¢®§¬®¦−®áâì â�ª®£® ¯®¨áª� ¯ãâ¥¬ ¯à¥¤¢�à¨â¥«ì−®£®
−¥ï¢−®£® ¯à¥®¡à�§®¢�−¨ï ¨áå®¤−®£® â¥ªáâ� ¢ UTF-16, ®¤−�ª® ¯à¨ íâ®¬ ¯à¥®¡à�-
§ã¥âáï ¢¥áì â¥ªáâ, ¯® ª®â®à®¬ã ¬®£ ¡ë ¢¥áâ¨áì ¯®¨áª, −¥á¬®âàï −� â® çâ® ç�áâì
(¢®§¬®¦−®, ¡‚®«ìè�ï) ¯à¥®¡à�§®¢�−−®£® â¥ªáâ� ¯®¤¯à®£à�¬¬®© −¥ ¡ã¤¥â ¨á¯®«ì§®-
¢�−� (â� ç�áâì â¥ªáâ�, ª®â®à�ï −�å®¤¨âáï ¯®á«¥ −�©¤¥−−®© áâà®ª¨). �¯¨áë¢�¥¬ë©
¬¥å�−¨§¬ ¤«ï â�ª®£® ¯®¨áª� ¡ã¤¥â à�¡®â�âì á«¥¤ãîé¨¬ ®¡à�§®¬:
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Sparse buffers | using the virtual memory mechanism to reduce physical memory

1. �®à®¦¤�¥âáï à�§à¥¦ñ−−ë© ¡ãä¥à ¤«¨−ë, ¤®áâ�â®ç−®© ¤«ï ¯à¥®¡à�§®¢�−¨ï
¢á¥£® â¥ªáâ�, ¯® ª®â®à®¬ã ¡ã¤¥â ¯à®¨§¢®¤¨âìáï ¯®¨áª, ¢ UCS. �®à®¦¤¥−−ë©
¡ãä¥à −¥ á®¤¥à¦¨â −¨ ®¤−®© ¢ë¤¥«¥−−®© áâà�−¨æë ä¨§¨ç¥áª®© ¯�¬ïâ¨.

2. „�−−ë© ¡ãä¥à ¯®¤�¥âáï ¢ ª�ç¥áâ¢¥ ¢å®¤−®£® ¯®¤¯à®£à�¬¬¥ ¯®¨áª� ¯® à¥£ã-
«ïà−®¬ã ¢ëà�¦¥−¨î.

3. ‚ ¯à®æ¥áá¥ çâ¥−¨ï ¯®¤¯à®£à�¬¬®© ¤�−−®£® ¡ãä¥à� −¥¢ë¤¥«¥−−®© áâà�−¨æë
¯�¬ïâ¨ ¯à®¨áå®¤¨â ¢ë§®¢ áà¥¤áâ¢�¬¨ �‘ ¯à¥¤¢�à¨â¥«ì−® ãáâ�−®¢«¥−−®£®
¤«ï ¤�−−®£® ¡ãä¥à� ®¡à�¡®âç¨ª� −¥¢ë¤¥«¥−−®© áâà�−¨æë.

4. �¡à�¡®âç¨ª ¢ë¤¥«ï¥â áâà�−¨æã ä¨§¨ç¥áª®© ¯�¬ïâ¨ ¤«ï �¤à¥á� ¯�¬ïâ¨, ®¡à�-
é¥−¨¥ ª ª®â®à®¬ã ¯à¨¢¥«® ª ¢ë§®¢ã ®¡à�¡®âç¨ª�, à�áª®¤¨àã¥â ®ç¥à¥¤−ãî
¯®àæ¨î ¨áå®¤−®£® â¥ªáâ� ¢ ä®à¬�â UCS ¨ ¢®§¢à�é�¥â ã¯à�¢«¥−¨¥ á¨áâ¥¬¥,
ª®â®à�ï ¯à®¤®«¦�¥â ¨á¯®«−¥−¨¥ ¯®¤¯à®£à�¬¬ë ¯®¨áª� á â®£® ¬¥áâ�, £¤¥ ®−®
¯à¥à¢�«®áì, −¥§�¬¥â−® ¤«ï ¯®¤¯à®£à�¬¬ë.

‚ à¥§ã«ìâ�â¥ ¯à®¨áå®¤¨â âà�−áª®¤¨à®¢�−¨¥ ¨áå®¤−®£® â¥ªáâ� ú¯® âà¥¡®-
¢�−¨îû, â. ¥. â®«ìª® â®© ç�áâ¨, ª®â®à�ï âà¥¡ã¥âáï ¯®¤¯à®£à�¬¬¥ ¯®¨áª� ¤«ï
−�å®¦¤¥−¨ï §�¤�−−®© áâà®ª¨ ¯® à¥£ã«ïà−®¬ã ¢ëà�¦¥−¨î.
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SPARSE BUFFERS — USING THE VIRTUAL MEMORY
MECHANISM TO REDUCE PHYSICAL MEMORY

AND CPU TIME USAGE

I. M. Adamovich and D. V. Zemskov

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

Abstract: This article discusses sparse buffers | address ranges in computer's
virtual memory, for which mapping to the physical memory is partially or
completely absent. Such buffers are intended for use in subroutines to transfer to
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them input data or to obtain from them output data so that when a subroutine
reads or writes data at addresses for which no physical memory is allocated,
a registered exception handler is called that allocates physical memory for virtual
memory fragment to which access has been made, and in the case of reading data
fills that memory with the necessary data. Actions made by a subroutine handler
do not affect the execution of the subroutine, i. e., are transparent to it. This
mechanism allows avoiding unnecessary allocation of physical memory when the
amount of read or written data is less than the provided buffer's size and, in the
case of reading the data, allows saving the CPU time required to fill the buffer
with portions of data that would not be used by the subroutine.

Keywords: informatics; virtual memory; memory buffer; subroutines; reducing
memory usage; reducing CPU time usage
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СТРУКТУРНО-ФУНКЦИОНАЛЬНАЯ МОДЕЛЬ УПРАВЛЕНИЯ
ПОТОКАМИ ПАЦИЕНТОВ РЕГИОНАЛЬНОЙ

КОНСУЛЬТАТИВНОЙ ПОЛИКЛИНИКИ

В. Г. Азанов1

�−−®â�æ¨ï: ÷�áá¬®âà¥−� ¯à®¡«¥¬� ¤®áâã¯−®áâ¨ ¨ ®¯¥à�â¨¢−®áâ¨ ®ª�§�−¨ï
ª®−áã«ìâ�â¨¢−®© ã§ª®á¯¥æ¨�«¨§¨à®¢�−−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨ ¤«ï ¯�æ¨-
¥−â®¢ à¥£¨®−�«ì−®© ¯®«¨ª«¨−¨ª¨, ®¡á«ã¦¨¢�îé¥© ®¡è¨à−ë© à¥£¨®− ÷®á-
á¨©áª®© ”¥¤¥à�æ¨¨ á −¨§ª®© áà¥¤−¥© ¯«®â−®áâìî −�á¥«¥−¨ï (−� ¯à¨¬¥à¥
Šà�á−®ïàáª®£® ªà�ï). �à¥¤«�£�¥âáï à¥è�âì ¤�−−ãî ¯à®¡«¥¬ã á ¯®¬®éìî
¬¥¤¨æ¨−áª®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë (Œˆ‘) ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨-
ª�û, ¢ ª®â®à®© à¥�«¨§®¢�−ë á«¥¤ãîé¨¥ ¯à¨−æ¨¯ë ã¯à�¢«¥−¨ï ¯®â®ª�¬¨
ã¤�«¥−−ëå ¯�æ¨¥−â®¢: ¤¨ää¥à¥−æ¨�æ¨ï ¯�æ¨¥−â®¢ ¯® ¢¨¤�¬ ª®−áã«ìâ�â¨¢−®©
¯®¬®é¨ (®ç−®¥ ¨«¨ §�®ç−®¥ ª®−áã«ìâ¨à®¢�−¨¥), §�®ç−®¥ ä®à¬¨à®¢�−¨¥ ¬�àè-
àãâ−®£® «¨áâ� ¯® ®ª�§�−¨î ®ç−ëå ª®−áã«ìâ�â¨¢−ëå ãá«ã£ ¯�æ¨¥−âã ¢−ãâà¨
à¥£¨®−�«ì−®© ¯®«¨ª«¨−¨ª¨, ¤¨áâ�−æ¨®−−®¥ §�®ç−®¥ ª®−áã«ìâ¨à®¢�−¨¥. �à¥¤-
áâ�¢«¥−® ®¡®á−®¢�−¨¥ ¯à¥¤«�£�¥¬®£® ¯®¤å®¤� ¢ ¢¨¤¥ à¥§ã«ìâ�â®¢ áâàãªâãà−®-
äã−ªæ¨®−�«ì−®£® ¬®¤¥«¨à®¢�−¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¯® ¬¥â®¤®«®£¨¨ SADT
(Structured Analysis and Design Technique). �à¨¢¥¤¥−ë à¥§ã«ìâ�âë ¬®¤¥«¨-
à®¢�−¨ï ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ ¯�æ¨¥−â®¢ ¢ ¢¨¤¥ ¤¨�£à�¬¬ ¯®â®ª®¢ ¤�−−ëå
¢ £à�ä¨ç¥áª®© −®â�æ¨¨ IDEF0 úª�ª ¡ë«®û (AS IS) ¨ úª�ª áâ�«®û (TO BE).
‚ëï¢«¥−ë ®á®¡¥−−®áâ¨ ¤¨áâ�−æ¨®−−®£® §�®ç−®£® ª®−áã«ìâ¨à®¢�−¨ï ¨ ¯«�−¨-
à®¢�−¨ï ¨−¤¨¢¨¤ã�«ì−®£® ¬�àèàãâ� ¯�æ¨¥−â� ¢ ¯®«¨ª«¨−¨ª¥ à¥£¨®−�«ì−®£®
ãà®¢−ï (−� ¯à¨¬¥à¥ ªà�¥¢®© ª«¨−¨ç¥áª®© ¡®«ì−¨æë (ŠŠ�) £. Šà�á−®ïà-
áª�). „�−® ®¯¨á�−¨¥ á¨áâ¥¬ë ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û, £¤¥ ®âà�¦¥−ë
á®áâ�¢ ¨ äã−ªæ¨¨ á¨áâ¥¬ë, ¯à¥¤áâ�¢«¥−¨¥ ¤�−−ëå, ª�â¥£®à¨¨ ¯®«ì§®¢�â¥«¥©,
¬¥â®¤¨ç¥áª¨¥ ¨ ä¨−�−á®¢ë¥ �á¯¥ªâë ¢−¥¤à¥−¨ï ¨ áà¥¤áâ¢� ¬®−¨â®à¨−£� áâ¥¯¥-
−¨ ¤®áâã¯−®áâ¨ ®ª�§ë¢�¥¬®© ª®−áã«ìâ�â¨¢−®© ¯®¬®é¨. �à®¤¥¬®−áâà¨à®¢�−
®¯ëâ ¢−¥¤à¥−¨ï Œˆ‘ ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û ¢ à¥£¨®−�«ì−®© ª®−áã«ì-
â�â¨¢−®© ¯®«¨ª«¨−¨ª¥ ¨ 134 ¬¥¤¨æ¨−áª¨å ®à£�−¨§�æ¨ïå (Œ�) Šà�á−®ïàáª®£®
ªà�ï, ®â¯à�¢«ïîé¨å ¯�æ¨¥−â®¢ −� ª®−áã«ìâ�æ¨î ¢ ŠŠ�.

Š«îç¥¢ë¥ á«®¢�: ¬¥¤¨æ¨−áª¨¥ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë; ¤¨áâ�−æ¨®−−®¥
ª®−áã«ìâ¨à®¢�−¨¥; ã¯à�¢«¥−¨¥ ¯®â®ª�¬¨ ¯�æ¨¥−â®¢; ¨−¤¨¢¨¤ã�«ì−�ï ¬�àè-
àãâ¨§�æ¨ï ¯�æ¨¥−â®¢; ¢¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�

DOI: 10.14357/08696527160102

1 Постановка задачи
1.1 Особенности решаемой задачи

‚ 2011 £. ¯¥à¥¤ Œ¨−¨áâ¥àáâ¢®¬ §¤à�¢®®åà�−¥−¨ï Šà�á−®ïàáª®£® ªà�ï ¢áâ�«�
¯à®¡«¥¬� á®ªà�é¥−¨ï ®ç¥à¥¤¥© ¨ ¯®¢ëè¥−¨ï ®¯¥à�â¨¢−®áâ¨ ®ª�§�−¨ï ã§ª®á¯¥æ¨-
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‚. ƒ. �§�−®¢

�«¨§¨à®¢�−−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨ ¯�æ¨¥−â�¬, −�¯à�¢«ï¥¬ë¬ ¢ à¥£¨®−�«ì−ãî
ª®−áã«ìâ�â¨¢−ãî ¯®«¨ª«¨−¨ªã ¯à¨ ŠŠ�.

�ë«¨ ãáâ�−®¢«¥−ë ®á−®¢−ë¥ ¯à¨ç¨−ë ¯®ï¢«¥−¨ï ¤�−−®© ¯à®¡«¥¬ë:

{ −¥®¡®á−®¢�−−®áâì −�¯à�¢«¥−¨ï ¯�æ¨¥−â®¢ −� ª®−áã«ìâ�æ¨î ¢ ŠŠ� ¨§ ¤àã£¨å
Œ� à¥£¨®−� ¨, ª�ª á«¥¤áâ¢¨¥, ¤®¯®«−¨â¥«ì−�ï −�£àã§ª� −� à¥£¨®−�«ì−ãî
ª®−áã«ìâ�â¨¢−ãî ¯®«¨ª«¨−¨ªã;

{ −¥¤®áâ�â®ç−ë© −�¡®à ¯à¥¤¢�à¨â¥«ì−ëå ®¡á«¥¤®¢�−¨© ¯�æ¨¥−â� −� ¬®¬¥−â
®ç−®© ª®−áã«ìâ�æ¨¨ ¢ à¥£¨®−�«ì−®© ¯®«¨ª«¨−¨ª¥ ¨, ª�ª à¥§ã«ìâ�â, ®âª�§
¢ ª®−áã«ìâ�â¨¢−®¬ ®¡á«ã¦¨¢�−¨¨ ¯�æ¨¥−â� á à¥ª®¬¥−¤�æ¨¥© ¤®¯®«−¨â¥«ì−®£®
®¡á«¥¤®¢�−¨ï ¯® ¬¥áâã ¦¨â¥«ìáâ¢�;

{ ®âáãâáâ¢¨¥ áà¥¤áâ¢ ¯®¤¤¥à¦ª¨ ®¯â¨¬�«ì−®£® ¯«�−¨à®¢�−¨ï ¬�àèàãâ� ª�¦-
¤®£® ®â¤¥«ì−®£® ¯�æ¨¥−â� ¢ à¥£¨®−�«ì−®© ¯®«¨ª«¨−¨ª¥ á æ¥«ìî ã¬¥−ìè¥−¨ï
¢à¥¬¥−¨ ¥£® ®¡á«ã¦¨¢�−¨ï, â. ¥. ¢à¥¬¥−¨ §�ªàëâ¨ï á«ãç�ï ®¡à�é¥−¨ï.

÷¥£¨®−�«ì−�ï ª®−áã«ìâ�â¨¢−�ï ¯®«¨ª«¨−¨ª� ŠŠ� à�á¯®«�£�¥âáï ¢ áâ®«¨æ¥
Šà�á−®ïàáª®£® ªà�ï £. Šà�á−®ïàáª¥. �¡ê¥¬ ª®−áã«ìâ�â¨¢−®© ¯®¬®é¨, ®ª�§ë-
¢�¥¬®© íâ®© ¯®«¨ª«¨−¨ª®©, á®áâ�¢«ï¥â 278 000 ¯®á¥é¥−¨© ¢ £®¤. Šà�á−®ïàáª¨©
ªà�© ï¢«ï¥âáï £¥®£à�ä¨ç¥áª¨ ®¡è¨à−ë¬ à¥£¨®−®¬: ¬�ªá¨¬�«ì−�ï ¯à®âï¦¥−−®áâì
¥£® á á¥¢¥à� −� î£ | 3000 ª¬, ¬�ªá¨¬�«ì−�ï è¨à¨−� | 1500 ª¬. �®íâ®¬ã ¨¬¥îâ
¬¥áâ® á«®¦−®áâ¨, á¢ï§�−−ë¥ á ¯à¨¥§¤®¬ ¯�æ¨¥−â®¢ −� ®ç−ãî ª®−áã«ìâ�æ¨î ¨ à�§-
«¨ç−ë¬¨ ¢®§¬®¦−®áâï¬¨ ¯�æ¨¥−â®¢ ¯® ¯à®¦¨¢�−¨î ¢ £. Šà�á−®ïàáª¥ −� ¯¥à¨®¤
ª®−áã«ìâ�â¨¢−®© ¯®¬®é¨. ‚ íâ¨å ãá«®¢¨ïå ®¡®á−®¢�−−®áâì −�¯à�¢«¥−¨ï ¯�æ¨¥−-
â� ¢ ª®−áã«ìâ�â¨¢−ãî ¯®«¨ª«¨−¨ªã ŠŠ� ¨ á®ªà�é¥−¨¥ ¢à¥¬¥−¨ ¥£® ¯à¥¡ë¢�−¨ï
¢ £. Šà�á−®ïàáª¥ ®á®¡¥−−® ¢�¦−®. ‘®£«�á−® áãé¥áâ¢ãîé¨¬ ¢ Šà�á−®ïàáª®¬ ªà�¥
−®à¬�¬ ª®−áã«ìâ�â¨¢−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨, −�¯à�¢¨âì ¯�æ¨¥−â� −� ª®−áã«ì-
â�æ¨î ¢ à¥£¨®−�«ì−ãî ¯®«¨ª«¨−¨ªã ¬®¦¥â â®«ìª® ¢à�ç ®¤−®© ¨§ ¬ã−¨æ¨¯�«ì−ëå
¨«¨ ç�áâ−ëå Œ�. ‘�¬®áâ®ïâ¥«ì−®¥ ¯àï¬®¥ ®¡à�é¥−¨¥ ¯�æ¨¥−â� ¢ à¥£¨®−�«ì−ãî
¯®«¨ª«¨−¨ªã ¯à¥¤ãá¬®âà¥−® â®«ìª® ¢ ¦¨§−¥ã£à®¦�îé¨å ¤«ï íâ®£® ¯�æ¨¥−â�
á®áâ®ï−¨ïå.

1.2 Пути решения задачи

„«ï à¥è¥−¨ï ãª�§�−−®© ¢ëè¥ ¯à®¡«¥¬ë −� ãà®¢−¥ Œ¨−¨áâ¥àáâ¢� §¤à�¢®-
®åà�−¥−¨ï Šà�á−®ïàáª®£® ªà�ï ¡ë«® à¥è¥−® ¢¢¥áâ¨ −®¢ë¥ ¯à¨−æ¨¯ë ã¯à�¢«¥−¨ï
¯®â®ª�¬¨ ¯�æ¨¥−â®¢ ¢ à¥£¨®−�«ì−®© ¯®«¨ª«¨−¨ª¥ á æ¥«ìî á−¨¦¥−¨ï ®ç¥à¥¤−®áâ¨
¨ ¯®¢ëè¥−¨ï ®¯¥à�â¨¢−®áâ¨ ®ª�§�−¨ï ª®−áã«ìâ�â¨¢−®© ã§ª®á¯¥æ¨�«¨§¨à®¢�−-
−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨. „«ï íâ®£® ¡ë« ¯à¥¤ãá¬®âà¥− ®¡ï§�â¥«ì−ë© ¯à¥¤-
¢�à¨â¥«ì−ë© �−�«¨§ á®¯à®¢®¤¨â¥«ì−®© ¬¥¤¨æ¨−áª®© ¤®ªã¬¥−â�æ¨¨ −� ¯à¥¤¬¥â
®¡®á−®¢�−−®áâ¨ −�¯à�¢«¥−¨ï, ¯®«−®âë ®¡á«¥¤®¢�−¨© ¨ ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨
ä®à¬¨à®¢�−¨ï ®¯â¨¬�«ì−®£® ¬�àèàãâ� ¯�æ¨¥−â� ¯à¨ ®ç−®¬ ¯à¨¥¬¥ ¢ à¥£¨®−�«ì-
−®© ¯®«¨ª«¨−¨ª¥. Šà®¬¥ â®£®, ¡ë«® ¯à¨−ïâ® à¥è¥−¨¥ ®¡ ¨á¯®«ì§®¢�−¨¨ ¤«ï íâ¨å
æ¥«¥© Œˆ‘, á¯®á®¡−®© ¢ë¯®«−ïâì á«¥¤ãîé¨¥ äã−ªæ¨¨:
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‘âàãªâãà−®-äã−ªæ¨®−�«ì−�ï ¬®¤¥«ì ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ ¯�æ¨¥−â®¢

(1) ¤¨ää¥à¥−æ¨�æ¨ï ¯�æ¨¥−â®¢ ¯® ¢¨¤�¬ ª®−áã«ìâ�â¨¢−®© ¯®¬®é¨ (®ç−®¥ ¨«¨
§�®ç−®¥ ª®−áã«ìâ¨à®¢�−¨¥): ¯à®¢¥àª� ®¡®á−®¢�−−®áâ¨ −�¯à�¢«¥−¨© −� ®ç-
−ãî ª®−áã«ìâ�æ¨î;

(2) ¯®¤¤¥à¦ª� §�®ç−ëå ª®−áã«ìâ�æ¨© ¢ à¥¦¨¬¥ ®ä«�©− −� ®á−®¢¥ ¯à¨ªà¥¯«¥−-
−ëå ä�©«®¢ á á®¯à®¢®¤¨â¥«ì−®© ¬¥¤¨æ¨−áª®© ¤®ªã¬¥−â�æ¨¥©;

(3) §�®ç−®¥ ä®à¬¨à®¢�−¨¥ ¬�àèàãâ−®£® «¨áâ� ¯�æ¨¥−â�, ¢ ª®â®à®¬ ®¯à¥¤¥«¥−
®¯â¨¬�«ì−ë© ¬�àèàãâ ¢−ãâà¨ à¥£¨®−�«ì−®© ¯®«¨ª«¨−¨ª¨ á ãª�§�−¨¥¬ ¤�â
¨ ¢à¥¬¥−¨ ¯®á¥é¥−¨ï ª�¡¨−¥â®¢ ®â ¤¨�£−®áâ¨ª¨ ¤® ¢à�ç¥¡−ëå ¯à¨¥¬®¢,
¬¨−¨¬¨§¨àãîé¨© ¯à®¬¥¦ãâ®ª ¢à¥¬¥−¨ ®â ¯¥à¢®£® ®ç−®£® ¯®á¥é¥−¨ï ¤®
§�ªàëâ¨ï á«ãç�ï ®¡à�é¥−¨ï;

(4) �¢â®¬�â¨ç¥áª�ï á¢¥àª� ¤�−−ëå ¯®«¨á� ®¡ï§�â¥«ì−®£® ¬¥¤¨æ¨−áª®£® áâà�-
å®¢�−¨ï á á¥à¢¨á®¬ â¥àà¨â®à¨�«ì−®£® ”®−¤� ®¡ï§�â¥«ì−®£® ¬¥¤¨æ¨−áª®£®
áâà�å®¢�−¨ï;

(5) ¨−â¥£à�æ¨ï á ã¦¥ áãé¥áâ¢ãîé¥© Œˆ‘ ¢¥¤¥−¨ï à�á¯¨á�−¨ï ¯à¨¥¬� ¢à�ç¥©
¯®«¨ª«¨−¨ª¨ ŠŠ�;

(6) ¯®¤¤¥à¦ª� ª®−âà®«ï áâ�−¤�àâ®¢ ®¡á«¥¤®¢�−¨© ¢ á®®â¢¥âáâ¢¨¨ á ¯à¨ª�-
§®¬ Œ¨−¨áâ¥àáâ¢� §¤à�¢®®åà�−¥−¨ï Šà�á−®ïàáª®£® ªà�ï ü 68-®à£ ®â
17.02.2011;

(7) ¯®¤¤¥à¦ª� ¯à®¢¥¤¥−¨ï ¬®−¨â®à¨−£� ¤®áâã¯−®áâ¨ ã§ª®á¯¥æ¨�«¨§¨à®¢�−−®©
¬¥¤¨æ¨−áª®© ¯®¬®é¨ −� ®¡ê¥¬�å ¯®¤�−−ëå §�ï¢®ª ¯® ®ª�§�−¨î ª®−áã«ìâ�-
â¨¢−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨;

(8) ä®à¬¨à®¢�−¨¥ ¨áâ®à¨¨ §�ï¢®ª ¢ à�§à¥§¥ ¯�æ¨¥−â®¢.

‚ á®®â¢¥âáâ¢¨¨ á à¥è¥−¨¥¬ Œ¨−¨áâ¥àáâ¢� §¤à�¢®®åà�−¥−¨ï Šà�á−®ïàáª®£®
ªà�ï −� à¥�«¨§�æ¨î ¨ ¢−¥¤à¥−¨¥ ¢á¥£® ¯à®¥ªâ� ¡ë«® ®â¢¥¤¥−® 3 ¬¥á. �¯¥-
à�â¨¢−® ¡ë« ¯à®¢¥¤¥− �−�«¨§ áãé¥áâ¢ãîé¨å á¨áâ¥¬, á¯®á®¡−ëå ¯®¤¤¥à¦¨¢�âì
¯¥à¥ç¨á«¥−−ë¥ ¢ëè¥ äã−ªæ¨¨: Š�à¥«ìáª®© Œˆ‘, Œ…„ˆ�‹�ƒ, ˆ�’…÷ˆ�,
„�Š�+, „†…Œˆ‘, ��÷‘, �Š‘ˆŒ…„, �‚…÷…‘’ ¨ ¬−®£¨å ¤àã£¨å [1{3].
�−�«¨§ ¯à®¢®¤¨«áï −� ®á−®¢¥ ®¯à®á−ëå «¨áâ®¢, §�¯®«−¥−−ëå ¯à¥¤áâ�¢¨â¥«ï¬¨
à�§à�¡®âç¨ª®¢ ãª�§�−−ëå á¨áâ¥¬, á ®¡áã¦¤¥−¨¥¬ â¥ªãé¨å äã−ªæ¨®−�«ì−ëå ¢®§-
¬®¦−®áâ¥© ¨ −¥®¡å®¤¨¬®© ¤®à�¡®âª¨ íâ¨å á¨áâ¥¬ ¯®¤ âà¥¡ã¥¬ë© −�¡®à äã−ªæ¨©.
�®«−®áâìî á®®â¢¥âáâ¢ãîé¥© ¢á¥¬ −¥®¡å®¤¨¬ë¬ äã−ªæ¨ï¬ Œˆ‘ ®¡−�àã¦¥−® −¥
¡ë«®, áà®ª¨ ¤®à�¡®âª¨ áãé¥áâ¢ãîé¨å Œˆ‘ á æ¥«ìî ¢¢¥¤¥−¨ï −®¢ëå äã−ªæ¨®-
−�«ì−ëå ¢®§¬®¦−®áâ¥© ¯à¥¢ëè�«¨ ¢ë¤¥«¥−−®¥ ¢à¥¬ï −� à¥�«¨§�æ¨î ¨ ¢−¥¤à¥−¨¥
¯à®¥ªâ�. �®íâ®¬ã ¡ë«® ¯à¨−ïâ® à¥è¥−¨¥ ® à�§à�¡®âª¥ Œˆ‘ á âà¥¡ã¥¬ë¬ −�¡®-
à®¬ äã−ªæ¨©.

÷�§à�¡®â�−−�ï Œˆ‘ ¯®«ãç¨«� −�§¢�−¨¥ ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û.
‚ à�¬ª�å à¥�«¨§�æ¨¨ ¯à®¥ªâ� ¡ë«® ¢ë¯®«−¥−® áâàãªâãà−®-äã−ªæ¨®−�«ì−®¥
¬®¤¥«¨à®¢�−¨¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ®áãé¥áâ¢«¥−® ¯à®¥ªâ¨à®¢�−¨¥, à¥�«¨§�æ¨ï
¨ ¢−¥¤à¥−¨¥ á¨áâ¥¬ë ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û.

‘âàãªâãà−®-äã−ªæ¨®−�«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¢ë¯®«−¥-
−® ¯® ¬¥â®¤®«®£¨¨ SADT. Œ¥â®¤®«®£¨ï áâàãªâãà−®£® �−�«¨§� ¨ ¯à®¥ªâ¨à®¢�-
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−¨ï SADT ¯à¥¤áâ�¢«ï¥â á®¡®© â¥å−®«®£¨î ¬®¤¥«¨à®¢�−¨ï ¨ ¯à®¥ªâ¨à®¢�−¨ï
¯à®£à�¬¬−®£® ¨ ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï ã¯à�¢«¥−¨ï ªàã¯−®¬�áèâ�¡-
−ë¬¨ à�á¯à¥¤¥«¥−−ë¬¨ á¨áâ¥¬�¬¨, ¢ª«îç�îé¨¬¨ ¢ á¥¡ï «î¤¥©, â¥å−¨ç¥áª¨¥
¨ ª®¬¬ã−¨ª�æ¨®−−ë¥ áà¥¤áâ¢� [4, 5]. ‘¨áâ¥¬ë ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ ã¤�«¥−−ëå
¯�æ¨¥−â®¢ ¯® ®ª�§�−¨î ª®−áã«ìâ�â¨¢−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨ ®â−®áïâáï ¨¬¥−−®
ª â�ª¨¬ á¨áâ¥¬�¬ | à�á¯à¥¤¥«¥−−ë¬ ¬¥¤¨æ¨−áª¨¬ á¨áâ¥¬�¬ ®à£�−¨§�æ¨®−−®£®
â¨¯� [6{8].

÷¥§ã«ìâ�âë áâàãªâãà−®-äã−ªæ¨®−�«ì−®£® ¬®¤¥«¨à®¢�−¨ï ¡¨§−¥á-¯à®æ¥áá®¢
à¥£¨®−�«ì−®© ª®−áã«ìâ�â¨¢−®© ¯®«¨ª«¨−¨ª¨ ŠŠ� £. Šà�á−®ïàáª� ¯®á«ã¦¨«¨
®¡®á−®¢�−¨¥¬ ¢ë¡à�−−ëå ¯à®¥ªâ−ëå à¥è¥−¨© ¨ ¯à¨−æ¨¯®¢ ã¯à�¢«¥−¨ï ¯®â®ª�¬¨
ã¤�«¥−−ëå ¯�æ¨¥−â®¢ ŠŠ� ¢ á¨áâ¥¬¥ ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û. ÷¥§ã«ìâ�â®¬
áâàãªâãà−®-äã−ªæ¨®−�«ì−®£® ¬®¤¥«¨à®¢�−¨ï ¯à¥¦¤¥ ¢á¥£® ï¢«ïîâáï ¬®¤¥«¨
ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ ¯�æ¨¥−â®¢, ¢ë¯®«−¥−−ë¥ ¢ ¢¨¤¥ ¨¥à�àå¨ç¥áª¨ á¢ï§�−−ëå
¬¥¦¤ã á®¡®© ¤¨�£à�¬¬ ¯®â®ª®¢ ¤�−−ëå ¢ £à�ä¨ç¥áª®© −®â�æ¨¨ IDEF0 úª�ª ¡ë«®û
(AS IS) ¨ úª�ª áâ�«®û (TO BE), ãç¨âë¢�îé¨¥ ®á®¡¥−−®áâ¨ ®ç−®£® ¨ §�®ç−®£®
ª®−áã«ìâ¨à®¢�−¨ï ¯�æ¨¥−â®¢ ¢ ¯®«¨ª«¨−¨ª¥ à¥£¨®−�«ì−®£® ãà®¢−ï.

„�«¥¥ ¢ áâ�âì¥ ¯à¨¢®¤ïâáï ¨ �−�«¨§¨àãîâáï ®á−®¢−ë¥ ¤¨�£à�¬¬ë ¯®â®ª®¢
(¢á¥£® ¬®¤¥«ì á®¤¥à¦¨â 17 ¤¨�£à�¬¬).

2 Модели управления потоками пациентов

2.1 Модель консультативного приема «как было» (AS IS)

‘ãé¥áâ¢®¢�¢è¨© à�−¥¥ ¯®àï¤®ª −�¯à�¢«¥−¨ï ¯�æ¨¥−â®¢ −� ª®−áã«ìâ�æ¨î
ª ã§ª¨¬ á¯¥æ¨�«¨áâ�¬ à¥£¨®−�«ì−®© ª«¨−¨ª¨ ŠŠ� ¯à¥¤¯®«�£�« ®¡ï§�â¥«ì−®¥
®ä®à¬«¥−¨¥ ¡ã¬�¦−®£® −�¯à�¢«¥−¨ï ¢ ª®−áã«ìâ�â¨¢−ãî ¯®«¨ª«¨−¨ªã «¥ç�é¨¬
¢à�ç®¬ ¯�æ¨¥−â�. ��æ¨¥−â á ¡ã¬�¦−ë¬ −�¯à�¢«¥−¨¥¬ ¯à¨å®¤¨« ¢ à¥£¨áâà�âã-
àã ¯®«¨ª«¨−¨ª¨ ŠŠ�, £¤¥ ¯�æ¨¥−âã ¢ë¤�¢�«¨ â�«®− −� ¯¥à¢¨ç−®¥ ¯®á¥é¥−¨¥
−¥®¡å®¤¨¬®£® á¯¥æ¨�«¨áâ�.

�à¥¦−¨© ¯®àï¤®ª ª®−áã«ìâ�â¨¢−®£® ¯à¨¥¬� ¬®¦−® ®¯¨á�âì ¤¨�£à�¬¬®© ¯®-
â®ª®¢ úª�ª ¡ë«®û (AS IS). ‚¨¤ íâ®© ¤¨�£à�¬¬ë ¤«ï á«ãç�ï ú¯¥à¢¨ç−ë© ¯à¨¥¬û
¯à¥¤áâ�¢«¥− −� à¨á. 1. ‘®£«�á−® íâ®© ¤¨�£à�¬¬¥ ¯à¨ ¯¥à¢¨ç−®¬ ¯à¨¥¬¥ ¢à�ç
¢−�ç�«¥ ®¯à¥¤¥«ï¥â ¯¥à¥ç¥−ì −¥®¡å®¤¨¬ëå ®¡á«¥¤®¢�−¨© ¨ ª®−áã«ìâ�æ¨© ¨ ¤�«¥¥
¯�æ¨¥−â á íâ¨¬ ¯¥à¥ç−¥¬ ¯®á¥é�¥â à¥£¨áâà�âãàã, çâ®¡ë ¯®«ãç¨âì â�«®−ë −�
¤¨�£−®áâ¨ç¥áª¨¥ ¯à®æ¥¤ãàë ¨ ª®−áã«ìâ�â¨¢−ë¥ ¯à¨¥¬ë.

�® §�¢¥àè¥−¨¨ −ã¦−ëå ®¡á«¥¤®¢�−¨© ¨ ª®−áã«ìâ�æ¨© ¯à®¢®¤¨«áï ¯®¢â®à−ë©
¯à¨¥¬ ã ¢à�ç�. ‚¨¤ ¤¨�£à�¬¬ë ¤«ï á«ãç�ï ú¯®¢â®à−ë© ¯à¨¥¬û ¯à¥¤áâ�¢«¥− −�
à¨á. 2.

ˆ§ �−�«¨§� ¬®¤¥«¥© ¯®â®ª®¢ ¤�−−ëå, ¯à¥¤áâ�¢«¥−−ëå −� à¨á. 1 ¨ 2, ¢¨¤−®,
çâ® ¤«ï ¯�æ¨¥−â®¢ âàã¤−®áâ¨ ¢®§−¨ª�«¨ ¯® á«¥¤ãîé¨¬ ¯à¨ç¨−�¬: ®âª«®−¥−¨¥
¯à¨¥¬� ¢ à¥£¨áâà�âãà¥ ¯® ¯à¨ç¨−¥ ®âáãâáâ¢¨ï −¥®¡å®¤¨¬®£® −�¡®à� ®¡á«¥¤®¢�−¨©;
¯�æ¨¥−â ã¦¥ ¯à¨¡ë« ¢ £. Šà�á−®ïàáª ¨ ®¡à�â¨«áï ¢ à¥£¨áâà�âãàã à¥£¨®−�«ì−®©
¯®«¨ª«¨−¨ª¨, ®¤−�ª® ¯®¯�áâì −� ª®−áã«ìâ�æ¨î á¬®£ â®«ìª® ç¥à¥§ −¥áª®«ìª®
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÷¨á. 1 Œ®¤¥«ì à�−¥¥ ¤¥©áâ¢®¢�¢è¥£® ¯®àï¤ª� ª®−áã«ìâ�â¨¢−®£® ¯à¨¥¬� ¤«ï á«ãç�ï
ú¯¥à¢¨ç−ë© ¯à¨¥¬û

÷¨á. 2 Œ®¤¥«ì à�−¥¥ ¤¥©áâ¢®¢�¢è¥£® ¯®àï¤ª� ª®−áã«ìâ�â¨¢−®£® ¯à¨¥¬� ¤«ï á«ãç�ï
ú¯®¢â®à−ë© ¯à¨¥¬û
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¤−¥©. ’�ª¨¬ ®¡à�§®¬, á�¬ë¥ ã§ª¨¥ ¬¥áâ� ¯à¥¦−¥© á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¯®â®ª�¬¨
¯�æ¨¥−â®¢ | íâ® ®âáãâáâ¢¨¥ ¢®§¬®¦−®áâ¨ §�®ç−®£® �−�«¨§� á®¯à®¢®¤¨â¥«ì−®©
¤®ªã¬¥−â�æ¨¨ ¨ −¥¢®§¬®¦−®áâì §�à�−¥¥ á¯«�−¨à®¢�âì ¬�àèàãâ ¯�æ¨¥−â� ¢ à¥-
£¨®−�«ì−®© ª®−áã«ìâ�â¨¢−®© ¯®«¨ª«¨−¨ª¥. “áâà�−¥−¨¥ íâ¨å ã§ª¨å ¬¥áâ ¨ áâ�«®
æ¥«ìî á®§¤�−¨ï á¨áâ¥¬ë ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û.

2.2 Модель консультативного приема «как стало» (TO BE)

„«ï á®§¤�−¨ï á¨áâ¥¬ë ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û ¡ë«¨ ¯®áâà®¥−ë ¬®-
¤¥«¨ ¯à®æ¥áá®¢, ®¯¨áë¢�îé¨å ¢§�¨¬®¤¥©áâ¢¨¥ ã¤�«¥−−ëå Œ� á à¥£¨®−�«ì−®©
ª®−áã«ìâ�â¨¢−®© ¯®«¨ª«¨−¨ª®© ŠŠ�.

�� ¤¨�£à�¬¬¥, ¯à¥¤áâ�¢«¥−−®© −� à¨á. 3, ¯®ª�§�−ë ¤¢� â¨¯� ¯à®æ¥áá®¢:
ä®à¬¨à®¢�−¨¥ −�¯à�¢«¥−¨ï ã¤�«¥−−®© Œ� ¨ ®¡à�¡®âª� §�ï¢ª¨ à¥£¨®−�«ì−®©
¯®«¨ª«¨−¨ª®© (§�®ç−®).

�à®æ¥ááë, ¯à¥¤áâ�¢«¥−−ë¥ −� à¨á. 3, ®¯¨áë¢�îâ:

{ ¯à¥¤¢�à¨â¥«ì−ë© �−�«¨§ (¤® ¯à¨¥§¤� ¯�æ¨¥−â� −� ®ç−ë© ¯à¨¥¬ ¢ à¥£¨®−�«ì-
−ãî ¯®«¨ª«¨−¨ªã) á®¯à®¢®¤¨â¥«ì−®© ¬¥¤¨æ¨−áª®© ¤®ªã¬¥−â�æ¨¨ ¯�æ¨¥−â�,

÷¨á. 3 Œ®¤¥«ì ¢§�¨¬®¤¥©áâ¢¨ï ã¤�«¥−−®© Œ� á à¥£¨®−�«ì−®© ª®−áã«ìâ�â¨¢−®©
¯®«¨ª«¨−¨ª®©
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÷¨á. 4 Œ®¤¥«ì ¯à®æ¥áá� ä®à¬¨à®¢�−¨ï −�¯à�¢«¥−¨ï ®â ã¤�«¥−−®© Œ�

¯à®¢¥àªã ®¡®á−®¢�−−®áâ¨ −�¯à�¢«¥−¨ï −� ®ç−ãî ª®−áã«ìâ�æ¨î ¨ ¢®§¬®¦−®áâì
§�®ç−®£® ª®−áã«ìâ¨à®¢�−¨ï ¯�æ¨¥−â� ¢ ®ä«�©−-à¥¦¨¬¥;

{ ¢®§¬®¦−®áâì §�®ç−®£® ä®à¬¨à®¢�−¨ï ¬�àèàãâ−®£® «¨áâ� ¯�æ¨¥−â�, ¢ ª®-
â®à®¬ ®¯à¥¤¥«¥− ®¯â¨¬�«ì−ë© ¬�àèàãâ ¢−ãâà¨ à¥£¨®−�«ì−®© ¯®«¨ª«¨−¨ª¨
á ãª�§�−¨¥¬ ¤�â ¨ ¢à¥¬¥−¨ ¯®á¥é¥−¨ï ª�¡¨−¥â®¢ ®â ¤¨�£−®áâ¨ª¨ ¤® ¢à�ç¥¡−ëå
¯à¨¥¬®¢.

�à®æ¥áá ä®à¬¨à®¢�−¨ï −�¯à�¢«¥−¨ï ã¤�«¥−−®© Œ� (à¨á. 4) ®¯¨áë¢�¥â á«¥-
¤ãîéãî á¨âã�æ¨î: ¯à¨ ¢®§−¨ª−®¢¥−¨¨ ¯®âà¥¡−®áâ¨ ¢à�ç� −¥ª®â®à®© ã¤�«¥−−®©
Œ� ¢ ª®−áã«ìâ�â¨¢−®© ¯®¬®é¨ ¤«ï ¯�æ¨¥−â� íâ� Œ� ¯®¤�¥â á®®â¢¥âáâ¢ãîéãî
§�ï¢ªã −� §�é¨é¥−−ë© à¥áãàá ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û. ‚ §�ï¢ª¥ á®¤¥à-
¦¨âáï ®á−®¢−�ï ¨−ä®à¬�æ¨ï ® ¯�æ¨¥−â¥: ¯�á¯®àâ−ë¥ ¤�−−ë¥, á®¯à®¢®¤¨â¥«ì−�ï
¬¥¤¨æ¨−áª�ï ¤®ªã¬¥−â�æ¨ï, ®âáª�−¨à®¢�−−�ï ¨«¨ ¢ë£àã¦¥−−�ï ¨§ Œˆ‘ (¯à¨
−�«¨ç¨¨).

Š�ª ¢¨¤−® ¨§ à¨á. 3 ¨ 4, ¢ −¥ª®â®àëå á«ãç�ïå ¢ Œ� ¢®§¢à�é�¥âáï ¨−ä®à¬�æ¨ï
¤«ï ª®àà¥ªæ¨¨ «¥ç¥−¨ï ¯�æ¨¥−â� ¯® ¬¥áâã ¦¨â¥«ìáâ¢�, ¯à¨ íâ®¬ −¥ âà¥¡ã¥âáï
®ç−®£® ¯à¨áãâáâ¢¨ï ¯�æ¨¥−â�. �¤−�ª® ¤®¯ãáª�¥âáï −�¯à�¢«¥−¨¥ ¯�æ¨¥−â� −�
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÷¨á. 5 Œ®¤¥«ì ¯à®æ¥áá� ®¡à�¡®âª� §�ï¢ª¨ ¢ à¥£¨®−�«ì−®© ª«¨−¨ª¥ (§�®ç−®)

®ç−ë© ¯à¨¥¬ ¢ à¥£¨®−�«ì−ãî ª®−áã«ìâ�â¨¢−ãî ª«¨−¨ªã. ‚®§¬®¦−®áâì §�®ç−®£®
ª®−áã«ìâ¨à®¢�−¨ï á−¨¦�¥â −�£àã§ªã −� à¥£¨®−�«ì−ãî ¯®«¨ª«¨−¨ªã, ¢ë§¢�−−ãî
−¥¯®áà¥¤áâ¢¥−−ë¬ ¯®á¥é¥−¨¥¬ ¯�æ¨¥−â®¢, � ¤«ï ¯�æ¨¥−â®¢ ãáâà�−ï¥â ¢ àï¤¥
á«ãç�¥¢ ¯à¨¥§¤ ¢ ŠŠ�.

�¯¨á�−−ë© −� à¨á. 5 ¯à®æ¥áá §�®ç−®© ®¡à�¡®âª¨ §�ï¢®ª ®â ã¤�«¥−−ëå Œ�
®âà�¦�¥â:

{ ¯®¤£®â®¢ªã ¨ ¯à®¢¥¤¥−¨¥ §�®ç−®© ª®−áã«ìâ�æ¨¨. ’�ª�ï ª®−áã«ìâ�æ¨ï ¤�-
¥â ¢®§¬®¦−®áâì á®ªà�â¨âì ç¨á«® −¥®¡®á−®¢�−−ëå ®ç−ëå ¢¨§¨â®¢ ¯�æ¨¥−â®¢
¢ −¥á«®¦−ëå ¤¨�£−®áâ¨ç¥áª¨å ¨ «¥ç¥¡−ëå á«ãç�ïå;

{ §�®ç−®¥ ä®à¬¨à®¢�−¨¥ ¬�àèàãâ−®£® «¨áâ� ¤«ï ª�¦¤®£® ¯�æ¨¥−â� ¢−ãâà¨
à¥£¨®−�«ì−®© ¯®«¨ª«¨−¨ª¨ ¨ ¯¥à¥¤�çã ¡ã¬�¦−®© ª�àâë ¢ ¯¥à¢ë© ª�¡¨−¥â
¯®á¥é¥−¨ï.

‘«¥¤ã¥â §�¬¥â¨âì, çâ® ¯®àï¤®ª ®ª�§�−¨ï ¬¥¤¨æ¨−áª¨å ãá«ã£, ®âà�¦¥−−ë©
¢ ¯à¥¤áâ�¢«¥−−ëå ¬®¤¥«ïå (à¨á. 3{5), −¥ ¯à®â¨¢®à¥ç¨â ”¥¤¥à�«ì−®¬ã §�ª®−ã
ú�¡ ®á−®¢�å ®åà�−ë §¤®à®¢ìï £à�¦¤�− ¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨û [9].
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3 Описание системы «Виртуальная поликлиника»

3.1 Алгоритм обработки заявок

Œ®¤¥«ì ¯à®æ¥áá� ®¡à�¡®âª� §�ï¢ª¨ à¥£¨®−�«ì−®© ª«¨−¨ª®© (á¬. à¨á. 5) ®¯à¥-
¤¥«ï¥â á«¥¤ãîé¨© ¤¢ãåíâ�¯−ë© �«£®à¨â¬ ®¡à�¡®âª¨ −�¯à�¢«¥−¨© −� ®ª�§�−¨¥
ª®−áã«ìâ�â¨¢−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨.

�â�¯ 1. ‚ à¥£¨®−�«ì−®© ¯®«¨ª«¨−¨ª¥ §�ï¢ª� ¯®áâã¯�¥â ª ¢à�çã-íªá¯¥àâã,
ª®â®àë© �−�«¨§¨àã¥â ¯à¨«®¦¥−−ãî ª §�ï¢ª¥ ¤®ªã¬¥−â�æ¨î ¨ −� ¥¥ ®á−®¢�−¨¨
¯à¨−¨¬�¥â à¥è¥−¨¥ ® −�«¨ç¨¨ ¯®ª�§�−¨© ¤«ï ®ç−®© ª®−áã«ìâ�æ¨¨.

…á«¨ ®ç−�ï ª®−áã«ìâ�æ¨ï −¥ ¯®ª�§�−�, â® ¢ë¯®«−ï¥âáï ¤¨áâ�−æ¨®−−�ï ª®à-
à¥ªâ¨à®¢ª� «¥ç¥−¨ï á®®â¢¥âáâ¢ãîé¨¬ ¢à�ç®¬-á¯¥æ¨�«¨áâ®¬, á«ãç�© ®¡à�é¥−¨ï
¢ ¯®«¨ª«¨−¨ªã ŠŠ� §�ªàë¢�¥âáï. …á«¨ ¦¥ ®ç−�ï ª®−áã«ìâ�æ¨ï ¢á¥ ¦¥ −¥®¡-
å®¤¨¬�, â® ¢à�ç-íªá¯¥àâ ®¯à¥¤¥«ï¥â, ¢á¥ «¨ −¥®¡å®¤¨¬ë¥ ¤¨�£−®áâ¨ç¥áª¨¥ ®¡-
á«¥¤®¢�−¨ï ¢ë¯®«−¥−ë. …á«¨ âà¥¡ã¥âáï ¯à®¢¥áâ¨ ¤®¯®«−¨â¥«ì−®¥ ®¡á«¥¤®¢�−¨¥
¢ ãçà¥¦¤¥−¨¨ ¯® ¬¥áâã ¦¨â¥«ìáâ¢�, â® ¢à�ç ãª�§ë¢�¥â íâã ¨−ä®à¬�æ¨î ¢ §�ï¢ª¥
¨ ®â¯à�¢«ï¥â ¥¥ −� ¤®à�¡®âªã. ‚ á«ãç�¥ ¤®áâ�â®ç−®áâ¨ ®¡á«¥¤®¢�−¨© ¨ ¯®ª�§�−¨©
ª ®ç−®© ª®−áã«ìâ�æ¨¨ ä®à¬¨àã¥âáï á®áâ�¢ ¬�àèàãâ� ¯�æ¨¥−â�, £¤¥ ãª�§ë¢�îâáï
¢á¥ ¤®¯®«−¨â¥«ì−ë¥ ®¡á«¥¤®¢�−¨ï ¨ ª®−áã«ìâ�æ¨¨ ã§ª¨å á¯¥æ¨�«¨áâ®¢, ª®â®àë¥
−¥®¡å®¤¨¬® ¢ë¯®«−¨âì ¢ ŠŠ�.

�â�¯ 2. „�«¥¥ §�ï¢ª� áâ�−®¢¨âáï ¤®áâã¯−� à¥£¨áâà�â®àã ŠŠ�. ÷�¡®â−¨ª
à¥£¨áâà�âãàë ä®à¬¨àã¥â ¢ ¯®«ã�¢â®¬�â¨ç¥áª®¬ à¥¦¨¬¥ ®¯â¨¬�«ì−ë© ¬�àèàãâ
ª®−áã«ìâ�æ¨© ¨ ¤®¯®«−¨â¥«ì−ëå ®¡á«¥¤®¢�−¨©, á¢®¤ï ¢á¥ ¯®á¥é¥−¨ï −� ®¤¨−
¤¥−ì, ¥á«¨ íâ® ¢®§¬®¦−®. „«ï ä®à¬¨à®¢�−¨ï ¬�àèàãâ−®© ª�àâë ¯�æ¨¥−â�
¨á¯®«ì§ãîâáï á¯¥æ¨�«ì−® à�§à�¡®â�−−ë¥ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢�, ¨−â¥àä¥©á ª®-
â®àëå ¨§®¡à�¦¥− −� à¨á. 6.

‡�ï¢ª� ¢®§¢à�é�¥âáï ¢ Œ� á ãª�§�−¨¥¬ ¤«ï ¯�æ¨¥−â� ¨−ä®à¬�æ¨¨ ® ¤�â�å
¨ ¢à¥¬¥−¨ ¯à¨¥¬� ¢à�ç¥© ¨ ¤¨�£−®áâ¨ç¥áª¨å ¯à®æ¥¤ãà. Š�¦¤®¥ ãâà® à�¡®â−¨ª
à¥£¨áâà�âãàë à¥£¨®−�«ì−®© ¯®«¨ª«¨−¨ª¨ ®¡¥á¯¥ç¨¢�¥â ¤®áâ�¢ªã ¡ã¬�¦−ëå �¬-
¡ã«�â®à−ëå ª�àâ ¢ á®®â¢¥âáâ¢ãîé¨© ª�¡¨−¥â ¯à¨¥¬� ¯�æ¨¥−â�. ��æ¨¥−â ¯à¨
®ç−®¬ ¯à¨¥¬¥ ¢ ¯®«¨ª«¨−¨ª¥ ŠŠ� ¬¨−ã¥â à¥£¨áâà�âãàã ¨ ¨¤¥â áà�§ã ¦¥ ¢ ¯¥à¢ë©
ª�¡¨−¥â ¯à¨¥¬�, ãª�§�−−ë© ¢ ¥£® ¬�àèàãâ−®© ª�àâ¥.

‚ áâ�âì¥ [10] ¯à¥¤«®¦¥− ¯®¤å®¤ ª ä®à¬¨à®¢�−¨î ¬�àèàãâ−®© ª�àâë ¯�-
æ¨¥−â�, £¤¥ ¥¬ã ¯à¥¤®áâ�¢«ï¥âáï ¢®§¬®¦−®áâì á�¬®¬ã ®¯à¥¤¥«ïâì −�ç�«ì−®¥
¢à¥¬ï ¯à¨¥¬�. �¤−�ª® ¢ ãá«®¢¨ïå Šà�á−®ïàáª®£® ªà�ï ¤�−−ë© ¯®¤å®¤ §−�ç¨-
â¥«ì−® ãá«®¦−¨â ¯à®æ¥áá ¬�àèàãâ¨§�æ¨¨ ¯�æ¨¥−â� ¨ §�âàã¤−¨â ¥£® �¢â®¬�â¨-
§�æ¨î.

‚ á¨áâ¥¬¥ ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û ãç¥â ¯®¦¥«�−¨ï ¯�æ¨¥−â� ® −�ç�«ì−®©
¤�â¥ ¯à¨¥¬� ®áãé¥áâ¢«ï¥âáï «¨èì −� íâ�¯¥ ä®à¬¨à®¢�−¨ï §�ï¢ª¨: ¢à�ç ã¤�«¥−−®©
Œ� ãâ®ç−ï¥â ¦¥«�¥¬ãî ¤�âã ¨ Œ� ¢−®á¨â ¥¥ ¢ −�¯à�¢«¥−¨¥ −� ª®−áã«ìâ¨à®¢�−¨¥.
„�«¥¥ íâ� ¨−ä®à¬�æ¨ï à�áá¬�âà¨¢�¥âáï ª�ª à¥ª®¬¥−¤�â¥«ì−�ï ¯à¨ ä®à¬¨à®¢�−¨¨
¬�àèàãâ−®£® «¨áâ� ¯�æ¨¥−â�.
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÷¨á. 6 ˆ−â¥àä¥©á ¤«ï ä®à¬¨à®¢�−¨ï ¬�àèàãâ−®£® «¨áâ� ¯�æ¨¥−â�

3.2 Категории пользователей

�à¥¤áâ�¢«¥−−ë¥ ¢ëè¥ ¬®¤¥«¨ ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ ¯�æ¨¥−â®¢ ®¯à¥¤¥«¨«¨
¤«ï á¨áâ¥¬ë ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û á«¥¤ãîé¨¥ ª�â¥£®à¨¨ ¯®«ì§®¢�â¥«¥©:

{ á®âàã¤−¨ª¨ ã¤�«¥−−ëå Œ�, ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ ®ä®à¬«¥−¨¥ ¨ ¯®¤�çã
§�ï¢ª¨ −� ª®−áã«ìâ¨à®¢�−¨¥ ¨ á®¯à®¢®¤¨â¥«ì−®© ¤®ªã¬¥−â�æ¨¨;

{ ¯à¥¤áâ�¢¨â¥«¨ áâà�å®¢ëå ª®¬¯�−¨©. ‚ á«ãç�¥ ®âáãâáâ¢¨ï ®¡ï§�â¥«ì−®£® ¬¥-
¤¨æ¨−áª®£® áâà�å®¢�−¨ï ã ¯�æ¨¥−â� ®−¨ ¯à®¢®¤ïâ ¯®¤£®â®¢ªã ¤®ªã¬¥−â®¢
¨ ¢ë¤�îâ ¯®«¨á ¯�æ¨¥−âã, ª®£¤� â®â ®ç−® ¯®á¥é�¥â à¥£¨®−�«ì−ãî ¯®«¨ª«¨-
−¨ªã;

{ à�¡®â−¨ª¨ à¥£¨áâà�âãàë à¥£¨®−�«ì−®© ¯®«¨ª«¨−¨ª¨. �¡¥á¯¥ç¨¢�îâ ä®à¬¨-
à®¢�−¨¥ ¬�àèàãâ−®£® «¨áâ� ¤«ï ¯�æ¨¥−â®¢, ª®â®àë¬ ¯®ª�§�−� ®ç−�ï ª®−áã«ì-
â�æ¨ï;

{ ¢à�ç¨-íªá¯¥àâë ®â¤¥«¥−¨© ŠŠ�. �à®¢®¤ïâ ¯à¥¤¢�à¨â¥«ì−ë© �−�«¨§ á®¯à®-
¢®¤¨â¥«ì−®© ¤®ªã¬¥−â�æ¨¨ −� ¯�æ¨¥−â�;

{ ªãà�â®àë à�©®−®¢ Šà�á−®ïàáª®£® ªà�ï. �à£�−¨§ãîâ ¢§�¨¬®¤¥©áâ¢¨¥ ¤àã£¨å
ª�â¥£®à¨© ¯®«ì§®¢�â¥«¥© ¨ à¥è�îâ ¢®¯à®áë, âà¥¡ãîé¨¥ ®á®¡®£® ¢−¨¬�−¨ï.

‘å¥¬� ¢§�¨¬®¤¥©áâ¢¨ï ¯®«ì§®¢�â¥«¥© á¨áâ¥¬ë ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û
¯à¨¢¥¤¥−� −� à¨á. 7.
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÷¨á. 7 ‘å¥¬� ¢§�¨¬®¤¥©áâ¢¨ï ¯®«ì§®¢�â¥«¥©

3.3 Состав и функции системы

‘¨áâ¥¬� ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û à¥�«¨§ã¥â ¢á¥ ¯¥à¥ç¨á«¥−−ë¥ ¢ à�§¤. 1
¤�−−®© áâ�âì¨ äã−ªæ¨¨, ¢ª«îç�ï:

{ ¯®¤¤¥à¦ªã §�®ç−®£® ª®−áã«ìâ¨à®¢�−¨ï á â¥ªáâ®¢ë¬ ®¡¬¥−®¬ á®®¡é¥−¨ï¬¨
¬¥¦¤ã ¢à�ç®¬-íªá¯¥àâ®¬ ¨ «¥ç�é¨¬ ¢à�ç®¬ ã¤�«¥−−®© Œ�;

{ ¯®áâà®¥−¨¥ ¬�àèàãâ−®© ª�àâë ¯�æ¨¥−â� á ®¯â¨¬¨§�æ¨¥© ¢à¥¬¥−¨ ¯à¨¥¬�;

{ ä®à¬¨à®¢�−¨¥ ®¡è¨à−®£® ¯¥à¥ç−ï ®âç¥â−®© ¤®ªã¬¥−â�æ¨¨, ¢ â®¬ ç¨á«¥ à¥-
§ã«ìâ�â®¢ ¬®−¨â®à¨−£� ¤®áâã¯−®áâ¨ ª®−áã«ìâ�â¨¢−®© ¯®¬®é¨ ŠŠ�;

{ ®à£�−¨§�æ¨ï ®¯¥à�â¨¢−®© á¢ï§¨ á® ¢á¥¬¨ 134 Œ� Šà�á−®ïàáª®£® ªà�ï ¤«ï
®¡¬¥−� −¥®¡å®¤¨¬®© ¨−ä®à¬�æ¨¥© ¬¥â®¤¨ç¥áª®£® å�à�ªâ¥à�.

”®à¬¨àã¥¬ë¥ á¨áâ¥¬®© à¥§ã«ìâ�âë ¬®−¨â®à¨−£� ¤®áâã¯−®áâ¨ ª®−áã«ìâ�â¨¢-
−®© ¯®¬®é¨ ŠŠ� (à¨á. 8) ¢ à¥�«ì−®¬ ¬�áèâ�¡¥ ¢à¥¬¥−¨ ¤�îâ ®â¢¥â −� ¢®¯à®á,
ª®£¤� (¯® ¨áâ¥ç¥−¨¨ áª®«ìª¨å ¤−¥©) ¯�æ¨¥−â ¯®¯�¤¥â −� ¯à¨¥¬ ª ãª�§�−−®¬ã
¢à�çã-á¯¥æ¨�«¨áâã, ¥á«¨ §�ï¢ª� ¡ã¤¥â ¯®¤�−� ¢ −�áâ®ïé¨© ¬®¬¥−â ¢à¥¬¥−¨. �â¨
à¥§ã«ìâ�âë ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¢á¥¬¨ ¯®«ì§®¢�â¥«ï¬¨ á¨áâ¥¬ë.

‘¨áâ¥¬� ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û ¢ª«îç�¥â á«¥¤ãîé¨¥ ¯®¤á¨áâ¥¬ë:

{ ¯®¤á¨áâ¥¬� ä®à¬¨à®¢�−¨ï §�ï¢ª¨;

{ ¯®¤á¨áâ¥¬� §�®ç−®£® ª®−áã«ìâ¨à®¢�−¨ï;
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÷¨á. 8 ÷¥§ã«ìâ�âë ¬®−¨â®à¨−£� ¤®áâã¯−®áâ¨ ª®−áã«ìâ�â¨¢−®© ¯®¬®é¨

÷¨á. 9 ‘å¥¬� ¢§�¨¬®¤¥©áâ¢¨ï á®áâ�¢−ëå ç�áâ¥© á¨áâ¥¬ë ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û
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{ ¯®¤á¨áâ¥¬� ä®à¬¨à®¢�−¨ï ®âç¥â®¢ ¨ ¨â®£®¢ ¬®−¨â®à¨−£� ¤®áâã¯−®áâ¨;

{ ¯®¤á¨áâ¥¬� á¢¥àª¨ ¯®«¨á� ®¡ï§�â¥«ì−®£® ¬¥¤¨æ¨−áª®£® áâà�å®¢�−¨ï;

{ ¯®¤á¨áâ¥¬� ä®à¬¨à®¢�−¨ï ¬�àèàãâ−®© ª�àâë ¯�æ¨¥−â� ¤«ï ®ç−®£® ª®−áã«ì-
â¨à®¢�−¨ï ¢ ŠŠ�.

‘¨áâ¥¬� à¥�«¨§®¢�−� ¢ ¢¨¤¥ ¢¥¡-á¥à¢¨á� −� ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï PHP
¢¥àá¨¨ 5. ˆá¯®«ì§®¢�−ë á¨áâ¥¬� ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå MS SQL Server
2008, ¢¥¡-á¥à¢¥à IIS ¯®¤ ã¯à�¢«¥−¨¥¬ ®¯¥à�æ¨®−−®© á¨áâ¥¬ë Windows Server
2008 à¥¤�ªæ¨¨ WEB. ‡�é¨â� ¯¥à¥¤�ç¨ ¯¥àá®−�«ì−ëå ¤�−−ëå ¯à¨ ¯¥à¥¤�ç¥
ç¥à¥§ á¥âì ˆ−â¥à−¥â ®¡¥á¯¥ç¥−� á ¯®¬®éìî ¯à®£à�¬¬−ëå ¨ �¯¯�à�â−ëå áà¥¤áâ¢
VipNET. ‚§�¨¬®¤¥©áâ¢¨¥ ®á−®¢−ëå á®áâ�¢«ïîé¨å á¨áâ¥¬ë ¨§®¡à�¦¥−® −� à¨á. 9.

3.4 Представление данных

”¨§¨ç¥áª�ï ¬®¤¥«ì ¤�−−ëå, ¨á¯®«ì§®¢�−−�ï ¢ á¨áâ¥¬¥ ú‚¨àâã�«ì−�ï ¯®«¨-
ª«¨−¨ª�û, ¯à¥¤áâ�¢«¥−� −� à¨á. 10.

�â� ¬®¤¥«ì ¤�−−ëå ¯®§¢®«ï¥â åà�−¨âì ¯�á¯®àâ−ë¥ ¤�−−ë¥ ¨ á®¯à®¢®¤¨â¥«ì-
−ãî ¬¥¤¨æ¨−áªãî ¤®ªã¬¥−â�æ¨î ¯�æ¨¥−â�, á¯à�¢®ç−¨ª Œ�, ¤�−−ë¥ ® à�§«¨ç-
−ëå ¯®«ì§®¢�â¥«ïå á¨áâ¥¬ë, ¤�−−ë¥ ® ¯¥à¥¯¨áª¥ ¬¥¦¤ã ¢à�ç�¬¨ ã¤�«¥−−ëå Œ�
¨ ª®−áã«ìâ�−â�¬¨, ¢ë¤�−−ë¥ â�«®−ë −� ¯à¨¥¬, ¬�àèàãâë ¯�æ¨¥−â� ¨ ¤àã£ãî
¨−ä®à¬�æ¨î.

÷¨á. 10 ”¨§¨ç¥áª�ï ¬®¤¥«ì ¤�−−ëå
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4 Результаты внедрения

�� á¥£®¤−ïè−¨© ¤¥−ì á¨áâ¥¬� ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û ¢−¥¤à¥−�
¢ 134 Œ� Šà�á−®ïàáª®£® ªà�ï. ‚−¥¤à¥−¨¥ á¨áâ¥¬ë ¯®âà¥¡®¢�«® ¢¢¥¤¥−¨ï ¥¤¨−®©
â¥à¬¨−®«®£¨¨. �ë«¨ à�§à�¡®â�−ë −®¢ë¥ áâ�−¤�àâë ®ä®à¬«¥−¨ï à¥§ã«ìâ�â®¢ ®¡-
á«¥¤®¢�−¨ï ¯® à�§«¨ç−ë¬ −®§®«®£¨ï¬ ¨ æ¥«ï¬ ª®−áã«ìâ¨à®¢�−¨ï, ª®â®àë¥ ¡ë«¨
ãâ¢¥à¦¤¥−ë Œ¨−¨áâ¥àáâ¢®¬ §¤à�¢®®åà�−¥−¨ï Šà�á−®ïàáª®£® ªà�ï.

„«ï ®¡¥á¯¥ç¥−¨ï §�®ç−®£® ª®−áã«ìâ¨à®¢�−¨ï ¨ ®¡à�¡®âª¨ §�ï¢®ª −� ª®−-
áã«ìâ¨à®¢�−¨¥ ¢ −�áâ®ïé¥¥ ¢à¥¬ï §�¤¥©áâ¢®¢�−ë 20 ¢à�ç¥©-íªá¯¥àâ®¢ ¨§ ç¨á«�
á¯¥æ¨�«¨áâ®¢ ŠŠ�. ‚ ¨å §�¤�ç¨ ¢å®¤¨â: ¯à¨−ïâ¨¥ à¥è¥−¨ï ® −¥®¡å®¤¨¬®áâ¨
®ç−®© ª®−áã«ìâ�æ¨¨, ¢ á«ãç�¥ ¢®§¬®¦−®áâ¨ | ¯à®¢¥¤¥−¨¥ §�®ç−®© ª®−áã«ìâ�-
æ¨¨, ä®à¬¨à®¢�−¨¥ à¥ª®¬¥−¤�æ¨© ¤«ï «¥ç�é¥£® ¢à�ç� ã¤�«¥−−®© Œ�, ¢ á«ãç�¥
−¥®¡å®¤¨¬®áâ¨ | ¯à¨−ïâ¨¥ à¥è¥−¨ï ® áà®ç−®© £®á¯¨â�«¨§�æ¨¨.

‘ ¯®¬®éìî á¨áâ¥¬ë ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û −�ç¨−�ï á 2012 £. ¥¦¥£®¤−®
¯à®¢®¤ïâáï ª®−áã«ìâ�æ¨¨ ¯® ¤¥áïâª�¬ âëáïç ã−¨ª�«ì−ëå ¯�æ¨¥−â®¢, â. ¥. ¡¥§
ãç¥â� ¯®¢â®à−ëå ®¡à�é¥−¨© íâ¨å ¯�æ¨¥−â®¢. �� à¨á. 11 ¯à¥¤áâ�¢«¥−ë ®¡ê¥¬−ë¥
¯®ª�§�â¥«¨ ¯® ®ª�§�−¨î ª®−áã«ìâ�â¨¢−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨ §� 10 ¬¥á. ª�¦¤®£®
£®¤� (¤«ï ª®àà¥ªâ−®£® áà�¢−¥−¨ï ¯® £®¤�¬). �â¨ ¯®ª�§�â¥«¨ á¢¨¤¥â¥«ìáâ¢ãîâ
® ¢®áâà¥¡®¢�−−®áâ¨ ¨ íää¥ªâ¨¢−®áâ¨ à�§à�¡®â�−−®© á¨áâ¥¬ë.

÷¨á. 11 —¨á«® ã−¨ª�«ì−ëå ¯�æ¨¥−â®¢, ¯®«ãç¨¢è¨å ª®−áã«ìâ�â¨¢−ãî ¯®¬®éì ç¥à¥§
á¨áâ¥¬ã ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û: 1 | ª®«¨ç¥áâ¢® §�ï¢®ª; 2 | ª®«¨ç¥áâ¢® §�®ç−ëå
ª®−áã«ìâ�æ¨©

5 Заключение

‚−¥¤à¥−¨¥ á¨áâ¥¬ë ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û ¯®§¢®«¨«®:

{ ã¬¥−ìè¨âì ç¨á«® −¥®¡®á−®¢�−−ëå ®ç−ëå ¯®á¥é¥−¨© ¯�æ¨¥−â®¢ à¥£¨®−�«ì−®©
¯®«¨ª«¨−¨ª¨ §� áç¥â §�®ç−®£® ª®−áã«ìâ¨à®¢�−¨ï (¤®«ï §�®ç−ëå ª®−áã«ìâ�æ¨©
®â ®¡é¥£® ª®«¨ç¥áâ¢� ¯®¤�−−ëå §�ï¢®ª á®áâ�¢¨«� 3,4%);
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‘âàãªâãà−®-äã−ªæ¨®−�«ì−�ï ¬®¤¥«ì ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ ¯�æ¨¥−â®¢

{ á®ªà�â¨âì ¢à¥¬ï ¯à¥¡ë¢�−¨ï ¯�æ¨¥−â®¢ ¢ à¥£¨®−�«ì−®© ¯®«¨ª«¨−¨ª¥
(¤«ï 42% ¯�æ¨¥−â®¢ ¯®á¥é¥−¨¥ ¯®«¨ª«¨−¨ª¨ ®£à�−¨ç¨«®áì «¨èì ®¤−¨¬ ¤−¥¬).

�ªá¯«ã�â�æ¨ï á¨áâ¥¬ë ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û ¯®ª�§�«�, çâ® −¥®¡å®-
¤¨¬® ¤�«ì−¥©è¥¥ ¥¥ à�§¢¨â¨¥ ¢ á«¥¤ãîé¨å −�¯à�¢«¥−¨ïå:

{ í«¥ªâà®−−®¥ á®¯à®¢®¦¤¥−¨¥ ¯�æ¨¥−â� ¯® ¬�àèàãâã, ãª�§�−−®¬ã ¢ ¬�àèàãâ-
−®© ª�àâ¥, ¨ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ª®àà¥ªâ¨à®¢ª� ¬�àèàãâ−®© ª�àâë;

{ à�áè¨à¥−¨¥ äã−ªæ¨© «¨ç−®£® ª�¡¨−¥â� ¯�æ¨¥−â� ŠŠ� á ¢®§¬®¦−®áâìî ¤®-
áâã¯� ª á¨áâ¥¬¥ ú‚¨àâã�«ì−�ï ¯®«¨ª«¨−¨ª�û ¯® á®£«�á®¢�−¨î ¬�àèàãâ−®©
ª�àâë.

�â® ¡ã¤¥â á¯®á®¡áâ¢®¢�âì ¤�«ì−¥©è¥¬ã à�áè¨à¥−¨î ¤®áâã¯−®áâ¨ ¨ ®¯¥à�-
â¨¢−®áâ¨ ®ª�§�−¨ï ã§ª®á¯¥æ¨�«¨§¨à®¢�−−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨ ¤«ï ¯�æ¨¥−â®¢
à¥£¨®−�«ì−®© ª®−áã«ìâ�â¨¢−®© ¯®«¨ª«¨−¨ª¨ Šà�á−®ïàáª®£® ªà�ï.
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CONTROL IN A REGIONAL CONSULTATION CLINIC
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Str., Krasnoyarsk 660022, Russian Federation

Abstract: The paper deals with the problem of the availability and efficiency
of advising highly specialized care for patients of regional health centers, serving
a vast region of the Russian Federation with low average density of population by
the example of the Krasnoyarsk region. It is proposed to solve this problem with
the help of a medical information system \Virtual clinic," which implements the
following principles of flow control of remote patients: differentiation of patients
by type of advice (full-time or part-time consulting), distance forming a route
sheet to provide full-time advice to the patient of intraregional clinics, and remote
distance counseling. The paper presents the rationale of the proposed approach
as a result of the structural and functional domain modeling methodology SADT
(Structured Analysis and Design Technique). The paper contains the results of
the simulation of patient flow control in the form of a data flow diagram in
a graphical notation IDEF0 AS IS and TO BE. The paper reveals the features
of the remote absentee counseling and individual route planning of the patient
in the clinic at the regional level by the example of the Krasnoyarsk Regional
Hospital. The paper contains the description of the \Virtual clinic," which
reflects the composition and functions of the system, data presentation, user
category, methodical and financial aspects of implementation, and monitoring
tools accessibility provide advice. The paper describes the experience of the
introduction of the \Virtual clinic" medical information system in the regional
consultative clinics and 134 medical organizations of the Krasnoyarsk region
sending patients for consultation to the regional hospital.

Keywords: medical information systems; remote consulting; patient flow
control; individual patient routing; virtual clinic
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АЛГОРИТМ И ПРОГРАММНЫЙ КОМПЛЕКС ДЛЯ АНАЛИЗА
ХАРАКТЕРИСТИК ВЫХОДНОГО ИЗЛУЧЕНИЯ

ПЛАЗМЕННОГО РЕЛЯТИВИСТСКОГО ГЕНЕРАТОРА
СВЕРХВЫСОКОЙ ЧАСТОТЫ∗

С. Е. Андреев1

�−−®â�æ¨ï: �à¥¤«®¦¥−� ¬¥â®¤¨ª� ®¡à�¡®âª¨ à¥§ã«ìâ�â®¢ íªá¯¥à¨¬¥−â� ¯®
£¥−¥à�æ¨¨ ¨§«ãç¥−¨ï á¢¥àå¢ëá®ª®© ç�áâ®âë (‘‚—) ¯«�§¬¥−−ë¬ à¥«ïâ¨¢¨áâ-
áª¨¬ ‘‚—-£¥−¥à�â®à®¬. „«ï ¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨ ® á¯¥ªâà¥ ¯®«ãç¥−−®£®
‘‚—-¨¬¯ã«ìá� á ¢ëá®ª¨¬ à�§à¥è¥−¨¥¬ ¯® ç�áâ®â¥ ¨«¨ ¢à¥¬¥−¨ ¯à¥¤«�£�-
¥âáï á®¢¬¥áâ−®¥ ¨á¯®«ì§®¢�−¨¥ ¢¥©¢«¥â-�−�«¨§� ¨ æ¨äà®¢®© ä¨«ìâà�æ¨¨.
�à®£à�¬¬� −�¯¨á�−� ¢ áà¥¤¥ ¯à®£à�¬¬¨à®¢�−¨ï MATLAB 7.0. ˜�£ ¤¨á-
ªà¥â¨§�æ¨¨ á¨£−�«�, ¨áå®¤ïé¥£® ®â £¥−¥à�â®à�, à�¢¥− 50 ¯á. �«�§¬¥−−ë©
à¥«ïâ¨¢¨áâáª¨© £¥−¥à�â®à (�÷ƒ) −� ãáª®à¨â¥«¥ Sinus 550-80 ®¡«�¤�¥â àï-
¤®¬ ã−¨ª�«ì−ëå á¢®©áâ¢: à�¡®â� ¢ à¥¦¨¬¥ £¥−¥à�æ¨¨ ®¤¨−®ç−®£® ¨¬¯ã«ìá�
¨«¨ ¢ ç�áâ®â−®-¯¥à¨®¤¨ç¥áª®¬ à¥¦¨¬¥ (¤® 50 ¨¬¯./á); £¥−¥à�æ¨ï ¨¬¯ã«ìá®¢
‘‚—-¨§«ãç¥−¨ï ¤«¨â¥«ì−®áâìî ¤® 80 −á á ç�áâ®â�¬¨ ¨§«ãç¥−¨ï ®â 2 ¤® 25 ƒƒæ;
£¥−¥à�æ¨ï ª�ª ¬®−®åà®¬�â¨ç¥áª®£® ¨§«ãç¥−¨ï, â�ª ¨ ¨§«ãç¥−¨ï á ¬−®£®ç¨á-
«¥−−ë¬¨ £�à¬®−¨ª�¬¨ ¢ á¯¥ªâà¥. ��ç�«ì−ë¬¨ ¯�à�¬¥âà�¬¨, ¢ ç�áâ−®áâ¨
¯«®â−®áâìî ¯«�§¬ë, ¬®¦−® ¨§¬¥−ïâì à¥¦¨¬ à�¡®âë �÷ƒ ¨ íâ¨¬ à¥£ã«¨à®¢�âì
å�à�ªâ¥à¨áâ¨ª¨ ¨§«ãç¥−¨ï: æ¥−âà�«ì−ë¥ ç�áâ®âë, è¨à¨−ã á¯¥ªâà� ¨ â. ¤. „«ï
¢ë¡®à� ¯¥à¥ç¨á«¥−−ëå à¥¦¨¬®¢ £¥−¥à�æ¨¨ ¯®áâ�¢«¥−� §�¤�ç� | ¨áá«¥¤®¢�−¨¥
§�¢¨á¨¬®áâ¨ ¯®¢¥¤¥−¨ï á¯¥ªâà®¢ ¢ëå®¤−®£® ¨§«ãç¥−¨ï ®â ¢à¥¬¥−¨.

Š«îç¥¢ë¥ á«®¢�: á¨áâ¥¬ë ®¡à�¡®âª¨ ç¨á«¥−−ëå ¤�−−ëå; �«£®à¨â¬ë; ¢à¥-
¬¥−−®© àï¤; ¯à¥®¡à�§®¢�−¨¥ ”ãàì¥; ¢¥©¢«¥â-¯à¥®¡à�§®¢�−¨¥; ‘‚—-¨§«ãç¥-
−¨¥; à¥«ïâ¨¢¨áâáª¨© ¯«�§¬¥−−ë© ‘‚—-£¥−¥à�â®à

DOI: 10.14357/08696527160103

1 Введение

‚ ¯®á«¥¤−¥¥ ¢à¥¬ï ¡®«ìè®¥ ¢−¨¬�−¨¥ ã¤¥«ï¥âáï à�§à�¡®âª¥ ¨ á®§¤�−¨î
¬®é−ëå ‘‚—-£¥−¥à�â®à®¢ á è¨à®ª¨¬ ¤¨�¯�§®−®¬ ç�áâ®â ¨§«ãç¥−¨ï. �¤−® ¨§ à¥-
è¥−¨© ¤�−−®© §�¤�ç¨ | ¨á¯®«ì§®¢�−¨¥ ¯«�§¬¥−−ëå à¥«ïâ¨¢¨áâáª¨å ¨áâ®ç−¨ª®¢
‘‚—-¨§«ãç¥−¨ï.

‘®£«�á−® â¥®à¨¨ ¨ íªá¯¥à¨¬¥−â�«ì−ë¬ ¨áá«¥¤®¢�−¨ï¬ [1{3], ¯«�§¬¥−−ë©
à¥«ïâ¨¢¨áâáª¨© ‘‚—-£¥−¥à�â®à ®¡«�¤�¥â ¢®§¬®¦−®áâìî ¯¥à¥áâà®©ª¨ ç�áâ®âë
‘‚—-¨§«ãç¥−¨ï ¢ è¨à®ª®¬ ¤¨�¯�§®−¥. ‚ à�−−¨å â¥®à¥â¨ç¥áª¨å à�¡®â�å −¥

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 14-08-01126-�).
1ˆ−áâ¨âãâ ®¡é¥© ä¨§¨ª¨ ÷��; Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨−ä®à¬�æ¨®−−ëå

â¥å−®«®£¨©, à�¤¨®â¥å−¨ª¨ ¨ í«¥ªâà®−¨ª¨, funkmonk@rambler.ru
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�«£®à¨â¬ ¨ ¯à®£à�¬¬−ë© ª®¬¯«¥ªá ¤«ï �−�«¨§� å�à�ªâ¥à¨áâ¨ª ¢ëå®¤−®£® ¨§«ãç¥−¨ï

ãª�§ë¢�«áï å�à�ªâ¥à á¯¥ªâà� ¢ëå®¤−®£® á¨£−�«� �÷ƒ, ®¤−�ª® ¢ à�¡®â¥ [4] íªá¯¥-
à¨¬¥−â�«ì−® −�¡«î¤�«áï ¤¨áªà¥â−ë© á¯¥ªâà ¨§«ãç¥−¨ï ¯«�§¬¥−−®£® ‘‚—-£¥−¥-
à�â®à�.

÷¥£ã«¨à®¢ª� ç�áâ®âë ¢ëå®¤−®£® á¨£−�«� �÷ƒ ¯à®¨áå®¤¨â §� áç¥â ¨§¬¥−¥−¨ï
¯«®â−®áâ¨ ¯«�§¬ë. ‚ ç�áâ−®áâ¨, ¢ à�¡®â¥ [5] ã¤�«®áì ¤®¡¨âìáï ¯¥à¥áâà®©ª¨
ç�áâ®âë ¢ 7 à�§ (®â 4 ¤® 28 ƒƒæ) −� ãà®¢−¥ ¬®é−®áâ¨ ®ª®«® 50 Œ‚â §� ¯à®¬¥¦ãâ®ª
¢à¥¬¥−¨ 30 ¬ªá ¡«�£®¤�àï ¨§¬¥−¥−¨î ¯«®â−®áâ¨ ¯«�§¬ë. �¤−�ª® ¢ ¯à®æ¥áá¥ à�-
¡®âë (£¥−¥à�æ¨¨) �÷ƒ ¯à®¨áå®¤ïâ ¨§¬¥−¥−¨ï ¯�à�¬¥âà®¢ £¥−¥à�æ¨¨ ¨ ¢á«¥¤áâ¢¨¥
íâ®£® ¬¥−ïîâáï å�à�ªâ¥à¨áâ¨ª¨ ¢ëå®¤−®£® ‘‚—-¨§«ãç¥−¨ï. „«ï ¡®«¥¥ £«ã¡®ª®-
£® ¯®−¨¬�−¨ï ä¨§¨ç¥áª¨å ¯à®æ¥áá®¢, ¯à®â¥ª�îé¨å ¢ �÷ƒ ¢® ¢à¥¬ï £¥−¥à�æ¨¨,
¨ ®æ¥−ª¨ ¢®§¬®¦−®áâ¨ ¨å ¨á¯®«ì§®¢�−¨ï −¥®¡å®¤¨¬® ¯à®�−�«¨§¨à®¢�âì ¢«¨ï−¨¥
−�ç�«ì−ëå ¯�à�¬¥âà®¢ íªá¯¥à¨¬¥−â� −� ¢ëå®¤−®¥ ¨§«ãç¥−¨¥ �÷ƒ. „«ï íâ®£®
−�¤® ¯®«ãç¨âì á¯¥ªâàë ¢ëå®¤−®£® ‘‚—-¨§«ãç¥−¨ï, ¯®ª�§ë¢�îé¨¥ §�¢¨á¨¬®áâì
á¯¥ªâà�«ì−®© ¯«®â−®áâ¨ −¥ â®«ìª® ®â ç�áâ®âë, −® ¨ ®â ¢à¥¬¥−¨.

‚ ¤�−−®© áâ�âì¥ ®¯¨á�− ¬¥â®¤ ¨ ¯à®£à�¬¬� ¤«ï ¯à®¢¥¤¥−¨ï â�ª®£® �−�«¨§�:
�«£®à¨â¬ë, áå¥¬� á¡®à� íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå ¨ ¯à¨¬¥à à¥§ã«ìâ�â®¢ ®¡à�-
¡®âª¨. ˆáá«¥¤®¢�−¨¥ á¯¥ªâà®¢ ¢ëå®¤−®£® ‘‚—-¨§«ãç¥−¨ï á ¢ëá®ª¨¬ à�§à¥è¥−¨-
¥¬ ¯® ç�áâ®â¥ ¨ ¢à¥¬¥−¨ ¯®§¢®«ï¥â ®¯à¥¤¥«ïâì £�à¬®−¨ç¥áª¨© á®áâ�¢ ¨§«ãç¥−¨ï
¨ ¤¨−�¬¨ªã ®â¤¥«ì−ëå £�à¬®−¨ª. ‚ ®á−®¢ã ¬¥â®¤� ¯®«ãç¥−¨ï ¤¨−�¬¨ç¥áª¨å
á¯¥ªâà®¢ ¯®«®¦¥−� æ¨äà®¢�ï ä¨«ìâà�æ¨ï ¨ ¢¥©¢«¥â-¯à¥®¡à�§®¢�−¨¥.

2 Метод получения и структура экспериментальных данных

‚ §�¢¨á¨¬®áâ¨ ®â à¥¦¨¬� à�¡®âë −� ¢ëå®¤¥ ¯«�§¬¥−−®£® à¥«ïâ¨¢¨áâáª®-
£® ‘‚—-£¥−¥à�â®à� à¥£¨áâà¨àã¥âáï «¨¡® ®¤¨−®ç−ë© ‘‚—-¨¬¯ã«ìá, «¨¡® á¥à¨ï
‘‚—-¨¬¯ã«ìá®¢ (¢ ç�áâ®â−®-¯¥à¨®¤¨ç¥áª®¬ à¥¦¨¬¥ à�¡®âë). ÷¥£¨áâà�æ¨ï ¨§«ã-
ç¥−¨ï ¯à®¨§¢®¤¨âáï è¨à®ª®¯®«®á−®© ¢¨¡à�â®à−®© �−â¥−−®©. ‘å¥¬� íªá¯¥à¨¬¥−â�
¯à¨¢¥¤¥−� ¢ [6]. „«ï ¨§¬¥à¥−¨© ¢ ¤¢ãå ¤¨�¯�§®−�å ç�áâ®â 1,5{5 ¨ 5{25 ƒƒæ ¨á-
¯®«ì§®¢�«¨áì ¢¨¡à�â®à−ë¥ �−â¥−−ë, à�§«¨ç�îé¨¥áï â®«ìª® £¥®¬¥âà¨ç¥áª¨¬¨
¯�à�¬¥âà�¬¨. �®«ãç�¥¬ë© á¨£−�« ¯®á«¥ ¯à®å®¦¤¥−¨ï ¯® ª®�ªá¨�«ì−®© «¨−¨¨
¯¥à¥¤�ç¨ ¨ ®á«�¡«¥−¨ï �ââ¥−î�â®à�¬¨ à¥£¨áâà¨àã¥âáï ®áæ¨««®£à�ä®¬ Tektronix
TDS{7404/Tektronix DPO{71604c ¨ ¯¥à¥¤�¥âáï −� �‚Œ ¤«ï ¯®á«¥¤ãîé¥©
®¡à�¡®âª¨. ‘å¥¬� á¡®à� ¤�−−ëå ¯à¨¢¥¤¥−� −� à¨á. 1.

÷¨á. 1 ‘å¥¬� á¡®à� íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå
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•�à�ªâ¥à¨áâ¨ª¨ ®áæ¨««®£à�ä®¢

�áæ¨««®£à�ä
�®«®á�,

ƒƒæ
—¨á«® ¢ë¡®à®ª,

1010/á
˜�£ ¤¨áªà¥â¨§�æ¨¨,

¯á
�–�,

¡¨â
TDS 7404 [7] 4 2 50 8
DPO 71604c [8] 16 5 20 8

÷¨á. 2 ‘âàãªâãà� íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå (¢¨¤ ¯à¥¤áâ�¢«¥−¨ï ¢ëå®¤−®£® ¨§«ãç¥−¨ï
�÷ƒ)

•�à�ªâ¥à¨áâ¨ª¨ ®áæ¨««®£à�ä®¢ ¯à¥¤áâ�¢«¥−ë ¢ â�¡«¨æ¥.

‚ à¥§ã«ìâ�â¥ ¨á¯®«ì§®¢�−¨ï ¤�−−®© áå¥¬ë á¡®à� ¤�−−ëå ¡ë«® ¯®«ãç¥−®
¬−®¦¥áâ¢® ¢à¥¬¥−−‚ëå àï¤®¢, ®¯¨áë¢�îé¨å ¢ëå®¤−®¥ ¨§«ãç¥−¨¥ �÷ƒ. ‚ ç�á-
â®â−®-¯¥à¨®¤¨ç¥áª®¬ à¥¦¨¬¥ à�¡®âë �÷ƒ ª®«¨ç¥áâ¢® ‘‚—-¨¬¯ã«ìá®¢ ¢ ®¤−®©
á¥à¨¨ à�¢−ï«®áì 20 (ãáâ�−®¢ª� ¯®§¢®«ï¥â ¢�àì¨à®¢�âì ¨å ®â 1 ¤® 50). ‚á«¥¤áâ¢¨¥
§�¤�−−®£® è�£� ¤¨áªà¥â¨§�æ¨¨ ¨á¯®«ì§ã¥¬ëå ®áæ¨««®£à�ä®¢ (Tektronix TDS-
7404/Tektronix DPO-71604c) ª®«¨ç¥áâ¢® â®ç¥ª, ®â¢®¤¨¬®¥ ¯®¤ ®¤¨− ¨¬¯ã«ìá,
á®áâ�¢¨«® 4000 ¨«¨ 8000. ‘âàãªâãà� íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå ¤«ï á¥à¨¨
¨¬¯ã«ìá®¢ ¯à¥¤áâ�¢«¥−� −� à¨á. 2.
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3 Методы обработки экспериментальных данных

‚ëå®¤−®¥ ¨§«ãç¥−¨¥ �÷ƒ ¯à¥¤áâ�¢«ï¥â á®¡®© è¨à®ª®¯®«®á−ë© á¨£−�« á −¥-
ªà�â−ë¬¨ £�à¬®−¨ª�¬¨ (¤® 20) ¢ á¯¥ªâà¥. „«ï ¨áá«¥¤®¢�−¨ï ¥£® ¤¨−�¬¨ç¥áª¨å
å�à�ªâ¥à¨áâ¨ª ¡ë«¨ ¨á¯®«ì§®¢�−ë á¯¥ªâàë á à�§à¥è¥−¨¥¬ ¯® ¢à¥¬¥−¨, � ¨å
¯�à�¬¥âàë ®¯à¥¤¥«ï«¨áì ¨áå®¤ï ¨§ ç¥à¥−ª®¢áª®£® ¢§�¨¬®¤¥©áâ¢¨ï ¯«�§¬ë ¨ à¥-
«ïâ¨¢¨áâáª®£® í«¥ªâà®−−®£® ¯ãçª� (÷��), â. ¥. ä¨§¨ç¥áª¨å ®á®¡¥−−®áâ¥© �÷ƒ.

—�áâ®â−ë© ¨−â¥à¢�« ¬¥¦¤ã á®á¥¤−¨¬¨ £�à¬®−¨ª�¬¨ á¯¥ªâà� ‘‚—-¨§«ãç¥-
−¨ï ®¯à¥¤¥«ï¥âáï ¯�à�¬¥âà�¬¨ íªá¯¥à¨¬¥−â�, � ¨¬¥−−®: áª®à®áâìî í«¥ªâà®−®¢
¨ ¤«¨−−®© ¢§�¨¬®¤¥©áâ¢¨ï ÷�� á ¯«�§¬®©. „�−−ë© ç�áâ®â−ë© ¨−â¥à¢�« ¢ ¨á-
á«¥¤ã¥¬®© á¥à¨¨ íªá¯¥à¨¬¥−â®¢ á®áâ�¢«ï« ®â 100 ¤® 300 Œƒæ.

�®á«¥ â¥áâ¨à®¢�−¨ï ¬−®¦¥áâ¢� ¬¥â®¤®¢ ®¡à�¡®âª¨ íªá¯¥à¨¬¥−â�«ì−ëå ¤�−-
−ëå ¡ë«¨ ¢ë¡à�−ë −�¨¡®«¥¥ ®¯â¨¬�«ì−ë¥ ¤«ï ª®−ªà¥â−ëå ¤�−−ëå á ¯®á«¥¤ã-
îé¥© à¥�«¨§�æ¨¥© ¢ áà¥¤¥ ¯à®£à�¬¬¨à®¢�−¨ï MATLAB:

(1) æ¨äà®¢�ï ä¨«ìâà�æ¨ï,

(2) ¢¥©¢«¥â-¯à¥®¡à�§®¢�−¨¥.

Œ¥â®¤ ¯®«ãç¥−¨ï á¯¥ªâà®¢ á à�§à¥è¥−¨¥¬ ¯® ¢à¥¬¥−¨ á ¨á¯®«ì§®¢�−¨¥¬ æ¨ä-
à®¢®© ä¨«ìâà�æ¨¨ ®á−®¢�− −� ¨á¯®«ì§®¢�−¨¨ −�¡®à� ä¨«ìâà®¢ á ¨¬¯ã«ìá−ë¬¨
å�à�ªâ¥à¨áâ¨ª�¬¨

hn(f, t) =
∣

∣sinc
(

108t
)∣

∣ sin (2πft) , (1)

£¤¥ f | æ¥−âà�«ì−�ï ç�áâ®â� ¯®«®áë ä¨«ìâà� (ç�áâ®â� áª�−¨à®¢�−¨ï); t| ¢à¥¬ï.
„�«¥¥ ¢ ¯®àï¤ª¥ ¢®§à�áâ�−¨ï ç�áâ®âë áª�−¨à®¢�−¨ï ¯à®¨§¢®¤¨âáï á¢¥àâª�

íâ¨å ¨¬¯ã«ìá−ëå å�à�ªâ¥à¨áâ¨ª á à¥£¨áâà¨àã¥¬ë¬ á¨£−�«®¬:

W (f, t) = x(t) ∗ h(f, t) , (2)

£¤¥ x(t)| ‘‚—-¨¬¯ã«ìá.
ˆá¯®«ì§ã¥¬ë¥ æ¨äà®¢ë¥ ä¨«ìâàë å®à®è® «®ª�«¨§®¢�−ë ¢ ç�áâ®â−®© ®¡-

«�áâ¨, çâ® ¯®§¢®«ï¥â ¯®«ãç¨âì å®à®è¥¥ à�§à¥è¥−¨¥ ¯® ç�áâ®â¥. �®áâ®ï−−®¥
§−�ç¥−¨¥ ¯®«®áë ¯à®¯ãáª�−¨ï ¢® ¢á¥¬ ¤¨�¯�§®−¥ ç�áâ®â, â�ª ¦¥ ª�ª ¨ ¢ ®ª®−−®¬
¯à¥®¡à�§®¢�−¨¨ ”ãàì¥, á®åà�−ï¥â à�§à¥è�îéãî á¯®á®¡−®áâì ¯® ç�áâ®â¥ ¢® ¢á¥¬
¤¨�¯�§®−¥ ç�áâ®â. Šà®¬¥ â®£®, ¢ ®â«¨ç¨¥ ®â ®ª®−−®£® ¯à¥®¡à�§®¢�−¨ï ”ãàì¥,
íâ®â ¬¥â®¤ ¯®§¢®«ï¥â ¢ë¤¥«¨âì −�¨¡®«¥¥ áâ�¡¨«ì−ë¥ ç�áâ®âë, ¢à¥¬ï ¨§¬¥−¥−¨ï
�¬¯«¨âã¤ë ª®â®àëå ¯à¥¢ëè�¥â è¨à¨−ã £«�¢−®£® «¥¯¥áâª�. �à¨ ¢¥©¢«¥â-¯à¥-
®¡à�§®¢�−¨¨ à�§à¥è�îé�ï á¯®á®¡−®áâì §�¢¨á¨â ®â ¢ë¡à�−−®£® ¬�áèâ�¡� ¡�§¨á−®©
äã−ªæ¨¨. �®íâ®¬ã ¡ë«� ¢ë¡à�−� ä¨«ìâà�æ¨ï á¨£−�«�, � −¥ ¢¥©¢«¥â-¯à¥®¡à�§®-
¢�−¨¥. ‚à¥¬¥−−‚�ï ¤¨�£à�¬¬� ¨¬¯ã«ìá−®© å�à�ªâ¥à¨áâ¨ª¨ ä¨«ìâà� ¤«ï ç�áâ®âë
áª�−¨à®¢�−¨ï 2 ƒƒæ ¯à¥¤áâ�¢«¥−� −� à¨á. 3.

�¬¯«¨âã¤−®-ç�áâ®â−ë¥ å�à�ªâ¥à¨áâ¨ª¨ æ¨äà®¢®£® ä¨«ìâà� ¯à¥¤áâ�¢«¥−ë −�
à¨á. 4.
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÷¨á. 3 ‚à¥¬¥−−‚�ï ¤¨�£à�¬¬� ¨¬¯ã«ìá−®© å�à�ªâ¥à¨áâ¨ª¨ ä¨«ìâà� á æ¥−âà�«ì−®©
ç�áâ®â®© 2 ƒƒæ

÷¨á. 4 �¬¯«¨âã¤−®-ç�áâ®â−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¨á¯®«ì§ã¥¬®£® ä¨«ìâà� ¤«ï à�§−ëå
ç�áâ®â áª�−¨à®¢�−¨ï: � | 200 Œƒæ; ¡ | 400; ¢ | 600; £ | 800 Œƒæ

‚â®à®© ¬¥â®¤ ¯®«ãç¥−¨ï á¯¥ªâà®¢ á à�§à¥è¥−¨¥¬ ¯® ¢à¥¬¥−¨ ®á−®¢�− −�
¨á¯®«ì§®¢�−¨¨ ¢¥©¢«¥â-¯à¥®¡à�§®¢�−¨ï á ¡�§¨á−®© äã−ªæ¨¥©:

āM(ω, t) = e
−(ωt)2/40 sin(5ωt) (3)

¨«¨
āM (ω, t) = e

−(ωt)2/40ej5ωt (4)

(®¯æ¨®−�«ì−®). �â¨ ¡�§¨á−ë¥ äã−ªæ¨¨ ¨á¯®«ì§ã¥¬®£® ¢¥©¢«¥â� ¯à¥¤áâ�¢«ïîâ ¨§
á¥¡ï ¢�à¨�æ¨¨ ¢¥©¢«¥â� Œ®à«¥. ‚¥©¢«¥â-¯à¥®¡à�§®¢�−¨¥ ¡®«¥¥ ¯®¤à®¡−® ®¯¨á�−®
¢ [9, 10]. ��§¨á−�ï äã−ªæ¨ï (3) ¨á¯®«ì§ã¥âáï ¤«ï ãáª®à¥−¨ï à�¡®âë ¯à®£à�¬¬ë,
â�ª ª�ª âà¥¡ã¥â ¢ ¤¢� à�§� ¬¥−ìè¥ ¢ëç¨á«¥−¨©, ç¥¬ ¡�§¨á−�ï äã−ªæ¨ï (4).
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÷¨á. 5 ��§¨á−�ï äã−ªæ¨ï ¨á¯®«ì§ã¥¬®© ¬®¤¨ä¨ª�æ¨¨ ¢¥©¢«¥â� Œ®à«¥

“ −¨å ¯® áà�¢−¥−¨î á ¢¥©«¥â®¬ Œ®à«¥ ¨§¬¥−¥− ª®íää¨æ¨¥−â á¯�¤�−¨ï. „�−−ë¥
¡�§¨á−ë¥ äã−ªæ¨¨ ®â¢¥ç�îâ ãá«®¢¨ï¬ ¤®¯ãáâ¨¬®áâ¨, ®£à�−¨ç¥−−®áâ¨ ¨ ãá«®¢¨î
á�¬®¯®¤®¡¨ï, � â�ª¦¥ ®â¢¥ç�îâ ãá«®¢¨î «®ª�«¨§�æ¨¨. ’�ª¨¬ ®¡à�§®¬, ®−¨
¯®«−®áâìî ã¤®¢«¥â¢®àïîâ ¢á¥¬ ãá«®¢¨ï¬, −¥®¡å®¤¨¬ë¬ ¤«ï ¢¥©¢«¥â-¯à¥®¡à�§®-
¢�−¨ï.

‚à¥¬¥−−‚�ï ¤¨�£à�¬¬� ¡�§¨á−®© äã−ªæ¨¨ ¯à¥¤áâ�¢«¥−� −� à¨á. 5.

4 Программа обработки экспериментальных данных

÷�§à�¡®â�−−�ï ¯à®£à�¬¬� ¯à¥¤−�§−�ç¥−� ¤«ï à�áç¥â� ¤¨−�¬¨ç¥áª®£® á¯¥ªâà�
á ¯®¬®éìî ä¨«ìâà�æ¨¨ ¨ ¤�«ì−¥©è¥£® ¢¥©¢«¥â-¯à¥®¡à�§®¢�−¨ï. „«ï −�ç�«�
à�¡®âë −¥®¡å®¤¨¬® ãª�§�âì ¯ãâì ª −¥®¡å®¤¨¬ë¬ ä�©«�¬ ¤«ï ®¡à�¡®âª¨, §�¤�âì
ç¨á«® â®ç¥ª, ®â¢®¤¨¬®¥ −� ®¤¨− ¢ëáâà¥«, ¨ è�£ ¤¨áªà¥â¨§�æ¨¨ (¥á«¨ ¢ ä�©«¥
®âáãâáâ¢ãîâ ¤�−−ë¥ ® ¢à¥¬¥−−‚ëå å�à�ªâ¥à¨áâ¨ª�å). Š�ª à¥§ã«ìâ�â íâ®£® è�£�
¯®ï¢«ïîâáï £à�ä¨ª¨ á�¬®£® ¢à¥¬¥−−‚®£® àï¤� ¨ á¯¥ªâà, ¯®«ãç¥−−ë© ¯àï¬ë¬
¯à¥®¡à�§®¢�−¨¥¬ ”ãàì¥. �¥à¥ª«îç¥−¨¥ ¬¥¦¤ã íâ¨¬¨ £à�ä¨ª�¬¨ ®áãé¥áâ¢«ï¥âáï
á ¯®¬®éìî ¯¥à¥ª«îç�â¥«¥©. „�«¥¥ ¯à®¨§¢®¤¨âáï §�¤�−¨¥ −�ç�«ì−ëå ¯�à�¬¥âà®¢
®¡à�¡®âª¨, â�ª¨å ª�ª

(1) ç¨á«® â®ç¥ª, ®â¢®¤¨¬®¥ −� ª�¦¤ë© ¨¬¯ã«ìá;

(2) −�ç�«ì−�ï ç�áâ®â� ®¡à�¡®âª¨;

(3) ª®−¥ç−�ï ç�áâ®â� ®¡à�¡®âª¨;

(4) è�£ ç�áâ®â−®© á¥âª¨;

(5) −¥®¡å®¤¨¬®áâì á£«�¦¨¢�−¨ï á¯¥ªâà� ¤«ï æ¨äà®¢®© ä¨«ìâà�æ¨¨;

(6) ¢¨¤ ¡�§¨á−®© äã−ªæ¨¨ ¢¥©¢«¥â�;

(7) −¥®¡å®¤¨¬®áâì á£«�¦¨¢�−¨ï á¯¥ªâà� ¤«ï ¢¥©¢«¥â-¯à¥®¡à�§®¢�−¨ï.
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�®á«¥ §�¤�−¨ï −�ç�«ì−ëå ¯�à�¬¥âà®¢ ®¡à�¡®âª¨ ¤�−−ëå ¯à®¨§¢®¤¨âáï çâ¥-
−¨¥ ®¤−®£® ¨§ ä�©«®¢ á ¢à¥¬¥−−‚ë¬¨ àï¤�¬¨ ¨ ¯à®¨§¢®¤¨âáï ¥£® à�§¡¨¥−¨¥ −�
®â¤¥«ì−ë¥ ¨¬¯ã«ìáë. „«ï á¥à¨¨ ¨¬¯ã«ìá®¢ à�§¡¨¥−¨¥ ¯à®¨§¢®¤¨âáï ¯® §�à�−¥¥
§�¤�−−®¬ã ç¨á«ã â®ç¥ª, ®â¢®¤¨¬®¬ã −� ®¤¨− ¢à¥¬¥−−®© àï¤. ‚ á«ãç�¥ ®¤¨−®ç-
−®£® ¨¬¯ã«ìá� à�§¡¨¥−¨¥ ¯à®¯ãáª�¥âáï | ¯à®£à�¬¬� ¯¥à¥å®¤¨â −¥¯®áà¥¤áâ¢¥−−®
ª ®¡à�¡®âª¥. �®á«¥ ¯®«ãç¥−¨ï ¢à¥¬¥−−‚ëå àï¤®¢ ª −¨¬ ¯à¨¬¥−ïîâáï ¬¥â®-
¤ë ®¡à�¡®âª¨, ®¯¨á�−−ë¥ ¢ëè¥. �â¨ ¬¥â®¤ë �¤�¯â¨à®¢�−ë ª ª®¬¯ìîâ¥à−ë¬
¢ëç¨á«¥−¨ï¬ ¯ãâ¥¬ ¤¨áªà¥â¨§�æ¨¨. ‘¢¥àâª� ¤«ï æ¨äà®¢®© ä¨«ìâà�æ¨¨ ¨¬¥¥â
¢¨¤:

γk,j =

j+–t
∑

l=j−–t

xlhk(l dt− j dt) ,

£¤¥ k | −®¬¥à í«¥¬¥−â� ¯® ç�áâ®â−®© á¥âª¥; j | ¢à¥¬¥−−®© á¤¢¨£ á¢¥àâª¨; –t |
è¨à¨−� ä¨«ìâà�; dt | è�£ ¤¨áªà¥â¨§�æ¨¨; x| ¢à¥¬¥−−®© àï¤; hk(t)| ä¨«ìâà
¨§ −�¡®à� (1).

„�«¥¥ ¯à®¨§¢®¤¨âáï ¤¨áªà¥â−®¥ ¢¥©¢«¥â-¯à¥®¡à�§®¢�−¨¥. �à¥®¡à�§®¢�−¨¥
®áãé¥áâ¢«ï¥âáï á¢¥àâª®©, ¯®«ãç¥−−®© ¯ãâ¥¬ �¤�¯â�æ¨¨ ä®à¬ã«ë −¥¯à¥àë¢−®£®
¢¥©¢«¥â-¯à¥®¡à�§®¢�−¨ï ª ¤¨áªà¥â−®¬ã ¢�à¨�−âã:

γk,j =

j+–t
∑

l=j−–t

xlā(2π dfk(l dt− j dt)) ,

£¤¥ k | −®¬¥à í«¥¬¥−â� ¯® ç�áâ®â−®© á¥âª¥; j | ¢à¥¬¥−−®© á¤¢¨£ ¢¥©¢«¥â�;–t|
è¨à¨−� ¢¥©¢«¥â�; df | è�£ ç�áâ®â−®© á¥âª¨; dt | è�£ ¤¨áªà¥â¨§�æ¨¨; x |
¢à¥¬¥−−®© àï¤; ā(t) = e−t

2/40 sin(5t)| ¢¥©¢«¥â (3).
ˆ§ ¯®«ãç�¥¬ëå á¯¥ªâà®¢ ¢ë¤¥«ïîâáï ¬�ªá¨¬ã¬ë ¯® ¢à¥¬¥−¨ | ¯® −¨¬

¯à®¨§¢®¤¨âáï «¨−¥©−�ï �¯¯à®ªá¨¬�æ¨ï. �®á«¥ ®ª®−ç�−¨ï ¢ëç¨á«¥−¨ï á¯¥ªâà�
®¤−®£® ¨¬¯ã«ìá� áâà®¨âáï ª®−âãà−ë© £à�ä¨ª á ¯®á«¥¤ãîé¥© §�¯¨áìî ¢ ä�©«
¨ −�ç¨−�¥â ®¡à�¡�âë¢�âìáï á«¥¤ãîé¨© ¨¬¯ã«ìá. �®á«¥ ®¡à�¡®âª¨ ¢á¥© á¥à¨¨
¨¬¯ã«ìá®¢ ¨§ ®¤−®£® ä�©«� ¯à®£à�¬¬� ¯¥à¥å®¤¨â ª á«¥¤ãîé¥¬ã ä�©«ã, ¥á«¨ ®−
§�¤�−.

�«£®à¨â¬ ¤�−−®© ¯à®£à�¬¬ë ¯à¥¤áâ�¢«¥− −� à¨á. 6. �«£®à¨â¬ ¯®«ãç¥-
−¨ï á¯¥ªâà� ®¤−®£® ¨¬¯ã«ìá� á ¯®¬®éìî ¢¥©¢«¥â-¯à¥®¡à�§®¢�−¨ï ¨§®¡à�¦¥− −�
à¨á. 7. �«£®à¨â¬ ¯®«ãç¥−¨ï á¯¥ªâà� ¬¥â®¤®¬ ä¨«ìâà�æ¨¨ �−�«®£¨ç¥− �«£®à¨â¬ã
¯®«ãç¥−¨ï á¯¥ªâà®¢ á ¯®¬®éìî ¢¥©¢«¥â-¯à¥®¡à�§®¢�−¨ï. ˆ−â¥àä¥©á ¤�−−®©
¯à®£à�¬¬ë ¯à¥¤áâ�¢«¥− −� à¨á. 8.

‚ à¥§ã«ìâ�â¥ ®¡à�¡®âª¨ á¥à¨¨ íªá¯¥à¨¬¥−â®¢ ¯® £¥−¥à�æ¨¨ ‘‚—-¨§«ãç¥−¨ï
�÷ƒ ¡ë«® ¯®«ãç¥−® ¬−®¦¥áâ¢® à¥§ã«ìâ�â®¢, −¥ª®â®àë¥ ¨§ ª®â®àëå ¯à¥¤áâ�¢«¥−ë
−� à¨á. 9. ˆ§ �−�«¨§� íâ¨å £à�ä¨ª®¢ ¢¨¤−®, çâ®

{ ¯à¥¤«�£�¥¬�ï ä¨«ìâà�æ¨ï ¯®§¢®«ï¥â ¯®«ãç¨âì å®à®è¥¥ à�§à¥è¥−¨¥ ¯® ç�áâ®â¥
(40 Œƒæ), ¢ë¤¥«ï¥â −�¨¡®«¥¥ áâ�¡¨«ì−ë¥ á®áâ�¢«ïîé¨¥ á¯¥ªâà�, ®¤−�ª®
¯®¤�¢«ï¥â ª®¬¯®−¥−âë á ¡ëáâà® ¨§¬¥−ïîé¥©áï ç�áâ®â®©;
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÷¨á. 6 ƒ«�¢−�ï ¯à®£à�¬¬�
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÷¨á. 7 �à®æ¥áá ¯®«ãç¥−¨ï ¢¥©¢«¥â-á¯¥ªâà�
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÷¨á. 8 ˆ−â¥àä¥©á ¯à®£à�¬¬ë ®¡à�¡®âª¨

{ ¯à¥¤«�£�¥¬�ï ¬®¤¨ä¨ª�æ¨ï ¢¥©¢«¥â� Œ®à«¥ ®¡«�¤�¥â å®à®è¨¬ à�§à¥è¥−¨¥¬
¯® ¢à¥¬¥−¨ (36 −á), çâ® ¯®§¢®«ï¥â ®¯à¥¤¥«ïâì ¬®¬¥−âë −�ç�«� ¨ ®ª®−ç�−¨ï
¯à®æ¥áá®¢ ¤«ï ª�¦¤®© ª®¬¯®−¥−âë á¯¥ªâà� ¨ ¨§¬¥−¥−¨¥ ¢ ¨å �¬¯«¨âã¤�å.
�¤−�ª® ¨§-§� ¯«®å®£® à�§à¥è¥−¨ï ¯® ç�áâ®â¥úà�§¬ë¢�¥âû «¨−¨¨ á¯¥ªâà� −�
£à�ä¨ª¥, çâ® −¥ ¯®§¢®«ï¥â ¨å ¨¤¥−â¨ä¨æ¨à®¢�âì ¯® ç�áâ®â¥.

‘®¢¬¥áâ−®¥ ¨á¯®«ì§®¢�−¨¥ ®¡®¨å ¬¥â®¤®¢ ¯®§¢®«ï¥â á å®à®è¨¬ à�§à¥è¥−¨¥¬
¯® ¢à¥¬¥−¨ ¨ ç�áâ®â¥ ¯®«ãç¨âì ¨−ä®à¬�æ¨î ® ¯®¢¥¤¥−¨¨ á¯¥ªâà� ¢® ¢à¥¬¥−¨.

5 Заключение

�«�£®¤�àï à�§à�¡®â�−−®© ¯à®£à�¬¬¥ ã¤�«®áì ¯à®�−�«¨§¨à®¢�âì ¢à¥¬¥−−‚ãî
¤¨−�¬¨ªã á¯¥ªâà� ¢ëå®¤−®£® á¨£−�«� �÷ƒ, ã¢¨¤¥âì ¥£® £�à¬®−¨ç¥áª¨© á®áâ�¢,
� â�ª¦¥ ¢à¥¬ï −�ç�«� ¨ ®ª®−ç�−¨ï £¥−¥à�æ¨¨ ¯à¨áãâáâ¢ãîé¨å ¢ á¯¥ªâà¥ £�à¬®−¨ª.
‚ à¥§ã«ìâ�â¥ ®¡à�¡®âª¨ á ¯®¬®éìî ¯à¥¤«®¦¥−−®© ¯à®£à�¬¬ë −¥áª®«ìª¨å âëáïç
‘‚—-¨¬¯ã«ìá®¢, ¯®«ãç¥−−ëå ¢ å®¤¥ íªá¯¥à¨¬¥−¥â®¢ á �÷ƒ ¢ à�§«¨ç−ëå à¥¦¨¬�å
à�¡®âë, ãáâ�−®¢«¥−®:

{ ¯à¨ ®¤¨−�ª®¢ëå −�ç�«ì−ëå ãá«®¢¨ïå íªá¯¥à¨¬¥−â� �÷ƒ ¬®¦¥â £¥−¥à¨à®¢�âì
¨§«ãç¥−¨¥ á ãáâ®©ç¨¢ë¬¨ ¯�à�¬¥âà�¬¨ ®â ¨¬¯ã«ìá� ª ¨¬¯ã«ìáã;

{ ¯à¨ ¨á¯®«ì§®¢�−¨¨ �÷ƒ ¬®¦−® ¯«�¢−® ¬¥−ïâì ç�áâ®âã ¢ëå®¤−®£® ‘‚—-¨§-
«ãç¥−¨ï (á¬., −�¯à¨¬¥à, à¨á. 9, �);

{ è¨à¨−� á¯¥ªâà� ‘‚—-¨¬¯ã«ìá®¢ ¬®¦¥â ¢�àì¨à®¢�âìáï ®â 50 Œƒæ ¤® 2 ƒƒæ
(á¬., −�¯à¨¬¥à, à¨á. 9) ¢ §�¢¨á¨¬®áâ¨ ®â −�ç�«ì−ëå ãá«®¢¨© £¥−¥à�æ¨¨, çâ®
£®¢®à¨â ® ¢®§¬®¦−®áâ¨ íää¥ªâ¨¢−®£® ã¯à�¢«¥−¨ï è¨à¨−®© á¯¥ªâà� ¨§«ãç¥-
−¨ï.
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÷¨á. 9 �à¨¬¥à á¯¥ªâà®¢, ¯®«ãç¥−−ëå ¢ à¥§ã«ìâ�â¥ ¯à¨¬¥−¥−¨ï à�§à�¡®â�−−®© ¯à®-
£à�¬¬ë: (�) ®¤−®ç�áâ®â−ë© à¥¦¨¬ £¥−¥à�æ¨¨; (¡) ¯¥à¥å®¤ ®â ¬−®£®ç�áâ®â−®£® à¥¦¨¬�
£¥−¥à�æ¨¨ ª à¥¦¨¬ã £¥−¥à�æ¨¨ ¤¢ãå £�à¬®−¨ª; (¢) ¬−®£®ç�áâ®â−ë© à¥¦¨¬ £¥−¥à�æ¨¨.
‘«¥¢� | á¯¥ªâàë, ¯®«ãç¥−−ë¥ ¬¥â®¤®¬ ä¨«ìâà�æ¨¨; á¯à�¢� | á¯¥ªâàë, ¯®«ãç¥−−ë¥
¬¥â®¤®¬ ¢¥©¢«¥â-¯à¥®¡à�§®¢�−¨ï
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�¢â®à ¢ëà�¦�¥â ¡«�£®¤�à−®áâì �. ƒ. ƒãá¥©−ã-§�¤¥, �. �. ‘ª¢®àæ®¢®©
¨ „. Š. “«ìï−®¢ã §� �ªâ¨¢−ãî ¯®¬®éì.
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ALGORITHM AND PROGRAM COMPLEX FOR ANALYSIS
OF THE CHARACTERISTICS OF PLASMA RELATIVISTIC

ULTRAHIGH FREQUENCY GENERATOR OUTPUT RADIATION

S. E. Andreev1,2

1Prokhorov General Physics Institute, Russian Academy of Sciences, 38 Vavilov
Str., Moscow 119991, Russian Federation
2Moscow Technological University (MIREA), 78 Vernadskogo Ave., Moscow
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Abstract: The article proposes a method for processing experimental results
obtained from plasma relativistic ultrahigh frequency (UHF) generator (PRG).
For gathering information about a PRG output radiation spectrum with high
time and frequency resolution, the authors use wavelet transformation and digital
filtration of signal, presenting output radiation of PRG. The program has been
written in the MATLAB language in the MATLAB 7.0 environment. The
sampling interval of the PRG output signal is equal to 50 ps. The plasma
relativistic UHF generator, built on Sinus 550-80 accelerator, has some unique
properties: PRG has a single impulse mode and a multiple impulses mode (up
to 50 pulses per second); PRG can generate pulses with durations of 80 ns
and frequency band lying in 2 to 25 GHz area of spectrum; PRG can generate
an UHF radiation in single frequency and multifrequency modes. By alteration
of starting parameters such as plasma density, one can switch between different
PRG work modes and, by that, one can regulate some of radiation characteristics
such as carrier frequency or bandwidth or other. To make control of PRG
output radiation possible, a complex of program and signal-gathering devices
were created. The relation between different initial parameters of experiment
and PRG output radiation spectral characteristics needs to be investigated.

Keywords: analysis of numerical data; algorithms; time series; Fourier trans-
formation; wavelet transformation; UHF radiation; plasma relativistic UHF
generator
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ЭКСПЕРИМЕНТАЛЬНЫЙ АНАЛИЗ ОДНОГО МЕТОДА
КЛАСТЕРИЗАЦИИ И РАНЖИРОВАНИЯ МНОГОМЕРНЫХ

ДАННЫХ НЕЙРОННОЙ СЕТЬЮ КОХОНЕНА

В. И. Аникин1, О. В. Аникина2, А. А. Карманова3

�−−®â�æ¨ï: �à¥¤«®¦¥−� ¬¥â®¤¨ª� ª«�áâ¥à¨§�æ¨¨ ¨ à�−¦¨à®¢�−¨ï ¤�−−ëå
−¥©à®−−®© á¥âìî (�‘) Š®å®−¥−�, ®á−®¢�−−�ï −� ¯à®áâà�−áâ¢¥−−®-ª®àà¥«ï-
æ¨®−−ëå á¢®©áâ¢�å ®¡ãç�îé¥© ¢ë¡®àª¨ ¢−¥ §�¢¨á¨¬®áâ¨ ®â ¨á¯®«ì§ã¥¬®£®
�«£®à¨â¬� ®¡ãç¥−¨ï á¥â¨. �ªá¯¥à¨¬¥−â�«ì−® ¯®ª�§�−� ¢®§¬®¦−®áâì ¯à¨¬¥−¥-
−¨ï ¬¥â®¤� «¨−¥©−®£® ¯à¥®¡à�§®¢�−¨ï ª®®à¤¨−�â ®¡à�§æ®¢ ¢ë¡®àª¨ ¤«ï ª«�á-
â¥à¨§�æ¨¨ á«�¡® ª®àà¥«¨à®¢�−−ëå ¯à®áâà�−áâ¢¥−−® −¥à�§¤¥«¨¬ëå ¤�−−ëå.
�à®¤¥¬®−áâà¨à®¢�−® ¨á¯®«ì§®¢�−¨¥ à�−¦¨à®¢�−¨ï ¤«ï ¢ë¤¥«¥−¨ï ¯à¨£à�-
−¨ç−ëå ®¡à�§æ®¢ ¨ ®¯à¥¤¥«¥−¨ï áâ¥¯¥−¨ ¨å ¡«¨§®áâ¨ ª á®á¥¤áâ¢ãîé¥¬ã ª«�á-
â¥àã, çâ® à¥è�¥â ¯à®¡«¥¬ã −�å®¦¤¥−¨ï £à�−¨æ ª«�áâ¥à®¢ ¢ ¯à®áâà�−áâ¢¥−−®
−¥à�§¤¥«¨¬ëå ¤�−−ëå. �¡®á−®¢�−� −¥®¡å®¤¨¬®áâì ¬−®£®á«®©−®© ª«�áâ¥à¨-
§�æ¨¨ ¢ á«ãç�¥ −¥à�¢−®¬¥à−®£® ¯à®áâà�−áâ¢¥−−®£® à�á¯à¥¤¥«¥−¨ï ¤�−−ëå.
Œ¥â®¤¨ª� ª«�áâ¥à¨§�æ¨¨ ¨ à�−¦¨à®¢�−¨ï ¨««îáâà¨àã¥âáï ¯à¨¬¥à®¬ �−�«¨§�
í¬¯¨à¨ç¥áª¨å ¤�−−ëå ® ä¨−�−á®¢®© ®âç¥â−®áâ¨ à®áá¨©áª¨å ¡�−ª®¢. Œ¥â®¤¨ª�
ã¤®¡−� ¢ ¯à¨¬¥−¥−¨¨ ¤«ï ¢ë¡®à®ª ¬�«®£® ¨ áà¥¤−¥£® ®¡ê¥¬�.

Š«îç¥¢ë¥ á«®¢�: ¬−®£®¬¥à−�ï ª«�áâ¥à¨§�æ¨ï; à�−¦¨à®¢�−¨¥; −¥©à®−−�ï
á¥âì Š®å®−¥−�; «¨−¥©−®¥ ¯à¥®¡à�§®¢�−¨¥; ¬�âà¨æ� ª®àà¥«ïæ¨¨; ¬¥â®¤¨ª�

DOI: 10.14357/08696527160104

1 Введение

Š«�áâ¥à¨§�æ¨ï ª�ª ¬¥â®¤ �−�«¨§� áâ�¢¨â ¯¥à¥¤ á®¡®© æ¥«ì ¯®«ãç¥−¨ï áâàãª-
âãà−®© ®æ¥−ª¨ ¤�−−ëå ¯®áà¥¤áâ¢®¬ à�§¤¥«¥−¨ï ¨áå®¤−®£® ¬−®¦¥áâ¢� −� £àã¯¯ë
áå®¤−ëå ®¡ê¥ªâ®¢. ‚ ¬¥â®¤�å ª«�áâ¥à¨§�æ¨¨ −� ®á−®¢¥ á¨áâ¥¬ ¨áªãááâ¢¥−−®£®
¨−â¥««¥ªâ� è¨à®ª®¥ à�á¯à®áâà�−¥−¨¥ ¯®«ãç¨«� �‘ Š®å®−¥−� [1].

�−�«¨§ «¨â¥à�âãàë [2{4] ¯®ª�§�«, çâ® ¢ −�áâ®ïé¨© ¬®¬¥−â ®âáãâáâ¢ã¥â �à£ã-
¬¥−â¨à®¢�−−ë© ¯®¤å®¤ ª ª«�áâ¥à¨§�æ¨¨ ¤�−−ëå �‘ Š®å®−¥−� ¢ §�¢¨á¨¬®áâ¨ ®â
¯à®áâà�−áâ¢¥−−ëå ¨ áâ�â¨áâ¨ç¥áª¨å á¢®©áâ¢ ®¡ãç�îé¥© ¢ë¡®àª¨. ‚ ¡®«ìè¨−áâ¢¥
¨áá«¥¤®¢�−¨©, ®á−®¢�−−ëå −� à�§«¨ç−ëå ¬®¤¨ä¨ª�æ¨ïå á¥â¨ Š®å®−¥−�, ®âáãâ-
áâ¢ãîâ âà¥¡®¢�−¨ï ¯à¥¤¢�à¨â¥«ì−®£® �−�«¨§� áâ�â¨áâ¨ç¥áª¨å á¢®©áâ¢ ¨áå®¤−ëå
¤�−−ëå ¨ ¯à¥¢�«¨àã¥â −¥®¯à�¢¤�−−® ã¯à®é¥−−ë© ¯®¤å®¤ ª ¯®¨áªã à¥è¥−¨ï,
çâ® ¢¥¤¥â ª −¥¢¥à−®© âà�ªâ®¢ª¥ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ ¨§-§� −¥¤®¯®−¨¬�−¨ï
ä¨§¨ç¥áª®£® ¯à®æ¥áá� ®¡ãç¥−¨ï �‘. ‚ ¨áá«¥¤®¢�−¨ïå −¥ ãç¨âë¢�¥âáï, çâ® áâ�-

1�®¢®«¦áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â á¥à¢¨á�, anikin vi@mail.ru
2’®«ìïââ¨−áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â, blue-waterfall@yandex.ru
3��� ú�¥âŠàíª¥àû, turaeva.alexandra@gmail.com
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�ªá¯¥à¨¬¥−â�«ì−ë© �−�«¨§ ®¤−®£® ¬¥â®¤� ª«�áâ¥à¨§�æ¨¨ ¨ à�−¦¨à®¢�−¨ï ¤�−−ëå

â¨áâ¨ç¥áª¨¥ á¢®©áâ¢� ¨áå®¤−®© ¢ë¡®àª¨ −�¯àï¬ãî ¢«¨ïîâ −� ¯à®æ¥áá ®¡ãç¥−¨ï
á¥â¨ ¨ ¯®à®© −¥ ¯®§¢®«ïîâ ®¤−®§−�ç−® ¢ë¯®«−¨âì ª«�áâ¥à¨§�æ¨î, −�¯à¨¬¥à
¨§-§� −¨§ª®© ª®àà¥«¨à®¢�−−®áâ¨ ¤�−−ëå, çâ® ¢¥¤¥â ª §�¢¨á¨¬®áâ¨ à¥§ã«ìâ�â®¢
ª«�áâ¥à¨§�æ¨¨ ®â −�ç�«ì−ëå −�áâà®¥ª �«£®à¨â¬� ®¡ãç¥−¨ï. ‚ ª®−¥ç−®¬ áç¥â¥
−�àãè�¥âáï ®á−®¢®¯®«�£�îé¨© ¯à¨−æ¨¯ â¥å−®«®£¨¨ Data Mining [5], ãâ¢¥à¦¤�-
îé¨©, çâ® −�©¤¥−−ë¥ ¢ à¥§ã«ìâ�â¥ �−�«¨§� §�ª®−®¬¥à−®áâ¨ ¤®«¦−ë ®¯à¥¤¥«ïâìáï
á�¬¨¬¨ ¤�−−ë¬¨, � −¥ ¨á¯®«ì§ã¥¬ë¬¨ ¬¥â®¤�¬¨ ¨ ãá«®¢¨ï¬¨ ¯à®¢¥¤¥−¨ï íªá¯¥-
à¨¬¥−â®¢.

2 Цель и задачи исследования, постановка эксперимента

–¥«ì ¨áá«¥¤®¢�−¨ï | íªá¯¥à¨¬¥−â�«ì−ë© �−�«¨§ ¯à¨¬¥−¥−¨ï ¬¥â®¤¨ª¨ ª«�-
áâ¥à¨§�æ¨¨ ¨ à�−¦¨à®¢�−¨ï �‘ Š®å®−¥−�, ®á−®¢�−−®© −� ¯à®áâà�−áâ¢¥−−®-
ª®àà¥«ïæ¨®−−ëå á¢®©áâ¢�å ¤�−−ëå. �à¥¤«®¦¥−−�ï ¬¥â®¤¨ª� ¯®§¢®«ï¥â ¯®«ã-
ç¨âì ®¡®á−®¢�−−ë¥ ¨ −�¤¥¦−ë¥ à¥§ã«ìâ�âë, −¥ §�¢¨áïé¨¥ ®â −�ç�«ì−ëå −�áâà®¥ª
�«£®à¨â¬®¢ ®¡ãç¥−¨ï á¥â¨ Š®å®−¥−�.

‡�¤�ç¨ íªá¯¥à¨¬¥−â�«ì−®£® ¨áá«¥¤®¢�−¨ï:

1. ÷�§à�¡®âª� ¬¥â®¤¨ª¨ ª«�áâ¥à¨§�æ¨¨ ¬−®£®¬¥à−ëå ¤�−−ëå �‘ Š®å®−¥−�
á ãç¥â®¬ ¯à®áâà�−áâ¢¥−−®-ª®àà¥«ïæ¨®−−ëå á¢®©áâ¢ ¨áå®¤−®© ¢ë¡®àª¨, ¤¥-
¬®−áâà�æ¨ï ¬¥â®¤¨ª¨ −� ¯à¨¬¥à¥ ª«�áâ¥à¨§�æ¨¨ ¡�−ª®¢ á ¯®¬®éìî ª«¥â®ç−®©
á¥â¨ Š®å®−¥−�.

2. ÷�§à�¡®âª� ¬¥â®¤¨ª¨ à�−¦¨à®¢�−¨ï ¬−®£®¬¥à−ëå ¤�−−ëå �‘ Š®å®−¥−�
á ãç¥â®¬ ¯à®áâà�−áâ¢¥−−®-ª®àà¥«ïæ¨®−−ëå á¢®©áâ¢ ¨áå®¤−®© ¢ë¡®àª¨, ¤¥-
¬®−áâà�æ¨ï ¬¥â®¤¨ª¨ −� ¯à¨¬¥à¥ à�−¦¨à®¢�−¨ï ¡�−ª®¢.

3. ‘à�¢−¥−¨¥ à¥§ã«ìâ�â®¢ ª«�áâ¥à¨§�æ¨¨ ¡�−ª®¢ ª«¥â®ç−®© �‘ Š®å®−¥−� [6,
7] á à¥§ã«ìâ�â�¬¨ ª«�áâ¥à¨§�æ¨¨ ª«�áá¨ç¥áª¨¬ �«£®à¨â¬®¬ ®¡ãç¥−¨ï [1],
¯®«ãç¥−−ë¬¨ −� �−�«¨â¨ç¥áª®© ¯«�âä®à¬¥ Deductor [8].

�ªá¯¥à¨¬¥−âë ¯® ª«�áâ¥à¨§�æ¨¨ ¨ à�−¦¨à®¢�−¨î ãç¥¡−ëå ®¡à�§æ®¢ �‘
Š®å®−¥−� ¯à®¢®¤¨«¨áì −� í¬¯¨à¨ç¥áª®© ¢ë¡®àª¥, á®¤¥à¦�é¥© ¤�−−ë¥ ®¡ �ªâ¨-
¢�å à®áá¨©áª¨å ¡�−ª®¢ ¢ ¢¨¤¥ ç¥âëà¥å ¢å®¤−ëå ¯¥à¥¬¥−−ëå: ‘ã¬¬� �ªâ¨¢®¢,
‘®¡áâ¢¥−−ë¥ �ªâ¨¢ë, ��−ª®¢áª¨¥ �ªâ¨¢ë, ‘à¥¤áâ¢� ¢ ¡�−ª¥. �¡ê¥¬ ¢ë¡®àª¨
á®áâ�¢«ï« 99 í«¥¬¥−â®¢.

�ªá¯¥à¨¬¥−â�«ì−�ï ¢ë¡®àª� ¢§ïâ� ¨§ Deductor, £¤¥ ®−� ¨á¯®«ì§ã¥âáï ¤«ï
®¡ãç¥−¨ï á�¬®®à£�−¨§ãîé¨åáï ª�àâ Š®å®−¥−� á ¯®¬®éìî ª«�áá¨ç¥áª®£® �«£®-
à¨â¬� [1]. �¢â®àáª¨¥ ®à¨£¨−�«ì−ë¥ íªá¯¥à¨¬¥−âë, à¥�«¨§®¢�−−ë¥ ¢ áà¥¤¥ MS
Excel ¯à¨¬¥−¥−¨¥¬ ¬−®¦¥áâ¢¥−−ëå ¨â¥à�æ¨© [9], ¨á¯®«ì§ãîâ íâã ¢ë¡®àªã ¤«ï
à�¡®âë á �‘ Š®å®−¥−�, ®¡ãç�¥¬®© ª«¥â®ç−ë¬ �¢â®¬�â®¬ (Š�). ÷¥�«¨§®¢�−−�ï
¢ Excel ª«¥â®ç−�ï �‘ Š®å®−¥−� ¬®¦¥â á®¤¥à¦�âì ¤® 30 á¢ï§�−−ëå −¥©à®−®¢
−� ¤¢ã¬¥à−®© à¥è¥âª¥ à�§¬¥à®¬ 5 × 6 ã§«®¢. ‚ ®¯¨áë¢�¥¬ëå íªá¯¥à¨¬¥−â�å
�ªâ¨¢−ë¬¨ ï¢«ïîâáï −¥©à®−ë á −®¬¥à�¬¨ 0, 1, 6 ¨ 7, ®áâ�«ì−ë¥ −¥©à®−ë −¥
§�¤¥©áâ¢®¢�−ë. �� à¨á. 1 ¯®ª�§�−ë ¨á¯®«ì§®¢�−−ë¥ ª®−ä¨£ãà�æ¨¨ ®¡ãç�îé¥£®
Š� à�§¬¥à®¬ 2 × 2 ã§«�, ¨§ ª®â®àëå ®á®¡® á«¥¤ã¥â ¢ë¤¥«¨âì ç¥âëà¥ ª®−ä¨£ã-
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÷¨á. 1 ‚®§¬®¦−ë¥ ª®−ä¨£ãà�æ¨¨ ®¡ãç�îé¨å Š� ¤«ï �‘ Š®å®−¥−� à�§¬¥à®¬ 2×2 ã§«�:
ú+û | á¢ï§ì ¬¥¦¤ã −¥©à®−�¬¨ ¢ª«îç¥−�, ú−û | á¢ï§ì ¢ëª«îç¥−�

à�æ¨¨: 3 | ®¤−®¬¥à−ë© ®¡ãç�îé¨© Š�; 6 | Š� á ®ªàã¦¥−¨¥¬ Œãà�; 7 |
¤¢ãá¢ï§−ë© Š�; 8 | Š� á ®ªàã¦¥−¨¥¬ ä®− �¥©¬�−�.

3 Метод линейного преобразования координат образцов обучающей
выборки данных

Š®àà¥«ïæ¨ï ª�ª áâ�â¨áâ¨ç¥áª�ï å�à�ªâ¥à¨áâ¨ª� −�¨¡®«¥¥ ¢�¦−� ¯à¨ ¯®¨áª¥
§�¢¨á¨¬®áâ¥© ¢ ¤�−−ëå. �¨¦¥ ¯à¥¤«�£�¥âáï ¬¥â®¤ «¨−¥©−®£® ¯à¥®¡à�§®¢�−¨ï
ª®®à¤¨−�â ®¡à�§æ®¢ ¬−®£®¬¥à−®© ¢ë¡®àª¨, ¯®áà¥¤áâ¢®¬ ª®â®à®£® ã¤�¥âáï áãé¥-
áâ¢¥−−® ¯®¢ëá¨âì ª®àà¥«ïæ¨î ª®®à¤¨−�â ãç¥¡−ëå ®¡à�§æ®¢. ‚ëá®ª¨© ãà®¢¥−ì
ª®àà¥«ïæ¨¨, ¢ á¢®î ®ç¥à¥¤ì, £�à�−â¨àã¥â, çâ® −�©¤¥−−ë¥ ª«�áâ¥àë ¡ã¤ãâ áâ�-
¡¨«ì−ë¬¨ ¢−¥ §�¢¨á¨¬®áâ¨ ®â −�ç�«ì−®© −�áâà®©ª¨ ®¡ãç�îé¥£® �«£®à¨â¬�.

�àï¬®¥ ¨ ®¡à�â−®¥ «¨−¥©−®¥ ¯à¥®¡à�§®¢�−¨¥ i-© ª®®à¤¨−�âë ®¡à�§æ� X
¨áå®¤−®© ¢ë¡®àª¨ ¤�−−ëå ®¯à¥¤¥«¨¬ á®®â−®è¥−¨ï¬¨:

X ′
i =
(1/αi)

∑m

k=1
αkXk −Xi

m− 1 ;

Xi =
1

αi

m
∑

k=1

αkX
′
k − (m− 1)X ′

i ,
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�ªá¯¥à¨¬¥−â�«ì−ë© �−�«¨§ ®¤−®£® ¬¥â®¤� ª«�áâ¥à¨§�æ¨¨ ¨ à�−¦¨à®¢�−¨ï ¤�−−ëå

£¤¥ m | à�§¬¥à−®áâì ¬−®£®¬¥à−®© ¢ë¡®àª¨ ¤�−−ëå; i ¨ k | ¨−¤¥ªáë ª®®à¤¨−�â
¥¥ ®¡à�§æ®¢; αi | ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë (αi 6= 0) ¨, ª�ª «¥£ª® ¯®ª�§�âì, ¨¬¥¥â
¬¥áâ® à�¢¥−áâ¢®:

m
∑

k=1

αkX
′
k =

m
∑

k=1

αkXk ,

â. ¥. ¢§¢¥è¥−−�ï áã¬¬� ª®®à¤¨−�â ª�¦¤®£® ®¡à�§æ� ¢ë¡®àª¨ ¥áâì ¨−¢�à¨�−â
à�áá¬�âà¨¢�¥¬®£® ¯à¥®¡à�§®¢�−¨ï.

�à¨¬¥−ïï ¯àï¬®¥ «¨−¥©−®¥ ¯à¥®¡à�§®¢�−¨¥ ¨â¥à�æ¨®−−®, ¯®«ãç¨¬ �á¨¬¯â®-
â¨ç¥áª®¥ ãà�¢−¥−¨¥

X ′
i =
(1/αi)

∑m

k=1
αkX

′
k −X ′

i

m− 1 ,

¨«¨

αiX
′
i =
1

m

m
∑

k=1

αkX
′
k .

‘«¥¤®¢�â¥«ì−®, �á¨¬¯â®â¨ª®© ¤�−−®£® ¨â¥à�æ¨®−−®£® ¯à¥®¡à�§®¢�−¨ï ï¢«ï-
¥âáï ¯àï¬�ï «¨−¨ï ¢ m-¬¥à−®¬ ¢å®¤−®¬ ¯à®áâà�−áâ¢¥, §�¤�¢�¥¬�ï ãà�¢−¥−¨¥¬:

α1X
′
1 = α2X

′
2 = · · · = αmX ′

m ,

¯à¨ç¥¬ í«¥¬¥−âë ª®àà¥«ïæ¨®−−®© ¬�âà¨æë ª®®à¤¨−�â ¯à¥®¡à�§®¢�−−®© ¢ë¡®àª¨
¤�−−ëå �á¨¬¯â®â¨ç¥áª¨ áâà¥¬ïâáï ª ±1 ¨ ¡¥§ ®£à�−¨ç¥−¨ï ®¡é−®áâ¨ ¬®¦−®
áç¨â�âì, çâ® |αi| ≤ 1.

‘ ãç¥â®¬ ®¡−�àã¦¥−−®£® ¨−¢�à¨�−â� «¨−¥©−®£® ¯à¥®¡à�§®¢�−¨ï à¥©â¨−£ Rt,
®¯à¥¤¥«ï¥¬ë© ª�ª ¢§¢¥è¥−−�ï áã¬¬� ª®®à¤¨−�â ª�¦¤®£® ®¡à�§æ� ¢ë¡®àª¨, ®¯à¥-
¤¥«¨¬ ¢ëà�¦¥−¨¥¬:

Rt =
1

m

m
∑

k=1

αkXk =
1

m

m
∑

k=1

αkX
′
k .

