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НЕКОТОРЫЕ ВОПРОСЫ ОЦЕНКИ КАЧЕСТВА
ИНФОРМАЦИОННЫХ СИСТЕМ

А. А. Зацаринный1, Ю. С. Ионенков2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¢®¯à®áã ®æ¥−ª¨ ª�ç¥áâ¢� ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬ (ˆ‘). �à¥¤áâ�¢«¥−ë ¯®−ïâ¨ï ª�ç¥áâ¢� ¯à®¤ãªæ¨¨ ¢ æ¥«®¬ ¨ ª�ç¥áâ¢�
ˆ‘ ¢ ç�áâ−®áâ¨. ÷�áá¬®âà¥−ë ®â«¨ç¨ï ¯®−ïâ¨© úª�ç¥áâ¢®û ¨ úíää¥ªâ¨¢-
−®áâìû. �à¨¢¥¤¥−ë −�¨¡®«¥¥ à�á¯à®áâà�−¥−−ë¥ ¢ −�áâ®ïé¥¥ ¢à¥¬ï §�àã¡¥¦-
−ë¥ ¨ ®â¥ç¥áâ¢¥−−ë¥ ¬®¤¥«¨ ª�ç¥áâ¢� ˆ‘. �â¬¥ç¥−®, çâ® ¡®«ìè¨−áâ¢® ¨§ −¨å
®â−®á¨âáï ª ®æ¥−ª¥ ª�ç¥áâ¢� ¯à®£à�¬¬−ëå áà¥¤áâ¢, ¢ â® ¢à¥¬ï ª�ª −®à¬�â¨¢-
−�ï ¡�§� ®æ¥−ª¨ ª�ç¥áâ¢� ˆ‘ ¢ æ¥«®¬ à�§¢¨â� −¥¤®áâ�â®ç−®. ÷�áá¬®âà¥−ë
®á−®¢−ë¥ ¬¥â®¤ë ®æ¥−ª¨ ª�ç¥áâ¢� ˆ‘. ‘ä®à¬ã«¨à®¢�−ë ¯à¥¤«®¦¥−¨ï ¯®
á®¢¥àè¥−áâ¢®¢�−¨î −®à¬�â¨¢−®© ¡�§ë ¢ ®¡«�áâ¨ ®æ¥−ª¨ ª�ç¥áâ¢� ˆ‘.

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

DOI: 10.14357/08696527210401

1 Введение

ˆ−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë ¯à¨®¡à¥â�îâ ¢á¥ ¡®«ìèãî §−�ç¨¬®áâì, ®á®¡¥−-
−® ¢ ãá«®¢¨ïå ¯à¨−ïâ®£® ªãàá� −� æ¨äà®¢ãî âà�−áä®à¬�æ¨î ®¡é¥áâ¢�. �à¨
íâ®¬ á«®¦−®áâì ˆ‘ ¯®áâ®ï−−® ¢®§à�áâ�¥â, ¢ ®á−®¢−®¬ §� áç¥â à�áè¨à¥−¨ï ¨å
äã−ªæ¨®−�«ì−®áâ¨, � â�ª¦¥ ãá«®¢¨© ¯à¨¬¥−¥−¨ï. �â¨ ¨ ¤àã£¨¥ ä�ªâ®àë ¯à¨-
¢¥«¨ ª ¯®¢ëè¥−¨î âà¥¡®¢�−¨© ª ª�ç¥áâ¢ã ˆ‘ ¨ ¡¥§®¯�á−®áâ¨ ¨å ¯à¨¬¥−¥−¨ï,
¯à¨ç¥¬ ª�ª á® áâ®à®−ë §�ª�§ç¨ª®¢ ãá«ã£ (¯®«ì§®¢�â¥«¥©), â�ª ¨ à�§à�¡®âç¨ª®¢.
�®áª®«ìªã ¨−â¥à¥áë ¯®«ì§®¢�â¥«¥© ¬®£ãâ áãé¥áâ¢¥−−ë¬ ®¡à�§®¬ à�§«¨ç�âìáï,
� ¯à¥¤áâ�¢«¥−¨ï á¯¥æ¨�«¨áâ®¢ ® äã−ªæ¨®−¨à®¢�−¨¨ ˆ‘ −¥ á®¢¯�¤�âì, ®æ¥−ª�
ª�ç¥áâ¢� íâ¨å á¨áâ¥¬ ¯à¥¤áâ�¢«ï¥âáï ¢¥áì¬� á«®¦−®© §�¤�ç¥©.

‚ á®¢à¥¬¥−−®© «¨â¥à�âãà¥ ª�ç¥áâ¢® á¨áâ¥¬ë (ãá«ã£¨, ¯à®¤ãªæ¨¨) ¯®−¨¬�¥âáï
ª�ª áâ¥¯¥−ì á®®â¢¥âáâ¢¨ï ¨å ¯®«¥§−ëå á¢®©áâ¢ ¯®âà¥¡−®áâï¬ ¨ ¯à¥¤¯®çâ¥−¨ï¬
¯®âà¥¡¨â¥«¥©.

Š�ç¥áâ¢® ˆ‘ ï¢«ï¥âáï ª®¬¯«¥ªá−®© å�à�ªâ¥à¨áâ¨ª®© á®¢®ªã¯−®áâ¨ â¥å−¨ç¥-
áª¨å, â¥å−®«®£¨ç¥áª¨å, íªá¯«ã�â�æ¨®−−ëå, íª®−®¬¨ç¥áª¨å ¨ ¤àã£¨å ¯®ª�§�â¥«¥©
¨ âà¥¡ã¥â ¯®áâ®ï−−®£® á®¢¥àè¥−áâ¢®¢�−¨ï ¯®¤å®¤®¢ ª ¥¥ ®æ¥−ª¥. �¥®¡å®¤¨¬®
®¯à¥¤¥«¨âì ¯¥à¥ç¥−ì ¯®ª�§�â¥«¥© ª�ç¥áâ¢�, ¯® ª®â®àë¬ ¡ã¤ãâ ®æ¥−¨¢�âìáï á¨á-

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, uionenkov@ipiran.ru
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�¥ª®â®àë¥ ¢®¯à®áë ®æ¥−ª¨ ª�ç¥áâ¢� ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬

â¥¬ë, � â�ª¦¥ ¯à®¢¥áâ¨ ®¡®¡é¥−−ãî ®æ¥−ªã ¯® ¢á¥¬ ¢ë¡à�−−ë¬ ¯®ª�§�â¥«ï¬.
�æ¥−ª� ª�ç¥áâ¢� ˆ‘ ¯à®¢®¤¨âáï −� ¢á¥å áâ�¤¨ïå ¨å ¦¨§−¥−−®£® æ¨ª«�. �à¨
íâ®¬ ®æ¥−ª� ª�ç¥áâ¢� ˆ‘ ¢ á®¢à¥¬¥−−ëå ãá«®¢¨ïå âà¥¡ã¥â ãç¥â� á«®¦¨¢è¨åáï
ª −�áâ®ïé¥¬ã ¢à¥¬¥−¨ ¬¥â®¤®¢ ¥£® ®æ¥−ª¨, � â�ª¦¥ �¤�¯â�æ¨¨ íâ¨å ¬¥â®¤®¢
ª á¯¥æ¨ä¨ª¥ ¨ ª®−ªà¥â−ë¬ â¨¯�¬ ˆ‘.

‚ áâ�âì¥ à�áá¬�âà¨¢�îâáï ¢®¯à®áë, ®â−®áïé¨¥áï ª ®¯à¥¤¥«¥−¨î ¯®−ïâ¨ï
úª�ç¥áâ¢® ˆ‘û, ¢ª«îç�ï −�¨¡®«¥¥ à�á¯à®áâà�−¥−−ë¥ ¬®¤¥«¨ ª�ç¥áâ¢� ˆ‘,
� â�ª¦¥ ¬¥â®¤ë ®æ¥−ª¨ ¨å ª�ç¥áâ¢� á ãç¥â®¬ ¯®−ïâ¨ï úª�ç¥áâ¢®û ¢ æ¥«®¬.

