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1 Введение

�®á«¥¤−¨¥ −¥áª®«ìª® ¤¥áïâ¨«¥â¨© §�¤�ç� ®¡à�¡®âª¨ â¥ªáâ®¢ −� ¥áâ¥áâ¢¥−−®¬
ï§ëª¥ −¥ â¥àï¥â á¢®¥© �ªâã�«ì−®áâ¨. ��¯à�¢«¥−¨ï ¨áá«¥¤®¢�−¨© ¢ íâ®© ®¡«�áâ¨
¨§¬¥−¨«¨áì −¥§−�ç¨â¥«ì−®, −® ¬¥â®¤ë âà�−áä®à¬¨à®¢�«¨áì ¤®¢®«ì−® áãé¥áâ¢¥−-
−®. …á«¨ à�−ìè¥ −�ãç−ë¥ ª®««¥ªâ¨¢ë á®§¤�¢�«¨ ¨−áâàã¬¥−â�à¨© ®¡à�¡®âª¨
â¥ªáâ®¢, ¨á¯®«ì§ãï íªá¯¥àâ®¢-«¨−£¢¨áâ®¢ ¤«ï ä®à¬¨à®¢�−¨ï ¯à�¢¨« á¥¬�−â¨ª®-
á¨−â�ªá¨ç¥áª®£® �−�«¨§�, ¤¥ª«�à�â¨¢−ëå áà¥¤áâ¢ ¨ ¤à., â® á¥©ç�á ¢á¥ ¡®«ìèãî
¯®¯ã«ïà−®áâì −�¡¨à�îâ ¬¥â®¤ë ¬�è¨−−®£® ®¡ãç¥−¨ï, ª®â®àë¥ ¢ ¯¥àá¯¥ªâ¨¢¥
¤®«¦−ë §�¬¥−¨âì ªà®¯®â«¨¢ë© àãç−®© âàã¤. Š á®¦�«¥−¨î, −� ¤�−−ë© ¬®¬¥−â
¨áá«¥¤®¢�−¨ï ¢ íâ®© ®¡«�áâ¨ ¥é¥ −¥ ¯®§¢®«ïîâ ¤®¡¨âìáï áâ�¡¨«ì−® ¢ëá®ª®£®
ª�ç¥áâ¢� ®¡à�¡®âª¨.

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 18-37-00110 ¬®« �).
1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
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�¢â®¬�â¨ç¥áª®¥ ¯®áâà®¥−¨¥ á¨−â�ªá¨ç¥áª¨å ¬®¤¥«¥© ï§ëª� ¤«ï ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨

�¤−®© ¨§ æ¥−âà�«ì−ëå §�¤�ç ®¡à�¡®âª¨ â¥ªáâ®¢ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥ ï¢«ï-
¥âáï ä®à¬¨à®¢�−¨¥ â®ç−ëå ¤�−−ëå ® á¨−â�ªá¨ç¥áª®© áâàãªâãà¥ â¥ªáâ�. ‚ −�-
áâ®ïé¥¥ ¢à¥¬ï à�§à�¡®â�−® §−�ç¨â¥«ì−®¥ ç¨á«® á¨−â�ªá¨ç¥áª¨å ¬®¤¥«¥© â¥ªáâ®¢,
¢á¥ ®−¨ ï¢«ïîâáï ãá«®¢−ë¬ ®âà�¦¥−¨¥¬ ¨å áâàãªâãàë ¨ ®à¨¥−â¨à®¢�−ë −� à¥è¥-
−¨¥ ª®−ªà¥â−ëå ¯à�ªâ¨ç¥áª¨å §�¤�ç �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ â¥ªáâ®¢. ‹î¡�ï
á¨−â�ªá¨ç¥áª�ï ¬®¤¥«ì ¢á¥£¤� −¥¯®«−� ¨ á®¤¥à¦¨â ®è¨¡ª¨, á¢ï§�−−ë¥ á −¥¢®§-
¬®¦−®áâìî ãáâ�−®¢«¥−¨ï ®¤−®§−�ç−ëå ¯à�¢¨« á¨−â�ªá¨ç¥áª®£® à�§¡®à� â¥ªáâ®¢.
‚ á¢ï§¨ á íâ¨¬ ¢®§−¨ª�¥â ¯®âà¥¡−®áâì ¢ ¨−áâàã¬¥−â�à¨¨, ¯®§¢®«ïîé¥¬ ¯®áâ®ï−−®
¯®¯®«−ïâì á¨−â�ªá¨ç¥áª¨¥ ¬®¤¥«¨, ®¯¨à�ïáì −� −®¢ë¥ ®¡ãç�îé¨¥ ¤�−−ë¥.

2 Синтаксическая модель языка на основе обобщенных синтагм

Š®−æ¥¯æ¨ï äà�§¥®«®£¨ç¥áª®£® ª®−æ¥¯âã�«ì−®£® �−�«¨§� â¥ªáâ®¢, à�§à�¡®-
â�−−�ï ¯à®ä. ƒ. ƒ. �¥«®−®£®¢ë¬ á®¢¬¥áâ−® á ¥£® ãç¥−¨ª�¬¨, ¢ à�¬ª�å ª®â®à®©
¯à®¢®¤¨«®áì ¤�−−®¥ ¨áá«¥¤®¢�−¨¥, ¡�§¨àã¥âáï −� ¬�è¨−−®© £à�¬¬�â¨ª¥, ¢ ®á−®¢ã
ª®â®à®© ¯®«®¦¥−� á¨áâ¥¬� ä«¥ªâ¨¢−ëå ª«�áá®¢ àãááª¨å á«®¢ [1]. ‡�«®¦¥−−®¥
¢ â¥®à¥â¨ç¥áª®© ª®−æ¥¯æ¨¨ ä«¥ªâ¨¢−ëå ª«�áá®¢ á«®¢ àãááª®£® ï§ëª� ¦¥áâª®¥
á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã ä®à¬®© ¯à¥¤áâ�¢«¥−¨ï á«®¢ ¨ ¨å £à�¬¬�â¨ç¥áª®© ¨−ä®à¬�-
æ¨¥© ¯®§¢®«¨«® á®§¤�âì −� íâ®© ®á−®¢¥ −®¢ë¥ ª«�ááë | ª«�ááë á«®¢, ¨¬¥îé¨¥
®¤¨−�ª®¢ë¥ −�¡®àë £à�¬¬�â¨ç¥áª¨å ¯à¨§−�ª®¢, á®®â¢¥âáâ¢ãîé¨¥ ¨å ä®à¬�¬
¯à¥¤áâ�¢«¥−¨ï ¢ áå®¤−ëå ª®−â¥ªáâ−ëå ®ªàã¦¥−¨ïå.

�à¨ à�§à�¡®âª¥ íâ®© á¨−â�ªá¨ç¥áª®© ¬®¤¥«¨ â¥ªáâ®¢ �¢â®àë ¨áå®¤¨«¨ ¨§
á«¥¤ãîé¥© £¨¯®â¥§ë: ®¤¨−�ª®¢ë¬ ¯®á«¥¤®¢�â¥«ì−®áâï¬ ®¡®¡é¥−−ëå á¨¬¢®«®¢
ª«�áá®¢ á«®¢ (®¡®¡é¥−−ë¬ á¨−â�£¬�¬) ¤®«¦−ë á®®â¢¥âáâ¢®¢�âì ®¤¨−�ª®¢ë¥ á¨−-
â�ªá¨ç¥áª¨¥ áâàãªâãàë. �à¨ íâ®¬ ¯à¥¤¯®«�£�«®áì, çâ® â�ª�ï £¨¯®â¥§� ¢¥à−�
¤«ï «î¡ëå á¨−â�ªá¨ç¥áª¨å ¬®¤¥«¥© ¨ ¬®¦¥â ¡ëâì ¯®«¥§−� ¯à¨ à¥è¥−¨¨ ª�ª
£«®¡�«ì−ëå, â�ª ¨ ç�áâ−ëå §�¤�ç á¨−â�ªá¨ç¥áª®£® �−�«¨§�.

‚ ¯à®æ¥áá¥ à¥�«¨§�æ¨¨ ¯à¥¤«�£�¥¬®© á¨−â�ªá¨ç¥áª®© ¬®¤¥«¨ ¡ë«� à�§à�-
¡®â�−� á¨áâ¥¬� ®¡®¡é¥−−ëå á¨¬¢®«®¢ ª«�áá®¢ á«®¢, ª®â®à�ï ®âà�¦�¥â á¨áâ¥¬ã
£à�¬¬�â¨ç¥áª¨å ª�â¥£®à¨© á«®¢, � â�ª¦¥ £à�¬¬�â¨ç¥áª¨¥ ¯à¨§−�ª¨ ª®−ªà¥â-
−®© ä®à¬ë á«®¢�, á®£«�á®¢�−−®© á ª®−â¥ªáâ−ë¬ â¥ªáâ®¢ë¬ ®ªàã¦¥−¨¥¬. �ë«®
ãáâ�−®¢«¥−®, çâ® −®¬¥à� ä«¥ªâ¨¢−ëå ª«�áá®¢ ¨ £à�¬¬�â¨ç¥áª¨å ®ª®−ç�−¨© ¯®-
§¢®«ïîâ ®¤−®§−�ç−® ãáâ�−®¢¨âì ¢á¥ −�¡®àë ®á−®¢−ëå £à�¬¬�â¨ç¥áª¨å ¯à¨§−�ª®¢
ª®−ªà¥â−®© ä®à¬ë á«®¢� (à®¤, ç¨á«®, ¯�¤¥¦, «¨æ®) [2]. �â® á®ç¥â�−¨¥ ¤¢ãå
¯�à�¬¥âà®¢ ¡ë«® ¢ë¡à�−® ¢ ª�ç¥áâ¢¥ í«¥¬¥−â� ¯à¥¤«�£�¥¬®© ä®à¬�«ì−®© ¬®¤¥«¨
á¨−â�ªá¨ç¥áª®© áâàãªâãàë â¥ªáâ®¢ −� ®á−®¢¥ ®¡®¡é¥−−ëå á¨−â�£¬. „�«¥¥ ¡ë«
áä®à¬¨à®¢�− ¤¢ãå¡�©â®¢ë© ¨−¤¥ªá ®¡®¡é¥−−ëå á¨−â�£¬, á®áâ®ïé¨© ¨§ ¤¢ãå
á¨¬¢®«®¢ | á¨¬¢®«� −®¬¥à� ä«¥ªâ¨¢−®£® ª«�áá� ¨ á¨¬¢®«� ¥£® £à�¬¬�â¨ç¥áª®-
£® ®ª®−ç�−¨ï. �à¨ −�§−�ç¥−¨¨ á¨¬¢®«®¢ ä«¥ªâ¨¢−ëå ª«�áá®¢, ç¨á«® ª®â®àëå
á®áâ�¢«ï¥â 231 ª«�áá, ¨á¯®«ì§®¢�«¨áì ¡ãª¢¥−−®-æ¨äà®¢ë¥ «�â¨−áª¨¥ ¨ ª¨à¨«-
«¨ç¥áª¨¥ á¨¬¢®«ë ª®¤¨à®¢®ç−®© â�¡«¨æë 1251 (ANSI, WIN), ¯à¨ −�§−�ç¥−¨¨
á¨¬¢®«®¢ £à�¬¬�â¨ç¥áª¨å ®ª®−ç�−¨©, ç¨á«® ª®â®àëå á®áâ�¢«ï¥â 72 ®ª®−ç�−¨ï,
â�ª¦¥ ¨á¯®«ì§®¢�«¨áì ¡ãª¢¥−−®-æ¨äà®¢ë¥ «�â¨−áª¨¥ ¨ ª¨à¨««¨ç¥áª¨¥ á¨¬¢®«ë
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‚. �. ‡�å�à®¢, �«-¤à �. •®à®è¨«®¢, �«-¥© �. •®à®è¨«®¢

ª®¤¨à®¢®ç−®© â�¡«¨æë 1251. ‚ â�¡«. 1 ¯à¨-’�¡«¨æ� 1 ”à�£¬¥−â á¯¨áª� −�-
¨¬¥−®¢�−¨© ¯®−ïâ¨©, ¯®«ãç¥−−ëå
¯® â¥ªáâã

‘¨¬¢®«ë
ä«¥ªâ¨¢−ëå
ª«�áá®¢ á«®¢

‘¨¬¢®«ë
£à�¬¬�â¨ç¥áª¨å
®ª®−ç�−¨© á«®¢

· · ·
036 | e
037 | f
040 | g
041 | h
042 | i
043 | j
044 | k
045 | l
· · ·

· · ·
ãâ | o
ãî | p
ë | q

ë¥ | r
ë© | s
ë¬ | t

ë¬¨ | u
ëå | v
· · ·

¢¥¤¥−ë äà�£¬¥−âë á¯¨áª®¢ ¡ãª¢¥−−®-æ¨äà®-
¢ëå á¨¬¢®«®¢ ä«¥ªâ¨¢−ëå ª«�áá®¢ ¨ á¨¬¢®«®¢
£à�¬¬�â¨ç¥áª¨å ®ª®−ç�−¨©.

’�ª¨¬ ®¡à�§®¬, á¨−â�ªá¨ç¥áª�ï ¬®¤¥«ì
ï§ëª� ¡ã¤¥â ¢ëà�¦¥−� á®¢®ªã¯−®áâìî ãáâ®©-
ç¨¢ëå á¨−â�ªá¨ç¥áª¨å ª®−áâàãªæ¨©, ¨¬¥îé¨å
ç�áâ®âã ¢áâà¥ç�¥¬®áâ¨ ¡®«¥¥ âà¥å. �à¨ íâ®¬
ª®à¯ãá â¥ªáâ®¢, ¨á¯®«ì§ã¥¬ë© ¤«ï ä®à¬¨à®-
¢�−¨ï á¨−â�ªá¨ç¥áª®© ¬®¤¥«¨ ï§ëª�, ¤®«¦¥−
¡ëâì §−�ç¨â¥«ì−®£® à�§¬¥à�. ˆáá«¥¤®¢�-
−¨ï ¯à®¢®¤¨«¨áì −� ª®à¯ãá¥ â¥ªáâ®¢ à�§¬¥-
à®¬ 1,5 ¬«− ¯à¥¤«®¦¥−¨©.

‚ â�¡«. 2 ¯à¨¢¥¤¥− äà�£¬¥−â ¯à¨¬¥à�
ä®à¬¨à®¢�−¨ï ¯®á«¥¤®¢�â¥«ì−®áâ¨ ®¡®¡é¥−-
−ëå á¨¬¢®«®¢ á¨−â�£¬ ¯à¥¤«®¦¥−¨ï. ‡¤¥áì
¤«ï ª�¦¤®£® í«¥¬¥−â� ¯à¥¤«®¦¥−¨ï (¯® −®-

¬¥àã ä«¥ªâ¨¢−®£® ª«�áá� ¨ ¡ãª¢¥−−®¬ã ª®¤ã £à�¬¬�â¨ç¥áª®£® ®ª®−ç�−¨ï) ¡ë«
áä®à¬¨à®¢�− ¨−¤¥ªá ®¡®¡é¥−−®© á¨−â�£¬ë á«®¢�. Š�ª ¢¨¤−® ¨§ íâ®© â�¡«¨æë,
¨−¤¥ªá ¢ −¥ï¢−®¬ ¢¨¤¥ á®¤¥à¦¨â ¨−ä®à¬�æ¨î ® «¥ªá¨ª®-£à�¬¬�â¨ç¥áª®¬ ª«�á-
á¥ á«®¢�, ª�â¥£®à¨¨ à®¤� ¨ ®¤ãè¥¢«¥−−®áâ¨ (¤«ï áãé¥áâ¢¨â¥«ì−ëå), ª�â¥£®à¨¨
¢®§¢à�â−®áâ¨ (¤«ï £«�£®«®¢ ¨ ®â£«�£®«ì−ëå ä®à¬), ¯à¨−�¤«¥¦−®áâ¨ ª ªà�âª®©

’�¡«¨æ� 2 ”à�£¬¥−â ¯à¨¬¥à� ¯à¥¤áâ�¢«¥−¨ï á¨−â�ªá¨ç¥áª®© áâàãªâãàë ¯à¥¤«®¦¥−¨ï
¢ ¢¨¤¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ á¨¬¢®«®¢ ª«�áá®¢ ®¡®¡é¥−−ëå á¨−â�£¬

‘«®¢� ¨áå®¤−®£®
¯à¥¤«®¦¥−¨ï ƒà�¬¬�â¨ç¥áª¨¥ ¯à¨§−�ª¨ á«®¢

‘¨¬¢®«
®¡®¡é¥−−®©
á¨−â�£¬ë

· · · · · · · · ·
à¥§¥à¢−-®© �®«−. ¯à¨«., ”Š = 103 1) ¦¥−. à., ¥¤. ç, à®¤ ¯.

2) ¦¥−. à., ¥¤. ç, ¤�â. ¯. 3) ¦¥−. à., ¥¤. ç., â¢. ¯.
4) ¦¥−. à., ¥¤. ç., ¯à¥¤. ¯.

”h

ª®â¥«ì−-®© �®«−. áã¡áâ�−â¨¢¨à®¢�−−®¥ ¯à¨«., ”Š = 103
1) ¦¥−. à., ¥¤. ç., à®¤. ¯. 2) ¦¥−. à., ¥¤. ç., ¤�â. ¯.
3) ¦¥−. à., ¥¤. ç., â¢. ¯. 4) ¦¥−. à., ¥¤. ç., ¯à¥¤. ¯.

”h

à�á¯®«®¦¥−-ë Šà�âª. ¯à¨ç., ”Š = 126, ¬−. ç. ¦q
−� �à¥¤«®£, ”Š = 164, ¬®¤. ã¯à. | 1) ¢¨−. ¯.,

2) ¯à¥¤. ¯.
7A

· · · · · · · · ·
�à¥¤áâ�¢«¥−¨¥ ¯à¥¤«®¦¥−¨ï ¢ ¢¨¤¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨−¤¥ªá®¢ ®¡®¡é¥−−ëå á¨−â�£¬
Aq –f ‰– ”h ”h ¦q 7A ”i ‰S ïA uA tS FB = ’àã¡®¯à®¢®¤ë ¢ëá®ª®£®
¤�¢«¥−¨ï à¥§¥à¢−®© ª®â¥«ì−®© à�á¯®«®¦¥−ë −� §−�ç¨â¥«ì−®¬ à�ááâ®ï−¨¨ ®â á¨áâ¥¬
¡¥§®¯�á−®áâ¨ ¡«®ª�
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�¢â®¬�â¨ç¥áª®¥ ¯®áâà®¥−¨¥ á¨−â�ªá¨ç¥áª¨å ¬®¤¥«¥© ï§ëª� ¤«ï ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨

¨«¨ ¯®«−®© ä®à¬¥ ¯à¨«�£�â¥«ì−®£® ¨ ¯à¨ç�áâ¨ï, â¨¯¥ ¥£® á«®¢®¨§¬¥−¨â¥«ì−®©
¯�à�¤¨£¬ë, ¡ãª¢¥−−®¬ ª®¤¥, ¤«¨−¥ á«®¢®¨§¬¥−¨â¥«ì−®© ®á−®¢ë ¨ £à�¬¬�â¨ç¥-
áª®£® ®ª®−ç�−¨ï. ‚ −¨¦−¥© ç�áâ¨ â�¡«¨æë ¯®ª�§�−® ¯à¥¤áâ�¢«¥−¨¥ ¯à¥¤«®¦¥−¨ï
¢ ¢¨¤¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨−¤¥ªá®¢ ®¡®¡é¥−−ëå á¨−â�£¬. �â¨ ¯®á«¥¤®¢�â¥«ì-
−®áâ¨ ä®à¬¨àãîâ á¨−â�ªá¨ç¥áªãî áâàãªâãàã ¯à¥¤«®¦¥−¨ï, í«¥¬¥−â�¬¨ ª®â®-
à®© ï¢«ïîâáï ª®−â�ªâ−® à�á¯®«®¦¥−−ë¥ ®¡ê¥ªâë, ®¡«�¤�îé¨¥ £à�¬¬�â¨ç¥áª¨¬¨
á¢®©áâ¢�¬¨ ª®−ªà¥â−ëå á«®¢-íâ�«®−®¢. Š®−ªà¥â−ë¬ í«¥¬¥−â�¬ áâàãªâãàë ¬®£ãâ
á®®â¢¥âáâ¢®¢�âì à�§«¨ç−ë¥ á«®¢�, £à�¬¬�â¨ç¥áª¨¥ ¯à¨§−�ª¨ ª®â®àëå ¨¤¥−â¨ç−ë.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¯®«ãç¥−−�ï á¨−â�ªá¨ç¥áª�ï áâàãªâãà� ¯à¥¤«®¦¥-
−¨ï ¢ ¢¨¤¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ á¨¬¢®«®¢ ®¡®¡é¥−−ëå á¨−â�£¬ ®âà�¦�¥â ¯®«-
−ë© −�¡®à ¬®àä®«®£¨ç¥áª¨å ¨ á¨−â�ªá¨ç¥áª¨å ¯à¨§−�ª®¢ á«®¢ ¯à¥¤«®¦¥−¨ï;
−�¯à¨¬¥à, ª�ª ¢¨¤−®, ¢ íâ®© áâàãªâãà¥ áã¡áâ�−â¨¢¨à®¢�−−®¥ ¯à¨«�£�â¥«ì−®¥
úª®â¥«ì−�ïû ¯® £à�¬¬�â¨ç¥áª®© ä®à¬¥ ï¢«ï¥âáï ¯à¨«�£�â¥«ì−ë¬, � ¯® á¨−â�ª-
á¨ç¥áª®© äã−ªæ¨¨ ¢ ¯à¥¤«®¦¥−¨¨ ¢ëáâã¯�¥â ¢ à®«¨ áãé¥áâ¢¨â¥«ì−®£®.

3 Алгоритм формирования синтаксической модели языка

‚ ¯à®æ¥áá¥ ¨áá«¥¤®¢�−¨© ¡ë« à�§à�¡®â�− �«£®à¨â¬, ¯®§¢®«ïîé¨© �¢â®-
¬�â¨ç¥áª¨ ä®à¬¨à®¢�âì á«®¢�àì ãáâ®©ç¨¢ëå á¨−â�ªá¨ç¥áª¨å ª®−áâàãªæ¨© ¤«ï
á¨−â�ªá¨ç¥áª®© ¬®¤¥«¨ ï§ëª�. „�«¥¥ ¯à¨¢¥¤¥¬ á�¬ �«£®à¨â¬.

˜�£ 1. ÷�§¤¥«¨âì â¥ªáâ −� ¯à¥¤«®¦¥−¨ï ¨ ¢ë¯®«−¨âì ®¡à�¡®âªã ª�¦¤®£® �−�-
«¨§¨àã¥¬®£® ¯à¥¤«®¦¥−¨ï ¯à®æ¥¤ãà®© ¬®àä®«®£¨ç¥áª®£® �−�«¨§�. �®«ãç¨âì
¤«ï ª�¦¤®£® á«®¢� á¨¬¢®« ä«¥ªâ¨¢−®£® ª«�áá� ¨ £à�¬¬�â¨ç¥áª®£® ®ª®−ç�−¨ï.

˜�£ 2. �à®¢¥áâ¨ á¨−â�ªá¨ç¥áª¨© �−�«¨§ ¯à¥¤«®¦¥−¨ï [3], ¯à®¢¥áâ¨ −�§−�ç¥−¨¥
£à�¬¬�â¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¨ ¯®áâà®¨âì ¤¥à¥¢® §�¢¨á¨¬®áâ¨ ¯à¥¤«®¦¥−¨ï.
÷�ááç¨â�âì ¢¥à®ïâ−®áâ¨ ¯à�¢¨«ì−®áâ¨ ¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨.

˜�£ 3. ‚ëï¢¨âì ¯®á«¥¤®¢�â¥«ì−®áâ¨ á«®¢, ¤«ï ª®â®àëå ¢¥à®ïâ−®áâì ¯à�¢¨«ì-
−®£® ãáâ�−®¢«¥−¨ï £à�¬¬�â¨ç¥áª®© ¨−ä®à¬�æ¨¨ à�¢−� 1.

˜�£ 4. ‘ä®à¬¨à®¢�âì ¤«ï íâ¨å ¯®á«¥¤®¢�â¥«ì−®áâ¥© ¨−¤¥ªáë ®¡®¡é¥−−ëå á¨−-
â�£¬.

˜�£ 5. ‘ä®à¬¨à®¢�âì ¨§ ¯®«ãç¨¢è¨åáï ¯®á«¥¤®¢�â¥«ì−®áâ¥© ¯®¤¯®á«¥¤®¢�-
â¥«ì−®áâ¨ à�§¬¥à®¬ ®â âà¥å á«®¢ ¤® ¤«¨−ë ¨áå®¤−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨.

˜�£ 6. „®¡�¢¨âì ¯®¤¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨−¤¥ªá®¢ ®¡®¡é¥−−ëå á¨−â�£¬, ¯®-
«ãç¥−−ë¥ −� è�£¥ 5, ¢ á«®¢�àì ãáâ®©ç¨¢ëå á¨−â�ªá¨ç¥áª¨å ª®−áâàãªæ¨©.
�¥à¥áç¨â�âì §−�ç¥−¨ï ç�áâ®â ¤«ï íâ¨å ¯®¤¯®á«¥¤®¢�â¥«ì−®áâ¥©.

˜�£ 7. ˆáª«îç¨âì ¨§ á«®¢�àï ãáâ®©ç¨¢ëå á¨−â�ªá¨ç¥áª¨å ª®−áâàãªæ¨© á¨−â�£-
¬ë á ç�áâ®â®© ¬¥−¥¥ âà¥å.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 28 −®¬¥à 4 2018 7



V. N. Zakharov, Al-dr A. Khoroshilov, and Al-ey A. Khoroshilov

4 Заключение

‚ áâ�âì¥ ®¯¨á�−� ¬®¤¥«ì á¨−â�ªá¨ç¥áª®© áâàãªâãàë â¥ªáâ®¢ −� ®á−®¢¥ ®¡®¡-
é¥−−ëå á¨−â�£¬ ¨ ¬¥â®¤ë ¥¥ �¢â®¬�â¨ç¥áª®£® ä®à¬¨à®¢�−¨ï. �à¥¤«�£�¥¬�ï
á¨−â�ªá¨ç¥áª�ï ¬®¤¥«ì ¡�§¨àã¥âáï −� ¬�è¨−−®© £à�¬¬�â¨ª¥, ¢ ®á−®¢ã ª®â®à®©
¯®«®¦¥−� á¨áâ¥¬� ä«¥ªâ¨¢−ëå ª«�áá®¢ àãááª¨å á«®¢. ‚ ¯à®æ¥áá¥ ¯à®¢¥¤¥−¨ï
¨áá«¥¤®¢�−¨© ¡ë«� áä®à¬¨à®¢�−� á¨−â�ªá¨ç¥áª�ï ¬®¤¥«ì ¤«ï àãááª®£® ï§ëª�,
¨áå®¤−ë¬¨ ¤�−−ë¬¨ ¤«ï ¥¥ á®§¤�−¨ï á«ã¦¨« ¬�áá¨¢, á®¤¥à¦�é¨© 1,5 ¬«−
¯à¥¤«®¦¥−¨©. �� ¢ëå®¤¥ ¡ë« ¯®«ãç¥− á«®¢�àì ãáâ®©ç¨¢ëå á¨−â�ªá¨ç¥áª¨å ª®−-
áâàãªæ¨© à�§¬¥à®¬ ¡®«¥¥ 40 âëá. „�−−�ï ¬®¤¥«ì ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ¤«ï
¬−®£¨å §�¤�ç ®¡à�¡®âª¨ â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨, áà¥¤¨ ª®â®àëå §�¤�ç¨ ¬�è¨−−®-
£® ¯¥à¥¢®¤�, á¨−â�ªá¨ç¥áª®£® �−�«¨§� â¥ªáâ®¢, ¢ëï¢«¥−¨ï ¯®−ïâ¨©−®£® á®áâ�¢�
â¥ªáâ®¢, à�§à¥è¥−¨ï ®¬®−¨¬¨¨ ¨ ¤àã£¨å. „®áâ®¨−áâ¢®¬ ¤�−−®© ¬®¤¥«¨ ï¢«ï¥âáï
¯à®áâ®â� ®¡ãç¥−¨ï ¨ ¢®§¬®¦−®áâì ¥¥ ¨á¯®«ì§®¢�−¨ï ¤«ï «î¡®£® ¥áâ¥áâ¢¥−−®£®
ï§ëª�.
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AUTOMATIC CONSTRUCTION OF SYNTACTIC LANGUAGE
MODELS FOR TEXT PROCESSING SYSTEMS
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Abstract: The article describes a formal model of the syntactic structure of texts
based on generalized syntagmas and methods of its automatic construction. The
proposed syntactic model is based on machine grammar which is based on the
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Automatic construction of syntactic language models for text processing systems

system of inflectional classes of Russian words. The correspondence between the
form of the representation of words and their grammatical information, laid down
in the theoretical conception of the inflectional classes of words in the Russian
language, made it possible to create on this basis new classes | classes of words
that have the same sets of grammatical features corresponding to their forms of
representation in similar context.

Keywords: syntactic model of language; computer grammar; morphological
analysis; semantic and syntactic analysis; formal model of syntactic text structure;
generalized syntagmas
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АЛГОРИТМ ОБСЛЕДОВАНИЯ ЗАМКНУТОГО ПОМЕЩЕНИЯ
АВТОНОМНЫМ МОБИЛЬНЫМ РОБОТОМ

О. П. Архипов1, А. В. Гасилов2, Ю. А. Маньяков3, О. А. Яковлев4

�−−®â�æ¨ï: �à¥¤«�£�¥âáï �«£®à¨â¬ ®¡á«¥¤®¢�−¨ï §�¬ª−ãâ®£® ¯®¬¥é¥−¨ï �¢-
â®−®¬−ë¬ ¬®¡¨«ì−ë¬ à®¡®â®¬, ®á−�é¥−−ë¬ à¥£¨áâà¨àãîé¨¬¨ ãáâà®©áâ¢�¬¨.
�áãé¥áâ¢«¥−� ¯®áâ�−®¢ª� §�¤�ç¨ ®¡á«¥¤®¢�−¨ï. �¯¨á�−−ë© �«£®à¨â¬ ¨á¯®«ì-
§ã¥â à�§à�¡®â�−−ãî ¬®¤¥«ì ¯à¥¤áâ�¢«¥−¨ï ¯«�−� ¯®¬¥é¥−¨ï, ®á−®¢�−−ãî −�
¯à¥¤áâ�¢«¥−¨¨ §�¬ª−ãâ®£® ¯®¬¥é¥−¨ï ¢ ¢¨¤¥ −¥¢ë¯ãª«®£® ¬−®£®ã£®«ì−¨ª�
¡¥§ á�¬®¯¥à¥á¥ç¥−¨©, á ¤ëàª�¬¨, ª®â®àë© ¨â¥à�â¨¢−® ä®à¬¨àã¥âáï −� ®á−®¢¥
¬−®£®à�ªãàá−®© à¥ª®−áâàãªæ¨¨, ¢ à¥§ã«ìâ�â¥ ç¥£® ®áãé¥áâ¢«ï¥âáï ¥£® ãâ®ç-
−¥−¨¥ ¨ −�à�é¨¢�−¨¥ ¯® ¬¥à¥ ®¡á«¥¤®¢�−¨ï ¯®¬¥é¥−¨ï. Šà®¬¥ â®£®, ¤�−−�ï
¬®¤¥«ì ¯®§¢®«ï¥â ä®à¬�«¨§®¢�âì ãá«®¢¨¥ ¯®«−®© ®¡á«¥¤®¢�−−®áâ¨ §�¬ª−ãâ®£®
¯®¬¥é¥−¨ï, ª®â®à®¥ ¬®¦¥â ¡ëâì ¯à®¢¥à¥−® §� ®£à�−¨ç¥−−®¥ ¢à¥¬ï, ¨ ¯®§¢®«ï-
¥â ¯®áâà®¨âì £à�ä ¤«ï ¯®¨áª� ¯ãâ¨ ¨ ®¡å®¤� ¯à¥¯ïâáâ¢¨©. �¯¨á�−ë ®á−®¢−ë¥
íâ�¯ë �«£®à¨â¬�, ¯à®¢¥¤¥− �−�«¨§ ¥£® ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨, � â�ª¦¥
¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë à�¡®âë �«£®à¨â¬� −� ®á−®¢¥ á¨−â¥â¨ç¥áª¨å −�¡®-
à®¢ ¢å®¤−ëå ¤�−−ëå. ÷�áá¬®âà¥− ¯®¤å®¤ ª à¥è¥−¨î §�¤�ç¨ ¯®áâà®¥−¨ï
¬�àèàãâ� ®¡á«¥¤®¢�−¨ï, � â�ª¦¥ ¯à¨¢¥¤¥−® ®¯¨á�−¨¥ �«£®à¨â¬� ®¡ê¥¤¨−¥−¨ï
¬−®£®ã£®«ì−¨ª®¢ ¯«�−� ¯®¬¥é¥−¨ï.

Š«îç¥¢ë¥ á«®¢�: ª®¬¯ìîâ¥à−®¥ §à¥−¨¥; �¢â®−®¬−ë© ¬®¡¨«ì−ë© à®¡®â; ¯«�−
¯®¬¥é¥−¨ï; −�¢¨£�æ¨ï; ¯®¨áª ¯ãâ¨
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1 Введение

�¤−®© ¨§ áä¥à ¯à¨¬¥−¥−¨ï âà¥å¬¥à−®© à¥ª®−áâàãªæ¨¨ ï¢«ï¥âáï ¯®áâà®¥−¨¥
âà¥å¬¥à−ëå ¬®¤¥«¥© ¯®¬¥é¥−¨©, ¢−ãâà¥−−¨å ¯à®áâà�−áâ¢ £¥®«®£¨ç¥áª¨å ®¡à�-
§®¢�−¨© ¨ ¤àã£¨å ¯®¤®¡−ëå ®¡ê¥ªâ®¢. ‚ á«ãç�¥ ®âáãâáâ¢¨ï ¢®§¬®¦−®áâ¨ ¤®áâã¯�
ç¥«®¢¥ª� «¨¡® ¯à¨ ãá«®¢¨¨ ¢ëá®ª®© á«®¦−®áâ¨ ¨ ¡®«ìè¨å à�§¬¥à®¢ ¤�−−ëå
®¡«�áâ¥© −�¨¡®«¥¥ �ªâã�«ì−ë¬ áæ¥−�à¨¥¬ ï¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥ �¢â®−®¬−®£®
�£¥−â� ®¡á«¥¤®¢�−¨ï, −�¯à¨¬¥à �¢â®−®¬−®© ¬®¡¨«ì−®© à®¡®â¨§¨à®¢�−−®© á¨áâ¥-
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�«£®à¨â¬ ®¡á«¥¤®¢�−¨ï §�¬ª−ãâ®£® ¯®¬¥é¥−¨ï �¢â®−®¬−ë¬ ¬®¡¨«ì−ë¬ à®¡®â®¬

‚ à�¬ª�å à¥�«¨§�æ¨¨ à¥è¥−¨ï £«®¡�«ì−®© §�¤�ç¨ ®¡á«¥¤®¢�−¨ï ¯®¬¥é¥-
−¨© �¢â®−®¬−ë¬ �£¥−â®¬ ¢®§−¨ª�¥â §�¤�ç� ¯®áâà®¥−¨ï ¬�àèàãâ� ®¡á«¥¤®¢�−¨ï.
”®à¬�«ì−® íâ� §�¤�ç� ¬®¦¥â ¡ëâì áä®à¬ã«¨à®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬.

�ãáâì ¥áâì §�¬ª−ãâ®¥ ¯®¬¥é¥−¨¥ ¨ −¥ª®â®àë© �£¥−â ®¡á«¥¤®¢�−¨ï, −�å®¤ï-
é¨©áï ¢ −¥ª®â®à®© ¥£® â®çª¥. �£¥−â å�à�ªâ¥à¨§ã¥âáï á«¥¤ãîé¨¬¨ í«¥¬¥−â�¬¨:
á¯®á®¡¥− ®âá«¥¦¨¢�âì á¢®¥ ¯®«®¦¥−¨¥ ¢ ¯®¬¥é¥−¨¨; ®¡«�¤�¥â à¥£¨áâà¨àãîé¨¬
ãáâà®©áâ¢®¬, ¯®§¢®«ïîé¨¬ ¯®«ãç�âì ¨−ä®à¬�æ¨î ®¡ ã¤�«¥−−®áâ¨ à�§«¨ç−ëå
®¡ê¥ªâ®¢ ®â −¥£® (áâ¥à¥®ª�¬¥à�, ª�¬¥à� £«ã¡¨−ë, LIDAR (light identification
detection and ranging) ¨ â. ¯.); á¯®á®¡¥− ¯®¢®à�ç¨¢�âìáï −� 360◦ ¢ £®à¨§®−â�«ì−®©
¯«®áª®áâ¨ ¨ ¯¥à¥¬¥é�âìáï ¯® ¯àï¬®© âà�¥ªâ®à¨¨.

‡�¤�ç� ¯®áâà®¥−¨ï ¬�àèàãâ� ®¡á«¥¤®¢�−¨ï ¯®¬¥é¥−¨ï á®áâ®¨â ¢ ¯®«ãç¥-
−¨¨ â�ª®£® ¬�àèàãâ� ¯¥à¥¬¥é¥−¨ï áã¡ê¥ªâ� ®¡á«¥¤®¢�−¨ï, ¯®á«¥ ¯à®å®¦¤¥−¨ï
ª®â®à®£® ¢ ¯®¬¥é¥−¨¨ −¥ ®áâ�−¥âáï −¥®¡á«¥¤®¢�−−ëå §®−.

‚ ¤�−−®© à�¡®â¥ ¯à¥¤«�£�¥âáï �«£®à¨â¬ ¯®áâà®¥−¨ï â�ª®£® ¬�àèàãâ� ®¡-
á«¥¤®¢�−¨ï, � â�ª¦¥ ¬®¤¥«ì åà�−¥−¨ï ¯«�−� ¯®¬¥é¥−¨ï, áâà®ïé�ïáï −� ®á−®¢¥
¨áå®¤−ëå ¤�−−ëå ¢ ¢¨¤¥ ¢®ªá¥«ì−®© ¬®¤¥«¨.

‘®£«�á−® à�¡®â�¬ [1, 2], áãé¥áâ¢ãîé¨¥ ¬®¤¥«¨ åà�−¥−¨ï ®¯¥à�æ¨®−−®© áà¥¤ë
�£¥−â� ¬®¦−® à�§¤¥«¨âì −� âà¨ ª«�áá�: ¬¥âà¨ç¥áª�ï, ª®®à¤¨−�â−�ï; â®¯®«®£¨ç¥-
áª�ï, á¥â¥¢�ï; á¥¬�−â¨ç¥áª�ï, ¯à¥¤¨ª�â−�ï.

Œ¥âà¨ç¥áª¨¥ ¬®¤¥«¨ ®¡ëç−® −�¯à�¢«¥−ë −� ¨á¯®«ì§®¢�−¨¥ ¢ áâ�â¨ç¥áª¨å
áà¥¤�å: ®−¨ ¢ ï¢−®¬ ¢¨¤¥ åà�−ïâ ª®®à¤¨−�âë ¢á¥å ¯à¥¯ïâáâ¢¨©. „�−−ë© ¯®¤å®¤
âà¥¡ã¥â ¡®«ìè¥ ¯�¬ïâ¨ ¯® áà�¢−¥−¨î á ¤àã£¨¬¨, ®¤−�ª® ¯®§¢®«ï¥â ¯®§¨æ¨®−¨à®-
¢�âì �£¥−â� á −¥ª®â®à®© ®¯à¥¤¥«¥−−®© â®ç−®áâìî. ’à�¥ªâ®à¨ï ¤¢¨¦¥−¨ï ¢ â�ª¨å
¬®¤¥«ïå ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®á«¥¤®¢�â¥«ì−®áâì ª®®à¤¨−�â, ª®â®àë¥ −¥®¡å®¤¨¬®
¯®á¥â¨âì �£¥−âã ¤«ï ¤®áâ¨¦¥−¨ï á¢®¥© æ¥«¨ [2].

’®¯®«®£¨ç¥áª¨¥ ¬®¤¥«¨ ¯à¥¤áâ�¢«ïîâ ®¯¥à�æ¨®−−ãî áà¥¤ã ¢ ¢¨¤¥ £à�ä�, £¤¥
¢¥àè¨−ë ®¡®§−�ç�îâ §®−ë ®ªàã¦�îé¥© áà¥¤ë, � à¥¡à� ®¯à¥¤¥«ïîâ ¨å −¥¯®áà¥¤-
áâ¢¥−−ãî ¤®áâ¨¦¨¬®áâì ¤àã£ ¨§ ¤àã£�. �¤−�ª® ®á®¡¥−−®áâìî â�ª®£® ¯®¤å®¤�
ï¢«ï¥âáï â®, çâ® ¢¥àè¨−ë ®¡®§−�ç�îâ §®−ë −¥ä¨ªá¨à®¢�−−®£® à�§¬¥à� ¨ ¤�¦¥ −¥
®¡ï§�−ë åà�−¨âì ¨−ä®à¬�æ¨î ® ¯à®å®¤¨¬®áâ¨ ¢−ãâà¨ §®−ë. „«ï à¥è¥−¨ï íâ®©
¯à®¡«¥¬ë ¯à¨¬¥−ï¥âáï ®¯¥à�â¨¢−ë© �−�«¨§ ®ªàã¦�îé¥© ®¡áâ�−®¢ª¨, ª®â®àë©
¯®§¢®«ï¥â �£¥−âã −�å®¤¨âì ¢å®¤ ¨ ¢ëå®¤ ¨§ §®−ë [1].

‘¥¬�−â¨ç¥áª¨¥ ¬®¤¥«¨ ®¯¨áë¢�îâ ®¯¥à�æ¨®−−ãî áà¥¤ã ¢ ¢¨¤¥ −�¡®à� ¯à¥¤¨-
ª�â−ëå ¢ëà�¦¥−¨©. ’�ª®© ¯®¤å®¤ ¯®§¢®«ï¥â ®¡à�¡�âë¢�âì ¨ ¯à¨¢®¤¨âì ª ®¡é¥¬ã
¢¨¤ã ¨−ä®à¬�æ¨î, ¯®áâã¯�îéãî á ¤�âç¨ª®¢ à�§«¨ç−ëå â¨¯®¢. ‚ ®á−®¢−®¬ â�ª¨¥
¬®¤¥«¨ ¯à¥¤−�§−�ç¥−ë ¤«ï ¢á¯®¬®£�â¥«ì−ëå æ¥«¥© (−�¯à¨¬¥à, ¨−â¥à¯à¥â�æ¨ï
ª®¬�−¤ë −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥, �−�«¨§ ®ªàã¦�îé¥© áà¥¤ë −� −�«¨ç¨¥ ®á®¡ëå
ä�ªâ®¢) ¨ −¥ ¨á¯®«ì§ãîâáï ¤«ï ¯à®ª«�¤ë¢�−¨ï ¯ãâ¥© [2].

�à¥¤«�£�¥¬�ï ¬®¤¥«ì åà�−¥−¨ï ¤�−−ëå á®£«�á−® ¯à¨¢¥¤¥−−®© ¢ëè¥ ª«�áá¨-
ä¨ª�æ¨¨ ®â−®á¨âáï ª ª�â¥£®à¨¨ ¬¥âà¨ç¥áª¨å. �à¨ íâ®¬ ®−� ¬®¦¥â ¨á¯®«ì§®¢�âìáï
ª�ª ¤«ï ®¯¨á�−¨ï ®¯¥à�æ¨®−−®© áà¥¤ë �£¥−â�, â�ª ¨ ¤«ï ¯®«ãç¥−¨ï ç¥«®¢¥ª®ç¨-
â�¥¬®£® ¯«�−� ¯®¬¥é¥−¨ï.
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2 Алгоритм обследования помещения

‚ ¯à®æ¥áá¥ äã−ªæ¨®−¨à®¢�−¨ï �£¥−â à�¡®â�¥â á ¤¢ã¬ï ¯«�−�¬¨ ¯®¬¥é¥−¨ï.
�¥à¢ë© | ¯«�− â¥ªãé¥© ¢¨¤¨¬®© ç�áâ¨ ¯®¬¥é¥−¨ï, ¢â®à®© | −�ª®¯«¥−−ë© ¯«�−,
á®áâ�¢«¥−−ë© ¨§ ®¡ê¥¤¨−¥−¨ï ¢á¥å ¯®«ãç¥−−ëå −� ª�¦¤®© ¨â¥à�æ¨¨ ç�áâ¥©.

�� ®á−®¢¥ ¤�−−ëå ¤¥©áâ¢¨© �£¥−â ã¯à�¢«ï¥âáï á ¯®¬®éìî á«¥¤ãîé¥£® �«-
£®à¨â¬�: ¯®«ãç¨âì ¨−ä®à¬�æ¨î ®¡ ®ªàã¦¥−¨¨, ®¡−®¢¨âì −�ª®¯«¥−−ë© ¯«�−
¯®«ãç¥−−®© ¨−ä®à¬�æ¨¥©, ¯à®¢¥à¨âì ¤®áâ¨¦¥−¨¥ ãá«®¢¨ï ®áâ�−®¢ª¨ ¨ «¨¡®
ãá¯¥è−® §�¢¥àè¨âì ®¡á«¥¤®¢�−¨¥ ¯®¬¥é¥−¨ï, «¨¡® ¯¥à¥¬¥áâ¨âìáï ¢ −®¢ãî â®çªã
¤«ï ¯®«ãç¥−¨ï ¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¨.

�«®ª-áå¥¬� �«£®à¨â¬� ¯à¥¤áâ�¢«¥−� −� à¨á. 1.
ˆ−ä®à¬�æ¨ï ® ¢¨¤¨¬®áâ¨ ¯®«ãç�¥âáï ¢ ¢¨¤¥ ¢®ªá¥«ì−®© ¬®¤¥«¨ [3], áâà®-

ïé¥©áï −� ®á−®¢¥ ®¡«�ª� â®ç¥ª, ¯®¯�¤�îé¥£® ¢ ®¡«�áâì ¢¨¤¨¬®áâ¨, ¯®«ãç¥−−®£®
á ¯®¬®éìî ®¯â¨ç¥áª¨å ¤�âç¨ª®¢, áª�−¥à®¢ £«ã¡¨−ë ¨«¨ ¨−ëå ¯®¤®¡−ëå ¤�â-
ç¨ª®¢.

‚ à�¬ª�å ¤�−−®© à�¡®âë à�áá¬�âà¨¢�¥âáï �£¥−â á ¯®«−ë¬ ªàã£®¢ë¬ ®¡§®à®¬
á ¡¥áª®−¥ç−ë¬ à�§à¥è¥−¨¥¬, ®¤−�ª® ¢á¥ ¯à¨¢¥¤¥−−ë¥ ¯®«®¦¥−¨ï á¯à�¢¥¤«¨¢ë
¨ ¯à¨¬¥−¨¬ë ¤«ï �£¥−â� á ®£à�−¨ç¥−−ë¬ ã£«®¬ ®¡§®à� ¨ ª®−¥ç−ë¬ à�§à¥è¥-
−¨¥¬.

÷¨á. 1 �«®ª-áå¥¬� �«£®à¨â¬� ®¡á«¥¤®¢�−¨ï ¯®¬¥é¥−¨ï
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3 Модель хранения плана помещения

‚ ª�ç¥áâ¢¥ ¬®¤¥«¨ ¯à¥¤«�£�¥âáï åà�−¨âì ¯«�− ¢ ¢¨¤¥ ¥¤¨−áâ¢¥−−®£® −¥¢ë-
¯ãª«®£® ¬−®£®ã£®«ì−¨ª� á ¤ëàª�¬¨, ¡¥§ á�¬®¯¥à¥á¥ç¥−¨© (à¨á. 2). �à¨ íâ®¬
ª�¦¤®¬ã à¥¡àã ¯à¨á¢�¨¢�¥âáï ®¤−� ¨§ ¤¢ãå ¬¥â®ª: «¨¡® ú−¥¯à®å®¤¨¬®¥ à¥¡à®û
(¤«ï áâ¥−, ¯à¥¯ïâáâ¢¨©), «¨¡® ú¯à®å®¤¨¬®¥ à¥¡à®û (¤«ï £à�−¨æ ¢¨¤¨¬®áâ¨).

‘ãé¥áâ¢¥−−ë¥ ¯à¥¨¬ãé¥áâ¢� ¤�−−®© ¬®¤¥«¨ | ¯à®áâ®â� ®âá«¥¦¨¢�−¨ï £à�-
−¨æ ¢¨¤¨¬®áâ¨ ¤«ï ¢ëç¨á«¥−¨ï −�¯à�¢«¥−¨ï ¤¢¨¦¥−¨ï �£¥−â� ¨ ¯à®áâ®â� ä®à-
¬�«¨§�æ¨¨ ãá«®¢¨ï §�¢¥àè¥−¨ï ®¡á«¥¤®¢�−¨ï ¯®¬¥é¥−¨ï: ¯®¬¥é¥−¨¥ ï¢«ï¥âáï
®¡á«¥¤®¢�−−ë¬, ¥á«¨ ¢ ¯«�−¥, ®¯¨áë¢�îé¥¬ ¥£®, −¥ ®áâ�«®áì −¨ ®¤−®£® à¥¡à�
á ¬¥âª®© ú¯à®å®¤¨¬®¥ à¥¡à®û.

÷¨á. 2 �à¨¬¥à ¯®¬¥é¥−¨ï, ¯à¥¤áâ�¢«¥−−®£® á ¯®¬®éìî ¯à¥¤«�£�¥¬®© ¬®¤¥«¨: (�) ¬®-
¤¥«ì ¯®¬¥é¥−¨ï; (¡) ¬®¤¥«ì ç�áâ¨ç−® ®¡á«¥¤®¢�−−®£® ¯®¬¥é¥−¨ï (−¥¯à¥àë¢−ë¥ «¨−¨¨ |
−¥¯à®å®¤¨¬ë¥ à¥¡à�, ¯à¥àë¢¨áâë¥ «¨−¨¨ | ¯à®å®¤¨¬ë¥ à¥¡à�)

3.1 Получение информации об окружении

�£¥−â ¯®«ãç�¥â ¨−ä®à¬�æ¨î ®¡ ®ªàã¦¥−¨¨ ¢ ¢¨¤¥ ¢®ªá¥«ì−®© ¬®¤¥«¨, ª®â®à�ï
®¤−®§−�ç−® á®®â−®á¨âáï á ¨¬¥îé¨¬áï ¯«�−®¬ −� ®á−®¢�−¨¨ ¨§¢¥áâ−®£® â¥ªãé¥£®
¯®«®¦¥−¨ï �£¥−â�.

’�ª ª�ª ¯«�−ë åà�−ïâáï ¢ ¢¨¤¥ ¬−®£®ã£®«ì−¨ª�, −¥®¡å®¤¨¬® ¯à¨¢¥áâ¨ ¢®ª-
á¥«ì−ãî ¬®¤¥«ì ª ä®à¬�âã ¬−®£®ã£®«ì−¨ª�. �à¥¤«�£�¥âáï á¯à®¥æ¨à®¢�âì ¬®¤¥«ì
−� ¯«®áª®áâì Z = 0. ‚ à¥§ã«ìâ�â¥ ¤�−−®© ®¯¥à�æ¨¨ ¯®«ãç�¥âáï ¬®¤¥«ì, á®áâ®ïé�ï
¨§ ¬−®¦¥áâ¢� ª¢�¤à�â®¢, ª ª®â®à®© ¯®â®¬ ¯à¨¬¥−ï¥âáï á«¥¤ãîé�ï ®¯¥à�æ¨ï: ¢¨-
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¤¨¬ë¥ ¨§ ¯®«®¦¥−¨ï �£¥−â� à¥¡à�

÷¨á. 3 �à¨¬¥à ¯®«ãç¥−−®© ¨−ä®à¬�æ¨¨ ®¡
®ªàã¦¥−¨¨. Œ−®£®ã£®«ì−¨ª ¯®áâà®¥− ¯® ¢á¥¬
â®çª�¬, ¢¨¤¨¬ë¬ ¨§ â¥ªãé¥©, � à¥¡à� ¯®¬¥ç¥-
−ë ¢ á®®â¢¥âáâ¢¨¨ á ãá«®¢¨¥¬: −¥¯à¥àë¢−ë¥
«¨−¨¨ | −¥¯à®å®¤¨¬ë¥ à¥¡à�, ¯à¥àë¢¨áâë¥
«¨−¨¨ | ¯à®å®¤¨¬ë¥ à¥¡à�, ªà¥áâ¨ª | â¥-
ªãé¥¥ ¯®«®¦¥−¨¥ �£¥−â�

ª¢�¤à�â®¢ á®àâ¨àãîâáï ¯® ã£«ã ®â−®-
á¨â¥«ì−® â¥ªãé¥© ¯®§¨æ¨¨ −�¡«î¤¥-
−¨ï ¨ ¢ ¤�−−®¬ ¯®àï¤ª¥ ¤®¡�¢«ïîâáï
¢ −®¢ë© ¬−®£®ã£®«ì−¨ª â¥ªãé¥© ¢¨-
¤¨¬®áâ¨.

�®á«¥ íâ®£® ¯à®¨áå®¤¨â ¬�àª¨-
à®¢ª� à¥¡¥à: ¥á«¨ dist (vi, vj) <
< α, £¤¥ dist (x, y) | ¥¢ª«¨¤®¢®
à�ááâ®ï−¨¥ ¬¥¦¤ã ¤¢ã¬ï â®çª�¬¨ −�
¯«®áª®áâ¨; vi ¨ vj | ª®®à¤¨−�âë
¤¢ãå ¯®á«¥¤®¢�â¥«ì−ëå ¢¥àè¨− ¢ ¯®-
«ãç¥−−®¬ ¬−®£®ã£®«ì−¨ª¥, â® áç¨â�-
¥âáï, çâ® ¢®ªá¥«ë, á®®â¢¥âáâ¢ãîé¨¥
¤�−−ë¬ â®çª�¬, à�á¯®«®¦¥−ë ¤®áâ�-
â®ç−® ¡«¨§ª®, çâ®¡ë �£¥−â −¥ ¬®£
¯à®©â¨ ¬¥¦¤ã −¨¬¨, ¨ â�ª®¥ à¥¡à®
¯®«ãç�¥â ¬¥âªã ú−¥¯à®å®¤¨¬®¥ à¥¡-
à®û. ‚ á«ãç�¥ ¥á«¨ ¤�−−®¥ ãá«®¢¨¥ −¥
¢ë¯®«−ï¥âáï, à¥¡à® ¯®«ãç�¥â ¬¥âªã
ú¯à®å®¤¨¬®¥ à¥¡à®û (à¨á. 3).

�à¨ à�§¬¥à¥ �£¥−â� ¡®«ìè¥ ¢®ªá¥«ì−®© ïç¥©ª¨ ¬®¦¥â ¢®§−¨ª−ãâì ¯à®¡«¥¬�
−¥¤®áâ¨¦¨¬ëå ¯à®å®¤¨¬ëå à¥¡¥à, ¯à¨¬¥à ª®â®à®© ¯à¨¢¥¤¥− −� à¨á. 4: �£¥−â
ç¥à¥§ ã§ª¨© ¯à®å®¤ ¢¨¤¨â ®¡ê¥ªâë, ¨§-§� ª®â®àëå, −¥á¬®âàï −� −¥¯®áà¥¤áâ¢¥−−ãî
−¥¤®áâ¨¦¨¬®áâì íâ¨å ®¡ê¥ªâ®¢, ®¡à�§ãîâáï −¥¤®áâ¨¦¨¬ë¥ ¯à®å®¤¨¬ë¥ à¥¡à�.

÷¨á. 4 �à¨¬¥à ¯à®¡«¥¬ë −¥¤®áâ¨¦¨¬ëå ¯à®å®¤¨¬ëå à¥¡¥à: (�) ¯à¨¬¥à ¯à®¡«¥¬ë,
à�§à¥è¨¬®© á ¯®¬®éìî �«£®à¨â¬� ¯®áâà®¥−¨ï ¬�àèàãâ�; (¡) ¯à¨¬¥à ¯à®¡«¥¬ë, −¥
à�§à¥è¨¬®© á ¯®¬®éìî �«£®à¨â¬� ¯®áâà®¥−¨ï ¬�àèàãâ�; (¢) ¯à¨¬¥à ¯à®¡«¥¬ë, à¥è¥−−®©
¯à¥¤«�£�¥¬ë¬ ¬¥â®¤®¬
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‚ −¥ª®â®àëå á«ãç�ïå (à¨á. 4, �) ¡ã¤¥â ¢®§¬®¦−® ã¢¨¤¥âì íâ® à¥¡à® ¨§ ª�ª®©-
«¨¡® â®çª¨, −¥ ¤®áâ¨£�ï ¥£® −¥¯®áà¥¤áâ¢¥−−®, ¨ â�ª¨¬ ®¡à�§®¬ ã¡à�âì ¥£®, ®¤−�ª®
¢®§¬®¦−ë á«ãç�¨ (à¨á. 4, ¡), ª®£¤� íâ¨ à¥¡à� −¥ ¡ã¤ãâ ®¡á«¥¤®¢�−−ë¬¨ ¨§ «î¡®£®
¢®§¬®¦−®£® ¯®«®¦¥−¨ï �£¥−â�, çâ® ¢¥¤¥â ª −¥¢®§¬®¦−®áâ¨ ¤®áâ¨¦¥−¨ï ãá«®¢¨ï
§�¢¥àè¥−¨ï à�¡®âë �«£®à¨â¬�.

„�−−ãî ¯à®¡«¥¬ã ã¤®¡−® à¥è�âì −� íâ�¯¥ ¯®áâà®¥−¨ï ¬−®£®ã£®«ì−¨ª� â¥-
ªãé¥© ¢¨¤¨¬®áâ¨. �®¤å®¤ ª ¥¥ à¥è¥−¨î §�ª«îç�¥âáï ¢ ¯à®¢¥àª¥ à�ááâ®ï−¨ï
¬¥¦¤ã ¢á¥¬¨ ¢¥àè¨−�¬¨ ¢ â¥ªãé¥¬ ¬−®£®ã£®«ì−¨ª¥ ¢¨¤¨¬®áâ¨. ˆ ¢ á«ãç�¥ ¥á«¨
¤¢¥ −¥á®á¥¤−¨å ¢¥àè¨−ë ã¤®¢«¥â¢®àïîâ ãá«®¢¨î dist (vi, vi) < α, −¥®¡å®¤¨¬®
ã¡à�âì ¨§ ¬−®£®ã£®«ì−¨ª� â¥ªãé¥© ¢¨¤¨¬®áâ¨ ¢á¥ ¢¥àè¨−ë, «¥¦�é¨¥ ¬¥¦¤ã
−¨¬¨ ¢ ¯®àï¤ª¥ ®¡å®¤�, ¨ ¤®¡�¢¨âì −¥¯à®å®¤¨¬®¥ à¥¡à® ®â vi ¤® vj. �à¨ íâ®¬ ¨§
¤¢ãå ¢®§¬®¦−ëå ¨−â¥à¢�«®¢ ¢ë¡¨à�¥âáï ¨−â¥à¢�« á ¬¨−¨¬�«ì−ë¬ ã£«®¬.

‡−�ç¥−¨¥ α æ¥«¥á®®¡à�§−® ¢ë¡¨à�âì, ®¯¨à�ïáì −� à¥�«ì−ë¥ £�¡�à¨âë �£¥−â�.
‚ à�¬ª�å ¯à®â®â¨¯� ä®à¬� �£¥−â� ®¯¨áë¢�¥âáï ®ªàã¦−®áâìî ¤¨�¬¥âà®¬ S.
‡−�ç¥−¨¥ S ¯à¨−¨¬�«®áì à�¢−ë¬ ¥¤¨−¨æ¥, � §−�ç¥−¨¥ α | à�¢−ë¬

√
2.

3.2 Объединение планов

�¥®¡å®¤¨¬®© ®¯¥à�æ¨¥© ¤«ï à�¡®âë á ¤�−−®© ¬®¤¥«ìî ï¢«ï¥âáï ®¡ê¥¤¨−¥−¨¥
¤¢ãå ¯«�−®¢: â¥ªãé¥£® −�ª®¯«¥−−®£® ¯«�−� ¨ −®¢®© ¯®áâã¯¨¢è¥© ¨−ä®à¬�æ¨¨.

‡�¤�ç� ¯®áâà®¥−¨ï ®¡ê¥¤¨−¥−¨ï â�ª¦¥ ¨§¢¥áâ−� ª�ª §�¤�ç� ® ¯®áâà®¥−¨¨
®¢¥à«¥¥¢ ¬−®£®ã£®«ì−¨ª®¢ ¨ ¨¬¥¥â −¥áª®«ìª® à¥è¥−¨©, à�áá¬®âà¥−−ëå ¢ [4].
‚ à�¬ª�å à¥�«¨§�æ¨¨ ¯à®â®â¨¯� ¡ë« ¯à¨¬¥−¥− ¬¥â®¤ ¯®áâà®¥−¨ï ®¢¥à«¥¥¢ á ¯®-
¬®éìî âà¨�−£ã«ïæ¨¨ [5] ª�ª −�¨¡®«¥¥ ¡ëáâàë© �«£®à¨â¬, á¯®á®¡−ë© ª®àà¥ªâ−®
à�¡®â�âì −� ¬−®£®ã£®«ì−¨ª�å §�¤�−−®£® â¨¯�.

‚ë¡à�−−ë© �«£®à¨â¬ ®¡ê¥¤¨−¥−¨ï ¬−®£®ã£®«ì−¨ª®¢ á®áâ®¨â ¨§ á«¥¤ãîé¨å
íâ�¯®¢.

1. �®áâà®¥−¨¥ âà¨�−£ã«ïæ¨¨ á ®£à�−¨ç¥−¨ï¬¨ ¯® à¥¡à�¬ ¤¢ãå ¢å®¤−ëå ¬−®£®-
ã£®«ì−¨ª®¢.

2. Š«�áá¨ä¨ª�æ¨ï ª�¦¤®£® âà¥ã£®«ì−¨ª� âà¨�−£ã«ïæ¨¨ ¯® ¯à¨−�¤«¥¦−®áâ¨
¨áå®¤−ë¬ ¬−®£®ã£®«ì−¨ª�¬.

3. Š«�áá¨ä¨ª�æ¨ï ª�¦¤®£® âà¥ã£®«ì−¨ª� âà¨�−£ã«ïæ¨¨ ¯® ¯à¨−�¤«¥¦−®áâ¨
à¥§ã«ìâ¨àãîé¥¬ã ¬−®£®ã£®«ì−¨ªã −� ®á−®¢¥ ¢ë¡à�−−®© ®¯¥à�æ¨¨ (¢ ¤�−−®¬
á«ãç�¥ | ®¡ê¥¤¨−¥−¨¥) ¨ ¤�−−ëå ¯à¥¤ë¤ãé¥£® íâ�¯�.

4. ‚á¥ âà¥ã£®«ì−¨ª¨, ¯®¬¥ç¥−−ë¥ ¯à¨−�¤«¥¦�é¨¬¨ à¥§ã«ìâ¨àãîé¥¬ã ¬−®£®-
ã£®«ì−¨ªã, ®¡ê¥¤¨−ïîâáï ¢ ®¤¨− ¬−®£®ã£®«ì−¨ª, ª®â®àë© ¨ ¡ã¤¥â á«ã¦¨âì
à¥§ã«ìâ�â®¬.

‚�¦−ë¬ ¬®¬¥−â®¬ ¯à¨ ®¡ê¥¤¨−¥−¨¨ ¯«�−®¢ ï¢«ï¥âáï ª®àà¥ªâ−�ï ®¡à�¡®âª�
¬¥â®ª à¥¡¥à: ¯à¨ ¯¥à¥á¥ç¥−¨¨ ª®««¨−¥�à−ëå à¥¡¥à á à�§«¨ç−ë¬¨ ¬¥âª�¬¨
à¥§ã«ìâ¨àãîé¥¥ à¥¡à® ¡ã¤¥â ¯®¬¥ç¥−® ª�ª ú−¥¯à®å®¤¨¬®¥û, � ¢ ®áâ�«ì−ëå
á«ãç�ïå ¬¥âª¨ ¨áå®¤−ëå à¥¡¥à á®åà�−ïîâáï.
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4 Построение маршрута обследования

‚ à�¬ª�å ¯à¥¤«®¦¥−−®© ¬®¤¥«¨ åà�−¥−¨ï ¨ ®¡−®¢«¥−¨ï ¯«�−� ¤®¯ãáâ¨¬ë
à�§«¨ç−ë¥ ¯®¤å®¤ë ª à¥�«¨§�æ¨¨ �«£®à¨â¬� ¯à®ª«�¤ë¢�−¨ï ¬�àèàãâ�, ®¤−�-
ª® ª�¦¤�ï à¥�«¨§�æ¨ï ¤®«¦−� á«¥¤®¢�âì ¯à�¢¨«ã: ¢á¥£¤� ¤¢¨£�âìáï á æ¥«ìî
¤®áâ¨¦¥−¨ï ú¯à®å®¤¨¬ëåû à¥¡¥à ¯«�−�.

…á«¨ á«¥¤®¢�âì â�ª®¬ã ¯à�¢¨«ã, â®, ¨áå®¤ï ¨§ á¯®á®¡� åà�−¥−¨ï ¨ ®¡−®¢«¥−¨ï
¯«�−�, � â�ª¦¥ â®£®, çâ® á®£«�á−® ãá«®¢¨î ¢¥¤¥âáï ®¡á«¥¤®¢�−¨¥ §�¬ª−ãâ®£®
¯®¬¥é¥−¨ï, ¢ ª�ª®©-â® ¬®¬¥−â ¡ã¤¥â ¤®áâ¨£−ãâ� á¨âã�æ¨ï, ª®£¤� ¢ â¥ªãé¥¬
¯«�−¥ ®¡á«¥¤®¢�−−®£® ¯®¬¥é¥−¨ï −¥ ®áâ�−¥âáï à¥¡¥à á ¬¥âª®© ú¯à®å®¤¨¬®¥
à¥¡à®û, ¨, á«¥¤®¢�â¥«ì−®, æ¥«ì �«£®à¨â¬� ®¡á«¥¤®¢�−¨ï ¯®¬¥é¥−¨ï ¡ã¤¥â ¤®áâ¨£-
−ãâ�.

‚ à�¬ª�å à�§à�¡®â�−−®£® ¯à®â®â¨¯� �£¥−â ¨á¯®«ì§ã¥â á«¥¤ãîé¨© �«£®à¨â¬
¢ë¡®à� ¯ãâ¨: á«¥¤®¢�âì ¢ ¡«¨¦�©è¥¥ ¯® �¡á®«îâ−®¬ã à�ááâ®ï−¨î ¯à®å®¤¨¬®¥
à¥¡à® ªà�âç�©è¨¬ ¯ãâ¥¬. �«®ª-áå¥¬� �«£®à¨â¬� ¯à¨¢¥¤¥−� −� à¨á. 5.

÷¨á. 5 �«®ª-áå¥¬� �«£®à¨â¬� ¯¥à¥¬¥é¥−¨ï �£¥−â�
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�«£®à¨â¬ ®¡á«¥¤®¢�−¨ï §�¬ª−ãâ®£® ¯®¬¥é¥−¨ï �¢â®−®¬−ë¬ ¬®¡¨«ì−ë¬ à®¡®â®¬

÷¨á. 6 �à¨¬¥à ¯«�−� á® á¬¥é¥−−ë¬¨ ¢¥àè¨−�¬¨ (−¥¯à¥àë¢−�ï «¨−¨ï | ®à¨£¨−�«ì−ë©
¯«�−; ¯à¥àë¢¨áâ�ï «¨−¨ï | ¯«�− á® á¬¥é¥−−ë¬¨ ¢¥àè¨−�¬¨) (�) ¨ ¯à¨¬¥à £à�ä�
¤®áâ¨¦¨¬®áâ¨ (¡)

„«ï ®¡å®¤� ¯à¥¯ïâáâ¢¨© ¨ ¯®¨áª� ªà�âç�©è¥£® ¯ãâ¨ ª ¢ë¡à�−−®© â®çª¥ ¨á-
¯®«ì§ã¥âáï �«£®à¨â¬ A∗ [6] ¤«ï ¯®¨áª� ¯ãâ¨ ¢ á¯¥æ¨�«ì−®¬ £à�ä¥ ¤®áâ¨¦¨¬®áâ¨,
¯®áâà®¥−−®¬ ¯® ¨§¢¥áâ−®¬ã −�ª®¯«¥−−®¬ã ¯«�−ã.

„«ï ã¯à®é¥−¨ï §�¤�ç¨ ¨ ¯®áâà®¥−¨ï â�ª®£® £à�ä� −¥®¡å®¤¨¬® ¯à¨¢¥áâ¨
§�¤�çã ª S = 0 ¯ãâ¥¬ ¤®¡�¢«¥−¨ï ¤®¯®«−¨â¥«ì−®© £à�−¨ç−®© ®¡«�áâ¨ è¨à¨−®©
d = S/2 ª ª®−âãàã ª�¦¤®£® ¯à¥¯ïâáâ¢¨ï (à¨á. 6, �). �¥¯®áà¥¤áâ¢¥−−® á�¬ £à�ä
¤®áâ¨¦¨¬®áâ¨ áâà®¨âáï ¯® −�ª®¯«¥−−®¬ã ¯«�−ã ¯®¬¥é¥−¨ï: ¢¥àè¨−�¬ £à�ä�
á®®â¢¥âáâ¢ãîâ ¢¥àè¨−ë ¬−®£®ã£®«ì−¨ª�, � à¥¡à® ¬¥¦¤ã ¢¥àè¨−�¬¨ áãé¥áâ¢ã¥â,
¥á«¨ á®®â¢¥âáâ¢ãîé¨¥ ¢¥àè¨−ë ¬−®£®ã£®«ì−¨ª� á®¥¤¨−¥−ë à¥¡à®¬ ¨«¨ ¢¨¤¨¬ë
¤àã£ ¨§ ¤àã£� (à¨á. 6, ¡).

5 Анализ эффективности

‚ à�¬ª�å ¯à¥¤«�£�¥¬®© ¬®¤¥«¨ ¨ ¥¥ ¯à¨¬¥−¥−¨ï ®â¬¥ç�îâáï âà¨ ®á−®¢−ëå
íâ�¯�: ¯®«ãç¥−¨¥ ¨−ä®à¬�æ¨¨ ®¡ ®ªàã¦¥−¨¨; á«¨ï−¨¥ ¯«�−®¢; ¯®áâà®¥−¨¥ ¬�àè-
àãâ�.

�� íâ�¯¥ ¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨ ®¡ ®ªàã¦¥−¨¨ ¢å®¤−ë¬¨ ¤�−−ë¬¨ á«ã¦¨â
á¯¨á®ª ¢¨¤¨¬ëå ¢ ¤�−−ë© ¬®¬¥−â â®ç¥ª, ¨ ®æ¥−ª� ¥£® á«®¦−®áâ¨ ¢ëå®¤¨â §� à�¬ª¨
áâ�âì¨. �¤−�ª® ®¡à�¡®âª� ¢å®¤−ëå ¤�−−ëå â�ª¦¥ ¢�¦−�. �¯¥à�æ¨ï ¯¥à¢¨ç−®©
à�§¬¥âª¨ à¥¡¥à âà¥¡ã¥â ®¤−®ªà�â−®£® ¯à®å®¤� ¯® ¢á¥¬ ¢¥àè¨−�¬ ¬−®£®ã£®«ì−¨ª�
á ¯à®¢¥àª®© §�¤�−−®£® ãá«®¢¨ï, ¥¥ ¢ëç¨á«¨â¥«ì−�ï á«®¦−®áâì á®áâ�¢«ï¥â O(n),
£¤¥ n | ç¨á«® ¢¥àè¨− ¢ ¬−®£®ã£®«ì−¨ª¥ â¥ªãé¥© ¢¨¤¨¬®áâ¨. �¤−® ¨§ ¢®§-
¬®¦−ëå à¥è¥−¨© ¢â®à®© ®¯¥à�æ¨¨, −�¯à�¢«¥−−®© −� ¨áª«îç¥−¨¥ −¥¤®áâ¨¦¨¬ëå
¯à®å®¤¨¬ëå à¥¡¥à, âà¥¡ã¥â ¯à®¢¥àª¨ à�ááâ®ï−¨© ¬¥¦¤ã ¢á¥¬¨ ¯�à�¬¨ ¢¥àè¨−
¢ ¬−®£®ã£®«ì−¨ª¥ â¥ªãé¥© ¢¨¤¨¬®áâ¨ á ¯®á«¥¤ãîé¥© ¨å ®¡à�¡®âª®©, çâ® ¤�¥â
¢ëç¨á«¨â¥«ì−ãî á«®¦−®áâì O(n2).
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�¯¥à�æ¨ï á«¨ï−¨ï ¯«�−®¢ ¨¬¥¥â àï¤ ¢®§¬®¦−ëå à¥è¥−¨© à�§«¨ç−®© á«®¦-
−®áâ¨ à¥�«¨§�æ¨¨ ¨ à�§«¨ç−®© ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨ [4]. ÷¥�«¨§®¢�−−ë©
¢ ¯à®â®â¨¯¥ �«£®à¨â¬ ¯®áâà®¥−¨ï ®¢¥à«¥¥¢ −� ®á−®¢¥ âà¨�−£ã«ïæ¨¨ ¢ áà¥¤−¥¬
á«ãç�¥ ¨¬¥¥â ¢ëç¨á«¨â¥«ì−ãî á«®¦−®áâì O(n) ¨ O(n log(n1 + n2)) ¢ åã¤è¥¬
á«ãç�¥, £¤¥ n1 | ç¨á«® ¢¥àè¨− ¯¥à¢®£® ¬−®£®ã£®«ì−¨ª�; n2 | ç¨á«® ¢¥à-
è¨− ¢â®à®£® ¬−®£®ã£®«ì−¨ª�; n0 | ç¨á«® ¢¥àè¨− −� ¯¥à¥á¥ç¥−¨¨ à¥¡¥à ¤¢ãå
¬−®£®ã£®«ì−¨ª®¢; n = n1 + n2 + n0.

�â�¯ ¯®áâà®¥−¨ï â¥ªãé¥£® ¬�àèàãâ� á®áâ®¨â ¨§ ¤¢ãå ®á−®¢−ëå ®¯¥à�æ¨©:
¯®áâà®¥−¨ï £à�ä� ¨ ¯®¨áª� ¯ãâ¨ ¯® −¥¬ã. ‚ ¯à¥¤«�£�¥¬®© à¥�«¨§�æ¨¨ íâ�¯�
¯®áâà®¥−¨ï ¬�àèàãâ� ®¯¨á�−−�ï ®¯¥à�æ¨ï ¯®áâà®¥−¨ï £à�ä� ¯®âà¥¡ã¥â O(n)
®¯¥à�æ¨© −� á¬¥é¥−¨¥ ¢á¥å ¢¥àè¨− ¬−®£®ã£®«ì−¨ª� (£¤¥ n | ç¨á«® ¢¥àè¨− â�ª®£®
¬−®£®ã£®«ì−¨ª�) ¨ O(n2) ®¯¥à�æ¨© −� ¯®«ãç¥−¨¥ ¢®§¬®¦−ëå ¯ãâ¥© ¬¥¦¤ã ¢á¥¬¨
¯�à�¬¨ ¢¥àè¨−. …á«¨ ¯à¨−ïâì ¢® ¢−¨¬�−¨¥ ¨−ªà¥¬¥−â�«ì−ãî ¯à¨à®¤ã ¯à®æ¥áá�
®¡á«¥¤®¢�−¨ï, â® ¨¬¥¥âáï ¢®§¬®¦−®áâì −¥ áâà®¨âì −� ª�¦¤®© ¨â¥à�æ¨¨ −®¢ë©
£à�ä, � ¯¥à¥áâà�¨¢�âì £à�ä, ¯®«ãç¥−−ë© −� ¯à¥¤ë¤ãé¥© ¨â¥à�æ¨¨, ¤®¡�¢«ïï
ª�¦¤ãî −®¢ãî ¢¥àè¨−ã §� O(n2).

’�ª¦¥ −� −¥ª®â®àëå íâ�¯�å ¢®§¬®¦−® ¯à®¢¥¤¥−¨¥ í¢à¨áâ¨ç¥áª®© ®¯â¨¬¨§�æ¨¨
−�¤ ¯®«ãç�¥¬ë¬¨ ¬−®£®ã£®«ì−¨ª�¬¨: ®¡ê¥¤¨−ïâì á®á¥¤−¨¥ à¥¡à�, ¨¬¥îé¨¥
®¤¨−�ª®¢ë¥ ¬¥âª¨, ¢ á«ãç�¥ ¨å ª®««¨−¥�à−®áâ¨. �� â¥áâ®¢ëå ¬®¤¥«ïå â�ª�ï
®¯â¨¬¨§�æ¨ï ¯®§¢®«¨«� á−¨§¨âì ç¨á«® à¥¡¥à ¢ áà¥¤−¥¬ ¢ 10 à�§.

6 Результаты

�¯¨á�−−�ï ¬®¤¥«ì ¨ ¯®¤å®¤ ª ¥¥ ¯à¨¬¥−¥−¨î ¡ë«¨ à¥�«¨§®¢�−ë ¢ à�¬ª�å
¯à®£à�¬¬−®£® ¯à®â®â¨¯�. „�−−ë© ¯à®â®â¨¯ ¢ª«îç�¥â ¢ á¥¡ï í¬ã«ïâ®à, à¥�«¨§ã-
îé¨© äã−ªæ¨¨ ¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨ ® ¢¨¤¨¬®© ç�áâ¨ ¯®¬¥é¥−¨ï ¨ äã−ªæ¨¨
¯¥à¥¬¥é¥−¨ï ¤«ï §�¤�−−®£® ¢å®¤−®£® ä�©«� ¯®¬¥é¥−¨ï.

÷�¡®â®á¯®á®¡−®áâì ¬®¤¥«¨ ¨ ª®àà¥ªâ−®áâì ¤®áâ¨¦¥−¨ï ¯®áâ�¢«¥−−®© æ¥«¨
¡ë«¨ ¯à®¢¥à¥−ë −� àï¤¥ á¨−â¥â¨ç¥áª¨å â¥áâ®¢. �à¨¬¥à ¯à®¬¥¦ãâ®ç−ëå è�£®¢
à�¡®âë �«£®à¨â¬� ®¡á«¥¤®¢�−¨ï ¯®¬¥é¥−¨ï ¯à¥¤áâ�¢«¥− −� à¨á. 7.

÷¨á. 7 �à¨¬¥à ¯à®¬¥¦ãâ®ç−ëå è�£®¢ à�¡®âë �«£®à¨â¬�
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7 Выводы

‚ à�¬ª�å ¤�−−®© áâ�âì¨ ¡ë« ¯à¥¤«®¦¥− �«£®à¨â¬ ¯®áâà®¥−¨ï ¬�àèàãâ� ®¡á«¥-
¤®¢�−¨ï ¯®¬¥é¥−¨ï, � â�ª¦¥ ¬®¤¥«ì åà�−¥−¨ï ¨ ®¡à�¡®âª¨ ¯«�−� ¯®¬¥é¥−¨ï ¤«ï
à¥è¥−¨ï §�¤�ç¨ ®¡á«¥¤®¢�−¨ï ¯®¬¥é¥−¨ï −� ®á−®¢¥ ¬−®£®ã£®«ì−¨ª� á¯¥æ¨�«ì-
−®£® ¢¨¤�. �ë«¨ à�áá¬®âà¥−ë ¢®§¬®¦−ë¥ ¯à®¡«¥¬ë, � â�ª¦¥ ¯à®¢¥¤¥−� ®æ¥−ª�
¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨ ¯à¥¤«�£�¥¬®£® ¯®¤å®¤�. �à¥¤«�£�¥¬�ï ¬®¤¥«ì åà�-
−¥−¨ï ¯«�−� −¥ ¨¬¥¥â ¯à¨−æ¨¯¨�«ì−ëå âà¥¡®¢�−¨© ª á¯¥æ¨ä¨ª¥ §�¤�ç¨ ¨ ¬®¦¥â
¯à¨¬¥−ïâìáï ¢ à�¬ª�å «î¡®© §�¤�ç¨ ®¡á«¥¤®¢�−¨ï á �£¥−â®¬, ã¤®¢«¥â¢®àïîé¨¬
§�¤�−−ë¬ ¬¨−¨¬�«ì−ë¬ âà¥¡®¢�−¨ï¬.
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ENCLOSED ROOM EXPLORATION ALGORITHM
FOR AN AUTONOMOUS MOBILE ROBOT
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Shosse, Orel 302025, Russian Federation

Abstract: An enclosed room exploration algorithm for an autonomous mobile
robot equipped with sensors is introduced. This paper includes the definition
of the task of enclosed room exploration. The algorithm utilizes the data model
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of a floorplan, based on a concave polygon with holes, which is refined and
enhanced by merging different views of the room in the iterative manner during
exploration. This representation allows formulating the termination criterion
that can be checked in constant time and constructing a graph for pathfinding and
obstacle avoidance purposes. In addition, analysis of algorithm's computational
complexity and results of a test based on synthetic datasets are provided.
Furthermore, an approach to exploration path building and an algorithm of
floorplan's polygons union are considered.

Keywords: computer vision; autonomous exploration mobile robot; floorplan;
navigation; pathfinding
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ВОЗМОЖНОСТИ ПРЕОДОЛЕНИЯ ЗАЩИТЫ СЕТИ,
ИСПОЛЬЗУЮЩЕЙ МЕТАДАННЫЕ ДЛЯ УПРАВЛЕНИЯ

СЕТЕВЫМИ СОЕДИНЕНИЯМИ∗

А. А. Грушо1, Е. Е. Тимонина2, С. Я. Шоргин3

�−−®â�æ¨ï: “¯à�¢«¥−¨¥ á®¥¤¨−¥−¨ï¬¨ ¢ á¥â¨ á ¯®¬®éìî ¬¥â�¤�−−ëå −¥ à�á-
á¬�âà¨¢�¥â ¢à¥¬ï à¥�«¨§�æ¨¨ −¥áª®«ìª¨å ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. �â®â
ä�ªâ ¬®¦¥â ¯®§¢®«¨âì ¯à¥®¤®«¥¢�âì §�é¨âã á¥â¨, ¨á¯®«ì§ãîé¥© ¬¥â�¤�−-
−ë¥ ¤«ï ã¯à�¢«¥−¨ï á¥â¥¢ë¬¨ á®¥¤¨−¥−¨ï¬¨. „«ï à¥è¥−¨ï ¯®â¥−æ¨�«ì−ëå
¯à®¡«¥¬, á¢ï§�−−ëå á íâ®© ãï§¢¨¬®áâìî, ¯à¥¤«®¦¥−® ¢−¥á¥−¨¥ ¤®¯®«−¥−¨©
¢ äã−ªæ¨î ã¯à�¢«¥−¨ï á ¯®¬®éìî ¬¥â�¤�−−ëå. ‚ ç�áâ−®áâ¨, ¯à¥¤«®¦¥− ¬¥â®¤
¯®áâà®¥−¨ï ®ç¥à¥¤¥© ¨ ¬¥â®¤ ¯à¨−ã¤¨â¥«ì−®© à¥ª®−ä¨£ãà�æ¨¨ á¥â¨. ‚ á«ãç�¥
SDN (Software Defined Network) ¬¥â�¤�−−ë¥ −¥¯®áà¥¤áâ¢¥−−® ®¯à¥¤¥«ïîâ
¤«ï ª®−âà®««¥à� ¬®¬¥−â ¢à¥¬¥−¨ ¨ âà¥¡®¢�−¨ï ª à¥ª®−ä¨£ãà�æ¨¨ á¥â¨.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®-
£¨¨; à�á¯à¥¤¥«¥−−ë¥ ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ë¥ á¨áâ¥¬ë; ¬¥â�¤�−−ë¥;
¯à®£à�¬¬−®-ª®−ä¨£ãà¨àã¥¬ë¥ á¥â¨; á®áâ�¢−ë¥ §�¤�ç¨

DOI: 10.14357/08696527180403

1 Введение

“¯à�¢«¥−¨¥ á®¥¤¨−¥−¨ï¬¨ å®áâ®¢ ¢ á¥â¨ á ¯®¬®éìî ¬¥â�¤�−−ëå [1, 2] à¥è�¥â
àï¤ ¢�¦−ëå ¢®¯à®á®¢ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ à�á¯à¥¤¥«¥−-
−ëå ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬�å (÷ˆ‚‘). …á«¨ ÷ˆ‚‘ ¯®¤¤¥à-
¦¨¢�¥âáï SDN, â® ¬¥â�¤�−−ë¥ ®¡¥á¯¥ç¨¢�îâ ¤®¯®«−¨â¥«ì−ãî ¨§®«ïæ¨î á¨áâ¥¬ë
ã¯à�¢«¥−¨ï á¥âìî ¨ ¡¨§−¥á-¯à®æ¥áá®¢ ®â ¨−ä®à¬�æ¨®−−ëå ¯®â®ª®¢ ¢ á¥â¨.

�¤−�ª® ã¯à�¢«¥−¨¥ á®¥¤¨−¥−¨ï¬¨ ¢ á¥â¨ á ¯®¬®éìî ¬¥â�¤�−−ëå −¥ à�áá¬�â-
à¨¢�¥â àï¤ ¯�à�¬¥âà®¢ äã−ªæ¨®−¨à®¢�−¨ï á¥â¨. �¤−¨¬ ¨§ â�ª¨å ¯�à�¬¥âà®¢
ï¢«ï¥âáï ¢à¥¬ï à¥�«¨§�æ¨¨ −¥áª®«ìª¨å ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. �â®â
ä�ªâ ¬®¦¥â ¯®§¢®«¨âì ¯à¥®¤®«¥¢�âì §�é¨âã á¥â¨, ¨á¯®«ì§ãîé¥© ¬¥â�¤�−−ë¥ ¤«ï
ã¯à�¢«¥−¨ï á¥â¥¢ë¬¨ á®¥¤¨−¥−¨ï¬¨.

„«ï à¥è¥−¨ï ¯®â¥−æ¨�«ì−ëå ¯à®¡«¥¬, á¢ï§�−−ëå á íâ®© ãï§¢¨¬®áâìî, ¯à¥¤-
«®¦¥−® ¢−¥á¥−¨¥ ¤®¯®«−¥−¨© ¢ äã−ªæ¨î ã¯à�¢«¥−¨ï á ¯®¬®éìî ¬¥â�¤�−−ëå.
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‚®§¬®¦−®áâ¨ ¯à¥®¤®«¥−¨ï §�é¨âë á¥â¨, ¨á¯®«ì§ãîé¥© ¬¥â�¤�−−ë¥ ¤«ï ã¯à�¢«¥−¨ï

‚ ç�áâ−®áâ¨, ¯à¥¤«®¦¥− ¬¥â®¤ ¯®áâà®¥−¨ï ®ç¥à¥¤¥© ¨ ¬¥â®¤ ¯à¨−ã¤¨â¥«ì−®©
à¥ª®−ä¨£ãà�æ¨¨ á¥â¨. ‚ á«ãç�¥ SDN ¬¥â�¤�−−ë¥ −¥¯®áà¥¤áâ¢¥−−® ®¯à¥¤¥«ïîâ
¤«ï ª®−âà®««¥à� ¬®¬¥−â ¢à¥¬¥−¨ ¨ âà¥¡®¢�−¨ï ª à¥ª®−ä¨£ãà�æ¨¨ á¥â¨.

2 Модель метаданных

÷�¡®â�, ¢ë¯®«−ï¥¬�ï ÷ˆ‚‘, á¢®¤¨âáï ª à¥è¥−¨î §�¤�ç, à¥�«¨§ã¥¬ë¬¨
¯à¨«®¦¥−¨ï¬¨ [3]. ÷¥è¥−¨¥ §�¤�ç á®áâ®¨â ¨§ âà¥å ¯à®æ¥áá®¢:

(1) á¡®à� ¨−ä®à¬�æ¨¨ ¤«ï à¥è¥−¨ï §�¤�ç¨ (¨áå®¤−ë¥ ¤�−−ë¥);
(2) ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ −� ª®¬¯ìîâ¥à�å á ¯®¬®éìî ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥-

−¨ï (¯à¨«®¦¥−¨©);
(3) à�á¯à¥¤¥«¥−¨ï à¥§ã«ìâ�â®¢ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨.

ˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ á®áâ�¢−ëå §�¤�ç [4],
¯®íâ®¬ã ¬®¦−® ®¡ê¥¤¨−ïâì ¯®−ïâ¨ï ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨ ¨ §�¤�ç.

Š®¬¯ìîâ¥à ª�ª ã§¥« á¥â¨ −�§ë¢�¥âáï å®áâ®¬. ÷�§«¨ç−ë¥ §�¤�ç¨ ¬®¦−® à¥è�âì
−� à�§«¨ç−ëå å®áâ�å á¥â¨. ’®£¤� á¥âì ¯®§¢®«ï¥â á®¡¨à�âì ¨áå®¤−ë¥ ¤�−−ë¥
¤«ï §�¤�ç ¨ à�á¯à¥¤¥«ïâì à¥§ã«ìâ�â ®¡à�¡®âª¨. ‘«¥¤®¢�â¥«ì−®, áãé¥áâ¢ã¥â
¡¨−�à−®¥ ®â−®è¥−¨¥ H(A) ¬¥¦¤ã å®áâ®¬ H ¨ ª®−ªà¥â−ë¬ íª§¥¬¯«ïà®¬ §�¤�ç¨ A,
¯à¥¤áâ�¢«¥−−®© ¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬ ¨ ¨−ä®à¬�æ¨®−−ë¬¨ à¥áãàá�¬¨.

�®«¨â¨ª� ¡¥§®¯�á−®áâ¨ ÷ˆ‚‘ âà¥¡ã¥â ª®−âà®«ï §� ¢§�¨¬®¤¥©áâ¢¨ï¬¨ å®á-
â®¢ ¢ á¥â¨, ª®â®àë© á¢®¤¨âáï ª ¬®−¨â®à¨−£ã ¢§�¨¬®¤¥©áâ¢¨© ¨ ã¯à�¢«¥−¨î
á®¥¤¨−¥−¨ï¬¨. Š®−âà®«ì ¢§�¨¬®¤¥©áâ¢¨© å®áâ®¢ ¢ á¥â¨ ¯®§¢®«ï¥â á−¨§¨âì ã£à®§ë
¢−¥¤à¥−¨ï ¨ à�á¯à®áâà�−¥−¨ï ¢à¥¤®−®á−®£® ª®¤� ç¥à¥§ á¥â¥¢®¥ ®¡®àã¤®¢�−¨¥
¨ ª�−�«ë á¢ï§¨. ‚ à�¡®â�å [1, 2] ã¯à�¢«¥−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï¬¨ å®áâ®¢ ¢ á¥â¨
¯à¥¤«�£�¥âáï à¥�«¨§®¢�âì á ¯®¬®éìî ¬¥â�¤�−−ëå.

�¡®§−�ç¨¬ ¬−®¦¥áâ¢® §�¤�ç, à¥�«¨§ã¥¬ëå ¢ ÷ˆ‚‘, ç¥à¥§Ÿ ¨ à�áá¬®âà¨¬ −�
−¥¬ ¡¨−�à−®¥ ®â−®è¥−¨¥ ¯®à®¦¤¥−¨ï (Ai, Aj), £¤¥ Ai ¨ Aj | §�¤�ç¨, ¯à¨ç¥¬ Ai

®¯à¥¤¥«ï¥â §�¯ãáª ¨«¨ ãç�áâ¢ã¥â ¢ §�¯ãáª¥ §�¤�ç¨ Aj. �®à®¦¤¥−¨ï, ¢ ª®â®-
àëå ¨áå®¤−�ï §�¤�ç� −�å®¤¨âáï −� ®¤−®¬ å®áâ¥, � ¯®à®¦¤�¥¬�ï | −� ¤àã£®¬,
®¡®§−�ç¨¬ ç¥à¥§ B ¨ ¡ã¤¥¬ −�§ë¢�âì ¬¥â�¤�−−ë¬¨.

„«ï §�¤�ç, ¢å®¤ïé¨å ¢ ®â−®è¥−¨¥ B, ®¯à¥¤¥«¨¬ âà¨ ¤®¯®«−¨â¥«ì−ë¥ §�¤�-
ç¨ M, N ¨ R, ª®â®àë¥ ã¯à�¢«ïîâ ¢§�¨¬®¤¥©áâ¢¨ï¬¨ ¢ á¥â¨ −� ®á−®¢¥ ¬¥â�¤�−-
−ëå B. ‡�¤�ç� M à�á¯à¥¤¥«ï¥â ¯à¨«®¦¥−¨ï ¤«ï à¥è¥−¨ï §�¤�ç ¬¥¦¤ã å®áâ�¬¨,
¤«ï ¯à®áâ®âë ¡ã¤¥¬ £®¢®à¨âì ® à�á¯à¥¤¥«¥−¨¨ §�¤�ç −� å®áâ�å. ‡�¤�ç� M ®¯à¥¤¥-
«ï¥â ¡¨−�à−®¥ ®â−®è¥−¨¥ H(A), ®§−�ç�îé¥¥, çâ® −� å®áâ¥ H ¬®¦¥â ¢ëç¨á«ïâìáï
§�¤�ç� A.

÷¥§ã«ìâ�âë §�¤�ç¨ M ¨á¯®«ì§ãîâáï §�¤�ç¥© N. ‡�¤�ç� N ¯®¤¤¥à¦¨¢�¥â á¢ï§ì
á ª�¦¤ë¬ å®áâ®¬ ¨ ®â¢¥ç�¥â §� à�§à¥è¥−¨¥ ¨ ¯à¥¤®áâ�¢«¥−¨¥ å®áâ�¬ ¨−ä®à¬�æ¨¨
¯® §�¯à®áã ® ¢§�¨¬®¤¥©áâ¢¨ïå §�¤�ç −� à�§−ëå å®áâ�å. ÷�§à¥è¥−¨¥ ®á−®¢ë¢�¥âáï
−� ¬¥â�¤�−−ëå B.

‡�¤�ç� R áâà®¨â ®á−®¢−®© ¨ à¥§¥à¢−ë¥ ¬�àèàãâë ¯® §�¤�−¨î §�¤�ç¨ N.
��¯à¨¬¥à, R −�å®¤¨âáï ¢ ª®−âà®««¥à¥ á¥â¨ SDN.
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�ãáâì −� å®áâ¥ H(A) «¥£�«ì−® §�¯ãé¥−� §�¤�ç� A. ‡�¤�ç� A1 −�å®¤¨âáï
¢ ®â−®è¥−¨¨ ¯®à®¦¤¥−¨ï (A,A1) ¨ à�á¯®«®¦¥−� −� ¤àã£®¬ å®áâ¥. �� ª�¦¤®¬
å®áâ¥ H ¥áâì �£¥−â á ªà¨¯â®£à�ä¨ç¥áª¨¬¨ áà¥¤áâ¢�¬¨ ¨ ª«îç®¬ k(H) ¤«ï á¢ï§¨
á å®áâ®¬ H(N), ¯à¨ç¥¬ ¤«ï ª�¦¤®£® H á®¥¤¨−¥−¨¥ á H(N) ¢®ááâ�−�¢«¨¢�¥âáï
¡ëáâà®.

„«ï ®¡à�é¥−¨ï ª §�¤�ç¥ A1 §�¤�ç� A ç¥à¥§ �£¥−â� å®áâ� H(A) á¢ï§ë¢�¥âáï
á §�¤�ç¥© N, ª®â®à�ï ®¯à¥¤¥«ï¥â −�«¨ç¨¥ ¯®à®¦¤¥−¨ï (A,A1). ’®£¤� −� å®áâ
H(A1) ç¥à¥§ �£¥−â� íâ®£® å®áâ� −�¯à�¢«ïîâáï ¨−ä®à¬�æ¨ï ® −¥®¡å®¤¨¬®áâ¨
á®¥¤¨−¥−¨ï áH(A), ª«îçk(A,A1) ¤«ï §�é¨âë íâ®£® á®¥¤¨−¥−¨ï, ¨¤¥−â¨ä¨ª�â®à,
¯®àâ ¨ ¢à¥¬ï. �−�«®£¨ç−�ï ¨−ä®à¬�æ¨ï −�¯à�¢«ï¥âáï −� å®áâ H(A). �®á«¥
¢ë¯®«−¥−¨ï §�¤�ç¨A1 §�¤�ç� A¯®«ãç�¥â à¥§ã«ìâ�âë, � á®¥¤¨−¥−¨¥H(A) áH(A1)
à�§àë¢�¥âáï.

3 Возможности преодоления защиты сети, использующей метаданные

‚ ª®−æ¥¯æ¨¨ á¥â¥¢®© §�é¨âë −� ®á−®¢¥ ¬¥â�¤�−−ëå, ®¯à¥¤¥«¥−−®© ¢ à�-
¡®â�å [1{4], −¥â ã¯®¬¨−�−¨ï ® ¢à¥¬¥−−‚ëå å�à�ªâ¥à¨áâ¨ª�å. ��¯®¬−¨¬, çâ®
¬¥â�¤�−−ë¥ á®¤¥à¦�â ¨−ä®à¬�æ¨î ® ¤®¯ãáâ¨¬®áâ¨ á®¥¤¨−¥−¨ï å®áâ®¢ H(B)
¨ H(A) −� ®á−®¢¥ −¥®¡å®¤¨¬®áâ¨ ¢§�¨¬®¤¥©áâ¢¨ï §�¤�ç B ¨ A ¢ à¥�«¨§ã¥¬®©
¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨.

‚¬¥áâ¥ á â¥¬ ¢ ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬¥ ¬®£ãâ ®¤−®¢à¥¬¥−−® äã−ªæ¨®−¨à®-
¢�âì −¥áª®«ìª® ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, ª®â®àë¥ ¨¬¥îâ ¯à�¢® ®¡à�é�âìáï
ª §�¤�ç¥ A. ’®£¤� ¢®§¬®¦−® ¢®§−¨ª−®¢¥−¨¥ ®ç¥à¥¤¨ §� ¨á¯®«ì§®¢�−¨¥¬ §�¤�ç¨ A.

�à¥¤¯®«®¦¨¬, çâ® ¢ å®¤¥ ¢ë¯®«−¥−¨ï â¥å−®«®£¨© ®¡à�§®¢�«�áì ®ç¥à¥¤ì ¨§
§�¤�ç B1, B2, . . . , Bs. ÷�á¯à¥¤¥«¥−¨¥ §�¤�ç ¯® å®áâ�¬ ®áãé¥áâ¢«ï¥âáï −� ãà®¢−¥
¬®¤¥«¥© ¡¨§−¥á-¯à®æ¥áá®¢ á ¯®¬®éìî §�¤�ç¨ M, ¨ íâ® à�á¯à¥¤¥«¥−¨¥ §�¤�ç ¬®¦−®
áç¨â�âì á«ãç�©−ë¬. ‡�¯ãáª −¥áª®«ìª¨å ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ à¥è¥-
−¨¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ §�¤�ç, à¥�«¨§ãîé¨å íâ¨ â¥å−®«®£¨¨, ¬®¦−® áç¨â�âì
á«ãç�©−ë¬ ¯à®æ¥áá®¬.

…á«¨ à�áá¬®âà¥âì ª®−ªà¥â−ãî §�¤�çã A ¨ ¥¥ å®áâ H(A), â® ¢ å®¤¥ ¢ë¯®«-
−¥−¨ï −¥áª®«ìª¨å ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¬®¦−® ¯®«�£�âì, çâ® ®¡à�é¥−¨ï
ª §�¤�ç¥ A ï¢«ïîâáï −¥§�¢¨á¨¬ë¬¨ á«ãç�©−ë¬¨ á®¡ëâ¨ï¬¨. �®áª®«ìªã ¬¥â�¤�−-
−ë¥ −¥ ª®−âà®«¨àãîâ à�§¬¥à ®ç¥à¥¤¨, â® ¢®§¬®¦−® −�àãè¥−¨¥ ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨ §� áç¥â ¯à¥¢ëè¥−¨ï ¢®§¬®¦−®áâ¥© å®áâ� H(A) ãáâ�−�¢«¨¢�âì á®-
¥¤¨−¥−¨ï á å®áâ�¬¨ H(B1),H(B2), . . . ,H(Bs) §�¤�ç B1, B2, . . . , Bs, ®¦¨¤�îé¨å
®¡à�é¥−¨ï ª §�¤�ç¥ A.

„�−−®¥ −�àãè¥−¨¥ §�é¨é¥−−®áâ¨ áå®¤−® á �â�ª®© â¨¯� DDoS (Distributed
Denial of Service). ÷�§«¨ç¨¥ á®áâ®¨â ¢ â®¬, çâ® −¥¤®¯ãáâ¨¬�ï ®ç¥à¥¤ì ¬®¦¥â
¢®§−¨ª−ãâì á«ãç�©−® ¢ à�§«¨ç−ëå å®áâ�å á¥â¨.

�à¥¤«�£�¥âáï á«¥¤ãîé¥¥ à¥è¥−¨¥. ‡�¤�ç� N ¯®«ãç�¥â ®â §�¤�ç¨ A ç¥à¥§
�£¥−â� ¢ å®áâ¥ H(A) á®®¡é¥−¨¥ ® â®¬, çâ® A §�−ïâ�. �£¥−â ¢ H(N) á®®¡é�¥â
®¡ íâ®¬ ¢á¥¬ å®áâ�¬ H(B1),H(B2), . . . ,H(Bs), ¯®¤�¢è¨¬ §�ï¢ª¨ ¢ §�¤�çã N

® á®¥¤¨−¥−¨¨ á §�¤�ç¥© A. ‚ íâ®¬ á«ãç�¥ §�¤�ç� N ¬®¦¥â áä®à¬¨à®¢�âì
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‚®§¬®¦−®áâ¨ ¯à¥®¤®«¥−¨ï §�é¨âë á¥â¨, ¨á¯®«ì§ãîé¥© ¬¥â�¤�−−ë¥ ¤«ï ã¯à�¢«¥−¨ï

®ç¥à¥¤ì, ¯®á«¥¤®¢�â¥«ì−® á®®¡é�ï å®áâ�¬ H(Bi), i = 1, . . . , s, ®¡ ¨å ¢®§¬®¦−®áâ¨
á®¥¤¨−¥−¨ï á å®áâ®¬ H(A), â. ¥. å®áâ H(A) ¤®«¦¥− ¯®áë«�âì å®áâã H(N)
á®®¡é¥−¨¥ ®¡ ®á¢®¡®¤¨¢è¥©áï ¢®§¬®¦−®áâ¨ à¥è¥−¨ï §�¤�ç¨ A.

’�ª®© ¯®¤å®¤ ®¡¥á¯¥ç¨¢�¥â à�§à¥è¥−¨¥ ª®−ä«¨ªâ� ¬¥¦¤ã ¨−ä®à¬�æ¨®−−ë¬¨
â¥å−®«®£¨ï¬¨ ¨ −¥ ¯à¨¢®¤¨â ª á¡®î â¨¯� DDoS. �¤−�ª® ¢à¥¬ï ®¦¨¤�−¨ï ¯à®¤®«-
¦¥−¨ï ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© áâ�−®¢¨âáï −¥®¯à¥¤¥«¥−−ë¬ ¨ á«ãç�©−ë¬.
Šà®¬¥ â®£®, íâ®â ¬¥â®¤ §−�ç¨â¥«ì−® ã¢¥«¨ç¨¢�¥â −�£àã§ªã −� §�¤�çã N. �®íâ®¬ã
íâ®â ¬¥â®¤ −�¤® úãá¨«¨âìû ¢®§¬®¦−®áâìî à¥ª®−ä¨£ãà�æ¨¨ á¥â¨ ¨ ¬®¤¥à−¨§�æ¨¨
¬¥â�¤�−−ëå [5].

4 Вероятностные модели

�ãáâì ¢à¥¬ï à¥è¥−¨ï íª§¥¬¯«ïà� §�¤�ç¨ A íªá¯®−¥−æ¨�«ì−® á ¯�à�¬¥âà®¬ µ.
…á«¨ ¯®«ãç¥−ë −¥ª®àà¥ªâ−ë¥ ¤�−−ë¥ ¤«ï §�¤�ç¨ A, â® ¥¥ �−�«¨§ ¨ à¥è¥−¨¥ ¬®£ãâ
§�âï−ãâìáï. �â® ¢«¥ç¥â §� á®¡®© áàë¢ áà®ª®¢ ¨á¯®«−¥−¨ï ¢á¥å §�¤�ç ¢ ®ç¥à¥¤¨
¨ §�¤¥à¦ªã ¢ §�¢¥àè¥−¨¨ −¥áª®«ìª¨å ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. �®íâ®¬ã
¯à¨ §�¤¥à¦ª¥ à¥è¥−¨ï §�¤�ç¨ −¥®¡å®¤¨¬® ¯® ¢®§¬®¦−®áâ¨ à¥ª®−ä¨£ãà¨à®¢�âì
à�á¯à¥¤¥«¥−¨¥ §�¤�ç ¯® å®áâ�¬. ��¯à¨¬¥à, ¬®¦−® ¢ë¤¥«¨âì å®áâ á −®¢ë¬ íª§¥¬-
¯«ïà®¬ §�¤�ç¨ A ¨ ¯¥à¥−�¯à�¢¨âì ®ç¥à¥¤ì −� å®áâ �H(A) (¯à¨ −¥®¡å®¤¨¬®áâ¨
§�−®¢® áâ�àâãï æ¨ª«ë). ’�ª¨¬ ®¡à�§®¬ ®¯à¥¤¥«ï¥âáï §�¯à¥â −� ¯à®¤®«¦¥−¨¥
¤¥©áâ¢ãîé¥£® ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá�, ª®â®àë© á¢ï§�− á à�§«�¤ª®© ¢¥à®ïâ-
−®áâ−®£® à�á¯à¥¤¥«¥−¨ï ®¡à�¡®âª¨ ¤�−−ëå. ’¥®à¨ï §�¯à¥â®¢ ¢¥à®ïâ−®áâ−ëå ¬¥à
¢ ª®−¥ç−ëå ¯à®áâà�−áâ¢�å à�áá¬�âà¨¢�«�áì ¢ à�¡®â�å [6{8].

‚ á¤¥«�−−ëå ¯à¥¤¯®«®¦¥−¨ïå ® à�á¯à¥¤¥«¥−¨¨ áâ�−¤�àâ−®£® à¥è¥−¨ï §�-
¤�ç¨ A ¢¥à®ïâ−®áâì ¯à¥¢ëè¥−¨ï ¢à¥¬¥−−‚®£® ¯®à®£� T0 à�¢−� e−µT0 . �à¨
¯à¥¢ëè¥−¨¨ ¯®à®£� T0 −�ç¨−�¥âáï ¯à®æ¥¤ãà� à¥ª®−ä¨£ãà�æ¨¨ á¥â¨. �®áª®«ìªã
ãáâ�−®¢ª� −®¢®£® íª§¥¬¯«ïà� §�¤�ç¨ A ¨ à¥ª®−ä¨£ãà�æ¨ï á¥â¨ | íâ® á«®¦−ë¥
§�¤�ç¨, â® ¢®§−¨ª�¥â §�¤�ç� ®¯â¨¬¨§�æ¨¨ ¬¥¦¤ã ¤®¯ãáâ¨¬ë¬ ¢à¥¬¥−¥¬ ®¦¨¤�−¨ï
¨ −�ç�«®¬ à¥ª®−ä¨£ãà�æ¨¨.

‚â®à®© §�¤�ç¥©, ¯à¨¢®¤ïé¥© ª −¥®¡å®¤¨¬®áâ¨ à¥ª®−ä¨£ãà�æ¨¨, ï¢«ï¥âáï
¯®ï¢«¥−¨¥ ®ç¥à¥¤¨ −¥¤®¯ãáâ¨¬® ¡®«ìè®© ¤«¨−ë ¤«ï å®âï ¡ë ®¤−®© ¨§ §�¤�ç
¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë. ‡¤¥áì â�ª¦¥ ¢®§−¨ª�¥â §�¤�ç� ®¯â¨¬¨§�æ¨¨, ª®â®à�ï
®¯¨à�¥âáï −� ¢¥à®ïâ−®áâ−®¥ ¬®¤¥«¨à®¢�−¨¥ á¥¬¥©áâ¢� ®ç¥à¥¤¥©. �à¨ íâ®¬ âà¥-
¡ã¥âáï, çâ®¡ë à¥ª®−ä¨£ãà�æ¨ï á¥â¨ ¤«ï ®¡å®¤� ¤«¨−−ëå ®ç¥à¥¤¥© ¬¨−¨¬�«ì−®
¢«¨ï«� −� à�¡®âã ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë.

‚ ®á−®¢ã ¯®áâà®¥−¨ï â�ª¨å ¢¥à®ïâ−®áâ−ëå ¬®¤¥«¥© ¯®«®¦¨¬ â®â ä�ªâ [9],
çâ® à�á¯à¥¤¥«¥−−�ï á¨áâ¥¬� ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−� ¢ ¢¨¤¥ ®¤−®£® ª®¬¯ìîâ¥-
à�, ¢ ª®â®à®¬ ¥¤¨−ë© ¯«�−¨à®¢é¨ª ¢ëáâà�¨¢�¥â ¯®á«¥¤®¢�â¥«ì−®áâì â¥ªãé¨å
à¥è�¥¬ëå §�¤�ç (−¥§�¢¨á¨¬® ®â ç¨á«� ï¤¥à ¨ ¯à®æ¥áá®à®¢). ‚ íâ®© ¬®¤¥«¨ −¥
¢�¦−®, ª�ª¨¥ §�¤�ç¨ ®¡à�é�îâáï ª §�¤�ç¥ A, � ¢�¦−® ç¨á«® íª§¥¬¯«ïà®¢ A,
−¥®¡å®¤¨¬ëå ¤«ï ã¤®¢«¥â¢®à¥−¨ï §�¯à®á®¢ ®ç¥à¥¤¨. ’®£¤� ¯®á«¥¤®¢�â¥«ì−®áâì
§�¤�ç −� ®¡à�¡®âªã ®¯¨áë¢�¥â á¨âã�æ¨î ¢® ¢á¥© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬¥ ¤«ï
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¢á¥å §�¯à�è¨¢�¥¬ëå §�¤�ç. ��¯à¨¬¥à, −¥ ¢�¦−®, çâ® ª A ¢®§−¨ª«� ®ç¥à¥¤ì §�¤�ç
B1, B2, . . . , Bs, � ¢�¦−®, çâ® ¢ æ¥¯®çª¥ §�¤�−¨© áâ®¨â á¥à¨ï ¨§ s íª§¥¬¯«ïà®¢
§�¤�ç¨ A. ’�ª¨¬ ®¡à�§®¬, ¨¬¥¥¬ �«ä�¢¨â ¨§ ¨¬¥− §�¤�ç, ª ª®â®àë¬ ¢®§¬®¦−®
®¡à�é¥−¨¥ å®âï ¡ë ®¤−®© ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨. ”ã−ªæ¨®−¨à®¢�−¨î −¥-
áª®«ìª¨å ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© á®®â¢¥âáâ¢ã¥â ¯®á«¥¤®¢�â¥«ì−®áâì §�¤�ç,
à¥è�¥¬ëå ¢ ¯®áâà®¥−−®© ¢®®¡à�¦�¥¬®© ª®¬¯ìîâ¥à−®© á¨áâ¥¬¥.

‚®§−¨ª�îé¨¥ ®ç¥à¥¤¨ ¢ ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬¥ á®®â¢¥âáâ¢ãîâ á¥à¨ï¬ ®¤-
−®£® ¨¬¥−¨ §�¤�ç¨ ¢ íâ®© ¯®á«¥¤®¢�â¥«ì−®áâ¨. �¥®¡å®¤¨¬®áâì à¥ª®−ä¨£ãà�æ¨¨
¯ãâ¥¬ ãáâ�−®¢ª¨ −� à¥§¥à¢−®¬ å®áâ¥ ¤ã¡«¨ª�â� §�¤�ç¨, á®§¤�îé¥© ¡®«ìèãî ®ç¥-
à¥¤ì, ®¯à¥¤¥«ï¥âáï §�¯à¥â®¬ [6{8], ®¯à¥¤¥«ï¥¬ë¬ á ¯®¬®éìî ¯®à®£� ¤«ï ¤«¨−
á¥à¨© áâà®ïé¥©áï ¯®á«¥¤®¢�â¥«ì−®áâ¨. �âáî¤� ¢®§−¨ª�¥â á«¥¤ãîé�ï ¢¥à®ïâ-
−®áâ−�ï ¬®¤¥«ì, ¯®§¢®«ïîé�ï �−�«¨§¨à®¢�âì ¢®§¬®¦−®áâì ¯à¥®¤®«¥−¨ï §�é¨âë
¨−ä®à¬�æ¨¨ ¢ á¥â¨ á ¯®¬®éìî §�¤¥à¦¥ª ¢ ®ç¥à¥¤ïå.

‡�é¨â� ®â â�ª¨å −�àãè¥−¨© ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ®á−®¢�−� −�
®¯à¥¤¥«¥−¨¨ §�¯à¥â®¢ ¢¥à®ïâ−®áâ−ëå ¬¥à [10], ¯®ï¢«¥−¨¥ ª®â®àëå ¨−¨æ¨¨àã¥â
à¥ª®−ä¨£ãà�æ¨î ¬�àèàãâ®¢ ¢ á¥â¨.

�¡®§−�ç¨¬ ¯®á«¥¤®¢�â¥«ì−®áâì §�¤�ç ¤«ï à¥è¥−¨ï x = (x1, x2, . . . , xn, . . .),
ª®â®àãî áâà®¨â ¢®®¡à�¦�¥¬�ï ª®¬¯ìîâ¥à−�ï á¨áâ¥¬� ¨ £¤¥ xi ∈ Ÿ, i = 1, 2, . . .
�� ¬−®¦¥áâ¢¥ Ÿ ®¯à¥¤¥«¨¬ ¯®«¨−®¬¨�«ì−ãî áå¥¬ã {P(A), A ∈ Ÿ}. ‘¥à¨ï
§�¤�ç¨ A ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨ x ¢®§−¨ª�¥â, ª®£¤� ¥áâì ®ç¥à¥¤ì ¢ ®¡à�é¥−¨¨
ª §�¤�ç¥ A. ‘¥à¨ï C(A, t, l) §�¤�ç¨ A ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨ x, −�ç¨−�îé�ïáï
á −®¬¥à� t ¨ ¤«¨−®© l, ¨¬¥¥â ¢¨¤:

C(A, t, l) = xt, xt+1, . . . , xt+l, xt+l+1 ,

£¤¥ xt 6= A, xt+1 = · · · = xt+l = A, xt+l+1 6= A. ˆáå®¤ï ¨§ ¬®¤¥«¨ ¯®«¨−®¬¨-
�«ì−®© áå¥¬ë, ¢¥à®ïâ−®áâì á¥à¨¨ C(A, t, l) à�¢−�

P(C(A, t, l)) = (1− P(A))2 Pl(A) .

�¯à¥¤¥«¨¬ á«ãç�©−ãî ¢¥«¨ç¨−ã

ξt =

{

1 , ¥á«¨ ¯à®¨§®è«® á®¡ëâ¨¥ C(A, t, l) ;

0 ¢ ¯à®â¨¢−®¬ á«ãç�¥.

�ãáâì á«ãç�©−�ï ¢¥«¨ç¨−� T à�¢−� ¢à¥¬¥−¨ à�¡®âë §�¯ãé¥−−ëå ¨−ä®à-
¬�æ¨®−−ëå â¥å−®«®£¨©. ’®£¤�, ¨á¯®«ì§ãï â®¦¤¥áâ¢® ‚�«ì¤�, ¬®¦−® −�©â¨
¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ç¨á«� á¥à¨©

η(A) =
T
∑

t=1

∞
∑

l=n0

ξt

§�¤�ç¨ A, ¤«¨−ë ª®â®àëå −¥ ¬¥−ìè¥ n0:

Eη(A) = (1− P(A))Pn0(A)ET .
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‚®§¬®¦−®áâ¨ ¯à¥®¤®«¥−¨ï §�é¨âë á¥â¨, ¨á¯®«ì§ãîé¥© ¬¥â�¤�−−ë¥ ¤«ï ã¯à�¢«¥−¨ï

Ÿá−®, çâ® −¥ ¢á¥ §�¤�ç¨ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¢ à�§«¨ç−ëå ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨ïå. �ãáâì ¬−®¦¥áâ¢® íâ¨å §�¤�ç ®¯à¥¤¥«ï¥âáï ¬−®¦¥áâ¢®¬ Ÿ0 ∈ Ÿ.
’®£¤� áà¥¤−¥¥ ç¨á«® á¥à¨© §�¤�ç ¨§ Ÿ0, ¤«¨−� ª®â®àëå −¥ ¬¥−ìè¥ n0, à�¢−®

E =
∑

A∈Ÿ0

Eη(A) =
∑

A∈Ÿ0

(1− P(A))Pn0(A)ET .

…á«¨ ¬®é−®áâì ¬−®¦¥áâ¢� Ÿ0 −¥¢¥«¨ª�, � Eη(A), A ∈ Ÿ0, ¬�«®, â® E ï¢«ï¥âáï
®æ¥−ª®© ¢¥à®ïâ−®áâ¨ ¯®ï¢«¥−¨ï à¥ª®−ä¨£ãà�æ¨¨ á¥â¨ ¨§-§� −�«¨ç¨ï ¤«¨−−®©
á¥à¨¨ §�¯à®á®¢ å®âï ¡ë ª ®¤−®© ¨§ §�¤�ç.

�®«ãç¥−−ë¥ ä®à¬ã«ë ï¢«ïîâáï ¨áå®¤−ë¬¨ ¤�−−ë¬¨ ¤«ï ®¯â¨¬¨§�æ¨¨ §�-
¤¥à¦¥ª ®¤−®¢à¥¬¥−−®£® ¢ë¯®«−¥−¨ï ¬−®¦¥áâ¢� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©
¨§-§� ¯®ï¢«¥−¨ï ®ç¥à¥¤¥© ¯à¨ à¥è¥−¨¨ ¯®á«¥¤®¢�â¥«ì−®áâ¨ §�¤�ç.

5 Заключение

‚ à�¡®â¥ ¯®áâà®¥−� −®¢�ï ¬®¤¥«ì, ®¯¨áë¢�îé�ï ¢®§¬®¦−®áâ¨ ¯à¥®¤®«¥−¨ï
§�é¨âë á¥â¨ −� ®á−®¢¥ ¬¥â�¤�−−ëå ¯à¨ ®¤−®¢à¥¬¥−−®¬ ¢ë¯®«−¥−¨¨ −¥áª®«ìª¨å
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. ÷�áá¬®âà¥−ë ¤¢¥ ¯à¨ç¨−ë §�¤¥à¦¥ª:

(1) §�¤¥à¦ª� ¢ à¥è¥−¨¨ §�¤�ç¨ ®¤−®© ¨§ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©;

(2) ¯®ï¢«¥−¨¥ ¤«¨−−®© ®ç¥à¥¤¨ ¯à¨ ®¤−®¢à¥¬¥−−®¬ ®¡à�é¥−¨¨ à�§«¨ç−ëå â¥å-
−®«®£¨© ª ®¤−®© ¨ â®© ¦¥ §�¤�ç¥.

’�ª¨¥ §�¤¥à¦ª¨ ¢® ¬−®£¨å á«ãç�ïå ¬®¦−® ¨áª«îç�âì á ¯®¬®éìî ãáâ�−®¢ª¨
§�¤�ç¨, ¯®à®¦¤�îé¥© ®ç¥à¥¤ì, −� ¤àã£®© å®áâ (¢®§¬®¦−®, ¢¨àâã�«ì−ë©). ‚ íâ®¬
á«ãç�¥ −¥®¡å®¤¨¬� à¥ª®−ä¨£ãà�æ¨ï á¥â¨ á â®çª¨ §à¥−¨ï ¯®áâà®¥−¨ï ¬�àèàãâ®¢,
¯à®å®¤ïé¨å ç¥à¥§ −®¢ë© å®áâ.