4 Методика ранжирования и кластеризации многомерных данных
нейронной сетью Кохонена

Š�ª ®â¬¥ç�«®áì, −®¢¨§−� ¯à¥¤«®¦¥−−®© ¬¥â®¤¨ª¨ §�ª«îç�¥âáï ¢ à�áá¬®â-
à¥−¨¨ ¤«ï æ¥«¥© ª«�áâ¥à¨§�æ¨¨ �‘ Š®å®−¥−� ¯à®áâà�−áâ¢¥−−®-áâ�â¨áâ¨ç¥áª¨å
á¢®©áâ¢ ¢ë¡®àª¨ ª�ª ®á−®¢®¯®«�£�îé¨å ªà¨â¥à¨¥¢ ¢ë¡®à� ¯«�−� ¯à®¢¥¤¥−¨ï íªá-
¯¥à¨¬¥−â�. ‚ ¬¥â®¤¨ª¥ £«�¢¥−áâ¢ã¥â â�ª®© ¢�¦−ë© áâ�â¨áâ¨ç¥áª¨© ¯�à�¬¥âà, ª�ª
ª®àà¥«ïæ¨ï, ¢ëá®ª®¥ §−�ç¥−¨¥ ª®â®à®© ï¢«ï¥âáï ®¡ï§�â¥«ì−ë¬ ãá«®¢¨¥¬ ¯®«ã-
ç¥−¨ï áâ�¡¨«ì−ëå à¥§ã«ìâ�â®¢ ª«�áâ¥à¨§�æ¨¨ �‘ Š®å®−¥−� ¢−¥ §�¢¨á¨¬®áâ¨ ®â
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¯à¨¬¥−ï¥¬®£® �«£®à¨â¬� ®¡ãç¥−¨ï ¯®á«¥¤−¥©. ’�ª¨¬ ®¡à�§®¬, ¥á«¨ ª«�áâ¥à¨§�-
æ¨ï ¢ë¯®«−ï¥âáï ¯à¨ −¨§ª®© ª®àà¥«ïæ¨¨ ¤�−−ëå, â® ¥¥ à¥§ã«ìâ�âë −¥ ¬®£ãâ ¡ëâì
¯à¨§−�−ë −�¤¥¦−ë¬¨, � ¨áå®¤−ë¥ ¤�−−ë¥ âà¥¡ãîâ ¯à¥¤¢�à¨â¥«ì−®© ®¡à�¡®âª¨
¯¥à¥¤ íªá¯¥à¨¬¥−â®¬, −�¯à¨¬¥à «¨−¥©−®£® ¯à¥®¡à�§®¢�−¨ï ª®®à¤¨−�â.

‘à¥¤¨ ¢�¦−ëå ¯à®áâà�−áâ¢¥−−ëå å�à�ªâ¥à¨áâ¨ª ¬¥â®¤¨ª� ¢ë¤¥«ï¥â â�ª-
¦¥ à�á¯à¥¤¥«¥−¨¥ ®¡à�§æ®¢ ¢® ¢å®¤−®¬ ¯à®áâà�−áâ¢¥ ¤�−−ëå. …á«¨ ¤�−−ë¥
¯à®áâà�−áâ¢¥−−® à�§¤¥«¨¬ë, â® ª«�áâ¥à¨§�æ¨ï áâ�−®¢¨âáï ¤®áâ�â®ç−® âà¨¢¨-
�«ì−®© §�¤�ç¥© ¤«ï ¡®«ìè¨−áâ¢� ¨§¢¥áâ−ëå �«£®à¨â¬®¢ [10]. Š«�áâ¥à¨§�æ¨ï
¯à®áâà�−áâ¢¥−−® −¥à�§¤¥«¨¬ëå ¤�−−ëå ï¢«ï¥âáï ¡®«¥¥ á«®¦−®© §�¤�ç¥© ¨§-§�
−¥¢®§¬®¦−®áâ¨ ¯à®¢¥¤¥−¨ï ç¥âª®© £à�−¨æë ¬¥¦¤ã ª«�áâ¥à�¬¨ ¨ −¥®¤−®§−�ç-
−®áâ¨ ¯®«ãç�¥¬®£® à¥§ã«ìâ�â�. Š®«¨ç¥áâ¢® ¢ë¤¥«¥−−ëå ª«�áâ¥à®¢ ¢ íâ®¬ á«ãç�¥
®¯à¥¤¥«ï¥âáï ª�ª ¯à®áâà�−áâ¢¥−−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ ãç¥¡−ëå ®¡à�§æ®¢, â�ª
¨ ª®−ä¨£ãà�æ¨¥© �‘ Š®å®−¥−�. �®íâ®¬ã ¤«ï ¯à®áâà�−áâ¢¥−−® −¥à�§¤¥«¨¬ëå
¤�−−ëå ¢�¦−® −¥ áâ®«ìª® ª®«¨ç¥áâ¢® ¢ë¤¥«¥−−ëå £àã¯¯, áª®«ìª® ¢®§¬®¦−®áâì
áà�¢−¨â¥«ì−®© ®æ¥−ª¨ ®¡à�§æ®¢ ¤àã£ á ¤àã£®¬, çâ® ¤®áâ¨£�¥âáï ¯ãâ¥¬ ¨å à�−¦¨-
à®¢�−¨ï ¯® −¥ª®â®à®¬ã ®¡ê¥ªâ¨¢−®¬ã ªà¨â¥à¨î, −�¯à¨¬¥à áà¥¤−¥¬ã §−�ç¥−¨î
ª®®à¤¨−�â. ÷�−¦¨à®¢�−¨¥ ï¢«ï¥âáï −¥§�¢¨á¨¬ë¬ á¯®á®¡®¬ ®æ¥−ª¨ ®â−®á¨â¥«ì−®-
£® ¯®«®¦¥−¨ï ®¡à�§æ®¢ ª�ª ¯® ¢á¥© ®¡«�áâ¨ ¤�−−ëå, â�ª ¨ ¢ ¯à¥¤¥«�å ¢ë¤¥«¥−−ëå
ª«�áâ¥à®¢ −� ®á−®¢¥ ¢ë¡à�−−®£® ªà¨â¥à¨ï à¥©â¨−£®¢�−¨ï. �¯¨á�−−ë© ¢ëè¥ ¬¥-
â®¤ «¨−¥©−®£® ¯à¥®¡à�§®¢�−¨ï ¨−â¥à¥á¥− ¢ ¯à¨¬¥−¥−¨¨ â¥¬, çâ® ®− ¯®§¢®«ï¥â
¯®¢ëá¨âì ª®àà¥«ïæ¨î, −¥ ¬¥−ïï ¯à¨ íâ®¬ ¯®àï¤ª� à�−¦¨à®¢�−¨ï.

’�ª¨¬ ®¡à�§®¬, ¯à¥¤«®¦¥−−�ï ¬¥â®¤¨ª� ¯®¤à�§ã¬¥¢�¥â, çâ® §�¤�ç� ª«�áâ¥à¨-
§�æ¨¨ ¯à®áâà�−áâ¢¥−−® −¥à�§¤¥«¨¬ëå ¤�−−ëå âà�−áä®à¬¨àã¥âáï ¢ ¯à®¢¥¤¥−¨¥
à�−¦¨à®¢�−¨ï ¢ë¡®àª¨ á ¯®á«¥¤ãîé¨¬ à�§¤¥«¥−¨¥¬ à¥§ã«ìâ�â®¢ à�−¦¨à®¢�-
−¨ï −� −ã¦−®¥ ª®«¨ç¥áâ¢® ª«�áâ¥à®¢. �®á«¥ ª«�áâ¥à¨§�æ¨¨ áà�¢−¥−¨¥ à¥©â¨−£�
®¡à�§æ®¢ ¯®§¢®«ï¥â ¢ë¤¥«¨âì ¯à¨£à�−¨ç−ë¥ ®¡à�§æë ¨ ®æ¥−¨âì áâ¥¯¥−ì ¨å ¡«¨-
§®áâ¨ ª á®á¥¤−¥¬ã ª«�áâ¥àã, à¥è�ï â¥¬ á�¬ë¬ ¯à®¡«¥¬ã −�å®¦¤¥−¨ï £à�−¨æ
ª«�áâ¥à®¢ ¢ ¯à®áâà�−áâ¢¥−−® −¥à�§¤¥«¨¬ëå ¤�−−ëå, çâ® á«ã¦¨â â�ª¦¥ ¯à®¢¥à-
ª®© à¥§ã«ìâ�â®¢ ª«�áâ¥à¨§�æ¨¨. �¡é¥¥ ¯à�¢¨«® ª®àà¥ªâ−®£® £àã¯¯¨à®¢�−¨ï,
ª®£¤� ª�¦¤ë© ª«�áâ¥à áä®à¬¨à®¢�− ®¡à�§æ�¬¨, ¤«ï ª®â®àëå à�ááâ®ï−¨¥ ¤® æ¥−-
âà� á¢®¥£® ª«�áâ¥à� ¬¥−ìè¥, ç¥¬ ¤® æ¥−âà� á®á¥¤−¨å ª«�áâ¥à®¢ [1], à�¡®â�¥â ¨ ¤«ï
¯®ª�§�â¥«ï à¥©â¨−£�, â. ¥. ª«�áâ¥à ¤®«¦¥− ¡ëâì áä®à¬¨à®¢�− ®¡à�§æ�¬¨, ¤«ï
ª®â®àëå à¥©â¨−£ ¬�ªá¨¬�«ì−® ¡«¨§®ª ª à¥©â¨−£ã á¢®¥£® ª«�áâ¥à� (à�ááç¨â�−−®¬ã
ª�ª ¢§¢¥è¥−−�ï áã¬¬� à¥©â¨−£®¢ ®¡à�§æ®¢ ª«�áâ¥à�), � −¥ á®á¥¤−¨å. …á«¨ ®¡à�§¥æ
¯® à¥©â¨−£ã ¡«¨¦¥ ª ®¤−®¬ã ª«�áâ¥àã, � ¯® ª®®à¤¨−�â�¬ ª ¤àã£®¬ã, â® £à�−¨æë
ª«�áâ¥à®¢ ®¯à¥¤¥«¥−ë −¥¢¥à−®.

��à�¢−¥ á ¢®§¬®¦−®áâìî ¯à®áâà�−áâ¢¥−−®£® à�§¤¥«¥−¨ï ¢â®à®© ¢�¦−®© ¯à®-
áâà�−áâ¢¥−−®© å�à�ªâ¥à¨áâ¨ª®© ¤«ï ¤�−−®© ¬¥â®¤¨ª¨ ¢ëáâã¯�¥â ¯«®â−®áâì à�á-
¯à¥¤¥«¥−¨ï ®¡à�§æ®¢. ‚ á«ãç�¥ −¥à�¢−®¬¥à−® à�á¯à¥¤¥«¥−−ëå ¤�−−ëå íää¥ª-
â¨¢−® ¯à¨¬¥−¥−¨¥ ¬¥â®¤� ¬−®£®á«®©−®© ª«�áâ¥à¨§�æ¨¨ [11], ª®£¤� ®¡à�§æë ¨§
®¡«�áâ¥© á à�§−®© ¯«®â−®áâìî à�á¯à¥¤¥«¥−¨ï à�§¤¥«ïîâáï −� £àã¯¯ë ¢ à�§−ëå
á«®ïå á¥â¨, çâ® ¯®§¢®«ï¥â ¨§¡¥¦�âì −¥æ¥«¥á®®¡à�§−®£® ¤à®¡«¥−¨ï −¥¡®«ìè¨å
ª«�áâ¥à®¢ −� ¡®«¥¥ ¬¥«ª¨¥.
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�ªá¯¥à¨¬¥−â�«ì−ë© �−�«¨§ ®¤−®£® ¬¥â®¤� ª«�áâ¥à¨§�æ¨¨ ¨ à�−¦¨à®¢�−¨ï ¤�−−ëå

�¨¦¥ ¯à¨¢¥¤¥−� ¬¥â®¤¨ª� à�−¦¨à®¢�−¨ï ¨ ª«�áâ¥à¨§�æ¨¨ ¬−®£®¬¥à−ëå ¤�−-
−ëå �‘ Š®å®−¥−� á ãç¥â®¬ ®¯¨á�−−®£® ¢«¨ï−¨ï ¯à®áâà�−áâ¢¥−−®-áâ�â¨áâ¨ç¥áª¨å
á¢®©áâ¢ ¤�−−ëå.

1. �®à¬¨à®¢�−¨¥ ª®®à¤¨−�â ®¡à�§æ®¢ ¨áå®¤−®© ¢ë¡®àª¨ ¤�−−ëå ª ¨−â¥à¢�«ã
[−1, 1].

2. �−�«¨§ ¢®§¬®¦−®áâ¨ ¯à®áâà�−áâ¢¥−−®£® à�§¤¥«¥−¨ï ®¡à�§æ®¢ ¢ë¡®àª¨ á ¨á-
¯®«ì§®¢�−¨¥¬ ¤¢ã¬¥à−ëå £à�ä¨ª®¢ à�§¡à®á�, ¯®áâà®¥−−ëå ¯® −�¨¡®«¥¥ ¨−-
â¥à¥á−ë¬ ¯�à�¬ ª®®à¤¨−�â:

{ ¢ á«ãç�¥ ¢®§¬®¦−®áâ¨ ¯à®áâà�−áâ¢¥−−®£® à�§¤¥«¥−¨ï ¤¥«�¥¬ ¯®¯ëâªã
£àã¯¯¨à®¢�−¨ï ¤�−−ëå (è�£ 3);

{ ¢ á«ãç�¥ −¥¢®§¬®¦−®áâ¨ ¯à®áâà�−áâ¢¥−−®£® à�§¤¥«¥−¨ï ¢áî ¢ë¡®àªã
à�áá¬�âà¨¢�¥¬ ª�ª ®¤−ã £àã¯¯ã ¨ ¯à®¯ãáª�¥¬ è�£ 3.

3. Š«�áâ¥à¨§�æ¨ï ¢ë¡®àª¨ ¬¥â®¤®¬ £àã¯¯¨à®¢�−¨ï [6] á ¯®¬®éìî á�¬®®à£�−¨-
§ãîé¥©áï ª�àâë Š®å®−¥−� (Self-Organizing Map | SOM) [1]:

{ ¢ë¡®à à�§¬¥à� ¨ ª®−ä¨£ãà�æ¨¨ SOM, ®¡ãç�îé¥£® �«£®à¨â¬� ¨ ¥£® ¯�-
à�¬¥âà®¢;

{ ®¡ãç¥−¨¥ �‘ Š®å®−¥−� ¨ ª«�áâ¥à¨§�æ¨ï ¤�−−ëå ®¡ãç¥−−®© á¥âìî ¢ −¥-
áª®«ìª¨å −¥§�¢¨á¨¬ëå à¥�«¨§�æ¨ïå ®¯ëâ� (¯à¨ à�§«¨ç−ëå −�ç�«ì−ëå
¯�à�¬¥âà�å �«£®à¨â¬� ®¡ãç¥−¨ï) ¤® ¯®«ãç¥−¨ï áâ�¡¨«ì−ëå à¥§ã«ìâ�â®¢
ª«�áâ¥à¨§�æ¨¨;

{ £àã¯¯¨à®¢�−¨¥ −¥©à®−®¢ SOM á ¯®¬®éìî U- ¨ P-¬�âà¨æ “«âè� [10]
¢ ä¨§¨ç¥áª¨ §−�ç¨¬ë¥ £àã¯¯ë;

{ −®à¬¨à®¢�−¨¥ ª®®à¤¨−�â ®¡à�§æ®¢ ¢ £àã¯¯�å ª ¨−â¥à¢�«ã [−1, 1].
4. ÷�−¦¨à®¢�−¨¥ ®¡à�§æ®¢ ¢ £àã¯¯�å á ¨á¯®«ì§®¢�−¨¥¬ ä¨§¨ç¥áª¨ §−�ç¨¬®£®

ªà¨â¥à¨ï, ®á−®¢�−−®£® −� ¢§¢¥è¥−−®© áã¬¬¥ ª®®à¤¨−�â ®¡à�§æ®¢ ¢ £àã¯¯¥
(¨−¢�à¨�−â¥ «¨−¥©−®£® ¯à¥®¡à�§®¢�−¨ï).

5. �−�«¨§ ¯à®áâà�−áâ¢¥−−®£® à�á¯à¥¤¥«¥−¨ï ®¡à�§æ®¢ ¢ £àã¯¯�å á ¯®¬®éìî
ª®àà¥«ïæ¨®−−®© ¬�âà¨æë, ¯¥àæ¥−â¨«¥© ª®®à¤¨−�â ®¡à�§æ®¢, ¤¢ã¬¥à−ëå
£à�ä¨ª®¢ à�§¡à®á�, ¯®áâà®¥−−ëå ¯® −�¨¡®«¥¥ ¨−â¥à¥á−ë¬ ¯�à�¬ ª®®à¤¨−�â
®¡à�§æ®¢:

{ ¢ á«ãç�¥ ®â−®á¨â¥«ì−® à�¢−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï ®¡à�§æ®¢ ¢ë¯®«-
−ï¥âáï ª«�áâ¥à¨§�æ¨ï ¢ë¡à�−−ë¬ �«£®à¨â¬®¬ ®¡ãç¥−¨ï á¥â¨ Š®å®−¥−�
(è�£ 6);

{ ¢ á«ãç�¥ áãé¥áâ¢¥−−® −¥à�¢−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï ®¡à�§æ®¢ ¯à¨¬¥−ï-
¥âáï ¬¥â®¤ ¬−®£®á«®©−®© ª«�áâ¥à¨§�æ¨¨ (è�£ 7).

6. �à®¢¥¤¥−¨¥ ª«�áâ¥à¨§�æ¨¨ ¢ £àã¯¯�å ®¡à�§æ®¢ �‘ Š®å®−¥−�:
(�) ã¬¥−ìè¥−¨¥ ¯à¨ −¥®¡å®¤¨¬®áâ¨ à�§¬¥à−®áâ¨ ¤�−−ëå ¯ãâ¥¬ ®â¡à�áë¢�-

−¨ï −�¨¬¥−¥¥ ª®àà¥«¨à®¢�−−ëå ª®®à¤¨−�â;
(¡) ¯®¢ëè¥−¨¥ ãà®¢−ï ª®àà¥«ïæ¨¨ ®¡à�§æ®¢ ¬¥â®¤®¬ «¨−¥©−®£® ¯à¥®¡à�§®-

¢�−¨ï ¤«ï ã«ãçè¥−¨ï ª�ç¥áâ¢� ª«�áâ¥à¨§�æ¨¨;
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(¢) ¢ë¡®à ®¡ãç�îé¥£® �«£®à¨â¬� á¥â¨ Š®å®−¥−�, §�¤�−¨¥ −�ç�«ì−ëå ¯�à�-
¬¥âà®¢;

(£) ®¡ãç¥−¨¥ á¥â¨ Š®å®−¥−� ¨ ª«�áâ¥à¨§�æ¨ï ¤�−−ëå ®¡ãç¥−−®© á¥âìî ¢ −¥-
áª®«ìª¨å −¥§�¢¨á¨¬ëå à¥�«¨§�æ¨ïå ®¯ëâ� (¯à¨ à�§−ëå −�ç�«ì−ëå ¯�-
à�¬¥âà�å �«£®à¨â¬� ®¡ãç¥−¨ï) ¤® ¯®«ãç¥−¨ï áâ�¡¨«ì−ëå à¥§ã«ìâ�â®¢
ª«�áâ¥à¨§�æ¨¨. �à¨ −¥®¡å®¤¨¬®áâ¨ ¢®§¬®¦−® ¤®¯®«−¨â¥«ì−®¥ ¯®¢ëè¥-
−¨¥ ª®àà¥«ïæ¨¨.

7. �à®¢¥¤¥−¨¥ ¬−®£®á«®©−®© ª«�áâ¥à¨§�æ¨¨ ¢ £àã¯¯�å ¢ª«îç�¥â ¢ á¥¡ï á«¥¤ã-
îé¨¥ è�£¨ ¤«ï ª�¦¤®£® á«®ï ª«�áâ¥à¨§�æ¨¨:

(�) −®à¬¨à®¢�−¨¥ ª®®à¤¨−�â ®¡à�§æ®¢ ¢ ª�¦¤®¬ á«®¥ ª ¨−â¥à¢�«ã [−1, 1];
(¡) ¯à®¢¥¤¥−¨¥ ª«�áâ¥à¨§�æ¨¨ �‘ Š®å®−¥−� (è�£ 6) ¬�«®© à�§¬¥à−®áâ¨ ¤«ï

¢ë¤¥«¥−¨ï −¥ ¡®«¥¥ 4{6 ª«�áâ¥à®¢ ¢ ®¤−®¬ á«®¥, çâ® −¥®¡å®¤¨¬® ¤«ï ¨å
®â¡®à� ¢ â¥ªãé¥¬ á«®¥;

(¢) ®âá¥¨¢�−¨¥ ª«�áâ¥à®¢ −¥¡®«ìè¨å à�§¬¥à®¢ (¯® âà¥¡®¢�−¨ï¬ §�¤�ç¨)
¢ ª�¦¤®¬ á«®¥ ¨ ¤®¡�¢«¥−¨¥ ¨å ¢ à¥§ã«ìâ�âë ª«�áâ¥à¨§�æ¨¨.

8. �à®¢¥àª� á®£«�á®¢�−−®áâ¨ à¥§ã«ìâ�â®¢ à�−¦¨à®¢�−¨ï ¨ ª«�áâ¥à¨§�æ¨¨
®¡à�§æ®¢ ¢ £àã¯¯�å:

{ ¢ á«ãç�¥ ¨å −¥á®£«�á®¢�−−®áâ¨ íªá¯¥à¨¬¥−â âà¥¡ã¥â ¯¥à¥á¬®âà�, â�ª ª�ª
íâ® £®¢®à¨â ® ¯à®¡«¥¬�å ¢ ¢ë¡à�−−®¬ ¯«�−¥ íªá¯¥à¨¬¥−â�;

{ ¢ á«ãç�¥ ¨å á®£«�á®¢�−−®áâ¨ ª«�áâ¥à¨§�æ¨ï áç¨â�¥âáï ¢¥à−®© ¨ §�¢¥à-
è¥−−®©.

5 Применение методики кластеризации и ранжирования данных
нейронной сетью Кохонена

÷�áá¬®âà¨¬ ¯à¨¬¥−¥−¨¥ ¬¥â®¤¨ª¨ à�−¦¨à®¢�−¨ï ¨ ª«�áâ¥à¨§�æ¨¨ á¥âìî
Š®å®−¥−� −� ¯à¨¬¥à¥ ¢ë¡®àª¨ ¤�−−ëå ¨§ ä¨−�−á®¢®© ®âç¥â−®áâ¨ ¡�−ª®¢ [8].
‚ ¤�«ì−¥©è¥¬ ¡ã¤¥¬ ¨−â¥à¥á®¢�âìáï −¥ á®¡áâ¢¥−−® ª®«¨ç¥áâ¢¥−−®© ¨−ä®à¬�æ¨¥©
®¡ �ªâ¨¢�å ¡�−ª®¢, � ¯à®áâà�−áâ¢¥−−ë¬¨ ¨ ª®àà¥«ïæ¨®−−ë¬¨ á¢®©áâ¢�¬¨ ®¡à�§-
æ®¢ íâ®© ¢ë¡®àª¨. �® íâ®© ¯à¨ç¨−¥ ª®®à¤¨−�âë ®¡à�§æ®¢ ¡ã¤¥¬ ¤�«¥¥ ®¡®§−�ç�âì
ç¥à¥§ X1, X2, X3 ¨ X4, á®åà�−¨¢, ®¤−�ª®, −ã¬¥à�æ¨î ®¡à�§æ®¢ ®â 2 ¤® 100 (¤«ï
ã¤®¡áâ¢� áà�¢−¥−¨ï à¥§ã«ìâ�â®¢ á ¯®«ãç�¥¬ë¬¨ ¢ Deductor).

÷¥�«¨§�æ¨ï ¯«�−� íªá¯¥à¨¬¥−â� ¯® ª«�áâ¥à¨§�æ¨¨ ¨ à�−¦¨à®¢�−¨î ®¡à�§æ®¢
¢ë¡®àª¨:

˜�£ 1. �®à¬¨à®¢�−¨¥ ¨áå®¤−®© ¢ë¡®àª¨ ª ¨−â¥à¢�«ã [−1; 1].
˜�£ 2. �−�«¨§ ¢ë¡®àª¨ á â®çª¨ §à¥−¨ï ¥¥ ¯à®áâà�−áâ¢¥−−®£® à�§¤¥«¥−¨ï. ��

£à�ä¨ª�å à�§¡à®á�, ¯®áâà®¥−−ëå ¯® −¥áª®«ìª¨¬ ¯�à�¬ ª®®à¤¨−�â, ¢¨¤−®, çâ®
¤�−−ë¥ ¯à®áâà�−áâ¢¥−−® −¥ à�§¤¥«¨¬ë (à¨á. 2).
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�ªá¯¥à¨¬¥−â�«ì−ë© �−�«¨§ ®¤−®£® ¬¥â®¤� ª«�áâ¥à¨§�æ¨¨ ¨ à�−¦¨à®¢�−¨ï ¤�−−ëå

÷¨á. 2 �à®¥ªæ¨ï ¬−®£®¬¥à−ëå −®à¬¨à®¢�−−ëå ¤�−−ëå ¨áå®¤−®© ¢ë¡®àª¨ ¯® ¤¢ã¬
¯�à�¬ ª®®à¤¨−�â

�à®áâà�−áâ¢¥−−�ï −¥à�§¤¥«¨¬®áâì ¤�−−ëå ¤¥«�¥â −¥æ¥«¥á®®¡à�§−ë¬ ¯à¨¬¥-
−¥−¨¥ £àã¯¯¨à®¢�−¨ï á ¯®¬®éìî á�¬®®à£�−¨§ãîé¥©áï ª�àâë Š®å®−¥−�, ¯®íâ®¬ã
è�£ 3 ¯à®¯ãé¥−.

˜�£ 4. ÷¥©â¨−£®¢�−¨¥ ®¡à�§æ®¢ ãç¥¡−®© ¢ë¡®àª¨ ¯® ¯�à�¬¥âàã Rt = mean,
à�¢−®¬ã áà¥¤−¥¬ã §−�ç¥−¨î −®à¬¨à®¢�−−ëå ª®®à¤¨−�â ®¡à�§æ®¢ ãç¥¡−®© ¢ë-
¡®àª¨, çâ® á®®â¢¥âáâ¢ã¥â ¥¤¨−¨ç−ë¬ ¢¥á�¬ ª®®à¤¨−�â ®¡à�§æ®¢ ¢ ¨−¢�à¨�−â¥
«¨−¥©−®£® ¯à¥®¡à�§®¢�−¨ï: αi = 1, i = 1, . . . , 4.

˜�£ 5. �−�«¨§ ¢ë¡®àª¨ á â®çª¨ §à¥−¨ï ¥¥ ¯à®áâà�−áâ¢¥−−®£® à�á¯à¥¤¥«¥−¨ï.
ˆ§ â�¡«. 1 ¢¨¤−®, çâ® ãç¥¡−ë¥ ®¡à�§æë ¢ ®á−®¢−®¬ áª®−æ¥−âà¨à®¢�−ë ¢®ªàã£
£«�¢−®© ¤¨�£®−�«¨ (−1,−1,−1,−1){(1, 1, 1, 1) ç¥âëà¥å¬¥à−®£® £¨¯¥àªã¡�
¢ −®à¬¨à®¢�−−®¬ ¢å®¤−®¬ ¯à®áâà�−áâ¢¥, ¯à¨ç¥¬ ª®®à¤¨−�âë 70% ®¡à�§æ®¢
®âáâ®ïâ ®â â®çª¨ (−1,−1,−1,−1) −� −¥¡®«ìè®¥ à�ááâ®ï−¨¥ r ≤ 0,18.
�á®¡¥−−®áâìî ¨áå®¤−®© ¢ë¡®àª¨ ¤�−−ëå ï¢«ï¥âáï à¥§ª�ï −¥®¤−®à®¤−®áâì
¯à®áâà�−áâ¢¥−−®£® à�á¯à¥¤¥«¥−¨ï ãç¥¡−ëå ®¡à�§æ®¢, çâ® â�ª¦¥ ¯®¤â¢¥à¦¤�-

’�¡«¨æ� 1 �¥àæ¥−â¨«¨ ¨áå®¤−®© ¢ë¡®àª¨ ¤�−−ëå

% X1 X2 X3 X4 mean r
0,1 −1,00 −0,99 −0,98 −1,00 −0,99 0,04
0,2 −0,99 −0,98 −0,97 −0,99 −0,98 0,05
0,3 −0,98 −0,98 −0,96 −0,99 −0,98 0,06
0,4 −0,97 −0,97 −0,95 −0,98 −0,97 0,07
0,5 −0,96 −0,96 −0,94 −0,98 −0,96 0,09
0,6 −0,95 −0,95 −0,93 −0,97 −0,95 0,12
0,7 −0,87 −0,94 −0,90 −0,95 −0,92 0,18
0,8 −0,76 −0,89 −0,77 −0,90 −0,81 0,43
0,9 −0,52 −0,80 −0,58 −0,80 −0,69 0,74
1,0 1,00 1,00 1,00 1,00 0,84 3,69
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¥âáï £à�ä¨ª�¬¨ (á¬. à¨á. 2) ¨ £®¢®à¨â ® −¥¢®§¬®¦−®áâ¨ ¯à¨¬¥−¥−¨ï áâ�−¤�àâ-
−®£® ¯®¤å®¤� ª ª«�áâ¥à¨§�æ¨¨. ‚ ¤�−−®¬ á«ãç�¥ −¥®¡å®¤¨¬® ¨á¯®«ì§®¢�âì
¬¥â®¤ ¬−®£®á«®©−®© ª«�áâ¥à¨§�æ¨¨.
˜�£ 7. Œ−®£®á«®©−�ï ª«�áâ¥à¨§�æ¨ï ¤�−−ëå. ‚ ¯¥à¢®¬ á«®¥ ¤�−−ë¥ ã¦¥
−®à¬¨à®¢�−ë. Œ�âà¨æ� ª®àà¥«ïæ¨¨ ª®®à¤¨−�â ®¡à�§æ®¢ ¨áå®¤−®© ¢ë¡®àª¨
¨ ¤¢ãå ¯à®¨§¢®¤−ëå ®â −¨å ¢¥«¨ç¨− mean ¨ r, £¤¥

mean =
X1 +X2 +X3 +X4

4
;

r =
√

(X1 + 1)2 + (X2 + 1)2 + (X3 + 1)2 + (X4 + 1)2 ,

’�¡«¨æ� 2 Œ�âà¨æ� ª®àà¥«ïæ¨¨ ¨áå®¤−®© ¢ë¡®àª¨ ¤�−−ëå

X1 X2 X3 X4 mean
X1 1
X2 0,827 1
X3 0,973 0,812 1
X4 0,814 0,578 0,867 1

mean 0,977 0,861 0,987 0,881 1
r 0,983 0,846 0,988 0,879 0,998

’�¡«¨æ� 3 ��à�¬¥âàë ®¡ãç¥−¨ï ª«�áá¨ç¥áª®© �‘ Š®å®−¥−� [1] ¢ Deductor Studio

ü ��§¢�−¨¥ ‡−�ç¥−¨¥
1 ‚å®¤−ë¥ áâ®«¡æë Xi, i = 1, . . . , 4
2 ‚ëå®¤−ë¥ áâ®«¡æë �à¨¡ë«ì
3 ‡−�ç¨¬®áâì áâ®«¡æ®¢ 100%
4 ÷�§¬¥à ®¡ãç�îé¥£® ¬−®¦¥áâ¢� 100%
5 ÷�§¬¥à â¥áâ®¢®£® ¬−®¦¥áâ¢� 0%

6
‘ç¨â�âì ¯à¨¬¥à à�á¯®§−�−−ë¬,
¥á«¨ ®è¨¡ª� ¬¥−ìè¥ 0,05 ¯® ¤®áâ¨¦¥−¨¨ 500-© í¯®å¨

7
‘¯®á®¡ −�ç�«ì−®© ¨−¨æ¨�«¨§�æ¨¨
ª�àâë ˆ§ á®¡áâ¢¥−−ëå ¢¥ªâ®à®¢

8
—¨á«® í¯®å, ç¥à¥§ ª®â®à®¥
−ã¦−® ¯¥à¥¬¥è¨¢�âì áâà®ª¨ 20

9 ‘ª®à®áâì ®¡ãç¥−¨ï
‚ −�ç�«¥ ®¡ãç¥−¨ï | 0,3;
¢ ª®−æ¥ ®¡ãç¥−¨ï | 0,005

10 ÷�¤¨ãá ®¡ãç¥−¨ï
‚ −�ç�«¥ ®¡ãç¥−¨ï | 4;
¢ ª®−æ¥ ®¡ãç¥−¨ï | 0,1

11 ”ã−ªæ¨ï á®á¥¤áâ¢� ‘âã¯¥−ç�â�ï

12
”¨ªá¨à®¢�−−®¥ ª®«¨ç¥áâ¢®
ª«�áâ¥à®¢ (ç¨á«® −¥©à®−®¢ ¢ á¥â¨) 4
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�ªá¯¥à¨¬¥−â�«ì−ë© �−�«¨§ ®¤−®£® ¬¥â®¤� ª«�áâ¥à¨§�æ¨¨ ¨ à�−¦¨à®¢�−¨ï ¤�−−ëå

’�¡«¨æ� 4 ��à�¬¥âàë ®¡ãç¥−¨ï ª«¥â®ç−®© �‘ Š®å®−¥−� [7] ¢ Excel

ü ��§¢�−¨¥ ‡−�ç¥−¨¥
1 ‚å®¤−ë¥ áâ®«¡æë Xi, i = 1, . . . , 4
2 ‚ëå®¤−ë¥ áâ®«¡æë �à¨¡ë«ì
3 ‘ª®à®áâì ®¡ãç¥−¨ï 1
4 �¯®å ¢§�¨¬®¤¥©áâ¢¨ï 0,5
5 —¨á«® ¯à®£®−®¢ 30
6 —¨á«® −¥©à®−®¢ ¢ á¥â¨ 4
7 Š®−ä¨£ãà�æ¨¨ ®¡ãç�îé¨å ª«¥â®ç−ëå �¢â®¬�â®¢ 1{8 (á¬. à¨á. 1)

’�¡«¨æ� 5 ÷¥§ã«ìâ�âë ª«�áâ¥à¨§�æ¨¨ ¢ 1-¬ á«®¥ á¥â¨ Š®å®−¥−�

Š«�áâ¥à �¡à�§æë ÷�§¬¥à, %
1 2; 3; 4; 5; 6 5
2 7; 8; 9; 10; 11; 13 6
3 12; 14; 15; 16; 17; 18; 19; 20; 21; 22; 25; 26; 27; 29 14
4 �áâ�«ì−ë¥ ãç¥¡−ë¥ ®¡à�§æë 75

¯®ª�§ë¢�¥â (â�¡«. 2) å®à®èãî ª®àà¥«¨à®¢�−−®áâì ¢ë¡®àª¨ ¤�−−ëå, çâ® £®-
¢®à¨â ®¡ ®âáãâáâ¢¨¨ −¥®¡å®¤¨¬®áâ¨ «¨−¥©−®£® ¯à¥®¡à�§®¢�−¨ï ª®®à¤¨−�â
®¡à�§æ®¢ ¢ ¯¥à¢®¬ á«®¥.
��áâà®©ª¨ ®¡ãç¥−¨ï ¯®áâ®ï−−ë ¤«ï ª�¦¤®£® á«®ï á¥â¨. ��à�¬¥âàë ®¡ãç¥−¨ï
ª«�áá¨ç¥áª®© �‘ Š®å®−¥−� ¢ Deductor ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 3.
Š«¥â®ç−�ï �‘ Š®å®−¥−� ¢ Excel ®¡ãç�«�áì ¯à¨ ¯�à�¬¥âà�å, ¯à¨¢¥¤¥−−ëå
¢ â�¡«. 4.
�à¥¤¢�à¨â¥«ì−ë¥ íªá¯¥à¨¬¥−âë ¯®ª�§�«¨, çâ® ®¡ãç¥−¨¥ �‘ Š®å®−¥−� ª«�á-
á¨ç¥áª¨¬ �«£®à¨â¬®¬ ¢ Deductor Studio ¨ Š� ¢ Excel ¤�îâ ®¤¨−�ª®¢ë¥ à¥-
§ã«ìâ�âë, ¤¥«ï ¯à®áâà�−áâ¢® ãç¥¡−ëå ®¡à�§æ®¢ −� ç¥âëà¥ ª«�áâ¥à� (â�¡«. 5).
�� à¨á. 3 ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ª«�áâ¥à¨§�æ¨¨ ¢ 1-¬ á«®¥ á¥â¨ Š®å®−¥−�.
‹¥¢ë© áâ®«¡¥æ á®¤¥à¦¨â −®¬¥à� ãç¥¡−ëå ®¡à�§æ®¢, ¢¥àå−ïï áâà®ª� | −®¬¥à
à¥�«¨§�æ¨¨ íªá¯¥à¨¬¥−â� (á¬. à¨á. 3, �) ¨«¨ −®¬¥à ª®−ä¨£ãà�æ¨¨ ®¡ãç�-
îé¥£® Š� (à¨á. 3, ¡), æ¢¥â §�«¨¢ª¨ ®¯à¥¤¥«ï¥â ®¤¨− ¨§ ç¥âëà¥å ª«�áâ¥à®¢,
ª ª®â®à®¬ã ¯à¨−�¤«¥¦¨â á®®â¢¥âáâ¢ãîé¨© ®¡à�§¥æ. ‡¤¥áì ¨ ¤�«¥¥ ®¡à�§æë
¢ ª«�áâ¥à�å ¯¥à¥ç¨á«ïîâáï ¢ ¯®àï¤ª¥ ã¡ë¢�−¨ï ¨å à¥©â¨−£®¢ Rt.
•®âï ®¡ãç¥−¨¥ �‘ Š®å®−¥−� ®¡®¨¬¨ �«£®à¨â¬�¬¨ ¨ ¯®§¢®«¨«® ¢ë¤¥«¨âì
ç¥âëà¥ ®¤¨−�ª®¢ëå ª«�áâ¥à�, ¯à®¡«¥¬� §�ª«îç�«�áì ¢ â®¬, çâ® 75% −�¨-
¡®«¥¥ ¨−â¥à¥á−ëå ®¡à�§æ®¢ ¯®¯�«¨ ¢ ç¥â¢¥àâë© ª«�áâ¥à ¨ ¯® ¯®«ãç¥−−ë¬
à¥§ã«ìâ�â�¬ ª«�áâ¥à¨§�æ¨¨ ® −¨å ¬�«® çâ® ¬®¦−® ¡ë«® áª�§�âì. “¢¥«¨ç¥-
−¨¥ à�§¬¥à−®áâ¨ �‘ −¥ à¥è�«® ¯à®¡«¥¬ë ¨ ¯à¨¢®¤¨«® «¨èì ª ¤à®¡«¥−¨î
ã¦¥ −�©¤¥−−ëå ª«�áâ¥à®¢. �®íâ®¬ã áå¥¬� ¤�«ì−¥©è¨å íªá¯¥à¨¬¥−â®¢ ¯®
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÷¨á. 3 ÷¥§ã«ìâ�âë ª«�áâ¥à¨§�æ¨¨ 99 ãç¥¡−ëå ®¡à�§æ®¢ �‘ Š®å®−¥−� 1-£® á«®ï
ª«�áá¨ç¥áª¨¬ �«£®à¨â¬®¬ ®¡ãç¥−¨ï (�) ¨ Š� (¡)

¬−®£®á«®©−®© ª«�áâ¥à¨§�æ¨¨ ¤�−−ëå −¥©à®−−®© á¥âìî Š®å®−¥−� ¢ë£«ï¤¥«�
á«¥¤ãîé¨¬ ®¡à�§®¬:

1. �¥©à®−−�ï á¥âì Š®å®−¥−� ®¡ãç�¥âáï ¢ Excel ¨ ¢ Deductor −� ¨áå®¤−®©
−®à¬¨à®¢�−−®© ¢ë¡®àª¥ ¤�−−ëå ®¡ê¥¬®¬ 99 ãç¥¡−ëå ®¡à�§æ®¢, çâ® ¯®§¢®-
«ï¥â ¢ë¤¥«¨âì ¤¢� −¥¡®«ìè¨å áâ�¡¨«ì−ëå ª«�áâ¥à� (â�¡«. 6). �áâ�¢è¨¥áï

’�¡«¨æ� 6 �â®¡à�−−ë¥ ª«�áâ¥àë ¢ 1-¬ á«®¥ á¥â¨
Š®å®−¥−�

Š«�áâ¥à �¡à�§æë ÷�§¬¥à, %
1 2; 3; 4; 5; 6 5
2 7; 8; 9; 10; 11; 13 6
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�ªá¯¥à¨¬¥−â�«ì−ë© �−�«¨§ ®¤−®£® ¬¥â®¤� ª«�áâ¥à¨§�æ¨¨ ¨ à�−¦¨à®¢�−¨ï ¤�−−ëå

88 ãç¥¡−ëå ®¡à�§æ®¢ ®¡à�§ãîâ ãá¥ç¥−−ãî ¢ë¡®àªã ¤�−−ëå, ª®â®à�ï ¨á-
¯®«ì§ã¥âáï ¤«ï ®¡ãç¥−¨ï �‘ Š®å®−¥−� 2-£® á«®ï.

2. ’®ç−® â�ª�ï ¦¥ �‘ Š®å®−¥−� 2-£® á«®ï ®¡ãç�¥âáï ¢ Excel ¨ ¢ Deduc-
tor −� ãá¥ç¥−−®© −®à¬¨à®¢�−−®© ¢ë¡®àª¥ ¤�−−ëå ®¡ê¥¬®¬ 88 ãç¥¡−ëå
®¡à�§æ®¢, çâ® ¯®§¢®«ï¥â ®â®¡à�âì ¥é¥ ¤¢� áâ�¡¨«ì−ëå ª«�áâ¥à� (â�¡«. 7).
�áâ�¢è¨¥áï 68 ãç¥¡−ëå ®¡à�§æ®¢ ®¡à�§ãîâ ãá¥ç¥−−ãî ¢ë¡®àªã ¤�−−ëå,
ª®â®à�ï ¨á¯®«ì§ã¥âáï ¤«ï ®¡ãç¥−¨ï �‘ Š®å®−¥−� 3-£® á«®ï.

’�¡«¨æ� 7 �â®¡à�−−ë¥ ª«�áâ¥àë ¢® 2-¬ á«®¥ á¥â¨ Š®å®−¥−�

Š«�áâ¥à �¡à�§æë ÷�§¬¥à, %
3 12; 14; 15; 16; 17; 18; 19; 20; 21; 22; 25 11
4 23; 24; 26; 27; 28; 29; 30; 32; 37 9

3. �¥©à®−−�ï á¥âì Š®å®−¥−� 3-£® á«®ï ®¡ãç�¥âáï ¢ Excel ¨ ¢ Deductor Stu-
dio −� ¢ë¡®àª¥ ¤�−−ëå ®¡ê¥¬®¬ 68 ãç¥¡−ëå ®¡à�§æ®¢. �¤−�ª® â¥¯¥àì
®¤−®§−�ç−® ª«�áâ¥à¨§®¢�âì ¢ë¡®àªã ¤�−−ëå −¥ ã¤�¢�«®áì −¨ ¢ Excel, −¨
¢ Deductor Studio (à¨á. 4), çâ® ®¡êïá−ï«®áì ¥¥ −¥¤®áâ�â®ç−® ¢ëá®ª®©
ª®àà¥«¨à®¢�−−®áâìî ¨, á®®â¢¥âáâ¢¥−−®, ¡®«¥¥ å�®â¨ç−ë¬ ¯à®áâà�−áâ¢¥−-
−ë¬ à�á¯à¥¤¥«¥−¨¥¬ ®¡à�§æ®¢.

�¤−�ª® ®¯à¥¤¥«¥−−�ï ®à£�−¨§®¢�−−®áâì ®¡à�§æ®¢ ¢ íâ®© ¢ë¡®àª¥ ¢á¥ ¦¥ ¡ë«�,
çâ® ¤�¢�«® −�¤¥¦¤ã −� ¢ëï¢«¥−¨¥ §�ª®−®¬¥à−®áâ¥© ¢ ¤�−−ëå. „¥©áâ¢¨â¥«ì−®,
¨§ â�¡«. 8 ¨ 9 ¢¨¤−®, çâ® ¢á¥ ª®íää¨æ¨¥−âë ¢ ¬�âà¨æ¥ ª®àà¥«ïæ¨¨ ®¡à�§-
æ®¢ ¢ë¡®àª¨ ¯®«®¦¨â¥«ì−ë, � à�á¯à¥¤¥«¥−¨¥ ãç¥¡−ëå ®¡à�§®¢ ¯® áâà®ª�¬
â�¡«¨æë ¯¥àæ¥−â¨«¥© §�¬¥â−® −¥à�¢−®¬¥à−®.
‚ á®®â¢¥âáâ¢¨¨ á ¬¥â®¤¨ª®© −¥¢®§¬®¦−®áâì ¢ë¤¥«¥−¨ï áâ�¡¨«ì−ëå ª«�áâ¥à®¢
¯à¨ à�§«¨ç−ëå −�ç�«ì−ëå ¯�à�¬¥âà�å âà¥¡ã¥â ¤®¯®«−¨â¥«ì−®£® ¯®¢ëè¥-
−¨ï ª®àà¥«ïæ¨¨. �à¨¬¥−¥−¨¥ ª ª®®à¤¨−�â�¬ ®¡à�§æ®¢ ¢ë¡®àª¨ 3-£® á«®ï
«¨−¥©−®£® ¯à¥®¡à�§®¢�−¨ï ¯®§¢®«¨«® ¯®¢ëá¨âì ª®àà¥«ïæ¨î ¨ ®¡¥á¯¥ç¨«®
−�¤¥¦−ãî ª«�áâ¥à¨§�æ¨î ãç¥¡−ëå ®¡à�§æ®¢. ˆâ®£®¬ ¬−®£®á«®©−®© ª«�á-
â¥à¨§�æ¨¨ ª«¥â®ç−®© �‘ Š®å®−¥−� ¢ Excel áâ�«® ¢ë¤¥«¥−¨¥ 8 ª«�áâ¥à®¢
¢ à�§−ëå á«®ïå á¥â¨ (â�¡«. 10). �¡à�§æë ¯¥à¥ç¨á«¥−ë ¢ ¯®àï¤ª¥ ã¡ë¢�−¨ï ¨å
à¥©â¨−£�. �à¨ íâ®¬, ª�ª ¨ ®¦¨¤�«®áì, áà¥¤−¨¥ §−�ç¥−¨ï ª®®à¤¨−�â ®¡à�§æ®¢
¯® ª«�áâ¥à�¬ á®¢¯�«¨ á �¡á®«îâ−ë¬¨ ª®®à¤¨−�â�¬¨ æ¥−âà®¢ âï¦¥áâ¨ íâ¨å
ª«�áâ¥à®¢.
�à®¢¥¤¥−¨¥ ª«�áâ¥à¨§�æ¨¨ ¢ Deductor ¯® ®¯¨á�−−®© ¬¥â®¤¨ª¥ â�ª¦¥ ¤�«®
−�¤¥¦−ë¥ à¥§ã«ìâ�âë, ª®â®àë¥ á®¢¯�«¨ á à¥§ã«ìâ�â�¬¨ ª«¥â®ç−®© á¥â¨ Š®-
å®−¥−� ¢ Excel, çâ® £®¢®à¨â ®¡ íää¥ªâ¨¢−®áâ¨ ¬¥â®¤¨ª¨ ¢−¥ §�¢¨á¨¬®áâ¨ ®â
�«£®à¨â¬� ®¡ãç¥−¨ï −¥©à®−−®© á¥â¨ ¨ áà¥¤ë à¥�«¨§�æ¨¨.

˜�£ 8. �à®¢¥àª®© ¯à�¢¨«ì−®áâ¨ −�å®¦¤¥−¨ï £à�−¨æ ª«�áâ¥à®¢ ¢ ¯à®áâà�−-
áâ¢¥−−® −¥à�§¤¥«¨¬ëå ¤�−−ëå ï¢«ï¥âáï á®£«�á®¢�−−®áâì à¥§ã«ìâ�â®¢ à¥©â¨−-
£®¢�−¨ï á ª«�áâ¥à¨§�æ¨¥©. ˆ§ â�¡«. 10 ¢¨¤−®, çâ® ®¡à�§æë, ¯¥à¥ç¨á«¥−−ë¥
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÷¨á. 4 ÷¥§ã«ìâ�âë ª«�áâ¥à¨§�æ¨¨ 68 ãç¥¡−ëå ®¡à�§æ®¢ �‘ Š®å®−¥−� 3-£® á«®ï
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�ªá¯¥à¨¬¥−â�«ì−ë© �−�«¨§ ®¤−®£® ¬¥â®¤� ª«�áâ¥à¨§�æ¨¨ ¨ à�−¦¨à®¢�−¨ï ¤�−−ëå

’�¡«¨æ� 8 Œ�âà¨æ� ª®àà¥«ïæ¨¨ ¢ë¡®àª¨ ¤�−−ëå ®¡ê¥¬®¬ 68
®¡à�§æ®¢

X1 X2 X3 X4 mean
X2 0,094 1
X3 0,666 0,342 1
X4 0,203 0,182 0,365 1

mean 0,717 0,577 0,861 0,621 1
r 0,750 0,565 0,871 0,555 0,989

’�¡«¨æ� 9 �¥àæ¥−â¨«¨ ¢ë¡®àª¨ ¤�−−ëå ®¡ê¥¬®¬ 68 ®¡à�§æ®¢

% X1 X2 X3 X4 mean r
0,1 −0,96 −0,84 −0,52 −0,96 −0,73 0,66
0,2 −0,92 −0,79 −0,44 −0,90 −0,67 0,83
0,3 −0,86 −0,72 −0,37 −0,84 −0,62 0,88
0,4 −0,74 −0,67 −0,28 −0,76 −0,58 0,98
0,5 −0,63 −0,59 −0,07 −0,66 −0,50 1,23
0,6 −0,59 −0,48 0,06 −0,61 −0,35 1,45
0,7 −0,47 −0,39 0,17 −0,56 −0,27 1,62
0,8 −0,34 −0,16 0,31 −0,51 −0,19 1,90
0,9 −0,09 0,04 0,55 −0,11 −0,01 2,29
1,0 1,00 1,00 1,00 1,00 0,38 3,06

’�¡«¨æ� 10 Š®−¥ç−ë¥ à¥§ã«ìâ�âë ª«�áâ¥à¨§�æ¨¨ ¨ à�−¦¨à®¢�−¨ï ®¡à�§æ®¢ ®¡ãç�îé¥©
¢ë¡®àª¨ ¤�−−ëå

ü “ç¥¡−ë¥ ®¡à�§ë
÷�§¬¥à,

% ‘«®© ‚ë¡®àª�

1 2; 4; 3; 5; 6 5 1 ˆáå®¤−�ï
2 9; 8; 7; 10; 13; 11 6 1 ˆáå®¤−�ï
3 18; 15; 22; 19; 16; 21; 14; 12; 20; 25; 17 11 2 ˆáå®¤−�ï
4 26; 29; 27; 32; 24; 28; 37; 23; 30 9 2 ˆáå®¤−�ï
5 38; 36; 67; 51; 31; 34; 46; 50; 54 9 3 �à¥®¡à�§®¢�−−�ï

6
48; 33; 49; 39; 40; 64; 43; 47; 75; 69; 42;
41; 68; 53; 35; 62; 52; 65; 71 19 3 �à¥®¡à�§®¢�−−�ï

7
55; 59; 66; 57; 58; 77; 78; 60; 61; 63; 81;
96; 70; 86; 80; 73 13 3 �à¥®¡à�§®¢�−−�ï

8
83; 76; 56; 90; 82; 95; 91; 84; 44; 85; 79;
94; 88; 87; 74; 97; 100; 98; 99; 89; 93;
45; 92; 72

27 3 �à¥®¡à�§®¢�−−�ï
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¢ ¯®àï¤ª¥ ã¡ë¢�−¨ï à¥©â¨−£�, ¯®á«¥¤®¢�â¥«ì−® ä®à¬¨àãîâ á®á¥¤áâ¢ãîé¨¥
ª«�áâ¥àë. ÷¥©â¨−£ ã¡ë¢�¥â ¢ à�§à¥§¥ ª«�áâ¥à®¢, çâ® £®¢®à¨â ®¡ ®¤−®à®¤−®áâ¨
¨å ä®à¬¨à®¢�−¨ï: ª«�áâ¥à−®¥ ®â«¨ç¨¥ ¢ á«ãç�¥ −¥¯à¥àë¢−ëå ¢¥é¥áâ¢¥−-
−ëå ¢¥«¨ç¨− §�ª«îç�¥âáï ¢ ã¢¥«¨ç¥−¨ /̈ã¬¥−ìè¥−¨¨ ¢á¥å áà¥¤−¨å §−�ç¥−¨©
ä¨−�−á®¢ëå ¯®ª�§�â¥«¥© ®â ª«�áâ¥à� ª ª«�áâ¥àã.

‚�¦−®, çâ® à¥©â¨−£®¢�−¨¥ ¯®§¢®«¨«® ¢ë¤¥«¨âì ¢ á®áâ�¢¥ ª«�áâ¥à®¢ ª�ª áâ�-
¡¨«ì−ë¥ ¡�−ª¨, â�ª ¨ ¡�−ª¨, −�å®¤ïé¨¥áï ¢ ¯®£à�−¨ç−®¬ á®áâ®ï−¨¨, ¤�¢�ï
¢®§¬®¦−®áâì á¯à®£−®§¨à®¢�âì ¡ã¤ãé¥¥ ¢ §�¢¨á¨¬®áâ¨ ®â ¯®«®¦¥−¨ï ¡�−ª� ¢ ª®−-
ªà¥â−®¬ ª«�áâ¥à¥. ’�ª, ¥á«¨ ¡�−ª ¯® à¥©â¨−£ã −�å®¤¨âáï −� £à�−¨æ¥ á ¡®«¥¥
á¨«ì−ë¬ ª«�áâ¥à®¬, â® ¬®¦−® ¯à®£−®§¨à®¢�âì ¥£® ¡ã¤ãé¥¥ à�§¢¨â¨¥ ¢ áâ®à®−ã
ãá¨«¥−¨ï ä¨−�−á®¢®£® ¯®«®¦¥−¨ï −� àë−ª¥. ˆ −�®¡®à®â: ¥á«¨ ¡�−ª ¯® à¥©â¨−-
£ã −�å®¤¨âáï −� £à�−¨æ¥ á ª«�áâ¥à®¬, ¯à¥¤áâ�¢«¥−−ë¬ ¡�−ª�¬¨-¡�−ªà®â�¬¨, â®
â�ª®© ¡�−ª â�ª¦¥ ¡«¨§®ª ª ¡�−ªà®âáâ¢ã.

6 Заключение

�¯¨á�−ë à¥§ã«ìâ�âë ¯à¨¬¥−¥−¨ï −®¢®£® ¬¥â®¤� ª«�áâ¥à¨§�æ¨¨ ¨ à�−¦¨à®¢�-
−¨ï ®¡à�§æ®¢ �‘ Š®å®−¥−� á ãç¥â®¬ ¯à®áâà�−áâ¢¥−−®-ª®àà¥«ïæ¨®−−ëå á¢®©áâ¢
¨áå®¤−®© ¬−®£®¬¥à−®© ¢ë¡®àª¨ ¤�−−ëå, ª®â®àë© ¯®§¢®«¨« ¯®«ãç¨âì ®¤−®§−�ç-
−ë¥ à¥§ã«ìâ�âë, −¥ §�¢¨áïé¨¥ ®â −�ç�«ì−ëå −�áâà®¥ª �«£®à¨â¬� ®¡ãç¥−¨ï á¥â¨.
‘â�¡¨«ì−ë¥ à¥§ã«ìâ�âë ª«�áâ¥à¨§�æ¨¨ ¤�−−ëå ¡ë«¨ ¤®áâ¨£−ãâë §� áç¥â ¯®-
¢ëè¥−¨ï ª®àà¥«ïæ¨¨ ¤�−−ëå ¬¥â®¤®¬ «¨−¥©−®£® ¯à¥®¡à�§®¢�−¨ï, ¯à¨¬¥−¥−¨¥
ª®â®à®£® íää¥ªâ¨¢−® ¤«ï «î¡®£® �«£®à¨â¬� ®¡ãç¥−¨ï á¥â¨ Š®å®−¥−�, â�ª ª�ª ®−®
¢ë¯®«−ï¥âáï −� íâ�¯¥ ¯à¥¤®¡à�¡®âª¨ ¤�−−ëå.

�à¨¬¥−¥−¨¥ «¨−¥©−®£® ¯à¥®¡à�§®¢�−¨ï ¨ ¬−®£®á«®©−®© ª«�áâ¥à¨§�æ¨¨ ¯®-
§¢®«¨«® ¯®«ãç¨âì å®à®è¥¥ á®£«�á¨¥ à¥§ã«ìâ�â®¢ ª«�áâ¥à¨§�æ¨¨ ª�ª ª«¥â®ç−®©
�‘ Š®å®−¥−� ¢ Excel, â�ª ¨ ª«�áá¨ç¥áª®© �‘ Š®å®−¥−� ¢ Deductor.

�à®¤¥¬®−áâà¨à®¢�− ¬¥â®¤ à�−¦¨à®¢�−¨ï ª�ª á�¬®áâ®ïâ¥«ì−ë© á¯®á®¡ �−�-
«¨§� ¯à®áâà�−áâ¢¥−−® −¥à�§¤¥«¨¬ëå ¤�−−ëå, â�ª ¨ ¨á¯®«ì§ã¥¬ë© ¤«ï ¯à®¢¥àª¨
à¥§ã«ìâ�â®¢ ª«�áâ¥à¨§�æ¨¨.

�à�ªâ¨ç¥áª®¥ ¯à¨¬¥−¥−¨¥ ¬¥â®¤¨ª¨ ¨««îáâà¨àã¥âáï ¯à¨¬¥à®¬ à�¡®âë á ¢ë-
¡®àª®© ¡�−ª®¢ ¯® àï¤ã ¨å ä¨−�−á®¢ëå ¯®ª�§�â¥«¥©. ‚ à¥§ã«ìâ�â¥ ª«�áâ¥à¨§�æ¨¨
¯®«ãç¥−ë ®¡®á−®¢�−−ë¥ ¨ áâ�¡¨«ì−ë¥ à¥§ã«ìâ�âë ¢ ¢¨¤¥ ®¡ê¥ªâ¨¢−®© ª�àâ¨−ë
á®áâ®ï−¨ï �−�«¨§¨àã¥¬®© ¡�−ª®¢áª®© áä¥àë ¢ à�§à¥§¥ ¥¥ ãç�áâ−¨ª®¢.
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THE EXPERIMENTAL ANALYSIS OF THE METHOD
OF CLUSTERING AND RANKING OF MULTIDIMENSIONAL DATA

USING THE KOHONEN NEURAL NETWORK
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Abstract: The paper proposes a methodology of clustering and ranking data using
the Kohonen neural network based on space-correlation properties of a training
sample regardless of the network learning algorithm. The possibility of applying
the promising method of linear transformation of training samples coordinates for
clustering weakly correlated spatially inseparable data is shown experimentally.
The paper demonstrates the usage of ranking to highlight the border instances and
define the level of closeness to neighborhood cluster, which makes it possible to
solve the problem of finding cluster boundaries in spatially inseparable data. The
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necessity of the multilayer clustering is justified in the case of uneven spatial data
distribution. The method of clustering and ranking is illustrated by the example
of analysis of financial statements empirical data. The technique is applicable to
samples of small and medium size.

Keywords: multidimensional clustering; ranking; Kohonen neural network;
cellular automaton; linear transformation; correlation matrix
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ОБ ОДНОЙ РЕАЛИЗАЦИИ АВТОМАТИЗИРОВАННОГО
СРЕДСТВА АТТЕСТАЦИИ

А. К. Горшенин1, А. С. Кучин2

�−−®â�æ¨ï: �¯¨á�−ë ª«îç¥¢ë¥ �á¯¥ªâë à¥�«¨§�æ¨¨ í«¥ªâà®−−®© ¬−®£®¯®«ì-
§®¢�â¥«ìáª®© á¨áâ¥¬ë â¥áâ¨à®¢�−¨ï á æ¥−âà�«¨§®¢�−−ë¬ åà�−¥−¨¥¬ ¤�−−ëå
¨ ¨á¯®«ì§®¢�−¨¥¬ àï¤� ¬¥à §�é¨âë ¨−ä®à¬�æ¨¨ ®â ¢−¥è−¨å ã£à®§. ÷�§-
à�¡®â�−−ë© á¥à¢¨á ¯à¥¤−�§−�ç¥− ¤«ï ®æ¥−ª¨ ãà®¢−ï §−�−¨© ¨ ãá¯¥è−®áâ¨
¯à®å®¦¤¥−¨ï à�§«¨ç−ëå íâ�¯®¢ ®¡ãç¥−¨ï. ‚®§¬®¦−®áâì ä®à¬¨à®¢�−¨ï ¡�§
â¥áâ®¢ ¢ àãç−®¬ à¥¦¨¬¥ ¯®§¢®«ï¥â á®§¤�¢�âì à�§−®®¡à�§−ë¥ ¯à®¢¥à®ç−ë¥ à�-
¡®âë, ¯à¥¦¤¥ ¢á¥£® ¢ ¨−â¥à¥á�å ¯à®¢¥¤¥−¨ï �ââ¥áâ�æ¨¨ ¢ à�¬ª�å à�§«¨ç−ëå
ªãàá®¢ ¢ ¢ëáè¨å ãç¥¡−ëå §�¢¥¤¥−¨ïå.

Š«îç¥¢ë¥ á«®¢�: �¢â®¬�â¨§�æ¨ï ®¡à�§®¢�−¨ï; ¤¨áâ�−æ¨®−−®¥ ®¡ãç¥−¨¥;
â¥áâ¨à®¢�−¨¥; �àå¨â¥ªâãà� úª«¨¥−â-á¥à¢¥àû; MySQL; Java
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1 Введение

�ªâ¨¢−®¥ à�§¢¨â¨¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ ¨å ¨á¯®«ì§®¢�−¨¥ ¢ à�§-
«¨ç−ëå ®¡«�áâïå ¯à¨¢¥«® ª −¥®¡å®¤¨¬®áâ¨ ¯à¨¬¥−¥−¨ï í«¥ªâà®−−ëå áà¥¤áâ¢
¢ ®¡à�§®¢�â¥«ì−®¬ ¯à®æ¥áá¥. �¤−¨¬ ¨§ −�¨¡®«¥¥ ïàª¨å ¯à¨¬¥à®¢ ¯à¨¢«¥ç¥−¨ï
á®¢à¥¬¥−−ëå â¥å−®«®£¨© á«ã¦�â à�§«¨ç−ë¥ ¤¨áâ�−æ¨®−−ë¥ ªãàáë, ¢−¥¤à¥−-
−ë¥ ¢ ãç¥¡−ë¥ ¯«�−ë ¯à�ªâ¨ç¥áª¨ ¢® ¢á¥å ¢¥¤ãé¨å ¬¨à®¢ëå ã−¨¢¥àá¨â¥â�å.
�à¨ íâ®¬ ®¡à�§®¢�â¥«ì−ë© ¯à®æ¥áá ¢ â�ª¨å ¯à®£à�¬¬�å §�ç�áâãî ®à¨¥−â¨à®¢�−
−� à�¡®âã á ¤¥áïâª�¬¨ ¨ á®â−ï¬¨ âëáïç á«ãè�â¥«¥©, çâ® −¥¨§¡¥¦−® ¯à¨¢®¤¨â
ª −¥®¡å®¤¨¬®áâ¨ �¢â®¬�â¨§�æ¨¨ ®¡à�§®¢�â¥«ì−®£® ¯à®æ¥áá�. �¤−�ª® ¯®¤®¡−ë¥
á¨áâ¥¬ë ¬®¦−® ¢¯®«−¥ íää¥ªâ¨¢−® ¨á¯®«ì§®¢�âì ¨ ¤«ï ®¡ãç¥−¨ï ¬¥−ìè¥£® ç¨á«�
áâã¤¥−â®¢ | £àã¯¯ë (25{30 ç¥«.), ¯®â®ª� (200{250 á«ãè�â¥«¥©) ¨ â. ¯.

�¡à�§®¢�â¥«ì−ë¥ ¬¥â®¤¨ª¨, ¨á¯®«ì§ã¥¬ë¥ ¤«ï ®¡ãç¥−¨ï á«ãè�â¥«¥©, ¬®£ãâ
¨¬¥âì á¥àì¥§−ë¥ ®â«¨ç¨ï −� ª®−æ¥¯âã�«ì−®¬ ãà®¢−¥. �® ¤«ï ª�¦¤®£® ªãàá�
−¥§�¢¨á¨¬® ®â ç¨á«� ®¡ãç�îé¨åáï ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì ¢ ¯à®¢¥¤¥−¨¨ ¯à®-
¬¥¦ãâ®ç−®© (−�¯à¨¬¥à, ª®−âà®«ì−ë¥ à�¡®âë) ¨«¨ ¨â®£®¢®© (§�ç¥âë, íª§�¬¥−ë)
�ââ¥áâ�æ¨©. �¢â®¬�â¨§�æ¨ï ¯à®¢¥àª¨ ª�ç¥áâ¢� §−�−¨© §−�ç¨â¥«ì−® ãáª®àï¥â
¨ ã¯à®é�¥â ¯à®¢¥¤¥−¨¥ �ââ¥áâ�æ¨®−−ëå ¬¥à®¯à¨ïâ¨©, ¯à¥¤®áâ�¢«ï¥â ¯à®ä¥á-
á®àáª®-¯à¥¯®¤�¢�â¥«ìáª®¬ã á®áâ�¢ã ¢®§¬®¦−®áâì ã¤¥«ïâì ¡®«ìè¥ ¢à¥¬¥−¨ ¨−¤¨-
¢¨¤ã�«ì−®© à�¡®â¥ á® áâã¤¥−â�¬¨, � â�ª¦¥ ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì ®¡ãç¥−¨ï.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”ˆ– ˆ“ ÷��; Œ®áª®¢áª¨© â¥å−®«®£¨ç¥áª¨© ã−¨¢¥àá¨â¥â
(Œˆ÷��), agorshenin@frcscs.com

2Œ®áª®¢áª¨© â¥å−®«®£¨ç¥áª¨© ã−¨¢¥àá¨â¥â (Œˆ÷��), kuchin.russia@gmail.com

62



�¡ ®¤−®© à¥�«¨§�æ¨¨ �¢â®¬�â¨§¨à®¢�−−®£® áà¥¤áâ¢� �ââ¥áâ�æ¨¨

’�ª�ï ä®à¬�, ®ç¥¢¨¤−®, á¯®á®¡áâ¢ã¥â ¨ ã¬¥−ìè¥−¨î ¢«¨ï−¨ï áã¡ê¥ªâ¨¢−ëå
ä�ªâ®à®¢ ¯à¨ ®æ¥−ª¥ §−�−¨©.

‚á¥ ç�é¥ ¢ á®¢à¥¬¥−−ëå ãá«®¢¨ïå ¤«ï ¯à®¢¥¤¥−¨ï �ââ¥áâ�æ¨¨ ¨á¯®«ì§ãîâáï
í«¥ªâà®−−ë¥ à¥áãàáë. ‚ ç�áâ−®áâ¨, à®áá¨©áª¨¥ èª®«ì−¨ª¨ ¢ ¤®áâ�â®ç−®© áâ¥-
¯¥−¨ ¯à¨¢ëª«¨ ª à�§«¨ç−ë¬ ¢¨¤�¬ â¥áâ¨à®¢�−¨ï ¢ ¢¨¤¥ ƒˆ� (£®áã¤�àáâ¢¥−−®©
¨â®£®¢®© �ââ¥áâ�æ¨¨) ¨ …ƒ� (…¤¨−®£® £®áã¤�àáâ¢¥−−®£® íª§�¬¥−�), ¯®íâ®¬ã ¨¬ −¥
¯®âà¥¡ã¥âáï §−�ç¨â¥«ì−®£® ¢à¥¬¥−¨, çâ®¡ë ¯à¨¢ëª−ãâì ª á¤�ç¥ â¥áâ®¢ ¢ ¢ëáè¨å
ãç¥¡−ëå §�¢¥¤¥−¨ïå.

‚ à�¡®â¥ [1] ¯à¥¤áâ�¢«¥−ë ®á−®¢−ë¥ âà¥¡®¢�−¨ï, ª®â®àë¥ ¯à¥¤êï¢«ïîâ á®-
¢à¥¬¥−−ë¥ ®¡à�§®¢�â¥«ì−ë¥ áâ�−¤�àâë ª à�§à�¡®âª¥ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï
¤«ï ¯à®¢¥àª¨ §−�−¨© ®¡ãç�îé¨åáï (−� ¯à¨¬¥à¥ ªãàá®¢ −�¯à�¢«¥−¨ï ú�à®£à�¬-
¬¨à®¢�−¨¥û). ‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�¥âáï à�§à�¡®â�−−®¥ ¢ á®®â¢¥âáâ¢¨¨
á íâ¨¬¨ ¯à¨−æ¨¯�¬¨ �¢â®¬�â¨§¨à®¢�−−®¥ áà¥¤áâ¢® �ââ¥áâ�æ¨¨, á®§¤�−−®¥ −� ¡�-
§®¢®© ª�ä¥¤à¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ˆ−áâ¨âãâ� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©
Œ®áª®¢áª®£® â¥å−®«®£¨ç¥áª®£® ã−¨¢¥àá¨â¥â�.

2 Обзор готовых решений и постановка задачи

÷�§à�¡®âª� «î¡®£® ¯à®£à�¬¬−®£® ¯à®¤ãªâ� ¤«ï ¤�«ì−¥©è¥£® ¢−¥¤à¥−¨ï
¢ ®¡à�§®¢�â¥«ì−ë© ¯à®æ¥áá ¤®«¦−� −�ç¨−�âìáï á ¯®¨áª� ¢®§¬®¦−ëå ¤®áâã¯-
−ëå �−�«®£®¢. ÷�áá¬®âà¨¬ ¢®§¬®¦−®áâ¨ −¥áª®«ìª¨å â¨¯®¢ëå à¥è¥−¨© ¤«ï
¯à®¢¥¤¥−¨ï à�§«¨ç−ëå ä®à¬ ª®−âà®«ï, ¯à¥¤áâ�¢«¥−−ëå −� àë−ª¥.

‘¨áâ¥¬� â¥áâ¨à®¢�−¨ï INDIGO (http://indigotech.ru/) ¯à¥¤áâ�¢«ï¥â á®¡®©
¯à®ä¥áá¨®−�«ì−ë© ¨−áâàã¬¥−â ¤«ï â¥áâ¨à®¢�−¨ï ¨ ª®−âà®«ï §−�−¨© ãç�é¨åáï,
¯à®¢¥¤¥−¨ï ®¯à®á®¢, ®à£�−¨§�æ¨¨ ®«¨¬¯¨�¤ ¨ ª®−ªãàá®¢. �à¨«®¦¥−¨¥ ¯®áâà®¥−®
á®£«�á−® ¯à¨−æ¨¯�¬ �àå¨â¥ªâãàë úª«¨¥−â-á¥à¢¥àû, ¤®¯ãáª�¥âáï ®¤−®¢à¥¬¥−−®¥
¯®¤ª«îç¥−¨¥ ¬−®¦¥áâ¢� ª«¨¥−â®¢ (¨å ç¨á«® ®£à�−¨ç¥−® «¨æ¥−§¨¥©). „®áâã¯−ë
¯à®á¬®âà à¥§ã«ìâ�â®¢, áâ�â¨áâ¨ª¨, ä®à¬¨à®¢�−¨¥ ®âç¥â®¢, á®§¤�−¨¥ ¨ à¥¤�ªâ¨à®-
¢�−¨¥ â¥áâ®¢. „�−−�ï á¨áâ¥¬� ®à¨¥−â¨à®¢�−� −� à�¡®âã â®«ìª® á ®¯¥à�æ¨®−−ë¬¨
á¨áâ¥¬�¬¨ (�‘) á¥¬¥©áâ¢� Windows. ƒ®¤®¢�ï �ª�¤¥¬¨ç¥áª�ï «¨æ¥−§¨ï ¤«ï â¥á-
â¨à®¢�−¨ï 200 áâã¤¥−â®¢ ®¡®©¤¥âáï −¥ ¬¥−¥¥ ç¥¬ ¢ 75 000 àã¡. ˆ§ ®á®¡¥−−®áâ¥©
à¥�«¨§�æ¨¨ áâ®¨â ®â¬¥â¨âì ®âáãâáâ¢¨¥ ¯àï¬®£® ¤®áâã¯� ª ¡�§�¬ ¤�−−ëå (�„)
á¥à¢¥à� ¤�¦¥ ¤«ï �¤¬¨−¨áâà�â®à®¢, ¢á¥ ¢®§¬®¦−®áâ¨ à¥�«¨§ãîâáï ¨áª«îç¨-
â¥«ì−® ç¥à¥§ ª«¨¥−âáª¨¥ ¯à¨«®¦¥−¨ï, çâ® ¬®¦¥â ¯®à®¦¤�âì ®¯à¥¤¥«¥−−ë¥ ¢¨¤ë
ãï§¢¨¬®áâ¥© ¯à¨ ¯®¤ª«îç¥−¨¨ ª á¥à¢¥àã.

Š®¬¯�−¨ï SunRav Software (http://sunrav.ru/) ¯à¥¤«�£�¥â æ¥«ë© ª®¬¯«¥ªá
¯à®£à�¬¬ ª�ª ¤«ï ®ä«�©−-, â�ª ¨ ¤«ï ®−«�©−-â¥áâ¨à®¢�−¨ï, ¯à¨ íâ®¬ ®¡é�ï
«¨æ¥−§¨ï −� £®¤ ®¡®©¤¥âáï −¥ ¬¥−¥¥ ç¥¬ ¢ 50 000 àã¡. �à¥¤«�£�îâáï ¢®§¬®¦−®áâ¨
ä®à¬¨à®¢�−¨ï ¨ à¥¤�ªâ¨à®¢�−¨ï â¥áâ®¢, ®¤−�ª® ª®«¨ç¥áâ¢® â¥¬ ¢−ãâà¨ ª�¦¤®£®
¨§ −¨å ®£à�−¨ç¥−® 256. ú‹®ª�«ì−�ïû ¢¥àá¨ï à¥�«¨§®¢�−� â®«ìª® ¤«ï �‘
Windows, â¥áâë ¨ à¥§ã«ìâ�âë åà�−ïâáï ¢ §�è¨äà®¢�−−ëå ä�©«�å, −® ¨å ¯¥à¥¤�ç�
¢®§«®¦¥−� −� ¯®«ì§®¢�â¥«ï (−�¯à¨¬¥à, á ¯®¬®éìî í«¥ªâà®−−®© ¯®çâë), çâ® â�ª¦¥
−¥ £�à�−â¨àã¥â ¤®áâ�â®ç−ãî áâ¥¯¥−ì §�é¨é¥−−®áâ¨ ¤�−−ëå. ÷¥¤�ªâ¨à®¢�−¨¥
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â¥áâ®¢ ¤«ï ®−«�©−-à¥è¥−¨ï ¤®áâã¯−® â®«ìª® ¤«ï �‘ Windows, å®âï â¥áâ¨à®¢�−¨¥
¨ �¤¬¨−¨áâà¨à®¢�−¨¥ ¬®¦−® ®áãé¥áâ¢«ïâì ¢ ¡à�ã§¥à¥, §�¯ãé¥−−®¬ ¢ «î¡®© �‘.

‘ãé¥áâ¢ãîâ ®−«�©−-¯«®é�¤ª¨, ª®â®àë¥ ¯à¥¤«�£�îâ ®à£�−¨§�æ¨î ¯à®æ¥áá�
â¥áâ¨à®¢�−¨ï, åà�−¥−¨ï ¡�§, ¨å à¥¤�ªâ¨à®¢�−¨ï ¨áª«îç¨â¥«ì−® ¢ à�¬ª�å ¢¥¡-
¨−â¥àä¥©á�, ®¤−�ª® ¢ ¤�−−®© á¨âã�æ¨¨ −¥ ¬®£ãâ ¡ëâì £�à�−â¨à®¢�−ë ¤®áâã¯−®áâì
á¥à¢¨á� ¢ −ã¦−®¥ ¢à¥¬ï (−�¯à¨¬¥à, ¨§-§� â¥å−¨ç¥áª¨å ¯à®¡«¥¬), ¡¥§®¯�á−®áâì
¤�−−ëå (¯®«ì§®¢�â¥«î −¥ ¯à¥¤®áâ�¢«ï¥âáï ¨−ä®à¬�æ¨¨ ® à¥�«¨§�æ¨¨ ¯®«¨â¨ª
à�§£à�−¨ç¥−¨ï ¯à�¢ ¤®áâã¯�) ¨ â. ¤.

’�ª¨¬ ®¡à�§®¬, ¯à¥¤«�£�¥¬ë¥ àë−®ç−ë¥ à¥è¥−¨ï, −¥á¬®âàï −� ¨å £¨¡ª®áâì
¨ äã−ªæ¨®−�«ì−ãî −�¯®«−¥−−®áâì ¢ á®®â¢¥âáâ¢¨¨ á ®á−®¢−ë¬¨ âà¥¡®¢�−¨ï¬¨
à�¡®âë [1], −¥ «¨è¥−ë àï¤� áãé¥áâ¢¥−−ëå −¥¤®áâ�âª®¢ ª�ª á â¥å−¨ç¥áª®© (−�-
¯à¨¬¥à, ®âáãâáâ¢¨¥ ªà®áá¯«�âä®à¬¥−−®áâ¨), â�ª ¨ á íª®−®¬¨ç¥áª®© (¢ëá®ª�ï
áâ®¨¬®áâì ¯®«ì§®¢�−¨ï, §�¢¨áïé�ï ®â ç¨á«� ®¤−®¢à¥¬¥−−® â¥áâ¨àã¥¬ëå áâã¤¥−-
â®¢) â®ç¥ª §à¥−¨ï. “ª�§�−−ë¥ á®®¡à�¦¥−¨ï ¢¥¤ãâ ª −¥®¡å®¤¨¬®áâ¨ à�§à�¡®âª¨
á®¡áâ¢¥−−®£® áà¥¤áâ¢� �ââ¥áâ�æ¨¨, ª®â®à®¥ ¬®¦¥â ¡ëâì §�¤¥©áâ¢®¢�−® ¢ ãç¥¡−®¬
¯à®æ¥áá¥, ¯à¨ íâ®¬ ¥£® äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨ ¤®«¦−ë ¡ëâì ®â−®á¨â¥«ì−®
«¥£ª® à�áè¨àï¥¬ë, ¢ â®¬ ç¨á«¥ ¯à¨ ã¢¥«¨ç¥−¨¨ ç¨á«� áâã¤¥−â®¢, ¯à®å®¤ïé¨å âã
¨«¨ ¨−ãî ä®à¬ã àã¡¥¦−®£® ª®−âà®«ï.

Š®à®âª® áä®à¬ã«¨àã¥¬ ®á−®¢−ë¥ ¨¤¥¨, ¯®«®¦¥−−ë¥ ¢ ®á−®¢ã à�§à�¡�âë¢�-
¥¬®£® áà¥¤áâ¢� �ââ¥áâ�æ¨¨ ®¡ãç�îé¨åáï.

{ ‘¥à¢¨á ¤®«¦¥− ¡ëâì ¯®áâà®¥− ¢ à�¬ª�å �àå¨â¥ªâãàë úª«¨¥−â-á¥à¢¥àû á à¥-
�«¨§�æ¨¥© ®¡¬¥−� ¤�−−ë¬¨ ¯® ¯à®â®ª®«ã TCP/IP ¤«ï íää¥ªâ¨¢−®© ®à-
£�−¨§�æ¨¨ ®¤−®¢à¥¬¥−−®£® ¤®áâã¯� ª á¨áâ¥¬¥ â¥áâ¨à®¢�−¨ï ¡®«ìè®£® ç¨á«�
¯®«ì§®¢�â¥«¥© ¨ ¨á¯®«ì§®¢�−¨ï ¢ à�¬ª�å áãé¥áâ¢ãîé¨å á¥â¥© («®ª�«ì−ëå,
£«®¡�«ì−ëå) ¡¥§ ª�ª¨å-«¨¡® ¤®¯®«−¨â¥«ì−ëå âà¥¡®¢�−¨©. ‘¥à¢¥à ¤®«¦¥−
¨á¯®«ì§®¢�âìáï ¤«ï åà�−¥−¨ï â¥áâ®¢ëå §�¤�−¨©, ®â¢¥â®¢ ª −¨¬, � â�ª¦¥
¨−ä®à¬�æ¨¨ ®¡ ®¡ãç�îé¨åáï ¤«ï ¯®¢ëè¥−¨ï −�¤¥¦−®áâ¨ á¨áâ¥¬ë.

{ �¥®¡å®¤¨¬® ¨á¯®«ì§®¢�âì ¡¥á¯«�â−ë¥ à¥è¥−¨ï ¢ ª�ç¥áâ¢¥ ®á−®¢ë ¤«ï á¥à¢¥à�
á æ¥«ìî á−¨¦¥−¨ï §�âà�â −� ¯à®¥ªâ¨à®¢�−¨¥ �àå¨â¥ªâãàë åà�−¥−¨ï ¤�−−ëå
¨ à¥�«¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ¯® á¥â¥¢ë¬ ¯à®â®ª®«�¬.

{ ‘à¥¤áâ¢® �ââ¥áâ�æ¨¨ ¤®«¦−® ¡ëâì ªà®áá¯«�âä®à¬¥−−ë¬ ª�ª ¤«ï á¥à¢¥à−®©,
â�ª ¨ ª«¨¥−âáª®© ç�áâ¥©.

{ „«ï ª�¦¤®£® áâã¤¥−â�, ¯à®å®¤ïé¥£® â¥áâ¨à®¢�−¨¥, ¤®«¦−� ¡ëâì á®§¤�−� «¨ç-
−�ï ãç¥â−�ï §�¯¨áì ¤«ï ¯¥àá®−�«¨§¨à®¢�−−®£® ¤®áâã¯� ¢ á¨áâ¥¬ã ¨ ¯à®á¬®âà�
à¥§ã«ìâ�â®¢.

{ �¥®¡å®¤¨¬® ®¡¥á¯¥ç¨âì ¤®áâ�â®ç−ë© ãà®¢¥−ì §�é¨âë ¨−ä®à¬�æ¨¨ −� ¢á¥å
íâ�¯�å. „«ï ¤�−−ëå, åà�−¨¬ëå −� á¥à¢¥à¥, −¥®¡å®¤¨¬® ®¡¥á¯¥ç¨âì è¨ä-
à®¢�−¨¥ «¨ç−®© ¨−ä®à¬�æ¨¨ ¯®«ì§®¢�â¥«¥©. �à¨ ¯¥à¥¤�ç¥ á¢¥¤¥−¨© ¯®
−¥§�é¨é¥−−ë¬ á¥âï¬ −¥®¡å®¤¨¬® ¨á¯®«ì§®¢�−¨¥ è¨äà®¢�−¨ï ¯à¨ ®¡¬¥−¥
¤�−−ë¬¨. �à¨ ¯à¥¤®áâ�¢«¥−¨¨ ¨−ä®à¬�æ¨¨ ª«¨¥−âáª®¬ã ¯à¨«®¦¥−¨î −¥®¡-
å®¤¨¬® à�§à�¡®â�âì £àã¯¯®¢ë¥ ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨ ¤«ï ¤®áâã¯� ª ª�¦¤®¬ã
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¨§ ª«îç¥¢ëå ¨−â¥àä¥©á®¢ ¯à¨«®¦¥−¨ï ¨ á®¢¥àè¥−¨î §−�ç¨¬ëå ¤¥©áâ¢¨©,
¢ â®¬ ç¨á«¥ ¤«ï ¨áª«îç¥−¨ï ¢®§¬®¦−®áâ¨ −¥á�−ªæ¨®−¨à®¢�−−®© ¯¥à¥¤�ç¨
ª«¨¥−âã ¨−ä®à¬�æ¨¨ ® ¯à�¢¨«ì−ëå ®â¢¥â�å (¯à®¢¥àª� §�¤�−¨© ¤®«¦−� ®áã-
é¥áâ¢«ïâìáï ¯®á«¥ §�¢¥àè¥−¨ï â¥áâ� −� á¥à¢¥à¥).

{ ‘¨áâ¥¬� â¥áâ¨à®¢�−¨ï ¤®«¦−� ®¡«�¤�âì §−�ç¨â¥«ì−®© £¨¡ª®áâìî ¢ ¢®¯à®-
á¥ ä®à¬¨à®¢�−¨ï â¥áâ®¢ëå §�¤�−¨© ¤«ï ãç¥â� à�§«¨ç−ëå ä®à¬ �ââ¥áâ�æ¨¨,
®á®¡¥−−®áâ¥© �¢â®àáª¨å ªãàá®¢ ¨ â. ¯. ’¥áâë ¬®£ãâ ä®à¬¨à®¢�âìáï ¨§ §�¤�−-
−®© â¥¬�â¨ª¨ àãç−ë¬ ¨«¨ á«ãç�©−ë¬ ¢ë¡®à®¬ ä¨ªá¨à®¢�−−®£® ª®«¨ç¥áâ¢�
¢®¯à®á®¢ ¨§ ®¡é¥© á®¢®ªã¯−®áâ¨ (¢ à�¬ª�å â¥¬ë, à�§¤¥«�, ªãàá�), ¯à¨ íâ®¬
®â¢¥âë −� ¢®¯à®áë ¬®£ãâ ¡ëâì ®á−®¢�−ë −� ¢ë¡®à¥ ®¤−®£® ¨«¨ −¥áª®«ìª¨å
¢�à¨�−â®¢ ¨§ ¯à¥¤«®¦¥−−ëå «¨¡® á�¬®áâ®ïâ¥«ì−®£® §�¯®«−¥−¨ï â¥ªáâ®¢®£®
¯®«ï.

{ �®á«¥ §�¢¥àè¥−¨ï â¥áâ� ®¡ãç�îé¨©áï ¤®«¦¥− ¨¬¥âì ¢®§¬®¦−®áâì ¤®áâã¯�
ª á¥à¢¨áã ¤«ï ¯à®á¬®âà� à¥§ã«ìâ�â®¢.

3 Реализация электронного средства аттестации

÷�áá¬®âà¨¬ ¯à�ªâ¨ç¥áªãî à¥�«¨§�æ¨î ¯à¨−æ¨¯®¢, áä®à¬ã«¨à®¢�−−ëå
¢ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥, ¢ à�¬ª�å à�§à�¡®âª¨ �¢â®¬�â¨§¨à®¢�−−®£® áà¥¤áâ¢� �ââ¥-
áâ�æ¨¨.

„«ï à¥�«¨§�æ¨¨ à�¡®âë á¥à¢¥à−®£® ¬®¤ã«ï ¡ë«� ¨á¯®«ì§®¢�−� á¨áâ¥¬� ã¯à�¢-
«¥−¨ï �„ (‘“�„) MySQL [2], ¢ ç�áâ−®áâ¨ ¨§ á®®¡à�¦¥−¨© ®âáãâáâ¢¨ï ®£à�−¨-
ç¥−¨© −� ¨á¯®«ì§®¢�−¨¥ ¢ ¯à®¥ªâ�å á ®âªàëâë¬ ¨áå®¤−ë¬ ª®¤®¬. ÷�§à�¡®âª�
¯à¨«®¦¥−¨© ¯à®¢®¤¨«�áì ¢ IDE Eclipse −� ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï Java. „«ï
¢§�¨¬®¤¥©áâ¢¨ï Java-¯à¨«®¦¥−¨© á ‘“�„ MySQL ¨á¯®«ì§®¢�− áâ�−¤�àâ JDBC
(Java Database Connectivity).

3.1 Обеспечение безопасности

‘¨áâ¥¬� �ââ¥áâ�æ¨¨ ¯®¤¢¥à¦¥−� á«¥¤ãîé¨¬ ®á−®¢−ë¬ ¢¨¤�¬ ã£à®§:

{ ã£à®§� æ¥«®áâ−®áâ¨;

{ ã£à®§� ¤®áâã¯−®áâ¨;

{ ã£à®§� ª®−ä¨¤¥−æ¨�«ì−®áâ¨.

Šà¨â¨ç¥áª¨ ¢�¦−®© ¤«ï á¨áâ¥¬ë �ââ¥áâ�æ¨¨ ï¢«ï¥âáï ã£à®§� à�áªàëâ¨ï ª®−-
ä¨¤¥−æ¨�«ì−ëå á¢¥¤¥−¨© ® ¯®«ì§®¢�â¥«ïå, á®¤¥à¦�−¨¨ â¥áâ®¢ëå ¬�â¥à¨�«®¢,
®â¢¥â®¢ ª −¨¬ ¨ â. ¤.

„«ï à�§£à�−¨ç¥−¨ï ¯à�¢ ¤®áâã¯� ¢ á¨áâ¥¬¥ à¥�«¨§®¢�−ë ¬¥å�−¨§¬ë �¢â®à¨-
§�æ¨¨ ¨ �ãâ¥−â¨ä¨ª�æ¨¨ ¯®«ì§®¢�â¥«¥©. „«ï �¢â®à¨§�æ¨¨ ¯®«ì§®¢�â¥«¥© ¯à¥¤-
«�£�¥âáï ¨á¯®«ì§®¢�−¨¥ áâ�−¤�àâ−®© ¯�àë ú«®£¨−{¯�à®«ìû, ¯à¨ íâ®¬ «®£¨− �¢-
â®¬�â¨ç¥áª¨ ä®à¬¨àã¥âáï ¨§ ª¨à¨««¨ç¥áª®£® ¨¬¥−¨ ¯®«ì§®¢�â¥«ï ¢ á®®â¢¥âáâ¢¨¨
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á® áâ�−¤�àâ�¬¨ ƒ�‘’ ÷ 52535.1-2006. �¥§ �¢â®à¨§�æ¨¨ ¢ á¨áâ¥¬¥ ¯®«ì§®¢�â¥«î
−¥¤®áâã¯−ë ª�ª¨¥-«¨¡® ¤¥©áâ¢¨ï.

’�ª ª�ª ª«¨¥−âáª®¥ ¯à¨«®¦¥−¨¥ åà�−¨â �¤à¥á, «®£¨− ¨ ¯�à®«ì ¤«ï �„ ¢ ¤®-
áâã¯−®¬ ¤«ï ¤¥è¨äà®¢ª¨ ¢¨¤¥, −¥®¡å®¤¨¬® ¨á¯®«ì§®¢�−¨¥ ¤®¯®«−¨â¥«ì−ëå ¬¥à
§�é¨âë ¤«ï ¯à®â¨¢®¤¥©áâ¢¨ï ¯à®â¨¢®¯à�¢−®© �¢â®à¨§�æ¨¨ ¢ �„ á ¨á¯®«ì§®¢�−¨-
¥¬ ®¡ëç−®£® ª«¨¥−â�. „«ï íâ®£® ¨á¯®«ì§®¢�− ¬¥å�−¨§¬ ¤¢ãåíâ�¯−®© �¢â®à¨§�æ¨¨.

�¥à¢®−�ç�«ì−®¥ ¯®¤ª«îç¥−¨¥ ª �„ ¤�¥â ¢®§¬®¦−®áâì ¢ë§¢�âì â®«ìª® åà�-
−¨¬ãî ¯à®æ¥¤ãàã �¢â®à¨§�æ¨¨. ‚ á«ãç�¥ ãá¯¥è−®© �ãâ¥−â¨ä¨ª�æ¨¨ ¯à®æ¥¤ãà�
¢¥à−¥â �¤à¥á, «®£¨− ¨ ¯�à®«ì ¤«ï à�¡®ç¥© ®¡«�áâ¨, ¯®á«¥ ç¥£® ª«¨¥−â ¯®«ãç¨â
¢®§¬®¦−®áâì ¯®¤ª«îç¨âìáï ¨ �¢â®à¨§®¢�âìáï ¯®¢â®à−® ã¦¥ ¢ −¥©.

‚® ¢à¥¬ï ®¡¬¥−� ¨−ä®à¬�æ¨¥© ¢®§¬®¦¥− ¯¥à¥å¢�â ¤�−−ëå (¢ â®¬ ç¨á«¥
¯�à®«¥©) á ¯®¬®éìî MitM-�â�ª (®â �−£«. Man in the Middle) [3], §�ª«îç�-
îé¨åáï ¢ ¯¥à¥å¢�â¥ ¤�−−ëå, ¯¥à¥¤�¢�¥¬ëå ¯® á¥â¨ ¬¥¦¤ã ª«¨¥−â®¬ ¨ á¥à¢¥à®¬.
—â®¡ë ¨§¡¥¦�âì ãâ¥çª¨ ¨−ä®à¬�æ¨¨, ãáâ�−�¢«¨¢�¥âáï è¨äà®¢�−−®¥ á®¥¤¨−¥−¨¥
¬¥¦¤ã á¥à¢¥à®¬ ¨ ª«¨¥−â®¬ á ¯®¬®éìî ¢®§¬®¦−®áâ¥© JDBC ¨ MySQL (®¡¬¥−
¨−ä®à¬�æ¨¥© ¯à®¨áå®¤¨â ¯® ¯à®â®ª®«ã SSL (secure sockets layer)).

�®«ì§®¢�â¥«ìáª¨¥ ¯�à®«¨ ¢ �„ åà�−ïâáï á ¨á¯®«ì§®¢�−¨¥¬ å¥è¨à®¢�−¨ï.
�â®â â¨¯ §�é¨âë ¬®¦¥â ¡ëâì �â�ª®¢�− á ¯®¬®éìî à�¤ã¦−ëå â�¡«¨æ [4] | ¯à¥¤-
¢�à¨â¥«ì−® á£¥−¥à¨à®¢�−−ëå ¯�à ¢¨¤� úäà�§�{å¥èû, ¢ë¯®«−¥−−ëå ¯¥à¥¡®à®¬
¨«¨ ¯® á«®¢�àî. ‚ ª�ç¥áâ¢¥ ¬¥àë ¯à®â¨¢®¤¥©áâ¢¨ï ¤�−−®¬ã â¨¯ã ãï§¢¨¬®áâ¨ −�
¢å®¤ å¥è-äã−ªæ¨¨ SHA-256 ¯®¤�¥âáï áâà®ª� ¨§ ¯�à®«ï ¨ «®£¨−� ¯®«ì§®¢�â¥«ï
(áâà�â¥£¨ï â�ª −�§ë¢�¥¬®£® ú¤®¡�¢«¥−¨ï á®«¨û).

3.2 Проектирование серверной части

’�¡«¨ç−�ï áâàãªâãà� á¥à¢¥à−®© ç�áâ¨ ¬®¦¥â ¡ëâì à�§¤¥«¥−� −� −¥áª®«ìª®
®á−®¢−ëå «®£¨ç¥áª¨å §®−:

{ §®−� ¯®«ì§®¢�â¥«ìáª¨å ¤�−−ëå;
{ §®−� ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨;
{ §®−� â¥áâ®¢;
{ ¢á¯®¬®£�â¥«ì−�ï §®−�.

‡®−� ¯®«ì§®¢�â¥«ìáª¨å ¤�−−ëå ®â¢¥ç�¥â §� åà�−¥−¨¥ ¢á¥å �ªª�ã−â®¢ ¯®«ì-
§®¢�â¥«¥© ¨ á¢ï§�−−®© á −¨¬¨ «¨ç−®© ¨−ä®à¬�æ¨¨. ‚ë¤¥«ïîâáï á«¥¤ãîé¨¥
áãé−®áâ¨, −¥®¡å®¤¨¬ë¥ ¤«ï åà�−¥−¨ï ¯®«ì§®¢�â¥«ìáª®© ¨−ä®à¬�æ¨¨: ú¯®«ì-
§®¢�â¥«ìû, ú£àã¯¯� ¯®«ì§®¢�â¥«¥©û, ú¨¬ïû, úä�¬¨«¨ïû, ú®âç¥áâ¢®û, ú«®£¨−û,
ú¯�à®«ìû, úí«¥ªâà®−−ë© �¤à¥áû, úãç¥¡−�ï £àã¯¯�û, úã−¨¢¥àá¨â¥âû. ˆ§ ¤�−−®£®
á¯¨áª� ¬®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥ áãé−®áâ¨, ª®â®àë¬ ¯®âà¥¡ã¥âáï á®§¤�−¨¥
ª�â�«®£®¢, � á«¥¤®¢�â¥«ì−®, ¨ á®¡áâ¢¥−−ëå â�¡«¨æ:

{ ú¯®«ì§®¢�â¥«ìû;
{ ú£àã¯¯� ¯®«ì§®¢�â¥«¥©û;
{ úã−¨¢¥àá¨â¥âû;
{ úãç¥¡−�ï £àã¯¯�û.
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÷¨á. 1 Œ®¤¥«ì ®â−®è¥−¨© §®−ë ¯®«ì§®¢�â¥«ìáª¨å ¤�−−ëå

Œ®¤¥«ì ®â−®è¥−¨© §®−ë ¯®«ì§®¢�â¥«ìáª¨å ¤�−−ëå ¯à¥¤áâ�¢«¥−� −� à¨á. 1.
‡®−� ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ ¨á¯®«ì§ã¥âáï ¤«ï ®à£�−¨§�æ¨¨ ¤®áâã¯� á ãç¥-

â®¬ ®£à�−¨ç¥−¨©, ãáâ�−®¢«¥−−ëå ¤«ï ®¯à¥¤¥«¥−−ëå ª�â¥£®à¨© ¯®«ì§®¢�â¥«¥©,
� â�ª¦¥ ¤«ï ®¡é¥© ®à£�−¨§�æ¨¨ ¡¥§®¯�á−®áâ¨ ¢−ãâà¨ ¯à¨«®¦¥−¨ï. „«ï à¥�«¨§�-
æ¨¨ £àã¯¯®¢ëå ¯®«¨â¨ª ¡¥§®¯�á−®áâ¨ ¢¢®¤ïâáï ¯®−ïâ¨ï ú®¡ê¥ªâ ¡¥§®¯�á−®áâ¨û
¨ ú¯à�¢¨«® ¡¥§®¯�á−®áâ¨û. Š�¦¤ë© ®¡ê¥ªâ ¡¥§®¯�á−®áâ¨ «®£¨ç¥áª¨ á¢ï§�−
á á®¢¥àè¥−¨¥¬ ªà¨â¨ç¥áª¨å ¤¥©áâ¢¨© ¢ á¨áâ¥¬¥, −�¯à¨¬¥à ¬�−¨¯ã«¨à®¢�−¨¥¬
¤�−−ë¬¨ ¯®áà¥¤áâ¢®¬ ¢ë§®¢®¢ á®®â¢¥âáâ¢ãîé¨å API (application programming
interface), ®âªàëâ¨¥¬ ®¯à¥¤¥«¥−−ëå ¨−â¥àä¥©á®¢ ¨ â. ¤. �à�¢¨«® ¡¥§®¯�á−®áâ¨
á¢ï§ë¢�¥â £àã¯¯ã ¯®«ì§®¢�â¥«¥© ¨ ®¡ê¥ªâ ¡¥§®¯�á−®áâ¨, ®¯à¥¤¥«ïï á®®â¢¥â-
áâ¢ãîé¨© ãà®¢¥−ì ¤®áâã¯�. „�−−�ï ª®−æ¥¯æ¨ï ¯®§¢®«ï¥â ã¯à�¢«ïâì ¤®áâã¯®¬
ª à¥áãàá�¬ á¨áâ¥¬ë ¤«ï £àã¯¯ ¯®«ì§®¢�â¥«¥© ¯®áà¥¤áâ¢®¬ á¢ï§ë¢�−¨ï ®¡ê¥ªâ�
¡¥§®¯�á−®áâ¨ á íâ¨¬ à¥áãàá®¬ ¨ ¯à®¢¥àª¨ ¥£® ãà®¢−ï ¤®áâã¯�. ’�ª¨¬ ®¡à�§®¬,
¢ §®−ã ¡¥§®¯�á−®áâ¨ ¢å®¤ïâ á«¥¤ãîé¨¥ áãé−®áâ¨:

{ ú£àã¯¯� ¯®«ì§®¢�â¥«¥©û;

{ ú¯à�¢¨«® ¡¥§®¯�á−®áâ¨û;

{ ú®¡ê¥ªâ ¡¥§®¯�á−®áâ¨û.

Œ®¤¥«ì ®â−®è¥−¨© §®−ë ¡¥§®¯�á−®áâ¨ ¯à¥¤áâ�¢«¥−� −� à¨á. 2.
‡®−� â¥áâ®¢ ¯à¥¤−�§−�ç¥−� ¤«ï ®à£�−¨§�æ¨¨ åà�−¥−¨ï ¢ �„ §�¤�−¨©, � â�ª¦¥

á¢ï§�−−®© á −¨¬¨ ¨−ä®à¬�æ¨¨.
‚ á¨áâ¥¬¥ ¤®«¦−ë åà�−¨âìáï −¥ â®«ìª® à¥§ã«ìâ�âë ¢ë¯®«−¥−¨ï â¥áâ®¢ ¢ ¢¨¤¥

ç¨á«� ¯à�¢¨«ì−ëå ®â¢¥â®¢ ª ®¡é¥¬ã ç¨á«ã ¢®¯à®á®¢, −® ¨ ª�¦¤ë© ¢®¯à®á ¨ ¢�à¨-

÷¨á. 2 Œ®¤¥«ì ®â−®è¥−¨© §®−ë ¡¥§®¯�á−®áâ¨
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÷¨á. 3 Œ®¤¥«ì ®â−®è¥−¨© §®−ë â¥áâ®¢

�−â ®â¢¥â�, ¢ë¡à�−−ë¥ â¥áâ¨àã¥¬ë¬. „àã£¨¬¨ á«®¢�¬¨, ¢ �„ ¤®«¦−� åà�−¨âìáï
¨−ä®à¬�æ¨ï, ¯®§¢®«ïîé�ï ¢ «î¡®© ¬®¬¥−â ¢à¥¬¥−¨ ¯®á«¥ §�¢¥àè¥−¨ï â¥áâ¨-
à®¢�−¨ï ¢ë£àã§¨âì ¤«ï ª�¦¤®£® áâã¤¥−â� á¯¨á®ª ¢®¯à®á®¢ ¨ á®®â¢¥âáâ¢ãîé¨å
®â¢¥â®¢. �â® ¯®§¢®«¨â á®áâ�¢«ïâì �−�«¨â¨ç¥áª¨¥ ®âç¥âë, ¢¥áâ¨ áâ�â¨áâ¨ªã ¨ ®¡ê-
ïá−ïâì â¥áâ¨àã¥¬ë¬ ¨å ®è¨¡ª¨ ¤«ï ¯®¢ëè¥−¨ï ãá¯¥è−®áâ¨ ®¡à�§®¢�â¥«ì−®£®
¯à®æ¥áá�.

‡�¤�−¨ï ¯®¤à�§¤¥«ïîâáï −� è�¡«®−ë ¨ â¥áâë. ˜�¡«®−ë á®¤¥à¦�â −�áâà®©ª¨
¨ â¨¯ë â¥áâ®¢, â¥ªáâë ¨ â¨¯ë ¢®¯à®á®¢ ¨ ®â¢¥â®¢, ä«�£¨, ®¯à¥¤¥«ïîé¨¥, ï¢«ï¥âáï
«¨ ®â¢¥â ¯à�¢¨«ì−ë¬. ‘�¬¨ ¦¥ â¥áâë (íª§¥¬¯«ïàë â¥áâ®¢, ä®à¬¨àã¥¬ë¥ ¤«ï
ª�¦¤®£® ¯®«ì§®¢�â¥«ï ¢ ¬®¬¥−â −�ç�«� ¨å ¯à®å®¦¤¥−¨ï) åà�−ïâ ®á−®¢−ãî ¨−-
ä®à¬�æ¨î ® §�¯ãáª¥ (¤�â�, ¢à¥¬ï, ¯®«ì§®¢�â¥«ì) ¨ ¬−®¦¥áâ¢® ááë«®ª −� è�¡«®−ë
â¥áâ®¢, ®à£�−¨§®¢�−−ë¥ á ¯®¬®éìî ¢−¥è−¨å ª«îç¥©. ‚®§¬®¦−ë¥ áãé−®áâ¨ ¢ §®−¥
â¥áâ®¢ ¨ á®®â¢¥âáâ¢ãîé�ï ¬®¤¥«ì ®â−®è¥−¨© ¯à¥¤áâ�¢«¥−ë −� à¨á. 3.

‚á¯®¬®£�â¥«ì−�ï §®−� ®¡ê¥¤¨−ï¥â ¢ á¥¡¥ ¢á¥ â�¡«¨æë, ª®â®àë¥ −¥«ì§ï ®â-
−¥áâ¨ −¨ ª ®¤−®© ¨§ ¯à¥¤ë¤ãé¨å ª�â¥£®à¨©; â�ª¨¥ ®¡ê¥ªâë −¥áãâ ¤®¯®«−ïîé¨©
¨ á«ã¦¥¡−ë© å�à�ªâ¥à.

÷�§¤¥«¥−¨¥ áâàãªâãàë �„ −� ®â¤¥«ì−ë¥ §®−ë ¯®§¢®«ï¥â ¢¥áâ¨ −¥§�¢¨á¨¬®
¯à®¥ªâ¨à®¢�−¨¥ ¨ à�§à�¡®âªã ®¡ê¥ªâ®¢ ¢−ãâà¨ ª�¦¤®£® ¨§ −¨å ¡¥§ á−¨¦¥−¨ï
®¡é¥© íää¥ªâ¨¢−®áâ¨. �¡é�ï ¨â®£®¢�ï áâàãªâãà� �„ ¯à¥¤áâ�¢«¥−� −� à¨á. 4.
Šà�âª¨¥ ®¯¨á�−¨ï ¯®«¥© ¯à¨¢¥¤¥−ë ¢ â�¡«¨æ¥ −� á. 70.

3.3 Примеры интерфейсов сервера и клиентов

‚ ¤�−−®¬ à�§¤¥«¥ à�áá¬®âà¨¬ ¯à¨¬¥àë ¨−â¥àä¥©á®¢ ¤«ï àï¤� å�à�ªâ¥à−ëå
á«ãç�¥¢ ª�ª ¤«ï á¥à¢¥à−®©, â�ª ¨ ¤«ï ª«¨¥−âáª®© ç�áâ¥© áà¥¤áâ¢� �ââ¥áâ�æ¨¨.
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÷¨á. 4 �¡é�ï áâàãªâãà� �„

�� à¨á. 5 ¯à¥¤áâ�¢«¥− ¨−â¥àä¥©á á¥à¢¥à−®© ç�áâ¨, ¯®§¢®«ïîé¨© à¥¤�ªâ¨-
à®¢�âì ¡�§ã â¥áâ®¢, ¯à¨ íâ®¬ ®â¢¥â ¤®«¦¥− ¡ëâì ¢¢¥¤¥− ¢ â¥ªáâ®¢®¥ ¯®«¥ ¢ ¢¨¤¥
áâà®ª¨. ‚ ¤�−−®© á¨âã�æ¨¨ −¥®¡å®¤¨¬® ¯à¥¤ãá¬®âà¥âì ¢á¥ ¢®§¬®¦−ë¥ ¢�à¨�−âë
®â¢¥â®¢ ¤«ï ª®àà¥ªâ−®© ®¡à�¡®âª¨ ¯®«ì§®¢�â¥«ìáª®£® ¢¢®¤�. „«ï ª�¦¤®£® ¨§
¢®¯à®á®¢ ¢¨¤ ®â¢¥â� ¬®¦¥â ¡ëâì ¢¨¤®¨§¬¥−¥− á ¯®¬®éìî ¯®«ï ú’¨¯ ¢®¯à®á�û.
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�¯¨á�−¨ï ¯®«¥© ¢ ¨â®£®¢®© áâàãªâãà¥ �„

�®«¥ �¯¨á�−¨¥
accesslevel ãà®¢¥−ì ¤®áâã¯�
answernumber −®¬¥à ®â¢¥â�
answerstring ®â¢¥â-áâà®ª�
answertext â¥ªáâ ®â¢¥â�
coanswer ª®¤ ®â¢¥â�

coanswertemplate ª®¤ è�¡«®−� ®â¢¥â�
coerror ª®¤ ®è¨¡ª¨
coquestion ª®¤ ¢®¯à®á�
coquestioncard ª®¤ è�¡«®−� ¡¨«¥â�
coquestiontemplate ª®¤ è�¡«®−� ¢®¯à®á�
coquestiontype ª®¤ â¨¯� ¢®¯à®á�
cosecurityobject ª®¤ ®¡ê¥ªâ� ¡¥§®¯�á−®áâ¨
cosecurityrule ª®¤ ¯à�¢¨«� ¡¥§®¯�á−®áâ¨
costudygroup ª®¤ ãç¥¡−®© £àã¯¯ë
cotest ª®¤ â¥áâ�

cotesttemplate ª®¤ è�¡«®−� â¥áâ�
cotesttype ª®¤ â¨¯� â¥áâ�
couniversity ª®¤ ã−¨¢¥àá¨â¥â�
couser ª®¤ ¯®«ì§®¢�â¥«ï

cousergroup ª®¤ £àã¯¯ë ¯®«ì§®¢�â¥«¥©
email í«¥ªâà®−−ë© �¤à¥á
eng «�â¨−¨æ�

errortext ®¯¨á�−¨¥ ®è¨¡ª¨
¦nishdate ¤�â� §�¢¥àè¥−¨ï â¥áâ�
¦rstname ¨¬ï
isactive �ªâ¨¢−ë©
iscorrect ¯à�¢¨«ì−ë©
lastname ä�¬¨«¨ï
login «®£¨−

markedcorrect ®â¢¥â
maximumquestions ª®«¨ç¥áâ¢® ¢®¯à®á®¢
middlename ®âç¥áâ¢®
nmquestioncard ¨¬ï è�¡«®−� ¡¨«¥â�
nmquestiontype ¨¬ï â¨¯� ¢®¯à®á�
nmsecurityobject ¨¬ï ®¡ê¥ªâ� ¡¥§®¯�á−®áâ¨
nmstudygroup ¨¬ï ãç¥¡−®© £àã¯¯ë
nmtesttemplate ¨¬ï è�¡«®−� â¥áâ�
nmtesttype −�§¢�−¨¥ â¨¯� â¥áâ�
nmuniversityfull ¯®«−®¥ ¨¬ï ¢ã§�
nmuniversityshort ªà�âª®¥ ¨¬ï ¢ã§�
nmusergroup ¨¬ï £àã¯¯ë ¯®«ì§®¢�â¥«¥©
password ¯�à®«ì

questionnumber −®¬¥à ¢®¯à®á�
questiontext â¥ªáâ ¢®¯à®á�
rus ª¨à¨««¨æ�

startdate −�ç�«® â¥áâ�
testminutes ¢à¥¬ï −� â¥áâ
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÷¨á. 5 �à¨¬¥à ¨−â¥àä¥©á� ¤«ï à¥¤�ªâ¨à®¢�−¨ï â¥áâ®¢ (â¥ªáâ®¢®¥ ¯®«¥ ¤«ï ®â¢¥â�)

‚ −¨¦−¥© ç�áâ¨ ®ª−� á«¥¢� à�á¯®«®¦¥−ë ª−®¯ª¨ ú„®¡�¢¨âìû ¨ ú“¤�«¨âìû ¤«ï
¨§¬¥−¥−¨ï −�¡®à� §�¤�−¨©.

�� à¨á. 6 ¯à¥¤áâ�¢«¥− ¨−â¥àä¥©á á¥à¢¥à−®© ç�áâ¨, ¯®§¢®«ïîé¨© à¥¤�ª-
â¨à®¢�âì ¡�§ã â¥áâ®¢, ¯à¨ íâ®¬ ¬®¦−® ®â¬¥â¨âì áà�§ã −¥áª®«ìª® ¢�à¨�−â®¢.
‚á¥£® ¢ ¡�§ã §�−¥á¥−® 24 ¢®¯à®á�, â¥áâë ¨§ íâ®© ¡�§ë ä®à¬¨àãîâáï á ¯®¬®éìî
á«ãç�©−®© ª®¬¯®−®¢ª¨ 11 §�¤�−¨© ¨§ ®¡é¥© á®¢®ªã¯−®áâ¨ (¤�−−ë© ¯�à�¬¥âà
ãª�§�− ¢ ¯®«¥ úŒ�ªá¨¬ã¬ ¢®¯à®á®¢ ¢ â¥áâ¥û ¨ ¬®¦¥â ¡ëâì ¨§¬¥−¥− ¤«ï ª�¦¤®©
ª®−ªà¥â−®© á¨âã�æ¨¨).

�� à¨á. 7 ¯à¥¤áâ�¢«¥−® ®ª−® à¥£¨áâà�æ¨¨ −®¢®£® ¯®«ì§®¢�â¥«ï ¤«ï ®¡ãç�-
îé¥£®áï (¯à¨«®¦¥−¨¥-ª«¨¥−â). �à¥¤ãá¬®âà¥−® §�¯®«−¥−¨¥ ®¡ï§�â¥«ì−ëå ¯®«¥©
ú”�¬¨«¨ïû, úˆ¬ïû ¨ úE-mailû, ¬®¦−® ¢ë¡à�âì ã−¨¢¥àá¨â¥â, á¢®î £àã¯¯ã ¨§
á¯¨áª� ¯à¥¤«®¦¥−−ëå (¢ ¯à¨¬¥à¥ à�áá¬�âà¨¢�îâáï ãç¥¡−ë¥ £àã¯¯ë Œˆ÷��),
� §�â¥¬ ¢¢¥áâ¨ á®¡áâ¢¥−−ë© ¯�à®«ì.

�à¨¬¥à −� à¨á. 8 ¤¥¬®−áâà¨àã¥â ¢®§¬®¦−®áâì ¢ë¡®à� ®¤−®£® ¢�à¨�−â� ®â-
¢¥â� á ¯®¬®éìî í«¥¬¥−â� ¨−â¥àä¥©á� â¨¯� ú¯¥à¥ª«îç�â¥«ìû. �¡ãç�îé¨©áï
¬®¦¥â ®â¬¥â¨âì ®¤−ã ¨§ ¯®§¨æ¨©, −�¦�âì −� ª−®¯ªã ú�â¢¥â¨âìû ¨ ¯¥à¥©â¨ ª á«¥-
¤ãîé¥¬ã ¢®¯à®áã. ‚ −¨¦−¥© ç�áâ¨ ®ª−� à�á¯®«®¦¥− ¨−¤¨ª�â®à ¢ë¯®«−¥−¨ï,
¯®ª�§ë¢�îé¨© ª®«¨ç¥áâ¢® ¯à®©¤¥−−ëå §�¤�−¨© ¢ ¯à®æ¥−â�å. ‚ «¥¢®© ç�áâ¨ ®ª−�
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÷¨á. 6 �à¨¬¥à ¨−â¥àä¥©á� ¤«ï à¥¤�ªâ¨à®¢�−¨ï â¥áâ®¢ (¢®§¬®¦−®áâì ¢ë¡®à� −¥áª®«ìª¨å
¢�à¨�−â®¢ ®â¢¥â�)

÷¨á. 7 �à¨¬¥à ®ª−� à¥£¨áâà�æ¨¨ −®¢®£® ¯®«ì§®¢�â¥«ï
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÷¨á. 8 �à¨¬¥à ¯à®å®¦¤¥−¨ï â¥áâ� ¯®«ì§®¢�â¥«¥¬

®â®¡à�¦�îâáï ¢á¥ ¢®¯à®áë â¥áâ�, ¯à¨ íâ®¬ â¥ §�¤�−¨ï, ¤«ï ª®â®àëå ¡ë« ¯®«ãç¥−
®â¢¥â, ®â¬¥ç¥−ë á¨¬¢®«®¬ ú

√

û. �� ª�¦¤®¬ íâ�¯¥ ¯à¥¤ãá¬®âà¥−� ¢®§¬®¦−®áâì
§�¢¥àè¥−¨ï â¥áâ¨à®¢�−¨ï. �à¨ íâ®¬, ¥á«¨ ¢ â¥áâ¥ ®áâ�«¨áì −¥¢ë¯®«−¥−−ë¥ §�-
¤�−¨ï, ¯®ï¢¨âáï ¤¨�«®£®¢®¥ ®ª−®, ª®â®à®¥ ¯à¥¤ã¯à¥¤¨â ¯®«ì§®¢�â¥«ï ® ¤�−−®©
á¨âã�æ¨¨.

3.4 Тестирование

‚ á¨áâ¥¬ã á ¯®¬®éìî API á¥à¢¥à−®© ç�áâ¨ ¡ë«¨ ¢¢¥¤¥−ë 24 ¢®¯à®á� ¯® ®¡é¥©
â¥¬�â¨ª¥ ¨ á®®â¢¥âáâ¢ãîé¨¥ ¨¬ ª®àà¥ªâ−ë¥ ¢�à¨�−âë ®â¢¥â®¢. ’¥áâ®¢®¥ §�¤�−¨¥
á®áâ�¢«ï«®áì ¨§ 11 á«ãç�©−ë¬ ®¡à�§®¬ ¢ë¡à�−−ëå ¢®¯à®á®¢. ‚ ¯à®¡−®¬ â¥áâ¨-
à®¢�−¨¨ ¯à¨−ï«¨ ãç�áâ¨¥ 96 ç¥«®¢¥ª, ¨§ −¨å 64 ¯à¨ à¥£¨áâà�æ¨¨ ãª�§�«¨, çâ®
ï¢«ïîâáï áâã¤¥−â�¬¨ Œˆ÷��. �ë«¨ á£¥−¥à¨à®¢�−ë ¨ §�¯ãé¥−ë 125 íª§¥¬¯«ï-
à®¢ â¥áâ®¢, ¯®«−®áâìî ¯à®©¤¥−ë 113 ¨§ −¨å. ‘®¡à�−−�ï áâ�â¨áâ¨ª� ¯®ª�§�«�,
çâ® 43% ãç�áâ−¨ª®¢ ¨á¯®«ì§®¢�«¨ ¯¥àá®−�«ì−ë¥ ª®¬¯ìîâ¥àë á ãáâ�−®¢«¥−−®©
�‘ Windows 8, 40% | Windows 7, 9% | á �‘ −� ¡�§¥ Linux ¨ 8% | á MacOS X.
�¥¯®«�¤®ª ¢ à�¡®â¥ á¨áâ¥¬ë, −�àãè¥−¨© ¯®«¨â¨ª ¡¥§®¯�á−®áâ¨ ¨ ¤àã£¨å ¯à®¡«¥¬
¢ëï¢«¥−® −¥ ¡ë«®.

4 Заключение

‚ áâ�âì¥ ¯®¤à®¡−® à�§®¡à�−� à¥�«¨§�æ¨ï �¢â®¬�â¨§¨à®¢�−−®£® áà¥¤áâ¢� �â-
â¥áâ�æ¨¨ ¤«ï áâã¤¥−â®¢. �¥§ãá«®¢−®, ¯à¨¬¥−¥−¨¥ ¤�−−®£® á¥à¢¨á� −¥ ®£à�−¨ç¥−®
áã£ã¡® ®¡à�§®¢�â¥«ì−ë¬¨ æ¥«ï¬¨ ¢ à�¬ª�å ¢ëáè¥© èª®«ë, ¢®§¬®¦−® ¢−¥¤à¥−¨¥
¯à®æ¥áá®¢ �ââ¥áâ�æ¨¨ ¨ ¤«ï á®âàã¤−¨ª®¢ ®à£�−¨§�æ¨©, ª®¬¯�−¨© ¨ â. ¤. „«ï íâ®-
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£® ¤®áâ�â®ç−® ®¡¥á¯¥ç¨âì ä®à¬¨à®¢�−¨¥ á¯¥æ¨�«ì−ëå ¡�§ §−�−¨© (â¥áâ®¢), çâ®,
¡¥§ãá«®¢−®, ¯à¥¤áâ�¢«ï¥â á®¡®© ®â¤¥«ì−ãî ¨ ¤®áâ�â®ç−® âàã¤®¥¬ªãî §�¤�çã.

�à¥¤«�£�¥¬�ï á¨áâ¥¬� ¢ à�¬ª�å ®á−®¢−®£® äã−ªæ¨®−�«� −�å®¤¨âáï −� ãà®¢−¥
àë−®ç−ëå ¯à¥¤«®¦¥−¨©, ¯à¨ íâ®¬ ï¢«ï¥âáï ªà®áá¯«�âä®à¬¥−−®©, à�áè¨àï¥¬®©
¨ âà¥¡ã¥â ¬¥−ìè¨å §�âà�â −� á¢®¥ ¢−¥¤à¥−¨¥ ¤«ï à�§«¨ç−ëå ®à£�−¨§�æ¨©, ¯à¥¦-
¤¥ ¢á¥£® ¢ëáè¨å ãç¥¡−ëå §�¢¥¤¥−¨©. �à¨ ®¡¥á¯¥ç¥−¨¨ −¥®¡å®¤¨¬®£® ãà®¢−ï
á¥à¢¥à−®£® ®¡®àã¤®¢�−¨ï ¤�−−�ï á¨áâ¥¬� ¬®¦¥â ¯®á«ã¦¨âì ¡�§®© ¤«ï à�§¢¨â¨ï
¤¨áâ�−æ¨®−−ëå ªãàá®¢ ¨ á® §−�ç¨â¥«ì−ë¬ ç¨á«®¬ á«ãè�â¥«¥©.

‚ à�§à�¡®â�−−®© á¨áâ¥¬¥ ¨á¯®«ì§®¢�−ë ª«�áá¨ç¥áª¨¥ áà¥¤áâ¢� ¨¤¥−â¨ä¨ª�-
æ¨¨, ®á−®¢�−−ë¥ −� ¯�à¥ ú«®£¨−{¯�à®«ìû. �¤−�ª® ¤®¯®«−¨â¥«ì−ë© ãà®¢¥−ì
ª®−âà®«ï ¤«ï ¨áª«îç¥−¨ï ¯à®å®¦¤¥−¨ï �ââ¥áâ�æ¨®−−ëå ¬¥à®¯à¨ïâ¨© âà¥âì¨¬¨
«¨æ�¬¨ ¬®¦¥â ®¡¥á¯¥ç¨âì ¨á¯®«ì§®¢�−¨¥ ¢¥¡-ª�¬¥à ¨ ¨−ëå â¥å−¨ç¥áª¨å ¯à¨á¯®-
á®¡«¥−¨©. �à¨ íâ®¬ áâ®¨â ®â¬¥â¨âì, çâ® íâ® ¯®¢ëá¨â −¥ â®«ìª® áâ¥¯¥−ì ª®−âà®«ï,
−® ¨ ã¢¥«¨ç¨â ®¡éãî áâ®¨¬®áâì −�áâ®«ì−®£® à¥è¥−¨ï, à�áá¬®âà¥−−®£® ¢ áâ�âì¥.
�� ¯à¥®¤®«¥−¨¥ ¤�−−®© ¯à®¡«¥¬ë ¡ã¤ãâ −�¯à�¢«¥−ë ¤�«ì−¥©è¨¥ ¨áá«¥¤®¢�−¨ï.
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ON A REALIZATION OF AN AUTOMATED TESTING SERVICE
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Abstract: The paper describes key issues of the development of the auto-
mated multiuser testing system with a centralized data storage and a number
of information security means to protect data against some external threats.
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On a realization of an automated testing service

The service is intended for evaluation of the knowledge and learning success at
different educational stages. Different qualifying works can be created manually
by lecturers. It is very useful option, primarily for the certification in higher
education.
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ПОСТРОЕНИЕ КЛИЕНТСКИХ .NET-ПРИЛОЖЕНИЙ
В РАСПРЕДЕЛЕННЫХ СХЕМОТЕХНИЧЕСКИХ СИСТЕМАХ

АВТОМАТИЗИРОВАННОГО ПРОЕКТИРОВАНИЯ∗

В. Н. Гридин1, В. И. Анисимов2, А. Д. Ахмад3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ®¡é¨¥ ¯à¨−æ¨¯ë ¨ ¬¥â®¤ë ¯®áâà®¥−¨ï ª«¨-
¥−âáª¨å .NET-¯à¨«®¦¥−¨© ¢ à�á¯à¥¤¥«¥−−ëå áå¥¬®â¥å−¨ç¥áª¨å ‘��÷. �®-
ª�§ë¢�¥âáï, çâ® ¯à¨ ¯®áâà®¥−¨¨ â�ª¨å ¯à¨«®¦¥−¨© −¥®¡å®¤¨¬® ®à£�−¨§®¢�âì
¯¥à¥¤�çã ¨ ¯®«ãç¥−¨¥ ¡®«ìè®£® ç¨á«� �à£ã¬¥−â®¢ á ¯à®áâë¬¨ ¨ á«®¦−ë¬¨
â¨¯�¬¨ ¤�−−ëå. �â¬¥ç�¥âáï, çâ® á«¥¤ã¥â ãç¨âë¢�âì ¢®§¬®¦−ãî ®à£�−¨§�æ¨î
ª«¨¥−â-á¥à¢¥à−ëå ¢§�¨¬®¤¥©áâ¢¨© ¢ £¥â¥à®£¥−−ëå áà¥¤�å, ª®£¤� ª«¨¥−âáª¨¥
¨ á¥à¢¥à−ë¥ ¯à¨«®¦¥−¨ï −�¯¨á�−ë −� à�§−ëå ï§ëª�å. �à¨¢®¤¨âáï ¬¥â®¤¨ª�
¯à¥®¡à�§®¢�−¨ï ¤�−−ëå ª ¥¤¨−®®¡à�§−®© ä®à¬¥, çâ® ®¡¥á¯¥ç¨¢�¥â −�¤¥¦−®áâì
äã−ªæ¨®−¨à®¢�−¨ï ª«¨¥−â-á¥à¢¥à−ëå ¢§�¨¬®¤¥©áâ¢¨© ¢ £¥â¥à®£¥−−ëå áà¥¤�å.
�à¥¤«�£�¥âáï ¢ª«îç�âì ¢ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¤®¯®«−¨â¥«ì−ë© ¨−ä®à-
¬�æ¨®−−ë© ¬¥â®¤ ¢¥¡-á«ã¦¡ë, −�§−�ç¥−¨¥¬ ª®â®à®£® ï¢«ï¥âáï à�áè¨à¥−¨¥
WSDL (Web Service Description Language) ¤®ªã¬¥−â�, ¢ ª®â®à®¬ ®âáãâáâ¢ã¥â
¨−ä®à¬�æ¨ï ® ¢ë¡à�−−ëå ¯à¨ ¯®áâà®¥−¨¨ ¢¥¡-á«ã¦¡ë á¯®á®¡�å ¯à¥®¡à�§®-
¢�−¨ï ¬−®£®¬¥à−ëå ¬�áá¨¢®¢ ª ã−¨ä¨æ¨à®¢�−−®© ä®à¬¥. ÷�áá¬�âà¨¢�¥âáï
á®¤¥à¦�−¨¥ ¤®¯®«−¨â¥«ì−®£® ¨−ä®à¬�æ¨®−−®£® ¬¥â®¤� ¢¥¡-á«ã¦¡ë, −¥®¡å®-
¤¨¬®£® ¤«ï ¯®áâà®¥−¨ï ª«¨¥−âáª®£® ¯à¨«®¦¥−¨ï. �â¬¥ç�îâáï ®á®¡¥−−®áâ¨
¯®áâà®¥−¨ï ª«¨¥−âáª¨å Windows-¯à¨«®¦¥−¨© ¨ ¢¥¡-¯à¨«®¦¥−¨©.

Š«îç¥¢ë¥ á«®¢�: á¨áâ¥¬ë �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï; �¢â®¬�â¨-
§�æ¨ï áå¥¬®â¥å−¨ç¥áª®£® ¯à®¥ªâ¨à®¢�−¨ï; ª«¨¥−â-á¥à¢¥à−ë¥ ¢§�¨¬®¤¥©áâ¢¨ï;
¢¥¡-á«ã¦¡ë; £¥â¥à®£¥−−ë¥ áà¥¤ë; à�á¯à¥¤¥«¥−−ë¥ á¨áâ¥¬ë

DOI: 10.14357/08696527160106

1 Введение

�®áâà®¥−¨¥ á¨áâ¥¬ �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï (‘��÷) −� ®á−®-
¢¥ ¨−â¥à−¥â-â¥å−®«®£¨© âà¥¡ã¥â à�§à�¡®âª¨ ¬¥â®¤®¢ à¥�«¨§�æ¨¨ íâ¨å â¥å−®«®£¨©
á ãç¥â®¬ á¯¥æ¨ä¨ª¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¯à®¥ªâ¨à®¢�−¨ï ¨ ®á®¡¥−−®áâ¥© äã−ªæ¨-
®−¨à®¢�−¨ï ¢¥¡-á«ã¦¡ ¢ ª®−ªà¥â−ëå áà¥¤�å. �¥á¬®âàï −� à�§«¨ç¨¥ ä¨§¨ç¥áª®©
¯à¨à®¤ë ¯à¥¤¬¥â−ëå ®¡«�áâ¥©, ¢á¥ ¯¥à¥¬¥−−ë¥ ¢ ª®¬¯®−¥−â−ëå ãà�¢−¥−¨ïå

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 14-07-00112 �).
1–¥−âà ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ ¯à®¥ªâ¨à®¢�−¨¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª (–ˆ’�

÷��), info@ditc.ras.ru
2–¥−âà ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ ¯à®¥ªâ¨à®¢�−¨¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª (–ˆ’�

÷��); ‘�−ªâ-�¥â¥à¡ãà£áª¨© £®áã¤�àáâ¢¥−−ë© í«¥ªâà®â¥å−¨ç¥áª¨© ã−¨¢¥àá¨â¥â ú‹�’ˆû,
vianisimov@inbox.ru

3‘�−ªâ-�¥â¥à¡ãà£áª¨© £®áã¤�àáâ¢¥−−ë© í«¥ªâà®â¥å−¨ç¥áª¨© ã−¨¢¥àá¨â¥â ú‹�’ˆû,
juneidavid@hotmail.com
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�®áâà®¥−¨¥ ª«¨¥−âáª¨å .NET-¯à¨«®¦¥−¨© ¢ à�á¯à¥¤¥«¥−−ëå áå¥¬®â¥å−¨ç¥áª¨å ‘��÷

¬®¤¥«¨àã¥¬®© áå¥¬ë ¬®£ãâ ¡ëâì à�§¤¥«¥−ë −� ¤¢¥ £àã¯¯ë | ¯�à�««¥«ì−ë¥ (¯à®-
¤®«ì−ë¥) ¨ ¯®á«¥¤®¢�â¥«ì−ë¥ (¯®¯¥à¥ç−ë¥) ¯¥à¥¬¥−−ë¥, ¯à¨ íâ®¬ ¤«ï ª�¦¤®©
¯�àë ¯®«îá®¢ ª®¬¯®−¥−â� ¬®¦−® ¢ë¤¥«¨âì äã−¤�¬¥−â�«ì−ë¥ ¯�à�««¥«ì−ãî
¨ ¯®á«¥¤®¢�â¥«ì−ãî ¯¥à¥¬¥−−ë¥, ¯à®¨§¢¥¤¥−¨¥ ª®â®àëå ®¯à¥¤¥«ï¥â ¬®é−®áâì,
¯®¤¢®¤¨¬ãî ª íâ®© ¯�à¥ ¯®«îá®¢ [1]. ’�ª�ï ®¡é−®áâì ®¯¨á�−¨ï ¯¥à¥¬¥−−ëå
¢ à�§«¨ç−ëå á¨áâ¥¬�å ¯®§¢®«ï¥â à¥�«¨§®¢�âì ã−¨¢¥àá�«ì−ë¥ ¢¥¡-á«ã¦¡ë, ª®-
â®àë¥ ¯à¨ ãá«®¢¨¨ ã−¨ä¨ª�æ¨¨ ¯à¥¤�¢�¥¬ëå ¨¬ �à£ã¬¥−â®¢ ¯à¥¤®áâ�¢«ïîâ
¢®§¬®¦−®áâì ®¡á«ã¦¨¢�âì á¨áâ¥¬ë á à�§«¨ç−®© ä¨§¨ç¥áª®© ¯à¨à®¤®©. ‚¬¥áâ¥
á â¥¬ å�à�ªâ¥à¨áâ¨ª¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ áãé¥áâ¢¥−−® ¢«¨ïîâ −� áâàãªâãàã ª«¨-
¥−âáª¨å ¯à¨«®¦¥−¨© ¨ âà¥¡ãîâ ãç¥â� ®á®¡¥−−®áâ¥© ª�¦¤®© ¯à¥¤¬¥â−®© ®¡«�áâ¨
¯à¨ à¥�«¨§�æ¨¨ ª«¨¥−âáª®£® ¯à¨«®¦¥−¨ï. �®íâ®¬ã �ªâã�«ì−®© §�¤�ç¥© ï¢«ï¥âáï
à�áá¬®âà¥−¨¥ ®¡é¨å ¯à¨−æ¨¯®¢ ¯®áâà®¥−¨ï ª«¨¥−âáª¨å ¯à¨«®¦¥−¨© −� ®á−®-
¢¥ ¨¬¥îé¥£®áï ã−¨ä¨æ¨à®¢�−−®£® ®¯¨á�−¨ï ¨−ä®à¬�æ¨®−−ëå ¬�áá¨¢®¢, ç¥à¥§
ª®â®àë¥ ®áãé¥áâ¢«ï¥âáï ª«¨¥−â-á¥à¢¥à−®¥ ¢§�¨¬®¤¥©áâ¢¨¥.

�à¨ ¯®áâà®¥−¨¨ à�á¯à¥¤¥«¥−−ëå ‘��÷ ¢®§¬®¦−® ¨á¯®«ì§®¢�−¨¥ ª�ª
Windows-¯à¨«®¦¥−¨©, â�ª ¨ ¢¥¡-¯à¨«®¦¥−¨© [2{4]. Windows-¯à¨«®¦¥−¨ï ¯®-
§¢®«ïîâ −�¨¡®«¥¥ ¯®«−® à¥�«¨§®¢�âì ®ª®−−ãî £à�ä¨ªã ¨ ®à£�−¨§®¢�âì ¤¨�«®£®¢®¥
¢§�¨¬®¤¥©áâ¢¨¥ ¯®«ì§®¢�â¥«ï á á¨áâ¥¬®©. ‚¥¡-¯à¨«®¦¥−¨ï ¯à¥¤®áâ�¢«ïîâ ¢®§-
¬®¦−®áâì à�§¬¥áâ¨âì ¢á¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ª«¨¥−â� ¢ á¥â¨ ˆ−â¥à−¥â.
„®áâ®¨−áâ¢®¬ â�ª®£® ¯à¨«®¦¥−¨ï ï¢«ï¥âáï ¢®§¬®¦−®áâì ®âªàëâ®£® ¤®áâã¯� ª ¨á-
¯®«ì§®¢�−¨î à�á¯à¥¤¥«¥−−®© ‘��÷ ç¥à¥§ áâ�−¤�àâ−ë© ¡à�ã§¥à, −¥¤®áâ�âª®¬
¢¥¡-¯à¨«®¦¥−¨ï ï¢«ï¥âáï ¯®¢ëè¥−¨¥ ¢à¥¬¥−−‚ëå §�âà�â −� ¢¢®¤ ®¯¨á�−¨ï ª®¬-
¯®−¥−â®¢ ¬®¤¥«¨àã¥¬®© á¨áâ¥¬ë. „«ï ª«¨¥−âáª®£® ¯à¨«®¦¥−¨ï «î¡®£® â¨¯�
¢ë§®¢ ¬¥â®¤®¢ ¢¥¡-á«ã¦¡ë ¢ë¯®«−ï¥âáï ®¤¨−�ª®¢® ¨ ¢®§¬®¦−® ¨á¯®«ì§®¢�−¨¥
«î¡ëå á¯®á®¡®¢ à¥�«¨§�æ¨¨ ª«¨¥−âáª¨å ¯à¨«®¦¥−¨© −� à�§«¨ç−ëå ï§ëª�å. �à¨
−¥®¡å®¤¨¬®áâ¨ ª«¨¥−âáª¨¥ ¯à¨«®¦¥−¨ï ¬®£ãâ ¡ëâì «¥£ª® ¬®¤¨ä¨æ¨à®¢�−ë ¯à¨-
¬¥−¨â¥«ì−® ª ¨§¬¥−ïîé¨¬áï ãá«®¢¨ï¬ ¯à®¥ªâ¨à®¢�−¨ï. Š«¨¥−âáª®¥ ¯à¨«®¦¥−¨¥
«î¡®£® â¨¯� ¬®¦¥â á®¤¥à¦�âì ¡�§ã ¤�−−ëå, ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë ª®â®à®©
á®¤¥à¦�â ®¯¨á�−¨¥ ¯à¨¬¥−ï¥¬ëå ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ª®¬¯®−¥−â®¢.

„«ï à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬ áå¥¬®â¥å−¨ç¥áª®£® ¯à®¥ªâ¨à®¢�−¨ï å�à�ªâ¥à−�
à�¡®â� á ¡®«ìè¨¬ à�§−®®¡à�§¨¥¬ ª®¬¯®−¥−â®¢, ¢ ç¨á«® ª®â®àëå ¢å®¤ïâ à¥§¨áâ®-
àë, ª®−¤¥−á�â®àë, ¨−¤ãªâ¨¢−®áâ¨, ã¯à�¢«ï¥¬ë¥ ç�áâ®â−®-§�¢¨á¨¬ë¥ ¨áâ®ç−¨ª¨
à�§«¨ç−ëå â¨¯®¢ (¨áâ®ç−¨ª¨ â®ª� ¨ −�¯àï¦¥−¨ï, ã¯à�¢«ï¥¬ë¥ −�¯àï¦¥−¨¥¬
¨ â®ª®¬ | ˆ’“�, ˆ�“�, ˆ’“’, ˆ�“’), âà�−áä®à¬�â®àë, ¡¨¯®«ïà−ë¥
¨ ã−¨¯®«ïà−ë¥ âà�−§¨áâ®àë, ®¯¥à�æ¨®−−ë¥ ãá¨«¨â¥«¨, ¨¤¥�«ì−ë¥ âà�−áä®à¬�-
â®àë ¨ ®¯¥à�æ¨®−−ë¥ ãá¨«¨â¥«¨ ¨ ¤à. [5{7]. �à¨ ®à£�−¨§�æ¨¨ ª«¨¥−â-á¥à¢¥à−ëå
¢§�¨¬®¤¥©áâ¢¨© ¤«ï â�ª¨å á¨áâ¥¬ −¥®¡å®¤¨¬® ®à£�−¨§®¢�âì íää¥ªâ¨¢−ãî ¯¥à¥-
¤�çã ¨ ¯®«ãç¥−¨¥ ¡®«ìè®£® ç¨á«� �à£ã¬¥−â®¢ á ¯à®áâë¬¨ ¨ á«®¦−ë¬¨ â¨¯�¬¨
¤�−−ëå. �à¨ íâ®¬ −¥®¡å®¤¨¬® ãç¨âë¢�âì ¢®§¬®¦−ãî à�¡®âã ¢¥¡-á«ã¦¡ë ¨ ª«¨-
¥−âáª¨å ¯à¨«®¦¥−¨© ¢ £¥â¥à®£¥−−ëå áà¥¤�å, ª®£¤� ª«¨¥−âáª¨¥ ¨ á¥à¢¥à−ë¥
¯à¨«®¦¥−¨ï −�¯¨á�−ë −� à�§−ëå ï§ëª�å, −�¯à¨¬¥à −� C# ¨ Java [8, 9].

‚ −�áâ®ïé¥© áâ�âì¥ à�áá¬�âà¨¢�¥âáï ¯à¥¤«�£�¥¬�ï �¢â®à�¬¨ −®¢�ï ¬¥â®¤¨ª�
¯®áâà®¥−¨ï ª«¨¥−âáª¨å ¯à¨«®¦¥−¨© ¢ áà¥¤¥ .NET, ¤�îé�ï ¢®§¬®¦−®áâì, ¢ ®â-
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‚. �. ƒà¨¤¨−, ‚. ˆ. �−¨á¨¬®¢, �. „. �å¬�¤

«¨ç¨¥ ®â ¨¬¥îé¨åáï ¬¥â®¤¨ª, ®¡¥á¯¥ç¨âì −�¤¥¦−®áâì äã−ªæ¨®−¨à®¢�−¨ï ª«¨-
¥−â-á¥à¢¥à−ëå ¢§�¨¬®¤¥©áâ¢¨© ¢ £¥â¥à®£¥−−ëå áà¥¤�å, ¯à¨¬¥−¥−−�ï ¢ à¥�«ì−ëå
§�¤�ç�å ¯®áâà®¥−¨ï ª«¨¥−âáª¨å .NET-¯à¨«®¦¥−¨© à�á¯à¥¤¥«¥−−ëå áå¥¬®â¥å−¨-
ç¥áª¨å ‘��÷.

2 Информационные методы веб-служб и унификация данных

�á−®¢−ë¥ ¯à¨−æ¨¯ë à�§à�¡®âª¨ à�á¯à¥¤¥«¥−−ëå ‘��÷ ®á−®¢�−ë −� ¯à¥¤¯®-
«®¦¥−¨¨, çâ® ¯®áâà®¥−¨¥ ¢¥¡-á«ã¦¡ë ¨ ª«¨¥−âáª¨å ¯à¨«®¦¥−¨© ®áãé¥áâ¢«ï¥âáï
−¥§�¢¨á¨¬® ¤àã£ ®â ¤àã£� à�§−ë¬¨ ª®««¥ªâ¨¢�¬¨ ¯à®£à�¬¬¨áâ®¢. �à¨ íâ®¬ ª�¦-
¤ë© ª®««¥ªâ¨¢ à�§à�¡®âç¨ª®¢, ª�ª ¯à�¢¨«®, −¥ ¨¬¥¥â ¯®«−®© ¨−ä®à¬�æ¨¨ ®¡®
¢á¥å ¤¥â�«ïå ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¯à¨«®¦¥−¨ï, à�§à�¡�âë¢�¥¬®£® ¤àã£¨¬
ª®««¥ªâ¨¢®¬.