2 Понятие качества информационных систем

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢ −®à¬�â¨¢−ëå ¤®ªã¬¥−â�å ¨á¯®«ì§ãîâáï −¥áª®«ìª® ®¯à¥-
¤¥«¥−¨© ¯®−ïâ¨ï ª�ç¥áâ¢� ¯à®¤ãªæ¨¨ (®¡ê¥ªâ�):

{ á®¢®ªã¯−®áâì á¢®©áâ¢ ¯à®¤ãªæ¨¨, ®¡ãá«®¢«¨¢�îé¨å ¥¥ ¯à¨£®¤−®áâì ã¤®¢«¥-
â¢®àïâì ®¯à¥¤¥«¥−−ë¥ ¯®âà¥¡−®áâ¨ ¢ á®®â¢¥âáâ¢¨¨ á ¥¥ −�§−�ç¥−¨¥¬ (ƒ�‘’
15467-79) [1];

{ á®¢®ªã¯−®áâì å�à�ªâ¥à¨áâ¨ª ®¡ê¥ªâ�, ®â−®áïé¨åáï ª ¥£® á¯®á®¡−®áâ¨ ã¤®¢«¥-
â¢®àïâì ãáâ�−®¢«¥−−ë¥ ¨ ¯à¥¤¯®«�£�¥¬ë¥ ¯®âà¥¡−®áâ¨ (ˆ‘� 8402-94) [2];

{ áâ¥¯¥−ì á®®â¢¥âáâ¢¨ï á®¢®ªã¯−®áâ¨ ¯à¨áãé¨å å�à�ªâ¥à¨áâ¨ª ®¡ê¥ªâ� âà¥¡®-
¢�−¨ï¬ (ƒ�‘’ ÷ ˆ‘� 9000-2015) [3].

ˆ§ íâ¨å ®¯à¥¤¥«¥−¨© ª�ç¥áâ¢� ¬®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥ í«¥¬¥−âë, ª®â®àë¥
¢ª«îç�¥â ¢ á¥¡ï ¯®−ïâ¨¥ ª�ç¥áâ¢�:

{ á¢®©áâ¢� ¯à®¤ãªæ¨¨;

{ ¢®§¬®¦−®áâì ¢ëà�¦¥−¨ï ª�ç¥áâ¢� ¢ ª®«¨ç¥áâ¢¥−−ëå ®æ¥−ª�å;

{ á¯®á®¡−®áâì ã¤®¢«¥â¢®àïâì −¥ â®«ìª® áãé¥áâ¢ãîé¨¥ ¯®âà¥¡−®áâ¨, −® ¨ ¡ã¤ã-
é¨¥;

{ á®®â¢¥âáâ¢¨¥ á¢®¥¬ã −�§−�ç¥−¨î;

{ á®®â¢¥âáâ¢¨¥ áâ�−¤�àâ�¬.

‘ãé¥áâ¢ãîé¨¥ áâ�−¤�àâë ¨áå®¤ïâ ¨§ â®£®, çâ® ª�ç¥áâ¢® ®¡ê¥ªâ� ®¯à¥¤¥«ï¥âáï
¥£® ¯®âà¥¡¨â¥«ìáª¨¬¨ á¢®©áâ¢�¬¨. �®¤®¡−�ï ¯®áâ�−®¢ª� ¢®¯à®á� ¯à¥¤áâ�¢«ï¥âáï
¥áâ¥áâ¢¥−−®©, â�ª ª�ª ¤«ï ¯®âà¥¡¨â¥«ï ¢�¦−® ¢ ¯¥à¢ãî ®ç¥à¥¤ì â®, −�áª®«ìª®
®¡ê¥ªâ ã¤®¢«¥â¢®àï¥â ¥£® ¯®âà¥¡−®áâ¨.

ˆáå®¤ï ¨§ ¯à¨¢¥¤¥−−ëå ¢ëè¥ ®¯à¥¤¥«¥−¨© ª�ç¥áâ¢� ¯à®¤ãªæ¨¨, � â�ª¦¥
®á®¡¥−−®áâ¥© ˆ‘, ª�ç¥áâ¢® ˆ‘ | íâ® á®¢®ªã¯−®áâì á¢®©áâ¢ á¨áâ¥¬ë, ®¡ãá«®¢-
«¨¢�îé¨å ¢®§¬®¦−®áâì ¥¥ ¨á¯®«ì§®¢�−¨ï ¤«ï ã¤®¢«¥â¢®à¥−¨ï ®¯à¥¤¥«¥−−ëå
¢ á®®â¢¥âáâ¢¨¨ á ¥¥ −�§−�ç¥−¨¥¬ ¯®âà¥¡−®áâ¥©.

�â¬¥â¨¬ á®®â−®è¥−¨¥ ¯®−ïâ¨© úª�ç¥áâ¢®û ¨ úíää¥ªâ¨¢−®áâìû: ¥á«¨ ª�ç¥-
áâ¢® ¯à¥¤áâ�¢«ï¥âáï ª�ª á®¢®ªã¯−®áâì á¢®©áâ¢ á¨áâ¥¬ë, ®¡ãá«®¢«¨¢�îé¨å ¥¥
¯à¨£®¤−®áâì ¤«ï ¨á¯®«ì§®¢�−¨ï ¯® −�§−�ç¥−¨î, â® íää¥ªâ¨¢−®áâì å�à�ªâ¥à¨§ã¥â
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�. �. ‡�æ�à¨−−ë©, ā. ‘. ˆ®−¥−ª®¢

áâ¥¯¥−ì á®®â¢¥âáâ¢¨ï á¨áâ¥¬ë −�§−�ç¥−¨î ¨ ¯à¨á¯®á®¡«¥−−®áâ¨ ª ¤®áâ¨¦¥−¨î
æ¥«¥©, ¯®áâ�¢«¥−−ëå ¯à¨ ¥¥ á®§¤�−¨¨.

�¯à¥¤¥«¥−¨¥ ª�ç¥áâ¢� ¨ âà¥¡®¢�−¨ï ª ª�ç¥áâ¢ã | à�§−ë¥ ª�â¥£®à¨¨. ’à¥¡®¢�-
−¨ï ª ª�ç¥áâ¢ã ¬®£ãâ ¡ëâì ¢ëà�¦¥−ë áâàãªâãà¨à®¢�−−®© á¨áâ¥¬®© å�à�ªâ¥à¨áâ¨ª
(¯®ª�§�â¥«¥©) ª�ç¥áâ¢�. ’�ª�ï á¨áâ¥¬� ¯®ª�§�â¥«¥© −�§ë¢�¥âáï ¬®¤¥«ìî ª�ç¥áâ¢�.

3 Модели качества информационных систем
и их отражение в существующих стандартах

��¨¡®«¥¥ à�á¯à®áâà�−¥−−ë¬¨ ¬®¤¥«ï¬¨ ª�ç¥áâ¢� ˆ‘ ¢ −�áâ®ïé¥¥ ¢à¥¬ï
ï¢«ïîâáï ¬®¤¥«¨ Œ�ªŠ®«� [4], �®í¬� [5], ƒ¨«¡� [6] ¨ á®§¤�−−ë¥ −� ¨å ®á−®¢¥
¬®¤¥«¨, §�ªà¥¯«¥−−ë¥ −®à¬�â¨¢−ë¬¨ ¤®ªã¬¥−â�¬¨ | ƒ�‘’ 28195-89 [7], ƒ�‘’
ˆ‘�/Œ�Š 9126-2001 [8], ƒ�‘’ ÷ ˆ‘�/Œ�Š 25010-2015 [9] ¨ ƒ�‘’
÷‚ 51987-2002 [10].

�â¬¥â¨¬, çâ® ¡®«ìè¨−áâ¢® ¤�−−ëå ¬®¤¥«¥© −�¯à�¢«¥−® −� ®æ¥−ªã ª�ç¥áâ¢�
¯à®£à�¬¬−ëå áà¥¤áâ¢. �à¨¢¥¤¥−−ë¥ áâ�−¤�àâë á®¤¥à¦�â ¤®áâ�â®ç−® ¯®¤à®¡−ë©
¯¥à¥ç¥−ì ¯®ª�§�â¥«¥©, ¯®§¢®«ïîé¨å ®æ¥−¨¢�âì ª�ç¥áâ¢® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥-
−¨ï ¤«ï ˆ‘, ¨ è¨à®ª® ¨á¯®«ì§ãîâáï −� ¯à�ªâ¨ª¥. �à¨ íâ®¬ ¯¥à¥ç¥−ì âà¥¡®¢�−¨©
¨ ¯®ª�§�â¥«¥© ª�ç¥áâ¢� ˆ‘ ¢ æ¥«®¬ á®¤¥à¦¨â «¨èì ®¤¨− áâ�−¤�àâ | ƒ�‘’
÷‚ 51987-2002 [10].