÷¥ª®−ä¨£ãà�æ¨ï á¥â¨ â�ª¦¥ âà¥¡ã¥â ¢à¥¬¥−¨, ¯®íâ®¬ã −¥®¡å®¤¨¬® ®¯â¨¬¨-
§¨à®¢�âì à�§¬¥à ®ç¥à¥¤¨ ¨ ¬®¬¥−â ¢à¥¬¥−¨ ¯¥à¥å®¤� ª à¥ª®−ä¨£ãà�æ¨¨ á¥â¨.
�®áâà®¥−� ¬®¤¥«ì ¨ ¯à¨¢¥¤¥−ë ¬¥â®¤ë à�áç¥â� å�à�ªâ¥à¨áâ¨ª, á¢ï§�−−ëå á ®¯¨-
á�−−ë¬ á¯®á®¡®¬ ¯à¥®¤®«¥−¨ï §�é¨âë. �®«ãç¥−−ë¥ ä®à¬ã«ë ¯®§¢®«ïîâ ®æ¥-
−¨¢�âì §�¤¥à¦ª¨ ¨§-§� ¢®§−¨ª−®¢¥−¨ï ®ç¥à¥¤¥© ¢ á¥â¨ ¨«¨ á¡®¥¢ ¯à¨ à¥è¥−¨¨
®â¤¥«ì−ëå §�¤�ç.
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OVERCOMING OF PROTECTION OF A NETWORK
WHERE CONNECTIONS ARE CONTROLLED BY META DATA
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Abstract: The control of connections in a network by means of meta data does
not consider time of realization of several information technologies. This fact
produces a possibility to overcome protection of a network which uses meta data
for control of network connections. For solution of potential problems connected
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Overcoming of protection of a network where connections are controlled by meta data

with this vulnerability, additions to the control functions using meta data are
suggested. In particular, the method of creation of queues and the method
of compulsory reconfiguration of network are proposed. In the case of SDN
(Software Defined Network), meta data directly define the moment of time and
requirements to reconfiguration of network for the controller.
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1 Введение

�¯¥à�â¨¢−®-¤¨á¯¥âç¥àáª®¥ ã¯à�¢«¥−¨¥ ¤¨−�¬¨ç¥áª®© à¥£¨®−�«ì−®© í−¥à£®-
á¨áâ¥¬®© å�à�ªâ¥à¨§ãîâáï à�§−®®¡à�§¨¥¬ ¨ §−�ç¨â¥«ì−ë¬¨ ®¡ê¥¬�¬¨ −¥®¡å®¤¨-
¬®© ¨−ä®à¬�æ¨¨, ¢§�¨¬®§�¢¨á¨¬®áâìî ¯à¨−¨¬�¥¬ëå à¥è¥−¨©, ¨§¬¥−ç¨¢®áâìî
¯à®¡«¥¬−®© áà¥¤ë ¢ à¥�«ì−®¬ ¢à¥¬¥−¨, ¢«¨ï−¨¥¬ ç¥«®¢¥ç¥áª®£® ä�ªâ®à�, ¢ ç�áâ-
−®áâ¨ −¥¢¥à−®© ¨−â¥à¯à¥â�æ¨¥© ¤�−−ëå, á«¥¯®â®© ª ¨§¬¥−¥−¨ï¬ ¨ ¤à. ��-
¯à¨¬¥à, ¯à¨ «¨ª¢¨¤�æ¨¨ â¥å−®«®£¨ç¥áª¨å −�àãè¥−¨© ¢®§−¨ª�îâ ¯à®¡«¥¬−ë¥
á¨âã�æ¨¨ [1]: ¯à¥¤®â¢à�é¥−¨ï à�§¢¨â¨ï −�àãè¥−¨©, ¨áª«îç¥−¨¥ âà�¢¬¨à®¢�−¨ï
¯¥àá®−�«� ¨ ¯®¢à¥¦¤¥−¨ï ®¡®àã¤®¢�−¨ï, −¥ §�âà®−ãâ®£® â¥å−®«®£¨ç¥áª¨¬ −�àã-
è¥−¨¥¬; ¡ëáâà®£® ¢®ááâ�−®¢«¥−¨ï í−¥à£®á−�¡¦¥−¨ï ¯®âà¥¡¨â¥«¥© ¨ −®à¬�«ì−ëå
¯�à�¬¥âà®¢ ®â¯ãáª�¥¬®© ¯®âà¥¡¨â¥«ï¬ í«¥ªâà®í−¥à£¨¨ á æ¥«ìî á−¨¦¥−¨ï ã¡ëâ-
ª®¢ á¥â¥¢®© ª®¬¯�−¨¨; á®§¤�−¨ï −�¤¥¦−®© ¯®á«¥�¢�à¨©−®© áå¥¬ë. Š�¦¤�ï ¨§
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−¨å à¥«¥¢�−â−� ¬®¤¥«¨ ú−¥®¤−®à®¤−�ï §�¤�ç�û [2], ¤«ï ¨å à¥è¥−¨ï −¥®¡å®¤¨¬�
¨−â¥£à�æ¨ï §−�−¨© íªá¯¥àâ®¢ à�§«¨ç−ëå á¯¥æ¨�«ì−®áâ¥©, á®£«�á®¢�−¨¥ −¥áª®«ì-
ª¨å ªà¨â¥à¨¥¢ ®¯â¨¬�«ì−®áâ¨ ¨ ãç¥â ¬−®¦¥áâ¢� ®£à�−¨ç¥−¨©. Šà®¬¥ â®£®, ¯à¨
â¥å−®«®£¨ç¥áª¨å −�àãè¥−¨ïå −� ®¡ê¥ªâ�å, ¢å®¤ïé¨å ¢ §®−ã ®â¢¥âáâ¢¥−−®áâ¨
−¥áª®«ìª¨å ®¯¥à�â®à®¢, ¢�¦−® ®¡¥á¯¥ç¨âì ¥¤¨−®¥ ¯®−¨¬�−¨¥ ¨¬¨ á«®¦¨¢è¥©áï
�¢�à¨©−®© á¨âã�æ¨¨ ¨ áª®®à¤¨−¨à®¢�−−ãî à�¡®âã.

„«ï ¬®¤¥«¨à®¢�−¨ï ¯®¤®¡−ëå áâàãªâãà ¢ æ¥«ïå ¨−ä®à¬�æ¨®−−®© ¯®¤£®â®¢ª¨
¨ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¯à¥¤«�£�¥âáï ¯®¤å®¤, ¨−â¥£à¨àãîé¨© £¨¡à¨¤-
−ë© ¨−â¥««¥ªâã�«ì−ë© ¯®¤å®¤ �. ‚. Š®«¥á−¨ª®¢� [2], �¯¯�à�â ¬−®£®�£¥−â−ëå
á¨áâ¥¬ ¢ á¬ëá«¥ ‚. �. ’�à�á®¢� [3] ¨ ¬¥â®¤¨ª £¥â¥à®£¥−−®£® ¬ëè«¥−¨ï [4{6].
÷¥§ã«ìâ�â®¬ ¤®«¦¥− áâ�âì −®¢ë© ª«�áá ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ | ƒˆŒ‘ƒŒ.
�à¨¬¥−¥−¨¥ ƒˆŒ‘ƒŒ ¤«ï ¨−ä®à¬�æ¨®−−®© ¯®¤£®â®¢ª¨ à¥è¥−¨© ¯®§¢®«¨â �¢-
â®¬�â¨§¨à®¢�âì ¤¥ïâ¥«ì−®áâì ®¯¥à�â®à� ¯® ¯à¨¥¬ã ¨ ®¡à�¡®âª¥ ¨−ä®à¬�æ¨¨
® ¢−¥è−¥© áà¥¤¥, á®áâ®ï−¨¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï, å®¤¥ ã¯à�¢«ï¥¬®£® ¯à®æ¥á-
á�, ¥¥ �−�«¨§ã, ¬®¤¥«¨à®¢�−¨î �¢�à¨©−®© á¨âã�æ¨¨ ¨ ¢ëà�¡®âª¥ ¢�à¨�−â®¢
¥¥ ãáâà�−¥−¨ï ¯ãâ¥¬ ¬®¤¥«¨à®¢�−¨ï ª®««¥ªâ¨¢−®£® à¥è¥−¨ï ¯à®¡«¥¬ ¬¥â®¤�¬¨
£¥â¥à®£¥−−®£® ¬ëè«¥−¨ï. ÷¥§ã«ìâ�â®¬ â�ª®© à�¡®âë ¬®£ãâ ¢ëáâã¯�âì −®¢ë¥
®¡à�§ë, ¢¨§ã�«ì−ë¥ ä®à¬ë, −¥áãé¨¥ ®¯à¥¤¥«¥−−ãî á¬ëá«®¢ãî −�£àã§ªã [7],
¯®§¢®«ïîé¨¥ ª®««¥ªâ¨¢ã ¤¨á¯¥âç¥à®¢ ã¢¨¤¥âì ¯à®¡«¥¬ã ¢ æ¥«®¬, ¢�à¨�−âë ¥¥
à¥è¥−¨ï, ¯à®£−®§ à�§¢¨â¨ï á¨âã�æ¨¨ ¢ ª�¦¤®¬ á«ãç�¥, ¯à¨−ïâì ¯«�− ¤¥©áâ¢¨©
¯® ãáâà�−¥−¨î �¢�à¨¨ ¨ ª®®à¤¨−¨à®¢�âì ¤¥©áâ¢¨ï ¯à¨ ¥£® à¥�«¨§�æ¨¨.

2 Принятие коллективных решений

�à¨ à¥è¥−¨¨ −®¢ëå, à�−¥¥ −¥ ¢áâà¥ç�¢è¨åáï §�¤�ç ¯à®æ¥áá ¢ ®¡é¥¬ á«ãç�¥
á®áâ®¨â ¨§ á«¥¤ãîé¨å íâ�¯®¢: ¯®áâ�−®¢ª�, ä®à¬ã«¨à®¢�−¨¥ ¨ �−�«¨§ §�¤�ç¨,
á¡®à ¨ ¨−â¥à¯à¥â�æ¨ï ¤�−−ëå, ¯®¨áª à¥è¥−¨©, �−�«¨§ íää¥ªâ¨¢−®áâ¨ à¥è¥-
−¨© ¨ ®ª®−ç�â¥«ì−ë© ¢ë¡®à, ¯à¥¤áâ�¢«¥−¨¥ à¥§ã«ìâ�â®¢, à¥�«¨§�æ¨ï à¥è¥−¨ï,
¬®−¨â®à¨−£ ¨ ®æ¥−ª� à¥§ã«ìâ�â®¢ [8]. �à®æ¥áá à¥è¥−¨ï §�¤�ç¨ −�ª«�¤ë¢�¥âáï
−� ¯à®æ¥áá ä®à¬¨à®¢�−¨ï ¨ à�§¢¨â¨ï ª®««¥ªâ¨¢� ª�ª ¥¤¨−®© áãé−®áâ¨, á®áâ®ï-
é¨© ¨§ áâ�¤¨©: ä®à¬¨à®¢�−¨¥, ¡ãà«¥−¨¥, ¤®à�¡®âª� ¯à¥¤«®¦¥−¨© ¨ ¯®¤£®â®¢ª�
�«ìâ¥à−�â¨¢, ¯à¨−ïâ¨¥ à¥è¥−¨ï ¨ à�áä®à¬¨à®¢�−¨¥ [9, 10], çâ® á®£«�áã¥âáï
á ¬®¤¥«ìî úà®¬¡� £àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨©û (á¬. à¨áã−®ª) [6].

�� ¯¥à¢®© áâ�¤¨¨ ç«¥−ë ª®««¥ªâ¨¢� §−�ª®¬ïâáï, ®¡¬¥−¨¢�îâáï ®ä¨æ¨�«ì−®©
¨−ä®à¬�æ¨¥© ¤àã£ ® ¤àã£¥, ¢−®áïâ ¯à¥¤«®¦¥−¨ï ® à�¡®â¥ ª®««¥ªâ¨¢�, ¯à¨¤¥à¦¨-
¢�îâáï ®¡é¥¯à¨−ïâëå â®ç¥ª §à¥−¨ï, ¢ëáª�§ë¢�îâ ®ç¥¢¨¤−ë¥ à¥è¥−¨ï [10]. …á«¨
§�¤�ç� ¨¬¥¥â ®ç¥¢¨¤−®¥ à¥è¥−¨¥, ¤¨áªãáá¨ï §�¢¥àè�¥âáï, ¨−�ç¥ ¢®§−¨ª�îâ ¯à®-
æ¥ááë ¤¨¢¥à£¥−â−®£®, à�áå®¤ïé¥£®áï ¬ëè«¥−¨ï, ¢ à�¬ª�å ª®â®àëå ¯®®éàï¥âáï
¡¥§®æ¥−®ç−�ï ¤¨áªãáá¨ï ¨ £¥−¥à�æ¨ï ¡®«ìè®£® ç¨á«� à¥è¥−¨© [6].

…á«¨ ª®««¥ªâ¨¢ã ã¤�«®áì ¢ë©â¨ §� £à�−¨æë ãáâ®ï¢è¨åáï ¬−¥−¨©, ¯à®æ¥áá
®¡áã¦¤¥−¨ï ¯¥à¥å®¤¨â ¢ áâ�¤¨î ¡ãà«¥−¨ï, ª®£¤� ¬¥¦¤ã ç«¥−�¬¨ ª®««¥ªâ¨¢�
¢®§¬®¦−ë ª®−ä«¨ªâë ¨§-§� ¯à®â¨¢®à¥ç¨¢ëå à¥è¥−¨©. �®¤ ª®−ä«¨ªâ®¬ ¡ã-
¤¥¬ ¯®−¨¬�âì á¨âã�æ¨î à�§−®£«�á¨ï ¤¢ãå ¨ ¡®«¥¥ íªá¯¥àâ®¢ ¯® ¯®¢®¤ã §−�−¨©,
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Œ®¤¥«ì ƒˆŒ‘ƒŒ ¤«ï ¨−ä®à¬�æ¨®−−®© ¯®¤£®â®¢ª¨ ®¯¥à�â¨¢−ëå à¥è¥−¨©

÷®¬¡ £àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨© ‘. Š¥©−¥à� ¨ ¤à. [6]: 1 | �«ìâ¥à−�â¨¢�; 2 |
¤®áà®ç−®¥ −¥á®£«�á®¢�−−®¥ à¥è¥−¨¥; 3 | á®£«�á®¢�−−®¥ à¥è¥−¨¥

ã¡¥¦¤¥−¨©, ¬−¥−¨©, â. ¥. ª®£−¨â¨¢−ë© ª®−ä«¨ªâ [11]. Š®−ä«¨ªâ | ®â«¨ç¨â¥«ì-
−�ï ç¥àâ� áâ�¤¨¨ ¡ãà«¥−¨ï, ¯®§¢®«ïîé�ï ä�á¨«¨â�â®àã ¯à¥¤¯à¨−ïâì ¬¥àë ¯®
¢ëà�¡®âª¥ ¢§�¨¬®¯®−¨¬�−¨ï, á¡«¨¦¥−¨î â®ç¥ª §à¥−¨ï íªá¯¥àâ®¢.

�� áâ�¤¨¨ ¤®à�¡®âª¨ ¯à¥¤«®¦¥−¨© ¨ ¯®¤£®â®¢ª¨ �«ìâ¥à−�â¨¢ ç«¥−ë-íªá¯¥à-
âë ä®à¬ã«¨àãîâ ¨§ æ¥−−ëå ¬ëá«¥© ª®−ªà¥â−ë¥ ¯à¥¤«®¦¥−¨ï ¨ úè«¨äãîâû ¨å,
¯®ª� ¢á¥ ãç�áâ−¨ª¨ ¤¨áªãáá¨¨ −¥ ¯à¨¤ãâ ª ª®−¥ç−®¬ã à¥è¥−¨î, ¢®¯«®é�îé¥-
¬ã ¢á¥ à�§−®®¡à�§¨¥ â®ç¥ª §à¥−¨ï. �â� áâ�¤¨ï å�à�ªâ¥à¨§ã¥âáï úáå®¤ïé¨¬áï
¬ëè«¥−¨¥¬û: ª«�áá¨ä¨ª�æ¨¥© ¨¤¥©, ¨å ®¡®¡é¥−¨¥¬, ¢ë−¥á¥−¨¥¬ ®æ¥−®ª.

‚ å®¤¥ ¯à¨−ïâ¨ï à¥è¥−¨© ¨ à�áä®à¬¨à®¢�−¨ï ¢ëà�¡�âë¢�¥âáï ª®««¥ªâ¨¢−®¥
à¥è¥−¨¥, ãç¨âë¢�îé¥¥ ¬−¥−¨ï ¢á¥å ãç�áâ−¨ª®¢ ®¡áã¦¤¥−¨ï.

Œ®¤¥«ì à®¬¡� £àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨© ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ä�á¨-
«¨â�â®à®¬ ¨«¨ ¥£® ¬®¤¥«ìî ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ á«®¦¨¢è¥©áï á¨âã�æ¨¨ ¯à¨−ïâ¨ï
à¥è¥−¨© ¨ ¯®¯ëâ®ª −�¯à�¢¨âì ¤¨áªãáá¨î ¢ âà¥¡ã¥¬®¥ àãá«®, �ªâ¨¢¨àãï á®®â¢¥â-
áâ¢ãîé¨© áâ¨«ì ¬ëè«¥−¨ï ¢ ª®««¥ªâ¨¢¥.

3 Формализованная модель гибридной интеллектуальной
многоагентной системы гетерогенного мышления

”®à¬�«ì−® ƒˆŒ‘ƒŒ ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

himsht = 〈AG∗, env, INT∗,ORG, {ht}〉 ;

acthimsht =





⋃

ag∈AG∗

actag



 ∪ actdmsa ∪ acthtmc ∪ actcol ;

actag = (METag, ITag) , ag ∈ AG∗ ,

∣

∣

∣

∣

∣

⋃

ag∈AG∗

ITag

∣

∣

∣

∣

∣

≥ 2 ,
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£¤¥ AG∗ = {ag1, . . . , agn, agdm, agfc} | ¬−®¦¥áâ¢® �£¥−â®¢, ¢ª«îç�îé¥¥ �£¥−-
â®¢-íªá¯¥àâ®¢ (��) agi, i ∈ N, 1 ≤ i ≤ n, �£¥−â�, ¯à¨−¨¬�îé¥£® à¥-
è¥−¨ï (��÷), | agdm ¨ �£¥−â�-ä�á¨«¨â�â®à� (�”) | agfc; n | ç¨á«®
��; env | ª®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ¢−¥è−¥© áà¥¤ë ƒˆŒ‘ƒŒ; INT∗ =
= {prot, lang, ont,dmscl} | í«¥¬¥−âë áâàãªâãà¨à®¢�−¨ï ¢§�¨¬®¤¥©áâ¢¨© �£¥−-
â®¢: prot| ¯à®â®ª®« ¢§�¨¬®¤¥©áâ¢¨ï; lang| ï§ëª ¯¥à¥¤�ç¨ á®®¡é¥−¨©; ont|
¬®¤¥«ì ¯à¥¤¬¥â−®© ®¡«�áâ¨; dmscl | ª«�áá¨ä¨ª�â®à á¨âã�æ¨© ª®««¥ªâ¨¢−®£®
à¥è¥−¨ï ¯à®¡«¥¬ë, ¨¤¥−â¨ä¨æ¨àãîé¨© áâ�¤¨¨ íâ®£® ¯à®æ¥áá� (á¬. à¨áã−®ª);
ORG | ¬−®¦¥áâ¢® �àå¨â¥ªâãà ƒˆŒ‘ƒŒ; {ht} | ¬−®¦¥áâ¢® ª®−æ¥¯âã�«ì-
−ëå ¬®¤¥«¥© ¬�ªà®ãà®¢−¥¢ëå ¯à®æ¥áá®¢ ¢ ƒˆŒ‘ƒŒ: ht | ¬®¤¥«ì ¯à®æ¥áá�
ª®««¥ªâ¨¢−®£® à¥è¥−¨ï ¯à®¡«¥¬ ¬¥â®¤�¬¨ £¥â¥à®£¥−−®£® ¬ëè«¥−¨ï (á¬. à¨-
áã−®ª); acthimsht | äã−ªæ¨ï ƒˆŒ‘ƒŒ ¢ æ¥«®¬; actag | äã−ªæ¨ï �� ¨§
¬−®¦¥áâ¢� AG∗; actdmsa | äã−ªæ¨ï ú�−�«¨§ á¨âã�æ¨¨ ª®««¥ªâ¨¢−®£® à¥è¥−¨ï
¯à®¡«¥¬ëû �”; acthtmc | äã−ªæ¨ï ú¢ë¡®à ¬¥â®¤� £¥â¥à®£¥−−®£® ¬ëè«¥−¨ïû
�”; actcol | ª®««¥ªâ¨¢−�ï äã−ªæ¨ï ƒˆŒ‘ƒŒ, ª®−áâàã¨àã¥¬�ï ¤¨−�¬¨ç¥áª¨;
metag | ¬¥â®¤ à¥è¥−¨ï §�¤�ç¨; itag | ¨−â¥««¥ªâã�«ì−�ï â¥å−®«®£¨ï, ¢ à�¬ª�å
ª®â®à®© à¥�«¨§®¢�− ¬¥â®¤ metag.

„«ï à¥�«¨§�æ¨¨ äã−ªæ¨¨ �” ú�−�«¨§ á¨âã�æ¨¨ ª®««¥ªâ¨¢−®£® à¥è¥−¨ï
¯à®¡«¥¬ëû actdmsa ¢¢®¤ïâáï ¯®−ïâ¨ï á®¢¬¥áâ¨¬®áâ¨ ¯à¥¤«�£�¥¬ëå �� ç�áâ−ëå
à¥è¥−¨©, −�¯àï¦¥−−®áâ¨ ª®−ä«¨ªâ� ¬¥¦¤ã −¨¬¨ ¨ áâ�¤¨¨ ¯à®æ¥áá� à¥è¥−¨ï
¯à®¡«¥¬ë. ‘®¢¬¥áâ¨¬®áâì à¥è¥−¨© | áª�«ïà−�ï äã−ªæ¨ï cmp(drck,decl) ∈
∈ [0, 1], ®¯¨áë¢�îé�ï ¢®§¬®¦−®áâì ®¤−®¢à¥¬¥−−®© à¥�«¨§�æ¨¨ ¤¢ãå ç�áâ−ëå
à¥è¥−¨© deck ¨ decl, ¢¨¤ ª®â®à®© §�¢¨á¨â ®â à¥è�¥¬®© ¯à®¡«¥¬ë.

��¯àï¦¥−−®áâì ª®−ä«¨ªâ� ¬¥¦¤ã ¤¢ã¬ï �£¥−â�¬¨ ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥−� −�
®á−®¢¥ á®¢¬¥áâ¨¬®áâ¨ ¯à¥¤«�£�¥¬ëå ¨¬¨ ç�áâ−ëå à¥è¥−¨© ¯à®¡«¥¬ë:

cnf(agi, agj) =

=

Ni
∑

k=1

Nj
∑

l=1

cmp (deck,decl) (NiNj)
−1 , rres res1 (deck, agi) ◦ rres res1

(

decl, agj
)

, (1)

£¤¥ Ni ¨ Nj | ª®«¨ç¥áâ¢® ç�áâ−ëå à¥è¥−¨©, −�©¤¥−−ëå �£¥−â�¬¨ agi ¨ agj á®-
®â¢¥âáâ¢¥−−®; rres res1 | ®â−®è¥−¨¥ ú¡ëâì −�©¤¥−−ë¬û ¬¥¦¤ã ç�áâ−ë¬ à¥è¥−¨¥¬
¨ ¯à¥¤«®¦¨¢è¨¬ ¥£® �£¥−â®¬; ◦| ®¯¥à�æ¨ï áª«¥¨¢�−¨ï ª®−æ¥¯â®¢.

��¯àï¦¥−−®áâì ª®−ä«¨ªâ� ¢ ƒˆŒ‘ƒŒ ¢ æ¥«®¬ ®¯¨áë¢�¥âáï ¢ëà�¦¥−¨¥¬:

cnfhimsht =
n
∑

i=1

n
∑

j=i+1

2cnf
(

agi, agj
)

(n!)−1 . (2)

��¯àï¦¥−−®áâì ª®−ä«¨ªâ� ¬¥¦¤ã �£¥−â�¬¨ ¨«¨ ¢ ƒˆŒ‘ƒŒ ¨á¯®«ì§ã¥âáï
¢ ª�ç¥áâ¢¥ ã−¨¢¥àáã¬� «¨−£¢¨áâ¨ç¥áª®© ¯¥à¥¬¥−−®© úª®−ä«¨ªâû, ¨á¯®«ì§ã¥¬®©
¯à¨ à¥�«¨§�æ¨¨ äã−ªæ¨¨ ú¢ë¡®à ¬¥â®¤� £¥â¥à®£¥−−®£® ¬ëè«¥−¨ïû acthtmc.
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Œ®¤¥«ì ƒˆŒ‘ƒŒ ¤«ï ¨−ä®à¬�æ¨®−−®© ¯®¤£®â®¢ª¨ ®¯¥à�â¨¢−ëå à¥è¥−¨©

‹¨−£¢¨áâ¨ç¥áª�ï ¯¥à¥¬¥−−�ï úª®−ä«¨ªâû ¯à¥¤áâ�¢«ï¥âáï ¢ëà�¦¥−¨¥¬:

cn§ = 〈β, T, cnf , G,M〉 , (3)

£¤¥ β = úª®−ä«¨ªâû | −�¨¬¥−®¢�−¨¥ «¨−£¢¨áâ¨ç¥áª®© ¯¥à¥¬¥−−®©; T = {ú®â-
áãâáâ¢ã¥âû; ú−¥§−�ç¨â¥«ì−ë©û; úã¬¥à¥−−ë©û; ú®áâàë©û}| â¥à¬-¬−®¦¥áâ¢® ¥¥
§−�ç¥−¨©, −�§¢�−¨© −¥ç¥âª®© ¯¥à¥¬¥−−®©; cnf = [0; 1] | ã−¨¢¥àáã¬ −¥ç¥âª¨å
¯¥à¥¬¥−−ëå; G = ∅ | ¯à®æ¥¤ãà� ®¡à�§®¢�−¨ï ¨§ í«¥¬¥−â®¢ ¬−®¦¥áâ¢� T
−®¢ëå â¥à¬®¢; M = {µÎÅÔ(cnf), µÓÌÁÂÙÊ(cnf), µÕÍÅÒÅÎÎÙÊ(cnf), µÏÓÔÒÙÊ(cnf)} |
¯à®æ¥¤ãà�, áâ�¢ïé�ï ¢ á®®â¢¥âáâ¢¨¥ ª�¦¤®¬ã â¥à¬ã ¬−®¦¥áâ¢� T ®á¬ëá«¥−−®¥
á®¤¥à¦�−¨¥ ¯ãâ¥¬ ä®à¬¨à®¢�−¨ï −¥ç¥âª®£® ¬−®¦¥áâ¢�.

‡−�ç¥−¨¥ á¨¬¢®«ì−®© ¯¥à¥¬¥−−®© úáâ�¤¨ï ¯à®æ¥áá� à¥è¥−¨ï ¯à®¡«¥¬ëû stg,
®¯à¥¤¥«¥−−®© −� ¬−®¦¥áâ¢¥ STG = {ú¤¨¢¥à£¥−â−�ïû, ú¡ãà«¥−¨¥û, úª®−¢¥à£¥−â-
−�ïû}, ¢ëç¨á«ï¥âáï ¯® ¯à�¢¨«�¬:

stg = ú¤¨¢¥à£¥−â−�ïû ∧ (cn§ = úã¬¥à¥−−ë©û ∨ cn§ = ú®áâàë©û)→
→ stg = ú¡ãà«¥−¨¥û;

stg = ú¡ãà«¥−¨¥û ∧ (cn§ = ú−¥âû ∨ cn§ = úá«�¡ë©û)→
→ stg = úª®−¢¥à£¥−â−�ïû .















(4)

�«£®à¨â¬ äã−ªæ¨¨ �” ú�−�«¨§ á¨âã�æ¨© ª®««¥ªâ¨¢−®£® à¥è¥−¨ï ¯à®¡«¥¬ëû
actdmsa | ¯®á«¥¤®¢�â¥«ì−®áâì è�£®¢:

(1) ãáâ�−®¢¨âì −�ç�«ì−ë¥ §−�ç¥−¨ï: stg = ú¤¨¢¥à£¥−â−�ïû, cnf(agi, agj) = 0,
cnfhimsht = 0, cn§ = ú®âáãâáâ¢ã¥âû;

(2) ®¦¨¤�âì á®®¡é¥−¨©;

(3) ¥á«¨ ¯®«ãç¥−® á®®¡é¥−¨¥ ® §�¢¥àè¥−¨¨ à�¡®âë ƒˆŒ‘ƒŒ, â® ª®−¥æ;
(4) ¥á«¨ ¯®«ãç¥−® á®®¡é¥−¨¥ ® ¢ëà�¡®âª¥ à¥è¥−¨ï deck �� agi, â® ¯¥à¥å®¤

ª ¯. 5, ¨−�ç¥ §�¢¥àè¥−¨¥ à�¡®âë á ®è¨¡ª®©;
(5) ¤«ï ª�¦¤®£® �� agj ®¯à¥¤¥«¨âì cnf(agi, agj) ¯® ä®à¬ã«¥ (1), £¤¥ j ∈ N,
1 ≤ j ≤ n, j 6= i;

(6) ¢ëç¨á«¨âì cnfhimsht ¨ cn§ ¯® ä®à¬ã«�¬ (2) ¨ (3) á®®â¢¥âáâ¢¥−−®;
(7) ®¯à¥¤¥«¨âì áâ�¤¨î ¯à®æ¥áá� à¥è¥−¨ï ¯à®¡«¥¬ë stg ¯® ¯à�¢¨«�¬ (4);
(8) ¯¥à¥å®¤ ª ¯. 2.

”ã−ªæ¨ï �” ú¢ë¡®à ¬¥â®¤� £¥â¥à®£¥−−®£® ¬ëè«¥−¨ïû acthtmc à¥�«¨§ã¥âáï
á ¨á¯®«ì§®¢�−¨¥¬ −¥ç¥âª®© ¡�§ë §−�−¨© ®¡ íää¥ªâ¨¢−®áâ¨ ¬¥â®¤®¢ £¥â¥à®£¥−−®£®
¬ëè«¥−¨ï ¢ §�¢¨á¨¬®áâ¨ ®â å�à�ªâ¥à¨áâ¨ª ¯à®¡«¥¬ë, áâ�¤¨¨ ¯à®æ¥áá� ¥¥ à¥è¥-
−¨ï ¨ â¥ªãé¥© á¨âã�æ¨¨ à¥è¥−¨ï ¢ ƒˆŒ‘ƒŒ. �â� −¥ç¥âª�ï ¡�§� §−�−¨© ¤®«¦−�
¡ëâì à�§à�¡®â�−� ¯® à¥§ã«ìâ�â�¬ â¥áâ¨à®¢�−¨ï �«£®à¨â¬®¢, à¥�«¨§ãîé¨å íâ¨
¬¥â®¤ë. �−�«¨§ ¬¥â®¤®¢ £¥â¥à®£¥−−®£® ¬ëè«¥−¨ï [12] ¯®§¢®«¨« ¤«ï ª�¦¤®© áâ�-
¤¨¨ ¯à®æ¥áá� à¥è¥−¨ï ¯à®¡«¥¬ (á¬. à¨áã−®ª) ¢ë¤¥«¨âì −�¨¡®«¥¥ ¯¥àá¯¥ªâ¨¢−ë¥
¤«ï à¥�«¨§�æ¨¨ ¢ ƒˆŒ‘ƒŒ. ÷�áá¬®âà¨¬ �«£®à¨â¬ë ¨å à¥�«¨§�æ¨¨.
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�. ‚. Š®«¥á−¨ª®¢, ‘. ‚. ‹¨áâ®¯�¤

‘â�¤¨¨ ¤¨¢¥à£¥−â−®£® ¬ëè«¥−¨ï à¥«¥¢�−â−ë ¬¥â®¤ë ¬®§£®¢®£® èâãà¬� á −�-
¢®¤ïé¨¬¨ ¢®¯à®á�¬¨, ¯ã«� ¬®§£®¢®© §�¯¨á¨, ®á¯�à¨¢�−¨ï ®£à�−¨ç¥−¨© ¨ «�â¥-
à�«ì−®£® ¬ëè«¥−¨ï.

Œ®§£®¢®© èâãà¬ á −�¢®¤ïé¨¬¨ ¢®¯à®á�¬¨ à¥�«¨§ã¥âáï á«¥¤ãîé¥© ¯®á«¥¤®-
¢�â¥«ì−®áâìî è�£®¢:

(1) ��÷ à�ááë«�¥â �� ¯®áâ�−®¢ªã ¯à®¡«¥¬ë ¨, ¥á«¨ ¥áâì, ¢�à¨�−â ¥¥ à¥è¥−¨ï;

(2) �� −� á¢®¨å ¬®¤¥«ïå ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¬®¤¨ä¨æ¨àãîâ áãé¥áâ¢ãîé¨©
¢�à¨�−â, ¨§¬¥−ïï á¯®á®¡, ¬¥áâ®, ¢à¥¬ï ¨ áã¡ê¥ªâ ã¯à�¢«¥−¨ï;

(3) −�©¤¥−−ë¥ à¥è¥−¨ï á®¡¨à�îâáï ��÷.

�«£®à¨â¬ ¯ã«� ¬®§£®¢®© §�¯¨á¨:

(1) ��÷ à�ááë«�¥â �� ¯®áâ�−®¢ªã ¯à®¡«¥¬ë;

(2) ª�¦¤ë© �� ¢ëà�¡�âë¢�¥â à¥è¥−¨¥ ¨ ®â¯à�¢«ï¥â ¥£® ��÷;

(3) ��÷, ¯®«ãç�ï à¥è¥−¨¥, á®§¤�¥â á¢ï§�−−ë© á −¨¬ á¯¨á®ª ��, ®¡à�¡®â�¢è¨å
¥£®, ¨ §�¯¨áë¢�¥â ¢ íâ®â á¯¨á®ª ��, −�è¥¤è¥£® à¥è¥−¨¥;

(4) ��÷ à�ááë«�¥â à¥è¥−¨ï ��, ª®â®àë¥ ¨å −¥ ®¡à�¡�âë¢�«¨;

(5) �� ª®àà¥ªâ¨àãîâ à¥è¥−¨¥ ¨ ®â¯à�¢«ïîâ ¥£® ��÷;

(6) ¥á«¨ ª�¦¤®¥ à¥è¥−¨¥ ®¡à�¡®â�−® ª�¦¤ë¬ ��, â® ª®−¥æ, ¨−�ç¥ | ¯. 4.

Œ¥â®¤ ®á¯�à¨¢�−¨ï ¯à¥¤¯®«®¦¥−¨© (®£à�−¨ç¥−¨©):

(1) ��÷ à�ááë«�¥â �� ¯®áâ�−®¢ªã ¯à®¡«¥¬ë ¨ ¥¥ ®£à�−¨ç¥−¨ï;

(2) �� ¢ëà�¡�âë¢�îâ à¥è¥−¨ï ª�ª á ãç¥â®¬ ¢á¥å ®£à�−¨ç¥−¨©, â�ª ¨ á−¨¬�ï
ç�áâì ¨§ −¨å ¨ ®â¯à�¢«ïîâ ¨å ��÷, ãª�§ë¢�ï −�àãè¥−−ë¥ ®£à�−¨ç¥−¨ï;

(3) ��÷ á®¡¨à�¥â à¥è¥−¨ï, çâ®¡ë −� á«¥¤ãîé¨å íâ�¯�å ®æ¥−¨âì ¢®§¬®¦−®áâì
á¬ï£ç¥−¨ï ®£à�−¨ç¥−¨©.

‹�â¥à�«ì−®¥ ¬ëè«¥−¨¥ −¥ �«£®à¨â¬¨§¨àã¥¬® ¯® ®¯à¥¤¥«¥−¨î, −® ®â¤¥«ì−ë¥
¬¥å�−¨§¬ë ¬®£ãâ ¡ëâì á¬®¤¥«¨à®¢�−ë è�£�¬¨:

(1) ��÷ à�ááë«�¥â �� ¯®áâ�−®¢ªã ¯à®¡«¥¬ë ¨ §�¯à®á ®¯à¥¤¥«¥−−®£® ç¨á«� à¥-
è¥−¨© (®¯à¥¤¥«ï¥âáï −�áâà®©ª�¬¨ ƒˆŒ‘ƒŒ) à�§«¨ç−®£® ª�ç¥áâ¢�: «ãçè¨å
¨ åã¤è¨å ¯® ®æ¥−ª¥ ��, � â�ª¦¥ á«ãç�©−® ¢ë¡à�−−ëå;

(2) �� ¢ëà�¡�âë¢�îâ âà¥¡ã¥¬®¥ ç¨á«® à¥è¥−¨© âà¥¡ã¥¬®£® ª�ç¥áâ¢� ¨ ®â¯à�¢-
«ïîâ ¨å ��÷;

(3) ��÷ á®¡¨à�¥â à¥è¥−¨ï, çâ®¡ë −� á«¥¤ãîé¨å íâ�¯�å á¨−â¥§¨à®¢�âì ¨§ −¨å
ª®««¥ªâ¨¢−®¥ à¥è¥−¨¥.

‘â�¤¨¨ ¡ãà«¥−¨ï, á®£«�á−® [12], à¥«¥¢�−â−ë ¬¥â®¤ë ¢§£«ï¤� á çã¦®© â®çª¨
§à¥−¨ï, ¢®§¢à�â� ®â à¥è¥−¨© ª ¯®âà¥¡−®áâï¬ ¨ ¯�à�««¥«ì−®£® ¬ëè«¥−¨ï.
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Œ®¤¥«ì ƒˆŒ‘ƒŒ ¤«ï ¨−ä®à¬�æ¨®−−®© ¯®¤£®â®¢ª¨ ®¯¥à�â¨¢−ëå à¥è¥−¨©

‚§£«ï¤ á çã¦®© â®çª¨ §à¥−¨ï ¬®¤¥«¨àã¥âáï �«£®à¨â¬®¬:

(1) ª�¦¤®¬ã �� á«ãç�©−® −�§−�ç�îâáï ¤¢� ®¯¯®−¨àãîé¨å ��;

(2) ®¯¯®−¨àãîé¨¥ �� ¢ëà�¡�âë¢�îâ ¯® ®¤−®¬ã ¢�à¨�−âã ª®àà¥ªâ¨à®¢ª¨ à¥-
è¥−¨© �� á ãª�§�−¨¥¬ ¯à¨ç¨−ë ¨ ®â¯à�¢«ïîâ ¥¬ã;

(3) �� ª®àà¥ªâ¨àã¥â á¢®¨ à¥è¥−¨ï −� ®á−®¢¥ á¢®¥© ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨
á ãç¥â®¬ à¥ª®¬¥−¤�æ¨©;

(4) �� ¯¥à¥áë«�¥â ��÷ á¢®¨ à¥è¥−¨ï.

Œ¥â®¤ ¢®§¢à�â� ®â à¥è¥−¨© ª ¯®âà¥¡−®áâï¬ ¬®¤¥«¨àã¥âáï á«¥¤ãîé¨¬¨ è�-
£�¬¨ �«£®à¨â¬�:

(1) �� ®¡¬¥−¨¢�îâáï æ¥«ï¬¨, ªà¨â¥à¨ï¬¨ ª�ç¥áâ¢� à¥è¥−¨©;

(2) ª�¦¤ë© �� ¬®¤¨ä¨æ¨àã¥â á¢®© ªà¨â¥à¨© ª�ç¥áâ¢� á ãç¥â®¬ æ¥«¥© ¤àã£¨å
��, ¯à¨ −¥®¡å®¤¨¬®áâ¨ §�¯à�è¨¢�¥â ã ¤àã£¨å �� á¢¥¤¥−¨ï ® ¯à¥¤¬¥â−®©
®¡«�áâ¨ ¤«ï ®æ¥−ª¨ à¥è¥−¨© ¢ á®®â¢¥âáâ¢¨¨ á −®¢ë¬ ªà¨â¥à¨¥¬;

(3) �� ¢ëà�¡�âë¢�¥â à¥è¥−¨ï −� á¢®¥© ¬®¤¨ä¨æ¨à®¢�−−®© ¬®¤¥«¨ ¯à¥¤¬¥â−®©
®¡«�áâ¨ á ãç¥â®¬ ¬®¤¨ä¨æ¨à®¢�−−®£® ªà¨â¥à¨ï ª�ç¥áâ¢�;

(4) �� ¯¥à¥áë«�¥â ��÷ á¢®¨ à¥è¥−¨ï.

Œ®¤¥«¨à®¢�−¨¥ ¯�à�««¥«ì−®£® ¬ëè«¥−¨ï ¯®¤à�§ã¬¥¢�¥â, çâ® �� à¥�«¨§ãîâ
−¥áª®«ìª® ¬®¤¥«¥© à�ááã¦¤¥−¨©, á¨¬¢®«¨§¨àã¥¬ëå ¬¥â�ä®à¨ç¥áª¨¬¨ è«ï¯�¬¨
à�§−®£® æ¢¥â�: ¡¥«�ï | à�ááã¦¤¥−¨ï −� ®á−®¢¥ ¨−ä®à¬�æ¨¨ à�§−®© áâ¥¯¥−¨
−�¤¥¦−®áâ¨; ªà�á−�ï | í¬®æ¨®−�«ì−®¥ ¯à¨−ïâ¨¥ à¥è¥−¨©; ç¥à−�ï | �−�«¨§
à¨áª®¢; ¦¥«â�ï | ú«®£¨ç¥áª¨© ¯®§¨â¨¢¨§¬û; §¥«¥−�ï | ¤¨¢¥à£¥−â−®¥ ¬ëè«¥-
−¨¥; á¨−ïï | ã¯à�¢«¥−¨¥ ¬ëá«¨â¥«ì−ë¬ ¯à®æ¥áá®¬. ��à�««¥«ì−®¥ ¬ëè«¥−¨¥
¬®¤¥«¨àã¥âáï �«£®à¨â¬®¬:

(1) �” ¯à®á¨â �� ú−�¤¥âì ¡¥«ãî è«ï¯ãû;

(2) ¥á«¨ �� à¥�«¨§ã¥â á®®â¢¥âáâ¢ãîé¨© è«ï¯¥ â¨¯ à�ááã¦¤¥−¨©, ®− £¥−¥à¨àã¥â
¢�à¨�−âë à¥è¥−¨© ¢ á®®â¢¥âáâ¢¨¨ á íâ®© ¬®¤¥«ìî à�ááã¦¤¥−¨©, ¨−�ç¥ ®−
¯à®¯ãáª�¥â íâã ¨â¥à�æ¨î;

(3) ¥á«¨ ¢á¥ úè«ï¯ëû ã¦¥ −�¤¥¢�«¨áì, â® ª®−¥æ, ¨−�ç¥ �” ¯à®á¨â �� ú−�¤¥âìû
®ç¥à¥¤−ãî úè«ï¯ãû, ª®â®à�ï à�−¥¥ −¥ ú−�¤¥¢�«�áìû, ¨ ¯¥à¥å®¤ ª ¯. 2.

‘â�¤¨¨ ª®−¢¥à£¥−â−®£® ¬ëè«¥−¨ï à¥«¥¢�−â−ë ¯®¨áª ª®−á¥−áãá�, £®«®á®¢�−¨¥
¨ ¢ë¡®à à¥è¥−¨ï ‹�÷ ¯®á«¥ ®¡áã¦¤¥−¨ï á ç«¥−�¬¨ ª®««¥ªâ¨¢� [12].

�¤¨− ¨§ ¢�à¨�−â®¢ ¤®áâ¨¦¥−¨ï ª®−á¥−áãá� | ¯à¨¬¥−¥−¨¥ ¬¥â®¤� „¥«ìä¨,
ª®â®àë© ¬®¦¥â ¡ëâì á¬®¤¥«¨à®¢�− á«¥¤ãîé¨¬ �«£®à¨â¬®¬:

(1) ��÷ à�ááë«�¥â �� à¥è¥−¨ï ¯à®¡«¥¬ë, ¯®«ãç¥−−ë¥ −� ¯à¥¤ë¤ãé¨å áâ�¤¨-
ïå, ¤«ï ®æ¥−ª¨;

(2) �� ®æ¥−¨¢�îâ à¥è¥−¨ï ¢ á®®â¢¥âáâ¢¨¨ á® á¢®¥© ¬®¤¥«ìî ¯à¥¤¬¥â−®© ®¡«�áâ¨
¨ ®â¯à�¢«ïîâ ®æ¥−ª¨ ��÷;

(3) ®¯à¥¤¥«ï¥âáï ¬¥¤¨�−� ¨ ªà�©−¨¥ §−�ç¥−¨ï ®æ¥−®ª;
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�. ‚. Š®«¥á−¨ª®¢, ‘. ‚. ‹¨áâ®¯�¤

(4) �� á®®¡é�¥âáï à�á¯®«®¦¥−¨¥ ®æ¥−®ª ª�¦¤®£® ��, ¥á«¨ ®æ¥−ª� �� á¨«ì−®
®âª«®−ï¥âáï ®â ¬¥¤¨�−ë, â® ®− ¤®«¦¥− �à£ã¬¥−â¨à®¢�âì ¥¥ ¨«¨ ¨§¬¥−¨âì;

(5) �� �à£ã¬¥−â¨àãîâ ¨«¨ ¨§¬¥−ïîâ á¢®î ®æ¥−ªã á ®¡êïá−¥−¨¥¬ ¯à¨ç¨− ª®à-
à¥ªâ¨à®¢ª¨ ¨ ¯¥à¥¤�îâ ®æ¥−ªã ¨«¨ ¯®ïá−¥−¨ï ��÷;

(6) ®¯à¥¤¥«ï¥âáï ª®íää¨æ¨¥−â ª®−ª®à¤�æ¨¨ Š¥−¤�««�, ¥á«¨ ®− ¯à¥¢ëè�¥â
§�¤�−−®¥ ¯®à®£®¢®¥ §−�ç¥−¨¥, â® ª®−¥æ, ¨−�ç¥ ¯. 7;

(7) ¥á«¨ ç¨á«® ¨â¥à�æ¨© ¯à¥¢ëá¨«® §�¤�−−®¥ §−�ç¥−¨¥, â® ª®−¥æ ¡¥§ ¤®áâ¨¦¥−¨ï
ª®−á¥−áãá�, ¨−�ç¥ ¯. 3.

�«£®à¨â¬ £®«®á®¢�−¨ï ®¯à¥¤¥«ï¥âáï è�£�¬¨:

(1) ��÷ à�ááë«�¥â �� à¥è¥−¨ï ¯à®¡«¥¬ë, ¯®«ãç¥−−ë¥ −� ¯à¥¤ë¤ãé¨å áâ�¤¨-
ïå, ¤«ï ®æ¥−ª¨;

(2) �� ®æ¥−¨¢�îâ à¥è¥−¨ï ¢ á®®â¢¥âáâ¢¨¨ á® á¢®¥© ¬®¤¥«ìî ¯à¥¤¬¥â−®© ®¡«�áâ¨
¨ ®â¯à�¢«ïîâ ®æ¥−ª¨ ��÷;

(3) ��÷ ¢ë¡¨à�¥â à¥è¥−¨¥ á ¬�ªá¨¬�«ì−®© áã¬¬�à−®© ®æ¥−ª®©.

�«£®à¨â¬ ¢ë¡®à� à¥è¥−¨ï ��÷ ¯®á«¥ ®¡áã¦¤¥−¨ï á ��:

(1) ��÷ à�ááë«�¥â �� à¥è¥−¨ï ¯à®¡«¥¬ë, ¯®«ãç¥−−ë¥ −� ¯à¥¤ë¤ãé¨å áâ�¤¨-
ïå, ¤«ï ®æ¥−ª¨;

(2) ª�¦¤ë© �� ¢ë¡¨à�¥â à¥è¥−¨¥ −� ®á−®¢¥ á¢®¥© ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨,
®â¯à�¢«ï¥â ¥£® ��÷ ¢¬¥áâ¥ á ®¡®á−®¢�−¨¥¬;

(3) ��÷ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¬®¤¨ä¨æ¨àã¥â á¢®î ¬®¤¥«ì ¯à¥¤¬¥â−®© ®¡«�áâ¨
−� ®á−®¢�−¨¨ ®¡®á−®¢�−¨© à¥è¥−¨© �� ¨ ¢ë¡¨à�¥â à¥è¥−¨¥ −� ®á−®¢¥ íâ®©
¬®¤¨ä¨æ¨à®¢�−−®© ¬®¤¥«¨.

’�ª¨¬ ®¡à�§®¬, ¡«�£®¤�àï �”, ¨−¨æ¨¨àãîé¥¬ã ¯à¨¬¥−¥−¨¥ à�§«¨ç−ëå
¬¥â®¤®¢ £¥â¥à®£¥−−®£® ¬ëè«¥−¨ï, ¨ ��, à¥�«¨§ãîé¨¬ à�§«¨ç−ë¥ â¥å−®«®-
£¨¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, ƒˆŒ‘ƒŒ ¤¨−�¬¨ç¥áª¨ ¯¥à¥áâà�¨¢�¥â �«£®à¨â¬
á¢®¥£® äã−ªæ¨®−¨à®¢�−¨ï, ª�¦¤ë© à�§ ¯à¨ à�¡®â¥ −�¤ ¯à®¡«¥¬®© ¢ëà�¡�âë-
¢�ï à¥«¥¢�−â−ë© ¥© £¨¡à¨¤−ë© ¨−â¥««¥ªâã�«ì−ë© ¬¥â®¤ à¥è¥−¨ï. ƒ¨¡à¨¤−�ï
¨−â¥««¥ªâã�«ì−�ï ¬−®£®�£¥−â£−�ï á¨áâ¥¬� £¥â¥à®£¥−−®£® ¬ëè¤¥−¨ï ®¡¥á¯¥ç¨-
¢�¥â ª®¬¡¨−¨à®¢�−¨¥ à¥¯à¥§¥−â�æ¨¨ −¥®¤−®à®¤−®© äã−ªæ¨®−�«ì−®© áâàãªâãàë
á«®¦−®© §�¤�ç¨ (¯à®¡«¥¬ë) á £¥â¥à®£¥−−ë¬ ª®««¥ªâ¨¢−ë¬ ¬ëè«¥−¨¥¬ ¨−â¥«-
«¥ªâã�«ì−ëå �£¥−â®¢, çâ® á®§¤�¥â ãá«®¢¨ï ¤«ï à¥è¥−¨ï ¯à®¡«¥¬ë ¡¥§ ã¯à®é¥−¨ï
¨ ¨¤¥�«¨§�æ¨¨ ¢ ¤¨−�¬¨ç¥áª®© áà¥¤¥ à¥£¨®−�«ì−ëå í«¥ªâà®á¥â¥©.

4 Заключение

‚ à�¡®â¥ à�áá¬®âà¥−ë ®á−®¢−ë¥ áâ�¤¨¨ à¥è¥−¨ï ¯à®¡«¥¬ ¬�«ë¬ ª®««¥ªâ¨-
¢®¬ íªá¯¥àâ®¢, ¢ë¤¥«¥−ë à¥«¥¢�−â−ë¥ íâ¨¬ áâ�¤¨ï¬ áâ¨«¨ ¬ëè«¥−¨ï ãç�áâ−¨ª®¢.
�à¥¤«®¦¥−ë ä®à¬�«¨§®¢�−−�ï ¬®¤¥«ì ƒˆŒ‘ƒŒ ¨ �«£®à¨â¬ë, ¬®¤¥«¨àãîé¨¥
¯à®æ¥ááë £¥â¥à®£¥−−®£® ¬ëè«¥−¨ï, ¤«ï à¥«¥¢�−â−®£® ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá�
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Œ®¤¥«ì ƒˆŒ‘ƒŒ ¤«ï ¨−ä®à¬�æ¨®−−®© ¯®¤£®â®¢ª¨ ®¯¥à�â¨¢−ëå à¥è¥−¨©

à¥è¥−¨ï ¯à®¡«¥¬ ¬�«ë¬ ª®««¥ªâ¨¢®¬ íªá¯¥àâ®¢. �à¥¤«®¦¥−−�ï ƒˆŒ‘ƒŒ ¯¥à¥-
¬¥é�¥â ¨¬¨â�æ¨î ª®««¥ªâ¨¢−®© à�¡®âë ¢ ®¡«�áâì á¨−¥à£¥â¨ç¥áª®© ¨−ä®à¬�â¨ª¨,
ª®£¤� ¤«ï ¯®«ãç¥−¨ï à¥§ã«ìâ�â�, ¡®«ìè¥£®, ç¥¬ áã¬¬� à�¡®â, ¢ë¯®«−ï¥¬ëå ¨−¤¨-
¢¨¤ã�«ì−® ®â¤¥«ì−ë¬¨ �£¥−â�¬¨, −¥®¡å®¤¨¬® ¨å ¢§�¨¬®¤¥©áâ¢¨¥. �â® ¯à¨¢®¤¨â
ª á�¬®®à£�−¨§ãîé¨¬áï, á®æ¨�«ì−ë¬ ¬®¤¥«ï¬ ã¯à�¢«¥−¨ï, ª�¦¤ë© í«¥¬¥−â ª®-
â®àëå à�§¢¨¢�¥âáï, ¯®«ãç�ï ¤�−−ë¥ ¨ §−�−¨ï ®â ¤àã£¨å í«¥¬¥−â®¢, çâ® á−¨¦�¥â
§�âà�âë −� à�§à�¡®âªã ¨ íªá¯«ã�â�æ¨î á¨áâ¥¬ë. �à¨¬¥−¥−¨¥ â�ª¨å á¨áâ¥¬
¢ ®¯¥à�â¨¢−®-¤¨á¯¥âç¥àáª®¬ ã¯à�¢«¥−¨¨ ¯®§¢®«¨â ¢ëà�¡�âë¢�âì à¥è¥−¨ï, à¥«¥-
¢�−â−ë¥ ¯à®¡«¥¬�¬, ª®â®àë¥ ¢®§−¨ª�îâ ¢ ¤¨−�¬¨ç¥áª¨å áà¥¤�å à¥£¨®−�«ì−ëå
í«¥ªâà®á¥â¥©.
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Abstract: The main models and algorithms for heterogeneous decision con-
struction support in teams of experts are considered. Their use allows the
facilitator or decision maker to organize communication in a team and diagnose
collective effects, problems, and adjust team behavior. A formalized model of
a hybrid intelligent multiagent system of heterogeneous thinking implementing
the considered models and algorithms is proposed for an effective automated
problem-solving, information preparation, and support of operational decisions
in a regional power system.
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ВИЗУАЛЬНЫЙ ЯЗЫК МОДЕЛИРОВАНИЯ ЭФФЕКТА
СИНЕРГИИ В ГИБРИДНЫХ ИНТЕЛЛЕКТУАЛЬНЫХ

МНОГОАГЕНТНЫХ СИСТЕМАХ

И. А. Кириков1, А. В. Колесников2, С. В. Листопад3

�−−®â�æ¨ï: ÷¥è¥−¨¥ ¯à®¡«¥¬ ¬¥â®¤�¬¨ £¨¡à¨¤−®© ¨−â¥««¥ªâã�«ì−®© ¬−®£®-
�£¥−â−®© á¨áâ¥¬ë (ƒ¨ˆŒ�‘) | á«®¦−ë© ¬−®£®íâ�¯−ë© ¯à®æ¥áá, ¢ ª®â®à®¬
¯¥à¨®¤ë ¨−¤¨¢¨¤ã�«ì−®© à�¡®âë �£¥−â®¢ −�¤ ç�áâï¬¨ ¯à®¡«¥¬ë á¬¥−ïîâ-
áï ¯¥à¨®¤�¬¨ ¯¥à¥£®¢®à®¢ ¨ ®¡¬¥−� ¬−¥−¨ï¬¨. …á«¨ ƒ¨ˆŒ�‘ | ç¥à−ë©
ïé¨ª ¤«ï ¯®«ì§®¢�â¥«ï, ¤®¢¥à¨¥ ª à¥§ã«ìâ�â�¬ ¥¥ à�¡®âë á¥àì¥§−® á−¨¦�¥â-
áï. —â®¡ë ¯®¢ëá¨âì ¯à®§à�ç−®áâì á¨áâ¥¬ë ¨ ¯®¤−ïâì ¤®¢¥à¨¥ ¯®«ì§®¢�â¥«ï
ª ¥¥ à¥ª®¬¥−¤�æ¨ï¬, ¯à¥¤«�£�¥âáï ¢¨§ã�«ì−ë© ï§ëª (�«ä�¢¨â, á¨−â�ªá¨ç¥áª¨¥
¨ á¥¬�−â¨ç¥áª¨¥ ¯à�¢¨«�) ¤«ï ¯à¨¤�−¨ï −�£«ï¤−®áâ¨ ª®««¥ªâ¨¢−ë¬ à¥è¥−¨ï¬
¨ ¢®§−¨ª�îé¥¬ã ¯à¨ íâ®¬ á¨−¥à£¥â¨ç¥áª®¬ã íää¥ªâã.

Š«îç¥¢ë¥ á«®¢�: ¬�«ë© ª®««¥ªâ¨¢ íªá¯¥àâ®¢; á¨−¥à£¨ï; £¨¡à¨¤−�ï ¨−â¥«-
«¥ªâã�«ì−�ï ¬−®£®�£¥−â−�ï á¨áâ¥¬�; ¢¨§ã�«ì−ë© ï§ëª

DOI: 10.14357/08696527180405

1 Введение

�¡®¡é¥−¨¥ ¬−®£®«¥â−¥£® ®¯ëâ� à�§à�¡®âª¨ ¨ ¯à¨¬¥−¥−¨ï ƒ¨ˆŒ�‘ ª à¥-
è¥−¨î ¢á¥¢®§¬®¦−ëå ¯à®¡«¥¬ [1{3] ¯®§¢®«¨«® ¢ëï¢¨âì ¨å áãé¥áâ¢¥−−ë© −¥-
¤®áâ�â®ª: ¯à¨ ¢§�¨¬®¤¥©áâ¢¨¨ á ¯®«ì§®¢�â¥«ï¬¨ ¨ á¯¥æ¨�«¨áâ�¬¨ ¯® ®â«�¤ª¥
¯à¨¬¥−ïîâáï â®«ìª® á¨¬¢®«ì−®-«®£¨ç¥áª¨¥ ¬¥â®¤ë ¯à¥¤áâ�¢«¥−¨ï ¨−ä®à¬�æ¨¨,
¯à�ªâ¨ç¥áª¨ −¥ �ªâ¨¢¨àãï ¢¨§ã�«ì−®-®¡à�§−ë¥, ¯à�¢®áâ®à®−−¨¥ à�ááã¦¤¥−¨ï
«¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï. ‚¨§ã�«¨§�æ¨ï ®¡à�§� ¯à®¡«¥¬ë ¨ ¯à®æ¥áá� ¢ë-
à�¡®âª¨ ¥¥ à¥è¥−¨© ƒ¨ˆŒ�‘ ®¡¥á¯¥ç¨â ¯®−¨¬�−¨¥ â®£®, ª�ª ¡ë«® ¯®«ãç¥−®
¨â®£®¢®¥ à¥è¥−¨¥, çâ® ¯®¢ëá¨â ¤®¢¥à¨¥ ª à¥§ã«ìâ�â�¬ à�¡®âë ƒ¨ˆŒ�‘. ‚¨-
§ã�«¨§�æ¨ï á¯®á®¡−� §�¯ãáâ¨âì ¬¥å�−¨§¬ë ¨−âã¨â¨¢−®£®, ¨−á�©â−®£® ¯à¨−ïâ¨ï
à¥è¥−¨ï ¯®«ì§®¢�â¥«¥¬, çâ® ®á®¡¥−−® −¥®¡å®¤¨¬® ¯à¨ −�«¨ç¨¨ −¥áª®«ìª¨å à¥è¥-
−¨©-ª�−¤¨¤�â®¢. Šà®¬¥ â®£®, ¢¨§ã�«¨§�æ¨ï á«®¦−®© áâàãªâãàë á¨áâ¥¬ë ¨ ã§ª¨å
¬¥áâ ¢ ¯à®æ¥áá¥ à¥è¥−¨ï ¯à®¡«¥¬ë ¯®§¢®«¨â ®¯¥à�â¨¢−® ¢¬¥è¨¢�âìáï ¢ −¥£®,
¯à®¨§¢®¤¨âì −�áâà®©ªã ¨ ®â«�¤ªã á¨áâ¥¬ë.
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«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, baltbipiran@mail.ru
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à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,
avkolesnikov@yandex.ru
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Œ¥â®¤ë ¢¨§ã�«¨§�æ¨¨ ¨−ä®à¬�æ¨¨ ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨© ®¡®¡é¥−ë ¨ à�§¢¨-
âë ¢ à�¡®â�å �. ‘. �−¨á¨¬®¢�, ā. ÷. ‚�«ìª¬�−�, �. �. Š®¡à¨−áª®£®, �. �. Šã§-
−¥æ®¢�, ƒ. ‘. �á¨¯®¢�, „. �. �®á¯¥«®¢�, ‚. �. ’�à�á®¢�, ˆ. �. ”®¬¨−ëå,
ƒ. �. ™¥¤à®¢¨æª®£®, �. …. Ÿ−ª®¢áª®©, ÷. �à−å¥©¬�, �. �®−®, “. �®ã¬¥−�,
Œ. ‚¥àâå¥©¬¥à�, „. ÷®í¬�, „. ‘¨¡¡¥â�. „«ï á−¨¦¥−¨ï âàã¤®¥¬ª®áâ¨ à�§à�¡®â-
ª¨ ¢¨§ã�«ì−ëå ï§ëª®¢ ¢ [4] ¯à¥¤«®¦¥−� −¥ä®à¬�«ì−�ï �ªá¨®¬�â¨ç¥áª�ï â¥®à¨ï
à®«¥¢ëå ¢¨§ã�«ì−ëå ¬®¤¥«¥© −� ®á−®¢¥ ¯à¨−æ¨¯®¢ â¥®à¨¨ á¨áâ¥¬ ¨ á¨áâ¥¬−®£®
�−�«¨§�. �� ¡�§¥ íâ®© â¥®à¨¨ ¢ ¤�−−®© à�¡®â¥ ¤«ï ¯®¢ëè¥−¨ï ú¯à®§à�ç−®áâ¨û
ƒ¨ˆŒ�‘ ¯à¥¤«�£�¥âáï ¢¨§ã�«ì−ë© ï§ëª ®¡à�§−®£® ¯à¥¤áâ�¢«¥−¨ï à¥è¥−¨ï
¯à®¡«¥¬ ¨ ¢®§−¨ª�îé¥£® ª®««¥ªâ¨¢−®£® íää¥ªâ� | á¨−¥à£¨¨.

2 Понятие визуального языка

‚ ª�ç¥áâ¢¥ ®¡®¡é¥−¨ï à¥§ã«ìâ�â®¢ à�¡®â ¯® ¨¬¨â�æ¨¨ à�ááã¦¤¥−¨© −� ¢¨-
§ã�«ì−ëå ®¡à�§�å [5{11] ¢ [4] ¯à¥¤«®¦¥−® á«¥¤ãîé¥¥ ®¯à¥¤¥«¥−¨¥ ¢¨§ã�«ì−®£®
ï§ëª� ª�ª á¥¬¨®â¨ç¥áª®© á¨áâ¥¬ë:

vl = 〈VT,VS,VA,VP, υτ, υσ, υα, υπ〉 , (1)

£¤¥ VT, VS, VA ¨ VP | ¬−®¦¥áâ¢� ®á−®¢−ëå á¨¬¢®«®¢, á¨−â�ªá¨ç¥áª¨å,
á¥¬�−â¨ç¥áª¨å ¨ ¯à�£¬�â¨ç¥áª¨å ¯à�¢¨« á®®â¢¥âáâ¢¥−−®; υτ , υσ, υα ¨ υπ |
¯à�¢¨«� ¨§¬¥−¥−¨ï ¬−®¦¥áâ¢VT,VS,VA¨VP á®®â¢¥âáâ¢¥−−®. „«ï áâ�â¨ç¥áª®£®
ï§ëª�, ã ª®â®à®£® ¯à�£¬�â¨ç¥áª¨¥ ¯à�¢¨«� −¥ à¥£«�¬¥−â¨à®¢�−ë, � ®¯à¥¤¥«ïîâáï
à�§à�¡®âç¨ª�¬¨ ª�¦¤®£® �£¥−â�, ¬®¤¥«ì (1) ã¯à®é�¥âáï:

vl = 〈VT,VS,VA〉 . (2)

Œ−®¦¥áâ¢� VT, VS ¨ VA ¨§ ä®à¬ã«ë (2) ®¯à¥¤¥«ïîâáï ¢ëà�¦¥−¨ï¬¨:

VT = 〈P,D,VR〉 ;
VS = 〈VT,VN,PRU〉 ;
VA = 〈DO, GRES, GPR, GACT, GR〉 , (3)

£¤¥

DO = 〈RES,PR,ACT, R〉 ;
GRES : RES→ P ; GPR : PR→ D;

GACT : ACT→ P, GR : R→ VR .

‡¤¥áì P | ¬−®¦¥áâ¢® ¢¨§ã�«ì−ëå ¯à¨¬¨â¨¢®¢; D | ¬−®¦¥áâ¢® ¢¨§ã�«ì−ëå
¨§¬¥à¥−¨©, å�à�ªâ¥à¨§ãîé¨å ¢¨§ã�«ì−ë¥ ¯à¨¬¨â¨¢ë; VRn | ¬−®¦¥áâ¢® ¢¨-
§ã�«ì−ëå ®â−®è¥−¨© ¬¥¦¤ã ®¤−¨¬ ¨ ¡®«¥¥ ¯à¨¬¨â¨¢�¬¨ [7]; VN | á«®¢�àì
−¥â¥à¬¨−�«ì−ëå á¨¬¢®«®¢; PRU | ¬−®¦¥áâ¢® ¯à®¤ãªæ¨®−−ëå ¯à�¢¨«; RES,
PR ¨ R | ¬−®¦¥áâ¢� à¥áãàá®¢, á¢®©áâ¢ ¨ ®â−®è¥−¨© á®®â¢¥âáâ¢¥−−®.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 28 −®¬¥à 4 2018 43



ˆ. �. Š¨à¨ª®¢, �. ‚. Š®«¥á−¨ª®¢, ‘. ‚. ‹¨áâ®¯�¤

3 Алфавит визуального языка моделирования эффекта синергии

„«ï ¢¨§ã�«ì−®£® ¬®¤¥«¨à®¢�−¨ï á¨−¥à£¨¨ ¢ ƒ¨ˆŒ�‘ [12] �«ä�¢¨â ï§ëª�
¤®«¦¥− á®áâ®ïâì ¨§ ¯à¨¬¨â¨¢−ëå ä®à¬ (á¬. à¨á. 1, ¡{1, ¤): áä¥à�, ¨§®¡à�¦�-
îé�ï ç�áâ−®¥ à¥è¥−¨¥ ¯à®¡«¥¬ë; áâà¥«ª�, ¯à¥¤áâ�¢«ïîé�ï ¤¥©áâ¢¨¥ ú¢ëà�¡®âª�
à¥è¥−¨ïû; ª®«ìæ®, ®¯à¥¤¥«ïîé¥¥ ú¯®«¥û ¤«ï à�§¬¥é¥−¨ï à¥è¥−¨© ¨ ª«�áá¨ä¨-
æ¨àãîé¥¥ à¥è¥−¨ï ¢ §�¢¨á¨¬®áâ¨ ®â â®£®, ª�ª¨¬ �£¥−â®¬ ®−® ¯®«ãç¥−® ¨ ¬−¥−¨ï
ª�ª¨å �£¥−â®¢ ¨á¯®«ì§®¢�−ë ¤«ï ¥£® −�å®¦¤¥−¨ï; ¯®«ë© æ¨«¨−¤à, ¢ëá®â� ª®â®-
à®£® ¯à®¯®àæ¨®−�«ì−� ¢¥«¨ç¨−¥ íää¥ªâ� á¨−¥à£¨¨, � æ¢¥â ãª�§ë¢�¥â −� ¥¥ §−�ª
(§¥«¥−ë© | ¯®«®¦¨â¥«ì−�ï, ªà�á−ë© | ®âà¨æ�â¥«ì−�ï). �â¨ ¯à¨¬¨â¨¢ë |
¬−®¦¥áâ¢� â®ç¥ª (á¬. à¨á. 1, �), ®¯à¥¤¥«ï¥¬ëå ¢¨§ã�«ì−ë¬¨ ¨§¬¥à¥−¨ï¬¨ (á¬.
à¨á. 2, �{2, ¢). �à¨ ¢¨§ã�«ì−®¬ ®¯¨á�−¨¨ ¯à¨¬¨â¨¢®¢ ¨á¯®«ì§ã¥âáï ¢¨§ã�«ì−®¥
®â−®è¥−¨¥ ú®¯à¥¤¥«¥−¨¥û vr11 (á¬. à¨á. 3, �), ¯à¥¤áâ�¢«ï¥¬®¥ ¯àï¬®ã£®«ì−¨ª®¬,
à�§¤¥«¥−−ë¬ −� ¤¢¥ ç�áâ¨: ¢ ¢¥àå−¥© ãª�§ë¢�¥âáï ®¯à¥¤¥«ï¥¬ë© ¯à¨¬¨â¨¢,
� ¢ −¨¦−¥© | ®¯à¥¤¥«¥−¨¥.

Š�ª ¯®ª�§�−® −� à¨á. 1, �, ¢¨§ã�«ì−ë© ¯à¨¬¨â¨¢ úâ®çª�û p11 ®¯à¥¤¥«ï¥âáï
á ¨á¯®«ì§®¢�−¨¥¬ á«¥¤ãîé¨å ¢¨§ã�«ì−ëå ¨§¬¥à¥−¨©: d11 = 〈d11r, d11γ , d1ah〉 |
ª®®à¤¨−�âë ¢ æ¨«¨−¤à¨ç¥áª®© á¨áâ¥¬¥ ª®®à¤¨−�â (á¬. à¨á. 2, �); d12 =
= 〈d12r, d12g, d12b〉| æ¢¥â ¢ æ¢¥â®¢®© ¬®¤¥«¨ RGB (á¬. à¨á. 2, ¡); d13| ¯à®§à�ç−®áâì
â®çª¨, ®¯à¥¤¥«ïîé�ï ç�áâì á¢¥â®¢®£® ¯®â®ª�, ª®â®à�ï ¯à®å®¤¨â ç¥à¥§ â®çªã, ®â
®¡ê¥ªâ®¢, à�á¯®«®¦¥−−ëå §� −¥© (á¬. à¨á. 2, ¢).

÷¨á. 1 Œ−®¦¥áâ¢® ¢¨§ã�«ì−ëå ¯à¨¬¨â¨¢®¢ ï§ëª� ¬®¤¥«¨à®¢�−¨ï íää¥ªâ� á¨−¥à£¨¨:
(�) â®çª�; (¡) áä¥à�; (¢) áâà¥«ª�; (£) ª®«ìæ®; (¤) ¯®«ë© æ¨«¨−¤à

÷¨á. 2 Œ−®¦¥áâ¢® ¢¨§ã�«ì−ëå ¨§¬¥à¥−¨© ï§ëª� ¬®¤¥«¨à®¢�−¨ï íää¥ªâ� á¨−¥à£¨¨:
(�) ª®®à¤¨−�âë; (¡) æ¢¥â; (¢) ¯à®§à�ç−®áâì; (£) ª®«¨ç¥áâ¢® �£¥−â®¢
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‚¨§ã�«ì−ë© ¯à¨¬¨â¨¢ úáä¥à�û p12 ®¯à¥¤¥«ï¥âáï ¤¢ã¬ï â®çª�¬¨: p11c | æ¥−âà
è�à� ¨ p11e | â®çª� −� ¯®¢¥àå−®áâ¨ è�à�. –¢¥â d12 ¨ ¯à®§à�ç−®áâì d13 áä¥àë,
â. ¥. ¢á¥å ¥¥ â®ç¥ª, ®¯à¥¤¥«ï¥âáï æ¢¥â®¬ d12(p

1
1e) ¨ ¯à®§à�ç−®áâìî d13(p

1
1e) â®ç-

ª¨ p11e.
‚¨§ã�«ì−ë© ¯à¨¬¨â¨¢ úáâà¥«ª�û p13 ®¯à¥¤¥«ï¥âáï −¥ ¬¥−¥¥ ç¥¬ ¤¢ã¬ï â®ç-

ª�¬¨: p11b | −�ç�«ì−�ï ã§«®¢�ï â®çª� áâà¥«ª¨ ¨ p11e | ª®−¥ç−�ï ã§«®¢�ï â®çª�.
Šà®¬¥ â®£®, ¯à¨ −�«¨ç¨¨ −¥¯ãáâ®£® ª®àâ¥¦� ¯à®¬¥¦ãâ®ç−ëå ã§«®¢ëå â®ç¥ª P 11m
áâà¥«ª� ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®«¨«¨−¨î. Š®®à¤¨−�âë â®ç¥ª áâà¥«ª¨, «¥¦�é¨å
¬¥¦¤ã ã§«®¢ë¬¨ â®çª�¬¨, ®¯à¥¤¥«ïîâáï ¬¥â®¤®¬ ¨−â¥à¯®«ïæ¨¨ ªã¡¨ç¥áª¨¬¨
á¯«�©−�¬¨. ‚ á«ãç�¥ ¥á«¨ æ¢¥â ¨ ¯à®§à�ç−®áâì ¤¢ãå á®á¥¤−¨å ã§«®¢ëå â®ç¥ª
à�§«¨ç�îâáï, ¢®§−¨ª�¥â £à�¤¨¥−â−ë© ¯¥à¥å®¤ æ¢¥â� ¨ ¯à®§à�ç−®áâ¨.

‚¨§ã�«ì−ë© ¯à¨¬¨â¨¢ úª®«ìæ®û p14 ®¤−®§−�ç−® §�¤�¥âáï â®çª�¬¨: p11c |
æ¥−âà ª®«ìæ�, p11i | â®çª� −� ¢−ãâà¥−−¥© ®ªàã¦−®áâ¨ ª®«ìæ� ¨ p11o | â®çª�
−� ¢−¥è−¥© ®ªàã¦−®áâ¨ ª®«ìæ�, � â�ª¦¥ ¢¨§ã�«ì−ë¬ ¨§¬¥à¥−¨¥¬ d14 | ç¨á«®
á¥£¬¥−â®¢, −� ª®â®à®¥ à�§¤¥«¥−® ª®«ìæ®, ¨ ç¨á«® ¯®¤á¥£¬¥−â®¢, ãáâ�−�¢«¨¢�-

÷¨á. 3 Œ−®¦¥áâ¢® ¢¨§ã�«ì−ëå ®â−®è¥−¨© ï§ëª� ¬®¤¥«¨à®¢�−¨ï íää¥ªâ� á¨−¥à£¨¨:
(�) ú®¯à¥¤¥«¥−¨¥û; (¡) ú¨á¯®«ì§®¢�âìû; (¢) ú¨¬¥âì à¥§ã«ìâ�â®¬û; (£) úá«¥¤®¢�âì §�û;
(¤) ú¨¬¥âì ç�áâìîû
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îé¨å ®â−®è¥−¨ï ¬¥¦¤ã à¥è¥−¨¥¬ ¨ �£¥−â®¬, ¯®«ãç¨¢è¨¬ ¥£®, � â�ª¦¥ ¬¥¦¤ã
à¥è¥−¨¥¬ ¨ �£¥−â®¬, ¯à¥¤«®¦¨¢è¨¬ à¥è¥−¨¥ | ®á−®¢ã ¤«ï −¥£® (á¬. à¨á. 2, £).
–¢¥â ¨ ¯à®§à�ç−®áâì ª®«ìæ� ®¯à¥¤¥«ïîâáï æ¢¥â®¬ ¨ ¯à®§à�ç−®áâìî â®ç¥ª p11i
¨ p11o. …á«¨ ¨å æ¢¥â ¨ ¯à®§à�ç−®áâì à�§«¨ç�îâáï, ¢®§−¨ª�¥â £à�¤¨¥−â−ë© ¯¥à¥å®¤
æ¢¥â� ¨ ¯à®§à�ç−®áâ¨ ®â æ¥−âà� ª®«ìæ� ª ªà�î.

‚¨§ã�«ì−ë© ¯à¨¬¨â¨¢ ú¯®«ë© æ¨«¨−¤àû p15 ®¤−®§−�ç−® ®¯à¥¤¥«ï¥âáï â®ç-
ª�¬¨: p11c | æ¥−âà ¯®«®£® æ¨«¨−¤à�, p11id | â®çª� −� ¢−ãâà¥−−¥© ®ªàã¦−®áâ¨
−¨¦−¥£® ª®«ìæ� ¯®«®£® æ¨«¨−¤à� ¨ p11ot | â®çª� −� ¢−¥è−¥© ®ªàã¦−®áâ¨ ¢¥àå−¥£®
ª®«ìæ� ¯®«®£® æ¨«¨−¤à�. –¢¥â ¨ ¯à®§à�ç−®áâì ¯®«®£® æ¨«¨−¤à� ®¯à¥¤¥«ïîâ-
áï æ¢¥â®¬ ¨ ¯à®§à�ç−®áâìî â®ç¥ª p11id ¨ p11ot. …á«¨ ¨å æ¢¥â ¨ ¯à®§à�ç−®áâì
à�§«¨ç�îâáï, ¢®§−¨ª�¥â £à�¤¨¥−â−ë© ¯¥à¥å®¤ ®â æ¥−âà� æ¨«¨−¤à� ª ªà�î.

‚¨§ã�«ì−ë¥ ®â−®è¥−¨ï ï§ëª� ¤«ï ¬®¤¥«¨à®¢�−¨ï íää¥ªâ� á¨−¥à£¨¨ ¯à¥¤-
áâ�¢«¥−ë −� à¨á. 3.

�â−®è¥−¨¥ vr12 ú¨á¯®«ì§®¢�âìû ãª�§ë¢�¥â, çâ® ¯à¨ ¢ë¯®«−¥−¨¨ ¤¥©áâ¢¨ï
ú¢ëà�¡®âª� à¥è¥−¨ïû, ¨§®¡à�¦¥−−®£® áâà¥«ª®©, �£¥−â ¨á¯®«ì§®¢�« à¥è¥−¨¥,
¯à¥¤áâ�¢«¥−−®¥ áä¥à®©, á ª®â®à®© ãáâ�−®¢«¥−® ®â−®è¥−¨¥. �â−®è¥−¨¥ vr13
ú¨¬¥âì à¥§ã«ìâ�â®¬û ãáâ�−�¢«¨¢�¥â á¢ï§ì ¬¥¦¤ã ¤¥©áâ¢¨¥¬ ú¢ëà�¡®âª� à¥-
è¥−¨ïû ¨ à¥è¥−¨¥¬ | à¥§ã«ìâ�â®¬ íâ®£® ¤¥©áâ¢¨ï, ¯à¥¤áâ�¢«¥−−ë¬ áä¥à®©,
á ª®â®à®© ãáâ�−®¢«¥−® ®â−®è¥−¨¥. �â−®è¥−¨¥ vr14 úá«¥¤®¢�âì §�û ãáâ�−�¢«¨¢�-
¥âáï ¬¥¦¤ã ¤¢ã¬ï ª®«ìæ�¬¨, ®¯à¥¤¥«ïîé¨¬¨ ú¯®«ïû ¤«ï à�§¬¥é¥−¨ï à¥è¥−¨©
¯®á«¥¤®¢�â¥«ì−ëå è�£®¢ ¨â¥à�æ¨®−−®£® ¯à®æ¥áá� à¥è¥−¨ï ¯à®¡«¥¬ [12]. �â-
−®è¥−¨¥ vr15 ú¨¬¥âì ç�áâìîû ãáâ�−�¢«¨¢�¥âáï ¬¥¦¤ã ª®«ìæ®¬, ®¯à¥¤¥«ïîé¨¬
ú¯®«¥û ¤«ï à�§¬¥é¥−¨ï à¥è¥−¨©, ¨ ¬−®¦¥áâ¢®¬ ãç�áâª®¢ íâ®£® ¯®«ï, ¯à¥¤áâ�¢-
«ï¥¬ëå ¬−®¦¥áâ¢�¬¨ P 11ij â®ç¥ª. —¨á«® ãç�áâª®¢ −� ª®«ìæ¥ á®áâ�¢«ï¥â (d14)

2,
� ¨å à�á¯®«®¦¥−¨¥ ¢ á«ãç�¥ á è¥áâìî �£¥−â�¬¨, â. ¥. d14 = 6, ¯®ª�§�−® −�
à¨á. 3, ¤.

4 Синтаксис визуального языка моделирования эффекта синергии

Œ−®¦¥áâ¢® VS á¨−â�ªá¨ç¥áª¨å ¯à�¢¨« PRU ®¯à¥¤¥«ï¥â ¬¥å�−¨§¬ë ¯®áâà®-
¥−¨ï −¥â¥à¬¨−�«ì−ëå á¨¬¢®«®¢ VN −� ®á−®¢¥ á«®¢�àï VT â¥à¬¨−�«ì−ëå á¨¬¢®-
«®¢ (�«ä�¢¨â�). „«ï ¬®¤¥«¨à®¢�−¨ï íää¥ªâ� á¨−¥à£¨¨ ®¯à¥¤¥«¨¬ ¯à�¢¨«�:

{ ®ªà�áª¨ áä¥à, ¯à¥¤áâ�¢«ïîé¨å à¥è¥−¨ï:

pru1 : r
1p p
nbel

(

p12i, P
1
2s

)

→ r1d d
e

(

d12
[

p11e
[

p12i
]]

, 〈255, 255, 255〉
]

;

pru2 : r
1d d
le

(

d11h
[

p12i
]

, d11h
[

p12smax
])

∧ r1p p
bel

(

p12i, P
1
2s

)

→
→ r1d d

e

(

d12
[

p11e
[

p12i
]]

, 〈255, 0, 0〉
)

;

pru3 : r
1d d
g

(

d11h
[

p12i
]

, d11h
[

p12smax
])

∧ r1p p
bel

(

p12i, P
1
2s

)

→
→ r1d d

e

(

d12
[

p11e
[

p12i
]]

, 〈0, 255, 0〉
)

,

46 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 28 −®¬¥à 4 2018



‚¨§ã�«ì−ë© ï§ëª ¬®¤¥«¨à®¢�−¨ï íää¥ªâ� á¨−¥à£¨¨ ¢ ƒ¨ˆŒ�‘

£¤¥ r1p p
nbel | ®â−®è¥−¨¥ ú−¥ ¯à¨−�¤«¥¦¨âû ª«�áá� ú¢¨§ã�«ì−ë© ¯à¨¬¨-

â¨¢ { ¢¨§ã�«ì−ë© ¯à¨¬¨â¨¢û; r1 p p
bel | ®â−®è¥−¨¥ ú¯à¨−�¤«¥¦¨âû â®£® ¦¥

ª«�áá�; r1dd
e | ®â−®è¥−¨¥ ú¡ëâì à�¢−ë¬û ª«�áá� ú¢¨§ã�«ì−®¥ ¨§¬¥à¥−¨¥ {

¢¨§ã�«ì−®¥ ¨§¬¥à¥−¨¥û; r1d d
le | ®â−®è¥−¨¥ ú¡ëâì ¬¥−ìè¥ «¨¡® à�¢−ë¬û

â®£® ¦¥ ª«�áá�; rd d
g | ®â−®è¥−¨¥ ú¡ëâì ¡®«ìè¥û â®£® ¦¥ ª«�áá�;

p12smax = argmaxp1
2s

(

d11h[ p
1
1c[ p

1
2s]]
)

, p12s ∈ P 12s = {p12|d11r[ p11c[ p12]] ∈
∈ d11r[P

1
1 i i] ∧ d11ϕ[p

1
1c[p

1
2]] ∈ d11ϕ[P

1
1 i i]}; [ ] | ®¯¥à�æ¨ï ú¯à®¥æ¨à®¢�−¨¥û,

â. ¥. p11c[ p
1
2i(p

1
1k, p

1
1l)] = p11k; 〈255, 255, 255〉, 〈255, 0, 0〉 ¨ 〈0, 255, 0〉 | æ¢¥â®-

¢ë¥ ª®−áâ�−âë, á®®â¢¥âáâ¢ãîé¨¥ ¡¥«®¬ã, ªà�á−®¬ã ¨ §¥«¥−®¬ã æ¢¥â�¬;
{ ®ªà�áª¨ áâà¥«®ª, ¨§®¡à�¦�îé¨å ¤¥©áâ¢¨¥ ú¢ëà�¡®âª� à¥è¥−¨ïû:

pru4 : vr
1
2

(

p13, p
1
2

)

→ r1d d
e

(

d12
[

p11b
[

p13
]]

, d12
[

p11e
[

p12
]])

;

pru5 : vr
1
3

(

p13, p
1
2

)

→ r1d d
e

(

d12
[

p11e
[

p13
]]

, d12
[

p11e
[

p12
]])

;

{ ¯®áâà®¥−¨ï ¯®«ëå æ¨«¨−¤à®¢, ®â®¡à�¦�îé¨å ¢¥«¨ç¨−ã íää¥ªâ� á¨−¥à£¨¨:

pru6 : r1d d
e

(

d13
[

p11id
[

p15
]]

, 60
)

∧ r1d d
e

(

d13
[

p11ot

[

p15
]]

, 60
)

∧
∧ r1d d

e

(

d11r
[

d11
[

p11id
[

p15
]]]

, d11r
[

d11
[

p11i
[

p14
]]])

∧
∧ r1d d

e

(

d11ϕ
[

d11
[

p11id
[

p15
]]]

, d11ϕ
[

d11
[

p11i
[

p14
]]])

∧
∧ r1d d

e

(

d11r
[

d11
[

p11ot

[

p15
]]]

, d11r
[

d11
[

p11o
[

p14
]]])

∧
∧ r1d d

e

(

d11ϕ
[

d11
[

p11ot

[

p15
]]]

, d11ϕ
[

d11
[

p11o
[

p14
]]])

∧
∧ r1d d

e

(

d11r
[

d11
[

p11c
[

p15
]]]

, d11r
[

d11
[

p11c
[

p14
]]])

∧
∧ r1d d

e

(

d11ϕ
[

d11
[

p11c
[

p15
]]]

, d11ϕ
[

d11
[

p11c
[

p14
]]])

;

pru7 : r1g
(

d11h
[

d11
[

p11c
[

p12tmax
]]]

, d11h
[

d11
[

p11c
[

p12smax
]]])

→
→ r1d d

e

(

d11h
[

d11
[

p11id
[

p15
]]]

, d11h
[

d11
[

p11c
[

p12smax
]]])

∧
∧ r1d d

e

(

d12
[

p11id
[

p15
]]

, 〈0, 255, 0〉
)

∧
∧ r1d d

e

(

d11h
[

d11
[

p11ot

[

p15
]]]

, d11h
[

d11
[

p11c
[

p12tmax
]]])

∧
∧ r1d d

e

(

d12
[

p11ot

[

p15
]]

, 〈0, 255, 0〉
)

;

pru8 : r1le
(

d11h
[

d11
[

p11c
[

p12tmax
]]]

, d11h
[

d11
[

p11c
[

p12smax
]]])

→
→ r1d d

e

(

d11h
[

d11
[

p11id
[

p15
]]]

, d11h
[

d11
[

p11c
[

p12tmax
]]])

∧
∧ r1d d

e

(

d12
[

p11id
[

p15
]]

, 〈255, 0, 0〉
)

∧
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∧ r1d d
e

(

d11h
[

d11
[

p11ot

[

p15
]]]

, d11h
[

d11
[

p11c
[

p12smax
]]])

∧
∧ r1d d

e

(

d12
[

p11ot

[

p15
]]

, 〈255, 0, 0〉
)

,

£¤¥ p12tmax = argmax
p1
2t

(

d11h[p
1
1c[p

1
2t]]
)

, p12t ∈ P 12t = P 12t\P 12s.

�¥à¥ç¨á«¥−−ë¥ ¯à�¢¨«� ¢¬¥áâ¥ á �«ä�¢¨â®¬ ï§ëª� ¨ ä®à¬¨àã¥¬ë¬¨ íâ¨¬¨
¯à�¢¨«�¬¨ −¥â¥à¬¨−�«ì−ë¬¨ á¨¬¢®«�¬¨ á®áâ�¢«ïîâ á¨−â�ªá¨á ï§ëª�, −¥®¡å®-
¤¨¬ë© ¤«ï ¯®áâà®¥−¨ï áå¥¬�â¨§¨à®¢�−−ëå ¨§®¡à�¦¥−¨©. „«ï ®¡¥á¯¥ç¥−¨ï ¢§�-
¨¬®á¢ï§¨ ¬¥¦¤ã áå¥¬�â¨§¨à®¢�−−ë¬¨ ¨§®¡à�¦¥−¨ï¬¨ ¨ ä®à¬�«ì−ë¬¨ á¨¬¢®«ì-
−®-«®£¨ç¥áª¨¬¨ à�ááã¦¤¥−¨ï¬¨ ƒ¨ˆŒ�‘ −¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì ¬−®¦¥áâ¢®
á¥¬�−â¨ç¥áª¨å ¯à�¢¨«.

5 Семантические правила визуального языка моделирования
эффекта синергии

‘®£«�á−® ¢ëà�¦¥−¨î (3) ¬−®¦¥áâ¢® VA á¥¬�−â¨ç¥áª¨å ¯à�¢¨« ®â®¡à�¦�¥â
¬®¤¥«ì ¯à¥¤¬¥â−®© ®¡«�áâ¨ DO −� ¬−®¦¥áâ¢� ¢¨§ã�«ì−ëå ¯à¨¬¨â¨¢®¢ P , ¨§-
¬¥à¥−¨© D ¨ ®â−®è¥−¨© VR. „«ï ®¯à¥¤¥«¥−¨ï íâ¨å ®â−®è¥−¨© à�áá¬®âà¨¬
ç�áâì ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ƒ¨ˆŒ�‘ | ª®−æ¥¯âã�«ì−ãî ¬®¤¥«ì, ¯®-
áâà®¥−−ãî −� ®á−®¢¥ −¥ä®à¬�«ì−®© �ªá¨®¬�â¨ç¥áª®© â¥®à¨¨ [1] ¨ ®¯¨áë¢�îéãî
ª®««¥ªâ¨¢−®¥ ¯®áâà®¥−¨¥ à¥è¥−¨© ¯à®¡«¥¬ë �£¥−â�¬¨:

dmp = rres pr1

(

reshimas,prnag
)

◦ rres act1 (resexa, actdg) ◦ ract res1 (actdg, resdec) ◦
◦ ract res2 (actdg, resdec) ◦ rres pr1 (resdec,prsrc) ◦
◦ rres act1 (resdma, actest) ◦ ract res1 (actest, resdec) ◦

◦ rres pr1

(

resdec,prqua
)

◦ ract pr2

(

actest,prqua
)

,

£¤¥ reshimas | à¥áãàá úƒ¨ˆŒ�‘û; prnag | á¢®©áâ¢® úç¨á«® �£¥−â®¢û; resexa |
à¥áãàá ú�£¥−â-íªá¯¥àâû; actdg| ¤¥©áâ¢¨¥ ú¢ëà�¡®âª� à¥è¥−¨ïû; resdec| à¥áãàá
úà¥è¥−¨¥û; prsrc |á¢®©áâ¢® ú¨¤¥−â¨ä¨ª�â®à �£¥−â�û; resdma | à¥áãàá ú�£¥−â,
¯à¨−¨¬�îé¨© à¥è¥−¨ïû; actest| ¤¥©áâ¢¨¥ ú®æ¥−ª� à¥è¥−¨ïû; prqua| á¢®©áâ¢®
úª�ç¥áâ¢® à¥è¥−¨ïû; rres pr1 | ®â−®è¥−¨¥ ú¨¬¥âì á¢®©áâ¢®û; rres act1 | ®â−®è¥-
−¨¥ ú¢ë¯®«−ïâì ¤¥©áâ¢¨¥û; ract res1 | ®â−®è¥−¨¥ ú¨¬¥âì ®¡ê¥ªâ®¬û; ract res2 |
®â−®è¥−¨¥ ú¨¬¥âì à¥§ã«ìâ�â®¬û; ract pr2 | ®â−®è¥−¨¥ ú¨§¬¥−ïâì á¢®©áâ¢®û; ◦|
®¯¥à�æ¨ï áª«¥¨¢�−¨ï ª®−æ¥¯â®¢ [2].

„«ï ¢¨§ã�«¨§�æ¨¨ íâ®© ç�áâ¨ ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ −¥®¡å®¤¨¬ë á«¥¤ã-
îé¨¥ ®â®¡à�¦¥−¨ï:

gres1 : resdec → p12 ; gact1 : actdg → p13 ;

gpr1 : prnag → d14 ; gpr2 : prqua → d11h ;
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‚¨§ã�«ì−ë© ï§ëª ¬®¤¥«¨à®¢�−¨ï íää¥ªâ� á¨−¥à£¨¨ ¢ ƒ¨ˆŒ�‘

gpr3 : ∃actdg
(

ract res2 (actdg, resdec) ◦ rres pr1 (resdec,prsrc i)∧
∧ract res1 (actdg, resdec) ◦ rres pr1

(

resdec,prscrj
))

→
→ d11r

[

d11
[

p11c
[

p12i
]]]

∈ d11r
[

P 11ij
]

∧ d11ϕ
[

d11
[

p11c
[

p12i
]]]

∈ d11ϕ
[

P 11ij
]

;

gpr4 : ¬∃actdg
(

ract res2 (actdg, resdec) ◦ rres pr1 (resdec,prsrc i)∧
∧ract res1 (actdg, resdec) ◦ rres pr1

(

resdec,prscrj
))

→
→ d11r

[

d11
[

p11c
[

p12i
]]]

∈ d11r
[

P 11ii
]

∧ d11ϕ
[

d11
[

p11c
[

p12i
]]]

∈ d11ϕ
[

P 11ii
]

;

gr
1 : ract res1 → vr12 ; gr

2 : ract res2 → vr13 .

�â¨ á¥¬�−â¨ç¥áª¨¥ ¯à�¢¨«� ¯®§¢®«ïîâ −�£«ï¤−® ®â®¡à�§¨âì ¯à®æ¥áá ¢ëà�¡®â-
ª¨ à¥è¥−¨ï ¢ ƒ¨ˆŒ�‘ ¯ãâ¥¬ ¯®áâà®¥−¨ï áå¥¬�â¨§¨à®¢�−−ëå ¨§®¡à�¦¥−¨©,
�−�«®£¨ç−ëå ¯®ª�§�−−®¬ã −� à¨á. 4. �® íâ¨¬ ¨§®¡à�¦¥−¨ï¬ ¯®«ì§®¢�â¥«ì ¬®-
¦¥â −�£«ï¤−® ®æ¥−¨¢�âì íää¥ªâ á¨−¥à£¨¨, ¢®§−¨ª�îé¨© ¯à¨ à¥è¥−¨¨ ¯à®¡«¥¬

÷¨á. 4 �à¨¬¥à áå¥¬�â¨§¨à®¢�−−®£® ¨§®¡à�¦¥−¨ï ¯à®æ¥áá� à¥è¥−¨ï ¯à®¡«¥¬ë
¢ ƒ¨ˆŒ�‘ ¨ ¢®§−¨ª�îé¥£® ¯à¨ íâ®¬ íää¥ªâ� á¨−¥à£¨¨
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ƒ¨ˆŒ�‘, ¯® ¢ëá®â¥ ¯®«ã¯à®§à�ç−®£® ¯®«®£® æ¨«¨−¤à� ¨ ¥£® æ¢¥âã. �â®¡à�¦¥-
−¨¥ ®¡à�§®¢-á¢ï§¥© ¬¥¦¤ã à¥è¥−¨ï¬¨ ¯®§¢®«ï¥â ¯à®á«¥¤¨âì ¨áâ®à¨î ä®à¬¨à®-
¢�−¨ï ª®««¥ªâ¨¢−®£® à¥è¥−¨ï, ¯à¥¤«�£�¥¬®£® ƒ¨ˆŒ�‘, çâ® ¯®¢ëè�¥â ¤®¢¥à¨¥
¯®«ì§®¢�â¥«ï ª à¥ª®¬¥−¤�æ¨ï¬ ª®¬¯ìîâ¥à−®£® ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�.

‘å¥¬� à�á¯à¥¤¥«¥−¨ï à¥è¥−¨© ¢ áå¥¬�â¨§¨à®¢�−−ëå ¨§®¡à�¦¥−¨ïå −� à¨á. 4
¯®§¢®«ï¥â ¢ë¤¥«¨âì ª«�áâ¥àë à¥è¥−¨© ¤«ï à�á¯®§−�¢�−¨ï ¨ ¯®−¨¬�−¨ï íää¥ª-
â¨¢−®áâ¨ à�¡®âë �£¥−â®¢ ¨ ¨å £àã¯¯ ¨ ¢ëà�¡®âª¨ à¥«¥¢�−â−ëå ã¯à�¢«ïîé¨å
¢®§¤¥©áâ¢¨© −� ƒ¨ˆŒ�‘.

6 Заключение

‚ à�¡®â¥ ¯à¥¤«®¦¥−� ä®à¬�«ì−�ï ¬®¤¥«ì ¢¨§ã�«ì−®£® ï§ëª� ª�ª á¥¬¨®â¨-
ç¥áª®© á¨áâ¥¬ë ¤«ï ¬®¤¥«¨à®¢�−¨ï íää¥ªâ� á¨−¥à£¨¨, á®áâ®ïé¥£® ¨§ �«ä�¢¨â�
á¨−â�ªá¨ç¥áª¨å ¨ á¥¬�−â¨ç¥áª¨å ¯à�¢¨«. �à¥¤«®¦¥−−ë© ¢¨§ã�«ì−ë© ï§ëª
®¡¥á¯¥ç¨¢�¥â ä®à¬¨à®¢�−¨¥ áå¥¬�â¨§¨à®¢�−−ëå ¨§®¡à�¦¥−¨©, −�£«ï¤−® ¤¥¬®−-
áâà¨àãîé¨å ¢®§−¨ª−®¢¥−¨¥ íää¥ªâ� á¨−¥à£¨¨ ¢ ƒ¨ˆŒ�‘, ¥£® §−�ª ¨ ¢¥«¨ç¨−ã.
Šà®¬¥ â®£®, ¡«�£®¤�àï à�á¯®«®¦¥−¨î ¢á¥å í«¥¬¥−â®¢ ¢¨§ã�«¨§�æ¨¨ ¢ ¯à¥¤¥«�å
ª®«ìæ� ®¡¥á¯¥ç¨¢�¥âáï à¥«¥¢�−â−®áâì ¬¥â�ä®à¥ ¯à®æ¥áá®¢ ª®««¥ªâ¨¢−®© à�¡®âë
−�¤ ¯à®¡«¥¬−®© á¨âã�æ¨¥© §� ªàã£«ë¬ áâ®«®¬.

�â®¡à�¦¥−¨¥ ¤¨−�¬¨ª¨ ª®¬¯ìîâ¥à−®© á¨¬ã«ïæ¨¨ à¥è¥−¨ï ¯à®¡«¥¬ë
ƒ¨ˆŒ�‘, −�£«ï¤−®-®¡à�§−®¥ ®â®¡à�¦¥−¨¥ ¢§�¨¬®á¢ï§¥© ¯à¥¤«®¦¥−−ëå íªá-
¯¥àâ�¬¨ à¥è¥−¨© ¨ ¢ª«�¤� �£¥−â®¢ ¢ ¨â®£®¢®¥ ª®««¥ªâ¨¢−®¥ à¥è¥−¨¥ ¯®§¢®«ï-
îâ ¯®«ì§®¢�â¥«î ƒ¨ˆŒ�‘ ¨−âã¨â¨¢−® ¯à¨−¨¬�âì à¥è¥−¨¥ ® −¥®¡å®¤¨¬®áâ¨
ª®àà¥ªâ¨à®¢ª¨ ¥¥ á®áâ�¢� ¨«¨ �àå¨â¥ªâãàë, §�¤¥©áâ¢ãîâáï ¢¨§ã�«ì−®-®¡à�§-
−ë¥, ¯à�¢®áâ®à®−−¨¥ à�ááã¦¤¥−¨ï. ‚¨§ã�«¨§�æ¨ï ¯à®æ¥áá� ¢ëà�¡®âª¨ à¥è¥−¨©
ƒ¨ˆŒ�‘ ®¡¥á¯¥ç¨¢�¥â ¯®−¨¬�−¨¥ â®£®, ª�ª ¡ë«® ¯®«ãç¥−® ¨â®£®¢®¥ à¥è¥−¨¥,
çâ® ¯®¢ëè�¥â ¤®¢¥à¨¥ ª à¥§ã«ìâ�â�¬ à�¡®âë á¨áâ¥¬ë.
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Abstract: Solving problems by a hybrid intelligent multiagent system is a com-
plex multistage process in which periods of agents' personal work on parts of the
problem are followed by periods of negotiations and exchange of opinions. If
a hybrid intelligent multiagent system is a black box for the user, the credibility
of the results of its work is seriously reduced. To improve the transparency of
the system and increase the trust of the user to its recommendations, the authors
propose a visual language (alphabet, syntactic and semantic rules) which makes
collective decisions and the resulting synergistic effect more visible.
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АПРИОРНОЕ ОБРАТНОЕ ГАММА-РАСПРЕДЕЛЕНИЕ
В БАЙЕСОВСКИХ МОДЕЛЯХ МАССОВОГО ОБСЛУЖИВАНИЯ∗

А. А. Кудрявцев1, С. И. Палионная2, В. С. Шоргин3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¡�©¥á®¢áª¨© ¯®¤å®¤ ª ¯®áâà®¥−¨î ¬®¤¥«¨ ¬�á-
á®¢®£® ®¡á«ã¦¨¢�−¨ï M |M |1|0. ‚ ãá«®¢¨ïå −¥®¯à¥¤¥«¥−−®áâ¨ ¨−â¥−á¨¢−®áâ¥©
¢å®¤ïé¥£® ¯®â®ª� ¨ ®¡á«ã¦¨¢�−¨ï ¨áá«¥¤ãîâáï å�à�ªâ¥à¨áâ¨ª¨ ¯�à�¬¥âà®¢
§�£àã§ª¨ ¡®«ìè¨å á®¢®ªã¯−®áâ¥© á¨áâ¥¬ ®¡á«ã¦¨¢�−¨ï ¨«¨ ®¤−®© á¨áâ¥-
¬ë á ¬¥−ïîé¨¬¨áï ¯�à�¬¥âà�¬¨ äã−ªæ¨®−¨à®¢�−¨ï. �à¥¤¯®«�£�¥âáï, çâ®
�¯à¨®à−ë¥ à�á¯à¥¤¥«¥−¨ï ®á−®¢−ëå ¯�à�¬¥âà®¢ ¬®¤¥«¨ ¨§¢¥áâ−ë. ‘â�âìï
¯à®¤®«¦�¥â àï¤ à�¡®â �¢â®à®¢, ¯®á¢ïé¥−−ëå ¨áá«¥¤®¢�−¨î ¡�©¥á®¢áª¨å ¬®-
¤¥«¥© ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï ¨ −�¤¥¦−®áâ¨. ‚ ¯à¥¤¯®«®¦¥−¨¨, çâ® ®¤−®
¨§ �¯à¨®à−ëå à�á¯à¥¤¥«¥−¨© ¨−â¥−á¨¢−®áâ¥© ¢å®¤ïé¥£® ¯®â®ª� ¨ ®¡á«ã¦¨-
¢�−¨ï ï¢«ï¥âáï ®¡à�â−ë¬ £�¬¬�-à�á¯à¥¤¥«¥−¨¥¬, � ¢â®à®¥ | à�á¯à¥¤¥«¥−¨¥¬
”à¥è¥, ¢ëç¨á«ïîâáï ¯«®â−®áâì, äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï ¨ ¬®¬¥−âë ª®íää¨-
æ¨¥−â� §�£àã§ª¨. ÷¥§ã«ìâ�âë ä®à¬ã«¨àãîâáï ¢ â¥à¬¨−�å £�¬¬�-íªá¯®−¥−æ¨-
�«ì−®© äã−ªæ¨¨ ¨ ¬®£ãâ ¯à¨¬¥−ïâìáï ¢ à�§«¨ç−ëå ¯à¨ª«�¤−ëå §�¤�ç�å ¤«ï
¨áá«¥¤®¢�−¨ï ®â−®è¥−¨© ¤¢ãå −¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥«¨ç¨−, ¨¬¥îé¨å
®¡à�â−®¥ £�¬¬�-à�á¯à¥¤¥«¥−¨¥.
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1 Введение

‚ à�¬ª�å â¥®à¨¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï ¯®«ãç¥−® ¡®«ìè®¥ ç¨á«® à¥§ã«ìâ�-
â®¢, ¢�¦−ëå ª�ª á ¬�â¥¬�â¨ç¥áª®©, â�ª ¨ á ¯à¨ª«�¤−®© â®çª¨ §à¥−¨ï. ‚ −�áâ®ïé¥¥
¢à¥¬ï ®¤−¨¬ ¨§ −�¯à�¢«¥−¨© ¤�«ì−¥©è¥£® à�§¢¨â¨ï íâ®© â¥®à¨¨ ï¢«ï¥âáï à�á-
á¬®âà¥−¨¥ ¡®«¥¥ á«®¦−ëå á«ãç�¥¢ áâà®¥−¨ï á¨áâ¥¬ ¢ æ¥«ïå ¯®«ãç¥−¨ï �¤¥ª¢�â−ëå
¬®¤¥«¥© äã−ªæ¨®−¨à®¢�−¨ï á«®¦−ëå �£à¥£�â®¢. ‚ á¢ï§¨ á íâ¨¬ ¨áá«¥¤ãîâáï à�§-
−®®¡à�§−ë¥ ¢¥à®ïâ−®áâ−ë¥ áâàãªâãàë, ®á−®¢�−−ë¥ ¢ â®¬ ç¨á«¥ ¨ −� à�−¤®¬¨§�æ¨¨
®á−®¢−ëå ¯�à�¬¥âà®¢ á¨áâ¥¬ë.
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�¯à¨®à−®¥ ®¡à�â−®¥ £�¬¬�-à�á¯à¥¤¥«¥−¨¥ ¢ ¡�©¥á®¢áª¨å ¬®¤¥«ïå

‚ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�¥âáï ¡�©¥á®¢áª¨© ¯®¤å®¤ [1] ª ®¯¨á�−¨î á¨áâ¥¬ë
¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï M |M |1|0. �à¥¤¯®«�£�¥âáï, çâ® ¨−â¥−á¨¢−®áâ¨ ¢å®¤ï-
é¥£® ¯®â®ª� λ ¨ ®¡á«ã¦¨¢�−¨ï µ á«ãç�©−ë, çâ® ®¡ãá«®¢«¨¢�¥âáï áâ®å�áâ¨ç−®áâìî
áà¥¤ë, ¢ ª®â®à®© ¯à®¨áå®¤¨â äã−ªæ¨®−¨à®¢�−¨¥, ¢�à¨�æ¨ï¬¨ −� ¯à®¨§¢®¤áâ¢¥
¨ ¤àã£¨¬¨ ä�ªâ®à�¬¨. �à¨ íâ®¬ ¯à¥¤¯®«�£�¥âáï, çâ® �¯à¨®à−ë¥ à�á¯à¥¤¥«¥−¨ï
¨−â¥−á¨¢−®áâ¥© ¨§¢¥áâ−ë. ÷¥§ã«ìâ�âë à�¡®âë á¨áâ¥¬ë §�¢¨áïâ −¥ áâ®«ìª® ®â ª®−-
ªà¥â−ëå §−�ç¥−¨© ¯�à�¬¥âà®¢ λ ¨ µ, áª®«ìª® ®â ¨å ®â−®è¥−¨ï. �®íâ®¬ã ®á−®¢−®©
§�¤�ç¥© ¯à¨ ¨áá«¥¤®¢�−¨¨ ¡�©¥á®¢áª¨å á¨áâ¥¬ ®¡á«ã¦¨¢�−¨ï ï¢«ï¥âáï ¨§ãç¥−¨¥
¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª à�−¤®¬¨§¨à®¢�−−®£® ª®íää¨æ¨¥−â� §�£àã§ª¨ ρ,
ª®â®àë© ®¯à¥¤¥«ï¥âáï ª�ª ®â−®è¥−¨¥ ¯�à�¬¥âà� ¢å®¤ïé¥£® ¯®â®ª� ª ¯�à�¬¥âàã
®¡á«ã¦¨¢�−¨ï.

�¨¦¥ ¯à¨¢®¤ïâáï à¥§ã«ìâ�âë ¤«ï ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª ª®íää¨æ¨-
¥−â� §�£àã§ª¨ ρ ¬®¤¥«¨ M |M |1|0 ¢ á«ãç�¥, ª®£¤� ¢ ª�ç¥áâ¢¥ ¯�àë �¯à¨®à−ëå
à�á¯à¥¤¥«¥−¨© ¯�à�¬¥âà®¢ á¨áâ¥¬ë λ ¨ µ à�áá¬�âà¨¢�îâáï ®¡à�â−®¥ £�¬¬�-à�á-
¯à¥¤¥«¥−¨¥ ¨ à�á¯à¥¤¥«¥−¨¥ ”à¥è¥.

2 Основные результаты

÷�áá¬®âà¨¬ £�¬¬�-íªá¯®−¥−æ¨�«ì−ãî äã−ªæ¨î [2]:

Geα, β(x) =
∞
∑

k=0

xk

k!
•(αk + β) , x ∈ R , α ≥ 0 , β > 0 .

„«ï ¤�«ì−¥©è¨å ¢ëç¨á«¥−¨© ¯®−�¤®¡¨âáï á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.
‹¥¬¬� 1. �ãáâì α, θ, r, s > 0. ’®£¤�

∞
∫

0

y−r−1e−α/y−(θ/y)s dy =























θ−r
Ge1/s, r/s (−α/θ)

s
, s > 1 ;

α−rGes, r

(

−
(

θ

α

)s)

, s < 1 ;

(α+ θ)−r•(r) , s = 1.

„ ® ª � § � â ¥ « ì á â ¢ ® . ÷�áá¬®âà¨¬ á«ãç�© s > 1. ˆá¯®«ì§ãï â¥®à¥¬ã ‹¥¡¥£�
® ¯à¥¤¥«ì−®¬ ¯¥à¥å®¤¥, ¯®«ãç�¥¬:

∞
∫

0

y−r−1e−α/y−(θ/y)s dy = α−r

∞
∫

0

∞
∑

k=0

(−1)k
k!

tr+k−1e−(θt/α)s dt =

=
θ−r

s

∞
∑

k=0

(−α/θ)k

k!

∞
∫

0

z(r+k)/s−1e−z dz =
θ−r

s

∞
∑

k=0

(−α/θ)k

k!
•

(

r + k

s

)

.
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‘«ãç�© s < 1 à�áá¬�âà¨¢�¥âáï �−�«®£¨ç−®. ‘«ãç�© s = 1 −�¯àï¬ãî á«¥¤ã¥â
¨§ ®¯à¥¤¥«¥−¨ï £�¬¬�-äã−ªæ¨¨. ‹¥¬¬� ¤®ª�§�−�.

÷�áá¬®âà¨¬ á«ãç�©−ãî ¢¥«¨ç¨−ã ξ, ¨¬¥îéãî ®¡à�â−®¥ £�¬¬�-à�á¯à¥¤¥«¥−¨¥
IG (q, θ) á ¯«®â−®áâìî

fξ(x) =
θqe−θ/x

•(q)xq+1 , θ > 0 , q > 0 , x > 0 ,

¨ á«ãç�©−ãî ¢¥«¨ç¨−ã η, ¨¬¥îéãî à�á¯à¥¤¥«¥−¨¥ ”à¥è¥ Fr (u, α) [3] á −ã«¥¢ë¬
¬¨−¨¬ã¬®¬, ¯«®â−®áâì ª®â®à®£® ¨¬¥¥â ¢¨¤:

fη(x) =
uαue−(α/x)u

xu+1 , α > 0 , u > 0 , x > 0 .

‹¥£ª® ¢¨¤¥âì, çâ® ¤«ï á«ãç�©−ëå ¢¥«¨ç¨− ξ ¨ η ¢ë¯®«−ï¥âáï á«¥¤ãîé¥¥
ãâ¢¥à¦¤¥−¨¥.
‹¥¬¬� 2. „«ï á«ãç�©−ëå ¢¥«¨ç¨− ξ ¨ η, ¨¬¥îé¨å ®¡à�â−®¥ £�¬¬�-à�á¯à¥¤¥-
«¥−¨¥ IG (q, θ) ¨ à�á¯à¥¤¥«¥−¨¥ ”à¥è¥ Fr (u, α) á®®â¢¥âáâ¢¥−−®, ¤«ï z ∈ R

¢ë¯®«−ïîâáï á«¥¤ãîé¨¥ á®®â−®è¥−¨ï:

Eξz =
θz•(q − z)

•(q)
, z < q ; Eηz = αz•

(

1− z

u

)

, z < u .

‹¥¬¬ë 1 ¨ 2 ¤�îâ ¢®§¬®¦−®áâì ¢ëç¨á«¨âì ¢¥à®ïâ−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨
ª®íää¨æ¨¥−â� §�£àã§ª¨ ρ ¢ ¡�©¥á®¢áª®© ¬®¤¥«¨ ®¡á«ã¦¨¢�−¨ï M |M |1|0.
’¥®à¥¬� 1. �ãáâì ¯�à�¬¥âà ¢å®¤ïé¥£® ¯®â®ª� λ ¨¬¥¥â ®¡à�â−®¥ £�¬¬�-à�á-
¯à¥¤¥«¥−¨¥ IG (q, θ), � ¯�à�¬¥âà ®¡á«ã¦¨¢�−¨ï µ ¨¬¥¥â à�á¯à¥¤¥«¥−¨¥ ”à¥è¥
Fr (u, α), ¯à¨ç¥¬ λ ¨ µ −¥§�¢¨á¨¬ë. ’®£¤� ¯à¨ x > 0 ¯«®â−®áâì, äã−ªæ¨ï
à�á¯à¥¤¥«¥−¨ï ¨ ¬®¬¥−âë ª®íää¨æ¨¥−â� §�£àã§ª¨ ρ = λ/µ ¨¬¥îâ ¢¨¤:

fρ(x) =















(

θ

α

)q

x−q−1
Ge1/u, q/u+1 (−θ/(αx))

•(q)
, u > 1 ;

u

(

α

θ

)u

xu−1Geu, u+q (− (αx/θ)u)

•(q)
, u < 1 ;

Fρ(x) =























1

q•(q)

∞
∫

(θ/(αx))q

Ge1/u, q/u+1

(

−z1/q
)

dz, u > 1 ;

1− Geu,q (− (αx/θ)u)

•(q)
, u < 1 ;

Eρz =
(θ/α)z•(q − z)•(z/u + 1)

•(q)
, z < q .
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�¯à¨®à−®¥ ®¡à�â−®¥ £�¬¬�-à�á¯à¥¤¥«¥−¨¥ ¢ ¡�©¥á®¢áª¨å ¬®¤¥«ïå

�à¨ u = 1 à�á¯à¥¤¥«¥−¨¥ ª®íää¨æ¨¥−â� §�£àã§ª¨ ρ á®¢¯�¤�¥â á à�á¯à¥¤¥«¥−¨¥¬
‹®¬�ªá� [4] á ¯�à�¬¥âà�¬¨ θ/α ¨ q.
„ ® ª � § � â ¥ « ì á â ¢ ® . �®áª®«ìªã

fρ(x) =

∞
∫

0

uαuθqe−θ/(xy)−(α/y)u

•(q)xq+1yq+u+1 dy ,

¢¨¤ ¯«®â−®áâ¨ fρ(x) ¢ëâ¥ª�¥â ¨§ «¥¬¬ë 1 ¤«ï ¢á¥å u > 0.
„«ï äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï ρ ¯à¨ u > 1 á¯à�¢¥¤«¨¢® ¤«ï x > 0:

Fρ(x) =
(θ/α)q

•(q)

x
∫

0

y−q−1Ge1/u, q/u+1

(

− θ

αy

)

dy =

=
(θ/α)q

•(q)

x
∫

0

y−q−1
∞
∑

k=0

(−1)ky−k

(θ/α)−kk!
•

(

k

u
+

q

u
+ 1

)

dy =

=
1

q•(q)

∞
∫

(θ/α)qx−q

∞
∑

k=0

(−z1/q)k

k!
•

(

k

u
+

q

u
+ 1

)

dz .

‚ á«ãç�¥ u < 1 ¨¬¥¥¬:

Fρ(x) =
u(α/θ)u

•(q)

x
∫

0

yu−1
∞
∑

k=0

(−(αy/θ)u)k

k!
•(ku+ u+ q) dy =

=
u

(θ/α)u•(q)

∞
∑

k=0

(−1)k

(θ/α)ukk!
•(ku+ u+ q)

x
∫

0

yuk+u−1 dy =

=
xu

(θ/α)u•(q)

∞
∑

k=0

(−1)kxuk

(θ/α)ukk!

•(ku+ u+ q)

k + 1
= 1− 1

•(q)

∞
∑

l=0

(−1)lxul

(θ/α)ull!
•(lu+ q).

„«ï −�å®¦¤¥−¨ï ¬®¬¥−â®¢ ρ ¤®áâ�â®ç−® ¢®á¯®«ì§®¢�âìáï −¥§�¢¨á¨¬®áâìî
á«ãç�©−ëå ¢¥«¨ç¨− λ ¨ µ ¨ «¥¬¬®© 2. ’¥®à¥¬� ¤®ª�§�−�.

÷�áá¬®âà¨¬ á¨¬¬¥âà¨ç−ë© á«ãç�© �¯à¨®à−ëå à�á¯à¥¤¥«¥−¨©.
’¥®à¥¬� 2. �ãáâì ¯�à�¬¥âà ¢å®¤ïé¥£® ¯®â®ª� λ ¨¬¥¥â à�á¯à¥¤¥«¥−¨¥ ”à¥è¥
Fr (v, θ), � ¯�à�¬¥âà ®¡á«ã¦¨¢�−¨ï µ ¨¬¥¥â ®¡à�â−®¥ £�¬¬�-à�á¯à¥¤¥«¥−¨¥
IG (p, α), ¯à¨ç¥¬ λ ¨ µ −¥§�¢¨á¨¬ë. ’®£¤� ¯à¨ x > 0 ¯«®â−®áâì, äã−ªæ¨ï
à�á¯à¥¤¥«¥−¨ï ¨ ¬®¬¥−âë ª®íää¨æ¨¥−â� §�£àã§ª¨ ρ = λ/µ ¨¬¥îâ ¢¨¤:
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fρ(x) =















v

(

θ

α

)v

x−v−1Gev, v+p (− (θ/(αx))v)

•(p)
, v < 1 ;

(

α

θ

)p

xp−1
Ge1/v, p/v+1 (−αx/θ)

•(p)
, v > 1;

Fρ(x) =























1

•(p)

∞
∫

(θ/(αx))v

Gev, v+p(−z) dz , v < 1 ;

(αx/θ)p

v•(p)
Ge1/v,p/v

(

−αx

θ

)

, v > 1 ;

Eρz =
(θ/α)z•(p+ z)•(1− z/v)

•(p)
, z < v.

