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«ЗАКЛАДКИ» БЕЗ ВРЕДОНОСНОГО КОДА∗

А. А. Грушо1, Н. А. Грушо2, М. И. Забежайло3, Е. Е. Тимонина4

�−−®â�æ¨ï: �âà�¦¥− àï¤ ¯à®¡«¥¬, á¢ï§�−−ëå á ã£à®§�¬¨ à�á¯à¥¤¥«¥−−ë¬
¨−ä®à¬�æ¨®−−ë¬ á¨áâ¥¬�¬ (ˆ‘) ¨§-§� −�«¨ç¨ï BackDoor. ˆá¯®«ì§®¢�−¨¥
BackDoor ¤«ï �â�ª¨ −� à�á¯à¥¤¥«¥−−ë¥ ª®¬¯ìîâ¥à−ë¥ á¨áâ¥¬ë ®¡«�¤�¥â
¡®«ìè¨¬¨ ¯à¥¨¬ãé¥áâ¢�¬¨ ¯® áà�¢−¥−¨î á âà�¤¨æ¨®−−ë¬ ¨á¯®«ì§®¢�−¨¥¬
¢à¥¤®−®á−®£® ª®¤�. ‚ á�¬®¬ ¤¥«¥, ¨á¯®«ì§®¢�−¨¥ BackDoor âàã¤−® ¨¤¥−â¨ä¨-
æ¨à®¢�âì ª�ª á¯¥æ¨�«ì−ãî �â�ªã, â. ¥. ®â«¨ç¨âì ®â ®è¨¡ª¨ ¢ ¢ëç¨á«¨â¥«ì−ëå
¯à®æ¥áá�å. �¤−�ª® ¯®áâà®¥−¨¥ �â�ª á ¯®¬®éìî BackDoor §−�ç¨â¥«ì−® á«®¦-
−¥¥, ç¥¬ ¯®áâà®¥−¨¥ �â�ª á ¯®¬®éìî ¢à¥¤®−®á−®£® ª®¤�. �®áâà®¥− ¯à¨¬¥à
BackDoor á ¨á¯®«ì§®¢�−¨¥¬ ¨áå®¤−ëå ¤�−−ëå ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨
(ˆ’). ’�ª®© ¯®¤å®¤ ª ¯®áâà®¥−¨î BackDoor −¥ ¢áâà¥ç�«áï −¨ ¢ ®¤−®¬ ¨§ ®¯¨-
á�−¨© BackDoor. ‚ à�¡®â¥ ¯®ª�§�−®, çâ® áãé¥áâ¢ãîé¨¥ â¥å−®«®£¨¨ ¯®¨áª�
ãï§¢¨¬®áâ¥© ¢ ¯à®£à�¬¬−®-�¯¯�à�â−®© á¨áâ¥¬¥ −¥ à¥è�îâ ¯à®¡«¥¬ë ¯®¨áª�
BackDoor. Œ�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨ ¨ ¬¥â®¤ë à¥è¥−¨ï §�¤�ç ¯®¨áª� BackDoor,
ªà®¬¥ ç�áâ−ëå á«ãç�¥¢, ¥é¥ −¥ à�§à�¡®â�−ë. �à¨−æ¨¯¨�«ì−®, çâ® BackDoor
−¥ á¢ï§�−ë á ¢−¥¤à¥−¨¥¬ ¢ ª®¬¯ìîâ¥à−ãî á¨áâ¥¬ã ¢à¥¤®−®á−®£® ª®¤� ¨ á ¥£®
¨á¯®«ì§®¢�−¨¥¬ ¤«ï −�−¥á¥−¨ï ãé¥à¡�. �®íâ®¬ã, ª�ª ¯à�¢¨«®, ¬¥å�−¨§¬
−�−¥á¥−¨ï ãé¥à¡� ç¥à¥§ BackDoor ®â«¨ç�¥âáï ®â ¤¥©áâ¢¨ï ¢à¥¤®−®á−®£® ª®¤�.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; BackDoor; BackDoor ç¥à¥§
¤�−−ë¥

DOI: 10.14357/08696527210201

1 Введение

‚á¥¬ á¯¥æ¨�«¨áâ�¬ ¯® ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ (ˆ�) ¨§¢¥áâ−® ¯®−ïâ¨¥
BackDoor (áªàëâ�ï ¤¢¥àì, ¤�«¥¥ | ‘„). �¯�á−®áâì ¢−¥¤à¥−¨ï ¢à¥¤®−®á−®£®
ª®¤� á¢ï§�−� á −�àãè¥−¨¥¬ ª®−ä¨¤¥−æ¨�«ì−®áâ¨, æ¥«®áâ−®áâ¨ ¨ ¤®áâã¯−®áâ¨.
BackDoor ú−¥ ªà�¤¥âû ª®−ä¨¤¥−æ¨�«ì−ãî ¨−ä®à¬�æ¨î, −¥ −�àãè�¥â æ¥«®áâ-
−®áâì ¨−ä®à¬�æ¨¨, −¥ ®¯à¥¤¥«ï¥â ¤®áâã¯−®áâì ¨−ä®à¬�æ¨¨. �¤−�ª® ª�¦¤�ï

∗÷�¡®â� ç�áâ¨ç−® ¯®¤¤¥à¦�−� ÷””ˆ (¯à®¥ªâ 18-29-03081).
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, grusho@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, info@itake.ru
3‚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, m.zabezhailo@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, eltimon@yandex.ru

4



ú‡�ª«�¤ª¨û ¡¥§ ¢à¥¤®−®á−®£® ª®¤�

¨å ¯¥à¥ç¨á«¥−−ëå ã£à®§ ¬®¦¥â ¡ëâì à¥�«¨§®¢�−� â®«ìª® ç¥à¥§ ¯à¥¤®áâ�¢«¥−¨¥
¤®áâã¯� ª −¥ª®â®àë¬ ¯�à�¬¥âà�¬ ˆ‘.

÷�¡®â� ¯®á¢ïé¥−� ®¯¨á�−¨î −¥ª®â®àëå ¯à¨¬¥à®¢ ‘„, ª®â®àë¥ ®âà�¦�îâ
®á−®¢−ë¥ ¯à®¡«¥¬ë ã£à®§, ¯®à®¦¤�¥¬ëå áãé¥áâ¢®¢�−¨¥¬ ‘„.

2 Особенности угроз BackDoor

—�é¥ ¢á¥£® ¯®¤ ‘„ ¯®−¨¬�¥âáï ¢®§¬®¦−®áâì áªàëâ®£® ¯à®−¨ª−®¢¥−¨ï ¢ ª®¬-
¯ìîâ¥à−ãî á¨áâ¥¬ã ¨ ¢−¥¤à¥−¨¥ ¢à¥¤®−®á−®£® ª®¤� [1, 2]. ‚ ¤�−−®© à�¡®â¥
¯®¤ ‘„ ¡ã¤¥¬ ¯®−¨¬�âì è«î§ ¤«ï ¢®§¤¥©áâ¢¨ï ¨§¢−¥ −� §−�ç¥−¨¥ ª®−ªà¥â−®£®
¯�à�¬¥âà� ª®¬¯ìîâ¥à−®© á¨áâ¥¬ë, â. ¥. −� ¨§¬¥−¥−¨¥ §−�ç¥−¨© íâ®£® ¯�à�¬¥âà�
¯à¨ äã−ªæ¨®−¨à®¢�−¨¨ ª®¬¯ìîâ¥à−®© á¨áâ¥¬ë. �à¨ íâ®¬ ¡ã¤¥¬ ¤®¯ãáª�âì, çâ®
‘„ ¬®¦¥â à�¡®â�âì ª®á¢¥−−ë¬ ®¡à�§®¬, � ¨¬¥−−®: ¢ å®¤¥ à�¡®âë ª®¬¯ìîâ¥à−®©
á¨áâ¥¬ë ¡ã¤ãâ á®§¤�−ë ãá«®¢¨ï, ¯®§¢®«ïîé¨¥ úá¡à®á¨âìû §−�ç¥−¨¥ æ¥«¥¢®£®
¯�à�¬¥âà� ¢ §−�ç¥−¨¥, −¥ á®®â¢¥âáâ¢ãîé¥¥ âà¥¡ã¥¬®© ª®−ä¨£ãà�æ¨¨.

�ª�§ë¢�¥âáï, çâ® ¢®§¤¥©áâ¢¨ï ç¥à¥§ ‘„ −� −¥ª®â®àë¥ ¯�à�¬¥âàë ¬®£ãâ −¥
¯à®áâ® ¯®à®¦¤�âì ®è¨¡ª¨ ¨ á¡®¨, −® ¨ áãé¥áâ¢¥−−® ¢«¨ïâì −� à�¡®âã ¡®«ìè¨å
(ªà¨â¨ç¥áª¨å) á¨áâ¥¬.

�à¨¢¥¤¥¬ ¯à¨¬¥àë â�ª¨å ¯�à�¬¥âà®¢ ¨ ¨å ¢«¨ï−¨¥, −¥ �ªæ¥−â¨àãï ¢−¨¬�−¨¥
−� ‘„.

1. �ªá¯¥à¨¬¥−â�«ì−®¥ ®¡«�ª® −� ¯«�âä®à¬¥ OpenStack ¡ë«® ¯®«−®áâìî ¢ë¢¥-
¤¥−® ¨§ áâà®ï §� áç¥â ¨§¬¥−¥−¨ï (¯® −¥¨§¢¥áâ−®© ¯à¨ç¨−¥) §−�ç¥−¨ï ®¤−®£®
ª®−ä¨£ãà�æ¨®−−®£® ¯�à�¬¥âà� [3, 4]. �à¨ íâ®¬ ¯®¨áª ®è¨¡ª¨ ¡ë« §�âàã¤−¥−,
â�ª ª�ª ¢á¥ ¯à®æ¥ááë ¡ë«¨ ¨−¤¥ªá¨à®¢�−ë ª�ª ®è¨¡®ç−ë¥.

2. �ªá¯¥à¨¬¥−â�«ì−®-à�áç¥â−�ï á¨áâ¥¬� ®áâ�−®¢¨«�áì, ª®£¤� áç¥âç¨ª ç¨á«�
æ¨ª«®¢ ¡ë« á¡à®è¥− (¯® −¥¨§¢¥áâ−®© ¯à¨ç¨−¥) −� ®¤−ã ¥¤¨−¨æã ¢ ¬¨−ãá, â. ¥.
¡ë«¨ ¢ë¯®«−¥−ë ¯®«®¦¥−−ë¥ n æ¨ª«®¢ à�áç¥â®¢, −® áç¥âç¨ª ¯®ª�§ë¢�«, çâ®
¢ë¯®«−¥−ë n− 1 æ¨ª«®¢. ‘¨áâ¥¬� ®áâ�−®¢¨«�áì ¢ ®¦¨¤�−¨¨ ®ª®−ç�−¨ï n-£®
æ¨ª«�.

ˆá¯®«ì§®¢�−¨¥ ‘„ ¤«ï �â�ª¨ −� à�á¯à¥¤¥«¥−−ë¥ ª®¬¯ìîâ¥à−ë¥ á¨áâ¥¬ë
®¡«�¤�¥â ¡®«ìè¨¬¨ ¯à¥¨¬ãé¥áâ¢�¬¨ ¯® áà�¢−¥−¨î á âà�¤¨æ¨®−−ë¬ ¨á¯®«ì§®-
¢�−¨¥¬ ¢à¥¤®−®á−®£® ª®¤�. ‚ á�¬®¬ ¤¥«¥, ¨á¯®«ì§®¢�−¨¥ ‘„ âàã¤−® ¨¤¥−â¨ä¨-
æ¨à®¢�âì ª�ª á¯¥æ¨�«ì−ãî �â�ªã, â. ¥. ®â«¨ç¨âì ®â ®è¨¡ª¨ ¢ ¢ëç¨á«¨â¥«ì−ëå
¯à®æ¥áá�å. �¤−�ª® ¯®áâà®¥−¨¥ �â�ª á ¯®¬®éìî ‘„ §−�ç¨â¥«ì−® á«®¦−¥¥, ç¥¬
¯®áâà®¥−¨¥ �â�ª á ¯®¬®éìî ¢à¥¤®−®á−®£® ª®¤�.

�à¨ à�¡®â¥ á ‘„ ¢®§−¨ª�îâ á«¥¤ãîé¨¥ ®á−®¢−ë¥ ¯à®¡«¥¬ë.

1. ��å®¦¤¥−¨¥ ¯ãâ¥© ¯®à®¦¤¥−¨ï á¡®¥¢ ¨ ®è¨¡®ª á ¯®¬®éìî ¢®§¤¥©áâ¢¨ï −�
¯�à�¬¥âà ¨§¢−¥ ª®¬¯ìîâ¥à−®© á¨áâ¥¬ë.

2. ��¨¡®«ìè¨© ãé¥à¡ ®â �â�ª¨ ¬®¦¥â ¡ëâì ¤®áâ¨£−ãâ á ¯®¬®éìî à�á¯à®áâà�-
−¥−¨ï ®è¨¡ª¨, ¨−¨æ¨¨à®¢�−−®© ç¥à¥§ ‘„.
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�. �. ƒàãè®, �. �. ƒàãè®, Œ. ˆ. ‡�¡¥¦�©«®, …. …. ’¨¬®−¨−�

�®¨áª ‘„ ¯à¥¤¯®«�£�¥â ¤¥â�«ì−®¥ §−�−¨¥ ª®¬¯ìîâ¥à−®© á¨áâ¥¬ë ¨ ®â−®á¨âáï
ª âàã¤−ë¬ ¯¥à¥¡®à−ë¬ §�¤�ç�¬. ‡�¤�ç�, á¢ï§�−−�ï á à�á¯à®áâà�−¥−¨¥¬ ®è¨¡ª¨,
¨áá«¥¤®¢�«�áì ¯à¨ á®§¤�−¨¨ ªà¨â¨ç¥áª¨å ¨−ä®à¬�æ¨®−−ëå ˆ’ (�¢â®¬�â¨§¨à®-
¢�−−ë¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï â¥å−®«®£¨ç¥áª¨¬¨ ¯àæ¥áá�¬¨ ¨ ¯à.). �¤−�ª®, ª�ª
¯®ª�§ë¢�¥â §−�ª®¬áâ¢® á à¥§ã«ìâ�â�¬¨ ¨áá«¥¤®¢�−¨© ¢ íâ®© ®¡«�áâ¨, ¢®§−¨ª�-
îé¨¥ §¤¥áì §�¤�ç¨ â�ª¦¥ −¥ ¨§ ¯à®áâëå.

3 Примеры BackDoors

�à¨¬¥à 1. ‚ à�¡®â¥ [5] ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨© ¨ ¤®ª�§�−®
áãé¥áâ¢®¢�−¨¥ ‘„ ¢ â¥áâ®¢ëå ®¡«�áâïå ¬¨ªà®¯à®æ¥áá®à®¢ 20 ¢¥¤ãé¨å ¯à®¨§-
¢®¤¨â¥«¥©. BackDoor ¨á¯®«ì§ã¥â ®á®¡¥−−®áâ¨ áâ�−¤�àâ� JTAG, ¯®§¢®«ïîé¨¥
¯®«ãç¨âì ¤®áâã¯ ª® ¢á¥¬ à�§¤¥«�¬ ¯�¬ïâ¨ ¬¨ªà®¯à®æ¥áá®à�.

�à¨¬¥à 2. ‘¨áâ¥¬−ë¥ �¤¬¨−¨áâà�â®àë à�á¯à¥¤¥«¥−−ëå ˆ‘ ç�áâ® áâ�«ª¨-
¢�îâáï á ¯à®¡«¥¬�¬¨, ¯®à®¦¤¥−−ë¬¨ ¢®§¬®¦−®áâìî §�¯ãáª� ¯à®æ¥áá®¢, §�¡¨-
à�îé¨å ¯®çâ¨ ¢á¥ à¥áãàáë ®¯¥à�â¨¢−®© ¯�¬ïâ¨ ¨ æ¥−âà�«ì−®£® ¯à®æ¥áá®à�.
�à¨ íâ®¬ ®¡à�§ãîâáï ®ç¥à¥¤¨, ª®â®àë¥ ¡«®ª¨àãîâ §−�ç¨â¥«ì−ë¥ ®¡«�áâ¨ â�ª¨å
à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬.

�à¨¬¥à 3. ��¨¡®«¥¥ ç�áâë¥ ª®−ä«¨ªâë á ª®−ä¨£ãà�æ¨¥© ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï (��) ¢®§−¨ª�îâ ¯à¨ ¥£® ®¡−®¢«¥−¨¨. �®íâ®¬ã ®¡−®¢«¥−¨ï �� ç�áâ®
¯®à®¦¤�îâ ‘„. ÷�áá¬®âà¨¬ á«¥¤ãîé¨© ¯à¨¬¥à. ‚ ®à£�−¨§�æ¨¨ ãáâ�−®¢«¥−
á¥à¢¥à á ®¯¥à�æ¨®−−®© á¨áâ¥¬®© Windows Server 2003. ‘¥à¢¥à ¨á¯®«ì§ã¥âáï
¢ ª�ç¥áâ¢¥ ª®−âà®««¥à� ¤®¬¥−�. ‚ ¯à®æ¥áá¥ ¯«�−®¢®£® ãá®¢¥àè¥−áâ¢®¢�−¨ï ¡ë«®
à¥è¥−® ¯¥à¥©â¨ −� ®¯¥à�æ¨®−−ãî á¨áâ¥¬ã Windows Server 2008 R2. �¥à¥−®á
ª®−âà®««¥à� ¤®¬¥−� ¡ë« ¯à®¢¥¤¥−, ®¤−�ª® ¢®§−¨ª«¨ ®è¨¡ª¨ ¢ ª®−ä¨£ãà�æ¨¨
ª®−âà®««¥à� ¤®¬¥−�, ¨§-§� ç¥£® ¯®«ì§®¢�â¥«¨ −¥ á¬®£«¨ §�©â¨ −� á¢®¨ à�¡®ç¨¥
áâ�−æ¨¨. ‚ £à�ä¨ç¥áª®© ®á−�áâª¥ Windows | ¤¨á¯¥âç¥à¥ á¥à¢¥à� | áâ�«® −¥¢®§-
¬®¦−® ¯®¤ª«îç¨âìáï ª DNS (domain name system) á ®è¨¡ª®© ú®âª�§�−® ¢ ¤®áâã-
¯¥û. Š DNS-á¥à¢¥àã ¯® ª®¬�−¤−®© áâà®ª¥ â®¦¥ áâ�«® −¥¢®§¬®¦−® ¯®¤ª«îç¨âìáï:
dnscmd/info á®®¡é�« «¨èì úerror access deniedû. ‚ ¦ãà−�«¥ áâ�«¨ ¯®ï¢«ïâìáï
®è¨¡ª¨, çâ® DNS ¯ëâ�¥âáï §�£àã§¨âì §®−ã ¨§ ª®−âà®««¥à� ¤®¬¥−�, −® ®¯¥à�æ¨ï
§�¢¥àè�«�áì −¥ã¤�ç¥©. „¨�£−®áâ¨ª� ª®−âà®««¥à� ¤®¬¥−� ¢ë¤�«� ®è¨¡ªã: dcdiag.
‘¨áâ¥¬−ë© �¤¬¨−¨áâà�â®à −�è¥« ®è¨¡ªã: ú−¥ ¯à®©¤¥−� ¯à®¢¥àª� NCSecDescû.
�è¨¡ª� á®áâ®ï«� ¢ â®¬, çâ® ª®−âà®««¥à ¤®¬¥−� ¯à¥¤¯à¨ïâ¨ï (Active Directory)
−¥ à�¡®â�«. �â® ®§−�ç�«®, çâ® ¯¥à¥−®á ¤�−−ëå á® áâ�à®£® ª®−âà®««¥à� ¤®¬¥−�
−� −®¢ë©, −¥á¬®âàï −� á®®¡é¥−¨ï ®¯¥à�æ¨®−−®© á¨áâ¥¬ë, çâ® ¢á¥ ¯à®è«® −®à-
¬�«ì−®, −� á�¬®¬ ¤¥«¥ −¥ ¡ë« §�¢¥àè¥−, � ª®−ä¨£ãà�æ¨ï ª®−âà®««¥à� ¤®¬¥−�
¯®¢à¥¦¤¥−�. �®á«¥ ¢á¥å ¯®¯ëâ®ª ¨á¯à�¢¨âì ª®−ä¨£ãà�æ¨î ¢ ¦ãà−�«¥ áâ�«�
¯®ï¢«ïâìáï ®è¨¡ª� ú8430 ‚−ãâà¥−−ïï ®è¨¡ª� á«ã¦¡ë ª�â�«®£®¢. ‚−ãâà¥−−¨©
¨¤¥−â¨ä¨ª�â®à: 3200db0û. Š ¯à®¡«¥¬¥ á §�¯ãáª®¬ DNS-á¥à¢¥à� ¤®¡�¢¨«�áì ¥é¥
®¤−�: ª«¨¥−âáª¨¥ ¯¥àá®−�«ì−ë¥ ª®¬¯ìîâ¥àë −¥ ¬®£«¨ ¯®¤ª«îç¨âìáï ª ª®−âà®«-
«¥àã ¤®¬¥−�. ‘¨áâ¥¬−®¬ã �¤¬¨−¨áâà�â®àã ã¤�«®áì −�©â¨ â¥å−¨ç¥áªãî áâ�âìî −�
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á�©â¥ Microsoft ® â®¬, ª�ª ¬®¦−® ¨á¯à�¢¨âì ¯®¤ª«îç¥−¨¥ ª«¨¥−â®¢. ‚ −¥© ¡ë«®
ãª�§�−®, çâ® á ¯®¬®éìî £à�ä¨ç¥áª®© ®á−�áâª¨ −¥¢®§¬®¦−® ®áãé¥áâ¢¨âì á¡à®á
¯�à®«ï ¤«ï ãç¥â−®© §�¯¨á¨ ¯¥àá®−�«ì−®£® ª®¬¯ìîâ¥à�. ‚¬¥áâ® íâ®£® −¥®¡å®¤¨¬®
¨á¯®«ì§®¢�âì ª®¬�−¤−ãî áâà®ªã ¨ ¢áâà®¥−−ãî ãâ¨«¨âã Netdom.exe. ‘ ¯®¬®éìî
íâ®© ãâ¨«¨âë ã¤�«®áì ¯à®¢¥áâ¨ á¡à®á ¯�à®«ï ¤«ï ª�¦¤®£® ¯®«ì§®¢�â¥«ï, ¯®á«¥
ç¥£® ®−¨ á¬®£«¨ à�¡®â�âì. �®á«¥ ¯¥à¥§�£àã§ª¨ á¥à¢¥à� ¨ ¯®¢â®à−ëå ¯à®¢¥à®ª
®è¨¡ª¨ ¯à®¯�«¨. �® −� á«¥¤ãîé¨© ¤¥−ì ¢®§−¨ª«� ¤àã£�ï ¯à®¡«¥¬�: ¯®«ì§®¢�-
â¥«¨ −¥ ¬®£«¨ §�©â¨ −� á¥à¢¥à â¥à¬¨−�«®¢. �®ï¢«ï«®áì á®®¡é¥−¨¥ ® â®¬, çâ®
¤®¬¥− −¥ ¤®áâã¯¥−. �®á«¥ ¯à®¢¥àª¨ ¢ëïá−¨«®áì, çâ® ®âáãâáâ¢®¢�«¨ ¯�¯ª¨ á ®¡-
é¨¬ ¤®áâã¯®¬, ®¡¥á¯¥ç¨¢�îé¨¥ ¯®¤ª«îç¥−¨¥ ¯®«ì§®¢�â¥«¥© ª á¥à¢¥àã: netlogon,
sysvol. „«ï ¨á¯à�¢«¥−¨ï íâ®© ®è¨¡ª¨ −¥®¡å®¤¨¬® ¡ë«® ¢ë¯®«−¨âì àï¤ ¤¥©áâ¢¨©,
®¯¨á�−−ëå ¢ â¥å−¨ç¥áª®© áâ�âì¥ Microsoft. �®á«¥ íâ®£® ¯®«ì§®¢�â¥«¨ á¬®£«¨
à�¡®â�âì á á¥à¢¥à®¬ −®à¬�«ì−®.

�à¨¬¥à 4. ÷�áá¬®âà¨¬ ¯à¨¬¥à ¯®à®¦¤¥−¨ï ‘„ á ¯®¬®éìî ¤�−−ëå, ¨á¯®«ì-
§ã¥¬ëå ¢ ˆ’. ‚ à�¡®â¥ [6] à�áá¬®âà¥−ë ˆ’, ¯à¥¤áâ�¢¨¬ë¥ ¢ ¢¨¤¥ DAG (Directed
Acyclic Graph). �à®¯¨á−ë¬¨ «�â¨−-

‚¥ªâ®à−ë¥ ¢å®¤−ë¥ ¤�−−ë¥

áª¨¬¨ ¡ãª¢�¬¨ A,B, . . . ¡ã¤¥¬ ®¡®-
§−�ç�âì ¤�−−ë¥ (®¡ê¥ªâë), á«ã¦�é¨¥
¢å®¤−ë¬¨ ¨«¨ ¢ëå®¤−ë¬¨ ¤�−−ë¬¨
¯à¥®¡à�§®¢�−¨© ¨−ä®à¬�æ¨¨ ¢ ˆ’,
−� à¨áã−ª¥ ¤�−−ë¥ ¡ã¤¥¬ ¯à¥¤áâ�¢-
«ïâì ®ªàã¦−®áâï¬¨. �à¥®¡à�§®¢�-
−¨ï ¡ã¤¥¬ −�§ë¢�âì ¡«®ª�¬¨, ®¡®§−�-
ç�âì áâà®ç−ë¬¨ «�â¨−áª¨¬¨ ¡ãª¢�¬¨
¨ −� à¨áã−ª¥ ®¡®§−�ç�âì ¯àï¬®ã£®«ì-
−¨ª�¬¨.

Š�¦¤ë© ¡«®ª á®®â¢¥âáâ¢ã¥â ¯à¥®¡à�§®¢�−¨î ¨−ä®à¬�æ¨¨ ¨ à¥è�¥â ®¤−ã ¨«¨
−¥áª®«ìª® §�¤�ç, −¥®¡å®¤¨¬ëå ¤«ï à¥�«¨§�æ¨¨ ˆ’. „ã£¨ DAG á®®â¢¥âáâ¢ãîâ
¯¥à¥¤�ç¥ ¤�−−ëå ¡«®ª�¬ ®â ¯à¥¤ë¤ãé¨å ¡«®ª®¢, â. ¥. ¤ã£� ¨¤¥â ¨§ ¢ëå®¤−ëå
¤�−−ëå ¢ë¯®«−¥−−®£® ¯à¥®¡à�§®¢�−¨ï ¢® ¢å®¤−ë¥ ¤�−−ë¥ ¤«ï á«¥¤ãîé¥£® ¯à¥-
®¡à�§®¢�−¨ï.

�à¥¤áâ�¢«ï¥â ¨−â¥à¥á á«¥¤ãîé�ï áå¥¬� (á¬. à¨áã−®ª).
�ãáâì ¢ ˆ’, ¯à¥¤áâ�¢«¥−−®© ¢ ¢¨¤¥ DAG, ¯®¤�îâáï ¢å®¤−ë¥ ¤�−−ë¥

X1, . . . ,Xk −� ¯à¥®¡à�§®¢�−¨ï g1, . . . , gk. �¡®§−�ç¨¬ ç¥à¥§ J(f) ¢á¥¢®§¬®¦-
−ë¥ ¢ëå®¤−ë¥ ¤�−−ë¥ äã−ªæ¨¨ f . ’®£¤�

J(f) = J+(f) ∪ J−(f), J+(f) ∩ J−(f) = φ ,

£¤¥ J+(f) | ¤®¯ãáâ¨¬ë¥ à¥§ã«ìâ�âë f , J−(f) | −¥¤®¯ãáâ¨¬ë¥ à¥§ã«ìâ�âë,
¢ª«îç�ï ®áâ�−®¢ ¢ë¯®«−¥−¨ï ¯à¥®¡à�§®¢�−¨ï f .

�®«®¦¨¬ D+(f) = f−1(J+(f)) | ¤®¯ãáâ¨¬�ï ®¡«�áâì ®¯à¥¤¥«¥−¨ï f ,
D−(f) = f−1(J−(f))| ®¡«�áâì ¯®à®¦¤¥−¨ï −¥¤®¯ãáâ¨¬ëå §−�ç¥−¨© f . �à¥¤-
¯®«®¦¨¬, çâ®

B = f(A) = f2 (f1(A)) .
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’®£¤� ¥á«¨ äã−ªæ¨¨ f1 ¨ f2 ¢ëç¨á«ïîâáï ¯à�¢¨«ì−® ¨ f(A) ∈ J+(f), â®
A ∈ D+(f2).

÷�áá¬®âà¨¬ áå¥¬ã −� à¨áã−ª¥. …á«¨ à¥§ã«ìâ�â ¢ë¯®«−¥−¨ï äã−ªæ¨¨ f1
¯à¨−�¤«¥¦¨â J+(f1), � à¥§ã«ìâ�â ¢ë¯®«−¥−¨ï äã−ªæ¨¨ f2 ¯à¨−�¤«¥¦¨â J+(f2),
â® ®âáî¤� −¥ á«¥¤ã¥â, çâ® ¢å®¤−ë¥ ¤�−−ë¥ äã−ªæ¨¨ f ¯à¨−�¤«¥¦�â ¬−®¦¥-
áâ¢ã D+(f). ‚ á�¬®¬ ¤¥«¥, ¥á«¨ J+(f1) × J+(f2) 6⊂ D+(f), â® áãé¥áâ¢ãîâ
A ∈ J+(f1) ¨ B ∈ J+(f2) â�ª¨¥, çâ® ¢¥ªâ®à (A,B) ∈ D−(f), â. ¥. f(A,B)
¯à¨−¨¬�¥â −¥¤®¯ãáâ¨¬ë¥ §−�ç¥−¨ï. �â® §−�ç¨â, çâ® ¥á«¨ Xi ¯à¨−�¤«¥¦¨â
¤®¯ãáâ¨¬®© ®¡«�áâ¨ ®¯à¥¤¥«¥−¨ï äã−ªæ¨¨, ¤«ï ª®â®à®© ®−� á«ã¦¨â ¢å®¤−®©
¯¥à¥¬¥−−®©, ¨ áãé¥áâ¢ã¥â å®âï ¡ë ®¤−� áå¥¬� â¨¯� ¯à¥¤áâ�¢«¥−−®© −� à¨áã−ª¥,
â�ª�ï çâ® J+(f1)× J+(f2) 6⊂ D+(f), â® áãé¥áâ¢ã¥â −�¡®à §−�ç¥−¨© X1, . . . ,Xk,
¯à¨ ª®â®àëå §−�ç¥−¨¥ à¥§ã«ìâ�â� ˆ’ ¡ã¤¥â −¥¤®¯ãáâ¨¬ë¬.

�âã á¨âã�æ¨î ¬®¦−® à�áá¬�âà¨¢�âì ª�ª ‘„, â. ¥. ¥á«¨ ¯à®â¨¢−¨ª ¢ëç¨á«¨«
ãá«®¢¨ï, ¯à¨ ª®â®àëå ¢á¥ ¯à�¢¨«ì−ë¥ ¨áå®¤−ë¥ ¤�−−ë¥ ¯®à®¦¤�îâ ®è¨¡ªã, â®
®− ¬®¦¥â ¨§¢−¥ −�−¥áâ¨ ãé¥à¡ ¢ë¯®«−¥−¨î ˆ’.

4 Теория распространения ошибок

“é¥à¡ ®â á¡®ï ¢ ®¤−®¬ íª§¥¬¯«ïà¥ ˆ’ −¥ ¢á¥£¤� ¢¥«¨ª, ¤�¦¥ á ãç¥â®¬
−¥®¡å®¤¨¬®áâ¨ ¯®¨áª� ¯à¨ç¨−ë á¡®ï. �®íâ®¬ã íää¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï
¯à®â¨¢−¨ª®¬ ‘„ ¤«ï −�−¥á¥−¨ï ãé¥à¡� áãé¥áâ¢¥−−® §�¢¨á¨â ®â ¢«¨ï−¨ï ®è¨¡®ª,
¯®à®¦¤¥−−ëå á ¯®¬®éìî ‘„. �ç¥¢¨¤−®, çâ® ¢«¨ï−¨¥ §�¢¨á¨â ®â ¢§�¨¬®¤¥©áâ¢¨ï
¨§¬¥−¥−−ëå §−�ç¥−¨© ¯�à�¬¥âà� á ¤àã£¨¬¨ ¯�à�¬¥âà�¬¨ á¨áâ¥¬ë.

��¨¡®«ìè¥¥ §−�ç¥−¨¥ ¢ à�á¯à®áâà�−¥−¨¨ ®è¨¡ª¨ ¨¬¥¥â ¨§¬¥−¥−¨¥ ¢ ª®−ä¨-
£ãà�æ¨®−−ëå ¯�à�¬¥âà�å ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï. ‚®-¯¥à¢ëå, â�ª¨¥ ®è¨¡ª¨
âàã¤−® −�å®¤¨âì, � ¢®-¢â®àëå, ª®−ä¨£ãà�æ¨®−−ë¥ ®è¨¡ª¨ ¯®¢â®àïîâáï ¯à¨ ¢á¥å
¢ëç¨á«¥−¨ïå, ¨á¯®«ì§ãîé¨å íâ®â ¯�à�¬¥âà. ÷�á¯à®áâà�−¥−¨¥ ®è¨¡ª¨ à�áá¬®â-
à¨¬ −� á«¥¤ãîé¥¬ ¯à¨¬¥à¥.

�à¨¬¥à 5. ‘¯ãáâï 2 £®¤� ¯®á«¥ á®¡ëâ¨©, ®¯¨á�−−ëå ¢ ¯à¨¬¥à¥ 3, ¢ ®à£�−¨§�æ¨¨
¢−®¢ì ¢®§−¨ª«¨ ¯à®¡«¥¬ë á ª®−âà®««¥à®¬ ¤®¬¥−�. �® ¢ íâ®â à�§ ®è¨¡ª� ¡ë«� áà�-
§ã ¨¤¥−â¨ä¨æ¨à®¢�−�. ‘ ¯®¬®éìî ãâ¨«¨âë dcdiag ¡ë«® ¯®«ãç¥−® á®®¡é¥−¨¥ ú−¥
¯à®©¤¥−� ¯à®¢¥àª� NetLogonsû. ‚®ááâ�−®¢¨âì −¥®¡å®¤¨¬ë¥ á¥â¥¢ë¥ à¥áãàáë ¤«ï
¯®¤ª«îç¥−¨ï ¯®«ì§®¢�â¥«¥© á ¯®¬®éìî ãª�§�−−®© à�−¥¥ â¥å−¨ç¥áª®© áâ�âì¨ Mi-
crosoft −¥ ã¤�¢�«®áì | ®è¨¡ª� ¢á¥ à�¢−® ¯à¨áãâáâ¢®¢�«�. �â® ®§−�ç�«®, çâ® ¯à¨-
ç¨−� ®è¨¡ª¨ −� íâ®â à�§ −�å®¤¨«�áì ¢ ¤àã£®¬ ¬¥áâ¥. ‘ ¯®¬®éìî ãâ¨«¨âë ntdsutil
ã¤�«®áì ¯à®¢¥áâ¨ ¯à®¢¥àªã ¡�§ë ¤�−−ëå ª®−âà®««¥à� ¤®¬¥−�. �ë«® ¯®«ãç¥−® á®-
®¡é¥−¨¥ ú®¯¥à�æ¨ï ¯à¥ªà�é¥−� á ®è¨¡ª®© | 1206 (JET errDatabaseCorrupted,
Non database file or corrupted db)û. ‘ ¯®¬®éìî íâ®© ãâ¨«¨âë −¥ ã¤�«®áì ¢®á-
áâ�−®¢¨âì ¡�§ã ¤�−−ëå, ¯®íâ®¬ã −¥®¡å®¤¨¬® ¡ë«® ¨á¯®«ì§®¢�âì ¤àã£ãî ãâ¨«¨âã:
esentutl. „�−−�ï ãâ¨«¨â� ¢ à¥¦¨¬¥ ú¨á¯à�¢«¥−¨ïû ¯®§¢®«¨«� ãáâà�−¨âì á¡®¨
¢ ¡�§¥ ¤�−−ëå esentutl/p C:\Windows\NTDS\ntds.dit. ÷¥§ã«ìâ�â®¬ ¢ë¯®«−¥-
−¨ï áâ�«® á®®¡é¥−¨¥ úIntegrity check successful. Operation completed successfully
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in 2.308 secondsû. �à®¢¥¤¥−−®¥ â¥áâ¨à®¢�−¨¥ ¢á¥© ä�©«®¢®© á¨áâ¥¬ë, � â�ª¦¥
¦¥áâª®£® ¤¨áª� −¥ ¢ëï¢¨«® −¨ª�ª¨å ¯à®¡«¥¬. �−�«¨§ ¯®ª�§�«, çâ® ¤�−−ë© á¡®©
¡ë« ¢ë§¢�− −�ª®¯¨¢è¨¬¨áï ®è¨¡ª�¬¨ ¤¢ãå«¥â−¥© ¤�¢−®áâ¨. �¥ ¨áª«îç¥−®, çâ®
íâ� ®è¨¡ª� ¬®£«� ¡ë ¯à®ï¢¨âìáï à�−ìè¥ ¨«¨ −¥ ¯à®ï¢¨âìáï ¢®®¡é¥. ‚�¦−®
®â¬¥â¨âì, çâ® à¥§¥à¢−ë© ª®−âà®««¥à ¤®¬¥−� ®¤−®¢à¥¬¥−−® á ®á−®¢−ë¬ ¯¥à¥áâ�«
®áãé¥áâ¢«ïâì ¯®¤ª«îç¥−¨¥ ª«¨¥−â®¢ ¨ á®®¡é�« ®¡ �−�«®£¨ç−ëå ®è¨¡ª�å. �â®
¡ë«® á¢ï§�−® á â¥¬, çâ® ¨§-§� ¯®¢à¥¦¤¥−−®© ¡�§ë ¤�−−ëå ¯¥à¥áâ�«� à�¡®â�âì
à¥¯«¨ª�æ¨ï ¤�−−ëå ¬¥¦¤ã á¥à¢¥à�¬¨.

�à®¡«¥¬¥ à�á¯à®áâà�−¥−¨ï ®è¨¡®ª ¯®á¢ïé¥−® ¬−®£® ¨áá«¥¤®¢�−¨© (á¬., −�-
¯à¨¬¥à, [7{11]). ‚ ®á−®¢¥ íâ¨å ¨áá«¥¤®¢�−¨© «¥¦¨â ¬−®¦¥áâ¢® ¢−ãâà¥−−¨å
§�¢¨á¨¬®áâ¥© à�§«¨ç−ëå áãé−®áâ¥© ª®¬¯ìîâ¥à−ëå á¨áâ¥¬ ¨ á¥â¥©. �®¬¨¬®
®ç¥¢¨¤−ëå, ï¢−ëå §�¢¨á¨¬®áâ¥© áãé¥áâ¢ãîâ áªàëâë¥ §�¢¨á¨¬®áâ¨, ¢ëï¢«¥−¨¥
ª®â®àëå ¯à¥¤áâ�¢«ï¥â §−�ç¨â¥«ì−ë¥ âàã¤−®áâ¨. ‚á¥ ¨áá«¥¤®¢�−¨ï ¢ íâ®© ®¡«�áâ¨
¢¥¤ãâáï ¬¥â®¤®¬ ¬®¤¥«¨à®¢�−¨ï.

‚ ¡®«ìè¨−áâ¢¥ à�¡®â à�áá¬�âà¨¢�îâáï ®è¨¡ª¨ ¢® ¢§�¨¬®¤¥©áâ¢ãîé¨å á¨á-
â¥¬�å. ‡¤¥áì ¯®«ãç¥−ë ¨−â¥à¥á−ë¥ à¥§ã«ìâ�âë [12], á¢ï§�−−ë¥ á® ¢à¥¬¥−¥¬
à�á¯à®áâà�−¥−¨ï á¡®ï, ¢ à¥�«ì−®© á¨áâ¥¬¥ á®áâ�¢¨¢è¨¬ 6{9 ç.

Š�ª ®â¬¥ç�¥âáï ¢ à�¡®â¥ [13], −�¨¡®«¥¥ á«®¦−ë¥ §�¤�ç¨ á¢ï§�−ë á ¢®§¬®¦-
−®áâìî ¢®§−¨ª−®¢¥−¨ï ®ç¥à¥¤¥©, ¯à¨ íâ®¬ ®ç¥à¥¤¨ ç�áâ® ¯®à®¦¤�îâ à�áá¨−åà®-
−¨§�æ¨î â¥å−®«®£¨ç¥áª¨å ¨«¨ ¨−ä®à¬�æ¨®−−ëå ¯à®æ¥áá®¢.

5 Поиск BackDoors

‘â�−¤�àâ−ë¥ ¬¥â®¤ë ¯®¨áª� ¢à¥¤®−®á−®£® ª®¤� −¥ à�¡®â�îâ ¯à¨ ¯®¨áª¥ ‘„.
‚ á�¬®¬ ¤¥«¥, −�¨¡®«¥¥ íää¥ªâ¨¢−ë¬ ¬¥â®¤®¬ ¯®¨áª� ãï§¢¨¬®áâ¥©, á¢ï§�−−ëå
á ¢à¥¤®−®á−ë¬ ª®¤®¬, áç¨â�¥âáï ¨−â¥««¥ªâã�«ì−ë© ä�§§¨−£. �â®â ¬¥â®¤ ¯®§¢®-
«ï¥â ¨áª�âì á¡®¨ ¢ ¯à¥®¡à�§®¢�−¨ïå ¯ãâ¥¬ á«�¡®© ¬®¤¨ä¨ª�æ¨¨ ¤�−−ëå, ª®â®àë¥
−¥ ¤�îâ á¡®¥¢.

�à¨¬¥à 4 ‘„ á ¯®¬®éìî ¯®¤¡®à� ¯à�¢¨«ì−ëå ¤�−−ëå, â�ª¨å çâ® á¡®© ¯à®¨á-
å®¤¨â −� ¯à¥®¡à�§®¢�−¨ïå â¨¯� ¯à¥¤áâ�¢«¥−−ëå −� à¨áã−ª¥, ¯®ª�§ë¢�¥â, çâ® ¤«ï
á®§¤�−¨ï â�ª®£® ‘„ −¥®¡å®¤¨¬® ¨áá«¥¤®¢�âì ®¡«�áâ¨ ®¯à¥¤¥«¥−¨ï ¨ §−�ç¥−¨©
¯à¥®¡à�§®¢�−¨ï á ¢¥ªâ®à−ë¬ ¢å®¤®¬ ¢® ¢á¥© ˆ’. „«ï ¯à®¢¥¤¥−¨ï â�ª®£® �−�-
«¨§� −¥®¡å®¤¨¬® íää¥ªâ¨¢−® ¢ëç¨á«ïâì äã−ªæ¨¨ ¯à¨−�¤«¥¦−®áâ¨ ãª�§�−−ëå
¬−®¦¥áâ¢.

�¤−®¢à¥¬¥−−® ¬®¦−® ¯®ª�§�âì, çâ® ãª�§�−−ë© â¨¯ ‘„ −¥¢®§¬®¦¥−, ¥á«¨
¤«ï ¢á¥å áå¥¬ â¨¯� ¯à¥¤áâ�¢«¥−−ëå −� à¨áã−ª¥ (á ¯®¯à�¢ª®© −� ç¨á«® ¢å®¤−ëå
¯¥à¥¬¥−−ëå) ¢ë¯®«−ï¥âáï ãá«®¢¨¥:

J+(f1)× J+(f2) ⊆ D+(f) .

‚ ®¡é¥¬ á«ãç�¥ �−�«¨§ ã£à®§, ¯®à®¦¤�¥¬ëå ‘„, −�¤® −�ç¨−�âì á ¨áá«¥¤®-
¢�−¨© ¢§�¨¬®§�¢¨á¨¬®áâ¥© ¯¥à¥¬¥−−ëå ¨ ¢«¨ï−¨ï â�ª¨å ¯�à�¬¥âà®¢ −� à�¡®âã
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á¨áâ¥¬ë. ’�ª®© ¯à¥¤¢�à¨â¥«ì−ë© �−�«¨§ §−�ç¨â¥«ì−® á®ªà�â¨â ç¨á«® ¯®â¥−æ¨-
�«ì−ëå ã£à®§. „�«¥¥ −¥®¡å®¤¨¬® ¯®−ïâì, ª�ª¨¥ §−�ç¥−¨ï ¢ëï¢«¥−−ëå ¯�à�¬¥âà®¢
á«¥¤ã¥â áç¨â�âì ªà¨â¨ç¥áª¨¬¨ ¤«ï −�−¥á¥−¨ï ¬�ªá¨¬�«ì−®£® ãé¥à¡�.

�¯¨á�−−�ï ¯®¤£®â®¢ª� ª ¯®¨áªã ‘„ ï¢«ï¥âáï à�§ã¬−®©, −® −¥ ãç¨âë¢�¥â
¢®§¬®¦−®áâì áãé¥áâ¢®¢�−¨ï ¨ ®¤−®¢à¥¬¥−−®© à¥�«¨§�æ¨¨ −¥áª®«ìª¨å ‘„ (á¬.
¯à¨¬¥à 4). �® ¤�¦¥ ¢ á«ãç�¥ ®â¤¥«ì−®£® ¯�à�¬¥âà� âà¥¡ã¥âáï à�ááç¨âë¢�âì,
−�áª®«ìª® ¯®«−® ¯à®¢¥¤¥− ¯®¨áª.

Š�ª ¨ ¢ á«ãç�¥ ¯®¨áª� ãï§¢¨¬®áâ¥© ¢ ª®¬¯ìîâ¥à−®© á¨áâ¥¬¥, á«¥¤ã¥â ¨áª�âì
¯ãâ¨ ¤®áâ¨¦¥−¨ï ¢ëï¢«¥−−ëå ªà¨â¨ç¥áª¨å ¯�à�¬¥âà®¢. ‚ à�¡®â¥ [12] ãâ¢¥à¦¤�-
¥âáï, çâ® à¥è¥−¨¥ íâ®© §�¤�ç¨ ¢®§¬®¦−® â®«ìª® ¯à¨ â®ç−®© ¨¬¨â¨àãîé¥© ¬®¤¥«¨
à¥�«ì−®© á¨áâ¥¬ë.

Œ�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì à�á¯à®áâà�−¥−¨ï á¡®ï à�áá¬�âà¨¢�«�áì, −�¯à¨¬¥à,
¢ à�¡®â¥ [14]. ‚ íâ®© à�¡®â¥ ¯®áâà®¥− â®ç−ë© �«£®à¨â¬ à¥è¥−¨ï íâ®© §�¤�ç¨,
−® ®− ®ª�§�«áï NP-âàã¤−ë¬. �®áâà®¥−−ë© ¢ íâ®© ¦¥ à�¡®â¥ í¢à¨áâ¨ç¥áª¨©
�«£®à¨â¬ à�¡®â�¥â ¡ëáâà¥¥, −® ¯à¨¬¥à−® −� 6% åã¦¥, ç¥¬ â®ç−ë©. �â® §−�ç¨â,
çâ® ¯®ï¢«ï¥âáï ¢®§¬®¦−®áâì ¯à®¯ãáª� à�á¯à®áâà�−¥−¨ï ªà¨â¨ç¥áª®© ®è¨¡ª¨
á ¯®¬®éìî ‘„.

„«ï ¯®áâà®¥−¨ï á«®¦−®£® ‘„ ¬®¦−® ¨á¯®«ì§®¢�âì æ¥¯®çª¨ ¯à¨ç¨−−®-á«¥¤áâ-
¢¥−−ëå á¢ï§¥©, ª®â®àë¥ ª®−áâàã¨àãîâáï á ¯®¬®éìî ¨−â¥««¥ªâã�«ì−®£® �−�«¨§�
¤�−−ëå.

6 Заключение

‚ à�¡®â¥ ®âà�¦¥− àï¤ ¯à®¡«¥¬, á¢ï§�−−ëå á ã£à®§�¬¨ à�á¯à¥¤¥«¥−−ë¬ ˆ‘
¨§-§� −�«¨ç¨ï ‘„. ‚�¦−® ®â¬¥â¨âì, çâ® ¡®«ìè¨−áâ¢® ¯à®¡«¥¬, ¯®à®¦¤¥−−ëå
‘„, ¯à¨å®¤¨âáï à¥è�âì á¨áâ¥¬−ë¬ �¤¬¨−¨áâà�â®à�¬.

BackDoors ¬®£ãâ ¯®à®¦¤�âìáï −¥¤®áâ�â®ç−®áâìî (áªàë¢�¥¬®áâìî) ¨−ä®à-
¬�æ¨¨ ® ¯ãâïå ¨§¬¥−¥−¨ï ª®−ä¨£ãà�æ¨© ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ª�ª íâ®
¯®ª�§�−® ¢ ¯à¨¬¥à¥ 3. � ¢ ¯à¨¬¥à¥ 1 á¨áâ¥¬−ë© �¤¬¨−¨áâà�â®à ¢®®¡é¥ −¥ ¬®£
¯®«ãç¨âì ¤®áâã¯ ª áà¥¤¥, ¢ ª®â®à®© −�å®¤¨âáï ‘„.

��¨¡®«ìèãî ®¯�á−®áâì ¯à¥¤áâ�¢«ïîâ ‘„, ¯®à®¦¤�¥¬ë¥ ¤�−−ë¬¨ (á¬. ¯à¨-
¬¥à 4). �â® á¢ï§�−® á â¥¬, çâ® ¯®áâà®¥−¨¥ â�ª¨å ‘„ ¨ ¨å �−�«¨§ ®á−®¢�−ë
−� à¥è¥−¨¨ á«®¦−ëå ¬�â¥¬�â¨ç¥áª¨å §�¤�ç, çâ® −¥ ¢á¥£¤� ¤®áâã¯−® á¨áâ¥¬−®¬ã
�¤¬¨−¨áâà�â®àã.

÷�§¬¥à ãé¥à¡� ®â áãé¥áâ¢®¢�−¨ï ‘„ á¢ï§�− á ¢®§¬®¦−®áâìî à�á¯à®áâà�-
−¥−¨ï ®è¨¡ª¨ ¯à¨ ¨§¬¥−¥−¨¨ §−�ç¥−¨ï ¯�à�¬¥âà� á ¯®¬®éìî ‘„. �à¨¬¥à 5
¯®ª�§ë¢�¥â, çâ® ®è¨¡ª� ¬®¦¥â −¥ â®«ìª® à�á¯à®áâà�−ïâìáï ¢ á¨áâ¥¬¥ ¯à¨ ¢®§-
¤¥©áâ¢¨¨ −� ¯�à�¬¥âà ç¥à¥§ ‘„, −® ¨ −�ª�¯«¨¢�âìáï −¥®¯à¥¤¥«¥−−®¥ ¢à¥¬ï, çâ®
¬®¦¥â ¯®à®¤¨âì ªà¨â¨ç¥áª¨¥ ¯à®¡«¥¬ë.

‚ à�¡®â¥ ¯®ª�§�−®, çâ® áãé¥áâ¢ãîé¨¥ â¥å−®«®£¨¨ ¯®¨áª� ãï§¢¨¬®áâ¥© ¢ ¯à®-
£à�¬¬−®-�¯¯�à�â−®© á¨áâ¥¬¥ −¥ à¥è�îâ ¯à®¡«¥¬ë ¯®¨áª� ‘„. Œ�â¥¬�â¨ç¥áª¨¥
¬®¤¥«¨ ¨ ¬¥â®¤ë à¥è¥−¨ï §�¤�ç ¯®¨áª� ‘„, ªà®¬¥ ç�áâ−ëå á«ãç�¥¢, ¥é¥ −¥
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ú‡�ª«�¤ª¨û ¡¥§ ¢à¥¤®−®á−®£® ª®¤�

à�§à�¡®â�−ë. �à¨−æ¨¯¨�«ì−®, çâ® ‘„ −¥ á¢ï§�−ë á ¢−¥¤à¥−¨¥¬ ¢ ª®¬¯ìîâ¥à−ãî
á¨áâ¥¬ã ¢à¥¤®−®á−®£® ª®¤� ¨ á ¥£® ¨á¯®«ì§®¢�−¨¥¬ ¤«ï −�−¥á¥−¨ï ãé¥à¡�. �®íâ®-
¬ã, ª�ª ¯à�¢¨«®, ¬¥å�−¨§¬ −�−¥á¥−¨ï ãé¥à¡� ç¥à¥§ ‘„ ®â«¨ç�¥âáï ®â ¤¥©áâ¢¨ï
¢à¥¤®−®á−®£® ª®¤�.
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HIDDEN IMPACT WITHOUT MALICIOUS CODE
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1Institute of Informatics Problems, Federal Research Center \Computer Sciences
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Abstract: The paper reflects a number of problems related to threats to
distributed information systems due to the presence of BackDoor. The usage
of BackDoor to attack distributed computer systems has great advantages over
the traditional usage of malicious code. In fact, the usage of BackDoor is
difficult to identify as a special attack, i. e., distinguish from error in computing
processes. However, building attacks with BackDoor is much more difficult than
building attacks with malicious code. The example of BackDoor is built using
the initial data of information technology. This approach to the construction of
BackDoor was not found in any of the descriptions of BackDoor. The paper
shows that the existing technologies for finding vulnerabilities in the hardware
and software of the system do not solve the problems of searching for BackDoor.
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Mathematical models and methods for solving BackDoor search problems, except
in particular cases, have not yet been developed. It is important that BackDoor is
not associated with the introduction of malicious code into the computer system
and with the usage of malicious code to cause damage. Therefore, as a rule,
the mechanism of causing damage through BackDoor differs from the action of
malicious code.
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АНАЛИТИЧЕСКАЯ МОДЕЛЬ ПРОТОКОЛА
МНОЖЕСТВЕННОГО ДОСТУПА С ПРОСЛУШИВАНИЕМ

КАНАЛА ДЛЯ ПРИЛОЖЕНИЙ ИНДУСТРИАЛЬНОГО
ИНТЕРНЕТА ВЕЩЕЙ∗

А. С. Царев1, Э. М. Хайров2, Ю. В. Гайдамака3, С. Я. Шоргин4

�−−®â�æ¨ï: ˆ−¤ãáâà¨�«ì−ë© ¨−â¥à−¥â ¢¥é¥© áâ�« ®¤−®© ¨§ ª«îç¥¢ëå ª®−-
æ¥¯æ¨© ç¥â¢¥àâ®© ¯à®¬ëè«¥−−®© à¥¢®«îæ¨¨ | −®¢®£® ¯®¤å®¤� ª ¯®áâà®¥−¨î
¯à®¬ëè«¥−−ëå ¯à®æ¥áá®¢ á ¨á¯®«ì§®¢�−¨¥¬ −®¢¥©è¨å â¥å−®«®£¨©. �¤−�ª®
¤«ï ¯«�−¨à®¢�−¨ï ¨ ¢ëáâà�¨¢�−¨ï −®¢ëå �¢â®¬�â¨§¨à®¢�−−ëå ¯à®æ¥áá®¢ −¥-
®¡å®¤¨¬® ¯®−¨¬�âì å�à�ªâ¥à¨áâ¨ª¨ ¨ ®£à�−¨ç¥−¨ï, ¢®§−¨ª�îé¨¥ ¨§-§� â¥å−¨-
ç¥áª¨å ®á®¡¥−−®áâ¥© á¨áâ¥¬ë. „«ï à¥è¥−¨ï íâ®© §�¤�ç¨ ¢ ®¤−®¬ ¨§ áæ¥−�à¨¥¢
¨á¯®«ì§®¢�−¨ï ¯à®¬ëè«¥−−®£® ¨−â¥à−¥â� ¢¥é¥© ¯à¥¤«�£�¥âáï ¬�â¥¬�â¨ç¥áª�ï
¬®¤¥«ì ¯à®â®ª®«� ¬−®£®áâ�−æ¨®−−®£® ¤®áâã¯� á ª®−âà®«¥¬ −¥áãé¥© ¨ ¯à¥¤®â-
¢à�é¥−¨¥¬ ª®−ä«¨ªâ®¢. ’�ª�ï ¬®¤¥«ì ¯®§¢®«ï¥â ®æ¥−¨âì áà¥¤−¥¥ ¢à¥¬ï æ¨ª«�
¯¥à¥¤�ç¨ ¤�−−ëå á ¤�âç¨ª�, ¢¥à®ïâ−®áâì ãá¯¥è−®© ¯¥à¥¤�ç¨ ¤�−−ëå, ¢¥à®ïâ-
−®áâì ª®««¨§¨¨ ¯à¨ ¯¥à¥¤�ç¥ ¤�−−ëå. �®«ãç¥−ë �−�«¨â¨ç¥áª¨¥ ¢ëà�¦¥−¨ï
¤«ï ¢ëç¨á«¥−¨ï ª«îç¥¢ëå ¬¥âà¨ª ¯à®¨§¢®¤¨â¥«ì−®áâ¨ −� ãà®¢−¥ ã¯à�¢«¥−¨ï
¤®áâã¯®¬ ª áà¥¤¥.

Š«îç¥¢ë¥ á«®¢�: ¨−¤ãáâà¨�«ì−ë© ¨−â¥à−¥â ¢¥é¥©; ã¯à�¢«¥−¨¥ ¤®áâã¯®¬
ª áà¥¤¥; ¯à®á«ãè¨¢�−¨¥ ª�−�«�; ¬−®¦¥áâ¢¥−−ë© ¤®áâã¯; æ¥¯ì Œ�àª®¢�;
¢¥à®ïâ−®áâì ª®««¨§¨¨

DOI: 10.14357/08696527210202

1 Введение

„®áâ¨¦¥−¨ï â¥å−®«®£¨ç¥áª®£® ¯à®£à¥áá�, â�ª¨¥ ª�ª ¨−â¥à−¥â ¢¥é¥©, à�á-
è¨àïîâ ¢®§¬®¦−®áâ¨ ¤«ï ã«ãçè¥−¨ï ¯à®¨§¢®¤áâ¢¥−−ëå ¯à®æ¥áá®¢. ˆ−¤ãáâà¨-
�«ì−ë© ¨−â¥à−¥â ¢¥é¥© å�à�ªâ¥à¨§ã¥âáï ¬¨−¨�âîà¨§�æ¨¥© ¯à¨¥¬®¯¥à¥¤�îé¨å
ãáâà®©áâ¢, ã¢¥«¨ç¥−−®© ¯«®â−®áâìî ãáâà®©áâ¢ ¨ ¡®«¥¥ áâà®£¨¬¨ ®£à�−¨ç¥−¨ï-
¬¨, ¯à¥¤êï¢«ï¥¬ë¬¨ ª §�¤¥à¦ª�¬ [1]. �¥à¥ç¨á«¥−−ë¥ âà¥¡®¢�−¨ï ¬®£ãâ ¡ëâì

∗�ã¡«¨ª�æ¨ï ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ �à®£à�¬¬ë áâà�â¥£¨ç¥áª®£® �ª�¤¥¬¨ç¥áª®£® «¨¤¥àáâ¢�
÷“„� ¨ ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 19-07-00933 ¨ 20-07-01064).

1÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢, atsarev@sci.pfu.edu.ru
2÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢, emil.khayrov@gmail.com
3÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢; ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì-

−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,
gaydamaka-yuv@rudn.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, sshorgin@ipiran.ru
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�−�«¨â¨ç¥áª�ï ¬®¤¥«ì ¯à®â®ª®«� ¬−®¦¥áâ¢¥−−®£® ¤®áâã¯� á ¯à®á«ãè¨¢�−¨¥¬ ª�−�«�

÷¨á. 1 ‘¨áâ¥¬−�ï ¬®¤¥«ì ¯à¨«®¦¥−¨ï ¨−¤ãáâà¨�«ì−®£® ¨−â¥à−¥â� ¢¥é¥©: 1 | è«î§;
2 | ¯¥à¥¤�îé¨© ã§¥«; 3 | ã§¥« ¢ á¥ªâ®à¥ ¯®ªàëâ¨ï �−â¥−−ë; 4 | ã§¥« ¢−¥ á¥ªâ®à�
¯®ªàëâ¨ï �−â¥−−ë

ã¤®¢«¥â¢®à¥−ë ¢ áãé¥áâ¢ãîé¨å ¡¥á¯à®¢®¤−ëå á¥âïå ¯à¨ ãá«®¢¨¨ ¯¥à¥¤�ç¨ ¤�−-
−ëå ¢ ¬¨««¨¬¥âà®¢®¬/â¥à�£¥àæ¥¢®¬ ¤¨�¯�§®−¥ ¢®«−. ‚ëá®ª¨© ãà®¢¥−ì ¯®â¥àì
¯à¨ à�á¯à®áâà�−¥−¨¨ ¢®«− ¬®¦¥â ¡ëâì ª®¬¯¥−á¨à®¢�− ¨á¯®«ì§®¢�−¨¥¬ −�¯à�-
¢«¥−−ëå �−â¥−− [2,3].

÷�áá¬®âà¨¬ áæ¥−�à¨© ¨á¯®«ì§®¢�−¨ï ¯à®¬ëè«¥−−®£® ¨−â¥à−¥â� ¢¥é¥©, ¯à¥¤-
áâ�¢«¥−−ë© −� à¨á. 1.

�¥ª®â®à®¥ ¯à¥¤¯à¨ïâ¨¥ ®¡®àã¤®¢�−® ¯à®¬ëè«¥−−ë¬¨ áâ�−ª�¬¨, ª�¦¤ë© ¨§
ª®â®àëå ¨¬¥¥â −¥ª®â®à®¥ ç¨á«® á¥−á®à®¢, ®á−�é¥−−ëå ¯¥à¥¤�âç¨ª�¬¨. ‘¥−á®-
àë áç¨âë¢�îâ ¯®ª�§�−¨ï ¨ ¯¥à¥¤�îâ ¨å è«î§ã ¯® ¡¥á¯à®¢®¤−®¬ã ª�−�«ã á¢ï§¨
á®£«�á−® ¯à®â®ª®«ã ã¯à�¢«¥−¨ï ¤®áâã¯®¬ ª áà¥¤¥ [3]. ˜«î§ ®á−�é¥− −�¡®-
à®¬ −�¯à�¢«¥−−ëå �−â¥−−, ¬¥−ïîé¨å −�¯à�¢«¥−¨¥ á¥ªâ®à� ¯®ªàëâ¨ï θ á®£«�á−®
à�á¯¨á�−¨î. Š�¦¤ë© ¯¥à¥¤�âç¨ª ®á−�é¥− ®¤−®© ¢á¥−�¯à�¢«¥−−®© �−â¥−−®©,
¨á¯®«ì§ã¥¬®© ¤«ï ¯¥à¥¤�ç¨ ¤�−−ëå ç¥à¥§ è«î§. �¥à¥¤�ç� −�ª®¯«¥−−ëå á¥−-
á®à�¬¨ ¯®ª�§�−¨© −�ç¨−�¥âáï ¢ á«ãç�©−ë© ¬®¬¥−â ¢à¥¬¥−¨ ¢ â¥ç¥−¨¥ ¯¥à¨®¤�
¯®ªàëâ¨ï �−â¥−−®© è«î§� á®®â¢¥âáâ¢ãîé¥£® á¥ªâ®à� ¯à®áâà�−áâ¢�, çâ® ¬®¦¥â
¯à¨¢¥áâ¨ ª ¯®â¥à¥ ¨−ä®à¬�æ¨¨ −� è«î§¥ ¢á«¥¤áâ¢¨¥ ª®««¨§¨©, ¢®§−¨ª�îé¨å
¯à¨ ®¤−®¢à¥¬¥−−ëå ¯®¯ëâª�å ¯¥à¥¤�ç¨ ¯®ª�§�−¨© ®â −¥áª®«ìª¨å á¥−á®à®¢. �¯¨-
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á�−−�ï á¨âã�æ¨ï ¤¥£à�¤�æ¨¨ ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ á¨áâ¥¬ë �ªâã�«ì−� ¨ ¤«ï
¬¨««¨¬¥âà®¢®£® ¤¨�¯�§®−� ¢®«− [4].

2 Процедура множественного доступа с прослушиванием канала
и предотвращением коллизий

„«ï ¯à¥¤®â¢à�é¥−¨ï ¤¥£à�¤�æ¨¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ á¨áâ¥¬ë ¯à¥¤«�£�¥âáï
¨á¯®«ì§®¢�âì ¬®¤¨ä¨ª�æ¨î ¯à®â®ª®«� ¬−®£®áâ�−æ¨®−−®£® ¤®áâã¯� á ª®−âà®«¥¬
−¥áãé¥© ¨ ¯à¥¤®â¢à�é¥−¨¥¬ ª®−ä«¨ªâ®¢ (Carrier Sense Multiple Access With
Collision Avoidance, CSMA/CA) [5] ¯à¨ ¯®¬®é¨ ¨−¨æ¨�«¨§�æ¨¨ á¥áá¨¨ ¯¥à¥¤�ç¨
¤�−−ëå ç¥à¥§ RTS/CTS-¯à®æ¥¤ãàã (RTS/CTS | Request To Send / Clear To
Send, §�¯à®á −� ®â¯à�¢ªã/à�§à¥è¥−¨¥ ®â¯à�¢ª¨). ‚ â�ª®¬ á«ãç�¥ ¯®¤à�§ã¬¥-
¢�¥âáï, çâ® ¢®§¬®¦−ë ª®««¨§¨¨ ¬¥¦¤ã á¨£−�«ì−ë¬¨ á®®¡é¥−¨ï¬¨, � ª®««¨§¨¨
¬¥¦¤ã ¤�−−ë¬¨ ¡ã¤ãâ á¢¥¤¥−ë ª −ã«î. “ç¨âë¢�ï, çâ® ¢ à¥�«ì−ëå ¯à¨«®¦¥−¨ïå
à�§¬¥à ¯�ª¥â� ¤�−−ëå −� ¯®àï¤®ª ¡®«ìè¥ à�§¬¥à� á¨£−�«ì−®£® á®®¡é¥−¨ï, â�ª®¥
ã«ãçè¥−¨¥ ¯®§¢®«¨â ¡®«¥¥ íää¥ªâ¨¢−® ¨á¯®«ì§®¢�âì ¨¬¥îé¨©áï ª�−�«.

�� à¨á. 2 ¯à¥¤áâ�¢«¥−� ¢à¥¬¥−−‚�ï ¤¨�£à�¬¬� ¯à¥¤«�£�¥¬®£® ¯à®â®ª®«� ¤«ï
è«î§� ¨ ¤¢ãå ã§«®¢ (¯¥à¥¤�âç¨ª®¢). �à¨ −�«¨ç¨¨ ¤�−−ëå ¯¥à¥¤ ¨å ¯¥à¥¤�ç¥©
à�§ë£àë¢�¥âáï à�¢−®¬¥à−® à�á¯à¥¤¥«¥−−�ï ®âáà®çª� ¯¥à¥¤�ç¨. �®á«¥ íâ®£® ã§¥«
®â¯à�¢«ï¥â RTS-á®®¡é¥−¨¥. ‚ á«ãç�¥ ¥£® ¯à¨¥¬� ¡¥§ ª®««¨§¨© è«î§ ¯à®¢®¤¨â
è¨à®ª®¢¥é�â¥«ì−ãî à�ááë«ªã CTS-á®®¡é¥−¨ï, á®¤¥à¦�é¥£® ¨−ä®à¬�æ¨î ®¡
ã§«¥, ª®â®àë© §�©¬¥â ª�−�« á¢®¨¬¨ ¤�−−ë¬¨ ¢ á«¥¤ãîé¨© ¢à¥¬¥−−®© ¨−â¥à¢�«.
“§¥«, −¥ ¯®«ãç¨¢è¨© ®â è«î§� à�§à¥è¥−¨ï −� ¯¥à¥¤�çã ¤�−−ëå ¤® ®ª®−ç�-

÷¨á. 2 ‚à¥¬¥−−�ï ¤¨�£à�¬¬�, ®¯¨áë¢�îé�ï ãá¯¥è−ãî ¯¥à¥¤�çã ¤�−−ëå á ¯®¬®éìî
RTS/CTS-¯à®æ¥¤ãàë: 1 | ®âáà®çª� ¯¥à¥¤�ç¨; 2 | ¯¥à¥¤�ç� á®®¡é¥−¨ï; 3 | ¯à¨¥¬
á®®¡é¥−¨ï; 4 | ¯¥à¨®¤ úª�−�« §�−ïâû; τÒ | §�¤¥à¦ª� à�á¯à®áâà�−¥−¨ï
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−¨ï §�¤�−−®£® â�©¬-�ãâ�, çâ® ¢®§¬®¦−® ¢á«¥¤áâ¢¨¥ ª®««¨§¨¨ RTS-á®®¡é¥−¨©
−� è«î§¥, −�ç¨−�¥â −®¢ãî ¯®¯ëâªã ¯¥à¥¤�ç¨ á ã¢¥«¨ç¥−−®© ®âáà®çª®© ¯¥à¥¤
®â¯à�¢ª®© −®¢®£® RTS-á®®¡é¥−¨ï.

3 Математическая модель процедуры установления соединения
передатчиком

”ã−ªæ¨®−¨à®¢�−¨¥ ¯¥à¥¤�âç¨ª� á®£«�á−® ¯à®æ¥¤ãà¥ ¬−®¦¥áâ¢¥−−®£® ¤®áâã¯�
á ¯à®á«ãè¨¢�−¨¥¬ ª�−�«� ¨ ¯à¥¤®â¢à�é¥−¨¥¬ ª®««¨§¨© ¬®¤¥«¨àã¥âáï á ¯®¬®éìî
æ¥¯¨ Œ�àª®¢� ¢ ¤¨áªà¥â−®¬ ¢à¥¬¥−¨.

�ãáâì ¬−®¦¥áâ¢®X ®¯¨áë¢�¥â ª®−¥ç−®¥ ¯à®áâà�−áâ¢® á®áâ®ï−¨© ¯¥à¥¤�âç¨ª�:

X =
{

idle,backo¨11 , . . . ,backo¨
1
1Tmax ,wait

1, rts1, out1, . . . , cts,data, ack
}

.

‘®£«�á−® [6], ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ ¯¥à¥¤�âç¨ª ¬®¦¥â ¡ëâì ¢ ®¤−®¬ ¨§ ¯¥à¥-
ç¨á«¥−−ëå á®áâ®ï−¨©. ‘®áâ®ï−¨¥ idle ®â¢¥ç�¥â §� á«®â ¢à¥¬¥−¨, ª®£¤� ã á¥−á®à�
−¥â ¤�−−ëå ¤«ï ¯¥à¥¤�ç¨, £¤¥ ¢¥à®ïâ−®áâì ¯¥à¥¤�ç¨ ¤�−−ëå à�¢−� pa. �âáà®çª�
backo¨ ¯¥à¥¤ ®â¯à�¢ª®© ¯®¤¥«¥−� −� á®®â¢¥âáâ¢ãîé¥¥ ç¨á«® á®áâ®ï−¨© backo¨ i

j,
1 ≤ i ≤ N + 1, 1 ≤ j ≤ iTmax, £¤¥ N | ¬�ªá¨¬�«ì−®¥ ç¨á«® ¤®¯ãáâ¨¬ëå
¯®¯ëâ®ª ¯¥à¥¤�ç¨ RTS-á®®¡é¥−¨ï; Tmax | ¬�ªá¨¬�«ì−�ï ¤«¨â¥«ì−®áâì ®âáà®ç-
ª¨ ¤«ï ¯¥à¢®© ¯®¯ëâª¨. ˆ§ backo¨ i

j ¯¥à¥¤�âç¨ª ¬®¦¥â ¯¥à¥©â¨ ¢ á®áâ®ï−¨¥

backo¨ i
j−1 á ¢¥à®ïâ−®áâìî pf ¨«¨ ¢ waiti, 1 ≤ i ≤ N + 1, á ¢¥à®ïâ−®áâìî

1−pf , £¤¥ pf | ¢¥à®ïâ−®áâì â®£®, çâ® ¢ ª�−�«¥ ®âáãâáâ¢ã¥â CTS-á®®¡é¥−¨¥. �à¨
¯¥à¥¤�ç¥ RTS-á®®¡é¥−¨ï á ¢¥à®ïâ−®áâìî p ¬®¦¥â ¢®§−¨ª−ãâì ª®««¨§¨ï ¬¥¦¤ã
RTS-á®®¡é¥−¨ï¬¨. ’�ª¦¥ p ãç¨âë¢�¥â á«ãç�©, ª®£¤� ¯®áâã¯¨¢è¥¥ RTS-á®®¡é¥-
−¨¥ ¨£−®à¨àã¥âáï è«î§®¬ ¢ á¢ï§¨ á ¨áå®¤ïé¥© ¯¥à¥¤�ç¥© CTS-á®®¡é¥−¨ï.

÷¥è¨¢ á¨áâ¥¬ã ãà�¢−¥−¨©, á®®â¢¥âáâ¢ãîéãî æ¥¯¨ Œ�àª®¢� −� à¨á. 3, ¯®«ã-
ç¨¬ á«¥¤ãîé¥¥ à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥©:

pidle +

N+1
∑

i=1

(

pi
rts + p

i
out + p

i
backo¨ + p

i
wait

)

+ pcts + pdata + pack = 1 ;

pi
rts = pap

i−1pidle ;

pi
out = pap

ipidle ;

pi
backo¨ =

iTmax
∑

j=1

pi
backo¨(j) =

= pap
i−1pidle

iTmax + 1

iTmax

pf (p
iTmax
f − iTmax − 1) + iTmax
(1− piTmax+1

f )(1− pf )
;
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÷¨á. 3 –¥¯ì Œ�àª®¢� á ¢®§¬®¦−ë¬¨ á®áâ®ï−¨ï¬¨ ¯¥à¥¤�âç¨ª�

pi
wait = pap

i−1pidle
iTmax + 1

iTmax

pf (p
iTmax
f − iTmax − 1) + iTmax

1− piTmax+1
f

;

pcts = pdata = pack =

N+1
∑

i=1

pap
i−1(1− p)pidle .

�ãáâì χ(t) | ¤«¨â¥«ì−®áâì æ¨ª«� ¯¥à¥¤�ç¨ ¤�−−ëå (−¥§�¢¨á¨¬® ®â
â®£®, §�ª®−ç¨«áï «¨ ®− ãá¯¥è−®© ¯¥à¥¤�ç¥© ¤�−−ëå), ¯à¨â®¬ Ts, s ∈
∈ {idle, rts, out,backo¨,wait, cts,data, ack}, | ¤«¨â¥«ì−®áâì −�å®¦¤¥−¨ï ¢ á®-
®â¢¥âáâ¢ãîé¥¬ á®áâ®ï−¨¨. ’®£¤� áà¥¤−îî ¤«¨â¥«ì−®áâì æ¨ª«� ¯¥à¥¤�ç¨ ¤�−−ëå
¬®¦−® ¢ëà�§¨âì á«¥¤ãîé¨¬ ®¡à�§®¬:

M [χ]pidle =
N+1
∑

i=1

Tsp
i
s =

= pidleTidle +
N+1
∑

i=1

pap
i−1pidle

(

Trts + pTout + (1− p)(Tcts + Tdata + Tack) +

+

(

Twait +
Tbacko¨
1− pf

)(

iTmax + 1

iTmax

)

pf (p
iTmax
f − iTmax − 1) + iTmax

1− piTmax+1
f

)

.
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‚ â�ª®¬ á«ãç�¥ áâ�æ¨®−�à−®¥ à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© á ãç¥â®¬ áà¥¤−¥©
¯à®¤®«¦¨â¥«ì−®áâ¨ ¯¥à¥¤�ç¨ ¤�−−ëå ¡ã¤¥â ¨¬¥âì ¢¨¤:

pRTS =

∑N+1

i=1
pap

i−1Trts

M [χ]
;

pOUT =

∑N+1

i=1
pap

iTout

M [χ]
;

PBACKOFF =

=
1

M [χ]

N+1
∑

i=1

pap
i−1 iTmax + 1

iTmax

pf (p
iTmax
f − iTmax − 1) + iTmax
(

1− piTmax+1
f

)

(1− pf )
Tbacko¨ ;

pWAIT =
1

M [χ]

N+1
∑

i=1

pap
i−1 iTmax + 1

iTmax

pf

(

piTmax
f − iTmax − 1

)

+ iTmax

1− piTmax+1
f

Twait;

pCTS =

∑N+1

i=1
pap

i−1(1− p)Tcts

M [χ]
;

pDATA =

∑N+1

i=1
pap

i−1(1− p)Tdata

M [χ]
;

pACK =

∑N+1

i=1
p1p

i−1(1− p)Tack

M [χ]
.

‘ä®à¬ã«¨àã¥¬ ¢¥à®ïâ−®áâ−®-¢à¥¬¥−−‚ë¥ å�à�ªâ¥à¨áâ¨ª¨, ¯®§¢®«ïîé¨¥ ®æ¥-
−¨âì ¯à®¨§¢®¤¨â¥«ì−®áâì á¨áâ¥¬ë, äã−ªæ¨®−¨àãîé¥© ¢ à¥¦¨¬¥ ¬−®¦¥áâ¢¥−−®£®
¤®áâã¯�. �á−®¢−ãî à®«ì ¡ã¤ãâ ¨£à�âì ¢¥à®ïâ−®áâì ª®««¨§¨¨ p, ¢¥à®ïâ−®áâì
ãá¯¥è−®© ¯¥à¥¤�ç¨ ¤�−−ëå psuccess ¨ ¢¥à®ïâ−®áâì −¥ãá¯¥è−®© ¯¥à¥¤�ç¨ ¤�−−ëå
¯®á«¥ pfailure. Šà®¬¥ â®£®, ¨−â¥à¥á ¯à¥¤áâ�¢«ï¥â ¨§ãç¥−¨¥ áà¥¤−¥© ¤«¨â¥«ì−®áâ¨
æ¨ª«� ¯¥à¥¤�ç¨ ¤�−−ëå M [χ] [7].

�¯à¥¤¥«¨¬ psuccess ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

psuccess =
N+1
∑

i=1

pap
i−1(1− p) .

’®£¤� pfailure ¯à¨¬¥â ¢¨¤:

pfailure = pap
N+1 = 1− psuccess .
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‚¥à®ïâ−®áâì p ¢ëç¨á«ï¥âáï ª�ª à¥è¥−¨¥ âà�−áæ¥−¤¥−â−®£® ãà�¢−¥−¨ï [8]

p = 1− (1− pRTS)
nθ−1 + 1− (1− pCTS)

nθ−1 ;

pf = (1− pCTS)
nθ−1 .

4 Заключение

‚ áâ�âì¥ ¯à¥¤áâ�¢«¥−� ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¯à®â®ª®«� ¬−®¦¥áâ¢¥−−®£® ¤®-
áâã¯� á ¯à®á«ãè¨¢�−¨¥¬ ª�−�«�, ãç¨âë¢�îé�ï ®á®¡¥−−®áâì ¯à¨«®¦¥−¨© ¨−¤ãáâ-
à¨�«ì−®£® ¨−â¥à−¥â� ¢¥é¥©. �à¥¤«®¦¥−ë ¬¥âà¨ª¨ ¤«ï ®æ¥−ª¨ ¯à®¨§¢®¤¨â¥«ì−®-
áâ¨ á¨áâ¥¬ë −� ãà®¢−¥ ¤®áâã¯� ª áà¥¤¥, � â�ª¦¥ áä®à¬ã«¨à®¢�−ë �−�«¨â¨ç¥áª¨¥
¢ëà�¦¥−¨ï ¤«ï −�å®¦¤¥−¨ï ¢¥à®ïâ−®áâ−®-¢à¥¬¥−− �ëå å�à�ªâ¥à¨áâ¨ª, ¢«¨ïîé¨å
−� ¯à®¯ãáª−ãî á¯®á®¡−®áâì.

‚ ¤�«ì−¥©è¥¬ ¯«�−¨àã¥âáï ¯à®¢¥áâ¨ ª®¬¯«¥ªá−ë© �−�«¨§ ¯à®¨§¢®¤¨â¥«ì-
−®áâ¨ á¨áâ¥¬ë, ãç¨âë¢�ï ¯®â¥à¨ ª�ª −� ãà®¢−¥ ¤®áâã¯� ª áà¥¤¥ (MAC layer), â�ª
¨ −� ä¨§¨ç¥áª®¬ ãà®¢−¥ (PHY layer) ¬®¤¥«¨ ¢§�¨¬®¤¥©áâ¢¨ï ®âªàëâëå á¨áâ¥¬.
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OF CARRIER SENSE MULTIPLE ACCESS PROTOCOL

FOR INDUSTRIAL INTERNET OF THINGS APPLICATIONS

A. S. Tsarev1, E. M. Khayrov1, Yu. V. Gaidamaka1,2, and S. Ya. Shorgin2

1Peoples' Friendship University of Russia (RUDN University), 6 Miklukho-
Maklaya Str., Moscow 117198, Russian Federation
2Institute 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: Industrial Internet of Things (IIoT) is one of the key features of
Industry 4.0 that stands for a new approach to design industrial processes using
the latest technological advances. However, before implementing new processes,
it is necessary to understand the characteristics and limitations that arise due to
technical complexity of the system. To solve this problem for some generalized
IIoT use case, a mathematical model of the multiple access protocol with channel
sensing is proposed. This model allows one to estimate the average sensor's data
transmission cycle time, successful data transmission probability, and probability
of a collision during data transmission. Analytical expressions for calculating key
performance metrics at the access layer are proposed.
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�−−®â�æ¨ï: �à®¢¥¤¥−� ®æ¥−ª� −�¤¥¦−®áâ¨ æ¥−âà� ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï
(–Š�) ”ˆ– ˆ“ ÷�� á ãç¥â®¬ ¯®ª�§�â¥«¥© −�¤¥¦−®áâ¨ á®áâ�¢«ïîé¨å ¥£®
á¨áâ¥¬: £¨¡à¨¤−®£® ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®£® ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá�
(ƒ‚‚Š), á¨áâ¥¬ í«¥ªâà®¯¨â�−¨ï ¨ ª®−¤¨æ¨®−¨à®¢�−¨ï. �à®¢¥¤¥− �−�«¨§
¯ãâ¥© ¯®¢ëè¥−¨ï −�¤¥¦−®áâ¨ –Š�. ‘ä®à¬ã«¨à®¢�−ë ®á−®¢−ë¥ ãá«®¢¨ï
®¡¥á¯¥ç¥−¨ï −�¤¥¦−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ¨ ¯®¤¤¥à¦�−¨ï à�¡®â®á¯®á®¡-
−®áâ¨ �¯¯�à�â−ëå ¨ �¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢ (��‘) –Š� ¢ ¯¥à¨®¤ ¨å
íªá¯«ã�â�æ¨¨. „�−ë à¥ª®¬¥−¤�æ¨¨ ¯® ®¡¥á¯¥ç¥−¨î ª�ç¥áâ¢¥−−®£® ¯à®¢¥¤¥−¨ï
à�¡®â ¯® â¥å−¨ç¥áª®¬ã ®¡á«ã¦¨¢�−¨î ¨ à¥¬®−âã ®¡®àã¤®¢�−¨ï.
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1 Введение

‚ [1] ¯à®¢¥¤¥−� ®æ¥−ª� −�¤¥¦−®áâ¨ ƒ‚‚Š ”ˆ– ˆ“ ÷��, ª®â®àë© á®§¤�−
−� ¡�§¥ æ¥−âà� ®¡à�¡®âª¨ ¤�−−ëå (–�„) á ¨á¯®«ì§®¢�−¨¥¬ á¥à¢¥à®¢ �àå¨â¥ªâãàë
POWER à�§«¨ç−ëå ¬®¤¨ä¨ª�æ¨© (á¥à¢¥àë Power 9 ãª®¬¯«¥ªâ®¢�−ë ç¥âëàì¬ï
£à�ä¨ç¥áª¨¬¨ ãáª®à¨â¥«ï¬¨ Tesla V100, � â�ª¦¥ ¨¬¥îâáï á¥à¢¥àë, ®á−�é¥−−ë¥
â®«ìª® ª«�áá¨ç¥áª¨¬¨ ¯à®æ¥áá®à�¬¨ CPU).

’¥å−¨ç¥áª¨¥ áà¥¤áâ¢� –Š� à�á¯®«®¦¥−ë ¢ ¤¢ãå §¤�−¨ïå. ‘à¥¤áâ¢�¬¨
–�„ ®à£�−¨§®¢�−® á¥â¥¢®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ª®¬¯®−¥−â®¢ ƒ‚‚Š ¬¥¦¤ã á®¡®©,
á ¯®«ì§®¢�â¥«ï¬¨ á¨áâ¥¬ë ¨ ¢á¯®¬®£�â¥«ì−ë¬¨ á¥à¢¨á�¬¨, ¯à¥¤®áâ�¢«ï¥¬ë¬¨
®¡«�ç−®© ¨−äà�áâàãªâãà®© –�„ ”ˆ– ˆ“ ÷��.

�® à¥§ã«ìâ�â�¬ à�áç¥â®¢ −�¤¥¦−®áâì ƒ‚‚Š á ãç¥â®¬ ¯®ª�§�â¥«¥© −�¤¥¦−®áâ¨
�¢â®¬�â¨§¨à®¢�−−ëå à�¡®ç¨å ¬¥áâ ¯®«ì§®¢�â¥«¥©, áà¥¤áâ¢ §�é¨âë ¨−ä®à¬�æ¨¨
¨ áâàãªâãà¨à®¢�−−®© ª�¡¥«ì−®© á¨áâ¥¬ë á®áâ�¢¨«� KÇ = 0,999922 . . . 0,999928.

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 18-29-03091, 18-29-03100).
1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

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

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

−�ãª, SDenisov@frccsc.ru
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�¡¥á¯¥ç¥−¨¥ −�¤¥¦−®áâ¨ æ¥−âà� ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï ”ˆ– ˆ“ ÷��

�®¬¨¬® ƒ‚‚Š, à�áá¬®âà¥−−®£® ¢ [1], ¢ á®áâ�¢ –Š� ”ˆ– ˆ“ ÷�� ¢å®¤ïâ
¨ ®¡¥á¯¥ç¨¢�îé¨¥ í«¥¬¥−âë: á¨áâ¥¬� í«¥ªâà®¯¨â�−¨ï ¨ á¨áâ¥¬� ª®−¤¨æ¨®−¨à®-
¢�−¨ï, −�¤¥¦−®áâì ª®â®àëå ¯à¨ ãª�§�−−ëå ¢ëè¥ à�áç¥â�å −¥ ãç¨âë¢�«�áì.

–¥«ì −�áâ®ïé¥© áâ�âì¨ | ®æ¥−ª� −�¤¥¦−®áâ¨ –Š� á ãç¥â®¬ −�¤¥¦−®áâ¨
ƒ‚‚Š (à¥§ã«ìâ�âë ¯®«ãç¥−ë ¢ [1]) ¨ ®¡¥á¯¥ç¨¢�îé¨å ¥£® í«¥¬¥−â®¢, � â�ª¦¥
à�§à�¡®âª� −�¯à�¢«¥−¨© ®¡¥á¯¥ç¥−¨ï −�¤¥¦−®áâ¨ –Š� ¢ ãá«®¢¨ïå ¯®áâ®ï−−®©
íªá¯«ã�â�æ¨¨.

2 Оценка надежности центра коллективного пользования

2.1 Система электропитания

�«¥ªâà®¯¨â�−¨¥ –�„ ®¡¥á¯¥ç¨¢�¥âáï ®â è¥áâ¨ âà�−áä®à¬�â®à®¢ (à¨á. 1).
’à�−áä®à¬�â®àë 1 ¨ 2 ¢ §¤�−¨¨ 1 ¢§�¨¬−® à¥§¥à¢¨àãîâ ¤àã£ ¤àã£� ¢ à¥¦¨-
¬¥ ú£®àïç¥£® à¥§¥à¢�û. �à¨ ¯à®¯�¤�−¨¨ í«¥ªâà®¯¨â�−¨ï −� ¢¢®¤¥ ®á−®¢−®£®
âà�−áä®à¬�â®à� ¨«¨ ¥£® ®âª�§¥ ¯¥à¥ª«îç¥−¨¥ −� à¥§¥à¢−ë© âà�−áä®à¬�â®à ®áã-
é¥áâ¢«ï¥âáï ãáâà®©áâ¢®¬ �¢â®¬�â¨ç¥áª®£® ¢¢®¤� à¥§¥à¢� (�‚÷).

�«¥ªâà®¯¨â�−¨¥ á¥à¢¥à−®£® ®¡®àã¤®¢�−¨ï ƒ‚‚Š ¢ ®¡®¨å §¤�−¨ïå ®¡¥á¯¥ç¨-
¢�¥âáï ç¥à¥§ ¨áâ®ç−¨ª¨ ¡¥á¯¥à¥¡®©−®£® ¯¨â�−¨ï (ˆ��). „àã£®¥ ®¡®àã¤®¢�−¨¥
(ª®−¤¨æ¨®−¥àë, �¢â®¬�â¨§¨à®¢�−−ë¥ à�¡®ç¨¥ ¬¥áâ� ¨ ¤à.) ç¥à¥§ á¥âì í«¥ªâà®¯¨-
â�−¨ï ¯®¤ª«îç�¥âáï −¥¯®áà¥¤áâ¢¥−−® ª à�á¯à¥¤¥«¨â¥«ì−ë¬ èª�ä�¬ (÷˜).

÷¨á. 1 ‘âàãªâãà−�ï áå¥¬� á¨áâ¥¬ë í«¥ªâà®¯¨â�−¨ï –Š�
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÷¨á. 2 �ª¢¨¢�«¥−â−�ï áå¥¬� ¤«ï à�áç¥â� −�¤¥¦−®áâ¨ á¨áâ¥¬ë í«¥ªâà®¯¨â�−¨ï ¢ §¤�−¨¨ 1

‚ §¤�−¨¨ 2 í«¥ªâà®¯¨â�−¨¥ ®¡¥á¯¥ç¨¢�¥âáï ®â ç¥âëà¥å âà�−áä®à¬�â®à®¢.
’à�−áä®à¬�â®àë 3 ¨ 4 ¯®¤ª«îç¥−ë ª ¢¢®¤ã 3, âà�−áä®à¬�â®àë 5 ¨ 6 | ª ¢¢®¤ã 4.
‚ æ¥«ïå à¥§¥à¢¨à®¢�−¨ï í«¥ªâà®¯¨â�−¨ï ¢ á«ãç�¥ ¢ëå®¤� ¨§ áâà®ï ¢¢®¤� 3 ¨«¨ 4
âà�−áä®à¬�â®àë 3 ¨ 5 ¯®¤ª«îç¥−ë ª ®¡é¥© è¨−¥, âà�−áä®à¬�â®àë 4 ¨ 6 |
ª ¤àã£®© ®¡é¥© è¨−¥. Š ª�¦¤®© ¨§ è¨− ¯®¤ª«îç¥−ë á¢®¨ £àã¯¯ë ¯®«ì§®¢�â¥«¥©.

Š�¦¤ë© ¨§ ¤¢ãå âà�−áä®à¬�â®à®¢, ¯®¤ª«îç¥−−ëå ª è¨−¥, á¯®á®¡¥− ¢ ®¤¨-
−®çªã ®¡¥á¯¥ç¨âì −�£àã§ªã ®â ¯®¤ª«îç¥−−®£® ª è¨−¥ ®¡®àã¤®¢�−¨ï.

�æ¥−¨¬ −�¤¥¦−®áâì ¯à¥¤áâ�¢«¥−−®© á¨áâ¥¬ë í«¥ªâà®¯¨â�−¨ï. „«ï íâ®£®
áä®à¬ã«¨àã¥¬ ¯®−ïâ¨¥ ¥¥ ú®âª�§�û.

�®¤ ®âª�§®¬ á¨áâ¥¬ë í«¥ªâà®¯¨â�−¨ï ¡ã¤¥¬ ¯®−¨¬�âì á®¡ëâ¨¥, §�ª«îç�îé¥-
¥áï ¢ ¯à¥ªà�é¥−¨¨ ¯®¤�ç¨ í«¥ªâà®í−¥à£¨¨ −� ®¡®àã¤®¢�−¨¥ ƒ‚‚Š ¨ âà¥¡ãîé¥¥
¤«ï ¢®§®¡−®¢«¥−¨ï ¯®¤�ç¨ í«¥ªâà®í−¥à£¨¨ ¯à®¢¥¤¥−¨ï à¥¬®−â−ëå à�¡®â á ¯à¨-
¢«¥ç¥−¨¥¬ ®¡á«ã¦¨¢�îé¥£® ¯¥àá®−�«�.

�æ¥−ªã −�¤¥¦−®áâ¨ á¨áâ¥¬ë í«¥ªâà®¯¨â�−¨ï ¯à®¢¥¤¥¬ á ¨á¯®«ì§®¢�−¨¥¬
íª¢¨¢�«¥−â−®© áå¥¬ë ¤«ï à�áç¥â� −�¤¥¦−®áâ¨ [2]. Œ¥â®¤¨ªã à�áç¥â� à�áá¬®âà¨¬
−� ¯à¨¬¥à¥ §¤�−¨ï 1.

�ª¢¨¢�«¥−â−�ï áå¥¬� ¤«ï à�áç¥â� −�¤¥¦−®áâ¨ á¨áâ¥¬ë í«¥ªâà®¯¨â�−¨ï ¢ §¤�-
−¨¨ 1 ¯à¥¤áâ�¢«¥−� −� à¨á. 2.

�â� íª¢¨¢�«¥−â−�ï áå¥¬� ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®á«¥¤®¢�â¥«ì−®-¯�à�««¥«ì−®¥
á®¥¤¨−¥−¨¥ í«¥¬¥−â®¢ á¨áâ¥¬ë í«¥ªâà®¯¨â�−¨ï.

�à¨ ¯®á«¥¤®¢�â¥«ì−®¬ á®¥¤¨−¥−¨¨ n í«¥¬¥−â®¢ á¨áâ¥¬ë ¢ á«ãç�¥ íªá¯®−¥−-
æ¨�«ì−®£® à�á¯à¥¤¥«¥−¨ï ¤«ï áà¥¤−¨å ¢à¥¬¥− ¡¥§®âª�§−®© à�¡®âë á¨áâ¥¬ë (TÏÓ)
¨ k-£® í«¥¬¥−â� (TÏk) ¯®«ãç�¥¬ [3, 4]:

TÏÓ =

(

n
∑

k=1

1

Tok

)−1

. (1)

�à¨ ¯�à�««¥«ì−®¬ á®¥¤¨−¥−¨¨ n í«¥¬¥−â®¢ á¨áâ¥¬ë ¤«ï á«ãç�ï, ª®£¤� ¢á¥
í«¥¬¥−âë ®¤¨−�ª®¢ë¥ (Tik = TÏ) ¨ ®âª�§ë í«¥¬¥−â®¢ −¥§�¢¨á¨¬ë ¬¥¦¤ã á®¡®©,
� TÏ ≫ T×, £¤¥ T×| ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï á¨áâ¥¬ë, ¤«ï ®æ¥−ª¨ áà¥¤−¥£® ¢à¥¬¥−¨
¡¥§®âª�§−®© à�¡®âë á¨áâ¥¬ë (TÏÒ) ¬®¦−® ¢®á¯®«ì§®¢�âìáï ¢ëà�¦¥−¨¥¬ [3]:

TÏÒ = TÏ

n
∑

k=1

1

k
= TÏ

(

1 +
1

2
+
1

3
+ · · · + 1

n

)

. (2)
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’�¡«¨æ� 1 ˆáå®¤−ë¥ ¤�−−ë¥ ¯® −�¤¥¦−®áâ¨ í«¥¬¥−â®¢ –Š�

“áâà®©áâ¢® TÏ, ç KÇ
’à�−áä®à¬�â®à 1 ¨ 2 260 000 0,999992
’à�−áä®à¬�â®à 3{6 400 000 0,999995
“áâà®©áâ¢® �‚÷ 500 000 0,999996
ˆ�� 1 1 000 000 0,999998
ˆ�� 2 250 000 0,999992
÷�á¯à¥¤¥«¨â¥«ì−ë© é¨â 500 000 0,999996
‘¥âì í«¥ªâà®¯¨â�−¨ï 1 ¨ 2 400 000 0,999995
‚¢®¤ 1{4 300 000 0,999993
Š®−¤¨æ¨®−¥à â¨¯� 1 (üü 1{6) 22 500 0,99998
Š®−¤¨æ¨®−¥à â¨¯� 2 (üü 7{10) 40 000 0,999988

Š®íää¨æ¨¥−â £®â®¢−®áâ¨ ®æ¥−¨¬ á ¨á¯®«ì§®¢�−¨¥¬ ¢ëà�¦¥−¨ï [3]:

KÇ =
TÏ

TÏ + T×
. (3)

ˆá¯®«ì§ãï ¢ëà�¦¥−¨ï (1){(3) ¨ ¤�−−ë¥ ¨§ â�¡«. 1, ¯à¨ T× = 2 ç ¯®«ãç¨¬
á«¥¤ãîé¨¥ ª®«¨ç¥áâ¢¥−−ë¥ §−�ç¥−¨ï −�¤¥¦−®áâ¨ ¯®¤á¨áâ¥¬ë í«¥ªâà®¯¨â�−¨ï:

{ ¢ §¤�−¨¨ 1: Toc1 = 99363 ç; KÇ1 = 0,99998;

{ ¢ §¤�−¨¨ 2: Toc2 = 84459 ç; KÇ2 = 0,999979.

2.2 Система кондиционирования

‚ á®áâ�¢ á¨áâ¥¬ë ª®−¤¨æ¨®−¨à®-

÷¨á. 3 ‘âàãªâãà−�ï áå¥¬� á¨áâ¥¬ë ª®−¤¨-
æ¨®−¨à®¢�−¨ï ƒ‚‚Š

¢�−¨ï –�„ (à¨á. 3) ¢å®¤ïâ 10 ª®−-
¤¨æ¨®−¥à®¢. ”ã−ªæ¨®−¨à®¢�−¨¥
á¥à¢¥à−®£® ®¡®àã¤®¢�−¨ï ¢ §¤�−¨¨ 1
®¡¥á¯¥ç¨¢�îâ ν1 = 6 ª®−¤¨æ¨®-
−¥à®¢. �®à¬�«ì−ãî â¥¬¯¥à�âãàã
¢ ¯®¬¥é¥−¨¨ ®¡¥á¯¥ç¨¢�îâ n1 =
= 4 ª®−¤¨æ¨®−¥à�. „¢� ª®−¤¨æ¨-
®−¥à� ¨á¯®«ì§ãîâáï ¢ ª�ç¥áâ¢¥ à¥-
§¥à¢−ëå ¨ ¯®¤ª«îç�îâáï ¢ á«ãç�¥
¯®¢ëè¥−¨ï â¥¬¯¥à�âãàë ¢ ®å«�¦¤�-
¥¬®¬ ¯®¬¥é¥−¨¨ ¢ëè¥ ¤®¯ãáâ¨-
¬®£® §−�ç¥−¨ï «¨¡® ¢ á«ãç�¥
¢ëå®¤� ¨§ áâà®ï ¨«¨ ¯à®¢¥¤¥-
−¨ï ¯à®ä¨«�ªâ¨ª¨ −� ª®−¤¨æ¨®-
−¥à�å, ¨á¯®«ì§ã¥¬ëå ¢ ª�ç¥áâ¢¥
®á−®¢−ëå.
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÷¨á. 4 ÷�áç¥â−®-«®£¨ç¥áª�ï áå¥¬� ¤«ï à�áç¥â� −�¤¥¦−®áâ¨ á¨áâ¥¬ë ª®−¤¨æ¨®−¨à®¢�−¨ï

‚ §¤�−¨¨ 2 ¢ á®áâ�¢ á¨áâ¥¬ë ¢å®¤ïâ ν2 = 4 ª®−¤¨æ¨®−¥à�, âà¨ ¨§ ª®â®àëå
¨á¯®«ì§ãîâáï ¢ ª�ç¥áâ¢¥ ®á−®¢−ëå (n2 = 3) ¨ ®¤¨− à¥§¥à¢−ë©.