Œ®¤¥«ì Œ�ªŠ®«� [4] ª«�áá¨ä¨æ¨àã¥â ¢á¥ âà¥¡®¢�−¨ï ª ¯à®£à�¬¬−®¬ã ®¡¥á-
¯¥ç¥−¨î ¯® 11 ¯®ª�§�â¥«ï¬ ª�ç¥áâ¢� ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï. �â¨ 11 ä�ªâ®à®¢
á£àã¯¯¨à®¢�−ë ¢ âà¨ ª�â¥£®à¨¨ | íªá¯«ã�â�æ¨ï ¯à®¤ãªâ�, ¯¥à¥á¬®âà ¯à®¤ãªâ�
¨ ä�ªâ®àë ¯¥à¥å®¤� ¯à®¤ãªâ�.

Š ä�ªâ®à�¬ íªá¯«ã�â�æ¨¨ ¯à®¤ãªâ� ®â−®áïâáï: ¯à�¢¨«ì−®áâì; −�¤¥¦−®áâì;
íää¥ªâ¨¢−®áâì; æ¥«®áâ−®áâì; ã¤®¡áâ¢® ¨á¯®«ì§®¢�−¨ï. ”�ªâ®àë ¯¥à¥á¬®âà�
¯à®¤ãªâ� ¢ª«îç�îâ: à¥¬®−â®¯à¨£®¤−®áâì; £¨¡ª®áâì; â¥áâ¨àã¥¬®áâì. ”�ªâ®àë
¯¥à¥å®¤� ¯à®¤ãªâ� | ¯¥à¥−®á¨¬®áâì, ¢®§¬®¦−®áâì ¯®¢â®à−®£® ¨á¯®«ì§®¢�−¨ï
¨ á®¢¬¥áâ¨¬®áâì.

Šà¨â¥à¨¨ ª�ç¥áâ¢� | íâ® ç¨á«®¢ë¥ ãà®¢−¨ ä�ªâ®à®¢, ¯®áâ�¢«¥−−ë¥ ¢ ª�ç¥áâ¢¥
æ¥«¥© ¯à¨ à�§à�¡®âª¥. �¡ê¥ªâ¨¢−® ®æ¥−¨âì ¨«¨ ¨§¬¥à¨âì ä�ªâ®àë ª�ç¥áâ¢�
−¥¯®áà¥¤áâ¢¥−−® ¤®¢®«ì−® âàã¤−®, ¯®íâ®¬ã Œ�ªŠ®« ¢¢¥« ¬¥âà¨ª¨ ª�ç¥áâ¢�,
ª®â®àë¥, á ¥£® â®çª¨ §à¥−¨ï, «¥£ç¥ ¨§¬¥àïâì ¨ ®æ¥−¨¢�âì. �æ¥−ª¨ ¬¥âà¨ª ¯® ¥£®
èª�«¥ ¯à¨−¨¬�îâ §−�ç¥−¨ï ®â 0 ¤® 10.

Š ªà¨â¥à¨ï¬ ª�ç¥áâ¢� ®â−¥á¥−ë:

{ ¯à®á«¥¦¨¢�¥¬®áâì;

{ äã−ªæ¨®−�«ì−�ï ¯®«−®â�;

{ ¯®á«¥¤®¢�â¥«ì−®áâì ¯à®¥ªâ¨à®¢�−¨ï;

{ ¯à�¢¨«ì−®áâì;

{ ãáâ®©ç¨¢®áâì ª ®è¨¡ª�¬;

{ íää¥ªâ¨¢−®áâì ¢ë¯®«−¥−¨ï;
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�¥ª®â®àë¥ ¢®¯à®áë ®æ¥−ª¨ ª�ç¥áâ¢� ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬

{ ã¯à�¢«¥−¨¥ ¤®áâã¯®¬;

{ ª®−âà®«ì §� ¤®áâã¯®¬;

{ ã¤®¡áâ¢® à�¡®âë;

{ ã¤®¡áâ¢® ®¡ãç¥−¨ï;

{ á¯®á®¡−®áâì ª ¢§�¨¬®¤¥©áâ¢¨î;

{ ¯à®áâ®â� à�¡®âë;

{ ªà�âª®áâì;

{ ¯®«−®â� ¯à®â®ª®«¨à®¢�−¨ï;

{ ¨−ä®à¬�â¨¢−®áâì;

{ à�áè¨àï¥¬®áâì;

{ è¨à®â� ¨á¯®«ì§®¢�−¨ï;

{ ¬®¤ã«ì−®áâì;

{ −¥§�¢¨á¨¬®áâì ®â ¯à®£à�¬¬−®© ¯«�âä®à¬ë;

{ −¥§�¢¨á¨¬®áâì ®â �¯¯�à�â−®© ¯«�âä®à¬ë;

{ ã−¨ä¨ª�æ¨ï ¨−â¥àä¥©á®¢;

{ ã−¨ä¨ª�æ¨ï ¤�−−ëå.

�®í¬ [5] ¯à¥¤«®¦¨« á¢®î ¬®¤¥«ì, ¯à¥¤áâ�¢«ïîéãî, ¯® áãé¥áâ¢ã, à�áè¨à¥−¨¥
¬®¤¥«¨ Œ�ªŠ®«�. ‚ −¥© �âà¨¡ãâë ª�ç¥áâ¢� ¯®¤à�§¤¥«ïîâáï ¯® á¯®á®¡ã ¨á¯®«ì-
§®¢�−¨ï ¯à®£à�¬¬−®© á¨áâ¥¬ë. �¯à¥¤¥«¥−ë 19 ¯à®¬¥¦ãâ®ç−ëå �âà¨¡ãâ®¢, ¢ ª®-
â®àë¥ ¢å®¤ïâ ¢á¥ 11 ä�ªâ®à®¢ ª�ç¥áâ¢� ¬®¤¥«¨ Œ�ªŠ®«�. �â¨ ¯à®¬¥¦ãâ®ç−ë¥
�âà¨¡ãâë ¯à¥¤áâ�¢«ïîâ á®¡®© £àã¯¯ë â�ª −�§ë¢�¥¬ëå ¯à¨¬¨â¨¢−ëå �âà¨¡ãâ®¢,
ª®â®àë¥ ®æ¥−¨¢�îâáï á ¯®¬®éìî ®¯à¥¤¥«¥−−ëå ¤«ï −¨å ¬¥âà¨ª. �® áà�¢−¥−¨î
á ¬®¤¥«ìî Œ�ªŠ®«� ¢ ¬®¤¥«¨ �®í¬� ¤®¯®«−¨â¥«ì−® ¨§¬¥àïîâáï:

{ á¯®á®¡−®áâì ª ¢®ááâ�−®¢«¥−¨î äã−ªæ¨©;

{ �¤¥ª¢�â−®áâì;

{ ïá−®áâì;

{ ã¤®¡áâ¢® ¢−¥á¥−¨ï ¨§¬¥−¥−¨©;

{ ¯®−ïâ−®áâì;

{ ã−¨¢¥àá�«ì−®áâì;

{ ¤®ªã¬¥−â¨à®¢�−¨¥;

{ íª®−®¬¨ç¥áª�ï íää¥ªâ¨¢−®áâì.