�à¨ v = 1 à�á¯à¥¤¥«¥−¨¥ ª®íää¨æ¨¥−â� §�£àã§ª¨ ρ á®¢¯�¤�¥â á à�á¯à¥¤¥«¥−¨¥¬
„�£ã¬� [5] á ¯�à�¬¥âà�¬¨ (1, θ/α, p).
„ ® ª � § � â ¥ « ì á â ¢ ® . �−�«®£¨ç−® ¯à¥¤ë¤ãé¥© â¥®à¥¬¥ ¤«ï ¯®«ãç¥−¨ï ¢ëà�¦¥-
−¨ï ¤«ï ¯«®â−®áâ¨ ρ ¯à¨ ¢á¥å v > 0 ¤®áâ�â®ç−® ¢®á¯®«ì§®¢�âìáï «¥¬¬®© 1.

„«ï äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï ρ ¯à¨ v < 1 á¯à�¢¥¤«¨¢® ¤«ï x > 0:

Fρ(x) =
v(θ/α)v

•(p)

x
∫

0

y−v−1
∞
∑

k=0

(−(θ/(αy))v)k

k!
•(kv + v + p) dy =

=
1

•(p)

∞
∫

(θ/α)vx−v

∞
∑

k=0

(−z)k

k!
•(kv + v + p) dz .

‚ á«ãç�¥ v > 1 ¨¬¥¥¬:

Fρ(x) =
(α/θ)p

•(p)

x
∫

0

yp−1
∞
∑

k=0

(−αy/θ)k

k!
•

(

k

v
+

p

v
+ 1

)

dy =

=
(α/θ)p

•(p)

∞
∑

k=0

(−1)k

(θ/α)kk!
•

(

k

v
+

p

v
+ 1

)

xk+p

k + p
=

=
(α/θ)pxp

v•(p)

∞
∑

k=0

(−1)kxk

(θ/α)kk!
•

(

k

v
+

p

v

)

.

‘®®â−®è¥−¨¥ ¤«ï ¬®¬¥−â®¢ á«¥¤ã¥â ¨§ «¥¬¬ë 2 ¨ −¥§�¢¨á¨¬®áâ¨ á«ãç�©−ëå
¢¥«¨ç¨− λ ¨ µ. ’¥®à¥¬� ¤®ª�§�−�.
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3 Заключение

�à¨¢¥¤¥−−ë¥ ¢ à�¡®â¥ à¥§ã«ìâ�âë ¢ ®ç¥à¥¤−®© à�§ ¤¥¬®−áâà¨àãîâ ã¤®¡áâ¢®
¨á¯®«ì§®¢�−¨ï £�¬¬�-íªá¯®−¥−æ¨�«ì−®© äã−ªæ¨¨ Geα, β(x) ¤«ï ¨áá«¥¤®¢�−¨ï
®â−®è¥−¨© −¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥«¨ç¨−, ¨¬¥îé¨å à�á¯à¥¤¥«¥−¨ï £�¬¬�-â¨-
¯�, ¢ â¥å á«ãç�ïå, ª®£¤� à�á¯à¥¤¥«¥−¨¥ á¬¥á¨ ®â«¨ç−® ®â à�á¯à¥¤¥«¥−¨ï ‹®¬�ªá�
¨«¨ „�£ã¬�.
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Abstract: The Bayesian approach to construction of the queuing model M |M |1|0
is considered. Under the condition of the arrival and service rates' uncertainty,
load parameters' characteristics for large groups of service systems or one system
with varying parameters of functioning are studied. It is assumed that the a priori
distributions of the model's main parameters are known. The paper extends the
work devoted to the study of Bayesian queuing and reliability models. Assuming
that one of the a priori distributions of the arrival and service rates is the
inverse-gamma distribution and the other is the Fr‚echet distribution, the density,
distribution function, and moments of the traffic intensity are calculated. The
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results are formulated in terms of a gamma-exponential function and can be used
to study the relationship between two independent inverse gamma distributed
random variables in various applied problems.

Keywords: Bayesian approach; inverse gamma distribution; distribution of
Fr‚echet; gamma-exponential function; queuing systems; mixed distribution
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1 Введение

�¢â®¬�â¨§¨à®¢�−−ë¥ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë à�§-
«¨ç−®£® −�§−�ç¥−¨ï ¯à¥¤−�§−�ç¥−ë ¤«ï ®¡à�¡®âª¨, ¯à¥¤áâ�¢«¥−¨ï, ®â®¡à�¦¥−¨ï
¨ ¯¥à¥¤�ç¨ ¡®«ìè¨å ®¡ê¥¬®¢ à�§−®à®¤−®© ¨−ä®à¬�æ¨¨ (�ã¤¨®-, ¢¨¤¥®- ¨ ¤àã£¨å
â¨¯®¢ ¤�−−ëå) ¢ á«®¦−ëå ãá«®¢¨ïå à�¤¨®í«¥ªâà®−−®© ®¡áâ�−®¢ª¨ ¨ ¨−â¥−á¨¢−®£®
¢®§¤¥©áâ¢¨ï à�§«¨ç−ëå ä�ªâ®à®¢. �à¥¤áâ�¢«ïï á®¡®© ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥-
áª®¥ ®¡ê¥¤¨−¥−¨¥ −¥áª®«ìª¨å ”�, à¥�«¨§®¢�−−ëå −� à�§−®à®¤−ëå ¯à®£à�¬¬−®-
�¯¯�à�â−ëå ¯«�âä®à¬�å, �ˆ’Š‘ ¬®£ãâ à�áá¬�âà¨¢�âìáï ¢ ª�ç¥áâ¢¥ ®á−®¢ë ¤«ï
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prostonau@mail.ru
4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
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�. �. ��è«ëª®¢�, �. �. ‡�æ�à¨−−ë©, �. �. Š�¬¥−é¨ª®¢ ¨ ¤à.

á®§¤�−¨ï ¬−®£®äã−ªæ¨®−�«ì−ëå ¨−â¥£à¨à®¢�−−ëå á¨áâ¥¬, ª®â®àë¥, ¢ á¢®î ®ç¥-
à¥¤ì, á ãç¥â®¬ ®á−®¢−ëå ¯®«®¦¥−¨© á®¢à¥¬¥−−®© −®à¬�â¨¢−®© ¯à�¢®¢®© ¡�§ë [1]
®â−®áïâáï ª úªà¨â¨ç¥áª®© ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãà¥û (Šˆˆ).

‚ ¡«¨¦�©è¥© ¯¥àá¯¥ªâ¨¢¥ á®¢à¥¬¥−−ë¥ â¥å−®«®£¨¨ ¨ á¨áâ¥¬®â¥å−¨ç¥áª¨¥ à¥-
è¥−¨ï ¯® á®§¤�−¨î �ˆ’Š‘ ¤®«¦−ë á®áâ�¢¨âì ®á−®¢ã ¨−â¥−á¨¢−®© ¨−ä®à¬�â¨-
§�æ¨¨ ®à£�−®¢ £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï ¨ �¢â®¬�â¨§�æ¨¨ ¤¥ïâ¥«ì−®áâ¨ ¤®«¦-
−®áâ−ëå «¨æ ¨ á¯¥æ¨�«¨áâ®¢ ¢ ¨å á®áâ�¢¥ −� á®¢à¥¬¥−−®© â¥å−®«®£¨ç¥áª®© ®á−®¢¥.
÷�áè¨à¥−¨¥ à�§−®®¡à�§¨ï ”� ¢ á®áâ�¢¥ �ˆ’Š‘ ¨ ¯®¢ëè¥−¨¥ âà¥¡®¢�−¨© ª ®à-
£�−¨§�æ¨¨ ¨ ª�ç¥áâ¢ã ¨−ä®à¬�æ¨®−−ëå ¯à®æ¥áá®¢ ¢ ¨−â¥£à¨à®¢�−−ëå á¨áâ¥¬�å
¯à¥¤®¯à¥¤¥«ïîâ ¢�¦−®¥ §−�ç¥−¨¥ ®¡¥á¯¥ç¥−¨ï ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢á¥å ª®¬-
¯®−¥−â®¢ �ˆ’Š‘. �� ¯¥à¢ë© ¢§£«ï¤, á íâ®© æ¥«ìî −¥®¡å®¤¨¬® ¨á¯®«ì§®¢�âì
á®£«�á®¢�−−ë¥ −�¡®àë á®¢à¥¬¥−−ëå §�àã¡¥¦−ëå ¨ £�à¬®−¨§¨à®¢�−−ëå á −¨¬¨
®â¥ç¥áâ¢¥−−ëå áâ�−¤�àâ®¢ ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®-
«®£¨© (ˆŠ’), ¨«¨, ¤àã£¨¬¨ á«®¢�¬¨, ¯à®ä¨«¥©, à¥£«�¬¥−â¨àãîé¨å ¢ ¥¤¨−®¬
ª®¬¯«¥ªá¥ á¡�«�−á¨à®¢�−−®¥ ¯à¨¬¥−¥−¨¥ á®¢à¥¬¥−−ëå â¥å−®«®£¨© ¨ áà¥¤áâ¢ ¤«ï
á®§¤�−¨ï �ˆ’Š‘. ‚¬¥áâ¥ á â¥¬ ¬¨à®¢®© ¨ ®â¥ç¥áâ¢¥−−ë© ®¯ëâ á¢¨¤¥â¥«ìáâ¢ãîâ
® â®¬, çâ® ¨−â¥à®¯¥à�¡¥«ì−®áâì ¯à¨¬¥−¨â¥«ì−® ª �ˆ’Š‘, ¨á¯®«ì§ã¥¬®© ¢ ãá«®-
¢¨ïå ¨−â¥−á¨¢−®£® ¨−ä®à¬�æ¨®−−®£® ¯à®â¨¢®¡®àáâ¢�, âà¥¡ã¥â ®¤−®¢à¥¬¥−−®£®
à¥è¥−¨ï ¨ ¯à®¡«¥¬ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ (ˆ�) [2], çâ® ¯®¤à�§ã¬¥¢�¥â
¢ª«îç¥−¨¥ ¢ ¯à®ä¨«ì −®à¬�â¨¢−ëå ¤®ªã¬¥−â®¢ á®¢à¥¬¥−−ëå áâ�−¤�àâ®¢ ˆ�.
‚ íâ®© á¢ï§¨ ¯à®¡«¥¬� ®¡¥á¯¥ç¥−¨ï ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ �ˆ’Š‘ ¯à¨®¡à¥â�¥â
ª®¬¯«¥ªá−ë© å�à�ªâ¥à, ¨ ¥¥ à¥è¥−¨¥ æ¥«¥á®®¡à�§−® ¯à®¢®¤¨âì −� ª�ç¥áâ¢¥−-
−® −®¢®¬ ãà®¢−¥ á ¨á¯®«ì§®¢�−¨¥¬ á®¢à¥¬¥−−ëå ¬¥â®¤®¢ ¯à®æ¥áá−®£® ¯®¤å®¤�,
á à�§à�¡®âª®© ª®¬¯«¥ªá−®© ¬®¤¥«¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨, ã£à®§ ¨ ¯®á«¥¤ãîé¨¬
®¡®á−®¢�−¨¥¬ á¨áâ¥¬ë ¬¥à ¯® à¥è¥−¨î ¯à®¡«¥¬ ¥¥ ®¡¥á¯¥ç¥−¨ï −� ®á−®¢¥ á®¢¥à-
è¥−áâ¢®¢�−¨ï ¯à®æ¥áá®¢ ¢ ¦¨§−¥−−®¬ æ¨ª«¥ ”�, ®¯à¥¤¥«ïîé¨å ãá«®¢¨ï ¤«ï
á®§¤�−¨ï ¨−â¥£à¨à®¢�−−®© á¨áâ¥¬ë.

2 Интероперабельность, основные понятия и подходы
к ее анализу и обеспечению

‘®£«�á−® ƒ�‘’ ÷ 55062-2012 ¨ ˆ‘�/Œ�Š/ˆ……… 24765-2010, ¨−â¥à-
®¯¥à�¡¥«ì−®áâì ¯à¥¤áâ�¢«ï¥â á®¡®© 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¥ ®¡¬¥−�. ‚ ®á−®¢¥ ¥¥ ¤®áâ¨¦¥−¨ï «¥¦¨â ¨á¯®«ì§®¢�-
−¨¥ á®¢à¥¬¥−−ëå ¯à®ä¨«¥©. �¡¥á¯¥ç¥−¨¥ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨, ¯® áãé¥áâ¢ã,
ï¢«ï¥âáï −�¨¡®«¥¥ íª®−®¬¨ç−ë¬ ¡¥áè®¢−ë¬ á¯®á®¡®¬ ¨−â¥£à�æ¨¨ à�§−®à®¤−ëå
”�. ‚ ƒ�‘’ ÷ 55062-2012 ¯à¨¢¥¤¥−� íâ�«®−−�ï ¬®¤¥«ì ¨−â¥à®¯¥à�¡¥«ì−®áâ¨
¨ ¢ ¢¨¤¥ ¡«®ª-áå¥¬ë ®¡é�ï ¬¥â®¤¨ª� ¥¥ ®¡¥á¯¥ç¥−¨ï. ˆá¯®«ì§®¢�−¨¥ ˆ’-áâ�−-
¤�àâ®¢ ®¡¥á¯¥ç¨¢�¥â â®«ìª® −¨¦−¨©, úâ¥å−¨ç¥áª¨©û ãà®¢¥−ì ¨−â¥à®¯¥à�¡¥«ì-
−®áâ¨. ‚ −�¨¡®«ìè¥© áâ¥¯¥−¨ ¨−â¥à®¯¥à�¡¥«ì−®áâì ¬®¦¥â ¡ëâì ¤®áâ¨£−ãâ� −�
á¥¬�−â¨ç¥áª®¬ ¨ ®à£�−¨§�æ¨®−−®¬ ãà®¢−ïå. ‘ ¤àã£®© áâ®à®−ë, £®¢®àï ®¡ ¨−â¥à-
®¯¥à�¡¥«ì−®áâ¨ �ˆ’Š‘, −¥«ì§ï −¥ ãç¨âë¢�âì, çâ® ®−¨, ¢®-¯¥à¢ëå, ï¢«ïîâáï
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ˆ−â¥à®¯¥à�¡¥«ì−®áâì ª�ª −�ãç−®-¬¥â®¤¨ç¥áª�ï ®á−®¢� ¡¥áè®¢−®© ¨−â¥£à�æ¨¨

í«¥¬¥−â�¬¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï, ¯à¥¤áâ�¢«ïîé¥© á®¡®©, ª�ª ®â¬¥ç¥−® ¢ [3],
¢§�¨¬®ã¢ï§�−−ãî á®¢®ªã¯−®áâì ®à£�−®¢, ¯ã−ªâ®¢ ¨ áà¥¤áâ¢ ã¯à�¢«¥−¨ï, ¨, ¢®-
¢â®àëå, ®−¨ á�¬¨ á®§¤�îâáï −� ®á−®¢¥ ª®¬¯«¥ªá−®£® ¯à¨¬¥−¥−¨ï â¥å−¨ç¥áª¨å
¨ â¥å−®«®£¨ç¥áª¨å à¥è¥−¨© ¨ áà¥¤áâ¢. ‚ íâ®© á¢ï§¨ ¯à®¡«¥¬� ®¡¥á¯¥ç¥−¨ï
¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ ®â−®è¥−¨¨ �ˆ’Š‘ ¤®«¦−� à�áá¬�âà¨¢�âìáï á ãç¥â®¬
ãá«®¢¨© ¨ ä�ªâ®à®¢, ä®à¬¨àã¥¬ëå á¨áâ¥¬®© ã¯à�¢«¥−¨ï, ®¯à¥¤¥«ïîé¥© âà¥¡®-
¢�−¨ï ª �ˆ’Š‘, � â�ª¦¥ á ãç¥â®¬ à¥�«¨§ã¥¬®áâ¨ â�ª¨å âà¥¡®¢�−¨© −� ®á−®¢¥
¤®áâã¯−ëå ¯à¨ á®§¤�−¨¨ �ˆ’Š‘ â¥å−¨ª®-â¥å−®«®£¨ç¥áª¨å ª®¬¯®−¥−â®¢.

3 Обоснование процессного подхода к обеспечению
интероперабельности компонентов в составе автоматизированных
информационно-телекоммуникационных систем

�®¤ ª®−ªà¥â−ë¥ §�¤�ç¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï á ãç¥â®¬ ¯à®£−®§¨àã¥¬ëå −�-
¯à�¢«¥−¨© ¨å à�áè¨à¥−¨ï á®§¤�îâáï ®à£�−ë ã¯à�¢«¥−¨ï, ¢ à�á¯®àï¦¥−¨¥ ª®-
â®àëå ¢ë¤¥«ïîâáï −¥®¡å®¤¨¬ë¥ à¥áãàáë ¤«ï ¢ë¯®«−¥−¨ï ¯®áâ�¢«¥−−ëå §�¤�ç.
„«ï ®¡¥á¯¥ç¥−¨ï ¨å ¤¥ïâ¥«ì−®áâ¨ á®§¤�îâáï ¯ã−ªâë ã¯à�¢«¥−¨ï, ®á−�é�¥¬ë¥
áà¥¤áâ¢�¬¨ ã¯à�¢«¥−¨ï (�¢â®¬�â¨§¨à®¢�−−ë¬¨ á¨áâ¥¬�¬¨ ã¯à�¢«¥−¨ï ¨ â¥«¥-
ª®¬¬ã−¨ª�æ¨®−−ë¬¨ á¨áâ¥¬�¬¨). ‚ ¨−â¥à¥á�å à�æ¨®−�«ì−®£® ¨á¯®«ì§®¢�−¨ï
¢®§¬®¦−®áâ¥© í«¥¬¥−â®¢ á¨áâ¥¬ë ã¯à�¢«¥−¨ï æ¥«¥á®®¡à�§−® à�áá¬�âà¨¢�âì ¨å
¢§�¨¬®¤¥©áâ¢¨¥ −� ¯à®æ¥áá−®¬ ãà®¢−¥. ‘ íâ®© æ¥«ìî −¥®¡å®¤¨¬® ¯®áâ�¢¨âì
¢ á®®â¢¥âáâ¢¨¥ ª�¦¤®¬ã ¨§ í«¥¬¥−â®¢ á¨áâ¥¬ë ã¯à�¢«¥−¨ï å�à�ªâ¥à−ë© ¤«ï −¥£®
¯à®æ¥áá. ÷�§à�¡®â�−−ë¥ ¢ [4] ¯à¥¤«®¦¥−¨ï ¯® áâàãªâãà¥ ¯à®æ¥áá®¢ ¢ ¦¨§−¥−−®¬
æ¨ª«¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ â�¡«¨æ¥. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¬¥â®¤ë
¯à®æ¥áá−®£® ¯®¤å®¤� è¨à®ª® ¯à¥¤áâ�¢«¥−ë ¨ �ªâ¨¢−® ¯à¨¬¥−ïîâáï ª ®à£�−¨§�-
æ¨®−−ë¬ ¨«¨ ¡¨§−¥á-¯à®æ¥áá�¬.

C ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤®¢ ¯à®æ¥áá−®£® ¯®¤å®¤� ¯à®¨§¢®¤¨âáï �−�«¨§ ¨ ®¯â¨-
¬¨§�æ¨ï ¤¥ïâ¥«ì−®áâ¨ ¯® ®¡¥á¯¥ç¥−¨î ª�ç¥áâ¢� ¢ áä¥à¥ à�§à�¡®âª¨ ¨ ¯à®¨§-

Š«�áá¨ä¨ª�æ¨ï ¯à®æ¥áá®¢ ¯® ¯à¨−�¤«¥¦−®áâ¨ ª í«¥¬¥−â�¬ á¨áâ¥¬ë ã¯à�¢«¥−¨ï

�«¥¬¥−âë
á¨áâ¥¬ë

ã¯à�¢«¥−¨ï
�à£�−ë ã¯à�¢«¥−¨ï �ã−ªâë ã¯à�¢«¥−¨ï

‘à¥¤áâ¢�
ã¯à�¢«¥−¨ï

•�à�ªâ¥à
¯à®æ¥áá®¢

�à£�−¨§�æ¨®−−ë¥
(�¤¬¨−¨áâà�â¨¢−ë¥
¨«¨ ¡¨§−¥á-¯à®æ¥ááë)

�à£�−¨§�æ¨®−−®-
â¥å−¨ç¥áª¨¥
¯à®æ¥ááë

’¥å−¨ª®-â¥å-
−®«®£¨ç¥áª¨¥
¯à®æ¥ááë

�à¨§−�ª
ª«�áá¨ä¨ª�æ¨¨

‚§�¨¬®¤¥©áâ¢¨¥ ®à£�-
−®¢ ã¯à�¢«¥−¨ï, ¯®¤-
à�§¤¥«¥−¨©, ¤®«¦−®áâ-
−ëå «¨æ, á¯¥æ¨�«¨áâ®¢
¬¥¦¤ã á®¡®© ¡¥§ ¯à¨-
¬¥−¥−¨ï áà¥¤áâ¢ ã¯à�¢-
«¥−¨ï

‚§�¨¬®¤¥©áâ¢¨¥
¯®¤à�§¤¥«¥−¨©,
¤®«¦−®áâ−ëå «¨æ,
á¯¥æ¨�«¨áâ®¢ ¬¥¦¤ã
á®¡®© á ¯à¨¬¥−¥−¨¥¬
áà¥¤áâ¢ ã¯à�¢«¥−¨ï

‚§�¨¬®¤¥©áâ¢¨¥
áà¥¤áâ¢ ã¯à�¢-
«¥−¨ï ¬¥¦¤ã
á®¡®© ¡¥§
ãç�áâ¨ï ç¥«®¢¥-
ª�-®¯¥à�â®à�
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¢®¤áâ¢� ¢ëá®ª®â¥å−®«®£¨ç−ëå á¨áâ¥¬. ‚ ¯à¥¤«�£�¥¬®© ¯®áâ�−®¢ª¥, á¢ï§�−−®©
á à�áè¨à¥−¨¥¬ ®¡«�áâ¨ ¯à¨¬¥−¥−¨ï ¯à®æ¥áá−ëå ¬¥â®¤®¢, §�¤�ç� á®§¤�−¨ï ¨ à�§-
¢¨â¨ï �ˆ’Š‘ ¢ à�¬ª�å á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®¡«�¤�¥â −®¢¨§−®©. �¡ëç−® −�
®á−®¢¥ äã−ªæ¨®−�«ì−®£® ¯®¤å®¤� ¢ ¨−â¥à¥á�å ®¡¥á¯¥ç¥−¨ï ¤¥ïâ¥«ì−®áâ¨ ®à£�−®¢
ã¯à�¢«¥−¨ï ¯à®¢®¤¨âáï ¢ë¡®à −¥®¡å®¤¨¬ëå à¥áãàá®¢ −� ¡�§¥ ¨¬¥îé¨åáï á¯®-
á®¡®¢ ¨ áà¥¤áâ¢, ¨å ª®¬¯«¥ªá¨à®¢�−¨¥ −� áãé¥áâ¢ãîé¥© −�ãç−®-¬¥â®¤¨ç¥áª®©
¨ â¥å−®«®£¨ç¥áª®© ®á−®¢¥, ª®£¤� ®¡ê¥¤¨−ïîâáï à�§«¨ç−ë¥ ª®¬¯®−¥−âë á¨áâ¥¬ë
ã¯à�¢«¥−¨ï ¢ ¯à®æ¥áá¥ ¨å ¨−â¥£à�æ¨¨, � ¨å ¥¤¨−áâ¢® ®¡¥á¯¥ç¨¢�¥âáï ¯®áà¥¤áâ¢®¬
á®§¤�−¨ï ¨−â¥àä¥©á®¢. ‘ â®çª¨ §à¥−¨ï ®à£�−¨§�æ¨®−−®£® ¯à®æ¥áá�, ®¡¥á¯¥ç¨-
¢�îé¥£® à�áè¨à¥−¨¥ äã−ªæ¨®−�«�, æ¥«ì ¤®áâ¨£�¥âáï, −® á â¥å−¨ª®-â¥å−®«®£¨-
ç¥áª®© â®çª¨ §à¥−¨ï áª¢®§−®© ¯à®æ¥áá ¢ë¯®«−¥−¨ï ¨−â¥£à¨à®¢�−−ëå äã−ªæ¨©
à¥�«¨§ã¥âáï −¥à�æ¨®−�«ì−ë¬ ®¡à�§®¬.

’�ª®© ¯®¤å®¤ ¯à¨ á¢®¥© ¯à®áâ®â¥, áà®ª�¬ à¥�«¨§�æ¨¨ ¨ íª®−®¬¨ç−®áâ¨ ®¡ã-
á«®¢«¨¢�¥â áãé¥áâ¢¥−−ë¥ ®£à�−¨ç¥−¨ï ¢ à�§«¨ç−ëå á¨âã�æ¨ïå ¯à¨¬¥−¥−¨ï á¨á-
â¥¬ë ã¯à�¢«¥−¨ï, ¯®áª®«ìªã −¥ ¢ ¯®«−®© ¬¥à¥ ãç¨âë¢�¥â −¥ â®«ìª® ¤¨−�¬¨ªã
à�§¢¨â¨ï ã£à®§ ¨ ®¯�á−®áâ¥© ¢ áä¥à¥ ¥¥ ®â¢¥âáâ¢¥−−®áâ¨, −® ¨ −¥ à�áá¬�âà¨¢�¥â −�
¯à®æ¥áá−®¬ ãà®¢−¥ ¯à¨à®¤ã à�§¢¨â¨ï −¥£�â¨¢−ëå ä�ªâ®à®¢ ¨ ¨å ¢§�¨¬®¤¥©áâ¢¨¥
á ¢−ãâà¥−−¨¬¨ ¯à®æ¥áá�¬¨ ¢ à�¬ª�å á¨áâ¥¬ë ã¯à�¢«¥−¨ï. ‚ á¢®î ®ç¥à¥¤ì, ¢ ãá«®-
¢¨ïå ¨−â¥−á¨¢−®© ª®−ªãà¥−æ¨¨ ¢ ®¡«�áâ¨ á®§¤�−¨ï ¯¥àá¯¥ªâ¨¢−ëå �ˆ’Š‘ íâ®
®ª�§ë¢�¥â á¤¥à¦¨¢�îé¥¥ ¢«¨ï−¨¥.

‚ íâ®© á¢ï§¨ æ¥«¥á®®¡à�§−® à�áá¬®âà¥âì ®¡®¡é¥−−ë© ¬¥å�−¨§¬ ¢«¨ï−¨ï
¢−¥è−¨å ä�ªâ®à®¢ −� á®áâ®ï−¨¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¨ ¥¥ ª®¬¯®−¥−â®¢. Š ¯à¨-
¬¥àã, ¨á¯®«ì§ãï à�§à�¡®â�−−ë© ¢ [5] ¯®¤å®¤ ª ®¯¨á�−¨î ¢§�¨¬®á¢ï§¨ ¢−¥è−¨å
ä�ªâ®à®¢, ¤¥©áâ¢ãîé¨å −� ®¡ê¥ªâ, §�¯ãáª�¥¬ëå ¨¬¨ ¯à®æ¥áá®¢ ¢ à�¬ª�å ®¡ê¥ª-
â�, ¯à¨¢®¤ïé¨å ª ¨§¬¥−¥−¨î ¥£® â¥å−®«®£¨ç¥áª¨å á¢®©áâ¢, áå¥¬� ¨å ¢§�¨¬®á¢ï§¨
¬®¦¥â ¨¬¥âì ¢¨¤, ¯à¥¤áâ�¢«¥−−ë© −� à¨á. 1.

Š®−ªà¥â−ë© ä�ªâ®à ¢−¥è−¨å ãá«®¢¨© ¤«ï á¨áâ¥¬ë ã¯à�¢«¥−¨ï §�¯ãáª�¥â
®à£�−¨§�æ¨®−−ë© ¯à®æ¥áá ¢ ¢¨¤¥ ä®à¬¨à®¢�−¨ï ¤®¯®«−¨â¥«ì−ëå âà¥¡®¢�−¨©
ª ¥¥ ®¡ê¥ªâ�¬ «¨¡® ¨§¬¥−¥−¨ï ãá«®¢¨© ¥¥ äã−ªæ¨®−¨à®¢�−¨ï, ¢ à¥§ã«ìâ�â¥ ç¥-
£® ¯®¤ ¢®§¤¥©áâ¢¨¥¬ ä�ªâ®à� ¨§¬¥−ïîâáï äã−ªæ¨®−�«ì−ë¥ á¢®©áâ¢� á¨áâ¥¬ë
ã¯à�¢«¥−¨ï −� ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª®¬ ãà®¢−¥ ¨«¨ −� â¥å−¨ª®-â¥å−®«®£¨-
ç¥áª®¬ ãà®¢−¥ (á¬. â�¡«¨æã). �−�«¨§ ¨ à¥�«¨§�æ¨ï íâ¨å âà¥¡®¢�−¨© ¤®«¦−ë
ãç¨âë¢�âì å�à�ªâ¥à ¨å ¢«¨ï−¨ï −� ®à£�−¨§�æ¨®−−ë© ¯à®æ¥áá. ‚�¦−® ®â¬¥â¨âì,
çâ® �ˆ’Š‘, ï¢«ïïáì ª«îç¥¢ë¬ í«¥¬¥−â®¬ á¨áâ¥¬ë ã¯à�¢«¥−¨ï, ®¯à¥¤¥«ïîé¨¬

÷¨á. 1 �¡é�ï áå¥¬� ¢§�¨¬®á¢ï§¨ ä�ªâ®à®¢, ¯à®æ¥áá®¢ ¨ á¢®©áâ¢ ®¡ê¥ªâ®¢
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ˆ−â¥à®¯¥à�¡¥«ì−®áâì ª�ª −�ãç−®-¬¥â®¤¨ç¥áª�ï ®á−®¢� ¡¥áè®¢−®© ¨−â¥£à�æ¨¨

¢ §−�ç¨â¥«ì−®© ¬¥à¥ ¥¥ áâàãªâãàã ¨ â®¯®«®£¨î, ¨¬¥¥â £«�¢−®© æ¥«ìî ®¡¥á¯¥ç¥−¨¥
â¥å−¨ª®-â¥å−®«®£¨ç¥áª®© ¯®¤¤¥à¦ª¨ ®à£�−¨§�æ¨¨ ¨ ¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨ ®à-
£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨å ¨ ®à£�−¨§�æ¨®−−ëå ¯à®æ¥áá®¢ ¢ á¨áâ¥¬¥ ã¯à�¢«¥−¨ï.
�−� ¤®«¦−� à�áá¬�âà¨¢�âìáï ª�ª ®¡ê¥ªâ, −�å®¤ïé¨©áï ¯®¤ ª®¬¯«¥ªá−ë¬ ¢®§¤¥©-
áâ¢¨¥¬ ãª�§�−−ëå ¢ëè¥ ä�ªâ®à®¢. �� ¯à¨¬¥à¥ âà¥å ¢¨¤®¢ ä�ªâ®à®¢ à�§«¨ç−®©
¯à¨à®¤ë (®à£�−¨§�æ¨®−−®£®, ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª®£® ¨ â¥å−¨ª®-â¥å−®«®-
£¨ç¥áª®£® å�à�ªâ¥à�) ¨««îáâà¨àã¥âáï ¢§�¨¬®á¢ï§ì ä�ªâ®à®¢, §�¯ãáª�¥¬ëå ¨¬¨
¯à®æ¥áá®¢, ª®â®àë¥, ¢ á¢®î ®ç¥à¥¤ì, ¯à®ï¢«ïîâáï ¢® ¢§�¨¬®¤¥©áâ¢¨¨ ¬¥¦¤ã
á®¡®© ¨ ¯à¨¢®¤ïâ ª ¨§¬¥−¥−¨î á¢®©áâ¢ �ˆ’Š‘, çâ®, ¢ ª®−¥ç−®¬ áç¥â¥, ¯à¨¢®¤¨â
ª ¨§¬¥−¥−¨î ¨ á¢®©áâ¢ á¨áâ¥¬ë ã¯à�¢«¥−¨ï. �à¨ íâ®¬ −¥®¡å®¤¨¬® ®â¬¥â¨âì ¨å
¬−®£®−�¯à�¢«¥−−®¥ ¢§�¨¬−®¥ ¢«¨ï−¨¥.

’¥å−¨ª®-â¥å−®«®£¨ç¥áª¨¥ ¯à®æ¥ááë ¯à¥¤áâ�¢«ïîâ ®á®¡ë© ¨−â¥à¥á á â®çª¨
§à¥−¨ï ¨å �−�«¨§�, ®¯â¨¬¨§�æ¨¨ ¨ ®¡®á−®¢�−¨ï à�æ¨®−�«ì−ëå à¥è¥−¨© ¯®
¨å ¨−â¥£à�æ¨¨ á ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨¬¨ ¯à®æ¥áá�¬¨ ¢ à�¬ª�å á¨áâ¥¬ë
ã¯à�¢«¥−¨ï á ãç¥â®¬ ¤®áâ¨¦¥−¨ï á¨−¥à£¥â¨ç¥áª®£® íää¥ªâ�. ‚ â¥ç¥−¨¥ ¤«¨â¥«ì-
−®£® ¯¥à¨®¤� ¢ à�§à�¡®âª�å áà¥¤áâ¢ ã¯à�¢«¥−¨ï è¨à®ª® ¯à¨¬¥−ï¥âáï ¯à¨−æ¨¯
äã−ªæ¨®−�«ì−®© ¨−â¥£à�æ¨¨, à¥�«¨§�æ¨ï ª®â®à®£® ®¡ëç−® á®¯à®¢®¦¤�¥âáï í«¥-
¬¥−â�¬¨ â¥å−¨ç¥áª®© ¨§¡ëâ®ç−®áâ¨, ¯à¨¢®¤ïé¥© ¢ ª®−¥ç−®¬ áç¥â¥ ª á−¨¦¥−¨î
¨å −�¤¥¦−®áâ¨ ¨ íª®−®¬¨ç−®áâ¨. �−�«¨§ ¯®¤å®¤� ª ª«�áá¨ä¨ª�æ¨¨ ¯à®æ¥áá®¢ ¯®
¨å ¯à¨−�¤«¥¦−®áâ¨ ª í«¥¬¥−â�¬ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¨ ¯® ¨å à®«¨ ¢ áª¢®§−®¬

÷¨á. 2 ‘®®â−®è¥−¨¥ ¯®−ïâ¨© …ˆ�, Šˆˆ, ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¨ ¤à.
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¯à®æ¥áá¥ ¯®§¢®«ï¥â ®â¬¥â¨âì, çâ® â�ª�ï ¤¥ª®¬¯®§¨æ¨ï ¯à®æ¥áá®¢ á®§¤�¥â ãá«®¢¨ï
¤«ï ¢ëï¢«¥−¨ï ¯à¨®à¨â¥â−®áâ¨ â¥å ¨«¨ ¨−ëå ¯à®æ¥áá®¢ ¯à¨ ®¯à¥¤¥«¥−¨¨ ®á−®¢ë
¤«ï ¨−â¥£à�æ¨¨. �à¨ íâ®¬ ¢ë¡®à −�¯à�¢«¥−¨ï ¨−â¥£à�æ¨¨ ¯à®æ¥áá®¢ ¬®¦¥â ®áã-
é¥áâ¢«ïâìáï á ãç¥â®¬ −�¯à�¢«¥−¨© ¢§�¨¬®á¢ï§¨ ¢¨¤®¢ ¯à®æ¥áá®¢ ¯® ª®¬¯®−¥−â�¬
á¨áâ¥¬ë ã¯à�¢«¥−¨ï:

{ ®â ®à£�−¨§�æ¨®−−ëå ª â¥å−¨ª®-â¥å−®«®£¨ç¥áª¨¬ ç¥à¥§ ®à£�−¨§�æ¨®−−®-â¥å-
−¨ç¥áª¨¥ ¯à®æ¥ááë (®¡ê¥¤¨−¥−¨¥ ®à£�−®¢ ã¯à�¢«¥−¨ï ¨ ¨å à¥®à£�−¨§�æ¨ï
âà¥¡ã¥â ¨§¬¥−¥−¨ï áà¥¤áâ¢ ã¯à�¢«¥−¨ï ¢ ç�áâ¨ à�áè¨à¥−¨ï ¨å ¢®§¬®¦−®áâ¥©);

{ ®â â¥å−¨ª®-â¥å−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢ ç¥à¥§ ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨¥
ª ®à£�−¨§�æ¨®−−ë¬ (¯®ï¢«¥−¨¥ −®¢ëå â¥å−®«®£¨© ¨ áà¥¤áâ¢ à�áè¨àï¥â ¢®§-
¬®¦−®áâ¨ áà¥¤áâ¢ ã¯à�¢«¥−¨ï, çâ® ®¡ãá«®¢«¨¢�¥â ¢®§¬®¦−®áâì à¥®à£�−¨§�æ¨¨
®à£�−®¢ ã¯à�¢«¥−¨ï, à�áè¨à¥−¨ï ¨å äã−ªæ¨®−�«ì−ëå §�¤�ç).

‘®¢®ªã¯−®áâì ®â¤¥«ì−ëå ”�, ®¡ê¥¤¨−¥−−ëå áà¥¤áâ¢�¬¨ â¥«¥ª®¬¬ã−¨ª�æ¨©,
á®áâ�¢«ï¥â �ˆ’Š‘, ¨«¨ ¢�¦−¥©èãî Šˆˆ. �� à¨á. 2 ¯®ª�§�−� ¢§�¨¬®á¢ï§ì
¬¥¦¤ã â�ª¨¬¨ ¯®−ïâ¨ï¬¨, ª�ª ¥¤¨−®¥ ¨−ä®à¬�æ¨®−−®¥ ¯à®áâà�−áâ¢® (…ˆ�)
÷”, Šˆˆ, ¨−â¥à®¯¥à�¡¥«ì−®áâì ¨ ¤à. [6].

4 Прикладные аспекты интероперабельности
при создании автоматизированной
информационно-телекоммуникационной системы

‡� àã¡¥¦®¬ −� ª®−æ¥¯âã�«ì−®¬ ¨ ¯à�ªâ¨ç¥áª®¬ ãà®¢−¥ ¯à¨¤�¥âáï ¢�¦−®¥
§−�ç¥−¨¥ ®¡¥á¯¥ç¥−¨î ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¯à¨ á®§¤�−¨¨ �ˆ’Š‘ à�§«¨ç−®£®
−�§−�ç¥−¨ï. ‚ −�è¥© áâà�−¥ íâ� ¯à®¡«¥¬� −�å®¤¨âáï ¢ áâ¢®à¥ �ªâã�«ì−ëå §�¤�ç
à�§¢¨â¨ï �ˆ’Š‘ ¨ å�à�ªâ¥à¨§ã¥âáï ¬−®£®®¡à�§¨¥¬ ¯®¤å®¤®¢ á ¨á¯®«ì§®¢�−¨¥¬
áãé¥áâ¢ãîé¨å ¯à®â®ª®«®¢ á®¯àï¦¥−¨ï. ‚¬¥áâ¥ á â¥¬, −¥á¬®âàï −� ¨¬¥îé¨©áï
−�ãç−®-â¥å−¨ç¥áª¨© ¨ ¬¥â®¤¨ç¥áª¨© §�¤¥« ¯® ¥¥ ®¡¥á¯¥ç¥−¨î [6, 7], −®à¬�-
â¨¢−®-¬¥â®¤¨ç¥áª�ï ¡�§� ®¡¥á¯¥ç¥−¨ï ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ ¯®«−®¬ ®¡ê¥¬¥ −¥
á®§¤�−�. ‚ −�áâ®ïé¥¥ ¢à¥¬ï à�§«¨ç−®£® à®¤� ¬¥¦¤ã−�à®¤−ë¥ ª®−ä«¨ªâë ª�ª
á ¯à¨¬¥−¥−¨¥¬ á¯®á®¡®¢ ¨ áà¥¤áâ¢ ¢®®àã¦¥−−®£® ¯à®â¨¢®¡®àáâ¢�, â�ª ¨ ¡¥§ −¥£®
−®áïâ å�à�ªâ¥à £¨¡à¨¤−ëå ¢®©− ¨«¨, ¤àã£¨¬¨ á«®¢�¬¨, ¢®©− ã¯à�¢«ï¥¬®£® å�®á�.
�à¨ íâ®¬ ¢�¦−ë¬ ª®¬¯®−¥−â®¬ ï¢«ï¥âáï ¨−ä®à¬�æ¨®−−®¥ ¯à®â¨¢®¡®àáâ¢® [6].
�¥á®¬−¥−−®, ®¡ê¥ªâ�¬¨ ª¨¡¥à�â�ª á«ã¦�â ®¡ê¥ªâë Šˆˆ, çâ® ®â¬¥ç¥−® ¢ ”¥-
¤¥à�«ì−®¬ §�ª®−¥ ú� §�é¨â¥ ªà¨â¨ç¥áª®© ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãàëû.
‚ íâ¨å ãá«®¢¨ïå ¢®§−¨ª�¥â ¯à®¡«¥¬� ˆ�, ®âà�¦¥−−�ï ¢ ¤¥©áâ¢ãîé¥© „®ªâà¨-
−¥ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. �®áª®«ìªã ¨−â¥à®¯¥à�¡¥«ì−®áâì á®áâ�¢«ï¥â
−�ãç−®-¬¥â®¤¨ç¥áªãî ®á−®¢ã á®§¤�−¨ï �ˆ’Š‘ (á¬. à¨á. 2), â® ®¡ê¥ªâ�¬¨ �â�ª
¨ ®¡ê¥ªâ�¬¨ §�é¨âë ¤®«¦−ë áâ�âì ®¡ê¥ªâë ®¡¥á¯¥ç¥−¨ï ¨−â¥à®¯¥à�¡¥«ì−®áâ¨.
�â® ®§−�ç�¥â, çâ® ¢ ¯à®ä¨«ì ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¤®«¦−ë ¡ëâì ¢ª«îç¥−ë
áâ�−¤�àâë ˆ�. „«ï ãâ®ç−¥−¨ï ®¡ê¥ªâ®¢ §�é¨âë −¥®¡å®¤¨¬® −� ®á−®¢¥ ¬®¤¥-
«¨ ¨−ä®à¬�æ¨®−−ëå ã£à®§ ¯®áâà®¨âì ª®¬¯«¥ªá−ãî ¬®¤¥«ì ¨−â¥à®¯¥à�¡¥«ì−®áâ¨
¨ ã£à®§.
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‚ [6] ¯à¥¤«®¦¥−� ¬®¤¥«ì ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¤«ï �ˆ’Š‘ ¢®¥−−®£® −�§−�ç¥-
−¨ï, ¯à¥¤áâ�¢«ïîé�ï á®¡®© à�áè¨à¥−¨¥ íâ�«®−−®© ¬®¤¥«¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨
¢ á®®â¢¥âáâ¢¨¨ á ƒ�‘’ ÷ 55062-2012 á ãç¥â®¬ ¢ª«îç¥−¨ï ¢ ¥¥ á®áâ�¢ â�ª®£® ª®¬-
¯®−¥−â�, ª�ª âà¥¡®¢�−¨ï ¢¥¤®¬áâ¢¥−−ëå −®à¬�â¨¢−®-¬¥â®¤¨ç¥áª¨å ¤®ªã¬¥−â®¢.

÷¨á. 3 Š®¬¯«¥ªá−�ï ¬®¤¥«ì ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¨ ã£à®§: ”�0, ”�1, . . . , ”�N |
äã−ªæ¨®−�«ì−ë¥ ¯®¤á¨áâ¥¬ë; “1, “2, . . . , “N | ã£à®§ë ˆ� (ª®−ä¨¤¥−æ¨�«ì−®áâ¨,
æ¥«®áâ−®áâ¨, ¤®áâã¯−®áâ¨); ‡ˆ | ¢¨¤ë §�é¨âë ¨−ä®à¬�æ¨¨
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�. �. ��è«ëª®¢�, �. �. ‡�æ�à¨−−ë©, �. �. Š�¬¥−é¨ª®¢ ¨ ¤à.

‡�â¥¬ â�ª�ï ¬®¤¥«ì á ãç¥â®¬ ¯à¥¤áâ�¢«¥−−®© −� à¨á. 1 ®¡é¥© áå¥¬ë ¢§�¨¬®á¢ï§¨
ä�ªâ®à®¢, ¯à®æ¥áá®¢ ¨ á¢®©áâ¢ ®¡ê¥ªâ®¢ ¤®¯®«−ï¥âáï à�§«¨ç−®£® à®¤� ä�ªâ®à�¬¨,
®¯à¥¤¥«ïîé¨¬¨ ¢ ª®−¥ç−®¬ áç¥â¥ ®¡«¨ª ª®¬¯«¥ªá−®© ¬®¤¥«¨ ¨−â¥à®¯¥à�¡¥«ì-
−®áâ¨ ¨ ¬®¤¥«¨ ã£à®§. ‚�¦−® ®â¬¥â¨âì, çâ® ¢ −�áâ®ïé¥¥ ¢à¥¬ï â¥à¬¨−®«®£¨ï
¢ ®¡«�áâ¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¨ ã£à®§ ¯à¨¬¥−¨â¥«ì−® ª �ˆ’Š‘ ï¢«ï¥âáï à�§-
−®à®¤−®©. Š ¯à¨¬¥àã, ¢ [8, 9] ®¡áã¦¤�îâáï â�ª¨¥ ¯®−ïâ¨ï, ª�ª ¨−ä®à¬�æ¨®−−�ï
¡¥§®¯�á−®áâì, §�é¨â� ¨−ä®à¬�æ¨¨, ¨−ä®à¬�æ¨®−−ë¥ ã£à®§ë ¨ ¨å ª«�áá¨ä¨ª�-
æ¨ï, ¬®¤¥«¨ ¨−ä®à¬�æ¨®−−ëå ã£à®§, ãï§¢¨¬®áâ¨, à¨áª¨, áâ�−¤�àâë ˆ�. —�áâ®
âà�ªâ®¢ª� íâ¨å ¯®−ïâ¨© ¢ à�§«¨ç−ëå ¨áâ®ç−¨ª�å ®â«¨ç�¥âáï. �à¥¤¯®çâ¨â¥«ì−ë¬
¯à¥¤áâ�¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥ â¥à¬¨−®¢, á®¤¥à¦�é¨åáï ¢ áâ�−¤�àâ�å. �� ®á−®¢¥
�−�«¨§� ¨ ®¡®¡é¥−¨ï ®¯¨á�−¨© ¨áâ®ç−¨ª®¢ ã£à®§ ˆ�, ¬¥â®¤®¢ à¥�«¨§�æ¨¨ íâ¨å
ã£à®§, ®¡ê¥ªâ®¢, ¯à¨£®¤−ëå ¤«ï à¥�«¨§�æ¨¨ â�ª¨å ã£à®§, ãï§¢¨¬®áâ¥©, ¨á¯®«ì-
§ã¥¬ëå ¨áâ®ç−¨ª�¬¨ ã£à®§ ˆ�, â¨¯®¢ ¢®§¬®¦−ëå ¯®â¥àì (−�¯à¨¬¥à, −�àãè¥−¨¥
¤®áâã¯−®áâ¨, æ¥«®áâ−®áâ¨ ¨«¨ ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ¨−ä®à¬�æ¨®−−ëå �ªâ¨¢®¢),
¬�áèâ�¡®¢ ¯®â¥−æ¨�«ì−®£® ãé¥à¡� −� à¨á. 3 ¯à¥¤áâ�¢«¥−� ª®¬¯«¥ªá−�ï ¬®¤¥«ì
¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¨ ã£à®§.

„®áâ¨¦¥−¨¥ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ á«®¦−ëå á¨áâ¥¬�å ¯à¥¤áâ�¢«ï¥â á®¡®©
ª®¬¯«¥ªá−ãî ¯à®¡«¥¬ã, ®à£�−¨§�æ¨®−−®-¬¥â®¤¨ç¥áª¨¥ ¨ −�ãç−®-â¥å−¨ç¥áª¨¥
�á¯¥ªâë ª®â®à®© ¤®«¦−ë à�§à�¡�âë¢�âìáï ®¤−®¢à¥¬¥−−® −� ãà®¢−¥ ãª�§�−−ëå
¢ â�¡«¨æ¥ ¯à®æ¥áá®¢ −� ¯à®âï¦¥−¨¨ ¢á¥å íâ�¯®¢ ¦¨§−¥−−®£® æ¨ª«� �ˆ’Š‘,
¯à¥¤ãá¬®âà¥−−ëå ¢ áâ�−¤�àâ�å ƒ�‘’ 34.601-90, ƒ�‘’ ÷ ˆ‘�/Œ�Š 12207-
99 ¨ ƒ�‘’ ÷ ˆ‘�/Œ�Š 15288-2005. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® íâ�¯ë ¬¥â®¤¨ª¨
®¡¥á¯¥ç¥−¨ï ¨−â¥à®¯¥à�¡¥«ì−®áâ¨, ¯à¨¢¥¤¥−−ë¥ ¢ ƒ�‘’ ÷ 55062-2012, ¯à�ªâ¨-
ç¥áª¨ á®¢¯�¤�îâ á íâ�¯�¬¨ ¨ áâ�¤¨ï¬¨ ¯à¨¢¥¤¥−−ëå áâ�−¤�àâ®¢. ’�ª¨¬ ®¡à�§®¬,
¯¥à¢�ï ¬¥à� á®áâ®¨â ¢ ãç¥â¥ ¯à®æ¥áá−®£® ¯®¤å®¤� ¯à¨ ¬®¤¥à−¨§�æ¨¨ ¬¥â®¤¨ª¨
®¡¥á¯¥ç¥−¨ï ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ −� à�§−ëå íâ�¯�å ¦¨§−¥−−®£® æ¨ª«�. ‚â®à�ï
¬¥à� ¤®«¦−� §�ª«îç�âìáï ¢ á®§¤�−¨¨ ¯®áâ®ï−−® ¤¥©áâ¢ãîé¥£® à�¡®ç¥£® ®à£�−� ¯®
®¡¥á¯¥ç¥−¨î ¨−â¥à®¯¥à�¡¥«ì−®áâ¨, ¢ª«îç�îé¥£® âà¨ à�¡®ç¨å £àã¯¯ë (â¥å−¨ç¥-
áª®©, á¥¬�−â¨ç¥áª®© ¨ ®à£�−¨§�æ¨®−−®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨) á ¯à¥¤áâ�¢¨â¥«ï¬¨
§�¨−â¥à¥á®¢�−−ëå ¢¥¤®¬áâ¢. �®ª� â�ª®© ®à£�− −¥ á®§¤�−, æ¥«¥á®®¡à�§−® ¨á¯®«ì-
§®¢�âì ¢®§¬®¦−®áâ¨ ¯®¤ª®¬¨â¥â� �Š206/’Š22 úˆ−â¥à®¯¥à�¡¥«ì−®áâìû [9].

5 Заключение

‚ á®®â¢¥âáâ¢¨¨ á ¯à¥¤«®¦¥−−ë¬ ¯®¤å®¤®¬ ª �−�«¨§ã ¨ ®¡¥á¯¥ç¥−¨î ¨−â¥à-
®¯¥à�¡¥«ì−®áâ¨ ª®¬¯®−¥−â®¢ á®¢à¥¬¥−−ëå �ˆ’Š‘:

{ ¤®áâ¨¦¥−¨¥ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ �ˆ’Š‘ ¯à¥¤áâ�¢«ï¥â ª®¬¯«¥ªá−ãî ¯à®¡-
«¥¬ã, ®á−®¢−ë¥ �á¯¥ªâë ª®â®à®© ¤®«¦−ë à�§à�¡�âë¢�âìáï ®¤−®¢à¥¬¥−−® −�
ãà®¢−¥ ®à£�−¨§�æ¨®−−ëå, ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨å ¨ â¥å−¨ª®-â¥å−®«®-
£¨ç¥áª¨å ¯à®æ¥áá®¢ á ãç¥â®¬ ¨å à�§¢¨â¨ï −� ¢á¥å íâ�¯�å ¦¨§−¥−−®£® æ¨ª«�
�ˆ’Š‘, á ãç¥â®¬ �−�«¨§� ¨å ¢§�¨¬−®£® ¢«¨ï−¨ï ¨ ¢ëï¢«¥−¨ï −�¨¡®«¥¥
ãï§¢¨¬ëå ¬¥áâ −� ¬¥¦¯à®æ¥áá−®¬ ãà®¢−¥, ®¯à¥¤¥«ïîé¨å ¢®§¬®¦−®áâ¨ ®¡¥á-
¯¥ç¥−¨ï ¨−â¥à®¯¥à�¡¥«ì−®áâ¨;
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{ ¯®á«¥ ¤¥ª®¬¯®§¨æ¨¨ ¯à®æ¥áá®¢ á ¢ë¤¥«¥−¨¥¬ âà¥å £àã¯¯ ®á−®¢−ëå ¯à®æ¥áá®¢
®áãé¥áâ¢«ï¥âáï ¯¥à¥å®¤ ª ª®¬¯«¥ªá−®© ¬®¤¥«¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¨ ã£à®§,
á ¯®¬®éìî ª®â®à®© á ¨á¯®«ì§®¢�−¨¥¬ ®á−®¢−ëå ¯®«®¦¥−¨© áãé¥áâ¢ãîé¨å
−®à¬�â¨¢−®-¬¥â®¤¨ç¥áª¨å ¤®ªã¬¥−â®¢ ¯à®¨§¢®¤¨âáï ®¡®á−®¢�−¨¥ ¯¥à¢®®ç¥-
à¥¤−ëå ¬¥à ¯® ®¡¥á¯¥ç¥−¨î ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¯à¨¬¥−¨â¥«ì−® ª® ¢á¥¬
íâ�¯�¬ ¦¨§−¥−−®£® æ¨ª«� �ˆ’Š‘;

{ à�§à�¡®âª� ¯à®ä¨«ï áâ�−¤�àâ®¢ ¢ ¨−â¥à¥á�å ®¡¥á¯¥ç¥−¨ï ¨−â¥à®¯¥à�¡¥«ì-
−®áâ¨ ¯à¨ á®§¤�−¨¨ �ˆ’Š‘ ¤®«¦−� ¯à®¢®¤¨âìáï ®¤−®¢à¥¬¥−−® ¯® −�¯à�¢-
«¥−¨ï¬ âà¥å £àã¯¯ ¯à®æ¥áá®¢ ¢ ¨å ¦¨§−¥−−®¬ æ¨ª«¥.
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КОНЦЕПТУАЛЬНЫЕ ПОДХОДЫ К СОЗДАНИЮ
ИНФОРМАЦИОННО-АНАЛИТИЧЕСКОГО СИТУАЦИОННОГО
ЦЕНТРА В ИНТЕРЕСАХ СТРАТЕГИЧЕСКОГО ПЛАНИРОВАНИЯ

В ОБЛАСТИ ОБЕСПЕЧЕНИЯ НАЦИОНАЛЬНОЙ
БЕЗОПАСНОСТИ

А. П. Сучков1, А. В. Босов2

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ¯®¤å®¤ë ª á®§¤�−¨î ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥-
áª®£® á¨âã�æ¨®−−®£® æ¥−âà� (ˆ�‘–) ¤«ï ã¯à�¢«¥−¨ï ¯à®æ¥áá�¬¨ áâà�â¥£¨ç¥-
áª®£® ¯«�−¨à®¢�−¨ï ¢ ®¡«�áâ¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨. ‘ â®çª¨ §à¥−¨ï
¨§ãç¥−¨ï à®«¨ á¨âã�æ¨®−−®£® �−�«¨§� ¢ íâ¨å ¯à®æ¥áá�å ¬®¦−® ¢ë¤¥«¨âì
¤¢� ¯®«−ëå ¨ ¢§�¨¬®á¢ï§�−−ëå æ¨ª«� ã¯à�¢«¥−¨ï, ª®â®àë¥ ãá«®¢−® −�§¢�-
−ë ú¯«�−¨à®¢�−¨¥û ¨ úà¥�«¨§�æ¨ïû. �¡®á−®¢�−� äã−ªæ¨®−�«ì−�ï ¬®¤¥«ì
ˆ�‘–, à¥�«¨§ãîé�ï íâ¨ æ¨ª«ë ã¯à�¢«¥−¨ï, ®ç¥àç¥− á®áâ�¢ ¨ ¬¥â®¤ë �−�«¨-
§� ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, ®à¨¥−â¨à®¢�−−ë¥ −� ¬®−¨â®à¨−£, ¢ëï¢«¥−¨¥,
¯à®£−®§¨à®¢�−¨¥ ¨ ®æ¥−ªã ã£à®§. ÷�áá¬®âà¥−ë ¨áâ®ç−¨ª¨ ¤�−−ëå, ¯®â¥−æ¨-
�«ì−® §−�ç¨¬ë¥ ¤«ï ¯®¤á¨áâ¥¬ë ¬®−¨â®à¨−£� ˆ�‘–.

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

DOI: 10.14357/08696527180408

1 Введение

�á−®¢−ë¬ ®¡ê¥ªâ®¬ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¢ ®¡«�áâ¨ ®¡¥á¯¥ç¥−¨ï
−�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ï¢«ïîâáï ã£à®§ë −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨. ‘®-
®â¢¥âáâ¢ãîé�ï ¤¥ïâ¥«ì−®áâì £®áã¤�àáâ¢� á®áâ�¢«ï¥â ¯à¥¤¬¥â−ãî ®¡«�áâì −�áâ®-
ïé¥£® ¨áá«¥¤®¢�−¨ï ¨ ¯à¥¤áâ�¢«¥−−®£® ¤�«¥¥ ª®−æ¥¯âã�«ì−®£® ¯®¤å®¤�. „àã£¨¥
−�¯à�¢«¥−¨ï áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï, á¢ï§�−−ë¥ á ¢®¯à®á�¬¨ á®æ¨�«ì−®-
íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï, ¢ íâ®© ®¡«�áâ¨ â�ª¦¥ ¢�¦−ë, −® ¢â®à¨ç−ë. ‚ ‘âà�â¥-
£¨¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, ãâ¢¥à¦¤¥−−®© “ª�§®¬
�à¥§¨¤¥−â� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®â 31 ¤¥ª�¡àï 2015 £. ü 683, ¯®¤ ã£à®-
§®© ¡¥§®¯�á−®áâ¨ ¯®−¨¬�¥âáï úá®¢®ªã¯−®áâì ãá«®¢¨© ¨ ä�ªâ®à®¢, á®§¤�îé¨å
®¯�á−®áâì ¦¨§−¥−−® ¢�¦−ë¬ ¨−â¥à¥á�¬ «¨ç−®áâ¨, ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢�û. ƒ®-
áã¤�àáâ¢¥−−ãî ¤¥ïâ¥«ì−®áâì ¯® áâà�â¥£¨ç¥áª®¬ã ¯«�−¨à®¢�−¨î ¢ ®¡«�áâ¨ ®¡¥á¯¥-
ç¥−¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ®áãé¥áâ¢«ï¥â ‘®¢¥â ¡¥§®¯�á−®áâ¨ ÷”. �®¤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, ASuchkov@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, AVBosov@ipiran.ru
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ª ®à£�−¨§�æ¨¨ íâ®© ¤¥ïâ¥«ì−®áâ¨ −� ¯«�âä®à¬¥ á¨âã�æ¨®−−®£® æ¥−âà� (‘–), ª®-
â®à®¬ã ¯®á¢ïé¥−� ¤�−−�ï à�¡®â�, ®á−®¢ë¢�¥âáï −� ¯à¥¤áâ�¢«¥−¨¨ ¯à¥¤¬¥â−®©
®¡«�áâ¨, ¥¥ ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ ¨ ¯à®æ¥áá�å, áä®à¬ã«¨à®¢�−−ëå ¢ [1]. ’�ª,
ª«îç¥¢ë¬ à¥è¥−¨¥¬ ï¢«ï¥âáï ¯®−¨¬�−¨¥ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ª�ª æ¨-
ª«¨ç¥áª®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢§�¨¬®á¢ï§�−−ëå ¯à®æ¥áá®¢, ¢ ç¨á«¥ ª®â®àëå ¤¢�
¯®«−ëå ¨ ¢§�¨¬®á¢ï§�−−ëå æ¨ª«� ã¯à�¢«¥−¨ï ¯à®æ¥áá�¬¨ áâà�â¥£¨ç¥áª®£® ¯«�-
−¨à®¢�−¨ï, ª®â®àë¥ ¡ã¤¥¬ ãá«®¢−® −�§ë¢�âì ú¯«�−¨à®¢�−¨¥û ¨ úà¥�«¨§�æ¨ïû.
�à¨ íâ®¬ æ¨ª« ã¯à�¢«¥−¨ï úà¥�«¨§�æ¨ïû ï¢−® −®á¨â á¨âã�æ¨®−−ë© å�à�ª-
â¥à. ‚ ¥£® à�¬ª�å ®áãé¥áâ¢«ï¥âáï ¯®áâ®ï−−ë© ¬®−¨â®à¨−£ å®¤� ¢ë¯®«−¥−¨ï
áâà�â¥£¨ç¥áª®£® ¯«�−�, á¨âã�æ¨®−−ë© �−�«¨§ ¯®â®ª®¢ á®¡ëâ¨© ª®−âà®«¨àã¥¬®£®
¯à®áâà�−áâ¢�, â¥ªãé¥¥ à¥�£¨à®¢�−¨¥ −� ¨§¬¥−¥−¨¥ ®¡áâ�−®¢ª¨ ¢¯«®âì ¤® ª®àà¥ª-
â¨à®¢ª¨ ¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï.

‘®¢¡¥§ ÷” �ªâ¨¢−® ãç�áâ¢ã¥â ¢ à¥�«¨§�æ¨¨ ®¡®¨å æ¨ª«®¢ ã¯à�¢«¥−¨ï ¯à®æ¥á-
á�¬¨ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¨ ¢ á¨«ã íâ®£® ¤®«¦¥− ®¡«�¤�âì áà¥¤áâ¢�¬¨
â�ª®£® ã¯à�¢«¥−¨ï. ˆáå®¤ï ¨§ −�ãç−®-â¥å−¨ç¥áª®£® §�¤¥«� ¨ ®¯ëâ� à�§à�¡®â-
ª¨ á¨áâ¥¬ á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ¢ ¨−â¥à¥á�å ®à£�−®¢ ¡¥§®¯�á−®áâ¨ ”ˆ–
ˆ“ ÷��, � â�ª¦¥ àãª®¢®¤ïé¨å ¤®ªã¬¥−â®¢ ¢ëáè¨å ®à£�−®¢ ¢«�áâ¨ ¢ ®¡«�áâ¨
á®§¤�−¨ï á¨áâ¥¬ë à�á¯à¥¤¥«¥−−ëå ‘– (‘÷‘–), à�¡®â�îé¨å ¯® ¥¤¨−®¬ã à¥-
£«�¬¥−âã [2], −�¨¡®«¥¥ �¤¥ª¢�â−®© ä®à¬®© à¥�«¨§�æ¨¨ ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï
¯à®æ¥áá�¬¨ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ï¢«ï¥âáï ˆ�‘– ¯®¤ í£¨¤®© ‘®¢¡¥§�.

‘¨âã�æ¨®−−ë© æ¥−âà ï¢«ï¥âáï á®áâ�¢−®© ç�áâìî á¨áâ¥¬ë ã¯à�¢«¥−¨ï, ®¡¥á-
¯¥ç¨¢�îé¥© ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áªãî ¯®¤¤¥à¦ªã ¯à®æ¥áá®¢ ¯à¨−ïâ¨ï à¥-
è¥−¨© ¢ à�¬ª�å à¥è�¥¬ëå ®à£�−®¬ ã¯à�¢«¥−¨ï äã−ªæ¨®−�«ì−ëå §�¤�ç −� ®á−®-
¢¥ �¢â®¬�â¨§�æ¨¨ äã−ªæ¨© ¬®−¨â®à¨−£� ¨ á¨âã�æ¨®−−®£® �−�«¨§� ®¡áâ�−®¢ª¨
¢ ª®−âà®«¨àã¥¬®¬ ¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥, ¢ª«îç�ï á¡®à, ®¡®¡é¥−¨¥,
�−�«¨â¨ç¥áªãî ®¡à�¡®âªã, åà�−¥−¨¥, ¯¥à¥¤�çã, ¢¨§ã�«¨§�æ¨î ¨ §�é¨âã ¨−ä®à-
¬�æ¨¨.

2 Функциональная модель информационно-аналитического
ситуационного центра

�à¥¤áâ�¢«¥−−�ï ¤�«¥¥ äã−ªæ¨®−�«ì−�ï ¬®¤¥«ì ˆ�‘– ¨áå®¤¨â ¨§ â®£®, çâ®
¯®á«¥¤®¢�â¥«ì−®áâì ¯à®æ¥áá®¢, á®áâ�¢«ïîé¨å áâà�â¥£¨ç¥áª®¥ ¯«�−¨à®¢�−¨¥ ª�ª
¢ à�¬ª�å æ¨ª«� ú¯«�−¨à®¢�−¨¥û, â�ª ¨ æ¨ª«� úà¥�«¨§�æ¨ïû, ¢ª«îç�¥â æ¥«¥¯®-
«�£�−¨¥, ¬®−¨â®à¨−£, �−�«¨§, ¯à¨−ïâ¨¥ à¥è¥−¨© ¨ ¨å à¥�«¨§�æ¨î.

ƒ«�¢−ë¬ ®á−®¢�−¨¥¬, ®¡®á−®¢ë¢�îé¨¬ æ¥«¥á®®¡à�§−®áâì äã−ªæ¨®−¨à®¢�-
−¨ï ˆ�‘– ¢ à�áá¬�âà¨¢�¥¬®© ®¡«�áâ¨, ¯à¥¤áâ�¢«ï¥âáï ä�ªâ −�«¨ç¨ï ¯à®æ¥áá®¢
áâà�â¥£¨ç¥áª®£® æ¥«¥¯®«�£�−¨ï, â. ¥. ®¯à¥¤¥«¥−¨ï −�¯à�¢«¥−¨©, æ¥«¥© ¨ ¯à¨®-
à¨â¥â®¢ ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, ¨ ¥£®
à¥�«¨§�æ¨ï ¢ ¢¨¤¥ ¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï. ‘¨áâ¥¬� æ¥«¥¯®-
«�£�−¨ï ˆ�‘– ¢ª«îç�¥â ¢ á¥¡ï â�ª¦¥ ¯à®æ¥ááë ¤¨−�¬¨ç¥áª®£® §�¤�−¨ï æ¥«¥©
â¥ªãé¥£® ã¯à�¢«¥−¨ï å®¤®¬ à¥�«¨§�æ¨¨ áâà�â¥£¨ç¥áª®£® ¯«�−� (á¬. à¨áã−®ª).
�â® ¯¥à¢ë©, ¨áå®¤−ë© äã−ªæ¨®−�«ì−ë© ¡«®ª ˆ�‘–.
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Š®−æ¥¯âã�«ì−ë¥ ¯®¤å®¤ë ª á®§¤�−¨î ˆ�‘– ¢ ¨−â¥à¥á�å áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï

”ã−ªæ¨®−�«ì−�ï ¬®¤¥«ì á¨áâ¥¬ë á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï

‚â®à®© äã−ªæ¨®−�«ì−ë© ¡«®ª ˆ�‘– á®áâ�¢«ï¥â á¨áâ¥¬� ¬®−¨â®à¨−£�. ��-
§®¢ë© ¯¥à¥ç¥−ì ®¡ê¥ªâ®¢ ¬®−¨â®à¨−£� ®¯à¥¤¥«¥− ¢ [1] ¨ ¢ª«îç�¥â â�ª¨¥ ®¡ê¥ªâë,
ª�ª ã£à®§ë −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨, æ¥«¥¢ë¥ ¯®ª�§�â¥«¨, ®¡ê¥ªâë ã£à®§,
áà¥¤áâ¢�, á¯®á®¡ë ¨ −¥ª®−âà®«¨àã¥¬ë¥ ä�ªâ®àë ¨å à¥�«¨§�æ¨¨.

Œ®−¨â®à¨−£ ã£à®§ ®¯¨à�¥âáï −� à¥¥áâà ã£à®§ ¨ á®®â¢¥âáâ¢ãîé¨¥ ª«�áá¨ä¨-
ª�â®àë, −� ¨áâ®ç−¨ª¨ ¤�−−ëå ¬®−¨â®à¨−£�, ¢ª«îç�ï ¤®ªã¬¥−âë áâà�â¥£¨ç¥áª®£®
¯«�−¨à®¢�−¨ï, −� ªà¨â¥à¨¨ ¨ ¯à�¢¨«� ®â¡®à� ¤�−−ëå ¨§ à�§«¨ç−ëå ¨−ä®à¬�-
æ¨®−−ëå à¥áãàá®¢. ‚ à�¬ª�å ¯à®æ¥áá®¢ ¬®−¨â®à¨−£� ®áãé¥áâ¢«ï¥âáï ®æ¥−ª�
¯�à�¬¥âà®¢ −¥−�¡«î¤�¥¬ëå (áªàëâëå) í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨ −� ®á−®¢¥ ¢ë¡®à®ç-
−ëå ¨«¨ ª®á¢¥−−ëå ¤�−−ëå, �−�«¨§ −¥áâàãªâãà¨à®¢�−−ëå ¤�−−ëå, ¢ëï¢«¥−¨¥
¨ ¨§¢«¥ç¥−¨¥ ä�ªâ®¢.

�à®æ¥ááë ¬®−¨â®à¨−£� ä¨ªá¨àãîâ á®¡ëâ¨ï, ¯à¥¤áâ�¢«ïîé¨¥ á®¡®© ¨§¬¥−¥-
−¨ï á®áâ®ï−¨ï ®¡ê¥ªâ®¢ ¬®−¨â®à¨−£�, ª®â®àë¥ ¯®áâã¯�îâ −� ¢å®¤ äã−ªæ¨®−�«ì-
−®£® ¡«®ª� �−�«¨§� å®¤� à¥�«¨§�æ¨¨ ¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�-
−¨ï. ‡¤¥áì ®áãé¥áâ¢«ï¥âáï ®æ¥−ª� á«®¦¨¢è¥©áï á¨âã�æ¨¨ (èâ�â−�ï, −¥èâ�â−�ï)
¨ ä®à¬¨à®¢�−¨¥ £¨¯®â¥§ ® á®áâ®ï−¨¨ ã£à®§, � â�ª¦¥ �−�«¨§ ¨ ãç¥â áãé¥áâ¢ãîé¥£®
®¯ëâ�. �à®æ¥ááë �−�«¨§� ®¯¨à�îâáï −� ¬¥â®¤ë ¤¥ª®¬¯®§¨æ¨¨ áª«�¤ë¢�îé¨å-
áï á¨âã�æ¨© −� ¨§¢¥áâ−ë¥ ¨«¨ ¤®áâ�â®ç−® ¯à®áâë¥ á¨âã�æ¨¨ ¤«ï −®à¬�«¨§�æ¨¨
á ¯®¬®éìî à¥áãàá®¢ á¨áâ¥¬ë. ��ª®−¥æ, ¢ §�¢¨á¨¬®áâ¨ ®â â®£®, ª�ª�ï á¨âã�æ¨ï
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¨¤¥−â¨ä¨æ¨à®¢�−�, á ¨á¯®«ì§®¢�−¨¥¬ íªá¯¥àâ−®£® ®¡¥á¯¥ç¥−¨ï ¢ëà�¡�âë¢�îâáï
¢�à¨�−âë à¥�ªæ¨¨ ˆ�‘–.

”ã−ªæ¨®−�«ì−ë© ¡«®ª á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© (‘��÷)
¯à¥¤−�§−�ç¥− ¤«ï ä®à¬¨à®¢�−¨ï à¥è¥−¨ï −� ®á−®¢¥ ¢®§¬®¦−ëå �«ìâ¥à−�â¨¢
á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤®¢ ¬−®£®ªà¨â¥à¨�«ì−®£® ¢ë¡®à�. �æ¥−ª� ª�ç¥áâ¢� ¢ë-
¡à�−−ëå �«ìâ¥à−�â¨¢ à¥è¥−¨© ¬®¦¥â â�ª¦¥ ®áãé¥áâ¢«ïâìáï á ¨á¯®«ì§®¢�−¨¥¬
¬¥â®¤®¢ áæ¥−�à−®£® ¯à®£−®§¨à®¢�−¨ï, çâ® ¯®§¢®«ï¥â ãç¥áâì ¢«¨ï−¨¥ ã¯à�¢«ï-
îé¨å ¢®§¤¥©áâ¢¨© ˆ�‘– −� à�§¢¨â¨¥ ®¡áâ�−®¢ª¨. �«®ª ‘��÷ ¤®«¦¥− ®¡¥á-
¯¥ç¨âì â�ª¦¥ ä®à¬¨à®¢�−¨¥ ¤¨−�¬¨ç¥áª¨å æ¥«¥© ¤«ï ®¡¥á¯¥ç¥−¨ï ¯à®æ¥áá®¢
¬®−¨â®à¨−£� å®¤� à¥�«¨§�æ¨¨ à¥è¥−¨©.

�à®æ¥ááë ¡«®ª� à¥�«¨§�æ¨¨ à¥è¥−¨© ®¡¥á¯¥ç¨¢�îâáï ¨−äà�áâàãªâãà®© ä®à-
¬�«¨§®¢�−−®£® í«¥ªâà®−−®£® ¤®ªã¬¥−â®®¡®à®â� ¤«ï ¨å ¤®¢¥¤¥−¨ï ¤® ¨á¯®«−¨â¥-
«¥© ¨ ª®−âà®«ï ¨á¯®«−¥−¨ï. „�−−ë© äã−ªæ¨®−�«ì−ë© ¡«®ª ¯à¨ −¥®¡å®¤¨¬®áâ¨
®áãé¥áâ¢«ï¥â ®¡à�â−ãî á¢ï§ì á á¨áâ¥¬®© áâà�â¥£¨ç¥áª®£® æ¥«¥¯®«�£�−¨ï á æ¥«ìî
ª®àà¥ªâ¨à®¢ª¨ ¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï.

�à¨¢¥¤¥−−�ï äã−ªæ¨®−�«ì−�ï ¬®¤¥«ì ¯®§¢®«ï¥â áä®à¬ã«¨à®¢�âì ¤®áâ�â®ç-
−ë¥ äã−ªæ¨®−�«ì−ë¥ âà¥¡®¢�−¨ï ¨ âà¥¡®¢�−¨ï ¯® −�§−�ç¥−¨î ¯à¨ ¯®¤£®â®¢ª¥
â¥å−¨ç¥áª®£® §�¤�−¨ï −� ˆ�‘–.

3 Источники данных мониторинга

‘«¥¤ãîé¨© ¨, ¢®§¬®¦−®, ª«îç¥¢®© ¢®¯à®á äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë áâà�-
â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ˆ�‘– | íâ® ¢®¯à®á á®áâ�¢� ¨ ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨,
¨á¯®«ì§ã¥¬®© ¤«ï ¬®−¨â®à¨−£�, ¨, ¢®§¬®¦−® ¤�¦¥ ¢ ¡®«ìè¥© áâ¥¯¥−¨, ¥¥ ¨áâ®ç−¨-
ª®¢. ‘®áâ�¢ ¨áâ®ç−¨ª®¢ ¤�−−ëå ¤®«¦¥− ®¯à¥¤¥«ïâìáï äã−ªæ¨ï¬¨, à¥�«¨§ã¥¬ë¬¨
‘®¢¡¥§®¬ ÷” ¯à¨ ®áãé¥áâ¢«¥−¨¨ ®á−®¢−ëå ¯à®æ¥áá®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨-
à®¢�−¨ï ¢ ®¡«�áâ¨ ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨. Š íâ¨¬ äã−ªæ¨ï¬
®â−®áïâáï:

{ ¢ëï¢«¥−¨¥ ¢−ãâà¥−−¨å ¨ ¢−¥è−¨å áâà�â¥£¨ç¥áª¨å à¨áª®¢, ¢«¨ïîé¨å −�
ãáâ®©ç¨¢®¥ à�§¢¨â¨¥ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, � â�ª¦¥ ã£à®§ −�æ¨®−�«ì−®©
¡¥§®¯�á−®áâ¨;

{ ®à£�−¨§�æ¨ï ¬®−¨â®à¨−£� ¨ ¯à®¢¥¤¥−¨¥ ®¡®¡é¥−−ëå ®æ¥−®ª á®æ¨�«ì−®-íª®-
−®¬¨ç¥áª®£® à�§¢¨â¨ï ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¨ á®áâ®ï−¨ï −�æ¨®−�«ì−®©
¡¥§®¯�á−®áâ¨;

{ ¬®−¨â®à¨−£ ¯®ª�§�â¥«¥© á®áâ®ï−¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨;

{ ¬®−¨â®à¨−£ íää¥ªâ¨¢−®áâ¨ à�¡®âë ¯® à¥�«¨§�æ¨¨ ¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®-
£® ¯«�−¨à®¢�−¨ï;

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

‚ ‘âà�â¥£¨¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®¯à¥¤¥«¥−®,
çâ® ¨−ä®à¬�æ¨®−−ãî ®á−®¢ã ¥¥ à¥�«¨§�æ¨¨ úá®áâ�¢«ï¥â ä¥¤¥à�«ì−�ï ¨−ä®à-
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Š®−æ¥¯âã�«ì−ë¥ ¯®¤å®¤ë ª á®§¤�−¨î ˆ�‘– ¢ ¨−â¥à¥á�å áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï

¬�æ¨®−−�ï á¨áâ¥¬� áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï, ¢ª«îç�îé�ï ¢ á¥¡ï ¨−ä®à-
¬�æ¨®−−ë¥ à¥áãàáë ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ ¨ ®à£�−®¢ ¬¥áâ−®£® á�¬®-
ã¯à�¢«¥−¨ï, á¨áâ¥¬ë à�á¯à¥¤¥«¥−−ëå á¨âã�æ¨®−−ëå æ¥−âà®¢ ¨ £®áã¤�àáâ¢¥−−ëå
−�ãç−ëå ®à£�−¨§�æ¨©û. �á−®¢ë¢�ïáì −� ¤�−−®¬ â¥§¨á¥, � â�ª¦¥ −� ®¯ëâ¥ á®§¤�-
−¨ï ¡«¨§ª¨å ¯® â¥¬�â¨ª¥ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨å á¨áâ¥¬ (ˆ�‘), ¢ë¤¥«¨¬
á«¥¤ãîé¨¥ £àã¯¯ë ¨áâ®ç−¨ª®¢ ¤�−−ëå ¤«ï ¬®−¨â®à¨−£� ˆ�‘–:

{ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë ä¥¤¥à�«ì−ëå ¨ à¥£¨®−�«ì−ëå ®à£�−®¢ ¨á¯®«−¨-
â¥«ì−®© ¢«�áâ¨;

{ §�àã¡¥¦−ë¥ ¨ ®â¥ç¥áâ¢¥−−ë¥ ¡�§ë ¤�−−ëå (�„) −�ãç−®-â¥å−¨ç¥áª®© −�¯à�¢-
«¥−−®áâ¨;

{ ¤�−−ë¥ −®¢®áâ−ëå á¨áâ¥¬ ¬�áá®¢®© ¨−ä®à¬�æ¨¨ (‘Œˆ);

{ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë á®æ¨�«ì−®£® ˆ−â¥à−¥â� (á®æ¨�«ì−ë¥ á¥â¨, ¬¥áá¥−-
¤¦¥àë, ¡«®£¨ ¨ â. ¯.),

¨ à�áá¬®âà¨¬ −�¨¡®«¥¥ å�à�ªâ¥à−ëå ¯à¥¤áâ�¢¨â¥«¥© íâ¨å £àã¯¯.

4 Система распределенных ситуационных центров

‚ á®®â¢¥âáâ¢¨¨ á Š®−æ¥¯æ¨¥© ‘÷‘– [3] ®á−®¢−ë¬¨ æ¥«ï¬¨ á®§¤�−¨ï ‘÷‘–
ï¢«ïîâáï: ®¡¥á¯¥ç¥−¨¥ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© ¯®¤¤¥à¦ª¨ £®áã¤�àáâ¢¥−-
−®£® ã¯à�¢«¥−¨ï, áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¨ ¬®−¨â®à¨−£� à¥�«¨§�æ¨¨ ¤®-
ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨; ¯®¢ëè¥−¨¥
íää¥ªâ¨¢−®áâ¨ £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï ¢ ¬¨à−®¥ ¨ ¢®¥−−®¥ ¢à¥¬ï, ¢ â®¬
ç¨á«¥ ¯à¨ ¢®§−¨ª−®¢¥−¨¨ çà¥§¢ëç�©−ëå (ªà¨§¨á−ëå) á¨âã�æ¨©, §� áç¥â ¨á¯®«ì§®-
¢�−¨ï ¨−ä®à¬�æ¨®−−ëå ¨ â¥å−®«®£¨ç¥áª¨å ¢®§¬®¦−®áâ¥© ‘–, ®¡¥á¯¥ç¨¢�îé¨å
�−�«¨§, ®æ¥−ªã, ¯à®£−®§¨à®¢�−¨¥ ¨§¬¥−¥−¨ï ®¡áâ�−®¢ª¨ ¨ ¯®¤¤¥à¦ªã ¯à¨−ïâ¨ï
ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨©.

‚ à�¬ª�å á®§¤�−¨ï ‘÷‘– ®áãé¥áâ¢«ï¥âáï à¥è¥−¨¥ á«¥¤ãîé¨å §�¤�ç:

{ ¨−â¥£à�æ¨ï ¤¥©áâ¢ãîé¨å ‘– ¢ á¨áâ¥¬ã −� ®á−®¢¥ ¥¤¨−®£® à¥£«�¬¥−â�;

{ á®§¤�−¨¥ −®¢ëå ¨ ¬®¤¥à−¨§�æ¨ï ¤¥©áâ¢ãîé¨å ‘– −� ®á−®¢¥ â¨¯®¢ëå ª®¬-
¯«¥ªá®¢ ¯à®£à�¬¬−®-â¥å−¨ç¥áª¨å áà¥¤áâ¢ á ¨á¯®«ì§®¢�−¨¥¬ §�é¨é¥−−®© â¥-
«¥ª®¬¬ã−¨ª�æ¨®−−®© á¥â¨;

{ ä®à¬¨à®¢�−¨¥ à�á¯à¥¤¥«¥−−®£® ¨−ä®à¬�æ¨®−−®£® ä®−¤� á¨áâ¥¬ë, ¤®áâã¯
ª à¥áãàá�¬ ª®â®à®£® ¤®«¦¥− ®áãé¥áâ¢«ïâìáï −� ®á−®¢¥ ¥¤¨−®£® àã¡à¨ª�â®à�
¨ á ¨á¯®«ì§®¢�−¨¥¬ â¥å−®«®£¨¨ ¨−ä®à¬�æ¨®−−ëå ¯®àâ�«®¢;

{ à�§à�¡®âª� ¨ ¢−¥¤à¥−¨¥ ¨−ä®à¬�æ¨®−−ëå ª®¬¯«¥ªá®¢ á¨áâ¥¬ë, ®à£�−¨§�æ¨ï
¨å ¢§�¨¬®¤¥©áâ¢¨ï á ¨−ä®à¬�æ¨®−−ë¬¨ ª®¬¯«¥ªá�¬¨ ä¥¤¥à�«ì−ëå ®à£�−®¢
¨á¯®«−¨â¥«ì−®© ¢«�áâ¨, ¨−ëå £®áã¤�àáâ¢¥−−ëå ®à£�−®¢ ¨ ®à£�−¨§�æ¨©;

{ à�§à�¡®âª� ¨ ¢−¥¤à¥−¨¥ ¥¤¨−®£® à¥£«�¬¥−â� ¢§�¨¬®¤¥©áâ¢¨ï, ®à£�−¨§�æ¨ï
ã¯à�¢«¥−¨ï ¨ ®¡¥á¯¥ç¥−¨¥ ª®®à¤¨−�æ¨¨ ¤¥ïâ¥«ì−®áâ¨ ‘– −� ®á−®¢¥ íâ®£®
à¥£«�¬¥−â�;
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{ ®¡¥á¯¥ç¥−¨¥ −¥®¡å®¤¨¬®£® ãà®¢−ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨−ä®à¬�-
æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−®© ¨−äà�áâàãªâãàë á¨áâ¥¬ë, ¯à¥¤ãá¬�âà¨¢�îé¥£®
¢®§¬®¦−®áâì ®¡¬¥−� ¨−ä®à¬�æ¨¥©, á®¤¥à¦�é¥© á¢¥¤¥−¨ï, á®áâ�¢«ïîé¨¥ £®-
áã¤�àáâ¢¥−−ãî â�©−ã, ¨ ¨−ä®à¬�æ¨¥©, ¢ â®¬ ç¨á«¥ á«ã¦¥¡−®©, ®£à�−¨ç¥−−®£®
¤®áâã¯�;

{ à�§à�¡®âª� −®à¬�â¨¢−ëå �ªâ®¢ ¨ ¨−ëå ¤®ªã¬¥−â®¢, ®¯à¥¤¥«ïîé¨å ¯®àï¤®ª
á®§¤�−¨ï, äã−ªæ¨®−¨à®¢�−¨ï ¨ à�§¢¨â¨ï á¨áâ¥¬ë;

{ ®à£�−¨§�æ¨ï ¯®¤£®â®¢ª¨ ª�¤à®¢, ¢ª«îç�ï á¯¥æ¨�«¨áâ®¢ ¢ ®¡«�áâ¨ áâà�â¥£¨-
ç¥áª®£® ¯«�−¨à®¢�−¨ï, ¤«ï ®¡¥á¯¥ç¥−¨ï äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¥á«¨ ¯à®æ¥ááë ¨−â¥£à�æ¨¨ −�å®¤ïâáï ¥é¥ ¢ §�ç�â®ç−®¬
á®áâ®ï−¨¨, â® á®§¤�−¨¥ ¢¥¤®¬áâ¢¥−−ëå, ä¥¤¥à�«ì−ëå ®ªàã¦−ëå ¨ à¥£¨®−�«ì−ëå
‘– ¨¤¥â ¯®«−ë¬ å®¤®¬ −� ¤®áâ�â®ç−® ¢ëá®ª®¬ −�ãç−®-â¥å−¨ç¥áª®¬ ãà®¢−¥. �®-
íâ®¬ã ¤�−−�ï £àã¯¯� ¨áâ®ç−¨ª®¢ ï¢«ï¥âáï ®¤−®© ¨§ ®á−®¢−ëå ¤«ï ®¡¥á¯¥ç¥−¨ï
¯à®æ¥áá®¢ ¬®−¨â®à¨−£� ã£à®§ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨, ª®−âà®«ï à¥�«¨§�æ¨¨
¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¨ ª®®à¤¨−�æ¨¨ ¤¥ïâ¥«ì−®áâ¨ à¥£¨®-
−�«ì−ëå ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨.

Система межведомственного электронного взаимодействия
‘¨áâ¥¬� ¬¥¦¢¥¤®¬áâ¢¥−−®£® í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï (‘Œ�‚) ¯à¥¤-

áâ�¢«ï¥â á®¡®© ä¥¤¥à�«ì−ãî £®áã¤�àáâ¢¥−−ãî ¨−ä®à¬�æ¨®−−ãî á¨áâ¥¬ã,
¢ª«îç�îéãî ¨−ä®à¬�æ¨®−−ë¥ ¡�§ë ¤�−−ëå, ¢ â®¬ ç¨á«¥ á®¤¥à¦�é¨¥ á¢¥¤¥−¨ï
®¡ ¨á¯®«ì§ã¥¬ëå ®à£�−�¬¨ ¨ ®à£�−¨§�æ¨ï¬¨ ¨−ä®à¬�æ¨®−−ëå, ¯à®£à�¬¬−ëå
¨ â¥å−¨ç¥áª¨å áà¥¤áâ¢�å, ®¡¥á¯¥ç¨¢�îé¨å ¢®§¬®¦−®áâì ¤®áâã¯� ç¥à¥§ á¨áâ¥¬ã
¢§�¨¬®¤¥©áâ¢¨ï ª ¨å ¨−ä®à¬�æ¨®−−ë¬ á¨áâ¥¬�¬ [4].

‘¨áâ¥¬� ¬¥¦¢¥¤®¬áâ¢¥−−®£® í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï á®áâ®¨â ¨§ á¥â¨
§�é¨é¥−−ëå ª�−�«®¢ á¢ï§¨ ¬¥¦¤ã ã§«�¬¨, à�á¯®«®¦¥−−ë¬¨ ¢ æ¥−âà�å ®¡à�¡®âª¨
¤�−−ëå ú÷®áâ¥«¥ª®¬�û. Š�¦¤ë© ã§¥« ‘Œ�‚ | íâ® è¨−� −� ¡�§¥ Oracle
Enterprise Service Bus.

‚ 2009 £. ®¡¥á¯¥ç¥−� ¢®§¬®¦−®áâì ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã …¤¨−ë¬ ¯®àâ�«®¬
£®áã¤�àáâ¢¥−−ëå ãá«ã£ [5] ¨ ¨−ä®à¬�æ¨®−−ë¬¨ á¨áâ¥¬�¬¨ ä¥¤¥à�«ì−ëå ®à£�−®¢
¨á¯®«−¨â¥«ì−®© ¢«�áâ¨ ¤«ï §�ª�§� £®áã¤�àáâ¢¥−−ëå ãá«ã£ ¢ í«¥ªâà®−−®¬ ¢¨-
¤¥. ‚§�¨¬®¤¥©áâ¢¨¥ ®¡¥á¯¥ç¨¢�¥âáï á ¨á¯®«ì§®¢�−¨¥¬ á¨−åà®−−ëå í«¥ªâà®−−ëå
á¥à¢¨á®¢. ’à¥âìï ¢¥àá¨ï ‘Œ�‚ ®ä¨æ¨�«ì−® ¢¢¥¤¥−� ¢ íªá¯«ã�â�æ¨î á −�ç�«�
2015 £.

‡�¤�ç�¬¨ ‘Œ�‚ ¢ ¨−äà�áâàãªâãà¥ �«¥ªâà®−−®£® ¯à�¢¨â¥«ìáâ¢� ÷” ï¢«ï-
îâáï:

{ ®¡¥á¯¥ç¥−¨¥ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¢ í«¥ªâà®−−®© ä®à¬¥ ¯à¨
¯à¥¤®áâ�¢«¥−¨¨ £®áã¤�àáâ¢¥−−ëå ¨ ¬ã−¨æ¨¯�«ì−ëå ãá«ã£ ¨ ¨á¯®«−¥−¨¨ £®-
áã¤�àáâ¢¥−−ëå ¨ ¬ã−¨æ¨¯�«ì−ëå äã−ªæ¨©;

{ ®¡¥á¯¥ç¥−¨¥ ¯à¥¤®áâ�¢«¥−¨ï £®áã¤�àáâ¢¥−−ëå ¨ ¬ã−¨æ¨¯�«ì−ëå ãá«ã£ ¢ í«¥ª-
âà®−−®© ä®à¬¥, ¢ â®¬ ç¨á«¥ á ¨á¯®«ì§®¢�−¨¥¬ ä¥¤¥à�«ì−®© £®áã¤�àáâ¢¥−−®©
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Š®−æ¥¯âã�«ì−ë¥ ¯®¤å®¤ë ª á®§¤�−¨î ˆ�‘– ¢ ¨−â¥à¥á�å áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï

¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë ú…¤¨−ë© ¯®àâ�« £®áã¤�àáâ¢¥−−ëå ¨ ¬ã−¨æ¨¯�«ì-
−ëå ãá«ã£ (äã−ªæ¨©)û;

{ â¥å−®«®£¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï á ¯à¨¬¥−¥-
−¨¥¬ á¨áâ¥¬ë ¢§�¨¬®¤¥©áâ¢¨ï (¤®áâ¨£�¥âáï ¯ãâ¥¬ ¨á¯®«ì§®¢�−¨ï á¥à¢¨á-
®à¨¥−â¨à®¢�−−®© �àå¨â¥ªâãàë, ¯à¥¤áâ�¢«ïîé¥© á®¡®© á®¢®ªã¯−®áâì ¢¨¤®¢
á¢¥¤¥−¨©, ¯®áâà®¥−−ëå ¯® ®¡é¥¯à¨−ïâë¬ áâ�−¤�àâ�¬, � â�ª¦¥ ¯ãâ¥¬ ¨á¯®«ì-
§®¢�−¨ï ¥¤¨−ëå â¥å−®«®£¨ç¥áª¨å à¥è¥−¨© ¨ áâ�−¤�àâ®¢, ¥¤¨−ëå ª«�áá¨ä¨-
ª�â®à®¢ ¨ ®¯¨á�−¨© áâàãªâãà ¤�−−ëå).

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¨−â¥£à�æ¨®−−®¥ ï¤à® ‘Œ�‚ ®¯¨à�¥âáï −� ¥¤¨−ë¥
áâ�−¤�àâë, ª«�áá¨ä¨ª�â®àë, ®¯¨á�−¨ï áâàãªâãà ¤�−−ëå, ¯à¥¤áâ�¢«¥−−ë¥ ¢ ¢¨¤¥
XML-¬®¤¥«¥©, ¨ ®å¢�âë¢�¥â ç�áâì ¤�−−ëå ®âà�á«¥© −�à®¤−®£® å®§ï©áâ¢� |
ä¨−�−á®¢®-íª®−®¬¨ç¥áª¨¥, á®æ¨�«ì−ë¥ ¨ «¨ç−ë¥ ¤�−−ë¥.

�®à¬�â¨¢−®-¯à�¢®¢®¥ ®¡¥á¯¥ç¥−¨¥ ‘Œ�‚, â�ª¨¬ ®¡à�§®¬, ¤¥«�¥â ¥£® ¢�¦-
−ë¬ ¨áâ®ç−¨ª®¬ ¤�−−ëå ¢ ¨−â¥à¥á�å ¬®−¨â®à¨−£� ã£à®§ −�æ¨®−�«ì−®© ¡¥§®¯�á-
−®áâ¨.

Научно-техническая информация
‚�¦−�ï §�¤�ç� á¨áâ¥¬ë ¬®−¨â®à¨−£� ã£à®§ | ¢ëï¢«¥−¨¥ ¨å −� áâ�¤¨¨ §�-

¬ëá«� ¨ ¯®¤£®â®¢ª¨, ¯®íâ®¬ã áãé¥áâ¢¥−−ë¬¨ ¨áâ®ç−¨ª�¬¨ ¤�−−ëå ¤«ï á¨áâ¥¬ë
¬®−¨â®à¨−£� ã£à®§ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ −� áâ�¤¨ïå §�¬ëá«� ¨ ¯®¤£®â®¢ª¨
¤®«¦−ë á«ã¦¨âì ®â¥ç¥áâ¢¥−−ë¥ ¨ §�àã¡¥¦−ë¥ ¡�§ë ¤�−−ëå ¯® ¯¥à¥¤®¢ë¬ −�-
ãç−ë¬ ¨áá«¥¤®¢�−¨ï¬ (−�ãç−ë¬ ¯ã¡«¨ª�æ¨ï¬), ¯® ¯à®¨§¢®¤áâ¢¥−−®© ¨ â®à£®¢®©
¤¥ïâ¥«ì−®áâ¨ §�àã¡¥¦−ëå −�ãç−®-¯à®¨§¢®¤áâ¢¥−−ëå ä¨à¬, � â�ª¦¥ ¯® ¨§ãç¥−¨î
®¯ëâ� ¤¥©áâ¢¨© £®áã¤�àáâ¢¥−−ëå ¨ ç�áâ−ëå ®à£�−¨§�æ¨© ¯® ¯à¥¤®â¢à�é¥−¨î
¨ «¨ª¢¨¤�æ¨¨ ¯®á«¥¤áâ¢¨© à¥�«¨§�æ¨¨ ã£à®§.

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

{ ¯ã¡«¨ª�æ¨¨ −� �−£«¨©áª®¬ ï§ëª¥ à¥áãàá� arXiv.org (1 ¬«− 250 âëá. ¤®ªã¬¥−-
â®¢) ¯® ¥áâ¥áâ¢¥−−ë¬ −�ãª�¬;

{ �−£«®ï§ëç−�ï ‚¨ª¨¯¥¤¨ï (5 ¬«− 164 âëá. áâ�â¥©);

{ �„ ¯® �¬¥à¨ª�−áª¨¬ ¯�â¥−â�¬ (USPTO á 2002 ¯® 2016 ££.): 2 ¬«− 965 âëá.
¯�â¥−â®¢;

{ �„ ¯® ¬¥¦¤ã−�à®¤−ë¬ ¯�â¥−â�¬ (WIPO): 2 ¬«− 384 âëá. ¯�â¥−â®¢.

„àã£¨¬ §−�ç¨¬ë¬ ¨áâ®ç−¨ª®¬ ¢ íâ®© ®¡«�áâ¨ ï¢«ïîâáï ®â¥ç¥áâ¢¥−−ë¥ ¨ §�-
àã¡¥¦−ë¥ í«¥ªâà®−−ë¥ à¥ä¥à�â¨¢−ë¥ �„:

{ �„ ‚ˆ�ˆ’ˆ ÷��;

{ í«¥ªâà®−−ë© ª�â�«®£ ƒ��’� ÷®áá¨¨;

{ Scopus (SciVerse Scopus) | ¡¨¡«¨®£à�ä¨ç¥áª¨© ¨−¤¥ªá, Elsevier;
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{ Web of Science | ¡¨¡«¨®£à�ä¨ç¥áª¨© ¨−¤¥ªá, Thomson Reuters;

{ NTIS (National Technical Information Service) | ¯®«¨â¥¬�â¨ç¥áª�ï �„, U.S.
Department of Commerce;

{ Life Sciences Collection | �„ ¯® ¥áâ¥áâ¢¥−−ë¬ −�ãª�¬, Cambridge Scientific
Abstracts;

{ Biological Abstracts | �„ ¯® ¡¨®«®£¨¨, Biological Abstracts Inc.;

{ Biotechnology & Bioengineering | �„ ¯® ¡¨®â¥å−®«®£¨¨ ¨ ¡¨®¨−¦¥−¥à¨¨,
Cambridge Scientific Abstracts and Engineering Information Inc.;

{ Chemical Engineering and Biotechnology Abstracts | �„ å¨¬¨ç¥áª®© ¨−¦¥-
−¥à¨¨ ¨ ¡¨®â¥å−®«®£¨¨, The Royal Society of Chemistry;

{ Compendex Plus | �„ ¯® â¥å−¨ç¥áª¨¬ −�ãª�¬, Engineering Information Inc.;

{ Corporate & Industry Research Reports (CIRR) | �„ �−�«¨â¨ç¥áª¨å ®âç¥â®¢
ä¨à¬ , JA Micropublishing;

{ Current Contents | ¥¦¥−¥¤¥«ì−®¥ ®¡®§à¥−¨¥ á®¤¥à¦�−¨ï −�ãç−ëå ¯¥à¨®¤¨-
ç¥áª¨å ¨§¤�−¨©, Institute for Scientific Information;

{ Derwent Biotechnology Abstracts | �„ ¯® ¡¨®â¥å−®«®£¨¨, Derwent Publica-
tions Ltd.;

{ MEDLINE | �„ ¯® ¬¥¤¨æ¨−¥ ¨ ¡¨®«®£¨¨, National Library of Medicine;

{ TOXLINE | �„ ¯® â®ªá¨ª®«®£¨¨, National Library of Medicine, Swedish
Nat. Chemicals Inspectorate.

�¥ ¯à¥â¥−¤ãï −� ¯®«−®âã ¨ ®ª®−ç�â¥«ì−®áâì ä®à¬¨à®¢�−¨ï ¯¥à¥ç−ï à¥áãàá®¢
¢ íâ®¬ −�¯à�¢«¥−¨¨, ®â¬¥â¨¬ ¨å â¥¬�â¨ç¥áª®¥ à�§−®®¡à�§¨¥, §−�ç¨â¥«ì−ë¥ ®¡ê-
¥¬ë ¨ −¥®¡å®¤¨¬®áâì −�«¨ç¨ï £«ã¡®ª¨å −�ãç−ëå ª®¬¯¥â¥−æ¨© ¤«ï íää¥ªâ¨¢−®£®
¨á¯®«ì§®¢�−¨ï â�ª¨å ¤�−−ëå.

Новостные системы массовой информации
„�−−ë¥ −®¢®áâ−ëå ‘Œˆ «¥¦�â ¢ ®á−®¢¥ ¬®−¨â®à¨−£� á«¥¤ãîé¨å �á¯¥ªâ®¢

¯à®â¨¢®¤¥©áâ¢¨ï ã£à®§�¬ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨:

{ ®¯¥à�â¨¢−®¥ ¢ëï¢«¥−¨¥ ¨§¬¥−¥−¨© ¢ −®à¬�â¨¢−®-¯à�¢®¢®© ®¡«�áâ¨ áâà�â¥£¨-
ç¥áª®£® ¯«�−¨à®¢�−¨ï ¢ áä¥à¥ ¡¥§®¯�á−®áâ¨;

{ à¥�ªæ¨¨ ¨ ®â§ë¢ë ¢ á¢ï§¨ á ¢ëáª�§ë¢�−¨ï¬¨ ¨ ¯®àãç¥−¨ï¬¨ ¢ëá®ª®¯®áâ�¢-
«¥−−ëå «¨æ £®áã¤�àáâ¢� ¢ �¤à¥á áã¡ê¥ªâ®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï;

{ ®á¢¥é¥−¨¥ ¤¥ïâ¥«ì−®áâ¨ á¨«®¢ëå áâàãªâãà ¨ ®à£�−®¢ ¯à�¢®¯®àï¤ª� ¨ ¡¥§-
®¯�á−®áâ¨;

{ ¯ã¡«¨ª�æ¨¨ ¯® ª®−ªà¥â−ë¬ ¨−æ¨¤¥−â�¬ à¥�«¨§�æ¨¨ ã£à®§;

{ ¢ëï¢«¥−¨¥ ¯à¨§−�ª®¢ ¤¥ïâ¥«ì−®áâ¨, ¯®¤àë¢�îé¨å −�æ¨®−�«ì−ãî ¡¥§®¯�á-
−®áâì.
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‘®áâ�¢ −®¢®áâ−ëå ‘Œˆ ¨ ¥£® ¨§¬¥−¥−¨ï å�à�ªâ¥à¨§ãîâáï §−�ç¨â¥«ì−®©
¤¨−�¬¨ª®© ¢ ®á−®¢−®¬ â®«ìª® §� áç¥â à¥£¨®−�«ì−ëå ¨ á¯¥æ¨�«¨§¨à®¢�−−ëå
¨§¤�−¨© (ç¨á«® æ¥−âà�«ì−ëå ¨§¤�−¨© ¨ ¨å �ªâ¨¢−®áâì ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯®çâ¨
−¥ ¬¥−ï¥âáï). ‚®á¥¬ì¤¥áïâ ¯à®æ¥−â®¢ ¢á¥å −®¢®áâ¥© ¨§ £àã¯¯ë æ¥−âà�«ì−ëå
‘Œˆ ¯à®¨§¢®¤ïâ á�©âë £�§¥â, ¨−ä®à¬�£¥−âáâ¢, â¥«¥ª�−�«®¢ ¨ à�¤¨®áâ�−æ¨©,
ˆ−â¥à−¥â ¤«ï íâ¨å â¨¯®¢ ‘Œˆ −¥ ï¢«ï¥âáï ¥¤¨−áâ¢¥−−ë¬ ª�−�«®¬ ¢¥é�−¨ï.
‚ à¥£¨®−�«ì−®© £àã¯¯¥ −� â�ª¨¥ ‘Œˆ ¯à¨å®¤¨âáï â®«ìª® ¯®«®¢¨−� −®¢®áâ¥©,
¤àã£ãî ¯®«®¢¨−ã ¬¥¤¨�¯®â®ª� á®§¤�îâ á¥â¥¢ë¥ ‘Œˆ ¨ â¥¬�â¨ç¥áª¨¥ á�©âë.

�á−®¢−ë¥ £àã¯¯ë −®¢®áâ−ëå ‘Œˆ ¤«ï á¨áâ¥¬ë ¬®−¨â®à¨−£� ã£à®§:

{ á�©âë ªàã¯−ëå ¨−ä®à¬�£¥−âáâ¢ ¨ â¥«¥ª�−�«®¢, −�¯à¨¬¥à ‚ƒ’÷Š, ÷ˆ� �®-
¢®áâ¨, ˆ’�÷-’�‘‘, �’‚, ’‚-–¥−âà, � â�ª¦¥ ¬−®¦¥áâ¢® ¯à¥¨¬ãé¥áâ¢¥−−®
−®¢®áâ−ëå ¨−â¥à−¥â-¨§¤�−¨©, áà¥¤¨ ª®â®àëå Lifenews.ru, KM.ru, Infox.ru,
òÉÄÕÓ.ÒÕ ¨ ¤à.;

{ à¥£¨®−�«ì−ë¥ ¨ £®à®¤áª¨¥ ‘Œˆ: Fontanka.ru ¨ ¤à.;

{ ¨−â¥à−¥â-‘Œˆ: ƒ�§¥â�.Ru, Slon.ru, NEWSru.com, Snob.ru, ú�å® Œ®áª¢ëû,
ú�®¢�ï £�§¥â�û, â¥«¥ª�−�« ú„®¦¤ìû ¨ ¤à.;

{ â¥«¥¢¨§¨®−−ë¥ ª�−�«ë ¨ −�¡®à à�§−®®¡à�§−ëå á¯¥æ¨�«¨§¨à®¢�−−ëå ‘Œˆ;

{ ¤¥«®¢ë¥ ‘Œˆ: ú‚¥¤®¬®áâ¨û, úŠ®¬¬¥àá�−âêû, ú÷�Šû ¨ ¤à., � â�ª¦¥ àï¤
á¯¥æ¨�«ì−ëå ¨§¤�−¨©, −�¯à¨¬¥à �à�¢®.àã, ÷ˆ� �®¢®áâ¨-�¥¤¢¨¦¨¬®áâì,
Zoom.cnews.ru, ’ãà¯à®¬;

{ ¯®¯ã«ïà−ë¥ ¥¦¥¤−¥¢−ë¥ £�§¥âë: úŠ®¬á®¬®«ìáª�ï ¯à�¢¤�û, úŒ®áª®¢áª¨©
ª®¬á®¬®«¥æû, ú�à£ã¬¥−âë ¨ ä�ªâëû ¨ ¤à.;

{ á�©âë íªáâà¥¬¨áâáª¨å ®à£�−¨§�æ¨© (¯® á®®â¢¥âáâ¢ãîé¥¬ã á¯¨áªã Œ¨−îáâ�).

Социальный Интернет
�−�«¨§ à¥áãàá®¢ ˆ−â¥à−¥â� ¢ æ¥«®¬ ¨ ¥£® á®æ¨�«ì−®© ç�áâ¨ ¢ ç�áâ−®áâ¨

¨£à�¥â ¢�¦−¥©èãî à®«ì ¢ ¬®−¨â®à¨−£¥ ã£à®§. ’�ª, �£¥−âáâ¢® DARPA (Defence
Advanced Research Project Agency), ®â¢¥ç�îé¥¥ §� à�§à�¡®âªã −®¢ëå â¥å−®«®£¨©
¤«ï ¨á¯®«ì§®¢�−¨ï ¢ ¢®®àã¦¥−−ëå á¨«�å, ¥é¥ ¢ 2001 £. §�¯ãáâ¨«® ¯à®¥ªâ ú‡−�−¨ï
¨−ä®à¬�æ¨¨ ® â¥àà®à¨§¬¥û (Terrorism Information Awareness | TIA) [6]. �−
§�ª«îç�¥âáï ¢ á®§¤�−¨¨ ¨ ¨á¯ëâ�−¨¨ ®¯ëâ−®£® ®¡à�§æ� á¨áâ¥¬ë, ¯®§¢®«ïîé¥© −�
®á−®¢¥ ¡®«ìè¨å ®¡ê¥¬®¢ −¥á¢ï§�−−®© ¨−ä®à¬�æ¨¨ ¢ à�§«¨ç−ëå �„ (¢ â®¬ ç¨á«¥
¨ ¢ á®æá¥âïå) ¢ëï¢¨âì £àã¯¯ã «¨æ, £®â®¢ïé¨åáï á®¢¥àè¨âì â¥àà®à¨áâ¨ç¥áª¨© �ªâ
−� â¥àà¨â®à¨¨ ‘˜�. �à®¥ªâ ãá¯¥è−® à¥�«¨§®¢�− ¨ à�§¢¨¢�¥âáï, � ¢ −�áâ®ïé¥¥
¢à¥¬ï áâ�« äã−¤�¬¥−â®¬ ¤«ï ¯®á«¥¤ãîé¨å à�§à�¡®â®ª ¢ ®¡«�áâ¨ �−�«¨§� ¤�−−ëå
¨§ ®âªàëâëå ¨áâ®ç−¨ª®¢ (¢ â®¬ ç¨á«¥ ¨ ¨§ ˆ−â¥à−¥â�).

„àã£¨¬ ¢�¦−ë¬ �á¯¥ªâ®¬ ¬®−¨â®à¨−£� á®æ¨�«ì−®£® ˆ−â¥à−¥â� ¯à¥¤áâ�¢«ï-
¥âáï ¢ëï¢«¥−¨¥ ã£à®§ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ¢ ¨−ä®à¬�æ¨®−−®© áä¥à¥,
� â�ª¦¥ ®áãé¥áâ¢«¥−¨¥ ®¡®à®−¨â¥«ì−ëå ¨ −�áâã¯�â¥«ì−ëå ¤¥©áâ¢¨© ¢ à�§¢ï§�−-
−®© ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï ¨−ä®à¬�æ¨®−−®© ¢®©−¥ ¯à®â¨¢ ÷®áá¨¨. ’�ª, ¢ ‘˜�
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ã¦¥ −¥áª®«ìª® «¥â ¤¥©áâ¢ãîâ â¥å−®«®£¨¨ áª¢®§−®£® ¬®−¨â®à¨−£� âà�ä¨ª� í«¥ª-
âà®−−®© ¯®çâë ¨ â¥«¥ä®−−ëå §¢®−ª®¢, ¯à¨ íâ®¬ ¨á¯®«ì§ãîâáï ¬¥â®¤ë �−�«¨§�
á®æ¨�«ì−ëå á¥â¥©. ÷�¡®âë ¨¤ãâ ¢ à�¬ª�å ¯à®¥ªâ� �£¥−âáâ¢� −�æ¨®−�«ì−®©
¡¥§®¯�á−®áâ¨ ‘˜� ¯®¤ −�§¢�−¨¥¬ Stellar Wind, � â�ª¦¥ á¨«�¬¨ ª®−âàâ¥àà®à¨-
áâ¨ç¥áª®£® ¯®¤à�§¤¥«¥−¨ï ”�÷ ¨ ¤àã£¨å ¯à�¢®®åà�−¨â¥«ì−ëå ®à£�−®¢ ¢ à�¬ª�å
á¨áâ¥¬ë Threat and Local Observation Database (TALON).

�à¨¢¥¤¥¬ ¯à¨¬¥àë, −¥ ¯à¥â¥−¤ãï −� ¯®«−®âã ®å¢�â� ¤�¦¥ ª«îç¥¢ëå â¥¬�â¨ª,
®á−®¢−ëå £àã¯¯ à¥áãàá®¢ á®æ¨�«ì−®£® ˆ−â¥à−¥â�:

{ £«®¡�«ì−ë¥ ¬¨à®¢ë¥ á®æ¨�«ì−ë¥ á¥â¨, ¡«®£®áä¥àë, ‘Œˆ: Google+, Face-
book, MySpace, à®áá¨©áª¨¥: xbeee.com, Placeword.com, ÷ëÏÎÔÁËÔÅ.ÒÕ,
ïÄÎÏËÌÁÓÓÎÉËÉ.ÒÕ;

{ á®æ¨�«ì−�ï ª®¬¬¥àæ¨ï: Voiceland;

{ ¤¥«®¢ë¥ ª®−â�ªâë:Webby.ru, ðÒÏÆÅÓÓÉÏÎÁÌÙ.ru, LinkedIn,íÏÊ ëÒÕÇ, Aloha
Connections;

{ ¬¥−¥¤¦¬¥−â: E-xecutive.ru;

{ ä¨−�−áë: vPro¦te.com, Common.ru;

{ ¡«®£-á¥à¢¨áë, ¬¨ªà®¡«®£¨: Fixfeel | world emotional map, Twitter, Tip-
Topic.net, òÕô×ÉÔ, ÷ ÏÓÎÏ×Å, Rec Name, LiveJournal | †¨¢®© †ãà−�«,
Diary.ru;

{ ®¡é¥áâ¢¥−−�ï ¦¨§−ì, ¤¢¨¦¥−¨ï: Vpiski.Net, îÅÆÏÒÕ.ÒÕ, druzhno.com,
âÕÄÉÓÔ.ÒÕ,Mebedik, óÔÒÁÎÁ ÂÌÁÇÏÄÅÔÅÌÅÊ, Politiko, ÷ ðÏÌÉÔÉËÅ, Politix.ru,
MyChurch,íÏÑ ðÒÁ×ÏÓÌÁ×ÎÁÑ óÅÔØ.

5 Аналитика информационно-аналитического ситуационного центра
и дальнейшие перспективы

ˆ−ä®à¬�æ¨®−−ë¥ ¨ äã−ªæ¨®−�«ì−ë¥ ¬®¤¥«¨, â¥¬�â¨ª� ¨ á®áâ�¢ ¨áâ®ç−¨ª®¢
¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï | ¤®áâ�â®ç−ë¥ ®á−®¢�−¨ï ¤«ï ¯à®à�¡®âª¨ á«¥-
¤ãîé¥£® ãà®¢−ï à¥è¥−¨©: â¥å−¨ç¥áª¨å ¨ â¥å−®«®£¨ç¥áª¨å. �â®© á®áâ�¢«ïîé¥©
ˆ�‘– §¤¥áì ª®á−¥¬áï ªà�âª®, §�âà®−ã¢ â®«ìª® á�¬ë© §−�ç¨¬ë© ª®¬¯®−¥−â,
â®ç−¥¥ á�¬ãî −�áãé−ãî ¨−ä®à¬�æ¨®−−ãî â¥å−®«®£¨î ˆ�‘– | ˆ�‘. ˆ−ä®à-
¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï á¨áâ¥¬� ¢ á®áâ�¢¥ ˆ�‘– ®¡¥á¯¥ç¨â ª«îç¥¢ãî â¥å−®-
«®£¨ç¥áªãî ¯«�âä®à¬ã ®¡à�¡®âª¨ ¤�−−ëå ¬®−¨â®à¨−£�, ¤�áâ áà¥¤áâ¢� �¢â®¬�-
â¨§�æ¨¨ ¤¥ïâ¥«ì−®áâ¨ íªá¯¥àâ−®-�−�«¨â¨ç¥áª®£® ¨ ®¯¥à�â¨¢−®£® á®áâ�¢� ®à£�−®¢
ã¯à�¢«¥−¨ï, ®â¢¥ç�îé¨å §� à�§à�¡®âªã ¨ ¢ë¤�çã ¨−ä®à¬�æ¨®−−ëå ¯à®¤ãªâ®¢,
−¥®¡å®¤¨¬ëå ¤«ï «¨æ, ¯à¨−¨¬�îé¨å à¥è¥−¨ï ¯® ª®−ªà¥â−®© ®¡áâ�−®¢ª¥ ¨«¨
á¨âã�æ¨¨ ¢ ¯®¤ª®−âà®«ì−®© ¨¬ áä¥à¥ ¤¥ïâ¥«ì−®áâ¨.

ˆ−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï á¨áâ¥¬� á®áâ®¨â ¨§ ¯à¨«®¦¥−¨© ¯à¨ª«�¤−®-
£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ®¡¥á¯¥ç¨¢�îé¨å à¥è¥−¨¥ §�¤�ç á¨âã�æ¨®−−®£®
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ã¯à�¢«¥−¨ï: áà¥¤áâ¢, à¥�«¨§ãîé¨å �−�«¨§ á¨âã�æ¨© ¨ ¨å ¬®¤¥«¨à®¢�−¨¥, á¨áâ¥-
¬ë á¡®à�, à�á¯®§−�¢�−¨ï ¨ åà�−¥−¨ï ¨−ä®à¬�æ¨¨, ¨−ä®à¬�æ¨®−−®£® ¨ «¨−£¢¨-
áâ¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï (á«®¢�à¥© ¨ ª«�áá¨ä¨ª�â®à®¢), ¨−ä®à¬�æ¨®−−®-�−�«¨-
â¨ç¥áª®£® ¨ ¨−ä®à¬�æ¨®−−®-à�áç¥â−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï.

�à®£à�¬¬ë ¢ á®áâ�¢¥ ˆ�‘ ¤®«¦−ë ®¡¥á¯¥ç¨¢�âì íªá¯¥àâ−®-�−�«¨â¨ç¥áª¨©
¨ ®¯¥à�â¨¢−ë© á®áâ�¢ ˆ�‘– ¯®«ì§®¢�â¥«ìáª¨¬¨ áà¥¤áâ¢�¬¨ �−�«¨§� ®¡áâ�−®¢ª¨,
ª®â®àë¥ ¯®§¢®«ïâ ¢ë¯®«−ïâì [1]:

{ ®æ¥−ªã ¯�à�¬¥âà®¢ −¥−�¡«î¤�¥¬ëå (áªàëâëå) í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨ −� ®á−®¢¥
¢ë¡®à®ç−ëå ¨«¨ ª®á¢¥−−ëå ¤�−−ëå ¯® à¥§ã«ìâ�â�¬ ¬®−¨â®à¨−£�, ¢ëï¢«¥−¨¥
¨ ¨§¢«¥ç¥−¨¥ ä�ªâ®¢;

{ ®¯¥à�â¨¢−ë© �−�«¨§ ®¡áâ�−®¢ª¨ ¯ãâ¥¬ ¥¥ áà�¢−¥−¨ï á ¯à®è¥¤è¨¬ ¯¥à¨®¤®¬
(¡¥§ ¨§¬¥−¥−¨©, åã¦¥, «ãçè¥, �−®¬�«¨ï) á æ¥«ìî ¢ëï¢«¥−¨ï á¨âã�æ¨©,
âà¥¡ãîé¨å −¥¬¥¤«¥−−®£® à¥�£¨à®¢�−¨ï;

{ ®æ¥−ªã á¨âã�æ¨¨ á æ¥«ìî ®¯à¥¤¥«¥−¨ï −¥®¡å®¤¨¬®áâ¨ ¢ëà�¡®âª¨ à¥è¥−¨© ¯®
¥¥ −®à¬�«¨§�æ¨¨ ¨ áâ¥¯¥−¨ á«®¦−®áâ¨ á¨âã�æ¨¨ | èâ�â−�ï, ªà¨â¨ç¥áª�ï,
çà¥§¢ëç�©−�ï;

{ ¯à®£−®§¨à®¢�−¨¥ ¨§¬¥−¥−¨ï ®¡áâ�−®¢ª¨ | ¡¥§ ã¯à�¢«ïîé¥£® ¢®§¤¥©áâ¢¨ï,
á ã¯à�¢«ïîé¨¬ ¢®§¤¥©áâ¢¨¥¬, áæ¥−�à−®¥ ¯à®£−®§¨à®¢�−¨¥ á ãç¥â®¬ ¢−¥è−¨å
ä�ªâ®à®¢;

{ ¯®¤¤¥à¦ªã ¯à®æ¥áá®¢ ¯à¨−ïâ¨ï ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨© | �¤�¯â�æ¨î â¨-
¯®¢ëå à¥è¥−¨© ¨ ¢ëà�¡®âªã −¥â¨¯®¢ëå à¥è¥−¨© −� ®á−®¢¥ íªá¯¥àâ−®© ¯®¤-
¤¥à¦ª¨ (á ãç¥â®¬ ¯à®£−®§¨à®¢�−¨ï).