÷¥§¥à¢−ë¥ ª®−¤¨æ¨®−¥àë ¯®¤ª«îç�îâáï �¢â®¬�â¨ç¥áª¨ ¯à¨ ¯®¢ëè¥−¨¨ â¥¬-
¯¥à�âãàë ¢ ®å«�¦¤�¥¬®¬ ¯®¬¥é¥−¨¨ ¢ëè¥ ãáâ�−®¢«¥−−®£® §−�ç¥−¨ï. ‚á¥ ª®−¤¨-
æ¨®−¥àë ¢§�¨¬®§�¬¥−ï¥¬ë, ¯®íâ®¬ã ¢ ª�ç¥áâ¢¥ à¥§¥à¢−ëå ¬®£ãâ ¨á¯®«ì§®¢�âìáï
«î¡ë¥ ¨§ ãáâ�−®¢«¥−−ëå ¢ §¤�−¨ïå ª®−¤¨æ¨®−¥à®¢.

�®¤ ®âª�§®¬ ¯®¤á¨áâ¥¬ë ª®−¤¨æ¨®−¨à®¢�−¨ï ¡ã¤¥¬ ¯®−¨¬�âì á®¡ëâ¨¥, §�-
ª«îç�îé¥¥áï ¢ á−¨¦¥−¨¨ ç¨á«� à�¡®â®á¯®á®¡−ëå ª®−¤¨æ¨®−¥à®¢ ¢ ¯®¬¥é¥−¨¨
−¨¦¥ ¬¨−¨¬�«ì−® −¥®¡å®¤¨¬®£® ¨ âà¥¡ãîé¥¥ ¤«ï ¢®ááâ�−®¢«¥−¨ï ®âª�§�¢è¨å
ª®−¤¨æ¨®−¥à®¢ ¯à®¢¥¤¥−¨ï à¥¬®−â−ëå à�¡®â á ¯à¨¢«¥ç¥−¨¥¬ ®¡á«ã¦¨¢�îé¥£®
¯¥àá®−�«�.

„«ï à�áç¥â� −�¤¥¦−®áâ¨ â¥å−¨ç¥áª®© á¨áâ¥¬ë (’‘) ¯à¨ ¨á¯®«ì§®¢�−¨¨ áâàãª-
âãà−®£® à¥§¥à¢¨à®¢�−¨ï ®¡ëç−® á®áâ�¢«ï¥âáï à�áç¥â−®-«®£¨ç¥áª�ï áå¥¬� à¥§¥à-
¢¨à®¢�−−®© á¨áâ¥¬ë (à¨á. 4).

‚ â¥®à¨¨ −�¤¥¦−®áâ¨ áå¥¬ë, ¯à¥¤áâ�¢«¥−−ë¥ −� à¨á. 4, ®â−®áïâáï ª á¨áâ¥¬�¬
á −¥−�£àã¦¥−−ë¬ à¥§¥à¢®¬ ¯à¨ à¥§¥à¢¨à®¢�−¨¨ á ¤à®¡−®© ªà�â−®áâìî, ¢ ª®â®àëå
®âª�§ ®¤−®£® ¨§ n ®á−®¢−ëå ®¤−®â¨¯−ëå í«¥¬¥−â®¢ ¯à¨¢®¤¨â ª ¢ª«îç¥−¨î −� ¥£®
¬¥áâ® ®¤−®£® ¨§ (ν − n) à¥§¥à¢−ëå. �à¨ íâ®¬ ¯®«�£�îâ, çâ® í«¥¬¥−âë, −�å®-
¤ïé¨¥áï ¢ à¥§¥à¢¥, ®âª�§ë¢�âì −¥ ¬®£ãâ ¤® ¨å ¢ª«îç¥−¨ï −� ¬¥áâ® ®âª�§�¢è¥£®
®á−®¢−®£® í«¥¬¥−â�.

ˆáå®¤ï ¨§ íâ®£® ãá«®¢¨ï ¨ ãç¨âë¢�ï, çâ® ¢ ¯à®æ¥áá¥ −®à¬�«ì−®£® äã−ªæ¨®-
−¨à®¢�−¨ï ’‘ ¢ à�¡®â¥ −�å®¤ïâáï ¯®áâ®ï−−® n í«¥¬¥−â®¢, áà¥¤−ïï −�à�¡®âª� ¤®
®âª�§� (ToTC) á¨áâ¥¬ë ¢ æ¥«®¬ §� ¢à¥¬ï t ¯à¨ íªá¯®−¥−æ¨�«ì−®¬ à�á¯à¥¤¥«¥−¨¨
¬®¦¥â ®¯à¥¤¥«ïâìáï ¨§ á«¥¤ãîé¥£® ¢ëà�¦¥−¨ï [3]:

ToTC = TÏ
ν − n+ 1

n
, (4)

£¤¥ TÏ | áà¥¤−ïï −�à�¡®âª� −� ®âª�§ ®á−®¢−®£® ¨ à¥§¥à¢−®£® í«¥¬¥−â�.
Š®íää¨æ¨¥−â £®â®¢−®áâ¨ á¨áâ¥¬ë ®æ¥−¨¬ ¯à¨ T× = 0,5 ç.
ˆá¯®«ì§ãï à�áç¥â−ë¥ ¢ëà�¦¥−¨ï (3) ¨ (4), ®æ¥−¨¬ ª®«¨ç¥áâ¢¥−−ë¥ §−�ç¥−¨ï

−�¤¥¦−®áâ¨ ¯®¤á¨áâ¥¬ë ª®−¤¨æ¨®−¨à®¢�−¨ï á ¨á¯®«ì§®¢�−¨¥¬ ¨áå®¤−ëå ¤�−−ëå,
¯à¥¤áâ�¢«¥−−ëå ¢ â�¡«. 1. �®«ãç¨¬:

{ ¢ §¤�−¨¨ 1: KÇôó1 = 0,99997; ToTC1 = 16875 ç;

{ ¢ §¤�−¨¨ 2: KÇôó2 = 0,999981; ToTC2 = 26667 ç.
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÷¨á. 5 �ª¢¨¢�«¥−â−�ï áå¥¬� ¤«ï à�áç¥â� −�¤¥¦−®áâ¨ –Š�

’�¡«¨æ� 2 ÷¥§ã«ìâ�âë ®æ¥−ª¨ −�¤¥¦−®áâ¨ –Š� ¨ ¥£® í«¥¬¥−â®¢

�æ¥−¨¢�¥¬�ï á¨áâ¥¬� ‡¤�−¨¥ TÏ, ç KÇ
ƒ‚‚Š∗ 6 944 0,999922{0,999928
‚ëç¨á«¨â¥«ì−�ï ¨−äà�áâàãªâãà� ƒ‚‚Š∗ 131 578 0,9999962{0,9999977

‘¨áâ¥¬� í«¥ªâà®¯¨â�−¨ï
1 99 363 0,99998
2 84 459 0,999976

‘¨áâ¥¬� ª®−¤¨æ¨®−¨à®¢�−¨ï
1 16 875 0,99997
2 26 667 0,999981

–¥−âà ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï 3 808 0,99987
∗�æ¥−ª� −�¤¥¦−®áâ¨ ¯à®¢¥¤¥−� ¢ [1].

�æ¥−¨¬ ¯®ª�§�â¥«¨ −�¤¥¦−®áâ¨ –Š� ¢ æ¥«®¬.
�®¤ ®âª�§®¬ –Š� ¡ã¤¥¬ ¯®−¨¬�âì á®¡ëâ¨¥, §�ª«îç�îé¥¥áï ¢ ¯à¥ªà�é¥−¨¨

ƒ‚‚Š à¥è¥−¨ï §�¤�ç ¯® ¯à¨ç¨−¥ −¥¨á¯à�¢−®áâ¨ �¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢
–Š� ¨ âà¥¡ãîé¥¥ ¤«ï ¢®ááâ�−®¢«¥−¨ï ¯à®æ¥áá� äã−ªæ¨®−¨à®¢�−¨ï ¯à®¢¥¤¥−¨ï
à¥¬®−â−ëå à�¡®â á ¯à¨¢«¥ç¥−¨¥¬ ®¡á«ã¦¨¢�îé¥£® ¯¥àá®−�«�.

‘ ãç¥â®¬ ¯à¨−ïâ®£® ¯®−ïâ¨ï ú®âª�§�û á®áâ�¢¨¬ íª¢¨¢�«¥−â−ãî áå¥¬ã ¤«ï
à�áç¥â� −�¤¥¦−®áâ¨ æ¥−âà� ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï (à¨á. 5).

ˆá¯®«ì§ãï ¢ëà�¦¥−¨ï (2) ¨ (3), ®æ¥−¨¬ −�¤¥¦−®áâì ¯à¥¤áâ�¢«¥−−®© áå¥¬ë.
�®«ãç¨¬: Toãëð = 3808 ç; KÇãëð = 0,99987.

÷¥§ã«ìâ�âë ¯à®¢¥¤¥−−ëå ¢ëè¥ à�áç¥â®¢ ®âà�¦¥−ë ¢ â�¡«. 2.
�−�«¨§ à¥§ã«ìâ�â®¢, ¯à¥¤áâ�¢«¥−−ëå ¢ â�¡«. 2, ¯®§¢®«ï¥â á¤¥«�âì ¢ë¢®¤, çâ®

¯®ª�§�â¥«¨ −�¤¥¦−®áâ¨ ƒ‚‚Š (KÇ) ¨ á¨áâ¥¬, ®¡¥á¯¥ç¨¢�îé¨å ¥£® äã−ªæ¨®−¨-
à®¢�−¨¥ (í«¥ªâà®¯¨â�−¨ï ¨ ª®−¤¨æ¨®−¨à®¢�−¨ï), á®áâ�¢«ïîâ ¢¥«¨ç¨−ë ®¤−®£®
¯®àï¤ª�, çâ® ®â¢¥ç�¥â âà¥¡®¢�−¨ï¬ ¯® ®¡¥á¯¥ç¥−¨î à�¢−®¯à®ç−®áâ¨ í«¥¬¥−â®¢
–Š�.

3 Обеспечение надежности центра коллективного пользования
в условиях постоянной эксплуатации

�¡®¡é¥−¨¥ ¨ �−�«¨§ ®¯ëâ� íªá¯«ã�â�æ¨¨ á¨áâ¥¬, �−�«®£¨ç−ëå –Š�, ¯®-
ª�§ë¢�¥â, çâ® ®á−®¢−ë¬¨ ãá«®¢¨ï¬¨ ®¡¥á¯¥ç¥−¨ï −�¤¥¦−®áâ¨ äã−ªæ¨®−¨à®¢�-
−¨ï ¨ ¯®¤¤¥à¦�−¨ï à�¡®â®á¯®á®¡−®áâ¨ �¯¯�à�â−ëå ¨ �¯¯�à�â−®-¯à®£à�¬¬−ëå
áà¥¤áâ¢ ¢ á®áâ�¢¥ á®¢à¥¬¥−−ëå á«®¦−ëå ’‘, á®§¤�−−ëå −� ®á−®¢¥ −�ãª®¥¬ª¨å
â¥å−®«®£¨©, ¢ ¯¥à¨®¤ ¨å íªá¯«ã�â�æ¨¨ ï¢«ïîâáï:
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1. Š�ç¥áâ¢¥−−�ï ®à£�−¨§�æ¨ï íªá¯«ã�â�æ¨¨ ��‘, ¢ å®¤¥ ª®â®à®© ¤®«¦−ë ¡ëâì
®à£�−¨§®¢�−ë ¨ ¯à®¢®¤¨âìáï á«¥¤ãîé¨¥ ¬¥à®¯à¨ïâ¨ï:

{ ¢ë¯®«−¥−¨¥ ãáâ�−®¢«¥−−ëå ¢ â¥å−¨ç¥áª¨å ®¯¨á�−¨ïå ¨ ¨−áâàãªæ¨ïå ¯®
íªá¯«ã�â�æ¨¨ ãá«®¢¨© ¨ ¯à�¢¨« ¯à¨¬¥−¥−¨ï â¥å−¨ç¥áª¨å ¨ ¯à®£à�¬¬−ëå
áà¥¤áâ¢;

{ ä®à¬¨à®¢�−¨¥ ¨ ¯®¤¤¥à¦�−¨¥ à�æ¨®−�«ì−®£® ª®¬¯«¥ªâ� §�¯�á−ëå ç�á-
â¥©, ¨−áâàã¬¥−â®¢ ¨ ¯à¨−�¤«¥¦−®áâ¥©, ®¯â¨¬¨§�æ¨ï ¥£® á®áâ�¢� ¯® −®-
¬¥−ª«�âãà¥ ¨ ª®«¨ç¥áâ¢ã;

{ ¨á¯®«ì§®¢�−¨¥ ¨§¬¥à¨â¥«ì−®© ¨ ¯à®¢¥à®ç−®© �¯¯�à�âãàë ¨ ¯à®£à�¬¬−ëå
áà¥¤áâ¢ ¤¨�£−®áâ¨ª¨ â¥å−¨ç¥áª¨å ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢;

{ ¯®¤¤¥à¦�−¨¥ âà¥¡ã¥¬®© ª¢�«¨ä¨ª�æ¨¨ ¯®«ì§®¢�â¥«¥©, �¤¬¨−¨áâà�â®à®¢
¨ ®¡á«ã¦¨¢�îé¥£® ¯¥àá®−�«� –Š� §� áç¥â ®¡ãç¥−¨ï ¯® á¯¥æ¨�«ì−®áâ¨,
á�¬®áâ®ïâ¥«ì−®£® ¨§ãç¥−¨ï â¥å−¨ç¥áª®© ¨ íªá¯«ã�â�æ¨®−−®© ¤®ªã¬¥−â�-
æ¨¨ −� ®¡ê¥ªâ¥.

2. ‘¢®¥¢à¥¬¥−−®¥ ¨ ª�ç¥áâ¢¥−−®¥ ¯à®¢¥¤¥−¨¥ â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï,
¢ª«îç�ï ¤¨�£−®áâ¨ªã â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¢ æ¥«ïå à�−−¥£® ¢ëï¢«¥−¨ï ¯à¨-
ç¨− ®âª�§®¢ ¨ ¯à¨−ïâ¨ï ¬¥à ¯® ¨å ãáâà�−¥−¨î.

3. �¡¥á¯¥ç¥−¨¥ ¢−¥è−¨å ãá«®¢¨© äã−ªæ¨®−¨à®¢�−¨ï –Š� ¢ á®®â¢¥âáâ¢¨¨
á âà¥¡®¢�−¨ï¬¨, ãáâ�−®¢«¥−−ë¬¨ ¢ â¥å−¨ç¥áª®© ¤®ªã¬¥−â�æ¨¨ −� ¨§¤¥«¨¥
(¯®¤¤¥à¦�−¨¥ âà¥¡ã¥¬®£® â¥¬¯¥à�âãà−®-¢«�¦−®áâ−®£® à¥¦¨¬�, ®¡¥á¯¥ç¥−¨¥
âà¥¡ã¥¬ëå ¯�à�¬¥âà®¢ ª�ç¥áâ¢� á¥â¨ í«¥ªâà®¯¨â�−¨ï, á®åà�−¥−¨¥ §�¤�−−ëå
¯�à�¬¥âà®¢ §�§¥¬«¥−¨ï ¨ ¤à.).

�−�«¨§ §�¤�ç â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï ¨ à¥¬®−â� ¯®§¢®«ï¥â ¢ë¤¥«¨âì
á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï à�¡®â ¯® ®¡¥á¯¥ç¥−¨î −�¤¥¦−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï
�¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢ –Š�.

1. �¡¥á¯¥ç¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨ â¥å−¨ç¥áª¨å áà¥¤áâ¢. �à¨ à¥è¥−¨¨ ¤�−−®©
§�¤�ç¨ −¥®¡å®¤¨¬® ®áãé¥áâ¢«ïâì ¨å ¤¨�£−®áâ¨ªã, �−�«¨§ ¨ ¯à®£−®§¨à®¢�−¨¥
á®áâ®ï−¨ï.

2. �¡¥á¯¥ç¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨ ®¯¥à�æ¨®−−ëå á¨áâ¥¬ ¨ ¯à¨ª«�¤−®£® ¯à®-
£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï. �à®¢¥¤¥−¨¥ â¥áâ¨à®¢�−¨ï ¯à®£à�¬¬−ëå áà¥¤áâ¢
¤®«¦−® ®áãé¥áâ¢«ïâìáï â�ª¨¬ ®¡à�§®¬, çâ®¡ë −¥ â®«ìª® ®¡−�àã¦¨¢�âì, −®
¨ ¯à¥¤ã¯à¥¦¤�âì ¤¥ä¥ªâë ¢ ¨å á®áâ�¢¥.

3. �¡¥á¯¥ç¥−¨¥ æ¥«®áâ−®áâ¨, á®åà�−−®áâ¨ ¨ à�¡®â®á¯®á®¡−®áâ¨ ¨−ä®à¬�æ¨®−-
−ëå ¬�áá¨¢®¢. „�−−�ï §�¤�ç� á¢®¤¨âáï ª à¥§¥à¢−®¬ã �àå¨¢¨à®¢�−¨î ¤�−−ëå
¨ ®¡¥á¯¥ç¥−¨î ¨å §�é¨âë ®â ¢¨àãá®¢.

4. �¡¥á¯¥ç¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨ ¯¥à¨ä¥à¨©−®£®, á¥â¥¢®£® ¨ ª®¬¬ã−¨ª�æ¨-
®−−®£® ®¡®àã¤®¢�−¨ï.

5. ‘¡®à, �−�«¨§ ¨ ®¡à�¡®âª� áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå ®¡ ®âª�§�å, á¡®ïå ¨ ¤àã£¨å
�¢�à¨©−ëå á¨âã�æ¨ïå, á¢ï§�−−ëå á â¥å−¨ç¥áª¨¬¨ ¨ ¯à®£à�¬¬−ë¬¨ áà¥¤áâ-
¢�¬¨.
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�¡¥á¯¥ç¥−¨¥ −�¤¥¦−®áâ¨ æ¥−âà� ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï ”ˆ– ˆ“ ÷��

Œ¥â®¤ë ®¡¥á¯¥ç¥−¨ï à�¡®â®á¯®á®¡−®áâ¨ �¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢
¬®¦−® à�§¤¥«¨âì −� �ªâ¨¢−ë¥ ¨ ¯�áá¨¢−ë¥.

Š ®á−®¢−ë¬ �ªâ¨¢−ë¬ ¬¥â®¤�¬ ®¡¥á¯¥ç¥−¨ï à�¡®â®á¯®á®¡−®áâ¨ ��‘ ®â−®-
áïâáï:

{ ã¤�«¥−¨¥ ¯ë«¨ ¨ §�£àï§−¥−¨© á ¢¥−â¨«ïæ¨®−−ëå ãáâà®©áâ¢ â¥å−¨ç¥áª¨å
áà¥¤áâ¢ ¨ ª®¬¯®−¥−â®¢ ¨å ¢−ãâà¥−−¥£® ¬®−â�¦�;

{ à¥§¥à¢−®¥ ª®¯¨à®¢�−¨¥ á¨áâ¥¬ë, ¯®§¢®«ïîé¥¥ ¢®ááâ�−®¢¨âì à�¡®â®á¯®á®¡-
−®áâì ¯à¨ ªàã¯−®¬ �¯¯�à�â−®-¯à®£à�¬¬−®¬ á¡®¥ (®âª�§¥);

{ ¤¨�£−®áâ¨ª� ¨ ®¡á«ã¦¨¢�−¨¥ −�ª®¯¨â¥«¥© −� ¦¥áâª¨å ¬�£−¨â−ëå ¤¨áª�å
(�†Œ„) −� ®á−®¢¥ â¥áâ¨à®¢�−¨ï ¨å ä¨§¨ç¥áª¨å ¯®¢¥àå−®áâ¥© á ¯à¨¬¥−¥−¨-
¥¬ ¨§¢¥áâ−ëå ãâ¨«¨â, ¯® à¥§ã«ìâ�â�¬ â¥áâ¨à®¢�−¨ï �†Œ„ ¯à®£−®§¨à®¢�−¨¥
¢®§¬®¦−®áâ¨ ¯à®¤®«¦¥−¨ï ¨å íªá¯«ã�â�æ¨¨ ¤® ®ç¥à¥¤−®£® â¥å−¨ç¥áª®£® ®¡-
á«ã¦¨¢�−¨ï;

{ ¤¥äà�£¬¥−â�æ¨ï ä�©«®¢;

{ á¢®¥¢à¥¬¥−−®¥ ®¡−®¢«¥−¨¥ ¡�§ ¢ á®áâ�¢¥ �−â¨¢¨àãá−ëå áà¥¤áâ¢.

��áá¨¢−ë¥ ¬¥â®¤ë ®¡ëç−® −�¯à�¢«¥−ë −� §�é¨âã ��‘ ®â ¢−¥è−¨å −¥¡«�-
£®¯à¨ïâ−ëå ¢®§¤¥©áâ¢¨©. ÷¥çì ¨¤¥â ®¡ ãáâ�−®¢ª¥ §�é¨â−ëå ãáâà®©áâ¢ ¢ á¥â¨
í«¥ªâà®¯¨â�−¨ï, ¯®¤¤¥à¦�−¨¨ ç¨áâ®âë ¨ ¯à¨¥¬«¥¬ëå â¥¬¯¥à�âãà−®-¢«�¦−®áâ-
−ëå å�à�ªâ¥à¨áâ¨ª ¢ ¯®¬¥é¥−¨ïå, £¤¥ ãáâ�−®¢«¥−ë ��‘, ã¬¥−ìè¥−¨¨ ãà®¢−ï
¢¨¡à�æ¨¨, á®åà�−¥−¨¨ §�¤�−−ëå ¯�à�¬¥âà®¢ §�§¥¬«¥−¨ï ¨ â. ¯.

4 Заключение

1. �®ª�§�â¥«¨ −�¤¥¦−®áâ¨ ƒ‚‚Š ¨ á¨áâ¥¬, ®¡¥á¯¥ç¨¢�îé¨å ¥£® äã−ªæ¨®-
−¨à®¢�−¨¥ (í«¥ªâà®¯¨â�−¨ï ¨ ª®−¤¨æ¨®−¨à®¢�−¨ï), á®áâ�¢«ïîâ ¢¥«¨ç¨−ë
®¤−®£® ¯®àï¤ª�, çâ® ®â¢¥ç�¥â âà¥¡®¢�−¨ï¬ ¯® ®¡¥á¯¥ç¥−¨î à�¢−®¯à®ç−®áâ¨
í«¥¬¥−â®¢ –Š�.

2. �¡¥á¯¥ç¥−¨¥ −�¤¥¦−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï –Š� ”ˆ– ˆ“ ÷�� −� ¤®-
áâ¨£−ãâ®¬ ãà®¢−¥ ¢ ¯à®æ¥áá¥ íªá¯«ã�â�æ¨¨ ¢®§¬®¦−® §� áç¥â:

{ ¢ë¯®«−¥−¨ï ãáâ�−®¢«¥−−ëå ¢ â¥å−¨ç¥áª¨å ®¯¨á�−¨ïå ¨ ¨−áâàãªæ¨ïå ¯®
íªá¯«ã�â�æ¨¨ ãá«®¢¨© ¨ ¯à�¢¨« ¯à¨¬¥−¥−¨ï â¥å−¨ç¥áª¨å ¨ ¯à®£à�¬¬−ëå
áà¥¤áâ¢;

{ á¢®¥¢à¥¬¥−−®£® ¨ ª�ç¥áâ¢¥−−®£® ¯à®¢¥¤¥−¨ï â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�-
−¨ï, ¢ª«îç�ï ¤¨�£−®áâ¨ªã â¥å−¨ç¥áª¨å ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢ ¢ æ¥«ïå
à�−−¥£® ¢ëï¢«¥−¨ï ¯à¨ç¨− ®âª�§®¢ ¨ ¯à¨−ïâ¨ï ¬¥à ¯® ¨å ãáâà�−¥−¨î;

{ à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï á¨áâ¥¬ë;

{ âé�â¥«ì−®£® ¯à®¢¥¤¥−¨ï á¡®à�, �−�«¨§� ¨ ®¡à�¡®âª¨ áâ�â¨áâ¨ç¥áª¨å
¤�−−ëå ®¡ ®âª�§�å, á¡®ïå ¨ ¤àã£¨å �¢�à¨©−ëå á¨âã�æ¨ïå, á¢ï§�−−ëå
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á â¥å−¨ç¥áª¨¬¨ ¨ ¯à®£à�¬¬−ë¬¨ áà¥¤áâ¢�¬¨ á æ¥«ìî ¢ëï¢«¥−¨ï ¯à¨-
ç¨− −�¨¡®«¥¥ ç�áâëå −¥¨á¯à�¢−®áâ¥©, ¯à®£−®§¨à®¢�−¨ï á®áâ®ï−¨ï ��‘,
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¨ ¢ë¤�ç¨ ®¡®á−®¢�−−ëå à¥ª®¬¥−¤�æ¨© ¯®
¢®§¬®¦−®áâ¨ ¯à®¤®«¦¥−¨ï ¨å íªá¯«ã�â�æ¨¨ −� ¯¥à¨®¤ ¤® ®ç¥à¥¤−®£®
â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï.
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ENSURING THE RELIABILITY OF THE FRC CSC RAS CENTER
FOR COLLECTIVE USE

A. A. Zatsarinny, A. I. Garanin, and S. A. Denisov

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

Abstract: The reliability of the center for collective use of the FRC CSC RAS
is evaluated, which takes into account the reliability indicators of the following
system's component: a hybrid high-performance complex, power supply, and
air conditioning systems. The analysis of the ways to improve the reliability
of the center is carried out. The main conditions for ensuring the reliability
of functioning and maintaining the operability of the hardware and hardware-
software tools of the collective use center during their operation are formulated.
Recommendations are given to ensure high-quality maintenance and repair of
equipment.

Keywords: collective use center; power supply system; air conditioning system;
reliability; failure; equivalent circuit for reliability calculation
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МЕТОДЫ АНАЛИЗА ДАННЫХ ЭЛЕКТРОЭНЦЕФАЛОГРАФИИ
С ПРИМЕНЕНИЕМ СВЕРТОЧНЫХ И РЕКУРРЕНТНЫХ

НЕЙРОННЫХ СЕТЕЙ∗

И. А. Шанин1, С. А. Ступников2

�−−®â�æ¨ï: ‘®¢à¥¬¥−−ë¥ ¬¥â®¤ë �−�«¨§� −¥©à®ä¨§¨®«®£¨ç¥áª¨å ¤�−−ëå
¯®§¢®«ïîâ à¥è�âì à�§−®®¡à�§−ë¥ §�¤�ç¨ ª�ª ¢ ¬¥¤¨æ¨−áª®© ®âà�á«¨, â�ª
¨ ¢ ®¡«�áâ¨ ¯®áâà®¥−¨ï ¨−â¥àä¥©á®¢ ú¬®§£{ª®¬¯ìîâ¥àû. ‚ à�¬ª�å ¤�−-
−®© à�¡®âë ¡ë«¨ à�áá¬®âà¥−ë ®á®¡¥−−®áâ¨ à¥è¥−¨ï §�¤�ç �−�«¨§� ¤�−−ëå
í«¥ªâà®í−æ¥ä�«®£à�ä¨¨ (��ƒ) −� ¯à¨¬¥à¥ §�¤�ç ¤¥â¥ªâ¨à®¢�−¨ï �àâ¥ä�ªâ®¢
¨ à�á¯®§−�¢�−¨ï ç¥«®¢¥ç¥áª¨å í¬®æ¨©. �«�£®¤�àï à�§¢¨â¨î �«£®à¨â¬®¢ −�
®á−®¢¥ ¨áªãááâ¢¥−−ëå −¥©à®−−ëå á¥â¥©, � â�ª¦¥ ã¤¥è¥¢«¥−¨î ¯à®¬ëè«¥−-
−ëå ¨−â¥àä¥©á®¢ íää¥ªâ¨¢−®áâì ¨ à®¡�áâ−®áâì á®¢à¥¬¥−−ëå ¬¥â®¤®¢ �−�«¨§�
¤�−−ëå ��ƒ ¯à¨¡«¨¦�¥âáï ª ãà®¢−î, ¤®áâ�â®ç−®¬ã ¤«ï ¨á¯®«ì§®¢�−¨ï ¢−¥
«�¡®à�â®à−ëå ãá«®¢¨©. ‚ à�¡®â¥ ¯à¥¤«®¦¥−ë ¬¥â®¤ë �−�«¨§� ¤�−−ëå ��ƒ −�
®á−®¢¥ á¢¥àâ®ç−ëå ¨ à¥ªãàà¥−â−ëå −¥©à®−−ëå á¥â¥©, ¯®§¢®«ïîé¨¥ ¤®¡¨âì-
áï ¤®áâ�â®ç−® ¢ëá®ª®© â®ç−®áâ¨ ª«�áá¨ä¨ª�æ¨¨ �àâ¥ä�ªâ®¢ ¨ à�á¯®§−�¢�−¨ï
í¬®æ¨© −� ®âªàëâëå −�¡®à�å ¤�−−ëå.

Š«îç¥¢ë¥ á«®¢�: −¥©à®ä¨§¨®«®£¨ï; −¥©à®¨−ä®à¬�â¨ª�; í«¥ªâà®í−æ¥ä�«®-
£à�ä¨ï; �−�«¨§ ¤�−−ëå; −¥©à®−−ë¥ á¥â¨; ®¡−�àã¦¥−¨¥ �àâ¥ä�ªâ®¢ ¢ ¤�−−ëå;
¤¥â¥ªâ¨à®¢�−¨¥ í¬®æ¨©

DOI: 10.14357/08696527210204

1 Введение

�«¥ªâà®í−æ¥ä�«®£à�ä¨ï | ®¤¨− ¨§ −�¨¡®«¥¥ ¯®¯ã«ïà−ëå ¨−áâàã¬¥−â®¢ à¥-
£¨áâà�æ¨¨ �ªâ¨¢−®áâ¨ £®«®¢−®£® ¬®§£� ç¥«®¢¥ª�. „�−−ë¥ íªá¯¥à¨¬¥−â� í«¥ªâà®-
í−æ¥ä�«®£à�ä¨¨, ª�ª ¯à�¢¨«®, ¯à¥¤áâ�¢«¥−ë ¢ ¢¨¤¥ ¬−®£®¬¥à−®£® ¢à¥¬¥−−�®£®
àï¤� á ç�áâ®â®© ¤¨áªà¥â¨§�æ¨¨ ®â 100 ƒæ ¤® 1 ªƒæ, §−�ç¥−¨ï ª®â®à®£® á®-
®â¢¥âáâ¢ãîâ í«¥ªâà¨ç¥áª¨¬ ¯®â¥−æ¨�«�¬, ¨§¬¥à¥−−ë¬ −� ¯®¢¥àå−®áâ¨ £®«®¢ë
¨á¯ëâã¥¬®£®. Œ¥¤¨æ¨−áª¨© �−�«¨§ ¤�−−ëå ��ƒ £®«®¢−®£® ¬®§£� ¨á¯®«ì§ã¥âáï
¯à¨ ¤¨�£−®áâ¨ª¥ í¯¨«¥¯á¨¨, ¤¥¬¥−æ¨¨, ¡®«¥§−¨ �«ìæ£¥©¬¥à�, ¯à®ç¨å ¯®à�¦¥−¨©
£®«®¢−®£® ¬®§£�.

�® áà�¢−¥−¨î á ¤àã£¨¬¨ ¯®¯ã«ïà−ë¬¨ ¬¥â®¤�¬¨, â�ª¨¬¨ ª�ª äã−ªæ¨®−�«ì-
−�ï ¬�£−¨â−®-à¥§®−�−á−�ï â®¬®£à�ä¨ï ¨ ¯®§¨âà®−−®-í¬¨áá¨®−−�ï â®¬®£à�ä¨ï,

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 18-29-22096).
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Œ¥â®¤ë �−�«¨§� ¤�−−ëå í«¥ªâà®í−æ¥ä�«®£à�ä¨¨ á ¯à¨¬¥−¥−¨¥¬ −¥©à®−−ëå á¥â¥©

��ƒ ®¡¥á¯¥ç¨¢�¥â ¢ëá®ª®¥ ¢à¥¬¥−−‚®¥ à�§à¥è¥−¨¥ á¨£−�«� ¯à¨ ¡®«¥¥ −¨§ª®¬
¯à®áâà�−áâ¢¥−−®¬ à�§à¥è¥−¨¨.

�â¤¥«ì−® ¢ë¤¥«ïîâ ¯®âà¥¡¨â¥«ìáª¨© ª«�áá ãáâà®©áâ¢ à¥£¨áâà�æ¨¨ ��ƒ-á¨£-
−�«®¢, ®á−�é¥−−ëå ¬¥−ìè¨¬ ç¨á«®¬ ®â¢¥¤¥−¨© ¨ à¥£¨áâà¨àãîé¨å ¡®«¥¥ èã¬−ë©
á¨£−�«. „®áâã¯−®áâì â�ª¨å ãáâà®©áâ¢ ¯®§¢®«ï¥â ¯à¨¬¥−ïâì ¨å ¢−¥ «�¡®à�â®à−ëå
ãá«®¢¨© ¤«ï á®§¤�−¨ï ¨−â¥àä¥©á� ú¬®§£{ª®¬¯ìîâ¥àû. ’�ª¨¬ ®¡à�§®¬, ¢á¥
¬¥−ìè�ï ç�áâì ¤®áâã¯−ëå −�¡®à®¢ ¤�−−ëå ¯®áâã¯�¥â ¢ à�¬ª�å ¤®à®£®áâ®ïé¨å
¬¥¤¨æ¨−áª¨å íªá¯¥à¨¬¥−â®¢, ¢ â® ¢à¥¬ï ª�ª ¢á¥ ¡®«ìèãî ç�áâì á®áâ�¢«ïîâ
¤�−−ë¥, §�à¥£¨áâà¨à®¢�−−ë¥ ª®¬¬¥àç¥áª¨¬¨ ¨−â¥àä¥©á�¬¨ ú¬®§£{ª®¬¯ìîâ¥àû.

–¥«ì ¤�−−®© à�¡®âë | ¯à®¢¥áâ¨ ¨áá«¥¤®¢�−¨¥ ¬¥â®¤®¢, ¯à¨¬¥−ï¥¬ëå ¤«ï
�−�«¨§� ¤�−−ëå ��ƒ ¢ −¥©à®ä¨§¨®«®£¨¨, ¢ â®¬ ç¨á«¥ áâ�â¨áâ¨ç¥áª¨å ¬¥â®¤®¢
¨ ¬¥â®¤®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï, ¢ ç�áâ−®áâ¨ −¥©à®á¥â¥© £«ã¡®ª®£® ®¡ãç¥−¨ï, −�
¯à¨¬¥à¥ ª®−ªà¥â−ëå §�¤�ç. ‚ë¡à�−−ë¥ §�¤�ç¨ ¤¥â¥ªâ¨à®¢�−¨ï �àâ¥ä�ªâ®¢ ¢ ¤�−-
−ëå ¨ à�á¯®§−�¢�−¨ï í¬®æ¨®−�«ì−®£® á®áâ®ï−¨ï ç¥«®¢¥ª� ®á®¡¥−−® ¢�¦−ë ¤«ï
á®§¤�−¨ï �ää¥ªâ¨¢−ëå á¨áâ¥¬ ¢§�¨¬®¤¥©áâ¢¨ï ç¥«®¢¥ª� ¨ ª®¬¯ìîâ¥à� ¨ á¨áâ¥¬
í¬®æ¨®−�«ì−®£® ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�.

÷�¡®â� á®áâ®¨â ¨§ á«¥¤ãîé¨å à�§¤¥«®¢: à�§¤. 2 ¯®á¢ïé¥− ¯®áâ�−®¢ª�¬
§�¤�ç �−�«¨§� ¤�−−ëå ��ƒ; ¢ à�§¤. 3 à�áá¬�âà¨¢�îâáï áãé¥áâ¢ãîé¨¥ ¬¥â®¤ë
à¥è¥−¨ï ¤�−−ëå §�¤�ç, ¢ª«îç�ï ¬¥â®¤ë ¨§¢«¥ç¥−¨ï ¯à¨§−�ª®¢ ¨ ¬¥â®¤ë −� ®á−®¢¥
£«ã¡®ª¨å −¥©à®−−ëå á¥â¥©; à�§¤. 4 ¨ 5 ¯®á¢ïé¥−ë ¨áá«¥¤®¢�−¨î ¨ à�§à�¡®âª¥
−®¢ëå ¬¥â®¤®¢ à¥è¥−¨ï ¯®áâ�¢«¥−−ëå §�¤�ç.

2 Задачи анализа данных на основе электроэнцефалографии

‚ ®¡§®à−®© à�¡®â¥ [1] ¯à¨¢¥¤¥−ë §�¤�ç¨ à�á¯®§−�¢�−¨ï, −�¨¡®«¥¥ ãá¯¥è−®
à¥è�¥¬ë¥ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¨áªãááâ¢¥−−ëå −¥©à®−−ëå á¥â¥©: à�á¯®§−�¢�−¨¥
í¬®æ¨©; à�á¯®§−�¢�−¨¥ ¬®â®à−®© ¤¥ïâ¥«ì−®áâ¨; ®æ¥−ª� ã¬áâ¢¥−−®© −�£àã§ª¨;
¤¥â¥ªâ¨à®¢�−¨¥ í¯¨«¥¯â¨ç¥áª¨å ¯à¨áâã¯®¢; �−�«¨§ ä�§ á−�; �−�«¨§ ¢ëï¢«¥−−ëå
¯®â¥−æ¨�«®¢. ‘à�¢−¨â¥«ì−�ï ¤®áâã¯−®áâì â¥å−®«®£¨© ¨−â¥àä¥©á� ú¬®§£{ª®¬-
¯ìîâ¥àû ¤¥«�¥â ¢®§¬®¦−ë¬ à¥è¥−¨¥ à�§−®£® à®¤� ¡¨®¬¥âà¨ç¥áª¨å §�¤�ç, â�ª¨å
ª�ª à�á¯®§−�¢�−¨¥ ¯®«� ¨ ¢®§à�áâ� áã¡ê¥ªâ� [2] ¨ ¢¥à¨ä¨ª�æ¨ï «¨ç−®áâ¨ [3].
�á®¡¥−−®áâì â�ª¨å §�¤�ç §�ª«îç�¥âáï ¢ −¥®¡å®¤¨¬®áâ¨ á®§¤�−¨ï −�¡®à®¢ ¤�−−ëå,
á®¤¥à¦�é¨å ��ƒ-á¨£−�«ë áãé¥áâ¢¥−−® ¡®«ìè¥£® ç¨á«� áã¡ê¥ªâ®¢, ç¥¬ ®¡ëç−®
¤®áâã¯−® ¢ −�¡®à�å ¤�−−ëå, á®¡à�−−ëå ¢ «�¡®à�â®à−ëå ãá«®¢¨ïå. �¨¦¥ ¡®«¥¥
¯®¤à®¡−® à�áá¬®âà¥−ë ¤¢¥ §�¤�ç¨ �−�«¨§� ¤�−−ëå ��ƒ.

2.1 Детектирование и устранение артефактов
в данных электроэнцефалографии

‚ á¢ï§¨ á â¥¬ çâ® ��ƒ à¥£¨áâà¨àã¥â í«¥ªâà¨ç¥áª¨¥ ¯®â¥−æ¨�«ë à�§«¨ç−®©
¯à¨à®¤ë, ¯¥à¥¤ à¥è¥−¨¥¬ «î¡ëå §�¤�ç à�á¯®§−�¢�−¨ï −¥®¡å®¤¨¬® ®ç¨áâ¨âì
¤�−−ë¥ ®â ú�àâ¥ä�ªâ®¢û: ª®¬¯®−¥−â®¢ á¨£−�«�, −¥ á¢ï§�−−ëå á ¬®§£®¢®© ¤¥ï-
â¥«ì−®áâìî áã¡ê¥ªâ�. �àâ¥ä�ªâë ¬®¦−® à�§¤¥«¨âì −� ä¨§¨®«®£¨ç¥áª¨¥, ª®â®àë¥
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¯®ï¢«ïîâáï ¢á«¥¤áâ¢¨¥ ä¨§¨®«®£¨ç¥áª¨å ¯à®æ¥áá®¢ ®à£�−¨§¬�, â�ª¨å ª�ª ¬ëè¥ç-
−�ï �ªâ¨¢−®áâì, á¥à¤¥ç−�ï ¤¥ïâ¥«ì−®áâì, ¤¢¨¦¥−¨ï £«�§, � â�ª¦¥ −� ä¨§¨ç¥áª¨¥,
¢®§−¨ª�îé¨¥ ¢ à¥§ã«ìâ�â¥ â¥å−¨ç¥áª¨å ¯®£à¥è−®áâ¥©, â�ª¨å ª�ª á¥â¥¢�ï −�¢®¤ª�
¨ ¯®£à¥è−®áâ¨ ¨§¬¥à¥−¨© ¯à¨ §�£àï§−¥−−ëå ª®−â�ªâ�å. ’�ª¨¬ ®¡à�§®¬, §�¤�-
ç� ¢ª«îç�¥â ¤¥â¥ªâ¨à®¢�−¨¥ −�«¨ç¨ï �àâ¥ä�ªâ� ¢ ª®−ªà¥â−ë© ¬®¬¥−â ¢à¥¬¥−¨
¨ ¯®áâà®¥−¨¥ ®ç¨é¥−−®£® á¨£−�«� (ãáâà�−¥−¨¥ �àâ¥ä�ªâ®¢).

2.2 Распознавание эмоционального состояния человека

÷�á¯®§−�¢�−¨¥ ç¥«®¢¥ç¥áª¨å í¬®æ¨© | ¢�¦−�ï §�¤�ç� ¯®áâà®¥−¨ï �ää¥ª-
â¨¢−ëå á¨áâ¥¬. ˆ−ä®à¬�æ¨ï ®¡ í¬®æ¨®−�«ì−®¬ á®áâ®ï−¨¨ áã¡ê¥ªâ� ¬®¦¥â ¡ëâì
¨á¯®«ì§®¢�−� ¢ ¬¥¤¨æ¨−áª¨å ¨ ¢ −¥©à®¬�àª¥â¨−£®¢ëå [4] ¯à¨«®¦¥−¨ïå. ‚ à�¬ª�å
¡®«ìè¨−áâ¢� ¨áá«¥¤®¢�−¨© í¬®æ¨®−�«ì−ë¥ á®áâ®ï−¨ï å�à�ªâ¥à¨§ãîâáï «¨¡® ¬−®-
¦¥áâ¢®¬ ª�â¥£®à¨©, «¨¡® ãá«®¢−ë¬¨ ç¨á«¥−−ë¬¨ ¯®ª�§�â¥«ï¬¨ ¨−â¥−á¨¢−®áâ¨
í¬®æ¨¨ (®â á«�¡®© ¤® á¨«ì−®©) ¨ ¥¥ å�à�ªâ¥à� (®â −¥£�â¨¢−®£® ¤® ¯®§¨â¨¢−®£®).
’�ª¨¬ ®¡à�§®¬, §�¤�ç� à�á¯®§−�¢�−¨ï í¬®æ¨© −� ®á−®¢¥ ¤�−−ëå ��ƒ ¬®¦¥â à�á-
á¬�âà¨¢�âìáï ª�ª §�¤�ç� ª«�áá¨ä¨ª�æ¨¨ ¨«¨ à¥£à¥áá¨¨ ¢ §�¢¨á¨¬®áâ¨ ®â ¢ë¡®à�
á¯®á®¡� à�§¬¥âª¨ ¢ ª®−ªà¥â−®¬ íªá¯¥à¨¬¥−â¥.

3 Известные методы решения задач анализа данных
электроэнцефалографии

‘®¢à¥¬¥−−ë¥ ¬¥â®¤ë à¥è¥−¨ï §�¤�ç �−�«¨§� ¤�−−ëå ��ƒ −� ®á−®¢¥ ¬¥â®-
¤®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï ¢ª«îç�îâ á«¥¤ãîé¨¥ íâ�¯ë: ¯à¥¤®¡à�¡®âª� ¤�−−ëå;
¨§¢«¥ç¥−¨¥ ¯à¨§−�ª®¢; ¯®áâà®¥−¨¥ £«ã¡®ª¨å ¯à¥¤áâ�¢«¥−¨©; ¯à¨¬¥−¥−¨¥ ª«�áá¨-
ä¨ª�â®à� ¨«¨ à¥£à¥áá®à�. ��à�¬¥âàë â�ª¨å á¨áâ¥¬, ª�ª ¯à�¢¨«®, ®¯à¥¤¥«ïîâáï
¢¥á�¬¨ ¨áªãááâ¢¥−−ëå −¥©à®−−ëå á¥â¥©, ª®â®àë¥ −�áâà�¨¢�îâáï á ¯®¬®éìî
à¥è¥−¨ï ¥¤¨−®© §�¤�ç¨ ®¯â¨¬¨§�æ¨¨ äã−ªæ¨¨ ¯®â¥àì.

‚ à�¡®â¥ [5] ¯à¨¢¥¤¥− ®¡§®à ¨−ä®à¬�â¨¢−ëå ¯à¨§−�ª®¢, ¯à¨¬¥−¨¬ëå ¢ §�-
¤�ç¥ à�á¯®§−�¢�−¨ï í¬®æ¨©. ‚ ç¨á«® à�áá¬®âà¥−−ëå ¯à¨§−�ª®¢ ¢®è«¨ â�ª¨¥
¯à¨§−�ª¨, ¨§¢«¥ª�¥¬ë¥ ¨§ ¢à¥¬¥−−®© ®¡«�áâ¨ á¨£−�«�, ª�ª ¬®é−®áâì, áà¥¤−¥¥,
áâ�−¤�àâ−®¥ ®âª«®−¥−¨¥, ¤¨ää¥à¥−æ¨�«ì−ë¥ ¯à¨§−�ª¨, � â�ª¦¥ ¯à¨§−�ª¨, ®á−®-
¢�−−ë¥ −� ¯®¤áç¥â¥ á¬¥− §−�ª� ®âä¨«ìâà®¢�−−®£® á¨£−�«� (higher order crossings,
HOC). ‚ à�¬ª�å �−�«¨§� á¨£−�«� ¢ ç�áâ®â−®© ®¡«�áâ¨ à�áá¬�âà¨¢�¥âáï ¬®é−®áâì
á¨£−�«� ¢ §�¤�−−ëå ç�áâ®â−ëå ¤¨�¯�§®−�å, −�§ë¢�¥¬ëå à¨â¬�¬¨, ®¡é¥¯à¨−ïâë-
¬¨ ¢ §�¤�ç�å �−�«¨§� ¤�−−ëå ��ƒ: �«ìä�-à¨â¬ (8{12 ƒæ), ¡¥â�-à¨â¬ (12{30 ƒæ),
£�¬¬�-à¨â¬ (30{64 ƒæ), ¤¥«ìâ�-à¨â¬ (1{4 ƒæ) ¨ â¥â�-à¨â¬ (4{8 ƒæ), � â�ª¦¥ ¯à¨-
§−�ª¨, ®á−®¢�−−ë¥ −� á¯¥ªâà¥ ¢ëáè¥£® ¯®àï¤ª�. �á®¡ë© ¨−â¥à¥á ¯à¥¤áâ�¢«ïîâ
¯à¨§−�ª¨, ¢ë¤¥«ï¥¬ë¥ ¨§ ¢à¥¬¥−−®-ç�áâ®â−®© ®¡«�áâ¨ á ¨á¯®«ì§®¢�−¨¥¬ ¤¨áªà¥â-
−®£® ¢¥©¢«¥â−®£® ¯à¥®¡à�§®¢�−¨ï, ¯à¥®¡à�§®¢�−¨ï ƒ¨«ì¡¥àâ�{•ã�−£� ¨ ®ª®−−®¥
¯à¥®¡à�§®¢�−¨¥ ”ãàì¥ [5, à�§¤. 2.2{2.3]. ‚ à�¬ª�å áà�¢−¨â¥«ì−®£® �−�«¨§�
−�¨¡®«¥¥ íää¥ªâ¨¢−ë¬¨ ¯®ª�§�«¨ á¥¡ï ¬¥â®¤ë, ®á−®¢�−−ë¥ −� HO‘, á¯¥ªâà¥
¢ëáè¥£® ¯®àï¤ª� ¨ −� ¯à¥®¡à�§®¢�−¨¨ ƒ¨«ì¡¥àâ�{•ã�−£�. �®¬¨¬® ¯à¨§−�ª®¢,
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Œ¥â®¤ë �−�«¨§� ¤�−−ëå í«¥ªâà®í−æ¥ä�«®£à�ä¨¨ á ¯à¨¬¥−¥−¨¥¬ −¥©à®−−ëå á¥â¥©

¢ë¤¥«ï¥¬ëå −¥§�¢¨á¨¬® ¨§ ª�¦¤®£® ª�−�«�, â�ª¦¥ à�áá¬�âà¨¢�îâ â®¯®«®£¨ç¥-
áªãî áâàãªâãàã ª�−�«®¢ í«¥ªâà®í−æ¥ä�«®£à�¬¬, ¨áá«¥¤ãï ¢§�¨¬®á¢ï§¨ ¬¥¦¤ã
ª®¬¯®−¥−â�¬¨ á¨£−�«�. ‚§�¨¬®á¢ï§¨ ¬¥¦¤ã á¨£−�«�¬¨ ¬®¤¥«¨àãîâáï ¢ ¢¨¤¥
£à�ä�, ¢¥àè¨−�¬¨ ª®â®à®£® á«ã¦�â á¨£−�«ë, � ¢¥á� à¥¡¥à á®®â¢¥âáâ¢ãîâ ¬¥à¥
¡«¨§®áâ¨ íâ¨å á¨£−�«®¢. �®¤å®¤ë, ®á−®¢�−−ë¥ −� ¬®¤¥«¨à®¢�−¨¨ ¢§�¨¬®á¢ï-
§¥© ¬¥¦¤ã ª�−�«�¬¨ ��ƒ, ¯à¨¬¥−ïîâáï ª�ª ¤«ï ãáâà�−¥−¨ï �àâ¥ä�ªâ®¢ [6],
â�ª ¨ ¤«ï à�á¯®§−�¢�−¨ï í¬®æ¨© [7]. ‚ ¯à¨¢¥¤¥−−ëå ¯®¤å®¤�å ¨§¢«¥ç¥−¨¥ ¨−-
ä®à¬�æ¨¨ ® ¢§�¨¬®á¢ï§¨ ¬¥¦¤ã ª�−�«�¬¨ ¯à®¨áå®¤¨â ¯®áà¥¤áâ¢®¬ ¯à¨¬¥−¥−¨ï
®¡ãç�¥¬®£® ¬¥å�−¨§¬� ¢−¨¬�−¨ï −� £à�ä�å, ï¢«ïîé¥£®áï á®áâ�¢−ë¬ í«¥¬¥−â®¬
¨áªãááâ¢¥−−®© −¥©à®−−®© á¥â¨.

3.1 Методы детектирования и устранения артефактов

‚ ®¡§®à¥ [8] à�áá¬®âà¥−ë ®á−®¢−ë¥ ¯®¤å®¤ë ª §�¤�ç¥ ¯à¥¤¢�à¨â¥«ì−®© ®¡-
à�¡®âª¨ ¨ ®ç¨áâª¨ á¨£−�«� ��ƒ. Š −�¨¡®«¥¥ ¯®¯ã«ïà−ë¬ ¬¥â®¤�¬ ®â−®áïâáï
¬¥â®¤ë à¥£à¥áá¨®−−®£® �−�«¨§� (¤«ï ¨å ¯à¨¬¥−¥−¨ï ¤®¯®«−¨â¥«ì−® âà¥¡ãîâáï
¤�−−ë¥ í«¥ªâà®®ªã«®£à�ä¨¨ ¨«¨ í«¥ªâà®ª�à¤¨®£à�ä¨¨), ¬¥â®¤ë á«¥¯®£® à�§-
¤¥«¥−¨ï ¨áâ®ç−¨ª®¢, ¢ ç�áâ−®áâ¨ ¬¥â®¤ −¥§�¢¨á¨¬ëå ª®¬¯®−¥−â ¢ ª®¬¡¨−�æ¨¨
á ¤¨áªà¥â−ë¬ ¢¥©¢«¥â-¯à¥®¡à�§®¢�−¨¥¬, ª�−®−¨ç¥áª¨© ª®àà¥«ïæ¨®−−ë© �−�«¨§
¨ ¬¥â®¤ë æ¨äà®¢®© ®¡à�¡®âª¨ á¨£−�«®¢. ÷�áá¬®âà¥−¨¥ §�¤�ç¨ �−�«¨§� ��ƒ-á¨£-
−�«� ª�ª á«¥¯®£® à�§¤¥«¥−¨ï ¨áâ®ç−¨ª®¢ ¯®§¢®«ï¥â â�ª¦¥ ¯à¨¬¥−ïâì £«ã¡®ª¨¥
−¥©à®−−ë¥ á¥â¨ −� ®á−®¢¥ �¢â®ª®¤¨à®¢é¨ª®¢. ‚ à�¡®â¥ [9] ¬¥â®¤ −¥§�¢¨á¨¬ëå
ª®¬¯®−¥−â ¡ë« §�¬¥−¥− ç�áâìî �àå¨â¥ªâãàë −¥©à®−−®© á¥â¨, á®áâ®ïé¥© ¨§ �¢-
â®ª®¤¨àãîé¨å ¡«®ª®¢. ’�ª®© ¯®¤å®¤ ¯®§¢®«¨« ¢ à�¬ª�å ®¤−®© −¥©à®á¥â¥¢®©
�àå¨â¥ªâãàë à¥è¨âì ¨ §�¤�çã ãáâà�−¥−¨ï �àâ¥ä�ªâ®¢, ¨ §�¤�çã à�á¯®§−�¢�−¨ï
í¬®æ¨©.

3.2 Методы распознавания эмоционального состояния
по данным электроэнцефалографии

‚ ¯®á«¥¤−¨¥ £®¤ë §�¤�ç� à�á¯®§−�¢�−¨ï í¬®æ¨© áâ�«� ¯®¯ã«ïà−ë¬ ¯à¥¤-
¬¥â®¬ ¨áá«¥¤®¢�−¨ï −� ¯¥à¥á¥ç¥−¨¨ −¥©à®ä¨§¨®«®£¨¨ ¨ �«£®à¨â¬®¢ ¬�è¨−−®£®
®¡ãç¥−¨ï. ‚® ¬−®£®¬ íâ® ¯à®¨§®è«® ¡«�£®¤�àï ¯®ï¢«¥−¨î ª�ç¥áâ¢¥−−ëå −�¡®à®¢
¤�−−ëå, â�ª¨å ª�ª DEAP [10] ¨ SEED [11], ¨á¯®«ì§ã¥¬ëå ª�ª ¤«ï ®¡ãç¥−¨ï,
â�ª ¨ ¤«ï ¢�«¨¤�æ¨¨ ¬®¤¥«¥© ¬�è¨−−®£® ®¡ãç¥−¨ï. ‚ ®¡§®à¥ [12] ¯¥à¥ç¨á«¥-
−ë −�¨¡®«¥¥ ¯®¯ã«ïà−ë¥ ¯®¤å®¤ë −� ®á−®¢¥ ¨áªãááâ¢¥−−ëå −¥©à®−−ëå á¥â¥©,
¯à¨¬¥−ï¥¬ëå ¢ à�áá¬�âà¨¢�¥¬®© §�¤�ç¥. ‘à¥¤¨ ¬¥â®¤®¢, ¯®§¢®«ïîé¨å ¤®áâ¨çì
®¯â¨¬�«ì−®£® ª�ç¥áâ¢�, ¯à¨¬¥−ïîâáï â�ª¨¥ �àå¨â¥ªâãàë −¥©à®á¥â¥©, ª�ª ¨¥-
à�àå¨ç¥áª�ï á¢¥àâ®ç−�ï −¥©à®−−�ï á¥âì (CNN | convolutional neural network),
¢�à¨�−â á¢¥àâ®ç−®© á¥â¨ SincNet. ’�ª¦¥ å®à®è® á¥¡ï §�à¥ª®¬¥−¤®¢�«¨ à¥-
ªãàà¥−â−ë¥ −¥©à®−−ë¥ á¥â¨, ¢ ç�áâ−®áâ¨ ¬®¤¥«¨ ¤®«£®© ªà�âª®áà®ç−®© ¯�¬ïâ¨
(LSTM | long short-term memory). „�−−ë¥ ¯®¤å®¤ë ¯®§¢®«ïîâ ¤®¡¨âìáï −�
−�¡®à�å ¤�−−ëå SEED ¨ DEAP â®ç−®áâ¨ à�á¯®§−�¢�−¨ï ¢ ¤¨�¯�§®−¥ ®â 85%
¤® 95%.
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4 Детектирование артефактов электроэнцефалографии на основе
комбинаций сверточных и рекуррентных нейронных сетей
с использованием информации о взаимодействии между каналами

‚ íâ®¬ à�§¤¥«¥ à�áá¬®âà¥− ¬¥â®¤, −�æ¥«¥−−ë© −� íää¥ªâ¨¢−®¥ ¤¥â¥ªâ¨à®-
¢�−¨¥ ®á−®¢−ëå â¨¯®¢ �àâ¥ä�ªâ®¢ á¨£−�«®¢ ��ƒ, â�ª¨å ª�ª ¤¢¨¦¥−¨ï £«�§,
¦¥¢�−¨¥, ¢§¤à�£¨¢�−¨¥, ¤¥ä¥ªâë ª®−â�ªâ−ëå ¯«®é�¤®ª ¨ ¬ëè¥ç−ë¥ �àâ¥ä�ªâë.

�á−®¢−ë¥ íâ�¯ë ¬¥â®¤� ¯à¨¢¥¤¥−ë −� à¨á. 1. �� íâ�¯¥ ¨§¢«¥ç¥−¨ï ¯à¨§−�ª®¢
¯à®¨áå®¤¨â ®â¡®à ª�−�«®¢, ¯à¥¤áâ�¢«¥−−ëå ¤«ï ¤®áâ�â®ç−®£® ç¨á«� áã¡ê¥ªâ®¢,
¯à¨¢¥¤¥−¨¥ á¨£−�«®¢ ª ¥¤¨−®© ç�áâ®â¥ ¤¨áªà¥â¨§�æ¨¨, á¯¥ªâà�«ì−�ï ä¨«ìâà�æ¨ï,
à�§¤¥«¥−¨¥ á¨£−�«� −� ¯¥à¥á¥ª�îé¨¥áï ®ª−� à�¢−®© ¤«¨−ë. ‚ ¯®«ãç¥−−ëå ®ª−�å
��ƒ-á¨£−�«� á®¤¥à¦�âáï ª�−�«ë, ®áâ�¢è¨¥áï ¯®á«¥ ®â¡®à�. ˆ§ íâ¨å ª�−�«®¢
áâà®¨âáï ¬�âà¨æ� ¯®¯�à−ëå ª®àà¥«ïæ¨© á ¯®¬®éìî ¯®¤áç¥â� ª®íää¨æ¨¥−â�
à�−£®¢®© ª®àà¥«ïæ¨¨ ‘¯¨à¬¥−�. ‘®£«�á−® £¨¯®â¥§¥, ¯®¯�à−�ï ª®àà¥«ïæ¨ï ª�−�-
«®¢ ��ƒ ¯à¨ −�«¨ç¨¨ �àâ¥ä�ªâ®¢ ï¢«ï¥âáï ¢�¦−ë¬ ¨−ä®à¬�â¨¢−ë¬ ¯à¨§−�ª®¬,
å�à�ªâ¥à¨§ãîé¨¬ ¯à¨à®¤ã −�¡«î¤�¥¬®£® á¨£−�«�. �®áç¨â�−−ë¥ â�ª¨¬ ®¡à�§®¬
¬�âà¨æë á«ã¦�â ¢å®¤−ë¬¨ ¤�−−ë¬¨ ¨áªãááâ¢¥−−®© −¥©à®−−®© á¥â¨, á®áâ®ïé¥©
¨§ ¤¢ã¬¥à−®£® á¢¥àâ®ç−®£® á«®ï ¨ ®¯¥à�æ¨¨ á−¨¦¥−¨ï à�§¬¥à−®áâ¨ áà¥¤áâ¢�¬¨
¯ã«¨−£®¢®£® á«®ï (¯®¤à®¡−®¥ ®¯¨á�−¨¥ ®á−®¢−ëå í«¥¬¥−â®¢ �àå¨â¥ªâãà £«ã¡®ª¨å
−¥©à®−−ëå á¥â¥©, ¯à¨¬¥−ï¥¬ëå ¢ �−�«¨§¥ −¥©à®ä¨§¨®«®£¨ç¥áª¨å ¤�−−ëå, ¯à¨-

÷¨á. 1 „¥â¥ªâ¨à®¢�−¨¥ �àâ¥ä�ªâ®¢ ¢ ¤�−−ëå ��ƒ −� ®á−®¢¥ ¬�âà¨æ ª®àà¥«ïæ¨©,
�àå¨â¥ªâãà� ¨áªãááâ¢¥−−®© −¥©à®−−®© á¥â¨
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Œ¥â®¤ë �−�«¨§� ¤�−−ëå í«¥ªâà®í−æ¥ä�«®£à�ä¨¨ á ¯à¨¬¥−¥−¨¥¬ −¥©à®−−ëå á¥â¥©

„¥â¥ªâ¨à®¢�−¨¥ �àâ¥ä�ªâ®¢ −� ª®à¯ãá¥ ¤�−−ëå TUH

‚¨¤ ¬®¤¥«¨ F1-¬¥à� ’®ç−®áâì
CNN-LSTM, ä¨«ìâà, 16 ®ª®− 0,67 0,71
CNN-LSTM, ¡¥§ ä¨«ìâà�, 4 ®ª−� 0,56 0,73
CNN-LSTM, ä¨«ìâà, 8 ®ª®− 0,7 0,71
CNN, ä¨«ìâà, 8 ®ª®− 0,64 0,66
CNN, ¡¥§ ä¨«ìâà�, 8 ®ª®−, 0,67 0,69
XGBoost, 8 ®ª®− 0,67 0,69

¢¥¤¥−® ¢ à�¡®â¥ [12]). �à¥®¡à�§®¢�−−ë¥ â�ª¨¬ ®¡à�§®¬ ¤�−−ë¥ ¯à¥¤áâ�¢«¥−ë
¢ ¢¨¤¥ ¢¥ªâ®à� ä¨ªá¨à®¢�−−®© à�§¬¥à−®áâ¨. ‚¥ªâ®àë −¥áª®«ìª¨å ¯®á«¥¤®¢�â¥«ì-
−ëå ®ª®− ¨á¯®«ì§ãîâáï ¢ ª�ç¥áâ¢¥ ¢å®¤−ëå ¤�−−ëå á«®ï ¤®«£®© ªà�âª®áà®ç−®©
¯�¬ïâ¨ (LSTM) á ¯®á«¥¤ãîé¨¬ ¯à¨¬¥−¥−¨¥¬ ¯®«−®á¢ï§−®£® á«®ï. �®«ãç¥−-
−ë© ¢¥ªâ®à ¨−â¥à¯à¥â¨àã¥âáï ª�ª ¢¥à®ïâ−®áâì ®â−¥á¥−¨ï ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨§
à�áá¬�âà¨¢�¥¬ëå ®ª®− ª ®¤−®¬ã ¨§ ¨áá«¥¤ã¥¬ëå ª«�áá®¢ �àâ¥ä�ªâ®¢. ‚á¥ á«®¨
¨áªãááâ¢¥−−®© −¥©à®−−®© á¥â¨ ®¡ãç�îâáï á®¢¬¥áâ−® á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤�
®¯â¨¬¨§�æ¨¨ Adam. ‚ ®â«¨ç¨¥ ®â à�¡®âë [6] á¢¥àâ®ç−ë© á«®© ¯à¨¬¥−ï¥âáï ª ¬�-
âà¨æ¥ ¯®¯�à−ëå ª®àà¥«ïæ¨© ¡¥§ ¨á¯®«ì§®¢�−¨ï ¬¥å�−¨§¬� ¢−¨¬�−¨ï, � ¯®â®¬ã
¯®«ãç¥−−�ï ¬®¤¥«ì ¬¥−¥¥ áª«®−−� ª ¯¥à¥®¡ãç¥−¨î, ª®â®à®¥ ç�áâ® áâ�−®¢¨âáï
á¥àì¥§−®© ¯à®¡«¥¬®© −� −�¡®à�å ¤�−−ëå −¥¡®«ìè®£® ®¡ê¥¬�.

Œ¥â®¤ ¡ë« ¯à®£à�¬¬−® à¥�«¨§®¢�−1 ¨ ®¯à®¡®¢�− −� −�¡®à¥ ¤�−−ëå TUH
EEG Artifact Corpus (TUAR) [13]. �� íâ�¯¥ ®¡à�¡®âª¨ ¨á¯®«ì§®¢�«áï ¯®«®á®¢®©
ç�áâ®â−ë© ä¨«ìâà á ¤¨�¯�§®−®¬ 4{45 ƒæ. �®á«¥ ®ç¨áâª¨ ¤�−−ëå ¤«ï �−�«¨§� ¡ë«¨
®â®¡à�−ë 22 ª�−�«�. �ë«¨ à�áá¬®âà¥−ë 3-á¥ªã−¤−ë¥ ®ª−� á ¯¥à¥ªàëâ¨¥¬ 25%.
�−�«¨§ ¯à®¢®¤¨«áï ¯® 8 ¨«¨ ¯® 16 ¯®á«¥¤®¢�â¥«ì−ë¬ ®ª−�¬. ’�ª¦¥ ®¯à®¡®¢�−
¬¥â®¤, ¨áª«îç�îé¨© LSTM-á«®©.

�® à¥§ã«ìâ�â�¬ â¥áâ¨à®¢�−¨ï (á¬. â�¡«¨æã) «ãçè¨¬ ®ª�§�«áï ¢�à¨�−â, á®-
ç¥â�îé¨© á¢¥àâ®ç−ë¥ ¨ à¥ªãàà¥−â−ë¥ á«®¨, ¨á¯®«ì§ãîé¨© ¯®«®á®¢®© ä¨«ìâà
−� íâ�¯¥ ¯à¥¤®¡à�¡®âª¨ ¨ ¨á¯®«ì§ãîé¨© ¤«ï �−�«¨§� 8 ¯®á«¥¤®¢�â¥«ì−ëå ®ª®−.
„�−−ë© ¬¥â®¤ ¯®ª�§�« á¥¡ï «ãçè¥ ¯® F1-¬¥à¥, çâ® ¢ ãá«®¢¨ïå ¤¨á¡�«�−á� ª«�áá®¢
áç¨â�¥âáï ¡®«¥¥ ¯à¨®à¨â¥â−®© ¬¥âà¨ª®©, −¥¦¥«¨ â®ç−®áâì. Œ¥â®¤ë −� ®á−®¢¥
−¥©à®á¥â¥© ¯®ª�§�«¨ á¥¡ï «ãçè¥, ç¥¬ à¥è¥−¨¥ −� ®á−®¢¥ �−á�¬¡«¥© à¥è�îé¨å
¤¥à¥¢ì¥¢ XGBoost [14] (¨á¯®«ì§ã¥¬®£® ¢ ª�ç¥áâ¢¥ ¡�§®¢®£® ¬¥â®¤� ¤«ï áà�¢−¥−¨ï)
ª�ª ¯® â®ç−®áâ¨, â�ª ¨ ¯® F1-¬¥à¥.

5 Робастное распознавание эмоций с применением многозадачного
обучения

�¤−¨¬ ¨§ ¯à¥¯ïâáâ¢¨© ª á®§¤�−¨î ã−¨¢¥àá�«ì−®£® ¬¥â®¤� à�á¯®§−�¢�−¨ï
í¬®æ¨© ¯® ��ƒ ï¢«ï¥âáï ¢ëá®ª�ï ¬¥¦áã¡ê¥ªâ−�ï ¢�à¨�â¨¢−®áâì, á¢ï§�−−�ï, ª�ª

1https://github.com/shanin/eeg-dl-artifact-classi¦cation.
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÷¨á. 2 ƒ«ã¡®ª�ï á®áâï§�â¥«ì−�ï −¥©à®−−�ï á¥âì ¤«ï §�¤�ç¨ à®¡�áâ−®£® à�á¯®§−�¢�−¨ï
í¬®æ¨© −� ®á−®¢¥ ��ƒ

¯à�¢¨«®, á à�§«¨ç�îé¨¬¨áï ãá«®¢¨ï¬¨ à¥£¨áâà�æ¨¨ ��ƒ-á¨£−�«®¢ ¨ á ¨−¤¨¢¨-
¤ã�«ì−ë¬¨ ®á®¡¥−−®áâï¬¨ à�¡®âë £®«®¢−®£® ¬®§£� ã áã¡ê¥ªâ®¢. ’�ª¨¬ ®¡à�§®¬,
¤«ï ¯®áâà®¥−¨ï à®¡�áâ−®£® (â. ¥. ãáâ®©ç¨¢®£® ª ¨§¬¥−¥−¨î ®á®¡¥−−®áâ¥© §�¯¨á¨,
à�§«¨ç¨ï¬ ¢ å�à�ªâ¥à¨áâ¨ª�å áã¡ê¥ªâ®¢) ¬¥â®¤� à�á¯®§−�¢�−¨ï âà¥¡ã¥âáï áâà®-
¨âì ¯à¥¤áâ�¢«¥−¨ï ��ƒ-á¨£−�«®¢, −¥ §�¢¨áïé¨¥ ®â ¬¥¦áã¡ê¥ªâ−®© ¢�à¨�â¨¢−®áâ¨
¤�−−ëå. �â¤¥«ì−®© ¯à®¡«¥¬®© ï¢«ï¥âáï −¥¤®áâ�â®ç−ë© ®¡ê¥¬ à�§¬¥ç¥−−ëå ¤�−-
−ëå: ¢ −�¨¡®«¥¥ ¯®¯ã«ïà−ëå −�¡®à�å ¤�−−ëå á®¤¥à¦¨âáï ¨−ä®à¬�æ¨ï «¨èì
® −¥áª®«ìª¨å ¤¥áïâª�å áã¡ê¥ªâ®¢.

„«ï ¯à¥®¤®«¥−¨ï ¤�−−ëå ¯à®¡«¥¬ ¯à¥¤«�£�¥âáï ¬¥â®¤ −� ®á−®¢¥ á®áâï§�â¥«ì-
−®£® ¬−®£®§�¤�ç−®£® ®¡ãç¥−¨ï, ¢ à�¬ª�å ª®â®à®£® ¨á¯®«ì§ã¥âáï −¥ â®«ìª® §�¤�ç�
à�á¯®§−�¢�−¨ï í¬®æ¨©, −® ¨ §�¤�ç� ª«�áá¨ä¨ª�æ¨¨ áã¡ê¥ªâ�. ‘®áâï§�â¥«ì−ë©
¯®¤å®¤ [15] §�ª«îç�¥âáï ¢ â®¬, çâ® ¯à¨ ®¡ãç¥−¨¨ −¥©à®−−®© á¥â¨ ¨á¯®«ì§ã¥âáï
¤®¯®«−¨â¥«ì−ë© ª«�áá¨ä¨ª�â®à, á®®â¢¥âáâ¢ãîé�ï ¥¬ã äã−ªæ¨ï ¯®â¥àì ¨ ®¯¥à�-
æ¨ï ¨−¢¥àá¨¨ £à�¤¨¥−â�. ‚ à¥§ã«ìâ�â¥ ®¯â¨¬¨§�æ¨¨ äã−ªæ¨© ¯®â¥àì ¯®«ãç¥−−®¥
à¥è¥−¨¥ áâà¥¬¨âáï ª −�¨¡®«ìè¥© â®ç−®áâ¨ à�á¯®§−�¢�−¨ï í¬®æ¨© ¯à¨ ®¤−®¢à¥-
¬¥−−® −�¨¬¥−ìè¥© â®ç−®áâ¨ ª«�áá¨ä¨ª�æ¨¨ áã¡ê¥ªâ®¢, â¥¬ á�¬ë¬ ®¡¥á¯¥ç¨¢�ï
ãáâ®©ç¨¢®áâì à¥è¥−¨ï ª ¨§¬¥−¥−¨î ¤®¬¥−�.

�à¥¤«�£�¥¬ë© ¬¥â®¤ á®áâ®¨â ¨§ ¯®á«¥¤®¢�â¥«ì−®£® ¯à¨¬¥−¥−¨ï á«¥¤ãîé¨å
®¯¥à�æ¨© (à¨á. 2): ¨§¢«¥ç¥−¨¥ á¯¥ªâà�«ì−ëå ¯à¨§−�ª®¢ á ¯®¬®éìî ®ª®−−®£® ¡ëáâ-
à®£® ¯à¥®¡à�§®¢�−¨ï ”ãàì¥ ©a , ¯®á«¥¤®¢�â¥«ì−®¥ ¯à¨¬¥−¥−¨¥ á¢¥àâ®ç−ëå á«®¥¢
ª ¯®«ãç¥−−®© á¯¥ªâà®£à�¬¬¥ ©b , ãáà¥¤−¥−¨¥ ¯®«ãç¥−−ëå £«ã¡¨−−ëå ¯à¥¤áâ�¢«¥-
−¨© ¯® ¢à¥¬¥−−®¬ã ¨§¬¥à¥−¨î ©c , ¯à¨ íâ®¬ à�§¬¥à−®áâì ¯®«ãç¥−−ëå ¯à¥¤áâ�-
¢«¥−¨© −¥ §�¢¨á¨â ®â ¤«¨−ë ¢å®¤−®£® á¨£−�«�. ‡�â¥¬ ¯®«ãç¥−−ë¥ ¯à¥¤áâ�¢«¥−¨ï
¨á¯®«ì§ãîâáï ª�ª ¢å®¤−ë¥ §−�ç¥−¨ï ¤«ï ¤¢ãå ª«�áá¨ä¨ª�â®à®¢, ¯à¥¤áâ�¢«¥−-
−ëå ¢ ¢¨¤¥ ¯®«−®á¢ï§−ëå á«®¥¢ −¥©à®−−®© á¥â¨: ª«�áá¨ä¨ª�â®à� í¬®æ¨© ©d
¨ ª«�áá¨ä¨ª�â®à� áã¡ê¥ªâ®¢ ©e . �à¨ íâ®¬ ª«�áá¨ä¨ª�â®à áã¡ê¥ªâ®¢ ¯à¥¤¢�àï¥â
®¯¥à�æ¨ï ¨−¢¥àá¨¨ £à�¤¨¥−â� (Gradient Reversal Layer) [15]. ‚ ª�ç¥áâ¢¥ äã−ªæ¨¨
¯®â¥àì ¨á¯®«ì§ã¥âáï ¢§¢¥è¥−−�ï áã¬¬� ¯¥à¥ªà¥áâ−®© í−âà®¯¨¨ ª«�áá¨ä¨ª�æ¨¨
í¬®æ¨®−�«ì−ëå á®áâ®ï−¨© ¨ ¯¥à¥ªà¥áâ−®© í−âà®¯¨¨ ª«�áá¨ä¨ª�æ¨¨ áã¡ê¥ªâ®¢.

‘ ¯®¬®éìî ¯à¥¤«®¦¥−−®£® ¬¥â®¤� ã¤�«®áì ¤®¡¨âìáï â®ç−®áâ¨ 79% −� −�¡®à¥
¤�−−ëå DEAP [10], çâ® á®¯®áâ�¢¨¬® á à¥§ã«ìâ�â�¬¨, ¯à¥¤áâ�¢«¥−−ë¬¨ ¢ à�¡®-
â¥ [12]. ÷�−¥¥ ¯à®¡«¥¬� ¤®¬¥−−®© �¤�¯â�æ¨¨ ¢ §�¤�ç¥ à�á¯®§−�¢�−¨ï í¬®æ¨©
¯® ��ƒ ¡ë«� à�áá¬®âà¥−� ¢ à�¡®â¥ [16]. �á−®¢−®¥ ®â«¨ç¨¥ ¯à¥¤«®¦¥−−®£®
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Œ¥â®¤ë �−�«¨§� ¤�−−ëå í«¥ªâà®í−æ¥ä�«®£à�ä¨¨ á ¯à¨¬¥−¥−¨¥¬ −¥©à®−−ëå á¥â¥©

¬¥â®¤� §�ª«îç�¥âáï ¢ â®¬, çâ® ¢ à�¬ª�å ¬−®£®§�¤�ç−®£® ®¡ãç¥−¨ï ¯à¥¤ãá¬®â-
à¥−� ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�âì −�¡®àë ¤�−−ëå, −¥ á®¤¥à¦�é¨¥ ¨−ä®à¬�æ¨î
®¡ í¬®æ¨®−�«ì−ëå á®áâ®ï−¨ïå. ’�ª¨¬ ®¡à�§®¬, ¯à¨ ®¡ãç¥−¨¨ ¨áªãááâ¢¥−−®©
−¥©à®−−®© á¥â¨ ç�áâì ¤�−−ëå ¨á¯®«ì§ã¥âáï â®«ìª® ¤«ï ®¡ãç¥−¨ï ª«�áá¨ä¨ª�â®à�
áã¡ê¥ªâ�. ÷�§à�¡®âª� ¬¥â®¤� ®¡ãç¥−¨ï â�ª®© ¬®¤¥«¨ ¢å®¤¨â ¢ ¯«�−ë ¤�«ì−¥©è¨å
¨áá«¥¤®¢�−¨© �¢â®à®¢ −�áâ®ïé¥© à�¡®âë.

6 Заключение

‚ à�¡®â¥ ¯à®¢¥¤¥−® ¨áá«¥¤®¢�−¨¥ ¬¥â®¤®¢ �−�«¨§� ¤�−−ëå ��ƒ −� ¯à¨¬¥à¥
ª®−ªà¥â−ëå §�¤�ç. �� ®á−®¢�−¨¨ ®¡§®à� à®¤áâ¢¥−−ëå à�¡®â ¡ë«¨ ¯à¥¤«®¦¥−ë
¬¥â®¤ë à¥è¥−¨ï §�¤�ç¨ ¤¥â¥ªâ¨à®¢�−¨ï �àâ¥ä�ªâ®¢ ¢ ¤�−−ëå ��ƒ ¨ à�á¯®-
§−�¢�−¨ï í¬®æ¨®−�«ì−®£® á®áâ®ï−¨ï −� ®á−®¢¥ ¨áªãááâ¢¥−−ëå −¥©à®−−ëå á¥â¥©.
�à¥¤«®¦¥−−ë¥ ¬¥â®¤ë ¡ë«¨ ¯à®â¥áâ¨à®¢�−ë −� ¨§¢¥áâ−ëå −�¡®à�å ¤�−−ëå,
¡ë«¨ ¯®«ãç¥−ë à¥§ã«ìâ�âë, á®¯®áâ�¢¨¬ë¥ á «ãçè¨¬¨ ¨§¢¥áâ−ë¬¨ ¢ «¨â¥à�âãà¥
à¥§ã«ìâ�â�¬¨ ¤«ï à�áá¬®âà¥−−ëå §�¤�ç.
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Abstract: Modern methods for the neurophysiological data analysis provide
promising solutions to various problems both in the field of medical industry and
in the field of brain{computer interfaces development. In this paper, a couple of
important electroencephalography (EEG) data analysis problems are considered
that are artifact detection and removal and human emotion recognition. Due to
recent active development of algorithms based on deep artificial neural networks
and to the cost reduction of commercial prototypes of brain{computer interfaces,
the efficiency and robustness of modern methods for EEG data analysis is
approaching a level sufficient for use outside the laboratory. The paper proposes
methods for EEG data analysis based on convolutional and recurrent neural
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Electroencephalography data analysis with convolutional and recurrent neural networks

networks which make it possible to achieve high accuracy of artifact classification
and emotion recognition over open data sets.
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СТИМУЛЯЦИЯ КОНФЛИКТОВ АГЕНТОВ В ГИБРИДНЫХ
ИНТЕЛЛЕКТУАЛЬНЫХ МНОГОАГЕНТНЫХ СИСТЕМАХ

С. В. Листопад1, И. А. Кириков2

�−−®â�æ¨ï: Š®−ä«¨ªâë ¢ ª®««¥ªâ¨¢�å á¯¥æ¨�«¨áâ®¢, à¥è�îé¨å ¯à®¡«¥¬ë
ú§� ªàã£«ë¬ áâ®«®¬û, | −¥®âê¥¬«¥¬�ï ç�áâì ¯à®æ¥áá� ®¡áã¦¤¥−¨ï, ¨ ¯à¨ ª®¬-
¯ìîâ¥à−®¬ ¬®¤¥«¨à®¢�−¨¨ íâ®£® ¯à®æ¥áá� −¥®¡å®¤¨¬® ã¯à�¢«ïâì ª®−ä«¨ªâ�-
¬¨ ¯® �−�«®£¨¨ á â¥¬, ª�ª íâ® ¯à®¨áå®¤¨â ¢ ®à¨£¨−�«¥. �¥ ª�¦¤ë© ª®−ä«¨ªâ
−®á¨â ¤¥áâàãªâ¨¢−ë© å�à�ªâ¥à ¨ âà¥¡ã¥â ¯®¤�¢«¥−¨ï: ã¯à�¢«¥−¨¥ ª®−ä«¨ª-
â®¬ ¢ ª®««¥ªâ¨¢¥ ¯à¥¤¯®«�£�¥â ¨¤¥−â¨ä¨ª�æ¨î á¨âã�æ¨¨ ¯à¨−ïâ¨ï à¥è¥−¨©,
¯à¨ −¥®¡å®¤¨¬®áâ¨ áâ¨¬ã«ïæ¨î ¨ ¯®á«¥¤ãîé¥¥ à�§à¥è¥−¨¥ ª®−áâàãªâ¨¢-
−ëå ä®à¬ ª®−ä«¨ªâ�, � â�ª¦¥ ¯à¥¤®â¢à�é¥−¨¥ ¥£® ¤¥áâàãªâ¨¢−ëå ä®à¬.
‘â�âìï ¯®á¢ïé¥−� à�§à�¡®âª¥ ¬¥â®¤� áâ¨¬ã«ïæ¨¨ ª®−ä«¨ªâ®¢ ¬¥¦¤ã �£¥−-
â�¬¨ ¢ £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå ¬−®£®�£¥−â−ëå á¨áâ¥¬�å (ƒ¨ˆŒ�‘),
çâ® ¯®§¢®«¨â à�§à�¡®â�âì ¯®¤á¨áâ¥¬ã ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨, ®¡¥á¯¥ç¨¢
à¥«¥¢�−â−®áâì â�ª¨å á¨áâ¥¬ ¬�«ë¬ ª®««¥ªâ¨¢�¬ á¯¥æ¨�«¨áâ®¢, ãá¯¥è−® à¥-
è�îé¨¬ ¯à®¡«¥¬ë á ¢ëá®ª®© ª®¬¡¨−�â®à−®© á«®¦−®áâìî, −¥®¤−®à®¤−®áâìî,
−¥¤®®¯à¥¤¥«¥−−®áâìî ¨ ¤àã£¨¬¨ �…-ä�ªâ®à�¬¨.

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

DOI: 10.14357/08696527210205

1 Введение

‚ ¯à�ªâ¨ª¥ ã¯à�¢«¥−¨ï ¯à®¨§¢®¤áâ¢¥−−ë¬¨, íª®−®¬¨ç¥áª¨¬¨ ¨ á®æ¨�«ì-
−ë¬¨ á¨áâ¥¬�¬¨ è¨à®ª¨© ª«�áá ¯à®¡«¥¬ âà�¤¨æ¨®−−® à¥è�¥âáï ª®««¥ªâ¨¢�¬¨
á¯¥æ¨�«¨áâ®¢. Š®««¥ªâ¨¢−®¥ à¥è¥−¨¥ ¯à®¡«¥¬ ¯à¥¤¯®çâ¨â¥«ì−¥© ¯¥à¥¤ ¨−¤¨-
¢¨¤ã�«ì−ë¬, ¥á«¨ ¯à®¡«¥¬� ®¡«�¤�¥â ¯®«¨â¥«¨ç−®áâìî, ¬®¦¥â ¨¬¥âì −¥áª®«ìª®
�«ìâ¥à−�â¨¢−ëå à¥è¥−¨©, §�âà�£¨¢�¥â ¨−â¥à¥áë à�§«¨ç−ëå áâ®à®− ¨ ¢�¦−® ãç¥áâì
¯®âà¥¡−®áâ¨ ª�¦¤®© ¨§ −¨å [1, 2]. �¡à�â−�ï áâ®à®−� ¢á¥áâ®à®−−¥£® à�áá¬®âà¥−¨ï
¯à®¡«¥¬ë ª®««¥ªâ¨¢®¬ á¯¥æ¨�«¨áâ®¢ | ¢®§−¨ª−®¢¥−¨¥ ¬¥¦¤ã −¨¬¨ ª®−ä«¨ª-
â®¢ à�§«¨ç−®£® å�à�ªâ¥à� ¨ −¥®¡å®¤¨¬®áâì §�¤¥©áâ¢®¢�âì ¬¥å�−¨§¬ë ã¯à�¢«¥−¨ï
¨¬¨ ¤«ï ®¡¥á¯¥ç¥−¨ï íää¥ªâ¨¢−®© à�¡®âë ª®««¥ªâ¨¢�. �¥ ¢áïª¨¥ ª®−ä«¨ªâë
âà¥¡ã¥âáï ¯à¥¤®â¢à�é�âì: ¡¥§ ª®−ä«¨ªâ®¢ −¥¢®§¬®¦−� á�¬®®à£�−¨§�æ¨ï ª®««¥ª-
â¨¢®¢, ¯à¥¤¯®«�£�îé�ï á�¬®áâ®ïâ¥«ì−®¥, ¡¥§ ¯à¨−ã¦¤�îé¥£® ¢«¨ï−¨ï ¨§¢−¥,
ä®à¬¨à®¢�−¨¥ ¨å á®áâ�¢�, áâàãªâãàë ¨ á¢®©áâ¢ [3]. ‚ íâ®© á¢ï§¨ �ªâã�«ì−�

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

2Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, baltbipiran@mail.ru
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áâà�â¥£¨ï áâ¨¬ã«ïæ¨¨ ª®−ä«¨ªâ®¢, −�¯à�¢«¥−−�ï −� ¬®¡¨«¨§�æ¨î �ªâ¨¢−®áâ¨
ç«¥−®¢ ª®««¥ªâ¨¢�, à�§¢¨â¨¥ ¯®§¨â¨¢−®© ¨−¨æ¨�â¨¢ë [4].

„àã£®© −¥¤®áâ�â®ª ª®««¥ªâ¨¢−®£® à¥è¥−¨ï ¯à®¡«¥¬ | ¤«¨â¥«ì−®¥ ¢à¥¬ï
¢ëà�¡®âª¨ à¥è¥−¨©. …á«¨ ¯à®¡«¥¬� å�à�ªâ¥à¨§ã¥âáï −¥ â®«ìª® ¯®«¨â¥«¨ç-
−®áâìî, −® ¨ ¢ëá®ª®© ¤¨−�¬¨ç−®áâìî, ¢®§−¨ª�îâ ¢à¥¬¥−− �ë¥ ®£à�−¨ç¥−¨ï −�
¤«¨â¥«ì−®áâì ¯à®æ¥¤ãàë ¥¥ à¥è¥−¨ï, ¨§-§� ª®â®àëå ¯à¨¢«¥ç¥−¨¥ ª®««¥ªâ¨¢�
á¯¥æ¨�«¨áâ®¢ −¥æ¥«¥á®®¡à�§−®. „«ï â�ª¨å ¯à®¡«¥¬ ¢ [5] ¯à¥¤«®¦¥−ë £¨¡à¨¤−ë¥
¨−â¥««¥ªâã�«ì−ë¥ ¬−®£®�£¥−â−ë¥ á¨áâ¥¬ë, �£¥−âë ª®â®àëå ¬®¤¥«¨àãîâ à�á-
áã¦¤¥−¨ï ®â¤¥«ì−ëå á¯¥æ¨�«¨áâ®¢, � á¨áâ¥¬ë ¢ æ¥«®¬ ®â®¡à�¦�îâ ¢ ¯�¬ïâ¨
ª®¬¯ìîâ¥à� ¬�ªà®ãà®¢−¥¢ë¥ ¯à®æ¥ááë, ¢®§−¨ª�îé¨¥ ¢ à¥§ã«ìâ�â¥ ¨å ¢§�¨¬®-
¤¥©áâ¢¨ï ¯à¨ à¥è¥−¨¨ ¯à®¡«¥¬ë ú§� ªàã£«ë¬ áâ®«®¬û. �−¨ ¨−â¥£à¨àãîâ
¯®¤å®¤ £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ �. ‚. Š®«¥á−¨ª®¢� [6] ¨ �¯¯�à�â
¬−®£®�£¥−â−ëå á¨áâ¥¬ ¢ á¬ëá«¥ ‚. �. ’�à�á®¢� [7]. ‚ [8] ¤«ï ã¯à�¢«¥−¨ï ª®−-
ä«¨ªâ�¬¨, ¢®§−¨ª�îé¨¬¨ ¬¥¦¤ã �£¥−â�¬¨, ¯® �−�«®£¨¨ á â¥¬, ª�ª íâ® ¯à®¨áå®¤¨â
¢ ª®««¥ªâ¨¢�å á¯¥æ¨�«¨áâ®¢, ¯à¥¤«®¦¥−� ¬®¤¥«ì ƒ¨ˆŒ�‘ á ¯à®¡«¥¬−®- ¨ ¯à®-
æ¥áá−®-®à¨¥−â¨à®¢�−−ë¬¨ ª®−ä«¨ªâ�¬¨. –¥«ì −�áâ®ïé¥© à�¡®âë | à�§à�¡®âª�
¬¥â®¤� áâ¨¬ã«ïæ¨¨ ª®−ä«¨ªâ®¢ ¬¥¦¤ã �£¥−â�¬¨ ¢ à�¬ª�å ¤�−−®© ¬®¤¥«¨.

2 Стимуляция конфликтов в коллективах специалистов

�¤¨− ¨§ í«¥¬¥−â®¢ íää¥ªâ¨¢−®£® ã¯à�¢«¥−¨ï ª®−ä«¨ªâ®¬ ¢ ª®««¥ªâ¨¢�å
á¯¥æ¨�«¨áâ®¢, à�¡®â�îé¨å −�¤ à¥è¥−¨¥¬ ¯à®¡«¥¬ë ú§� ªàã£«ë¬ áâ®«®¬û, |
áâ¨¬ã«¨à®¢�−¨¥ ª®−ä«¨ªâ®¢, ª®£¤� íâ® −¥®¡å®¤¨¬® [9]. “¯à�¢«¥−¨¥ ª®−ä«¨ª-
â®¬ | æ¥«¥−�¯à�¢«¥−−®¥, ®¡ãá«®¢«¥−−®¥ ®¡ê¥ªâ¨¢−ë¬¨ §�ª®−�¬¨ ¢®§¤¥©áâ¢¨¥ −�
¥£® ¤¨−�¬¨ªã ¢ ¨−â¥à¥á�å à�§¢¨â¨ï ¨«¨ à�§àãè¥−¨ï á®æ¨�«ì−®© á¨áâ¥¬ë, ª ª®â®-
à®© ®â−®á¨âáï ª®−ä«¨ªâ [10]. �à¨ ã¯à�¢«¥−¨¨ ª®−ä«¨ªâ�¬¨ ¢ ¬�«ëå ª®««¥ªâ¨-
¢�å á¯¥æ¨�«¨áâ®¢ �ªâã�«¥− ¥£® ¯à®¤ãªâ¨¢−ë© �á¯¥ªâ, −�¯à�¢«¥−−ë© −� à�§¢¨â¨¥
ª®««¥ªâ¨¢� ¨ á®áâ®ïé¨© ¢ ¯à¥¤®â¢à�é¥−¨¨ ¤¥áâàãªâ¨¢−ëå ª®−ä«¨ªâ®¢ (¯à¥¨¬ã-
é¥áâ¢¥−−® ª®−ä«¨ªâ®¢ ¯® ¯®¢®¤ã ®â−®è¥−¨©, «¨ç−ë¬ ¢®¯à®á�¬ ¨ ¯à®¡«¥¬�¬),
áâ¨¬ã«¨à®¢�−¨¨ ¨ à�§à¥è¥−¨¨ ª®−áâàãªâ¨¢−ëå (¨−áâàã¬¥−â�«ì−ëå ª®−ä«¨ªâ®¢
®â−®á¨â¥«ì−® ¯à®¡«¥¬ë ¨«¨ ¯à®æ¥áá� ¥¥ à¥è¥−¨ï).

’à�¤¨æ¨®−−® áç¨â�¥âáï, çâ® ª®−ä«¨ªâ ¯®¤àë¢�¥â æ¥«¨ áãé¥áâ¢®¢�−¨ï ª®«-
«¥ªâ¨¢� ¨«¨ á¢¨¤¥â¥«ìáâ¢ã¥â ® −¥íää¥ªâ¨¢−®áâ¨ ¥£® à�¡®âë. �¤−�ª® ®âáãâáâ¢¨¥
ª®−ä«¨ªâ� ¬®¦¥â ®§−�ç�âì íää¥ªâ £àã¯¯á¨−ª�, ª®£¤� ç«¥−ë ª®««¥ªâ¨¢�, −¥á®-
£«�á−ë¥ á ¬−¥−¨¥¬ ¡®«ìè¨−áâ¢�, −¥ ¢ëáª�§ë¢�îâ á¢®î â®çªã §à¥−¨ï ¨ ¯à¨−¨¬�-
¥âáï à¥è¥−¨¥, −¥ ãáâà�¨¢�îé¥¥ −¥ª®â®àëå ¨«¨ ¤�¦¥ ¡®«ìè¨−áâ¢® ç«¥−®¢.

‚ [11{14] ¯®ª�§�−®, çâ® ã¬¥à¥−−ë¥ ¨−áâàã¬¥−â�«ì−ë¥ ª®−ä«¨ªâë ¯®«¥§-
−ë: ®−¨ áâ¨¬ã«¨àãîâ ¤¨áªãáá¨¨ ¨ ¤¥¡�âë, ¯®¬®£�îé¨¥ ª®««¥ªâ¨¢�¬ ¯®¢ëá¨âì
¯à®¨§¢®¤¨â¥«ì−®áâì §� áç¥â «ãçè¥£® ¯®−¨¬�−¨ï à�§«¨ç−ëå â®ç¥ª §à¥−¨ï ¨ �«ì-
â¥à−�â¨¢−ëå à¥è¥−¨©. ‚ ®á®¡¥−−®áâ¨ íâ®â íää¥ªâ ¯à®ï¢«ï¥âáï ¢ ª®««¥ªâ¨¢�å,
à¥è�îé¨å −¥ àãâ¨−−ë¥, � â¢®àç¥áª¨¥, −¥áâ�−¤�àâ−ë¥ ¯à®¡«¥¬ë. �à¨ íâ®¬ ª®−-
ä«¨ªâë, ¢ â®¬ ç¨á«¥ ¨−áâàã¬¥−â�«ì−ë¥, ¬®£ãâ á−¨§¨âì £àã¯¯®¢ãî «®ï«ì−®áâì,
¯à¨¢¥à¦¥−−®áâì ª®««¥ªâ¨¢ã ¨ ã¤®¢«¥â¢®à¥−−®áâì à�¡®â®© [13].
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‘â¨¬ã«ïæ¨ï ª®−ä«¨ªâ®¢ �£¥−â®¢ ¢ ƒ¨ˆŒ�‘

Š�ª ¯®ª�§�−® ¢ [15], ª®««¥ªâ¨¢ë áâà¥¬ïâáï ¨§¡¥£�âì ª®−ä«¨ªâ®¢, � ¯à¨ −¥-
®¡å®¤¨¬®áâ¨ ¨áª«îç¨âì ª®£®-â® ¨§ á¢®¨å ç«¥−®¢. �¡ëç−® ¨áª«îç�îâ −�¨¡®«¥¥
ª®−ä«¨ªâ−ëå, ¤�¦¥ ¥á«¨ ¥áâì ¯®−¨¬�−¨¥, çâ® á¯à®¢®æ¨à®¢�−−ë¥ ¨¬¨ ª®−ä«¨ªâë
¯à¨¢®¤¨«¨ ª ¯®¢ëè¥−¨î ª�ç¥áâ¢� ¯à¨−¨¬�¥¬ëå à¥è¥−¨©. …á«¨ −�¯àï¦¥−-
−®áâì ª®−ä«¨ªâ� ¢ ª®««¥ªâ¨¢¥ ®ç¥−ì −¨§ª�ï, ä�á¨«¨â�â®à, â. ¥. ç«¥− ª®««¥ªâ¨¢�,
®â¢¥ç�îé¨© §� ®à£�−¨§�æ¨î íää¥ªâ¨¢−®© á®¢¬¥áâ−®© à�¡®âë, ¤®«¦¥− ¯à¥¤¯à¨-
−ïâì ¤¥©áâ¢¨ï ¯® áâ¨¬ã«¨à®¢�−¨î ¨−áâàã¬¥−â�«ì−ëå ª®−ä«¨ªâ®¢, ª®−âà®«¨àãï
á®¡«î¤¥−¨¥ −®à¬ ¯®¢¥¤¥−¨ï, ¯à¥¯ïâáâ¢ãîé¨å ¢®§−¨ª−®¢¥−¨î ¤¥áâàãªâ¨¢−ëå
¯¥àá®−�«ì−ëå ª®−ä«¨ªâ®¢ ¯® ¯®¢®¤ã ®â−®è¥−¨©.