•®âï ¯à¨ ¯®áâà®¥−¨¨ ¢¥¡-á«ã¦¡ë ä®à¬¨àã¥âáï WSDL-¤®ªã¬¥−â á ¥¥ ®¯¨-
á�−¨¥¬ ¨ ¤®áâã¯ ª íâ®¬ã ¤®ªã¬¥−âã ¢®§¬®¦¥− ¤® ¯®áâà®¥−¨ï ª«¨¥−âáª®£® ¯à¨-
«®¦¥−¨ï, §�¤�ç� −¥§�¢¨á¨¬®£® ¯®áâà®¥−¨ï ª«¨¥−âáª®£® ¯à¨«®¦¥−¨ï ®áâ�¥âáï
¢¥áì¬� á«®¦−®©. �â® ®¡êïá−ï¥âáï â¥¬, çâ® WSDL-¤®ªã¬¥−â, á ®¤−®© áâ®à®−ë,
®¡¥á¯¥ç¨¢�¥â âà¥¡ã¥¬ãî ¨−ä®à¬�æ¨î ¤«ï ¢®§¬®¦−®áâ¨ ª«¨¥−â-á¥à¢¥à−®£® ¢§�-
¨¬®¤¥©áâ¢¨ï, −®, á ¤àã£®© áâ®à®−ë, −¥ á®¤¥à¦¨â ¤®áâ�â®ç−®© ¨−ä®à¬�æ¨¨ ¤«ï
−¥§�¢¨á¨¬®£® ¯®áâà®¥−¨ï ª«¨¥−âáª®£® ¯à¨«®¦¥−¨ï. ’�ª, ¢ ç�áâ−®áâ¨, ¢ WSDL-
¤®ªã¬¥−â¥ ®âáãâáâ¢ã¥â ¨−ä®à¬�æ¨ï ® ¢ë¡à�−−ëå ¯à¨ ¯®áâà®¥−¨¨ ¢¥¡-á«ã¦¡ë
á¯®á®¡�å ¯à¥®¡à�§®¢�−¨ï ¬−®£®¬¥à−ëå ¬�áá¨¢®¢ ª ¥¤¨−®®¡à�§−®© ä®à¬¥, çâ®
âà¥¡ã¥âáï ¤«ï ®¡¥á¯¥ç¥−¨ï −�¤¥¦−®£® äã−ªæ¨®−¨à®¢�−¨ï ª«¨¥−âáª¨å ¨ á¥à¢¥à-
−ëå ¯à¨«®¦¥−¨© ¢ £¥â¥à®£¥−−ëå áà¥¤�å, ª®£¤� ¯à¨å®¤¨âáï ®âª�§ë¢�âìáï ®â ¯¥-
à¥¤�ç¨ ¨−ä®à¬�æ¨¨ ¬¥¦¤ã â�ª¨¬¨ ¯à¨«®¦¥−¨ï¬¨ ç¥à¥§ ¬−®£®¬¥à−ë¥ ¬�áá¨¢ë.
�®áª®«ìªã ¤«ï ®¯¨á�−¨ï ¢á¥å ª®¬¯®−¥−â®¢ ¬®¤¥«¨àã¥¬®© áå¥¬ë ¨á¯®«ì§ãîâáï
¤¢ã¬¥à−ë¥ ¬�áá¨¢ë, â® −¥®¡å®¤¨¬� ¯à¥¤¢�à¨â¥«ì−�ï ã¯�ª®¢ª� ¤¢ã¬¥à−ëå ¬�á-
á¨¢®¢ ¢ ®¤−®¬¥à−ë¥ á ¯®á«¥¤ãîé¥© ¯¥à¥¤�ç¥© ã¯�ª®¢�−−ëå ¬�áá¨¢®¢ ¢ ª�ç¥áâ¢¥
�à£ã¬¥−â®¢ ¬¥â®¤�¬ ¢¥¡-á«ã¦¡ë. �à®æ¥¤ãàã ã¯�ª®¢ª¨ ¬−®£®¬¥à−ëå ¬�áá¨¢®¢
á«¥¤ã¥â ¢ë¯®«−ïâì â�ª¦¥ ¨ ¯¥à¥¤ ¯¥à¥¤�ç¥© à¥§ã«ìâ�â®¢ à�¡®âë ¢¥¡-á«ã¦¡ë
ª«¨¥−âáª®¬ã ¯à¨«®¦¥−¨î. �®íâ®¬ã ª�¦¤�ï ¢¥¡-á«ã¦¡� à�á¯à¥¤¥«¥−−®© á¨áâ¥¬ë
�¢â®¬�â¨§�æ¨¨ áå¥¬®â¥å−¨ç¥áª®£® ¯à®¥ªâ¨à®¢�−¨ï ¤®«¦−� ®¡¥á¯¥ç¨¢�âì à�§à�-
¡®âç¨ª®¢ ª«¨¥−âáª¨å ¯à¨«®¦¥−¨© ¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¥©, −¥®¡å®¤¨¬®©
¤«ï −¥§�¢¨á¨¬®£® ®â à�§à�¡®âç¨ª� ¢¥¡-á«ã¦¡ë ¯®áâà®¥−¨ï íâ¨å ¯à¨«®¦¥−¨©. ’�-
ª�ï §�¤�ç� ¬®¦¥â ¡ëâì à¥è¥−� ¯ãâ¥¬ ¯®áâà®¥−¨ï ¢ ¢¥¡-á«ã¦¡¥ ¤®¯®«−¨â¥«ì−®£®
¨−ä®à¬�æ¨®−−®£® ¬¥â®¤�, −�¯à¨¬¥à Info( ), −¥ ¨¬¥îé¥£® �à£ã¬¥−â®¢ ¨ ¢®§¢à�-
é�îé¥£® ¯à®áâãî áâà®ª®¢ãî ¯¥à¥¬¥−−ãî. ‘®¤¥à¦�−¨¥ íâ®© ¯¥à¥¬¥−−®© ¤®«¦−®
®¡ï§�â¥«ì−® ¢ª«îç�âì ¢ á¥¡ï:

{ �«£®à¨â¬ ¯à¥®¡à�§®¢�−¨ï ¬−®£®¬¥à−ëå ¬�áá¨¢®¢ ®¯¨á�−¨ï ª®¬¯®−¥−â®¢ áå¥-
¬ë ª ã−¨ä¨æ¨à®¢�−−®© ä®à¬¥ In comp, Z comp, ®¡¥á¯¥ç¨¢�îé¥© £�à�−â¨à®-
¢�−−®¥ äã−ªæ¨®−¨à®¢�−¨¥ à�á¯à¥¤¥«¥−−®© á¨áâ¥¬ë ¢ £¥â¥à®£¥−−ëå áà¥¤�å;

{ ®¯¨á�−¨¥ ¢®§¢à�é�¥¬ëå à¥§ã«ìâ�â®¢ à�¡®âë ¬¥â®¤®¢ ¢¥¡-á«ã¦¡ë ¢ ã−¨ä¨-
æ¨à®¢�−−®© ä®à¬¥;
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�®áâà®¥−¨¥ ª«¨¥−âáª¨å .NET-¯à¨«®¦¥−¨© ¢ à�á¯à¥¤¥«¥−−ëå áå¥¬®â¥å−¨ç¥áª¨å ‘��÷

{ ®¯¨á�−¨¥ ¯à¥®¡à�§®¢�−¨ï ã−¨ä¨æ¨à®¢�−−®© ä®à¬ë ¢®§¢à�é�¥¬ëå à¥§ã«ì-
â�â®¢ ¬¥â®¤®¢ ¢¥¡-á«ã¦¡ë ª ¢¨¤ã, âà¥¡ã¥¬®¬ã ¤«ï ®â®¡à�¦¥−¨ï à¥§ã«ìâ�â®¢
à�¡®âë ¢¥¡-á«ã¦¡ë ¢ ª«¨¥−âáª¨å ¯à¨«®¦¥−¨ïå.

…á«¨ ¯à¨ ¯®áâà®¥−¨¨ ¢¥¡-á«ã¦¡ë ¢¢¥áâ¨ á®¤¥à¦�−¨¥ íâ®© ¯¥à¥¬¥−−®© ¢ �à-
£ã¬¥−â Description �âà¨¡ãâ� WebServices ¤«ï ¬¥â®¤� Info, â® á®¤¥à¦�−¨¥ íâ®©
¯¥à¥¬¥−−®© ®â®¡à�§¨âáï ¢ ¡à�ã§¥à¥ ¯à¨ ¢¢®¤¥ URL (Uniform Resource Locator)
�¤à¥á� ¢¥¡-á«ã¦¡ë, � â�ª¦¥ ¢ WSDL-¤®ªã¬¥−â¥. �à¨ íâ®¬ −¥â −¥®¡å®¤¨¬®-
áâ¨ ¢ë§®¢� á�¬®£® ¬¥â®¤� Info, çâ® ¤�¥â ¢®§¬®¦−®áâì ¢ë¯®«−¨âì à�§à�¡®âªã
ª«¨¥−âáª®£® ¯à¨«®¦¥−¨ï −¥§�¢¨á¨¬® ®â à�§à�¡®âç¨ª� ¢¥¡-á«ã¦¡ë.

’�ª¨¬ ®¡à�§®¬, ¥á«¨ ¤«ï ®¯¨á�−¨ï ª®¬¯®−¥−â®¢ ª�ª®£®-«¨¡® ¢¨¤� ®âªàëâ
¤¢ã¬¥à−ë© ¬�áá¨¢ −¥ª®â®à®£® â¨¯� T á ¨¬¥−¥¬ arr comp, ç¨á«® áâà®ª ª®â®à®£®
(ç¨á«® ª®¬¯®−¥−â®¢ ¤�−−®£® ¢¨¤�) ¨¬¥¥â §−�ç¥−¨¥ ncomp, � ç¨á«® áâ®«¡æ®¢
¬�áá¨¢� ¨¬¥¥â §−�ç¥−¨¥ ncol, â. ¥.

Tarr comp = new T[ncomp+ 1, ncol] ,

£¤¥ áâà®ª� á −ã«¥¢ë¬ ¨−¤¥ªá®¬ −¥ ¨á¯®«ì§ã¥âáï, â® â�ª®© ¬�áá¨¢ ¯®á«¥ §�¯®«−¥−¨ï
¥£® ¢ ª«¨¥−âáª®¬ ¯à¨«®¦¥−¨¨ ¤®«¦¥− ¡ëâì ã¯�ª®¢�− ¯® áâ®«¡æ�¬ ¢ ®¤−®¬¥à−ë©
¬�áá¨¢ á ¨¬¥−¥¬ Arr comp, â. ¥.

T Arr comp = new T[(ncol − 1) ∗ ncomp + 1] ,
¯à¨ íâ®¬ í«¥¬¥−â á −ã«¥¢ë¬ ¨−¤¥ªá®¬ −¥ ¨á¯®«ì§ã¥âáï.

�−�«®£¨ç−ë¬ ®¡à�§®¬ ¢ ¬¥â®¤�å ¢¥¡-á«ã¦¡ ã¯�ª®¢ë¢�îâáï ¬−®£®¬¥à−ë¥
¬�áá¨¢ë á à¥§ã«ìâ�â�¬¨ à�¡®âë íâ¨å ¬¥â®¤®¢, ¯à¨ íâ®¬ �«£®à¨â¬ ¯à¥®¡à�§®¢�−¨ï
¬−®£®¬¥à−ëå ¬�áá¨¢®¢ ®¯¨áë¢�¥âáï ¢ ¨−ä®à¬�æ¨®−−®¬ ¬¥â®¤¥ ¢¥¡-á«ã¦¡ë.

3 Реализация клиентских Windows-приложений .NET

Š«¨¥−âáª¨¥ Windows-¯à¨«®¦¥−¨ï ¯®§¢®«ïîâ −�¨¡®«¥¥ íää¥ªâ¨¢−® à¥�«¨§®-
¢�âì á¨áâ¥¬−ë¥ áà¥¤áâ¢� ®ª®−−®© £à�ä¨ª¨ ¨ ®à£�−¨§®¢�âì ¤¨�«®£®¢®¥ ¢§�¨¬®¤¥©-
áâ¢¨¥ ¯®«ì§®¢�â¥«ï á á¨áâ¥¬®©. ‚−¥ §�¢¨á¨¬®áâ¨ ®â ¢¨¤� ª®−ªà¥â−®£® ª«¨¥−âáª®£®
¯à¨«®¦¥−¨ï ¥£® áâàãªâãà� ¤®«¦−� ¡ëâì ¯®áâà®¥−� ¢ á®®â¢¥âáâ¢¨¨ á ¡«®ª-áå¥¬®©,
¯à¨¢¥¤¥−−®© −� à¨á. 1.

‚ ¯¥à¢®¬ ¡«®ª¥ ®áãé¥áâ¢«ï¥âáï ¢¢®¤ ®¯¨á�−¨ï ª®¬¯®−¥−â®¢ ¬®¤¥«¨àã¥¬®©
áå¥¬ë. „«ï ª�¦¤®£® ª®¬¯®−¥−â�, ª ª®â®àë¬ ®â−®áïâáï ¤¢ãå¯®«îá−¨ª¨ â¨¯�R, C,
L, ç�áâ®â−®-§�¢¨á¨¬ë¥ ã¯à�¢«ï¥¬ë¥ ¨áâ®ç−¨ª¨, âà�−áä®à¬�â®àë, ¡¨¯®«ïà−ë¥
âà�−§¨áâ®àë, ã−¨¯®«ïà−ë¥ âà�−§¨áâ®àë, ®¯¥à�æ¨®−−ë¥ ãá¨«¨â¥«¨, §�¤�îé¨¥
¨áâ®ç−¨ª¨ â®ª� ¨ −�¯àï¦¥−¨ï, §¤¥áì ¤®«¦−ë ¡ëâì áä®à¬¨à®¢�−ë ¬�áá¨¢ ¢ª«îç¥-
−¨ï ª®¬¯®−¥−â� in comp ¨ ¬�áá¨¢ §−�ç¥−¨© ¥£® ¯�à�¬¥âà®¢ z comp, ¨ ®¡� ¬�áá¨¢�
¤®«¦−ë ¡ëâì ¤¢ã¬¥à−ë¬¨. „«ï à¥�«¨§�æ¨¨ ¢¢®¤� ®¯¨á�−¨ï á ª«�¢¨�âãàë æ¥-
«¥á®®¡à�§−® á®§¤�−¨¥ á®¢®ªã¯−®áâ¨ ¤¨�«®£®¢ëå ®ª®−, å®âï ¢®§¬®¦−® ®¯¨á�−¨¥
ª®¬¯®−¥−â®¢ −¥¯®áà¥¤áâ¢¥−−® ¢ â¥ªáâ®¢®¬ ä�©«¥ ¢ à�á¯à®áâà�−¥−−®¬ Spice-ä®à-
¬�â¥ á ¯®á«¥¤ãîé¨¬ ¯à¥®¡à�§®¢�−¨¥¬ ¥£® ¢ ¬�áá¨¢ë ®¯¨á�−¨ï ª®¬¯®−¥−â®¢. �à¨
¯®áâà®¥−¨¨ ¯¥à¢®£® ¡«®ª� −¥®¡å®¤¨¬® â�ª¦¥ ¯à¥¤ãá¬®âà¥âì ¢®§¬®¦−®áâì §�¯¨á¨
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¢¢¥¤¥−−®£® á ª«�¢¨�âãàë ®¯¨á�−¨ï

÷¨á. 1 ‘âàãªâãà� ª«¨¥−âáª®£® ¯à¨«®¦¥−¨ï

áå¥¬ë ¢ ä�©«, � â�ª¦¥ à¥�«¨§®-
¢�âì ¯®¢â®à−ë© ¢¢®¤ ®¯¨á�−¨ï áå¥¬ë
−¥¯®áà¥¤áâ¢¥−−® ¨§ ä�©«�. Šà®¬¥
â®£®, á«¥¤ã¥â à�áè¨à¨âì íâ®â ¡«®ª
¯à®£à�¬¬−®© à¥�«¨§�æ¨¥© á¨áâ¥¬ë
à¥¤�ªâ¨à®¢�−¨ï ®â¤¥«ì−ëå ª®¬¯®-
−¥−â®¢ ¤«ï ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨
à¥�«¨§�æ¨¨ ¬−®£®¢�à¨�−â−ëå à�áç¥-
â®¢ ¬®¤¥«¨àã¥¬®© áå¥¬ë.

�«®ª ¢¢®¤� ¤¨à¥ªâ¨¢ à�áç¥â� à¥-
�«¨§ã¥âáï ¢ á®®â¢¥âáâ¢¨¨ á ®¡é¥© æ¥-
«¥¢®© äã−ªæ¨¥© ¢¥¡-á«ã¦¡ë. ’�ª,
¯à¨ ¯®áâà®¥−¨¨ ¢¥¡-á«ã¦¡ë ¤«ï ¬®-
¤¥«¨à®¢�−¨ï áå¥¬ ¢ ç�áâ®â−®© ®¡«�áâ¨
ª ¤¨à¥ªâ¨¢�¬ à�áç¥â� ®â−®á¨âáï ¢¨¤
ç�áâ®â−®© å�à�ªâ¥à¨áâ¨ª¨ ¨ §�¤�−¨¥
¢å®¤−ëå ¨ ¢ëå®¤−ëå ã§«®¢.

‚ á«¥¤ãîé¥¬ ¡«®ª¥ à¥�«¨§ã¥â-
áï �«£®à¨â¬ ¯à¥®¡à�§®¢�−¨ï ¬−®-
£®¬¥à−ëå ¬�áá¨¢®¢ ®¯¨á�−¨ï ª®¬-
¯®−¥−â®¢ áå¥¬ë in comp ¨ z comp
ª ã−¨ä¨æ¨à®¢�−−®© ä®à¬¥ ®¤−®¬¥à-
−ëå ¬�áá¨¢®¢ In comp ¨ Z comp, çâ®
®¡¥á¯¥ç¨¢�¥â £�à�−â¨à®¢�−−®¥ äã−ª-

æ¨®−¨à®¢�−¨¥ à�á¯à¥¤¥«¥−−®© á¨áâ¥¬ë ¢ £¥â¥à®£¥−−ëå áà¥¤�å. ‘«¥¤ãîé¨©
¡«®ª á®¤¥à¦¨â ®¯¥à�â®à ä®à¬¨à®¢�−¨ï ¯à®ªá¨-®¡ê¥ªâ� ¤«ï ¢§�¨¬®¤¥©áâ¢¨ï ¢¥¡-
á«ã¦¡ë á ª«¨¥−âáª¨¬¨ ¯à¨«®¦¥−¨ï¬¨ (−�¯à¨¬¥à, MFD ws = new MFD(), £¤¥
MFD| ¨¬ï ¢¥¡-á«ã¦¡ë, §�¤�−−®¥ §−�ç¥−¨¥¬ �à£ã¬¥−â� Name ¯à¨ á®§¤�−¨¨ ¢¥¡-
á«ã¦¡ë). �à¨ §�âàã¤−¥−¨ïå á §�¯¨áìî íâ®£® ®¯¥à�â®à�, � â�ª¦¥ ®¯¥à�â®à� ¤«ï
¢ë§®¢� ®á−®¢−®£® ¬¥â®¤� Calc ¢¥¡-á«ã¦¡ë ¨å ¬®¦−® ¨§¢«¥çì ¨§ WSDL-¤®ªã-
¬¥−â� ¢¥¡-á«ã¦¡ë, £¤¥ ¤«ï ¨−ä®à¬�æ¨®−−®£® ¬¥â®¤� Info ®â®¡à�¦�¥âáï �à£ã¬¥−â
Description �âà¨¡ãâ� WebServices (à¨á. 2).

‚ WSDL-¤®ªã¬¥−â¥ ¤«ï ¨−ä®à¬�æ¨®−−®£® ¬¥â®¤� Info â�ª¦¥ ®¯¨áë¢�¥âáï
�«£®à¨â¬ à�á¯�ª®¢ª¨ ¢®§¢à�é�¥¬®£® ¬�áá¨¢� Out. ÷¥§ã«ìâ�âë à�á¯�ª®¢ª¨ íâ®£®
¬�áá¨¢� ®â®¡à�¦�îâáï ¢ ª«¨¥−âáª®¬ ¯à¨«®¦¥−¨¨.

„«ï à�áè¨à¥−¨ï ¢®§¬®¦−®áâ¥© Windows-¯à¨«®¦¥−¨ï ¬®¦−® ¢ª«îç¨âì ¢ −¥£®
¤®¯®«−¨â¥«ì−ë¥ äã−ªæ¨¨:

{ ¢¢®¤ ®¯¨á�−¨ï ª®¬¯®−¥−â®¢ ¨§ ¡�§ë ¤�−−ëå;

{ ¢ë¢®¤ ®¯¨á�−¨ï áå¥¬ë ¢ ¡�§ã ¤�−−ëå;

{ ¢ë¢®¤ à¥§ã«ìâ�â®¢ à�áç¥â� ¢ âà¥¡ã¥¬®© â�¡«¨ç−®© ä®à¬¥;

{ ¢¢®¤ ®¯¨á�−¨ï áå¥¬ë ¯à¨ ¯®¬®é¨ £à�ä¨ç¥áª®£® à¥¤�ªâ®à�.
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÷¨á. 2 ”à�£¬¥−â WSDL-¤®ªã¬¥−â� ¢¥¡-á«ã¦¡ëMFD

Šà®¬¥ â®£®, ¬®¦¥â ®ª�§�âìáï æ¥«¥á®®¡à�§−ë¬ á®§¤�−¨¥ ¢áâà®¥−−®£® ¢ ª«¨-
¥−âáª®¥ ¯à¨«®¦¥−¨¥ ¢¥¡-¡à�ã§¥à� ¤«ï ®¡à�é¥−¨ï ª ã¤�«¥−−ë¬ ¡�§�¬ ¤�−−ëå.

4 Реализация клиентских веб-приложений .NET

Š«¨¥−âáª¨¥ ¢¥¡-¯à¨«®¦¥−¨ï ¯à¥¤®áâ�¢«ïîâ ¢®§¬®¦−®áâì à�á¯®«®¦¨âì ª�ª
ª«¨¥−âáªãî, â�ª ¨ á¥à¢¥à−ãî ç�áâì à�á¯à¥¤¥«¥−−®© á¨áâ¥¬ë ¢ á¥â¨ ˆ−â¥à−¥â.
„®áâ®¨−áâ¢®¬ â�ª®© ®à£�−¨§�æ¨¨ ª«¨¥−â-á¥à¢¥à−®£® ¢§�¨¬®¤¥©áâ¢¨ï ï¢«ï¥âáï
®âªàëâë© ¤®áâã¯ ª ¨á¯®«ì§®¢�−¨î á¨áâ¥¬ë ç¥à¥§ áãé¥áâ¢ãîé¥¥ ª«¨¥−âáª®¥ ¢¥¡-
¯à¨«®¦¥−¨¥ ¡¥§ −¥®¡å®¤¨¬®áâ¨ ¯®áâà®¥−¨ï ª«¨¥−âáª®£® ¯à¨«®¦¥−¨ï −� ª®¬¯ìî-
â¥à¥ ¯®«ì§®¢�â¥«ï. ˆ§¢¥áâ−ë¬ −¥¤®áâ�âª®¬ â�ª®£® ¯®¤å®¤� ï¢«ï¥âáï ã¢¥«¨ç¥−¨¥
¢à¥¬¥−¨, âà¥¡ã¥¬®£® ¤«ï ¢¢®¤� ®¯¨á�−¨ï ¤�−−ëå ¯à®¥ªâ¨àã¥¬®© á¨áâ¥¬ë, çâ®
á¢ï§�−® á −¥®¡å®¤¨¬®áâìî ®¦¨¤�−¨ï à¥�ªæ¨¨ á¨áâ¥¬ë ¯à¨ ¢¢®¤¥ ¤�−−ëå.

‚®§¬®¦−ë à�§«¨ç−ë¥ á¯®á®¡ë à�§¬¥é¥−¨ï ¢ á¥â¨ ª«¨¥−âáª®£® ¢¥¡-¯à¨«®-
¦¥−¨ï. �¥à¢ë© á¯®á®¡ ¯à¥¤¯®«�£�¥â à�§¬¥é¥−¨¥ ª«¨¥−âáª®£® ¢¥¡-¯à¨«®¦¥−¨ï
¢ â®¬ ¦¥ ã§«¥ á¥â¨, £¤¥ à�á¯®«®¦¥−� ¢¥¡-á«ã¦¡�. ‚â®à®© á¯®á®¡ §�ª«îç�¥â-
áï ¢ à�á¯®«®¦¥−¨¨ ª«¨¥−âáª®£® ¢¥¡-¯à¨«®¦¥−¨ï −� ª®¬¯ìîâ¥à¥ ¯®«ì§®¢�â¥«ï.
ˆ −�ª®−¥æ, âà¥â¨© á¯®á®¡ ¯à¥¤ãá¬�âà¨¢�¥â ¢ë¤¥«¥−¨¥ ¤«ï ª«¨¥−âáª®£® ¢¥¡-¯à¨-
«®¦¥−¨ï ®â¤¥«ì−®£® ã§«�, £¤¥ ¡ã¤ãâ à�á¯®«®¦¥−ë ¢á¥ ª«¨¥−âáª¨¥ ¢¥¡-¯à¨«®¦¥−¨ï
à�á¯à¥¤¥«¥−−®© á¨áâ¥¬ë.

‚−¥ §�¢¨á¨¬®áâ¨ ®â ¢ë¡à�−−®£® á¯®á®¡� à�§¬¥é¥−¨ï ¢ á¥â¨ ª«¨¥−âáª®£®
¢¥¡-¯à¨«®¦¥−¨ï ¥£® ¢ë§®¢ ®áãé¥áâ¢«ï¥âáï −¥¯®áà¥¤áâ¢¥−−® ç¥à¥§ ¡à�ã§¥à ¯®«ì-
§®¢�â¥«ìáª®£® ª®¬¯ìîâ¥à� ¯ãâ¥¬ ¢¢®¤� ¢ −¥£® á®®â¢¥âáâ¢ãîé¥£® URL-�¤à¥á�.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 1 2016 81



‚. �. ƒà¨¤¨−, ‚. ˆ. �−¨á¨¬®¢, �. „. �å¬�¤

„«ï ¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨ ¯®áâà®¥−¨ï ª«¨¥−âáª®£® ¢¥¡-¯à¨«®¦¥−¨ï ¢ áà¥-
¤¥ .NET ¯à®é¥ ¢á¥£® ¢®á¯®«ì§®¢�âìáï è�¡«®−®¬ ASP.NET Empty Web Site, çâ®
¯à¨¢®¤¨â ª á®§¤�−¨î ¯à¨«®¦¥−¨ï á ¥¤¨−áâ¢¥−−ë¬ ä�©«®¬ web.config ¢¥áì¬�
¯à®áâ®© áâàãªâãàë. ‚ë¡®à®¬ ¯ã−ªâ� ¬¥−î WebSite |Add New Item á ¯®á«¥¤ã-
îé¥© �ªâ¨¢¨§�æ¨¥© è�¡«®−� Web Form ¬®¦−® ¯®áâà®¨âì âà¥¡ã¥¬ë¥ áâà�−¨æë
ASP.NET ¨ á®§¤�âì −¥®¡å®¤¨¬ë¥ ä�©«ë á à�áè¨à¥−¨¥¬ .aspx.

‚á¥ á®§¤�¢�¥¬ë¥ áâà�−¨æë ASP.NET ¤®«¦−ë ¢ë¯®«−ïâì á«¥¤ãîé¨¥ §�¤�ç¨:

{ ¢ë¡®à −¥ª®â®à®£® §−�ç¥−¨ï ¨ ¯¥à¥å®¤ ª ¤àã£®© áâà�−¨æ¥. ‘âà�−¨æë íâ®£®
â¨¯� ¯®§¢®«ïîâ ®à£�−¨§®¢�âì äã−ªæ¨®−¨à®¢�−¨¥ £«�¢−®£® ¬¥−î ª«¨¥−âáª®£®
¢¥¡-¯à¨«®¦¥−¨ï;

{ à¥�«¨§�æ¨ï ¢¢®¤� −¥ª®â®à®© á®¢®ªã¯−®áâ¨ ¯¥à¥¬¥−−ëå á ¯¥à¥å®¤®¬ ª −�ç�«ì-
−®© áâà�−¨æ¥. ‘âà�−¨æë íâ®£® â¨¯� ¯®§¢®«ïîâ ®áãé¥áâ¢¨âì ¢¢®¤ ¨§ â¥ªáâ®¢ëå
®ª®− ¢ ¯à®£à�¬¬ã −¥ª®â®à®© á®¢®ªã¯−®áâ¨ §−�ç¥−¨© ¯¥à¥¬¥−−ëå á ¯¥à¥å®¤®¬
¯®á«¥ §�¢¥àè¥−¨ï ¢¢®¤� ª −�ç�«ì−®© áâà�−¨æ¥ Default.aspx;

{ ®¤−®à�§®¢ë© ¢¢®¤ −¥ª®â®à®© á®¢®ªã¯−®áâ¨ ¯¥à¥¬¥−−ëå á ¯¥à¥å®¤®¬ ª á«¥¤ã-
îé¥© áâà�−¨æ¥. ‘âà�−¨æë íâ®£® â¨¯� ¯®§¢®«ïîâ ®áãé¥áâ¢¨âì ®¤−®à�§®¢ë©
¢¢®¤ ¨§ â¥ªáâ®¢ëå ®ª®− ¢ ¯à®£à�¬¬ã −¥ª®â®à®© á®¢®ªã¯−®áâ¨ §−�ç¥−¨© ¯¥-
à¥¬¥−−ëå á ¯¥à¥å®¤®¬ ¯®á«¥ §�¢¥àè¥−¨ï ¢¢®¤� ª á«¥¤ãîé¥© áâà�−¨æ¥, ¨¬ï
ª®â®à®© ®¯à¥¤¥«ï¥âáï ¢ á®®â¢¥âáâ¢¨¨ á® §−�ç¥−¨ï¬¨ íâ¨å ¯¥à¥¬¥−−ëå;

{ æ¨ª«¨ç¥áª¨© ¢¢®¤ −¥ª®â®à®© á®¢®ªã¯−®áâ¨ ¯¥à¥¬¥−−ëå á ¯¥à¥å®¤®¬ ª á«¥¤ã-
îé¥© áâà�−¨æ¥. ‘âà�−¨æë íâ®£® â¨¯� ¯®§¢®«ïîâ ®áãé¥áâ¢¨âì æ¨ª«¨ç¥áª¨©
¢¢®¤ ¨§ ¤¨�«®£®¢ëå â¥ªáâ®¢ëå ®ª®− ¢ ¯à®£à�¬¬ã −¥ª®â®à®© á®¢®ªã¯−®áâ¨
§−�ç¥−¨© ¯¥à¥¬¥−−ëå á ¯¥à¥å®¤®¬ ¯®á«¥ §�¢¥àè¥−¨ï æ¨ª«� ª á«¥¤ãîé¥©
áâà�−¨æ¥, ¨¬ï ª®â®à®© ®¯à¥¤¥«ï¥âáï á®£«�á−® §−�ç¥−¨ï¬ ¯¥à¥¬¥−−ëå, ®¯à¥-
¤¥«ïîé¨å à�§¬¥à−®áâì áå¥¬ë;

{ ¢ë§®¢ ¬¥â®¤� ¢¥¡-á«ã¦¡ë ¨ ¢ë¢®¤� à¥§ã«ìâ�â®¢ ¥£® à�¡®âë. ‘âà�−¨æë
íâ®£® â¨¯�, ª�ª ¯à�¢¨«®, −¥ ¨¬¥îâ í«¥¬¥−â®¢ ã¯à�¢«¥−¨ï ¤«ï ¢¢®¤� ¤�−−ëå
¨ á®¤¥à¦�â â®«ìª® áªà¨¯â«¥âë, ¢ ª®â®àëå ¯à¨¢®¤¨âáï ª®¤ ¤«ï ¢ë§®¢� ¢¥¡-
á¥à¢¨á� ¨ ®â®¡à�¦¥−¨ï à¥§ã«ìâ�â®¢ ¥£® à�¡®âë. ‡¤¥áì â�ª¦¥ à�§¬¥é�¥âáï ª®¤
¤«ï ã¯�ª®¢ª¨ ¯¥à¥¤�¢�¥¬ëå ¢¥¡-á«ã¦¡¥ ¤�−−ëå ¢ ®¤−®¬¥à−ë¥ ¬�áá¨¢ë.

�®áª®«ìªã ª«¨¥−âáª¨¥ ¢¥¡-¯à¨«®¦¥−¨ï ¤«ï à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬ áå¥¬®-
â¥å−¨ç¥áª®£® ¯à®¥ªâ¨à®¢�−¨ï ¬®£ãâ á®¤¥à¦�âì §−�ç¨â¥«ì−®¥ ç¨á«® ASP.NET-
áâà�−¨æ, â® ¨á¯®«ì§®¢�−¨¥ è�¡«®−®¢ â�ª¨å áâà�−¨æ ¯®¢ëè�¥â íää¥ªâ¨¢−®áâì
à�§à�¡®âª¨ ª«¨¥−âáª¨å ¢¥¡-¯à¨«®¦¥−¨©, â�ª ª�ª áâ�−®¢¨âáï ¢®§¬®¦−ë¬ ¬−®-
£®ªà�â−®¥ ¨á¯®«ì§®¢�−¨¥ â¨¯®¢ëå áâàãªâãà á −¥§−�ç¨â¥«ì−ë¬¨ ¨§¬¥−¥−¨ï¬¨ ¨å
¯à®£à�¬¬−®£® ª®¤�.

5 Заключение

•�à�ªâ¥à¨áâ¨ª¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ áãé¥áâ¢¥−−® ¢«¨ïîâ −� áâàãªâãàã ª«¨-
¥−âáª¨å ¯à¨«®¦¥−¨© ¨ âà¥¡ãîâ ãç¥â� ®á®¡¥−−®áâ¥© ª�¦¤®© ¯à¥¤¬¥â−®© ®¡«�áâ¨
¯à¨ à¥�«¨§�æ¨¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ª«¨¥−âáª®£® ¯à¨«®¦¥−¨ï. �¢â®à�-
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¬¨ ¯à¥¤«®¦¥−� ¬¥â®¤¨ª� ¯®áâà®¥−¨ï ¤®¯®«−¨â¥«ì−®£® ¨−ä®à¬�æ¨®−−®£® ¬¥â®¤�,
−�§−�ç¥−¨¥¬ ª®â®à®£® ï¢«ï¥âáï à�áè¨à¥−¨¥ WSDL-¤®ªã¬¥−â�, ®â«¨ç�îé�ïáï
®â ¨§¢¥áâ−ëå à�−¥¥ ¬¥â®¤¨ª −�«¨ç¨¥¬ ¨−ä®à¬�æ¨ï ® ¢ë¡à�−−ëå ¯à¨ ¯®áâà®¥−¨¨
¢¥¡-á«ã¦¡ë á¯®á®¡�å ¯à¥®¡à�§®¢�−¨ï ¬−®£®¬¥à−ëå ¬�áá¨¢®¢ ª ã−¨ä¨æ¨à®¢�−-
−®© ä®à¬¥. ˆá¯®«ì§®¢�−¨¥ ¯à¥¤«�£�¥¬®© ¬¥â®¤¨ª¨ −� ®á−®¢¥ ®¡é¨å ¯à¨−æ¨¯®¢
¯®áâà®¥−¨ï ª«¨¥−âáª¨å ¯à¨«®¦¥−¨© ¤«ï à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬ �¢â®¬�â¨§�æ¨¨
áå¥¬®â¥å−¨ç¥áª®£® ¯à®¥ªâ¨à®¢�−¨ï ¯®§¢®«ï¥â áãé¥áâ¢¥−−® ¯®¢ëá¨âì íää¥ªâ¨¢-
−®áâì äã−ªæ¨®−¨à®¢�−¨ï â�ª¨å á¨áâ¥¬. „®áâ®¨−áâ¢®¬ à�áá¬®âà¥−−®£® ¯®¤å®¤�
ï¢«ï¥âáï ¢®§¬®¦−®áâì ®à£�−¨§�æ¨¨ ª«¨¥−â-á¥à¢¥à−ëå ¢§�¨¬®¤¥©áâ¢¨© ¢ á«ãç�ïå,
ª®£¤� ª«¨¥−âáª¨¥ ¨ á¥à¢¥à−ë¥ ¯à¨«®¦¥−¨ï −�¯¨á�−ë −� à�§−ëå ï§ëª�å. �à¨-
¢¥¤¥−−�ï ¬¥â®¤¨ª� ¯à¥®¡à�§®¢�−¨ï ¤�−−ëå ª ¥¤¨−®®¡à�§−®© ä®à¬¥ ®¡¥á¯¥ç¨¢�¥â
−�¤¥¦−®áâì äã−ªæ¨®−¨à®¢�−¨ï ª«¨¥−â-á¥à¢¥à−ëå ¢§�¨¬®¤¥©áâ¢¨© ¢ £¥â¥à®£¥−-
−ëå áà¥¤�å.
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Abstract: The paper deals with the general principles and methods of building
client .NET-applications in distributed circuit computer-aided design. It is
shown that the construction of such applications requires the transfer and
reception of a large number of arguments with simple and complex data types.
It is noted that the organization should consider the client{server interactions
in heterogeneous environments, when client and server applications are written
in different languages. The paper describes the technique of converting data to
a uniform manner, which ensures reliable operation of client{server interactions in
heterogeneous environments. It is proposed to include the additional information
software Web service method, the purpose of which is to expand the WSDL-
document in which there is no information about selected when building a Web
service methods converting multidimensional arrays to a unified form. The paper
describes the content of the additional information of the Web service method
necessary to build the client application. The paper describes the particular
features of client build Windows-based applications and Web applications.
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ПРОБЛЕМЫ ОБЕСПЕЧЕНИЯ СЕМАНТИЧЕСКОЙ
ГЕОИНТЕРОПЕРАБЕЛЬНОСТИ И СОГЛАСОВАНИЯ

ПОНИМАНИЯ СЕМАНТИКИ ГЕОДАННЫХ∗

С. К. Дулин1, Н. Г. Дулина2, Д. А. Никишин3

�−−®â�æ¨ï: �á−®¢−®© §�¤�ç¥© à�¡®âë áâ�¢¨«�áì ¢ëà�¡®âª� æ¥«®áâ−®£® ¨ ¯®
¢®§¬®¦−®áâ¨ ¢á¥áâ®à®−−¥£® ¢§£«ï¤� −� ¯à®¡«¥¬ã ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ (ˆ�,
�−£«. Interoperability) ¢§�¨¬®¤¥©áâ¢ãîé¨å ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (ˆ‘) ¢®-
®¡é¥ ¨ á¥¬�−â¨ç¥áª®£® �á¯¥ªâ� íâ®© ¯à®¡«¥¬ë ¢ ç�áâ−®áâ¨. ÷�áá¬�âà¨¢�îâáï
®á−®¢−ë¥ ¯à¨ç¨−ë ¢®§−¨ª−®¢¥−¨ï ¯à®¡«¥¬ë ¬¥¦á¨áâ¥¬−®© ˆ�, ¥¥ à�§«¨ç−ë¥
®¯à¥¤¥«¥−¨ï ¨ ¯®¤å®¤ë ª ¥¥ áâàãªâãà¨§�æ¨¨, −� ®á−®¢�−¨¨ ç¥£® á¤¥«�−� ¯®-
¯ëâª� áâàãªâãà¨à®¢�âì ¯à®¡«¥¬ã ˆ�, ¢ëï¢«ïîâáï −¥®¤−®§−�ç−ë¥ ¬®¬¥−âë
¨ ¯à¥¤«�£�îâáï ¢®§¬®¦−ë¥ ¢�à¨�−âë ¨å ãáâà�−¥−¨ï. �−�«¨§¨àã¥âáï á®áâ®-
ï−¨¥ ¤¥« ¢ ®¡«�áâ¨ áâ�−¤�àâ¨§�æ¨¨ ¬¥â�¤�−−ëå, −� ®á−®¢�−¨¨ ç¥£® á¤¥«�−
¢ë¢®¤ ® −¥®¡å®¤¨¬®áâ¨ áâ�−¤�àâ¨§�æ¨¨ ä®à¬ ¨ á¯®á®¡®¢ ¢ë¯®«−¥−¨ï ¯®¨áª®-
¢ëå §�¯à®á®¢ ¨ ¬¥¦á¨áâ¥¬−ëå äã−ªæ¨®−�«ì−ëå ¢ë§®¢®¢. ÷�áá¬�âà¨¢�îâáï
®á−®¢−ë¥ ¬®¬¥−âë ¯à®¡«¥¬ë ¯®−¨¬�−¨ï á¬ëá«� ¤�−−ëå, áãé¥áâ¢ãîé¨¥ ¯®¤-
å®¤ë ª ¥¥ áâàãªâãà¨à®¢�−¨î ¨ à¥è¥−¨î.

Š«îç¥¢ë¥ á«®¢�: £¥®¤�−−ë¥; á¥¬�−â¨ç¥áª�ï £¥®¨−â¥à®¯¥à�¡¥«ì−®áâì; ®−â®-
«®£¨¨; Semantic Web

DOI: 10.14357/08696527160107

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï, ª�ª −¨ª®£¤� à�−¥¥, �ªâã�«ì−ë ¨ ®áâàë ¯à®¡«¥¬ë ¨−-
ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¡¥áç¨á«¥−−®£® ¬−®¦¥áâ¢� ˆ‘ | ª�ª −� ãà®¢−¥
à�§«¨ç−ëå £®áã¤�àáâ¢¥−−ëå ¨ −¥£®áã¤�àáâ¢¥−−ëå ®à£�−¨§�æ¨©, ¢¥¤®¬áâ¢, ª®¬-
¯�−¨©, â�ª ¨ −� ¬¥¦¤ã−�à®¤−®¬ ãà®¢−¥ | ¢−¥è−¥¯®«¨â¨ç¥áª¨å á®î§®¢, ¡«®ª®¢
áâà�− ¨ â. ¯. ’�ª, ¢ à�¡®â¥ [1] ®â¬¥ç�¥âáï, çâ® ¨§-§� à�áâãé¥© ¢§�¨¬®á¢ï§�−-
−®áâ¨ ¨−ä®à¬�æ¨®−−ëå ¯à®æ¥áá®¢ ¨ £«®¡�«¨§�æ¨¨ á¨áâ¥¬ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï
à¥è¥−¨© ã¢¥«¨ç¨¢�¥âáï æ¥−� ª�¦¤®© ®è¨¡ª¨ ¯à¨ ¯à¨−ïâ¨¨ à¥è¥−¨©, � à¥�ª-
æ¨ï −� ¯à¨−¨¬�¥¬ë¥ à¥è¥−¨ï ¯à¨å®¤¨â ¡ëáâà¥¥, á®ªàãè¨â¥«ì−¥¥. ˆ ®¤−¨¬
¨§ ªà�¥ã£®«ì−ëå ª�¬−¥© ¯à®¡«¥¬ë ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï, −�àï¤ã

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 14-07-00040).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, s.dulin@ccas.ru.
2‚ëç¨á«¨â¥«ì−ë© æ¥−âà ¨¬. �. �. „®à®¤−¨æë−� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�

úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ngdulina@mail.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, dmnikishin@mail.ru
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�à®¡«¥¬ë ®¡¥á¯¥ç¥−¨ï á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨

á ¯à®¡«¥¬�¬¨ ®¡¥á¯¥ç¥−¨ï ª®−ä¨¤¥−æ¨�«ì−®áâ¨, ª®¬¬¥àç¥áª®©, £®áã¤�àáâ¢¥−−®©
â�©−ë, à�§«¨ç¨© §�ª®−®¤�â¥«ì−ëå ¨ îà¨¤¨ç¥áª¨å ¯®¤å®¤®¢ ¨ â. ¯., ï¢«ï¥âáï
¯à®¡«¥¬� ¨−ä®à¬�æ¨®−−®© ˆ�.

–¥«ìî ¤�−−®© áâ�âì¨ ï¢«ï¥âáï �−�«¨§ ¨áª«îç¨â¥«ì−® â¥å−¨ç¥áª®£® �á¯¥ªâ�
¯à®¡«¥¬ë ˆ�, ®à£�−¨§�æ¨®−−ë¥ ¨ ¯à®ç¨¥ �á¯¥ªâë íâ®© ¯à®¡«¥¬ë −¥ §�âà�£¨-
¢�îâáï. ‚ à�¡®â¥ à�áá¬�âà¨¢�îâáï ®á−®¢−ë¥ ¯à¨ç¨−ë ¢®§−¨ª−®¢¥−¨ï ¯à®¡«¥¬ë
ˆ�, ¥¥ à�§«¨ç−ë¥ ®¯à¥¤¥«¥−¨ï ¨ áâàãªâãà�. Š�ª ¡ã¤¥â ¯®ª�§�−® −¨¦¥, ¯à®¡«¥¬�
ˆ� −� â¥å−¨ç¥áª®¬ ãà®¢−¥ ¢ ®¡é¥¬ á«ãç�¥ á¢®¤¨âáï ª ®¡¥á¯¥ç¥−¨î á¥¬�−â¨ç¥-
áª®© ˆ� (�−£«. Semantic Interoperability, SI). ‚ á¢ï§¨ á íâ¨¬ â�ª¦¥ §�âà�£¨-
¢�¥âáï ¯à®¡«¥¬� ¯®−¨¬�−¨ï ¢®®¡é¥ ¨ ¯®−¨¬�−¨ï á¬ëá«� ¤�−−ëå ¢ ç�áâ−®áâ¨,
à�áá¬�âà¨¢�îâáï ¥¥ ®¯à¥¤¥«¥−¨ï ¨ ¯®¤å®¤ë ª áâàãªâãà¨§�æ¨¨ íâ®© ¯à®¡«¥¬ë.
�−�«¨§ã ¯à¨ª«�¤−ëå ¢®¯à®á®¢ ¯®á¢ïé¥− ¯®á«¥¤−¨© à�§¤¥«, £¤¥ à�áá¬�âà¨¢�¥â-
áï ¯à¨¬¥à−ë© ¯®¤å®¤ ª ¯®áâà®¥−¨î ¨ äã−ªæ¨®−¨à®¢�−¨î ¨−â¥à®¯¥à�¡¥«ì−®©
£¨¯¥àá¨áâ¥¬ë (¨−äà�áâàãªâãàë).

2 Определение понятия «интероперабельность»

�á−®¢−ë¥ ¯à¨ç¨−ë ¢®§−¨ª−®¢¥−¨ï ¯à®¡«¥¬ë ˆ� §�ª«îç�îâáï ¢ â®¬, çâ®
ˆ‘ á®§¤�¢�«¨áì (� §�ç�áâãî á®§¤�îâáï ¨ ¯® á¥© ¤¥−ì) áâ¨å¨©−® ¤«ï à¥è¥−¨ï
ª®−ªà¥â−ëå, −�áãé−ëå §�¤�ç ¢ á®®â¢¥âáâ¢¨¨ á à�§−ë¬¨ âà¥¡®¢�−¨ï¬¨, à�§«¨ç-
−ë¬¨ £àã¯¯�¬¨ à�§à�¡®âç¨ª®¢ ¨ ¯® à�§«¨ç−ë¬ â¥å−®«®£¨ï¬, ¢ à�§−®¥ ¢à¥¬ï
¨ ï¢«ïîâáï, ¯® áãé¥áâ¢ã, ç¥à−ë¬¨ ïé¨ª�¬¨ [1]. ‘®åà�−¥−¨¥ áãé¥áâ¢ãîé¥£®
¯®«®¦¥−¨ï ¤¨ªâã¥âáï −¥ â®«ìª® â¥å−®«®£¨ç¥áª¨¬¨ ¯à®¡«¥¬�¬¨, −¥ â®«ìª® ¨−-
¤¨¢¨¤ã�«ì−ë¬¨, ª®à¯®à�â¨¢−ë¬¨, £®áã¤�àáâ¢¥−−ë¬¨ ¨−â¥à¥á�¬¨ (á¤¥«�−−ë¬¨
ª®«®áá�«ì−ë¬¨ ¢«®¦¥−¨ï¬¨, −¥®¡å®¤¨¬®áâìî á®åà�−¥−¨ï �¢â®àáâ¢�, ª®¬¬¥àç¥-
áª®© ¨ £®áã¤�àáâ¢¥−−®© â�©−ë, ¬®−®¯®«ì−®£® ¢«¨ï−¨ï ¨ â. ¯.), −® ¨ ®âáãâáâ¢¨¥¬
¤®áâ�â®ç−® ª®−ªà¥â−®©, ¤¥â�«ì−®©, ã−¨¢¥àá�«ì−®© ¨ ª®−¢¥−æ¨®−�«ì−®© ¬®¤¥-
«¨ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®£® ®¡¬¥−�, ª®â®à�ï ¯®â¥−æ¨�«ì−® ®¡¥á¯¥ç¨«� ¡ë
à¥è¥−¨¥ ¢á¥å ¢¥à®ïâ−ëå §�¤�ç ®¡¥á¯¥ç¥−¨ï ¢§�¨¬®¤¥©áâ¢¨ï, ª®â®àë¥ ¬®£ãâ ¢®§-
−¨ª−ãâì ¯¥à¥¤ á®§¤�¢�¥¬®© ˆ‘ ¯® ªà�©−¥© ¬¥à¥ −� ®á−®¢−®¬ íâ�¯¥ ¥¥ ¦¨§−¥−−®£®
æ¨ª«�.

�à®¢¥¤¥¬ �−�«¨§ ®¯à¥¤¥«¥−¨ï ¯®−ïâ¨ï ú¨−â¥à®¯¥à�¡¥«ì−®áâìû, ®¯¨à�ïáì −�
®â¥ç¥áâ¢¥−−ë© ƒ�‘’ ÷ 55062-2012 ú‘¨áâ¥¬ë ¯à®¬ëè«¥−−®© �¢â®¬�â¨§�æ¨¨
¨ ¨å ¨−â¥£à�æ¨ï. ˆ−â¥à®¯¥à�¡¥«ì−®áâì. �á−®¢−ë¥ ¯®«®¦¥−¨ïû [2]: úˆ−â¥à-
®¯¥à�¡¥«ì−®áâì, −�àï¤ã á® á¢®©áâ¢�¬¨ ú¯¥à¥−®á¨¬®áâìû ¨ ú¬�áèâ�¡¨àã¥¬®áâìû,
¯à¥¤áâ�¢«ï¥â ¢�¦−¥©è¥¥ á¢®©áâ¢® ®âªàëâëå á¨áâ¥¬û; úˆ−â¥à®¯¥à�¡¥«ì−®áâì |
á¯®á®¡−®áâì ¤¢ãå ¨«¨ ¡®«¥¥ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¨«¨ ª®¬¯®−¥−â®¢ ª ®¡¬¥−ã
¨−ä®à¬�æ¨¥© ¨ ª ¨á¯®«ì§®¢�−¨î ¨−ä®à¬�æ¨¨, ¯®«ãç¥−−®© ¢ à¥§ã«ìâ�â¥ ®¡¬¥−�û.

‘®£«�á−® ®¯à¥¤¥«¥−¨î áâ�−¤�àâ� ISO/IEC 24765 úSystems and Software
Engineering Vocabularyû, ú¨−â¥à®¯¥à�¡¥«ì−®áâì | á¯®á®¡−®áâì ¤¢ãå ¨ ¡®«¥¥
á¨áâ¥¬ ¨«¨ í«¥¬¥−â®¢ ®¡¬¥−¨¢�âìáï ¨−ä®à¬�æ¨¥© ¨ ¨á¯®«ì§®¢�âì íâã ¨−ä®à-
¬�æ¨îû. �¤−�ª® −¥ª®â®àë¥ �¢â®àë, §�−¨¬�îé¨¥áï ¯à®¡«¥¬®© ˆ�, ¯à¨å®¤ïâ
ª ¡®«¥¥ à�§¢¥à−ãâ®¬ã ®¯à¥¤¥«¥−¨î ˆ� ª�ª ú®¡¥á¯¥ç¥−¨ï á®£«�á®¢�−−®£® ¢§�¨¬®-
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÷¨á. 1 ˆ««îáâà�æ¨ï �á¨¬¬¥âà¨ç−®© ˆ� ¯à¨ ¢§�¨¬®¤¥©áâ¢¨¨ ˆ‘ á à�§«¨ç−®© äã−ª-
æ¨®−�«ì−®áâìî

¤¥©áâ¢¨ï ãç�áâ−¨ª®¢ â®£® ¨«¨ ¨−®£® ¨−ä®à¬�æ¨®−−®£® ¯à®æ¥áá�, ¤«ï ç¥£® ¤®«¦-
−® ¤®áâ¨£�âìáï á®£«�á®¢�−−®¥ ¯®−¨¬�−¨¥ æ¥«¥© ¨ ¬¥â®¤®¢ ¢§�¨¬®¤¥©áâ¢¨ïû [1].
�à¨ íâ®¬ ¯®¤à�§ã¬¥¢�¥âáï, çâ® ¢ á®¢à¥¬¥−−ëå ãá«®¢¨ïå ¤®«¦−� ®¡¥á¯¥ç¨¢�âìáï
¢®§¬®¦−®áâì ¯®«−®© �¢â®¬�â¨§�æ¨¨ ¯à®æ¥áá� ¨−â¥à¯à¥â�æ¨¨ ãç�áâ¢ãîé¨¬¨ ¢®
¢§�¨¬®¤¥©áâ¢¨¨ ˆ‘ á¬ëá«� ¨−ä®à¬�æ¨¨, ¯à¨−¨¬�¥¬®© ¨§¢−¥. ‡¤¥áì ¬®¦−®
®â¬¥â¨âì âà¨ ¬®¬¥−â�:

(1) ¤¢¥ ¢§�¨¬®¤¥©áâ¢ãîé¨¥ á¨áâ¥¬ë −¥ ®¡ï§�â¥«ì−® ¤®«¦−ë ¡ëâì á¨¬¬¥âà¨ç−ë
¯® áâ¥¯¥−¨ ®¡¥á¯¥ç¥−¨ï ˆ�. ’�ª, −� à¨á. 1 á¨áâ¥¬� � ¬®¦¥â ¡ëâì ¢ ¯®«−®©
¬¥à¥ ¨−â¥à®¯¥à�¡¥«ì−� ¯® ®â−®è¥−¨î ª á¨áâ¥¬¥ �, � ¢®â � ¬®¦¥â ¨ −¥ ¡ëâì
¯®«−®áâìî ¨−â¥à®¯¥à�¡¥«ì−� á �: ª ¯à¨¬¥àã, á¨áâ¥¬� � ¬®¦¥â ®ª�§�âì-
áï á¯¥æ¨ä¨ç¥áª¨¬ ¨−ä®à¬�æ¨®−−ë¬ à¥áãàá®¬ (−�¯à¨¬¥à, ¡�§®© ¤�−−ëå),
ã¬¥îé¨¬ à�¡®â�âì â®«ìª® á® á¢®¨¬¨ úà®¤−ë¬¨û ¤�−−ë¬¨ (â¨¯� � ¨«¨ á®
áâ®à®−−¨¬¨ ¤�−−ë¬¨, −® â®¦¥ á®®â¢¥âáâ¢ãîé¨¬¨ ¨¤¥®«®£¨¨ � ¨ −¨ª�ª®©
¤àã£®©), � á¨áâ¥¬� � ï¢«ï¥âáï ã−¨¢¥àá�«ì−®© á¨áâ¥¬®©, ¤«ï ª®â®à®© ¤�−−ë¥
â¨¯� � ï¢«ïîâáï â®«ìª® ç�áâ−ë¬ á«ãç�¥¬;

(2) −� á¥£®¤−ïè−¨© ¤¥−ì ®âáãâáâ¢ãîâ ®¡é¨¥ ¬¥â®¤ë ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª¨
ˆ� «î¡ëå á¨áâ¥¬, ¨á¯®«ì§ãîé¨å ¯à®¨§¢®«ì−ë© á¯®á®¡ ¢§�¨¬®¤¥©áâ¢¨ï.
�â®¬ã ¢®¯à®áã ¯®á¢ïé¥− àï¤ ¯ã¡«¨ª�æ¨© (á¬., −�¯à¨¬¥à, [3]). �á−®¢−ë¬
¯à¥¯ïâáâ¢¨¥¬ ¤«ï â�ª®© ®æ¥−ª¨ ï¢«ï¥âáï ®âáãâáâ¢¨¥ ª®«¨ç¥áâ¢¥−−ëå å�à�ª-
â¥à¨áâ¨ª áâ¥¯¥−¨ ®¡¥á¯¥ç¥−¨ï ˆ�, ¯®íâ®¬ã ¨á¯®«ì§ã¥âáï áã¡ê¥ªâ¨¢−ë©,
íªá¯¥àâ−ë© ¯®¤å®¤;

(3) çâ® ª�á�¥âáï ú®¡¬¥−�û ¨ ú¨á¯®«ì§®¢�−¨ïû ¨−ä®à¬�æ¨¨, â® §¤¥áì −�¯à�è¨¢�-
¥âáï á«¥¤ãîé¨© ¢®¯à®á: ¥á«¨ ¨−ä®à¬�æ¨î −¥ ¯à¥¤¯®«�£�¥âáï ¨á¯®«ì§®¢�âì,
â® ª�ª®© â®£¤� á¬ëá« ¥î ¢®®¡é¥ ®¡¬¥−¨¢�âìáï?
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�à®¡«¥¬ë ®¡¥á¯¥ç¥−¨ï á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨

’�ª¨¬ ®¡à�§®¬, ¯à¨¢¥¤¥−−ë¥ ¢ áâ�−¤�àâ�å ®¯à¥¤¥«¥−¨ï −¥ à�áªàë¢�îâ áãâ¨
ˆ� ¨ á¢®¤ïâáï ª ¥¥ ¯®−¨¬�−¨î «¨èì ª�ª á¯®á®¡−®áâ¨ ª ¢§�¨¬®¤¥©áâ¢¨î. ‚ íâ®¬
¯«�−¥ ¡®«¥¥ æ¥−−ë¬ ¢ë£«ï¤¨â à�áè¨à¥−−®¥ ®¯à¥¤¥«¥−¨¥, £¤¥ ®¡®§−�ç¥−ë ¯à®-
¡«¥¬ë á®£«�á®¢�−−®£® ¯®−¨¬�−¨ï ¨ ®à£�−¨§�æ¨¨ á®£«�á®¢�−−®£® ¢§�¨¬®¤¥©áâ¢¨ï
ãç�áâ−¨ª®¢ ¢§�¨¬®¤¥©áâ¢¨ï.

3 Структура интероперабельности: уровни интероперабельности

�à¨ áâàãªâãà¨§�æ¨¨ ¯à®¡«¥¬ë ˆ� ¢ ¯«�−¥ â®£®, ª�ª¨¥ ¬¥å�−¨§¬ë §�¤¥©-
áâ¢®¢�−ë ¤«ï ¥¥ ¤®áâ¨¦¥−¨ï, ¯® �−�«®£¨¨ á ¬®¤¥«ìî OSI ¢ë¤¥«ïîâáï −¥áª®«ìª®
ãà®¢−¥© ˆ�, ¯à¨ç¥¬ à�§«¨ç−ë¥ �¢â®àë ¢ë¤¥«ïîâ ®â âà¥å ¤® ¤¥¢ïâ¨ (¨ ¤�¦¥
¤¥áïâ¨) â�ª¨å ãà®¢−¥© [4, 5]. ‚ ƒ�‘’ 7498-1-99 [6] ¡ë«� ¯à¨−ïâ� 7-ãà®¢−¥¢�ï
íâ�«®−−�ï ¬®¤¥«ì ¢§�¨¬®á¢ï§¨ ®âªàëâëå á¨áâ¥¬. ‚ ƒ�‘’ 55062-2012 ¡ë«�
¢¢¥¤¥−� 3-ãà®¢−¥¢�ï íâ�«®−−�ï ¬®¤¥«ì ˆ� [2].

�−�«¨§ ¯ã¡«¨ª�æ¨©, ª�á�îé¨åáï ª«�áá¨ä¨ª�æ¨¨ ãà®¢−¥© ˆ�, ¯®ª�§�« à�§-
«¨ç¨ï ¢ ª®«¨ç¥áâ¢¥ ¢ë¤¥«ï¥¬ëå ãà®¢−¥© ¨ ®¯à¥¤¥«¥−¨ïå ¨å á®¤¥à¦�−¨ï, � â�ª¦¥
−�«¨ç¨¥ à�§«¨ç−ëå ¯®¤å®¤®¢ ª ¨å ¢§�¨¬−®© áâàãªâãà¨§�æ¨¨. ��£«ï¤−®¥ á®¯®-
áâ�¢«¥−¨¥ íâ¨å ãà®¢−¥© ¯à¥¤áâ�¢«¥−® ¢ â�¡«. 1.

’�ª, ¢ ƒ�‘’¥ 55062-2012 [2] ®â¬¥ç�¥âáï, çâ® úâ¥å−¨ç¥áª¨© ãà®¢¥−ì ®¯¨-
áë¢�¥â á¨−â�ªá¨á ¨«¨ ä®à¬�âë ¯¥à¥¤�¢�¥¬®© ¨−ä®à¬�æ¨¨û; úá¥¬�−â¨ç¥áª¨©
ãà®¢¥−ì ®¯¨áë¢�¥â . . . á®¤¥à¦�â¥«ì−ãî áâ®à®−ã ®¡¬¥−¨¢�¥¬®© ¨−ä®à¬�æ¨¨û;
ú®à£�−¨§�æ¨®−−ë© ãà®¢¥−ì �ªæ¥−â¨àã¥â ¢−¨¬�−¨¥ −� ¯à�£¬�â¨ç¥áª¨å �á¯¥ªâ�å
¢§�¨¬®¤¥©áâ¢¨ï (¤¥«®¢ëå ¨«¨ ¯®«¨â¨ç¥áª¨å)û.

‚ ¯ã¡«¨ª�æ¨¨ [4] �¢â®à®¢ ã¯®¬ï−ãâ®£® ƒ�‘’� ¯¥à¥ç¥−ì ãà®¢−¥© ˆ� ¯®«−¥¥,
� ¨å á®¤¥à¦�−¨¥ à�áªàëâ® ¡®«¥¥ à�§¢¥à−ãâ®:

{ úâ¥å−¨ç¥áª�ï ˆ� | á¯®á®¡−®áâì ª ®¡¬¥−ã æ¨äà®¢ë¬¨ á¨£−�«�¬¨, ¯®¤¤¥à¦ª�
á®£«�á®¢�−−ëå (áâ�−¤�àâ¨§®¢�−−ëå) ¨−â¥àä¥©á®¢, ¯à®â®ª®«®¢ ¨ ¬¥å�−¨§¬®¢

’�¡«¨æ� 1 ‘®¯®áâ�¢«¥−¨¥ ãà®¢−¥© ˆ� ¢ à�§«¨ç−ëå ¨áâ®ç−¨ª�å

ƒ�‘’ 55062 [2] ÷�¡®â� [4] ÷�¡®â� [3]

�¡®¡é¥−−ë¥ ãà®¢−¨ ˆ�
(§� ¨áª«îç¥−¨¥¬ ®â¬¥ç¥−−®£®
á¥àë¬ æ¢¥â®¬, á®®â¢¥âáâ¢ãîâ
ª«�áá¨ä¨ª�æ¨¨ ¢ à�¡®â¥ [7])

’¥å−¨ç¥áª�ï
’¥å−¨ç¥áª�ï ”¨§¨ç¥áª�ï

’¥å−¨ç¥áª�ï

”¨§¨ç¥áª�ï
‘¨−â�ªá¨ç¥áª�ï ‘¨−â�ªá¨ç¥áª�ï ‘¨−â�ªá¨ç¥áª�ï

‘¥¬�−â¨ç¥áª�ï ‘¥¬�−â¨ç¥áª�ï ‘¥¬�−â¨ç¥áª�ï ‘¥¬�−â¨ç¥áª�ï
�à�£¬�â¨ç¥áª�ï �à�£¬�â¨ç¥áª�ï
„¨−�¬¨ç¥áª�ï Š®−á®«¨¤�æ¨®−−�ï

�à£�−¨§�-
�à£�−¨§�æ¨®−−�ï

�à£�−¨§�- �à£�−¨§�-
Š®®à¤¨−�æ¨®−−�ï

æ¨®−−�ï
Š®−æ¥¯âã�«ì−�ï

æ¨®−−�ï æ¨®−−�ï�¡¬¥−−�ï
ˆ−â¥£à�æ¨®−−�ï
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¤®áâã¯� ª ¨−ä®à¬�æ¨®−−ë¬ à¥áãàá�¬û | â. ¥. §¤¥áì ã¦¥ à¥çì ¨¤¥â â®«ìª®
® ¯à®â®ª®«�å ¯¥à¥¤�ç¨ ¤�−−ëå â¨¯� TCP/IP ¨ â. ¯., � ä®à¬�âë ¤�−−ëå
¯¥à¥−¥á¥−ë ¢ á¨−â�ªá¨ç¥áªãî ˆ�. ‚ â�ª®¬ ª®−â¥ªáâ¥ â¥å−¨ç¥áªãî ˆ� ¬®¦−®
¯®−¨¬�âì ª�ª á¯®á®¡−®áâì ¢®á¯à¨−¨¬�âì ¯®â®ª¨ ¨−ä®à¬�æ¨¨ ¡¥§ §−�−¨ï â®£®,
ª�ª ®−¨ ãáâà®¥−ë ¨ çâ® ®−¨ á®¡®© ¯à¥¤áâ�¢«ïîâ;

{ úá¨−â�ªá¨ç¥áª�ï ˆ� | á¯®á®¡−®áâì ª ®¡¬¥−ã ¤�−−ë¬¨û | §¤¥áì, ¯® ¢á¥©
¢¨¤¨¬®áâ¨, ¨¬¥¥âáï ¢ ¢¨¤ã á¯®á®¡−®áâì ˆ‘ ú¯®−¨¬�âìû ä®à¬�âë ¤�−−ëå
(¢ ç�áâ−®áâ¨, ä�©«®¢), â. ¥. á¯®á®¡−®áâì �−�«¨§¨à®¢�âì ¨ à�§¡¨à�âì ¨−ä®à¬�-
æ¨®−−ë¥ ¯®â®ª¨ −� á®áâ�¢«ïîé¨¥ ¨å ¨−ä®à¬�æ¨®−−ë¥ áãé−®áâ¨: §−�ç�é¨¥
¯®«ï, à�§¤¥«¨â¥«¨ ¨ ¯à®ç¨¥ í«¥¬¥−âë, � â�ª¦¥ ¢®ááâ�−�¢«¨¢�âì ¨å ¢§�¨¬−ãî
áâàãªâãàã (¨¥à�àå¨ç¥áªãî ¨«¨ ¤à.);

{ úá¥¬�−â¨ç¥áª�ï ˆ� | á¯®á®¡−®áâì ª ®¡¬¥−ã ¨−ä®à¬�æ¨¥©û | §¤¥áì, ¯®-
¢¨¤¨¬®¬ã, ¨¤¥â à¥çì ®¡ ú®á¬ëá«¥−¨¨û ®â¤¥«ì−ëå áâàãªâãà−ëå í«¥¬¥−â®¢
¤�−−ëå ¨ á®¯®áâ�¢«¥−¨¨ ¨¬ â¥å ¨«¨ ¨−ëå á¬ëá«®¢ (¢ ¢¨¤¥ ®¯¨á�−¨© ¨«¨
®¡à�§®¢ ®¡ê¥ªâ®¢), â. ¥. á¯®á®¡−®áâì ˆ‘ ®¯à¥¤¥«ïâì á¬ëá« ¢ë¤¥«¥−−ëå −�
¯à¥¤ë¤ãé¥¬ íâ�¯¥ ¨−ä®à¬�æ¨®−−ëå áãé−®áâ¥© (®â®¦¤¥áâ¢«ïâì ¨å á §�«®-
¦¥−−ë¬¨ ¢ ¤�−−®© ˆ‘ â¥§�ãàãá�¬¨), çâ®¡ë ¢ ¤�«ì−¥©è¥¬ ¯à¨¬¥−ïâì ¨å
¢ ¯à®æ¥áá¥ á¢®¥© à�¡®âë ¢ á®®â¢¥âáâ¢ãîé¥¬ ª�ç¥áâ¢¥.

„�«¥¥ ¢ [4] à�áá¬�âà¨¢�îâáï ¥é¥ −¥áª®«ìª® ¢¨¤®¢ ˆ� (å®âï ¢ [5] ®−¨ à�á-
á¬�âà¨¢�îâáï ª�ª ¯®¤¢¨¤ë á¥¬�−â¨ç¥áª®©), ¢ â®¬ ç¨á«¥ ú¯à�£¬�â¨ç¥áª�ï |
á¯®á®¡−®áâì ª á®¢¬¥áâ−®¬ã ¨á¯®«ì§®¢�−¨î ¨−ä®à¬�æ¨¨ ¢ ª®−â¥ªáâ¥ à¥è�¥¬ëå
§�¤�çû, â. ¥. á¯®á®¡−®áâì à�§−®â¨¯−ëå, −® −¥ à�§−®à®¤−ëå ¤�−−ëå ¨á¯®«ì§®¢�âì-
áï á®¢¬¥áâ−® ¢ ¯à®æ¥áá¥ à¥è¥−¨ï â®© ¨«¨ ¨−®© ª®−ªà¥â−®© §�¤�ç¨ (®âà�¡®âª¥
äã−ªæ¨¨); ®¯à¥¤¥«¥−¨ï ®áâ�«ì−ëå ¢¨¤®¢ ˆ�, ¯à¨¢¥¤¥−−ë¥ ¢ [4] (ú¤¨−�¬¨ç¥-
áª�ïû, ú®à£�−¨§�æ¨®−−�ïû, úª®−æ¥¯âã�«ì−�ïû, ú−� ®á−®¢¥ ®¡¬¥−�û, ú¨−â¥£à�æ¨-
®−−�ïû), ®â−®áïâáï áª®à¥¥ ª ®à£�−¨§�æ¨®−−®¬ã ãà®¢−î ¯à®¡«¥¬ë ˆ� ¨ ¢ à�¬ª�å
§�¤�ç¨ ¤�−−®£® ¨áá«¥¤®¢�−¨ï ¨−â¥à¥á� −¥ ¯à¥¤áâ�¢«ïîâ.

‚ à�¡®â¥ [3] ¯à¨¢®¤¨âáï â�ª®© ¯¥à¥ç¥−ì úãà®¢−¥©û ˆ�:

{ ä¨§¨ç¥áª�ï | úá¯®á®¡−®áâì . . . ˆ‘ . . . ª ®¡¬¥−ã á¨£−�«�¬¨ . . . −� ®á−®-
¢¥ ¯®¤¤¥à¦ª¨ á®£«�á®¢�−−ëå ¨−â¥àä¥©á®¢, ª®¬¬ã−¨ª�æ¨®−−ëå ¯à®â®ª®«®¢
¨ ¬¥å�−¨§¬®¢ ¤®áâã¯� ª åà�−¨«¨é�¬ ¤�−−ëåû;

{ á¨−â�ªá¨ç¥áª�ï | úá¯®á®¡−®áâì . . . ˆ‘ . . . ª ®¡¬¥−ã ¤�−−ë¬¨. . . −� ®á−®¢¥
á®£«�á®¢�−¨ï ª®¤®¢, ä®à¬�â®¢ ¨ â¨¯®¢ ¤�−−ëåû;

{ á¥¬�−â¨ç¥áª�ï | úá¯®á®¡−®áâì . . . ˆ‘ . . . ª á®£«�á®¢�−−®¬ã äã−ªæ¨®−¨-
à®¢�−¨î −� ®á−®¢¥ ¥¤¨−®©, −¥¤¢ãá¬ëá«¥−−®©, �¤¥ª¢�â−®© ¨−â¥à¯à¥â�æ¨¨
¨−ä®à¬�æ¨¨, ¯®«ãç¥−−®© ¢ à¥§ã«ìâ�â¥ ®¡¬¥−�û;

{ ®à£�−¨§�æ¨®−−�ï | úá¯®á®¡−®áâì . . . ¡¨§−¥á-®¡ê¥ªâ®¢ . . . ¨á¯®«ì§ãîé¨å,
¢®§¬®¦−®, à�§«¨ç−ãî ¨−ä®à¬�æ¨®−−ãî ¨−äà�áâãªâãàã, ª á®£«�á®¢�−−®¬ã
äã−ªæ¨®−¨à®¢�−¨îû | â. ¥. ¤�−−ë© ãà®¢¥−ì ®â−®á¨âáï ã¦¥ −¥ ª á�¬¨¬ ˆ‘,
� ª ¨á¯®«ì§ãîé¨¬ ¨å ¡¨§−¥á-áã¡ê¥ªâ�¬.
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�à®¡«¥¬ë ®¡¥á¯¥ç¥−¨ï á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨

‡¤¥áì á«¥¤ã¥â ¥é¥ à�§ ®£®¢®à¨âìáï, çâ® ¤�−−�ï à�¡®â� ®£à�−¨ç¨¢�¥âáï â®«ìª®
â¥å−¨ç¥áª¨¬ �á¯¥ªâ®¬ ¯à®¡«¥¬ë ˆ�, ªã¤� ¬®¦−® ®â−¥áâ¨ ä¨§¨ç¥áª¨©, á¨−â�ª-
á¨ç¥áª¨© ¨ á¥¬�−â¨ç¥áª¨© ãà®¢−¨, � â�ª¦¥ ¯à�£¬�â¨ç¥áª¨© (¢ ¯®−¨¬�−¨¨ [4]).
’�ª¨¥ ãà®¢−¨, ª�ª ®à£�−¨§�æ¨®−−ë©, ¨−â¥£à�æ¨®−−ë© ¨ â. ¯., ¯® ¢á¥© ¢¨¤¨¬®áâ¨,
á«¥¤ã¥â ®â−¥áâ¨ ª ®à£�−¨§�æ¨®−−ë¬ �á¯¥ªâ�¬ ˆ�. ‚ à�¡®â¥ [7] ¯à¥¤áâ�¢«¥−®
áå®¦¥¥ à�§¤¥«¥−¨¥ ¬®¤¥«¨ ¤«ï æ¥«¥© à�§¢¨â¨ï áà¥¤áâ¢ ˆ� ¢ à�á¯à¥¤¥«¥−−ëå
£¥®¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å (ƒˆ‘): â¥å−¨ç¥áª�ï (ªã¤� ¢å®¤ïâ ä¨§¨ç¥áª�ï,
á¨−â�ªá¨ç¥áª�ï, á¥¬�−â¨ç¥áª�ï) ¨ ®à£�−¨§�æ¨®−−�ï (ªã¤� ¢ª«îç¥−ë ª®−á®«¨¤�-
æ¨®−−�ï ¨ ª®®à¤¨−�æ¨®−−�ï).

’¥¯¥àì −�áâ�«® ¢à¥¬ï á®áà¥¤®â®ç¨âìáï −� ¯®−ïâ¨¨ á¥¬�−â¨ç¥áª®© ˆ�. �à®-
�−�«¨§¨àã¥¬ ¥¥ ®¯à¥¤¥«¥−¨¥ ¨§ ƒ�‘’� 55062-2012 [2]: ú‘¥¬�−â¨ç¥áª�ï ¨−â¥-
à®¯¥à�¡¥«ì−®áâì (Semantic Interoperability): ‘¯®á®¡−®áâì «î¡ëå ¢§�¨¬®¤¥©áâ¢ã-
îé¨å ¢ ¯à®æ¥áá¥ ª®¬¬ã−¨ª�æ¨¨ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ®¤¨−�ª®¢ë¬ ®¡à�§®¬
¯®−¨¬�âì á¬ëá« ¨−ä®à¬�æ¨¨, ª®â®à®© ®−¨ ®¡¬¥−¨¢�îâáïû.

‡¤¥áì ¬®¦−® ®â¬¥â¨âì, çâ® ¥á«¨ á¨áâ¥¬ë −¥ ¬®£ãâ ®¤¨−�ª®¢® (� â®ç−¥¥ áª�§�âì,
�¤¥ª¢�â−®) ¯®−¨¬�âì á¬ëá« (á¥¬�−â¨ªã) ®¡¬¥−¨¢�¥¬®© ¨−ä®à¬�æ¨¨, â® â®£¤� ® ª�-
ª®© ®¡à�¡®âª¥ ¤�−−ëå ¬®¦¥â ¨¤â¨ à¥çì ¨, á®®â¢¥âáâ¢¥−−®, ª�ª®© á¬ëá« â�ª®£® ®¡-
¬¥−� ¨−ä®à¬�æ¨¥©, çâ® ¯®«¥§−®£® ¯®«ãç¨âáï ¢ à¥§ã«ìâ�â¥ â�ª®£® ¢§�¨¬®¤¥©áâ¢¨ï?
�®¤¬¥−� ¢ëà�¦¥−¨ï ú®¤¨−�ª®¢ë¬ ®¡à�§®¬û −� ú�¤¥ª¢�â−®û ¯à¨§¢�−� ¯®¤ç¥àª-
−ãâì â® ®¡áâ®ïâ¥«ìáâ¢®, çâ® á¨áâ¥¬� ¤®«¦−� ¯®−¨¬�âì á¬ëá« ¨−ä®à¬�æ¨¨ «¨èì
¢ −¥®¡å®¤¨¬®¬ ¨ ¤®áâ�â®ç−®¬ ¤«ï à¥è¥−¨ï á¢®¨å §�¤�ç ®¡ê¥¬¥, âà¥¡®¢�âì ®â −¥¥
�¡á®«îâ−® ®¤¨−�ª®¢®£® ¨ ¯®«−®£® ¯®−¨¬�−¨ï ¢á¥å â®−ª®áâ¥© ¨ ®á®¡¥−−®áâ¥© ®¡à�-
¡�âë¢�¥¬ëå ¥î ¤�−−ëå −¥ â®«ìª® −¥æ¥«¥á®®¡à�§−®, −®, −�¢¥à−®¥, ¨ −¥¢®§¬®¦−®.

Š ¯à¨¬¥àã, ¬�àèàãâ¨§�â®à ¯¥à¥¤�¥â ¯�ª¥âë, −¥ ú§�¤ã¬ë¢�ïáìû −�¤ â¥¬,
ª�ª®© ª®−â¥−â ®−¨ −¥áãâ (â¥ªáâ, ª�àâ¨−ªã ¨«¨ çâ®-«¨¡® ¤àã£®¥), −® ¢¥¤ì ¤«ï
¯à®æ¥áá� ¯¥à¥¤�ç¨ ®− ¤®«¦¥− ¯®−¨¬�âì, çâ® íâ® ¨¬¥−−® ¯�ª¥âë ¤�−−ëå, ¯à¨ç¥¬
®¯à¥¤¥«¥−−®£® áâ�−¤�àâ� ¨«¨ ¯à®â®ª®«� (−�¯à¨¬¥à, TCP ¨«¨ UDP), ¨ ¢ ¯à®æ¥áá¥
¨å ¯¥à¥¤�ç¨ ¥¬ã âà¥¡ã¥âáï ¢ë¤¥«ïâì, �−�«¨§¨à®¢�âì ¨ ®¡à�¡�âë¢�âì ®¯à¥¤¥«¥−-
−ë¥ ¯®«ï ¯�ª¥â®¢, â. ¥. −¥®¡å®¤¨¬ë© ãà®¢¥−ì á¥¬�−â¨ç¥áª®© ˆ� §¤¥áì ¢á¥ ¦¥
¤®«¦¥− ®¡¥á¯¥ç¨¢�âìáï1.

’�ª¨¬ ®¡à�§®¬, ˆ� ¢ ¯à�ªâ¨ç¥áª®¬ ¯«�−¥ ¤®«¦−� ®¡¥á¯¥ç¨¢�âìáï −� ¢á¥å
ãà®¢−ïå, ¢¯«®âì ¤® ¢¥àå−¥£® | á¥¬�−â¨ç¥áª®£® ãà®¢−ï. �®¤â¢¥à¦¤¥−¨¥ íâ®£®
â¥§¨á� ¨¬¥¥â ¬¥áâ® ¨ ¢ à�¡®â¥ [1], £¤¥ £®¢®à¨âáï, çâ® ú¨−â¥à®¯¥à�¡¥«ì−®áâì
äã−ªæ¨®−�«ì−ëå á¨áâ¥¬ ¬®¦¥â ¡ëâì â®«ìª® á¥¬�−â¨ç¥áª®©û. „«ï ®¡¥á¯¥ç¥−¨ï
ãà®¢−ï á¥¬�−â¨ç¥áª®© ˆ� ¢ ®¡¥¨å ¢§�¨¬®¤¥©áâ¢ãîé¨å á¨áâ¥¬�å ¤®«¦−� ¡ëâì
§�«®¦¥−� ¥¤¨−�ï á¨áâ¥¬� (á«®¢�àì, â¥§�ãàãá) −�¨¬¥−®¢�−¨© â¥£®¢, �âà¨¡ãâ®¢,
ª«îç¥¢ëå á«®¢ ¨ ®¡à�§ã¥¬ëå ¨¬¨ áâàãªâãà (ª«�áá®¢ ¨«¨ ®¡ê¥ªâ®¢), ª�¦¤®¬ã ¨§
ª®â®àëå á®¯®áâ�¢«ï¥âáï â®â ¨«¨ ¨−®© á¬ëá« ¨, á®®â¢¥âáâ¢¥−−®, ¢®§¬®¦−®áâ¨,
¯à�¢¨«� ¨ ®£à�−¨ç¥−¨ï ¨å ®¡à�¡®âª¨.

1•®âï ¢ â® ¦¥ ¢à¥¬ï à�á¯®§−�¢�−¨¥ â¨¯� ª®−â¥−â� ¬�àèàãâ¨§�â®à®¬ ¦¥«�â¥«ì−® ¤«ï à�ááâ�−®¢ª¨
¯à¨®à¨â¥â®¢ ¢ §�¢¨á¨¬®áâ¨ ®â â¨¯� ª®−â¥−â� | çâ®-â® −ã¦−® ¯¥à¥¤�¢�âì ú¢ à¥�«ì−®¬ ¢à¥¬¥−¨û,
� çâ®-â® ¬®¦¥â úáª�ç¨¢�âìáïû ¯® ®áâ�â®ç−®¬ã ¯à¨−æ¨¯ã, ¢ ¯¥à¨®¤ë ¯à®áâ®ï ¨«¨ −¨§ª®© −�£àã§ª¨.
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�� ®á−®¢¥ íâ®£® ¬®¦−® á¤¥«�âì §�ª«îç¥−¨¥, çâ® â�ª −�§ë¢�¥¬ë¥ ãà®¢−¨
ˆ� áª®à¥¥ á«¥¤ã¥â ¯®−¨¬�âì ª�ª −¥®â¤¥«¨¬ë¥ ¤àã£ ®â ¤àã£� �á¯¥ªâë (áâ®à®−ë)
®¡¥á¯¥ç¥−¨ï ˆ�, â�ª ª�ª ¡¥§ ®¡¥á¯¥ç¥−¨ï ª�ª®£®-«¨¡® ¨§ −¨å ® ¯à�ªâ¨ç¥áª®¬
®¡¥á¯¥ç¥−¨¨ ˆ� £®¢®à¨âì −¥ ¯à¨å®¤¨âáï.

‡¤¥áì ¦¥ á«¥¤ã¥â à�áá¬®âà¥âì ¥é¥ ®¤¨− �á¯¥ªâ â¥å−¨ç¥áª®© ˆ� | ¢®§¬®¦-
−®áâì á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï à�§−®â¨¯−ëå /̈̈ «¨ à�§−®â®ç−ëå ¤�−−ëå. „¥«®
¢ â®¬, çâ® ¢ ¯à®æ¥áá¥ á®¢¬¥áâ−®© ®¡à�¡®âª¨ ¤®«¦−® ®¡¥á¯¥ç¨¢�âìáï á®£«�á®¢�−¨¥
¤�−−ëå −¥ â®«ìª® ¯® á¬ëá«ã, −® ¨ ¯® ä®à¬�âã (â®ç−®áâ¨ ¨«¨ ¯®¤à®¡−®áâ¨) ¨å
¯à¥¤áâ�¢«¥−¨ï ¢ â®© ¨«¨ ¨−®© ˆ‘. ’�ª, ¢ à�§−ëå ˆ‘ ¨¤¥−â¨ç−ë¥ ¯® á¬ëá«ã
�âà¨¡ãâë ¬®£ãâ ¡ëâì ¯à¥¤áâ�¢«¥−ë ¢ ¢¥é¥áâ¢¥−−ëå ä®à¬�â�å float ¨ double,
� á«¥¤®¢�â¥«ì−®, ¤«ï á®¢¬¥áâ−®© ®¡à�¡®âª¨ ¨å −¥®¡å®¤¨¬® ¯à¥®¡à�§®¢ë¢�âì ª â®-
¬ã ¨«¨ ¨−®¬ã â¨¯ã, −® ¢ «î¡®¬ á«ãç�¥ â®ç−®áâì ¯®«ãç�¥¬®£® ¯®á«¥ ®¡à�¡®âª¨
à¥§ã«ìâ�â� ¡ã¤¥â −� ãà®¢−¥ −�¨¬¥−¥¥ â®ç−®£® â¨¯�. „àã£¨¬ ¬®¬¥−â®¬ ï¢«ï¥âáï
−¥®¡å®¤¨¬®áâì á®¢¬¥áâ−® ¨á¯®«ì§®¢�âì ¤�−−ë¥, ¯®«ãç¥−−ë¥ à�§«¨ç−ë¬¨ á¯®á®-
¡�¬¨ ¨ ¢á«¥¤áâ¢¨¥ íâ®£® ¨¬¥îé¨¥ à�§«¨ç−ãî à¥�«ì−ãî â®ç−®áâì (¯à¨ íâ®¬ ®¡�
¢¨¤� ¤�−−ëå ¬®£ãâ ¨á¯®«ì§®¢�âì ®¤¨−�ª®¢ë© â¨¯, −�¯à¨¬¥à double). �®íâ®-
¬ã â¥å−¨ç¥áª�ï ˆ� ¤®«¦−� â�ª¦¥ ®¡¥á¯¥ç¨¢�âì ¢®§¬®¦−®áâì: (�) ®¯¥à�â¨¢−®©
ª®−¢¥àâ�æ¨¨ ¨áå®¤−ëå ¤�−−ëå ª ®¯à¥¤¥«¥−−®¬ã â¨¯ã (®¡¥á¯¥ç¥−¨ï ®¤−®â¨¯−®£®
¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå) ¨ (¡) ¨å á®£«�á®¢�−¨ï (¢ëà�¢−¨¢�−¨ï) ¯® −�¨¬¥−ìè¥©
à¥�«ì−®© â®ç−®áâ¨. �â®â ¬®¬¥−â, ¯® áãâ¨, ¯®¤å®¤¨â ¯®¤ ®¯à¥¤¥«¥−¨¥ ¯à�£¬�â¨-
ç¥áª®£® ãà®¢−ï ˆ�, ã¯®¬ï−ãâ®£® ¢ [4].

4 Структура интероперабельности: способы взаимодействия

‘à¥¤¨ à�§«¨ç−ëå ª«�áá¨ä¨ª�æ¨© ¯®¤å®¤®¢ [1, 8] ª à¥è¥−¨î ¯à®¡«¥¬ë ˆ�
¢®®¡é¥ ¨ á¥¬�−â¨ç¥áª®© ˆ� ¢ ç�áâ−®áâ¨ á â®çª¨ §à¥−¨ï äã−ªæ¨®−¨à®¢�−¨ï ˆ‘
¬®¦−® ¢ë¤¥«¨âì ¤¢� ®á−®¢−ëå á¯®á®¡� ®à£�−¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï.

1. ˆ−â¥à®¯¥à�¡¥«ì−®áâì ®¡¬¥−� ¤�−−ë¬¨ §�ª«îç�¥âáï ¢ ®¡¥á¯¥ç¥−¨¨ ¢®§¬®¦-
−®áâ¨ ®¡¬¥−� ¨−ä®à¬�æ¨®−−ë¬¨ ®¡ê¥ªâ�¬¨ (ä�©«�¬¨, ¤®ªã¬¥−â�¬¨, á®®¡-
é¥−¨ï¬¨ ¨ â. ¯.) ¬¥¦¤ã à�§«¨ç−ë¬¨ ¢§�¨¬®¤¥©áâ¢ãîé¨¬¨ �£¥−â�¬¨: ˆ‘
¢ æ¥«®¬, ¨å ¯®¤á¨áâ¥¬�¬¨, ¬®¤ã«ï¬¨, ¢ë¯®«−ïîé¨¬¨áï äã−ªæ¨ï¬¨ ¨ â. ¯.
„àã£¨¬¨ á«®¢�¬¨, ª�ª ¯®ª�§�−® −� à¨á. 2, á¨áâ¥¬� � ¨á¯®«ì§ã¥â á¨áâ¥¬ã �
«¨èì ¢ ª�ç¥áâ¢¥ ¨áâ®ç−¨ª� ¨áå®¤−ëå ¤�−−ëå, � á�¬ã äã−ªæ¨®−�«ì−ãî §�¤�çã
à¥è�¥â á�¬®áâ®ïâ¥«ì−® ¯®áà¥¤áâ¢®¬ á®¡áâ¢¥−−ëå �¯¯�à�â−®-¯à®£à�¬¬−ëå
áà¥¤áâ¢. ˆ−â¥à®¯¥à�¡¥«ì−®áâì −� ãà®¢−¥ ¨−ä®à¬�æ¨®−−®£® ®¡¬¥−� (¨«¨
ˆ� ¬¥¦á¨áâ¥¬−ëå á®®¡é¥−¨© [1]) ®¡¥á¯¥ç¨¢�¥âáï á®£«�á®¢�−¨¥¬ ä®à¬�â®¢,
áâàãªâãàë, á¨−â�ªá¨á�, á¥¬�−â¨ª¨ ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢, æ¨àªã«¨-
àãîé¨å ¬¥¦¤ã ¢§�¨¬®¤¥©áâ¢ãîé¨¬¨ ˆ‘ (¯à¥¤áâ�¢«ï¥¬ë¬¨ ª�ª ç¥à−ë¥
ïé¨ª¨). �â®â ¯®¤å®¤ ï¢«ï¥âáï ¤®áâ�â®ç−® ®£à�−¨ç¥−−ë¬ ¯® áà�¢−¥−¨î á®
á«¥¤ãîé¨¬.

2. ˆ−â¥à®¯¥à�¡¥«ì−®áâì −� ãà®¢−¥ äã−ªæ¨®−�«ì−ëå ¯à®æ¥áá®¢ ®¡¥á¯¥ç¨¢�¥â
¢®§¬®¦−®áâì ¤¥«¥£¨à®¢�−¨ï ®â¤¥«ì−ëå §�¤�ç (á¢ï§�−−ëå, −�¯à¨¬¥à, á ¢ë-
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�à®¡«¥¬ë ®¡¥á¯¥ç¥−¨ï á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨

÷¨á. 2 ‘å¥¬� ¢§�¨¬®¤¥©áâ¢¨ï ˆ‘ ¯®áà¥¤áâ¢®¬ ®¡¬¥−� ¤�−−ë¬¨

÷¨á. 3 ‘å¥¬� ¢§�¨¬®¤¥©áâ¢¨ï ˆ‘ ¯®áà¥¤áâ¢®¬ äã−ªæ¨®−�«ì−ëå ¢ë§®¢®¢ (§�¯à®á®¢)

ç¨á«¨â¥«ì−®© ®¡à�¡®âª®©, �−�«¨§®¬ ¨«¨ ®¡®¡é¥−¨¥¬ ¤�−−ëå ¨ â. ¯.) ®â ®¤−®©
á¨áâ¥¬ë ª ¤àã£®©. ÷¥�«¨§�æ¨ï â�ª®£® ¢¨¤� ˆ� ¢®§¬®¦−� ¯®áà¥¤áâ¢®¬ á¥à-
¢¨á−®-®à¨¥−â¨à®¢�−−®© �àå¨â¥ªâãàë (Service-Oriented Architecture, SOA)
¨−â¥à®¯¥à�¡¥«ì−®© áà¥¤ë, ª®â®à�ï ®¡¥á¯¥ç¨¢�¥â ¬¥¦á¨áâ¥¬−®¥ ¢§�¨¬®¤¥©-
áâ¢¨¥ ¢å®¤ïé¨å ¢ −¥¥ á¨áâ¥¬ −¥ â®«ìª® −� ãà®¢−¥ ¯à¥¤®áâ�¢«¥−¨ï ¤�−−ëå
®¤−®© á¨áâ¥¬®© ¯® §�¯à®áã ¤àã£®©, −® ¨ ®¡¥á¯¥ç¨¢�¥â ¢ë¯®«−¥−¨¥ ®¯à¥¤¥-
«¥−−ëå äã−ªæ¨© ®¤−®© ˆ‘ ¤«ï à¥è¥−¨ï §�¤�ç ¤àã£®© ˆ‘. ’�ª, −� à¨á. 3
á¨áâ¥¬� � ¬®¦¥â ¨á¯®«ì§®¢�âì ¢ ¯à®æ¥áá¥ à¥è¥−¨ï á¢®¨å §�¤�ç −¥ â®«ìª®
¤�−−ë¥, −® ¨ ®¯à¥¤¥«¥−−ãî äã−ªæ¨®−�«ì−®áâì á¨áâ¥¬ë �: −�¯à¨¬¥à, á¨áâ¥-
¬� � ®â¯à�¢«ï¥â á¨áâ¥¬¥ � §�¯à®á −� à¥è¥−¨¥ â®© ¨«¨ ¨−®© §�¤�ç¨, á¨áâ¥¬� �
�−�«¨§¨àã¥â §�¯à®á, ®áãé¥áâ¢«ï¥â ¯®¤¡®à ¨áå®¤−ëå ¤�−−ëå ¨ ¢ë¯®«−ï¥â ¨å
®¡à�¡®âªã, ¢®§¢à�é�¥â ª®−¥ç−ë© à¥§ã«ìâ�â á¨áâ¥¬¥ �. ‚ íâ® ¦¥ á�¬®¥ ¢à¥¬ï
á¨áâ¥¬� � ¬®¦¥â �−�«®£¨ç−ë¬ ®¡à�§®¬ ¨á¯®«ì§®¢�âì äã−ªæ¨®−�«ì−®áâì �
¤«ï à¥è¥−¨ï á¢®¨å §�¤�ç.
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�®«®¦¨â¥«ì−ë¬ ¬®¬¥−â®¬ ˆ� äã−ªæ¨®−�«ì−ëå ¯à®æ¥áá®¢ ï¢«ï¥âáï â®, çâ®
¤¥«¥£¨à®¢�−¨¥ äã−ªæ¨¨ ¯®§¢®«ï¥â ¢ë¯®«−ïâì ¥¥ ¢ â®© ¦¥ á¨áâ¥¬¥, ¢ ª®â®à®©
−�å®¤ïâáï ¨ ¨áå®¤−ë¥ ¤�−−ë¥ ¤«ï ¥¥ à�¡®âë. �â® ¨áª«îç�¥â ¢®§¬®¦−ë¥ ¯®â¥à¨
¯à¨ ¯à¥®¡à�§®¢�−¨¨ ¨áå®¤−ëå ¤�−−ëå (ª�ª íâ® ¬®¦¥â ¯à®¨áå®¤¨âì ¢ á«ãç�¥
®¡¬¥−� â®«ìª® ¤�−−ë¬¨), � á�¬� ®¡à�¡®âª� ¯à®¨áå®¤¨â á ¨á¯®«ì§®¢�−¨¥¬ úà®¤-
−ëåû (®¯â¨¬¨§¨à®¢�−−ëå ¤«ï ¤�−−®© ˆ‘) ¯à¥¤áâ�¢«¥−¨© ¤�−−ëå ¨ à¥�«¨§�æ¨©
¢−ãâà¥−−¨å äã−ªæ¨© ¤«ï ¨å ®¡à�¡®âª¨, ¯à¥®¡à�§®¢�−¨î ¯®¤¢¥à£�¥âáï â®«ìª® ª®-
−¥ç−ë© à¥§ã«ìâ�â à�¡®âë äã−ªæ¨¨, ¯¥à¥¤�¢�¥¬ë© á¨áâ¥¬¥-ú§�ª�§ç¨ªãû1. ‘«¥¤-
áâ¢¨¥¬ íâ®£® ï¢«ï¥âáï ¯®¢ëè¥−¨¥ íää¥ªâ¨¢−®áâ¨, ã¬¥−ìè¥−¨¥ ¬¥¦á¨áâ¥¬−®£®
âà�ä¨ª�, � â�ª¦¥ ¨áª«îç�¥âáï ¬¥¦á¨áâ¥¬−ë© ®¡¬¥− ¨áå®¤−ë¬¨ (ú¢−ãâà¥−−¨-
¬¨û) ¤�−−ë¬¨, ª®â®àë¥ ¬®£ãâ ¡ëâì ª®−ä¨¤¥−æ¨�«ì−ë. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ®
íâ® ¤®áâ®¨−áâ¢® ¬®¦¥â −¥ ¯à®ï¢«ïâìáï ¢ á«ãç�¥, ª®£¤� −¥®¡å®¤¨¬® ¨á¯®«ì§®¢�âì
¨áå®¤−ë¥ ¤�−−ë¥ ¨§ −¥áª®«ìª¨å ¨áâ®ç−¨ª®¢.

‚ §�¢¥àè¥−¨¥ ®â¬¥â¨¬ ¥é¥ −¥áª®«ìª® −¥ïá−ëå ¬®¬¥−â®¢: á®£«�á−® à�áå®¦¥¬ã
®¯à¥¤¥«¥−¨î [9], SOA ¯à¥¤áâ�¢«ï¥â á®¡®© ú−�¡®à ä¨§¨ç¥áª¨ −¥§�¢¨á¨¬ëå, á«�¡®
á¢ï§�−−ëå, §�¬¥−ï¥¬ëå ¯à¨«®¦¥−¨©û. ‚ á¢ï§¨ á íâ¨¬ ¬®¦−® ®â¬¥â¨âì:

{ ¥á«¨ ¯à¨«®¦¥−¨ï úä¨§¨ç¥áª¨ −¥§�¢¨á¨¬ëû, â® ® ª�ª®© ¨å á¢ï§¨ ¬®¦¥â ¨¤â¨
à¥çì? ‘ª®à¥¥ ¢á¥£®, à¥çì ¨¤¥â ® â®¬, çâ® ®−¨ á®§¤�îâáï ¨ íªá¯«ã�â¨àãîâáï
−¥§�¢¨á¨¬ë¬¨ ª®««¥ªâ¨¢�¬¨ ¯® à�§−ë¬ â¥å−®«®£¨ï¬ ¨ á à�§−ë¬¨ æ¥«ï¬¨,
®¤−�ª® ¢á¥ ®−¨ ¤®«¦−ë á®§¤�¢�âìáï ¢ à�¬ª�å ¨¤¥®«®£¨¨ SOA, â. ¥. ¨ ¢ íâ®¬
á«ãç�¥ ®¯à¥¤¥«¥−−�ï áâ¥¯¥−ì §�¢¨á¨¬®áâ¨ ¨¬¥¥â ¬¥áâ®;

{ úá«�¡® á¢ï§�−−ëåû | úá«�¡®û −¥ ï¢«ï¥âáï ªà¨â¥à¨¥¬, áª®à¥¥ §¤¥áì −ã¦−®
¯®−¨¬�âì, çâ® ¢§�¨¬®¤¥©áâ¢¨¥ ®áãé¥áâ¢«ï¥âáï ç¥à¥§, −�áª®«ìª® íâ® ¢®§-
¬®¦−®, ¯à®áâë¥ ¨−â¥àä¥©áë (¨á¯®«ì§ãîé¨¥ ¬¨−¨¬ã¬ −¥®¡å®¤¨¬ëå ¯®«¥©,
¯à¥¤¥«ì−® ¯à®áâ®© áâàãªâãàë), â�ª ª�ª ç¥¬ ¯à®é¥ ¨−â¥àä¥©á, â¥¬ ®− ¡®«¥¥
ã−¨¢¥àá�«¥− ¨ ¯à®áâ ¢ ®¡¥á¯¥ç¥−¨¨ ˆ�. ‚¬¥áâ¥ á â¥¬ −ã¦−® ¨¬¥âì ¢ ¢¨¤ã, çâ®
ˆ� ª�ª áà¥¤áâ¢® ã−¨¢¥àá�«¨§�æ¨¨ −�àï¤ã á ¯®«®¦¨â¥«ì−ë¬ ¬®¬¥−â®¬ | ¢®§-
¬®¦−®áâìî ®¡¥á¯¥ç¨âì ®¡¬¥− à�§−®à®¤−®© ¨−ä®à¬�æ¨¥© ¬¥¦¤ã à�§«¨ç−ë¬¨
á¨áâ¥¬�¬¨ ¤«ï à¥è¥−¨ï ¯à®¨§¢®«ì−ëå §�¤�ç | ¨¬¥¥â ¨ ®¡à�â−ãî áâ®à®-
−ã | ãá«®¦−¥−¨¥ ¬¥å�−¨§¬� ¨å à�¡®âë ¨, á®®â¢¥âáâ¢¥−−®, ®¡é¥¥ á−¨¦¥−¨¥
íää¥ªâ¨¢−®áâ¨ ¢ë¯®«−¥−¨ï íâ¨å ¯à®æ¥áá®¢;

{ ú§�¬¥−ï¥¬®áâìû | áª®à¥¥ ¢á¥£®, ®á−®¢−ë¬ �à£ã¬¥−â®¬ ¤«ï ¥¥ ®¡¥á¯¥ç¥−¨ï
á«¥¤ã¥â áç¨â�âì −¥ áâ®«ìª® ¢§�¨¬®§�¬¥−ï¥¬®áâì �«ìâ¥à−�â¨¢−ëå ¯® äã−ª-
æ¨®−�«ì−®áâ¨ ¡«®ª®¢ (å®âï ¨ íâ® ¬®¦¥â ¨¬¥âì ¬¥áâ®), áª®«ìª® ¢®§¬®¦−®áâì
¯¥à¥ª®−ä¨£ãà¨à®¢�âì á¨áâ¥¬ã ¯®¤ −®¢ë¥ §�¤�ç¨ ¨«¨ â¥å−®«®£¨ç¥áª¨¥ áå¥¬ë,

1��à�¤¨£¬� äã−ªæ¨®−�«ì−®© ˆ� á¯à�¢¥¤«¨¢� ¨ ¤«ï ¢§�¨¬®¤¥©áâ¢¨ï ®à£�−¨§�æ¨©: â�ª, §�ç�-
áâãî ¯à®é¥ §�ª�§�âì ¢ë¯®«−¥−¨¥ â¥å ¨«¨ ¨−ëå à�¡®â ®à£�−¨§�æ¨¨-¢«�¤¥«¨æ¥ ¨áå®¤−ëå ¤�−−ëå
(ã ª®â®à®© ª â®¬ã ¦¥ ¬®¦¥â ¡ëâì ®â«�¦¥− ¨ ¯®áâ�¢«¥− ú−� ¯®â®ªû á®®â¢¥âáâ¢ãîé¨© â¥å−®-
«®£¨ç¥áª¨© ¯à®æ¥áá ¨ ª®â®à�ï ¢® ¢áïª®¬ á«ãç�¥ «ãçè¥, ç¥¬ ªâ®-«¨¡® ¤àã£®©, ®à¨¥−â¨àã¥âáï
¢ úá®¡áâ¢¥−−ëåû ¤�−−ëå), ç¥¬ ¯à¨®¡à¥â�âì â®«ìª® ¨áå®¤−ë¥ ¤�−−ë¥ ¨ á�¬®áâ®ïâ¥«ì−® ®á¢�¨¢�âì
¢á¥ â®−ª®áâ¨ ¯à®æ¥áá� ¨å ®¡à�¡®âª¨.
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�à®¡«¥¬ë ®¡¥á¯¥ç¥−¨ï á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨

−�¯à¨¬¥à ¢ á®®â¢¥âáâ¢¨¨ á ¬¥−ïîé¨¬¨áï âà¥¡®¢�−¨ï¬¨ ¡¨§−¥á� ¨«¨ ¯à¨ ¥¥
¨−â¥£à�æ¨¨ á ¤àã£¨¬¨ á¨áâ¥¬�¬¨.

5 Информационные объекты в проблеме интероперабельности

�®¯à®¡ã¥¬ â¥¯¥àì ®¯à¥¤¥«¨âìáï á® á¯¥æ¨ä¨ª®© ®¡ê¥ªâ®¢ ˆ�. ‚ëè¥ è«�
à¥çì ®¡ ˆ� ª�ª ¯à¨ ®¡¬¥−¥ ¤�−−ë¬¨ ¬¥¦¤ã ˆ‘, â�ª ¨ ¯à¨ äã−ªæ¨®−�«ì−®¬
¢§�¨¬®¤¥©áâ¢¨¨ ˆ‘. ‚ ¯¥à¢®¬ á«ãç�¥ ®¡ê¥ªâ�¬¨ ˆ� ¡ë«¨ â®«ìª® ¤�−−ë¥, � ¢®
¢â®à®¬ ®¡ê¥ªâ�¬¨ ¢ëáâã¯�«¨ â�ª¦¥ äã−ªæ¨®−�«ì−ë¥ ¯®¤á¨áâ¥¬ë ¨ ®â¤¥«ì−ë¥
äã−ªæ¨¨ ˆ‘.

‚®®¡é¥ £®¢®àï, ã¯®âà¥¡«¥−¨¥ â¥à¬¨−� ú¤�−−ë¥û ¢ ª®−â¥ªáâ¥ ˆ� −¥ á®-
¢á¥¬ ª®àà¥ªâ−®, §¤¥áì áª®à¥¥ −ã¦−® £®¢®à¨âì ®¡ ˆ� â¨¯®¢ ¤�−−ëå ¯® ä®à¬¥
¯à¥¤áâ�¢«¥−¨ï ¨ ¯® á¥¬�−â¨ª¥:

{ â¨¯¨§�æ¨ï ä®à¬ë ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¢ª«îç�¥â á«¥¤ãîé¨¥ ¬®¬¥−âë: ®¡-
é¥¥ ¯®−¨¬�−¨¥ â¨¯� ¤�−−ëå (−�¯à¨¬¥à, ¢¥é¥áâ¢¥−−®¥, æ¥«®ç¨á«¥−−®¥, â¥ª-
áâ®¢®¥), ª®−ªà¥â−ë© á¯®á®¡ ª®¬¯ìîâ¥à−®£® ¯à¥¤áâ�¢«¥−¨ï (ä®à¬�â) ¤�−−ëå
(úâ¨¯ ¤�−−ëåû ¢ ¯®−¨¬�−¨¨ ¯à®£à�¬¬¨áâ�: double, float, int32, int64 ¨ â. ¯.),
� â�ª¦¥ â¨¯ë ¨ ä®à¬�âë ¡®«¥¥ á«®¦−ëå áâàãªâãà: ä�©«®¢ ¨ ¡�§ ¤�−−ëå;

{ â¨¯¨§�æ¨ï á¥¬�−â¨ª¨ ¤�−−ëå, ®¯à¥¤¥«ïîé�ï ¨å ¯à¨ª«�¤−®© á¬ëá«, −�¯à¨-
¬¥à: «¨ç−ë¥ ¤�−−ë¥ (ú¯®«û, ú¤�â� à®¦¤¥−¨ïû), £¥®¤�−−ë¥ (ú¢ëá®â�û, ú¯à¥-
¢ëè¥−¨¥û, úè¨à¨−�û, úç¨á«¥−−®áâì −�á¥«¥−¨ïû) ¨ ¤àã£¨¥ ¤�−−ë¥, ª®â®àë¥
¬®£ãâ ¨¬¥âì à�§«¨ç−ãî ä®à¬ã ¯à¥¤áâ�¢«¥−¨ï ¢ à�§«¨ç−ëå ˆ‘.

‘âàãªâãà¨àãï ¬−®¦¥áâ¢® ä®à¬�«ì−ëå ¨ á¥¬�−â¨ç¥áª¨å â¨¯®¢ ¤�−−ëå ¢ ¯«�−¥
áâ¥¯¥−¨ ®¡¥á¯¥ç¥−¨ï ¨å ˆ�, ¬®¦−® ¢ë¤¥«¨âì (â�¡«. 2):

{ â¨¯ë ¤�−−ëå, −®áïé¨å ¤®áâ�â®ç−® �¡áâà�ªâ−ë© å�à�ªâ¥à ¨ ¯®íâ®¬ã ï¢«ï-
îé¨åáï ã−¨¢¥àá�«ì−ë¬¨ (¨ áâ�¢è¨å ¤¥-ä�ªâ® áâ�−¤�àâ−ë¬¨) ¤«ï ¬−®£¨å
¯à¥¤¬¥â−ëå ®¡«�áâ¥©, −�¯à¨¬¥à: â¥ªáâ®¢ë¥ ä�©«ë (¨ ä®à¬�âë txt, xml),
¨§®¡à�¦¥−¨ï (¨ á¢ï§�−−ë¥ á −¨¬ ä®à¬�âë bmp, tiff, jpg ¨ ¤à.), â�¡«¨æë,
§�¯¨á¨ ¨ ¯®«ï ¡�§ ¤�−−ëå ¨ â. ¯.;

{ ¯à¨ª«�¤−ë¥ â¨¯ë ¤�−−ëå, á¯¥æ¨ä¨ç−ëå ¤«ï ª®−ªà¥â−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨
(¡¨¡«¨®£à�ä¨ç¥áª¨¥ ®¯¨á�−¨ï, ä®à¬ë ä¨−�−á®¢®© ®âç¥â−®áâ¨, ¯à®áâà�−-
áâ¢¥−−ë¥ ¤�−−ë¥ ¨ â. ¯.). �â� á¯¥æ¨ä¨ç−®áâì ¯à¥¤¯®«�£�¥â ¡®«¥¥ £«ã¡®ªãî
áâàãªâãà¨§�æ¨î ¨ ¢á«¥¤áâ¢¨¥ íâ®£® ¬−®¦¥áâ¢® ¢�à¨�−â®¢ à¥�«¨§�æ¨¨ ¯à¥¤-
áâ�¢«¥−¨ï ¤�−−ëå ¤«ï ®¤−®© ¨ â®© ¦¥ ¯à¥¤¬¥â−®© áãé−®áâ¨, ®¡ãá«®¢«¥−−ëå
à�§«¨ç−ë¬¨ ¯®¤å®¤�¬¨, �¤�¯â�æ¨¥© ¯®¤ ®¯à¥¤¥«¥−−ë¥ äã−ªæ¨®−�«ì−ë¥ ¯à®-
æ¥ááë, ®¯â¨¬¨§�æ¨¥© ¯®¤ âã ¨«¨ ¨−ãî �¯¯�à�â−®-¯à®£à�¬¬−ãî á¯¥æ¨ä¨ªã.

’�ª¨¬ ®¡à�§®¬, áª«�¤ë¢�¥âáï ¯�à�¤®ªá�«ì−�ï á¨âã�æ¨ï: −¥á¬®âàï −� â®
çâ® �¡áâà�ªâ−ë© ª«�áá ¨¬¥¥â ¤¥«® á ¡®«¥¥ è¨à®ª¨¬ ªàã£®¬ ¯®«ì§®¢�â¥«¥©, ç¥¬
ª�¦¤ë© ¨§ ¯à¨ª«�¤−ëå, ¢ ¯«�−¥ ®¡¥á¯¥ç¥−¨ï ˆ� �¡áâà�ªâ−ë¥ â¨¯ë ¤�−−ëå
£®à�§¤® ¡®«¥¥ ¡«�£®¯®«ãç−ë.
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‘. Š. „ã«¨−, �. ƒ. „ã«¨−�, „. �. �¨ª¨è¨−

’�¡«¨æ� 2 Š«�áá¨ä¨ª�æ¨ï ®¡ê¥ªâ®¢ ˆ�

’¨¯ ¤�−−ëå „�−−ë¥ ”ã−ªæ¨®−�«ì−®¥ ��
’¥ªáâë (txt, xml),
ˆ§®¡à�¦¥−¨ï (jpg, bmp, tif)

ˆ−â¥à−¥â-¡à�ã§¥àë, â¥ªáâ®¢ë¥
¨ £à�ä¨ç¥áª¨¥ à¥¤�ªâ®àë

’�¡«¨æë, §�¯¨á¨ ¨ ¯®«ï
¡�§ ¤�−−ëå ‘“�„ (§�¯à®áë SQL)

‘âàãªâãà¨à®¢�−−ë¥
¡¨¡«¨®£à�ä¨ç¥áª¨¥
®¯¨á�−¨ï (MARK-21)

ˆ−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥-
áª¨¥ á¨áâ¥¬ë −�ãç−®£® æ¨â¨à®-
¢�−¨ï (Web of Science, Scopus,
÷ˆ�– ¨ â. ¯.)

�«¥ªâà®−−ë¥ ä®à¬ë
¡ãå£�«â¥àáª®© ®âç¥â−®áâ¨

�ãå£�«â¥àáª¨¥ á¨áâ¥¬ë
(â¨¯� 1‘)

�«¥ªâà®−−ë¥ ª�àâë ¨ ¤àã£¨¥
¯à®áâà�−áâ¢¥−−ë¥ ¤�−−ë¥
(SXF, SHP, MIF/MID, KML)

ƒˆ‘ (��−®à�¬�, ArcInfo,
MapInfo, Google Earth,
GoogleMaps ¨ â. ¯.)

�−�«®£¨ç−�ï á¨âã�æ¨ï áª«�¤ë¢�¥âáï ¨ ¤«ï äã−ªæ¨®−�«ì−®£® ¢§�¨¬®¤¥©áâ¢¨ï:
¯à®£à�¬¬ë (¯à®£à�¬¬−ë¥ ¯à®¤ãªâë), äã−ªæ¨®−¨àãîé¨¥ ¢ á®áâ�¢¥ ˆ‘, â�ª¦¥
¬®¦−® à�§¤¥«¨âì −� ¤¢� ª«�áá� [1]:

{ ¯à®£à�¬¬−ë¥ ¯à®¤ãªâë, ¤«ï ª®â®àëå å�à�ªâ¥à−� �¡áâà�ªâ−®áâì ®¡à�¡�âë¢�-
¥¬®© ¨¬¨ ¨−ä®à¬�æ¨¨, −�¯à¨¬¥à: â¥ªáâ®¢ë© ¯à®æ¥áá®à, ¨−â¥à−¥â-¡à�ã§¥à,
á¨áâ¥¬� ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå (‘“�„) ¨ â. ¯. �−¨ ¢ ¯«�−¥ ˆ� â�ª¦¥
¤®áâ�â®ç−® ¡«�£®¯®«ãç−ë; â�ª, ú¨−â¥à®¯¥à�¡¥«ì−®áâì â¥ªáâ®¢®£® ¯à®æ¥áá®à�
¨ â. ¯. −�áâ®«ìª® «®£¨ç−�, ¡¥áè®¢−�, £«ã¡®ª� ¨ �¤¥ª¢�â−�, çâ® ¬¨««¨®−ë
«î¤¥© ¯®«ì§ãîâáï ¨¬¨, −¥ §�¤ã¬ë¢�ïáìû;

{ ¯à®£à�¬¬−ë¥ ¯à®¤ãªâë, ®¡à�¡�âë¢�îé¨¥ ¨−ä®à¬�æ¨î −� ®á−®¢¥ �−�«¨§� ¥¥
á¥¬�−â¨ª¨, ä®à¬ë ¯à¥¤áâ�¢«¥−¨ï, ®ç¥à¥¤−®áâ¨ ¥¥ ¯®áâã¯«¥−¨ï, çâ® ¯à¥¤-
¯®«�£�¥â §�«®¦¥−−®¥ ¢ íâ¨ ¯à®¤ãªâë £«ã¡®ª®¥ §−�−¨¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨
¨ á¯¥æ¨ä¨ç¥áª¨å äã−ªæ¨®−�«ì−ëå ¯à®æ¥áá®¢. •�à�ªâ¥à−ë¬ ¯à¨¬¥à®¬ â�-
ª¨å ¯à®¤ãªâ®¢ ï¢«ïîâáï ƒˆ‘, £¤¥ §�«®¦¥−ë §−�−¨ï ¨§ ®¡«�áâ¥© £¥®£à�ä¨¨
(¢ ç�áâ−®áâ¨, á¨áâ¥¬ë ª«�áá¨ä¨ª�æ¨¨ £¥®®¡ê¥ªâ®¢), £¥®¬¥âà¨¨ (¯à®áâà�−-
áâ¢¥−−ë¥ ä®à¬ë ¨ â®¯®«®£¨ç¥áª¨¥ á¥â¨, ¬¥â®¤ë ¨å �−�«¨§� ¨ ®¡à�¡®âª¨),
� â�ª¦¥ ¯à®æ¥ááë ª�àâ®á®áâ�¢«¥−¨ï ¨ á¯®á®¡ë ¬�è¨−−®© £à�ä¨ª¨. ‘®®â¢¥â-
áâ¢¥−−®, ¤«ï â�ª¨å ¯à®£à�¬¬ à¥�«¨§�æ¨ï ˆ� á¢ï§�−� á á¨«ì−®© §�¢¨á¨¬®áâìî
¬¥¦¤ã ¤�−−ë¬¨ (¨å áâàãªâãà®©, á¥¬�−â¨ª®©) ¨ �«£®à¨â¬�¬¨ ¨å ®¡à�¡®âª¨,
� ¢á«¥¤áâ¢¨¥ íâ®£® | á ¡®«ìè¨¬ à�§−®®¡à�§¨¥¬ ¨−â¥àä¥©á®¢ äã−ªæ¨®−�«ì-
−ëå ¢ë§®¢®¢. ‚á¥ íâ® ¯®¤ªà¥¯«ï¥â â¥§¨á ® â®¬, çâ® ˆ� äã−ªæ¨®−�«ì−ëå
á¨áâ¥¬ ¬®¦¥â ¡ëâì â®«ìª® á¥¬�−â¨ç¥áª®©.

’�ª¨¬ ®¡à�§®¬, ¢ äã−ªæ¨®−�«ì−®¬ �á¯¥ªâ¥ â�ª¦¥ ¯à®á¬�âà¨¢�¥âáï ¤¥«¥−¨¥
−� �¡áâà�ªâ−ë© ¨ ¬−®¦¥áâ¢® ¯à¨ª«�¤−ëå ª«�áá®¢, å®âï £à�−¨æ� ¬¥¦¤ã â¥¬¨
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�à®¡«¥¬ë ®¡¥á¯¥ç¥−¨ï á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨

¨ ¤àã£¨¬¨ ¤®áâ�â®ç−® à�§¬ëâ�. �à¨ íâ®¬, £®¢®àï ®¡ ®¡¥á¯¥ç¥−¨¨ äã−ªæ¨®−�«ì-
−®© ˆ�, á«¥¤ã¥â ¨¬¥âì ¢ ¢¨¤ã, çâ® ®−� ¢ª«îç�¥â ¢ á¥¡ï ®¡¥á¯¥ç¥−¨¥ ˆ� ¨ −�
ãà®¢−¥ ¤�−−ëå, â. ¥. ï¢«ï¥âáï ¨−ä®à¬�æ¨®−−®-äã−ªæ¨®−�«ì−®©.

6 Проблемы обеспечения семантической интероперабельности

�®¤¢®¤ï ¨â®£¨, ¬®¦−® áª�§�âì, çâ® ®á−®¢−ë¬¨ â¨¯¨ç−ë¬¨ ¯à®¡«¥¬�¬¨ ¢ ¤®-
áâ¨¦¥−¨¨ á¥¬�−â¨ç¥áª®© ˆ� ï¢«ïîâáï:

(1) ª®−æ¥¯âã�«ì−�ï −¥á®¢¬¥áâ¨¬®áâì, −¥æ¥«®áâ−®áâì, ¯à®â¨¢®à¥ç¨¢®áâì, −¥ª®−-
¢¥−æ¨®−�«ì−®áâì ®¯¨á�−¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå
¢ à�¬ª�å à�§−ëå á¨áâ¥¬; ®âáãâáâ¢¨¥ ª®¬¯«¥ªá−®© ¡¥§®¯�á−®áâ¨ äà�£¬¥−â�à-
−ëå á¨áâ¥¬ ¨ ¬¥¦á¨áâ¥¬−®£® ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï;

(2) ¯à®¡«¥¬ë ˆ� à�§−®¯«�âä®à¬¥−−ëå ¤�−−ëå ¨ ¨−â¥àä¥©á®¢ ã−�á«¥¤®¢�−−ëå
¨ ¢−®¢ì à�§à�¡�âë¢�¥¬ëå ¯à®£à�¬¬−ëå ª®¬¯«¥ªá®¢;

(3) −¥á®¢¬¥áâ¨¬®áâì (¨ §�âàã¤−¥−−®áâì ¥¥ ãáâà�−¥−¨ï), ¢®§−¨ªè�ï ¢á«¥¤áâ¢¨¥
¤®¯ãé¥−¨© ¨ ®è¨¡®ª, ¢®§−¨ªè¨å −� à�§−ëå íâ�¯�å ¦¨§−¥−−®£® æ¨ª«� ˆ‘ |
¯à¨ ¥¥ ¯à®¥ªâ¨à®¢�−¨¨, à¥�«¨§�æ¨¨ ¨ ®á®¡¥−−® ¯à¨ ¥¥ ¬®¤¨ä¨ª�æ¨ïå ¯®¤
¢−®¢ì ¢®§−¨ª�îé¨¥ §�¤�ç¨ (§�ç�áâãî á¯®−â�−−ëå).

Š ç¨á«ã á®¯ãâáâ¢ãîé¨å ¯à®¡«¥¬ ¬®¦−® ®â−¥áâ¨: ¨§¡ëâ®ç−®¥ ®¯¨á�−¨¥ ¯à¥¤-
¬¥â®¢ ¨ ¯à®æ¥áá®¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ (−�«¨ç¨¥ ¤ã¡«¨àãîé¨å ¨«¨ §�¢¨á¨¬ëå
¯®«¥© ¢ à�¬ª�å ®¤−®© ˆ‘), çâ® ¢ë§ë¢�¥â −¥®¡å®¤¨¬®áâì ¨å á®£«�á®¢�−¨ï; −�«¨-
ç¨¥ ¢ á¨áâ¥¬�å ®á®¡ëå ¬¥å�−¨§¬®¢ ¤®áâã¯� ª ¤�−−ë¬.

…á«¨ £®¢®à¨âì ® á¥¬�−â¨ç¥áª®¬ �á¯¥ªâ¥ §�¤�ç¨ ®¡¥á¯¥ç¥−¨ï ˆ�, â® ¥¥ áãé-
−®áâì §�ª«îç�¥âáï ¢ á®§¤�−¨¨ ¬¥â®¤®«®£¨¨ ¨ ¬¥å�−¨§¬®¢ á®£«�á®¢�−¨ï ¨¤¥−â¨ç-
−ëå ¨«¨ ¡«¨§ª¨å ¯® á¬ëá«ã ¯®«¥© /̈̈ «¨ áâàãªâãà ¤�−−ëå ¢ à�§−ëå á¨áâ¥¬�å, ª�ª
íâ® ¯®ª�§�−® −� à¨á. 4. ‚ ®¡é¥¬ á«ãç�¥ á¬ëá«ë ¤�−−ëå ¬®£ãâ −¥ ¨¬¥âì áâà®£®£®
á®®â¢¥âáâ¢¨ï, çâ® ¯®â¥−æ¨�«ì−® ¢ë§ë¢�¥â ¯®â¥àî ç�áâ¨ á¬ëá«®¢®© −�£àã§ª¨ ¨«¨
¨áª�¦¥−¨¥ á¬ëá«�. �â® ¬®¦¥â ¡ëâì −¥áãé¥áâ¢¥−−® ¯à¨ à¥è¥−¨¨ ®¤−¨å §�¤�ç,
−® −¥®¦¨¤�−−® áâ�âì úª�¬−¥¬ ¯à¥âª−®¢¥−¨ïû ¯à¨ à¥è¥−¨¨ ¤àã£¨å. ’�ª¨¬ ®¡à�-
§®¬, ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì ®¯à¥¤¥«¥−¨ï ¯®−¨¬�−¨ï á¥¬�−â¨ç¥áª®© ¡«¨§®áâ¨
¤�−−ëå ¨ ¥¥ ¬¥àë. Šà®¬¥ â®£®, −¥®¡å®¤¨¬® ¨¬¥âì ¢ ¢¨¤ã á¨âã�æ¨¨ (á¬. à¨á. 4),
ª®£¤� ®¤¨−®ç−®¬ã ¯®«î á¨áâ¥¬ë � (−�¯à¨¬¥à, −¥áâàãªâãà¨à®¢�−−®¬ã ®¯¨á�−¨î)
¢ á¨áâ¥¬¥ � ¬®¦¥â á®®â¢¥âáâ¢®¢�âì áâàãªâãà� ¯®«¥© (áâàãªâãà¨à®¢�−−®¥ ®¯¨á�-
−¨¥), � ¢ á¨áâ¥¬¥ ‚ | áâàãªâãà� ¤àã£®£® â¨¯�, −¥ ¢ ¯®«−®© ¬¥à¥ á®¯®áâ�¢¨¬�ï á �;
¤àã£¨¬¨ á«®¢�¬¨, −¥®¡å®¤¨¬ ¬¥å�−¨§¬ á®¯®áâ�¢«¥−¨ï ¤�−−ëå ¯® áâàãªâãà−®¬ã
¨ ä®à¬�«ì−®¬ã ¯à¨§−�ª�¬.

�à�ªâ¨ç¥áª�ï à¥�«¨§�æ¨ï ¨−â¥à®¯¥à�¡¥«ì−®© áà¥¤ë ª�ª ¯®áà¥¤áâ¢®¬ SOA,
â�ª ¨ ®¡¬¥−®¬ â®«ìª® ¤�−−ë¬¨ ¨¬¥¥â ®¯à¥¤¥«¥−−ë¥ ¯à®¡«¥¬ë, ¯¥à¥ç¨á«¥−−ë¥,
−�¯à¨¬¥à, ¢ [1]. ‘à¥¤¨ −¨å ¬®¦−® ®â¬¥â¨âì á«¥¤ãîé¨¥:

{ â�ª�ï ¨−â¥£à�æ¨ï §�ç�áâãî §�ª«îç�¥âáï ¢ ¨á¯®«ì§®¢�−¨¨ äã−ªæ¨© áãé¥áâ¢ã-
îé¨å á¨áâ¥¬, � −¥ ¢ á®§¤�−¨¨ −®¢ëå á¥à¢¨á®¢. ‚ íâ®¬ á«ãç�¥ ¤�¦¥ ¯à¨
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÷¨á. 4 ‘å¥¬� ¨¤¥−â¨ç−®áâ¨ ¯®«¥© ¨ í«¥¬¥−â®¢ ¤�−−ëå ¢ à�§«¨ç−ëå ˆ‘

¨á¯®«ì§®¢�−¨¨ SOA ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ (��) ¥¥ ¯®¤á¨áâ¥¬ ¡ã¤¥â ®¡«�-
¤�âì âà�¤¨æ¨®−−ë¬ ¦¨§−¥−−ë¬ æ¨ª«®¬, çâ® ®áâ�¢«ï¥â −¥à¥è¥−−®© ¯à®¡«¥¬ã
¯à¥¥¬áâ¢¥−−®áâ¨ ®â ã−�á«¥¤®¢�−−ëå ˆ‘, −¥¨§¡¥¦−ë¥ à�§«¨ç¨ï ¨å à¥�«¨§�-
æ¨¨ à�§−ë¬¨ ¯à®¨§¢®¤¨â¥«ï¬¨, � â�ª¦¥ −¥ ãç¨âë¢�¥â ¤¨−�¬¨ªã ¨§¬¥−¥−¨ï
âà¥¡®¢�−¨© ª ®¡ê¥¤¨−¥−−ë¬ ¢ SOA ¨−ä®à¬�æ¨®−−ë¬ á¨áâ¥¬�¬;

{ −¥®¡å®¤¨¬®áâì ®¡¥á¯¥ç¥−¨ï ¯®¯�à−®© âà�−á«ïæ¨¨ ¤�−−ëå ¨ äã−ªæ¨®−�«ì−ëå
§�¯à®á®¢ ¬¥¦¤ã ª�¦¤®© ¯�à®© ¢§�¨¬®¤¥©áâ¢ãîé¨å á¨áâ¥¬ âà¥¡ã¥â á®§¤�−¨ï
¤®«¦−®£® ª®«¨ç¥áâ¢� âà�−á«ïâ®à®¢ [10] ¨ ¨å ¨−â¥£à�æ¨¨ ¢ ª�¦¤ãî ¨§ §�¤¥©-
áâ¢®¢�−−ëå á¨áâ¥¬. �®íâ®¬ã ˆ� ç�áâ® ¯ëâ�îâáï à¥�«¨§®¢�âì ¯®áà¥¤áâ¢®¬
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�à®¡«¥¬ë ®¡¥á¯¥ç¥−¨ï á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨

¤®¯®«−¨â¥«ì−ëå ¨−â¥£à¨àãîé¨å ú−�¤áâà®¥ªû1, ª®â®àë¥ ¬®£ãâ ¢ª«îç�âì �¤�-
¯â¥àë, å�¡ë, áà¥¤ë ¯¥à¥¤�ç¨ á®®¡é¥−¨©, ¥¤¨−®¥ åà�−¨«¨é¥ ®¡é¨å ¤�−−ëå,
¡¨§−¥á-¬®¤¥««¥àë, ®−â®«®£¨¨ ¡�§ ¤�−−ëå/§−�−¨© ¨ â. ¯. [1].

‚á¥ íâ® ¢ë§ë¢�¥â §−�ç¨â¥«ì−ë¥ ¬�â¥à¨�«ì−ë¥ ¨ ¢à¥¬¥−−‚ë¥ §�âà�âë −� á®§¤�-
−¨¥, íªá¯«ã�â�æ¨î ¨ ¬®¤¥à−¨§�æ¨î â�ª®© á¨áâ¥¬ë, ¯à¥¢ëè�îé¨¥ áã¬¬�à−ãî
áâ®¨¬®áâì ®â¤¥«ì−ëå ª®¬¯®−¥−â®¢; á«®¦−®áâì á¨áâ¥¬ë −¥¨§¡¥¦−® áª�§ë¢�¥âáï
−� ¥¥ −�¤¥¦−®áâ¨.

‚ á¢ï§¨ á íâ¨¬ ¬®¦−® ®â¬¥â¨âì, çâ®:

{ ¯®áâà®¥−¨¥ ¨−â¥à®¯¥à�¡¥«ì−®© áà¥¤ë ¯® æ¥−âà�«¨§®¢�−−®¬ã ¯à¨−æ¨¯ã −¥-
¨§¡¥¦−® ¢áâã¯�¥â ¢ ª®−ä«¨ªâ á âà¥¡®¢�−¨¥¬ £¨¡ª®áâ¨, â�ª ª�ª ¯à¨ ª�¦¤®¬
¤®¡�¢«¥−¨¨ ¢ á¨áâ¥¬ã −®¢®£® ª®¬¯®−¥−â� âà¥¡ã¥âáï ¯¥à¥áâà®©ª� ¥¥ úï¤à�û;

{ ¨−â¥à®¯¥à�¡¥«ì−�ï á¨áâ¥¬� ¤®«¦−� ¡ëâì ¢ ¬�ªá¨¬�«ì−®© áâ¥¯¥−¨ ã−¨ä¨æ¨-
à®¢�−�, â. ¥. ¨á¯®«ì§®¢�âì ¬¨−¨¬ã¬ ¯à¥¤¥«ì−® ¯à®áâëå ¨−â¥àä¥©á®¢, áâ�−-
¤�àâ®¢ ¨ â. ¯., çâ® ¢ë§ë¢�¥â −¥®¡å®¤¨¬®áâì ¬®¤¥à−¨§�æ¨¨ áãé¥áâ¢ãîé¨å
á¨áâ¥¬.

Šà®¬¥ â®£®, ¯à®¡«¥¬� ˆ� ãáã£ã¡«ï¥âáï ¯à¨ ¬�áèâ�¡¨à®¢�−¨¨, â. ¥. ¯à¨
¯¥à¥å®¤¥ −� −®¢ë© ãà®¢¥−ì á«®¦−®áâ¨, −�¯à¨¬¥à ®â ª®à¯®à�â¨¢−ëå áâ�−¤�àâ®¢
¨ â¥å−®«®£¨© ª áâ�−¤�àâ�¬ ®âà�á«¨, â. ¥. ®â áâ�−¤�àâ®¢, ¯à¥¤−�§−�ç¥−−ëå ¤«ï à¥-
è¥−¨ï −�áãé−ëå §�¤�ç ª®à¯®à�æ¨¨ (¨ ¢á«¥¤áâ¢¨¥ íâ®£® ¤®áâ�â®ç−® ®¤−®à®¤−ëå),
á®§¤�¢�¥¬ëå ¨ ¯à¨¬¥−ï¥¬ëå ¥¤¨−®−�ç�«ì−®, ª áâ�−¤�àâ�¬, ®à¨¥−â¨à®¢�−−ë¬ −�
à¥è¥−¨¥ ¢á¥¢®§¬®¦−ëå §�¤�ç, ¯®«¨¬®àä−ëå, ¤«ï á®§¤�−¨ï ¨ ¢−¥¤à¥−¨ï ª®â®àëå
−¥®¡å®¤¨¬® á®£«�á¨¥ ¬¥¦¤ã ¢á¥¬¨ ¢§�¨¬®¤¥©áâ¢ãîé¨¬¨ áâ®à®−�¬¨.

7 Проблемы стандартизации в области интероперабельности

‘®£«�á−® ƒ�‘’ã 55062-2012 [2] ú®á−®¢−ë¬ á¯®á®¡®¬ à¥è¥−¨ï ¯à®¡«¥¬ë
¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¨«¨ ú¯à®§à�ç−®áâ¨û £¥â¥à®£¥−−®© áà¥¤ë ¢ëáâã¯�¥â ¯®á«¥-
¤®¢�â¥«ì−®¥ ¯à¨¬¥−¥−¨¥ ¯à¨−æ¨¯®¢ ®âªàëâëå á¨áâ¥¬ ¨ ¬¥â®¤®«®£¨¨ äã−ªæ¨-
®−�«ì−®© áâ�−¤�àâ¨§�æ¨¨û. �á−®¢−ë¬¨ ®¡ê¥ªâ�¬¨ áâ�−¤�àâ¨§�æ¨¨ ¢ëáâã¯�îâ
â�ª −�§ë¢�¥¬ë¥ úª«îç¥¢ë¥ ¨−â¥àä¥©áëû, ª®â®àë¥ ¬®¦−® à�§¤¥«¨âì −� £®à¨§®−-
â�«ì−ë¥ | ¬¥¦¤ã á¨áâ¥¬�¬¨ ¨ ª®¬¯®−¥−â�¬¨ ®¤−®£® à�−£� | ¨ ¢¥àâ¨ª�«ì−ë¥ |
¬¥¦¤ã á¨áâ¥¬�¬¨ à�§−ëå à�−£®¢ [4].

‚ íâ®© á¢ï§¨ á«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯à¥¤«�£�¥¬ë¥ −� ¤�−−ë© ¬®¬¥−â áâ�−¤�àâë
−� ¬¥â�¤�−−ë¥ ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå (¬¥¦¤ã−�à®¤−ë© ISO 19115-2003 [11]
¨ ®â¥ç¥áâ¢¥−−ë© ƒ�‘’ 52573-2006 [12]) ¢¥áì¬� ®¡ê¥¬−ë (¢ ƒ�‘’¥ á®¤¥à¦¨âáï
¯®çâ¨ 200 ¯®«¥©, � ¢ ISO ¨å ¡®«¥¥ 400), � ¯à¥¤ãá¬®âà¥−−ë¥ ¨¬¨ ã−¨¢¥àá�«ì−ë¥

1ˆ««îáâà�æ¨¥© â�ª®© −�¤áâà®©ª¨ −� à¨á. 1 á«ã¦¨â ¡«®ª úã−¨¢¥àá�«ì−ë© §�¯à®áû, ª®â®àë©,
¢®®¡é¥ £®¢®àï, ¤®«¦¥− à¥è¨âì, ¢ ª�ª®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ §�¯à®á¨âì á¨áâ¥¬ë � ¨ ‚ (¯à¨ íâ®¬
¥á«¨ ®−¨ ¨á¯®«ì§ãîâ à�§«¨ç−ë¥ ¨−â¥àä¥©áë, â® �¤�¯â¨à®¢�âì ã−¨¢¥àá�«ì−ë© §�¯à®á ¤«ï ª�¦¤®©
¨§ −¨å), §�â¥¬ ¯®«ãç¨âì ®â¢¥âë ®â −¨å ¨ á¨−â¥§¨à®¢�âì ¨§ −¨å à¥§ã«ìâ�â, ª®â®àë© ¡ã¤¥â ¢®§¢à�é¥−
á¨áâ¥¬¥ �. �âã äã−ªæ¨®−�«ì−®áâì á¨¬¢®«¨§¨àã¥â ’-®¡à�§−�ï áâà¥«ª� á¯à�¢� ®â −¥£®.
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¯®¤å®¤ë ª ®¯¨á�−¨î ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå «î¡®© ¯à¨à®¤ë ®¡ãá«®¢«¨¢�îâ
¨å á«®¦−ãî áâàãªâãàã, çâ® ¤¥«�¥â áâ�−¤�àâ¨§�æ¨î ¯® −¨¬ ¢¥áì¬� âàã¤®¥¬-
ª®©. �à®¡«¥¬� á«®¦−®áâ¨ ¨á¯®«ì§®¢�−¨ï ã−¨¢¥àá�«ì−®£® áâ�−¤�àâ� ¬¥â�¤�−−ëå
ª®á¢¥−−® ¯®¤−¨¬�¥âáï, −�¯à¨¬¥à, ¢ [13]: ú‚ áâ�−¤�àâ�å −� ¬¥â�¤�−−ë¥ (¢ ç�áâ-
−®áâ¨, ƒ�‘’ 52573), ¯à¥¤ãá¬�âà¨¢�îâáï ®¡ï§�â¥«ì−ë¥ ¯®«ï, ¨−ä®à¬�æ¨ï ¤«ï
§�¯®«−¥−¨ï ª®â®àëå −� ¯à�ªâ¨ª¥ §�ç�áâãî ®âáãâáâ¢ã¥â. ’�ª, ¯à¨ ¯à�ªâ¨ç¥áª®©
à¥�«¨§�æ¨¨ ¨−äà�áâàãªâãàë ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå . . . ¢®§−¨ª«� ¯à®¡«¥¬�
á ®âáãâáâ¢¨¥¬ ¢ à¥�«ì−ëå ¤�−−ëå ¨−ä®à¬�æ¨¨ ¤«ï §�¯®«−¥−¨ï àï¤� ¯®«¥©, ï¢«ï-
îé¨åáï ®¡ï§�â¥«ì−ë¬¨ á®£«�á−® áâ�−¤�àâã ƒ�‘’ 52573, ¯®íâ®¬ã . . . â�ª¨¥ ¯®«ï
¡ë«¨ ¯¥à¥ª¢�«¨ä¨æ¨à®¢�−ë ª�ª à¥ª®¬¥−¤®¢�−−ë¥ ª §�¯®«−¥−¨îû.

…é¥ ®¤−®© ¯à®¡«¥¬®©, ã¯®¬¨−�¥¬®© ¢ [13], ï¢«ï¥âáï â®, çâ® áãé¥áâ¢ã¥â àï¤
¢¥¤®¬áâ¢¥−−ëå á¨áâ¥¬ ®¯¨á�−¨ï £¥®¤�−−ëå, −�¯à¨¬¥à ª�¤�áâà®¢ë¥, �¤à¥á−ë¥,
�¢â®/¦¥«¥§−®¤®à®¦−ë¥ ¨ â. ¯. �−¨ −�æ¥«¥−ë −� áâ®ïé¨¥ ¯¥à¥¤ −¨¬¨ á¯¥æ¨ä¨-
ç¥áª¨¥ âà¥¡®¢�−¨ï ¨ §�¤�ç¨ ¨ ¢ ¡®«ìè¨−áâ¢¥ á¢®¥¬ −¥á®¢¬¥áâ¨¬ë ¤àã£ á ¤àã£®¬.
‡¤¥áì â�ª¦¥ ¨£à�îâ à®«ì ¢¥¤®¬áâ¢¥−−ë¥ ¨−â¥à¥áë.