Œ®¤¥«ì ƒ¨«¡� [6] á®®â¢¥âáâ¢ã¥â ®¡é¥© ª®−æ¥¯æ¨¨ ¯à¥¤ë¤ãé¨å ¬®¤¥«¥©, −®
¨¬¥¥â −¥áª®«ìª® ®â«¨ç¨©. Œ®¤¥«ì ª�ç¥áâ¢� ¢áâà�¨¢�¥âáï ¢ ¯à®¥ªâ−ãî á¯¥æ¨ä¨-
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ª�æ¨î, � ª�¦¤ë© �âà¨¡ãâ ¤®«¦¥− ¡ëâì ¨§¬¥à¨¬ë¬ ¨ ¤¥â�«¨§¨à®¢�âìáï ¢ ¯à®æ¥áá¥
¦¨§−¥−−®£® æ¨ª«� ¯à®£à�¬¬−®© á¨áâ¥¬ë. �®¬¨¬® �âà¨¡ãâ®¢ ª�ç¥áâ¢� ¢ ¬®¤¥«ì
¢å®¤ïâ �âà¨¡ãâë à¥áãàá®¢. Œ®¤¥«ì ®á−®¢�−� −� ç¥âëà¥å ª�ç¥áâ¢¥−−ëå (¯à¨¬¥-
−¨¬®áâì, ¯®«¥§−®áâì, ¯à¨á¯®á®¡«ï¥¬®áâì, ã¤®¡áâ¢® ¨á¯®«ì§®¢�−¨ï) ¨ ç¥âëà¥å à¥-
áãàá−ëå (¢à¥¬ï, ¡î¤¦¥â, ¨á¯®«−¨â¥«¨, áà¥¤áâ¢� à�§à�¡®âª¨) �âà¨¡ãâ�å, ª®â®àë¥
¬®¦−® à�áè¨àïâì. ƒ¨«¡ à�§à�¡®â�« 7 ¯à¨−æ¨¯®¢ ¨á¯®«ì§®¢�−¨ï ¬®¤¥«¨, £«�¢-
−ë© ¨§ ª®â®àëå | ¯à¨−æ¨¯ ¨§¬¥à¨¬®áâ¨: ¢á¥ �âà¨¡ãâë ¬®£ãâ ¨ ¤®«¦−ë ¡ëâì −�
¯à�ªâ¨ª¥ ¨§¬¥à¨¬ë¬¨.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¯à¨¢¥¤¥−−ë¥ ¢ëè¥ ¬®¤¥«¨ −®áïâ ª®−æ¥¯âã�«ì−ë©
å�à�ªâ¥à; à¥�«ì−ëå á¨áâ¥¬, ª®â®àë¥ ¯®«−®áâìî á®®â¢¥âáâ¢®¢�«¨ ¡ë íâ¨¬ ¬®-
¤¥«ï¬, −¥â. ‚¬¥áâ¥ á â¥¬ áãé¥áâ¢ãîé¨¥ áâ�−¤�àâë, à�§à�¡®â�−−ë¥ á ãç¥â®¬
¨¬¥îé¨åáï ¬®¤¥«¥© ª�ç¥áâ¢�, ãç¨âë¢�îâ ®á®¡¥−−®áâ¨ à¥�«ì−ëå ˆ‘.

÷�áá¬®âà¨¬ −¥ª®â®àë¥ ®á®¡¥−−®áâ¨ ®æ¥−ª¨ ª�ç¥áâ¢� ¯à¨¬¥−¨â¥«ì−® ª áãé¥-
áâ¢ãîé¨¬ áâ�−¤�àâ�¬.

ƒ�‘’ 28195-89 [7] ¢ª«îç�¥â ¢ á¥¡ï ®¡é¨¥ ¯®«®¦¥−¨ï ¯® ®æ¥−ª¥ ª�ç¥áâ¢� ¯à®-
£à�¬¬−ëå áà¥¤áâ¢, ®¯¨áë¢�¥â ¯à®æ¥ááë ¯«�−¨à®¢�−¨ï ãà®¢−ï ª�ç¥áâ¢�, � â�ª¦¥
¯à®æ¥ááë ª®−âà®«ï §−�ç¥−¨© ¯®ª�§�â¥«¥© ª�ç¥áâ¢� ¢ ¯à®æ¥áá¥ à�§à�¡®âª¨ ¨ ¨á¯ë-
â�−¨©. �®ª�§�â¥«¨ ª�ç¥áâ¢� à�§¡¨âë −� 6 £àã¯¯ ¨ 19 ª®¬¯«¥ªá−ëå ¯®ª�§�â¥«¥©.
ƒàã¯¯ë ®¯à¥¤¥«ïîâ ¯®«ì§®¢�â¥«ìáª¨¥ á¢®©áâ¢� ¯à®£à�¬¬−ëå áà¥¤áâ¢, ª®¬¯«¥ªá-
−ë¥ ¯®ª�§�â¥«¨ | ¯à®£à�¬¬−ë¥ á¢®©áâ¢�, ®â §−�ç¥−¨© ª®â®àëå §�¢¨á¨â §−�ç¥−¨¥
¯®«ì§®¢�â¥«ìáª¨å á¢®©áâ¢. ‚ §�¢¨á¨¬®áâ¨ ®â â¨¯� ¯à®£à�¬¬−®£® áà¥¤áâ¢� ¢ë¡¨-
à�¥âáï −®¬¥−ª«�âãà� ¯®ª�§�â¥«¥© ª�ç¥áâ¢�, ª®â®à�ï ¤®«¦−� ¡ëâì §�ä¨ªá¨à®¢�−�
¢ â¥å−¨ç¥áª®¬ §�¤�−¨¨ −� à�§à�¡®âªã ¯à®£à�¬¬−®£® áà¥¤áâ¢�.

‚ ƒ�‘’ ˆ‘�/Œ�Š 9126-2001 [8] ®æ¥−ª� ª�ç¥áâ¢� ¯à®£à�¬¬−ëå á¨áâ¥¬
®á−®¢�−� −� âà¥åãà®¢−¥¢®¬ à�áá¬®âà¥−¨¨. “à®¢¥−ì æ¥«¨ | â®, çâ® ¯®«ì§®¢�â¥«ì
¦¥«�¥â ¢¨¤¥âì ¢ ¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥−¨¨. “à®¢¥−ì �âà¨¡ãâ®¢ | á¢®©áâ¢�,
®âà�¦�îé¨¥ ¯à¨¡«¨¦¥−¨¥ ª æ¥«ï¬. “à®¢¥−ì ¬¥âà¨ª | ª®«¨ç¥áâ¢¥−−ë¥ å�à�ªâ¥-
à¨áâ¨ª¨ áâ¥¯¥−¨ −�«¨ç¨ï �âà¨¡ãâ®¢. ‚ ¬®¤¥«¨ ¢ë¤¥«¥−ë 6 æ¥«¥©: äã−ªæ¨®−�«ì-
−®áâì; −�¤¥¦−®áâì; ¯à�ªâ¨ç−®áâì, ¨«¨ ã¤®¡áâ¢® ¨á¯®«ì§®¢�−¨ï; íää¥ªâ¨¢−®áâì;
á®¯à®¢®¦¤�¥¬®áâì; ¯¥à¥−®á¨¬®áâì, ¨«¨ ¬®¡¨«ì−®áâì. –¥«¨ ¯®¤à�§¤¥«ïîâáï −�
�âà¨¡ãâë ª�ç¥áâ¢�.

�®«−ë© á¯¨á®ª �âà¨¡ãâ®¢ ª�ç¥áâ¢� ¯à®£à�¬¬−ëå á¨áâ¥¬ ¯® áâ�−¤�àâã
ˆ‘�/Œ�Š 9126-2001 ¯à¨¢¥¤¥− ¢ â�¡«. 1.