�� ®á−®¢¥ �−�«¨§� à�¡®â ¢ ®¡«�áâ¨ £àã¯¯®¢®© ¤¨−�¬¨ª¨ ¨ ª®−ä«¨ªâ®«®-
£¨¨ [15{18] ¢ë¤¥«¥−ë ¨ ®¡®¡é¥−ë á«¥¤ãîé¨¥ ãá«®¢¨ï áâ¨¬ã«ïæ¨¨ ª®−ä«¨ªâ�:

(1) ¢®§¬®¦−® à�§¢¨â¨¥ ¨−áâàã¬¥−â�«ì−®£®, � −¥ ¯¥àá®−�«ì−®£® ª®−ä«¨ªâ�,
−�¯à¨¬¥à, ¥á«¨ ç«¥−ë ª®««¥ªâ¨¢� −¥ áª«®−−ë ¢ å®¤¥ ¤¨áªãáá¨¨ ¯® ¯à®¡«¥¬¥
¯¥à¥å®¤¨âì −� «¨ç−®áâ¨ ¨ ¯à®ï¢«ïâì ¨§«¨è−îî í¬®æ¨®−�«ì−®áâì;

(2) −¨§ª�ï −�¯àï¦¥−−®áâì ª®−ä«¨ªâ®¢ ¢ ª®««¥ªâ¨¢¥, á¢¨¤¥â¥«ìáâ¢ãîé�ï ® −¨§-
ª®© �ªâ¨¢−®áâ¨ ¨ íää¥ªâ¨¢−®áâ¨ á®¢¬¥áâ−®© à�¡®âë. �à¨ç¨−ë −¨§ª®©
−�¯àï¦¥−−®áâ¨ ª®−ä«¨ªâ®¢: ¡®«ìè®¥ ç¨á«® á¯¥æ¨�«¨áâ®¢-ª®−ä®à¬¨áâ®¢,
ª®««¥ªâ¨¢ −�æ¥«¥− −¥ −� ¯®¨áª ª�ç¥áâ¢¥−−ëå à¥è¥−¨©, � −� ¯®¨áª ª®¬-
¯à®¬¨áá� ¨ á®åà�−¥−¨¥ á®£«�á¨ï ç«¥−®¢, á®¯à®â¨¢«¥−¨¥ ç«¥−®¢ ª®««¥ªâ¨¢�
¯¥à¥¬¥−�¬;

(3) ¯®§¨â¨¢−�ï ¢§�¨¬®§�¢¨á¨¬®áâì æ¥«¥© ãç�áâ−¨ª®¢ ª®««¥ªâ¨¢�, ª®£¤� ª�¦¤ë©
¨§ −¨å −¥ ¬®¦¥â ¤®áâ¨çì á¢®¨å æ¥«¥© á�¬®áâ®ïâ¥«ì−®, ¡¥§ ¯®¬®é¨ ¤àã£¨å
ç«¥−®¢. ‚ á«ãç�¥ −¥§�¢¨á¨¬®áâ¨ ¨«¨ ®âà¨æ�â¥«ì−®© ¢§�¨¬®§�¢¨á¨¬®áâ¨ æ¥-
«¥© ãç�áâ−¨ª®¢ ª®««¥ªâ¨¢�, ª®£¤� ¤®áâ¨¦¥−¨¥ æ¥«¨ ®¤−¨¬ ãç�áâ−¨ª®¬ ¤¥«�¥â
−¥¢®§¬®¦−ë¬ ¤®áâ¨¦¥−¨¥ æ¥«¥© ®áâ�«ì−ë¬¨ (ú¯®¡¥¤¨â¥«ì ¯®«ãç�¥â ¢á¥û),
áâ¨¬ã«¨à®¢�−¨¥ ª®−ä«¨ªâ� á−¨¦�¥â íää¥ªâ¨¢−®áâì à�¡®âë ª®««¥ªâ¨¢�.

‚ë¤¥«ïîâáï á«¥¤ãîé¨¥ ¬¥àë áâ¨¬ã«ïæ¨¨ ª®−ä«¨ªâ®¢ ¢ ª®««¥ªâ¨¢�å [15,
17, 19, 20]: ¯à¨¢«¥ç¥−¨¥ ¢ ª®««¥ªâ¨¢ á¯¥æ¨�«¨áâ®¢ á à�§−®à®¤−ë¬¨ æ¥−−®áâï¬¨,
®¯ëâ®¬ ¨ áâ¨«¥¬ à�¡®âë; ¯®¢ëè¥−¨¥ ª®−ªãà¥−æ¨¨ á¯¥æ¨�«¨áâ®¢ ¯ãâ¥¬ ¯®®éà¥−¨ï
íää¥ªâ¨¢−®© à�¡®âë; á®§¤�−¨¥ áà¥¤ë −®¢�â®àáª®£®, ¤¨¢¥à£¥−â−®£® ¬ëè«¥−¨ï;
−�§−�ç¥−¨¥ ú�¤¢®ª�â� ¤ìï¢®«�û; ¯¥à¥à�á¯à¥¤¥«¥−¨¥ à®«¥© ¢ ª®««¥ªâ¨¢¥ ¨ ¥£®
à¥áâàãªâãà¨§�æ¨ï. ÷�áá¬®âà¨¬ à¥�«¨§�æ¨î íâ¨å ¬¥å�−¨§¬®¢ ¢ ƒ¨ˆŒ�‘.

3 Управление конфликтами в гибридных интеллектуальных
многоагентных системах

�®¤à®¡−®¥ ®¯¨á�−¨¥ ¬®¤¥«¨ ƒ¨ˆŒ�‘ á ¯à®¡«¥¬−®- ¨ ¯à®æ¥áá−®-®à¨¥−â¨-
à®¢�−−ë¬¨ ª®−ä«¨ªâ�¬¨ ¯à¥¤áâ�¢«¥−® ¢ [8]. ÷�áá¬®âà¨¬ ®á−®¢−ë¥ ¥¥ í«¥¬¥−âë,
−¥®¡å®¤¨¬ë¥ ¤«ï ®¯¨á�−¨ï ¯à®æ¥áá� ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨. ‘ ãç¥â®¬ â®£®
çâ® ¢ ƒ¨ˆŒ�‘ í¬®æ¨¨ á¯¥æ¨�«¨áâ®¢ −¥ ¬®¤¥«¨àãîâáï �£¥−â�¬¨ ¨ ª®−ä«¨ªâ
−¥ ¬®¦¥â ¯à¥¢à�â¨âìáï ¨§ ¨−áâàã¬¥−â�«ì−®£® ¢ ¯¥àá®−�«ì−ë©, ¯à¨ ã¯à�¢«¥−¨¨
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ª®−ä«¨ªâ�¬¨ �£¥−â®¢ ãç¨âë¢�îâáï â®«ìª® ¯®á«¥¤−¨¥ ¤¢� ¨§ âà¥å ®¯¨á�−−ëå ¢ëè¥
ãá«®¢¨© −¥®¡å®¤¨¬®áâ¨ áâ¨¬ã«ïæ¨¨ ª®−ä«¨ªâ�.

”®à¬�«ì−® ƒ¨ˆŒ�‘ ¢ æ¥«®¬ ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬ [8]:

himas = 〈AG∗, env, INT,ORG,MLP〉 , (1)

£¤¥AG∗ =
{

ag1, . . . , agn, ag
dm, agfc

}

| ¬−®¦¥áâ¢® �£¥−â®¢, ¢ª«îç�îé¥¥ n �£¥−-
â®¢-á¯¥æ¨�«¨áâ®¢ (�‘) agi, i ∈ N, 1 ≤ i ≤ n, �£¥−â�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï
(��÷), | agdm ¨ �£¥−â�-ä�á¨«¨â�â®à� (�”), ã¯à�¢«ïîé¥£® ¢§�¨¬®¤¥©áâ¢¨ï¬¨
�£¥−â®¢ ¯à¨ à¥è¥−¨¨ ¯à®¡«¥¬ë ¨ ª®−ä«¨ªâ�¬¨ ¬¥¦¤ã −¨¬¨, | agfc; env |
ª®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ¢−¥è−¥© áà¥¤ë á¨áâ¥¬ë; INT∗ | ¬−®¦¥áâ¢® í«¥¬¥−â®¢
áâàãªâãà¨à®¢�−¨ï ¢§�¨¬®¤¥©áâ¢¨© �£¥−â®¢ [8], á®¤¥à¦�é¥¥ áà¥¤¨ ¯à®ç¥£® ¬®¤¥«ì
¯à¥¤¬¥â−®© ®¡«�áâ¨ ont; ORG | ¬−®¦¥áâ¢® �àå¨â¥ªâãà ƒ¨ˆŒ�‘; MLP =
= {cnfm, gdid} | ¬−®¦¥áâ¢® ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥© ¬�ªà®ãà®¢−¥¢ëå ¯à®æ¥á-
á®¢ ¢ ƒ¨ˆŒ�‘, á®¤¥à¦�é¥¥ ¬®¤¥«ì cnfm ¯à®æ¥áá� ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨
�£¥−â®¢ ¨ ¬®¤¥«ì gdid ¨¤¥−â¨ä¨ª�æ¨¨ ¢§�¨¬®§�¢¨á¨¬®áâ¨ æ¥«¥© �£¥−â®¢.

�£¥−â agid ∈ AG∗ ¨§ ä®à¬ã«ë (1) ®¯¨áë¢�¥âáï ¢ëà�¦¥−¨¥¬:

agid = 〈idagid , gl
ag
id ,ACT

ag
id 〉 ,

£¤¥ idagid | ¨¤¥−â¨ä¨ª�â®à �£¥−â�; glagid | −¥ç¥âª�ï æ¥«ì �£¥−â�, â. ¥. −¥ç¥â-
ª®¥ ¬−®¦¥áâ¢® á äã−ªæ¨¥© ¯à¨−�¤«¥¦−®áâ¨ µid(pr1, . . . ,prNPRG), §�¤�−−®© −�
¯®¤¬−®¦¥áâ¢¥ æ¥«¥¢ëå ª®−æ¥¯â®¢-á¢®©áâ¢ PRg = {pr1, . . . ,prNPRG} ¬−®¦¥áâ¢�
ª®−æ¥¯â®¢-á¢®©áâ¢ PRg ⊆ PR ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ont; ACTagid | ¬−®-
¦¥áâ¢® ¤¥©áâ¢¨© �£¥−â�.

Œ®¤¥«ì ¯à®æ¥áá� ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨ �£¥−â®¢ ®¯¨áë¢�¥âáï ¢ëà�¦¥−¨¥¬:

cnfm = 〈CNF, cnfcl,ACTafcm,ACTagcs,ACTagcr〉 , (2)

£¤¥ CNF | ¬�âà¨æ� ª®−ä«¨ªâ®¢ ¬¥¦¤ã ¯�à�¬¨ �£¥−â®¢; cnfcl | ª«�áá¨-
ä¨ª�â®à ª®−ä«¨ªâ®¢ �£¥−â®¢ [8], ä®à¬¨àãîé¨© ¬�âà¨æã CNF, ACTafcm =
=
{

actcnfm, actcn¦, actcnfs, actcnfr
}

| ¬−®¦¥áâ¢® äã−ªæ¨© �” ¯® ã¯à�¢«¥−¨î

ª®−ä«¨ªâ�¬¨ �‘, á®¤¥à¦�é¥¥ äã−ªæ¨î úã¯à�¢«¥−¨¥ ª®−ä«¨ªâ®¬û actcnfm,
®¡¥á¯¥ç¨¢�îéãî ¨¤¥−â¨ä¨ª�æ¨î actcn¦ ª®−ä«¨ªâ®¢ á ¯®¬®éìî ª«�áá¨ä¨ª�â®-
à� cnfcl ¨ ¨−¨æ¨�«¨§�æ¨î äã−ªæ¨¨ áâ¨¬ã«ïæ¨¨ actcnfs ¨«¨ à�§à¥è¥−¨ï actcnfr

ª®−ä«¨ªâ®¢; ACTagcs | ¬−®¦¥áâ¢® ¤¥©áâ¢¨© �‘, ¢ë¯®«−ï¥¬ëå ¯à¨ áâ¨¬ã-
«¨à®¢�−¨¨ ¯à®â¨¢®à¥ç¨© �”, ACTagcs ⊆ ∪

agid∈AG
∗

ACTagid ; ACTagcr | ¬−®-

¦¥áâ¢® ¤®¯ãáâ¨¬ëå ¤¥©áâ¢¨© �‘ ¯® à�§à¥è¥−¨î ¯à®â¨¢®à¥ç¨©, ACTagcr ⊆
⊆ ∪
agid∈AG

∗

ACTagid .

Š®−ä«¨ªâ ¬¥¦¤ã �£¥−â�¬¨, â. ¥. í«¥¬¥−â ¬�âà¨æë ¨§ ¢ëà�¦¥−¨ï (2), ®¯¨áë-
¢�¥âáï á«¥¤ãîé¥© ä®à¬ã«®©:

cnfi j cnft = 〈agi, agj, cn¦n, cnft,ACTagcri ,ACTagcrj 〉 ,
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£¤¥ agi ¨ agj | �£¥−âë-áã¡ê¥ªâë ª®−ä«¨ªâ�, i, j ∈ N, 1 ≤ i, j ≤ n, i 6= j;
cn¦n | −�¯àï¦¥−−®áâì ª®−ä«¨ªâ� ¢ ¢¨¤¥ áª�«ïà−®© ¢¥«¨ç¨−ë cn¦n ∈ [0, 1],
¢ëç¨á«ï¥¬�ï ª«�áá¨ä¨ª�â®à®¬ ª®−ä«¨ªâ®¢ cnfcl ¢ á®®â¢¥âáâ¢¨¨ á à¥�«¨§ã¥¬®©
¨¬ ¬¥à®© −�¯àï¦¥−−®áâ¨ ª®−ä«¨ªâ� [8]; cnft | á¨¬¢®«ì−�ï ¯¥à¥¬¥−−�ï úâ¨¯
ª®−ä«¨ªâ�û, ®¯à¥¤¥«¥−−�ï −� ¬−®¦¥áâ¢¥ CNFT = {ú¯à®¡«¥¬−®-®à¨¥−â¨à®¢�−-
−ë©û, ú¯à®æ¥áá−®-®à¨¥−â¨à®¢�−−ë©û}; ACTagcri ¨ACTagcrj | ¬−®¦¥áâ¢® ¤®¯ãá-
â¨¬ëå ¤¥©áâ¢¨© �£¥−â®¢ agi ¨ agj á®®â¢¥âáâ¢¥−−® ¯® à�§à¥è¥−¨î ¯à®â¨¢®à¥ç¨©,

ACTagcri ⊆ ACTagi , ACTagcrj ⊆ ACTagj , ACTagcri ,ACTagcrj ⊆ ACTagcr.
Œ®¤¥«ì ¨¤¥−â¨ä¨ª�æ¨¨ ¢§�¨¬®§�¢¨á¨¬®áâ¨ æ¥«¥© �£¥−â®¢ ®¯¨áë¢�¥âáï ¢ë-

à�¦¥−¨¥¬:

gdid = 〈GD, gdi〉 .

‡¤¥áìGD| ¬�âà¨æ� ¯®ª�§�â¥«¥© ¢§�¨¬®§�¢¨á¨¬®áâ¨ æ¥«¥© ¯�à �£¥−â®¢, gdi j ∈
∈ [−1, 1]:

gdi j =















−1 | ¬�ªá¨¬�«ì−�ï ®âà¨æ�â¥«ì−�ï ¢§�¨¬®§�¢¨á¨¬®áâì;

0 | −¥§�¢¨á¨¬®áâì;

1 | ¬�ªá¨¬�«ì−�ï ¯®«®¦¨â¥«ì−�ï ¢§�¨¬®§�¢¨á¨¬®áâì æ¥«¥©

¯�àë �£¥−â®¢ agi ¨ agj;

gdi| ¯®ª�§�â¥«ì ¢§�¨¬®§�¢¨á¨¬®áâ¨ æ¥«¥© �£¥−â®¢, ä®à¬¨àãîé¨© ¬�âà¨æãGD
¢ á«ãç�¥ ®¤−®¬¥à−ëå æ¥«¥©, â. ¥. |PRg| = 1 ¢ á®®â¢¥âáâ¢¨¨ á ¢ëà�¦¥−¨¥¬

gdi j = gdi
(

glagi , gl
ag
j

)

=

∫ vmax

vmin

µi∩j(pr) d(pr)

∫ vmax

vmin

µi(pr) d(pr)

+

∫ vmax

vmin

µi∩j(pr) d(pr)

∫ vmax

vmin

µj(pr) d(pr)

−1 , (3)

£¤¥ vmin ¨ vmax| ¬¨−¨¬�«ì−®¥ ¨ ¬�ªá¨¬�«ì−®¥ §−�ç¥−¨ï á¢®©áâ¢� pr; µi∩j(pr)|
¯¥à¥á¥ç¥−¨¥ äã−ªæ¨© ¯à¨−�¤«¥¦−®áâ¨ −¥ç¥âª¨å æ¥«¥© �£¥−â®¢ agi ¨ agj.

’�ª¨¬ ®¡à�§®¬, äã−ªæ¨ï úã¯à�¢«¥−¨¥ ª®−ä«¨ªâ®¬û actcnfm �” ¬®¦¥â ¡ëâì
¯à¥¤áâ�¢«¥−� á«¥¤ãîé¥© ¯®á«¥¤®¢�â¥«ì−®áâìî è�£®¢:

(1) ¨−¨æ¨�«¨§¨à®¢�âì ¯¥à¥¬¥−−ãî úáâ�¤¨ïû: stg = ú−�ç�«®û;

(2) ¨á¯®«ì§ãï ¢ëà�¦¥−¨¥ (3), ¢ëç¨á«¨âì áà¥¤−¥¥ �à¨ä¬¥â¨ç¥áª®¥ ¯®ª�§�â¥«¥©
¢§�¨¬®§�¢¨á¨¬®áâ¨ æ¥«¥© �£¥−â®¢ ¯® ä®à¬ã«¥

gdhimas =

n
∑

i=1

n
∑

j=i+1

2 gdi j(n − 2)!(n!)−1 ;
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(3) §�¯ãáâ¨âì äã−ªæ¨î ¨¤¥−â¨ä¨ª�æ¨¨ ª®−ä«¨ªâ®¢ actcn¦, çâ®¡ë á ¯®¬®éìî
ª«�áá¨ä¨ª�â®à� ª®−ä«¨ªâ®¢ cnfcl −� ®á−®¢¥ à¥è¥−¨©, ¯à¥¤«®¦¥−−ëå �‘,
áä®à¬¨à®¢�âì ¬�âà¨æã ª®−ä«¨ªâ®¢ CNF ¬¥¦¤ã ¯�à�¬¨ �£¥−â®¢ [8], ¯®á«¥
ç¥£® ¢ëç¨á«¨âì ®¡é¨© ¯®ª�§�â¥«ì −�¯àï¦¥−−®áâ¨ ª®−ä«¨ªâ� ¢ ƒ¨ˆŒ�‘

cnfhimas =

n
∑

i=1

n
∑

j=i+1

∑

cnft∈CNFT

2cnfi j cnft(n− 2)!|CNFT|−1(n!)−1 ;

(4) ¥á«¨ gdhimas > 0, cnfhimas < cnfhimash ¨ stg ∈ {ú−�ç�«®û, úáâ¨¬ã«ïæ¨ïû},

£¤¥ cnfhimash | ®¯à¥¤¥«ï¥¬®¥ ¢ å®¤¥ â¥áâ¨à®¢�−¨ï á¨áâ¥¬ë §−�ç¥−¨¥, ¯®
ã¬®«ç�−¨î à�¢−®¥ 0,5, â® ãáâ�−®¢¨âì stg = úáâ¨¬ã«ïæ¨ïû ¨ ¢ë¯®«−¨âì
äã−ªæ¨î úáâ¨¬ã«ïæ¨ï ª®−ä«¨ªâ®¢û actcnfs, ¨−�ç¥ ãáâ�−®¢¨âì stg = úà�§-
à¥è¥−¨¥û ¨ ¢ë¯®«−¨âì äã−ªæ¨î úà�§à¥è¥−¨¥ ª®−ä«¨ªâ®¢û actcnfr;

(5) ¥á«¨ stg = úª®−¥æû ¯®á«¥ ¢ë¯®«−¥−¨ï äã−ªæ¨© úáâ¨¬ã«ïæ¨ï ª®−ä«¨ªâ®¢û
actcnfs ¨«¨ úà�§à¥è¥−¨¥ ª®−ä«¨ªâ®¢û actcnfr, â® ®â¯à�¢¨âì ��÷ á®®¡é¥−¨¥
® −¥®¡å®¤¨¬®áâ¨ §�¢¥àè¥−¨ï à�¡®âë ƒ¨ˆŒ�‘ ¨ §�ª®−ç¨âì à�¡®âã;

(6) ®¦¨¤�âì ¯®áâã¯«¥−¨ï á®®¡é¥−¨© ®â �‘ ¨«¨ ��÷;

(7) ¥á«¨ ¯®«ãç¥−® á®®¡é¥−¨¥ ®â �‘, á®¤¥à¦�é¥¥ à¥è¥−¨¥ ¯à®¡«¥¬ë ¨«¨ ¥¥
ç�áâ¨, â® ¯¥à¥©â¨ ª ¯. 3;

(8) ¥á«¨ ¯®«ãç¥−® á®®¡é¥−¨¥ ®â ��÷ ® §�¢¥àè¥−¨¨ à�¡®âë, §�ª®−ç¨âì à�¡®âã,
¨−�ç¥ á®®¡é¨âì �£¥−âã-®â¯à�¢¨â¥«î ®¡ ®è¨¡ª¥ ¨ ¯¥à¥©â¨ ª ¯. 5.

�®áª®«ìªã à�¡®â� ¯®á¢ïé¥−� ¢®¯à®á�¬ áâ¨¬ã«ïæ¨¨ ª®−ä«¨ªâ®¢ ¢ ƒ¨ˆŒ�‘,
à�áá¬®âà¨¬ äã−ªæ¨î actcnfs ¯®¤à®¡−¥¥.

4 Методы стимуляции конфликтов агентов в гибридных
интеллектуальных многоагентных системах

„«ï áâ¨¬ã«ïæ¨¨ ª®−ä«¨ªâ®¢ ¢ ƒ¨ˆŒ�‘ ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ¯®¤-
å®¤ë, �−�«®£¨ç−ë¥ ¯à¨¬¥−ï¥¬ë¬ ¢ ª®««¥ªâ¨¢�å á¯¥æ¨�«¨áâ®¢: ¬®¤¥«¨à®¢�−¨¥
�£¥−â�¬¨ á¯¥æ¨�«¨áâ®¢ à�§«¨ç−ëå −�¯à�¢«¥−¨© á à�§«¨ç−ë¬¨ æ¥«ï¬¨, ¯à¨¬¥−¥-
−¨¥ ¬¥â®¤®¢ ¤¨¢¥à£¥−â−®£® ª®««¥ªâ¨¢−®£® ¬ëè«¥−¨ï [21], ¯à¨¬¥−¥−¨¥ á¨áâ¥¬ë
ú¢®§−�£à�¦¤¥−¨©û ¤«ï ãá¨«¥−¨ï ª®−ªãà¥−æ¨¨, ¬¥å�−¨§¬ ú�¤¢®ª�â� ¤ìï¢®«�û,
¯à¨ ª®â®à®¬ æ¥«¨ �‘ ¯®®ç¥à¥¤−® ¨−¢¥àâ¨àãîâáï.

�à¨ ª�¦¤®¬ ¢ë§®¢¥ äã−ªæ¨¨ úáâ¨¬ã«ïæ¨ï ª®−ä«¨ªâ®¢û actcnfs ¢ë¯®«−ï-
¥âáï ¢ë¡®à ¬¥â®¤� ª®««¥ªâ¨¢−ëå à�ááã¦¤¥−¨© �‘ ¨§ −�¡®à� ¤®áâã¯−ëå �”.
„«¨â¥«ì−®áâì ¯¥à¨®¤�, ¢ â¥ç¥−¨¥ ª®â®à®£® ®áâ�¥âáï �ªâ¨¢−ë¬ ¢ë¡à�−−ë© ¬¥â®¤
ª®««¥ªâ¨¢−ëå à�ááã¦¤¥−¨© �‘, §�¤�¥âáï ¯®«ì§®¢�â¥«¥¬ á¨áâ¥¬ë, ¯® ã¬®«ç�−¨î
®−� á®áâ�¢«ï¥â 10n ¢ë§®¢®¢ äã−ªæ¨¨ actcnfs, £¤¥ n | ç¨á«® �‘. ‚ë¡®à ¬¥â®¤®¢
®à£�−¨§®¢�− â�ª¨¬ ®¡à�§®¬, çâ®¡ë ®ç¥à¥¤−®© ¬¥â®¤ á¯®á®¡áâ¢®¢�« ¯®¢ëè¥−¨î
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−�¯àï¦¥−−®áâ¨ ª®−ä«¨ªâ� ¢ ƒ¨ˆŒ�‘ ¯® áà�¢−¥−¨î á ¯à¥¤ë¤ãé¨¬: ¬®§£®¢®©
èâãà¬ á −�¢®¤ïé¨¬¨ ¢®¯à®á�¬¨, ¯ã« ¬®§£®¢®© §�¯¨á¨, ®á¯�à¨¢�−¨¥ ®£à�−¨ç¥-
−¨©, ª®−ªãà¥−æ¨ï §� ¢®§−�£à�¦¤¥−¨¥, ¨−¢¥àâ¨à®¢�−¨ï æ¥«¥© �‘. �«£®à¨â¬ë,
à¥�«¨§ãîé¨¥ ¯¥à¢ë¥ âà¨ ¬¥â®¤�, ¯à¥¤áâ�¢«¥−ë ¢ [21], ¯®íâ®¬ã §¤¥áì ®−¨ −¥
à�áá¬�âà¨¢�îâáï.

Œ¥â®¤ úª®−ªãà¥−æ¨¨ §� ¢®§−�£à�¦¤¥−¨¥û ¯à¥¤áâ�¢«ï¥âáï á«¥¤ãîé¥© ¯®á«¥-
¤®¢�â¥«ì−®áâìî è�£®¢:

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

(2) �‘ −� á¢®¨å ¬®¤¥«ïå ¯à¥¤¬¥â−®© ®¡«�áâ¨ £¥−¥à¨àãîâ ¢�à¨�−âë à¥è¥−¨©;

(3) −�©¤¥−−ë¥ à¥è¥−¨ï á®¡¨à�îâáï ��÷;

(4) ��÷ à�ááë«�¥â −�©¤¥−−ë¥ à¥è¥−¨ï �‘, ª®â®àë¥ ®¯¨áë¢�îâ ¤®áâ®¨−áâ¢�
á¢®¥£® à¥è¥−¨ï ¨ −¥¤®áâ�âª¨ çã¦¨å à¥è¥−¨©, æ¥«ì | ¬�ªá¨¬¨§�æ¨ï ç¨á«�
¡�««®¢, ¯®«ãç¥−−ëå ®â ��÷;

(5) ��÷ −�ç¨á«ï¥â ¡�««ë �‘ ¢ á®®â¢¥âáâ¢¨¨ á ª�ç¥áâ¢®¬ ¥£® à¥è¥−¨©, ª®â®à®¥
®æ¥−¨¢�¥âáï ª�ª áà¥¤−¥¥ �à¨ä¬¥â¨ç¥áª®¥ ®æ¥−®ª, ¢ëáâ�¢«¥−−ëå ��÷ ¨ �£¥−-
â�¬¨-á¯¥æ¨�«¨áâ�¬¨.

Œ¥â®¤ ú¨−¢¥àâ¨à®¢�−¨ï æ¥«¥© �‘û ®¯¨áë¢�¥âáï á«¥¤ãîé¨¬¨ è�£�¬¨:

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

(2) �” á«ãç�©−ë¬ ®¡à�§®¬ ¢ ª�ç¥áâ¢¥ ú�¤¢®ª�â� ¤ìï¢®«�û ¢ë¡¨à�¥â ®¤−®£®
�‘ ¨§ ç¨á«� à�−¥¥ −¥ ¢ë¡¨à�¢è¨åáï; ¥á«¨ â�ª®¢ëå −¥ ®áâ�«®áì, �«£®à¨â¬
§�¢¥àè�¥â à�¡®âã;

(3) ¯® §�¤�−¨î �” ¢ë¡à�−−ë© �‘ ¢à¥¬¥−−® ¬¥−ï¥â á¢®î æ¥«ì −� ¯à®â¨¢®¯®-
«®¦−ãî, £¥−¥à¨àã¥â à¥è¥−¨ï ¢ á®®â¢¥âáâ¢¨¨ á −®¢®© æ¥«ìî ¨ ¯¥à¥áë«�¥â ¨å
��÷ ¨ ®áâ�«ì−ë¬ �‘;

(4) �‘ −� á¢®¨å ¬®¤¥«ïå ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¯ëâ�îâáï ã«ãçè¨âì à¥è¥−¨ï �‘
á ¨−¢¥àâ¨à®¢�−−®© æ¥«ìî;

(5) −�©¤¥−−ë¥ à¥è¥−¨ï á®¡¨à�îâáï ��÷;

(6) �‘ á ¨−¢¥àâ¨à®¢�−−®© æ¥«ìî ¬¥−ï¥â á¢®î æ¥«ì −� ¨áå®¤−ãî;

(7) ¯¥à¥å®¤ ª ¯. 2.

…á«¨ ¯à¨ ®ç¥à¥¤−®¬ §�¯ãáª¥ äã−ªæ¨¨ úáâ¨¬ã«ïæ¨ï ª®−ä«¨ªâ®¢û actcnfs

¤«¨â¥«ì−®áâì à�¡®âë ¯® ¬¥â®¤ã ú¨−¢¥àâ¨à®¢�−¨ï æ¥«¥© �‘û ¯à¥¢ëè�¥â §�¤�−−®¥
¯®«ì§®¢�â¥«¥¬ ¨«¨ ãáâ�−®¢«¥−−®¥ ¯® ã¬®«ç�−¨î ®£à�−¨ç¥−¨¥, ãáâ�−�¢«¨¢�¥âáï
stg = úª®−¥æû ¨ äã−ªæ¨ï §�¢¥àè�¥â à�¡®âã. �â® ®§−�ç�¥â, çâ®, −¥á¬®âàï −�
¯à¨¬¥−¥−¨¥ ¬¥â®¤®¢ áâ¨¬ã«¨à®¢�−¨ï ª®−ä«¨ªâ�, −�¯àï¦¥−−®áâì ª®−ä«¨ªâ®¢
¢ ƒ¨ˆŒ�‘ ®áâ�«�áì −¨§ª®©, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ® −�«¨ç¨¨ ®ç¥¢¨¤−®£® à¥è¥−¨ï
¯à®¡«¥¬ë, á ª®â®àë¬ á®£«�á−ë ¢á¥ �‘, ¨ −¥®¡å®¤¨¬®áâ¨ §�¢¥àè¥−¨ï à�¡®âë.

’�ª¨¬ ®¡à�§®¬, á ¨á¯®«ì§®¢�−¨¥¬ ¯¥à¥ç¨á«¥−−ëå ¬¥â®¤®¢ �” ¯à¨ −¥®¡å®-
¤¨¬®áâ¨ ¬®¦¥â ¯®¢ëá¨âì −�¯àï¦¥−−®áâì ª®−ä«¨ªâ®¢ ¢ ƒ¨ˆŒ�‘ ¨ à�§−®®¡à�§¨¥
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à�áá¬�âà¨¢�¥¬ëå ¢ å®¤¥ à¥è¥−¨ï ¯à®¡«¥¬ë �«ìâ¥à−�â¨¢. ‘¨áâ¥¬� �¤�¯â¨àã¥â-
áï ª à¥è�¥¬®© ¯à®¡«¥¬¥, §�áâ�¢«ïï �‘ à�áá¬�âà¨¢�âì −¥®ç¥¢¨¤−ë¥ ¢�à¨�−âë
à¥è¥−¨ï ¯à®¡«¥¬ë, ¥á«¨ à�§−®®¡à�§¨¥ ¯à¥¤«�£�¥¬ëå �«ìâ¥à−�â¨¢ −¥¤®áâ�â®ç−®,
«¨¡® ¯¥à¥å®¤¨âì ª íâ�¯ã á®£«�á®¢�−¨ï ¯®§¨æ¨© �‘, ¥á«¨ ¬¥¦¤ã −¨¬¨ ¢®§−¨ª�¥â
¡®«ìè®¥ ç¨á«® ª®−ä«¨ªâ®¢ ¢ëá®ª®© ¨−â¥−á¨¢−®áâ¨. ‘ ãç¥â®¬ â®£® çâ® �‘ à¥�«¨-
§ãîâ à�§«¨ç−ë¥ â¥å−®«®£¨¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, ƒ¨ˆŒ�‘ ¤¨−�¬¨ç¥áª¨
¢ëà�¡�âë¢�¥â £¨¡à¨¤−ë© ¨−â¥««¥ªâã�«ì−ë© ¬¥â®¤, à¥«¥¢�−â−ë© ®ç¥à¥¤−®© à¥-
è�¥¬®© ¯à®¡«¥¬¥. ‚ à¥§ã«ìâ�â¥ ¯à¥¤«®¦¥−−�ï ¬®¤¥«ì ƒ¨ˆŒ�‘, ã¯à�¢«ïîé�ï
¯à®¡«¥¬−®- ¨ ¯à®æ¥áá−®-®à¨¥−â¨à®¢�−−ë¬¨ ª®−ä«¨ªâ�¬¨, � â�ª¦¥ ¬¥â®¤ë áâ¨-
¬ã«¨à®¢�−¨ï ª®−ä«¨ªâ®¢ ¯®¢ëáïâ à¥«¥¢�−â−®áâì ƒ¨ˆŒ�‘ ¬�«ë¬ ª®««¥ªâ¨¢�¬
á¯¥æ¨�«¨áâ®¢, à¥è�îé¨¬ ¯à®¡«¥¬ë ú§� ªàã£«ë¬ áâ®«®¬û.

5 Заключение

÷�áá¬®âà¥−ë ®á®¡¥−−®áâ¨, ¢ë¤¥«¥−ë ãá«®¢¨ï ¨ ¬¥àë áâ¨¬ã«¨à®¢�−¨ï ª®−-
ä«¨ªâ®¢ ¢ ª®««¥ªâ¨¢�å á¯¥æ¨�«¨áâ®¢, à¥è�îé¨å ¯à�ªâ¨ç¥áª¨¥ ¯à®¡«¥¬ë ú§�
ªàã£«ë¬ áâ®«®¬û. �à¥¤áâ�¢«¥−� ¬®¤¥«ì ƒ¨ˆŒ�‘ á ¯à®¡«¥¬−®- ¨ ¯à®æ¥áá−®-
®à¨¥−â¨à®¢�−−ë¬¨ ª®−ä«¨ªâ�¬¨, ¯®§¢®«ïîé�ï ¨¬¨â¨à®¢�âì ¯à®æ¥áá ª®««¥ª-
â¨¢−®£® à¥è¥−¨ï ¯à®¡«¥¬ −� ®á−®¢¥ �−�«¨§� −�¯àï¦¥−−®áâ¨ ª®−ä«¨ªâ�, çâ®¡ë
¢ëà�¡�âë¢�âì à¥è¥−¨ï, á®¯®áâ�¢¨¬ë¥ á à¥ª®¬¥−¤�æ¨ï¬¨ ª®««¥ªâ¨¢®¢. �à¥¤«®-
¦¥−ë �«£®à¨â¬ ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨ ¢ ƒ¨ˆŒ�‘ ¨ ¬¥â®¤ë áâ¨¬ã«¨à®¢�−¨ï
ª®−ä«¨ªâ®¢, �−�«®£¨ç−ë¥ ¨á¯®«ì§ã¥¬ë¬ ¢ ª®««¥ªâ¨¢�å á¯¥æ¨�«¨áâ®¢. ‘â¨¬ã«¨-
à®¢�−¨¥ ª®−áâàãªâ¨¢−ëå ¯à®¡«¥¬−®- ¨ ¯à®æ¥áá−®-®à¨¥−â¨à®¢�−−ëå ª®−ä«¨ªâ®¢
¢ ƒ¨ˆŒ�‘ ¯®§¢®«ï¥â à�áè¨à¨âì ¬−®¦¥áâ¢® à�áá¬�âà¨¢�¥¬ëå −� ¯®á«¥¤ãîé¨å
íâ�¯�å à¥è¥−¨ï ¯à®¡«¥¬ë �«ìâ¥à−�â¨¢, ãç¥áâì à�§«¨ç−ë¥ â®çª¨ §à¥−¨ï ¨ ¨−-
â¥à¥áë á¯¥æ¨�«¨áâ®¢, ¬®¤¥«¨àã¥¬ëå �£¥−â�¬¨ á¨áâ¥¬ë, ¯®¢ëè�ï à¥«¥¢�−â−®áâì
â�ª¨å á¨áâ¥¬ à¥�«ì−ë¬ ª®««¥ªâ¨¢�¬ á¯¥æ¨�«¨áâ®¢.
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STIMULATION OF AGENT CONFLICTS
IN HYBRID INTELLIGENT MULTIAGENT SYSTEMS
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Abstract: Conflicts in teams of specialists solving the problems at a round
table are an integral part of the discussion process and in computer modeling of
this process, it is necessary to manage conflicts by analogy with how it happens
in the original. Not every conflict is destructive and requires suppression:
managing a conflict in a team involves identifying a decision-making situation,
if necessary, stimulating and then resolving constructive forms of conflict,
as well as preventing its destructive forms. The article is devoted to the
development of a method for stimulating conflicts between agents in hybrid
intelligent multiagent systems which will allow the development of a conflict
management subsystem, ensuring the relevance of such systems to small teams
of specialists who successfully solve the problems with high combinatorial
complexity, heterogeneity, underdetermination, and other NON-factors.
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СТРАТЕГИЯ ОБСЛЕДОВАНИЯ ПОМЕЩЕНИЙ
ДЛЯ АВТОНОМНОГО МОБИЛЬНОГО РОБОТА

НА ОСНОВЕ КАРТЫ РАКУРСОВ

О. А. Яковлев1, П. О. Архипов2

�−−®â�æ¨ï: ÷�áá¬®âà¥− ¢�à¨�−â §�¤�ç¨ �¢â®−®¬−®£® ®¡á«¥¤®¢�−¨ï, æ¥«ì ª®-
â®à®£® | ¯®áâà®¥−¨¥ âà¥å¬¥à−®© à¥ª®−áâàãªæ¨¨ ¯® á−¨¬ª�¬, ¯®«ãç�¥¬ë¬
¢ ¯à®æ¥áá¥ ¯¥à¥¬¥é¥−¨ï ¬®¡¨«ì−®£® à®¡®â�, ®á−�é¥−−®£® ª�¬¥à®©. �à¥¤-
«®¦¥−� áâàãªâãà� ¤�−−ëå | ª�àâ� à�ªãàá®¢, −�ª�¯«¨¢�îé�ï ¨−ä®à¬�æ¨î
® â®¬, ¯®¤ ª�ª¨¬¨ ã£«�¬¨ −�¡«î¤�«¨áì à�§−ë¥ äà�£¬¥−âë áæ¥−ë. ‘ä®à-
¬ã«¨à®¢�−� áâà�â¥£¨ï ®¡á«¥¤®¢�−¨ï −� ®á−®¢¥ ª�àâë à�ªãàá®¢ ¨ ®¯¨á�−� ¥¥
íää¥ªâ¨¢−�ï à¥�«¨§�æ¨ï á ¯à¨¬¥−¥−¨¥¬ ç�áâ¨ç−ëå áã¬¬ ¨ ®¯â¨¬�«ì−®£®
à�§¡¨¥−¨ï ®àâ®£®−�«ì−®£® ¬−®£®ã£®«ì−¨ª� −� ¯àï¬®ã£®«ì−¨ª¨. ’�ª¦¥ ¯à¨¢¥-
¤¥−ë à¥§ã«ìâ�âë íªá¯¥à¨¬¥−â� ¢ ¢¨àâã�«ì−®¬ ®ªàã¦¥−¨¨, ¯®¤â¢¥à¦¤�îé¨¥
¢®§¬®¦−®áâì ¯à¨¬¥−¥−¨ï ®¯¨á�−−®© áâà�â¥£¨¨ ¢ à¥�«ì−®¬ ¢à¥¬¥−¨. �æ¥-
−¥−� ¯®«−®â� ¯®«ãç¥−−®© âà¥å¬¥à−®© ¬®¤¥«¨ ¯®¬¥é¥−¨ï ¯ãâ¥¬ áà�¢−¥−¨ï
á íâ�«®−®¬.
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‘à¥¤¨ áãé¥áâ¢ãîé¨å áâà�â¥£¨© ®¡á«¥¤®¢�−¨ï ¬®¦−® ¢ë¤¥«¨âì âà¨ ¡®«ìè¨¥
£àã¯¯ë: â¥®à¥â¨ª®-¨−ä®à¬�æ¨®−−ë¥ áâà�â¥£¨¨ [1, 2], £à�−¨ç−ë¥ áâà�â¥£¨¨ [3{5]
¨ áâà�â¥£¨¨ −�¨«ãçè¥© ¯®§¨æ¨¨ áê¥¬ª¨ (next-best-view, NBV) [6, 7].

’¥®à¥â¨ª®-¨−ä®à¬�æ¨®−−ë¥ áâà�â¥£¨¨ à�áá¬�âà¨¢�îâ §�¤�çã ®¡á«¥¤®¢�−¨ï
á ¯®§¨æ¨¨ ¬¨−¨¬¨§�æ¨¨ ¨−ä®à¬�æ¨®−−®© í−âà®¯¨¨. ‘âà�â¥£¨¨ íâ®£® ª«�áá� ®¡¥á-
¯¥ç¨¢�îâ ª�ç¥áâ¢¥−−ë© à¥§ã«ìâ�â ª�ª á â®çª¨ §à¥−¨ï â®ç−®áâ¨ à¥ª®−áâàãªæ¨¨,
â�ª ¨ á â®çª¨ §à¥−¨ï ®¡é¥© ¤«¨−ë ¬�àèàãâ� ®¡á«¥¤®¢�−¨ï. �¤−�ª® ®−¨ ¨¬¥îâ
¢ëá®ªãî ¢ëç¨á«¨â¥«ì−ãî á«®¦−®áâì, çâ® ¨áª«îç�¥â ¨å ¯à¨¬¥−¥−¨¥ ¢ ãá«®¢¨ïå
à¥�«ì−®£® ¢à¥¬¥−¨.

ƒà�−¨ç−ë¥ áâà�â¥£¨¨ ¡�§¨àãîâáï −� à�§¤¥«¥−¨¨ à¥£¨®−®¢ ®¡«�áâ¨ ®¡á«¥¤®-
¢�−¨ï −� ¯à®å®¤¨¬ë¥, −¥¯à®å®¤¨¬ë¥ ¨ −¥®¡á«¥¤®¢�−−ë¥. �� ª�¦¤®© ¨â¥à�æ¨¨
¯à®æ¥áá� ®¡á«¥¤®¢�−¨ï æ¥«¥¢®© ¯®§¨æ¨¥© à®¡®â� −�§−�ç�¥âáï ®¤−� ¨§ £à�−¨æ ¬¥¦-
¤ã ¯à®å®¤¨¬ë¬ ¨ −¥®¡á«¥¤®¢�−−ë¬ à¥£¨®−�¬¨. ƒà�−¨ç−ë¥ áâà�â¥£¨¨ −�æ¥«¥−ë
£«�¢−ë¬ ®¡à�§®¬ −� áª®à¥©è¥¥ ¯®áâà®¥−¨¥ −�¢¨£�æ¨®−−®© ª�àâë à®¡®â�, çâ® −¥
à�¢−®á¨«ì−® ä®à¬¨à®¢�−¨î â®ç−®© âà¥å¬¥à−®© ¬®¤¥«¨.

‚ NBV-áâà�â¥£¨ïå æ¥«ìî à®¡®â� ï¢«ï¥âáï ¯®§¨æ¨ï, ®¡¥á¯¥ç¨¢�îé�ï −�¨-
«ãçè¥¥ ¤®¯®«−¥−¨¥ ¨«¨ ãâ®ç−¥−¨¥ â¥ªãé¥© âà¥å¬¥à−®© ¬®¤¥«¨. �â®â ¯®¤å®¤
¤�¥â −�¨¡®«¥¥ â®ç−ãî à¥ª®−áâàãªæ¨î, ®¤−�ª® −¥ ®¡¥á¯¥ç¨¢�¥â ®¯â¨¬�«ì−®áâì
¬�àèàãâ�.

‚ −�áâ®ïé¥© à�¡®â¥ à�áá¬®âà¥−� áâà�â¥£¨ï, ¯à¨−�¤«¥¦�é�ï ª«�ááã NBV.
Š«îç¥¢�ï ¨¤¥ï ¯à¥¤«®¦¥−−®© áâà�â¥£¨¨ á®áâ®¨â ¢ ä®à¬¨à®¢�−¨¨ áâàãªâãàë
¤�−−ëå, ®á−®¢�−−®© −� ¯à¨−æ¨¯¥ ¬−®¦¥áâ¢¥−−®áâ¨ −�¡«î¤¥−¨©: −¥®¡å®¤¨¬ë¬
ãá«®¢¨¥¬ à¥ª®−áâàãªæ¨¨ ®â¤¥«ì−® ¢§ïâ®© â®çª¨ áâ�¢¨âáï áê¥¬ª� á ¤¢ãå à�§−ëå
¯®§¨æ¨©, � ¤«ï ¯®áâà®¥−¨ï â®ç−®© âà¥å¬¥à−®© ¬®¤¥«¨ −¥®¡å®¤¨¬� áê¥¬ª� ®¤−¨å
¨ â¥å ¦¥ äà�£¬¥−â®¢ áæ¥−ë ¯®¤ à�§−ë¬¨ ã£«�¬¨.

÷�áá¬®âà¨¬ à�á¯à®áâà�−¥−−ë© ¢�à¨�−â §�¤�ç¨ ®¡á«¥¤®¢�−¨ï, ¢ ª®â®à®¬ áã¡ê-
¥ªâ®¬ ¢ëáâã¯�¥â à®¡®â á ä¨ªá¨à®¢�−−®© ª�¬¥à®©, ¯¥à¥¬¥é�îé¨©áï ¯® ¯«®áª®áâ¨.
‚ íâ®¬ á«ãç�¥ §�¤�ç� ¯«�−¨à®¢�−¨ï ¯¥à¥¬¥é¥−¨© à®¡®â� áâ�−®¢¨âáï ¤¢ã¬¥à−®©.
�à¨¬¥¬, çâ® ®¯â¨ç¥áª�ï á¨áâ¥¬� à®¡®â� ã¤®¢«¥â¢®àï¥â ¬®¤¥«¨ ¯à®¥ªâ¨¢−®© ª�-
¬¥àë [8], á«¥¤®¢�â¥«ì−®, ¨¬¥¥â ä¨ªá¨à®¢�−−ë© £®à¨§®−â�«ì−ë© ã£®« ®¡§®à�.
�£à�−¨ç¨¬ ®¡«�áâì ¯¥à¥¬¥é¥−¨ï à®¡®â� ¯àï¬®ã£®«ì−¨ª®¬, §�¢¥¤®¬® ¢ª«îç�-
îé¨¬ ®¡á«¥¤ã¥¬®¥ ¯®¬¥é¥−¨¥, ¨ à�§®¡ì¥¬ ¥£® −� ïç¥©ª¨ à�¢−®¬¥à−®© à¥è¥âª®©,
¯®«ãç¨¢ ¤¨áªà¥â−ãî ®¡«�áâì ®¡á«¥¤®¢�−¨ï.

2 Карта ракурсов

�® ãá«®¢¨î §�¤�ç¨ ª�¬¥à� −¥¯®¤¢¨¦−� ¢ á¨áâ¥¬¥ ª®®à¤¨−�â à®¡®â�, ¯®íâ®-
¬ã ¤«ï ®¯¨á�−¨ï ¥£® ¯à®áâà�−áâ¢¥−−®£® ¯®«®¦¥−¨ï ¡ã¤¥¬ ¨á¯®«ì§®¢�âì âà®©ªã
(xc, yc, ϕ), £¤¥ (xc, yc) | ª®®à¤¨−�âë ¯à®¥ªæ¨®−−®£® æ¥−âà� ª�¬¥àë; ϕ |
−�¯à�¢«¥−¨¥ ®¡§®à�, §�¤�¢�¥¬®¥ ã£«®¬ ®â−®á¨â¥«ì−® ®á¨ Ox. �ãáâì γ | £®à¨-
§®−â�«ì−ë© ã£®« ®¡§®à� ª�¬¥àë. ’®£¤� ¯®«¥ §à¥−¨ï ª�¬¥àë ä®à¬¨àãîâ â�ª¨¥
â®çª¨ (x,y), çâ®

2angd (ϕ, atan2 (y − yc, x− xc)) ≤ γ ,
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‘âà�â¥£¨ï ®¡á«¥¤®¢�−¨ï ¯®¬¥é¥−¨© ¤«ï �¢â®−®¬−®£® ¬®¡¨«ì−®£® à®¡®â�

£¤¥

angd (α, β) = min (|α− β|, 2π − |α− β|) ;

atan2(y, x) =







2 arctg
y

√

x2 + y2 + x
, x > 0 ∨ y 6= 0 ;

π , x < 0 ∧ y = 0 .

„�«¥¥ ¬−®¦¥áâ¢® â®ç¥ª ®¡«�áâ¨ ®¡-

÷¨á. 1 “£®« −�¡«î¤¥−¨ï â®çª¨

á«¥¤®¢�−¨ï, ¯®¯�¤�îé¨å ¢ ¯®«¥ §à¥-
−¨ï ª�¬¥àë ¯à¨ ¯®«®¦¥−¨¨ à®¡®â�
(xc, yc, ϕ), ¡ã¤¥¬ ®¡®§−�ç�âì ç¥à¥§
fov (xc, yc, ϕ).

“£«®¬ −�¡«î¤¥−¨ï â®çª¨ (x, y)
á ¯®§¨æ¨¨ à®¡®â� (xc, yc, ϕ) −�§®¢¥¬
¢¥«¨ç¨−ã θ(x, y, xc, yc) | §−�ç¥−¨¥
¯®«ïà−®£® ã£«� â®çª¨ (x, y) ®â−®á¨-
â¥«ì−® (xc, yc). ‚ ¯à¨¬¥à¥, ¨§®¡à�-
¦¥−−®¬ −� à¨á. 1, íâ®â ã£®« ¢ë¤¥«¥−
¦¨à−®© «¨−¨¥©.

÷�§®¡ì¥¬ ®¡«�áâì ®¡á«¥¤®¢�−¨ï
−� ïç¥©ª¨ à�¢−®¬¥à−®© à¥è¥âª®©
¨ à�áá¬®âà¨¬ ¯®á«¥¤®¢�â¥«ì−®áâì á−¨¬ª®¢, á¤¥«�−−ëå á ¯®§¨æ¨© (x1, y1, ϕ1),
(x2, y2, ϕ2), . . . , (xn, yn, ϕn). „«ï ª�¦¤®© ïç¥©ª¨ (x, y) íâ� ¯®á«¥¤®¢�â¥«ì−®áâì
¯®à®¦¤�¥â ¬−®¦¥áâ¢® ã£«®¢ −�¡«î¤¥−¨ï:

{θ (x, y, xi, yi) |(x, y) ∈ fov (xi, yi, ϕi) , i ∈ 1, 2, . . . , n} .

Œ−®¦¥áâ¢� ã£«®¢ −�¡«î¤¥−¨ï

÷¨á. 2 Š�àâ� ã£«®¢ −�¡«î¤¥−¨ï

¤«ï ¢á¥å ïç¥¥ª ®¡«�áâ¨ ®¡á«¥¤®¢�-
−¨ï ä®à¬¨àãîâ ª�àâã ã£«®¢ −�¡«î-
¤¥−¨ï. �à¨¬¥à â�ª®© ª�àâë ¤«ï ¤¢ãå
¯®§¨æ¨© áê¥¬ª¨ ¯à¨¢¥¤¥− −� à¨á. 2.
Š�àâ� ã£«®¢ −�¡«î¤¥−¨ï ¤�¥â ¯à¥¤-
áâ�¢«¥−¨¥ ® ¯®«−®â¥ à¥ª®−áâàãªæ¨¨,
� à�¢−® ¨ ¯®«−®â¥ ®¡á«¥¤®¢�−¨ï, −® ¥¥
�−�«¨§ âà¥¡ã¥â §−�ç¨â¥«ì−ëå ¢ëç¨á-
«¨â¥«ì−ëå à¥áãàá®¢, çâ® §�âàã¤−ï¥â
¥¥ ¯à¨¬¥−¥−¨¥ ¢ ãá«®¢¨ïå à¥�«ì−®£®
¢à¥¬¥−¨.

‚¢¥¤¥¬ ¯à¨¡«¨¦¥−¨¥, §�¬¥−¨¢
ã£®« θ(x, y, xc, yc) ã£«®¬ ®à¨¥−â�æ¨¨
à®¡®â� ϕ. ’�ª¨¬ ®¡à�§®¬, ¢á¥ â®çª¨, −�¡«î¤�¥¬ë¥ à®¡®â®¬ á −¥ª®â®à®© ¯®§¨æ¨¨,
¡ã¤ãâ ¨¬¥âì ®¤¨− ¨ â®â ¦¥ ã£®« −�¡«î¤¥−¨ï. �â® á¢®©áâ¢® ¨á¯®«ì§ã¥âáï ¤«ï
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íää¥ªâ¨¢−®© à¥�«¨§�æ¨¨ ¯à®æ¥¤ãàë ¢ë¡®à� æ¥«¥¢®© â®çª¨, ®¯¨á�−−®© ¢ á«¥¤ãî-
é¥¬ à�§¤¥«¥. ‘¬ëá« â�ª®£® ¯à¨¡«¨¦¥−¨ï §�ª«îç�¥âáï ¢ â®¬, çâ® ã£®« ®à¨¥−â�æ¨¨
à®¡®â� | íâ® áà¥¤−¨© ã£®« −�¡«î¤¥−¨ï áà¥¤¨ ¢á¥å â®ç¥ª, ¯®¯�¤�îé¨å ¢ ¯®«¥ §à¥-
−¨ï, ¥á«¨ −¥ ®£à�−¨ç¨¢�âì ¯®«¥ §à¥−¨ï ®¡«�áâìî ®¡á«¥¤®¢�−¨ï. �® ®¯à¥¤¥«¥−¨î
¯®«ï §à¥−¨ï ¨¬¥¥¬:

|ϕ− θ (x, y, xc, yc)| ≤
γ

2
.

�¥à¥å®¤ ®â ª�àâë ã£«®¢ −�¡«î¤¥−¨ï ª ª�àâ¥ à�ªãàá®¢ ¢ë¯®«−ï¥âáï ¯ãâ¥¬
¤¨áªà¥â¨§�æ¨¨ ã£«� á è�£®¬ π/4. ‘ª�¦¥¬, çâ® â®çª� −�¡«î¤�«�áì ¢ à�ªãàá¥ r ∈
∈ 1, 2, . . . , 8, ¥á«¨ ®−� −�¡«î¤�«�áì ¯®¤ â�ª¨¬ ã£«®¬α, çâ®α ∈ [(r−1)π/4; rπ/4).
’�ª¨¬ ®¡à�§®¬, ã£«ã −�¡«î¤¥−¨ï α á®®â¢¥âáâ¢ã¥â à�ªãàá ⌊4α/π⌋ + 1. Š�àâ�
à�ªãàá®¢ M ª�¦¤®© ïç¥©ª¥ ®¡«�áâ¨ ®¡á«¥¤®¢�−¨ï (x, y) áâ�¢¨â ¢ á®®â¢¥âáâ¢¨¥
¢¥ªâ®à Mx,y ∈ {0, 1}8, ¯à¨ç¥¬

Mx,y,r =

{

1, ¥á«¨ ïç¥©ª� −�¡«î¤�«�áì ¢ à�ªãàá¥ r ;

0 ¢ ®¡à�â−®¬ á«ãç�¥.

3 Стратегия обследования

�® ª�àâ¥ à�ªãàá®¢ M ¤«ï ¢áïª®£® ¯®«®¦¥−¨ï à®¡®â� (xc, yc, ϕ) ¬®¦−® ¢ë-
ç¨á«¨âì ç¨á«® ïç¥¥ª ®¡«�áâ¨ ®¡á«¥¤®¢�−¨ï, à�−¥¥ −¥ −�¡«î¤�¢è¨åáï ¢ à�ªãàá¥
r = ⌊4ϕ/π⌋ + 1:

∑

(x,y)∈fov (xc,ycϕ)

1−Mx,y,r . (1)

‘âà�â¥£¨î ®¡á«¥¤®¢�−¨ï ¬®¦−® áä®à¬ã«¨à®¢�âì á«¥¤ãîé¨¬ ®¡à�§®¬: −� ®ç¥-
à¥¤−®© ¨â¥à�æ¨¨ ¯à®æ¥áá� ®¡á«¥¤®¢�−¨ï áà¥¤¨ ¯®§¨æ¨© à®¡®â�, ¤®áâ¨¦¨¬ëå ¨§
â¥ªãé¥©, ¢ë¡¥à¥¬ âã ¯®§¨æ¨î, ª®â®à�ï ¬�ªá¨¬¨§¨àã¥â ¢¥«¨ç¨−ã (1). �àï¬®-
«¨−¥©−�ï à¥�«¨§�æ¨ï íâ®© áâà�â¥£¨¨, ¢ ª®â®à®© ¤«ï ª�¦¤®© ¯®§¨æ¨¨-ª�−¤¨¤�â�
(xc, yc, ϕ) ¯à®á¬�âà¨¢�¥âáï ¢á¥ ¬−®¦¥áâ¢® fov (xc, yc, ϕ), −¥¯à¨¬¥−¨¬� ¢ à¥�«ì-
−®¬ ¢à¥¬¥−¨, ¯®íâ®¬ã à�áá¬®âà¨¬ íää¥ªâ¨¢−ãî à¥�«¨§�æ¨î, ®á−®¢�−−ãî −�
¯à¨−æ¨¯¥ ç�áâ¨ç−ëå áã¬¬.

Œ�âà¨æã P = (pij)n×m ¡ã¤¥¬ −�§ë¢�âì ¬�âà¨æ¥© ç�áâ¨ç−ëå áã¬¬ ¤«ï ¬�-

âà¨æë A = (aij)n×m, ¥á«¨ pkl =
∑k

i=1

∑l
j=1 aij. �à¨ ¨§¢¥áâ−®© ¬�âà¨æ¥ P

¬®¦−® ¢ëç¨á«ïâì áã¬¬ë −� «î¡®© ¯®¤¬�âà¨æ¥ ¬�âà¨æë A, � ¨¬¥−−®: áã¬¬�
¯®¤¬�âà¨æë, á®¤¥à¦�é¥© í«¥¬¥−âë á ¨−¤¥ªá�¬¨ i ∈ [a, b], j ∈ [c, d], à�¢−�

pbd − pb c−1 − pa−1 d + pa−1 c−1 . (2)

—â®¡ë ¢ëà�¦¥−¨¥ (2) ¡ë«® ®¯à¥¤¥«¥−® ¯à¨ a = 1 ¨«¨ c = 1, ¯à¨¬¥¬, çâ®
pi 0 = p0 j = 0. ’�ª¨¬ ®¡à�§®¬, ¢ëç¨á«¨â¥«ì−�ï á«®¦−®áâì à�áç¥â� áã¬¬ë
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‘âà�â¥£¨ï ®¡á«¥¤®¢�−¨ï ¯®¬¥é¥−¨© ¤«ï �¢â®−®¬−®£® ¬®¡¨«ì−®£® à®¡®â�

¯®¤¬�âà¨æë á ¨á¯®«ì§®¢�−¨¥¬ ç�áâ¨ç−ëå áã¬¬ á®áâ�¢«ï¥âO(1). ‚ á¢®î ®ç¥à¥¤ì,
à�áç¥â ¬�âà¨æë P ¢ë¯®«−ï¥âáï §� «¨−¥©−®¥ ¢à¥¬ï á®£«�á−® ¢ëà�¦¥−¨î:

pij =















aij , i = 1 , j = 1 ;

pi j−1 + aij , i = 1 ;

pi−1 j + aij , j = 1 ;

pi−1 j + pi j−1 − pi−1 j−1 + aij , i > 1 , j > 1 .

‡�¬¥â¨¬, çâ® ¤¨áªà¥â−®¥ ¯®«¥

÷¨á. 3 „¥ª®¬¯®§¨æ¨ï ®àâ®£®−�«ì−®£® ¬−®-
£®ã£®«ì−¨ª�

§à¥−¨ï ª�¬¥àë ¯à¥¤áâ�¢«ï¥â á®¡®©
®àâ®£®−�«ì−ë© ¬−®£®ã£®«ì−¨ª, â. ¥.
¬−®£®ã£®«ì−¨ª á® áâ®à®−�¬¨, ¯�à�«-
«¥«ì−ë¬¨ ª®®à¤¨−�â−ë¬ ®áï¬. ‚áï-
ª¨© ®àâ®£®−�«ì−ë© ¬−®£®ã£®«ì−¨ª
¬®¦−® à�§¡¨âì −� ¯àï¬®ã£®«ì−¨ª¨
á® áâ®à®−�¬¨, ¯�à�««¥«ì−ë¬¨ ®áï¬
ª®®à¤¨−�â (à¨á. 3).

ˆ¬¥ï à�§¡¨¥−¨¥ ¯®«ï §à¥−¨ï −�
¯àï¬®ã£®«ì−¨ª¨, ¬®¦−® ¢ëç¨á«¨âì
¢¥«¨ç¨−ã (1), ¨á¯®«ì§ãï ç�áâ¨ç−ë¥

áã¬¬ë. �ãáâì Pk = (p
(r)
ij )| ¬�âà¨æ� ç�áâ¨ç−ëå áã¬¬ ¤«ï à�ªãàá� r; n | ç¨á«®

¯àï¬®ã£®«ì−¨ª®¢ ¢ à�§¡¨¥−¨¨; (ai, bi) | ª®®à¤¨−�âë ¢¥àå−¥© «¥¢®© ¢¥àè¨−ë
i-£® ¯àï¬®ã£®«ì−¨ª�; (ci, di) | ª®®à¤¨−�âë −¨¦−¥© ¯à�¢®© ¢¥àè¨−ë. ’®£¤�
á ãç¥â®¬ (2) ¢ëà�¦¥−¨¥ (1) ¯à¨¬¥â ¢¨¤:

n
∑

i=1

p
(r)
ci di

− p
(r)
ci bi−1

− p
(r)
ai−1 di

+ p
(r)
ai−1 bi−1

.

’�ª¨¬ ®¡à�§®¬, á ¨á¯®«ì§®¢�−¨¥¬ à�§¡¨¥−¨ï ¯®«ï §à¥−¨ï −� n ¯àï¬®ã£®«ì−¨ª®¢
¢¥«¨ç¨−ã (1) ¬®¦−® ¢ëç¨á«¨âì §� ¢à¥¬ï ¯®àï¤ª� O(n), ¯à¥¤¢�à¨â¥«ì−® à�á-
áç¨â�¢ ¬�âà¨æë ç�áâ¨ç−ëå áã¬¬. ‘«¥¤®¢�â¥«ì−®, ¤«ï ãáª®à¥−¨ï ¯à®æ¥¤ãàë
¢ë¡®à� æ¥«¥¢®© ¯®§¨æ¨¨ −¥®¡å®¤¨¬® ¬¨−¨¬¨§¨à®¢�âì ç¨á«® ¯àï¬®ã£®«ì−¨ª®¢
¢ à�§¡¨¥−¨¨.

‡�¤�ç� ® à�§¡¨¥−¨¨ ®àâ®£®−�«ì−®£® ¬−®£®ã£®«ì−¨ª� −� ¬¨−¨¬�«ì−®¥ ç¨á«®
¯àï¬®ã£®«ì−¨ª®¢ á¢®¤¨âáï ª §�¤�ç¥ ¯®¨áª� ¬�ªá¨¬�«ì−®£® −¥§�¢¨á¨¬®£® ¬−®-
¦¥áâ¢� ¢ ¤¢ã¤®«ì−®¬ £à�ä¥ [9], ª®â®à�ï ¯® â¥®à¥¬¥ Šñ−¨£� á¢®¤¨âáï ª ¯®¨áªã
−�¨¡®«ìè¥£® ¯�à®á®ç¥â�−¨ï. �®¨áª −�¨¡®«ìè¥£® ¯�à®á®ç¥â�−¨ï ¢ ¤¢ã¤®«ì−®¬
£à�ä¥ ¬®¦−® ¢ë¯®«−¨âì á ¯®¬®éìî �«£®à¨â¬� •®¯ªà®äâ�{Š�à¯� [10].

4 Эксперимент

�ªá¯¥à¨¬¥−â�«ì−�ï ®æ¥−ª� ¯à¥¤«®¦¥−−®© áâà�â¥£¨¨ ®¡á«¥¤®¢�−¨ï ¯®¬¥é¥-
−¨© ¢ë¯®«−¥−� ¢ ¢¨àâã�«ì−®¬ ®ªàã¦¥−¨¨, à¥�«¨§ã¥¬®¬ ¯à®£à�¬¬−ë¬ áà¥¤áâ¢®¬
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SfmDataGenerator [11]. ‘ã¡ê¥ªâ®¬

÷¨á. 4 ‚¨àâã�«ì−®¥ ®ªàã¦¥−¨¥

÷¨á. 5 Š�àâ� ¯à¥¯ïâáâ¢¨© ¤«ï ¯®¨áª� ¯ãâ¨

®¡á«¥¤®¢�−¨ï ¢ ¤�−−®¬ á«ãç�¥ ¢ë-
áâã¯�¥â ¢¨àâã�«ì−ë© −�¡«î¤�â¥«ì,
¯¥à¥¬¥é�¥¬ë© ¢ ¯à¥¤¥«�å áæ¥−ë,
� ¯®á«¥¤®¢�â¥«ì−®áâì á−¨¬ª®¢ ¤«ï
âà¥å¬¥à−®© à¥ª®−áâàãªæ¨¨ ¯®«ãç�-
¥âáï ¯ãâ¥¬ à¥−¤¥à¨−£� áæ¥−ë á ¯®-
§¨æ¨¨ ¢¨àâã�«ì−®£® −�¡«î¤�â¥«ï.
‚ à�¬ª�å íªá¯¥à¨¬¥−â� ¢¨àâã�«ì−®¥
®ªàã¦¥−¨¥ ¯à¥¤áâ�¢«¥−® âà¥å¬¥à−®©
¬®¤¥«ìî ¯®¬¥é¥−¨ï, ¨§®¡à�¦¥−−®©
−� à¨á. 4. „«ï ¯®áâà®¥−¨ï ª®àà¥ªâ-
−ëå ¬�àèàãâ®¢ ¯¥à¥¬¥é¥−¨ï à®¡®-
â� ¨á¯®«ì§ã¥âáï ª�àâ� ¯à¥¯ïâáâ¢¨©,
¯®«ãç¥−−�ï ¯ãâ¥¬ ¯à®¥ªæ¨¨ −� ¡�§®-
¢ãî ¯«®áª®áâì ®¡«�áâ¨ áæ¥−ë, á®®â-
¢¥âáâ¢ãîé¥© ¢ëá®â¥ à®¡®â� (à¨á. 5).
Š�àâ� ¯à¥¯ïâáâ¢¨© ¨ ®¡«�áâì ®¡á«¥-
¤®¢�−¨ï ¨¬¥îâ à�§¬¥à 513×558 ïç¥-
¥ª. �®¨áª ªà�âç�©è¥£® ¯ãâ¨ ¤®
æ¥«¥¢®© ¯®§¨æ¨¨, ¢ë¡à�−−®© á®£«�á-
−® ¯à¥¤«�£�¥¬®© áâà�â¥£¨¨ ®¡á«¥¤®-
¢�−¨ï, ¢ë¯®«−ï¥âáï á ¯®¬®éìî �«-
£®à¨â¬� A∗ [12].

�¯¯�à�â−®© ç�áâìî íªá¯¥à¨¬¥−â�
¢ëáâã¯�¥â ¯¥àá®−�«ì−ë© ª®¬¯ìîâ¥à
−� ¡�§¥ ¯à®æ¥áá®à� Intel Core i7 8700
á ç�áâ®â®© 3,2 ƒƒæ ¨ 16 ƒ� ®¯¥à�â¨¢-
−®© ¯�¬ïâ¨. ƒà�ä¨ç¥áª¨© ¯à®æ¥áá®à
¤«ï ¢ëç¨á«¥−¨© −¥ §�¤¥©áâ¢®¢�«áï.

•®¤ íªá¯¥à¨¬¥−â� ¢ ¢¨¤¥ ¬�àè-
àãâ� ®¡á«¥¤®¢�−¨ï ¨ ª�àâ à�ªãàá®¢
−� ®â¤¥«ì−ëå ¨â¥à�æ¨ïå ¯®ª�§�− −�
à¨á. 6. Š�àâë à�ªãàá®¢ ¨§®¡à�¦¥−ë
¢ £à�¤�æ¨ïå á¥à®£® â�ª¨¬ ®¡à�§®¬,
çâ® á¢¥â«ë¥ â®−� á®®â¢¥âáâ¢ãîâ ¡®«ì-

è¥¬ã ç¨á«ã à�ªãàá®¢. Œ®¦−® §�¬¥â¨âì, çâ® ¯®«ãç¥−−ë© ¬�àèàãâ ®¡á«¥¤®¢�−¨ï
−¥ ®¯â¨¬�«¥− á â®çª¨ §à¥−¨ï ¯®àï¤ª� ®¡å®¤� ®â¤¥«ì−ëå ª®¬−�â, çâ® ®¡êïá−ï¥âáï
«®ª�«ì−®© ¯à¨à®¤®© áâà�â¥£¨¨ ®¡á«¥¤®¢�−¨ï. ‘à¥¤−¥¥ ¢à¥¬ï ¢ë¯®«−¥−¨ï ¯à®-
æ¥¤ãàë ¯®¨áª� æ¥«¥¢®© ¯®§¨æ¨¨ á®áâ�¢¨«® 6 ¬á, çâ® ¯®¤â¢¥à¦¤�¥â ¢®§¬®¦−®áâì
¯à¨¬¥−¥−¨ï à�áá¬�âà¨¢�¥¬®£® ¬¥â®¤� ¢ à¥�«ì−®¬ ¢à¥¬¥−¨.

‚ à¥§ã«ìâ�â¥ ®¡á«¥¤®¢�−¨ï ¡ë«� ¯®áâà®¥−� âà¥å¬¥à−�ï à¥ª®−áâàãªæ¨ï ¯®¬¥-
é¥−¨ï ¢ ¢¨¤¥ ¬−®¦¥áâ¢� â®ç¥ª, ¨§®¡à�¦¥−−®£® −� à¨á. 7. ÷¥ª®−áâàãªæ¨ï ¯®«ãç¥−�
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÷¨á. 6 �à®æ¥áá ®¡á«¥¤®¢�−¨ï
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¯ãâ¥¬ ®¡à�â−®© ¯à®¥ªæ¨¨ ª�àâ £«ã¡¨-

÷¨á. 7 ’à¥å¬¥à−�ï à¥ª®−áâàãªæ¨ï

−ë, á£¥−¥à¨à®¢�−−ëå SfmDataGen-
erator ¤«ï ª�¦¤®£® ª�¤à�.

�à¨¬¥−¥−¨¥ ¬¥â®¤� ¢¨àâã�«ì−®©
áê¥¬ª¨ ¤«ï �¯à®¡�æ¨¨ ¯à¥¤«®¦¥−-
−®© áâà�â¥£¨¨ ¤�¥â ¢®§¬®¦−®áâì ä®à-
¬�«ì−® ®æ¥−¨âì ¯®«−®âã ®¡á«¥¤®-
¢�−¨ï ¯ãâ¥¬ áà�¢−¥−¨ï âà¥å¬¥à−®©
à¥ª®−áâàãªæ¨¨ á íâ�«®−®¬. „«ï íâ®£®
¢®á¯®«ì§ã¥¬áï ¯®ª�§�â¥«¥¬ −� ®á−®¢¥
à�ááâ®ï−¨ï •�ãá¤®àä�. ÷�áá¬®âà¨¬
¬−®¦¥áâ¢® â®ç¥ª íâ�«®−� G ¨ ¬−®-
¦¥áâ¢® â®ç¥ª à¥ª®−áâàãªæ¨¨ R. ‡�-
ä¨ªá¨àã¥¬ ¤®¯ãáâ¨¬ãî â®ç−®áâì δ

¨ ¡ã¤¥¬ áç¨â�âì ¢áïªãî â®çªã g ∈ G ¯®ªàëâ®©, ¥á«¨ δ-®ªà¥áâ−®áâì íâ®© â®çª¨
á®¤¥à¦¨â å®âï ¡ë ®¤−ã â®çªã r ∈ R. ‚ á¢®î ®ç¥à¥¤ì, ¯®ª�§�â¥«¥¬ ¯®«−®âë ®¡á«¥-
¤®¢�−¨ï ¡ã¤¥¬ áç¨â�âì ®â−®è¥−¨¥ ç¨á«� ¯®ªàëâëå â®ç¥ª ª ®¡é¥¬ã ç¨á«ã â®ç¥ª
íâ�«®−� |G|, ¢ëà�¦¥−−®¥ ¢ ¯à®æ¥−â�å:

∑

g∈G[∃ r ∈ R : ‖r − g‖2 ≤ δ]/|G| ·100%,
£¤¥ [·]| áª®¡ª¨ �©¢¥àá®−�.

�à¨ δ = 2 á¬ ¯®«−®â� ¯®áâà®¥−−®© à¥ª®−áâàãªæ¨¨ à�¢−� 97,54%.

5 Заключение

�à¥¤áâ�¢«¥−−�ï ¢ áâ�âì¥ áâàãªâãà� ¤�−−ëå ¯®§¢®«ï¥â ®áãé¥áâ¢«ïâì ¯«�−¨-
à®¢�−¨¥ ¯¥à¥¬¥é¥−¨© �¢â®−®¬−®£® ¬®¡¨«ì−®£® à®¡®â� ¯à¨ ®¡á«¥¤®¢�−¨¨ ¯®¬¥-
é¥−¨©. �à¥¤«®¦¥−−�ï à¥�«¨§�æ¨ï áâà�â¥£¨¨ ®¡á«¥¤®¢�−¨ï −� ®á−®¢¥ ª�àâë à�-
ªãàá®¢ ¬®¦¥â ¯à¨¬¥−ïâìáï ¢ ¯à¨«®¦¥−¨ïå à¥�«ì−®£® ¢à¥¬¥−¨, çâ® ¯®¤â¢¥à¦¤¥−®
à¥§ã«ìâ�â�¬¨ ¨§¬¥à¥−¨ï ¡ëáâà®¤¥©áâ¢¨ï. ÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â®¢ ¯®ª�§�«¨,
çâ® à�áá¬®âà¥−−�ï áâà�â¥£¨ï −¥ ¯®§¢®«ï¥â ¬¨−¨¬¨§¨à®¢�âì ®¡éãî ¯à®âï¦¥−−®áâì
¬�àèàãâ�, ®¤−�ª® £�à�−â¨àã¥â ¤®áâ�â®ç−ãî ¯®«−®âã âà¥å¬¥à−®© à¥ª®−áâàãªæ¨¨.

‚ ª�ç¥áâ¢¥ −�¯à�¢«¥−¨ï ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨© �¢â®àë à�áá¬�âà¨¢�îâ
âà¥å¬¥à−®¥ ®¡®¡é¥−¨¥ ª�àâë à�ªãàá®¢, ¯®§¢®«ïîé¥¥ ã¯à�¢«ïâì à®¡®â�¬¨ á ¡®«ì-
è¨¬ ç¨á«®¬ áâ¥¯¥−¥© á¢®¡®¤ë, −�¯à¨¬¥à, ¡¥á¯¨«®â−ë¬ «¥â�â¥«ì−ë¬ �¯¯�à�â®¬.
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INDOOR EXPLORATION STRATEGY FOR AUTONOMOUS
MOBILE ROBOT BASED ON DIRECTION MAP

O. A. Yakovlev and P. O. Arkhipov

Orel Branch of the Federal Research Center \Computer Science and Control" of
the Russian Academy of Sciences, 137 Moskovskoe Shosse, Orel 302025, Russian
Federation

Abstract: The paper focuses on the variant of autonomous exploration problem
that implies three-dimensional (3D) reconstruction of an unknown environment
by moving a mobile robot with optical sensor through the environment. The
authors introduce a data structure called direction map that accumulates infor-
mation about viewpoints for every region of the scene. A direction map is used
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to formulate an exploration strategy according to the next-best-view principle.
This strategy can be efficiently implemented using rectangular partition of
an orthogonal polygon and integral matrices. Experimental evaluation of the
proposed strategy is done in virtual environment. Completeness of the resulting
3D model is evaluated by comparison with the ground truth.

Keywords: 3D reconstruction; indoor exploration; autonomous mobile robot
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НЕКОТОРЫЕ ВОПРОСЫ ПРОГРАММНОГО ОПРЕДЕЛЕНИЯ
ХРАНИЛИЩА ДАННЫХ

В. Б. Егоров1

�−−®â�æ¨ï: ÷�§¢¨â¨¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (information technolo-
gies, IT) ¢®¢«¥ª�¥â ¢ áä¥àã ¨−â¥à¥á®¢ ¢«�¤¥«ìæ¥¢ æ¥−âà®¢ ®¡à�¡®âª¨ ¤�−−ëå
(–�„) −�àï¤ã á ¡®«¥¥ á®¢¥àè¥−−ë¬ ®¡®àã¤®¢�−¨¥¬ åà�−¨«¨é ¤�−−ëå â�ª¦¥
¨ ¡®«¥¥ íää¥ªâ¨¢−ë¥ â¥å−®«®£¨¨ ¨å åà�−¥−¨ï. �¤−®© ¨§ â�ª¨å â¥å−®«®£¨©
®¡¥é�¥â áâ�âì ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬®¥ åà�−¨«¨é¥ (software-defined storage,
SDS). ‘«¥¤ãï §� ¯à®£à�¬¬−ë¬ ®¯à¥¤¥«¥−¨¥¬ á¥â¥© (software-defined network-
ing, SDN), SDS §�¨¬áâ¢®¢�«® ã «¨¤¥à� àï¤ ¡�§®¢ëå ¯®«®¦¥−¨©, ¢ ¯¥à¢ãî
®ç¥à¥¤ì à¥�«¨§�æ¨î ¯«®áª®áâ¨ ã¯à�¢«¥−¨ï åà�−¥−¨¥¬ ¤�−−ëå ¢ ¥¤¨−®¬ ¯à®-
£à�¬¬−®¬ ª®−âà®««¥à¥ ¨ ã¯à®é¥−¨¥ ®¡®àã¤®¢�−¨ï ¯«®áª®áâ¨ ¤�−−ëå. �¤−�ª®
¯à¨ à�áâãé¥¬ ¨−â¥à¥á¥ ª SDS ¢ ¥£® â¥®à¥â¨ç¥áª®¬ ¡�§¨á¥ ¢á¥ ¥é¥ á®åà�−ï-
îâáï ®¯à¥¤¥«¥−−ë¥ ¯à®¡¥«ë, −�ç¨−�ï á ®âáãâáâ¢¨ï ¤«ï −¥£® ®¡é¥¯à¨−ïâ®£®
�¤¥ª¢�â−®£® ®¯à¥¤¥«¥−¨ï. �¥à¥¤ª® íâ¨ ¯à®¡¥«ë §�¯®«−ïîâáï ¢ ¯®á¢ïé¥−−®©
SDS «¨â¥à�âãà¥ á®¬−¨â¥«ì−ë¬¨ ¨ −¥ª®àà¥ªâ−ë¬¨ ãâ¢¥à¦¤¥−¨ï¬¨. �âáãâ-
áâ¢ã¥â ¨ ¯®−¨¬�−¨¥ ®¡ê¥ªâ¨¢−ëå à�§«¨ç¨© ¬¥¦¤ã SDS ¨ SDN, §�áâ�¢«ïîé¨å
íâ¨ ¤¢¥ à®¤áâ¢¥−−ë¥ â¥å−®«®£¨¨ à�§¢¨¢�âìáï −¥áª®«ìª® à�§−ë¬¨ ¯ãâï¬¨.
‚ áâ�âì¥ á¤¥«�−� ¯®¯ëâª� ¤�âì úã−¨¢¥àá�«ì−®¥û ®¯à¥¤¥«¥−¨¥ SDS, ¢ëï¢«¥−ë
¯à¨−æ¨¯¨�«ì−ë¥ ®â«¨ç¨ï SDS ®â SDN, ¯®ª�§�−ë ®á®¡¥−−®áâ¨ à�§¢¨â¨ï íâ®©
¯¥àá¯¥ªâ¨¢−®© â¥å−®«®£¨¨.

Š«îç¥¢ë¥ á«®¢�: £¨¯¥àª®−¢¥à£¥−â−�ï ¨−äà�áâàãªâãà�; ú®àª¥áâà®¢ª�û; ¯à®-
£à�¬¬−® ®¯à¥¤¥«ï¥¬®¥ åà�−¨«¨é¥
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1 Введение

�ãà−®¥ à�§¢¨â¨¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢®¢«¥ª�¥â ¢ ®¡à�¡®âªã ¨ åà�-
−¥−¨¥ ¢á¥ ¡‚®«ìè¨¥ ®¡ê¥¬ë ¤�−−ëå. ‘®®â¢¥âáâ¢¥−−® à�áâ¥â §−�ç¥−¨¥ ®áãé¥-
áâ¢«ïîé¨å íâ¨ äã−ªæ¨¨ â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��)
¢ –�„. �¥®¡å®¤¨¬®áâì ã¤®¢«¥â¢®àïâì à�áâãé¨¥ §�¯à®áë ¢á¥ ¡®«ìè¥£® ç¨á«�
¯®«ì§®¢�â¥«¥© ¯à¨¢¥«� ª ¯®ï¢«¥−¨î ¢ –�„, ¢ ç�áâ−®áâ¨ á�¬ëå à�§−®®¡à�§−ëå
á¨áâ¥¬ åà�−¥−¨ï ¤�−−ëå (‘•„), −�ç¨−�ï ®â ¯à®áâëå −¥¯®áà¥¤áâ¢¥−−® ¯®¤ª«îç�-
¥¬ëå (directly-attached storage, DAS) ¤® −�¤¥«¥−−ëå ¨−â¥««¥ªâ®¬ ã¤�«¥−−ëå:
á¥â¥¢ëå åà�−¨«¨é (network-attached storage, NAS) ¨ á¥â¥© åà�−¥−¨ï ¤�−−ëå
(storage-area network, SAN). �¤−�ª® ª�ç¥áâ¢¥−−®¥ ãá«®¦−¥−¨¥ §�¤�ç, ¢áâ�îé¨å
¯¥à¥¤ IT-á¨áâ¥¬�¬¨ á ¯®ï¢«¥−¨¥¬ ú¡®«ìè¨å ¤�−−ëåû (big data) ¨ ú®¡«�ç−ëåû

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, VEgorov@ipiran.ru
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(cloud) â¥å−®«®£¨©, −�ç¨−�¥â ¢®¢«¥ª�âì ¢ áä¥àã ¨−â¥à¥á®¢ ¢«�¤¥«ìæ¥¢ –�„ ¯®-
¬¨¬® ¡®«¥¥ á®¢¥àè¥−−®£® ®¡®àã¤®¢�−¨ï â�ª¦¥ ¨ ¡®«¥¥ íää¥ªâ¨¢−ë¥ ¯®¤å®¤ë
ª åà�−¥−¨î ¤�−−ëå. �¤−¨¬ ¨§ â�ª¨å ¯¥àá¯¥ªâ¨¢−ëå ¯®¤å®¤®¢ ®¡¥é�¥â áâ�âì
¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ åà�−¨«¨é ¤�−−ëå.

Š®−æ¥¯æ¨ï ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬®£® åà�−¨«¨é� ¢®§−¨ª«� −¥ −� ¯ãáâ®¬
¬¥áâ¥. ÷®¤¨¢è¨áì −� ¢®«−¥ ¨−â¥à¥á� ª ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ë¬ á¥âï¬, ®−�
¯¥à¥−ï«� ã ¯à¥¤è¥áâ¢¥−−¨æë àï¤ ª«îç¥¢ëå ¯®−ïâ¨© ¨ ¯®«®¦¥−¨©. �®, −¥ ¤®-
¢®«ìáâ¢ãïáì à®«ìî ¢¥¤®¬®£®, SDS ã¦¥ ã¢¥à¥−−® ®¡å®¤¨â SDN ¯® ç¨á«ã ¯à¨¬¥à®¢
¯à�ªâ¨ç¥áª¨å ¢®¯«®é¥−¨© [1]. ’¥¬ −¥ ¬¥−¥¥ ¯à¨ ¢á¥å á¢®¨å ãá¯¥å�å (¨, ¢¥à®ïâ−®,
¢® ¬−®£®¬ ¡«�£®¤�àï ¨¬) SDS á¥£®¤−ï ¢ë£«ï¤¨â áª®à¥¥ ¯¥áâà®© á®¢®ªã¯−®áâìî
¡®«¥¥ ¨«¨ ¬¥−¥¥ ã¤�ç−ëå ¬�àª¥â¨−£®¢ëå à¥è¥−¨©, −¥à¥¤ª® ®¡ê¥¤¨−ï¥¬ëå «¨èì
¯à¥â¥−§¨¥© −� ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥. �®â¥−æ¨�«ì−®¬ã ¯®«ì§®¢�â¥«î ¢ íâ®¬
−�£à®¬®¦¤¥−¨¨ −¥¯à®áâ® ®â¤¥«¨âì §¥à−� ®â ¯«¥¢¥«, ¢ â®¬ ç¨á«¥ ¨ ¢á«¥¤áâ¢¨¥ ®â-
áãâáâ¢¨ï −�¤¥¦−ëå â¥®à¥â¨ç¥áª¨å ®á−®¢ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï åà�−¨«¨é.
�¨¦¥ á¤¥«�−� ¯®¯ëâª� ¢®á¯®«−¨âì −¥ª®â®àë¥ ¯à®¡¥«ë ¢ íâ¨å ®á−®¢�å ¨ ¯®ª�§�âì
¯à¨−æ¨¯¨�«ì−ë¥ ®á®¡¥−−®áâ¨, ®â«¨ç�îé¨¥ SDS ®â SDN.

2 Определение и сущность программно определяемого хранилища

’¥®à¥â¨ç¥áª¨¥ ¯à®¡«¥¬ë SDS −�ç¨−�îâáï á ®âáãâáâ¢¨ï ¢ IT-¨−¤ãáâà¨¨ ¥£®
�¤¥ª¢�â−®£® ®¡é¥¯à¨−ïâ®£® ®¯à¥¤¥«¥−¨ï. ÷�§−ë¥ ¯®áâ�¢é¨ª¨ ¯à®¤ãªâ®¢ á ¯à¥-
â¥−§¨¥© −� ¯à¨ç�áâ−®áâì ª SDS, ¯à¨ç¥¬ ª�ª �¯¯�à�âãàë, â�ª ¨ ��, ¯à¥¤«�£�îâ
á¢®¨ ¤¥ä¨−¨æ¨¨ [2]. �¯à¥¤¥«¥−¨¥ ª®à¯®à�æ¨¨ IDC, −�¯à¨¬¥à, ¢ª«îç�¥â ¢ SDS
ú«î¡®© áâ¥ª �� åà�−¥−¨ï, ª®â®àë© ¬®¦¥â ¡ëâì ãáâ�−®¢«¥− −� â¨¯®¢®¬ ®¡®àã¤®-
¢�−¨¨ ¨ á¯®á®¡¥− ¯à¥¤«®¦¨âì ¯®«−ë© −�¡®à á¥à¢¨á®¢ ¨ ¨−â¥£à�æ¨î −�«¨ç−ëå à¥-
áãàá®¢ åà�−¥−¨ï ¤«ï ®¡¥á¯¥ç¥−¨ï ¬®¡¨«ì−®áâ¨ ¤�−−ëå ¬¥¦¤ã íâ¨¬¨ à¥áãàá�¬¨û.
Š®à¯®à�æ¨ï Dell EMC ®¯à¥¤¥«ï¥â SDS ª�ª ú�� åà�−¥−¨ï, −¥ ®¯à¥¤¥«ï¥¬®¥
®¡®àã¤®¢�−¨¥¬, −� ª®â®à®¬ ®−® à�¡®â�¥â, ¨ á¯®á®¡−®¥ ¡ëâì §�£àã¦¥−−ë¬ ¨ à�¡®-
â�âì −� «î¡®¬ â¨¯®¢®¬ ¯à®¬ëè«¥−−®¬ ®¡®àã¤®¢�−¨¨û. „«ï ª®¬¯�−¨¨ NetAPP
SDS | íâ® ú¯à®£à�¬¬¨àã¥¬®áâì à¥áãàá®¢ åà�−¥−¨ï, ¯®§¢®«ïîé�ï �¡áâà�£¨à®-
¢�âì ¨å ®â ä¨§¨ç¥áª®© �¯¯�à�â−®© ¯«�âä®à¬ë ¤«ï «ãçè¥© ¬�áèâ�¡¨àã¥¬®áâ¨,
¡®«ìè¥© £¨¡ª®áâ¨ ¨ íää¥ªâ¨¢−®áâ¨û. ‚àï¤ «¨ ¨§ â�ª®£® à®¤� −¥ ®ç¥−ì á®£«�áã-
¥¬ëå ¬¥¦¤ã á®¡®© ¤¥ä¨−¨æ¨©, ¢® ¬−®£®¬ à¥ª«�¬−®-¯à¨ª«�¤−®£® ¯«�−�, ¬®¦−®
á®áâ�¢¨âì ¯à¥¤áâ�¢«¥−¨¥ ® áãé−®áâ¨ ¯à¥¤¬¥â�. �¥ ã«ãçè�¥â á¨âã�æ¨î ®¯à¥-
¤¥«¥−¨¥ §�ª®−®¤�â¥«ï ¢ ®¡«�áâ¨ ‘•„ | �áá®æ¨�æ¨¨ ¯à®¬ëè«¥−−®áâ¨ á¥â¥¢ëå
åà�−¨«¨é (Storage Networking Industry Association, SNIA): ú‚¨àâã�«¨§¨à®¢�−-
−®¥ åà�−¨«¨é¥ á ¨−â¥àä¥©á®¬ ã¯à�¢«¥−¨ï ãá«ã£�¬¨, ¢ª«îç�îé¨¬ �¢â®¬�â¨§�-
æ¨î, ¢¨àâã�«¨§¨à®¢�−−ë© âà�ªâ ¤�−−ëå, ¬�áèâ�¡¨àã¥¬®áâì ¨ ¯à®§à�ç−®áâìû.
��ª®−¥æ, ª�ª ¨ ¢ á«ãç�¥ SDN [3], −�¨¡®«¥¥ ¨−ä®à¬�â¨¢−®© ®ª�§ë¢�¥âáï Webo-
pedia, ®¯à¥¤¥«ïîé�ï SDS ª�ª �¢â®¬�â¨§¨à®¢�−−ãî ¨−äà�áâàãªâãàã åà�−¥−¨ï
¤�−−ëå, ª®â®à�ï ã¯à�¢«ï¥âáï ¨−â¥««¨£¥−â−ë¬ ��, íää¥ªâ¨¢−® ¯®¤áâà�¨¢�¥âáï
¯®¤ âà¥¡®¢�−¨ï ¯à¨«®¦¥−¨© ¨ à�áè¨àï¥â äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨ ‘•„
¤®¡�¢«¥−¨¥¬ â�ª¨å äã−ªæ¨©, ª�ª ª®¬¯à¥áá¨ï ¤�−−ëå, úâ®−ª�ï −�áâà®©ª�û (thin
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provisioning), ¤¥¤ã¯«¨ª�æ¨ï, à¥¯«¨ª�æ¨ï, ú¬®¬¥−â�«ì−ë¥ á−¨¬ª¨û (snapshots)
¨ ¤à. ’�ª®¥ ®¯à¥¤¥«¥−¨¥ SDS −¥ â®«ìª® −�¨¡®«¥¥ �¤¥ª¢�â−® ¨ ¨−ä®à¬�â¨¢−®, −®
¨ ¢¯®«−¥ ¯®¤¯�¤�¥â ¯®¤ ã−¨¢¥àá�«ì−®¥ ú¯à�ªâ¨ç−®¥û ®¯à¥¤¥«¥−¨¥ ¯à®£à�¬¬−®£®
®¯à¥¤¥«¥−¨ï ª�ª ª®¬¯«¥ªá−®© �¢â®¬�â¨§�æ¨¨ æ¥−âà�«¨§®¢�−−®£® ã¯à�¢«¥−¨ï ¨−-
äà�áâàãªâãà®© –�„ á¯¥æ¨�«¨§¨à®¢�−−ë¬ �� −� ®á−®¢¥ §�¤�−−ëå ¯®«¨â¨ª [4].

‘«¥¤ã¥â §�¬¥â¨âì, çâ® ã −¥ª®â®àëå ¯®áâ�¢é¨ª®¢ SDS-¯à®¤ãªâ®¢ ¯à®£à�¬¬−®¥
®¯à¥¤¥«¥−¨¥ åà�−¨«¨é� ®ª�§ë¢�¥âáï ¯à�ªâ¨ç¥áª¨ á¨−®−¨¬®¬ ¥£® ¢¨àâã�«¨§�æ¨¨,
çâ® ¢¨¤−®, ¢ ç�áâ−®áâ¨, ¨§ ¯à¨¢¥¤¥−−ëå ¢ëè¥ ¤¥ä¨−¨æ¨© NetAPP ¨«¨ SNIA. �®
SDS −¥ â® ¦¥ á�¬®¥, çâ® ¢¨àâã�«¨§�æ¨ï åà�−¨«¨é�. ‚¨àâã�«¨§�æ¨ï ¯à¥¤áâ�¢«ï¥â
¨¬¥îé¨¥áï à�§à®§−¥−−ë¥ ãáâà®©áâ¢� åà�−¥−¨ï ¢ ¢¨¤¥ ¥¤¨−®£® ¯ã«� à¥áãàá®¢,
â. ¥. �¡áâà�£¨àã¥â −�«¨ç−ë¥ ¨ ¤®áâã¯−ë¥ ¤«ï ¨á¯®«ì§®¢�−¨ï ®¡ê¥¬ë åà�−¥−¨ï ®â
ä¨§¨ç¥áª®£® ®¡®àã¤®¢�−¨ï, ¯à¥¤®áâ�¢«ïîé¥£® íâ¨ ®¡ê¥¬ë. � SDS ¨¤¥â ¤�«ìè¥,
�¡áâà�£¨àãï ®â −�«¨ç−®£® ä¨§¨ç¥áª®£® ®¡®àã¤®¢�−¨ï −¥ â®«ìª® ®¡ê¥¬ë, −® â�ª¦¥
á¥à¢¨áë åà�−¥−¨ï ¨ å�à�ªâ¥à¨áâ¨ª¨ åà�−¨«¨é� [5], â. ¥. ¢¨àâã�«¨§�æ¨î ¬®¦−®
à�áá¬�âà¨¢�âì ª�ª ª®¬¯®−¥−â, −® −¥ íª¢¨¢�«¥−â SDS.

3 Цели, средства и решаемые задачи

ƒ«�¢−�ï æ¥«ì ¢−¥¤à¥−¨ï SDS | ¡®«¥¥ íää¥ªâ¨¢−®¥ ¨á¯®«ì§®¢�−¨¥ à¥áãà-
á®¢ åà�−¥−¨ï –�„ ¨ ¡®«¥¥ ¯®«−®¥ ã¤®¢«¥â¢®à¥−¨¥ ¢®§à�áâ�îé¨å âà¥¡®¢�−¨©
¯®«ì§®¢�â¥«¥© ª åà�−¥−¨î ¤�−−ëå. ‘à¥¤áâ¢� ¤®áâ¨¦¥−¨ï íâ®© æ¥«¨ | æ¥−âà�-
«¨§�æ¨ï ã¯à�¢«¥−¨ï ¨−äà�áâàãªâãà®© åà�−¥−¨ï ¨ �¢â®¬�â¨§�æ¨ï ¬¥−¥¤¦¬¥−â�
¯à¥¤®áâ�¢«¥−¨ï á¥à¢¨á®¢. �®¬¨¬® ã«ãçè¥−¨ï ¨á¯®«ì§®¢�−¨ï à¥áãàá®¢ åà�−¥−¨ï
æ¥−âà�«¨§�æ¨ï ¨ �¢â®¬�â¨§�æ¨ï ã¯à®é�îâ �¤¬¨−¨áâà�â®àã –�„ ¬®−¨â®à¨−£
¨ ã¯à�¢«¥−¨¥ äã−ªæ¨®−¨à®¢�−¨¥¬ ¨−äà�áâàãªâãàë åà�−¥−¨ï.

–¥−−®¥ ª�ç¥áâ¢® SDS | ¢®§¬®¦−®áâì ¬�áèâ�¡¨à®¢�−¨ï à¥áãàá®¢ åà�−¥−¨ï
úà�áè¨à¥−¨¥¬û (scaling-out) ¢¬¥áâ® ¨å ú−�à�é¨¢�−¨ïû (scaling-up). ’�ª®¥ ¬�á-
èâ�¡¨à®¢�−¨¥ ¯®§¢®«ï¥â ã¢¥«¨ç¨¢�âì à¥áãàáë åà�−¥−¨ï ¡¥§ ¤®¡�¢«¥−¨ï ®¡®àã-
¤®¢�−¨ï, §�áâ�¢«ïï ¨¬¥îé¨¥áï ‘•„ à�¡®â�âì ¡®«¥¥ íää¥ªâ¨¢−®, ¢ ç�áâ−®áâ¨ §�
áç¥â úâ®−ª®© −�áâà®©ª¨û ¨ ¤¨−�¬¨ç−®£® ¢ë¤¥«¥−¨ï §¤¥áì ¨ á¥©ç�á ¯à®áâ�¨¢�îé¨å
à¥áãàá®¢ ¤«ï ¢à¥¬¥−−®£® åà�−¥−¨ï ¤�−−ëå à�§−ëå ¯®«ì§®¢�â¥«¥©. Šà®¬¥ â®£®,
�¡áâà�£¨à®¢�−¨¥ à¥áãàá®¢ ¨ á¥à¢¨á®¢ åà�−¥−¨ï ®â �¯¯�à�âãàë ‘•„ ã¯à®é�¥â
¯à¨¢«¥ç¥−¨¥ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ú®¡«�ç−ëåû åà�−¨«¨é.

�¤−¨¬ ¨§ −�¨¡®«¥¥ à¥ª«�¬¨àã¥¬ëå á¢®©áâ¢ SDS ï¢«ï¥âáï −¥§�¢¨á¨¬®áâì
®¡®àã¤®¢�−¨ï ‘•„ ®â ¯®áâ�¢é¨ª�, � �¯¯�à�âãàë ¨ �� | ¤àã£ ®â ¤àã£� [6].
‘ç¨â�¥âáï, çâ® SDS ¯®§¢®«ï¥â ¯à®¤«¥¢�âì ¦¨§−ì ãáâ�à¥¢�îé¨å ‘•„, −¥ â®«ì-
ª® ã¢¥«¨ç¨¢�ï ¨å íää¥ªâ¨¢−ë¥ ¥¬ª®áâ¨ §� áç¥â ¬�áèâ�¡¨à®¢�−¨ï ú¢è¨àìû,
−® ¨ ¯®¢ëè�ï −�¤¥¦−®áâì åà�−¥−¨ï ¢ −¨å ¡«�£®¤�àï ¢®§¬®¦−®áâ¨ ¯�à¨à®¢�âì
¯®á«¥¤áâ¢¨ï ®âª�§®¢ ®â¤¥«ì−ëå ¥¤¨−¨æ ®¡®àã¤®¢�−¨ï à�á¯à¥¤¥«¥−¨¥¬ ®¡ê¥¬®¢
à�¡®â ¯® ¢á¥© ¨−äà�áâàãªâãà¥ åà�−¥−¨ï ¤�−−ëå [7].