ˆ−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï á¨áâ¥¬� | íâ® ª«îç¥¢®© ¨ á�¬ë© −�ãª®¥¬-
ª¨© ª®¬¯®−¥−â ˆ�‘–, ¯à®æ¥ááë ¥£® ¯à®¥ªâ¨à®¢�−¨ï ¨ à¥�«¨§�æ¨¨ ¤®«¦−ë áâ�âì
¯à¨®à¨â¥â−ë¬¨ ¯à¨ à¥�«¨§�æ¨¨ ª®−æ¥¯âã�«ì−®£® ¯®¤å®¤� ª ã¯à�¢«¥−¨î ¯à®-
æ¥áá�¬¨ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¢ ®¡«�áâ¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨,
®¡áã¦¤�¥¬®£® ¢ [1] ¨ ¢ −�áâ®ïé¥© à�¡®â¥. �â®â ª®¬¯®−¥−â §�á«ã¦¨¢�¥â ®â¤¥«ì−®-
£® £«ã¡®ª®£® ¨áá«¥¤®¢�−¨ï, ¢ à¥§ã«ìâ�â¥ ª®â®à®£® ¤®«¦−ë ¡ëâì ¤¥â�«¨§¨à®¢�−ë
¢á¥ à¥è�¥¬ë¥ §�¤�ç¨, ä®à¬�«ì−® ®¯¨á�−ë ¨á¯®«ì§ã¥¬ë¥ ¤�−−ë¥ ¨ ¢ëå®¤−ë¥
¤®ªã¬¥−âë.

‚¬¥áâ¥ á â¥¬ �−�«¨â¨ç¥áª¨¥ ¨−áâàã¬¥−âë | ¤�«¥ª® −¥ ¥¤¨−áâ¢¥−−ë© ¢®-
¯à®á â¥å−®«®£¨ç¥áª®£® ãà®¢−ï ˆ�‘–. �®¬¨¬® ¯à¨ª«�¤−ëå ¯à®£à�¬¬ ˆ�‘
á®§¤�−¨¥ ˆ�‘– ¯®âà¥¡ã¥â á�¬®áâ®ïâ¥«ì−ëå �àå¨â¥ªâãà−ëå à¥è¥−¨© ¢ ®â−®-
è¥−¨¨ ¨−äà�áâàãªâãàë ˆ�‘–, à¥è¥−¨© ¢ ®â−®è¥−¨¨ â¥å−¨ç¥áª®£®, ¢®§¬®¦−®
¤�¦¥ �¯¯�à�â−®£®, ®¡¥á¯¥ç¥−¨ï, ®¡é¥á¨áâ¥¬−®£® ¨ á¯¥æ¨�«ì−®£® ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï, áà¥¤áâ¢ â¥«¥ª®¬¬ã−¨ª�æ¨© ¨ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§-
®¯�á−®áâ¨. �â¨ à¥è¥−¨ï ¤®«¦−ë ãç¨âë¢�âì ª�ª ®¯¨á�−−ãî äã−ªæ¨®−�«ì−®áâì
ˆ�‘–, â�ª ¨ á®¢à¥¬¥−−ë¥ ¤®áâ¨¦¥−¨ï ¨ â¥−¤¥−æ¨¨ ˆ’-¨−¤ãáâà¨¨, � â�ª-
¦¥ ¨−ë¥ ®¡áâ®ïâ¥«ìáâ¢� ¨ ä�ªâ®àë, ª®â®àë¥ ®ª�¦ãâ ¢«¨ï−¨¥ −� äã−ªæ¨®−¨-
à®¢�−¨ï ˆ�‘–. ˆ§ãç¥−¨¥ íâ¨å ¢®¯à®á®¢ | ¯à¥¤¬¥â ¤�«ì−¥©è¨å ¨áá«¥¤®¢�-
−¨©.
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Abstract: The article considers approaches to creation of an information and
analytical situational center (IASC) for managing strategic planning processes
in the field of national security. From the point of view of the study of the
role of situational analysis in these processes, two complete and interconnected
management cycles can be distinguished which are conditionally called \plan-
ning" and \realization." The functional model of the IASC implementing these
management cycles is substantiated, the composition and methods of analyzing
information resources are outlined, focused on monitoring, detection, prediction,
and assessment of threats. Data sources, potentially significant for the IASC
monitoring subsystem, are considered.
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ПРОЦЕССНАЯ МОДЕЛЬ МОДЕРНИЗАЦИИ И РАЗВИТИЯ
ИНФОРМАЦИОННЫХ СИСТЕМ НА ВСЕХ СТАДИЯХ

ЖИЗНЕННОГО ЦИКЛА

А. П. Сучков1

�−−®â�æ¨ï: ‘®§¤�−¨¥ ¯à®æ¥áá−®© ¬®¤¥«¨ ¬®¤¥à−¨§�æ¨¨ ¨ à�§¢¨â¨ï ¨−ä®à-
¬�æ¨®−−ëå á¨áâ¥¬ (ˆ‘) ¯à¥¤áâ�¢«ï¥â á®¡®© á«®¦−ãî ¨ �ªâã�«ì−ãî −�ãç-
−ãî ¯à®¡«¥¬ã. �¡áã¦¤�¥âáï ®¯à¥¤¥«¥−¨¥ áâ�¤¨© ¦¨§−¥−−®£® æ¨ª«� (†–)
ˆ‘, ¤«ï ¢á¥å áâ�¤¨© ¢ëï¢«¥−ë ¯à®æ¥ááë, ®â¢¥âáâ¢¥−−ë¥ §� ¬®¤¥à−¨§�æ¨î
¨ à�§¢¨â¨¥ á¨áâ¥¬ë, áä®à¬¨à®¢�−� á®¢®ªã¯−®áâì ¯à®æ¥áá®¢ †–, ®¡¥á¯¥ç¨-
¢�îé�ï ¢®§¬®¦−®áâì −¥¯à¥àë¢−®£® à�§¢¨â¨ï ¨ ¬®¤¥à−¨§�æ¨¨ ˆ‘ ¢ á¢ï§¨
á ¢®§−¨ª−®¢¥−¨¥¬ −®¢ëå äã−ªæ¨®−�«ì−ëå âà¥¡®¢�−¨©, ¢ëï¢«¥−¨¥¬ ®è¨¡®ª,
á ãç¥â®¬ −®¢ëå ¯à¥¤«®¦¥−¨© ¯® â¥å−¨ç¥áª¨¬, ®à£�−¨§�æ¨®−−ë¬, ª�¤à®¢ë¬
¨ −®à¬�â¨¢−®-¯à�¢®¢ë¬ ¨§¬¥−¥−¨ï¬. ÷¥�«¨§�æ¨ï ãª�§�−−®© ¯à®æ¥áá−®© ¬®-
¤¥«¨ ¢ á®®â¢¥âáâ¢¨¨ á ƒ�‘’®¬ ¤®«¦−� ®áãé¥áâ¢«ïâìáï á«ã¦¡®© ¯®¤¤¥à¦ª¨
á ¨á¯®«ì§®¢�−¨¥¬ á¯¥æ¨�«¨§¨à®¢�−−®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¬®¤¥à−¨§�æ¨¥©
¨ à�§¢¨â¨¥¬ (‘“Œ÷).

Š«îç¥¢ë¥ á«®¢�: ¯à®æ¥áá−ë© ¯®¤å®¤; ¯à®æ¥áá−�ï ¬®¤¥«ì; ¬®¤¥à−¨§�æ¨ï
¨ à�§¢¨â¨¥ ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë; á¨áâ¥¬� ã¯à�¢«¥−¨ï

DOI: 10.14357/08696527180409

1 Введение

’à¥¡®¢�−¨¥ ®¡¥á¯¥ç¥−¨ï −¥¯à¥àë¢−®áâ¨ ¬®¤¥à−¨§�æ¨¨ ¨ à�§¢¨â¨ï ˆ‘ ¢ å®-
¤¥ ¥¥ á®§¤�−¨ï ¨ íªá¯«ã�â�æ¨¨ ¯à¥¤¯®«�£�¥â ã£«ã¡«¥−−ë© ãç¥â ä�ªâ®à� ¢à¥¬¥−¨
á â®çª¨ §à¥−¨ï ®¡¥á¯¥ç¥−¨ï ¦¨§−¥á¯®á®¡−®áâ¨ á¨áâ¥¬ë, â. ¥. à�áá¬®âà¥−¨ï ¯à®¨á-
å®¤ïé¨å ¢ ˆ‘ ï¢«¥−¨© ª�ª ¯à®æ¥áá®¢, ¨¬¥îé¨å å�à�ªâ¥à¨áâ¨ª¨, ¨§¬¥−ïîé¨¥áï
¢® ¢à¥¬¥−¨. ÷¥�«¨§®¢�âì á¨áâ¥¬−ë© ¯®¤å®¤ ¢ à�¬ª�å ®¯¨á�−¨ï â�ª¨å ï¢«¥−¨©
¯à¥¤«�£�¥âáï −� ®á−®¢¥ ¯à¨¬¥−¥−¨ï ¯à®æ¥áá−®£® ¯®¤å®¤�.

�à®æ¥áá ®¯à¥¤¥«ï¥âáï ª�ª á®¢®ªã¯−®áâì ¢§�¨¬®á¢ï§�−−ëå ¨ ¢§�¨¬®¤¥©áâ¢ã-
îé¨å ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨, ¯à¥®¡à�§ãîé¨å ¢å®¤ë ¢ ¢ëå®¤ë (ˆ‘� 9004:2000
ú‘¨áâ¥¬ë ¬¥−¥¤¦¬¥−â� ª�ç¥áâ¢�. ÷ãª®¢®¤áâ¢® ¯® ¢ë¯®«−¥−¨î ãá®¢¥àè¥−áâ¢®¢�-
−¨©û). ÷�áá¬�âà¨¢�ï ˆ‘ ª�ª á¨áâ¥¬ã, à�§¢¨¢�îéãîáï ¢® ¢à¥¬¥−¨, −¥®¡å®¤¨¬®
¨á¯®«ì§®¢�âì ¯®−ïâ¨¥ ¦¨§−¥−−®£® æ¨ª«� á¨áâ¥¬ë ª�ª á«®¦−®®à£�−¨§®¢�−−®© á®-
¢®ªã¯−®áâ¨ ¯à®æ¥áá®¢. �¡é¨¥ ®á−®¢ë ¤«ï ®¯¨á�−¨ï †– á¨áâ¥¬, á®§¤�−−ëå

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, ASuchkov@ipiran.ru
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�à®æ¥áá−�ï ¬®¤¥«ì ¬®¤¥à−¨§�æ¨¨ ¨ à�§¢¨â¨ï ˆ‘ −� ¢á¥å áâ�¤¨ïå †–

«î¤ì¬¨, � â�ª¦¥ ®¯à¥¤¥«¥−¨¥ ¤¥â�«ì−® áâàãªâãà¨à®¢�−−ëå ¯à®æ¥áá®¢ ¨ á®®â-
¢¥âáâ¢ãîéãî â¥à¬¨−®«®£¨î ãáâ�−�¢«¨¢�¥â ƒ�‘’ ÷ ˆ‘�/Œ�Š 15288-2005
ú�à®æ¥ááë ¦¨§−¥−−®£® æ¨ª«� á¨áâ¥¬û.

„«ï â®£® çâ®¡ë ®å�à�ªâ¥à¨§®¢�âì ¯à®æ¥ááë ®¡¥á¯¥ç¥−¨ï ¬®¤¥à−¨§�æ¨¨ ¨ à�§-
¢¨â¨ï ˆ‘ −¥®¡å®¤¨¬®:

{ ®¯à¥¤¥«¨âì ¢á¥ áâ�¤¨¨ †– ˆ‘;

{ ¤«ï ¢á¥å áâ�¤¨© ¢ëï¢¨âì ¯à®æ¥ááë †– ˆ‘, ®â¢¥âáâ¢¥−−ë¥ §� ¬®¤¥à−¨§�æ¨î
¨ à�§¢¨â¨¥ á¨áâ¥¬ë;

{ áä®à¬¨à®¢�âì á¨áâ¥¬ã ¯à®æ¥áá®¢ †–, ®¡¥á¯¥ç¨¢�îéãî ¢®§¬®¦−®áâì −¥-
¯à¥àë¢−®£® à�§¢¨â¨ï ¨ ¬®¤¥à−¨§�æ¨¨ ˆ‘ ¢ á¢ï§¨ á ¢®§−¨ª−®¢¥−¨¥¬ −®¢ëå
äã−ªæ¨®−�«ì−ëå âà¥¡®¢�−¨©, ¢ëï¢«¥−¨¥¬ ®è¨¡®ª, á ãç¥â®¬ −®¢ëå ¯à¥¤«®-
¦¥−¨© ¯® â¥å−¨ç¥áª¨¬, ®à£�−¨§�æ¨®−−ë¬, ª�¤à®¢ë¬ ¨ −®à¬�â¨¢−®-¯à�¢®¢ë¬
¨§¬¥−¥−¨ï¬.

2 Основные стадии жизненного цикла информационной системы

‚ á®®â¢¥âáâ¢¨¨ á ƒ�‘’ ÷ ˆ‘�/Œ�Š 15288-2005 ¬®¦−® ¢ë¤¥«¨âì 6 ®á−®¢-
−ëå áâ�¤¨© †– ˆ‘ (â�¡«. 1 á®¤¥à¦¨â ªà�âªãî å�à�ªâ¥à¨áâ¨ªã áâ�¤¨©):

’�¡«¨æ� 1 �à¨¬¥à áâ�¤¨© †–, ¨å æ¥«¥© ¨ ®á−®¢−ëå áå¥¬ à¥è¥−¨©

‘â�¤¨ï †– –¥«ì ‘å¥¬� à¥è¥−¨©

‡�¬ëá¥«

�¯à¥¤¥«¨âì ¯®âà¥¡−®áâ¨
¯à�¢®®¡«�¤�â¥«¥©
ˆáá«¥¤®¢�âì §�¬ëá«ë
�à¥¤«®¦¨âì ¦¨§−¥á¯®á®¡−ë¥
à¥è¥−¨ï

÷�§à�¡®âª�

“â®ç−¨âì âà¥¡®¢�−¨ï ª á¨áâ¥¬¥
‘®§¤�âì ®¯¨á�−¨¥ à¥è¥−¨©
‘®§¤�âì á¨áâ¥¬ã
�à®¢¥áâ¨ ¢¥à¨ä¨ª�æ¨î
¨ ¢�«¨¤�æ¨î á¨áâ¥¬ë

‚�à¨�−â à¥è¥−¨ï:
{ ¢ë¯®«−¨âì á«¥¤ãîéãî áâ�¤¨î;

�à®¨§¢®¤áâ¢®
�à®¨§¢¥áâ¨ á¨áâ¥¬ã
�à®ª®−âà®«¨à®¢�âì ¨ ¨á¯ëâ�âì

{ ¯à®¤®«¦¨âì ¤�−−ãî áâ�¤¨î;
{ ¢¥à−ãâìáï ª ¯à¥¤ë¤ãé¥© áâ�¤¨¨;

�à¨¬¥−¥−¨¥
�¡¥á¯¥ç¨âì ¯à¨¬¥−¥−¨¥
á¨áâ¥¬ë ¤«ï ã¤®¢«¥â¢®à¥−¨ï
¯®âà¥¡−®áâ¥© ¯®«ì§®¢�â¥«¥©

{ ¯à¨®áâ�−®¢¨âì ¯à®¥ªâ;
{ §�¢¥àè¨âì ¯à®¥ªâ

�®¤¤¥à¦ª�
¯à¨¬¥−¥−¨ï

�¡¥á¯¥ç¨âì ¬®¤¥à−¨§�æ¨î,
à�§¢¨â¨¥ ¨ ãáâ®©ç¨¢ãî
à¥�«¨§�æ¨î ¢®§¬®¦−®áâ¥©
á¨áâ¥¬ë

�à¥ªà�é¥−¨¥
¯à¨¬¥−¥−¨ï
¨ á¯¨á�−¨¥

•à�−¥−¨¥, �àå¨¢¨à®¢�−¨¥
¨«¨ á¯¨á�−¨¥ á¨áâ¥¬ë
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�. �. ‘ãçª®¢

(1) áâ�¤¨ï §�¬ëá«�;
(2) áâ�¤¨ï à�§à�¡®âª¨;
(3) áâ�¤¨ï ¯à®¨§¢®¤áâ¢�;
(4) áâ�¤¨ï ¯à¨¬¥−¥−¨ï;
(5) áâ�¤¨ï ¯®¤¤¥à¦ª¨ ¯à¨¬¥−¥−¨ï;
(6) áâ�¤¨ï ¯à¥ªà�é¥−¨ï ¯à¨¬¥−¥−¨ï ¨ á¯¨á�−¨ï.

’�¡«¨æ� 2 á®¤¥à¦¨â ®¡®¡é¥−−ë¥ ¤�−−ë¥ ® äã−ªæ¨®−�«¥ ¬®¤¥à−¨§�æ¨¨ ¨ à�§-
¢¨â¨ï á¨áâ¥¬ë, ¢ëï¢«¥−−ë¥ ¢ å®¤¥ �−�«¨§� ¯à®æ¥áá®¢ †– ˆ‘. ‚ â�¡«¨æ¥ ã¯®-
¬¨−�îâáï ¤¢¥ ®à£�−¨§�æ¨®−−ë¥ áâàãªâãàë, ®£®¢®à¥−−ë¥ ¢ ƒ�‘’ ÷ ˆ‘�/Œ�Š
15288-2005:

(1) ¯à�¢®®¡«�¤�â¥«ì | áâ®à®−�, ¨¬¥îé�ï ¯à�¢®, ¤®«î ¨«¨ ¯à¥â¥−§¨¨ −� á¨áâ¥-
¬ã ¨«¨ −� ¢«�¤¥−¨¥ ¥¥ å�à�ªâ¥à¨áâ¨ª�¬¨, ã¤®¢«¥â¢®àïîé¨¬¨ ¯®âà¥¡−®áâ¨
¨ ®¦¨¤�−¨ï íâ®© áâ®à®−ë;

’�¡«¨æ� 2 ”ã−ªæ¨®−�« ¬®¤¥à−¨§�æ¨¨ ¨ à�§¢¨â¨ï ˆ‘

‘â�¤¨ï †–
”ã−ªæ¨®−�«
¬®¤¥à−¨§�æ¨¨

¨ à�§¢¨â¨ï

�¡ê¥ªâ
¬®¤¥à−¨§�æ¨¨

¨ à�§¢¨â¨ï

‘ã¡ê¥ªâ
¬®¤¥à−¨§�æ¨¨

¨ à�§¢¨â¨ï

‡�¬ëá¥«

”®à¬ã«¨à®¢ª� áâà�â¥£¨¨
à�§¢¨â¨ï
”®à¬ã«¨à®¢ª� ¯à¨¥¬«¥¬ëå
âà¥¡®¢�−¨© ¯® ¬®¤¥à−¨§�æ¨¨
á¨áâ¥¬ë
”®à¬¨à®¢�−¨¥ âà¥¡®¢�−¨©
ª á«ã¦¡¥ ¯®¤¤¥à¦ª¨

��§®¢�ï «¨−¨ï âà¥¡®¢�−¨©
¯à�¢®®¡«�¤�â¥«¥© ¨ ¯à¥¤¢�-
à¨â¥«ì−ëå á¨áâ¥¬−ëå
âà¥¡®¢�−¨©

�à�¢®-
®¡«�¤�â¥«ì

÷�§à�¡®âª�
Œ®¤¥à−¨§�æ¨ï ¯à®¥ªâ−ëå
à¥è¥−¨© ú−� «¥âãû

�¡à�â−�ï á¢ï§ì ¬¥¦¤ã ¯à�¢®-
®¡«�¤�â¥«ï¬¨ ¨ â¥¬¨, ªâ® ¡ã¤¥â
¯à®¨§¢®¤¨âì, ã¯à�¢«ïâì,
¨á¯®«ì§®¢�âì, ¯®¤¤¥à¦¨¢�âì
¨ á¯¨áë¢�âì à�áá¬�âà¨¢�¥¬ãî
á¨áâ¥¬ã
�æ¥−¥−−ë¥ ¨ ãâ®ç−¥−−ë¥
á¨áâ¥¬−ë¥ âà¥¡®¢�−¨ï,
¡î¤¦¥â ¯à®¥ªâ�,
¡�§®¢ë¥ áà®ª¨ ¢ë¯®«−¥−¨ï
¨ ®æ¥−ª¨ §�âà�â
¤«ï á®¡áâ¢¥−−¨ª� †–

‘«ã¦¡�
¯®¤¤¥à¦ª¨

�à®¨§¢®¤áâ¢®

Œ®−¨â®à¨−£ å®¤� à¥�«¨§�æ¨¨
¡�§®¢®© «¨−¨¨ âà¥¡®¢�−¨©
¯à�¢®®¡«�¤�â¥«¥©
¨ á¨áâ¥¬−ëå âà¥¡®¢�−¨©,
¢ëï¢«¥−¨¥ −¥¤®áâ�âª®¢
¨ −¥á®®â¢¥âáâ¢¨©
¢ å®¤¥ ¯à®¨§¢®¤áâ¢�

�à®¥ªâ−ë¥ à¥è¥−¨ï (¯ãâ¥¬
¢®§¢à�â� ª áâ�¤¨¨ à�§à�¡®âª¨)

‘«ã¦¡�
¯®¤¤¥à¦ª¨
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�à®æ¥áá−�ï ¬®¤¥«ì ¬®¤¥à−¨§�æ¨¨ ¨ à�§¢¨â¨ï ˆ‘ −� ¢á¥å áâ�¤¨ïå †–

’�¡«¨æ� 2 (®ª®−ç�−¨¥) ”ã−ªæ¨®−�« ¬®¤¥à−¨§�æ¨¨ ¨ à�§¢¨â¨ï ˆ‘

‘â�¤¨ï †–
”ã−ªæ¨®−�«
¬®¤¥à−¨§�æ¨¨

¨ à�§¢¨â¨ï

�¡ê¥ªâ
¬®¤¥à−¨§�æ¨¨

¨ à�§¢¨â¨ï

‘ã¡ê¥ªâ
¬®¤¥à−¨§�æ¨¨

¨ à�§¢¨â¨ï

�à¨¬¥−¥−¨¥

Œ®−¨â®à¨−£ å®¤� à¥�«¨§�æ¨¨
áâà�â¥£¨¨ à�§¢¨â¨ï
Œ®−¨â®à¨−£ å�à�ªâ¥à¨áâ¨ª
äã−ªæ¨®−¨à®¢�−¨ï, ¨¤¥−â¨ä¨-
ª�æ¨ï, ª«�áá¨ä¨ª�æ¨ï ¨ á®áâ�¢-
«¥−¨¥ ®âç¥â®¢ ®¡ ®âª«®−¥−¨ïå,
−¥¤®áâ�âª�å ¨ ®âª�§�å
Œ®−¨â®à¨−£
à¥áãàá®®¡¥á¯¥ç¥−−®áâ¨
(¯¥àá®−�«, ¬�â¥à¨�«ì−®-
â¥å−¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥)
ˆ¤¥−â¨ä¨ª�æ¨ï ¯à®¡«¥¬ ¨«¨
−¥¤®áâ�âª®¢, ¨−ä®à¬¨à®¢�−¨¥
á®®â¢¥âáâ¢ãîé¨å ®à£�−¨§�æ¨©
(¯®«ì§®¢�â¥«¨, à�§à�¡®âç¨ª¨,
¯à®¨§¢®¤¨â¥«¨ ¨«¨ ®¡á«ã¦¨-
¢�îé¨¥ ®à£�−ë) ® −¥®¡å®¤¨-
¬®áâ¨ ¯à®¢¥¤¥−¨ï ª®àà¥ªâ¨àã-
îé¨å ¤¥©áâ¢¨©
‚ëï¢«ïîâáï ¨ �−�«¨§¨àãîâáï
−®¢ë¥ ¢®§¬®¦−®áâ¨ ¤«ï
á®¢¥àè¥−áâ¢®¢�−¨ï
äã−ªæ¨®−�«� à�áá¬�âà¨¢�-
¥¬®© á¨áâ¥¬ë ç¥à¥§ ®¡à�â−ãî
á¢ï§ì á ¯à�¢®®¡«�¤�â¥«¥¬
ˆ−¨æ¨¨àãîâáï ª®àà¥ªâ¨àãîé¨¥
¤¥©áâ¢¨ï ¯® ãáâà�−¥−¨î à�−¥¥
−¥ ®¡−�àã¦¥−−ëå
ª®−áâàãªæ¨®−−ëå ®è¨¡®ª
�®ï¢«¥−¨¥ à�§«¨ç−ëå
¬®¤¨ä¨ª�æ¨© á¨áâ¥¬ë

ˆ−ä®à¬�æ¨®−−�ï á¨áâ¥¬�:
{ â¥å−¨ç¥áª®¥ ®¡á«ã¦¨¢�−¨¥;
{ −¥§−�ç¨â¥«ì−�ï (á −¨§ª®©

áâ®¨¬®áâìî
¨ ªà�âª®¢à¥¬¥−−�ï)
¬®¤¨ä¨ª�æ¨ï (®â−®á¨âáï
ª áâ�¤¨¨ ¯®¤¤¥à¦ª¨
¯à¨¬¥−¥−¨ï);

{ §−�ç¨â¥«ì−�ï (¯®áâ®ï−−�ï)
¬®¤¨ä¨ª�æ¨ï ¨ ¯à®¤«¥−¨¥
áà®ª� ¦¨§−¨ à�áá¬�âà¨¢�-
¥¬®© á¨áâ¥¬ë (®â−®á¨âáï
ª áâ�¤¨¨ à�§à�¡®âª¨¨
¯à®¨§¢®¤áâ¢�;

{ ¨§êïâ¨¥ ¨ á¯¨á�−¨¥ ¯à¨
®ª®−ç�−¨¨ áà®ª� ¦¨§−¨
(®â−®á¨âáï ª áâ�¤¨¨
¨§êïâ¨ï ¨ á¯¨á�−¨ï)

‘«ã¦¡�
¯®¤¤¥à¦ª¨

�®¤¤¥à¦ª�
¯à¨¬¥−¥−¨ï

Š®−âà®«ì à�¡®ç¨å å�à�ªâ¥à¨áâ¨ª
á«ã¦¡ ¨ á¨áâ¥¬ë ¯®¤¤¥à¦ª¨,
¨¤¥−â¨ä¨ª�æ¨ï, ª«�áá¨ä¨ª�æ¨ï
¨ á®áâ�¢«¥−¨¥ ®âç¥â®¢
®¡ �−®¬�«¨ïå,
−¥¤®áâ�âª�å ¨ ®âª�§�å á«ã¦¡
¨ á¨áâ¥¬ë ¯®¤¤¥à¦ª¨

‘«ã¦¡� ¯®¤¤¥à¦ª¨:
{ â¥å−¨ç¥áª®¥ ®¡á«ã¦¨¢�−¨¥;
{ −¥§−�ç¨â¥«ì−ë¥ ¬®¤¨ä¨-

ª�æ¨¨ á«ã¦¡ ¨ á¨áâ¥¬ë
¯®¤¤¥à¦ª¨;

{ áãé¥áâ¢¥−−ë¥ ¬®¤¨ä¨ª�æ¨¨
á«ã¦¡ ¨«¨ á¨áâ¥¬ë ¯®¤-
¤¥à¦ª¨ (®â−®á¨âáï
ª áâ�¤¨¨ à�§à�¡®âª¨
¨ ¯à®¨§¢®¤áâ¢�)

�à�¢®-
®¡«�¤�â¥«ì

ˆá¯à�¢«ïîâáï −¥¤®áâ�âª¨,
¤®¯ãé¥−−ë¥ ¯à¨
¯à®¥ªâ¨à®¢�−¨¨ á¨áâ¥¬ë

�à®¥ªâ−ë¥ à¥è¥−¨ï
‘«ã¦¡�

¯®¤¤¥à¦ª¨

�à¥ªà�é¥−¨¥
¯à¨¬¥−¥−¨ï
¨ á¯¨á�−¨¥

�¥â äã−ªæ¨®−�«� ¬®¤¥à−¨§�æ¨¨
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(2) á«ã¦¡� ¯®¤¤¥à¦ª¨ | ®à£�−¨§�æ¨®−−�ï áâàãªâãà�, á®§¤�¢�¥¬�ï ¯à�¢®®¡«�-
¤�â¥«ï¬¨ ¨ ®â¢¥ç�îé�ï §� ¯®¤¤¥à¦ªã ¨ à�§¢¨â¨¥ á¨áâ¥¬ë −� ¢á¥å áâ�¤¨ïå
†–.

3 Процессная модель реализации стратегии модернизации и развития
информационной системы на всех стадиях ее жизненного цикла

�ää¥ªâ¨¢−ë¬ á¯®á®¡®¬ ®¡¥á¯¥ç¥−¨ï −¥¯à¥àë¢−®£® ¯®¨áª�, à�§à�¡®âª¨ ¨ ®¯¥-
à�â¨¢−®£® ¢−¥¤à¥−¨ï ¢ ˆ‘ −®¢ëå äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© ¨ ¨á¯à�¢«¥−¨ï
®è¨¡®ª ï¢«ï¥âáï á®§¤�−¨¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¬®¤¥à−¨§�æ¨¥© ¨ à�§¢¨â¨¥¬ ¨−-
ä®à¬�æ¨®−−®© á¨áâ¥¬ë, ¯®§¢®«ïîé¥© ¢ ¯®«−®© ¬¥à¥ à¥�«¨§®¢�âì ®¯à¥¤¥«¥−−ë©
¢ëè¥ äã−ªæ¨®−�«.

‚ [1, 2] ®¡®á−®¢�−� æ¨ª«¨ç¥áª�ï äã−ªæ¨®−�«ì−�ï ¬®¤¥«ì á¨áâ¥¬ á¨âã�æ¨®−-
−®£® ã¯à�¢«¥−¨ï, ¢ª«îç�îé�ï 5 áâ�¤¨©: æ¥«¥¯®«�£�−¨¥, ¬®−¨â®à¨−£, �−�«¨§,
à¥è¥−¨¥ ¨ ¤¥©áâ¢¨¥. ‚ à�§¢¨â¨¥ íâ®£® ¯®¤å®¤� ¨ ¯à¥¤«�£�¥âáï ¬®¤¥«ì ‘“Œ÷
ˆ‘, ®à¨¥−â¨à®¢�−−�ï −� ¯à®æ¥áá−ë© ¯®¤å®¤ ¢ á®®â¢¥âáâ¢¨¨ á ã¯®¬ï−ãâë¬ áâ�−-
¤�àâ®¬.

÷�áá¬®âà¨¬ á®¤¥à¦�−¨¥ íâ®£® äã−ªæ¨®−�«� á â®çª¨ §à¥−¨ï ¯ïâ¨áâ�¤¨©−®©
¬®¤¥«¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï (à¨á. 1).

÷¨á. 1 ”ã−ªæ¨®−�«ì−�ï ¬®¤¥«ì ‘“Œ÷
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�à®æ¥áá−�ï ¬®¤¥«ì ¬®¤¥à−¨§�æ¨¨ ¨ à�§¢¨â¨ï ˆ‘ −� ¢á¥å áâ�¤¨ïå †–

–¥«¥¯®«�£�−¨¥. ”ã−ªæ¨®−¨à®¢�−¨¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ï¢«ï¥âáï æ¥«¥á®-
®¡à�§−ë¬ ¨ ®¯à¥¤¥«ï¥âáï −®à¬�â¨¢−®-¯à�¢®¢ë¬¨ ¤®ªã¬¥−â�¬¨, à¥£«�¬¥−â¨àã-
îé¨¬¨ ¯à®æ¥ááë ¥¥ äã−ªæ¨®−¨à®¢�−¨ï. ‘¨áâ¥¬� æ¥«¥© ®¡ëç−® ä®à¬�«¨§ã¥âáï
¢ ¢¨¤¥ æ¥«¥¢ëå ¯®ª�§�â¥«¥© ¯ãâ¥¬ ãáâ�−®¢«¥−¨ï ª®«¨ç¥áâ¢¥−−ëå ¨ ¢à¥¬¥−−‚ëå
ªà¨â¥à¨¥¢ ¨å æ¥«¥¢ëå §−�ç¥−¨© (¯«�−¨à®¢�−¨¥) [3]. Šà®¬¥ â®£®, ¯à¨ á¨âã�æ¨-
®−−®¬ ã¯à�¢«¥−¨¨ ¢®§¬®¦−® ãáâ�−®¢«¥−¨¥ ¤¨−�¬¨ç¥áª¨å æ¥«¥© ¨ ª®àà¥ªâ¨à®¢ª�
áâà�â¥£¨ç¥áª¨å ¨ â�ªâ¨ç¥áª¨å æ¥«¥©. –¥«¥¯®«�£�−¨¥ ®¡ëç−® ®áãé¥áâ¢«ï¥âáï
®à£�−¨§�æ¨¥© | à�§à�¡®âç¨ª®¬ §�¬ëá«� á¨áâ¥¬ë −� ®á−®¢¥ ®¡é¨å âà¥¡®¢�−¨©
¨ á®£«�è¥−¨© á ¯à�¢®®¡«�¤�â¥«¥¬. ‘®áâ�¢ ¨ ªà¨â¥à¨¨ æ¥«¥¢ëå ¯®ª�§�â¥«¥©
ãáâ�−�¢«¨¢�îâáï −� áâ�¤¨¨ §�¬ëá«� ¢ ¯à®æ¥áá¥ ®¯à¥¤¥«¥−¨ï ¨ �−�«¨§� âà¥¡®-
¢�−¨© ¯à�¢®®¡«�¤�â¥«¥© ¨ ä®à¬¨à®¢�−¨ï áâà�â¥£¨¨ ¬®¤¥à−¨§�æ¨¨ ¨ à�§¢¨â¨ï
¨ ¬®£ãâ ¡ëâì ®âª®àà¥ªâ¨à®¢�−ë −� ¯®á«¥¤ãîé¨å áâ�¤¨ïå †– á ¨á¯®«ì§®¢�−¨¥¬
¯à®æ¥áá®¢ á®£«�è¥−¨ï, ¢¥à¨ä¨ª�æ¨¨, ¢�«¨¤�æ¨¨ ¨ ª®−âà®«ï ª�ç¥áâ¢�.

Œ®−¨â®à¨−£. �� ¤�−−®© áâ�¤¨¨ ¢ à�¬ª�å ‘“Œ÷ ®¡¥á¯¥ç¨¢�¥âáï á¡®à
á®¡ëâ¨©−®© ¨−ä®à¬�æ¨¨:

{ ® á®áâ®ï−¨¨ §−�ç¥−¨© æ¥«¥¢ëå ¯®ª�§�â¥«¥© ¨ ¤¨−�¬¨ç¥áª¨å æ¥«¥© á¨áâ¥¬ë;

{ ® å�à�ªâ¥à¨áâ¨ª�å äã−ªæ¨®−¨à®¢�−¨ï ˆ‘ ¨ ¢á¯®¬®£�â¥«ì−ëå á¨áâ¥¬;

{ ® ¢®§¬®¦−ëå ¨§¬¥−¥−¨ïå âà¥¡®¢�−¨© ¯à�¢®®¡«�¤�â¥«¥© ¯® ®â¤¥«ì−ë¬ äã−ª-
æ¨®−�«ì−ë¬ ¢®§¬®¦−®áâï¬ ˆ‘.

�� ®á−®¢¥ íâ®£® ®áãé¥áâ¢«ï¥âáï ¨¤¥−â¨ä¨ª�æ¨ï, ª«�áá¨ä¨ª�æ¨ï ¨ á®áâ�¢-
«¥−¨¥ ®âç¥â®¢ ® å®¤¥ à¥�«¨§�æ¨¨ áâà�â¥£¨¨ ¬®¤¥à−¨§�æ¨¨ ¨ à�§¢¨â¨ï ˆ‘, ®¡
®âª«®−¥−¨ïå, −¥¤®áâ�âª�å ¨ ®âª�§�å.

Œ®−¨â®à¨−£ ®¯¨à�¥âáï −� á¥−á®à−ãî á®áâ�¢«ïîéãî á¨áâ¥¬ë ã¯à�¢«¥−¨ï,
¢ª«îç�ï ®¡ê¥ªâ¨¢−ë¥ ¨ áã¡ê¥ªâ¨¢−ë¥ áà¥¤áâ¢� −�¡«î¤¥−¨ï, � â�ª¦¥ à�§«¨ç−ë¥
áª�−¥àë ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢�. �− ®áãé¥áâ¢«ï¥âáï áà¥¤áâ¢�¬¨ ‘“Œ÷
−� ¢á¥å áâ�¤¨ïå †– á ¨á¯®«ì§®¢�−¨¥¬ ¯à®æ¥áá®¢ äã−ªæ¨®−¨à®¢�−¨ï, ã¯à�¢«¥−¨ï
¨−ä®à¬�æ¨¥©, ã¯à�¢«¥−¨ï ª�ç¥áâ¢®¬, ®æ¥−ª¨ ¨ ª®−âà®«ï ¯à®¥ªâ®¢, ã¯à�¢«¥−¨ï
ª®−ä¨£ãà�æ¨¥©, ã¯à�¢«¥−¨ï à¥áãàá�¬¨, ã¯à�¢«¥−¨ï à¨áª�¬¨.

�−�«¨§. �áãé¥áâ¢«ï¥âáï ®æ¥−ª� á«®¦¨¢è¥©áï á¨âã�æ¨¨ (èâ�â−�ï, −¥èâ�â-
−�ï) ¨ ä®à¬¨à®¢�−¨¥ £¨¯®â¥§ ® á®áâ®ï−¨¨ ˆ‘, � â�ª¦¥ �−�«¨§ ¨ ãç¥â áãé¥-
áâ¢ãîé¥£® ®¯ëâ�. ‘â�¤¨ï ®¯¨à�¥âáï −� ¬¥â®¤ë ¤¥ª®¬¯®§¨æ¨¨ áª«�¤ë¢�îé¨åáï
á¨âã�æ¨© −� ¨§¢¥áâ−ë¥ ¨«¨ ¤®áâ�â®ç−® ¯à®áâë¥ á¨âã�æ¨¨ ¤«ï −®à¬�«¨§�æ¨¨
á ¯®¬®éìî à¥áãàá®¢ á¨áâ¥¬ë. ‚ §�¢¨á¨¬®áâ¨ ®â â®£®, ª�ª�ï á¨âã�æ¨ï ¨¤¥−-
â¨ä¨æ¨à®¢�−�, −� ®¡−�àã¦¥−−ë¥ ¯à®¡«¥¬ë ¢ëà�¡�âë¢�îâáï ¢�à¨�−âë à¥�ªæ¨¨
‘“Œ÷:

{ ®âáãâáâ¢¨¥ ¤¥©áâ¢¨ï;

{ â¥å−¨ç¥áª®¥ ®¡á«ã¦¨¢�−¨¥ (áâ�¤¨ï ¯à¨¬¥−¥−¨ï);

{ −¥§−�ç¨â¥«ì−�ï (á −¨§ª®© áâ®¨¬®áâìî ¨ ªà�âª®¢à¥¬¥−−�ï) ¬®¤¨ä¨ª�æ¨ï (®â-
−®á¨âáï ª áâ�¤¨¨ ¯®¤¤¥à¦ª¨ ¯à¨¬¥−¥−¨ï);
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{ §−�ç¨â¥«ì−�ï (¯®áâ®ï−−�ï) ¬®¤¨ä¨ª�æ¨ï ¨ ¯à®¤«¥−¨¥ áà®ª� ¦¨§−¨ à�áá¬�â-
à¨¢�¥¬®© á¨áâ¥¬ë (®â−®á¨âáï ª áâ�¤¨¨ à�§à�¡®âª¨ ¨ ¯à®¨§¢®¤áâ¢�, � ¨−®£¤�
¨ ª áâ�¤¨¨ §�¬ëá«�);

{ ¨§êïâ¨¥ ¨ á¯¨á�−¨¥ ¯à¨ ®ª®−ç�−¨¨ áà®ª� ¦¨§−¨ (®â−®á¨âáï ª áâ�¤¨¨ ¨§êïâ¨ï
¨ á¯¨á�−¨ï).
�−�«¨§ ¤�−−ëå ¬®−¨â®à¨−£� ®áãé¥áâ¢«ï¥âáï −� ¢á¥å áâ�¤¨ïå †– á ¨á¯®«ì-

§®¢�−¨¥¬ ¯à®æ¥áá®¢ ¯«�−¨à®¢�−¨ï ¯à®¥ªâ�, ®æ¥−ª¨ ¯à®¥ªâ�, ¯à¨−ïâ¨ï à¥è¥−¨©,
�−�«¨§� âà¥¡®¢�−¨©, ®¯à¥¤¥«¥−¨ï âà¥¡®¢�−¨©, äã−ªæ¨®−¨à®¢�−¨ï, ®¡á«ã¦¨¢�-
−¨ï, ¢¥à¨ä¨ª�æ¨¨ ¨ ¢�«¨¤�æ¨¨.

÷¥è¥−¨¥. �� ®á−®¢�−¨¨ ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï à¥áãàá�¬¨ ¨ ¯à¨−ïâ¨ï à¥è¥-
−¨© ®áãé¥áâ¢«ï¥âáï áà�¢−¨â¥«ì−ë© �−�«¨§ ¢�à¨�−â®¢ à¥è¥−¨ï ¨ ¢ë¡®à ®¤−®£®
¨§ −¨å. ‚ë¡®à à¥è¥−¨ï ®áãé¥áâ¢«ï¥âáï −� ®á−®¢�−¨¨ á«¥¤ãîé¨å ªà¨â¥à¨¥¢:

{ ¢«¨ï−¨¥ −� æ¥«¥¢ë¥ ¯®ª�§�â¥«¨;
{ à¥áãàá−ë¥ ®£à�−¨ç¥−¨ï;
{ ®æ¥−ª¨ úáâ®¨¬®áâ¨ íää¥ªâ¨¢−®áâ¨û.

‘ â®çª¨ §à¥−¨ï ‘“Œ÷ à¥è¥−¨¥ ®áãé¥áâ¢«ï¥âáï ¢ ®â−®è¥−¨¨:
{ ®¡á«ã¦¨¢�−¨ï á¨áâ¥¬ë ¨ ¯à®¤®«¦¥−¨ï áâ�¤¨¨ ¯à¨¬¥−¥−¨ï;
{ ¯¥à¥å®¤� −� áâ�¤¨î à�§à�¡®âª¨ ¨ ¯à®¨§¢®¤áâ¢� á ãç¥â®¬ −®¢ëå âà¥¡®¢�−¨©

¯à�¢®®¡«�¤�â¥«¥© ¯® à�áè¨à¥−¨î äã−ªæ¨®−�«ì−®áâ¨ á¨áâ¥¬ë;
{ ¯¥à¥å®¤� −� áâ�¤¨î §�¬ëá«� ¯à¨ −¥®¡å®¤¨¬®áâ¨ áãé¥áâ¢¥−−®© ¬®¤¥à−¨§�æ¨¨

¨ ª®àà¥ªâ¨à®¢ª¨ æ¥«¥¢ëå ¯®ª�§�â¥«¥©.
�à¨−ïâ®¥ à¥è¥−¨ï ®¡ãá«®¢«¨¢�¥â ä®à¬¨à®¢�−¨¥ ¤¨−�¬¨ç¥áª¨å æ¥«¥© ‘“Œ÷

¤«ï ¢®§¬®¦−®áâ¨ ª®−âà®«ï §� ¥£® ¨á¯®«−¥−¨¥¬.
„¥©áâ¢¨¥. �� ¤�−−®© áâ�¤¨¨ ã¯à�¢«¥−¨ï ®áãé¥áâ¢«ï¥âáï ¢ë¯®«−¥−¨¥ ¢ëà�-

¡®â�−−®£® à¥è¥−¨ï á ãç¥â®¬ ¯à¨¬¥−ï¥¬ëå ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨©, ¨áå®¤ï ¨§
¨¬¥îé¨åáï à¥áãàá®¢, ¯ãâ¥¬ �ªâ¨¢¨§�æ¨¨ á®®â¢¥âáâ¢ãîé¨å ¯à®æ¥áá®¢ †– ˆ‘.

�ïâì áâ�¤¨© ã¯à�¢«¥−¨ï à¥�«¨§ãîâ ®á−®¢−®© æ¨ª« ã¯à�¢«¥−¨ï ¢ à�¬ª�å
‘“Œ÷ á ®¡à�â−®© á¢ï§ìî, â�ª ª�ª ¯®á«¥ ¯à¨¬¥−¥−¨ï ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨©
®áãé¥áâ¢«ï¥âáï ¯¥à¥å®¤ ª áâ�¤¨¨ ¬®−¨â®à¨−£� ¤«ï ª®−âà®«ï ¨á¯®«−¥−¨ï ¨, ¢®§-
¬®¦−®, ª áâ�¤¨¨ æ¥«¥¯®«�£�−¨ï ¤«ï ãáâ�−®¢«¥−¨ï ¨ ª®àà¥ªâ¨à®¢ª¨ ¤¨−�¬¨ç¥áª¨å
æ¥«¥© á¨áâ¥¬ë (à¨á. 2).

ˆâ�ª, á â®çª¨ §à¥−¨ï äã−ªæ¨®−�«� ‘“Œ÷ ®¯à¥¤¥«¥−® á®¤¥à¦�−¨¥ ¢á¥å
áâ�¤¨© †– ˆ‘ ¯® ƒ�‘’ ÷ ˆ‘�/Œ�Š 15288-2005, ¢ë¤¥«¥−ë ¢á¥ ¥£® ¯®-
«®¦¥−¨ï ® §�¤�ç�å ¬®¤¥à−¨§�æ¨¨ ¨ à�§¢¨â¨ï, � â�ª¦¥ â®, ª�ª íâ®â äã−ªæ¨®−�«
ãª«�¤ë¢�¥âáï ¢ áâ�−¤�àâ−ãî ¬®¤¥«ì á¨áâ¥¬ë ã¯à�¢«¥−¨ï. ’¥¯¥àì ¬®¦−® ¯¥-
à¥©â¨ ª ä®à¬¨à®¢�−¨î ¯à®æ¥áá−®© ¬®¤¥«¨ à¥�«¨§�æ¨¨ áâà�â¥£¨¨ ¬®¤¥à−¨§�æ¨¨
¨ à�§¢¨â¨ï ˆ‘ −� ¢á¥å áâ�¤¨ïå ¥¥ †– −� ®á−®¢¥ á¨áâ¥¬�â¨ç¥áª®£® ¯à¨¬¥−¥−¨ï
¯à®æ¥áá®¢ †–.

„«ï ®¡¥á¯¥ç¥−¨ï ã−¨ä¨æ¨à®¢�−−®£® ®¯¨á�−¨ï ¯à®æ¥áá®¢ á®£«�á−® ƒ�‘’
÷ 57098-2016/ISO/IEC TR 24774 2010 ú“¯à�¢«¥−¨¥ ¦¨§−¥−−ë¬ æ¨ª«®¬. ÷ã-
ª®¢®¤áâ¢® ¤«ï ®¯¨á�−¨ï ¯à®æ¥áá�û ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥ í«¥¬¥−âë ¯à®æ¥áá�:
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�à®æ¥áá−�ï ¬®¤¥«ì ¬®¤¥à−¨§�æ¨¨ ¨ à�§¢¨â¨ï ˆ‘ −� ¢á¥å áâ�¤¨ïå †–

÷¨á. 2 ‘âàãªâãà� ®á−®¢−®£® æ¨ª«� ã¯à�¢«¥−¨ï

{ −�§¢�−¨¥ | ®¯¨áë¢�¥â −�§−�ç¥−¨¥ ¯à®æ¥áá�;

{ æ¥«ì | ®¯¨áë¢�¥â æ¥«ì ¢ë¯®«−¥−¨ï ¯à®æ¥áá�;

{ ¢ëå®¤ë (¢ëå®¤−ë¥ à¥§ã«ìâ�âë) | ¢ëà�¦�îâ §�¬¥â−ë¥ à¥§ã«ìâ�âë, ®¦¨¤�-
¥¬ë¥ ®â ãá¯¥è−®£® ¢ë¯®«−¥−¨ï ¯à®æ¥áá�;

{ ¤¥©áâ¢¨ï | ¯¥à¥ç¥−ì ¤¥©áâ¢¨©, ª®â®àë¥ ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¤«ï ¤®áâ¨-
¦¥−¨ï ¢ëå®¤−ëå à¥§ã«ìâ�â®¢. Š�¦¤®¥ ¤¥©áâ¢¨¥ ¬®¦¥â ¡ëâì ¢ ¤�«ì−¥©è¥¬
¯¥à¥à�¡®â�−® ¢ £àã¯¯ã ¤¥©áâ¢¨© ¡®«¥¥ −¨§ª®£® ãà®¢−ï;

{ §�¤�ç¨ | á¯¥æ¨�«ì−ë¥ ¤¥©áâ¢¨ï, ª®â®àë¥ ¬®£ãâ ®áãé¥áâ¢«ïâìáï ¤«ï ¢ë-
¯®«−¥−¨ï ª�ª®£®-â® ¤¥©áâ¢¨ï. Œ−®¦¥áâ¢® ¢§�¨¬®á¢ï§�−−ëå §�¤�ç ç�áâ®
®¡ê¥¤¨−ï¥âáï ¢ ¯à¥¤¥«�å ª�ª®£®-â® ¤¥©áâ¢¨ï;

{ ¨−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë | ®â¤¥«ì−® ¨¤¥−â¨ä¨æ¨àã¥¬ë¥ á®¤¥à¦�â¥«ì-
−ë¥ ç�áâ¨ ¨−ä®à¬�æ¨¨, ¯à®¨§¢¥¤¥−−ë¥ ¨ á®åà�−¥−−ë¥ ¤«ï ¨á¯®«ì§®¢�−¨ï
ç¥«®¢¥ª®¬ ¢ â¥ç¥−¨¥ ¦¨§−¥−−®£® æ¨ª«� á¨áâ¥¬ë ¨«¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢.

�� à¨á. 3 ¨§®¡à�¦¥−� ®¡®¡é¥−−�ï áå¥¬� ¯à®æ¥áá−®© ¬®¤¥«¨ á¨áâ¥¬ë ¬®¤¥à-
−¨§�æ¨¨ ¨ à�§¢¨â¨ï, ¯à¥¤áâ�¢«¥−−�ï ¢ ¤¢ãå ¨§¬¥à¥−¨ïå: áâ�¤¨¨ †– ˆ‘ ¨ áâ�¤¨¨
æ¨ª«� ã¯à�¢«¥−¨ï á ãç¥â®¬ äã−ªæ¨®−�«� ‘“Œ÷ ¨ ¯à¨¬¥−¥−¨ï ¯à®æ¥áá−®© ¬®-
¤¥«¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï [2].

‚ á®®â¢¥âáâ¢¨¨ á® áå¥¬®© ¯à®æ¥áá−®© ¬®¤¥«¨ ‘“Œ÷ ¤®«¦−� à¥�«¨§®¢ë¢�âì
á«¥¤ãîé¨© äã−ªæ¨®−�«:
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�à®æ¥áá−�ï ¬®¤¥«ì ¬®¤¥à−¨§�æ¨¨ ¨ à�§¢¨â¨ï ˆ‘ −� ¢á¥å áâ�¤¨ïå †–

{ ¬®−¨â®à¨−£ å®¤� à¥�«¨§�æ¨¨ ¡�§®¢®© «¨−¨¨ âà¥¡®¢�−¨© ¯à�¢®®¡«�¤�â¥«¥©
¨ á¨áâ¥¬−ëå âà¥¡®¢�−¨©, ¢ëï¢«¥−¨¥ −¥¤®áâ�âª®¢ ¨ −¥á®®â¢¥âáâ¢¨© ¢ å®¤¥
à�§à�¡®âª¨ ¨ ¯à®¨§¢®¤áâ¢� ˆ‘;

{ ¬®−¨â®à¨−£ å®¤� à¥�«¨§�æ¨¨ áâà�â¥£¨¨ à�§¢¨â¨ï;

{ ¬®−¨â®à¨−£ å�à�ªâ¥à¨áâ¨ª äã−ªæ¨®−¨à®¢�−¨ï, ¨¤¥−â¨ä¨ª�æ¨ï, ª«�áá¨ä¨-
ª�æ¨ï ¨ á®áâ�¢«¥−¨¥ ®âç¥â®¢ ®¡ ®âª«®−¥−¨ïå, −¥¤®áâ�âª�å ¨ ®âª�§�å;

{ ¬®−¨â®à¨−£ à¥áãàá®®¡¥á¯¥ç¥−−®áâ¨ (¯¥àá®−�«, ¬�â¥à¨�«ì−®-â¥å−¨ç¥áª®¥
®¡¥á¯¥ç¥−¨¥);

{ ¨¤¥−â¨ä¨ª�æ¨ï ¯à®¡«¥¬ ¨«¨ −¥¤®áâ�âª®¢, ¨−ä®à¬¨à®¢�−¨¥ á®®â¢¥âáâ¢ãîé¨å
®à£�−¨§�æ¨© (¯®«ì§®¢�â¥«¨, à�§à�¡®âç¨ª¨, ¯à®¨§¢®¤¨â¥«¨ ¨«¨ ®¡á«ã¦¨¢�-
îé¨¥ ®à£�−ë) ® −¥®¡å®¤¨¬®áâ¨ ¯à®¢¥¤¥−¨ï ª®àà¥ªâ¨àãîé¨å ¤¥©áâ¢¨©;

{ ¢ëï¢«¥−¨¥ ¨ �−�«¨§ −®¢ëå ¢®§¬®¦−®áâ¥© ¤«ï á®¢¥àè¥−áâ¢®¢�−¨ï äã−ªæ¨®-
−�«� ˆ‘ ç¥à¥§ ®¡à�â−ãî á¢ï§ì á ¯à�¢®®¡«�¤�â¥«¥¬;

{ ¨−¨æ¨¨à®¢�−¨¥ ª®àà¥ªâ¨àãîé¨å ¤¥©áâ¢¨© ¯® ãáâà�−¥−¨î à�−¥¥ −¥ ®¡−�àã-
¦¥−−ëå ª®−áâàãªæ¨®−−ëå ®è¨¡®ª;

{ â¥å−¨ç¥áª®¥ ®¡á«ã¦¨¢�−¨¥ ˆ‘ (−� áâ�¤¨¨ ¯à¨¬¥−¥−¨ï);

{ −¥§−�ç¨â¥«ì−�ï (á −¨§ª®© áâ®¨¬®áâìî ¨ ªà�âª®¢à¥¬¥−−�ï) ¬®¤¨ä¨ª�æ¨ï (®â-
−®á¨âáï ª áâ�¤¨¨ ¯®¤¤¥à¦ª¨ ¯à¨¬¥−¥−¨ï);

{ §−�ç¨â¥«ì−�ï (¯®áâ®ï−−�ï) ¬®¤¨ä¨ª�æ¨ï ¨ ¯à®¤«¥−¨¥ áà®ª� ¦¨§−¨ à�áá¬�â-
à¨¢�¥¬®© á¨áâ¥¬ë (®â−®á¨âáï ª áâ�¤¨¨ à�§à�¡®âª¨ ¨ ¯à®¨§¢®¤áâ¢�, � ¨−®£¤�
¨ ª áâ�¤¨¨ §�¬ëá«�);

{ ª®−âà®«ì à�¡®ç¨å å�à�ªâ¥à¨áâ¨ª á«ã¦¡ ¨ á¨áâ¥¬ë ¯®¤¤¥à¦ª¨, ¨¤¥−â¨ä¨-
ª�æ¨ï, ª«�áá¨ä¨ª�æ¨ï ¨ á®áâ�¢«¥−¨¥ ®âç¥â®¢ ®¡ �−®¬�«¨ïå, −¥¤®áâ�âª�å
¨ ®âª�§�å á«ã¦¡ ¨ á¨áâ¥¬ë ¯®¤¤¥à¦ª¨;

{ ¨§êïâ¨¥ ¨ á¯¨á�−¨¥ ˆ‘ ¯® ®ª®−ç�−¨¨ áà®ª� ¦¨§−¨ (®â−®á¨âáï ª áâ�¤¨¨
¨§êïâ¨ï ¨ á¯¨á�−¨ï).

„«ï ª�¦¤®£® ¯à®æ¥áá� (£àã¯¯ë ¯à®æ¥áá®¢) ®¯à¥¤¥«¥−ë ¢å®¤ë ¨ ¢ëå®¤ë,
áã¡ê¥ªâ ®áãé¥áâ¢«¥−¨ï äã−ªæ¨®−�«� ¯à®æ¥áá�. Š�ª ¬®¦−® ¢¨¤¥âì, ¯à®æ¥áá−�ï
¬®¤¥«ì ‘“Œ÷ á®¤¥à¦¨â ®¯à¥¤¥«¥−−ë¥ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë, ä®à¬¨àã¥¬ë¥
¢ ¯à®æ¥áá¥ á®§¤�−¨ï ¨ íªá¯«ã�â�æ¨¨. ‘î¤� ®â−®áïâáï:

{ ¡�§� ¤�−−ëå (�„) á®¡ëâ¨©, ª®â®à�ï ¤®«¦−� á®¤¥à¦�âì á¢¥¤¥−¨ï ®¡® ¢á¥å
¨§¬¥−¥−¨ïå á®áâ®ï−¨ï ®¡ê¥ªâ®¢ ¬®−¨â®à¨−£� (¨¬¥îé¨å ª�ª ¯®§¨â¨¢−ãî, â�ª
¨ −¥£�â¨¢−ãî ®ªà�áªã á â®çª¨ §à¥−¨ï äã−ªæ¨®−¨à®¢�−¨ï ˆ‘);

{ �„ á¨âã�æ¨©, ª®â®à�ï ¤®«¦−� á®¤¥à¦�âì ¨¤¥−â¨ä¨æ¨à®¢�−−ë¥ á¨âã�æ¨¨,
á«®¦¨¢è¨¥áï ¢ ®â−®è¥−¨¨ íªá¯«ã�â¨àã¥¬®£® ¡�−ª� ¤�−−ëå ¨ ï¢«ïîé¨¥áï
á®¢®ªã¯−®áâìî à¥£¨áâà¨àã¥¬ëå ¢§�¨¬®á¢ï§�−−ëå ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¬¨
á¢ï§ï¬¨ á®¡ëâ¨©;
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A. P. Suchkov

{ �„ à¥è¥−¨©, ª®â®à�ï ¯à¥¤−�§−�ç¥−� ¤«ï −�ª®¯«¥−¨ï §−�−¨© ¢ ¯à®æ¥áá¥ íªá-
¯«ã�â�æ¨¨ ¡�−ª� ¤�−−ëå ¨ ®¡¥á¯¥ç¥−¨ï ¨å ãç¥â�, åà�−¥−¨ï ¨ à�á¯à®áâà�−¥−¨ï
á æ¥«ìî �ã¤¨â� ¨ á®åà�−¥−¨ï íâ¨å §−�−¨© ¢ á¨áâ¥¬¥ ¢ á®®â¢¥âáâ¢¨¨ á ƒ�‘’
÷ ˆ‘�/Œ�Š 15288-2005.

�à¨¢¥¤¥−−�ï ¬®¤¥«ì ¨¬¥¥â ª®−æ¥¯âã�«ì−ë©, ®¡®¡é¥−−ë© å�à�ªâ¥à, ¢ −¥©
®¡ê¥¤¨−¥−ë ¢ äã−ªæ¨®−�«ì−ë¥ ¡«®ª¨ −¥áª®«ìª® ¯à®æ¥áá®¢, ®¡«�¤�îé¨å ¢ á®-
®â¢¥âáâ¢¨¨ á ƒ�‘’ ÷ ˆ‘�/Œ�Š 15288-2005 ®¯à¥¤¥«¥−−ë¬ äã−ªæ¨®−�«®¬
¬®¤¥à−¨§�æ¨¨ ¨ à�§¢¨â¨ï.
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PROCESS MODEL OF INFORMATION SYSTEMS
MODERNIZATION AND DEVELOPMENT AT ALL STAGES

OF THEIR LIFE CYCLE

A. P. Suchkov

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

Abstract: Creating a process model of modernization and development of
information systems (IS) is a complex and urgent scientific problem. The
article discusses the definition of stages of the life cycle (LC) of IS. For
all stages the processes responsible for modernization and development of the
system are identified. A set of processes of LC is formed, providing the
possibility of continuous development and modernization of IS in connection
with the emergence of new functional requirements, errors, taking into account
new proposals for technical, organizational, personnel, and regulatory changes.
Implementation of this process model in accordance with the ISO standard should
be carried out by a support service using a specialized management system of
modernization and development.
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НЕКОТОРЫЕ СИСТЕМОТЕХНИЧЕСКИЕ ВОПРОСЫ
ПРЕДОСТАВЛЕНИЯ ВЫЧИСЛИТЕЛЬНЫХ РЕСУРСОВ

ДЛЯ НАУЧНЫХ ИССЛЕДОВАНИЙ В ГИБРИДНОЙ
ВЫСОКОПРОИЗВОДИТЕЛЬНОЙ ОБЛАЧНОЙ СРЕДЕ∗

К. И. Волович1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¯®¤å®¤ë ª ¯à¥¤®áâ�¢«¥−¨î −�ãç−ë¬ ª®««¥ªâ¨-
¢�¬ ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ ¤«ï à¥è¥−¨ï ¯à¨ª«�¤−ëå ¨ äã−¤�¬¥−â�«ì−ëå
−�ãç−ëå §�¤�ç. �à¥¤«�£�îâáï ¬¥â®¤ë ¨ �«£®à¨â¬ë �¤�¯â�æ¨¨ ¨ ¨á¯®«−¥−¨ï
¯à¨ª«�¤−ëå §�¤�ç ¯®«ì§®¢�â¥«¥© −� £¨¡à¨¤−®¬ ¢ëç¨á«¨â¥«ì−®¬ ª«�áâ¥à¥, ¨á-
¯®«ì§ãîé¥¬ ¤«ï ¢ë¯®«−¥−¨ï ¢ëç¨á«¥−¨© á¯¥æ¨�«¨§¨à®¢�−−ë¥ ãáª®à¨â¥«¨.
�à¥¤«�£�îâáï à¥è¥−¨ï ¯® �¤�¯â�æ¨¨ ¯à®£à�¬¬−®£® ª®¤� −� ï§ëª�å ¢ëá®ª®£®
ãà®¢−ï ª æ¥«¥¢®© ¯«�âä®à¬¥ £¨¡à¨¤−®£® ¢ëç¨á«¨â¥«ì−®£® ª«�áâ¥à�, �«£®à¨â-
¬ë ¯à¥¤®áâ�¢«¥−¨ï §�¤�ç�¬ ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ ¢ ãá«®¢¨ïå ¬−®£®§�-
¤�ç−®© áà¥¤ë, � â�ª¦¥ ¬¥â®¤ë á®§¤�−¨ï �¤�¯â¨à®¢�−−®© áà¥¤ë ¨á¯®«−¥−¨ï
§�¤�−¨© á ¨á¯®«ì§®¢�−¨¥¬ â¥å−®«®£¨© ¢¨àâã�«¨§�æ¨¨.

Š«îç¥¢ë¥ á«®¢�: ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¥ ¢ëç¨á«¥−¨ï; ª«�áâ¥à; ¢¨àâã�«¨-
§�æ¨ï; ã¯à�¢«¥−¨¥ ¢ëç¨á«¨â¥«ì−ë¬ ¯à®æ¥áá®¬; à�á¯à¥¤¥«¥−−ë¥ ¢ëç¨á«¥−¨ï;
¯�à�««¥«ì−ë¥ ¢ëç¨á«¥−¨ï; £à�ä¨ç¥áª¨© ãáª®à¨â¥«ì; HPC

DOI: 10.14357/08696527180410

1 Введение
‚ −�áâ®ïé¥¥ ¢à¥¬ï −�¡«î¤�¥âáï â¥−¤¥−æ¨ï ¯à¥¤®áâ�¢«¥−¨ï ¢ëç¨á«¨â¥«ì−ëå

à¥áãàá®¢ ¤«ï à¥è¥−¨ï äã−¤�¬¥−â�«ì−ëå ¨ ¯à¨ª«�¤−ëå §�¤�ç ¢ ¢¨¤¥ ®¡«�ç−ëå
á¥à¢¨á®¢ [1{3]. ‚ à�¬ª�å ª«�áá¨ç¥áª¨å ¯®¤å®¤®¢ ª ®¡«�ç−ë¬ ¢ëç¨á«¥−¨ï¬ â�-
ª¨¥ á¥à¢¨áë ¬®£ãâ ¡ëâì ¯à¥¤®áâ�¢«¥−ë ª�ª ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ | SaaS
(software-as-a-service), ¯«�âä®à¬� | PaaS (platform-as-a-service) ¨«¨ ¨−äà�-
áâàãªâãà� | IaaS (infrastructure-as-a-service). ‚ [4,5] ¯à¥¤«®¦¥− â�ª¦¥ ¢�à¨�−â
¯à¥¤®áâ�¢«¥−¨ï −�ãç−®£® ¨áá«¥¤®¢�−¨ï ª�ª á¥à¢¨á | RaaS (research-as-a-service).

’�ª®© ¦¥ ®¡«�ç−ë© ¯®¤å®¤ æ¥«¥á®®¡à�§−® ¯à¨¬¥−ïâì ¨ ª ãá«ã£�¬ ¢ëá®ª®-
¯à®¨§¢®¤¨â¥«ì−ëå ¢ëç¨á«¥−¨©, ¢ë¯®«−ï¥¬ëå ¢ ¨−â¥à¥á�å −�ãç−ëå ª®««¥ªâ¨¢®¢
à�§«¨ç−ëå −�¯à�¢«¥−¨© ¯à¨ª«�¤−ëå ¨ äã−¤�¬¥−â�«ì−ëå −�ãª. �â® ¯®§¢®-
«¨â æ¥−âà�«¨§®¢�âì à¥áãàáë ¨ ®¡¥á¯¥ç¨âì §�£àã§ªã ¢ëç¨á«¨â¥«ì−ëå ª®¬¯«¥ªá®¢
à�áç¥â−ë¬¨ §�¤�ç�¬¨ á ¡®«ìè¥© íää¥ªâ¨¢−®áâìî, ç¥¬ ¯à¨ ¬®−®¯®«ì−®¬ ¯à¥¤®-
áâ�¢«¥−¨¨ ª�¦¤®¬ã −�ãç−®¬ã ª®««¥ªâ¨¢ã ¢ëç¨á«¨â¥«ì−ëå ¬®é−®áâ¥©, � â�ª¦¥
¯®§¢®«¨â ®¡¥á¯¥ç¨âì ¡‚®«ìèãî £¨¡ª®áâì ¢ íªá¯«ã�â�æ¨¨ ¢ëç¨á«¨â¥«ì−®£® ª®¬-
¯«¥ªá�, á®ªà�â¨âì ¢à¥¬ï ¢ë¯®«−¥−¨ï ¢ëç¨á«¥−¨© [6,7].

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 18-07-00669, 18-29-03100).
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, KVolovich@frccsc.ru
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�¥ª®â®àë¥ á¨áâ¥¬®â¥å−¨ç¥áª¨¥ ¢®¯à®áë ¯à¥¤®áâ�¢«¥−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢

�¤−�ª® ¯à¨ ¯à¥¤®áâ�¢«¥−¨¨ ãá«ã£ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå ¢ëç¨á«¥−¨© −¥-
®¡å®¤¨¬® ãç¨âë¢�âì á¯¥æ¨ä¨ªã ®à£�−¨§�æ¨¨ ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá� ¨ �àå¨-
â¥ªâãàã ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®£® ª®¬¯«¥ªá�.

‘®¢à¥¬¥−−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ ª®¬¯«¥ªáë, ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï à¥è¥−¨ï
−�ãç−ëå §�¤�ç, áâà®ïâáï, ª�ª ¯à�¢¨«®, −� ®á−®¢¥ £¨¡à¨¤−ëå �àå¨â¥ªâãà, ¢ª«î-
ç�îé¨å ¢ á¥¡ï ª�ª æ¥−âà�«ì−ë¥ ¯à®æ¥áá®àë ®¡é¥£® ¯à¨¬¥−¥−¨ï, â�ª ¨ á¯¥æ¨-
�«¨§¨à®¢�−−ë¥ ãáª®à¨â¥«¨ ¬�â¥¬�â¨ç¥áª¨å ®¯¥à�æ¨©. ’�ª, ¯® á®áâ®ï−¨î −�
¨î−ì 2018 £. ¢®á¥¬ì ¨§ ¤¥áïâ¨ ¯¥à¢ëå áã¯¥àª®¬¯ìîâ¥à®¢ ¨§ à¥©â¨−£� Top 500
¨¬¥îâ £¨¡à¨¤−ãî �àå¨â¥ªâãàã [8], ¢ ª®â®àãî ¬®£ãâ ¢å®¤¨âì æ¥−âà�«ì−ë¥ ¯à®æ¥á-
á®àë (CPU) à�§«¨ç−ëå �àå¨â¥ªâãà (−�¯à¨¬¥à, Intel x86 64, IBM Power), � â�ª¦¥
ãáª®à¨â¥«¨ ¢ëç¨á«¥−¨© (GPU, graphics processing unit) à�§«¨ç−ëå �àå¨â¥ªâãà
(−�¯à¨¬¥à, Intel Xeon Phi, Nvidia Tesla, Matrix coprocessor).

„«ï ¨á¯®«ì§®¢�−¨ï ¢®§¬®¦−®áâ¥© ¢ëç¨á«¥−¨© −� â�ª¨å ª®¬¯«¥ªá�å ¢ à�¬ª�å
ª®−æ¥¯æ¨¨ ®¡«�ç−ëå ¢ëç¨á«¥−¨© −¥®¡å®¤¨¬® ¯à¨¬¥−ïâì ®¯à¥¤¥«¥−−ë¥ ¬¥â®¤¨ª¨
®à£�−¨§�æ¨¨ ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá�, ®¡¥á¯¥ç¨¢�îé¨¥ à�§¤¥«¥−¨¥ à¥áãàá®¢
£à�ä¨ç¥áª¨å ãáª®à¨â¥«¥© ¬¥¦¤ã ª«¨¥−â�¬¨ ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá�.

Šà®¬¥ â®£®, −¥®¡å®¤¨¬® ãç¨âë¢�âì, çâ® «î¡®© −�ãç−ë© ª®««¥ªâ¨¢, ¨á¯®«ì-
§ãîé¨© ¤«ï à¥è¥−¨ï á¢®¨å §�¤�ç £¨¡à¨¤−ë© ¢ëç¨á«¨â¥«ì−ë© ª®¬¯«¥ªá, ª�ª
¯à�¢¨«®, ¨¬¥¥â ¯à®£à�¬¬−ë© §�¤¥«, ¯à¥¤−�§−�ç¥−−ë© ¤«ï à¥è¥−¨ï ¥£® −�ãç−ëå
§�¤�ç. ‚ ®¡é¥¬ á«ãç�¥ â�ª®© ¯à®£à�¬¬−ë© §�¤¥« ¬®¦¥â ¡ëâì −¥ á®¢¬¥áâ¨¬
á �àå¨â¥ªâãà®© ¨ ¯à®£à�¬¬−®© áà¥¤®© £¨¡à¨¤−®£® ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá�.
‚®¯à®áë ª«�áá¨ä¨ª�æ¨¨ ¯à¨ª«�¤−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¯® á®¢¬¥áâ¨-
¬®áâ¨ ¨ ¬®¡¨«ì−®áâ¨ à�áá¬®âà¥−ë ¢ [9].

‚ ¤�−−®© áâ�âì¥ ¯à¥¤«�£�îâáï á¨áâ¥¬®â¥å−¨ç¥áª¨¥ ¯®¤å®¤ë ª ¯à®¡«¥¬�¬
�¤�¯â�æ¨¨ ¯à®£à�¬¬−®£® ª®¤� −�ãç−ëå ª®««¥ªâ¨¢®¢ ª áà¥¤¥ £¨¡à¨¤−®£® ¢ëá®-
ª®¯à®¨§¢®¤¨â¥«ì−®£® ª®¬¯«¥ªá�, á®§¤�−¨ï ¨−¤¨¢¨¤ã�«ì−®© áà¥¤ë ¨á¯®«−¥−¨ï
§�¤�ç á ¨á¯®«ì§®¢�−¨¥¬ â¥å−®«®£¨¨ ¢¨àâã�«¨§�æ¨¨ −� ®á−®¢¥ ¯à®£à�¬¬−ëå ª®−-
â¥©−¥à®¢, � â�ª¦¥ à�§à�¡®âª¨ �«£®à¨â¬� ã¯à�¢«¥−¨ï à¥áãàá�¬¨ ¢ëç¨á«¨â¥«ì−®£®
ª®¬¯«¥ªá� [10,11].

2 Адаптация программного кода к архитектуре гибридного
высокопроизводительного комплекса

ˆ¬¥îé¨©áï ã −�ãç−ëå ª®««¥ªâ¨¢®¢ §�¤¥« ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ¯à¥¤-
−�§−�ç¥−−®£® ¤«ï à¥è¥−¨ï äã−¤�¬¥−â�«ì−ëå ¨ ¯à¨ª«�¤−ëå −�ãç−ëå §�¤�ç, −¥
¬®¦¥â ¢ë¯®«−ïâìáï −� áà¥¤áâ¢�å £¨¡à¨¤−®£® ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®£® ª®¬¯«¥ª-
á� ¡¥§ ¯à®¢¥¤¥−¨ï ®¯à¥¤¥«¥−−®© ¯®¤£®â®¢ª¨.

„«ï �¤�¯â�æ¨¨ ¨¬¥îé¥£®áï ã −�ãç−®£® ª®««¥ªâ¨¢� §�¤¥«� ¯® à¥è¥−¨î ¯à¨-
ª«�¤−®© ¨«¨ äã−¤�¬¥−â�«ì−®© §�¤�ç¨ ¢ á®áâ�¢¥ £¨¡à¨¤−®£® ¢ëá®ª®¯à®¨§¢®¤¨-
â¥«ì−®£® ª®¬¯«¥ªá� −¥®¡å®¤¨¬® á®§¤�âì àï¤ ¨−áâàã¬¥−â�«ì−ëå áà¥¤áâ¢, ¯®§¢®-
«ïîé¨å ¢ë¯®«−¨âì §�£àã§ªã, ®¡à�¡®âªã, â¥áâ¨à®¢�−¨¥ ¨ ®â«�¤ªã ¨, −�ª®−¥æ,
¨á¯®«−¥−¨¥ ¯à®£à�¬¬−®£® ª®¤� á æ¥«ìî à¥è¥−¨ï −�ãç−®© §�¤�ç¨. ”¨−�«ì−®©
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áâ�¤¨¥© íâ®£® ¯à®æ¥áá� ï¢«ï¥âáï ®æ¥−ª� ã«ãçè¥−¨ï «¨¡® ¤¥£à�¤�æ¨¨ ¯à®¨§¢®¤¨-
â¥«ì−®áâ¨ ¯à¨ à¥è¥−¨¨ ¤�−−®© §�¤�ç¨ ¯® áà�¢−¥−¨î á à�−¥¥ ¨á¯®«ì§®¢�−−ë¬¨
¢ëç¨á«¨â¥«ì−ë¬¨ ª®¬¯«¥ªá�¬¨.

��ç�«ì−ë¬ íâ�¯®¬ �¤�¯â�æ¨¨ ¯à®£à�¬¬−®£® ª®¤� ª ãá«®¢¨ï¬ ¢ë¯®«−¥−¨ï −�
áà¥¤áâ¢�å £¨¡à¨¤−®£® ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®£® ª®¬¯«¥ªá� ï¢«ï¥âáï ª«�áá¨ä¨-
ª�æ¨ï ¯à®£à�¬¬−®£® ª®¤� ¯® áâ¥¯¥−¨ ¬®¡¨«ì−®áâ¨ [9].

’�ª�ï ª«�áá¨ä¨ª�æ¨ï ¬®¦¥â ¡ëâì ¢ë¯®«−¥−� ª�ª −¥¯®áà¥¤áâ¢¥−−® ¯®«ì§®¢�-
â¥«¥¬, â�ª ¨ á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨. ‚ ç�áâ−®áâ¨, ¢ ª�ç¥áâ¢¥
â�ª®£® ¨−áâàã¬¥−â�«ì−®£® áà¥¤áâ¢� ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� −¥©à®−−�ï á¥âì,
®¡ãç¥−−�ï −� ¯à¥¤¢�à¨â¥«ì−® à�§¬¥ç¥−−®¬ −�¡®à¥ ¤�−−ëå.

�®«ì§®¢�â¥«ìáª�ï ª«�áá¨ä¨ª�æ¨ï, −� ¯¥à¢ë© ¢§£«ï¤, ï¢«ï¥âáï ¡®«¥¥ ç¥¬
¤®áâ�â®ç−®© ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨ï, ª ª�ª®¬ã ª«�ááã ®â−®á¨âáï �¤�¯â¨àã¥¬�ï
§�¤�ç�. ‚ â® ¦¥ ¢à¥¬ï −¥®¡å®¤¨¬® ãç¨âë¢�âì áªàëâë¥ −î�−áë, ª®â®àë¥ ¬®£ãâ
¡ëâì −¥¤®áâã¯−ë ¯®«ì§®¢�â¥«î ¢ ¬®¬¥−â ¯à®¢¥¤¥−¨ï à�¡®â.

‘ æ¥«ìî ãç¥â� â�ª®© áªàëâ®© ¨−ä®à¬�æ¨¨ ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ª®¬-
¯®−¥−âë ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� | −¥©à®−−ãî á¥âì, ¯à¥¤¢�à¨â¥«ì−® ®¡ãç�-
îéãîáï −� áâ�àâ®¢®¬ −�¡®à¥ à�§¬¥ç¥−−ëå ¨áå®¤−ëå ¤�−−ëå ¨ ¢ ¤�«ì−¥©è¥¬
¯à®¤®«¦�îéãî á¢®¥ ®¡ãç¥−¨¥ ¢ ¯à®æ¥áá¥ à�¡®âë á¨áâ¥¬ë. ’�ª¨¬ ®¡à�§®¬,
−� −�ç�«ì−®¬ (¯ãáª®¢®¬) íâ�¯¥ −¥©à®−−�ï á¥âì ¯à®å®¤¨â ®¡ãç¥−¨¥ −� áâ�àâ®¢®¬
¬�áá¨¢¥ ¤�−−ëå ¨ ª®àà¥ªâ¨àã¥â á¢®¥ á®áâ®ï−¨¥ −� ¡�§¥ ¨−ä®à¬�æ¨¨, ¯®«ãç�-
¥¬®© ¢ ¯à®æ¥áá¥ à�¡®âë ¯®«ì§®¢�â¥«¥© ¯® �¤�¯â�æ¨¨ á¢®¨å −�ãç−ëå §�¤�ç ¤«ï
¢ë¯®«−¥−¨ï −� £¨¡à¨¤−®¬ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®¬ ª®¬¯«¥ªá¥.

�� à¨á. 1 ¯à¥¤áâ�¢«¥− áæ¥−�à¨© ¢¢®¤� ¢ íªá¯«ã�â�æ¨î ¨ äã−ªæ¨®−¨à®¢�−¨ï
−¥©à®−−®© á¥â¨ ª«�áá¨ä¨ª�æ¨¨ ¯à®£à�¬¬−®£® ª®¤� ¨ ª®àà¥ªâ¨à®¢ª¨ ¥¥ á®áâ®-
ï−¨ï −� ®á−®¢¥ ¤�−−ëå, ¯®«ãç�¥¬ëå ¯à¨ à�¡®â¥ ¯®«ì§®¢�â¥«¥© ¯® �¤�¯â�æ¨¨
¯à®£à�¬¬−®£® ª®¤�.

�â¬¥â¨¬, çâ® −�¡®à ¤�−−ëå ¤«ï ¯¥à¢¨ç−®£® ®¡ãç¥−¨ï −¥©à®−−®© á¥â¨ ¬®¦¥â
¡ëâì ¯®áâà®¥− ª�ª −� ®á−®¢¥ à¥�«ì−ëå ¯à¨¬¥à®¢ ¯à®£à�¬¬−®£® ª®¤�, â�ª ¨ −�
®á−®¢¥ ¨áªãááâ¢¥−−® á£¥−¥à¨à®¢�−−ëå (á¨−â¥â¨ç¥áª¨å) ¯à¨¬¥à®¢. ÷�§¬¥âª� â�ª¨å
¯à¨¬¥à®¢ ¤«ï ¯¥à¢¨ç−®£® ®¡ãç¥−¨ï −¥©à®−−®© á¥â¨ ¢ «î¡®¬ á«ãç�¥ ¤®«¦−�
¢ë¯®«−ïâìáï ç¥«®¢¥ª®¬.

��¡®à ¤�−−ëå ¤«ï ¯¥à¢¨ç−®£® ®¡ãç¥−¨ï ¤®«¦¥− ¢ª«îç�âì ¯à¨¬¥àë ¤«ï ¢á¥å
ï§ëª®¢ ¯à®£à�¬¬¨à®¢�−¨ï ¢ëá®ª®£® ãà®¢−ï (Ÿ‚“), ¯à¨¬¥−ï¥¬ëå ¤«ï à�§à�¡®âª¨
¯à¨ª«�¤−®£® ª®¤� ¢ £¨¡à¨¤−®¬ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®¬ ª®¬¯«¥ªá¥ (−�¯à¨¬¥à,
Python, TensorFlow). �¤−�ª® �àå¨â¥ªâãà� ¡«®ª� ª«�áá¨ä¨ª�æ¨¨ ¬®¦¥â ¡ëâì
à�§«¨ç−®©.

‚®§¬®¦¥− ¢�à¨�−â ®¡ãç¥−¨ï ¥¤¨−®© −¥©à®−−®© á¥â¨ −� ¯®«−®¬ −�¡®à¥ ¤�−−ëå
¯¥à¢¨ç−®£® ®¡ãç¥−¨ï, ¢ª«îç�îé¥¬ ¯à¨¬¥àë −� à�§«¨ç−ëå ï§ëª�å ¯à®£à�¬¬¨-
à®¢�−¨ï (á¥âì ú�‘ …û −� à¨á. 1).

„àã£®© ¢�à¨�−â ¯®áâà®¥−¨ï ¡«®ª� ª«�áá¨ä¨ª�æ¨¨ ¯à¥¤¯®«�£�¥â −�«¨ç¨¥
£àã¯¯ë −¥©à®−−ëå á¥â¥©, ª�¦¤�ï ¨§ ª®â®àëå ¢ë¯®«−ï¥â ª«�áá¨ä¨ª�æ¨î ¯à®-
£à�¬¬−®£® ª®¤� ¤«ï ®¤−®£® ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï. �� à¨á. 1 ¯®ª�§�−ë
−¥©à®−−ë¥ á¥â¨ ú�‘ 1û{ú�‘ 3û ¤«ï ª�¦¤®£® ï§ëª� ¢ëá®ª®£® ãà®¢−ï.
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�¥ª®â®àë¥ á¨áâ¥¬®â¥å−¨ç¥áª¨¥ ¢®¯à®áë ¯à¥¤®áâ�¢«¥−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢

÷¨á. 1 ‘æ¥−�à¨© ¢¢®¤� ¢ íªá¯«ã�â�æ¨î ¨ äã−ªæ¨®−¨à®¢�−¨ï −¥©à®−−®© á¥â¨

‘ â®çª¨ §à¥−¨ï ã−¨¢¥àá�«ì−®áâ¨ ¨ ¯®áâà®¥−¨ï ¯®«−®áâìî �¢â®¬�â¨ç¥áª®£®
¬®¤ã«ï ª«�áá¨ä¨ª�æ¨¨ ¯à®£à�¬¬−®£® ª®¤� ¯¥à¢ë© ¢�à¨�−â ¯à¥¤¯®çâ¨â¥«ì−¥¥,
¯®áª®«ìªã −¥ âà¥¡ã¥â ¯à¥¤¢�à¨â¥«ì−®© á®àâ¨à®¢ª¨ ¯à®£à�¬¬−®£® ª®¤� −� ®á−®¢¥
¨á¯®«ì§ã¥¬®£® ï§ëª�. Šà®¬¥ â®£®, â�ª®© ¯®¤å®¤ ¯®§¢®«ï¥â ¯à®¢®¤¨âì ª«�áá¨ä¨-
ª�æ¨î â¥ªáâ®¢ ¯à®£à�¬¬, à�§à�¡®â�−−ëå á ¨á¯®«ì§®¢�−¨¥¬ −¥áª®«ìª¨å ï§ëª®¢
¯à®£à�¬¬¨à®¢�−¨ï, çâ® ï¢«ï¥âáï ®¡ëç−®© ¯à�ªâ¨ª®© ¯à¨ á®§¤�−¨¨ ¡®«ìè¨å
¯à®¥ªâ®¢. �¥¤®áâ�âª¨ â�ª®£® ¢�à¨�−â� | ¤«¨â¥«ì−®áâì ®¡ãç¥−¨ï ¨ ¢ëá®ª¨¥
âà¥¡®¢�−¨ï ª §�âà�ç¨¢�¥¬ë¬ à¥áãàá�¬.

‚�à¨�−â á à�§¤¥«¥−¨¥¬ ¡«®ª� ª«�áá¨ä¨ª�æ¨¨ −� ª®¬¯®−¥−âë �−�«¨§� ®¤−®£®
¢ë¡à�−−®£® ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï ¯à¥¤áâ�¢«ï¥âáï ¡®«¥¥ æ¥«¥á®®¡à�§−ë¬ ¤«ï
¯®áâà®¥−¨ï ¬�ª¥â®¢ ¨ ®âà�¡®âª¨ â¥å−®«®£¨¨ ¢ á¨«ã ¬¥−ìè¥© âà¥¡®¢�â¥«ì−®áâ¨
ª ¢ëç¨á«¨â¥«ì−ë¬ à¥áãàá�¬.

�®¬¨¬® áâ�àâ®¢®£® −�¡®à� ¨áå®¤−ëå ¯à®£à�¬¬−ëå â¥ªáâ®¢ ¤«ï ®¡ãç¥−¨ï
−¥©à®á¥â¨ ¢ ¯à®æ¥áá¥ à�¡®âë ¨á¯®«ì§ãîâáï â¥ªáâë, ¯à®è¥¤è¨¥ ª«�áá¨ä¨ª�æ¨î
¨ ¤�«ì−¥©è¨¥ è�£¨ ¯® �¤�¯â�æ¨¨ ¯à®£à�¬¬−®£® ª®¤� ª ãá«®¢¨ï¬ ¢ë¯®«−¥−¨ï
−� áà¥¤áâ¢�å ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®£® ª®¬¯«¥ªá�. ‚å®¤−ë¬¨ ¤�−−ë¬¨ ¤«ï
â�ª®£® ¢â®à¨ç−®£® ®¡ãç¥−¨ï á«ã¦¨â á�¬ ¯à®£à�¬¬−ë© â¥ªáâ (−� à¨á. 1 | ª®¤
¤«ï �¤�¯â�æ¨¨), � â�ª¦¥ ¤�−−ë¥ ® ¤�«ì−¥©è¨å è�£�å ¯® �¤�¯â�æ¨¨ (®¡à�â−�ï
á¢ï§ì), ¯à¨ íâ®¬ ¯à®£à�¬¬−ë© â¥ªáâ ¤®¡�¢«ï¥âáï ª ¨áå®¤−®¬ã −�¡®àã ®¡ãç�îé¨å
¯à¨¬¥à®¢ ¢ ª�ç¥áâ¢¥ ¤®¯®«−¨â¥«ì−®£® à�§¬¥ç¥−−®£® ª®¬¯®−¥−â�.

�¨§−¥á-¯à®æ¥áá ¯® ¢ë¯®«−¥−¨î �¤�¯â�æ¨¨ ¨¬¥îé¥£®áï ¯à®£à�¬¬−®£® ª®¤�
¨ ¯®á«¥¤ãîé¥£® ¥£® ¢ë¯®«−¥−¨ï −� áà¥¤áâ¢�å £¨¡à¨¤−®£® ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì-
−®£® ª«�áâ¥à� ¢ª«îç�¥â á«¥¤ãîé¨¥ íâ�¯ë [9]:
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(1) ª«�áá¨ä¨ª�æ¨ï ¯à¨«®¦¥−¨©;

(2) ¯®¤£®â®¢ª� ¨á¯®«−ï¥¬®£® ª®¤�;

(3) á®§¤�−¨¥ §�¤�−¨© ¤«ï ¢ëç¨á«¨â¥«¥©;

(4) ®à£�−¨§�æ¨ï ¨ ®¡á«ã¦¨¢�−¨¥ ®ç¥à¥¤¨ §�¤�−¨©;

(5) ¯®¤£®â®¢ª� ¢ëç¨á«¨â¥«ì−®© áà¥¤ë;

(6) ¢ë¯®«−¥−¨¥ à�áç¥â�;

(7) ¯à¥¤®áâ�¢«¥−¨¥ à¥§ã«ìâ�â®¢ à�áç¥â�.

�¤�¯â�æ¨ï ¯à®£à�¬¬−®£® ª®¤� ¢ë¯®«−ï¥âáï −� íâ�¯�å 1 ¨ 2. ‚ å®¤¥ ¢ë¯®«-
−¥−¨ï íâ¨å íâ�¯®¢ ¤®«¦−� ¡ëâì ¢ë¯®«−¥−� ª�ª ¯®¤£®â®¢ª� á�¬®£® ¨á¯®«−ï¥¬®£®
ª®¤�, â�ª ¨ ¯®¤£®â®¢ª� ®¯¨á�−¨ï −¥®¡å®¤¨¬®© ¢ëç¨á«¨â¥«ì−®© áà¥¤ë ¤«ï ¨á-
¯®«−¥−¨ï íâ®£® ª®¤�. ‘�¬� áà¥¤� ¯® ¤�−−®¬ã ®¯¨á�−¨î ä®à¬¨àã¥âáï −� íâ�¯¥ 5
¨ ¡ã¤¥â à�áá¬®âà¥−� −¨¦¥.

„«ï �¤�¯â�æ¨¨ ª®¬¯¨«¨àã¥¬®£® ¯à®£à�¬¬−®£® ª®¤� á«¥¤ã¥â ¢ë¯®«−¨âì á«¥-
¤ãîéãî ¯®á«¥¤®¢�â¥«ì−®áâì ¤¥©áâ¢¨© ¢ §�¢¨á¨¬®áâ¨ ®â à¥§ã«ìâ�â®¢ ª«�áá¨ä¨-
ª�æ¨¨, ¢ë¯®«−¥−−ëå −� ¯¥à¢®¬ íâ�¯¥.

„«ï ¯à¨«®¦¥−¨©, −¥§�¢¨á¨¬ëå ®â �àå¨â¥ªâãàë, −¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì:

{ ¯¥à¥ç¥−ì ¬®¤ã«¥© ¨ ¯à®£à�¬¬−ëå ª®¬¯®−¥−â®¢, áà¥¤ ¨á¯®«−¥−¨ï ¤«ï ¯®¤-
¤¥à¦ª¨ ï§ëª� ¯à¨«®¦¥−¨ï (−�¯à¨¬¥à, Python, TensorFlow);

{ ¯¥à¥ç¥−ì á¨áâ¥¬−ëå ¡¨¡«¨®â¥ª, −¥®¡å®¤¨¬ëå ¤«ï ¯®¤¤¥à¦ª¨ ¯à®£à�¬¬−ëå
ª®¬¯®−¥−â®¢ ¯à¨ª«�¤−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¨ áà¥¤ë;

{ ¯¥à¥ç¥−ì −¥®¡å®¤¨¬ëå ¤à�©¢¥à®¢ ãáâà®©áâ¢ ¨ ¯à®£à�¬¬−ëå ª®¬¯®−¥−â®¢
(−�¯à¨¬¥à, ¤à�©¢¥àë GPU ¨ CUDA).

�®áª®«ìªã ¯à¨«®¦¥−¨ï −¥ §�¢¨áïâ ®â ¢ëç¨á«¨â¥«ì−®© ¯«�âä®à¬ë, ¤¥©áâ¢¨ï
¯® ¨å �¤�¯â�æ¨¨ á¢®¤ïâáï ª ®¯à¥¤¥«¥−¨î ¯¥à¥ç−¥© ãª�§�−−ëå ª®¬¯®−¥−â®¢
¨ ä®à¬¨à®¢�−¨î −� ¨å ®á−®¢¥ −¥®¡å®¤¨¬®© áà¥¤ë ¨á¯®«−¥−¨ï á ¨á¯®«ì§®¢�−¨¥¬
¬¥å�−¨§¬®¢ ¢¨àâã�«¨§�æ¨¨ (á¬. −¨¦¥).

„«ï ¯à¨«®¦¥−¨©, ¬®¡¨«ì−ëå ¢ à�¬ª�å ¢ëç¨á«¨â¥«ì−ëå �àå¨â¥ªâãà, −¥®¡å®-
¤¨¬®:

{ ®áãé¥áâ¢¨âì ª®¬¯¨«ïæ¨î ¨áå®¤−®£® ª®¤� ¢ ª®¤ æ¥«¥¢®© �àå¨â¥ªâãàë;

{ ¯à®¨§¢¥áâ¨ ª®¬¯®−®¢ªã æ¥«¥¢®£® ª®¤� á á¨áâ¥¬−ë¬¨ ¨ ¯à¨ª«�¤−ë¬¨ ¯à®-
£à�¬¬−ë¬¨ ¡¨¡«¨®â¥ª�¬¨;

{ ®¯à¥¤¥«¨âì á®áâ�¢ −¥®¡å®¤¨¬ëå ¯à®£à�¬¬−ëå ¬®¤ã«¥© ¨ á¨áâ¥¬−ëå ¡¨¡«¨®-
â¥ª ¤«ï ä®à¬¨à®¢�−¨ï áà¥¤ë ¨á¯®«−¥−¨ï �¤�¯â¨à®¢�−−®£® ª®¤�.

�â¬¥â¨¬, çâ® ¤«ï ®¡®¨å â¨¯®¢ ¯à¨«®¦¥−¨© ®¤−¨¬ ¨§ à¥§ã«ìâ�â®¢ ¯à®æ¥áá�
�¤�¯â�æ¨¨ ï¢«ï¥âáï ®¯¨á�−¨¥ á®áâ�¢� áà¥¤ë ¨á¯®«−¥−¨ï ¢ ¢¨¤¥ −�¡®à� ¡¨¡«¨®â¥ª,
¯à®£à�¬¬−ëå ¬®¤ã«¥© ¨ ¤à�©¢¥à®¢. „�−−®¥ ®¯¨á�−¨¥ ¨á¯®«ì§ã¥âáï ¤«ï á®§¤�−¨ï
áà¥¤ë ¨á¯®«−¥−¨ï ¯®«ì§®¢�â¥«ìáª®£® ¯à¨«®¦¥−¨ï ¢ ®¡«�ç−®© ¨−äà�áâàãªâãà¥.
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�¥ª®â®àë¥ á¨áâ¥¬®â¥å−¨ç¥áª¨¥ ¢®¯à®áë ¯à¥¤®áâ�¢«¥−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢

„«ï ¯à¨«®¦¥−¨©, §�¢¨á¨¬ëå ®â �àå¨â¥ªâãàë, �¤�¯â�æ¨ï ª áà¥¤áâ¢�¬ £¨¡-
à¨¤−®£® ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá� ®¯à¥¤¥«ï¥âáï ¨−¤¨¢¨¤ã�«ì−ë¬ ¯®¤å®¤®¬
¨ á¢®¤¨âáï ª §�¬¥−¥ §�¢¨á¨¬®£® ®â �àå¨â¥ªâãàë ª®¤� ¥£® äã−ªæ¨®−�«ì−ë¬
�−�«®£®¬ ¢ à�¬ª�å æ¥«¥¢®© �àå¨â¥ªâãàë. ”�ªâ¨ç¥áª¨ â�ª�ï à�¡®â� ï¢«ï¥âáï
−®¢®© à�§à�¡®âª®© ¯à®£à�¬¬−®£® ª®¤� ¨«¨ ¥£® ª®¬¯®−¥−â®¢ ¨ −¥ ¬®¦¥â ¡ëâì
®â−¥á¥−� ª �¤�¯â�æ¨¨. �®íâ®¬ã ¢®¯à®áë �¤�¯â�æ¨¨ â�ª¨å ¯à¨«®¦¥−¨© ª ãá«®¢¨ï¬
à�¡®âë −� £¨¡à¨¤−®© ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®© ¢ëç¨á«¨â¥«ì−®© á¨áâ¥¬¥ ¢ëå®¤ïâ
§� à�¬ª¨ −�áâ®ïé¥© áâ�âì¨.

„¥©áâ¢¨ï ¯® ª®¬¯¨«ïæ¨¨, ª®¬¯®−®¢ª¥ ¨ á®áâ�¢«¥−¨î à¥¥áâà®¢ −¥®¡å®¤¨¬ëå
¯à®£à�¬¬−ëå ¡¨¡«¨®â¥ª ¨ ª®¬¯®−¥−â®¢ ¬®£ãâ ¢ë¯®«−ïâìáï ª�ª ¢ �¢â®¬�â¨ç¥áª®¬,
â�ª ¨ ¢ �¢â®¬�â¨§¨à®¢�−−®¬ à¥¦¨¬¥ á ãç�áâ¨¥¬ ç¥«®¢¥ª�.

�¢â®¬�â¨ç¥áª¨© à¥¦¨¬ ¯à¥¤¯®çâ¨â¥«ì−® ¨á¯®«ì§®¢�âì ¤«ï �¤�¯â�æ¨¨ §�¤�ç,
¨á¯®«ì§ãîé¨å ®¡é¥ã¯®âà¥¡¨â¥«ì−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥, ¤«ï ª®â®à®£®
¨¬¥¥âáï ®¯¨á�−¨¥ §�¢¨á¨¬®áâ¥© ¯à®£à�¬¬−ëå ¬®¤ã«¥© ¨ ¡¨¡«¨®â¥ª. ‚ íâ®¬
á«ãç�¥ ¨−áâàã¬¥−â�«ì−ë¥ áà¥¤áâ¢� áà¥¤ë ¨á¯®«−¥−¨ï (−�¯à¨¬¥à, ¨−â¥à¯à¥â�â®àë
ï§ëª®¢ ¢ëá®ª®£® ãà®¢−ï) ¨¬¥îâ ¢®§¬®¦−®áâ¨ ¯®áâà®¥−¨ï ¤¥à¥¢� âà¥¡ã¥¬ëå
ª®¬¯®−¥−â®¢ ¨ �¢â®¬�â¨ç¥áª®© £¥−¥à�æ¨¨ ¯®«−®£® á¯¨áª� §�¢¨á¨¬®áâ¥©.

‚ á«ãç�¥ �¢â®¬�â¨§¨à®¢�−−®© (á ãç�áâ¨¥¬ ç¥«®¢¥ª�) ª®¬¯¨«ïæ¨¨ ¨ ª®¬¯®−®¢ª¨
¯à¨«®¦¥−¨©, ª®£¤� ®âáãâáâ¢ã¥â â®ç−®¥ ®¯¨á�−¨¥ á®áâ�¢� ¯à®£à�¬¬−ëå ¬®¤ã«¥©
¨ §�¢¨á¨¬®áâ¥©, ¤¥©áâ¢¨ï ¯® ¯®¤¡®àã −¥®¡å®¤¨¬ëå ¯à®£à�¬¬−ëå ¡¨¡«¨®â¥ª
®áãé¥áâ¢«ïîâáï à�§à�¡®âç¨ª®¬ ¢ ¯à®æ¥áá¥ ¨−â¥à�ªâ¨¢−®£® ¯à®æ¥áá� á¡®àª¨,
ª®¬¯®−®¢ª¨ ¨ ®â«�¤ª¨.

‚ ®¡®¨å á«ãç�ïå á®§¤�¥âáï ¨á¯®«−ï¥¬ë© ª®¤ −� æ¥«¥¢®¬ ï§ëª¥ ¨á¯®«−ïîé¥©
á¨áâ¥¬ë, � â�ª¦¥ ®¯¨á�−¨¥ ¯®«−®£® á®áâ�¢� áà¥¤ë ®ªàã¦¥−¨ï (¯à®£à�¬¬−ë¥ ¬®-
¤ã«¨ ¨ ¡¨¡«¨®â¥ª¨). ‚ å®¤¥ ¨á¯®«−¥−¨ï ¯®«ì§®¢�â¥«ìáª®£® ¯à¨«®¦¥−¨ï −� ®á−®¢¥
íâ®£® ®¯¨á�−¨ï áà¥¤áâ¢�¬¨ ¢¨àâã�«¨§�æ¨¨ á®§¤�¥âáï ¨−¤¨¢¨¤ã�«ì−�ï áà¥¤� ¨á-
¯®«−¥−¨ï ¯à¨«®¦¥−¨ï.

3 Создание виртуальной среды функционирования заданий

�à¥¤¯®çâ¨â¥«ì−ë¬ à¥¦¨¬®¬ äã−ªæ¨®−¨à®¢�−¨ï £¨¡à¨¤−®£® ¢ëç¨á«¨â¥«ì−®-
£® ª«�áâ¥à� ¢ ¬−®£®¯®«ì§®¢�â¥«ìáª®¬ à¥¦¨¬¥ ï¢«ï¥âáï ¯�à�««¥«ì−®¥ ¨á¯®«−¥−¨¥
¯®«ì§®¢�â¥«ìáª¨å −�ãç−ëå §�¤�ç. –¥«¥á®®¡à�§−®áâì ¯à¨¬¥−¥−¨ï â�ª®£® à¥¦¨-
¬� ®¡êïá−ï¥âáï â¥¬, çâ® ª®¬¯«¥ªá ®¡«�¤�¥â à�§−®à®¤−ë¬¨ ¢ëç¨á«¨â¥«ì−ë¬¨
à¥áãàá�¬¨, ¤®áâã¯−ë¬¨ ¤«ï ¯®«ì§®¢�â¥«ìáª¨å ¯à¨«®¦¥−¨©, ®¤−�ª® á�¬¨ ¯à¨-
«®¦¥−¨ï, ª�ª ¯à�¢¨«®, á ¬�ªá¨¬�«ì−®© íää¥ªâ¨¢−®áâìî ¨á¯®«ì§ãîâ â®«ìª®
®¤¨− â¨¯ à¥áãàá�, ¤àã£¨¥ ¯à¨ íâ®¬ −�£àã¦¥−ë á«�¡® ¨«¨ ¢®®¡é¥ ¯à®áâ�¨-
¢�îâ. ’�ª�ï ª�àâ¨−� −�¡«î¤�¥âáï ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¤«ï à¥è¥−¨ï −�ãç−ëå
§�¤�ç æ¥−âà�«ì−ëå ¯à®æ¥áá®à®¢ ¨ ãáª®à¨â¥«¥© ¢ëç¨á«¥−¨©. Š�ª ¯à�¢¨«®, �«-
£®à¨â¬ë ¯à¨ª«�¤−ëå §�¤�ç à�ááç¨â�−ë −� ¯�à�««¥«ì−ë¥ ¢ëç¨á«¥−¨ï â®«ìª®
−� CPU «¨¡® GPU ¨ ®¤−®¢à¥¬¥−−�ï ¯®«−�ï −�£àã§ª� −� ®¡� â¨¯� ¯à®æ¥á-
á®à®¢ −¥ ¤®áâ¨£�¥âáï. �®íâ®¬ã ¨¬¥¥â á¬ëá« ®à£�−¨§®¢ë¢�âì ¢ëç¨á«¨â¥«ì-
−ë© ¯à®æ¥áá â�ª, çâ®¡ë ®¡¥á¯¥ç¨âì ¯�à�««¥«ì−®¥ ¨á¯®«−¥−¨¥ ¯®«ì§®¢�â¥«ì-
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áª¨å §�¤�ç, ª®â®à®¥ ¯à¨¢®¤¨â ª ãâ¨«¨§�æ¨¨ ¢á¥å à¥áãàá®¢ £¨¡à¨¤−®£® ª®¬-
¯«¥ªá�.

Š�ª ¡ë«® ¯®ª�§�−® ¢ëè¥, ¤«ï ª�¦¤®£® ¯®«ì§®¢�â¥«ìáª®£® ¯à¨«®¦¥−¨ï á®-
§¤�¥âáï ¯®«−ë© ¯¥à¥ç¥−ì ¯à®£à�¬¬−ëå ¬®¤ã«¥© ¨ ¡¨¡«¨®â¥ª áà¥¤ë ¨á¯®«−¥−¨ï.
�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® á®áâ�¢ ¬®¤ã«¥©, −¥®¡å®¤¨¬ëå ¤«ï äã−ªæ¨®−¨à®¢�−¨ï
à�§«¨ç−ëå ¯®«ì§®¢�â¥«ìáª¨å ¯à¨«®¦¥−¨©, ¬®¦¥â ¡ëâì −¥á®¢¬¥áâ¨¬ë¬ ¬¥¦¤ã á®-
¡®©, çâ® ¤¥«�¥â −¥¢®§¬®¦−ë¬ äã−ªæ¨®−¨à®¢�−¨¥ −¥áª®«ìª¨å ¯®«ì§®¢�â¥«ìáª¨å
¯à¨«®¦¥−¨© ¢ à�¬ª�å ®¤−®© áà¥¤ë ¨á¯®«−¥−¨ï.

�¤−®¢à¥¬¥−−®¥ ä®à¬¨à®¢�−¨¥ ¨ ¨á¯®«−¥−¨¥ £àã¯¯ë â�ª¨å áà¥¤ ¢ à�¬ª�å ®¤-
−®£® ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá� ¬®¦¥â ®áãé¥áâ¢«ïâìáï á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢
¢¨àâã�«¨§�æ¨¨. ‚ íâ®¬ á«ãç�¥ ¤«ï ª�¦¤®£® ¯à¨«®¦¥−¨ï ä®à¬¨àã¥âáï á¢®ï ¢ë-
ç¨á«¨â¥«ì−�ï áà¥¤�, ¢ à�¬ª�å ª®â®à®© ®¡¥á¯¥ç¨¢�¥âáï ¨§®«ïæ¨ï ¯à®£à�¬¬−ëå
¬®¤ã«¥© ¨ ¡¨¡«¨®â¥ª.

…á«¨ à�áá¬�âà¨¢�âì à�§«¨ç−ë¥ ¯®¤å®¤ë ª ¢¨àâã�«¨§�æ¨¨, â® ¬®¦−® ®â¬¥-
â¨âì, çâ® −�¨¬¥−¥¥ à¥áãàá®¥¬ª®© â¥å−®«®£¨¥© ï¢«ï¥âáï â¥å−®«®£¨ï ª®−â¥©−¥à®¢,

¯®§¢®«ïîé�ï á®§¤�âì áà¥¤ã ®ªàã¦¥-

÷¨á. 2 �à¨¬¥àë ª®−â¥©−¥à®¢ ¤«ï ¢ë¯®«−¥-
−¨ï ¯®«ì§®¢�â¥«ìáª¨å ¯à¨«®¦¥−¨©

−¨ï ¤«ï ¯à¨ª«�¤−®£® ¯à®æ¥áá� ¯®
ä�©«ã-®¯¨á�−¨î.

”�ªâ¨ç¥áª¨ ª®−â¥©−¥à ¬®¦¥â
¡ëâì á®§¤�− ¤¨−�¬¨ç¥áª¨ ¯à¨ §�£àã§-
ª¥ §�¤�−¨ï −� ¨á¯®«−¥−¨¥. �á−®¢®©
¤«ï ä�©«�-®¯¨á�−¨ï ª®−â¥©−¥à� á«ã-
¦¨â ®¯¨á�−¨¥ −�¡®à� ¯à®£à�¬¬−ëå
¬®¤ã«¥©, ¯®«ãç¥−−®¥ ¢ å®¤¥ à�¡®âë
¯® �¤�¯â�æ¨¨ ¯à¨«®¦¥−¨ï.

�� ®á−®¢¥ ®¯¨á�−¨ï ä®à¬¨àã-
¥âáï áâàãªâãà� ¨á¯®«−ïîé¥© áà¥-
¤ë, ¢ª«îç�îé�ï ¢ á¥¡ï ¯®á«¥¤®-
¢�â¥«ì−®: ¡�§®¢ãî ®¯¥à�æ¨®−−ãî
á¨áâ¥¬ã (�‘), á¯¥æ¨�«¨§¨à®¢�−−ë¥
¤à�©¢¥àë ãáâà®©áâ¢, ¨−â¥àä¥©á−ë¥
¡¨¡«¨®â¥ª¨ ¯à®£à�¬¬−ëå ª®¬¯®−¥−-

â®¢ ¯�à�««¥«ì−ëå ¢ëç¨á«¥−¨©, ¨−â¥£à¨à®¢�−−ë¥ áà¥¤ë à�§à�¡®âª¨ ¨ ¨á¯®«−¥−¨ï
¯à®£à�¬¬, á¯¥æ¨�«¨§¨à®¢�−−ë¥ ¯à®£à�¬¬−ë¥ ¯�ª¥âë ¤«ï ¯à¨ª«�¤−ëå −�ãç−ëå
¨áá«¥¤®¢�−¨©. �� à¨á. 2 ¯®ª�§�− ¯à¨¬¥à ª®−â¥©−¥à®¢, ¢ª«îç�îé¨å ¢ á¥¡ï
à�§«¨ç−ë¥ áâ¥ª¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¨ ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï ¨á¯®«−¥−¨ï
à�§−ëå ¯à¨ª«�¤−ëå §�¤�ç.

�� à¥áãàá�å £¨¡à¨¤−®£® ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá� ¬®£ãâ §�¯ãáª�âìáï −�
¨á¯®«−¥−¨¥ ¯® −¥áª®«ìªã íª§¥¬¯«ïà®¢ ª®−â¥©−¥à®¢ ª�¦¤®£® â¨¯�, ®¡¥á¯¥ç¨-
¢�ï â¥¬ á�¬ë¬ −¥®¡å®¤¨¬ãî §�£àã§ªã à¥áãàá®¢. �à¨ íâ®¬ −¥®¡å®¤¨¬® ®â¬¥-
â¨âì, çâ® ¤«ï ¯�à�««¥«ì−®£® ¨á¯®«−¥−¨ï −¥áª®«ìª¨å íª§¥¬¯«ïà®¢ ®¤−®© §�¤�ç¨
¢ à�¬ª�å ¢ë¯®«−¥−¨ï −�ãç−®£® à�áç¥â� ª®¤ §�¤�ç¨ ¤®«¦¥− ¡ëâì �¤�¯â¨à®¢�−
ª ãá«®¢¨ï¬ ¯�à�««¥«ì−®© ®¡à�¡®âª¨. ��¯à¨¬¥à, ¨á¯®«ì§®¢�âì ¨−â¥àä¥©á MPI
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�¥ª®â®àë¥ á¨áâ¥¬®â¥å−¨ç¥áª¨¥ ¢®¯à®áë ¯à¥¤®áâ�¢«¥−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢

(message passing interface) ¨«¨ ¤àã£¨¥ ¬¥å�−¨§¬ë à¥�«¨§�æ¨¨ ¯�à�««¥«ì−ëå ¢ë-
ç¨á«¥−¨©.

4 Алгоритмы управления ресурсами гибридного
высокопроизводительного комплекса

„«ï ®¡¥á¯¥ç¥−¨ï ¯�à�««¥«ì−®£® ¢ë¯®«−¥−¨ï à�§«¨ç−ëå ¯à¨«®¦¥−¨© á ¨á-
¯®«ì§®¢�−¨¥¬ ¢¨àâã�«¨§�æ¨¨ −� ¡�§¥ â¥å−®«®£¨¨ ª®−â¥©−¥à®¢ ¢ á®áâ�¢¥ ª®¬¯«¥ª-
á� ¤®«¦−� äã−ªæ¨®−¨à®¢�âì á¨áâ¥¬� ã¯à�¢«¥−¨ï ¢ëç¨á«¨â¥«ì−ë¬¨ §�¤�−¨ï¬¨,
®¡¥á¯¥ç¨¢�îé�ï à¥�«¨§�æ¨î ®ç¥à¥¤¥© §�¤�−¨© ¨ ¯®«¨â¨ª ®¡á«ã¦¨¢�−¨ï á ãç¥â®¬
¨á¯®«ì§ã¥¬ëå ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢.

��«¨ç¨¥ ¢ ª®¬¯«¥ªá¥ â�ª¨å ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢, ª�ª £à�ä¨ç¥áª¨¥
ãáª®à¨â¥«¨, −�ª«�¤ë¢�¥â −� äã−ªæ¨®−¨à®¢�−¨¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï §�¤�−¨ï-
¬¨ ¤®¯®«−¨â¥«ì−ë¥ âà¥¡®¢�−¨ï ¯® áà�¢−¥−¨î á ª«�áá¨ç¥áª®© �àå¨â¥ªâãà®© −�
CPU. ƒà�ä¨ç¥áª¨© ãáª®à¨â¥«ì ¢ë¤¥«ï¥âáï §�¤�ç¥ −� ®¯à¥¤¥«¥−−ë© á«®â ¢à¥¬¥−¨
¬®−®¯®«ì−®, � ¯¥à¥ª«îç¥−¨¥ ¬¥¦¤ã §�¤�ç�¬¨, ¨á¯®«ì§ãîé¨¬¨ GPU, ï¢«ï¥âáï
¯à®æ¥áá®¬ ¤®«£¨¬ ¨ á−¨¦�¥â ¯à®¨§¢®¤¨â¥«ì−®áâì ª®¬¯«¥ªá�.

„àã£®© ®á®¡¥−−®áâìî à�¡®âë £¨¡à¨¤−®£® ª®¬¯«¥ªá� ï¢«ï¥âáï â®, çâ® −� ¥£®
à¥áãàá�å ¤®«¦−ë ¢ë¯®«−ïâìáï ®¤−®¢à¥¬¥−−® §�¤�ç¨, ¯à®¨§¢®¤ïé¨¥ à¥�«ì−ë¥

÷¨á. 3 �«£®à¨â¬ ã¯à�¢«¥−¨ï à¥áãàá�¬¨ £¨¡à¨¤−®£® ª®¬¯«¥ªá�
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à�áç¥âë ¨ ª®à®âª¨¥ â¥áâ®¢ë¥ §�¤�ç¨, −¥®¡å®¤¨¬ë¥ ¤«ï ®â«�¤ª¨ ¨ â¥áâ¨à®¢�−¨ï
ª®¤�, −® â�ª¦¥ âà¥¡ãîé¨¥ à¥áãàá®¢ GPU. ’�ª¨¥ §�¤�ç¨ âà¥¡ãîâ ¡®«¥¥ ¢ëá®ª®£®
¯à¨®à¨â¥â� −� ¨á¯®«−¥−¨¥, ¯®áª®«ìªã äã−ªæ¨®−¨àãîâ ¯à�ªâ¨ç¥áª¨ ¢ ¨−â¥à�ª-
â¨¢−®¬ à¥¦¨¬¥ á ¯®«ì§®¢�â¥«ï¬¨ ª®¬¯«¥ªá�.

ˆáå®¤ï ¨§ ¯¥à¥ç¨á«¥−−ëå ãá«®¢¨©, ¯à¥¤«�£�¥âáï �«£®à¨â¬ ã¯à�¢«¥−¨ï à¥-
áãàá�¬¨ £¨¡à¨¤−®£® ª®¬¯«¥ªá�, ¯à¥¤áâ�¢«¥−−ë© −� à¨á. 3.

Š«îç¥¢ë¬ ¬®¬¥−â®¬ ¤�−−®© ¯à®æ¥¤ãàë ï¢«ï¥âáï ®æ¥−ª� ¯à¥¤¯®«�£�¥¬®£®
¢à¥¬¥−¨ ¨á¯®«−¥−¨ï. �¥à¢¨ç−�ï ®æ¥−ª� ¬®¦¥â ¡�§¨à®¢�âìáï −� §�ï¢«¥−−®¬
¯®«ì§®¢�â¥«¥¬ ¯à¥¤¯®«�£�¥¬®¬ ¢à¥¬¥−¨ ¨á¯®«−¥−¨ï ¯à®£à�¬¬ë, ®¤−�ª® ¢ ¤®-
¯®«−¥−¨¥ ª â�ª®© ®æ¥−ª¥ ¯®«¥§−® ¨á¯®«ì§®¢�âì áâ�â¨áâ¨ç¥áª¨¥ ¤�−−ë¥ ® ¢à¥¬¥−¨
§�¯ãáª®¢ ª®−â¥©−¥à� ª®−ªà¥â−®© §�¤�ç¨ ¢ à¥¦¨¬¥ à¥�«ì−ëå à�áç¥â®¢ ¨ â¥áâ®¢ëå,
®â«�¤®ç−ëå §�¯ãáª®¢.

‚ á«ãç�¥ §�¯ãáª� −¥áª®«ìª¨å íª§¥¬¯«ïà®¢ ª®−â¥©−¥à� §�¤�ç¨ ª�¦¤®¬ã ¨§
−¨å ¬®−®¯®«ì−® ¢ë¤¥«ïîâáï à�§−ë¥ GPU ¢® ¨§¡¥¦�−¨¥ ¯¥à¥ª«îç¥−¨© ¬¥¦¤ã
à�§−ë¬¨ íª§¥¬¯«ïà�¬¨ ª®−â¥©−¥à� ®¤−®£® â¨¯�.

‘«¥¤®¢�−¨¥ â�ª®¬ã �«£®à¨â¬ã ®¯à¥¤¥«¥−¨ï ¤®áâã¯−®áâ¨ à¥áãàá®¢ ¢ á®ç¥â�-
−¨¨ á ¯®«¨â¨ª�¬¨ ®¡á«ã¦¨¢�−¨ï ®ç¥à¥¤¥© á à�§«¨ç−ë¬¨ ¯à¨®à¨â¥â�¬¨ ¯®§¢®-
«¨â ®¡¥á¯¥ç¨¢�âì −�¨¡®«¥¥ ¯®«−ãî §�£àã§ªã ª�ª æ¥−âà�«ì−ëå ¯à®æ¥áá®à®¢, â�ª
¨ ãáª®à¨â¥«¥© ¢ëç¨á«¥−¨©. ’�ª¦¥ ®¡¥á¯¥ç¨¢�¥âáï ¯à¨¥¬«¥¬®¥ ¢à¥¬ï à¥�ªæ¨¨
á¨áâ¥¬ë −� §�¯ãáª ª®à®âª¨å §�¤�ç â¥áâ¨à®¢�−¨ï ¨ ®â«�¤ª¨. �¤−®¢à¥¬¥−−® á íâ¨¬
¯à®¨§¢®¤¨âáï ¢ë¯®«−¥−¨¥ §�¤�ç, ¢ë¯®«−ïîé¨å à¥�«ì−ë¥ à�áç¥âë.

5 Заключение

‚ áâ�âì¥ à�áá¬®âà¥−ë ¢®¯à®áë ¯®¤£®â®¢ª¨ �¤�¯â�æ¨¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥-
−¨ï, ¯à¥¤−�§−�ç¥−−®£® ¤«ï −�ãç−ëå à�áç¥â®¢, ª äã−ªæ¨®−¨à®¢�−¨î −� áà¥¤áâ¢�å
£¨¡à¨¤−®£® ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®£® ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá�, � â�ª¦¥ á®-
§¤�−¨ï ¢¨àâã�«ì−®© áà¥¤ë ¨á¯®«−¥−¨ï §�¤�ç ¨ ã¯à�¢«¥−¨ï à¥áãàá�¬¨ ¤�−−®£®
ª®¬¯«¥ªá�.