ƒ�‘’ ÷ ˆ‘�/Œ�Š 25010-2015 [9] ãâ®ç−ï¥â àï¤ ¯®«®¦¥−¨© ¯à¥¤ë¤ãé¥£®
áâ�−¤�àâ� ¨ ¢ª«îç�¥â â¥ ¦¥ å�à�ªâ¥à¨áâ¨ª¨ ª�ç¥áâ¢� ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï
á −¥ª®â®àë¬¨ ¯®¯à�¢ª�¬¨:

{ ¢¬¥áâ® ¨á¯®«ì§®¢�−¨ï á¯¥æ¨ä¨ç−ëå ¤«ï ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ®¯à¥-
¤¥«¥−¨© â�¬, £¤¥ íâ® ¢®§¬®¦−®, ¯à¨−ïâë ã−¨¢¥àá�«ì−ë¥ ®¯à¥¤¥«¥−¨ï ¤«ï
à�áè¨à¥−¨ï ®¡«�áâ¨ ¯à¨¬¥−¥−¨ï ¤® ª®¬¯ìîâ¥à−ëå á¨áâ¥¬;

{ ¢ ª�ç¥áâ¢¥ ª®¬¯«¥ªá−®£® ¯®ª�§�â¥«ï ª�ç¥áâ¢� ¤®¡�¢«¥−® ú¯®ªàëâ¨¥ ª®−â¥ªá-
â�û á ¥¤¨−¨ç−ë¬¨ ¯®ª�§�â¥«ï¬¨ ú¯®«−®â� ª®−â¥ªáâ�û ¨ ú£¨¡ª®áâìû;
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�¥ª®â®àë¥ ¢®¯à®áë ®æ¥−ª¨ ª�ç¥áâ¢� ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬

’�¡«¨æ� 1 ‘¯¨á®ª �âà¨¡ãâ®¢ ª�ç¥áâ¢� ¯à®£à�¬¬−ëå á¨áâ¥¬ ¯®
áâ�−¤�àâã ˆ‘�/Œ�Š 9126-2001

Š®¬¯«¥ªá−ë¥
¯®ª�§�â¥«¨ ª�ç¥áâ¢� …¤¨−¨ç−ë¥ ¯®ª�§�â¥«¨ ª�ç¥áâ¢�

”ã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨

�à¨£®¤−®áâì
�à�¢¨«ì−®áâì
‘¯®á®¡−®áâì ª ¢§�¨¬®¤¥©áâ¢¨î
‘®£«�á®¢�−−®áâì
‡�é¨é¥−−®áâì

��¤¥¦−®áâì
‘â�¡¨«ì−®áâì
“áâ®©ç¨¢®áâì ª ®è¨¡ª�¬
‚®ááâ�−�¢«¨¢�¥¬®áâì

�à�ªâ¨ç−®áâì
�®−ïâ−®áâì
�¡ãç�¥¬®áâì
�à®áâ®â� ¨á¯®«ì§®¢�−¨ï

�ää¥ªâ¨¢−®áâì
•�à�ªâ¥à ¨§¬¥−¥−¨ï ¢® ¢à¥¬¥−¨.
•�à�ªâ¥à ¨§¬¥−¥−¨ï à¥áãàá®¢

‘®¯à®¢®¦¤�¥¬®áâì

�−�«¨§¨àã¥¬®áâì
ˆ§¬¥−ï¥¬®áâì
“áâ®©ç¨¢®áâì
’¥áâ¨àã¥¬®áâì

Œ®¡¨«ì−®áâì

�¤�¯â¨àã¥¬®áâì
�à®áâ®â� ¢−¥¤à¥−¨ï
‘®®â¢¥âáâ¢¨¥
‚§�¨¬®§�¬¥−ï¥¬®áâì

{ ª�ª ª®¬¯«¥ªá−ë© ¯®ª�§�â¥«ì ª�ç¥áâ¢� ¡ë«� ¤®¡�¢«¥−� ú¡¥§®¯�á−®áâìû á ¥¤¨-
−¨ç−ë¬¨ ¯®ª�§�â¥«ï¬¨ úª®−ä¨¤¥−æ¨�«ì−®áâìû, úæ¥«®áâ−®áâìû, ú¡¥§®âª�§-
−®áâìû, ú®âá«¥¦¨¢�¥¬®áâìû ¨ ú¯®¤«¨−−®áâìû;

{ ¤®¡�¢«¥−� ª�ª ª®¬¯«¥ªá−ë© ¯®ª�§�â¥«ì ª�ç¥áâ¢� úá®¢¬¥áâ¨¬®áâìû;

{ ¤®¡�¢«¥−ë ¥¤¨−¨ç−ë¥ ¯®ª�§�â¥«¨ ª�ç¥áâ¢� úäã−ªæ¨®−�«ì−�ï ¯®«−®â�û, ú¥¬-
ª®áâìû, ú§�é¨é¥−−®áâì ®â ®è¨¡ª¨ ¯®«ì§®¢�â¥«ïû, ú¤®áâã¯−®áâìû, ú£®â®¢-
−®áâìû, ú¬®¤ã«ì−®áâìû ¨ ú¢®§¬®¦−®áâì ¬−®£®ªà�â−®£® ¨á¯®«ì§®¢�−¨ïû.

�¥à¥ç¥−ì âà¥¡®¢�−¨© ¨ ¯®ª�§�â¥«¥© ª�ç¥áâ¢� ˆ‘ ¢ æ¥«®¬ á®¤¥à¦¨â «¨èì
®¤¨− áâ�−¤�àâ | ƒ�‘’ ÷‚ 51987-2002 [10]. �®«®¦¥−¨ï íâ®£® áâ�−¤�àâ�
¬®£ãâ ¯à¨¬¥−ïâìáï ¯à¨ ä®à¬¨à®¢�−¨¨ âà¥¡®¢�−¨© â¥å−¨ç¥áª®£® §�¤�−¨ï, ¯à¨
áà�¢−¨â¥«ì−®¬ �−�«¨§¥, ®æ¥−ª¥ ¨ ®¡®á−®¢�−¨¨ â¥å−¨ç¥áª¨å à¥è¥−¨©, ¯à¨ ¯à®-
¢¥¤¥−¨¨ ¨á¯ëâ�−¨© (¢ â®¬ ç¨á«¥ á¥àâ¨ä¨ª�æ¨®−−ëå), ¯à¨ ª®−âà®«¥ ª�ç¥áâ¢�
äã−ªæ¨®−¨à®¢�−¨ï á®§¤�¢�¥¬ëå, ¬®¤¥à−¨§¨àã¥¬ëå ¨ íªá¯«ã�â¨àã¥¬ëå ˆ‘,
â. ¥. ¯à�ªâ¨ç¥áª¨ −� ¢á¥å íâ�¯�å ¦¨§−¥−−®£® æ¨ª«� á®¢à¥¬¥−−ëå á¨áâ¥¬. ‘â�−-
¤�àâ á®¤¥à¦¨â 10 å�à�ªâ¥à¨áâ¨ª ª�ç¥áâ¢� äã−ªæ¨®−¨à®¢�−¨ï ˆ‘ (−�¤¥¦−®áâì,
á¢®¥¢à¥¬¥−−®áâì, ¯®«−®â�, �ªâã�«ì−®áâì, ¡¥§®è¨¡®ç−®áâì, ª®−ä¨¤¥−æ¨�«ì−®áâì
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¨ ¤à.) ¨ 16 ®á−®¢−ëå ¯®ª�§�â¥«¥© ª�ç¥áâ¢� äã−ªæ¨®−¨à®¢�−¨ï ˆ‘, ¤«ï ª®â®-
àëå §�¤�îâáï ª®−ªà¥â−ë¥ §−�ç¥−¨ï. ‚®¯à®áë ¯à¨¬¥−¥−¨ï ¤�−−®£® áâ�−¤�àâ�
¤®áâ�â®ç−® ¯®¤à®¡−® à�áá¬®âà¥−ë ¢ [11, 12]. ‚¬¥áâ¥ á â¥¬ ¯® ¡®«ìè¨−áâ¢ã
®¡®¡é¥−−ëå ¯®ª�§�â¥«¥© ª�ç¥áâ¢� ¤�−−ë© áâ�−¤�àâ ¯à¥¤«�£�¥â ¢á¥£® ®¤¨−{¤¢�
ç�áâ−ëå ¯®ª�§�â¥«ï ª�ç¥áâ¢�, çâ® −¥¤®áâ�â®ç−® ¤«ï ®¡ê¥ªâ¨¢−®© ¨ ¢á¥áâ®à®−-
−¥© ®æ¥−ª¨ á¨áâ¥¬ë. Šà®¬¥ â®£®, ¤�−−ë© ¤®ªã¬¥−â à�§à�¡®â�− ®ª®«® ¤¢ãå
¤¥áïâª®¢ «¥â −�§�¤ ¨ −¥ ¢ ¯®«−®© ¬¥à¥ ãç¨âë¢�¥â ®á®¡¥−−®áâ¨ á®¢à¥¬¥−−ëå
ˆ‘. –¥«¥á®®¡à�§−� à�§à�¡®âª� �−�«®£� ¤�−−®£® áâ�−¤�àâ�, á®¤¥à¦�é¥£® −®-
¢ë© à�áè¨à¥−−ë© ¯¥à¥ç¥−ì ®¡®¡é¥−−ëå ¨ ç�áâ−ëå ¯®ª�§�â¥«¥© ª�ç¥áâ¢� ¤«ï
á®¢à¥¬¥−−ëå ˆ‘.