’�ª¦¥ ¯à¥¤¯®«�£�¥âáï, çâ® ¢á«¥¤áâ¢¨¥ ¢¨àâã�«¨§�æ¨¨ âà�ªâ®¢ ¤�−−ëå SDS
¯à¥¤®áâ�¢«ï¥â ¯®«ì§®¢�â¥«î ¢®§¬®¦−®áâì à�¡®âë ¢ à�¢−®© ¬¥à¥ á «î¡ë¬¨ â¨¯�¬¨
¨−â¥àä¥©á®¢: ¡«®ç−ë¬¨, ä�©«®¢ë¬¨ ¨«¨ ®¡ê¥ªâ−ë¬¨.
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ˆâ�ª, ª®¬¯«¥ªá −�¨¡®«¥¥ ç�áâ® ®â¬¥ç�¥¬ëå ¤®áâ®¨−áâ¢ SDS ¢ª«îç�¥â:

{ ¡®«¥¥ íää¥ªâ¨¢−®¥ ¨á¯®«ì§®¢�−¨¥ ¨¬¥îé¨åáï à¥áãàá®¢ åà�−¥−¨ï ¤�−−ëå;

{ ¤®¯®«−¨â¥«ì−ë¥ ¢®§¬®¦−®áâ¨ ¬�áèâ�¡¨à®¢�−¨ï, â¥®à¥â¨ç¥áª¨ −¥®£à�−¨ç¥−-
−ë¥ á ¯à¨¢«¥ç¥−¨¥¬ ú®¡«�ç−ëåû â¥å−®«®£¨©;

{ ¯®¤¤¥à¦ª� à�§−®®¡à�§−ëå ¨−â¥àä¥©á®¢ ¤®áâã¯� (¡«®ç−®£®, ä�©«®¢®£®, ®¡ê-
¥ªâ−®£®);

{ ¢®§¬®¦−®áâì ª®¬¯«¥ªâ�æ¨¨ ¨−äà�áâàãªâãàë –�„ ‘•„ ®¡®àã¤®¢�−¨¥¬ ®â
à�§−ëå ¯à®¨§¢®¤¨â¥«¥©;

{ æ¥−âà�«¨§®¢�−−®¥ ã¯à�¢«¥−¨¥ ¢á¥¬¨ à¥áãàá�¬¨ åà�−¥−¨ï ç¥à¥§ ¥¤¨−ë© �¤¬¨-
−¨áâà�â¨¢−ë© ¨−â¥àä¥©á.

4 Сопоставление программно определяемых хранилищ и сетей

�®áª®«ìªã ª®−æ¥¯æ¨ï SDS à®¤¨«�áì ¢á«¥¤ §� ª®−æ¥¯æ¨¥© SDN ¨ ¯®¤ ¥¥
¯àï¬ë¬ ¢«¨ï−¨¥¬, −¥ã¤¨¢¨â¥«ì−®, çâ® SDS ¨ SDN ¯à¥á«¥¤ãîâ ¢® ¬−®£®¬
áå®¦¨¥ æ¥«¨ ¨ å�à�ªâ¥à¨§ãîâáï àï¤®¬ ®¡é¨å ®á−®¢®¯®«�£�îé¨å ç¥àâ. �¤−�ª®
®¡ê¥ªâ¨¢−�ï à�§−¨æ� −�§−�ç¥−¨ï ¨ äã−ªæ¨© ã á¥â¥© ¨ åà�−¨«¨é −¥¨§¡¥¦−®
¯à¨¢®¤¨â ª −¥ª®â®àë¬ à�§«¨ç¨ï¬ ¬¥¦¤ã SDN ¨ SDS, −¥ ¢á¥£¤� ¡à®á�îé¨¬áï
¢ £«�§�.

�¡é−®áâì SDS ¨ SDN ¯à¥¦¤¥ ¢á¥£® ¯à®ï¢«ï¥âáï ¢ ä¨§¨ç¥áª®¬ à�§¤¥«¥−¨¨
¯«®áª®áâ¥© ¤�−−ëå (data plane) ¨ ã¯à�¢«¥−¨ï (control plane) [8]. ”¨§¨ç¥-
áª®¥ à�§¤¥«¥−¨¥ ¯«®áª®áâ¥© ¯à¨−æ¨¯¨�«ì−® −¥®¡å®¤¨¬® ¢ ª�ç¥áâ¢¥ ¯à¥¤¯®áë«ª¨
æ¥−âà�«¨§�æ¨¨ ¬¥−¥¤¦¬¥−â�, ª®â®àãî ¬®¦−® ¨−â¥à¯à¥â¨à®¢�âì ª�ª áâï£¨¢�−¨¥
¯«®áª®áâ¨ ã¯à�¢«¥−¨ï ¢ â®çªã | «®£¨ç¥áª¨ ¥¤¨−ë© ¯à®£à�¬¬−ë© ª®−âà®««¥à,
à�¡®â�îé¨© −� â¨¯®¢®¬ á¥à¢¥à¥ ¨«¨ ¢¨àâã�«ì−®© ¬�è¨−¥ (‚Œ). ‚ SDN ®¤-
−¨¬ ¨§ ¯®«®¦¨â¥«ì−ëå á«¥¤áâ¢¨© æ¥−âà�«¨§�æ¨¨ ¬¥−¥¤¦¬¥−â� ¯à¥¤¯®«�£�¥âáï
ã¯à®é¥−¨¥ ¯«®áª®áâ¨ ¤�−−ëå, ¢ ç�áâ−®áâ¨ ¯®«−®¥ ¨áª«îç¥−¨¥ ¬�àèàãâ¨§�-
â®à®¢ ¨ á¢¥¤‚¥−¨¥ −®¬¥−ª«�âãàë ®¡®àã¤®¢�−¨ï ª ¯à®áâë¬ ã−¨ä¨æ¨à®¢�−−ë¬
ª®¬¬ãâ�â®à�¬, ã¯à�¢«ï¥¬ë¬ ¨§ ª®−âà®««¥à� á¥â¨ ¯® ¥¤¨−®¬ã ¯à®â®ª®«ã â¨¯�
OpenFlow. �−�«®£¨ç−ë¥ à¥è¥−¨ï ¯à¥¤«�£�îâáï ¨ ¤«ï SDS [9]. �® ¢ á«ãç�¥ SDS
§�¤�ç� ãá«®¦−ï¥âáï ¡‚®«ìè¨¬ à�§−®®¡à�§¨¥¬ ®¡®àã¤®¢�−¨ï åà�−¥−¨ï ¤�−−ëå
¨ ®âáãâáâ¢¨¥¬ ¯à®â®ª®«�, �−�«®£¨ç−®£® OpenFlow. ÷¥è¥−¨¥ ¯®á«¥¤−¥© ¯à®¡«¥-
¬ë ®¦¨¤�«®áì ®â SNIA, −®, ª�¦¥âáï, ®−® ¬®¦¥â ¯®ï¢¨âìáï −¥ áâ®«ìª® ¢ ¢¨¤¥
ã−¨ä¨æ¨à®¢�−−®£® ¯à®â®ª®«�, áª®«ìª® ¢ ¢¨¤¥ áâ�−¤�àâ¨§®¢�−−ëå ¨−â¥àä¥©á®¢
¯à¨ª«�¤−®£® ¯à®£à�¬¬¨à®¢�−¨ï.

‚ SDN ª®−æ¥¯âã�«ì−® ¯à¥¤¯®«�£�¥âáï, çâ® �� ª®−âà®««¥à� á¥â¨, −¥à¥¤-
ª® −�§ë¢�¥¬®¥ ú®àª¥áâà®¢é¨ª®¬û, à�¡®â�¥â −� ¯à¨ª«�¤−®¬ ãà®¢−¥. �à¨ íâ®¬
¯�à�¤®ªá�«ì−ë¬ ®¡à�§®¬ íâ®¬ã ã¯à�¢«ïîé¥¬ã á¥âìî �� −¥ âà¥¡ã¥âáï á¥â¥¢�ï
®¯¥à�æ¨®−−�ï á¨áâ¥¬� (�‘), â�ª ª�ª ª®−âà®««¥à SDN, ã¯à�¢«ïï á¥âìî, −¥ ï¢«ï-
¥âáï �¡®−¥−â®¬ á¥â¨. ‘«¥¤®¢�â¥«ì−®, ú®àª¥áâà®¢é¨ªû ¬®¦¥â à�¡®â�âì c «î¡®©
áâ�−¤�àâ−®© �‘, � â�ª¦¥ ¢ ‚Œ ¨«¨ ¤�¦¥ ª®−â¥©−¥à¥ (container). �® ¢ ®â−®è¥−¨¨
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SDS á¨âã�æ¨ï ¨−�ï. ‚ ¯à®áâ¥©è¥¬ á«ãç�¥, ª®£¤� –�„ ¨¬¥¥â ¥¤¨−áâ¢¥−−®¥
‘•„, −�¯à¨¬¥à â¨¯� NAS, ¢ äã−ªæ¨¨ �� SDS ¢å®¤¨â â®«ìª® ®âà�¡®âª� á¥à-
¢¨á®¢ åà�−¥−¨ï, çâ® ¯à¨ ®¯à¥¤¥«¥−−ëå ¤®¯ãé¥−¨ïå à¥�«¨§ã¥¬® −� ¯à¨ª«�¤−®¬
ãà®¢−¥. …á«¨ ¦¥ ¢ –�„ ¥áâì −¥áª®«ìª® à�§−ëå ‘•„ «¨¡® ®− ¢ª«îç�¥â á®¢à¥¬¥−-
−ãî £¨¯¥àª®−¢¥à£¥−â−ãî ¨−äà�áâàãªâãàã (hyper-converged infrastructure, HCI))
á ¬−®¦¥áâ¢®¬ DAS, à�á¯à¥¤¥«¥−−ëå ¯® á¥à¢¥à�¬ ¨ −�å®¤ïé¨åáï ¯®¤ ª®−âà®«¥¬
«®ª�«ì−ëå �‘ ¨ £¨¯¥à¢¨§®à®¢, �� SDS â®¦¥ ¢ë−ã¦¤¥−® ¢−¥¤àïâìáï ¢® ¢á¥
á¥à¢¥àë –�„, á¢ï§�−−ë¥ á ¨−äà�áâàãªâãà®© åà�−¥−¨ï, ¨ §�âà�£¨¢�âì á¨áâ¥¬-
−®¥ �� ¢¯«®âì ¤® £¨¯¥à¢¨§®à−®£® ãà®¢−ï. ‘«¥¤®¢�â¥«ì−®, à�§à�¡®âç¨ª¨ HCI
¨ ¯®áâ�¢é¨ª¨ á¨áâ¥¬−®£® �� ¤«ï â�ª®© ¨−äà�áâàãªâãàë ¤®«¦−ë â�ª ¨«¨ ¨−�ç¥
¢áâà�¨¢�âì ¢ á¢®¨ ¯à®¤ãªâë ¯®¤¤¥à¦ªã SDS. �à�¢¤�, ¢ â�ª®¬ á«ãç�¥ ¢ ª®−-
æ¥¯âã�«ì−®¬ ¯«�−¥ −�àãè�¥âáï ¯à¥¤¯®«�£�¥¬�ï ú¯® ã¬®«ç�−¨îû à¥�«¨§ã¥¬®áâì
¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï −� ¯à¨ª«�¤−®¬ ãà®¢−¥, � ¢ ¯à�ªâ¨ç¥áª®¬ | ®ª�§ë¢�-
¥âáï ¯®¤ ã£à®§®© è¨à®ª® à¥ª«�¬¨àã¥¬�ï −¥§�¢¨á¨¬®áâì �� SDS ®â ¯®áâ�¢é¨ª�
®¡®àã¤®¢�−¨ï ‘•„.

’�ª¦¥ à�§«¨ç−® ®â−®è¥−¨¥ SDS ¨ SDN ª ¢¨àâã�«¨§�æ¨¨. …á«¨ ¤«ï SDN
¢¨àâã�«¨§�æ¨ï −¥ ¯à¨−æ¨¯¨�«ì−� [10], â® à¥�«¨§�æ¨ï ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï
åà�−¨«¨é� ¡¥§ ª®−á®«¨¤�æ¨¨ ¢á¥å à¥áãàá®¢ åà�−¥−¨ï ¢ ¥¤¨−ë© ¢¨àâã�«ì−ë© ¯ã«
¢ë£«ï¤¨â ªà�©−¥ ¯à®¡«¥¬�â¨ç−®©. �¥ á«ãç�©−®, ª�ª ¡ë«® ®â¬¥ç¥−® ¢ëè¥, ã àï¤�
¯®áâ�¢é¨ª®¢ SDS-¯à®¤ãªâ®¢ ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ åà�−¨«¨é� ä�ªâ¨ç¥áª¨
®â®¦¤¥áâ¢«ï¥âáï á ¥£® ¢¨àâã�«¨§�æ¨¥©. ’�ª¨¬ ®¡à�§®¬, å®âï ¬®¦−® ¢áâà¥â¨âì
¨ ¯à®â¨¢®¯®«®¦−®¥ ¬−¥−¨¥ [5], ¢á¥ ¦¥, ¯®-¢¨¤¨¬®¬ã, ¤«ï SDS, ¢ ®â«¨ç¨¥ ®â
SDN, ¢¨àâã�«¨§�æ¨î á«¥¤ã¥â ¯®«�£�âì ®¡ï§�â¥«ì−ë¬ ãá«®¢¨¥¬.

��¨¡®«¥¥ ¦¥ áãé¥áâ¢¥−−ë à�§«¨ç¨ï ¬¥¦¤ã SDN ¨ SDS ¢ á¯®á®¡�å ¨å
à�§¢¥àâë¢�−¨ï.

5 Особенности развертывания программно определяемых хранилищ

‚ SDN −�¨¡®«ìèãî âàã¤−®áâì ¯à¥¤áâ�¢«ï¥â à�§à�¡®âª� ¨ ®â«�¤ª� �� ú®à-
ª¥áâà®¢ª¨û ¤«ï ª®−ªà¥â−®© á¥â¨ ¢ ª®−ªà¥â−®¬ –�„. �®á«¥ â®£® ª�ª íâ� à�¡®â�
¢ë¯®«−¥−�, à�§¢¥àâë¢�−¨¥ SDN á¢®¤¨âáï ª àãâ¨−−®© ¯à®æ¥¤ãà¥ §�¯ãáª� ú®àª¥-
áâà®¢é¨ª�û ¢ ª®−âà®««¥à¥ á¥â¨.

�à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ SDN ¬®−®«¨â−® ¨ ¨§®«¨à®¢�−−®. ú�àª¥áâà®¢é¨ªû
à�¡®â�¥â −� ®â¤¥«ì−®¬ á¥à¢¥à¥, −¨ª�ª −¥ ¯¥à¥á¥ª�ïáì á ¤àã£¨¬¨ á¥à¢¥à�¬¨ –�„
¨ à�¡®â�îé¨¬¨ −� −¨å ¯à®£à�¬¬�¬¨ | ª�ª á¨áâ¥¬−ë¬¨, â�ª ¨ ¯à¨ª«�¤−ë¬¨.

�à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ SDS ¢ ®¡é¥¬ á«ãç�¥ −¥ ¬®−®«¨â−® ¨ −¥ ¨§®«¨à®-
¢�−−®. �−® ¢ë−ã¦¤¥−−® à�á¯�¤�¥âáï −� ¤¢¥ äã−ªæ¨®−�«ì−ë¥ ç�áâ¨: SDS-ª®−â-
à®««¥à, à�¡®â�îé¨© �−�«®£¨ç−® SDN-ª®−âà®««¥àã ¢ ª�ç¥áâ¢¥ ¯à¨«®¦¥−¨ï −�
−¥ª®¥¬ á¥à¢¥à¥ («¨¡® ¢ ‚Œ ¨«¨ ª®−â¥©−¥à¥), ¨ −¥ª®¥ ¬−®¦¥áâ¢® SDS-�£¥−â®¢,
¢−¥¤à¥−−ëå ¢ á¨áâ¥¬−®¥ �� ¯à®ç¨å á¥à¢¥à®¢ –�„. Š®−âà®««¥à ®áãé¥áâ¢«ï¥â
®¡é¥¥ æ¥−âà�«¨§®¢�−−®¥ ã¯à�¢«¥−¨¥ ¨ ¬®−¨â®à¨−£ à�¡®âë ‘•„, � â�ª¦¥ ®â-
à�¡�âë¢�¥â §�¯à®áë á¥à¢¨á®¢ åà�−¥−¨ï ®â ¢á¥å ¯à¨«®¦¥−¨© ¢ –�„. ‡�¤�ç�
SDS-�£¥−â®¢ | ¯¥à¥å¢�âë¢�âì ú−� ¬¥áâ�åû íâ¨ §�¯à®áë ¨ ¯¥à¥−�¯à�¢«ïâì ¨å
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�¥ª®â®àë¥ ¢®¯à®áë ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï åà�−¨«¨é� ¤�−−ëå

¢ SDS-ª®−âà®««¥à. ’�ª¨¬ ®¡à�§®¬, �� SDS −¥ ¬®¦¥â ®£à�−¨ç¨âìáï ®¤−¨¬
®â¤¥«ì−ë¬ ¯à¨«®¦¥−¨¥¬ ¨«¨ ¤�¦¥ ®¤−¨¬ á¥à¢¥à®¬, � ¤®«¦−® áâ�âì á®áâ�¢−®©
ç�áâìî á¨áâ¥¬−®£® �� −� ¢á¥å á¥à¢¥à�å –�„, ¢ª«îç�îé¨å ª�ª¨¥-â® à¥áãàáë
åà�−¥−¨ï ¤�−−ëå.

�¤−�ª® ¥á«¨ ®¡à�â¨âìáï ª à¥ª«�¬¥ ¨¬¥îé¨åáï −� àë−ª¥ SDS-¯à®¤ãªâ®¢,
íâã ®á®¡¥−−®áâì à�§¢¥àâë¢�−¨ï SDS ®¡−�àã¦¨âì −¥¯à®áâ®. ’�ª, â¨¯¨ç−®¥ ¤«ï
íâ®£® àë−ª� ¯à¥¤«®¦¥−¨¥ ª®¬¯�−¨¨ DataCore ¢ª«îç�¥â âà¨ ¢�à¨�−â� ¯®áâ�¢ª¨
¨ à�§¢¥àâë¢�−¨ï SDS [11]:

(1) ç¨áâ® ¯à®£à�¬¬−ë© (software-only) | �� SDS, ãáâ�−�¢«¨¢�¥¬®¥ ã ¯®«ì§®-
¢�â¥«ï −� â¨¯®¢®¬ á¥à¢¥à¥ x86;

(2) á á¥à¢¥à®¬ (appliance) | á¥à¢¥à á ¯à¥¤ãáâ�−®¢«¥−−ë¬ �� SDS;

(3) á á¥à¢¥à®¬ ¨ åà�−¨«¨é¥¬ (appliance + storage) | ¨−â¥£à¨à®¢�−−�ï á¨áâ¥¬�
á á¥à¢¥à®¬, ¢áâà®¥−−ë¬ åà�−¨«¨é¥¬ ¨ ¯à¥¤ãáâ�−®¢«¥−−ë¬ �� SDS.

÷¥ª«�¬� ®¡¥é�¥â ¢®§¬®¦−®áâì à�¡®âë ¯®áâ�¢«ï¥¬®£® �� SDS á «î¡ë¬¨
¢−ãâà¥−−¨¬¨ ¨ ¢−¥è−¨¬¨ åà�−¨«¨é�¬¨ ®â ¯à®¨§¢®«ì−ëå ¯®áâ�¢é¨ª®¢, −® â®«ì-
ª® ¤«ï ¤¢ãå ¯¥à¢ëå ¢�à¨�−â®¢ ¯®áâ�¢ª¨. ‚ âà¥âì¥¬ ¢�à¨�−â¥ á ª®−ªà¥â−ë¬
¢áâà®¥−−ë¬ åà�−¨«¨é¥¬ ¬ã«ìâ¨¢¥−¤®à−�ï ¯®¤¤¥à¦ª� −¥ ¯à¥¤ãá¬�âà¨¢�¥âáï.
�â® ®§−�ç�¥â, çâ® �� SDS ¢á¥-â�ª¨ âà¥¡ã¥â −�áâà®©ª¨ −� ª®−ªà¥â−ë© â¨¯ ‘•„,
â. ¥. ¥¬ã âà¥¡ã¥âáï á¢®¥®¡à�§−�ï ú®àª¥áâà®¢ª�û. ˆ, ¡ã¤ãç¨ ú®àª¥áâà®¢�−−ë¬û
¯®¤ ª®−ªà¥â−ãî ¯®áâ�¢«ï¥¬ãî ¢ ª®¬¯«¥ªá¥ ‘•„, ®−® ã¦¥ −¥ ¢ á®áâ®ï−¨¨ ¯®¤-
¤¥à¦¨¢�âì ¤àã£¨¥ â¨¯ë åà�−¨«¨é. „àã£®¥ ¤¥«®, çâ® ¢ ®â«¨ç¨¥ ®â ú®àª¥áâà®¢ª¨û
SDN, ª®â®à�ï ¢ë¯®«−ï¥âáï ¯® ¬¥áâã ¯®¤ ª®−ªà¥â−ãî á¥âì ¨ ¯®â®¬ã ¤®áâã¯−�
¢¥áì¬� ®£à�−¨ç¥−−®¬ã ªàã£ã ¯®«ì§®¢�â¥«¥©, SDS ú®àª¥áâàã¥âáïû ¯®¤ ª®−ªà¥â-
−ë© â¨¯ ‘•„ ¨ �� SDS ¬®¦¥â ¡ëâì ¯à¨®¡à¥â¥−® ¯®«ì§®¢�â¥«¥¬ ¢ £®â®¢®¬ ¢¨¤¥,
¢ ç�áâ−®áâ¨ ®â ¯®áâ�¢é¨ª� ‘•„ ¢¬¥áâ¥ á ®¡®àã¤®¢�−¨¥¬. �á®¡¥−−® ïàª® íâ� ®á®-
¡¥−−®áâì SDS ¯à®ï¢«ï¥âáï ¢ HCI, £¤¥ ã¦¥ á¥£®¤−ï ¬−®£¨¥ ¯à®¤ãªâë ¢ª«îç�îâ
−¥ª¨¥ ¯à¥¤ãáâ�−®¢«¥−−ë¥ áà¥¤áâ¢� ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï [12].

�® ¢á¥© ¢¨¤¨¬®áâ¨, ¨¬¥−−® íâ� ®á®¡¥−−®áâì SDS, ¯®§¢®«ïîé�ï ¯®«ì§®¢�â¥-
«î ¯à¨®¡à¥â¨ −� àë−ª¥ £®â®¢ë© ú®àª¥áâà®¢é¨ªû ¤«ï ª®−ªà¥â−®£® â¨¯� ‘•„,
®¡êïá−ï¥â â®â ä�ªâ, çâ® SDS, ¡ã¤ãç¨ ¬®«®¦¥ SDN, ã¦¥ ¢ëà¢�«®áì ¢¯¥à¥¤ ¯®
¢®áâà¥¡®¢�−−®áâ¨ ¨ ç¨á«ã à�¡®â�îé¨å ¯à¨¬¥à®¢.

6 Заключение

Š®−æ¥¯æ¨ï ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï åà�−¨«¨é� ¤�−−ëå ¯à¨®¡à¥â�¥â ¢á¥
¡‚®«ìèãî ¯®¯ã«ïà−®áâì. �¥à¥−®á à®¦¤¥−−®© ¤«ï á¥â¥¢®© ¨−äà�áâàãªâãàë –�„
¨¤¥¨ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï −� ¨−äà�áâàãªâãàã åà�−¥−¨ï ¤�−−ëå ¯®§¢®«¨«
§�¨¬áâ¢®¢�âì ®â SDN àï¤ ¯®−ïâ¨© ¨ ¡�§®¢ëå ¯®«®¦¥−¨©, ¢ â®¬ ç¨á«¥ ª®−æ¥−-
âà�æ¨î ¯«®áª®áâ¨ ã¯à�¢«¥−¨ï ¢ ¥¤¨−®¬ ª®−âà®««¥à¥ ¨ á−¨¦¥−¨¥ âà¥¡®¢�−¨©
ª �¯¯�à�âãà¥ ¯«®áª®áâ¨ ¤�−−ëå. ’¥¬ −¥ ¬¥−¥¥ ®¡ê¥ªâ¨¢−ë¥ à�§«¨ç¨ï ¢ ®¡®àã¤®-
¢�−¨¨ ¨ äã−ªæ¨®−�«ì−®áâ¨ ¬¥¦¤ã á¥âï¬¨ ¨ åà�−¨«¨é�¬¨ −¥¨§¡¥¦−® ¯à¨¢−¥á«¨
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¢ SDS áãé¥áâ¢¥−−ë¥ ®á®¡¥−−®áâ¨, −¥ á¢®©áâ¢¥−−ë¥ SDN. �â¨ ®á®¡¥−−®áâ¨, ¯®-
å®¦¥, −¥ ¤® ª®−æ� ®á¬ëá«¥−ë ¤�¦¥ ¯®áâ�¢é¨ª�¬¨ ®¡®àã¤®¢�−¨ï ¨ �� SDS,
çâ® −�è«® ®âà�¦¥−¨¥ ¢ ®âáãâáâ¢¨¨ ®¡é¥¯à¨−ïâ®£® ®¯à¥¤¥«¥−¨ï ¯à¥¤¬¥â� ¨ àï¤¥
−¥ª®àà¥ªâ−ëå à¥ª«�¬−®-¬�àª¥â¨−£®¢ëå ãâ¢¥à¦¤¥−¨©.

‚ æ¥«®¬ SDS ¢¯®«−¥ ¯®¤¯�¤�¥â ¯®¤ ã−¨¢¥àá�«ì−®¥ ®¯à¥¤¥«¥−¨¥ ¯à®£à�¬¬−®£®
®¯à¥¤¥«¥−¨ï ª�ª æ¥−âà�«¨§�æ¨¨ ã¯à�¢«¥−¨ï ¨−äà�áâàãªâãà®© –�„ ¨ ¥¥ ª®¬-
¯«¥ªá−®© �¢â®¬�â¨§�æ¨¨ á ¯®¬®éìî á¯¥æ¨�«¨§¨à®¢�−−®£® �� ú®àª¥áâà®¢ª¨û −�
®á−®¢¥ §�¤�−−ëå ¯®«¨â¨ª. ƒ«�¢−®¥ ¦¥ ®â«¨ç¨¥ SDS ®â SDN §�ª«îç�¥âáï ¢ à�§-
¢¥àâë¢�−¨¨ ¨ å�à�ªâ¥à¥ ú®àª¥áâà®¢ª¨û. ‚ SDN ®−� ¨¬¥¥â ®¡ê¥ªâ®¬ ª®−ªà¥â−ãî
á¥âì, ¯à�ªâ¨ç¥áª¨ ã−¨ª�«ì−ãî ¢ ª�¦¤®¬ –�„, ¨ ¯®â®¬ã, ª�ª ¯à�¢¨«®, ¯à¥¤-
¯®«�£�¥â à�§à�¡®âªã ¨ ®â«�¤ªã ¯® ¬¥áâã ã−¨ª�«ì−®£® ú®àª¥áâà®¢é¨ª�û. ‚ SDS
ú®àª¥áâà®¢ª�û ¡®«¥¥ «®ª�«ì−� ¨ ¨¬¥¥â ¤¥«® á ¬�áá®¢® ¢ë¯ãáª�¥¬ë¬ ®¡®àã¤®-
¢�−¨¥¬ ‘•„, ¯®íâ®¬ã ã ¢«�¤¥«ìæ� –�„ ¯®ï¢«ï¥âáï ¢®§¬®¦−®áâì ¯à¨®¡à¥â�âì
£®â®¢ë© ú®àª¥áâà®¢é¨ªû ¢¬¥áâ¥ á ‘•„ ®â ¥£® ¯®áâ�¢é¨ª� ¨«¨ áâ®à®−−¥£® à�§-
à�¡®âç¨ª� ��. �«�£®¤�àï íâ®© ¯à¨ïâ−®© ®á®¡¥−−®áâ¨ SDS ã¦¥ ®¡®è«® SDN ¯®
ç¨á«ã à�¡®â�îé¨å á¨áâ¥¬ ¨, á«¥¤ã¥â ®¦¨¤�âì, ¯à®¤®«¦¨â «¨¤¨à®¢�âì á ¢®§à�á-
â�îé¨¬ ®âàë¢®¬.

‘ ¯à�ªâ¨ç¥áª®© â®çª¨ §à¥−¨ï ¨−â¥à¥á ª SDS ¡ë« á¯à®¢®æ¨à®¢�− á ¤¢ãå
¯à®â¨¢®¯®«®¦−ëå ª®−æ®¢: á ®¤−®© áâ®à®−ë ¢®§¬®¦−®áâìî ¯à®¤«¨âì �ªâ¨¢−ãî
¦¨§−ì ãáâ�à¥¢�îé¨¬ ‘•„, � á ¤àã£®© | ¢−¥¤à¥−¨¥¬ ¢ –�„ ¯¥àá¯¥ªâ¨¢−ëå
HCI. ’¥®à¥â¨ç¥áª¨ ¡«�£®¤�àï SDS §�¬¥−� ãáâ�à¥¢�îé¥£® ®¡®àã¤®¢�−¨ï åà�−¥-
−¨ï ¤�−−ëå ¬®¦¥â ¯à®¨áå®¤¨âì ¯®áâ¥¯¥−−® ¨ ®â−®á¨â¥«ì−® ¡¥§¡®«¥§−¥−−®, −¥
−�àãè�ï äã−ªæ¨®−¨à®¢�−¨ï –�„, ¯à¨ íâ®¬ á¬ï£ç�îâáï ®£à�−¨ç¥−¨ï −� â¨¯ë
−®¢®£® ®¡®àã¤®¢�−¨ï ¨ ¢ë¡®à ¥£® ¯®áâ�¢é¨ª®¢. ‚ ¯®á«¥¤−¥¥ ¦¥ ¢à¥¬ï ¨¬¯¥à�â¨-
¢®¬ ®¡à�é¥−¨ï ª SDS ¢«�¤¥«ìæ¥¢ –�„ áâ�−®¢¨âáï −¥®¡å®¤¨¬®áâì ¯®«−®æ¥−−®
¨á¯®«ì§®¢�âì åà�−¨«¨é−ë¥ à¥áãàáë á®¢à¥¬¥−−ëå HCI, ¢ ª®â®àëå à�á¯ë«¥−-
−ë¬ ¯® ¬−®¦¥áâ¢ã áâ¥à¥®â¨¯−ëå á¥à¢¥à®¢ à¥áãàá�¬ åà�−¥−¨ï ¯à¨−æ¨¯¨�«ì−®
âà¥¡ã¥âáï æ¥−âà�«¨§®¢�−−ë© ª®−á®«¨¤¨àãîé¨© ¨ à�á¯à¥¤¥«ïîé¨© íâ¨ à¥áãàáë
¬¥−¥¤¦¥à, ¢ ª�ç¥áâ¢¥ ª®â®à®£® ®à£�−¨ç−® á¬®âà¨âáï SDS.

�®−¨¬�−¨¥ ®á®¡¥−−®áâ¥© SDS, ¢ª«îç�ï ¯à¨áãé¨¥ ¥¬ã ®â«¨ç¨ï ®â SDN,
¤®«¦−® á¯®á®¡áâ¢®¢�âì ¥é¥ ¡®«¥¥ è¨à®ª®¬ã à�á¯à®áâà�−¥−¨î SDS ¢ ª�ç¥áâ¢¥
ª�ª á�¬®áâ®ïâ¥«ì−®© ¯¥àá¯¥ªâ¨¢−®© â¥å−®«®£¨¨, â�ª ¨ ¥áâ¥áâ¢¥−−®£® ª®¬¯®−¥−â�
æ¥«¨ª®¬ ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬®£® –�„.
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SOME ISSUES OF THE SOFTWARE-DEFINED STORAGE
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Institute of Informatics Problems, Federal Research Center \Computer Science and
Control" of the Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119133,
Russian Federation

Abstract: Evolution of information technologies attracts the interest of data
center owners, alongside the more functional storage equipment, to more efficient
storing technologies, the software-defined storage (SDS) being among promising
ones. Following the software-defined networking (SDN), the SDS has borrowed
some essentials from the precursor, implementation of the control plane in a single
programmable controller and simplification of the data plane hardware included.
However, despite the growing interest to the SDS, some definite gaps remain
in the SDS theoretical basics, beginning with the lack of a generally accepted
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adequate definition. As a result, a lot of questionable and incorrect assertions
may be found in publications devoted to the SDS. Also, the publications do not
demonstrate comprehension of the objective distinction between the SDS and
SDN, which compel these related technologies to evolve in somewhat differing
ways. In the article, an attempt is made to formulate a \universal" definition of
the SDS, principal distinctions of the SDS from the SDN are exposed, and some
development features of this promising technology are outlined.

Keywords: hyper-converged infrastructure (HCI); orchestration; software-
defined storage (SDS)
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ИНФОРМАЦИОННЫЕ АСПЕКТЫ
ОБЕСПЕЧЕНИЯ БЕЗОПАСНОСТИ НА ТРАНСПОРТЕ:

ПОИСК И ОТБОР ИНФОРМАЦИИ

А. В. Борисов1, А. В. Босов2, Д. В. Жуков3, А. В. Иванов4

�−−®â�æ¨ï: ‚â®à�ï áâ�âìï æ¨ª«�, ¯®á¢ïé¥−−®£® ®¯¨á�−¨î á¨áâ¥¬ë ¯®¤-
¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© (‘��÷) ¢ ®¡«�áâ¨ ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨
¯�áá�¦¨àáª¨å ¯¥à¥¢®§®ª ¨ ¯à®â¨¢®¤¥©áâ¢¨ï ¯à®â¨¢®¯à�¢−®© ¤¥ïâ¥«ì−®áâ¨
−� âà�−á¯®àâ¥. �� ®á−®¢¥ ª®−æ¥¯âã�«ì−®© ¬®¤¥«¨, ¯à¥¤«®¦¥−−®© �¢â®à�¬¨
¢ ¯¥à¢®© áâ�âì¥, ä®à¬¨àã¥âáï äã−ªæ¨®−�«ì−®¥ −�¯®«−¥−¨¥ á¨áâ¥¬ë. �à¥¤-
«®¦¥−� ª«�áá¨ä¨ª�æ¨ï �−�«¨â¨ç¥áª¨å äã−ªæ¨©, ¢ª«îç�îé�ï ¯®¨áª®¢ë¥ §�-
¯à®áë, �−�«¨â¨ç¥áª¨¥ à�áç¥âë ¨ §�¤�ç¨ ¯à®æ¥áá¨−£� ¤�−−ëå, ¨ ¯à¥¤áâ�¢«¥−®
á®¤¥à¦�−¨¥ §�¤�ç ¯¥à¢®£® (¯®¨áª®¢®£®) â¨¯�, á¯¥æ¨�«¨§¨à®¢�−−ëå ¢ à�¬ª�å
¯à¥¤¬¥â−®© ®¡«�áâ¨. —�áâì ¯®¨áª®¢ëå §�¯à®á®¢, ¨¬¥îé¨å ã−¨¢¥àá�«ì−®¥
−�§−�ç¥−¨¥, ®¡ê¥¤¨−¥−� ¢ £àã¯¯ã á«ã¦¥¡−ëå ¬¥â®¤®¢. ‚â®àãî ç�áâì á®áâ�¢¨-
«¨ á¯¥æ¨�«¨§¨à®¢�−−ë¥ âà�−á¯®àâ−ë¥ ¯®¨áª®¢ë¥ §�¯à®áë. ‘®¤¥à¦�â¥«ì−ë¥
¢ à�¬ª�å ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¯®¨áª¨ �−®−á¨àãîâ §�¯«�−¨à®¢�−−®¥ ¯à¥¤áâ�¢-
«¥−¨¥ ¡®«¥¥ £«ã¡®ª¨å �−�«¨â¨ç¥áª¨å äã−ªæ¨©.

Š«îç¥¢ë¥ á«®¢�: âà�−á¯®àâ−�ï ¡¥§®¯�á−®áâì; á¨áâ¥¬� ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï
à¥è¥−¨©; ¯®¨áª®¢ë© §�¯à®á; à�áç¥â−�ï §�¤�ç�; ¯à®æ¥áá¨−£ ¤�−−ëå

DOI: 10.14357/08696527210208

1 Введение

‚ à�¡®â¥ [1], ¯¥à¢®© ¢ æ¨ª«¥, ª®â®àë© ¯à®¤®«¦�¥â −�áâ®ïé�ï áâ�âìï, ¨−¨-
æ¨¨à®¢�−® ¨áá«¥¤®¢�−¨¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¯�áá�¦¨àáª¨å ¯¥à¥¢®§®ª á â®çª¨
§à¥−¨ï ®à£�−¨§�æ¨¨ ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï ¢ ‘��÷, á®§¤�¢�¥¬ëå ¢ ¨−-
â¥à¥á�å ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ âà�−á¯®àâ−ëå ¯¥à¥¢®§®ª. �à¥¤áâ�¢«¥−−�ï
¢ [1] ª®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ¯à¥¤¬¥â−®© ®¡«�áâ¨ ®¯¨áë¢�¥â ª�ª ¡�§®¢ë¥ ¯®−ï-
â¨ï (¯�áá�¦¨à, ¯¥à¥¢®§ç¨ª, ¯®¥§¤ª�, à¥©á, âà�−á¯®àâ−ë© ¯ã−ªâ), ®âà�¦�îé¨¥
ä�ªâ ¯¥à¥¢®§ª¨ ª®−ªà¥â−®£® ä¨§¨ç¥áª®£® «¨æ� ¨§ ®¤−®£® âà�−á¯®àâ−®£® ¯ã−ªâ�
¢ ¤àã£®©, â�ª ¨ á¯¥æ¨ä¨ç¥áª¨¥ (á«®¦−ë© ¯�áá�¦¨à, âà�−á¯®àâ−�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, ABorisov@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

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, DZhukov@ipiran.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, AIvanov@ipiran.ru
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ˆ−ä®à¬�æ¨®−−ë¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ −� âà�−á¯®àâ¥

®¡å®¤¨¬ë¥ ¯à¨ ¢ë¯®«−¥−¨¨ �−�«¨â¨ç¥áª®© ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨. �¥à¥ç¥−ì
�âà¨¡ãâ®¢, ª®−ªà¥â¨§¨àãîé¨å ¯®−ïâ¨ï ¬®¤¥«¨, á®¤¥à¦¨â àï¤ �âà¨¡ãâ®¢ â¥å−®-
«®£¨ç¥áª®£® å�à�ªâ¥à�, à®«ì ª®â®àëå áâ�−®¢¨âáï ïá−� ¨§ ¤¥â�«¨§�æ¨¨ à¥è�¥¬ëå
�−�«¨â¨ç¥áª¨å §�¤�ç.

‘®§¤�−¨¥ ª®−æ¥¯âã�«ì−®© ¬®¤¥«¨ áâ�«® à¥§ã«ìâ�â®¬ ¯à®à�¡®âª¨ äã−ªæ¨®-
−�«ì−®£® −�¯®«−¥−¨ï ‘��÷, ®á−®¢−®¥ −�§−�ç¥−¨¥ ª®â®à®© á®áâ®¨â ¢ ¨−ä®à¬�-
æ¨®−−®© ¨ �−�«¨â¨ç¥áª®© ¯®¤¤¥à¦ª¥ ¤¥ïâ¥«ì−®áâ¨ íªá¯¥àâ®¢ ¢ áä¥à¥ ®¡¥á¯¥ç¥−¨ï
¡¥§®¯�á−®áâ¨ −� âà�−á¯®àâ¥. �¤−�ª® −¥â ¯à¥¯ïâáâ¢¨© ¤«ï ¡®«¥¥ è¨à®ª®£® ¯à¨¬¥-
−¥−¨ï â�ª®© ‘��÷, −�¯à¨¬¥à ¢ à¥è¥−¨¨ §�¤�ç ¯à®â¨¢®¤¥©áâ¢¨ï ¯à®â¨¢®¯à�¢−®©
¤¥ïâ¥«ì−®áâ¨.

„¥ïâ¥«ì−®áâì íªá¯¥àâ®¢, ¨á¯®«ì§ãîé¨å â�ªãî ‘��÷, ¢ª«îç�¥â ¢ë¯®«−¥−¨¥
à�§«¨ç−ëå §�¤�ç. ‚á¥£® ¬®¦−® ¢ë¤¥«¨âì âà¨ ¨å â¨¯�. �¥à¢ë© ¨ á�¬ë©
¯à®áâ®© | ¯®¨áª¨. Š�ª ¨ ¢ «î¡®© �−�«¨â¨ç¥áª®© à�¡®â¥, ®â¡®à ¨áå®¤−ëå
¤�−−ëå ï¢«ï¥âáï ¢�¦−¥©è¨¬ ¨ −¥®¡å®¤¨¬ë¬ íâ�¯®¬. ‚ áâ�âì¥ ¡ã¤¥â à�áá¬®âà¥−®
¯®¤¬−®¦¥áâ¢® á¯¥æ¨ä¨ç¥áª¨å §�¯à®á®¢, å�à�ªâ¥à−ëå ¨¬¥−−® ¤«ï ¯�áá�¦¨àáª¨å
¯¥à¥¢®§®ª ¢ á¢ï§¨ á ¬¥à®¯à¨ïâ¨ï¬¨ ¯® ®¡¥á¯¥ç¥−¨î ¡¥§®¯�á−®áâ¨ −� âà�−á¯®àâ¥
¨«¨ ¯à®â¨¢®¤¥©áâ¢¨î ¯à®â¨¢®¯à�¢−®© ¤¥ïâ¥«ì−®áâ¨. ‚�à¨�−âë §�¤�ç, á¢ï§�−−ëå
á ¢ë¯®«−¥−¨¥¬ ¯®¨áª®¢, ®¡áã¦¤�îâáï ¢ âà¥âì¥¬ à�§¤¥«¥ áâ�âì¨, ¯à¨¬¥−ï¥¬ë¥
¢á¯®¬®£�â¥«ì−ë¥/â¥å−®«®£¨ç¥áª¨¥ ¯à®æ¥¤ãàë | ¢® ¢â®à®¬.

‚ ª�ç¥áâ¢¥ ¢â®à®£® íâ�¯� �−�«¨â¨ª¨, ¢â®à®£® â¨¯� §�¤�ç ¯à¥¤«�£�¥âáï −¥ª®-
â®àë© ªàã£ ¯®áâ�−®¢®ª, ã¦¥ −¥ ®£à�−¨ç¥−−ëå ¯à®áâ® ®â¡®à®¬ ¨−ä®à¬�æ¨¨, −®
âà¥¡ãîé¨å ¢ë¯®«−¥−¨ï −¥ª®â®àëå à�áç¥â®¢ á ®â®¡à�−−ë¬¨ ¤�−−ë¬¨. ��ª®−¥æ,
âà¥â¨© â¨¯ §�¤�ç á®áâ�¢«ïîâ á«®¦−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ ¯à®æ¥¤ãàë, âà¥¡ãîé¨¥
§−�ç¨â¥«ì−ëå ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢, ¢ â®¬ ç¨á«¥ −� ¯à¥¤¢�à¨â¥«ì−ãî ¯®¤-
£®â®¢ªã ¤�−−ëå. •�à�ªâ¥à−ë¬ áà¥¤áâ¢®¬ à¥è¥−¨ï â�ª®£® à®¤� §�¤�ç á«ã¦�â
¨−áâàã¬¥−âë ¨−â¥à�ªâ¨¢−®£® ¯à®æ¥áá¨−£� ¤�−−ëå (OLAP, online analytical pro-
cessing). ‘â�âìï ¯à®¤®«¦�¥â ¨áá«¥¤®¢�−¨¥ ¢ ¢ë¡à�−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ [1],
¯à¥¤áâ�¢«ïï �−�«¨â¨ç¥áª¨¥ §�¤�ç¨ ¯¥à¢®£® â¨¯�. ÷�áç¥â−ë¥ §�¤�ç¨ ¢â®à®£® â¨¯�
¯«�−¨àã¥âáï ¯à¥¤áâ�¢¨âì ¢ âà¥âì¥© áâ�âì¥ æ¨ª«�.

2 Служебные методы

�¥®¡å®¤¨¬ë¬ á¢®©áâ¢®¬ ‘��÷, à¥�«¨§ãîé¨å �−�«¨â¨ç¥áª¨© äã−ªæ¨®−�«,
¤®«¦−� ¡ëâì á¯®á®¡−®áâì à�¡®âë á −¥â®ç−® §�¤�−−®© ¨−ä®à¬�æ¨¥©. ‹î¡ë¥
â¥ªáâ®¢ë¥ �âà¨¡ãâë ¬®£ãâ á®¤¥à¦�âì ®è¨¡ª¨, ª®â®àë¥ ¢®§−¨ª�îâ ª�ª −� íâ�¯¥
¯¥à¢®−�ç�«ì−®£® á¡®à� ¨−ä®à¬�æ¨¨ (¢ à�áá¬�âà¨¢�¥¬®© ®¡«�áâ¨ | âà�−á¯®àâ-
−®©), â�ª ¨ ¢ å®¤¥ ¯®«ãç¥−¨ï ®¯¥à�â¨¢−®© ¨−ä®à¬�æ¨¨, ¨á¯®«ì§ã¥¬®© §�â¥¬
¯à¨ ¢ë¯®«−¥−¨¨ ¯®¨áª®¢ëå §�¯à®á®¢. �¥®¡å®¤¨¬®áâì à�¡®âë á −¥â®ç−® §�¤�−-
−®© ¨−ä®à¬�æ¨¥© âà¥¡ã¥â ª�ª á®®â¢¥âáâ¢ãîé¥© �«£®à¨â¬¨ç¥áª®© ¯®¤¤¥à¦ª¨,
â�ª ¨ −�«¨ç¨ï ®¯à¥¤¥«¥−−®© áâà�â¥£¨¨ ¢ à�¡®â¥ á â�ª®© ¨−ä®à¬�æ¨¥©. �¥-
¯®áà¥¤áâ¢¥−−®¥ ¯à¨¬¥−¥−¨¥ −¥ç¥âª¨å �«£®à¨â¬®¢ ¯®¨áª� −� −¥¯®¤£®â®¢«¥−−ëå
¤�−−ëå ¬®¦¥â ¡ëâì ¬¥¤«¥−−ë¬. �®áª®«ìªã ¬�ªá¨¬�«ì−®¥ ¢à¥¬ï ¢ë¯®«−¥−¨ï
¯®¨áª®¢ëå §�¯à®á®¢ ®£à�−¨ç¥−®, ã¦¥ −� íâ�¯¥ ¯à®¥ªâ¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−®©
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¬®¤¥«¨ æ¥«¥á®®¡à�§−® −�àï¤ã á á®åà�−¥−¨¥¬ ¨áå®¤−ëå �âà¨¡ãâ®¢ ¯à¥¤ãá¬®âà¥âì
¨å ¯à¥®¡à�§®¢�−¨¥ ¨ á®åà�−¥−¨¥ ¢ ¢¨¤¥, ãáª®àïîé¥¬ ¢ë¯®«−¥−¨¥ ¯®¨áª®¢ëå
�«£®à¨â¬®¢.

�à¨¬¥à®¬ â�ª®£® ¯à¥®¡à�§®¢�−¨ï á«ã¦¨â ¯®áâà®¥−¨¥ ä®−¥â¨ç¥áª¨å ª«îç¥©.
—â®¡ë á®ªà�â¨âì ¢à¥¬ï ¯®¨áª�, ä®−¥â¨ç¥áª¨¥ ª«îç¨ ¤«ï ä�¬¨«ì−®-¨¬¥−−®©
£àã¯¯ë �âà¨¡ãâ®¢ ä®à¬¨àãîâáï §�¡«�£®¢à¥¬¥−−®, ¢ ¯à®æ¥áá¥ −�¯®«−¥−¨ï åà�-
−¨«¨é� ¤�−−ëå.

�¨¦¥ ¯¥à¥ç¨á«¥−ë á«ã¦¥¡−ë¥ äã−ªæ¨¨, ®¡¥á¯¥ç¨¢�îé¨¥ ¯®¤¤¥à¦ªã à�¡®âë
á −¥â®ç−® §�¤�−−®© ¨−ä®à¬�æ¨¥©:

(1) ¯®áâà®¥−¨¥ àãááª¨å ¨ �−£«¨©áª¨å ä®−¥â¨ç¥áª¨å ª«îç¥©;

(2) ¯®¨áª −¥áâà®£®£® á®¢¯�¤¥−¨ï áâà®ª á §�¤�−−ë¬ ç¨á«®¬ ®è¨¡®ª;

(3) ®¯à¥¤¥«¥−¨¥ ¡«¨§®áâ¨ −®¬¥à®¢ ¬¥áâ;

(4) ¯¥à¥¢®¤ ¨§ ª¨à¨««¨æë ¢ «�â¨−¨æã ¨ ®¡à�â−®;

(5) áà�¢−¥−¨¥ ¤¢ãå ¯�áá�¦¨à®¢ (¨¤¥−â¨ä¨ª�æ¨ï ¨ ¯®¨áª ¯®å®¦¨å ¯�áá�¦¨à®¢);

(6) ¯à®¢¥àª� á®¢¬¥áâ−®áâ¨ ¯®¥§¤®ª ¯�áá�¦¨à®¢.

„«ï ¯®áâà®¥−¨ï àãááª¨å ä®−¥â¨ç¥áª¨å ª«îç¥© �¯à®¡¨à®¢�«áï ¨ ¯®ª�§�«
ã¤®¢«¥â¢®à¨â¥«ì−ë¥ à¥§ã«ìâ�âë �«£®à¨â¬ ú÷ãááª¨© Metaphoneû [2], ¯à¥®¡à�-
§ãîé¨© ¨áå®¤−ë¥ á«®¢� −� àãááª®¬ ï§ëª¥ á ãç¥â®¬ ä®−¥â¨ç¥áª®£® §¢ãç�−¨ï
¡¥§ã¤�à−ëå £«�á−ëå ¨ ¢®§¬®¦−ëå úá«¨ï−¨©û á®£«�á−ëå ¯à¨ ¯à®¨§−®è¥−¨¨.
„«ï ¯®áâà®¥−¨ï �−£«¨©áª¨å ä®−¥â¨ç¥áª¨å ª«îç¥© | �«£®à¨â¬ úMetaphoneû [3],
¯à¥®¡à�§ãîé¨© ¨áå®¤−®¥ á«®¢® á ãç¥â®¬ ¯à�¢¨« ä®−¥â¨ª¨ �−£«¨©áª®£® ï§ëª�.

„«ï −¥áâà®£®£® áà�¢−¥−¨ï ¤¢ãå áâà®ª S1 ¨ S2 (ä�¬¨«¨ï, ¨¬ï ¨«¨ ®âç¥áâ¢®)
¨§¢¥áâ−® ¬−®¦¥áâ¢® �«£®à¨â¬®¢ [4]. ‚ à�¡®â¥ ¯à¨¬¥−ï«®áì áà�¢−¥−¨¥, ®á−®¢�−−®¥
−� ¢ëç¨á«¥−¨¨ úà�ááâ®ï−¨ï ‹¥¢¥−èâ¥©−�û d(S1, S2) [5]. …á«¨ d(S1, S2) > r, £¤¥
r | −�áâà�¨¢�¥¬ë© ¯�à�¬¥âà, à�¢−ë© ¤®¯ãáâ¨¬®¬ã ç¨á«ã ®è¨¡®ª ¨ §�¤�¢�¥¬ë©
¢ §�¯à®á¥ ¯®«ì§®¢�â¥«¥¬, â® áâà®ª¨ S1 ¨ S2 áç¨â�îâáï á¨«ì−® à�§«¨ç�îé¨¬¨áï,
¨−�ç¥ | ¡«¨§ª¨¬¨.

’¥ªáâ®¢ë¥ �âà¨¡ãâë ¬®£ãâ ¡ëâì ¯à¥¤áâ�¢«¥−ë ª�ª ¢ ª¨à¨««¨æ¥, â�ª ¨ ¢ «�-
â¨−¨æ¥. „«ï ¯¥à¥¢®¤� ¨§ «�â¨−¨æë ¢ ª¨à¨««¨æã ä�¬¨«ì−®-¨¬¥−−®© £àã¯¯ë
¨á¯®«ì§ãîâáï â�¡«¨ç−ë¥ äã−ªæ¨¨ ¯¥à¥ª®¤¨à®¢ª¨.

‚ §�¯à®á�å, âà¥¡ãîé¨å ®¯à¥¤¥«¥−¨ï áâ¥¯¥−¨ ¯®å®¦¥áâ¨ ¯�áá�¦¨à®¢, ¨á¯®«ì-
§®¢�«�áì áª�«ïà−�ï äã−ªæ¨ï áà�¢−¥−¨ï ¤�−−ëå ¯�áá�¦¨à®¢. „�−−�ï äã−ªæ¨ï
¯®«ãç�¥â ¢ ª�ç¥áâ¢¥ ¯�à�¬¥âà®¢ −®¬¥à ¤®ªã¬¥−â�, ”ˆ�, ¯®«, ¤�âã à®¦¤¥−¨ï
¤«ï áà�¢−¨¢�¥¬ëå ¯�áá�¦¨à®¢ ¨ ¢ëç¨á«ï¥â ®¡éãî áâ¥¯¥−ì áå®¤áâ¢� ª�ª áã¬¬ã
áâ¥¯¥−¥© áå®¤áâ¢� ¢å®¤−ëå ¯�à�¬¥âà®¢, ¢§ïâëå á §�à�−¥¥ §�¤�−−ë¬¨ ¢¥á®¢ë¬¨
ª®íää¨æ¨¥−â�¬¨. ‘â¥¯¥−ì áå®¤áâ¢� â¥ªáâ®¢ëå ¯�à�¬¥âà®¢ (−®¬¥à ¤®ªã¬¥−â�,
”ˆ�) ®¯à¥¤¥«ï¥âáï ¯ãâ¥¬ ¢ëç¨á«¥−¨ï à�ááâ®ï−¨ï ‹¥¢¥−èâ¥©−�. ‘â¥¯¥−ì áå®¤-
áâ¢� ¯®«®¢ ®¯à¥¤¥«ï¥âáï äã−ªæ¨¥©, ¢®§¢à�é�îé¥© 0, ¥á«¨ ¯®«ë −¥ á®¢¯�¤�îâ,
0,5, ¥á«¨ ®¤¨− ¨§ �à£ã¬¥−â®¢ −¥ ®¯à¥¤¥«¥−, ¨ 1 | ¢ ®áâ�«ì−ëå á«ãç�ïå. ‘â¥¯¥−ì
áå®¤áâ¢� ¤�â ®¯à¥¤¥«ï¥âáï ç¨á«®¬ −¥á®¢¯�¤�îé¨å á¨¬¢®«®¢ ¢ §�¯¨á¨ ¤�âë.
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‚ §�¯à®á�å, âà¥¡ãîé¨å ®¯à¥¤¥«¥−¨ï á®¢¬¥áâ−®£® ¯à®¥§¤� −¥áª®«ìª¨å ¯�áá�-
¦¨à®¢, ¨á¯®«ì§ã¥âáï áª�«ïà−�ï äã−ªæ¨ï ¯à®¢¥àª¨ á®¢¬¥áâ−®áâ¨ ¯®¥§¤®ª. �â�
äã−ªæ¨ï ¯®«ãç�¥â ¢ ª�ç¥áâ¢¥ ¯�à�¬¥âà®¢ ¤¢� ¨¤¥−â¨ä¨ª�â®à� ¯®¥§¤®ª, â¨¯ �«£®-
à¨â¬� ¯®¨áª�, ä«�£ ¯à®¢¥àª¨ ¯à®¥§¤� −� ¡«¨§ª® à�á¯®«®¦¥−−ëå ¬¥áâ�å ¨ ¢ëç¨á-
«ï¥â ¡ã«¥¢® §−�ç¥−¨¥, ®¯à¥¤¥«ïîé¥¥ ä�ªâ á®¢¬¥áâ−®£® −�å®¦¤¥−¨ï ¯�áá�¦¨à®¢
−� ¬�àèàãâ¥ ¯®¥§¤ª¨. ‚®§¬®¦−ë âà¨ �«£®à¨â¬� à�¡®âë äã−ªæ¨¨:

(1) ¯®¥§¤ª¨ áç¨â�îâáï á®¢¬¥áâ−ë¬¨, ¥á«¨ á®¢¯�¤�îâ −�ç�«ì−ë© ¨ ª®−¥ç−ë©
¯ã−ªâë ¨ ¤�âë −�å®¦¤¥−¨ï ¢ −¨å;

(2) ¯®¥§¤ª¨ áç¨â�îâáï á®¢¬¥áâ−ë¬¨, ¥á«¨ ª®−¥ç−ë© ¯ã−ªâ ®¤−®© ¯®¥§¤ª¨ á®¢¯�-
¤�¥â á −�ç�«ì−ë¬ ¯ã−ªâ®¬ ¤àã£®© ¯®¥§¤ª¨ ¨ ¤�âë −�å®¦¤¥−¨ï ¢ −¨å á®¢¯�-
¤�îâ;

(3) ¯®¥§¤ª¨ áç¨â�îâáï á®¢¬¥áâ−ë¬¨, ¥á«¨ ¯�áá�¦¨àë á«¥¤®¢�«¨ ®¤−¨¬ ¬�àè-
àãâ®¬.

3 Транспортные поисковые запросы

�à¨¬¥−¨â¥«ì−® ª à�áá¬�âà¨¢�¥¬®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ®¯¥à�â¨¢−�ï à�¡®â�
¨«¨ ¤¥©áâ¢¨ï ¯® à�áá«¥¤®¢�−¨î ¨−æ¨¤¥−â®¢ ¬®£ãâ ¡ëâì ®â−¥á¥−ë ª à�§−®¢¨¤−®áâ¨
�−�«¨â¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨. �¥à¢ë© íâ�¯ â�ª®© ¤¥ïâ¥«ì−®áâ¨ | ®â¡®à ¨áå®¤−ëå
¤�−−ëå [6]. �� íâ®¬ íâ�¯¥ −¥®¡å®¤¨¬® ¯à¥¤®áâ�¢¨âì ¯®«ì§®¢�â¥«î á¨áâ¥¬ë −�¡®à
¯®¨áª®¢ëå §�¯à®á®¢, ¯®§¢®«ïîé¨© ¯®«ãç¨âì ª�ª ¡�§®¢ãî ¨−ä®à¬�æ¨î ® ¯�áá�-
¦¨à�å ¨ ¨å ¯®¥§¤ª�å, â�ª ¨ ãáâ�−®¢¨âì −�«¨ç¨¥ −¥ª®â®àëå ¢§�¨¬®á¢ï§¥© ¬¥¦¤ã
¯�áá�¦¨à�¬¨. Šà®¬¥ â®£®, ¬®£ãâ ¡ëâì ¯®«¥§−ë ¨ §�¯à®áë, ¯®§¢®«ïîé¨¥ ¯®«ãç¨âì
¤�−−ë¥ ® âà�−á¯®àâ−ëå áà¥¤áâ¢�å, ® à¥£¨áâà�æ¨¨ ¯�áá�¦¨à®¢, � â�ª¦¥ ¯à®¢¥à¨âì
¤�−−ë¥ −� −¥¯à®â¨¢®à¥ç¨¢®áâì.

„«ï ¯®¨áª®¢ëå §�¯à®á®¢ ¢¢¥¤¥−� ¯à®áâ�ï ª«�áá¨ä¨ª�æ¨ï:

(1) â¨¯®¢ë¥ ä¨«ìâàë;

(2) §�¤�ç¨ ¯®¨áª� ¨ ®¡ê¥¤¨−¥−¨ï ¯�áá�¦¨à®¢;

(3) á¯¥æ¨�«¨§¨à®¢�−−ë¥ §�¯à®áë ¯® �¢â®- ¨ �¢¨�¯¥à¥¢®§ª�¬;

(4) ¯®¨áª �àâ¥ä�ªâ®¢, −¥á®®â¢¥âáâ¢¨©, à�§«¨ç¨© ¢ ¤�−−ëå ® ¯®¥§¤ª�å.

Š £àã¯¯¥ â¨¯®¢ëå ä¨«ìâà®¢ ®â−®áïâáï:

(1) ¯®¨áª ¯�áá�¦¨à®¢ ¨ ¨å ¯®¥§¤®ª ¯® â®ç−® §�¤�−−ë¬ §−�ç¥−¨ï¬ ¯�à�¬¥âà®¢,
®¡¥á¯¥ç¨¢�îé¨© ®â¡®à ¯�áá�¦¨à®¢ ¯® �âà¨¡ãâ�¬, §�¤�−−ë¬ ¢ ª«�áá¥ ú��á-
á�¦¨àû; ¤«ï ª�¦¤®£® ¯�áá�¦¨à�, ¢ª«îç¥−−®£® ¢ à¥§ã«ìâ�â ¢ë¯®«−¥−¨ï
§�¯à®á�, ®¯à¥¤¥«ï¥âáï á¯¨á®ª ¥£® ¯®¥§¤®ª;

(2) ¯®¨áª ¯�áá�¦¨à®¢ ¨ ¨å ¯®¥§¤®ª á ãç¥â®¬ ä®−¥â¨ç¥áª¨å ¨áª�¦¥−¨©; ¤�−−ë©
§�¯à®á �−�«®£¨ç¥− ¯à¥¤ë¤ãé¥¬ã, −® ¯®§¢®«ï¥â ¢ª«îç¨âì ¢ à¥§ã«ìâ�â ¢ë¯®«-
−¥−¨ï §�¯à®á� ¯�áá�¦¨à®¢ á ãç¥â®¬ ¢®§¬®¦−ëå ä®−¥â¨ç¥áª¨å ¨áª�¦¥−¨©
¨å â¥ªáâ®¢ëå �âà¨¡ãâ®¢: −�¯à¨¬¥à, ¢ §�¯à®á¥ §�¤�−� ä�¬¨«¨ï ú�£�¯®−®¢û,
� ¢ à¥§ã«ìâ�â ¡ã¤¥â ¢ª«îç¥− ¯�áá�¦¨à á ä�¬¨«¨¥© ú�£�ä®−®¢û;
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�. ‚. �®à¨á®¢, �. ‚. �®á®¢, „. ‚. †ãª®¢, �. ‚. ˆ¢�−®¢

(3) ¯®¨áª ¯�áá�¦¨à®¢ á ¢®§¬®¦−ë¬¨ ®è¨¡ª�¬¨; ¤�−−ë© §�¯à®á �−�«®£¨ç¥−
¯¥à¢®¬ã §�¯à®áã, −® ¯®§¢®«ï¥â ¢ë¯®«−¨âì ¯®¨áª á −¥áâà®£¨¬ á®¢¯�¤¥−¨¥¬
áâà®ª;

(4) ¯®¨áª ¯�áá�¦¨à®¢ ¯à¨ §�¤�−−ëå �âà¨¡ãâ�å ¢ ª¨à¨««¨æ¥ ¨«¨ «�â¨−¨æ¥;
¤�−−ë© §�¯à®á �−�«®£¨ç¥− ¯¥à¢®¬ã §�¯à®áã, −® ¯®§¢®«ï¥â ¢ë¯®«−ïâì ¯®¨áª,
¥á«¨ ¨áå®¤−ë¥ ¤�−−ë¥ ¯�áá�¦¨à� åà�−ïâáï ¢ «�â¨−¨æ¥, � ¢ ¯®¨áª®¢®© ä®à¬¥
§�¤�−ë ¢ ª¨à¨««¨æ¥ ¨ −�®¡®à®â;

(5) ¯®¨áª ú¯®å®¦¨åû ¯�áá�¦¨à®¢; ¤�−−ë© §�¯à®á ¯®§¢®«ï¥â ¤«ï £àã¯¯ë §�à�−¥¥
§�¤�−−ëå �âà¨¡ãâ®¢ ¯�áá�¦¨à®¢ ¢ë¯®«−¨âì ¯®¨áª ú¯®å®¦¨åû ¯�áá�¦¨à®¢,
â. ¥. ¯�áá�¦¨à®¢, ¤«ï ª®â®àëå áâ¥¯¥−ì áå®¤áâ¢� �âà¨¡ãâ®¢ á §�à�−¥¥ §�¤�−−ë-
¬¨ ¯à¥¢ëá¨â §�¤�−−®¥ ®¯¥à�â®à®¬ §−�ç¥−¨¥; áâ¥¯¥−ì áå®¤áâ¢� ¢ëç¨á«ï¥âáï
á ¯®¬®éìî áª�«ïà−®© äã−ªæ¨¨ áà�¢−¥−¨ï ¤�−−ëå ¯�áá�¦¨à®¢, ®¯¨á�−−®©
¢ à�§¤. 2;

(6) ¯®¨áª á¢¥¤¥−¨© ® ¯®¥§¤ª�å, ¯®§¢®«ïîé¨© ¤«ï §�¤�−−®£® ¯�áá�¦¨à� ¨«¨
£àã¯¯ë ¯�áá�¦¨à®¢ ¢ë¯®«−¨âì ¯®¨áª ¤�−−ëå ® á®¢¥àè¥−−ëå ¨¬¨ ¯®¥§¤ª�å;

(7) ¯®¨áª à¥©á®¢ ¤«ï âà�−á¯®àâ−®£® ¯ã−ªâ�, ¯®§¢®«ïîé¨© ¯® §�¤�−−®¬ã á¯¨áªã
âà�−á¯®àâ−ëå ¯ã−ªâ®¢ ¢ë¯®«−¨âì ¯®¨áª à�á¯¨á�−¨© ¢á¥å à¥©á®¢, ¯à®å®-
¤ïé¨å ç¥à¥§ ¤�−−ë¥ âà�−á¯®àâ−ë¥ ¯ã−ªâë; à¥§ã«ìâ�â ¯®¨áª� ¯à¥¤áâ�¢«ï¥â
á®¡®© á¯¨á®ª à�á¯¨á�−¨© ¢á¥å à¥©á®¢.

Š £àã¯¯¥ §�¤�ç ¯®¨áª� ¨ ®¡ê¥¤¨−¥−¨ï ¯�áá�¦¨à®¢ ®â−®áïâáï:

(1) ¯®¨áª á¯¨áª� ¯à¥¤¯®«�£�¥¬ëå ¯®¯ãâç¨ª®¢, ¯®§¢®«ïîé¨© ¤«ï §�¤�−−®£® ¯�á-
á�¦¨à� ¢ë¯®«−¨âì ¯®¨áª á¢¥¤¥−¨© ® ¯®¥§¤ª�å ¨ ¤«ï ¢á¥å −�©¤¥−−ëå ¯®¥§¤®ª
¢ë¯®«−¨âì ¯®¨áª ¯�áá�¦¨à®¢ ª®−ªà¥â−®£® à¥©á�; à¥§ã«ìâ¨àãîé¨© á¯¨á®ª
¬®¦−® ®£à�−¨ç¨¢�âì â®«ìª® ¯�áá�¦¨à�¬¨, §�−ï¢è¨¬¨ á®á¥¤−¨¥ ¬¥áâ�, «¨¡®
ª®−ªà¥â−ë¬¨ ®¯¥à�æ¨ï¬¨ (¡à®−¨à®¢�−¨¥, ®¯«�â�, à¥£¨áâà�æ¨ï ¨ â. ¯.);

(2) ¯®¨áª ¯�áá�¦¨à®¢ ¯® ¯ã−ªâ�¬ −�§−�ç¥−¨ï, ¯®§¢®«ïîé¨© ãª�§�âì �âà¨¡ãâë
à¥©á®¢ «¨¡® ¯ã−ªâ®¢ ®â¯à�¢«¥−¨ï ¨ ¯à¨¡ëâ¨ï ¨ ¢ë¯®«−¨âì ¯®¨áª ¯�áá�-
¦¨à®¢, ¢®è¥¤è¨å «¨¡® ¢ëè¥¤è¨å ¢ ãª�§�−−®¬ âà�−á¯®àâ−®¬ ¯ã−ªâ¥ (−�
áâ�−æ¨¨, ¢ ¯®àâã ¨ â. ¤.) á®£«�á−® ¯à®¥§¤−ë¬ ¤®ªã¬¥−â�¬;

(3) ¯®¨áª ¯�áá�¦¨à®¢, ªã¯¨¢è¨å ¡¨«¥âë á®¢¬¥áâ−®, ¯®§¢®«ïîé¨© ¤«ï ãª�§�−-
−®£® ¯�áá�¦¨à� ®¯à¥¤¥«¨âì á¯¨á®ª ¯�áá�¦¨à®¢, ¯®ªã¯�¢è¨å ¡¨«¥âë «¨¡®
¢ ª®−ªà¥â−®¬ ª�áá®¢®¬ â¥à¬¨−�«¥ (ã ª®−ªà¥â−®£® ª�áá¨à�), «¨¡® ¯® ¢ë¡à�−-
−®¬ã −®¬¥àã ®¯¥à�æ¨¨ ¡à®−¨à®¢�−¨ï;

(4) ¯®¨áª ¨ áà�¢−¥−¨¥ á¯¨áª®¢ ¯�áá�¦¨à®¢, ¯®§¢®«ïîé¨© ¤«ï §�¤�−−®£® ®¯¥-
à�â®à®¬ á¯¨áª� ¯�áá�¦¨à®¢ ¢ë¯®«−¨âì ¯®¨áª ¯�áá�¦¨à®¢, ãç�áâ¢®¢�¢è¨å
¢ −¥áª®«ìª¨å ¯®¥§¤ª�å á®¢¬¥áâ−® á ¤àã£¨¬¨ ¯�áá�¦¨à�¬¨ ¨§ á¯¨áª� ¨ ¯®¤-
áç¨â�âì ç¨á«® úá®¢¬¥áâ−ëåû ¯®¥§¤®ª;

(5) ¯®¨áª âà�−á¯®àâ−ëå á¢ï§¥©, ¯®§¢®«ïîé¨© ¤«ï §�¤�−−®£® ®¯¥à�â®à®¬ á¯¨áª�
¯�áá�¦¨à®¢ ¢ë¯®«−¨âì ¯®áâà®¥−¨¥ ¬�âà¨æë ¯�à−ëå úãç�áâ¨©û (¯®¤ úãç�á-
â¨ï¬¨û ¯®−¨¬�îâáï: (�) ¯®¥§¤ª� −� ®¤−®¬ à¥©á¥ á á®¢¯�¤¥−¨¥¬ ¯ã−ªâ�
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®â¯à�¢«¥−¨ï ¨ ¯ã−ªâ� ¯à¨¡ëâ¨ï; (¡) ¯®¥§¤ª� −� ®¤−®¬ à¥©á¥ á á®¢¯�-
¤¥−¨¥¬ ¯ã−ªâ� ®â¯à�¢«¥−¨ï ¨«¨ ¯ã−ªâ� ¯à¨¡ëâ¨ï; (¢) ¯®¥§¤ª� −� ®¤−®¬
à¥©á¥); ¬�âà¨æ� úãç�áâ¨©û ¯à¥¤áâ�¢«ï¥â á®¡®© â�¡«¨æã, ª�¦¤�ï ïç¥©ª� ª®-
â®à®© á −®¬¥à®¬ áâà®ª¨ i ¨ −®¬¥à®¬ áâ®«¡æ� j á®¤¥à¦¨â ç¨á«® á®¢¬¥áâ−ëå
úãç�áâ¨©û i-£® ¨ j-£® ¯�áá�¦¨à®¢; ïç¥©ª¨ −� ¤¨�£®−�«¨ á®¤¥à¦�â ç¨á«�,
¯®ª�§ë¢�îé¨¥ ®¡é¥¥ ç¨á«® úãç�áâ¨©û ¯�áá�¦¨à� ¢ ¯®¥§¤ª�å;

(6) ¯®¨áª ¯�áá�¦¨à®¢ á ãáâ®©ç¨¢ë¬ §�¤�−−ë¬ ¬�àèàãâ®¬, ¯®§¢®«ïîé¨© ¯® §�-
à�−¥¥ §�¤�−−®¬ã á¯¨áªã ¯�à ú¯ã−ªâ ®â¯à�¢«¥−¨ï { ¯ã−ªâ ¯à¨¡ëâ¨ïû ¨ ¤¨�-
¯�§®−ã ¤�â ¤«ï ª�¦¤®© ¯�àë ¢ë¯®«−¨âì ¯®¨áª ¯�áá�¦¨à®¢, ¢ë¯®«−ï¢è¨å
¯®¥§¤ª¨ á §�¤�−−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨.

Š £àã¯¯¥ á¯¥æ¨�«¨§¨à®¢�−−ëå §�¯à®á®¢ ¯® �¢â®- ¨ �¢¨�¯¥à¥¢®§ª�¬ ®â−®áïâáï:

(1) ¯®¨áª ¯�áá�¦¨à®¢, ªã¯¨¢è¨å/á¤�¢è¨å �¢¨�¡¨«¥âë á®¢¬¥áâ−®, ¯®§¢®«ï-
îé¨© ¤«ï §�¤�−−®£® ®¯¥à�â®à®¬ ¯�áá�¦¨à� ¢ë¯®«−¨âì ¯®¨áª ¢á¥å ¯�áá�¦¨-
à®¢, ãç�áâ¢®¢�¢è¨å ¢ ®¯¥à�æ¨ïå (â¨¯ ®¯¥à�æ¨¨ ¬®¦¥â ãâ®ç−ïâìáï), ¨¬¥îé¨å
â®â ¦¥ ª®¤ ¡à®−¨à®¢�−¨ï, çâ® ¨ ã §�¤�−−®£® ¯�áá�¦¨à�;

(2) ¯®¨áª ¯�áá�¦¨à®¢, −¥ ¯à®è¥¤è¨å à¥£¨áâà�æ¨î −� �¢¨�à¥©á, ¯®§¢®«ïîé¨©
¤«ï §�¤�−−®© ®¯¥à�â®à®¬ £àã¯¯ë à¥©á®¢ ¢ë¯®«−¨âì ¯®¨áª ¯�áá�¦¨à®¢,
¨¬¥îé¨å ¡¨«¥âë −� à¥©á, −® −¥ ¯à®è¥¤è¨å à¥£¨áâà�æ¨î;

(3) ¯®¨áª à¥©á®¢ ¯® à¥£¨áâà�æ¨®−−®¬ã §−�ªã âà�−á¯®àâ−®£® áà¥¤áâ¢�, ¯®§¢®«ï-
îé¨© ¤«ï §�¤�−−®£® £®áã¤�àáâ¢¥−−®£® −®¬¥à−®£® §−�ª� ¢ë¯®«−¨âì ¯®¨áª
¢á¥å à¥©á®¢, ¢ë¯®«−¥−−ëå âà�−á¯®àâ−ë¬ áà¥¤áâ¢®¬ á §�¤�−−ë¬ −®¬¥à®¬;
¯®¨áª ¬®¦¥â ¡ëâì ¢ë¯®«−¥− á −¥áâà®£¨¬ á®¢¯�¤¥−¨¥¬ áâà®ª (¯® −¥â®ç−®
§�¤�−−®¬ã −®¬¥àã), � â�ª¦¥ á ãç¥â®¬ ¯¥à¥å®¤� «�â¨−¨æ�/ª¨à¨««¨æ� ¢ −�-
¯¨á�−¨¨ ¡ãª¢ à¥£¨áâà�æ¨®−−®£® §−�ª�. ÷¥§ã«ìâ�â®¬ ¯®¨áª� ï¢«ï¥âáï á¯¨á®ª
à�á¯¨á�−¨©, ã¤®¢«¥â¢®àïîé¨å §�¤�−−ë¬ ãá«®¢¨ï¬ ¯®¨áª�.

Š £àã¯¯¥ §�¯à®á®¢ ¯®¨áª� �àâ¥ä�ªâ®¢, −¥á®®â¢¥âáâ¢¨©, à�§«¨ç¨© ¢ ¤�−−ëå
® ¯®¥§¤ª�å ®â−®áïâáï:

(1) ¯®¨áª −¥á®®â¢¥âáâ¢¨© ¯à¨ á®¢¯�¤¥−¨¨ ”ˆ� ¨ −®¬¥à� ¤®ªã¬¥−â�, ¯®§¢®-
«ïîé¨© ¢ë¯®«−¨âì ¯®¨áª ¯�áá�¦¨à®¢, ã ª®â®àëå ¢ −¥áª®«ìª¨å ¯®¥§¤ª�å
á®¢¯�¤�îâ ¤�−−ë¥ ä�¬¨«ì−®-¨¬¥−−®© £àã¯¯ë ¨ −®¬¥à ¤®ªã¬¥−â�, −® ®â«¨-
ç�îâáï ¤àã£¨¥ ¯¥àá®−�«ì−ë¥ ¯�à�¬¥âàë ¨«¨ ¤�−−ë¥ ¤®ªã¬¥−â�;

(2) ¯®¨áª −¥á®®â¢¥âáâ¢¨© ¯à¨ á®¢¯�¤¥−¨¨ ”ˆ� ¨ ¤�âë à®¦¤¥−¨ï, ¯®§¢®«ïîé¨©
¢ë¯®«−¨âì ¯®¨áª ¯�áá�¦¨à®¢, ã ª®â®àëå ¢ −¥áª®«ìª¨å ¯®¥§¤ª�å á®¢¯�¤�îâ
¤�−−ë¥ ä�¬¨«ì−®-¨¬¥−−®© £àã¯¯ë ¨ ¤�â� à®¦¤¥−¨ï, −® ®â«¨ç�îâáï ¤àã£¨¥
¯¥àá®−�«ì−ë¥ ¯�à�¬¥âàë ¨«¨ ¤�−−ë¥ ¤®ªã¬¥−â�.

‚ ¤�−−®© £àã¯¯¥ §�¯à®á®¢ ¨¬¥îâáï ¢á¥£® ¤¢� ¢¨¤� ¯®¨áª�, ®¤−�ª® ¥¥ à�áè¨-
à¥−¨¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬ ¨ æ¥«¥á®®¡à�§−ë¬, ¢ ¯¥à¢ãî ®ç¥à¥¤ì §� áç¥â
ä®à¬�«¨§�æ¨¨ ®¯ëâ� ¯¥àá®−�«� (á«¥¤®¢�â¥«¥©, ®¯¥à�â¨¢−ëå à�¡®â−¨ª®¢). ‚ ¯¥à-
á¯¥ªâ¨¢¥ íâ® ¬®¦¥â áâ�âì ®á−®¢®© ¤«ï á®§¤�−¨ï àï¤� −®¢ëå ¨ ¯¥àá¯¥ªâ¨¢−ëå
â¥å−¨ç¥áª¨å à¥è¥−¨©.
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4 Заключение

„�−−�ï áâ�âìï ¯à®¤®«¦¨«� æ¨ª« ¨áá«¥¤®¢�−¨©, −�ç�âë© ¢ [1]. �à¨ íâ®¬ ¥á«¨
¢ áâ�âì¥ [1], ¯à¥¤áâ�¢«ïï ®−â®«®£¨î æ¥«¥¢®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ | ¨−ä®à¬�æ¨-
®−−®£® ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ âà�−á¯®àâ−ëå ¯�áá�¦¨àáª¨å ¯¥à¥¢®§®ª, �¢â®àë
®£à�−¨ç¨«¨áì ¨−ä®à¬�æ¨®−−®© ¬®¤¥«ìî ¤�−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨, â® §¤¥áì íâ�
¬®¤¥«ì ã¦¥ −�¯®«−¥−� à¥�«ì−ë¬¨ ¨ áãé¥áâ¢¥−−ë¬¨ ¬¥â®¤�¬¨.

��¨¡®«¥¥ ¢�¦−ë¬ §¤¥áì ¡ë«® ¯à¥¤«®¦¨âì −¥ ¯à®áâ® ä®à¬�«ì−ë¥ ¨−áâàã-
¬¥−âë ¤«ï ®¯¥à¨à®¢�−¨ï ®¡ê¥ªâ�¬¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨, −® ¨ á¤¥«�âì ¨å ¬�ª-
á¨¬�«ì−® á¯¥æ¨�«¨§¨à®¢�−−ë¬¨, â. ¥. ¯à¨£®¤−ë¬¨ ¨ ¯®«¥§−ë¬¨ ¤«ï à¥�«ì−ëå
§�¤�ç ¢ë¡à�−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨. �à¨ íâ®¬ ¢¯®«−¥ ®á¬ëá«¥−−® ¯à¨¬¥−ï-
«®áì ¯®−ïâ¨¥ ú�−�«¨â¨ç¥áª¨©û, ¯®áª®«ìªã à�¡®â� ¯®â¥−æ¨�«ì−ëå ¯®«ì§®¢�â¥«¥©
¢ íâ®© ®¡«�áâ¨ | á«¥¤®¢�â¥«¥© ¨ ®¯¥à�â¨¢−ëå à�¡®â−¨ª®¢ | íâ® ¤¥ïâ¥«ì−®áâì
�−�«¨â¨ç¥áª�ï, å®âï ¨ á® á¢®¥© á¯¥æ¨ä¨ª®©, � §−�ç¨â, §¤¥áì ¬®¦−® ¨ −ã¦−®
á«¥¤®¢�âì ¯®àï¤ª�¬, ¯à¨−ïâë¬ ¢ �−�«¨â¨ç¥áª¨å á¨áâ¥¬�å, á¨áâ¥¬�å ¯®¤¤¥à¦ª¨
¯à¨−ïâ¨ï à¥è¥−¨©.

ˆ¬¥−−® íâ®â è�£ ¨ à¥�«¨§®¢�− ¢ áâ�âì¥ ®¯¨á�−¨¥¬ ¨−áâàã¬¥−â®¢ ¯¥à¢®£® íâ�¯�
à�¡®âë �−�«¨â¨ª� | ®â¡®à� ¤�−−ëå. �à¨ íâ®¬ ¨¬¥¥âáï ¢�¦−�ï ¨««îáâà�æ¨ï â®-
£®, çâ® ¤�¦¥ ¯à®áâë¥ ¯®¨áª®¢ë¥ áà¥¤áâ¢� §� áç¥â £«ã¡¨−ë ¯à®à�¡®âª¨ ¯à¥¤¬¥â−®©
®¡«�áâ¨ ¯®§¢®«ïîâ à¥è�âì ã§ª®á¯¥æ¨�«¨§¨à®¢�−−ë¥ §�¤�ç¨, ã¦¥ ¯à¥â¥−¤ãîé¨¥
−� ¯®¤¤¥à¦ªã �−�«¨â¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨. �à¨¬¥à�¬¨ â�ª¨å áà¥¤áâ¢ á«ã¦�â
§�¯à®áë −� ¯®¨áª �àâ¥ä�ªâ®¢, ª®â®àë¥, ¥áâ¥áâ¢¥−−®, ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¢ ª�-
ç¥áâ¢¥ è�¡«®−®¢ ¤«ï à�áè¨à¥−¨ï �−�«¨â¨ç¥áª®£® äã−ªæ¨®−�«� ®¯¨áë¢�¥¬®©
‘��÷. �® ¢á¥ ¦¥ ®¯¨á�−−ë¥ ¨−áâàã¬¥−âë | íâ® ¯à¥¦¤¥ ¢á¥£® áà¥¤áâ¢� ®â¡®à�
¤�−−ëå ¤«ï ¡®«¥¥ £«ã¡®ª®© ®¡à�¡®âª¨.

‘®®â¢¥âáâ¢ãîé¨¥ §�¤�ç¨ ¨ �«£®à¨â¬ë ¨å à¥è¥−¨ï −�§¢�−ë �¢â®à�¬¨ à�áç¥â-
−ë¬¨, ¨¬ ¡ã¤¥â ¯®á¢ïé¥−� á«¥¤ãîé�ï áâ�âìï ¯® ¤�−−®© ¯à®¡«¥¬�â¨ª¥.
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СТРАТЕГИЯ ИССЛЕДОВАНИЙ И РАЗРАБОТОК В ОБЛАСТИ
ИСКУССТВЕННОГО ИНТЕЛЛЕКТА II: СРАВНИТЕЛЬНЫЙ
АНАЛИЗ НАУКОМЕТРИЧЕСКИХ ПОКАЗАТЕЛЕЙ В МИРЕ

И В РОССИЙСКОЙ ФЕДЕРАЦИИ

А. В. Борисов1, А. В. Босов2, Д. В. Жуков3

�−−®â�æ¨ï: ‘â�âìï ¯à®¤®«¦�¥â æ¨ª« à�¡®â, ®âªàëâë© ¢ ¯à¥¤ë¤ãé¥¬ −®¬¥-
à¥ ¦ãà−�«� ¯à¥¤áâ�¢«¥−¨¥¬ à¥§ã«ìâ�â®¢ �−�«¨§� ¢«¨ï−¨ï £®áã¤�àáâ¢¥−−®£®
ã¯à�¢«¥−¨ï −� íää¥ªâ¨¢−®áâì ¯à®¢¥¤¥−¨ï ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª ¢ ®¡-
«�áâ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� (AI R&D). ‚â®à�ï ç�áâì æ¨ª«� ¯®á¢ïé¥−�
�−�«¨§ã §−�ç¥−¨© −�ãª®¬¥âà¨ç¥áª¨å ¯®ª�§�â¥«¥© AI R&D ¢ ¬¨à¥ ¨ ¢ ÷®á-
á¨©áª®© ”¥¤¥à�æ¨¨ ¢ ¯¥à¨®¤ á 2000 ¯® 2019 ££. �à¥¤áâ�¢«¥−� ¨−ä®à¬�æ¨ï
® ¬¨à®¢ëå ¨−¤¥ªá¨àã¥¬ëå −�ãç−ëå ¨§¤�−¨ïå ¢ ®¡«�áâ¨ AI R&D. „�−ë á¢¥¤¥-
−¨ï ® ¬¨à®¢®© ¯ã¡«¨ª�æ¨®−−®© �ªâ¨¢−®áâ¨ ¢ ®¡«�áâ¨ AI R&D. �¡áã¦¤�îâáï
à¥§ã«ìâ�âë áà�¢−¨â¥«ì−®£® áâ�â¨áâ¨ç¥áª®£® �−�«¨§� −�ãª®¬¥âà¨ç¥áª¨å ¯®-
ª�§�â¥«¥© ¨áá«¥¤®¢�â¥«¥© ¨§ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¢®®¡é¥ ¨ ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª (÷��) ¢ ç�áâ−®áâ¨.

Š«îç¥¢ë¥ á«®¢�: ¨áªãááâ¢¥−−ë© ¨−â¥««¥ªâ; −�ãª®¬¥âà¨ç¥áª¨¥ ¨−¤¥ªáë;
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DOI: 10.14357/08696527210209

1 Введение

�¥à¢�ï ç�áâì [1] ¤�−−®£® æ¨ª«� áâ�â¥© á®¤¥à¦�«� ªà�âª¨© ¨áâ®à¨ç¥áª¨©
®ç¥àª £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï ¨áá«¥¤®¢�−¨ï¬¨ ¨ à�§à�¡®âª�¬¨ ¢ ®¡«�áâ¨
¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¢ ‘‘‘÷ ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, ª®â®àë¥ ¬®¦−®
áç¨â�âì −¥ª®â®à®© �¯¯�à�â−®-â¥å−®«®£¨ç¥áª®© ¡�§®© à¥�«¨§�æ¨¨ ¤¥©áâ¢ãîé¥©
¢ ÷” ú��æ¨®−�«ì−®© áâà�â¥£¨¨ à�§¢¨â¨ï ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� −� ¯¥à¨®¤
¤® 2030 £®¤�û [2] (¤�«¥¥ | ‘âà�â¥£¨ï).

�¥á¬®âàï −� â® çâ® ®á−®¢−®¥ ¢−¨¬�−¨¥ ¢ ‘âà�â¥£¨¨ ã¤¥«ï¥âáï â¥å−®«®£¨-
ç¥áª®¬ã ¨ ¢−¥¤à¥−ç¥áª®¬ã �á¯¥ªâ�¬, §�«®£ ¥¥ ãá¯¥è−®£® ¢ë¯®«−¥−¨ï ªà®¥âáï
¢ ¢®§¬®¦−®áâ¨ ÷” ¢¥áâ¨ á�¬®áâ®ïâ¥«ì−ë¥ äã−¤�¬¥−â�«ì−ë¥ ¨áá«¥¤®¢�−¨ï ¯®
®á−®¢−ë¬ −�¯à�¢«¥−¨ï¬ AI. „«ï ®¡ê¥ªâ¨¢−®áâ¨ ®æ¥−ª¨ −�ãç−®£® ¯®â¥−æ¨�«�

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

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, DZhukov@ipiran.ru
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¯à¥¤«�£�¥âáï à�áá¬®âà¥âì −�ãª®¬¥âà¨ç¥áª¨¥ ¯®ª�§�â¥«¨ ÷” ¢ ®¡«�áâ¨ AI R&D
¢ ¬¥¦¤ã−�à®¤−ëå à¥ä¥à�â¨¢−ëå ¡�§�å ¤�−−ëå ¯ã¡«¨ª�æ¨© ¨ ¯�â¥−â®¢.

�à®¢¥¤¥−−®¥ áâ�â¨áâ¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥ §�âà�£¨¢�¥â ¢à¥¬¥−−®© ®âà¥§®ª
á 2000 ¯® 2019 ££. ‚ë¡®à ¢¥àå−¥© £à�−¨æë ®¡ãá«®¢«¥− áãé¥áâ¢¥−−ë¬¨ (£®¤
¨ ¡®«¥¥) §�¤¥à¦ª�¬¨ ¢ ¨−¤¥ªá¨à®¢�−¨¨ ¯ã¡«¨ª�æ¨© ¢ à¥ä¥à�â¨¢−ëå ¡�§�å, â�ª
çâ® −� â¥ªãé¨© ¬®¬¥−â ¤®áâ®¢¥à−ë¬¨ ¬®¦−® áç¨â�âì â®«ìª® á¢¥¤¥−¨ï ¯® 2019 £.
¢ª«îç¨â¥«ì−®. Šà®¬¥ â®£®, ¯®áª®«ìªã ¨áâ®ç−¨ª¨ à¥ä¥à�â¨¢−®© ¨−ä®à¬�æ¨¨
¯®áâ®ï−−® ®¡−®¢«ïîâáï, ¨á¯®«ì§®¢�−−ë¥ �¢â®à�¬¨ ª®−ªà¥â−ë¥ áâ�â¨áâ¨ç¥áª¨¥
¤�−−ë¥ ¡ë«¨ �ªâã�«ì−ë¬¨ «¨èì −� ¤¥−ì ¢ë¯®«−¥−¨ï §�¯à®á®¢. �� ¤�−−ë©
¬®¬¥−â ¢¥«¨ç¨−ë −�ãª®¬¥âà¨ç¥áª¨å ¯®ª�§�â¥«¥© ¨§¬¥−¨«¨áì, � ¢ ¨á¯®«ì§®¢�−−ë¥
§−�ç¥−¨ï, â�ª¨¬ ®¡à�§®¬, ¢ª«îç¥−ë ¯®£à¥è−®áâ¨, á¢ï§�−−ë¥, −�¯à¨¬¥à, á ç�á-
â¨ç−ë¬ ãç¥â®¬ ¯ã¡«¨ª�æ¨© 2020 £®¤� ¯à¨ −¥¯®«−®© áâ�â¨áâ¨ª¥ ¯® 2019 £®¤ã.
�à¥¤áâ�¢«ï¥âáï, çâ® â�ª®£® à®¤� ¨§¤¥à¦ª¨ á®¢¥àè¥−−® −¥áãé¥áâ¢¥−−ë ¢ à�¬ª�å
¤�−−®© à�¡®âë, � á¤¥«�−−ë¥ ¢ë¢®¤ë ¨ ¢ëï¢«¥−−ë¥ â¥−¤¥−æ¨¨ ¢¥à−ë ¨ �ªâã�«ì−ë
¨ ¢ −�áâ®ïé¥¥ ¢à¥¬ï.

÷¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨© ¨§«®¦¥−ë ¢ áâ�âì¥ á«¥¤ãîé¨¬ ®¡à�§®¬. ‚ à�§¤. 2
¯à¥¤áâ�¢«¥−� ¨−ä®à¬�æ¨ï ® ¬¨à®¢ëå ¨−¤¥ªá¨àã¥¬ëå −�ãç−ëå ¨§¤�−¨ïå ¢ ®¡-
«�áâ¨ AI R&D. ‘¢¥¤¥−¨ï ® ¬¨à®¢®© ¯ã¡«¨ª�æ¨®−−®© �ªâ¨¢−®áâ¨ AI R&D ¤�−ë
¢ à�§¤. 3. ÷�§¤¥«ë 4 ¨ 5 ¯®á¢ïé¥−ë á®®â¢¥âáâ¢¥−−® áâ�â¨áâ¨ç¥áª®¬ã �−�«¨§ã
−�ãª®¬¥âà¨ç¥áª¨å ¯®ª�§�â¥«¥© ¨áá«¥¤®¢�â¥«¥© ¨§ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¢®®¡é¥
¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª ¢ ç�áâ−®áâ¨. ‚ë¢®¤ë ¯® ¢ë¯®«−¥−−®¬ã �−�«¨§ã
¯à¥¤áâ�¢«¥−ë ¢ §�ª«îç¥−¨¨ (à�§¤. 6).

2 Мировые академические издания в области AI R&D

‘®£«�á−® ¯®¨áª®¢®© ¨−â¥à−¥â-¯«�âä®à¬¥ Scopus [3], ®¡ê¥¤¨−ïîé¥© à¥ä¥-
à�â¨¢−ë¥ ¡�§ë ¤�−−ëå ¯ã¡«¨ª�æ¨© ¢ −�ãç−ëå ¦ãà−�«�å ¨ ¯�â¥−â®¢, −� −�ç�«®
2020 £. ¢ ¬¨à¥ −�áç¨âë¢�«®áì 173 §−�ç¨¬ëå −�ãç−ëå ¦ãà−�«�, ¯ã¡«¨ªãîé¨å
áâ�âì¨ ¯® â¥¬�â¨ª¥ AI R&D (â�¡«. 1). ˆ§ −¨å â®«ìª® ¤¢� ¦ãà−�«�: ú’àã¤ë
‘�ˆˆ÷��û (SPIIRAS Proceedings, Q3) ¨ úCybernetics and Physicsû (�−£«®-
ï§ëç−ë© ¦ãà−�«, Q4) ¨§¤�îâáï ¢ ÷®áá¨¨.

ˆ§ â�¡«. 1 ¢¨¤−®, çâ® ÷®áá¨ï ¯® ç¨á«ã á¯¥æ¨�«¨§¨à®¢�−−ëå −�ãç−ëå ¦ãà−�-
«®¢ §�−¨¬�¥â 13-¥ ¬¥áâ® á ¬¥−¥¥ ç¥¬ 1,2% ¦ãà−�«®¢ ®â ®¡é¥¬¨à®¢®£® ®¡ê¥¬�.

3 Анализ международной публикационной активности

‘â�â¨áâ¨ç¥áª¨© �−�«¨§ ¯ã¡«¨ª�æ¨© ¯® â¥¬�â¨ª¥ AI R&D ¢ë¯®«−ï«áï −�
®á−®¢¥ ¤�−−ëå ¯®¨áª®¢®© ¨−â¥à−¥â-¯«�âä®à¬ë Web of Science (WoS) [4], ®¡ê-
¥¤¨−ïîé¥© à¥ä¥à�â¨¢−ë¥ ¡�§ë ¤�−−ëå ¯ã¡«¨ª�æ¨© ¢ −�ãç−ëå ¦ãà−�«�å ¨ ¯�-
â¥−â®¢.

‡� ¯¥à¨®¤ 2000{2019 ££. ¡ë« ¢ë¡à�− ª®à¯ãá ¯ã¡«¨ª�æ¨©, á®®â¢¥âáâ¢ãîé¨å
á«¥¤ãîé¨¬ ®£à�−¨ç¥−¨ï¬ (¯¥à¥ç¨á«¥−ë ª«îç¥¢ë¥ á«®¢�):
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’�¡«¨æ� 1 ÷�á¯à¥¤¥«¥−¨¥ ¦ãà−�«®¢ AI R&D ¯® £®áã¤�àáâ¢�¬

Œ¥áâ® ƒ®áã¤�àáâ¢® —¨á«® ¦ãà−�«®¢ AI R&D
1 �¨¤¥à«�−¤ë 43
2 ‘˜� 37
3 ‚¥«¨ª®¡à¨â�−¨ï 29
4 ”÷ƒ 12
5 Š�÷ 7
6 ˜¢¥©æ�à¨ï 6
7 ‘¨−£�¯ãà 6
8 ā¦−�ï Š®à¥ï 4
9 ˆ−¤¨ï 4

10 ’�©¢�−ì 3
11 �®«ìè� 3
12 Ÿ¯®−¨ï 3
13 ÷®áá¨ï 2
14 ˆà�− 2
15 —¥å¨ï 2

(ts = \artificial intelligence" or ts = \deep learning" or ts = \machine learn-
ing" or ts = \neural networks" or ts = \computer vision" or ts = \roborics" or
ti = \artificial intelligence" or ti = \deep learning" or ti = \machine learning"
or ti = \neural networks" or ti = \computer vision" or ti = \robotics")

�à¨ íâ®¬ ¨§ §�¯à®á� ¡ë«¨ ¨áª«îç¥−ë á«¥¤ãîé¨¥ ª�â¥£®à¨¨:
Š�â¥£®à¨¨ web of science: (physics condensed matter or toxicology or genetics
heredity or optics or information science library science or engineering chemical
or medicine research experimental or engineering marine or biotechnology applied
microbiology or mining mineral processing or materials science multidisciplinary or
oncology or mechanics or physics particles fields or agriculture multidisciplinary or
physics applied or biophysics or instruments instrumentation or chemistry analytical
or biology or engineering biomedical or water resources or engineering geological
or physics multidisciplinary or chemistry medicinal or forestry or oceanography or
geology or physiology or microbiology or spectroscopy or physics nuclear or physics
mathematical or geochemistry geophysics or agronomy or biochemical research
methods or nuclear science technology or biochemistry molecular biology or clinical
neurology or energy fuels or critical care medicine or meteorology atmospheric
sciences or geography physical or ecology or robotics or pharmacology pharmacy
or chemistry multidisciplinary or radiology nuclear medicine medical imaging
or environmental sciences or chemistry organic or chemistry physical or astronomy
astrophysics or limnology or geriatrics gerontology or history philosophy of science or
materials science characterization testing or physics fluids plasmas or international
relations or philosophy or cell biology or criminology penology or engineering ocean
or area studies or health care sciences services or engineering mechanical or medicine
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’�¡«¨æ� 2 ÷�á¯à¥¤¥«¥−¨¥ ¯ã¡«¨ª�æ¨© AI R&D ¯® £®áã¤�àáâ¢�¬

Œ¥áâ® ƒ®áã¤�àáâ¢® —¨á«® ¯ã¡«¨ª�æ¨© „®«ï ®â ®¡é¥£® ç¨á«�, %
1 Š�÷ 59 855 22,634
2 ‘˜� 55 759 21,085
3 ‚¥«¨ª®¡à¨â�−¨ï 14 820 5,604
4 ˆ−¤¨ï 14 799 5,596
5 ”÷ƒ 11 936 4,513
6 ˆá¯�−¨ï 10 717 4,053
7 Ÿ¯®−¨ï 10 643 4,025
8 Š�−�¤� 10 306 3,897
9 ˆâ�«¨ï 9 450 3,573

10 ”à�−æ¨ï 8 820 3,335
11 �¢áâà�«¨ï 8 186 3,095
12 ā¦−�ï Š®à¥ï 7 697 2,911
14 ’�©¢�−ì 5 813 2,198
15 ’ãàæ¨ï 5 737 2,169
16 ˆà�− 4 980 1,883
17 �®«ìè� 4 698 1,777
18 ‘¨−£�¯ãà 4 114 1,556
19 ˜¢¥©æ�à¨ï 3 408 1,289
20 ƒà¥æ¨ï 3 257 1,232
21 �¨¤¥à«�−¤ë 3 235 1,223
22 ÷®áá¨ï 3 146 1,19
23 Œ¥ªá¨ª� 3 065 1,159
24 Œ�«�©§¨ï 2 960 1,119
25 �®àâã£�«¨ï 2 613 0,988

�à¨¬¥ç�−¨ï.
1. 162 §−�ç¥−¨ï ¯®ª�§�â¥«ï ú‘âà�−ë/à¥£¨®−ëû ¢ëè«® §� ¯à¥¤¥«ë ¯�à�¬¥âà®¢ ®â®¡-

à�¦¥−¨ï.
2. 3 283 §�¯¨á¨ (1,241%) −¥ á®¤¥à¦�â ¤�−−ëå ¢ �−�«¨§¨àã¥¬®¬ ¯®«¥.

legal or ophthalmology or polymer science or geosciences multidisciplinary or public
administration or zoology or biodiversity conservation)

��à�¬¥âàë §�¯à®á®¢ ª á¨áâ¥¬¥ ¯à¨¢¥¤¥−ë ¢ ®à¨£¨−�«ì−®¬ ¨áå®¤−®¬ ¢¨¤¥,
çâ®¡ë ®¡¥á¯¥ç¨âì ¨å ¢®á¯à®¨§¢®¤¨¬®áâì. �¥à¢�ï ç�áâì §�¯à®á� ®¯à¥¤¥«ï¥â −�¡®à
â¥¬ ¨ á«®¢®á®ç¥â�−¨© ¢ −�§¢�−¨ïå ¯ã¡«¨ª�æ¨©: artificial intelligence (¨áªãááâ¢¥−-
−ë© ¨−â¥««¥ªâ), deep learning (£«ã¡®ª®¥ ®¡ãç¥−¨¥), machine learning (¬�è¨−−®¥
®¡ãç¥−¨¥), neural networks (−¥©à®−−ë¥ á¥â¨), computer vision (ª®¬¯ìîâ¥à−®¥ §à¥-
−¨¥), roborics (à®¡®â®â¥å−¨ª�). ‚â®à®© ¡«®ª á®¤¥à¦¨â ¯¥à¥ç¥−ì â¥¬-¨áª«îç¥−¨©,
−¥ ®â−®áïé¨åáï −¥¯®áà¥¤áâ¢¥−−® ª ®¡áã¦¤�¥¬®©.