�à¥¤«®¦¥−® ¤«ï �¢â®¬�â¨§¨à®¢�−−®© �¤�¯â�æ¨¨ ¯à®£à�¬¬−®£® ª®¤� ¨á¯®«ì-
§®¢�âì áæ¥−�à¨¨, ¢ª«îç�îé¨¥ ª«�áá¨ä¨ª�æ¨¨ ¯à®£à�¬¬−®£® ª®¤� ¯® áâ¥¯¥−¨
¬®¡¨«ì−®áâ¨ á ¨á¯®«ì§®¢�−¨¥¬ ¯à¥¤¢�à¨â¥«ì−® ®¡ãç¥−−®© −¥©à®−−®© á¥â¨. ��
®á−®¢¥ ¯à®¢¥¤¥−−®© ª«�áá¨ä¨ª�æ¨¨ ¯à¥¤«�£�îâáï áæ¥−�à¨¨ �¢â®¬�â¨ç¥áª®© ¨ �¢-
â®¬�â¨§¨à®¢�−−®© �¤�¯â�æ¨¨ ¯à®£à�¬¬−®£® ª®¤� ª ãá«®¢¨ï¬ äã−ªæ¨®−¨à®¢�−¨ï
−� ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®¬ ¢ëç¨á«¨â¥«ì−®¬ ª®¬¯«¥ªá¥.

÷�§à�¡®â�−ë ¯®¤å®¤ë ª á®§¤�−¨î ¨−¤¨¢¨¤ã�«ì−® −�áâà®¥−−®© áà¥¤ë ¨á¯®«-
−¥−¨ï ¯à¨ª«�¤−ëå §�¤�ç á ¨á¯®«ì§®¢�−¨¥¬ ¬¥å�−¨§¬� ¢¨àâã�«¨§�æ¨¨ ¢ëç¨á«¥−¨©
−� ¡�§¥ â¥å−®«®£¨¨ ª®−â¥©−¥à®¢. Š®−â¥©−¥àë á®§¤�îâáï ¤¨−�¬¨ç¥áª¨ ¢ ¬®¬¥−â
§�£àã§ª¨ §�¤�ç −� ¢ëç¨á«¥−¨¥ ¯® ®¯¨á�−¨ï¬, ¯®«ãç¥−−ë¬ −� íâ�¯¥ �¤�¯â�-
æ¨¨. �à¥¤«®¦¥−ë ¬¥â®¤ë ¨ �«£®à¨â¬ ã¯à�¢«¥−¨ï à¥áãàá�¬¨ ¢ëç¨á«¨â¥«ì−®£®
ª®¬¯«¥ªá�, ¢ª«îç�ï £à�ä¨ç¥áª¨¥ ãáª®à¨â¥«¨, ¢ ãá«®¢¨ïå ®¤−®¢à¥¬¥−−®£® ¯�à�«-
«¥«ì−®£® ¨á¯®«−¥−¨ï ¯à¨ª«�¤−ëå −�ãç−ëå §�¤�ç à�§«¨ç−®£® â¨¯�, � â�ª¦¥ §�¤�ç
â¥áâ¨à®¢�−¨ï ¨ ®â«�¤ª¨.
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�¥ª®â®àë¥ á¨áâ¥¬®â¥å−¨ç¥áª¨¥ ¢®¯à®áë ¯à¥¤®áâ�¢«¥−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢

÷�áá¬®âà¥−−ë¥ ¢ áâ�âì¥ ¯®¤å®¤ë ¨ �«£®à¨â¬ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ª�ª
®á−®¢� ¤«ï ¯®áâà®¥−¨ï ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®£® £¨¡à¨¤−®£® ¢ëç¨á«¨â¥«ì−®£®
ª®¬¯«¥ªá�, ¯à¥¤®áâ�¢«ïîé¥£® −�ãç−ë¬ ª®««¥ªâ¨¢�¬ ¢ ª�ç¥áâ¢¥ ®¡«�ç−®£® á¥à-
¢¨á� ¨−áâàã¬¥−â�«ì−ë¥ áà¥¤áâ¢� ¤«ï �¤�¯â�æ¨¨ ¯à®£à�¬¬−®£® ª®¤� ª ãá«®¢¨ï¬
¤�−−®£® ª®¬¯«¥ªá�, ¨−¤¨¢¨¤ã�«ì−ãî ¢¨àâã�«ì−ãî áà¥¤ã ¨á¯®«−¥−¨ï ¨ ¢ëç¨á«¨-
â¥«ì−ë¥ à¥áãàáë ¤«ï ¯à®¢¥¤¥−¨ï −�ãç−ëå à�áç¥â®¢.
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−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ â¥å−®«®£¨¨. ‘â�¢¨âáï ¯à®¡«¥¬� á®§¤�-
−¨ï ¬¥â®¤®«®£¨¨ ¯à®¥ªâ¨à®¢�−¨ï ª®¬¯«¥ªá−®© á¨áâ¥¬ë ®¡¥á¯¥ç¥−¨ï ¦¨¢ã-
ç¥áâ¨ (Š‘�†) �¢â®¬�â¨§¨à®¢�−−ëå ®à£�−¨§�æ¨©. ÷�áá¬�âà¨¢�îâáï ¬®¤¥«¨
¨ ¯®ª�§�â¥«¨ ®¡¥á¯¥ç¥−¨ï ¦¨¢ãç¥áâ¨ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå
á¨áâ¥¬.

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

DOI: 10.14357/08696527180411

1 Актуальность проблемы

�� á¥£®¤−ïè−¨© ¤¥−ì ¯à®¡«¥¬ë, á¢ï§�−−ë¥ á ¨−ä®à¬�â¨§�æ¨¥© ®¡é¥áâ¢�,
¯à¨®¡à¥«¨ −®¢ãî �ªâã�«ì−ãî §−�ç¨¬®áâì, â�ª ª�ª ãà®¢¥−ì ¯à¨¬¥−¥−¨ï á¥â¥¢ëå
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’) ¨ ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−ëå â¥å-
−®«®£¨© (ˆŠ’), ª®â®àë© ï¢«ï¥âáï ®¤−¨¬ ¨§ ¢�¦−ëå ä�ªâ®à®¢ ª®−ªãà¥−â−®áâ¨
áâà�−ë ¢ ¬¨à®¢®© íª®−®¬¨ª¥, � â�ª¦¥ ¢ ¯®«¨â¨ç¥áª®© ¨ ¢®¥−−®© áä¥à¥, ¢ −�áâ®ï-
é¥¥ ¢à¥¬ï áâ�−®¢¨âáï ¬�â¥à¨�«ì−®-â¥å−¨ç¥áª®© ¡�§®© æ¨äà®¢®© íª®−®¬¨ª¨.

Š®¬¯«¥ªá−�ï �¢â®¬�â¨§�æ¨ï ®¡é¥áâ¢� ¯à¥¤¯®«�£�¥â á¨áâ¥¬−ë© ¯®¤å®¤, è¨-
à®ª®¥ ¢−¥¤à¥−¨¥ áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨, ª®¬¬ã−¨ª�æ¨© ¨ á®®â¢¥â-
áâ¢ãîé¥£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¢ ¤¥ïâ¥«ì−®áâì �¢â®¬�â¨§¨à®¢�−−ëå ®à-
£�−¨§�æ¨©, â. ¥. ®à£�−¨§�æ¨©, ¤¥ïâ¥«ì−®áâì ª®â®àëå ®áãé¥áâ¢«ï¥âáï −� ®á−®¢¥
�¢â®¬�â¨§�æ¨¨ äã−ªæ¨®−�«ì−ëå ¯à®æ¥áá®¢. ‚ à¥§ã«ìâ�â¥ íâ®£® §−�ç¨â¥«ì−�ï
ç�áâì äã−ªæ¨®−�«ì−ëå ¯à®æ¥áá®¢, ®¯à¥¤¥«ïîé¨å æ¥«¥¢®¥ ¯à¥¤−�§−�ç¥−¨¥ íâ¨å
®à£�−¨§�æ¨©, ¢ë¯®«−ï¥âáï á ¨á¯®«ì§®¢�−¨¥¬ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨-
®−−ëå á¨áâ¥¬ (ˆ’‘).

�à¨ íâ®¬ ¥á«¨ à�−¥¥ ¢ á«ãç�¥ ¢ëå®¤� ¨§ áâà®ï �¢â®−®¬−ëå ª®¬¯ìîâ¥à−ëå á¨á-
â¥¬ ®à£�−¨§�æ¨¨ áà�¢−¨â¥«ì−® «¥£ª® ¯¥à¥å®¤¨«¨ −� àãç−ë¥ ¬¥â®¤ë ã¯à�¢«¥−¨ï,

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, ibystrov@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, vveselov@ipiran.ru

3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
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�á−®¢ë ¦¨¢ãç¥áâ¨ �¢â®¬�â¨§¨à®¢�−−ëå ®à£�−¨§�æ¨© ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�

â® ¯à¨ ª®¬¯«¥ªá−®© �¢â®¬�â¨§�æ¨¨ â�ª®© ¯®¤å®¤ áâ�« ¯à�ªâ¨ç¥áª¨ −¥¢®§¬®¦¥−.
�â® ¯à¨¢¥«® ª â®¬ã, çâ® ¦¨§−¥¤¥ïâ¥«ì−®áâì �¢â®¬�â¨§¨à®¢�−−®© ®à£�−¨§�æ¨¨
áâ�«� §�¢¨á¥âì ®â á®áâ®ï−¨ï ˆ’‘.

‚ ¯®á«¥¤−¨¥ £®¤ë ¢á¥ ¡®«ìè¥¥ à�§¢¨â¨¥ ¨ ¯à¨¬¥−¥−¨¥, ®á®¡¥−−® ¢ ªàã¯-
−ëå £®áã¤�àáâ¢¥−−ëå, ª®¬¬¥àç¥áª¨å ¨ ¢®¥−−ëå ®à£�−¨§�æ¨ïå, áâ�«¨ ¯®«ãç�âì
á®¢à¥¬¥−−ë¥ à�á¯à¥¤¥«¥−−ë¥ ¯® ¢á¥© áâàãªâãà¥ ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢� ¨−ä®à-
¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë (á¥â¨), ¯à¥¤áâ�¢«ïîé¨¥ á®¡®© ¨−â¥-
£à�æ¨î ¨−ä®à¬�æ¨®−−ëå ¨ ª®¬¬ã−¨ª�æ¨®−−ëå á®áâ�¢«ïîé¨å à�§«¨ç−ëå ª®¬-
¯ìîâ¥à−ëå á¨áâ¥¬ (á¥â¥©) á ®¯®à®© −� ¢§�¨¬®á¢ï§�−−ãî á®¢®ªã¯−®áâì ªàã¯−ëå
¬−®£®äã−ªæ¨®−�«ì−ëå æ¥−âà®¢ ª®««¥ªâ¨¢−®© ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨.

‚−¥¤à¥−¨¥ íâ¨å á¨áâ¥¬ áãé¥áâ¢¥−−® ¯®¢ëá¨«® íää¥ªâ¨¢−®áâì ¯à¨¬¥−¥−¨ï
ˆ’ ¢ ¤¥ïâ¥«ì−®áâ¨ ®¡é¥áâ¢�, ¢ ä®à¬¨à®¢�−¨¨ ¨ à�§¢¨â¨¨ −�æ¨®−�«ì−®© æ¨äà®-
¢®© íª®−®¬¨ª¨, ®¡¥á¯¥ç¥−¨¨ ¨−â¥à¥á®¢ «¨ç−®áâ¨ ¨ à¥�«¨§�æ¨¨ áâà�â¥£¨ç¥áª¨å
−�æ¨®−�«ì−ëå ¯à¨®à¨â¥â®¢ [1]. ‚ á¢ï§¨ á íâ¨¬ ¯à¨®¡à¥â�¥â ®á®¡ãî ¢�¦−®áâì
¨ �ªâã�«ì−®áâì ¯à®¡«¥¬� ®¡¥á¯¥ç¥−¨ï ãáâ®©ç¨¢®£® ¨ ¡¥á¯¥à¥¡®©−®£® äã−ªæ¨®−¨-
à®¢�−¨ï �¢â®¬�â¨§¨à®¢�−−ëå áã¡ê¥ªâ®¢ ¨ ®¡ê¥ªâ®¢ ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢�
−� ¡�§¥ ˆ’‘, ¨å á¯®á®¡−®áâ¨ −�¤¥¦−® á®åà�−ïâì ¨ ¢®ááâ�−�¢«¨¢�âì á¢®î äã−ª-
æ¨®−�«ì−®áâì ¢ ãá«®¢¨ïå ¢®§¤¥©áâ¢¨ï ¢á¥£® á¯¥ªâà� ã£à®§.

‘®¢à¥¬¥−−ë¥ ˆ’‘ ¯à¥¤áâ�¢«ïîâ á®¡®© ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨¥ áâàãª-
âãàë á ¢ëá®ª®© ª®−æ¥−âà�æ¨¥© â¥å−¨ç¥áª¨å, ¯à®£à�¬¬−ëå áà¥¤áâ¢ ¨ ¨−ä®à¬�-
æ¨¨, ª®â®àë¥ ¬®£ãâ ¡ëâì ®¡ê¥ªâ�¬¨ á«ãç�©−ëå ¨«¨ ¯à¥¤−�¬¥à¥−−ëå §«®ã¬ëè-
«¥−−ëå ¢®§¤¥©áâ¢¨© −� ®á−®¢¥ ¨á¯®«ì§®¢�−¨ï á¢®©áâ¢� ãï§¢¨¬®áâ¨ ¨−ä®à¬�æ¨¨,
¨−äà�áâàãªâãàë á¨áâ¥¬ (á¥â¥©), ¯®¤á¨áâ¥¬, ¯à®æ¥áá®¢ ¨ ®¡®àã¤®¢�−¨ï.

‘âàãªâãà−�ï á«®¦−®áâì ¨ â¥àà¨â®à¨�«ì−�ï à�á¯à¥¤¥«¥−−®áâì ˆ’‘ ¨ ¨å ª®¬-
¯®−¥−â®¢ ®¡ãá«®¢«¨¢�îâ ¨å ãï§¢¨¬®áâì ®â ¬−®¦¥áâ¢� ¢−ãâà¥−−¨å ¨ ¢−¥è−¨å
ã£à®§ à�§«¨ç−®© ¯à¨à®¤ë, çâ® −¥ ¯®§¢®«ï¥â ¯à¥¢¥−â¨¢−ë¬¨ ¬¥à�¬¨ ®¡¥á¯¥-
ç¨âì ¨å £�à�−â¨à®¢�−−ãî §�é¨âã. ��àãè¥−¨¥ ¨å äã−ªæ¨®−�«ì−®áâ¨ ¯à¨¢®¤¨â
ª ¢®§−¨ª−®¢¥−¨î ¢ëá®ª¨å à¨áª®¢ ¢ ¦¨§−¥¤¥ïâ¥«ì−®áâ¨ áã¡ê¥ªâ®¢ ¨ ®¡ê¥ªâ®¢
®¡é¥áâ¢�, ª −�àãè¥−¨î ¨å à�¡®â®á¯®á®¡−®áâ¨ ¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨,
� ¢ −¥ª®â®àëå á«ãç�ïå ¬®¦¥â ¯à¨¢®¤¨âì ¨ ª ®áâ�−®¢ª¥ ¤¥ïâ¥«ì−®áâ¨ ªà¨â¨ç¥áª¨å
®¡ê¥ªâ®¢ ¨−äà�áâàãªâãàë ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢�.

��«¨ç¨¥ á¢®©áâ¢� ãï§¢¨¬®áâ¨ ˆ’‘ ¯®§¢®«ï¥â à¥�«¨§®¢�âì ã£à®§ë −�àãè¥−¨ï
ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ¨ æ¥«®áâ−®áâ¨ ¨−ä®à¬�æ¨¨, ®¡®©â¨ ¯à¥¢¥−â¨¢−ë¥ ¬¥àë
§�é¨âë ª®¬¯®−¥−â®¢ á¨áâ¥¬ ¨ á¥â¥©, −�àãè¨âì ¨å äã−ªæ¨®−�«ì−ë¥ ¯à®æ¥ááë
¨ ä¨§¨ç¥áª®¥ á®áâ®ï−¨¥. ’�ª, ¢ 2015 £. ¢ ÷®áá¨¨ ¡ë«® ¢ëï¢«¥−® 189 ãï§¢¨¬®áâ¥©
¢ ª®¬¯®−¥−â�å �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï, ¡®«ìè¨−áâ¢® ¨§ ª®â®àëå
ï¢«ï«¨áì ªà¨â¨ç¥áª¨¬¨ (49%) ¨«¨ ¨¬¥«¨ áà¥¤−¨© ãà®¢¥−ì ®¯�á−®áâ¨ (42%).

‚á¥ íâ® ¯à¨¢®¤¨â ª â®¬ã, çâ® ®¯à¥¤¥«¥−−ë¥ áã¡ê¥ªâë (ª®�«¨æ¨¨, £®áã¤�àáâ¢�,
®à£�−¨§�æ¨¨ ¨ «¨ç−®áâ¨) áâà¥¬ïâáï ç¥à¥§ ¨−äà�áâàãªâãàã ˆ’‘, ª®¬¯ìîâ¥à−ë¥
á¨áâ¥¬ë (á¥â¨, ˆ−â¥à−¥â) ®áãé¥áâ¢«ïâì ¢à¥¤®−®á−ë¥ ª¨¡¥à¢®§¤¥©áâ¢¨ï −� ¦¨§-
−¥¤¥ïâ¥«ì−®áâì ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢� ¢ á¢®¨å ¨−â¥à¥á�å.

‚¢¨¤ã −¥¢®§¬®¦−®áâ¨ ®¡¥á¯¥ç¨âì ¤®áâ�â®ç−® ¢ëá®ªãî ª¨¡¥à§�é¨âã ®¡é¥-
áâ¢� ®¤−®© ¨§ ¢�¦−¥©è¨å §�¤�ç ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ áâà�−ë
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ˆ. ˆ. �ëáâà®¢, ‚. �. ‚¥á¥«®¢, Š. Š. Š®«¨−

áâ�−®¢¨âáï ¯à¨¤�−¨¥ �¢â®¬�â¨§¨à®¢�−−ë¬ ®à£�−¨§�æ¨ï¬ ¨ ¢á¥© ¨−äà�áâàãª-
âãà¥ £®áã¤�àáâ¢� á¯®á®¡−®áâ¨ −¥¯à¥àë¢−® äã−ªæ¨®−¨à®¢�âì ¢ ãá«®¢¨ïå ¢®§-
¤¥©áâ¢¨ï áãé¥áâ¢ãîé¨å ã£à®§ ¨ ¢ëå®¤� ¨§ áâà®ï ®â¤¥«ì−ëå ªà¨â¨ç−ëå ®¡ê-
¥ªâ®¢.

‘®£«�á−® à¥§ã«ìâ�â�¬ ®¤−®£® ¨§ ¯®á«¥¤−¨å ¨áá«¥¤®¢�−¨©, ¯à®¢¥¤¥−−ëå ª®¬-
¯�−¨¥© Forester, ¯«�−¨à®¢�−¨¥ ¨ ã¯à�¢«¥−¨¥ −¥¯à¥àë¢−®áâìî ¡¨§−¥á�, � â�ª¦¥
®¡¥á¯¥ç¥−¨¥ ¢®ááâ�−®¢«¥−¨ï ¤¥ïâ¥«ì−®áâ¨ ¢ −¥¯à¥¤¢¨¤¥−−ëå ®¡áâ®ïâ¥«ìáâ¢�å
¨ ¯à¨ áâ¨å¨©−ëå ¡¥¤áâ¢¨ïå ®¯à¥¤¥«ïîâáï ª�ª ¤¢� ¯à¨®à¨â¥â−ëå −�¯à�¢«¥−¨ï
¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨©, ª®â®àë¥ á¥£®¤−ï −�å®¤ïâáï ¢ æ¥−âà¥ ¢−¨¬�−¨ï àãª®-
¢®¤¨â¥«¥© ¢¥¤ãé¨å ä¨−�−á®¢ëå ¨ ¤àã£¨å �¢â®¬�â¨§¨à®¢�−−ëå ®à£�−¨§�æ¨© −�
¢á¥å ª®−â¨−¥−â�å [2].

�à¨ â�ª®¬ ¯®¤å®¤¥ à¥çì ¤®«¦−� ¨¤â¨ ® −®¢®¬ ª®¬¯«¥ªá−®¬ á¢®©áâ¢¥ |
¦¨¢ãç¥áâ¨ (ƒ�‘’ 34.003-90) ª�ª ®â¤¥«ì−ëå �¢â®¬�â¨§¨à®¢�−−ëå ®à£�−¨§�æ¨©,
â�ª ¨ ¦¨¢ãç¥áâ¨ ¢á¥£® ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢� ¢ æ¥«®¬.

2 Живучесть информационного общества: содержание проблемы
и методология ее решения

�®¤ ¦¨¢ãç¥áâìî ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢� ¡ã¤¥¬ ¯®−¨¬�âì â�ª®¥ ¥£® á®-
áâ®ï−¨¥, ¯à¨ ª®â®à®¬ ®−® á¯®á®¡−® ¢ ãá«®¢¨ïå ¢®§¤¥©áâ¢¨ï ã£à®§ ¯®¤¤¥à¦¨¢�âì
á¢®î ¦¨§−¥¤¥ïâ¥«ì−®áâì, ¤®áâã¯−®áâì ãá«ã£, � â�ª¦¥ á®åà�−ïâì ¨ ¢®ááâ�−�¢«¨¢�âì
äã−ªæ¨®−�«ì−®áâì ªà¨â¨ç−ëå �¢â®¬�â¨§¨à®¢�−−ëå ®à£�−¨§�æ¨© á ¬¨−¨¬¨§�æ¨¥©
ãé¥à¡� ¨−ä®à¬�æ¨®−−®© ¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨.

�à®¡«¥¬ã ¦¨¢ãç¥áâ¨ ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢� ª�ª ¢ â¥®à¥â¨ç¥áª®¬, â�ª
¨ ¢ ¯à�ªâ¨ç¥áª®¬ ¯«�−¥ æ¥«¥á®®¡à�§−® à¥è�âì ª®¬¯«¥ªá−®. �â® ¤®«¦−® ®áã-
é¥áâ¢«ïâìáï −� ¡�§¥ ®¡é¥á¨áâ¥¬−®© ¬¥â®¤®«®£¨¨, ®¡ê¥¤¨−ïîé¥© −� á¨áâ¥¬−®¬
ãà®¢−¥ ¯à�¢®¢ë¥ ®á−®¢ë ‘âà�â¥£¨¨ à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢� ¢ ÷®á-
á¨©áª®© ”¥¤¥à�æ¨¨ −� 2017{2030 ££. ¨ „®ªâà¨−ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨
÷” [3], � â�ª¦¥ ¯®á«¥¤−¨¥ −�ãç−ë¥ ¤®áâ¨¦¥−¨ï ¬−®¦¥áâ¢� ¤¨áæ¨¯«¨−, á¢ï§�−−ëå
á ¯à¨¬¥−¥−¨¥¬ ˆ’ ¨ ¨å à¥�«¨§�æ¨¥© ¢ ¢¨¤¥ ˆ’‘.

Š«îç¥¢ë¬ ¬®¬¥−â®¬ ¬¥â®¤®«®£¨¨ ®¡¥á¯¥ç¥−¨ï ¦¨¢ãç¥áâ¨ ¨−ä®à¬�â¨§¨à®-
¢�−−®£® ®¡é¥áâ¢� ï¢«ï¥âáï á®§¤�−¨¥ â¥®à¨¨ ¨ ¯à�ªâ¨ª¨ ¯®áâà®¥−¨ï ¥¤¨−®£®
â¥å−®«®£¨ç¥áª®£® ¨ ®à£�−¨§�æ¨®−−®£® ¯®«ï, ¢ ª®â®à®¬ ªà¨â¨ç−ë¥ á¨áâ¥¬ë, ˆ’‘
¨ �¢â®¬�â¨§¨à®¢�−−ë¥ ®à£�−¨§�æ¨¨ ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢� á®åà�−ïîâ á¢®î á¯®-
á®¡−®áâì ¯à®â¨¢®¤¥©áâ¢®¢�âì ã£à®§�¬, ®áãé¥áâ¢«ïâì ¯à¥¤®áâ�¢«¥−¨¥ ˆ’-ãá«ã£
¨ ¢®ááâ�−�¢«¨¢�âì á¢®î äã−ªæ¨®−�«ì−ãî ¤¥ïâ¥«ì−®áâì.

‚ −�áâ®ïé¥¥ ¢à¥¬ï á«®¦¨«®áì −¥áª®«ìª® −�¯à�¢«¥−¨© à¥è¥−¨ï ¯à®¡«¥¬ë
®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ®¡é¥áâ¢� á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢
¨−ä®à¬�â¨§�æ¨¨. �à¥¤áâ�¢¨â¥«¨ ¯¥à¢®£® −�¯à�¢«¥−¨ï á¢ï§ë¢�îâ à¥è¥−¨¥ íâ®©
¯à®¡«¥¬ë á �ªæ¥−â®¬ −� â¥å−¨ç¥áªãî §�é¨âã ¨−ä®à¬�æ¨¨ ¢ á¨áâ¥¬�å, ¡¥§ ¨å
�¤�¯â�æ¨¨ ª ã£à®§�¬ â¥å−¨ç¥áª®£® ¨ ä¨§¨ç¥áª®£® à�§àãè¥−¨ï ¨−äà�áâàãªâãàë,
¢®§¬®¦−ë¬ à¨áª�¬ ¨ ¯®á«¥¤áâ¢¨ï¬ ¨å ¤«ï ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢�.
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�á−®¢ë ¦¨¢ãç¥áâ¨ �¢â®¬�â¨§¨à®¢�−−ëå ®à£�−¨§�æ¨© ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�

„àã£¨¥ à�áá¬�âà¨¢�îâ ¯à®¡«¥¬ã ¢«¨ï−¨ï ãáâ®©ç¨¢®áâ¨ á¨áâ¥¬ −� ¦¨§−¥¤¥-
ïâ¥«ì−®áâì ®¡é¥áâ¢� â®«ìª® á â®çª¨ §à¥−¨ï −�¤¥¦−®áâ¨ â¥å−¨ç¥áª¨å ¨ ¯à®-
£à�¬¬−ëå áà¥¤áâ¢.

’à¥âì¨ ¯à¥¤«�£�îâ à¥è�âì íâã ¯à®¡«¥¬ã á ¯®§¨æ¨¨ ¯à®â¨¢®¤¥©áâ¢¨ï ã£à®-
§�¬, á¢ï§�−−ë¬ á ¬�−¨¯ã«¨à®¢�−¨¥¬ äã−ªæ¨®−�«ì−®áâìî á¨áâ¥¬ë, à¥áãàá�¬¨,
¨−ä®à¬�æ¨¥©, ¡«®ª¨à®¢�−¨¥¬ ¨ ä¨§¨ç¥áª¨¬ à�§àãè¥−¨¥¬ ¨−äà�áâàãªâãàë ¨ ª¨-
¡¥àáà¥¤ë ®¡ê¥ªâ®¢ ®¡é¥áâ¢�, ®à£�−®¢ ¢®¥−−®£® ¨ £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï.

�® ª�¦¤®¬ã ¨§ íâ¨å −�¯à�¢«¥−¨© ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¢ëà�¡®â�−ë ®¯à¥¤¥-
«¥−−ë¥ âà¥¡®¢�−¨ï ª ¡¥§®¯�á−®áâ¨ ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢�, −® íâ® ¢ ®á−®¢−®¬
à¥ª®¬¥−¤�æ¨¨ úç�áâ−®£®û, ª®à¯®à�â¨¢−®£®, â¥å−¨ç¥áª®£® ¨ ¯à�¢®¢®£® ¯«�−�.
�¥á¬®âàï −� â® çâ® íâ¨ ¯®¤å®¤ë â¥á−® á¢ï§�−ë ¬¥¦¤ã á®¡®©, ¨å à�§¤¥«ì−®¥
¯à¨¬¥−¥−¨¥ à¥è�¥â ¯à®¡«¥¬ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ®¡é¥áâ¢� ¨ −�æ¨®-
−�«ì−®© ¡¥§®¯�á−®áâ¨ −¥ ¢ ¯®«−®© ¬¥à¥.

†¨¢ãç¥áâì, ¯® ¬−¥−¨î �¢â®à®¢, ï¢«ï¥âáï ª®¬¯«¥ªá−ë¬ á¢®©áâ¢®¬ �¢â®¬�â¨-
§¨à®¢�−−®£® ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢� ¨ §�¢¨á¨â ®â ¬−®¦¥áâ¢� ä�ªâ®à®¢. ‘à¥¤¨
¬−®¦¥áâ¢� á¢®©áâ¢, ª®â®àë¥ æ¥«¥á®®¡à�§−® ãç¨âë¢�âì, ¨áá«¥¤ãï ¦¨§−¥á¯®á®¡-
−®áâì ¨−ä®à¬�â¨§¨à®¢�−−®£® ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢�, −¥®¡å®¤¨¬® ¢ë¤¥«ïâì ¨å
á¯®á®¡−®áâì áãé¥áâ¢®¢�âì ¨ á®åà�−ïâì á¢®î äã−ªæ¨®−�«ì−®áâì −� ®á−®¢¥ ¦¨¢ã-
ç¥áâ¨ ªà¨â¨ç−ëå �¢â®¬�â¨§¨à®¢�−−ëå ®à£�−¨§�æ¨©, äã−ªæ¨®−¨àãîé¨å −� ¡�§¥
ˆ’‘ [4].

�®−ïâ¨¥ ú¦¨¢ãç¥áâì �¢â®¬�â¨§¨à®¢�−−®© ®à£�−¨§�æ¨¨û ¢ âà�¤¨æ¨®−−®¬
¯®−¨¬�−¨¨ | íâ® äã−ªæ¨®−�«ì−®¥ á¢®©áâ¢® ãáâ®©ç¨¢®áâ¨ á«®¦−ëå á¨áâ¥¬, ª�-
ª®¢ë¬¨ ï¢«ïîâáï á®¢à¥¬¥−−ë¥ �¢â®¬�â¨§¨à®¢�−−ë¥ áã¡ê¥ªâë ¨−ä®à¬�æ¨®−−®£®
®¡é¥áâ¢� ¨ £®áã¤�àáâ¢�.

‚ ª�ç¥áâ¢¥ −®¢®£® ®¯à¥¤¥«¥−¨ï ¯®¤ ¦¨¢ãç¥áâìî �¢â®¬�â¨§¨à®¢�−−®© ®à£�−¨-
§�æ¨¨ ¡ã¤¥¬ ¯®−¨¬�âì â�ª®¥ ¥¥ á¢®©áâ¢®, ¯à¨ ª®â®à®¬ ª®¬¯ìîâ¥à−ë¥ á¨áâ¥¬ë
(á¥â¨), ¨−â¥£à¨à®¢�−−ë¥ ¢ ¨−äà�áâàãªâãàã ˆ’‘, á¯®á®¡−ë ¯®¤¤¥à¦¨¢�âì
¡¥á¯¥à¥¡®©−®¥ äã−ªæ¨®−¨à®¢�−¨¥ ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨¨, ¤®áâã¯−®áâì ˆ’-
ãá«ã£, á®åà�−ïï ¨ ¢®ááâ�−�¢«¨¢�ï á¢®î äã−ªæ¨®−�«ì−®áâì á ¨á¯®«ì§®¢�−¨¥¬
á¯¥æ¨�«ì−ëå ¬¥å�−¨§¬®¢ �¤�¯â�æ¨¨ ª ãá«®¢¨ï¬ ¢®§¤¥©áâ¢¨ï ã£à®§.

‚á¥ ã£à®§ë ¤«ï äã−ªæ¨®−¨à®¢�−¨ï ˆ’‘ ¬®£ãâ ¡ëâì ª«�áá¨ä¨æ¨à®¢�−ë ¯®
æ¥«®¬ã àï¤ã ªà¨â¥à¨¥¢. ��§¥«ìáª¨© ª®¬¨â¥â ¯à¥¤«�£�¥â á«¥¤ãîéãî ª«�áá¨ä¨-
ª�æ¨î ¨áâ®ç−¨ª®¢ íâ¨å ã£à®§:

{ −¥á�−ªæ¨®−¨à®¢�−−ë¥ ¤¥©áâ¢¨ï ¯¥àá®−�«� ®à£�−¨§�æ¨¨ ¨ −¥ª®àà¥ªâ−®¥ ¢ë-
¯®«−¥−¨¥ á¢®¨å ®¡ï§�−−®áâ¥©;

{ −�àãè¥−¨ï ¢ à¥§ã«ìâ�â¥ á¡®ï äã−ªæ¨®−¨à®¢�−¨ï �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬
¨ ¯à®æ¥áá®¢ ¤®áâã¯� ª ˆ’-á¥à¢¨á�¬;

{ ¯à¥¤−�¬¥à¥−−ë¥ ã£à®§ë ¨ ¤¥©áâ¢¨ï, ¨áå®¤ïé¨¥ ¨§ ¢−¥è−¥© áà¥¤ë.

��àï¤ã á âà�¤¨æ¨®−−ë¬¨ ã£à®§�¬¨, ¢®§−¨ª�îé¨¬¨ ¢ ¨−äà�áâàãªâãà¥ ˆ’‘,
¢ ¯®á«¥¤−¨¥ £®¤ë á à�á¯à®áâà�−¥−¨¥¬ £«®¡�«ì−ëå, −�æ¨®−�«ì−ëå ª®à¯®à�â¨¢-
−ëå ˆ’‘ ªàã¯−ëå ®à£�−¨§�æ¨© ®¯à¥¤¥«¨«�áì â¥å−¨ç¥áª�ï áà¥¤�, ç¥à¥§ ª®â®àãî
®áãé¥áâ¢«ïîâáï ª¨¡¥à¢®©−ë, ª¨¡¥à�â�ª¨ ªà¨¬¨−�«ì−ëå í«¥¬¥−â®¢ ®¡é¥áâ¢�,
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â¥àà®à¨áâ®¢, ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª®¥ ¢®§¤¥©áâ¢¨¥ −� «¨ç−®áâ¨ ¨ ¯à¨−¨-
¬�¥¬ë¥ ¨¬¨ à¥è¥−¨ï [5]. ‚ à¥§ã«ìâ�â¥ íâ®£® ¢ §�¢¨á¨¬®áâ¨ ®â áä¥àë ¯à¨¬¥−¥−¨ï
ˆ’‘, ¨å ãï§¢¨¬®áâ¨ ¨ å�à�ªâ¥à� ã£à®§ á®§¤�îâáï ®¯�á−®áâ¨ ¤«ï ¦¨§−¥¤¥ïâ¥«ì-
−®áâ¨ ®à£�−¨§�æ¨© ¨ ¢á¥£® ®¡é¥áâ¢� ¢ æ¥«®¬, ª®â®àë¥ ¯® á¢®¥© ®¡é¥© −�¯à�¢-
«¥−−®áâ¨ ¢ á®®â¢¥âáâ¢¨¨ á „®ªâà¨−®© ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ®ª�§ë¢�îâ
¢«¨ï−¨¥:

{ −� ª®−áâ¨âãæ¨®−−ë¥ ¯à�¢� ¨ á¢®¡®¤ë £à�¦¤�−, à¥�«¨§ã¥¬ë¥ ¢ ¨−ä®à¬�æ¨®−-
−®© áä¥à¥;

{ á®áâ®ï−¨¥ ¨−äà�áâàãªâãàë;

{ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë.

ˆáâ®à¨ï ¯à®¡«¥¬ë ¦¨¢ãç¥áâ¨ ¤¥ïâ¥«ì−®áâ¨ �¢â®¬�â¨§¨à®¢�−−ëå ®à£�−¨§�-
æ¨© −�ç�«�áì á ¬®¬¥−â� ¯®ï¢«¥−¨ï í«¥ªâà®−−ëå ¢ëç¨á«¨â¥«ì−ëå ¬�è¨− (�‚Œ).
�® ¬¥à¥ à�áè¨à¥−¨ï áä¥àë ¨á¯®«ì§®¢�−¨ï �‚Œ á ¯®ï¢«¥−¨¥¬ �¢â®¬�â¨§¨à®-
¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¨ æ¥−âà®¢ ®¡à�¡®âª¨ ¤�−−ëå (–�„) ¢®§−¨ª«�
¯à®¡«¥¬� §�é¨âë ¨−ä®à¬�æ¨¨ ¢ á¨áâ¥¬�å, à�áè¨à¨«áï ªàã£ à¥è�¥¬ëå §�¤�ç,
� ¤¥ïâ¥«ì−®áâì ®à£�−¨§�æ¨© áâ�«� ¢á¥ ¡®«ìè¥ §�¢¨á¥âì ®â ª�ç¥áâ¢� ¨ −¥¯à¥àë¢-
−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï íâ¨å á¨áâ¥¬ ¨ æ¥−âà®¢. ‚ 1980-å ££. ®ª®−ç�â¥«ì−®
áä®à¬¨à®¢�«�áì ¯à®¡«¥¬� �¢�à¨©−®£® ¢®ááâ�−®¢«¥−¨ï ¢ á«ãç�¥ ¢®§−¨ª−®¢¥−¨ï
ã£à®§, á¯®á®¡−ëå −�àãè¨âì äã−ªæ¨®−¨à®¢�−¨¥ á¨áâ¥¬, ¨ ¢ ¯¥à¢ãî ®ç¥à¥¤ì –�„.

‚ 1990-¥ ££. −� á¬¥−ã �¢â®−®¬−ë¬ –�„ ¯à¨è«¨ ¯¥àá®−�«ì−ë¥ ª®¬¯ìîâ¥àë
¨, á®®â¢¥âáâ¢¥−−®, ¨§¬¥−¨«áï ¯®¤å®¤ ª à¥§¥à¢¨à®¢�−¨î ¤�−−ëå ¨ �¢�à¨©−®-
¬ã ¢®ááâ�−®¢«¥−¨î �¢â®¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬. �®«ìè¨−áâ¢®
®à£�−¨§�æ¨© ®âª�§�«¨áì ®â æ¥−âà�«¨§®¢�−−ëå ¬¥©−äà¥©¬®¢, §�¬¥−ïï ¨å ¡®«ìè¨¬
ç¨á«®¬ á¥à¢¥à®¢ ¨ ¯®«ì§®¢�â¥«ìáª¨å �¢â®¬�â¨§¨à®¢�−−ëå ¬¥áâ, à�á¯à¥¤¥«¥−−ëå
¯® ¢á¥© áâàãªâãà¥ ®à£�−¨§�æ¨¨. ‚®§−¨ª«® ¬−®¦¥áâ¢® ¤®áâ�â®ç−® �¢â®−®¬−ëå,
à�§−®à®¤−ëå �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ¤®ªã¬¥−â�«ì−®© á¢ï§¨, à�§«¨ç−ëå ¨−-
ä®à¬�æ¨®−−ëå ¨ ¨−ä®à¬�æ¨®−−®-ã¯à�¢«ïîé¨å á¨áâ¥¬.

�� á¬¥−ã íªáâ¥−á¨¢−®¬ã à�§¢¨â¨î ¢ ª®−æ¥ 1990-å ££. ¯à¨è«® ¨−â¥−á¨¢−®¥
à�§¢¨â¨¥ ¢ −�¯à�¢«¥−¨¨ á®§¤�−¨ï ªàã¯−®¬�áèâ�¡−ëå ¬ã«ìâ¨á¥à¢¨á−ëå ˆ’‘,
¨−â¥£à¨àãîé¨å ¨−ä®à¬�æ¨®−−ë¥ ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ à¥áãàáë à�§«¨ç−ëå
®â¤¥«ì−ëå á¨áâ¥¬ ¨ á¥â¥©. �â¨ á¨áâ¥¬ë ®à£�−¨ç¥áª¨ á«¨«¨áì á® áâàãªâãà®©
®à£�−¨§�æ¨© ¨ áâ�«¨ ®¯à¥¤¥«ïâì §−�ç¨â¥«ì−ãî ¤®«î ¯à®æ¥áá®¢ ¨å ¤¥ïâ¥«ì-
−®áâ¨, áª®à®áâì ¨å ¢ë¯®«−¥−¨ï, ¨ −¥¯à¥àë¢−®áâì ¯à®æ¥áá®¢ áâ�«� §�¢¨á¥âì ®â
¡¥á¯¥à¥¡®©−®© ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨, ¥¥ åà�−¥−¨ï ¨ ª�ç¥áâ¢� á¥à¢¨á®¢ ¨ ˆ’-
ãá«ã£, ¯à¥¤®áâ�¢«ï¥¬ëå ˆ’‘. ‚ á¢ï§¨ á íâ¨¬ −� á¬¥−ã â¥à¬¨−ã ú�¢�à¨©−®¥
¢®ááâ�−®¢«¥−¨¥û ¯à¨è¥« â¥à¬¨− ú−¥¯à¥àë¢−®áâì ¡¨§−¥á�û.

‚ ¯®á«¥¤−¨¥ 10{15 «¥â ¢¥¤ãé¨¥ ¬¨à®¢ë¥ ª®¬¯�−¨¨, ¢ ¯¥à¢ãî ®ç¥à¥¤ì ä¨−�−-
á®¢®£® á¥ªâ®à�, ¢ ãá«®¢¨ïå ¯®áâ®ï−−® à�áâãé¨å ã£à®§ ¨−ä®à¬�æ¨®−−ë¬ ¨ ª®¬-
¬ã−¨ª�æ¨®−−ë¬ â¥å−®«®£¨ï¬ ¨ ç�áâ®âë ¢®§−¨ª−®¢¥−¨ï çà¥§¢ëç�©−ëå á¨âã�æ¨©
®á®§−�«¨ áâ¥¯¥−ì §�¢¨á¨¬®áâ¨ ¡¨§−¥á� ®â á®áâ®ï−¨ï −¥¯à¥àë¢−®áâ¨ äã−ªæ¨®−¨-
à®¢�−¨ï ¨ ¤®áâã¯−®áâ¨ á¥à¢¨á®¢ ˆ’‘. �®íâ®¬ã −�ç�«áï ¯à®æ¥áá æ¥«¥−�¯à�¢«¥−-
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�á−®¢ë ¦¨¢ãç¥áâ¨ �¢â®¬�â¨§¨à®¢�−−ëå ®à£�−¨§�æ¨© ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�

−®£® ¢−¥¤à¥−¨ï âà¥¡®¢�−¨© −¥¯à¥àë¢−®áâ¨ ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨© −� ¡�§¥
ˆ’‘.

‚ ‘˜�, ‚¥«¨ª®¡à¨â�−¨¨, �¢áâà�«¨¨, �®¢®© ‡¥«�−¤¨¨, Ÿ¯®−¨¨, ‘¨−-
£�¯ãà¥ ¢ íâ¨ £®¤ë á®§¤�îâáï ¨−áâ¨âãâë, ª®â®àë¥ à�§à�¡�âë¢�îâ áâ�−¤�àâë
¨ à¥ª®¬¥−¤�æ¨¨ ¢ ®¡«�áâ¨ ú−¥¯à¥àë¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ¨ ¤®áâã¯−®áâ¨
á¥à¢¨á®¢ ˆ’‘û. ‚ à¥§ã«ìâ�â¥ íâ®£® ¯®−ïâ¨¥ −¥¯à¥àë¢−®áâ¨ äã−ªæ¨®−¨à®¢�-
−¨ï ¨ ¤®áâã¯−®áâ¨ ˆ’-ãá«ã£ áâ�«® ¡�§®¢ë¬ ¯à¨ à¥è¥−¨¨ ¯à®¡«¥¬ ¦¨¢ãç¥áâ¨
�¢â®¬�â¨§¨à®¢�−−ëå ®à£�−¨§�æ¨©.

3 Методология обеспечения живучести автоматизированных
организаций

ƒ«�¢−�ï æ¥«ì ®¡¥á¯¥ç¥−¨ï ¦¨¢ãç¥áâ¨ �¢â®¬�â¨§¨à®¢�−−®© ®à£�−¨§�æ¨¨,
äã−ªæ¨®−¨àãîé¥© −� ¡�§¥ ˆ’‘, §�ª«îç�¥âáï ¢ á®åà�−¥−¨¨ ¥¥ à�¡®â®á¯®á®¡−®áâ¨
¢ á«ãç�¥ ¯®«−®£® ¨«¨ ç�áâ¨ç−®£® −�àãè¥−¨ï à¥áãàá−®-á¥à¢¨á−ëå ¢®§¬®¦−®áâ¥©
ˆ’‘. ‡¤¥áì ¢�¦−® ãç¨âë¢�âì, çâ® ¢ á«ãç�¥ −�àãè¥−¨ï íâ¨å âà¥¡®¢�−¨© ˆ’‘
¯à¥¢à�é�¥âáï ¨§ −¥§�¬¥−¨¬®£® áà¥¤áâ¢� â¥å−¨ç¥áª®© ¯®¤¤¥à¦ª¨ èâ�â−®© à�¡®âë
¢ áà¥¤áâ¢®, ª®â®à®¥ ¬®¦¥â ¯�à�«¨§®¢�âì ¢áî ¤¥ïâ¥«ì−®áâì ®à£�−¨§�æ¨¨. �âáî-
¤� ¢®§−¨ª�¥â æ¥−âà�«ì−®¥ âà¥¡®¢�−¨¥ ª ˆ’‘ | á¯®á®¡−®áâ¨ �¤�¯â¨à®¢�âìáï
ª ¢¥à®ïâ−ë¬ ã£à®§�¬ ¨ á®åà�−ïâì á¢®î á¯®á®¡−®áâì ª äã−ªæ¨®−¨à®¢�−¨î.
„«ï ¤®áâ¨¦¥−¨ï íâ¨å ª�ç¥áâ¢ ˆ’‘ ¤®«¦−� ®¡«�¤�âì ª®¬¯«¥ªá−ë¬ á¢®©áâ¢®¬
¦¨¢ãç¥áâ¨, ª®â®à®¥ ¯à¥¤¯®«�£�¥â ¥¥ á¯®á®¡−®áâ¨:

{ ®¡¥á¯¥ç¥−¨ï −¥¯à¥àë¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ¨ ¤®áâã¯−®áâ¨ á¥à¢¨á®¢
¨ ˆ’-ãá«ã£;

{ ®¡¥á¯¥ç¥−¨ï ª®¬¯«¥ªá−®© ¡¥§®¯�á−®áâ¨ ¨−äà�áâàãªâãàë ¨ ¨−ä®à¬�æ¨®−−ëå
à¥áãàá®¢;

{ ã¯à�¢«¥−¨¥ à¨áª�¬¨, ¯®à®¦¤�¥¬ë¬¨ á�¬®© ˆ’‘.

�á−®¢®© á®§¤�−¨ï ª®¬¯«¥ªá−®© á¨áâ¥¬ë ®¡¥á¯¥ç¥−¨ï â¥å−¨ç¥áª®© ¦¨¢ãç¥áâ¨
�¢â®¬�â¨§¨à®¢�−−®© ®à£�−¨§�æ¨¨ ¤®«¦−� áâ�âì ®¡é¥á¨áâ¥¬−�ï ¬¥â®¤®«®£¨ï,
¨−â¥£à¨àãîé�ï ¢ á¥¡¥ ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨© ¨−áâàã¬¥−â�à¨© à¥�«¨§�æ¨¨
æ¥«¥© ¨ §�¤�ç �¢â®¬�â¨§¨à®¢�−−®© ®à£�−¨§�æ¨¨. �¡é¥á¨áâ¥¬−�ï ¬¥â®¤®«®£¨ï
®¡¥á¯¥ç¥−¨ï ¦¨¢ãç¥áâ¨ �¢â®¬�â¨§¨à®¢�−−®© ®à£�−¨§�æ¨¨ −� ¡�§¥ ˆ’‘ ®å¢�âë-
¢�¥â è¨à®ª¨© ªàã£ ¢®¯à®á®¢, ¢ ç�áâ−®áâ¨:

{ à�§à�¡®âªã −�ãç−ëå ®á−®¢ ®¡¥á¯¥ç¥−¨ï ãáâ®©ç¨¢®áâ¨, ¯à¨¬¥−¥−¨¥ ¬¥â®¤®¢
á¨áâ¥¬−®£® ¨ ¯à®æ¥áá−®£® ¯®¤å®¤�;

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

{ à�§à�¡®âªã ¯à¨−æ¨¯®¢ ¯à®¥ªâ¨à®¢�−¨ï, ª®¬¯«¥ªá¨à®¢�−¨ï ¨ ¨−â¥£à�æ¨¨ ¬¥-
â®¤®¢ ¨ áà¥¤áâ¢ ¢ ¨−äà�áâàãªâãàã ˆ’‘ ¨ ¥¥ â¥å−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢;
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{ á®§¤�−¨¥ ¬¥â®¤®¢ ¨ á¯®á®¡®¢ æ¥«®áâ−®£® ã¯à�¢«¥−¨ï á ®á−®¢−ëå ¨ à¥§¥à¢−ëå
¯«®é�¤®ª á −¥®¡å®¤¨¬ë¬ ãà®¢−¥¬ ¨−ä®à¬�æ¨®−−®© ¯®¤¤¥à¦ª¨ ¯à®æ¥áá®¢
¯à¨−ïâ¨ï à¥è¥−¨© ¢ çà¥§¢ëç�©−ëå á¨âã�æ¨ïå;

{ á®§¤�−¨¥ ¬¥â®¤¨ª¨ ®¯à¥¤¥«¥−¨ï ªà¨â¨ç¥áª¨ ¢�¦−ëå ®¡ê¥ªâ®¢, á¨áâ¥¬, á¥à-
¢¨á®¢ ¨ ¤�−−ëå, ®æ¥−ª¨ â¥å−¨ç¥áª¨å à¨áª®¢ ¨ ¯à¨®à¨â¥â®¢ ¢®ááâ�−®¢«¥−¨ï
ª®¬¯®−¥−â®¢ ˆ’‘, ¯®¤¢¥à£è¨åáï à�§àãè¥−¨î;

{ à�§à�¡®âªã ¯à¨−æ¨¯®¢ ¯®áâà®¥−¨ï à¥áãàá−®-á¥à¢¨á−®© á¨áâ¥¬ë íªá¯«ã�â�æ¨¨
¤«ï ¯®«−®© ¯®¤¤¥à¦ª¨ ¦¨¢ãç¥áâ¨ ¤¥©áâ¢ãîé¨å ˆ’‘ ¨ ®¡¥á¯¥ç¥−¨ï ¯à¥¤®-
áâ�¢«¥−¨ï ¯®«ì§®¢�â¥«ï¬ ªà¨â¨ç¥áª¨ ¢�¦−ëå á¥à¢¨á®¢ ¨ ˆ’-ãá«ã£ ¢ ¯¥à¨®¤
¤¥©áâ¢¨ï çà¥§¢ëç�©−®© á¨âã�æ¨¨;

{ à�§à�¡®âªã −®à¬�â¨¢−®-¬¥â®¤¨ç¥áª®© ¡�§ë, ¯«�−®¢, à¥£ã«¨àãîé¨å ¢®¯à®áë
®¡¥á¯¥ç¥−¨ï ¦¨¢ãç¥áâ¨ ®à£�−¨§�æ¨¨ −� ¡�§¥ ˆ’‘ ¨ ¢®ááâ�−®¢«¥−¨ï á¥à¢¨á®¢
¢ á«ãç�¥ ¢®§−¨ª−®¢¥−¨ï ã£à®§ ¨ çà¥§¢ëç�©−ëå á¨âã�æ¨©.

�à¨ à¥è¥−¨¨ íâ¨å ¢®¯à®á®¢ ¤®«¦−ë ¯à®¢®¤¨âìáï:

{ �−�«¨§ ã£à®§, ¯à¨¢®¤ïé¨å ª −�àãè¥−¨î ¦¨¢ãç¥áâ¨ ˆ’‘;

{ ®æ¥−ª� ãï§¢¨¬®áâ¨ ˆ’‘, ¥¥ ª®¬¯®−¥−â®¢ ¨ ¯à®æ¥áá®¢;

{ �−�«¨§ à¨áª®¢ ¤«ï ˆ’‘, ¯®à®¦¤�¥¬ëå ã£à®§�¬¨, ¨ ®æ¥−ª� ¨å ¢«¨ï−¨ï
−� ¦¨¢ãç¥áâì, −�¤¥¦−®áâì ¨ ¯®¬¥å®§�é¨é¥−−®áâì �¯¯�à�â−®-¯à®£à�¬¬−ëå
áà¥¤áâ¢;

{ ®¯à¥¤¥«¥−¨¥ ªà¨â¨ç−®áâ¨ ®¡ê¥ªâ®¢, á¨áâ¥¬ (á¥â¥©) ¨ ¯®¤á¨áâ¥¬, −�àãè¥−¨¥
äã−ªæ¨®−¨à®¢�−¨ï ª®â®àëå ®ª�§ë¢�¥â ¢«¨ï−¨¥ −� á¯®á®¡−®áâì ˆ’‘ ¢ë¯®«-
−ïâì á¢®¨ äã−ªæ¨¨ ¢ §�¤�−−ëå à¥¦¨¬�å;

{ �−�«¨§ ¨ ®æ¥−ª� ãé¥à¡� ®à£�−¨§�æ¨¨, ¢®§−¨ª�îé¥£® ¢ á«ãç�¥ −�àãè¥−¨ï
−¥¯à¥àë¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ¨ ¤®áâã¯−®áâ¨ á¥à¢¨á®¢ (�”„‘) ˆ’‘.

ˆáå®¤ï ¨§ ¯à¨¢¥¤¥−−®£® ¢ëè¥ ®¯à¥¤¥«¥−¨ï ¦¨¢ãç¥áâ¨, ¬®¦−® ¤�âì á«¥¤ã-
îé¥¥ ®¯à¥¤¥«¥−¨¥ ®¡é¥£® âà¥¡®¢�−¨ï ª ¦¨¢ãç¥áâ¨ äã−ªæ¨®−¨à®¢�−¨ï «î¡®£®
�¢â®¬�â¨§¨à®¢�−−®£® áã¡ê¥ªâ� ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢� −� ¡�§¥ ˆ’‘.

†¨¢ãç¥áâì �¢â®¬�â¨§¨à®¢�−−®£® áã¡ê¥ªâ� ®¡é¥áâ¢� ¨ £®áã-
¤�àáâ¢� ¯à¥¤áâ�¢«ï¥â á®¡®© áâà�â¥£¨ç¥áªãî, ®¯¥à�â¨¢−ãî ¨ â�ªâ¨ç¥áªãî á¯®-
á®¡−®áâì ¯«�−¨à®¢�âì ¨ ®áãé¥áâ¢«ïâì á¢®î à�¡®âã ¢ á«ãç�¥ ¢®§−¨ª−®¢¥−¨ï −¥£�-
â¨¢−ëå ä�ªâ®à®¢, −�àãè�îé¨å ¥£® ¤¥ïâ¥«ì−®áâì, −�¯à�¢«¥−−ãî −� ®¡¥á¯¥ç¥−¨¥
−¥¯à¥àë¢−®áâ¨ ¨ ª®¬¯«¥ªá−®© ¡¥§®¯�á−®áâ¨ ¤¥«®¢ëå ®¯¥à�æ¨© ¢ á®®â¢¥âáâ¢¨¨
á ãáâ�−®¢«¥−−ë¬ ¯à¨¥¬«¥¬ë¬ ãà®¢−¥¬ à¨áª®¢ ¤«ï ˆ’‘.

„¥ïâ¥«ì−®áâì áã¡ê¥ªâ� ®¡é¥áâ¢� (®à£�−¨§�æ¨¨) −� ª�¦¤®¬ ãà®¢−¥ á«¥¤ã¥â à�á-
á¬�âà¨¢�âì ª�ª ª®¬¯«¥ªá−ë© á¡�«�−á¨à®¢�−−ë© �¢â®¬�â¨§¨à®¢�−−ë© ¯à®æ¥áá,
®å¢�âë¢�îé¨© â�ª¨¥ ¨−áâ¨âãæ¨®−�«ì−ë¥ �á¯¥ªâë, ª�ª ¯à�¢®¢�ï ¡�§�, áâ�−¤�à-
âë, àë−®ç−�ï ª®−êî−ªâãà�, ¬¥å�−¨§¬ë áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¯à®æ¥áá®¢
®¡¥á¯¥ç¥−¨ï −¥¯à¥àë¢−®áâ¨ ¨ ¢®ááâ�−®¢«¥−¨ï ¤¥ïâ¥«ì−®áâ¨ (��¨‚„), � â�ª¦¥
¨−ä®à¬�æ¨®−−ë¥ ¨ â¥å−¨ç¥áª¨¥ �á¯¥ªâë, ¢ª«îç�ï âà¥¡®¢�−¨ï ª á¯®á®¡−®áâ¨
ˆ’‘ ®¡¥á¯¥ç¨¢�âì äã−ªæ¨®−�«ì−ë¥ ¯à®æ¥ááë ®à£�−¨§�æ¨¨.
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�á−®¢ë ¦¨¢ãç¥áâ¨ �¢â®¬�â¨§¨à®¢�−−ëå ®à£�−¨§�æ¨© ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�

�� áâà�â¥£¨ç¥áª®¬ ãà®¢−¥ ®¯à¥¤¥«ïîâáï ¯à¨−æ¨¯ë ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨-
§�æ¨¨ −� ¡�§¥ ˆ’‘, ¦¨¢ãç¥áâì �¢â®¬�â¨§¨à®¢�−−®© ®à£�−¨§�æ¨¨ ¨ ª®¬¯«¥ªá
®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨å ¬¥à à¥�«¨§�æ¨¨ áâà�â¥£¨¨ ¨ ¯«�−� ¤¥©áâ¢¨© ¢ çà¥§-
¢ëç�©−ëå á¨âã�æ¨ïå ¯® §�é¨â¥ ®¡ê¥ªâ®¢, ¯¥àá®−�«�, ªà¨â¨ç¥áª¨å äã−ªæ¨®−�«ì-
−ëå ¯à®æ¥áá®¢.

�� ®¯¥à�â¨¢−®¬ ãà®¢−¥ ®¯à¥¤¥«ïîâáï ª®−æ¥¯âã�«ì−ë¥ ®á−®¢ë á®§¤�−¨ï
Š‘�†:

{ ¨¤¥−â¨ä¨ª�æ¨ï ªà¨â¨ç¥áª¨ ¢�¦−ëå ¤«ï ®à£�−¨§�æ¨¨ ¯à®æ¥áá®¢ ¨ ¯®¤¤¥à¦¨-
¢�îé¨å à¥áãàá®¢ ˆ’‘;

{ ®æ¥−ª� à¨áª®¢ ¨ ¢®§¬®¦−®£® ãé¥à¡� ®â −�àãè¥−¨ï äã−ªæ¨®−¨à®¢�−¨ï ˆ’‘;

{ ®¯à¥¤¥«¥−¨¥ âà¥¡®¢�−¨© ª ®¡¥á¯¥ç¥−¨î �”„‘ ˆ’‘;

{ ¢ë¡®à ®¡é¨å á¯®á®¡®¢ ¯à¨¬¥−¥−¨ï ¯à¥¢¥−â¨¢−ëå ¬¥à ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á-
−®áâ¨;

{ ¢ë¡®à ¬¥â®¤®¢ ãáâà�−¥−¨ï ¢á¥å ¢¨¤®¢ à¨áª®¢, ª®â®àë¥ −¥ ã¤�«®áì ¨áª«îç¨âì
á ¯®¬®éìî ¯à¥¢¥−â¨¢−ëå ¬¥à, � â�ª¦¥ ¬¥à, ¯à¥¤®áâ�¢«ï¥¬ëå −� ¯¥à¨®¤
¢®ááâ�−®¢«¥−¨ï;

{ à�§à�¡®âª� âà¥¡®¢�−¨©, á¨−åà®−¨§¨àãîé¨å ¯®¤å®¤ë ª ã¯à�¢«¥−¨î −¥¯à¥-
àë¢−®áâìî äã−ªæ¨®−¨à®¢�−¨ï ®à£�−¨§�æ¨¨ ¨ ˆ’‘;

{ à�§à�¡®âª¨ ¬¥â®¤®¢ ¨ áà¥¤áâ¢ à¥�«¨§�æ¨¨ âà¥¡®¢�−¨© −®à¬�â¨¢−ëå ¤®ªã¬¥−-
â®¢ ¨ ¬¥â®¤¨ª ®æ¥−ª¨ á®®â¢¥âáâ¢¨ï ®à£�−¨§�æ¨®−−ëå ¨ â¥å−¨ç¥áª¨å à¥è¥−¨©
á®§¤�−¨ï Š‘�†.

�� â�ªâ¨ç¥áª®¬ ãà®¢−¥ ®¯à¥¤¥«ï¥âáï ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª®¥ ®¡¥á¯¥-
ç¥−¨¥ ¨ ¯®¤¤¥à¦ª� ¯à®æ¥áá®¢ ¯à�ªâ¨ç¥áª®£® ¯à®¥ªâ¨à®¢�−¨ï Š‘�† ˆ’‘, à¥-
è�îâáï ¯à®¡«¥¬ë â¥å−¨ç¥áª¨å à¥è¥−¨© �”„‘, íªá¯«ã�â�æ¨®−−®© ¦¨¢ãç¥áâ¨,
¡¥§®¯�á−®áâ¨ à¥áãàá®¢ ¨ ¨−ä®à¬�æ¨¨, � â�ª¦¥ ¢®ááâ�−®¢«¥−¨ï äã−ªæ¨®−¨à®¢�-
−¨ï ˆ’‘ ¢ ¯à¨¥¬«¥¬ë© ¤«ï ®à£�−¨§�æ¨¨ ¯¥à¨®¤ ¢à¥¬¥−¨.

�á−®¢−�ï æ¥«ì á®§¤�−¨ï Š‘�† ˆ’‘ | â¥å−¨ç¥áª�ï ¯®¤¤¥à¦ª� −®à¬�«ì-
−®© ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨¨ ¨ ¢®ááâ�−®¢«¥−¨¥ −�àãè¥−−®© à�¡®â®á¯®á®¡−®áâ¨
ˆ’‘ ¢ ¬�ªá¨¬�«ì−® ª®à®âª¨¥ áà®ª¨ á ¬¨−¨¬¨§�æ¨¥© ®¯¥à�â¨¢−®£® ¢«¨ï−¨ï
−� ¥¥ ¯à®æ¥ááë. ÷¥�«¨§�æ¨ï ¬¥à®¯à¨ïâ¨© ¢ ®à£�−¨§�æ¨¨ −� ª�¦¤®¬ ãà®¢-
−¥ ®¯à¥¤¥«ï¥âáï áâà�â¥£¨¥© ¦¨¢ãç¥áâ¨ ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢�, ãç¨âë¢�îé¥©
−¥®¡å®¤¨¬ë© ¡�«�−á ¬¥¦¤ã íª®−®¬¨ç¥áª¨¬¨, ä¨−�−á®¢ë¬¨, ¤¥«®¢ë¬¨, íªá¯«ã-
�â�æ¨®−−ë¬¨ à¨áª�¬¨ ¨ ¯«�−¨à®¢�−¨¥¬ ¬¥à®¯à¨ïâ¨© −� á«ãç�© çà¥§¢ëç�©−ëå
¯à®¨áè¥áâ¢¨©.

�à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª®© ¡�§®© ¢®ááâ�−®¢«¥−¨ï äã−ªæ¨®−¨à®¢�−¨ï ˆ’‘
ï¢«ïîâáï ªà¨â¥à¨¨:

{ ¡ëáâà®£® ¨ á¢®¥¢à¥¬¥−−®£® ¢®ááâ�−®¢«¥−¨ï äã−ªæ¨®−�«ì−®áâ¨;

{ ¢ëá®ª®£® ãà®¢−ï ã¢¥à¥−−®áâ¨ ¢ â®¬, çâ® (§� áç¥â ¯®¢á¥¤−¥¢−®£® ¨á¯®«ì§®-
¢�−¨ï ¨ ¯à®¢¥à®ç−®£® â¥áâ¨à®¢�−¨ï) ¢−ãâà¥−−¨¥ ¨ ¢−¥è−¨¥ ¬¥à®¯à¨ïâ¨ï ¯®
®¡¥á¯¥ç¥−¨î −¥¯à¥àë¢−®áâ¨ ¯à®æ¥áá®¢ íää¥ªâ¨¢−ë ¨ á®¢¬¥áâ¨¬ë.
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ˆ. ˆ. �ëáâà®¢, ‚. �. ‚¥á¥«®¢, Š. Š. Š®«¨−

�à¨ íâ®¬ Š‘�† ¤®«¦−� ã¤®¢«¥â¢®àïâì:

âà¥¡®¢�−¨ï¬ ª ¢à¥¬¥−¨ ¢®ááâ�−®¢«¥−¨ï:

{ ¤«ï ¢¥¤ãé¨å ªà¨â¨ç−ëå ®à£�−¨§�æ¨© | ¯à®æ¥ááë ¢®ááâ�−®¢«¥−¨ï ¨ ¢®§-
®¡−®¢«¥−¨ï á¢®¥© ¤¥ïâ¥«ì−®áâ¨ ¢ â¥ç¥−¨¥ ¤−ï á ¬®¬¥−â� �¢�à¨¨;

{ ¤«ï ®à£�−¨§�æ¨©, ¨£à�îé¨å ¢�¦−ãî à®«ì ¤«ï ¤àã£¨å ªà¨â¨ç¥áª¨ ¢�¦-
−ëå ®à£�−¨§�æ¨©, | ¢®§®¡−®¢«¥−¨¥ ¤¥ïâ¥«ì−®áâ¨ ¢ ¯à¥¤¥«�å −¥áª®«ìª¨å
ç�á®¢;

âà¥¡®¢�−¨ï¬ ª áâàãªâãà−®© ãáâ®©ç¨¢®áâ¨:

{ ¨¬¥âì ¤«ï ¢®ááâ�−®¢«¥−¨ï ¯®á«¥ è¨à®ª®¬�áèâ�¡−®© ª�â�áâà®äë ¢ §�¤�−-
−®¥ ¢à¥¬ï £¥®£à�ä¨ç¥áª¨ à�§−¥á¥−−ë¥ ®á−®¢−ãî ¨ à¥§¥à¢−ë¥ ¯«®é�¤ª¨
¤«ï ¢ë¯®«−¥−¨ï ¤¥«®¢ëå ®¯¥à�æ¨© ¨ à�¡®âë –�„;

{ à¥§¥à¢−ë¥ ¯«®é�¤ª¨ ˆ’‘ −¥ ¤®«¦−ë §�¢¨á¥âì ®â â¥å ¦¥ ¨−äà�áâàãªâãà-
−ëå ª®¬¯®−¥−â®¢, çâ® ¨ ®á−®¢−�ï, ¢ª«îç�ï áà¥¤áâ¢� âà�−á¯®àâ¨à®¢ª¨,
â¥«¥ª®¬¬ã−¨ª�æ¨¨, ¢®¤®á−�¡¦¥−¨ï, í«¥ªâà®á−�¡¦¥−¨ï ¨ â. ¯.;

âà¥¡®¢�−¨î ª £®â®¢−®áâ¨ | −�«¨ç¨î íää¥ªâ¨¢−ëå ¯«�−®¢ ®¡¥á¯¥ç¥−¨ï −¥-
¯à¥àë¢−®áâ¨ ¨ ¢®ááâ�−®¢«¥−¨ï ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨¨ ¢ ãá«®¢¨ïå ¢®§−¨ª-
−®¢¥−¨ï ª�â�áâà®äë.

4 Заключение

÷�§¢¨â¨¥ ˆ’‘ ®¯à¥¤¥«ï¥â ¯à®æ¥áá á®§¤�−¨ï −�ãç−®-â¥å−¨ç¥áª¨å ¨ íª®−®¬¨-
ç¥áª¨å ®á−®¢ −®¢®£® â¨¯� áã¡ê¥ªâ®¢ æ¨äà®¢®£® ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢�, ã ª®â®àëå
¢áï ¨å ¤¥ïâ¥«ì−®áâì ¢ áãé¥áâ¢¥−−®© áâ¥¯¥−¨ §�¢¨á¨â ®â á®áâ®ï−¨ï ˆ’‘.

‘ãé¥áâ¢ãîé¨¥ ¯¥àá¯¥ªâ¨¢−ë¥ ˆ’‘ ¨ â¥å−®«®£¨¨ �ªªã¬ã«¨àãîâ ¨ ®¡à�¡�-
âë¢�îâ ¡®«ìè¨¥ ®¡ê¥¬ë ªà¨â¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¨ ¬®£ãâ ¯à�ªâ¨ç¥áª¨ ª®−âà®-
«¨à®¢�âì ¨ à¥£ã«¨à®¢�âì ¤¥ïâ¥«ì−®áâì «î¡®£® áã¡ê¥ªâ� ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢�.
�â® ¯à¨¢®¤¨â ª â®¬ã, çâ® ¢ë¦¨¢�−¨¥ «î¡®£® áã¡ê¥ªâ�, ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢�
áâ�−®¢¨âáï §�¢¨á¨¬ë¬ ®â á®áâ®ï−¨ï ˆ’‘ ¨ ˆ’, � á�¬¨ á¨áâ¥¬ë áâ�«¨ ®¡ê¥ª-
â®¬ ¢®§¤¥©áâ¢¨ï à�§«¨ç−®£® à®¤� ã£à®§ ¨ ¢«¨ïâì −� ¦¨§−¥á¯®á®¡−®áâì ®¡é¥áâ¢�
¨ £®áã¤�àáâ¢�.

‚ ãá«®¢¨ïå áãé¥áâ¢®¢�−¨ï ¨−ä®à¬�â¨§¨à®¢�−−®£® ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢�
¢ áà¥¤¥ á®¢à¥¬¥−−ëå à¥�«ì−ëå ¨ ¯®â¥−æ¨�«ì−ëå ã£à®§ ˆ’‘, ª®£¤� ¬¥â®¤ë
¨ áà¥¤áâ¢� §�é¨âë ¡ã¤ãâ ®âáâ�¢�âì ®â ¯à®æ¥áá®¢ ¯®ï¢«¥−¨ï −®¢ëå ã£à®§, � ¯®-
á«¥¤áâ¢¨ï ®â −�àãè¥−¨ï äã−ªæ¨®−�«ì−®áâ¨ ˆ’‘ ¡ã¤ãâ ¯®áâ®ï−−® ¢®§à�áâ�âì,
¯à®¡«¥¬� ®¡¥á¯¥ç¥−¨ï ¨å ¦¨¢ãç¥áâ¨ ¯à¨®¡à¥â�¥â ®á®¡ãî ¢�¦−®áâì ¨ �ªâã�«ì-
−®áâì ¤«ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨.

‚ −�áâ®ïé¥¥ ¢à¥¬ï íâ� ¯à®¡«¥¬� ¥é¥ −¥ −�è«� ¤®«¦−®£® −�ãç−®£® ¨áá«¥¤®¢�-
−¨ï ª�ª ¬−®£®¤¨áæ¨¯«¨−�à−�ï ª®¬¯«¥ªá−�ï ¯à®¡«¥¬�. ‚ á®áâ�¢¥ íâ®© ¯à®¡«¥¬ë
−¥®¡å®¤¨¬® ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¢ë¤¥«ïâì ¥¥ â¥å−®«®£¨ç¥áª¨¥ �á¯¥ªâë:
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�á−®¢ë ¦¨¢ãç¥áâ¨ �¢â®¬�â¨§¨à®¢�−−ëå ®à£�−¨§�æ¨© ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�

{ ¢®¯à®áë ª�â¥£®à¨à®¢�−¨ï ªà¨â¨ç¥áª¨ ¢�¦−ëå ®¡ê¥ªâ®¢, á¨áâ¥¬ ¨ á¥à¢¨á®¢;

{ ¢®¯à®áë ®¡¥á¯¥ç¥−¨ï ª®¬¯«¥ªá−®© ¡¥§®¯�á−®áâ¨ ˆ’‘, à¥§¥à¢¨à®¢�−¨ï ª®¬-
¯®−¥−â®¢ á¨áâ¥¬ë, âà¥¡®¢�−¨© ª ¢®ááâ�−®¢«¥−¨î ¨ íªá¯«ã�â�æ¨®−−®© ¯®¤-
¤¥à¦ª¥ ¦¨¢ãç¥áâ¨, ª ãáâ®©ç¨¢®áâ¨ äã−ªæ¨®−�«ì−ëå ¯à®æ¥áá®¢;

{ ¢®¯à®áë á®§¤�−¨ï ª®¬¯«¥ªá−®© á¨áâ¥¬ë ®¡¥á¯¥ç¥−¨ï ¦¨¢ãç¥áâ¨ ˆ’‘.

�¤−�ª® ¢ ¤�«ì−¥©è¥¬ −¥®¡å®¤¨¬® ¡ã¤¥â à�§¢¥à−ãâì ª®¬¯«¥ªá−ë¥ ¬¥¦¤¨á-
æ¨¯«¨−�à−ë¥ ¨áá«¥¤®¢�−¨ï íâ®© ¯à®¡«¥¬ë, ª®â®àë¥ ¡ã¤ãâ ¢ª«îç�âì ¨ ¤àã£¨¥,
¢ â®¬ ç¨á«¥ £ã¬�−¨â�à−ë¥, �á¯¥ªâë íâ®© ¯à®¡«¥¬ë. ‚ ¨å ç¨á«¥:

{ ¢®¯à®áë ã¯à�¢«¥−¨ï −¥¯à¥àë¢−®áâìî ¨ ®¯¥à�æ¨®−−ë¬¨ à¨áª�¬¨, ¯®à®¦¤�-
¥¬ë¬¨ ˆ’‘, ¤«ï ¦¨§−¥¤¥ïâ¥«ì−®áâ¨ ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢�;

{ ¢®¯à®áë §�é¨âë ¬�â¥à¨�«ì−ëå ¨ ä¨−�−á®¢ëå à¥áãàá®¢, à¥¯ãâ�æ¨¨ −� àë−ª¥,
§�é¨âë á®âàã¤−¨ª®¢, ¨−äà�áâàãªâãàë áã¡ê¥ªâ®¢ ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢� ®â
−�àãè¥−¨© ¨ à¨áª®¢, ¯®à®¦¤�¥¬ëå ª¨¡¥àã£à®§�¬¨.

‚ ãá«®¢¨ïå à�§¢¨â¨ï æ¨äà®¢®© íª®−®¬¨ª¨ ¨ áâ�−®¢«¥−¨ï £«®¡�«ì−®£® ¨−-
ä®à¬�æ¨®−−®£® ®¡é¥áâ¢� §�¢¨á¨¬®áâì ¡¥§®¯�á−®áâ¨ ¦¨§−¥¤¥ïâ¥«ì−®áâ¨ ®¡é¥áâ¢�
®â ª�ç¥áâ¢� äã−ªæ¨®−¨à®¢�−¨ï ˆ’‘ ¨ ãà®¢−ï ¦¨¢ãç¥áâ¨ �¢â®¬�â¨§¨à®¢�−−ëå
®à£�−¨§�æ¨© ¡ã¤¥â, ¡¥§ãá«®¢−®, ¢®§à�áâ�âì. �®íâ®¬ã −�ãç−ë¥ ¨áá«¥¤®¢�−¨ï
¨ ¯à¨ª«�¤−ë¥ à�§à�¡®âª¨, −�¯à�¢«¥−−ë¥ −� à¥è¥−¨¥ íâ®© �ªâã�«ì−®© ¯à®¡«¥¬ë,
¤®«¦−ë áâ�âì ¢�¦−ë¬ −�¯à�¢«¥−¨¥¬ ¬¥à®¯à¨ïâ¨© ¯® ãªà¥¯«¥−¨î −�æ¨®−�«ì−®©
¡¥§®¯�á−®áâ¨ −�è¥© áâà�−ë [6].
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РАЗРАБОТКА ПРИЛОЖЕНИЯ ДЛЯ ПОДГОТОВКИ
РАСЧЕТНЫХ СЕТОК С ГРАДУИРУЮЩИМИ И ИЗОГНУТЫМИ

КРАЯМИ ДЛЯ ПРОГРАММНОЙ СРЕДЫ OpenFOAM

Д. И. Читалов1, С. Т. Калашников2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¯à®¡«¥¬¥ ã¯à®é¥−¨ï ¯®¤£®â®¢ª¨ à�áç¥â−ëå
á¥â®ª (÷‘) á £à�¤ã¨àãîé¨¬¨ ¨ ¨§®£−ãâë¬¨ ªà�ï¬¨ ¤«ï ¯à®£à�¬¬−®© áà¥¤ë
(�‘) OpenFOAM. �¢â®à�¬¨ à�áá¬®âà¥−ë ¨¬¥îé¨¥áï −� â¥ªãé¨© ¬®¬¥−â
ª®¬¬¥àç¥áª¨¥ ¨ á¢®¡®¤−® à�á¯à®áâà�−ï¥¬ë¥ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� ¤«ï à¥-
è¥−¨ï ®¡®§−�ç¥−−®© ¯à®¡«¥¬ë. �¯à¥¤¥«¥−ë −¥¤®áâ�âª¨ íâ¨å ¯à®£à�¬¬−ëå
áà¥¤áâ¢, �ªâã�«ì−®áâì ¯à®¡«¥¬ë ¨ −¥®¡å®¤¨¬®áâì á®§¤�−¨ï á®¡áâ¢¥−−®£® ¯à¨-
«®¦¥−¨ï. �à¥¤áâ�¢«¥− á¯¨á®ª áâ®ïé¨å ¯¥à¥¤ �¢â®à�¬¨ §�¤�ç ¨ ®¯¨á�−¨¥
®¡ê¥ªâ� ¨áá«¥¤®¢�−¨ï. ‘ä®à¬ã«¨à®¢�−ë ¢ë§®¢ë, áâ®ïé¨¥ ¯¥à¥¤ �¢â®à�¬¨
¢ ¯à®æ¥áá¥ à¥�«¨§�æ¨¨ à�§à�¡®âª¨, ¨ ¯à¥¤«®¦¥−ë ¯ãâ¨ ¨å à¥è¥−¨ï. �à¥¤-
áâ�¢«¥−ë à¥§ã«ìâ�âë ¯à¨¬¥−¥−¨ï ¯à®£à�¬¬ë −� ¯à¨¬¥à¥ ®¤−®© ¨§ ãç¥¡−ëå
§�¤�ç, ¢å®¤ïé¨å ¢ �‘ OpenFOAM. ‘ä®à¬ã«¨à®¢�−ë ¨â®£¨ ¯à®¢¥¤¥−−®©
à�¡®âë, ®¯à¥¤¥«¥−ë ¥¥ ¯à�ªâ¨ç¥áª�ï §−�ç¨¬®áâì ¨ ¯¥àá¯¥ªâ¨¢ë ¯®á«¥¤ãîé¨å
¨áá«¥¤®¢�−¨© ¢ ¤�−−®¬ −�¯à�¢«¥−¨¨.

Š«îç¥¢ë¥ á«®¢�: £à�ä¨ç¥áª¨© ¯®«ì§®¢�â¥«ìáª¨© ¨−â¥àä¥©á; à�áç¥â−ë¥
á¥âª¨ á £à�¤ã¨àãîé¨¬¨ ¨ ¨§®£−ãâë¬¨ ªà�ï¬¨; OpenFOAM; ï§ëª ¯à®£à�¬-
¬¨à®¢�−¨ï Python; ¡¨¡«¨®â¥ª� PyQt4; ®âªàëâ®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥
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1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¯à¨ ¯à®¢¥¤¥−¨¨ íªá¯¥à¨¬¥−â®¢ ¯® ç¨á«¥−−®¬ã à¥è¥−¨î
§�¤�ç ¬¥å�−¨ª¨ á¯«®è−ëå áà¥¤ (Œ‘‘), ¯à¥¦¤¥ ¢á¥£® â�ª¨å ¥¥ ®¡«�áâ¥©, ª�ª
£¨¤à®-, £�§®¤¨−�¬¨ª� ¨ ¬¥å�−¨ª� ¤¥ä®à¬¨àã¥¬®£® â¢¥à¤®£® â¥«�, è¨à®ª® ¯à¨-
¬¥−ïîâáï ¯à®£à�¬¬−ë¥ ¯à®¤ãªâë ¬�â¥¬�â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï. ‘à¥¤¨ â�ª¨å
¯�ª¥â®¢ ¯à®£à�¬¬ ¯®¯ã«ïà−®áâìî ¯®«ì§ãîâáï ª®¬¬¥àç¥áª¨¥ à¥è¥−¨ï á §�ªàëâë¬
¨áå®¤−ë¬ ª®¤®¬ (ANSYS, ’…‘ˆ‘, ESI GROUP) ¨ á¢®¡®¤−® à�á¯à®áâà�−ï¥¬ë¥
ª®¬¯«¥ªáë, ¢ ç�áâ−®áâ¨ OpenFOAM [1].

�¥á¬®âàï −� â® çâ® �‘ OpenFOAM −¥ âà¥¡ã¥â ¯à¨®¡à¥â¥−¨ï «¨æ¥−§¨¨
¨ ãá¯¥è−® ¨á¯®«ì§ã¥âáï ¯à¨ ¯®áâ�−®¢ª¥ ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢, íâ®â ¯à®-
£à�¬¬−ë© ª®¬¯«¥ªá −¥ «¨è¥− −¥¤®áâ�âª®¢. ƒ«�¢−ë¬ ¨§ −¨å ï¢«ï¥âáï −¥®¡-
å®¤¨¬®áâì à�¡®âë á ¯à®£à�¬¬®© ç¥à¥§ â¥à¬¨−�«, çâ® âà¥¡ã¥â ®â ¯®«ì§®¢�â¥«ï
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÷�§à�¡®âª� ¯à¨«®¦¥−¨ï ¤«ï ¯®¤£®â®¢ª¨ ÷‘ á £à�¤ã¨àãîé¨¬¨ ¨ ¨§®£−ãâë¬¨ ªà�ï¬¨

‘à�¢−¨â¥«ì−�ï å�à�ªâ¥à¨áâ¨ª� ¯®¯ã«ïà−ëå £à�ä¨ç¥áª¨å ®¡®«®ç¥ª ¤«ï à�¡®âë
á �‘ OpenFOAM

��§¢�−¨¥ ‹¨æ¥−§¨ï
’¥å−¨ç¥áª�ï
¯®¤¤¥à¦ª�

÷ãááª®ï§ëç−�ï
¤®ªã¬¥−â�æ¨ï

Salome [3] �� á ®âªàëâë¬ ª®¤®¬ �¥ ¯à¥¤ãá¬®âà¥−� �âáãâáâ¢ã¥â

Helyx-OS [4] �� á ®âªàëâë¬ ª®¤®¬
�à¥¤ãá¬®âà¥−�,

¯«�â−�ï �âáãâáâ¢ã¥â

Visual-CFD [5]
�¥á¯«�â−�ï ¢¥àá¨ï

−� 30 ¤−¥©
�à¥¤ãá¬®âà¥−�,

¯«�â−�ï �âáãâáâ¢ã¥â

§−�−¨ï áâàãªâãàë ¨ ¤®¯ãáâ¨¬®£® á®¤¥à¦¨¬®£® á«ã¦¥¡−ëå ä�©«®¢, ¢å®¤ïé¨å
¢ à�áç¥â−ë© á«ãç�©, � â�ª¦¥ §−�−¨ï ª®−á®«ì−ëå ª®¬�−¤.

��áâ®ïé�ï áâ�âìï ï¢«ï¥âáï ¯à®¤®«¦¥−¨¥¬ à�¡®âë [2], ¢ ª®â®à®© �¢â®à�¬¨
¯à¥¤«®¦¥−� á®¡áâ¢¥−−�ï £à�ä¨ç¥áª�ï ®¡®«®çª� ¤«ï ¯à®¢¥¤¥−¨ï íâ�¯®¢ ç¨á«¥−−®-
£® ¬®¤¥«¨à®¢�−¨ï §�¤�ç Œ‘‘ −� ¡�§¥ �‘ OpenFOAM, ¢ â®¬ ç¨á«¥ ¯®¤£®â®¢ª¨
à�áç¥â−®£® á«ãç�ï, ¨¬¯®àâ� £®â®¢®© ÷‘, §�¯ãáª� ¯à®æ¥áá� à¥è¥−¨ï §�¤�ç¨ Œ‘‘
¨ ¢¨§ã�«¨§�æ¨¨ à¥§ã«ìâ�â®¢. ‚ −�áâ®ïé¥© áâ�âì¥ à�áá¬�âà¨¢�¥âáï ¯à®¡«¥¬� ã¯à®-
é¥−¨ï íâ�¯� ¯®¤£®â®¢ª¨ ÷‘, ¢ ç�áâ−®áâ¨ ÷‘ á £à�¤ã¨àãîé¨¬¨ ¨ ¨§®£−ãâë¬¨
ªà�ï¬¨, ¨ ¢ à�¬ª�å à¥è¥−¨ï ¯®áâ�¢«¥−−®© ¯à®¡«¥¬ë | à�§à�¡®âª� ¯à¨«®¦¥-
−¨ï á £à�ä¨ç¥áª¨¬ ¯®«ì§®¢�â¥«ìáª¨¬ ¨−â¥àä¥©á®¬ ¤«ï ¯®¤£®â®¢ª¨ ÷‘ ¤�−−®£®
â¨¯�.

��¤ ¯à®¡«¥¬®© ã¯à®é¥−¨ï à�¡®âë ¯®«ì§®¢�â¥«ï ¯à¨ ¯à®¢¥¤¥−¨¨ ¬�â¥¬�-
â¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ¯®áà¥¤áâ¢®¬ �‘ OpenFOAM à�¡®â�îâ ¯à®£à�¬¬¨áâë
¢á¥£® ¬¨à� ¨ ¤�¦¥ æ¥«ë¥ ª®¬¯�−¨¨, §�¯ãáâ¨¢è¨¥ ¢ á¢ï§¨ á à®áâ®¬ ¨−â¥à¥á�
ª �‘ OpenFOAM á® áâ®à®−ë à�§à�¡®âç¨ª®¢ ¨ ¨−¦¥−¥à®¢ á®¡áâ¢¥−−ë¥ ¯à®¥ªâë
¯® à�§à�¡®âª¥ £à�ä¨ç¥áª¨å ¯®«ì§®¢�â¥«ìáª¨å ®¡®«®ç¥ª ¤«ï à�¡®âë á ¤�−−ë¬
¯à®£à�¬¬−ë¬ ª®¬¯«¥ªá®¬.

‚ â�¡«¨æ¥ ¯à¥¤áâ�¢«¥−� áà�¢−¨â¥«ì−�ï å�à�ªâ¥à¨áâ¨ª� àï¤� â�ª¨å ®¡®«®ç¥ª,
¯®«ãç¨¢è¨å −�¨¡®«ìèãî ¯®¯ã«ïà−®áâì ã ¬¨à®¢®£® á®®¡é¥áâ¢� ¨áá«¥¤®¢�â¥«¥©
¨ ¨¬¥îé¨å ¢ á¢®¥¬ á®áâ�¢¥ ¬®¤ã«¨ ¯®¤£®â®¢ª¨ ÷‘ á £à�¤ã¨àãîé¨¬¨ ¨ ¨§®£−ã-
âë¬¨ ªà�ï¬¨.

„«ï ¯à¥¤áâ�¢«¥−−ëå ¯à®£à�¬¬−ëå ª®¬¯«¥ªá®¢ ¢®§¬®¦−® ¨á¯®«ì§®¢�−¨¥ ¡¥§
¯à¨®¡à¥â¥−¨ï «¨æ¥−§¨¨. ‚¬¥áâ¥ á â¥¬ ¨å ¯à�ªâ¨ç¥áª®¥ ¯à¨¬¥−¥−¨¥ à®áá¨©áª¨¬¨
¯®«ì§®¢�â¥«ï¬¨ á®¯àï¦¥−® á −¥ª®â®àë¬¨ á«®¦−®áâï¬¨, ¯à¥¦¤¥ ¢á¥£® á ®âáãâáâ¢¨-
¥¬ ®ä¨æ¨�«ì−®© àãááª®ï§ëç−®© ¤®ªã¬¥−â�æ¨¨ ¨ á −¥®¡å®¤¨¬®áâìî ¯à¨®¡à¥â¥−¨ï
ãá«ã£ ¯® â¥å−¨ç¥áª®© ¯®¤¤¥à¦ª¥.

÷¥§î¬¨àãï ¢ëè¥áª�§�−−®¥, ¬®¦−® á¤¥«�âì ¢ë¢®¤ ® â®¬, çâ® ®á¢®¥−¨¥ ¨ ¨á-
¯®«ì§®¢�−¨¥ ¨¬¥îé¨åáï −� â¥ªãé¨© ¬®¬¥−â £à�ä¨ç¥áª¨å ¯à®£à�¬¬−ëå à¥è¥−¨©
¤«ï à�¡®âë á �‘ OpenFOAM −� ®â¥ç¥áâ¢¥−−ëå ¯à®¬ëè«¥−−ëå ¯à¥¤¯à¨ïâ¨ïå
á¢ï§�−® á áãé¥áâ¢¥−−ë¬¨ ¢à¥¬¥−−‚ë¬¨ ¨ ä¨−�−á®¢ë¬¨ §�âà�â�¬¨.

‘ ¯¥à¥ç¨á«¥−−ë¬¨ ¢ ¨¬¥îé¨åáï £à�ä¨ç¥áª¨å ®¡®«®çª�å −¥¤®áâ�âª�¬¨ áâ®«ª-
−ã«¨áì á¯¥æ¨�«¨áâë ¯à¥¤¯à¨ïâ¨ï �� úƒ÷– Œ�ª¥¥¢�û ¯à¨ ¯®áâ�−®¢ª¥ ç¨á«¥−−ëå
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„. ˆ. —¨â�«®¢, ‘. ’. Š�«�è−¨ª®¢

íªá¯¥à¨¬¥−â®¢ ¯® ¬®¤¥«¨à®¢�−¨î §�¤�ç £¨¤à®- ¨ £�§®¤¨−�¬¨ª¨, ¢ ç�áâ−®áâ¨ ¯à¨
¯®¤£®â®¢ª¥ ÷‘ á £à�¤ã¨àãîé¨¬¨ ¨ ¨§®£−ãâë¬¨ ªà�ï¬¨.

„«ï à¥è¥−¨ï ¯à®¡«¥¬ë ¯¥à¥¤ �¢â®à�¬¨ −�áâ®ïé¥© áâ�âì¨ ¡ë«� ¯®áâ�¢«¥−�
§�¤�ç� á®§¤�−¨ï á®¡áâ¢¥−−®£® ¯à®£à�¬¬−®£® à¥è¥−¨ï, ª®â®à®¥ ¡ë ã¯à®áâ¨«®
¯à®æ¥áá ¯®¤£®â®¢ª¨ ÷‘ ¤�−−®£® â¨¯�. �à¨ íâ®¬ à�áá¬�âà¨¢�¥¬®¥ ¯à¨«®¦¥−¨¥ ¤«ï
¯®¤£®â®¢ª¨ ÷‘ ¬®¦¥â ¯à¥¤áâ�¢«ïâì ¨−â¥à¥á ¨ ¨¬¥âì ¯à�ªâ¨ç¥áªãî ¯®«ì§ã ¨ ¤«ï
á¯¥æ¨�«¨áâ®¢ ¤àã£¨å ¯à¥¤¯à¨ïâ¨©, à�¡®â�îé¨å á �‘ OpenFOAM ¨ −�æ¥«¥−−ëå
−� íª®−®¬¨î à�¡®ç¥£® ¢à¥¬¥−¨ ¯à¨ ¯®¤£®â®¢ª¥ ÷‘.

�¡ê¥ªâ®¬ ¨áá«¥¤®¢�−¨ï ¢ëáâã¯�¥â ¯à®æ¥áá ¯®¤£®â®¢ª¨ ¯�à�¬¥âà¨ç¥áª¨å á¥-
â®ª á £à�¤ã¨àãîé¨¬¨ ¨ ¨§®£−ãâë¬¨ ªà�ï¬¨ ¤«ï ¯à®¢¥¤¥−¨ï ¬�â¥¬�â¨ç¥áª¨å
¨áá«¥¤®¢�−¨© −� ¡�§¥ �‘ OpenFOAM. �¢â®à�¬¨ −�áâ®ïé¥© áâ�âì¨ ¯à®�−�-
«¨§¨à®¢�−� á®®â¢¥âáâ¢ãîé�ï ãâ¨«¨â� �‘ OpenFOAM, ®â¢¥ç�îé�ï §� §�¯ãáª
¯à®æ¥áá� £¥−¥à�æ¨¨ ÷‘, � â�ª¦¥ −¥®¡å®¤¨¬�ï ¤«ï íâ®£® áâàãªâãà� à�áç¥â−®£®
á«ãç�ï. �� ®á−®¢¥ ®ä¨æ¨�«ì−®© ¤®ªã¬¥−â�æ¨¨ [6] ¯® �‘ OpenFOAM ¨§ãç¥-
−� âà¥¡ã¥¬�ï áâàãªâãà� á«ã¦¥¡−®£® ä�©«�, á®¤¥à¦�é¥£® ¨áå®¤−ë¥ ¤�−−ë¥ ¤«ï
£¥−¥à�æ¨¨ ÷‘, � â�ª¦¥ −¥®¡å®¤¨¬ë¥ ¯®«ï ¤�−−ëå ¨ ¤®¯ãáâ¨¬ë¥ â¨¯ë ¤�−−ëå.

–¥«ì −�áâ®ïé¥© à�¡®âë §�ª«îç�¥âáï ¢ á®§¤�−¨¨ ¯à®£à�¬¬−®£® ¯à¨«®¦¥−¨ï
á £à�ä¨ç¥áª¨¬ ¨−â¥àä¥©á®¬, ¯®§¢®«ïîé¥£® ®áãé¥áâ¢«ïâì æ¥−âà�«¨§®¢�−−ãî
¯®¤£®â®¢ªã ÷‘ á £à�¤ã¨àãîé¨¬¨ ¨ ¨§®£−ãâë¬¨ ªà�ï¬¨ ¤«ï à¥è¥−¨ï §�¤�ç Œ‘‘
á ¯®¬®éìî �‘ OpenFOAM. ‘®£«�á−® ¯®áâ�¢«¥−−®© æ¥«¨ ¨ −� ®á−®¢¥ �−�«¨§�
®¡ê¥ªâ� ¨áá«¥¤®¢�−¨ï ¯¥à¥¤ �¢â®à�¬¨ áä®à¬ã«¨à®¢�−ë á«¥¤ãîé¨¥ §�¤�ç¨:

1. ‘®§¤�âì ®á−®¢−®¥ ®ª−® ¯à®£à�¬¬ë á àãááª®- ¨ �−£«®ï§ëç−®© ¢¥àá¨ï¬¨
¨−â¥àä¥©á�.

2. ÷¥�«¨§®¢�âì ¢ ®á−®¢−®¬ ®ª−¥ 4 ¨−â¥àä¥©á−ëå ¡«®ª�: ¯�−¥«ì ã¯à�¢«¥−¨ï,
¡«®ª ¯®¤£®â®¢ª¨ ¨áå®¤−ëå ¤�−−ëå ¤«ï á¥âª¨, ¡«®ª ¢ë¢®¤� à¥§ã«ìâ�â®¢
¨ ¯�−¥«ì ¢ë¢®¤� á«ã¦¥¡−ëå á®®¡é¥−¨©.

3. �� ¯�−¥«¨ ã¯à�¢«¥−¨ï á®§¤�âì ª−®¯ªã, ®â¢¥ç�îéãî §� ®âªàëâ¨¥ ¬®¤�«ì−®£®
®ª−� ¢ë¡®à� ¤¨à¥ªâ®à¨¨ à�áç¥â−®£® á«ãç�ï, ¤¢¥ ª−®¯ª¨, ®â¢¥ç�îé¨¥ §�
§�¯ãáª ãâ¨«¨âë £¥−¥à�æ¨¨ ¨ ¢¨§ã�«¨§�æ¨¨ ÷‘, ¨ ª−®¯ªã, ®â¢¥ç�îéãî §�
®âªàëâ¨¥ ®ª−� ¢ë¡®à� ï§ëª� ¨−â¥àä¥©á�.

4. ‚ ¡«®ª¥ ¯®¤£®â®¢ª¨ ¨áå®¤−ëå ¤�−−ëå ¤«ï á¥âª¨ á®§¤�âì ®ª−® á í«¥¬¥−â�¬¨
ã¯à�¢«¥−¨ï ¯®«ì§®¢�â¥«ìáª¨¬ ¨−â¥àä¥©á®¬ ¤«ï ãª�§�−¨ï ¨áå®¤−ëå ¤�−−ëå.

5. „«ï í«¥¬¥−â®¢ ã¯à�¢«¥−¨ï à¥�«¨§®¢�âì ¢®§¬®¦−®áâì ¢¢®¤� â®«ìª® ¤�−−ëå
¤®¯ãáâ¨¬®£® â¨¯�, à¥�«¨§®¢�âì á¨áâ¥¬ã ¢á¯«ë¢�îé¨å ¯®¤áª�§®ª.

6. ‚ ¡«®ª¥ ¢ë¢®¤� à¥§ã«ìâ�â� á®§¤�âì ®ª−® ¤«ï ¢ë¢®¤� á®¤¥à¦¨¬®£® á£¥−¥-
à¨à®¢�−−®£® ä�©«� á ¨áå®¤−ë¬¨ ¤�−−ë¬¨ ÷‘ ¨ ¤«ï ¢ë¢®¤� à¥§ã«ìâ�â®¢
£¥−¥à�æ¨¨ ¨ ¢¨§ã�«¨§�æ¨¨ ÷‘.

7. �� ¯�−¥«¨ ¢ë¢®¤� á«ã¦¥¡−ëå á®®¡é¥−¨© à¥�«¨§®¢�âì á¨áâ¥¬ã ®¯®¢¥é¥−¨ï
¯®«ì§®¢�â¥«ï ®¡ ãá¯¥è−ëå à¥§ã«ìâ�â�å ¢ë¯®«−ï¥¬ëå ¨¬ ¤¥©áâ¢¨© ¨ ® à¥-
§ã«ìâ�â�å á ®è¨¡ª�¬¨.
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÷�§à�¡®âª� ¯à¨«®¦¥−¨ï ¤«ï ¯®¤£®â®¢ª¨ ÷‘ á £à�¤ã¨àãîé¨¬¨ ¨ ¨§®£−ãâë¬¨ ªà�ï¬¨

8. ÷¥�«¨§®¢�âì ¢®§¬®¦−®áâì á®§¤�−¨ï ¤«ï ®â¤¥«ì−®£® à�áç¥â−®£® á«ãç�ï −¥-
áª®«ìª¨å ¯�à�¬¥âà¨ç¥áª¨å á¥â®ª ¨ ¢®§¬®¦−®áâì à¥¤�ªâ¨à®¢�−¨ï «î¡®© ¨§
−¨å.

9. �¡¥á¯¥ç¨âì ¢¨§ã�«¨§�æ¨î ÷‘ ¯®áà¥¤áâ¢®¬ ¯à®£à�¬¬ë −�ãç−®© âà¥å¬¥à−®©
¢¨§ã�«¨§�æ¨¨ ParaView [7].

2 Анализ объекта исследования

“â¨«¨â� úblockMeshû £¥−¥à¨àã¥â ÷‘ á £à�¤ã¨àãîé¨¬¨ ¨ ¨§®£−ãâë¬¨
ªà�ï¬¨, áç¨âë¢�ï ¨áå®¤−ë¥ ¤�−−ë¥ (£¥®¬¥âà¨î ¨ á¢®©áâ¢� á¥âª¨) ¨§ ä�©«�
úblockMeshDictû. „�−−ë© ä�©« ¯®«ì§®¢�â¥«ì á®§¤�¥â ¢ ¤¨à¥ªâ®à¨¨ úsystemû
à�áç¥â−®£® á«ãç�ï, ¢àãç−ãî §�¯®«−ï¥â ¨áå®¤−ë¬¨ ¤�−−ë¬¨ ¨ ¯®áà¥¤áâ¢®¬ â¥à-
¬¨−�«� §�¯ãáª�¥â ª®¬�−¤ã £¥−¥à�æ¨¨ á¥âª¨.

ˆ§ãç¨¢ ®ä¨æ¨�«ì−ãî ¤®ªã¬¥−â�æ¨î ¯® �‘ OpenFOAM ¨ ãç¥¡−ë¥ §�-
¤�ç¨ [8], �¢â®àë áâ�âì¨ ¢ë¤¥«¨«¨ á«¥¤ãîé¨¥ ®á®¡¥−−®áâ¨ à�¡®âë ãâ¨«¨âë
úblockMeshû, −¥®¡å®¤¨¬ë¥ ¤«ï à�§à�¡®âª¨ ¬®¤ã«ï ¯®¤£®â®¢ª¨ ¯�à�¬¥âà¨ç¥-
áª¨å á¥â®ª á £à�¤ã¨àãîé¨¬¨ ¨ ¨§®£−ãâë¬¨ ªà�ï¬¨:

(1) ãâ¨«¨â� à�§¡¨¢�¥â £¥®¬¥âà¨î à�áç¥â−®© ®¡«�áâ¨ −� ®¤¨− ¨«¨ á®¢®ªã¯−®áâì
è¥áâ¨£à�−−¨ª®¢ ¢ ¯à®áâà�−áâ¢¥;

(2) à¥¡à� è¥áâ¨£à�−−¨ª®¢ §�¤�îâáï ¢ ¢¨¤¥ ¯àï¬ëå «¨−¨©, ¤ã£ ¨«¨ á¯«�©−®¢ëå
ªà¨¢ëå;

(3) ÷‘ £¥−¥à¨àã¥âáï ¢ §�¢¨á¨¬®áâ¨ ®â ç¨á«� ïç¥¥ª ¢ ª�¦¤®¬ −�¯à�¢«¥−¨¨
è¥áâ¨£à�−−¨ª�;

(4) ª�¦¤ë© è¥áâ¨£à�−−¨ª §�¤�¥âáï ¢ ¬¥áâ−®© ¯à�¢®© á¨áâ¥¬¥ ª®®à¤¨−�â
(x1, x2, x3) ¨ ®¯à¥¤¥«ï¥âáï á¯¨áª®¬ ¨§ 8 â®ç¥ª, ¨¬¥îé¨å −ã¬¥à�æ¨î á 0;

(5) ä�©« úblockMeshDictû ¨¬¥¥â 6 ¡«®ª®¢ ¨áå®¤−ëå ¤�−−ëå, ª�¦¤ë© ¨§ ª®â®-
àëå ®¯à¥¤¥«ï¥âáï á®®â¢¥âáâ¢ãîé¨¬ ª«îç¥¢ë¬ á«®¢®¬:

{ úconvertToMetersû. �«®ª á®¤¥à¦¨â ¥¤¨−áâ¢¥−−®¥ §−�ç¥−¨¥ ¨ §�¤�¥â
ª®íää¨æ¨¥−â ¬�áèâ�¡¨à®¢�−¨ï ª®®à¤¨−�â ¢¥àè¨−;

{ úverticesû. ��¡®à á¯¨áª®¢ ª®®à¤¨−�â ¤«ï ãª�§�−¨ï ¢¥àè¨− è¥áâ¨£à�−-
−¨ª®¢ ¨§ à�áç¥â−®© ®¡«�áâ¨;

{ úedgesû. �«®ª ¯à¥¤áâ�¢«ï¥â á®¡®© á¯¨á®ª à¥¡¥à è¥áâ¨£à�−−¨ª®¢. Š�¦-
¤®¥ à¥¡à® ¯® ã¬®«ç�−¨î §�¤�¥âáï ¢ ¢¨¤¥ ¯àï¬®© «¨−¨¨. „«ï ¢ë¡®à�
¨§®£−ãâ®© ä®à¬ë ¯à¥¤«�£�¥âáï ãª�§�âì ®¤−® ¨§ á«¥¤ãîé¨å ª«îç¥-
¢ëå á«®¢: úsplineû (á¯«�©−®¢�ï ªà¨¢�ï), úpolyLineû (−�¡®à «¨−¨©),
úBSplineû (B-á¯«�©−®¢�ï ªà¨¢�ï) ¨ ª®®à¤¨−�âë −�¡®à� â®ç¥ª ¨−â¥à¯®-
«ïæ¨¨;

{ úblocksû. �«®ª ®¯à¥¤¥«ï¥â è¥áâ¨£à�−−¨ª¨ ¨§ à�áç¥â−®© ®¡«�áâ¨. Š�¦-
¤®¬ã è¥áâ¨£à�−−¨ªã (ª«îç¥¢®¥ á«®¢® úhexû) á®®â¢¥âáâ¢ãîâ 8 ¬¥â®ª
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¢¥àè¨−, ç¨á«® ïç¥¥ª ¤«ï ª�¦¤®£® ¨§ âà¥å −�¯à�¢«¥−¨© (x1, x2, x3) ¨ áâ¥-
¯¥−ì à�áè¨à¥−¨ï ïç¥¥ª ¯à¨¬¥−¨â¥«ì−® ª ª�¦¤®¬ã −�¯à�¢«¥−¨î, ª®â®à�ï
¯®§¢®«ï¥â úà�§¡¨âìû á¥âªã ¢ ª�¦¤®¬ ¨§ −�¯à�¢«¥−¨©. ‚ ¢¥àá¨ïå �‘
OpenFOAM −�ç¨−�ï á 2.4 ¯à¥¤ãá¬®âà¥−� ®¯æ¨ï ¬ã«ìâ¨£à�¤ã¨à®¢ª¨,
®â¢¥ç�îé�ï §� à�§¡¨¥−¨¥ è¥áâ¨£à�−−¨ª� ¢ ®¤−®¬ ¨§ âà¥å −�¯à�¢«¥-
−¨© −� á®¢®ªã¯−®áâì á¥ªâ®à®¢ ¨ ®¯à¥¤¥«¥−¨¥ ¯�à�¬¥âà®¢ £à�¤ã¨à®¢ª¨
¢ ª�¦¤®¬ á¥ªâ®à¥;

{ úboundaryû. �«®ª ®¯à¥¤¥«ï¥â á®¢®ªã¯−®áâì ®¡«�áâ¥© (¯�âç¥©), ®¡à�§ã-
îé¨å £à�−¨æã ÷‘. „«ï ª�¦¤®£® ¨§ ¯�âç¥© ¯®«ì§®¢�â¥«ì §�¤�¥â ¨¬ï, â¨¯
¨ −�¡®à £à�−¥©, ä®à¬¨àãîé¨å ¯�âç;

{ úmergePatchPairsû. �«®ª á®¤¥à¦¨â −�¡®à ¯�à ¯�âç¥©, £à�−¨ ª®â®àëå
−¥®¡å®¤¨¬® ®¡ê¥¤¨−¨âì. „�−−ë© ¡«®ª á®¤¥à¦¨â ¯�à�¬¥âàë â®«ìª® ¢ â®¬
á«ãç�¥, ¥á«¨ ÷‘ á®§¤�¥âáï á ¨á¯®«ì§®¢�−¨¥¬ −¥áª®«ìª¨å è¥áâ¨£à�−−¨ª®¢
¨ ¨å á®¥¤¨−¥−¨¥ ®áãé¥áâ¢«ï¥âáï ¯®áà¥¤áâ¢®¬ á«¨ï−¨ï £à�−¥©.

�� ®á−®¢¥ ¯à®¢¥¤¥−−®£® �−�«¨§� ®¡ê¥ªâ� ¨áá«¥¤®¢�−¨ï �¢â®à�¬¨ −�áâ®ïé¥©
à�¡®âë ¯à¥¤«®¦¥− ¯®¤å®¤, á®£«�á−® ª®â®à®¬ã à�¡®â� ¯®«ì§®¢�â¥«ï á ¯à®£à�¬-
¬®© −�ç¨−�¥âáï á ¢ë¡®à� ¤¨à¥ªâ®à¨¨ á®åà�−¥−¨ï −®¢®© ÷‘ ¨«¨ ¤¨à¥ªâ®à¨¨
®¤−®© ¨§ áãé¥áâ¢ãîé¨å ÷‘ ¨ ¯®¤£®â®¢ª¨ ¡�§®¢®£® ®¯¨á�−¨ï á¥âª¨, −� ®á−®-
¢¥ ª®â®à®£® ä®à¬¨àã¥âáï ®¡é�ï áâàãªâãà� ¨â®£®¢®£® ä�©«� ¯�à�¬¥âà®¢ ÷‘
úblockMeshDictû.

��§®¢®¥ ®¯¨á�−¨¥ ¯à¥¤ãá¬�âà¨¢�¥â ®¯à¥¤¥«¥−¨¥ ª®íää¨æ¨¥−â� ¬�áèâ�¡¨à®-
¢�−¨ï, ª®«¨ç¥áâ¢� ¨á¯®«ì§ã¥¬ëå ¢¥àè¨− è¥áâ¨£à�−−¨ª®¢ ¨ ç¨á«� á�¬¨å è¥áâ¨-
£à�−−¨ª®¢, ãª�§�−¨¥ −�«¨ç¨ï ¨§®£−ãâëå à¥¡¥à ¨ ®¯à¥¤¥«¥−¨¥ ¨å ç¨á«�, ãª�§�−¨¥
−�«¨ç¨ï ¯�âç¥© ¤«ï £à�−¨æë á¥âª¨ ¨ ®¯à¥¤¥«¥−¨¥ ¨å ç¨á«�, ãª�§�−¨¥ −�«¨ç¨ï
á«¨ï−¨© ¯�âç¥© ¨ ®¯à¥¤¥«¥−¨¥ ¨å ç¨á«�. �®á«¥ á®åà�−¥−¨ï ¡�§®¢®£® ®¯¨á�−¨ï
á¥âª¨ −� ¥£® ®á−®¢¥ �¢â®¬�â¨ç¥áª¨ ä®à¬¨àãîâáï ä®à¬ë ¤«ï ª�¦¤®£® ¨§ ¡«®ª®¢
ä�©«� úblockMeshDictû á á®®â¢¥âáâ¢ãîé¨¬ −�¡®à®¬ í«¥¬¥−â®¢ ã¯à�¢«¥−¨ï.

3 Подготовка к разработке

‘ä®à¬ã«¨à®¢�−−ë© á¯¨á®ª §�¤�ç áâ�¢¨â ¯¥à¥¤ �¢â®à�¬¨ −�áâ®ïé¥© áâ�âì¨
á«¥¤ãîé¨¥ ¢ë§®¢ë: ¢ë¡®à ®¯â¨¬�«ì−®£® ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï ¨ áà¥¤ë
à�§à�¡®âª¨, � â�ª¦¥ àï¤ ¢ë§®¢®¢ �«£®à¨â¬¨ç¥áª®£®, áâàãªâãà−®£® ¨ «®£¨ç¥áª®£®
å�à�ªâ¥à�.

3.1 Выбор инструментария разработки

‘®¢à¥¬¥−−ë¥ −�áâ®«ì−ë¥ ¯à®£à�¬¬−ë¥ ¯à®¤ãªâë à�§à�¡�âë¢�îâáï á ¯®-
¬®éìî è¨à®ª®£® á¯¥ªâà� ¢ëá®ª®ãà®¢−¥¢ëå ï§ëª®¢ ¯à®£à�¬¬¨à®¢�−¨ï, −�¯à¨¬¥à
C/C++, Java, Python. Ÿ§ëª ¯à®£à�¬¬¨à®¢�−¨ï Python [9] áç¨â�¥âáï ®¤−¨¬ ¨§
−�¨¡®«¥¥ ¯®¯ã«ïà−ëå ¨−áâàã¬¥−â®¢ à¥�«¨§�æ¨¨ «®£¨ª¨ à�¡®âë ¯à®£à�¬¬−ëå
à¥è¥−¨© á £à�ä¨ç¥áª¨¬ ¨−â¥àä¥©á®¬ ¡«�£®¤�àï −�«¨ç¨î ¢áâà®¥−−ëå áâàãªâãà
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÷�§à�¡®âª� ¯à¨«®¦¥−¨ï ¤«ï ¯®¤£®â®¢ª¨ ÷‘ á £à�¤ã¨àãîé¨¬¨ ¨ ¨§®£−ãâë¬¨ ªà�ï¬¨

¤�−−ëå, á«®¢�à¥©, ª®àâ¥¦¥©, ¯®¤¤¥à¦ª¥ ¡®«ìè®£® ç¨á«� ¡¨¡«¨®â¥ª ¨ ¯à®áâ®â¥
®á¢®¥−¨ï.

„«ï ¯à®¥ªâ¨à®¢�−¨ï £à�ä¨ç¥áª®£® ¨−â¥àä¥©á� ¯à¨«®¦¥−¨©, äã−ªæ¨®−¨-
àãîé¨å −� ®á−®¢¥ ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï Python, ¯à¨¬¥−ïîâáï à�§«¨ç−ë¥
£à�ä¨ç¥áª¨¥ ¡¨¡«¨®â¥ª¨, áà¥¤¨ ª®â®àëå ¨−â¥à¥á®¬ á® áâ®à®−ë à�§à�¡®âç¨ª®¢
¯®«ì§ã¥âáï à�áè¨à¥−¨¥ PyQt4 [10], ¯®§¢®«ïîé¥¥ á®§¤�¢�âì ®ª®−−ë¥ ¯à®£à�¬-
¬−ë¥ à¥è¥−¨ï á ¯à¨¢«¥ª�â¥«ì−ë¬ ¤¨§�©−®¬.

�¯¨áë¢�¥¬®¥ ¢ −�áâ®ïé¥© áâ�âì¥ ¯à¨«®¦¥−¨¥ ¤«ï ¯®¤£®â®¢ª¨ ÷‘ á £à�¤ã¨-
àãîé¨¬¨ ¨ ¨§®£−ãâë¬¨ ªà�ï¬¨ (úmesh generatorû) à�§à�¡®â�−® −� ®á−®¢¥ ï§ëª�
¯à®£à�¬¬¨à®¢�−¨ï Python 3.4 ¨ à�áè¨à¥−¨ï PyQt4 ¢ áà¥¤¥ à�§à�¡®âª¨ IDLE.
‚ ª�ç¥áâ¢¥ ¤®¯®«−¨â¥«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��) ¤«ï ¨á¯®«ì§®¢�-
−¨ï ¯à®£à�¬¬ë −� ª®¬¯ìîâ¥à¥ ¯®¤ ã¯à�¢«¥−¨¥¬ ®¯¥à�æ¨®−−®© á¨áâ¥¬ë (�‘)
Linux ¤®«¦−ë ¡ëâì ãáâ�−®¢«¥−ë �‘ OpenFOAM ¨ ¯�ª¥â âà¥å¬¥à−®© −�ãç−®©
¢¨§ã�«¨§�æ¨¨ ParaView.

3.2 Анализ вызовов алгоритмического характера

Š ¢ë§®¢�¬ �«£®à¨â¬¨ç¥áª®£® å�à�ªâ¥à� ®â−®á¨âáï ®¡¥á¯¥ç¥−¨¥ ¢®§¬®¦−®áâ¨
¨§¬¥−¥−¨ï ¯�à�¬¥âà®¢ áãé¥áâ¢ãîé¨å ÷‘. „«ï à¥�«¨§�æ¨¨ ¤�−−®© ¢®§¬®¦−®áâ¨
¯à¨−ïâ® à¥è¥−¨¥ ¨á¯®«ì§®¢�âì ¬®¤ã«ì úpickleû ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï Python
¤«ï úª®−á¥à¢�æ¨¨û ¯�à�¬¥âà®¢ ®¯à¥¤¥«¥−−®© ÷‘ ¢ −�¡®à á«ã¦¥¡−ëå ä�©«®¢.

‚ ¬®¤ã«¥ úpickleû à¥�«¨§®¢�−� ¬®é−�ï á¨áâ¥¬� á¥à¨�«¨§�æ¨¨ [11] (§�¯�-
ª®¢ª¨) ¨ ¤¥á¥à¨�«¨§�æ¨¨ (à�á¯�ª®¢ª¨) ®¡ê¥ªâ®¢, á®§¤�−−ëå á ¯®¬®éìî ï§ëª�
Python. „�−−ë© ¬®¤ã«ì ¯à¨ á¥à¨�«¨§�æ¨¨ ¯à¥®¡à�§ã¥â −¥®¡å®¤¨¬ë© ®¡ê¥ªâ
¢ ¯®á«¥¤®¢�â¥«ì−®áâì ¡�©â®¢, � ¯à¨ ¤¥á¥à¨�«¨§�æ¨¨ | ®¡à�â−® ¢ Python-®¡ê¥ªâ.

�à¨ −¥®¡å®¤¨¬®áâ¨ ¨§¬¥−¨âì ¯�à�¬¥âàë ã¦¥ á®§¤�−−®© ÷‘ ¯®«ì§®¢�â¥«î
âà¥¡ã¥âáï ®âªàëâì ¤¨à¥ªâ®à¨î ÷‘ á ä�©«�¬¨, á®§¤�−−ë¬¨ ¬®¤ã«¥¬ úpickleû,
¨ ¨§¬¥−¨âì ¯�à�¬¥âàë á¥âª¨ ¯®áà¥¤áâ¢®¬ −�¡®à� ä®à¬. �®á«¥ íâ®£® ¢ë¯®«−¨âì
á®åà�−¥−¨¥ á®¤¥à¦¨¬®¥ ä�©«� úblockMeshDictû ¨ §�¯ãáâ¨âì ¯®¢â®à−ãî £¥−¥-
à�æ¨î ¨ ¢¨§ã�«¨§�æ¨î ÷‘. �� à¨á. 1 ¯à¥¤áâ�¢«¥−� ¡«®ª-áå¥¬�, ®âà�¦�îé�ï
�«£®à¨â¬ à�¡®âë ¯®«ì§®¢�â¥«ï á ¯à¨«®¦¥−¨¥¬ úmesh generatorû.

3.3 Анализ вызовов структурного характера

‚ à¥§ã«ìâ�â¥ �−�«¨§� ¢ë§®¢®¢ áâàãªâãà−®£® å�à�ªâ¥à� ¡ë«® ®¯à¥¤¥«¥−®, çâ®
¤«ï ®¯¨áë¢�¥¬®£® ¯à®£à�¬¬−®£® ¯à¨«®¦¥−¨ï −¥®¡å®¤¨¬® à¥�«¨§®¢�âì ä®à¬ã
¢¢®¤� ¯®«ì§®¢�â¥«¥¬ ¨áå®¤−ëå ¯�à�¬¥âà®¢ ÷‘. ‚¢¨¤ã á«®¦−®© áâàãªâãàë ä�©«�
úblockMeshDictû á®§¤�−¨¥ ®¡é¥© ä®à¬ë ¤«ï ¢á¥å ¡«®ª®¢ ¤�−−ëå ä�©«� âà¥¡ã¥â
−�¯¨á�−¨ï §−�ç¨â¥«ì−®£® ®¡ê¥¬� ¯à®£à�¬¬−®£® ª®¤�, çâ® ¬®¦¥â §�âàã¤−¨âì
¯®á«¥¤ãîé¥¥ ¨§¬¥−¥−¨¥ ¢−¥è−¥£® ¢¨¤� ä®à¬ë ¨ «®£¨ª¨ ¥¥ à�¡®âë.

‚ à�¬ª�å à¥è¥−¨ï ¤�−−®© ¯à®¡«¥¬ë ¯à¨−ïâ® à¥è¥−¨¥ ¤«ï ¯®¤£®â®¢ª¨ ä�©-
«� úblockMeshDictû á®§¤�âì ®ª−® á −�¡®à®¬ ä®à¬, á®®â¢¥âáâ¢ãîé¨¬ ¡«®ª�¬
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÷¨á. 1 �«£®à¨â¬ à�¡®âë ¯®«ì§®¢�â¥«ï á ¯à®£à�¬¬®© úmesh generatorû
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÷�§à�¡®âª� ¯à¨«®¦¥−¨ï ¤«ï ¯®¤£®â®¢ª¨ ÷‘ á £à�¤ã¨àãîé¨¬¨ ¨ ¨§®£−ãâë¬¨ ªà�ï¬¨

÷¨á. 2 ”�©«®¢�ï áâàãªâãà� ¯à®£à�¬¬ë úmesh generatorû

¯�à�¬¥âà®¢ ÷‘, ¨ ®â¤¥«¨âì ¢−¥è−¥¥ ¯à¥¤áâ�¢«¥−¨¥ ä®à¬ë ®â «®£¨ª¨ ¥¥ à�¡®-
âë. ‘®£«�á−® ¯à¥¤«®¦¥−−®¬ã ¯®¤å®¤ã ª�¦¤®© ¨§ ä®à¬ ¤®«¦¥− á®®â¢¥âáâ¢®¢�âì
®â¤¥«ì−ë© ä�©«, ¢ ª®â®à®¬ −�å®¤¨âáï Python-ª«�áá, ®¯¨áë¢�îé¨© áâàãªâãàã
í«¥¬¥−â®¢ ã¯à�¢«¥−¨ï ä®à¬ë. Š«�áá ª�¦¤®© ä®à¬ë ¨¬¯®àâ¨àã¥âáï ¢ ®¡é¨© ¯à®-
£à�¬¬−ë© ä�©«, ®â¢¥ç�îé¨© §� ®â®¡à�¦¥−¨¥ ®ª−� −�¡®à� ä®à¬ ¨ á¥à¨�«¨§�æ¨î
ª�¦¤®£® á®®â¢¥âáâ¢ãîé¥£® ¡«®ª� ¯�à�¬¥âà®¢.