�� ®á−®¢¥ íâ®£® ¢ ª�ç¥áâ¢¥ ®¡®á−®¢�−¨© ¤«ï á®¢¥àè¥−áâ¢®¢�−¨ï á¨áâ¥¬ë
áâ�−¤�àâ¨§�æ¨¨ ¬¥â�¤�−−ëå ¬®¦−® ã¯®¬ï−ãâì á«¥¤ãîé¥¥:

{ ¢¬¥áâ® ¥¤¨−®£® áâ�−¤�àâ−®£® −�¡®à� ¬¥â�¤�−−ëå −� ¢á¥ ¢®§¬®¦−ë¥ á«ã-
ç�¨ ¦¨§−¨ ¯à¥¤áâ�¢«ï¥âáï æ¥«¥á®®¡à�§−ë¬ ¨á¯®«ì§®¢�âì á¨áâ¥¬ã «®ª�«ì−ëå
áâ�−¤�àâ®¢ ¤«ï á¯¥æ¨ä¨ç¥áª¨å áâàãªâãà ¬¥â�¤�−−ëå, ®¯à¥¤¥«ï¥¬ëå, ¢ á¢®î
®ç¥à¥¤ì, á¯¥æ¨ä¨ª®© ¤�−−ëå (¨å ¬®¤¥«ìî, â®ç−®áâìî, ¯à¥¤−�§−�ç¥−¨¥¬
¨ â. ¯.) ¨ ¯à¥¤−�§−�ç¥−−ëå ¤«ï á®®â¢¥âáâ¢ãîé¨å â¨¯®¢ ¯®¨áª®¢ëå §�¯à®á®¢;

{ á¥¬�−â¨ªã ¤�−−ëå ¨ ¬¥â�¤�−−ëå ¬®¦−® ¯®¤à�§¤¥«¨âì −� ¯à¨ª«�¤−ãî, ®â-
−®áïéãîáï ª ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¤�−−ëå, ¨ −� ¬®¤¥«ì−ãî, ®â−®áïéãîáï
ª á¯®á®¡ã ®à£�−¨§�æ¨¨ ¤�−−ëå [14], ¯®íâ®¬ã ¯à¨ áâ�−¤�àâ¨§�æ¨¨ á¥¬�−â¨ª¨
á«¥¤ã¥â ¢ë¤¥«ïâì ¯à¨ª«�¤−ãî ¨ ¬®¤¥«ì−ãî á®áâ�¢«ïîé¨¥, ª®â®àë¥ ¤®«¦−ë
®¡«�¤�âì ¢®§¬®¦−®áâìî ä¨£ãà¨à®¢�âì −¥§�¢¨á¨¬® ¤àã£ ®â ¤àã£�: −�¯à¨¬¥à,
¯à¨ª«�¤−�ï á®áâ�¢«ïîé�ï £¥®£à�ä¨ç¥áª®£® á¬ëá«� ¤�−−ëå ¤®«¦−� ¡ëâì
−¥§�¢¨á¨¬� ®â ¬®¤¥«¨ ¨å ¬¥âà¨ç¥áª®£® ¯à¥¤áâ�¢«¥−¨ï;

{ áâ�−¤�àâ¨§�æ¨ï ¤®«¦−� ¯®¤à�§ã¬¥¢�âì −¥ â®«ìª® á®áâ�¢ ¨ ä®à¬ã ¯à¥¤áâ�¢«¥-
−¨ï ¤�−−ëå/¬¥â�¤�−−ëå, −® ¨ ¨å ¤®áâ®¢¥à−®áâì, â®ç−®áâì ¨ ¯®«−®âã [15], ¤«ï
ç¥£® âà¥¡ã¥âáï áä®à¬ã«¨à®¢�âì á®¢à¥¬¥−−ë¥ âà¥¡®¢�−¨ï ª £¥®¤�−−ë¬;

{ áâ�−¤�àâ¨§�æ¨ï ¤®«¦−� à�á¯à®áâà�−ïâìáï −¥ â®«ìª® −� á®áâ�¢ ¤�−−ëå ¨«¨
¬¥â�¤�−−ëå, −® ¨ −� ä®à¬ã ¨ á¯®á®¡ë ¢ë¯®«−¥−¨ï ¯®¨áª®¢ëå §�¯à®á®¢,
â. ¥. §�¯à®á ¤®«¦¥− ®¯à¥¤¥«¥−−ë¬ ®¡à�§®¬ ®¡à�¡�âë¢�âì −�«¨ç¨¥/®âáãâáâ¢¨¥
®¯à¥¤¥«¥−−ëå ¯à¨§−�ª®¢ ¯®¨áª� ã á®®â¢¥âáâ¢ãîé¨å ¤�−−ëå. ÷�§¢¨¢�ï â¥¬ã,
¯®¨áª®¢ë© §�¯à®á ¬®¦−® ¤�¦¥ ®¡ï§�âì ¨áª�âì �«ìâ¥à−�â¨¢−ë¥ ¯ãâ¨ ¯®¨áª�,
−�¯à¨¬¥à ¯à¨ ®âáãâáâ¢¨¨ ã −¥ª®â®à®£® £¥®®¡ê¥ªâ� ú¬®áâû ¯®«ï ú¤«¨−�û
¬®¦¥â ¡ëâì á¤¥«�−� ¯®¯ëâª� ®¯à¥¤¥«¨âì ¥£® ¤«¨−ã ¯® ª®®à¤¨−�â�¬ ª®−æ®¢
¬®áâ�;

{ áâ�−¤�àâ¨§�æ¨ï äã−ªæ¨®−�«ì−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¤®«¦−� à�á¯à®áâà�−ïâìáï
−¥ â®«ìª® −� ä®à¬ã ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå, −® ¨ −� ¯à®æ¥ááë ¨å ¯à¥®¡à�§®¢�-
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�à®¡«¥¬ë ®¡¥á¯¥ç¥−¨ï á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨

−¨ï, −�¯à¨¬¥à, á æ¥«ìî ®¡¥á¯¥ç¥−¨ï á®®â¢¥âáâ¢ãîé¥© à�§àï¤−®áâ¨ ¨ â®ç−®áâ¨
¢ëç¨á«¥−¨© ¯à¨ ç¨á«¥−−ëå ¯à¥®¡à�§®¢�−¨ïå.
‚�¦−ë¬ âà¥¡®¢�−¨¥¬ ï¢«ï¥âáï ®¡¥á¯¥ç¥−¨¥ ¤®áâã¯−®áâ¨ íâ®© á¨áâ¥¬ë áâ�−-

¤�àâ®¢ ¤«ï ¨å ª®−¥ç−ëå ¯®«ì§®¢�â¥«¥© (®¯¥à�â®à®¢ ®¡à�¡�âë¢�îé¨å ª®¬¯«¥ª-
á®¢), â. ¥. á®¤¥à¦�−¨¥ áâ�−¤�àâ®¢ ¤®«¦−® ¨§«�£�âìáï −� ï§ëª¥ ¯®«ì§®¢�â¥«ï,
¢ ¤®áâã¯−®© ¤«ï â¥å−¨ç¥áª®£® á¯¥æ¨�«¨áâ� ¨ á¦�â®© ä®à¬¥.

‚−¥¤à¥−¨¥ áâ�−¤�àâ®¢ â�ª¦¥ §�âàã¤−ï¥â áãé¥áâ¢ãîé�ï ¢ −�áâ®ïé¥¥ ¢à¥-
¬ï ¯à�ªâ¨ª� ú¯à®¤�¦¨û ¯®«−®â¥ªáâ®¢ëå ®¯¨á�−¨© áâ�−¤�àâ®¢, çâ® −�àï¤ã á®
§−�ç¨â¥«ì−ë¬¨ ¬�â¥à¨�«ì−ë¬¨ §�âà�â�¬¨ ®à£�−¨§�æ¨© −� ¨å ¯à¨®¡à¥â¥−¨¥ âà¥-
¡ã¥â −¥¯à®¨§¢®¤¨â¥«ì−ëå ¢à¥¬¥−−‚ëå ¨ âàã¤®¢ëå §�âà�â −� �−�«¨§ §�ªã¯«¥−−®£®
¨ á®¢¥àè¥−¨¥ −®¢ëå §�ªã¯®ª, ¯®áª®«ìªã á¯¥æ¨�«¨áâ §�ç�áâãî −¥ ¬®¦¥â §�à�−¥¥
®¯à¥¤¥«¨âì, ª�ª¨¥ ¨¬¥−−® áâ�−¤�àâë ¥¬ã ¡ã¤ãâ −¥®¡å®¤¨¬ë ¨ ¤®áâ�â®ç−ë ¤«ï ¥£®
à�¡®âë. �â® ¯à¨¢®¤¨â ª −¥¯®«−®¬ã (®£à�−¨ç¥−−®¬ã) ¨«¨ ¤�¦¥ ª −¥ª®àà¥ªâ−®¬ã
¢−¥¤à¥−¨î áâ�−¤�àâ®¢, çâ® ¢ ¤�«ì−¥©è¥¬ ¯®à®¦¤�¥â ¯à®¡«¥¬ë ¢§�¨¬®¤¥©áâ¢¨ï
®à£�−¨§�æ¨© ¨ ¨å ˆ‘.

8 Анализ проблемы понимания семантики геоданных

‘¤¥«�¥¬ ¯®¯ëâªã à�áá¬®âà¥âì ¯à®¡«¥¬ã ¯®−¨¬�−¨ï ¢®®¡é¥, � â�ª¦¥ ¯®−¨-
¬�−¨¥ á¥¬�−â¨ª¨ £¥®¤�−−ëå, ®¯¨à�ïáì −� ¬�â¥à¨�« [16]. ’�¬ ¯à¨¢®¤¨âáï àï¤
®¯à¥¤¥«¥−¨© ¯®−ïâ¨ï ¯®−¨¬�−¨ï, ®¡®¡é�ï ª®â®àë¥ ¤«ï §�¤�ç ®¡¥á¯¥ç¥−¨ï ˆ�
ˆ‘ ¬®¦−® ¨−¤ãæ¨à®¢�âì á«¥¤ãîé¥¥ ®¯à¥¤¥«¥−¨¥:

�®−¨¬�−¨¥ (ãá¢®¥−¨¥) | á®®â−¥á¥−¨¥, áà�¢−¥−¨¥ ¢−®¢ì ¯®áâã¯�îé¥© ¨−-
ä®à¬�æ¨¨ (â¥ªáâ�, ®¡à�§�, à¥ç¨, ¯®¢¥¤¥−¨ï, ï¢«¥−¨ï ¨ â. ¯.) á ã¦¥ ¨§¢¥áâ-
−®©, −�ª®¯«¥−−®© ¨ áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨¥© (â. ¥. áãâì §−�−¨¥¬)
¯®áà¥¤áâ¢®¬ ª®£−¨â¨¢−ëå áâàãªâãà, áå¥¬ ¯®¢¥¤¥−¨ï, ¯®−ïâ¨© ¨ ª�â¥£®à¨©
¯®−ïâ¨©; ¨ ¥¥ ®æ¥−ª� á ®¯à¥¤¥«¥−−ëå ¯®§¨æ¨©, −� ®á−®¢¥ −¥ª®â®à®£® ®¡à�§-
æ�, áâ�−¤�àâ�, −®à¬ë, ¯à¨−æ¨¯� ¨ â. ¯., −�¯à¨¬¥à −�ª®¯«¥−−®£® ®¯ëâ� ¨«¨
®¡áâ®ïâ¥«ìáâ¢, ¢ ª®â®àëå ¯à®¨áå®¤¨â ¯à®æ¥áá ¢®á¯à¨ïâ¨ï ¨ ¯®−¨¬�−¨ï,
®á®¡¥−−®áâ¥© ª®£−¨â¨¢−®© á¨áâ¥¬ë/ª®£−¨â¨¢−®£® áâ¨«ï ç¥«®¢¥ª�.

�¥¯®−¨¬�−¨¥ ç�é¥ ¢á¥£® ®¡ãá«®¢«¥−® −¥®¡®á−®¢�−−®áâìî, −¥®ç¥¢¨¤−®áâìî
¨«¨ ®âáãâáâ¢¨¥¬ â�ª®£® áâ�−¤�àâ�, � â�ª¦¥ ¬®¦¥â ¡ëâì ¢ë§¢�−® ¢®§−¨ª�îé¨¬
ª®£−¨â¨¢−ë¬ ¤¨áá®−�−á®¬ (¢ â¥à¬¨−®«®£¨¨ ˆ‘ | −�àãè¥−¨¥¬ æ¥«®áâ−®áâ¨ áã-
é¥áâ¢ãîé¥£® §−�−¨ï), � â�ª¦¥, ¢ á«ãç�¥ ®áãé¥áâ¢«¥−¨ï ¯à®æ¥áá� ¯®−¨¬�−¨ï
ç¥«®¢¥ª®¬, áã¡ê¥ªâ¨¢−ë¬¨ ä�ªâ®à�¬¨ ¢®á¯à¨ïâ¨ï (−¥¡«�£®¯à¨ïâ−ë¬¨ ãá«®¢¨-
ï¬¨ ¤«ï ¢®á¯à¨ïâ¨ï ¨ ¯®−¨¬�−¨ï/ãá¢®¥−¨ï ¨−ä®à¬�æ¨¨). ‚ ¯®á«¥¤−¥¬ á«ãç�¥
¯®−¨¬�−¨¥ â�ª¦¥ ¬®¦¥â ¯à®¨áå®¤¨âì −¥ áà�§ã, � á §�¤¥à¦ª®©, −�¯à¨¬¥à:

{ ¯® ¯à®è¥áâ¢¨¨ ®¯à¥¤¥«¥−−®£® ¢à¥¬¥−¨ | ¡ë«® ¢à¥¬ï ú¯®¤ã¬�âìû ¨«¨ á®§¤�-
«¨áì ¡«�£®¯à¨ïâ−ë¥ ãá«®¢¨ï ¤«ï ®¡¤ã¬ë¢�−¨ï;

{ ¯à¨ ¨§¬¥−¥−¨¨ ãá«®¢¨© | ¡ë«� ¯®«ãç¥−� ¤®¯®«−¨â¥«ì−�ï ¨−ä®à¬�æ¨ï,
áª�¦¥¬, ¯à®¨§®è«¨ ®¯à¥¤¥«¥−−ë¥ á®¡ëâ¨ï, çâ® ¤®¯®«−¨«®, ú¯à®â®«ª−ã«®û
−¥¤®¯®−ïâãî à�−¥¥ ¨−ä®à¬�æ¨î, ú¯®áâ�¢¨«® ¢á¥ −� á¢®¨ ¬¥áâ�û.
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�®−¨¬�−¨¥ (� â®ç−¥¥ áª�§�âì, §−�−¨¥) ¤�¥â ¢®§¬®¦−®áâì ®áãé¥áâ¢«ïâì ¤¥©-
áâ¢¨ï á −®¢ë¬¨ ¯à¥¤¬¥â�¬¨ −� ®á−®¢¥ ã¦¥ á«®¦¨¢è¨åáï ã¬¥−¨© ¨ −�¢ëª®¢,
� â�ª¦¥ à¥ä«¥ªá¨à®¢�âì ® ¯®−ïâ®©/ãá¢®¥−−®© ¨−ä®à¬�æ¨¨ (§−�−¨¨), ¢ë¢®¤¨âì ¨§
−¥¥ à�§−ë¥ á«¥¤áâ¢¨ï.

Š�á�â¥«ì−® ¯à®æ¥áá� ¯®−¨¬�−¨ï (¨−â¥à¯à¥â�æ¨¨) ¬®¦−® áä®à¬ã«¨à®¢�âì á«¥-
¤ãîé¥¥: �¢â®à (£¥−¥à�â®à) ¢ëà�¦�¥â á¢®¨ áã¡ê¥ªâ¨¢−ë¥ ®¡à�§ë ¨«¨ áã¦¤¥−¨ï
¢ ä®à¬�«¨§®¢�−−®¬ ¢¨¤¥ (â¥ªáâ, à¥çì), � ¨−â¥à¯à¥â�â®à ¢®ááâ�−�¢«¨¢�¥â íâ®â
®¡à�§ ¨«¨ áã¦¤¥−¨¥ ¢ á®¡áâ¢¥−−®¬ áã¡ê¥ªâ¨¢−®¬ ª®−â¥ªáâ¥. �â®â áã¡ê¥ªâ¨¢−ë©
ª®−â¥ªáâ ®¯à¥¤¥«ï¥âáï ¯à¥¤ë¤ãé¨¬ ®¯ëâ®¬ áã¡ê¥ªâ� ¨ â¥ªãé¨¬¨ ®¡áâ®ïâ¥«ì-
áâ¢�¬¨, ¢ ª®â®àëå ¯à®¨áå®¤¨â ¨−â¥à¯à¥â�æ¨ï. ’�ª¨¬ ®¡à�§®¬, ï§ëª ¢ëáâã¯�¥â
úã−¨¢¥àá�«ì−®© ®−â®«®£¨¥©û, ª®â®à�ï ®¡¥á¯¥ç¨¢�¥â ˆ� áã¡ê¥ªâ®¢ | −®á¨â¥«¥©
ï§ëª� (â®ç−¥¥ £®¢®àï, ¯®«ì§®¢�â¥«¥© ï§ëª�).

„«ï £¥−¥à�â®à� −¥ áãé¥áâ¢ã¥â (áª®à¥¥ ®−� ¤«ï −¥£® −¥§�¬¥â−�) ¯à®¡«¥¬ë
®¬®−¨¬¨¨ á«®¢/â¥à¬¨−®¢ (−¥®¤−®§−�ç−®áâ¨ ¨á¯®«ì§ã¥¬®£® á«®¢�/â¥à¬¨−�), ¯®-
áª®«ìªã ®− §−�¥â ¯®¤à�§ã¬¥¢�¥¬®¥ ¯®¤ −¨¬ §−�ç¥−¨¥. � ¢®â ¨−â¥à¯à¥â�â®à
áâ�«ª¨¢�¥âáï á â�ª®© ¯à®¡«¥¬®© ¨ ¢ë−ã¦¤¥− ¥¥ à¥è�âì ¨«¨ ¯®áà¥¤áâ¢®¬ ®¯®àë
−� ª®−â¥ªáâ á®®¡é¥−¨ï, � ¥á«¨ íâ® −¥ ¯®¬®£�¥â, â® ¢ë−ã¦¤¥− ¨á¯®«ì§®¢�âì ¢¥-
à®ïâ−®áâ−ë¥ (ç�áâ®â−ë¥) ¨«¨ −¥ç¥âª¨¥ ®æ¥−ª¨ (â¨¯� ú�¢â®à, ¯® ¢á¥© ¢¨¤¨¬®áâ¨,
¨¬¥« ¢ ¢¨¤ã á«¥¤ãîé¥¥û ¨«¨ ú�¢â®à ¬®£ ¨¬¥âì ¢ ¢¨¤ã «¨¡® â®, «¨¡® íâ®û). �®¨áª
−¥ï¢−®/−¥ç¥âª® ¢ëà�¦¥−−®£® á®¤¥à¦�−¨ï ¯à®¨áå®¤¨â ¢ à¥§ã«ìâ�â¥ ®¡à�é¥−¨ï
ª §−�−¨ï¬, ¨¬¥îé¨¬ ®â−®è¥−¨¥ ª ¤�−−®¬ã â¥ªáâã.

‘¥¬¨®â¨ç¥áª�ï ª®¬¬ã−¨ª�æ¨ï ¯à¥¤¯®«�£�¥â ãç�áâ¨¥ ®â¯à�¢¨â¥«ï ¨ ¯®«ãç�-
â¥«ï ¨−ä®à¬�æ¨®−−®£® á®®¡é¥−¨ï, ¯à¨ç¥¬ ¢ ¯à®æ¥áá¥ ®¡é¥−¨ï ª�¦¤ë© ¨§ −¨å
¢ëáâã¯�¥â ¢ à®«¨ â® £¥−¥à�â®à�, â® ¨−â¥à¯à¥â�â®à� á®®¡é¥−¨ï.

‚ ¯à�ªâ¨ç¥áª®¬ ¯«�−¥ ¯à®¡«¥¬� ¯®−¨¬�−¨ï ¢®§−¨ª�¥â, ª®£¤� ¢§�¨¬®¤¥©áâ¢ã-
îé¨¥ �£¥−âë áâ�«ª¨¢�îâáï á úá¨âã�æ¨ï¬¨ −¥®¯à¥¤¥«¥−−®áâ¨ ª«îç¥¢ëå ¯®−ïâ¨©,
á −¥ç¥âª¨¬¨ ¯®áâ�−®¢ª�¬¨ §�¤�ç, á «¥ªá¨ç¥áª®© ¯®«¨á¥¬¨¥© ¨ ¤àã£¨¬¨ ¯à¥¯ïâ-
áâ¢¨ï¬¨ ª ®¤−®§−�ç−®© ¨ íªá¯«¨æ¨â−®© âà�ªâ®¢ª¥ â¥à¬¨−®¢, ¨å á¬ëá«®¢ëå á¢ï§¥©
¨ ¨å ¢®á¯à¨ïâ¨ï á¯¥æ¨�«¨áâ�¬¨ ¨§ à�§−ëå ®¡«�áâ¥©û [17].

9 Заключение

�á−®¢−®© §�¤�ç¥© ¤�−−®© à�¡®âë áâ�¢¨«�áì ¢ëà�¡®âª� æ¥«®áâ−®£® ¨ ¯® ¢®§-
¬®¦−®áâ¨ ¢á¥áâ®à®−−¥£® ¢§£«ï¤� −� ¯à®¡«¥¬ã ˆ�. �®¤¢®¤ï ¨â®£ ¢ëè¥¨§«®¦¥−-
−®¬ã, ¯à¥¤áâ�¢«ï¥âáï ¢�¦−ë¬ ®â¬¥â¨âì á«¥¤ãîé¥¥.

÷�áá¬�âà¨¢�ï áâàãªâãàã ˆ�, ¬®¦−® ¢ë¤¥«¨âì ¤¢¥ ®¡®¡é¥−−ëå £àã¯¯ë ¥¥
�á¯¥ªâ®¢: â¥å−¨ç¥áªãî ˆ�, ¢ª«îç�îéãî ä¨§¨ç¥áª¨©, á¨−â�ªá¨ç¥áª¨©, á¥¬�−-
â¨ç¥áª¨© ¨ ¯à�£¬�â¨ç¥áª¨© �á¯¥ªâë, ¨ ®à£�−¨§�æ¨®−−ãî ˆ�, ¢ª«îç�îéãî ¢®-
¯à®áë ®à£�−¨§�æ¨¨ ¬¥¦á¨áâ¥¬−®£® ¢§�¨¬®¤¥©áâ¢¨ï (−�¯à¨¬¥à, ¡¨§−¥á-¯à®æ¥ááë,
ª®à¯®à�â¨¢−ë¥ ¯à�¢¨«� ¨ â. ¯.). ‚�¦−ë¬ ¯à¥¤áâ�¢«ï¥âáï â¥§¨á ® â®¬, çâ® ¯¥-
à¥ç¨á«¥−−ë¥ ¬®¬¥−âë ï¢«ïîâáï ¨¬¥−−® �á¯¥ªâ�¬¨, � −¥ ãà®¢−ï¬¨ ˆ�, â�ª ª�ª
¡¥§ ®¡¥á¯¥ç¥−¨ï ª�ª®£®-«¨¡® ¨§ −¨å £®¢®à¨âì ® ¯à�ªâ¨ç¥áª®¬ ®¡¥á¯¥ç¥−¨¨ ˆ� −¥

102 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 1 2016



�à®¡«¥¬ë ®¡¥á¯¥ç¥−¨ï á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨

¯à¨å®¤¨âáï. � ¢ ª�ç¥áâ¢¥ ãà®¢−¥© ®¡¥á¯¥ç¥−¨ï ˆ� ¢ëáâã¯�îâ á¯®á®¡ë ®à£�−¨§�-
æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï: ¨−ä®à¬�æ¨®−−ë© (â®«ìª® ®¡¬¥− ¤�−−ë¬¨) ¨ ¨−ä®à¬�æ¨®−-
−®-äã−ªæ¨®−�«ì−ë© (¤¥«¥£¨à®¢�−¨¥ äã−ªæ¨®−�«ì−ëå §�¤�ç ¨−ä®à¬�æ¨®−−ë¬
á¨áâ¥¬�¬-¯�àâ−¥à�¬).

�¯à¥¤¥«¥−¨¥ úá¥¬�−â¨ç¥áª�ï ¨−â¥à®¯¥à�¡¥«ì−®áâìû ¬®¦−® ¯®−¨¬�âì ª�ª
á¯®á®¡−®áâì ¢§�¨¬®¤¥©áâ¢ãîé¨å ˆ‘ �¤¥ª¢�â−® ¯®−¨¬�âì á¬ëá« ª�ª á�¬¨å ¤�−-
−ëå, â�ª ¨ ¢ë§®¢®¢ äã−ªæ¨®−�«ì−ëå ¯à®æ¥áá®¢, ä¨£ãà¨àãîé¨å ¢ ¬¥¦á¨áâ¥¬−®¬
¢§�¨¬®¤¥©áâ¢¨¨.

‚�¦−ë¬ ¬®¬¥−â®¬ ï¢«ï¥âáï ¢ë¤¥«¥−¨¥ ¯à�£¬�â¨ç¥áª®© ˆ� ª�ª ¢®§¬®¦-
−®áâ¨ á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï ¢ ®¤−®¬ äã−ªæ¨®−�«ì−®¬ ¯à®æ¥áá¥ ¤�−−ëå,
¨¤¥−â¨ç−ëå ¯® á¬ëá«ã, −® à�§«¨ç−ëå ¯® ä®à¬¥ ¯à¥¤áâ�¢«¥−¨ï (¯®¤à®¡−®áâ¨,
à�§à¥è�îé¥© á¯®á®¡−®áâ¨) ¨«¨ ¯® áâ¥¯¥−¨ â®ç−®áâ¨. �á−®¢−ë¬¨ â¨¯¨ç−ë¬¨
¯à®¡«¥¬�¬¨ ¢ ¤®áâ¨¦¥−¨¨ ˆ�, ¢ ç�áâ−®áâ¨ á¥¬�−â¨ç¥áª®©, ï¢«ïîâáï:

{ ª®−æ¥¯âã�«ì−�ï −¥á®¢¬¥áâ¨¬®áâì, −¥æ¥«®áâ−®áâì, ¯à®â¨¢®à¥ç¨¢®áâì, −¥ª®−-
¢¥−æ¨®−�«ì−®áâì ¨ â®¬ã ¯®¤®¡−ë¥ ¯à®¡«¥¬ë ®¯¨á�−¨ï ¯à¥¤¬¥â−ëå ®¡«�áâ¥©;

{ ¯à®¡«¥¬ë, ¢®§−¨ª�îé¨¥ ¢á«¥¤áâ¢¨¥ à�§−®¯«�âä®à¬¥−−ëå ¯à¥¤áâ�¢«¥−¨©
¤�−−ëå ¨ ¨−â¥àä¥©á®¢ ¢ ã−�á«¥¤®¢�−−ëå ¨ ¢−®¢ì à�§à�¡�âë¢�¥¬ëå ¯à®-
£à�¬¬−ëå ª®¬¯«¥ªá�å;

{ ¯à®¡«¥¬ë, ¢®§−¨ªè¨¥ ¢á«¥¤áâ¢¨¥ ¤®¯ãé¥−¨© ¨ ®è¨¡®ª, ¢®§−¨ªè¨å ¯à¨
¯à®¥ªâ¨à®¢�−¨¨, à¥�«¨§�æ¨¨ ¨ ¬®¤¨ä¨ª�æ¨¨ â®© ¨«¨ ¨−®© ˆ‘.

�à®¡«¥¬� ˆ� ãáã£ã¡«ï¥âáï ¯à¨ ¬�áèâ�¡¨à®¢�−¨¨, −�¯à¨¬¥à ¯à¨ ¯¥à¥å®¤¥
®â ª®à¯®à�â¨¢−ëå áâ�−¤�àâ®¢ ¨ â¥å−®«®£¨©, à�§à�¡�âë¢�¥¬ëå ¨ ¢−¥¤àï¥¬ëå ¥¤¨-
−®−�ç�«ì−®, ª áâ�−¤�àâ�¬ ®âà�á«¨ (®á®¡¥−−® ¢ ¬¥¦¤ã−�à®¤−®¬ ¬�áèâ�¡¥), ¤«ï
á®§¤�−¨ï ¨ ¢−¥¤à¥−¨ï ª®â®àëå −¥®¡å®¤¨¬® á®£«�á¨¥ ¬¥¦¤ã ¢á¥¬¨ ¢§�¨¬®¤¥©áâ¢ã-
îé¨¬¨ áâ®à®−�¬¨.

�−�«¨§ ¯à®¡«¥¬ë áâ�−¤�àâ¨§�æ¨¨ ¬¥â�¤�−−ëå ¢ ¯«�−¥ ®¡¥á¯¥ç¥−¨ï ˆ�
−�â�«ª¨¢�¥â −� á«¥¤ãîé¨¥ ¢ë¢®¤ë:

{ à�æ¨®−�«ì−ë¬ ¯®¤å®¤®¬ ¯à¥¤áâ�¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥ á¨áâ¥¬ë «®ª�«ì−ëå
áâ�−¤�àâ®¢ ¤«ï á¯¥æ¨ä¨ç¥áª¨å áâàãªâãà ¬¥â�¤�−−ëå ¨ ¤�−−ëå, ¯à¨ íâ®¬
¢�¦−ë¬ âà¥¡®¢�−¨¥¬ ï¢«ï¥âáï ®¡¥á¯¥ç¥−¨¥ ¤®áâã¯−®áâ¨ íâ®© á¨áâ¥¬ë ¤«ï ¨å
ª®−¥ç−ëå ¯®«ì§®¢�â¥«¥© (®¯¥à�â®à®¢ ®¡à�¡�âë¢�îé¨å ª®¬¯«¥ªá®¢);

{ áâ�−¤�àâ¨§�æ¨ï ¤®«¦−� ®¯à¥¤¥«ïâì −¥ â®«ìª® á®áâ�¢ ¨ ä®à¬ã ¯à¥¤áâ�¢«¥−¨ï
¤�−−ëå/¬¥â�¤�−−ëå, −® ¨ ¨å ¤®áâ®¢¥à−®áâì, â®ç−®áâì ¨ ¯®«−®âã, ¤«ï ç¥£®
âà¥¡ã¥âáï áä®à¬ã«¨à®¢�âì á®¢à¥¬¥−−ë¥ âà¥¡®¢�−¨ï ª £¥®¤�−−ë¬;

{ áâ�−¤�àâ¨§�æ¨ï ¤®«¦−� à�á¯à®áâà�−ïâìáï −¥ â®«ìª® −� á®áâ�¢ ¨ á¯®á®¡ë
®¯¨á�−¨ï ¤�−−ëå/¬¥â�¤�−−ëå, −® ¨ −� ä®à¬ã ¨ á¯®á®¡ë ¢ë¯®«−¥−¨ï ¯®¨á-
ª®¢ëå §�¯à®á®¢, ¢ â®¬ ç¨á«¥ ¯à�¢¨«� ®¡à�¡®âª¨ ®âáãâáâ¢ãîé¨å ¨«¨ ¯à¨¢¥¤¥-
−¨ï ª ú®¡é¥¬ã §−�¬¥−�â¥«îû �«ìâ¥à−�â¨¢−ëå ¨«¨ á¥¬�−â¨ç¥áª¨-§�¢¨á¨¬ëå
�âà¨¡ãâ®¢ ¯®¨áª�, � â�ª¦¥ −� ä®à¬ã ¬¥¦á¨áâ¥¬−ëå äã−ªæ¨®−�«ì−ëå ¢ë§®¢®¢
(¤«ï á¨áâ¥¬ â¨¯� SOA).
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�−�«¨§ ¯à®¡«¥¬ë ¯®−¨¬�−¨ï ¯à¨¢®¤¨â ª ®á®§−�−¨î â®£®, çâ® ¤«ï ®¡¥á¯¥ç¥−¨ï
ãà®¢−ï á¥¬�−â¨ç¥áª®© ˆ� ¢® ¢á¥å ¢§�¨¬®¤¥©áâ¢ãîé¨å á¨áâ¥¬�å ¤®«¦−� ¡ëâì
§�«®¦¥−� ¥¤¨−�ï á¨áâ¥¬� (á«®¢�àì, â¥§�ãàãá) −�¨¬¥−®¢�−¨© â¥£®¢, �âà¨¡ãâ®¢,
ª«îç¥¢ëå á«®¢ ¨ ®¡à�§ã¥¬ëå ¨¬¨ áâàãªâãà (ª«�áá®¢ ¨«¨ ®¡ê¥ªâ®¢), ª�¦¤®¬ã ¨§
ª®â®àëå á®¯®áâ�¢«ï¥âáï â®â ¨«¨ ¨−®© á¬ëá«, ¨, á®®â¢¥âáâ¢¥−−®, ¢®§¬®¦−®áâ¨,
¯à�¢¨«� ¨ ®£à�−¨ç¥−¨ï ¨å ®¡à�¡®âª¨.

�� ®á−®¢�−¨¨ �−�«¨§� ¨ áâàãªâãà¨à®¢�−¨ï ¯à®¡«¥¬ë ˆ� ¬®¦−® á¤¥«�âì
¯à¥¤¯®«®¦¥−¨¥, çâ® ¨−â¥à®¯¥à�¡¥«ì−®¥ äã−ªæ¨®−¨à®¢�−¨¥ ¬−®¦¥áâ¢� à�§−®-
à®¤−ëå ˆ‘ ¢®§¬®¦−® ¢ à�¬ª�å ®¡ê¥¤¨−ïîé¥© ¨å £¨¯¥àá¨áâ¥¬ë. ”ã−ªæ¨ï¬¨
¯®á«¥¤−¥© ¤®«¦−ë áâ�âì ®¡¥á¯¥ç¥−¨¥ ¨ ª®−âà®«ì ®¡é¨å âà¥¡®¢�−¨© ¨ áâ�−¤�àâ®¢,
¯à¥¤êï¢«ï¥¬ëå ª ª�¦¤®© ¨§ á¨áâ¥¬-ãç�áâ−¨æ, ¨ �¤¬¨−¨áâà¨à®¢�−¨¥ â¥å äã−ªæ¨-
®−�«ì−ëå ¯à®æ¥áá®¢, ª®â®àë¥ ®â−®áïâáï ª £¨¯¥àá¨áâ¥¬¥ ¢ æ¥«®¬ (â. ¥. ª®£¤� ¨¬¥¥â
¬¥áâ® ¬¥¦¯®¤á¨áâ¥¬−®¥ ¢§�¨¬®¤¥©áâ¢¨¥).

Š�¦¤ãî ¨§ ¯®¤á¨áâ¥¬ ¬®¦−® à�áá¬�âà¨¢�âì ª�ª ç¥à−ë© ïé¨ª, ¤¥â�«¨ à¥�-
«¨§�æ¨¨ ¨ äã−ªæ¨®−¨à®¢�−¨ï ª®â®à®© ¬�«® ¨−â¥à¥áãîâ £¨¯¥àá¨áâ¥¬ã ¨ ®áâ�îâáï
−� á®¢¥áâ¨ ®à£�−¨§�æ¨©-®¯¥à�â®à®¢ íâ¨å ¯®¤á¨áâ¥¬. „«ï £¨¯¥àá¨áâ¥¬ë ¢�¦−®
«¨èì â®, çâ® ¥¥ ¯®¤á¨áâ¥¬ë ª�ª ç¥à−ë© ïé¨ª ¡ã¤ãâ �¤¥ª¢�â−® à¥�£¨à®¢�âì −�
®¯à¥¤¥«¥−−®¥ ¬−®¦¥áâ¢® ¢−¥è−¨å §�¯à®á®¢, áä®à¬ã«¨à®¢�−−ëå ¢ ®¡é¥© ¨¤¥®-
«®£¨¨ ¨ â¥à¬¨−®«®£¨¨ ¨−â¥à®¯¥à�¡¥«ì−®© £¨¯¥àá¨áâ¥¬ë. �¤−�ª® ¯®áâà®¥−¨¥
¨−â¥à®¯¥à�¡¥«ì−®© á¨áâ¥¬ë ¯® æ¥−âà�«¨§®¢�−−®¬ã ¯à¨−æ¨¯ã −¥¨§¡¥¦−® ¢áâã¯�-
¥â ¢ ª®−ä«¨ªâ á âà¥¡®¢�−¨¥¬ £¨¡ª®áâ¨, â�ª ª�ª ¯à¨ ª�¦¤®¬ ¤®¡�¢«¥−¨¨ ¢ á¨áâ¥¬ã
−®¢®£® ª®¬¯®−¥−â� âà¥¡ã¥âáï ¯¥à¥áâà®©ª� ¥¥ úï¤à�û.

ˆ§«®¦¥−−ë© ¬�â¥à¨�« ¯à¥¤¯®«�£�¥âáï ¨á¯®«ì§®¢�âì ª�ª â¥®à¥â¨ç¥áª®¥
®¡®á−®¢�−¨¥ ¤«ï à�§à�¡�âë¢�¥¬®© �¢â®à�¬¨ ¬®¤¥«¨ ®¡¥á¯¥ç¥−¨ï á®£«�á®¢�−−®£®
¯®−¨¬�−¨ï ¯®«ì§®¢�â¥«ï¬¨ á¥¬�−â¨ª¨ £¥®¤�−−ëå.
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Abstract: The primary goal of the work was to develop a complete and,
whenever possible, all-round point of view on the problem of interoperability
of cooperating information systems in general and the semantic aspect of this
problem in particular. The paper considers principal causes of occurrence of the
problem of intersystem interoperability, its various definitions, and approaches
to its structurization. An attempt to structure the problem of interoperability
is made, the ambiguous moments are discovered and possible variants of their
elimination are suggested. The state-of-the-art is analyzed in the field of
standardization of metadata. The conclusion about necessity of standardization
of forms and ways of performance of search inquiries and intersystem functional
calls is made. The basic moments of the problem of understanding of sense of the
data, existing approaches to its structurization, and solving are considered.
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НЕКОТОРЫЕ ВОПРОСЫ ПРАКТИЧЕСКОЙ РЕАЛИЗАЦИИ
КОНЦЕПЦИИ SDN

В. Б. Егоров1

�−−®â�æ¨ï: �®¤¢¥à£�¥âáï à�§−®áâ®à®−−¥¬ã �−�«¨§ã è¨à®ª® ®¡áã¦¤�¥¬�ï
¢ ¯®á«¥¤−¥¥ ¢à¥¬ï ª®−æ¥¯æ¨ï á®§¤�−¨ï ¯à®£à�¬¬−®-ª®−ä¨£ãà¨àã¥¬ëå á¥â¥©
SDN (software-defined networking). �®ª�§�−� −¥®ç¥¢¨¤−®áâì àï¤� à�á¯à®áâà�-
−¥−−ëå áã¦¤¥−¨© ® á¥âïå, ¯®áâà®¥−−ëå −� ¯à¨−æ¨¯�å SDN, ¨ −¥¡¥§ãá«®¢−®áâì
â�ª¨å è¨à®ª® à¥ª«�¬¨àã¥¬ëå ¨å ¯à¥¨¬ãé¥áâ¢, ª�ª ãáª®à¥−¨¥ ¨ ã¤¥è¥¢«¥-
−¨¥ á®§¤�−¨ï, ã¯à®é¥−¨¥ ¬�áèâ�¡¨à®¢�−¨ï ¨ ª®−ä¨£ãà¨à®¢�−¨ï, ¯®¢ëè¥−¨¥
íää¥ªâ¨¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ¨ ã¯à�¢«¥−¨ï ¯à¨ á®ªà�é¥−¨¨ íªá¯«ã�â�-
æ¨®−−ëå §�âà�â. �â¬¥ç¥−ë â�ª¨¥ áãé¥áâ¢¥−−ë¥, −® ®¡ëç−® −¥ �ªæ¥−â¨àã¥¬ë¥
®á®¡¥−−®áâ¨ á¥â¥© SDN, ª�ª âï£� ª â¥àà¨â®à¨�«ì−®© ª®¬¯�ªâ−®áâ¨, −¥®¡å®¤¨-
¬®áâì ¨−¤¨¢¨¤ã�«ì−®£® ¯à¨ª«�¤−®£® ¯à®£à�¬¬¨à®¢�−¨ï ª�¦¤®© ª®−ªà¥â−®©
á¥â¨, ¦¥«�â¥«ì−®áâì ¢ë¤¥«¥−−ëå ¤®¢¥à¥−−ëå ª�−�«®¢ ã¯à�¢«¥−¨ï ãáâà®©áâ¢�-
¬¨ á¥â¥¢®© ¨−äà�áâàãªâãàë, §�¬¥¤«¥−−�ï ª®¬¬ã−¨ª�æ¨ï ¬¥¦¤ã ¯«®áª®áâï¬¨
¤�−−ëå ¨ ã¯à�¢«¥−¨ï, á«®¦−®áâì ®¡¥á¯¥ç¥−¨ï −�¤¥¦−®áâ¨ ¨ ¤®áâã¯−®áâ¨ á¥â¨
¨§-§� æ¥−âà�«¨§�æ¨¨ ã¯à�¢«¥−¨ï, ®¡ê¥ªâ¨¢−ë¥ âàã¤−®áâ¨ á®¯àï¦¥−¨ï á áã-
é¥áâ¢ãîé¨¬¨ âà�¤¨æ¨®−−ë¬¨ á¥âï¬¨. ‘¤¥«�−� ¯®¯ëâª� ®¡êïá−¥−¨ï ¯à¨ç¨−
−ë−¥è−¥© ¯®¯ã«ïà−®áâ¨ ª®−æ¥¯æ¨¨ SDN, � â�ª¦¥ ¤�−� ®æ¥−ª� ¯¥àá¯¥ªâ¨¢
¨ ãá«®¢¨© ¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨ ª®−æ¥¯æ¨¨ SDN ¢ ¡ã¤ãé¥¬.

Š«îç¥¢ë¥ á«®¢�: NFV; RUNOS; SDN; ¢¨àâã�«¨§�æ¨ï á¥â¥¢ëå äã−ªæ¨©;
ú®àª¥áâà®¢ª�û; ú®àª¥áâà®¢é¨ªû; �Š‘; ¯à®£à�¬¬−®-ª®−ä¨£ãà¨àã¥¬ë¥ á¥â¨;
¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬ë¥ á¥â¨; á¥â¥¢�ï ®¯¥à�æ¨®−−�ï á¨áâ¥¬�
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1 Введение

‚ ¯®á«¥¤−¥¥ ¢à¥¬ï ¢®è«¨ ¢ ¬®¤ã ¨ �ªâ¨¢−® ¤¨áªãâ¨àãîâáï â�ª −�§ë¢�¥¬ë¥
¯à®£à�¬¬−®-ª®−ä¨£ãà¨àã¥¬ë¥ á¥â¨. ˆ−®£¤� ¨å −�§ë¢�îâ, ä®à¬�«ì−® ¡«¨¦¥
ª ®à¨£¨−�«ì−®¬ã �−£«¨©áª®¬ã â¥à¬¨−ã, ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬ë¬¨ á¥âï¬¨. ��
á�¬®¬ ¤¥«¥ ®¡� −�§¢�−¨ï −¥ â®«ìª® −¥ ï¢«ïîâáï â®ç−ë¬¨ ¯¥à¥¢®¤�¬¨, −® ¨ ®¡�
−¥ á«¨èª®¬ ã¤�ç−ë, ¯®áª®«ìªã −¥ ®âà�¦�îâ áãé¥áâ¢� ¤¥«�. �à¨£¨−�«ì−ë©
â¥à¬¨− software-defined networking ¯à�¢¨«ì−¥¥ ¯¥à¥¢®¤¨âì, ¢ á®®â¢¥âáâ¢¨¨ á â®ç-
−ë¬ §−�ç¥−¨¥¬ á«®¢� networking, ª�ª ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬ë¥ (§�¤�¢�¥¬ë¥,
®¯¨áë¢�¥¬ë¥) á®§¤�−¨¥ ¨ ®à£�−¨§�æ¨ï á¥â¥©. ‚á«¥¤áâ¢¨¥ â�ª®© −¥�¤¥ª¢�â−®áâ¨
−�å®¤ïé¨åáï ¢ ®¡à�é¥−¨¨ àãááª®ï§ëç−ëå â¥à¬¨−®¢ ¢ ¤�«ì−¥©è¥¬ â¥ªáâ¥ ¡ã¤¥â
¯à¨¬¥−ïâìáï ®à¨£¨−�«ì−ë© �ªà®−¨¬ SDN ¢ ¥£® ¨áå®¤−®¬ §−�ç¥−¨¨ ª®−æ¥¯æ¨¨

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vegorov@ipiran.ru
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á®§¤�−¨ï, ®à£�−¨§�æ¨¨ ¨ äã−ªæ¨®−¨à®¢�−¨ï á¥â¥©. ‘®®â¢¥âáâ¢¥−−® ¯®¤ á¥âï¬¨
SDN ¡ã¤ãâ ¯®−¨¬�âìáï á¥â¨, á®§¤�¢�¥¬ë¥ −� ª®−æ¥¯âã�«ì−ëå ¯à¨−æ¨¯�å SDN,
� á�¬® á«®¢®á®ç¥â�−¨¥ úá¥âì SDNû −¥ ¡ã¤¥â áªàëâ®© â�¢â®«®£¨¥©.

�à¨−æ¨¯ë SDN áâ�«¨ ¯à¥¤¬¥â®¬ á�¬ëå à�§−ëå ¯ã¡«¨ª�æ¨© | ®â á¥àì¥§−ëå
−�ãç−ëå áâ�â¥© ¤® á¯¥ªã«ïâ¨¢−®© à¥ª«�¬ë. ÷¥ª«�¬� ¨ ¢®áâ®à¦¥−−ë¥ ¤¨ä¨à�¬¡ë
−�áâ®©ç¨¢® á®§¤�îâ ¢¯¥ç�â«¥−¨¥, çâ® SDN | çãâì «¨ −¥ ¯�−�æ¥ï, à¥è¥−¨¥ ¥¤¢�
«¨ −¥ ¢á¥å ¯à®¡«¥¬, ¢®§−¨ª�îé¨å ¢ á®¢à¥¬¥−−ëå ¯�ª¥â−ëå á¥âïå. …á«¨ ¢¥à¨âì
¨¬, â® ¢−¥¤à¥−¨¥ ¯à¨−æ¨¯®¢ SDN á¯®á®¡−® ãáª®à¨âì ¨ ã¤¥è¥¢¨âì á®§¤�−¨¥
á¥â¥©, ã¯à®áâ¨âì ¨å ¬�áèâ�¡¨à®¢�−¨¥ ¨ ª®−ä¨£ãà¨à®¢�−¨¥, à�¤¨ª�«ì−® ¯®¢ëá¨âì
íää¥ªâ¨¢−®áâì äã−ªæ¨®−¨à®¢�−¨ï ¯à¨ ã¬¥−ìè¥−¨¨ íªá¯«ã�â�æ¨®−−ëå §�âà�â.
�® ¬®¦−® «¨ ¯®¢¥à¨âì ¢ ¨§®¡à¥â¥−¨¥ −¥ª®¥£® ã−¨¢¥àá�«ì−®£® áà¥¤áâ¢� ®â ¢á¥å
¡®«¥§−¥©?

‚á¥®¡é¥¥ −¥¯®−¨¬�−¨¥ ¤�¦¥ úá¯¥æ¨�«¨áâ�¬¨û áãâ¨ SDN −�£«ï¤−® ®âà�¦�¥â
®¯à¥¤¥«¥−¨¥ ‚¨ª¨¯¥¤¨¨: ú. . .á¥âì ¯¥à¥¤�ç¨ ¤�−−ëå, ¢ ª®â®à®© ãà®¢¥−ì ã¯à�¢-
«¥−¨ï á¥âìî ®â¤¥«¥− ®â ãáâà®©áâ¢ ¯¥à¥¤�ç¨ ¤�−−ëå ¨ à¥�«¨§ã¥âáï ¯à®£à�¬¬−®,
®¤−� ¨§ ä®à¬ ¢¨àâã�«¨§�æ¨¨ ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢û. ‚ íâ®¬ ®¯à¥¤¥«¥−¨¨
®è¨¡®ç−® ¢á¥ ®â −�ç�«� ¤® ª®−æ�. ‚®-¯¥à¢ëå, ª�ª ¯®¤ç¥àª−ãâ® ¢ëè¥, SDN | −¥
á¥âì, � ª®−æ¥¯æ¨ï á®§¤�−¨ï ¨ ®à£�−¨§�æ¨¨ á¥â¥©. ‚®-¢â®àëå, ®â¤¥«¥−¨¥ ¯«®áª®áâ¨
ã¯à�¢«¥−¨ï (control plane) ®â ¯«®áª®áâ¨ ¤�−−ëå (data plane) ¤�¢−® áâ�«® ®¡é¥-
¯à¨−ïâ®© −®à¬®© à�§¤¥«¥−¨ï äã−ªæ¨© ¢ âà�¤¨æ¨®−−ëå á¥âïå á�¬®£® à�§«¨ç−®£®
å�à�ªâ¥à� ¨ −�§−�ç¥−¨ï. ‘«¥¤®¢�â¥«ì−®, ®−® −¥ ¬®¦¥â á«ã¦¨âì ®â«¨ç¨â¥«ì−ë¬
¯à¨§−�ª®¬ á¥â¥© SDN. ‚-âà¥âì¨å, ¯«®áª®áâì ã¯à�¢«¥−¨ï ¢ ãáâà®©áâ¢�å ¤«ï âà�-
¤¨æ¨®−−ëå á¥â¥© â�ª¦¥ ¯®¢á¥¬¥áâ−® à¥�«¨§ã¥âáï ¯à®£à�¬¬−®. �â® ®¡ê¥ªâ¨¢−®
¢ë§¢�−® ¡®«ìè¨¬ ç¨á«®¬ ¨ á«®¦−®áâìî ¯à®â®ª®«®¢ ã¯à�¢«¥−¨ï (¬�àèàãâ¨§�æ¨ï,
à¥§¥à¢¨à®¢�−¨¥ ¯®«®á ¯à®¯ãáª�−¨ï, ¯à®ª«�¤ª� ¢¨àâã�«ì−ëå âà�ªâ®¢, à�á¯à¥¤¥-
«¥−¨¥ ¬¥â®ª ¨ ¯à.), � â�ª¦¥ −¥®¡å®¤¨¬®áâìî ®âá«¥¦¨¢�âì ¨å à¥£ã«ïà−®¥, §�ç�áâãî
à�¤¨ª�«ì−®¥, ®¡−®¢«¥−¨¥ ¨ ãá®¢¥àè¥−áâ¢®¢�−¨¥, çâ® ¯à�ªâ¨ç¥áª¨ ¨áª«îç�¥â ¤«ï
íâ®© ¯«®áª®áâ¨ �¯¯�à�â−ë¥ à¥è¥−¨ï. ‚-ç¥â¢¥àâëå, á¥â¨ SDN | −¨ª�ª −¥ ä®à¬�
¢¨àâã�«¨§�æ¨¨ ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢, ¨¡® ¢ëç¨á«¨â¥«ì−ë¥ à¥áãàáë ¢®®¡é¥
−¥ ï¢«ïîâáï ª®¬¯®−¥−â®¬ á¥â¥©, ¢ â®¬ ç¨á«¥ á¥â¥© SDN, ¨ ¢¨àâã�«¨§¨àãîâáï
¨−ë¬¨ ¬¥å�−¨§¬�¬¨.

�®á«¥ ¤¥¬®−áâà�æ¨¨ −¥®ç¥¢¨¤−®áâ¨ àï¤� à�á¯à®áâà�−¥−−ëå áã¦¤¥−¨© ® á¥-
âïå SDN ¤�«¥¥ â�ª¦¥ ¯®áâ�à�¥¬áï ¯®ª�§�âì −¥¡¥§ãá«®¢−®áâì ¬−®£¨å è¨à®ª®
à¥ª«�¬¨àã¥¬ëå ¨å ¯à¥¨¬ãé¥áâ¢, ®¡êïá−¨âì ¯à¨ç¨−ë −ë−¥è−¥© ¯®¯ã«ïà−®áâ¨
ª®−æ¥¯æ¨¨ SDN, � â�ª¦¥ ®æ¥−¨âì ¯¥àá¯¥ªâ¨¢ë ¨ ãá«®¢¨ï ¥¥ ¯à�ªâ¨ç¥áª®© à¥�«¨-
§�æ¨¨ ¢ ¡ã¤ãé¥¬.

2 SDN под критическим углом зрения

—â® ¦¥ −� á�¬®¬ ¤¥«¥, � −¥ ¢ à¥ª«�¬−ëå à®«¨ª�å ¨ ªà¨¢®¬ §¥àª�«¥ ‚¨ª¨-
¯¥¤¨¨, ¯à¥¤áâ�¢«ïîâ á®¡®© áâ®«ì ¬®¤−ë¥ −ë−¥ á¥â¨ SDN, ¨ çâ® ®â«¨ç�¥â ¨å ®â
âà�¤¨æ¨®−−ëå?
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�¥ª®â®àë¥ ¢®¯à®áë ¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨ ª®−æ¥¯æ¨¨ SDN

�¥à¢®¥. ‚ á¥âïå SDN ¯«®áª®áâì ã¯à�¢«¥−¨ï −¥ ¯à®áâ® «®£¨ç¥áª¨ ®â¤¥«¥−�,
ª�ª ¢ âà�¤¨æ¨®−−ëå á¥âïå, � ä¨§¨ç¥áª¨ ã¤�«¥−� ®â ¯«®áª®áâ¨ ¤�−−ëå. Šà®-
¬¥ â®£®, ®−� æ¥−âà�«¨§®¢�−� ¨ áª®−æ¥−âà¨à®¢�−� ¢ «®£¨ç¥áª¨ ¥¤¨−áâ¢¥−−®¬
¤«ï ¢á¥© á¥â¨ SDN ª®−âà®««¥à¥, å®âï ä¨§¨ç¥áª¨ ¯®á«¥¤−¨© ¬®¦¥â ¡ëâì à¥-
�«¨§®¢�− −¥áª®«ìª¨¬¨ ãáâà®©áâ¢�¬¨ [1]. ”¨§¨ç¥áª®¥ ®â¤�«¥−¨¥ ¯«®áª®áâ¥©
¤àã£ ®â ¤àã£� ¨¬¥¥â á¢®¨ ¯®«®¦¨â¥«ì−ë¥ (−�¯à¨¬¥à, ®¡ê¥ªâ¨¢−® á¯®á®¡áâ¢ã¥â
®¡¥á¯¥ç¥−¨î ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ á¥â¨) ¨ ®âà¨æ�â¥«ì−ë¥ (® −¨å
¡ã¤¥â áª�§�−® −¨¦¥) áâ®à®−ë. �® ¢ «î¡®¬ á«ãç�¥ ®−® ¯à¥¤¯®«�£�¥â ¢¢¥-
¤¥−¨¥ áâ�−¤�àâ¨§®¢�−−ëå ¨−â¥àä¥©á®¢ ¬¥¦¤ã −¨¬¨, çâ®, ®¤−�ª®, â�ª ¨ −¥
¡ë«® á¤¥«�−®. �®ª� ¤¢¨¦¥−¨¥ ¢ íâ®¬ −�¯à�¢«¥−¨¨ ®£à�−¨ç¨«®áì ¯à®áâ¥©-
è¨¬ ¯à®â®ª®«®¬ ¢§�¨¬®¤¥©áâ¢¨ï ª®−âà®««¥à� á¥â¨ á ¥¥ ã§«�¬¨ OpenFlow,
®áâ�¢«ïîé¨¬ ¡¥§ ¢−¨¬�−¨ï ¬−®£¨¥ áãé¥áâ¢¥−−ë¥ �á¯¥ªâë ¢§�¨¬®¤¥©áâ¢¨ï
¯«®áª®áâ¥©, ¢ ç�áâ−®áâ¨ ¨ â¥ ¦¥ ¢®¯à®áë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨.

‚â®à®¥. �«®áª®áâì ã¯à�¢«¥−¨ï á¥âìî à¥�«¨§ã¥âáï −¥ ¯à®áâ® ¯à®£à�¬¬−®,
� ¯à¨ª«�¤−ë¬¨ ¯à®£à�¬¬�¬¨, à�¡®â�îé¨¬¨ ¢ ª®−âà®««¥à¥ á¥â¨, ¢ ª�ç¥áâ¢¥
ª®â®à®£® ¯à¥¤¯®«�£�¥âáï ã−¨¢¥àá�«ì−ë© ª®¬¯ìîâ¥à ¨«¨ ¤�¦¥ æ¥«ë© ¬−®£®-
¯à®æ¥áá®à−ë© ª®¬¯«¥ªá á¥à¢¥à−®£® ª«�áá�. ˆ¬¥−−® ¢®§¬®¦−®áâì ¯à¨ª«�¤-
−®£® ¯à®£à�¬¬¨à®¢�−¨ï äã−ªæ¨© ã¯à�¢«¥−¨ï −� ã−¨¢¥àá�«ì−®¬ ª®¬¯ìîâ¥à¥
¨ â®ç−®© ¨å ¯®¤£®−ª¨ ¯à¨ª«�¤−ë¬¨ ¯à®£à�¬¬�¬¨ ¯®¤ ®á®¡¥−−®áâ¨ ª�¦¤®©
ª®−ªà¥â−®© á¥â¨ «¥¦¨â ¢ ®á−®¢¥ ¢á¥å ¯®â¥−æ¨�«ì−ëå ¯à¥¨¬ãé¥áâ¢ SDN. �à¨
íâ®¬ ¢�¦−® ¯®−¨¬�âì, çâ® ¢á¥ ¤¥ª«�à¨àã¥¬ë¥ ¤®áâ®¨−áâ¢� SDN | íâ® ¢á¥£®
«¨èì ú¯®â¥−æ¨ïû ¤�−−®£® ¯®¤å®¤�. Š�¦¤®¥ ¨§ íâ¨å ¤®áâ®¨−áâ¢ −�¤® à¥�-
«¨§®¢�âì á®®â¢¥âáâ¢ãîé¨¬ ¯à¨ª«�¤−ë¬ ¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬ (��),
á®§¤�−−ë¬ ¤«ï ¤�−−®© ª®−ªà¥â−®© á¥â¨. �à¨ −¥ã¤�ç−®¬ �� SDN-¯®¤å®¤
−¥ â®«ìª® −¥ ¤�áâ −¨ª�ª¨å ¯à¥¨¬ãé¥áâ¢, −® ¬®¦¥â ¯à¨¢¥áâ¨ ª ®¡à�â−®¬ã
íää¥ªâã.

’à¥âì¥. Š®−æ¥¯æ¨ï SDN ¤¥©áâ¢¨â¥«ì−® á®§¤�¥â ¯à¥¤¯®áë«ª¨ ¤«ï ¢¨àâã�-
«¨§�æ¨¨, ¯à¨ç¥¬, ª®−¥ç−® ¦¥, −¥ ¢ëç¨á«¨â¥«ì−ëå, � á¥â¥¢ëå à¥áãàá®¢
¨, ¢ ç�áâ−®áâ¨, è¨à®ª® à¥ª«�¬¨àã¥¬®© ¢ ª®−â¥ªáâ¥ SDN ¢¨àâã�«¨§�æ¨¨ á¥-
â¥¢ëå äã−ªæ¨© NFV (Network Functions Virtualization). �® ¢¨àâã�«¨§�æ¨ï
á¥â¨ | −¥ ¥áâ¥áâ¢¥−−®¥ á¢®©áâ¢® SDN, � «¨èì ®ç¥à¥¤−�ï ¯®â¥−æ¨�«ì−�ï
¢®§¬®¦−®áâì, ª®â®à�ï ¬®¦¥â ¡ëâì ¢ −¨å à¥�«¨§®¢�−�, «ãçè¥ ¨«¨ åã¦¥, ¤®-
¯®«−¨â¥«ì−ë¬ ¯à¨ª«�¤−ë¬ ¨«¨ ¯à®¬¥¦ãâ®ç−ë¬ (middleware) ��. ‚®®¡é¥
£®¢®àï, NFV ¯à¨−æ¨¯¨�«ì−® à¥�«¨§ã¥¬� ¨ ¢ âà�¤¨æ¨®−−ëå á¥âïå. �® ¯à¥¤-
¯®«�£�¥âáï, çâ® ¡«�£®¤�àï ¯à¨ª«�¤−®¬ã ¯à®£à�¬¬¨à®¢�−¨î ¢ á¥âïå SDN
®−� íää¥ªâ¨¢−¥¥ ¨ ¤®áâ¨£�¥âáï áãé¥áâ¢¥−−® ¯à®é¥, ¢ â®¬ ç¨á«¥ −� ã¦¥
áãé¥áâ¢ãîé¥© á¥â¥¢®© ¨−äà�áâàãªâãà¥ [2], å®âï íâ® ¯à¥¤¯®«®¦¥−¨¥ â�ª ¦¥
−¥ á�¬®®ç¥¢¨¤−®, ª�ª −¥ ®ç¥¢¨¤−ë ¨ ¯à®ç¨¥ ¤¥ª«�à¨àã¥¬ë¥ ¯à¥¨¬ãé¥áâ¢�
SDN. �¥ á«ãç�©−® ¢ ®â−®è¥−¨¨ ¤àã£®£® áâ®«ì ¦¥ è¨à®ª® à¥ª«�¬¨àã¥¬®£®
¤®áâ®¨−áâ¢� SDN-¯®¤å®¤� | ã¯à®é¥−¨ï á®§¤�−¨ï á¥â¥© | ¢ �−£«®ï§ëç-
−®¬ â¥ªáâ¥ ‚¨ª¨¯¥¤¨¨ ®ç¥−ì �ªªãà�â−® §�¬¥ç¥−®, çâ® â�ª®¥ ã¯à®é¥−¨¥ ¢á¥£®
«¨èì §�ï¢«ï¥âáï ¨§®¡à¥â�â¥«ï¬¨ ¯®¤å®¤� ¨ ¯à®¤�¢æ�¬¨ á®®â¢¥âáâ¢ãîé¥©
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�¯¯�à�âãàë (úThe inventors and vendors. . . claim that this [SDN] simplifies
networkingû).

�¥ã¤¨¢¨â¥«ì−®, çâ® ¨§ −¥¯®−¨¬�−¨ï áãâ¨ SDN ¯®¤ à¥ª«�¬−ë¬ ¤�¢«¥−¨¥¬
ú¨§®¡à¥â�â¥«¥© ¯®¤å®¤� ¨ ¯à®¤�¢æ®¢ á®®â¢¥âáâ¢ãîé¥© �¯¯�à�âãàëû à®¦¤�¥âáï
¬−®¦¥áâ¢® á¢ï§�−−ëå á á¥âï¬¨ SDN ãâ¢¥à¦¤¥−¨©, ª®â®àë¥ ª®çãîâ ¨§ ¯ã¡«¨ª�æ¨¨
¢ ¯ã¡«¨ª�æ¨î, −® ¯à¨ ¢−¨¬�â¥«ì−®¬ à�áá¬®âà¥−¨¨ ®ª�§ë¢�îâáï, ¬ï£ª® £®¢®àï,
−¥ áâ®«ì ®ç¥¢¨¤−ë¬¨.

�¥®ç¥¢¨¤−®áâì ¯¥à¢�ï: ¡ã¤ãé¥¥ §� á¥âï¬¨ SDN, ¢áª®à¥ ®−¨ ¯®¢á¥¬¥áâ−®
¢ëâ¥á−ïâ âà�¤¨æ¨®−−ë¥ á¥â¨. �� á�¬®¬ ¤¥«¥ áä¥à� ¯à¨¬¥−¥−¨ï SDN-¯®¤-
å®¤� ¬®¦¥â ®ª�§�âìáï ¢¥áì¬� ®£à�−¨ç¥−−®©. ‘¥âì SDN ¬®¦¥â ¡ëâì «î¡®©
á«®¦−®áâ¨, −® ®−� ¨¬¥¥â ï¢−ãî â¥−¤¥−æ¨î ª â¥àà¨â®à¨�«ì−®© ª®¬¯�ªâ−®áâ¨
¯® ¤¢ã¬ ¯à¨ç¨−�¬:

(1) ¢á«¥¤áâ¢¨¥ −¥®¡å®¤¨¬®áâ¨ ®¡¥á¯¥ç¨¢�âì ¯àï¬ãî ä¨§¨ç¥áªãî á¢ï§ì ¯® á¯¥-
æ¨�«ì−ë¬ ¤®¢¥à¥−−ë¬ ¨, ª�ª ¯à�¢¨«®, ¢ëá®ª®áª®à®áâ−ë¬ ª�−�«�¬ ¬¥¦¤ã
ª®−âà®««¥à®¬ ¨ ª�¦¤ë¬ ª®¬¯®−¥−â®¬ �¯¯�à�â−®© á¥â¥¢®© ¨−äà�áâàãª-
âãàë (ª®¬¬ãâ�â®à�¬¨, ¬¥¤¨�è«î§�¬¨ ¨ ¯à.). ˆá¯®«ì§®¢�−¨¥ ¤«ï íâ®©
æ¥«¨ áãé¥áâ¢ãîé¨å ª�−�«®¢ ¯à¥¤¯®«�£�¥â −¥®¡å®¤¨¬®áâì à¥è¥−¨ï ¯à®¡-
«¥¬ë ¨å ¤®¢¥à¥−−®áâ¨, ®â−¨¬�¥â à¥áãàáë ã ¯«®áª®áâ¨ ¤�−−ëå (âãâ à¥çì,
à�§ã¬¥¥âáï, −¥ áâ®«ìª® ® ¯®«®á�å ¯à®¯ãáª�−¨ï ª�−�«®¢, áª®«ìª® ® §�£àã-
¦¥−−®áâ¨ ¨ ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ãáâà®©áâ¢ á¥â¥¢®© ¨−äà�áâàãªâãàë)
¨ á−¨¦�¥â íää¥ªâ¨¢−®áâì ¢§�¨¬®¤¥©áâ¢¨ï, � ¯à®ª«�¤ª� á¯¥æ¨�«ì−ëå ¢ë-
¤¥«¥−−ëå ª�−�«®¢ §� á®â−¨ ¨ âëáïç¨ ª¨«®¬¥âà®¢ áà�§ã ¯¥à¥ç¥àª¨¢�¥â
¢á¥ ¯à¥¨¬ãé¥áâ¢� SDN ª�ª ¯¥àá¯¥ªâ¨¢−®£® à¥è¥−¨ï ¤«ï á¥â¥© ¬�áèâ�¡�
MAN/WAN (metropolitan area network / wide area network);

(2) ¨§-§� ¯à¨−æ¨¯¨�«ì−®© ¦¥«�â¥«ì−®áâ¨ ¢¨§ã�«ì−®© ®¡®§à¨¬®áâ¨ á¥â¨. ’�-
ª�ï ®¡®§à¨¬®áâì −¥®¡å®¤¨¬� ª�ª ¯à¨ª«�¤−ë¬ ¯à®£à�¬¬¨áâ�¬ ¯à¨ á®-
§¤�−¨¨ ¯à®£à�¬¬ ã¯à�¢«¥−¨ï á¥âìî, â�ª ¨ ¥¥ �¤¬¨−¨áâà�â®àã, ¢ çì¨
®¡ï§�−−®áâ¨ ¢å®¤¨â ª®−ä¨£ãà�æ¨ï á¥â¨, ¯à®ª«�¤ª� ¬�àèàãâ®¢ ç¥à¥§ á¥âì
¯®â®ª�¬ ¯�ª¥â®¢ ¨ ª®àà¥ªâ¨à®¢ª� ¨å ¯à¨ ®âª�§�å «®ª�«ì−®£® ®¡®àã¤®-
¢�−¨ï ¨«¨ à¥ª®−ä¨£ãà�æ¨¨ á¥â¨. �à�¢¤�, ¯à¥¤¯®«�£�¥âáï, çâ® à�¡®â�
¯à®£à�¬¬¨áâ®¢ ¨ �¤¬¨−¨áâà�â®à� ¬®¦¥â ¡ëâì áãé¥áâ¢¥−−® ã¯à®é¥−� §�
áç¥â ¤®¯®«−¨â¥«ì−ëå ¢®§¬®¦−®áâ¥© á¯¥æ¨�«¨§¨à®¢�−−®© ®¯¥à�æ¨®−−®©
á¨áâ¥¬ë (�‘), � â�ª¦¥ â�ª −�§ë¢�¥¬®© ú®àª¥áâà®¢ª¨û ¨ ¢¨àâã�«¨§�æ¨¨
á¥â¥© SDN. �® −¨ â®, −¨ ¤àã£®¥, −¨ âà¥âì¥ −¥ ¯�¤�¥â á −¥¡� ¨ âà¥¡ã-
¥â, ¢ á¢®î ®ç¥à¥¤ì, ¤®¯®«−¨â¥«ì−ëå ¨ ¢¥áì¬� áãé¥áâ¢¥−−ëå ãá¨«¨© ¯®
¯à¥¤¢�à¨â¥«ì−®¬ã ¯à®£à�¬¬¨à®¢�−¨î á®®â¢¥âáâ¢ãîé¨å ¤�«¥ª® −¥ âà¨¢¨-
�«ì−ëå ¢®§¬®¦−®áâ¥©.

‚¥à®ïâ−® ¢á«¥¤áâ¢¨¥ ®¡¥¨å −�§¢�−−ëå ¯à¨ç¨− á¥£®¤−ï ¥¤¨−¨ç−ë¥ à¥�«ì−®
à�§¢¥à−ãâë¥ á¥â¨ SDN −�è«¨ ¯à¨¬¥−¥−¨¥ â®«ìª® ¢ ª�ç¥áâ¢¥ á¥â¥© æ¥−âà®¢
®¡à�¡®âª¨ ¤�−−ëå (–�„), ¨ −¥ ¢¨¤−® ¯à¨ç¨− ®¦¨¤�âì ¬�áá®¢®£® ¯®ª®à¥−¨ï
¨¬¨ ¢ ¡ã¤ãé¥¬ ª�ª¨å-â® ¨−ëå ®¡«�áâ¥© [3].
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�¥ª®â®àë¥ ¢®¯à®áë ¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨ ª®−æ¥¯æ¨¨ SDN

�¥®ç¥¢¨¤−®áâì ¢â®à�ï: á¥â¨ SDN á®§¤�¢�âì ¨ ¬�áèâ�¡¨à®¢�âì ¯à®é¥, ç¥¬ âà�-
¤¨æ¨®−−ë¥. ‚ à¥�«ì−®áâ¨ ¢á¥ ¬®¦¥â ®ª�§�âìáï à®¢−ë¬ áç¥â®¬ −�®¡®à®â. „«ï
á®§¤�−¨ï (¬�áèâ�¡¨à®¢�−¨ï) âà�¤¨æ¨®−−®© á¥â¨ ¤®áâ�â®ç−® ªã¯¨âì (¤®ªã¯¨âì)
−¥®¡å®¤¨¬®¥ ®¡®àã¤®¢�−¨¥ ¨ á®¥¤¨−¨âì ¢á¥ ã§«ë ¨ ª®¬¯®−¥−âë á¥â¨ ¯®¤å®¤ï-
é¨¬¨ ª�−�«�¬¨ á¢ï§¨, ¯®á«¥ ç¥£® á¥âì áà�§ã ¬®¦¥â −�ç�âì äã−ªæ¨®−¨à®¢�âì.
�ãáâì ¤�«¥ª® −¥ ®¯â¨¬�«ì−®, −® áà�§ã. ‚ ¤�«ì−¥©è¥¬ ¯à¨ ¦¥«�−¨¨ à�¡®âã á¥-
â¨ ¬®¦−® ®¯â¨¬¨§¨à®¢�âì ¨−¤¨¢¨¤ã�«ì−®© −�áâà®©ª®© ¥¥ ã§«®¢, çâ®, ¯à�¢¤�,
âàã¤®¥¬ª® ¨ −¥ ¢á¥£¤� ®¡¥á¯¥ç¨¢�¥â ¦¥«�¥¬ë© à¥§ã«ìâ�â. �® çâ®¡ë á®§¤�âì
(¯à®¬�áèâ�¡¨à®¢�âì) ¨ §�áâ�¢¨âì à�¡®â�âì á¥âì SDN, ¬�«® ªã¯¨âì (¤®ªã¯¨âì)
®¡®àã¤®¢�−¨¥ ¨ ¯à®«®¦¨âì ª�−�«ë á¢ï§¨. ��¤® ¥é¥ −�¯¨á�âì (¤®¯¨á�âì ¨«¨
¯¥à¥¯¨á�âì) á¯¥æ¨ä¨ç¥áª®¥ ¤«ï ¤�−−®© á¥â¨ ¯à¨ª«�¤−®¥ ��, ã¯à�¢«ïîé¥¥
¥¥ à�¡®â®©, ¨, á�¬®¥ −¥¯à¨ïâ−®¥, −¥ª¨¬ ¤® á¨å ¯®à −¨ª¥¬ −¥ ®¡êïá−¥−−ë¬
á¯®á®¡®¬ ®â«�¤¨âì ¨ ¢¥à¨ä¨æ¨à®¢�âì ¥£® ¢ à¥�«ì−®© á¥â¨. ‚®â â¥¯¥àì, ¥á«¨
¯à®¡«¥¬� á®§¤�−¨ï ¨ ®â«�¤ª¨ �� ª�ª¨¬-â® çã¤¥á−ë¬ ®¡à�§®¬ à¥è¥−�, ¬®¦-
−® ¥£® âìî−¨−£®¬ ¤®¡¨¢�âìáï ®¯â¨¬�«ì−®£® äã−ªæ¨®−¨à®¢�−¨ï á¥â¨. ’àã¤−®
áã¤¨âì �¯à¨®à¨, ¡ã¤¥â «¨ ¯à®æ¥áá £«®¡�«ì−®£® âìî−¨−£� ¬¥−¥¥ âàã¤®¥¬ª¨¬,
ç¥¬ á¥¯�à�â−�ï −�áâà®©ª� ®â¤¥«ì−ëå ã§«®¢ âà�¤¨æ¨®−−®© á¥â¨, −® ¨ âãâ
�¤¥¯âë SDN ¯®«�£�îâáï −� á¢®¨ ã−¨¢¥àá�«ì−ë¥ ¯�«®çª¨-¢ëàãç�«®çª¨ |
á¯¥æ¨�«¨§¨à®¢�−−ãî �‘, ¢á¥§−�©ªã-ú®àª¥áâà®¢é¨ª�û ¨ ¢¨àâã�«¨§�æ¨î [2].

�¥®ç¥¢¨¤−®áâì âà¥âìï: ¢−¥¤à¥−¨¥ SDN á¯®á®¡−® §�¬¥â−® á®ªà�â¨âì ª�¯¨â�«ì-
−ë¥ ¢«®¦¥−¨ï ¯à¨ á®§¤�−¨¨ á¥â¥© §� áç¥â ¯à¨¬¥−¥−¨ï ã−¨¢¥àá�«ì−ëå ¬�áá®¢®
¢ë¯ãáª�¥¬ëå ¨ ¯®â®¬ã ®â−®á¨â¥«ì−® ¤¥è¥¢ëå á¥à¢¥à®¢ ¢¬¥áâ® á¯¥æ¨�«¨§¨à®-
¢�−−®£® ¨, ª�ª ¯à�¢¨«®, áãé¥áâ¢¥−−® ¡®«¥¥ ¤®à®£®£® á¥â¥¢®£® ®¡®àã¤®¢�−¨ï.
�® ¯à¨ íâ®¬, ª�ª ¨ ¢ ¯à¥¤ë¤ãé¥¬ á«ãç�¥, ¢−®¢ì ¯®ç¥¬ã-â® §�¬�«ç¨¢�¥â-
áï −¥®¡å®¤¨¬®áâì ¯à¨®¡à¥â¥−¨ï ¤«ï íâ¨å ú®â−®á¨â¥«ì−® ¤¥è¥¢ëå á¥à¢¥à®¢û
á¯¥æ¨�«¨§¨à®¢�−−®£® �� (á¥â¥¢�ï �‘, ú®àª¥áâà®¢é¨ªû, ¨−áâàã¬¥−â�«ì-
−ë¥ áà¥¤áâ¢�), � â�ª¦¥ −�¯¨á�−¨ï ¨ ®â«�¤ª¨ ú¯® ¬¥áâãû á¯¥æ¨�«ì−®£® ��
(¯à®¬¥¦ãâ®ç−®¥ ��, ¯à¨ª«�¤−ë¥ ¯à®£à�¬¬ë ã¯à�¢«¥−¨ï á¥âìî). � ¢¥¤ì
¯à®£à�¬¬ë ¤�¢−® áâ�«¨ −� ¯®àï¤ª¨ ¡®«¥¥ ¤®à®£¨¬ ª®¬¯®−¥−â®¬ ª®−¥ç−®£®
¯à®¤ãªâ� ¢ áà�¢−¥−¨¨ á �¯¯�à�âãà®©, −� ª®â®à®© ®−¨ à�¡®â�îâ. Œ¥¦¤ã â¥¬
úáãé¥áâ¢¥−−® ¡®«¥¥ ¤®à®£®¥ á¥â¥¢®¥ ®¡®àã¤®¢�−¨¥û ¯®áâ�¢«ï¥âáï ¨§£®â®¢¨â¥-
«ï¬¨ á ã¦¥ à�§à�¡®â�−−ë¬ ¨ ®â«�¦¥−−ë¬ ¢−ãâà¥−−¨¬ ��, ¨ ®−® −¥¬¥¤«¥−−®
£®â®¢® ª à�¡®â¥.

�¥®ç¥¢¨¤−®áâì ç¥â¢¥àâ�ï: ®¡®àã¤®¢�−¨¥ ¤«ï á¥â¥© SDN ¯à®é¥, ç¥¬ ¤«ï
âà�¤¨æ¨®−−ëå. �â® ãâ¢¥à¦¤¥−¨¥ ®âç�áâ¨ á¯à�¢¥¤«¨¢® ¢ â®¬ á¬ëá«¥, çâ®
ª®−æ¥¯âã�«ì−® ¢−ãâà¨ á¥â¥© SDN ¢®®¡é¥ −¥â −ã¦¤ë ¢ âà�¤¨æ¨®−−ëå ¬�àè-
àãâ¨§�â®à�å ¡«�£®¤�àï â®¬ã, çâ® ¢á¥ §�¤�ç¨ ¯«®áª®áâ¨ ã¯à�¢«¥−¨ï, ¢ª«îç�ï
¬�àèàãâ¨§�æ¨î ¨ á®¯àï¦¥−−ë¥ á −¥î äã−ªæ¨¨, ¢ë¯®«−ï¥â ª®−âà®««¥à á¥-
â¨. (•®âï, á«¥¤ã¥â §�¬¥â¨âì, £à�−¨ç−ë¥ ¬�àèàãâ¨§�â®àë −� ¯¥à¨ä¥à¨¨
á¥â¨ SDN ®áâ�îâáï ¢ á¢®¥¬ âà�¤¨æ¨®−−®¬ −�§−�ç¥−¨¨.) ‡�â® ª®¬¬ãâ�â®àë
¢ á¥âïå SDN á«®¦−¥¥, ç¥¬ ¢ âà�¤¨æ¨®−−ëå, â�ª ª�ª ®¡ï§�−ë ®á−�é�âìáï
¤®¯®«−¨â¥«ì−ë¬ á¯¥æ¨�«ì−ë¬ ¯®àâ®¬ ¤«ï á¢ï§¨ á ª®−âà®««¥à®¬ á¥â¨ ¨ ®¡¥á-
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¯¥ç¨¢�âì −� −¥¬ ¯®¤¤¥à¦ªã ¯à®â®ª®«� OpenFlow, ª®â®àë©, −� çâ® â�ª¦¥
á«¥¤ã¥â ®¡à�â¨âì ¢−¨¬�−¨¥, ¡ëáâà® à�§¢¨¢�¥âáï, ¨ à¥£ã«ïà−® ¯®ï¢«ïîé¨-
¥áï ¢¥àá¨¨ ¡ã¤ãâ ¡ëáâà® ¬®à�«ì−® áâ�à¨âì ¯à¥¤−�§−�ç¥−−ãî ¤«ï á¥â¥© SDN
�¯¯�à�âãàã. �à¨ íâ®¬, à�§ã¬¥¥âáï, á ª®¬¬ãâ�â®à®¢ ¢ á¥âïå SDN −¨ªâ® −¥
á−¨¬�¥â ¢á¥ âà�¤¨æ¨®−−ë¥ äã−ªæ¨¨ ¯«®áª®áâ¨ ¤�−−ëå: ¯à®¤¢¨¦¥−¨¥ ¯�ª¥-
â®¢, ã¯à�¢«¥−¨¥ âà�ä¨ª®¬, ®¡¥á¯¥ç¥−¨¥ ª�ç¥áâ¢� ®¡á«ã¦¨¢�−¨ï, £�à�−â¨¨
á¥â¥¢®© ¡¥§®¯�á−®áâ¨ ¨ â. ¤.

�¥®ç¥¢¨¤−®áâì ¯ïâ�ï: ã−¨ä¨ª�æ¨ï ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ¯«®áª®áâï¬¨ ã¯à�¢-
«¥−¨ï ¨ ¤�−−ëå, ¢ ç�áâ−®áâ¨ ¯à®â®ª®« OpenFlow, ãáâà�−ï¥â §�¢¨á¨¬®áâì
á®§¤�â¥«¥© á¥â¥© ®â ¯®áâ�¢é¨ª®¢ á¥â¥¢®£® ®¡®àã¤®¢�−¨ï. Š�ª ¯à�¢¨«®, ¨§-§�
−¥á®¢¬¥áâ¨¬®áâ¨ ª®¬¬ãâ�â®à®¢ à�§«¨ç−ëå ¯®áâ�¢é¨ª®¢ ¯® −�¡®àã ¨ ª�ç¥áâ¢ã
à¥�«¨§ã¥¬ëå äã−ªæ¨© ä¨§¨ç¥áª¨ ¨«¨ ¬®à�«ì−® ãáâ�à¥¢è¥¥ á¥â¥¢®¥ ®¡®àã¤®-
¢�−¨¥ ¬®¦−® ¡ë«® §�¬¥−ïâì −� −®¢®¥ â®«ìª® ®â â®£® ¦¥ á�¬®£® ¯à®¨§¢®¤¨â¥«ï.
’¥®à¥â¨ç¥áª¨ ã−¨ä¨ª�æ¨ï ¯à®â®ª®«� (−®, ®â¬¥â¨¬ ¥é¥ à�§, −¥ ¨−â¥àä¥©á�!)
¬¥¦¤ã ª®−âà®««¥à®¬ á¥â¨ ¨ ª®¬¯®−¥−â�¬¨ á¥â¥¢®© ¨−äà�áâàãªâãàë ãáâà�-
−ï¥â íâã §�¢¨á¨¬®áâì. �®, ¤�¦¥ ®áâ�¢«ïï ¢ áâ®à®−¥ ¯à®¡«¥¬ã ã−¨ä¨ª�æ¨¨
¨−â¥àä¥©á�, ª®â®à�ï ¢®®¡é¥ ¯®ª� −¨ª¥¬ −¥ à¥è�¥âáï, ªâ® −� ¯à�ªâ¨ª¥ á¬®¦¥â
£�à�−â¨à®¢�âì, çâ® ¯®£®«®¢−® ¢á¥ ¯®áâ�¢é¨ª¨ à¥�«¨§ãîâ ¢ á¢®¥¬ ®¡®àã¤®-
¢�−¨¨ ¢á¥ áâ�−¤�àâ¨§®¢�−−ë¥ ¢®§¬®¦−®áâ¨ â®£® ¦¥ OpenFlow ¨, £«�¢−®¥,
à¥�«¨§ãîâ ¨å �¡á®«îâ−® ®¤¨−�ª®¢ë¬ ®¡à�§®¬? …á«¨ ¤«ï ¯à®áâ¥©è¨å äã−ª-
æ¨© (ãáâà®©áâ¢ type0 á®£«�á−® áâ�−¤�àâã OpenFlow) ¥é¥ ¬®¦−® −�¤¥ïâìáï −�
®â−®á¨â¥«ì−ãî ¨¤¥−â¨ç−®áâì ¨å ¨á¯®«−¥−¨ï, â® ¤«ï ¡®«¥¥ á«®¦−ëå (ãáâà®©áâ¢
type1 ¨ ¢ëè¥), ª®â®àë¥ ¥é¥ ¤�¦¥ −¥ á¯¥æ¨ä¨æ¨à®¢�−ë, £®¢®à¨âì ® ¯®«−®©
á®¢¬¥áâ¨¬®áâ¨ ¨ ¢§�¨¬®§�¬¥−ï¥¬®áâ¨ ¯® ªà�©−¥© ¬¥à¥ ¯à¥¦¤¥¢à¥¬¥−−®.

ˆ§ áª�§�−−®£® á«¥¤ã¥â ®ç¥¢¨¤−ë© ¢ë¢®¤: ª®−æ¥¯æ¨ï SDN á�¬� ¯® á¥¡¥ | −¨-
ª�ª�ï −¥ ¯�−�æ¥ï, ®−� ®â−î¤ì −¥ à¥è�¥â ¢á¥å ¯à®¡«¥¬ á¥â¥© ¯�ª¥â−®© ª®¬¬ãâ�æ¨¨
¨ −¥ «¨è¥−� àï¤� ¯à¨ç¨− ¤«ï á®¬−¥−¨©. �¨¦¥ ¯¥à¥ç¨á«¥−ë −�¨¡®«¥¥ ®ç¥¢¨¤−ë¥
¨§ −¨å:

{ ®£à�−¨ç¥−−�ï ¯à¨¬¥−¨¬®áâì SDN-¯®¤å®¤� â®«ìª® ª â¥àà¨â®à¨�«ì−® ª®¬-
¯�ªâ−ë¬ á¥âï¬, ®á®¡¥−−® íªá¯«ã�â¨àãîé¨¬ NFV, | −� ¯à�ªâ¨ª¥ ¢ ®á−®¢−®¬
ª á¥âï¬ –�„;

{ −¥®¡å®¤¨¬®áâì ¨−¤¨¢¨¤ã�«ì−®£® ¯à¨ª«�¤−®£® ¯à®£à�¬¬¨à®¢�−¨ï ª�¦¤®© á¥-
â¨ ¯à¨ ¥¥ á®§¤�−¨¨ ¨ ¯¥à¥¯à®£à�¬¬¨à®¢�−¨¥ ¯à¨ «î¡®¬ ãá®¢¥àè¥−áâ¢®¢�−¨¨
¨ ¬�áèâ�¡¨à®¢�−¨¨ á ®â«�¤ª®© ú¢ ¯®«¥û á«®¦−ëå ª®¬¯«¥ªá®¢ ¯à¨ª«�¤−®-
£® ��;

{ ¤®¡�¢«¥−¨¥ ¢ ª�¦¤®¬ ãáâà®©áâ¢¥ ¯®àâ� ¤«ï ®à£�−¨§�æ¨¨ ¢ë¤¥«¥−−®£® ¤®-
¢¥à¥−−®£® ª�−�«� á¢ï§¨ á ª®−âà®««¥à®¬ á¥â¨, � â�ª¦¥ ¯®¤¤¥à¦ª� −� −¥¬
¤®¯®«−¨â¥«ì−®£® á¯¥æ¨�«ì−®£® ¯à®â®ª®«�, −�¯à¨¬¥à OpenFlow;

{ §�¬¥¤«¥−−�ï ª®¬¬ã−¨ª�æ¨ï ¬¥¦¤ã ¯«®áª®áâï¬¨ ¤�−−ëå ¨ ã¯à�¢«¥−¨ï ¯® ª�-
−�«ã á¢ï§¨ ¢¬¥áâ® ¯à®áâ®© ¯¥à¥¤�ç¨ ¯�ª¥â� ¤«ï ®¡à�¡®âª¨ ¢ ¤àã£ãî ¯«®áª®áâì
−¥¯®áà¥¤áâ¢¥−−® ¢−ãâà¨ (¢ ¯�¬ïâ¨) âà�¤¨æ¨®−−ëå á¥â¥¢ëå ãáâà®©áâ¢;
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{ á«®¦−®áâì ®¡¥á¯¥ç¥−¨ï ¢ëá®ª®© −�¤¥¦−®áâ¨ ¨ ¤®áâã¯−®áâ¨ á¥â¨ ¨§-§� æ¥−-
âà�«¨§�æ¨¨ ¢á¥å äã−ªæ¨© ã¯à�¢«¥−¨ï ¢ ®¤−®¬ ª®−âà®««¥à¥;

{ ®¡ê¥ªâ¨¢−ë¥ âàã¤−®áâ¨ á®¯àï¦¥−¨ï á áãé¥áâ¢ãîé¨¬¨ âà�¤¨æ¨®−−ë¬¨ á¥-
âï¬¨.

�®ç¥¬ã ¦¥ −¥á¬®âàï −� ¢−ãè¨â¥«ì−ë© ¯¥à¥ç¥−ì ¯®¢®¤®¢ ¤«ï á®¬−¥−¨© ª®−-
æ¥¯æ¨ï SDN ®áâ�¥âáï ®¤−¨¬ ¨§ ¢¥¤ãé¨å âà¥−¤®¢ á®¢à¥¬¥−−®áâ¨?

3 Причины популярности SDN

�¥ ¨áª«îç¥−®, çâ® £«�¢−®© ¤¢¨¦ãé¥© á¨«®©, ¡ãª¢�«ì−® ú¯à®â�«ª¨¢�îé¥©û
ª®−æ¥¯æ¨î SDN ¢ ¯�ª¥â−ë¥ á¥â¨, ï¢«ïîâáï −¥ áâ®«ìª® ¥¥ ¤¥ª«�à¨àã¥¬ë¥ ¯à¥-
¨¬ãé¥áâ¢�, áª®«ìª® â¥ á�¬ë¥ ¯à®¤�¢æë á®®â¢¥âáâ¢ãîé¥© �¯¯�à�âãàë, ª®â®àë¥
¨å ¤¥ª«�à¨àãîâ. ‚ ç�áâ−®áâ¨, ¨¬¥−−® á SDN ¨ NFV á¢ï§ë¢�¥â −�¤¥¦¤ë ¢ëå®¤�
−� àë−®ª á¥â¥¢®£® ®¡®àã¤®¢�−¨ï â�ª®© âï¦¥«®¢¥á, ª�ª ª®¬¯�−¨ï Intel. „® á¨å
¯®à ¢á¥ ¯®¯ëâª¨ íâ®£® £à�−¤� ¬¨ªà®í«¥ªâà®−¨ª¨ ¢−¥¤à¨âì ¢ á¥â¥¢ë¥ ãáâà®©áâ¢�
á¢®¨ ã−¨¢¥àá�«ì−ë¥ ¯à®æ¥áá®àë ¡�§®¢®© �àå¨â¥ªâãàë x86 à¥£ã«ïà−® â¥à¯¥«¨ −¥-
ã¤�çã ¢ ª®−ªãà¥−æ¨¨ á ¡®«¥¥ ª®¬¯�ªâ−ë¬¨ ¨ ¬�«® ¯®âà¥¡«ïîé¨¬¨ ¯à®æ¥áá®à�¬¨
�àå¨â¥ªâãà ARM ¨ MIPS [4]. ‘¥£®¤−ï ¨¬¥−−® íâ¨ ¤¢¥ �àå¨â¥ªâãàë á ¯à¨¬¥à−®
à�¢−ë¬¨ ¢®§¬®¦−®áâï¬¨ [5] ¯à®¤®«¦�îâ ¬¥¦¤ã á®¡®© ¡®àì¡ã −� ¡ëáâà® à�áâãé¨å
àë−ª�å á¥â¥¢ëå ¨ ¬®¡¨«ì−ëå ãáâà®©áâ¢. Š®−æ¥¯æ¨ï SDN/NFV ®âªàë¢�¥â ¤®à®-
£ã ¢ ¯�ª¥â−ë¥ á¥â¨ ã−¨¢¥àá�«ì−ë¬ á¥à¢¥à�¬ −� ®á−®¢¥ ¯à®æ¥áá®à®¢ á ä¨à¬¥−−®©
¬�àª¨à®¢ª®© úIntel insideû ¢ ª�ç¥áâ¢¥ ª®−âà®««¥à®¢ á¥â¨ ¨ ¯«�âä®à¬ ¢¨àâã�«¨-
§�æ¨¨. Š ãá¨«¨ï¬ Intel ¯à¨á®¥¤¨−ïîâáï ªàã¯−ë¥ ¯®áâ�¢é¨ª¨ á¥à¢¥à−®£® ��.
‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¬®¦−® ¯à¨¢¥áâ¨ ª®¬¯�−¨î Juniper Networks, ¯à¥¤«�£�îéãî
£®â®¢ë¥ ¯à®£à�¬¬−ë¥ à¥è¥−¨ï ¤«ï á¥â¥© SDN, ¨«¨ VMware, á¯¥æ¨�«¨§¨àãîéã-
îáï −� �� ¤«ï –�„ ¨ ú®¡«�ç−®©û ¨−äà�áâàãªâãàë. �® ¨ áâ�àë¥ ¨£à®ª¨ −�
àë−ª¥ á¥â¥¢®£® ®¡®àã¤®¢�−¨ï, â�ª¨¥ ª�ª Cisco Systems ¨«¨ Alcatel{Lucent, −¥
−�¬¥à¥−ë â¥àïâì á¢®© ªãá®ª ¯¨à®£� ¨ â®¦¥ �ªâ¨¢−® à¥ª«�¬¨àãîâ á¢®¨ ç�áâ−ë¥
à¥è¥−¨ï ¤«ï ¨−äà�áâàãªâãàë SDN ¨ NFV.

‚ ÷®áá¨¨ ãà®¢¥−ì ¨−â¥à¥á� ª SDN ¤®«¦¥− −¥ ãáâã¯�âì ¬¨à®¢®¬ã ¨ ¤�¦¥,
¢®§¬®¦−®, ¯à¥¢®áå®¤¨âì ¥£® ¢á«¥¤áâ¢¨¥ −�è¥£® åà®−¨ç¥áª®£® â¥å−®«®£¨ç¥áª®£®
®âáâ�¢�−¨ï. ‚¥¤ì SDN ¢−¥è−¥ ¢ë£«ï¤¨â ¬�£¨áâà�«ì−ë¬ ¯ãâ¥¬ ª §�¬¥−¥ á¥-
â¥¢®© �¯¯�à�âãàë, ª®â®àãî ¬ë ¤¥«�âì −¥ ã¬¥¥¬, ¯à¨ª«�¤−ë¬¨ ¯à®£à�¬¬�¬¨,
ª®â®àë¥ ¢à®¤¥ ¡ë ¢¯®«−¥ ¢ á®áâ®ï−¨¨ −�¯¨á�âì. „«ï à®áá¨©áª¨å à�§à�¡®â-
ç¨ª®¢ ¨ á¨áâ¥¬−ëå ¨−â¥£à�â®à®¢ ®âªàë¢�¥âáï ¢¥áì¬� §�¬�−ç¨¢�ï ¯¥àá¯¥ªâ¨¢�
á¤�âì ¢ ¬¥â�««®«®¬ ¬�àèàãâ¨§�â®àë ®â Cisco ¨ Alcatel, −�¤¥¦¤ë −� à�§à�¡®âªã
¨ ¢ë¯ãáª ¢ −�è¥© áâà�−¥ �−�«®£®¢ ª®â®àëå ¤�¢−® ¯®â¥àï−ë, � ¢á¥ ¯�ª¥â−ë¥
á¥â¨ á®§¤�¢�âì −� ®á−®¢¥ ¢¨àâã�«ì−ëå ª®¬¬ãâ�â®à®¢ ¨ á¥à¨©−ëå á¥à¢¥à®¢, ¡«�£®
−¥¤�¢−® ¢ ¯®á«¥¤−¨å ¤�¦¥ áâ�«¨ ¯®ï¢«ïâìáï ¯à®æ¥áá®àë ®â¥ç¥áâ¢¥−−®© à�§à�¡®â-
ª¨ [6].

�¤−�ª® −� íâ®¬ §�¬�−ç¨¢®¬ ¯ãâ¨ ã −�á ¢á¥ à�¢−® ®áâ�¥âáï −¥®¡å®¤¨¬®áâì
¯®−¨¬�−¨ï â®£®, −�áª®«ìª® á¥àì¥§−ë ¯¥à¥ç¨á«¥−−ë¥ ¢ëè¥ á®¬−¨â¥«ì−ë¥ �á¯¥ªâë
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SDN, −¥ ®ª�¦ãâáï «¨ ®−¨ −�áâ®«ìª® −¥®¤®«¨¬ë¬ ¯à¥¯ïâáâ¢¨¥¬, çâ® ¯®å®à®−ïâ
á�¬ã áâ®«ì ¯à¨âï£�â¥«ì−ãî, ®á®¡¥−−® ¢ à®áá¨©áª¨å ãá«®¢¨ïå, ¨¤¥î. ˆ¬¥îé¨©áï
−¨çâ®¦−ë© ®¯ëâ ¡ãª¢�«ì−® ¥¤¨−¨ç−ëå á¥â¥©, ª®â®àë¥ ®¡êï¢«ïîâáï (â. ¥. ¢−®¢ì
¢á¥£® «¨èì ¤¥ª«�à¨àãîâáï!) ¯®áâà®¥−−ë¬¨ −� ¯à¨−æ¨¯�å SDN, ®â¢¥â� −� íâ®â
¯à¨−æ¨¯¨�«ì−ë© ¢®¯à®á −¥ ¤�îâ. ’�ª çâ® ¯®ª� ¬®¦−® £®¢®à¨âì â®«ìª® ®¡
®¦¨¤�−¨ïå ¨ ¯ëâ�âìáï ®æ¥−¨âì ¯¥àá¯¥ªâ¨¢ë ¨ à¨áª¨.

—â® ª�á�¥âáï ¯à¨¬¥−¨¬®áâ¨ SDN-¯®¤å®¤� â®«ìª® ª â¥àà¨â®à¨�«ì−® ª®¬¯�ªâ-
−ë¬ á¥âï¬, â® íâ® ®£à�−¨ç¥−¨¥ ¯à¥¤áâ�¢«ï¥âáï äã−¤�¬¥−â�«ì−ë¬. ˆ â¥®à¥â¨-
ç¥áª¨¥ à�ááã¦¤¥−¨ï, ¨ ®¯ëâ ¥¤¨−¨ç−ëå à¥�«¨§�æ¨© −¥ ¤�îâ ®á−®¢�−¨© à�á¯à®-
áâà�−ïâì ®¡«�áâì à¥�«¨§ã¥¬®áâ¨ SDN §� à�¬ª¨ –�„. Œ®¦¥â ¡ëâì, ç�áâ¨ç−®
¨ ®£à�−¨ç¥−−® ¯à¨−æ¨¯ë SDN ¬®£ãâ −�©â¨ ¯à¨¬¥−¥−¨¥ ¢ −¥ª®â®àëå ¯à®¢�©¤¥à-
áª¨å á¥âïå. �à¨ íâ®¬ áâ¥¯¥−ì ç�áâ¨ç−®áâ¨ ¨ ®£à�−¨ç¥−−®áâ¨ ¬®¦¥â ®ª�§�âìáï
«î¡®© ¨§-§� à�á¯«ë¢ç�â®áâ¨ á�¬¨å ¯à¨−æ¨¯®¢ SDN ¨ ¤®¯ãáâ¨¬®áâ¨ «î¡ëå á®ç¥-
â�−¨© ¤¥ª«�à�â¨¢−®áâ¨ ¨ à¥�«ì−®áâ¨. �®¯ãâ−® ¬®¦−® ®â¬¥â¨âì, çâ® âà¥¡®¢�−¨î
â¥àà¨â®à¨�«ì−®© ª®¬¯�ªâ−®áâ¨ ¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬ á®®â¢¥âáâ¢ãîâ «®ª�«ì−ë¥
á¥â¨, ¢ â®¬ ç¨á«¥ ¢¨àâã�«ì−ë¥, ¨ ®−¨ ¢¯®«−¥ à¥�«¨§ã¥¬ë −� ¯à¨−æ¨¯�å SDN. �®
¢àï¤ «¨ â�ª�ï à¥�«¨§�æ¨ï ®ª�¦¥âáï íª®−®¬¨ç¥áª¨ ¢ë£®¤−®© á ãç¥â®¬ ¬�áá®¢®£®
¢ë¯ãáª� á¯¥æ¨�«¨§¨à®¢�−−®£® ¤¥è¥¢®£® ®¡®àã¤®¢�−¨ï ¤«ï LAN.

‚á¥ ¯à®ç¨¥ ¯¥à¥ç¨á«¥−−ë¥ ¢ëè¥ âàã¤−®áâ¨ SDN ¯à¥¤áâ�¢«ïîâáï ¯à¥®¤®«¨-
¬ë¬¨, −® ®áâ�¥âáï ¡¥§ ®â¢¥â� ¢®¯à®á æ¥−ë ¨å ¯à¥®¤®«¥−¨ï. —â®¡ë ¯®â¥−æ¨�«ì−ë¥
¯à¥¨¬ãé¥áâ¢� SDN-¯®¤å®¤� ¤�«¨ à¥�«ì−ãî ¢ë£®¤ã ¢ ¯à®áâ®â¥ á®§¤�−¨ï ¨ ª�-
ç¥áâ¢¥ ã¯à�¢«¥−¨ï à�¡®â®© ª®−ªà¥â−®© á¥â¨, ¤«ï íâ®© á¥â¨ −¥®¡å®¤¨¬® á®§¤�âì
ã−¨ª�«ì−®¥ �¤¥ª¢�â−®¥ ¯à¨ª«�¤−®¥ ��. ‚ ÷®áá¨¨, £¤¥ ¤®áâ�â®ç−® ¬−®£® ª¢�«¨-
ä¨æ¨à®¢�−−ëå ¯à®£à�¬¬¨áâ®¢, � ¨å §�à¯«�âë ®â−®á¨â¥«ì−® −¥¢¥«¨ª¨, ª�ª¨¥-â®
á¥â¨ ¤¥©áâ¢¨â¥«ì−® ¬®£ãâ ®ª�§�âìáï íª®−®¬¨ç¥áª¨ ¡®«¥¥ ¢ë£®¤−ë¬¨, � äã−ª-
æ¨®−�«ì−® ¡®«¥¥ íää¥ªâ¨¢−ë¬¨, ¡ã¤ãç¨ á®§¤�−ë −� ¯à¨−æ¨¯�å SDN ¯àï¬ë¬
¯à®£à�¬¬¨à®¢�−¨¥¬ ú¢ «®¡û. �® ¥á«¨ £®¢®à¨âì ¡®«¥¥ ®¡é®, â® ¤«ï ®¡à¥â¥−¨ï ®¡¥-
é�−−®£® à¥ª«�¬®© ¢ë¨£àëè� ¢ §�âà�â�å −� à�§¢¥àâë¢�−¨¥ á¥â¥© SDN, ã¯à®é¥−¨ï
¨å ¬�áèâ�¡¨à®¢�−¨ï ¨ ¢ëá®ª®© íää¥ªâ¨¢−®áâ¨ ã¯à�¢«¥−¨ï −�¤® ®¡¥á¯¥ç¨âì ¨å
á®§¤�â¥«¥© �¤¥ª¢�â−ë¬ ¨−áâàã¬¥−â�à¨¥¬ ¨ −�¤¥¦−®© áâ�àâ®¢®© ¡�§®©. ‚ ª�ç¥áâ¢¥
¯®á«¥¤−¥© ¢¨¤ïâáï íää¥ªâ¨¢−ë¥ á¯¥æ¨�«¨§¨à®¢�−−ë¥ �‘ ¨ £®â®¢ë¥ ¡�§®¢ë¥
(íâ�«®−−ë¥) à¥è¥−¨ï ¯® ª®−âà®««¥à�¬ á¥â¥© SDN.

ƒ®¢®àï ®¡ �‘ ¤«ï á¥â¨ SDN, ç�áâ® ¨á¯®«ì§ãîâ â¥à¬¨− úá¥â¥¢�ï �‘û,
çâ® á¯®á®¡−® ¯®à®¤¨âì ¯ãâ�−¨æã. ’à�¤¨æ¨®−−® ¯®¤ íâ¨¬ â¥à¬¨−®¬ ¯®−¨¬�¥âáï
�‘ á ¤®¯®«−¨â¥«ì−ë¬¨ á¢®©áâ¢�¬¨, ¯®§¢®«ïîé¨¬¨ ª®¬¯ìîâ¥àã à�¡®â�âì ¢ á¥-
â¨. �â¨ ¤®¯®«−¨â¥«ì−ë¥ á¢®©áâ¢� ¢ª«îç�îâ, −�¯à¨¬¥à, ¯®¤¤¥à¦ªã á¥â¥¢ëå
¯à®â®ª®«®¢, ¢ ¯¥à¢ãî ®ç¥à¥¤ì áâ¥ª� TCP/IP. �¤−�ª® ª®−âà®««¥à á¥â¨ SDN
¤®«¦¥− ã¯à�¢«ïâì á¥âìî, −® −¥ ®¡ï§�− à�¡®â�âì ¢ á¥âïå, ¨, á®®â¢¥âáâ¢¥−−®,
¤«ï SDN{�‘ ¢®¢á¥ −¥ ¯à¨−æ¨¯¨�«ì−� ¯®¤¤¥à¦ª� á¥â¥¢ëå ¯à®â®ª®«®¢. „«ï
ã¯à�¢«¥−¨ï ¦¥ á¥âìî ¥© −ã¦¥− ®¤¨− ¥¤¨−áâ¢¥−−ë© ¯à®â®ª®« | OpenFlow ¨«¨
¥¬ã íª¢¨¢�«¥−â−ë© [7]. ’�ª¨¬ ®¡à�§®¬, SDN{�‘ | íâ® −¥ ¯à®áâ® á¥â¥¢�ï �‘,
� ¢¥áì¬� á¯¥æ¨ä¨ç¥áª¨© ¯à®¤ãªâ, ª®â®àë© ¯à¨§¢�− á«ã¦¨âì áà¥¤áâ¢®¬ á®¯àï¦¥-
−¨ï ¯à¨ª«�¤−®£® ¨ ¯à®¬¥¦ãâ®ç−®£® �� ª®−âà®««¥à� á á¥â¥¢®© ¨−äà�áâàãªâãà®©.
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�¥ª®â®àë¥ ¢®¯à®áë ¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨ ª®−æ¥¯æ¨¨ SDN

‚ íâ®¬ á¬ëá«¥ ¨−®£¤� ¯®−ïâ¨ï SDN{�‘ ¨ SDN-ª®−âà®««¥à à�áá¬�âà¨¢�îâáï
ª�ª á¨−®−¨¬ë.

4 Заключение

Š�ª¨¥-â® íªá¯¥à¨¬¥−â�«ì−ë¥ á¥â¨ SDN ã¦¥ áãé¥áâ¢ãîâ, ¯® ªà�©−¥© ¬¥à¥ −�
ãà®¢−¥ ¤¥ª«�à�æ¨©. ’�ª¦¥ �−®−á¨àãîâáï ¨ −¥ª¨¥ SDN{�‘ ¨ SDN-ª®−âà®««¥-
àë | ª�ª íªá¯¥à¨¬¥−â�«ì−ë¥ ¢à®¤¥ Onix [8], â�ª ¨ ª®¬¬¥àç¥áª¨¥: NOX/POX,
BigSwitch, FloodLight ¨ ¤à. �á®¡¥−−® ¯à¨ïâ−®, çâ® íâ®â ¯¥à¥ç¥−ì ¯®¯®«−¨«áï
®â¥ç¥áâ¢¥−−ë¬ SDN-ª®−âà®««¥à®¬ RUNOS (Russian network operating system)
®â –¥−âà� ¯à¨ª«�¤−ëå ¨áá«¥¤®¢�−¨© ª®¬¯ìîâ¥à−ëå á¥â¥© [9]. Œ¥−¥¥ ¯®−ïâ-
−� á¨âã�æ¨ï á ú®àª¥áâà®¢é¨ª�¬¨û ¨ ¨−áâàã¬¥−â�à¨¥¬ ¤«ï á®§¤�−¨ï à�¡®ç¨å
¬¥áâ �¤¬¨−¨áâà�â®à®¢ á¥â¨ ¨ ¯à®ç¥£® ¯à¨ª«�¤−®£® ��. �à®¡«¥¬� ¢ â®¬, çâ®,
−¥á¬®âàï −� ¨−â¥−á¨¢−ë¥ â¥®à¥â¨ç¥áª¨¥ ¨áá«¥¤®¢�−¨ï [1, 10, 11], −� á¥£®¤−ïè-
−¨© ¤¥−ì ú®âáãâáâ¢ã¥â ¥é¥ ¯à®£à�¬¬−ë© á«®©, ¯®áà¥¤áâ¢®¬ ª®â®à®£® âà¥¡®¢�−¨ï
¡¨§−¥á-«®£¨ª¨ âà�−á«¨àãîâáï −� ãà®¢¥−ì ã¯à�¢«¥−¨ï ¨−äà�áâàãªâãà®©û [12].
�®ª� −¥çâ® −�¯®¬¨−�îé¥¥ â�ª®© ú¯à®£à�¬¬−ë© á«®©û ¢ ª�ç¥áâ¢¥ ª®¬¬¥àç¥áª®-
£® ¯à®¤ãªâ� ¯à¥¤«�£�îâ â®«ìª® ª®¬¯�−¨¨ Juniper Networks (ã−¨¢¥àá�«ì−®¥ ��
¤«ï SDN/NFV Contrail) ¨ BATM Advanced Communications (ú®àª¥áâà®¢é¨ªû
EdgeGenie). ’�ª¦¥ ã¬¥áâ−® ¢á¯®¬−¨âì ®¡ ®â¥ç¥áâ¢¥−−®¬ SDN-�‘-ª®−âà®««¥à¥
RUNOS, å®âï ¥£® áâ�âãá ª�ª ª®¬¬¥àç¥áª®£® ¯à®¤ãªâ� ¯®ª� −¥ ïá¥−. Œ¥¦¤ã
â¥¬ ¨¬¥−−® −� íâ®¬ ¯®«¥, ¯®«¥ ¬−®£®äã−ªæ¨®−�«ì−®© íää¥ªâ¨¢−®© SDN{�‘,
®¡é¥¤®áâã¯−®£® ¨−â¥««¨£¥−â−®£® ú®àª¥áâà®¢é¨ª�û ¨ ¯à�ªâ¨ç−®£® ¯à®¬¥¦ãâ®ç-
−®£® �� ¢¨àâã�«¨§�æ¨¨, ¯®å®¦¥, ¡ã¤¥â à¥è�âìáï áã¤ì¡� ¨ ®¯à¥¤¥«ïâìáï ¡ã¤ãé¥¥
á¥â¥© SDN.
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SOME ISSUES OF THE SDN CONCEPT PRACTICAL
IMPLEMENTATION

V. B. Egorov

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

Abstract: The software-defined networking (SDN) concept, widely discussed
lately, is subject to versatile consideration. Regarding the SDN, both unob-
viousness of several prevalent judgments and conventionality of many widely
advertised advantages (e. g., deployment speed-up, operating costs reduction,
and control quality improvement) are exposed. The analysis reveals such pe-
culiarities of the SDN approach as inclination to spatial limitation, burdens
of individual applied programming, desirability of introducing special trusted
control channels, slowed down communication between the control and data
planes, problems with ensuring reliability and availability, and objective com-
plexities of connection with existing traditional networks. An attempt is made
to explain the recent SDN concept popularity motives with commercial interests
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of some heavyweights on the microelectronics and networking software markets.
Perspectives and conditions of the SDN concept practical implementation in the
future are shown.

Keywords: network functions virtualization; network operating system; NFV;
orchestration; orchestrator; RUNOS; SDN; software-defined networking
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ИНФОРМАЦИОННАЯ БЕЗОПАСНОСТЬ СИТУАЦИОННЫХ
ЦЕНТРОВ∗

А. А. Зацаринный1, В. И. Королёв2

�−−®â�æ¨ï: ÷�áá¬®âà¥−® −�§−�ç¥−¨¥ ¨ å�à�ªâ¥à¨áâ¨ª� á¨âã�æ¨®−−ëå æ¥−-
âà®¢ (‘–) ª�ª ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª¨å ®¡ê¥ªâ®¢, ®¡¥á¯¥ç¨¢�îé¨å
à¥�«¨§�æ¨î á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï. ‘¨âã�æ¨®−−ë© æ¥−âà ¯à¥¤áâ�¢«ï-
¥âáï á¨áâ¥¬®©. �â¬¥ç�¥âáï á«®¦−ë© á®áâ�¢ ¨ áâàãªâãà� ¨−ä®à¬�æ¨®−−ëå
à¥áãàá®¢, ®¡¥á¯¥ç¨¢�îé¨å ¯à¨−ïâ¨¥ à¥è¥−¨©. ‚ ª�ç¥áâ¢¥ ä�ªâ®à� ¯à®¡«¥-
¬ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ (ˆ�) ‘– ¯à¨−¨¬�¥âáï à�§«¨ç−ë© ãà®¢¥−ì
ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ®¡à�¡�âë¢�¥¬®© ¨−ä®à¬�æ¨¨. ˆ−ä®à¬�æ¨®−−�ï ¡¥§-
®¯�á−®áâì ¯à¥¤áâ�¢«ï¥âáï ª�ª §�é¨â� ¨−ä®à¬�æ¨¨. �à¥¤«�£�¥âáï ¯®¤å®¤
¯®áâà®¥−¨ï á¨áâ¥¬ë §�é¨âë ¨−ä®à¬�æ¨¨ (‘‡ˆ) ¤«ï ‘– −� ®á−®¢�−¨¨ �àå¨-
â¥ªâãà−®£® ¯®¤å®¤�. �à¨ íâ®¬ �àå¨â¥ªâãà� «î¡®© ã¯à�¢«ï¥¬®© ®à£�−¨§�æ¨¨
¯à¥¤áâ�¢«ï¥âáï ª�ª á®¢®ªã¯−®áâì: ¡¨§−¥á-�àå¨â¥ªâãà� + �àå¨â¥ªâãà� ¨−ä®à-
¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’), � ¯®−ïâ¨¥ �àå¨â¥ªâãàë á¨áâ¥¬ë á®®â¢¥âáâ¢ã¥â
áâ�−¤�àâã ƒ�‘’ ÷ ˆ‘�/Œ�Š 15288-2008. �¯à¥¤¥«¥−ë �ªâã�«ì−ë¥ §�¤�ç¨
ˆ� ‘–.

Š«îç¥¢ë¥ á«®¢�: á¨âã�æ¨®−−ë© æ¥−âà; á¨âã�æ¨®−−®¥ ã¯à�¢«¥−¨¥; ¨−ä®à¬�-
æ¨®−−ë¥ à¥áãàáë; ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−ë¥ â¥å−®«®£¨¨; ª®−ä¨-
¤¥−æ¨�«ì−®áâì; ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; á¨áâ¥¬� §�é¨âë ¨−ä®à¬�æ¨¨;
�àå¨â¥ªâãà−ë© ¯®¤å®¤

DOI: 10.14357/08696527160109

1 Назначение и характеристика ситуационных центров

‘¨âã�æ¨®−−ë© æ¥−âà ¯à¥¤áâ�¢«ï¥âáï ª�ª ª®¬¯«¥ªá, ª®â®àë© ª®−æ¥−âà¨àã¥â
¨−ä®à¬�æ¨î ® ¯®¤ª®−âà®«ì−®¬ ¯à®áâà�−áâ¢¥ ®â à�§«¨ç−ëå ¨áâ®ç−¨ª®¢ ¨ ®¡¥á¯¥-
ç¨¢�¥â á¨âã�æ¨®−−®¥ ã¯à�¢«¥−¨¥, ¯à¨−ïâ¨¥ ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨© á è¨à®ª¨¬
¨á¯®«ì§®¢�−¨¥¬ ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨© (ˆŠ’), ¬®¤¥-
«¥© ¨ ¬¥â®¤®¢ á¨âã�æ¨®−−®£® �−�«¨§�.

ú‘¨âã�æ¨®−−®áâìû ®§−�ç�¥â, çâ® ¤¥©áâ¢¨ï áã¡ê¥ªâ®¢, à¥�«¨§�æ¨ï ¯à®æ¥áá®¢
¨ ¤¥©áâ¢¨© ®¯à¥¤¥«ïîâáï ª®−â¥ªáâ®¬, ¢ ª®â®à®¬ ®−¨ ®áãé¥áâ¢«ïîâáï. �â® ¯®-
−ïâ¨¥ «¥¦¨â ¢ ®á−®¢¥ á¨âã�æ¨®−−®© â¥®à¨¨ ã¯à�¢«¥−¨ï, ¨§ãç�îé¥© §�¢¨á¨¬®áâì

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 15-29-07981 ®ä¨-¬).
1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

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

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; ä�ªã«ìâ¥â ª¨¡¥à−¥â¨ª¨ ¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á-
−®áâ¨ ��ãç−®-¨áá«¥¤®¢�â¥«ìáª®£® ï¤¥à−®£® ã−¨¢¥àá¨â¥â� Œˆ”ˆ, vkorolev@ipiran.ru
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íää¥ªâ¨¢−®áâ¨ ¬¥â®¤®¢ ã¯à�¢«¥−¨ï ®â â®£®, ¢ ª�ª®¬ ¯®«®¦¥−¨¨ −�å®¤¨âáï ®¡ê¥ªâ
ã¯à�¢«¥−¨ï [1].

‘¨âã�æ¨®−−®¥ ã¯à�¢«¥−¨¥ ª�ª á¨áâ¥¬� áâ�−®¢¨âáï íää¥ªâ¨¢−ë¬, ª®£¤� −¥-
®¡å®¤¨¬®, çâ®¡ë úã¯à�¢«ïîé¨¥ ¢®§¤¥©áâ¢¨ï áã¡ê¥ªâ� ã¯à�¢«¥−¨ï ®á−®¢ë¢�«¨áì
−� �−�«¨§¥ ¢�à¨�−â®¢ ¯à¨−ïâ¨ï à¥è¥−¨ï á ãç¥â®¬ â¥ªãé¥£® á®áâ®ï−¨ï ®¡ê¥ªâ�
ã¯à�¢«¥−¨ï, à�á¯®«�£�¥¬ëå ¢�à¨�−â®¢ ¤¥©áâ¢¨© ¨ ¯à®£−®§� ¯®á«¥¤áâ¢¨© ¯à¨−¨-
¬�¥¬ëå ã¯à�¢«¥−ç¥áª¨å ¢®§¤¥©áâ¢¨©û [2].

’�ª�ï −¥®¡å®¤¨¬®áâì ¯à�ªâ¨ç¥áª¨ ¯®áâ®ï−−® ¯à¨áãâáâ¢ã¥â, ª®£¤� ®¡ê¥ªâ�¬¨
ã¯à�¢«¥−¨ï ï¢«ïîâáï ¡®«ìè¨¥ ¨ á«®¦−ë¥ ®¡ê¥ªâë, ¯® á¢®¥© ¯à¨à®¤¥ ï¢«ïîé¨¥áï
á®æ¨®â¥å−¨ç¥áª¨¬¨ á¨áâ¥¬�¬¨. ˆ¬¨ ¬®£ãâ ¡ëâì ã¯à�¢«¥−ç¥áª¨¥, ¯à¥¤¯à¨−¨¬�-
â¥«ìáª¨¥, ¯à®¨§¢®¤áâ¢¥−−ë¥, ä¨−�−á®¢®-®¯¥à�æ¨®−−ë¥ ¨ ¯à®ç¨¥ ®¡à�§®¢�−¨ï
(®à£�−¨§�æ¨¨, ¯à¥¤¯à¨ïâ¨ï, ä¨à¬ë, ä¨−�−á®¢®-ªà¥¤¨â−ë¥ ãçà¥¦¤¥−¨ï ¨ â. ¤.),
� â�ª¦¥ ¬ã−¨æ¨¯�«ì−ë¥, à¥£¨®−�«ì−ë¥ ¨ ä¥¤¥à�«ì−ë¥ ®¡à�§®¢�−¨ï á á®®â¢¥â-
áâ¢ãîé¨¬¨ £®áã¤�àáâ¢¥−−ë¬¨ ®à£�−�¬¨, ®¡¥á¯¥ç¨¢�îé¨¬¨ ¦¨§−¥¤¥ïâ¥«ì−®áâì
¨ ã¯à�¢«¥−¨¥.

�¡ê¥ªâë ã¯à�¢«¥−¨ï áç¨â�îâáï ¡®«ìè¨¬¨, ¥á«¨ ®−¨ ¨¬¥îâ à�á¯à¥¤¥«¥−−ãî
®à£�−¨§�æ¨®−−ãî áâàãªâãàã, ª®â®à�ï ¢ª«îç�¥â ¢ á¥¡ï ª®¬¯®−¥−âë ¬−®£®ç¨á«¥−-
−ëå ¢¨¤®¢ëå £àã¯¯ ¤¥ïâ¥«ì−®áâ¨ á ¤®áâ�â®ç−® ¯à¥¤áâ�¢¨â¥«ì−ë¬ ¬−®¦¥áâ¢®¬
â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ëå ®¤−®à®¤−ëå á â®çª¨ §à¥−¨ï ¢¨¤� ¤¥ïâ¥«ì−®áâ¨
áâàãªâãà−ëå ¯®¤à�§¤¥«¥−¨©.

�¡ê¥ªâë ã¯à�¢«¥−¨ï áç¨â�îâáï á«®¦−ë¬¨, ¥á«¨ ¤«ï à¥�«¨§�æ¨¨ ¨å æ¥«¥-
¢ëå äã−ªæ¨© âà¥¡ã¥âáï á®§¤�−¨¥ ¨ äã−ªæ¨®−¨à®¢�−¨¥ á«®¦−®£® ¨ ¬−®£®¯«�-
−®¢®£® ¨−áâàã¬¥−â�à¨ï: ¬®¤¥«¥©, ¯à®æ¥áá®¢ ¨ â¥å−®«®£¨©; ®à£�−¨§�æ¨®−−ëå,
â¥å−¨ª®-â¥å−®«®£¨ç¥áª¨å ¨ ¨−¦¥−¥à−ëå ¨−äà�áâàãªâãà; −®à¬�â¨¢−®-¯à�¢®¢®£®
¨ ¯«�−®¢®-ä¨−�−á®¢®£® ®¡¥á¯¥ç¥−¨ï; «î¤áª¨å à¥áãàá®¢ á è¨à®ª¨¬¨ £àã¯¯�¬¨
à�§«¨ç−®© á¯¥æ¨�«¨§�æ¨¨. †¨¢ãç¥áâì â�ª¨å ®¡ê¥ªâ®¢ ¢ á®¢à¥¬¥−−ëå ãá«®¢¨ïå
§�¢¨á¨â ®â ª®−ªãà¥−â−®© ¡®àì¡ë ¨ à�§«¨ç−®£® ¢¨¤� ¯à®â¨¢®áâ®ï−¨© ¨ ¯®¤¤¥à-
¦¨¢�¥âáï áà¥¤áâ¢�¬¨ á è¨à®ª¨¬ ¨á¯®«ì§®¢�−¨¥¬ ˆ’ | ¯à¨§−�ª®¬ ¨ áãé−®áâìî
¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�.

ˆ¬¥−−® ¤«ï â�ª¨å ¡®«ìè¨å ¨ á«®¦−ëå á¨áâ¥¬−ëå ®¡ê¥ªâ®¢ áãé¥áâ¢ã¥â
¡®«ìè�ï ¢¥à®ïâ−®áâì ¢®§−¨ª−®¢¥−¨ï ¯®¤ ¢«¨ï−¨¥¬ ¢−ãâà¥−−¥£® ¨ ¢−¥è−¥£® ¢®§-
¤¥©áâ¢¨ï á®¢®ªã¯−®áâ¨ ®¡áâ®ïâ¥«ìáâ¢, ª®â®àë¥ −�àãè�îâ §�¤�−−®¥ äã−ªæ¨®−¨-
à®¢�−¨¥ ¨ âà¥¡ãîâ ¥£® ¯¥à¥¢®¤� ¢ −®¢®¥ á®áâ®ï−¨¥, çâ®¡ë ¨áª«îç¨âì −�àãè¥−¨¥
èâ�â−®£® à¥¦¨¬� ¨«¨ ®¡¥á¯¥ç¨âì −�¨¡®«ìèãî íää¥ªâ¨¢−®áâì äã−ªæ¨®−¨à®¢�-
−¨ï. � á«¥¤®¢�â¥«ì−®, áâ�−®¢¨âáï −¥®¡å®¤¨¬ë¬ ¨ íää¥ªâ¨¢−ë¬ á¨âã�æ¨®−−®¥
ã¯à�¢«¥−¨¥.

…á«¨ ¨áå®¤¨âì ¨§ íâ®£® ®¡é¥£® ¯à¥¤áâ�¢«¥−¨ï, ‘– ¤®«¦¥− ¨¬¥âì ª®¬¯«¥ªá−ãî
äã−ªæ¨®−�«ì−ãî −�¯à�¢«¥−−®áâì ®¡¥á¯¥ç¥−¨ï ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï ¨ ¯®¤¤¥à¦-
ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¨ ¢ª«îç�âì ¢ á¥¡ï á«¥¤ãîé¨¥ ª®¬¯®−¥−âë ¨−ä®à¬�æ¨®−-
−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¨áâ¥¬ë [3]:

{ ª®¬¯«¥ªá �¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢ (áà¥¤áâ¢� ®â®¡à�¦¥−¨ï ¨−ä®à-
¬�æ¨¨, áà¥¤áâ¢� åà�−¥−¨ï ¨−ä®à¬�æ¨¨, áà¥¤áâ¢� â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥,
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ˆ−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì á¨âã�æ¨®−−ëå æ¥−âà®¢

áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨, �¢â®¬�â¨§¨à®¢�−−ë¥ à�¡®ç¨¥ ¬¥áâ�, áà¥¤áâ¢�
¦¨§−¥®¡¥á¯¥ç¥−¨ï, áà¥¤áâ¢� ®¡é¥£® ¨ ®¡é¥á¨áâ¥¬−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥-
ç¥−¨ï (��));

{ ª®¬¯«¥ªáë á¯¥æ¨�«ì−®£® ��, à¥�«¨§ãîé¨¥ ¢ë¯®«−¥−¨¥ äã−ªæ¨®−�«ì−ëå
§�¤�ç ¯® −�§−�ç¥−¨î ‘–;

{ ®¡á«ã¦¨¢�îé¨© ¯¥àá®−�«, á¯¥æ¨�«ì−® ¯®¤£®â®¢«¥−−ë© ¤«ï íää¥ªâ¨¢−®£®
¯à¨¬¥−¥−¨ï ¨ ¯®¤¤¥à¦�−¨ï äã−ªæ¨®−¨à®¢�−¨ï ‘– ¢ §�¤�−−ëå à¥¦¨¬�å
á á®¡«î¤¥−¨¥¬ ¬¥à ¯® ˆ�.

�à£�−¨§�æ¨®−−® ‘– á®áâ®¨â ¨§ ç¥âëà¥å á¥£¬¥−â®¢ [3, 4]:

(1) àãª®¢®¤áâ¢� ®à£�−� ã¯à�¢«¥−¨ï;

(2) ¬®−¨â®à¨−£� á®áâ®ï−¨ï ª®−âà®«¨àã¥¬®£® ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢�;

(3) á¨âã�æ¨®−−®£® �−�«¨§� ¨ ¯®¤¤¥à¦ª¨ ¯à®æ¥áá� ¯à¨−ïâ¨ï ã¯à�¢«¥−ç¥áª¨å
à¥è¥−¨©, ¢ª«îç�ï á¨âã�æ¨®−−ë© §�« (¨«¨ ª�¡¨−¥â, ª®¬−�âã);

(4) �¤¬¨−¨áâà¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï, �¯¯�à�â−®-¯à®£à�¬-
¬−ëå áà¥¤áâ¢ ¨ áà¥¤áâ¢ §�é¨âë ¨−ä®à¬�æ¨¨.

’�ª¨¬ ®¡à�§®¬, ‘– | íâ® ¡�§¨àãîé¨©áï −� ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª®¬
ª®¬¯«¥ªá¥ ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª¨© ®¡ê¥ªâ ¢ á¨áâ¥¬¥ ã¯à�¢«¥−¨ï, ®¡¥á-
¯¥ç¨¢�îé¨© à¥�«¨§�æ¨î −¥®¡å®¤¨¬ëå ˆŠ’, ¯®¤£®â®¢ªã ¨ ¯à¥¤«®¦¥−¨¥ ¨−ä®à-
¬�æ¨®−−®-�−�«¨â¨ç¥áª¨å à¥è¥−¨© ¨ ¯®¤¤¥à¦ªã ¯à®æ¥áá®¢ ¯à¨−ïâ¨ï à¥è¥−¨© −�
ª®¬¯¥â¥−â−®¬ ãà®¢−¥ («¨æ� ¯à¨−ïâ¨ï à¥è¥−¨© | ‹�÷) ¢ à¥¦¨¬�å á¨âã�æ¨®−-
−®£® ã¯à�¢«¥−¨ï. �� ¥£® ®á−®¢¥ ¤®«¦−ë ¡ëâì ®¡¥á¯¥ç¥−ë ¬®−¨â®à¨−£ ä�ªâ®à®¢
¢«¨ï−¨ï −� à�§¢¨â¨¥ ¯à®¨áå®¤ïé¨å ¯à®æ¥áá®¢, ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï
¯®¤¤¥à¦ª� ¯à®æ¥¤ãà ¨ ¯à®æ¥áá®¢, ¯®§¢®«ïîé¨å ®¯¥à�â¨¢−® �−�«¨§¨à®¢�âì, ¬®-
¤¥«¨à®¢�âì, ¯à®£−®§¨à®¢�âì áæ¥−�à¨¨ à�§¢¨â¨ï á¨âã�æ¨© ¨ ¤¨−�¬¨ç−® ¢ëà�¡�-
âë¢�âì íää¥ªâ¨¢−ë¥ à¥è¥−¨ï.

2 Фактор информационной безопасности

�¤−¨¬ ¨§ ®¯à¥¤¥«ïîé¨å ä�ªâ®à®¢ ¢ë¡®à� à¥£«�¬¥−â®¢ ¨ ®¡¥á¯¥ç¥−¨ï ã¯à�¢-
«¥−¨ï äã−ªæ¨®−¨à®¢�−¨¥¬ ‘–, ®à£�−¨§�æ¨¨ à�¡®âë ª�¦¤®£® ¨§ ¯¥à¥ç¨á«¥−−ëå
ª®¬¯®−¥−â®¢, ®á®¡¥−−®áâ¥© ¢ë¡®à� â¥å−¨ç¥áª¨å ¨ ¨−¦¥−¥à−ëå à¥è¥−¨© ¯à¨
á®§¤�−¨¨ ¨ íªá¯«ã�â�æ¨¨ ‘– ï¢«ï¥âáï å�à�ªâ¥à¨áâ¨ª� ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ¨á-
¯®«ì§ã¥¬ëå ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢. Š�ª ¯à�¢¨«®, á®¡áâ¢¥−−ë¥ −�ª�¯«¨¢�-
¥¬ë¥ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë ‘– ¨ ¯à¨¢«¥ª�¥¬ë¥ ¢−¥è−¨¥ ¨−ä®à¬�æ¨®−−ë¥
à¥áãàáë ¤«ï ®¡¥á¯¥ç¥−¨ï á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ¨ ¯à¨−ïâ¨ï à¥è¥−¨© −¥§�¢¨-
á¨¬® ®â ¢¨¤� ®¡ê¥ªâ� ã¯à�¢«¥−¨ï á®¤¥à¦�â ¢ â®© ¨«¨ ¨−®© áâ¥¯¥−¨ ¨−ä®à¬�æ¨î,
âà¥¡ãîéãî ª®−âà®«¨àã¥¬®£® ¤®áâã¯�. ‚ á®®â¢¥âáâ¢¨¨ á §�ª®−®¤�â¥«ìáâ¢®¬ ÷®á-
á¨©áª®© ”¥¤¥à�æ¨¨ íâ® ¬®£ãâ ¡ëâì ¯¥àá®−�«ì−ë¥ ¤�−−ë¥, á¢¥¤¥−¨ï, ®â−®áïé¨¥áï
ª ®¯à¥¤¥«¥−−ë¬ ¢¨¤�¬ â�©− (£®áã¤�àáâ¢¥−−�ï, ª®¬¬¥àç¥áª�ï, ¡�−ª®¢áª�ï, á«ã-
¦¥¡−�ï ¨ ¤à.). ˆ ¤�¦¥ ¢ ®¡é¥¬ á«ãç�¥ ®âªàëâë¥ ¤�−−ë¥, −® ®â−®áïé¨¥áï
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ª ¯«�−¨àã¥¬ë¬ ¨−−®¢�æ¨®−−ë¬ ¨ ¨−¢¥áâ¨æ¨®−−ë¬ ¯à®¥ªâ�¬, ª �¢â®àáª¨¬ ¯à�-
¢�¬, ª ®¯¥à�â¨¢−ë¬ â¥ªãé¨¬ å�à�ªâ¥à¨áâ¨ª�¬, ç�áâ® ¢ ®¯à¥¤¥«¥−−®© ª®−ªà¥â−®©
á¨âã�æ¨¨ áâ�−®¢ïâáï á«ã¦¥¡−®© ¨−ä®à¬�æ¨¥© ¨ â�ª¦¥ âà¥¡ãîâ ª®−âà®«¨àã¥¬®-
£® ¤®áâã¯�. �®«ìèãî à®«ì ¨£à�¥â ¯à¨ à�áá¬®âà¥−¨¨ â¥å ¨«¨ ¨−ëå á¨âã�æ¨©
¯à®¡«¥¬� ¡¥§®¯�á−®£® �£à¥£¨à®¢�−¨ï à�§«¨ç−®© ¨−ä®à¬�æ¨¨ ¨§ á®¡áâ¢¥−−ëå
¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¨ ¢−¥è−¨å ¨áâ®ç−¨ª®¢.

ˆáå®¤ï ¨§ íâ®£®, ¢ á®¢à¥¬¥−−ëå ãá«®¢¨ïå ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¤«ï ¯à¨−ïâ¨ï
à¥è¥−¨© ¡®«ìè¨å ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨, à�§«¨ç−®© ¯® ãà®¢−î ª®−ä¨¤¥−æ¨�«ì-
−®áâ¨ ¨ ¯à¨§−�ªã ¢«�¤¥−¨ï ¨ à�á¯®àï¦¥−¨ï, ª ‘– ¯à¥¤êï¢«ïîâáï ¯®¢ëè¥−−ë¥
âà¥¡®¢�−¨ï ¯® ®¡¥á¯¥ç¥−¨î ˆ�. �à¨ íâ®¬ ¯®¤ ®¡¥á¯¥ç¥−¨¥¬ ˆ� ¢ ¤�−−®©
à�¡®â¥ ¯®−¨¬�¥âáï à¥è¥−¨¥ á¨áâ¥¬−®© §�¤�ç¨ §�é¨âë ¨−ä®à¬�æ¨¨ ®â −¥á�−ªæ¨-
®−¨à®¢�−−®£® ¤®áâã¯� ª −¥©, −¥á�−ªæ¨®−¨à®¢�−−®© ãâ¥çª¨ ¨−ä®à¬�æ¨¨ ¨«¨ ¥¥
¬®¤¨ä¨ª�æ¨¨ (−�àãè¥−¨ï æ¥«®áâ−®áâ¨) ¯à¨ ®¡à�¡®âª¥ ¨ åà�−¥−¨¨ ¢ ¨−ä®à¬�-
æ¨®−−®-�−�«¨â¨ç¥áª®© á¨áâ¥¬¥ (ˆ�‘) ‘–, ¯¥à¥¤�ç¥ ¢ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥
á¨áâ¥¬ë (’Š‘), ¯à¨ à¥�«¨§�æ¨¨ â¥å−®«®£¨© á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ¨ ¯à¨-
−ïâ¨ï à¥è¥−¨©. •®âï íâ® â®«ìª® ç�áâì á«®¦−®© ¨ ¬−®£®�á¯¥ªâ−®© ¯à®¡«¥¬ë
®¡¥á¯¥ç¥−¨ï ˆ� �¢â®¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ −� ®¡ê¥ªâ�å ¨−-
ä®à¬�â¨§�æ¨¨ [5].

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® −� á¥£®¤−ïè−¨© ¤¥−ì â�ª®© ¯®¤å®¤ á®®â¢¥âáâ¢ã¥â
¤¥©áâ¢ãîé¨¬ −®à¬�â¨¢−ë¬ ¨ àãª®¢®¤ïé¨¬ ¤®ªã¬¥−â�¬, ¢ ª®â®àëå ˆ� ¯à¨
¨á¯®«ì§®¢�−¨¨ ˆ’ ®¯à¥¤¥«ï¥âáï ª�ª ú§�é¨â� ª®−ä¨¤¥−æ¨�«ì−®áâ¨, æ¥«®áâ−®áâ¨
¨ ¤®áâã¯−®áâ¨ ¨−ä®à¬�æ¨¨û [6].

�®áª®«ìªã ¯à¥¤¬¥â®¬ §�é¨âë ï¢«ï¥âáï ¨−ä®à¬�æ¨ï, � ‘– ¢ëáâã¯�¥â ®¡ê-
¥ªâ®¬ à¥�«¨§�æ¨¨ ®¯à¥¤¥«¥−−ëå ˆ’, â® á¨áâ¥¬−�ï §�¤�ç� §�é¨âë ¨−ä®à¬�æ¨¨
à¥è�¥âáï −� ¢á¥¬ â¥å−®«®£¨ç¥áª®¬ ¯à®áâà�−áâ¢¥ ‘–, ¢ ¥£® ª®¬¯®−¥−â�å, ¯à¨
à¥�«¨§�æ¨¨ á�¬¨å ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï, ¢ ª®â®àëå ãç�áâ¢ã¥â ‘–. ‚ á¢®î
®ç¥à¥¤ì, ‘– ï¢«ï¥âáï ¬�â¥à¨�«ì−®-â¥å−¨ç¥áª¨¬ ®¡ê¥ªâ®¬, ¨ ¢ íâ®© ç�áâ¨ −�
−¥£® à�á¯à®áâà�−ïîâáï ¯®«®¦¥−¨ï ƒ�‘’ ÷ 51275-99 [7], ¢ ª®â®à®¬ ¢ á®áâ�¢
§�é¨é�¥¬®£® ®¡ê¥ªâ� ¨−ä®à¬�â¨§�æ¨¨ ¢ª«îç�îâáï áà¥¤áâ¢� ¦¨§−¥®¡¥á¯¥ç¥−¨ï
(§¤�−¨ï, á®®àã¦¥−¨ï, ¯®¬¥é¥−¨ï, ®¡¥á¯¥ç¨¢�îé¨¥ â¥å−¨ç¥áª¨¥ áà¥¤áâ¢� ¨ ¨−-
¦¥−¥à−ë¥ á¨áâ¥¬ë), ª®â®àë¥ −¥®¡å®¤¨¬ë ¤«ï ãáâ�−®¢ª¨ ¨ íªá¯«ã�â�æ¨¨ áà¥¤áâ¢
¨ á¨áâ¥¬ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨. �á®¡® ¢ë¤¥«ïîâáï ú¯®¬¥é¥−¨ï ¨ ®¡ê¥ªâë,
¯à¥¤−�§−�ç¥−−ë¥ ¤«ï ¢¥¤¥−¨ï ª®−ä¨¤¥−æ¨�«ì−ëå ¯¥à¥£®¢®à®¢û.

‘ ãç¥â®¬ ¤�−−ëå ¯à¥¤¯®áë«®ª ‘– ä®à¬¨àã¥âáï ª�ª ®¡ê¥ªâ §�é¨âë, ¨ ®¤−¨¬
¨§ ¥£® á¨áâ¥¬−ëå ª®¬¯®−¥−â®¢ ¤®«¦¥− ¡ëâì ª®¬¯®−¥−â ®¡¥á¯¥ç¥−¨ï §�é¨âë
¨−ä®à¬�æ¨¨.

3 Общее представление ситуационного центра как системы

‘¨âã�æ¨®−−ë© æ¥−âà ï¢«ï¥âáï á«®¦−®© �¢â®¬�â¨§¨à®¢�−−®© ˆ�‘ (�ˆ�‘).
�¥®¡å®¤¨¬® ¨áå®¤¨âì ¨§ â®£®, çâ® ‘– ï¢«ï¥âáï ç�áâìî á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®¡ê-
¥ªâ� (®à£�−¨§�æ¨¨ ª�ª ®¡ê¥ªâ�), ¤®¯®«−ï¥â ¥¥, ¯à¥¤áâ�¢«ïï á®¡®©, ¯® áãé¥áâ¢ã,
¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áªãî ¯®¤á¨áâ¥¬ã ¨«¨ ¯®¤á¨áâ¥¬ã ¯®¤¤¥à¦ª¨ ¯à¨−ï-
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ˆ−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì á¨âã�æ¨®−−ëå æ¥−âà®¢

â¨ï à¥è¥−¨© ¢ á®áâ�¢¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®¡ê¥ªâ�. �à¨ ¤¥ª®¬¯®§¨æ¨¨ ‘–
−¥®¡å®¤¨¬® ãç¨âë¢�âì á¨áâ¥¬−ãî ®à£�−¨§�æ¨î ¨ äã−ªæ¨®−�«ì−®¥ −�¯®«−¥−¨¥
ã¯à�¢«¥−¨ï ®¡ê¥ªâ®¬ ª�ª −�¤á¨áâ¥¬ë ¤«ï ‘–, � â�ª¦¥ ãç¨âë¢�âì íâ® ¢ ç�áâ¨ ¢§�-
¨¬®á¢ï§¨ ¢á¥å áâàãªâãà−ëå ª®¬¯®−¥−â®¢ ‘– á æ¥«ìî ®¡¥á¯¥ç¥−¨ï íää¥ªâ¨¢−®£®
¢ë¯®«−¥−¨ï §�¤�ç ‘–.

�¡é�ï áâàãªâãà−®-äã−ªæ¨®−�«ì−�ï áå¥¬� ‘– ª�ª á¨áâ¥¬ë ¯à¥¤áâ�¢«ï¥âáï
¢ ¢¨¤¥ ¢§�¨¬®á¢ï§�−−®© á®¢®ªã¯−®áâ¨ âà¥å ¡�§®¢ëå á®áâ�¢«ïîé¨å: ¨−ä®à¬�æ¨-
®−−®-�−�«¨â¨ç¥áª®©, ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª®© ¨ â¥å−¨ç¥áª®© [4, 8].