÷¥§ã«ìâ�â®¬ ¤�−−®£® §�¯à®á� áâ�«¨ ®ª®«® 260 000 §�à¥£¨áâà¨à®¢�−−ëå ¯ã¡«¨-
ª�æ¨©. ÷�á¯à¥¤¥«¥−¨¥ ®¡é¥¬¨à®¢ëå ¯ã¡«¨ª�æ¨© ¯® £®áã¤�àáâ¢�¬ ¯à¥¤áâ�¢«¥−®
¢ â�¡«. 2, ¯® £®¤�¬ | ¢ â�¡«. 3.

÷�á¯à¥¤¥«¥−¨¥ ¯ã¡«¨ª�æ¨© ¯® ®à£�−¨§�æ¨ï¬, ®âà�á«ï¬ ¨ ¨áâ®ç−¨ª�¬ ä¨−�−-
á¨à®¢�−¨ï ¯à¨¢¥¤¥−® ¢ â�¡«. 4, 5 ¨ 6 á®®â¢¥âáâ¢¥−−®.
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’�¡«¨æ� 3 ÷�á¯à¥¤¥«¥−¨¥ ®¡é¥¬¨à®¢ëå ¯ã¡«¨ª�æ¨© AI R&D
¯® £®¤�¬

ƒ®¤ ¨§¤�−¨ï —¨á«® ¯ã¡«¨ª�æ¨© „®«ï ®â ®¡é¥£® ç¨á«�, %
2019 36 727 13,888
2018 37 447 14,16
2017 28 931 10,94
2016 21 779 8,236
2015 17 522 6,626
2014 12 908 4,881
2013 10 954 4,142
2012 9 361 3,54
2011 8 777 3,319
2010 8 448 3,195
2009 10 205 3,859
2008 8 992 3,4
2007 8 165 3,088
2006 7 828 2,96
2005 6 623 2,504
2004 5 707 2,158
2003 5 167 1,954
2002 4 606 1,742
2001 4 061 1,536
2000 4 338 1,64

’�¡«¨æ� 4 ÷�á¯à¥¤¥«¥−¨¥ ¬¨à®¢ëå ¯ã¡«¨ª�æ¨© AI R&D ¯® ®à£�−¨§�æ¨ï¬

Œ¥á-
â® �à£�−¨§�æ¨ï

ƒ®áã¤�à-
áâ¢®

—¨á«®
¯ã¡«¨-
ª�æ¨©

„®«ï ®â
®¡é¥£®
ç¨á«�,

%
1 CHINESE ACADEMY OF SCIENCES Š�÷ 5 834 2,206
2 UNIVERSITY OF CALIFORNIA SYSTEM ‘˜� 4 423 1,673

3
CENTRE NATIONAL DE LA RECHERCHE
SCIENTIFIQUE CNRS ”à�−æ¨ï 3 348 1,266

4 TSINGHUA UNIVERSITY Š�÷ 2 454 0,928

5
INDIAN INSTITUTE OF TECHNOLOGY
SYSTEM IIT SYSTEM ˆ−¤¨ï 2 187 0,827

6 STATE UNIVERSITY SYSTEM OF FLORIDA ‘˜� 2 150 0,813

7 UNIVERSITY OF LONDON
‚¥«¨ª®-
¡à¨â�−¨ï 2 037 0,77

8 UNIVERSITY OF TEXAS SYSTEM ‘˜� 2 014 0,762

9,
10

NANYANG TECHNOLOGICAL UNIVERSITY,
NATIONAL INSTITUTE OF EDUCATION
NIE SINGAPORE

‘¨−£�¯ãà 1 961 0,742

11 UNIVERSITY SYSTEM OF GEORGIA ‘˜� 1 952 0,738
�ª®−ç�−¨¥ â�¡«. 4 −� á. 94
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’�¡«¨æ� 4 (®ª®−ç�−¨¥) ÷�á¯à¥¤¥«¥−¨¥ ¬¨à®¢ëå ¯ã¡«¨ª�æ¨© AI R&D ¯® ®à£�−¨§�æ¨ï¬

Œ¥á-
â® �à£�−¨§�æ¨ï

ƒ®áã¤�à-
áâ¢®

—¨á«®
¯ã¡«¨-
ª�æ¨©

„®«ï ®â
®¡é¥£®
ç¨á«�,

%
12 CARNEGIE MELLON UNIVERSITY ‘˜� 1 772 0,67
13,
14

SHANGHAI JIAO TONG UNIVERSITY,
SOUTHEAST UNIVERSITY CHINA Š�÷ 1 718 0,65

15 HARBIN INSTITUTE OF TECHNOLOGY Š�÷ 1 666 0,65

16
UNIVERSITY OF CHINESE ACADEMY
OF SCIENCES CAS Š�÷ 1 657 0,627

17
MASSACHUSETTS INSTITUTE
OF TECHNOLOGY MIT ‘˜� 1 648 0,623

18
UNIVERSITY OF ELECTRONIC SCIENCE
TECHNOLOGY OF CHINA Š�÷ 1 545 0,584

19
PENNSYLVANIA COMMONWEALTH
SYSTEM OF HIGHER EDUCATION ‘˜� 1 504 0,569

20 ZHEJIANG UNIVERSITY Š�÷ 1 419 0,537
21 MICROSOFT ‘˜� 1 415 0,535

22
HUAZHONG UNIVERSITY OF SCIENCE
TECHNOLOGY Š�÷ 1 404 0,531

23 NATIONAL UNIVERSITY OF SINGAPORE ‘¨−£�¯ãà 1 402 0,65
24 BEIHANG UNIVERSITY Š�÷ 1 390 0,526
25 STANFORD UNIVERSITY ‘˜� 1 373 0,519

�à¨¬¥ç�−¨ï.
1. 45 774 §−�ç¥−¨ï ¯®ª�§�â¥«ï ú�à®ä¨«¨ ®à£�−¨§�æ¨©û ¢ëè«® §� ¯à¥¤¥«ë ¯�à�¬¥âà®¢ ®â®¡à�-

¦¥−¨ï.
2. 3 436 §�¯¨á¥© (1,299%) −¥ á®¤¥à¦�â ¤�−−ëå ¢ �−�«¨§¨àã¥¬®¬ ¯®«¥.

’�¡«¨æ� 5 ÷�á¯à¥¤¥«¥−¨¥ ¬¨à®¢ëå ¯ã¡«¨ª�æ¨© AI R&D ¯® ®âà�á«ï¬

Œ¥áâ® Š�â¥£®à¨ï
—¨á«®

¯ã¡«¨ª�æ¨©

„®«ï ®â
®¡é¥£®

ç¨á«�, %
1 ‚ëç¨á«¨â¥«ì−�ï â¥å−¨ª� ¨ AI 98 557 37,268
2 �«¥ªâà®−¨ª� ¨ í«¥ªâà®â¥å−¨ª� 84 383 31,909
3 ’¥®à¥â¨ç¥áª¨¥ ¬¥â®¤ë ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ 52 394 19,812

4
ˆ−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë ¢ëç¨á«¨â¥«ì−®©
â¥å−¨ª¨ 36 993 13,989

5
‚ëç¨á«¨â¥«ì−�ï â¥å−¨ª�: ¬¥¦¤¨áæ¨¯«¨−�à−ë¥
áâ�âì¨ 21 923 8,29

6 ‘¨áâ¥¬ë �¢â®¬�â¨ç¥áª®£® ã¯à�¢«¥−¨ï 20 939 7,918
7 ’¥«¥ª®¬¬ã−¨ª�æ¨¨ 19 429 7,347

�ª®−ç�−¨¥ â�¡«. 5 −� á. 95
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’�¡«¨æ� 5 (®ª®−ç�−¨¥) ÷�á¯à¥¤¥«¥−¨¥ ¬¨à®¢ëå ¯ã¡«¨ª�æ¨© AI R&D ¯® ®âà�á«ï¬

Œ¥áâ® Š�â¥£®à¨ï
—¨á«®

¯ã¡«¨ª�æ¨©

„®«ï ®â
®¡é¥£®

ç¨á«�, %

8
‚ëç¨á«¨â¥«ì−�ï â¥å−¨ª�: à�§à�¡®âª�
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï 15 437 5,837

9 ‚ëç¨á«¨â¥«ì−�ï â¥å−¨ª�: �¯¯�à�â−�ï �àå¨â¥ªâãà� 12 510 4,731
10 ÷®¡®â®â¥å−¨ª� 11 414 4,316
11 �¡à�¡®âª� ¨§®¡à�¦¥−¨©, â¥å−®«®£¨¨ ä®â®£à�ä¨¨ 11 162 4,221
12 �¥©à®−�ãª¨ 8 189 3,097
13 ˆ−¦¥−¥à−ë¥ −�ãª¨ (¬¥¦¤¨áæ¨¯«¨−�à−ë¥) 7 765 2,936
14 ‚ëç¨á«¨â¥«ì−�ï â¥å−¨ª�: ª¨¡¥à−¥â¨ª� 7 653 2,894
15 �¯â¨ª� 7 369 2,787
16 ˆáá«¥¤®¢�−¨¥ ®¯¥à�æ¨© 7 132 2,697
17 �à¨ª«�¤−�ï ¬�â¥¬�â¨ª� 7 089 2,681
18 Œ�â¥¬�â¨ç¥áª�ï ¢ëç¨á«¨â¥«ì−�ï ¡¨®«®£¨ï 6 487 2,453
19 �¨®¬¥¤¨æ¨−áª�ï ¨−¦¥−¥à¨ï 6 276 2,373
20 �à¨¡®à®áâà®¥−¨¥ 4 483 1,695
21 „¨áâ�−æ¨®−−®¥ §®−¤¨à®¢�−¨¥ 3 673 1,389
22 �¨®å¨¬¨ç¥áª¨¥ ¬¥â®¤ë ¨áá«¥¤®¢�−¨ï 3 588 1,357
23 ˆ−¤ãáâà¨�«ì−�ï ¨−¦¥−¥à¨ï 3 521 1,331
24 �ªãáâ¨ª� 3 346 1,265
25 Œ¥¤¨æ¨−áª�ï ¨−ä®à¬�â¨ª� 3 201 1,21

�à¨¬¥ç�−¨ï.
1. 175 §−�ç¥−¨© ¯®ª�§�â¥«ï úŠ�â¥£®à¨¨ Web of Scienceû ¢ëè«® §� ¯à¥¤¥«ë ¯�à�¬¥âà®¢ ®â®¡à�-

¦¥−¨ï.
2. 601 §�¯¨áì (0,227%) −¥ á®¤¥à¦¨â ¤�−−ëå ¢ �−�«¨§¨àã¥¬®¬ ¯®«¥.

’�¡«¨æ� 6 ÷�á¯à¥¤¥«¥−¨¥ ¯ã¡«¨ª�æ¨© ¯® ¨áâ®ç−¨ª�¬ ä¨−�−á¨à®¢�−¨ï

Œ¥á-
â® ”¨−�−á¨àãîé¨¥ ®à£�−¨§�æ¨¨

ƒ®áã¤�à-
áâ¢®

—¨á«®
¯ã¡«¨-
ª�æ¨©

„®«ï ®â
®¡é¥£®

ç¨á«�, %

1
NATIONAL NATURAL SCIENCE
FOUNDATION OF CHINA Š�÷ 28 114 10,631

2 NATIONAL SCIENCE FOUNDATION NSF ‘˜� 7 974 3,015

3
UNITED STATES DEPARTMENT
OF HEALTH HUMAN SERVICES ‘˜� 4 705 1,779

4
NATIONAL INSTITUTES OF HEALTH
NIH USA ‘˜� 4 658 1,761

5
FUNDAMENTAL RESEARCH FUNDS
FOR THE CENTRAL UNIVERSITIES Š�÷ 4 054 1,533

6 EUROPEAN UNION EU …‘ 3 527 1,334

7
NATIONAL BASIC RESEARCH PROGRAM
OF CHINA Š�÷ 2 254 0,852

�ª®−ç�−¨¥ â�¡«. 6 −� á. 96
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’�¡«¨æ� 6 (®ª®−ç�−¨¥) ÷�á¯à¥¤¥«¥−¨¥ ¯ã¡«¨ª�æ¨© ¯® ¨áâ®ç−¨ª�¬ ä¨−�−á¨à®¢�−¨ï

Œ¥á-
â® ”¨−�−á¨àãîé¨¥ ®à£�−¨§�æ¨¨

ƒ®áã¤�à-
áâ¢®

—¨á«®
¯ã¡«¨-
ª�æ¨©

„®«ï ®â
®¡é¥£®

ç¨á«�, %

8
MINISTRY OF EDUCATION CULTURE
SPORTS SCIENCE AND TECHNOLOGY
JAPAN MEXT

Ÿ¯®−¨ï 2 035 0,77

9
UNITED STATES DEPARTMENT
OF DEFENSE ‘˜� 2 011 0,76

10
NATURAL SCIENCES AND ENGINEERING
RESEARCH COUNCIL OF CANADA Š�−�¤� 1 959 0,741

11
CHINA POSTDOCTORAL SCIENCE
FOUNDATION Š�÷ 1 800 0,681

12
ENGINEERING PHYSICAL SCIENCES
RESEARCH COUNCIL EPSRC

‚¥«¨ª®-
¡à¨â�−¨ï 1 767 0,668

13
JAPAN SOCIETY FOR THE PROMOTION
OF SCIENCE Ÿ¯®−¨ï 1 612 0,61

14
NATIONAL COUNCIL FOR SCIENTIFIC
AND TECHNOLOGICAL DEVELOPMENT
CNPQ

�à�§¨«¨ï 1 550 0,586

15
NATIONAL KEY RESEARCH AND
DEVELOPMENT PROGRAM OF CHINA Š�÷ 1 505 0,569

16 GERMAN RESEARCH FOUNDATION DFG ”÷ƒ 1 414 0,535
17 SPANISH GOVERNMENT ˆá¯�−¨ï 1 375 0,52
18 AUSTRALIAN RESEARCH COUNCIL �¢áâà�«¨ï 1 271 0,481

19
NATURAL SCIENCE FOUNDATION
OF JIANGSU PROVINCE Š�÷ 1 166 0,441

20 OFFICE OF NAVAL RESEARCH ‘˜� 1 136 0,43

21
GRANTS IN AID FOR SCIENTIFIC
RESEARCH KAKENHI Ÿ¯®−¨ï 1 081 0,409

22 CAPES ”à�−æ¨ï 1 057 0,4

23
NATIONAL HIGH TECHNOLOGY
RESEARCH AND DEVELOPMENT
PROGRAM OF CHINA

Š�÷ 982 0,371

24 NATIONAL KEY R D PROGRAM OF CHINA Š�÷ 950 0,359
25 CHINA SCHOLARSHIP COUNCIL Š�÷ 917 0,347

�à¨¬¥ç�−¨ï.
1. 70 777 §−�ç¥−¨© ¯®ª�§�â¥«ï ú”¨−�−á¨àãîé¨¥ ®à£�−¨§�æ¨¨û ¢ëè«® §� ¯à¥¤¥«ë ¯�à�¬¥âà®¢

®â®¡à�¦¥−¨ï.
2. 162 130 §�¯¨á¥© (61,308%) −¥ á®¤¥à¦�â ¤�−−ëå ¢ �−�«¨§¨àã¥¬®¬ ¯®«¥.

ˆ§ ¯à¨¢¥¤¥−−ëå ¢ëè¥ áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå ¢¨¤−®, çâ® −� −�ç�«® 2020 £.
−¨ ®¤−� ¨§ à®áá¨©áª¨å ®à£�−¨§�æ¨©/®¡ê¥¤¨−¥−¨©/ª®à¯®à�æ¨© (�ª�¤¥¬¨ç¥áª¨å,
®¡à�§®¢�â¥«ì−ëå ¨«¨ ¯à®¨§¢®¤áâ¢¥−−ëå/̄ à¥¤¯à¨−¨¬�â¥«ìáª¨å) −¥ ¢å®¤¨â ¢ ç¨á-
«® §−�ç¨¬ëå æ¥−âà®¢ ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ AI R&D ¨ −¥ ¯à¥¤áâ�¢«¥−� ¢ ª�ç¥-
áâ¢¥ ¨áâ®ç−¨ª� ¨å ä¨−�−á¨à®¢�−¨ï.
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4 Анализ российской публикационной активности

„«ï ¯®«ãç¥−¨ï ¤�−−ëå ¯® à®áá¨©áª¨¬ ¯ã¡«¨ª�æ¨ï¬ ¢ ®¡«�áâ¨ AI R&D,
§�à¥£¨áâà¨à®¢�−−ë¬ ¢ ¬¥¦¤ã−�à®¤−®© ¡�§¥ WoS, ¯¥à¢�ï ç�áâì ¯®¨áª®¢®£® §�-
¯à®á� ¡ë«� áª®àà¥ªâ¨à®¢�−� ¤®¯®«−¨â¥«ì−ë¬¨ ãá«®¢¨ï¬¨ ® £®áã¤�àáâ¢¥−−®©
¯à¨−�¤«¥¦−®áâ¨ �¢â®à®¢: (cu = \Russia" or cu = \Russian Federation").

÷¥§ã«ìâ�â®¬ ¤�−−®£® §�¯à®á� áâ�«¨ ¡®«¥¥ 3 100 §�à¥£¨áâà¨à®¢�−−ëå ¯ã¡«¨ª�-
æ¨©. ÷�á¯à¥¤¥«¥−¨¥ à®áá¨©áª¨å ¯ã¡«¨ª�æ¨© ¯® £®¤�¬, ®à£�−¨§�æ¨ï¬ ¨ ®âà�á«ï¬
¯à¥¤áâ�¢«¥−® ¢ â�¡«. 7, 8 ¨ 9 á®®â¢¥âáâ¢¥−−®.

’�¡«¨æ� 7 ÷�á¯à¥¤¥«¥−¨¥ à®áá¨©áª¨å ¯ã¡«¨ª�æ¨© AI R&D ¯®
£®¤�¬

ƒ®¤ ¨§¤�−¨ï —¨á«® ¯ã¡«¨ª�æ¨© „®«ï ®â ®¡é¥£® ç¨á«�, %
2019 572 18,182
2018 691 21,964
2017 551 17,514
2016 373 11,856
2015 204 6,484
2014 116 3,687
2013 64 2,034
2012 46 1,462
2011 48 1,526
2010 37 1,176
2009 38 1,208
2008 49 1,558
2007 46 1,462
2006 29 0,922
2005 43 1,367
2004 40 1,271
2003 33 1,049
2002 38 1,208
2001 38 1,208
2000 31 0,985

’�¡«¨æ� 8 ÷�á¯à¥¤¥«¥−¨¥ à®áá¨©áª¨å ¯ã¡«¨ª�æ¨© AI R&D ¯® ®à£�−¨§�æ¨ï¬

ü Organization profile (original)
�à®ä¨«ì

®à£�−¨§�æ¨¨

—¨á«®
¯ã¡«¨-
ª�æ¨©

„®«ï ®â
®¡é¥£®
ç¨á«�,

%
1 RUSSIAN ACADEMY OF SCIENCES ÷�� 761 24,189
2 ITMO UNIVERSITY ˆ’Œ� 230 7,311

3
NATIONAL RESEARCH UNIVERSITY
HIGHER SCHOOL OF ECONOMICS �ˆ“ ‚˜� 185 5,88

�à®¤®«¦¥−¨¥ â�¡«. 8 −� á. 98
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’�¡«¨æ� 8 (¯à®¤®«¦¥−¨¥) ÷�á¯à¥¤¥«¥−¨¥ à®áá¨©áª¨å ¯ã¡«¨ª�æ¨© AI R&D ¯® ®à£�−¨-
§�æ¨ï¬

ü Organization profile (original)
�à®ä¨«ì

®à£�−¨§�æ¨¨

—¨á«®
¯ã¡«¨-
ª�æ¨©

„®«ï ®â
®¡é¥£®
ç¨á«�,

%

4
LOMONOSOV MOSCOW
STATE UNIVERSITY Œƒ“ 181 5,753

5
MOSCOW INSTITUTE
OF PHYSICS TECHNOLOGY Œ”’ˆ 122 3,878

6
PETER THE GREAT ST PETERSBURG
POLYTECHNIC UNIVERSITY ‘���’“ 100 3,179

7 SAINT PETERSBURG STATE UNIVERSITY ‘��“ 94 2,988

8
SKOLKOVO INSTITUTE
OF SCIENCE TECHNOLOGY ‘ª®«â¥å 86 2,734

9 URAL FEDERAL UNIVERSITY “”“ 86 2,734
10 KAZAN FEDERAL UNIVERSITY Š�§”“ 83 2,638

11
SAINT PETERSBURG STATE
ELECTROTECHNICAL UNIVERSITY ‹�’ˆ 82 2,606

12
FEDERAL RESEARCH CENTER
COMPUTER SCIENCE CONTROL OF RAS

”ˆ– ˆ“
÷�� 79 2,511

13
NATIONAL RESEARCH NUCLEAR
UNIVERSITY MEPHI MOSCOW
ENGINEERING PHYSICS INSTITUTE

Œˆ”ˆ 78 2,479

14
ST PETERSBURG INSTITUTE
OF INFORMATICS AUTOMATION ‘�ˆˆ ÷�� 71 2,257

15
LOBACHEVSKY STATE UNIVERSITY
OF NIZHNI NOVGOROD �ˆ�ƒ“ 61 1,939

16
NATIONAL RESEARCH CENTRE
KURCHATOV INSTITUTE

�ˆ–
úŠãàç�â®¢áª¨©

¨−áâ¨âãâû
59 1,875

17 TOMSK POLYTECHNIC UNIVERSITY ’�“ 55 1,748

18
KHARKEVICH INSTITUTE
FOR INFORMATION TRANSMISSION
PROBLEMS OF THE RAS

ˆ��ˆ ÷�� 54 1,716

19
V A TRAPEZNIKOV INSTITUTE
OF CONTROL SCIENCES
RUSSIAN ACADEMY OF SCIENCES

ˆ�“ ÷�� 52 1,653

20
BAUMAN MOSCOW STATE
TECHNICAL UNIVERSITY Œƒ’“ 43 1,367

21 SOUTHERN FEDERAL UNIVERSITY ā¦”“ 42 1,335
22 NOVOSIBIRSK STATE UNIVERSITY �ƒ“ 41 1,303

23
NOVOSIBIRSK STATE
TECHNICAL UNIVERSITY �ƒ�“ 40 1,271

24 TOMSK STATE UNIVERSITY ’ƒ“ 39 1,24
�ª®−ç�−¨¥ â�¡«. 8 −� á. 99
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’�¡«¨æ� 8 (®ª®−ç�−¨¥) ÷�á¯à¥¤¥«¥−¨¥ à®áá¨©áª¨å ¯ã¡«¨ª�æ¨© AI R&D ¯® ®à£�−¨§�-
æ¨ï¬

ü Organization profile (original)
�à®ä¨«ì

®à£�−¨§�æ¨¨

—¨á«®
¯ã¡«¨-
ª�æ¨©

„®«ï ®â
®¡é¥£®
ç¨á«�,

%

25 INNOPOLIS UNIVERSITY
ˆ−−®¯®«¨á

(Š�§�−ì) 38 1,208

�à¨¬¥ç�−¨ï.
1. 2 191 §−�ç¥−¨¥ ¯®ª�§�â¥«ï ú�à®ä¨«¨ ®à£�−¨§�æ¨©û ¢ëè«® §� ¯à¥¤¥«ë ¯�à�¬¥âà®¢ ®â®¡à�-

¦¥−¨ï.
2. 0 §�¯¨á¥© (0,000%) −¥ á®¤¥à¦�â ¤�−−ëå ¢ �−�«¨§¨àã¥¬®¬ ¯®«¥.

’�¡«¨æ� 9 ÷�á¯à¥¤¥«¥−¨¥ à®áá¨©áª¨å ¯ã¡«¨ª�æ¨© AI R&D ¯® ®âà�á«ï¬

ü
Web of Science Category

(original) Š�â¥£®à¨ï
—¨á«®
¯ã¡«¨-
ª�æ¨©

„®«ï ®â
®¡é¥£®

ç¨á«�, %

1
COMPUTER SCIENCE
ARTIFICIAL INTELLIGENCE

‚ëç¨á«¨â¥«ì−�ï
â¥å−¨ª� ¨ ˆˆ 885 28,131

2
ENGINEERING ELECTRICAL
ELECTRONIC

�«¥ªâà®−¨ª�
¨ í«¥ªâà®â¥å−¨ª� 681 21,647

3
COMPUTER SCIENCE
THEORY METHODS

’¥®à¥â¨ç¥áª¨¥ ¬¥â®¤ë
¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ 612 19,453

4
COMPUTER SCIENCE
INFORMATION SYSTEMS

ˆ−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë
¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ 345 10,966

5 OPTICS �¯â¨ª� 249 7,915

6
AUTOMATION
CONTROL SYSTEMS

‘¨áâ¥¬ë �¢â®¬�â¨ç¥áª®£®
ã¯à�¢«¥−¨ï 212 6,739

7
COMPUTER SCIENCE
INTERDISCIPLINARY
APPLICATIONS

‚ëç¨á«¨â¥«ì−�ï â¥å−¨ª�:
¬¥¦¤¨áæ¨¯«¨−�à−ë¥

áâ�âì¨
204 6,484

8 TELECOMMUNICATIONS ’¥«¥ª®¬¬ã−¨ª�æ¨¨ 166 5,277

9 PHYSICS MULTIDISCIPLINARY
”¨§¨ª�: ¬¥¦¤¨áæ¨¯-

«¨−�à−ë¥ áâ�âì¨ 133 4,228

10 MATHEMATICS APPLIED �à¨ª«�¤−�ï ¬�â¥¬�â¨ª� 125 3,973
11 ROBOTICS ÷®¡®â®â¥å−¨ª� 121 3,846

12
COMPUTER SCIENCE
SOFTWARE ENGINEERING

‚ëç¨á«¨â¥«ì−�ï â¥å−¨ª�:
à�§à�¡®âª� ¯à®£à�¬¬−®£®

®¡¥á¯¥ç¥−¨ï
111 3,528

13
IMAGING SCIENCE PHOTO-
GRAPHIC TECHNOLOGY

�¡à�¡®âª� ¨§®¡à�¦¥−¨©,
â¥å−®«®£¨¨ ä®â®£à�ä¨¨ 105 3,338

14 NEUROSCIENCES �¥©à®−�ãª¨ 102 3,242
15 PHYSICS APPLIED �à¨ª«�¤−�ï ä¨§¨ª� 101 3,21

�ª®−ç�−¨¥ â�¡«. 9 −� á. 100
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’�¡«¨æ� 9 (®ª®−ç�−¨¥) ÷�á¯à¥¤¥«¥−¨¥ à®áá¨©áª¨å ¯ã¡«¨ª�æ¨© AI R&D ¯® ®âà�á«ï¬

ü
Web of Science Category

(original) Š�â¥£®à¨ï
—¨á«®
¯ã¡«¨-
ª�æ¨©

„®«ï ®â
®¡é¥£®
ç¨á«�,

%

16
INSTRUMENTS
INSTRUMENTATION �à¨¡®à®áâà®¥−¨¥ 99 3,147

17
COMPUTER SCIENCE
HARDWARE ARCHITECTURE

‚ëç¨á«¨â¥«ì−�ï â¥å−¨ª�:
�¯¯�à�â−�ï �àå¨â¥ªâãà� 95 3,02

18
COMPUTER SCIENCE
CYBERNETICS

‚ëç¨á«¨â¥«ì−�ï â¥å−¨ª�:
ª¨¡¥à−¥â¨ª� 86 2,734

19
EDUCATION EDUCATIONAL
RESEARCH

�¡à�§®¢�−¨¥, ®¡à�§®¢�-
â¥«ì−ë¥ ¨áá«¥¤®¢�−¨ï 59 1,875

20
ENGINEERING
MULTIDISCIPLINARY

ˆ−¦¥−¥à¨ï: ¬¥¦¤¨áæ¨¯-
«¨−�à−ë¥ áâ�âì¨ 59 1,875

21
OPERATIONS RESEARCH
MANAGEMENT SCIENCE ˆáá«¥¤®¢�−¨¥ ®¯¥à�æ¨© 59 1,875

22 MATHEMATICS Œ�â¥¬�â¨ª� 56 1,78

23 ENGINEERING INDUSTRIAL
ˆ−¤ãáâà¨�«ì−�ï

¨−¦¥−¥à¨ï 52 1,653

24
MATHEMATICAL
COMPUTATIONAL BIOLOGY

Œ�â¥¬�â¨ç¥áª�ï ¢ëç¨á-
«¨â¥«ì−�ï ¡¨®«®£¨ï 48 1,526

25
SOCIAL SCIENCES
INTERDISCIPLINARY

‘®æ¨�«ì−ë¥ −�ãª¨:
¬¥¦¤¨áæ¨¯«¨−�à−ë¥

áâ�âì¨
43 1,367

�à¨¬¥ç�−¨ï.
1. 106 §−�ç¥−¨© ¯®ª�§�â¥«ï úŠ�â¥£®à¨¨ Web of Scienceû ¢ëè«® §� ¯à¥¤¥«ë ¯�à�¬¥âà®¢ ®â®¡à�-

¦¥−¨ï.
2. 31 §�¯¨áì (0,985%) −¥ á®¤¥à¦¨â ¤�−−ëå ¢ �−�«¨§¨àã¥¬®¬ ¯®«¥.

5 Анализ публикационной активности Российской академии наук

„«ï ¯®«ãç¥−¨ï ¤�−−ëå ¯® ¯ã¡«¨ª�æ¨ï¬ ÷�� ¢ ®¡«�áâ¨ AI R&D, §�à¥£¨áâà¨-
à®¢�−−ë¬ ¢ ¬¥¦¤ã−�à®¤−®© ¡�§¥ WoS, ¯¥à¢�ï ç�áâì ¯®¨áª®¢®£® §�¯à®á� ¡ë«�
áª®àà¥ªâ¨à®¢�−� ¤®¯®«−¨â¥«ì−ë¬¨ ãá«®¢¨ï¬¨ ®¡ ®à£�−¨§�æ¨®−−®© ¯à¨−�¤«¥¦-
−®áâ¨ �¢â®à®¢ ¯ã¡«¨ª�æ¨¨: (og = \Russian academy of sciences" or oo = \Russian
academy of sciences") ÷¥§ã«ìâ�â®¬ ¤�−−®£® §�¯à®á� áâ�«¨ ¡®«¥¥ 1000 §�à¥£¨-
áâà¨à®¢�−−ëå ¯ã¡«¨ª�æ¨©. ÷�á¯à¥¤¥«¥−¨¥ �ª�¤¥¬¨ç¥áª¨å ¯ã¡«¨ª�æ¨© ¯® £®¤�¬,
¨áâ®ç−¨ª�¬ ä¨−�−á¨à®¢�−¨ï ¨ ®âà�á«ï¬ ¯à¥¤áâ�¢«¥−® ¢ â�¡«. 10, 11 ¨ 12 á®®â-
¢¥âáâ¢¥−−®.

‚ â�¡«. 13 ¯® ã¡ë¢�−¨î à¥©â¨−£� �ªâã�«ì−®áâ¨ ¯à¥¤áâ�¢«¥−® ¯à®æ¥−â−®¥
á®®â−®è¥−¨¥ ¨áá«¥¤®¢�−¨© ¯® à�§«¨ç−ë¬ ®âà�á«ï¬ AI R&D ¢ ¬¨à¥, ÷®áá¨©áª®©
”¥¤¥à�æ¨¨ ¨ ÷��.
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’�¡«¨æ� 10 ÷�á¯à¥¤¥«¥−¨¥ ¯ã¡«¨ª�æ¨© ÷�� ¢ ®¡«�áâ¨ AI
R&D ¯® £®¤�¬

ƒ®¤ ¨§¤�−¨ï —¨á«® ¯ã¡«¨ª�æ¨© „®«ï ®â ®¡é¥£® ç¨á«�, %
2019 169 15,928
2018 211 19,887
2017 125 11,781
2016 91 8,577
2015 60 5,655
2014 43 4,053
2013 23 2,168
2012 23 2,168
2011 18 1,697
2010 23 2,168
2009 25 2,356
2008 29 2,733
2007 36 3,393
2006 24 2,262
2005 28 2,639
2004 21 1,979
2003 23 2,168
2002 21 1,979
2001 22 2,074
2000 22 2,074

’�¡«¨æ� 11 ÷�á¯à¥¤¥«¥−¨¥ ¯ã¡«¨ª�æ¨© ÷�� ¯® ¨áâ®ç−¨ª�¬ ä¨−�−á¨à®¢�−¨ï

Œ¥á-
â® ”¨−�−á¨àãîé¨¥ ®à£�−¨§�æ¨¨

ƒ®áã¤�à-
áâ¢®

—¨á«®
¯ã¡«¨-
ª�æ¨©

„®«ï ®â
®¡é¥£®
ç¨á«�,

%

1
RUSSIAN FOUNDATION FOR BASIC
RESEARCH RFBR ÷®áá¨ï 237 22,337

2 RUSSIAN SCIENCE FOUNDATION RSF ÷®áá¨ï 134 12,63

3
MINISTRY OF EDUCATION
AND SCIENCE RUSSIAN FEDERATION ÷®áá¨ï 50 4,713

4 RUSSIAN ACADEMY OF SCIENCES ÷®áá¨ï 33 3,11

5
NATIONAL INSTITUTES OF HEALTH
NIH USA ‘˜� 18 1,697

6
UNITED STATES DEPARTMENT
OF HEALTH HUMAN SERVICES ‘˜� 18 1,697

7
GOVERNMENT OF THE RUSSIAN
FEDERATION ÷®áá¨ï 15 1,414

8 EUROPEAN UNION EU …‘ 14 1,32
9 NATIONAL SCIENCE FOUNDATION NSF ‘˜� 14 1,32

10 GERMAN RESEARCH FOUNDATION DFG ”÷ƒ 13 1,225
�ª®−ç�−¨¥ â�¡«. 11 −� á. 102
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’�¡«¨æ� 11 (®ª®−ç�−¨¥) ÷�á¯à¥¤¥«¥−¨¥ ¯ã¡«¨ª�æ¨© ÷�� ¯® ¨áâ®ç−¨ª�¬ ä¨−�−á¨à®-
¢�−¨ï

Œ¥á-
â® ”¨−�−á¨àãîé¨¥ ®à£�−¨§�æ¨¨

ƒ®áã¤�à-
áâ¢®

—¨á«®
¯ã¡«¨-
ª�æ¨©

„®«ï ®â
®¡é¥£®
ç¨á«�,

%
11 RUSSIAN FEDERATION ÷®áá¨ï 11 1,037

12
NATIONAL NATURAL SCIENCE
FOUNDATION OF CHINA Š�÷ 10 0,943

13
PORTUGUESE FOUNDATION FOR
SCIENCE AND TECHNOLOGY �®àâã£�«¨ï 10 0,943

14
ENGINEERING PHYSICAL SCIENCES
RESEARCH COUNCIL EPSRC

‚¥«¨ª®-
¡à¨â�−¨ï 9 0,848

15 EUROPEAN RESEARCH COUNCIL ERC …‘ 9 0,848

16
MINISTRY OF EDUCATION
CULTURE SPORTS SCIENCE
AND TECHNOLOGY JAPAN MEXT

Ÿ¯®−¨ï 8 0,754

17
SWISS NATIONAL SCIENCE
FOUNDATION SNSF ˜¢¥©æ�à¨ï 8 0,754

18
ALEXANDER VON HUMBOLDT
FOUNDATION ƒ¥à¬�−¨ï 7 0,66

19
SCIENCE TECHNOLOGY FACILITIES
COUNCIL STFC

‚¥«¨ª®-
¡à¨â�−¨ï 7 0,66

20 ACADEMY OF FINLAND ”¨−«ï−¤¨ï 6 0,566

21
CENTRE NATIONAL DE LA RECHERCHE
SCIENTIFIQUE CNRS ”à�−æ¨ï 6 0,566

22
EURATOM RESEARCH AND TRAINING
PROGRAMME …‘ 6 0,566

23
JAPAN SOCIETY FOR THE PROMOTION
OF SCIENCE Ÿ¯®−¨ï 6 0,566

’�¡«¨æ� 12 ÷�á¯à¥¤¥«¥−¨¥ ¯ã¡«¨ª�æ¨© ÷�� ¢ ®¡«�áâ¨ AI R&D ¯® ®âà�á«ï¬

Œ¥á-
â®

Web of Science Category
(original) Š�â¥£®à¨ï

—¨á«®
¯ã¡«¨-
ª�æ¨©

„®«ï ®â
®¡é¥£®
ç¨á«�,

%

1
COMPUTER SCIENCE
ARTIFICIAL INTELLIGENCE

‚ëç¨á«¨â¥«ì−�ï
â¥å−¨ª� ¨ ˆˆ 192 42,105

2
COMPUTER SCIENCE
THEORY METHODS

’¥®à¥â¨ç¥áª¨¥ ¬¥â®¤ë
¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ 113 24,781

3
ENGINEERING ELECTRICAL
ELECTRONIC

�«¥ªâà®−¨ª�
¨ í«¥ªâà®â¥å−¨ª� 79 17,325

�ª®−ç�−¨¥ â�¡«. 12 −� á. 103
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’�¡«¨æ� 12 (®ª®−ç�−¨¥) ÷�á¯à¥¤¥«¥−¨¥ ¯ã¡«¨ª�æ¨© ÷�� ¢ ®¡«�áâ¨ AI R&D ¯® ®â-
à�á«ï¬

Œ¥á-
â®

Web of Science Category
(original) Š�â¥£®à¨ï

—¨á«®
¯ã¡«¨-
ª�æ¨©

„®«ï ®â
®¡é¥£®
ç¨á«�,

%

4
COMPUTER SCIENCE
INFORMATION SYSTEMS

ˆ−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë
¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ 48 10,526

5
COMPUTER SCIENCE
CYBERNETICS

‚ëç¨á«¨â¥«ì−�ï â¥å−¨ª�:
ª¨¡¥à−¥â¨ª� 33 7,237

6 MATHEMATICS APPLIED �à¨ª«�¤−�ï ¬�â¥¬�â¨ª� 30 6,579
7 TELECOMMUNICATIONS ’¥«¥ª®¬¬ã−¨ª�æ¨¨ 30 6,579

8
COMPUTER SCIENCE
INTERDISCIPLINARY
APPLICATIONS

‚ëç¨á«¨â¥«ì−�ï â¥å−¨ª�:
¬¥¦¤¨áæ¨¯«¨−�à−ë¥

áâ�âì¨
28 6,14

9
AUTOMATION CONTROL
SYSTEMS

‘¨áâ¥¬ë �¢â®¬�â¨ç¥áª®£®
ã¯à�¢«¥−¨ï 24 5,263

10
MULTIDISCIPLINARY
SCIENCES

Œ¥¦¤¨áæ¨¯«¨−�à−ë¥
áâ�âì¨ 22 4,825

11
COMPUTER SCIENCE
SOFTWARE ENGINEERING

‚ëç¨á«¨â¥«ì−�ï â¥å−¨ª�:
à�§à�¡®âª� ¯à®£à�¬¬−®£®

®¡¥á¯¥ç¥−¨ï
21 4,605

12 MATHEMATICS Œ�â¥¬�â¨ª� 21 4,605
13 NEUROSCIENCES �¥©à®−�ãª¨ 20 4,386

14
COMPUTER SCIENCE
HARDWARE ARCHITECTURE

‚ëç¨á«¨â¥«ì−�ï â¥å−¨ª�:
�¯¯�à�â−�ï �àå¨â¥ªâãà� 16 3,509

15
ENGINEERING
MULTIDISCIPLINARY

ˆ−¦¥−¥à¨ï: ¬¥¦¤¨áæ¨¯-
«¨−�à−ë¥ áâ�âì¨ 13 2,851

16
MATHEMATICAL
COMPUTATIONAL BIOLOGY

Œ�â¥¬�â¨ç¥áª�ï ¢ëç¨á-
«¨â¥«ì−�ï ¡¨®«®£¨ï 12 2,632

17
OPERATIONS RESEARCH
MANAGEMENT SCIENCE ˆáá«¥¤®¢�−¨¥ ®¯¥à�æ¨© 8 1,754

18
MATHEMATICS INTERDIS-
CIPLINARY APPLICATIONS

Œ�â¥¬�â¨ª�: ¬¥¦¤¨áæ¨¯-
«¨−�à−ë¥ áâ�âì¨ 6 1,316

19 ECONOMICS �ª®−®¬¨ª� 5 1,096

20
IMAGING SCIENCE PHOTO-
GRAPHIC TECHNOLOGY

�¡à�¡®âª� ¨§®¡à�¦¥−¨©,
â¥å−®«®£¨¨ ä®â®£à�ä¨¨ 5 1,096

21 REMOTE SENSING “¤�«¥−−®¥ §®−¤¨à®¢�−¨¥ 5 1,096
22 BUSINESS �¨§−¥á 4 0,877
23 ACOUSTICS �ªãáâ¨ª� 3 0,658
24 STATISTICS PROBABILITY ‚¥à®ïâ−®áâì ¨ áâ�â¨áâ¨ª� 3 0,658
25 BEHAVIORAL SCIENCES �¨å¥¢¨®à¨áâ¨ª� 2 0,439

�à¨¬¥ç�−¨ï.
1. 27 §−�ç¥−¨© ¯®ª�§�â¥«ï úŠ�â¥£®à¨¨ Web of Scienceû ¢ëè«® §� ¯à¥¤¥«ë ¯�à�¬¥âà®¢ ®â®¡à�-

¦¥−¨ï.
2. 12 §�¯¨á¥© (2,632%) −¥ á®¤¥à¦�â ¤�−−ëå ¢ �−�«¨§¨àã¥¬®¬ ¯®«¥.
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�. ‚. �®à¨á®¢, �. ‚. �®á®¢, „. ‚. †ãª®¢

’�¡«¨æ� 13 ÷�á¯à¥¤¥«¥−¨¥ ¯à¨®à¨â¥â®¢ ¨áá«¥¤®¢�−¨© ¢ ¬¨à¥, ÷” ¨ ÷��

�à¨®- Web of Science Category „®«ï, %
à¨â¥â (original)

Š�â¥£®à¨ï
¢ ¬¨à¥ ¢ ÷” ¢ ÷��

1
COMPUTER SCIENCE
ARTIFICIAL
INTELLIGENCE

‚ëç¨á«¨â¥«ì−�ï
â¥å−¨ª� ¨ ˆˆ 37,268 28,131 42,105

2
ENGINEERING
ELECTRICAL
ELECTRONIC

�«¥ªâà®−¨ª�
¨ í«¥ªâà®â¥å−¨ª� 31,909 21,647 17,325

3
COMPUTER SCIENCE
THEORY METHODS

’¥®à¥â¨ç¥áª¨¥ ¬¥â®¤ë
¢ëç¨á«¨â¥«ì−®©

â¥å−¨ª¨
19,812 19,453 24,781

4
COMPUTER SCIENCE
INFORMATION SYSTEMS

ˆ−ä®à¬�æ¨®−−ë¥
á¨áâ¥¬ë ¢ëç¨á-

«¨â¥«ì−®© â¥å−¨ª¨
13,989 10,966 10,526

5
COMPUTER SCIENCE
INTERDISCIPLINARY
APPLICATIONS

‚ëç¨á«¨â¥«ì−�ï
â¥å−¨ª�:

¬¥¦¤¨áæ¨¯-
«¨−�à−ë¥ áâ�âì¨

8,29 6,484 6,14

6
AUTOMATION CONTROL
SYSTEMS

‘¨áâ¥¬ë �¢â®¬�â¨-
ç¥áª®£® ã¯à�¢«¥−¨ï 7,918 6,739 5,263

7 TELECOMMUNICATIONS ’¥«¥ª®¬¬ã−¨ª�æ¨¨ 7,347 5,277 6,579

8
COMPUTER SCIENCE
SOFTWARE
ENGINEERING

‚ëç¨á«¨â¥«ì−�ï
â¥å−¨ª�: à�§à�¡®âª�

¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï

5,837 3,528 4,605

9
COMPUTER SCIENCE
HARDWARE
ARCHITECTURE

‚ëç¨á«¨â¥«ì−�ï
â¥å−¨ª�: �¯¯�à�â-
−�ï �àå¨â¥ªâãà�

4,731 3,02 3,509

11
IMAGING SCIENCE
PHOTOGRAPHIC
TECHNOLOGY

�¡à�¡®âª� ¨§®¡à�-
¦¥−¨©, â¥å−®«®£¨¨

ä®â®£à�ä¨¨
4,221 3,338 1,096

12 NEUROSCIENCES �¥©à®−�ãª¨ 3,097 3,242 4,386

13
ENGINEERING
MULTIDISCIPLINARY

ˆ−¦¥−¥à¨ï: ¬¥¦¤¨á-
æ¨¯«¨−�à−ë¥ áâ�âì¨ 2,936 1,875 2,851

14
COMPUTER SCIENCE
CYBERNETICS

‚ëç¨á«¨â¥«ì−�ï
â¥å−¨ª�: ª¨¡¥à−¥â¨ª� 2,894 2,734 7,237

16
OPERATIONS RESEARCH
MANAGEMENT SCIENCE

ˆáá«¥¤®¢�−¨¥
®¯¥à�æ¨© 2,697 1,875 1,754

17 MATHEMATICS APPLIED
�à¨ª«�¤−�ï
¬�â¥¬�â¨ª� 2,681 3,973 6,579

18
MATHEMATICAL
COMPUTATIONAL
BIOLOGY

Œ�â¥¬�â¨ç¥áª�ï
¢ëç¨á«¨â¥«ì−�ï

¡¨®«®£¨ï
2,453 1,526 2,632
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‘âà�â¥£¨ï ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª ¢ ®¡«�áâ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� II

6 Заключение

�® à¥§ã«ìâ�â�¬ ¯à®¢¥¤¥−−®£® áâ�â¨áâ¨ç¥áª®£® �−�«¨§� −�ãª®¬¥âà¨ç¥áª¨å
¯®ª�§�â¥«¥© ¢ ®¡«�áâ¨ AI R&D ¬®¦−® á¤¥«�âì á«¥¤ãîé¨¥ ¢ë¢®¤ë.

1. ÷®áá¨©áª�ï ”¥¤¥à�æ¨ï §�−¨¬�¥â 22-¥ ¬¥áâ® ¯® ¯ã¡«¨ª�æ¨®−−®© �ªâ¨¢−®áâ¨
¢ ®¡«�áâ¨ AI R&D §� ¯®á«¥¤−¨¥ 20 «¥â | 1,19% ®â ®¡é¥£® ç¨á«� ¯ã¡«¨ª�æ¨©.

2. �® ç¨á«ã ¯ã¡«¨ª�æ¨© −¨ ®¤−� ¨§ à®áá¨©áª¨å ®à£�−¨§�æ¨© −¥ ¢å®¤¨â ¢ ç¨á«®
25 ªàã¯−¥©è¨å ®à£�−¨§�æ¨©-¨áâ®ç−¨ª®¢ ¯ã¡«¨ª�æ¨© ¢ ®¡«�áâ¨ AI R&D.

3. �® ç¨á«ã ã¯®¬¨−�−¨© ¨áâ®ç−¨ª®¢ ä¨−�−á¨à®¢�−¨ï ¨áá«¥¤®¢�−¨© −¨ ®¤−�
¨§ à®áá¨©áª¨å ®à£�−¨§�æ¨© −¥ ¢å®¤¨â ¢ ç¨á«® 25 ªàã¯−¥©è¨å á¯®−á®à®¢
¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ AI R&D.

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

5. ‘à¥¤¨ 25 ®à£�−¨§�æ¨©, á¯®−á¨à®¢�¢è¨å −�¨¡®«ìè¥¥ ç¨á«® áâ�â¥© ¯® â¥¬�â¨-
ª¥ AI R&D, −¥â −¨ ®¤−®© ª®¬¬¥àç¥áª®© ®à£�−¨§�æ¨¨ | â®«ìª® �ª�¤¥¬¨ç¥áª¨¥
¨ ®¡à�§®¢�â¥«ì−ë¥.

6. ‘®£«�á−® ¨−ä®à¬�æ¨¨, ãª�§�−−®© ¢ áâ�âìïå, ®¯ã¡«¨ª®¢�−−ëå ¢ 2000{
2019 ££., −¥ ¡®«¥¥ 47% ¯ã¡«¨ª�æ¨© ÷�� ¢ ®¡«�áâ¨ AI R&D ä¨−�−á¨à®¢�«¨áì
à®áá¨©áª¨¬¨ £®áã¤�àáâ¢¥−−ë¬¨ ®à£�−¨§�æ¨ï¬¨. �áâ�«ì−ë¥ ¨áâ®ç−¨ª¨ ä¨-
−�−á¨à®¢�−¨ï | §�àã¡¥¦−ë¥.

7. �−�«¨§¨àãï à�á¯à¥¤¥«¥−¨¥ ¯ã¡«¨ª�æ¨© ¯® ®âà�á«ï¬ AI R&D, ¬®¦−® á¤¥«�âì
¢ë¢®¤, çâ® 18 ¨§ 25 −�¨¡®«¥¥ �ªâã�«ì−ëå ¬¨à®¢ëå ®âà�á«¥© â�ª¦¥ ¢å®¤ïâ
¢ ªàã£ ¨−â¥à¥á®¢ à®áá¨©áª¨å ãç¥−ëå, ¢ â®¬ ç¨á«¥ á®âàã¤−¨ª®¢ ÷��.

8. „«ï ¯à�ªâ¨ç¥áª¨å à�§à�¡®â®ª ¢ ®¡«�áâ¨ AI R&D ¢ ¨−â¥à¥á�å ®à£�−®¢ £®-
áã¤�àáâ¢¥−−®© ¢«�áâ¨, ¢ ®á®¡¥−−®áâ¨ ¢ ®¡«�áâïå ®¡®à®−ë ¨ ¡¥§®¯�á−®áâ¨,
¢¯®«−¥ ¢®§¬®¦−® ¯à¨¢«¥ç¥−¨¥ à®áá¨©áª¨å ãç¥−ëå | á®âàã¤−¨ª®¢ �ª�¤¥¬¨-
ç¥áª¨å ¨ ®¡à�§®¢�â¥«ì−ëå ®à£�−¨§�æ¨©. ÷®áâ ç¨á«� ¨å ¯ã¡«¨ª�æ¨© ¢ëè¥
®¡é¥¬¨à®¢®£®, � áä¥à� ¨−â¥à¥á®¢ ¢¯®«−¥ ¯®ªàë¢�¥â á®¢à¥¬¥−−ë¥ −�¯à�¢«¥-
−¨ï à�§¢¨â¨ï AI R&D.
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Abstract: The paper continues the series of works initiated in the previous
issue by the presentation of the results of the analysis of the impact of public
administration on the effectiveness of research and development in the field of
artificial intelligence (AI R&D). This second part of the cycle is devoted to the
analysis of AI R&D scientometric indicators carried out in the world and in the
Russian Federation in the period from 2000 to 2019. Information on the world
indexed scientific publications in the field of AI R&D is presented. Information
about the world publication activity in the field of AI R&D is provided.
The results of a comparative statistical analysis of scientometric indicators of
researchers from the Russian Federation and, specifically, employees of the
Russian Academy of Sciences, are discussed.
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АНАЛИТИЧЕСКИЕ СВОЙСТВА И АСПЕКТЫ ВЫЧИСЛЕНИЯ
ГАММА-ЭКСПОНЕНЦИАЛЬНОЙ ФУНКЦИИ∗

М. О. Воронцов1, А. А. Кудрявцев2, С. Я. Шоргин3

�−−®â�æ¨ï: ‘¬¥á¨ ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨© ¨£à�îâ ¢�¦−ãî à®«ì ¢ á®-
¢à¥¬¥−−®¬ �−�«¨§¥ ¨ ¬®¤¥«¨à®¢�−¨¨ á«®¦−ëå ¯à®æ¥áá®¢. �®«ìè®¥ ¢−¨¬�−¨¥
¨áá«¥¤®¢�â¥«¥© âà�¤¨æ¨®−−® ã¤¥«ï¥âáï à�á¯à¥¤¥«¥−¨ï¬, ®â−®áïé¨¬áï ª £�¬-
¬�-ª«�ááã. �á−®¢−ë¥ ¢¥à®ïâ−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¬�áèâ�¡−ëå á¬¥á¥©
®¡®¡é¥−−ëå £�¬¬�-à�á¯à¥¤¥«¥−¨© −¥ ¢ëà�¦�îâáï ¢ í«¥¬¥−â�à−ëå äã−ªæ¨-
ïå, çâ® ãá«®¦−ï¥â ¯à®æ¥áá �−�«¨â¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï ¨ §�ç�áâãî ¯à¨¢®¤¨â
ª −¥®¯à�¢¤�−−® ¡®«ìè¨¬ ¢ëç¨á«¨â¥«ì−ë¬ á«®¦−®áâï¬. ‚ à�¡®â¥ �−�«¨§¨àã-
îâáï á¢®©áâ¢� ¨ �á¯¥ªâë ¢ëç¨á«¥−¨ï á¯¥æ¨�«ì−®© £�¬¬�-íªá¯®−¥−æ¨�«ì−®©
äã−ªæ¨¨, §�à¥ª®¬¥−¤®¢�¢è¥© á¥¡ï ¢ ª�ç¥áâ¢¥ ã¤®¡−®£® ¨−áâàã¬¥−â� ¯à¨
¨áá«¥¤®¢�−¨¨ á¬¥á¥© ®¡®¡é¥−−ëå £�¬¬�-à�á¯à¥¤¥«¥−¨©. �à¨¢®¤¨¬ë¥ à¥-
§ã«ìâ�âë áãé¥áâ¢¥−−® à�áè¨àïîâ ¢®§¬®¦−®áâ¨ ¯à¨¬¥−¥−¨ï äã−ªæ¨© â¨¯�
Œ¨ââ�£-‹¥ää«¥à� ¤«ï �−�«¨§� ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨©.

Š«îç¥¢ë¥ á«®¢�: £�¬¬�-íªá¯®−¥−æ¨�«ì−�ï äã−ªæ¨ï; ®¡®¡é¥−−®¥ £�¬¬�-
à�á¯à¥¤¥«¥−¨¥; á¬¥è�−−ë¥ à�á¯à¥¤¥«¥−¨ï; ¢ëç¨á«¨â¥«ì−ë¥ �«£®à¨â¬ë

DOI: 10.14357/08696527210210

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢�¦−ãî à®«ì ¢ ¨§ãç¥−¨¨ à¥�«ì−ëå ¯à®æ¥áá®¢ ¨ ï¢«¥−¨©
¨£à�îâ ¬�áèâ�¡−ë¥ á¬¥á¨ à�á¯à¥¤¥«¥−¨©.

’�ª, ¢ à�¡®â¥ [1] à�áá¬�âà¨¢�¥âáï ¬�áèâ�¡−�ï á¬¥áì à�á¯à¥¤¥«¥−¨ï �à«�−-
£� ¨ à�á¯à¥¤¥«¥−¨ï, ¯«®â−®áâì ª®â®à®£® ®¡«�¤�¥â á¢®©áâ¢®¬ £¨¯¥à¡®«¨ç¥áª®©
¬®−®â®−−®áâ¨. �®ª�§�−®, çâ® ¤�−−�ï á¬¥áì ¨¬¥¥â à�á¯à¥¤¥«¥−¨¥ ¨§ ª«�áá�
®¡®¡é¥−−ëå £�¬¬�-á¢¥àâ®ª, � ¯®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¬®£ãâ −�©â¨ è¨à®ª®¥ ¯à¨-
¬¥−¥−¨¥ ¯à¨ ¨áá«¥¤®¢�−¨¨ ®¡®¡é¥−−ëå ¯ã�áá®−®¢áª¨å áã¬¬ ¨ ¯à®æ¥áá®¢ ‹¥¢¨.
‚ áâ�âì¥ [2] −�©¤¥−ë −®¢ë¥ á¯®á®¡ë ¯à¥¤áâ�¢«¥−¨ï ®¡®¡é¥−−®£® à�á¯à¥¤¥«¥-
−¨ï ‹¨−−¨ª� ¢ ¢¨¤¥ ¬�áèâ�¡−®© á¬¥á¨ à�á¯à¥¤¥«¥−¨©. ‚ ç�áâ−®áâ¨, ¯®ª�§�−®,

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 20-07-00655); ¨á-
á«¥¤®¢�−¨ï ¯à®¢®¤¨«¨áì ¢ à�¬ª�å ¯à®£à�¬¬ë Œ®áª®¢áª®£® æ¥−âà� äã−¤�¬¥−â�«ì−®© ¨ ¯à¨ª«�¤−®©
¬�â¥¬�â¨ª¨.

1Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. Œ. ‚. ‹®¬®−®á®¢�, ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®©
¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨, m.vtsov@mail.ru

2Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. Œ. ‚. ‹®¬®−®á®¢�, ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®©
¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨, nubigena@mail.ru

3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sshorgin@ipiran.ru
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�−�«¨â¨ç¥áª¨¥ á¢®©áâ¢� ¨ �á¯¥ªâë ¢ëç¨á«¥−¨ï £�¬¬�-íªá¯®−¥−æ¨�«ì−®© äã−ªæ¨¨

çâ® ®¡®¡é¥−−®¥ à�á¯à¥¤¥«¥−¨¥ ‹¨−−¨ª� ¯à¥¤áâ�¢¨¬® ¢ ¢¨¤¥ á¬¥á¨ −®à¬�«ì−®£®
à�á¯à¥¤¥«¥−¨ï á ®¡®¡é¥−−ë¬ à�á¯à¥¤¥«¥−¨¥¬ Œ¨ââ�£-‹¥ää«¥à�. “ª�§�−−ë¥
¯à¥¤áâ�¢«¥−¨ï ¯à¨¬¥−ïîâáï ¤«ï ¤®ª�§�â¥«ìáâ¢� àï¤� ¯à¥¤¥«ì−ëå â¥®à¥¬, ¢ ª®â®-
àëå à�á¯à¥¤¥«¥−¨¥ ‹¨−−¨ª� ¨£à�¥â à®«ì ¯à¥¤¥«ì−®£® à�á¯à¥¤¥«¥−¨ï. ‚ à�¡®â¥ [3]
à�áá¬�âà¨¢�¥âáï à�á¯à¥¤¥«¥−¨¥, ¯à¥¤áâ�¢«ïîé¥¥ á®¡®© ¬�áèâ�¡−ãî á¬¥áì à�á-
¯à¥¤¥«¥−¨ï ÷í«¥ï c ®¡®¡é¥−−ë¬ £�¬¬�-à�á¯à¥¤¥«¥−¨¥¬; ¯à¨¢®¤ïâáï ¢ëà�¦¥−¨ï
¤«ï ¥£® ¯«®â−®áâ¨, äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï, ¬®¬¥−â®¢, ª®íää¨æ¨¥−â®¢ �á¨¬-
¬¥âà¨¨ ¨ íªáæ¥áá�, � â�ª¦¥ ¨áá«¥¤ãîâáï í−âà®¯¨©−ë¥ á¢®©áâ¢�. �� ¯à¨¬¥à¥
®æ¥−ª¨ à¥�«ì−ëå ¤�−−ëå ¯®ª�§�−� íää¥ªâ¨¢−®áâì ¯à¨¬¥−¥−¨ï ¤�−−®© ¬®¤¥«¨
¯à¨ �−�«¨§¥ ¬¥¤¨æ¨−áª¨å ¨ −�¤¥¦−®áâ−ëå ¯®ª�§�â¥«¥©. ‚ áâ�âì¥ [4] â�ª −�-
§ë¢�¥¬ë¥ íà«�−£¨§¨à®¢�−−ë¥ ¬�áèâ�¡−ë¥ á¬¥á¨, ¯à¥¤áâ�¢«ïîé¨¥ á®¡®© á¬¥á¨
à�á¯à¥¤¥«¥−¨ï �à«�−£� á à�á¯à¥¤¥«¥−¨¥¬, ¨¬¥îé¨¬ −¥®âà¨æ�â¥«ì−ë© −®á¨â¥«ì,
¯à¨¬¥−ïîâáï ¯à¨ ¯®áâà®¥−¨¨ −®¢®£® ¬¥â®¤� ¢ëç¨á«¥−¨ï ¢¥à®ïâ−®áâ¥© à�§®à¥-
−¨ï ¢ ¬®¤¥«ïå à¨áª� Šà�¬¥à�{‹ã−¤¡¥à£� ¨ ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¤«ï �−�«¨§�
¬®¤¥«¥©, ¢ ª®â®àëå à�á¯à¥¤¥«¥−¨ï ¨¬¥îâ âï¦¥«ë¥ å¢®áâë. ‚ à�¡®â�å [5, 6]
¯®ª�§�−� íää¥ªâ¨¢−®áâì ¯à¨¬¥−¥−¨ï ¬�áèâ�¡−®© á¬¥á¨ à�á¯à¥¤¥«¥−¨ï ”à¥è¥
á £�¬¬�-à�á¯à¥¤¥«¥−¨¥¬ ¯à¨ ¨áá«¥¤®¢�−¨¨ à¥�«ì−ëå ¤�−−ëå ®¡ê¥¬� ¢ë¯�¢è¨å
®á�¤ª®¢. ÷ï¤ ¯à¨¬¥à®¢ ¬®¦−® ¯à®¤®«¦¨âì.

‚ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�îâáï á¢®©áâ¢� äã−ªæ¨¨, ¯®§¢®«ïîé¥© ®¯¨áë-
¢�âì ®á−®¢−ë¥ ¢¥à®ïâ−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¬�áèâ�¡−ëå á¬¥á¥© ®¡®¡é¥−−ëå
£�¬¬�-à�á¯à¥¤¥«¥−¨©, ª ç�áâ−ë¬ á«ãç�ï¬ ª®â®àëå ®â−®áïâáï íªá¯®−¥−æ¨�«ì−®¥
à�á¯à¥¤¥«¥−¨¥, £�¬¬�-à�á¯à¥¤¥«¥−¨¥, χ- ¨ χ2-à�á¯à¥¤¥«¥−¨ï, à�á¯à¥¤¥«¥−¨ï
�à«�−£�, ��ª�£�¬¨, ÷í«¥ï, Œ�ªá¢¥««�{�®«ìæ¬�−� ¨ ‚¥©¡ã««�, � â�ª¦¥ ¨å
¬�áèâ�¡¨à®¢�−−ë¥ ¨ ®¡à�â−ë¥ �−�«®£¨.

2 Гамма-экспоненциальная функция и ее аналитические свойства

‚ á«ãç�¥ ¨á¯®«ì§®¢�−¨ï ¤«ï ¬®¤¥«¨à®¢�−¨ï à�á¯à¥¤¥«¥−¨© á −¥®âà¨æ�â¥«ì-
−ë¬ −¥®£à�−¨ç¥−−ë¬ −®á¨â¥«¥¬ è¨à®ª® ¨á¯®«ì§ãîâáï ç�áâ−ë¥ á«ãç�¨ ®¡®¡é¥−-
−®£® £�¬¬�-à�á¯à¥¤¥«¥−¨ï, ¨¬¥îé¥£® ¯«®â−®áâì

f(x) =
|v|xvq−1e−(x/θ)v

θvq•(q)
, v 6= 0 , q > 0 , θ > 0 , x > 0 . (1)

÷�á¯à¥¤¥«¥−¨¥ (1) ¢¯¥à¢ë¥ ¡ë«® ¯à¥¤«®¦¥−® ¢ 1920-å ££. ¨â�«ìï−áª¨¬ íª®-
−®¬¨áâ®¬ ‹. �¬®à®§® [7], �ªâ¨¢−® ¨á¯®«ì§®¢�«®áì ¢ 1940-å ££. á®¢¥âáª¨¬¨
£¨¤à®«®£�¬¨ ‘. �. Šà¨æª¨¬ ¨ Œ. ”. Œ¥−ª¥«¥¬ [8,9], −® §�ç�áâãî �áá®æ¨¨àã¥â-
áï á ¨¬¥−¥¬ …. ‘âí©á¨, à�áá¬®âà¥¢è¥£® ¢ 1962 £. ç�áâ−ë© á«ãç�© à�á¯à¥¤¥«¥−¨ï
�¬®à®§® [10].

‚¥à®ïâ−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¬�áèâ�¡−ëå á¬¥á¥© à�á¯à¥¤¥«¥−¨ï (1) −¥
¯à¥¤áâ�¢¨¬ë ¢ í«¥¬¥−â�à−ëå äã−ªæ¨ïå. ‚ à�¡®â¥ [11] ¤«ï ®¯¨á�−¨ï ¯«®â−®áâ¨
¯à®¨§¢¥¤¥−¨ï ¤¢ãå −¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥«¨ç¨−, ¨¬¥îé¨å à�á¯à¥¤¥«¥−¨ï
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ƒà�ä¨ª¨ £�¬¬�-íªá¯®−¥−æ¨�«ì−®© äã−ªæ¨¨ ¯à¨ à�§«¨ç−ëå §−�ç¥−¨ïå ¯�à�¬¥âà®¢: 1 |
α = 0,1, β = 1; 2 | α = 0,5, β = 1; 3 | α = 0,8, β = 1; 4 | α = 0,5, β = 0,5; 5 |
α = 0,5, β = 3,5

¢¨¤� (1), ¡ë«® ¯à¥¤«®¦¥−® ¨á¯®«ì§®¢�âì á¯¥æ¨�«ì−ãî £�¬¬�-íªá¯®−¥−æ¨�«ì−ãî
äã−ªæ¨î

Geα, β(x) =

∞
∑

k=0

xk

k!
•(αk + β), 0 ≤ α < 1 , β > 0 , x ∈ R . (2)

”ã−ªæ¨ï (2) ®¡®¡é�¥â −� á«ãç�© β 6= 1 ¯à¥®¡à�§®¢�−¨¥, ¢¢¥¤¥−−®¥ ‹¥àã� [12]
¤«ï ¨áá«¥¤®¢�−¨ï ¯à®¨§¢®¤ïé¨å äã−ªæ¨© á¯¥æ¨�«ì−®£® ¢¨¤�. Šà®¬¥ â®£®,
äã−ªæ¨î (2) ¬®¦−® à�áá¬�âà¨¢�âì (¯à¨ −¥ª®â®àëå ¤®¯ãé¥−¨ïå) ª�ª ç�áâ−ë©
á«ãç�© äã−ªæ¨¨ ‘à¨¢�áâ�¢�{’®¬®¢áª¨ [13], ®¡®¡é�îé¥© äã−ªæ¨î Œ¨ââ�£-
‹¥ää«¥à� [14].

�� à¨áã−ª¥ ¯à¨¢¥¤¥−ë £à�ä¨ª¨ £�¬¬�-íªá¯®−¥−æ¨�«ì−®© äã−ªæ¨¨ ¯à¨ à�§-
«¨ç−ëå §−�ç¥−¨ïå ¯�à�¬¥âà®¢.

�−�«¨â¨ç¥áª¨¥ á¢®©áâ¢� £�¬¬�-íªá¯®−¥−æ¨�«ì−®© äã−ªæ¨¨ ¢® ¬−®£®¬ ¡�§¨-
àãîâáï −� á«¥¤ãîé¥¬ ãâ¢¥à¦¤¥−¨¨ [15].

‹¥¬¬� 1. �ãáâì a, b, p, s > 0. ’®£¤�

∞
∫

0

y−p−1e−a/y−(b/y)s dy =



















b−ps−1Ge1/s, p/s

(

−a
b

)

, s > 1 ;

a−pGes, p

(

−
(

b
a

)s
)

, s < 1 ;

(a+ b)−p•(p), s = 1 .

‚ à�¡®â¥ [11] ¡ë«¨ ®¡®á−®¢�−ë á«¥¤ãîé¨¥ �−�«¨â¨ç¥áª¨¥ á¢®©áâ¢� £�¬¬�-íªá-
¯®−¥−æ¨�«ì−®© äã−ªæ¨¨ (2). ‚¥§¤¥ ¤�«¥¥, ¥á«¨ −¥ ãª�§�−® ¨−®¥, á«¥¤ã¥â áç¨â�âì,
çâ® ãâ¢¥à¦¤¥−¨¥ ¢ë¯®«−¥−® ¤«ï ¢á¥å α ∈ [0, 1), β > 0, x ∈ R, n = 0, 1, . . .

1. Geα, β(x)| −¥¯à¥àë¢−�ï äã−ªæ¨ï.
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2. Ge1, n+1(x) = (x
n/(1 − x))(n)x , |x| < 1. ‚ ç�áâ−®áâ¨, Ge1, 1(x) = 1/(1− x)

¨ Ge1, 2(x) = 1/(1 − x)2, |x| < 1. �®¤ Ge1, β(x) ¢ ¤�−−®¬ á«ãç�¥ ¯®−¨¬�¥âáï
àï¤ (2) ¯à¨ α = 1.

3. Ge
(n)
α, β(x) = Geα, αn+β(x).

4. Geα, β(0) = •(β).

5. Ge0, β(x) = •(β)e
x.

6. Geα, 1(x) = 1 + αxGeα, α(x), 0 < α < 1.

7. Geα, β+1(x) = αxGeα, α+β(x) + βGeα, β(x).

8.

∞
∑

k=0

(xk/k!)Ge1/p, (k+p)/p(−x) = 1, x > 0, p > 1.

9. lim
x→−∞

Geα, β(x) = 0.

10.

+∞
∫

0

Geα, α+1(−x) dx = 1, 0 < α < 1.

11. Geα, β(x) > 0.

12. Geα, β(x)| áâà®£® ¬®−®â®−−�ï äã−ªæ¨ï.

��§¨àãïáì −� ¢§�¨¬®á¢ï§¨ ®á−®¢−ëå ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª (¯«®â-
−®áâì, äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï, ¬®¬¥−âë) ¬�áèâ�¡−ëå á¬¥á¥© §�ª®−®¢ ¨§ £�¬¬�-
ª«�áá� [16], ¢ëà�¦�¥¬ëå ¢ â¥à¬¨−�å äã−ªæ¨¨ (2), ¬®¦−® ¯®«ãç¨âì á«¥¤ãîé¨¥
ãâ¢¥à¦¤¥−¨ï.

13.

x
∫

0

up−1Geα, αp+1(−u) du = αxpGeα, αp(−x), p > 0, α ∈ (0, 1), x > 0.

14.

∞
∫

0

uz+p−1Geα, αp+1(−u) du = •(z + p)•(1− αz), p > 0, −p < z <
1

α
.

15.

∞
∫

0

uzGeα, α+β(−u) du = •(z + 1)•(β − αz), −1 < z <
β

α
.

�¥à¥å®¤ï ª ¯à¥¤¥«ã ¯à¨ x→ ∞ ¢ 13 ¨ ¯à¨¬¥−ïï 14, ¯®«ãç�¥¬

16. limx→∞ αxβ/αGeα, β(−x) = •
(

β

α

)

, α ∈ (0, 1).

ˆ§ á¢®©áâ¢ 4 ¨ 5, «¥¬¬ë 1 ¨ â¥®à¥¬ë ‹¥¡¥£� ® ¯à¥¤¥«ì−®¬ ¯¥à¥å®¤¥ ¯®¤
§−�ª®¬ ¨−â¥£à�«� ¢ëâ¥ª�¥â á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥:
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17. Geα, β(x) =

∞
∫

0

yβ−1e−y+xyα

dy.

�à¨ ¯®¬®é¨ ¯®á«¥¤−¥£® á¢®©áâ¢� ¨ â¥®à¥¬ë ® −¥¯à¥àë¢−®áâ¨ −¥á®¡áâ¢¥−−®£®
¨−â¥£à�«� ¯® ¯�à�¬¥âàã −¥âàã¤−® ¯®«ãç¨âì á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥:

18. Geα, β(x) −¥¯à¥àë¢−� ¯® ¯�à�¬¥âà�¬ α ¨ β.

‘«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥, ¤®ª�§�−−®¥ ¢ [12] ¤«ï β = 1, ¤®¯ãáª�¥â ®¡®¡é¥−¨¥
−� á«ãç�© ¯à®¨§¢®«ì−®£® β > 0 ¨ ®¡®á−®¢ë¢�¥âáï ¯à¨¬¥−¥−¨¥¬ á¢®©áâ¢� 17
¨ â¥®à¥¬ë ® −¥¯à¥àë¢−®áâ¨ −¥á®¡áâ¢¥−−®£® ¨−â¥£à�«� ¯® ¯�à�¬¥âàã:

19. lim
α→1
Geα, β(x) =

•(β)

1− x
, x < 1.

ƒ�¬¬�-íªá¯®−¥−æ¨�«ì−�ï äã−ªæ¨ï ¤®¯ãáª�¥â à�§«¨ç−ë¥ ¯à¥¤áâ�¢«¥−¨ï ¯à¨
¯®¬®é¨ ª«�áá¨ç¥áª¨å á¯¥æ¨�«ì−ëå äã−ªæ¨©. ‚ à�¡®â¥ [17] ¡ë«¨ ®¡®á−®¢�−ë
á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥−¨ï:

20. Geα, β(−x) = H1111
[

x
∣

∣

∣

(β, α)
(0, 1)

]

, 0 < α < 1, x > 0,

£¤¥ H1111 [x | ·]| H-äã−ªæ¨ï ”®ªá� [18].

21. Gem/n, c(−x) =
n−1
∑

k=0

(−x)k
k!
•

(

c+ k
m

n

)

m+1Fn

[

1,–(m, c+ km/n) ;
– (n, 1 + k)

]

×

×
(

mm

nn
(−x)n

)

, c > 0, x > 0,

£¤¥ m ¨ n | ¢§�¨¬−® ¯à®áâë¥ −�âãà�«ì−ë¥ ç¨á«� (m < n); pFq[·](x) |
®¡®¡é¥−−�ï £¨¯¥à£¥®¬¥âà¨ç¥áª�ï äã−ªæ¨ï [18];

–(k, a) =
a

k
,
a+ 1

k
, . . . ,

a+ k − 1
k

.

ˆá¯®«ì§ãï á®®â−®è¥−¨¥ 5.2.11.14 ¨§ [19], ¯®«ãç�¥¬ á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥:

22. Ge1/2, β(x) = 2
1−β•(2β)ex

2/8D−2β

(

− x√
2

)

,

£¤¥ Dν(z)| äã−ªæ¨ï ¯�à�¡®«¨ç¥áª®£® æ¨«¨−¤à�.

3 Алгоритм вычисления гамма-экспоненциальной функции

�«£®à¨â¬ ¡ëáâà®£® ¢ëç¨á«¥−¨ï £�¬¬�-íªá¯®−¥−æ¨�«ì−®© äã−ªæ¨¨ ¯à¥¤áâ�¢-
«ï¥â á®¡®© −¥âà¨¢¨�«ì−ãî §�¤�çã. ‘«¥¤ãîé¨¥ ¤¢� ãâ¢¥à¦¤¥−¨ï ¨£à�îâ ¢ −¥©
¢�¦−ãî à®«ì.
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�¡®§−�ç¨¬ ¬®¤ã«ì k-£® ç«¥−� àï¤� (2) ç¥à¥§

gk =
|x|k
k!
•(αk + β);

¢¢¥¤¥¬ ®¡®§−�ç¥−¨ï

δ(k) ≡ gk+1

gk
=

|x|
k + 1

•(α(k + 1) + β)

•(αk + β)
;

δ(k) =
|x|
k

•(α(k + 1) + β)

•(αk + β)
.

’¥®à¥¬� 1. �ãáâì α ∈ (0, 1), β > 0, x ∈ R, ε > 0, m ∈ N. ’®£¤� ¥á«¨

δ(m) < 1,
gm

1− δ(m)
< ε ,

â®
∞
∑

k=m

|x|k
k!
•(αk + β) < ε .

„ ® ª � § � â ¥ « ì á â ¢ ® . �®ª�¦¥¬, çâ® δ(y) < δ(m) ¯à¨ y ≥ m. ˆ§ ®¯à¥¤¥«¥−¨ï

δ(y) ¨ δ(y) á«¥¤ã¥â, çâ® δ(y) < δ(y) ¯à¨ y > 0; á«¥¤®¢�â¥«ì−®, ¤®áâ�â®ç−®

¯®ª�§�âì, çâ® δ(y) −¥ ¢®§à�áâ�¥â −� y ∈ [1,+∞). ˆ¬¥¥¬

δ
′
(y) =

|x|•(α(y + 1) + β)
y•(αy + β)

(

α (ψ (α(y + 1) + β)− ψ(αy + β))− 1
y

)

,

£¤¥ ψ(z) = •′(z)/•(z) | ¤¨£�¬¬�-äã−ªæ¨ï. ˆ§¢¥áâ−® [19], çâ® ψ(z) áâà®£®
¢®§à�áâ�¥â −� ¯®«®¦¨â¥«ì−®© ¯®«ã®á¨, � â�ª¦¥

ψ(z + 1) = ψ(z) +
1

z
.

�âáî¤�

α(ψ(α(y+1)+β)−ψ(αy+β)) < α(ψ(αy+β+1)−ψ(αy+β)) = α

αy + β
<
1

y

¯à¨ y > 0 ¨, á«¥¤®¢�â¥«ì−®, δ
′
(y) < 0 ¯à¨ y > 0.

�à¨ k ≥ m ¤«ï gk ¨¬¥¥¬

gk = δ(k − 1)δ(k − 2) · · · δ(m)gm ≤ (δ(m))k−mgm,
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®âªã¤�

∞
∑

k=m

|x|k
k!
•(αk + β) =

∞
∑

k=m

gk ≤
∞
∑

k=m

(

δ(m)
)k−m

gm =

= gm

∞
∑

k=0

(

δ(m)
)k
=

gm

1− δ(m)
< ε ,

çâ® ¨ âà¥¡®¢�«®áì ¤®ª�§�âì.

’¥®à¥¬� 2. �ãáâì α ∈ (0, 1), β > 0, x ≤ 0, ε > 0, m ∈ N. ’®£¤� ¥á«¨

δ(m) < 1, gm < ε, â®
∣

∣

∣

∣

∣

∞
∑

k=m

xk

k!
•(αk + β)

∣

∣

∣

∣

∣

< ε .

„ ® ª � § � â ¥ « ì á â ¢ ® . ‚ ¤®ª�§�â¥«ìáâ¢¥ â¥®à¥¬ë 1 ¯®ª�§�−®, çâ® δ(k) < δ(m)
¯à¨ k ≥ m. ‘«¥¤®¢�â¥«ì−®, δ(k) < 1 ¯à¨ k ≥ m, ®âªã¤� gk+1 < gk ¯à¨ k ≥ m.
ˆ¬¥¥¬

∣

∣

∣

∣

∣

∞
∑

k=m

xk

k!
•(αk + β)

∣

∣

∣

∣

∣

=

∣

∣

∣

∣

∣

∞
∑

k=m

(−1)kgk

∣

∣

∣

∣

∣

≤ gm < ε .

’¥®à¥¬� ¤®ª�§�−�.

�á−®¢ë¢�ïáì −� â¥®à¥¬�å 1 ¨ 2, ¬®¦−® ¯à¥¤«®¦¨âì á«¥¤ãîé¨© �«£®à¨â¬
¢ëç¨á«¥−¨ï £�¬¬�-íªá¯®−¥−æ¨�«ì−®© äã−ªæ¨¨.

�à¨ α = 0 (á¬. á¢®©áâ¢® 5) Ge0, β(x) = •(β)e
x. ‡�¤�ç� ¢ëç¨á«¥−¨ï àï¤� (2)

¯à¨ §�¤�−−ëå α ∈ (0, 1), β > 0, x ∈ R ¨ �¡á®«îâ−®© â®ç−®áâ¨ ε > 0 á¢®¤¨âáï
ª −�å®¦¤¥−¨î â�ª®£® m, çâ®

∣

∣

∣

∞
∑

k=m

xk

k!
•(αk + β)

∣

∣

∣
< ε .

„«ï ®¡¥á¯¥ç¥−¨ï §�¤�−−®£® ãà®¢−ï â®ç−®áâ¨ ¯®á«¥¤®¢�â¥«ì−® ¯® k =
= 0, 1, 2, . . . ¢ëç¨á«ïîâáï ç«¥−ë àï¤� (2) ¨ ç¨á«� δ(k − 1), k = 2, 3, . . . ��
ª�¦¤®¬ íâ�¯¥ ¯à®¢¥àï¥âáï ¢ë¯®«−¥−¨¥ ãá«®¢¨© â¥®à¥¬ë 1, ¥á«¨ x > 0, ¨«¨
â¥®à¥¬ë 2, ¥á«¨ x < 0. ‚ á«ãç�¥ ¢ë¯®«−¥−¨ï âà¥¡ã¥¬ëå ãá«®¢¨© ¯à®æ¥áá
¢ëç¨á«¥−¨ï ®áâ�−�¢«¨¢�¥âáï ¨ ¢ë¤�¥âáï ®â¢¥â.

�à¨ ¤®áâ�â®ç−® ¬�«ëå §−�ç¥−¨ïå |x| ¤�−−ë© �«£®à¨â¬ ¯®§¢®«ï¥â −� ¯®àï¤ª¨
ã¢¥«¨ç¨âì áª®à®áâì ¢ëç¨á«¥−¨ï £�¬¬�-íªá¯®−¥−æ¨�«ì−®© äã−ªæ¨¨ (2) ¯® áà�¢-
−¥−¨î á ¬¥â®¤�¬¨ ç¨á«¥−−®£® ¨−â¥£à¨à®¢�−¨ï, ®á−®¢�−−ë¬¨ −� á¢®©áâ¢¥ 17.
�â®â íää¥ªâ áâ�−®¢¨âáï ®á®¡¥−−® §�¬¥â¥− ¯à¨ ã¢¥«¨ç¥−¨¨ âà¥¡ã¥¬®© â®ç−®áâ¨
¢ëç¨á«¥−¨©.
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4 Заключение

‚ à�¡®â¥ ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë, ª�á�îé¨¥áï á¢®©áâ¢ £�¬¬�-íªá¯®−¥−-
æ¨�«ì−®© äã−ªæ¨¨. �â¨ à¥§ã«ìâ�âë ¬®£ãâ ¡ëâì ¯®«¥§−ë ¯à¨ ¨áá«¥¤®¢�−¨¨
¬�áèâ�¡−ëå á¬¥á¥© ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨©, ¢ ¯¥à¢ãî ®ç¥à¥¤ì | ®¡®¡-
é¥−−ëå £�¬¬�-à�á¯à¥¤¥«¥−¨©. �à¨¢®¤¨¬ë¥ �−�«¨â¨ç¥áª¨¥ á¢®©áâ¢� ¤®¯®«−ïîâ
¨ à�áè¨àïîâ ¨§¢¥áâ−ë¥ ãâ¢¥à¦¤¥−¨ï ¤«ï −¥ª®â®àëå ®¡®¡é¥−¨© äã−ªæ¨¨ Œ¨â-
â�£-‹¥ää«¥à�, � ¢ëç¨á«¨â¥«ì−ë¥ �«£®à¨â¬ë ¯®§¢®«ïîâ ¨á¯®«ì§®¢�âì £�¬¬�-
íªá¯®−¥−æ¨�«ì−ãî äã−ªæ¨î ¢ ¯à¨«®¦¥−¨ïå.
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Abstract: Mixtures of probability distributions play an important role in
modern analysis and modeling of complex processes. Traditionally, much research
attention is paid to the distributions from the gamma class. The main probabilistic
characteristics of scale mixtures of generalized gamma distributions cannot be
expressed in elementary functions that complicates the process of analytical
research and often leads to unreasonably large computational difficulties. The
paper analyzes aspects of computation and analytical properties of the gamma-
exponential function which has proven itself as a convenient tool for studying scale
mixtures of generalized gamma distributions. The presented results expand the
usage of functions like the Mittag-Leffler function in the analysis of probability
distributions.
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ВАРИАНТ КОНЦЕПТУАЛЬНОЙ СХЕМЫ БАЗЫ ГЕОДАННЫХ
С ПОДДЕРЖКОЙ ОБРАТИМОЙ ГЕНЕРАЛИЗАЦИОННОЙ

СВЯЗАННОСТИ МОДЕЛЕЙ ГЕООБЪЕКТОВ

Д. А. Никишин1

�−−®â�æ¨ï: �à¥¤áâ�¢«¥−� áâàãªâãà� ª®−æ¥¯âã�«ì−®© áå¥¬ë ¨ ®á−®¢−ë¥
¯à®¥ªâ−ë¥ à¥è¥−¨ï ¤«ï ¯®áâà®¥−¨ï ¢�à¨�−â� ¡�§ë £¥®¤�−−ëå (�ƒ„), ®¡¥á¯¥-
ç¨¢�îé¥© ¯®¤¤¥à¦ªã ®¡à�â¨¬®© £¥−¥à�«¨§�æ¨®−−®© á¢ï§�−−®áâ¨ £¥®¬®¤¥«¥©,
¯à¥¤áâ�¢«ïîé¨å £¥®®¡ê¥ªâë á à�§−®© áâ¥¯¥−ìî ¤¥â�«¨§�æ¨¨. �â® ¯®§¢®«¨â
à�áè¨à¨âì äã−ªæ¨®−�«ì−®áâì ¯¥àá¯¥ªâ¨¢−ëå �ƒ„ §� áç¥â ¯à¨¬¥−¥−¨ï ¬ã«ì-
â¨¬�áèâ�¡−ëå ¬¥â®¤®¢ �−�«¨§� £¥®¤�−−ëå ¨ à¥è¥−¨ï ¯® −¨¬ á®®â¢¥âáâ¢ãîé¨å
§�¤�ç. ‚ ç�áâ−®áâ¨, â�ª�ï ¬ã«ìâ¨¬�áèâ�¡−�ï áâàãªâãà� �ƒ„ ¯®§¢®«¨â ä®à-
¬�«¨§®¢�âì ¯à®æ¥ááë £¥−¥à�«¨§�æ¨¨ ¨ ª®−âà®«ï æ¥«®áâ−®áâ¨ ¤�−−ëå ¢ �ƒ„
¨ â¥¬ á¯®á®¡áâ¢®¢�âì ¨å �¢â®¬�â¨§�æ¨¨.

Š«îç¥¢ë¥ á«®¢�: ¡�§ë £¥®¤�−−ëå; ª®−æ¥¯âã�«ì−�ï áå¥¬� ¡�§ë £¥®¤�−−ëå;
¬®¤¥«¨à®¢�−¨¥ £¥®®¡ê¥ªâ®¢; ®¡à�â¨¬�ï £¥−¥à�«¨§�æ¨ï £¥®¬®¤¥«¥©

DOI: 10.14357/08696527210211

1 Введение

÷�−¥¥, ¢ ¯ã¡«¨ª�æ¨¨ [1], ¡ë«¨ à�áá¬®âà¥−ë ¯à¥¤¯®áë«ª¨ ¤«ï á®§¤�−¨ï ¥¤¨−®©
ª®−æ¥¯âã�«ì−®© áå¥¬ë2 ª«�áá¨ä¨ª�æ¨¨ â®¯®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨, −�æ¥«¥−-
−®© ¢ â®¬ ç¨á«¥ −� ã−¨ä¨ª�æ¨î ¨ ¨−â¥£à�æ¨î ç�áâ−ëå ª®−æ¥¯âã�«ì−ëå áå¥¬
¤«ï ®â¤¥«ì−ëå ãà®¢−¥© ¤¥â�«¨§�æ¨¨ (¬�áèâ�¡®¢) ¨ ¯à¨ª«�¤−ëå §�¤�ç. ‚ íâ®¬
ª®−â¥ªáâ¥ ¢ ¤�−−®© à�¡®â¥ ¤¥â�«ì−® à�áá¬®âà¥−ë ®á−®¢−ë¥ ¯à®¥ªâ−ë¥ à¥è¥−¨ï
¨ áâàãªâãàë ¤�−−ëå, ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï ¯®áâà®¥−¨ï ¢®§¬®¦−®£® ¢�à¨�−â�
¬®¤¥«¨ �ƒ„, ¯®¤¤¥à¦¨¢�îé¥© ®¡à�â¨¬ãî £¥−¥à�«¨§�æ¨®−−ãî á¢ï§�−−®áâì ®â-
¤¥«ì−ëå ¬®¤¥«¥©, ¯à¥¤áâ�¢«ïîé¨å £¥®®¡ê¥ªâë á à�§−®© áâ¥¯¥−ìî ¤¥â�«¨§�æ¨¨.
�â® ¯®§¢®«¨â ®¡¥á¯¥ç¨âì ¯®â¥−æ¨�« ¤«ï á®¢¥àè¥−áâ¢®¢�−¨ï ¬¥â®¤®«®£¨¨ �−�«¨§�
¨ ®â®¡à�¦¥−¨ï ¨−ä®à¬�æ¨¨ ® ¬¥áâ−®áâ¨, ª®â®àãî ¬®¦−® à�áá¬�âà¨¢�âì ª�ª ®¤¨−
¨§ ¢�¦−¥©è¨å ª®¬¯®−¥−â®¢ ¨−ä®à¬�æ¨®−−ëå, ã¯à�¢«ïîé¨å ¨ â¥«¥ª®¬¬ã−¨ª�-
æ¨®−−ëå á¨áâ¥¬ (ˆ“’‘).

ˆáá«¥¤®¢�−¨ï ¯à®¢®¤ïâáï ¢ ª®−â¥ªáâ¥ ®¡é¥£® −�¯à�¢«¥−¨ï ¨áá«¥¤®¢�−¨©
¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨© [2] ¨ ¯®«¨�¤¨ç¥áª®£® ª®¬¯ìîâ¨−£� [3] ¢ à�¬ª�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, dmnikishin@mail.ru

2Š®−æ¥¯âã�«ì−�ï áå¥¬� §¤¥áì ¯®−¨¬�¥âáï ª�ª á¨áâ¥¬� ¢§�¨¬®á¢ï§�−−ëå ¯®−ïâ¨©, −¥®¡å®¤¨¬�ï
¨ ¤®áâ�â®ç−�ï ¤«ï ®¯¨á�−¨ï âà¥¡ã¥¬®£® �á¯¥ªâ� ¬®¤¥«¨àã¥¬®£® ®¡ê¥ªâ�, ¢ª«îç�îé�ï ¬®¤¥«¨
£¥®®¡ê¥ªâ®¢, á®¯àï¦¥−−ë¥ á −¨¬¨ ®£à�−¨ç¥−¨ï ¨ ¬¥â®¤ë ¨å ®¡à�¡®âª¨.
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„. �. �¨ª¨è¨−

§�¤�ç¨ ¨áá«¥¤®¢�−¨ï á¢®©áâ¢� ®¡à�â¨¬®áâ¨ ¯à®æ¥áá®¢ £¥−¥à�«¨§�æ¨¨ ¯à®áâà�−-
áâ¢¥−−®-¢à¥¬¥−− �ëå ¤�−−ëå ¢ ˆ“’‘.

2 Множественность представления геообъектов

‚ �ƒ„ ¯à¥¤¯®«�£�¥âáï −�«¨ç¨¥ −¥áª®«ìª¨å ãà®¢−¥© ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå
® £¥®®¡ê¥ªâ�å, ª®â®àë¥ ®â«¨ç�îâáï ¬¥¦¤ã á®¡®© áâ¥¯¥−ìî ®¡®¡é¥−¨ï (£¥−¥à�«¨-
§�æ¨¨), ¨«¨ ¦¥, ®â ¯à®â¨¢−®£®, | áâ¥¯¥−ìî ¯®¤à®¡−®áâ¨, ¤¥â�«ì−®áâ¨ ¤�−−ëå [4].
„«ï ®¡®§−�ç¥−¨ï â�ª®£® ãà®¢−ï ¨á¯®«ì§ã¥âáï ª®−¢¥−æ¨®−�«ì−ë© â¥à¬¨− | ãà®-
¢¥−ì ¤¥â�«¨§�æ¨¨ (�−£«. Level of Details, LoD) [5, 6].

ƒ¥®®¡ê¥ªâ ¢ §�¢¨á¨¬®áâ¨ ®â á¢®¨å à�§¬¥à®¢ −� ¬¥áâ−®áâ¨ ¨ â¥ªãé¥£® ãà®¢−ï
¤¥â�«¨§�æ¨¨ ¬®¤¥«¨ ¬¥áâ−®áâ¨ (¥¥ ú¬�áèâ�¡−®£® ãà®¢−ïû) ¬®¦¥â ®¯¨áë¢�âìáï
à�§«¨ç−®: ª�ª á®áâ�¢−®© ®¡ê¥ªâ [7], ª�ª ®¤−®à®¤−�ï ®¡«�áâì (¯®«¨£®−) «¨¡®
ª�ª ®¡®¡é¥−−ë©, ú¢−¥¬�áèâ�¡−ë©û ®¡ê¥ªâ («¨−¥©−ë© ¨«¨ â®ç¥ç−ë©). �à¨
íâ®¬ à�§«¨ç¨ï íâ¨å ¯à¥¤áâ�¢«¥−¨© (¬®¤¥«¥©) £¥®®¡ê¥ªâ� −®áïâ ª®¬¯«¥ªá−ë©
å�à�ªâ¥à: à¥çì ¨¤¥â ®¡ ®¡®¡é¥−¨¨ −¥ â®«ìª® ¯à®áâà�−áâ¢¥−−®£® ®¯¨á�−¨ï, −®
¨ á¥¬�−â¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª £¥®®¡ê¥ªâ�. Šà®¬¥ â®£®, £¥®®¡ê¥ªâ ¬®¦¥â ¨¬¥âì
à�§−ë¥ ¯à¥¤áâ�¢«¥−¨ï ¤�¦¥ ¢ ª®−â¥ªáâ¥ ®¤−®£® LoD, â�ª¦¥ ®â«¨ç�îé¨¥áï ¯®
áâ¥¯¥−¨ ¤¥â�«ì−®áâ¨ ¯à®áâà�−áâ¢¥−−®£® ¨/¨«¨ á¥¬�−â¨ç¥áª®£® ®¯¨á�−¨ï [1].

’�ª¨¬ ®¡à�§®¬, ª�¦¤ë© £¥®®¡ê¥ªâ ¢ ®¡é¥¬ á«ãç�¥ ¬®£ãâ ¯à¥¤áâ�¢«ïâì −¥-
áª®«ìª® ¢�à¨�−â®¢ ¥£® ¬®¤¥«ì−ëå ®¯¨á�−¨© (¬®¤¥«¥© £¥®®¡ê¥ªâ�), á®®â¢¥âáâ¢ã-
îé¨å à�§−ë¬ LoD, ¤«ï ªà�âª®áâ¨ íâ¨ ®¯¨á�−¨ï ¤�«¥¥ ¡ã¤¥¬ ¨¬¥−®¢�âì £¥®¬®-
¤¥«ï¬¨. �� à¨á. 1 ¯®ª�§�− ¯à¨¬¥à ¢®§¬®¦−®£® −�¡®à� ¢�à¨�−â®¢ £¥®¬®¤¥«¥©
¤«ï −¥ª®â®à®£® £¥®®¡ê¥ªâ� (§−�ª®¬ ú+û ®¡®§−�ç¥−® −�«¨ç¨¥ á®®â¢¥âáâ¢ãîé¨å
£¥®¬®¤¥«¥©). ÷�§−ë¬ ª®«®−ª�¬ á®®â¢¥âáâ¢ãîâ £¥®¬®¤¥«¨ ¤«ï à�§−ëå LoD,
� ¢ ¯à¥¤¥«�å ®¤−®© ª®«®−ª¨ (®¤−®£® LoD) ¯à¨áãâáâ¢ãîâ �«ìâ¥à−�â¨¢−ë¥ ¬®¤¥«¨,
à�§«¨ç�îé¨¥áï ¯® â¨¯ã ¬¥âà¨ª¨ /̈̈ «¨ á¥¬�−â¨ç¥áª®¬ã ®¯¨á�−¨î.

‚ æ¥«ïå ®¡¥á¯¥ç¥−¨ï á®£«�á®¢�−−®£® ¨á¯®«ì§®¢�−¨ï ¢á¥å íâ¨å ¬®¤¥«¥© ¢ ¯à®-
æ¥áá�å �−�«¨§� ¨ ®¡à�¡®âª¨ ¤�−−ëå ¤®«¦−� á®¡«î¤�âìáï ¯à¥¥¬áâ¢¥−−®áâì ¯à¥¤-
áâ�¢«¥−¨© £¥®®¡ê¥ªâ� ª�ª ¢ á¬¥¦−ëå LoD, â�ª ¨ ¬¥¦¤ã à�§«¨ç−ë¬¨ ¬®¤¥«ï¬¨
¢ ¯à¥¤¥«�å ®¤−®£® ãà®¢−ï ®¡®¡é¥−¨ï [1]. ’�ª®© ¯®¤å®¤ ¯à¨§¢�− ®¡¥á¯¥ç¨âì á®-
¢¥àè¥−áâ¢®¢�−¨¥ äã−ªæ¨®−�«ì−®áâ¨ ¬¥â®¤®¢ �−�«¨§� £¥®¤�−−ëå [8,9] ¨ à¥è¥−¨ï
¤àã£¨å §�¤�ç [10{12].