’�ª¨¬ ®¡à�§®¬, ¯®¤�¢«ïîé¥¥ ¡®«ìè¨−áâ¢® ¬®¤¥«¥© ª�ç¥áâ¢� ¨ áâ�−¤�àâ®¢
¯®á¢ïé¥−ë ®æ¥−ª¥ ª�ç¥áâ¢� â®«ìª® ¯à®£à�¬¬−ëå áà¥¤áâ¢. ‚ â® ¦¥ ¢à¥¬ï ®æ¥−-
ª� ª�ç¥áâ¢� ˆ‘ ¤®«¦−� ®å¢�âë¢�âì ¢á¥ ¥¥ í«¥¬¥−âë: â¥å−¨ç¥áª¨¥ áà¥¤áâ¢�;
¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥; ¤àã£¨¥ ¢¨¤ë ®¡¥á¯¥ç¥−¨ï, ¢ª«îç�ï ®à£�−¨§�æ¨®−−®¥;
¯®¤á¨áâ¥¬ã íªá¯«ã�â�æ¨¨ ¨ ¤à.

4 Предложения по совершенствованию существующей
нормативной базы

�à¥¤áâ�¢«¥−−ë© ¢ëè¥ �−�«¨§ ãª�§ë¢�¥â −� −¥®¡å®¤¨¬®áâì á®¢¥àè¥−áâ¢®¢�-
−¨ï áãé¥áâ¢ãîé¥© −®à¬�â¨¢−®© ¡�§ë ®æ¥−ª¨ ª�ç¥áâ¢� ˆ‘. ’�ª, ¢ −¥ª®â®àëå
à�¡®â�å ”ˆ– ˆ“ ÷�� á¤¥«�−ë ¯®¯ëâª¨ ¤®à�¡®â�âì ¥¤¨−áâ¢¥−−ë© áâ�−¤�àâ,
®â−®áïé¨©áï ª ˆ‘ ¢ æ¥«®¬ (ƒ�‘’ ÷‚ 51987-2002), ¢ −�¯à�¢«¥−¨¨ ãç¥â� ®á®-
¡¥−−®áâ¥© á®¢à¥¬¥−−ëå ˆ‘, ¢ª«îç�ï ¢®¯à®áë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨,
®à£�−¨§�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï ¨ ¤à. [13, 14]. ‚ ç�áâ−®áâ¨, ¯à¥¤«®¦¥− ¯¥à¥ç¥−ì
¯®ª�§�â¥«¥© ª�ç¥áâ¢� ¤«ï â¨¯®¢®© ˆ‘ −� ®á−®¢¥ ¤®à�¡®â�−−ëå ¨ à�áè¨à¥−−ëå
âà¥¡®¢�−¨© íâ®£® áâ�−¤�àâ�, ¢ ª®â®à®¬ ã¢¥«¨ç¥−® ç¨á«® ®¡®¡é¥−−ëå ¨ ç�áâ−ëå
¯®ª�§�â¥«¥© ª�ç¥áâ¢�, � â�ª¦¥ ¢¢¥¤¥−ë ¯®ª�§�â¥«¨, ãç¨âë¢�îé¨¥ ®á®¡¥−−®áâ¨
á®¢à¥¬¥−−ëå ˆ‘ (â�¡«. 2).

�à¨¢¥¤¥−−ë© ¯¥à¥ç¥−ì ¯®ª�§�â¥«¥© ª�ç¥áâ¢� ˆ‘ ¬®¦¥â á«ã¦¨âì ®á−®¢®© ¤«ï
à�§à�¡®âª¨ áâ�−¤�àâ� ¢ ¤�−−®© ®¡«�áâ¨. ‚¬¥áâ¥ á â¥¬ á«¥¤ã¥â ®â¬¥â¨âì, çâ® à�§-
à�¡®âª� áâ�−¤�àâ®¢ á¢ï§�−� á ¤«¨â¥«ì−ë¬¨ áà®ª�¬¨ ¨ á«®¦−®áâìî ¨å à�§à�¡®âª¨.
„«ï ®à£�−¨§�æ¨¨ à�§à�¡®âª¨ áâ�−¤�àâ� −¥®¡å®¤¨¬® ¯à®¢¥áâ¨ á®®â¢¥âáâ¢ãîé¨¥
¨áá«¥¤®¢�−¨ï ¨ ®¡®á−®¢�âì §�ï¢ªã −� ¢ë¯®«−¥−¨¥ à�¡®âë, çâ® âà¥¡ã¥â ãç�áâ¨ï
¯®¤£®â®¢«¥−−ëå á¯¥æ¨�«¨áâ®¢ ¢ á®®â¢¥âáâ¢ãîé¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨. ‚ íâ®¬
¯«�−¥ ã ®â¥ç¥áâ¢¥−−ëå ¯à¥¤¯à¨ïâ¨© ¨ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å ®à£�−¨§�æ¨© áã-
é¥áâ¢ãîâ ®¯à¥¤¥«¥−−ë¥ âàã¤−®áâ¨. Šà®¬¥ â®£®, à�§à�¡®âª� áâ�−¤�àâ®¢ ¢ª«îç�¥â
àï¤ áâ�¤¨© ¨ §�−¨¬�¥â ¤«¨â¥«ì−®¥ ¢à¥¬ï.

’�ª¨¬ ®¡à�§®¬, áãé¥áâ¢ã¥â −¥®¡å®¤¨¬®áâì à�§¢¨â¨ï ¨ á®¢¥àè¥−áâ¢®¢�−¨ï
áãé¥áâ¢ãîé¥© −®à¬�â¨¢−®© ¡�§ë ¢ ®¡«�áâ¨ âà¥¡®¢�−¨© ¨ ¯®ª�§�â¥«¥© ª�ç¥áâ¢�
äã−ªæ¨®−¨à®¢�−¨ï ˆ‘, � â�ª¦¥ ¬¥â®¤¨ç¥áª®£® �¯¯�à�â�, ¯®§¢®«ïîé¥£® ¯à®¨§-
¢®¤¨âì ®æ¥−ªã ¨å ª�ç¥áâ¢� −� ¢á¥å áâ�¤¨ïå ¦¨§−¥−−®£® æ¨ª«�.
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’�¡«¨æ� 2 �®ª�§�â¥«¨ ª�ç¥áâ¢� ¤«ï â¨¯®¢®© ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®©
á¨áâ¥¬ë

�¡®¡é¥−−ë¥
¯®ª�§�â¥«¨ —�áâ−ë¥ ¯®ª�§�â¥«¨

��¤¥¦−®áâì

Š®íää¨æ¨¥−â £®â®¢−®áâ¨
‘à¥¤−¥¥ ¢à¥¬ï −�à�¡®âª¨ −� ®âª�§
‘à¥¤−¥¥ ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï
‚¥à®ïâ−®áâì ¡¥§®âª�§−®© à�¡®âë
‚¥à®ïâ−®áâì ¯à¥¤áâ�¢«¥−¨ï/¤®¢¥¤¥−¨ï ¨−ä®à¬�æ¨¨

‘¢®¥¢à¥¬¥−−®áâì

‘à¥¤−¥¥ ¢à¥¬ï ¤®¢¥¤¥−¨ï ¨−ä®à¬�æ¨¨
‘à¥¤−¥¥ ¢à¥¬ï ¤®áâã¯� ª ¤�−−ë¬
‘à¥¤−¥¥ ¢à¥¬ï ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨
‚¥à®ïâ−®áâì ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ §� TÚÁÄ
‘à¥¤−¥¥ ¢à¥¬ï ¢ë¯®«−¥−¨ï â¥å−®«®£¨ç¥áª¨å ®¯¥à�æ¨©

�®«−®â�

„®«ï ¨−ä®à¬�æ¨¨, ¯à¥¤áâ�¢«¥−−®© ¢ âà¥¡ã¥¬®¬ ®¡ê¥¬¥
„®«ï à¥�«¨§®¢�−−ëå à¥è¥−¨©
�®«−®â� ª®−âà®«ï
‚¥à®ïâ−®áâì ®¯¥à�â¨¢−®£® ®âà�¦¥−¨ï ®¡ê¥ªâ®¢ ¨ ï¢«¥−¨©