�� à¨á. 2 ¯à¨¢¥¤¥−� ¤¨�£à�¬¬� ä�©«®¢®© áâàãªâãàë ®¯¨áë¢�¥¬®£® ¯à®-
£à�¬¬−®£® ¯à¨«®¦¥−¨ï. ‚ ¤¨à¥ªâ®à¨¨ ¯à®£à�¬¬ë −�å®¤ïâáï ¨á¯®«−ï¥¬ë©
ä�©« úrun.pyû ¨ 6 ¯®¤¤¨à¥ªâ®à¨©, ¢ ª®â®àëå åà�−ïâáï á«ã¦¥¡−ë¥ ä�©«ë
¯à®£à�¬¬ë.

3.4 Анализ вызовов логического характера

ƒ«�¢−ë¬ ¢ë§®¢®¬ «®£¨ç¥áª®£® å�à�ªâ¥à� ¤«ï �¢â®à®¢ áâ�«� à¥�«¨§�-
æ¨ï ¢®§¬®¦−®áâ¨ ¯à®£à�¬¬−®£® ¢ë¯®«−¥−¨ï ª®−á®«ì−ëå ª®¬�−¤ £¥−¥à�æ¨¨
(úblockMeshû) ¨ ¢¨§ã�«¨§�æ¨¨ (úparaFoamû) ÷‘. „«ï à¥è¥−¨ï ¤�−−®© ¯à®¡-
«¥¬ë �¢â®à�¬¨ ¯à¥¤«®¦¥− ¯®¤å®¤ ¨á¯®«ì§®¢�−¨ï bash-áªà¨¯â¨−£� [12], ¯à¨
ª®â®à®¬ ¯®á«¥¤®¢�â¥«ì−®áâì ¤¥©áâ¢¨©, ¢ë¯®«−ï¥¬ëå ¯®«ì§®¢�â¥«¥¬ ¢ ª®¬�−¤-
−®¬ ¨−â¥à¯à¥â�â®à¥, §�¯¨áë¢�¥âáï ¢ ä�©«, −�§ë¢�¥¬ë© áæ¥−�à¨¥¬ (áªà¨¯â®¬)
ª®¬�−¤−®£® ¨−â¥à¯à¥â�â®à� (bash-script). ‚ «¨áâ¨−£¥ 1 ¯à¥¤áâ�¢«¥− bash-áªà¨¯â,
�¢â®¬�â¨§¨àãîé¨© §�¯ãáª ãâ¨«¨âë úblockMeshû.
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‹¨áâ¨−£ 1. ”�©« áæ¥−�à¨ï £¥−¥à�æ¨¨ ÷‘ −� ®á−®¢¥ ãâ¨«¨âë úblockMeshû

#!/bin/sh
./opt/openfoam4/etc/bashrc
blockMesh
exit

Š�ª ¯à�¢¨«®, ®â¤¥«ì−®© ¯à®£à�¬¬¥ ¨«¨ áæ¥−�à¨î á®®â¢¥âáâ¢ã¥â ®â¤¥«ì−ë©
¯à®æ¥áá, ¯®íâ®¬ã ¯à¨−ïâ® à¥è¥−¨¥ ®áãé¥áâ¢«ïâì ¯à®æ¥ááë £¥−¥à�æ¨¨ ¨ ¢¨§ã�«¨-
§�æ¨¨ ÷‘ ¢ ¤®ç¥à−¨å ¯à®æ¥áá�å, ¢ë−¥á¥−−ëå ¢ ¯®â®ª¨, ¯�à�««¥«ì−ë¥ ®á−®¢−®¬ã
¯®â®ªã. ‚ «¨áâ¨−£¥ 2 ¯à¨¢¥¤¥− ª®¤ §�¯ãáª� bash-áæ¥−�à¨ï á ãâ¨«¨â®© �‘
OpenFOAM ª�ª áâ®à®−−¥£® ¯à®æ¥áá�.

‹¨áâ¨−£ 2. Š®¤ §�¯ãáª� bash-áæ¥−�à¨ï ¢ ®â¤¥«ì−®¬ ¯à®æ¥áá¥

msh_run_subprocess = subprocess.Popen(
[<<bash << + £ÐÕÔØ ÄÏ ÓËÒÉÐÔÁ£],
cwd = £ÐÕÔØ ÄÏ ÒÁÓÞÅÔÎÏÇÏ ÓÌÕÞÁÑ£, shell = True,
stdout=£ÐÕÔØ ÄÏ ÆÁÊÌÁ Ó ÒÅÚÕÌØÔÁÔÁÍÉ£,
stderr=£ÐÕÔØ ÄÏ ÆÁÊÌÁ Ó ÏÛÉÂËÁÍÉ£
)

÷¥§î¬¨àãï ¯à®�−�«¨§¨à®¢�−−ë¥ ¢ë§®¢ë �«£®à¨â¬¨ç¥áª®£®, áâàãªâãà−®£®
¨ «®£¨ç¥áª®£® å�à�ªâ¥à� ¨ ®¯¨á�−−ë¥ ¯ãâ¨ à¥�«¨§�æ¨¨ á®®â¢¥âáâ¢ãîé¨å §�¤�ç,
¢ à�¬ª�å ®¡®á−®¢�−¨ï −�ãç−®© −®¢¨§−ë à�§à�¡®âª¨ ¬®£ãâ ¡ëâì ¯à¥¤«®¦¥−ë
á«¥¤ãîé¨¥ ¯®¤å®¤ë:

1. ”�©« úblockMeshDictû á ¯�à�¬¥âà�¬¨ ÷‘ á®§¤�¥âáï −� ®á−®¢¥ ¤�−−ëå ¨§
−�¡®à� ä®à¬, á®®â¢¥âáâ¢ãîé¨å ¡«®ª�¬ ¯�à�¬¥âà®¢ á¥âª¨ ¢ ä�©«¥. �¥à¢�ï
ä®à¬� ¯à¥¤−�§−�ç¥−� ¤«ï ¨−¨æ¨�«¨§�æ¨¨ ÷‘, â. ¥. ¤«ï ä®à¬¨à®¢�−¨ï ¥¥
¡�§®¢®£® ®¯¨á�−¨ï. �®á«¥ á®åà�−¥−¨ï ãª�§�−−ëå ¢ ¯¥à¢®© ä®à¬¥ ¯�à�¬¥âà®¢
¯à®¨áå®¤¨â �¢â®¬�â¨ç¥áª®¥ á®§¤�−¨¥ ¤àã£¨å ä®à¬ −�¡®à� ¨ ä®à¬¨à®¢�−¨¥
−� ®á−®¢¥ íâ¨å ¯�à�¬¥âà®¢ í«¥¬¥−â®¢ ã¯à�¢«¥−¨ï ª�¦¤®© ä®à¬ë.

2. Š�¦¤®© ä®à¬¥ −�¡®à� á®®â¢¥âáâ¢ã¥â ®â¤¥«ì−ë© Python-ª«�áá, ª®â®àë© åà�-
−¨âáï ¢ ®â¤¥«ì−®¬ ä�©«¥, çâ® ã¯à®é�¥â ¨§¬¥−¥−¨¥ á®¤¥à¦¨¬®£® ¨ «®£¨ª¨
à�¡®âë ä®à¬ ¢ ¤�«ì−¥©è¥¬. Š«�ááë ¨¬¯®àâ¨àãîâáï ¢ ®¡é¨© ä�©«, ®â¢¥ç�-
îé¨© §� ä®à¬¨à®¢�−¨¥ ®ª−� ¡«®ª� ¯®¤£®â®¢ª¨ ¨áå®¤−ëå ¤�−−ëå á −�¡®à®¬
ä®à¬ ¨ á¥à¨�«¨§�æ¨î (úª®−á¥à¢¨à®¢�−¨¥û) ¤�−−ëå.

3. ‚®§¬®¦−®áâì ¨§¬¥−¥−¨ï áãé¥áâ¢ãîé¨å á¥â®ª à¥�«¨§®¢�−� ¡«�£®¤�àï ¨á-
¯®«ì§®¢�−¨î ¬®¤ã«ï úª®−á¥à¢�æ¨¨û ¤�−−ëå úpickleû ï§ëª� ¯à®£à�¬¬¨à®-
¢�−¨ï Python. ú“¯�ª®¢�−−ë¥û ®¡ê¥ªâë ª�¦¤®£® ¡«®ª� ¯�à�¬¥âà®¢ åà�−ïâáï
¢ ®â¤¥«ì−®¬ ä�©«¥. ��¡®à â�ª¨å ä�©«®¢ åà�−¨âáï ¢ ¤¨à¥ªâ®à¨¨, −�§¢�-
−¨¥ ª®â®à®© á®¢¯�¤�¥â á −�§¢�−¨¥¬ á¥âª¨. �®«ì§®¢�â¥«î ¤«ï ¨§¬¥−¥−¨ï
ã¦¥ á®§¤�−−®© á¥âª¨ −¥®¡å®¤¨¬® ¢ë¡à�âì íâã ¤¨à¥ªâ®à¨î, á®®â¢¥âáâ¢ãîéãî
®¯à¥¤¥«¥−−®© ÷‘, � ¯®á«¥ ¨§¬¥−¥−¨ï ¯�à�¬¥âà®¢ á¥âª¨ ¢ë¯®«−¨âì á®åà�−¥-
−¨¥ ä�©«� úblockMeshDictû, £¥−¥à�æ¨î á¥âª¨ ¨ ¥¥ ¢¨§ã�«¨§�æ¨î. ’�ª¨¬
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®¡à�§®¬, ¢ë¡à�−−�ï á¥âª� áâ�−®¢¨âáï â¥ªãé¥© ¤«ï ¤�−−®£® à�áç¥â−®£® á«ã-
ç�ï. �«�£®¤�àï â�ª®¬ã ¯®¤å®¤ã ¯®«ì§®¢�â¥«ì ¬®¦¥â á®§¤�¢�âì «î¡®¥ ç¨á«®
¯�à�¬¥âà¨ç¥áª¨å á¥â®ª ¤«ï ®¤−®£® à�áç¥â−®£® á«ãç�ï.

4. �à®£à�¬¬−ë© §�¯ãáª ãâ¨«¨â £¥−¥à�æ¨¨ (úblockMeshû) ¨ ¢¨§ã�«¨§�æ¨¨
(úparaFoamû) ÷‘ ®áãé¥áâ¢«ï¥âáï ¯®áà¥¤áâ¢®¬ §�¯ãáª� bash-áæ¥−�à¨¥¢ á á®-
®â¢¥âáâ¢ãîé¨¬¨ ª®¬�−¤�¬¨ ª�ª áâ®à®−−¨å ¯à®æ¥áá®¢ ¨§ ¤¨à¥ªâ®à¨¨ à�á-
ç¥â−®£® á«ãç�ï áà¥¤áâ¢�¬¨ ¬®¤ã«ï úsubprocessû ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï
Python.

4 Разработка

�à¨«®¦¥−¨¥ ¤«ï ¯®¤£®â®¢ª¨ ¯�à�¬¥âà¨ç¥áª¨å á¥â®ª á £à�¤ã¨àãîé¨¬¨ ¨ ¨§®-
£−ãâë¬¨ ªà�ï¬¨ (úmesh generatorû), à�§à�¡®â�−−®¥ �¢â®à�¬¨ ¤«ï �‘ Open-
FOAM, ï¢«ï¥âáï �� á® á¢®¡®¤−® à�á¯à®áâà�−ï¥¬ë¬ ¨áå®¤−ë¬ ª®¤®¬.

„¨áâà¨¡ãâ¨¢ ¯à®£à�¬¬ë à�§¬¥é¥− �¢â®à�¬¨ −� ¢¥¡-á¥à¢¨á¥ ¤«ï å®áâ¨−£�
IT-¯à®¥ªâ®¢ GitHub [13]. ‚ ¤¨áâà¨¡ãâ¨¢¥ ¯®¬¨¬® ä�©«®¢ á ¨áå®¤−ë¬ ª®¤®¬
¯à¨«®¦¥−¨ï −�å®¤ïâáï â¥ªáâ®¢ë¥ ä�©«ë á ¨−áâàãªæ¨ï¬¨ ¤«ï àãááª®ï§ëç−®©
¨ �−£«®ï§ëç−®© ¢¥àá¨© ¯à®£à�¬¬ë.

÷¨á. 3 �á−®¢−®¥ ®ª−® ¯à®£à�¬¬ë úmesh generatorû ¯®á«¥ á®åà�−¥−¨ï ä�©«� ¯�à�¬¥âà®¢
á¥âª¨ úblockMeshDictû
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÷¨á. 4 �á−®¢−®¥ ®ª−® ¯à®£à�¬¬ë úmesh generatorû á à¥§ã«ìâ�â�¬¨ £¥−¥à�æ¨¨ ÷‘

÷¨á. 5 �á−®¢−®¥ ®ª−® ¯à®£à�¬¬ë úmesh generatorû á ¢¨§ã�«¨§�æ¨¥© ÷‘
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÷�¡®â� á®§¤�−−®£® ¯à¨«®¦¥−¨ï ¯à®â¥áâ¨à®¢�−� �¢â®à�¬¨ −� ®¤−®¬ ¨§ ãç¥¡−ëå
¯à¨¬¥à®¢, ¢å®¤ïé¨å ¢ áâ�−¤�àâ−ë© ¤¨áâà¨¡ãâ¨¢ �‘ OpenFOAM 4.0 (.../open-
foam4/tutorials/compressible/rhoCentralFoam/forwardStep). ‚ à�¬ª�å à¥è¥−¨ï
§�¤�ç¨ Œ‘‘, á®®â¢¥âáâ¢ãîé¥© ¤�−−®¬ã ¯à¨¬¥àã, ¯¥à¥¤ ¯®«ì§®¢�â¥«¥¬ áâ�¢¨âáï
§�¤�ç� ¯®¤£®â®¢ª¨ ¯�à�¬¥âà¨ç¥áª®© á¥âª¨ ¯®áà¥¤áâ¢®¬ ãâ¨«¨âë úblockMeshû.
�� à¨á. 3 ¯à¥¤áâ�¢«¥−® ®á−®¢−®¥ ®ª−® ¯à®£à�¬¬ë ¤«ï ¤�−−®£® ¯à¨¬¥à� ¯®á«¥
á®åà�−¥−¨ï ä�©«� úblockMeshDictû á ¯�à�¬¥âà�¬¨ ÷‘. �� à¨á. 4 ¢ ®á−®¢−®¬
®ª−¥ ¯à®£à�¬¬ë ¢ ¡«®ª¥ ¢ë¢®¤� à¥§ã«ìâ�â®¢ ®â®¡à�¦¥−ë à¥§ã«ìâ�âë £¥−¥à�æ¨¨
÷‘. �� à¨á. 5 ¯à¥¤áâ�¢«¥−® ®á−®¢−®¥ ®ª−® ¯à®£à�¬¬ë ¤«ï ®¯¨áë¢�¥¬®£® ¯à¨¬¥à�
÷‘ á à¥§ã«ìâ�â�¬¨ §�¯ãáª� ¯à®æ¥áá� ¢¨§ã�«¨§�æ¨¨ á¥âª¨ ç¥à¥§ ¯�ª¥â ParaView.

5 Заключение

��áâ®ïé�ï áâ�âìï ¯®á¢ïé¥−� ¨áá«¥¤®¢�−¨î ®á®¡¥−−®áâ¥© ¯®¤£®â®¢ª¨ ÷‘
á £à�¤ã¨àãîé¨¬¨ ¨ ¨§®£−ãâë¬¨ ªà�ï¬¨ ¯à¨ ¯à®¢¥¤¥−¨¨ íªá¯¥à¨¬¥−â®¢ ¯®
ç¨á«¥−−®¬ã ¬®¤¥«¨à®¢�−¨î §�¤�ç Œ‘‘ ¢ �‘ OpenFOAM. �¢â®à�¬¨ à�¡®âë
á®§¤�−® ¯à®£à�¬¬−®¥ ¯à¨«®¦¥−¨¥ úmesh generatorû, ¯®§¢®«ïîé¥¥ �¢â®¬�â¨§¨-
à®¢�âì ¯à®æ¥áá ¯®¤£®â®¢ª¨ ÷‘. �à¨«®¦¥−¨¥ à�§¬¥é¥−® ¢ á¢®¡®¤−®¬ ¤®áâã¯¥.
�®«ì§®¢�â¥«¨ ¨¬¥îâ ¢®§¬®¦−®áâì §�£àã§¨âì ¥£® ¨ ¨á¯®«ì§®¢�âì ¤«ï ¯®áâà®¥−¨ï
á®¡áâ¢¥−−ëå ¯�à�¬¥âà¨ç¥áª¨å á¥â®ª.

�® à¥§ã«ìâ�â�¬ â¥áâ¨à®¢�−¨ï ¯à®£à�¬¬ë á¯¥æ¨�«¨áâë �� úƒ÷– ¨¬. Œ�ª¥-
¥¢�û ®â¬¥â¨«¨ §−�ç¨â¥«ì−ãî íª®−®¬¨î à�¡®ç¥£® ¢à¥¬¥−¨ ¯à¨ ¯®¤£®â®¢ª¥ ¤�−−®£®
â¨¯� ÷‘ ¯® áà�¢−¥−¨î á âà�¤¨æ¨®−−ë¬ ¯®¤å®¤®¬ ¡¥§ ¨á¯®«ì§®¢�−¨ï ¯à¨«®¦¥−¨©
á £à�ä¨ç¥áª¨¬ ¨−â¥àä¥©á®¬. ˆá¯®«ì§®¢�−¨¥ ¯à¨«®¦¥−¨ï úmesh generatorû
¯®§¢®«ï¥â ¨§¡�¢¨âì ¯®«ì§®¢�â¥«ï ®â àãâ¨−−ëå ¨ §�âà�â−ëå ¯® ¢à¥¬¥−¨ ®¯¥à�æ¨©
¨ ¨á¯®«ì§®¢�âì áíª®−®¬«¥−−®¥ ¢à¥¬ï ¤«ï à¥è¥−¨ï ¤àã£¨å à�¡®ç¨å §�¤�ç.

„�«ì−¥©è¨¥ ¯¥àá¯¥ªâ¨¢ë à�¡®âë �¢â®àë ¢¨¤ïâ ¢ ¨áá«¥¤®¢�−¨¨ ¤àã£¨å â¨¯®¢
¯�à�¬¥âà¨ç¥áª¨å á¥â®ª ¤«ï �‘ OpenFOAM ¨ ãâ¨«¨â ¨å £¥−¥à�æ¨¨ ¨ ¯®á«¥-
¤ãîéãî à�§à�¡®âªã ¯à®£à�¬¬−ëå à¥è¥−¨©, ¯®§¢®«ïîé¨å �¢â®¬�â¨§¨à®¢�âì
¯®¤£®â®¢ªã â�ª¨å á¥â®ª.
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Abstract: This article is devoted to the problem of simplifying the prepara-
tion of computational meshes (CM) with graduating and curved edges for the
OpenFOAM software environment (SE). The currently available commercial and
freely distributed software used to solve the indicated problem is considered. The
limitations of these software tools, the urgency of the problem, and the need to
create own application are identified. The list of tasks facing the authors and
the description of the research object are presented. The challenges faced by the
authors in the process of implementing the application are formulated and the
ways of their solution are suggested. The results of application of the program
by the example of one of the training tasks included in the OpenFOAM SE are
presented. The results of the work, its practical significance, and prospects for
subsequent research in this direction are determined.
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СИТУАЦИОННОЕ ПЛАНИРОВАНИЕ ПРОИЗВОДСТВА
В СЕТЕВОЙ М2М-СИСТЕМЕ

А. В. Ильин1, В. Д. Ильин2

�−−®â�æ¨ï: �à¥¤«®¦¥−� ¬¥â®¤®«®£¨ï á¨âã�æ¨®−−®£® ¯«�−¨à®¢�−¨ï ¯à®¨§-
¢®¤áâ¢� (í«¥ªâà®í−¥à£¨¨, ¢®¤ë ¨ ¤à.) ¢ á¥â¥¢®© Œ2Œ (machine-to-machine)
á¨áâ¥¬¥. Œ¥â®¤®«®£¨ï ¢ª«îç�¥â ¬¥â®¤ë ¯®áâà®¥−¨ï ¬®¤¥«¨ ®¡ê¥ªâ� ¯® ¤�−-
−ë¬ ¨§¬¥à¥−¨©, ä®à¬¨à®¢�−¨ï ¯®àâà¥â®¢ á¨âã�æ¨© (æ¥«¥¢®©, ¤®áâ¨£−ãâ®©
¨ áâ�àâ®¢®©) ¨ ¨−â¥à�ªâ¨¢−®£® ¯«�−¨à®¢�−¨ï ¯à®¨§¢®¤áâ¢� ¯à®¤ãªæ¨¨. Œ®-
¤¥«ì ®¡ê¥ªâ� ®¯¨áë¢�¥â íª®−®¬¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ã§«®¢ ¨ à�á¯à¥¤¥«¥−¨¥
¯®â®ª®¢ ¯à®¤ãªâ�, ¯¥à¥¬¥é�¥¬®£® ¯® ¤ã£�¬ á¥â¨, ¢ §�¢¨á¨¬®áâ¨ ®â ª®«¨ç¥áâ¢�
¯à®¤ãªâ�, ®â¯à�¢«ï¥¬®£® ¨§ ¯à®¨§¢®¤ïé¨å ã§«®¢ ¨ ¤®áâ�¢«ï¥¬®£® ¢ ã§«ë
¯®âà¥¡«¥−¨ï. �� ª�¦¤®¬ è�£¥ ¯«�−¨à®¢�−¨ï ¯®áâ�−®¢ª� §�¤�ç¨ §�¢¨á¨â ®â
à¥§ã«ìâ�â®¢ �−�«¨§� ¯®àâà¥â®¢ á¨âã�æ¨©. �á−®¢−®© á®áâ�¢«ïîé¥© ¢ëç¨á«¨-
â¥«ì−®£® ï¤à� á«ã¦¨â ¬¥â®¤ æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï. Œ¥â®¤®«®£¨ï
®à¨¥−â¨à®¢�−� −� à¥�«¨§�æ¨î ¢ ¢¨¤¥ ¨−â¥à−¥â-á¥à¢¨á®¢ ¨ à�ááç¨â�−� −�
¯à¨¬¥−¥−¨¥ ¢ á¥â¥¢ëå Œ2Œ-á¨áâ¥¬�å.

Š«îç¥¢ë¥ á«®¢�: á¥â¥¢�ï Œ2Œ-á¨áâ¥¬�; á¨âã�æ¨®−−®¥ ¯«�−¨à®¢�−¨¥ ¯à®¨§-
¢®¤áâ¢�; á¨áâ¥¬� ®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å âà¥¡®¢�−¨©; ¬¥â®¤ æ¥«¥¢®£®
¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï; ¨−â¥à−¥â-á¥à¢¨áë
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1 Введение

‡�¤�ç� ¯«�−¨à®¢�−¨ï ¯à®¨§¢®¤áâ¢� ¨§¤�¢−� ¢å®¤¨â ¢ ç¨á«® −�ãç−ëå ¯à®¡«¥¬
á −¥ã¡ë¢�îé¥© �ªâã�«ì−®áâìî [1{7]. Œ¥â®¤ë ¯«�−¨à®¢�−¨ï ¯à®¨§¢®¤áâ¢� ¢ á¥-
â¥¢ëå á¨áâ¥¬�å ¨¬¥îâ ®á®¡®¥ §−�ç¥−¨¥ ¤«ï ã¯à�¢«¥−¨ï í«¥ªâà®í−¥à£¥â¨ç¥áª¨¬¨
á¨áâ¥¬�¬¨ [8]. ‘¥â¥¢ë¥ Œ2Œ-á¨áâ¥¬ë ¢á¥ è¨à¥ ¯à¨¬¥−ïîâáï ¢ í«¥ªâà®í−¥à-
£¥â¨ª¥, ¢®¤®á−�¡¦¥−¨¨ ¨ ¤àã£¨å ®¡«�áâïå ¦¨§−¥¤¥ïâ¥«ì−®áâ¨, ¨−ä®à¬�â¨§�æ¨ï
ª®â®àëå à¥�«¨§ã¥âáï ¢ á®®â¢¥âáâ¢¨¨ á �à®£à�¬¬®© æ¨äà®¢®© íª®−®¬¨ª¨ ÷®á-
á¨¨ [9]. ˆáå®¤¨¬ ¨§ â®£®, çâ® ¢ á®¢à¥¬¥−−ëå á¥â¥¢ëå Œ2Œ-á¨áâ¥¬�å [10{12]
æ¨äà®¢ë¥ ¤¢®©−¨ª¨ [13], á¯¥æ¨�«¨§¨àãîé¨¥áï −� ®¯à¥¤¥«¥−−ëå §�¤�ç�å, ¬®-
£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¤«ï á¡®à� ¤�−−ëå, ä®à¬¨à®¢�−¨ï ¨ �−�«¨§� ¯®àâà¥â®¢
á¨âã�æ¨© [14, 15] ¨ ¯«�−¨à®¢�−¨ï ¯à®¨§¢®¤áâ¢� ¯à®¤ãªæ¨¨. ‚ ¯à¥¤«®¦¥−−®©
¬¥â®¤®«®£¨¨ á�¬®®¡ãç�îé¨¥áï æ¨äà®¢ë¥ ¤¢®©−¨ª¨, à�§¬¥é¥−−ë¥ −� á¥à¢¥-
à�å ã§«®¢ á¥â¥¢®© Œ2Œ-á¨áâ¥¬ë, ¯à¥¤−�§−�ç¥−ë ¤«ï ¬®¤¥«¨à®¢�−¨ï ®¡ê¥ªâ�
(¢ª«îç�ï à�á¯à¥¤¥«¥−¨¥ ¯®â®ª®¢ ¯® ¤ã£�¬ [16], íª®−®¬¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨

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

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, vdilyin@yandex.ru
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¯à®¨§¢®¤ïé¨å ã§«®¢ ¨ ¤à.), −�¡«î¤¥−¨ï §� ¥£® á®áâ®ï−¨¥¬, ä®à¬¨à®¢�−¨ï ¨ �−�-
«¨§� ¯®àâà¥â®¢ á¨âã�æ¨©, ä®à¬¨à®¢�−¨ï á¨áâ¥¬ ®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å
âà¥¡®¢�−¨© [17, 18], ®æ¥−ª¨ à¥è¥−¨©.

Š�ª®¢® á®áâ®ï−¨¥ ®¡ê¥ªâ� ¨ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë à¥è¥−¨ï §�¤�ç, ª�ª¨¥
â¥å−®«®£¨ç¥áª¨¥ ¨ íª®−®¬¨ç¥áª¨¥ âà¥¡®¢�−¨ï æ¥«¥á®®¡à�§−® ¢ª«îç¨âì ¢ á¨áâ¥¬ã
®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å âà¥¡®¢�−¨© ¯à¨ ¯®¨áª¥ íää¥ªâ¨¢−®£® ¯«�−�?
�â¢¥âë −� ¯®¤®¡−ë¥ ¢®¯à®áë ¬®£ãâ ¡ëâì ¯®«ãç¥−ë ¯ãâ¥¬ ¨−â¥à¯à¥â�æ¨¨ §�¯à®-
á®¢ −� ¬®¤¥«¨ ®¡ê¥ªâ� á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï, ¯à¥¤áâ�¢«¥−−®© ¯®àâà¥â�¬¨
á¨âã�æ¨©.

„�−−�ï áâ�âìï ï¢«ï¥âáï â¥¬�â¨ç¥áª¨ á¢ï§�−−ë¬ ¯à®¤®«¦¥−¨¥¬ áâ�âì¨, ¯®á¢ï-
é¥−−®© ¯®áâà®¥−¨î ¬®¤¥«¨ à�á¯à¥¤¥«¥−¨ï ¯®â®ª®¢ ¢ ®¤−®¯à®¤ãªâ®¢®© á¥â¥¢®©
á¨áâ¥¬¥ [16].

Запись формул и выделение фрагментов текста

„«ï §�¯¨á¨ ä®à¬ã«, ¢ë¤¥«¥−¨ï ®¯à¥¤¥«¥−¨© ¨ §�¬¥ç�−¨© ¨á¯®«ì§ãîâáï
áà¥¤áâ¢� ï§ëª� TSM-ª®¬¯«¥ªá� (TSM: Textual Symbolic Modeling) ¤«ï ®¯¨á�−¨ï
â¥ªáâ®¢ëå ¬®¤¥«¥© [19].

‚ ¤�−−®© áâ�âì¥ ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥ áà¥¤áâ¢� ¢ë¤¥«¥−¨ï äà�£¬¥−â®¢
â¥ªáâ�:

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

♦ 〈äà�£¬¥−â ®¯¨á�−¨ï〉 ♦ ≈ §�¬¥ç�−¨¥.

Šãàá¨¢®¬ ¢ë¤¥«¥−ë ¯¥à¢ë¥ ¢å®¦¤¥−¨ï −�§¢�−¨© ¯®−ïâ¨© ¨ äà�£¬¥−âë ®¯¨-
á�−¨ï, ª ª®â®àë¬ �¢â®àë å®âïâ ¯à¨¢«¥çì ¢−¨¬�−¨¥.

2 Ситуации и их портреты

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

� �®àâà¥â á¨âã�æ¨¨ | ®¯¨á�−¨¥, ¢ª«îç�îé¥¥ ¤�−−ë¥ ® á®áâ®ï−¨¨ ®¡ê¥ªâ�,
à�á¯®«�£�¥¬ëå ¢�à¨�−â�å ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨© ¨ à¥áãàá−®£® ®¡¥á¯¥ç¥−¨ï
¨å à¥�«¨§�æ¨¨ [14, 15]. �

Š®¬¯«¥ªá ä®à¬¨à®¢�−¨ï ¨ �−�«¨§� ¯®àâà¥â®¢ á¨âã�æ¨© à�¡®â�¥â ¢ á®®â¢¥â-
áâ¢¨¨ á á¨áâ¥¬®© ¯à�¢¨«: 〈R,S〉, £¤¥ R | ¬−®¦¥áâ¢® ¯à�¢¨«, S ⊆ R × R |
¡¨−�à−®¥ ®â−®è¥−¨¥ á¯¥æ¨�«¨§�æ¨¨ −� R. �à�¢¨«® ¨¬¥¥â ¢¨¤ «¨¡® D1 ⇒ D2, «¨¡®
D ⇒ I (§¤¥áì D, D1 ¨ D2 | ¯à®¨§¢®«ì−ë¥ ®¯¨á�−¨ï; I | «î¡�ï ¨−áâàãªæ¨ï).

…á«¨ ¤«ï «î¡ëå ¤¢ãå ¯à�¢¨« r1 ¨ r2 ãª�§�−®, çâ® r2 ï¢«ï¥âáï á¯¥æ¨�«¨§�-
æ¨¥© r1, â® r1 ï¢«ï¥âáï ®¡®¡é¥−¨¥¬ r2. Š�¦¤®¥ ¯à�¢¨«®-á¯¥æ¨�«¨§�æ¨ï ¯à¥¤-
−�§−�ç¥−® ¤«ï áà�¡�âë¢�−¨ï ¢ ¡®«¥¥ ç�áâ−ëå á¨âã�æ¨ïå, ç¥¬ á®®â¢¥âáâ¢ãîé¥¥
¯à�¢¨«®-®¡®¡é¥−¨¥. ‹î¡®¥ ¯à�¢¨«®-á¯¥æ¨�«¨§�æ¨ï ¨¬¥¥â ¯à¨®à¨â¥â ¢ áà�¡�âë-
¢�−¨¨ ¯¥à¥¤ á®®â¢¥âáâ¢ãîé¨¬ ¯à�¢¨«®¬-®¡®¡é¥−¨¥¬.
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Œ¥å�−¨§¬ ¨−â¥à¯à¥â�æ¨¨ §�¯à®á� −� ¬−®¦¥áâ¢¥ ¯à�¢¨« ãª�§ë¢�¥â, ª�ª¨¥
¯à�¢¨«� ¨ ¢ ª�ª®¬ ¯®àï¤ª¥ ¯à¨¬¥−ïâì, � â�ª¦¥ ª�ª¨¥ ®¯¨á�−¨ï áç¨â�âì ¨áâ¨−-
−ë¬¨. ‡�¯à®á ¯à¥¤áâ�¢«ï¥â á®¡®© −�¡®à ¤�−−ëå, ª®â®àë© ¢ª«îç�¥â §−�ç¥−¨ï
¯�à�¬¥âà®¢ ¯à®áâà�−áâ¢� á®áâ®ï−¨© ®¡ê¥ªâ�, á¯¥æ¨ä¨ª�æ¨¨ à�á¯®«�£�¥¬ëå â¨-
¯®¢ ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨© ¨ à¥áãàá®¢, −¥®¡å®¤¨¬ëå ¤«ï à¥�«¨§�æ¨¨ ¢®§¤¥©-
áâ¢¨© [15].

3 Требования и задачи

÷�áá¬�âà¨¢�¥¬�ï á¥â¥¢�ï Œ2Œ-á¨áâ¥¬� ¢ª«îç�¥â G ¯à®¨§¢®¤ïé¨å ¨ S ¯®-
âà¥¡«ïîé¨å ã§«®¢, á®¥¤¨−¥−−ëå L ¤ã£�¬¨.

‚ á®®â¢¥âáâ¢¨¨ á ä¨§¨ª®-â¥å−®«®£¨ç¥áª¨¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ ¨§ãç�¥¬®©
á¨áâ¥¬ë (¯à¨ ä¨ªá¨à®¢�−−®© áå¥¬¥ á¥â¨ ¨ á®áâ�¢¥ ¯à®¨§¢®¤ïé¥£® ®¡®àã¤®¢�−¨ï)
¯®â®ª¨ yi =

∑

g aigxg +
∑

s biszs (i = 1, . . . , L) ¯® ¤ã£�¬ «¨−¥©−® §�¢¨áïâ ®â
ª®«¨ç¥áâ¢� xg ¯à®¨§¢®¤¨¬®£® (cg ≤ xg ≤ Cg, g = 1, . . . , G, cg ¨Cg | −�¨¬¥−ìè¥¥
¨ −�¨¡®«ìè¥¥ ¤®¯ãáâ¨¬®¥ §−�ç¥−¨¥ ¤«ï á®áâ�¢� ¯à®¨§¢®¤ïé¥£® ®¡®àã¤®¢�−¨ï,
à�¡®â�îé¥£® ¢ ã§«¥ g) ¨ ¯à®£−®§¨àã¥¬®£® ª®«¨ç¥áâ¢� zs ¯®âà¥¡«ï¥¬®£® ¯à®¤ãªâ�
(ds ≤ zs ≤ Ds, s = 1, . . . , S, ds ¨ Ds | −�¨¬¥−ìè¥¥ ¨ −�¨¡®«ìè¥¥ §−�ç¥−¨¥
¤«ï ª®«¨ç¥áâ¢� ¯à®¤ãªâ�, ¯®âà¥¡«ï¥¬®£® ¢ ã§«¥ s). �®áâ�−®¢ª� ¨ à¥è¥−¨¥
§�¤�ç¨ ¯®¨áª� §−�ç¥−¨© ª®íää¨æ¨¥−â®¢ aig ¨ bis (i = 1, . . . , L, g = 1, . . . , G,
s = 1, . . . , S) −� ®á−®¢¥ à¥§ã«ìâ�â®¢ ¨§¬¥à¥−¨© ¡ë«¨ ¯à¥¤«®¦¥−ë ¢ [16].

��¡®à âà¥¡®¢�−¨©, ®âà�¦�îé¨å ®£à�−¨ç¥−¨ï −� ¯à®¯ãáª−ãî á¯®á®¡−®áâì
ª�¦¤®© i-© ¤ã£¨:
{

0 ≤
∑

g

aigxg +
∑

s

biszs ≤ Yi [← pi] ; i = 1, . . . , L; cg ≤ xg ≤ Cg ;

g = 1, . . . , G; ds ≤ zs ≤ Ds; s = 1, . . . , S; 0 < pi ≤ ∞
}

, (1)

£¤¥ Yi | −�¨¡®«ìè¥¥ ¤®¯ãáâ¨¬®¥ §−�ç¥−¨¥ ¯®â®ª� ¯à®¤ãªâ� ¯® i-© ¤ã£¥; pi |
®¯æ¨®−�«ì−ë© ¯à¨®à¨â¥â âà¥¡®¢�−¨ï (¯à¨ pi = ∞ âà¥¡®¢�−¨¥ ï¢«ï¥âáï ®¡ï§�-
â¥«ì−ë¬, ¯à¨ ¨−ëå §−�ç¥−¨ïå | ®à¨¥−â¨àãîé¨¬).

��¡®à âà¥¡®¢�−¨© ¡�«�−á� ¢ ª�¦¤®¬ g-¬ ¯à®¨§¢®¤ïé¥¬ ã§«¥, ª ª®â®à®¬ã
¯à¨¬ëª�¥â mg ¤ã£ á −®¬¥à�¬¨ r = 1, . . . ,mg:
{

−δg ≤ xg −
∑

r

(

∑

g

argxg +
∑

s

brszs

)

≤ δg [← pg] ; cg ≤ xg ≤ Cg ;

g = 1, . . . , G; ds ≤ zs ≤ Ds; s = 1, . . . , S; 0 < pg ≤ ∞
}

, (2)

£¤¥ δg | ¤®¯ãáâ¨¬�ï (¯® â¥å−®«®£¨ç¥áª¨¬ ®á−®¢�−¨ï¬) ¢¥«¨ç¨−� ®è¨¡ª¨ ¡�«�−á�
¢ ã§«¥ g; pg | ®¯æ¨®−�«ì−ë© ¯à¨®à¨â¥â âà¥¡®¢�−¨ï ¤«ï g-£® ¯à®¨§¢®¤ïé¥£®
ã§«�.
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��¡®à âà¥¡®¢�−¨© ¡�«�−á� ¢ ª�¦¤®¬ s-¬ ¯®âà¥¡«ïîé¥¬ ã§«¥ (s = 1, . . . , S),
ª ª®â®à®¬ã ¯à¨¬ëª�¥â ms ¤ã£ á −®¬¥à�¬¨ p = 1, . . . ,ms:
{

−δs ≤
∑

p

(

∑

g

apgxg +
∑

s

bpszs

)

− zs ≤ δs [← ps] ; cg ≤ xg ≤ Cg;

g = 1, . . . , G; ds ≤ zs ≤ Ds; s = 1, . . . , S; 0 < ps ≤ ∞} , (3)

£¤¥ δs | ¤®¯ãáâ¨¬�ï (¯® â¥å−®«®£¨ç¥áª¨¬ ®á−®¢�−¨ï¬) ¢¥«¨ç¨−� ®è¨¡ª¨ ¡�«�−á�
¢ ã§«¥ s; ps | ®¯æ¨®−�«ì−ë© ¯à¨®à¨â¥â âà¥¡®¢�−¨ï ¤«ï s-£® ¯®âà¥¡«ïîé¥£®
ã§«�.

♦ ‘¥¡¥áâ®¨¬®áâì ¯à®¤ãªæ¨¨ qg, ¯à®¨§¢®¤¨¬®© ¢ g-¬ ã§«¥, ª®−âà®«¨àã¥âáï
æ¨äà®¢ë¬ ¤¢®©−¨ª®¬, ª®â®àë© ¤«ï ª�¦¤®£® ®âà¥§ª� ¯«�−¨à®¢�−¨ï −� ®á−®¢¥
¤�−−ëå ¨§¬¥à¥−¨© áâà®¨â §�¢¨á¨¬®áâì á¥¡¥áâ®¨¬®áâ¨ ®â −�£àã§ª¨ ¨ ¯à¥¤áâ�¢«ï¥â
¥¥ ¢ ¢¨¤¥ «¨−¥©−®© äã−ªæ¨¨, ¨á¯®«ì§ã¥¬®© ¤«ï ä®à¬¨à®¢�−¨ï íª®−®¬¨ç¥áª®£®
¯®ª�§�â¥«ï ª�ç¥áâ¢� äã−ªæ¨®−¨à®¢�−¨ï ¯à®¨§¢®¤ïé¥£® ã§«�: qg(xg) = q∗g + kgxg

(cg ≤ xg ≤ Cg, g = 1, . . . , G; cg ¨ Cg | −�¨¬¥−ìè¥¥ ¨ −�¨¡®«ìè¥¥ ¤®¯ãáâ¨¬®¥
§−�ç¥−¨¥ ¤«ï á®áâ�¢� ¯à®¨§¢®¤ïé¥£® ®¡®àã¤®¢�−¨ï, −�§−�ç¥−−®£® ¤«ï à�¡®âë
¢ ã§«¥ g −� ®âà¥§ª¥ ¯«�−¨à®¢�−¨ï; q∗g | á®áâ�¢«ïîé�ï á¥¡¥áâ®¨¬®áâ¨, −¥
§�¢¨áïé�ï ®â −�£àã§ª¨ ã§«�). ♦

’à¥¡®¢�−¨ï (1){(3) ¨á¯®«ì§ãîâáï ¤«ï ä®à¬ã«¨à®¢®ª §�¤�ç¨, §�¢¨áïé¨å ®â
à¥§ã«ìâ�â®¢ �−�«¨§� ¯®àâà¥â®¢ á¨âã�æ¨©.

3.1 Уменьшение затрат на производство

‡�¤�ç� §�ª«îç�¥âáï ¢ ¯®¨áª¥ ¢¥ªâ®à� à�á¯à¥¤¥«¥−¨ï ¯à®¨§¢®¤áâ¢¥−−ëå −�-
£àã§®ª x = (x1, x2, . . . , xG) (cg ≤ xg ≤ Cg, g = 1, . . . , G, cg ¨ Cg | −�¨¬¥−ìè¥¥
¨ −�¨¡®«ìè¥¥ ¤®¯ãáâ¨¬®¥ §−�ç¥−¨¥ ¤«ï á®áâ�¢� ¯à®¨§¢®¤ïé¥£® ®¡®àã¤®¢�−¨ï,
à�¡®â�îé¥£® ¢ ã§«¥ g), ¯à¨ ª®â®à®¬ ¤®áâ¨£�îâáï −�¨¬¥−ìè¨¥ áã¬¬�à−ë¥ §�âà�-
âë −� ¯à®¨§¢®¤áâ¢® ¯à®¤ãªæ¨¨ M(x) =

∑

g qg(xg) [← pM ] (g = 1, . . . , G), £¤¥
pM | ®¯æ¨®−�«ì−ë© ¯à¨®à¨â¥â âà¥¡®¢�−¨ï ã¬¥−ìè¥−¨ï §�âà�â −� ¯à®¨§¢®¤áâ¢®,
¯à¨ ¢ë¯®«−¥−¨¨ âà¥¡®¢�−¨© (1){(3).

3.2 Уменьшение затрат на производство и доставку продукции

��©â¨ ¢¥ªâ®à à�á¯à¥¤¥«¥−¨ï −�£àã§®ª x = (x1, x2, . . . , xG) (cg ≤ xg ≤ Cg,
g = 1, . . . , G, cg ¨ Cg | −�¨¬¥−ìè¥¥ ¨ −�¨¡®«ìè¥¥ ¤®¯ãáâ¨¬®¥ §−�ç¥−¨¥ ¤«ï
á®áâ�¢� ¯à®¨§¢®¤ïé¥£® ®¡®àã¤®¢�−¨ï, à�¡®â�îé¥£® ¢ ã§«¥ g), ¯à¨ ª®â®à®¬ ¯à¨
¢ë¯®«−¥−¨¨ (1){(3) ¤®áâ¨£�îâáï −�¨¬¥−ìè¨¥ ®¡é¨¥ §�âà�âë −� ¯à®¨§¢®¤áâ¢®
¨ ¤®áâ�¢ªã ¯à®¤ãªæ¨¨

Q(x) =
∑

g

qg(xg) +
∑

i

qi

∑

g

aigxg [← pQ] (g = 1, . . . , G, i = 1, . . . , L) ,

£¤¥ pQ | ®¯æ¨®−�«ì−ë© ¯à¨®à¨â¥â âà¥¡®¢�−¨ï ã¬¥−ìè¥−¨ï ®¡é¨å §�âà�â.
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♦ ‘¥¡¥áâ®¨¬®áâì qi ¤®áâ�¢ª¨ ¥¤¨−¨æë ¯à®¤ãªæ¨¨ ¯® ¤ã£¥ i ª®−âà®«¨àã¥âáï
á¯¥æ¨�«ì−ë¬ æ¨äà®¢ë¬ ¤¢®©−¨ª®¬. ♦

4 Метод решения

„«ï à¥è¥−¨ï §�¤�ç¨ ¯à¨¬¥−¥− ¬¥â®¤ æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï, à�§à�-
¡®â�−−ë© ¨ ¯à®£à�¬¬−® à¥�«¨§®¢�−−ë© �. ‚. ˆ«ì¨−ë¬ [17].

„«ï ã¤®¡áâ¢� ç¨â�â¥«ï ªà�âª® ¢®á¯à®¨§¢¥¤¥¬ §¤¥áì íâ®â ¬¥â®¤ (¤�«ì−¥©è¨¥
®¡®§−�ç¥−¨ï −¥ á¢ï§�−ë á ®¡®§−�ç¥−¨ï¬¨ à�§¤. 3).

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

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

′ = (x′

1, . . . , x
′

n) (x′

j ≥ 0, j = 1, . . . , n) | à¥è¥−¨¥, ¯®«ãç¥−−®¥ −�
¯à¥¤ë¤ãé¥¬ è�£¥, ¨ áä®à¬¨à®¢�−ë âà¥¡®¢�−¨ï ¯¥à¥¬¥é¥−¨ï ¨§ x

′ ¢ æ¥«¥¢ãî
â®çªã x = (x1, . . . , xn) (xj ≥ 0, j = 1, . . . , n): {Fi(x) = Fi(x

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

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

’®çª� x ®âëáª¨¢�¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬. ‘−�ç�«� ¢ëç¨á«ï¥âáï ¯à®¥ªæ¨ï
â®çª¨ −� £¨¯¥à¯«®áª®áâì ai1x1 + · · · + ainxn = Fi(x

′) + hi ∀hi 6= 0. ��¯à�¢«ï-
îé¨© ¢¥ªâ®à −®à¬�«¨ ª íâ®© £¨¯¥à¯«®áª®áâ¨ à�¢¥− (ai1, . . . , ain). —â®¡ë −�©â¨
¯à®¥ªæ¨î, −¥®¡å®¤¨¬® ¤�âì ¯¥à¥¬¥−−ë¬ ¯à¨à�é¥−¨ï (hai1, . . . , hain) (£¤¥ h |
−¥¨§¢¥áâ−®¥ ç¨á«®).

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

2
i1 + · · · + a2in) (¥áâ¥áâ¢¥−−®,

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

1 + ai1h1/(a
2
i1 + · · ·

· · ·+ a2in)), . . . , (x
′

n + ainhn/(a2i1 + · · ·+ a2in)).
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‘¨âã�æ¨®−−®¥ ¯«�−¨à®¢�−¨¥ ¯à®¨§¢®¤áâ¢� ¢ á¥â¥¢®© Œ2Œ-á¨áâ¥¬¥

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

2
i1 + · · · + a2in) (j = 1, . . . , n; ¨−¤¥ªáë äã−ªæ¨©

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

«�¬:

xj = x′

j +
p1–xj1 + · · · + ps–xjs

p1 + · · ·+ ps
(j = 1, . . . , n) .

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

xj = x′

j +
–xj1 + · · ·+–xjs

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

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

′); ¢ ¯à®â¨¢−®¬ á«ãç�¥ −� à®«ì
¨áª®¬®© â®çª¨ x ¯à¥â¥−¤ã¥â ª®−¥æ áà¥¤−¥¤¥©áâ¢ãîé¥©.

‡�â¥¬ ª®−âà®«¨àã¥âáï −¥®âà¨æ�â¥«ì−®áâì ¯¥à¥¬¥−−ëå (xj ≥ 0, j = 1, . . . , n):
®âà¨æ�â¥«ì−ë¥ ®¡−ã«ïîâáï.

ˆ, −�ª®−¥æ, ¯à®¢¥àï¥âáï á®¢¯�¤¥−¨¥ §−�ª®¢ à¥�«ì−ëå ¨ §�¤�îé¨å è�£®¢.
…á«¨ ®−¨ á®¢¯�¤�îâ ¤«ï ¢á¥å âà¥¡®¢�−¨©, ¢ëç¨á«¥−−�ï â®çª� áç¨â�¥âáï æ¥«¥¢®©
â®çª®© x. …á«¨ −¥ á®¢¯�¤�îâ, íªá¯¥àâã ¯à¥¤«�£�¥âáï áª®àà¥ªâ¨à®¢�âì á¨áâ¥¬ã
âà¥¡®¢�−¨©.

5 Заключение

1. �à¥¤«®¦¥−� ¬¥â®¤®«®£¨ï á¨âã�æ¨®−−®£® ¯«�−¨à®¢�−¨ï ¯à®¨§¢®¤áâ¢� (í«¥ª-
âà®í−¥à£¨¨, ¢®¤ë ¨ ¤à.) ¢ á¥â¥¢®© Œ2Œ-á¨áâ¥¬¥. Œ®¤¥«ì ®¡ê¥ªâ� ®¯¨-
áë¢�¥â íª®−®¬¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ¯à®¨§¢®¤áâ¢� ¨ ¤®áâ�¢ª¨ ¯à®¤ãªæ¨¨,
� â�ª¦¥ à�á¯à¥¤¥«¥−¨¥ ¯®â®ª®¢ ¯à®¤ãªâ� ¯® ¤ã£�¬ á¥â¨ [16]. �� ª�¦-
¤®¬ è�£¥ ¯«�−¨à®¢�−¨ï ¯®áâ�−®¢ª� §�¤�ç¨, á®áâ�¢«¥−−�ï ¨§ ®¡ï§�â¥«ì−ëå
¨ ®à¨¥−â¨àãîé¨å âà¥¡®¢�−¨©, §�¢¨á¨â ®â à¥§ã«ìâ�â®¢ �−�«¨§� ¯®àâà¥â®¢
á¨âã�æ¨©. �á−®¢−®© á®áâ�¢«ïîé¥© ¢ëç¨á«¨â¥«ì−®£® ï¤à� á«ã¦¨â ¬¥â®¤
æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï, ¯à¥¤−�§−�ç¥−−ë© ¤«ï à¥è¥−¨ï «¨−¥©−ëå
§�¤�ç á¨âã�æ¨®−−®£® ¯«�−¨à®¢�−¨ï ¨ ã¯à�¢«¥−¨ï [17].

2. Œ¥â®¤®«®£¨ï ®à¨¥−â¨à®¢�−� −� à¥�«¨§�æ¨î ¢ ¢¨¤¥ ¨−â¥à−¥â-á¥à¢¨á®¢,
äã−ªæ¨®−¨àãîé¨å −� ®á−®¢¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢, ¨ à�ááç¨â�−� −� ¯à¨¬¥-
−¥−¨¥ ¢ á¥â¥¢ëå Œ2Œ-á¨áâ¥¬�å á ¤¨−�¬¨ç−® ¨§¬¥−ïîé¨¬¨áï å�à�ªâ¥à¨áâ¨-
ª�¬¨ ®¡ê¥ªâ� ¨ íª®−®¬¨ç¥áª®£® ¯®¢¥¤¥−¨ï ¯à®¨§¢®¤¨â¥«¥© ¨ ¯®âà¥¡¨â¥«¥©.
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Situational production planning in a network M2M-system
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Abstract: A methodology for situational planning of production (electricity,
water, etc.) in a network M2M (machine-to-machine) system is proposed.
The methodology includes methods for constructing an object model using
measurement data, forming portraits of situations (target, achieved, and starting),
and interactive production planning. The object model describes economic
characteristics of the nodes and distribution of the product streams moving
along the network arcs, depending on the amount of product sent from the
producing nodes and delivered to the consuming nodes. At each step of planning,
the problem formulation depends on the results of analysis of the situations'
portraits. The key component of the computational core is the method of target
displacement of solution. The methodology is oriented to implementation by
means of online services and is designed for use in network M2M-systems.
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ЭЛЕМЕНТЫ САМООБУЧЕНИЯ В СИСТЕМЕ ИЗВЛЕЧЕНИЯ
БИОГРАФИЧЕСКИХ ФАКТОВ Т-ПАРСЕР

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¤�«ì−¥©è¥¬ã à�§¢¨â¨î á¨áâ¥¬ë �¢â®¬�â¨ç¥-
áª®£® ¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�¯à�¢«¥−−®áâ¨
’-¯�àá¥à | á®áâ�¢−®© ç�áâ¨ â¥å−®«®£¨¨ �¢â®¬�â¨§�æ¨¨ ¨áâ®à¨ª®-¡¨®£à�ä¨-
ç¥áª®£® ¨áá«¥¤®¢�−¨ï. ��¬¥ç�îâáï ¯ãâ¨ ã¢¥«¨ç¥−¨ï áª®à®áâ¨ ®¡à�¡®âª¨
§� áç¥â ¨á¯®«ì§®¢�−¨ï ¬¥å�−¨§¬� á�¬®®¡ãç¥−¨ï. �¯¨áë¢�îâáï ¨ ®¡®á−®-
¢ë¢�îâáï ¯à¨¬¥−ï¥¬ë¥ ä®à¬ë á�¬®®¡ãç¥−¨ï, ä®à¬ã«¨àãîâáï ¢®§¬®¦−ë¥
¯à®¡«¥¬ë. �à¨¢®¤¨âáï ª«�áá¨ä¨ª�æ¨ï ¢¥â¢«¥−¨© ¯à¨ à�§¡®à¥ â¥ªáâ®¢. �¯¨-
áë¢�¥âáï ¨ ®¡®á−®¢ë¢�¥âáï ¬¥å�−¨§¬ ä¨«ìâà�æ¨¨ ¯à¨ ä®à¬¨à®¢�−¨¨ ¡�§ë
¤�−−ëå (�„) ¯à¥æ¥¤¥−â®¢ −� ®á−®¢¥ ¬¥â®¤®¢ áâ�â¨áâ¨ç¥áª®£® ¯à¨¥¬®ç−®£®
ª®−âà®«ï ¯® �«ìâ¥à−�â¨¢−®¬ã ¯à¨§−�ªã. �à¨¢®¤¨âáï ®¯¨á�−¨¥ ®¡−®¢«¥−-
−®£® �«£®à¨â¬� ¯�àá¨−£� ¨ íªá¯¥à¨¬¥−â�«ì−®© ¯à®¢¥àª¨ ¥£® íää¥ªâ¨¢−®áâ¨
¯® áà�¢−¥−¨î á ¯à¥¤ë¤ãé¥© ¢¥àá¨¥©, ®áãé¥áâ¢«¥−−®© −� à¥�«ì−ëå â¥ªáâ�å
¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�¯à�¢«¥−−®áâ¨. �à¨¢®¤ïâáï à¥§ã«ìâ�âë íªá¯¥à¨-
¬¥−â®¢, ¯®¤â¢¥à¦¤�îé¨¥ ¢ëá®ªãî íää¥ªâ¨¢−®áâì ®¡−®¢«¥−−®£® �«£®à¨â¬�
¨ ¥£® ¯à¨¬¥−¨¬®áâì ¢ â¥å−®«®£¨¨ �¢â®¬�â¨§�æ¨¨ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£®
¨áá«¥¤®¢�−¨ï, ¯à¥¤−�§−�ç¥−−®© ¤«ï è¨à®ª®£® ªàã£� −¥ ï¢«ïîé¨åáï ¯à®ä¥á-
á¨®−�«ì−ë¬¨ ¨áâ®à¨ª�¬¨ ¨ ¡¨®£à�ä�¬¨ ¯®«ì§®¢�â¥«¥©, çâ® �ªâã�«ì−® ¢ á¢ï§¨
á® ¢á¥ ã¢¥«¨ç¨¢�îé¨¬áï ®¡é¥áâ¢¥−−ë¬ ¨−â¥à¥á®¬ ª á¥¬¥©−®© ¨áâ®à¨¨.

Š«îç¥¢ë¥ á«®¢�: ¨§¢«¥ç¥−¨¥ ä�ªâ®¢ ¨§ â¥ªáâ®¢; á�¬®®¡ãç¥−¨¥; ¢¥â¢«¥−¨ï;
áâ�â¨áâ¨ç¥áª¨© ¯à¨¥¬®ç−ë© ª®−âà®«ì; ®¡ãç�îé�ï ¢ë¡®àª�

DOI: 10.14357/08696527180414

1 Введение

‚ áâ�âì¥ [1] ®¯¨á�−� â¥å−®«®£¨ï �¢â®¬�â¨§�æ¨¨ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£®
¨áá«¥¤®¢�−¨ï. ‚�¦−®© á®áâ�¢−®© ç�áâìî ¤�−−®© â¥å−®«®£¨¨ ï¢«ï¥âáï á¨áâ¥¬�
�¢â®¬�â¨ç¥áª®£® ¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�¯à�¢-
«¥−−®áâ¨ ’-¯�àá¥à [2]. �¥á¬®âàï −� â® çâ® −� ¤�−−ë© ¬®¬¥−â áãé¥áâ¢ãîâ ¢¥áì¬�
à�§¢¨âë¥ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢�, ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï à¥è¥−¨ï §�¤�ç �¢â®¬�-
â¨ç¥áª®© ®¡à�¡®âª¨ â¥ªáâ®¢ ¨ á¥¬�−â¨ç¥áª®£® �−�«¨§� ¨å á¬ëá«®¢®£® á®¤¥à¦�-
−¨ï [3, 4], á¯¥æ¨ä¨ª� ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï [5] ¯®âà¥¡®¢�«�
á®§¤�−¨ï ®à¨£¨−�«ì−®£® áà¥¤áâ¢� ¨§¢«¥ç¥−¨ï ¡¨®£à�ä¨ç¥áª¨å ä�ªâ®¢ ¨§ â¥ªáâ®¢
á ¯®¤¤¥à¦ª®© àï¤� ¢®§¬®¦−®áâ¥©, ¯®§¢®«ïîé¨å ¨á¯®«ì§®¢�âì ¥¥ ¢ â¥å−®«®£¨¨
¯®¤¤¥à¦ª¨ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨å ¨áá«¥¤®¢�−¨©:

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, Volkov@amsd.com
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{ à�§à¥è¥−¨¥ �−�ä®à¨ç¥áª¨å á¢ï§¥©, ª®£¤� ¨−â¥à¯à¥â�æ¨ï −¥ª®â®à®£® ¢ëà�-
¦¥−¨ï §�¢¨á¨â ®â ¤àã£®£® ¢ëà�¦¥−¨ï, à�−¥¥ ¢áâà¥ç�¢è¥£®áï ¢ â¥ªáâ¥;

{ ¯®¤¤¥à¦ª� ¤à¥¢®¢¨¤−®© áâàãªâãàë ¡¨®£à�ä¨ç¥áª®£® ä�ªâ� [6];

{ ®à¨¥−â¨à®¢�−−®áâì −� ¬−®£®¯®«ì§®¢�â¥«ìáª¨© à�á¯à¥¤¥«¥−−ë© à¥¦¨¬ à�¡®-
âë ¢ á®®â¢¥âáâ¢¨¨ á â¥å−®«®£¨¥© �¢â®¬�â¨§�æ¨¨ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£®
¨áá«¥¤®¢�−¨ï [1].

’-¯�àá¥à ¡ë« à¥�«¨§®¢�− −� ¡�§¥ ®á−®¢−ëå ¯à¨−æ¨¯®¢ GLR (generalized left-
to-right) �«£®à¨â¬� [7] ¨ ¯à®¤¥¬®−áâà¨à®¢�« ¢ëá®ªãî íää¥ªâ¨¢−®áâì ¢ë¤¥«¥−¨ï
ä�ªâ®¢: F-¬¥à� [8] −� â¥áâ®¢ëå ¯à¨¬¥à�å á®áâ�¢¨«� ®â 80% ¤® 84% [2] ¯à¨ ¯à¨-
¥¬«¥¬®© áª®à®áâ¨ ®¡à�¡®âª¨ â¥ªáâ�. �à®¢¥¤¥−−�ï ¬®¤¨ä¨ª�æ¨ï �«£®à¨â¬� [9],
®á−®¢�−−�ï −� ¨áª«îç¥−¨¨ æ¨ª«®¢ ¨§ £à�¬¬�â¨ª¨ ¨ ¥¥ «¨−¥©−®£® ã¯®àï¤®ç¥-
−¨ï, ¯®§¢®«¨«� §−�ç¨â¥«ì−® á®ªà�â¨âì ¢à¥¬ï ®¡à�¡®âª¨, §� áç¥â ç¥£® ¯®ï¢¨«�áì
¢®§¬®¦−®áâì ¯à¨¬¥−¨âì ¬¥å�−¨§¬ à�§¢¥â¢«¥−¨ï æ¥¯®ç¥ª à�§¡®à� ¨ ¨å ¯�à�«-
«¥«ì−ãî ®¡à�¡®âªã ¯à¨ ¢®§−¨ª−®¢¥−¨¨ −¥®¤−®§−�ç−®áâ¨ á æ¥«ìî ®â¡à�áë¢�−¨ï
®è¨¡®ç−ëå æ¥¯®ç¥ª −� ¯®á«¥¤ãîé¨å íâ�¯�å. �â� ¬®¤¨ä¨ª�æ¨ï ¤®¯®«−¨â¥«ì−®
¯®¢ëá¨«� ª�ç¥áâ¢® à�á¯®§−�¢�−¨ï, ¢ëà�¦¥−−®¥ ¢ §−�ç¥−¨ïå F-¬¥àë, −® ¯à¨¢¥«�
ª −¥ª®â®à®¬ã ã¢¥«¨ç¥−¨î ¢à¥¬¥−¨ ®¡à�¡®âª¨. ‚ à¥§ã«ìâ�â¥ ¢®§−¨ª«� ¯®âà¥¡-
−®áâì ¢ ¯à®¢¥¤¥−¨¨ ¤�«ì−¥©è¥© ¬®¤¨ä¨ª�æ¨¨ �«£®à¨â¬� §� áç¥â ¢−¥¤à¥−¨ï ¢ −¥£®
í«¥¬¥−â®¢ á�¬®®¡ãç¥−¨ï, çâ® ¯®§¢®«ï¥â §−�ç¨â¥«ì−® áª®¬¯¥−á¨à®¢�âì ã¢¥«¨ç¥−¨¥
¢à¥¬¥−¨ ®¡à�¡®âª¨ á á®åà�−¥−¨¥¬ ¢ëá®ª®£® ª�ç¥áâ¢� à�á¯®§−�¢�−¨ï.

2 Разветвление цепочек разбора

Œ¥å�−¨§¬ à�§¢¥â¢«¥−¨ï æ¥¯®ç¥ª à�§¡®à� ¤«ï ¨å ¯�à�««¥«ì−®© ®¡à�¡®âª¨ ¯à¨
¢®§−¨ª−®¢¥−¨¨ −¥®¤−®§−�ç−®áâ¨ à¥�«¨§®¢�− á«¥¤ãîé¨¬ ®¡à�§®¬: ¢ á®®â¢¥âáâ¢¨¨
á «¨−¥©−ë¬ ¯®àï¤ª®¬ −� ¬−®¦¥áâ¢¥ ¯à�¢¨« [9] −� ª�¦¤®¬ è�£¥ ®¡à�¡®âª¨ ª äà�§¥
¯à¨¬¥−ïîâáï â®«ìª® ¯à�¢¨«� á á®®â¢¥âáâ¢ãîé¨¬ ãà®¢−¥¬ ¨ áâ�âãá®¬. “á¯¥è−ë¥
¯à¨¬¥−¥−¨ï ¯à�¢¨« ª äà�§¥ ®¯¨áë¢�îâáï ¬−®¦¥áâ¢®¬ M = {(ni, si)} ¯�à, á®-
áâ®ïé¨å ¨§ −®¬¥à� ¯à�¢¨«� ¨ ¥£® á¤¢¨£� | −®¬¥à� ¯®§¨æ¨¨ ¢® äà�§¥, −�ç¨−�ï
á ª®â®à®© ¯à¨¬¥−¨«®áì ¯à�¢¨«® [2]. „«ï í«¥¬¥−â®¢ M ¡ã¤¥¬ −�§ë¢�âì ¨å ®¡«�-
áâï¬¨ ¯à¨¬¥−¥−¨ï ¯®§¨æ¨¨ äà�§ë, −�ç¨−�ï á® á¤¢¨£�, ª ª®â®àë¬ ¡ë«® ¯à¨¬¥−¥−®
¯à�¢¨«®. �«¥¬¥−âë M ¡ã¤¥¬ −�§ë¢�âì ¯¥à¥á¥ª�îé¨¬¨áï, ¥á«¨ ¯¥à¥á¥ª�îâáï ¨å
®¡«�áâ¨ ¯à¨¬¥−¥−¨ï. �� äà�§¥ ¢ëï¢«ïîâáï ®¡«�áâ¨ ¯¥à¥á¥ç¥−¨ï Si | ¨¤ãé¨¥
¯®¤àï¤ ¯®§¨æ¨¨ äà�§ë, ¢ ª®â®àëå ¤«ï ª�¦¤®£® í«¥¬¥−â� M, ®¡«�áâì ¯à¨¬¥−¥−¨ï
ª®â®à®£® á®¤¥à¦¨âáï ¢ Si, áãé¥áâ¢ã¥â ¨−®© í«¥¬¥−â M, ¯¥à¥á¥ª�îé¨©áï á −¨¬.
…á«¨ S | ®¡«�áâì ¯¥à¥á¥ç¥−¨ï, â® ¬−®¦¥áâ¢® ¥£® ¯à�¢¨« M(S) ®¯à¥¤¥«¨¬ ª�ª
¯®¤¬−®¦¥áâ¢® M, ¢á¥ í«¥¬¥−âë ª®â®à®£® ¨¬¥îâ ®¡«�áâ¨ ¯à¨¬¥−¥−¨ï, ¯à¨−�¤-
«¥¦�é¨¥ S. ‚�à¨�−â®¬ V (S) ¤«ï ®¡«�áâ¨ ¯¥à¥á¥ç¥−¨ï S ¡ã¤¥¬ −�§ë¢�âì â�ª®¥
¯®¤¬−®¦¥áâ¢® M(S), ¢á¥ í«¥¬¥−âë ª®â®à®£® −¥ ¯¥à¥á¥ª�îâáï. …á«¨ ¢�à¨�−â
V (S) = {(ni, si)}, â® ¥£® å�à�ªâ¥à¨áâ¨ª®© −�§®¢¥¬ ã¯®àï¤®ç¥−−ë© ¯® á¤¢¨£ã ¯¥-
à¥ç¥−ì ¥£® ¯à�¢¨«, â. ¥. Har(V ) = {ni}. ÷�§¬¥à®¬ ¯®ªàëâ¨ï Size(V ) ¢�à¨�−â� V
¡ã¤¥¬ −�§ë¢�âì áã¬¬ã ¤«¨− ®¡«�áâ¥© ¯à¨¬¥−¥−¨ï ¢á¥å ¥£® í«¥¬¥−â®¢. ÷�§¬¥à
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�«¥¬¥−âë á�¬®®¡ãç¥−¨ï ¢ á¨áâ¥¬¥ ¨§¢«¥ç¥−¨ï ¡¨®£à�ä¨ç¥áª¨å ä�ªâ®¢ ’-¯�àá¥à

¯®ªàëâ¨ï §�¤�¥â ®â−®è¥−¨¥ ç�áâ¨ç−®£® ¯®àï¤ª� µ −� ¬−®¦¥áâ¢¥ ¢�à¨�−â®¢ ¤«ï
¤�−−®© ®¡«�áâ¨ ¯¥à¥á¥ç¥−¨ï: µ(V ) = Size(V ).

„«ï ª�¦¤®© ®¡«�áâ¨ ¯¥à¥á¥ç¥−¨ï S ä®à¬¨àã¥âáï ¥¥ −�¡®à ¢¥â¢«¥−¨© Br(S) =
= {Vi(S)| 6 ∃j : µ(Vj(S)) > µ(Vi(S))}, ª�¦¤®¬ã í«¥¬¥−âã ª®â®à®£® á®®â¢¥âáâ¢ã¥â
¢¥â¢ì à�§¡®à�. �¯¨á�â¥«¥¬ ¢¥â¢«¥−¨ï V (S) ∈ Br(S) ¡ã¤¥¬ −�§ë¢�âì á®¢®ªã¯-
−®áâì ({Har(Vi(S)|Vi(S) ∈ Br(S)}, n|Vn = V (S),Status), £¤¥ Status | ª®¤
¯à¨ç¨−ë ¯à¨§−�−¨ï ¤�−−®© ¢¥â¢¨ ãá¯¥è−®© ¨«¨ ®è¨¡®ç−®© ¢ à¥§ã«ìâ�â¥ ¤�«ì-
−¥©è¥£® à�§¡®à� ¯® á«¥¤ãîé¥¬ã �«£®à¨â¬ã: −� ª�¦¤®¬ è�£¥ à�¡®âë ¯�àá¥à�
¤«ï ª�¦¤®© ¢¥â¢¨ áà�¢−¨¢�îâáï à�§¬¥àë ¯®ªàëâ¨ï −� ¢á¥© äà�§¥ ¤«ï ¢á¥å ¢¥-
â¢¥© ®¤−®© ®¡«�áâ¨. …á«¨ ¡ã¤¥â ¢ëï¢«¥−� ¢¥â¢ì á ¬¥−ìè¨¬ à�§¬¥à®¬ ¯®ªàëâ¨ï
¯® áà�¢−¥−¨î á ¤àã£®© ¢¥â¢ìî, â® ¤�−−�ï ¢¥â¢ì ¯à¨§−�¥âáï ®è¨¡®ç−®© ¨ ¥¥
¤�«ì−¥©è¨© à�§¡®à ®áâ�−�¢«¨¢�¥âáï. ‘â�âãá á®®â¢¥âáâ¢ãîé¥£® ¢¥â¢«¥−¨ï ¯à¨-
−¨¬�¥âáï ú−¥ãá¯¥è−ë¬û. …á«¨ ¯®á«¥ ¯®«−®£® §�¢¥àè¥−¨ï à�§¡®à� −¥áª®«ìª®
¢¥â¢¥© §�¢¥àè¨«¨áì á ®¤¨−�ª®¢ë¬ à�§¬¥à®¬ ¯®ªàëâ¨ï, â® ¢ ª�ç¥áâ¢¥ à¥§ã«ìâ¨àã-
îé¥© ¨§ −¨å ¢ë¡¨à�¥âáï ¯à®¨§¢®«ì−�ï, � ®áâ�«ì−ë¥ −�§−�ç�îâáï ®è¨¡®ç−ë¬¨
¨ ¨å áâ�âãá ¯à¨−¨¬�¥âáï úãá«®¢−® −¥ãá¯¥è−ë¬û. ‘â�âãá à¥§ã«ìâ¨àãîé¥© ¢¥â¢¨
¯à¨−¨¬�¥âáï úãá¯¥è−ë¬û.

3 Самообучение

�®áª®«ìªã, −¥á¬®âàï −� ¢ëá®ªãî áª®à®áâì à�§¡®à�, ®¡¥á¯¥ç¥−−ãî ¢¢¥¤¥−¨¥¬
«¨−¥©−®£® ¯®àï¤ª� −� ¬−®¦¥áâ¢¥ ¯à�¢¨« [9], ¯�à�««¥«ì−�ï ®¡à�¡®âª� −¥áª®«ìª¨å
¢¥â¢¥© ï¢«ï¥âáï ¤®áâ�â®ç−® ¢à¥¬ï§�âà�â−ë¬ á¯®á®¡®¬ ®¯à¥¤¥«¥−¨ï ®¯â¨¬�«ì−®©
¢¥â¢¨, æ¥«¥á®®¡à�§−® ¢ �«£®à¨â¬ ¢¢¥áâ¨ ¬¥å�−¨§¬ á�¬®®¡ãç¥−¨ï, á â¥¬ çâ®¡ë
−¥ª®â®àë¥ â¨¯®¢ë¥ á¨âã�æ¨¨ ¢¥â¢«¥−¨ï ®¯à¥¤¥«ï«¨áì ¢ à¥§ã«ìâ�â¥ ®¡à�¡®âª¨
−¥ª®â®à®© ®¡ãç�îé¥© ¢ë¡®àª¨ â¥ªáâ®¢ ¨ ¤�«¥¥ ã¦¥ ®â¡à�áë¢�«¨áì −� íâ�¯¥
ä®à¬¨à®¢�−¨ï −�¡®à� ¢�à¨�−â®¢ ¤«ï ®¡«�áâ¨ ¯¥à¥á¥ç¥−¨ï.

„«ï ®à£�−¨§�æ¨¨ á�¬®®¡ãç¥−¨ï ¡ë«¨ ¢ë¡à�−ë á«¥¤ãîé¨¥ ¯à¨−æ¨¯ë [10].

1. �¡ãç¥−¨¥ ®áãé¥áâ¢«ï¥âáï ¡¥§ ãç¨â¥«ï, çâ® ®§−�ç�¥â, çâ® ¤«ï ª�¦¤®£® ¯à¥æ¥-
¤¥−â� âà¥¡ã¥¬®¥ à¥è¥−¨¥ §�à�−¥¥ −¥ ¨§¢¥áâ−® ¨ á¨áâ¥¬� ¤®«¦−� áä®à¬¨à®¢�âì
¥£® á�¬®áâ®ïâ¥«ì−®. ‚ ¤�−−®¬ á«ãç�¥ íâ® ¤®áâ¨£�¥âáï à�§¡®à®¬ ¢á¥å ¢¥â¢¥©
¨ −�å®¦¤¥−¨¥¬ áà¥¤¨ −¨å ãá¯¥è−®©.

2. ‚ à¥§ã«ìâ�â¥ ®¡ãç¥−¨ï ä®à¬¨àã¥âáï á¨áâ¥¬�, ®á−®¢�−−�ï −� ¯à¥æ¥¤¥−â�å,
�„ ª®â®à®© á®¤¥à¦¨â ®¯¨á�−¨ï −¥ ®¡®¡é¥−−ëå á¨âã�æ¨©, � á®¡áâ¢¥−−® á�¬¨
á¨âã�æ¨¨ ¨«¨ ¯à¥æ¥¤¥−âë.

3. �® ¯à¨ íâ®¬ á¨áâ¥¬� ä®à¬¨àã¥âáï ¡¥§ ¯à¨áãé¥£® á¨áâ¥¬�¬, ®á−®¢�−−ë¬ −�
¯à¥æ¥¤¥−â�å, ¬¥å�−¨§¬� −¥ç¥âª®£® ¯®¨áª� á ¯®«ãç¥−¨¥¬ ¬−®¦¥áâ¢� ¤®¯ãá-
â¨¬ëå �«ìâ¥à−�â¨¢, ª�¦¤�ï ¨§ ª®â®àëå ®æ¥−¨¢�¥âáï −¥ª®â®àë¬ ª®íää¨-
æ¨¥−â®¬ ã¢¥à¥−−®áâ¨. Œ¥å�−¨§¬ ä®à¬¨à®¢�−¨ï à¥è¥−¨ï ®¡ ®â¡à�áë¢�−¨¨
¢�à¨�−â� ¡�§¨àã¥âáï −� ¯à¨−æ¨¯�å ¯®áâà®¥−¨ï ¨−¤ãªâ¨¢−ëå á¨áâ¥¬, â. ¥.
�−�«¨§ −®¢®© á¨âã�æ¨¨ á¢®¤¨âáï ª ¢ë¡®àã ¯à¥æ¥¤¥−â�, ª®â®àë© ¯®«−®áâìî
®¯à¥¤¥«ï¥â íâã á¨âã�æ¨î.
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‘«¥¤ã¥â ãç¨âë¢�âì, çâ® �«£®à¨â¬�¬, ¯®áâà®¥−−ë¬ −� ãª�§�−−ëå ¯à¨−æ¨¯�å,
¯à¨áãé¨ á«¥¤ãîé¨¥ ¯à®¡«¥¬ë [11].

1. �®«ìè®© ®¡ê¥¬ ®¡ãç�îé¥© ¢ë¡®àª¨ ¯à¨¢®¤¨â ª §−�ç¨â¥«ì−®¬ã à®áâã ¢à¥¬¥-
−¨ ®¡ãç¥−¨ï, � ¬�«ë© ®¡ê¥¬ ¤�¥â ¬¥−¥¥ −�¤¥¦−ë¥ à¥§ã«ìâ�âë ¨ ã¢¥«¨ç¨¢�¥â
¢¥à®ïâ−®áâì â�ª −�§ë¢�¥¬®£® ¯¥à¥®¡ãç¥−¨ï, ª®£¤� �«£®à¨â¬ å®à®è® ®¡à�¡�-
âë¢�¥â ¯à¨¬¥àë ¨§ ®¡ãç�îé¥© ¢ë¡®àª¨, −® ®â−®á¨â¥«ì−® ¯«®å® à�¡®â�¥â −�
¯à¨¬¥à�å, −¥ ãç�áâ¢®¢�¢è¨å ¢ ®¡ãç¥−¨¨.

2. �à®¡«¥¬� ¯à®â¨¢®à¥ç¨¢®áâ¨ ¤�−−ëå, ª®£¤� ®¡ê¥ªâë á ®¤−¨¬ ¨ â¥¬ ¦¥ ¯à¨-
§−�ª®¢ë¬ ®¯¨á�−¨¥¬ ¬®£ãâ ¨¬¥âì à�§−ë¥ ¨áå®¤ë, −¥ à¥è�¥¬�ï ª®àà¥ªâ−® ¡¥§
¯à¨¬¥−¥−¨ï ¢¥à®ïâ−®áâ−ëå ¬¥â®¤®¢ ®¡ãç¥−¨ï.

3. �à®¡«¥¬� ¨−¤ãªâ¨¢−ëå á¨áâ¥¬, á®áâ®ïé�ï ¢ â®¬, çâ® ¨−¤ãªæ¨ï ¬®¦¥â ¤�¢�âì
¨§ ¨áâ¨−−ëå ¯®áë«®ª «®¦−®¥ §�ª«îç¥−¨¥.

’�ª¨¬ ®¡à�§®¬, ª®àà¥ªâ−®áâì ¢ë¡à�−−ëå ¯à¨−æ¨¯®¢ á�¬®®¡ãç¥−¨ï ¯à¨¬¥-
−¨â¥«ì−® ª §�¤�ç�¬, à¥è�¥¬ë¬ á¨áâ¥¬®© ’-¯�àá¥à, âà¥¡ã¥â íªá¯¥à¨¬¥−â�«ì−®©
¯à®¢¥àª¨.

4 Модификация алгоритма

„«ï à¥�«¨§�æ¨¨ ¢ëè¥ãª�§�−−ëå ¯à¨−æ¨¯®¢ æ¥«¥á®®¡à�§−® ¯à®¢¥áâ¨ á«¥¤ã-
îéãî ¬®¤¨ä¨ª�æ¨î �«£®à¨â¬�.

1. ‚ ¯à®æ¥áá¥ ®¡ãç¥−¨ï ¯à¨ ®¯à¥¤¥«¥−¨¨ ®è¨¡®ç−ëå ¢¥â¢¥© −¥®¡å®¤¨¬® §�¯¨-
áë¢�âì ¨å ®¯¨á�â¥«ì ¢¥â¢«¥−¨ï ¢ �„ ¯à¥æ¥¤¥−â®¢. „�−−�ï ¯à®æ¥¤ãà� ¤®«¦−�
¢ë¯®«−ïâìáï −¥ ¤«ï ¢á¥å ¢¥â¢«¥−¨©, � â®«ìª® ¤«ï ¨å −¥ª®â®à®£® ¯®¤ª«�áá�,
à�§¡®à ¢¥â¢«¥−¨© ¨§ ª®â®à®£® ¢á¥£¤� §�¢¥àè�¥âáï ®¤−®§−�ç−ë¬ ®¡à�§®¬. „«ï
®¯à¥¤¥«¥−¨ï íâ®£® ¯®¤ª«�áá� ¤®«¦−� ¡ëâì ¯à®¢¥¤¥−� ª«�áá¨ä¨ª�æ¨ï ¢¥â¢«¥-
−¨©.

2. �¥®¡å®¤¨¬® á«¥¤ãîé¨¬ ®¡à�§®¬ ¬®¤¨ä¨æ¨à®¢�âì ®â−®è¥−¨¥ ¯®àï¤ª� µ −�
¬−®¦¥áâ¢¥ ¢�à¨�−â®¢: ¥á«¨ Size(V1) = Size(V2), −® ¢¥â¢«¥−¨¥, á®®â¢¥â-
áâ¢ãîé¥¥ ¢�à¨�−âã V1, ¯à¨áãâáâ¢ã¥â ¢ �„ ¯à¥æ¥¤¥−â®¢ ¨ ¯®¬¥ç¥−® ª�ª
®è¨¡®ç−®¥, � ¤«ï V2 íâ® −¥ â�ª, â® µ(V1) < µ(V2).

5 Классификация видов ветвлений

�−�«¨§ ¢¥â¢«¥−¨© ¯à¨ ®¡à�¡®âª¥ â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�¯à�¢-
«¥−−®áâ¨ ¯®ª�§ë¢�¥â, çâ® ¢¥â¢«¥−¨ï ¢ë§ë¢�îâáï á«¥¤ãîé¨¬¨ ¯à¨ç¨−�¬¨.

1. �¥®¤−®§−�ç−®áâì àãááª®£® ï§ëª�: ¢¥â¢«¥−¨ï, ¢ë§¢�−−ë¥ íâ®© ¯à¨ç¨−®©,
¡ã¤ãâ ¨−â¥à¯à¥â¨à®¢�âìáï ’-¯�àá¥à®¬ ¯®-à�§−®¬ã ¢ à�§−ëå á¨âã�æ¨ïå ¨, á®-
®â¢¥âáâ¢¥−−®, ¯®à®¦¤�âì ª�ª ãá¯¥è−ë¥, â�ª ¨ −¥ãá¯¥è−ë¥ ¢¥â¢¨.

2. �¥¤®áâ�â®ç−�ï â®ç−®áâì ¯à®æ¥¤ãàë «¨−¥©−®£® ã¯®àï¤®ç¥−¨ï £à�¬¬�â¨ª¨ [9],
¢ à¥§ã«ìâ�â¥ ª®â®à®© ¯à�¢¨«ã á ä�ªâ¨ç¥áª¨ ¡®«¥¥ ¢ëá®ª¨¬ ¯à¨®à¨â¥â®¬ −�-
§−�ç�¥âáï â®â ¦¥ ãà®¢¥−ì, çâ® ¨ ¯à�¢¨«ã á ä�ªâ¨ç¥áª¨ ¡®«¥¥ −¨§ª¨¬ ¯à¨-
®à¨â¥â®¬. ‚¥â¢«¥−¨ï, ¢ë§¢�−−ë¥ íâ®© ¯à¨ç¨−®©, ¡ã¤ãâ ¢á¥£¤� ®¤¨−�ª®¢®
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�«¥¬¥−âë á�¬®®¡ãç¥−¨ï ¢ á¨áâ¥¬¥ ¨§¢«¥ç¥−¨ï ¡¨®£à�ä¨ç¥áª¨å ä�ªâ®¢ ’-¯�àá¥à

¨−â¥à¯à¥â¨à®¢�âìáï ’-¯�àá¥à®¬ ¢ «î¡ëå á¨âã�æ¨ïå ¨, á®®â¢¥âáâ¢¥−−®, ¯®-
à®¦¤�âì â®«ìª® ãá¯¥è−ë¥ ¨«¨ â®«ìª® −¥ãá¯¥è−ë¥ ¢¥â¢¨.

3. ˆ§¡ëâ®ç−®áâì £à�¬¬�â¨ª¨, çâ® −¥¨§¡¥¦−® ¯à¨ ®¤−®¢à¥¬¥−−®¬ −¥§�¢¨á¨¬®¬
á®§¤�−¨¨ ¯à�¢¨« ¢ë¤¥«¥−¨ï ä�ªâ®¢ ¬−®¦¥áâ¢®¬ −¥ á¢ï§�−−ëå ¬¥¦¤ã á®¡®©
¨áá«¥¤®¢�â¥«¥©. ‚¥â¢«¥−¨ï, ¢ë§¢�−−ë¥ íâ®© ¯à¨ç¨−®©, ¡ã¤ãâ ¢á¥£¤� ®¤¨−�-
ª®¢® ¨−â¥à¯à¥â¨à®¢�âìáï ’-¯�àá¥à®¬, ¨ ¯®à®¦¤¥−−ë¥ íâ®© ¯à¨ç¨−®© ¢¥â¢¨
−¨ª®£¤� −¥ ¡ã¤ãâ ®â¡à�áë¢�âìáï ª�ª ®è¨¡®ç−ë¥. ‘â�âãá â�ª¨å ¢¥â¢¥© ¡ã¤¥â
¢á¥£¤� úãá¯¥è−ë¬û ¨«¨ úãá«®¢−® −¥ãá¯¥è−ë¬û.

�¥à¢�ï ª�â¥£®à¨ï ¤®«¦−� ¨áª«îç�âìáï ¨§ ®¡ãç�îé¥© ¢ë¡®àª¨, ¯®áª®«ì-
ªã, ª�ª ãª�§�−® ¢ëè¥, −¥ ¬®¦¥â ª®àà¥ªâ−® ®¡à�¡�âë¢�âìáï ¡¥§ ¯à¨¬¥−¥−¨ï
¢¥à®ïâ−®áâ−ëå ¬¥â®¤®¢. ‚â®à�ï ¨ âà¥âìï ª�â¥£®à¨¨ ¤®«¦−ë ¡ëâì ¢ª«îç¥−ë
¢ ®¡ãç�îéãî ¢ë¡®àªã, ¯®áª®«ìªã ®¡à�¡�âë¢�îâáï ®¤−®§−�ç−®. �®íâ®¬ã ¤«ï
ä®à¬¨à®¢�−¨ï �„ ¯à¥æ¥¤¥−â®¢ ¤®«¦−ë ¡ëâì ¢ëà�¡®â�−ë ªà¨â¥à¨¨, á ¢ëá®ª®©
¢¥à®ïâ−®áâìî ®âá¥ª�îé¨¥ ¢¥â¢«¥−¨ï ¯¥à¢®© ª�â¥£®à¨¨.

6 Принципы фильтрации ветвлений при формировании
базы данных прецедентов

„«ï ãá¯¥è−®£® ä®à¬¨à®¢�−¨ï �„ ¯à¥æ¥¤¥−â®¢ −¥®¡å®¤¨¬� ¯à®æ¥¤ãà� −�-
¤¥¦−®© ä¨«ìâà�æ¨¨ ¢¥â¢«¥−¨©, ¯®§¢®«ïîé�ï ®âá¥çì ¢¥â¢«¥−¨ï, ¢ë§¢�−−ë¥ −¥-
®¤−®§−�ç−®áâìî ï§ëª� ¨ ¯à¨¢®¤ïé¨¥ ¤«ï ®¤−®£® ¨ â®£® ¦¥ ®¯¨á�â¥«ï ¢¥â¢«¥−¨ï
¢ à�§−ëå á¨âã�æ¨ïå ª à�§«¨ç−ë¬ ¨−â¥à¯à¥â�æ¨ï¬, â. ¥. ª à�§«¨ç−ë¬ ¢�à¨�−â�¬
¢ë¡®à� à¥§ã«ìâ¨àãîé¥© ¢¥â¢¨. �âá¥ç¥−¨¥ ¤®«¦−® ¯à®¢®¤¨âìáï ¯® ®£à�−¨-
ç¥−−®© ¢ë¡®àª¥ −�¡«î¤¥−¨©, áä®à¬¨à®¢�−−®© ¢ à�¬ª�å ®¡à�¡®âª¨ ®¡ãç�îé¥©
¢ë¡®àª¨, −¥ ¯®§¢®«ïîé¥© ¢ á¨«ã á¢®¥£® ®¡ê¥¬� ¢ëï¢¨âì ¢á¥ ä�ªâë à�§«¨ç−®©
¨−â¥à¯à¥â�æ¨¨ ª�¦¤®£® ®¯¨á�â¥«ï ¢¥â¢«¥−¨ï. „�−−�ï §�¤�ç� áå®¤−� á §�¤�ç¥©
áâ�â¨áâ¨ç¥áª®£® ¯à¨¥¬®ç−®£® ª®−âà®«ï ¯® �«ìâ¥à−�â¨¢−®¬ã ¯à¨§−�ªã. ‘â�â¨-
áâ¨ç¥áª¨© ¯à¨¥¬®ç−ë© ª®−âà®«ì | íâ® ª®−âà®«ì ª�ç¥áâ¢� ª®−¥ç−®© £¥−¥à�«ì−®©
á®¢®ªã¯−®áâ¨ ¨§¤¥«¨© (¯�àâ¨¨), ¯à®¢®¤¨¬ë© −� ®á−®¢¥ ¢ë¡®à®ª ®£à�−¨ç¥−−®£®
®¡ê¥¬�. �− ®á−®¢�− −� ¯à¨¬¥−¥−¨¨ ¬¥â®¤®¢ ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨ [12].
�à¨¬¥−¨â¥«ì−® ª �„ ¯à¥æ¥¤¥−â®¢ ¯à¨¬¥−¥−¨¥ ¬¥â®¤®¢ áâ�â¨áâ¨ç¥áª®£® ª®−âà®«ï
®§−�ç�¥â:

{ ¯®¤ ¨§¤¥«¨¥¬ ¯®−¨¬�¥¬ ¢¥â¢«¥−¨¥ á ¤�−−ë¬ ®¯¨á�â¥«¥¬;
{ ¯®¤ ¯�àâ¨¥© ¨§¤¥«¨© ®¡ê¥¬®¬ N ¯®−¨¬�¥¬ á®¢®ªã¯−®áâì ¢á¥å ¢¥â¢«¥−¨©

á ¤�−−ë¬ ®¯¨á�â¥«¥¬, ¢®§−¨ªè¨å ¢ ¯à®æ¥áá¥ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£® ¨á-
á«¥¤®¢�−¨ï;

{ ¢ á®¢®ªã¯−®áâ¨ ®¡ê¥¬®¬ n + 1 ¢á¥å ¢¥â¢«¥−¨© á ¤�−−ë¬ ®¯¨á�â¥«¥¬, ¢®§-
−¨ªè¨å ¢ ¯à®æ¥áá¥ à�§¡®à� ®¡ãç�îé¥© ¢ë¡®àª¨, ¯¥à¢®¥ ¢¥â¢«¥−¨¥ ¡ã¤¥¬
−�§ë¢�âì ®¯à¥¤¥«ïîé¨¬, � ®áâ�«ì−ë¥ | ¢ë¡®àª®© ®¡ê¥¬®¬ n;

{ ¯®¤ ¤¥ä¥ªâ®¬ ¢¥â¢«¥−¨ï ¡ã¤¥¬ ¯®−¨¬�âì à¥§ã«ìâ�â ¥£® ¨−â¥à¯à¥â�æ¨¨, ¯à®-
â¨¢®à¥ç�é¨© à¥§ã«ìâ�âã ¨−â¥à¯à¥â�æ¨¨ ®¯à¥¤¥«ïîé¥£® ¢¥â¢«¥−¨ï;

{ ¯à¨¥¬®ç−®¥ ç¨á«® Ac (¯�àâ¨ï ¯à¨−¨¬�¥âáï, ¥á«¨ ç¨á«® ¤¥ä¥ªâ−ëå ¥¤¨−¨æ
¯à®¤ãªæ¨¨ ¢ ¢ë¡®àª¥ ¬¥−ìè¥ ¨«¨ à�¢−® Ac, ¨ ¡à�ªã¥âáï, ¥á«¨ ¡®«ìè¥ Ac)
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¯à¨−¨¬�¥¬ à�¢−ë¬ −ã«î, ¯®áª®«ìªã −�«¨ç¨¥ ¤�¦¥ ®¤−®£® ¤¥ä¥ªâ� ¢ ¢ë¡®àª¥
¤«ï ¤�−−®£® ®¯¨á�â¥«ï ¢¥â¢«¥−¨ï ®¤−®§−�ç−® ®â−®á¨â ¥£® ª ¯¥à¢®¬ã â¨¯ã;

{ ¯®¤ ãà®¢−¥¬ ¤¥ä¥ªâ−®áâ¨ ¯�àâ¨¨ ¡ã¤¥¬ ¯®−¨¬�âì ¤®«î −¥¢¥à−ëå ¨−â¥à¯à¥â�-
æ¨© ¤«ï ¢¥â¢«¥−¨© á ¤�−−ë¬ ®¯¨á�â¥«¥¬ §� ¢¥áì ¯¥à¨®¤ ¯à®¢¥¤¥−¨ï ¨áâ®à¨ª®-
¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï; ¤�−−ë© ¯®ª�§�â¥«ì ¤®«¦¥− á®®â¢¥âáâ¢®¢�âì
¯®ª�§�â¥«ï¬ ª�ç¥áâ¢� à�á¯®§−�¢�−¨ï ’-¯�àá¥à� ¢ æ¥«®¬, � ¯®áª®«ìªã F-¬¥à�
¤«ï ’-¯�àá¥à� ¯à¥¢ëè�¥â 80%, ¡à�ª®¢®ç−ë© ãà®¢¥−ì £®¤−®áâ¨ qm æ¥«¥á®-
®¡à�§−® ãáâ�−®¢¨âì à�¢−ë¬ 1− F ≈ 20%;

{ §−�ç¥−¨ï ¤«ï à¨áª� ¯®áâ�¢é¨ª� α (¢¥à®ïâ−®áâ¨ â®£®, çâ® ¯�àâ¨ï ¬®¦¥â ¡ëâì
®è¨¡®ç−® §�¡à�ª®¢�−�) ¨ à¨áª� ¯®âà¥¡¨â¥«ï β (¢¥à®ïâ−®áâ¨ â®£®, çâ® ¯�àâ¨ï
¬®¦¥â ¡ëâì ®è¨¡®ç−® ¯à¨−ïâ�) ¯à¨−¨¬�¥¬ ®¡ëç−ë¬¨ ¤«ï §�¤�ç ¯®¤®¡−®£®
à®¤�: α = 0,05 ¨ β = 0,10 [13].

�®áª®«ìªã ®¡ê¥¬ ¢ë¡®àª¨ ¬�« ¨ ¤®«ï ¤¥ä¥ªâ−ëå ¨§¤¥«¨© â�ª¦¥ ¬�«�,
¤«ï ®¯à¥¤¥«¥−¨ï ®¡ê¥¬� ¢ë¡®àª¨ ¯à¨ ®¤−®áâã¯¥−ç�â®¬ ª®−âà®«¥ ¬®¦¥â ¡ëâì
¨á¯®«ì§®¢�−® à�á¯à¥¤¥«¥−¨¥ �ã�áá®−� [12]:

Ac
∑

i=0

pnie−pn

i!
= β . (1)

„«ï Ac = 0 ä®à¬ã«� (1) ¯®á«¥ «®£�à¨ä¬¨à®¢�−¨ï ¯à¨−¨¬�¥â ¢¨¤:

n = − lnβ

qm
.

�®áª®«ìªã β = 0,1 ¨ qm = 0,2, ¬¨−¨¬�«ì−ë© ®¡ê¥¬ ¢ë¡®àª¨ nmin á®áâ�¢«ï-
¥â 12 í«¥¬¥−â®¢.

�à¨¬¥−¨â¥«ì−® ª ¯à®¡«¥¬¥ ä®à¬¨à®¢�−¨ï �„ ¯à¥æ¥¤¥−â®¢ íâ® ®§−�ç�¥â, çâ®
¢¥â¢«¥−¨ï, ®¯¨á�â¥«¨ ª®â®àëå ¡ë«¨ §�ä¨ªá¨à®¢�−ë ¯à¨ ®¡à�¡®âª¥ ®¡ãç�îé¥©
¢ë¡®àª¨ ¬¥−¥¥ nmin + 1 à�§ (á ãç¥â®¬ ®¯à¥¤¥«ïîé¥£® ¢¥â¢«¥−¨ï), ¤®«¦−ë ®âá¥-
ª�âìáï, ¯®áª®«ìªã ¯® −¨¬ −¥«ì§ï á¤¥«�âì ¤®áâ®¢¥à−®£® ¢ë¢®¤� ® ¯à¨−�¤«¥¦−®áâ¨
¨å ª ¯¥à¢®© ª�â¥£®à¨¨ ¢¥â¢«¥−¨©.

7 Алгоритм формирования базы данных прецедентов

�®áª®«ìªã £à�¬¬�â¨ª� ¬®¦¥â á®áâ®ïâì ¨§ −¥áª®«ìª¨å −¥§�¢¨á¨¬ëå −�¡®à®¢
¯à�¢¨«, ¤«ï ª�¦¤®£® â�ª®£® −�¡®à� ¯à®¢®¤¨âáï á«¥¤ãîé�ï ¯à®æ¥¤ãà�.

1. �® à¥§ã«ìâ�â�¬ ®¡à�¡®âª¨ ®¡ãç�îé¥© ¢ë¡®àª¨ â¥ªáâ®¢ ä®à¬¨àã¥âáï −�¡®à
®¯¨á�â¥«¥© ¢á¥å ¯à®¨§®è¥¤è¨å ¢¥â¢«¥−¨©.

2. �®áª®«ìªã ãá«®¢−® −¥ãá¯¥è−ë© áâ�âãá −�§−�ç�¥âáï ¯à®¨§¢®«ì−®, ¢ −�¡®à¥
®¯¨á�â¥«¥© ¬®£ãâ ¯à¨áãâáâ¢®¢�âì ®¯¨á�â¥«¨ ¢¥â¢«¥−¨© á ®¤¨−�ª®¢®© å�-
à�ªâ¥à¨áâ¨ª®© ¢�à¨�−â�, −® á ¯à®â¨¢®¯®«®¦−ë¬¨ áâ�âãá�¬¨ ¤«ï ¢¥â¢¥©:
−¥ãá¯¥è−®© ¢¥â¢¨ ¯¥à¢®£® ¢¥â¢«¥−¨ï á®®â¢¥âáâ¢ã¥â ãá¯¥è−�ï ¢¥â¢ì ¢â®à®£®,
� ãá¯¥è−�ï ¢¥â¢ì ¯¥à¢®£® | ãá«®¢−® −¥ãá¯¥è−®© ¢â®à®£®. ‚ íâ®¬ á«ãç�¥
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�«¥¬¥−âë á�¬®®¡ãç¥−¨ï ¢ á¨áâ¥¬¥ ¨§¢«¥ç¥−¨ï ¡¨®£à�ä¨ç¥áª¨å ä�ªâ®¢ ’-¯�àá¥à

ª®àà¥ªâ¨àãîâáï ®¯¨á�â¥«¨ ¢â®à®£® ¢¥â¢«¥−¨ï: ¢¥â¢ï¬, á®®â¢¥âáâ¢ãîé¨¬ −¥-
ãá¯¥è−ë¬ ¢¥â¢ï¬ ¯¥à¢®£® ¢¥â¢«¥−¨ï, ãáâ�−�¢«¨¢�¥âáï −¥ãá¯¥è−ë© áâ�âãá,
� ¢¥â¢¨, á®®â¢¥âáâ¢ãîé¥© ãá¯¥è−®© ¢¥â¢¨ ¯¥à¢®£® ¢¥â¢«¥−¨ï, ãáâ�−�¢«¨¢�-
¥âáï ãá¯¥è−ë© áâ�âãá.

3. „«ï ª�¦¤®£® ã−¨ª�«ì−®£® ®¯¨á�â¥«ï ¯®¤áç¨âë¢�¥âáï ç¨á«® ¥£® ¢å®¦¤¥−¨©
¢ −�¡®à.

4. �¯¨á�â¥«¨ á ç¨á«®¬ ¢å®¦¤¥−¨© −¥ ¡®«¥¥ nmin ®â¡à�áë¢�îâáï, � ¯à®ç¨¥
¯®¬¥é�îâáï ¢ �„ ¯à¥æ¥¤¥−â®¢.

8 Экспериментальная проверка модифицированного алгоритма

Š�ª á«¥¤ã¥â ¨§ ¯à¨¢¥¤¥−−®£® ¢ëè¥ á¯¨áª� ¯à®¡«¥¬, ¢®§¬®¦−® ¢ë§¢�−−ëå ¨á-
¯®«ì§®¢�−¨¥¬ ¬¥å�−¨§¬®¢ á�¬®®¡ãç¥−¨ï, ¯à®¢¥àª¥ ¯®¤«¥¦�â á«¥¤ãîé¨¥ ä�ªâë:

{ ®âáãâáâ¢¨¥ ú¯à®¡«¥¬ë ¯¥à¥®¡ãç¥−¨ïû, â. ¥. áà�¢−¨¬®áâì à¥§ã«ìâ�â®¢ ®¡à�-
¡®âª¨ ®¡ãç�îé¥© ¨ â¥áâ®¢®© ¢ë¡®à®ª;

{ ®âáãâáâ¢¨¥ ¯à®¡«¥¬ë ¯à®â¨¢®à¥ç¨¢®áâ¨ ¤�−−ëå, â. ¥. ª®àà¥ªâ−®áâì ªà¨â¥à¨ï
ä®à¬¨à®¢�−¨ï �„ ¯à¥æ¥¤¥−â®¢;

{ ®âáãâáâ¢¨¥ ®è¨¡®ª ®¡à�¡®âª¨, ¢®§−¨ª�îé¨å §� áç¥â ®¯®àë −� ¯à¨−æ¨¯ë ¯®-
áâà®¥−¨ï ¨−¤ãªâ¨¢−ëå á¨áâ¥¬, â. ¥. ¯à¨−æ¨¯¨�«ì−�ï ¯à¨¬¥−¨¬®áâì ®¯¨á�−-
−®£® �«£®à¨â¬� á�¬®®¡ãç¥−¨ï ¤«ï §�¤�ç �¢â®¬�â¨ç¥áª®£® ¨§¢«¥ç¥−¨ï ä�ªâ®¢
¨§ â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£® á®¤¥à¦�−¨ï −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥.

�¥à¢�ï §�¤�ç� à¥è�¥âáï §� áç¥â áà�¢−¥−¨ï à¥§ã«ìâ�â®¢ ®¡à�¡®âª¨ ®¡ãç�îé¥©
¨ â¥áâ®¢®© ¢ë¡®à®ª ¯® â�ª®¬ã ¯®ª�§�â¥«î, ª�ª ®â−®á¨â¥«ì−®¥ á−¨¦¥−¨¥ ¢à¥¬¥−¨
®¡à�¡®âª¨ §� áç¥â ¨á¯®«ì§®¢�−¨ï �„ ¯à¥æ¥¤¥−â®¢.

‚â®à�ï ¨ âà¥âìï §�¤�ç¨ à¥è�îâáï §� áç¥â áà�¢−¥−¨ï à¥§ã«ìâ�â®¢ ®¡à�¡®âª¨
â¥ªáâ®¢ á ¨á¯®«ì§®¢�−¨¥¬ ¨ ¡¥§ ¨á¯®«ì§®¢�−¨ï �„ ¯à¥æ¥¤¥−â®¢ ¯® ¯®ª�§�â¥«ï¬
ª�ç¥áâ¢� à�á¯®§−�¢�−¨ï.

‚ ª�ç¥áâ¢¥ ®¡ãç�îé¥© ¢ë¡®àª¨ ¡ë« ¢§ïâ −�¡®à äà�£¬¥−â®¢ â¥ªáâ®¢ ¨áâ®à¨ª®-
¡¨®£à�ä¨ç¥áª®£® á®¤¥à¦�−¨ï ®¡é¨¬ ®¡ê¥¬®¬ ®ª®«® 430 Š�. �¡à�¡®âª� ¢ëï¢¨«�
¢ ¤�−−®¬ −�¡®à¥ 402 á«ãç�ï ¢¥â¢«¥−¨ï, ª®â®àë¬ á®®â¢¥âáâ¢®¢�«¨ 69 ã−¨ª�«ì−ëå
®¯¨á�â¥«¥© ¢¥â¢«¥−¨ï. ˆ§ íâ¨å ®¯¨á�â¥«¥© â®«ìª® ã 8 ç¨á«® ¢¥â¢«¥−¨© ¯à¥¢ëá¨-
«® nmin, −® á®¢®ªã¯−®¥ ç¨á«® ¢¥â¢«¥−¨© ¤«ï −¨å | 268, çâ® á®áâ�¢«ï¥â 66,6% ®â
®¡é¥£® ç¨á«� ¢¥â¢«¥−¨©. ��àá¨−£ ¤�−−®£® −�¡®à� ¢ à¥¦¨¬¥ â¥áâ¨à®¢�−¨ï ¯®ª�-
§�« á−¨¦¥−¨¥ ¢à¥¬¥−¨ ®¡à�¡®âª¨ −� 12,4% ¯® áà�¢−¥−¨î á ¯�àá¨−£®¬ ¢ à¥¦¨¬¥
®¡ãç¥−¨ï.

�®áª®«ìªã à�áç¥â ª�ç¥áâ¢� à�á¯®§−�¢�−¨ï, ¢ëà�¦¥−−®£® ¢ §−�ç¥−¨¨ F-¬¥àë,
âà¥¡ã¥â àãç−®£® ¢ë¤¥«¥−¨ï ä�ªâ®¢ ¨§ ®¡à�¡�âë¢�¥¬®£® â¥ªáâ� ¤«ï ¯®á«¥¤ãîé¥£®
áà�¢−¥−¨ï à¥§ã«ìâ�â®¢ á à¥§ã«ìâ�â�¬¨ ¯�àá¨−£�, � −� ¡®«ìè¨å ®¡ê¥¬�å â¥ªáâ�
íâ� ¯à®æ¥¤ãà� ï¢«ï¥âáï ¢¥áì¬� âàã¤®¥¬ª®©, ¡ë«® ¯à¨−ïâ® à¥è¥−¨¥ ®¯¥à¥âìáï −�
¨§¢¥áâ−®¥ §−�ç¥−¨¥ ¯®ª�§�â¥«¥© ª�ç¥áâ¢� ¤«ï −¥¬®¤¨ä¨æ¨à®¢�−−®£® �«£®à¨â¬�
¨ ®£à�−¨ç¨âìáï áà�¢−¥−¨¥¬ ¯¥à¥ç−¥© �¢â®¬�â¨ç¥áª¨ ¨§¢«¥ç¥−−ëå ä�ªâ®¢ ¤«ï
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®¡®¨å à¥¦¨¬®¢. ‚ à¥§ã«ìâ�â¥ ®¡à�¡®âª¨ ®¡ãç�îé¥© ¢ë¡®àª¨ ¡¥§ ¨á¯®«ì§®¢�−¨ï
�„ ¯à¥æ¥¤¥−â®¢ (¢ à¥¦¨¬¥ ®¡ãç¥−¨ï) ¨ ®¡à�¡®âª¨ á ¨á¯®«ì§®¢�−¨¥¬ �„ ¯à¥-
æ¥¤¥−â®¢ (¢ à¥¦¨¬¥ â¥áâ¨à®¢�−¨ï) ¡ë«¨ áä®à¬¨à®¢�−ë ¨¤¥−â¨ç−ë¥ áâàãªâãàë
¨§ 2460 ¤¥à¥¢ì¥¢ ä�ªâ®¢ á 3739 «¨áâìï¬¨ (�â®¬�à−ë¬¨ ä�ªâ�¬¨) [6]. ’�ª¨¬
®¡à�§®¬, à�§«¨ç¨© ¢ ª�ç¥áâ¢¥ à�á¯®§−�¢�−¨ï ¯à¨ ®¡à�¡®âª¥ ®¡ãç�îé¥© ¢ë¡®àª¨
¢ à¥¦¨¬�å á ¨á¯®«ì§®¢�−¨¥¬ ¨ ¡¥§ ¨á¯®«ì§®¢�−¨ï �„ ¯à¥æ¥¤¥−â®¢ −¥ ¢ëï¢-
«¥−®.

‚ ª�ç¥áâ¢¥ â¥áâ®¢®© ¢ë¡®àª¨ ¡ë« ¢§ïâ −�¡®à â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥-
áª®£® á®¤¥à¦�−¨ï ®¡é¨¬ ®¡ê¥¬®¬ ®ª®«® 1770 Š�. �¡à�¡®âª� ¢ëï¢¨«� ¢ ¤�−−®¬
−�¡®à¥ 1321 á«ãç�© ¢¥â¢«¥−¨ï, ª®â®àë¬ á®®â¢¥âáâ¢®¢�«¨ 77 ã−¨ª�«ì−ëå ®¯¨á�â¥-
«¥© ¢¥â¢«¥−¨ï. ˆ§ íâ¨å ®¯¨á�â¥«¥© â®«ìª® ã 19 ç¨á«® ¢¥â¢«¥−¨© ¯à¥¢ëá¨«® nmin,
−® á®¢®ªã¯−®¥ ç¨á«® ¢¥â¢«¥−¨© ¤«ï −¨å | 981, çâ® á®áâ�¢«ï¥â 74,3% ®â ®¡é¥-
£® ç¨á«� ¢¥â¢«¥−¨©. ��àá¨−£ ¤�−−®£® −�¡®à� ¢ à¥¦¨¬¥ â¥áâ¨à®¢�−¨ï ¯®ª�§�«
á−¨¦¥−¨¥ ¢à¥¬¥−¨ ®¡à�¡®âª¨ −� 10,1% ¯® áà�¢−¥−¨î á ¯�àá¨−£®¬ ¢ à¥¦¨¬¥
®¡ãç¥−¨ï.

�® ¢ëè¥®¯¨á�−−ë¬ ¯à¨ç¨−�¬ áà�¢−¥−¨¥ ª�ç¥áâ¢� à�á¯®§−�¢�−¨ï −� â¥áâ®-
¢®© ¢ë¡®àª¥ ¢ à¥¦¨¬�å á ¨á¯®«ì§®¢�−¨¥¬ ¨ ¡¥§ ¨á¯®«ì§®¢�−¨ï �„ ¯à¥æ¥¤¥−â®¢
â�ª¦¥ ¯à®¨§¢®¤¨«®áì áà�¢−¥−¨¥¬ ¯¥à¥ç−¥© �¢â®¬�â¨ç¥áª¨ ¨§¢«¥ç¥−−ëå ä�ªâ®¢
¤«ï ®¡®¨å à¥¦¨¬®¢. ‚ à¥§ã«ìâ�â¥ ®¡à�¡®âª¨ â¥áâ®¢®© ¢ë¡®àª¨ ¡¥§ ¨á¯®«ì-
§®¢�−¨ï �„ ¯à¥æ¥¤¥−â®¢ (¢ à¥¦¨¬¥ ®¡ãç¥−¨ï) ¡ë«� áä®à¬¨à®¢�−� áâàãªâãà�
¨§ 8440 ¤¥à¥¢ì¥¢ ä�ªâ®¢ á 12 826 «¨áâìï¬¨ (�â®¬�à−ë¬¨ ä�ªâ�¬¨). ‚ à¥§ã«ìâ�â¥
¥¥ ®¡à�¡®âª¨ á ¨á¯®«ì§®¢�−¨¥¬ �„ ¯à¥æ¥¤¥−â®¢ (¢ à¥¦¨¬¥ â¥áâ¨à®¢�−¨ï) ¡ë«�
áä®à¬¨à®¢�−� áâàãªâãà� ¨§ 8439 ¤¥à¥¢ì¥¢ ä�ªâ®¢ á 12 821 «¨áâìï¬¨ (�â®¬�à-
−ë¬¨ ä�ªâ�¬¨). ‘âàãªâãàë ®â«¨ç�îâáï −� 1 ¤¥à¥¢® ä�ªâ®¢ á 5 «¨áâìï¬¨, çâ®
á®áâ�¢«ï¥â ¬¥−¥¥ 0,04%. ’�ª¨¬ ®¡à�§®¬, à�§«¨ç¨ï ¢ ª�ç¥áâ¢¥ à�á¯®§−�¢�−¨ï ¯à¨
®¡à�¡®âª¥ â¥áâ®¢®© ¢ë¡®àª¨ ¢ à¥¦¨¬�å á ¨á¯®«ì§®¢�−¨¥¬ ¨ ¡¥§ ¨á¯®«ì§®¢�−¨ï
�„ ¯à¥æ¥¤¥−â®¢ ¬®¦−® áç¨â�âì −¥áãé¥áâ¢¥−−ë¬¨.

‚ à¥§ã«ìâ�â¥ ¬®¦−® ª®−áâ�â¨à®¢�âì ¯à�ªâ¨ç¥áª¨ ¯®«−®¥ á®¢¯�¤¥−¨¥ à¥§ã«ì-
â�â®¢ ®¡à�¡®âª¨ â¥ªáâ®¢ á ¨á¯®«ì§®¢�−¨¥¬ ¨ ¡¥§ ¨á¯®«ì§®¢�−¨ï �„ ¯à¥æ¥¤¥−â®¢
¯® ¯®ª�§�â¥«ï¬ ª�ç¥áâ¢� à�á¯®§−�¢�−¨ï ¨ ¡«¨§®áâì (á ãç¥â®¬ áâ¥¯¥−¨ −�áëé¥−-
−®áâ¨ â¥ªáâ� â®çª�¬¨ ¢¥â¢«¥−¨ï) à¥§ã«ìâ�â®¢ ®¡à�¡®âª¨ ®¡ãç�îé¥© ¨ â¥áâ®¢®©
¢ë¡®à®ª ¯® â�ª®¬ã ¯®ª�§�â¥«î, ª�ª ®â−®á¨â¥«ì−®¥ á−¨¦¥−¨¥ ¢à¥¬¥−¨ ®¡à�¡®âª¨
§� áç¥â ¨á¯®«ì§®¢�−¨ï �„ ¯à¥æ¥¤¥−â®¢.

9 Выводы

�à®¢¥àª� ¯®ª�§�«�, çâ® ¯à®¢¥¤¥−−�ï ¬®¤¨ä¨ª�æ¨ï �«£®à¨â¬� á¨áâ¥¬ë ’-¯�à-
á¥à §� áç¥â ¢−¥¤à¥−¨ï ¢ −¥£® í«¥¬¥−â®¢ á�¬®®¡ãç¥−¨ï ¯®§¢®«ï¥â §−�ç¨â¥«ì−® á−¨-
§¨âì ¢à¥¬ï ®¡à�¡®âª¨ á á®åà�−¥−¨¥¬ ¢ëá®ª®£® ª�ç¥áâ¢� �¢â®¬�â¨ç¥áª®£® ¨§¢«¥-
ç¥−¨ï ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£® á®¤¥à¦�−¨ï −� ¥áâ¥áâ¢¥−−®¬
ï§ëª¥.

‘¨áâ¥¬� ’-¯�àá¥à ¬®¦¥â ¡ëâì ¡¥á¯à¥¯ïâáâ¢¥−−® ¨á¯®«ì§®¢�−� ¢ â¥å−®«®£¨¨
�¢â®¬�â¨§�æ¨¨ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, ¯à¥¤ãá¬�âà¨¢�îé¥©
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�«¥¬¥−âë á�¬®®¡ãç¥−¨ï ¢ á¨áâ¥¬¥ ¨§¢«¥ç¥−¨ï ¡¨®£à�ä¨ç¥áª¨å ä�ªâ®¢ ’-¯�àá¥à

®¤−®¢à¥¬¥−−®¥ −¥§�¢¨á¨¬®¥ á®§¤�−¨¥ ¯à�¢¨« ¢ë¤¥«¥−¨ï ä�ªâ®¢ ¬−®¦¥áâ¢®¬ −¥
á¢ï§�−−ëå ¬¥¦¤ã á®¡®© ¨áá«¥¤®¢�â¥«¥©.
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Abstract: The article focuses on the further development of the system of facts
automatic extraction from historical texts T-parser which is a component of
the technology of historical and biographical research automation. The article
outlines the ways to increase the parsing speed by using machine learning. The
chosen forms of machine learning are described and reasoned and the possible
problems are formulated. The classification of parsing bifurcations is given. The
mechanism of filtering for the precedent database creation based on the methods
of statistical quality control on an alternative basis is described and reasoned.
The description of the updated parsing algorithm and experimental verification
of its effectiveness in comparison with the previous version carried out with real
historical texts are adduced. The results of experiments which confirm high
efficiency of the updated algorithm and its applicability to the technology of
historical and biographical research automation are described. The technology is
intended for a broad range of nonprofessional users, which is topical with regard
to the increasing public interest to family history.
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НАДКОРПУСНАЯ БАЗА ДАННЫХ КОННЕКТОРОВ:
РАЗВИТИЕ СИСТЕМЫ ТЕРМИНОВ ПРОЕКТИРОВАНИЯ∗

И. М. Зацман1, М. Г. Кружков2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï §�¤�ç� à�§¢¨â¨ï á¨áâ¥¬ë â¥à¬¨−®¢, ®à¨¥−â¨à®-
¢�−−®£® −� ¯à®¥ªâ¨à®¢�−¨¥ −�¤ª®à¯ãá−®© ¡�§ë ¤�−−ëå (��„) ª®−−¥ªâ®à®¢,
ª®â®à�ï ¯à¥¤áâ�¢«ï¥â á®¡®© −®¢ãî ª�â¥£®à¨î ¨−ä®à¬�æ¨®−−ëå «¨−£¢¨áâ¨ç¥-
áª¨å à¥áãàá®¢. ��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå á®¤¥à¦¨â ¯�à�««¥«ì−ë¥ ¢ëà®¢−¥−-
−ë¥ â¥ªáâë, ¢ ª®â®àëå ®¤−®¬ã ¨«¨ −¥áª®«ìª¨¬ ¯à¥¤«®¦¥−¨ï¬ ®à¨£¨−�«ì−ëå
â¥ªáâ®¢ ¯®áâ�¢«¥−ë ¢ á®®â¢¥âáâ¢¨¥ ®¤−® ¨«¨ −¥áª®«ìª® ¯à¥¤«®¦¥−¨© ¨å ¯¥-
à¥¢®¤®¢. ��¤ª®à¯ãá−ë¥ ¡�§ë ¤�−−ëå ¯à¥¤−�§−�ç¥−ë ¤«ï �−−®â¨à®¢�−¨ï
è¨à®ª®£® á¯¥ªâà� ï§ëª®¢ëå ¥¤¨−¨æ (Ÿ…), −® ¢ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�¥âáï
§�¤�ç� �−−®â¨à®¢�−¨ï ª®−−¥ªâ®à®¢. •�à�ªâ¥à−�ï ç¥àâ� ��„ á®áâ®¨â ¢ â®¬,
çâ® ¨å ®à¨¥−â�æ¨ï −� à¥è¥−¨¥ §�¤�ç �−−®â¨à®¢�−¨ï ¯à¨¢¥«� ª ¯®ï¢«¥−¨î
−®¢ëå áãé−®áâ¥© ¨ ¯®−ïâ¨© ¢ ª®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨ª¥. „«ï ¨å ®¯¨á�−¨ï
¢ −�ç�«¥ 2017 £. ¡ë«� ¯à¥¤«®¦¥−� á¨áâ¥¬� â¥à¬¨−®¢. ‘ ®¤−®© áâ®à®−ë, íâ¨
â¥à¬¨−ë ¨á¯®«ì§ãîâáï «¨−£¢¨áâ�¬¨ ¤«ï ¯à¥¤áâ�¢«¥−¨ï −®¢ëå äã−¤�¬¥−â�«ì-
−ëå §−�−¨©, ¯®«ãç¥−−ëå ¨¬¨ ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï ¨ ª®−âà�áâ¨¢−®£®
¨áá«¥¤®¢�−¨ï ï§ëª®¢ëå ¥¤¨−¨æ. ‘ ¤àã£®© áâ®à®−ë, ®−¨ ¯à¨¬¥−ïîâáï ¯à¨
à�§à�¡®âª¥ �àå¨â¥ªâãà−ëå à¥è¥−¨© ��„, ¨å ¨−ä®à¬�æ¨®−−®£®, «¨−£¢¨-
áâ¨ç¥áª®£® ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï. ‡� ¢à¥¬ï, ¯à®è¥¤è¥¥ á ¬®¬¥−â�
¯¥à¢®£® ®¯¨á�−¨ï á¨áâ¥¬ë â¥à¬¨−®¢, áãé¥áâ¢¥−−® à�áè¨à¨«áï á¯¥ªâà §�¤�ç,
à¥è�¥¬ëå á ¯®¬®éìî ��„. �â¨¬ ®¡ãá«®¢«¥−� −¥®¡å®¤¨¬®áâì à�§¢¨â¨ï íâ®©
á¨áâ¥¬ë â¥à¬¨−®¢, ®à¨¥−â¨à®¢�−−®£® −� ¯à®¥ªâ¨à®¢�−¨¥ ��„, ç¥¬ã ¨ ¯®á¢ï-
é¥−� ¤�−−�ï áâ�âìï.