’¨¯ “à®¢¥−ì ¤¥â�«¨§�æ¨¨

£¥®¬®¤¥«¨ Scale 1 Scale 2 · · · Scale N
|Aggregate| + · · ·

|SQR| + + · · ·
|LIN| + · · ·

|DOT, VEC| · · · +

÷¨á. 1 �à¨¬¥à −�¡®à� ¢�à¨�−â®¢ £¥®¬®¤¥«¥©
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‚�à¨�−â ª®−æ¥¯âã�«ì−®© áå¥¬ë �ƒ„ á ¯®¤¤¥à¦ª®© ®¡à�â¨¬®© á¢ï§�−−®áâ¨ ¬®¤¥«¥©

„«ï á®¡«î¤¥−¨ï â�ª®© ¯à¥¥¬áâ¢¥−−®áâ¨ ¨ à�áè¨à¥−¨ï äã−ªæ¨®−�«ì−®áâ¨
�ƒ„ ¢�¦−ë¬ ¯à¨−æ¨¯®¬ ¯à¥¤áâ�¢«ï¥âáï ®¡¥á¯¥ç¥−¨¥ £¥−¥à�«¨§�æ¨®−−®© á¢ï-
§�−−®áâ¨ | −�«¨ç¨ï ï¢−® ®¯à¥¤¥«¥−−ëå á¢ï§¥© ¬¥¦¤ã ¯à¥¤áâ�¢«¥−¨ï¬¨ £¥®-
®¡ê¥ªâ®¢, á®®â¢¥âáâ¢ãîé¨å á¬¥¦−ë¬ LoD [4]. �à¨ íâ®¬ −¥®¡å®¤¨¬® ¯à¨¬¥−¥-
−¨¥ ¯à¨−æ¨¯� ®¡à�â¨¬®áâ¨ £¥−¥à�«¨§�æ¨¨ [13], áãé−®áâì ª®â®à®© §�ª«îç�¥âáï
¢ ®¡¥á¯¥ç¥−¨¨ ¤¢ã−�¯à�¢«¥−−ëå ¢§�¨¬®á¢ï§¥© ¬¥¦¤ã ¯à¥¤áâ�¢«¥−¨ï¬¨ £¥®®¡ê-
¥ªâ� −� á¬¥¦−ëå LoD. ˆ¥à�àå¨ç¥áª�ï áâàãªâãà� ú¯¨à�¬¨¤ëû £¥−¥à�«¨§�æ¨¨
¨ â¨¯®«®£¨ï á¢ï§¥© ¢ −¥© à�áá¬�âà¨¢�«¨áì ¢ à�¡®â¥ [14].

ƒ¥−¥à�«¨§�æ¨®−−�ï á¢ï§−®áâì, ®¡¥á¯¥ç¨¢�ï ¯àï¬®¥ ®¡à�é¥−¨¥ ª ¯à¥¤áâ�¢«¥-
−¨ï¬ £¥®®¡ê¥ªâ� −� à�§−ëå LoD, ¯®§¢®«¨â à¥�«¨§®¢�âì ¬¥â®¤ë ¬−®£®ãà®¢−¥¢®£®
¯®¨áª�, �−�«¨§� ¨ ®¡à�¡®âª¨ ¤�−−ëå ¢ �ƒ„ (¢ª«îç�ï §�¤�ç¨ ¢¥à¨ä¨ª�æ¨¨ ¨ ¢¨-
§ã�«¨§�æ¨¨ £¥®¤�−−ëå), çâ® ®¡¥á¯¥ç¨â ¯®â¥−æ¨�« ¤«ï á®¢¥àè¥−áâ¢®¢�−¨ï äã−ª-
æ¨© £¥®¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (ƒˆ‘). �à¨¬¥à®¬ ¬®¦¥â á«ã¦¨âì ®¡¥á¯¥ç¥−¨¥
ã£«ã¡«¥−−®£® ¤®áâã¯� ª ¯®¤à®¡−ë¬ á¥¬�−â¨ç¥áª¨¬ å�à�ªâ¥à¨áâ¨ª�¬ ¨ ª®¬¯®-
−¥−â�¬ £¥®®¡ê¥ªâ®¢, ¯à¨áãé¨¬ ¡®«¥¥ ¤¥â�«ì−ë¬ ãà®¢−ï¬ ¬®¤¥«¨à®¢�−¨ï ¯à¨
á®§¤�−¨¨ â¥¬�â¨ç¥áª¨å ¯à¥¤áâ�¢«¥−¨© á¨âã�æ¨¨ ¤«ï á¯¥æ¨ä¨ç¥áª¨å §�¤�ç.

’�ª, −¥¯à®¥§¦¨© ãç�áâ®ª ã«¨æë ¢ ¬¥«ª®¬ ¬�áèâ�¡¥ ®¯¨áë¢�¥âáï á«¨èª®¬
®¡®¡é¥−−®, ¡¥§ ®¯à¥¤¥«¥−¨ï å�à�ªâ¥à� ¯à¥¯ïâáâ¢¨ï ¤«ï ¯à®¥§¤�. �� ¤¥â�«ì-
−ëå ãà®¢−ïå ¬®¦¥â ¨¬¥âì ¬¥áâ® ¤¨ää¥à¥−æ¨�æ¨ï: §−�ç¨â¥«ì−ë© ãª«®− (ªàãâ®©
áª«®−), áâã¯¥−ç�âë© ¯à®¤®«ì−ë© ¯à®ä¨«ì («¥áâ−¨æ�) «¨¡® ¯à¥¯ïâáâ¢¨ï â¨¯�
¢�«ã−®¢, ¡¥â®−−ëå ¡«®ª®¢ ¨ â. ¯. ‘®®â¢¥âáâ¢¥−−®, ®âáãâáâ¢¨¥ â�ª®© ¤¨ää¥-
à¥−æ¨�æ¨¨ ¤¥«�¥â −¥¢®§¬®¦−ë¬ ®¯à¥¤¥«¥−¨¥ ¯à®å®¤¨¬®áâ¨ â�ª®£® ãç�áâª� ¤«ï
®â¤¥«ì−ëå ¢¨¤®¢ âà�−á¯®àâ−ëå áà¥¤áâ¢ ¨«¨ ¯à¨¬¥−¨¬®áâì â®£® ¨«¨ ¨−®£® á¯®-
á®¡� ¥£® ¯à¥®¤®«¥−¨ï ¢ ¬¥«ª®¬ ¬�áèâ�¡¥ ¡¥§ ®¡à�é¥−¨ï ª ªàã¯−®¬�áèâ�¡−ë¬
¤�−−ë¬.

�à¨¬¥−¥−¨¥ £¥−¥à�«¨§�æ¨®−−®© á¢ï§�−−®áâ¨ â�ª¦¥ ¬®¦¥â á«ã¦¨âì à¥è¥−¨î
¯à®¡«¥¬ë �¢â®¬�â¨ç¥áª®© ª�áª�¤−®© £¥−¥à�«¨§�æ¨¨ | ¢ íâ®¬ á«ãç�¥ ¤®áâ�â®ç−®
¡ã¤¥â ®áãé¥áâ¢¨âì ª®−âà®«¨àã¥¬ãî £¥−¥à�«¨§�æ¨î â®«ìª® ®¤¨− à�§ | ¤«ï
¢−®¢ì ¯®ï¢¨¢è¨åáï ®¡ê¥ªâ®¢, � ¨§¬¥−¥−¨ï áãé¥áâ¢ãîé¨å ®¡ê¥ªâ®¢, ¢−®á¨¬ë¥
−� −¨¦−¥¬ ãà®¢−¥, ¤®«¦−ë �¢â®¬�â¨ç¥áª¨ à�á¯à®áâà�−ïâìáï −� ¢ëè¥áâ®ïé¨¥
ãà®¢−¨ £¥−¥à�«¨§�æ¨¨.

�à¨ ®âáãâáâ¢¨¨ ¢ �ƒ„ ï¢−ëå £¥−¥à�«¨§�æ¨®−−ëå á¢ï§¥© §�¤�ç¨ �−�«¨§�
¤�−−ëå âà¥¡ãîâ á«®¦−ëå ¯à®æ¥¤ãà ¯®¨áª� ¨ ¨§¢«¥ç¥−¨ï £¥®¬®¤¥«¥© âà¥¡ã¥¬®©
¯®«−®âë ¨ ¤¥â�«ì−®áâ¨ ¢ −�¡®à�å ¤�−−ëå á®®â¢¥âáâ¢ãîé¥£® LoD.

3 Модель мультимасштабной базы геоданных

‚ ¤�−−®¬ à�§¤¥«¥ −� à¨á. 2 ¨ 3 ¯à¥¤áâ�¢«¥−�1 áâàãªâãà� ª®−æ¥¯âã�«ì−®©
áå¥¬ë �ƒ„, ï¢«ïîé�ïáï ¯®¯ëâª®© ¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨ �ƒ„ á ¯®¤¤¥à¦ª®©
®¡à�â¨¬®© £¥−¥à�«¨§�æ¨®−−®© á¢ï§�−−®áâ¨ ¬®¤¥«¥©, ¯à¥¤áâ�¢«ïîé¨å £¥®®¡ê¥ªâ

1‚ æ¥«ïå ¡®«¥¥ ç¥âª®£® ¢ë¤¥«¥−¨ï áâàãªâãà ¤�−−ëå ¨ á®ªà�é¥−¨ï ®¡ê¥¬� −� à¨á. 2 ¨ 3 −¥ª®â®àë¥
í«¥¬¥−âë áâàãªâãà ®¯ãé¥−ë ¨«¨ ®ä®à¬«¥−ë ¢ ã¯à®é¥−−®¬ ¢¨¤¥, á ¯à¨¬¥−¥−¨¥¬ ¯á¥¢¤®ª®¤�.
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÷¨á. 2 �¡é�ï áâàãªâãà� Œ�ƒ„

á à�§−®© áâ¥¯¥−ìî ¤¥â�«¨§�æ¨¨. ’�ªãî �ƒ„ ¤�«¥¥ ãá«®¢−® ¡ã¤¥¬ ¨¬¥−®¢�âì
¬ã«ìâ¨¬�áèâ�¡−®© �ƒ„ (Œ�ƒ„).

„�−−�ï ª®−æ¥¯âã�«ì−�ï áå¥¬� ï¢«ï¥âáï ¯à®â®â¨¯®¬ ¤«ï à�áá¬®âà¥−−®© ¢ [1]
¡®«¥¥ ®¡é¥© �ƒ„, ¢ª«îç�îé¥© ¢ á¥¡ï â�ª¦¥ ¯®¤¤¥à¦ªã ¢�à¨�−â−®£® ¨ â¥¬¯®-
à�«ì−®£® �á¯¥ªâ®¢ £¥®¤�−−ëå.

�� à¨á. 2 ¯à¥¤áâ�¢«¥−� ®¡é�ï áâàãªâãà� Œ�ƒ„, ®¡®§−�ç¥−−�ï ª�ª TGeoDB.
�−� ¢ª«îç�¥â ¢ á¥¡ï ç¥âëà¥ ®á−®¢−ë¥ â�¡«¨æë, ¯® á¢®¥© áâàãªâãà¥ á®®â¢¥â-
áâ¢ãîé¨¥ ç¥âëà¥¬ ®á−®¢−ë¬ ª®−æ¥¯â�¬ Œ�ƒ„: ú£¥®®¡ê¥ªâû (TGeoObject),
ú£¥®¬®¤¥«ìû (TGeoModel), úá¥¬�−â¨ç¥áª®¥ á¢®©áâ¢®û (TGeoSemantic) ¨ ú¬�á-
èâ�¡−ë© ãà®¢¥−ìû (TGeoScale); áâàãªâãà� íâ¨å ª®−æ¥¯â®¢ à�áá¬®âà¥−� −¨¦¥.
„�−−ë¥ â�¡«¨æë á®¤¥à¦�â á®¡áâ¢¥−−® ¤�−−ë¥ �ƒ„ ¨ ¯à¥¤áâ�¢«ïîâ á®¡®© ®á−®¢-
−ë¥ â®çª¨ ¢å®¤�, ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï ®¡à�é¥−¨ï ª á®®â¢¥âáâ¢ãîé¨¬ ¨−ä®à¬�-
æ¨®−−ë¬ ®¡ê¥ªâ�¬ £¥®¤�−−ëå.

�� à¨á. 3 ¯à¥¤áâ�¢«¥−� áâàãªâãà� ®á−®¢−ëå ª®−æ¥¯â®¢ Œ�ƒ„ ¨ á¢ï§¥© ¬¥¦¤ã
−¨¬¨. ÷�áá¬®âà¨¬ ¨å ¯®¤à®¡−¥¥, ¯à¨ íâ®¬ ª®−æ¥¯âë ¡ã¤¥¬ à�áá¬�âà¨¢�âì ª�ª
ª«�ááë (áâàãªâãàë) ¤�−−ëå á®®â¢¥âáâ¢ãîé¥£® ¨−ä®à¬�æ¨®−−®£® ®¡ê¥ªâ�.

1. Š«�áá TGeoObject ¯à¥¤áâ�¢«ï¥â á®¡®© áâàãªâãàã ¤�−−ëå, ®¯¨áë¢�îéãî
ª®−ªà¥â−ë© ®¡ê¥ªâ ¬¥áâ−®áâ¨. �−� ¢ª«îç�¥â ¯®«¥ −�¨¬¥−®¢�−¨ï £¥®®¡ê-
¥ªâ� ¨ ãª�§�â¥«¨ −� ¢á¥ ¨¬¥îé¨¥áï ¤«ï íâ®£® ®¡ê¥ªâ� £¥®¬®¤¥«¨ (¬®¤¥«¨
£¥®®¡ê¥ªâ�) ¢ à�§−ëå ¬�áèâ�¡�å (LoD) /̈̈ «¨ ¤«ï à�§−ëå â¨¯®¢ ¬¥âà¨ª¨.

2. Š«�áá TGeoScale | íâ® áâàãªâãà�, ª®â®à�ï ¯à¥¤áâ�¢«ï¥â ¤�−−ë¥ ª®−ªà¥â−®£®
ãà®¢−ï ¤¥â�«¨§�æ¨¨ (ú¬�áèâ�¡−®£® ãà®¢−ïû) ¢ Œ�ƒ„. �−� ¢ª«îç�¥â ¢ á¥¡ï
¯®«¥ Scale, ®¯¨áë¢�îé¥¥ −®¬¨−�«ì−®¥ §−�ç¥−¨¥ ¬�áèâ�¡� (ª®−ªà¥â−�ï ä®à¬�
¥£® ¯à¥¤áâ�¢«¥−¨ï | áâà®ª®© «¨¡® ç¨á«®¬ | ¯à¨−æ¨¯¨�«ì−®£® §−�ç¥−¨ï −¥
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‚�à¨�−â ª®−æ¥¯âã�«ì−®© áå¥¬ë �ƒ„ á ¯®¤¤¥à¦ª®© ®¡à�â¨¬®© á¢ï§�−−®áâ¨ ¬®¤¥«¥©

÷¨á. 3 �á−®¢−ë¥ áâàãªâãàë ¤�−−ëå ¤«ï Œ�ƒ„

¨¬¥¥â), � â�ª¦¥ á®¢®ªã¯−®áâì ãª�§�â¥«¥© −� £¥®¬®¤¥«¨, à¥«¥¢�−â−ë¥ ¤�−−®¬ã
LoD.

3. Š«�áá TGeoModel | ®á−®¢−®© â¨¯ ¤�−−ëå ¢ Œ�ƒ„, ¯à¥¤−�§−�ç¥−−ë© ¤«ï
®¯¨á�−¨ï £¥®¬®¤¥«¨; ®− ¢ª«îç�¥â á«¥¤ãîé¨¥ ª®¬¯®−¥−âë:

(�) ¯®«¥ Owner ¯à¥¤áâ�¢«ï¥â á®¡®© ãª�§�â¥«ì −� £¥®®¡ê¥ªâ, ª®â®àë© ®¯¨áë-
¢�¥âáï ¤�−−®© £¥®¬®¤¥«ìî;
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(¡) áâàãªâãàã ScaleData, ª®â®à�ï, ¯® áãâ¨, ®¡à�§ã¥â ¬ã«ìâ¨¬�áèâ�¡−ãî
áâàãªâãàã Œ�ƒ„; ®−� ¢ª«îç�¥â: á®¢®ªã¯−®áâì ãª�§�â¥«¥© Scale's, ®¯à¥-
¤¥«ïîéãî ¬�áèâ�¡−ë© ¤¨�¯�§®−, ¢ ª®â®à®¬ ¯à¨¬¥−¨¬� ¤�−−�ï £¥®¬®-
¤¥«ì; á¢®©áâ¢� ScaleUp ¨ ScaleDown ãª�§ë¢�îâ −� ¤àã£¨¥ £¥®¬®¤¥«¨ ¤�−-
−®£® £¥®®¡ê¥ªâ�, ¡®«¥¥ ®¡®¡é¥−−ãî ¨ ¡®«¥¥ ¤¥â�«ì−ãî á®®â¢¥âáâ¢¥−−®,
¯à¨ íâ®¬ ¬�áèâ�¡−ë¥ ¤¨�¯�§®−ë £¥®¬®¤¥«¥© −¥ ¤®«¦−ë ¯¥à¥ªàë¢�âìáï;

(¢) áâàãªâãàã Metric, ª®â®à�ï ¯à¥¤−�§−�ç¥−� ¤«ï ®¯¨á�−¨ï ¯à®áâà�−áâ¢¥−-
−®© «®ª�«¨§�æ¨¨ £¥®¬®¤¥«¨ í«¥¬¥−â�à−ë¬¨ â¨¯�¬¨ ¬¥âà¨ª¨. �¤−�ª® ¥¥
−�«¨ç¨¥ ¯à¥¤ãá¬®âà¥−® ¨ ¤«ï á®áâ�¢−®© £¥®¬®¤¥«¨, £¤¥ −�àï¤ã á ª®¬-
¯®−¥−â�¬¨ ¬®¦¥â ¡ëâì â�ª¦¥ ¯à¥¤ãá¬®âà¥−® ¯à®áâà�−áâ¢¥−−®¥ ®¯¨á�−¨¥
¢ æ¥«®¬ ª�ª à¥§ã«ìâ�â £¥−¥à�«¨§�æ¨¨ (−�¯à¨¬¥à, ¯®«¨£®− ª¢�àâ�«� ¢ ¤®-
¯®«−¥−¨¥ ª ®â¤¥«ì−ë¬ áâà®¥−¨ï¬). ‘âàãªâãà� Metric ¢ª«îç�¥â:

◦ ¯¥à¥ç¨á«¥−¨¥ TypeOfSimple, ª®â®à®¥ ®¯à¥¤¥«ï¥â ª®−ªà¥â−ë© â¨¯ ¬¥â-
à¨ª¨ ¤�−−®© £¥®¬®¤¥«¨: §−�ç¥−¨¥ NULL ®§−�ç�¥â ®âáãâáâ¢¨¥ ¤�−−ëå
® ¯à®áâà�−áâ¢¥−−®© «®ª�«¨§�æ¨¨; ®áâ�«ì−ë¥ §−�ç¥−¨ï á®®â¢¥âáâ¢ã-
îâ ª®−¢¥−æ¨®−�«ì−ë¬ â¨¯�¬ ¬¥âà¨ª¨ (¯à®áâà�−áâ¢¥−−®£® ®¯¨á�−¨ï)
£¥®®¡ê¥ªâ®¢: DOT (â®ç¥ç−ë©), VEC (â®çª� + −�¯à�¢«¥−¨¥), LIN (¯®-
«¨«¨−¨ï)1, SQR (¯®«¨£®− | ®¡«�áâì á ®¯à¥¤¥«¥−−ë¬¨ ¢−ãâà¥−−¥©
¨ ¢−¥è−¥© ®¡«�áâï¬¨);

◦ §−�ç¥−¨¥ CountOfPoints ¤«ï −�¡®à� â®ç¥ª-ã§«®¢ ¬¥âà¨ª¨ Point's,
ª®â®à®¥ ç�áâ¨ç−® ®¯à¥¤¥«ï¥âáï â¨¯®¬ ¬¥âà¨ª¨ (1 ¤«ï DOT; 2 ¤«ï
VEC; ≥ 2 ¤«ï ¢á¥å ®áâ�«ì−ëå);

◦ áâàãªâãàã BoundariesBox, ª®â®à�ï ¬®¦¥â ¡ëâì ¯à¥¤ãá¬®âà¥−� ¢ æ¥«ïå
¯®¤¤¥à¦ª¨ −¥ª®â®àëå ¯à®æ¥¤ãà ¢¨§ã�«¨§�æ¨¨ ¨ �−�«¨§� £¥®¬®¤¥«¨;

(£) áâàãªâãàã SLLinks, ª®â®à�ï ®¯¨áë¢�¥â ¯à®áâà�−áâ¢¥−−®-«®£¨ç¥áª¨¥ á¢ï-
§¨ (�‹‘) á®áâ�¢−®© £¥®¬®¤¥«¨ á ¥¥ ª®¬¯®−¥−â�¬¨. �à¨ íâ®¬ ¨¬¥¥âáï
¢ ¢¨¤ã, çâ® á®áâ�¢−�ï £¥®¬®¤¥«ì −¥ ¤®«¦−� ¤ã¡«¨à®¢�âì á¢®©áâ¢� ¥¥ ª®¬-
¯®−¥−â®¢ (�−�«®£¨ç−® ¯®¤å®¤ã, ¯à¨−ïâ®¬ã ¢ ¬®¤¥«¨ OpenStreetMap).
�â� áâàãªâãà� ¢ª«îç�¥â á«¥¤ãîé¨¥ í«¥¬¥−âë:

◦ SuperObject's, ª®â®àë© ¯à¥¤áâ�¢«ï¥â á®¡®© −�¡®à ãª�§�â¥«¥© −� £¥®-
¬®¤¥«¨, ¨á¯®«ì§ãîé¨¥ ¤�−−ãî ¢ ª�ç¥áâ¢¥ ª®¬¯®−¥−â�. ‚ íâ®¬ ª�ç¥áâ¢¥
£¥®¬®¤¥«ì ®¤−®¢à¥¬¥−−® ¬®¦¥â ¯à¨−�¤«¥¦�âì −¥áª®«ìª¨¬ á®áâ�¢−ë¬
®¡ê¥ªâ�¬;

◦ ¯¥à¥ç¨á«¥−¨¥ TypeOfSubjects, ª®â®à®¥ ®¯à¥¤¥«ï¥â â¨¯ á®áâ�¢−®© £¥®-
¬®¤¥«¨ á«¥¤ãîé¨¬¨ §−�ç¥−¨ï¬¨: NULL ®§−�ç�¥â ®âáãâáâ¢¨¥ ª®¬-
¯®−¥−â®¢ ã ¤�−−®© £¥®¬®¤¥«¨ (â. ¥. ®−� ï¢«ï¥âáï í«¥¬¥−â�à−®©);
TRelationAggregate ¯à¥¤áâ�¢«ï¥â �£à¥£�æ¨î | á®¢®ªã¯−®áâì ª®¬¯®-
−¥−â®¢ ¡¥§ ¢ë¤¥«¥−−ëå à®«¥© ¨ ¯à®ç¨å ®£à�−¨ç¥−¨©; TRelationSlope,

1�à¨ íâ®¬ ¯à¥¤¯®«�£�îâáï ¨§¢¥áâ−ë¥ á®£«�è¥−¨ï ¤«ï ¯®«¨«¨−¥©−®© ¬¥âà¨ª¨: ¯®á«¥¤®¢�-
â¥«ì−®áâì ¥¥ ¢¥àè¨− ®¯à¥¤¥«ï¥â −�¯à�¢«¥−¨¥, � á®¢¯�¤¥−¨¥ −�ç�«ì−®© ¨ ª®−¥ç−®© â®ç¥ª | ¥¥
§�¬ª−ãâ®áâì.
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‚�à¨�−â ª®−æ¥¯âã�«ì−®© áå¥¬ë �ƒ„ á ¯®¤¤¥à¦ª®© ®¡à�â¨¬®© á¢ï§�−−®áâ¨ ¬®¤¥«¥©

TRelationCareer ¨ ¤à. ®¡®§−�ç�îâ á®®â¢¥âáâ¢ãîé¨¥ à�§−®¢¨¤−®áâ¨
ª®¬¯«¥ªá−ëå £¥®¬®¤¥«¥©1;

◦ ¯®«¥ Subjects, ª®â®à®¥ ãª�§ë¢�¥â −� áâàãªâãàã á®®â¢¥âáâ¢ãîé¥£®
TypeOfSubjects â¨¯�, ®¯¨áë¢�îéãî á®áâ�¢−ãî £¥®¬®¤¥«ì ¯®áà¥¤-
áâ¢®¬ �‹‘. �¥ª®â®àë¥ à�§−®¢¨¤−®áâ¨ ¤�−−ëå áâàãªâãà ¡ë«¨ ¯à¥¤-
áâ�¢«¥−ë ¢ [7];

(¤) áâàãªâãàã SemValues, ª®â®à�ï á®¤¥à¦¨â −�¡®à §−�ç¥−¨© á¥¬�−â¨ç¥áª¨å
á¢®©áâ¢ £¥®¬®¤¥«¨. Š�¦¤ë© ¥¥ í«¥¬¥−â â¨¯� TGSemValue ¢ª«îç�¥â
ãª�§�â¥«ì −� ®¡ê¥ªâ â¨¯� TGeoSemantic, ®¯¨áë¢�îé¨© ®¯à¥¤¥«¥−−®¥
á¥¬�−â¨ç¥áª®¥ á¢®©áâ¢®, � â�ª¦¥ áâà®ª®¢®¥ ¯®«¥ Value, ¨á¯®«ì§ã¥¬®¥ ¤«ï
§�¤�−¨ï §−�ç¥−¨ï íâ®£® á¢®©áâ¢� ¢ ª®−ªà¥â−®© £¥®¬®¤¥«¨.

4. Š«�áá TGeoSemantic ®¯¨áë¢�¥â ®¯à¥¤¥«¥−−®¥ á¥¬�−â¨ç¥áª®¥ á¢®©áâ¢®, ¨¬¥-
îé¥¥áï ¢ �ƒ„. �− ¢ª«îç�¥â −�¨¬¥−®¢�−¨¥ (Name), � â�ª¦¥ ¯à¥¤ãá¬�âà¨¢�¥â
¤¢� ¢®§¬®¦−ëå ¢�à¨�−â� ®¯¨á�−¨ï ¬−®¦¥áâ¢� §−�ç¥−¨©:

(a) ª�ª ¯¥à¥ç¨á«¨¬®£® ¬−®¦¥áâ¢� ¢®§¬®¦−ëå §−�ç¥−¨© á¢®©áâ¢�;

(¡) ª�ª ®¡«�áâ¨ ç¨á«®¢ëå §−�ç¥−¨©, ®£à�−¨ç¥−−®© §−�ç¥−¨ï¬¨ Min ¨ Max;
¤«ï íâ®£® ¢�à¨�−â� ¯à¥¤ãá¬®âà¥−® ®¯¨á�−¨¥ ¥¤¨−¨æ Units (¤«ï ¡¥§à�§-
¬¥à−ëå ¤®«¦−® ¨¬¥âì §−�ç¥−¨¥ NULL).

‚ ®¡®¨å ¢�à¨�−â�å ¯à¥¤ãá¬®âà¥−ë â�ª¦¥ í«¥¬¥−âë DefaultValue (§−�ç¥−¨¥
¯® ã¬®«ç�−¨î, ¢ â®¬ ç¨á«¥ NULL ¯à¨ ®âáãâáâ¢¨¨ â�ª®¢®£®) ¨ NotValue |
ú§�¯à¥é¥−−®¥ §−�ç¥−¨¥û, ®§−�ç�îé¥¥ ®âáãâáâ¢¨¥ ª�ª®£®-«¨¡® ®¯à¥¤¥«¥−−®-
£® §−�ç¥−¨ï ¤«ï ¤�−−®£® á¢®©áâ¢� (çâ® ®§−�ç�¥â −¥¯à¨¬¥−¨¬®áâì ¤�−−®£®
á¢®©áâ¢� ª ª®−ªà¥â−®© £¥®¬®¤¥«¨).

�à�ªâ¨ç¥áª�ï à¥�«¨§�æ¨ï Œ�ƒ„ ¯à¥¤ãá¬�âà¨¢�¥âáï ¢ ¢¨¤¥ á®§¤�−¨ï á¯¥æ¨-
�«ì−®© ¯à®£à�¬¬−®© −�¤áâà®©ª¨ −�¤ áâ�−¤�àâ−®© à¥«ïæ¨®−−®© á¨áâ¥¬®© ã¯à�¢-
«¥−¨ï ¡�§�¬¨ ¤�−−ëå.

4 Заключение

‚ à�¡®â¥ ¯à¥¤áâ�¢«¥−� áâàãªâãà� ª®−æ¥¯âã�«ì−®© áå¥¬ë ¨ ®á−®¢−ë¥ ¯à®-
¥ªâ−ë¥ à¥è¥−¨ï ¤«ï ¯®áâà®¥−¨ï ®¡à�§æ� �ƒ„, ®¡¥á¯¥ç¨¢�îé¥© ¯®¤¤¥à¦ªã á®-
£«�á®¢�−−®£® ¬ã«ìâ¨¬�áèâ�¡−®£® ¯à¥¤áâ�¢«¥−¨ï £¥®®¡ê¥ªâ®¢ §� áç¥â ®¡à�â¨¬®©
£¥−¥à�«¨§�æ¨®−−®© á¢ï§�−−®áâ¨ £¥®¬®¤¥«¥©, ¯à¥¤áâ�¢«ïîé¨å £¥®®¡ê¥ªâë á à�§-
−®© áâ¥¯¥−ìî ¤¥â�«¨§�æ¨¨. �â® ¯®â¥−æ¨�«ì−® ¯®§¢®«¨â à�áè¨à¨âì äã−ªæ¨®-
−�«ì−®áâì �ƒ„ §� áç¥â ¯à¨¬¥−¥−¨ï ¬ã«ìâ¨¬�áèâ�¡−ëå ¬¥â®¤®¢ ¯®¨áª�, �−�«¨§�
¨ ®¡à�¡®âª¨ £¥®¤�−−ëå ¨ à¥è¥−¨ï ¯® −¨¬ á®®â¢¥âáâ¢ãîé¨å §�¤�ç. ‚ ç�áâ−®áâ¨,
®¡¥á¯¥ç¥−¨¥ £¥−¥à�«¨§�æ¨®−−®© á¢ï§�−−®áâ¨ ¢ �ƒ„ ¯®§¢®«¨â ä®à¬�«¨§®¢�âì
¯à®æ¥ááë £¥−¥à�«¨§�æ¨¨ ¨ ª®−âà®«ï æ¥«®áâ−®áâ¨ ¤�−−ëå ¢ �ƒ„ ¨ â¥¬ á¯®á®¡-
áâ¢®¢�âì ¨å �¢â®¬�â¨§�æ¨¨. �¡¥á¯¥ç¥−¨¥ �¢â®¬�â¨§�æ¨¨ íâ¨å ¯à®æ¥áá®¢ ¦¨§−¥−−®

1‚ ª®â®àëå ®¯à¥¤¥«¥−ë à®«¨ ¤«ï ª®¬¯®−¥−â®¢, ª®«¨ç¥áâ¢� ª®¬¯®−¥−â ¢ ª�¦¤®© ¨§ −¨å, � â�ª¦¥
−¥ª®â®àë¥ ¤àã£¨¥ ¯à�¢¨«�.
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„. �. �¨ª¨è¨−

−¥®¡å®¤¨¬® ¤«ï á®¢à¥¬¥−−ëå ƒˆ‘, ª ª®â®àë¬ ¯à¥¤êï¢«ïîâáï âà¥¡®¢�−¨ï ®¯¥à�-
â¨¢−®© �ªâã�«¨§�æ¨¨ ¤�−−ëå, ¨å �−�«¨§�, ®¡à�¡®âª¨ ¨ ¢¨§ã�«¨§�æ¨¨, ¢ â®¬ ç¨á«¥
¢ à¥�«ì−®¬ ¬�áèâ�¡¥ ¢à¥¬¥−¨. ‚ ¯¥àá¯¥ªâ¨¢¥ ¯à¥¤¯®«�£�¥âáï ¤®¯®«−¨âì ¯à¥¤-
«�£�¥¬ãî ¬®¤¥«ì �ƒ„ ¢®§¬®¦−®áâìî ¢�à¨�−â−®£® ¯à¥¤áâ�¢«¥−¨ï £¥®®¡ê¥ªâ®¢,
� â�ª¦¥ ¤®¡�¢¨âì ¯®¤¤¥à¦ªã â¥¬¯®à�«ì−®£® �á¯¥ªâ�.
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Abstract: The structure of the conceptual scheme and the main design solutions
for constructing a variant of the geodata database (GDB), which provides support
for reversible generalization connectivity of geomodels representing a geo object
with different details, are presented. This will expand the functionality of
advanced GDB by using multiscale methods of geodata analysis and solving the
corresponding tasks based on them. In particular, such a multiscale structure of
the GDB will formalize the processes of generalization and automated control of
data integrity in the GDB, and thus contribute to their automation.
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НАСЛЕДУЕМЫЕ ЛЕКСИКОГРАФИЧЕСКИЕ РЕСУРСЫ
БАЗЫ ДАННЫХ ФРАЗЕОЛОГИЧЕСКОГО СЛОВАРЯ

В. В. Вакуленко1, И. М. Зацман2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¯à¨−æ¨¯ë ¨¬¯®àâ� ¢ ¡�§ã ¤�−−ëå (�„) äà�§¥®-
«®£¨ç¥áª®£® á«®¢�àï à�−¥¥ á®§¤�−−ëå á«®¢�à−ëå áâ�â¥©, â. ¥. ¨á¯®«ì§®¢�−¨¥
−�á«¥¤ã¥¬ëå «¥ªá¨ª®£à�ä¨ç¥áª¨å à¥áãàá®¢. ˆ¬¯®àâ á«®¢�à−ëå áâ�â¥© ¢ �„
®á−®¢�− −� ¤¢ãå ®á−®¢−ëå ¯à¨−æ¨¯�å: áâàãªâãà¨§�æ¨¨ â¥ªáâ� áâ�â¥© ¨ ¤®¯®«-
−¥−¨¨ á«®¢�à−ëå áâ�â¥© −®¢ë¬¨ ¯®«ï¬¨ ¨ ¨å §−�ç¥−¨ï¬¨, ®âáãâáâ¢ãîé¨¬¨
¢ áâ�âìïå. Š�¦¤�ï áâ�âìï ¢ª«îç�¥â ¨¤¨®¬ã −¥¬¥æª®£® ï§ëª�, ®¤¨− ¨«¨
−¥áª®«ìª® ¥¥ ¯¥à¥¢®¤®¢ −� àãááª¨© ï§ëª, ¨å ª®−â¥ªáâë ¨ àï¤ ¤àã£¨å ª®¬¯®-
−¥−â®¢. –¥«ì áâ�âì¨ á®áâ®¨â ¢ ®¯¨á�−¨¨ ¯à¨−æ¨¯®¢ ¨á¯®«ì§®¢�−¨ï ¨ ¯®¯®«-
−¥−¨ï −�á«¥¤ã¥¬ëå «¥ªá¨ª®£à�ä¨ç¥áª¨å à¥áãàá®¢ ¢ ¯à®æ¥áá¥ ä®à¬¨à®¢�−¨ï
�„ äà�§¥®«®£¨ç¥áª®£® á«®¢�àï −¥¬¥æª¨å ¨¤¨®¬, � â�ª¦¥ ¢ á®¯®áâ�¢«¥−¨¨
äã−ªæ¨®−�«� �„ á ¢®§¬®¦−®áâï¬¨ �−�«®£¨ç−ëå «¥ªá¨ª®£à�ä¨ç¥áª¨å ¨−-
ä®à¬�æ¨®−−ëå á¨áâ¥¬ á®§¤�−¨ï á«®¢�à¥© ¢ �á¯¥ªâ¥ ¤¢ãå ¯à¨−æ¨¯®¢ ¨¬¯®àâ�
á«®¢�à−ëå áâ�â¥©.

Š«îç¥¢ë¥ á«®¢�: ¯à¨−æ¨¯ë ¨¬¯®àâ�; −�á«¥¤ã¥¬ë¥ «¥ªá¨ª®£à�ä¨ç¥áª¨¥
à¥áãàáë; á®¯®áâ�¢¨â¥«ì−ë© �−�«¨§; ¡�§� ¤�−−ëå äà�§¥®«®£¨ç¥áª®£® á«®¢�àï

DOI: 10.14357/08696527210212

1 Введение

Š ®á−®¢−ë¬ §�¤�ç�¬, ª®â®àë¥ à¥è�îâáï ¯à¨ ¯®¬®é¨ «¥ªá¨ª®£à�ä¨ç¥áª¨å
á¨áâ¥¬ ¨ �„ áâ�â¥© ¬®−®- ¨ ¤¢ãï§ëç−ëå á«®¢�à¥©, ®â−®áïâáï [1{4]:

(1) ¨¬¯®àâ à�−¥¥ á®§¤�−−ëå á«®¢�à−ëå áâ�â¥©, â. ¥. ¨á¯®«ì§®¢�−¨¥ −�á«¥¤ã¥¬ëå
«¥ªá¨ª®£à�ä¨ç¥áª¨å à¥áãàá®¢;

(2) á®§¤�−¨¥ −®¢ëå á«®¢�à−ëå áâ�â¥© ¤«ï ä®à¬¨à®¢�−¨ï á«®¢�à¥©;

(3) à¥¤�ªâ¨à®¢�−¨¥ á«®¢�à−ëå áâ�â¥©;

(4) ¢¥¤¥−¨¥ ª«�áá¨ä¨ª�æ¨®−−ëå á¨áâ¥¬ ¨ àã¡à¨æ¨à®¢�−¨¥ á«®¢�à−ëå áâ�â¥©,
−�¯à¨¬¥à ®â−¥á¥−¨¥ áâ�âì¨ ª ®¤−®¬ã ¨«¨ −¥áª®«ìª¨¬ á¥¬�−â¨ç¥áª¨¬ ª«�áá�¬
(¢à¥¬ï, ¯à®áâà�−áâ¢®, ¤¢¨¦¥−¨¥, ¢¥é¥áâ¢® ¨ â. ¤.) ¨ ¯®¤ª«�áá�¬, ª®â®àë¥
¬®£ãâ ®¡à�§®¢ë¢�âì ¬−®£®ãà®¢−¥¢ãî ¨¥à�àå¨î [5];

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, vvak@pm.me

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
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(5) ¤®¡�¢«¥−¨¥ £¨¯¥àááë«®ª ¬¥¦¤ã ¤¢ã¬ï ¨ ¡®«¥¥ á«®¢�à−ë¬¨ áâ�âìï¬¨ ¨«¨ ¨å
ª®¬¯®−¥−â�¬¨;

(6) ¯®¨áª ¯® â¥ªáâã ¢á¥© áâ�âì¨ ¨«¨ ®â¤¥«ì−ë¬ ¥¥ ª®¬¯®−¥−â�¬ (−�¯à¨¬¥à,
â®«ìª® ¯® ¯à¨¬¥à�¬ ¯¥à¥¢®¤� ¢ áâ�âìïå ¤¢ãï§ëç−ëå á«®¢�à¥©), ¢¨§ã�«¨§�æ¨ï
−�©¤¥−−ëå á«®¢�à−ëå áâ�â¥©;

(7) ä®à¬¨à®¢�−¨¥ á«®¢�à¥© ¤«ï ¨§¤�−¨ï ¨ ¯¥à¥¨§¤�−¨ï ¢ ¡ã¬�¦−®© ¨ í«¥ªâà®−-
−®© ä®à¬¥ ¢ à¥¦¨¬¥ íªá¯®àâ� áâ�â¥© ¨§ �„.

–¥«ì áâ�âì¨ á®áâ®¨â ¢ ®¯¨á�−¨¨ ¯à¨−æ¨¯®¢ ¨á¯®«ì§®¢�−¨ï −�á«¥¤ã¥¬ëå «¥ª-
á¨ª®£à�ä¨ç¥áª¨å à¥áãàá®¢ ¢ ¯à®æ¥áá¥ ä®à¬¨à®¢�−¨ï �„ äà�§¥®«®£¨ç¥áª®£®
á«®¢�àï −¥¬¥æª¨å ¨¤¨®¬ ¨ ¨å ¯¥à¥¢®¤®¢ −� àãááª¨© ï§ëª, â. ¥. ®−� ®â−®á¨â-
áï ª à¥è¥−¨î ¯¥à¢®© ¨§ á¥¬¨ ¯¥à¥ç¨á«¥−−ëå §�¤�ç, � â�ª¦¥ ¢ á®¯®áâ�¢«¥−¨¨
äã−ªæ¨®−�«� �„ á ¢®§¬®¦−®áâï¬¨ �−�«®£¨ç−ëå «¥ªá¨ª®£à�ä¨ç¥áª¨å ¨−ä®à¬�-
æ¨®−−ëå á¨áâ¥¬ á®§¤�−¨ï á«®¢�à¥©.

2 Принципы импорта

ˆá¯®«ì§ã¥¬ë¥ −�á«¥¤ã¥¬ë¥ à¥áãàáë áä®à¬¨à®¢�−ë ª®««¥ªâ¨¢®¬ «¥ªá¨ª®-
£à�ä®¢ ¯®¤ àãª®¢®¤áâ¢®¬ ¤®ªâ®à� ä¨«®«®£¨ç¥áª¨å −�ãª „. �. „®¡à®¢®«ìáª®£®.
�−¨ ¯à¥¤áâ�¢«ïîâ á®¡®© ¬�áá¨¢ á«®¢�à−ëå áâ�â¥© ¢ ä®à¬�â¥ à¥¤�ªâ®à� Word,
£¤¥ ª�¦¤�ï áâ�âìï ¥áâì ®â¤¥«ì−ë© â¥ªáâ®¢ë© ¤®ªã¬¥−â, á®áâ®ïé¨© ¨§ −¥áª®«ìª¨å
ª®¬¯®−¥−â®¢. �à¨ íâ®¬ −� áâ�¤¨¨ ¯®¤£®â®¢ª¨ á«®¢�àï ¬®£ãâ ¡ëâì áä®à¬¨à®¢�−ë
−¥áª®«ìª® ¢�à¨�−â®¢ ®¤−®© áâ�âì¨, çâ® −¥®¡å®¤¨¬® ãç¨âë¢�âì ¯à¨ ¨å ¨¬¯®àâ¥
¢ �„.

�à¨¬¥à 1 ¢ª«îç�¥â á«¥¤ãîé¨¥ è¥áâì ª®¬¯®−¥−â®¢ á«®¢�à−®© áâ�âì¨: (1) ¢®-
ª�¡ã«� SINTFLUT (−¥¬. ¯®â®¯), á®£«�á−® ª®â®à®© ®¯à¥¤¥«ï¥âáï ¯®àï¤®ª á«¥¤®-
¢�−¨ï áâ�â¥© ¢ ¡ã¬�¦−®¬ á«®¢�à¥; (2) ¨¤¨®¬� −� −¥¬¥æª®¬ ï§ëª¥; (3) ¥¥ ¯¥à¥¢®¤
−� àãááª¨© ï§ëª; (4) áâ¨«¨áâ¨ç¥áª�ï ¯®¬¥â� (−¥©âà.); (5) ¯à¨¬¥àë ¨á¯®«ì§®-
¢�−¨ï ¨¤¨®¬ë á ¯¥à¥¢®¤®¬ (−�ç�«® ª�¦¤®£® ¯à¨¬¥à� ®¡®§−�ç¥−® á¨¬¢®«®¬ );
(6) ¨−¨æ¨�«ë �¢â®à� áâ�âì¨ ‚«�¤¨¬¨à� Š�à¯®¢�.

�ïâì ¨§ è¥áâ¨ ¯¥à¥ç¨á«¥−−ëå ª®¬¯®−¥−â®¢ (ªà®¬¥ áâ¨«¨áâ¨ç¥áª¨å ¯®¬¥â)
ï¢«ïîâáï ®¡ï§�â¥«ì−ë¬¨ ¨ ¯à¨áãâáâ¢ãîâ ¢® ¢á¥å á«®¢�à−ëå áâ�âìïå. ‚ −¨å ä�-
ªã«ìâ�â¨¢−® ¬®£ãâ â�ª¦¥ ¯à¨áãâáâ¢®¢�âì, −�¯à¨¬¥à, ¢�à¨�−âë ¯¥à¥¢®¤� ¨¤¨®¬ë
¨ ª®¬¬¥−â�à¨¨. �â¤¥«ì−ë¥ ª®¬¯®−¥−âë ¬®£ãâ á®áâ®ïâì ¨§ §®−. Š�¦¤ë© ¯¥à¥¢®¤
¢ ¯à¨¬¥à¥ 1 ¢ª«îç�¥â âà¨ §®−ë: ¨¤¨®¬� ¢ ®à¨£¨−�«ì−®¬ ª®−â¥ªáâ¥, ¥£® ¨áâ®ç−¨ª
¨ ¯¥à¥¢®¤ ª®−â¥ªáâ� −� àãááª¨© ï§ëª. ‡®−� ¨áâ®ç−¨ª� ¢ª«îç�¥â ¤¢� ¯®«ï: ¥£®
−�§¢�−¨¥ ¨ ¤�âã.

ˆ¬¯®àâ á«®¢�à−ëå áâ�â¥© ¢ �„ ®á−®¢�− −� ¤¢ãå ®á−®¢−ëå ¯à¨−æ¨¯�å:
(1) áâàãªâãà¨§�æ¨¨ â¥ªáâ� áâ�â¥©; (2) ¤®¯®«−¥−¨¨ á«®¢�à−ëå áâ�â¥© −®¢ë¬¨
¯®«ï¬¨ ¨ ¨å §−�ç¥−¨ï¬¨, ®âáãâáâ¢ãîé¨¬¨ ¢ −�á«¥¤ã¥¬ëå à¥áãàá�å.
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��á«¥¤ã¥¬ë¥ «¥ªá¨ª®£à�ä¨ç¥áª¨¥ à¥áãàáë ¡�§ë ¤�−−ëå äà�§¥®«®£¨ç¥áª®£® á«®¢�àï

�à¨¬¥à 1 Š®¬¯®−¥−âë á«®¢�à−®© áâ�âì¨

SINTFLUT
nach mir [uns] die Sintflut
¯®á«¥ ¬¥−ï [−�á] å®âì ¯®â®¯
−¥©âà.

Es ist ein wichtiges Anliegen von Eltern, ihren Nachkommen etwas zu hinterlassen
und nicht zu sagen: Nach mir die Sintflut. (Mannheimer Morgen, 10.11.2007)
‚�¦−�ï §�¤�ç� à®¤¨â¥«¥© | ®áâ�¢¨âì çâ®-â® á¢®¨¬ ¤¥âï¬ ¢ −�á«¥¤áâ¢®, � −¥
¤¥©áâ¢®¢�âì ¯® ¯à¨−æ¨¯ã ú¯®á«¥ ¬¥−ï å®âì ¯®â®¯û.

Insbesondere die ungekl�arte Entsorgungsfrage zeigt, diese Leute sehen nicht ein,
dass wir diesen Planeten nur von unseren Kindern und Enkeln geliehen haben!
Stattdessen verfahren sie weiter, gem�a� dem Motto: Nach uns die Sintflut!
(Mannheimer Morgen, 12.09.2009)
‚ ®á®¡¥−−®áâ¨ −¥à¥è¥−−®áâì ¢®¯à®á� ãâ¨«¨§�æ¨¨ ¯®ª�§ë¢�¥â: «î¤¨ ¯à®áâ® −¥
®á®§−�îâ, çâ® íâã ¯«�−¥âã ¬ë â®«ìª® ¢§ï«¨ ¢ �à¥−¤ã ã −�è¨å ¤¥â¥© ¨ ¢−ãª®¢!
‚¬¥áâ® íâ®£® ®−¨ ¯à®¤®«¦�îâ ¦¨âì ¯® ¯à¨−æ¨¯ã ú¯®á«¥ −�á å®âì ¯®â®¯û.
‚Š

2.1 Первый принцип

‘âàãªâãà¨§�æ¨ï â¥ªáâ� á«®¢�à−ëå áâ�â¥©, ª®â®à�ï ¢ë¯®«−ï¥âáï ¤® ¨å §�£àã§-
ª¨ ¢ �„, ®á−®¢�−� −� âà¥å ¯à�¢¨«�å á®§¤�−¨ï áâ�â¥© «¥ªá¨ª®£à�ä�¬¨:

(1) á®¡«î¤¥−¨¥ ¯®àï¤ª� à�§¬¥é¥−¨ï ª®¬¯®−¥−â®¢, §®− ¨ ¯®«¥© ¢ â¥ªáâ¥ áâ�âì¨,
� â�ª¦¥ −ã¬¥à®¢�−−ëå §−�ç¥−¨© ¨¤¨®¬ë −¥¬¥æª®£® ï§ëª� (¯à¨¬¥à 2);

(2) ¢ª«îç¥−¨¥ ¢ â¥ªáâ áâ�â¥© ¤�â ¢ ®¯à¥¤¥«¥−−®¬ ä®à¬�â¥, á¨¬¢®«®¢ −�ç�«� ¯à¨-
¬¥à®¢, §®− ¢�à¨�−â®¢ ¨ ª®¬¬¥−â�à¨¥¢, � â�ª¦¥ á¯¥æá¨¬¢®«®¢ (¯®«ãªàã£«ë¥
¨ ª¢�¤à�â−ë¥ áª®¡ª¨, á«¥è¨ ¨ â. ¤.) (¯à¨¬¥àë 3{5);

(3) ¨á¯®«ì§®¢�−¨¥ èà¨äâ®¢®£® ®ä®à¬«¥−¨ï ¢ â¥ªáâ¥ áâ�â¥© (¯®«ã¦¨à−ë©
èà¨äâ, ªãàá¨¢, ¯à®¯¨á−ë¥ ¡ãª¢ë, ¢ ç�áâ−®áâ¨ ¤«ï ®¡®§−�ç¥−¨ï ¯�¤¥¦¥©
¢ −¥¬¥æª®¬ ï§ëª¥) (á¬. ªãàá¨¢ ¢ ¯à¨¬¥à¥ 6).

�â¨ ¯à�¢¨«� á«ã¦�â ®á−®¢®© á®§¤�−¨ï �«£®à¨â¬� ¨ ¯à®£à�¬¬ë áâàãªâãà¨§�-
æ¨¨ â¥ªáâ� −�á«¥¤ã¥¬ëå á«®¢�à−ëå áâ�â¥© ¤® ¨å §�£àã§ª¨ ¢ �„. �¥à¢®¥ ¯à�¢¨«®
¯à¥¤áâ�¢«¥−® â�¡«¨æ¥© 1 ¢ à�¡®â¥ [4]. �−® §�¤�¥â à�§¬¥é¥−¨¥ ª®¬¯®−¥−â®¢, §®−
¨ ¯®«¥© ¢ áâ�âì¥. ÷�§¬¥é¥−¨¥ ®¡ï§�â¥«ì−ëå −¥−ã¬¥à®¢�−−ëå ª®¬¯®−¥−â®¢ áâ�âì¨
¨««îáâà¨àã¥âáï ¯à¨¬¥à®¬ 1, � ª®¬¯®−¥−â®¢, §®− ¨ ¯®«¥© ¢ áâ�âì¥ á ¨¤¨®¬®©,
ª®â®à�ï ¨¬¥¥â ¤¢� ¯à®−ã¬¥à®¢�−−ëå §−�ç¥−¨ï, | ¯à¨¬¥à®¬ 2.

‚â®à®¥ ¯à�¢¨«® ®¯à¥¤¥«ï¥â ä®à¬�â ¤�â (á¬. −�§¢�−¨¥ ¨áâ®ç−¨ª� ¨ ¤�âã
¢ ¥¢à®¯¥©áª®¬ ä®à¬�â¥ ¢ ¯à¨¬¥à¥ 1 ¢−ãâà¨ ªàã£«ëå áª®¡®ª), � â�ª¦¥ ¯®§¨æ¨¨
¨á¯®«ì§®¢�−¨ï âà¥å á¨¬¢®«®¢ èà¨äâ� Wingdings ( | ¤«ï ª�¦¤®£® ¨§ ¯à¨¬¥à®¢
¢ á«®¢�à−®© áâ�âì¥; | ¤«ï §®−ë ¢�à¨�−â®¢; | ¤«ï §®−ë ª®¬¬¥−â�à¨¥¢)
¨ á¯¥æá¨¬¢®«®¢. �à¨¬¥à 1 ¢ª«îç�¥â â®«ìª® ®¤¨− á¨¬¢®« . ÷�áá¬®âà¨¬ ¯à¨¬¥àë
¨á¯®«ì§®¢�−¨ï ®áâ�«ì−ëå ¤¢ãå á¨¬¢®«®¢ −�ç�«� §®− ¢�à¨�−â®¢ ¨ ª®¬¬¥−â�à¨¥¢
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�à¨¬¥à 2 �¯¨á�−¨¥ ¤¢ãå §−�ç¥−¨© ¨¤¨®¬ë ¢ á«®¢�à−®© áâ�âì¥

einen Tritt geben
1. ¤�âì ¯¨−ª� (ª®¬ã-«.); ¯ëâ�âìáï ¯®¢«¨ïâì (−� ª®£®-«.)

Bevor er sich an den Schreibtisch setze, habe er jeden Tag \Mulmigkeit und
Bangigkeit" zu �uberwinden. Manchmal m�usse er sich regelrecht einen Tritt geben.
(Nach: N�urnberger Zeitung, 23.01.2008)
�à¥¦¤¥ ç¥¬ á¥áâì §� ¯¨áì¬¥−−ë© áâ®«, ®− ¢ë−ã¦¤¥− ª�¦¤ë© ¤¥−ì ¡®à®âìáï
á ú�¯�â¨¥© ¨ áâà�å®¬û. ˆ−®£¤� ¥¬ã ¯à¨å®¤¨âáï ¯à®áâ® §�áâ�¢«ïâì á¥¡ï.
2. ¤�âì ¯¨−ª� (ª®¬ã-«.); ¢ëáâ�¢¨âì [¢ëè¢ëà−ãâì] −� ã«¨æã (ª®£®-«. | ã¢®«¨âì)

Auf keinen Fall haben die Politiker ihre Pflicht erf�ullt. In der freien Wirtschaft
gibt man solch unf�ahigen Leuten einen Tritt. (Nach: N�urnberger Zeitung,
10.01.2011)
�®«¨â¨ª¨ −¨ ¢ ª®¥© ¬¥à¥ −¥ ¢ë¯®«−¨«¨ á¢®î §�¤�çã. ‚ ¡¨§−¥á¥ â�ª¨¬ ¡¥áâ®«ª®¢ë¬
«î¤ï¬ ¤�îâ ¯¨−ª�.

�à¨¬¥à 3 ˆá¯®«ì§®¢�−¨¥ á¨¬¢®«� −�ç�«� §®−ë ¢�à¨�−â®¢

sich den Bauch vollschlagen
−�¡¨âì ¦¥«ã¤®ª, −�¥áâìáï ¤® ®â¢�«�; −�¡¨âì á¥¡¥ ¡àîå® (á−¨¦¥−.)

sich den Magen vollschlagen

¢ á«®¢�à−ëå áâ�âìïå. ‡®−� ¢�à¨�−â®¢ ï¢«ï¥âáï ®¯æ¨®−�«ì−®©, á«¥¤ã¥â §� §®−®©
¯¥à¥¢®¤� ¨ ¢¢®¤¨âáï á¨¬¢®«®¬ (¯à¨¬¥à 3).

‚ ¯à¨¢¥¤¥−−®¬ ¢�à¨�−â¥ ¨¤¨®¬ë ¨á¯®«ì§ã¥âáï á¨−®−¨¬ Magen ¤«ï á«®¢�
Bauch (¦¥«ã¤®ª). ‡®−� ª®¬¬¥−â�à¨¥¢ â�ª¦¥ ï¢«ï¥âáï ®¯æ¨®−�«ì−®©, ¬®¦¥â
à�á¯®«�£�âìáï ¢ «î¡®© ç�áâ¨ á«®¢�à−®© áâ�âì¨ (¢ §�¢¨á¨¬®áâ¨ ®â å�à�ªâ¥à�
á®®¡é�¥¬ëå á¢¥¤¥−¨©) ¨ ¢¢®¤¨âáï á¨¬¢®«®¬ (¯à¨¬¥à 4).

Šà®¬¥ âà¥å á¨¬¢®«®¢ èà¨äâ� Wingdings ¢ á«®¢�à−®© áâ�âì¥ ¨á¯®«ì§ãîâáï
á¯¥æá¨¬¢®«ë (¯®«ãªàã£«ë¥ ¨ ª¢�¤à�â−ë¥ áª®¡ª¨, á«¥è¨ ¨ â. ¤.). ‘¯¥æá¨¬¢®«ë
¬®£ãâ ¢áâà¥ç�âìáï ¢ «î¡®© §®−¥ á«®¢�à−®© áâ�âì¨ ¨ ¨á¯®«ì§®¢�âìáï á à�§−®©
æ¥«ìî. ‚ ç�áâ−®áâ¨, ¢ ¯à¨¬¥à¥ 4 ¢ àãááª®¬ ¯¥à¥¢®¤¥ ¯®«ãªàã£«ë¥ áª®¡ª¨
ãª�§ë¢�îâ �«ìâ¥à−�â¨¢−ë¥ ¢�«¥−â−®áâ¨ çâ®-«., ª®£®-«., à�§¤¥«¥−−ë¥ §�¯ïâ®©.
�à¨ íâ®¬ à�§−ë¥ ¬®àä®á¨−â�ªá¨ç¥áª¨¥ á¯®á®¡ë §�¯®«−¥−¨ï ®¤−®© ¨ â®© ¦¥
¢�«¥−â−®áâ¨ ãª�§ë¢�îâáï ç¥à¥§ á«¥è (¯à¨¬¥à 5). Š¢�¤à�â−ë¬¨ áª®¡ª�¬¨ ¬®£ãâ
¡ëâì ¢ë¤¥«¥−ë «¥ªá¨ç¥áª¨¥ ¢�à¨�−âë (¢ ¯à¨¬¥à¥ 1 ¢ ¨¤¨®¬¥ nach mir [uns]

�à¨¬¥à 4 ˆá¯®«ì§®¢�−¨¥ á¨¬¢®«� −�ç�«� §®−ë ª®¬¬¥−â�à¨ï

es abgesehen haben
(çâ®-«.) ¯à¨£«ï−ã«®áì (ª®¬ã-«.), (ªâ®-«.) ¯®«®¦¨« £«�§ (−� çâ®-«., ª®£®-«.)

ˆ¤¨®¬� ¯à¥¨¬ãé¥áâ¢¥−−® ã¯®âà¥¡«ï¥âáï ¤«ï ®¡®§−�ç¥−¨ï ¯à¥áâã¯−ëå −�¬¥-
à¥−¨© áã¡ê¥ªâ�.
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�à¨¬¥à 5 ˆá¯®«ì§®¢�−¨¥ á«¥è� ¯à¨ ®¯¨á�−¨¨ ¢�«¥−â−®áâ¥©

gr�unes Licht bekommen
¯®«ãç¨âì à�§à¥è¥−¨¥ (−� çâ®-«.), ¯®«ãç¨âì §¥«¥−ë© á¢¥â (−� çâ®-«. / ¤«ï ç¥£®-«.)

die Sintflut ¨ ¥¥ ¯¥à¥¢®¤¥ ¯®á«¥ ¬¥−ï [−�á] å®âì ¯®â®¯ ¢ áª®¡ª�å ¤�− ¢�à¨�−â
¨á¯®«ì§®¢�−¨ï ¨¤¨®¬ë ¢® ¬−®¦¥áâ¢¥−−®¬ ç¨á«¥).

’à¥âì¥ ¯à�¢¨«® £®¢®à¨â ® ¯à¨¬¥−¥−¨¨ èà¨äâ®¢®£® ®ä®à¬«¥−¨ï ¢ â¥ªáâ¥ áâ�-
â¥©. �«¥¬¥−âë ®ä®à¬«¥−¨ï ¬®£ãâ ¯à¨áãâáâ¢®¢�âì ¢ «î¡®© §®−¥ á«®¢�à−®© áâ�âì¨.
�á−®¢−ë¬ í«¥¬¥−â®¬ ®ä®à¬«¥−¨ï á«ã¦¨â ¢ë¤¥«¥−¨¥ ¯®«ã¦¨à−ë¬ èà¨äâ®¬ ¨«¨
ªãàá¨¢®¬. ��¯à¨¬¥à, ¨¤¨®¬� ¢á¥£¤� ¢ë¤¥«ï¥âáï ¯®«ã¦¨à−ë¬ èà¨äâ®¬ (á¬. ¨¤¨-
®¬ã gr�unes Licht bekommen ¢ ¯à¨¬¥à¥ 5). Šãàá¨¢®¬ ¢ë¤¥«ïîâáï ¢�«¥−â−®áâ¨
¨¤¨®¬ë (á¬. −� çâ®-«. / ¤«ï ç¥£®-«. ¢ ¯à¨¬¥à¥ 5), ¯®ïá−ïîé¨© ¨«¨ ãâ®ç−ïîé¨©
ª®¬¬¥−â�à¨© (á¬. ¯à¨¬¥à 6) ¨ ¤«ï ¢ë¤¥«¥−¨ï ¨¤¨®¬ë ¢−ãâà¨ ¯à¨¬¥à� ¥¥ ¨á¯®«ì-
§®¢�−¨ï ¨ ¯¥à¥¢®¤� (á¬. ¢ ¯à¨¬¥à¥ 1 ú¯®á«¥ ¬¥−ï å®âì ¯®â®¯û ¨ ú¯®á«¥ −�á å®âì
¯®â®¯û).

�à¨¬¥à 6 �®ïá−ïîé¨© ª®¬¬¥−â�à¨© ¢ ¯¥à¥¢®¤¥ ¨¤¨®¬ë

gleich null sein
¡ëâì à�¢−ë¬ −ã«î (−�¯à. ® à¥§ã«ìâ�â¥), ¡ëâì −¨çâ®¦−ë¬

�à®¯¨á−ë¥ ¡ãª¢ë ¢ á«®¢�à−ëå áâ�âìïå ¬®£ãâ ¢áâà¥ç�âì ¢ à�§−ëå §®−�å,
−�¯à¨¬¥à ¤«ï ¢ë¤¥«¥−¨ï ¢®ª�¡ã«ë ¨«¨ ãª�§�−¨ï ¯�¤¥¦¥© −¥¬¥æª®£® ï§ëª�.

2.2 Второй принцип

�®á«¥ §�¢¥àè¥−¨ï ¯à®æ¥áá� áâàãªâãà¨à®¢�−¨ï á«®¢�à−ëå áâ�â¥© ¨ ¨å §�£àã§-
ª¨ ¢ �„ ®âªàë¢�¥âáï ¢®§¬®¦−®áâì ¤®¯®«−¥−¨ï á«®¢�à−ëå áâ�â¥© −®¢ë¬¨ ¯®«ï¬¨
¨ ¨å §−�ç¥−¨ï¬¨, ®âáãâáâ¢ãîé¨¬¨ ¢ −�á«¥¤ã¥¬ëå à¥áãàá�å. �á−®¢−�ï æ¥«ì ¨å
¤®¯®«−¥−¨ï á®áâ®¨â ¢ ¬−®£®�á¯¥ªâ−®¬ àã¡à¨æ¨à®¢�−¨¨ áâ�â¥©.

÷ã¡à¨æ¨à®¢�−¨¥ á«®¢�à−ëå áâ�â¥© ¯«�−¨àã¥âáï à¥�«¨§®¢�âì ª�ª ¬¨−¨¬ã¬
¢ ¤¢ãå �á¯¥ªâ�å. ‚®-¯¥à¢ëå, ¢ á«®¢�à−ãî áâ�âìî ¤®¡�¢«ï¥âáï ¯®«¥ àã¡à¨ª
á¬ëá«®¢®© ª�â¥£®à¨¨ á®£«�á−® ú’¥§�ãàãáã àãááª¨å ¨¤¨®¬û [5]. �â®â â¥§�ãàãá
¢ª«îç�¥â ®ª®«® 6000 ¨¤¨®¬ àãááª®£® ï§ëª�, á£àã¯¯¨à®¢�−−ëå ¯® â¥¬�â¨ç¥áª¨¬
ª�â¥£®à¨ï¬, ª®â®àë¥ ®¡à�§ãîâ ¬−®£®ãà®¢−¥¢ãî ¨¥à�àå¨î. ‚¥àå−¨© ãà®¢¥−ì
íâ®© ¨¥à�àå¨¨ ¢ª«îç�¥â 87 ª�â¥£®à¨©: ú1. ‚à¥¬ïû, ú2. �à®áâà�−áâ¢®û, ú3. „¢¨-
¦¥−¨¥û, . . . , ú87. ‚¥é¥áâ¢®û. ‘®£«�á−® íâ®© â¥¬�â¨ç¥áª®© ª�â¥£®à¨§�æ¨¨
¨¤¨®¬� sich den Bauch vollschlagen ¨§ ¯à¨¬¥à� 3 ¯®¯�¤�¥â ¢ ª�â¥£®à¨î ¢¥àå−¥£®
ãà®¢−ï ú64. …¤�. �¨é�û ¨ ¯®«ãç�¥â àã¡à¨ªã ú64.3. Œ−®£® ¥¤ë, ¬−®£® ¥áâì,
çà¥¢®ã£®¤¨¥û. � ¨¤¨®¬� es abgesehen haben ¨§ ¯à¨¬¥à� 4 (ª®£¤� à¥çì ¨¤¥â −¥
® ¯à¥áâã¯−ëå −�¬¥à¥−¨ïå) ¯®¯�¤�¥â ¢ ¤¢¥ ª�â¥£®à¨¨ ¢¥àå−¥£® ãà®¢−ï:
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{ ú25. �¬®æ¨®−�«ì−ë¥/̄ á¨å¨ç¥áª¨¥ á®áâ®ï−¨ï, çã¢áâ¢�û ¨ ¯®«ãç�¥â ¯¥à¢ãî
àã¡à¨ªã ú25.4.1. ‡�¨−â¥à¥á®¢�−−®áâìû;

{ ú66. ‹î¡®¢ì, ¡à�ª, á¥ªáã�«ì−ë¥ ®â−®è¥−¨ïû ¨ ¯®«ãç�¥â ¢â®àãî àã¡à¨ªã
ú66.2. ”«¨àâ, ãå�¦¨¢�−¨ïû.

„®¡�¢«¥−¨¥ àã¡à¨ª â¥¬�â¨ç¥áª®© ª�â¥£®à¨¨ ¤�¥â ¢®§¬®¦−®áâì £àã¯¯¨à®¢�âì
¨¤¨®¬ë á®£«�á−® àã¡à¨ª¥ «î¡®£® ãà®¢−ï, ¢ª«îç�ï «î¡ãî ¨§ 87 ª�â¥£®à¨©
¢¥àå−¥£® ãà®¢−ï.

‚®-¢â®àëå, ¢ á«®¢�à−ãî áâ�âìî ¤®¡�¢«ïîâáï ¯®«ï ¤«ï àã¡à¨ª ª«�áá¨ä¨ª�æ¨-
®−−®© áå¥¬ë á¥¬�−â¨ç¥áª¨å, £à�¬¬�â¨ç¥áª¨å, á®ç¥â�¥¬®áâ−ëå ¨ áâ¨«¨áâ¨ç¥áª¨å
¯à¨§−�ª®¢ ¢ ¨−â¥à¥á�å «¨−£¢¨áâ¨ç¥áª®© à�§¬¥âª¨ áâ�â¥©, ®¯¨á�−¨î ª®â®à®©
¯«�−¨àã¥âáï ¯®á¢ïâ¨âì ®â¤¥«ì−ãî à�¡®âã. �â¬¥â¨¬, çâ® â¥¬�â¨ç¥áª�ï ª�â¥£®à¨-
§�æ¨ï −¥ á®¢¯�¤�¥â á á¥¬�−â¨ç¥áª¨¬¨ ¯à¨§−�ª�¬¨ ¢ â®¬ á«ãç�¥, ¥á«¨ ¢ á«®¢�à¥
®¤−®¢à¥¬¥−−® ¨á¯®«ì§ãîâáï ¤¢¥ à�§−ë¥ á¥¬�−â¨ç¥áª¨¥ ª«�áá¨ä¨ª�æ¨¨.

3 Сопоставительный анализ

‘ãé¥áâ¢ãîâ «¥ªá¨ª®£à�ä¨ç¥áª¨¥ á¨áâ¥¬ë ä®à¬¨à®¢�−¨ï á«®¢�à¥©, ¯® àï¤ã
äã−ªæ¨© �−�«®£¨ç−ë¥ �„ äà�§¥®«®£¨ç¥áª®£® á«®¢�àï. „«ï á®¯®áâ�¢¨â¥«ì−®£®
�−�«¨§� ¢ áâ�âì¥ ¨á¯®«ì§ãîâáï âàã¤ë ª®−ä¥à¥−æ¨¨ ¯® Dictionary Writing Systems
(DWS), ¢ ª®â®àëå ®¯¨áë¢�îâáï −�¨¡®«¥¥ ¨§¢¥áâ−ë¥ á¨áâ¥¬ë, ¢ â®¬ ç¨á«¥ â¥,
áà�¢−¥−¨¥ á ª®â®àë¬¨ ¡ã¤¥â ¯à®¢¥¤¥−® −¨¦¥, � ¨¬¥−−®: TschwaneLex (TLex),
Lexonomy, Lexique Pro, Matapuna [6].

‘®¯®áâ�¢¨¬ äã−ªæ¨®−�« �„ äà�§¥®«®£¨ç¥áª®£® á«®¢�àï á äã−ªæ¨®−�«ì−ë-
¬¨ ¢®§¬®¦−®áâï¬¨ ¢ëè¥ã¯®¬ï−ãâëå á¨áâ¥¬ á â®çª¨ §à¥−¨ï ¨¬¯®àâ� á«®¢�à−ëå
áâ�â¥©. �®çâ¨ ¢® ¢á¥å íâ¨å á¨áâ¥¬�å à¥�«¨§®¢�− ¯¥à¢ë© ¯à¨−æ¨¯. �−¨ ¨á-
¯®«ì§ãîâ ®á−®¢®¯®«�£�îé¨¥ ¯à�¢¨«�, ª®â®àëå ¯à¨¤¥à¦¨¢�îâáï «¥ªá¨ª®£à�äë:
á®¡«î¤¥−¨¥ ¯®àï¤ª� à�§¬¥é¥−¨ï ª®¬¯®−¥−â®¢, ¥¤¨−®®¡à�§−®¥ ¨á¯®«ì§®¢�−¨¥
èà¨äâ®¢®£® ®ä®à¬«¥−¨ï ¨ á¯¥æá¨¬¢®«®¢. �â¬¥â¨¬, çâ® −¥ ¢á¥ DWS ®¡ï§�â¥«ì−®
¨á¯®«ì§ãîâ á¨¬¢®«ë ¤«ï à�§£à�−¨ç¥−¨ï §®−. ’�ª�ï äã−ªæ¨ï ¯à¨áãâáâ¢ã¥â â®«ìª®
¢ TLex ¨ Lexique Pro. Šà®¬¥ â®£®, ¢ −¨å à¥�«¨§®¢�−� äã−ªæ¨ï ¯®«ì§®¢�â¥«ìáª®©
−�áâà®©ª¨ ¥¤¨−®®¡à�§−®£® èà¨äâ®¢®£® ®ä®à¬«¥−¨ï â¥ªáâ� áâ�â¥©, ¢ â®¬ ç¨á«¥
á ¨á¯®«ì§®¢�−¨¥¬ æ¢¥â�.

‚ í«¥ªâà®−−ëå á«®¢�àïå áâ�âì¨ áâàãªâãà¨à®¢�−ë á®£«�á−® áå¥¬¥, §�¤�¢�¥¬®©
«¥ªá¨ª®£à�ä�¬¨. �¤−�ª® ã¦¥ ¯®á«¥ −�ç�«� ¯à®æ¥áá� á®§¤�−¨ï á«®¢�àï ã −¨å
¬®¦¥â ¢®§−¨ª−ãâì ¯®âà¥¡−®áâì ¨§¬¥−¨âì íâã áå¥¬ã. ”ã−ªæ¨ï ¥¥ ¨§¬¥−¥−¨ï,
¢ª«îç�ï ¤®¯®«−¥−¨¥ á«®¢�à−ëå áâ�â¥© −®¢ë¬¨ áâàãªâãà−ë¬¨ í«¥¬¥−â�¬¨, ¯à¨-
áãâáâ¢ã¥â, −�¯à¨¬¥à, ¢ á¨áâ¥¬¥ TLex (¯à¨ ¯®¬®é¨ äã−ªæ¨¨ Document Type
Definition [7]). …áâì íâ� äã−ªæ¨ï ¨ ¢ á¨áâ¥¬¥ Lexonomy | ¯à¨ ¦¥«�−¨¨ «¥ª-
á¨ª®£à�ä ¬®¦¥â ¨á¯®«ì§®¢�âì áâàãªâãà−ãî áå¥¬ã ¯® ã¬®«ç�−¨î, ¤®¯®«−ïâì ¨«¨
¨§¬¥−ïâì ¥¥ ¢ å®¤¥ à�¡®âë ¨«¨ ¦¥ á®§¤�âì ¯®«−®áâìî −®¢ãî áâàãªâãàã [8]. �®¢ë©
áâàãªâãà−ë© í«¥¬¥−â ¬®¦¥â ¡ëâì ¤®¡�¢«¥− −� «î¡®¬ ãà®¢−¥ ¨¥à�àå¨¨ áå¥¬ë |
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��á«¥¤ã¥¬ë¥ «¥ªá¨ª®£à�ä¨ç¥áª¨¥ à¥áãàáë ¡�§ë ¤�−−ëå äà�§¥®«®£¨ç¥áª®£® á«®¢�àï

¢®§¬®¦−® á®§¤�−¨¥ −®¢ëå ª®¬¯®−¥−â®¢, §®− ¢−ãâà¨ ª®¬¯®−¥−â®¢, � â�ª¦¥ ¯®«¥©
¢−ãâà¨ §®−.

÷ï¤ ª«îç¥¢ëå ®â«¨ç¨© á¨áâ¥¬ë �„ äà�§¥®«®£¨ç¥áª®£® á«®¢�àï ®â à�áá¬�â-
à¨¢�¥¬ëå á¨áâ¥¬ ®¡−�àã¦¨¢�¥âáï ¯à¨ áà�¢−¥−¨¨ ¨å ¯® ¢â®à®¬ã ¯à¨−æ¨¯ã |
¤®¯®«−¥−¨î á«®¢�à−ëå áâ�â¥© −®¢ë¬¨ ¯®«ï¬¨ ¨ ¨å §−�ç¥−¨ï¬¨, ®âáãâáâ¢ãîé¨-
¬¨ ¢ −�á«¥¤ã¥¬ëå à¥áãàá�å. ÷�áá¬®âà¨¬ äã−ªæ¨î ¤®¡�¢«¥−¨ï àã¡à¨ª á¨áâ¥¬
ª«�áá¨ä¨ª�æ¨© ¢ á«®¢�à−ë¥ áâ�âì¨. ‘à¥¤¨ à�áá¬�âà¨¢�¥¬ëå á¨áâ¥¬ â�ª®© äã−ª-
æ¨¥© ®¡«�¤�¥â Lexique Pro. �−� ¯®§¢®«ï¥â ¯®«ì§®¢�â¥«î á®§¤�âì á®¡áâ¢¥−−ãî
ª«�áá¨ä¨ª�æ¨î â¥¬�â¨ç¥áª¨å àã¡à¨ª, � §�â¥¬ à�á¯à¥¤¥«ïâì á«®¢�à−ë¥ áâ�âì¨
¯® −¨¬. Š�â¥£®à¨¨, ®¡®§−�ç�¥¬ë¥ àã¡à¨ª�¬¨, ¬®£ãâ ¡ëâì ¬−®£®ãà®¢−¥¢ë¬¨.
‘ãé¥áâ¢ã¥â ¢®§¬®¦−®áâì ¯® ã¬®«ç�−¨î ¨á¯®«ì§®¢�âì ª«�áá¨ä¨ª�æ¨î ¨ ¥¥ ª�-
â¥£®à¨¨, ¢§ïâë¥ ¨§ ¯à®£à�¬¬ë Dictionary Development Program, à�§à�¡®â�−−®©
÷®−�«ì¤®¬ Œ®í [9]. �â� ª«�áá¨ä¨ª�æ¨ï ®¡«�¤�¥â ¬−®£®ãà®¢−¥¢®© áâàãªâãà®©,
¨ ¯®çâ¨ ª�¦¤�ï ª�â¥£®à¨ï ¨¬¥¥â ¢«®¦¥−−ë¥ àã¡à¨ª¨ (−�¯à¨¬¥à, 3. Language and
thought → 3.2. Mind → 3.2.5. Opinion → 3.2.5.1. Believe).

‚ ¯¥à¢®© ¢¥àá¨¨ äà�§¥®«®£¨ç¥áª®£® á«®¢�àï, á®§¤�¢�¥¬®© á ¯®¬®éìî ¯à®¥ª-
â¨àã¥¬®© �„, ¯à¥¤ãá¬®âà¥−® ¯à¨¬¥−¥−¨¥ àã¡à¨ª ç¥âëà¥å á¨áâ¥¬ ª«�áá¨ä¨ª�æ¨¨
(á¥¬�−â¨ç¥áª�ï, áâ¨«¨áâ¨ç¥áª�ï, £à�¬¬�â¨ç¥áª�ï ¨ á®ç¥â�¥¬®áâ−�ï), ¢ª«îç�ï á¥-
¬�−â¨ç¥áªãî ª«�áá¨ä¨ª�æ¨î ��à�−®¢�{„®¡à®¢®«ìáª®£®, ¨á¯®«ì§ã¥¬ãî ¢ ú’¥-
§�ãàãá¥ àãááª¨å ¨¤¨®¬û [5]. „àã£¨¬¨ á«®¢�¬¨, ¨á¯®«ì§ãîâáï àã¡à¨ª¨ â®«ìª®
®¤−®© á¥¬�−â¨ç¥áª®© ª«�áá¨ä¨ª�æ¨¨.

�â¬¥â¨¬, çâ® á¨áâ¥¬� TLex −¥ ®¡«�¤�¥â äã−ªæ¨¥© à�á¯à¥¤¥«¥−¨ï áâ�â¥©
¯® â¥¬�â¨ç¥áª¨¬ ª�â¥£®à¨ï¬. �¤−�ª® áãé¥áâ¢ã¥â ¢®§¬®¦−®áâì í¬ã«¨à®¢�âì
¤�−−ãî äã−ªæ¨î, ¨á¯®«ì§ãï á¨áâ¥¬ã â¥£®¢. �à�¢¤�, â�ª®© á¯®á®¡ ®¡¥á¯¥ç¨¢�¥â
äã−ªæ¨®−�«, ª®â®àë© ¡ã¤¥â §−�ç¨â¥«ì−® à¥¤ãæ¨à®¢�− ¯® áà�¢−¥−¨î á Lexique
Pro ¨«¨ �„ äà�§¥®«®£¨ç¥áª®£® á«®¢�àï. �à¨ç¨−� ¢ â®¬, çâ® íâ� á¨áâ¥¬� â¥£®¢
¯®§¢®«ï¥â á®§¤�¢�âì «¨èì àã¡à¨ª¨ ¯¥à¢®£® ãà®¢−ï, â. ¥. ¢ ä®à¬¥ ®¤−®ãà®¢−¥¢ëå
á¯¨áª®¢. Šà®¬¥ â®£®, ¢ íâ®¬ á«ãç�¥ ¬®¦−® §�¤�âì â®«ìª® ®¤−ã ª«�áá¨ä¨ª�æ¨î
¢ ®â«¨ç¨¥ ®â �„ äà�§¥®«®£¨ç¥áª®£® á«®¢�àï, ª®â®à�ï á¬®¦¥â ¯®¤¤¥à¦¨¢�âì
®¤−®¢à¥¬¥−−® −¥áª®«ìª® ª«�áá¨ä¨ª�æ¨©.

’�ª¨¬ ®¡à�§®¬, ¢ à¥§ã«ìâ�â¥ á®¯®áâ�¢¨â¥«ì−®£® �−�«¨§� à�áá¬®âà¥−−ëå «¥ª-
á¨ª®£à�ä¨ç¥áª¨å á¨áâ¥¬ á �„ äà�§¥®«®£¨ç¥áª®£® á«®¢�àï ¬®¦−® á¤¥«�âì ¢ë¢®¤
® â®¬, çâ® −¨ ®¤−� ¨§ ¢ëè¥ã¯®¬ï−ãâëå á¨áâ¥¬ ¯® ®â¤¥«ì−®áâ¨ −¥ ®¡«�¤�¥â
¥¥ äã−ªæ¨®−�«®¬ ¢ ç�áâ¨ ¨¬¯®àâ� −�á«¥¤ã¥¬ëå «¥ªá¨ª®£à�ä¨ç¥áª¨å à¥áãàá®¢.
„«ï −�£«ï¤−®£® ¯à¥¤áâ�¢«¥−¨ï à¥§ã«ìâ�â®¢ á®¯®áâ�¢¨â¥«ì−®£® �−�«¨§� ¯à¨¢¥¤¥¬
â�¡«¨æã á âà¥¬ï äã−ªæ¨ï¬¨:

(1) �¢â®¬�â¨§¨à®¢�−−ë© ¨¬¯®àâ −�á«¥¤ã¥¬ëå à¥áãàá®¢;

(2) ¤®¡�¢«¥−¨¥ í«¥¬¥−â®¢ ¢ áå¥¬ã áâàãªâãà¨§�æ¨¨ á«®¢�à−ëå áâ�â¥©;

(3) á®§¤�−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥ á¨áâ¥¬ ª«�áá¨ä¨ª�æ¨¨.

÷�áá¬®âà¥¢ â�¡«¨æã, ¬®¦−® á¤¥«�âì ¢ë¢®¤ ® â®¬, çâ® −� −�áâ®ïé¨© ¬®-
¬¥−â ¢à¥¬¥−¨ −�¨¡®«¥¥ ¯®«−ë© äã−ªæ¨®−�« ¢ ç�áâ¨ ¨¬¯®àâ� á«®¢�à−ëå áâ�â¥©
¯à¥¤ãá¬®âà¥− ¢ �„ äà�§¥®«®£¨ç¥áª®£® á«®¢�àï.
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‘®¯®áâ�¢«¥−¨¥ «¥ªá¨ª®£à�ä¨ç¥áª¨å á¨áâ¥¬

”ã−ªæ¨¨ DWS TLex Lexonomy Lexique Pro Matapuna
ˆ¬¯®àâ − − −
„®¡�¢«¥−¨¥ í«¥¬¥−â®¢ −
‘¨áâ¥¬ë ª«�áá¨ä¨ª�æ¨¨ − − −

4 Заключение

��á«¥¤ã¥¬ë© «¥ªá¨ª®£à�ä¨ç¥áª¨© à¥áãàá �„ äà�§¥®«®£¨ç¥áª®£® á«®¢�àï |
íâ® ®ª®«® 2000 á«®¢�à−ëå áâ�â¥© ¢ ä®à¬�â¥ â¥ªáâ®¢ëå ¤®ªã¬¥−â®¢. „«ï à�§¬¥âª¨
áâ�â¥© ¨á¯®«ì§®¢�−ë äã−ªæ¨¨ ä®à¬�â¨à®¢�−¨ï à¥¤�ªâ®à� Word | ¢ë¤¥«¥−¨¥
¯®«ã¦¨à−ë¬ èà¨äâ®¬, ªãàá¨¢®¬ ¨ â. ¤.

�à¨ ¨á¯®«ì§®¢�−¨¨ áà¥¤áâ¢ ¨ á¨áâ¥¬ ¨−ä®à¬�â¨ª¨ ¯à¨ ä®à¬¨à®¢�−¨¨ í«¥ª-
âà®−−®£® á«®¢�àï ¨ à�¡®âë á −¨¬ −¥®¡å®¤¨¬® áâàãªâãà¨à®¢�âì −�á«¥¤ã¥¬ë¥
«¥ªá¨ª®£à�ä¨ç¥áª¨¥ à¥áãàáë ¨ ¯®¯®«−ïâì á«®¢�à−ë¥ áâ�âì¨ −®¢ë¬¨ ¯®«ï¬¨,
çâ® áãé¥áâ¢¥−−® à�áè¨àï¥â á¯¥ªâà ¯®«ì§®¢�â¥«ìáª¨å äã−ªæ¨© ¯à¨ à�¡®â¥ á®
á«®¢�à¥¬, ¢ª«îç�ï á¥¬�−â¨ç¥áª¨©, £à�¬¬�â¨ç¥áª¨© ¨ ¤àã£¨¥ ¢¨¤� ¯®¨áª�.

„«ï ä®à¬¨à®¢�−¨ï �„ äà�§¥®«®£¨ç¥áª®£® á«®¢�àï ¨ ®¡¥á¯¥ç¥−¨ï ¯®«ì§®¢�-
â¥«ìáª¨å äã−ªæ¨© ¯à¨ à�¡®â¥ á −¨¬ ¨á¯®«ì§ã¥âáï á¨áâ¥¬� ã¯à�¢«¥−¨ï ¡�§�¬¨
¤�−−ëå SQL Server. ��§� ¤�−−ëå á®¤¥à¦¨â −�á«¥¤ã¥¬ãî ¨ −®¢ãî ¨−ä®à¬�æ¨î,
¤®¡�¢«ï¥¬ãî «¥ªá¨ª®£à�ä�¬¨. ”ã−ªæ¨®−�« �„ äà�§¥®«®£¨ç¥áª®£® á«®¢�àï ®¡ê-
¥¤¨−ï¥â ¢ ç�áâ¨ ¨¬¯®àâ� ¨ ®¡®£�é¥−¨ï á«®¢�à−ëå áâ�â¥© ¢®§¬®¦−®áâ¨ −�¨¡®«¥¥
¨§¢¥áâ−ëå «¥ªá¨ª®£à�ä¨ç¥áª¨å á¨áâ¥¬ TLex, Lexonomy ¨ Lexique Pro.
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INHERITABLE LEXICOGRAPHIC RESOURCES
OF THE PHRASEOLOGICAL DICTIONARY DATABASE

V. V. Vakulenko and I. M. Zatsman

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

Abstract: The paper presents an overview of the principles of importing pre-
existing dictionary articles into the database of the phraseological dictionary,
i. e., using inheritable lexicographic resources. The import of dictionary articles
into the database is based on two key principles: structuring the text of the
articles and adding new fields and their values into the articles. Each article
contains an idiom in German, one or several translations into Russian, their
contexts, and a range of other components. The goal of the paper is to describe
the principles of using and supplementing inheritable lexicographic resources
during the process of forming the database of the phraseological dictionary of
German idioms as well as comparing the features of the database with capabilities
of similar lexicographic information systems of dictionary creation from the
standpoint of the two aforementioned principles of import.

Keywords: import principles; inheritable lexicographic resources; comparative
analysis; phraseological dictionary database

DOI: 10.14357/08696527210212

References

1. De Schryver, G.-M. 2003. Lexicographers' dreams in the electronic-dictionary age. Int.
J. Lexicogr. 16(2):143{199.

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2021 vol 31 no 2 137



V. V. Vakulenko and I. M. Zatsman

2. Tarp, S. 2008. Lexicography in the borderland between knowledge and non-knowledge.
General lexicographical theory with particular focus on learner's lexicography.
T�ubingen: Max Niemeyer Verlag. 308 p.

3. M�uller-Spitzer, C. 2013. Textual structures in electronic dictionaries compared with
printed dictionaries. A short general survey. Dictionaries. An international encyclopedia
of lexicography. Supplementary Volume: Recent developments with focus on electronic
and computational lexicography. Berlin: De Gruyter Mouton. 367{381.

4. Vakulenko, V. V., A. A. Goncharov, A. A. Durnovo, and I. M. Zatsman. 2020. Zadachi
bazy dannykh frazeologicheskogo slovarya i stadii ee proektirovaniya [Tasks of the phrase-
ological dictionary database and stages of its design]. Sistemy i Sredstva Informatiki |
Systems and Means of Informatics 30(2):113{123.

5. Baranov, A. N., and D. O. Dobrovol'skiy, eds. 2018. Tezaurus russkikh idiom. Se-
manticheskie gruppy i konteksty [Thesaurus of Russian idioms. Semantic groups and
contexts]. Œoscow: Lekrus. 888 p.

6. Suhardijanto, T., and A. Dinakaramani. 2017. Building a collaborative workspace
for lexicography works in Indonesia. Electronic Lexicography in the 21st Century
Conference Proceedings. Eds. I. Kosem and C. Tiberius. Brno: Lexical Computing CZ
s. r. o. 299{308.

7. TLex Suite User Guide. Available at: https://www.tshwanedje.com/docs/TLex%20
Suite%20User%20Guide.pdf (accessed March 29, 2021).

8. M�echura, M. B. 2017. Introducing Lexonomy: An open-source dictionary writing and
publishing system. Lexicography in the 21st Century Conference Proceedings. Eds.
I. Kosem and C. Tiberius. Brno: Lexical Computing CZ s. r. o. 662{679.

9. Moe, R. 2007. Dictionary development program. SIL Forum for Language Fieldwork
2007-003:7770. Available at: https://www.sil.org/resources/archives/7770 (accessed
March 29, 2021).

Received March 15, 2021

Contributors

Vakulenko Vasily V. (b. 1995) | engineer-researcher, 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;
vvak@pm.me

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

138 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2021 vol 31 no 2



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2021. ’. 31. ü 2. ‘. 139{151

ИНДИКАТОРНАЯ ОЦЕНКА НЕСТАБИЛЬНОСТИ
НЕЙРОННОГО МАШИННОГО ПЕРЕВОДА

А. Ю. Егорова1, И. М. Зацман2, М. Г. Кружков3, В. А. Нуриев4

�−−®â�æ¨ï: �à¥¤áâ�¢«¥−ë ¤�−−ë¥, ¯®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥ −�¡«î¤¥−¨ï §�
à�¡®â®© á¨áâ¥¬ë −¥©à®−−®£® ¬�è¨−−®£® ¯¥à¥¢®¤� (�Œ�), � â�ª¦¥ �−�«¨§� ¤®-
¯ãé¥−−ëå ¢ ¯¥à¥¢®¤¥ ®è¨¡®ª. ‚ å®¤¥ íªá¯¥à¨¬¥−â� ¯®«ãç¥−� ª®«¨ç¥áâ¢¥−−�ï
®æ¥−ª� −¥áâ�¡¨«ì−®áâ¨ �Œ� á ¯®¬®éìî ¨−¤¨ª�â®à®¢. �ªá¯¥à¨¬¥−â�«ì-
−ë¬ ¬�â¥à¨�«®¬ ¯®á«ã¦¨«¨ 250 àãááª®ï§ëç−ëå â¥ªáâ®¢ëå äà�£¬¥−â®¢, ¤«ï
ª�¦¤®£® ¨§ ª®â®àëå ¥¦¥¬¥áïç−® ¢ â¥ç¥−¨¥ ®¤−®£® £®¤� ä¨ªá¨à®¢�«áï ª�ª ¯¥-
à¥¢®¤ −� äà�−æã§áª¨© ï§ëª, ¢ë¯®«−¥−−ë© á ¯®¬®éìî á¨áâ¥¬ë �Œ� Google
Translate, â�ª ¨ ¤®¯ãé¥−−ë¥ ¢ −¥¬ ®è¨¡ª¨. ”¨ªá�æ¨ï ®è¨¡®ª ¯à®¢¥¤¥−�
¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï ¯¥à¥¢®¤®¢ á ¯®¬®éìî −�¤ª®à¯ãá−®© ¡�§ë ¤�−−ëå
(��„). ‚ à¥§ã«ìâ�â¥ ¥¦¥¬¥áïç−®© ®¡à�¡®âª¨ ¯¥à¥¢®¤®¢ ¡ë«� ¯®«ãç¥−� á¥à¨ï
¨§ 12 �−−®â�æ¨© ¤«ï ª�¦¤®£® ¨§ 250 â¥ªáâ®¢ëå äà�£¬¥−â®¢. �−−®â¨à®¢�−¨¥
¯¥à¥¢®¤®¢ ¯®§¢®«¨«® −¥ â®«ìª® §�ä¨ªá¨à®¢�âì ¤®¯ãé¥−−ë¥ ¢ ¯¥à¥¢®¤¥ ®è¨¡-
ª¨ ¢ á«ãç�¥ ¨å −�«¨ç¨ï, −® ¨ ®¯à¥¤¥«¨âì ª�â¥£®à¨¨ −¥áâ�¡¨«ì−®áâ¨ �Œ�,
ãª�§ë¢�îé¨¥ −� ¨§¬¥−¥−¨ï ª�ç¥áâ¢� ¯¥à¥¢®¤� ¨«¨ −� ®âáãâáâ¢¨¥ ®è¨¡®ª.
–¥«ì áâ�âì¨ á®áâ®¨â ¢ á®¯®áâ�¢¨â¥«ì−®¬ �−�«¨§¥ à¥§ã«ìâ�â®¢ à�¡®âë Google
Translate á ãç¥â®¬ ¢à¥¬¥−−®£® ¯�à�¬¥âà�.

Š«îç¥¢ë¥ á«®¢�: −¥©à®−−ë© ¬�è¨−−ë© ¯¥à¥¢®¤ (�Œ�); −¥áâ�¡¨«ì−®áâì
¬�è¨−−®£® ¯¥à¥¢®¤�; −�¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå; ¨−¤¨ª�â®à−�ï ®æ¥−ª�; «¨−-
£¢¨áâ¨ç¥áª®¥ �−−®â¨à®¢�−¨¥; ª�â¥£®à¨¨, å�à�ªâ¥à¨§ãîé¨¥ −¥áâ�¡¨«ì−®áâì
�Œ�

DOI: 10.14357/08696527210213

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ®−«�©−-á¨áâ¥¬ë ¬�è¨−−®£® ¯¥à¥¢®¤� (Œ�) −�å®¤ïâ ¯à¨-
¬¥−¥−¨¥ ¢® ¬−®£¨å áä¥à�å ç¥«®¢¥ç¥áª®© ¦¨§−¨ ¨ à�§¢¨¢�îâáï ¡ëáâàë¬¨ â¥¬¯�¬¨.
�¤−®¢à¥¬¥−−® ¢¥¤ãâáï ¨áá«¥¤®¢�−¨ï ¯® íªá¯¥àâ−®¬ã (á ¯à¨¢«¥ç¥−¨¥¬ ç¥«®¢¥ª�-

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, ann.shurova@gmail.com
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¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, izatsman@yandex.ru
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¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, nurieff.v@gmail.com
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íªá¯¥àâ�) ¨ �¢â®¬�â¨ç¥áª®¬ã á®¯®áâ�¢¨â¥«ì−®¬ã �−�«¨§ã à�¡®âë à�§−ëå á¨á-
â¥¬. �®á«¥¤−¨© â¨¯ �−�«¨§� á¢ï§�− á à�§à�¡®âª®© ¨ ¨á¯®«ì§®¢�−¨¥¬ ¬¥âà¨ª
�¢â®¬�â¨ç¥áª®© ®æ¥−ª¨ ª�ç¥áâ¢� Œ�. �¢â®¬�â¨ç¥áª�ï ®æ¥−ª� ¨§¬¥àï¥â ãà®¢¥−ì
á®®â¢¥âáâ¢¨ï Œ� à¥ä¥à¥−â−®¬ã | ¢ë¯®«−¥−−®¬ã ç¥«®¢¥ª®¬-¯à®ä¥áá¨®−�«®¬ |
¯¥à¥¢®¤ã (÷�). —â®¡ë ãáâ�−®¢¨âì ãà®¢¥−ì á®®â¢¥âáâ¢¨ï Œ� ¨ ÷�, ¯à¨¬¥−ïîâáï
ªà¨â¥à¨¨ â®ç−®áâ¨ (¯à®æ¥−â ¯¥à¥¢¥¤¥−−®£® ¡¥§ ®è¨¡®ª) ¨ ¯®«−®âë (¤®«ï ¤¥©-
áâ¢¨â¥«ì−® ¯¥à¥¢¥¤¥−−®£®). ‘�¬®© à�á¯à®áâà�−¥−−®© ¬¥âà¨ª®© �¢â®¬�â¨ç¥áª®©
®æ¥−ª¨ ª�ç¥áâ¢� Œ� á«ã¦¨â BLEU (�−£«. Bilingual Evaluation Understudy).
�¯à¥¤¥«ïï á®®â¢¥âáâ¢¨¥ Œ� ¨ ÷�, BLEU ¯®¤áç¨âë¢�¥â n-£à�¬¬−ãî â®ç−®áâì
¨ −�§−�ç�¥â èâà�ä §� á«¨èª®¬ ª®à®âª¨© ¯¥à¥¢®¤. N-£à�¬¬−�ï â®ç−®áâì ¯à¨
íâ®¬ ¯à¥¤áâ�¢«ï¥â á®¡®© ®â−®è¥−¨¥ ¯®á«¥¤®¢�â¥«ì−®áâ¥© ¨§ n á«®¢, á®¢¯�¤�-
îé¨å ¢ Œ� ¨ ÷�, ª ®¡é¥¬ã ç¨á«ã ¯®á«¥¤®¢�â¥«ì−®áâ¥© ¨§ n á«®¢ ¢ Œ�. BLEU
®á−®¢ë¢�¥âáï −� áâ�â¨áâ¨ç¥áª®¬ ¯®¤å®¤¥, −¥ ¨á¯®«ì§ãï §−�−¨ï ® ª®−â�ªâ¨àã-
îé¨å ¯à¨ ¯¥à¥¢®¤¥ ï§ëª�å. ‚ ®â«¨ç¨¥ ®â −¥¥, ¤àã£�ï −�¨¡®«¥¥ ¢®áâà¥¡®¢�−−�ï
¬¥âà¨ª�, METEOR (�−£«. Metric for Evaluation of Translation with Explicit
Ordering), ¯à¥¤¯®«�£�¥â ¨−â¥£à�æ¨î «¨−£¢¨áâ¨ç¥áª®£® §−�−¨ï. ’�ª, ®−� ãç¨âë-
¢�¥â −¥ â®«ìª® ¯®«−ë¥ n-£à�¬¬−ë¥ á®¢¯�¤¥−¨ï ¢ Œ� ¨ ÷�, −® ¨ ¨á¯®«ì§ã¥â
ª®à−¨ á«®¢ ¢¬¥áâ® â®ç−ëå á«®¢®ä®à¬, −�©¤¥−−ëå ¢ â¥ªáâ�å, � â�ª¦¥ á¥¬�−â¨ç¥-
áª¨¥ ¤�−−ë¥ (¯®¤à®¡−¥¥ ®¡ �¢â®¬�â¨§¨à®¢�−−ëå á¯®á®¡�å ®æ¥−ª¨ ª�ç¥áâ¢� Œ�
á¬. [1{4]).