„®áâ®¢¥à−®áâì

‚¥à®ïâ−®áâì ¡¥§®è¨¡®ç−®© ®¡à�¡®âª¨
‘à¥¤−ïï −�à�¡®âª� −� ®è¨¡ªã
‘à¥¤−¥¥ ¢à¥¬ï ª®àà¥ªæ¨¨ ¨−ä®à¬�æ¨¨
Š®íää¨æ¨¥−â ¨−ä®à¬�æ¨®−−®£® â¥å−¨ç¥áª®£® ¨á¯®«ì§®-
¢�−¨ï

Š®−ä¨¤¥−æ¨�«ì−®áâì

‚¥à®ïâ−®áâì á®åà�−¥−¨ï ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ¨−ä®à¬�-
æ¨¨ ¢ â¥ç¥−¨¥ §�¤�−−®£® ¯¥à¨®¤�
‚à¥¬ï ¢áªàëâ¨ï ¨−ä®à¬�æ¨¨
‚¥à®ïâ−®áâì −�¢ï§ë¢�−¨ï «®¦−®£® á®®¡é¥−¨ï

‡�é¨é¥−−®áâì
®â −¥á�−ªæ¨®−¨à®¢�−−®£®
¤®áâã¯� (�‘„)

‚¥à®ïâ−®áâì á®åà�−¥−¨ï §�é¨é¥−−®áâ¨ ®â �‘„
‚à¥¬ï ãá¯¥è−®© ¯®¯ëâª¨ �‘„
‚¥à®ïâ−®áâì ¯à¥®¤®«¥−¨ï ¬¥å�−¨§¬®¢ §�é¨âë

�à£�−¨§�æ¨®−−®¥
®¡¥á¯¥ç¥−¨¥

��«¨ç¨¥, ¤®áâ�â®ç−®áâì ¨ ãª®¬¯«¥ªâ®¢�−−®áâì íªá¯«ã�â¨-
àãîé¨å ¯®¤à�§¤¥«¥−¨©
�à®ä¥áá¨®−�«ì−�ï ¯®¤£®â®¢ª� ¯¥àá®−�«�
Œ®à�«ì−®-¯á¨å®«®£¨ç¥áª¨© ä�ªâ®à
�à£®−®¬¨ª�

5 Методы оценки качества информационных систем

‘®£«�á−® ƒ�‘’ 15467-79, ®æ¥−ª� ãà®¢−ï ª�ç¥áâ¢� | íâ® á®¢®ªã¯−®áâì
®¯¥à�æ¨©, ¢ª«îç�îé�ï ¢ë¡®à −®¬¥−ª«�âãàë ¯®ª�§�â¥«¥© ª�ç¥áâ¢� ®æ¥−¨¢�¥¬®©
¯à®¤ãªæ¨¨, ®¯à¥¤¥«¥−¨¥ íâ¨å ¯®ª�§�â¥«¥© ¨ á®¯®áâ�¢«¥−¨¥ ¨å á ¡�§®¢ë¬¨.

‚ë¤¥«ïîâáï âà¨ ®á−®¢−ëå ¬¥â®¤� ®æ¥−ª¨ ª�ç¥áâ¢� á¨áâ¥¬:

(1) ¤¨ää¥à¥−æ¨�«ì−ë©;
(2) ª®¬¯«¥ªá−ë©;
(3) á¬¥è�−−ë©.
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„¨ää¥à¥−æ¨�«ì−ë© ¬¥â®¤ ®á−®¢�− −� ¨á¯®«ì§®¢�−¨¨ ¥¤¨−¨ç−ëå ¯®ª�§�â¥«¥©
ª�ç¥áâ¢� ®æ¥−¨¢�¥¬®£® ¨ ¡�§®¢®£® ®¡à�§æ®¢. �à¨ íâ®¬ ®¯à¥¤¥«ïîâ, ¤®áâ¨£−ãâ «¨
ãà®¢¥−ì ¡�§®¢®£® ®¡à�§æ� ¢ æ¥«®¬, ¯® ª�ª¨¬ ¯®ª�§�â¥«ï¬ ®− ¤®áâ¨£−ãâ, ª�ª¨¥
¯®ª�§�â¥«¨ áãé¥áâ¢¥−−® ®â«¨ç�îâáï ®â ¡�§®¢ëå.

‚ë¡®à −®¬¥−ª«�âãàë ¥¤¨−¨ç−ëå ¯®ª�§�â¥«¥© ¤«ï ®æ¥−ª¨ ª�ç¥áâ¢� á¨áâ¥¬ë
¯à®¢®¤¨âáï á ãç¥â®¬ âà¥¡®¢�−¨© §�ª�§ç¨ª�, ãá«®¢¨© à�§à�¡®âª¨, ¯à®¨§¢®¤áâ¢�
¨ íªá¯«ã�â�æ¨¨ ¨ â. ¤.

÷�áç¥â ®â−®á¨â¥«ì−ëå ¯®ª�§�â¥«¥© ª�ç¥áâ¢� ¯à®¢®¤¨âáï ¯® ä®à¬ã«¥:

Qi =
Pi
PiÂ

,

£¤¥Pi | §−�ç¥−¨¥ i-£® ¯®ª�§�â¥«ï ª�ç¥áâ¢� á¨áâ¥¬ë; PiÂ| §−�ç¥−¨¥ i-£® ¡�§®¢®£®
¯®ª�§�â¥«ï; i = 1, . . . , n | ç¨á«® ®æ¥−¨¢�¥¬ëå ¯®ª�§�â¥«¥© ª�ç¥áâ¢�.

„¨ää¥à¥−æ¨�«ì−ë© ¬¥â®¤ ®æ¥−ª¨ ãà®¢−ï ¯®âà¥¡¨â¥«ìáª¨å ¯®ª�§�â¥«¥© ª�-
ç¥áâ¢� ¬®¦¥â ¯à¨¬¥−ïâìáï −� áâ�¤¨ïå ¨áá«¥¤®¢�−¨ï ¨ ®¡®á−®¢�−¨ï âà¥¡®¢�−¨©
ª ˆ‘, à�§à�¡®âª¨, ¯à®¨§¢®¤áâ¢� ¨ íªá¯«ã�â�æ¨¨ á¨áâ¥¬. …£® ¤®áâ®¨−áâ¢® ¢ â®¬,
çâ® ¨áª«îç�¥âáï −¥®¡å®¤¨¬®áâì ®¯à¥¤¥«¥−¨ï ª®íää¨æ¨¥−â� ¢¥á®¬®áâ¨ ®æ¥−¨-
¢�¥¬®£® ¯®ª�§�â¥«ï ª�ç¥áâ¢�, � −¥¤®áâ�âª¨ | áà�¢−¨â¥«ì−�ï ä®à¬� ä¨ªá�æ¨¨
§−�ç¥−¨ï ®æ¥−ª¨ (ú«ãçè¥û{úåã¦¥û) ¨ ¢®§¬®¦−®áâì áã¦¤¥−¨ï ® ª�ç¥áâ¢¥ á¨áâ¥¬ë
¢ æ¥«®¬ «¨èì ¢ â¥å á«ãç�ïå, ª®£¤� §−�ç¥−¨ï ¢á¥å ¥¤¨−¨ç−ëå ¯®ª�§�â¥«¥© ª�-
ç¥áâ¢� ®æ¥−¨¢�¥¬®£® â®¢�à� ¢ëè¥ ¨«¨ −¨¦¥ á®®â¢¥âáâ¢ãîé¨å ¡�§®¢ëå §−�ç¥−¨©
¯®ª�§�â¥«¥©.