Š«îç¥¢ë¥ á«®¢�: −�¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå; á¨áâ¥¬� â¥à¬¨−®¢; �−−®â¨-
à®¢�−¨¥ ï§ëª®¢ëå ¥¤¨−¨æ; ¯�à�««¥«ì−ë¥ â¥ªáâë; ª®à¯ãá−�ï «¨−£¢¨áâ¨ª�;
ª®−−¥ªâ®àë

DOI: 10.14357/08696527180415

1 Введение

�¥®¡å®¤¨¬®áâì ¨áá«¥¤®¢�−¨ï Ÿ… á ¨á¯®«ì§®¢�−¨¥¬ ¡®«ìè¨å ®¡ê¥¬®¢ ¯�à�«-
«¥«ì−ëå ¢ëà®¢−¥−−ëå â¥ªáâ®¢ áâ�«� ®á−®¢−ë¬ ¬®â¨¢®¬ á®§¤�−¨ï ��„ [1{6]. „«ï
®¯¨á�−¨ï §�¤�ç ¨ äã−ªæ¨© ��„ ¢ 2017 £. ¡ë«� ¯à¥¤«®¦¥−� á¨áâ¥¬� â¥à¬¨−®¢ [7].
‘ ®¤−®© áâ®à®−ë, íâ� á¨áâ¥¬� ¨á¯®«ì§ã¥âáï «¨−£¢¨áâ�¬¨ ¤«ï ¯à¥¤áâ�¢«¥−¨ï
−®¢ëå äã−¤�¬¥−â�«ì−ëå §−�−¨©, ¯®«ãç¥−−ëå ¨¬¨ ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 16-24-41002).
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, izatsman@yandex.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, magnit75@yandex.ru
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��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå ª®−−¥ªâ®à®¢: à�§¢¨â¨¥ á¨áâ¥¬ë â¥à¬¨−®¢ ¯à®¥ªâ¨à®¢�−¨ï

¨ ª®−âà�áâ¨¢−®£® ¨áá«¥¤®¢�−¨ï Ÿ…. ‘ ¤àã£®© áâ®à®−ë, ®−� ¯à¨¬¥−ï¥âáï ¯à¨ à�§-
à�¡®âª¥ �àå¨â¥ªâãà−ëå à¥è¥−¨© ��„, ¨å ¨−ä®à¬�æ¨®−−®£®, «¨−£¢¨áâ¨ç¥áª®£®
¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï.

‡� ¢à¥¬ï, ¯à®è¥¤è¥¥ á ¬®¬¥−â� ¯ã¡«¨ª�æ¨¨ ¯¥à¢®© ¢¥àá¨¨ á¨áâ¥¬ë â¥à¬¨−®¢
¢ −�ç�«¥ 2017 £., áãé¥áâ¢¥−−® à�áè¨à¨«áï á¯¥ªâà §�¤�ç, à¥è�¥¬ëå á ¯®¬®éìî
��„. �â¨¬ ®¡ãá«®¢«¥−� −¥®¡å®¤¨¬®áâì à�§¢¨â¨ï íâ®© á¨áâ¥¬ë, ®à¨¥−â¨à®¢�−-
−®£® −� ¯à®¥ªâ¨à®¢�−¨¥ ��„. �¯¨á�−¨¥ ¯à¥¤«�£�¥¬®£® ¥¥ à�§¢¨â¨ï ¨ ï¢«ï¥âáï
®á−®¢−®© æ¥«ìî áâ�âì¨. ‚ −¥© −®¢�ï (¢â®à�ï) ¢¥àá¨ï á¨áâ¥¬ë â¥à¬¨−®¢ ¨««îáâ-
à¨àã¥âáï −� ¯à¨¬¥à¥ ®¯¨á�−¨ï áâàãªâãà−ëå áå¥¬ ��„ ª®−−¥ªâ®à®¢.

��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå ¯à¥¤áâ�¢«ï¥â á®¡®© à¥«ïæ¨®−−ãî ¡�§ã ¤�−−ëå
−� ®á−®¢¥ SQL Server á ¢¥¡-¨−â¥àä¥©á®¬, ¡«�£®¤�àï ç¥¬ã ®−� ¤®áâã¯−� ¯®«ì-
§®¢�â¥«ï¬ ç¥à¥§ ¡®«ìè¨−áâ¢® ¢¥¡-¡à�ã§¥à®¢ ¨ ¬®¦¥â ¯®¤¤¥à¦¨¢�âì à�¡®âã ¢á¥å
¥¥ ¯®«ì§®¢�â¥«¥© ®¤−®¢à¥¬¥−−®. —â®¡ë ®¯¨á�âì áâàãªâãà−ë¥ áå¥¬ë ��„ ª®−-
−¥ªâ®à®¢, á−�ç�«� ®¯¨è¥¬ −®¢ãî á¨áâ¥¬ã â¥à¬¨−®¢, ¯à¨¬¥−ï¥¬ëå ¢ ¯à®æ¥áá¥ ¥¥
¯à®¥ªâ¨à®¢�−¨ï, ¨á¯®«ì§ãï ¢ ª�ç¥áâ¢¥ ®á−®¢ë ¯¥à¢ãî ¢¥àá¨î á¨áâ¥¬ë [7]. ‡�â¥¬
¡ã¤ãâ ®¯¨á�−ë á�¬¨ áâàãªâãà−ë¥ áå¥¬ë ��„ ª®−−¥ªâ®à®¢ ¨ á¢ï§¨ ¬¥¦¤ã ¥¥
¯®«ï¬¨.

2 Термины, лежащие в основе проектирования надкорпусной
базы данных

�â¬¥â¨¬, çâ® á¨áâ¥¬� â¥à¬¨−®¢ ��„ í¢®«îæ¨®−¨à®¢�«� ¢ ¯à®æ¥áá¥ áâ�-
−®¢«¥−¨ï −®¢®© ª�â¥£®à¨¨ «¨−£¢¨áâ¨ç¥áª¨å à¥áãàá®¢, ¯®«ãç¨¢è¨å −�§¢�−¨¥
��„ (â¥à¬¨− ¢¢¥¤¥− ¢ à�¡®â¥ [4]), ¨ ¯à®¤®«¦�¥â í¢®«îæ¨®−¨à®¢�âì. �®íâ®¬ã
¯à¨¢¥¤¥−−ë¥ §¤¥áì â¥à¬¨−ë −¥ ¢á¥£¤� á®¢¯�¤�îâ á â¥à¬¨−�¬¨, ¨á¯®«ì§®¢�−−ë¬¨
à�−¥¥ ¢ ¤àã£¨å à�¡®â�å [2, 5{7]. �¯¨áë¢�ï â¥à¬¨−ë, ¡ã¤¥¬ ¯® ¢®§¬®¦−®áâ¨
ãª�§ë¢�âì, ª�ª¨¥ ¢�à¨�−âë −�§¢�−¨ï ª�¦¤®£® ¯®−ïâ¨ï ¨á¯®«ì§®¢�«¨áì à�−¥¥.

�á−®¢−�ï ¨¤¥ï ª®−æ¥¯æ¨¨ ��„ §�ª«îç�¥âáï ¢ â®¬, çâ® ï§ëª®¢ë¥ ¥¤¨−¨æë
−¥ª®â®à®£® ï§ëª� ¨áá«¥¤ãîâáï á ¯®¬®éìî ��„ ú¢ §¥àª�«¥û ®¤−®£® ¨«¨ −¥-
áª®«ìª¨å ¤àã£¨å ï§ëª®¢ −� ¬�â¥à¨�«¥ ¯�à�««¥«ì−ëå â¥ªáâ®¢ [8]. Ÿ§ëª, Ÿ…
ª®â®à®£® ¢ëáâã¯�îâ ®á−®¢−ë¬ ¯à¥¤¬¥â®¬ ¨áá«¥¤®¢�−¨ï, ¡ã¤¥¬ −�§ë¢�âì ¡�§®¢ë¬
ï§ëª®¬, � ï§ëª¨, ¢ §¥àª�«¥ ª®â®àëå ¨áá«¥¤ãîâáï Ÿ… ¡�§®¢®£® ï§ëª�, ¡ã¤¥¬
−�§ë¢�âì à¥ä¥à¥−â−ë¬¨ ï§ëª�¬¨. �¡ëç−® c ¯®¬®éìî ��„ ¨áá«¥¤ã¥âáï ®¯à¥-
¤¥«¥−−ë© ª«�áá Ÿ… ¡�§®¢®£® ï§ëª�, ª®â®àë© ¡ã¤¥¬ −�§ë¢�âì ¨áå®¤−ë¬ ª«�áá®¬
Ÿ… (á®®â¢¥âáâ¢¥−−®, Ÿ…, ¢å®¤ïé¨¥ ¢ íâ®â ª«�áá, ¡ã¤¥¬ −�§ë¢�âì ¨áå®¤−ë¬¨ Ÿ…).
‚ ç�áâ−®áâ¨, ¢ à�¬ª�å ¯à®¥ªâ� ÷””ˆ ü 16-24-41002 á ¯®¬®éìî ��„ ¨áá«¥¤ã-
îâáï ª®−−¥ªâ®àë àãááª®£® ï§ëª�. ’�ª¨¬ ®¡à�§®¬, ¢ íâ®¬ ¯à®¥ªâ¥ ¡�§®¢ë¬ ï§ëª®¬
ï¢«ï¥âáï àãááª¨© ï§ëª, � ¨áå®¤−ë¬ ª«�áá®¬ Ÿ… á«ã¦�â ª®−−¥ªâ®àë àãááª®£®
ï§ëª�. ÷¥ä¥à¥−â−ë¬ ï§ëª®¬ ¢ à�¬ª�å ¤�−−®£® ¯à®¥ªâ� ¢ëáâã¯�¥â äà�−æã§áª¨©
ï§ëª.

Š®−âà�áâ¨¢−®¥ ¨áá«¥¤®¢�−¨¥ Ÿ… ¡�§®¢®£® ï§ëª� ¢ §¥àª�«¥ −¥ª®â®à®£® à¥ä¥-
à¥−â−®£® ï§ëª� (¨«¨ ï§ëª®¢) −� ¬�â¥à¨�«¥ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¬®¦¥â ®áãé¥-
áâ¢«ïâìáï ¤¢ã¬ï á¯®á®¡�¬¨ �−�«¨§�.
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ˆ. Œ. ‡�æ¬�−, Œ. ƒ. Šàã¦ª®¢

�àï¬®© �−�«¨§. �à¨ à�áá¬®âà¥−¨¨ ¯¥à¥¢®¤®¢ á ¡�§®¢®£® ï§ëª� −� −¥ª®-
â®àë© à¥ä¥à¥−â−ë© ï§ëª ¨áá«¥¤®¢�â¥«¥© ¨−â¥à¥áã¥â, ª�ª¨¥ Ÿ… à¥ä¥à¥−â−®£®
ï§ëª� ¢ ¯¥à¥¢®¤¥ á®®â¢¥âáâ¢ãîâ ¨áå®¤−ë¬ Ÿ… ¡�§®¢®£® ï§ëª� ¢ ®à¨£¨−�«¥. �à¨
â�ª®© áå¥¬¥ �−�«¨§� ¡�§®¢ë© ï§ëª ï¢«ï¥âáï ï§ëª®¬ ®à¨£¨−�«�, � à¥ä¥à¥−â−ë©
ï§ëª ¢ëáâã¯�¥â ï§ëª®¬ ¯¥à¥¢®¤�. ‚ëï¢«¥−−ë¥ «¨−£¢¨áâ�¬¨ á®®â¢¥âáâ¢¨ï ¬¥¦¤ã
¨áå®¤−ë¬¨ Ÿ… ¡�§®¢®£® ï§ëª� ¨ Ÿ… à¥ä¥à¥−â−®£® ï§ëª�, ª®â®àë¥ −�§ë¢�îâáï
¯àï¬ë¬¨ ¬®¤¥«ï¬¨ ¯¥à¥¢®¤�, ¯à¥¤áâ�¢«ïîâ á®¡®© ª®àâ¥¦, â. ¥. ã¯®àï¤®ç¥−−ãî
¯�àã ¢¨¤� 〈Ÿ… ¡�§®¢®£® ï§ëª�; Ÿ… à¥ä¥à¥−â−®£® ï§ëª�〉. ‚ ¯àï¬®© ¬®¤¥«¨ ¯¥-
à¥¢®¤� Ÿ… à¥ä¥à¥−â−®£® ï§ëª� ï¢«ï¥âáï à¥§ã«ìâ�â®¬ ¯¥à¥¢®¤�. ’�ª¨¬ ®¡à�§®¬,
¯à¨ ¯àï¬®¬ �−�«¨§¥ ¨áå®¤−ë¥ Ÿ… ¡�§®¢®£® ï§ëª� ¨áá«¥¤ãîâáï ¢ §¥àª�«¥ à¥§ã«ì-
â�â®¢ ¨å ¯¥à¥¢®¤� −� −¥ª®â®àë© à¥ä¥à¥−â−ë© ï§ëª. ‚ â�¡«. 1 ï§ëª ®à¨£¨−�«� |
àãááª¨©, ï§ëª ¯¥à¥¢®¤� | äà�−æã§áª¨©, Ÿ… ¡�§®¢®£® ï§ëª� | ¥á«¨. . . â�ª ¢¥¤ì,
Ÿ… à¥ä¥à¥−â−®£® ï§ëª� | si, ¬®¤¥«ì ¯¥à¥¢®¤� | 〈¥á«¨. . . â�ª ¢¥¤ì; si〉.

’�¡«¨æ� 1 ÷ãááª®-äà�−æã§áª¨© ¯¥à¥¢®¤

�à¨£¨−�«ì−ë© â¥ªáâ �¥à¥¢®¤
| �®¦¥ ¬®©! | £®¢®à¨« �¡«®¬®¢. |
„� ¥á«¨ á«ãè�âì ˜â®«ìæ�, â�ª ¢¥¤ì ¤®
â¥âª¨ ¢¥ª ¤¥«® −¥ ¤®©¤¥â!
[ˆ. �. ƒ®−ç�à®¢. �¡«®¬®¢ (1848{1859)]

| Mon Dieu! dit Oblomov. Mais si on
‚ecoutait Stolz, on n'en arriverait jamais
à la tante!
[�¥à¥¢®¤. Luba Jurgenson (1988)]

÷¥¢¥àá¨¢−ë© �−�«¨§. �à¨ à�áá¬®âà¥−¨¨ ¯¥à¥¢®¤®¢ á −¥ª®â®à®£® à¥ä¥à¥−â-
−®£® ï§ëª� −� ¡�§®¢ë© ï§ëª ¨áá«¥¤®¢�â¥«¥© ¨−â¥à¥áã¥â, ª�ª¨¥ Ÿ… à¥ä¥à¥−â−®£®
ï§ëª� ¢ ®à¨£¨−�«¥ ¢ë§ë¢�îâ ¯®ï¢«¥−¨¥ ¨áå®¤−ëå Ÿ… ¡�§®¢®£® ï§ëª� ¢ ¯¥à¥¢®¤¥.
�à¨ â�ª®¬ �−�«¨§¥ à¥ä¥à¥−â−ë© ï§ëª ï¢«ï¥âáï ï§ëª®¬ ®à¨£¨−�«�, � ¡�§®¢ë©
ï§ëª | ï§ëª®¬ ¯¥à¥¢®¤�. ‚ëï¢«¥−−ë¥ ¯à¨ â�ª®¬ �−�«¨§¥ á®®â¢¥âáâ¢¨ï ¬¥¦¤ã
Ÿ… à¥ä¥à¥−â−®£® ï§ëª� ¨ Ÿ… ¡�§®¢®£® ï§ëª�, ª®â®àë¥ −�§ë¢�îâáï à¥¢¥àá¨¢−ë¬¨
¬®¤¥«ï¬¨ ¯¥à¥¢®¤�, ¯à¥¤áâ�¢«ïîâ á®¡®© ª®àâ¥¦ ¢¨¤� 〈Ÿ… à¥ä¥à¥−â−®£® ï§ëª�;
Ÿ… ¡�§®¢®£® ï§ëª�〉, � Ÿ… à¥ä¥à¥−â−®£® ï§ëª� á«ã¦�â áâ¨¬ã«®¬ ¯¥à¥¢®¤�. ’�-
ª¨¬ ®¡à�§®¬, ¯à¨ à¥¢¥àá¨¢−®¬ �−�«¨§¥ ¨áå®¤−ë¥ Ÿ… ¡�§®¢®£® ï§ëª� ¨áá«¥¤ãîâáï
¢ §¥àª�«¥ ¨å áâ¨¬ã«®¢ ¯¥à¥¢®¤� á −¥ª®â®à®£® à¥ä¥à¥−â−®£® ï§ëª�. ‚ â�¡«. 2
ï§ëª ®à¨£¨−�«� | äà�−æã§áª¨©, ï§ëª ¯¥à¥¢®¤� | àãááª¨©, Ÿ… à¥ä¥à¥−â−®£®
ï§ëª� | et, Ÿ… ¡�§®¢®£® ï§ëª� | �. . . ¢¥¤ì, ¬®¤¥«ì ¯¥à¥¢®¤� | 〈et; �. . . ¢¥¤ì〉.

‘«¥¤ã¥â ®â¬¥â¨âì â�ª¦¥ −¥ ¢á¥£¤� ®ç¥¢¨¤−®¥ à�§«¨ç¨¥ ¬¥¦¤ã â¥à¬¨−�¬¨ Ÿ…
¨ ã¯®âà¥¡«¥−¨¥ Ÿ…, ª®â®à®¥ ï¢«ï¥âáï ¯à¨−æ¨¯¨�«ì−ë¬ ¤«ï ¯à®¥ªâ¨à®¢�−¨ï
��„. ‘ ®¤−®© áâ®à®−ë, ¬®¦−® £®¢®à¨âì ® −¥ª®â®à®© Ÿ… ¡¥§®â−®á¨â¥«ì−® ª ª�-
ª®¬ã-«¨¡® ª®−â¥ªáâã ¥¥ ã¯®âà¥¡«¥−¨ï ¢ ª®−ªà¥â−®¬ â¥ªáâ¥. ‘ ¤àã£®© áâ®à®−ë,
¬®¦−® £®¢®à¨âì ®¡ ã¯®âà¥¡«¥−¨ïå Ÿ… ¢ ®¯à¥¤¥«¥−−ëå ª®−â¥ªáâ�å ¢ à�¬ª�å
ª®−ªà¥â−ëå â¥ªáâ®¢.

�â® ¢�¦−®¥ à�§«¨ç¨¥ ¤® á¨å ¯®à −¥¤®áâ�â®ç−® ç¥âª® ¯à®¢®¤¨«®áì ¢ ®â¤¥«ì−ëå
áâ�âìïå, ¯®á¢ïé¥−−ëå ª®−æ¥¯æ¨¨ ��„, ¨§-§� ç¥£® íâ¨ ¯®−ïâ¨ï ¬®£«¨ á¬¥è¨-
¢�âìáï. �â® à�§«¨ç¨¥ ï¢«ï¥âáï ª«îç¥¢ë¬ ¢ ¯à®æ¥áá¥ ¯à®¥ªâ¨à®¢�−¨ï ��„. …á«¨
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��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå ª®−−¥ªâ®à®¢: à�§¢¨â¨¥ á¨áâ¥¬ë â¥à¬¨−®¢ ¯à®¥ªâ¨à®¢�−¨ï

’�¡«¨æ� 2 ”à�−æã§áª®-àãááª¨© ¯¥à¥¢®¤

�à¨£¨−�«ì−ë© â¥ªáâ �¥à¥¢®¤
A qui s'‚etonnait qu'un tel vol e�ut pu
s'accomplir aussi facilement, le sous-
gouverneur Gauthier Ralph se bornait
à r‚epondre qu'à ce moment m�eme, le
caissier s'occupait d'enregistrer une re-
cette de trois shillings six pence, et qu'on
ne saurait avoir l'oeil à tout.
[†î«ì ‚¥à−. Le tour du monde en quatre-
vingt jours (1872)]

‚ ®â¢¥â −� ã¤¨¢«¥−−ë¥ ¢®¯à®áë, ª�ª
¬®£«� ¯à®¨§®©â¨ ¯®¤®¡−�ï ªà�¦�, ¯®-
¬®é−¨ª ã¯à�¢«ïîé¥£® ¡�−ª®¬ ƒ®âì¥
÷�«ìä ®£à�−¨ç¨¢�«áï á«¥¤ãîé¨¬ ®â¢¥-
â®¬: ú‚ íâã ¬¨−ãâã ª�áá¨à ¢¯¨áë¢�«
¢ ¯à¨å®¤ ¯®áâã¯«¥−¨¥ ¢ âà¨ è¨««¨−£�
¨ è¥áâì ¯¥−á®¢, � §� ¢á¥¬ ¢¥¤ì −¥ ãá«¥-
¤¨èìû.
[�¥à¥¢®¤. �. ƒ�¡¨−áª¨© (1939)]

¢ ��„ −�¤® åà�−¨âì −¥ª®â®àãî Ÿ… ¨ ¬®¤¥«¨ ¥¥ ¯¥à¥¢®¤�, â® ®¯¨á�−¨¥ íâ®©
Ÿ… ¡ã¤¥â ¢ª«îç�âì, ª�ª ¯à�¢¨«®, −¥áª®«ìª® ¤¥áïâª®¢ §�¯¨á¥©. …á«¨ ¦¥ −�¤®
åà�−¨âì ã¯®âà¥¡«¥−¨ï −¥ª®â®à®© Ÿ… ¨ à¥§ã«ìâ�âë ¨å ¯¥à¥¢®¤�, â® ®¯¨á�−¨ï íâ¨å
ã¯®âà¥¡«¥−¨© ¡ã¤ãâ ¢ª«îç�âì á®â−¨ ¨«¨ ¤�¦¥ âëáïç¨ §�¯¨á¥©.

÷�áá¬®âà¨¬, −�¯à¨¬¥à, ª®−−¥ªâ®à â® ¥áâì, ª®â®àë© ¢ ��„ ï¢«ï¥âáï ®¤−®©
¨§ ¨áá«¥¤ã¥¬ëå Ÿ…. �¨¦¥ ¯à¨¢®¤¨âáï −¥áª®«ìª® á«ãç�¥¢ ã¯®âà¥¡«¥−¨ï íâ®© Ÿ…
¢ ç¥âëà¥å à�§−ëå ¯à®¨§¢¥¤¥−¨ïå:

(1) ‘ ÷�§ã¬¨å¨−ë¬ ¦¥ ®− ¯®ç¥¬ã-â® á®è¥«áï, â® ¥áâì −¥ â® çâ® á®è¥«áï, � ¡ë«
á −¨¬ á®®¡é¨â¥«ì−¥¥, ®âªà®¢¥−−¥¥. [”. Œ. „®áâ®¥¢áª¨©. �à¥áâã¯«¥−¨¥
¨ −�ª�§�−¨¥ (1866)]

(2) �− åã¤®é�¢; é¥ª ã −¥£® ¯®çâ¨ ¢®¢á¥ −¥â, â® ¥áâì ¥áâì ª®áâì ¤� ¬ãáªã«. . .
[ˆ. �. ƒ®−ç�à®¢. �¡«®¬®¢ (1859)]

(3) „®ªâ®à� −¥ ¬®£«¨ ®¯à¥¤¥«¨âì. ’® ¥áâì ®¯à¥¤¥«ï«¨, −® à�§«¨ç−®. [‹. �. ’®«-
áâ®©. ‘¬¥àâì ˆ¢�−� ˆ«ì¨ç� (1886)]

(4) “ ¬¥−ï ¢ ¤®¬¥ ¦¨¢¥â ¨ â¥é�, â® ¥áâì ¬�âì ¬®¥© ¦¥−ë, ¨ ¤¥â¨. . . [�. ‚. ƒ®£®«ì.
�®á (1836)]

’�ª¨¬ ®¡à�§®¬, à�§«¨ç¨¥ ¬¥¦¤ã ¯®−ïâ¨ï¬¨ Ÿ… ¨ ã¯®âà¥¡«¥−¨¥ Ÿ… �−�«®-
£¨ç−® à�§«¨ç¨î ¬¥¦¤ã ¯®−ïâ¨ï¬¨ á«®¢® ¨ á«®¢®ã¯®âà¥¡«¥−¨¥. „�«¥¥ ¢ íâ®© £«�¢¥,
ª®£¤� ¡ã¤¥â ¢�¦−® ¯à®¢¥áâ¨ à�§«¨ç¨¥ ¬¥¦¤ã íâ¨¬¨ ¤¢ã¬ï ¯®−ïâ¨ï¬¨, á®¡áâ¢¥−−®
Ÿ… ¡ã¤¥¬ ªà�âª® ®¡®§−�ç�âì !Ÿ…!, � ã¯®âà¥¡«¥−¨¥ Ÿ… |#Ÿ…#.

�â¬¥â¨¬ â�ª¦¥, çâ® ¢ ®â¤¥«ì−ëå áâ�âìïå ¯® â¥¬�â¨ª¥ ��„ ¢¬¥áâ® è¨à®ª®£®
â¥à¬¨−� Ÿ…, ¨á¯®«ì§ã¥¬®£® ¢ íâ®© £«�¢¥, ¨á¯®«ì§ãîâáï ¡®«¥¥ ã§ª¨¥ ¯® §−�ç¥−¨î
â¥à¬¨−ë. ��¯à¨¬¥à, ¢ ¡®«ìè¨−áâ¢¥ à�−−¨å áâ�â¥© ¢¬¥áâ® íâ®£® ¨á¯®«ì§®¢�«®áì
¯®−ïâ¨¥ «¥ªá¨ª®-£à�¬¬�â¨ç¥áª�ï ä®à¬� (‹ƒ”), � ¢ ��„ ª®−−¥ªâ®à®¢ ç�áâ®
¨á¯®«ì§ã¥âáï â¥à¬¨− à¥ç¥¢�ï à¥�«¨§�æ¨ï (÷÷) ª®−−¥ªâ®à�.

�á−®¢−ë¬ ¨−ä®à¬�æ¨®−−ë¬ ®¡ê¥ªâ®¬ ��„ ¢ëáâã¯�¥â ¯¥à¥¢®¤−®¥ á®®â¢¥â-
áâ¢¨¥ (�‘) (¢ àï¤¥ ¯à¥¤è¥áâ¢ãîé¨å à�¡®â ¢¬¥áâ® â¥à¬¨−� �‘ ¨á¯®«ì§®¢�«áï
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â¥à¬¨− ¬®−®íª¢¨¢�«¥−æ¨ï (Œ�)). �¥à¥¢®¤−ë¥ á®®â¢¥âáâ¢¨ï ¢ ®¡é¥¬ á«ãç�¥ ¯à¥¤-
áâ�¢«ïîâ á®¡®© ã¯®àï¤®ç¥−−ë¥ ¯�àë â¥ªáâ®¢ëå äà�£¬¥−â®¢ (ª®àâ¥¦¨) ¢¨¤� 〈FO;
FT〉, ¢ª«îç�îé¨å ã¯®âà¥¡«¥−¨ï ¨áá«¥¤ã¥¬ëå Ÿ… ¨ ¨å ¯¥à¥¢®¤ë. ‚â®à®© äà�£-
¬¥−â (FT) ï¢«ï¥âáï ¯¥à¥¢®¤®¬ ¯¥à¢®£® äà�£¬¥−â� (FO). �à¥¤¯®«�£�¥âáï, çâ®
¢ ª�¦¤®¬ ª®àâ¥¦¥ íâ¨ äà�£¬¥−âë á¥¬�−â¨ç¥áª¨ ¨ äã−ªæ¨®−�«ì−® á®®â¢¥âáâ¢ãîâ
¤àã£ ¤àã£ã (å®âï íâ® á®®â¢¥âáâ¢¨¥ ¬®¦¥â ¡ëâì ¨ −¥¯®«−ë¬).

Š�ª ã¦¥ ®â¬¥ç�«®áì, ��„ ¯à®¥ªâ� ÷””ˆ ü 16-24-41002 ®¡¥á¯¥ç¨¢�¥â
«¨−£¢¨áâ¨ç¥áª®¥ �−−®â¨à®¢�−¨¥ ¨ ¨áá«¥¤®¢�−¨¥ ª®−−¥ªâ®à®¢ àãááª®£® ï§ëª�.
‚ á¢ï§¨ á íâ¨¬ ¢ à�¬ª�å íâ®© ��„ ®¤−� ¨§ ¤¢ãå á®áâ�¢«ïîé¨å ª®àâ¥¦� 〈FO;
FT〉 («¨¡® äà�£¬¥−â ®à¨£¨−�«�, «¨¡® äà�£¬¥−â ¯¥à¥¢®¤�) ¢ª«îç�¥â ¢ á¥¡ï i-¥
ã¯®âà¥¡«¥−¨¥ −¥ª®â®à®£® àãááª®£® ª®−−¥ªâ®à� Ÿ…, â. ¥. #Ÿ…(i)#, i = 1, . . . , N ,
£¤¥ N | ç¨á«® ã¯®âà¥¡«¥−¨© íâ®£® ª®−−¥ªâ®à�, �−−®â¨à®¢�−−ëå ¢ ��„. ‚ ¯àï-
¬®© ¬®¤¥«¨ ¯¥à¥¢®¤� #Ÿ…(i)# ¢ª«îç¥−� ¢® äà�£¬¥−â ®à¨£¨−�«� (¯à¨¬¥à 5),
� ¢ à¥¢¥àá¨¢−®© ¬®¤¥«¨ | ¢® äà�£¬¥−â ¯¥à¥¢®¤� (¯à¨¬¥à 6).

„àã£�ï á®áâ�¢«ïîé�ï ª®àâ¥¦� 〈FO; FT〉 (íâ® â�ª¦¥ ¬®¦¥â ¡ëâì «¨¡® äà�£-
¬¥−â ®à¨£¨−�«�, «¨¡® äà�£¬¥−â ¯¥à¥¢®¤�) ï¢«ï¥âáï äà�£¬¥−â®¬ −� à¥ä¥à¥−â−®¬
(äà�−æã§áª®¬) ï§ëª¥. �¡ëç−® ®− ¢ª«îç�¥â ¢ á¥¡ï r-¥ ã¯®âà¥¡«¥−¨¥ −¥ª®â®à®©
Ÿ… à¥ä¥à¥−â−®£® ï§ëª�, â. ¥. #Ÿ…(r)#, r = 1, . . . ,M , £¤¥ M | ç¨á«® ã¯®-
âà¥¡«¥−¨© íâ®© Ÿ…, �−−®â¨à®¢�−−ëå ¢ ��„1. ‚ ¤�−−®¬ ª®−â¥ªáâ¥ #Ÿ…(r)#
¢ëáâã¯�¥â á®®â¢¥âáâ¢¨¥¬, ¨«¨ íª¢¨¢�«¥−â®¬, ã¯®âà¥¡«¥−¨ï ¨áå®¤−®© #Ÿ…(i)#.

‚ ¯àï¬®© ¬®¤¥«¨ ¯¥à¥¢®¤� #Ÿ…(r)# á®®â¢¥âáâ¢ã¥â äà�£¬¥−âã ¯¥à¥¢®¤� (á¬.
¯à¨¬¥à 5), � ¯à¨ ¨á¯®«ì§®¢�−¨¨ à¥¢¥àá¨¢−®© ¬®¤¥«¨ #Ÿ…(r)# á®®â¢¥âáâ¢ã¥â
äà�£¬¥−âã ®à¨£¨−�«� (á¬. ¯à¨¬¥à 6).

(5) ’¥®à¥â¨ç¥áª¨, ¡ãä¥â ®¡á«ã¦¨¢�« á®âàã¤−¨ª®¢ „®¬� ¯à¥ááë. ‚ â®¬ ç¨á«¥ |
¦ãà−�«¨áâ®¢ ¨§ ¬−®£®â¨à�¦¥ª. [‘¥à£¥© „®¢«�â®¢. —¥¬®¤�− (1986)]
En th‚eorie, ce buffet avait pour clients les membres de la maison de la Presse.
Donc, les journalistes. [�¥à¥¢®¤. Jacques Michaut-Paterno (2001)]
‡¤¥áì äà�£¬¥−â ®à¨£¨−�«� ¢ª«îç�¥â i-¥ ã¯®âà¥¡«¥−¨¥ Ÿ… ¢ â®¬ ç¨á«¥ (¯à¨-
−�¤«¥¦¨â ¨áå®¤−®¬ã ª«�ááã àãááª¨å ª®−−¥ªâ®à®¢), � äà�£¬¥−â ¯¥à¥¢®¤� |
r-¥ ã¯®âà¥¡«¥−¨¥ äà�−æã§áª®© Ÿ… donc, ª®â®à�ï ¢ ¤�−−®¬ ª®−â¥ªáâ¥ ï¢«ï¥â-
áï à¥§ã«ìâ�â®¬ ¯¥à¥¢®¤� i-£® ã¯®âà¥¡«¥−¨ï Ÿ… ¢ â®¬ ç¨á«¥ −� äà�−æã§áª¨©
ï§ëª.

(6) Cette lutte l'avait fatigu‚e comme s'il avait combattu, à l'exemple de Jacob,
contre un ange. [Honor‚e de Balzac. L'‚Elixir de longue vie (1830)]

1‘âà®£® £®¢®àï, −¥®¡å®¤¨¬® ¡ë«® ¡ë ãª�§ë¢�âì ¤¢� ¨−¤¥ªá� ¤«ï ®¡®§−�ç¥−¨ï ª�¦¤®£® ã¯®-
âà¥¡«¥−¨ï, � ¨¬¥−−®: #Ÿ…(j, i)#, £¤¥ j | −®¬¥à ¨áá«¥¤ã¥¬®© Ÿ…, i | −®¬¥à ¥¥ ã¯®âà¥¡«¥−¨ï,
¨ #Ÿ…(p, r)#, £¤¥ p | −®¬¥à íª¢¨¢�«¥−â� ¨áá«¥¤ã¥¬®© Ÿ…, r | −®¬¥à ¥£® ã¯®âà¥¡«¥−¨ï. ‡¤¥áì
¯à¨ ®¯¨á�−¨¨ ã¯®âà¥¡«¥−¨© Ÿ… ¨ ¨å íª¢¨¢�«¥−â®¢ ¯¥à¢ë¥ ¨−¤¥ªáë ¡ã¤¥¬ ®¯ãáª�âì, çâ®¡ë ã¯à®á-
â¨âì ®¡®§−�ç¥−¨ï. �â¬¥â¨¬, çâ® ¢ íâ¨å ®¡®§−�ç¥−¨ïå N §�¢¨á¨â ®â ¨−¤¥ªá� j, â�ª ª�ª ã à�§−ëå Ÿ…
à�§−®¥ ç¨á«® ã¯®âà¥¡«¥−¨© ¢ ®¡é¥¬ á«ãç�¥, â. ¥. i = 1, . . . , N(j), � M | ®â p, â�ª ª�ª ã à�§−ëå
íª¢¨¢�«¥−â®¢ â�ª¦¥ ¬®¦¥â ¡ëâì à�§−®¥ ç¨á«® ã¯®âà¥¡«¥−¨©, â. ¥. r = 1, . . . , M(p).
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��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå ª®−−¥ªâ®à®¢: à�§¢¨â¨¥ á¨áâ¥¬ë â¥à¬¨−®¢ ¯à®¥ªâ¨à®¢�−¨ï

�â®â ¯®¥¤¨−®ª ¥£® ãâ®¬¨«, ª�ª ¡ã¤â® ®−, −�¯®¤®¡¨¥ ˆ�ª®¢�, ¡®à®«áï
á �−£¥«®¬. [�¥à¥¢®¤. �. ƒà¨äæ®¢ (1930{1950)]
‡¤¥áì äà�£¬¥−â ¯¥à¥¢®¤� ¢ª«îç�¥â i-¥ ã¯®âà¥¡«¥−¨¥ Ÿ… ª�ª ¡ã¤â® (¯à¨-
−�¤«¥¦¨â ¨áå®¤−®¬ã ª«�ááã àãááª¨å ª®−−¥ªâ®à®¢), � äà�£¬¥−â ®à¨£¨−�«� |
r-¥ ã¯®âà¥¡«¥−¨¥ äà�−æã§áª®© Ÿ… comme si, ª®â®à�ï ¢ ¤�−−®¬ ª®−â¥ªáâ¥
¢ëáâã¯�¥â áâ¨¬ã«®¬ i-£® ã¯®âà¥¡«¥−¨ï Ÿ… ª�ª ¡ã¤â® ¢ ¯¥à¥¢®¤¥ −� àãááª¨©
ï§ëª.

’�ª¨¬ ®¡à�§®¬, ãç¨âë¢�ï à�§«¨ç¨¥ ¬¥¦¤ã ¯®−ïâ¨ï¬¨ Ÿ… ¨ ã¯®âà¥¡«¥−¨¥ Ÿ…,
¢ ¯àï¬®¬ −�¯à�¢«¥−¨¨ ¯¥à¥¢®¤� �‘ á«¥¤ã¥â ¯à¥¤áâ�¢«ïâì ¢ ¢¨¤¥ 〈FO(#Ÿ…(i)#);
FT(#Ÿ…(r)#)〉, £¤¥ FO(#Ÿ…(i)#) | äà�£¬¥−â ®à¨£¨−�«�, ¢ª«îç�îé¨© i-¥
ã¯®âà¥¡«¥−¨¥ −¥ª®â®à®© Ÿ…, � FT(#Ÿ…(r)#) | äà�£¬¥−â ¯¥à¥¢®¤�, ¢ª«îç�îé¨©
r-¥ ã¯®âà¥¡«¥−¨¥ äà�−æã§áª®© Ÿ… (á¬. ¯à¨¬¥à 5), â®£¤� ª�ª ¢ à¥¢¥àá¨¢−®¬
−�¯à�¢«¥−¨¨ ¯¥à¥¢®¤� �‘ ¤®«¦−� ¨¬¥âì ¢¨¤ 〈FO(#Ÿ…(r)#); FO(#Ÿ…(i)#)〉
(á¬. ¯à¨¬¥à 6).

”à�£¬¥−âë ®à¨£¨−�«� ¨ ¯¥à¥¢®¤�, ¢å®¤ïé¨¥ ¢ �‘, �−−®â¨àãîâáï á ¯®¬®éìî
−�¡®à®¢ ¯à¨§−�ª®¢-â¥£®¢. ‚®-¯¥à¢ëå, ¤«ï ª�¦¤®£® äà�£¬¥−â� ¯à®áâ�¢«ï¥âáï
£«�¢−ë© ¯à¨§−�ª, ª®â®àë© ãª�§ë¢�¥â, çâ® ¤�−−ë© äà�£¬¥−â á«¥¤ã¥â à�áá¬�â-
à¨¢�âì ª�ª á«ãç�© ã¯®âà¥¡«¥−¨ï −¥ª®â®à®© Ÿ… á®®â¢¥âáâ¢ãîé¥£® ï§ëª�. „«ï
¡�§®¢®£® ï§ëª� −�¡®à £«�¢−ëå ¯à¨§−�ª®¢ | íâ® ¬−®¦¥áâ¢® Ÿ… ¡�§®¢®£® ï§ëª�,
§�à¥£¨áâà¨à®¢�−−ëå ¢ ��„ ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï: {!Ÿ…(j)!, j = 1, . . . ,K},
£¤¥ K | ®¡é¥¥ ç¨á«® â�ª¨å Ÿ…. ‚ ��„ ¯à®¥ªâ� ÷””ˆ ü 16-24-41002 | íâ®
ª®−−¥ªâ®àë àãááª®£® ï§ëª�.

„«ï à¥ä¥à¥−â−ëå ï§ëª®¢ −�¡®à £«�¢−ëå ¯à¨§−�ª®¢ | íâ® ¬−®¦¥áâ¢® §�-
à¥£¨áâà¨à®¢�−−ëå ¢ ��„ Ÿ… à¥ä¥à¥−â−®£® ï§ëª�, ª®â®àë¥ ï¢«ïîâáï «¨¡®
à¥§ã«ìâ�â�¬¨, «¨¡® áâ¨¬ã«�¬¨ ¯¥à¥¢®¤� ¤«ï í«¥¬¥−â®¢ ¬−®¦¥áâ¢� !Ÿ…(j)! ¡�§®-
¢®£® ï§ëª�: {!Ÿ…(p)!, p = 1, . . . , L}, £¤¥ L | ®¡é¥¥ ç¨á«® â�ª¨å Ÿ…1. ‚ ¯à®æ¥áá¥
¯®¯®«−¥−¨ï ��„ −�¡®àë £«�¢−ëå ¯à¨§−�ª®¢ ¯® ¬¥à¥ −¥®¡å®¤¨¬®áâ¨ à�áè¨-
àïîâáï, ®á®¡¥−−® ª®£¤� à¥çì ¨¤¥â ® −�¡®à�å £«�¢−ëå ¯à¨§−�ª®¢ à¥ä¥à¥−â−ëå
ï§ëª®¢. ’�ª¨¬ ®¡à�§®¬, K ¨ L ¬®£ãâ ã¢¥«¨ç¨¢�âìáï, â�ª ª�ª ��„ ª®−−¥ªâ®à®¢
¯®¤¤¥à¦¨¢�¥â ¢®§¬®¦−®áâì à�áè¨à¥−¨ï ¬−®¦¥áâ¢� {!Ÿ…(j)!}, ¥á«¨ «¨−£¢¨áâë
à¥è�â ¤®¡�¢¨âì ¢ −¥£® −®¢ë¥ Ÿ….

�®¤ëâ®¦¨¢�ï áª�§�−−®¥, ¯®¢â®à¨¬, çâ® £«�¢−ë© ¯à¨§−�ª, ¯à¨á¢�¨¢�¥¬ë©
äà�£¬¥−âã, ¢å®¤ïé¥¬ã ¢ �‘, ãª�§ë¢�¥â −� â®, ª�ª�ï ¨¬¥−−® Ÿ… ¢ íâ®¬ äà�£¬¥−â¥
¢ëáâã¯�¥â ®¡ê¥ªâ®¬ à�áá¬®âà¥−¨ï. �â® ¬®¦¥â ¡ëâì: (1) !Ÿ…(j)! ¨áå®¤−®£® ª«�áá�
¡�§®¢®£® ï§ëª�, (2) !Ÿ…(p)! à¥ä¥à¥−â−®£® ï§ëª� ¨«¨ (3) ®¤¨− ¨§ ¯à¨§−�ª®¢-â¥£®¢,
ª®â®àë© ãª�§ë¢�¥â −� â®, çâ® £«�¢−ë© ¯à¨§−�ª ¢ë¤¥«¨âì −¥ ã¤�¥âáï [9].

�®¬¨¬® £«�¢−ëå ¯à¨§−�ª®¢ ¢ ¯à®æ¥áá¥ «¨−£¢¨áâ¨ç¥áª®£® �−−®â¨à®¢�−¨ï ¨á-
¯®«ì§ãîâáï ¤®¯®«−¨â¥«ì−ë¥ ¯à¨§−�ª¨. ‚áî á®¢®ªã¯−®áâì ¤®¯®«−¨â¥«ì−ëå ¯à¨-
§−�ª®¢, å�à�ªâ¥à¨§ãîé¨å à�§−ë¥ �á¯¥ªâë ã¯®âà¥¡«¥−¨ï Ÿ…, ¬®¦−® ¯à¥¤áâ�¢¨âì
ª�ª ä�á¥â−ãî ª«�áá¨ä¨ª�æ¨î [6]. �à¨ íâ®¬ á¥¬�−â¨ç¥áª¨ á¢ï§�−−ë¥ −�¡®àë

1�® á®áâ®ï−¨î −� 30.08.2018 ¤«ï ¯àï¬®£® −�¯à�¢«¥−¨ï ¯¥à¥¢®¤� (á àãááª®£® −� äà�−æã§áª¨©)
K = 1029 ¨ L = 1456.
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§−�ç¥−¨© ¤®¯®«−¨â¥«ì−ëå ¯à¨§−�ª®¢ (¢ ��„ ®−¨ −�§ë¢�îâáï ª«�áâ¥à�¬¨ ¤®-
¯®«−¨â¥«ì−ëå ¯à¨§−�ª®¢) ¬®¦−® à�áá¬�âà¨¢�âì ª�ª ä�á¥âë, � á�¬¨ §−�ç¥−¨ï
¤®¯®«−¨â¥«ì−ëå ¯à¨§−�ª®¢ | ª�ª àã¡à¨ª¨ íâ¨å ä�á¥â®¢.

„®áâ®¨−áâ¢® ¯à¥¤áâ�¢«¥−¨ï àã¡à¨ª ¢ ä®à¬¥ ä�á¥â−®© ª«�áá¨ä¨ª�æ¨¨ á®áâ®¨â
¢ â®¬, çâ® ¯ãâ¥¬ ª®¬¡¨−�æ¨¨ àã¡à¨ª à�§«¨ç−ëå ä�á¥â®¢ ¬®¦−® ®áãé¥áâ¢«ïâì
¯®¨áª ª®−−¥ªâ®à®¢ §�¤�−−®£® â¨¯�, ®¡«�¤�îé¨å −¥ª®â®àë¬ −�¡®à®¬ §−�ç¥−¨©
¯à¨§−�ª®¢ ¨ ¢áâà¥ç�îé¨åáï ¢ ®¯à¥¤¥«¥−−®¬ ª®−â¥ªáâ¥ [10]. �à¨ íâ®¬ ¢ à�¡®â¥
á �‘ ¨¬¥¥âáï ¢®§¬®¦−®áâì ª®¬¡¨−¨à®¢�âì £«�¢−ë¥ ¨ ¤®¯®«−¨â¥«ì−ë¥ ¯à¨§−�-
ª¨ ¤«ï ¤¢ãå ï§ëª®¢ ¤«ï −¥ª®â®à®£® −�¯à�¢«¥−¨ï ¯¥à¥¢®¤�, çâ® ¥é¥ ¡®«ìè¥
à�áè¨àï¥â ¯®¨áª®¢ë© äã−ªæ¨®−�« ��„.

3 Структурные схемы надкорпусной базы данных

‚ ¤�−−®¬ à�§¤¥«¥ ®¯¨á�−� áâàãªâãà� ��„ ª®−−¥ªâ®à®¢, ª®â®à�ï ®¡¥á¯¥ç¨¢�-
¥â à¥è¥−¨¥ «¨−£¢¨áâ¨ç¥áª¨å §�¤�ç ¯à®¥ªâ�. …¥ ¬®¦−® úà�§¡¨âìû −� ¤¢¥ ç�áâ¨:
ª®à¯ãá−ãî ¨ −�¤ª®à¯ãá−ãî. Š®à¯ãá−�ï ç�áâì ¯à¥¤−�§−�ç¥−� ¤«ï åà�−¥−¨ï ¯�-
à�««¥«ì−ëå â¥ªáâ®¢, ¯®«ãç¥−−ëå ¨§ ��æ¨®−�«ì−®£® ª®à¯ãá� àãááª®£® ï§ëª�
(�Š÷Ÿ) [11]. �� ¬�â¥à¨�«¥ â¥ªáâ®¢ �Š÷Ÿ ®áãé¥áâ¢«ï¥âáï ¨áá«¥¤®¢�−¨¥ ¨áå®¤-
−®£® ¬−®¦¥áâ¢� {Ÿ…(j), j = 1, . . . ,K}. ‚ íâ®© ç�áâ¨ �„ á®¤¥à¦¨âáï ¨−ä®à¬�æ¨ï
® ¯à®¨§¢¥¤¥−¨ïå, á®áâ�¢«ïîé¨å ª®à¯ãá�, ¯¥à¥¢®¤�å íâ¨å ¯à®¨§¢¥¤¥−¨©, ¢ëà®¢-
−¥−−ëå ¯�à�å äà�£¬¥−â®¢ ®à¨£¨−�«� ¨ ¯¥à¥¢®¤�. �â® ¤�¥â ¢®§¬®¦−®áâì ¯à¥¤áâ�-
¢¨âì ¨á¯®«−¨â¥«ï¬ ¯à®¥ªâ� ¯�à�««¥«ì−ë¥ â¥ªáâë ¢ ¢ëà®¢−¥−−®¬ ¢¨¤¥ (á¬. â�¡«. 1
¨ 2). ’�ª¦¥ ¢ ª®à¯ãá−®© ç�áâ¨ á®¤¥à¦¨âáï ¨−ä®à¬�æ¨ï ® á«®¢�å, ¢å®¤ïé¨å ¢®
äà�£¬¥−âë ®à¨£¨−�«� ¨ ¯¥à¥¢®¤�, ¨ ® à¥§ã«ìâ�â�å ¬®àä®«®£¨ç¥áª®£® �−�«¨§�
íâ¨å á«®¢. �� ®á−®¢¥ íâ®© ¨−ä®à¬�æ¨¨ ¢ ��„ ®áãé¥áâ¢«ï¥âáï ¯¥à¢¨ç−ë© ¯®-
¨áª äà�£¬¥−â®¢, ¢ ª®â®àëå ¬®£ãâ −�å®¤¨âìáï ¨−â¥à¥áãîé¨¥ ¨áá«¥¤®¢�â¥«¥© Ÿ….
‹®£¨ç¥áª�ï áâàãªâãà−�ï áå¥¬� ª®à¯ãá−®© ç�áâ¨ ��„ ¯à¥¤áâ�¢«¥−� −� à¨á. 11.

‚ −�¤ª®à¯ãá−®© ç�áâ¨ ��„ á®¤¥à¦¨âáï ¨−ä®à¬�æ¨ï ® �‘ ¨ ¢å®¤ïé¨å ¢ −¨å
ã¯®âà¥¡«¥−¨ïå ¨áá«¥¤ã¥¬ëå Ÿ… (¯à¨¬¥àë 5 ¨ 6). ‹®£¨ç¥áª�ï áâàãªâãà−�ï áå¥¬�
−�¤ª®à¯ãá−®© ç�áâ¨ ��„ ¯à¨¢¥¤¥−� −� à¨á. 2.

4 Заключение

Š�ª ¢¨¤−® ¨§ à¨á. 2, áâàãªâãà−�ï áå¥¬� −�¤ª®à¯ãá−®© ç�áâ¨ ��„ á®áâ®¨â
¨§ −¥áª®«ìª¨å ¢§�¨¬®á¢ï§�−−ëå â�¡«¨æ. ‚å®¤ïé¨¥ ¢ �‘ äà�£¬¥−âë â¥ªáâ�
¡�§®¢®£® ï§ëª� ¨ á®®â¢¥âáâ¢ãîé¨¥ ¨¬ äà�£¬¥−âë â¥ªáâ®¢ à¥ä¥à¥−â−ëå ï§ëª®¢
®¯¨áë¢�îâáï á ¯®¬®éìî ®¤−®© ¨ â®© ¦¥ â�¡«¨æë ú”à�£¬¥−âû. Šà®¬¥ â®£®,
â�¡«¨æ� ú”à�£¬¥−âû ¨á¯®«ì§ã¥âáï ¤«ï ®¯¨á�−¨ï ã¯®âà¥¡«¥−¨© Ÿ… ®à¨£¨−�«�
¨ ¯¥à¥¢®¤�. �â® ¯®§¢®«ï¥â ã¯à®áâ¨âì ¨ ã−¨ä¨æ¨à®¢�âì à�¡®âã á ª®−−¥ªâ®à�¬¨
¢ ¯àï¬ëå ¨ à¥¢¥àá¨¢−ëå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨ïå.

1�� à¨á. 1 ¯à¨¢®¤ïâáï ®¡®¡é¥−−ë¥ ¤¨�£à�¬¬ë â�¡«¨æ, ¯®«¥© ¨ á¢ï§¥© ��„, ¯®áª®«ìªã ¨å
¤¥â�«ì−ë¥ ¢�à¨�−âë âï¦¥«ë ¤«ï ¢®á¯à¨ïâ¨ï.
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��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå ª®−−¥ªâ®à®¢: à�§¢¨â¨¥ á¨áâ¥¬ë â¥à¬¨−®¢ ¯à®¥ªâ¨à®¢�−¨ï

÷¨á. 1 ‹®£¨ç¥áª�ï áâàãªâãà−�ï áå¥¬� ª®à¯ãá−®© ç�áâ¨ ��„. �àï¬®ã£®«ì−¨ª¨ á®®â-
¢¥âáâ¢ãîâ â�¡«¨æ�¬ ��„, «¨−¨¨ ¬¥¦¤ã ¯àï¬®ã£®«ì−¨ª�¬¨ | á¢ï§ï¬ ¬¥¦¤ã â�¡«¨æ�¬¨.
‘¢ï§¨ ®¤¨−-ª-®¤−®¬ã ®¡®§−�ç�îâáï ¯à®áâë¬¨ «¨−¨ï¬¨, á¢ï§¨ ®¤¨−-ª®-¬−®£¨¬ | «¨-
−¨ï¬¨ á ®¤−¨¬ ¯à®áâë¬ ¨ ®¤−¨¬ à�§¢¥â¢«¥−−ë¬ ª®−æ®¬, á¢ï§¨ ¬−®£¨¥-ª®-¬−®£¨¬ |
«¨−¨ï¬¨ á ¤¢ã¬ï à�§¢¥â¢«¥−−ë¬¨ ª®−æ�¬¨ (−�¯à¨¬¥à, ®¤−®© á«®¢®ä®à¬¥ ¬®¦¥â á®®â-
¢¥âáâ¢®¢�âì −¥áª®«ìª® ¬®àä®«®£¨ç¥áª¨å à�§¡®à®¢, ª®â®àë¥ ¬®£ãâ ®â−®á¨âìáï ª à�§−ë¬
«¥¬¬�¬)
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ˆ. Œ. ‡�æ¬�−, Œ. ƒ. Šàã¦ª®¢

÷¨á. 2 ‹®£¨ç¥áª�ï áâàãªâãà−�ï áå¥¬� −�¤ª®à¯ãá−®© ç�áâ¨ ��„

‘¢ï§ì á ª®à¯ãá−®© ç�áâìî ��„ ®áãé¥áâ¢«ï¥âáï ç¥à¥§ â�¡«¨æã ú‘«®¢®û:
ª�¦¤ë© â¥ªáâ®¢ë© äà�£¬¥−â, ¢å®¤ïé¨© ¢ �‘, ®¯à¥¤¥«ï¥âáï ª�ª á®¢®ªã¯−®áâì
ã¯®âà¥¡«¥−¨© ª®−−¥ªâ®à®¢ ¢ â¥ªáâ�å −¥ª®â®à®£® ¯à®¨§¢¥¤¥−¨ï ¨«¨ ¥£® ¯¥à¥¢®¤�,
çâ® ¯®§¢®«ï¥â §�¤�¢�âì −¥®¡å®¤¨¬ë¥ ¨áá«¥¤®¢�â¥«î £à�−¨æë ¤«ï ª®−â¥ªáâ®¢
ã¯®âà¥¡«¥−¨© #Ÿ…(j, i)# ¨ #Ÿ…(p, r)#. �â® −ã¦−® ¯à¨ ®¯¨á�−¨¨ Ÿ…, ¤«ï
ª®â®àëå âà¥¡ã¥âáï §�¤�¢�âì è¨à®ª¨© ª®−â¥ªáâ, ¢ëå®¤ïé¨© §� à�¬ª¨ ¢ëà®¢−¥−−®©
¯�àë ¯à¥¤«®¦¥−¨© ¢ ¯�à�««¥«ì−®¬ â¥ªáâ¥, çâ® ¢�¦−® ¯à¨ ®¯¨á�−¨¨ ª®−−¥ªâ®à®¢,
ª®â®àë¥ −¥à¥¤ª® ¬®£ãâ á¢ï§ë¢�âì −¥áª®«ìª® á®á¥¤−¨å ¯à¥¤«®¦¥−¨©.
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SUPRACORPORA DATABASE OF CONNECTIVES:
DESIGN-ORIENTED EVOLUTION OF THE TERM SYSTEM

I. M. Zatsman and M. G. Kruzhkov

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

Abstract: This article examines the process of design-oriented evolution of the
term system for supracorpora databases (SCDB) which represent a new category
of information resources in linguistics. The SCDB is based on parallel texts,
i. e., texts placed alongside their translations and aligned with them at the
sentence level. Although SCDBs are designed for annotation of a wide variety
of linguistic items and their correspondences, this article specifically considers
annotation of connectives. The annotation-centered design of SCDBs has led
to emergence of new entities and notions in computer linguistics, and in the
beginning of 2017, a custom term system was proposed for them. On one hand,
the proposed terms are used by linguists in order to describe new knowledge
generated as a result of annotation and investigation of linguistic units. On
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the other hand, these terms serve as a basis for design of the SCDB architecture
and the associated dataware, lingware, and software. Since the first description
of the terminology, the range of tasks accomplished with SCDBs has expanded
significantly; hence, there is the need to further develop the initial design-oriented
term system.

Keywords: supracorpora databases; term systems; annotation of linguistic units;
parallel texts; corpus linguistics; connectives

DOI: 10.14357/08696527180415

Acknowledgments

This research was performed in the Institute of Informatics Problems, Federal
Research Center \Computer Science and Control" of the Russian Academy of
Sciences, with financial support of the Russian Foundation for Basic Research
(grant No. 16-24-41002).

References

1. Dobrovol'skiy, D. O., A. A. Kretov, and S. A. Sharov. 2005. Korpus parallel'nykh
tekstov: arkhitektura i vozmozhnosti ispol'zovaniya [Corpus of parallel texts: Archi-
tecture and applications]. Natsional'nyy korpus russkogo yazyka: 2003{2005 [The
Russian National Corpus 2003{2005]. Moscow: Indrik. 263{296.

2. Loiseau, S., D. V. Sitchinava, Anna A. Zalizniak, and I. M. Zatsman. 2013. In-
formation technologies for creating the database of equivalent verbal forms in the
Russian{French multivariant parallel corpus. Informatika i ee Primeneniya | Inform.
Appl. 7(2):100{109.

3. Sichinava, D. V. 2014. Ispol'zovanie parallel'nogo korpusa dlya kolichestvennogo
izucheniya lingvospetsifichnoy leksiki [Using a parallel corpus for quantitative research
of language-specific lexis]. Yazyk, literatura, kul'tura: aktual'nye problemy izucheniya
i prepodavaniya [Language, literature, culture: Urgent problems of research and
teaching]. Moscow: MAKS Press. 10:37{44.

4. Kruzhkov, M. G. 2015. Informatsionnye resursy kontrastivnykh lingvisticheskikh issle-
dovaniy: elektronnye korpusa tekstov [Information resources for contrastive studies:
Electronic text corpora]. Sistemy i Sredstva Informatiki | Systems and Means of
Informatics 25(2):140{159.

5. Zaliznyak, Anna A., I. M. Zatsman, O. Yu. In'kova, and M. G. Kruzhkov. 2015.
Nadkorpusnye bazy dannykh kak lingvisticheskiy resurs [Supracorpora databases as
a linguistic resource]. 7th Conference (International) on Corpus Linguistics Proceed-
ings. St. Petersburg: St. Petersburg State University. 211{218.

6. Zatsman, I. M., O. Yu. In'kova, M. G. Kruzhkov, and N. A. Popkova. 2016. Pred-
stavlenie krossyazykovykh znaniy o konnektorakh v nadkorpusnykh bazakh dannykh
[Representation of cross-lingual knowledge about connectors in supracorpora databases].
Informatika i ee Primeneniya | Inform. Appl. 10(1):106{118.

166 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2018 vol 28 no 4



Supracorpora database of connectives: Design-oriented evolution of the term system

7. Zaliznyak, Anna A., I. M. Zatsman, and O. Yu. In'kova. 2017. Nadkorpusnaya baza
dannykh konnektorov: postroenie sistemy terminov [Supracorpora database of connec-
tives: Term system development]. Informatika i ee Primeneniya | Inform. Appl.
11(1):100{106.

8. Zaliznyak, Anna A. 2016. Baza dannykh mezh"yazykovykh ekvivalentsiy kak instru-
ment lingvisticheskogo analiza [A database of cross-lingistic equivalences as an instru-
ment of linguistic analysis]. Computational Linguistics and Intellectual Technologies:
Conference (International) \Dialog" Proceedings. Moscow: RGGU. 15(22):854{866.

9. Zatsman, I. M., M. G. Kruzhkov, and E. Yu. Loshchilova. 2017. Metody analiza
chastotnosti modeley perevoda konnektorov i obratimost' generalizatsii statisticheskikh
dannykh [Reversibility and alternativeness of generalization of connectives translation
models in parallel texts]. Sistemy i Sredstva Informatiki | Systems and Means of
Informatics 27(4):164{176.

10. Inkova, O. Yu., and N. �. Popkova. 2017. Statistical data as information source for
linguistic analysis of Russian connectors. Informatika i ee Primeneniya | Inform.
Appl. 11(3):123{131.

11. Natsional'nyy korpus russkogo yazyka [The Russian National Corpus]. Available at:
http://www.ruscorpora.ru (accessed September 4, 2018).

Received September 7, 2018

Contributors

Zatsman Igor M. (b. 1952) | Doctor of Science in technology, Head of De-
partment, Institute of Informatics Problems, Federal Research Center \Computer
Science and Control" of the Russian Academy of Sciences, 44-2 Vavilov Str.,
Moscow 119333, Russian Federation; izatsman@yandex.ru
Kruzhkov Mikhail G. (b. 1975) | senior scientist, Institute of Informatics
Problems, Federal Research Center \Computer Science and Control" of the Russian
Academy of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation;
magnit75@yandex.ru

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2018 vol 28 no 4 167



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2018. ’. 28. ü 4. ‘. 168{181

МЕТОД ОПИСАНИЯ СТРУКТУРЫ НЕОДНОСЛОВНЫХ
КОННЕКТОРОВ В НАДКОРПУСНЫХ БАЗАХ ДАННЫХ∗

О. Ю. Инькова1, М. Г. Кружков2

�−−®â�æ¨ï: �à¥¤áâ�¢«¥− −®¢ë© ¨−ä®à¬�æ¨®−−®-ª®¬¯ìîâ¥à−ë© ¬¥â®¤ ®¯¨-
á�−¨ï áâàãªâãàë −¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢, à¥�«¨§®¢�−−ë© ¢ à�¬ª�å ��¤-
ª®à¯ãá−®© ¡�§ë ¤�−−ëå (��„) ª®−−¥ªâ®à®¢. �� á¥£®¤−ïè−¨© ¤¥−ì áâàãªâãà�
ª®−−¥ªâ®à®¢ ¬�«® ¨§ãç¥−�, ®âáãâáâ¢ãîâ ªà¨â¥à¨¨ ¤«ï ®¯à¥¤¥«¥−¨ï «¨−¥©−ëå
£à�−¨æ ª®−−¥ªâ®à®¢ ¨ ¨å ª®¬¯®−¥−â®¢. ‚ ®á−®¢¥ ¯à¥¤«�£�¥¬®£® ¬¥â®¤� «¥¦¨â
ª®£−¨â¨¢−®-á¥¬�−â¨ç¥áª¨© ¯®¤å®¤, ¯à¨ ª®â®à®¬ −¥®¤−®á«®¢−ë¥ ª®−−¥ªâ®àë
áç¨â�îâáï ¡®«¥¥ ¨«¨ ¬¥−¥¥ á¢®¡®¤−ë¬¨ á®ç¥â�−¨ï¬¨. �à¨ �−−®â¨à®¢�−¨¨
ª®−−¥ªâ®à®¢ ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ¤¢ãåãà®¢−¥¢ãî ä�á¥â−ãî ª«�áá¨ä¨-
ª�æ¨î, £¤¥ �−−®â¨à®¢�−¨î ¯®¤«¥¦�â, á ®¤−®© áâ®à®−ë, ã¯®âà¥¡«¥−¨ï ª®−−¥ª-
â®à®¢ ¢ â¥ªáâ¥ (ª®−â¥ªáâ−®¥ �−−®â¨à®¢�−¨¥), á ¤àã£®© áâ®à®−ë | á®¡áâ¢¥−−®
¢−ãâà¥−−ïï áâàãªâãà� ª®−−¥ªâ®à®¢ (áâàãªâãà−®¥ �−−®â¨à®¢�−¨¥). ‘âàãª-
âãà−®¥ �−−®â¨à®¢�−¨¥ ®áãé¥áâ¢«ï¥âáï ¯® ¤¢ã¬ ®á−®¢�−¨ï¬: ®¯à¥¤¥«ïîâáï
áâàãªâãà−ë© â¨¯ ¨ áâàãªâãà−ë¥ á®áâ�¢«ïîé¨¥ ª®−−¥ªâ®à®¢. �à¥¤«�£�¥¬�ï
áå¥¬� �−−®â�æ¨¨ ¯®§¢®«ï¥â à¥�«¨§®¢�âì á¨áâ¥¬ã ú¯¥à¥ªà¥áâ−ëåû ª«�áâ¥à®¢,
§−�ç¨â¥«ì−® à�áè¨àïîéãî ¯®¨áª®¢ë¥ ¨ áâ�â¨áâ¨ç¥áª¨¥ ¢®§¬®¦−®áâ¨ ��„
ª®−−¥ªâ®à®¢. Šà®¬¥ â®£®, ¤�−−ë© ¬¥â®¤ ¯®§¢®«ï¥â ¨§¡¥£�âì áã¡ê¥ªâ¨¢−®áâ¨
¯à¨ �−−®â¨à®¢�−¨¨ −¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢ ¢ í«¥ªâà®−−ëå «¨−£¢¨áâ¨ç¥-
áª¨å ª®à¯ãá�å ¨ §�¯®«−ïâì «�ªã−ë ¢ «¨−£¢¨áâ¨ç¥áª¨å §−�−¨ïå: −�¯à¨¬¥à,
¯®«ãç�âì −®¢ë¥ ¤�−−ë¥ ® á®ç¥â�¥¬®áâ−ëå ¢®§¬®¦−®áâïå ª®−−¥ªâ®à®¢ àãááª®£®
ï§ëª�.

Š«îç¥¢ë¥ á«®¢�: −�¤ª®à¯ãá−ë¥ ¡�§ë ¤�−−ëå; ª®¬¯ìîâ¥à−�ï ®¡à�¡®âª�
¥áâ¥áâ¢¥−−®£® ï§ëª�; ª®−−¥ªâ®àë; áâàãªâãà� ï§ëª®¢ëå ¥¤¨−¨æ; ¢�à¨�â¨¢-
−®áâì ï§ëª®¢ëå ¥¤¨−¨æ; ª®à¯ãá−�ï «¨−£¢¨áâ¨ª�; �−−®â¨à®¢�−¨¥; ä�á¥â−�ï
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1 Введение

‚ á¢ï§¨ á à�§¢¨â¨¥¬ ª®à¯ãá−®© «¨−£¢¨áâ¨ª¨ ¨ á¨áâ¥¬ ®¡à�¡®âª¨ ¥áâ¥áâ¢¥−−®£®
ï§ëª� ¯¥à¥¤ á¯¥æ¨�«¨áâ�¬¨ ¢ ®¡«�áâ¨ «¨−£¢¨áâ¨ª¨ ¨ ¨−ä®à¬�â¨ª¨ ¢áâ�¥â §�¤�ç�,
á¢ï§�−−�ï á à�á¯®§−�¢�−¨¥¬ ¨ ¨−â¥à¯à¥â�æ¨¥© «®£¨ç¥áª¨å á¢ï§¥© ¬¥¦¤ã á¨âã�-
æ¨ï¬¨, ®¯¨á�−−ë¬¨ ¢ â¥ªáâ¥. ‘®£«�á−® ®¯à¥¤¥«¥−¨î, ¤�−−®¬ã ¢ [1], ï§ëª®¢ë¥
¥¤¨−¨æë, ¬�àª¨àãîé¨¥ «®£¨ª®-á¥¬�−â¨ç¥áª¨¥ ®â−®è¥−¨ï (‹‘�) ¬¥¦¤ã äà�£-

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 16-06-00070).
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, olyainkova@yandex.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, magnit75@yandex.ru
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Œ¥â®¤ ®¯¨á�−¨ï áâàãªâãàë −¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢ ¢ −�¤ª®à¯ãá−ëå ¡�§�å ¤�−−ëå

¬¥−â�¬¨ â¥ªáâ�, ®¯¨áë¢�îé¨¬¨ á¨âã�æ¨¨, −�§ë¢�îâáï ª®−−¥ªâ®à�¬¨. Œ−®£¨¥
ª®−−¥ªâ®àë ï¢«ïîâáï á®ç¨−¨â¥«ì−ë¬¨ ¨«¨ ¯®¤ç¨−¨â¥«ì−ë¬¨ á®î§�¬¨, ®¤−�ª®
¨å ¬®àä®«®£¨ç¥áª�ï ¯à¨à®¤� ¤�«¥ª® −¥ ®£à�−¨ç¨¢�¥âáï ®¤−®© íâ®© ç�áâìî à¥ç¨ |
äã−ªæ¨î ª®−−¥ªâ®à®¢ ¬®£ãâ ¢ë¯®«−ïâì ¥¤¨−¨æë à�§«¨ç−ëå ¬®àä®«®£¨ç¥áª¨å
¨ á¨−â�ªá¨ç¥áª¨å ª«�áá®¢, áà¥¤¨ ª®â®àëå ¬®¦−® ¢ë¤¥«¨âì −�à¥ç¨ï ¨ ç�áâ¨æë
(¨−�ç¥, â�ª¦¥, ªáâ�â¨), −¥ª®â®àë¥ ¯à¥¤«®£¨ (¯®á«¥), ¯à¥¤¨ª�â¨¢−ë¥ áâàãªâãàë
(„¥«® ¢ â®¬, çâ®. . .; ‘â®¨â. . . ª�ª. . .).

‡−�ç¨â¥«ì−®¥ ç¨á«® ª®−−¥ªâ®à®¢ á®áâ®¨â ¡®«¥¥ ç¥¬ ¨§ ®¤−®£® á«®¢� (� â�ª¦¥,
−® −¥ â®«ìª®, ¯® ªà�©−¥© ¬¥à¥ ¨ ¯à.) | â�ª¨¥ ª®−−¥ªâ®àë ¡ã¤¥¬ −�§ë¢�âì
−¥®¤−®á«®¢−ë¬¨. �à®¡«¥¬� ®¯¨á�−¨ï áâàãªâãàë −¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢ ¤®
¯®á«¥¤−¥£® ¢à¥¬¥−¨ −¥ ï¢«ï«�áì ¯à¥¤¬¥â®¬ á¯¥æ¨�«ì−®£® ®¡áã¦¤¥−¨ï, áâàãªâãà�
¨å ¬�«® ¨§ãç¥−�, ®âáãâáâ¢ãîâ ªà¨â¥à¨¨ ¤«ï ®¯à¥¤¥«¥−¨ï «¨−¥©−ëå £à�−¨æ
−¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢ ¨ ¨å ª®¬¯®−¥−â®¢. �®«¥¥ â®£®, ®âáãâáâ¢ãîâ ç¥âª¨¥
ªà¨â¥à¨¨ ¤«ï ®¯à¥¤¥«¥−¨ï â®£®, ª�ª¨¥ à¥ç¥¢ë¥ à¥�«¨§�æ¨¨ á«¥¤ã¥â áç¨â�âì
¥¤¨−ë¬¨ ï§ëª®¢ë¬¨ ¥¤¨−¨æ�¬¨, � ª�ª¨¥ | á®áâ�¢−ë¬¨ ï§ëª®¢ë¬¨ ¥¤¨−¨æ�¬¨.
��¯à¨¬¥à, ¢ �ª�¤¥¬¨ç¥áª®© £à�¬¬�â¨ª¥ àãááª®£® ï§ëª� ([2], ¤�«¥¥ | ÷ƒ-80)
à¥ç¥¢�ï à¥�«¨§�æ¨ï � §−�ç¨â áç¨â�¥âáï á®ç¥â�−¨¥¬ á®î§� á ª®−ªà¥â¨§�â®à®¬, ¢ â®
¢à¥¬ï ª�ª � â�ª¦¥ | ¥¤¨−®© ï§ëª®¢®© ¥¤¨−¨æ¥©. Šà®¬¥ â®£®, ¬−®£¨¥ ª®−−¥ªâ®àë
å�à�ªâ¥à¨§ãîâáï ¢ëá®ª®© áâ¥¯¥−ìî ä®à¬�«ì−®© ¢�à¨�â¨¢−®áâ¨, çâ® ®âà�¦�¥âáï
¨ ¢ ¨å ¯à¥¤áâ�¢«¥−¨¨ ¢ á«®¢�àïå ¨ £à�¬¬�â¨ª�å. ��¯à¨¬¥à, ¢ ¯à¥¤¬¥â−®¬
ãª�§�â¥«¥ ÷ƒ-80 ä¨ªá¨àãîâáï â�ª¨¥ á®î§ë: −¥ â® çâ®. . . −® (�; ¯à®áâ®; ¤�¦¥;
¤�¦¥ −¥), −¥ â®«ìª®. . . −® ¨ (� ¨; −® ¤�¦¥; � ¥é¥, � ª â®¬ã ¦¥). ‡�¬¥â¨¬, çâ®
ãª�§�−−ë¥ ¢�à¨�−âë ¤�«¥ª® −¥ ¨áç¥à¯ë¢�îâ ¢á¥ á®ç¥â�¥¬®áâ−ë¥ ¢®§¬®¦−®áâ¨
ä®à¬�−â®¢ −¥ â® çâ® ¨ −¥ â®«ìª® (¯®¤à®¡−¥¥ á¬. [3{5]).

–¥«ì íâ®© à�¡®âë á®áâ®¨â ¢ â®¬, çâ®¡ë ¯à¥¤áâ�¢¨âì −®¢ë© ¨−ä®à¬�æ¨®−-
−®-ª®¬¯ìîâ¥à−ë© ¬¥â®¤ ®¯¨á�−¨ï áâàãªâãàë −¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢, à¥�-
«¨§®¢�−−ë© ¢ à�¬ª�å ��„ ª®−−¥ªâ®à®¢. ��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå (â¥à¬¨−
¢¢¥¤¥− ¢ [6]) ¯à¥¤áâ�¢«ï¥â á®¡®© à¥«ïæ¨®−−ãî ¡�§ã ¤�−−ëå −� ®á−®¢¥ á¨áâ¥¬ë
ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå SQL Server ¨ ¯®§¢®«ï¥â ä®à¬¨à®¢�âì ¯¥à¥¢®¤−ë¥
á®®â¢¥âáâ¢¨ï ¤«ï à�§«¨ç−ëå ï§ëª®¢ëå ¥¤¨−¨æ, ¢ â®¬ ç¨á«¥ −¥®¤−®á«®¢−ëå
ª®−−¥ªâ®à®¢, � â�ª¦¥ �−−®â¨à®¢�âì íâ¨ ¥¤¨−¨æë á ¨á¯®«ì§®¢�−¨¥¬ ª«�áá¨ä¨-
ª�æ¨®−−ëå áå¥¬, ª®â®àë¥ ¯®«ì§®¢�â¥«¨-«¨−£¢¨áâë ¬®£ãâ −�áâà�¨¢�âì á ãç¥â®¬
á¢®¨å ¯®âà¥¡−®áâ¥©. ‚ à�§¤. 2 ¡ã¤ãâ ¯à¥¤áâ�¢«¥−ë áãé¥áâ¢ãîé¨¥ ¯®¤å®¤ë ª �−-
−®â¨à®¢�−¨î −¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢ ª�ª ¤«ï àãááª®£®, â�ª ¨ ¤«ï ¤àã£¨å
ï§ëª®¢. ‚ à�§¤. 3 ¡ã¤¥â à�áá¬®âà¥−� ®¡é�ï áâàãªâãà� ��„. ‚ à�§¤. 4 ¡ã¤¥â
¯®ª�§�−®, ª�ª áâàãªâãà−�ï áå¥¬� ��„ ª®−−¥ªâ®à®¢ ¡ë«� á¯à®¥ªâ¨à®¢�−� ¯à¨-
¬¥−¨â¥«ì−® ª §�¤�ç¥ ®¯¨á�−¨ï áâàãªâãàë −¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢ ¢ à�¬ª�å
ª®£−¨â¨¢−®-á¥¬�−â¨ç¥áª®£® ¯®¤å®¤�.

2 Существующие подходы к описанию неоднословных коннекторов

÷�§à�¡®âç¨ª¨ áãé¥áâ¢ãîé¨å �−−®â¨à®¢�−−ëå ª®à¯ãá®¢ àãááª®£® ï§ëª�, ¢ ª®-
â®àëå áâ�¢¨âáï ¢®¯à®á ® −¥®¤−®á«®¢−ëå ï§ëª®¢ëå ¥¤¨−¨æ�å (•¥«ìá¨−áª¨© �−-
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�. ā. ˆ−ìª®¢�, Œ. ƒ. Šàã¦ª®¢

−®â¨à®¢�−−ë© ª®à¯ãá (•��Š�) [7] ¨ ��æ¨®−�«ì−ë© ª®à¯ãá àãááª®£® ï§ëª�
(�Š÷Ÿ) http://ruscorpora.ru/obgrams.html), ¨áå®¤ïâ ¨§ â®£®, çâ® −¥®¤−®á«®¢-
−ë¥ ª®−−¥ªâ®àë ï¢«ïîâáï ãáâ®©ç¨¢ë¬¨ á®ç¥â�−¨ï¬¨, ¨ −� íâ®¬ ®á−®¢�−¨¨ ®−¨
§�¤�îâáï ä¨ªá¨à®¢�−−ë¬¨ á¯¨áª�¬¨, à�§¬¥àë ª®â®àëå ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨
à�§−ïâáï. ’�ª, ¤«ï �−−®â¨à®¢�−¨ï −¥®¤−®á«®¢−ëå á«ã¦¥¡−ëå á«®¢ á®§¤�â¥«ï¬¨
ª®à¯ãá� •��Š� ¡ë« à�§à�¡®â�− | −� ®á−®¢¥ â®«ª®¢ëå á«®¢�à¥© ¨ á«®¢�à¥©
á«ã¦¥¡−ëå á«®¢ àãááª®£® ï§ëª� | á¯¨á®ª á«ã¦¥¡−ëå −¥®¤−®á«®¢−ëå ¥¤¨−¨æ.
÷ã¡à¨ª� ú‘®î§ëû ¢ª«îç�¥â 323 ¥¤¨−¨æë. ÷�§à�¡®âç¨ª¨ �Š÷Ÿ á®§¤�«¨ úŠ®à-
¯ãá−ë© á«®¢�àì −¥®¤−®á«®¢−ëå «¥ªá¨ç¥áª¨å ¥¤¨−¨æû, ª®â®àë¥ ª¢�«¨ä¨æ¨àã-
îâáï ª�ª úãáâ®©ç¨¢ë¥ «¥ªá¨ç¥áª¨¥ ®¡®à®âëû. �¥®¡å®¤¨¬®áâì á®§¤�−¨ï â�ª®£®
á«®¢�àï ®¡êïá−ï¥âáï â¥¬, çâ® ¬®àä®«®£¨ç¥áª�ï à�§¬¥âª� ¤�¥âáï ¢ �Š÷Ÿ ¤«ï
®àä®£à�ä¨ç¥áª®£® á«®¢�, â. ¥. ®â¤¥«ï¥¬®£® ¯à®¡¥«®¬. ‚ ®á−®¢ã á«®¢�àï ¯®«®¦¥-
−ë ¤�−−ë¥ ç�áâ®â−ëå ª®««®ª�æ¨© �Š÷Ÿ á ¤®¯®«−¥−¨ï¬¨ ¨§ á«®¢�à¥©. ‘¯¨á®ª
®¡®à®â®¢ ¢ äã−ªæ¨¨ á®î§� ¨ á®î§−®£® á«®¢� ¢ª«îç�¥â 159 ¥¤¨−¨æ (â. ¥. ¬¥−ìè¥
¯®«®¢¨−ë á¯¨áª� •��Š�), ¤«ï ª�¦¤®© ¨§ ª®â®àëå ¤�−® ®à¨¥−â¨à®¢®ç−®¥ ç¨á-
«® ã¯®âà¥¡«¥−¨©. ‡�¬¥â¨¬, çâ® −�¨¡®«¥¥ ¯®«−ë© −� á¥£®¤−ïè−¨© ¤¥−ì á¯¨á®ª
á®î§®¢ ¨ á®î§−ëå á«®¢ ÷ƒ-80 ¢ª«îç�¥â 666 ¥¤¨−¨æ.

Šà®¬¥ â®£®, ªà¨â¥à¨© ç�áâ®â−®áâ¨ ¯à¨¬¥−ï¥âáï ¢ úŠ®à¯ãá−®¬ á«®¢�à¥û
�Š÷Ÿ −¥¯®á«¥¤®¢�â¥«ì−®. ‚ ç¨á«® úç�áâ®â−ëåû ¯®¯�¤�îâ ®¡®à®âë ¤®¡à®
¡ë ¥é¥ ¨ ¤¨¢¨ ¡ á ¥¤¨−¨ç−ë¬¨ ¢å®¦¤¥−¨ï¬¨ ¢ �Š÷Ÿ; ä¨ªá¨àãîâáï ª�ª
á�¬®áâ®ïâ¥«ì−ë¥ «¥ªá¨ç¥áª¨¥ ¥¤¨−¨æë ¤®¡à® ¡ë ¨ ¤®¡à® ¡, ¥á«¨ ¡ë ¨ ¥á«¨ ¡,
â®£¤� ª�ª ¨§ ª®¬¡¨−�æ¨© á ¤� ä¨ªá¨àãîâáï â®«ìª® ¤� ¨ ¨ ¤� ¥é¥, å®âï ¯®¨áª
¢ �Š÷Ÿ ¯® ¤� ¯à¨â®¬ ¥é¥ ¢ë¤�¥â 57 ¢å®¦¤¥−¨©, ¯® ¤� ¢¤®¡�¢®ª ¥é¥ | 50.
��ª®−¥æ, ¢ á¯¨á®ª �Š÷Ÿ, ¢ ®â«¨ç¨¥ ®â á¯¨áª� •��Š�, ¢ª«îç�îâáï â®«ìª®
ª®−−¥ªâ®àë, á®áâ�¢«ïîé¨¥ ª®â®àëå à�á¯®«®¦¥−ë ª®−â�ªâ−®, â. ¥. −¥ à�§¤¥«¥−ë
¤àã£¨¬¨ á«®¢�¬¨ â¥ªáâ�. ’�ª¨¬ ®¡à�§®¬, ¢−¥ á¯¨áª� ®áâ�îâáï ¤¢ãåª®¬¯®−¥−â−ë¥
ª®−−¥ªâ®àë (¥á«¨. . . â®. . ., ª�ª. . . â�ª ¨. . ., −¥ â®«ìª®. . . −® ¨. . .), � â�ª¦¥
ª®−−¥ªâ®àë á ¤¨áâ�−â−ë¬ à�á¯®«®¦¥−¨¥¬ í«¥¬¥−â®¢ (¤� ¥¬ã ¨ −¥ −ã¦−®; −®
ï ¢®®¡é¥ ®á®¡ë© ç¥«®¢¥ª).

’�ª®© ¯®¤å®¤ ¯à¨¢®¤¨â ª ®¯à¥¤¥«¥−−®© ¡¥áá¨áâ¥¬−®áâ¨ ¨ áã¡ê¥ªâ¨¢−®áâ¨
¢ ®¯¨á�−¨¨ á®áâ�¢� á«ã¦¥¡−ëå ¥¤¨−¨æ àãááª®£® ï§ëª�, ¯®áª®«ìªã ªà¨â¥à¨© ¤«ï
¢−¥á¥−¨ï ¢ á¯¨á®ª â®© ¨«¨ ¨−®© ï§ëª®¢®© ¥¤¨−¨æë −¥ ®¯à¥¤¥«¥− á ¤®áâ�â®ç−®©
ç¥âª®áâìî. ‚ ª®−¥ç−®¬ ¨â®£¥ ¤«ï à�§¬¥âª¨ ¨ á®áâ�¢«¥−¨ï ú¯®«−ëåû á¯¨áª®¢ á«ã-
¦¥¡−ëå −¥®¤−®á«®¢−ëå ï§ëª®¢ëå ¥¤¨−¨æ ¨á¯®«ì§ãîâáï á«®¢−¨ª¨ áãé¥áâ¢ãîé¨å
á«®¢�à¥©.

‚ íâ®© á¢ï§¨ á«¥¤ã¥â ã¯®¬ï−ãâì ¯¨®−¥àáªãî ¤«ï á¢®¥£® ¢à¥¬¥−¨ à�¡®âã [8].
‚ −¥© ¢á¥ íâ¨ ¢®¯à®áë áâ�¢ïâáï á ¯à¥¤¥«ì−®© ç¥âª®áâìî, −® −¥ ¢á¥£¤� ¯®«ãç�îâ
®â¢¥â, ¢ ç�áâ−®áâ¨, ¯®â®¬ã, çâ® íâ® ¨áá«¥¤®¢�−¨¥ ¡ë«® −�¯¨á�−® ¢ ú¤®ª®à¯ãá-
−ãîû í¯®åã, � ¥£® �¢â®àë à�¡®â�«¨ á ª�àâ®â¥ª®© ¯à¨¬¥à®¢, ¢ª«îç�îé¥© −¥ ¡®«¥¥
âëáïç¨ ã¯®âà¥¡«¥−¨© à�§«¨ç−ëå ª®−−¥ªâ®à®¢. ‚ á¢®¤−®© â�¡«¨æ¥, á®¤¥à¦�é¥©
à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨ï ¢ â®¬, çâ® ª�á�¥âáï −¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢, ¯à¥¤-
áâ�¢«¥−ë á®ç¥â�¥¬®áâ−ë¥ ¢®§¬®¦−®áâ¨ ª®−−¥ªâ®à®¢ àãááª®£® ï§ëª�, ¨ ®¤−¨¬
¨§ ¯�à�¬¥âà®¢ ®¯¨á�−¨ï ï¢«ï¥âáï ª�ª à�§ ¢®§¬®¦−®áâì ¤¨áâ�−â−®£® à�á¯®«®¦¥-
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Œ¥â®¤ ®¯¨á�−¨ï áâàãªâãàë −¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢ ¢ −�¤ª®à¯ãá−ëå ¡�§�å ¤�−−ëå

−¨ï á®áâ�¢«ïîé¨å −¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢. ‚ â�¡«¨æã, ¯® á«®¢�¬ �¢â®à®¢,
¢ª«îç¥−ë úâ®«ìª® á�¬ë¥ �ªâ¨¢−ë¥û ¢ ®¡à�§®¢�−¨¨ −¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢
á®áâ�¢«ïîé¨¥, � ¢ á�¬®© â�¡«¨æ¥ ¢ á¨«ã ®£à�−¨ç¥−−®áâ¨ ¬�â¥à¨�«� −¥§�¯®«−¥−-
−ë¬ ®ª�§ë¢�¥âáï ¡®«ìè¨−áâ¢® ª«¥â®ª.

ú‘¯¨á®ç−ë©û ¯®¤å®¤ ¨á¯®«ì§ã¥âáï â�ª¦¥ ¤«ï ¤àã£¨å ï§ëª®¢, £¤¥ á®§¤�îâáï
ª®à¯ãá�, ¯®á¢ïé¥−−ë¥ �−�«¨§ã ¤¨áªãàá¨¢−ëå ®â−®è¥−¨© (áà., −�¯à¨¬¥à, The
Penn Discourse Treebank, https://www.seas.upenn.edu/∼pdtb, French Discourse
Treebank [9], ANNODIS, http://redac.univ-tlse2.fr/corpus/annodis). •®à®è® ¨§-
¢¥áâ−ë á¯¨áª¨ ¯®ª�§�â¥«¥© ¤¨áªãàá¨¢−ëå ®â−®è¥−¨©, ¯à¥â¥−¤ãîé¨¥ −� ¨áç¥à¯ë-
¢�îé¨¥ ¨ á®§¤�îé¨¥áï ¤«ï �¢â®¬�â¨ç¥áª®£® à�á¯®§−�¢�−¨ï ¨ à�§¬¥âª¨ â¥ªáâ®¢:
á¯¨á®ª ¤«ï �−£«¨©áª®£® ï§ëª� ¯¥à¢®−�ç�«ì−® á®¤¥à¦�« 200 ¯®ª�§�â¥«¥© [10], � §�-
â¥¬ ¡ë« ¤®¢¥¤¥− ¤® 400 [11]; á¯¨á®ª ¤«ï ¨á¯�−áª®£® ï§ëª� ¢ª«îç�¥â 577 ¡�§®¢ëå
ä®à¬, � á ãç¥â®¬ ¨å ¬®àä®«®£¨ç¥áª¨å ¢�à¨�−â®¢ | 784 ä®à¬ë (á¬. ¥£® ®¯¨-
á�−¨¥ ¨ ªà¨â¥à¨¨ ®â¡®à� ¢ [12]); á¯¨á®ª ¤«ï äà�−æã§áª®£® ï§ëª� (LEXCONN,
http://www.linguist.univ-paris-diderot.fr/∼croze/D/Lexconn.xml), á®áâ�¢«¥−−ë©
ª�ª ¯¥à¢ë© íâ�¯ á®§¤�−¨ï French Discourse Treebank, á®¤¥à¦¨â 328 ¯®ª�§�â¥«¥©
‹‘�, å®âï ª�−¤¨¤�â®¢ ¨§−�ç�«ì−® ¡ë«® ®ª®«® 600 [13]. �à¨ íâ®¬ ¢®¯à®á ® ä®à-
¬�«ì−®© ¢�à¨�â¨¢−®áâ¨ ª®−−¥ªâ®à®¢ −¥ ®¡áã¦¤�¥âáï, å®âï á¯¨áª¨ ¯®ª�§�â¥«¥©
¨ á®áâ�¢«ïîâáï ¯® £−¥§¤®¢®¬ã ¯à¨−æ¨¯ã: −�¯à¨¬¥à, ¢ á¯¨áª¥ LEXCONN ¢ ®¤¨−
úª«�áâ¥àû ¯®¯�¤�îâ ä®à¬ë quand, quand m�eme, quand bien m�eme, quand bien
m�eme que1 ¨ â. ¤.

�¤−�ª® ¢−¨¬�−¨¥ ¢ à�¡®â�å íâ®£® −�¯à�¢«¥−¨ï, áâ�¢ïé¥£® á¢®¥© §�¤�ç¥© �¢â®-
¬�â¨ç¥áª¨© �−�«¨§ â¥ªáâ�, � −¥ ¥£® ¬®¤¥«¨à®¢�−¨¥, ã¤¥«ï¥âáï ¯à¥¨¬ãé¥áâ¢¥−−®
á�¬¨¬ ®â−®è¥−¨ï¬, � á¯¨áª¨ ª®−−¥ªâ®à®¢ á®áâ�¢«ïîâáï ¤«ï â®£®, çâ®¡ë á ¨å
¯®¬®éìî ¬�è¨−� ¬®£«� ¨¤¥−â¨ä¨æ¨à®¢�âì â® ¨«¨ ¨−®¥ ¤¨áªãàá¨¢−®¥ ®â−®è¥−¨¥.

3 Структура надкорпусной базы данных коннекторов

„«ï ®¯¨á�−¨ï áâàãªâãàë −¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢ ¯à¥¤«�£�¥âáï ¨á¯®«ì-
§®¢�âì ª®£−¨â¨¢−®-á¥¬�−â¨ç¥áª¨© ¯®¤å®¤, ¯à¨ ª®â®à®¬ ®−¨ áç¨â�îâáï ¡®«¥¥ ¨«¨
¬¥−¥¥ á¢®¡®¤−ë¬¨ á®ç¥â�−¨ï¬¨, ¯®à®¦¤�¥¬ë¬¨ £®¢®àïé¨¬ −¥ â®«ìª® ¡«�£®¤�àï
¥£® §−�−¨î ï§ëª�, −® ¨ ¢ á®®â¢¥âáâ¢¨¨ á ¥£® ª®¬¬ã−¨ª�â¨¢−ë¬¨ −�¬¥à¥−¨ï¬¨.
�â¨¬ ¨ ®¡êïá−ï¥âáï â®â ä�ªâ, çâ® −¥ª®â®àë¥, ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ ®ç¥¢¨¤−ë¥,
‹‘� ¬®£ãâ −¥ ¢ëà�¦�âìáï −¨ª�ª¨¬ ª®−−¥ªâ®à®¬ ¢ â¥ªáâ¥, � ¤àã£¨¥, §−�ç¨¬ë¥
á ª®¬¬ã−¨ª�â¨¢−®© â®çª¨ §à¥−¨ï, ¬®£ãâ ¢ëà�¦�âìáï ¤®¢®«ì−® úâï¦¥«®¢¥á−ë¬¨û
ä®à¬�¬¨ (áà. ¥¤¢� ¯® áà�¢−¥−¨î á ¥¤¢� â®«ìª®. . . ª�ª âãâ ¦¥). �á−®¢−®©
¥¤¨−¨æ¥© �−�«¨§� ¯à¨ ª®£−¨â¨¢−®-á¥¬�−â¨ç¥áª®¬ ¯®¤å®¤¥ áâ�−®¢¨âáï à¥ç¥¢�ï
à¥�«¨§�æ¨ï (÷÷), â. ¥. â� ä®à¬�, ¢ ª®â®à®© ª®−−¥ªâ®à ¢áâà¥ç�¥âáï ¢ ¤�−−®¬ ª®−-

1�ãª¢�«ì−ë© ¯¥à¥¢®¤, ®âà�¦�îé¨© áâàãªâãàë íâ¨å ï§ëª®¢ëå ¥¤¨−¨æ: quand `ª®£¤�', quand
m�eme `ª®£¤� ¤�¦¥', quand bien m�eme `ª®£¤� ¦¥ ¤�¦¥', quand bien m�eme que `ª®£¤� ¦¥ ¤�¦¥
çâ®'. �®á«¥¤−¨¥ âà¨ ¥¤¨−¨æë ï¢«ïîâáï ¯®ª�§�â¥«ï¬¨ ãáâã¯¨â¥«ì−ëå ®â−®è¥−¨© ¨ íª¢¨¢�«¥−â−ë
àãááª¨¬ ª®−−¥ªâ®à�¬ ®¤−�ª® ¨ ¤�¦¥ ¥á«¨.
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’�¡«¨æ� 1 ”à�£¬¥−â ¢ëà®¢−¥−−®£® àãááª®-äà�−æã§áª®£® ¯�à�««¥«ì−®£® â¥ªáâ� (Œ¨-
å�¨« �ã«£�ª®¢. �¥«�ï ƒ¢�à¤¨ï, 1926, ¯¥à¥¢®¤ −� äà�−æã§áª¨© | Claude Ligny, 1970)

ˆáå®¤−ë© â¥ªáâ ’¥ªáâ ¯¥à¥¢®¤�
| �ã çâ® âë, �«¥è�. . . «¥¦¨, ¬®«ç¨. . . | Voyons, Aliocha. . . Allons, reste couch‚e

et tais-toi. . .
��«ìâ®-â® íâ®© ¤�¬ë ã −�á ¯®ª� ¡ã¤¥â? Le manteau de cette dame, on le garde ici,

pour l'instant?
| „�, ¤�. —â®¡ë �¨ª®«ª� −¥ ¢§¤ã¬�«
â�é¨âì ¥£®.

| Oui, oui. Et que Nikolka ne s'avise pas
de le porter.

� â® −� ã«¨æ¥. . . ‘«ëè¨èì? Sinon, dans la rue. . . Tu comprends?
‚®®¡é¥, à�¤¨ ¡®£�, −¥ ¯ãáª�© ¥£® −¨ªã¤�. En g‚en‚eral, pour l'amour du ciel, ne le laisse

aller nulle part.

ªà¥â−®¬ ¢ëáª�§ë¢�−¨¨ [14]. ˆ¬¥−−® ®−� à¥£¨áâà¨àã¥âáï ¢ ��„, ª®â®à�ï ¡ë«�
á¯à®¥ªâ¨à®¢�−� ¤«ï â®£®, çâ®¡ë ¤�âì ¢®§¬®¦−®áâì «¨−£¢¨áâ�¬ ¯à¨¬¥−¨âì ¤«ï
¨§ãç¥−¨ï áâàãªâãàë ª®−−¥ªâ®à®¢ ¨ ¥¥ ¢�à¨�â¨¢−®áâ¨ ª®£−¨â¨¢−®-á¥¬�−â¨ç¥áª¨©
¯®¤å®¤.

ˆáå®¤−ë¬ ¬�â¥à¨�«®¬ ¤«ï ��„ á«ã¦�â àãááª®-äà�−æã§áª¨¥ ¯�à�««¥«ì−ë¥
â¥ªáâë �Š÷Ÿ, ª®â®àë¥ ¢ª«îç�îâ ¢ á¥¡ï ¬®àä®«®£¨ç¥áªãî à�§¬¥âªã ¨ ¯à®ç¨¥
à¥«¥¢�−â−ë¥ ¯à¨§−�ª¨. Š�¦¤ë© ¯�à�««¥«ì−ë© â¥ªáâ ¢ª«îç�¥â ¢ á¥¡ï ®¤¨−
¨áå®¤−ë© â¥ªáâ ¨ ®¤¨− ¨«¨ −¥áª®«ìª® â¥ªáâ®¢ ¯¥à¥¢®¤�, ª®â®àë¥ ¢ëà®¢−¥−ë ¤àã£
á ¤àã£®¬ −� ãà®¢−¥ ¯à¥¤«®¦¥−¨© (á¬. ¯à¨¬¥à ¢ â�¡«. 1).

��§−�ç¥−¨¥ ��„ á®áâ®¨â ¢ â®¬, çâ®¡ë ãáâ�−�¢«¨¢�âì ¯¥à¥¢®¤−ë¥ á®®â¢¥â-
áâ¢¨ï ¬¥¦¤ã â¥ªáâ�¬¨ ®à¨£¨−�«� ¨ ¯¥à¥¢®¤� −� ãà®¢−¥ ª®−ªà¥â−ëå ï§ëª®¢ëå
¥¤¨−¨æ, � ¨¬¥−−® ª®−−¥ªâ®à®¢, ¢ â®¬ ç¨á«¥ −¥®¤−®á«®¢−ëå. Šà®¬¥ â®£®, ��„
®¡¥á¯¥ç¨¢�¥â ¢®§¬®¦−®áâì �−−®â¨à®¢�−¨ï ¥¤¨−¨æ, ¢å®¤ïé¨å ¢ ¯¥à¥¢®¤−ë¥ á®®â-
¢¥âáâ¢¨ï, á ¯®¬®éìî á¯¥æ¨�«¨§¨à®¢�−−ëå −�¡®à®¢ ¯à¨§−�ª®¢ (â¥£®¢). ‚ ª®−¥ç−®¬
áç¥â¥ áâàãªâãà� ��„ ¯®§¢®«ï¥â ®áãé¥áâ¢«ïâì ¯®¨áª ¨ áâ�â¨áâ¨ç¥áª¨© �−�«¨§ ¯¥-
à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¬¥¦¤ã ª®−−¥ªâ®à�¬¨ àãááª®£® ï§ëª� ¨ á®®â¢¥âáâ¢ãîé¨¬¨
¨¬ ï§ëª®¢ë¬¨ ¥¤¨−¨æ�¬¨ äà�−æã§áª®£® ï§ëª�1.

�� à¨á. 1 ¯®ª�§�−� ®á−®¢−�ï ç�áâì ª®−æ¥¯âã�«ì−®© áå¥¬ë â®© ç�áâ¨ ��„
ª®−−¥ªâ®à®¢, ª®â®à�ï ®â¢¥ç�¥â §� ®¯¨á�−¨¥ ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©. ˆ§ ¤�−−®©
áå¥¬ë ¢¨¤−®, çâ® ¢ â¥à¬¨−�å ��„ ¯¥à¥¢®¤−®¥ á®®â¢¥âáâ¢¨¥ ¯à¥¤áâ�¢«ï¥â á®¡®©
®¡ê¥¤¨−¥−¨¥ äà�£¬¥−â� â¥ªáâ� ®à¨£¨−�«�, §�ª«îç�îé¥£® ¢ á¥¡¥ �−−®â¨àã¥¬ë©
ª®−−¥ªâ®à, ¨ äà�£¬¥−â â¥ªáâ� ¯¥à¥¢®¤�. Š�¦¤ë© ¨§ íâ¨å äà�£¬¥−â®¢ ¨¬¥¥â ¯à¨-
¢ï§ªã ª −�¡®àã á«®¢ ¨§ ª®à¯ãá�, ¯à¨ç¥¬ íâ¨ á«®¢� ¨¬¥îâ à�§«¨ç−ãî ¬�àª¨à®¢ªã
¨«¨ úáâ�âãáû, ª®â®àë¥ ®¯à¥¤¥«ïîâ, ï¢«ïîâáï «¨ ®−¨ ç�áâìî ¤�−−®© ï§ëª®¢®©
¥¤¨−¨æë ¨«¨ ¦¥ äã−ªæ¨®−�«ì−® §−�ç¨¬ë ¤«ï ¤�−−®© ï§ëª®¢®© ¥¤¨−¨æë ¢ ¤�−-

1‚ à�¬ª�å ¤�−−®© áâ�âì¨ ¤«ï ¯à®áâ®âë ¨§«®¦¥−¨ï ¡ã¤¥¬ à�áá¬�âà¨¢�âì «¨èì àãááª®-äà�−æã§-
áª®¥ −�¯à�¢«¥−¨¥ ¯¥à¥¢®¤�, å®âï ��„ â�ª¦¥ ®å¢�âë¢�¥â àãááª®-¨â�«ìï−áª¨¥ â¥ªáâë ¨ ¯¥à¥¢®¤ë
−� àãááª¨© ï§ëª á äà�−æã§áª®£® ¨ ¨â�«ìï−áª®£® ï§ëª®¢.
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Œ¥â®¤ ®¯¨á�−¨ï áâàãªâãàë −¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢ ¢ −�¤ª®à¯ãá−ëå ¡�§�å ¤�−−ëå

÷¨á. 1 ”à�£¬¥−â «®£¨ç¥áª®© áâàãªâãà−®© áå¥¬ë ��„ ª®−−¥ªâ®à®¢, ®â¢¥ç�îé¨© §�
�−−®â�æ¨î ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©

−®¬ ª®−â¥ªáâ¥. Šà®¬¥ â®£®, ¤«ï ª�¦¤®£® äà�£¬¥−â� ãª�§�−®, ª�ª®© ¨¬¥−−® ÷÷
®− á®®â¢¥âáâ¢ã¥â: ¤«ï äà�£¬¥−â� ®à¨£¨−�«� íâ® àãááª¨© ª®−−¥ªâ®à (¢ â®¬ ¢¨¤¥,
¢ ª�ª®¬ ®− ä¨£ãà¨àã¥â ¢ â¥ªáâ¥), ¤«ï äà�£¬¥−â� ¯¥à¥¢®¤� | â� ç�áâì äà�−æã§-
áª®£® äà�£¬¥−â�, ª®â®à�ï, ¯® ¬−¥−¨î íªá¯¥àâ�, ¢ ¤�−−®¬ ª®−â¥ªáâ¥ áç¨â�¥âáï
¥£® ¯¥à¥¢®¤−ë¬ íª¢¨¢�«¥−â®¬ (ç�áâ®, −® −¥ ¢á¥£¤�, íâ® â�ª¦¥ ª®−−¥ªâ®à). ��-
ª®−¥æ, ª�¦¤®¬ã �−−®â¨àã¥¬®¬ã äà�£¬¥−âã ¯à¨á¢�¨¢�¥âáï àï¤ ¯à¨§−�ª®¢ (â¥£®¢),
ª®â®àë¥ ®¯¨áë¢�îâ ®á®¡¥−−®áâ¨ ã¯®âà¥¡«¥−¨ï ¤�−−®© ÷÷ ¢ ª®−â¥ªáâ¥ ¤�−−®£®
äà�£¬¥−â�.

‚ â�¡«. 2 ¯à¨¢®¤¨âáï ¯à¨¬¥à �−−®â�æ¨¨ ¯¥à¥¢®¤−®£® á®®â¢¥âáâ¢¨ï, à�§¬¥ç¥−-
−®£® ¯® ®¯¨á�−−®© ¢ëè¥ áå¥¬¥.

„�−−®¥ ¯¥à¥¢®¤−®¥ á®®â¢¥âáâ¢¨¥ ¯®áâà®¥−® ¤«ï àãááª®£® ª®−−¥ªâ®à� � â®.
‚ â¥ªáâ¥ äà�£¬¥−â� ®à¨£¨−�«� á«®¢� � ¨ â® ¢ë¤¥«¥−ë ¯®«ã¦¨à−ë¬ èà¨äâ®¬,

’�¡«¨æ� 2 �à¨¬¥à �−−®â�æ¨¨ ¯¥à¥¢®¤−®£® á®®â¢¥âáâ¢¨ï ¤«ï àãááª®£® ª®−−¥ªâ®à� � â®

”à�£¬¥−âë ®à¨£¨−�«� ¨ ¯¥à¥¢®¤� �−−®â�æ¨¨ äà�£¬¥−â®¢
—â®¡ë �¨ª®«ª� −¥ ¢§¤ã¬�« â�é¨âì ¥£®.
� â® −� ã«¨æ¥. . . ‘«ëè¨èì?

Et que Nikolka ne s'avise pas de le porter.
Sinon, dans la rue. . . Tu comprends?

÷÷: � â®
〈‹‘�: ¯à¨ç¨−�〉
〈¯à¥¤¨ª�æ¨ï: ¡¥§ ¯à¥¤¨ª�æ¨¨〉
〈¯®§¨æ¨ï: −�ç�«ì−�ï〉
〈¯®àï¤®ª: p CNT q〉
〈áâ�âãá: ª®−−¥ªâ®à〉
〈à�á¯®«®¦¥−¨¥: ª®−â�ªâ〉

÷÷: sinon
〈‹‘�: ®âà¨æ�â¥«ì−�ï �«ìâ¥à−�â¨¢�〉
〈¯à¥¤¨ª�æ¨ï: ¡¥§ ¯à¥¤¨ª�æ¨¨〉
〈¯®§¨æ¨ï: −�ç�«ì−�ï〉
〈¯®àï¤®ª: p CNT q〉
〈áâ�âãá: ª®−−¥ªâ®à〉
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çâ® ãª�§ë¢�¥â −� â®, çâ® ®−¨ ï¢«ïîâáï á®áâ�¢−ë¬¨ ç�áâï¬¨ �−�«¨§¨àã¥¬®© ÷÷.
�áâ�«ì−®© â¥ªáâ ï¢«ï¥âáï ª®−â¥ªáâ®¬, ª®â®àë© ¯®¬®£�¥â ¯®−ïâì ®á®¡¥−−®áâ¨ ã¯®-
âà¥¡«¥−¨ï ¤�−−®© ÷÷. ‚ ª�ç¥áâ¢¥ ¯à¨§−�ª®¢ ¤«ï äà�£¬¥−â� ®à¨£¨−�«� ãª�§�−ë:

{ ‹‘�, ¢ëà�¦�¥¬®¥ ¤�−−ë¬ ª®−−¥ªâ®à®¬ (¯à¨ç¨−�);

{ ®âáãâáâ¢¨¥ ¯à¥¤¨ª�æ¨¨ ¢® ¢¢®¤¨¬®¬ ª®−−¥ªâ®à®¬ äà�£¬¥−â¥ â¥ªáâ�;

{ ¯®§¨æ¨ï ª®−−¥ªâ®à� ¢ íâ®¬ äà�£¬¥−â¥ (−�ç�«ì−�ï);

{ ¯®àï¤®ª á«¥¤®¢�−¨ï äà�£¬¥−â®¢ â¥ªáâ�, á®¥¤¨−ï¥¬ëå ª®−−¥ªâ®à®¬: á−�ç�«�
¯¥à¢ë© äà�£¬¥−â (p), §�â¥¬ ª®−−¥ªâ®à, §�â¥¬ ¢â®à®© äà�£¬¥−â (q);

{ áâ�âãá ÷÷ | ¢ ¤�−−®¬ á«ãç�¥ ®−� ¢ë¯®«−ï¥â äã−ªæ¨î ª®−−¥ªâ®à� (−¥ª®â®àë¥
÷÷ ¬®£ãâ ¢ ®¤−¨å ª®−â¥ªáâ�å ¡ëâì ª®−−¥ªâ®à�¬¨, � ¢ ¤àã£¨å ª®−â¥ªáâ�å ¨¬¨
−¥ ¡ëâì);

{ à�á¯®«®¦¥−¨¥ í«¥¬¥−â®¢ ¤«ï −¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢ (¢ ¤�−−®¬ á«ãç�¥
í«¥¬¥−âë à�á¯®«®¦¥−ë ª®−â�ªâ−®, −® ¤«ï −¥ª®â®àëå ª®−−¥ªâ®à®¢ ¢®§¬®¦−®
¤¨áâ�−â−®¥ à�á¯®«®¦¥−¨¥).

‘âàãªâãà� ¨ ¢®§¬®¦−®áâ¨ ��„ ¯®¤à®¡−¥¥ ®¯¨á�−ë ¢ à�¡®â�å [15, 16].

4 Описание структуры неоднословных коннекторов

�à¥¤«�£�¥¬ë© ¨−ä®à¬�æ¨®−−®-ª®¬¯ìîâ¥à−ë© ¬¥â®¤ �−−®â¨à®¢�−¨ï −¥®¤−®-
á«®¢−ëå ª®−−¥ªâ®à®¢ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å ¯à¥¤ãá¬�âà¨¢�¥â ¨á¯®«ì§®¢�−¨¥
¤¢ãåãà®¢−¥¢®© ä�á¥â−®© ª«�áá¨ä¨ª�æ¨¨: �−−®â¨à®¢�−¨î ¯®¤«¥¦�â, á ®¤−®©
áâ®à®−ë, ª®−ªà¥â−ë¥ ã¯®âà¥¡«¥−¨ï ª®−−¥ªâ®à®¢ ¢ â¥ªáâ�å ª®à¯ãá� (ª®−â¥ªáâ−®¥
�−−®â¨à®¢�−¨¥), á ¤àã£®© áâ®à®−ë, �−−®â¨àã¥âáï ¢−ãâà¥−−ïï áâàãªâãà� ª�¦¤®£®
ª®−−¥ªâ®à� −¥§�¢¨á¨¬® ®â ª®−â¥ªáâ� ¥£® ã¯®âà¥¡«¥−¨ï (áâàãªâãà−®¥ �−−®â¨à®¢�-
−¨¥).

‘âàãªâãà−�ï áå¥¬� ¤¢ãåãà®¢−¥£® �−−®â¨à®¢�−¨ï ÷÷-ª®−−¥ªâ®à®¢ ¯®ª�§�−�
−� à¨á. 2. “¯®âà¥¡«¥−¨î ª®−−¥ªâ®à� á®®â¢¥âáâ¢ã¥â â�¡«¨æ� ú”à�£¬¥−â (Š®−-
−¥ªâ®à)û, ¯à¨ íâ®¬ ¤�−−�ï â�¡«¨æ� á¢ï§�−� á â�¡«¨æ¥© ú÷¥ç¥¢�ï à¥�«¨§�æ¨ï
(Š®−−¥ªâ®à)û, ª®â®à�ï á®¤¥à¦¨â à�§«¨ç−ë¥ §�à¥£¨áâà¨à®¢�−−ë¥ ¢ ��„ ä®à¬ë
ª®−−¥ªâ®à®¢.

Š®−â¥ªáâ−®¥ �−−®â¨à®¢�−¨¥ ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî â�¡«¨æë ú�à¨§−�ª
(Š®−−¥ªâ®à)û. Š�ª ¡ë«® ¯®ª�§�−® ¢ à�§¤. 3, ¯à¨ ª®−â¥ªáâ−®¬ �−−®â¨à®¢�-
−¨¨ ã¯®âà¥¡«¥−¨ï¬ ª®−−¥ªâ®à®¢ ¯à¨á¢�¨¢�îâáï ¯à¨§−�ª¨ ¨§ àï¤� ª«�áâ¥à®¢:
¢ëà�¦�¥¬®¥ ª®−−¥ªâ®à®¬ ‹‘�, ¯®§¨æ¨ï ª®−−¥ªâ®à� ¢ ¯à¥¤«®¦¥−¨¨, ¯®àï¤®ª
á«¥¤®¢�−¨ï ¢¢®¤¨¬ëå ª®−−¥ªâ®à®¬ äà�£¬¥−â®¢ â¥ªáâ� ¨ â. ¤. �à¨ íâ®¬ ª�¦¤ë©
¯à¨§−�ª ¢å®¤¨â à®¢−® ¢ ®¤¨− ª«�áâ¥à, â�ª¨¬ ®¡à�§®¬, ª«�áá¨ä¨ª�æ¨ï ã¯®âà¥¡-
«¥−¨© ª®−−¥ªâ®à®¢ ¯à¥¤áâ�¢«ï¥â á®¡®© ä�á¥â−ãî ª«�áá¨ä¨ª�æ¨î ¯® §�¤�−−®¬ã
−�¡®àã ®á−®¢�−¨©.

‚ à�¬ª�å áâàãªâãà−®£® �−−®â¨à®¢�−¨ï ª®−−¥ªâ®àë ®¯¨áë¢�îâáï ¢−¥ª®−-
â¥ªáâ−®, ¢ à¥§ã«ìâ�â¥ ç¥£® áâàãªâãà−®¥ ®¯¨á�−¨¥ ®¤−�¦¤ë ¢¢¥¤¥−−®£® ¢ á¨áâ¥¬ã
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Œ¥â®¤ ®¯¨á�−¨ï áâàãªâãàë −¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢ ¢ −�¤ª®à¯ãá−ëå ¡�§�å ¤�−−ëå

÷¨á. 2 ”à�£¬¥−â «®£¨ç¥áª®© áâàãªâãà−®© áå¥¬ë ��„ ª®−−¥ªâ®à®¢, ®â¢¥ç�îé¨© §�
�−−®â¨à®¢�−¨¥ ª®−−¥ªâ®à®¢

ª®−−¥ªâ®à� �áá®æ¨¨àã¥âáï á® ¢á¥¬¨ ®¯¨á�−¨ï¬¨ ã¯®âà¥¡«¥−¨© íâ®£® ª®−−¥ªâ®à�,
çâ® ¯®§¢®«ï¥â áãé¥áâ¢¥−−® áíª®−®¬¨âì ¢à¥¬ï à�§¬¥âç¨ª®¢ ¨ ¨§¡¥¦�âì à�áå®¦-
¤¥−¨© ¢ ®¯¨á�−¨ïå. ‘âàãªâãà−®¥ �−−®â¨à®¢�−¨¥ ª®−−¥ªâ®à®¢ ®áãé¥áâ¢«ï¥âáï
á ¯®¬®éìî â�¡«¨æë úŠ«�áâ¥à ÷÷û | ¤«ï ª�¦¤®© −®¢®© ÷÷ ¢ ��„ ®¯à¥¤¥«ïîâ-
áï ª«�áâ¥àë, ¢ ª®â®àë¥ ®−� ¢å®¤¨â, ¯à¨ç¥¬ ®¤−� ¨ â� ¦¥ ÷÷ ¬®¦¥â ®¤−®¢à¥¬¥−−®
¢å®¤¨âì ¢ −¥áª®«ìª® ª«�áâ¥à®¢.

‚ −�áâ®ïé¥¥ ¢à¥¬ï áâàãªâãà−®¥ �−−®â¨à®¢�−¨¥ ¯à®¢®¤¨âáï ¯® ¤¢ã¬ ®á−®¢�-
−¨ï¬. ‚®-¯¥à¢ëå, ¤«ï ª�¦¤®£® ª®−−¥ªâ®à� ãª�§ë¢�¥âáï, ª ª�ª®¬ã áâàãªâãà−®¬ã
â¨¯ã ®− ¯à¨−�¤«¥¦¨â, ¨, ¢®-¢â®àëå, ¤«ï −¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢ ¢ë¤¥«ïîâáï
¨å áâàãªâãà−ë¥ á®áâ�¢«ïîé¨¥.

‚ë¤¥«ïîâáï á«¥¤ãîé¨¥ áâàãªâãà−ë¥ â¨¯ë ª®−−¥ªâ®à®¢:

{ ®¤−®í«¥¬¥−â−ë¥ | á®áâ®ïâ ¨§ ®¤−®£® í«¥¬¥−â� (−�¯à¨¬¥à, ¨, ¨«¨, −®, �, å®âï,
¨−�ç¥ ¨ ¤à.);

{ ¬−®£®í«¥¬¥−â−ë¥ | á®áâ®ïâ ¨§ −¥áª®«ìª¨å í«¥¬¥−â®¢ (−�¯à¨¬¥à, ¨|¢®®¡é¥,
ª â®¬ã ¦¥, � ®á®¡¥−−®, −® ¯à¨ ¢á¥¬ ¯à¨ â®¬ ¨ ¤à.);

{ ¤¢ãåª®¬¯®−¥−â−ë¥ | ª®−−¥ªâ®àë, ç�áâ¨ ª®â®àëå ¢¢®¤ïâ ¤¢� à�§−ëå â¥ªá-
â®¢ëå äà�£¬¥−â� (−�¯à¨¬¥à, ¤�¦¥ ¥á«¨ ¡ë‖â®, ª�ª â®«ìª®‖âãâ ¦¥, −¥

â®«ìª®‖� ¯à¥¦¤¥ ¢á¥£®, à�§ ã¦‖â�ª ã¦ ¨ ¤à.)1;

{ ¬−®£®ª®¬¯®−¥−â−ë¥ | ª®−−¥ªâ®àë, ç�áâ¨ ª®â®àëå ¢¢®¤ïâ ¡®«¥¥ ¤¢ãå à�§-
−ëå â¥ªáâ®¢ëå äà�£¬¥−â®¢ (−�¯à¨¬¥à, −¥ â®«ìª®‖−® ¤�¦¥ ¨‖¨ ¤�¦¥, å®-
âï‖å®âï‖®¤−�ª® ¢á¥ ¦¥ ¨ ¤à.).