‚ ¯à®æ¥áá¥ íªá¯¥àâ−®£® á®¯®áâ�¢¨â¥«ì−®£® �−�«¨§� ¨á¯®«ì§ã¥âáï, ª�ª ¯à�-
¢¨«®, �¢â®àáª�ï ª«�áá¨ä¨ª�æ¨ï â¥å ®è¨¡®ª, ª®â®àë¥ à¥£¨áâà¨àãîâáï ¯® à¥-
§ã«ìâ�â�¬ ¯¥à¥¢®¤�. ��¯à¨¬¥à, ¢ à�¡®â¥ [5] ¡ë« ¯à®¢¥¤¥− íªá¯¥àâ−ë© �−�«¨§
äã−ªæ¨®−¨à®¢�−¨ï ç¥âëà¥å ®−«�©−-á¨áâ¥¬ ¬�è¨−−®£® ¯¥à¥¢®¤�: Bing Transla-
tor, Google Translate, Systran ¨ Yandex.Translate. �ªá¯¥à¨¬¥−â�«ì−ë© ¬�áá¨¢
¢ª«îç�« 300 ¯à¥¤«®¦¥−¨© −� �−£«¨©áª®¬ ï§ëª¥ ¯® ¬¥¤¨æ¨−áª®© â¥¬�â¨ª¥. �−¨
¡ë«¨ ¯¥à¥¢¥¤¥−ë −� å®à¢�âáª¨© ï§ëª á ¯®¬®éìî íâ¨å ç¥âëà¥å á¨áâ¥¬. ‚ ¯®«ãç¥−-
−ëå ¯¥à¥¢®¤�å à¥£¨áâà¨à®¢�«¨áì ¤¥¢ïâì ¢¨¤®¢ ®è¨¡®ª, ¢ª«îç�ï −¥¯à�¢¨«ì−ë©
¯¥à¥¢®¤ ¬−®£®§−�ç−®£® á«®¢�. ��¯à¨¬¥à, �−£«¨©áª®¥ á«®¢® úmedicineû ¬®¦¥â
®§−�ç�âì ¬¥¤¨æ¨−� ¨ «¥ª�àáâ¢®. ’�ª¦¥ à¥£¨áâà¨à®¢�«¨áì −¥¯¥à¥¢¥¤¥−−ë¥ á«®¢�
¨ ®è¨¡ª¨ ¯à¨ ¯¥à¥¢®¤¥ ¨¤¨®¬. Œ¥−ìè¥ ¢á¥£® ®è¨¡®ª (¯® ¢á¥¬ ¤¥¢ïâ¨ ¨å ¢¨¤�¬)
á¤¥«�«¨ Google Translate (89) ¨ Yandex.Translate (92), ¡®«ìè¥ ¢á¥£® | á¨áâ¥¬�
Systran (213). “ Bing Translator ¡ë«® §�à¥£¨áâà¨à®¢�−® 138 ®è¨¡®ª. ‚á¥ ç¥-
âëà¥ á¨áâ¥¬ë ¤®¯ãáâ¨«¨ −�¨¡®«ìè¥¥ ç¨á«® ®è¨¡®ª ¯à¨ ¯¥à¥¢®¤¥ ¬−®£®§−�ç−ëå
á«®¢.

–¥«ì ¤�−−®© áâ�âì¨ á®áâ®¨â ¢ íªá¯¥àâ−®¬ á®¯®áâ�¢¨â¥«ì−®¬ �−�«¨§¥ à¥§ã«ì-
â�â®¢ à�¡®âë ®¤−®© ¨ â®© ¦¥ ®−«�©−-á¨áâ¥¬ë �Œ� Google Translate ¢ à�§−ë¥
¬®¬¥−âë ¢à¥¬¥−¨ −� ®¤−®¬ ¨ â®¬ ¦¥ íªá¯¥à¨¬¥−â�«ì−®¬ ¬�áá¨¢¥ ¯à¥¤«®¦¥−¨©.
’�ª®© ¯®¤å®¤ ¤�¥â ¢®§¬®¦−®áâì ®¯à¥¤¥«¨âì áâ¥¯¥−ì áâ�¡¨«ì−®áâ¨ ¢ à�¡®â¥ á¨á-
â¥¬ë −� ®á−®¢¥ à�−¥¥ à�§à�¡®â�−−®© ¬¥â®¤¨ª¨ à¥£¨áâà�æ¨¨ ¨ �−�«¨§� ®è¨¡®ª
¯¥à¥¢®¤� [6]. ‚ ¬¥â®¤¨ª¥ ¨á¯®«ì§®¢�«�áì �¢â®àáª�ï ª«�áá¨ä¨ª�æ¨ï ®è¨¡®ª,
ª®â®àë¥ à¥£¨áâà¨àãîâáï ¨ �−�«¨§¨àãîâáï ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï ®à¨£¨−�«�
¨ ¯¥à¥¢®¤�.
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ˆ−¤¨ª�â®à−�ï ®æ¥−ª� −¥áâ�¡¨«ì−®áâ¨ −¥©à®−−®£® ¬�è¨−−®£® ¯¥à¥¢®¤�

2 Описание эксперимента

Œ�â¥à¨�«®¬ ¤«ï íªá¯¥à¨¬¥−â� ¯®á«ã¦¨«¨ 250 àãááª®ï§ëç−ëå ¯à¥¤«®¦¥−¨©,
ª�¦¤®¥ ¨§ ª®â®àëå á®¤¥à¦¨â ¤¢ãåª®¬¯®−¥−â−ë© ª®−−¥ªâ®à1 (−�¯à¨¬¥à, ª�ª
(à�ááâ®ï−¨¥) â�ª ¨). ˆáâ®ç−¨ª®¬ ¢á¥å ¯à¥¤«®¦¥−¨© ¡ë« ��æ¨®−�«ì−ë© ª®à¯ãá
àãááª®£® ï§ëª� (�Š÷Ÿ) [8]. Š�¦¤®¥ ¯à¥¤«®¦¥−¨¥ ¢ â¥ç¥−¨¥ £®¤� ¡ë«® ¯¥à¥¢¥¤¥−®
−� äà�−æã§áª¨© ï§ëª ¨ ¯à®�−−®â¨à®¢�−® ¢¬¥áâ¥ á ¥£® Œ� 12 à�§.

„«ï ä®à¬¨à®¢�−¨ï, åà�−¥−¨ï ¨ ¯®¨áª� �−−®â�æ¨© ¯à¨¬¥−ï«�áì ��„ ª®−-
−¥ªâ®à®¢ [9{13]. Š�¦¤�ï �−−®â�æ¨ï (á¬. ¯à¨¬¥à á ª®−−¥ªâ®à®¬ ª�ª (à�ááâ®ï−¨¥)
â�ª ¨ ¢ â�¡«. 1) á®áâ®¨â ¨§ á«¥¤ãîé¨å ç�áâ¥©: ¯à¥¤«®¦¥−¨¥ ¨«¨ ¥£® äà�£¬¥−â
á ª®−−¥ªâ®à®¬ −� àãááª®¬ ï§ëª¥, ¥£® ¯¥à¥¢®¤ −� äà�−æã§áª¨©, ¢ë¯®«−¥−−ë© á ¯®-
¬®éìî á¨áâ¥¬ë �Œ� Google Translate, ¨ áâàãªâãà¨à®¢�−−®¥ ®¯¨á�−¨¥ ®è¨¡®ª
¢ á«ãç�¥ ¨å −�«¨ç¨ï.

Š�¦¤ë© ¬¥áïæ −� ¯à®âï¦¥−¨¨ £®¤� (á ¬�àâ� 2019 £. ¯® ä¥¢à�«ì 2020 £.) ¢ ��„
ª®−−¥ªâ®à®¢ ¯à®¨áå®¤¨«® ä®à¬¨à®¢�−¨¥ 250 �−−®â�æ¨© á Œ� ®â®¡à�−−ëå ¯à¥¤-
«®¦¥−¨© ¨«¨ ¨å äà�£¬¥−â®¢. ‚ à¥§ã«ìâ�â¥ ¡ë« ¯®«ãç¥− ¬�áá¨¢ íªá¯¥à¨¬¥−â�«ì-
−ëå ¤�−−ëå, ¢ ª®â®à®¬ ¤«ï ª�¦¤®£® ¨§ 250 ¯à¥¤«®¦¥−¨© ¡ë«� §�ä¨ªá¨à®¢�−�
á¥à¨ï ¨§ 12 ¢¥àá¨© Œ�. ‚á¥£® ¢ ��„ ¡ë«® áä®à¬¨à®¢�−® 3000 �−−®â�æ¨©.

„«ï ®¡à�¡®âª¨ ¢á¥å áä®à¬¨à®¢�−−ëå �−−®â�æ¨© ¡ë«� ¯à¨¬¥−¥−� ¬¥â®¤¨ª�
à¥£¨áâà�æ¨¨ ¨ �−�«¨§� ®è¨¡®ª �Œ� [6] ¨ �¢â®àáª�ï ª«�áá¨ä¨ª�æ¨ï ª®«¨ç¥áâ¢¥−-
−ëå ¯®ª�§�â¥«¥© (¨−¤¨ª�â®à®¢) ®è¨¡®ª (¤�«¥¥ | ¨−¤¨ª�â®à−�ï ®æ¥−ª� ®è¨¡®ª,
ˆ�). Š«�áá¨ä¨ª�æ¨ï ¨−¤¨ª�â®à®¢ ¨ ¬¥â®¤¨ª� ¡ë«¨ à�§à�¡®â�−ë ¢ âà¨ íâ�¯�. ��
¯¥à¢®¬ íâ�¯¥, ®¯¨á�−−®¬ ¢ [16], ¡ë«� ¯à®¢¥¤¥−� ª�â¥£®à¨§�æ¨ï −¥áâ�¡¨«ì−®áâ¨
�Œ� −� ®á−®¢¥ �−�«¨§� ®è¨¡®ª ¯¥à¥¢®¤�, ª®â®àë¥ ¢®§−¨ª�«¨ ¨«¨ ¨áç¥§�«¨
¢ á¥à¨ïå Œ� ¯à¨ �Œ�.

‚ à¥§ã«ìâ�â¥ ¡ë«¨ ¢ë¤¥«¥−ë è¥áâì ª�â¥£®à¨©. �ïâì ¨§ −¨å å�à�ªâ¥à¨§ãîâ
−¥áâ�¡¨«ì−®áâì �Œ�:

(1) ¯®¢ëè¥−¨¥ ª�ç¥áâ¢� �Œ�;

(2) á−¨¦¥−¨¥ ª�ç¥áâ¢� �Œ�;

(3) ª®«¥¡�−¨¥ ª�ç¥áâ¢� �Œ�;

(4) ¨§¬¥−¥−¨¥ −�¡®à� ®è¨¡®ª ¢ �Œ� ¡¥§ ¤¨−�¬¨ª¨ ¥£® ª�ç¥áâ¢�;

(5) ¨§¬¥−¥−¨¥ �Œ� ¡¥§ ¤¨−�¬¨ª¨ ¥£® ª�ç¥áâ¢�.

˜¥áâ�ï ª�â¥£®à¨ï ®¡ê¥¤¨−ï¥â ¯¥à¥¢®¤ë, ª®â®àë¥ ®áâ�¢�«¨áì −¥¨§¬¥−−ë¬¨ ¢ ¯à¥-
¤¥«�å á¥à¨¨ (®¯¨á�−¨¥ ª�â¥£®à¨© ¯à¥¤áâ�¢«¥−® ¢ [16]).

�� ¢â®à®¬ íâ�¯¥ ¡ë«� à�§à�¡®â�−� ¨ ®¯¨á�−� ¬¥â®¤¨ª� à¥£¨áâà�æ¨¨ ¨ �−�«¨§�
®è¨¡®ª �Œ� [6]. �� âà¥âì¥¬ íâ�¯¥ ¨áá«¥¤®¢�−¨ï [17] ¡ë«� ¯à®¢¥¤¥−� ¯à¥¤¢�à¨-
â¥«ì−�ï ®æ¥−ª� à¥§ã«ìâ�â®¢ à�¡®âë á¨áâ¥¬ë �Œ� á ¯à¨¬¥−¥−¨¥¬ à�§à�¡®â�−−®©
ª«�áá¨ä¨ª�æ¨¨ ¨−¤¨ª�â®à®¢ (−� ¬�â¥à¨�«¥ 1800 �−−®â�æ¨©).

1Š®−−¥ªâ®à | ï§ëª®¢�ï ¥¤¨−¨æ�, äã−ªæ¨ï ª®â®à®© á®áâ®¨â ¢ ¢ëà�¦¥−¨¨ «®£¨ª®-á¥¬�−-
â¨ç¥áª®£® ®â−®è¥−¨ï, áãé¥áâ¢ãîé¥£® ¬¥¦¤ã á®¥¤¨−¥−−ë¬¨ á ¥¥ ¯®¬®éìî ç�áâï¬¨ â¥ªáâ®¢®£®
äà�£¬¥−â� [7, á. 17].
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’�¡«¨æ� 1 �à¨¬¥à �−−®â�æ¨¨

ü ¢
��„

Š®−â¥ªáâ ÷÷
¢ ®à¨£¨−�«¥1

÷÷
¢ ®à¨£¨−�«¥
¨ ¥¥ àã¡à¨ª¨

Š®−â¥ªáâ ÷÷
¢ ¯¥à¥¢®¤¥2

÷÷
¢ ¯¥à¥¢®¤¥

¨ ¥¥ àã¡à¨ª¨

�à¨-
§−�ª¨
�−−®-
â�æ¨¨

„�â�
¨ ¢à¥¬ï
§�¯¨á¨
¢ ��„

28323 Š�ª 20{30 «¥â
−�§�¤, â�ª ¨ â¥-
¯¥àì, ¯¥à¥¤
á¬¥àâ¨î, ¬¥−ï
¨−â¥à¥áã¥â ®¤-
−� â®«ìª® −�ãª�
[�. �. —¥å®¢.
‘ªãç−�ï ¨áâ®-
à¨ï (1889)]

ª�ª‖â�ª ¨
〈�−�«®£¨ï〉
〈CNT p
CNT q〉
〈CNT〉
〈„¨áâ�−â〉

Comme il y a
20{30 ans, alors
maintenant,
avant la mort, je
ne m'int‚eresse
qu'à la sci-
ence [¯¥à¥¢®¤
¢ë¯®«−¥− á¨á-
â¥¬®© Google
Translate]

comme‖alors
〈ErrorTotal
CNT〉

MT 03.03.2019
17:27

1÷¥ç¥¢�ï à¥�«¨§�æ¨ï ¢ ®à¨£¨−�«¥ | ä®à¬� ª®−−¥ªâ®à� ¢ ª®−ªà¥â−®¬ ¢ëáª�§ë¢�−¨¨ [14].
2÷¥ç¥¢�ï à¥�«¨§�æ¨ï ¢ ¯¥à¥¢®¤¥ | äã−ªæ¨®−�«ì−® íª¢¨¢�«¥−â−ë© äà�£¬¥−â ¯¥à¥¢®¤�, ¯¥-

à¥¤�îé¨© á¬ëá«®¢®¥ −�¯®«−¥−¨¥ ÷÷ ¢ ®à¨£¨−�«¥. �®−ïâ¨¥ úäã−ªæ¨®−�«ì−® íª¢¨¢�«¥−â−ë©
äà�£¬¥−âû ¯à¥¤«®¦¥−® ¢ [15].
�à¨¬¥ç�−¨ï.

1. ÷ã¡à¨ª� (¯®¤à®¡−¥¥ ® àã¡à¨ª�å á¬. ¢ [11]) ú�−�«®£¨ïû £®¢®à¨â ® â®¬, çâ® ª®−−¥ªâ®à ª�ª‖â�ª ¨
¢ëà�¦�¥â «®£¨ª®-á¥¬�−â¨ç¥áª®¥ ®â−®è¥−¨¥ �−�«®£¨¨.

2. ÷ã¡à¨ª� úCNT p CNT qû £®¢®à¨â ® â®¬, çâ® í«¥¬¥−âë ¤¢ãåª®¬¯®−¥−â−®£® ª®−−¥ªâ®à�
−�å®¤ïâáï ¢ ª�¦¤®¬ ¨§ á®¥¤¨−ï¥¬ëå ª®¬¯®−¥−â®¢ â¥ªáâ� p (ú20{30 «¥â −�§�¤û) ¨ q (úâ¥¯¥àì,
¯¥à¥¤ á¬¥àâ¨î, ¬¥−ï ¨−â¥à¥áã¥â ®¤−� â®«ìª® −�ãª�û).

3. ÷ã¡à¨ª� úCNTû £®¢®à¨â ® â®¬, çâ® �−−®â�æ¨ï áä®à¬¨à®¢�−� ¤«ï ¢á¥£® ª®−−¥ªâ®à�, � −¥ ¤«ï
®â¤¥«ì−® á®áâ�¢«ïîé¨å ¥£® ¡«®ª®¢ ¨«¨ í«¥¬¥−â®¢.

4. ÷ã¡à¨ª� ú„¨áâ�−âû £®¢®à¨â ® â®¬, çâ® á®áâ�¢−ë¥ ç�áâ¨ ª®−−¥ªâ®à� úª�ªû ¨ úâ�ª ¨û à�§¤¥«¥−ë
â¥ªáâ®¬ ú20{30 «¥â −�§�¤û.

5. ÷ã¡à¨ª� úErrorTotalCNTû £®¢®à¨â ® â®¬, çâ® ª®−−¥ªâ®à ª�ª‖â�ª ¨ ¯¥à¥¢¥¤¥− ï§ëª®¢®©
¥¤¨−¨æ¥© comme‖alors (−¥áãé¥áâ¢ãîé¥© ¢® äà�−æã§áª®¬ ï§ëª¥).

6. ÷ã¡à¨ª� úMTû ¯à®áâ�¢«ï¥âáï ¢ �−−®â�æ¨¨ ¯à®£à�¬¬−® ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¬�è¨−−®£®
¯¥à¥¢®¤ç¨ª�.

3 Адаптация надкорпусной базы данных для индикаторной оценки

—â®¡ë ä¨ªá¨à®¢�âì ¢ ��„ ª®−−¥ªâ®à®¢ ¨−ä®à¬�æ¨î ® ¯¥à¥¢®¤�å â¥ªáâ®¢ëå
äà�£¬¥−â®¢, á®¤¥à¦�é¨å àãááª¨¥ ª®−−¥ªâ®àë, −� äà�−æã§áª¨© ï§ëª á ¨á¯®«ì-
§®¢�−¨¥¬ ¬�è¨−−ëå ¯¥à¥¢®¤ç¨ª®¢, íâ� ��„ ¡ë«� ¤®¯®«−¥−� àï¤®¬ äã−ªæ¨©,
¯®§¢®«ïîé¨å á®åà�−ïâì ¨−ä®à¬�æ¨î ® ¯¥à¥¢®¤�å, ¯®«ãç�¥¬ëå ¨§ ¢−¥è−¨å ¨á-
â®ç−¨ª®¢ (¢ ¤�−−®¬ á«ãç�¥ | ¨§ á¨áâ¥¬ �Œ�). ˆ§−�ç�«ì−® ��„ ª®−−¥ªâ®à®¢
¯®§¢®«ï«� ä®à¬¨à®¢�âì �−−®â�æ¨¨ â®«ìª® ¤«ï ¯¥à¥¢®¤®¢, ¨§¢«¥ª�¥¬ëå ¨§ ¨−â¥-
£à¨à®¢�−−®£® ¢ ��„ ¬−®£®ï§ëç−®£® ¯®¤ª®à¯ãá� �Š÷Ÿ [8], ª®â®àë© á®¤¥à¦¨â
�¢â®àáª¨¥ ¯¥à¥¢®¤ë (��), â. ¥. ¯¥à¥¢®¤ë, ¢ë¯®«−¥−−ë¥ ¯à®ä¥áá¨®−�«ì−ë¬¨
¯¥à¥¢®¤ç¨ª�¬¨.
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ˆ−¤¨ª�â®à−�ï ®æ¥−ª� −¥áâ�¡¨«ì−®áâ¨ −¥©à®−−®£® ¬�è¨−−®£® ¯¥à¥¢®¤�

�−−®â�æ¨¨ ¤«ï �Œ� áâà®ïâáï ¯® â®¬ã ¦¥ ¯à¨−æ¨¯ã, çâ® ¨ �−−®â�æ¨¨ ¤«ï ��
(á¬., −�¯à¨¬¥à, [18]), −® ¯à¨ íâ®¬ ®−¨ ®¡«�¤�îâ á«¥¤ãîé¨¬¨ ®á®¡¥−−®áâï¬¨. ‚®-
¯¥à¢ëå, ¢¬¥áâ® ááë«ª¨ −� á®®â¢¥âáâ¢ãîé¨¥ äà�£¬¥−âë ª®à¯ãá� ®−¨ ¢ª«îç�îâ
¢ á¥¡ï ááë«ª¨ −� á¨áâ¥¬ã �Œ�, á ¯®¬®éìî ª®â®à®© ¡ë« ¢ë¯®«−¥− ¯à¨¢¥¤¥−−ë©
¯¥à¥¢®¤, � â�ª¦¥ á®åà�−ïîâ ¤�âã ¯¥à¥¢®¤�. ‚®-¢â®àëå, ¢ à�¬ª�å ®¯¨áë¢�¥¬®£®
íªá¯¥à¨¬¥−â� ¤«ï ª�¦¤®£® äà�£¬¥−â� ®à¨£¨−�«� ¢ â¥ç¥−¨¥ £®¤� ä®à¬¨à®¢�«®áì ¯®
á¥à¨¨ ¨§ 12 �Œ�-�−−®â�æ¨©, ¢ à¥§ã«ìâ�â¥ ç¥£® ¢ ��„ á®§¤�îâáï ¨−ä®à¬�æ¨®−-
−ë¥ ®¡ê¥ªâë −®¢®£® â¨¯� (â¥¬¯®à�«ì−ë¥ á¥à¨¨ �Œ�-�−−®â�æ¨©), ¯®§¢®«ïîé¨¥
®âá«¥¦¨¢�âì ¤¨−�¬¨ªã ¨§¬¥−¥−¨© ¢ Œ� ¢® ¢à¥¬¥−¨.

‘âàãªâãà−�ï áå¥¬� ��„ ª®−−¥ªâ®à®¢ á ¯®¤¤¥à¦ª®© �−−®â¨à®¢�−¨ï á¥à¨© �Œ� ¨§
¢−¥è−¨å ¨áâ®ç−¨ª®¢

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 31 −®¬¥à 2 2021 143



�. ā. …£®à®¢�, ˆ. Œ. ‡�æ¬�−, Œ. ƒ. Šàã¦ª®¢, ‚. �. �ãà¨¥¢

��ª®−¥æ, ä�á¥â−�ï ª«�áá¨ä¨ª�æ¨ï ¤«ï �Œ�-�−−®â�æ¨© ¯à®¢®¤¨âáï ¯® ¤àã-
£¨¬ ®á−®¢�−¨ï¬, ®â«¨ç−ë¬ ®â ®á−®¢�−¨©, ¨á¯®«ì§ãîé¨åáï ¯à¨ ª«�áá¨ä¨ª�æ¨¨
��-�−−®â�æ¨©. �à¨ íâ®¬ £«�¢−ë¬ ®¡à�§®¬ ¨á¯®«ì§ã¥âáï ¤¢� −®¢ëå ä�á¥â�:
ä�á¥â ¤«ï ª«�áá¨ä¨ª�æ¨¨ ®è¨¡®ª ¯¥à¥¢®¤�, ¯®§¢®«ïîé¨© ä¨ªá¨à®¢�âì −�«¨ç¨¥
¨«¨ ®âáãâáâ¢¨¥ à�§«¨ç−ëå ¢¨¤®¢ ®è¨¡®ª ¢ ª®−ªà¥â−ëå Œ�, ¨ ä�á¥â ª�â¥£®à¨©
−¥áâ�¡¨«ì−®áâ¨, ¯®§¢®«ïîé¨© ä¨ªá¨à®¢�âì íªá¯¥àâ−ãî ®æ¥−ªã ¤¨−�¬¨ª¨ ª�ç¥-
áâ¢� �Œ� ¤«ï ª�¦¤®© á¥à¨¨ �Œ�-�−−®â�æ¨© (¯®¤à®¡−®¥ ®¯¨á�−¨¥ íâ¨å ä�á¥â®¢
¤�−® ¢ à�¡®â�å [6,16]). ‘âàãªâãà−�ï áå¥¬� æ¥−âà�«ì−®© ç�áâ¨ ��„ ª®−−¥ªâ®à®¢
á ãç¥â®¬ ¢ëè¥®¯¨á�−−ëå ¨§¬¥−¥−¨© ¯à¨¢¥¤¥−� −� à¨áã−ª¥.

„�−−�ï áå¥¬� ¯®§¢®«ï¥â ¨§¢«¥ª�âì ¨§ ��„ ª®−−¥ªâ®à®¢ á¢¥¤¥−¨ï ® ª®àà¥«ï-
æ¨ïå ¬¥¦¤ã à�§«¨ç−ë¬¨ �á¯¥ªâ�¬¨ ®à¨£¨−�«ì−ëå ¨ ¯¥à¥¢®¤−ëå â¥ªáâ®¢ (â�ª¨¬¨
ª�ª à¥ç¥¢ë¥ à¥�«¨§�æ¨¨ (÷÷) ¨ ª«�áá¨ä¨ª�æ¨®−−ë¥ ¯à¨§−�ª¨ �Œ�, �� ¨ ®à¨-
£¨−�«ì−ëå â¥ªáâ®¢, à�á¯à¥¤¥«¥−¨¥ �Œ� ¯® ¬¥áïæ�¬, ¯à¨§−�ª¨ ¯¥à¥¢®¤−ëå
á®®â¢¥âáâ¢¨© ¨ â. ¤.). �® §�¯à®áã ¯®«ì§®¢�â¥«¥© �¤¬¨−¨áâà�â®àë ��„ ä®à¬¨àã-
îâ SQL-§�¯à®áë á �£à¥£¨àãîé¨¬¨ äã−ªæ¨ï¬¨, £¥−¥à¨àãîé¨¥ ª®«¨ç¥áâ¢¥−−ë¥
¨ ¯à®æ¥−â−ë¥ ¤�−−ë¥ ® â�ª¨å ª®àà¥«ïæ¨ïå, ª®â®àë¥ §�â¥¬ ¨−â¥à¯à¥â¨àãîâáï ª�ª
¨−¤¨ª�â®àë ¤¨−�¬¨ª¨ Œ�.

’�ª, ¢ [17] ¯à¨¢®¤¨«¨áì ¯à¥¤¢�à¨â¥«ì−ë¥ ¤�−−ë¥ ® ª®àà¥«ïæ¨ïå ¬¥¦¤ã
ª�â¥£®à¨ï¬¨ −¥áâ�¡¨«ì−®áâ¨ �Œ� ¨ ®è¨¡ª�¬¨, −�¡«î¤�¥¬ë¬¨ ¢ Œ�, ®â−®áï-
é¨åáï ª íâ¨¬ ª�â¥£®à¨ï¬. ’�ª¦¥ ¡ë«¨ ¯à¥¤áâ�¢«¥−ë ¤�−−ë¥ ® à�á¯à¥¤¥«¥−¨¨
à�§«¨ç−ëå ¢¨¤®¢ ®è¨¡®ª ¢ �Œ� ¯® ¬¥áïæ�¬.

4 Результаты индикаторной оценки

‚ à�¬ª�å íªá¯¥à¨¬¥−â� ¯® ¬®−¨â®à¨−£ã à�¡®âë á¨áâ¥¬ë �Œ� ¡ë«¨ ¯®«ãç¥−ë
ç¨á«®¢ë¥ ¨−¤¨ª�â®àë, å�à�ªâ¥à¨§ãîé¨¥ á®®â−®è¥−¨¥ ª�â¥£®à¨© −¥áâ�¡¨«ì−®áâ¨
�Œ�, ®è¨¡®ª ¢ Œ� ¨ á«ãç�¥¢ ¨å ®âáãâáâ¢¨ï. ‚ â�¡«. 2 ¯à¥¤áâ�¢«¥−ë ¤�−−ë¥
¤«ï á«ãç�¥¢, ª®£¤� ®è¨¡ª¨ ¢ Œ� ®âáãâáâ¢ãîâ (áâà®ª� 1), � â�ª¦¥ ¤�−−ë¥ ® ç�á-
â®â−®áâ¨ 19 ¢¨¤®¢ ®è¨¡®ª Œ�1 (á¬. áâà®ª¨ 2{20). —�áâ®â−®áâì ¢ëç¨á«ï«�áì ®â
®¡é¥£® ç¨á«� ®è¨¡®ª (4494), §�à¥£¨áâà¨à®¢�−−ëå ¢ 3000 �−−®â�æ¨ïå, ¯à¨ íâ®¬
¢ ®¤−®© �−−®â�æ¨¨ ¬®£«® ¡ëâì §�ä¨ªá¨à®¢�−® −¥áª®«ìª® à�§−ëå ®è¨¡®ª. ‚ ��„
ª®−−¥ªâ®à®¢ ¡ë«� ¤®¡�¢«¥−� ¢®§¬®¦−®áâì ¯à®áâ�¢«ïâì ¤«ï ®¤−®© �−−®â�æ¨¨
−¥áª®«ìª® ®è¨¡®ª ®¤−®£® ¢¨¤�, çâ® ¯®§¢®«¨«® ãâ®ç−¨âì ¯à¥¤¢�à¨â¥«ì−ë¥ ¤�−−ë¥
íªá¯¥à¨¬¥−â� [17].

�à¥¦¤¥ ¢á¥£®, ®â¬¥â¨¬, çâ® ¤«ï 645 �−−®â�æ¨© ¨§ 3000 ¡ë« ¯à®áâ�¢«¥−
¯à¨§−�ª NoError. �â® §−�ç¨â, çâ® 21,5% ¢á¥å Œ� ¯à¥¤áâ�¢«ïîâ á®¡®© ¢�à¨�−âë
¯¥à¥¢®¤� ¡¥§ ®è¨¡®ª, ¢® ¢á¥å ®áâ�«ì−ëå �−−®â�æ¨ïå ¡ë«¨ §�ä¨ªá¨à®¢�−ë ®¤−�
¨«¨ ¡®«¥¥ ®è¨¡®ª.

‘�¬®© ç�áâ®â−®© áâ�«� ®è¨¡ª� ErrorSemant (43,01% ®â 4494, â. ¥. ®â áã¬¬ë
¢á¥å ¯à®áâ�¢«¥−−ëå ª®¤®¢ ®è¨¡®ª ¨ á«ãç�¥¢ ¨å ®âáãâáâ¢¨ï, ª®£¤� ¯à®áâ�¢«ï¥âáï
ª®¤ NoError). �â® «¥ªá¨ç¥áª�ï ®è¨¡ª�, ª®â®à�ï ¢ë§ë¢�¥â ¨áª�¦¥−¨¥ á¬ëá«� ¢®

1�®¤à®¡−¥¥ ® ª«�áá¨ä¨ª�æ¨¨ ®è¨¡®ª á¬. ¢ [6, 16].
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ˆ−¤¨ª�â®à−�ï ®æ¥−ª� −¥áâ�¡¨«ì−®áâ¨ −¥©à®−−®£® ¬�è¨−−®£® ¯¥à¥¢®¤�

’�¡«¨æ� 2 ˆ−¤¨ª�â®àë −¥áâ�¡¨«ì−®áâ¨ �Œ�, ®è¨¡®ª ¨ á«ãç�¥¢ ¨å ®âáãâáâ¢¨ï

1 2 3 4 5 6

ü Š®¤ ®è¨¡ª¨

�®¢ë-
è¥−¨¥

ª�ç¥áâ¢�
�Œ�

‘−¨-
¦¥−¨¥

ª�ç¥áâ¢�
�Œ�

Š®«¥-
¡�−¨¥

ª�ç¥áâ¢�
�Œ�

ˆ§¬¥-
−¥−¨¥
−�¡®à�
®è¨¡®ª
¢ �Œ�

¡¥§
¤¨−�-

¬¨ª¨ ¥£®
ª�ç¥áâ¢�

ˆ§¬¥-
−¥−¨¥
�Œ�

¡¥§
¤¨−�-
¬¨ª¨
¥£®

ª�ç¥áâ¢�

�Œ�
¡¥§

¨§¬¥-
−¥−¨©

‘ã¬¬�
¯® 6
ª�â¥-

£®à¨ï¬,
å�à�ª-
â¥à¨§ã-
îé¨¬
−¥áâ�-
¡¨«ì-
−®áâì

‡−�ç¥-
−¨ï

¨−¤¨ª�-
â®à®¢

®è¨¡®ª,
%

1 NoError 116 81 148 0 252 48 645 14,35
2 ErrorSemant 601 169 657 325 169 12 1933 43,01
3 ErrorSyntax 100 34 158 102 24 0 418 9,30
4 ErrorSyntaxPostCNT 109 35 92 72 48 0 356 7,92
5 ErrorCNT 92 7 46 84 29 0 258 5,63
6 ErrorTotalCNT 58 8 50 65 24 0 205 4,67
7 Pleonasm 24 12 23 23 23 0 105 2,34
8 ErrorPunct 21 15 33 27 0 0 96 2,14
9 ErrorPart1CNT 22 0 31 21 12 0 86 1,91
10 Lacuna 20 0 25 35 0 0 80 1,78
11 ErrorMorphCNT 16 0 10 29 12 0 67 1,49
12 ErrorPart2CNT 22 3 16 14 12 0 67 1,49
13 ErrorMorphPostCNT 5 5 31 23 0 0 64 1,42
14 ErrorMorph 5 3 24 6 0 0 38 0,85
15 Latin 15 0 2 12 0 0 29 0,65
16 TrPart2CNT 2 0 4 0 12 0 18 0,40
17 AgramTotal 5 0 0 12 0 0 17 0,38
18 TrPart1CNT 0 0 5 7 0 0 12 0,27
19 Cyrillic 0 0 0 0 0 0 0 0,00
20 ErrorOrthCNT 0 0 0 0 0 0 0 0,00
‘ã¬¬� ¯® ¢¨¤�¬
®è¨¡®ª

1233 372 1355 857 617 60 4494

‡−�ç¥−¨ï ¨−¤¨ª�â®à®¢
¤«ï ª�¦¤®© ª�â¥£®-
à¨¨, %

27,44 8,28 30,15 19,07 13,73 1,33 100,00

äà�£¬¥−â¥ ¯¥à¥¢®¤�. ‚ 3000 �−−®â�æ¨© ®−� ¡ë«� ¯à®áâ�¢«¥−� 1933 à�§�, ¯à¨ç¥¬
−¥à¥¤ª® ¢ ®¤−®¬ Œ� ä¨ªá¨à®¢�«¨áì −¥áª®«ìª® ®è¨¡®ª ¢¨¤� ErrorSemant.

„�«¥¥ ¯® ã¬¥−ìè¥−¨î ç�áâ®â−®áâ¨ á«¥¤ãîâ á¨−â�ªá¨ç¥áª¨¥ ®è¨¡ª¨ ¢® äà�£-
¬¥−â¥, −¥ ¢¢®¤¨¬®¬ ª®−−¥ªâ®à®¬ (ErrorSyntax | 9,3%) ¨ ¢¢®¤¨¬®¬ ª®−−¥ª-
â®à®¬ (ErrorSyntaxPostCNT | 7,92%). ‘¨−â�ªá¨ç¥áª¨¥ ®è¨¡ª¨ ¢áâà¥ç�-
îâáï ¢ Œ� £®à�§¤® à¥¦¥, ç¥¬ ErrorSemant: ¥á«¨ ®¡ê¥¤¨−¨âì ErrorSyntax
¨ ErrorSyntaxPostCNT ¢¬¥áâ¥, ¨å ç¨á«® ¡ã¤¥â ¯®çâ¨ ¢ 2,5 à�§� ¬¥−ìè¥, ç¥¬
ç¨á«® ErrorSemant.

‡�â¥¬ á«¥¤ãîâ ¬®àä®«®£¨ç¥áª¨¥ ®è¨¡ª¨ (ErrorMorphPostCNT ¤«ï äà�£-
¬¥−â� á ª®−−¥ªâ®à®¬ ¨ ErrorMorph ¤«ï äà�£¬¥−â�, −¥ ¢¢®¤¨¬®£® ª®−−¥ªâ®à®¬),
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’�¡«¨æ� 3 ÷�á¯à¥¤¥«¥−¨¥ �−−®â�æ¨© ¯® ª�â¥£®à¨ï¬, å�à�ªâ¥à¨§ãîé¨¬ −¥áâ�¡¨«ì−®áâì
�Œ�

ü
��§¢�−¨¥ àã¡à¨ª¨, å�à�ªâ¥à¨§ãîé¥©

−¥áâ�¡¨«ì−®áâì �Œ�
—¨á«®

�−−®â�æ¨©

„®«ï
®â ®¡é¥£® ç¨á«�
�−−®â�æ¨© (3000)

1 �®¢ëè¥−¨¥ ª�ç¥áâ¢� �Œ� 828 27,6%
2 ‘−¨¦¥−¨¥ ª�ç¥áâ¢� �Œ� 288 9,6%
3 Š®«¥¡�−¨¥ ª�ç¥áâ¢� �Œ� 924 30,8%

4
ˆ§¬¥−¥−¨¥ −�¡®à� ®è¨¡®ª ¢ �Œ�
¡¥§ ¤¨−�¬¨ª¨ ¥£® ª�ç¥áâ¢� 408 13,6%

5 ˆ§¬¥−¥−¨¥ �Œ� ¡¥§ ¤¨−�¬¨ª¨ ¥£® ª�ç¥áâ¢� 492 16,4%
6 �Œ� ¡¥§ ¨§¬¥−¥−¨© 60 2,0%

ç�áâ®â−®áâì ª®â®àëå á®áâ�¢¨«� 1,42% ¨ 0,85% á®®â¢¥âáâ¢¥−−®. ‡−�ç¨â¥«ì−�ï à�§-
−¨æ� ¬¥¦¤ã ç¨á«®¬ á¨−â�ªá¨ç¥áª¨å ¨ ¬®àä®«®£¨ç¥áª¨å ®è¨¡®ª ¯®¤â¢¥à¦¤�¥â
â¥−¤¥−æ¨î, ¢ëï¢«¥−−ãî −� íâ�¯¥ �−�«¨§� ¯à¥¤¢�à¨â¥«ì−ëå ¤�−−ëå ¯® 1800 �−-
−®â�æ¨ï¬, ª®â®à�ï ¡ë«� ®¯¨á�−� ¢ [17].

—â® ª�á�¥âáï ®è¨¡®ª, §�âà�£¨¢�îé¨å −¥¯®áà¥¤áâ¢¥−−® ¯¥à¥¢®¤ ª®−−¥ªâ®à®¢,
á�¬ë¬¨ à�á¯à®áâà�−¥−−ë¬¨ áâ�«¨ ErrorCNT (¢ ¯¥à¥¢®¤¥ ¨á¯®«ì§ã¥âáï á¥¬�−â¨-
ç¥áª¨ −¥¢¥à−ë© ª®−−¥ªâ®à) ¨ ErrorTotalCNT (á¨áâ¥¬� �Œ� ¯¥à¥¢®¤¨â ª®−−¥ªâ®à
−¥áãé¥áâ¢ãîé¥© ï§ëª®¢®© ¥¤¨−¨æ¥©). ˆå ç�áâ®â−®áâì à�¢−� 5,63% ¨ 4,67% á®-
®â¢¥âáâ¢¥−−®.

�® §�¢¥àè¥−¨¨ ¨áá«¥¤®¢�−¨ï �Œ� −ã«¥¢ë¬¨ ®áâ�«¨áì ïç¥©ª¨ ¤«ï ®è¨¡®ª
Cyrillic (¨á¯®«ì§®¢�−¨¥ ¢ ¯¥à¥¢®¤¥ á«®¢� ª¨à¨««¨æ¥©) ¨ ErrorOrthCNT (®àä®-
£à�ä¨ç¥áª�ï ®è¨¡ª� ¢ ä®à¬¥ ª®−−¥ªâ®à�). Š�ª ã¦¥ ¡ë«® ®â¬¥ç¥−® ¢ [17], íâ¨
¯®ª�§�â¥«¨ ¬®£ãâ á¢¨¤¥â¥«ìáâ¢®¢�âì ® â¥−¤¥−æ¨¨ ª ¯®¢ëè¥−¨î ª�ç¥áâ¢� �Œ�,
ãç¨âë¢�ï â®â ä�ªâ, çâ® ¢ ¯à¥¤ë¤ãé¨å ¨áá«¥¤®¢�−¨ïå [19] íâ¨ §−�ç¥−¨ï −¥ ¡ë«¨
−ã«¥¢ë¬¨.

�−�«¨§¨àãï ¤�−−ë¥ ¯® ¯¥à¢ë¬ ¯ïâ¨ ª�â¥£®à¨ï¬, å�à�ªâ¥à¨§ãîé¨¬ −¥áâ�-
¡¨«ì−®áâì �Œ�, ®â¬¥â¨¬ á«¥¤ãîé¥¥. ’à¥âì¥© ª�â¥£®à¨¨ úŠ®«¥¡�−¨¥ ª�ç¥áâ¢�
�Œ�û ¨ ¯¥à¢®© ª�â¥£®à¨¨ ú�®¢ëè¥−¨¥ ª�ç¥áâ¢� �Œ�û á®®â¢¥âáâ¢ã¥â −�¨¡®«ì-
è¥¥ ç¨á«® ®è¨¡®ª (30,15% ¨ 27,44% á®®â¢¥âáâ¢¥−−®), çâ® ª®àà¥«¨àã¥â á â¥−¤¥−-
æ¨¥© à�á¯à¥¤¥«¥−¨ï �−−®â�æ¨© ¯® ª�â¥£®à¨ï¬, å�à�ªâ¥à¨§ãîé¨¬ −¥áâ�¡¨«ì−®áâì
�Œ� (â�¡«. 3).

5 Количественные показатели нестабильности нейронного
машинного перевода

�ªá¯¥à¨¬¥−â ¯® −�¡«î¤¥−¨î §� à�¡®â®© �Œ� â�ª¦¥ ¯®§¢®«¨« ¯®«ãç¨âì
ª®«¨ç¥áâ¢¥−−ë¥ ¤�−−ë¥ à�á¯à¥¤¥«¥−¨ï �−−®â�æ¨© ¯® ª�â¥£®à¨ï¬, å�à�ªâ¥à¨§ã-
îé¨¬ −¥áâ�¡¨«ì−®áâì �Œ� (¨å ¯à¨¬¥àë á¬. ¢ [16,17]).
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ˆ−¤¨ª�â®à−�ï ®æ¥−ª� −¥áâ�¡¨«ì−®áâ¨ −¥©à®−−®£® ¬�è¨−−®£® ¯¥à¥¢®¤�

‚ â�¡«. 3 ¯à¥¤áâ�¢«¥−ë ¤�−−ë¥ ¯® ¢á¥¬ 3000 �−−®â�æ¨©. ‘«¥¤ã¥â ®â¬¥â¨âì,
çâ® §¤¥áì ¯à®æ¥−â−®¥ á®®â−®è¥−¨¥ �−−®â�æ¨© −¥áª®«ìª® ®â«¨ç�¥âáï ®â ¯à®¬¥¦ã-
â®ç−ëå ¤�−−ëå ¯® 1800 �−−®â�æ¨ï¬, ®¯¨á�−−ëå ¢ [17]. ’�ª, ¯® ¤�−−ë¬ ¢ â�¡«. 3
−�¨¡®«ìè¥¥ §−�ç¥−¨¥ ¨−¤¨ª�â®à� (30,8% �−−®â�æ¨©) ã âà¥âì¥© ª�â¥£®à¨¨, å�à�ª-
â¥à¨§ãîé¥© ª®«¥¡�−¨¥ ª�ç¥áâ¢� �Œ�. �� ¢â®à®¬ ¬¥áâ¥ ¯® ç¨á«ã �−−®â�æ¨© |
¯¥à¢�ï ª�â¥£®à¨ï, å�à�ªâ¥à¨§ãîé�ï ¯®¢ëè¥−¨¥ ª�ç¥áâ¢� ¯¥à¥¢®¤� (27,6% ¢á¥å
�−−®â�æ¨©). ‚�¦−® ®â¬¥â¨âì, çâ® ¯® ¯à®¬¥¦ãâ®ç−ë¬ ¤�−−ë¬ á�¬®© ç�áâ®â−®©
¡ë«� ¯¥à¢�ï ª�â¥£®à¨ï (−� ¯à®¬¥¦ãâ®ç−®¬ íâ�¯¥ ¡ë«® §�ä¨ªá¨à®¢�−® 30,6%
â�ª¨å �−−®â�æ¨©). ’�ª®¥ ¨§¬¥−¥−¨¥ á®®â−®è¥−¨ï ª�â¥£®à¨©, ¢®§¬®¦−®, £®¢®à¨â
® â®¬, çâ® ¯® ¬¥à¥ ®¡ãç¥−¨ï ª�ç¥áâ¢® �Œ� −¥ ¢á¥£¤� ¨§¬¥−ï¥âáï â®«ìª® ¢ áâ®à®−ã
¯®¢ëè¥−¨ï ¨«¨ á−¨¦¥−¨ï. �−® ª®«¥¡«¥âáï, â. ¥. ç¨á«® ¤®¯ãé¥−−ëå ¢ ¯¥à¥¢®¤¥
®è¨¡®ª à�áâ¥â ¨«¨ ã¬¥−ìè�¥âáï, ¯à¨ íâ®¬ ¨å á®áâ�¢ ¬®¦¥â ¬¥−ïâìáï.

‡�â¥¬ á«¥¤ãîâ ¯ïâ�ï ª�â¥£®à¨ï, å�à�ªâ¥à¨§ãîé�ï ¨§¬¥−¥−¨¥ �Œ� ¡¥§ ¤¨-
−�¬¨ª¨ ¥£® ª�ç¥áâ¢� (16,4%), ¨ ç¥â¢¥àâ�ï ª�â¥£®à¨ï, å�à�ªâ¥à¨§ãîé�ï ¨§¬¥−¥−¨¥
−�¡®à� ®è¨¡®ª ¢ ¯¥à¥¢®¤¥ ¡¥§ ¤¨−�¬¨ª¨ ¥£® ª�ç¥áâ¢� (13,6%). �à¨¬¥ç�â¥«ì−®,
çâ® ç¨á«® �−−®â�æ¨© âà¥âì¥© ¨ ¯¥à¢®© ª�â¥£®à¨© ¯à¥¢ëè�¥â ç¨á«® �−−®â�æ¨©
¯ïâ®© ¨ ç¥â¢¥àâ®© ª�â¥£®à¨© ¯®çâ¨ ¢ 2 à�§�. �à¨ íâ®¬ á®®â−®è¥−¨¥ ¯ïâ®© ¨ ç¥â-
¢¥àâ®© ª�â¥£®à¨© â�ª¦¥ −¥¬−®£® ¨§¬¥−¨«®áì ¯® áà�¢−¥−¨î á ¯à®¬¥¦ãâ®ç−ë¬¨
¤�−−ë¬¨, ª®£¤� ª ç¥â¢¥àâ®© ª�â¥£®à¨¨ ®â−®á¨«®áì ¡‚®«ìè¥¥ ç¨á«® �−−®â�æ¨©, ç¥¬
ª ¯ïâ®©.

��¨¬¥−ìè¥¥ ç¨á«® �−−®â�æ¨© ¯à¨å®¤¨âáï −� ¢â®àãî ª�â¥£®à¨î, å�à�ªâ¥-
à¨§ãîéãî á−¨¦¥−¨¥ ª�ç¥áâ¢� ¯¥à¥¢®¤� (9,6%). ‘â�¡¨«ì−ë¬¨ −� ¯à®âï¦¥−¨¨
íªá¯¥à¨¬¥−â� ®áâ�«¨áì 2% ¯¥à¥¢®¤®¢ (�Œ� ¡¥§ ¨§¬¥−¥−¨©).

6 Заключение

‚ áâ�âì¥ ®¯¨á�−ë à¥§ã«ìâ�âë íªá¯¥à¨¬¥−â� ¯® ¬®−¨â®à¨−£ã �Œ� ¯®áà¥¤-
áâ¢®¬ ¬−®£®ªà�â−®£® ä¨ªá¨à®¢�−¨ï ¯¥à¥¢®¤®¢, á¤¥«�−−ëå á ¯®¬®éìî á¨áâ¥¬ë
Google Translate. ‚ å®¤¥ íªá¯¥à¨¬¥−â� ®áãé¥áâ¢«ï«�áì ¨−¤¨ª�â®à−�ï ®æ¥−ª�
à�¡®âë �Œ�, ¢ à¥§ã«ìâ�â¥ ç¥£® ¡ë«¨ ¯®«ãç¥−ë ª®«¨ç¥áâ¢¥−−ë¥ ¯®ª�§�â¥«¨ á®-
®â−®è¥−¨ï ª�â¥£®à¨© −¥áâ�¡¨«ì−®áâ¨ �Œ�, ®è¨¡®ª Œ� ¨ á«ãç�¥¢ ¨å ®âáãâáâ¢¨ï.
‘�¬®© ç�áâ®â−®© ¤«ï ¢á¥å è¥áâ¨ ª�â¥£®à¨©, å�à�ªâ¥à¨§ãîé¨å −¥áâ�¡¨«ì−®áâì
�Œ�, áâ�«� ®è¨¡ª� ErrorSemant (43,01%). �â® ¬®¦¥â á¢¨¤¥â¥«ìáâ¢®¢�âì ® â®¬,
çâ® ®á−®¢−ë¥ âàã¤−®áâ¨ ¢ à�¡®â¥ á¨áâ¥¬ë �Œ� Google Translate ¢®§−¨ª�îâ −¥
−� £à�¬¬�â¨ç¥áª®¬, � −� «¥ªá¨ª®-á¥¬�−â¨ç¥áª®¬ ãà®¢−¥.

’�ª¦¥ ¢ à¥§ã«ìâ�â¥ ¯à®¢¥¤¥−−®£® íªá¯¥à¨¬¥−â� ¡ë«¨ ¯®«ãç¥−ë ¤�−−ë¥ ® à�á-
¯à¥¤¥«¥−¨¨ �−−®â�æ¨© ¯® ª�â¥£®à¨ï¬, å�à�ªâ¥à¨§ãîé¨¬ −¥áâ�¡¨«ì−®áâì �Œ�.
��¨¡®«ìè¥¥ ç¨á«® �−−®â�æ¨© ®â−®á¨âáï ª âà¥âì¥© ª�â¥£®à¨¨ | úŠ®«¥¡�−¨¥ ª�-
ç¥áâ¢� �Œ�û (30,8%). ’�ª®¥ à�á¯à¥¤¥«¥−¨¥ �−−®â�æ¨© ¬®¦¥â ãª�§ë¢�âì −� â®â
ä�ªâ, çâ® á® ¢à¥¬¥−¥¬ íää¥ªâ¨¢−®áâì à�¡®âë á¨áâ¥¬ë �Œ� −¥ ¢á¥£¤� ¨§¬¥−ï-
¥âáï â®«ìª® ¢ ®¤−®¬ −�¯à�¢«¥−¨¨: ª�ç¥áâ¢® ¯¥à¥¢®¤� ¬®¦¥â ª®«¥¡�âìáï, � ç¨á«®
¨ á®áâ�¢ ¤®¯ãé¥−−ëå ¢ ¯¥à¥¢®¤¥ ®è¨¡®ª | ¬¥−ïâìáï. ÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â�
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Abstract: The paper presents data collected by tracking performance of a neural
machine translation (NMT) engine and results of translation errors analysis.
Indicator-based evaluation of NMT instability was carried out as a part of an
experiment that involved 250 Russian text fragments. Each month for the
duration of one year, these fragments were translated into French using the
Google Translate NMT engine. The translations were recorded and annotated
in a supracorpora database; the annotations include types of translation errors
found in the translations by language experts. This procedure resulted in
a series of 12 annotated translations for each of the 250 Russian fragments. The
annotations include not only the types of errors found in the translations but also
the types of NMT instability which indicate dynamics of translation quality or
lack thereof. The paper aims to provide comparative analysis of Google Translate
performance that takes into account the temporal variation aspect.
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УСТОЙЧИВОСТЬ ТЕХНОЛОГИИ ПОДДЕРЖКИ
КОНКРЕТНО-ИСТОРИЧЕСКИХ ИССЛЕДОВАНИЙ

К ПОПЫТКАМ ИСКАЖЕНИЯ ИСТОРИИ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯à®¤®«¦�¥â á¥à¨î à�¡®â, ¯®á¢ïé¥−−ëå ®¯¨á�−¨î ¨ �−�-
«¨§ã à�á¯à¥¤¥«¥−−®© â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥-
¤®¢�−¨© (�Šˆˆ), ®á−®¢�−−®© −� ¯à¨−æ¨¯�å ªà�ã¤á®àá¨−£�. „�−−�ï áâ�âìï
¯®á¢ïé¥−� ¬®¤¥«¨à®¢�−¨î ¯à®æ¥áá� ¨−ä®à¬�æ¨®−−ëå �â�ª −� á®®¡é¥áâ¢®
¯®«ì§®¢�â¥«¥© â¥å−®«®£¨¨ (‘�’) á æ¥«ìî ä�«ìá¨ä¨ª�æ¨¨ ¨áâ®à¨¨. ‚ëà�-
¡®â�−ë ç¨á«¥−−ë¥ ¯®ª�§�â¥«¨, ®âà�¦�îé¨¥ ¯®á«¥¤áâ¢¨ï â�ª¨å �â�ª. �ë«¨
¯à®¢¥¤¥−ë ¯à®¢¥àª¨, ¤®ª�§ë¢�îé¨¥ ãï§¢¨¬®áâì â¥å−®«®£¨¨ ¤«ï ¨−ä®à¬�-
æ¨®−−ëå �â�ª ¡¥§ ¯à¨¬¥−¥−¨ï á¯¥æ¨�«ì−ëå ¬¥à ¯à®â¨¢®¤¥©áâ¢¨ï. �ë«¨
¯à¥¤«®¦¥−ë â�ª¨¥ ¬¥àë, ®á−®¢�−−ë¥ −� ®¯à¥¤¥«¥−−ëå £àã¯¯®¢ëå −®à¬�å
à�¡®âë á ¨−ä®à¬�æ¨¥©, à�á¯à¥¤¥«¥−¨¨ à®«¥© ¨ ¨á¯®«ì§®¢�−¨¨ á¯¥æ¨�«ì−ëå
ä�á¨«¨â�æ¨®−−ëå â¥å−¨ª ¨ ®¯¨á�−−ë¥ ¢ ä®à¬¥ �«£®à¨â¬� ¯®¢¥¤¥−¨ï ç«¥−®¢
ï¤à� á®®¡é¥áâ¢�. Œ®¤¥«¨à®¢�−¨¥ ¯®ª�§�«®, çâ® ¯à¥¤«®¦¥−−ë¥ ¬¥àë ¯à®â¨-
¢®¤¥©áâ¢¨ï ¨−ä®à¬�æ¨®−−ë¬ �â�ª�¬ ãáâ®©ç¨¢® íää¥ªâ¨¢−ë. �â® ¯®§¢®«¨«®
à¥ª®¬¥−¤®¢�âì ¯à¨¬¥−¥−¨¥ ¯à¥¤«®¦¥−−ëå ¬¥à ¢ â¥å−®«®£¨¨ �Šˆˆ ¨ á¤¥«�âì
¢ë¢®¤ ®¡ ãáâ®©ç¨¢®áâ¨ ®¡−®¢«¥−−®© â¥å−®«®£¨¨ ª ¯®¯ëâª�¬ ä�«ìá¨ä¨ª�æ¨¨
¨áâ®à¨¨.

Š«îç¥¢ë¥ á«®¢�: ¢¨àâã�«ì−®¥ á®®¡é¥áâ¢®; ¬®¤¥«ì; â¥å−®«®£¨ï; ¨áª�¦¥−¨¥
¨áâ®à¨¨; ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥

DOI: 10.14357/08696527210214

1 Введение

‘¯®à ® áã¡ê¥ªâ¨¢−®áâ¨ ¨ ®¡ê¥ªâ¨¢−®áâ¨ ¨áâ®à¨ª� ¨¤¥â á ¬®¬¥−â� ¢®§−¨ª−®-
¢¥−¨ï ¨áâ®à¨ç¥áª®© −�ãª¨. �¤−�ª® ¢ ¯®á«¥¤−¨¥ £®¤ë ®á®¡® �ªâã�«ì−®© áâ�«�
¯à®¡«¥¬� ä�«ìá¨ä¨ª�æ¨¨ ¨áâ®à¨¨, £¤¥ ¯®¤ úä�«ìá¨ä¨ª�æ¨¥©û, ¢ ®â«¨ç¨¥ ®â
áã¡ê¥ªâ¨¢−®£® ¬−¥−¨ï ¨áâ®à¨ª�, á«¥¤ã¥â ¨¬¥âì ¢ ¢¨¤ã á®§−�â¥«ì−®¥ ¨áª�¦¥−¨¥
¨áâ®à¨ç¥áª¨å ä�ªâ®¢ ¢ ã£®¤ã á¨î¬¨−ãâ−ë¬ «¨ç−ë¬ ¨«¨ £àã¯¯®¢ë¬ ¨−â¥à¥á�¬.
”�«ìá¨ä¨ª�æ¨ï ¨áâ®à¨¨ ¨á¯®«ì§ã¥âáï ¢ ª�ç¥áâ¢¥ ¨¤¥®«®£¨ç¥áª®£® ®àã¦¨ï ¢−¥è-
−¥¯®«¨â¨ç¥áª¨¬¨ ¯à®â¨¢−¨ª�¬¨ ÷®áá¨¨ [1]. Š ª®−æã ¯¥à¢®£® ¤¥áïâ¨«¥â¨ï XXI ¢.
−� £®áã¤�àáâ¢¥−−®¬ ãà®¢−¥ ¯à¨è«® ®á®§−�−¨¥ â®£®, çâ® ¯®¯ëâª¨ ä�«ìá¨ä¨ª�æ¨¨

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, 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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“áâ®©ç¨¢®áâì â¥å−®«®£¨¨ �Šˆˆ ª ¯®¯ëâª�¬ ¨áª�¦¥−¨ï ¨áâ®à¨¨

¨áâ®à¨¨, ¯à¥¤−�¬¥à¥−−ë¥ ¨áª�¦¥−¨ï ä�ªâ®¢, á®§−�â¥«ì−�ï ¨ §�ª�§−�ï �−£�-
¦¨à®¢�−−®áâì âà�ªâ®¢®ª ¯à¥¤áâ�¢«ïîâ á®¡®© −¥ â®«ìª® ã£à®§ã �ª�¤¥¬¨ç¥áª®©
−�ãª¥, á¨áâ¥¬¥ ¥¥ ªà¨â¥à¨¥¢ ¨ ®æ¥−®ª. �â® ã£à®§� −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨
¨ £®áã¤�àáâ¢¥−−®¬ã áã¢¥à¥−¨â¥âã ÷®áá¨¨. ‘âà�â¥£¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á-
−®áâ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¢®§¢®¤¨â ¡®àì¡ã á ä�«ìá¨ä¨ª�æ¨¥© ¨áâ®à¨¨ ¢ à�−£
£®áã¤�àáâ¢¥−−®© ¯®«¨â¨ª¨ [2], ¯à¨ íâ®¬ ¨áâ®à¨ç¥áª®© −�ãª¥ ®â¢®¤¨âáï à®«ì ®¤-
−®£® ¨§ ®á−®¢−ëå ¨−áâàã¬¥−â®¢ ¯à¥¤®â¢à�é¥−¨ï à�á¯à®áâà�−¥−¨ï −¥−�ãç−ëå
¬¨ä®«®£¨ç¥áª¨å ª®−æ¥¯æ¨© ¨áâ®à¨ç¥áª®£® ¯à®è«®£® [3]. �® ¢ á�¬®¥ ¯®á«¥¤-
−¥¥ ¢à¥¬ï á�¬� ¨áâ®à¨ç¥áª�ï −�ãª� ¢ −�è¥© áâà�−¥ á−®¢� áâ�−®¢¨âáï ®¡ê¥ªâ®¬
¨¤¥©−®© ¡®àì¡ë, ¢ ª®â®à®© §�¤¥©áâ¢®¢�−ë ª�ª ¢−ãâà¥−−¨¥, â�ª ¨ ¢−¥è−¨¥ á¨-
«ë. ˆ¬¥−−® ä�«ìá¨ä¨ª�æ¨¨ ¨áâ®à¨¨ −�§¢�−ë −�¨¡®«¥¥ ®ç¥¢¨¤−ë¬ ¨ ®¯�á−ë¬
¯à®â¨¢−¨ª®¬ ¨áâ®à¨ç¥áª®© −�ãª¨, ¯®áª®«ìªã ®−¨ ¡ë¢�îâ ç�áâ® §�¬�áª¨à®¢�−ë
¯®¤ ®¡ê¥ªâ¨¢−®¥ ¨áâ®à¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥ [1]. „¥©áâ¢¨â¥«ì−®, ¨−®£¤� ¨áâ®à¨ª¨
®â¡¨à�îâ ä�ªâë, £àã¯¯¨àãîâ ¨ ¨−â¥à¯à¥â¨àãîâ ¨å â�ª¨¬ ®¡à�§®¬, çâ® ¢ à¥§ã«ì-
â�â¥ ¢®§−¨ª�îâ ¨áâ®à¨ç¥áª¨¥ ¬¨äë. �®¤ç�á íâ¨ ¬¨äë ¨á¯®«ì§ãîâáï ¢ ¨−â¥à¥á�å
®¯à¥¤¥«¥−−ëå á®æ¨�«ì−ëå, ¯®«¨â¨ç¥áª¨å £àã¯¯, −�ãç−®© ¨«¨ ¯®«¨â¨ç¥áª®© í«¨-
âë, £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ [4]. ‚ ¯®á«¥¤−¥¥ ¢à¥¬ï ãï§¢¨¬®áâì ¨áá«¥¤®¢�â¥«ìáª¨å
ª®««¥ªâ¨¢®¢ ¨ á®®¡é¥áâ¢ ¤«ï à�§«¨ç−ëå ä®à¬ ¢−¥è−¥£® ¤�¢«¥−¨ï â®«ìª® ã¢¥-
«¨ç¨¢�¥âáï ¢ á¢ï§¨ á ¢®¢«¥ç¥−¨¥¬ ¢ ¨áá«¥¤®¢�â¥«ìáª¨© ¯à®æ¥áá −¥ â®«ìª® ç«¥−®¢
¯à®ä¥áá¨®−�«ì−®£® ¨áâ®à¨ç¥áª®£® á®®¡é¥áâ¢�, −® ¨ á�¬ëå è¨à®ª¨å á«®¥¢ −¥¯à®-
ä¥áá¨®−�«®¢ ¢á«¥¤áâ¢¨¥ −¥ãª«®−−® ¢®§à�áâ�îé¥£® ¨−â¥à¥á� ª ç�áâ−®©, á¥¬¥©−®©
¨áâ®à¨¨ [5].

‚ [6, 7] ®¯¨á�−� à�§à�¡®â�−−�ï ¢ ”ˆ– ˆ“ ÷�� à�á¯à¥¤¥«¥−−�ï â¥å−®«®£¨ï
�Šˆˆ, ®á−®¢�−−�ï −� ¯à¨−æ¨¯�å ªà�ã¤á®àá¨−£� (¬®¡¨«¨§�æ¨¨ à¥áãàá®¢ è¨à®-
ª®£® ªàã£� ¤®¡à®¢®«ìæ¥¢ ¯®áà¥¤áâ¢®¬ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©). ’¥å−®«®-
£¨ï �Šˆˆ ¢ª«îç�¥â ¢ á¥¡ï ®−«�©−-¯«�âä®à¬ã ¤«ï ª®¬¬ã−¨ª�æ¨¨ ¨ á®¢¬¥áâ−®©
¤¥ïâ¥«ì−®áâ¨ ¨áá«¥¤®¢�â¥«¥©, ¨ á®®¡é¥áâ¢® ¥¥ ¯®«ì§®¢�â¥«¥© ®¡«�¤�¥â ¢á¥¬¨
¯à¨§−�ª�¬¨ −�ãç−®-¯à®ä¥áá¨®−�«ì−®£® á¥â¥¢®£® á®®¡é¥áâ¢� [8]. ‚ á¢ï§¨ á ¯®-
â¥−æ¨�«ì−®© ãï§¢¨¬®áâìî ‘�’ �Šˆˆ ¤«ï ¯®¯ëâ®ª á®§−�â¥«ì−®£® ¨áª�¦¥−¨ï
¨áâ®à¨ç¥áª®© ¨−ä®à¬�æ¨¨ −¥®¡å®¤¨¬ �−�«¨§ ãáâ®©ç¨¢®áâ¨ â¥å−®«®£¨¨ �Šˆˆ
ª ä�«ìá¨ä¨ª�æ¨¨ ¨áâ®à¨¨. ‚ [9] ®¯¨á�− ¯®¤å®¤ ª â�ª®¬ã �−�«¨§ã, ®á−®¢�−-
−ë© −� ¬®¤¥«¨à®¢�−¨¨ ‘�’ �Šˆˆ ¨ ¯à®æ¥áá®¢ à�á¯à®áâà�−¥−¨ï ¨áª�¦¥−−®©
¨−ä®à¬�æ¨¨ ¬¥¦¤ã ¥¥ ã§«�¬¨.

2 Описание модели

‘ãé¥áâ¢ã¥â ¬−®¦¥áâ¢® ¯®¤å®¤®¢ ª ¬®¤¥«¨à®¢�−¨î ¯à®æ¥áá� à�á¯à®áâà�−¥-
−¨ï ¨−ä®à¬�æ¨¨ ¢ á®æ¨�«ì−ëå á¥âïå. �á®¡ãî ¯®¯ã«ïà−®áâì ¯à¨®¡à¥«� SIR
(susceptible-infectious-recovered) ¬®¤¥«ì, ®á−®¢�−−�ï −� áå®¤áâ¢¥ ¯à®æ¥áá®¢ à�á-
¯à®áâà�−¥−¨ï ¨−ä®à¬�æ¨¨ ¢ ¢¨àâã�«ì−®¬ á®®¡é¥áâ¢¥ ¨ à�á¯à®áâà�−¥−¨ï ¨−ä¥ª-
æ¨¨ ¢ ¯®¯ã«ïæ¨¨ [10]. �¥¤®áâ�â®ª ¤�−−®£® ¯®¤å®¤� | ãáà¥¤−¥−¨¥ ¯®á«¥¤áâ¢¨©,
¢ â® ¢à¥¬ï ª�ª äã−¤�¬¥−â�«ì−ë¬ ¨áâ®ç−¨ª®¬ à¨áª� ¢ â�ª¨å ï¢«¥−¨ïå ¢ëáâã¯�îâ
íªáâà¥¬ã¬ë, � −¥ áà¥¤−¨¥ §−�ç¥−¨ï [11]. �®íâ®¬ã ¤«ï ¨§ãç¥−¨ï ‘�’ �Šˆˆ
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ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

¡ë«¨ ¢ë¡à�−ë ¬¥â®¤ë ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï. ‡� ®á−®¢ã ¡ë«� ¢§ïâ� ¬®-
¤¥«ì �®««®¡�è�{÷¨®à¤�−� [12], ®¯¨áë¢�îé�ï ®à¨¥−â¨à®¢�−−ë© £à�ä, ¢ ª®â®à®¬
¯à¥¤¯®çâ¨â¥«ì−®¥ ¯à¨á®¥¤¨−¥−¨¥ §�¢¨á¨â ®â ¢å®¤ïé¨å ¨ ¨áå®¤ïé¨å áâ¥¯¥−¥©.

�à¨ ¬®¤¥«¨à®¢�−¨¨ á®æ¨�«ì−ëå á¥â¥©, ¢§�¨¬−®£® ¢«¨ï−¨ï ¨å ç«¥−®¢ (�£¥−-
â®¢), ¤¨−�¬¨ª¨ ¨å ¬−¥−¨© ¨ â. ¤. ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì ãç¥â� ä�ªâ®à®¢
(íää¥ªâ®¢), ¨¬¥îé¨å ¬¥áâ® ¢ à¥�«ì−ëå á®æ¨�«ì−ëå á¥âïå [13]. �®íâ®¬ã ¤«ï ª®à-
à¥ªâ−®£® ¯à¥¤áâ�¢«¥−¨ï ¯à®æ¥áá� à�á¯à®áâà�−¥−¨ï ¨−ä®à¬�æ¨¨ ¢ ‘�’ �Šˆˆ
¬®¤¥«ì ¯®¤¤¥à¦¨¢�¥â á«¥¤ãîé¨¥ å�à�ªâ¥à¨áâ¨ª¨ �£¥−â®¢.

1. ÷®«ì: ®¡ëç−ë©/�â�ªãîé¨© �£¥−â. �â�ªãîé¨© �£¥−â á®®â¢¥âáâ¢ã¥â §«®-
ã¬ëè«¥−−¨ªã, á®§−�â¥«ì−® ¨ �ªâ¨¢−® à�á¯à®áâà�−ïîé¥¬ã ¤¥§¨−ä®à¬�æ¨î.
�¡ëç−ë¥ �£¥−âë áâ�−®¢ïâáï ®¡ê¥ªâ�¬¨ íâ®© �â�ª¨. ÷®«ì ¥áâì ¯®áâ®ï−−�ï
å�à�ªâ¥à¨áâ¨ª� �£¥−â�.

2. �®§¨æ¨ï: −®à¬�«ì−�ï, ¨áª�¦¥−−�ï, −¥©âà�«ì−�ï. �â−®á¨âáï ª ¢®¯à®-
áã, ¬−¥−¨¥ ¯® ª®â®à®¬ã �â�ªãîé¨© �£¥−â ¯ëâ�¥âáï ¨áª�§¨âì (â¥¬� �â�ª¨).
�®à¬�«ì−�ï ¯®§¨æ¨ï ®§−�ç�¥â, çâ® �£¥−â ¨¬¥¥â á«®¦¨¢è¥¥áï ª®àà¥ªâ−®¥,
−¥¨áª�¦¥−−®¥ ¬−¥−¨¥ ¯® ¤�−−®© â¥¬¥. ˆáª�¦¥−−�ï ¯®§¨æ¨ï á®®â¢¥âáâ¢ã¥â
¨áª�¦¥−−®¬ã ¬−¥−¨î, á«®¦¨¢è¥¬ãáï ¢ à¥§ã«ìâ�â¥ ¨−ä®à¬�æ¨®−−®© �â�ª¨.
�¥©âà�«ì−�ï ¯®§¨æ¨ï ®§−�ç�¥â, çâ® ã �£¥−â� −¥â á«®¦¨¢è¥£®áï ¬−¥−¨ï ¯®
â¥¬¥ �â�ª¨. �®§¨æ¨ï �£¥−â� ¬®¦¥â ¬¥−ïâìáï ¢® ¢à¥¬¥−¨.

3. “¢¥à¥−−®áâì: áâ¥¯¥−ì ã¢¥à¥−−®áâ¨ �£¥−â� ¢ á®áâ®ïâ¥«ì−®áâ¨ á¢®¥© ¯®§¨æ¨¨.
Œ®¦¥â ¬¥−ïâìáï ¯à¨ ¢®§¤¥©áâ¢¨¨ ¬−¥−¨© ®ªàã¦¥−¨ï �£¥−â�. �à¨ ¤®áâ¨¦¥−¨¨
−ã«¥¢®£® ãà®¢−ï ã¢¥à¥−−®áâ¨ �£¥−â ¬¥−ï¥â á¢®î ¯®§¨æ¨î. �¥−ã«¥¢®© ãà®¢¥−ì
ã¢¥à¥−−®áâ¨ �£¥−â� á −¥©âà�«ì−®© ¯®§¨æ¨¥© á®®â¢¥âáâ¢ã¥â ¨−¥àâ−®áâ¨ ¥£®
¬ëè«¥−¨ï.

4. �¢â®à¨â¥â−®áâì: ª®íää¨æ¨¥−â, á ª®â®àë¬ ¢®§¤¥©áâ¢¨¥ �£¥−â� ®ª�§ë¢�¥â
¢«¨ï−¨¥ −� ¯®§¨æ¨î ¨ ã¢¥à¥−−®áâì á®á¥¤�. �® áãâ¨, ï¢«ï¥âáï ª®íää¨æ¨¥−â®¬
®á«�¡«¥−¨ï ¢®§¤¥©áâ¢¨ï.

5. �ªâ¨¢−®áâì: ¯¥à¥¬¥−−ë© ª®íää¨æ¨¥−â, ®âà�¦�îé¨© áâ¥¯¥−ì ¢®§¤¥©áâ¢¨ï
�£¥−â� −� á®á¥¤¥©. ˆáå®¤−® à�¢¥− −ã«î, −® ¯à¨ ¯®ï¢«¥−¨¨ ¢®§¤¥©áâ¢¨ï −�
�£¥−â� á® áâ®à®−ë ®ªàã¦¥−¨ï áâ�−®¢¨âáï ¯®«®¦¨â¥«ì−ë¬ ¨ à�áâ¥â ¯® ¬¥à¥
à®áâ� ãà®¢−ï ¢®§¤¥©áâ¢¨ï á® áâ®à®−ë ç�áâ¨ ®ªàã¦¥−¨ï, ¨¬¥îé¥© ¯®§¨æ¨î,
®â«¨ç−ãî ®â ¯®§¨æ¨¨ �£¥−â�.

6. ‚®§¤¥©áâ¢¨¥: ¢ëç¨á«ï¥¬�ï å�à�ªâ¥à¨áâ¨ª�, ®ª�§ë¢�îé�ï ¢«¨ï−¨¥ −� �ª-
â¨¢−®áâì, ã¢¥à¥−−®áâì ¨ ¢ ª®−¥ç−®¬ ¨â®£¥ ¯®§¨æ¨î �£¥−â�:

{ ¨áå®¤ïé¥¥ ¢®§¤¥©áâ¢¨¥ �£¥−â� ¯à®¯®àæ¨®−�«ì−® �ªâ¨¢−®áâ¨ ¨ ¨¬¥¥â §−�ª,
á®®â¢¥âáâ¢ãîé¨© ¯®§¨æ¨¨ (à�¢−® −ã«î ¯à¨ −¥©âà�«ì−®© ¯®§¨æ¨¨);

{ ¢å®¤ïé¥¥ ¢®§¤¥©áâ¢¨¥ �£¥−â� ï¢«ï¥âáï áã¬¬®© ¨áå®¤ïé¨å ¢®§¤¥©áâ¢¨©
¥£® ®ªàã¦¥−¨ï á ãç¥â®¬ �¢â®à¨â¥â−®áâ¨ ¢®§¤¥©áâ¢ãîé¨å �£¥−â®¢.

�ë«� ¯à®¢¥¤¥−� á¥à¨ï ¯à®¡−ëå à�áç¥â®¢ ¬®¤¥«¨ á ¨áå®¤−® −¥©âà�«ì−®©
¯®§¨æ¨¥© ã ¢á¥å �£¥−â®¢, ªà®¬¥ �â�ªãîé¥£®. ’�ª�ï á¨âã�æ¨ï −¥ á®®â¢¥âáâ¢ã¥â à¥-
�«ì−®¬ã ¨áå®¤−®¬ã á®áâ®ï−¨î ‘�’ �Šˆˆ, −® ¯®§¢®«ï¥â ®æ¥−¨âì �¤¥ª¢�â−®áâì
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¬®¤¥«¨ §� áç¥â áà�¢−¥−¨ï à¥§ã«ìâ�â®¢ à�á¯à®áâà�−¥−¨ï ¨áª�¦¥−−®© ¨−ä®à¬�æ¨¨
¢ á¥â¨ á à¥§ã«ìâ�â�¬¨, ¯®«ãç¥−−ë¬¨ á ¯®¬®éìî ¬®¤¥«¥© ú¤¨ääã§¨¨ ¨−−®¢�æ¨©û,
�¤¥ª¢�â−®áâì ª®â®àëå ¨ á®®â¢¥âáâ¢¨¥ ¯à®æ¥áá�¬ à�á¯à®áâà�−¥−¨ï ¨−ä®à¬�æ¨¨
ã¦¥ ¤®ª�§�−� [13]. S-®¡à�§−�ï ä®à¬� £à�ä¨ª� ¤®«¨ ã§«®¢ á ¨áª�¦¥−−®© ¯®§¨æ¨¥©
®ª�§�«�áì á®®â¢¥âáâ¢ãîé¥© ä®à¬¥ «®£¨áâ¨ç¥áª®© ªà¨¢®©, ®âà�¦�îé¥© ¯à®æ¥áá
¤¨ääã§¨¨ ¨−−®¢�æ¨©.

‡−�ç¨â¥«ì−ë© à�§¡à®á à¥§ã«ìâ�â®¢ ¯à®¤¥¬®−áâà¨à®¢�« ¯à¥¨¬ãé¥áâ¢® ¯®-
áâà®¥−−®© ¬®¤¥«¨ ¯¥à¥¤ ¯®¯ã«ïà−®© SIR-¬®¤¥«ìî §� áç¥â ¢®§¬®¦−®áâ¨ ®æ¥−ª¨
−¥ â®«ìª® áà¥¤−¨å ¯®á«¥¤áâ¢¨©, −® ¨ íªáâà¥¬ã¬®¢, ª®â®àë¥ ¢ëáâã¯�îâ äã−¤�-
¬¥−â�«ì−ë¬ ¨áâ®ç−¨ª®¬ à¨áª�.

�−�«¨§ áâàãªâãàë á£¥−¥à¨à®¢�−−®£® £à�ä� ¯®ª�§�«:

{ à�á¯à¥¤¥«¥−¨¥ ã§«®¢ ¯® ç¨á«ã ¨å á¢ï§¥© á®®â¢¥âáâ¢ã¥â áâ¥¯¥−−®¬ã §�ª®−ã
á ¯®ª�§�â¥«¥¬ áâ¥¯¥−¨, «¥¦�é¨¬ ¢ ¤¨�¯�§®−¥ |2, 3| ¨ ¯®«®¦¨â¥«ì−®© �áá®à-
â�â¨¢−®áâìî (å�à�ªâ¥à®¬ ª®àà¥«ïæ¨¨ ã§«®¢, ®¯¨áë¢�¥¬ë¬ ª®íää¨æ¨¥−â®¬
�¨àá®−�), çâ® â¨¯¨ç−® ¤«ï á®æ¨�«ì−ëå á¥â¥© ¢ æ¥«®¬ ¨ á¥â¥© á®âàã¤−¨ç¥áâ¢�
ãç¥−ëå ¢ ç�áâ−®áâ¨ [14];

{ ¤® 60% ã§«®¢ á¥â¨ ¬®£ãâ ¡ëâì −¥¤®áâã¯−ë ¤«ï ¨−ä®à¬�æ¨®−−®© �â�ª¨,
çâ®, ª�ª ¯®ª�§�−® ¢ [9], á®®â¢¥âáâ¢ãîâ à¥�«ì−ë¬ −�ãç−®-¯à®ä¥áá¨®−�«ì−ë¬
á¥â¥¢ë¬ á®®¡é¥áâ¢�¬.

„�«¥¥ ¯®¤ ãï§¢¨¬ë¬¨ ã§«�¬¨ ¡ã¤¥¬ ¯®−¨¬�âì ã§«ë £à�ä�, ¯®â¥−æ¨�«ì−®
¤®áâã¯−ë¥ ¤«ï ¨−ä®à¬�æ¨®−−®© �â�ª¨. ‡�à�¦¥−−ë¬ ã§«®¬ ¡ã¤¥¬ −�§ë¢�âì ã§¥«,
á¬¥−¨¢è¨© ¢ à¥§ã«ìâ�â¥ ¨−ä®à¬�æ¨®−−®© �â�ª¨ á¢®î ¯®§¨æ¨î −� −¥£�â¨¢−ãî.

3 Результаты моделирования информационной атаки
на сообщество пользователей технологии поддержки
конкретно-исторических исследований

�ë«� ¯à®¢¥¤¥−� á¥à¨ï íªá¯¥à¨¬¥−â®¢ á ¬®¤¥«ìî á −�ç�«ì−ë¬¨ ãá«®¢¨ï¬¨
à�áç¥â�, á®®â¢¥âáâ¢ãîé¨¬¨ à¥�«ì−®¬ã á®áâ®ï−¨î ‘�’ �Šˆˆ. �â® á®áâ®ï−¨¥
å�à�ªâ¥à¨§ã¥âáï −�«¨ç¨¥¬ ã àï¤� �£¥−â®¢ à�−¥¥ áä®à¬¨à®¢�−−®© −®à¬�«ì−®©
¯®§¨æ¨¨ ¯® â¥¬¥ �â�ª¨. Š�¦¤ë© íªá¯¥à¨¬¥−â á®áâ®ï« ¨§ á¥à¨¨ à�áç¥â®¢ á ä¨ªá¨-
à®¢�−−®© −�ç�«ì−®© ¤®«¥© ã§«®¢ á −®à¬�«ì−®© ¯®§¨æ¨¥©, ®¡®§−�ç�¥¬®© ¤�«¥¥ ª�ª
PositiveProc. �® à¥§ã«ìâ�â�¬ ª�¦¤®£® íªá¯¥à¨¬¥−â� ¯à¥¤¬¥â®¬ �−�«¨§� ¡ë«¨
á«¥¤ãîé¨¥ ¯®ª�§�â¥«¨:

{ ª®−¥ç−�ï ¤®«ï §�à�¦¥−−ëå ã§«®¢, ¢ëç¨á«ï¥¬�ï ª�ª áà¥¤−¥¥ ®â−®è¥−¨¥ ç¨á«�
§�à�¦¥−−ëå ã§«®¢ ª ç¨á«ã ãï§¢¨¬ëå ã§«®¢ ¯® á®áâ®ï−¨î −� §�¢¥àè¥−¨¥
¯¥à¨®¤� ¬®¤¥«¨à®¢�−¨ï ¨ ®¡®§−�ç�¥¬�ï ¤�«¥¥ ª�ª EndProc;

{ áª®à®áâì à®áâ� §�à�¦¥−¨ï, ®¡®§−�ç�¥¬�ï ¤�«¥¥ ª�ª Rate90 ¨ ¢ëç¨á«ï¥¬�ï
ª�ª áà¥¤−¨© −®¬¥à è�£� ¬®¤¥«ì−®£® ¢à¥¬¥−¨, ¢ëà�¦¥−−®£® ¢ ¤®«ïå ®â ¢á¥£®
¯¥à¨®¤� ¬®¤¥«¨à®¢�−¨ï, ¢ ª®â®àë© ¤®«ï §�à�¦¥−−ëå ã§«®¢ ¤®áâ¨£«� 90% ®â
¤®«¨ §�à�¦¥−−ëå ã§«®¢ ¢ ª®−æ¥ ¯¥à¨®¤� ¬®¤¥«¨à®¢�−¨ï;
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ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

’�¡«¨æ� 1 ÷¥§ã«ìâ�âë 1-© á¥à¨¨ íªá¯¥à¨¬¥−â®¢

ü íªá¯¥à¨¬¥−â� PositiveProc EndProc Rate90 V50
1 0% 1,00 0,33 1,00
2 2% 0,80 0,29 0,79
3 5% 0,76 0,34 0,79
4 10% 0,42 0,27 0,46
5 20% 0,12 0,15 0,12
6 50% 0,01 0,06 0,00

{ ãï§¢¨¬®áâì â¥å−®«®£¨¨ �Šˆˆ, ¯®−¨¬�¥¬�ï ª�ª ¢¥à®ïâ−®áâì â®£®, çâ® ¤®-
«ï §�à�¦¥−−ëå ã§«®¢ ¯à¥¢ëá¨â ¯®à®£ ¢ 50% −� ª�ª®¬-«¨¡® è�£¥ à�áç¥â�,
¨ ®¡®§−�ç�¥¬�ï ¤�«¥¥ ª�ª V50.

÷¥§ã«ìâ�âë 1-© á¥à¨¨ íªá¯¥à¨¬¥−â®¢ ¯à¨¢¥¤¥−ë ¢ â�¡«. 1. ‚¨¤−®, çâ® ¯® ¬¥à¥
à®áâ� ¤®«¨ ã§«®¢ (�£¥−â®¢) á §�à�−¥¥ áä®à¬¨à®¢�−−®© ¯®§¨æ¨¥© ¯® â¥¬¥ �â�ª¨
(PositiveProc) −¥£�â¨¢−ë¥ ¯®á«¥¤áâ¢¨ï ¨−ä®à¬�æ¨®−−ëå �â�ª (EndProc ¨ V50)
á−¨¦�îâáï. �® ¢¥à®ïâ−®áâì §−�ç¨â¥«ì−ëå ¯®á«¥¤áâ¢¨© á®åà�−ï¥âáï ¢¯«®âì ¤®
¤®áâ¨¦¥−¨ï PositiveProc ãà®¢−ï 50%, çâ® ¢ à¥�«ì−ëå ãá«®¢¨ïå âàã¤−® ®¦¨-
¤�âì. �â® ®§−�ç�¥â, çâ® â¥å−®«®£¨ï �Šˆˆ ãï§¢¨¬� ¤«ï ¨−ä®à¬�æ¨®−−ëå �â�ª
¨ âà¥¡ãîâáï á¯¥æ¨�«ì−ë¥ ¬¥àë ¯à®â¨¢®¤¥©áâ¢¨ï ¨¬. ’�ª¦¥ á«¥¤ã¥â ®â¬¥â¨âì,
çâ® ¯® ¬¥à¥ à®áâ� PositiveProc ¯®ª�§�â¥«ì Rate90 â�ª¦¥ á−¨¦�¥âáï, −® å�à�ªâ¥à
á−¨¦¥−¨ï −¥«¨−¥¥−, ¨§ ç¥£® á«¥¤ã¥â, çâ® −� áª®à®áâì à®áâ� §�à�¦¥−¨ï ®ª�§ë¢�¥â
§−�ç¨â¥«ì−®¥ ¢«¨ï−¨¥ â®¯®«®£¨ï á®æ¨�«ì−®© á¥â¨.

4 Описание подхода к противодействию информационным атакам

Š�ª ¡ë«® ¯®ª�§�−® ¢ëè¥, â¥å−®«®£¨ï �Šˆˆ ¯®â¥−æ¨�«ì−® ãï§¢¨¬� ¤«ï ¨−-
ä®à¬�æ¨®−−ëå �â�ª, ¨¬¥îé¨å æ¥«ìî ä�«ìá¨ä¨ª�æ¨î ¨áâ®à¨¨. ‘«¥¤®¢�â¥«ì−®,
¢ â¥å−®«®£¨¨ ¤®«¦−ë ¡ëâì ¯à¥¤ãá¬®âà¥−ë ¬¥àë ¯® ¯à®â¨¢®¤¥©áâ¢¨î â�ª¨¬ ¨−-
ä®à¬�æ¨®−−ë¬ �â�ª�¬. Š�ª ¯®ª�§�−® ¢ [15], ¯à®â¨¢®¤¥©áâ¢¨¥ à�á¯à®áâà�−¥−¨î
«®¦−®© ¨−ä®à¬�æ¨¨ ¢ á¥â¥¢ëå á®®¡é¥áâ¢�å ¬®¦¥â ®¯¨à�âìáï ª�ª −� ¬�è¨−−ë¥
�«£®à¨â¬ë, â�ª ¨ −� ¡®«¥¥ á«®¦−ë¥ á®æ¨�«ì−ë¥ â¥å−®«®£¨¨, ¯®¢ëè�îé¨¥ à¥-
ä«¥ªá¨¢−®áâì á®®¡é¥áâ¢ (á¯®á®¡−®áâì á®®¡é¥áâ¢ �−�«¨§¨à®¢�âì íää¥ªâ¨¢−®áâì
á¢®¥© ¤¥ïâ¥«ì−®áâ¨).

�¥à¢ë© ¯®¤å®¤ ã¦¥ à¥�«¨§ã¥âáï, −® ¥£® ¯à¨¬¥−¥−¨¥ §�âàã¤−¨â¥«ì−® ¢ ãá«®¢¨-
ïå â¥å−®«®£¨¨ �Šˆˆ, ¯®áª®«ìªã ä�«ìá¨ä¨ª�æ¨¨ ¨áâ®à¨¨ ç�áâ® §�¬�áª¨à®¢�−ë
¯®¤ ®¡ê¥ªâ¨¢−®¥ ¨áâ®à¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥ ¨ ¨å ¢ëï¢«¥−¨¥ ¯® ä®à¬�«ì−ë¬
¯à¨§−�ª�¬ −¥¢®§¬®¦−®. ‚â®à®© ¯®¤å®¤, ®á−®¢�−−ë© −� á®æ¨�«ì−ëå â¥å−®«®£¨ïå
¯®¤¤¥à¦�−¨ï ª®««¥ªâ¨¢−®© à¥ä«¥ªá¨¢−®áâ¨, ªà¨â¨ç¥áª®£® ¬ëè«¥−¨ï ¨ ª®««¥ª-
â¨¢−®£® í¬®æ¨®−�«ì−®£® ¨−â¥««¥ªâ�, ¥é¥ â®«ìª® ¯à¥¤áâ®¨â à�§à�¡®â�âì. Š�ª
¯®ª�§�−® ¢ [15], ®− ¤®«¦¥− ¡ëâì −�¯à�¢«¥− −� ¯®¢ëè¥−¨¥ ãáâ®©ç¨¢®áâ¨ á¥â¥-
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¢ëå á®®¡é¥áâ¢ ª ú¨−ä®à¬�æ¨®−−®© ¢®©−¥û §� áç¥â ä®à¬¨à®¢�−¨ï ®¯à¥¤¥«¥−−ëå
£àã¯¯®¢ëå −®à¬ à�¡®âë á ¨−ä®à¬�æ¨¥©, à�á¯à¥¤¥«¥−¨ï à®«¥© ¨ ¨á¯®«ì§®¢�−¨ï
á¯¥æ¨�«ì−ëå ä�á¨«¨â�æ¨®−−ëå â¥å−¨ª (â¥å−¨ª¨ ã¯à�¢«¥−¨ï, ®â«¨ç�îé¨¥áï ®â
¯à®áâ®£® ã¯à�¢«¥−¨ï â¥¬, çâ® ¨å á¯®á®¡ −¥¤¨à¥ªâ¨¢−ë©, â. ¥. −¥ ¢ëå®¤¨â §� à�¬ª¨
á�¬®®à£�−¨§�æ¨¨ ã¯à�¢«ï¥¬®© á¨áâ¥¬ë).

Œ¥àë ¯à®â¨¢®¤¥©áâ¢¨ï ¨−ä®à¬�æ¨®−−ë¬ �â�ª�¬ −� ‘�’ �Šˆˆ ¤®«¦−ë
áâà®¨âìáï −� á¯¥æ¨ä¨ª¥ ¤�−−®£® á®®¡é¥áâ¢� ª�ª −�ãç−®-¯à®ä¥áá¨®−�«ì−®£®.
‚ [16] ¯à¨¢¥¤¥− �−�«¨§ ¯à®ä¥áá¨®−�«ì−ëå á®®¡é¥áâ¢ ¨ ®¯à¥¤¥«¥−ë §−�ç¥−¨ï
àï¤� ¨å ¨§¬¥àï¥¬ëå å�à�ªâ¥à¨áâ¨ª. ˆ§ �−�«¨§� á«¥¤ã¥â, çâ® ¤«ï ¯à®ä¥áá¨®-
−�«ì−ëå á®®¡é¥áâ¢ å�à�ªâ¥à−® −�«¨ç¨¥ à�§¢¨â®£® ï¤à� (−�¨¡®«¥¥ �ªâ¨¢−®© ç�áâ¨
á®®¡é¥áâ¢�), ®à¨¥−â¨à®¢�−−®£® −¥ â®«ìª® −� «¨ç−ë© ¯à®ä¥áá¨®−�«ì−ë© à®áâ
¨ ¯®«ãç¥−¨¥ à¥§ã«ìâ�â®¢ ¢ ¨−â¥à¥á�å á¢®¨å ¨áá«¥¤®¢�−¨©, −® ¨ −� ®à£�−¨§�æ¨®−-
−ë¥ ãá¨«¨ï ¨ ®¡¬¥− §−�−¨ï¬¨ ¢ ¨−â¥à¥á�å ¢á¥£® á®®¡é¥áâ¢�. Š ï¤àã á®®¡é¥áâ¢�
®â−®áïâ á¥¡ï ¡®«ìè¥ 66% à¥á¯®−¤¥−â®¢, ¯®¯�¢è¨å ¢ ¢ë¡®àªã. �à¨ íâ®¬ ®ª®«®
¯®«®¢¨−ë ®¯à®è¥−−ëå ãç�áâ−¨ª®¢ §�−¨¬�îâáï ®à£�−¨§�â®àáª®© ¤¥ïâ¥«ì−®áâìî
¢ á¢®¨å á®®¡é¥áâ¢�å. Œ®à�«ì−®¥ ã¤®¢«¥â¢®à¥−¨¥ ®â âà�−á«ïæ¨¨ á¢®¥£® ®¯ëâ�
ç�áâ® ¨á¯ëâë¢�îâ 77,8% à¥á¯®−¤¥−â®¢. ‚ ª�ç¥áâ¢¥ ®á−®¢−®© ¯à¨ç¨−ë, ¯® ª®-
â®à®© «î¤¨ ¯à¨−¨¬�îâ ãç�áâ¨¥ ¢ ¤¥ïâ¥«ì−®áâ¨ ¯à®ä¥áá¨®−�«ì−ëå á®®¡é¥áâ¢,
®ª®«® 5% à¥á¯®−¤¥−â®¢ −�§¢�«¨ úçâ®¡ë ¤¥«¨âìáï ®¯ëâ®¬û. ˆ§ íâ®£® á«¥¤ã-
¥â, çâ® −¥ ¬¥−¥¥ 5% ãç�áâ−¨ª®¢ á®®¡é¥áâ¢� £®â®¢ë ¤®¡à®¢®«ì−® ¢§ïâì −� á¥¡ï
¤®¯®«−¨â¥«ì−ãî à®«ì ¢ á®®¡é¥áâ¢¥, á¢ï§�−−ãî á ¯à®â¨¢®¤¥©áâ¢¨¥¬ ¨−ä®à¬�æ¨-
®−−ë¬ �â�ª�¬. �à¥¤áâ�¢«ï¥âáï æ¥«¥á®®¡à�§−ë¬ á¢ï§�âì íâã à®«ì á® á«¥¤ãîé¨¬
�«£®à¨â¬®¬ ¤¥©áâ¢¨©.

1. �� íâ�¯¥ ä®à¬¨à®¢�−¨ï á®®¡é¥áâ¢�:

{ á®§¤�¥âáï ª�àâ� ï¤à� á®®¡é¥áâ¢� á ãª�§�−¨¥¬ ª®−â�ªâ� ª�¦¤®£® ç«¥−�
¨ ®¡«�áâ¥© ¥£® á¯¥æ¨�«¨§�æ¨¨;

{ ¯à¨ ¯®ï¢«¥−¨¨ −®¢®£® ç«¥−�, ¤®¡à®¢®«ì−® ¯à¨−¨¬�îé¥£® à®«ì ãç�áâ−¨-
ª� ¯à®â¨¢®¤¥©áâ¢¨ï ¨−ä®à¬�æ¨®−−ë¬ �â�ª�¬, ¥£® ¤�−−ë¥ ¤®¡�¢«ïîâáï
¢ ª�àâã ï¤à�.

2. �à¨ ®¡−�àã¦¥−¨¨ ä�ªâ� ¨−ä®à¬�æ¨®−−®© �â�ª¨:

{ ¯à¨ ®¡−�àã¦¥−¨¨ «î¡ë¬ ç«¥−®¬ ï¤à� á®®¡é¥áâ¢� ¨−ä®à¬�æ¨®−−ëå
á®®¡é¥−¨©, ¯à¥¤¯®«®¦¨â¥«ì−® á®¤¥à¦�é¨å ä�«ìá¨ä¨æ¨à®¢�−−ãî ¨−-
ä®à¬�æ¨î ¨ ï¢«ïîé¨åáï ç�áâìî ¨−ä®à¬�æ¨®−−®© �â�ª¨, á®®¡é¥−¨¥
¯¥à¥áë«�¥âáï â¥¬ ç«¥−�¬ ï¤à�, á¯¥æ¨�«¨§�æ¨ï ª®â®àëå ¯®§¢®«ï¥â ¯à®-
ä¥áá¨®−�«ì−® ®æ¥−¨âì ¤�−−®¥ á®®¡é¥−¨¥ (¤�«¥¥ | íªá¯¥àâë);

{ ¢ á«ãç�¥ ¯®¤â¢¥à¦¤¥−¨ï ¯à¥¤¯®«®¦¥−¨© ®¡ ¨−ä®à¬�æ¨®−−®© �â�ª¥ íªá-
¯¥àâë á®¢¬¥áâ−® ä®à¬¨àãîâ á®®¡é¥−¨¥ ¨«¨ á¥à¨î á®®¡é¥−¨© á ®¡®á−®-
¢�−−®© ªà¨â¨ª®© ä�«ìá¨ä¨ª�æ¨¨ (¤�«¥¥ | ®¯à®¢¥à¦¥−¨¥);

{ ¢á¥ ç«¥−ë ï¤à� ®¡¥á¯¥ç¨¢�îâ à�á¯à®áâà�−¥−¨¥ ®¯à®¢¥à¦¥−¨ï ¢ á®®¡é¥-
áâ¢¥ ¯®áà¥¤áâ¢®¬ ¥£® à¥¯®áâ�.
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ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

�«£®à¨â¬ ¯à¥¤¯®«�£�¥â ¡ëáâà®¥ ®¡−�àã¦¥−¨¥ �â�ª¨ ¨ ®¤−®¢à¥¬¥−−®¥ ¬�áá®¢®¥
¯à®â¨¢®¤¥©áâ¢¨¥ ¥©. �ää¥ªâ¨¢−®áâì ¤�−−®£® �«£®à¨â¬� ¬®¦¥â ¡ëâì ¯à®¢¥à¥−�
íªá¯¥à¨¬¥−â�«ì−® á ¯®¬®éìî ®¯¨á�−−®© ¢ëè¥ ¬®¤¥«¨.

5 Результаты моделирования процессов противодействия атакам

�ë«� ¯à®¢¥¤¥−� ¢â®à�ï á¥à¨ï íªá¯¥à¨¬¥−â®¢ á ¬®¤¥«ìî, æ¥«ìî ª®â®àëå ¡ë«®
®æ¥−¨âì ¢«¨ï−¨¥ �ªâ¨¢−®£® ï¤à�, ¤¥©áâ¢ãîé¥£® ¢ á®®â¢¥âáâ¢¨¨ á ¢ëè¥®¯¨á�−-
−ë¬ �«£®à¨â¬®¬ ¯à®â¨¢®¤¥©áâ¢¨ï ¨−ä®à¬�æ¨®−−®© �â�ª¥, á à�§«¨ç−ë¬ ®¡ê¥¬®¬
ï¤à�, ¢ëà�¦¥−−®£® ¢ ¯à®æ¥−â�å ®â ¢á¥£® ®¡ê¥¬� á®®¡é¥áâ¢� ¨ ¤�«¥¥ ®¡®§−�ç�-
¥¬®£® ª�ª CoreProc. „«ï ¢ëï¢«¥−¨ï ç¨áâ®£® ¢«¨ï−¨ï ¯�à�¬¥âà� CoreProc −�
íää¥ªâ¨¢−®áâì ¯à®â¨¢®¤¥©áâ¢¨ï ¯�à�¬¥âà PositiveProc ¡ë« ãáâ�−®¢«¥− à�¢−ë¬
−ã«î. �æ¥−¨¢�«¨áì â¥ ¦¥ ¯®ª�§�â¥«¨, çâ® ¨ ¢ ¯¥à¢®© á¥à¨¨ íªá¯¥à¨¬¥−â®¢.
÷¥§ã«ìâ�âë ¯à®¢¥à®ª ¯à¨¢¥¤¥−ë ¢ â�¡«. 2.