ˆ−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï á®áâ�¢«ïîé�ï ¢ª«îç�¥â ¢ á¥¡ï á®¢®ªã¯−®áâì
¬¥â®¤®¢, ¬¥â®¤¨ª, ¬®¤¥«¥©, â¨¯®¢ëå á¨âã�æ¨©, ¢®§¬®¦−ëå à¥�ªæ¨© −� ã£à®§ë,
áæ¥−�à¨¥¢ ¯à¨−ïâ¨ï à¥è¥−¨©, ®à¨¥−â¨à®¢�−−ëå −� à¥è¥−¨¥ §�¤�ç á¨âã�æ¨®−-
−®£® �−�«¨§� ¢ à�¬ª�å §�¤�−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ‘–. �à�ªâ¨ç¥áª¨ íâ®
á¥à¢¨á−ë¥ áà¥¤áâ¢� á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï, ª®â®àë¥ ¤®«¦−ë ®¡¥á¯¥ç¨¢�âì
¤¥ïâ¥«ì−®áâì íªá¯¥àâ−®-�−�«¨â¨ç¥áª®£® ¨ ®¯¥à�â¨¢−®£® á®áâ�¢� ®à£�−®¢ ã¯à�¢«¥-
−¨ï (íªá¯¥àâ−®-�−�«¨â¨ç¥áª�ï ¨ ¤¥¦ãà−�ï á«ã¦¡ë), ®â¢¥ç�îé¨å §� à�§à�¡®âªã
¨ ¢ë¤�çã ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨å ¯à®¤ãªâ®¢ ¤«ï ‹�÷ ¨ §� ¯®¤£®â®¢ªã
¨ á®¯à®¢®¦¤¥−¨¥ ¯à®æ¥áá®¢ á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï.

ˆ−áâàã¬¥−â�«ì−® ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï á®áâ�¢«ïîé�ï ¯à¥¤áâ�¢«ï-
¥â á®¡®© ¯à¨«®¦¥−¨ï ¯à¨ª«�¤−®£® �� ¨ à¥£«�¬¥−âë à�¡®âë á −¨¬, ¯à¥¤−�§−�-
ç¥−−ë¥ ¤«ï à¥è¥−¨ï äã−ªæ¨®−�«ì−ëå §�¤�ç ‘–. �â® áà¥¤áâ¢� á¨âã�æ¨®−−®£®
�−�«¨§�, ¬®¤¥«¨à®¢�−¨ï á¨âã�æ¨©, á¨áâ¥¬ë §�¤�−¨ï, à�á¯®§−�¢�−¨ï ¨ ¨§¢«¥ç¥-
−¨ï ¨§ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ −¥®¡å®¤¨¬®© ¨−ä®à¬�æ¨¨, ä®à¬¨à®¢�−¨ï ¨−-
ä®à¬�æ¨®−−ëå ¯à®¤ãªâ®¢ ¢¨§ã�«¨§�æ¨¨ ¨ à¥è¥−¨ï ¨−ä®à¬�æ¨®−−®-à�áç¥â−ëå
§�¤�ç, ¢ë¡®à� ¨ −�áâà®©ª¨ áæ¥−�à¨¥¢ ¨ à¥£«�¬¥−â®¢ â¥å−®«®£¨ç¥áª®£® ¯à®æ¥áá�
á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï.

ˆ−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª�ï á®áâ�¢«ïîé�ï | íâ® ¨á¯®«−¨â¥«ì−�ï ¨−-
ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª�ï ¯«�âä®à¬� ‘–. �−� ¤®«¦−� ®¡¥á¯¥ç¨âì −¥®¡-
å®¤¨¬ë¬¨ ¨−ä®à¬�æ¨®−−ë¬¨ à¥áãàá�¬¨ ¨ à¥�«¨§®¢ë¢�âì ¡�§®¢ë¥ â¥å−®«®£¨¨
(â¥å−®«®£¨ç¥áª¨¥ á¥à¢¨áë, ¯à®æ¥¤ãàë) äã−ªæ¨®−¨à®¢�−¨ï ‘– ª�ª ç�áâ¨ á¨áâ¥¬ë
ã¯à�¢«¥−¨ï ®¡ê¥ªâ�, ¨á¯®«ì§®¢�âì ¢ á®®â¢¥âáâ¢ãîé¨å áæ¥−�à¨ïå á¨âã�æ¨®−−®£®
ã¯à�¢«¥−¨ï ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨¥ ¯à®¤ãªâë, −�áâà®©ª¨ ¨ à¥£«�¬¥−âë,
¯®¤£®â�¢«¨¢�¥¬ë¥ ¤«ï íâ¨å áæ¥−�à¨¥¢.

�¤−®© ¨§ ¡�§®¢ëå äã−ªæ¨© ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª®© á®áâ�¢«ïîé¥©
ï¢«ï¥âáï ä®à¬¨à®¢�−¨¥ ¨ ¢¥¤¥−¨¥ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ‘–. �â®, ¯à¥¦¤¥
¢á¥£®, á¡®à ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢ ¤�−−ëå (ä®à¬�«¨§®¢�−−®© ¨ −¥ä®à¬�«¨-
§®¢�−−®© ¨−ä®à¬�æ¨¨), ®¡à�¡®âª�, �−�«¨§, ®¡®¡é¥−¨¥ ¨ ®â®¡à�¦¥−¨¥ ¤�−−ëå
¢ ¡�§�å ¤�−−ëå ¯à¨¬¥−¨â¥«ì−® ª æ¨ª«ã úá®¡ëâ¨¥{á¨âã�æ¨ï{ã£à®§�û, ¨−â¥£à�-
æ¨ï ¨ ¯à¥¤®áâ�¢«¥−¨¥ ¤�−−ëå ¤«ï à¥è¥−¨ï äã−ªæ¨®−�«ì−ëå §�¤�ç, � â�ª¦¥
ã¯à�¢«¥−¨¥ ¢−ãâà¥−−¨¬¨ ¨ ¢−¥è−¨¬¨ ¨−ä®à¬�æ¨®−−ë¬¨ ¯®â®ª�¬¨. ‚¥¤¥−¨¥
¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ‘– âà¥¡ã¥â ¢¥¤¥−¨ï ¥¤¨−®£® «¨−£¢¨áâ¨ç¥áª®£® ®¡¥á-
¯¥ç¥−¨ï.

ˆ−áâàã¬¥−â�«ì−® ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª�ï á®áâ�¢«ïîé�ï á®¤¥à¦¨â
ª®¬¯«¥ªáë á¯¥æ¨�«ì−®£® ��, � â�ª¦¥ ®¡é¥¥ ��, ¢ë¡®à ª®â®à®£® ®¡ãá«®¢«¨¢�-
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�. �. ‡�æ�à¨−−ë©, ‚. ˆ. Š®à®«ñ¢

¥âáï á¯¥æ¨ä¨ª®© äã−ªæ¨®−¨à®¢�−¨ï ‘– ¨ âà¥¡®¢�−¨ï¬¨ ¯® §�é¨â¥ ¨−ä®à¬�æ¨¨.
�ç¥¢¨¤−®, çâ® íâ� á®áâ�¢«ïîé�ï ®¯à¥¤¥«ï¥â æ¥«¥¢®¥ ¯à¥¤−�§−�ç¥−¨¥ ¨ íää¥ª-
â¨¢−®áâì á¨áâ¥¬ë ‘– ¢ æ¥«®¬.

Œ¥¦¤ã ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© ¨ ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª®©
á®áâ�¢«ïîé¨¬¨ áãé¥áâ¢ã¥â −¥¯à¥àë¢−®¥ â¥å−®«®£¨ç¥áª®¥ ¨ ¨−ä®à¬�æ¨®−−®¥
¢§�¨¬®¤¥©áâ¢¨¥, ®¡¬¥− à¥áãàá�¬¨, ¨ ¢ íâ®© ç�áâ¨ áãé¥áâ¢ã¥â ¯®áâ®ï−−�ï ¯®âà¥¡-
−®áâì ãâ®ç−¥−¨ï ¨å ª®àà¥«ïæ¨¨, ª®â®à�ï, ª�ª ¯à�¢¨«®, ®¯à¥¤¥«ï¥âáï ¨ ®áãé¥-
áâ¢«ï¥âáï ¢ à�¬ª�å ˆ�‘ ‘–.

’¥å−¨ç¥áª�ï á®áâ�¢«ïîé�ï ï¢«ï¥âáï �¯¯�à�â−®-¯à®£à�¬¬−®© ¯«�âä®à¬®©
‘–, ®¡¥á¯¥ç¨¢�îé¥© ¢ëç¨á«¨â¥«ì−ãî ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ãî â¥å−®«®£¨ç¥-
áªãî áà¥¤ã ¤«ï à¥�«¨§�æ¨¨ §�¤�ç ‘– ¨ ¥£® äã−ªæ¨®−¨à®¢�−¨ï ¢ æ¥«®¬.

ˆ−áâàã¬¥−â�«ì−® â¥å−¨ç¥áª�ï á®áâ�¢«ïîé�ï ¢ª«îç�¥â ¢ á¥¡ï ¢ëç¨á«¨â¥«ì-
−ë© ª®¬¯«¥ªá ˆ�‘, ’Š‘ á ®¡®àã¤®¢�−¨¥¬ ¢¨§ã�«¨§�æ¨¨ ¨−ä®à¬�æ¨¨ ¨ ¢¨-
¤¥®ª®−ä¥à¥−æá¢ï§¨, ®¡®àã¤®¢�−¨¥ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï á ¢−¥è−¨-
¬¨ ˆ�‘ ¨ ¡�§�¬¨ ¤�−−ëå, ¢ â®¬ ç¨á«¥ ¢ à¥¦¨¬¥ ®¡«�ç−®£® ¢§�¨¬®¤¥©áâ¢¨ï, ¨å
®¡é¥á¨áâ¥¬−®¥ �� ¨ ®¡é¥á¨áâ¥¬−ë¥ ¯à®£à�¬¬−ë¥ á¥à¢¨áë. Š ®¡é¥á¨áâ¥¬−ë¬
¯à®£à�¬¬−ë¬ á¥à¢¨á�¬ á«¥¤ã¥â ®â−¥áâ¨ ¨ á¥à¢¨áë ã¯à�¢«¥−¨ï ª®¬¯®−¥−â�¬¨
¨ ¯à®æ¥áá�¬¨ �¯¯�à�â−®-¯à®£à�¬¬−®© ¯«�âä®à¬ë ‘–.

‘®£«�á−® ƒ�‘’ ÷ 51275-99 [7] ¢ á®áâ�¢ â¥å−¨ç¥áª®© á®áâ�¢«ïîé¥© ‘–
¢ª«îç�îâáï áà¥¤áâ¢� ¦¨§−¥®¡¥á¯¥ç¥−¨ï (§¤�−¨ï, á®®àã¦¥−¨ï, ¯®¬¥é¥−¨ï, ®¡¥á-
¯¥ç¨¢�îé¨¥ â¥å−¨ç¥áª¨¥ áà¥¤áâ¢� ¨ ¨−¦¥−¥à−ë¥ á¨áâ¥¬ë), ª®â®àë¥ −¥®¡å®¤¨¬ë
¤«ï ãáâ�−®¢ª¨ ¨ íªá¯«ã�â�æ¨¨ áà¥¤áâ¢ ¨ á¨áâ¥¬ �¯¯�à�â−®-¯à®£à�¬¬−®© ¯«�â-
ä®à¬ë ‘–, ¢ â®¬ ç¨á«¥ ¯®¬¥é¥−¨ï, ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï ¢¥¤¥−¨ï ª®−ä¨¤¥−æ¨-
�«ì−ëå ¯¥à¥£®¢®à®¢ ¯à¨ äã−ªæ¨®−¨à®¢�−¨¨ ‘–.

÷¨á. 1 �¡®¡é¥−−�ï áâàãªâãà−®-äã−ªæ¨®−�«ì−�ï áå¥¬� á¨áâ¥¬ë ‘–
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ˆ−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì á¨âã�æ¨®−−ëå æ¥−âà®¢

ˆ−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª�ï ¨ â¥å−¨ç¥áª�ï á®áâ�¢«ïîé¨¥ ä®à¬¨àãîâ
¡�§®¢ãî ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ãî ¨−äà�áâàãªâãàã ‘–. ‘«ã¦¡�
íªá¯«ã�â�æ¨¨ ®¡¥á¯¥ç¨¢�¥â ¯®¤¤¥à¦�−¨¥ áà¥¤áâ¢ ¡�§®¢®© ¨−ä®à¬�æ¨®−−®-â¥-
«¥ª®¬¬ã−¨ª�æ¨®−−®© ¨−äà�áâàãªâãàë ¢ âà¥¡ã¥¬®¬ á®áâ®ï−¨¨ ¨ ¨å èâ�â−®¥
¯à¨¬¥−¥−¨¥.

ˆ−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì ‘– ®¡¥á¯¥ç¨¢�¥âáï ‘‡ˆ, ª®â®à�ï ª®¬¯«¥ªá−®
à¥è�¥â §�¤�ç¨ §�é¨âë ¤«ï ‘– ¢ æ¥«®¬.

�¡®¡é¥−−�ï áâàãªâãà−®-äã−ªæ¨®−�«ì−�ï áå¥¬� á¨áâ¥¬ë ‘– ¯à¥¤áâ�¢«¥−�
−� à¨á. 1.

4 Архитектурный подход к проектированию ситуационного центра
и обеспечению информационной безопасности

�ã¤ãç¨ ç�áâìî á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®à£�−¨§�æ¨¨ ¢ æ¥«®¬, ‘– ¯à¥¤áâ�¢«ï¥â
á®¡®© ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª¨© ®¡ê¥ªâ. …£® ¯à®¥ªâ¨à®¢�−¨¥, á ®¤−®©
áâ®à®−ë, â¥á−® á¢ï§�−® á ¡¨§−¥á-¯à®æ¥áá�¬¨, ¤¥«®¢ë¬¨ ¨ á«ã¦¥¡−ë¬¨ ¯à®-
æ¥áá�¬¨ ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨¨, á ¤àã£®© áâ®à®−ë, ‘– ¯à®¥ªâ¨àã¥âáï ª�ª
á¨áâ¥¬−ë© ª®¬¯®−¥−â ˆ’-�àå¨â¥ªâãàë ®à£�−¨§�æ¨¨. ’�ª�ï áå¥¬� ¯®áâà®¥−¨ï
â¨¯¨ç−� ¢ á®¢à¥¬¥−−ëå ãá«®¢¨ïå £«ã¡®ª®£® ¯à®−¨ª−®¢¥−¨ï ˆŠ’ ¢ ¡¨§−¥á-¯à®-
æ¥ááë ¨ ã¯à�¢«¥−¨¥ ¨ âà¥¡ã¥â �àå¨â¥ªâãà−®£® ¯®¤å®¤� ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨,
ª®£¤� ¯®¤ �àå¨â¥ªâãà®© ®à£�−¨§�æ¨¨ ¯®−¨¬�¥âáï á®¢®ªã¯−®áâì: ¡¨§−¥á-�àå¨â¥ª-
âãà� + �àå¨â¥ªâãà� ˆ’ [9]. �à¨ íâ®¬ ¡ã¤¥¬ ¯à¨¤¥à¦¨¢�âìáï ¯®−ïâ¨ï, á®®â¢¥â-
áâ¢ãîé¥£® áâ�−¤�àâã ƒ�‘’ ÷ ˆ‘�/Œ�Š 15288-2008: �àå¨â¥ªâãà� á¨áâ¥-
¬ë | ¯à¨−æ¨¯¨�«ì−�ï ®à£�−¨§�æ¨ï á¨áâ¥¬ë, ¢®¯«®é¥−−�ï ¢ ¥¥ í«¥¬¥−â�å, ¨å
¢§�¨¬®®â−®è¥−¨ïå ¤àã£ á ¤àã£®¬ ¨ á® áà¥¤®©, � â�ª¦¥ ¯à¨−æ¨¯ë, −�¯à�¢«ïîé¨¥
¥¥ ¯à®¥ªâ¨à®¢�−¨¥ ¨ í¢®«îæ¨î.

‚ â® ¦¥ ¢à¥¬ï á«¥¤ã¥â ãç¨âë¢�âì ¨ á¢®©áâ¢® à¥ªãàá¨¢−®áâ¨ ¢ ¯®−ïâ¨¨ �àå¨-
â¥ªâãàë á¨áâ¥¬ë, ç�áâ® ¨á¯®«ì§ã¥¬®¥ ¢ ®¡«�áâ¨ á®§¤�−¨ï á«®¦−ëå ¯à®£à�¬¬−ëå
¯à®¤ãªâ®¢: �àå¨â¥ªâãà� á¨áâ¥¬ë á®áâ®¨â ¨§ −¥áª®«ìª¨å ª®¬¯®−¥−â®¢, ¢−¥è−¨å
á¢®©áâ¢ ¨ ¨−â¥àä¥©á®¢, á¢ï§¥© ¨ −�ª«�¤ë¢�¥¬ëå ®£à�−¨ç¥−¨©, � â�ª¦¥ �àå¨â¥ª-
âãàë íâ¨å ¢−ãâà¥−−¨å ª®¬¯®−¥−â®¢.

�àå¨â¥ªâãà−ë© ¯®¤å®¤ ¯®§¢®«ï¥â ¯à®¥ªâ¨à®¢�âì ®¡¥á¯¥ç¥−¨¥ ˆ� ‘– ª�ª
ç�áâ−ãî �àå¨â¥ªâãàã á¨áâ¥¬−®© �àå¨â¥ªâãàë ®à£�−¨§�æ¨¨, ¨ ¥¥ ¯®áâà®¥−¨¥
¤®«¦−® á®®â¢¥âáâ¢®¢�âì ¨«¨, ¯® ªà�©−¥© ¬¥à¥, −¥ ¯à®â¨¢®à¥ç¨âì �àå¨â¥ªâãà-
−ë¬, áâàãªâãà−ë¬ ¨ â¥å−¨ç¥áª¨¬ à¥è¥−¨ï¬ ¯® �¢â®¬�â¨§�æ¨¨ ¨ ¨−ä®à¬�â¨§�æ¨¨
®à£�−¨§�æ¨¨ [10].

5 Система защиты информации ситуационного центра

÷¥�«¨§�æ¨ï ¬¥à ®à£�−¨§�æ¨®−−®£®, â¥å−®«®£¨ç¥áª®£® ¨ â¥å−¨ç¥áª®£® å�à�ªâ¥-
à� ¯® §�é¨â¥ ¨−ä®à¬�æ¨¨ ¢ ‘– ¢®§«�£�¥âáï −� ‘‡ˆ, ª®â®à�ï ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨
‘– ª�ª á¨áâ¥¬ë ï¢«ï¥âáï ¥¥ ®¡¥á¯¥ç¨¢�îé¥© ¯®¤á¨áâ¥¬®© [4].
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‚ à�¬ª�å �àå¨â¥ªâãà−®£® ¯®¤å®¤� ª á®§¤�−¨î ‘– ¡�§®¢ë¬ ¯®«®¦¥−¨¥¬ ¯à®-
¥ªâ¨à®¢�−¨ï ‘‡ˆ ¢ëáâã¯�¥â á«¥¤ãîé¥¥ âà¥¡®¢�−¨¥: áâàãªâãà−ë¥, â¥å−¨ç¥áª¨¥,
â¥å−®«®£¨ç¥áª¨¥ ¨ ®à£�−¨§�æ¨®−−ë¥ à¥è¥−¨ï ¯® §�é¨â¥ ¨−ä®à¬�æ¨¨ ¤®«¦−ë
¡ëâì −¥à�§àë¢−® á¢ï§�−ë á ¯à®¥ªâ−ë¬¨ à¥è¥−¨ï¬¨ ¯® ‘– ¨ ®¡¥á¯¥ç¨¢�îé¥© ¥£®
äã−ªæ¨®−¨à®¢�−¨¥ ¨−äà�áâàãªâãà¥. �â® âà¥¡®¢�−¨¥ á«ã¦¨â ¯à¥¤¯®áë«ª®© ¤«ï
á¨áâ¥¬−®© à¥�«¨§�æ¨¨ ˆ� ¨ ª®¬¯«¥ªá−®£® ¨á¯®«ì§®¢�−¨ï ¢á¥å ¨§¢¥áâ−ëå ¨ á®®â-
¢¥âáâ¢ãîé¨å −®à¬�â¨¢�¬ ¬¥â®¤®¢ ¨ áà¥¤áâ¢ §�é¨âë ¨−ä®à¬�æ¨¨, â. ¥. á®§¤�−¨ï
ª®¬¯«¥ªá−®© ‘‡ˆ ‘–, ª®â®à�ï ®áãé¥áâ¢«ï¥â á¨áâ¥¬−ãî ¨−â¥£à�æ¨î à�§−®à®¤-
−ëå §�¤�ç ¨ áà¥¤áâ¢ ¤«ï ¤®áâ¨¦¥−¨ï ¥¤¨−®© æ¥«¨ | ®¡¥á¯¥ç¥−¨ï §�¤�−−®£®
ãà®¢−ï §�é¨âë.

‘à¥¤áâ¢� §�é¨âë, ¢å®¤ïé¨¥ ¢ ‘‡ˆ ‘–, ¤®«¦−ë à¥£ã«ïà−® ¢ë¯®«−ïâì á¢®¨
äã−ªæ¨¨, −¥ ª®−ä«¨ªâãï ¬¥¦¤ã á®¡®© ¨ á ¤àã£¨¬¨ ª®¬¯®−¥−â�¬¨, ®¡¥á¯¥ç¨-
¢�îé¨¬¨ äã−ªæ¨®−¨à®¢�−¨¥ ‘–. �−¨ ¬®£ãâ ¡ëâì à¥�«¨§®¢�−ë à�§«¨ç−ë¬¨
á¯®á®¡�¬¨ ¨ ¬¥â®¤�¬¨ ¢ ç�áâ¨ ¬®¤¥«¥©, �«£®à¨â¬®¢ ¨ ¨−áâàã¬¥−â�à¨ï, ¬®£ãâ
¡ëâì ¯à®£à�¬¬−ë¬¨ ¨«¨ �¯¯�à�â−ë¬¨ áà¥¤áâ¢�¬¨, ®à£�−¨§�æ¨®−−ë¬¨ ¬¥à�¬¨
¨ ¬¥à®¯à¨ïâ¨ï¬¨, � â�ª¦¥ ¯à¥¤áâ�¢«ïâì á®¡®© ª®¬¯«¥ªá−ë¥ â¥å−¨ç¥áª¨¥ ¨ ®à£�-
−¨§�æ¨®−−ë¥ à¥è¥−¨ï ¢ ¢¨¤¥ ®â¤¥«ì−ëå äã−ªæ¨®−�«ì−ëå ¨§¤¥«¨©.

‘¨áâ¥¬−®¥ à¥è¥−¨¥ ®¡¥á¯¥ç¥−¨ï ˆ� ¢ ¢¨¤¥ ‘‡ˆ ¯à¥¤¯®«�£�¥â ¯à¨ äã−ªæ¨-
®−¨à®¢�−¨¨ ‘– ®¡¥á¯¥ç¥−¨¥ §�é¨âë ¨−ä®à¬�æ¨¨ [11]:

{ ¯à¨ ¢á¥å ¢¨¤�å ¨−ä®à¬�æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨ −� ®¡ê¥ªâ¥ ã¯à�¢«¥−¨ï, ¢ ª®-
â®àëå ¨á¯®«ì§ã¥âáï ‘–;

{ ¢® ¢á¥å áâàãªâãà−ëå ª®¬¯®−¥−â�å ‘–;

{ ¯à¨ ¢á¥å à¥¦¨¬�å äã−ªæ¨®−¨à®¢�−¨ï ‘–;

{ −� ¢á¥å íâ�¯�å ¦¨§−¥−−®£® æ¨ª«� ®¡ê¥ªâ� ã¯à�¢«¥−¨ï ¨, á®®â¢¥âáâ¢¥−−®, ‘–;

{ á ãç¥â®¬ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï á ¢−¥è−¥© áà¥¤®©.

‚ ®¡é¥¬ á«ãç�¥ ‘‡ˆ ‘– à�§à�¡�âë¢�¥âáï ª�ª ¯®¤á¨áâ¥¬� �¢â®¬�â¨§¨à®-
¢�−−®© á¨áâ¥¬ë, â�ª ª�ª à�−¥¥ ¡ë«® ®â¬¥ç¥−®, çâ® ‘– | íâ® á«®¦−�ï �ˆ�‘.
’¨¯®¢ë¥ ¯®¤å®¤ë ª ¯à®¥ªâ¨à®¢�−¨î á¨áâ¥¬ §�é¨âë ¯®¤®¡−®£® −�§−�ç¥−¨ï ¢ −�-
áâ®ïé¥¥ ¢à¥¬ï ¯à�ªâ¨ç¥áª¨ á«®¦¨«¨áì [5], ®¤−�ª® ¨¬¥îâ ¬¥áâ® á¢®¨ ®á®¡¥−−®áâ¨
¨ −®¢ë¥ ¯à®¡«¥¬ë ¯® ˆ�, ª®â®àë¥ ¯à¨áãé¨ ‘– ª�ª ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨-
ç¥áª®¬ã ¨ äã−ªæ¨®−�«ì−®¬ã ª®¬¯®−¥−âã ¢ á¨áâ¥¬¥ ã¯à�¢«¥−¨ï.

�® á¨áâ¥¬−®¬ã ¯à¥¤áâ�¢«¥−¨î ‘‡ˆ ‘– ï¢«ï¥âáï �¢â®¬�â¨§¨à®¢�−−®© ®à£�-
−¨§�æ¨®−−®-â¥å−¨ç¥áª®© á¨áâ¥¬®© ã¯à�¢«¥−¨ï ˆ� ¨ ¢ª«îç�¥â ¢ á¥¡ï äã−ªæ¨®-
−�«ì−ãî ¨ ®¡¥á¯¥ç¨¢�îéãî ç�áâ¨.

”ã−ªæ¨®−�«ì−�ï ç�áâì ‘‡ˆ ‘– | íâ® á®¢®ªã¯−®áâì äã−ªæ¨®−�«ì−ëå §�¤�ç
¯® −¥©âà�«¨§�æ¨¨ ã£à®§ ¨−ä®à¬�æ¨¨, ª®â®àë¥ ¬®£ãâ ¨¬¥âì à�§«¨ç−ë¥ ¨áâ®ç−¨ª¨
¨ ¡ëâì à�§«¨ç−®© ¯à¨à®¤ë. ”ã−ªæ¨®−�«ì−ë¥ §�¤�ç¨ áâ�¢ïâáï ¨ à¥è�îâáï
¢ ®â−®è¥−¨¨ �ªâã�«ì−ëå ¤«ï ‘– ã£à®§. �à¨ íâ®¬ ®¡¥á¯¥ç¨¢�¥âáï:

{ à�áá¬®âà¥−¨¥ ¢á¥å ã£à®§ ¨−ä®à¬�æ¨¨, ¢«¨ïîé¨å −� á®áâ®ï−¨¥ §�é¨âë ¨−-
ä®à¬�æ¨¨ ¢ ‘–;

128 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 1 2016



ˆ−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì á¨âã�æ¨®−−ëå æ¥−âà®¢

{ ¢ë¤¥«¥−¨¥ ¨§ −¨å �ªâã�«ì−ëå ¯ãâ¥¬ �−�«¨§� ¯®à®¦¤�¥¬ëå ¨¬¨ à¨áª®¢ ¨ ¯®-
á«¥¤ãîé¥£® ¢®§¬®¦−®£® ãé¥à¡�, ¥á«¨ à¨áª áâ�−®¢¨âáï à¥�«ì−ë¬ á®¡ëâ¨¥¬;

{ à�−¦¨à®¢�−¨¥ �ªâã�«ì−ëå ã£à®§;

{ ¢¢¥¤¥−¨¥ ¢ ª«�áá¨ä¨ª�æ¨®−−ãî áå¥¬ã ã£à®§ ¨−ä®à¬�æ¨¨ ¢á¥å ¢ë¤¥«¥−−ëå
�ªâã�«ì−ëå ã£à®§, ãç¨âë¢�¥¬ëå ¯à¨ á®§¤�−¨¨ ‘‡ˆ ‘–.

”ã−ªæ¨®−�«ì−ë¥ §�¤�ç¨ §�é¨âë ®¡à�§ãîâ äã−ªæ¨®−�«ì−ë¥ ¯®¤á¨áâ¥¬ë
‘‡ˆ ‘–, ®¡ê¥¤¨−ïîé¨¥ §�¤�ç¨ ¯® ¯à¨§−�ª�¬ ¨å à¥è¥−¨ï ¢ ®¯à¥¤¥«¥−−ëå
ˆ’, ª®¬¯®−¥−â�å ‘– ¨«¨ ¯® ¯à¨−�¤«¥¦−®áâ¨ £àã¯¯ë äã−ªæ¨®−�«ì−ëå §�¤�ç
ª ¢ë¤¥«¥−−®¬ã −�¯à�¢«¥−¨î §�é¨âë ¨−ä®à¬�æ¨¨.

�à¨¬¥à−ë© á®áâ�¢ äã−ªæ¨®−�«ì−ëå ¯®¤á¨áâ¥¬ ‘–, ª®â®àë©, ¡¥§ãá«®¢−®,
¤®«¦¥− ¡ëâì ª®−ªà¥â¨§¨à®¢�− ¨ ®¡®á−®¢�− ¤«ï ª�¦¤®£® ¯à®¥ªâ¨àã¥¬®£® ‘–,
¬®¦¥â ¡ëâì á«¥¤ãîé¨¬, � ¨¬¥−−® ¢ª«îç�âì ¯®¤á¨áâ¥¬ë:

{ §�é¨âë ¨−ä®à¬�æ¨¨ ¢ ’Š‘;

{ §�é¨âë ®â −¥á�−ªæ¨®−¨à®¢�−−®£® ¤®áâã¯� (�‘„) ª ¨−ä®à¬�æ¨¨ ¨ à¥áãà-
á�¬ ¢ ˆ�‘, ¢ â®¬ ç¨á«¥ ã¯à�¢«¥−¨ï à�§£à�−¨ç¥−¨¥¬ ¤®áâã¯� ª ¨−ä®à¬�-
æ¨¨, à¥áãàá�¬, à¥¦¨¬�¬ äã−ªæ¨®−¨à®¢�−¨ï ˆ�‘ ¨ à¥¦¨¬�¬ á¨âã�æ¨®−−®£®
ã¯à�¢«¥−¨ï;

{ ®¡¥á¯¥ç¥−¨ï ˆ� ®¯¥à�æ¨®−−®£® á¨âã�æ¨®−−®£® ¯®¬¥é¥−¨ï (§�«�/ª®¬−�-
âë/ª�¡¨−¥â�), ¢ â®¬ ç¨á«¥ §�é¨âë ¨−ä®à¬�æ¨¨ ¢¨§ã�«¨§�æ¨¨ ¨ ¢¨¤¥®ª®−ä¥-
à¥−æá¢ï§¨;

{ ª®−âà®«ï ¨ à�§£à�−¨ç¥−¨ï ¤®áâã¯� ¯à¨ ¢−¥è−¥¬ ¨ ã¤�«¥−−®¬ ¨−ä®à¬�æ¨-
®−−®¬ ¢§�¨¬®¤¥©áâ¢¨¨, ¢ â®¬ ç¨á«¥ ¢ à¥£«�¬¥−â¥ ®¡«�ç−®£® ¢§�¨¬®¤¥©áâ¢¨ï
á ¢−¥è−¨¬¨ ¡�§�¬¨ ¤�−−ëå;

{ á¥ªà¥â−®£® ¨ ª®−ä¨¤¥−æ¨�«ì−®£® í«¥ªâà®−−®£® ¤®ªã¬¥−â®®¡®à®â� (�„�);

{ ®¡¥á¯¥ç¥−¨ï æ¥«®áâ−®áâ¨ ¨−ä®à¬�æ¨¨ ¨ æ¨äà®¢®© ¯®¤¯¨á¨, ¢ â®¬ ç¨á«¥
á®§¤�−¨ï ¨−äà�áâàãªâãàë ®âªàëâëå ª«îç¥© ¤«ï ‘– ¨ ¢§�¨¬®¤¥©áâ¢ãîé¨å
á −¨¬ áã¡ê¥ªâ®¢ ¨ ®¡ê¥ªâ®¢;

{ ¬®−¨â®à¨−£� ¨ ¯à®â¨¢®¤¥©áâ¢¨ï á¥â¥¢ë¬ ª®¬¯ìîâ¥à−ë¬ �â�ª�¬, ¢ â®¬ ç¨á«¥
§�é¨âë ®â ¢¨àãá®¢;

{ á®§¤�−¨ï ¨ ¯®¤¤¥à¦�−¨ï ¤®¢¥à¥−−®© ¯à®£à�¬¬−®-â¥å−¨ç¥áª®© áà¥¤ë, ¢ â®¬
ç¨á«¥ ¯à¥¤®â¢à�é¥−¨ï áªàëâ−®£® ¢−¥¤à¥−¨ï ¢ ¯à®£à�¬¬−ë¥ ¨ â¥å−¨ç¥áª¨¥
áà¥¤áâ¢�;

{ §�é¨âë à¥ç¥¢®© ¨−ä®à¬�æ¨¨ ¢ ¯à®æ¥áá�å á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ¨ ¯à¨-
−ïâ¨ï à¥è¥−¨©;

{ §�é¨âë ¨−ä®à¬�æ¨¨ ®â ãâ¥çª¨ ¯® â¥å−¨ç¥áª¨¬ ª�−�«�¬, ¢ â®¬ ç¨á«¥ ¯®
â¥å−¨ç¥áª¨¬ ¯à®¢®¤−ë¬ ª�−�«�¬ ¨−¦¥−¥à−ëå ®¡¥á¯¥ç¨¢�îé¨å á¨áâ¥¬;

{ ª®−âà®«ï §�é¨é�¥¬®£® ª®−âãà� à�§¬¥é¥−¨ï á«ã¦¡ ¨ áà¥¤áâ¢ ‘– ¨ ¤àã£¨¥
¢®§¬®¦−ë¥ ¯®¤á¨áâ¥¬ë.
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‚�¦−ë¬ á¨áâ¥¬−ë¬ âà¥¡®¢�−¨¥¬ ï¢«ï¥âáï âà¥¡®¢�−¨¥ ®¡¥á¯¥ç¥−¨ï ˆ� −�
¢á¥¬ â¥å−®«®£¨ç¥áª®¬ ¯à®áâà�−áâ¢¥ ‘–. �à¨ íâ®¬ äã−ªæ¨ï §�é¨âë ®¯à¥¤¥«¥−-
−®£® ¢¨¤� ¨ −�§−�ç¥−¨ï, ®â−®áïé�ïáï ª ¢ë¤¥«¥−−®© äã−ªæ¨®−�«ì−®© ¯®¤á¨áâ¥¬¥
‘‡ˆ, ¬®¦¥â ¢ë¯®«−ïâìáï ¢ à�§«¨ç−ëå ª®¬¯®−¥−â�å ‘–, â¥å−®«®£¨ç¥áª¨å ¯à®-
æ¥áá�å ¨ â®çª�å ¯à®£à�¬¬−®-â¥å−¨ç¥áª®© áà¥¤ë (−�¯à¨¬¥à, äã−ªæ¨ï �ãâ¥−â¨ä¨-
ª�æ¨¨).

„àã£¨¬ à�á¯à®áâà�−¥−−ë¬ ¢�à¨�−â®¬ ª®¬¯®§¨æ¨®−−®£® á®®â−®è¥−¨ï äã−ª-
æ¨© §�é¨âë ï¢«ï¥âáï ¢�à¨�−â, ¯à¨ ª®â®à®¬ ®¤−� ¨ â� ¦¥ äã−ªæ¨ï §�é¨âë ¤®«¦−�
¢ë¯®«−ïâìáï ¢ à�§«¨ç−ëå äã−ªæ¨®−�«ì−ëå ¯®¤á¨áâ¥¬�å ‘‡ˆ, ®áâ�¢�ïáì ¢ â®
¦¥ ¢à¥¬ï äã−ªæ¨¥© ¢ë¤¥«¥−−®© äã−ªæ¨®−�«ì−®© ¯®¤á¨áâ¥¬ë ‘‡ˆ (−�¯à¨¬¥à,
¬®−¨â®à¨−£ ¨ ¯à®â¨¢®¤¥©áâ¢¨¥ á¥â¥¢ë¬ �â�ª�¬).

—â®¡ë ¨§¡¥¦�âì â�ª®£® áâàãªâãà−®£® ¯à®â¨¢®à¥ç¨ï, ¯à¨ ¯®áâà®¥−¨¨ ‘‡ˆ
‘– ¯à®¤ãªâ¨¢−® ¢ª«îç�âì ¢ äã−ªæ¨®−�«ì−ãî ç�áâì äã−ªæ¨®−�«ì−ë¥ ª®¬¯«¥ª-
áë §�é¨âë ¨−ä®à¬�æ¨¨, ª®â®àë¥ áâ�−®¢ïâáï á�¬®áâ®ïâ¥«ì−ë¬¨ ª®¬¯®−¥−â�¬¨
‘‡ˆ ‘–. �à¨ íâ®¬ ¨−â¥£à�æ¨ï ®¤−®à®¤−ëå äã−ªæ¨®−�«ì−ëå §�¤�ç ¢ à�¬ª�å
¯®¤á¨áâ¥¬ë ‘‡ˆ ®¡à�§ã¥â äã−ªæ¨®−�«ì−ë© ª®¬¯«¥ªá I ¢¨¤�, � ¨−â¥£à�æ¨ï ®¤-
−®à®¤−ëå äã−ªæ¨®−�«ì−ëå §�¤�ç, à¥�«¨§ã¥¬ëå ¢ ®â−®è¥−¨¨ ®¤−®© ¨ â®© ¦¥
äã−ªæ¨¨ −�§−�ç¥−¨ï ¢ à�§«¨ç−ëå ¯®¤á¨áâ¥¬�å ‘‡ˆ, ®¡à�§ã¥â äã−ªæ¨®−�«ì−ë©
ª®¬¯«¥ªá II ¢¨¤�.

‚ë¤¥«¥−¨¥ äã−ªæ¨®−�«ì−ëå ª®¬¯«¥ªá®¢ ¯à¨ á®§¤�−¨¨ ‘‡ˆ ¨ ¯®á«¥¤ãîé¥©
¥¥ íªá¯«ã�â�æ¨¨ | íâ® ®ç¥¢¨¤−ë© ¯ãâì ª â¨¯®¢ë¬ à¥è¥−¨ï¬ ¯® ¯à¨¬¥−¥−¨î
¨«¨ á®§¤�−¨î áà¥¤áâ¢ §�é¨âë ¨−ä®à¬�æ¨¨ á ãç¥â®¬ ¢ª«îç¥−−ëå ¢ íâ¨ áà¥¤áâ¢�
¢®§¬®¦−®áâ¥© −�áâà®©ª¨ −� ¯�à�¬¥âàë ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨ ¨ ¨−ä®à¬�æ¨®−-
−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¢ ç�áâ¨ á¡®à� á«ã¦¥¡−®© ª®−âà®«¨àãîé¥© ¨−ä®à¬�æ¨¨ ¤«ï
à¥�«¨§�æ¨¨ ã¯à�¢«¥−¨ï.

‘å¥¬� ä®à¬¨à®¢�−¨ï äã−ªæ¨®−�«ì−ëå ª®¬¯«¥ªá®¢ ¯®ª�§�−� −� à¨á. 2.
�¡¥á¯¥ç¨¢�îé�ï ç�áâì ‘‡ˆ ‘– | á®¢®ªã¯−®áâì ¬¥à ¨ áà¥¤áâ¢, â¥å−¨-

ç¥áª¨å, ®à£�−¨§�æ¨®−−ëå ¨ ¯à�¢®¢ëå à¥è¥−¨©, ®¡¥á¯¥ç¨¢�îé¨å à¥�«¨§�æ¨î
äã−ªæ¨®−�«ì−ëå §�¤�ç.

Š ®¡¥á¯¥ç¨¢�îé¥© ç�áâ¨ ¯à¥¤êï¢«ïîâáï ®¡é¥á¨áâ¥¬−ë¥ âà¥¡®¢�−¨ï [12]:

{ ¤®«¦−ë ¡ëâì à�§à�¡®â�−ë ¨ ¤®¢¥¤¥−ë ¤® ãà®¢−ï à¥£ã«ïà−®£® ¨á¯®«ì§®¢�-
−¨ï ¢á¥ −¥®¡å®¤¨¬ë¥ ¬¥å�−¨§¬ë £�à�−â¨à®¢�−−®£® ®¡¥á¯¥ç¥−¨ï âà¥¡ã¥¬®£®
ãà®¢−ï §�é¨âë ¨−ä®à¬�æ¨¨;

{ ¬¥å�−¨§¬ë âà¥¡ã¥¬®£® ãà®¢−ï §�é¨âë ¨−ä®à¬�æ¨¨ ¤®«¦−ë áãé¥áâ¢®¢�âì
¢ ¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨ ¢ ¢¨¤¥ áà¥¤áâ¢ ¨ â¥å−®«®£¨©;

{ −¥®¡å®¤¨¬® à�á¯®«�£�âì á¥àâ¨ä¨æ¨à®¢�−−ë¬¨ áà¥¤áâ¢�¬¨ (¨«¨ ®â¢¥ç�îé¨-
¬¨ âà¥¡®¢�−¨ï¬ ®¡à�¡®âª¨ ª®−ä¨¤¥−æ¨�«ì−®© ¨−ä®à¬�æ¨¨ á®®â¢¥âáâ¢ãîé¥-
£® ãà®¢−ï) à¥�«¨§�æ¨¨ ¢á¥å −¥®¡å®¤¨¬ëå â¥å−¨ç¥áª¨å à¥è¥−¨© ¯® §�é¨â¥
¨−ä®à¬�æ¨¨;

{ ¤®«¦−ë ¡ëâì à�§à�¡®â�−ë á¯®á®¡ë, à¥è¥−¨ï ¨ ãá«®¢¨ï ®¯â¨¬�«ì−®© ®à£�−¨-
§�æ¨¨ ¨ ®¡¥á¯¥ç¥−¨ï ¯à®¢¥¤¥−¨ï ¢á¥å ¬¥à ¨ ¬¥à®¯à¨ïâ¨© ¯® §�é¨â¥ ¢ ¯à®æ¥áá¥
®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨;
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÷¨á. 2 ‘å¥¬� ä®à¬¨à®¢�−¨ï äã−ªæ¨®−�«ì−ëå ª®¬¯«¥ªá®¢ ‘‡ˆ ‘–

{ ¤®«¦−® ¡ëâì á®§¤�−® ¯à�¢®¢®¥ ¯®«¥ ¤«ï à¥�«¨§�æ¨¨ äã−ªæ¨© §�é¨âë, ¬¥-
å�−¨§¬ë ¨ áà¥¤áâ¢� à¥�«¨§�æ¨¨ ¯à�¢®¢ëå ¯®«®¦¥−¨© ¨ âà¥¡®¢�−¨© ¯à¨
äã−ªæ¨®−¨à®¢�−¨¨ áà¥¤áâ¢ §�é¨âë ¨ ‘‡ˆ ‘– ¢ æ¥«®¬.

‘¨áâ¥¬−�ï ¨−â¥£à�æ¨ï äã−ªæ¨®−�«ì−ëå §�¤�ç ¨ áà¥¤áâ¢ ¨å à¥�«¨§�æ¨¨ ®¡¥á-
¯¥ç¨¢�¥âáï, −�àï¤ã á â¥å−®«®£¨ç¥áª¨¬ ®¡¥á¯¥ç¥−¨¥¬ ‘‡ˆ, ã¯à�¢«¥−¨¥¬ ª�ª
á¨áâ¥¬−ë¬ ª®¬¯®−¥−â®¬ ‘‡ˆ. �á−®¢�−¨¥¬ ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨© ¯à¨ ã¯à�¢-
«¥−¨¨ á«ã¦�â à¥§ã«ìâ�âë ¬®−¨â®à¨−£� á®áâ®ï−¨ï ˆ�. Š�ª ¯à�¢¨«®, ¢ ‘‡ˆ
‘– ¢ë¤¥«ï¥âáï ã¯à�¢«¥−¨¥ ¯à®æ¥áá�¬¨ §�é¨âë ¨ ¬¥−¥¤¦¬¥−â ®¡¥á¯¥ç¥−¨ï ˆ�
¢ ‘– ¢ æ¥«®¬ [10].

’¥å−®«®£¨ç¥áª�ï ¨−â¥£à�æ¨ï ¨ ã¯à�¢«¥−¨¥ ¤®«¦−ë ®¡¥á¯¥ç¨âì ¤®áâ¨¦¥−¨¥
á«¥¤ãîé¨å ®á−®¢−ëå æ¥«¥© [4]:

{ ¯à¥¤®â¢à�é¥−¨¥ ãâ¥çª¨ ¨−ä®à¬�æ¨¨ ¯® â¥å−¨ç¥áª¨¬ ª�−�«�¬, ¢ â®¬ ç¨á«¥
à¥ç¥¢®© ¨−ä®à¬�æ¨¨, � â�ª¦¥ ãâ¥çª¨ §� áç¥â ¢®§¬®¦−® ¢−¥¤à¥−−ëå á¯¥æ¨-
�«ì−ëå ãáâà®©áâ¢ −¥£«�á−®£® ¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨;

{ ¯à¥¤®â¢à�é¥−¨¥ −¥á�−ªæ¨®−¨à®¢�−−®£® ã−¨çâ®¦¥−¨ï, ¨áª�¦¥−¨ï, ª®¯¨à®¢�-
−¨ï ¨ ¡«®ª¨à®¢�−¨ï ¨−ä®à¬�æ¨¨ §� áç¥â �‘„ ª à¥áãàá�¬ ¨ á¥â¥¢ëå �â�ª;

{ á®¡«î¤¥−¨¥ ¯à�¢®¢®£® à¥¦¨¬� ¨á¯®«ì§®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢
¨ ¯à®£à�¬¬ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨;
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{ ®¡¥á¯¥ç¥−¨¥ æ¥«®áâ−®áâ¨ ¨−ä®à¬�æ¨¨ ¯à¨ ¥¥ ¯®«ãç¥−¨¨, ®¡à�¡®âª¥ ¨ åà�−¥-
−¨¨ ¢ ‘–;

{ á®åà�−¥−¨¥ ã¯à�¢«ï¥¬®áâ¨ ¯à®æ¥áá�¬¨ ®¡à�¡®âª¨, åà�−¥−¨ï ¨ ¨á¯®«ì§®¢�−¨ï
¨−ä®à¬�æ¨¨ ¢ ãá«®¢¨ïå −¥á�−ªæ¨®−¨à®¢�−−ëå ¢®§¤¥©áâ¢¨© −� §�é¨é�¥¬ãî
¨−ä®à¬�æ¨î ¨ áà¥¤ã ¥¥ ®¡à�¡®âª¨;

{ ®¡¥á¯¥ç¥−¨¥ §�é¨é¥−−®£® ®¡¬¥−� ¨−ä®à¬�æ¨¥© ¬¥¦¤ã ®¡ê¥ªâ�¬¨ ‘–, ¢ â®¬
ç¨á«¥ ã¤�«¥−−®£® ¨ ¢−¥è−¥£® ¨−ä®à¬�æ¨®−−®£® ®¡¬¥−�.

�à®¥ªâ¨à®¢�−¨¥ ¨ ¯®á«¥¤ãîé�ï íªá¯«ã�â�æ¨ï ‘‡ˆ ‘– ¤®«¦−� ¡�§¨à®¢�âì-
áï −� ª®−æ¥¯âã�«ì−ëå −®à¬�â¨¢−ëå ¤®ªã¬¥−â�å: Œ®¤¥«¨ ã£à®§ ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨, Œ®¤¥«¨ ¢¥à®ïâ−®£® −�àãè¨â¥«ï ¨ �®«¨â¨ª¨ ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨ ‘–. Œ®¤¥«¨ ã£à®§ ¨ ¢¥à®ïâ−®£® −�àãè¨â¥«ï ï¢«ïîâáï ¨áå®¤−ë¬¨
ª®−æ¥¯âã�«ì−ë¬¨ ¤®ªã¬¥−â�¬¨, ¯®¤£®â�¢«¨¢�¥¬ë¬¨ ¢ ®á−®¢−®¬ ¯® à¥§ã«ìâ�â�¬

÷¨á. 3 ‘å¥¬� áâàãªâãà−ëå ®â−®è¥−¨© ¬¥¦¤ã ª®¬¯®−¥−â�¬¨ ‘‡ˆ ‘–
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¯à¥¤¯à®¥ªâ−®£® ®¡á«¥¤®¢�−¨ï. �−¨ ¯®§¢®«ïîâ ®¯à¥¤¥«¨âì �ªâã�«ì−ë¥ ã£à®§ë,
ãï§¢¨¬®áâ¨, ¤®«¦−ë ®â¢¥â¨âì −� ¢®¯à®áë | çâ® §�é¨é�âì ¨ ®â ª®£® §�é¨-
é�âì, ª®−ªà¥â¨§¨à®¢�âì ¯®áâ�−®¢ªã §�¤�ç ¯® §�é¨â¥ ¨−ä®à¬�æ¨¨ ¨ â¥¬ á�¬ë¬
®¡¥á¯¥ç¨âì ¬¨−¨¬¨§�æ¨î §�âà�â −� ˆ�.

�®«¨â¨ª� ˆ� ¢ á¢®¥© ®á−®¢¥ à�ááç¨â�−� −� ¢à¥¬ï ¦¨§−¨ ‘–. ‚ ¢¨¤¥ −®à-
¬�â¨¢−®£® á¨áâ¥¬−®£® ¤®ªã¬¥−â� ®−� ¯à¥¤êï¢«ï¥âáï −� íâ�¯¥ ¯à¨¥¬®-á¤�â®ç−ëå
¨á¯ëâ�−¨© ‘– á ¢®§¬®¦−®© ¯®á«¥¤ãîé¥© ª®àà¥ªâ¨à®¢ª®© ¢ å®¤¥ íªá¯«ã�â�æ¨¨.

‘å¥¬� áâàãªâãà−ëå ®â−®è¥−¨© ¬¥¦¤ã ª®¬¯®−¥−â�¬¨ ‘‡ˆ ‘– ¯à¥¤áâ�¢«¥−�
−� à¨á. 3.

6 Актуальные задачи информационной безопасности ситуационного
центра

‘¨âã�æ¨®−−ë¥ æ¥−âàë ï¢«ïîâáï ®¡ê¥ªâ�¬¨ ¨−ä®à¬�æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨
á ®âç¥â«¨¢® ¢ëà�¦¥−−®© á¯¥æ¨ä¨ª®©. �−¨ ¤®«¦−ë ®¡¥á¯¥ç¨¢�âì ¡¥§®¯�á−®¥ �£-
à¥£¨à®¢�−¨¥ ¯®«ãç�¥¬ëå ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢ ¡®«ìè¨å ®¡ê¥¬®¢ à�§«¨ç−®©
¨−ä®à¬�æ¨¨ ¨ ¥¥ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áªãî ®¡à�¡®âªã áà¥¤áâ¢�¬¨ á®¡-
áâ¢¥−−®© ¨−äà�áâàãªâãàë. ‚ ‘– áâ¥ª�¥âáï ¨−ä®à¬�æ¨ï, à�§−®à®¤−�ï −¥ â®«ìª®
¯® á¢®¥© áãâ¨ ¨ ä®à¬¥ (¤®ªã¬¥−âë, ¯®â®ª®¢ë¥ ¤�−−ë¥, â¥«¥¬¥âà¨ï ¨ ¯à.), −®
¨ ¯® ãà®¢−î ª®−ä¨¤¥−æ¨�«ì−®áâ¨ | ú£à¨äãû. ‚ á¢ï§¨ á íâ¨¬ ®¡é¨¥ âà¥¡®¢�-
−¨ï ¯® ˆ� ª ‘– ä®à¬¨àãîâáï −� ®á−®¢¥ âà¥¡®¢�−¨© ª §�é¨é�¥¬ë¬ à¥áãàá�¬
á −�¨¢ëáè¨¬ ®¡à�¡�âë¢�¥¬ë¬ ú£à¨ä®¬û.

‚ á¢ï§¨ á® á¯¥æ¨ä¨ª®© ‘–, ¨å ãá«®¦−¥−¨¥¬ ¨ ¡ãà−ë¬ à�§¢¨â¨¥¬ ¢ −�áâ®ïé¥¥
¢à¥¬ï ¯®ï¢«ïîâáï −®¢ë¥ �ªâã�«ì−ë¥ §�¤�ç¨ ¯® ®¡¥á¯¥ç¥−¨î ˆ� ‘– [13{15].
�à�ªâ¨ç¥áª®¥ à¥è¥−¨¥ íâ¨å §�¤�ç ¢á¥ ¡®«¥¥ ¯®¤â¢¥à¦¤�¥â â®â ä�ªâ, çâ® äã−ªæ¨¨
§�é¨âë ¨−ä®à¬�æ¨¨ áâ�−®¢ïâáï −¥®âê¥¬«¥¬®© ç�áâìî äã−ªæ¨®−�«ì−ëå á¥à¢¨á®¢
®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¨ �àå¨â¥ªâãà−ëå à¥è¥−¨© ¯à¨ ¯®áâà®¥−¨¨ á¨áâ¥¬−ëå
¨−äà�áâàãªâãà−ëå ª®¬¯®−¥−â®¢. �â®, ¡¥§ãá«®¢−®, ¢«¨ï¥â −� ¯à®¥ªâ−ë¥ à¥è¥−¨ï
‘‡ˆ ‘–.

Š â�ª¨¬ �ªâã�«ì−ë¬ §�¤�ç�¬ ¬®¦−® ®â−¥áâ¨:

{ á¥£¬¥−â¨à®¢�−¨¥ §�é¨é�¥¬ëå à¥áãàá®¢ ‘– (¨−ä®à¬�æ¨®−−ëå, ¨−ä®à¬�æ¨-
®−−®-â¥å−®«®£¨ç¥áª®© ¨−äà�áâàãªâãàë ¨ ¯à®£à�¬¬−®-â¥å−¨ç¥áª®© áà¥¤ë) |
¢ë¤¥«¥−¨¥ ª®−âãà®¢ ¡¥§®¯�á−®áâ¨ ¯® ú£à¨äãû. �â® à¥è¥−¨¥ áç¨â�¥âáï ®¤−¨¬
¨§ ¤®¢¥à¥−−ëå ¬¥å�−¨§¬®¢ §�é¨âë ¤«ï −�ª®¯¨â¥«ì−ëå ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬ á ¡®«ìè¨¬¨ ®¡ê¥¬�¬¨ à�§−®à®¤−®© ¯®áâã¯�îé¥© ¨−ä®à¬�æ¨¥©;

{ á®§¤�−¨¥ §�é¨é¥−−®© è¨−ë ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï, á¯®á®¡−®©
®¡ê¥¤¨−¨âì à�§−®à®¤−ë¥ ¯¥à¢¨ç−ë¥ à¥áãàáë ¢ á«ãç�¥ ¨å ¢ëà�¦¥−−®© â¥à-
à¨â®à¨�«ì−®© à�á¯à¥¤¥«¥−−®áâ¨. �à¨¬¥−¥−¨¥ â¥à¬¨−�«ì−®£® ¤®áâã¯� ¨«¨
¨á¯®«ì§®¢�−¨¥ ª«¨¥−â-á¥à¢¥à−ëå â¥å−®«®£¨© ¢ íâ®¬ á«ãç�¥ −¥íää¥ªâ¨¢−®,
¯®áª®«ìªã −¥®¡å®¤¨¬� à¥�«¨§�æ¨ï ¢ëá®ª¨å âà¥¡®¢�−¨© ¯® ¯à®¯ãáª−®© á¯®-
á®¡−®áâ¨ ¨ ª�ç¥áâ¢ã ª�−�«®¢ á¢ï§¨, ®¡à�§ãîé¨å ¥¤¨−ãî á¥âì;
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{ ¯®áâà®¥−¨¥ ‘– ª�ª ç�áâ−®£® ®¡«�ª�, ª®£¤� ¢®§−¨ª�¥â ¯à®¡«¥¬� ¢¨àâã�«ì−®£®
¯à®áâà�−áâ¢� ¢§�¨¬®¤¥©áâ¢¨ï. �â® ¯à¨¢®¤¨â ª ãá«®¦−¥−¨î ‘‡ˆ ‘– á ãç¥â®¬
á¯¥æ¨ä¨ç¥áª¨å ã£à®§, ¯à¨áãé¨å ¢¨àâã�«ì−®© áà¥¤¥ ¨á¯®«−¥−¨ï;

{ ®à£�−¨§�æ¨î íà£®−®¬¨ç−®£® à�¡®ç¥£® ¬¥áâ� á ¬¨−¨¬¨§�æ¨¥© ¬−®£®®ª®−−®£®
¨−â¥àä¥©á�, −¥ ¢¯®«−¥ ã¤®¡−®£® ¨ ¯®−ïâ−®£® ¤«ï ‹�÷. ˆ−â¥£à�æ¨ï à�§-
−®ª�â¥£®à¨à®¢�−−ëå á¨áâ¥¬ | ú£¥−¥à�â®à®¢û | ¢ à�¬ª�å ú®¤−®£® ®ª−�û
ï¢«ï¥âáï á«®¦−¥©è¥© ¯à®¡«¥¬®© −¥ â®«ìª® á â®çª¨ §à¥−¨ï ®¡¥á¯¥ç¥−¨ï ˆ�,
−® ¨ á ¨−¦¥−¥à−®© â®çª¨ §à¥−¨ï;

{ ¡¥§®¯�á−®¥ åà�−¥−¨¥ ¢ ˆ�‘ ‘– ¯®ª®«¥−¨© à�§−®à®¤−®©, ¢ â®¬ ç¨á«¥ £à�-
ä¨ç¥áª®© ¨ ¯®â®ª®¢®©, ¨−ä®à¬�æ¨¨, çâ® ¯à¥¤êï¢«ï¥â ¦¥áâª¨¥ âà¥¡®¢�−¨ï ¯®
ˆ� ª á¨áâ¥¬�¬ ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå (‘“�„). �â® âà¥¡ã¥â ¯à¨¬¥−¥−¨ï
á¥àâ¨ä¨æ¨à®¢�−−ëå ‘“�„ ¨«¨ ¨á¯®«ì§®¢�−¨ï −�«®¦¥−−ëå áà¥¤áâ¢ ª®−âà®-
«ï ¤®áâã¯�. �®á«¥¤−¥¥ à¥è¥−¨¥ áãé¥áâ¢¥−−® áã¦�¥â ¢®§¬®¦−®áâ¨ ¨ á�¬®©
‘“�„, ¨ áà¥¤áâ¢ ã£«ã¡«¥−−®£® �−�«¨§�;

{ à¥�«¨§�æ¨î à¥¦¨¬� çà¥§¢ëç�©−®© á¨âã�æ¨¨, ª®£¤� ¢á¥ ¢−¨¬�−¨¥ ‘– −�¯à�¢-
«ï¥âáï −� ä®à¬¨à®¢�−¨¥ −®¢®áâ−®£® ¨−ä®à¬�æ¨®−−®£® ¯®â®ª� ¨áª«îç¨â¥«ì−®
¢®ªàã£ ¨−â¥à¥áãîé¥£® á®¡ëâ¨ï. ‚ íâ®¬ á«ãç�¥ ãà®¢¥−ì ª®−ä¨¤¥−æ¨�«ì−®áâ¨
‘– ¬®¦¥â ¡ëâì ¯®¢ëè¥− ¤® ¬�ªá¨¬�«ì−®£® ãà®¢−ï. ‚®§¬®¦¥− à�§àë¢ áâëª®¢
á ®âªàëâë¬¨ ª®−âãà�¬¨ ‘–. ‘¨âã�æ¨®−−ë© æ¥−âà ¬®¦¥â áâ�âì �¢â®−®¬−ë¬
®¡ê¥ªâ®¬, ¢§�¨¬®¤¥©áâ¢¨¥ á ª®â®àë¬ ®áãé¥áâ¢«ï¥âáï «¨¡® ¯® ¤®¢¥à¥−−ë¬
ª�−�«�¬ á¢ï§¨, «¨¡® ¯®áà¥¤áâ¢®¬ ¯®¤ª�çª¨ ¤�−−ëå á ®âçã¦¤�¥¬ëå −®á¨â¥«¥©,
ä¨§¨ç¥áª¨ ¤®áâ�¢«ï¥¬ëå ¢ ‘–;

{ ä®à¬¨à®¢�−¨¥ í«¥ªâà®−−®£® ãª�§�−¨ï ¢ ¢¨¤¥ ¯à¨ª�§� ¨«¨ à�á¯®àï¦¥−¨ï ª�ª
á¯®á®¡ ã¯à�¢«ïîé¥£® ¢®§¤¥©áâ¢¨ï. �â® ¯®âà¥¡ã¥â í«¥ªâà®−−®£® ¤®ªã¬¥−â®-
®¡®à®â�, ®¡¥á¯¥ç¨¢�îé¥£® ¢®§¬®¦−®áâì áâ�âãá� ¯à�¢®¢®£® ¯®¤â¢¥à¦¤¥−¨ï,
çâ®, ¢ á¢®î ®ç¥à¥¤ì, ¯®âà¥¡ã¥â á®¯àï¦¥−¨ï ‘– á ã¤®áâ®¢¥àïîé¨¬ æ¥−âà®¬
¨ á®§¤�−¨ï ¨−äà�áâàãªâãàë ®âªàëâëå ª«îç¥© ¤«ï ¢á¥£® á¥â¥¢®£® á®®¡é¥áâ¢�
‘–.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯¥à¥ç¨á«¥−−ë¥ ¨ àï¤ ¤àã£¨å �ªâã�«ì−ëå §�¤�ç ®¡¥á-
¯¥ç¥−¨ï ˆ� ‘–, ®á®¡¥−−® á¢ï§�−−ëå á ¯«�−¨àã¥¬ë¬ á®§¤�−¨¥¬ ¢ ÷®áá¨¨ á¥â¨
à�á¯à¥¤¥«¥−−ëå ‘– [8, 16], âà¥¡ãîâ á¢®¥£® ¤®áâ�â®ç−® ¡ëáâà®£® ¨ ª�ç¥áâ¢¥−−®-
£® à¥è¥−¨ï, çâ®¡ë ¯®¤¤¥à¦�âì ¡®«ìèãî ¢®áâà¥¡®¢�â¥«ì−®áâì ‘– ¤«ï à¥è¥−¨ï
§�¤�ç ã¯à�¢«¥−¨ï ¢ á®¢à¥¬¥−−®¬ ¡ëáâà® ¬¥−ïîé¥¬áï ®¡é¥áâ¢¥.
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1 Введение

�� á®¢à¥¬¥−−®¬ íâ�¯¥ à�§¢¨â¨ï −�ãç−®-â¥å−®«®£¨ç¥áª®£® ¯®â¥−æ¨�«� ÷®á-
á¨©áª®© ”¥¤¥à�æ¨¨ ®á®¡ãî �ªâã�«ì−®áâì ¯à¨®¡à¥â�¥â −¥®¡å®¤¨¬®áâì ¯à¨−ïâ¨ï
ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨©, −�¯à�¢«¥−−ëå −� ¯®¢ëè¥−¨¥ íää¥ªâ¨¢−®áâ¨ −�ãç−®-
¨áá«¥¤®¢�â¥«ìáª¨å ¨ ®¯ëâ−®-ª®−áâàãªâ®àáª¨å à�¡®â. ’�ª¨¥ à¥è¥−¨ï ¤®«¦−ë
¡�§¨à®¢�âìáï −� ¨á¯®«ì§®¢�−¨¨ ®¡ê¥ªâ¨¢−ëå �−�«¨â¨ç¥áª¨å ¤�−−ëå ® â¥−¤¥−æ¨-
ïå à�§¢¨â¨ï ¬¨à®¢®£® −�ãç−®-â¥å−®«®£¨ç¥áª®£® ª®¬¯«¥ªá�. �â¨ ¤�−−ë¥ ¬®£ãâ
¡ëâì ¯®«ãç¥−ë ¯ãâ¥¬ á®¤¥à¦�â¥«ì−®£® ª®¬¯«¥ªá−®£® �−�«¨§� ¬¨à®¢®£® ¯®â®ª�
�’ˆ. ˆáâ®ç−¨ª�¬¨ â�ª®© ¨−ä®à¬�æ¨¨ ¬®£ãâ á«ã¦¨âì §�àã¡¥¦−ë¥ ¨ ®â¥ç¥áâ¢¥−-
−ë¥ ®âà�á«¥¢ë¥ ¨ ¢¥¤®¬áâ¢¥−−ë¥ ¯®àâ�«ë, á�©âë −�ãç−ëå ãçà¥¦¤¥−¨©, à¥¤�ªæ¨©
¦ãà−�«®¢, −�ãç−ëå ª®−ä¥à¥−æ¨© ¨ á®®¡é¥áâ¢, í«¥ªâà®−−ë¥ áà¥¤áâ¢� ¬�áá®¢®©
¨−ä®à¬�æ¨¨, � â�ª¦¥ ¬−®¦¥áâ¢® ¤àã£¨å ¨áâ®ç−¨ª®¢ �’ˆ, à�§¬¥é¥−−ëå ¢ á¥â¨
ˆ−â¥à−¥â. ‚ ¯à®æ¥áá¥ á¬ëá«®¢®£® �−�«¨§� à�§−®ï§ëç−ëå £¥â¥à®£¥−−ëå à�á-
¯à¥¤¥«¥−−ëå −�ãç−®-â¥å−¨ç¥áª¨å ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨¨ ¬®£ãâ ¡ëâì ¯®«ãç¥−ë
−®¢ë¥ §−�−¨ï ¨ ®¯à¥¤¥«¥−ë ¯à¨®à¨â¥â−ë¥ −�ãç−ë¥ −�¯à�¢«¥−¨ï ¤¥ïâ¥«ì−®áâ¨

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

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

3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, alex khoroshilov@mail.ru
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ā. �. Š�«¨−¨−, �«-¤à �. •®à®è¨«®¢, �«-¥© �. •®à®è¨«®¢

®â¥ç¥áâ¢¥−−ëå ¨ §�àã¡¥¦−ëå −�ãç−ëå ª®««¥ªâ¨¢®¢ ¨ ¢ëï¢«¥−ë ¬¨à®¢ë¥ ¯¥à-
á¯¥ªâ¨¢−ë¥ ®¯ëâ−®-ª®−áâàãªâ®àáª¨¥ à�§à�¡®âª¨.

Œ¥¦¤ã â¥¬ ®âáãâáâ¢¨¥ −� IT-àë−ª¥ �¯à®¡¨à®¢�−−ëå â¥å−®«®£¨© ¨ á¥à¢¨á®¢
¢ëá®ª®áª®à®áâ−®© �¢â®¬�â¨ç¥áª®© á¬ëá«®¢®© ®¡à�¡®âª¨ à�§−®ï§ëç−®© −¥áâàãª-
âãà¨à®¢�−−®© â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨ ï¢«ï¥âáï áãé¥áâ¢¥−−ë¬ á¤¥à¦¨¢�îé¨¬
ä�ªâ®à®¬ ¤«ï à¥�«¨§�æ¨¨ íâ®© §�¤�ç¨. ‚ á¢ï§¨ á íâ¨¬ −¥®¡å®¤¨¬®áâì á®§¤�−¨ï
¯à®¬ëè«¥−−ëå â¥å−®«®£¨© ¨§¢«¥ç¥−¨ï §−�−¨© ¨§ à�§−®à®¤−ëå â¥ªáâ®¢ ï¢«ï¥âáï
çà¥§¢ëç�©−® �ªâã�«ì−®©. �â¨ â¥å−®«®£¨¨ ¤®«¦−ë ¡�§¨à®¢�âìáï −� á®¢à¥¬¥−−ëå
¯à¥¤áâ�¢«¥−¨ïå ® á¬ëá«®¢®© áâàãªâãà¥ à�§−®ï§ëç−ëå â¥ªáâ®¢ ¨ −� −®¢ëå ¢ëá®ª®-
¯à®¨§¢®¤¨â¥«ì−ëå ¬¥â®¤�å ¨ áà¥¤áâ¢�å �−�«¨§� −¥áâàãªâãà¨à®¢�−−®© â¥ªáâ®¢®©
¨−ä®à¬�æ¨¨.

Š®¬¯«¥ªá ¯¥à¥ç¨á«¥−−ëå §�¤�ç ¬®¦−® à¥è¨âì ¢ ¯à®æ¥áá¥ á®§¤�−¨ï á¨áâ¥¬ë
¬®−¨â®à¨−£� ¨ �−�«¨§� ¬¨à®¢®£® ¯®â®ª� �’ˆ, ¡�§¨àãîé¥©áï −� ¯à¨¬¥−¥−¨¨
¯¥àá¯¥ªâ¨¢−ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ á®¢à¥¬¥−−ëå ¢ëç¨á«¨â¥«ì−ëå
à¥áãàá®¢. �®âà¥¡¨â¥«ï¬¨ �−�«¨â¨ç¥áª®© ¨−ä®à¬�æ¨¨, ¯®«ãç¥−−®© ¢ à¥§ã«ìâ�â¥
äã−ªæ¨®−¨à®¢�−¨ï â�ª®© á¨áâ¥¬ë, ¬®£ãâ ¡ëâì ®à£�−ë £®áã¤�àáâ¢¥−−®© ¢«�áâ¨,
−�ãç−ë¥ ¨ ®¡à�§®¢�â¥«ì−ë¥ ®à£�−¨§�æ¨¨, ¯à®¬ëè«¥−−ë¥ ¨ ¢−¥¤à¥−ç¥áª¨¥ æ¥−-
âàë, â¥å−®¯�àª¨, ¨−¢¥áâ¨æ¨®−−ë¥ ª®¬¯�−¨¨, íªá¯¥àâ−®¥ á®®¡é¥áâ¢®, ãç¥−ë¥
¨ á¯¥æ¨�«¨áâë ¢ à�§«¨ç−ëå ®¡«�áâïå −�ãª¨ ¨ â¥å−¨ª¨.

2 Тенденции развития систем анализа текстовой информации

�−�«¨§ ¬�â¥à¨�«®¢ §�àã¡¥¦−®© ¨ ®â¥ç¥áâ¢¥−−®© −�ãç−®-â¥å−¨ç¥áª®© «¨â¥-
à�âãàë ¯® à�áá¬�âà¨¢�¥¬®© ¯à®¡«¥¬¥ ¯®ª�§ë¢�¥â, çâ® ¢ ¬¨à¥ á¥©ç�á á®§¤�−ë
¨ äã−ªæ¨®−¨àãîâ á®â−¨ ¯®¨áª®¢®-�−�«¨â¨ç¥áª¨å á¨áâ¥¬ à�§«¨ç−®£® −�§−�ç¥−¨ï.
‡−�ç¨â¥«ì−�ï ¨å ç�áâì á¢ï§�−� á �−�«¨§®¬ ¡�−ª®¢áª®© ¤¥ïâ¥«ì−®áâ¨ ¨ ¤¥ïâ¥«ì-
−®áâìî ¢ëá®ª®â¥å−®«®£¨ç−ëå ª®¬¯�−¨©. ’�ª¨¥ á¨áâ¥¬ë ¯®«ãç¨«¨ −�§¢�−¨¥
á¨áâ¥¬ë Business Intelligence (BI). �â®â â¥à¬¨−, ®¡®§−�ç�îé¨© ®á®¡ë© ª«�áá
¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, ¡ë« ¯à¥¤«®¦¥− ¥é¥ ¢ 1958 £. á®âàã¤−¨ª®¬ IBM
•�−á®− �¨â¥à®¬ ‹ã−®¬. ˆ§−�ç�«ì−® BI à�áá¬�âà¨¢�«¨áì ª�ª ¨−áâàã¬¥−âë, ¨á-
¯®«ì§ã¥¬ë¥ ¤«ï ¯à¥®¡à�§®¢�−¨ï, åà�−¥−¨ï, �−�«¨§�, ¬®¤¥«¨à®¢�−¨ï, ¤®áâ�¢ª¨
¨ âà�áá¨à®¢ª¨ ¨−ä®à¬�æ¨¨ ¢ å®¤¥ à�¡®âë −�¤ §�¤�ç�¬¨, á¢ï§�−−ë¬¨ á ¯à¨−ïâ¨¥¬
¡¨§−¥á-à¥è¥−¨© −� ®á−®¢¥ ä�ªâ¨ç¥áª¨å ¤�−−ëå. ‚ ¤�«ì−¥©è¥¬ á¯¥ªâà à¥è�¥¬ëå
¡¨§−¥á-§�¤�ç §−�ç¨â¥«ì−® à�áè¨à¨«áï, ¨ á¥©ç�á ¯®¤ â¥à¬¨−®¬ BI ¯®−¨¬�¥âáï ¨−-
ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï á¨áâ¥¬�, à¥�«¨§ãîé�ï äã−ªæ¨¨ á¡®à�, ®¡à�¡®âª¨,
�−�«¨§� ¨ ¯®¤£®â®¢ª¨ ä®à¬ ®âç¥â−®áâ¨ ¤«ï à�§«¨ç−ëå áâàãªâãà ¡¨§−¥á-á®®¡é¥-
áâ¢�. ÷�áè¨à¥−¨¥ äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© â�ª¨å á¨áâ¥¬ ®âà�§¨«®áì ¢ ¨å
−�§¢�−¨¨, ¨ â�ª¨¥ á¨áâ¥¬ë ¢á¥ ç�é¥ áâ�«¨ −�§ë¢�âì á¨áâ¥¬�¬¨ Business Analytics
(BA). �® ¯à¨ íâ®¬ ‚� à¥è�îâ è¨à®ª¨© ªàã£ �−�«¨â¨ç¥áª¨å §�¤�ç, ¨á¯®«ì§ãï
âà�¤¨æ¨®−−ë¥ áà¥¤áâ¢� BI −� ª�ç¥áâ¢¥−−® −®¢®¬ ãà®¢−¥.

�à¨¬¥−ï¥¬ë¥ âà�¤¨æ¨®−−ë¥ ¯®¤å®¤ë ¤«ï à¥è¥−¨ï ¢á¥£® ª®¬¯«¥ªá� �−�-
«¨â¨ç¥áª¨å ¡¨§−¥á-§�¤�ç á¥©ç�á ¨áç¥à¯�«¨ á¥¡ï ¢ á¨«ã àï¤� ¯à¨ç¨−, £«�¢−®©
¨§ ª®â®àëå ï¢«ï¥âáï ¨å −¥¤®áâ�â®ç−�ï ¤¨−�¬¨ç−®áâì ¨ −¥¯à¨á¯®á®¡«¥−−®áâì
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ª ®¯¥à�â¨¢−®© ®¡à�¡®âª¥ ¡®«ìè¨å ®¡ê¥¬®¢ −¥áâàãªâãà¨à®¢�−−ëå ¤�−−ëå. Š®¬-
¯¥−á¨à®¢�âì ¢®§−¨ªè¨¥ ã£à®§ë ¬®¦−® â®«ìª® ¯ãâ¥¬ à�§ã¬−®© ¨−â¥£à�æ¨¨ ¯à®-
¢¥à¥−−ëå ¢à¥¬¥−¥¬ âà�¤¨æ¨®−−ëå à¥è¥−¨© á á®¢à¥¬¥−−ë¬¨ â¥å−®«®£¨ï¬¨ à�-
¡®âë á −¥áâàãªâãà¨à®¢�−−ë¬¨ ¤�−−ë¬¨. ‘¥£®¤−ï â�ª¨¥ â¥å−®«®£¨¨ −�§ë¢�îâ
â¥å−®«®£¨ï¬¨ Embraced Search and Retrieval (ESR), à¥�«¨§ãîé¨¬¨ ¤¢¥ ¢á¥-
®å¢�âë¢�îé¨¥ (Embraced) äã−ªæ¨¨ | ª®à¯®à�â¨¢−ë© ¯®¨áª (Enterprise Search)
¨ ¨§¢«¥ç¥−¨¥ ¨−ä®à¬�æ¨¨ ¨§ ¤�−−ëå (Retrieval).

�¥à¢ë¬¨, ªâ® §�¬¥â¨« −¥®¡å®¤¨¬®áâì à�áè¨à¥−¨ï äã−ªæ¨®−�«ì−ëå ¢®§¬®¦-
−®áâ¥© á¢®¨å ¯à®¤ãªâ®¢, ¡ë«¨ ªàã¯−¥©è¨¥ ¯®áâ�¢é¨ª¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥-
ç¥−¨ï, á¯¥æ¨�«¨§¨àãîé¨¥áï −� ª®à¯®à�â¨¢−ëå à¥è¥−¨ïå ¡¨§−¥á-�−�«¨â¨ª¨ |
ª®¬¯�−¨¨ Oracle, IBM ¨ HP. �®íâ®¬ã −�ç¨−�ï á 2011 £. íâ¨ ä¨à¬ë −�ç�«¨
¨−â¥−á¨¢−® áªã¯�âì ª®¬¯�−¨¨, ¯à¥¤«�£�îé¨¥ à¥è¥−¨ï ¢ ®¡«�áâ¨ ESR ¨ à�¡®â�-
îé¨¥ á −¥áâàãªâãà¨à®¢�−−ë¬¨ ¤�−−ë¬¨. �¤−� ¨§ â�ª¨å ª®¬¯�−¨© | Autonomy
(§� ª®−âà®«ì−ë© ¯�ª¥â ª®â®à®© Hewlett-Packard ¢ë«®¦¨«� $10 ¬«à¤) | ï¢«ï¥âáï
«¨¤¥à®¬ ¢ ®¡«�áâ¨ á¬ëá«®¢®© ®¡à�¡®âª¨ â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨. ˆ¤¥®«®£¨ç¥-
áª�ï ®á−®¢� â¥å−®«®£¨© íâ®© ª®¬¯�−¨¨ | ª®−æ¥¯æ¨ï Meaning-Based Computing
(MBC), ¯®§¢®«ïîé�ï ¢ë¤¥«ïâì á¬ëá« ¨§ à�§−®à®¤−ëå â¥ªáâ®¢, −¥§�¢¨á¨¬® ®â
ä®à¬ë ¨å ¯à¥¤áâ�¢«¥−¨ï. ‚ íâ®© ª®¬¯�−¨¨ à�§à�¡®â�−® ®ª®«® 500 à�§«¨ç−ëå
â¥å−®«®£¨© ¨ ¯à®æ¥¤ãà ®¡à�¡®âª¨ â¥ªáâ®¢ ¨ ®¯à¥¤¥«¥−� ¨¥à�àå¨ç¥áª�ï ¯®á«¥-
¤®¢�â¥«ì−®áâì â¥å−®«®£¨ç¥áª®£® ¯à®æ¥áá� ®¡à�¡®âª¨ â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨, −�
−¨¦−¥¬ ãà®¢−¥ ª®â®à®© áâ®¨â ¯à®áâ®© ¯®¨áª ¯® ª«îç¥¢ë¬ á«®¢�¬, � −� ¢¥àå−¥¬ |
â¥å−®«®£¨ï MBC.

�à¨ á®§¤�−¨¨ á¨áâ¥¬ë ¬®−¨â®à¨−£� ¨ �−�«¨§� ¬¨à®¢®£® ¯®â®ª� −�ãç−®-â¥å−¨-
ç¥áª¨å ¯ã¡«¨ª�æ¨© −¥¨§¡¥¦−® ¢®§−¨ª−¥â ¯à®¡«¥¬�, á¢ï§�−−�ï á −¥®¡å®¤¨¬®áâìî
®¯¥à�â¨¢−®© ®¡à�¡®âª¨ ®£à®¬−ëå ®¡ê¥¬®¢ â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨ ¢ à�¬ª�å ¨¬¥-
îé¨åáï â¥å−®«®£¨ç¥áª¨å ¢®§¬®¦−®áâ¥©. �á®¡¥−−® ®áâà® íâ� ¯à®¡«¥¬� áâ®¨â
¯à¨ à¥è¥−¨¨ §�¤�ç á¥¬�−â¨ç¥áª®£® �−�«¨§� â¥ªáâ®¢, ¨ á¢ï§�−® íâ® ¯à¥¦¤¥ ¢á¥£®
á â¥¬, çâ® ¯à¨ â�ª®¬ �−�«¨§¥ â¥ªáâë ¯®¤¢¥à£�îâáï á«®¦−®© ¨ ¬−®£®áâã¯¥−ç�-
â®© ®¡à�¡®âª¥ á ¨á¯®«ì§®¢�−¨¥¬ á«®¢�à¥© ¡®«ìè¨å ®¡ê¥¬®¢. �¡à�¡®âª� â¥ªáâ®¢
¢ë¯®«−ï¥âáï ¯®á«¥¤®¢�â¥«ì−® ª®¬¯«¥ªá®¬ ¯à®æ¥¤ãà á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª®£®
¨ ª®−æ¥¯âã�«ì−®£® �−�«¨§�. ˆá¯®«ì§ã¥¬ë© á¥©ç�á â¥å−®«®£¨ç¥áª¨© ¯à®æ¥áá ç�á-
â® −¥ ¯®§¢®«ï¥â ®¡¥á¯¥ç¨âì âà¥¡ã¥¬ë¥ ¢ −�áâ®ïé¥¥ ¢à¥¬ï áª®à®áâ¨ ®¡à�¡®âª¨
â¥ªáâ®¢. Œ¥¦¤ã â¥¬ áãé¥áâ¢¥−−®¥ ¯®¢ëè¥−¨¥ áª®à®áâ¥© ®¡à�¡®âª¨ â¥ªáâ®¢ ¬®¦¥â
«¥¦�âì ¢ ¯«®áª®áâ¨ ã¦¥ �¯à®¡¨à®¢�−−ëå à¥è¥−¨© ¯à®¡«¥¬ë big data (¡®«ìè¨å
¤�−−ëå) [1, 2]. ‚ ª�ç¥áâ¢¥ ¡�§®¢®£® ¯à¨−æ¨¯� ®¡à�¡®âª¨ ú¡®«ìè¨å ¤�−−ëåû
¬®¦−® ¨á¯®«ì§®¢�âì ¬�áá®¢®-¯�à�««¥«ì−ãî ®¡à�¡®âªã, ¬�áèâ�¡¨àã¥¬ãî ¡¥§ ¤¥-
£à�¤�æ¨¨ −� ¬−®¦¥áâ¢® ã§«®¢ ®¡à�¡®âª¨. ’�ª�ï ®¡à�¡®âª� ¢ë¯®«−ï¥âáï ¢ à�¬ª�å
â�ª¨å â¥å−®«®£¨©, ª�ª NoSQL, MapReduce, Hadoop ¨ ¤à.

÷�§à�¡®âª� ¯à¥¤«�£�¥¬®© á¨áâ¥¬ë ¯®âà¥¡ã¥â à¥è¥−¨ï àï¤� á«®¦−ëå −�ãç-
−ëå ¯à®¡«¥¬. �‚®«ìè�ï ç�áâì íâ¨å ¯à®¡«¥¬ (¬ã«ìâ¨�£¥−â−ë© ¯®¨áª ¨ á¡®à
à�§−®à®¤−®© ¨−ä®à¬�æ¨¨ ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢, ª®−á®«¨¤�æ¨ï ¨ åà�−¥−¨¥
íâ®© ¨−ä®à¬�æ¨¨) à¥è¥−� ¢ ¯à®æ¥áá¥ á®§¤�−¨ï �−�«®£¨ç−ëå á¨áâ¥¬, ¢ ª®â®àëå
�¢â®àë ¯à¨−¨¬�«¨ −¥¯®áà¥¤áâ¢¥−−®¥ ãç�áâ¨¥. ‚ ç�áâ−®áâ¨, ¢ à�¬ª�å ¯à®¥ªâ�
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ā. �. Š�«¨−¨−, �«-¤à �. •®à®è¨«®¢, �«-¥© �. •®à®è¨«®¢

úŒ®−¨â®à¨−£ ‘Œˆû (¢ë¯®«−ï¥¬®£® ¢ à�¬ª�å §�¤�ç ‘¨âã�æ¨®−−®-ªà¨§¨á−®£®
æ¥−âà� ”¥¤¥à�«ì−®£® �£¥−âáâ¢� ¯® �â®¬−®© í−¥à£¨¨ | ú‘Š– ÷®á�â®¬�û) à¥è�-
«�áì §�¤�ç� á¡®à�, ª®−á®«¨¤�æ¨¨, ®¡à�¡®âª¨ ¨ �−�«¨§� â¥ªáâ®¢ ¨−ä®à¬�æ¨¨ ¨§
¡®«¥¥ ç¥¬ 6 âëá. ¨−â¥à−¥â-¨áâ®ç−¨ª®¢, ¢ª«îç�ï í«¥ªâà®−−ë¥ áà¥¤áâ¢� ¬�áá®¢®©
¨−ä®à¬�æ¨¨ ¨ ¯à®ä¥áá¨®−�«ì−ë¥ ®âà�á«¥¢ë¥ ®â¥ç¥áâ¢¥−−ë¥ ¨ §�àã¡¥¦−ë¥ á�©-
âë. ‚ −�áâ®ïé¥¥ ¢à¥¬ï à�§à�¡®â�−−�ï á¨áâ¥¬� äã−ªæ¨®−¨àã¥â ¢ ¯à®¬ëè«¥−−®¬
à¥¦¨¬¥. …¦¥¤−¥¢−® −� ¢å®¤ íâ®© á¨áâ¥¬ë ¯®áâã¯�¥â ®ª®«® 100 âëá. ¤®ªã¬¥−â®¢,
� ®¡é¨© ®¡ê¥¬ −�ª®¯«¥−−ëå ¤®ªã¬¥−â®¢ á®áâ�¢«ï¥â ¡®«¥¥ 30 ¬«− ¥¤¨−¨æ. ‘¨áâ¥-
¬� �¢â®¬�â¨ç¥áª¨ ä®à¬¨àã¥â à¥ä¥à�â¨¢−ë¥ á¡®à−¨ª¨ ¯® ¢ë¡®àª�¬ ¤®ªã¬¥−â®¢
¢ á®®â¢¥âáâ¢¨¨ á ¨−ä®à¬�æ¨®−−ë¬¨ ¯à®ä¨«ï¬¨ ¯®«ì§®¢�â¥«¥©.

�−�«®£¨ç−ë¥ §�¤�ç¨ à¥è�«¨áì ¢ à�¬ª�å ¯à®¥ªâ� á¨áâ¥¬ë …‘“ �ˆ�Š÷
(…¤¨−®© á¨áâ¥¬ë ãç¥â� à¥§ã«ìâ�â®¢ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å, ®¯ëâ−®-ª®−áâ-
àãªâ®àáª¨å à�¡®â £à�¦¤�−áª®£® −�§−�ç¥−¨ï). �â� á¨áâ¥¬� á¥©ç�á â�ª¦¥ äã−ª-
æ¨®−¨àã¥â ¢ ¯à®¬ëè«¥−−®¬ à¥¦¨¬¥ ¨ ®¡¥á¯¥ç¨¢�¥â �¢â®¬�â¨ç¥áªãî á¬ëá«®¢ãî
®¡à�¡®âªã ¯®«−ëå â¥ªáâ®¢ ¨−ä®à¬�æ¨®−−ëå ä®−¤®¢ ”ƒ��“ –ˆ’ˆ‘, ¯à¥¤-
áâ�¢«¥−−ëå ¢ ¢¨¤¥ ª®««¥ªæ¨© 3,5 ¬«− à¥ä¥à�â¨¢−ëå ¤®ªã¬¥−â®¢ ¨ 400 âëá.
¯®«−®â¥ªáâ®¢ëå ¤®ªã¬¥−â®¢. ‚ ¯à®æ¥áá¥ �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ ¤®ªã¬¥−â®¢
®¡¥á¯¥ç¨¢�¥âáï ¢®§¬®¦−®áâì ¢ëï¢«¥−¨ï ¢ −¨å á¥¬�−â¨ç¥áª¨å ®¡ê¥ªâ®¢ (áâà�−,
£®à®¤®¢, ä�¬¨«ì−®-¨¬¥−−ëå £àã¯¯, £¥®£à�ä¨ç¥áª¨å ®¡ê¥ªâ®¢ ¨ â. ¤.). ‚ íâ®©
á¨áâ¥¬¥ ¬®¦¥â ¢ë¯®«−ïâìáï ¢ à¥�«ì−®¬ ¬�áèâ�¡¥ ¢à¥¬¥−¨ á¥¬�−â¨ç¥áª¨© ¯®¨áª
¤®ªã¬¥−â®¢.

‚ ¯à®æ¥áá¥ á®§¤�−¨ï íâ¨å á¨áâ¥¬ à¥è�«¨áì §�¤�ç¨ á¥¬�−â¨ç¥áª®£® ¯®¨áª�,
ä¨«ìâà�æ¨¨, àã¡à¨ª�æ¨¨ ¨ ª«�áâ¥à¨§�æ¨¨ ¤®ªã¬¥−â®¢, �¢â®¬�â¨ç¥áª®£® �−−®â¨-
à®¢�−¨ï ¤®ªã¬¥−â®¢ ¨«¨ £àã¯¯ ¤®ªã¬¥−â®¢, ¯®¨áª ¯®å®¦¨å ¤®ªã¬¥−â®¢ ¨ ¤ã¡«¨-
ª�â®¢, ¢ëï¢«¥−¨¥ §�¨¬áâ¢®¢�−¨© ¢ â¥ªáâ�å ¨«¨ á¥£¬¥−â¨à®¢�−¨¥ â¥ªáâ®¢ −� ¡®«¥¥
¬¥«ª¨¥ á¬ëá«®¢ë¥ äà�£¬¥−âë. �à¨ íâ®¬ ¯®¤�¢«ïîé¥¥ ¡®«ìè¨−áâ¢® ¬¥â®¤®¢
®¡à�¡®âª¨ −¥áâàãªâãà¨à®¢�−−®© â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨ ¡ë«® ®à¨¥−â¨à®¢�−® −�
à�§−®®¡à�§−ë¥ «¨−£¢¨áâ¨ç¥áª¨¥ ¨ ®−â®«®£¨ç¥áª¨¥ ¬®¤¥«¨ ¯à¥¤¬¥â−ëå ®¡«�áâ¥©.
Œ®¦−® á ã¢¥à¥−−®áâìî ª®−áâ�â¨à®¢�âì, çâ® ¨á¯®«ì§ã¥¬ë¥ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¬®-
¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ −¥á®¢¥àè¥−−ë ¨ −¥ á¯®á®¡−ë ¢ ¯®«−®© áâ¥¯¥−¨ ®âà�§¨âì
¢á¥ ¬−®£®®¡à�§¨¥ −�¨¬¥−®¢�−¨© ¯®−ïâ¨© ¨ ¨å á¢ï§¥© ¢ «î¡®© ª®−ªà¥â−®© ®¡«�áâ¨,
−¥ £®¢®àï ® â�ª¨å ¬�áèâ�¡−ëå ®¡«�áâïå, ª�ª, −�¯à¨¬¥à, ®¡«�áâì ¡¨®â¥å−®«®£¨©
¨«¨ ®¡«�áâì �¢¨�æ¨®−−ëå ¨ ª®á¬¨ç¥áª¨å â¥å−®«®£¨©.

�à¨ ®¡à�¡®âª¥ ¬¨à®¢®£® ¯®â®ª� íâ� ¯à®¡«¥¬� ®á«®¦−ï¥âáï ¥é¥ ª�ª ¬¨−¨¬ã¬
¤¢ã¬ï ä�ªâ®à�¬¨ | ¡®«ìè¨¬¨ ¬�áèâ�¡�¬¨ ¨ −�«¨ç¨¥¬ à�§−®à®¤−ëå ¨ à�§-
−®ï§ëç−ëå â¥ªáâ®¢. �¥à¢ë© ä�ªâ®à á¢ï§�− á ®£à®¬−ë¬¨ ®¡ê¥¬�¬¨ â¥ªáâ®¢®©
¨−ä®à¬�æ¨¨, ®â−®áïé¥©áï ª è¨à®ª®¬ã á¯¥ªâàã â¥¬�â¨ç¥áª¨å ®¡«�áâ¥©. �á−®¢-
−®© ¯à®¡«¥¬®©, ª®â®à�ï −¥ ¯®«ãç¨«� ¤® −�áâ®ïé¥£® ¢à¥¬¥−¨ ¤®«¦−®£® à¥è¥−¨ï,
ï¢«ï¥âáï ¯à®¡«¥¬� ¢ëá®ª®íää¥ªâ¨¢−®© á¥¬�−â¨ç¥áª®© ®¡à�¡®âª¨ à�§−®à®¤−®©
¨ à�§−®ï§ëç−®© â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨. ‘®¢à¥¬¥−−ë¥ â¥å−®«®£¨¨ �−�«¨§� â¥ª-
áâ®¢ ¨á¯®«ì§ãîâ à�§«¨ç−ë¥ á¥¬�−â¨ç¥áª¨¥ ¨−áâàã¬¥−âë, −�¯à¨¬¥à ¨−áâàã¬¥−â
®−â®«®£¨©. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® á®§¤�−¨¥ ®−â®«®£¨ç¥áª¨å à¥áãàá®¢ âà¥¡ã¥â
¡®«ìè¨å ¢à¥¬¥−−‚ëå §�âà�â −� ¨å á®§¤�−¨¥ ¨, ª�ª ¯®ª�§ë¢�¥â ¯à�ªâ¨ª�, ¨å ®¡ê-
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¥¬ë à¥¤ª® ¯à¥¢ëè�îâ −¥áª®«ìª® ¤¥áïâª®¢ âëáïç. �à¨ íâ®¬ ¥á«¨ ®¯¥à¨à®¢�âì
à¥�«ì−ë¬¨ ç¨á«¥−−ë¬¨ §−�ç¥−¨ï¬¨ á¨áâ¥¬ë ¯®−ïâ¨© ¬¨à®¢®£® ¯®â®ª� ¨−ä®à-
¬�æ¨¨, â® ¯® ¤�−−ë¬ ¬¥¦¤ã−�à®¤−®© ®à£�−¨§�æ¨¨ INFOTERM (Œ¥¦¤ã−�à®¤-
−ë© â¥à¬¨−®«®£¨ç¥áª¨© æ¥−âà, £. ‚¥−�, �¢áâà¨ï) ç¨á«® à�§«¨ç−ëå â¥à¬¨−®¢
¢ à�§¢¨âëå ¥áâ¥áâ¢¥−−ëå ï§ëª�å ¤®áâ¨£�¥â 50 ¬«−, � ª®«¨ç¥áâ¢® −�¨¬¥−®¢�−¨©
â®¢�à®¢ | 100 ¬«− [3], ¯®íâ®¬ã −¥®¡å®¤¨¬ë© ¯¥à¥ç¥−ì −�¨¬¥−®¢�−¨© ¯®−ïâ¨©
¤«ï à¥è¥−¨ï íâ®© §�¤�ç¨ ¤®«¦¥− á®®â−®á¨âìáï á ¨å ç¨á«®¬ ¢ ¬¨à®¢®¬ ¯®â®-
ª¥ −�ãç−®-â¥å−¨ç¥áª®© ¨−ä®à¬�æ¨¨. Šà®¬¥ â®£®, ¢ ®−â®«®£¨ïå −�¨¬¥−®¢�−¨ï
¯®−ïâ¨© ¯à¥¤áâ�¢«¥−ë ¢ ®¡®¡é¥−−®© ä®à¬¥, � ¢ −�ãç−®-â¥å−¨ç¥áª¨å â¥ªáâ�å
®−¨ ¢áâà¥ç�îâáï ¢ ¨å ¢á¥¢®§¬®¦−ëå ª®−ªà¥â−ëå ¯à¥¤áâ�¢«¥−¨ïå, ª®â®àë¥ −¥
¢á¥£¤� ¯à¨áãâáâ¢ãîâ ¢ á®áâ�¢¥ ª®−ªà¥â−®© ®−â®«®£¨¨. ‚ëå®¤®¬ ¨§ á®§¤�¢è¥©áï
á¨âã�æ¨¨ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−¨¥ â�ª¨å «¨−£¢¨áâ¨ç¥áª¨å ¨−áâàã¬¥−â®¢, ª�ª
ª®−æ¥¯âã�«ì−ë¥ á«®¢�à¨ ¡®«ìè®£® ®¡ê¥¬�, ¯®áâà®¥−−ë¥ ¯® ¯à¨−æ¨¯ã úâ¥¬�â¨ç¥-
áª¨© á«®¢�àì ¯«îá ¯®«¨â¥¬�â¨ç¥áª¨© á«®¢�àìû. ’�ª®© ¨−áâàã¬¥−â ¬®¦−® á®§¤�âì
¢ ®â−®á¨â¥«ì−® á¦�âë¥ áà®ª¨, ¨ ®− ¬®¦¥â ®¡¥á¯¥ç¨âì ¤®áâ�â®ç−®¥ ¯®ªàëâ¨¥ â¥ªá-
â®¢ ¯à¨ ¨å á¥¬�−â¨ç¥áª®¬ �−�«¨§¥.

‚â®àë¬ ä�ªâ®à®¬, ãá«®¦−ïîé¨¬ ¯à®¡«¥¬ã á¬ëá«®¢®£® �−�«¨§� ¤®ªã¬¥−-
â®¢, ï¢«ï¥âáï ¨å ¯à¥¤áâ�¢«¥−¨¥ −� à�§«¨ç−ëå ¥áâ¥áâ¢¥−−ëå ï§ëª�å, ¯®íâ®¬ã
§¤¥áì −¥®¡å®¤¨¬® â�ª¦¥ à¥è¨âì ¯à®¡«¥¬ã ¯à�¢¨«ì−®© ¯¥à¥¤�ç¨ á¬ëá«� á ®¤-
−®£® ¥áâ¥áâ¢¥−−®£® ï§ëª� −� ¤àã£®©. �âã §�¤�çã ¬®¦−® ¢ë¯®«−¨âì á ¯®¬®éìî
á®¢à¥¬¥−−®© ¯à®¬ëè«¥−−®© á¨áâ¥¬ë ¯¥à¥¢®¤�, ®¡¥á¯¥ç¨¢�îé¥© �¤¥ª¢�â−ë© ¯¥-
à¥¢®¤ −�ãç−®-â¥å−¨ç¥áª¨å â¥ªáâ®¢ ¯® è¨à®ª®¬ã á¯¥ªâàã â¥¬�â¨ª [4]. ‘«®¢�à−�ï
¡�§� â�ª¨å á¨áâ¥¬ â�ª¦¥ ¤®«¦−� ®âà�¦�âì ¯®−ïâ¨©−ë© á®áâ�¢ è¨à®ª®£® á¯¥ªâ-
à� â¥¬�â¨ç¥áª¨å ®¡«�áâ¥©. �à¨¬¥à®¬ â�ª®© á«®¢�à−®© ¡�§ë ¬®¦¥â á«ã¦¨âì
ª®¬¯«¥ªá á«®¢�à¥© á¨áâ¥¬ë Œ¥â�”à�§, ¢ ª®â®à®© â®«ìª® â¥¬�â¨ç¥áª¨© á«®¢�àì
ú�¢¨�æ¨®−−ë¥ ¨ ª®á¬¨ç¥áª¨¥ â¥å−®«®£¨¨û ¢ª«îç�¥â 800 âëá. â¥à¬¨−®«®£¨ç¥áª¨å
¨ äà�§¥®«®£¨ç¥áª¨å á«®¢®á®ç¥â�−¨©, � ¯®«¨â¥¬�â¨ç¥áª¨© á«®¢�àì (á«ã¦�é¨© ¤«ï
¯¥à¥¢®¤� ¯¥à¨ä¥à¨©−®© «¥ªá¨ª¨) | 3,5 ¬«− á«®¢®á®ç¥â�−¨© [5, 6].

3 Теоретические предпосылки для создания систем анализа текстовой
информации

�à¥¤«�£�¥¬ë© ¯®¤å®¤ ª á®§¤�−¨î á¨áâ¥¬ �−�«¨§� â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨
¤®«¦¥− ¡ëâì ®á−®¢�− −� ¯à�¢¨«ì−ëå ¯à¥¤áâ�¢«¥−¨ïå ® á¬ëá«®¢®© áâàãªâãà¥
ï§ëª� ¨ à¥ç¨. �® á®¢à¥¬¥−−ë¬ ¯à¥¤áâ�¢«¥−¨ï¬ −�¨¡®«¥¥ ãáâ®©ç¨¢ë¬¨ ¥¤¨-
−¨æ�¬¨ á¬ëá«� ï¢«ïîâáï ¯®−ïâ¨ï. �−¨ §�−¨¬�îâ æ¥−âà�«ì−®¥ ¬¥áâ® ¢ ï§ëª¥
¨ à¥ç¨ ¨ ï¢«ïîâáï â¥¬¨ ¡�§®¢ë¬¨ áâà®¨â¥«ì−ë¬¨ ¡«®ª�¬¨, −� ®á−®¢¥ ª®â®àëå
ä®à¬¨àãîâáï á¬ëá«®¢ë¥ ¥¤¨−¨æë ¡®«¥¥ ¢ëá®ª¨å ãà®¢−¥©. ‘¬ëá« â¥ªáâ®¢ëå
¤®ªã¬¥−â®¢ ¢ëà�¦�¥âáï á ¯®¬®éìî ¥¤¨−¨æ á¬ëá«�, ¢å®¤ïé¨å ¢ ¨å á®áâ�¢, ¯®íâ®-
¬ã æ¥−âà�«ì−®© ¯à®æ¥¤ãà®© «î¡ëå á¨áâ¥¬ �¢â®¬�â¨ç¥áª®© á¬ëá«®¢®© ®¡à�¡®âª¨
â¥ªáâ®¢, ¢ â®¬ ç¨á«¥ ¨ á¨áâ¥¬ ¬®−¨â®à¨−£� â¥ªáâ®¢, ¤®«¦−� ¡ëâì ¯à®æ¥¤ãà� ¨å
á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª®£® ª®−æ¥¯âã�«ì−®£® �−�«¨§� [7{10]. ‚ ¯à®æ¥áá¥ �−�«¨§�
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¤®ªã¬¥−â®¢ ¤®«¦−® ¢ë¯®«−ïâìáï à�á¯®§−�¢�−¨¥ ¨å ¯à¨−�¤«¥¦−®áâ¨ ª −�ãç−ë¬
−�¯à�¢«¥−¨ï¬ ¢ á®®â¢¥âáâ¢¨¨ á â¥¬�â¨ç¥áª¨¬¨ ª«�áá�¬¨ ¨á¯®«ì§ã¥¬®© á¨áâ¥¬ë
ª«�áá¨ä¨ª�æ¨¨. �â®â ¯à®æ¥áá ®á−®¢�− −� ¯à®æ¥áá¥ à�á¯®§−�¢�−¨ï á¬ëá«®¢®©
¡«¨§®áâ¨ ª«�áá¨ä¨æ¨àã¥¬ëå ¤®ªã¬¥−â®¢ ¨ ¯à¥¤¬¥â−ëå àã¡à¨ª ª«�áá¨ä¨ª�â®à�.
�à¨ íâ®¬ ¤«ï ª«�áá¨ä¨æ¨àã¥¬ëå ¤®ªã¬¥−â®¢ ¨ àã¡à¨ª ª«�áá¨ä¨ª�â®à� −¥®¡-
å®¤¨¬® á®áâ�¢¨âì ä®à¬�«¨§®¢�−−ë¥ ª®−æ¥¯âã�«ì−ë¥ ®¡à�§ë ¤®ªã¬¥−â� (Š�„).
”®à¬�«¨§®¢�−−ë¥ ®¯¨á�−¨ï â¥¬�â¨ç¥áª¨å àã¡à¨ª ª«�áá¨ä¨ª�â®à®¢ ¬®£ãâ á®§¤�-
¢�âìáï ¯ãâ¥¬ �¢â®¬�â¨ç¥áª®£® ª®−æ¥¯âã�«ì−®£® �−�«¨§� à�−¥¥ à�áª«�áá¨ä¨æ¨à®-
¢�−−ëå ¬�áá¨¢®¢ ¤®ªã¬¥−â®¢. ‚ á¢ï§¨ á íâ¨¬ ®á−®¢®© ¤¥ª«�à�â¨¢−ëå áà¥¤áâ¢
�¢â®¬�â¨ç¥áª®£® ª®−æ¥¯âã�«ì−®£® �−�«¨§� ¤®«¦−ë á«ã¦¨âì ¯à¥¤áâ�¢¨â¥«ì−ë¥
¯®«¨â¥¬�â¨ç¥áª¨¥ á«®¢�à¨ −�¨¬¥−®¢�−¨© ¯®−ïâ¨© (ª®−æ¥¯âã�«ì−ë¥ á«®¢�à¨ ®¡ê-
¥¬®¬ −¥áª®«ìª® ¬¨««¨®−®¢ áâ�â¥© ¨ ¯®ªàë¢�îé¨¥ −�ãç−®-â¥å−¨ç¥áª¨¥ â¥ªáâë
−¥ ¬¥−¥¥ ç¥¬ −� 99,5%). �à¨ �−�«¨§¥ â¥ªáâ®¢ −¥®¡å®¤¨¬® â�ª¦¥ ãç¨âë¢�âì, çâ®
¢ −¨å ®¤−¨ ¨ â¥ ¦¥ ®¡ê¥ªâë ¨ ¯à®æ¥ááë ¬®£ãâ ®¯¨áë¢�âìáï á à�§«¨ç−®© áâ¥¯¥−ìî
®¡é−®áâ¨ ¨ c ¯®¬®éìî à�§«¨ç−ëå ï§ëª®¢ëå áà¥¤áâ¢. �®íâ®¬ã ¯à¨ à¥è¥−¨¨
§�¤�ç �¢â®¬�â¨ç¥áª®© á¬ëá«®¢®© ®¡à�¡®âª¨ â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨ −¥®¡å®¤¨¬®
ãç¨âë¢�âì â�ª¨¥ ï¢«¥−¨ï, ª�ª á¨−®−¨¬¨ï, £¨¯®−¨¬¨ï (à®¤®¢¨¤®¢ë¥ ®â−®è¥−¨ï)
¨ à�§−®®¡à�§¨¥ áà¥¤áâ¢ ¢ëà�¦¥−¨ï ¬¥¦äà�§®¢ëå á¢ï§¥©.

�á−®¢−®© áâàãªâãà−®© ¥¤¨−¨æ¥© â¥ªáâ� âà�¤¨æ¨®−−® áç¨â�¥âáï ¯à¥¤«®¦¥−¨¥.
�à¥¤«®¦¥−¨ï ¢ëáâã¯�îâ ¢ â¥ªáâ¥ −¥ ¨§®«¨à®¢�−−® ¤àã£ ®â ¤àã£�, � ¢ â¥á−®© á¬ë-
á«®¢®© á¢ï§¨. ‚ ®á−®¢¥ íâ®© á¢ï§¨ «¥¦�â ¬ëá«¨â¥«ì−ë¥ ®¡à�§ë â¥å ª®−ªà¥â−ëå
¨«¨ �¡áâà�ªâ−ëå ®¡ê¥ªâ®¢ (á¨âã�æ¨©, ï¢«¥−¨©), ª®â®àë¥ ç¥«®¢¥ª ¨¬¥¥â ¢ ¢¨¤ã,
ª®£¤� ®− ¯®à®¦¤�¥â â¥ªáâ. �¡à�§ë íâ¨å ®¡ê¥ªâ®¢ ¨¬¥îâ ®¯à¥¤¥«¥−−ãî áâàãªâãàã.
Šà®¬¥ â®£®, ®−¨ ¤®¯®«−¨â¥«ì−® áâàãªâãà¨àãîâáï ç¥«®¢¥ª®¬ ¯à¨ ¨å ®¯¨á�−¨¨ −�
¥áâ¥áâ¢¥−−®¬ ï§ëª¥. ‘®®â¢¥âáâ¢¥−−® íâ®¬ã áâàãªâãà¨àã¥âáï ¨ â¥ªáâ [7, 10].

ˆáå®¤ï ¨§ ¢ëè¥áª�§�−−®£®, ¯à¨ à¥è¥−¨¨ §�¤�ç¨ ä®à¬�«¨§�æ¨¨ á¬ëá«®¢®£®
á®¤¥à¦�−¨ï â¥ªáâ®¢ −¥®¡å®¤¨¬® ¬¥â®¤�¬¨ á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª®£® ¨ ª®−æ¥¯-
âã�«ì−®£® �−�«¨§� ®¡à�¡®â�âì â¥ªáâ, à�§¤¥«¨âì ¥£® −� ¯à¥¤«®¦¥−¨ï, ¢ë¤¥«¨âì
¨§ −¥£® ¥¤¨−¨æë á¬ëá«� (−�¨¬¥−®¢�−¨ï ¯®−ïâ¨©) | á«®¢� ¨ á«®¢®á®ç¥â�−¨ï,
¢ëà�¦�îé¨¥ ¯®−ïâ¨ï, ¨ ãáâ�−®¢¨âì ¬¥¦¤ã −¨¬¨ á¬ëá«®¢ë¥ á¢ï§¨.

�â¨ §�¤�ç¨ ¬®£ãâ ¡ëâì à¥è¥−ë ¯ãâ¥¬ ¨á¯®«ì§®¢�−¨ï ¡�§®¢®£® −�¡®à� ¯à®-
æ¥¤ãà á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª®£® ¨ ª®−æ¥¯âã�«ì−®£® �−�«¨§� â¥ªáâ®¢, ¢å®¤ïé¨å
¢ á®áâ�¢ á®¢à¥¬¥−−ëå á¨áâ¥¬ �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨.
’�ª¨¬¨ áà¥¤áâ¢�¬¨ à�á¯®«�£�¥â ¡�§®¢®¥ ¯«�âä®à¬¥−−®¥ «¨−£¢¨áâ¨ç¥áª®¥ ¯à®-
£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ (��) Œ¥â�”à�§ [11{17]. Šà�âª® à�áá¬®âà¨¬ íâ®â −�¡®à
¯à®æ¥¤ãà á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª®£® ¨ ª®−æ¥¯âã�«ì−®£® �−�«¨§� â¥ªáâ®¢.

4 Базовые процедуры анализа текста

�á−®¢−ë¬ −�§−�ç¥−¨¥¬ ¡�§®¢ëå ¯à®æ¥¤ãà �−�«¨§� â¥ªáâ� ï¢«ï¥âáï áâàãªâã-
à¨à®¢�−¨¥ ¨ ä®à¬�«¨§�æ¨ï ¥£® á¬ëá«®¢®£® á®¤¥à¦�−¨ï, ¢ëï¢«¥−¨¥ ¯®−ïâ¨©−®£®
á®áâ�¢� ¯à¥¤¬¥â−®© ®¡«�áâ¨, ãáâ�−®¢«¥−¨¥ ¯�à�¤¨£¬�â¨ç¥áª¨å, á¨−â�£¬�â¨ç¥-
áª¨å ¨ �áá®æ¨�â¨¢−ëå á¢ï§¥© ¬¥¦¤ã −�¨¬¥−®¢�−¨ï¬¨ ¯®−ïâ¨© ¨ ãáâ�−®¢«¥−¨¥
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�à¨−æ¨¯ë á®§¤�−¨ï á¨áâ¥¬ë ¬®−¨â®à¨−£� ¨ �−�«¨§� ¬¨à®¢®£® ¯®â®ª� �’ˆ

¨å ª®−â¥ªáâ−®£® ®ªàã¦¥−¨ï. �¨¦¥ ¯à¨¢®¤¨âáï ®¯¨á�−¨¥ ®á−®¢−ëå ¯à®æ¥¤ãà
ª®−æ¥¯âã�«ì−®£® á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª®£® �−�«¨§� â¥ªáâ®¢.

4.1 Графематический анализ текста

ƒà�ä¥¬�â¨ç¥áª¨© �−�«¨§ ¯à¥¤−�§−�ç¥− ¤«ï ¯à¥¤¢�à¨â¥«ì−®£® �−�«¨§� â¥ªáâ�
¯® ¯à¥¤áâ�¢«ïîé¥© ¥£® ¯®á«¥¤®¢�â¥«ì−®áâ¨ á¨¬¢®«®¢. Œ¥â®¤ë ¨ �«£®à¨â¬ë,
à¥�«¨§ãîé¨¥ íâ®â �−�«¨§, ®¯¨á�−ë ¢ àï¤¥ à�¡®â [1, 18, 19]. ‚ à¥§ã«ìâ�â¥ íâ®-
£® �−�«¨§� ®¯à¥¤¥«ï¥âáï ï§ëª â¥ªáâ�, ãáâ�−�¢«¨¢�îâáï ¬¥áâ®¯®«®¦¥−¨ï á«®¢,
¯à¥¤«®¦¥−¨©, �¡§�æ¥¢, ä�¬¨«ì−®-¨¬¥−−®© £àã¯¯ë, ¤�â ¨ í«¥ªâà®−−ëå �¤à¥á®¢.
„«ï �¢â®¬�â¨ç¥áª®£® ®¯à¥¤¥«¥−¨ï ãª�§�−−®© ¨−ä®à¬�æ¨¨ ® ä®à¬�«ì−®© áâàãª-
âãà¥ â¥ªáâ� ¢ á®®â¢¥âáâ¢ãîé¨å ¬¥â®¤�å £à�ä¥¬�â¨ç¥áª®£® �−�«¨§� ¨á¯®«ì§ã¥âáï
á«¥¤ãîé¨© −�¡®à £à�¬¬�â¨ç¥áª¨å â�¡«¨æ ¨ á«®¢�à¥©:

{ á«®¢�àì ¤«ï ãáâ�−®¢«¥−¨ï ï§ëª� â¥ªáâ�;

{ â�¡«¨æ� ¯à¨§−�ª®¢ ¤«ï ¢ë¤¥«¥−¨ï á«®¢ ¨ à�§¤¥«¨â¥«¥© ¢ â¥ªáâ¥;

{ â�¡«¨æ� ¯à¨§−�ª®¢ ¤«ï ¢ë¤¥«¥−¨ï ¤�â ¢ æ¨äà®¢ëå ä®à¬�â�å;

{ â�¡«¨æ� ¯à¨§−�ª®¢ ¤«ï ¢ë¤¥«¥−¨ï ä�¬¨«ì−®-¨¬¥−−®© £àã¯¯ë;

{ â�¡«¨æ� ¯à¨§−�ª®¢ ¤«ï ¢ë¤¥«¥−¨ï í«¥ªâà®−−ëå �¤à¥á®¢;

{ â�¡«¨æ� ¯à¨§−�ª®¢ ¤«ï à�§¤¥«¥−¨ï â¥ªáâ� −� ¯à¥¤«®¦¥−¨ï;

{ â�¡«¨æ� ¯à¨§−�ª®¢ ¤«ï à�§¤¥«¥−¨ï â¥ªáâ� −� �¡§�æë;

{ â�¡«¨æ� ¯à¨§−�ª®¢ ¤«ï ¢ë¤¥«¥−¨ï ¯à¨¬¥ç�−¨©.

ˆáå®¤−ë¬¨ ¤�−−ë¬¨ á«ã¦¨â ¯®á«¥¤®¢�â¥«ì−®áâì á¨¬¢®«®¢ ¨áå®¤−®£® â¥ªáâ�.
‚ëå®¤−ë¬¨ ¤�−−ë¬¨ ï¢«ï¥âáï ¨−ä®à¬�æ¨ï ® ¬¥áâ®¯®«®¦¥−¨¨ á«®¢, à�§¤¥-

«¨â¥«¥©, ¤�â, ãáâ�−®¢«¥−−ëå ä�¬¨«ì−®-¨¬¥−−ëå £àã¯¯, í«¥ªâà®−−ëå �¤à¥á®¢,
¯à¥¤«®¦¥−¨©, §�£®«®¢ª®¢ ¨ ¯à¨¬¥ç�−¨©.

4.2 Морфологический анализ слов текста

Œ®àä®«®£¨ç¥áª¨© �−�«¨§ á«®¢ ¥áâ¥áâ¢¥−−ëå ï§ëª®¢ ¯à¥¤−�§−�ç¥− ¤«ï ®¯à¥-
¤¥«¥−¨ï áâàãªâãàë á«®¢ ¨ −�§−�ç¥−¨ï ¨¬ £à�¬¬�â¨ç¥áª¨å ¯à¨§−�ª®¢, −¥®¡å®¤¨-
¬ëå ¤«ï ¢ë¯®«−¥−¨ï ¯®á«¥¤ãîé¨å ¯à®æ¥¤ãà �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ â¥ªáâ®-
¢®© ¨−ä®à¬�æ¨¨ (−�¯à¨¬¥à, ¬®àä®«®£¨ç¥áª®£® á¨−â¥§� á«®¢, á¨−â�ªá¨ç¥áª®£®
�−�«¨§� ¨ á¨−â¥§� â¥ªáâ®¢ ¨ ¨å ª®−æ¥¯âã�«ì−®£® �−�«¨§�). Œ¥â®¤ë ¨ �«£®à¨â¬ë,
à¥�«¨§ãîé¨¥ íâ®â �−�«¨§, ®¯¨á�−ë ¢ à�¡®â�å [1, 18, 19]. ‚ à¥§ã«ìâ�â¥ íâ®-
£® �−�«¨§� ®¯à¥¤¥«ï¥âáï áâàãªâãà� á«®¢� ¨ −�¡®à £à�¬¬�â¨ç¥áª®© ¨−ä®à¬�æ¨¨
(ƒˆ), ®¯à¥¤¥«ïîé¥© íâ® á«®¢® ¢−¥ ª®−â¥ªáâ�. „«ï �¢â®¬�â¨ç¥áª®£® ®¯à¥¤¥«¥−¨ï
ãª�§�−−®© ¨−ä®à¬�æ¨¨ ® á«®¢¥ ¢ á®®â¢¥âáâ¢ãîé¨å ¬¥â®¤�å ¬®àä®«®£¨ç¥áª®£®
�−�«¨§� ¨á¯®«ì§ã¥âáï á«¥¤ãîé¨© −�¡®à £à�¬¬�â¨ç¥áª¨å â�¡«¨æ ¨ á«®¢�à¥©:

{ á«®¢�àì á«®¢-¨áª«îç¥−¨© (ª®à®âª¨å ¨ á«ã¦¥¡−ëå á«®¢) á −�§−�ç¥−−®© ƒˆ;

{ á«®¢�àì ª®−¥ç−ëå ¡ãª¢®á®ç¥â�−¨© á«®¢ àãááª®£® ï§ëª�;
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{ â�¡«¨æ� ä«¥ªâ¨¢−ëå ª«�áá®¢ á«®¢;

{ â�¡«¨æ� áã¯¯«¥â¨¢−ëå ä®à¬ á«®¢;

{ â�¡«¨æ� ãáâ�−®¢«¥−¨ï −�«¨ç¨ï ç¥à¥¤®¢�−¨© ¢ ®á−®¢�å á«®¢;

{ â�¡«¨æ� ¯®¤áâ�−®¢®ª ¤«ï à¥�«¨§�æ¨¨ ç¥à¥¤®¢�−¨© ¢ ®á−®¢�å á«®¢;

{ â�¡«¨æ� −�¡®à®¢ ƒˆ á«®¢;

{ â�¡«¨æ� ®ª®−ç�−¨© àãááª¨å á«®¢.

ˆáå®¤−ë¬¨ ¤�−−ë¬¨ á«ã¦¨â ¡ãª¢¥−−ë© ª®¤ ®â¤¥«ì−®£® á«®¢�.
‚ëå®¤−ë¬¨ ¤�−−ë¬¨ ï¢«ï¥âáï ¨−ä®à¬�æ¨ï ® áâàãªâãà¥ á«®¢� ¨ −�¡®à ƒˆ,

®¯à¥¤¥«ïîé¥© íâ® á«®¢® ¢−¥ ª®−â¥ªáâ�.

4.3 Семантико-синтаксический анализ предложений текста

‘¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª¨© �−�«¨§ â¥ªáâ®¢ ¯à®¢®¤¨âáï á æ¥«ìî ä®à¬�«¨§®-
¢�−−®£® ¯à¥¤áâ�¢«¥−¨ï ¨å áâàãªâãàë | ¢ë¤¥«¥−¨ï ¢ −¨å á¬ëá«®¢ëå ¥¤¨−¨æ
¨ ãáâ�−®¢«¥−¨ï á¢ï§¥© ¬¥¦¤ã −¨¬¨. �à¨ íâ®¬ áâàãªâãà� â¥ªáâ®¢ ¬®¦¥â ¨−-
â¥à¯à¥â¨à®¢�âìáï ¯®-à�§−®¬ã ¨ ®¯¨áë¢�âìáï −� à�§«¨ç−ëå ä®à¬�«¨§®¢�−−ëå
ï§ëª�å. �à¨ ®¯¨á�−¨¨ á¨−â�ªá¨ç¥áª®© áâàãªâãàë â¥ªáâ®¢ ã¤®¡−® ®¯¥à¥âìáï −�
ª�ªãî-«¨¡® ¥¥ ä®à¬�«¨§®¢�−−ãî ¬®¤¥«ì, −�¯à¨¬¥à −� ¬®¤¥«ì ¤¥à¥¢� §�¢¨á¨¬®-
áâ¥©. ‘®£«�á−® íâ®© ¬®¤¥«¨ ª�¦¤®¥ ¯à¥¤«®¦¥−¨¥ ¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥ ¤¥à¥¢�,
¢ ã§«�å ª®â®à®£® −�å®¤ïâáï á«®¢�. ‘«®¢� á®¥¤¨−ïîâáï ¤àã£ á ¤àã£®¬ áâà¥«ª�-
¬¨, ¢ëà�¦�îé¨¬¨ ®â−®è¥−¨ï −¥¯®áà¥¤áâ¢¥−−®© ¤®¬¨−�æ¨¨ ¨ −�¯à�¢«¥−−ë¬¨ ®â
¯®¤ç¨−ïîé¥£® (®¯à¥¤¥«ï¥¬®£®) á«®¢� ª ¯®¤ç¨−¥−−®¬ã (®¯à¥¤¥«ïîé¥¬ã). ‘â¥-
¯¥−ì ¤¨ää¥à¥−æ¨�æ¨¨ íâ¨å ®â−®è¥−¨© ¬®¦¥â ¡ëâì à�§−�ï, ¯à¨ç¥¬ ç¥¬ ¡®«ìè¥
áâ¥¯¥−ì ¤¨ää¥à¥−æ¨�æ¨¨, â¥¬ á«®¦−¥¥ ¯à®æ¥áá ®¯¨á�−¨ï â¥ªáâ®¢. Œ¥â®¤ë ¨ �«-
£®à¨â¬ë, à¥�«¨§ãîé¨¥ íâ®â �−�«¨§, ®¯¨á�−ë ¢ à�¡®â�å [1, 18, 19]. ‚ à¥§ã«ìâ�â¥
íâ®£® �−�«¨§� ®¯à¥¤¥«ï¥âáï á¨−â�ªá¨ç¥áª�ï áâàãªâãà� ¯à¥¤«®¦¥−¨ï: ¯à®¨§¢®¤¨â-
áï ç«¥−¥−¨¥ −� ¯à®áâë¥ ¯à¥¤«®¦¥−¨ï, ®¯à¥¤¥«ïîâáï £«�¢−ë¥ ¨ ¢â®à®áâ¥¯¥−−ë¥
ç«¥−ë ¯à¥¤«®¦¥−¨ï ¨ ãáâ�−�¢«¨¢�îâáï á¬ëá«®¢ë¥ á¢ï§¨ ¬¥¦¤ã −¨¬¨, áâà®¨âáï
¤¥à¥¢® §�¢¨á¨¬®áâ¨ ¯à¥¤«®¦¥−¨ï ¨ ¤«ï ª�¦¤®£® á«®¢� ®¯à¥¤¥«ï¥âáï ®¤−®§−�ç−�ï
ƒˆ, á®®â¢¥âáâ¢ãîé�ï ª®−â¥ªáâã. „«ï �¢â®¬�â¨ç¥áª®£® ®¯à¥¤¥«¥−¨ï ãª�§�−−®©
¨−ä®à¬�æ¨¨ ® áâàãªâãà¥ ¯à¥¤«®¦¥−¨ï ¢ á®®â¢¥âáâ¢ãîé¨å ¬¥â®¤�å á¥¬�−â¨ª®-
á¨−â�ªá¨ç¥áª®£® �−�«¨§� ¨á¯®«ì§ã¥âáï á«¥¤ãîé¨© −�¡®à £à�¬¬�â¨ç¥áª¨å â�¡«¨æ
¨ á«®¢�à¥©:

{ â�¡«¨æ� ®¯¨á�−¨© ¯à�¢¨« á¨−â�ªá¨ç¥áª®£® �−�«¨§�;

{ â�¡«¨æ� ®¯¨á�−¨© ¯à�¢¨« ãáâ�−®¢«¥−¨ï á¬ëá«®¢ëå á¢ï§¥© ¬¥¦¤ã á«®¢�¬¨
¯à¥¤«®¦¥−¨ï;

{ â�¡«¨æ� ®¯¨á�−¨© ¯à�¢¨« ®¯à¥¤¥«¥−¨ï ®¤−®§−�ç−®© ƒˆ á«®¢ á ãç¥â®¬ ª®−-
â¥ªáâ�.
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�à¨−æ¨¯ë á®§¤�−¨ï á¨áâ¥¬ë ¬®−¨â®à¨−£� ¨ �−�«¨§� ¬¨à®¢®£® ¯®â®ª� �’ˆ

ˆáå®¤−ë¬¨ ¤�−−ë¬¨ á«ã¦�â á«®¢� ¯à¥¤«®¦¥−¨ï ¨ à¥§ã«ìâ�âë ¨å ®¡à�¡®âª¨
¯à®æ¥¤ãà®© ¬®àä®«®£¨ç¥áª®£® �−�«¨§�.

‚ëå®¤−ë¬¨ ¤�−−ë¬¨ ï¢«ï¥âáï ¨−ä®à¬�æ¨ï ® á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª®©
áâàãªâãà¥ ¯à¥¤«®¦¥−¨ï.

4.4 Концептуальный анализ текстов

Š®−æ¥¯âã�«ì−ë© �−�«¨§ â¥ªáâ®¢ ¯à¥¤−�§−�ç¥− ¤«ï ®¯à¥¤¥«¥−¨ï á¬ëá«®¢®©
áâàãªâãàë â¥ªáâ®¢, ¢ëï¢«¥−¨ï ¯®−ïâ¨©−®£® (ª®−æ¥¯âã�«ì−®£®) á®áâ�¢� â¥ªáâ®¢
¨ ãáâ�−®¢«¥−¨ï á¢ï§¥© ¬¥¦¤ã −�¨¬¥−®¢�−¨ï¬¨ ¯®−ïâ¨©. �âã §�¤�çã −¥¢®§¬®¦−®
à¥è¨âì â®«ìª® ¯ãâ¥¬ �−�«¨§� á¨−â�ªá¨ç¥áª®© áâàãªâãàë â¥ªáâ®¢ ¡¥§ ¯à¨¢«¥ç¥−¨ï
á¥¬�−â¨ç¥áª¨å ¯à¨§−�ª®¢. ‘«®¦−®áâì íâ®© §�¤�ç¨ á¢ï§�−�, ¯à¥¦¤¥ ¢á¥£®, á ¢�-
à¨�â¨¢−®áâìî ä®à¬ ¯à¥¤áâ�¢«¥−¨ï −�¨¬¥−®¢�−¨© ¯®−ïâ¨© ¢ â¥ªáâ�å. �¢â®à�¬¨
¡ë«® à�§à�¡®â�−® −¥áª®«ìª® ¢�à¨�−â®¢ à¥è¥−¨ï íâ®© §�¤�ç¨ [1, 20]. ��¨¡®«¥¥
íää¥ªâ¨¢−ë¬ à¥è¥−¨¥¬ ®ª�§�«áï ¬¥â®¤ ª®−æ¥¯âã�«ì−®£® �−�«¨§� â¥ªáâ®¢ á ª®−-
âà®«¥¬ ¯® â¥§�ãàãáã (íâ�«®−−®¬ã á«®¢�àî), ¢ª«îç�îé¥¬ã ¡®«¥¥ 1,8 ¬«− ¯®−ïâ¨©
¨ á¢ëè¥ 400 âëá. á¢ï§¥© ¬¥¦¤ã −¨¬¨. ‚ à¥§ã«ìâ�â¥ íâ®£® �−�«¨§� ¢ â¥ªáâ¥ ¢ëï¢«ï-
îâáï −�¨¬¥−®¢�−¨ï ¯®−ïâ¨©, ãáâ�−�¢«¨¢�¥âáï ª®−æ¥¯âã�«ì−�ï áâàãªâãà� â¥ªáâ�
¨ áâà®¨âáï â�¡«¨æ� á¢ï§¥© ¬¥¦¤ã −�¨¬¥−®¢�−¨ï¬¨ ¯®−ïâ¨©. „«ï �¢â®¬�â¨ç¥áª®£®
®¯à¥¤¥«¥−¨ï ãª�§�−−®© ¨−ä®à¬�æ¨¨ ® áâàãªâãà¥ â¥ªáâ� ¢ á®®â¢¥âáâ¢ãîé¨å ¬¥-
â®¤�å ª®−æ¥¯âã�«ì−®£® �−�«¨§� ¨á¯®«ì§ã¥âáï á«¥¤ãîé¨© −�¡®à £à�¬¬�â¨ç¥áª¨å
â�¡«¨æ ¨ á«®¢�à¥©:

{ íâ�«®−−ë© á«®¢�àì −�¨¬¥−®¢�−¨© ¯®−ïâ¨©;

{ á«®¢�àì á¬ëá«®¢ëå á¢ï§¥© ¬¥¦¤ã −�¨¬¥−®¢�−¨ï¬¨ ¯®−ïâ¨©;

{ á«®¢�àì á¬ëá«®¢ëå á¢ï§¥© á«®¢.

ˆáå®¤−ë¬¨ ¤�−−ë¬¨ á«ã¦¨â ¨−ä®à¬�æ¨ï ® á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª®© áâàãª-
âãà¥ ¯à¥¤«®¦¥−¨ï.

‚ëå®¤−ë¬¨ ¤�−−ë¬¨ ï¢«ï¥âáï â�¡«¨æ� á¢ï§¥© ¬¥¦¤ã −�¨¬¥−®¢�−¨ï¬¨ ¯®−ï-
â¨©.

’�¡«¨æ� á¢ï§¥© −�¨¬¥−®¢�−¨© ¯®−ïâ¨© ¯à¥¤áâ�¢«ï¥â á®¡®© ¬�è¨−−®¥ ¯à¥¤-
áâ�¢«¥−¨¥ á¬ëá«®¢®© áâàãªâãàë â¥ªáâ�. …£® ¢¨§ã�«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¬®¦−®
áä®à¬¨à®¢�âì ¢ ¢¨¤¥ á¥¬�−â¨ç¥áª®© ª�àâë â¥ªáâ�, ¯à¥¤áâ�¢«ïîé¥© á®¡®© ®à¨-
¥−â¨à®¢�−−ë© £à�ä, ¢ ã§«�å ª®â®à®£® −�å®¤ïâáï ®¡ê¥ªâë, á®¡ëâ¨ï ¨«¨ â¥¬ë
¤®ªã¬¥−â®¢, � ¤ã£�¬¨ ï¢«ïîâáï á¬ëá«®¢ë¥ ®â−®è¥−¨ï ¬¥¦¤ã −¨¬¨. ‘¢ï§¨
¬®£ãâ ¡ëâì «¨¡® â¨¯¨§¨à®¢�−−ë¬¨ (®¯à¥¤¥«¥− á¥¬�−â¨ç¥áª¨© â¨¯ á¢ï§¨), «¨¡®
«®£¨ç¥áª¨¬¨ (ãáâ�−®¢«¥− ä�ªâ ¨å −�«¨ç¨ï).

‘¥¬�−â¨ç¥áªãî ª�àâã ¬®¦−® ¯®áâà®¨âì á ¯®¬®éìî ¯�ª¥â� ãâ¨«¨â Graphviz,
à�§à�¡®â�−−®£® á¯¥æ¨�«¨áâ�¬¨ «�¡®à�â®à¨¨ AT&T [21]. ‚ ª�ç¥áâ¢¥ ¨áå®¤−ëå
¤�−−ëå ¤«ï íâ®© ãâ¨«¨âë ¨á¯®«ì§ã¥âáï ®¯¨á�−¨¥ £à�ä� −� á¯¥æ¨�«ì−®¬ ï§ë-
ª¥ dot, � −� ¢ëå®¤¥ ä®à¬¨àã¥âáï £à�ä ¢ ¢¨¤¥ £à�ä¨ç¥áª®£®, ¢¥ªâ®à−®£® ¨«¨
â¥ªáâ®¢®£® ä�©«�. �à¨ íâ®¬ â�ª¦¥ ¢®§¬®¦¥− ¡®«¥¥ á«®¦−ë© ¢ëå®¤, −�¯à¨¬¥à
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á ¨á¯®«ì§®¢�−¨¥¬ ª®®à¤¨−�â−®© á¥âª¨, ª®â®àãî ¯®â®¬ ¬®¦−® ¨á¯®«ì§®¢�âì ¤«ï
®¡®§−�ç¥−¨ï ®¡«�áâ¥© ¯à¨ ¯®ª�§¥ −� áâà�−¨æ¥ £¨¯¥àâ¥ªáâ�.

�á−®¢−ë¬¨ ¯�à�¬¥âà�¬¨, ¯® ª®â®àë¬ ¬®¦¥â ®æ¥−¨¢�âìáï äã−ªæ¨®−¨à®¢�−¨¥
¯à®æ¥¤ãà á¥¬�−â¨ç¥áª®£® �−�«¨§� â¥ªáâ®¢, ï¢«ïîâáï ª�ç¥áâ¢® �−�«¨§� â¥ªáâ®¢
¨ áª®à®áâì ¥£® ®¡à�¡®âª¨. Š�ç¥áâ¢® �−�«¨§� â¥ªáâ®¢ ®¯à¥¤¥«ï¥âáï, ¯à¥¦¤¥ ¢á¥£®,
¨á¯®«ì§®¢�−¨¥¬ �¤¥ª¢�â−®© ¬®¤¥«¨ ¯à¥¤áâ�¢«¥−¨ï ¨å á¬ëá«®¢®© áâàãªâãàë,
íää¥ªâ¨¢−®áâìî ¬¥â®¤®¢ ¨ �«£®à¨â¬®¢ �−�«¨§� â¥ªáâ®¢, á®áâ�¢®¬ ¤¥ª«�à�â¨¢−ëå
áà¥¤áâ¢, ®¡¥á¯¥ç¨¢�îé¨å ¢ëá®ª®¥ ¯®ªàëâ¨¥ �−�«¨§¨àã¥¬ëå â¥ªáâ®¢.

‘ª®à®áâì ®¡à�¡®âª¨ â¥ªáâ®¢ §�¢¨á¨â ®â ¡ëáâà®¤¥©áâ¢¨ï ¯à¨¬¥−ï¥¬ëå ¬¥â®-
¤®¢ ¨ �«£®à¨â¬®¢ á¥¬�−â¨ç¥áª®© ®¡à�¡®âª¨, ç¨á«� ¯à®å®¤®¢ ¯® â¥ªáâã ¯à¨ ¥£®
®¡à�¡®âª¥ ¨ ®â ®¡ê¥¬®¢ £à�¬¬�â¨ç¥áª¨å â�¡«¨æ ¨ á«®¢�à¥©, ¨á¯®«ì§ã¥¬ëå ¯à¨
®¡à�¡®âª¥ â¥ªáâ�.

ˆ§ ¯à¥¤ë¤ãé¨å à�ááã¦¤¥−¨© á«¥¤ã¥â, çâ® ®à¨¥−â�æ¨ï −� äà�§¥®«®£¨ç¥áª¨¥
á«®¢®á®ç¥â�−¨ï ª�ª −� ®á−®¢−ãî ä®à¬ã ¯à¥¤áâ�¢«¥−¨ï −�¨¬¥−®¢�−¨© ¯®−ïâ¨©
¢ ¥áâ¥áâ¢¥−−ëå ï§ëª�å ¯®§¢®«ï¥â ¡®«¥¥ â®ç−® ãç¥áâì á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áªãî
áâàãªâãàã â¥ªáâ®¢ ¨ ¯®áâà®¨âì ¡®«¥¥ íää¥ªâ¨¢−ãî á¨áâ¥¬ã á¬ëá«®¢®© ®¡à�¡®âª¨
â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨. �®áâà®¥−¨¥ â�ª®© á¨áâ¥¬ë −¥¨§¡¥¦−® á¢ï§�−® á ¢ë-
ï¢«¥−¨¥¬ à�§−®ï§ëç−®£® ¯®−ïâ¨©−®£® á®áâ�¢�, ª®â®àë©, ¯® á�¬ë¬ áªà®¬−ë¬
®æ¥−ª�¬, á®¤¥à¦¨â −¥áª®«ìª® á®â ¬¨««¨®−®¢ −�¨¬¥−®¢�−¨© ¯®−ïâ¨©. �®íâ®¬ã
«î¡�ï á¨áâ¥¬� �−�«¨§� â¥ªáâ®¢ ¢ ¯¥àá¯¥ªâ¨¢¥ ¤®«¦−� ¢ª«îç�âì ¢ á¢®© á®áâ�¢ á¨á-
â¥¬ã ¬®é−ëå ¯®«¨â¥¬�â¨ç¥áª¨å á«®¢�à¥© −�¨¬¥−®¢�−¨© ¯®−ïâ¨©, á®¤¥à¦�é¨å
−¥áª®«ìª¨å ¬¨««¨®−®¢ (¨«¨ ¤¥áïâª®¢ ¬¨««¨®−®¢) á«®¢�à−ëå áâ�â¥©, á®áâ®ïé¨å
¯à¥¨¬ãé¥áâ¢¥−−® ¨§ äà�§¥®«®£¨ç¥áª¨å á«®¢®á®ç¥â�−¨©. ‚ á«®¢�àïå ¤®«¦−ë
á®¤¥à¦�âìáï â�ª¦¥ á¢¥¤¥−¨ï ®¡ ®â−®è¥−¨ïå á¨−®−¨¬¨¨ ¨ ® à®¤®¢¨¤®¢ëå ®â−®è¥-
−¨ïå ¬¥¦¤ã ¯®−ïâ¨ï¬¨.

5 Предлагаемые технические решения по архитектуре системы
мониторинга и анализа мирового потока научно-технической
информации

�¨¦¥ ®¯¨è¥¬ ¯à¥¤«�£�¥¬ë¥ â¥å−¨ç¥áª¨¥ à¥è¥−¨ï ¯® �àå¨â¥ªâãà¥ á¨áâ¥¬ë
¬®−¨â®à¨−£� ¨ �−�«¨§� ¬¨à®¢®£® ¯®â®ª� �’ˆ (¤�«¥¥ | ‘¨áâ¥¬ë). ‘¨áâ¥-
¬� ¬®¦¥â ¡ëâì à¥�«¨§®¢�−� ¢ ¢¨¤¥ ¯à®£à�¬¬−®-â¥å−®«®£¨ç¥áª®£® ª®¬¯«¥ªá�,
¯à¥¤áâ�¢«ïîé¥£® á®¡®© á®¢®ªã¯−®áâì áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨, ��
¨ áà¥¤áâ¢ á®§¤�−¨ï ¨ §�¯®«−¥−¨ï ¬�è¨−−®© ¨−ä®à¬�æ¨®−−®© ¡�§ë ‘¨áâ¥¬ë. „®-
áâã¯ ¯®«ì§®¢�â¥«¥© ª ‘¨áâ¥¬¥ ®áãé¥áâ¢«ï¥âáï ç¥à¥§ ¥¤¨−ë© ¯®àâ�« ®¡¥á¯¥ç¥−¨ï
à¥£«�¬¥−â¨à®¢�−−®£® §�é¨é¥−−®£® ¤®áâã¯� ª ¨−ä®à¬�æ¨¨. ˆ−ä®à¬�æ¨®−−ë©
®¡¬¥− ¤®«¦¥− ®áãé¥áâ¢«ïâìáï ç¥à¥§ ¥¤¨−®¥ ¨−ä®à¬�æ¨®−−®¥ ¯à®áâà�−áâ¢® ¨ ¯®-
áà¥¤áâ¢®¬ ¨á¯®«ì§®¢�−¨ï áâ�−¤�àâ¨§¨à®¢�−−ëå ¯à®â®ª®«®¢ ¨ ä®à¬�â®¢ ®¡¬¥−�
¤�−−ë¬¨.

‚á¥ ª®¬¯®−¥−âë ‘¨áâ¥¬ë ¤®«¦−ë äã−ªæ¨®−¨à®¢�âì ¢ ¯à¥¤¥«�å ¥¤¨−®£® «®-
£¨ç¥áª®£® ¯à®áâà�−áâ¢�, ®¡¥á¯¥ç¥−−®£® ¨−â¥£à¨à®¢�−−ë¬¨ áà¥¤áâ¢�¬¨ á¥à¢¥à®¢
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�à¨−æ¨¯ë á®§¤�−¨ï á¨áâ¥¬ë ¬®−¨â®à¨−£� ¨ �−�«¨§� ¬¨à®¢®£® ¯®â®ª� �’ˆ

¤�−−ëå ¨ á¥à¢¥à®¢ ¯à¨«®¦¥−¨©. ˆ−ä®à¬�æ¨®−−�ï á®¢¬¥áâ¨¬®áâì á® á¬¥¦−ë-
¬¨ á¨áâ¥¬�¬¨ ¤®«¦−� ®¡¥á¯¥ç¨¢�âìáï ç¥à¥§ ¯®àâ�«, −� ãà®¢−¥ íªá¯®àâ�-¨¬¯®àâ�
XML-¤®ªã¬¥−â®¢. „«ï ®áãé¥áâ¢«¥−¨ï ¢§�¨¬−®£® ¯¥à¥−®á� ¨ à¥£¨áâà�æ¨¨ ¨−ä®à-
¬�æ¨¨ ¨§/¢ á¬¥¦−ë¥ á¨áâ¥¬ë ¤®«¦¥− ¨á¯®«ì§®¢�âìáï á®£«�á®¢�−−ë© ¯¥à¥ç¥−ì
¯®«¥© ®¡¬¥−� ¨ ä®à¬�â ä�©«®¢ â¨¯� XML.