1„¢®©−�ï ¢¥àâ¨ª�«ì−�ï ç¥àâ� ú‖û ¢ ä®à¬¥ ÷÷ ãª�§ë¢�¥â −� â®, çâ® ¤�−−ë© ª®−−¥ªâ®à á®áâ®¨â
¨§ −¥áª®«ìª¨å ª®¬¯®−¥−â®¢, � ®¤¨−®ç−�ï ¢¥àâ¨ª�«ì−�ï ç¥àâ� ú|û | çâ® ï§ëª®¢ë¥ ¥¤¨−¨æë,
á®áâ�¢«ïîé¨¥ ÷÷ ¨«¨ ¥¥ ª®¬¯®−¥−â, à�§¤¥«¥−ë â¥ªáâ®¬.
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’�¡«¨æ� 3 �à¨¬¥àë áâàãªâãà−®© �−−®â�æ¨¨ ÷÷-ª®−−¥ªâ®à®¢ á ãª�§�−¨¥¬ ª«�áâ¥à®¢,
¢ ª®â®àë¥ ®−¨ ¢å®¤ïâ

÷¥ç¥¢ë¥ à¥�«¨§�æ¨¨
� ¢¯à®ç¥¬ ¤� ¥é¥ ¢¤®¡�¢®ª −¥ â®«ìª®‖−®|â�ª¦¥
úŒ−®£®í«¥¬¥−â−ë¥û úŒ−®£®í«¥¬¥−â−ë¥û ú„¢ãåª®¬¯®−¥−â−ë¥û
ú�û ú¢¤®¡�¢®ªû ú−¥û

Š«�áâ¥àë ú¢¯à®ç¥¬û ú¤�û ú−¥ â®«ìª®û
÷÷ ú¥é¥û ú−®û

úâ�ª¦¥û
úâ®«ìª®û

‘«¥¤ã¥â §�¬¥â¨âì, çâ® −� 20.08.2018 ¢ ��„ ¡ë«® §�à¥£¨áâà¨à®¢�−® 1276 àãá-
áª¨å ÷÷-ª®−−¥ªâ®à®¢, çãâì ¡®«¥¥ 5% ¨§ ª®â®àëå ï¢«ïîâáï ®¤−®í«¥¬¥−â−ë¬¨,
55% | ¬−®£®í«¥¬¥−â−ë¬¨, 34% | ¤¢ãåª®¬¯®−¥−â−ë¬¨ ¨ 5% | ¬−®£®ª®¬¯®-
−¥−â−ë¬¨.

Šà®¬¥ â®£®, ¤«ï −¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢ ãª�§ë¢�îâáï ¨å §−�ç¨¬ë¥ «¥ª-
á¨ç¥áª¨¥ á®áâ�¢«ïîé¨¥ (−¥, â®, ¡®«¥¥ ¨ ¤à.; −¥ª®â®àë¥ ¨§ −¨å ¬®£ãâ á�¬®áâ®ï-
â¥«ì−® äã−ªæ¨®−¨à®¢�âì ¢ ª�ç¥áâ¢¥ ª®−−¥ªâ®à®¢, −�¯à¨¬¥à � ¨«¨ ¨). ‚®§¬®¦-
−®áâì ¯à¨¯¨áë¢�âì ®¤−ã ¨ âã ¦¥ ÷÷ ª à�§−ë¬ ª«�áâ¥à�¬ ¯®§¢®«ï¥â ãáâà�−¨âì
−� íâ�¯¥ ¯®¯®«−¥−¨ï ��„ â�ª¨¥ âàã¤−®à�§à¥è¨¬ë¥ ¯à®¡«¥¬ë, ª�ª ®¯à¥¤¥«¥−¨¥
á®®â¢¥âáâ¢ãîé¥£® ú¡�§®¢®£®û ¢¨¤� ¤«ï à�§«¨ç−ëå ä®à¬ ª®−−¥ªâ®à®¢. ��¯à¨-
¬¥à, ª®−−¥ªâ®à −® ¨ ¡ã¤¥â ®¤−®¢à¥¬¥−−® ¢å®¤¨âì ¢ ª«�áâ¥à ú−®û ¨ ¢ ª«�áâ¥à
ú¨û, ª®−−¥ªâ®à � â�ª¦¥ ¡ã¤¥â ®¤−®¢à¥¬¥−−® ¢å®¤¨âì ¢ ª«�áâ¥à ú�û ¨ ª«�áâ¥à
úâ�ª¦¥û ¨ â. ¤. ‚ â�¡«. 3 ¯à¨¢®¤¨âáï âà¨ ¯à¨¬¥à� áâàãªâãà−®£® �−−®â¨à®¢�−¨ï
÷÷-ª®−−¥ªâ®à®¢.

�¯¨á�−−�ï ¢ëè¥ á¨áâ¥¬� ú¯¥à¥ªà¥áâ−ëåû ª«�áâ¥à®¢ ¯®§¢®«ï¥â §�¤�¢�âì ª®¬-
¡¨−¨à®¢�−−ë¥ ª«�áâ¥àë ¥¤¨−¨æ, ª®â®àë¥ ¨áá«¥¤®¢�â¥«¨ ¬®£ãâ �−�«¨§¨à®¢�âì
á ¯®¬®éìî ¯®¨áª®¢ëå ¨ áâ�â¨áâ¨ç¥áª¨å äã−ªæ¨©, à¥�«¨§®¢�−−ëå ¢ ��„ (á¬.,
−�¯à¨¬¥à, [17]). ’�ª, §�¤�¢ ¯®¨áª á®¢¬¥áâ−® ¯® ª«�áâ¥à�¬ ú−®û ¨ ú¤�¦¥û,
¯®«ì§®¢�â¥«ì ¯®«ãç¨â ª®¬¡¨−¨à®¢�−−ë© ª«�áâ¥à, ¢ª«îç�îé¨© ¢ á¥¡ï 18 à�§−ëå
ä®à¬ ª®−−¥ªâ®à®¢: −® ¤�¦¥, −® ¤�¦¥ ¨, −® ¤�¦¥ ¯à®áâ®, −¥ â®«ìª®‖−® ¤�¦¥,
å®âï ¨‖−® ¤�¦¥ ¨, −¥ â®«ìª®‖−® ¨‖¨ ¤�¦¥ ¨ â. ¤. (à¨á. 3).

ˆá¯®«ì§®¢�−¨¥ ¤¢ãåãà®¢−¥£® ¯®¤å®¤� ª ®¯¨á�−¨î áâàãªâãàë −¥®¤−®á«®¢−ëå
ª®−−¥ªâ®à®¢ ¯®§¢®«ï¥â ¨§¡¥¦�âì, á ®¤−®© áâ®à®−ë, áã¡ê¥ªâ¨¢−®áâ¨ ¢ ¯à¨á¢®¥−¨¨
áâ�âãá� ï§ëª®¢®© ¥¤¨−¨æë −¥ª®â®àë¬ á®ç¥â�−¨ï¬, ®áâ�¢«ïï §� ¡®àâ®¬ ¤àã£¨¥,
¨¬¥îé¨¥ â®â ¦¥ áâ�âãá (á¬. ¯®áâ�−®¢ªã ¢®¯à®á� ¢ [4]), á ¤àã£®© | ¯à¨¬¥−¥−¨ï
¬®àä®«®£¨ç¥áª®© à�§¬¥âª¨, ®à¨¥−â¨àãîé¥©áï −� ®àä®£à�ä¨ç¥áª®¥ á«®¢®, â. ¥.
®â¤¥«ï¥¬®¥ ¯à®¡¥«®¬. ��ª®−¥æ, ¯à¨¬¥−ï¥¬�ï ¢ ��„ á¨áâ¥¬� �−−®â¨à®¢�−¨ï
¯®§¢®«ï¥â ¤�âì ¡®«¥¥ â®ç−®¥ ¯à¥¤áâ�¢«¥−¨¥ ® á¨áâ¥¬¥ á¢ï§ãîé¨å áà¥¤áâ¢ àãááª®£®
ï§ëª�, ¨å á®áâ�¢¥ ¨ ç�áâ®â−®áâ¨ ã¯®âà¥¡«¥−¨ï (á¬. ¯à¨¬¥à â�ª®£® ®¯¨á�−¨ï
¢ [18]).
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Œ¥â®¤ ®¯¨á�−¨ï áâàãªâãàë −¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢ ¢ −�¤ª®à¯ãá−ëå ¡�§�å ¤�−−ëå

÷¨á. 3 �à¨¬¥à ä®à¬¨à®¢�−¨ï ª®¬¡¨−¨à®¢�−−®£® ª«�áâ¥à�

5 Заключение

�à¥¤«�£�¥¬ë© ¬¥â®¤ ®¯¨á�−¨ï áâàãªâãàë −¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢ ®¯¨-
à�¥âáï −� ª®£−¨â¨¢−®-á¥¬�−â¨ç¥áª¨© ¯®¤å®¤, ¢ à�¬ª�å ª®â®à®£® ¯à¥¤¯®«�£�¥âáï,
çâ® −¥®¤−®á«®¢−ë¥ ª®−−¥ªâ®àë ï¢«ïîâáï ®â−®á¨â¥«ì−® á¢®¡®¤−ë¬¨ á®ç¥â�−¨ï¬¨,
¯®à®¦¤�¥¬ë¬¨ £®¢®àïé¨¬ ¢ §�¢¨á¨¬®áâ¨ −¥ â®«ìª® ®â §−�−¨ï ï§ëª�, −® ¨ ®â æ¥«¨
¢ëáª�§ë¢�−¨ï. ‚ ��„ ¤«ï ¨å �−−®â�æ¨¨ ¨á¯®«ì§ã¥âáï ¤¢ãåãà®¢−¥¢ë© ¯®¤å®¤:
á ®¤−®© áâ®à®−ë, �−−®â¨àãîâáï ã¯®âà¥¡«¥−¨ï ª®−−¥ªâ®à®¢, á ¤àã£®© áâ®à®−ë,
®áãé¥áâ¢«ï¥âáï áâàãªâãà−�ï �−−®â�æ¨ï á�¬¨å ä®à¬ (÷÷) íâ¨å ª®−−¥ªâ®à®¢. „«ï
÷÷ ãª�§ë¢�¥âáï, ª ª�ª®¬ã áâàãªâãà−®¬ã â¨¯ã ®−¨ ¯à¨−�¤«¥¦�â (®¤−®- ¨ ¬−®£®-
í«¥¬¥−â−ë¥, ¤¢ãå- ¨ n-ª®¬¯®−¥−â−ë¥) ¨ ª�ª¨¥ áâàãªâãà−ë¥ í«¥¬¥−âë ®−¨ ¢ á¥¡ï
¢ª«îç�îâ.

‘¨áâ¥¬� ¯¥à¥ªà¥áâ−ëå ª«�áâ¥à®¢, ¨á¯®«ì§ãîé�ïáï ¤«ï �−−®â�æ¨¨ −¥®¤−®-
á«®¢−ëå ª®−−¥ªâ®à®¢, ¯®§¢®«ï¥â ä¨ªá¨à®¢�âì á®ç¥â�¥¬®áâì ¥¤¨−¨æ, á«ã¦�é¨å
¨å á®áâ�¢−ë¬¨ ç�áâï¬¨, ãáâà�−ïï −¥®¡å®¤¨¬®áâì ¢ à�á¯à¥¤¥«¥−¨¨ à�§«¨ç−ëå
ä®à¬ ª®−−¥ªâ®à®¢ ¯® ä¨ªá¨à®¢�−−ë¬ −¥§�¢¨á¨¬ë¬ ú£−¥§¤�¬û, çâ® á¤¥«�âì ¯®-
à®© −¥¯à®áâ®, ¥á«¨ ¢®®¡é¥ ¢®§¬®¦−®. ‚®§¬®¦−®áâì á®¢¬¥áâ−® §�¤�¢�âì ¯à¨
¯®¨áª¥ −¥áª®«ìª® ª«�áâ¥à®¢ ¯®§¢®«ï¥â ª®−áâàã¨à®¢�âì ª®¬¡¨−¨à®¢�−−ë¥ ª«�áâ¥-
àë, ª®â®àë¥ ¬®¦−® ¤�«¥¥ �−�«¨§¨à®¢�âì á ¯®¬®éìî ¯®¨áª®¢ëå ¨ áâ�â¨áâ¨ç¥áª¨å
äã−ªæ¨©, ¤®áâã¯−ëå ¢ ��„.

‘®¡à�−−�ï ¢ ��„ ¨−ä®à¬�æ¨ï ® ï§ëª®¢ëå ¥¤¨−¨æ�å àãááª®£® ï§ëª�, ¢ë-
¯®«−ïîé¨å á¢ï§ãîéãî äã−ªæ¨î, ã¦¥ ¯®§¢®«ï¥â áãé¥áâ¢¥−−® ¤®¯®«−¨âì |
ã¢¥«¨ç¨¢ ¥£® ¯®çâ¨ ¢ ¤¢� à�§� | á¯¨á®ª ÷ƒ-80 (1276 §�à¥£¨áâà¨à®¢�−−ëå ¢ ��„
÷÷ ¯à®â¨¢ 666 ï§ëª®¢ëå ¥¤¨−¨æ ¢ ÷ƒ-80), � â�ª¦¥ §�¯®«−¨âì ¬−®£¨¥ ú¡¥«ë¥
¯ïâ−�û ¢ â�¡«¨æ¥ á®ç¥â�¥¬®áâ−ëå ¢®§¬®¦−®áâ¥© ª®−−¥ªâ®à®¢, ¤�−−®© ¢ à�¡®-
â¥ [8].
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METHOD FOR DESCRIPTION OF MULTIWORD CONNECTIVES
IN SUPRACORPORA DATABASES

O. Yu. Inkova and M. G. Kruzhkov

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

Abstract: This article presents a new method for describing the structure of
multiword connectives implemented in the Supracorpora database (SCDB) of
connectives. Currently, the structure of connectives is underinvestigated, and
criteria for determining boundaries of connectives and their components are
lacking. The proposed method is based on the cognitive-semantic approach
that considers multiword connectives as more or less free word combinations
generated in the process of speech. A two-tier faceted classification is proposed
which allows annotating, on one hand, specific tokens of connectives in texts
(context annotation) and, on the other hand, the inner structure of connectives
(structural annotation). The structural annotation is based on two aspects:
structural type and structural components of connectives. Based on the proposed
annotation method, a system of cross-clusters is implemented that extends
the search and statistical capabilities of SCDB. In addition, this method allows
researchers to eliminate subjectivity during the annotation process and to fill some
gaps in linguistic knowledge, for example, to gather new data on combinatorial
capabilities of Russian connectives.
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ТЕМАТИЧЕСКИЕ ИНДИКАТОРЫ ПЕРЕНОСА
НАУЧНЫХ ЗНАНИЙ В СФЕРУ ТЕХНОЛОГИЙ∗

В. А. Минин1, И. М. Зацман2, В. А. Хавансков3, С. К. Шубников4

�−−®â�æ¨ï: ˆ−¤¨ª�â®à−®¥ ®æ¥−¨¢�−¨¥ ¯à®æ¥áá� ¯¥à¥−®á� §−�−¨© ï¢«ï¥â-
áï ¢�¦−ë¬ í«¥¬¥−â®¬ ¢ ¨áá«¥¤®¢�−¨¨ ¨−ä®à¬�æ¨®−−ëå ¢§�¨¬®á¢ï§¥© −�ãª¨
¨ ¯à®æ¥áá®¢ à�§à�¡®âª¨ −®¢ëå â¥å−®«®£¨©, å�à�ªâ¥à¨§ãîé¨¬ ¯à®æ¥ááë á®-
§¤�−¨ï −�ãç−®-â¥å−¨ç¥áª®£® §�¤¥«� ¢ ®¡«�áâ¨ ¯¥àá¯¥ªâ¨¢−ëå â¥å−®«®£¨©.
‚ ¯à®æ¥áá¥ ¨§ãç¥−¨ï ¨−ä®à¬�æ¨®−−ëå ¢§�¨¬®á¢ï§¥© ¯à®¢¥¤¥− íªá¯¥à¨¬¥−â
¯® ¢ëç¨á«¥−¨î §−�ç¥−¨© ¨−¤¨ª�â®à®¢ ¯¥à¥−®á� −�ãç−ëå §−�−¨© ¢ áä¥àã à�§-
à�¡®âª¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’). ‘ íâ®© æ¥«ìî ¯à®�−�«¨§¨à®¢�−
®¤¨−−�¤æ�â¨«¥â−¨© ¬�áá¨¢ ¯®«−®â¥ªáâ®¢ëå ®¯¨á�−¨© ¨§®¡à¥â¥−¨©, ¯®«ãç¥−-
−ëå ¨§ ÷®á¯�â¥−â�. ‘®¯®áâ�¢«¥−® á¬ëá«®¢®¥ á®¤¥à¦�−¨¥ ¨−¤¨ª�â®à®¢ ¯¥à¥−®-
á�, å�à�ªâ¥à¨§ãîé¨å ¨−ä®à¬�æ¨®−−ë¥ ¢§�¨¬®¤¥©áâ¢¨ï à�§«¨ç−ëå −�¯à�¢«¥-
−¨© −�ãç−ëå ¨áá«¥¤®¢�−¨© (��ˆ) ¨ £àã¯¯ â¥å−®«®£¨©. �®àï¤®ª ¯à®¢¥¤¥−¨ï
íªá¯¥à¨¬¥−â� ®¯¨á�− ¢ áâ�âì¥ �¢â®à®¢, ®¯ã¡«¨ª®¢�−−®© ¢ ¯à¥¤ë¤ãé¥¬ −®¬¥à¥
¦ãà−�«�. ‚ ¤�−−®© áâ�âì¥, ª®â®à�ï ï¢«ï¥âáï ¥¥ ¯à®¤®«¦¥−¨¥¬, ®¡áã¦¤�îâáï
®á−®¢−ë¥ ¯®−ïâ¨ï, ¨á¯®«ì§®¢�−−ë¥ ¢ å®¤¥ íªá¯¥à¨¬¥−â�, ¨ ¯à¨¢¥¤¥−ë −®¢ë¥
à¥§ã«ìâ�âë ¢ëç¨á«¥−¨ï §−�ç¥−¨© ¨−¤¨ª�â®à®¢.

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

DOI: 10.14357/08696527180417

1 Основные положения

‘â�âìï §�¢¥àè�¥â æ¨ª« ¨áá«¥¤®¢�−¨© ¨ ¯ã¡«¨ª�æ¨© ¯® ¯à®¥ªâã ÷””ˆ
úŒ¥â®¤ë ¨ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ®æ¥−¨¢�−¨ï ¨−â¥−á¨¢−®áâ¨ ¯¥à¥−®á�
−�ãç−ëå §−�−¨© ¢ áä¥àã à�§à�¡®âª¨ â¥å−®«®£¨©û, ®à¨¥−â¨à®¢�−−®¬ã −� à�§¢¨â¨¥
¬¥â®¤®«®£¨¨ ®æ¥−ª¨ ¨−−®¢�æ¨®−−®£® ¯®â¥−æ¨�«� ��ˆ [1{5].

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®-
£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 16-07-00075).

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, aleksisss@ya.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, izatsman@yandex.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, áhavanskov@yandex.ru

4ˆ−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, sergeysh50@yandex.ru
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’¥¬�â¨ç¥áª¨¥ ¨−¤¨ª�â®àë ¯¥à¥−®á� −�ãç−ëå §−�−¨© ¢ áä¥àã â¥å−®«®£¨©

–¥«ì ¨áá«¥¤®¢�−¨© | ¯®«ãç¨âì −¥ ¨−â¥£à�«ì−ãî (®¡®¡é¥−−ãî) ®æ¥−ªã ¨−-
â¥−á¨¢−®áâ¨ ¯¥à¥−®á� §−�−¨© ¯® ¢á¥¬ ®¡«�áâï¬ §−�−¨© ¡¥§ ãç¥â� ¨å áâàãªâãà¨à®-
¢�−¨ï −� −�ãç−ë¥ ¤¨áæ¨¯«¨−ë [2], � â¥¬�â¨ç¥áª¨¥ ¨−¤¨ª�â®à−ë¥ ®æ¥−ª¨ −� ®á−®¢¥
ª«�áá¨ä¨ª�â®à�, ®¯¨áë¢�îé¥£® â® ¨«¨ ¨−®¥ ¤¥«¥−¨¥ ¢á¥© á®¢®ªã¯−®áâ¨ §−�−¨©
−� ��ˆ. „«ï íâ®£® à�§à�¡®â�−ë ¨ ¨á¯®«ì§ãîâáï â¥¬�â¨ç¥áª¨¥ ¨−¤¨ª�â®àë,
ª®â®àë¥ å�à�ªâ¥à¨§ãîâ à�§«¨ç−ë¥ á®áâ�¢«ïîé¨¥ ®¡®¡é¥−−®© ¨−â¥−á¨¢−®áâ¨
¯¥à¥−®á� −�ãç−ëå §−�−¨© ¨§ à�§«¨ç−ëå −�ãç−ëå −�¯à�¢«¥−¨© ¢ ¨áá«¥¤ã¥¬ãî
£àã¯¯ã â¥å−®«®£¨©. ’�ª¨¬ ®¡à�§®¬, â¥¬�â¨ç¥áª¨¥ ¨−¤¨ª�â®àë ¤�îâ ¯à¥¤áâ�¢-
«¥−¨¥ ® áâàãªâãà¥ ¯®â®ª� −�ãç−ëå §−�−¨©, ¯¥à¥−®á¨¬ëå ¢ â¥å−®«®£¨ç¥áªãî
áä¥àã.

‚ −�ç�«¥ áâ�âì¨ ®áâ�−®¢¨¬áï −� ®á−®¢−ëå ¯®«®¦¥−¨ïå ¬¥â®¤®«®£¨¨, á®§¤�¢�-
¥¬®© ãç�áâ−¨ª�¬¨ ¯à®¥ªâ� ¡®«¥¥ 10 «¥â [6{12].

1. ˆ−ä®à¬�æ¨®−−®-¬¥â®¤¨ç¥áª¨© ¯®¤å®¤ (á ¯à¨¬¥−¥−¨¥¬ ¨−¤¨ª�â®à®¢, å�à�ª-
â¥à¨§ãîé¨å ¨−ä®à¬�æ¨®−−ë¥ �á¯¥ªâë ¯¥à¥−®á� −�ãç−ëå §−�−¨©), à�§à�¡®-
â�−−ë© �¢â®àáª¨¬ ª®««¥ªâ¨¢®¬ ¨ ®¯¨á�−−ë© ¢ [2], ¯®§¢®«ï¥â §�ä¨ªá¨à®¢�âì
¢ ®¯¨á�−¨ïå ¨§®¡à¥â¥−¨© ááë«ª¨ −� ¯ã¡«¨ª�æ¨¨ (æ¨â¨à®¢�−¨¥), á®¤¥à¦�é¨¥
à¥§ã«ìâ�âë −�ãç−ëå ¨áá«¥¤®¢�−¨©, ª®â®àë¥ à�áá¬�âà¨¢�îâáï ª�ª ¯à¨§−�ª
¯®â¥−æ¨�«ì−®£® ¢®§¤¥©áâ¢¨ï à¥§ã«ìâ�â®¢ äã−¤�¬¥−â�«ì−®© ¨ ¯à¨ª«�¤−®© −�-
ãª¨ −� á®§¤�−¨¥ ¯�â¥−âã¥¬ëå â¥å−®«®£¨©. �®¤å®¤ ®á−®¢�− −� ª®¬¯ìîâ¥à−®©
®¡à�¡®âª¥ ¨ ¬−®£®�á¯¥ªâ−®¬ �−�«¨§¥ ¯®«−®â¥ªáâ®¢ëå ®¯¨á�−¨© ¨§®¡à¥â¥-
−¨©, ¯�â¥−âã¥¬ëå ÷®á¯�â¥−â®¬. �à¨ íâ®¬ ¨§®¡à¥â¥−¨¥ âà�ªâã¥âáï ª�ª −®¢®¥
â¥å−®«®£¨ç¥áª®¥ à¥è¥−¨¥.

2. „«ï àã¡à¨ª�æ¨¨ æ¨â¨àã¥¬ëå ¯ã¡«¨ª�æ¨© ¯à¨¬¥−ïîâáï ª«�áá¨ä¨ª�â®àë
−�ãç−ëå −�¯à�¢«¥−¨©: úŠ«�áá¨ä¨ª�â®à ÷””ˆû (äã−¤�¬¥−â�«ì−�ï −�ãª�)
¨ úŠ«�áá¨ä¨ª�â®à ƒ÷�’ˆû (äã−¤�¬¥−â�«ì−�ï ¨ ¯à¨ª«�¤−�ï −�ãª�). ‚ íâ¨å
ª«�áá¨ä¨ª�â®à�å −�ãç−ëå −�¯à�¢«¥−¨© àã¡à¨ª¨ ¨¬¥îâ −�§¢�−¨ï ¨ ®¡®§−�-
ç�îâáï ª®¤�¬¨. „«ï ®¯¨á�−¨ï �−�«¨§¨àã¥¬ëå â¥å−®«®£¨ç¥áª¨å ®¡«�áâ¥©
¨á¯®«ì§ãîâáï ¨−¤¥ªáë Œ¥¦¤ã−�à®¤−®© ¯�â¥−â−®© ª«�áá¨ä¨ª�æ¨¨ (Œ�Š),
á®¤¥à¦�é¥© 5 ãà®¢−¥© ¤¥â�«¨§�æ¨¨ ®¯¨á�−¨ï â¥å−®«®£¨© (à�§¤¥«ë, ª«�ááë,
¯®¤ª«�ááë, £àã¯¯ë ¨ ¯®¤£àã¯¯ë â¥å−®«®£¨©) [5].

3. ‚ ®¯¨á�−¨ïå ¨§®¡à¥â¥−¨© ¯à¨áãâáâ¢ãîâ ááë«ª¨ −� −�ãç−ë¥ ¯ã¡«¨ª�æ¨¨,
á®¤¥à¦�é¨¥ ¨−ä®à¬�æ¨î (ª�ª ä®à¬ã ¯à¥¤áâ�¢«¥−¨ï −�ãç−®£® §−�−¨ï) ® à¥-
§ã«ìâ�â�å, ¯®«ãç¥−−ëå ¢ å®¤¥ −�ãç−ëå ¨áá«¥¤®¢�−¨©. �ã¡«¨ª�æ¨¨, æ¨â¨àã-
¥¬ë¥ ¢ ¯�â¥−âã¥¬®¬ ¨§®¡à¥â¥−¨¨, ¯®§¢®«ïîâ ¯®á«¥ ¨å àã¡à¨ª�æ¨¨ ¢ëï¢¨âì
¨−ä®à¬�æ¨®−−ë¥ á¢ï§¨ ¬¥¦¤ã à�§«¨ç−ë¬¨ ��ˆ ¨ £àã¯¯�¬¨ â¥å−®«®£¨©.
’�ª¨¥ á¢ï§¨ ¬®£ãâ á¢¨¤¥â¥«ìáâ¢®¢�âì ®¡ ¨á¯®«ì§®¢�−¨¨ à¥§ã«ìâ�â®¢ íâ¨å
¨áá«¥¤®¢�−¨©. ‘�¬ ä�ªâ æ¨â¨à®¢�−¨ï ¢ ¨§®¡à¥â¥−¨¨ −�ãç−ëå ¯ã¡«¨ª�æ¨©
¯® ª�ª®¬ã-«¨¡® ��ˆ ¬®¦¥â £®¢®à¨âì ® ¯®â¥−æ¨�«ì−®¬ ¢®§¤¥©áâ¢¨¨ ¤�−−®£®
��ˆ −� âã £àã¯¯ã â¥å−®«®£¨©, ª ª®â®à®© ®â−®á¨âáï íâ® ¨§®¡à¥â¥−¨¥. —¥¬
ç�é¥ à¥§ã«ìâ�âë ¤�−−®£® ��ˆ æ¨â¨àãîâáï, â¥¬, áª®à¥¥ ¢á¥£®, §−�ç¨¬¥¥
áâ¥¯¥−ì ¥£® ¢®§¤¥©áâ¢¨ï −� à�§¢¨â¨¥ �−�«¨§¨àã¥¬®© £àã¯¯ë â¥å−®«®£¨©.
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4. ˆ−â¥−á¨¢−®áâì ¢®§¤¥©áâ¢¨ï à�§«¨ç−ëå ��ˆ −� £àã¯¯ë â¥å−®«®£¨© ®æ¥-
−¨¢�¥âáï á ¯®¬®éìî ª®«¨ç¥áâ¢¥−−ëå ¨−¤¨ª�â®à®¢ ¨−â¥−á¨¢−®áâ¨ ¯¥à¥−®á�
(ˆˆ�) −�ãç−ëå §−�−¨©, ª®â®àë¥ å�à�ªâ¥à¨§ãîâ ç�áâ®âã æ¨â¨à®¢�−¨© ¯ã¡-
«¨ª�æ¨© á ®¯¨á�−¨¥¬ −�ãç−ëå à¥§ã«ìâ�â®¢ ¤�−−®£® ��ˆ ¢ ¨§®¡à¥â¥−¨ïå,
®â−®áïé¨åáï ª â®© ¨«¨ ¨−®© £àã¯¯¥ â¥å−®«®£¨©.

�¡§®à ¨ �−�«¨§ §�àã¡¥¦−®£® ®¯ëâ� ¯® â¥¬�â¨ª¥ ¯à®¥ªâ� ¯à¨¢¥¤¥− ¢ à�¡®â�å [2,
7,8].

2 Эксперимент по вычислению значений индикаторов

„«ï ¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â� ¯® ¢ëç¨á«¥−¨î §−�ç¥−¨© ˆˆ� −�ãç−ëå §−�-
−¨© ¡ë« à�§à�¡®â�− ¬�ª¥â �−�«¨â¨ç¥áª®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë (�ˆ‘),
®¯¨á�−¨¥ ª®â®à®£® ¤�−® ¢ à�¡®â¥ [4]. Š®à®âª® ¨§«®¦¨¬ ®á−®¢−ë¥ ¯®«®¦¥−¨ï
íªá¯¥à¨¬¥−â�.

1. ‚ëç¨á«ï«¨áì ˆˆ� −�ãç−ëå §−�−¨© ¤«ï £àã¯¯ë ˆ’. –¥«ì íªá¯¥à¨¬¥−â� |
á®¯®áâ�¢«¥−¨¥ ¨ ãâ®ç−¥−¨¥ á¬ëá«®¢®£® á®¤¥à¦�−¨ï (á¥¬�−â¨ª¨) ˆˆ� à�§-
«¨ç−ëå ¢¨¤®¢. �ªá¯¥à¨¬¥−â ¯à®¢®¤¨«áï −� ®á−®¢¥ �−�«¨§� ¡®«¥¥ 8 âëá.
®¯¨á�−¨© ®â¥ç¥áâ¢¥−−ëå ¨ §�àã¡¥¦−ëå ¨§®¡à¥â¥−¨©, §�¯�â¥−â®¢�−−ëå ¯®
ãª�§�−−®© £àã¯¯¥ â¥å−®«®£¨© ¢ ÷®á¯�â¥−â¥ ¢ 2002{2012 ££. ”®à¬¨à®¢�-
−¨¥ ˆˆ� −�ãç−ëå §−�−¨© âà¥¡ã¥â �¢â®¬�â¨§¨à®¢�−−®© ®¡à�¡®âª¨ ¡®«ìè¨å
®¡ê¥¬®¢ á«�¡®áâàãªâãà¨à®¢�−−ëå ¯®«−®â¥ªáâ®¢ëå ®¯¨á�−¨© ¨§®¡à¥â¥−¨©
¨ á®¯®áâ�¢«¥−¨ï ¬¥â�¤�−−ëå ¯�â¥−â−®© ¨−ä®à¬�æ¨¨ á ¬¥â�¤�−−ë¬¨ −�ãç-
−ëå ¯ã¡«¨ª�æ¨© (¢ ¦ãà−�«�å ¨«¨ ¬�â¥à¨�«�å ª®−ä¥à¥−æ¨©), æ¨â¨àã¥¬ëå
¢ ®¯¨á�−¨ïå ¨§®¡à¥â¥−¨©. ‘ íâ®© æ¥«ìî ¡ë« à�§à�¡®â�− ¨ ¨á¯®«ì§®¢�− ¬�ª¥â
�ˆ‘ [4,5].

2. ˆ−¤¨ª�â®àë ¨á¯®«ì§ãîâáï ¤«ï ®æ¥−¨¢�−¨ï à¥§ã«ìâ�â®¢ ¢«¨ï−¨ï −�ãç−®©
¤¥ïâ¥«ì−®áâ¨ −� áä¥àã â¥å−®«®£¨©, â. ¥. ¤«ï ®æ¥−ª¨ ¨−−®¢�æ¨®−−®£® ¯®â¥−-
æ¨�«� à�§«¨ç−ëå −�ãç−ëå −�¯à�¢«¥−¨© −�ãª¨.

3. ‚ á®®â¢¥âáâ¢¨¨ á ª«�áá¨ä¨ª�æ¨¥© ¯¥à¥−®á¨¬ëå §−�−¨© ®¤−� ª�â¥£®à¨ï ¨−¤¨-
ª�â®à®¢ ®âà�¦�¥â ¨á¯®«ì§®¢�−¨¥ ¢ ¨§®¡à¥â¥−¨ïå (â¥å−®«®£¨ïå) à¥§ã«ìâ�â®¢
äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨©, ¤àã£�ï | ¯à¨ª«�¤−ëå −�ãç−ëå ¨áá«¥¤®-
¢�−¨©.

4. ‚¨¤ë ¨−¤¨ª�â®à®¢ ¢−ãâà¨ ª�¦¤®© ª�â¥£®à¨¨ ¢ë¤¥«ïîâáï ¢ §�¢¨á¨¬®áâ¨ ®â
á¯®á®¡� ãç¥â� àã¡à¨ª ª«�áá¨ä¨ª�â®à®¢: (�) úä�ªâ¨ç¥áª¨©û, ª®£¤� ãç¨âë-
¢�¥âáï â®«ìª® ä�ªâ −�«¨ç¨ï ª�ª®©-«¨¡® àã¡à¨ª¨ ª«�áá¨ä¨ª�â®à� ã ®¤−®©
¨«¨ −¥áª®«ìª¨å ¯ã¡«¨ª�æ¨© | ¡¥§ ãç¥â� ç¨á«� â�ª¨å ¯®¢â®à¥−¨© ¢ ®¤-
−®¬ ¨§®¡à¥â¥−¨¨; (¡) úç�áâ®â−ë©û, ª®£¤� ãç¨âë¢�¥âáï ç¨á«® ¯®¢â®à¥−¨©
àã¡à¨ª ª«�áá¨ä¨ª�â®à®¢ ¢ ®¤−®¬ ¨§®¡à¥â¥−¨¨ [2]. ”�ªâ¨ç¥áª¨© á¯®á®¡
ãç¥â� ¯®§¢®«ï¥â, ¢ ç�áâ−®áâ¨, á®¯®áâ�¢¨âì ¨−â¥−á¨¢−®áâ¨ ã¯®¬¨−�−¨© ��ˆ
¢ ®¯¨á�−¨¨ ¨§®¡à¥â¥−¨©, ®â−®áïé¨åáï ª à�§−ë¬ £àã¯¯�¬ â¥å−®«®£¨©, â�ª
ª�ª §−�ç¥−¨ï ¨−¤¨ª�â®à®¢ íâ®£® ¢¨¤� −®à¬�«¨§®¢�−ë ¯® áà¥¤−¥© ç�áâ®â¥
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¯®¢â®à¥−¨© ¢ £àã¯¯¥, ª®â®à�ï ¢ à�§−ëå £àã¯¯�å ¬®¦¥â áãé¥áâ¢¥−−® ®â«¨-
ç�âìáï. —�áâ®â−ë© á¯®á®¡ ãç¥â� ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì áà¥¤−¥¥ §−�ç¥−¨¥
ç�áâ®âë æ¨â¨à®¢�−¨ï ¯ã¡«¨ª�æ¨© ®¤−®£® ��ˆ ¢ ¯à¥¤¥«�å £àã¯¯ë (¤«ï
®¤−®£® ¨§®¡à¥â¥−¨ï).

3 Индикаторы переноса научных знаний в сферу технологий

‚ à�¡®â¥ [5] ¯à¥¤áâ�¢«¥−� ¢ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¯®«ãç¥−−�ï ¢ å®¤¥ íªá¯¥à¨¬¥−â�
¯®¤¡®àª� §−�ç¥−¨© ¨−¤¨ª�â®à®¢ ä�ªâ¨ç¥áª®£® ¨ ç�áâ®â−®£® ¢¨¤�, ª®â®àë¥ å�à�ª-
â¥à¨§ãîâ ¨−â¥−á¨¢−®áâì ¯¥à¥−®á� ¢ ˆ’ §−�−¨© ¨§ 29 ��ˆ á®£«�á−® àã¡à¨ª�¬
ª«�áá¨ä¨ª�â®à� ÷””ˆ (â�¡«. 1).

’�¡«¨æ� 1 ‡−�ç¥−¨ï ˆˆ� ¤«ï ¤¢ãå á¯®á®¡®¢ ãç¥â� àã¡à¨ª ª«�áá¨ä¨ª�â®à� ÷””ˆ

Š«�áá¨ä¨ª�â®à ÷””ˆ ‘¯®á®¡ ãç¥â� àã¡à¨ª ª«�áá¨ä¨ª�â®à� ÷””ˆ

Š®¤
àã¡à¨ª¨ ��§¢�−¨¥ àã¡à¨ª¨

”�ªâ¨ç¥áª¨© ãç¥â —�áâ®â−ë© ãç¥â
�¡á®«îâ−®¥

§−�ç¥−¨¥
ˆˆ�

„®«ï
àã¡à¨ª¨,

%

�¡á®«îâ−®¥
§−�ç¥−¨¥

ˆˆ�

„®«ï
àã¡à¨ª¨,

%
01-200 ˆ�”�÷Œ�’ˆŠ� 146 19,05 52,66 23,47

07-500
‘ˆ‘’…Œ› ��÷���’Šˆ
ˆ ���‹ˆ‡� „���›• 97 12,66 30,95 13,79

07-800

”“�„�Œ…�’�‹œ�›…
�‘��‚›
ˆ�”�÷Œ�–ˆ���›•
’…•��‹�ƒˆ‰,
‚›—ˆ‘‹ˆ’…‹œ�›•
‘ˆ‘’…Œ
ˆ ’…‹…Š�ŒŒ“�ˆŠ�–ˆ‰

89 11,61 19,14 8,54

07-700
�‹…Œ…�’��Ÿ ��‡�
ˆ�”�÷Œ�–ˆ���›•
‘ˆ‘’…Œ

33 4,30 18,49 8,24

08-600
’…•�ˆ—…‘Šˆ…
‘ˆ‘’…Œ› ˆ �÷�–…‘‘›
“�÷�‚‹…�ˆŸ

53 6,91 15,85 7,06

07-600
‚›—ˆ‘‹ˆ’…‹œ�›…
ˆ ‘…’…‚›… ÷…‘“÷‘› 46 6,00 13,02 5,80

07-400
ˆ�”�÷Œ�–ˆ���›…
÷…‘“÷‘› ˆ ‘ˆ‘’…Œ› 58 7,57 9,92 4,42

01-100 Œ�’…Œ�’ˆŠ� 50 6,52 9,60 4,28

02-400
÷�„ˆ�”ˆ‡ˆŠ�,
�‹…Š’÷��ˆŠ�,
�Š“‘’ˆŠ�

35 4,56 9,48 4,22

02-200
”ˆ‡ˆŠ�
Š��„…�‘ˆ÷�‚���›•
‘÷…„

34 4,43 8,87 3,95

08-300
�‹…Š’÷�”ˆ‡ˆŠ�,
�‹…Š’÷�’…•�ˆŠ�
ˆ �‹…Š’÷���…÷ƒ…’ˆŠ�

13 1,69 8,68 3,87

�ª®−ç�−¨¥ â�¡«. 1 −� á. 186
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’�¡«¨æ� 1 (®ª®−ç�−¨¥) ‡−�ç¥−¨ï ˆˆ� ¤«ï ¤¢ãå á¯®á®¡®¢ ãç¥â� àã¡à¨ª ª«�áá¨ä¨ª�â®à�
÷””ˆ

Š«�áá¨ä¨ª�â®à ÷””ˆ ‘¯®á®¡ ãç¥â� àã¡à¨ª ª«�áá¨ä¨ª�â®à� ÷””ˆ

Š®¤
àã¡à¨ª¨ ��§¢�−¨¥ àã¡à¨ª¨

”�ªâ¨ç¥áª¨© ãç¥â —�áâ®â−ë© ãç¥â
�¡á®«îâ−®¥

§−�ç¥−¨¥
ˆˆ�

„®«ï
àã¡à¨ª¨,

%

�¡á®«îâ−®¥
§−�ç¥−¨¥

ˆˆ�

„®«ï
àã¡à¨ª¨,

%

02-300
��’ˆŠ�, Š‚��’�‚�Ÿ
�‹…Š’÷��ˆŠ� 27 3,52 7,05 3,14

04-300
”“�„�Œ…�’�‹œ��Ÿ
Œ…„ˆ–ˆ��
ˆ ”ˆ‡ˆ�‹�ƒˆŸ

10 1,30 4,90 2,18

05-700
ƒ…�ƒ÷�”ˆŸ
ˆ ƒˆ„÷�‹�ƒˆŸ ‘“˜ˆ 12 1,56 3,47 1,55

06-200 �Š���Œˆ—…‘Šˆ… ��“Šˆ 4 0,52 2,10 0,94
05-400 ƒ…�”ˆ‡ˆŠ� 6 0,78 1,97 0,88

06-300
”ˆ‹�‘�”‘Šˆ…
ˆ ‘�–ˆ�‹œ�›… ��“Šˆ,
�‘ˆ•�‹�ƒˆŸ

12 1,56 1,60 0,71

04-200
”ˆ‡ˆŠ�-•ˆŒˆ—…‘Š�Ÿ
�ˆ�‹�ƒˆŸ 6 0,78 1,52 0,68

02-100 Ÿ„…÷��Ÿ ”ˆ‡ˆŠ� 5 0,65 0,83 0,37
02-900 Œ…„ˆ–ˆ�‘Š�Ÿ ”ˆ‡ˆŠ� 9 1,17 0,72 0,32
05-500 �Š…���‹�ƒˆŸ 2 0,26 0,62 0,27

08-100
Œ�˜ˆ��‚…„…�ˆ…
ˆ ˆ�†…�…÷��Ÿ
Œ…•��ˆŠ�

3 0,39 0,61 0,27

02-600 ”ˆ‡ˆŠ� �‹�‡Œ› 2 0,26 0,57 0,25
03-200 �…�÷ƒ��ˆ—…‘Š�Ÿ •ˆŒˆŸ 1 0,13 0,40 0,18
04-100 ��™�Ÿ �ˆ�‹�ƒˆŸ 6 0,78 0,40 0,18

06-400

”ˆ‹�‹�ƒˆŸ,
Š“‹œ’“÷�‹�ƒˆŸ,
ˆ‘Š“‘‘’‚�‡���ˆ…,
�•÷��� ��ŒŸ’�ˆŠ�‚
ˆ‘’�÷ˆˆ ˆ Š“‹œ’“÷›

2 0,26 0,33 0,15

05-600 ”ˆ‡ˆŠ� �’Œ�‘”…÷› 2 0,26 0,31 0,14
02-800 �‘’÷���ŒˆŸ 3 0,39 0,30 0,13
02-700 ’…�÷…’ˆ—…‘Š�Ÿ ”ˆ‡ˆŠ� 1 0,13 0,06 0,02

�� ®á−®¢¥ ¤�−−ëå â�¡«. 1 ¯®áâà®¥−� ¤¨�£à�¬¬�, ¤¥¬®−áâà¨àãîé�ï á®®â−®-
è¥−¨¥ ä�ªâ¨ç¥áª¨å ¨ ç�áâ®â−ëå §−�ç¥−¨© ã¯®¬¨−�−¨© ¢ ®¯¨á�−¨ïå ˆ’-¨§®¡à¥-
â¥−¨© 29 ��ˆ á®£«�á−® àã¡à¨ª�¬ ª«�áá¨ä¨ª�â®à� ÷””ˆ (à¨á. 1).

�−�«®£¨ç−ë¬ ®¡à�§®¬ ¯®áâà®¥−� ¤¨�£à�¬¬� −� à¨á. 2, ¤¥¬®−áâà¨àãîé�ï á®-
®â−®è¥−¨¥ ä�ªâ¨ç¥áª¨å ¨ ç�áâ®â−ëå §−�ç¥−¨© ã¯®¬¨−�−¨© 40 ��ˆ ¢ ®¯¨á�−¨ïå
ˆ’-¨§®¡à¥â¥−¨© á®£«�á−® àã¡à¨ª�¬ ª«�áá¨ä¨ª�â®à� ƒ÷�’ˆ.

‚ æ¥«ïå ¤�«ì−¥©è¥£® �−�«¨§� ¢ë¤¥«¨¬ ¤«ï á®¯®áâ�¢«¥−¨ï ¯® 10 −�¨¡®«¥¥
ç�áâ® ¢áâà¥ç�îé¨åáï àã¡à¨ª ��ˆ ¨§ ª«�áá¨ä¨ª�â®à®¢ ÷””ˆ ¨ ƒ÷�’ˆ, ª®-
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÷¨á. 1 ‘à�¢−¥−¨¥ ä�ªâ¨ç¥áª¨å ¨ ç�áâ®â−ëå §−�ç¥−¨© ã¯®¬¨−�−¨ï 29 ��ˆ á®£«�á−®
ª«�áá¨ä¨ª�â®àã ÷””ˆ: 1 | ä�ªâ¨ç¥áª¨¥ §−�ç¥−¨ï; 2 | ç�áâ®â−ë¥ §−�ç¥−¨ï

â®àë¥ ¯à¨¢¥¤¥−ë ¢ â�¡«. 2 ¨ 3 á®®â¢¥âáâ¢¥−−®. �â¨ â�¡«¨æë ¤�îâ ¯à¥¤áâ�¢«¥−¨¥
® áâ¥¯¥−¨ ¢§�¨¬®á¢ï§¨ ˆ’ á à�§«¨ç−ë¬¨ −�¯à�¢«¥−¨ï¬¨ −�ãª¨. ÷�á¯®«®¦¥−¨¥
��ˆ ¢ −¨å ®â®¡à�¦�¥â ãà®¢¥−ì ¢®§¤¥©áâ¢¨ï −� ˆ’ à¥§ã«ìâ�â®¢ −�ãç−ëå ¨áá«¥-
¤®¢�−¨© ¯® á®®â¢¥âáâ¢ãîé¥© àã¡à¨ª¥ á®£«�á−® ¢ëç¨á«¥−−ë¬ §−�ç¥−¨ï¬ ˆˆ�
−�ãç−ëå §−�−¨© (¯® ã¡ë¢�−¨î §−�ç¥−¨©).

‘®¯®áâ�¢«¥−¨¥ ¤�−−ëå â�¡«. 2 ¨ 3 ¯®ª�§ë¢�¥â â¥¬�â¨ç¥áªãî áâàãªâãàã ¯®â®-
ª®¢ §−�−¨©, ¯¥à¥−®á¨¬ëå ¢ £àã¯¯ã ˆ’.

�â¬¥â¨¬ ¢�¦−ë© â¥à¬¨−®«®£¨ç¥áª¨© �á¯¥ªâ ¢ −�§¢�−¨ïå àã¡à¨ª ª«�áá¨ä¨-
ª�â®à®¢, ®âà�¦¥−−ë© à�−¥¥ ¢ à�¡®â¥ [5]. ’¥à¬¨− úˆ−ä®à¬�â¨ª�û ¢ ª«�áá¨ä¨ª�-
â®à�å ÷””ˆ ¨ ƒ÷�’ˆ ®¡®§−�ç�¥â ¤¢¥ à�§−ë¥ −�ãç−ë¥ ¤¨áæ¨¯«¨−ë. ‚ ÷””ˆ
íâ® ª®¬¯ìîâ¥à−�ï −�ãª� (computer science), � ¢ ƒ÷�’ˆ | ¨−ä®à¬�æ¨®−−�ï −�ã-
ª� (information science), ª®â®à�ï −� á®¢à¥¬¥−−®¬ íâ�¯¥ ï¢«ï¥âáï ¯à®ä¨«ì−®©, −®
−¥ á�¬®© ç�áâ®â−®© −�ãç−®© ¤¨áæ¨¯«¨−®© á â®çª¨ §à¥−¨ï á®§¤�−¨ï ˆ’ ¢ ¯¥à¨®¤
2002{2012 ££.

�¡ê¥¤¨−ïï â�¡«. 2 ¨ 3, ¯¥à¥å®¤¨¬ ª â�¡«. 4, ª®â®à�ï ¤�¥â ª®¬¯«¥ªá−®¥
¯à¥¤áâ�¢«¥−¨¥ ® á¯¥ªâà¥ ¨á¯®«ì§®¢�−¨ï ¢ £àã¯¯¥ ˆ’-¨§®¡à¥â¥−¨© à¥§ã«ìâ�â®¢
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÷¨á. 2 ‘à�¢−¥−¨¥ ä�ªâ¨ç¥áª¨å ¨ ç�áâ®â−ëå §−�ç¥−¨© ã¯®¬¨−�−¨ï 40 ��ˆ á®£«�á−®
ƒ÷�’ˆ: 1 | ä�ªâ¨ç¥áª¨¥ §−�ç¥−¨ï; 2 | ç�áâ®â−ë¥ §−�ç¥−¨ï

’�¡«¨æ� 2 ‘¯¨á®ª 10 àã¡à¨ª ª«�áá¨ä¨ª�â®à� ÷””ˆ, −�¨¡®«¥¥ ç�áâ® ã¯®¬¨−�¥¬ëå
¢ ˆ’-¨§®¡à¥â¥−¨ïå

Š®¤ àã¡à¨ª¨
ª«�áá¨ä¨ª�â®à�

÷””ˆ
��§¢�−¨¥ àã¡à¨ª¨

01-200 ˆ�”�÷Œ�’ˆŠ�
07-500 ‘ˆ‘’…Œ› ��÷���’Šˆ ˆ ���‹ˆ‡� „���›•

07-800
”“�„�Œ…�’�‹œ�›… �‘��‚› ˆ�”�÷Œ�–ˆ���›•
’…•��‹�ƒˆ‰, ‚›—ˆ‘‹ˆ’…‹œ�›• ‘ˆ‘’…Œ
ˆ ’…‹…Š�ŒŒ“�ˆŠ�–ˆ‰

07-700 �‹…Œ…�’��Ÿ ��‡� ˆ�”�÷Œ�–ˆ���›• ‘ˆ‘’…Œ
08-600 ’…•�ˆ—…‘Šˆ… ‘ˆ‘’…Œ› ˆ �÷�–…‘‘› “�÷�‚‹…�ˆŸ
07-600 ‚›—ˆ‘‹ˆ’…‹œ�›… ˆ ‘…’…‚›… ÷…‘“÷‘›
07-400 ˆ�”�÷Œ�–ˆ���›… ÷…‘“÷‘› ˆ ‘ˆ‘’…Œ›
01-100 Œ�’…Œ�’ˆŠ�
02-400 ÷�„ˆ�”ˆ‡ˆŠ�, �‹…Š’÷��ˆŠ�, �Š“‘’ˆŠ�
02-200 ”ˆ‡ˆŠ� Š��„…�‘ˆ÷�‚���›• ‘÷…„
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’�¡«¨æ� 3 ‘¯¨á®ª 10 àã¡à¨ª ª«�áá¨ä¨ª�â®à� ƒ÷�’ˆ, −�¨¡®«¥¥ ç�áâ® ã¯®¬¨−�¥¬ëå
¢ ˆ’-¨§®¡à¥â¥−¨ïå

Š®¤ àã¡à¨ª¨
ª«�áá¨ä¨ª�â®à�

ƒ÷�’ˆ
��§¢�−¨¥ àã¡à¨ª¨

50 �‚’�Œ�’ˆŠ�. ‚›—ˆ‘‹ˆ’…‹œ��Ÿ ’…•�ˆŠ�
47 �‹…Š’÷��ˆŠ�. ÷�„ˆ�’…•�ˆŠ�
28 Šˆ�…÷�…’ˆŠ�
45 �‹…Š’÷�’…•�ˆŠ�
20 ˆ�”�÷Œ�’ˆŠ�
29 ”ˆ‡ˆŠ�

81
��™ˆ… ˆ Š�Œ�‹…Š‘�›… �÷��‹…Œ› ’…•�ˆ—…‘Šˆ•
ˆ �÷ˆŠ‹�„�›• ��“Š ˆ �’÷�‘‹…‰ ��÷�„��ƒ�
•�‡Ÿ‰‘’‚�

27 Œ�’…Œ�’ˆŠ�
30 Œ…•��ˆŠ�
90 Œ…’÷�‹�ƒˆŸ

¨áá«¥¤®¢�−¨© ¯® à�§«¨ç−ë¬ −�¯à�¢«¥−¨ï¬ −�ãª¨, çâ®, á®¡áâ¢¥−−®, ¨ å�à�ªâ¥à¨-
§ã¥â â¥¬�â¨ç¥áª®¥ ¢®§¤¥©áâ¢¨¥ −�ãª¨ −� ¤�−−ãî £àã¯¯ã â¥å−®«®£¨©.

‚ â�¡«. 4 àã¡à¨ª¨ ��ˆ ª«�áá¨ä¨ª�â®à®¢ ÷””ˆ ¨ ƒ÷�’ˆ ã¯®àï¤®ç¥−ë
¯® áâ¥¯¥−¨ ¨å ¢«¨ï−¨ï −� £àã¯¯ã ˆ’. �¡à�â¨¬ ¢−¨¬�−¨¥ −� ¨§¬¥−¥−¨¥ ¯®§¨-
æ¨© àã¡à¨ª ª«�áá¨ä¨ª�â®à®¢ ¢ §�¢¨á¨¬®áâ¨ ®â â®£®, ª�ª®© ¨¬¥−−® á¯®á®¡ ãç¥â�
¯à¨¬¥−ï¥âáï | úä�ªâ¨ç¥áª¨©û ¨«¨ úç�áâ®â−ë©û. ��¯à¨¬¥à, ¢ â�¡«. 4 àã¡à¨-
ª� úˆ�”�÷Œ�–ˆ���›… ÷…‘“÷‘› ˆ ‘ˆ‘’…Œ›û ª«�áá¨ä¨ª�â®à�
÷””ˆ ¯à¨ ¨§¬¥−¥−¨¨ á¯®á®¡� ãç¥â� ¯¥à¥¬¥é�¥âáï á 4-© ¯®§¨æ¨¨ (ã¯®àï¤®ç¥−¨¥
¯® ä�ªâ¨ç¥áª®¬ã §−�ç¥−¨î) −� 7-î (ã¯®àï¤®ç¥−¨¥ ¯® ç�áâ®â−®áâ¨).

’�ª®¥ ¯¥à¥¬¥é¥−¨¥ £®¢®à¨â ® â®¬, çâ® ä�ªâ¨ç¥áª¨ íâ� â¥¬�â¨ª� æ¨â¨àã¥âáï
¢® ¢á¥© £àã¯¯¥ ˆ’-¨§®¡à¥â¥−¨© ç�é¥, ç¥¬ á«¥¤ãîé¨¥ §� −¥©, ¢ª«îç�ï âà¨
â¥¬�â¨ª¨ ¯®¤ −®¬¥à�¬¨ 5, 6 ¨ 7, −® ¯® ç�áâ®â−®áâ¨ æ¨â¨à®¢�−¨ï ¢ à�¬ª�å ®¤−®£®
¨§®¡à¥â¥−¨ï íâ� â¥¬�â¨ª� æ¨â¨àã¥âáï à¥¦¥, ç¥¬ ¯à¥¤è¥áâ¢ãîé¨¥ ¥©. �â¬¥â¨¬,
çâ® â¥¬�â¨ª� ¯®¤ −®¬¥à®¬ 6 (úŒ�’…Œ�’ˆŠ�û) áâ�«� −®¬¥à®¬ 8, � â¥¬�â¨ª�
ú‚›—ˆ‘‹ˆ’…‹œ�›… ˆ ‘…’…‚›… ÷…‘“÷‘›û ¯¥à¥å®¤¨â á ¯®§¨æ¨¨ 7
−� ¯®§¨æ¨î 6. �−�«®£¨ç−ë¥ ¨§¬¥−¥−¨ï ¬®¦−® −�¡«î¤�âì ¨ ¯® ¤àã£¨¬ àã¡à¨ª�¬
��ˆ ª�ª ¤«ï ª«�áá¨ä¨ª�â®à� ÷””ˆ, â�ª ¨ ¤«ï ƒ÷�’ˆ.

�à¨¢¥¤¥−−ë¥ à¥§ã«ìâ�âë íªá¯¥à¨¬¥−â� ®â−®áïâáï ª à�áá¬®âà¥−¨î ¢§�¨¬®á¢ï-
§¨ −�ãª¨ ¨ â¥å−®«®£¨©, â�ª áª�§�âì, úá® áâ®à®−ë â¥å−®«®£¨©û. ˆ−ë¬¨ á«®¢�¬¨,
¯®ª�§�−®, ª�ª¨¥ −�ãç−ë¥ −�¯à�¢«¥−¨ï ¢«¨ïîâ −� £àã¯¯ã ˆ’-¨§®¡à¥â¥−¨©. �®
�−�«®£¨ç−ë¬ ®¡à�§®¬ ¬®¦−® ¯®á¬®âà¥âì −� ¢§�¨¬®á¢ï§ì −�ãª¨ ¨ â¥å−®«®£¨© úá®
áâ®à®−ë −�ãç−ëå ¨áá«¥¤®¢�−¨©û, â. ¥. ®¯à¥¤¥«¨âì, −� á®§¤�−¨¥ ª�ª¨å ˆ’ ®ª�§�«¨
¢«¨ï−¨¥ à¥§ã«ìâ�âë â®£® ¨«¨ ¨−®£® ��ˆ ¢ ¯¥à¨®¤ 2002{2012 ££.
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‚. �. Œ¨−¨−, ˆ. Œ. ‡�æ¬�−, ‚. �. •�¢�−áª®¢, ‘. Š. ˜ã¡−¨ª®¢

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¯à¨¢¥¤¥¬ ¯®«ãç¥−−ë© ¨§ ®¯¨á�−¨© ˆ’-¨§®¡à¥â¥−¨©
¯¥à¥ç¥−ì â¥å ˆ’, ¯à¥¤áâ�¢«¥−−ëå ¨−¤¥ªá�¬¨ ¯®¤ª«�áá®¢ Œ�Š, −� ª®â®àë¥
¢«¨ïîâ à¥§ã«ìâ�âë −�ãç−ëå ¨áá«¥¤®¢�−¨© â®«ìª® ®¤−®£® ��ˆ úˆ−ä®à¬�â¨ª�û
á®£«�á−® ª«�áá¨ä¨ª�â®àã ÷””ˆ (â�¡«. 5).

’�¡«¨æ� 5 �¥à¥ç¥−ì â¥å−®«®£¨©, ¯à¥¤áâ�¢«¥−−ëå ¨−¤¥ªá�¬¨ ¯®¤ª«�áá®¢ Œ�Š, −�
ª®â®àë¥ ¢«¨ïîâ à¥§ã«ìâ�âë −�ãç−ëå ¨áá«¥¤®¢�−¨© ¯® ®¤−®¬ã ��ˆ úˆ−ä®à¬�â¨ª�û
(ª«�áá¨ä¨ª�â®à ÷””ˆ)

ˆ−¤¥ªáë
¯®¤ª«�áá®¢ Œ�Š ��§¢�−¨¥ ¯®¤ª«�áá®¢ Œ�Š

G06F
�¡à�¡®âª� æ¨äà®¢ëå ¤�−−ëå á ¯®¬®éìî í«¥ªâà¨ç¥áª¨å
ãáâà®©áâ¢

G06K
÷�á¯®§−�¢�−¨¥, ¯à¥¤áâ�¢«¥−¨¥ ¨ ¢®á¯à®¨§¢¥¤¥−¨¥ ¤�−−ëå; ¬�-
−¨¯ã«¨à®¢�−¨¥ −®á¨â¥«ï¬¨ ¨−ä®à¬�æ¨¨; −®á¨â¥«¨ ¨−ä®à¬�æ¨¨

G06T �¡à�¡®âª� ¨«¨ £¥−¥à�æ¨ï ¤�−−ëå ¨§®¡à�¦¥−¨ï, ¢®®¡é¥

G05B
÷¥£ã«¨àãîé¨¥ ¨ ã¯à�¢«ïîé¨¥ á¨áâ¥¬ë ®¡é¥£® −�§−�ç¥−¨ï;
äã−ªæ¨®−�«ì−ë¥ í«¥¬¥−âë â�ª¨å á¨áâ¥¬; ãáâà®©áâ¢� ¤«ï ª®−-
âà®«ï ¨«¨ ¨á¯ëâ�−¨ï â�ª¨å á¨áâ¥¬ ¨«¨ í«¥¬¥−â®¢

G06G �−�«®£®¢ë¥ ¢ëç¨á«¨â¥«ì−ë¥ ¬�è¨−ë

G06N
Š®¬¯ìîâ¥à−ë¥ á¨áâ¥¬ë, ®á−®¢�−−ë¥ −� á¯¥æ¨ä¨ç¥áª¨å ¢ëç¨á-
«¨â¥«ì−ëå ¬®¤¥«ïå

G01S

÷�¤¨®¯¥«¥−£�æ¨ï; à�¤¨®−�¢¨£�æ¨ï; ¨§¬¥à¥−¨¥ à�ááâ®ï−¨ï ¨«¨
áª®à®áâ¨ á ¨á¯®«ì§®¢�−¨¥¬ à�¤¨®¢®«−; ®¯à¥¤¥«¥−¨¥ ¬¥áâ®¯®«®-
¦¥−¨ï ¨«¨ ®¡−�àã¦¥−¨¥ ®¡ê¥ªâ®¢ á ¨á¯®«ì§®¢�−¨¥¬ ®âà�¦¥−¨ï
¨«¨ ¯¥à¥¨§«ãç¥−¨ï à�¤¨®¢®«−; �−�«®£¨ç−ë¥ á¨áâ¥¬ë á ¨á¯®«ì-
§®¢�−¨¥¬ ¤àã£¨å ¢¨¤®¢ ¢®«−

G06Q

‘¨áâ¥¬ë ®¡à�¡®âª¨ ¤�−−ëå ¨«¨ á¯®á®¡ë, á¯¥æ¨�«ì−® ¯à¥¤−�-
§−�ç¥−−ë¥ ¤«ï �¤¬¨−¨áâà�â¨¢−ëå, ª®¬¬¥àç¥áª¨å, ä¨−�−á®¢ëå,
ã¯à�¢«¥−ç¥áª¨å, −�¤§®à−ëå ¨«¨ ¯à®£−®áâ¨ç¥áª¨å æ¥«¥©; á¨áâ¥-
¬ë ¨«¨ á¯®á®¡ë, á¯¥æ¨�«ì−® ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï �¤¬¨−¨áâà�-
â¨¢−ëå, ª®¬¬¥àç¥áª¨å, ä¨−�−á®¢ëå, ã¯à�¢«¥−ç¥áª¨å, −�¤§®à-
−ëå ¨«¨ ¯à®£−®áâ¨ç¥áª¨å æ¥«¥©, −¥ ¯à¥¤ãá¬®âà¥−−ë¥ ¢ ¤àã£¨å
¯®¤ª«�áá�å

G10L �−�«¨§¨à®¢�−¨¥ ¨«¨ á¨−â¥§¨à®¢�−¨¥ à¥ç¨; à�á¯®§−�¢�−¨¥ à¥ç¨
G08G ‘¨áâ¥¬ë à¥£ã«¨à®¢�−¨ï ¤¢¨¦¥−¨ï âà�−á¯®àâ−ëå áà¥¤áâ¢

G09C
˜¨äà®¢�«ì−ë¥ ¨«¨ ¤¥è¨äà®¢�«ì−ë¥ ãáâà®©áâ¢� ¤«ï â�©−®¯¨á¨
¨«¨ ¤àã£¨å æ¥«¥©, á¢ï§�−−ëå á á¥ªà¥â−®© ¯¥à¥¯¨áª®©

G05F ‘¨áâ¥¬ë à¥£ã«¨à®¢�−¨ï í«¥ªâà¨ç¥áª¨å ¨«¨ ¬�£−¨â−ëå ¢¥«¨ç¨−
G06E �¯â¨ç¥áª¨¥ ¢ëç¨á«¨â¥«ì−ë¥ ãáâà®©áâ¢�

G01D

ˆ§¬¥à¥−¨ï, á¯¥æ¨�«ì−® −¥ ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï ®á®¡ëå ¯¥à¥-
¬¥−−ëå ¢¥«¨ç¨−; ãáâà®©áâ¢� ¨«¨ ¯à¨¡®àë ¤«ï ¨§¬¥à¥−¨ï ¤¢ãå
¨«¨ ¡®«¥¥ ¯¥à¥¬¥−−ëå ¢¥«¨ç¨−, −¥ ®â−¥á¥−−ë¥ ª ª�ª®¬ã-«¨¡®
®¤−®¬ã ¯®¤ª«�ááã; â�à¨ä−ë¥ áç¥âç¨ª¨; ¨§¬¥à¥−¨ï ¨«¨ ¨á¯ëâ�-
−¨ï, −¥ ®â−¥á¥−−ë¥ ª ¤àã£¨¬ ¯®¤ª«�áá�¬

G01R ˆ§¬¥à¥−¨¥ í«¥ªâà¨ç¥áª¨å ¨ ¬�£−¨â−ëå ¢¥«¨ç¨−
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’¥¬�â¨ç¥áª¨¥ ¨−¤¨ª�â®àë ¯¥à¥−®á� −�ãç−ëå §−�−¨© ¢ áä¥àã â¥å−®«®£¨©

÷¨á. 3 ÷�á¯à¥¤¥«¥−¨¥ ¢à¥¬¥−¨ ®âª«¨ª� ¨§®¡à¥â¥−¨© −� ¯ã¡«¨ª�æ¨î −�ãç−ëå à¥§ã«ì-
â�â®¢: 1 | ®â−®á¨â¥«ì−® ¤�âë ¯®¤�ç¨ §�ï¢ª¨ −� ¨§®¡à¥â¥−¨¥; 2 | ®â−®á¨â¥«ì−® ¤�âë
¯ã¡«¨ª�æ¨¨ à¥è¥−¨ï ® ¢ë¤�ç¥ ¯�â¥−â� −� ¨§®¡à¥â¥−¨¥; 3 | «¨−¨ï âà¥−¤� ®â−®á¨â¥«ì−®
¤�âë ¯®¤�ç¨ §�ï¢ª¨; 4 | «¨−¨ï âà¥−¤� ®â−®á¨â¥«ì−® ¤�âë ¯ã¡«¨ª�æ¨¨

‚ §�ª«îç¥−¨¥ íâ®£® à�§¤¥«� à�áá¬®âà¨¬ ¢®¯à®á, ª®â®àë© â�ª¦¥ ¯à¥¤áâ�¢«ï¥â
§−�ç¨â¥«ì−ë© ¨−â¥à¥á | áª®«ì ¤®«£® ®¯ã¡«¨ª®¢�−−ë¥ −�ãç−ë¥ à¥§ã«ìâ�âë á®åà�-
−ïîâ á¢®î �ªâã�«ì−®áâì ¤«ï ¯à®æ¥áá®¢ á®§¤�−¨ï â¥å−®«®£¨©? „®«£®¢à¥¬¥−−®áâì
¢®§¤¥©áâ¢¨ï −�ãç−ëå à¥§ã«ìâ�â®¢ ¨áá«¥¤®¢�−¨© ¯® à�§«¨ç−ë¬ ��ˆ −� £àã¯¯ã
ˆ’-¨§®¡à¥â¥−¨© ¯à¥¤áâ�¢«¥−� −� à¨á. 3, ¯®áâà®¥−−®¬ á ¨á¯®«ì§®¢�−¨¥¬ ¤�−−ëå,
¯®«ãç¥−−ëå ¢ å®¤¥ íªá¯¥à¨¬¥−â�. Š�ª ¢¨¤−® ¨§ ¤�−−®© ¤¨�£à�¬¬ë, ¨á¯®«ì§ãï
¯à¥¤«®¦¥−−ë© ¨−ä®à¬�æ¨®−−®-ª®¬¯ìîâ¥à−ë© ¯®¤å®¤, ¬®¦−® ¯à®£−®§¨à®¢�âì
¦¨§−¥−−ë© æ¨ª« −�ãç−®£® à¥§ã«ìâ�â� á â®çª¨ §à¥−¨ï ¯à®æ¥áá®¢ á®§¤�−¨ï −®¢ëå
â¥å−®«®£¨ç¥áª¨å à¥è¥−¨©.

„�−−�ï ¤¨�£à�¬¬� ¨««îáâà¨àã¥â â®â ä�ªâ, çâ®, −¥á¬®âàï −� ¢ëá®ªãî ¤¨−�-
¬¨ªã á®§¤�−¨ï ¨ à�§¢¨â¨ï ˆ’, ¨á¯®«ì§ã¥¬ë¥ à¥§ã«ìâ�âë −�ãç−ëå ¨áá«¥¤®¢�−¨©
á®åà�−ïîâ á¢®î §−�ç¨¬®áâì (¢ëï¢«¥−−ãî ç¥à¥§ æ¨â¨àã¥¬ë¥ −�ãç−ë¥ ¯ã¡«¨ª�-
æ¨¨) −� ¯à®âï¦¥−¨¨ ¤®áâ�â®ç−® ¡®«ìè¨å ®âà¥§ª®¢ ¢à¥¬¥−¨, ¨§¬¥àï¥¬ëå ¤¥áïâ-
ª�¬¨ «¥â. �®−¨¦¥−¨¥ «¨−¨© âà¥−¤®¢ ¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬ ®¡êïá−ï¥âáï â¥¬, çâ®
á £®¤�¬¨ ¯®â®ª ¯ã¡«¨ª�æ¨©, ¢ ª®â®àëå ã¯®¬¨−�îâáï ¯®«ãç¥−−ë¥ à�−¥¥ −�ãç−ë¥
à¥§ã«ìâ�âë, ¯�¤�¥â.
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‚. �. Œ¨−¨−, ˆ. Œ. ‡�æ¬�−, ‚. �. •�¢�−áª®¢, ‘. Š. ˜ã¡−¨ª®¢

Šà®¬¥ â®£®, −� ¤®«£®¢à¥¬¥−−®áâì ¢®§¤¥©áâ¢¨ï −�ãç−®£® à¥§ã«ìâ�â� −� â¥å−¨-
ç¥áª¨¥ à¥è¥−¨ï ¨−®£¤� ¢«¨ï¥â ®âáãâáâ¢¨¥ â¥å−®«®£¨ç¥áª®© ¡�§ë ¤«ï ¥£® ¯à®¬ëè-
«¥−−®© à¥�«¨§�æ¨¨. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ®¡à�â¨¬ ¢−¨¬�−¨¥ −� ¢à¥¬ï ¯®«ãç¥−¨ï
¯¥à¢ëå −�ãç−ëå à¥§ã«ìâ�â®¢, ®ª�§�¢è¨å ¢«¨ï−¨¥ −� á®§¤�−¨¥ LCD-¬®−¨â®-
à®¢1. †¨¤ª¨¥ ªà¨áâ�««ë ª�ª á®áâ®ï−¨¥ ¢¥é¥áâ¢� ¡ë«¨ ®¡−�àã¦¥−ë ¢ 1880-å ££.
”à¨¤à¨å®¬ ÷¥©−¨âæ¥à®¬ (1858{1927), −® «¨èì ¢ −�è¨ ¤−¨ ®−¨ −�è«¨ ¬�áá®¢®¥
¨ ¬−®£®®¡à�§−®¥ ¯à¨ª«�¤−®¥ ¯à¨¬¥−¥−¨¥ [13]. „¦®− ‹. „¦¥−−¨−£ ¢ 1968 £.
¨§®¡à¥« ¦¨¤ª®ªà¨áâ�««¨ç¥áª¨¥ ¤¨á¯«¥¨ (LCD), ¨ ã¦¥ ¢ 1972 £. ¯¥à¢ë© ¦¨¤-
ª®ªà¨áâ�««¨ç¥áª¨© ¤¨á¯«¥© −� �ªâ¨¢−®© ¬�âà¨æ¥ ¡ë« á®§¤�− ¢ ‘®¥¤¨−¥−−ëå
˜â�â�å ’. �¨â¥à®¬ �à®ã¤¨ ¨ ¥£® á®âàã¤−¨ª�¬¨ [14].

4 Заключение

÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â� ¯®¤â¢¥à¦¤�îâ á¤¥«�−−ë© à�−¥¥ ¢ë¢®¤ [5] ® â®¬, çâ®
à�§à�¡®â�−−ë¥ ¢ å®¤¥ ¢ë¯®«−¥−¨ï ¯à®¥ªâ� ÷””ˆ 16-07-00075 ¨ ¨á¯®«ì§®¢�−-
−ë¥ ¢ ¤�−−®¬ íªá¯¥à¨¬¥−â¥ ¬¥â®¤¨ª�, ¬®¤¥«ì, � â�ª¦¥ ª®−æ¥¯æ¨ï ¨ �àå¨â¥ªâãà�
¬�ª¥â� ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë, ª�ª ¨ ¯à®¥ªâ−ë¥ à¥è¥−¨ï äã−ªæ¨®−�«ì−ëå
¯®¤á¨áâ¥¬, ¤�îâ ¢®§¬®¦−®áâì ¢ëç¨á«ïâì §−�ç¥−¨ï ˆˆ� §−�−¨© ¨§ à�§«¨ç−ëå
��ˆ. �â® ¯®§¢®«ï¥â íªá¯¥àâ�¬ ®æ¥−¨âì ª®«¨ç¥áâ¢¥−−® áâ¥¯¥−ì ¢®§¤¥©áâ¢¨ï
à�§«¨ç−ëå ��ˆ −� à�§¢¨â¨¥ â®© ¨«¨ ¨−®© £àã¯¯ë â¥å−®«®£¨©.

÷�§à�¡®â�−−�ï á®¢®ªã¯−®áâì â¥¬�â¨ç¥áª¨å ˆˆ�, à�§¤¥«¥−−�ï ¯® ¯à¨§−�ª�¬
ä�ªâ¨ç¥áª®£® ¨ ç�áâ®â−®£® ãç¥â� àã¡à¨ª ��ˆ, ®â®¡à�¦�¥â ¬−®£®�á¯¥ªâ−®áâì
á¢ï§¥© ú−�ãª�{â¥å−®«®£¨¨û. �−�«¨§ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ ¯®§¢®«ï¥â á¤¥«�âì
¢ë¢®¤ ® â®¬, çâ® á¯¨á®ª â¥¬�â¨ç¥áª¨å ˆˆ� ¯¥à¥−®á� §−�−¨©, ã¯®àï¤®ç¥−−ëå ¯®
ç�áâ®â−®áâ¨ ã¯®¬¨−�−¨© ��ˆ, ï¢«ï¥âáï −�£«ï¤−®© ¨««îáâà�æ¨¥© áâ¥¯¥−¨ ¢®§-
¤¥©áâ¢¨ï â®£® ¨«¨ ¨−®£® ��ˆ −� ¨áá«¥¤ã¥¬ãî â¥å−®«®£¨ç¥áªãî áä¥àã (¢ ¤�−−®¬
á«ãç�¥ | ˆ’).

‚ §�ª«îç¥−¨¥ ®â¬¥â¨¬, çâ® à�§à�¡®â�−−�ï ¢ ¯à®¥ªâ¥ ÷””ˆ 16-07-00075
á®¢®ªã¯−®áâì ¨−¤¨ª�â®à®¢ ¯à¥¤−�§−�ç¥−� ¤«ï ¨á¯®«ì§®¢�−¨ï ¢ á®ç¥â�−¨¨ á íªá-
¯¥àâ−ë¬ ®æ¥−¨¢�−¨¥¬ ¢ëç¨á«¥−−ëå §−�ç¥−¨© ˆˆ� −�ãç−ëå §−�−¨©. �â� á®-
¢®ªã¯−®áâì ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ¤«ï íªá¯¥àâ−®£® ¢ëï¢«¥−¨ï â¥å ¯®¨áª®¢ëå
¨áá«¥¤®¢�−¨©, ¢«®¦¥−¨¥ áà¥¤áâ¢ ¢ ª®â®àë¥ ¬®¦¥â ¤�âì á¨−¥à£¥â¨ç¥áª¨© íää¥ªâ
¢ à�§¢¨â¨¨ ®â¥ç¥áâ¢¥−−®© â¥å−®«®£¨ç¥áª®© áä¥àë.
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Abstract: Indicator assessment of the process of knowledge transfer is an
important element in the studies of information linkages between science and
technology. Indicators in question characterize the processes of creation of sci-
entific groundwork for development of advanced technologies. In the process of
studying information linkages, an experiment has been conducted to calculate
the values of indicators of intensity of scientific knowledge transfer to informa-
tion technology development. To this end, the eleven-year array of full-text
descriptions of inventions obtained from Rospatent has been analyzed. The se-
mantic meanings of the intensity indicators that characterize science{technology
linkages are considered. As a result of the experiment, the values of indicators
that characterize the intensity of the transfer of knowledge into the sphere of
information technology development are calculated. The analysis of the obtained
results allows drawing a conclusion that the intensity indicators ordered by the
frequency of mentions of scientific disciplines make it possible to assess the degree
of their influence on the development of information technologies.
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ƒàãè® �«¥ªá�−¤à �«¥ªá�−¤à®¢¨ç (à. 1946) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¯à®ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�-
â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‡�å�à®¢ ‚¨ªâ®à �¨ª®«�¥¢¨ç (p. 1948) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¤®æ¥−â, ãç¥-
−ë© á¥ªà¥â�àì ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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‡�æ�à¨−−ë© �«¥ªá�−¤à �«¥ªá¥¥¢¨ç (à. 1951) | ¤®ªâ®à 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 (”ˆ– ˆ� ÷��); £«�¢−ë© −�ãç−ë©
á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”ˆ– ˆ“ ÷��

‡�æ¬�− ˆ£®àì Œ®¨á¥¥¢¨ç (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, §�¢¥¤ãîé¨©
®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

ˆ«ì¨− �«¥ªá�−¤à ‚«�¤¨¬¨à®¢¨ç (à. 1975) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© ¨−¦¥−¥à ƒ®áã¤�àáâ¢¥−−®£® −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®£® ¨−áâ¨âãâ� �¢¨�-
æ¨®−−ëå á¨áâ¥¬

ˆ«ì¨− ‚«�¤¨¬¨à „¬¨âà¨¥¢¨ç (à. 1937) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤−¨æë−�
”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®á-
á¨©áª®© �ª�¤¥¬¨¨ −�ãª

ˆ−ìª®¢� �«ì£� āàì¥¢−� (à. 1965) | ¤®ªâ®à ä¨«®«®£¨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

Š�«�è−¨ª®¢ ‘¥à£¥© ’¨¬®ä¥¥¢¨ç (à. 1956) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, §�-
¢¥¤ãîé¨© ®â¤¥«®¬ ā¦−®-“à�«ìáª®£® −�ãç−®£® æ¥−âà� “à�«ìáª®£® ®â¤¥«¥−¨ï
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š�¬¥−é¨ª®¢ �−¤à¥© �«¥ªá�−¤à®¢¨ç (à. 1982) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�-
ãª, áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� à�¤¨®â¥å−¨ª¨ ¨ í«¥ªâà®−¨ª¨ ¨¬.
‚. �. Š®â¥«ì−¨ª®¢� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š¨à¨ª®¢ ˆ£®àì �«¥ªá�−¤à®¢¨ç (à. 1955) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¤¨-
à¥ªâ®à Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š®§«®¢ ‘¥à£¥© ‚¨â�«ì¥¢¨ç (à. 1955) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š®«¥á−¨ª®¢ �«¥ªá�−¤à ‚�á¨«ì¥¢¨ç (à. 1948) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®-
ä¥áá®à ˆ−áâ¨âãâ� ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©
��«â¨©áª®£® ä¥¤¥à�«ì−®£® ã−¨¢¥àá¨â¥â� ¨¬¥−¨ ˆ¬¬�−ã¨«� Š�−â�; áâ�àè¨© −�-
ãç−ë© á®âàã¤−¨ª Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š®«¨− Š®−áâ�−â¨− Š®−áâ�−â¨−®¢¨ç (à. 1935) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®-
ä¥áá®à, §�á«ã¦¥−−ë© ¤¥ïâ¥«ì −�ãª¨ ÷”, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª 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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Šàã¦ª®¢ Œ¨å�¨« ƒà¨£®àì¥¢¨ç (à. 1975) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−-
ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Šã¤àï¢æ¥¢ �«¥ªá¥© �−¤à¥¥¢¨ç (p. 1978) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥-
áª¨å −�ãª, ¤®æ¥−â ª�ä¥¤àë ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨ ä�ªã«ìâ¥â� ¢ëç¨á«¨â¥«ì-
−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬.
Œ. ‚. ‹®¬®−®á®¢�

‹¨áâ®¯�¤ ‘¥à£¥© ‚¨ªâ®à®¢¨ç (à. 1984) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ì-
áª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Œ�−ìïª®¢ āà¨© �−�â®«ì¥¢¨ç (à. 1984) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª �à«®¢-
áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Œ¨−¨− ‚«�¤¨¬¨à �«¥ªá�−¤à®¢¨ç (à. 1941) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ª®−áã«ìâ�−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

�«¥©−¨ª®¢ �«¥ªá�−¤à Ÿª®¢«¥¢¨ç (à. 1939) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, £«�¢-
−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� à�¤¨®â¥å−¨ª¨ ¨ í«¥ªâà®−¨ª¨ ¨¬. ‚. �. Š®-
â¥«ì−¨ª®¢� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

��«¨®−−�ï ‘®äìï ˆ£®à¥¢−� (à. 1995) | áâã¤¥−âª� ª�ä¥¤àë ¬�â¥¬�â¨ç¥áª®©
áâ�â¨áâ¨ª¨ ä�ªã«ìâ¥â� ¢ëç¨á«¨â¥«ì−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£®
£®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬. Œ. ‚. ‹®¬®−®á®¢�

‘ãçª®¢ �«¥ªá�−¤à ��¢«®¢¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

’¨¬®−¨−� …«¥−� …¢£¥−ì¥¢−� (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

•�¢�−áª®¢ ‚�«¥à¨© �«¥ªá�−¤à®¢¨ç (à. 1950) | −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

•®à®è¨«®¢ �«¥ªá�−¤à �«¥ªá¥¥¢¨ç (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, ¢¥¤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�−¤à®¢¨ç (à. 1988) | 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
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—¨â�«®¢ „¬¨âà¨© ˆ¢�−®¢¨ç (à. 1989) | ¬«�¤è¨© −�ãç−ë© á®âàã¤−¨ª ā¦−®-
“à�«ìáª®£® −�ãç−®£® æ¥−âà� “à�«ìáª®£® ®â¤¥«¥−¨ï ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
—ãá®¢ ˆ£®àì ˆ¢�−®¢¨ç (à. 1945) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨© −�ãç-
−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� à�¤¨®â¥å−¨ª¨ ¨ í«¥ªâà®−¨ª¨ ¨¬. ‚. �. Š®â¥«ì−¨ª®¢�
÷®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
˜®à£¨− ‘¥à£¥© Ÿª®¢«¥¢¨ç (à. 1952) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
˜ã¡−¨ª®¢ ‘¥à£¥© Š®−áâ�−â¨−®¢¨ç (à. 1955) | 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
Ÿª®¢«¥¢ �«¥£ �«ì¡¥àâ®¢¨ç (à. 1992) | ¬«�¤è¨© −�ãç−ë© á®âàã¤−¨ª �à«®¢-
áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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�¡à�¬®¢ ƒ. ‚., ƒ�¢à¨«®¢ �. �. Œ�â¥¬�â¨ç¥áª¨¥ ¬¥â®¤ë ¨á-
á«¥¤®¢�−¨ï ª¨−¥â¨ª¨ ä®à¬¨à®¢�−¨ï ª«�áâ¥à®¢ ã£«¥à®¤�
¢ ¯«�§¬¥ 2 116{127

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. ‹¨−¥©−®¥ ã¯®àï¤®ç¥−¨¥ ¬−®-
¦¥áâ¢� ¯à�¢¨« ¢ á¨áâ¥¬¥ ¨§¢«¥ç¥−¨ï ¡¨®£à�ä¨ç¥áª¨å ä�ªâ®¢
’-¯�àá¥à 3 217{226

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. Œ®¤¥«ì ¯à®æ¥áá� ª®àà¥ªæ¨¨
®è¨¡®ª ¢ á¥¬�−â¨ç¥áª®© á¥â¨ 1 65{76

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. �«¥¬¥−âë á�¬®®¡ãç¥−¨ï ¢ á¨á-
â¥¬¥ ¨§¢«¥ç¥−¨ï ¡¨®£à�ä¨ç¥áª¨å ä�ªâ®¢ ’-¯�àá¥à 4 145{155

�−¤à¥¥¢� �. ‚., ��£¨à®¢ Œ. �., „�−ìª¨−� �. �., ”¥¤®à®-
¢� ’. �., ˜¥¢¥«ñ¢� Œ. Œ. ˆ−â¥««¥ªâã�«ì−ë© �−�«¨§
¤�−−ëå −� ¡�§¥ Stanford CoreNLP ¤«ï ®¯à¥¤¥«¥−¨ï ç�áâ¥©
à¥ç¨ ¢ àãááª®¬ ï§ëª¥ 2 145{153

�àå�−£¥«ìáª�ï …. ‚. �¡ ®¤−®© à¥�«¨§�æ¨¨ ¬¥â®¤� ¤¨−�¬¨-
ç¥áª®£® ¯à®£à�¬¬¨à®¢�−¨ï ¤«ï à¥è¥−¨ï §�¤�ç¨ ® §�¬¥−¥
®¡®àã¤®¢�−¨ï á ¯®¬®éìî ¯à¨ª«�¤−®© ¯à®£à�¬¬ë 2 178{188

�àå¨¯®¢ �. �., ƒ�á¨«®¢ �. ‚., Œ�−ìïª®¢ ā. �., Ÿª®¢-
«¥¢ �. �. �«£®à¨â¬ ®¡á«¥¤®¢�−¨ï §�¬ª−ãâ®£® ¯®¬¥é¥−¨ï
�¢â®−®¬−ë¬ ¬®¡¨«ì−ë¬ à®¡®â®¬ 4 10{21

��£¨à®¢ Œ. �. á¬. �−¤à¥¥¢� �. ‚.
��è«ëª®¢� �. �., ‡�æ�à¨−−ë© �. �., Š�¬¥−é¨ª®¢ �. �.,

Š®§«®¢ ‘. ‚., �«¥©−¨ª®¢ �. Ÿ., —ãá®¢ ˆ. ˆ. ˆ−â¥à®¯¥-
à�¡¥«ì−®áâì ª�ª −�ãç−®-¬¥â®¤¨ç¥áª�ï ¨ −®à¬�â¨¢−�ï ®á−®-
¢� ¡¥áè®¢−®© ¨−â¥£à�æ¨¨ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�-
æ¨®−−ëå á¨áâ¥¬ 4 61{72

�®à¨á®¢ �. ‚., �®á®¢ �. ‚., ˆ¢�−®¢ �. ‚., Š®à¥¯�-
−®¢ �. ÷. Š ¢®¯à®áã ® à�áç¥â¥ −�¤¥¦−®áâ¨ ¨−ä®à¬�æ¨®−-
−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬: ãç¥â å�à�ªâ¥à¨áâ¨ª ¯à®-
£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï 1 20{34

�®à¨á®¢ �. ‚., �®á®¢ �. ‚., ˆ¢�−®¢ �. ‚., ‘â¥ä�−®¢¨ç �. ˆ.
�−�«¨§ äã−ªæ¨®−¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨å
á¨áâ¥¬: ¬¥â®¤¨ª� à�áç¥â� ¢à¥¬¥−−ëå §�âà�â ¨ ç¨á«¥−−®áâ¨
¯¥àá®−�«� 3 39{53

�®à¨á®¢ �. ‚., �®á®¢ �. ‚., ˆ¢�−®¢ �. ‚., —�¢â�à�¥¢ ÷. �.
ˆ¬¨â�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥ ¯®«ì§®¢�â¥«ìáª®© �ªâ¨¢−®áâ¨
¤«ï ®æ¥−¨¢�−¨ï ¢¥à®ïâ−®áâ−®-¢à¥¬¥−−ëå å�à�ªâ¥à¨áâ¨ª
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï 2 20{33
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�®á®¢ �. ‚. á¬. �®à¨á®¢ �. ‚.
�®á®¢ �. ‚. á¬. �®à¨á®¢ �. ‚.
�®á®¢ �. ‚. á¬. �®à¨á®¢ �. ‚.
�®á®¢ �. ‚. á¬. ‘ãçª®¢ �. �.
�ëáâà®¢ ˆ. ˆ., ‚¥á¥«®¢ ‚. �., Š®«¨− Š. Š. �á−®¢ë ¦¨¢ã-

ç¥áâ¨ �¢â®¬�â¨§¨à®¢�−−ëå ®à£�−¨§�æ¨© ¨−ä®à¬�æ¨®−−®£®
®¡é¥áâ¢� 4 110{121

‚¥á¥«®¢ ‚. �. á¬. �ëáâà®¢ ˆ. ˆ.
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«®¢¨ç Š. ˆ. �¥ª®â®àë¥ á¨áâ¥¬®â¥å−¨ç¥áª¨¥ ¢®¯à®áë ¯à¥¤®-

áâ�¢«¥−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ ¤«ï −�ãç−ëå ¨áá«¥-
¤®¢�−¨© ¢ £¨¡à¨¤−®© ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®© ®¡«�ç−®©
áà¥¤¥ 4 98{109

‚®à®−¨− �. ‚. á¬. ‡�æ�à¨−−ë© �. �.
ƒ�¢à¨«®¢ �. �. á¬. �¡à�¬®¢ ƒ. ‚.
ƒ�¢à¨«®¢ ‚. …., ‡�æ�à¨−−ë© �. �. �¥ª®â®àë¥ á¨áâ¥¬®â¥å−¨-

ç¥áª¨¥ ¢®¯à®áë ¨á¯®«ì§®¢�−¨ï ¨−â¥««¥ªâã�«ì−®£® �−�«¨§�
¤�−−ëå ¤«ï ®¡¥á¯¥ç¥−¨ï §�é¨âë ¨−ä®à¬�æ¨¨ ¢ á¨âã�æ¨®−-
−ëå æ¥−âà�å 1 89{98

ƒ�á¨«®¢ �. ‚. á¬. �àå¨¯®¢ �. �.
ƒ¥àè¥«ì¬�− �. ”. á¬. Ÿ¤à¨−æ¥¢ ‚. ‚.
ƒ®−ç�à¥−ª® Œ. �. �æ¥−ª� ä®à¬ë ®âª«¨ª� ¢ á¨£−�«�å ¬�£−¨-

â®í−æ¥ä�«®£à�¬¬ á èã¬®¬ ¢ ¢¨¤¥ ª®−¥ç−®© −®à¬�«ì−®©
á¬¥á¨ 3 72{85

ƒ®−ç�à¥−ª® Œ. �., ‡�å�à®¢� ’. ‚. ‚¥à®ïâ−®áâ−ë© ¯®¤å®¤
ª à¥è¥−¨î ®¡à�â−®© §�¤�ç¨ ¬�£−¨â®í−æ¥ä�«®£à�ä¨¨ 1 35{52

ƒ®à¤¨¥−ª® „. …., Š®á®«�¯®¢ ā. ‚., Œëèª® �. ‘. �à¨¬¥-
−¥−¨¥ −¥ç¥âª®£® §�é¨é¥−−®£® åà�−¨«¨é� ¤«ï ¨á¯à�¢«¥−¨ï
−¥â®ç−®áâ¥© ¢ �ãâ¥−â¨ä¨ª�æ¨®−−ëå ¤�−−ëå 1 156{176

ƒ®àè¥−¨− �. Š., Šã§ì¬¨− ‚. ā. �à®£−®§¨à®¢�−¨¥ ¬®¬¥−â®¢
ª®−¥ç−ëå −®à¬�«ì−ëå á¬¥á¥© á ¨á¯®«ì§®¢�−¨¥¬ −¥©à®−−ëå
á¥â¥© ¯àï¬®£® à�á¯à®áâà�−¥−¨ï 3 62{71

ƒàãè® �. �., ‡�¡¥¦�©«® Œ. ˆ., ƒàãè® �. �., ’¨¬®−¨-
−� …. …. ˆ−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì −� ®á−®¢¥ ¬¥â�-
¤�−−ëå ¢ ª®¬¯®−¥−â−®-¨−â¥£à�æ¨®−−ëå �àå¨â¥ªâãà�å ¨−-
ä®à¬�æ¨®−−ëå á¨áâ¥¬ 2 34{41

ƒàãè® �. �., ‡�¡¥¦�©«® Œ. ˆ., ‡�æ�à¨−−ë© �. �., �¨ª®-
«�¥¢ �. ‚., �¨áª®¢áª¨© ‚. �., ‘¥−ç¨«® ‚. ‚., ‘ã¤�à¨-
ª®¢ ˆ. ‚., ’¨¬®−¨−� …. …. �¡ �−�«¨§¥ ®è¨¡®ç−ëå á®áâ®-
ï−¨© ¢ à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬�å 1 99{109
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ƒàãè® �. �., ’¨¬®−¨−� …. …., ˜®à£¨− ‘. Ÿ. ‚®§¬®¦−®áâ¨
¯à¥®¤®«¥−¨ï §�é¨âë á¥â¨, ¨á¯®«ì§ãîé¥© ¬¥â�¤�−−ë¥ ¤«ï
ã¯à�¢«¥−¨ï á¥â¥¢ë¬¨ á®¥¤¨−¥−¨ï¬¨ 4 22{30

ƒàãè® �. �., ‘¥−ç¨«® ‚. ‚. Œ®¤¥«¨à®¢�−¨¥ ¡¥§®¯�á−ëå �à-
å¨â¥ªâãà à�á¯à¥¤¥«¥−−ëå ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ëå
á¨áâ¥¬ −� ®á−®¢¥ ª®¬¯«¥ªá−®© ¢¨àâã�«¨§�æ¨¨ 1 110{122

ƒàãè® �. �. á¬. ƒàãè® �. �.
ƒã§¥¢ �. ā., —¨¦®¢ ˆ. ‚. ��«�−á¨à®¢ª� −�£àã§ª¨ ¢ §�é¨é¥−-

−ëå á¥âïå á ¨á¯®«ì§®¢�−¨¥¬ â¥å−®«®£¨¨ SDN 1 123{138
ƒã§¥¢ �. ā., —¨¦®¢ ˆ. ‚. SDN-¡�«�−á¨à®¢ª� −�£àã§ª¨ −�

ªà¨¯â®£à�ä¨ç¥áª¨¥ ¬�àèàãâ¨§�â®àë ¯à¨ ®¡ê¥¤¨−¥−¨¨ æ¥−â-
à®¢ ®¡à�¡®âª¨ ¤�−−ëå 1 139{155

„�−ìª¨−� �. �. á¬. �−¤à¥¥¢� �. ‚.
„ã«¨− ‘. Š., „ã«¨−� �. ƒ. ˆá¯®«ì§®¢�−¨¥ ¤¨áá¥¬¨−�æ¨®−−ëå

�«£®à¨â¬®¢ ¤«ï ä®à¬¨à®¢�−¨ï −¥áâàãªâãà¨à®¢�−−®© â¥ªáâ®-
¢®© ¨−ä®à¬�æ¨¨ ¢ ¡�§¥ £¥®¤�−−ëå 2 42{59

„ã«¨−� �. ƒ. á¬. „ã«¨− ‘. Š.
…£®à®¢ ‚. �. ��ª«�¤−ë¥ à�áå®¤ë ¢¨àâã�«¨§�æ¨¨ ¨ ¢«¨ïîé¨¥

−� −¨å ä�ªâ®àë 3 141{152
‡�¡¥¦�©«® Œ. ˆ. á¬. ƒàãè® �. �.
‡�¡¥¦�©«® Œ. ˆ. á¬. ƒàãè® �. �.
‡�¬ª®¢®© �. �. á¬. “á¬�−®¢� Š. ÷.
‡�å�à®¢ ‚. �., •®à®è¨«®¢ �«-¤à �., •®à®è¨«®¢ �«-¥© �.

�¢â®¬�â¨ç¥áª®¥ ¯®áâà®¥−¨¥ á¨−â�ªá¨ç¥áª¨å ¬®¤¥«¥© ï§ëª�
¤«ï á¨áâ¥¬ ®¡à�¡®âª¨ â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨ 4 4{9

‡�å�à®¢� ’. ‚. á¬. ƒ®−ç�à¥−ª® Œ. �.
‡�æ�à¨−−ë© �. �., ‚®à®−¨− �. ‚., ˆ®−¥−ª®¢ ā. ‘. �á®¡¥−-

−®áâ¨ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ £¥®¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë
ª�ª í«¥¬¥−â� á¨âã�æ¨®−−®£® æ¥−âà� 2 75{87

‡�æ�à¨−−ë© �. �., ˆ®−¥−ª®¢ ā. ‘., ‘ãçª®¢ �. �. �¥ª®â®àë¥
�á¯¥ªâë ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ®¡«�ç−ëå â¥å−®«®£¨© 3 104{117

‡�æ�à¨−−ë© �. �. á¬. ��è«ëª®¢� �. �.
‡�æ�à¨−−ë© �. �. á¬. ƒ�¢à¨«®¢ ‚. ….
‡�æ�à¨−−ë© �. �. á¬. ƒàãè® �. �.
‡�æ¬�− ˆ. Œ. Œ¥â®¤®«®£¨ï ®¡à�â¨¬®© £¥−¥à�«¨§�æ¨¨ ¢ ª®−â¥ª-

áâ¥ ª«�áá¨ä¨ª�æ¨¨ ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨© 2 128{144
‡�æ¬�− ˆ. Œ. ‘â�¤¨¨ æ¥«¥−�¯à�¢«¥−−®£® ¨§¢«¥ç¥−¨ï §−�−¨©,

¨¬¯«¨æ¨à®¢�−−ëå ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å 3 175{188
‡�æ¬�− ˆ. Œ., Šàã¦ª®¢ Œ. ƒ. ��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå

ª®−−¥ªâ®à®¢: à�§¢¨â¨¥ á¨áâ¥¬ë â¥à¬¨−®¢ ¯à®¥ªâ¨à®¢�−¨ï 4 156{167
‡�æ¬�− ˆ. Œ. á¬. Œ¨−¨− ‚. �.
‡�æ¬�− ˆ. Œ. á¬. Œ¨−¨− ‚. �.
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‡¨£�−è¨−� ”. ’. á¬. ‘¯¨¢�ª ‘. ˆ.
ˆ¢�−®¢ �. ‚. á¬. �®à¨á®¢ �. ‚.
ˆ¢�−®¢ �. ‚. á¬. �®à¨á®¢ �. ‚.
ˆ¢�−®¢ �. ‚. á¬. �®à¨á®¢ �. ‚.
ˆ«ì¨− �. ‚., ˆ«ì¨− ‚. „. Œ®¤¥«ì à�á¯à¥¤¥«¥−¨ï ¯®â®ª®¢

¢ ®¤−®¯à®¤ãªâ®¢®© á¥â¥¢®© á¨áâ¥¬¥ 2 170{177
ˆ«ì¨− �. ‚., ˆ«ì¨− ‚. „. ‘¨âã�æ¨®−−®¥ ®−«�©−-¯«�−¨à®¢�−¨¥

à¥áãàá®¢ ¯® ®¡ï§�â¥«ì−ë¬ ¨ ®à¨¥−â¨àãîé¨¬ ¯à�¢¨«�¬ 1 177{191
ˆ«ì¨− �. ‚., ˆ«ì¨− ‚. „. ‘¨âã�æ¨®−−®¥ ¯«�−¨à®¢�−¨¥ ¯à®¨§-

¢®¤áâ¢� ¢ á¥â¥¢®© Œ2Œ-á¨áâ¥¬¥ 4 136{144
ˆ«ì¨− ‚. „. ’¥å−®«®£¨ï −�§−�ç¥−−ëå ¯«�â¥¦¥© ¢ áà¥¤¥ æ¨äà®-

¢ëå ¤¢®©−¨ª®¢ 3 227{235
ˆ«ì¨− ‚. „. á¬. ˆ«ì¨− �. ‚.
ˆ«ì¨− ‚. „. á¬. ˆ«ì¨− �. ‚.
ˆ«ì¨− ‚. „. á¬. ˆ«ì¨− �. ‚.
ˆ−ìª®¢� �. ā., Šàã¦ª®¢ Œ. ƒ. Œ¥â®¤ ®¯¨á�−¨ï áâàãªâãàë

−¥®¤−®á«®¢−ëå ª®−−¥ªâ®à®¢ ¢ −�¤ª®à¯ãá−ëå ¡�§�å ¤�−−ëå 4 168{181
ˆ®−¥−ª®¢ ā. ‘. á¬. ‡�æ�à¨−−ë© �. �.
ˆ®−¥−ª®¢ ā. ‘. á¬. ‡�æ�à¨−−ë© �. �.
ˆá¬�£¨«®¢� �. ‘. á¬. ‘¯¨¢�ª ‘. ˆ.
Š�«�è−¨ª®¢ ‘. ’. á¬. —¨â�«®¢ „. ˆ.
Š�«ñ−®¢ �. …. �¥ª®â®àë¥ ®æ¥−ª¨ ¯®¨áª®¢ëå ¢®§¬®¦−®áâ¥©

¨−â¥à−¥â-ª�â�«®£®¢ à®áá¨©áª¨å ¡¨¡«¨®â¥ª 3 236{242
Š�¬¥−é¨ª®¢ �. �. á¬. ��è«ëª®¢� �. �.
Š¨à¨ª®¢ ˆ. �., Š®«¥á−¨ª®¢ �. ‚., ‹¨áâ®¯�¤ ‘. ‚. ‚¨§ã�«ì-

−®-®¡à�§−®¥ ¬®¤¥«¨à®¢�−¨¥ íää¥ªâ� á¨−¥à£¨¨ ¢ £¨¡à¨¤−ëå
¨−â¥««¥ªâã�«ì−ëå ¬−®£®�£¥−â−ëå á¨áâ¥¬�å 3 165{174

Š¨à¨ª®¢ ˆ. �., Š®«¥á−¨ª®¢ �. ‚., ‹¨áâ®¯�¤ ‘. ‚. ‚¨§ã�«ì-
−ë© ï§ëª ¬®¤¥«¨à®¢�−¨ï íää¥ªâ� á¨−¥à£¨¨ ¢ £¨¡à¨¤−ëå
¨−â¥««¥ªâã�«ì−ëå ¬−®£®�£¥−â−ëå á¨áâ¥¬�å 4 42{53

Š«î¡¨−� Š. ‚. á¬. Ÿ¤à¨−æ¥¢ ‚. ‚.
Š®§«®¢ ‘. ‚. á¬. ��è«ëª®¢� �. �.
Š®«¥á−¨ª®¢ �. ‚., ‹¨áâ®¯�¤ ‘. ‚. Œ®¤¥«ì £¨¡à¨¤−®© ¨−â¥«-

«¥ªâã�«ì−®© ¬−®£®�£¥−â−®© á¨áâ¥¬ë £¥â¥à®£¥−−®£® ¬ëè«¥-
−¨ï ¤«ï ¨−ä®à¬�æ¨®−−®© ¯®¤£®â®¢ª¨ ®¯¥à�â¨¢−ëå à¥è¥−¨©
¢ à¥£¨®−�«ì−ëå í«¥ªâà¨ç¥áª¨å á¥âïå 4 31{41

Š®«¥á−¨ª®¢ �. ‚., ‹¨áâ®¯�¤ ‘. ‚., Œ�©â�ª®¢ ”. ƒ. Œ¥â�-
ï§ëª ¤«ï £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ ¢¨§ã�«ì−®-
£® ã¯à�¢«¥−¨ï í«¥ªâà¨ç¥áª¨¬¨ á¥âï¬¨: à¥áãàáë, á¢®©áâ¢�
¨ ¤¥©áâ¢¨ï 3 153{164

Š®«¥á−¨ª®¢ �. ‚. á¬. Š¨à¨ª®¢ ˆ. �.
Š®«¥á−¨ª®¢ �. ‚. á¬. Š¨à¨ª®¢ ˆ. �.
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Š®«¨− Š. Š. á¬. �ëáâà®¢ ˆ. ˆ.
Š®−¤à�è¥¢ ‚. �. �àå¨â¥ªâãà� á¨áâ¥¬ë ¯à¥¤®áâ�¢«¥−¨ï á¥à¢¨á®¢

æ¨äà®¢®© ¯«�âä®à¬ë ¤«ï −�ãç−ëå ¨áá«¥¤®¢�−¨© 3 131{140
Š®à¥¯�−®¢ �. ÷. á¬. �®à¨á®¢ �. ‚.
Š®à¥¯�−®¢ �. ÷. á¬. ‘¨−¨æë− ˆ. �.
Š®à®«ñ¢ ‘. �., ÷®¬�−®¢� ˆ. Œ., Œ�«ìª®¢áª¨© ‘. ˆ., ‘®à®-

ª¨− �. �. ‘¥à¢¨á-®à¨¥−â¨à®¢�−−ë© ¨−â¥àä¥©á ¤«ï ¤®áâã¯�
ª −�ãç−ë¬ ¤�−−ë¬ ¢ ®¡«�áâ¨ ¨áá«¥¤®¢�−¨ï ¨ ®¯¥à�â¨¢−®-
£® ¬®−¨â®à¨−£� á®áâ®ï−¨ï ¢ã«ª�−®¢ Š�¬ç�âª¨ ¨ ‘¥¢¥à−ëå
Šãà¨« 2 88{98

Š®á®«�¯®¢ ā. ‚. á¬. ƒ®à¤¨¥−ª® „. ….
Šàã¦ª®¢ Œ. ƒ. á¬. ‡�æ¬�− ˆ. Œ.
Šàã¦ª®¢ Œ. ƒ. á¬. ˆ−ìª®¢� �. ā.
Šã¤¨ïà®¢ ‘. �. á¬. “á¬�−®¢� Š. ÷.
Šã¤àï¢æ¥¢ �. �., ��«¨®−−�ï ‘. ˆ., ˜®à£¨− ‚. ‘. �¯à¨®à-

−®¥ ®¡à�â−®¥ £�¬¬�-à�á¯à¥¤¥«¥−¨¥ ¢ ¡�©¥á®¢áª¨å ¬®¤¥«ïå
¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï 4 54{60

Šã¤àï¢æ¥¢ �. �., ��«¨®−−�ï ‘. ˆ., ˜®à£¨− ‘. Ÿ. �¥â�-¯®-
«¨−®¬¨�«ì−ë¥ �¯à¨®à−ë¥ ¯«®â−®áâ¨ ¢ ¡�©¥á®¢áª¨å ¬®¤¥«ïå
−�¤¥¦−®áâ¨ 3 54{61

Šã§ì¬¨− ‚. ā. á¬. ƒ®àè¥−¨− �. Š.
‹¥®−âì¥¢ „. ‚. á¬. •�à¨â®−®¢ „. ˆ.
‹¨áâ®¯�¤ ‘. ‚. á¬. Š¨à¨ª®¢ ˆ. �.
‹¨áâ®¯�¤ ‘. ‚. á¬. Š¨à¨ª®¢ ˆ. �.
‹¨áâ®¯�¤ ‘. ‚. á¬. Š®«¥á−¨ª®¢ �. ‚.
‹¨áâ®¯�¤ ‘. ‚. á¬. Š®«¥á−¨ª®¢ �. ‚.
Œ�©â�ª®¢ ”. ƒ. á¬. Š®«¥á−¨ª®¢ �. ‚.
Œ�«ìª®¢áª¨© ‘. ˆ. á¬. Š®à®«ñ¢ ‘. �.
Œ�−ìïª®¢ ā. �. á¬. �àå¨¯®¢ �. �.
Œ�àâëèª¨− ÷. ‚. á¬. “á¬�−®¢� Š. ÷.
Œ¨−¨− ‚. �., ‡�æ¬�− ˆ. Œ., •�¢�−áª®¢ ‚. �., ˜ã¡−¨-

ª®¢ ‘. Š. �¯à¥¤¥«¥−¨¥ ¨−¤¨ª�â®à®¢ ¨−â¥−á¨¢−®áâ¨ ¯¥à¥-
−®á� −�ãç−ëå §−�−¨© ¢ áä¥àã â¥å−®«®£¨© 3 189{203

Œ¨−¨− ‚. �., ‡�æ¬�− ˆ. Œ., •�¢�−áª®¢ ‚. �., ˜ã¡−¨-
ª®¢ ‘. Š. ’¥¬�â¨ç¥áª¨¥ ¨−¤¨ª�â®àë ¯¥à¥−®á� −�ãç−ëå
§−�−¨© ¢ áä¥àã â¥å−®«®£¨© 4 182{198

Œëèª® �. ‘. á¬. ƒ®à¤¨¥−ª® „. ….
�¨§�¬ãâ¤¨−®¢ Œ. Œ., �à¥è−¨ª®¢ ‚. ‚. ˆ−ä®à¬�æ¨®−−�ï ¯®¤-

¤¥à¦ª� ä®à¬¨à®¢�−¨ï áâà�â¥£¨© ¨−−®¢�æ¨®−−®£® à�§¢¨â¨ï
à¥£¨®−®¢ −� ®á−®¢¥ �¤�¯â¨¢−®© ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ 2 154{169

�¨ª¨è¨− „. �. �à®æ¥ááë £¥−¥à�«¨§�æ¨¨ ¢ �−�«®£®¢®© ¨ æ¨äà®-
¢®© ª�àâ®£à�ä¨¨ 3 204{216
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�¨ª¨è¨− „. �. ‘®¯®áâ�¢«¥−¨¥ ®á®¡¥−−®áâ¥© ¯à¥¤áâ�¢«¥−¨ï £¥®-
¤�−−ëå ¢ ª�àâ®£à�ä¨¨ ¨ ¢ £¥®¨−ä®à¬�â¨ª¥ 2 60{74

�¨ª®«�¥¢ �. ‚. á¬. ƒàãè® �. �.
�«¥©−¨ª®¢ �. Ÿ. á¬. ��è«ëª®¢� �. �.
�à¥è−¨ª®¢ ‚. ‚. á¬. �¨§�¬ãâ¤¨−®¢ Œ. Œ.
��«¨®−−�ï ‘. ˆ. á¬. Šã¤àï¢æ¥¢ �. �.
��«¨®−−�ï ‘. ˆ. á¬. Šã¤àï¢æ¥¢ �. �.
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1. ‚ ¦ãà−�«¥ ¯¥ç�â�îâáï áâ�âì¨, á®¤¥à¦�é¨¥ à¥§ã«ìâ�âë, à�−¥¥ −¥ ®¯ã¡«¨ª®¢�−−ë¥
¨ −¥ ¯à¥¤−�§−�ç¥−−ë¥ ª ®¤−®¢à¥¬¥−−®© ¯ã¡«¨ª�æ¨¨ ¢ ¤àã£¨å ¨§¤�−¨ïå.
�ã¡«¨ª�æ¨ï ¯à¥¤®áâ�¢«¥−−®© �¢â®à®¬(�¬¨) àãª®¯¨á¨ −¥ ¤®«¦−� −�àãè�âì ¯®«®¦¥-
−¨© £«�¢ 69, 70 à�§¤¥«� VII ç�áâ¨ IV ƒà�¦¤�−áª®£® ª®¤¥ªá�, ª®â®àë¥ ®¯à¥¤¥«ïîâ
¯à�¢� −� à¥§ã«ìâ�âë ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¨ áà¥¤áâ¢� ¨−¤¨¢¨¤ã�«¨§�æ¨¨,
¢ â®¬ ç¨á«¥ �¢â®àáª¨¥ ¯à�¢�, ¢ ÷”.
�â¢¥âáâ¢¥−−®áâì §� −�àãè¥−¨¥ �¢â®àáª¨å ¯à�¢, ¢ á«ãç�¥ ¯à¥¤êï¢«¥−¨ï ¯à¥â¥−§¨©
ª à¥¤�ªæ¨¨ ¦ãà−�«�, −¥áãâ �¢â®àë áâ�â¥©.
��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ á¢®¨ ¯à�¢� −� ¤�−−ãî àãª®-
¯¨áì ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ ¦ãà−�«� −¥¨áª«îç¨â¥«ì−ë¥
¯à�¢� −� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥−
®â àãááª®£®) ¨ −� ¯¥à¥¢®¤ ¥¥ −� �−£«¨©áª¨© ï§ëª, � â�ª¦¥ −� ¥¥ à�á¯à®áâà�-
−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. Š�¦¤ë© �¢â®à ¤®«¦¥− ¯à¥¤áâ�¢¨âì ¢ à¥¤�ªæ¨î
¯®¤¯¨á�−−ë© á ¥£® áâ®à®−ë ú‹¨æ¥−§¨®−−ë© ¤®£®¢®à ® ¯¥à¥¤�ç¥ −¥¨áª«îç¨â¥«ì-
−ëå ¯à�¢ −� ¨á¯®«ì§®¢�−¨¥ ¯à®¨§¢¥¤¥−¨ïû, â¥ªáâ ª®â®à®£® à�§¬¥é¥− ¯® �¤à¥áã
http://www.ipiran.ru/publications/licence.doc. �â®â ¤®£®¢®à ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢-
«¥− ¢ ¡ã¬�¦−®¬ (¢ 2-å íª§.) ¨«¨ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ (®âáª�−¨à®¢�−−�ï ª®¯¨ï
§�¯®«−¥−−®£® ¨ ¯®¤¯¨á�−−®£® ¤®ªã¬¥−â�).
÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.
‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.
„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.
÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.
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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¥ 15 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
�à¨ ¯à¥¢ëè¥−¨¨ ãª�§�−−®£® ®¡ê¥¬� à¥¤ª®««¥£¨ï ¢¯à�¢¥ ¯®âà¥¡®¢�âì ®â �¢â®à�
á®ªà�é¥−¨ï ®¡ê¥¬� àãª®¯¨á¨.
‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.
‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.
˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:
http://www.ipiran.ru/publications/collected/template.doc

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ −�§¢�−¨¥ áâ�âì¨;
{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î;
{ ¬¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®

�¢â®à�;
{ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥−ë

−� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/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.net/ru/bgn/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãá-
áª®£® â¥ªáâ� ¢ «�â¨−¨æã.
‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".
�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":
�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:
Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. 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
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.
�¯¨á�−¨¥ ª−¨£¨ (¬®−®£à�ä¨¨, á¡®à−¨ª¨):
Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.
�¯¨á�−¨¥ ¯¥à¥¢®¤−®© ª−¨£¨ (¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨ −¥®¡å®-
¤¨¬® ãª�§�âì: / �¥à. á �−£«. | ¯®á«¥ −�§¢�−¨ï ª−¨£¨, � ¢ ª®−æ¥ ááë«ª¨ ãª�§�âì
®à¨£¨−�« ª−¨£¨ ¢ ªàã£«ëå áª®¡ª�å):

1. ‚ àãááª®ï§ëç−®© ç�áâ¨:
’¨¬®è¥−ª® ‘. �., Ÿ−£ „. •., “¨¢¥à “. Š®«¥¡�−¨ï ¢ ¨−¦¥−¥à−®¬ ¤¥«¥ / �¥à.
á �−£«. | Œ.: Œ�è¨−®áâà®¥−¨¥, 1985. 472 á. (Timoshenko S. P., Young D. H.,
Weaver W. Vibration problems in engineering. | 4th ed. | N.Y.: Wiley, 1974.
521 p.)
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2. ‚ �−£«®ï§ëç−®© ç�áâ¨:
Timoshenko, S. P., D. H. Young, and W. Weaver. 1974. Vibration problems in
engineering. 4th ed. N.Y.: Wiley. 521 p.

�¯¨á�−¨¥ −¥®¯ã¡«¨ª®¢�−−®£® ¤®ªã¬¥−â�:
Latypov, A. R., M. M. Khasanov, and V. A. Baikov. 2004. Geology and pro-
duction (NGT GiD). Certificate on official registration of the computer program
No. 2004611198. (In Russian, unpubl.)
�¯¨á�−¨¥ ¨−â¥à−¥â-à¥áãàá�:
Pravila tsitirovaniya istochnikov [Rules for the citing of sources]. Available at:
http://www.scribd.com/doc/1034528/ (accessed February 7, 2011).
�¯¨á�−¨¥ ¤¨áá¥àâ�æ¨¨ ¨«¨ �¢â®à¥ä¥à�â� ¤¨áá¥àâ�æ¨¨:
Semenov, V. I. 2003. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyy
tor [Mathematical modeling of the plasma in the compact torus]. D.Sc. Diss. Moscow.
272 p.
Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. PhD Thesis. Moscow: IPI RAN. 23 p.
�¯¨á�−¨¥ ƒ�‘’�:
GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. Moscow: Standardinform Publs. 10 p.
�¯¨á�−¨¥ ¯�â¥−â�:
Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

10. �à¨á«�−−ë¥ ¢ à¥¤�ªæ¨î ¬�â¥à¨�«ë �¢â®à�¬ −¥ ¢®§¢à�é�îâáï.
11. �à¨ ®â¯à�¢ª¥ ä�©«®¢ ¯® í«¥ªâà®−−®© ¯®çâ¥ ¯à®á¨¬ ¯à¨¤¥à¦¨¢�âìáï á«¥¤ãîé¨å

¯à�¢¨«:

{ ãª�§ë¢�âì ¢ ¯®«¥ subject (â¥¬�) −�§¢�−¨¥ ¦ãà−�«� ¨ ä�¬¨«¨î �¢â®à�;
{ ¨á¯®«ì§®¢�âì attach (¯à¨á®¥¤¨−¥−¨¥);
{ ¢ á®áâ�¢ í«¥ªâà®−−®© ¢¥àá¨¨ áâ�âì¨ ¤®«¦−ë ¢å®¤¨âì: ä�©«, á®¤¥à¦�é¨© â¥ªáâ

áâ�âì¨, ¨ ä�©«(ë), á®¤¥à¦�é¨©(¥) ¨««îáâà�æ¨¨.

12. †ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ï¢«ï¥âáï −¥ª®¬¬¥àç¥áª¨¬ ¨§¤�−¨¥¬.
�«�â� §� ¯ã¡«¨ª�æ¨î −¥ ¢§¨¬�¥âáï, £®−®à�à �¢â®à�¬ −¥ ¢ë¯«�ç¨¢�¥âáï.

�¤à¥á à¥¤�ªæ¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û:

Œ®áª¢� 119333, ã«. ‚�¢¨«®¢�, ¤. 44, ª®à¯. 2, ”ˆ– ˆ“ ÷��
’¥«.: +7 (499) 135-86-92 ”�ªá: +7 (495) 930-45-05

e-mail: rust@ipiran.ru (‘¥©äã«ì-Œã«îª®¢ ÷ãáâ¥¬ ��¤à¨¥¢¨ç)
http://www.ipiran.ru/journal/collected
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Requirements for manuscripts submitted
to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:

{ information and communication systems and tools of their design;
{ architecture and software of computational complexes and networks; and
{ methods and tools of information protection.

1. The Journal publishes original articles which have not been published before and are
not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
not Russian) and its distribution in Russia and abroad to the Founders and the Editorial
Board. Authors should submit a letter to the Editorial Board in the following form:
Agreement on the transfer of rights to publish:
\We, the undersigned authors of the manuscript \. . . ," pass to the Founder and the
Editorial Board of the Journal \Systems and Means of Informatics" the nonexclusive
right to publish the manuscript of the article in Russian (or in English) in both
print and electronic versions of the Journal. We affirm that this publication does not
violate the Copyright of other persons or organizations.

Author(s) signature(s): (name(s), address(es), date)."

This agreement should be submitted in paper form or in the form of a scanned copy
(signed by the authors).
The Editorial Board has the right to request from the authors an official expert conclu-
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