’�¡«¨æ� 2 ÷¥§ã«ìâ�âë 2-© ¨ 3-© á¥à¨¨ íªá¯¥à¨¬¥−â®¢

ü
á¥à¨¨

ü íªá¯¥-
à¨¬¥−â�

Š®«¨ç¥áâ¢®
�â�ªãîé¨å

CoreProc PositiveProc EndProc Rate90 V50

2
7
8 1

0,025%
0,050% 0%

0,94
0,09

0,33
0,13

0,94
0,01

9 0,025% 0,77 0,25 0,80
3 10 25 0,050% 5% 0,09 0,17 0,11

11 0,100% 0,06 0,08 0,00

ˆ§ à¥§ã«ìâ�â®¢ íªá¯¥à¨¬¥−â®¢ ¢â®à®© á¥à¨¨ ¢¨¤−®, çâ® ¤�¦¥ ¯à¨ ªà�©−¥
−¥§−�ç¨â¥«ì−®¬ ®¡ê¥¬¥ ï¤à� (0,05% ®â ¢á¥£® á®®¡é¥áâ¢�) ‘�’ �Šˆˆ á¯®-
á®¡−® ãá¯¥è−® ¯à®â¨¢®áâ®ïâì ¨−ä®à¬�æ¨®−−®© �â�ª¥. �â® £®¢®à¨â ® ¢ëá®ª®©
íää¥ªâ¨¢−®áâ¨ ¯à¥¤«®¦¥−−®£® �«£®à¨â¬�. �® â�ª¦¥ âà¥¡ã¥â ¯à®¢¥àª¨ áâ¥¯¥−ì
á−¨¦¥−¨ï íää¥ªâ¨¢−®áâ¨ ¯à®â¨¢®¤¥©áâ¢¨ï ¯® ¬¥à¥ à®áâ� ¨−â¥−á¨¢−®áâ¨ ¨−-
ä®à¬�æ¨®−−®© �â�ª¨. „«ï íâ®£® ¡ë«� ¯à®¢¥¤¥−� âà¥âìï á¥à¨ï íªá¯¥à¨¬¥−â®¢
á à�§«¨ç−ë¬¨ §−�ç¥−¨ï¬¨ CoreProc, −® á 25-ªà�â−ë¬ ã¢¥«¨ç¥−¨¥¬ ¨−â¥−á¨¢-
−®áâ¨ �â�ª¨ (25 ®¤−®¢à¥¬¥−−® �â�ªãîé¨å ã§«®¢). ��à�¬¥âà PositiveProc ¤«ï
à¥�«¨áâ¨ç−®áâ¨ ¡ë« ãáâ�−®¢«¥− à�¢−ë¬ 5%.

ˆ§ à¥§ã«ìâ�â®¢ íªá¯¥à¨¬¥−â®¢ âà¥âì¥© á¥à¨¨ ¢¨¤−®, çâ®, −¥á¬®âàï −� §−�ç¨-
â¥«ì−®¥ ã¢¥«¨ç¥−¨¥ ¨−â¥−á¨¢−®áâ¨ �â�ª¨, á−¨¦¥−¨¥ íää¥ªâ¨¢−®áâ¨ ¯à®â¨¢®áâ®-
ï−¨ï ¡ë«® −¥¢¥«¨ª® ¨ ¯à¨ ®¡ê¥¬¥ ï¤à� 0,1% ®â ¢á¥£® ‘�’ �Šˆˆ ®−® á¯®á®¡−®
ãá¯¥è−® ¯à®â¨¢®áâ®ïâì ¨−ä®à¬�æ¨®−−®© �â�ª¥ ¤�¦¥ ¢ íâ¨å ãá«®¢¨ïå.

6 Выводы

÷¥§ã«ìâ�âë ¬®¤¥«¨à®¢�−¨ï ¯®ª�§�«¨, çâ® ¡¥§ ¯à¨¬¥−¥−¨ï á¯¥æ¨�«ì−ëå ¬¥à
¯à®â¨¢®¤¥©áâ¢¨ï â¥å−®«®£¨ï �Šˆˆ ¯®â¥−æ¨�«ì−® ãï§¢¨¬� ¤«ï ¨−ä®à¬�æ¨®−-
−ëå �â�ª, ¨¬¥îé¨å æ¥«ìî ä�«ìá¨ä¨ª�æ¨î ¨áâ®à¨¨.
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“áâ®©ç¨¢®áâì â¥å−®«®£¨¨ �Šˆˆ ª ¯®¯ëâª�¬ ¨áª�¦¥−¨ï ¨áâ®à¨¨

Œ®¤¥«¨à®¢�−¨¥ â�ª¦¥ ¯®ª�§�«®, çâ® ¯à¥¤«®¦¥−−ë¥ ¬¥àë ¯à®â¨¢®¤¥©áâ¢¨ï
¨−ä®à¬�æ¨®−−ë¬ �â�ª�¬, ®á−®¢�−−ë¥ −� ®¯à¥¤¥«¥−−ëå £àã¯¯®¢ëå −®à¬�å à�-
¡®âë á ¨−ä®à¬�æ¨¥©, à�á¯à¥¤¥«¥−¨¨ à®«¥© ¨ ¨á¯®«ì§®¢�−¨¨ á¯¥æ¨�«ì−ëå ä�-
á¨«¨â�æ¨®−−ëå â¥å−¨ª ¨ ®¯¨á�−−ë¥ ¢ ä®à¬¥ �«£®à¨â¬� ¯®¢¥¤¥−¨ï ç«¥−®¢ ï¤à�
‘�’ �Šˆˆ, ãáâ®©ç¨¢® íää¥ªâ¨¢−ë. �â® ¯®§¢®«ï¥â à¥ª®¬¥−¤®¢�âì ¯à¨¬¥−¥-
−¨¥ ¯à¥¤«®¦¥−−ëå ¬¥à ¢ â¥å−®«®£¨¨ �Šˆˆ ¨ á¤¥«�âì ¢ë¢®¤ ®¡ ãáâ®©ç¨¢®áâ¨
®¡−®¢«¥−−®© â¥å−®«®£¨¨ ª ¯®¯ëâª�¬ ä�«ìá¨ä¨ª�æ¨¨ ¨áâ®à¨¨.
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RESISTANCE OF TECHNOLOGY
OF CONCRETE HISTORICAL INVESTIGATION SUPPORT

TO ATTEMPTS OF HISTORY DISTORTION

I. M. Adamovich and O. I. Volkov

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

Abstract: The article continues a series of works devoted to the description and
analysis of distributed technology of concrete historical investigation support
based on the principles of crowdsourcing. This article is devoted to modeling the
process of information attacks on the community of technology users in order to
falsify the history. Some numerical indicators reflecting the consequences of such
attacks have been developed. The tests proved the vulnerability of the technology
to information attacks in the absence of special countermeasures. Such measures
based on certain group norms of information processing, the distribution of
roles, and the use of special facilitation techniques and described in the form of
community members activity algorithm were proposed. Modeling has shown that
the proposed measures of resistance to information attacks are stably effective. It
allowed us to recommend the usage of the proposed measures in the technology
of concrete historical investigation support and to draw a conclusion about the
sustainability of the updated technology to attempts to falsify the history.

Keywords: virtual community; model; technology; distortion of history;
concrete historical investigation
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СИТУАЦИОННАЯ ЦИФРОВИЗАЦИЯ
ТОВАРНО-ДЕНЕЖНОГО ОБРАЩЕНИЯ

А. В. Ильин1, В. Д. Ильин2

�−−®â�æ¨ï: �à¥¤«®¦¥−� ¬®¤¥«ì á¨âã�æ¨®−−®© æ¨äà®¢¨§�æ¨¨ á¨áâ¥¬ë â®¢�à-
−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï (â¤®-á¨áâ¥¬ë), ¢ ª®â®à®© á¯¥æ¨ä¨ª�æ¨¨ â®¢�à®¢,
¯«�â¥¦¥© ¨ ¤àã£¨å á®áâ�¢«ïîé¨å á¨áâ¥¬ë ¯à¥¤áâ�¢«¥−ë §�è¨äà®¢�−−ë¬¨
æ¨äà®¢ë¬¨ ª®¤�¬¨. “¯à�¢«¥−¨¥ â®¢�à−®-¤¥−¥¦−ë¬ ®¡à�é¥−¨¥¬ ®áãé¥-
áâ¢«ï¥âáï ¯®áà¥¤áâ¢®¬ á¨áâ¥¬ ®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å âà¥¡®¢�−¨©,
§�ä¨ªá¨à®¢�−−ëå ¢ á¨âã�æ¨®−−ëå æ¨äà®¢ëå ¤®£®¢®à�å, ®¯à¥¤¥«ïîé¨å ®â-
−®è¥−¨ï §�ª�§ç¨ª®¢ ¨ ¯®áâ�¢é¨ª®¢. �à®æ¥áá ¢ë¯®«−¥−¨ï ª�¦¤®£® ¤®£®¢®à�
¯à¥¤áâ�¢«¥− ®¯à¥¤¥«¥−−ë¬¨ ¢ −¥¬ á¨âã�æ¨ï¬¨. „�−−ë¥, ®¯à¥¤¥«ïîé¨¥ ¯®à-
âà¥âë á¨âã�æ¨©, ¯®áâ�¢«ïîâáï æ¨äà®¢ë¬¨ ¤¢®©−¨ª�¬¨, ®¡á«ã¦¨¢�îé¨¬¨
¤®£®¢®à. �â¨ ¤�−−ë¥ ¯¥à¥¤�îâáï −� ¢å®¤ ¯à®£à�¬¬ë ¤®£®¢®à�, ¢ë¯®«−ï¥¬®©
−� ª®¬¯ìîâ¥à−ëå ãáâà®©áâ¢�å ¤®£®¢®à¨¢è¨åáï áâ®à®−. �¥à¥¬¥é¥−¨¥ â®¢�à®¢
¨ ¯«�â¥¦¥© á®¯à®¢®¦¤�¥âáï ¤®ªã¬¥−â¨àãîé¨¬ ¯¥à¥¬¥é¥−¨¥¬ á®®â¢¥âáâ¢ã-
îé¨å ª®¤®¢. Š�¦¤®¥ ¯¥à¥¬¥é¥−¨¥ ®âà�¦�¥âáï ¢ ¯�¬ïâ¨ æ¨äà®¢®© á¨áâ¥¬ë
ãç¥â� ¢¥«¨ç¨− ¨¬ãé¥áâ¢¥−−®£® ¯à�¢�, ¯à¥¤áâ�¢«¥−−®© á®¢®ªã¯−®áâìî ã−¨-
ä¨æ¨à®¢�−−ëå áç¥â®¢ ¯®áâ�¢é¨ª®¢ ¨ §�ª�§ç¨ª®¢. Œã«ìâ¨¢�«îâ−ë¥ áç¥â�
®âªàë¢�îâáï ¨ ¯à®£à�¬¬−® ª®−âà®«¨àãîâáï á ¯®¬®éìî ®−«�©−-á¥à¢¨á®¢ ¡�−-
ª�-à¥£ã«ïâ®à�. „«ï ª�¦¤®£® â®¢�à� á¤¥«ª� ¬®¦¥â ¡ëâì á®¢¥àè¥−� ¢ «î¡®©
¢�«îâ¥ ¨§ á¯¨áª�, ï¢«ïîé¥£®áï ¯¥à¥á¥ç¥−¨¥¬ ¬−®¦¥áâ¢ ¢�«îâ, à�§à¥è¥−−ëå
¡�−ª�¬¨-à¥£ã«ïâ®à�¬¨ £®áã¤�àáâ¢, ª ª®â®àë¬ ®â−®áïâáï ãç�áâ−¨ª¨ á¤¥«ª¨.

Š«îç¥¢ë¥ á«®¢�: á¨áâ¥¬� â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï; á¨âã�æ¨®−−ë©
æ¨äà®¢®© ¤®£®¢®à; á¨áâ¥¬� ãç¥â� ¢¥«¨ç¨− ¨¬ãé¥áâ¢¥−−®£® ¯à�¢�; ã−¨ä¨æ¨-
à®¢�−−ë© ¬ã«ìâ¨¢�«îâ−ë© áç¥â; ®−«�©−-á¥à¢¨á

DOI: 10.14357/08696527210215

1 Введение

–¨äà®¢¨§�æ¨ï á¨áâ¥¬ë â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï ¢å®¤¨â ¢ ç¨á«®
ª«îç¥¢ëå §�¤�ç æ¨äà®¢¨§�æ¨¨ å®§ï©áâ¢¥−−®© ¤¥ïâ¥«ì−®áâ¨ [1{3]. ��àï¤ã
á ã−¨ä¨ª�æ¨¥© æ¨äà®¢®© ¬�àª¨à®¢ª¨ â®¢�à®¢ (¤«ï ¤®ªã¬¥−â¨àã¥¬®£® ¬®−¨-
â®à¨−£� ¨å ¯¥à¥¬¥é¥−¨ï) ¨ à¥è¥−¨¥¬ ¤àã£¨å �ªâã�«ì−ëå §�¤�ç æ¨äà®¢¨§�æ¨¨
â¤®-á¨áâ¥¬ë −¥®¡å®¤¨¬® ¯à¥®¡à�§®¢�âì ®−«�©−-á¥à¢¨áë ¡�−ª®¢áª®© á¨áâ¥¬ë.
ˆå æ¥«¥á®®¡à�§−® ®áãé¥áâ¢«ïâì á ¯®¬®éìî ¯¥àá®−�«ì−ëå í«¥ªâà®−−ëå ¡�−ª®¢
(¯í¡®¢) ¨ ª®à¯®à�â¨¢−ëå í«¥ªâà®−−ëå ¡�−ª®¢ (ªí¡®¢) [4{6], à�¡®â�îé¨å ¯®¤

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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ã¯à�¢«¥−¨¥¬ –¥−âà�«ì−®£® ¡�−ª� (£«�¢� ‘¡¥à¡�−ª� ƒ¥à¬�− ƒà¥ä áç¨â�¥â, çâ®
úá® ¢à¥¬¥−¥¬ ¡�−ª®¢áª�ï á¨áâ¥¬� áâ�−¥â ®¤−®ãà®¢−¥¢®©û (áç¥â� ª«¨¥−â®¢ ¡ã¤ãâ
®âªàëâë −¥¯®áà¥¤áâ¢¥−−® ¢ –¥−âà�«ì−®¬ ¡�−ª¥)1).

�¤−® ¨§ ®¯�á−ëå á«¥¤áâ¢¨© −¥�¤¥ª¢�â−®áâ¨ −ë−¥è−¥© ¡�−ª®¢áª®© á¨á-
â¥¬ë. �� á®¢à¥¬¥−−®¬ íâ�¯¥ æ¨äà®¢¨§�æ¨¨ íª®−®¬¨ª¨ á¥àì¥§−ãî ®¯�á−®áâì ¤«ï
£®áã¤�àáâ¢¥−−®£® â¤®-à¥£ã«¨à®¢�−¨ï ¯à¥¤áâ�¢«ï¥â −¥§�ª®−−®¥ ¨á¯®«ì§®¢�−¨¥
¡¨âª®©−� ¨/¨«¨ ¤àã£¨å ªà¨¯â®¢�«îâ ª�ª áà¥¤áâ¢ ¯«�â¥¦� /̈̈ «¨ ¨−¢¥áâ¨à®¢�-
−¨ï. �¥¯®¤ª®−âà®«ì−ãî −�æ¨®−�«ì−ë¬ ¡�−ª�¬-à¥£ã«ïâ®à�¬ í¬¨áá¨î ªà¨¯â®-
¢�«îâ ®áãé¥áâ¢«ïîâ �−®−¨¬−ë¥ ¯®«ì§®¢�â¥«¨ ªà¨¯â®¢�«îâ−ëå ¡«®ªç¥©−-á¥â¥©,
¨á¯®«ì§ãï ¤«ï íâ®£® á®¡áâ¢¥−−ë¥ ª®¬¯ìîâ¥à−ë¥ ãáâà®©áâ¢� (¨ ¯®«ãç�ï −¥®¡«�£�-
¥¬ãî −�«®£®¬ ¯à¨¡ë«ì). �¥à¥¬¥é¥−¨¥ ªà¨¯â®¢�«îâ−ëå áã¬¬ ¬¥¦¤ã ª®è¥«ìª�¬¨
¯®«ì§®¢�â¥«¥© ªà¨¯â®¢�«îâ−ëå á¥â¥© â�ª¦¥ −¥¯®¤ª®−âà®«ì−® ¡�−ª�¬-à¥£ã«ïâ®-
à�¬.

‚ á¢ï§¨ á íâ¨¬ ¢ ÷®áá¨¨ á 1 ï−¢�àï 2021 £. ¤¥©áâ¢ã¥â §�ª®− ® æ¨äà®¢ëå
ä¨−�−á®¢ëå �ªâ¨¢�å ¨ æ¨äà®¢®© ¢�«îâ¥2. ú–¨äà®¢®© ¢�«îâ®© ¯à¨§−�¥âáï á®¢®-
ªã¯−®áâì í«¥ªâà®−−ëå ¤�−−ëå (æ¨äà®¢®£® ª®¤� ¨«¨ ®¡®§−�ç¥−¨ï), á®¤¥à¦�é¨åáï
¢ ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬¥, ª®â®àë¥ ¯à¥¤«�£�îâáï ¨ (¨«¨) ¬®£ãâ ¡ëâì ¯à¨−ïâë
¢ ª�ç¥áâ¢¥ áà¥¤áâ¢� ¯«�â¥¦�, −¥ ï¢«ïîé¥£®áï ¤¥−¥¦−®© ¥¤¨−¨æ¥© ÷®áá¨©áª®© ”¥-
¤¥à�æ¨¨, ¤¥−¥¦−®© ¥¤¨−¨æ¥© ¨−®áâà�−−®£® £®áã¤�àáâ¢� ¨ (¨«¨) ¬¥¦¤ã−�à®¤−®©
¤¥−¥¦−®© ¨«¨ à�áç¥â−®© ¥¤¨−¨æ¥©, ¨ (¨«¨) ¢ ª�ç¥áâ¢¥ ¨−¢¥áâ¨æ¨© ¨ ¢ ®â−®è¥−¨¨
ª®â®àëå ®âáãâáâ¢ã¥â «¨æ®, ®¡ï§�−−®¥ ¯¥à¥¤ ª�¦¤ë¬ ®¡«�¤�â¥«¥¬ â�ª¨å í«¥ªâà®−-
−ëå ¤�−−ëå, §� ¨áª«îç¥−¨¥¬ ®¯¥à�â®à� ¨ (¨«¨) ã§«®¢ ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë,
®¡ï§�−−ëå â®«ìª® ®¡¥á¯¥ç¨¢�âì á®®â¢¥âáâ¢¨¥ ¯®àï¤ª� ¢ë¯ãáª� íâ¨å í«¥ªâà®−−ëå
¤�−−ëå ¨ ®áãé¥áâ¢«¥−¨ï ¢ ¨å ®â−®è¥−¨¨ ¤¥©áâ¢¨© ¯® ¢−¥á¥−¨î (¨§¬¥−¥−¨î)
§�¯¨á¥© ¢ â�ªãî ¨−ä®à¬�æ¨®−−ãî á¨áâ¥¬ã ¯® ¥¥ ¯à�¢¨«�¬û.

‚ ¯¥à¥¢®¤¥ á úîà¨¤¨ç¥áª®£®û: ¨á¯®«ì§®¢�−¨¥ ªà¨¯â®¢�«îâ (ª�ª áà¥¤áâ¢ ¯«�-
â¥¦� ¨«¨ ¨−¢¥áâ¨à®¢�−¨ï) §�¯à¥é¥−® ¨§-§� ®âáãâáâ¢¨ï ú«¨æ, ®¡ï§�−−ëå ¯¥à¥¤
®¡«�¤�â¥«ï¬¨û ªà¨¯â®¢�«îâ−®£® ¤®áâ®ï−¨ï. �à¨ ¨á¯®«ì§®¢�−¨¨ ªà¨¯â®¢�«îâ
¢ ª�ç¥áâ¢¥ úæ¨äà®¢ëå ä¨−�−á®¢ëå �ªâ¨¢®¢û ®¯¥à�â®à ú¨−ä®à¬�æ¨®−−®© á¨áâ¥-
¬ëû, ¢ ª®â®à®© ®áãé¥áâ¢«ï¥âáï ¨å ¢ë¯ãáª, ®¡ï§�− ®¡¥á¯¥ç¨âì åà�−¥−¨¥ ¤�−−ëå
® á¤¥«ª�å á æ¨äà®¢ë¬¨ ä¨−�−á®¢ë¬¨ �ªâ¨¢�¬¨, � â�ª¦¥ ®¡ ãç�áâ−¨ª�å â�ª¨å
á¤¥«®ª (−¥ ¬¥−¥¥ ¯ïâ¨ «¥â á ¤�âë á®¢¥àè¥−¨ï á®®â¢¥âáâ¢ãîé¨å á¤¥«®ª)û.

�®áª®«ìªã íâ® âà¥¡®¢�−¨¥ ¯à®â¨¢®à¥ç¨â ®á−®¢®¯®«�£�îé¨¬ ¯à¨−æ¨¯�¬ −¥-
¯®¤ª®−âà®«ì−®áâ¨ ¨ �−®−¨¬−®áâ¨ ãç�áâ−¨ª®¢ ªà¨¯â®¢�«îâ−ëå á¥â¥©, ¨á¯®«ì-
§®¢�−¨¥ −ë−¥è−¨å ªà¨¯â®¢�«îâ ¢ ª�ç¥áâ¢¥ úæ¨äà®¢ëå ä¨−�−á®¢ëå �ªâ¨¢®¢û
¢ ÷®áá¨¨ â�ª¦¥ ¯à®â¨¢®§�ª®−−®.

ˆ−äà�áâàãªâãà−�ï ¯«�âä®à¬�. �� á®¢à¥¬¥−−®¬ íâ�¯¥ ¨−äà�áâàãªâãà−�ï
¯«�âä®à¬� æ¨äà®¢¨§�æ¨¨ â¤®-á¨áâ¥¬ë ¢ª«îç�¥â â¥å−®«®£¨¨ æ¨äà®¢ëå ¤¢®©−¨-

1ƒà¥ä ¯à¥¤à¥ª ¯®å®à®−ë á®¢à¥¬¥−−®© ¡�−ª®¢áª®© á¨áâ¥¬ë. https://ria.ru/20160521/
1437470618.html.

2”¥¤¥à�«ì−ë© §�ª®− ®â 31.07.2020 £. ü 259-”‡ ú� æ¨äà®¢ëå ä¨−�−á®¢ëå �ªâ¨¢�å, æ¨äà®-
¢®© ¢�«îâ¥ ¨ ® ¢−¥á¥−¨¨ ¨§¬¥−¥−¨© ¢ ®â¤¥«ì−ë¥ §�ª®−®¤�â¥«ì−ë¥ �ªâë ÷®áá¨©áª®© ”¥¤¥à�æ¨¨û.
http://www.kremlin.ru/acts/bank/45766.
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‘¨âã�æ¨®−−�ï æ¨äà®¢¨§�æ¨ï â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï

ª®¢ (Digital Twins1), M2M-â¥å−®«®£¨¨ (M2M | Machine-to-Machine) [7, 8],
â¥å−®«®£¨¨ ®¡«�ç−ëå ¢ëç¨á«¥−¨© (Cloud Computing) ¨ í«¥ªâà®−−ëå á¥à¢¨á®¢ [9{
12], ¨−â¥à−¥â� ¢¥é¥© (Internet of Things, IoT) [13].

‡�¯¨áì ä®à¬ã« ¨ ¢ë¤¥«¥−¨¥ äà�£¬¥−â®¢ â¥ªáâ�. „«ï ¢ë¤¥«¥−¨ï ®¯à¥-
¤¥«¥−¨©, §�¬¥ç�−¨© ¨ ¯à¨¬¥à®¢ ¨á¯®«ì§ãîâáï áà¥¤áâ¢� ï§ëª� TSM-ª®¬¯«¥ªá�
(TSM | textual symbolic modeling), à�§à�¡®â�−−®£® ¤«ï ä®à¬�«¨§®¢�−−®£®
®¯¨á�−¨ï â¥ªáâ®¢ëå ¬®¤¥«¥©2.

‚ áâ�âì¥ ¯à¨¬¥−¥−ë 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�−¨¥;
© 〈äà�£¬¥−â ®¯¨á�−¨ï〉 © ≈ ¯à¨¬¥à.
Šãàá¨¢®¬ ¢ë¤¥«¥−ë ¯¥à¢ë¥ ¢å®¦¤¥−¨ï −�§¢�−¨© ¯®−ïâ¨© ¨ äà�£¬¥−âë ®¯¨-

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

�¡áã¦¤�¥¬ë¥ à¥§ã«ìâ�âë. ‚ áâ�âì¥, ª®â®à�ï á«ã¦¨â ®¡®¡é�îé¨¬ ¨ ãâ®ç−ï-
îé¨¬ ¯à®¤®«¦¥−¨¥¬ [6], ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë, ¯®«ãç¥−−ë¥ ¯à¨ ¢ë¯®«−¥−¨¨
−�ãç−®-¨áá«¥¤®¢�â¥«ìáª®© à�¡®âë úŒ®¤¥«¨à®¢�−¨¥ á®æ¨�«ì−ëå, íª®−®¬¨ç¥áª¨å
¨ íª®«®£¨ç¥áª¨å ¯à®æ¥áá®¢û (ü 0063-2016-0005), ¢ë¯®«−ï¥¬®© ¢ á®®â¢¥âáâ¢¨¨
á £®áã¤�àáâ¢¥−−ë¬ §�¤�−¨¥¬ ”��� ÷®áá¨¨ ¤«ï ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ì-
áª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷��. Š®−æ¥¯âã�«ì−ë¥ ®á−®¢ë ¯à¥¤-
«®¦¥−−®© ¬®¤¥«¨, ®¡áã¦¤�¥¬ë¥ ¢ áâ�âì¥, à�áá¬�âà¨¢�îâáï ª�ª ç�áâì ¬¥â®¤®«®-
£¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ¯à®¥ªâ� á¨âã�æ¨®−−®© æ¨äà®¢¨§�æ¨¨ â¤®-á¨áâ¥¬ë.

2 Цифровая маркировка товаров

Š�¦¤ë© ¯à®¤ãªâ (¯à®¨§¢¥¤¥−−ë© ¨«¨ ¢¢¥§¥−−ë© ¢ áâà�−ã), ¯®«ãç¨¢ æ¨äà®-
¢ãî ¬�àª¨à®¢ªã, áâ�−®¢¨âáï â®¢�à®¬, ¯¥à¥¬¥é¥−¨¥ ª®â®à®£® ª®−âà®«¨àã¥âáï
¢ ¯à®æ¥áá¥ â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï (â¤®-â®¢�à®¬). –¨äà®¢�ï ¬�àª¨à®¢ª�
ï¢«ï¥âáï §�ª®¤¨à®¢�−−®© á¯¥æ¨ä¨ª�æ¨¥© â¤®-â®¢�à�, á®¤¥à¦�é¥© ¥£® −�¨¬¥−®-
¢�−¨¥, ¤�âã ¢ë¯ãáª� ¨ ¤àã£¨¥ á¢¥¤¥−¨ï.

3 Ситуационный цифровой договор

‚á¥ â¤®-â®¢�àë à�§¤¥«¥−ë −� ¤¢� ª«�áá� [14]: ¯®áâ�¢«ï¥¬ëå ¢ à�¬ª�å
á¤¥«®ª, á®¢¥àè�îé¨åáï ¯® ¤®£®¢®à�¬, ¨ ¯®áâ�¢«ï¥¬ëå −� ¡¥§¤®£®¢®à−®© ®á−®¢¥
(© â®¢�àë, ¯à¨®¡à¥â�¥¬ë¥ ¯®ªã¯�â¥«ï¬¨ ¢ ¬�£�§¨−�å à®§−¨ç−ëå â®à£®¢ëå
á¥â¥© ©).

1The New Age of Manufacturing: Digital Twin Technology & IIoT. https://medium.com/
@lior.kitain/the-new-age-of-manufacturing-digital-twin-technology-iiot-494acee5572a.

2ˆ«ì¨− ‚. „. ‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ // �®«ìè�ï à®áá¨©áª�ï í−æ¨ª«®¯¥¤¨ï (í«¥ªâà®−−�ï
¢¥àá¨ï). http://dev.bigenc.ru/technology and technique/text/4010980.
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÷�áá¬�âà¨¢�¥¬�ï ¤�«¥¥ á¨âã�æ¨®−−�ï ¬®¤¥«ì æ¨äà®¢®£® ¤®£®¢®à� ®á−®¢�−�
−� ¨¤¥¥ á¬�àâ-ª®−âà�ªâ�, ¯à¥¤«®¦¥−−®© �¨ª®¬ ‘�¡® [15], ¨ �¢â®àáª®© ¬¥â®¤®-
«®£¨¨ á¨âã�æ¨®−−®© ¨−ä®à¬�â¨§�æ¨¨ [16, 17].

� ‘¨âã�æ¨®−−ë© æ¨äà®¢®© ¤®£®¢®à (áæ¤) ¢ë¯®«−ï¥âáï á ¯®¬®éìî á¯¥æ¨-
�«ì−®© ¯à®£à�¬¬−®-�¯¯�à�â−® à¥�«¨§ã¥¬®© ¨−â¥««¥ªâã�«ì−®© á¨áâ¥¬ë (áæ¤-á¨á-
â¥¬ë), ª®â®à�ï á®¤¥à¦¨â ®¯¨á�−¨¥ â¤®-á¤¥«ª¨ ¨ �«£®à¨â¬¨ç¥áª¨ ®¯à¥¤¥«¥−−ë¥
®¡ï§�â¥«ì−ë¥ ¨ ®à¨¥−â¨àãîé¨¥ âà¥¡®¢�−¨ï ª ãç�áâ−¨ª�¬ á¤¥«ª¨. ‚ ¯à®æ¥áá¥
ª®−âà®«ï ¨á¯®«−¥−¨ï ¤®£®¢®à� áæ¤-á¨áâ¥¬� ®¡¬¥−¨¢�¥âáï ¤�−−ë¬¨ á á®§¤�−−ë¬¨
¥î ®¡ãç�¥¬ë¬¨ æ¨äà®¢ë¬¨ ¤¢®©−¨ª�¬¨, ®âá«¥¦¨¢�îé¨¬¨ á®¡ëâ¨ï (¯à¥¤áâ�¢-
«¥−−ë¥ ¯®àâà¥â�¬¨ á¨âã�æ¨© [16, 17]), ®¯à¥¤¥«¥−−ë¥ ¢ ¤®£®¢®à¥. �¡ï§�â¥«ì−®¥
âà¥¡®¢�−¨¥ ¨¬¥¥â ¢¨¤ sm → am, £¤¥ sm | á¯¥æ¨ä¨ª�æ¨ï á®¡ëâ¨ï, ¯à¨ −�-
áâã¯«¥−¨¨ ª®â®à®£® ®¯à¥¤¥«¥−−ë© ¢ ¤®£®¢®à¥ ãç�áâ−¨ª (¨«¨ ãç�áâ−¨ª¨) á¤¥«ª¨
¤®«¦¥− ¢ë¯®«−¨âì ¤¥©áâ¢¨¥ am. �à¨¥−â¨àãîé¥¥ âà¥¡®¢�−¨¥ | ¢ëà�¦¥−¨¥
¢¨¤� sor → ior, £¤¥ sor | á¯¥æ¨ä¨ª�æ¨ï á®¡ëâ¨ï, ¯à¨ −�áâã¯«¥−¨¨ ª®â®à®£®
®¯à¥¤¥«¥−−ë© ãç�áâ−¨ª (¨«¨ ãç�áâ−¨ª¨) ¤®«¦¥− ¢ë¯®«−¨âì ®¤−® ¨§ ¤¥©áâ¢¨©
¢ á®®â¢¥âáâ¢¨¨ á ¨−áâàãªæ¨¥© ior. �

4 Цифровая система учета величин имущественного права

� –¨äà®¢�ï á¨áâ¥¬� ãç¥â� ¢¥«¨ç¨− ¨¬ãé¥áâ¢¥−−®£® ¯à�¢� (¨¯-á¨áâ¥¬�) à�á-
á¬�âà¨¢�¥âáï ª�ª à¥�«¨§ã¥¬�ï −� ®á−®¢¥ ¨−ä®à¬�æ¨®−−®-¡¥§®¯�á−ëå ¡�−ª®¢áª¨å
®−«�©−-á¥à¢¨á®¢ á¨áâ¥¬� ¤®ªã¬¥−â�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï ¤¥−¥¦−®© ¨ −¥¤¥−¥¦-
−®© á®áâ�¢«ïîé¨å ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢ ãç�áâ−¨ª®¢ â¤®-á¤¥«®ª. „¥−¥¦−�ï
á®áâ�¢«ïîé�ï ¢ëà�¦¥−� §−�ç¥−¨ï¬¨ áã¬¬ −®à¬�«¨§®¢�−−ëå ¤¥−¥£ ¢ à�§¤¥«�å
ã−¨ª�«ì−ëå ¬ã«ìâ¨¢�«îâ−ëå áç¥â®¢ ãç�áâ−¨ª®¢ â¤®-á¤¥«®ª, � −¥¤¥−¥¦−�ï |
¤®ªã¬¥−â�¬¨, ¯®¤â¢¥à¦¤�îé¨¬¨ ¯à�¢® á®¡áâ¢¥−−®áâ¨ −� −¥¤¢¨¦¨¬®áâì, âà�−á-
¯®àâ ¨ ¤àã£®¥ ¨¬ãé¥áâ¢® (ª®â®à®¥ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª
§�«®£®¢®¥). �

♦ “−¨ª�«ì−ë¥ ¬ã«ìâ¨¢�«îâ−ë¥ áç¥â� à�§¬¥é¥−ë ¢ ¯í¡�å (¤«ï ä¨§¨ç¥áª¨å
«¨æ) ¨ ¢ ªí¡�å (¤«ï îà¨¤¨ç¥áª¨å «¨æ) [6]. ♦

� �®à¬�«¨§®¢�−−ë¥ ¤¥−ì£¨ (−¤) | ã−¨¢¥àá�«ì−®¥ í«¥ªâà®−−®¥ áà¥¤áâ¢® ª®-
«¨ç¥áâ¢¥−−®£® ¤®ªã¬¥−â¨à®¢�−¨ï ¨¬ãé¥áâ¢¥−−ëå ®â−®è¥−¨©, ã¤®áâ®¢¥àï¥¬ëå
£®áã¤�àáâ¢®¬. �à¥¤−�§−�ç¥−® ¤«ï ¯à¥¤áâ�¢«¥−¨ï áâ®¨¬®áâ¨ â®¢�à®¢ ¨ ¨¬ãé¥-
áâ¢¥−−ëå áâ�âãá®¢ ãç�áâ−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨, ¤«ï ®¯«�âë â®¢�à®¢,
¨−¢¥áâ¨à®¢�−¨ï ¨ −�ª®¯«¥−¨ï ¡®£�âáâ¢�. “−¨¢¥àá�«ì−®áâì −¤ ¢ëà�¦�¥âáï ¢ ¯à¨-
¬¥−¨¬®áâ¨ ¢® ¢á¥å ¢−ãâà¥−−¨å ¨ ¢−¥è−¨å íª®−®¬¨ç¥áª¨å á¤¥«ª�å, à�§à¥è¥−−ëå
§�ª®−®¬ £®áã¤�àáâ¢�, ¯®¤ îà¨á¤¨ªæ¨¥© ª®â®à®£® äã−ªæ¨®−¨àã¥â íª®−®¬¨ç¥áª�ï
á¨áâ¥¬� [4{6]. �

5 Базовые технологии цифровизации товарно-денежного обращения

‚ á®áâ�¢ ¡�§®¢ëå â¥å−®«®£¨© æ¨äà®¢¨§�æ¨¨ â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï
¢å®¤ïâ â¥å−®«®£¨¨ æ¨äà®¢®© ¬�àª¨à®¢ª¨ â®¢�à®¢, −�§−�ç¥−−ëå ¯«�â¥¦¥©, ¯«�-
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â¥¦−®£® ¨ â®¢�à−®£® ªà¥¤¨â®¢�−¨ï, ®−«�©−-¡�−ª¨−£� á ¨á¯®«ì§®¢�−¨¥¬ ªí¡®¢
¨ ¯í¡®¢, ¯à¨−�¤«¥¦�é¨å ãç�áâ−¨ª�¬ â¤®-á¤¥«®ª [3, 4].

� ’¥å−®«®£¨ï −�§−�ç¥−−ëå ¯«�â¥¦¥© | á®¢®ªã¯−®áâì ¬¥â®¤®¢, áà¥¤áâ¢ ¨ ¯à�-
¢¨« £�à�−â¨à®¢�−−®© ®¯«�âë §�ª�§�−−ëå â®¢�à®¢, âà¥¡®¢�−¨ï ª à¥�«¨§�æ¨¨ ª®-
â®à®© ®¯à¥¤¥«¥−ë ¢ áæ¤ ® â¤®-á¤¥«ª¥. ‘ã¬¬� −�§−�ç¥−−®£® ¯«�â¥¦� ¯¥à¥¢®¤¨âáï
−� áç¥â ¯®«ãç�â¥«ï áà�§ã ¯®á«¥ â®£®, ª�ª §�ª�§ç¨ª ¯®¤â¢¥à¤¨« ¨á¯®«−¥−¨¥ §�ª�§�.
‚ á«ãç�¥ −¥¨á¯®«−¥−¨ï §�ª�§� −�§−�ç¥−−ë© ¯«�â¥¦ ®â¬¥−ï¥âáï [18]. �

‚ ª®−æ¥¯æ¨¨ ¯®«¨¢�«îâ−®£® àë−ª� −®à¬�«¨§®¢�−−®£® íª®−®¬¨ç¥áª®£® ¬¥å�-
−¨§¬� [4, 5] â¥å−®«®£¨¨ ¢−¥è−¥íª®−®¬¨ç¥áª¨å â¤®-á¤¥«®ª ®á−®¢�−ë −� ¯à¥¤¯®-
«®¦¥−¨¨ ® â®¬, çâ® ¤«ï «î¡®© ¯�àë áâà�− −� ª�¦¤®¬ ®âà¥§ª¥ ¢à¥¬¥−¨ ®¯à¥¤¥«¥−ë
−¥ª®â®àë¥ ¬−®¦¥áâ¢� â®¢�à®¢, ¬−®¦¥áâ¢® ¯à¨¬¥−¨¬ëå ¤«ï à�áç¥â®¢ ¢�«îâ, â�-
¬®¦¥−−ë¥ ¯à�¢¨«� ¨ ¯à�¢¨«� ¢−¥è−¥â®à£®¢ëå á¡®à®¢. „«ï ª�¦¤®£® â¨¯� â®¢�à�
ãç�áâ−¨ª¨ â¤®-á¤¥«ª¨ ¨¬¥îâ ¢®§¬®¦−®áâì á®¢¥àè�âì −�§−�ç¥−−ë¥ ¯«�â¥¦¨ ¢ ¢ë-
¡à�−−®© ¨¬¨ ¢�«îâ¥ (¨§ á¯¨áª�, ï¢«ïîé¥£®áï ¯¥à¥á¥ç¥−¨¥¬ ¬−®¦¥áâ¢ ¢�«îâ,
à�§à¥è¥−−ëå ¡�−ª�¬¨-à¥£ã«ïâ®à�¬¨ £®áã¤�àáâ¢, ª ª®â®àë¬ ®â−®áïâáï ãç�áâ−¨ª¨
â¤®-á¤¥«ª¨ (© ¢ à®áá¨©áª¨å àã¡«ïå ¨ î�−ïå ©)).

�¤−®© ¨§ −�¨¡®«¥¥ �ªâã�«ì−ëå â¥å−®«®£¨© â®¢�à−®£® ªà¥¤¨â®¢�−¨ï áâ�−®¢¨â-
áï � â¥å−®«®£¨ï í«¥ªâà®−−®© ¤®«£®¢®© â®à£®¢«¨ [19], ¯à¨ ª®â®à®© ®âáà®ç¥−−�ï
ç�áâì ®¯«�âë â®¢�à� ®ä®à¬«ï¥âáï ª�ª ¤®«£ ¯®ªã¯�â¥«ï ¯à®¤�¢æã. � ♦ �à¨¬¥−¨-
â¥«ì−® ª ¤®«£�¬, ®¡à�§®¢�¢è¨¬áï ¢ à¥§ã«ìâ�â¥ ¯à®¤�¦¨ ¯à¨®à¨â¥â−ëå â®¢�à®¢,
¬®£ãâ ¤¥©áâ¢®¢�âì ¯à�¢¨«� ¤®áà®ç−®£® ¢®§¢à�â� ¤®«£®¢ ¯à®¤�¢æ�¬ ¨§ áà¥¤áâ¢
¤®«£®¢®£® ®â¤¥«� ¡�−ª�-à¥£ã«ïâ®à�. ’�ª¨¬ á¯®á®¡®¬ ¡�−ª-à¥£ã«ïâ®à ¬®¦¥â
ãç�áâ¢®¢�âì ¢ £®áã¤�àáâ¢¥−−ëå ¯à®£à�¬¬�å ¯®¤¤¥à¦ª¨ ¯à®¨§¢®¤áâ¢� ¨ ¯à®¤�¦¨
¯à¨®à¨â¥â−ëå â®¢�à®¢. ♦

‚�¦−®© á®áâ�¢«ïîé¥© â¥å−®«®£¨¨ í«¥ªâà®−−®© ¤®«£®¢®© â®à£®¢«¨ ï¢«ï¥âáï
� ¤®«£®¢�ï ¤¥−¥¦−�ï í¬¨áá¨ï, ¢ë¯®«−ï¥¬�ï ¡�−ª®¬-à¥£ã«ïâ®à®¬ â®«ìª® â®£¤�,
ª®£¤� áã¬¬� ¢®§¢à�é¥−−ëå ¯®ªã¯�â¥«ï¬¨ ¤®«£®¢ ¬¥−ìè¥ ®ç¥à¥¤−®© ¤®«£®¢®©
áã¬¬ë, §�¯à®è¥−−®© ¤«ï ¢®§¢à�â� ¯à®¤�¢æã. �¬¨â¨àã¥¬�ï áã¬¬� à�¢−� à�§−®áâ¨
§�¯à®è¥−−®© ¤®«£®¢®© áã¬¬ë ¨ áã¬¬ë −� áç¥âã ¤®«£®¢®£® ®â¤¥«� ¡�−ª�-à¥£ã«ï-
â®à�. �

♦ �à�¢¨«�, à¥�«¨§ã¥¬ë¥ ¢ â¥å−®«®£¨¨, ¨áª«îç�îâ ¢®§¬®¦−®áâì í¬¨áá¨¨
¤¥−¥¦−ëå áã¬¬, −¥ ®¡¥á¯¥ç¥−−ëå â®¢�à�¬¨. ♦

♦ �� ¯®«¨¢�«îâ−®¬ àë−ª¥ â¤®-á¤¥«®ª â¥å−®«®£¨ï í«¥ªâà®−−®© ¤®«£®¢®©
â®à£®¢«¨ á«ã¦¨â áà¥¤áâ¢®¬, áâ¨¬ã«¨àãîé¨¬ ¯à®¤�¦¨ ¯à¨®à¨â¥â−ëå â®¢�à®¢
á ®¯«�â®© ¢ −�æ¨®−�«ì−®© ¢�«îâ¥, â�ª ª�ª ¢®§¬®¦−®áâì ¢ ®â−®á¨â¥«ì−® ª®à®âª¨¥
áà®ª¨ ¯®«ãç¨âì ¤®«£®¢ãî ç�áâì áâ®¨¬®áâ¨ ¯à®¤�−−®£® â®¢�à� áãé¥áâ¢ã¥â, ¥á«¨
®− ¡ë« ®¯«�ç¥− −�æ¨®−�«ì−®© ¢�«îâ®©. ♦

♦ –¥«¥á®®¡à�§−ë ®â−®è¥−¨ï ª®®à¤¨−�æ¨¨ ¬¥¦¤ã áâà�−�¬¨ (¯à¨ ¢ëà�¡®âª¥
¨ à¥�«¨§�æ¨¨ áå¥¬ ª®−âà®«ï ¨á¯®«−¥−¨ï ãª�§�−−ëå ¯à�¢¨«) ¨ −¥æ¥«¥á®®¡à�§−ë
«î¡ë¥ £«®¡�«ì−ë¥ à¥£ã«ïâ®àë, ®£à�−¨ç¨¢�îé¨¥ á¢®¡®¤ã íª®−®¬¨ç¥áª®£® ¢ë¡®à�
ãç�áâ−¨ª®¢ â¤®-á¤¥«®ª. ♦

’¥å−®«®£¨¨ ¯«�â¥¦−®£® ªà¥¤¨â®¢�−¨ï ¢ª«îç�îâ â¥å−®«®£¨¨ ªà�âª®áà®ç-
−®£® ¨ ¤®«£®áà®ç−®£® ªà¥¤¨â®¢�−¨ï ¯®áâ�¢é¨ª®¢ â®¢�à®¢. Šà�âª®áà®ç−®¥
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¯«�â¥¦−®¥ ªà¥¤¨â®¢�−¨¥ ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−® ç�áâï¬¨ ¯®«−®© ®¯«�âë §�ª�-
§�−−®£® â®¢�à�, ¯®áâã¯�îé¨¬¨ −� áç¥â ¯®áâ�¢é¨ª� ¤® ¨á¯®«−¥−¨ï §�ª�§� (© ¯à¨
¯®áâ�¢ª¥ â®¢�à�, ¯à¥¤áâ�¢«ïîé¥£® á®¡®© ¨§¤¥«¨¥, ¨§£®â�¢«¨¢�¥¬®¥ ¯® ¨−¤¨¢¨-
¤ã�«ì−®¬ã §�ª�§ã ©). „®«£®áà®ç−®¥ ¯«�â¥¦−®¥ ªà¥¤¨â®¢�−¨¥ ¬®¦¥â ®áãé¥-
áâ¢«ïâìáï ¢ ®¡¬¥− −� æ¥−®¢ë¥ áª¨¤ª¨ ¨«¨ ¨−ë¥ ¯à¥¨¬ãé¥áâ¢� (© ¢ëà�¦�îé¨¥áï
¢ á®ªà�é¥−−ëå áà®ª�å ¯®áâ�¢®ª ©).

6 Заключение

�¯à¥¤¥«¥−ë ®á−®¢−ë¥ ¯®−ïâ¨ï ¨ ¡�§®¢ë¥ â¥å−®«®£¨¨ á¨âã�æ¨®−−®© æ¨äà®-
¢¨§�æ¨¨ â¤®-á¨áâ¥¬ë.

Š�¦¤�ï â¤®-á¤¥«ª� á®¢¥àè�¥âáï ¢ á®®â¢¥âáâ¢¨¨ á áæ¤, ¢ë¯®«−¥−¨¥ ª®â®à®£®
®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî á¯¥æ¨�«ì−®© ¨−â¥««¥ªâã�«ì−®© á¨áâ¥¬ë (áæ¤-á¨áâ¥-
¬ë), á®¤¥à¦�é¥© ®¯¨á�−¨¥ á¤¥«ª¨ ¨ ®¡ï§�â¥«ì−ë¥ ¨ ®à¨¥−â¨àãîé¨¥ âà¥¡®¢�−¨ï
ª ¤¥©áâ¢¨ï¬ ãç�áâ−¨ª®¢.

‚ë¯®«−¥−¨¥ ¤®£®¢®à� ¯à¥¤áâ�¢«¥−® á¯¥æ¨ä¨ª�æ¨ï¬¨ á®¡ëâ¨©, ¤«ï ª�¦¤®£®
¨§ ª®â®àëå ®¯à¥¤¥«¥− ¯®àâà¥â á¨âã�æ¨¨ [16, 17], åà�−ïé¨©áï ¢ ¯�¬ïâ¨ áæ¤-á¨á-
â¥¬ë (ª�ª ®¡à�§¥æ ¤«ï áà�¢−¥−¨ï).

�®àâà¥âë á¨âã�æ¨©, ¢®§−¨ª�îé¨å ¯à¨ ¢ë¯®«−¥−¨¨ ¤®£®¢®à�, áâà®ïâáï áæ¤-
á¨áâ¥¬®© −� ®á−®¢¥ ¤�−−ëå, ¯®áâ�¢«ï¥¬ëå æ¨äà®¢ë¬¨ ¤¢®©−¨ª�¬¨. „«ï ¨¤¥−-
â¨ä¨ª�æ¨¨ á®¡ëâ¨©, ®¯à¥¤¥«¥−−ëå ¢ ¤®£®¢®à¥, ¯®áâà®¥−−ë¥ ¯®àâà¥âë á¨âã�æ¨©
áà�¢−¨¢�îâáï á ®¡à�§æ�¬¨, åà�−ïé¨¬¨áï ¢ ¯�¬ïâ¨ áæ¤-á¨áâ¥¬ë.

�¥à¥¬¥é¥−¨¥ â®¢�à®¢ ¨ ¯«�â¥¦¥© ¢ ¯à®æ¥áá¥ ¢ë¯®«−¥−¨ï â¤®-á¤¥«ª¨, á®-
¯à®¢®¦¤�¥¬®¥ ¯¥à¥¬¥é¥−¨¥¬ á®®â¢¥âáâ¢ãîé¨å æ¨äà®¢ëå ª®¤®¢, ®âà�¦�¥âáï
¢ ¯�¬ïâ¨ æ¨äà®¢®© á¨áâ¥¬ë ãç¥â� ¢¥«¨ç¨− ¨¬ãé¥áâ¢¥−−®£® ¯à�¢� ãç�áâ−¨-
ª®¢ â¤®-á¤¥«®ª, à¥�«¨§ã¥¬®© −� ®á−®¢¥ ¨−ä®à¬�æ¨®−−®-¡¥§®¯�á−ëå ¡�−ª®¢áª¨å
®−«�©−-á¥à¢¨á®¢.

“−¨ª�«ì−ë¥ ¬ã«ìâ¨¢�«îâ−ë¥ áç¥â� ãç�áâ−¨ª®¢ â¤®-á¤¥«®ª, ®âªàë¢�¥¬ë¥
¨ ¯à®£à�¬¬−® ª®−âà®«¨àã¥¬ë¥ á ¯®¬®éìî ®−«�©−-á¥à¢¨á®¢ ¡�−ª�-à¥£ã«ïâ®à�,
à�§¬¥é�îâáï ¢ ¯í¡�å (¤«ï ä¨§¨ç¥áª¨å «¨æ) ¨ ¢ ªí¡�å (¤«ï îà¨¤¨ç¥áª¨å «¨æ) [4{6].

Š �àá¥−�«ã ¡�§®¢ëå â¥å−®«®£¨© æ¨äà®¢¨§�æ¨¨ â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï
®â−¥á¥−ë â¥å−®«®£¨¨ æ¨äà®¢®© ¬�àª¨à®¢ª¨ â®¢�à®¢, ®−«�©−-¡�−ª¨−£�, −�§−�-
ç¥−−ëå ¯«�â¥¦¥© [18], â®¢�à−®£® ¨ ¯«�â¥¦−®£® ªà¥¤¨â®¢�−¨ï. �á®¡�ï à®«ì
¢ ¢ë¯®«−¥−¨¨ £®áã¤�àáâ¢¥−−ëå ¯à®£à�¬¬ ¯®¤¤¥à¦ª¨ ¯à®¨§¢®¤áâ¢� ¨ ¯®áâ�¢®ª
¯à¨®à¨â¥â−ëå â®¢�à®¢ ¯à¨−�¤«¥¦¨â â¥å−®«®£¨¨ í«¥ªâà®−−®© ¤®«£®¢®© â®à£®¢-
«¨ [19].
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Abstract: A model of situational digitalization of the commodity-money cir-
culation system is proposed, where the specifications of goods, payments, and
other components of the system are represented by encrypted digital codes. The
management of commodity-money circulation is carried out through the systems
of mandatory and orienting requirements fixed in situational digital contracts
that determine the relationships between customers and suppliers. The imple-
mentation of each contract is represented by the situations defined there. Data
defining the portraits of situations are supplied by digital twins serving the
contract. These data are going to the input of the contract program executed
on the computer devices of the contracting parties. The movement of goods
and payments is accompanied by the documentary supported movement of the
corresponding codes. Each operation is reflected in the memory of the digital
system of recording the values of property rights, represented by a set of unified
accounts of suppliers and customers. Multicurrency accounts are opened and
programmatically controlled by the online services of the regulating bank. For
each commodity, the transaction can be made in any currency from the list which
is the intersection of the sets of currencies allowed by the regulating banks of the
states to which the transaction parties belong.

Keywords: system of commodity-money circulation; situational digital contract;
system for recording the values of property rights; unified multicurrency account;
online service
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МАТЕМАТИЧЕСКОЕ И КОМПЬЮТЕРНОЕ МОДЕЛИРОВАНИЕ
АГРОЦЕНОЗА ХЛОПЧАТНИКА С УЧЕТОМ ВОЗРАСТНОЙ
СТРУКТУРЫ И С ПРОИЗВОЛЬНЫМИ ТРОФИЧЕСКИМИ

ФУНКЦИЯМИ

Р. Н. Одинаев1, А. Б. Гафоров2

�−−®â�æ¨ï: �£à®æ¥−®§ å«®¯ç�â−¨ª� á«ã¦¨â ¯à¨¬¥à®¬ á«®¦−®© á¨áâ¥¬ë, â�ª
ª�ª à�áç«¥−ï¥âáï −� âà¨ ¯®¤á¨áâ¥¬ë: §®®æ¥−®§, ä¨â®æ¥−®§ ¨ ¬¨ªà®¡¨®æ¥−®§.
‚ á¢®î ®ç¥à¥¤ì, ª�¦¤�ï ¯®¤á¨áâ¥¬� ¬®¦¥â ¡ëâì à�§¤¥«¥−� −� ª®−¥ç−®¥ ç¨á«®
¡®«¥¥ ¬¥«ª¨å ¯®¤á¨áâ¥¬. ��¯à¨¬¥à, §®®æ¥−®§ ¤¥«¨âáï −� ¯®«¥§−ëå (å¨é−¨ª¨
¨ ¯�à�§¨âë ¢à¥¤¨â¥«¥©) ¨ ¢à¥¤−ëå −�á¥ª®¬ëå (¢à¥¤¨â¥«¥© å«®¯ç�â−¨ª�), ä¨-
â®æ¥−®§ á®áâ®¨â ¨§ ®¤−®£® í«¥¬¥−â� | å«®¯ç�â−¨ª�, ¬¨ªà®¡¨®æ¥−®§ á®áâ®¨â
¨§ ¢®§¡ã¤¨â¥«¥© ¢¨«â� ¨ ¤àã£¨å ¬¨ªà®®à£�−¨§¬®¢. ‚ ¤�−−®© à�¡®â¥ à�áá¬�-
âà¨¢�¥âáï ¬�â¥¬�â¨ç¥áª®¥ ¨ ª®¬¯ìîâ¥à−®¥ ¬®¤¥«¨à®¢�−¨¥ ¯à®æ¥áá� §�é¨âë
�£à®æ¥−®§� å«®¯ç�â−¨ª� á ãç¥â®¬ ¢®§à�áâ−®© áâàãªâãàë ¨ á ¯à®¨§¢®«ì−ë¬¨
âà®ä¨ç¥áª¨¬¨ äã−ªæ¨ï¬¨.

Š«îç¥¢ë¥ á«®¢�: ¬�â¥¬�â¨ç¥áª®¥ ¨ ª®¬¯ìîâ¥à−®¥ ¬®¤¥«¨à®¢�−¨¥; ¬®¤¥«ì;
�£à®æ¥−®§; å«®¯ç�â−¨ª; ¯à®¨§¢®«ì−�ï âà®ä¨ç¥áª�ï äã−ªæ¨ï; ¢à¥¤−ë¥ −�á¥-
ª®¬ë¥; ¯®«¥§−ë¥ −�á¥ª®¬ë¥; ¢®§à�áâ−�ï áâàãªâãà�; ¡¨®¬�áá�; ç¨á«¥−−®áâì
¡¨®«®£¨ç¥áª¨å ¯®¯ã«ïæ¨©; −¥ªâ�à®−®á−ë¥ à�áâ¥−¨ï

DOI: 10.14357/08696527210216

1 Введение

Œ�â¥¬�â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ¤¨−�¬¨ª¨ ç¨á«¥−−®áâ¨ ¡¨®«®£¨ç¥áª¨å ¯®¯ã-
«ïæ¨© ¨¬¥¥â ¤®áâ�â®ç−® ¤«¨â¥«ì−ãî ¨áâ®à¨î [1{4].

�à®¡«¥¬� ®¯¨á�−¨ï ¯à®æ¥áá� §�é¨âë á¥«ìáª®å®§ï©áâ¢¥−−®£® ãà®¦�ï ¯à¨ ¬�-
â¥¬�â¨ç¥áª®¬ ¬®¤¥«¨à®¢�−¨¨ ®áâ�¥âáï �ªâã�«ì−®©. ‘¥£®¤−ï ¯à®¡«¥¬� §�é¨âë
ãà®¦�ï ¯à¨¢«¥ª�¥â ¢−¨¬�−¨¥ ¡®«ìè®£® ªàã£� ãç¥−ëå ¢ á¢ï§¨ á ¯¥àá¯¥ªâ¨¢−ë¬ ¨á-
¯®«ì§®¢�−¨¥¬ ¢ ¯à¨®à¨â¥â−ëå −�¯à�¢«¥−¨ïå à�§¢¨â¨ï −�ãª¨, â¥å−®«®£¨¨ ¨ á¥«ì-
áª®£® å®§ï©áâ¢� [5{7]. �¤−®© ¨§ ¢�¦−¥©è¨å −�à®¤−®å®§ï©áâ¢¥−−ëå, á®æ¨�«ì−ëå
¨ ¯à¨à®¤®®åà�−−ëå ¯à®¡«¥¬ ¢ −�áâ®ïé¥¥ ¢à¥¬ï áâ�«® á®¢¥àè¥−áâ¢®¢�−¨¥ á¨áâ¥¬
§�é¨âë á¥«ìáª®å®§ï©áâ¢¥−−ëå ªã«ìâãà ®â ¢à¥¤¨â¥«¥©. ˆáá«¥¤®¢�−¨ï ãáâ®©ç¨-
¢®áâ¨ ¬�â¥¬�â¨ç¥áª¨å ¬®¤¥«¥© á ãç¥â®¬ ¢à¥¬¥−−�®© ¨ ¯à®áâà�−áâ¢¥−−®© á¢ï§¨ ¤«ï
¬®¤¥«ì−ëå ¯®¯ã«ïæ¨©, á®®¡é¥áâ¢ íª®á¨áâ¥¬ ¨§ãç¥−ë ¢ à�¡®â�å ā. Œ. ‘¢¨à¥¦¥-
¢�, „. �. ‹®£®ä¥â�, Œ. Š. ā−ãá®¢�, ÷. �. �¤¨−�¥¢� [8{11].

1’�¤¦¨ªáª¨© −�æ¨®−�«ì−ë© ã−¨¢¥àá¨â¥â, „ãè�−¡¥, raim odinaev@mail.ru
2’�¤¦¨ªáª¨© −�æ¨®−�«ì−ë© ã−¨¢¥àá¨â¥â, „ãè�−¡¥, alisher gaforov@mail.ru
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2 Математическая модель агроценоза хлопчатника с учетом
возрастной структуры и с произвольными трофическими функциями

‚ íâ®¬ à�§¤¥«¥ à�áá¬®âà¨¬ ¬�â¥¬�â¨ç¥áªãî ¬®¤¥«ì �£à®æ¥−®§� å«®¯ç�â−¨ª�.
�® à¥§ã«ìâ�â�¬ ¨áá«¥¤®¢�−¨ï ãç¥−ëå ��ãç−®£® æ¥−âà� §�é¨âë à�áâ¥−¨© �ª�¤¥-
¬¨¨ á¥«ìáª®å®§ï©áâ¢¥−−ëå −�ãª ÷¥á¯ã¡«¨ª¨ ’�¤¦¨ª¨áâ�−, ¢ −�áâ®ïé¥¥ ¢à¥¬ï −�
å«®¯ª®¢ëå ¯®«ïå −�¨¡®«¥¥ ç�áâ® ¢áâà¥ç�îâáï âà¨ ¢¨¤� ¢à¥¤¨â¥«¥© å«®¯ç�â−¨ª�,
â. ¥. −�á¥ª®¬ëå, ª®â®àë¥ −¥¯®áà¥¤áâ¢¥−−® ¯¨â�îâáï á®ª�¬¨ ¨ §¥«¥−®© ¬�áá®©
å«®¯ç�â−¨ª�, � â�ª¦¥ âà¨ ¢¨¤� å¨é−¨ª®¢, â. ¥. ¯®«¥§−ëå −�á¥ª®¬ëå, ª®â®àë¥
¯¨â�îâáï ¢à¥¤¨â¥«ï¬¨.

÷�áá¬®âà¨¬ ¬�â¥¬�â¨ç¥áªãî ¬®¤¥«ì �£à®æ¥−®§�, ¨¬¥îéãî âà¨ âà®ä¨ç¥áª¨å
ãà®¢−ï: å«®¯ç�â−¨ª { ¢à¥¤−ë¥ −�á¥ª®¬ë¥ { ¯®«¥§−ë¥ −�á¥ª®¬ë¥.

�ã¤¥¬ áç¨â�âì, çâ® á®áâ®ï−¨¥ ¬®¤¥«ì−®£® �£à®æ¥−®§� ®¯¨áë¢�¥âáï ¯à¨ ¯®¬®é¨
á«¥¤ãîé¥© á¨áâ¥¬ë ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨© [9,10,12,13]:

dN0
dt
= Q− α0N0N1 ; (1)

dN1
dt
= k0α0N0N1 − V1(N1)

3
∑

i=1

“Ni+1 −m1N1 ; (2)

∂Ni−1

∂t
+
∂Ni−1

∂a
= ki−2V1(N1)Ni−1 − Vi−1(Ni−1) “Ni+2 + δNi+2 −

−mi−1Ni−1 , i = 3, 5 ; (3)

∂Ni+2

∂t
+
∂Ni+2

∂a
= ki+1Vi−1(Ni−1)Ni+2 − εN2i+2 −mi+2Ni+2 , i = 3, 5 ; (4)

Ni|t=0 = N0i , i = 0, 7 , Ni(0, t) =

∞
∫

0

Bi(ξ)Ni(ξ, t) dξ , i = 2, 7 ;

“Ni =

βi
∫

αi

Ni(a, t) da , i = 2, 7 ,

£¤¥ N0 = N0(t) | ¬�áá� ¢−¥è−¥£® à¥áãàá� ¢ ¬®¬¥−â ¢à¥¬¥−¨ t (ã¤®¡à¥−¨ï ¨«¨
¢®¤�, ¨á¯®«ì§ã¥¬ë¥ ¤«ï ¯®«¨¢�, ¨«¨ á®«−¥ç−�ï í−¥à£¨ï);N1 = N1(t)| ¡¨®¬�áá�
å«®¯ç�â−¨ª� ¢ ¬®¬¥−â ¢à¥¬¥−¨ t; Q | áª®à®áâì ¯®áâã¯«¥−¨ï ¢−¥è−¥£® à¥áãàá�;
Ni = Ni(a, t), i = 2, 7, | ¡¨®¬�áá�, ¨«¨ ç¨á«¥−−®áâì, ¢à¥¤−ëå (i = 2, 3, 4) ¨ ¯®-
«¥§−ëå (i = 5, 6, 7) −�á¥ª®¬ëå ¢®§à�áâ� a ¢ ¬®¬¥−â ¢à¥¬¥−¨ t (N2 | ç¨á«¥−−®áâì
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Œ�â¥¬�â¨ç¥áª®¥ ¨ ª®¬¯ìîâ¥à−®¥ ¬®¤¥«¨à®¢�−¨¥ �£à®æ¥−®§� å«®¯ç�â−¨ª�

â«¨; N3 | ç¨á«¥−−®áâì å«®¯ª®¢®© á®¢ª¨; N4 | ç¨á«¥−−®áâì ¯�ãâ¨−−®£® ª«¥é�;
N5 | ç¨á«¥−−®áâì âà¨å®£à�¬¬ë; N6 | ç¨á«¥−−®áâì £�¡à®¡à�ª®−�; N7 | ç¨á-
«¥−−®áâì §«�â®£«�§ª¨); Bi(·) | ª®íää¨æ¨¥−â à®¦¤�¥¬®áâ¨ ¢à¥¤−ëå ¨ ¯®«¥§−ëå
−�á¥ª®¬ëå, i = 2, 7; Vi(·) | âà®ä¨ç¥áª�ï äã−ªæ¨ï á® á¢®©áâ¢�¬¨ Vi(·) ≥ 0,
dVi/dN > 0, d2Vi/dN

2 ≤ 0, i = 1, 4; δ | ¡¨®¬�áá� −¥ªâ�à®−®á−ëå à�áâ¥−¨©
(−�¯à¨¬¥à, ãªà®¯, å−ã, ¡�§¨«¨ª á¥îâ ¢ ¯®«¥ å«®¯ç�â−¨ª� ¯®«®á�¬¨ −� ®¯à¥¤¥«¥−-
−®¬ à�ááâ®ï−¨¨, ¨ íâ¨ à�áâ¥−¨ï ¢ ¯¥à¨®¤ ¢¥£¥â�æ¨¨ ¯à¨¢«¥ª�îâ ª á¥¡¥ ¯®«¥§−ëå
−�á¥ª®¬ëå, � â�ª¦¥ á«ã¦�â ¤«ï −¨å ¨áâ®ç−¨ª®¬ ¤®¯®«−¨â¥«ì−®© ã£«¥à®¤−®©
¯¨é¨); α0, mi, ki ¨ ε | ¡¨®«®£¨ç¥áª¨¥ ¯�à�¬¥âàë ¯®¯ã«ïæ¨©, ¢å®¤ïé¨å ¢ �£à®-
æ¥−®§ (mi | ãáà¥¤−¥−−ë© ª®íää¨æ¨¥−â ¥áâ¥áâ¢¥−−®© á¬¥àâ−®áâ¨, i = 1, 2, 3;
ki | ¤®«ï ¯®âà¥¡«¥−−®© ¡¨®¬�ááë, ¨¤ãé�ï −� à¥¯à®¤ãªâ¨¢−ë© ®¡¬¥− ¨ à®áâ;
α0 | ª®íää¨æ¨¥−â âà®ä¨ç¥áª¨å äã−ªæ¨©; ε | ª®íää¨æ¨¥−â á�¬®«¨¬¨â¨à®-

¢�−¨ï ¯®¯ã«ïæ¨¨ ¯®«¥§−ëå −�á¥ª®¬ëå); “Ni = “Ni(t) | áã¬¬�à−�ï ç¨á«¥−−®áâì
¢à¥¤−ëå ¨«¨ ¯®«¥§−ëå −�á¥ª®¬ëå ¢ â®¬ ¢®§à�áâ¥, ª®£¤� ®−¨ á®®â¢¥âáâ¢¥−−®
¢à¥¤ïâ á¥«ìå®§ªã«ìâãà¥ ¨«¨ ã−¨çâ®¦�îâ ¥¥ ¢à¥¤¨â¥«¥©:

“Ni = “Ni(t) =

βi
∫

αi

Ni(a, t) da , α, β = const > 0 , i = 2, 7 ;

t | ¢à¥¬ï, t ∈ [0, τ ]; τ = const <∞; a | ¢®§à�áâ, a ∈ [0,∞).
�à¥¤¯®«®¦¨¬, çâ® Bi(·) ≥ 0, i = 2, 7.

�¯à¥¤¥«¥−¨¥ 1. ‘à¥¤−¥© ¡¨®¬�áá®© à�áâ¥−¨ï, ¨«¨ áà¥¤−¨¬ ãà®¦�¥¬, ¢ ¬®¬¥−â
¢à¥¬¥−¨ τ −�§®¢¥¬ ¢¥«¨ç¨−ã

N τ
1 =

1

τ

τ
∫

0

N1(t) dt .

‘ä®à¬ã«¨àã¥¬ ¯®áâ�−®¢ªã §�¤�ç¨. �ãáâì

“Ni−1(t) =
1

τ

τ
∫

0

“Ni−1(t) dt , “Ni+2(t) =
1

τ

τ
∫

0

“Ni+2(t) dt , i = 3, 5 , τ > 0 .

’à¥¡ã¥âáï −�©â¨ ç¨á«� Np
i−1, i = 3, 5, ¨ Np

i+2, i = 3, 5, â�ª¨¥, çâ®

1

τ

τ
∫

0

“Ni−1(t) dt ≤ Np
i−1 , i = 3, 5 ;

1

τ

τ
∫

0

“Ni+2(t) dt ≥ Np
i+2 , i = 3, 5 ,
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¨ £�à�−â¨àã¥âáï ¢ë¯®«−¥−¨¥ ãá«®¢¨ï

1

τ

τ
∫

0

N1(t) dt ≥ Np
1 , N

p
1 ∈

[

Nmin1 , Nmax1

]

,

£¤¥ Nmin1 , Nmax1 = const > 0;, Np
1 | §�¤�−−�ï ¢¥«¨ç¨−� ¯«�−¨àã¥¬®£® ãà®¦�ï

¡¨®¬�ááë å«®¯ç�â−¨ª�.

„«ï å«®¯ª®¢®£® �£à®æ¥−®§� §�¤�ç� ®¯à¥¤¥«¥−¨ï ¯®à®£� ¢à¥¤®−®á−®áâ¨ ¢à¥¤¨-
â¥«¥© ¨ ãà®¢−ï íää¥ªâ¨¢−®áâ¨ ¯®«¥§−ëå −�á¥ª®¬ëå (í−â®¬®ä�£®¢) ¨¬¥¥â ¡®«ìè®¥
¯à�ªâ¨ç¥áª®¥ §−�ç¥−¨¥. …á«¨ ç¨á«¥−−®áâì ¢à¥¤−ëå −�á¥ª®¬ëå −¥ ¯à¥¢ëè�¥â ¯®-
à®£®¢®£® ãà®¢−ï, � ç¨á«¥−−®áâì í−â®¬®ä�£®¢ −¥ −¨¦¥ ãà®¢−ï íää¥ªâ¨¢−®áâ¨, â®
¢ �£à®æ¥−®§¥ −�áâã¯�¥â á®áâ®ï−¨¥, ¯à¨ ª®â®à®¬ −¥â −¥®¡å®¤¨¬®áâ¨ ¢ ¯à¨¬¥−¥−¨¨
å¨¬¨ç¥áª¨å áà¥¤áâ¢ ¯à®â¨¢ ¢à¥¤¨â¥«¥©.

�¯à¥¤¥«¥−¨¥ 2. ‚¥«¨ç¨−ã Np
i−1, i = 3, 5, −�§®¢¥¬ ¯®à®£®¬ ¢à¥¤®−®á−®áâ¨

¢à¥¤−ëå −�á¥ª®¬ëå, � Np
i+2, i = 3, 5, | ãà®¢−¥¬ íää¥ªâ¨¢−®áâ¨ ¯®«¥§−ëå

−�á¥ª®¬ëå (í−â®¬®ä�£®¢).

�á−®¢−ë¬ à¥§ã«ìâ�â®¬ à¥è¥−¨ï §�¤�ç¨ §�é¨âë �£à®æ¥−®§� å«®¯ç�â−¨ª�
á ãç¥â®¬ ¢®§à�áâ−®£® á®áâ�¢� ¨ á ¯à®¨§¢®«ì−ë¬¨ âà®ä¨ç¥áª¨¬¨ äã−ªæ¨ï¬¨
á«ã¦¨â á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.

’¥®à¥¬�. —â®¡ë ¨¬¥«® ¬¥áâ® ãá«®¢¨¥

1

τ

τ
∫

0

N1(t) dt ≥ Np
1 , Np

1 ∈
[

Nmin1 , Nmax1

]

,

¯à¨

Vi(·) ≥ 0 ,
dVi

dN
> 0 ,

d2Vi

dN2
≤ 0

¨

0 < min
0≤a≤∞
0≤t≤τ

V1(N1(t))

N1(t)
= α1 <∞ , 0 < max

0≤a<∞
0≤t≤τ

Vi−1(Ni−1(a, t)

Ni−1(a, t)
= αi−1 <∞ ,

i = 3, 5 ,

176 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 31 −®¬¥à 2 2021



Œ�â¥¬�â¨ç¥áª®¥ ¨ ª®¬¯ìîâ¥à−®¥ ¬®¤¥«¨à®¢�−¨¥ �£à®æ¥−®§� å«®¯ç�â−¨ª�

α1, α2, α3, α4 = const > 0, −¥®¡å®¤¨¬® ¨ ¤®áâ�â®ç−® ¢ë¯®«−¥−¨¥ −¥à�¢¥−áâ¢:

N0(t) ≤
Q

α0N
p
1

, 0 ≤ t ≤ τ ;

1

τ

τ
∫

0

“Ni−1(t) dt ≤ Np
i−1 , i = 3, 5 ;

1

τ

τ
∫

0

“Ni+2(t) dt ≥ Np
i+2 , i = 3, 5 ,















































(5)

£¤¥ Np
i−1 ¨ Np

i+2, i = 3, 5, ®¯à¥¤¥«ïîâáï ¯® á«¥¤ãîé¨¬ ä®à¬ã«�¬:

Np
2 =

k0Q

α1N
p
1

− m1
α1

− 1

α1τ
ln
N1(τ)

N1(0)
− “N3(t)− “N4(t) ;

Np
3 =

k0Q

α1N
p
1

− m1
α1

− 1

α1τ
ln
N1(τ)

N1(0)
− “N2(t)− “N4(t) ;

Np
4 =

k0Q

α1N
p
1

− m1
α1

− 1

α1τ
ln
N1(τ)

N1(0)
− “N2(t)− “N4(t) ;

Np
5 =

k1α1
α2

Np
1 +

δN5
N2α2

− m2
α2

− 1

τα2
max

a
ln
N2(a, τ)

N2(a, 0)
;

Np
6 =

k2α1
α3

Np
1 +

δN6
N3α3

− m3
α3

− 1

τα3
max

a
ln
N3(a, τ)

N3(a, 0)
;

Np
7 =

k3α1
α4

Np
1 +

δN7
N4α4

− m4
α4

− 1

τα4
max

a
ln
N4(a, τ)

N4(a, 0)
.

„ ® ª � § � â ¥ « ì á â ¢ ® . �ãáâì ¢ë¯®«−ïîâáï ãá«®¢¨ï â¥®à¥¬ë.
‚ á¨«ã ãà�¢−¥−¨ï (1) ¯®«ãç�¥¬:

N0(t) = N0(0) exp(−α0)
τ
∫

0

N1(ζ) dζ +Q

τ
∫

0

exp(−α0)
ζ
∫

τ

N1(ζ) dτdζ ≤

≤
[

N0(0)−
Q

α0N
p
1

]

exp(−α0Np
1 t) +

Q

α0N
p
1

=
Q

α0N
p
1

, 0 ≤ t ≤ τ ,

£¤¥

N0(0) =
Q

α0N
p
1

.
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‚ á¨«ã ãà�¢−¥−¨ï (2) ¨¬¥¥¬:

dN1
dt
= k0α0N0N1 −

3
∑

i=1

V1(N1) “Ni+1 −m1N1 ;

d(lnN1)

dt
= k0α0N0 −

V1(N1)

N1

3
∑

i=1

“Ni+1 −m1 ;

V1(N1)

N1

3
∑

i=1

“Ni+1(t) =
k0Q

Np
1

−m1 −
d(lnN1)

dt
. (6)

ˆ−â¥£à¨àãï à�¢¥−áâ¢® (6) ¯® t ®â 0 ¤® τ , ¯®«ãç�¥¬

1

τ

τ
∫

0

3
∑

i=1

“Ni+1(t) dt ≤
k0Q

α1N
p
1

− ma

α1
− 1

α1τ
ln
N1(τ)

N1(0)
= Np

i+1 ,

®âáî¤�

1

τ

τ
∫

0

“Ni−1(t) dt ≤ Np
i−1 , i = 3, 5 .

�� ®á−®¢¥ ãà�¢−¥−¨ï (3) ¨¬¥¥¬:

∂Ni−1

∂t
+
∂Ni−1

∂a
= ki−2V1(N1)Ni−1−Vi−1(Ni−1) “Ni+2− δNi+2−mi−1Ni−1 ,

i = 3, 5 .

‚¢¥¤¥¬ ®¡®§−�ç¥−¨ï a = t+ ξ; ϕ(t, ξ) = Ni−1(a, t), i = 3, 5. ’®£¤�

∂ϕ

∂t
=
∂Ni−1

∂t
+
∂Ni−1

∂a
, i = 3, 5 .

�®«ãç�¥¬

∂

∂t
lnϕ = ki−2V1(N1)−

Vi−1(Ni−1) “Ni+2

Ni−1
− δNi+2

Ni−1
−mi−1 , i = 3, 5 ,

Vi−1(Ni−1)

Ni−1

“Ni+2 = ki−2V1(N1)−
δNi+2

Ni−1
−mi−1 −

∂

∂t
lnϕ , i = 3, 5 . (7)
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ˆ−â¥£à¨àãï ãà�¢−¥−¨¥ (7) ¯® t ®â 0 ¤® τ , ¯®«ãç�¥¬

1

τ

τ
∫

0

Vi−1(Ni−1)

Ni−1

“Ni+2(t) dt =

= ki−2α1N
p
1 −

δNi+2

Ni−1
−mi−1 −

1

τ
ln
Ni−1(a, τ)

Ni−1(a, 0)
, i = 3, 5 ,

¨, á«¥¤®¢�â¥«ì−®,

1

τ

τ
∫

0

“Ni+2(t) dt ≥ Np
i+2 , i = 3, 5 .

’¥¯¥àì ®æ¥−¨¬ maxNi+2(t), i = 3, 5.
ˆ§ ãà�¢−¥−¨ï (4) ¯®«ãç�¥¬

Ni+2(t) =

Ni+2(0) exp

∫ t

0
A(ξ) dξ

1 + εNi+2(0)

∫ t

0
exp

(
∫ t

τ
A(ξ) dξ

)

dτ

≤ Nmax , Nmax = const <∞ ,

£¤¥ A(ξ) = ki+1Vi−1(Ni−1)−mi+2.

„ ® á â � â ® ç − ® á â ì . �ãáâì ¢ë¯®«−ïîâáï −¥à�¢¥−áâ¢� (5). „®ª�¦¥¬, çâ® ¨¬¥¥â
¬¥áâ® ãá«®¢¨¥

1

τ

τ
∫

0

N1(t) dt ≥ Np
1 .

ˆ§ ãà�¢−¥−¨ï (1) −�å®¤¨¬

N0(t) = N0(0) +Qt− α0

τ
∫

0

N0N1(t) dt ,

®âáî¤�

N0(t) ≥ N0(0) +Qt−
Q

Np
1

τ
∫

0

N1(t) dt

¨, á«¥¤®¢�â¥«ì−®,

1

τ

τ
∫

0

N1(t) dt −Np
1 ≥ (N0(0)−Q/(α0N

p
1 ))N

p
1

Qt
,
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®âªã¤� ¢ëâ¥ª�¥â

1

τ

τ
∫

0

N1(t) dt ≥ Np
1 .

3 Результаты компьютерного моделирования

‚ ¤�−−®¬ à�§¤¥«¥ ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï.
Š®¬¯ìîâ¥à−�ï ¯à®£à�¬¬� à�§à�¡®â�−� −� ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï ‘++, è¨-
à®ª® ¨á¯®«ì§ã¥¬®¬ ¢ −�ãç−ëå, ¨−¦¥−¥à−ëå, ¬�â¥¬�â¨ç¥áª¨å ¨ ª®¬¯ìîâ¥à−ëå
®¡«�áâïå. �à®£à�¬¬� ¯à¥¤−�§−�ç¥−� ¤«ï ¢ëç¨á«¥−¨ï ¤¨−�¬¨ª¨ ç¨á«¥−−®áâ¨
¢à¥¤−ëå ¨ ¯®«¥§−ëå −�á¥ª®¬ëå ¨ ¤�¥â ¢®§¬®¦−®áâì ¯à®£−®§¨à®¢�âì ¤¨−�¬¨ªã
à�§¢¨â¨ï −�á¥ª®¬ëå −� à�áá¬�âà¨¢�¥¬ë© ¨−â¥à¢�« ¢à¥¬¥−¨. ÷¥§ã«ìâ�âë à�¡®âë
¯à®£à�¬¬ë ¬®¦−® ¢ë¢®¤¨âì ¢ ¢¨¤¥ â�¡«¨æë ¨ ¢ ¢¨¤¥ £à�ä¨ª�. ‚ëç¨á«¥−¨ï ¯à®-
¢®¤¨«¨áì ¢ −¥áª®«ìª¨å ¢�à¨�−â�å −� ®á−®¢¥ ¯à¥¤¢�à¨â¥«ì−ëå ¤�−−ëå. Š�¦¤ë©

‘ªà¨−è®â à¥§ã«ìâ�â®¢, ¯®«ãç¥−−ëå ¯à¨ à�¡®â¥ ¯à®£à�¬¬ë ú„¨−�¬¨ª� ç¨á«¥−−®áâ¨
à�§¢¨â¨ï ¢à¥¤−ëå ¨ ¯®«¥§−ëå −�á¥ª®¬ëå å«®¯ª®¢®£® �£à®æ¥−®§�û
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¢�à¨�−â ¢ë¯®«−ï«áï ¯à¨ à�§«¨ç−ëå −�ç�«ì−ëå §−�ç¥−¨ïå ç¨á«¥−−®áâ¨ −�á¥ª®-
¬ëå ¨ à�§−ëå ¨−â¥à¢�«�å ¢à¥¬¥−¨. �à®¤®«¦¨â¥«ì−®áâì ¦¨§−¨ ®¤−®£® ¯®ª®«¥−¨ï
¯à¨−¨¬�«�áì à�¢−®© 13 ¤−ï¬, � ç¨á«® ¯®ª®«¥−¨© §� á¥§®− | 3.

�®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¯à¨¢¥¤¥−ë −� à¨áã−ª¥.

4 Заключение

÷¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨ï ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¤«ï à¥è¥−¨ï §�¤�ç¨
¯à®£−®§¨à®¢�−¨ï ¨ ¯«�−¨à®¢�−¨ï, ¯à®¢¥¤¥−¨ï −�âãà−ëå íªá¯¥à¨¬¥−â®¢ ¤«ï ª®−-
ªà¥â−ëå ¯®¯ã«ïæ¨©, ¡¨®«®£¨ç¥áª¨å á®®¡é¥áâ¢ ¨ íª®«®£¨ç¥áª¨å á¨áâ¥¬.
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MATHEMATICAL AND COMPUTER MODELING
OF AGROCENOSIS OF COTTON

TAKING INTO ACCOUNT THE AGE STRUCTURE
AND WITH ARBITRARY TROPHIC FUNCTIONS

R. N. Odinaev and A. B. Gaforov

Faculty of Mechanics and Mathematics, Tajik National University, 17 Rudaki Av.,
Dushanbe 734025, Republic of Tajikistan

Abstract: Cotton agrocenosis is an example of a complex system, since it is
divided into three subsystems (zoocenosis, phytocenosis, and microbiocenosis),
and, in turn, each subsystem can be divided into a finite number of smaller
subsystems. For example, zoocenosis is divided into beneficial (predators and
parasites of pests) and harmful insects (cotton pests), phytocenosis consists of
one element of cotton, microbiocenosis consists of pathogens of wilt and other
microorganisms. This paper considers mathematical and computer modeling
of the process of protecting agrocenosis of cotton taking into account the age
structure and arbitrary trophic functions.

Keywords: mathematical and computer modeling; model; agrocenosis; cotton;
arbitrary trophic function; harmful insects; beneficial insects; age structure;
biomass; number of biological populations; nectariferous plants
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‘. 173, ä®à¬ã«� (5): ¢¬¥áâ®

∂I

∂t
= ‘I − βSI − γI ; (5)

¤®«¦−® ¡ëâì
∂I

∂t
= ‘I = βSI − γI ; (5)
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�à«®¢áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

�®à¨á®¢ �−¤à¥© ‚«�¤¨¬¨à®¢¨ç (à. 1965) { ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�-
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

�®á®¢ �«¥ªá¥© ‚ïç¥á«�¢®¢¨ç (à. 1969) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�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

‚�ªã«¥−ª® ‚�á¨«¨© ‚�á¨«ì¥¢¨ç (à. 1995) | ¨−¦¥−¥à-¨áá«¥¤®¢�â¥«ì ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‚®«ª®¢ �«¥£ ˆ£®à¥¢¨ç (à. 1964) | ¢¥¤ãé¨© ¯à®£à�¬¬¨áâ ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‚®à®−æ®¢ Œ¨å�¨« �«¥£®¢¨ç (à. 1996) | áâã¤¥−â 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®¢�

ƒ�©¤�¬�ª� ā«¨ï ‚�á¨«ì¥¢−� (à. 1971) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à ª�ä¥¤àë ¯à¨ª«�¤−®© ¨−ä®à¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ÷®áá¨©-
áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢; áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

ƒ�à�−¨− �«¥ªá�−¤à ˆ¢�−®¢¨ç (à. 1951) | 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

ƒ�ä®à®¢ �«¨è¥à �®¡®¡¥ª®¢¨ç (à. 1995) | �á¯¨à�−â ª�ä¥¤àë ¬�â¥¬�â¨ç¥áª®£®
¨ ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï ’�¤¦¨ªáª®£® −�æ¨®−�«ì−®£® ã−¨¢¥àá¨â¥â�
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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

ƒàãè® �¨ª®«�© �«¥ªá�−¤à®¢¨ç (à. 1982) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª

„¥−¨á®¢ ‘¥à£¥© �−�â®«ì¥¢¨ç (à. 1985) | ¢¥¤ãé¨© ¨−¦¥−¥à ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

…£®à®¢ ‚«�¤¨¬¨à �®à¨á®¢¨ç (à. 1948) | 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

…£®à®¢� �−−� āàì¥¢−� (à. 1991) | ¬«�¤è¨© −�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

†ãª®¢ „¥−¨á ‚«�¤¨¬¨à®¢¨ç (à. 1979) | £«�¢−ë© á¯¥æ¨�«¨áâ ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‡�¡¥¦�©«® Œ¨å�¨« ˆ¢�−®¢¨ç (à. 1956) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¤®æ¥−â, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤-
−¨æë−� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‡�æ�à¨−−ë© �«¥ªá�−¤à �«¥ªá¥¥¢¨ç (à. 1951) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®-
ä¥áá®à, §�¬¥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¢�−®¢ �«¥ªá¥© ‚«�¤¨¬¨à®¢¨ç (à. 1976) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�à-
è¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨á-
á«¥¤®¢�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, ¢¥¤ã-
é¨© −�ãç−ë© á®âàã¤−¨ª ƒ®áã¤�àáâ¢¥−−®£® −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®£® ¨−áâ¨âãâ�
�¢¨�æ¨®−−ëå á¨áâ¥¬
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ˆ«ì¨− ‚«�¤¨¬¨à „¬¨âà¨¥¢¨ç (à. 1937) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤−¨æë−�
”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®á-
á¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š¨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

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

�¨ª¨è¨− „¬¨âà¨© �«¥ªá�−¤à®¢¨ç (à. 1976) | 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

�ãà¨¥¢ ‚¨â�«¨© �«¥ªá�−¤à®¢¨ç (à. 1980) | ª�−¤¨¤�â 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

�¤¨−�¥¢ ÷�¨¬ ��§�à®¢¨ç (à. 1964) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª, ¤®-
æ¥−â, ¤¥ª�− ¬¥å�−¨ª®-¬�â¥¬�â¨ç¥áª®£® ä�ªã«ìâ¥â� ’�¤¦¨ªáª®£® −�æ¨®−�«ì−®£®
ã−¨¢¥àá¨â¥â�

‘âã¯−¨ª®¢ ‘¥à£¥© �«¥ªá�−¤à®¢¨ç (à. 1978) | 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

’¨¬®−¨−� …«¥−� …¢£¥−ì¥¢−� (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

•�©à®¢ �¬¨«ì Œ�à�â®¢¨ç (à. 1997) | áâã¤¥−â ¬�£¨áâà�âãàë ª�ä¥¤àë ¯à¨-
ª«�¤−®© ¨−ä®à¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë
−�à®¤®¢
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–�à¥¢ �«¥ªá¥© ‘¥à£¥¥¢¨ç (à. 1994) | �á¯¨à�−â ª�ä¥¤àë ¯à¨ª«�¤−®© ¨−ä®à-
¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢

˜�−¨− ˆ¢�− �−¤à¥¥¢¨ç (à. 1991) | ¬«�¤è¨© −�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

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�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥© ¤«ï ¯ã¡«¨ª�æ¨¨
¢ ¦ãà−�«¥ ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û

†ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ¯ã¡«¨ªã¥â â¥®à¥â¨ç¥áª¨¥, ®¡§®à−ë¥
¨ ¤¨áªãáá¨®−−ë¥ áâ�âì¨, ¯®á¢ïé¥−−ë¥ −�ãç−ë¬ ¨áá«¥¤®¢�−¨ï¬ ¨ à�§à�¡®âª�¬ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

†ãà−�« ¨§¤�¥âáï −� àãááª®¬ ï§ëª¥. �® á¯¥æ¨�«ì−®¬ã à¥è¥−¨î à¥¤ª®««¥£¨¨
®â¤¥«ì−ë¥ áâ�âì¨ ¬®£ãâ ¯¥ç�â�âìáï −� �−£«¨©áª®¬ ï§ëª¥.

’¥¬�â¨ª� ¦ãà−�«� ®å¢�âë¢�¥â á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï:

{ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨å ¯®áâà®¥−¨ï;

{ �àå¨â¥ªâãà� ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−, ª®¬¯«¥ªá®¢ ¨ á¥-
â¥©;

{ ¬¥â®¤ë ¨ áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨.

1. ‚ ¦ãà−�«¥ ¯¥ç�â�îâáï áâ�âì¨, á®¤¥à¦�é¨¥ à¥§ã«ìâ�âë, à�−¥¥ −¥ ®¯ã¡«¨ª®¢�−−ë¥
¨ −¥ ¯à¥¤−�§−�ç¥−−ë¥ ª ®¤−®¢à¥¬¥−−®© ¯ã¡«¨ª�æ¨¨ ¢ ¤àã£¨å ¨§¤�−¨ïå.

�ã¡«¨ª�æ¨ï ¯à¥¤®áâ�¢«¥−−®© �¢â®à®¬(�¬¨) àãª®¯¨á¨ −¥ ¤®«¦−� −�àãè�âì ¯®«®¦¥-
−¨© £«�¢ 69, 70 à�§¤¥«� VII ç�áâ¨ IV ƒà�¦¤�−áª®£® ª®¤¥ªá�, ª®â®àë¥ ®¯à¥¤¥«ïîâ
¯à�¢� −� à¥§ã«ìâ�âë ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¨ áà¥¤áâ¢� ¨−¤¨¢¨¤ã�«¨§�æ¨¨,
¢ â®¬ ç¨á«¥ �¢â®àáª¨¥ ¯à�¢�, ¢ ÷”.

�â¢¥âáâ¢¥−−®áâì §� −�àãè¥−¨¥ �¢â®àáª¨å ¯à�¢, ¢ á«ãç�¥ ¯à¥¤êï¢«¥−¨ï ¯à¥â¥−§¨©
ª à¥¤�ªæ¨¨ ¦ãà−�«�, −¥áãâ �¢â®àë áâ�â¥©.

��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ á¢®¨ ¯à�¢� −� ¤�−−ãî àãª®-
¯¨áì ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ ¦ãà−�«� −¥¨áª«îç¨â¥«ì−ë¥
¯à�¢� −� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥−
®â àãááª®£®) ¨ −� ¯¥à¥¢®¤ ¥¥ −� �−£«¨©áª¨© ï§ëª, � â�ª¦¥ −� ¥¥ à�á¯à®áâà�-
−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. Š�¦¤ë© �¢â®à ¤®«¦¥− ¯à¥¤áâ�¢¨âì ¢ à¥¤�ªæ¨î
¯®¤¯¨á�−−ë© á ¥£® áâ®à®−ë ú‹¨æ¥−§¨®−−ë© ¤®£®¢®à ® ¯¥à¥¤�ç¥ −¥¨áª«îç¨â¥«ì-
−ëå ¯à�¢ −� ¨á¯®«ì§®¢�−¨¥ ¯à®¨§¢¥¤¥−¨ïû, â¥ªáâ ª®â®à®£® à�§¬¥é¥− ¯® �¤à¥áã
http://www.ipiran.ru/publications/licence.doc. �â®â ¤®£®¢®à ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢-
«¥− ¢ ¡ã¬�¦−®¬ (¢ 2-å íª§.) ¨«¨ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ (®âáª�−¨à®¢�−−�ï ª®¯¨ï
§�¯®«−¥−−®£® ¨ ¯®¤¯¨á�−−®£® ¤®ªã¬¥−â�).

÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.

‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.

„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.

÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.
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5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.

7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.

��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.

�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.

÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 10 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
�à¨ ¯à¥¢ëè¥−¨¨ ãª�§�−−®£® ®¡ê¥¬� à¥¤ª®««¥£¨ï ¢¯à�¢¥ ¯®âà¥¡®¢�âì ®â �¢â®à�
á®ªà�é¥−¨ï ®¡ê¥¬� àãª®¯¨á¨.

‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.

‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.

˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:

http://www.ipiran.ru/publications/collected/template.doc

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ −�§¢�−¨¥ áâ�âì¨;
{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î;
{ ¬¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®

�¢â®à�;
{ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥−ë

−� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/2019 29 03 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2019 29 03 eng/authors.asp;

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«;

{ ª«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

{ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï à�¡®âë (ááë«ª¬ −� £à�−âë, ¯à®¥ªâë, ¯®¤¤¥à¦¨¢�-
îé¨¥ ®à£�−¨§�æ¨¨ ¨ â. ¯.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.
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‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:

(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |
−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.

(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-
«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −�
á�©â¥ http://www.translit.net/ru/bgn/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãá-
áª®£® â¥ªáâ� ¢ «�â¨−¨æã.

‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".

�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":

�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Russ. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).

�¯¨á�−¨¥ ¬�â¥à¨�«®¢ ª®−ä¥à¥−æ¨©:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.

�¯¨á�−¨¥ ª−¨£¨ (¬®−®£à�ä¨¨, á¡®à−¨ª¨):

Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.

�¯¨á�−¨¥ ¯¥à¥¢®¤−®© ª−¨£¨ (¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨ −¥®¡å®-
¤¨¬® ãª�§�âì: / �¥à. á �−£«. | ¯®á«¥ −�§¢�−¨ï ª−¨£¨, � ¢ ª®−æ¥ ááë«ª¨ ãª�§�âì
®à¨£¨−�« ª−¨£¨ ¢ ªàã£«ëå áª®¡ª�å):

1. ‚ àãááª®ï§ëç−®© ç�áâ¨:
’¨¬®è¥−ª® ‘. �., Ÿ−£ „. •., “¨¢¥à “. Š®«¥¡�−¨ï ¢ ¨−¦¥−¥à−®¬ ¤¥«¥ / �¥à.
á �−£«. | Œ.: Œ�è¨−®áâà®¥−¨¥, 1985. 472 á. (Timoshenko S. P., Young D. H.,
Weaver W. Vibration problems in engineering. | 4th ed. | New York, NY,
USA: Wiley, 1974. 521 p.)
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2. ‚ �−£«®ï§ëç−®© ç�áâ¨:
Timoshenko, S. P., D. H. Young, and W. Weaver. 1974. Vibration problems in
engineering. 4th ed. New York, NY: Wiley. 521 p.

�¯¨á�−¨¥ −¥®¯ã¡«¨ª®¢�−−®£® ¤®ªã¬¥−â�:

Latypov, A. R., M. M. Khasanov, and V. A. Baikov. 2004. Geology and pro-
duction (NGT GiD). Certificate on official registration of the computer program
No. 2004611198. (In Russian, unpubl.)

�¯¨á�−¨¥ ¨−â¥à−¥â-à¥áãàá�:

Pravila tsitirovaniya istochnikov [Rules for the citing of sources]. Available at:
http://www.scribd.com/doc/1034528/ (accessed February 7, 2011).

�¯¨á�−¨¥ ¤¨áá¥àâ�æ¨¨ ¨«¨ �¢â®à¥ä¥à�â� ¤¨áá¥àâ�æ¨¨:

Semenov, V. I. 2003. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyy
tor [Mathematical modeling of the plasma in the compact torus]. Moscow. D.Sc. Diss.
272 p.

Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. PhD Thesis. Moscow: IPI RAN. 23 p.

�¯¨á�−¨¥ ƒ�‘’�:

GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. Moscow: Standardinform Publs. 10 p.

�¯¨á�−¨¥ ¯�â¥−â�:

Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

10. �à¨á«�−−ë¥ ¢ à¥¤�ªæ¨î ¬�â¥à¨�«ë �¢â®à�¬ −¥ ¢®§¢à�é�îâáï.
11. �à¨ ®â¯à�¢ª¥ ä�©«®¢ ¯® í«¥ªâà®−−®© ¯®çâ¥ ¯à®á¨¬ ¯à¨¤¥à¦¨¢�âìáï á«¥¤ãîé¨å

¯à�¢¨«:

{ ãª�§ë¢�âì ¢ ¯®«¥ subject (â¥¬�) −�§¢�−¨¥ ¦ãà−�«� ¨ ä�¬¨«¨î �¢â®à�;
{ ¨á¯®«ì§®¢�âì attach (¯à¨á®¥¤¨−¥−¨¥);
{ ¢ á®áâ�¢ í«¥ªâà®−−®© ¢¥àá¨¨ áâ�âì¨ ¤®«¦−ë ¢å®¤¨âì: ä�©«, á®¤¥à¦�é¨© â¥ªáâ

áâ�âì¨, ¨ ä�©«(ë), á®¤¥à¦�é¨©(¥) ¨««îáâà�æ¨¨.

12. †ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ï¢«ï¥âáï −¥ª®¬¬¥àç¥áª¨¬ ¨§¤�−¨¥¬.
�«�â� §� ¯ã¡«¨ª�æ¨î −¥ ¢§¨¬�¥âáï, £®−®à�à �¢â®à�¬ −¥ ¢ë¯«�ç¨¢�¥âáï.

�¤à¥á à¥¤�ªæ¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û:

Œ®áª¢� 119333, ã«. ‚�¢¨«®¢�, ¤. 44, ª®à¯. 2, ”ˆ– ˆ“ ÷��

’¥«.: +7 (499) 135-86-92 ”�ªá: +7 (495) 930-45-05

e-mail: ssi@frccsc.ru (‘âà¨£¨−� ‘¢¥â«�−� �¨ª®«�¥¢−�)

http://www.ipiran.ru/journal/collected
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Requirements for manuscripts submitted
to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:

{ information and communication systems and tools of their design;
{ architecture and software of computational complexes and networks; and
{ methods and tools of information protection.

1. The Journal publishes original articles which have not been published before and are
not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
not Russian) and its distribution in Russia and abroad to the Founders and the Editorial
Board. Authors should submit a letter to the Editorial Board in the following form:

Agreement on the transfer of rights to publish:

\We, the undersigned authors of the manuscript \. . . ," pass to the Founder and the
Editorial Board of the Journal \Systems and Means of Informatics" the nonexclusive
right to publish the manuscript of the article in Russian (or in English) in both
print and electronic versions of the Journal. We affirm that this publication does not
violate the Copyright of other persons or organizations.

Author(s) signature(s): (name(s), address(es), date)."

This agreement should be submitted in paper form or in the form of a scanned copy
(signed by the authors).

The Editorial Board has the right to request from the authors an official expert conclu-
sion that the submitted article has no classified data prohibited for publication.

2. A submitted article should be attached with the data on the author(s) (see item 8). If
there are several authors, the contact person should be indicated who is responsible for
correspondence with the Editorial Board and other authors about revisions and final
approval of the proofs.

3. The Editorial Board of the Journal examines the article according to the established
reviewing procedure. If authors receive their article for correction after reviewing, it
does not mean that the article is approved to be published. The corrected article should
be sent to the Editorial Board for the subsequent review and approval.

4. The decision on the article publication or its rejection is communicated to the authors.
The Editorial Board may also send the reviews on the submitted articles to the authors.
Any discussion upon the rejected articles is not possible.

5. The edited articles will be sent to the authors for proofread. The comments of the
authors to the edited text of the article should be sent to the Editorial Board as soon as
possible.

6. The manuscript of the article should be presented electronically in the MS WORD (.doc
or .docx) or LATEX (.tex) formats, and additionally in the .pdf format. All documents
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