‹®£¨ç¥áªãî ®á−®¢ã åà�−¨«¨é� ‘¨áâ¥¬ë á®áâ�¢«ïîâ à�áè¨à¥−−�ï ®¡ê¥ªâ−�ï
¬®¤¥«ì ¤®ªã¬¥−â� ¨ ¬ã«ìâ¨�£¥−â−®¥ ¨−¤¥ªá¨à®¢�−¨¥ (−� ãà®¢−¥ â¥à¬¨−®¢, á«®¢®-
á®ç¥â�−¨©, áâ®å�áâ¨ç¥áª¨å äà�£¬¥−â®¢ â¥ªáâ�), ¨á¯®«ì§ãîé¥¥ (¥á«¨ −¥®¡å®¤¨¬®)
−®à¬�«¨§�æ¨î «¥ªá¨ª¨, á«®¢�à¨ ¨áª«îç¥−¨© ¨«¨ ¯à¥¤®¯à¥¤¥«¥−−®© «¥ªá¨ª¨,
â¥§�ãàãáë, á«®¢�à¨ ¥áâ¥áâ¢¥−−®£® ï§ëª� ¨ á«®¢�à¨ á«®¢®á®ç¥â�−¨© ¯à¥¤¬¥â−ëå
®¡«�áâ¥©. Š®¬¯«¥ªá−®¥ ¨á¯®«ì§®¢�−¨¥ â�ª¨å áà¥¤áâ¢ ¤®«¦−® ®¡¥á¯¥ç¨âì −¥
â®«ìª® íää¥ªâ¨¢−ë© á¥¬�−â¨ç¥áª¨© ¯®¨áª, −® ¨ ¢ëï¢«¥−¨¥ ¤ã¡«¥© ¨ ¯«�£¨�â�.

‘¨áâ¥¬� ¤®«¦−� ®¡¥á¯¥ç¨¢�âì à¥�«¨§�æ¨î ®á−®¢−ëå äã−ªæ¨© ¢ à�¬ª�å á«¥-
¤ãîé¨å ¯®¤á¨áâ¥¬:

¯®¤á¨áâ¥¬� ¢¥¤¥−¨ï ¨−ä®à¬�æ¨®−−®£® åà�−¨«¨é� ¤®ªã¬¥−â®¢ ®¡¥á¯¥ç¨¢�¥â
¢ë¯®«−¥−¨¥ á«¥¤ãîé¨å äã−ªæ¨©:

{ ãç¥â ¨ ®¡à�¡®âª� ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−®¬ åà�−¨«¨é¥;

{ ã¯à�¢«¥−¨¥ ¨−ä®à¬�æ¨®−−ë¬ åà�−¨«¨é¥¬;

{ §�£àã§ª� ¨ ¢ë£àã§ª� ¤�−−ëå;

{ åà�−¥−¨¥ ¨−ä®à¬�æ¨¨ à�§«¨ç−®© áâàãªâãàë, ¯à¥¤−�§−�ç¥−−®© ¤«ï ®¡-
à�¡®âª¨ ¢ à�¬ª�å à�§«¨ç−ëå ¯à¨«®¦¥−¨©, ¢ª«îç�ï §�¤�çã ®¡¥á¯¥ç¥−¨ï
¢®§¬®¦−®áâ¨ íää¥ªâ¨¢−®£® åà�−¥−¨ï, ¨á¯®«ì§®¢�−¨ï ¨ ¯à¥¤áâ�¢«¥−¨ï
åà�−¨¬®© â¥ªáâ®¢®©, ä®à¬ã«ì−®©, ¨««îáâà�â¨¢−®© ¨ ¬ã«ìâ¨¬¥¤¨©−®©
¨−ä®à¬�æ¨¨;

{ á®§¤�−¨¥ ¨ ¢¥¤¥−¨¥ áâà�å®¢ëå ª®¯¨© ¤�−−ëå ¨ ¤®ªã¬¥−â®¢;

{ ä®à¬¨à®¢�−¨¥ ¡�§ë ¤�−−ëå à�§«¨ç−ëå á¥¬�−â¨ç¥áª¨å ¯à¥¤áâ�¢«¥−¨©
¤®ªã¬¥−â®¢, ¯®«ãç¥−−ëå ¯ãâ¥¬ ¨å ¬ã«ìâ¨�£¥−â−®£® ¨−¤¥ªá¨à®¢�−¨ï (−�
ãà®¢−¥ â¥à¬¨−®¢, −�¨¬¥−®¢�−¨© ¯®−ïâ¨©, áâ®å�áâ¨ç¥áª¨å äà�£¬¥−â®¢
â¥ªáâ�), ¡�§¨àãîé¥£®áï −� ¬¥å�−¨§¬�å ä®à¬�«¨§�æ¨¨ «¥ªá¨ª¨ á ¨á¯®«ì-
§®¢�−¨¥¬ â¥§�ãàãá®¢ ¨ á¥¬�−â¨ç¥áª¨å á«®¢�à¥©;

¯®¤á¨áâ¥¬� á¡®à� ¤®ªã¬¥−â®¢ ¤®«¦−� ®¡¥á¯¥ç¨¢�âì ¢ë¯®«−¥−¨¥ á«¥¤ãîé¨å
®á−®¢−ëå äã−ªæ¨©:

{ ¬®−¨â®à¨−£ §�¤�−−ëå ¨−â¥à−¥â-¨áâ®ç−¨ª®¢ ¨ ¯®áâ®ï−−®¥ ®âá«¥¦¨¢�−¨¥
¨§¬¥−¥−¨© ª®−â¥−â� íâ¨å ¨áâ®ç−¨ª®¢;

{ §�£àã§ª� ¤®ªã¬¥−â®¢ ¨§ ¨−â¥à−¥â-¨áâ®ç−¨ª®¢, ¨å à�§¡®à ¨ ã−¨ä¨ª�æ¨ï
ä®à¬�â®¢;

{ §�£àã§ª� ¤®ªã¬¥−â®¢ í«¥ªâà®−−ëå áà¥¤áâ¢ ¬�áá®¢®© ¨−ä®à¬�æ¨¨, ¨å
à�§¡®à ¨ ã−¨ä¨ª�æ¨ï ä®à¬�â®¢;

{ §�¯®«−¥−¨¥ ä®à¬ ¡¨¡«¨®£à�ä¨ç¥áª®£® ®¯¨á�−¨ï ¤®ªã¬¥−â®¢;
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{ ¯à®¢¥àª� ª®àà¥ªâ−®áâ¨ ¯à¥¤áâ�¢«¥−¨ï ¨−ä®à¬�æ¨¨ ¯¥à¥¤ ¢¢®¤®¬ ¢ ¨−-
ä®à¬�æ¨®−−®¥ åà�−¨«¨é¥;

¯®¤á¨áâ¥¬� «¨−£¢¨áâ¨ç¥áª®© ®¡à�¡®âª¨ ¤®ªã¬¥−â®¢ ¤®«¦−� ®¡¥á¯¥ç¨¢�âì ¢ë-
¯®«−¥−¨¥ á«¥¤ãîé¨å ®á−®¢−ëå äã−ªæ¨©:

{ ª®−âà®«ì ¯®áâã¯«¥−¨ï ¤®ªã¬¥−â®¢ ¨ ®âá«¥¦¨¢�−¨¥ ®á−®¢−ëå íâ�¯®¢ «¨−-
£¢¨áâ¨ç¥áª®© ®¡à�¡®âª¨ ¨ á¥¬�−â¨ç¥áª®£® �−�«¨§� ¤®ªã¬¥−â®¢;

{ ¢ë¯®«−¥−¨¥ æ¨ª«� ¯¥à¢®−�ç�«ì−®© «¨−£¢¨áâ¨ç¥áª®© ®¡à�¡®âª¨ á®¤¥à¦�-
−¨ï ¤®ªã¬¥−â®¢;

{ §�¯®«−¥−¨¥ ä®à¬ ä®à¬�«¨§®¢�−−®£® ®¯¨á�−¨ï ¯¥à¢®−�ç�«ì−®© «¨−£¢¨-
áâ¨ç¥áª®© ®¡à�¡®âª¨ á®¤¥à¦�−¨ï ¤®ªã¬¥−â®¢;

{ §�£àã§ª� ¤®ªã¬¥−â®¢ ¨ ¨å ä®à¬�«¨§®¢�−−ëå ®¯¨á�−¨© ¢ åà�−¨«¨é¥;

{ à�§à�¡®âª� −®¢ëå ã−¨ä¨æ¨à®¢�−−ëå ãç¥â−ëå ä®à¬, ãáâà�−ïîé¨å ¤ã¡-
«¨à®¢�−¨¥ á®¤¥à¦�é¥©áï ¢ −¨å ¨−ä®à¬�æ¨¨;

{ á®§¤�−¨¥ ¨ ¬®¤¥à−¨§�æ¨ï ¯à®£à�¬¬−®£® ¨ «¨−£¢¨áâ¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï
¢−ãâà¥−−¥© ®¡à�¡®âª¨ ¤®ªã¬¥−â®¢;

¯®¤á¨áâ¥¬� «¨−£¢¨áâ¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï á¨áâ¥¬ë ¤®«¦−� ®¡¥á¯¥ç¨¢�âì
¢ë¯®«−¥−¨¥ á«¥¤ãîé¨å ®á−®¢−ëå äã−ªæ¨©:

{ ¢ë¯®«−¥−¨¥ æ¨ª«� ã£«ã¡«¥−−®£® á¥¬�−â¨ç¥áª®£® �−�«¨§� á®¤¥à¦�−¨ï ¤®-
ªã¬¥−â®¢;

{ §�¯®«−¥−¨¥ ä®à¬ ä®à¬�«¨§®¢�−−®£® ®¯¨á�−¨ï á¥¬�−â¨ç¥áª®£® �−�«¨§�
¤®ªã¬¥−â®¢;

{ à¥�«¨§�æ¨ï â¥å−®«®£¨© à�á¯à¥¤¥«¥−−®© ¯¥à¢®−�ç�«ì−®© «¨−£¢¨áâ¨ç¥áª®©
®¡à�¡®âª¨ ¤®ªã¬¥−â®¢;

{ à¥�«¨§�æ¨ï â¥å−®«®£¨© à�á¯à¥¤¥«¥−−®£® ã£«ã¡«¥−−®£® á¥¬�−â¨ç¥áª®£®
�−�«¨§� ¤®ªã¬¥−â®¢;

{ åà�−¥−¨¥ ¨ ¬®¤¥à−¨§�æ¨ï ¯à®£à�¬¬−ëå ¨ ¤¥ª«�à�â¨¢−ëå áà¥¤áâ¢ �¢â®¬�-
â¨ç¥áª®© «¨−£¢¨áâ¨ç¥áª®© ®¡à�¡®âª¨ ¨ á¥¬�−â¨ç¥áª®£® �−�«¨§� á®¤¥à¦�-
−¨© ¤®ªã¬¥−â®¢;

¯®¤á¨áâ¥¬� ¨−ä®à¬�æ¨®−−®£® ¯®¨áª� ¨ ¯®áâà®¥−¨ï �−�«¨â¨ç¥áª¨å ®âç¥â®¢
¤®ªã¬¥−â®¢ ¤®«¦−� ®¡¥á¯¥ç¨¢�âì ¢ë¯®«−¥−¨¥ á«¥¤ãîé¨å ®á−®¢−ëå äã−ª-
æ¨©:

{ à¥�«¨§�æ¨ï ª«�áá¨ç¥áª¨å ¬¥å�−¨§¬®¢ ¯®¨áª� ¯® ç¥âª¨¬ ¨ −¥ç¥âª¨¬ ªà¨â¥-
à¨ï¬, ¢ª«îç�ï §�¤�çã ¯®¨áª� á à¥ä®à¬ã«¨à®¢�−¨¥¬ §�¯à®á� ¯® ®¡à�â−®©;

{ à¥�«¨§�æ¨ï ª®−â¥ªáâ−®£® ¯®¨áª� ¨−ä®à¬�æ¨¨ ¯® á¥¬�−â¨ç¥áª¨¬ §�¯à®-
á�¬, ¢ â®¬ ç¨á«¥ á �¢â®¬�â¨ç¥áª¨¬ ¯¥à¥¢®¤®¬ §�¯à®á�/®â¢¥â� −� ®á−®¢¥
¨−â¥£à�æ¨¨ á á¨áâ¥¬®© ¬�è¨−−®£® ¯¥à¥¢®¤� (¯®«−®áâìî −®¢�ï §�¤�ç�);
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{ ¢ë¯®«−¥−¨¥ áâ�â¨áâ¨ç¥áª®£® �−�«¨§� ¨ á¨áâ¥¬�â¨§�æ¨¨ ¨−ä®à¬�æ¨¨ ® −�-
ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å à�¡®â�å ¨ ¯¥àá¯¥ªâ¨¢−ëå â¥å−®«®£¨ç¥áª¨å à�§-
à�¡®âª�å, ¢¥¤ãé¨åáï ¢ ¬¨à¥, � â�ª¦¥ �¢â®¬�â¨ç¥áª®¥ ä®à¬¨à®¢�−¨¥
−�ª�¯«¨¢�¥¬®© ®−«�©−®¢®© −�ãª®¬¥âà¨¨;

{ ¨−ä®à¬�æ¨®−−�ï ¯®¤¤¥à¦ª� ¯à®æ¥áá®¢ ®æ¥−ª¨ á®áâ®ï−¨ï ¨ â¥−¤¥−æ¨©
à�§¢¨â¨ï à�§«¨ç−ëå −�ãç−ëå −�¯à�¢«¥−¨© ¤¥ïâ¥«ì−®áâ¨, � â�ª¦¥ �¢â®-
¬�â¨ç¥áª®¥ ä®à¬¨à®¢�−¨¥ á¢®¤−ëå áâ�â¨áâ¨ç¥áª¨å ¯®àâà¥â®¢ ®á−®¢−ëå
¤¥©áâ¢ãîé¨å «¨æ (−� ãà®¢−¥ ®â¤¥«ì−ëå ãç¥−ëå, ª®««¥ªâ¨¢®¢, ®à£�−¨§�-
æ¨© ¨ â. ¯.) ¢ ®¡«�áâ¨ á®§¤�−¨ï −�ãª®¥¬ª®© ¯à®¤ãªæ¨¨;

{ ä®à¬¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï ®æ¥−ª¨ ãà®¢−ï ¨ ª®−-
ªãà¥−â®á¯®á®¡−®áâ¨ ®â¥ç¥áâ¢¥−−®© −�ãª®¥¬ª®© ¯à®¤ãªæ¨¨;

{ à�§¢¨â¨¥ �−�«¨â¨ç¥áª¨å á¥à¢¨á®¢ ¢ á®®â¢¥âáâ¢¨¨ á ¯®âà¥¡−®áâï¬¨ ¯®«ì-
§®¢�â¥«¥© ¯® ®¡à�¡®âª¥ åà�−ïé¥©áï ¢ ‘¨áâ¥¬¥ ¨−ä®à¬�æ¨¨;

{ ä®à¬¨à®¢�−¨¥ ¤�©¤¦¥áâ®¢, �−�«¨â¨ç¥áª¨å â¥¬�â¨ç¥áª¨å ¨ á¢®¤−ëå ®âç¥-
â®¢ ¯® à�§«¨ç−ë¬ ®¡«�áâï¬ §−�−¨© ¨ ®âà�á«ï¬ ¯à®¬ëè«¥−−®© ¤¥ïâ¥«ì-
−®áâ¨;

{ íªá¯®àâ ¢ëå®¤−ëå ¤®ªã¬¥−â®¢ ¢ ¤àã£¨¥ ¯à¨«®¦¥−¨ï | ¢ ä®à¬�âë xml,
xls, pdf (¯®«−®áâìî −®¢�ï §�¤�ç�);

¯®¤á¨áâ¥¬� ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¤®«¦−� ®¡¥á¯¥ç¨-
¢�âì ¢ë¯®«−¥−¨¥ á«¥¤ãîé¨å ®á−®¢−ëå äã−ªæ¨©:

{ à¥�«¨§�æ¨ï ¥¤¨−®© ¯®«¨â¨ª¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ ‘¨áâ¥¬¥;

{ à¥�«¨§�æ¨ï à¥£«�¬¥−â¨à®¢�−−®£® ¤®áâã¯� ¯®«ì§®¢�â¥«¥© ª ‘¨áâ¥¬¥;

{ à¥�«¨§�æ¨ï ¤¨ää¥à¥−æ¨à®¢�−−®© §�é¨âë ¨−ä®à¬�æ¨¨;

{ ¯®¤¤¥à¦�−¨¥ ª®−ä¨¤¥−æ¨�«ì−®áâ¨ (¤«ï ¢ë¤¥«¥−−®£® á¥£¬¥−â�), ¤®áâã¯-
−®áâ¨, ¤®áâ®¢¥à−®áâ¨, æ¥«®áâ−®áâ¨ ¨ ¯®¤ª®−âà®«ì−®áâ¨ ®¡à�¡�âë¢�¥¬®©,
åà�−¨¬®© ¨ ¯¥à¥¤�¢�¥¬®© ¢ ‘¨áâ¥¬¥ ¨−ä®à¬�æ¨¨, ¢ª«îç�ï ¯à¥¤®â¢à�-
é¥−¨¥ −¥á�−ªæ¨®−¨à®¢�−−®£® ã−¨çâ®¦¥−¨ï, ¨áª�¦¥−¨ï, ª®¯¨à®¢�−¨ï,
¡«®ª¨à®¢�−¨ï §�é¨é�¥¬®© ¨−ä®à¬�æ¨¨;

{ ¯à¨−ïâ¨¥ ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨å ¬¥à ¯® ®âà�¦¥−¨î á¥â¥¢ëå �â�ª
¨ ¯à®â¨¢®¤¥©áâ¢¨î ¯®¯ëâª�¬ ¯®«ãç¥−¨ï −¥á�−ªæ¨®−¨à®¢�−−®£® ¤®áâã-
¯� ª á¥à¢¥à�¬, à�¡®ç¨¬ áâ�−æ¨ï¬, á¥â¥¢ë¬ ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¬
ãáâà®©áâ¢�¬ ª�ª ¨§¢−¥, â�ª ¨ á® áâ®à®−ë ¢−ãâà¥−−¨å ¯®«ì§®¢�â¥«¥©;

ª®¬¬ã−¨ª�æ¨®−−�ï ¯®¤á¨áâ¥¬� ¤®«¦−� ®¡¥á¯¥ç¨¢�âì ¢ë¯®«−¥−¨¥ á«¥¤ãîé¨å
®á−®¢−ëå äã−ªæ¨©:

{ ®¡¥á¯¥ç¥−¨¥ äã−ªæ¨®−¨à®¢�−¨ï ¢ á®áâ�¢¥ ¥¤¨−®© ¢ëç¨á«¨â¥«ì−®© á¥â¨,
¯®áâà®¥−−®© ¯® â¥å−®«®£¨¨ ˆ−â¥à−¥â/ˆ−âà�−¥â;

{ ®¡¥á¯¥ç¥−¨¥ ¯à¨¥¬� §�¯à®á®¢ ¢−¥è−¨å ¯®«ì§®¢�â¥«¥© −� ¢ë¡®àªã ¨ ¯®¨áª
¨−ä®à¬�æ¨¨ ¢ ‘¨áâ¥¬¥;
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{ ®¡¥á¯¥ç¥−¨¥ ¢ë¤�ç¨ à¥§ã«ìâ�â®¢ ®¡à�¡®âª¨ §�¯à®á®¢ ¢−¥è−¨¬ ¯®«ì§®¢�-
â¥«ï¬;

{ ®¡¥á¯¥ç¥−¨¥ ¯à¨¥¬�-¯¥à¥¤�ç¨ á«ã¦¥¡−ëå ®¯¥à�æ¨©, á¢ï§�−−ëå á ¢ë¯®«-
−¥−¨¥¬ �¤¬¨−¨áâà�â¨¢−ëå §�¤�ç;

¯®¤á¨áâ¥¬� ã¯à�¢«¥−¨ï äã−ªæ¨®−¨à®¢�−¨¥¬ ‘¨áâ¥¬ë ¤®«¦−� ®¡¥á¯¥ç¨¢�âì
¢ë¯®«−¥−¨¥ á«¥¤ãîé¨å ®á−®¢−ëå äã−ªæ¨©:

{ ®¡¥á¯¥ç¥−¨¥ íää¥ªâ¨¢−®£® ¯à¨¬¥−¥−¨ï ¨ ®¯¥à�â¨¢−®áâ¨ à¥�£¨à®¢�−¨ï
−� ¨§¬¥−¥−¨¥ á®áâ�¢�, á®áâ®ï−¨ï ¨ ãá«®¢¨© ¯à¨¬¥−¥−¨ï ‘¨áâ¥¬ë (¥¥
ª®¬¯®−¥−â®¢) −� ®á−®¢¥ ¬®−¨â®à¨−£� á®áâ®ï−¨ï ‘¨áâ¥¬ë ¨ ¥¥ á®áâ�¢−ëå
ç�áâ¥©;

{ ®¡¥á¯¥ç¥−¨¥ ¢®§¬®¦−®áâ¨ ã¯à�¢«¥−¨ï á®¡ëâ¨ï¬¨ | ¯®«ãç¥−¨¥ ¨−ä®à¬�-
æ¨¨ ® á®¡ëâ¨ïå ¨ ¢ë¯®«−¥−¨¥ §�à�−¥¥ ¯à¥¤®¯à¥¤¥«¥−−ëå ¤¥©áâ¢¨©;

{ ®¡¥á¯¥ç¥−¨¥ à¥�«¨§�æ¨¨ §�¤�ç¨ á¡®à� ¨ �−�«¨§� ¨−ä®à¬�æ¨¨ ® äã−ªæ¨®-
−¨à®¢�−¨¨ ‘¨áâ¥¬ë;

{ ®¡¥á¯¥ç¥−¨¥ à¥�«¨§�æ¨¨ §�¤�ç¨ á¡®à�, à¥§¥à¢−®£® åà�−¥−¨ï ¨ ¢®ááâ�−®-
¢«¥−¨ï ¯à®£à�¬¬−®£® ¨ ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï ¨ ª®−ä¨£ãà�æ¨®−-
−®© ¨−ä®à¬�æ¨¨;

¯®¤á¨áâ¥¬� íªá¯«ã�â�æ¨¨ ¨ â¥å−¨ç¥áª®© ¯®¤¤¥à¦ª¨ ¤®«¦−� ®¡¥á¯¥ç¨¢�âì
¢ë¯®«−¥−¨¥ á«¥¤ãîé¨å ®á−®¢−ëå äã−ªæ¨©:

{ �¤¬¨−¨áâà¨à®¢�−¨¥ á¨áâ¥¬ë åà�−¥−¨ï ¨ ®¡à�¡®âª¨ ¤®ªã¬¥−â®¢;

{ ª®−âà®«ì ¢−ãâà¥−−¨å ¯à®æ¥áá®¢ ¢ ‘¨áâ¥¬¥;

{ ä®à¬¨à®¢�−¨¥ ¨ ¢ë¤�ç� ®¯¥à�â¨¢−ëå ®âç¥â®¢ ® á®áâ®ï−¨¨ ‘¨áâ¥¬ë;

{ ¢ë¯®«−¥−¨¥ à¥£«�¬¥−â−ëå ¨ ¯à®ä¨«�ªâ¨ç¥áª¨å à�¡®â −� ®¡®àã¤®¢�−¨¨
‘¨áâ¥¬ë;

{ ¬®−â�¦ ¨ ¨−áâ�««ïæ¨ï ¢−®¢ì ¯®áâã¯�îé¥£® ®¡®àã¤®¢�−¨ï ¢ â¥å−¨ç¥áª¨å
¨ ®ä¨á−ëå ¯®¬¥é¥−¨ïå;

{ ¯¥à¢¨ç−�ï ¨−áâ�««ïæ¨ï ¨ −�áâà®©ª� §�¤�−−ëå ¯�à�¬¥âà®¢ ®¡é¥£®, ¢áâà®-
¥−−®£®, ¯à¨ª«�¤−®£® ¨ á¯¥æ¨�«ì−®£® �� ¨ ¢¢®¤ ¥£® ¢ íªá¯«ã�â�æ¨î;

{ ¤¨�£−®áâ¨ª� ¨ ãáâà�−¥−¨¥ −¥¨á¯à�¢−®áâ¥© ¨ ¤¥ä¥ªâ®¢ ¢ áâàãªâãà¨à®¢�−-
−®© ª�¡¥«ì−®© á¨áâ¥¬¥;

{ −�à�é¨¢�−¨¥, ¬®¤¥à−¨§�æ¨ï ¨ à¥ª®−ä¨£ãà�æ¨ï áâàãªâãà¨à®¢�−−®© ª�-
¡¥«ì−®© á¨áâ¥¬ë;

{ ¤®ªã¬¥−â¨à®¢�−¨¥ áå¥¬ë á¥â¥¢ëå á®¥¤¨−¥−¨© ¨ ¯®¤¤¥à¦�−¨¥ ¤®ªã¬¥−â�-
æ¨¨ ¢ �ªâã�«ì−®¬ á®áâ®ï−¨¨;

¯®¤á¨áâ¥¬� ã¯à�¢«¥−¨ï ¨ ¢¨§ã�«¨§�æ¨¨ (¥¤¨−ë© ¯®àâ�« | £à�ä¨ç¥áª¨© ¨−-
â¥àä¥©á) ¤®«¦−� ®¡¥á¯¥ç¨¢�âì ¢ë¯®«−¥−¨¥ á«¥¤ãîé¨å ®á−®¢−ëå äã−ªæ¨©:
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{ ¢¨§ã�«¨§�æ¨ï �−�«¨â¨ç¥áª¨å ¬�â¥à¨�«®¢, à¥§ã«ìâ�â®¢ áâ�â¨áâ¨ç¥áª®£®
�−�«¨§� ¨ á¨áâ¥¬�â¨§�æ¨¨ ¨−ä®à¬�æ¨¨ ® ¢¥¤ãé¨åáï ¢ ¬¨à¥ ¯¥àá¯¥ªâ¨¢−ëå
à�§à�¡®âª�å, ®âç¥âë ® ¬®−¨â®à¨−£¥ á®¡ëâ¨© ¨ ¯ã¡«¨ª�æ¨© ¢ §�¤�−−ëå
¯à¥¤¬¥â−ëå ®¡«�áâïå;

{ ®¡¥á¯¥ç¥−¨¥ ¢®§¬®¦−®áâ¨ ¯®«ãç¥−¨ï �¢â®à¨§®¢�−−ë¬¨ ¯®«ì§®¢�â¥«ï¬¨,
¢ â®¬ ç¨á«¥ ®à£�−�¬¨ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨, ¤®áâã¯� ª à�§«¨ç−®© ¨−-
ä®à¬�æ¨¨ ® §�àã¡¥¦−ëå ¨ ®â¥ç¥áâ¢¥−−ëå −�ãç−ëå ¨áá«¥¤®¢�−¨ïå ¨ ®¡®¡-
é¥−−ë¬ à¥§ã«ìâ�â�¬ −�ãç−®-â¥å−¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¢ ¬¨à®¢®¬ ¬�á-
èâ�¡¥;

{ à�§¢¨â¨¥ ¨−ä®à¬�æ¨®−−®© áà¥¤ë ¯¥à¥¤�ç¨ ¨ à�á¯à®áâà�−¥−¨ï à¥§ã«ìâ�-
â®¢ −�ãç−®-â¥å−¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¢ á®®â¢¥âáâ¢¨¨ á ¬¥¦¤ã−�à®¤−ë¬¨
ª«�áá¨ä¨ª�â®à�¬¨ ¨ àã¡à¨ª�â®à�¬¨;

{ ¬®−¨â®à¨−£ äã−ªæ¨®−¨à®¢�−¨ï ¥¤¨−®£® ¯®àâ�«�, á¡®à ¨ �−�«¨§ áâ�â¨áâ¨-
ç¥áª¨å ¤�−−ëå ®¡ ¨á¯®«ì§®¢�−¨¨ åà�−ïé¨åáï ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢;

÷¨á. 1 ‘âàãªâãà−�ï áå¥¬� ‘¨áâ¥¬ë
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÷¨á. 2 ˆ−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª�ï �àå¨â¥ªâãà� ‘¨áâ¥¬ë

{ ¢®§¬®¦−®áâì æ¥−âà�«¨§®¢�−−®£® ¬−®£®¯®«ì§®¢�â¥«ìáª®£® á¥¬�−â¨ç¥áª®£®
¯®¨áª� â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨ −� àãááª®¬ ï§ëª¥ ¯® «î¡ë¬ á¥¬�−â¨ç¥áª¨¬
ªà¨â¥à¨ï¬.

‘âàãªâãà−�ï áå¥¬� ‘¨áâ¥¬ë ¯à¨¢¥¤¥−� −� à¨á. 1, ¨−ä®à¬�æ¨®−−®-â¥å−®«®-
£¨ç¥áª�ï �àå¨â¥ªâãà� ‘¨áâ¥¬ë ¯®ª�§�−� −� à¨á. 2.

÷¥è¥−¨ï, §�ª«�¤ë¢�¥¬ë¥ ¢ ‘¨áâ¥¬ã, ¤®«¦−ë ¡ëâì à¥�«¨§®¢�−ë −� ®á−®¢¥
á®¢à¥¬¥−−ëå á¨áâ¥¬−®-â¥å−¨ç¥áª¨å ¯à¨−æ¨¯®¢ ¨ ¯®¤å®¤®¢ ¨ ®¡¥á¯¥ç¨¢�âì:

{ í¢®«îæ¨®−−®áâì à�§¢¨â¨ï;

{ à�§à�¡®âªã −� ®á−®¢¥ ®âªàëâëå áâ�−¤�àâ®¢, ä®à¬�â®¢, è¨à®ª® ¨§¢¥áâ−ëå
¡¨¡«¨®â¥ª;

{ ¢ëá®ªãî íªá¯«ã�â�æ¨®−−ãî ¨ ¬®¤¥à−¨§�æ¨®−−ãî ¯à¨£®¤−®áâì;

{ ¨−â¥««¥ªâã�«ì−ãî ¯®¤¤¥à¦ªã à�¡®âë ¯®«ì§®¢�â¥«¥© (®¡¥á¯¥ç¥−¨¥ ¯à�¢¨«ì-
−®áâ¨ ¢¢®¤� ¨−ä®à¬�æ¨¨, ¥¥ á¢®¥¢à¥¬¥−−®áâ¨ ¨ ¯®«−®âë, ª®−âà®«ì ¢¢®¤� ¯®
ä®à¬�âã ¨ á®®â¢¥âáâ¢¨î −®¢ëå ¤�−−ëå ã¦¥ ¢¢¥¤¥−−ë¬ á¢¥¤¥−¨ï¬);

{ ®¡«¥£ç¥−−ãî ¬�áèâ�¡¨àã¥¬®áâì ‘¨áâ¥¬ë ¯à¨ ¥¥ à�§¢¨â¨¨, à®áâ¥ −�£àã§ª¨ −�
¥¥ á¥à¢¨áë, ã¢¥«¨ç¥−¨¥ ç¨á«� ¯®«ì§®¢�â¥«¥© −¥ ¤®«¦−® âà¥¡®¢�âì ¯®ªã¯ª¨
¤®¯®«−¨â¥«ì−ëå «¨æ¥−§¨© ¨ (¨«¨) «¨æ¥−§¨®−−ëå ®âç¨á«¥−¨©, §� ¨áª«îç¥−¨¥¬
®¯«�âë ãá«ã£ ¯® á®¯à®¢®¦¤¥−¨î (¯®¤¯¨á®ª);
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{ á®§¤�−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥ ¥¤¨−®£® ª®à¯®à�â¨¢−®£® ¨−ä®à¬�æ¨®−−®-äã−ªæ¨-
®−�«ì−®£® ¯à®áâà�−áâ¢�;

{ à�¡®â®á¯®á®¡−®áâì ¢ £¥â¥à®£¥−−®© (¨§¬¥−ï¥¬®©) ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�-
æ¨®−−®© áà¥¤¥;

{ ¤®¢¥à¥−−®áâì ��;

{ íää¥ªâ¨¢−ãî à¥�«¨§�æ¨î ¨ á®¯à®¢®¦¤¥−¨¥ ¯®«−®£® ¦¨§−¥−−®£® æ¨ª«� ‘¨á-
â¥¬ë.

�«�âä®à¬�, −� ª®â®à®© ¡ã¤¥â à�§à�¡�âë¢�âìáï ‘¨áâ¥¬�, ¤®«¦−� ã¤®¢«¥â¢®-
àïâì á«¥¤ãîé¨¬ ¡�§®¢ë¬ âà¥¡®¢�−¨ï¬:

{ ¯®áâ�¢ª� ¯® «¨æ¥−§¨ï¬ �� á ®âªàëâë¬ ª®¤®¬ ¨/¨«¨ á¢®¡®¤−®£® ��;

{ ¯®¤¤¥à¦ª� à�§«¨ç−ëå â¨¯®¢ ¯à¨¬¥−ï¥¬®£® ®¡é¥£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï
(®¯¥à�æ¨®−−�ï á¨áâ¥¬� | �‘, á¨áâ¥¬� ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå | ‘“�„,
á«ã¦¡� ª�â�«®£®¢ ¨ â. ¯.) ¨ �¯¯�à�â−®£® ®¡¥á¯¥ç¥−¨ï;

{ à¥�«¨§�æ¨ï ¢ ¯®«−®¬ á®®â¢¥âáâ¢¨¨ á á®¢à¥¬¥−−ë¬¨ áâ�−¤�àâ�¬¨ à�§à�¡®â-
ª¨ ��;

{ ¯®¤¤¥à¦ª� à�¡®âë á ¯à®¬ëè«¥−−ë¬¨ ‘“�„;

{ ¯®áâ�¢ª� ¯à¨¬¥−ï¥¬®£® �� áâ®à®−−¨å ¯à®¨§¢®¤¨â¥«¥© á ãç¥â®¬ ¢ëè¥ãª�§�−-
−ëå âà¥¡®¢�−¨©;

{ ¯®«−�ï ¯®¤¤¥à¦ª� ¨á¯®«−¨â¥«¥¬ ¯à¨¬¥−ï¥¬®£® �� áâ®à®−−¨å ¯à®¨§¢®¤¨â¥-
«¥©, ¢®§¬®¦−® á ¯à¨¢«¥ç¥−¨¥¬ ãá«ã£ á®®â¢¥âáâ¢ãîé¥£® ¯à®¨§¢®¤¨â¥«ï.

�à¨ ®¯ëâ−®© íªá¯«ã�â�æ¨¨ ‘¨áâ¥¬� ¤®«¦−� äã−ªæ¨®−¨à®¢�âì ¢ à¥¦¨¬¥ ¤¨�-
£−®áâ¨ª¨, ¯®§¢®«ïîé¥¬ ¯à®¨§¢®¤¨âì −�áâà®©ª¨ ¨ à¥ª®−ä¨£ãà�æ¨î, ãáâ�−®¢ªã
¤®¯®«−¨â¥«ì−ëå í«¥¬¥−â®¢, ¯¥à¥ãáâ�−®¢ªã �� ¨ â. ¤. �®á«¥ ¥¥ ¯à®¢¥¤¥−¨ï ‘¨á-
â¥¬� ¬®¦¥â ¡ëâì ¢¢¥¤¥−� ¢ ¯à®¬ëè«¥−−ãî íªá¯«ã�â�æ¨î ¨ á¬®¦¥â ®¡¥á¯¥ç¨¢�âì
äã−ªæ¨®−¨à®¢�−¨¥ ¢ èâ�â−®¬ à¥¦¨¬¥ 24 ç ¢ áãâª¨ 365 ¤−¥© ¢ £®¤ã. �à¨ íâ®¬
¢ ‘¨áâ¥¬¥ ¤®«¦−ë ¡ëâì ¯à¥¤ãá¬®âà¥−ë ¯à®£à�¬¬−ë¥ ¨ â¥å−¨ç¥áª¨¥ áà¥¤áâ¢�,
®¡¥á¯¥ç¨¢�îé¨¥ ¤¨�£−®áâ¨ªã á®áâ®ï−¨ï ‘¨áâ¥¬ë ¯à¨ ¢®§−¨ª−®¢¥−¨¨ −¥èâ�â−ëå
á¨âã�æ¨© (á¡®¨ ¨ ®âª�§ë â¥å−¨ç¥áª¨å áà¥¤áâ¢, ®è¨¡ª¨ ¢ ��), ¤¨�£−®áâ¨ç¥áª¨¥
¨−áâàã¬¥−âë ¯®¤á¨áâ¥¬ë ¤®«¦−ë ¯®§¢®«ïâì á®åà�−ïâì −�¡®à ¨−ä®à¬�æ¨¨, −¥-
®¡å®¤¨¬®© ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ íâ¨å á¨âã�æ¨©, â�ª¦¥ ¤®«¦−® ®¡¥á¯¥ç¨¢�âìáï
¢®ááâ�−®¢«¥−¨¥ ¤�−−ëå ¯® à¥£¨áâà�æ¨¨ ¨ ãç¥âã á®¡ëâ¨© ¡¥§®¯�á−®áâ¨ ¢ ¡�§¥
¤�−−ëå ¤® á®áâ®ï−¨ï −� ¬®¬¥−â ®ª®−ç�−¨ï ¯®á«¥¤−¥© −®à¬�«ì−® §�¢¥àè¥−−®©
®¯¥à�æ¨¨.

�à¨ á®§¤�−¨¨ â�ª®© ‘¨áâ¥¬ë ¤®«¦−� ¡ëâì ®¡¥á¯¥ç¥−� ¢®§¬®¦−®áâì ¤�«ì-
−¥©è¥£® à�§¢¨â¨ï ¨ ¬®¤¨ä¨ª�æ¨¨ äã−ªæ¨®−�«� ¨ ¬�áèâ�¡¨à®¢�−¨¥ ¯à¨ à®áâ¥
−�£àã§ª¨ −� á¥à¢¨áë.
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6 Методы решения семантических задач анализа текстов

�®¢¨§−� ¯à¥¤«�£�¥¬ëå à¥è¥−¨© ¯à¨ á®§¤�−¨¨ á¨áâ¥¬ë ¬®−¨â®à¨−£� ¨ �−�«¨§�
�’ˆ á®áâ®¨â ¢ ª®¬¯«¥ªá−®¬ ¨á¯®«ì§®¢�−¨¨ á«¥¤ãîé¨å ¬¥â®¤®¢ á¥¬�−â¨ç¥áª®£®
�−�«¨§� â¥ªáâ®¢:

{ ¬¥â®¤®¢ à�á¯à¥¤¥«¥−¨ï §�¤�ç «®£¨ª®-á¥¬�−â¨ç¥áª®£® �−�«¨§� ¥áâ¥áâ¢¥−−®-
ï§ëª®¢ëå â¥ªáâ®¢ ¨ ¨§¢«¥ç¥−¨ï §−�−¨©;

{ ¬¥â®¤®¢ ¨§¢«¥ç¥−¨ï íªá¯«¨æ¨â−® ¢ëà�¦¥−−ëå §−�−¨© ¨ ¬¥â®¤¨ª¨ ¢ëï¢«¥−¨ï
áªàëâëå á¬ëá«®¢ ¢ â¥ªáâ¥;

{ ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ä®à¬¨à®¢�−¨ï ¡®«ìè¨å «¥ªá¨ª®-á¥¬�−â¨ç¥áª¨å à¥áãàá®¢
−� ®á−®¢¥ ¯à¥æ¥¤¥−â®¢ ¨ ¬�è¨−−®£® ®¡ãç¥−¨ï.

‚ ¯à®æ¥áá¥ á®§¤�−¨ï â�ª®© á¨áâ¥¬ë −¥®¡å®¤¨¬® â�ª¦¥ à¥è¨âì àï¤ á«®¦−ëå
−�ãç−®-â¥å−¨ç¥áª¨å §�¤�ç:

{ à�§à�¡®â�âì ª®−æ¥¯âã�«ì−ãî áå¥¬ã åà�−¨«¨é� ¬−®£®ï§ëç−®© á¨áâ¥¬ë ¬®−¨-
â®à¨−£� ¨ �−�«¨§� −�ãç−®-â¥å−¨ç¥áª¨å ¯ã¡«¨ª�æ¨©;

{ á®§¤�âì ¨−ä®à¬�æ¨®−−ãî â¥å−®«®£¨î ¨ �¢â®¬�â¨§¨à®¢�−−ë¥ áà¥¤áâ¢� ®¯¥à�-
â¨¢−®£® ¬®−¨â®à¨−£� §�¤�−−®£® ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢�;

{ à�§à�¡®â�âì ¬−®£®ï§ëç−ãî ¨−â¥£à�«ì−ãî ª®−æ¥¯âã�«ì−ãî ¬®¤¥«ì è¨à®ª®£®
á¯¥ªâà� ¯à¥¤¬¥â−ëå ®¡«�áâ¥©;

{ à�§à�¡®â�âì ¡�§®¢ë¥ ¯à®æ¥¤ãàë £¥−¥à�æ¨¨ ä®à¬�«¨§®¢�−−®£® ª®−æ¥¯âã�«ì-
−®£® ¯à¥¤áâ�¢«¥−¨ï á¬ëá«®¢®£® á®¤¥à¦�−¨ï à�§−®ï§ëç−ëå ¤®ªã¬¥−â®¢;

{ à�§à�¡®â�âì ¬¥â®¤ë, �«£®à¨â¬ë ¨ ¯à®£à�¬¬ë �¢â®¬�â¨ç¥áª®£® ª®−æ¥¯âã�«ì-
−®£® �−�«¨§� à�§−®ï§ëç−ëå ¤®ªã¬¥−â®¢;

{ à�§à�¡®â�âì ¬¥â®¤ë �−�«¨§� ª®−â¥−â� à�§«¨ç−ëå â¨¯®¢ ¨áâ®ç−¨ª®¢ (¨−â¥à-
−¥â-à¥áãàá®¢, ä¥¤¥à�«ì−ëå ¨ ¢¥¤®¬áâ¢¥−−ëå ¡�§ ¤�−−ëå);

{ ¨áá«¥¤®¢�âì ¬¥â®¤ë ®æ¥−ª¨ á®¤¥à¦�−¨ï ª®−â¥−â� à�§«¨ç−ëå â¨¯®¢ ¨áâ®ç−¨-
ª®¢ ¨ à�§à�¡®â�âì ªà¨â¥à¨¨ ¨å ¢ª«îç¥−¨ï ¢ ¨−ä®à¬�æ¨®−−®¥ ¯à®áâà�−áâ¢®
¤«ï ®¯¥à�â¨¢−®£® ¬®−¨â®à¨−£�;

{ ¨áá«¥¤®¢�âì ¨ ¯à®�−�«¨§¨à®¢�âì ¯®−ïâ¨©−ë© á®áâ�¢ à�§−®ï§ëç−ëå â¥ªáâ®¢
¢ §�¤�−−ëå ¯à¥¤¬¥â−ëå ®¡«�áâïå ¤«ï à�§à�¡®âª¨ ª®−æ¥¯âã�«ì−ëå á«®¢�à¥©
(á«®¢�à¥© −�¨¬¥−®¢�−¨© ¯®−ïâ¨© ¨ á¬ëá«®¢ëå �áá®æ¨�â¨¢−ëå á¢ï§¥© ¬¥¦¤ã
−¨¬¨);

{ ¨áá«¥¤®¢�âì ¨ à�§à�¡®â�âì ¬¥â®¤ë �¢â®¬�â¨§¨à®¢�−−®£® á®§¤�−¨ï, ¢¥¤¥−¨ï
¨ ª®àà¥ªæ¨¨ ¬−®£®ï§ëç−ëå á«®¢�à¥© ¡®«ìè¨å ®¡ê¥¬®¢;

{ ¨áá«¥¤®¢�âì ¨ à�§à�¡®â�âì ¬¥â®¤ë á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª®£® ¨ ª®−æ¥¯âã-
�«ì−®£® �−�«¨§� à�§−®ï§ëç−ëå â¥ªáâ®¢ ¨ ¯®áâà®¥−¨¥ ¨å ä®à¬�«¨§®¢�−−ëå
®¯¨á�−¨©;
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�à¨−æ¨¯ë á®§¤�−¨ï á¨áâ¥¬ë ¬®−¨â®à¨−£� ¨ �−�«¨§� ¬¨à®¢®£® ¯®â®ª� �’ˆ

{ ¨áá«¥¤®¢�âì ¨ à�§à�¡®â�âì ¬¥â®¤ë ®âá«¥¦¨¢�−¨ï ª«îç¥¢®© ¨−ä®à¬�æ¨¨ ¯®
¯à®ä¨«ï¬ ¬®−¨â®à¨−£� −� ®á−®¢¥ ª®−â¥ªáâ−®-â¥¬�â¨ç¥áª¨å ¬−®£®ï§ëç−ëå
á«®¢�à¥©;

{ ¨áá«¥¤®¢�âì ¨ à�§à�¡®â�âì ¬¥â®¤ë ®¡®¡é¥−¨ï ¬−®£®ï§ëç−ëå ¨áâ®ç−¨ª®¢
¨ ¢ë¤¥«¥−¨ï íªáª«î§¨¢−®© ¨−ä®à¬�æ¨¨;

{ ¨áá«¥¤®¢�âì ¨ à�§à�¡®â�âì ¬¥â®¤ë �−�«¨§�, á®¯®áâ�¢«¥−¨ï, á¨áâ¥¬�â¨§�æ¨¨,
®¡®¡é¥−¨ï ¨ ¢ëï¢«¥−¨ï â¥−¤¥−æ¨© à�§¢¨â¨ï ®â¥ç¥áâ¢¥−−ëå ¨ §�àã¡¥¦−ëå
−�ãç−ëå −�¯à�¢«¥−¨© ¨ â¥å−®«®£¨ç¥áª¨å à�§à�¡®â®ª.

„«ï à¥è¥−¨ï ¯¥à¥ç¨á«¥−−ëå §�¤�ç á¥¬�−â¨ç¥áª®© ®¡à�¡®âª¨ à�§−®ï§ëç-
−ëå ¤®ªã¬¥−â®¢ ¢ á®áâ�¢ ‘¨áâ¥¬ë ¯à¥¤«�£�¥âáï ¢ª«îç¨âì ¯®¤á¨áâ¥¬ã «¨−£¢¨-
áâ¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï, ª®â®àãî ¯«�−¨àã¥âáï à�§à�¡®â�âì −� ®á−®¢¥ ¡�§®¢®£®
¯«�âä®à¬¥−−®£® «¨−£¢¨áâ¨ç¥áª®£® �� Œ¥â�”à�§ ¯ãâ¥¬ ¥£® �¤�¯â�æ¨¨ ª äã−ª-
æ¨®−�«ì−ë¬ §�¤�ç�¬, ¯à®£à�¬¬−ë¬ ¨−â¥àä¥©á�¬ ¨ ¬®¤¥«¨ ¤�−−ëå ‘¨áâ¥¬ë.
‹¨−£¢¨áâ¨ç¥áª®¥ �� Œ¥â�”à�§ à�−¥¥ ã¦¥ ¡ë«® ¨á¯®«ì§®¢�−® ¢ ¯à®æ¥áá¥ à�§à�-
¡®âª¨ á¨áâ¥¬ Œ®−¨â®à¨−£ ‘Œˆ (‘Š– ÷�‘�’�Œ) ¨ …‘“ �ˆ�Š÷ (–ˆ’ˆ‘).

‹¨−£¢¨áâ¨ç¥áª®¥ �� Œ¥â�”à�§ à�§à�¡®â�−® −� ®á−®¢¥ â¥®à¥â¨ç¥áª®© ª®−-
æ¥¯æ¨¨ äà�§¥®«®£¨ç¥áª®£® ª®−æ¥¯âã�«ì−®£® �−�«¨§� â¥ªáâ®¢, ¯à¥¤«®¦¥−−®© ¯à®-
ä¥áá®à®¬ ƒ. ƒ. �¥«®−®£®¢ë¬ ¢ 1975 £. �â� ª®−æ¥¯æ¨ï ¡�§¨àã¥âáï −� è¨à®ª®¬�á-
èâ�¡−ëå ¨áá«¥¤®¢�−¨ïå ¨ �¤¥ª¢�â−ëå ¯à¥¤áâ�¢«¥−¨ïå ® á¬ëá«®¢®© áâàãªâãà¥
â¥ªáâ®¢. �á−®¢−®© ¨¤¥¥© íâ®© ª®−æ¥¯æ¨¨ ï¢«ï¥âáï ®¡®á−®¢�−¨¥ ¨á¯®«ì§®¢�−¨ï
¢ ª�ç¥áâ¢¥ ®á−®¢−ëå ¥¤¨−¨æ á¬ëá«� ãáâ®©ç¨¢ëå äà�§¥®«®£¨ç¥áª¨å ¨ â¥à¬¨−®«®-
£¨ç¥áª¨å á«®¢®á®ç¥â�−¨©, ®¡®§−�ç�îé¨å ¯®−ïâ¨ï, ®â−®è¥−¨ï ¬¥¦¤ã ¯®−ïâ¨ï¬¨
¨ â¨¯®¢ë¥ á¨âã�æ¨¨, ¯à¥¤áâ�¢«¥−−ë¥ ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨. �â� ª®−æ¥¯æ¨ï ®¯à¥-
¤¥«ï¥â ¯à¨−æ¨¯ë ¨ ¬¥â®¤ë ¢ëï¢«¥−¨ï áâ�â¨áâ¨ç¥áª¨ ®¡®á−®¢�−−®£® ¯®−ïâ¨©−®£®
á®áâ�¢� ¯à¥¤¬¥â−®© ®¡«�áâ¨.

÷�§à�¡®â�−−ë¥ −� ¥¥ ®á−®¢¥ ¬¥â®¤ë «¨−£¢¨áâ¨ç¥áª®© �−�«®£¨¨ ¨ á¥¬�−-
â¨ª®-áâ�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨
¯®§¢®«ïîâ ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ á®ªà�â¨âì ¢à¥¬¥−−‚ë¥ ¨§¤¥à¦ª¨ ¨ á−¨§¨âì
âàã¤®§�âà�âë −� á®§¤�−¨¥ ª®¬¯«¥ªá� ¯à®£à�¬¬−ëå ¨ ¤¥ª«�à�â¨¢−ëå áà¥¤áâ¢
�¢â®¬�â¨ç¥áª®£® á¬ëá«®¢®£® �−�«¨§� ¤®ªã¬¥−â®¢.

„¥ª«�à�â¨¢−ë¥ áà¥¤áâ¢� ¢ á®®â¢¥âáâ¢¨¨ á íâ®© ª®−æ¥¯æ¨¥© ¤®«¦−ë ¢ª«îç�âì
¢ á¢®© á®áâ�¢ ¨−â¥£à�«ì−ãî á«®¢�à−ãî ¡�§ã, á®¤¥à¦�éãî ¯®«¨â¥¬�â¨ç¥áª¨¥
ª®−æ¥¯âã�«ì−ë¥ á«®¢�à¨ ¨ ¤®¯®«−¨â¥«ì−ë¥ â¥¬�â¨ç¥áª¨¥ á«®¢�à¨. �â¨ á«®¢�à¨
¤®«¦−ë á®§¤�¢�âìáï −� ®á−®¢¥ �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ ¨ �−�«¨§� «¥ªá¨ç¥-
áª®£® á®áâ�¢� ¨ á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª®£® �−�«¨§� à¥¯à¥§¥−â�â¨¢−ëå ª®à¯ãá®¢
¯®«¨â¥¬�â¨ç¥áª¨å ¨ â¥¬�â¨ç¥áª¨å â¥ªáâ®¢.

÷�§à�¡®â�−−ë¥ â¥å−®«®£¨¨ ¨ ¯à®æ¥¤ãàë á®§¤�−¨ï ª®−æ¥¯âã�«ì−ëå á«®¢�à¥©
®¡¥á¯¥ç¨¢�îâ ¢ª«îç¥−¨¥ ¢ íâ¨ á«®¢�à¨ áâ�â¨áâ¨ç¥áª¨ ®¡®á−®¢�−−®£® ¯®−ïâ¨©−®£®
á®áâ�¢� ¯à¥¤¬¥â−®© ®¡«�áâ¨. �®á«¥¤−¨¥ ¬®£ãâ â�ª¦¥ á®§¤�¢�âìáï ¢ ¯à®æ¥áá¥ �¤�¯-
â�æ¨¨ á«®¢�à−®© ¡�§ë ª «¥ªá¨ª¥ à�§«¨ç−ëå â¥¬�â¨ç¥áª¨å ®¡«�áâ¥© ¯® ª®−ªà¥â−ë¬
â¥ªáâ�¬ ¤®ªã¬¥−â®¢. �à¨ íâ®¬ â�ª¦¥ ¤®«¦−ë ¡ëâì ¨á¯®«ì§®¢�−ë áà¥¤áâ¢�
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�¢â®¬�â¨§�æ¨¨, ¯®§¢®«ïîé¨¥ ¢ëï¢¨âì á«®¢� ¨ á«®¢®á®ç¥â�−¨ï, −�¨¡®«¥¥ ç�áâ®
¨á¯®«ì§ã¥¬ë¥ ¢ â¥ªáâ�å.

’�ª¨¬ ®¡à�§®¬, ¯«�âä®à¬¥−−®¥ «¨−£¢¨áâ¨ç¥áª®¥ �� Œ¥â�”à�§, ¯®áâà®¥−-
−®¥ −� ¡�§¥ ®¯¨á�−−®© â¥®à¥â¨ç¥áª®© ª®−æ¥¯æ¨¨, ®¡¥á¯¥ç¨¢�¥â ¢¥áì â¥å−®«®£¨ç¥-
áª¨© æ¨ª« ¯à¥®¡à�§®¢�−¨ï â¥ªáâ®¢®£® ¯à¥¤áâ�¢«¥−¨ï ¤®ªã¬¥−â� ¢ ¥£® ä®à¬�«¨-
§®¢�−−®¥ á¬ëá«®¢®¥ ®¯¨á�−¨¥ ¨ ®¡«�¤�¥â àï¤®¬ å�à�ªâ¥à¨áâ¨ª, ®â«¨ç�îé¨å ¥£®
®â ¤àã£¨å �−�«®£¨ç−ëå ¯à®£à�¬¬−ëå ª®¬¯«¥ªá®¢ �−�«¨§� á®¤¥à¦�−¨ï â¥ªáâ®¢,
� ¨¬¥−−®:

{ ¡�§¨àã¥âáï −� ª®−æ¥¯æ¨¨ äà�§¥®«®£¨ç¥áª®£® ª®−æ¥¯âã�«ì−®£® �−�«¨§� â¥ªá-
â®¢;

{ ®¯¥à¨àã¥â ¬®é−ë¬¨ ª®−æ¥¯âã�«ì−ë¬¨ ¯®«¨â¥¬�â¨ç¥áª¨¬¨ ¨ â¥¬�â¨ç¥áª¨¬¨
á«®¢�àï¬¨;

{ ¯à¥¤®áâ�¢«ï¥â ¯®«ì§®¢�â¥«î ¥¤¨−ë© ¨−áâàã¬¥−â�à¨©, ¯®§¢®«ïîé¨© �¢â®¬�-
â¨§¨à®¢�âì ¢á¥ íâ�¯ë ®¡à�¡®âª¨ ¨ �−�«¨§� ¤®ªã¬¥−â®¢;

{ −�áâà�¨¢�¥âáï −� ®¡à�¡®âªã ¨ �−�«¨§ â¥ªáâ®¢ ¯® «î¡®© â¥¬�â¨ª¥ á ¢®§-
¬®¦−®áâìî �¢â®¬�â¨§¨à®¢�−−®£® ¯®¯®«−¥−¨ï ¨−â¥£à�«ì−®£® ª®−æ¥¯âã�«ì−®£®
á«®¢�àï.

7 Основное назначение системы мониторинга и анализа
научно-технической информации и решаемые ею задачи

�á−®¢−®¥ −�§−�ç¥−¨¥ ‘¨áâ¥¬ë §�ª«îç�¥âáï ¢ ®¡¥á¯¥ç¥−¨¨ ¢®§¬®¦−®áâ¨ ¢ë-
¯®«−¥−¨ï ¬®−¨â®à¨−£� ¨ �−�«¨§� ¬¨à®¢®£® ¯®â®ª� �’ˆ ¯® è¨à®ª®¬ã á¯¥ªâàã
¯à¥¤¬¥â−ëå ®¡«�áâ¥© ¨ ¢ëï¢«¥−¨¥ â¥−¤¥−æ¨© à�§¢¨â¨ï ®â¥ç¥áâ¢¥−−ëå ¨ §�àã-
¡¥¦−ëå −�ãç−ëå −�¯à�¢«¥−¨© ¨ â¥å−®«®£¨ç¥áª¨å à�§à�¡®â®ª. �à¨ íâ®¬ ‘¨áâ¥¬�
à¥è�¥â á«¥¤ãîé¨¥ ç�áâ−ë¥ §�¤�ç¨:

{ á¡®à ¨ ª®−á®«¨¤�æ¨ï −�ãç−ëå ¯ã¡«¨ª�æ¨©;
{ á¬ëá«®¢�ï ®¡à�¡®âª� ¨ á¨áâ¥¬�â¨§�æ¨ï;
{ ®¯¥à�â¨¢−ë© �−�«¨§;
{ ®¯¨á�−¨¥ â¥ªãé¥£® á®áâ®ï−¨ï ¬¨à®¢®£® −�ãç−®-â¥å−®«®£¨ç¥áª®£® ª®¬¯«¥ªá�;
{ ¢ëï¢«¥−¨¥ â¥−¤¥−æ¨© à�§¢¨â¨ï −�ãç−ëå −�¯à�¢«¥−¨©;
{ ¨−ä®à¬¨à®¢�−¨¥ ®à£�−®¢ ¢«�áâ¨.

‚ à¥§ã«ìâ�â¥ á®§¤�−¨ï â�ª®© á¨áâ¥¬ë ¬®£ãâ ¡ëâì à¥�«¨§®¢�−ë á«¥¤ãîé¨¥
§�¤�ç¨:

(1) ¯®«ãç¥−¨¥ ®¡ê¥ªâ¨¢−®© ¨−ä®à¬�æ¨¨ ® â¥−¤¥−æ¨ïå à�§¢¨â¨ï ¬¨à®¢®£® −�-
ãç−®-â¥å−®«®£¨ç¥áª®£® ª®¬¯«¥ªá�, ®¯à¥¤¥«¥−¨¥ ¯à¨®à¨â¥â−ëå −�ãç−ëå −�-
¯à�¢«¥−¨© ¨ ¯¥àá¯¥ªâ¨¢−ëå â¥å−®«®£¨ç¥áª¨å à�§à�¡®â®ª, ®æ¥−ª� −�ãç−®-
£® ¨ â¥å−®«®£¨ç¥áª®£® ¯®â¥−æ¨�«� −�ãç−ëå ª®««¥ªâ¨¢®¢ ¨ ®à£�−¨§�æ¨©,
¢ëï¢«¥−¨¥ ¤ã¡«¨àãîé¨åáï ¨ −¥íää¥ªâ¨¢−ëå −�¯à�¢«¥−¨© ¨áá«¥¤®¢�−¨©
¨ à�§à�¡®â®ª;
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(2) á®§¤�−¨¥ ¥¤¨−®£® åà�−¨«¨é� ¤�−−ëå ®â¥ç¥áâ¢¥−−ëå ¨ §�àã¡¥¦−ëå −�ãç−®-
â¥å−¨ç¥áª¨å ¯ã¡«¨ª�æ¨©, ¡�§ ¤�−−ëå ãç¥−ëå, −�ãç−ëå ª®««¥ªâ¨¢®¢ ¨ ®à-
£�−¨§�æ¨©;

(3) ¨−ä®à¬¨à®¢�−¨¥ ®à£�−®¢ ¢«�áâ¨ ® á®áâ®ï−¨¨ ¨ â¥−¤¥−æ¨ïå −�ãç−ëå −�¯à�¢-
«¥−¨© ¨ â¥å−®«®£¨ç¥áª¨å à�§à�¡®â®ª:

{ à¥£ã«ïà−®¥ ®¯¥à�â¨¢−®¥ ®¯®¢¥é¥−¨¥;

{ �−�«¨â¨ç¥áª¨¥ ®âç¥âë ¯® ¯à®¡«¥¬−®-®à¨¥−â¨à®¢�−−ë¬ §�¯à®á�¬;

{ ®¡®¡é¥−−�ï áâ�â¨áâ¨ç¥áª�ï ¨−ä®à¬�æ¨ï.

‚ëå®¤−ë¬¨ ¤®ªã¬¥−â�¬¨ äã−ªæ¨®−¨à®¢�−¨ï ‘¨áâ¥¬ë ¬®£ãâ ¡ëâì á«¥¤ãîé¨¥
�−�«¨â¨ç¥áª¨¥ ¤®ªã¬¥−âë:

{ �−�«¨â¨ç¥áª¨¥ ®âç¥âë ® â¥−¤¥−æ¨ïå à�§¢¨â¨ï ¬¨à®¢®£® −�ãç−®-â¥å−¨ç¥áª®£®
ª®¬¯«¥ªá�;

{ ¤�©¤¦¥áâë:

◦ ¯® â¥¬�â¨ª�¬ à�§à�¡®â®ª ¨ ¨áá«¥¤®¢�−¨©:

◦ ¯® ª®««¥ªâ¨¢�¬ ¨ ®à£�−¨§�æ¨ï¬;

◦ ¯® ¯à¨®à¨â¥â−ë¬ ¨−ä®à¬�æ¨®−−ë¬ ¨áâ®ç−¨ª�¬;

{ ¨−ä®à¬�æ¨ï ® ¢®§−¨ª�îé¨å ¯¥àá¯¥ªâ¨¢−ëå â¥å−®«®£¨ïå ¨ −�ãç−ëå à�§à�-
¡®âª�å;

{ ¤¨−�¬¨ª� −�ãç−®© �ªâ¨¢−®áâ¨:

◦ ¨§¬¥−¥−¨¥ â¥ªãé¨å −�¯à�¢«¥−¨© ¨áá«¥¤®¢�−¨©;

◦ ¢á¯«¥áª¨ �ªâ¨¢−®áâ¨ (¯à¨®à¨â¥â−ë¥ à�§à�¡®âª¨ −� â¥ªãé¨© £®¤);

{ á®¯®áâ�¢«¥−¨¥ ¤�−−ëå ® §�àã¡¥¦−ëå ¨ ®â¥ç¥áâ¢¥−−ëå −�ãç−ëå ¨áá«¥¤®¢�−¨-
ïå;

{ �−�«¨â¨ç¥áª¨¥ ¤®ªã¬¥−âë ¯® §�¯à®á�¬ ¯®«ì§®¢�â¥«¥©;

{ ®âç¥âë ® ¬®−¨â®à¨−£¥ á®¡ëâ¨© ¨ ¯ã¡«¨ª�æ¨© ¢ §�¤�−−ëå ®¡«�áâïå.

8 Заключение

„«ï ãá¯¥è−®£® ¢ë¯®«−¥−¨ï à�¡®â ¯® á®§¤�−¨î á¨áâ¥¬ë ¬®−¨â®à¨−£� ¨ �−�-
«¨§� ¬¨à®¢®£® ¯®â®ª� �’ˆ −¥®¡å®¤¨¬ë â¥®à¥â¨ç¥áª¨¥ ¯à¥¤¯®áë«ª¨ ¨ ¯à�ªâ¨-
ç¥áª¨© §�¤¥« ¤«ï à�§à�¡®âª¨ á¨áâ¥¬ �¢â®¬�â¨ç¥áª®£® ¨−â¥««¥ªâã�«ì−® �−�«¨§�
à�§−®ï§ëç−ëå â¥ªáâ®¢. ’�ª¨¬¨ ¯à¥¤¯®áë«ª�¬¨ ï¢«ïîâáï:

{ �¤¥ª¢�â−ë¥ â¥®à¥â¨ç¥áª¨¥ ¯à¥¤áâ�¢«¥−¨ï ® á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª®© áâàãª-
âãà¥ ¥áâ¥áâ¢¥−−ëå ï§ëª®¢;

{ −�«¨ç¨¥ ã �¢â®à®¢ ¯à®¥ªâ� ¡�§®¢ëå ¯à®æ¥¤ãà �¢â®¬�â¨ç¥áª®£® á¥¬�−â¨ª®-
á¨−â�ªá¨ç¥áª®£® äà�§¥®«®£¨ç¥áª®£® �−�«¨§� ¨ á¨−â¥§� â¥ªáâ®¢;
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ā. �. Š�«¨−¨−, �«-¤à �. •®à®è¨«®¢, �«-¥© �. •®à®è¨«®¢

{ −�«¨ç¨¥ ¯à®æ¥¤ãà �¢â®¬�â¨ç¥áª®£® á®áâ�¢«¥−¨ï á«®¢�à¥© −�¨¬¥−®¢�−¨© ¯®-
−ïâ¨© ¨ �¢â®¬�â¨ç¥áª®£® ãáâ�−®¢«¥−¨ï á¬ëá«®¢ëå á¢ï§¥© ¬¥¦¤ã −¨¬¨;

{ −�«¨ç¨¥ ¯à®æ¥¤ãà �¢â®¬�â¨ç¥áª®£® á®áâ�¢«¥−¨ï à�§«¨ç−®£® à®¤� á«®¢�à¥© ¯®
â¥ªáâ�¬ ¤®ªã¬¥−â®¢.

‚ ¯à®æ¥áá¥ ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª ¯® äà�§¥®«®£¨ç¥áª®¬ã ¬�è¨−−®¬ã
¯¥à¥¢®¤ã �¢â®à�¬¨ ¯à®¥ªâ� ¡ë« ¯®«ãç¥− àï¤ äã−¤�¬¥−â�«ì−ëå à¥§ã«ìâ�â®¢, ª®-
â®àë¥ ¬®£ãâ ¡ëâì ãá¯¥è−® ¨á¯®«ì§®¢�−ë ¯à¨ á®§¤�−¨¨ á¨áâ¥¬ �¢â®¬�â¨ç¥áª®©
á¬ëá«®¢®© ®¡à�¡®âª¨ â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨: �¢â®¬�â¨ç¥áª®© ª«�áá¨ä¨ª�æ¨¨
¨ ¨−¤¥ªá¨à®¢�−¨ï ¤®ªã¬¥−â®¢, ¨å à¥ä¥à¨à®¢�−¨ï ¨ �−�«¨§� á¬ëá«®¢®© áâàãªâã-
àë, ¬ã«ìâ¨ï§ëç−®£® ¯®¨áª� ¨−ä®à¬�æ¨¨ ¢ á¥â¨ ˆ−â¥à−¥â, ¨−ä®à¬�æ¨®−−®-�−�-
«¨â¨ç¥áª¨å á¨áâ¥¬ à�§«¨ç−®£® â¨¯�.

÷�§à�¡®â�−−ë¥ �¢â®à�¬¨ ¬¥â®¤ë, �«£®à¨â¬ë ¨ â¥å−®«®£¨ç¥áª¨¥ à¥è¥−¨ï
¢−¥¤à¥−ë ¢ àï¤¥ ¯à®¬ëè«¥−−ëå á¨áâ¥¬, áà¥¤¨ ª®â®àëå:

{ �¢â®¬�â¨§¨à®¢�−−�ï á¨áâ¥¬� äà�§¥®«®£¨ç¥áª®£® ¬�è¨−−®£® ¯¥à¥¢®¤�
úRETRANS 2005û (¤¢ãï§ëç−�ï á¨áâ¥¬� ¯¥à¥¢®¤�) (2005{2006 ££.);

{ ¬−®£®¯®«ì§®¢�â¥«ìáª�ï á¥â¥¢�ï �¢â®¬�â¨§¨à®¢�−−�ï á¨áâ¥¬� äà�§¥®«®£¨ç¥-
áª®£® ¬�è¨−−®£® ¯¥à¥¢®¤� úRETRANS 2008û (¤¢ãï§ëç−�ï á¨áâ¥¬� ¯¥à¥¢®¤�)
(2007{2008 ££.);

{ ¬−®£®¯®«ì§®¢�â¥«ìáª�ï á¥â¥¢�ï �¢â®¬�â¨§¨à®¢�−−�ï á¨áâ¥¬� äà�§¥®«®£¨ç¥-
áª®£® ¬�è¨−−®£® ¯¥à¥¢®¤� úŒ¥â�”à�§: ‘¨áâ¥¬� ¯¥à¥¢®¤� R8û (âà¥åêï§ëç-
−�ï á¨áâ¥¬� ¯¥à¥¢®¤�) (2008{2010 ££.);

{ ¬−®£®¯®«ì§®¢�â¥«ìáª�ï á¥â¥¢�ï �¢â®¬�â¨§¨à®¢�−−�ï á¨áâ¥¬� äà�§¥®«®£¨ç¥-
áª®£® ¬�è¨−−®£® ¯¥à¥¢®¤� úŒ¥â�”à�§: ‘¨áâ¥¬� ¯¥à¥¢®¤� R10û (¢ à�§«¨ç−ëå
¢¥àá¨ïå ¨ ª®¬¯«¥ªâ�æ¨ïå) (2010{2011 ££.);

{ «¨−£¢¨áâ¨ç¥áª¨© ¯à®æ¥áá®à ¨ áà¥¤áâ¢� ¨−â¥£à�æ¨¨ ¤«ï à�§à�¡®âç¨ª®¢ ¯à¨«®-
¦¥−¨© úŒ¥â�”à�§: ‹¨−£¢¨áâ¨ç¥áª¨© ¨−â¥£à�æ¨®−−ë© ª®¬¯«¥ªâ R10û (¬−®-
£®äã−ªæ¨®−�«ì−ë© ª®¬¯«¥ªá ªà®áá¯«�âä®à¬¥−−®© ¨−â¥£à�æ¨¨ «¨−£¢¨áâ¨ç¥-
áª¨å áà¥¤áâ¢ á¬ëá«®¢®© ®¡à�¡®âª¨ â¥ªáâ®¢ ¨ äà�§¥®«®£¨ç¥áª®£® ¬�è¨−−®£®
¯¥à¥¢®¤�) (2010{2014 ££.);

{ ¯®¤á¨áâ¥¬� «¨−£¢¨áâ¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï á¨áâ¥¬ë …‘“ �ˆ�Š÷ (2011{
2012 ££.);

{ á¬ëá«®¢�ï ¯®¨áª®¢®-�−�«¨â¨ç¥áª�ï á¨áâ¥¬� �¢¨�æ¨®−−®© ¯à®¬ëè«¥−−®áâ¨
ú‘��‘-�¢¨�û (2010{2014 ££.);

{ á¨áâ¥¬� ¬®−¨â®à¨−£� ‘Œˆ ‘Š– ÷®á�â®¬� (2010{2014 ££.).
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PRINCIPLES OF CREATION OF MONITORING SYSTEM
AND ANALYSIS OF WORLD STREAM OF SCIENTIFIC

AND TECHNICAL INFORMATION

Yu. P. Kalinin, Al-der A. Khoroshilov, and Al-ey A. Khoroshilov

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

Abstract: At the present stage of development of scientific and technological
potential of the Russian Federation, it is necessary to improve the efficiency
of research and development work. Such decisions should be based on using
the objective analytical data on development trends of the world scientific and
technological complex. These data can be obtained through the complex analysis
of the global flow of scientific and technical information. The sources of such
information may be foreign and domestic, branches and departmental portals,
sites of scientific institutions, journals, scientific conferences and communities,
electronic mass media, and other Internet sources of scientific and technical
information. In the process of semantic analysis of multilingual heterogeneous
distributed information sources, new knowledge can be obtained and the priority
areas of activity of domestic and foreign research teams can be determined. The
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new principles for development of the system for monitoring and analysis of the
global flow of scientific and technical information are proposed. These principles
are based on the modern perceptions of conceptual text structure. These
perceptions are based on the modern conception of phraseological conceptual
analysis of texts. The methods and tools for formalization of semantic structure
of the text information and adaptation methods for declarative means for the
procedures of linguistic processing and semantic analysis of the text information
are considered in detail. The architecture of the system and the list of functions
of all its subsystems are given.

Keywords: automated text processing; semantic analysis; formal description of
text; semantic structure; data extraction; linguistic software
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МЕТОДИКА РАСЧЕТА НАДЕЖНОСТИ МЕЖДУНАРОДНОГО
ТЕРМОЯДЕРНОГО ЭКСПЕРИМЕНТАЛЬНОГО РЕАКТОРА

И ОПТИМИЗАЦИЯ ДЕЙСТВИЙ ПО СНИЖЕНИЮ РИСКОВ

Г. М. Коновалов1

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ®¤−®© ¨§ −�¨¡®«¥¥ áãé¥áâ¢¥−−ëå ¯à®¡«¥¬
¯à¨ á®§¤�−¨¨ ¬¥¦¤ã−�à®¤−®£® â¥à¬®ï¤¥à−®£® íªá¯¥à¨¬¥−â�«ì−®£® à¥�ªâ®à�
(ˆ’�÷) | ®¡¥á¯¥ç¥−¨î −�¤¥¦−®áâ¨. �¯¨á�−ë ¯à¨−æ¨¯ë, ª®â®àë¬¨ àã-
ª®¢®¤áâ¢ãîâáï ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯à¨ �−�«¨§¥ −�¤¥¦−®áâ¨ à¥�ªâ®à� ¨ ¥£®
®á−®¢−ëå ¯®¤á¨áâ¥¬. ‚ ®á−®¢ã ª®−æ¥¯æ¨¨ ¯®¢ëè¥−¨ï −�¤¥¦−®áâ¨ ¯®«®¦¥−
â�ª −�§ë¢�¥¬ë© RAMI-�−�«¨§ (®â �−£«. reliability, availability, maintainabil-
ity, inspectability), ®å¢�âë¢�îé¨© ®á−®¢−ë¥ �á¯¥ªâë ¯à®¡«¥¬ë: ã¢¥«¨ç¥−¨¥
ª®íää¨æ¨¥−â®¢ −�¤¥¦−®áâ¨ ¨ £®â®¢−®áâ¨, ¢®§¬®¦−®áâì ª®−âà®«ï, â¥å−¨ç¥áª®-
£® ®¡á«ã¦¨¢�−¨ï, ¬®¤¥à−¨§�æ¨¨ ¨ §�¬¥−ë. �� ¯à¨¬¥à�å à¥�«ì−ëå ¯®¤á¨áâ¥¬
à¥ªâ®à� ¨§«®¦¥−ë ®á−®¢−ë¥ íâ�¯ë RAMI-�−�«¨§�: äã−ªæ¨®−�«ì−ë© �−�«¨§,
®¯à¥¤¥«¥−¨¥ ª®íää¨æ¨¥−â®¢ −�¤¥¦−®áâ¨ ¨ £®â®¢−®áâ¨, �−�«¨§ ¯®â¥−æ¨�«ì−ëå
®âª�§®¢ ¨ áâ¥¯¥−¨ ¨å ¢®§¤¥©áâ¢¨ï, á®áâ�¢«¥−¨¥ á¯¨áª� á¬ï£ç�îé¨å ¤¥©áâ¢¨©.
�®á«¥¤−¨© ¨§ ¯¥à¥ç¨á«¥−−ëå íâ�¯®¢ á¢ï§�− á ®¯â¨¬¨§�æ¨¥© ¢®§¬®¦−ëå ¤¥©-
áâ¢¨© ¯® ã¬¥−ìè¥−¨î ¢¥à®ïâ−®áâ¨ ¢®§−¨ª−®¢¥−¨ï à¨áª� ¨ á−¨¦¥−¨î ¢à¥¬¥−¨
−� ¢®ááâ�−®¢«¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨. �à¥¤«®¦¥−� ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì,
¯®§¢®«ïîé�ï �¢â®¬�â¨§¨à®¢�âì ¯à®æ¥áá ¢ë¡®à� −�¨¡®«¥¥ íää¥ªâ¨¢−ëå ¨ −�¨-
¬¥−¥¥ §�âà�â−ëå ¢®§¤¥©áâ¢¨©, á®¯àï¦¥−−ë© á ®¡à�¡®âª®© ¡®«ìè¨å ¬�áá¨¢®¢
¨−ä®à¬�æ¨¨.

Š«îç¥¢ë¥ á«®¢�: ˆ’�÷; â®ª�¬�ª; �−�«¨§ −�¤¥¦−®áâ¨ ¡®«ìè¨å á¨áâ¥¬;
¤¥©áâ¢¨ï ¯® á¬ï£ç¥−¨î à¨áª®¢ ¨ ¯®¢ëè¥−¨î £®â®¢−®áâ¨; ¬�â¥¬�â¨ç¥áª¨¥
¬®¤¥«¨ ®¯â¨¬¨§�æ¨¨ −�¤¥¦−®áâ¨
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1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢® ”à�−æ¨¨ á¨«�¬¨ á¥¬¨ ãç�áâ−¨ª®¢ (…‘, Ÿ¯®−¨ï, ‘˜�,
÷®áá¨ï, Š¨â�©, ˆ−¤¨ï, ā¦−�ï Š®à¥ï) ¯®¤ ®¡é¨¬ àãª®¢®¤áâ¢®¬ ¬¥¦¤ã−�à®¤−®©
�à£�−¨§�æ¨¨ ˆ’�÷ (International Thermonuclear Experimental Reactor) ¢¥¤¥âáï
á®®àã¦¥−¨¥ â¥à¬®ï¤¥à−®£® à¥�ªâ®à� [1, 2]. �à¥¤¯®«�£�¥âáï, çâ® íªá¯¥à¨¬¥−â�«ì-
−ë© â¥à¬®ï¤¥à−ë© à¥�ªâ®à ¡ã¤¥â à�¡®â�âì ¯® âà¨ ¢®áì¬¨ç�á®¢ë¥ á¬¥−ë −¥¯à¥-
àë¢−® æ¨ª«�¬¨ ¯® 16 ¬¥á., ¯à¥àë¢�îé¨¬¨áï −� ¢®áì¬¨¬¥áïç−ë¥ ¯«�−®¢ë¥ ®áâ�-
−®¢ª¨ ¤«ï ®¡á«ã¦¨¢�−¨ï ¨ ¯à®ä¨«�ªâ¨ª¨. ÷�§à�¡®âª� ¨ áâà®¨â¥«ìáâ¢® ¯®¤®¡−®£®
à®¤� ãáâ�−®¢®ª ï¢«ïîâáï ªà�©−¥ á«®¦−®© §�¤�ç¥©, á®¯àï¦¥−−®© á ®£à®¬−ë¬¨
â¥å−¨ç¥áª¨¬¨ à¨áª�¬¨ ª�ª −� áâ�¤¨¨ ¯à®¥ªâ¨à®¢�−¨ï ¨ ¨§£®â®¢«¥−¨ï, â�ª ¨ −�

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

áâ�¤¨¨ íªá¯«ã�â�æ¨¨. Šà®¬¥ â®£®, ˆ’�÷ ï¢«ï¥âáï ï¤¥à−ë¬ ®¡ê¥ªâ®¬, ¨ ª −¥¬ã
¯à¨¬¥−ïîâáï ¯®¢ëè¥−−ë¥ âà¥¡®¢�−¨ï ¢ ¯«�−¥ −�¤¥¦−®áâ¨ ¨ ¡¥§®¯�á−®áâ¨.

„«ï ã¢¥«¨ç¥−¨ï −�¤¥¦−®áâ¨ ˆ’�÷ ¡ë« à�§à�¡®â�− ª®¬¯«¥ªá ¬¥à, −�§ë¢�-
¥¬ë© RAMI-�−�«¨§®¬ [3]. RAMI | �¡¡à¥¢¨�âãà� ®â reliability (ª®íää¨æ¨¥−â
−�¤¥¦−®áâ¨ | ¢¥à®ïâ−®áâì â®£®, çâ® á¨áâ¥¬� ¡ã¤¥â ¢ë¯®«−ïâì á¢®¨ äã−ªæ¨¨ ¡¥§
®âª�§®¢ −� ¯à®âï¦¥−¨¨ §�¤�−−®£® ¨−â¥à¢�«� ¢à¥¬¥−¨), availability (ª®íää¨æ¨¥−â
£®â®¢−®áâ¨ | ¢¥à®ïâ−®áâì â®£®, çâ® á¨áâ¥¬� ¡ã¤¥â ¢ á®áâ®ï−¨¨ ¢ë¯®«−ïâì á¢®¨
äã−ªæ¨¨ ¢ ¤�−−ë© ¬®¬¥−â ¢à¥¬¥−¨), maintainability (à¥¬®−â®¯à¨£®¤−®áâì |
¢®§¬®¦−®áâì à¥¬®−â�, ®¡á«ã¦¨¢�−¨ï ¨ ¬®¤¥à−¨§�æ¨¨), inspectability (¨−á¯¥ªâ¨-
àã¥¬®áâì | ¢®§¬®¦−®áâì ®áãé¥áâ¢«¥−¨ï ª®−âà®«ï).

�á−®¢−�ï §�¤�ç� RAMI-�−�«¨§� | ®¯à¥¤¥«¨âì ¢®§¬®¦−ë¥ â¥å−¨ç¥áª¨¥ à¨á-
ª¨ ¨ ¯à¥¤«®¦¨âì ¢®§¬®¦−ë¥ ¬¥â®¤ë ¨ áà¥¤áâ¢� ¤«ï á−¨¦¥−¨ï íâ¨å à¨áª®¢
¨, ª�ª á«¥¤áâ¢¨¥, ¤®¡¨âìáï ¬�ªá¨¬�«ì−®£® ¢à¥¬¥−¨ ¡¥§®âª�§−®© à�¡®âë ãáâ�−®¢-
ª¨. RAMI-�−�«¨§ ¯à®¢®¤¨âáï −� áâ�¤¨¨ ¯à®¥ªâ¨à®¢�−¨ï ¨ −�ç¨−�¥âáï á íáª¨§−®£®
�−�«¨§�. “¦¥ −� á�¬®¬ −�ç�«ì−®¬ íâ�¯¥ ¬®¦−® ¯à¥¤«®¦¨âì ¤¥©áâ¢¨ï, −�¯à�¢-
«¥−−ë¥, −�¯à¨¬¥à, −� ¨§¬¥−¥−¨¥ ª®−áâàãªæ¨¨ ¨«¨ í«¥¬¥−â−®© ¡�§ë, ¯®¤£®â®¢ªã
−�¡®à� á¯¥æ¨ä¨ç¥áª¨å, −¥ ¯à¥¤ãá¬®âà¥−−ëå ¯à®¬ëè«¥−−ë¬¨ áâ�−¤�àâ�¬¨ â¥á-
â®¢, á®áâ�¢«¥−¨¥ á¯¨áª� §�¯�á−ëå ç�áâ¥© ¨ â. ¤. á ª®−¥ç−®© æ¥«ìî ¯®¢ëá¨âì
−�¤¥¦−®áâì á¨áâ¥¬ë ¨ ¨−®£¤� ¤�¦¥ ¬¨−¨¬¨§¨à®¢�âì §�âà�âë −� ¨§£®â®¢«¥−¨¥.

÷¥�ªâ®à ˆ’�÷ á®áâ®¨â ¨§ −¥áª®«ìª¨å ¤¥áïâª®¢ ªàã¯−ëå ¯®¤á¨áâ¥¬ (¢�ªã-
ã¬−�ï ª�¬¥à�, ¬�£−¨â−�ï á¨áâ¥¬�, á¨áâ¥¬� ¯®¤�ç¨ í−¥à£¨¨, ¤¨�£−®áâ¨ç¥áª¨©
ª®¬¯«¥ªá, á¨áâ¥¬� ã¯à�¢«¥−¨ï ¨ ¤à.), ¤«ï ª®â®àëå áä®à¬ã«¨à®¢�−ë âà¥¡®¢�−¨ï
¯® −�¤¥¦−®áâ¨. �à®æ¥áá RAMI-�−�«¨§� ¯à¨¬¥−ï¥âáï ª® ¢á¥¬ ¯®¤á¨áâ¥¬�¬ ˆ’�÷
¨ á®áâ®¨â ¨§ ç¥âëà¥å íâ�¯®¢.

1. ”ã−ªæ¨®−�«ì−ë© �−�«¨§ | á®§¤�−¨¥ ¯®«−®© äã−ªæ¨®−�«ì−®© áå¥¬ë ¯®¤-
á¨áâ¥¬ë, ®¯¨áë¢�îé¥© ¢á¥ äã−ªæ¨¨, −�ç¨−�ï ®â £«�¢−®© ¨ §�ª�−ç¨¢�ï
äã−ªæ¨ï¬¨ −¨¦−¥£® ãà®¢−ï ¨ ®¡®àã¤®¢�−¨¥¬, ª®â®à®¥ ®¡¥á¯¥ç¨¢�¥â ¨å ¢ë-
¯®«−¥−¨¥.

2. �¯à¥¤¥«¥−¨¥ ª®íää¨æ¨¥−â®¢ −�¤¥¦−®áâ¨ ¨ £®â®¢−®áâ¨ ¯®¤á¨áâ¥¬ë −� ®á−®¢¥
¤�−−ëå ® −�¤¥¦−®áâ¨ ¨á¯®«ì§ã¥¬®£® ®¡®àã¤®¢�−¨ï.

3. �−�«¨§ ¯®â¥−æ¨�«ì−ëå ®âª�§®¢ ¨ áâ¥¯¥−¨ ¨å ¢®§¤¥©áâ¢¨ï −� ¯®¤á¨áâ¥¬ã |
á®áâ�¢«¥−¨¥ ¯¥à¥ç−ï ¢®§¬®¦−ëå ®âª�§®¢ ®¡®àã¤®¢�−¨ï, ¯à¨ç¨− íâ¨å ®âª�§®¢,
®¯à¥¤¥«¥−¨¥ ç�áâ®âë ¢®§−¨ª−®¢¥−¨ï ¨ ¢à¥¬¥−¨, âà¥¡ã¥¬®£® −� ¢®ááâ�−®¢«¥-
−¨¥ à�¡®â®á¯®á®¡−®áâ¨ á¨áâ¥¬ë, � â�ª¦¥ áâ¥¯¥−¨ à¨áª�.

4. ‘®áâ�¢«¥−¨¥ á¯¨áª� á¬ï£ç�îé¨å ¤¥©áâ¢¨© | ®¯à¥¤¥«¥−¨¥ ¢®§¬®¦−ëå ¤¥©-
áâ¢¨© ¤«ï ã¬¥−ìè¥−¨ï ¢¥à®ïâ−®áâ¨ ®âª�§� ¨ á−¨¦¥−¨ï ¢à¥¬¥−¨ −� ¢®ááâ�-
−®¢«¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨.

�â�¯ë 2{4 ¬®£ãâ ¯®¢â®àïâìáï −¥®¤−®ªà�â−® ¤® â¥å ¯®à, ¯®ª� ª®íää¨æ¨¥−âë
£®â®¢−®áâ¨ ¨ −�¤¥¦−®áâ¨ −¥ ¤®áâ¨£−ãâ âà¥¡ã¥¬®£® §�¤�−−®£® §−�ç¥−¨ï.

‚¢¨¤ã ã−¨ª�«ì−®áâ¨ á®®àã¦¥−¨ï ¬−®£¨¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï −�¤¥¦−®áâ¨
âà¥¡ãîâ ®à¨£¨−�«ì−ëå à¥è¥−¨©. ‚ ç�áâ−®áâ¨, íâ® ®â−®á¨âáï ª ¢ë¡®àã ¢®§-
¤¥©áâ¢¨©, ª®â®àë¥ ¬®£ãâ ¡ëâì ¯à¨¬¥−¥−ë ª à�§«¨ç−ë¬ í«¥¬¥−â�¬ á æ¥«ìî
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ã¬¥−ìè¥−¨ï à¨áª®¢ −¥¦¥«�â¥«ì−ëå ®âª�§®¢ ®¡®àã¤®¢�−¨ï ¨ ¯®¢ëè¥−¨î â¥¬ á�-
¬ë¬ ¯®ª�§�â¥«¥© −�¤¥¦−®áâ¨ ¯®¤á¨áâ¥¬. ‚®§¤¥©áâ¢¨ï ï¢«ïîâáï, ¢®®¡é¥ £®¢®àï,
§�âà�â−ë¬¨, ¯®íâ®¬ã ¢áâ�¥â ¢®¯à®á ®¡ ¨å ®¯â¨¬¨§�æ¨¨.

„�«ì−¥©è¥¥ á®¤¥à¦�−¨¥ áâ�âì¨ ¢ª«îç�¥â ¡®«¥¥ ¯®¤à®¡−®¥ ®¯¨á�−¨¥ íâ�¯®¢
RAMI-�−�«¨§� (à�§¤. 2), � â�ª¦¥ ¯®áâ�−®¢ªã §�¤�ç¨ ®¯â¨¬�«ì−®£® ¢ë¡®à� á¬ï£-
ç�îé¨å ¢®§¤¥©áâ¢¨©, á®¯à®¢®¦¤¥−−ãî ¯à¨¬¥à®¬ ¥¥ à¥è¥−¨ï ¤«ï ª®−ªà¥â−®©
¯®¤á¨áâ¥¬ë (à�§¤. 3).

2 Описание процесса проведения RAMI-анализа

2.1 Функциональный анализ

�á−®¢−®© §�¤�ç¥© äã−ªæ¨®−�«ì−®£® �−�«¨§� ï¢«ï¥âáï ®¯à¥¤¥«¥−¨¥ ¨¥à�àå¨¨
äã−ªæ¨© ¯®¤á¨áâ¥¬ë, −�ç¨−�ï ®â £«�¢−®© äã−ªæ¨¨ ¯®¤á¨áâ¥¬ë ¨ §�ª�−ç¨¢�ï
äã−ªæ¨ï¬¨ −¨¦−¥£® ãà®¢−ï ¨ ª®¬¯®−¥−â�¬¨, ®¡¥á¯¥ç¨¢�îé¨¬¨ ¨å ¢ë¯®«−¥−¨¥,
� â�ª¦¥ ¢§�¨¬®á¢ï§¥© ¬¥¦¤ã −¨¬¨. Œ¥â®¤¨ª� ¯à®¢¥¤¥−¨ï äã−ªæ¨®−�«ì−®£® �−�-
«¨§� ¡�§¨àã¥âáï −� â�ª −�§ë¢�¥¬®¬ IDEF0-¯®¤å®¤¥ (IDEF0 | integration defini-
tion function language 0), ª®â®àë© ®á−®¢�− −� ¬¥â®¤®«®£¨¨ áâàãªâãà−®£® �−�«¨§�
¨ ¯à®¥ªâ¨à®¢�−¨ï (SADT | structured analysis and design technique) [4, 5].

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� −� à¨á. 1 ¯®ª�§�−� ã¯à®é¥−−�ï äã−ªæ¨®−�«ì−�ï IDEF0-
áå¥¬� ®¤−®© ¨§ ¤¨�£−®áâ¨ç¥áª¨å á¨áâ¥¬ â®ª�¬�ª�1 ˆ’�÷ | ¤¨¢¥àâ®à−®£® ¬®−¨-
â®à� −¥©âà®−−®£® ¯®â®ª� („Œ��).

÷¨á. 1 “¯à®é¥−−�ï IDEF0-¬®¤¥«ì „Œ��

1’®ª�¬�ª (â®à®¨¤�«ì−�ï ª�¬¥à� á ¬�£−¨â−ë¬¨ ª�âãèª�¬¨) | â®à®¨¤�«ì−�ï ãáâ�−®¢ª� ¤«ï
¬�£−¨â−®£® ã¤¥à¦�−¨ï ¯«�§¬ë á æ¥«ìî ¤®áâ¨¦¥−¨ï ãá«®¢¨©, −¥®¡å®¤¨¬ëå ¤«ï ¯à®â¥ª�−¨ï ã¯à�¢-
«ï¥¬®£® â¥à¬®ï¤¥à−®£® á¨−â¥§�. ÷¥�ªâ®à ˆ’�÷ ¯® á¢®¥© ª®−áâàãªæ¨¨ ®â−®á¨âáï ª â®ª�¬�ª�¬.
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�á−®¢−�ï §�¤�ç� „Œ�� | ¯à®¢®¤¨âì ¨§¬¥à¥−¨ï ®¡é¥£® −¥©âà®−−®£® ¯®â®ª�
®â ¯«�§¬ë (−� à¨á. 1 | ¢ëå®¤). ‘�¬� á¨áâ¥¬� „Œ�� ï¢«ï¥âáï ¯®¤á¨áâ¥¬®©
®¡é¥© á¨áâ¥¬ë ¤¨�£−®áâ¨ª¨ â®ª�¬�ª�, ª®â®à�ï ¯®¬¨¬® „Œ�� ¢ª«îç�¥â ¢ á¥¡ï
àï¤ ¤àã£¨å ¤¨�£−®áâ¨ª (�−�«¨§�â®à �â®¬®¢ ¯¥à¥§�àï¤ª¨, á¨áâ¥¬ã à¥ä«¥ªâ®¬¥â-
à¨¨ á® áâ®à®−ë á¨«ì−®£® ¬�£−¨â−®£® ¯®«ï ¨ ¤à.). �á−®¢−�ï äã−ªæ¨ï „Œ��
¡ã¤¥â ¢ë¯®«−ïâìáï â®«ìª® ¢ â®¬ á«ãç�¥, ª®£¤� áãé¥áâ¢ã¥â á�¬ −¥©âà®−−ë© ¯®â®ª
®â ¯«�§¬ë (¤®áâã¯¥− ¢å®¤), à�¡®â�îâ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¨ ¯®¤�ç¨ í«¥ªâà®-
í−¥à£¨¨ ¨ ¢®¤ë (®áãé¥áâ¢«ï¥âáï ã¯à�¢«¥−¨¥) ¨ ¤®áâã¯−ë ¬¥å�−¨§¬ë, ª®â®àë¬¨
¢ë¯®«−ï¥âáï á®¡áâ¢¥−−® ¤¨�£−®áâ¨ª� −¥©âà®−−®£® ¯®â®ª�.

’�ª¨¬ ®¡à�§®¬, ¯®«−�ï äã−ªæ¨®−�«ì−�ï áå¥¬� ¤�¥â ¯à¥¤áâ�¢«¥−¨¥ ® ¢§�¨-
¬®¤¥©áâ¢¨¨ ®â¤¥«ì−ëå ã§«®¢ ¨ ª®¬¯®−¥−â®¢ á¨áâ¥¬ë, çâ® ï¢«ï¥âáï ¡�§¨á®¬ ¤«ï
¯®á«¥¤ãîé¨å è�£®¢ RAMI-�−�«¨§�.

2.2 Определение коэффициентов надежности и готовности

‚ à�¬ª�å ¯®¤å®¤� �à£�−¨§�æ¨¨ ˆ’�÷ ¤«ï ®¯à¥¤¥«¥−¨ï ª®íää¨æ¨¥−â®¢ −�-
¤¥¦−®áâ¨ ¨ £®â®¢−®áâ¨ ¨á¯®«ì§ã¥âáï ¤¨�£à�¬¬� −�¤¥¦−®áâ¨ (Reliability Block
Diagrams). „«ï ¯®áâà®¥−¨ï ¤¨�£à�¬¬ë −�¤¥¦−®áâ¨ ¢ ª�ç¥áâ¢¥ ¡�§¨á� ¨á¯®«ì-
§ã¥âáï äã−ªæ¨®−�«ì−�ï áå¥¬� ¯®¤á¨áâ¥¬ë, −� ®á−®¢�−¨¨ ª®â®à®© ®¯à¥¤¥«ïîâáï
§�¢¨á¨¬®áâ¨ ¬¥¦¤ã ¡«®ª�¬¨ ¤¨�£à�¬¬ë. „¨�£à�¬¬ë −�¤¥¦−®áâ¨, ®¯¨áë¢�îé¨¥
¬−®£®ãà®¢−¥¢ãî ¨¥à�àå¨î äã−ªæ¨©, ¯®§¢®«ïîâ ®¯à¥¤¥«¨âì ª®íää¨æ¨¥−âë £®-
â®¢−®áâ¨ ¨ −�¤¥¦−®áâ¨ ¤«ï £«�¢−®© äã−ªæ¨¨ ¯®¤á¨áâ¥¬ë, ¨á¯®«ì§ãï ¢ ª�ç¥áâ¢¥

÷¨á. 2 ”ã−ªæ¨®−�«ì−�ï ¤¨�£à�¬¬� ¤«ï ¯®¤äã−ªæ¨¨ ú�¥à¥¤�¢�âì ¢ëá®ª®¥ −�¯àï¦¥−¨¥
¨ á¨£−�«ë ®â ª�¬¥à ¤¥«¥−¨ïû äã−ªæ¨¨ úˆ§¬¥àïâì −¥©âà®−−ë© ¯®â®ªû á¨áâ¥¬ë „Œ��
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¢å®¤−®© ¨−ä®à¬�æ¨¨ â®«ìª® ¤�−−ë¥ ® ª®¬¯®−¥−â�å, ®¡¥á¯¥ç¨¢�îé¨å äã−ªæ¨¨
−¨¦−¥£® ãà®¢−ï (¡�§®¢ë¥ äã−ªæ¨¨) (à¨á. 2).

‚å®¤−®© ¨−ä®à¬�æ¨¥© ¤«ï ®â¤¥«ì−ëå ª®¬¯®−¥−â®¢ ï¢«ïîâáï ¯�à�¬¥âàë
−�¤¥¦−®áâ¨ (áà¥¤−¥¥ ¢à¥¬ï −�à�¡®âª¨ −� ®âª�§, ¢¥à®ïâ−®áâì ®âª�§�) ¨ ¯�à�¬¥â-
àë ®¡á«ã¦¨¢�−¨ï (áà¥¤−¥¥ ¢à¥¬ï −� ¢®ááâ�−®¢«¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨). �â¨
¯�à�¬¥âàë ¬®£ãâ ¡ëâì ¯®«ãç¥−ë ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢, â�ª¨å ª�ª á¯¥æ¨ä¨-
ª�æ¨¨ ¯à®¨§¢®¤¨â¥«ï ®¡®àã¤®¢�−¨ï, ¡�§ë ¤�−−ëå, ¯à®¬ëè«¥−−ë¥ áâ�−¤�àâë,
¯à¥¤ë¤ãé¨© ®¯ëâ ¨§£®â®¢¨â¥«ï ®¡®àã¤®¢�−¨ï ¯à¨ á®§¤�−¨¨ �−�«®£¨ç−ëå á¨á-
â¥¬, ¯à¥¤¯®«®¦¥−¨ï íªá¯¥àâ®¢. ‚ −¥ª®â®àëå á«ãç�ïå ¤®áâã¯−ë¥ ¤�−−ë¥ ¬®£ãâ
−¥ ®â¢¥ç�âì á¯¥æ¨ä¨ç¥áª¨¬ ãá«®¢¨ï¬, ¢ ª®â®àëå ª®¬¯®−¥−â�¬ ¯à¥¤áâ®¨â äã−ª-
æ¨®−¨à®¢�âì ¢ ˆ’�÷, ¨ −¥®¡å®¤¨¬� íªá¯¥àâ−�ï ®æ¥−ª� ¤«ï ª®àà¥ªâ¨à®¢ª¨
¤�−−ëå.

�à¨ ¯®áâà®¥−¨¨ ¤¨�£à�¬¬ −�¤¥¦−®áâ¨ −¥®¡å®¤¨¬® ãç¨âë¢�âì â�ª¨¥ �á¯¥ªâë,
ª�ª ¯�à�««¥«ì−®¥ ¯®¤ª«îç¥−¨¥ ª®¬¯®−¥−â, ¤ã¡«¨à®¢�−¨¥, ¢®§¬®¦−®áâì ¢ëå®¤�
¨§ áâà®ï ª�ª®£®-«¨¡® ª®¬¯®−¥−â� ¡¥§ −�àãè¥−¨ï äã−ªæ¨®−¨à®¢�−¨ï ®á−®¢−®©
äã−ªæ¨¨ ¨ â. ¯. �� à¨á. 3 ¯à¨¢¥¤¥− ¯à¨¬¥à ¤¨�£à�¬¬ë −�¤¥¦−®áâ¨ ¤«ï ¡�§®¢®©
äã−ªæ¨¨ ú�¥à¥¤�¢�âì á¨£−�« á ª�¬¥à ¤¥«¥−¨ï −� ¯à¥¤ãá¨«¨â¥«¨û, ª®â®à�ï −¥®¡-
å®¤¨¬� ¤«ï ®¡¥á¯¥ç¥−¨ï äã−ªæ¨¨ ú�¥à¥¤�¢�âì ¢ëá®ª®¥ −�¯àï¦¥−¨¥ ¨ á¨£−�«ë
®â ª�¬¥à ¤¥«¥−¨ïû (á¬. â�ª¦¥ à¨á. 2).

÷¨á. 3 „¨�£à�¬¬� −�¤¥¦−®áâ¨ −� ¯à¨¬¥à¥ ¡�§®¢®© äã−ªæ¨¨ ú�¥à¥¤�¢�âì á¨£−�«
á ª�¬¥à ¤¥«¥−¨ï −� ¯à¥¤ãá¨«¨â¥«¨û (MTBF | mean time between failures | áà¥¤−¥¥
¢à¥¬ï −�à�¡®âª¨ −� ®âª�§; MTTR | mean time to repair | áà¥¤−¥¥ ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï
à�¡®â®á¯®á®¡−®áâ¨)
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‚ à¥�«ì−®áâ¨ „Œ�� ¯à¥¤áâ�¢«ï¥â á®¡®© âà¨ −¥§�¢¨á¨¬ëå ¬®¤ã«ï, à�á¯®-
«®¦¥−−ëå ¢ à�§−ëå ¬¥áâ�å â®ª®¬�ª�, ¯à¨ç¥¬ ª�¦¤ë© ¬®¤ã«ì á®áâ®¨â ¨§ âà¥å
ª�¬¥à ¤¥«¥−¨ï á à�§«¨ç−®© çã¢áâ¢¨â¥«ì−®áâìî. ’�ª¨¬ ®¡à�§®¬ ¢ ¤¨�£à�¬¬¥
¤«ï äã−ªæ¨¨ ú�¥à¥¤�¢�âì ¢ëá®ª®¥ −�¯àï¦¥−¨¥ ¨ á¨£−�«ë ®â ª�¬¥à ¤¥«¥−¨ïû,
ª®â®à�ï ï¢«ï¥âáï äã−ªæ¨¥© −� ãà®¢¥−ì ¢ëè¥, ç¥¬ äã−ªæ¨ï ú�¥à¥¤�¢�âì á¨£−�«
á ª�¬¥àë ¤¥«¥−¨ï −� ¯à¥¤ãá¨«¨â¥«¨û (á¬. à¨á. 2), ®¯¨á�−−�ï ¢ëè¥ ¤¨�£à�¬¬�
¤®«¦−� ¡ëâì ãçâ¥−� âà¨¦¤ë. �−�«®£¨ç−® âà¨¦¤ë ¤®«¦−� ¡ëâì ãçâ¥−� äã−ªæ¨ï
ú�¥à¥¤�¢�âì ¢ëá®ª®¥ −�¯àï¦¥−¨¥ ¨ á¨£−�«ë ®â ª�¬¥à ¤¥«¥−¨ïû ¯à¨ ¯®áâà®¥−¨¨
¤¨�£à�¬¬ë ¤«ï äã−ªæ¨¨ ¢¥àå−¥£® ãà®¢−ï úˆ§¬¥àïâì −¥©âà®−−ë© ¯®â®ªû.

’�ª¨¬ ®¡à�§®¬, §−�ï äã−ªæ¨®−�«ì−ë¥ §�¢¨á¨¬®áâ¨ ¨ ¯®â¥−æ¨�«ì−ë¥ ®âª�§ë
ª®¬¯®−¥−â®¢, ®¡¥á¯¥ç¨¢�îé¨å ¢ë¯®«−¥−¨¥ ¡�§®¢ëå äã−ªæ¨©, ¬®¦−® ®æ¥−¨âì
¢¥à®ïâ−®áâì ®âª�§� ®á−®¢−®© äã−ªæ¨¨ ¯®¤á¨áâ¥¬ë. „�«¥¥, §−�ï ¢¥à®ïâ−®áâ¨
®âª�§®¢ ¤«ï ®á−®¢−ëå äã−ªæ¨© ¯®¤á¨áâ¥¬, ¬®¦−® ®æ¥−¨âì −�¤¥¦−®áâì ¢á¥©
á¨áâ¥¬ë ¢ æ¥«®¬.

„«ï à�áç¥â� ª®íää¨æ¨¥−â®¢ −�¤¥¦−®áâ¨ ¨ £®â®¢−®áâ¨, ª�ª ¯à�¢¨«®, ¨á-
¯®«ì§ã¥âáï á¯¥æ¨�«¨§¨à®¢�−−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ (−�¯à¨¬¥à, ¯à®£à�¬¬�
BlockSim ª®¬¯�−¨¨ ReliaSoft [6]), −® ¬¥â®¤®«®£¨ï à�áç¥â� ¯à¥¤áâ�¢«ï¥â ®â¤¥«ì-
−ë© ¨−â¥à¥á ¨ ¥¥ ®¡áã¦¤¥−¨¥ ¢ëå®¤¨â §� à�¬ª¨ ¤�−−®© áâ�âì¨.

�−�«®£¨ç−ë¥ ¤¨�£à�¬¬ë, ¯®áâà®¥−−ë¥ ¤«ï ¢á¥å ¯®¤á¨áâ¥¬, ¬®£ãâ ¡ëâì ®¡ê-
¥¤¨−¥−ë ¤«ï ®¯à¥¤¥«¥−¨ï ª®íää¨æ¨¥−â®¢ −�¤¥¦−®áâ¨ ¨ £®â®¢−®áâ¨ ¢á¥© ãáâ�−®¢-
ª¨ ˆ’�÷.

2.3 Анализ потенциальных отказов и степени их воздействия

��à�««¥«ì−® á ¯®áâà®¥−¨¥¬ ¤¨�£à�¬¬ −�¤¥¦−®áâ¨ ¢ à�¬ª�å ¯®¤å®¤� �à£�−¨-
§�æ¨¨ ˆ’�÷ ¯à®¢®¤¨âáï �−�«¨§ ¯®â¥−æ¨�«ì−ëå ®âª�§®¢ ¨ áâ¥¯¥−¨ ¨å ¢®§¤¥©áâ¢¨ï
¤«ï ®¯à¥¤¥«¥−¨ï ¢®§¬®¦−ëå äã−ªæ¨®−�«ì−ëå ®âª�§®¢ ¨ ®æ¥−ª¨ áâ¥¯¥−¨ à¨áª�
íâ¨å ®âª�§®¢. ‚ á®¢®ªã¯−®áâ¨ íâ¨ ¤¥©áâ¢¨ï −®áïâ −�§¢�−¨¥ FMEC-�−�«¨§ (Failure
Modes, Effects, and Criticality analysis [3, 7]).

FMEC-�−�«¨§ ¯à®¢®¤¨âáï −� ®á−®¢¥ �−�«¨§� äã−ªæ¨®−�«ì−®áâ¨ ¨ ¯�à�¬¥âà®¢
−�¤¥¦−®áâ¨ ¨ ®¡á«ã¦¨¢�−¨ï á á®¡«î¤¥−¨¥¬ á«¥¤ãîé¨å ®á−®¢−ëå ¯à¨−æ¨¯®¢:

{ −¥®¡å®¤¨¬® ®¯¨á�âì ¢á¥ ¢®§¬®¦−ë¥ ®âª�§ë, ¯à¨ç¨−ë, ¨å ¢ë§ë¢�îé¨¥, ¨ ¯®-
á«¥¤áâ¢¨ï íâ¨å ®âª�§®¢;

{ ®âª�§ë ¨ ¯®á«¥¤áâ¢¨ï ¤®«¦−ë ¡ëâì ®¯¨á�−ë ª®«¨ç¥áâ¢¥−−® ¢ â¥à¬¨−�å úç�á-
â®âë ¢®§−¨ª−®¢¥−¨ïû (occurrence) ¨ ú§−�ç¨¬®áâ¨û (severity) ¢ á®®â¢¥âáâ¢¨¨ á®
èª�«®©, ¯à¨¢¥¤¥−−®© ¢ â�¡«. 1. „�−−�ï èª�«� ¤®«¦−� ¨á¯®«ì§®¢�âìáï ¤«ï
¢á¥å ¯®¤á¨áâ¥¬ ˆ’�÷;

{ áâ¥¯¥−ì à¨áª� (criticality) ®¯à¥¤¥«ï¥âáï ª�ª ¯à®¨§¢¥¤¥−¨¥ ç�áâ®âë ¢®§−¨ª−®-
¢¥−¨ï −� §−�ç¨¬®áâì.

‘®£«�á−® ª«�áá¨ä¨ª�æ¨¨, ¯à¨−ïâ®© ¢ �à£�−¨§�æ¨¨ ˆ’�÷, ¢ §�¢¨á¨¬®áâ¨ ®â
áâ¥¯¥−¨ à¨áª� ¥£® ¬®¦−® ®â−¥áâ¨ ª áãé¥áâ¢¥−−®¬ã (major), áà¥¤−¥¬ã (medium)
¨ −¥§−�ç¨â¥«ì−®¬ã (minor) (à¨á. 4).
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’�¡«¨æ� 1 ˜ª�«� ˆ’�÷ ¤«ï ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª¨ ç�áâ®âë ¢®§-
−¨ª−®¢¥−¨ï ¨ §−�ç¨¬®áâ¨ à¨áª�

—�áâ®â�
¢®§−¨ª−®¢¥−¨ï �¯¨á�−¨¥ ˆ−â¥−á¨¢−®áâì ®âª�§®¢

1 �ç¥−ì −¨§ª¨© Œ¥−¥¥ 5 · 10−4 ¢ £®¤
(à¥¦¥, ç¥¬ 1 à�§ ¢ 2000 «¥â)

2 �¨§ª¨© �â 5 · 10−4 ¤® 5 · 10−3 ¢ £®¤
(à¥¦¥, ç¥¬ 1 à�§ ¢ 200 «¥â)

3 “¬¥à¥−−ë© �â 5 · 10−3 ¤® 5 · 10−2 ¢ £®¤
(à¥¦¥, ç¥¬ 1 à�§ ¢ 20 «¥â)

4 ‚ëá®ª¨© �â 5 · 10−2 ¤® 5 · 10−1 ¢ £®¤
(à¥¦¥, ç¥¬ 1 à�§ ¢ 2 £®¤�)

5 �ç¥−ì ¢ëá®ª¨© �â 5 · 10−1 ¤® 5 ¢ £®¤
(à¥¦¥, ç¥¬ 5 à�§ ¢ £®¤)

6 Šà¨â¨ç−ë© �®«¥¥ 5 à�§ ¢ £®¤

‡−�ç¨¬®áâì �¯¨á�−¨¥
‚à¥¬ï −� ¢®ááâ�−®¢«¥−¨¥

à�¡®â®á¯®á®¡−®áâ¨
1 ‘«�¡ë© Œ¥−¥¥ 1 ç
2 “¬¥à¥−−ë© �â 1 ç ¤® 1 ¤−ï
3 ‘¥àì¥§−ë© �â 1 ¤−ï ¤® 1 −¥¤.
4 �¯�á−ë© �â 1 −¥¤. ¤® 2 ¬¥á.
5 Šà¨â¨ç−ë© �â 2 ¬¥á. ¤® 1 £®¤�
6 Š�â�áâà®ä¨ç¥áª¨© �®«¥¥ 1 £®¤�

�� ¯à¨¬¥à¥ „Œ��, ¯à¥¤áâ�¢«¥−−®¬

÷¨á. 4 „¨�£à�¬¬� áâ¥¯¥−¥© à¨áª®¢ ¤«ï
„Œ��: â¥¬−®-á¥à�ï §®−� | áãé¥áâ¢¥−-
−ë¥ à¨áª¨; á¥à�ï | áà¥¤−¨¥, á¢¥â«®-
á¥à�ï §®−� | −¥§−�ç¨â¥«ì−ë¥ à¨áª¨

−� à¨á. 4, ¬®¦−® ¢¨¤¥âì, çâ® ¤«ï ¤�−−®©
¯®¤á¨áâ¥¬ë ¡ë«® ®¯à¥¤¥«¥−® 5 áãé¥-
áâ¢¥−−ëå à¨áª®¢ (áâ¥¯¥−ì à¨áª� ¡®«ì-
è¥ 13). „«ï áãé¥áâ¢¥−−ëå à¨áª®¢ −¥®¡-
å®¤¨¬® ¢−¥¤à¥−¨¥ á¬ï£ç�îé¨å ¤¥©áâ¢¨©
(á¬. á«¥¤ãîé¨© à�§¤¥«) ¤«ï ã¬¥−ìè¥−¨ï
¢¥à®ïâ−®áâ¨ ¢®§−¨ª−®¢¥−¨ï à¨áª®¢ ¨«¨
ã¬¥−ìè¥−¨ï ¢à¥¬¥−¨ −� ¢®ááâ�−®¢«¥−¨¥
à�¡®â®á¯®á®¡−®áâ¨.

�® ¯à�¢¨«�¬ �à£�−¨§�æ¨¨ ˆ’�÷
¤«ï à¨áª®¢ áà¥¤−¥© áâ¥¯¥−¨ á¬ï£ç�îé¨¥
¤¥©áâ¢¨ï ¦¥«�â¥«ì−ë (−® −¥ ®¡ï§�â¥«ì-
−ë). „«ï −¥§−�ç¨â¥«ì−ëå à¨áª®¢ ¢−¥¤-
à¥−¨¥ á¬ï£ç�îé¨å ¤¥©áâ¢¨© ¯®«−®áâìî
®áãé¥áâ¢«ï¥âáï ¯® ¦¥«�−¨î à�§à�¡®âç¨-
ª� ¯®¤á¨áâ¥¬ë (−�¯à¨¬¥à, ¤«ï ¯®¢ëè¥-
−¨ï ª®íää¨æ¨¥−â� £®â®¢−®áâ¨ ¢á¥© ¯®¤-
á¨áâ¥¬ë (á¬. à�§¤. 3)).
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2.4 Смягчающие действия

„«ï ã¬¥−ìè¥−¨ï áâ¥¯¥−¨ à¨áª®¢, ®¯à¥¤¥«¥−−ëå ¢ ¯à®æ¥áá¥ FMEC-�−�«¨§�,
� â�ª¦¥ ¤«ï ã¢¥«¨ç¥−¨ï ª®íää¨æ¨¥−â®¢ −�¤¥¦−®áâ¨ ¨ £®â®¢−®áâ¨ ¯®¤á¨áâ¥¬ë
¤®«¦−ë ¯à¨¬¥−ïâìáï á¬ï£ç�îé¨¥ ¤¥©áâ¢¨ï. �−¨ ¬®£ãâ ¢«¨ïâì ª�ª −� ç�áâ®âã
¢®§−¨ª−®¢¥−¨ï à¨áª� (¯à¥¤®â¢à�é�îé¨¥), â�ª ¨ −� §−�ç¨¬®áâì à¨áª� (§�é¨â-
−ë¥) ¨«¨ ®¤−®¢à¥¬¥−−® −� ®¡� ¯�à�¬¥âà�, â¥¬ á�¬ë¬ ã¬¥−ìè�ï áâ¥¯¥−ì à¨áª�.
�à¨¬¥àë −¥ª®â®àëå ¢®§¬®¦−ëå ¤¥©áâ¢¨© ¤�−ë ¢ â�¡«. 2.

‚ á«ãç�¥ „Œ�� ¡ë«® ¯à¥¤«®¦¥−® ¯à¥¤ãá¬®âà¥âì −�«¨ç¨¥ §�¯�á−ëå ç�áâ¥©
¤«ï á−¨¦¥−¨ï ¢à¥¬¥−¨ −� §�¬¥−ã ¢ëè¥¤è¨å ¨§ áâà®ï ª®¬¯®−¥−â®¢, çâ® ¯à¨¢¥«®
ª á−¨¦¥−¨î áâ¥¯¥−¨ à¨áª�.

’�¡«¨æ� 2 �à¨¬¥àë á¬ï£ç�îé¨å ¤¥©áâ¢¨©

�â�¯
�à¥¤®â¢à�é�îé¨¥

(ã¬¥−ìè�îé¨¥ ç�áâ®âã
¢®§−¨ª−®¢¥−¨ï à¨áª�)

‡�é¨â−ë¥
(ã¬¥−ìè�îé¨¥

§−�ç¨¬®áâì à¨áª�)

�à®¥ªâ¨à®¢�−¨¥
�à¥¤ãá¬®âà¥âì ¤ã¡«¨à®¢�−¨¥
¯®â¥−æ¨�«ì−® −¥−�¤¥¦−®£®
ª®¬¯®−¥−â�

�à¥¤ãá¬®âà¥âì −¥¢®§¬®¦−®áâì
ª�áª�¤� ¯®«®¬®ª ®¡®àã¤®¢�−¨ï
¨§-§� ¢ëå®¤� ¨§ áâà®ï ¯®â¥−æ¨-
�«ì−® −¥−�¤¥¦−®£® ª®¬¯®−¥−â�

’¥áâ¨à®¢�−¨¥
�à®¢¥áâ¨ â¥áâ¨à®¢�−¨¥ ¤«ï
®¯à¥¤¥«¥−¨ï −�¤¥¦−®áâ¨ ª®¬-
¯®−¥−â�

�à®¢®¤¨âì â¥áâë ¤«ï ®¯à¥¤¥«¥-
−¨ï −¥®¡å®¤¨¬®áâ¨ ®¡á«ã¦¨¢�-
−¨ï

”ã−ªæ¨®−¨à®¢�−¨¥
�âª«îç�âì ¢ ¯à®æ¥áá¥ à�¡®âë
ª®¬¯®−¥−âë á æ¥«ìî ¯à¥¤®â-
¢à�é¥−¨ï ¯®¢à¥¦¤¥−¨ï

‚−¥¤à¨âì á¯¥æ¨�«ì−ãî à�¡®çãî
¯à®æ¥¤ãàã ¤«ï ¯à¥¤®â¢à�é¥−¨ï
¢®§¬®¦−®£® ¢ëå®¤� ¨§ áâà®ï

�¡á«ã¦¨¢�−¨¥
“¢¥«¨ç¨âì ç�áâ®âã ¨−á¯¥ªæ¨©
¨ ¯¥à¨®¤¨ç¥áª¨å ®¡á«ã¦¨¢�-
−¨©

ˆ¬¥âì ¢ −�«¨ç¨¨ §�¯�á−ë¥ ç�á-
â¨ ¤«ï ã¬¥−ìè¥−¨ï ¢à¥¬¥−¨ à¥-
¬®−â�

2.5 Повторный анализ после внедрения смягчающих действий

�®á«¥ ¢−¥¤à¥−¨ï á¬ï£ç�îé¨å ¤¥©áâ¢¨© ¤«ï ª�¦¤®© ¯®¤á¨áâ¥¬ë ¤®«¦¥−
¯à®¢®¤¨âìáï ¯®¢â®à−ë© FMEC-�−�«¨§ ¨ à�áç¥â ª®íää¨æ¨¥−â®¢ −�¤¥¦−®áâ¨
¨ £®â®¢−®áâ¨.

Šà¨â¥à¨ï¬¨ ãá¯¥è−®áâ¨ RAMI-�−�«¨§� á«ã¦�â:
{ ®âáãâáâ¢¨¥ áãé¥áâ¢¥−−ëå à¨áª®¢;
{ §−�ç¥−¨ï ª®íää¨æ¨¥−â®¢ −�¤¥¦−®áâ¨ ¨ £®â®¢−®áâ¨ −¥ −¨¦¥ âà¥¡ã¥¬ëå.

�� à¨á. 5 ¯à¥¤áâ�¢«¥−� ¤¨�£à�¬¬� áâ¥¯¥−¥© à¨áª®¢ ¤«ï „Œ�� ¯®á«¥ ¢−¥¤-
à¥−¨ï á¬ï£ç�îé¨å ¤¥©áâ¢¨©.

Š�ª ¢¨¤−® ¨§ à¨á. 5, ¯¥à¢ë© ªà¨â¥à¨© ç�áâ¨ç−® ¢ë¯®«−¥−. �¤−�ª® ¤�¦¥
¯®á«¥ ¢−¥¤à¥−¨ï á¬ï£ç�îé¨å ¤¥©áâ¢¨© ¢á¥ à�¢−® ®áâ�«®áì âà¨ áãé¥áâ¢¥−−ëå
à¨áª�, çâ® âà¥¡ã¥â ¤�«ì−¥©è¥© ª®−áâàãªâ®àáª®© ¤®à�¡®âª¨ á¨áâ¥¬ë.
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Š�ª ¡ë«® áª�§�−® ¢ëè¥, ¯¥à¢ë© ªà¨-

÷¨á. 5 „¨�£à�¬¬� áâ¥¯¥−¥© à¨áª®¢ ¯®-
á«¥ ¢−¥¤à¥−¨ï á¬ï£ç�îé¨å ¤¥©áâ¢¨© ¤«ï
„Œ��: â¥¬−®-á¥à�ï §®−� | áãé¥áâ¢¥−-
−ë¥ à¨áª¨; á¥à�ï | áà¥¤−¨¥, á¢¥â«®-
á¥à�ï §®−� | −¥§−�ç¨â¥«ì−ë¥ à¨áª¨

â¥à¨© ®¯à¥¤¥«ï¥â ¬¨−¨¬ã¬ ¤¥©áâ¢¨©, ª®-
â®àë¥ −¥®¡å®¤¨¬® ¯à¨¬¥−¨âì ª ¯®¤á¨á-
â¥¬¥. �¤−�ª® íâ®£® ¬¨−¨¬ã¬� ¬®¦¥â
®ª�§�âìáï −¥¤®áâ�â®ç−® ¤«ï ®¡¥á¯¥ç¥−¨ï
¢â®à®£® ªà¨â¥à¨ï.

3 Оптимизация смягчающих
действий

÷�áá¬®âà¨¬ ¡®«¥¥ ¢−¨¬�â¥«ì−® �á-
¯¥ªâ, á¢ï§�−−ë© á ¢ë¡®à®¬ ¤¥©áâ¢¨©,
ã«ãçè�îé¨å ¯�à�¬¥âàë −�¤¥¦−®áâ¨. ��
â¥ªãé¨© ¬®¬¥−â ¢®¯à®á ® â®¬, ¤«ï ª�ª¨å
à¨áª®¢ ¯à¥¤«�£�âì á¬ï£ç�îé¨¥ ¤¥©áâ¢¨ï,
� ¤«ï ª�ª¨å −¥â, ï¢«ï¥âáï ¢ §−�ç¨â¥«ì-
−®© ¬¥à¥ áã¡ê¥ªâ¨¢−ë¬ ¨ ¯®çâ¨ æ¥«¨ª®¬
§�¢¨á¨â ®â ç¥«®¢¥ª�, ª®â®àë© íâ®â �−�-
«¨§ ¯à®¢®¤¨â. ‘âà®£¨å ªà¨â¥à¨¥¢ ¨«¨
à¥ª®¬¥−¤�æ¨© ¯® íâ®¬ã ¢®¯à®áã −¥ áã-
é¥áâ¢ã¥â. ˆ íâ® ï¢«ï¥âáï áãé¥áâ¢¥−−®©

¯à®¡«¥¬®© ¯à¨ ¯à®¢¥¤¥−¨¨ RAMI-�−�«¨§�. �ç¥¢¨¤−®, çâ® ¬®¦−® ¢®§¤¥©áâ¢®-
¢�âì �¡á®«îâ−® −� ¢á¥ à¨áª¨, −® íâ® ¢«¥ç¥â §� á®¡®© ®ç¥¢¨¤−ë¥ â¥å−®«®£¨ç¥áª¨¥
¨ íª®−®¬¨ç¥áª¨¥ âàã¤−®áâ¨. ‘ ¤àã£®© áâ®à®−ë, ¬®¦−® ¢−¥¤àïâì ¤¥©áâ¢¨ï ¯®
®¤−®¬ã ¨ ª�¦¤ë© à�§ ¯¥à¥áç¨âë¢�âì ª®íää¨æ¨¥−âë £®â®¢−®áâ¨ ¨ −�¤¥¦−®áâ¨ ¤®
â¥å ¯®à, ¯®ª� ®−¨ −¥ áâ�−ãâ á®®â¢¥âáâ¢®¢�âì §�¤�−−ë¬ ®£à�−¨ç¥−¨ï¬, −® íâ®â ¯ãâì
âàã¤®¥¬ª¨© ¨ âà¥¡ã¥â ¡®«ìè¨å ¢à¥¬¥−−‚ëå §�âà�â.

’�ª¨¬ ®¡à�§®¬, §�¤�ç� ®¯â¨¬¨§�æ¨¨ ¢ë¡®à� ¢®§¤¥©áâ¢¨© ¯à¥¤áâ�¢«ï¥âáï
¢ −�áâ®ïé¥¥ ¢à¥¬ï ¢¥áì¬� �ªâã�«ì−®© ¨ §−�ç¨¬®© [8]. �¨¦¥ ¯à¥¤«�£�¥âáï ¯ãâì ¥¥
à¥è¥−¨ï, ®¯¨à�îé¨©áï −� ¬�â¥¬�â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥.

÷�áá¬®âà¨¬ á¨áâ¥¬ã, á®áâ®ïéãî ¨§ n −¥−�¤¥¦−ëå −¥§�¢¨á¨¬ëå í«¥¬¥−â®¢.
��à�¡®âª� −� ®âª�§ i-£® í«¥¬¥−â� §�¤�¥âáï ¯«®â−®áâìî à�á¯à¥¤¥«¥−¨ï fi. ÷�¡®â®-
á¯®á®¡−®áâì á¨áâ¥¬ë §�¢¨á¨â ®â ¥¥ á®áâ®ï−¨ï, ª®â®à®¥ å�à�ªâ¥à¨§ã¥âáï ¢¥ªâ®à®¬
s = (s1, . . . , sn), £¤¥ si = 0, ¥á«¨ i-© í«¥¬¥−â ¨á¯à�¢¥−, ¨ si = 1, ¥á«¨ i-©
í«¥¬¥−â −¥¨á¯à�¢¥−. Œ−®¦¥áâ¢® ¢á¥å á®áâ®ï−¨© ®¡®§−�ç�¥âáï S. �−®, ®ç¥¢¨¤−®,
à�á¯�¤�¥âáï −� −¥¯¥à¥á¥ª�îé¨¥áï ¯®¤¬−®¦¥áâ¢� S0, . . . , Sn, £¤¥ Sk á®áâ®¨â ¨§ â¥å
¨ â®«ìª® â¥å ¢¥ªâ®à®¢ s, ¢ ª®â®àëå à®¢−® k ¥¤¨−¨æ. ‡�¤�−� äã−ªæ¨ïH(s), s ∈ S,
¯à¨−¨¬�îé�ï §−�ç¥−¨ï 0 (á¨áâ¥¬� ¨á¯à�¢−�) ¨«¨ 1 (®âª�§ á¨áâ¥¬ë). ”ã−ªæ¨ï H
−�§ë¢�¥âáï áâàãªâãà−®© äã−ªæ¨¥©.

�ãáâì ¢ −�ç�«ì−ë© ¬®¬¥−â ¢à¥¬¥−¨ t = 0 ¢á¥ í«¥¬¥−âë á¨áâ¥¬ë ¨á¯à�¢−ë,
â�ª ¦¥ ª�ª ¨ á�¬� á¨áâ¥¬�. �â® ®§−�ç�¥â, çâ® −�ç�«ì−®¥ á®áâ®ï−¨¥ á¨áâ¥¬ë ¥áâì
s(0) = 0 = (0, . . . , 0) ∈ S0 ¨ H(0) = 0. “ç¨âë¢�ï �¡á®«îâ−ãî −¥¯à¥àë¢−®áâì
à�á¯à¥¤¥«¥−¨© −�à�¡®âª¨, á â¥ç¥−¨¥¬ ¢à¥¬¥−¨ á®áâ®ï−¨¥ á¨áâ¥¬ë s(t) ¬¥−ï¥âáï
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á«¥¤ãîé¨¬ ®¡à�§®¬. ‚ −¥ª®â®àë¥ (á«ãç�©−ë¥) ¬®¬¥−âë ¢à¥¬¥−¨ τ1, τ2, . . .
¯à®¨áå®¤ïâ ¯®á«¥¤®¢�â¥«ì−ë¥ ®âª�§ë í«¥¬¥−â®¢, ¯à¨ íâ®¬ s(τ1) ∈ S1, s(τ2) ∈
∈ S2,. . . Œ®¬¥−â τ ¯¥à¢®£® ®âª�§� á¨áâ¥¬ë ®¯à¥¤¥«ï¥âáï ª�ª

τ = inf {τk : s(τk) ∈ S∗
k} ,

£¤¥ S∗
k = {s ∈ Sk : H(s) = 1}. �¡®§−�ç¨¬ ç¥à¥§ T ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ τ .

„àã£®© å�à�ªâ¥à¨áâ¨ª®© í«¥¬¥−â®¢ ï¢«ï¥âáï ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï. ‚ á«ã-
ç�¥ ®âª�§� í«¥¬¥−â� i ®− ¬®¦¥â ¡ëâì ¢®ááâ�−®¢«¥− §� ¢à¥¬ï, ª®â®à®¥ §�¤�¥âáï
¯«®â−®áâìî à�á¯à¥¤¥«¥−¨ï gi. �ãáâì σ = (σ1, . . . , σn) = s(τ) | á®áâ®ï−¨¥
á¨áâ¥¬ë ¢ ¬®¬¥−â ¥¥ ¯¥à¢®£® ®âª�§� ¨ ¯ãáâì Iσ | −®¬¥à� â¥å í«¥¬¥−â®¢, ª®â®àë¥
¯à¨¢¥«¨ ª ®âª�§ã ¢ á®áâ®ï−¨¨ σ, â. ¥. Iσ = {1 ≤ i ≤ n : σi = 1}. �¯à¥¤¥«¨¬
¢à¥¬ï −� ¢®ááâ�−®¢«¥−¨¥ á¨áâ¥¬ë ¯®á«¥ ¯¥à¢®£® ®âª�§� ª�ª ϑ = sup

i∈Iσ

ϑi, £¤¥ ϑi |

á«ãç�©−ë¥ ¢¥«¨ç¨−ë á ¯«®â−®áâìî à�á¯à¥¤¥«¥−¨ï gi, ¨ ®¡®§−�ç¨¬ ç¥à¥§ — ¬�â¥-
¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ϑ. „«ï ª�¦¤®£® í«¥¬¥−â� i ®¯à¥¤¥«¨¬ ¥é¥ ¤¢� ¯®ª�§�â¥«ï:

ρ
(1)
i = R1(fi) ¨ ρ

(2)
i = R2(gi), £¤¥ R1 ¨ R2 | §�¤�−−ë¥ äã−ªæ¨®−�«ë. �â¨

¯®ª�§�â¥«¨, ª®â®àë¥ −®áïâ −�§¢�−¨¥ á®®â¢¥âáâ¢¥−−® úà¨áª ¯® ®âª�§�¬û ¨ úà¨áª
¯® ¢®ááâ�−®¢«¥−¨îû, å�à�ªâ¥à¨§ãîâ à¨áª¨, á¢ï§�−−ë¥ á ç�áâ®â®© ®âª�§®¢ í«¥-
¬¥−â®¢ ¨ ¢à¥¬¥−−‚ë¬¨ §�âà�â�¬¨ −� ¨å ¢®ááâ�−®¢«¥−¨¥. Šà¨â¨ç−®áâìî í«¥¬¥−â� i

−�§®¢¥¬ ç¨á«® ρi = ρ
(1)
i · ρ(2)i .

�à¥¤¯®«®¦¨¬ â¥¯¥àì, çâ® −�¤¥¦−®áâì í«¥¬¥−â®¢ ¯®¤¤�¥âáï ª®àà¥ªâ¨à®¢ª¥
¢ á«¥¤ãîé¥¬ á¬ëá«¥. �ãáâì Y | §�¤�−−®¥ ¬−®¦¥áâ¢® ¯à®¨§¢®«ì−®© ¯à¨à®-
¤ë. �«¥¬¥−âë Y á®¤¥à¦�â¥«ì−® ®§−�ç�îâ ¢®§¤¥©áâ¢¨ï, ª®â®àë¥ ¬®¦−® ¢ë¡à�âì
¨ ¯à¨¬¥−¨âì −¥§�¢¨á¨¬® ª ª�¦¤®¬ã í«¥¬¥−âã á¨áâ¥¬ë ¤® −�ç�«� ¥¥ äã−ªæ¨®−¨-
à®¢�−¨ï á æ¥«ìî ¯®¢ëè¥−¨ï −�¤¥¦−®áâ¨. �ãáâì ui = (yi1, . . . , yini

), yij ∈ Y , |
−�¡®à ¢®§¤¥©áâ¢¨© −� í«¥¬¥−â i. ’®£¤� ®¯à¥¤¥«ïîé¨¥ −�¤¥¦−®áâì ¯«®â−®áâ¨
à�á¯à¥¤¥«¥−¨ï −�à�¡®âª¨ ¨ ¢à¥¬¥−¨ ¢®ááâ�−®¢«¥−¨ï í«¥¬¥−â®¢ ®ª�§ë¢�îâáï ¯�-
à�¬¥âà¨§®¢�−−ë¬¨ ¢¥ªâ®à�¬¨ ui: fi = fi(ui), gi = gi(ui). �¯à¥¤¥«¥−−ë¥
¢ëè¥ ¯®ª�§�â¥«¨ áâ�−®¢ïâáï §�¢¨á¨¬ë¬¨ ®â −�¡®à� ã¯à�¢«ïîé¨å ¯�à�¬¥âà®¢,
¯à¨¬¥−¥−−ëå ª í«¥¬¥−â�¬: T = T(u), — = —(u), ρ(u) = {ρi(u), i = 1, . . . , n}.

�à¨¬¥−¥−¨¥ ¢®§¤¥©áâ¢¨© á®¯àï¦¥−® á §�âà�â�¬¨, ª®â®àë¥ §�¤�¤¨¬ á ¯®¬®éìî
äã−ªæ¨¨ c : Y → (0,∞), â�ª çâ® §�âà�âë −� ¯à¨¬¥−¥−¨¥ ¢®§¤¥©áâ¢¨© ¨§ −�¡®à� u
á®áâ�¢«ïîâ

C(u) =
n
∑

i=1

ni
∑

j=1

c(yij) .

’�ª¨¬ ®¡à�§®¬, ¯à®¡«¥¬� ¢ë¡®à� ¢®§¤¥©áâ¢¨©, ¯®¢ëè�îé¨å −�¤¥¦−®áâì
á¨áâ¥¬ë, ¬®¦¥â ¡ëâì áä®à¬ã«¨à®¢�−� ¢ â¥à¬¨−�å ¯®ª�§�â¥«¥© −�¤¥¦−®áâ¨ T
¨ ρ, ¯®ª�§�â¥«ï â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï — ¨ áâ®¨¬®áâ−®£® ¯®ª�§�â¥«ï C.
‚ ª�ç¥áâ¢¥ ¢�à¨�−â� ¯®áâ�¢¨¬ §�¤�çã ®¯â¨¬�«ì−®£® ¢ë¡®à� ã¯à�¢«ïîé¨å ¢®§-
¤¥©áâ¢¨© á æ¥«ìî ¬¨−¨¬¨§¨à®¢�âì áâ®¨¬®áâì ¢®§¤¥©áâ¢¨© ¯à¨ §�¤�−−ëå ãà®¢−ïå
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áà¥¤−¥© −�à�¡®âª¨ −� ®âª�§ á¨áâ¥¬ë, áà¥¤−¥£® ¢à¥¬¥−¨ ¢®ááâ�−®¢«¥−¨ï á¨áâ¥¬ë
¨ −�¤¥¦−®áâ¨ ®â¤¥«ì−ëå í«¥¬¥−â®¢:

−�©â¨ min
u
C(u) ¯à¨ ãá«®¢¨ïå T(u) ≤ T1, —(u) ≤ T2 , ρi(u) ≤ ri , i = 1, . . . , n ,

£¤¥ T1, T2, ¨ ri | §�¤�−−ë¥ ç¨á«�.
„«ï â®£® çâ®¡ë ¯®áâ�¢«¥−−�ï §�¤�ç�, ¨«¨ «î¡�ï ¯®¤®¡−�ï ¥©, áâ�«� ¯à�ªâ¨-

ç¥áª¨ §−�ç¨¬®©, −¥®¡å®¤¨¬®, ¯à¥¦¤¥ ¢á¥£®, �¤¥ª¢�â−® §�¤�âì ¨áå®¤−ë¥ ¯�à�¬¥â-
àë ¬®¤¥«¨:

{ ¬−®¦¥áâ¢® ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨© Y ;

{ ¯«®â−®áâ¨ à�á¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ¥© −�à�¡®âª¨ ¨ ¢à¥¬¥−¨ ¢®ááâ�−®¢«¥−¨ï
í«¥¬¥−â®¢ ¨ ¨å §�¢¨á¨¬®áâì ®â −�¡®à®¢ ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨©: fi(ui),
gi(ui), i = 1, . . . , n;

{ äã−ªæ¨®−�«ë à¨áª®¢ R1 ¨ R2;

{ æ¥−®¢ãî äã−ªæ¨î c;

{ ®£à�−¨ç¥−¨ï −� ¯®ª�§�â¥«¨ −�¤¥¦−®áâ¨: T1, T2 ¨ ri, i = 1, . . . , n.

‡�¤�−¨¥ §−�ç¥−¨© ¤«ï ¯�à�¬¥âà®¢ ¬®¤¥«¨, � â�ª¦¥ ®ª®−ç�â¥«ì−�ï ä®à¬ã«¨-
à®¢ª� ®¯â¨¬¨§�æ¨®−−®© §�¤�ç¨ «¥¦�â ¢ ®¡«�áâ¨ íªá¯¥àâ−®© ¤¥ïâ¥«ì−®áâ¨. �¤−�ª®
¯®á«¥ â®£® ª�ª íâ® á¤¥«�−®, ®¯à¥¤¥«¥−¨¥ áâàãªâãà−®© äã−ªæ¨¨ H, � â�ª¦¥ à�á-
ç¥â ¯®ª�§�â¥«¥© −�¤¥¦−®áâ¨ T ¨ — −¥ ¯à¥¤áâ�¢«ïîâ ¯à¨−æ¨¯¨�«ì−®© âàã¤−®áâ¨
¡«�£®¤�àï à�§¢¨â®¬ã �¯¯�à�âã â¥®à¨¨ −�¤¥¦−®áâ¨ [9{11] ¨ −¥§�¢¨á¨¬®áâ¨ á«ãç�©-
−ëå ¢¥«¨ç¨−, ¢å®¤ïé¨å ¢ ¬®¤¥«ì. ‚®§¬®¦−®áâì à¥è¥−¨ï §�¤�ç¨ ¬�â¥¬�â¨ç¥áª®£®
¯à®£à�¬¬¨à®¢�−¨ï â�ª¦¥ −¥ ¢ë§ë¢�¥â á®¬−¥−¨©, å®âï ä®à¬�â ¤�−−®© áâ�âì¨ −¥
¯à¥¤¯®«�£�¥â ¯®¤à®¡−®¥ ®¡áã¦¤¥−¨¥ íâ®£® ¢®¯à®á�. ‡�¬¥â¨¬ â®«ìª®, çâ® �«£®à¨â¬
®¯â¨¬¨§�æ¨¨ ¬®¦¥â áãé¥áâ¢¥−−® §�¢¨á¥âì ®â ¯�à�¬¥âà®¢ ¬®¤¥«¨, ¯à¥¦¤¥ ¢á¥£®
®â ¢¨¤� ¯«®â−®áâ¥© à�á¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ¥©. „«ï ¨««îáâà�æ¨¨ ¯à¨¢¥¤¥¬
¯à¨¬¥à, ®á−®¢�−−ë© −� −¥¬−®£® ã¯à®é¥−−®© à¥�«ì−®© §�¤�ç¥.

�ãáâì −�à�¡®âª¨ −� ®âª�§ ¨ ¢à¥¬¥−� ¢®ááâ�−®¢«¥−¨ï í«¥¬¥−â®¢ ¨¬¥îâ íªá¯®-
−¥−æ¨�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ á®®â¢¥âáâ¢¥−−® á ¯�à�¬¥âà�¬¨ λi ¨ µi, i = 1, . . . , n.
�ãáâì â�ª¦¥ á¨áâ¥¬� ¨¬¥¥â ¯®á«¥¤®¢�â¥«ì−ãî áâàãªâãàã −�¤¥¦−®áâ¨. �â® ®§−�-
ç�¥â, çâ® ®âª�§ ®¤−®£® í«¥¬¥−â� ¢«¥ç¥â §� á®¡®© ®âª�§ á¨áâ¥¬ë. ‹¥£ª® ¯à®¢¥à¨âì,
çâ® ¯à¨ íâ¨å ãá«®¢¨ïå ¢ë¯®«−ïîâáï á«¥¤ãîé¨¥ à�¢¥−áâ¢�:

λ = T−1 = λ1 + · · · + λn ; — = (λ1—1 + · · ·+ λn—n)T ,

£¤¥ —i = (µi)−1 | áà¥¤−¥¥ ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï i-£® í«¥¬¥−â�.
‚ ¯à¥¤«�£�¥¬®¬ ¯à¨¬¥à¥ á¨áâ¥¬� á®áâ®¨â ¨§ 28 í«¥¬¥−â®¢, áà¥¤¨ ª®â®àëå

¥áâì ®¤−®â¨¯−ë¥ (â�¡«. 3). Š ª�¦¤®¬ã í«¥¬¥−âã ¬®¦¥â ¡ëâì ¯à¨¬¥−¥−® ®¤−®
¢®§¤¥©áâ¢¨¥. (”¨§¨ç¥áª®¥ á®¤¥à¦�−¨¥ ¢®§¤¥©áâ¢¨© à�§−®¥ ¤«ï à�§−ëå â¨¯®¢
í«¥¬¥−â®¢, ¨ ®−® §¤¥áì −¥ à�áªàë¢�¥âáï.) ‚®§¤¥©áâ¢¨¥ ¬®¦¥â ®ª�§ë¢�âì ¢«¨ï−¨¥
−� ®¡� ¯®ª�§�â¥«ï −�¤¥¦−®áâ¨, â. ¥. −� ¨−â¥−á¨¢−®áâì ®âª�§� ¨ −� áà¥¤−¥¥ ¢à¥¬ï
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’�¡«¨æ� 3 •�à�ªâ¥à¨áâ¨ª¨ í«¥¬¥−â®¢, ¯®¤«¥¦�é¨å ¢®§¤¥©áâ¢¨ï¬

’¨¯ í«¥¬¥−â� (ª®«¨ç¥áâ¢®)

ˆ−â¥−á¨¢−®áâì
®âª�§®¢,
10−8 ç−1

‘à¥¤−¥¥ ¢à¥¬ï
¢®ááâ�−®¢«¥−¨ï, ç

“á«®¢-
−�ï áâ®-
¨¬®áâì

¡¥§ ¢®§-
¤¥©áâ¢¨ï

á ¢®§¤¥©-
áâ¢¨¥¬

¡¥§ ¢®§-
¤¥©áâ¢¨ï

á ¢®§¤¥©-
áâ¢¨¥¬

¢®§¤¥©-
áâ¢¨ï

Œ¥å�−¨ç¥áª®¥ ªà¥¯«¥−¨¥ (1) 57,1 5,71 168 168 3
�à¨¢®¤ à¥¢®«ì¢¥à−®© ª�¬¥àë (1) 571 57,1 840 72 4
�à¨¢®¤ë ¤¥â¥ªâ®à−®£® ¬®¤ã«ï −¥©-
âà®−−®£® á¯¥ªâà®¬¥âà� ¨ �ââ¥−î�â®à�
¨§ £¨¤à¨¤� «¨â¨ï (3)

571 57,1 840 72 4

‡�é¨â� íªà�− ®â à�¤¨�æ¨¨ (1) 114 11,4 720 720 4
‡�é¨â−ë© íªà�− ®â ¬�£−¨â®£® ¯®«ï (1) 114 11,4 720 720 4
„¥â¥ªâ®à ¨§ ¢ëá®ª®ç¨áâ®£®
£¥à¬�−¨ï (1) 1140 2,86 4320 4320 5

„¥â¥ªâ®à ¨§ ¡à®¬¨¤� «�−â�−� (1) 1000 10 4320 4320 5
„�âç¨ª¨ ¬�£−¨â−®£® ¯®«ï (2) 100 10 96 96 3
„�âç¨ª¨ â¥¬¯¥à�âãàë (2) 40 4 96 96 3
ˆáâ®ç−¨ª¨ £�¬¬�-¨§«ãç¥−¨ï (2) 2280 57,1 168 168 3
‘¨áâ¥¬� á¢¥â®¤¨®¤®¢ (1) 57,1 57,1 129 23 3
�à¥¤ãá¨«¨â¥«¨ (2) 22,8 22,8 840 72 4
‡�é¨â� ª�¡¥«¥© ®â í«¥ªâà®¬�£−¨â−®-
£® ¨§«ãç¥−¨ï (1) 114 11,4 168 168 3

Š®¬¯«¥ªâ ª�¡¥«¥© (1) 57,1 57,1 168 23 3
�−�«¨§�â®à ¨ ¯à®æ¥áá®à æ¨äà®¢®£®
á¨£−�«� (3) 571 571 840 72 4

•à�−¨«¨é¥ ¤�−−ëå «®ª�«ì−®£®
ª®−âà®««¥à� (1) 571 571 840 23 4

‚ëá®ª®¢®«ìâ−ë© ¨áâ®ç−¨ª ¯¨â�−¨ï
¤«ï ¤¥â¥ªâ®à� ¨§ ¡à®¬¨¤� «�−â�−� (1) 5710 571 840 72 4

‘¯¥ªâà®¬¥âà¨ç¥áª¨© ãá¨«¨â¥«ì (1) 5710 571 840 72 4
�−�«¨§�â®à ¨ ª®−âà®««¥à ¤¥â¥ªâ®à�
¨§ ¢ëá®ª®ç¨áâ®£® £¥à¬�−¨ï (1) 5710 571 840 72 4

ˆ−â¥àä¥©á á¨áâ¥¬ë ã¯à�¢«¥−¨ï,
á¡®à� ¨ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ (1) 571 571 840 23 4

¢®ááâ�−®¢«¥−¨ï. �® ã −¥ª®â®àëå í«¥¬¥−â®¢ ¯®¤ ¢«¨ï−¨¥¬ ¢®§¤¥©áâ¢¨ï ¨§¬¥−ï-
¥âáï â®«ìª® ®¤¨− ¯®ª�§�â¥«ì, � §−�ç¥−¨¥ ¤àã£®£® ®áâ�¥âáï ¯à¥¦−¨¬. ”�ªâ®à,
−�§¢�−−ë© ¢ëè¥ ªà¨â¨ç−®áâìî í«¥¬¥−â�, ¢ íâ®¬ ¯à¨¬¥à¥ −¥ ãç¨âë¢�¥âáï.

‚ ®âáãâáâ¢¨¥ ¢áïª¨å ¢®§¤¥©áâ¢¨© á¨áâ¥¬� ¨¬¥¥â ¨−â¥−á¨¢−®áâì ®âª�§®¢ λ∗ =
= 29,81 · 10−5 £®¤−1, áà¥¤−¥¥ ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï —∗ = 972,62 ç, � §�âà�âë,
®ç¥¢¨¤−®, à�¢−ë 0. ‚ ¤àã£®¬ ªà�©−¥¬ á«ãç�¥, ª®£¤� ¢®§¤¥©áâ¢¨ï ¯à¨¬¥−ïîâáï ª®
¢á¥¬ í«¥¬¥−â�¬, á®®â¢¥âáâ¢ãîé¨¥ §−�ç¥−¨ï ¯®ª�§�â¥«¥© λ∗ = 5,15 · 10−5 £®¤−1,
—∗ = 76,10 ç, � §�âà�âë á®áâ�¢«ïîâ 104. Ÿá−®, çâ®, ®¯â¨¬¨§¨àãï ¢®§¤¥©áâ¢¨ï
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÷¨á. 6 Œ¨−¨¬�«ì−�ï áâ®¨¬®áâì á¬ï£ç�îé¨å ¢®§¤¥©áâ¢¨© ¯à¨ à�§«¨ç−ëå ®£à�−¨ç¥−¨ïå
−� ¯®ª�§�â¥«¨ −�¤¥¦−®áâ¨ ¨ â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï

¯® ¬¨−¨¬ã¬ã §�âà�â, ®£à�−¨ç¥−¨ï −� ¨−â¥−á¨¢−®áâì ®âª�§®¢ ¨ áà¥¤−¥¥ ¢à¥¬ï
¢®ááâ�−®¢«¥−¨ï ¨¬¥¥â á¬ëá« ¢ë¡¨à�âì á®®â¢¥âáâ¢¥−−® ¨§ ¨−â¥à¢�«®¢L = (λ∗, λ∗)
¨ T = (—∗,—

∗). ‡�¤�¢�ï ¯�àã §−�ç¥−¨© (l ∈ L, t ∈ T ), ¬®¦−® áâ�¢¨âì ¢®¯à®á
® â®¬, ª�ª®¢ë ¢®§¤¥©áâ¢¨ï, ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ −¥à�¢¥−áâ¢� λ ≤ l, — ≤ t
¯à¨ ¬¨−¨¬�«ì−ëå §�âà�â�å, ®¡®§−�ç�¥¬ëå C(l, t). ƒà�ä¨ª äã−ªæ¨¨ C(l, t)
¨§®¡à�¦¥− −� à¨á. 6. �− ¯®«ãç¥− ¯ãâ¥¬ à¥è¥−¨ï §�¤�ç¨ −� ãá«®¢−ë© ¬¨−¨¬ã¬
¢ ª�¦¤®¬ ¨§ 225 ã§«®¢ ¯àï¬®ã£®«ì−®© á¥âª¨ ¢−ãâà¨ ¬−®¦¥áâ¢� L× T . �� à¨á. 6
−� £®à¨§®−â�«ì−ëå ®áïå ®â«®¦¥−ë §−�ç¥−¨ï l ¨ t, � ¢¥àâ¨ª�«ì−�ï ®áì á«ã¦¨â ¤«ï
§−�ç¥−¨© C(l, t).

�ãáâì, −�¯à¨¬¥à, âà¥¡ã¥âáï, çâ®¡ë ¨−â¥−á¨¢−®áâì ®âª�§®¢ á¨áâ¥¬ë −¥ ¯à¥-
¢ëè�«� l = 17,5 · 10−5 £®¤−1, � áà¥¤−¥¥ ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï ¡ë«® −¥ ¡®«ìè¥
ç¥¬ t = 525 ç. ’®£¤� ¬¨−¨¬�«ì−® −¥®¡å®¤¨¬ë¥ §�âà�âë ¤«ï íâ®£® á®áâ�¢ïâ 22 |
áâ®«ìª® âà¥¡ã¥âáï, çâ®¡ë ¯à¨¬¥−¨âì ¢®§¤¥©áâ¢¨ï ª ¯ïâ¨ í«¥¬¥−â�¬: HPGe detec-
tor, LaBr3 detector, HV power supply for LaBr3 detector, Spectrometric amplifier
¨ HPGe analyzer with controller.

‡�¬¥â¨¬, çâ® íâ®â −�¡®à ¢®§¤¥©áâ¢¨© ï¢«ï¥âáï ¢ ¤�−−®¬ á«ãç�¥ ¥¤¨−áâ¢¥−−ë¬
à¥è¥−¨¥¬ ¤¨áªà¥â−®© ®¯â¨¬¨§�æ¨®−−®© §�¤�ç¨. “ç¨âë¢�ï, çâ® ¢ à�áá¬�âà¨¢�-
¥¬®¬ ¯à¨¬¥à¥ á¢ëè¥ 7 ¬«− ¢�à¨�−â®¢ −�¡®à®¢, ïá−®, çâ® úàãç−�ïû ®¯â¨¬¨§�æ¨ï
§�âàã¤−¨â¥«ì−�. �áâ�¥âáï ¤®¡�¢¨âì, çâ® ¢ ¤¥©áâ¢¨â¥«ì−®áâ¨ §�¤�ç� ¨¬¥¥â −�
¯®àï¤®ª ¡‚®«ìèãî à�§¬¥à−®áâì ¨ á®¤¥à¦¨â ¥é¥ àï¤ ¤®¯®«−¨â¥«ì−ëå ä�ªâ®à®¢,
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ª®â®àë¥ −¥ ¡ë«¨ ã¯®¬ï−ãâë, −® ª®â®àë¥ ¥é¥ ¡®«¥¥ ãá«®¦−ïîâ ¢ë¡®à á¬ï£ç�îé¨å
¢®§¤¥©áâ¢¨©.

4 Заключение

�®¤å®¤ �à£�−¨§�æ¨¨ ˆ’�÷ ª �−�«¨§ã −�¤¥¦−®áâ¨ ¢ª«îç�¥â 4 ®á−®¢−ëå
íâ�¯� ¨ ¨£à�¥â ¢�¦−ãî à®«ì ª�ª ¨−áâàã¬¥−â ª®−âà®«ï â¥å−¨ç¥áª¨å à¨áª®¢.
‘®£«�á−® ¯à�¢¨«�¬ �à£�−¨§�æ¨¨ ˆ’�÷ �−�«¨§ã ¯®¤«¥¦�â ¢á¥ ¡¥§ ¨áª«îç¥−¨ï
¯®¤á¨áâ¥¬ë ˆ’�÷, çâ®¡ë £�à�−â¨à®¢�âì −�¤¥¦−ãî ¨ ¡¥§®¯�á−ãî íªá¯«ã�â�æ¨î
ãáâ�−®¢ª¨.

Œ−®£¨¥ ¯®¤á¨áâ¥¬ë ˆ’�÷ −¥ ¨¬¥îâ �−�«®£®¢ ¨«¨ ¦¥ ãáâ�−�¢«¨¢�¥¬®¥ ®¡®-
àã¤®¢�−¨¥ −¨ª®£¤� −¥ ¨á¯®«ì§®¢�«®áì ¢ ãá«®¢¨ïå ˆ’�÷. �â® ¯à¨¢®¤¨â ª −¥-
®¡å®¤¨¬®áâ¨ ¨áª�âì ®à¨£¨−�«ì−ë¥ ¨−¦¥−¥à−®-â¥å−¨ç¥áª¨¥ à¥è¥−¨ï ¢®¯à®á®¢,
á¢ï§�−−ëå á ®¡¥á¯¥ç¥−¨¥¬ −�¤¥¦−®áâ¨, −�ç¨−�ï á ®ç¥¢¨¤−®£®: ú£¤¥ ¡à�âì ¯�-
à�¬¥âàë −�¤¥¦−®áâ¨ ¨ ®¡á«ã¦¨¢�−¨ï ¤«ï ª®¬¯®−¥−â®¢û. ‚�¦−�ï ¯à®¡«¥¬�
¢®§−¨ª�¥â ¢ á¢ï§¨ á ®¯â¨¬¨§�æ¨¥© ¢®§¤¥©áâ¢¨©, ã¬¥−ìè�îé¨å ¢¥à®ïâ−®áâì ®â-
ª�§®¢ ¨ ¢à¥¬¥−� ¢®ááâ�−®¢«¥−¨ï. �à¨¬¥−¥−¨¥ ¯à¥¤«®¦¥−−®© ¢ áâ�âì¥ ¬¥â®¤¨ª¨
¯®§¢®«¨â á®ªà�â¨âì ¡¥§ ãé¥à¡� ¤«ï −�¤¥¦−®áâ¨ ¨ ¡¥§ â®£® ®£à®¬−ë¥ §�âà�-
âë, á¢ï§�−−ë¥ á ¯à®¥ªâ®¬. ÷�§¢¨â¨¥ ¨§«®¦¥−−®© ¢ áâ�âì¥ ®¯â¨¬¨§�æ¨®−−®©
¬®¤¥«¨ ¯®§¢®«¨â ãç¥áâì −�«¨ç¨¥ −¥íªá¯®−¥−æ¨�«ì−ëå à�á¯à¥¤¥«¥−¨©, áâ�à¥−¨¥
í«¥¬¥−â®¢ ¨ ¯à. �¥àá¯¥ªâ¨¢®© ï¢«ï¥âáï á®§¤�−¨¥ ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨
−�å®¦¤¥−¨ï íää¥ªâ¨¢−ëå à¥è¥−¨© ¯® ®¡¥á¯¥ç¥−¨î −�¤¥¦−®áâ¨ ˆ’�÷.
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Federation

Abstract: The article is devoted to one of the most important issues of
creation of International Thermonuclear Experimental Reactor (ITER), namely,
reliability. The principles of ITER reliability analysis approach which are
applicable to the ITER and its subsystems are described. The basis of the
reliability increasing is so-called RAMI-analysis (RAMI stands for Reliability,
Availability, Maintainability, Inspectability). This analysis covers main aspects
of the issue: increasing of availability and reliability, the ability to control,
to maintain, to renovate, and so on. The main steps of the RAMI-analysis
(functional analysis, calculation of availability and reliability, failure mode
effects and criticality analysis, and determination of a list of mitigation actions)
are shown on the base of real ITER subsystems. The determination of a list of
mitigation actions is closely linked with optimization of possible actions which
are focused on decreasing of failure possibility and decreasing of mean time to
repair the failed component. A mathematical model allowing automating the
selection of the most effective and the least expensive mitigation action process
which is coupled with processing of large amounts of information is proposed.

Keywords: ITER; tokamak; large system reliability analysis; mitigation actions;
mathematical models of reliability optimization

DOI: 10.14357/08696527160111

References

1. The ITER story. Available at: http://www.iter.org/proj/iterhistory/ (accessed Decem-
ber 02, 2015).

2. Holtkamp, J. 2007. An overview of the ITER project. J. Fusion Eng. Design 82(5-
14):427{434. doi: 10.1016/j.fusengdes.2007.03.029.

180 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2016 vol 26 no 1



Methodology of reliability calculation of ITER and optimization of risk mitigation actions

3. Van Houtte, D., K. Okayama, and F. Sagot. 2010. RAMI approach for ITER.
J. Fusion Eng. Design 85(7-9):1220{1224. doi: 10.1016/j.fusengdes.2010.03.007.

4. Federal Information Processing Standards Publication 183 (FIPS 183). 1993. Integra-
tion definition for function modeling (IDEF0). Gaithersburg, MD: National Institute
of Standards and Technology. 116 p.

5. Marca, D. A., and C. L. McGowan. 1988. SATD: Structured analysis & design
technique. McGraw-Hill. 392 p.

6. BlockSim: System Reliability and Maintainability Analysis Software Tool. Available
at: http://www.reliasoft.com/BlockSim/index.html/ (accessed December 02, 2015).

7. Reliability analysis handbook. Available at: http://everyspec.com/NASA/NASA-
JPL/JPL D-5703 JUL1990 15049/ (accessed December 02, 2015).

8. Integral Asset Care. Available at: http://reliabilityweb.com/index.php/articles/
integral asset care/ (accessed December 02, 2015).

9. Beichelt, F., and P. Franken. 1983. Zuverl�assigkeit und Instandhaltung. Mathema-
tische Methoden. Berlin: VEB Verlag Technik. 315 p.

10. Krivulets, V. G., and V. P. Polesskiy. 2001. Ob otsenkakh nadezhnosti mono-
tonnoy struktury [On bounds for the monotone-structure reliability]. Proble-
my Peredachi Informatsii [Problems of Information Transmission] 37(4):380{396.
doi:10.1023/A:1013831619318.

11. Ostreykovskiy, V. A. 2003. Teoriya nadezhnosti [Theory of reliability]. Moscow:
Vysshaya Shkola. 463 p.

Received December 2, 2015

Contributor

Konovalov Grigory M. (b. 1980) | Candidate of Science (PhD) in physics and
mathematics, leading scientist, Institution \Project Center ITER" of the Russian
Federation National Nuclear Corporation \ROSATOM," 1-3 Kurchatova Sq.,
Moscow 123182, Russian Federation; g.konovalov@iterrf.ru

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2016 vol 26 no 1 181



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2016. ’. 26. ü 1. ‘. 182{198

ИНФОРМАЦИОННАЯ СИСТЕМА ПОДДЕРЖКИ ПРИНЯТИЯ
ПРОЦЕССУАЛЬНЫХ РЕШЕНИЙ

Р. Р. Рзаев1, Ф. Б. Агаев2, А. И. Гоюшов3, З. Р. Джамалов4

�−−®â�æ¨ï: �à¥¤«�£�¥âáï ¯®¤å®¤ ª ä®à¬¨à®¢�−¨î á¨áâ¥¬ë ¨−ä®à¬�æ¨®−-
−®© ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï ¯à®æ¥ááã�«ì−ëå à¥è¥−¨© (‘ˆ��÷), ®á−®¢�−−ë© −�
¯à¨¬¥−¥−¨¨ ¬¥å�−¨§¬� −¥ç¥âª®£® ¢ë¢®¤�, à¥�«¨§®¢�−−®£® ¢ −¥©à®á¥â¥¢®¬ «®-
£¨ç¥áª®¬ ¡�§¨á¥. ‚ à�¬ª�å ¤�−−®£® ¯®¤å®¤� à�§à�¡®â�− ¬¥â®¤, ¯®§¢®«ïîé¨©
¯à¥®¤®«¥âì á¥¬�−â¨ç¥áªãî −¥®¯à¥¤¥«¥−−®áâì ¢ ®æ¥−®ç−ëå ¯®−ïâ¨ïå ¯à®æ¥á-
áã�«ì−®£® ¯à�¢�. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¢ë¡à�−� áâ�âìï ú��àãè¥−¨¥ �¢â®àáª¨å
¨«¨ á¬¥¦−ëå ¯à�¢û “£®«®¢−®£® ª®¤¥ªá� �§¥à¡�©¤¦�−áª®© ÷¥á¯ã¡«¨ª¨ (“Š
�÷), −� ¡�§¥ ª®â®à®© ¡ë« ¯à¥¤«®¦¥− ä®à¬�«¨§¬ ¤«ï ®æ¥−®ç−®£® ¯®−ïâ¨ï
ú§−�ç¨â¥«ì−ë© ãé¥à¡û ¢ ã¢ï§ª¥ á ¯à¨¬¥−ï¥¬®© á�−ªæ¨¥©. „«ï ¢ë−¥á¥−¨ï
�¤¥ª¢�â−®£® ®æ¥−®ç−®¬ã ¯®−ïâ¨î −�ª�§�−¨ï ¯à¥¤«�£�¥âáï èª�«� £à�¤�æ¨¨
¢®§¬®¦−ëå á�−ªæ¨©, ¯®«ãç¥−−�ï −� ®á−®¢¥ ®¯¨á�−¨ï á®®â¢¥âáâ¢ãîé¥© ¯à�¢®-
¢®© −®à¬ë ¢ â¥à¬¨−�å −¥ç¥âª¨å ¨¬¯«¨ª�â¨¢−ëå ¯à�¢¨«.

Š«îç¥¢ë¥ á«®¢�: ®æ¥−®ç−®¥ ¯®−ïâ¨¥; ¯à�¢®¢�ï −®à¬�; −¥ç¥âª®¥ ¬−®¦¥áâ¢®;
¬−®£®á«®©−�ï −¥©à®−−�ï á¥âì; −¥ç¥âª¨© ¢ë¢®¤
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1 Введение

�¥©à®−−ë¥ á¥â¨ ¨ −¥ç¥âª¨¥ «®£¨ç¥áª¨¥ á¨áâ¥¬ë (�‹‘) á«ã¦�â ã−¨¢¥àá�«ì-
−ë¬ áà¥¤áâ¢®¬ ¬®¤¥«¨à®¢�−¨ï ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥©. Š�ª ¯à�¢¨«®,
¨å ®¡ê¥¤¨−¥−¨¥ ¤�¥â ¢®§¬®¦−®áâì á®§¤�¢�âì ¯à¨−æ¨¯¨�«ì−® −®¢ë¥ �¯¯�à�â−ë¥
¨ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢�, ª®â®àë¥ ¯®§¢®«ïîâ áãé¥áâ¢¥−−® à�áè¨à¨âì ª«�ááë
à¥è�¥¬ëå §�¤�ç ã¯à�¢«¥−¨ï ¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ ãá«®¢¨ïå −¥®¯à¥¤¥«¥−−®áâ¨,
−¥â®ç−®áâ¨ ¨ èã¬�, ª®¨¬¨ å�à�ªâ¥à¨§ã¥âáï ¥áâ¥áâ¢¥−−�ï áà¥¤�. •®âï −¥©à®−-
−ë¥ á¥â¨ ¨ �‹‘ ¨¬¥îâ ä®à¬�«ì−®¥ áå®¤áâ¢®, ¬¥¦¤ã −¨¬¨ ¥áâì áãé¥áâ¢¥−−ë¥
à�§«¨ç¨ï. �® á¢®¥© ¯à¨à®¤¥ �‹‘ ï¢«ï¥âáï áâàãªâãà¨à®¢�−−ë¬ ç¨á«¥−−® ®æ¥−¨-
¢�îé¨¬ ¬¥å�−¨§¬®¬, ¯®áâà®¥−−ë¬ ¢ ¢¨¤¥ −¥ç¥âª¨å ¨¬¯«¨ª�â¨¢−ëå ¯à�¢¨« ¢¨¤�
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ˆ−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï ¯à®æ¥ááã�«ì−ëå à¥è¥−¨©

ú¥á«¨. . ., â®£¤�. . .û. „«ï ¯à¥¤áâ�¢«¥−¨ï ª®¬¯®§¨æ¨®−−®£® ¯à�¢¨«� ¢ë¢®¤� ¢§¢¥-
è¨¢�¥âáï ¢ëå®¤ ª�¦¤®£® ¯à�¢¨«� ¢ á®®â¢¥âáâ¢¨¨ á® áâ¥¯¥−ìî ¯à¨−�¤«¥¦−®áâ¨
¥£® ¢å®¤®¢ ¨ ¯® ¢á¥¬ ¢ëå®¤�¬ ¯à�¢¨« ¢ëç¨á«ï¥âáï æ¥−âà®¨¤, ®¡¥á¯¥ç¨¢�îé¨©
£¥−¥à�æ¨î ¯®¤å®¤ïé¥£® ¢ëå®¤� �‹‘.

—�é¥ ¢á¥£® ¯à®¥ªâ¨à®¢�−¨¥ �‹‘ ¯à®¢®¤¨âáï ¬¥â®¤�¬¨ ¯®¤¡®à� (trail-and-
error design) [1, 2]. �à¨ íâ®¬ ¡®«ìè¨−áâ¢® ¯®¤å®¤®¢ ¯®¤à�§ã¬¥¢�¥â áã¡ê¥ªâ¨¢−ë©
¢ë¡®à äã−ªæ¨© ¯à¨−�¤«¥¦−®áâ¨ ¨ «¨−£¢¨áâ¨ç¥áª¨å ¯à�¢¨« −� ¡�§¥ í¢à¨áâ¨ç¥-
áª¨å §−�−¨© ¢ ®¡«�áâ¨ ¨§ãç¥−¨ï ç¥«®¢¥ª®-®¯¥à�æ¨®−−ëå á¨áâ¥¬ ¨«¨ áãé¥áâ¢ã-
îé¨å ª®−âà®««¥à®¢ á ¯®á«¥¤ãîé¨¬ â¥áâ¨à®¢�−¨¥¬ ¯à®¥ªâ¨àã¥¬®© �‹‘ −�
¯à¥¤¬¥â £¥−¥à�æ¨¨ ¯®¤å®¤ïé¥£® ¢ëå®¤�. ‚ ¯à®â¨¢−®¬ á«ãç�¥ äã−ªæ¨¨ ¯à¨−�¤-
«¥¦−®áâ¨ ¨/¨«¨ «®£¨ç¥áª¨¥ ¯à�¢¨«� ¯®¤«¥¦�â −�áâà®©ª¥.

ˆáá«¥¤®¢�−¨ï ¢ íâ®¬ −�¯à�¢«¥−¨¨ ¯à¥¤ãá¬�âà¨¢�îâ ¯à®æ¥¤ãàã á�¬®®¡ãç¥-
−¨ï �‹‘, ª®â®à�ï ¢ª«îç�¥â ¬®¤¨ä¨ª�æ¨î ¯à�¢¨«, ®á−®¢�−−ãî −� ª®−æ¥¯æ¨¨
úlinguistic phase planeû [3], ¨ ¬¥â®¤ ú«®£¨ç¥áª®£® ¨á¯ëâ�−¨ïû (logic examina-
tion) ¤«ï ¯à®æ¥áá� ª®−¢¥àâ�æ¨¨ ¢å®¤−ëå-¢ëå®¤−ëå ¤�−−ëå ¢ −¥ç¥âª¨¥ ¯à�¢¨«�
ã¯à�¢«¥−¨ï, ®á−®¢�−−ë© −� ª®−æ¥¯æ¨¨ ú−¥ç¥âª®© ¨¤¥−â¨ä¨ª�æ¨¨û [4].

‘ãé¥áâ¢¥−−®¥ à�§¢¨â¨¥ â¥å−®«®£¨¨ ®¯â¨¬¨§�æ¨¨ �‹‘ −�è«® á¢®¥ ®âà�¦¥−¨¥
¥é¥ ¢ à�¡®â�å [5, 6], â¥¬ −¥ ¬¥−¥¥ ¤® á¨å ¯®à ¢¥¤ãâáï ¢¯®«−¥ ãá¯¥è−ë¥ �ªâ¨¢−ë¥
¨áá«¥¤®¢�−¨ï ¢ ®¡«�áâ¨ ¯à®¥ªâ¨à®¢�−¨ï �‹‘. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢¢¨¤ã â®£®,
çâ® ¢−ãâà¥−−¨¥ (¨«¨ áªàëâë¥) á«®¨ −¥©à®−−ëå á¥â¥© ®áâ�îâáï ¢ ®¯à¥¤¥«¥−−®¬
á¬ëá«¥ ú−¥¯à®§à�ç−ë¬¨û ¤«ï ¯®«ì§®¢�â¥«¥©, ¡®«ìè¨−áâ¢® ¨áá«¥¤®¢�−¨© ª®−-
æ¥−âà¨àã¥âáï ¢®ªàã£ ä®à¬¨à®¢�−¨ï ®¯â¨¬�«ì−ëå áâàãªâãà ¨ à�§¬¥à®¢ á¥â¥©. ’¥¬
−¥ ¬¥−¥¥ á¢®¥ è¨à®ª®¥ ¯à¨¬¥−¥−¨¥ −¥©à®−−ë¥ á¥â¨ −�è«¨ −�ç¨−�ï á á¥à¥¤¨−ë
1980-å ££., ª®£¤� �¬¥à¨ª�−áª¨© ¬�â¥¬�â¨ª „. ÷ã¬¥«å�àâ ¯à¥¤«®¦¨« �«£®à¨â¬
®¡ãç¥−¨ï error back-propagation [7]. ˆ¬¥−−® á íâ¨å ¯®à −¥©à®−−ë¥ á¥â¨, ¯à¨-
¢−®áï á¢®¨ á¯®á®¡−®áâ¨ ª ®¡ãç¥−¨î ¢ â¥®à¨î �¢â®¬�â¨ç¥áª®£® ã¯à�¢«¥−¨ï, áâ�«¨
®¡ê¥ªâ®¬ �ªâ¨¢−ëå ¨áá«¥¤®¢�−¨© ¯à®¥ªâ¨à®¢é¨ª®¢ �‹‘ [8, 9].

‚ −�áâ®ïé¥© áâ�âì¥ ¯à¥¤¯à¨−¨¬�¥âáï ¯®¯ëâª� á®§¤�−¨ï ‘ˆ��÷ −� ¡�§¥
�‹‘, à¥�«¨§®¢�−−®© ¯®áà¥¤áâ¢®¬ ®¡®¡é¥−−®© −¥©à®á¥â¥¢®© ¬®¤¥«¨. „�−−�ï
¬®¤¥«ì, ¯à¥¤áâ�¢«¥−−�ï ¢ ¢¨¤¥ feedforward ¬−®£®á«®©−®© −¥©à®−−®© á¥â¨, ¯®¤-
¤¥à¦¨¢�¥â ¨¤¥®«®£¨î −¥ç¥âª®£® «®£¨ç¥áª®£® ã¯à�¢«¥−¨ï ¢ −¥©à®á¥â¥¢®¬ «®£¨ç¥-
áª®¬ ¡�§¨á¥, ¯à¨ íâ®¬ ‘ˆ��÷ ä®à¬¨àã¥âáï ¢ �¢â®¬�â¨ç¥áª®¬ à¥¦¨¬¥ ¯®áà¥¤-
áâ¢®¬ ®¡ãç¥−¨ï ¨ â¥áâ¨à®¢�−¨ï −� ®á−®¢¥ −�¡®à®¢ ®¡ãç�îé¨å ¢å®¤−ëå-¢ëå®¤−ëå
¤�−−ëå.

‚ −¥©à®á¥â¥¢®© ¬®¤¥«¨ ¢å®¤−ë¥ ¨ ¢ëå®¤−ë¥ −¥©à®−ë ¯à¥¤áâ�¢«ïîâ ¢å®¤−ë¥
á®áâ®ï−¨ï ¨ ¢ëå®¤−ë¥ ã¯à�¢«ïîé¨¥ á¨£−�«ë/®æ¥−ª¨ á®®â¢¥âáâ¢¥−−®, � −¥©-
à®−ë ¨§ úáªàëâëåû á«®¥¢ ®«¨æ¥â¢®àïîâ äã−ªæ¨¨ ¯à¨−�¤«¥¦−®áâ¨ ¨ −¥ç¥âª¨¥
¨¬¯«¨ª�â¨¢−ë¥ ¯à�¢¨«�. ‚á¥ íâ® ¯®§¢®«ï¥â á¨¬ã«¨à®¢�âì á¯®á®¡ë ç¥«®¢¥ç¥áª¨å
à�ááã¦¤¥−¨© ¢ à�¬ª�å −¥©à®á¥â¥¢®© áâàãªâãàë, � â�ª¦¥ åà�−¨âì á®£«�á®¢�−−ë¥
¯à�¢¨«� ¬¥å�−¨§¬� ¢ë¢®¤�, ª�ª ¨ ¢ á«ãç�¥ âà�¤¨æ¨®−−®© á¨áâ¥¬ë «®£¨ç¥áª®£®
¢ë¢®¤�. �®«¥¥ â®£®, ¯à¥¤«�£�¥¬�ï �àå¨â¥ªâãà� ‘ˆ��÷ ¢ à�¬ª�å ®¯â¨¬¨§�æ¨¨
®¤−®© ¥¤¨−áâ¢¥−−®© æ¥«¥¢®© äã−ªæ¨¨ ¯®§¢®«ï¥â ¤®áâ�â®ç−® ¯à®áâ® ä®à¬ã«¨-
à®¢�âì ª�ª ¯�à�¬¥âà¨ç¥áª®¥, â�ª ¨ áâàãªâãà−®¥ ®¡ãç¥−¨¥. ’�ª®© ¯®¤å®¤ ®¡¥á-
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÷. ÷. ÷§�¥¢, ”. �. �£�¥¢, �. ˆ. ƒ®îè®¢, ‡. ÷. „¦�¬�«®¢

¯¥ç¨¢�¥â ®à¨£¨−�«ì−®¥ à¥è¥−¨¥ §�¤�ç¨ ¬−®£®ªà¨â¥à¨�«ì−®© ®¯â¨¬¨§�æ¨¨ ¯à¨
¯à®¥ªâ¨à®¢�−¨¨ ‘ˆ��÷.

‚ [10] ®¯¨á�−� âà�¤¨æ¨®−−�ï (®¡®¡é¥−−�ï) ¬®¤¥«ì á¨áâ¥¬ë −¥ç¥âª®£® «®£¨-
ç¥áª®£® ã¯à�¢«¥−¨ï ¨ ¯à¨−ïâ¨ï à¥è¥−¨©, ª®â®à�ï ¡ë«� à¥�«¨§®¢�−� −� ¡�§¥ −¥©-
à®−−®© á¥â¨ á feedforward ¬−®£®á«®©−®© â®¯®«®£¨ç¥áª®© áâàãªâãà®©. ‚ ª®−â¥ªáâ¥
¢ëè¥áª�§�−−®£® −¥®¡å®¤¨¬® �¤�¯â¨à®¢�âì áâàãªâãàã ¨ äã−ªæ¨¨ íâ®© á¨áâ¥¬ë
¯®¤ à¥è¥−¨¥ §�¤�ç¨ ¯à¥®¤®«¥−¨ï á¥¬�−â¨ç¥áª®© −¥®¯à¥¤¥«¥−−®áâ¨ ¢ ®æ¥−®ç−ëå
¯®−ïâ¨ïå ¯à®æ¥ááã�«ì−®£® ¯à�¢� ¨ â¥¬ á�¬ë¬ áä®à¬ã«¨à®¢�âì −®¢ë© ¯®¤å®¤
ª á®§¤�−¨î £¨¡ª®© ‘ˆ��÷.

2 Концепция системы информационной поддержки принятия
процессуальных решений в нейросетевом логическом базисе

÷ãª®¢®¤áâ¢ãïáì à�áá¬®âà¥−−®© ¢ [10] â¨¯®¢®© ¬®¤¥«ìî á¨áâ¥¬ë −¥ç¥âª®£®
«®£¨ç¥áª®£® ã¯à�¢«¥−¨ï ¨ ¯à¨−ïâ¨ï à¥è¥−¨©, ¯à¥¤áâ�¢¨¬ ®¡®¡é¥−−ãî áå¥¬ã
‘ˆ��÷ â�ª, ª�ª íâ® ¯®ª�§�−® −� à¨á. 1. „�−−�ï áå¥¬� ¢ª«îç�¥â ¢ á¥¡ï âà¨
®á−®¢−ëå ª®¬¯®−¥−âë: ä�§§¨ä¨ª�â®à, ¡�§®¢ë¥ −¥ç¥âª¨¥ ¯à�¢¨«� ¨ ¬¥å�−¨§¬
−¥ç¥âª®£® ¢ë¢®¤� ¨ ¤¥ä�§§¨ä¨ª�â®à.

”�§§¨ä¨ª�â®à ®áãé¥áâ¢«ï¥â ¯à®æ¥¤ãàã ä�§§¨ä¨ª�æ¨¨ ¯®áà¥¤áâ¢®¬ §�à�−¥¥
ãáâ�−®¢«¥−−ëå äã−ªæ¨© ¯à¨−�¤«¥¦−®áâ¨, ®¯¨áë¢�îé¨å ¢å®¤−ë¥ ¤�−−ë¥ ¢ ¢¨¤¥
−¥ç¥âª¨å ¬−®¦¥áâ¢ ª�ª §−�ç¥−¨© ¢å®¤−ëå «¨−£¢¨áâ¨ç¥áª¨å ¯¥à¥¬¥−−ëå. ��§®-
¢ë¥ ¯à�¢¨«� ¯à¥¤áâ�¢«ïîâ á®¡®© −¥ç¥âª¨¥ ¨¬¯«¨ª�æ¨¨ ¢¨¤� ú¥á«¨. . ., â®£¤�. . .û,
ª®â®àë¥ −� −�ç�«ì−®¬ íâ�¯¥ ®¯¨áë¢�îâ í¢à¨áâ¨ç¥áª¨¥ §−�−¨ï ¢ ®¡«�áâ¨ ¯à®æ¥á-
áã�«ì−®£® ¯à�¢�. Œ¥å�−¨§¬ −¥ç¥âª®£® ¢ë¢®¤�, à¥�«¨§ãï ª®¬¯®§¨æ¨î ¤�−−ëå
¯à�¢¨«, ¨−¤ãæ¨àã¥â −¥ç¥âª¨© ¢ë¢®¤ ®¡ ®æ¥−®ç−®¬ ¯®−ïâ¨¨ ¢ ¯à�¢®¢®© −®à¬¥,
çâ®¡ë ¢ëà�¡®â�âì �¤¥ª¢�â−®¥ ¥¬ã ¯à®æ¥ááã�«ì−®¥ à¥è¥−¨¥. „¥ä�§§¨ä¨ª�â®à

÷¨á. 1 Š®−æ¥¯âã�«ì−�ï áâàãªâãà� ‘ˆ��÷
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÷¨á. 2 ‘¨áâ¥¬ë ¨−ä®à¬�æ¨®−−®© ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï ¯à®æ¥ááã�«ì−ëå à¥è¥−¨©
¢ −®â�æ¨¨ feedforward ¯ïâ¨á«®©−®© −¥©à®−−®© á¥â¨

®áãé¥áâ¢«ï¥â ¯à®æ¥¤ãàã ¤¥ä�§§¨ä¨ª�æ¨¨ −¥ç¥âª¨å ¢ëå®¤®¢, â. ¥. ¯à¥¤áâ�¢«¥−¨¥
−¥ç¥âª¨å ¢ë¢®¤®¢ ®¡ ®æ¥−®ç−®¬ ¯®−ïâ¨¨ ¢ ¢¨¤¥ ®¡ëç−ëå ç¨á¥« ¯®áà¥¤áâ¢®¬,
−�¯à¨¬¥à, æ¥−âà®¨¤−®£® ¬¥â®¤�. �à¨ íâ®¬ ®á−®¢−®© ¯à®¡«¥¬®© ¯à®¥ªâ¨à®¢�−¨ï
‘ˆ��÷ ï¢«ï¥âáï ¢ë¡®à ¯®¤å®¤ïé¨å ¢å®¤−ëå-¢ëå®¤−ëå äã−ªæ¨© ¯à¨−�¤«¥¦-
−®áâ¨ ¨ −�¡®à� −¥ç¥âª¨å «®£¨ç¥áª¨å ¯à�¢¨«.

�á−®¢�−−�ï −� ¡�§®¢®© áâàãªâãà¥ ¨ ª®−æ¥¯æ¨¨ �‹‘ ‘ˆ��÷ ¢ −¥©à®á¥â¥¢®¬
«®£¨ç¥áª®¬ ¡�§¨á¥ á ª®−−¥ªæ¨®−−®© â®¯®«®£¨ç¥áª®© áâàãªâãà®© ¨ á¯®á®¡−®áâìî
ª ®¡ãç¥−¨î ¯à¨§¢�−� ãáâà�−¨âì ¤�−−ãî ¯à®¡«¥¬ã. �� à¨á. 2 ¯à¥¤áâ�¢«¥−�
áâàãªâãà� â�ª®© á¨áâ¥¬ë, ª®â®à�ï á®áâ®¨â ¨§ ¯ïâ¨ á«®¥¢.

�¥©à®−ë 1-£® (¢å®¤−®£®) á«®ï ¯à¥¤áâ�¢«ïîâ á®¡®© ¢å®¤−ë¥ «¨−£¢¨áâ¨ç¥áª¨¥
¯¥à¥¬¥−−ë¥, ¨ ¯®íâ®¬ã ¨å ¬®¦−® ¨−â¥à¯à¥â¨à®¢�âì ª�ª à¥æ¥¯â®àë. �ïâë©
á«®© ï¢«ï¥âáï ¢ëå®¤−ë¬, ¨ ¯®íâ®¬ã ¢á¥ ¥£® −¥©à®−ë, ¯® áãâ¨, ¨á¯®«−ïîâ à®«ì
íää¥ªâ®à®¢. �¥©à®−ë 2-£® ¨ 4-£® á«®¥¢ �ªâ¨¢¨àãîâáï ª�ª äã−ªæ¨¨ ¯à¨−�¤«¥¦-
−®áâ¨, çâ®¡ë ¯à¥¤áâ�¢«ïâì â¥à¬ë (§−�ç¥−¨ï) á®®â¢¥âáâ¢ãîé¨å «¨−£¢¨áâ¨ç¥áª¨å
¯¥à¥¬¥−−ëå. Š�¦¤ë© −¥©à®− 3-£® á«®ï ¨¬¨â¨àã¥â ®¤−® −¥ç¥âª®¥ «®£¨ç¥áª®¥
¯à�¢¨«®, � á®¢®ªã¯−®áâì â�ª¨å −¥©à®−®¢ ¢ á®áâ�¢¥ ¤�−−®£® á«®ï ä®à¬¨àã¥â
¡�§®¢ë© −�¡®à −¥ç¥âª¨å «®£¨ç¥áª¨å ¯à�¢¨«. ‘¢ï§¨ ¬¥¦¤ã 3-¬ ¨ 4-¬ á«®ï¬¨
¢ á®¢®ªã¯−®áâ¨ äã−ªæ¨®−¨àãîâ ª�ª ª®−−¥ªæ¨®−−ë© (�áá®æ¨�â¨¢−ë©) ¬¥å�−¨§¬
¢ë¢®¤�. ‚å®¤−ë¥ á¢ï§¨ 3-£® á«®ï ®¯à¥¤¥«ïîâ ¯à¨ç¨−ë (¯à¥¤ãá«®¢¨ï) ¤«ï −¥ç¥â-

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 1 2016 185



÷. ÷. ÷§�¥¢, ”. �. �£�¥¢, �. ˆ. ƒ®îè®¢, ‡. ÷. „¦�¬�«®¢

ª¨å «®£¨ç¥áª¨å ¯à�¢¨«, � ¢å®¤−ë¥ á¢ï§¨ 4-£® á«®ï ¯à¥¤®¯à¥¤¥«ïîâ á«¥¤áâ¢¨ï,
â. ¥. ¢ á®¢®ªã¯−®áâ¨ ®−¨ ä®à¬¨àãîâ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ á¢ï§¨ ¢ à�¬ª�å
¬¥å�−¨§¬� −¥ç¥âª®£® ¢ë¢®¤�. �à¨ íâ®¬ ª�¦¤ë© −¥©à®−-¯à�¢¨«® ¨¬¥¥â −¥ ¡®-
«¥¥ ®¤−®© ¢å®¤−®© á¢ï§¨, ¨áå®¤ïé¥© ¨§ −¥ª®â®à®£® −¥©à®−� | â¥à¬� ¢å®¤−®©
«¨−£¢¨áâ¨ç¥áª®© ¯¥à¥¬¥−−®©.

‚ ®¡é¥¬ ¢¨¤¥ ¢å®¤ ¤«ï ª�¦¤®£® −¥©à®−� ¤�−−®© ª®−−¥ªæ¨®−−®© −¥©à®−−®©
á¥â¨ áä®à¬ã«¨àã¥¬ ª�ª

Input = f
(

uk1 , u
k
2 , . . . , u

k
p;w

k
1 , w

k
2 , . . . , w

k
p

)

,

£¤¥ k | −®¬¥à á«®ï; p | −®¬¥à ¢å®¤−®© á¢ï§¨; uki (i = 1, . . . , p) | i-© á¨£−�« ¨§
k-£® á«®ï; wki (i = 1, . . . , p) | ¢¥á i-© á¢ï§¨ ¨§ k-£® á«®ï. ‚ à�¬ª�å ¯à¨−ïâëå
®¡®§−�ç¥−¨© ¢ëå®¤ë −¥©à®−®¢ ¢ à¥§ã«ìâ�â¥ ¨å �ªâ¨¢�æ¨© ®¡®§−�ç¨¬ ª�ª

Output = oki = a(f)(i = 1, . . . , p) ,

£¤¥ a(·) ï¢«ï¥âáï äã−ªæ¨¥© �ªâ¨¢�æ¨¨. ‚ ç�áâ−®áâ¨, ¢ ª�ç¥áâ¢¥ äã−ªæ¨¨ �ªâ¨¢�-

æ¨¨ ¬®¦−® ¢ë¡à�âì á¨£¬®¨¤−ãî äã−ªæ¨î ¢¨¤�a = 1/(1+e−f ), £¤¥ f =
p
∑

i=1
wki u

k
i .

3 Симуляция системы информационной поддержки принятия решений
в нотации пакета MATLAB (на примере статьи 165 «Нарушение
авторских или смежных прав» Уголовного кодекса
Азербайджанской республики)

–¥«ì «î¡®£® á¨¬ã«ïâ®à� á®áâ®¨â ¢ ¤¥¬®−áâà�æ¨¨ ¯®áâà®¥−¨ï (¢ª«îç�ï ¯à®-
æ¥áá ®¡ãç¥−¨ï) ¨ äã−ªæ¨®−¨à®¢�−¨ï ¨áá«¥¤ã¥¬®© á¨áâ¥¬ë. ‚ ¤�−−®¬ á«ãç�¥
á¨¬ã«ïâ®à ¨¬¨â¨àã¥â á®§¤�−¨¥ ‘ˆ��÷ ¢ −®â�æ¨¨ feedforward ¯ïâ¨á«®©−®© −¥©-
à®−−®© á¥â¨, á ¯®¬®éìî ª®â®à®© ®æ¥−®ç−®¥ ¯®−ïâ¨¥ ¢ ¯à�¢®¢®© −®à¬¥ ç¨á«¥−−®
¨−â¥à¯à¥â¨àã¥âáï ¤«ï ¯®¤¤¥à¦ª¨ ¢ë¡®à� ¯à®æ¥ááã�«ì−®£® à¥è¥−¨ï. ‘¨áâ¥¬�
¨−ä®à¬�æ¨®−−®© ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©, ®¡«�¤�ï á¯®á®¡−®áâìî ª ®¡ã-
ç¥−¨î ç¥à¥§ ®¡ãç�îé¨¥ ¯à¨¬¥àë, ¯à¨§¢�−� äã−ªæ¨®−¨à®¢�âì ¢ �¢â®¬�â¨ç¥áª®¬
à¥¦¨¬¥. �á−®¢−®© æ¥«ìî ï¢«ï¥âáï ¤¥¬®−áâà�æ¨ï á¯®á®¡−®áâ¨ ‘ˆ��÷ ç¨á«¥−−®
¨−â¥à¯à¥â¨à®¢�âì ®æ¥−®ç−ë¥ ¯®−ïâ¨ï ¢ ¯à�¢®¢ëå −®à¬�å −� ¡�§¥ áãé¥áâ¢ãîé¨å
¯à®æ¥ááã�«ì−ëå à¥è¥−¨© ¢ ®¡«�áâ¨ ¯à�¢®¯à¨¬¥−¥−¨ï.

ˆâ�ª, ¢ ª�ç¥áâ¢¥ ¯à¨¬¥à� à�áá¬®âà¨¬ áâ�âìî 165 ú��àãè¥−¨¥ �¢â®àáª¨å ¨«¨
á¬¥¦−ëå ¯à�¢û “Š �÷ [11], ª®â®à�ï ä®à¬ã«¨àã¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

ú�¥§�ª®−−®¥ ¨á¯®«ì§®¢�−¨¥ ®¡ê¥ªâ®¢ �¢â®àáª®£® ¨«¨ á¬¥¦−ëå ¯à�¢, â® ¥áâì
¨§¤�−¨¥ ¯®¤ á¢®¨¬ ¨¬¥−¥¬ ¨«¨ ¨−®¥ ¯à¨á¢®¥−¨¥ �¢â®àáâ¢� −� çã¦®¥ −�ãç−®¥,
«¨â¥à�âãà−®¥, åã¤®¦¥áâ¢¥−−®¥ ¨«¨ ¨−®¥ ¯à®¨§¢¥¤¥−¨¥, ¥£® −¥§�ª®−−®¥ ¯¥à¥-
¨§¤�−¨¥ ¨«¨ à�á¯à®áâà�−¥−¨¥, � à�¢−® ¯à¨−ã¦¤¥−¨¥ ª á®�¢â®àáâ¢ã, ¥á«¨ íâ¨
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¤¥ï−¨ï ¯à¨ç¨−¨«¨ §−�ç¨â¥«ì−ë© ãé¥à¡, −�ª�§ë¢�îâáï èâà�ä®¬ ¢ à�§¬¥à¥
®â 100 ¤® 500 AZN «¨¡® ®¡é¥áâ¢¥−−ë¬¨ à�¡®â�¬¨ −� áà®ª ®â 160 ¤® 240 ç�á®¢.
’¥ ¦¥ ¤¥ï−¨ï, á®¢¥àè¥−−ë¥ −¥®¤−®ªà�â−®, ¨«¨ £àã¯¯®© «¨æ ¯® ¯à¥¤¢�-
à¨â¥«ì−®¬ã á£®¢®àã, ¨«¨ ®à£�−¨§®¢�−−®© £àã¯¯®©, −�ª�§ë¢�îâáï èâà�ä®¬
¢ à�§¬¥à¥ ®â 500 ¤® 1000 AZN «¨¡® «¨è¥−¨¥¬ á¢®¡®¤ë −� áà®ª ¤® âà¥å «¥â
á ª®−ä¨áª�æ¨¥© ¨¬ãé¥áâ¢�û.

‚ ¤�−−®¬ á«ãç�¥ á®áâ�¢®¬ ¯à�¢®−�àãè¥−¨ïA ï¢«ï¥âáï ú−¥§�ª®−−®¥ ¨á¯®«ì§®-
¢�−¨¥ ®¡ê¥ªâ®¢ �¢â®àáª®£® ¨«¨ á¬¥¦−ëå ¯à�¢û, å�à�ªâ¥à¨§ãîé¥¥áï ¯à¨§−�ª�¬¨
B1 | ú¨§¤�−¨¥ ¯®¤ á¢®¨¬ ¨¬¥−¥¬ ¨«¨ ¨−®¥ ¯à¨á¢®¥−¨¥ �¢â®àáâ¢� −� çã¦®¥
−�ãç−®¥, «¨â¥à�âãà−®¥, åã¤®¦¥áâ¢¥−−®¥ ¨«¨ ¨−®¥ ¯à®¨§¢¥¤¥−¨¥, ¥£® −¥§�ª®−-
−®¥ ¯¥à¥¨§¤�−¨¥ ¨«¨ à�á¯à®áâà�−¥−¨¥, � à�¢−® ¯à¨−ã¦¤¥−¨¥ ª á®�¢â®àáâ¢ãû.
‘�−ªæ¨¥© ¦¥ S1 ï¢«ï¥âáï ú−�ª�§�−¨¥ èâà�ä®¬ ¢ à�§¬¥à¥ ®â áâ� ¤® ¯ïâ¨á®â
¬�−�â®¢û «¨¡® ú−�§−�ç¥−¨¥ ®¡é¥áâ¢¥−−ëå à�¡®â −� áà®ª ®â áâ� è¥áâ¨¤¥áïâ¨ ¤®
¤¢ãåá®â á®à®ª� ç�á®¢û. ‚ á«ãç�¥ −�«¨ç¨ï ¤®¯®«−¨â¥«ì−ëå ¯à¨§−�ª®¢ á®áâ�¢�
¯à�¢®−�àãè¥−¨ï B2 | ú¤¥ï−¨ï, á®¢¥àè¥−−ë¥ −¥®¤−®ªà�â−®, ¨«¨ £àã¯¯®© «¨æ
¯® ¯à¥¤¢�à¨â¥«ì−®¬ã á£®¢®àã, ¨«¨ ®à£�−¨§®¢�−−®© £àã¯¯®©û | ¯à¨¬¥−ï¥âáï
á�−ªæ¨ï S2 | ú−�ª�§�−¨¥ èâà�ä®¬ ¢ à�§¬¥à¥ ®â ¯ïâ¨á®â ¤® âëáïç¨ ¬�−�â®¢ «¨¡®
«¨è¥−¨¥¬ á¢®¡®¤ë −� áà®ª ¤® âà¥å «¥â á ª®−ä¨áª�æ¨¥© ¨¬ãé¥áâ¢�û. ‘ ãç¥â®¬
¯à¨−ïâëå ®¡®§−�ç¥−¨© íâã −®à¬ã ¬®¦−® §�¯¨á�âì ª�ª

(A ≈ B1)⇒ S1 ;

(A ≈ (B1 ∧B2))⇒ S2 .

}

(1)

Š�§�«®áì ¡ë, á ä®à¬ã«¨à®¢ª®© ¤�−−®© −®à¬ë ¯à�¢� ¨ á ¥¥ «®£¨ç¥áª¨¬ ä®à-
¬�«¨§¬®¬ (1) ¢á¥ ¢ë£«ï¤¨â ¤®áâ�â®ç−® ®¯à¥¤¥«¥−−®. �® íâ® â®«ìª® −� ¯¥à¢ë©
¢§£«ï¤. Š�¬−¥¬ ¯à¥âª−®¢¥−¨ï §¤¥áì ï¢«ï¥âáï ®æ¥−®ç−®¥ ¯®−ïâ¨¥ ú§−�ç¨â¥«ì−ë©
ãé¥à¡û, ¢¥à−¥¥ ¥£® á¥¬�−â¨ç¥áª�ï −¥®¯à¥¤¥«¥−−®áâì. …£® â®«ª®¢�−¨¥ −�àï¤ã
á ¤àã£¨¬¨ â¥à¬�¬¨ «¨−£¢¨áâ¨ç¥áª®© ¯¥à¥¬¥−−®© úãé¥à¡û, â�ª¨¬¨ ª�ª ú−¥-
§−�ç¨â¥«ì−ë© ãé¥à¡û, ú¡®«ìè®© ãé¥à¡û, úãé¥à¡ ¢ ®á®¡® ªàã¯−®¬ à�§¬¥à¥û,
úáãé¥áâ¢¥−−ë© ãé¥à¡û ¨ â. ¤., §�−¨¬�¥â §−�ç¨â¥«ì−®¥ ¬¥áâ® ¢ ¯à�¢®¯à¨¬¥−¥-
−¨¨ ¨ ¢ ¯à�¢®â¢®àç¥áâ¢¥. ‚á¥ ¤¥«® ¢ â®¬, çâ® −¥®¡¤ã¬�−−�ï ®æ¥−ª� ¢¥«¨ç¨−ë
ãé¥à¡� ¬®¦¥â, á ®¤−®© áâ®à®−ë, ¯à¨¢¥áâ¨ ª −¥¤®áâ�â®ç−®¬ã ®¡¥á¯¥ç¥−¨î ®åà�−ë
�¢â®àáª¨å ¨«¨ á¬¥¦−ëå ¯à�¢, � á ¤àã£®© | ª −¥®¡®á−®¢�−−®¬ã à�áè¨à¥−¨î
¯à¨−¨¬�¥¬®© á�−ªæ¨¨. �®«¥¥ â®£®, ¢ à�§−ëå á¨âã�æ¨ïå â¥à¬ë «¨−£¢¨áâ¨ç¥áª®©
¯¥à¥¬¥−−®© úãé¥à¡û ¬®£ãâ âà�ªâ®¢�âìáï ¯®-à�§−®¬ã. �®íâ®¬ã ¤«ï ª�¦¤®£® ª®−-
ªà¥â−®£® á«ãç�ï æ¥«¥á®®¡à�§−® ä®à¬¨à®¢�âì á®®â¢¥âáâ¢ãîéãî èª�«ã £à�¤�æ¨¨
®æ¥−®ç−ëå ¯®−ïâ¨©, ¨á¯®«ì§ã¥¬ëå ¢ ¯à®æ¥áá¥ ¯à�¢®¯à¨¬¥−¥−¨ï.

3.1 Классификация правонарушений

�ç¥¢¨¤−®, çâ® ¯à®æ¥áá ¯à�¢®¯à¨¬¥−¥−¨ï ï¢«ï¥âáï ¬−®£®ªà¨â¥à¨�«ì−®© ¯à®-
æ¥¤ãà®©, ¯®¤à�§ã¬¥¢�îé¥© ¯à¨¬¥−¥−¨¥ ª®¬¯®§¨æ¨®−−®£® ¯à�¢¨«� �£à¥£¨à®¢�−¨ï
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®æ¥−ª¨ ¯® ª�¦¤®¬ã ª®−ªà¥â−®¬ã ¤¥«ã. „«ï ®æ¥−ª¨ ¯à�¢®−�àãè¥−¨ï ¨ ä®à¬ã«¨-
à®¢�−¨ï á®®â¢¥âáâ¢ãîé¥© á�−ªæ¨¨ ¢ë¡¥à¥¬ ¯ïâì ®æ¥−®ç−ëå ¯®−ïâ¨©:

(1) u1 | ú�…‡��—ˆ’…‹œ�›‰ “™…÷�û;

(2) u2 | ú‘“™…‘’‚…��›‰ “™…÷�û;

(3) u3 | ú��‹œ˜�‰ “™…÷�û;

(4) u4 | ú‡��—ˆ’…‹œ�›‰ “™…÷�û;

(5) u5 | ú“™…÷� ‚ �‘��� Š÷“���Œ ÷�‡Œ…÷…û.

�à®é¥ £®¢®àï, ¯®¤ ¬−®¦¥áâ¢®¬ C = (u1, u2, u3, u4, u5) ¡ã¤¥¬ ¯®−¨¬�âì
á®¢®ªã¯−®áâì ¯à¨§−�ª®¢, ¯® ª®â®àë¬ ª«�áá¨ä¨æ¨àãîâáï á�−ªæ¨¨. ’®£¤�, ¯®«�-
£�ï ¨á¯®«ì§ã¥¬ë¥ ¢ ¯à�¢®¢®© −®à¬¥ ªà¨â¥à¨¨ −¥ç¥âª¨¬¨ ¬−®¦¥áâ¢�¬¨, ®æ¥−ªã
¯à�¢®−�àãè¥−¨ï ¯à®¨§¢¥¤¥¬ á ¨á¯®«ì§®¢�−¨¥¬ ¤®áâ�â®ç−®£® −�¡®à� −¥ç¥âª¨å
¨¬¯«¨ª�â¨¢−ëå ¯à�¢¨« ¢¨¤� ú¥á«¨. . ., â®£¤�. . .û ¨ −� ¨å ®á−®¢¥ ãáâ�−®¢¨¬ á®-
®â¢¥âáâ¢ãîéãî èª�«ã £à�¤�æ¨¨ ¢®§¬®¦−ëå á�−ªæ¨©. ˆâ�ª, ¯¥à¥äà�§¨àã¥¬
¯®«®¦¥−¨ï áâ. ü 165 “Š �÷ á«¥¤ãîé¨¬ ®¡à�§®¬:

e1: ú…á«¨ ¨¬¥¥â ¬¥áâ® ¨§¤�−¨¥ ¯®¤ á¢®¨¬ ¨¬¥−¥¬ ¨«¨ ¨−®¥ ¯à¨á¢®¥−¨¥ �¢â®àáâ¢�
−� çã¦®¥ −�ãç−®¥, «¨â¥à�âãà−®¥, åã¤®¦¥áâ¢¥−−®¥ ¨«¨ ¨−®¥ ¯à®¨§¢¥¤¥−¨¥,
� à�¢−® ¨ ¯à¨−ã¦¤¥−¨¥ ª á®�¢â®àáâ¢ã, â® −�§−�ç�¥âáï ¬¨−¨¬�«ì−®¥ −�ª�§�−¨¥
(èâà�ä ¢ à�§¬¥à¥ ®â 100 ¤® 500 AZN)û;

e2: ú…á«¨ ¢¤®¡�¢®ª ª ¢ëè¥¯à¨¢¥¤¥−−ë¬ âà¥¡®¢�−¨ï¬ ¨¬¥¥â ¬¥áâ® −¥§�ª®−−®¥
¯¥à¥¨§¤�−¨¥ ¨«¨ à�á¯à®áâà�−¥−¨¥ çã¦®£® −�ãç−®£®, «¨â¥à�âãà−®£®, åã¤®¦¥-
áâ¢¥−−®£® ¨«¨ ¨−®£® ¯à®¨§¢¥¤¥−¨ï, â® −�§−�ç�¥âáï −�ª�§�−¨¥ ¢ëè¥ ¬¨−¨-
¬�«ì−®£® (−�§−�ç¥−¨¥ ®¡é¥áâ¢¥−−ëå à�¡®â −� áà®ª ®â 160 ¤® 240 ç�á®¢)û;

e3: ú…á«¨ ¤®¯®«−¨â¥«ì−® ª ãá«®¢¨ï¬, ®£®¢®à¥−−ë¬ ¢ e2, â¥ ¦¥ ¤¥ï−¨ï ¡ë«¨
á®¢¥àè¥−ë −¥®¤−®ªà�â−® £àã¯¯®© «¨æ ¯® ¯à¥¤¢�à¨â¥«ì−®¬ã á£®¢®àã ¨«¨
®à£�−¨§®¢�−−®© £àã¯¯®©, â® −�§−�ç�¥âáï ¬�ªá¨¬�«ì−®¥ −�ª�§�−¨¥ («¨è¥−¨¥
á¢®¡®¤ë áà®ª®¬ −� 3 £®¤� á ª®−ä¨áª�æ¨¥© ¨¬ãé¥áâ¢�)û;

e4: ú…á«¨ ¢ à�áá¬�âà¨¢�¥¬®¬ ¤¥«¥ ¨¬¥îâ ¬¥áâ® ¯à¨§−�ª¨, ®£®¢®à¥−−ë¥ ¢ e3,
®¤−�ª® ¢¬¥áâ® £àã¯¯ë «¨æ ãé¥à¡ −�−¥á¥− á® áâ®à®−ë ®¤−®£® «¨æ�, −�àã-
è�¢è¥£® �¢â®àáª¨¥ ¯à�¢� −¥®¤−®ªà�â−®, â® −�§−�ç�¥âáï −�ª�§�−¨¥ áà¥¤−¥©
âï¦¥áâ¨ (èâà�ä ¢ à�§¬¥à¥ ®â 500 ¤® 1000 AZN)û;

e5: ú…á«¨ ¨¬¥¥â ¬¥áâ® ¯à¨−ã¦¤¥−¨¥ ª á®�¢â®àáâ¢ã, −® −¥ ¯®¤â¢¥à¦¤¥−® −¥§�-
ª®−−®¥ ¯¥à¥¨§¤�−¨¥ ¨«¨ à�á¯à®áâà�−¥−¨¥ çã¦®£® −�ãç−®£®, «¨â¥à�âãà−®£®,
åã¤®¦¥áâ¢¥−−®£® ¨«¨ ¨−®£® ¯à®¨§¢¥¤¥−¨ï £àã¯¯®© «¨æ ¯® ¯à¥¤¢�à¨â¥«ì−®-
¬ã á£®¢®àã ¨«¨ ®à£�−¨§®¢�−−®© £àã¯¯®©, â® −�§−�ç�¥âáï −�ª�§�−¨¥ áà¥¤−¥©
âï¦¥áâ¨ (èâà�ä ¢ à�§¬¥à¥ ®â 500 ¤® 1000 AZN)û;

e6: ú…á«¨ −¥ ¯®¤â¢¥à¦¤¥−® ¨§¤�−¨¥ ¯®¤ á¢®¨¬ ¨¬¥−¥¬ ¨«¨ ¨−®¥ ¯à¨á¢®¥−¨¥
�¢â®àáâ¢� −� çã¦®¥ −�ãç−®¥, «¨â¥à�âãà−®¥, åã¤®¦¥áâ¢¥−−®¥ ¨«¨ ¨−®¥ ¯à®¨§-
¢¥¤¥−¨¥, � à�¢−® ¨ ¯à¨−ã¦¤¥−¨¥ ª á®�¢â®àáâ¢ã, â® á®áâ�¢ ¯à�¢®−�àãè¥−¨ï
®âáãâáâ¢ã¥âû.
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’�¡«¨æ� 1 �¥à¥¬¥−−ë¥ �‹‘

X1

ˆ¬ï ¯¥à¥¬¥−−®© ˆ§¤�−¨¥ ¯®¤ á¢®¨¬ ¨¬¥−¥¬ ¨«¨ ¨−®¥ ¯à¨-
á¢®¥−¨¥ �¢â®àáâ¢� −� çã¦®¥ ¯à®¨§¢¥¤¥−¨¥

‡−�ç¥−¨¥ ¯¥à¥¬¥−−®© A = ˆŒ……’ Œ…‘’�
�à¥¤¥«ë §−�ç¥−¨© [0, 1]
ˆ¬ï ¯¥à¥¬¥−−®© �à¨−ã¦¤¥−¨¥ ª á®�¢â®àáâ¢ã

X2 ‡−�ç¥−¨¥ ¯¥à¥¬¥−−®© B = ˆŒ……’ Œ…‘’�
�à¥¤¥«ë §−�ç¥−¨© [0, 1]

X3

ˆ¬ï ¯¥à¥¬¥−−®© �¥à¥¨§¤�−¨¥ ¨«¨ à�á¯à®áâà�−¥−¨¥
çã¦®£® ¯à®¨§¢¥¤¥−¨ï

‚å®¤−ë¥ ‡−�ç¥−¨¥ ¯¥à¥¬¥−−®© C = ˆŒ……’ Œ…‘’�
¯¥à¥¬¥−−ë¥ �à¥¤¥«ë §−�ç¥−¨© [0, 1]

X4

ˆ¬ï ¯¥à¥¬¥−−®©
��àãè¥−¨¥ �¢â®àáª¨å ¯à�¢ £àã¯¯®©
«¨æ −¥®¤−®ªà�â−® ¯® ¯à¥¤¢�à¨â¥«ì−®¬ã
á£®¢®àã ¨«¨ ®à£�−¨§®¢�−−®© £àã¯¯®©

‡−�ç¥−¨¥ ¯¥à¥¬¥−−®© D = ˆŒ……’ Œ…‘’�
�à¥¤¥«ë §−�ç¥−¨© [0, 1]

X5

ˆ¬ï ¯¥à¥¬¥−−®© ��àãè¥−¨¥ �¢â®àáª¨å ¯à�¢ ®¤−¨¬
«¨æ®¬ −¥®¤−®ªà�â−®

‡−�ç¥−¨¥ ¯¥à¥¬¥−−®© E = ˆŒ……’ Œ…‘’�
�à¥¤¥«ë §−�ç¥−¨© [0, 1]

ˆ¬ï ¯¥à¥¬¥−−®© ��ª�§�−¨¥
(ãà®¢¥−ì ¯à¨¬¥−ï¥¬®© á�−ªæ¨¨)

‚ëå®¤−�ï
¯¥à¥¬¥−−�ï Y ’¥à¬-¬−®¦¥áâ¢®

{Y0 = �’‘“’‘’‚“…’,
Y1 = Œˆ�ˆŒ�‹œ��…,
Y2 = ‚›˜… Œˆ�ˆŒ�‹œ��ƒ�,
Y3 = ‘÷…„�…‰ ’Ÿ†…‘’ˆ,
Y4 = Œ�Š‘ˆŒ�‹œ��…}

�à¥¤¥«ë §−�ç¥−¨© [0, 1]

�â¨ à�ááã¦¤¥−¨ï ¯®§¢®«ïîâ áä®à¬¨à®¢�âì ¯®«−ë© −�¡®à «¨−£¢¨áâ¨ç¥áª¨å
¯¥à¥¬¥−−ëå ¨ ¯à�¢¨« ¤«ï ¯®áâà®¥−¨ï �‹‘. „«ï ã¤®¡áâ¢� ¢á¥ ¯¥à¥¬¥−−ë¥
á¢¥¤¥−ë ¢ â�¡«. 1.

‘�¬� á¨áâ¥¬� ¯à�¢¨« ¢ á¨¬¢®«ì−®© ä®à¬¥ ¡ã¤¥â ¨¬¥âì á«¥¤ãîé¨© ¢¨¤:

e1 : (X1 = A)&(X2 = B)⇒ (Y = Y1);
e2 : (X1 = A)&(X2 = B)&(X3 = C)⇒ (Y = Y2);
e3 : (X1 = A)&(X2 = B)&(X3 = C)&(X4 = D)⇒ (Y = Y4);
e4 : (X1 = A)&(X2 = B)&(X3 = C)&(X5 = E)⇒ (Y = Y3);
e5 : (X2 = B)&(X3 = ¬C)&(X4 = ¬D)⇒ (Y = Y3);
e6 : (X1 = ¬A)&(X2 = ¬B)⇒ (Y = Y0).
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÷¨á. 3 “à®¢−¨ ãé¥à¡� ¤«ï ®æ¥−ª¨ ¯à�¢®−�àãè¥−¨ï ¢ ¬�áèâ�¡¥ [0, 1]

�¥à¥¬¥−−�ï Y §�¤�−� −� ¤¨áªà¥â−®¬ ¬−®¦¥áâ¢¥ J = {0; 0,1; 0,2; . . . ; 1}, � ¥¥
â¥à¬ë ®¯¨á�−ë á«¥¤ãîé¨¬¨ −¥ç¥âª¨¬¨ ¬−®¦¥áâ¢�¬¨:

Y1 =Œˆ�ˆŒ�‹œ��…, µY1(x) = x , x ∈ J ;

Y2 = ‚›˜… Œˆ�ˆŒ�‹œ��ƒ�, µY1(x) =
√
x ;

Y3 = ‘÷…„�…‰ ’Ÿ†…‘’ˆ, µY3(x) = x
2 ;

Y4 =Œ�Š‘ˆŒ�‹œ��…, µY4(x) =

{

1, x = 1 ;
0, x < 1 ;

Y0 = �’‘“’‘’‚“…’, µY0(x) = 1− x ; x ∈ J .

”�§§¨ä¨ª�æ¨ï â¥à¬®¢ ¯¥à¥¬¥−−ëåXk ®áãé¥áâ¢«¥−� á ¯à¨¬¥−¥−¨¥¬ äã−ªæ¨©
¢¨¤�

µ(u) = exp

{

−(u− 1)2
σ2k

}

(k = 1, . . . , 5) ,

¢®ááâ�−�¢«¨¢�îé¨å −¥ç¥âª¨¥ ¬−®¦¥áâ¢� ¯® ®¯®à−®¬ã ¢¥ªâ®àã (u1, u2, u3, u4, u5),
£¤¥ ui = {(di−1 + di)/2} ∈ [d0, di]. �à¨ íâ®¬ §−�ç¥−¨ï ¤«ï σk ¯®¤¡¨à�îâáï
¨áå®¤ï ¨§ áâ¥¯¥−¨ ¢�¦−®áâ¨ ¯à¨§−�ª®¢ ¯à�¢®−�àãè¥−¨ï ¢ à�¬ª�å ¯à�¢®¢®©
−®à¬ë. �ç¥¢¨¤−®, çâ® ¯à®áâë¬ ¯à¥®¡à�§®¢�−¨¥¬ x = d0 + t(d5 − d0) (t ∈ [0, 1])
®âà¥§®ª [d0, d5] ¬®¦−® «¥£ª® á¢¥áâ¨ ª ®âà¥§ªã [0, 1]. ‚ ¨â®£¥ ®æ¥−ª� −�àãè¥−¨ï
�¢â®àáª¨å ¯à�¢ á â®çª¨ §à¥−¨ï −�−¥á¥−−®£® ãé¥à¡�, £à�¤¨à®¢�−−®£® −� ®âà¥§ª¥
[0, 1] (à¨á. 3), £¤¥ di = 0,2i (i = 0, . . . , 5), ¯®§¢®«¨«� ®¯¨á�âì §−�ç¥−¨ï ¢å®¤−ëå
¯¥à¥¬¥−−ëå ¢ ¢¨¤¥ á®®â¢¥âáâ¢ãîé¨å −¥ç¥âª¨å ¬−®¦¥áâ¢:

A =
0,0392

u1
+
0,1409

u2
+
0,3679

u3
+
0,6977

u4
+
0,9608

u5
;

B =
0,0183

u1
+
0,0889

u2
+
0,2910

u3
+
0,6412

u4
+
0,9518

u5
;

C =
0,0063

u1
+
0,0468

u2
+
0,2096

u3
+
0,5698

u4
+
0,9394

u5
;

D =
0,0013

u1
+
0,0183

u2
+
0,1299

u3
+
0,4797

u4
+
0,9216

u5
;
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E =
0,0001

u1
+
0,0043

u2
+
0,0622

u3
+
0,3679

u4
+
0,8948

u5
.

„«ï à¥�«¨§�æ¨¨ ¯à�¢¨« e1{e6 ¡ë« ¨á¯®«ì§®¢�− ®¯¥à�â®à ¨¬¯«¨ª�æ¨¨ ‹ãª�á¥¢¨ç�

I(x, y) = min(1, 1− x+ y) ,

� ¤«ï ä�§§¨ä¨ª�æ¨¨ −¥ç¥âª¨å ¢ëå®¤®¢ ª�ª ãà®¢−¥© −�ª�§�−¨ï Ek (k = 1, . . . , 5)
¯à¨¬¥−¥−® à�¢¥−áâ¢® [12]

F (Ek) =
1

αmax

αmax
∫

0

M(Ekα) dα ,

¢ ª®â®à®¬ Ekα = {x|µEk
(x) ≥ α, x ∈ J}; M(Ekα =

∑n
j=1 xj/n; αmax |

¬�ªá¨¬�«ì−®¥ §−�ç¥−¨¥ −� Ekα. ‚ à¥§ã«ìâ�â¥ ¯®«ãç¥−ë á«¥¤ãîé¨¥ ¤¥ä�§§¨ä¨-
æ¨à®¢�−−ë¥ §−�ç¥−¨ï ¢ëå®¤®¢ −¥ç¥âª®© ¬®¤¥«¨ ¯à�¢®¢®© −®à¬ë ú��àãè¥−¨¥
�¢â®àáª¨å ¨«¨ á¬¥¦−ëå ¯à�¢û:

{ ¯à¨ −¥§−�ç¨â¥«ì−®¬ ãé¥à¡¥ (u1) ç¨á«® F (E1) = 0,3268 ª�ª ¢¥àå−ïï £à�−¨æ�
¨−â¥à¢�«�, á®®â¢¥âáâ¢ãîé¥£® ¢ë−¥á¥−¨î á�−ªæ¨¨ E1;

{ ¯à¨ áãé¥áâ¢¥−−®¬ ãé¥à¡¥ (u2) ç¨á«® F (E2) = 0,3714 ª�ª ¢¥àå−ïï £à�−¨æ�
¨−â¥à¢�«�, á®®â¢¥âáâ¢ãîé¥£® ¢ë−¥á¥−¨î á�−ªæ¨¨ E2;

{ ¯à¨ ¡®«ìè®¬ ãé¥à¡¥ (u3) ç¨á«® F (E3) = 0,4578 ª�ª ¢¥àå−ïï £à�−¨æ� ¨−â¥à-
¢�«�, á®®â¢¥âáâ¢ãîé¥£® ¢ë−¥á¥−¨î á�−ªæ¨¨ E3;

{ ¯à¨ §−�ç¨â¥«ì−®¬ ãé¥à¡¥ (u4) ç¨á«® F (E4) = 0,6431 ª�ª ¢¥àå−ïï £à�−¨æ�
¨−â¥à¢�«�, á®®â¢¥âáâ¢ãîé¥£® ¢ë−¥á¥−¨î á�−ªæ¨¨ E4;

{ ¯à¨ ãé¥à¡¥ ¢ ®á®¡® ªàã¯−®¬ à�§¬¥à¥ (u5) ç¨á«® F (E5) = 0,9608 ª�ª ¢¥àå−ïï
£à�−¨æ� ¨−â¥à¢�«�, á®®â¢¥âáâ¢ãîé¥£® ¢ë−¥á¥−¨î á�−ªæ¨¨ E5.

‚ ¯à¨−ïâëå ¤®¯ãè¥−¨ïå ¨â®£®¢�ï èª�«� ¤«ï ®æ¥−ª¨ ¨ ¢ë¡®à� á�−ªæ¨© ¯®
à�á¬�âà¨¢�¥¬®¬ã ¤¥«ã ® −�àãè¥−¨¨ �¢â®àáª¨å ¯à�¢ ¬®¦¥â ¢ë£«ï¤¥âì â�ª, ª�ª íâ®
¯®ª�§�−® −� à¨á. 4.

÷¨á. 4 ˜ª�«� ¤«ï ¢ë¡®à� á�−ªæ¨© −� ¡�§¥ ãà®¢−¥© ¢®§¬®¦−ëå ãé¥à¡®¢
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3.2 Оценка правонарушения

�®á«¥ â®£® ª�ª ¡ë«� ãáâ�−®¢«¥−� ®¡®á−®¢�−−�ï èª�«� ¤«ï ª«�áá¨ä¨ª�æ¨¨
á�−ªæ¨© ¯à¨¬¥−¨â¥«ì−® ª −¥§�ª®−−®¬ã ¨á¯®«ì§®¢�−¨î �¢â®àáª®£® ¨«¨ á¬¥¦−ëå
¯à�¢, ¬®¦−® ¯à¨áâã¯¨âì á®¡áâ¢¥−−® ª à¥�«¨§�æ¨¨ ‘ˆ��÷. �à¨ íâ®¬, ®¯¨à�-
ïáì −� «®£¨ç¥áªãî áâàãªâãàã (1) ¯à�¢®¢®© −®à¬ë, §� ®á−®¢ã á«¥¤ã¥â ¢ë¡à�âì
á«¥¤ãîé¨¥ −¥¯à®â¨¢®à¥ç¨¢ë¥ ¨ ¢¯®«−¥ ®¡®á−®¢�−−ë¥ à�ááã¦¤¥−¨ï:

d1: ¥á«¨ ¢¯¥à¢ë¥ ¢ à¥§ã«ìâ�â¥ ¨§¤�−¨ï ¯ãâ¥¬ ¯à¨á¢®¥−¨ï �¢â®àáâ¢� −� çã¦®¥
¯à®¨§¢¥¤¥−¨¥, ¨«¨ ¯¥à¥¨§¤�−¨ï, ¨«¨ à�á¯à®áâà�−¥−¨ï, � à�¢−® ¯à¨−ã¦¤¥−¨ï
ª á®�¢â®àáâ¢ã ¯à¨ç¨−¥− −¥§−�ç¨â¥«ì−ë© ãé¥à¡, â® á®áâ�¢ ¯à¥áâã¯«¥−¨ï
®âáãâáâ¢ã¥â;

d2: ¥á«¨ ¢¯¥à¢ë¥ ¢ à¥§ã«ìâ�â¥ ¨§¤�−¨ï ¯ãâ¥¬ ¯à¨á¢®¥−¨ï �¢â®àáâ¢� −� çã¦®¥
¯à®¨§¢¥¤¥−¨¥, ¨«¨ ¯¥à¥¨§¤�−¨ï, ¨«¨ à�á¯à®áâà�−¥−¨ï, � à�¢−® ¯à¨−ã¦¤¥−¨ï
ª á®�¢â®àáâ¢ã ¯à¨ç¨−¥− áãé¥áâ¢¥−−ë© ãé¥à¡, â® ¯à¨¬¥−ï¥âáï ¬¨−¨¬�«ì−®¥
−�ª�§�−¨¥ ¢ ¢¨¤¥ ¢ë¯«�âë èâà�ä� ®â 100 ¤® 500 AZN;

d3: ¥á«¨ ¢¯¥à¢ë¥ ¢ à¥§ã«ìâ�â¥ ¨§¤�−¨ï ¯ãâ¥¬ ¯à¨á¢®¥−¨ï �¢â®àáâ¢� −� çã¦®¥
¯à®¨§¢¥¤¥−¨¥, ¨«¨ ¯¥à¥¨§¤�−¨ï, ¨«¨ à�á¯à®áâà�−¥−¨ï, � à�¢−® ¯à¨−ã¦¤¥−¨ï
ª á®�¢â®àáâ¢ã ¯à¨ç¨−¥− ¡®«ìè®© ãé¥à¡, â® ¯à¨¬¥−ï¥âáï á�−ªæ¨ï ¢ëè¥
¬¨−¨¬�«ì−®©, â. ¥. −�ª�§�−¨¥ ¢ ¢¨¤¥ ¢ë¯®«−¥−¨ï ®¡é¥áâ¢¥−−ëå à�¡®â áà®ª®¬
®â 160 ¤® 240 ç;

d4: ¥á«¨ −¥®¤−®ªà�â−® ¢ à¥§ã«ìâ�â¥ ¨§¤�−¨ï ¯ãâ¥¬ ¯à¨á¢®¥−¨ï �¢â®àáâ¢� −�
çã¦®¥ ¯à®¨§¢¥¤¥−¨¥, ¨«¨ ¯¥à¥¨§¤�−¨ï, ¨«¨ à�á¯à®áâà�−¥−¨ï, � à�¢−® ¯à¨-
−ã¦¤¥−¨ï ª á®�¢â®àáâ¢ã ¯à¨ç¨−¥− §−�ç¨â¥«ì−ë© ãé¥à¡, â® ¯à¨¬¥−ï¥âáï
−�ª�§�−¨¥ áà¥¤−¥© âï¦¥áâ¨ ¢ ¢¨¤¥ ¢ë¯«�âë èâà�ä� ®â 500 ¤® 1000 AZN;

d5: ¥á«¨ −¥®¤−®ªà�â−® ¢ à¥§ã«ìâ�â¥ ¨§¤�−¨ï ¯ãâ¥¬ ¯à¨á¢®¥−¨ï �¢â®àáâ¢� −�
çã¦®¥ ¯à®¨§¢¥¤¥−¨¥, ¨«¨ ¯¥à¥¨§¤�−¨ï, ¨«¨ à�á¯à®áâà�−¥−¨ï, � à�¢−® ¯à¨−ã-
¦¤¥−¨ï ª á®�¢â®àáâ¢ã ¯à¨ç¨−¥− ãé¥à¡ ¢ ®á®¡® ªàã¯−®¬ à�§¬¥à¥, â® ¯à¨¬¥-
−ï¥âáï ¬�ªá¨¬�«ì−®¥ −�ª�§�−¨¥ ¢ ¢¨¤¥ «¨è¥−¨ï á¢®¡®¤ë áà®ª®¬ ¤® âà¥å «¥â
á ª®−ä¨áª�æ¨¥© ¨¬ãé¥áâ¢�;

d6: ¥á«¨ ãª�§�−−ë¥ ¤¥ï−¨ï á®¢¥àè¥−ë £àã¯¯®© «¨æ ¯® ¯à¥¤¢�à¨â¥«ì−®¬ã á£®¢®àã
¨«¨ ®à£�−¨§®¢�−−®© £àã¯¯®© ¨ ¯à¨ íâ®¬ ¯à¨ç¨−¥− §−�ç¨â¥«ì−ë© ãé¥à¡, â®
â�ª¦¥ ¯à¨¬¥−ï¥âáï ¬�ªá¨¬�«ì−®¥ −�ª�§�−¨¥ ¢ ¢¨¤¥ «¨è¥−¨ï á¢®¡®¤ë áà®ª®¬
¤® âà¥å «¥â á ª®−ä¨áª�æ¨¥© ¨¬ãé¥áâ¢�.

„�−−ë¥ à�ááã¦¤¥−¨ï ãáâ�−�¢«¨¢�îâ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ á¢ï§¨ ¬¥¦¤ã
å�à�ªâ¥à¨áâ¨ª�¬¨ á®áâ�¢� ¯à�¢®−�àãè¥−¨ï, á ®¤−®© áâ®à®−ë, ¨ á®¡áâ¢¥−−® ¯à¨-
¬¥−ï¥¬®© á�−ªæ¨¥©, á ¤àã£®©. ‚å®¤−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ §¤¥áì ï¢«ïîâáï:

{ ¯¥à¥¬¥−−�ï x1 | à�§¬¥à −�−¥á¥−−®£® ãé¥à¡�, ¯à¨−¨¬�îé�ï 5 §−�ç¥−¨©,
ä®à¬�«¨§ã¥¬ëå á ¯®¬®éìî £�ãáá®¢áª¨å äã−ªæ¨© ¯à¨−�¤«¥¦−®áâ¨ á ¢¥à-
è¨−�¬¨ á®®â¢¥âáâ¢¥−−® ¢ â®çª�å á �¡áæ¨áá�¬¨ ui = [0,2(i − 1) + 0,2i]/2
(i = 1, . . . , 5);
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{ ¯¥à¥¬¥−−�ï x2 | −�«¨ç¨¥ ¯®¤®¡−®£®
¯à¥æ¥¤¥−â� ¢ ¯à®è«®¬ ¨/¨«¨ −�«¨ç¨¥
¤àã£¨å ãç�áâ−¨ª®¢ ¯à¥áâã¯«¥−¨ï, ¯à¨-
−¨¬�îé�ï 3 §−�ç¥−¨ï, ä®à¬�«¨§ã¥¬ëå
á ¯®¬®éìî £�ãáá®¢áª¨å äã−ªæ¨© ¯à¨-
−�¤«¥¦−®áâ¨ á ¢¥àè¨−�¬¨ á®®â¢¥âáâ-
¢¥−−®¢ â®çª�å á �¡áæ¨áá�¬¨ 0, 0,5 ¨ 1.

‚ëå®¤−®© å�à�ªâ¥à¨áâ¨ª®© ï¢«ï¥âáï

’�¡«¨æ� 2 ��¡®à ¢å®¤−ëå-¢ë-
å®¤−ëå ¤�−−ëå ¤«ï ¯®áâà®¥−¨ï
‘ˆ��÷

ü
‚å®¤ë ‚ëå®¤

x1 x2 y
1 0,100 0,000 0,383
2 0,300 0,000 0,407
3 0,500 0,000 0,479
4 0,700 0,000 0,644
5 0,900 0,000 0,711
6 0,100 0,500 0,440
7 0,300 0,500 0,483
8 0,500 0,500 0,644
9 0,700 0,500 0,643

10 0,900 0,500 0,855
11 0,100 1,000 0,556
12 0,300 1,000 0,644
13 0,500 1,000 0,711
14 0,700 1,000 0,855
15 0,900 1,000 0,711
16 0,265 0,868 0,538
17 0,507 0,241 0,492
18 0,779 0,150 0,723
19 0,823 0,232 0,738
20 0,852 0,068 0,718
21 0,874 0,732 0,802
22 0,206 0,859 0,535
23 0,214 0,377 0,426
24 0,177 0,786 0,514
25 0,845 0,195 0,745
26 0,625 0,105 0,532
27 0,808 0,914 0,779
28 0,148 0,059 0,393
29 0,133 0,768 0,483
30 0,852 0,323 0,788
�à¨¬¥ç�−¨ï: x1 | à�§¬¥à −�-
−¥á¥−−®£® ãé¥à¡�; x2 | −�«¨ç¨¥
¯à¥æ¥¤¥−â� ¢ ¯à®è«®¬ ¨«¨ −�«¨ç¨¥
¤àã£¨å ãç�áâ−¨ª®¢ ¯à¥áâã¯«¥−¨ï;
y | ãà®¢¥−ì −�ª�§�−¨ï

¯¥à¥¬¥−−�ï y | ãà®¢¥−ì −�ª�§�−¨ï, á 5 â¥à-
¬�¬¨, ä®à¬�«¨§ã¥¬ë¬¨ á ¯®¬®éìî £�ãáá®¢-
áª¨å äã−ªæ¨© ¯à¨−�¤«¥¦−®áâ¨ á ¢¥àè¨−�-
¬¨ á®®â¢¥âáâ¢¥−−® ¢ â®çª�å: 0,3268, 0,3714,
0,4578, 0,6431 ¨ 0,9608.

÷¥�«¨§�æ¨ï ¯à�¢¨« d1{d6 ¢ −®â�æ¨¨
MATLAB á ¯®¬®éìî FIS-à¥¤�ªâ®à� â¨¯�
Œ�¬¤�−¨ ¯®§¢®«¨«� áä®à¬¨à®¢�âì ¢ë¡®à-
ªã ®¡ãç�îé¨å ¯�à (â�¡«. 2) ¤«ï ¯®áâà®¥−¨ï
‘ˆ��÷.

‡�£àã§ª� ¤�−−®£® ®¡ãç�îé¥£® ¬−®¦¥-
áâ¢� ¢ à¥¤�ªâ®à ANFIS â¨¯� ‘ã£¥−® á£¥-
−¥à¨à®¢�«� áâàãªâãàã ‘ˆ��÷ ¢ −®â�æ¨¨
feedforward ¯ïâ¨á«®©−®© −¥©à®−−®© á¥â¨ ¢¨-
¤�, ®¯¨á�−−®£® −� à¨á. 2. ‚ ¤�−−®¬ á«ã-
ç�¥ áâàãªâãà� ‘ˆ��÷ ¢ª«îç�¥â 15 ¯à�¢¨«,
2 ¢å®¤−ë¥ ¨ ®¤−ã ¢ëå®¤−ãî ¯¥à¥¬¥−−ë¥.
„«ï ¥¥ −�áâà®©ª¨ ¨á¯®«ì§®¢�− £¨¡à¨¤−ë©
¬¥â®¤, ¯à¥¤áâ�¢«ïîé¨© á®¡®© ª®¬¡¨−�æ¨î
¬¥â®¤� −�¨¬¥−ìè¨å ª¢�¤à�â®¢ ¨ ¬¥â®¤� ã¡ë-
¢�−¨ï ®¡à�â−®£® £à�¤¨¥−â�. ’�ª, −� à¨á. 5
¯à¥¤áâ�¢«¥−ë ®¯â¨¬¨§¨à®¢�−−ë¥ äã−ªæ¨¨
¯à¨−�¤«¥¦−®áâ¨, ®¯¨áë¢�îé¨¥ â¥à¬ë ¢å®¤-
−ëå «¨−£¢¨áâ¨ç¥áª¨å ¯¥à¥¬¥−−ëå.

�� à¨á. 6 ¯à¥¤áâ�¢«¥− £à�ä¨ç¥áª¨© ¨−-
â¥àä¥©á ¯à®á¬®âà� ¯à�¢¨« á£¥−¥à¨à®¢�−−®©
‘ˆ��÷, � â�ª¦¥ äà�£¬¥−â ®¯â¨¬�«ì−®£®
−�¡®à� ¡�§®¢ëå ¯à�¢¨«.

‚ â�¡«. 3 ¯¥à¥ç¨á«¥−ë ú®¡ãç¥−−ë¥û −¥ç¥âª¨¥ ¨¬¯«¨ª�â¨¢−ë¥ ¯à�¢¨«� ¢ −¥-
áª®«ìª® ã¯à®é¥−−®¬ ¢¨¤¥. ��¯à¨¬¥à, ¯à�¢¨«® 4, ¢ë¤¥«¥−−®¥ −� à¨á. 6, ¨−â¥à-
¯à¥â¨àã¥âáï â�ª:

…á«¨ x1 ï¢«ï¥âáï X12 = ‘“™…‘’‚…��›‰ (â. ¥. −¥ç¥âª¨¬ ¬−®-
¦¥áâ¢®¬, ®¯¨áë¢�¥¬ë¬ £�ãáá®¢áª®© äã−ªæ¨¥© µX12(u) = exp{−(u −
− 0,3075)2/0,07032}) ¨ x2 ï¢«ï¥âáï X21 = ‚�…÷‚›… ˆŒ……’ Œ…‘’�
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÷¨á. 5 �¯â¨¬¨§¨à®¢�−−ë¥ äã−ªæ¨¨ ¯à¨−�¤«¥¦−®áâ¨ ¢å®¤®¢ �‹‘

÷¨á. 6 ƒà�ä¨ç¥áª¨© ¨−â¥àä¥©á ¯à®á¬®âà� ¯à�¢¨« á£¥−¥à¨à®¢�−−®© ‘ˆ��÷

(â. ¥. −¥ç¥âª¨¬ ¬−®¦¥áâ¢®¬, ®¯¨áë¢�¥¬ë¬ £�ãáá®¢áª®© äã−ªæ¨¥© µX21(u) =
= exp{−(u−0,6090)2/0,19832}), â®£¤� y ï¢«ï¥âáï Y2 = ‚›�‹�’� ˜’÷�-
”� (®â 100 ¤® 500 AZN).

Š�ª ¢¨¤−® ¨§ â�¡«. 3, ¢ë¡à�−ë 5 ®æ¥−®ª ¯à�¢®−�àãè¥−¨ï −� ®á−®¢¥ ãáâ�−®¢-
«¥−−ëå 5 ¨−â¥à¢�«®¢, ®å¢�âë¢�îé¨å ¤¥ä�§§¨ä¨æ¨à®¢�−−ë¥ §−�ç¥−¨ï −¥ç¥âª¨å
¢ëå®¤®¢ y: [0; 0,4], [0,4; 0,55], [0,55; 0,7], [0,7; 0,85] ¨ [0,85; 1].

4 Заключение

‚ ¯à®æ¥áá¥ á¨¬ã«ïæ¨¨ ‘ˆ��÷ ¡ë«¨ ¨á¯®«ì§®¢�−ë âà¨ ªà¨â¥à¨ï ®æ¥−ª¨
á®áâ�¢� ¯à�¢®−�àãè¥−¨ï, −� ¡�§¥ ª®â®àëå ¯®áà¥¤áâ¢®¬ ¯à¨¬¥−¥−¨ï �¤�¯â¨à®¢�−-
−®© FIS â¨¯� ‘ã£¥−® ã¤�«®áì ¯®áâà®¨âì ¨ ¨§ãç¨âì �¤¥ª¢�â−ãî ¯à¨ç¨−−®-á«¥¤áâ-
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ˆ−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï ¯à®æ¥ááã�«ì−ëå à¥è¥−¨©

’�¡«¨æ� 3 ��áâà®¥−−ë¥ ¯® £¨¡à¨¤−®¬ã �«£®à¨â¬ã «®£¨ç¥áª¨¥ ¯à�¢¨«�

ü

‚å®¤ë ‚ëå®¤

x1 x2
„¥ä�§§¨ä¨-
æ¨à®¢�−−®¥

§−�ç¥−¨¥
�æ¥−ª� ¯à�¢®−�àãè¥−¨ï (á�−ªæ¨ï)

1 X11 X21 0,3859 Y1 | á®áâ�¢ ¯à¥áâã¯«¥−¨ï ®âáãâáâ¢ã¥â
2 X11 X22 0,4334 Y2 | ¢ë¯«�â� èâà�ä� ®â 100 ¤® 500 ¬�−�â
3 X11 X23 0,5678 Y3 | ®¡é¥áâ¢¥−−�ï à�¡®â� áà®ª®¬ ®â 160 ¤® 240 ç
4 X12 X21 0,4005 Y2 | ¢ë¯«�â� èâà�ä� ®â 100 ¤® 500 ¬�−�â
5 X12 X22 0,4453 Y2 | ¢ë¯«�â� èâà�ä� ®â 100 ¤® 500 ¬�−�â
6 X12 X23 0,6503 Y3 | ®¡é¥áâ¢¥−−�ï à�¡®â� áà®ª®¬ ®â 160 ¤® 240 ç
7 X13 X21 0,4704 Y2 | ¢ë¯«�â� èâà�ä� ®â 100 ¤® 500 ¬�−�â
8 X13 X22 0,6572 Y3 | ®¡é¥áâ¢¥−−�ï à�¡®â� áà®ª®¬ ®â 160 ¤® 240 ç
9 X13 X23 0,7226 Y4 | ¢ë¯«�â� èâà�ä� ®â 500 ¤® 1000 ¬�−�â
10 X14 X21 0,7302 Y4 | ¢ë¯«�â� èâà�ä� ®â 500 ¤® 1000 ¬�−�â
11 X14 X22 0,5859 Y3 | ®¡é¥áâ¢¥−−�ï à�¡®â� áà®ª®¬ ®â 160 ¤® 240 ç

12 X14 X23 0,9796
Y5 | «¨è¥−¨¥ á¢®¡®¤ë áà®ª®¬ ¤® âà¥å «¥â
á ª®−ä¨áª�æ¨¥© ¨¬ãé¥áâ¢�

13 X15 X21 0,7242 Y4 | ¢ë¯«�â� èâà�ä� ®â 500 ¤® 1000 ¬�−�â

14 X15 X22 0,8815
Y5 | «¨è¥−¨¥ á¢®¡®¤ë áà®ª®¬ ¤® âà¥å «¥â
á ª®−ä¨áª�æ¨¥© ¨¬ãé¥áâ¢�

15 X15 X23 0,6810 Y3 | ®¡é¥áâ¢¥−−�ï à�¡®â� áà®ª®¬ ®â 160 ¤® 240 ç

÷¨á. 7 ‡�¢¨á¨¬®áâì á�−ªæ¨¨ ®â á®áâ�¢� ¯à�¢®−�àãè¥−¨ï
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¢¥−−ãî á¢ï§ì ¬¥¦¤ã å�à�ªâ¥à¨áâ¨ª�¬¨ á®áâ�¢� ¯à�¢®−�àãè¥−¨ï ¨ à¥§ã«ìâ�â®¬
¯à�¢®¯à¨¬¥−¥−¨ï (à¨á. 7).

—¨á«¥−−�ï ¨−â¥à¯à¥â�æ¨ï áâ¥¯¥−¨ ¯à�¢®−�àãè¥−¨ï ¨ á®®â¢¥âáâ¢¥−−® ãà®¢−ï
¢ë−®á¨¬®© á�−ªæ¨¨ −¥ ¯à¥¢ëè�¥â ¢¥«¨ç¨−ã 0,85 ¯à¨ ¬�ªá¨¬�«ì−®© 1, ®â−®á¨-
â¥«ì−® ã¬¥à¥−−® ã¢¥«¨ç¨¢�¥âáï á à®áâ®¬ x2 ¨ à¥§ª® ã¢¥«¨ç¨¢�¥âáï ¯à¨ à®áâ¥ x1.
�à¥¤«�£�¥¬�ï ‘ˆ��÷ ¯®§¢®«ï¥â ¤®áâ�â®ç−® ¡ëáâà® ¨ ®â−®á¨â¥«ì−® «¥£ª® ¤¨-
¢¥àá¨ä¨æ¨à®¢�âì á¢®¨ äã−ªæ¨¨ ¨ −� ¤àã£¨¥ ¢¨¤ë ¯à�¢®−�àãè¥−¨©. „«ï íâ®£®
−¥®¡å®¤¨¬® ä®à¬�«¨§®¢�âì á®®â¢¥âáâ¢ãîé¨¥ ¯à�¢®¢ë¥ −®à¬ë ¨ áä®à¬¨à®¢�âì
¤®áâ�â®ç−ãî áâ�â¨áâ¨ªã ®æ¥−®ª ¯® à�§«¨ç−ë¬ áæ¥−�à¨ï¬ á®áâ�¢� ¯à�¢®−�àãè¥-
−¨©. ‚ ¯¥àá¯¥ªâ¨¢¥ ¯®¤®¡−�ï á¨áâ¥¬� á¯®á®¡−� äã−ªæ¨®−¨à®¢�âì ¨ ¢ �¢â®−®¬−®¬
à¥¦¨¬¥, â�ª ª�ª ¯à¨ ¥¥ à�§à�¡®âª¥ ¨ �¤�¯â�æ¨¨ ¤®áâ�â®ç−® ¯à¨¢«¥ª�âì í¢à¨áâ¨-
ç¥áª¨¥ §−�−¨ï ¢ ®¡«�áâ¨ ¯à�¢®¯à¨¬¥−¥−¨ï.
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Abstract: An approach to the formation of the system of procedural decision-
making information support is suggested, which is based on the application of the
fuzzy inference mechanism implemented within the neural network logical basis.
Using this approach, the method allowing overcoming the semantic uncertainty
in criterion concepts of a procedural law is proposed. As an example, the authors
chose the Article \Violation of the author's or adjacent rights" of the Criminal
Code of the Azerbaijan Republic, on the basis of which the formalism for the
criterion concept \extensive damage" coupled with the applied sanction was
suggested. For imposition of adequate to criterion concept sentence, the paper
proposed the scale of possible sanctions obtained on the basis of the description
of the correspondent legal norm in terms of fuzzy implicative rules.
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НОРМАЛЬНЫЕ И ОРТОГОНАЛЬНЫЕ СУБОПТИМАЛЬНЫЕ
ФИЛЬТРЫ ДЛЯ НЕЛИНЕЙНЫХ СТОХАСТИЧЕСКИХ СИСТЕМ

НА МНОГООБРАЗИЯХ∗

И. Н. Синицын1

�−−®â�æ¨ï: „«ï áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬ (‘â‘) −� £«�¤ª¨å ¬−®£®®¡à�§¨ïå
(Œ‘â‘) á ¢¨−¥à®¢áª¨¬¨ ¨ ¯ã�áá®−®¢áª¨¬¨ èã¬�¬¨ ¢ ãà�¢−¥−¨ïå á®áâ®ï−¨ï
¨ ¢¨−¥à®¢áª¨¬¨ èã¬�¬¨ ¢ −�¡«î¤¥−¨ïå à�§à�¡®â�−� â¥®à¨ï á¨−â¥§� −®à-
¬�«ì−ëå ¨ ®àâ®£®−�«ì−ëå áã¡®¯â¨¬�«ì−ëå ä¨«ìâà®¢ (‘�”) ¯® áà¥¤−¥ª¢�-
¤à�â¨ç¥áª®¬ã ªà¨â¥à¨î. �®«ãç¥−ë â®ç−ë¥ ä¨«ìâà�æ¨®−−ë¥ ãà�¢−¥−¨ï ¤«ï
Œ‘â‘. �á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® ¬®¤¨ä¨æ¨à®¢�−−ë¬ ä¨«ìâà�¬ −� ®á−®¢¥
−¥−®à¬¨à®¢�−−ëå à�á¯à¥¤¥«¥−¨©. �¡áã¦¤�îâáï ¢®¯à®áë ã¯à®é¥−¨ï â®ç−ëå
ä¨«ìâà�æ¨®−−ëå ãà�¢−¥−¨©. �à¨¢®¤ïâáï ãà�¢−¥−¨ï áã¡®¯â¨¬�«ì−ëå ä¨«ìâ-
à®¢ −� ®á−®¢¥ ¬¥â®¤®¢ −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (Œ��) ¨ áâ�â¨áâ¨ç¥áª®©
«¨−¥�à¨§�æ¨¨ (Œ‘‹). „«ï à¥è¥−¨ï §�¤�ç ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ ¨á¯®«ì§®-
¢�−¨¥ −®à¬�«ì−ëå ‘�” −¥ ®¡¥á¯¥ç¨¢�¥â −¥®¡å®¤¨¬®© â®ç−®áâ¨, ¯®íâ®¬ã
¢ ®á−®¢ã á¨−â¥§� ¯®«®¦¥−ë ¬¥â®¤ë ®àâ®£®−�«ì−ëå à�§«®¦¥−¨© (Œ�÷) ¨ ª¢�-
§¨¬®¬¥−â®¢ (ŒŠŒ) ¤«ï �¯®áâ¥à¨®à−®© ®¤−®¬¥à−®© ¯«®â−®áâ¨. �®«ãç¥−ë
ãà�¢−¥−¨ï â®ç−®áâ¨ ¨ çã¢áâ¢¨â¥«ì−®áâ¨ �«£®à¨â¬®¢. ‚ ª�ç¥áâ¢¥ â¥áâ®¢ëå
¯à¨¬¥à®¢ à�áá¬®âà¥−ë ä¨«ìâàë ¤«ï ®¤−®¬¥à−ëå −¥«¨−¥©−ëå ‘â‘ á �¤¤¨-
â¨¢−ë¬ ¨ ¬ã«ìâ¨¯«¨ª�â¨¢−ë¬ ¡¥«ë¬ èã¬®¬. „�−ë −¥ª®â®àë¥ ®¡®¡é¥−¨ï
à�§à�¡®â�−−ëå �«£®à¨â¬®¢.

Š«îç¥¢ë¥ á«®¢�: �¯®áâ¥à¨®à−®¥ ®¤−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥; ¢¨−¥à®¢áª¨©
èã¬; ª¢�§¨¬®¬¥−â (ŠŒ); ª®íää¨æ¨¥−â ®àâ®£®−�«ì−®£® à�§«®¦¥−¨ï (Š�÷);
¬¥â®¤ ª¢�§¨¬®¬¥−â®¢ (ŒŠŒ); ¬¥â®¤ −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (Œ��); ¬¥-
â®¤ ®àâ®£®−�«ì−ëå à�§«®¦¥−¨© (Œ�÷); ¬®¤¨ä¨æ¨à®¢�−−ë© Œ�� (ŒŒ��);
¬®¤¨ä¨æ¨à®¢�−−ë© Œ�÷ (ŒŒ�÷); −®à¬�«ì−ë© ä¨«ìâà; ®àâ®£®−�«ì−ë©
‘�” (�‘�”); ¯¥à¢�ï äã−ªæ¨ï çã¢áâ¢¨â¥«ì−®áâ¨; ¯ã�áá®−®¢áª¨© èã¬;
áâ®å�áâ¨ç¥áª�ï á¨áâ¥¬� −� ¬−®£®®¡à�§¨ïå (Œ‘â‘); áã¡®¯â¨¬�«ì−ë© ä¨«ìâà
(‘�”)

DOI: 10.14357/08696527160113

1 Введение

Œ¥â®¤ë ®àâ®£®−�«ì−ëå à�§«®¦¥−¨© ¨ ª¢�§¨¬®¬¥−â®¢ ¢ [1, 2] ¡ë«¨ à�§¢¨âë
¤«ï �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ®¤−®- ¨ ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨© ¢ Œ‘â‘

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 15-07-02244).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sinitsin@dol.ru
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¨ ¤�−® ¨å ¯à¨¬¥−¥−¨¥ ¤«ï §�¤�ç −�¤¥¦−®áâ¨ ¨ ¡¥§®¯�á−®áâ¨ â¥å−¨ç¥áª¨å á¨áâ¥¬.
‚ [3] ¯à¥¤áâ�¢«¥−� â¥®à¨ï ‘�” −� ¡�§¥ Œ�� ¨ Œ‘‹, � â�ª¦¥ Œ�÷ ¨ ŒŠŒ ¤«ï
Œ‘â‘ á ¢¨−¥à®¢áª¨¬¨ èã¬�¬¨ ¢ ãà�¢−¥−¨ïå −�¡«î¤¥−¨© ¨ ¢¨−¥à®¢áª¨¬¨ ¨ ¯ã�á-
á®−®¢áª¨¬¨ èã¬�¬¨ ¢ ãà�¢−¥−¨ïå á®áâ®ï−¨ï. ‚ ®á−®¢ã ‘�” ¡ë«¨ ¯®«®¦¥−ë
â®ç−ë¥ −¥«¨−¥©−ë¥ ãà�¢−¥−¨ï ¤«ï �¯®áâ¥à¨®à−®£® ®¤−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï.

÷�áá¬®âà¨¬ à�§¢¨â¨¥ [3], ¯®«®¦¨¢ ¢ ®á−®¢ã â®ç−ë¥ «¨−¥©−ë¥ ãà�¢−¥−¨ï ¤«ï
−¥−®à¬¨à®¢�−−®£® �¯®áâ¥à¨®à−®£® ®¤−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï. ‚ à�§¤. 2 ¯®«ã-
ç¥−ë â®ç−ë¥ ãà�¢−¥−¨ï ¤«ï −®à¬¨à®¢�−−®£® ¨ −¥−®à¬¨à®¢�−−®£® �¯®áâ¥à¨®à−ëå
®¤−®¬¥à−ëå à�á¯à¥¤¥«¥−¨©. ÷�§¤¥« 3 á®¤¥à¦¨â á¢¥¤¥−¨ï ® ¯à¨¡«¨¦¥−−ëå ¬¥-
â®¤�å −¥«¨−¥©−®© ä¨«ìâà�æ¨¨. �á®¡®¥ ¢−¨¬�−¨¥ ¢ à�§¤. 3 ã¤¥«¥−® ‘�” −�
¡�§¥ Œ��, Œ‘‹, � â�ª¦¥ ¬®¤¨ä¨æ¨à®¢�−−®£® Œ�� (ŒŒ��) −� ®á−®¢¥ −¥-
−®à¬¨à®¢�−−®£® à�á¯à¥¤¥«¥−¨ï. ‚ à�§¤. 4 ¯®«ãç¥−ë ãà�¢−¥−¨ï ®àâ®£®−�«ì−ëå
‘�” (�‘�”) −� ¡�§¥ Œ�÷ ¨ ŒŠŒ, � ¢ à�§¤. 5 | ãà�¢−¥−¨ï ¬®¤¨ä¨-
æ¨à®¢�−−ëå �‘�” (Œ�‘�”) −� ¡�§¥ ¬®¤¨ä¨æ¨à®¢�−−®£® Œ�÷ (ŒŒ�÷)
¤«ï −¥−®à¬¨à®¢�−−ëå à�á¯à¥¤¥«¥−¨©. ‚®¯à®áë â®ç−®áâ¨ ¨ çã¢áâ¢¨â¥«ì−®áâ¨
�‘�” ¨ Œ�‘�” à�áá¬�âà¨¢�îâáï ¢ à�§¤. 6. ’¥áâ®¢ë© ¯à¨¬¥à ¤�− ¢ à�§¤. 7.
‡�ª«îç¥−¨¥ á®¤¥à¦¨â ¢ë¢®¤ë ¨ −¥ª®â®àë¥ ®¡®¡é¥−¨ï.

2 Точные уравнения для апостериорного одномерного распределения

2.1 Уравнения процессов. Вспомогательные формулы

Š�ª ¨§¢¥áâ−® [4{8], −� ¯à�ªâ¨ª¥ ç�áâ® ¢®§−¨ª�îâ §�¤�ç¨ −¥¯à¥àë¢−®£® ®¯à¥-
¤¥«¥−¨ï á®áâ®ï−¨ï á¨áâ¥¬ë ¯® à¥§ã«ìâ�â�¬ −¥¯à¥àë¢−ëå −�¡«î¤¥−¨©. ’�ª ª�ª
−�¡«î¤¥−¨ï ¢á¥£¤� á®¯à®¢®¦¤�îâáï á«ãç�©−ë¬¨ ®è¨¡ª�¬¨, â® á«¥¤ã¥â £®¢®à¨âì
−¥ ®¡ ®¯à¥¤¥«¥−¨¨ á®áâ®ï−¨ï á¨áâ¥¬ë, � ® ¥£® ®æ¥−¨¢�−¨¨ (ä¨«ìâà�æ¨¨, íªá-
âà�¯®«ïæ¨¨, ¨−â¥à¯®«ïæ¨¨ ¨ â. ¤.) ¯ãâ¥¬ áâ�â¨áâ¨ç¥áª®© ®¡à�¡®âª¨ à¥§ã«ìâ�â®¢
−�¡«î¤¥−¨©. �ã¤¥¬ à�áá¬�âà¨¢�âì §�¤�ç¨ ä¨«ìâà�æ¨¨ á®áâ®ï−¨ï á¨áâ¥¬, ¬®-
¤¥«ï¬¨ ª®â®àëå ¬®£ãâ á«ã¦¨âì áâ®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï
á ¢¨−¥à®¢áª¨¬¨ ¨ ¯ã�áá®−®¢áª¨¬¨ èã¬�¬¨.
‡�¬¥ç�−¨¥ 2.1. ‚ −¥ª®â®àëå á«ãç�ïå áâ®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢-
−¥−¨ï ¬®¤¥«¨ ¨§ãç�¥¬®© á¨áâ¥¬ë ¬®£ãâ ¨¬¥âì −¥¨§¢¥áâ−ë¥ ¯�à�¬¥âàë ¨, ª�ª
¯à�¢¨«®, ¢á¥£¤� á®¤¥à¦�â ¯�à�¬¥âàë, ¨§¢¥áâ−ë¥ á ®£à�−¨ç¥−−®© â®ç−®áâìî.
�®íâ®¬ã ¢®§−¨ª�¥â §�¤�ç� −¥¯à¥àë¢−®£® ®æ¥−¨¢�−¨ï −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢
á¨áâ¥¬ë (â®ç−¥¥, ¥¥ ¬®¤¥«¨) ¯® à¥§ã«ìâ�â�¬ −¥¯à¥àë¢−ëå −�¡«î¤¥−¨©. �à¥¤¯®-
«®¦¨¬, çâ® ¯à�¢ë¥ ç�áâ¨ ãà�¢−¥−¨© §�¢¨áïâ ®â ª®−¥ç−®£® ¬−®¦¥áâ¢� −¥¨§¢¥áâ−ëå
¯�à�¬¥âà®¢, ª®â®àë¥ ¡ã¤¥¬ à�áá¬�âà¨¢�âì ª�ª ª®¬¯®−¥−âë ¢¥ªâ®à� ¯�à�¬¥âà®¢ θ.
�¤−¨¬ ¨§ ¢®§¬®¦−ëå ¯®¤å®¤®¢ ¢ â�ª¨å á«ãç�ïå ï¢«ï¥âáï á«¥¤ãîé¨© ¯à¨¥¬:
−¥¨§¢¥áâ−ë© ¢¥ªâ®à−ë© ¯�à�¬¥âà θ áç¨â�îâ áâ®å�áâ¨ç¥áª¨¬ ¯à®æ¥áá®¬ — = —t,
ª®â®àë© ®¯à¥¤¥«ï¥âáï ¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢−¥−¨¥¬ ‘—t = 0, ¨ ¢ª«îç�îâ ª®¬-
¯®−¥−âë íâ®£® ¢¥ªâ®à−®£® ¯à®æ¥áá� ¢ ¢¥ªâ®à á®áâ®ï−¨ï á¨áâ¥¬ë (úà�áè¨àïîâû
¢¥ªâ®à á®áâ®ï−¨ï ¯ãâ¥¬ ¢ª«îç¥−¨ï ¢ −¥£® −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ ¢ ª�ç¥áâ¢¥
¤®¯®«−¨â¥«ì−ëå ª®¬¯®−¥−â). ’�ª¨¬ ®¡à�§®¬, §�¤�ç� −¥¯à¥àë¢−®£® ®æ¥−¨¢�−¨ï
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�®à¬�«ì−ë¥ ¨ ®àâ®£®−�«ì−ë¥ áã¡®¯â¨¬�«ì−ë¥ ä¨«ìâàë ¤«ï −¥«¨−¥©−ëå Œ‘â‘

−¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ ¬®¤¥«¨ á¨áâ¥¬ë á¢®¤¨âáï ª §�¤�ç¥ −¥¯à¥àë¢−®£® ®æ¥−¨-
¢�−¨ï á®áâ®ï−¨ï á¨áâ¥¬ë á à�áè¨à¥−−ë¬ ¢¥ªâ®à®¬ á®áâ®ï−¨ï. �â −¥¨§¢¥áâ−ëå
¯�à�¬¥âà®¢ ¬®£ãâ §�¢¨á¥âì ¨ ãà�¢−¥−¨ï −�¡«î¤¥−¨ï. �â¨ ¯�à�¬¥âàë á«¥¤ã¥â
¢ª«îç¨âì ¢ ¢¥ªâ®à θ ¨, á«¥¤®¢�â¥«ì−®, ¢ à�áè¨à¥−−ë© ¢¥ªâ®à á®áâ®ï−¨ï.

�ãáâì ¢¥ªâ®à−ë© áâ®å�áâ¨ç¥áª¨© ¯à®æ¥áá (‘â�)
[

XTt Y
T
t

]T
®¯à¥¤¥«ï¥âáï

á¨áâ¥¬®© ¢¥ªâ®à−ëå áâ®å�áâ¨ç¥áª¨å ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨© ˆâ®:

dXt = ϕ (Xt, Yt,—, t) dt+ ψ
′ (Xt, Yt,—, t) dW0 +

+

∫

Rq
0

ψ′′ (Xt, Yt,—, t, v)P
0 (dt, dv) , X (t0) = X0 ; (1)

dYt = ϕ1 (Xt, Yt,—, t) dt+ ψ
′
1 (Xt, Yt,—, t) dW0 +

+

∫

Rq
0

ψ′′
1 (Xt, Yt,—, t, v)P

0 (dt, dv) , Y (t0) = Y0 . (2)

‡¤¥áì Yt = Y (t) | ny-¬¥à−ë© −�¡«î¤�¥¬ë© ‘â�, Yt ∈ –y (–y | £«�¤-
ª®¥ ¬−®£®®¡à�§¨¥ −�¡«î¤¥−¨©); Xt = X(t) | nx-¬¥à−ë© −¥−�¡«î¤�¥¬ë©
‘â� (¢¥ªâ®à á®áâ®ï−¨ï), Xt ∈ –x (–x | £«�¤ª®¥ ¬−®£®®¡à�§¨¥ á®áâ®ï−¨©);
W0 = W0(t) | nw-¬¥à−ë© ¢¨−¥à®¢áª¨© ‘â� (nw ≥ ny) ¨−â¥−á¨¢−®áâ¨ ν0 =
= ν0(—, t); P 0(–, A) = P (–, A) − µP (–, A), P (–, A) ¯à¥¤áâ�¢«ï¥â á®¡®© ¤«ï
«î¡®£® ¬−®¦¥áâ¢� A ¯à®áâ®© ¯ã�áá®−®¢áª¨© ‘â�, � µP (–, A) | ¥£® ¬�â¥¬�â¨-
ç¥áª®¥ ®¦¨¤�−¨¥, ¯à¨ç¥¬

µP (–, A) = MP (–, A) =

∫

–

νP (τ,A) dτ ;

νP (–, A) | ¨−â¥−á¨¢−®áâì á®®â¢¥âáâ¢ãîé¥£® ¯ã�áá®−®¢áª®£® ¯®â®ª� á®¡ëâ¨©,
– = (t1, t2]; ¨−â¥£à¨à®¢�−¨¥ ¯® v à�á¯à®áâà�−ï¥âáï −� ¢á¥ ¯à®áâà�−áâ¢® Rq

á ¢ëª®«®âë¬ −�ç�«®¬ ª®®à¤¨−�â; — | ¢¥ªâ®à á«ãç�©−ëå ¯�à�¬¥âà®¢ à�§¬¥à-
−®áâ¨ n—; ϕ = ϕ(Xt, Yt,—, t), ϕ1 = ϕ1(Xt, Yt,—, t); ψ′ = ψ′(Xt, Yt,—, t)
¨ ψ′

1 = ψ′
1(Xt, Yt,—, t) | ¨§¢¥áâ−ë¥ äã−ªæ¨¨, ®â®¡à�¦�îé¨¥ Rnx × Rny × R

á®®â¢¥âáâ¢¥−−® ¢ Rnx, Rny , Rnxnw ¨ Rnynw ; ψ′′ = ψ′′(Xt, Yt,—, t, v)
¨ ψ′′

1 (Xt, Yt,—, t, v) | ¨§¢¥áâ−ë¥ äã−ªæ¨¨, ®â®¡à�¦�îé¨¥ Rnx × Rny × Rq

¢ Rnx ¨ Rny . ’à¥¡ã¥âáï −�©â¨ ®æ¥−ªã �Xt ‘â� Xt ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ t ¯®
à¥§ã«ìâ�â�¬ −�¡«î¤¥−¨ï ‘â� Y (τ) ¤® ¬®¬¥−â� t, Y t

t0 = {Y (τ) : t0 ≤ τ < t}.
�à¥¤¯®«®¦¨¬, çâ®

{ ãà�¢−¥−¨¥ á®áâ®ï−¨ï ¨¬¥¥â ¢¨¤ (1);

{ ãà�¢−¥−¨¥ −�¡«î¤¥−¨ï (2), ¢®-¯¥à¢ëå, −¥ á®¤¥à¦¨â ¯ã�áá®−®¢áª®£® èã¬�
(ψ′′
1 ≡ 0), � ¢®-¢â®àëå, ª®íää¨æ¨¥−â ¯à¨ ¢¨−¥à®¢áª®¬ èã¬¥ ψ′

1 ¢ ãà�¢−¥−¨ïå
−�¡«î¤¥−¨ï −¥ §�¢¨á¨â ®â á®áâ®ï−¨ï (ψ′

1(Xt, Yt,—, t) = ψ
′
1(Yt,—, t)).

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 1 2016 201



ˆ. �. ‘¨−¨æë−

‚ íâ®¬ á«ãç�¥ ãà�¢−¥−¨ï §�¤�ç¨ −¥«¨−¥©−®© ä¨«ìâà�æ¨¨ ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

dXt = ϕ (Xt, Yt,—, t) dt+ ψ
′ (Xt, Yt,—, t) dW0 +

+

∫

Rq
0

ψ′′ (Xt, Yt,—, t, v)P
0 (dt, dv) , X (t0) = X0 ; (3)

dYt = ϕ1 (Xt, Yt,—, t) dt + ψ1 (Yt,—, t) dW0 , Y (t0) = Y0 . (4)

�ã¤¥¬ áç¨â�âì, çâ® ¢ë¯®«−¥−ë ãá«®¢¨ï áãé¥áâ¢®¢�−¨ï ¨ ¥¤¨−áâ¢¥−−®áâ¨ ‘â�
[

XTt Y
T
t

]T
, ®¯à¥¤¥«ï¥¬®£® (3) ¨ (4) ¯à¨ á®®â¢¥âáâ¢ãîé¨å −�ç�«ì−ëå ãá«®¢¨ïå [4,

5, 7].
‚ ¤�«ì−¥©è¥¬ ¤«ï áâ®å�áâ¨ç¥áª®£® ãà�¢−¥−¨ï

dZ = a dt+ b dW0 +

∫

Rq
0

cP 0 (dt, dv) (5)

¯®âà¥¡ã¥âáï ®¡®¡é¥−−�ï ä®à¬ã«� ˆâ® [7, 8] ¤«ï ¤¨ää¥à¥−æ¨�«� −¥«¨−¥©−®©
äã−ªæ¨¨ U = U(Z, t):

dU =

{

Ut + U
T
z a+

1

2
tr
[

Uzzbνb
T
]

}

dt+

+

∫

Rq
0

[

U(Z + c, t)T − U(Z, t)T − UTz c
]

µP (dt, dv) +

+ UTZ b dW0 +

∫

Rq
0

[U(Z + c, t)− U(Z, t)]P 0 (dt, dv) . (6)

‡¤¥áì a, b ¨ c | ¨§¢¥áâ−ë¥ äã−ªæ¨¨ Z ¨ t.

2.2 Фильтрационные уравнения для нормированного распределения

Š�ª ¨§¢¥áâ−® [4{8], ¤«ï «î¡ëå ‘â� Xt ¨ Yt ®¯â¨¬�«ì−�ï ®æ¥−ª� �Xt, ¬¨−¨-
¬¨§¨àãîé�ï áà¥¤−¨© ª¢�¤à�â ®è¨¡ª¨ ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ t, ¯à¥¤áâ�¢«ï¥â
á®¡®© �¯®áâ¥à¨®à−®¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ‘â�Xt: �Xt = M

[

Xt | Y t
t0

]

. —â®-
¡ë −�©â¨ íâ® ãá«®¢−®¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥, −¥®¡å®¤¨¬® §−�âì pt = pt(x)|
�¯®áâ¥à¨®à−®¥ ®¤−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥ ‘â� Xt.

‚ ®á−®¢¥ ãà�¢−¥−¨© ®¯â¨¬�«ì−®© (¢ á¬ëá«¥ ¬¨−¨¬ã¬� áà¥¤−¥© ª¢�¤à�â¨ç¥-
áª®© ®è¨¡ª¨) ä¨«ìâà�æ¨¨ ¤«ï ãà�¢−¥−¨© (3) ¨ (4) ¢ á¨«ã (6) «¥¦¨â á«¥¤ãîé�ï
ä®à¬ã«� ¤«ï áâ®å�áâ¨ç¥áª®£® ¤¨ää¥à¥−æ¨�«� �¯®áâ¥à¨®à−®£® ¬�â¥¬�â¨ç¥áª®£®
®¦¨¤�−¨ï áª�«ïà−®© äã−ªæ¨¨ f = f(X, t) ¢¥ªâ®à� á®áâ®ï−¨ï [3]:
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�®à¬�«ì−ë¥ ¨ ®àâ®£®−�«ì−ë¥ áã¡®¯â¨¬�«ì−ë¥ ä¨«ìâàë ¤«ï −¥«¨−¥©−ëå Œ‘â‘

d �f = dMpt

–x

[

ft(X, t)+fx(X, t)
Tϕ(X,Y, t)+

1

2
tr
{

fxx(X, t)(ψ
′ν0ψ

′T)(X,Y, t)
}

+

+

∫

Rq
0

{

f(X + ψ′′, t)− f(X, t)− fx(X, t)
Tψ′′(X,Y, t)

}

νP (t, dv) | Y t
t0

]

dt+

+Mpt

–x

{

f(X, t)
[

ϕ1(X,Y, t)
T − �ϕT1

]

+ fx(X, t)
T(ψν0ψ

T
1 )(X,Y, t) | Y t

t0

}

×

× ψ1ν0ψ
T
1 )

−1(Y, t)(dY − �ϕ1dt) . (7)

‡¤¥áì ¤«ï ªà�âª®áâ¨ �à£ã¬¥−â — ®¯ãé¥−; X = Xt, Y = Yt, ν = ν0 ¨ νP |
¨−â¥−á¨¢−®áâ¨ W0 ¨ P 0; �ϕ1 | �¯®áâ¥à¨®à−®¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ϕ1 ¯à¨
§�¤�−−®© ãá«®¢−®© ¯«®â−®áâ¨ pt = pt(x,—):

�ϕ1 = M
pt

–x [ϕ1(X,Y, t)] .

�®«�£�ï ¢ (5) f(X, t) ≡ gt(λ,—) = M
pt

–x

[

exp(iλTX)
]

, ¯®«ãç¨¬ â®ç−®¥ −¥«¨-
−¥©−®¥ ä¨«ìâà�æ¨®−−®¥ ãà�¢−¥−¨¥ ¤«ï å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨ gt(λ,—):

dgt(λ,—) = M
pt

–x

[{

iλTϕ (Xt, Yt,—, t)−

− 1
2
λT
(

ψν0ψ
T
)

(Xt, Yt,—, t)λ+ γ (λ,Xt, Yt,—, t)

}

eiλ
TXt | Y t

t0

]

dt +

+Mpt

–x

[{

ϕ1 (Xt, Yt,—, t)
T − �ϕT1 + iλT

(

ψν0ψ
T
1

)

(Xt, Yt,—, t) e
iλTXt | Y t

t0

}

×

×
(

ψ1ν0ψ
T
1

)−1
(Yt,—, t) (dYt − �ϕ1dt)

]

, (8)

£¤¥

γ = γ (λ,Xt, Yt,—, t) =

=

∫

Rq
0

[

eiλ
Tψ′′(Xt,Yt,—,t,v) − 1− iλTψ′′ (Xt, Yt,—, t, v)

]

νP (—, t, v) dv . (9)

”ã−ªæ¨¨ gt(λ,—) ¨ pt(x,—) á¢ï§�−ë ¬¥¦¤ã á®¡®© ¯à¥®¡à�§®¢�−¨¥¬
”ãàì¥ [4].

�âáî¤� ¤«ï £�ãáá®¢áª®© Œ‘â‘ (3), (4) (ψ′′ ≡ 0) ãà�¢−¥−¨¥ (7) ¯à¨ γ = 0
ã¯à®é�¥âáï ¨ ¯à¨®¡à¥â�¥â ¢¨¤:

dgt(λ,—) =

= Mpt

–x

[{

iλTϕ (Xt, Yt,—, t)−
1

2
λT
(

ψν0ψ
T
)

(Xt, Yt,—, t)λ

}

eiλ
TXt | Y t

t0

]

dt+
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+Mpt

–x

[{

ϕ1 (Xt, Yt,—, t)
T− �ϕT1 + iλT

(

ψν0ψ
T
1

)

(Xt, Yt,—, t) e
iλTXt | Y t

t0

}

×

×
(

ψ1ν0ψ
T
1

)−1
(Yt,—, t) (dYt − �ϕ1dt)

]

. (10)

2.3 Фильтрационные уравнения для ненормированного распределения

�à¥¤¯®«®¦¨¬ ¤®¯®«−¨â¥«ì−® ª ãá«®¢¨ï¬ áãé¥áâ¢®¢�−¨ï ¨ ¥¤¨−áâ¢¥−−®áâ¨
à¥è¥−¨ï (3) ¨ (4) ãá«®¢¨ï áãé¥áâ¢®¢�−¨ï −¥¯à¥àë¢−ëå ¯¥à¢ëå ¯à®¨§¢®¤−ëå
äã−ªæ¨© ϕ ¨ ψ1, � â�ª¦¥ ¢â®àëå ¯à®¨§¢®¤−ëå äã−ªæ¨© ψ′ ¨ ψ′′ ¯® ª®¬¯®-
−¥−â�¬ Xt. ’®£¤�, ¯à¨¬¥−ïï ä®à¬ã«ã (7) ª −¥−®à¬¨à®¢�−−®© �¯®áâ¥à¨®à−®©
å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨ “dt(λ), ¯®«ãç¨¬:

d“gt(λ) = “M
“pt

–x

{

iλTϕ (Yt,Xt,—, t)−
1

2
λT
(

ψ′ν0ψ
′T
)

(Yt,Xt,—, t)λ+

+ γ (λ,Xt, Yt,—, t) e
iλTXt | Y t

t0

}

+

+ “M“pt

–x

[

ϕ1 (Yt,Xt,—, t)
T + iλT

(

ψ′ν0ψ
′
1
T
)

(Yt,Xt,—, t) e
iλTXt | Y t

t0

]

×

×
(

ψ′
1ν0ψ

′T
1

)−1
(Yt,—, t) dYt , (11)

£¤¥ γ(λ,Xt, Yt,—, t) ®¯à¥¤¥«¥−� (9);

�ϕ1 = “M
“pt

–xϕ (Xt, Yt,—, t) .

Šà®¬¥ â®£®, §¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï: pt(x) ¨ “pt(x) | �¯®áâ¥à¨-
®à−ë¥ ¯«®â−®áâ¨, á¢ï§�−−ë¥ á �¯®áâ¥à¨®à−ë¬¨ å�à�ªâ¥à¨áâ¨ç¥áª¨¬¨ äã−ªæ¨ï-
¬¨ gt(λ) ¨ “gt(λ) á®®â−®è¥−¨ï¬¨:

“gt(λ) = µtM
pt

–xe
iλTXt = µtgt(λ) ; “pt(x) = µtpt(x) .

”ã−ªæ¨ï µt −¥ §�¢¨á¨â ®â Xt = x (−®, ª®−¥ç−®, ¬®¦¥â §�¢¨á¥âì ®â Yt ¨ Y t
t0 )

¨ ®¯à¥¤¥«ï¥âáï ¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢−¥−¨¥¬

dµt = “ϕdt+ “ψ dYt , (12)

£¤¥ “ϕ ¨ “ψ | −¥ª®â®àë¥ äã−ªæ¨¨ Yt ¨ Yt0;M
pt

–x ¨ “M“pt

–x | ®¯¥à�â®àë ¬�â¥¬�â¨ç¥-
áª¨å ®¦¨¤�−¨©.

�®«�£�ï ¢ (11) ψ′′ = 0 ¨ γ = 0, ¯à¨¤¥¬ ª á®®â¢¥âáâ¢ãîé¥¬ã ãà�¢−¥−¨î ¤«ï
£�ãáá®¢áª®© Œ‘â‘ (3), (4):
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d“gt = M
“pt

–x

[

iλTϕ (Yt,Xt,—, t)−
1

2
λT
(

ψ′ν0ψ
′T
)

(Yt,Xt,—, t)λ+

+ γ (λ,Xt, Yt,—, t) e
iλTXt | Y t

t0

]

dt +

+M“pt

–x

[

ϕ1 (Yt,Xt,—, t)
T + iλT

(

ψ′
0ν0ψ

′
1
T
)

(Yt,Xt,—, t) e
iλTXt | Y t

t0

]

×

×
(

ψ′
1ν0ψ

′
1

)−1
(Yt,—, t) dYt . (13)

2.4 Частный случай уравнений (3), (4)

…á«¨ äã−ªæ¨ï ψ′′ ¢ (3) ¤®¯ãáª�¥â ¯à¥¤áâ�¢«¥−¨¥

ψ′′ = ψ′ω(—, v) , (14)

£¤¥ P 0(–, A) = P 0((0, t], dv), â® ãà�¢−¥−¨ï (3), (4) ¯à¨¬ãâ á«¥¤ãîé¨© ¢¨¤:

‘Xt = ϕ (Xt, Yt,—, t) + ψ
′ (Xt, Yt,—, t)V (—, t) , X (t0) = X0 ;

‘Yt = ϕ (Xt, Yt,—, t) + ψ1 (Yt,—, t)V0(—, t), Y (t0) = Y0 .

}

(15)

‡¤¥áì V0(—, t) = ‘W0(—, t); V (—, t) = ‘�W (—, t),

�W (—, t) =W0(—, t) +

∫

Rq
0

ω(—, v)P 0((0, t], dv) ;

νP (—, t, v) dv = [∂µ(—, t, v)/∂t] dv| ¨−â¥−á¨¢−®áâì ¯ã�áá®−®¢áª®£® ¯®â®ª� áª�ç-
ª®¢, à�¢−ëå ω(—, t). �à¨ íâ®¬ «®£�à¨ä¬¨ç¥áª¨¥ ¯à®¨§¢®¤−ë¥ ®â ®¤−®¬¥à−ëå
å�à�ªâ¥à¨áâ¨ç¥áª¨å äã−ªæ¨© ®¯à¥¤¥«ïîâáï ¨§¢¥áâ−ë¬¨ ä®à¬ã«�¬¨:

χW0(ρ; t) = −1
2
ρTν0(—, t)ρ ;

χ
�W (ρ; t) = −1

2
ρT(—, t)ρT +

∫

Rq
0

[

eiρ
Tω(—,v) − 1− iρTω(—, v)

]

νP (—, t, v) dv .

‚ â�ª®¬ á«ãç�¥ ãà�¢−¥−¨¥ ¤«ï �¯®áâ¥à¨®à−®© ®¤−®¬¥à−®© å�à�ªâ¥à¨áâ¨ç¥áª®©
äã−ªæ¨¨ ¨¬¥¥â ¢¨¤ (8), £¤¥ äã−ªæ¨ï (9) ¤®¯ãáª�¥â á«¥¤ãîéãî §�¯¨áì:

γ =

∫

Rq
0

[

eiλ
Tψ′(Xt,Yt,—,t)ω(—,v) − 1−

− iλTψ′ (Xt, Yt,—, t)ω(—, v)
]

νP (—, t, v) dv . (16)
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‡�¬¥ç�−¨¥ 2.2. �â®â á«ãç�© ¤«ï −®à¬¨à®¢�−−®£® à�á¯à¥¤¥«¥−¨ï à�áá¬®âà¥−
¢ [9], � ¤«ï −¥−®à¬¨à®¢�−−®£® à�á¯à¥¤¥«¥−¨ï ¢ [10].

’�ª¨¬ ®¡à�§®¬, ¬®¦−® áä®à¬ã«¨à®¢�âì á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥−¨ï à�§¤. 2.

’¥®à¥¬� 2.1. �ãáâì ¤«ï Œ‘â‘ (3), (4) ¢ë¯®«−¥−ë ãá«®¢¨ï áãé¥áâ¢®¢�−¨ï
¨ ¥¤¨−áâ¢¥−−®áâ¨ à¥è¥−¨ï, � ¬�âà¨æ� σ1 = ψ1ν0ψ

T
1 −¥ ¢ëà®¦¤¥−�. ’®£¤� ¯à¨

ãá«®¢¨¨ ®£à�−¨ç¥−−®áâ¨ á®®â¢¥âáâ¢ãîé¨å ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© â®ç−®¥
ä¨«ìâà�æ¨®−−®¥ ãà�¢−¥−¨¥ ¤«ï ãá«®¢−®© ®¤−®¬¥à−®© −®à¬¨à®¢�−−®© å�à�ªâ¥-
à¨áâ¨ç¥áª®© äã−ªæ¨© ¨¬¥¥â ¢¨¤ (8).

’¥®à¥¬� 2.2. ‚ ãá«®¢¨ïå â¥®à¥¬ë 2.1 ¯à¨ ®âáãâáâ¢¨¨ ¯ã�áá®−®¢áª¨å èã¬®¢
â®ç−®¥ ä¨«ìâà�æ¨®−−®¥ ãà�¢−¥−¨¥ ¤«ï ãá«®¢−®© ®¤−®¬¥à−®© −®à¬¨à®¢�−−®©
å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨ ¨¬¥¥â ¢¨¤ (10).

’¥®à¥¬� 2.3. …á«¨ ¢ ãá«®¢¨ïå â¥®à¥¬ë 2.1 ¤®¯®«−¨â¥«ì−® ¯à¥¤¯®«®¦¨âì áãé¥-
áâ¢®¢�−¨¥ −¥¯à¥àë¢−ëå ¯¥à¢ëå ¯à®¨§¢®¤−ëå äã−ªæ¨© ϕ ¨ ψ1 ¨ ¢â®àëå ¯à®¨§-
¢®¤−ëå äã−ªæ¨© ψ′ ¨ ψ′′ ¯® ª®¬¯®−¥−â�¬ Xt, â® ¯à¨ ãá«®¢¨¨ ®£à�−¨ç¥−−®áâ¨
á®®â¢¥âáâ¢ãîé¨å ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© â®ç−®¥ ä¨«ìâà�æ¨®−−®¥ ãà�¢−¥-
−¨¥ ¤«ï −¥−®à¬¨à®¢�−−®© ãá«®¢−®© ®¤−®¬¥à−®© å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨
¡ã¤¥â ¨¬¥âì ¢¨¤ (11).

’¥®à¥¬� 2.4. ‚ ãá«®¢¨ïå â¥®à¥¬ë 2.3 ¯à¨ ®âáãâáâ¢¨¨ ¯ã�áá®−®¢áª¨å èã¬®¢
â®ç−®¥ ä¨«ìâà�æ¨®−−®¥ ãà�¢−¥−¨¥ ¤«ï −¥−®à¬¨à®¢�−−®© ãá«®¢−® ®¤−®¬¥à−®©
å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨ ¡ã¤¥â ¨¬¥âì ¢¨¤ (13).

’¥®à¥¬� 2.5. �ãáâì ¤«ï Œ‘â‘ (15) ¢ë¯®«−¥−ë ãá«®¢¨ï áãé¥áâ¢®¢�−¨ï ¨ ¥¤¨−-
áâ¢¥−−®áâ¨ à¥è¥−¨ï, ¨¬¥¥â ¬¥áâ® ¯à¥¤áâ�¢«¥−¨¥ (14), � ¬�âà¨æ� σ1 = ψ1ν0ψT1
−¥ ¢ëà®¦¤¥−�. ’®£¤� ¯à¨ ãá«®¢¨¨ ®£à�−¨ç¥−−®áâ¨ á®®â¢¥âáâ¢ãîé¨å ¬�â¥-
¬�â¨ç¥áª¨å ®¦¨¤�−¨© â®ç−®¥ ä¨«ìâà�æ¨®−−®¥ ãà�¢−¥−¨¥ ¨¬¥¥â ¢¨¤ (8) ¯à¨
ãá«®¢¨¨ (16).

’¥®à¥¬� 2.6. …á«¨ ¢ ãá«®¢¨ïå â¥®à¥¬ë 2.5 ¤®¯®«−¨â¥«ì−® ¯à¥¤¯®«®¦¨âì áã-
é¥áâ¢®¢�−¨¥ −¥¯à¥àë¢−ëå ¯¥à¢ëå ¯à®¨§¢®¤−ëå äã−ªæ¨© ϕ ¨ ψ1, � â�ª¦¥
¢â®àëå ¯à®¨§¢®¤−ëå äã−ªæ¨© ψ′ ¨ ψ′′ ¯® ª®¬¯®−¥−â�¬ Xt, â® ¯à¨ ãá«®¢¨¨
®£à�−¨ç¥−−®áâ¨ á®®â¢¥âáâ¢ãîé¨å ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© â®ç−®¥ ä¨«ìâ-
à�æ¨®−−®¥ ãà�¢−¥−¨¥ ¤«ï −¥−®à¬¨à®¢�−−®£® ®¤−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï ¡ã¤¥â
¨¬¥âì ¢¨¤ (11) ¯à¨ ãá«®¢¨¨ (16).

3 Приближенные методы нелинейной фильтрации. Субоптимальные
фильтры на основе метода нормальной аппроксимации
(статистической линеаризации) и модифицированного метода
нормальной аппроксимации

3.1 Вводные замечания

’®ç−®¥ à¥è¥−¨¥ ä¨«ìâà�æ¨®−−ëå ãà�¢−¥−¨© ¢®§¬®¦−® â®«ìª® ¢ á«ãç�ïå,
ª®£¤� ãà�¢−¥−¨ï £�ãáá®¢áª®© ¤¨ää¥à¥−æ¨�«ì−®© Œ‘â‘ «¨−¥©−ë ¨«¨ «¨−¥©−ë
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«¨èì ®â−®á¨â¥«ì−® ¢¥ªâ®à� á®áâ®ï−¨ï Xt ¯à¨ −¥§�¢¨á¨¬®© ®â á®áâ®ï−¨ï äã−ª-
æ¨¨ ψ. �â¨ ãà�¢−¥−¨ï ¤�îâ â®ç−®¥ à¥è¥−¨¥ §�¤�ç¨ ®¯â¨¬�«ì−®© −¥«¨−¥©−®©
ä¨«ìâà�æ¨¨. �¤−�ª® íâ® à¥è¥−¨¥ −¥ ¬®¦¥â ¡ëâì à¥�«¨§®¢�−® ¯à�ªâ¨ç¥áª¨. „«ï
−�å®¦¤¥−¨ï ®¯â¨¬�«ì−®© ®æ¥−ª¨ ¢¥ªâ®à� á®áâ®ï−¨ï −¥®¡å®¤¨¬® à¥è¨âì ä¨«ìâà�-
æ¨®−−®¥ ãà�¢−¥−¨¥ ¤«ï �¯®áâ¥à¨®à−®© å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨ (¨«¨ ä¨«ìâ-
à�æ¨®−−®¥ ãà�¢−¥−¨¥ ¤«ï �¯®áâ¥à¨®à−®© ¯«®â−®áâ¨ ¢¥ªâ®à� á®áâ®ï−¨ï Xt) ¯®á«¥
¯®«ãç¥−¨ï à¥§ã«ìâ�â®¢ −�¡«î¤¥−¨©, §�â¥¬ ¢ëç¨á«¨âì ®¯â¨¬�«ì−ãî ®æ¥−ªã ¢¥ª-
â®à� Xt. �® ¬¥â®¤®¢ â®ç−®£® à¥è¥−¨ï íâ¨å ãà�¢−¥−¨© ¢ ®¡é¥¬ á«ãç�¥ ¯®ª� ¥é¥
−¥ áãé¥áâ¢ã¥â.

—¨á«¥−−®¥ à¥è¥−¨¥ ä¨«ìâà�æ¨®−−ëå ãà�¢−¥−¨© ¢ §�¤�ç�å à¥�«ì−®£® ¢à¥¬¥−¨
(¨«¨ ®−«�©−-®æ¥−¨¢�−¨ï) â®¦¥ −¥¢®§¬®¦−®, â�ª ª�ª ¤«ï íâ®£® âà¥¡ã¥âáï ¬−®£®
¢à¥¬¥−¨, � à¥è�âì ¨å −¥®¡å®¤¨¬® ª�¦¤ë© à�§ ¯®á«¥ ¯®«ãç¥−¨ï à¥§ã«ìâ�â®¢
−�¡«î¤¥−¨©. Šà®¬¥ â®£®, ¯à�ªâ¨ç¥áª®¥ ¯à¨¬¥−¥−¨¥ â®ç−®© â¥®à¨¨ ®¯â¨¬�«ì-
−®© −¥«¨−¥©−®© ä¨«ìâà�æ¨¨ ¨¬¥¥â á¬ëá« â®«ìª® ¢ â¥å á«ãç�ïå, ª®£¤� ®æ¥−ª¨
¬®¦−® ¢ëç¨á«ïâì ¢ à¥�«ì−®¬ ¬�áèâ�¡¥ ¢à¥¬¥−¨ ¯® ¬¥à¥ ¯®«ãç¥−¨ï à¥§ã«ìâ�â®¢
−�¡«î¤¥−¨©. ’®ç−�ï â¥®à¨ï ¤�¥â ®¯â¨¬�«ì−ë¥ ®æ¥−ª¨ ¢ ª�¦¤ë© ¬®¬¥−â t ¯®
à¥§ã«ìâ�â�¬ −�¡«î¤¥−¨©, ¯®«ãç¥−−ë¬ ª íâ®¬ã ¬®¬¥−âã, ¡¥§ ¨á¯®«ì§®¢�−¨ï ¯®-
á«¥¤ãîé¨å à¥§ã«ìâ�â®¢ −�¡«î¤¥−¨©. …á«¨ íâ¨ ®æ¥−ª¨ −¥ ¬®£ãâ ¡ëâì ¢ëç¨á«¥−ë
¢ â®â ¦¥ ¬®¬¥−â t ¨«¨ å®âï ¡ë á ä¨ªá¨à®¢�−−ë¬ ¯à¨¥¬«¥¬ë¬ §�¯�§¤ë¢�−¨¥¬
¨ ¨å ¢ëç¨á«¥−¨¥ ¯à¨å®¤¨âáï ®âª«�¤ë¢�âì −� ¡ã¤ãé¥¥, â® −¥â −¨ª�ª®£® á¬ëá-
«� ®âª�§ë¢�âìáï ®â ¨á¯®«ì§®¢�−¨ï −�¡«î¤¥−¨©, ¯®«ãç�¥¬ëå ¯®á«¥ ¬®¬¥−â� t,
¤«ï ®æ¥−¨¢�−¨ï á®áâ®ï−¨ï á¨áâ¥¬ë ¢ ¬®¬¥−â t. �®íâ®¬ã ¤«ï áâ�â¨áâ¨ç¥áª®©
®¡à�¡®âª¨ à¥§ã«ìâ�â®¢ ¯®á«¥ ®ª®−ç�−¨ï −�¡«î¤¥−¨©, â. ¥. ¤«ï ®ä«�©−-®æ¥−¨¢�-
−¨ï, æ¥«¥á®®¡à�§−® ¯à¨¬¥−ïâì ¨§¢¥áâ−ë¥ ¨§ ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨ ¬¥â®¤ë
¯®áâ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ [5].

�¥®¡å®¤¨¬®áâì ®¡à�¡®âª¨ à¥§ã«ìâ�â®¢ −�¡«î¤¥−¨© ¢ à¥�«ì−®¬ ¬�áèâ�¡¥ ¢à¥-
¬¥−¨ −¥¯®áà¥¤áâ¢¥−−® ¢ ¯à®æ¥áá¥ íªá¯¥à¨¬¥−â� ¯à¨¢¥«� ª ¯®ï¢«¥−¨î àï¤� ¯à¨-
¡«¨¦¥−−ëå ¬¥â®¤®¢ ®¯â¨¬�«ì−®© −¥«¨−¥©−®© ä¨«ìâà�æ¨¨, −�§ë¢�¥¬ëå ®¡ëç−®
¬¥â®¤�¬¨ áã¡®¯â¨¬�«ì−®© ä¨«ìâà�æ¨¨ [6{8]. �¤−¨ ¯à¨¡«¨¦¥−−ë¥ ¬¥â®¤ë ®á−®-
¢�−ë −� ¯à¨¡«¨¦¥−−®¬ à¥è¥−¨¨ ä¨«ìâà�æ¨®−−ëå ãà�¢−¥−¨©, � ¤àã£¨¥ | −�
¯à¥¢à�é¥−¨¨ ä®à¬ã« ¤«ï áâ®å�áâ¨ç¥áª¨å ¤¨ää¥à¥−æ¨�«®¢ ®¯â¨¬�«ì−®© ®æ¥−-
ª¨ �Xt ¨ �¯®áâ¥à¨®à−®© ª®¢�à¨�æ¨®−−®© ¬�âà¨æë ®è¨¡ª¨ Rt ¢ áâ®å�áâ¨ç¥áª¨¥
¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï ¤«ï �Xt ¨ Rt ¯ãâ¥¬ à�§«®¦¥−¨ï äã−ªæ¨© ϕ, ϕ1
¨ ψ1 ¨«¨ ϕ, ϕ1, ψ′ψ′′, ψ ¨ ψ1 ¢ áâ¥¯¥−−ë¥ àï¤ë ¨ ®â¡à�áë¢�−¨ï ®áâ�â®ç−ëå
ç«¥−®¢.

„«ï ¯à¨¡«¨¦¥−−®£® à¥è¥−¨ï ãà�¢−¥−¨ï ¤«ï �¯®áâ¥à¨®à−®© ®¤−®¬¥à−®© å�-
à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨ g1(λ,—) ¢¥ªâ®à� Xt ¬®¦−® ¨á¯®«ì§®¢�âì ¬¥â®¤ë,
®á−®¢�−−ë¥ −� ¯�à�¬¥âà¨§�æ¨¨ ®¤−®¬¥à−ëå à�á¯à¥¤¥«¥−¨© ‘â�, ®¯à¥¤¥«ï¥¬®£®
áâ®å�áâ¨ç¥áª¨¬ ¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢−¥−¨¥¬ [6{8]. �â¨ ¬¥â®¤ë ¯®§¢®«ïîâ
¨§ãç¨âì áâ®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï ¤«ï ¯�à�¬¥âà®¢ �¯®áâ¥-
à¨®à−®£® à�á¯à¥¤¥«¥−¨ï. �à®áâ¥©è¨¬ â�ª¨¬ ¬¥â®¤®¬ ï¢«ï¥âáï Œ�� �¯®áâ¥-
à¨®à−®£® à�á¯à¥¤¥«¥−¨ï. ˆáª«îç¨â¥«ì−® ¢�¦−®¥ ¯à�ªâ¨ç¥áª®¥ §−�ç¥−¨¥ ¨¬¥îâ
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ª¢�§¨«¨−¥©−ë¥ ä¨«ìâàë, ¯®«ãç�¥¬ë¥ á ¯®¬®éìî ¬¥â®¤®¢ íª¢¨¢�«¥−â−®© «¨−¥�-
à¨§�æ¨¨ [6{8].

3.2 Нормальный субоптимальный фильтр для гауссовских систем

’�ª ª�ª −®à¬�«ì−®¥ (£�ãáá®¢áª®¥) à�á¯à¥¤¥«¥−¨¥, �¯¯à®ªá¨¬¨àãîé¥¥ �¯®áâ¥-
à¨®à−®¥ ®¤−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥Xt, ¯®«−®áâìî ®¯à¥¤¥«ï¥âáï ¬�â¥¬�â¨ç¥áª¨¬
®¦¨¤�−¨¥¬ �Xt ¨ ª®¢�à¨�æ¨®−−®© ¬�âà¨æ¥©Rt ¢¥ªâ®à�Xt, â® ¯à¨ �¯¯à®ªá¨¬�æ¨¨
�¯®áâ¥à¨®à−®£® ®¤−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï ¢¥ªâ®à� Xt −®à¬�«ì−ë¬ à�á¯à¥¤¥-
«¥−¨¥¬ ¢á¥ ¬�â¥¬�â¨ç¥áª¨¥ ®¦¨¤�−¨ï ¢ ¯à�¢ëå ç�áâïå ä®à¬ã« ¤«ï d �Xt ¨ dRt
¡ã¤ãâ ®¯à¥¤¥«¥−−ë¬¨ äã−ªæ¨ï¬¨ �Xt, Rt ¨ t. „«ï £�ãáá®¢áª¨å Œ‘â‘ (ψ′′ = 0
¨ ψ′′
1 = 0), ¯®«ì§ãïáì ä®à¬ã«®© (7), ¬®¦−® ¯®ª�§�âì, çâ® ä¨«ìâà�æ¨®−−ë¥ ãà�¢-

−¥−¨ï ¤«ï −®à¬�«ì−®£® ‘�” (�‘�”) ¡ã¤ãâ ¯à¥¤áâ�¢«ïâì á®¡®© áâ®å�áâ¨ç¥áª¨¥
¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï, ®¯à¥¤¥«ïîé¨¥ �Xt ¨ Rt:

d �Xt = f
(

�Xt, Yt, Rt,—, t
)

dt+

+ h
(

�Xt, Yt, Rt,—, t
) [

dYt − f (1)
(

�Xt, Yt, Rt,—, t
)

dt
]

;

dRt =

{

f (2)
(

�Xt, Yt, Rt,—, t
)

−

− h
(

�Xt, Yt, Rt,—, t
)

(ψ1ν0ψ
T
1 ) (Yt,—, t)h

(

�Xt, Yt, Rt,—, t
)T
}

dt+

+

ny
∑

r=1

ρr

(

�Xt, Yt, Rt,—, t
) [

dYr − f (1)r

(

�Xt, Yt, Rt,—, t
)

dt
]

.



























































(17)

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

f = f
(

�Xt, Yt, Rt, t
)

= MN–x [ϕ (Yt,Xt,—, t)] = �ϕ ;

f (1) = f (1)
(

�Xt, Yt, Rt,—, t
)

=

=
{

f
(1)
r

(

�Xt, Yt, Rt,—, t
)}

= MN–x [ϕ1 (Yt,X,—, t)] = �ϕ
T
1 ;

h = h
(

�Xt, Yt, Rt, t
)

=

=

{

MN–x

[

�Xtϕ1 (Yt,Xt,—, t)
T + ψν0ψ

T
1 (Yt,Xt,—, t)

]

−

− �Xtf
(1)
(

�Xt, Yt, Rt,—, t
)T
}

(ψ1ν0ψ
T
1 )

−1 (Yt,—, t) ;



































































(18)
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ρr = ρr

(

�Xt, Yt, Rt,—, t
)

= MN–x

{

(

Xt − �Xt

)(

XTt − �XTt
)

ar (Yt,Xt,—, t) +

+
(

Xt − �Xt

)

br (Yt,Xt,—, t)
T
(

XTt − �XTt
)

+ br (Yt,Xt,—, t)
(

XTt − �XTt
)

}

(r = 1, . . . , ny) , (19)

f (2) = f (2)
(

�Xt, Yt, Rt,—, t
)

= MN–x

{

(

Xt − �Xt

)

ϕ (Yt,Xt,—, t)
T +

+ ϕ (Yt,Xt,—, t)
(

XTt − �XTt
)

+ ψν0ψ
T (Yt,Xt,—, t)

}

; (20)

£¤¥ ar | r-© í«¥¬¥−â ¬�âà¨æë-áâà®ª¨ (ϕT1 − �ϕT1 )(ψ1ν0ψT1 ), � bkr | í«¥¬¥−â
k-© áâà®ª¨ ¨ r-£® áâ®«¡æ� (ψν0ψT1 )(ψ1ν0ψ

T
1 )

−1; br | r-© áâ®«¡¥æ ¬�âà¨æë
(ψν0ψ

T
1 )(ψ1ν0ψ

T
1 ), br = [b1r · · · bnxr]

T.
Š®«¨ç¥áâ¢® ãà�¢−¥−¨© ¤«ï �¯®áâ¥à¨®à−®£® ®¤−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï ®¯à¥-

¤¥«ï¥âáï ¯® ä®à¬ã«¥:

Qíîá = nx +
nx(nx + 1)

2
=
nx(nx + 3)

2
.

‡� −�ç�«ì−ë¥ §−�ç¥−¨ï �Xt ¨ Rt ¯à¨ ¨−â¥£à¨à®¢�−¨¨ ãà�¢−¥−¨© (17), ¥áâ¥-
áâ¢¥−−®, á«¥¤ã¥â ¯à¨−ïâì ãá«®¢−ë¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¨ ª®¢�à¨�æ¨®−−ãî
¬�âà¨æã ¢¥«¨ç¨−ë X0 ®â−®á¨â¥«ì−® Y0:

�X0 = M
N
–x
[X0 | Y0] ; R0 = M

N
–x

[(

X0 − �X0
)(

XT0 − �XT0
)

| Y0
]

. (21)

…á«¨ −¥â ¨−ä®à¬�æ¨¨ ®¡ ãá«®¢−®¬ à�á¯à¥¤¥«¥−¨¨ X0 ®â−®á¨â¥«ì−® Y0, â® −�-
ç�«ì−ë¥ ãá«®¢¨ï ¬®¦−® ¢§ïâì ¢ ¢¨¤¥:

�X0 = MX0 ; R0 = M(X0 −MX0)(XT0 −MXT0 ) .

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

¨ Rt ¯à¨å®¤¨âáï §�¤�¢�âì ¯à®¨§¢®«ì−®.

3.3 Нормальный субоптимальный фильтр для негауссовских систем

‚ ®á−®¢¥ á®®â¢¥âáâ¢ãîé¥© â¥®à¥¬ë ¤«ï Œ‘â‘ (3), (4) á ¯ã�áá®−®¢áª¨¬¨
èã¬�¬¨ ¢ (3) ¨ −¥¢ëà®¦¤¥−−®© ¬�âà¨æ¥© σ1 = ψ1ν0ψ

T
1 «¥¦�â ãà�¢−¥−¨ï â¥®-

à¥¬ë 2.3. �à¨ íâ®¬ ¥á«¨ ãç¥áâì ä®à¬ã«ã (7), â® ¯®âà¥¡ã¥âáï ®£à�−¨ç¥−−®áâì
äã−ªæ¨© f , f (1), h ¨ ρr, ®¯à¥¤¥«ï¥¬ëå (19) ¨(18), ¨ äã−ªæ¨¨

�f (2) = f (2) +MN–x







∫

Rq
0

ψ′′ψ′′TνP (—, t, dv)






.
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‡�¬¥ç�−¨¥ 3.1. „«ï £«�¤ª¨å äã−ªæ¨© ϕ, ϕ1, ψ′ ¨ ψ′
1 ¨ £�ãáá®¢áª¨å Œ‘â‘ (3),

(4) ‘�” −� ®á−®¢¥ Œ�� −�§ë¢�¥âáï ¯à®áâ® £�ãáá®¢áª¨¬ ä¨«ìâà®¬ [4{6].

3.4 Модифицированные нормальные субоптимальные фильтры

�¡®¡é�ï [8] ¨ ¯®¢â®àïï á®®â¢¥âáâ¢ãîé¨¥ ¢ëª«�¤ª¨ ¤«ï −¥−®à¬¨à®¢�−−®£®
�¯®áâ¥à¨®à−®£® ®¤−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï:

“pt(x) ≈ “g∗t (x) =
µt

√

((2π)n |Rt| )
exp

{

−1
2

(

xT − �XTt
)

R−1
t

(

x− �Xt

)

}

;

“gt(λ) ≈ “g∗t (λ) = µt exp
{

iλT �XTt − 1
2
λTRtλ

}

,















(22)

¯®«ãç�¥¬ ãà�¢−¥−¨ï �‘�”

�Xt =
mt

µt
; Rt =

•t
µt

− mtm
T
t

µ2t
; (23)

dmt = µtf1

(

�Xt, Yt, Rt,—, t
)

dt + µh1

(

�Xt, Yt, Rt,—, t
)

dYt ;

d•t = µtf2

(

�Xt, Yt, Rt,—, t
)

dt+ µt

ny
∑

r=1

h2r

(

�Xt, Yt, Rt,—, t
)

dYr ;

dµt = µth3

(

�Xt, Yt, Rt,—, t
)

dYt .



























(24)

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

σ0 = ψν0ψ
T ; �σ0 = σ0 +

∫

Rq
0

ψ′′ψ′′TνP (—, t, dv) ;

σ1 = ψν0ψ
T
1 ; σ2 = ψ1ν0ψ

T
1 ,











(25)

£¤¥ σ1s | s-ï áâà®ª� ¬�âà¨æë σ1; mt | ¢¥ªâ®à á ª®¬¯®−¥−â�¬¨ me1, . . . , men;
en | n-¬¥à−ë© ¢¥ªâ®à, ¢á¥ ª®¬¯®−¥−âë ª®â®à®£® à�¢−ë −ã«î, ªà®¬¥ s-©,
à�¢−®© 1; •t | ¬�âà¨æ� á í«¥¬¥−â�¬¨ mes+eh

(s, h = 1, . . . , n). �à¨ íâ®¬

f1 = f1

(

�Xt, Yt, Rt,—, t
)

= MN–x
[ϕ(Yt,X,—, t)] ;

h1 = h1

(

�Xt, Yt, Rt,—, t
)

= MN–x
[σ1 (Yt,X,—, t) +Xϕ1 (Yt,X,—, t)] ;

f2 = f2

(

�Xt, Yt, Rt,—, t
)

=

= MN–x

[

Xϕ (Yt,X,—, t)
T + ϕ (Yt,X,—, t)X

T +

+ �σ0 (Yt,X,Rt,—, t)
]

σ2 (Yt,—, t)
−1 ;















































(26)
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h2r = h2r

(

�Xt, Yt, Rt,—, t
)

= MN–x

[

XXTar (Yt,X,—, t) +

+Xbr (Yt,X,—, t)
T + br (Yt,X,—, t)X

T
]

(r = 1, . . . , nx) ;

h3 = h3

(

�Xt, Yt, Rt,—, t
)

= MN–x

[

ϕ1 (Yt,X,—, t)
T
]

σ2 (Yt,—, t)
−1 .



















(27)

��ç�«ì−ë¬¨ ãá«®¢¨ï¬¨ ¤«ï (24) á«ã¦�â

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

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

“à�¢−¥−¨ï �‘�” −� ®á−®¢¥ MMHA −¥áª®«ìª® ¯à®é¥, ç¥¬ á®®â¢¥âáâ¢ãîé¨¥
ãà�¢−¥−¨ï −� ®á−®¢¥ Œ�� ¯à¨ −®à¬¨à®¢�−−®¬ à�á¯à¥¤¥«¥−¨¨, å®âï ¨ á®¤¥à¦�â
−� ®¤−® ãà�¢−¥−¨¥ ¡®«ìè¥:

Qííîá = 1 +
nx (nx + 3)

2
.

3.5 Квазилинейный субоптимальный фильтр на основе метода
статистической линеаризации

„«ï Œ‘â‘ (1), (2) ¯à¨ ψ′ = ψ′(—, t), ψ′′ = ψ′′(—, t, v), ψ′
1 = ψ′

1(—, t)
¨ ψ′′
1 = ψ

′′
1 (—, t, v) (â. ¥. á �¤¤¨â¨¢−ë¬¨ ¢¨−¥à®¢áª¨¬¨ ¨ ¯ã�áá®−®¢áª¨¬¨ èã¬�¬¨)

ãà�¢−¥−¨ï �‘�” ¯à®é¥ ¯®«ãç�îâáï, ¥á«¨ −¥«¨−¥©−ë¥ äã−ªæ¨¨ ϕ ¨ ϕ1 −�
®á−®¢¥ £�ãáá®¢áª®£® (−®à¬�«ì−®£®) à�á¯à¥¤¥«¥−¨ï §�¬¥−¨âì −� áâ�â¨áâ¨ç¥áª¨
«¨−¥�à¨§®¢�−−ë¥ [6{8]:

ϕ = ϕ (Xt, Yt,—, t) ≈ ϕ0 + k
ϕ
x (Xt −mx

t ) + k
ϕ
y (Yt −my

t ) ;

ϕ1 = ϕ1 (Xt, Yt,—, t) ≈ ϕ10 + k
ϕ1
x (Xt −mx

t ) + k
ϕ1
y (Yt −my

t ) ,

}

(29)

� §�â¥¬ ¨á¯®«ì§®¢�âì ãà�¢−¥−¨ï «¨−¥©−®© ä¨«ìâà�æ¨¨ [6{8]. ‚å®¤ïé¨¥ ¢ (29) ª®-
íää¨æ¨¥−âë áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ §�¢¨áïâ ®â ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨©,
¤¨á¯¥àá¨© ¨ ª®¢�à¨�æ¨©

Zt =

[

Xt

Yt

]

; mz
t =

[

mx
t

my
t

]

; Kz
t =

[

Kx
t Kxy

t

Kxy
t Ky

t

]

.

�−¨ ®¯à¥¤¥«ïîâáï ¨§ ãà�¢−¥−¨©:

‘Zt = A
zZt +A

z
0 +B

z
0V , V = ‘W ;
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‘mz
t = A

zmz
t +A

z
0 , m

z
t0 = m

z
0 ;

‘Kz
t = B

zKz
t +K

z
t (B

z)T +Bz
0ν

m (Bz
0)
T , Kz

t0 = K
z
0 .

}

(30)

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

Az0 =

[

a0
b0

]

; Az =

[

a1 a
b1 b

]

; Bz
0 =

[

�ψ
�ψ1

]

;

a = kϕy ; a1 = k
ϕ
x ; a0 = ϕ0 − kϕxm

x
t − kϕym

y
t ;

b = kϕ1y ; b1 = k
ϕ1
x ; b0 = ϕ0 − kϕ1x mx

t − kϕ1y my
t ;

ψ dW0 +

∫

Rq
0

ψ′′P 0(dt, dv) = �ψ dW ; ψ′
1 dW0 +

∫

Rq
0

ψ′′
1P
0(dt, dv) = �ψ1 dW , (31)

£¤¥ νW | ¨−â¥−á¨¢−®áâì ‘â� á −¥§�¢¨á¨¬ë¬¨ ¯à¨à�é¥−¨ï¬¨, á®áâ®ïé¥£® ¨§
¢¨−¥à®¢áª®© ¨ ¯ã�áá®−®¢áª®© ç�áâ¥© (31). ’®£¤� ãà�¢−¥−¨ï ª¢�§¨«¨−¥©−®£®
�‘�” ¡ã¤ãâ ¨¬¥âì ¢¨¤:

‘�Xt = aYt + a1 �Xt + a0 + βt

[

Zt −
(

bYt + b1 �Xt + b0

)]

; (32)

βt =
(

Rtb
T
1 +

�ψνW �ψT1

)(

�ψ1ν
W �ψT1

)−1
; (33)

‘Rt = a1Rt +Rta
T
1 +

�ψνW �ψT −

−
(

Rtb
T
1 +

�ψνW �ψT1

)(

�ψ1ν
W �ψT1

)−1 (

b1Rt + �ψ1ν
W �ψT

)

. (34)

’�ª¨¬ ®¡à�§®¬, ¯à¨å®¤¨¬ ª á«¥¤ãîé¨¬ ãâ¢¥à¦¤¥−¨ï¬ à�§¤. 3.
’¥®à¥¬� 3.1. �ãáâì ¢ë¯®«−¥−ë ãá«®¢¨ï â¥®à¥¬ë 2.1. ’®£¤� �‘�” ¤«ï (3), (4)
®¯¨áë¢�¥âáï ãà�¢−¥−¨ï¬¨ (17) ¨ (21) ¯à¨ ãá«®¢¨ïå ®£à�−¨ç¥−−®áâ¨ äã−ªæ¨© (18){
(20).
’¥®à¥¬� 3.2. �ãáâì ¢ë¯®«−¥−ë ãá«®¢¨ï â¥®à¥¬ë 2.2. ’®£¤� �‘�” ¤«ï
£�ãáá®¢áª®© á¨áâ¥¬ë (3) ®¯¨áë¢�¥âáï ãà�¢−¥−¨ï¬¨ (17) ¨ (21) ¯à¨ ãá«®¢¨ïå
®£à�−¨ç¥−−®áâ¨ äã−ªæ¨© (18){(20) ¯à¨ ψ′′ = 0.
’¥®à¥¬� 3.3. �ãáâì ¢ë¯®«−¥−ë ãá«®¢¨ï â¥®à¥¬ë 2.3. ’®£¤� �‘�” ¤«ï (3),
(4) ®¯¨áë¢�¥âáï ãà�¢−¥−¨ï¬¨ (22){(24) ¨ (28) ¯à¨ ãá«®¢¨ïå ®£à�−¨ç¥−−®áâ¨
äã−ªæ¨© (25){(27).
’¥®à¥¬� 3.4. �ãáâì ¢ë¯®«−¥−ë ãá«®¢¨ï â¥®à¥¬ë 2.4. ’®£¤� �‘�” ¤«ï
£�ãáá®¢áª®© á¨áâ¥¬ë (3) ®¯¨áë¢�¥âáï ãà�¢−¥−¨ï¬¨ (22){(24) ¨ (28) ¯à¨ �σ0 = σ0
¨ ®£à�−¨ç¥−−®áâ¨ äã−ªæ¨© (25){(27) ¨ ψ′′ = 0.
’¥®à¥¬� 3.5. �ãáâì Œ‘â‘ (1), (2) á®¤¥à¦¨â â®«ìª® �¤¤¨â¨¢−ë¥ ¢¨−¥à®¢áª¨¥
¨ ¯ã�áá®−®¢áª¨¥ èã¬ë ¨ ¤®¯ãáª�¥â §�¬¥−ã áâ�â¨áâ¨ç¥áª¨ «¨−¥�à¨§®¢�−−®©,
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� ¬�âà¨æ� σ1 = �ψ1ν
W �ψT1 −¥ ¢ëà®¦¤¥−�. ’®£¤� ¢ ®á−®¢¥ �«£®à¨â¬� ª¢�§¨«¨-

−¥©−®£® �‘�” «¥¦�â ãà�¢−¥−¨ï (32){(34) ¯à¨ −�ç�«ì−ëå ãá«®¢¨ïå (21).

‡�¬¥ç�−¨¥ 3.2. “à�¢−¥−¨ï â¥®à¥¬ë 2.3 á®åà�−ïîâ ¢¨¤, ¥á«¨ ª®íää¨æ¨¥−âë
áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ ¢ (29) ¢ëç¨á«ïâì ¤«ï ¨§¢¥áâ−®£® íª¢¨¢�«¥−â−®£®
(−¥£�ãáá®¢áª®£®) à�á¯à¥¤¥«¥−¨ï. �à¨ íâ®¬ ãà�¢−¥−¨ï (30), (32) ¨ (34), ª�ª
¨§¢¥áâ−® [6{8], ¨¬¥îâ ¬¥áâ® ¤«ï «î¡®£® −¥£�ãáá®¢áª®£® ‘â�.

‡�¬¥ç�−¨¥ 3.3. ˆ§ â¥®à¥¬ë 3.1 −¥¬¥¤«¥−−® á«¥¤ãîâ ãà�¢−¥−¨ï �‘�” ¤«ï
ä¨«ìâà�æ¨¨ áâ�æ¨®−�à−ëå ¯à®æ¥áá®¢ ¢ ãáâ�−®¢¨¢è¥¬áï à¥¦¨¬¥ ¤«ï áâ�æ¨®−�à-
−ëå Œ‘â‘, ¥á«¨ ¯à¨à�¢−ïâì −ã«î ¯à�¢ë¥ ç�áâ¨ ãà�¢−¥−¨© (30), (32) ¨ (34).

4 Ортогональные субоптимальные фильтры на основе методов
ортогональных разложений и квазимоментов
и модифицированного метода ортогональных разложений

4.1 Гауссовские системы. Ортогональный субоптимальный фильтр
на основе метода ортогональных разложений

�à¨ �¯¯à®ªá¨¬�æ¨¨ �¯®áâ¥à¨®à−®© ®¤−®¬¥à−®© ¯«®â−®áâ¨ ®âà¥§ª®¬ ¥¥ ®àâ®-
£®−�«ì−®£® à�§«®¦¥−¨ï [1, 2]

pt(x,—) ≈ p∗(x; —, ϑ) = w(x; —)



1 +
N
∑

l=3

∑

|ν|=l

cκpκ(x)



 (35)

¥áâ¥áâ¢¥−−® ¯à¨−ïâì §� ¯�à�¬¥âàë, ®¡à�§ãîé¨¥ ¢¥ªâ®à ϑ, �¯®áâ¥à¨®à−ë¥ ¬�-
â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ �Xt, ª®¢�à¨�æ¨®−−ãî ¬�âà¨æã Rt ¢¥ªâ®à� Xt, � â�ª¦¥
ª®íää¨æ¨¥−âë ®àâ®£®−�«ì−®£® à�§«®¦¥−¨ï (Š�÷) cκ ( |ν| = 3, . . . , N). ‡¤¥áì
Š�÷ ®¯à¥¤¥«ï¥âáï ä®à¬ã«®©

cκ =

[

qκ

(

∂

i∂λ

)

gt(λ,—)

]

λ=0

. (36)

‡�¬¥â¨¬, çâ® ¯®«¨−®¬ qκ §�¢¨á¨â ®â �Xt ¨ Rt.
�� ®á−®¢¥ (7) ¨ (8) ¤«ï £�ãáá®¢áª®© Œ‘â‘ (3), (4) ¯à¨ ψ′′ = 0 ¯®«ãç¨¬, çâ®

�‘�” ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬¨ ãà�¢−¥−¨ï¬¨:

d �Xt = fdt+ h
(

dYt − f (1)dt
)

;

dRt =
(

f (2) − hψ1ν0ψ
T
1 h
T
)

dt+

ny
∑

r=1

ρr

(

dYr − f (1)r dt
)

.















(37)
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‡¤¥áì ¢¢¥¤¥−ë ®¡®§−�ç¥−¨ï:

f = f (Yt, ϑ,—, t) = M
p∗

–x [ϕ(Yt,X,—, t)] ;

f (1) =
{

f
(1)
r

}

= f (1) (Yt, ϑ,—, t) = M
p∗

–x [ϕ1 (Yt,X,—, t)] ;

h = h(Yt, ϑ,—, t) =
{

Mp
∗

–x

[

Xϕ1(Yt,X,—, t)
T +

+
(

ψν0ψ
T
1

)

(Yt,X,—, t)
]

− �Xtf
(1)T

}

(ψ1ν0ψ
T
1 )

−1 (Yt,—, t) ;



































(38)

ρr = ρr (Yt, ϑ,—, t) = M
p∗

–x

[(

X − �Xt

)(

XT − �XTt
)

ar (Yt,X,—, t) +

+
(

X − �Xt

)

br (Yt,X,—, t)
T + br (Yt,X,—, t)

(

XT − �XTt
)]

(r = 1, . . . , ny) . (39)

f (2) = f (2)(Yt, ϑ,—, t) = M
p∗

–x

[(

X − �Xt

)

ϕ (Yt,X,—, t)
T +

+ ϕ (Yt,X,—, t)
(

XT − �XTt
)

+
(

ψν0ψ
T
)

(Yt,X,—, t)
]

; (40)

„�«¥¥ ¯¥à¥¯¨è¥¬ (37) ¯®ª®®à¤¨−�â−®:

d �Xs = fs dt+ hs
(

dYt − f (1)dt
)

= A
�Xsdt +B

�XsdYt (s = 1, . . . , nx) ;

dRsq =
(

f
(2)
sq − hsψ1ν0ψ

T
1 h
T
q

)

dt + ηsq
(

dYt − f (1)dt
)

=

= ARsqdt +BRsqdYt ,















(41)

£¤¥ �Xs(t0) = Xs0, Rsq(t0) = Rsq0, s, q = 1, . . . , nx; ηsq | ¬�âà¨æ�-áâà®ª�,
í«¥¬¥−â�¬¨ ª®â®à®© á«ã¦�â á®®â¢¥âáâ¢ãîé¨¥ í«¥¬¥−âë ¬�âà¨æë ρ1, . . . , ρn1:

ηsq = ηes+eq = [ρ1sq · · · ρmsq] (s, q,= 1, . . . , nx) .
‡¤¥áì ¨ ¤�«¥¥ ¤«ï ªà�âª®áâ¨ ¨−¤¥ªá t á®åà�−¨¬ â®«ìª® ã Yt. �® ä®à¬ã«¥ ¤¨ä-
ä¥à¥−æ¨à®¢�−¨ï ˆâ® ¤«ï ¢¨−¥à®¢áª®£® ‘â�, ãç¨âë¢�ï (41), −�å®¤¨¬ ¢ á¨«ã (36)
áâ®å�áâ¨ç¥áª¨© ¤¨ää¥à¥−æ¨�«:

dcκ =

[

d

{

qκ

(

∂

i∂λ

)

gt(λ,—)

}]

λ=0

=

=

nx
∑

s=1

[

∂qκ

(

∂

i∂λ

)

∂ �Xs · gt(λ,—)
]

λ=0

d �Xs +

+

nx
∑

s,u=1

[

∂qκ

(

∂

i∂λ

)

∂Rsu · gt(λ,—)
]

λ=0

dRsu +

[

qκ

(

∂

i∂λ

)

dgt(λ,—)

]

λ=0

+
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+

{

1

2

nx
∑

s,u=1

[

∂2qκ (∂/i∂λ) · gt(λ,—)
∂ �Xs∂ �Xu

]

λ=0

hsψ1ν0ψ
T
1 h
T
u +

+
1

2

nx
∑

s,u,k,l=1

[

∂2qκ(∂/i∂λ) · gt(λ,—)
∂Rsu∂Rkl

]

λ=0

ηsuψ1ν0ψ
T
1 η
T
kl +

+

nx
∑

s,k,l=1

[

∂2qκ(∂/i∂λ) · gt(λ,—)
∂ �Xs∂Rkl

]

λ=0

hsψ1ν0ψ
T
1 η
T
kl

}

dt .

�®¤áâ�¢¨¢ áî¤� ¢ëà�¦¥−¨ï (41) ¨ (7) ¤¨ää¥à¥−æ¨�«®¢ d �Xs, dRsq ¨ dgt(λ,—)
¨ ¢á¯®¬−¨¢, çâ® ¤«ï «î¡®£® ¯®«¨−®¬� P (x) P [(∂/i∂λ)gt(λ)]λ=0 = P (α), ¯®«ã-
ç�¥¬ áâ®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï:

dcκ =

{

Fκ +

nx
∑

s=1

∂qκ(α)

∂ �Xs

fs +

nx
∑

s,u=1

∂qκ(α)

∂Rsu

(

f (2)su − hsψ1ν0ψ
T
1 h
T
u

)

+

+
1

2

nx
∑

s,u=1

∂2qκ(α)

∂ �Xs∂ �Xu

hsψ1ν0ψ
T
1 h
T
u +
1

2

nx
∑

s,u,k,l=1

∂2qκ(α)

∂Rsu∂Rkl
ηsuψ1ν0ψ

T
1 η
T
kl +

+

nx
∑

s,k,l=1

∂2qκ(α)

∂ �Xs∂Rkl
hsψ1ν0ψ

T
1 η
T
kl

}

dt +

{

Hκ +

nx
∑

s=1

∂qκ(α)

∂ �Xs

hs +

+

nx
∑

s,u=1

∂qκ(α)

∂Rsu
ηsu

}

(

dYt − f (1)dt
)

= Acκdt+BcκdYt,

cκ(t0) = cκ0 ( |κ| = 3, . . . , N). (42)

‡¤¥áì ¢ ¤®¯®«−¥−¨¥ ª ¯à¥¦−¨¬ ®¡®§−�ç¥−¨ï¬ ¯à¨−ïâ®:

Fκ = Fκ (Yt,—, ϑ, t) =

nx
∑

s=1

Mp
∗

–x

[

ϕs (Yt,X,—, t)
∂qκ(X)

∂Xs

]

+

+
1

2

nx
∑

s,u=1

Mp
∗

–x

[

σsu (Yt,X,—, t)
∂2qκ(X)

∂Xs∂Xu

]

,

Hκ = Hκ (Yt, ϑ,—, t) =

{

Mp
∗

–x

[

ϕ1 (Yt,X,—, t)
T qκ(X)

]

+

+

nx
∑

s=1

Mp
∗

–x

[

(

ψν0ψ
T
1

)

s
(Yt,X,—, t)

∂qκ(X)

∂Xs

]

−

− cκf
(1)T

}

(ψ1ν0ψ
T
1 )

−1 (Yt,—, t) ,











































































(43)

£¤¥ ç¥à¥§ (ψν0ψT1 )s ®¡®§−�ç¥−� s-ï áâà®ª� ¬�âà¨æë ψν0ψ
T
1 ; σ = ψν0ψT1 = {σsu}.
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”ã−ªæ¨¨ fs, f (1), f
(2)
su , hs, ηsu, Fκ ¨ Hκ ¢ ãà�¢−¥−¨ïå (41) ¨ (42) ¯à¥¤-

áâ�¢«ïîâ á®¡®© «¨−¥©−ë¥ ª®¬¡¨−�æ¨¨ ¢¥«¨ç¨− cν ( |ν| = 3, . . . , N) á ª®íä-
ä¨æ¨¥−â�¬¨, §�¢¨áïé¨¬¨ ®â �Xt ¨ Rt. ‚¥«¨ç¨−ë ∂qκ(α)/∂ �Xs, ∂qκ(α)/∂Rsu,
∂2qκ(α)/∂ �Xs∂ �Xu, ∂2qκ(α)/∂Rsu∂Rkl ¨ ∂2qκ(α)/∂ �Xs∂Rkl ¯®á«¥ §�¬¥−ë ¬®¬¥−-
â®¢ ¨å ¢ëà�¦¥−¨ï¬¨ ç¥à¥§ cν â®¦¥ ¡ã¤ãâ «¨−¥©−ë¬¨ ª®¬¡¨−�æ¨ï¬¨ ¢¥«¨ç¨− cν
á ª®íää¨æ¨¥−â�¬¨, §�¢¨áïé¨¬¨ ®â �Xt ¨ Rt.

4.2 Гауссовские системы. Ортогональный субоптимальный фильтр
на основе метода квазимоментов

‚ ç�áâ−®¬ á«ãç�¥ à�§«®¦¥−¨© (35) ¯® ¯®«¨−®¬�¬ �à¬¨â� Š�÷ cκ ¯à¥¤áâ�¢-
«ïîâ á®¡®© ª¢�§¨¬®¬¥−âë. ‚ íâ®¬ á«ãç�¥, ª�ª ¯®ª�§�−® ¢ [4, 5], ¤«ï ¯à®¨§¢®¤−ëå
¯®«¨−®¬®¢ �à¬¨â� Gκ ä®à¬ã«ë (43) ¯à¨¢®¤ïâáï ª ¢¨¤ã:

Fκ =

nx
∑

s=1

κsM
p∗

–x [ϕs (Yt,X,—, t)Gκ−es(X −m)] +

+
1

2

nx
∑

s=1

κs (κs − 1) Mp
∗

–x [σss (Yt,X,—, t)Gκ−2es(X −m)] +

+

nx
∑

u=2

u−1
∑

s=1

κsκuM
p∗

–x [σsu (Yt,X,—, t)Gκ−es−eu(X −m)] ;

Hκ =

{

Mp
∗

–x

[

ϕ1(Yt,X,—, t)
TGκ(X −m)

]

+

+
nx
∑

s=1

κsM
p∗

–x

[(

ψν0ψ
T
1

)

(Yt,X, t)Gκ−es(X −m)
]

−

− f (1)T cκ

}

(ψ1ν0ψ
T
1 )

−1(Yt, t) ,































































































(44)

£¤¥

∂qκ(α)

∂ �Xs

= −κscκ−es ;

∂qκ(α)

∂Rss
= −1
2

∂qκ(α)

∂ �X2s
= −1
2
κs (κs − 1) cκ−2es ;

∂qκ(α)

∂Rsu
= − ∂2qκ(α)

∂ �Xs∂ �Xu

= −κsκucκ−es−eu ;

∂2qκ(α)

∂R2ss
=
1

4
κs (κs − 1) (κs − 2) (κs − 3) cκ−4es ;
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∂2qκ(α)

∂Rss∂Rkk
=
1

4
κs (κs − 1)κs (κs − 1) cκ−2es−2ek

;

∂2qκ(α)

∂Rss∂Rsl
=
1

2
κs (κs − 1) (κs − 2)κlcκ−3es−el

;

∂2qκ(α)

∂Rss∂Rkl
=
1

2
κs (κs − 1)κkκlcκ−2es−ek−el

,

∂2qκ(α)

∂Rsu∂Rsl
= κs (κs − 1)κuκlcκ−2es−eu−el

,

∂2qκ(α)

∂Rsu∂Rkl
= κsκuκkκlcκ−es−eu−ek−el

;

∂2qκ(α)

∂ �Xs∂Rss
=
1

2
κs (κs − 1) (κs − 2) cκ−3es ;

∂2qκ(α)

∂ �Xs∂Rsl
= κs (κs − 1)κcκ−2es−el

,

∂2qκ(α)

∂ �Xs∂Rkk
=
1

2
κsκk (κk − 1) cκ−es−2ek

;

∂2qκ(α)

∂ �Xs∂Rkl
= κsκkκlcκ−es−ek−el

.

’�ª¨¬ ®¡à�§®¬, ¨¬¥¥¬ á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥−¨ï à�§¤. 4.

’¥®à¥¬� 4.1. �ãáâì Œ‘â‘ (3), (4) | £�ãáá®¢áª�ï (ψ′′ = 0), ¢ë¯®«−¥−ë
ãá«®¢¨ï áãé¥áâ¢®¢�−¨ï ¨ ¥¤¨−áâ¢¥−−®áâ¨ à¥è¥−¨ï, � ¬�âà¨æ� σ1 = ψ1ν0ψT1 −¥
¢ëà®¦¤¥−�. ’®£¤� ¢ ®á−®¢¥ �«£®à¨â¬� �‘�” ¯® Œ�÷ «¥¦�â ãà�¢−¥−¨ï (35),
(41), ¨ (42) ¯à¨ ãá«®¢¨¨ ®£à�−¨ç¥−−®áâ¨ äã−ªæ¨© (43).

’¥®à¥¬� 4.2. ‚ ãá«®¢¨ïå â¥®à¥¬ë 4.1 �«£®à¨â¬ �‘�” ¯® ŒŠŒ ®¯à¥¤¥«ï¥âáï
ãà�¢−¥−¨ï¬¨ (35), (41) ¨ (42) ¯à¨ ãá«®¢¨¨ ®£à�−¨ç¥−−®áâ¨ äã−ªæ¨© (44).

4.3 Негауссовские системы. Ортогональный субоптимальный фильтр
по методам ортогональных разложений и квазимоментов

�®«ì§ãïáì ä®à¬ã«�¬¨ (7) ¨ (8), ãáâ�−�¢«¨¢�¥¬, çâ® −�«¨ç¨¥ ¯ã�áá®−®¢áª®£®
èã¬� ¢ (40) ¢«¨ï¥â â®«ìª® −� äã−ªæ¨î f (2). ‚ à¥§ã«ìâ�â¥ §�¬¥−¨¬ f (2) ¢ (38)
−� �f (2) á®£«�á−® (9) ¨ ¯à¨¤¥¬ ª á«¥¤ãîé¨¬ ãâ¢¥à¦¤¥−¨ï¬.

’¥®à¥¬� 4.3. �ãáâì ¤«ï Œ‘â‘ (3), (4) ¢ë¯®«−¥−ë ãá«®¢¨ï áãé¥áâ¢®¢�−¨ï
¨ ¥¤¨−áâ¢¥−−®áâ¨ à¥è¥−¨ï, � ¬�âà¨æ� σ1 = ψ1ν0ψ

T
1 −¥ ¢ëà®¦¤¥−�. ’®£¤�

�«£®à¨â¬ �‘�” á®£«�á−® Œ�÷ §�¤�¥âáï ãà�¢−¥−¨ï¬¨ (35), (41), ¨ (42) ¯à¨
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ãá«®¢¨¨ ®£à�−¨ç¥−−®áâ¨ äã−ªæ¨© f , f (1), h, ρr, �f (2), Fκ, Hκ, ®¯à¥¤¥«ï-
¥¬ëå (38){(40), (9), (43).
’¥®à¥¬� 4.4. �ãáâì ¤«ï Œ‘â‘ (3), (4) ¢ë¯®«−¥−ë ãá«®¢¨ï áãé¥áâ¢®¢�−¨ï
¨ ¥¤¨−áâ¢¥−−®áâ¨ à¥è¥−¨ï, � ¬�âà¨æ� σ1 = ψ1ν0ψ

T
1 −¥ ¢ëà®¦¤¥−�. ’®£¤�

�«£®à¨â¬ �‘�” á®£«�á−® ŒŠŒ §�¤�¥âáï ãà�¢−¥−¨ï¬¨ (35), (41) ¨ (42) ¯à¨
ãá«®¢¨¨ ®£à�−¨ç¥−−®áâ¨ äã−ªæ¨© f , f (1), �f (2), h, ρr, Fκ, Hκ, ®¯à¥¤¥«ï¥-
¬ëå (38){(40), (9) ¨ (44).

5 Субоптимальные фильтры на основе модифицированного
метода ортогональных разложений

„«ï −¥−®à¬¨à®¢�−−ëå �¯®áâ¥à¨®à−ëå ®¤−®¬¥à−ëå à�á¯à¥¤¥«¥−¨©, ®¡®¡-
é�ï [8] ¨ ¨á¯®«ì§ãï (7), ¯®«ãç�¥¬ á«¥¤ãîé¨¥ ãà�¢−¥−¨ï �‘�” −� ¡�§¥ ŒŒ�÷:

“pt(x,—) ≈ “p∗t (x; —, ϑ) = w(x; —)



µt +
N
∑

k=1

∑

|ν|=k

cνpν(x)



 ; (45)

“cν = M
p∗

–x
[qν(X)] =

[

qν

(

∂

∂iλ

)

“gt(λ,—)

]

λ=0

,

£¤¥ qν (∂/∂iλ) | à¥§ã«ìâ�â §�¬¥−ë ¢ ¯®«¨−®¬¥ qν(x) ¢á¥å ®¤−®-
ç«¥−®¢ xr11 , . . . , x

rnx
nx á®®â¢¥âáâ¢ãîé¨¬¨ ¤¨ää¥à¥−æ¨�«ì−ë¬¨ ®¯¥à�â®à�¬¨

∂r/∂(iλ)r1 , . . . , ∂(iλ)rnx :

dcν =



µtfν0 (Yt,—, t) +

N
∑

k=1

∑

|ν|=k

“cκfνκ (Yt,—, t)



 dt +

+



µthν0 (Yt,—, t) +
N
∑

k=1

∑

|κ|=k

“cκhνκ (Yt,—, t)



 dYt = “A
cνdt + “Bcν dYt

(ν1, . . . , νnx = 0, 1, . . . , N , |ν| = 1, . . . , N) , (46)

£¤¥

fν0 (Yt,—, t) = M
w
–x

{

ϕ (Yt,X,—, t)
T qνx(X) +

+
1

2
tr [qνxx(X)�σ0 (Yt,X,—, t)]

}

;

fνκ (Yt,—, t) = M
wp∗

–x

{

ϕ (Yt,X,—, t)
T qνx(X) +

+
1

2
tr [qνxx(X)�σ0 (Yt,X,—, t)]

}

;







































(47)
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hν0 (Yt,—, t) = M
w
–x

{

ϕ1 (Yt,X,—, t)
T qν(X) +

+ qνx(X)
Tσ1(Yt,X,—, t)

}

σ−12 (Yt,—, t) ;

hνκ(Yt,—, t) = M
wp∗

–x

{

ϕ1 (Yt,X,—, t)
T qν(X) +

+ qνx(X)
Tσ1 (Yt,X,—, t)

}

σ2 (Yt,—, t)
−1 ,



























(48)

qνκ(X) | ¬�âà¨æ�-áâ®«¡¥æ ¯à®¨§¢®¤−ëå ¯®«¨−®¬� qν(X) ¯® ª®¬¯®−¥−â�¬ ¢¥ª-
â®à� X; qνxx(X)| ¬�âà¨æ� ¢â®àëå ¯à®¨§¢®¤−ëå qν(X) ¯® ª®¬¯®−¥−â�¬¨ x;

dµt =



µth0 (Yt,—, t) +

N
∑

k=1

∑

|ν|=k

“cνhν (Yt,—, t)



 dYt = B
µtdYt , (49)

£¤¥

h0 (Yt,—, t) = M
w
–x

[

ϕ (Yt,X,—, t)
T
]

σ2 (Yt,—, t)
−1 ;

hν (Yt,—, t) = M
w
–x

[

ϕ1 (Yt,X,—, t)
T
]

σ2 (Yt,—, t)
−1 .

��ç�«ì−ë¥ ãá«®¢¨ï ¤«ï (46) ¨ (49) ¨¬¥îâ ¢¨¤:

“cν(t0) = “c
0
ν , ν1, . . . , νn = 0, 1, . . . , N , |ν| = 1, . . . , N ; µ(t0) = 1 , (50)

£¤¥ “c0ν | Š�÷ (45) ¯«®â−®áâ¨ pt0 = p0(x | Y0) −�ç�«ì−®£® §−�ç¥−¨ï X0 ¯à®æ¥á-
á� Xt ®â−®á¨â¥«ì−® −�ç�«ì−®£® §−�ç¥−¨ï Y0 ¯à®æ¥áá� Yt:

p0 (x,— | Y0) = w(x,—)



1 +

N
∑

k=1

∑

|ν|=k

“c0νpν(x)



 . (51)

‡�¬¥ç�−¨¥ 5.1. ‚ ç�áâ−®áâ¨, ¢§ï¢ §� w −®à¬�«ì−ãî ¯«®â−®áâì á ¯�à�¬¥âà�¬¨ �xt
¨ Kt, ®¯à¥¤¥«¨¬ ¯à®¨§¢®¤−ë¥ ¯®«¨−®¬� qν(x) = Gν(x − �xt) ¢ (47) ¨ (48) ¯®
¨§¢¥áâ−ë¬ ä®à¬ã«�¬ ¤«ï ¯à®¨§¢®¤−ëå äã−ªæ¨© [6, ¯à¨«®¦¥−¨¥ I]:

∂qν(x)

∂xl
= νlGν−el

(x− �xt) ;

∂2qν(x)

∂x2l
= νl (νl − 1)Gν−2el

(x− �xt) ;

∂2qν(x)

∂xl∂xh
= νlνhGν−el−eh

(x− �xt) .
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�®á«¥ ¨−â¥£à¨à®¢�−¨ï ãà�¢−¥−¨© (46) ¨ (49) ®¯â¨¬�«ì−�ï ®æ¥−ª� �Xt ¢¥ªâ®-
à� Xt ¨ �¯®áâ¥à¨®à−�ï ª®¢�à¨�æ¨®−−�ï ¬�âà¨æ� Rt ®è¨¡ª¨ ä¨«ìâà�æ¨¨ ®¯à¥¤¥-
«ïîâáï ¯à¨¡«¨¦¥−−® ¯® ä®à¬ã«�¬:

�Xt = �xt +
∑

|ν|=1

“cν
µt
Mwpν

–x [Xt] ; (52)

Rt = M
w
–x

[(

Xt − �Xt

)(

XTt − �XTt
)]

+

+

2
∑

k=1

∑

|ν|=k

“cν
µt
Mwpν

–x

[(

Xt − �Xt

)(

XTt − �XTt
)]

(53)

(ª�¦¤ë© ¯®«¨−®¬ pν(x) ®àâ®£®−�«¥− á ¢¥á®¬ w ¯® ¢á¥¬ ®¤−®ç«¥−�¬ xr11 , . . . , x
rnx
nx

¯à¨ |r| = r1 + · · · + rnx < |ν| ). ‚á¥ ¨−â¥£à�«ë ¢ (52) ¨ (53) ¢ëà�¦�îâáï ç¥à¥§
¬®¬¥−âë à�á¯à¥¤¥«¥−¨ï w ¤® ç¥â¢¥àâ®£® ¯®àï¤ª� ¢ª«îç¨â¥«ì−®. ‚ ç�áâ−®áâ¨,
¯à¨ −®à¬�«ì−®© ¯«®â−®áâ¨ w á ¯�à�¬¥âà�¬¨ �x ¨ K ¢á¥ ¨−â¥£à�«ë (52) ¨ (53)
¢ëà�¦�îâáï ç¥à¥§ �xt ¨ Kt.

‡�¬¥ç�−¨¥ 5.2. ‚¥ªâ®à �xt ¨ ¬�âà¨æã Kt ¢ ¢ëà�¦¥−¨¨ ¯«®â−®áâ¨ w, ¢ ç�áâ−®áâ¨
−®à¬�«ì−®©, ¬®¦−®, ¢ ¯à¨−æ¨¯¥, ¢ë¡à�âì ¯à®¨§¢®«ì−®, −�¯à¨¬¥à ¯®«®¦¨âì
�xt = 0 ¨ Kt = Inx. �¤−�ª® ¤«ï ¯®¢ëè¥−¨ï â®ç−®áâ¨ �¯¯à®ªá¨¬�æ¨¨ (45) ¯à¨
¤�−−®¬ N ¨«¨ ¤«ï ã¬¥−ìè¥−¨ï N ¯à¨ ¤�−−®© â®ç−®áâ¨ �¯¯à®ªá¨¬�æ¨¨ (45)
á«¥¤ã¥â ¢ë¡¨à�âì �xt ¨ Kt ª�ª ¬®¦−® ¡«¨¦¥ ª �Xt ¨ Rt. „«ï ¤®áâ¨¦¥−¨ï íâ®©
æ¥«¨ ¬®¦−® à¥ª®¬¥−¤®¢�âì ¢ë¡¨à�âì �xt ¨ Kt, à�¢−ë¬¨ ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥-
¬¥−¨ t á®®â¢¥âáâ¢¥−−® �¯à¨®à−®¬ã ãá«®¢−®¬ã ¬�â¥¬�â¨ç¥áª®¬ã ®¦¨¤�−¨î mx|y
¨ �¯à¨®à−®© ãá«®¢−®© ª®¢�à¨�æ¨®−−®© ¬�âà¨æ¥Kx|y ¢¥ªâ®à�Xt ®â−®á¨â¥«ì−® Yt,
¯®«ãç¥−−ë¬, −�¯à¨¬¥à, Œ��.

‡�¬¥ç�−¨¥ 5.3. “à�¢−¥−¨ï (46) ¨ (49) «¨−¥©−ë ®â−®á¨â¥«ì−® cν ¨ µ (â®ç−¥¥,
ï¢«ïîâáï «¨−¥©−ë¬¨ á ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨). �¤−�ª® ç¨á«® ãà�¢−¥−¨©
¢ (46) ¨ (49) ¯à¨ ¤�−−®¬ N ®¤¨−�ª®¢®, � ¨¬¥−−®: CNN+nx

.

ˆâ�ª, ¯®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ á«¥¤ãîé¨å ãâ¢¥à¦-
¤¥−¨©.

’¥®à¥¬� 5.1. �ãáâì ¢ë¯®«−¥−ë ãá«®¢¨ï â¥®à¥¬ë 2.3. ’®£¤� Œ�‘�” −� ¡�§¥
ŒŒ�÷ ®¯à¥¤¥«ïîâáï ãà�¢−¥−¨ï¬¨ (45), (46), (49){(53) ¨ (25).

’¥®à¥¬� 5.2. �ãáâì ¢ë¯®«−¥−ë ãá«®¢¨ï â¥®à¥¬ë 2.4. ’®£¤� ãà�¢−¥−¨ï
Œ�‘�” ®¯à¥¤¥«ïîâáï ãà�¢−¥−¨ï¬¨ Œ�‘�” â¥®à¥¬ë 5.1 ¯à¨ σ0 = ψν0ψT.

�−�«®£¨ç−® ä®à¬ã«¨àãîâáï á®®â¢¥âáâ¢ãîé¨¥ â¥®à¥¬ë Œ�‘�” −� ®á−®¢¥
ŒŒŠŒ (á¬. §�¬¥ç�−¨¥ 5.1).
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6 Точность и чувствительность ортогонального субоптимального
фильтра

’®ç−®áâì ‘�” −� ¡�§¥ Œ�� (Œ‘‹) ®æ¥−¨¢�¥âáï −� ®á−®¢¥ �‘�” ¯® Œ�÷
¨«¨ ŒŠŒ ¯ãâ¥¬ ã¤¥à¦�−¨ï ª®−¥ç−®£® ç¨á«� ç«¥−®¢ ¢ à�§«®¦¥−¨¨ (35).

�à¨¬¥−ïï ¬¥â®¤ë â¥®à¨¨ çã¢áâ¢¨â¥«ì−®áâ¨ [11, 12] ¤«ï ¯à¨¡«¨¦¥−−®£® �−�-
«¨§� ä¨«ìâà�æ¨®−−ëå ãà�¢−¥−¨© à�§¤. 3{5 ¨ ãç¨âë¢�ï á«ãç�©−®áâì ¯�à�¬¥â-
à®¢ —, ¯à¨¤¥¬ ª á«¥¤ãîé¨¬ ãà�¢−¥−¨ï¬ ¤«ï äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨ ¯¥à¢®£®
¯®àï¤ª�:

d∇— �Xs = ∇—A �Xsdt+∇—B �Xs dYt , ∇—B �Xs (t0) = 0 ;

d∇—Rsq = ∇—ARsqdt +∇—BRsq dYt , ∇—Rsq (t0) = 0 ,
d∇—cκ = ∇—Acκ dt+∇—BcκdYt , ∇—cκ (t0) = 0 .

‡¤¥áì ¯à®æ¥¤ãà� ¢§ïâ¨ï ¯à®¨§¢®¤−ëå ®áãé¥áâ¢«ï¥âáï ¯® ¢á¥¬ ¢å®¤ïé¨¬ ¯¥à¥-
¬¥−−ë¬, � ª®íää¨æ¨¥−âë çã¢áâ¢¨â¥«ì−®áâ¨ ¢ëç¨á«ïîâáï ¯à¨ — = m—. �à¨
íâ®¬ ¯à¥¤¯®«�£�¥âáï ¬�«®áâì ¤¨á¯¥àá¨© ¯® áà�¢−¥−¨î á ¨å ¬�â¥¬�â¨ç¥áª¨¬¨ ®¦¨-
¤�−¨ï¬¨. �ç¥¢¨¤−®, çâ® ¯à¨ ¤¨ää¥à¥−æ¨à®¢�−¨¨ ¯® — (∇— = ∂/∂—) ¯®àï¤®ª
ãà�¢−¥−¨© ¢®§à�áâ�¥â ¯à®¯®àæ¨®−�«ì−® ç¨á«ã ¯à®¨§¢®¤−ëå. �−�«®£¨ç−® á®áâ�¢-
«ïîâáï ãà�¢−¥−¨ï ¤«ï í«¥¬¥−â®¢ ¬�âà¨æ ¢â®àëå äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨.

‘«¥¤ãï [1, 2], ¤«ï ®æ¥−ª¨ ª�ç¥áâ¢� �‘�”, ®¯à¥¤¥«ï¥¬ëå â¥®à¥¬�¬¨ à�§¤. 3{
5 ¯à¨ £�ãáá®¢áª¨å — á ¬�â¥¬�â¨ç¥áª¨¬ ®¦¨¤�−¨¥¬ m— ¨ ª®¢�à¨�æ¨®−−®© ¬�â-
à¨æ¥© K—, ¢¢¥¤¥¬ ãá«®¢−ãî äã−ªæ¨î ¯®â¥àì, ¤®¯ãáª�îéãî ª¢�¤à�â¨ç−ãî
�¯¯à®ªá¨¬�æ¨î:

ρ
�Xs = ρ

�Xs(—) = ρ
(

m—
)

+

n—
∑

ii=1

ρ′i

(

m—
)

—0s +

n—
∑

n—
∑

i,j=1

ρ′′ij

(

m—
)

—0i—
0
j ,

� â�ª¦¥ ¯®ª�§�â¥«ì ε
ε = ε

1/4
2 .

‡¤¥áì

ε2 = M
N
[

ρ(—)2
]

− ρ
(

m—
)2
;

MN
[

ρ(—)2
]

= ρ
(

m—
)2
+ ρ′

(

m—
)T

K—ρ′
(

m—
)

+

+ 2ρ
(

m—
)

tr
[

ρ′′
(

m—
)

K—
]

+

+
{

tr
[

ρ′′
(

m—
)

K—
]}2
+ 2tr

[

ρ′′
(

m—
)

K—
]2
,

� äã−ªæ¨¨ ρ′ ¨ ρ′′ ¯® ¨§¢¥áâ−ë¬ ä®à¬ã«�¬ [11, 12] ®¯à¥¤¥«ïîâáï −� ®á−®¢¥
¯¥à¢ëå ¨ ¢â®àëå äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨.
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ˆ§«®¦¥−−ë¥ ¢ëè¥ ¬¥â®¤ë á¨−â¥§� �‘�” ¨ Œ�‘�” ¤�îâ ¯à¨−æ¨¯¨�«ì-
−ãî ¢®§¬®¦−®áâì ¯®«ãç¨âì ä¨«ìâà, ¡«¨§ª¨© ª ®¯â¨¬�«ì−®¬ã ¯® ®æ¥−ª¥ á «î¡®©
áâ¥¯¥−ìî â®ç−®áâ¨. —¥¬ ¢ëè¥ ¬�ªá¨¬�«ì−ë© ¯®àï¤®ª ãç¨âë¢�¥¬ëå ¬®¬¥−â®¢,
Š�÷ ¨ ª¢�§¨¬®¬¥−â®¢, â¥¬ ¢ëè¥ ¡ã¤¥â â®ç−®áâì ¯à¨¡«¨¦¥−¨ï ª ®¯â¨¬�«ì−®©
®æ¥−ª¥. �¤−�ª® ç¨á«® ãà�¢−¥−¨©, ®¯à¥¤¥«ïîé¨å ¯�à�¬¥âàë �¯®áâ¥à¨®à−®£®
®¤−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï, ¡ëáâà® à�áâ¥â á ã¢¥«¨ç¥−¨¥¬ ç¨á«� ãç¨âë¢�¥¬ëå
¯�à�¬¥âà®¢. ‘®®â¢¥âáâ¢ãîé¨¥ ®æ¥−ª¨ ¬®¦−® −�©â¨ ¢ [5{7].

7 Тестовые примеры

÷�áá¬®âà¨¬ −¥«¨−¥©−ãî á ¬ã«ìâ¨¯«¨ª�â¨¢−ë¬¨ èã¬�¬¨ £�ãáá®¢áªãî
‘â‘ [3, 6]:

‘Xt = −X3t +XtV1(—) ; Zt(—) = ‘Yt = Xt + V2(—) ;

�Xt0 = MX (t0) ; Rt0 = DX (t0) .

‡¤¥áì ¯à¥¤¯®«�£�¥âáï, çâ® ¨−â¥−á¨¢−®áâ¨ £�ãáá®¢áª¨å ¡¥«ëå èã¬®¢ ν1 ¨ ν2
§�¢¨áïâ ®â ®¤−®£® áª�«ïà−®£® ¯�à�¬¥âà� —, â. ¥. ν1,2 = ν1,2(—).

�¡®§−�ç¨¬ ∇ = ∇— = (∂/∂—). ’®£¤� ãà�¢−¥−¨ï â®ç−®áâ¨ ¨ çã¢áâ¢¨â¥«ì-
−®áâ¨ ‘�” −� ®á−®¢¥ Œ�� ¯à¨¬ãâ ¢¨¤:

‘�Xt = − �Xt

(

�X2t + 3Rt

)

+ ν−12 Rt

(

Zt − �Xt

)

;

‘Rt = (ν1 − 6Rt)
(

�X2t +Rt

)

− ν−12 R2t ;







(54)

∇ ‘�Xt = −
[

3 �Xt +
(

3 + ν−12
)

]

∇ �Xt + ν
−1
2 Rt∇Zt −

− ν−22 Rt

(

Zt − �Xt

)

∇ν2 , ∇ �Xt0 = 0 ,

∇ ‘Rt = 2 (ν1 − 6Rt) �Xt∇ �Xt +
[

(ν1 − 6Rt)− 6
(

�X2t +Rt

)

−

− 2ν−12 Rt
]

∇Rt +
(

�X2t +Rt

)

∇ν1 + ν−22 Rt∇ν2 , ∇Rt0 = 0 .



































(55)

“à�¢−¥−¨ï (54) −¥«¨−¥©−ë ®â−®á¨â¥«ì−® �Xt ¨Rt, ¯à¨ç¥¬ ä¨«ìâà áãé¥áâ¢ã¥â
â®«ìª® ¯à¨ −�«¨ç¨¨ èã¬� ¢ −�¡«î¤¥−¨ïå ν2 6= 0 ¨ ¯à®¨§¢®«ì−®¬ èã¬¥ ¨−-
â¥−á¨¢−®áâ¨ ν1 ¢ ãà�¢−¥−¨¨ á®áâ®ï−¨ï. “à�¢−¥−¨ï (55) ¤«ï ¯¥à¢ëå äã−ªæ¨©
çã¢áâ¢¨â¥«ì−®áâ¨ ï¢«ïîâáï «¨−¥©−ë¬¨ −¥®¤−®à®¤−ë¬¨ ãà�¢−¥−¨ï¬¨ ¢á«¥¤áâ¢¨¥
§�¢¨á¨¬®áâ¨ ν1,2 = ν1,2(—) ¨ Zt = Zt(—).

’¥¯¥àì à�áá¬®âà¨¬ �‘�”. ‚ á®®â¢¥âáâ¢¨¨ á â¥®à¥¬®© 3.1 (¢ ®â«¨ç¨¥ ®â [3],
á â®ç−®áâìî ¤® ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ç¥â¢¥àâ®£® ¯®àï¤ª�) ¨¬¥¥¬ á«¥¤ãîé¨¥
ãà�¢−¥−¨ï �‘�”:
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‘�Xt = − �Xt

(

�X2t + 3R
)

+ ν−12 Rt

(

Zt − �Xt

)

− c3 ;

‘Rt =
[

ν1 − 6
(

�X2t +Rt

)]

Rt − ν−12 R2t − 6 �Xtc3 +

+ ν−12 c3

(

Zt − �Xt

)

− 2c4 ;

‘c3 = −18 �XtR
2
t − 9

(

�X2t + 3Rt

)

c3 − 9 �Xtc4 + 3ν1

(

2 �XtRt + c3

)

−

− 3
2
ν−12 c3 + ν

−1
2 c4

(

Zt − �Xt

)

;

‘c4 = 12R
3
t − 72 �XtRtc3 − 12

(

�X2t + 4Rt

)

c4 + 4c
2
3 +

+ 6ν1

[(

�X2t + 2Rt

)

Rt + 2 �Xtc3 + c4

]

+ ν−12
(

6R3t − 3c33 − 2Rtc4
)

.















































































(56)

“à�¢−¥−¨ï¬ (56) ®â¢¥ç�îâ á«¥¤ãîé¨¥ ãà�¢−¥−¨ï ¤«ï ¯¥à¢ëå äã−ªæ¨© çã¢-
áâ¢¨â¥«ì−®áâ¨:

∇ ‘�Xt = −
(

3 �X2t + 3Rt + ν
−1
2 Rt

)

∇ �Xt +
[

ν−12

(

Zt − �Xt

)

− 3 �Xt)
]

∇Rt +

+ ν−12 Rt∇Zt − ν−22 Rt

(

Zt − �Xt

)

∇ν2 −∇c3 , ∇ �X (t0) = 0 ;

∇ ‘Rt = −
(

12 �XtRt + 6c3 + ν
−1
2 c3

)

∇ �Xt−
(

ν1 + ν
−1
2 Rt + 6 �X

2
t + 12Rt

)

∇Rt+

+ ν−12 c3∇Zt +
[

ν−12

(

Zt − �Xt

)

− 6 �Xt

]

∇c3 −

− 2∇c4 +Rt∇ν1 + ν−22
[

R2t − c3 (Zt −Xt)
]

∇ν2 , ∇R(t0) = 0 ;

∇ ‘c3 = −9
(

c3 + 2 �Xtc3 + 2R
2
t + ν

−1
2 c4

)

∇ �Xt+3
(

2ν1 �Xt − 9c3 − 2 �XtRt

)

∇Rt+

+ 3

(

ν1 +
9

2
ν−12 − 3 �Xt − 9Rt − 3 �X2t

)

∇c3 + ν−12 c4∇Zt +

+
[

−9 �Xt + ν
−1
2 (Zt −Xt)

]

∇c4 + 3
(

2 �XtRt + c3

)

∇ν1 +

+

[

3

2
− c4

(

Zt − �Xt

)

]

ν−22 ∇ν2 , ∇c3 (t0) = 0 ;

∇ ‘c4 = 12
(

ν1c3 − 2 �Xtc4 −Rtc3

)

∇ �Xt +
[

2ν−12
(

9R2t − c4
)

+

+ 6ν1

(

�X2t + 3Rt

)

+ 36R2t − 72 �Xtc3 − 48c4
]

∇Rt +

+ 2
(

4c3 + 6ν1 �Xt − 3ν−12 c3 − 18 �XtRt

)

∇c3 +
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+ 2
[

3ν1 − 6
(

�X2t + 4Rt

)

+ ν−12 Rt

]

∇c4 + 6
[(

�X2t + 2Rt

)

Rt +

+ 2 �Xtc3 + c4

]

∇ν1 + ν−22
(

3c23 + 2Rtc4 − 6R3t
)

∇ν2 , ∇c4 (t0) = 0 .

“à�¢−¥−¨ï â®ç−®áâ¨ íâ®£® �‘�” −¥«¨−¥©−ë ®â−®á¨â¥«ì−® �Xt, Rt ¨ c3, c4
¨ á¯à�¢¥¤«¨¢ë â®«ìª® ¯à¨ ν2 6= 0 ¨ ¯à®¨§¢®«ì−®¬ ν1. “à�¢−¥−¨ï ¤«ï ¯¥à¢ëå
äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨ ï¢«ïîâáï «¨−¥©−ë¬¨ −¥®¤−®à®¤−ë¬¨ ãà�¢−¥−¨ï¬¨
¢á«¥¤áâ¢¨¥ §�¢¨á¨¬®áâ¨ Zt = Zt(—), ν1,2 = ν1,2(—).

8 Заключение

„«ï −¥«¨−¥©−ëå ¤¨ää¥à¥−æ¨�«ì−ëå á¨áâ¥¬ á ¢¨−¥à®¢áª¨¬¨ ¨ ¯ã�áá®−®¢-
áª¨¬¨ èã¬�¬¨ ¢ ãà�¢−¥−¨ïå á®áâ®ï−¨ï ¨ ¢¨−¥à®¢áª¨¬¨ èã¬�¬¨ ¢ ãà�¢−¥−¨ïå
−�¡«î¤¥−¨ï (¢ â®¬ ç¨á«¥ ¨ −� £«�¤ª¨å ¬−®£®®¡à�§¨ïå) à�§à�¡®â�−ë ¬¥â®¤ë á¨−-
â¥§� ¯® áà¥¤−¥ª¢�¤à�â¨ç¥áª®¬ã ªà¨â¥à¨î ‘�” −� ®á−®¢¥ �¯¯à®ªá¨¬�æ¨¨ �¯®-
áâ¥à¨®à−®£® ®¤−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï Œ�� ¨ Œ‘‹, � â�ª¦¥ Œ�÷ ¨ ŒŠŒ.
�á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® ¬®¤¨ä¨æ¨à®¢�−−ë¬ −®à¬�«ì−ë¬ ¨ ®àâ®£®−�«ì−ë¬
‘�” −� ®á−®¢¥ −¥−®à¬¨à®¢�−−ëå à�á¯à¥¤¥«¥−¨©. �®«ãç¥−ë ãà�¢−¥−¨ï â®ç−®áâ¨
¨ çã¢áâ¢¨â¥«ì−®áâ¨ −®à¬�«ì−ëå ¨ ®àâ®£®−�«ì−ëå ‘�”. �à¨¢¥¤¥−ë â¥áâ®¢ë¥
¯à¨¬¥àë ¤«ï ®¤−®¬¥à−®© −¥«¨−¥©−®© á¨áâ¥¬ë á ¯�à�¬¥âà¨ç¥áª¨¬ èã¬®¬. �«-
£®à¨â¬¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¯®«®¦¥−® ¢ ®á−®¢ã ¨−áâàã¬¥−â�«ì−®£® ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï ¢ ¡¨¡«¨®â¥ª¥ úStS-Filterû.

‚ ª�ç¥áâ¢¥ ¤�«ì−¥©è¨å ®¡®¡é¥−¨© ¬®¦−® à�áá¬®âà¥âì ¤¨áªà¥â−ë¥
¨ −¥¯à¥àë¢−®-¤¨áªà¥â−ë¥ Œ‘â‘. ÷�§¢¨â¨ï âà¥¡ãîâ â�ª¦¥ ¬¥â®¤ë íªáâà�¯®-
«ïæ¨¨ ¨ ¨−â¥à¯®«ïæ¨¨ ¢ â�ª¨å á¨áâ¥¬�å.
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NORMAL AND ORTHOGONAL SUBOPTIMAL FILTERS
FOR NONLINEAR STOCHASTIC SYSTEMS ON MANIFOLDS

I. N. Sinitsyn

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

Abstract: For nonlinear differential stochastic systems on manifolds (MStS)
with Wiener and Poisson noises, the theory of synthesis of suboptimal filters
based on the normal approximation method, the statistical linearization method,
the orthogonal expansions method, and quasi-moment method is developed.
Exact optimal (for mean square error criteria) equations for MStS with Gaussian
noises in observation equations for one-dimensional a posteriori characteristic
function are derived. Special attention is paid to modified filters based on
unnormed distributions. Problems of approximate solving of exact equations are
discussed. Accuracy and sensitivity equations are presented. A test example for
nonlinear scalar differential equation with additive and multiplicative noises is
given. Some generalizations are mentioned.

Keywords: a posteriori one-dimensional distribution; coefficient of orthogonal
expansion; first sensitivity function; normal approximation method; normal
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orthogonal suboptimal filter; quasi-moment method; quasi-moment; statistical
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ˆ. �. ‘¨−¨æë−, ‚. ˆ. ‘¨−¨æë−, ˆ. ‚. ‘¥à£¥¥¢ ¨ ¤à.

1 Введение

Œ¥â®¤ë ¨ áà¥¤áâ¢� �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï �‘â� ¤«ï ¤¨ää¥à¥−æ¨-
�«ì−ëå ‘â‘, ¢ â®¬ ç¨á«¥ ¨ −� ¬−®£®®¡à�§¨ïå, ®¯¨á�−ë ¢ [1{5]. ‚ [6] ¤«ï ‘â‘
á ‘„÷� ¤�−ë â¨¯®¢ë¥ ¯à¥¤áâ�¢«¥−¨ï ¤à®¡−®-à�æ¨®−�«ì−ëå äã−ªæ¨© („÷”)
¨ á®®â¢¥âáâ¢ãîé¨å ‘„÷�, ¯®«ãç¥−ë ãà�¢−¥−¨ï Œ�� ¨ Œ‘‹, ¯à¥¤áâ�¢«¥-
−® �«£®à¨â¬¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ Œ�� (Œ‘‹) ¤«ï ‘â‘ á ‘„÷� ¨ â¥áâ®¢ë¥
¯à¨¬¥àë.

„�¤¨¬ à�§¢¨â¨¥ [6] −� á«ãç�© −¥¯à¥àë¢−ëå ¨ ¤¨áªà¥â−ëå ‘â‘. �á®¡®¥ ¢−¨¬�-
−¨¥ ã¤¥«¨¬ �«£®à¨â¬¨ç¥áª®¬ã ¨ ¯à®£à�¬¬−®¬ã ®¡¥á¯¥ç¥−¨î ¬®¤ã«ï úStS-CFRN.
Analysisû. ‚ à�§¤. 2 ¯à¨¢¥¤¥−ë ªà�âª¨¥ á¢¥¤¥−¨ï ¨§ â¥®à¨¨ „÷” ¨ â¨¯®¢ë¥
¯à¥¤áâ�¢«¥−¨ï ‘„÷�. ÷�áá¬®âà¥−ë ¯à¨¬¥àë á«®¦−ëå −¥«¨−¥©−®áâ¥©, ¯à¨¢®-
¤¨¬ëå ª ‘„÷�. �«£®à¨â¬¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ −� ®á−®¢¥ Œ�� (Œ‘‹) ¤«ï
¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘ á ¢¨−¥à®¢áª¨¬¨ ¨ ¯ã�áá®−®¢áª¨¬¨ èã¬�¬¨ ¯à¥¤áâ�¢«¥-
−® ¢ à�§¤. 3. �á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® ¢®¯à®á�¬ â®ç−®áâ¨ ¨ çã¢áâ¢¨â¥«ì−®áâ¨
�«£®à¨â¬®¢. ‚ à�§¤. 4 ®¯¨á�−® á®®â¢¥âáâ¢ãîé¥¥ �«£®à¨â¬¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥
¤«ï ¤¨áªà¥â−ëå ‘â‘. ‚ ¯à¨«®¦¥−¨¨ ¤�−ë ¯à¨¬¥àë ¢ëç¨á«¥−¨ï â¨¯®¢ëå ¨−â¥-
£à�«®¢ ¨ ª®íää¨æ¨¥−â®¢ Œ�� (Œ‘‹) ¤«ï ‘â‘ á ‘„÷�, � â�ª¦¥ −¥ª®â®àë¥
¯à¨¬¥−¥−¨ï.

2 Дробно-рациональные функции и нелинейности

‘ª�«ïà−®© „÷” −�§ë¢�¥âáï «î¡�ï äã−ªæ¨ï z = ϕ(y) = Räòæ(y), ¯à¥¤áâ�-
¢¨¬�ï ¢ ¢¨¤¥ ®â−®è¥−¨ï ¤¢ãå ¯®«¨−®¬®¢ P+(y) ¨ P−(y) [6{9]:

Räòæ(y) =
P−(y)

P+(y)
. (1)

„«ï ¯à�¢¨«ì−®© „÷” áâ¥¯¥−ì ç¨á«¨â¥«ï P−(y) −¥ ¡®«ìè¥ áâ¥¯¥−¨ §−�¬¥−�-
â¥«ï P+(y). ‚ ®¡é¥¬ á«ãç�¥ áª�«ïà−ãî „÷” ¬®¦−® ®¤−®§−�ç−® ¯à¥¤áâ�¢¨âì
¢ ¢¨¤¥ ¯®«¨−®¬� P (y) ¨ ¯à�¢¨«ì−®© „÷”:

P−(y)

P+(y)
= P (y) +

P−
1 (y)

P+(y)
. (2)

‘«¥¤ãï [6{9], ¯à¨¢¥¤¥¬ ®á−®¢−ë¥ á¢®©áâ¢� áª�«ïà−ëå ¯à�¢¨«ì−ëå „÷”.
10 �à�¢¨«ì−�ï „÷”, §−�¬¥−�â¥«ì P+(y) ª®â®à®© ¯à¥¤áâ�¢¨¬ ¢ ¢¨¤¥ ¯à®¨§-

¢¥¤¥−¨ï ¯®¯�à−® ¢§�¨¬−® ¯à®áâëå ¬−®¦¨â¥«¥©

P+(y) = P+1 (y)P
+
2 (y) · · · ,

®¤−®§−�ç−® ¯à¥¤áâ�¢¨¬� ¢ ¢¨¤¥ áã¬¬ë ¯à�¢¨«ì−ëå „÷”

P−
1 (y)

P+(y)
=
P−
11(y)

P+1 (y)
+
P−
12(y)

P+2 (y)
+ · · · .
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20 �ãáâì P−(y)/P+(y)| ¯à�¢¨«ì−�ï „÷”, � §−�¬¥−�â¥«ì P+(y) ¨¬¥¥â ¢¨¤:

P+(y) = a0 (y − y1)
k1 (y − y2)

k2 · · · (y − ym)
km .

’®£¤� ¨¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ ¥¤¨−áâ¢¥−−®¥ ¯à¥¤áâ�¢«¥−¨¥:

P−
1 (y)

P+(y)
=

m
∑

ν−1

[

Aν0

(y − yν)
kν
+

Aν1
(y − yν)

kν−1
+ · · ·+ Aν,kν−1

y − yν

]

.

30 �ãáâì P−
1 (y)/P

+(y) ï¢«ï¥âáï ¯à�¢¨«ì−®© „÷”, � à�§«®¦¥−¨¥ §−�¬¥−�-
â¥«ï P+(y) −� −¥¯à¨¢®¤¨¬ë¥ ¬−®¦¨â¥«¨ ¨¬¥¥â ¢¨¤:

P+(y) = a0 (y − y1)
k1 · · · (y − yr)

kr
(

y2 + p1y + q1
)l1 · · ·

(

y2 + psy + qs
)ls

.

’®£¤� ¨¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ ¥¤¨−áâ¢¥−−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¯à�¢¨«ì−®© „÷”:

P−
1 (y)

P+(y)
=

h
∑

ν=1

kν
∑

µ=1

Aνµ
(y − yν)

µ +

s
∑

ν=1

lν
∑

µ=1

Bνµy + Cνµ

(y2 + pνy + qν)
µ .

40 „¨ää¥à¥−æ¨à®¢�−¨¥ „÷” (1) ¯à®¢®¤¨âáï ¯® ä®à¬ã«¥:

dRäòæ(y)

dy
=
(P−(y))′P+(y)− (P+(y))′P−(y)

(P+(y))2
.

50 �¥®¯à¥¤¥«¥−−ë© ¨−â¥£à�« ®â „÷” ¢á¥£¤� ¢ëà�¦�¥âáï ç¥à¥§ í«¥¬¥−â�à−ë¥
äã−ªæ¨¨, â�ª çâ®

∫

P−(y)

P+(y)
dy =

∫

P (y) dy +

∫

P−
1 (y) dy

P+(y)
=

=

∫

P (y) dy +
h
∑

ν=1

kν
∑

µ=1

Aνµ

∫

dy

(y − yν)
µ +

s
∑

ν=1

lν
∑

µ=1

∫

Bνµy + Cνµ

(y2 + pνy + qν)
µ dy ,

¯à¨ íâ®¬ ¨−â¥£à�« ®â ¯®«¨−®¬� P (y) ¢á¥£¤� ¢ëà�¦�¥âáï ¢ ª®−¥ç−®¬ ¢¨¤¥. ˆ−â¥-
£à�«ë ¯¥à¢®© áã¬¬ë à�¢−ë:

∫

dy

(y − yν)
µ =

1

1− µ
(y − yµ)

1−µ + C (µ > 1) .

„�«¥¥
∫

By + C

(y2 + py + q)µ
=

B

2(1− µ)(y2 + py + q)µ−1
+
2C −Bp

2
Iµ(ξ) .
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‡¤¥áì Iµ(ξ) ¢ëç¨á«ï¥âáï ¯® à¥ªãàà¥−â−®© ä®à¬ã«¥:

Iµ =
ξ(ξ2 + a2)1−µ

2a2(µ− 1)
+
2µ− 3

a2(2µ− 2)
Iµ−1(ξ) ,

£¤¥

ξ = y +
p

2
; a2 = q − p2

4
.

’�ª¨¬ ®¡à�§®¬, −¥®¯à¥¤¥«¥−−ë© ¨−â¥£à�« ®â ¤¥©áâ¢¨â¥«ì−®© „÷” ¬®¦¥â ¡ëâì
§�¯¨á�− ¢ ¢¨¤¥ áã¬¬ë, ¢®-¯¥à¢ëå, −¥ª®â®à®© à�æ¨®−�«ì−®© äã−ªæ¨¨ á ¤¥©áâ¢¨-
â¥«ì−ë¬¨ ª®íää¨æ¨¥−â�¬¨, ¢®-¢â®àëå, ¢ëà�¦¥−¨© ¢¨¤�

c(1)ν (y − yν)
−ν , c(2)ν ln |y − yν | , c(3)ν ln

(

y2 + pνy + qν
)

, c(4)ν arctg

[

2y + pν
√

4qν − p2ν

]

¨, ¢-âà¥âì¨å, ¯à®¨§¢®«ì−®© ¯®áâ®ï−−®©.
60 ˆ¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ ¯à�¢¨«® �áâà®£à�¤áª®£® ¤«ï ¢ë¤¥«¥−¨ï à�æ¨®-

−�«ì−®© ç�áâ¨ R1(y) ¨−â¥£à�«�

∫

P−(y)

P+(y)
dy = R1(y) +R2(y) ,

£¤¥R2(y)| âà�−áæ¥−¤¥−â−�ï ç�áâì. …á«¨ ¯à¥¤¯®«®¦¨âì, çâ® §−�¬¥−�â¥«ì P+(y)
¤®¯ãáª�¥â ¯à¥¤áâ�¢«¥−¨¥ ¢¨¤�:

P+(y) = L(y)K(y) ,

£¤¥

L(y) =

= a0 (y − y1)
k1−1 · · · (y − yr)

kr−1
(

y2 + p1y + q1
)l1−1 · · ·

(

y2 + psy + qs
)ls−1

;

K(y) = (y − y1) · · · (y − yr)
(

y2 + p1y + q1
)

· · ·
(

y2 + psy + qs
)

,

â® ¨¬¥¥â ¬¥áâ® ¥¤¨−áâ¢¥−−®¥ ¯à¥¤áâ�¢«¥−¨¥:

R1(y) =
M(y)

L(y)
; R2(y) =

∫

N(y) dy

K(y)
.

Š®íää¨æ¨¥−âë ¯®«¨−®¬®¢ M(y) ¨ N(y) −�å®¤ïâáï ¬¥â®¤®¬ −¥®¯à¥¤¥«¥−−ëå
ª®íää¨æ¨¥−â®¢, ¯®áª®«ìªãM(y)/L(y),N(y)/K(y) ¨L′(y)K(y)/L(y) ï¢«ïîâáï
¯à�¢¨«ì−ë¬¨ „÷”.
�à¨¬¥à 2.1. �à¨¬¥à�¬¨ ‘„÷�, ¯®«ãç�¥¬ëå ¯®áà¥¤áâ¢®¬ ®âà¥§ª®¢ áã¬¬ â¨¯®-
¢ëå „÷”, ¬®£ãâ á«ã¦¨âì á«¥¤ãîé¨¥ [6]:
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ϕCäòH(Y, t) =
n
∑

r=1

lrtϕ
äòH
r (Y ) ;

ϕCäòH(Y, t) =

n
∑

r=1

lrtϕ
äòH
r (Y )ϕr(Y ) ;

ϕCäòH(Y, t) =

∑n′

r=1
l′rtϕ

′äòH
r (Y )

∑n′′

r=1
l′′rtϕ

′′äòH
r (Y )

;

ϕCäòH(Y, t) =

∑n′

r=1
l′rtϕ

′äòH
r (Y )ϕ′

r(Y )
∑n′′

r=1
l′′rtϕ

′′äòH
r (Y )ϕ′′

r(Y )
,

£¤¥ ϕäòHr (Y ), ϕ′äòH
r (Y ) ¨ ϕ′′äòH

r (Y ) | â¨¯®¢ë¥ „÷�; lrt, l′rt ¨ l′′rt | ª®-
íää¨æ¨¥−âë, §�¢¨áïé¨¥ ®â ¢à¥¬¥−¨ t; ϕr(Y ), ϕ′

r(Y ), ϕ
′′
r(Y ) | ¨§¢¥áâ−ë¥

äã−ªæ¨¨.
„àã£¨¬¨ ¯à¨¬¥à�¬¨ áª�«ïà−ëå ‘„÷� ï¢«ïîâáï −¥«¨−¥©−®áâ¨, ¯®«ãç�¥¬ë¥

¯ãâ¥¬ á®®â¢¥âáâ¢ãîé¥£® ¯à¥®¡à�§®¢�−¨ï �à£ã¬¥−â� [6]:

ϕCäòH(Y, t) = ϕ
(

ψäòH(Y, t), t
)

; ϕCäòH(Y, t) = ϕäòH(ψ(Y, t), t) .

‚ ¯à¨«®¦¥−¨¨ ¯à¨¢¥¤¥−ë ¯à¨¬¥àë á«®¦−ëå −¥«¨−¥©−®áâ¥©, ¯à¨¢®¤¨¬ëå
ª ‘„÷�.

‘ª�«ïà−�ï „÷” ¢¥ªâ®à−®£® �à£ã¬¥−â� ®¯à¥¤¥«ï¥âáï ª�ª ®â−®è¥−¨¥ ª®−¥ç−ëå
áã¬¬ [8]:

Räòæ (y1, . . . , yn) =

∑

k1, ... , kn

ak1, ... , kn
(y1)

k1 · · · (yn)kn

∑

i1, ... , in
bi1, ... , in(y1)

i1 · · · (yn)in
. (3)

�à¨¬¥à 2.2. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à®¢ áª�«ïà−ëå ‘„÷� ¢¥ªâ®à−®£® �à£ã¬¥−â�
Y = [Y1 · · ·Yp]T à�áá¬®âà¨¬ á«¥¤ãîé¨¥ [6]:

ϕCäòH(Y, t) =

n
∑

r=1

H
∏

h=1

lrh,tϕ
äòH
rh (Yh) ;

ϕCäòH(Y, t) =

∑n′

r=1

H′

∏

h=1

l′rh,tϕ
′äòH
rh (Yh)

∑n′′

r=1

H′′

∏

h=1

l′′rh,tϕ
′′äòH
rh (Yh)

.
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‚ á«ãç�¥ ¢¥ªâ®à−ëå ¨ ¬�âà¨ç−ëå ‘„÷� ¨¬¥îâ ¬¥áâ® á®®â¢¥âáâ¢ãîé¨¥
ä®à¬ã«ë (3) ¤«ï ª®¬¯®−¥−â.

3 Дифференциальные стохастические системы со сложными
дробно-рациональными нелинейностями. Алгоритмическое
обеспечение

‘«¥¤ãï [6], ãà�¢−¥−¨ï ª®−¥ç−®¬¥à−ëå −¥¯à¥àë¢−ëå −¥«¨−¥©−ëå á¨áâ¥¬ á®
áâ®å�áâ¨ç¥áª¨¬¨ ¢®§¬ãé¥−¨ï¬¨ ¯ãâ¥¬ à�áè¨à¥−¨ï ¢¥ªâ®à� á®áâ®ï−¨ï ‘â‘ ¬®£ãâ
¡ëâì §�¯¨á�−ë ¢ ¢¨¤¥ á«¥¤ãîé¥£® ¢¥ªâ®à−®£® áâ®å�áâ¨ç¥áª®£® ¤¨ää¥à¥−æ¨�«ì-
−®£® ãà�¢−¥−¨ï ˆâ®:

dYt = a (Yt,—, t) dt+ b (Yt,—, t) dW0 +

∫

R0

c (Yt,—, t, v)P
0(—, dt, dv) ,

Y (t0) = Y0 . (4)

‡¤¥áì Yt | (p × 1)-¬¥à−ë© ¢¥ªâ®à á®áâ®ï−¨ï, Yt ∈ –y (–y | £«�¤ª®¥ ¬−®£®-
®¡à�§¨¥ á®áâ®ï−¨©); a = a(Yt,—, t) ¨ b = b(Yt,—, t)| ¨§¢¥áâ−ë¥ (p× 1)-¬¥à−�ï
¨ (p×m)-¬¥à−�ï äã−ªæ¨¨ Yt ¨ t;W0 =W0(—, t)| (r×1)-¬¥à−ë© ¢¨−¥à®¢áª¨©
‘â� ¨−â¥−á¨¢−®áâ¨ ν0 = ν0(—, t); c(Yt,—, t, v) | (p × 1)-¬¥à−�ï äã−ªæ¨ï Yt, t
¨ ¢á¯®¬®£�â¥«ì−®£® (q× 1)-¬¥à−®£® ¯�à�¬¥âà� v;

∫

–

dP 0(t, A)| æ¥−âà¨à®¢�−−�ï

¯ã�áá®−®¢áª�ï ¬¥à�, ®¯à¥¤¥«ï¥¬�ï á®®â−®è¥−¨¥¬:
∫

–

dP 0(—, t, A) =

∫

–

dP (—, t, A) =

∫

–

νP (—, t, A) dt .

‚ (4) ¯à¨−ïâ®:
∫

–

| ç¨á«® áª�çª®¢ ¯ã�áá®−®¢áª®£® ‘â� ¢ ¨−â¥à¢�«¥ ¢à¥¬¥-

−¨ – = (t1, t2]; νP (—, t, A) | ¨−â¥−á¨¢−®áâì ¯ã�áá®−®¢áª®£® ‘â� P (—, t, A);
A | −¥ª®â®à®¥ ¡®à¥«¥¢áª®¥ ¬−®¦¥áâ¢® ¯à®áâà�−áâ¢� Rq0 á ¢ëª®«®âë¬ −�ç�«®¬.
��ç�«ì−®¥ §−�ç¥−¨¥ Y0 ¯à¥¤áâ�¢«ï¥â á®¡®© á«ãç�©−ãî ¢¥«¨ç¨−ã (á.¢.), −¥ §�¢¨-
áïéãî ®â ¯à¨à�é¥−¨© W0(—, t) ¨ P (—, t, A) −� ¨−â¥à¢�«�å ¢à¥¬¥−¨, á«¥¤ãîé¨å
§� t0, t0 ≤ t1 ≤ t2, ¤«ï «î¡®£® ¬−®¦¥áâ¢� A, — | (p— × 1)-¬¥à−ë© ¢¥ªâ®à
¯�à�¬¥âà®¢ á¨áâ¥¬ë.

‚ á«ãç�¥ �¤¤¨â¨¢−ëå −®à¬�«ì−ëå (£�ãáá®¢áª¨å) ¨ ®¡®¡é¥−−ëå ¯ã�áá®−®¢áª¨å
¢®§¬ãé¥−¨© ãà�¢−¥−¨¥ (4) ¨¬¥¥â ¢¨¤:

‘Yt = a (Yt,—, t) + b0(—, t)V , V = ‘W , Y (t0) = Y0 . (5)

‡¤¥áì W | ‘â� á −¥§�¢¨á¨¬ë¬¨ ¯à¨à�é¥−¨ï¬¨, ¯à¥¤áâ�¢«ïîé¨© á®¡®© á¬¥áì
−®à¬�«ì−®£® ¨ ®¡®¡é¥−−®£® ¯ã�áá®−®¢áª®£® ‘â�.
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„«ï ª®¬¯®−¥−â ϕ(Yt,—, t) = {ah, bkj, ch} äã−ªæ¨© a, b ¨ c, ï¢«ïîé¨åáï
‘„÷�, ¯à¨¬¥¬ ¯à¥¤áâ�¢«¥−¨ï (1){(3). …á«¨ ¯à¥¤¯®«®¦¨âì áãé¥áâ¢®¢�−¨¥ ª®-
−¥ç−ëå ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¢â®à®£® ¯®àï¤ª� ¤«ï ¬®¬¥−â®¢ ¢à¥¬¥−¨ t1 ¨ t2,
â® ãà�¢−¥−¨ï Œ�� ¯à¨¬ãâ á«¥¤ãîé¨© ¢¨¤ [10, 11]:

{ ¤«ï å�à�ªâ¥à¨áâ¨ç¥áª¨å äã−ªæ¨©:

gN1 (λ; t) = exp

[

iλTmt −
1

2
λTKtλ

]

;

gNt1,t2 (λ1, λ2; t1, t2) = exp

[

i�λT �m2 −
1

2
�λT �K2λ

]

,



















(6)

£¤¥

�λ =
[

λT1 λ
T
2

]T
; �m2 =

[

mTt1m
T
t2

]T
; �K2 =

[

K (t1, t1) K (t1, t2)
K (t2, t1) K (t2, t2)

]

;

{ ¤«ï ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© mt, ª®¢�à¨�æ¨®−−®© ¬�âà¨æë Kt ¨ ¬�âà¨æë
ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© K(t1, t2):

‘mt = A
m (mt,Kt,—, t) , m0 = m (—, t0) ;

‘Kt = A
K (mt,Kt,—, t) , K0 = K (—, t0) ;

∂K(t1, t2)

∂t2
= AKt1,t2 (mt,Kt,—, t) = K (t1, t2) a21 (mt2 ,Kt2 ,—, t2)

T ,

K (—, t1, t1) = Kt1 .



























(7)

‡¤¥áì ¯à¨−ïâë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

mt = M
N
–yYt ; Y 0t = Yt −mt ;

Kt = M
N
–y

[

Y 0t Y
0T
t

]

; K (t1, t2) = M
N
–y

[

Y 0t1Y
0T
t2

]

;

Am = Am (mt,Kt,—, t) = M
N
–y [a(Yt,—, t)] ;

AK = AK (mt,Kt,—, t) =

= a21 (mt,Kt,—, t) + a21 (mt,Kt,—, t)
T + a22 (mt,Kt,—, t) ;

a21 = a21 (mt,Kt,—, t) = M
N
–y

[

a(Yt,—, t)Y
0T
t

]

;

a22 = a22 (mt,Kt,—, t) = M
N
–y [σ(Yt,—, t)] ;

σ (Yt,—, t) = b (Yt,—, t) ν0(t)b (Yt,—, t)
T +

+

∫

Rq
0

c (Yt,—, t, v) c (Yt,—, t, v)
T νP (—, t, dv) ,



































































































(8)
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£¤¥ MN–y | á¨¬¢®« ¢ëç¨á«¥−¨ï ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¤«ï −®à¬�«ì−ëå
à�á¯à¥¤¥«¥−¨© (6) −� ¬−®£®®¡à�§¨¨ –y.

„«ï áâ�æ¨®−�à−ëå ‘â‘ áâ�æ¨®−�à−ë¥ �‘â� | ¥á«¨ ®−¨ áãé¥áâ¢ãîâ, â®
mt = m∗, Kt = K∗, K(—, t1, t2) = k(—, τ) (τ = t1 − t2), | ®¯à¥¤¥«ïîâáï
ãà�¢−¥−¨ï¬¨ [10, 11]:

Am (m∗,K∗,—) = 0 ; AK (m∗,K∗,—) = 0 ;

‘kτ (—, τ) = A
k (m∗,K∗,—)K∗−1k(—, τ) , k(0) = K∗ (∀τ > 0) ;

k(τ) = k(−τ)T (∀τ < 0) .















(9)

�à¨ íâ®¬ −¥®¡å®¤¨¬®, çâ®¡ë ¬�âà¨æ�Ak = a21(m∗,K∗,—) = a∗21 ¡ë«� �á¨¬¯â®-
â¨ç¥áª¨ ãáâ®©ç¨¢®©.

“à�¢−¥−¨ï Œ�� ¢ á«ãç�¥ ‘â‘ (5) ¯¥à¥å®¤ïâ ¢ ãà�¢−¥−¨ï Œ‘‹ [10, 11]:

‘mt = A
m (mt,Kt,—, t) = a1 (mt,Kt,—, t) , m0 = m (—, t0) ;

‘Kt = A
K (mt,Kt,—, t) = k

a
1 (mt,Kt,—, t)Kt +

+Ktk
a
1 (mt,Kt,—, t)

T + σ0(t) , K0 = K (—, t0) ;

∂K(—, t1, t2)

∂t2
= AKt1,t2 (mt2 ,Kt2 ,K(—, t1, t2),—, t2) =

= K (—, t1, t2)Kt2k
a
1(mt2 ,Kt2 ,—, t2)

T , K (—, t1, t1) = Kt1 ,







































(10)

¥á«¨ ¯à¨−ïâì

a (Yt,—, t) = a1 (mt,Kt,—) + k
a
1 (mt,Kt,—)Y

0
t ;

b (Yt,—, t) = b0(—, t) ; σ (Yt,—, t) = b0(—, t)ν(—, t)b0(—, t)
T = σ0(—, t) ;

ka1 (mt,Kt,—, t) =

[(

∂

∂mt

)

Am (mt,Kt,—, t)
T

]T

.























(11)

„«ï áâ�æ¨®−�à−ëå ‘â‘ (5) ¯à¨ ãá«®¢¨¨ �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ¬�â-
à¨æë ka1(m

∗,K∗) ¢ ®á−®¢¥ Œ‘‹ «¥¦�â ãà�¢−¥−¨ï (9), §�¯¨á�−−ë¥ ¢ ¢¨¤¥:

Am (m∗,K∗,—) = 0 ;

AK = ka1 (m
∗,K∗,—)K∗ +K∗ka1 (m

∗,K∗,—)T + σ∗0 = 0 ;

‘kτ (—, τ) = A
k(τ) = ka1 (m

∗,K∗,—) k(τ) , k(0) = K∗ (∀τ > 0) ;
k(τ) = k(−τ)T (∀τ < 0) .



























(12)

�à¨ ä¨ªá¨à®¢�−−®¬ ¢¥ªâ®à¥ ¯�à�¬¥âà®¢ — ãà�¢−¥−¨ï (6) ¨ (7) «¥¦�â
¢ ®á−®¢¥ �«£®à¨â¬¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï −� ¡�§¥ Œ�� ¤«ï ‘â‘ −� ¬−®£®®¡à�§¨ïå
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå ¯à®æ¥áá®¢

(Œ‘â‘) (4), � ãà�¢−¥−¨ï (10) ¨ (11) | −� ¡�§¥ Œ‘‹ ¤«ï ‘â‘ (5). „«ï
®¯à¥¤¥«¥−¨ï áâ�æ¨®−�à−ëå áâ®å�áâ¨ç¥áª¨å ¯à®æ¥áá®¢ á®£«�á−® Œ�� á«ã¦�â
á®®â−®è¥−¨ï (9), � Œ‘‹ | (12). �à¨ íâ®¬ âà¥¡ã¥âáï áãé¥áâ¢®¢�−¨¥ ª®−¥ç−ëå
¨−â¥£à�«®¢ (8) ¨ (11).

„«ï Œ�� −¥®¡å®¤¨¬® ã¬¥âì ¢ëç¨á«ïâì á«¥¤ãîé¨¥ ¨−â¥£à�«ë:

Ia0 = I
a
0 (mt,Kt,—, t) = A

m (mt,Kt,—, t) = M
N
–y [a (Yt,—, t)] ; (13)

Ia1 = I
a
1 (mt,Kt,—, t) = a21 (mt,Kt,—, t) = M

N
–y

[

a (Yt,—, t)Y
0T
t

]

;

I �σ0 = I
�σ
0 (mt,Kt,—, t) = a22 (mt,Kt,—, t) = MN [�σ(Yt,—, t)] .

„«ï Œ‘‹ ¤®áâ�â®ç−® ¢ëç¨á«¨âì ¨−â¥£à�« (13), ¯à¨ç¥¬ ¨−â¥£à�« Ia1 ¢ëç¨á-
«ï¥âáï ¯® ä®à¬ã«¥ [10, 11]:

ka1 = k
a
1 (mt,Kt,—, t) =

[(

∂

∂mt

)

Ia0 (mt,Kt,—, t)
T

]T

.

Š�ª á«¥¤ã¥â ¨§ á¢®©áâ¢� „÷” 50, ¡�§®¢ë¬¨ ¨−â¥£à�«�¬¨ ¯à¨ ¢ëç¨á«¥−¨¨ (13)
¡ã¤ãâ á«¥¤ãîé¨¥ ¨−â¥£à�«ë:

MN–y

[

1

(Y − Yν)
µ

]

; MN–y

[

1

(Y 2 + pνY + qν)
µ

]

; MN–y

[

Y

(Y 2 + pνY + qν)
µ

]

. (14)

�®¤à®¡−® ç¨á«¥−−ë¥ ¬¥â®¤ë ¢ëç¨á«¥−¨ï ¨−â¥£à�«®¢ (14) ®¯¨á�−ë ¢ [12{14].
„«ï ¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘ á ‘„÷� ¬®¦−® à¥ª®¬¥−¤®¢�âì á«¥¤ãîé¨¥:

{ áâ¥¯¥−−ë¥ à�§«®¦¥−¨ï;
{ ¬−®£®ç«¥−−ë¥ ¯à¨¡«¨¦¥−¨ï, ¢ ¯¥à¢ãî ®ç¥à¥¤ì −� ®á−®¢¥ ¬−®£®ç«¥−®¢ �à-

¬¨â�;
{ ¤à®¡−®-à�æ¨®−�«ì−ë¥ ¯à¨¡«¨¦¥−¨ï;
{ à�§«®¦¥−¨ï ¢ æ¥¯−ë¥ ¤à®¡¨;
{ �á¨¬¯â®â¨ç¥áª¨¥ ¯à¨¡«¨¦¥−¨ï;
{ ¨â¥à�â¨¢−ë¥ ¯à®æ¥ááë à�§«¨ç−ëå ¯®àï¤ª®¢.

‚ ¬®¤ã«¥ úStS-CFRN. Analysisû à¥�«¨§®¢�−ë áâ¥¯¥−−ë¥ à�§«®¦¥−¨ï ¨ ¬−®-
£®ç«¥−−ë¥ ¯à¨¡«¨¦¥−¨ï −� ®á−®¢¥ ¬−®£®ç«¥−®¢ �à¬¨â�.

‚ ¯à¨«®¦¥−¨¨ à�áá¬®âà¥−ë ¯à¨¬¥àë ¢ëç¨á«¥−¨ï â¨¯®¢ëå ¨−â¥£à�«®¢ (14).
‚ á«ãç�¥ –y = (−∞,∞) ¬®¦−® à¥ª®¬¥−¤®¢�âì ª¢�¤à�âãà−ë¥ ä®à¬ã«ë −�
®á−®¢¥ ®àâ®£®−�«ì−ëå ¯®«¨−®¬®¢ �à¬¨â� Hn(x). ‚ íâ®¬ á«ãç�¥ ¨á¯®«ì§ã¥âáï
á«¥¤ãîé¨© �«£®à¨â¬ [6]:

∞
∫

−∞

e−x
2

ϕ(x, π) dx =

n
∑

i=1

wiϕ(xi, π) + ρn , (15)
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£¤¥ π | ¢¥ªâ®à ¯�à�¬¥âà®¢; xi | −ã«ì Hn(x), wi | ¢¥á®¢®© ª®íää¨æ¨¥−â:

wi =
2n−1n!

√
π

n2 [Hn−1(xi)]
2 ;

ρn | ®áâ�â®ç−ë© ç«¥−:

ρn =
n!
√
π

2n(2n)!
ϕ(2n)(ξ) (−∞ < ξ <∞) .

‚å®¤ïé¨© ¢ (15) ¢¥ªâ®à ¯�à�¬¥âà®¢ ®¡ëç−® ¢ª«îç�¥â ¢ á¥¡ï ¤¨á¯¥àá¨î Dy

¨ ®â−®è¥−¨¥ á¨£−�«/èã¬ ζy = my/
√

Dy.
“à�¢−¥−¨ï â®ç−®áâ¨ ¨ çã¢áâ¢¨â¥«ì−®áâ¨ ª ¢¥ªâ®àã ¯�à�¬¥âà®¢ — ¯® ¬¥â®¤ã

äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨ ï¢«ïîâáï ç�áâ−ë¬ á«ãç�¥¬ ãà�¢−¥−¨© [15, 16] ¤«ï
äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨ ∇mt, ∇Kt, ∇K(t1, t2) (∇ = ∇—):

∇ ‘mt = ∇Am , ∇m (t0) = 0 ;
∇ ‘Kt = ∇AK , ∇K (t0) = 0 ;

∂∇K(t1, t2)
∂t2

= ∇AK(t1,t2) , ∇K (t1, t1) = 0 .

“à�¢−¥−¨ï Œ�� (Œ‘‹) á®¤¥à¦�â ¨−â¥£à�«ë Ia0 , I
a
1 ¨ Iσ0 ¢ ¢¨¤¥ á®®â¢¥âáâ¢ã-

îé¨å ª®íää¨æ¨¥−â®¢, ¯®íâ®¬ã ¯à®æ¥¤ãà� ¢ëç¨á«¥−¨ï ¨−â¥£à�«®¢ ¤®«¦−� ¡ëâì
á®£«�á®¢�−� á ¬¥â®¤®¬ ç¨á«¥−−®£® à¥è¥−¨ï ®¡ëª−®¢¥−−ëå ¤¨ää¥à¥−æ¨�«ì−ëå
ãà�¢−¥−¨© ¤«ï mt, Kt ¨ K(t1, t2). �â¨ ª®íää¨æ¨¥−âë ¤®¯ãáª�îâ ¤¨ää¥à¥−æ¨-
à®¢�−¨¥ ¯® mt ¨ Kt, â�ª ª�ª ¯®¤ ¨−â¥£à�«®¬ áâ®¨â á£«�¦¨¢�îé�ï −®à¬�«ì−�ï
¯«®â−®áâì.

‚ [14] ¨§«®¦¥−ë �«£®à¨â¬ë �−�«¨â¨ç¥áª®£® ¨ áâ�â¨áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�-
−¨ï à�á¯à¥¤¥«¥−¨© (¢ â®¬ ç¨á«¥ −®à¬�«ì−ëå) ¢ −¥«¨−¥©−ëå Œ‘â‘. �«£®à¨â¬ë
�−�«¨â¨ç¥áª®£® ¨ áâ�â¨áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¤«ï Œ‘â‘ á ‘„÷�, � â�ª¦¥
á¬¥è�−−ë¥ �«£®à¨â¬ë à�§«¨ç−®© áâ¥¯¥−¨ â®ç−®áâ¨ ®â−®á¨â¥«ì−® è�£� ¨−â¥£à¨-
à®¢�−¨ï â�ª¦¥ ¯à¥¤áâ�¢«¥−ë ¢ [13].

4 Дискретная стохастическая система со сложными
дробно-рациональными нелинейностями.
Алгоритмическое обеспечение

÷�áá¬®âà¨¬ ¤¨áªà¥â−ãî ‘â‘ á ‘„÷�, ®¯¨áë¢�¥¬ãî ãà�¢−¥−¨ï¬¨ ¢¨-
¤� [10, 11]:

Yk+1 = ak (—, Yk) + bk (—, Yk)V
d
k (k = 1, 2, . . .) . (16)
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‡¤¥áì Yk | (p × 1)-¬¥à−ë© ¢¥ªâ®à á®áâ®ï−¨ï, Yk ∈ –y (–y | ¬−®£®®¡à�§¨¥
á®áâ®ï−¨©); äã−ªæ¨¨ ak(—, Yk) ¨ bk(—, Yk) ¨¬¥îâ à�§¬¥à−®áâ¨ (p× 1) ¨ (p×m)
á®®â¢¥âáâ¢¥−−®; ç¥à¥§ V d

k ®¡®§−�ç¥− ¢¥ªâ®à−ë© ¤¨áªà¥â−ë© èã¬, ®¡«�¤�îé¨©
¨−â¥−á¨¢−®áâìî νdk . ‚ á«ãç�¥ �¤¤¨â¨¢−®£® èã¬�, ª®£¤� bk(—, Yk) = b0k, ãà�¢−¥-
−¨¥ (16) ¯à¨¬¥â ¢¨¤:

Yk+1 = akYk + b0kV
d
k .

‚ ®á−®¢¥ Œ�� «¥¦�â á«¥¤ãîé¨¥ á®®â−®è¥−¨ï ¨ ãà�¢−¥−¨ï [10, 11]:

gN1k(λ) = exp

{

iλmk −
1

2
λTKkλ

}

;

gNk1k2 = exp

{

i�λT �m2 −
1

2
�λT �K2�λ

}

;

mk+1 = a1k = M
N
–yak , m1 = M

N
–yY1 ;

Kk+1 = a2k = M
N
–y

[

aka
T
k

]

−
[

MN–yak
]

[

MN–yaTk

]

+MN–y

[

bkν
d
kb
T
k

]

;

K1 = M
N
–y

[

Y 01 Y
0T
1

]

;

K(—, l, h) = a3k = M
N
–y

[

Y 0l ah(Yh)
T
]

, K(—, l, l) = Kl (l < h) ;

K(—, l, h) = K(—, h, l)T (l > h) .

‚ ®á−®¢¥ Œ‘‹ ¯®á«¥ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ äã−ªæ¨¨ ak(—, Yk) á®-
£«�á−®

ak (—, Yk) = a0k (—,mk,Kk) + k
a
1k (—,mk,Kk)Y

0
k

¡ã¤ãâ «¥¦�âì ãà�¢−¥−¨ï [10, 11]:

mk+1 = a0k , m(1) = m1 ;

Kk+1 = k
a
1kKk (k

a
1k)
T + b0kν

d
kb
T
0k , K(1) = K1 ;

K(—, l, h+ 1) = K(—, l, h)(ka1h)
T , K(—, l, l) = Kl ¯à¨ l < h ,

K(—, l, h) = K(—, h, l)T ¯à¨ l > h .

„«ï ®¯à¥¤¥«¥−¨ï áâ�æ¨®−�à−ëå ‘â� á®£«�á−® Œ�� ¨ Œ‘‹ á å�à�ªâ¥à¨áâ¨-
ª�¬¨

mk = m
∗ ; Kk = K

∗ ; K(—, l, h) = k∗(r) (r = h− l)

¨á¯®«ì§ã¥âáï ãà�¢−¥−¨¥

m∗ = a1k (—,m
∗,K∗) ,
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� â�ª¦¥ ãà�¢−¥−¨ï
K∗ = a2k (—,m

∗,K∗) ;

K∗ = ka1K∗ (ka1)
T + b0ν

d
kb
T
0 ;

k∗ (—, r + 1) = k(r) (ka1)
T , k∗(0) = K∗ .

Š�ª á«¥¤ã¥â ¨§ ãà�¢−¥−¨© Œ��, −¥®¡å®¤¨¬® ã¬¥âì ¢ëç¨á«ïâì á«¥¤ãîé¨¥
¨−â¥£à�«ë:

Ia0k = I
a
0k (—,mk,Kk) = M

N
–y [ak (—, Yk)] ; (17)

Ia1k = I
a
1k (—,mk,Kk) = M

N
–y

[

ak (—, Yk)Y
0T
k

]

; (18)

Iσ0k = I
σ
0k (—,mk,Kk) = M

N
–y [σ (—, Yk)]

(

σ (—, Yk) = bkν
d
kb
T
k

)

.

„«ï Œ‘‹ ¤®áâ�â®ç−® ¢ëç¨á«¨âì ¨−â¥£à�« (17), ¯à¨ç¥¬ ¨−â¥£à�« (18) ¢ëç¨á-
«ï¥âáï ¯® ä®à¬ã«¥:

ka1k = k
a
1k (—,mk,Kk) =

[

∂

∂mk
Ia0k (—,mk,Kk)

T

]T

.

5 Заключение

÷�áá¬®âà¥−ë −¥¯à¥àë¢−ë¥ ¨ ¤¨áªà¥â−ë¥ ‘â‘ (¢ â®¬ ç¨á«¥ ¨ −� £«�¤ª¨å
¬−®£®®¡à�§¨ïå) á ¢¨−¥à®¢áª¨¬¨ ¨ ¯ã�áá®−®¢áª¨¬¨ èã¬�¬¨ ¨ á ‘„÷�. ’�ª¨¥
¬®¤¥«¨ ®¯¨áë¢�îâ ¯®¢¥¤¥−¨¥ àï¤� á®¢à¥¬¥−−ëå −�−®- ¨ ª¢�−â®¢®®¯â¨ç¥áª¨å
áà¥¤áâ¢ ¨−ä®à¬�â¨ª¨. �à¨¢®¤ïâáï ãà�¢−¥−¨ï Œ�� ¨ Œ‘‹ ¤«ï �−�«¨â¨ç¥-
áª®£® ¬®¤¥«¨à®¢�−¨ï −¥áâ�æ¨®−�à−ëå ¨ áâ�æ¨®−�à−ëå −®à¬�«ì−ëå ¯à®æ¥áá®¢.
÷�áá¬�âà¨¢�îâáï ¬¥â®¤ë ¢ëç¨á«¥−¨ï â¨¯®¢ëå ¨−â¥£à�«®¢ ¤«ï ®¤−®- ¨ ¬−®£®¬¥à-
−ëå ‘„÷� áª�«ïà−®£® ¨ ¢¥ªâ®à−®£® �à£ã¬¥−â�, ¯®«ãç�îé¨åáï ¨§ áã¯¥à¯®§¨æ¨¨
â¨¯®¢ëå „÷�.

Œ¥â®¤¨ç¥áª®¥ ¨ �«£®à¨â¬¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¯®«®¦¥−® ¢ ®á−®¢ã ¬®¤ã«ï
úStS-CFRNû, ¢å®¤ïé¥£® ¢ ¡¨¡«¨®â¥ªã úStS-Analysisû [17]. ’¥áâ¨à®¢�−¨¥ ¬®¤ã-
«ï ¯à®¢¥¤¥−® á ¯®¬®éìî ¯à¨¬¥à®¢ �.1{�.3 ¨ �.6.

÷¥§ã«ìâ�âë ¤®¯ãáª�îâ ®¡®¡é¥−¨¥ −� á«ãç�© ¤¨áªà¥â−ëå ‘â‘, � â�ª¦¥ ¨−â¥-
£à®¤¨ää¥à¥−æ¨�«ì−ëå ¨ ®¯¥à�â®à−ëå ‘â‘ á ‘„÷�, ¢ â®¬ ç¨á«¥ á �¢â®ª®àà¥«¨-
à®¢�−−ë¬¨ èã¬�¬¨.

Приложения

�.1. „«ï â¨¯®¢®© „÷� ¢¨¤� RäòH(y) = 1/(y2 + b2), ãç¨âë¢�ï á®®â−®è¥−¨¥ [3]
∞
∫

0

e−h2η2

η2 + b2
dη =

π

2b
eh2b2erfc (hb) (h2 > 0 , b2 > 0) ,
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£¤¥

erfc (x) =
2√
π

∞
∫

x

e−t2dt = 1− erf x ; erf x = 2√
π

x
∫

0

e−t2dt ,

¨¬¥¥¬ á«¥¤ãîé¥¥ ¢ëà�¦¥−¨¥ ¤«ï ¨−â¥£à�«� (13) ¯à¨ h2 = Dy/2:

I0 = M
N

[

1

Y 2 + b2

]

=
1

√

2πDy

∞
∫

−∞

e−η2/(2Dy)dη

η2 + b2
=
π

b
eb2/(2Dy)erfc

(

b
√

2Dy

)

.

“ç¨âë¢�ï ¨§¢¥áâ−®¥ −¥à�¢¥−áâ¢® [12, 13]

ξ

ξ2 + 1
<

√
π

2
eξ2erfc (ξ) <

1

2ξ
,

¯®«ãç¨¬ á«¥¤ãîé¥¥ −¥à�¢¥−áâ¢® ¤«ï ¨−â¥£à�«� I0(ξ):

I−0 (ξ) < I0(ξ) < I+0 (ξ)

(

ξ2 =
b2

2Dy

)

;

I+0 =
π

b

(

eξ2 − 2√
π

ξ

2ξ2 + 1

)

, I−0 =
π

b

(

eξ2 − 1√
πξ

)

.

’�ª¨¬ ®¡à�§®¬, ¤«ï ¢ëç¨á«¥−¨ï íâ®£® ¨−â¥£à�«� ¨á¯®«ì§ãîâáï â�¡«¨æë äã−ªæ¨©
erf (ξ) ¨«¨ erfc (ξ) [12, 13] «¨¡® ¯®«ãç¥−−ë¥ −¥à�¢¥−áâ¢�.

�.2. „«ï ‘„÷� RCäòH(y) = y2/(y2 + b2), ãç¨âë¢�ï á®®â−®è¥−¨¥ [18]
∞
∫

0

η2e−h2η2

η2 + b2
dη =

√
π

2h
− πb

2
eh2b2 [1− erf (bh)] ,

¯®«ãç�¥¬

IäòH0 =

√
π

h
− πbeh2b2 [1− erf (bh)] =

√

2πDy − πbeb2/(2Dy)

[

1− erf
(

b
√

2Dy

])

.

�.3. „«ï ‘„÷� ¢¨¤� RCäòH(y) = (y + b)−11(y) ¯à¨ h2 > 0, b > 0, ãç¨âë¢�ï
á®®â−®è¥−¨¥ [3]

∞
∫

0

e−h2η2

η + b
dη = e−h2b2







√
π

h
√

b
∫

0

eη2dη − 1
2
E i(h2b2)







(Ei | ¨−â¥£à�«ì−�ï ¯®ª�§�â¥«ì−�ï äã−ªæ¨ï [7, 12, 13]), ¨¬¥¥¬ á«¥¤ãîé¥¥ ¢ëà�¦¥−¨¥
¤«ï ¨−â¥£à�«� (13) ¯à¨ h2 = Dy/2:
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ˆ. �. ‘¨−¨æë−, ‚. ˆ. ‘¨−¨æë−, ˆ. ‚. ‘¥à£¥¥¢ ¨ ¤à.

IäòH0 = MN

[

1(y)

Y + b

]

=
1

√

2πDy

∞
∫

−∞

1(η)e−η2/(2Dy)

η + b
dη =

=
1

√

2πDy

e−b2/(2Dy)









√
π

√
b/(2Dy)
∫

0

eη2dη − 1
2
E i

(

b2

2Dy

)









.

�.4. ‘«®¦−ë¥ −¥«¨−¥©−®áâ¨, ¯à¨¢®¤¨¬ë¥ ª ‘„÷�.

1. …á«¨ áª�«ïà−�ï á«®¦−�ï −¥«¨−¥©−®áâì (‘�) ï¢«ï¥âáï „÷” ®â sin y ¨ cos y, â®
¯®«�£�îâ u = tg y/2, â�ª çâ®

sin y =
2u

1 + u2
; cos y =

1− u2

1 + u2
.

2. …á«¨ áª�«ïà−�ï ‘� ï¢«ï¥âáï „÷” ®â sh y ¨ ch y, â® ¯®«�£�îâ u = th y/2, â�ª çâ®

sh y =
2u

1− u2
; ch y =

1 + u2

1− u2
.

3. …á«¨ áª�«ïà−�ï ‘� ï¢«ï¥âáï „÷” ®â y ¨ «¨¡® (1 − y2)1/2, «¨¡® (y2 − 1)1/2,
«¨¡® (y2 + 1)1/2, â® §�¤�ç� á¢®¤¨âáï ª á«ãç�ï¬ 1{2, ¥á«¨ á¤¥«�âì á®®â¢¥âáâ¢ãîé¨¥
¯®¤áâ�−®¢ª¨ y = cos v, ¨«¨ y = ch v, ¨«¨ y = sh v.

4. …á«¨ áª�«ïà−�ï ‘� ï¢«ï¥âáï „÷” ®â y ¨ «¨¡® (y2 + 1)1/2, «¨¡® (y2 − 1)1/2,
â® ¬®¦−® ¯®«®¦¨âì á®®â¢¥âáâ¢¥−−® u = y + (y2 ± 1)1/2. ’®£¤� á«¥¤ã¥â á¤¥«�âì
¯®¤áâ�−®¢ªã

y =
1

2

(

u± 1
u

)

;
(

y2 ± 1
)1/2
=
1

2

(

u± 1
u

)

.

5. …á«¨ áª�«ïà−�ï ‘� ï¢«ï¥âáï „÷” ®â y ¨ ®â (ay2 + by + c)1/2, â® §�¤�ç� á¢®¤¨âáï
ª á«ãç�ï¬ 3{4, ¥á«¨ á¤¥«�âì ¯®¤áâ�−®¢ªã

v =
2ay + b

√

|4ac− b2|
; y =

v
√

|4ac− b2| − b

2a
.

6. …á«¨ áª�«ïà−�ï ‘� ï¢«ï¥âáï „÷” ®â y ¨ u =
√

(ay + b)/(cy + d), ¯à¨ç¥¬ |ad −
− bc| 6= 0, â® ¢ ª�ç¥áâ¢¥ −®¢®© ¯¥à¥¬¥−−®© ¡¥àãâ u.

�.5. ‚ ®á−®¢¥ ¬®¤¥«¥© á®¢à¥¬¥−−ëå áà¥¤áâ¢ á¥©á¬®ã¤�à®§�é¨âë «¥¦�â ã¯àã£®-
¯«�áâ¨ç¥áª¨¥ �¬®àâ¨§¨àãîé¨¥ í«¥¬¥−âë [17, 19]. Š�ª ¯à�¢¨«®, ¨å å�à�ªâ¥à¨áâ¨ª¨,
®¯¨áë¢�îâáï ä®à¬ã«�¬¨ �.1{�.4.

�.6. ‚ ®á−®¢¥ ¬®¤¥«¨ «�§¥à−®£® ¨−â¥àä¥à®¬¥âà� «¥¦¨â á«¥¤ãîé¥¥ ãà�¢−¥−¨¥ [20]:

�Xt + ω
2
0Xt +

c0

X2t + c
2 = a− 2εω0 ‘Xt + bV . (19)
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå ¯à®æ¥áá®¢

‡¤¥áì ε, ω0, c0, c, a ¨ b | ¯®áâ®ï−−ë¥ ¯�à�¬¥âàë; V | £�ãáá®¢áª¨© ¡¥«ë© èã¬
¨−â¥−á¨¢−®áâ¨ ν.

�®«�£�ï Xt = Y1 ¨ ‘Y1 = Y2 ¨ ãç¨âë¢�ï ‘Y2 = Y2(dY2/dY1), ¯®«ãç¨¬ á«¥¤ãîé¨¥
¤¨ää¥à¥−æ¨�«ì−ë¥ á®®â−®è¥−¨ï ¤«ï ä�§®¢®£® ¯®àâà¥â� à�áá¬�âà¨¢�¥¬®© ¤¨−�¬¨ç¥áª®©
á¨áâ¥¬ë ¯à¨ a = 0, b = 0 ¨ ε = 0:

dY2
dY1
= −ω

2
0Y1(Y

2
1 + c

2) + c0

Y2(Y
2
1 + c

2)
;

Y 22
2
+ š(Y1) =

Y 220
2
+ š(Y10) ,

£¤¥

š(Y1) =

∫
(

ω20Y1
2
+

c0

Y 21 + c
2

)

dY1 =
1

2
ω20Y

2
1 +

c0
c
arctg

Y1
c
+ const . (20)

“à�¢−¥−¨ï (19) ¯à¨a = 0, b = 1 ¨ c0 > 0 ¤®¯ãáª�îâ à¥¦¨¬ áâ�æ¨®−�à−ëå áâ®å�áâ¨ç¥áª¨å
ª®«¥¡�−¨© á ®¤−®¬¥à−®© ¯«®â−®áâìî, ¢ëç¨á«ï¥¬®© ¯® ä®à¬ã«¥ ƒ¨¡¡á� [10]:

f∗
1 (y1, y2) = const · e−αH(y1,y2).

‡¤¥áì H = H(y1, y2) | äã−ªæ¨ï ƒ�¬¨«ìâ®−� H = (Y 22 /2) + š(Y1), £¤¥ š(Y1) ®¯à¥-
¤¥«¥−� ¢ (20). �âáî¤� ¢¨¤−®, çâ® à�á¯à¥¤¥«¥−¨¥ Y2 £�ãáá®¢áª®¥, � à�á¯à¥¤¥«¥−¨¥ Y1
−¥£�ãáá®¢áª®¥.

“à�¢−¥−¨ï Œ‘‹ ¤«ï ®¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¯¥à¢®£® ¨ ¢â®à®£® ¯®-
àï¤ª� ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

‘m1 = m2 ; ‘m2 = −ω20m1 − 2εω0m2 +R0(m1, D1) ;
‘D1 = 2K12 ; ‘D2 = ν − 2λK12 − 4εω0D2 ;

‘K12 = D2 − λD1 − 2εω0K12 .















(21)

‡¤¥áì

λ = λ(m1, D1) = ω
2
0

[

1− R1(m1, D1)

ω20

]

;

R0(m1, D1) =
1

√

2πD1

∞
∫

−∞

c0

η2 + c2
e−(η−m1)

2/(2D1)dη =

=
2c0

√

2πD1
e−m2

1
/(2D1)

∞
∫

0

e−η2/(2D1)+η(m1/D1)
dη

η2 + c2
;

R1(m1, D1) =
∂R0(m1, D1)

∂m1
.

ˆ§ (21) ¯à¨ ε > 0 ¤«ï ãáâ®©ç¨¢®£® áâ�æ¨®−�à−®£® à¥¦¨¬� ¨¬¥¥¬ á®®â−®è¥−¨ï:

m∗
2 = 0 ; m

∗
1 = R0 (m

∗
1, D

∗
1)ω

−2
0 ; D

∗
2 = α =

ν∗

4εω0
; K∗

12 = 0 ; D
∗
1λ(m

∗
1, D

∗
1) = α .
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ˆ. �. ‘¨−¨æë−, ‚. ˆ. ‘¨−¨æë−, ˆ. ‚. ‘¥à£¥¥¢ ¨ ¤à.

�à¨ �−�«¨â¨ç¥áª®¬ ¬®¤¥«¨à®¢�−¨¨ ¯à®æ¥áá®¢ ¢ (21) ¨á¯®«ì§®¢�«¨áì ®âà¥§ª¨ á«¥-
¤ãîé¨å áâ¥¯¥−−ëå ¯à¥¤áâ�¢«¥−¨© äã−ªæ¨© R0 = R0(m1, D1), R1 = R1(m1, D1)
¨ λ = λ(m1, D1):

R0 =
∞
∑

r=1

γR0
r (D1)R0r(ξ

2
1) ;

R1 =

∞
∑

r=1

γR1
r (D1)R1r(ξ1) ;

λ = λ(m1, D1) = ω
2
0

[

1− R1(m1, D1)

ω20

]

.

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

γR0
r (D1) =

c0

c2(r+1)
Dr
1 ; γR1

r (D1) = D
r−1/2
1 ;

R0r
(

ξ21
)

= e−ξ2
1
/2

∞
∑

ρ=1

[2(r + ρ)− 1]!!
(2ρ)!

ξ2ρ1 ; R1r (ξ1) = 2ξ1
∂R0r(ξ

2
1)

∂ξ21
.

�à¨ ¨å ¢ë¢®¤¥ ¡ë«¨ ¨á¯®«ì§®¢�−ë á«¥¤ãîé¨¥ ¨−â¥£à�«ë ¨ àï¤ë [7, 10, 13]:

∞
∫

0

t2n+1e−at2/2 dt =
n!

2nan+1 ;

∞
∫

0

t2ne−at2/2 dt =
(2n− 1)!!
2an

√

2π

a
;

∞
∫

−∞

t2p+1e−(at2/2)+bt dt =

∞
∫

0

t2p+1e−at2/2
(

ebt + e−bt
)

dt ;

ex + e−x = 2

∞
∑

γ=1

x2γ

(2γ)!
; (1 + x)−1 =

∞
∑

r=0

(−1)rxr .

Š�ª ¯®ª�§�−® ¢ [17], â®ç−®áâì ¨ çã¢áâ¢¨â¥«ì−®áâì �«£®à¨â¬®¢ ¢ áâ�æ¨®−�à−®¬ à¥¦¨¬¥
¯à¨ ¬�«ëå ®â−®è¥−¨ïå á¨£−�«/èã¬ ξ1 á®áâ�¢«ïîâ 0,1%{1%, � ¯à¨ ¡®«ìè¨å | 10%{
20%. „«ï â¨¯®¢ëå â¥å−¨ç¥áª¨å ¯à¨¬¥−¥−¨© íâ®£® ¢¯®«−¥ ¤®áâ�â®ç−®.
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¬¨¨ −�ãª; ¯à®ä¥áá®à ��æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ï¤¥à−®£® ã−¨¢¥àá¨â¥â�
úŒˆ”ˆû
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�¡ �¢â®à�å

Šãç¨− �«¥ªá�−¤à ‘¥à£¥¥¢¨ç (à. 1993) | áâã¤¥−â Œ®áª®¢áª®£® â¥å−®«®£¨ç¥áª®£®
ã−¨¢¥àá¨â¥â� (Œˆ÷��)
�¨ª¨è¨− „¬¨âà¨© �«¥ªá�−¤à®¢¨ç (à. 1976) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
§�¢¥¤ãîé¨© á¥ªâ®à®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ −ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
÷§�¥¢ ÷�¬¨− ÷§� ®£«ë (à. 1961) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à, £«�¢-
−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� á¨áâ¥¬ ã¯à�¢«¥−¨ï ��æ¨®−�«ì−®© �ª�¤¥¬¨¨
−�ãª �§¥à¡�©¤¦�−�
‘¥à£¥¥¢ ˆ£®àì ‚¨ªâ®à®¢¨ç (à. 1965) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, §�¬¥áâ¨â¥«ì
¤¨à¥ªâ®à� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥-
−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘¨−¨æë− ‚«�¤¨¬¨à ˆ£®à¥¢¨ç (à. 1968) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¤®æ¥−â, §�¢¥¤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
‘¨−¨æë− ˆ£®àì �¨ª®«�¥¢¨ç (à. 1940) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥á-
á®à, §�á«ã¦¥−−ë© ¤¥ïâ¥«ì −�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
•®à®è¨«®¢ �«¥ªá�−¤à �«¥ªá¥¥¢¨ç (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¥© �«¥ªá¥¥¢¨ç (à. 1958) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
˜®à£¨− ‚á¥¢®«®¤ ‘¥à£¥¥¢¨ç (à. 1978) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥© ¤«ï ¯ã¡«¨ª�æ¨¨
¢ ¦ãà−�«¥ ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û

†ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ¯ã¡«¨ªã¥â â¥®à¥â¨ç¥áª¨¥, ®¡§®à−ë¥
¨ ¤¨áªãáá¨®−−ë¥ áâ�âì¨, ¯®á¢ïé¥−−ë¥ −�ãç−ë¬ ¨áá«¥¤®¢�−¨ï¬ ¨ à�§à�¡®âª�¬ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

†ãà−�« ¨§¤�¥âáï −� àãááª®¬ ï§ëª¥. �® á¯¥æ¨�«ì−®¬ã à¥è¥−¨î à¥¤ª®««¥£¨¨
®â¤¥«ì−ë¥ áâ�âì¨ ¬®£ãâ ¯¥ç�â�âìáï −� �−£«¨©áª®¬ ï§ëª¥.

’¥¬�â¨ª� ¦ãà−�«� ®å¢�âë¢�¥â á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï:

{ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨å ¯®áâà®¥−¨ï;
{ �àå¨â¥ªâãà� ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−, ª®¬¯«¥ªá®¢ ¨ á¥-

â¥©;
{ ¬¥â®¤ë ¨ áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨.

1. ‚ ¦ãà−�«¥ ¯¥ç�â�îâáï áâ�âì¨, á®¤¥à¦�é¨¥ à¥§ã«ìâ�âë, à�−¥¥ −¥ ®¯ã¡«¨ª®¢�−−ë¥
¨ −¥ ¯à¥¤−�§−�ç¥−−ë¥ ª ®¤−®¢à¥¬¥−−®© ¯ã¡«¨ª�æ¨¨ ¢ ¤àã£¨å ¨§¤�−¨ïå.
�ã¡«¨ª�æ¨ï −¥ ¤®«¦−� −�àãè�âì §�ª®− ®¡ �¢â®àáª¨å ¯à�¢�å.
��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ ¢á¥ ¯à�¢� á®¡áâ¢¥−−¨ª®¢ ¤�−−®©
àãª®¯¨á¨ ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ −¥¨áª«îç¨â¥«ì−ë¥ ¯à�¢�
−� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥− ®â àãááª®-
£®) ¨ −� ¥¥ à�á¯à®áâà�−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. �¢â®àë ¤®«¦−ë ¯à¥¤®áâ�¢¨âì
¢ à¥¤�ªæ¨î ¯¨áì¬® ¢ á«¥¤ãîé¥© ä®à¬¥:
‘®£«�è¥−¨¥ ® ¯¥à¥¤�ç¥ ¯à�¢� −� ¯ã¡«¨ª�æ¨î:

úŒë, −¨¦¥¯®¤¯¨á�¢è¨¥áï, �¢â®àë àãª®¯¨á¨ ú. . . û, ¯¥à¥¤�¥¬ ãçà¥¤¨â¥«ï¬ ¨ à¥¤-
ª®««¥£¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û −¥¨áª«îç¨â¥«ì−®¥ ¯à�¢®
®¯ã¡«¨ª®¢�âì ¤�−−ãî àãª®¯¨áì áâ�âì¨ −� àãááª®¬ ï§ëª¥ ª�ª ¢ ¯¥ç�â−®©, â�ª
¨ ¢ í«¥ªâà®−−®© ¢¥àá¨ïå ¦ãà−�«�. Œë ¯®¤â¢¥à¦¤�¥¬, çâ® ¤�−−�ï ¯ã¡«¨ª�æ¨ï
−¥ −�àãè�¥â �¢â®àáª¨å ¯à�¢ ¤àã£¨å «¨æ ¨«¨ ®à£�−¨§�æ¨©, � â�ª¦¥ −¥ á®¤¥à¦¨â
á¢¥¤¥−¨©, §�¯à¥é¥−−ëå ª ®¯ã¡«¨ª®¢�−¨î ¢ ®âªàëâ®© ¯¥ç�â¨.
�®¤¯¨á¨ �¢â®à®¢: (ä. ¨. ®., ¤�â�, �¤à¥á)û.
�â® á®£«�è¥−¨¥ ¬®¦¥â ¡ëâì ¯à¥¤®áâ�¢«¥−® ¢ ¡ã¬�¦−®¬ ¢¨¤¥ ¨«¨ ¢ ¢¨¤¥ ®âáª�−¨à®-
¢�−−®© ª®¯¨¨ (á ¯®¤¯¨áï¬¨ �¢â®à®¢).
÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.
‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.
„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.
÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥©

5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.

7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.
��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.
�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.
÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 20 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
‘®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/2012 22 02 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2012 22 02 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.ru/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãááª®£® â¥ªáâ�
¢ «�â¨−¨æã, ¯à¨ íâ®¬ ¢ §�ª«�¤ª¥ ú¢�à¨�−âë. . . û á«¥¤ã¥â ¢ë¡à�âì ®¯æ¨î BNG.
‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".
�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":
�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Rus. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.
�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).
�¯¨á�−¨¥ ¬�â¥à¨�«®¢ ª®−ä¥à¥−æ¨©:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
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