Š®¬¯«¥ªá−ë© ¬¥â®¤ ®æ¥−ª¨ ®á−®¢�− −� ¯à¨¬¥−¥−¨¨ ®¡®¡é¥−−®£® ¯®ª�§�â¥«ï
ª�ç¥áâ¢�, ª®â®àë© ¯à¥¤áâ�¢«ï¥â á®¡®© äã−ªæ¨î ®â ¥¤¨−¨ç−ëå ¯®ª�§�â¥«¥©. �à¨
íâ®¬ ¯à®¢®¤¨âáï á®¯®áâ�¢«¥−¨¥ ®¡®¡é¥−−ëå ¯®ª�§�â¥«¥© ª�ç¥áâ¢� ®æ¥−¨¢�¥¬®£®
¨ ¡�§®¢®£® ®¡à�§æ®¢. �¡®¡é¥−−ë© ¯®ª�§�â¥«ì ¬®¦¥â ¡ëâì áà¥¤−¥¢§¢¥è¥−−ë¬
¨«¨ ¨−â¥£à�«ì−ë¬.

‘à¥¤−¥¢§¢¥è¥−−ë© ¯®ª�§�â¥«ì ¯à¨¬¥−ïîâ, ¥á«¨ −¥«ì§ï ãáâ�−®¢¨âì äã−ª-
æ¨®−�«ì−ãî §�¢¨á¨¬®áâì ®¡®¡é¥−−®£® ¯®ª�§�â¥«ï ®â ¥¤¨−¨ç−ëå ¯®ª�§�â¥«¥©
ª�ç¥áâ¢�, −® ¢®§¬®¦−® á ¯à¨¥¬«¥¬®© â®ç−®áâìî ãáâ�−®¢¨âì ¢¥á� ¥¤¨−¨ç−ëå
¯®ª�§�â¥«¥©. ‚¥á®¢ë¥ ª®íää¨æ¨¥−âë ®¯à¥¤¥«ïîâáï íªá¯¥àâ−ë¬ ¯ãâ¥¬ á ¨á¯®«ì-
§®¢�−¨¥¬ ¬�â¥¬�â¨ç¥áª¨å ¬¥â®¤®¢ (¬¥â®¤ à�−¦¨à®¢�−¨ï, ¬¥â®¤ ¯à¨¯¨áë¢�−¨ï
¡�««®¢, ¬¥â®¤ ¯�à−®£® áà�¢−¥−¨ï ¨ â. ¯.) [15].

‘¨−â¥§ ¯®«ãç¥−−ëå ª®íää¨æ¨¥−â®¢ ¢�¦−®áâ¨ ¨ ®¯à¥¤¥«¥−¨¥ ¯®ª�§�â¥«ï ª�-
ç¥áâ¢� á®®â¢¥âáâ¢ãîé¥© á¨áâ¥¬ë ®áãé¥áâ¢«ï¥âáï ¯® ä®à¬ã«¥:

Vj =
N∑

i=1

wiVij ,

£¤¥ Vj | ¯®ª�§�â¥«ì ª�ç¥áâ¢� j-© á¨áâ¥¬ë; wi | ¢¥á®¢®© ª®íää¨æ¨¥−â i-£®
ªà¨â¥à¨ï; Vij | ª®íää¨æ¨¥−â ¢�¦−®áâ¨ j-© á¨áâ¥¬ë ¯® i-¬ã ªà¨â¥à¨î.
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ˆ−â¥£à�«ì−ë© ¯®ª�§�â¥«ì ¯à¨¬¥−ï¥âáï â®£¤�, ª®£¤� ¬®¦−® ãáâ�−®¢¨âì áã¬-
¬�à−ë© ¯®«¥§−ë© íää¥ªâ ®â ¨á¯®«ì§®¢�−¨ï á¨áâ¥¬ë ¨ áã¬¬�à−ë¥ §�âà�âë −� ¥¥
á®§¤�−¨¥ ¨ íªá¯«ã�â�æ¨î. ˆ−â¥£à�«ì−ë© ¯®ª�§�â¥«ì ¬®¦¥â ¡ëâì à�ááç¨â�− ¯®
á«¥¤ãîé¥© ä®à¬ã«¥:

é =
ü

∑T

t=0
(úÓt + úÜt)ët

,

£¤¥ ü| áã¬¬�à−ë© ¯®«¥§−ë© íää¥ªâ ®â ¨á¯®«ì§®¢�−¨ï á¨áâ¥¬ë; úÓt | §�âà�âë
−� á®§¤�−¨¥ á¨áâ¥¬ë; úÜt | §�âà�âë −� íªá¯«ã�â�æ¨î á¨áâ¥¬ë; ët | ª®íää¨æ¨-
¥−â ¯à¨¢¥¤¥−¨ï à�§−®¢à¥¬¥−−ëå §�âà�â ª ®¤−®¬ã £®¤ã; T | −®à¬�â¨¢−ë© áà®ª
á«ã¦¡ë.

‘¬¥è�−−ë© ¬¥â®¤ ®á−®¢�− −� ®¤−®¢à¥¬¥−−®¬ ¨á¯®«ì§®¢�−¨¨ ¥¤¨−¨ç−ëå
¨ ª®¬¯«¥ªá−ëå ¯®ª�§�â¥«¥© ª�ç¥áâ¢�. �− ¯à¨¬¥−ï¥âáï, ª®£¤� á®¢®ªã¯−®áâì
¥¤¨−¨ç−ëå ¯®ª�§�â¥«¥© á«¨èª®¬ ¢¥«¨ª� ¨ �−�«¨§ ª�¦¤®£® ¨§ −¨å ¤¨ää¥à¥−-
æ¨�«ì−ë¬ ¬¥â®¤®¬ −¥ ¯®§¢®«ï¥â á¤¥«�âì �à£ã¬¥−â¨à®¢�−−ëå ¢ë¢®¤®¢ ¨«¨ ª®£¤�
®¡®¡é¥−−ë© ¯®ª�§�â¥«ì ¯à¨ ª®¬¯«¥ªá−®¬ ¬¥â®¤¥ −¥¤®áâ�â®ç−® ¯®«−® ãç¨âë¢�¥â
¢á¥ å�à�ªâ¥à¨áâ¨ª¨ á¨áâ¥¬ë.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯à¨ «î¡®¬ ¨§ ¯à¨¢¥¤¥−−ëå ¢ëè¥ ¬¥â®¤®¢ ®æ¥−ª¨ ª�-
ç¥áâ¢� ®á−®¢−®© ¨ −�¨¡®«¥¥ âàã¤−®© §�¤�ç¥© ®áâ�¥âáï ¢ë¡®à ¯¥à¥ç−ï ¯®ª�§�â¥«¥©
ª�ç¥áâ¢�. ‚ [16{19] ¯à¥¤«®¦¥−ë ¯®¤å®¤ë ª ¢ë¡®àã ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨
¨ ¬¥â®¤�¬ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ˆ‘. �à¥¤áâ�¢«ï¥âáï, çâ® íâ¨ ¯®¤å®¤ë ¨ ¬¥â®¤ë
¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¨ ¤«ï ®æ¥−ª¨ ª�ç¥áâ¢� ˆ‘.

�¯ëâ à�¡®â ”ˆ– ˆ“ ÷�� ¯® á®§¤�−¨î ¨ íªá¯«ã�â�æ¨¨ á«®¦−ëå ªàã¯-
−®¬�áèâ�¡−ëå â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ëå ˆ‘ ¯®ª�§ë¢�¥â, çâ® ¯à¨ ®æ¥−ª¥
¨å ª�ç¥áâ¢� −�¨¡®«¥¥ æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì ª®¬¯«¥ªá−ë© ¬¥â®¤ −� ®á−®¢¥
áà¥¤−¥¢§¢¥è¥−−®£® ¯®ª�§�â¥«ï ª�ç¥áâ¢�. „«ï ¤�−−®£® ¬¥â®¤� å�à�ªâ¥à−ë ¯à®-
áâ®â� ä®à¬�«¨§�æ¨¨ ¨ ¢®§¬®¦−®áâì à�¡®âë á ¡®«ìè®© à�§¬¥à−®áâìî ¤�−−ëå,
ª â®¬ã ¦¥ ®− ¤®áâ�â®ç−® �¯à®¡¨à®¢�−. Šà®¬¥ â®£®, ª ¤®áâ®¨−áâ¢�¬ ¤�−−®£®
¬¥â®¤� ¬®¦−® ®â−¥áâ¨ ïá−ë© ä¨§¨ç¥áª¨© á¬ëá«, � â�ª¦¥ ãç¥â ¨−¤¨¢¨¤ã�«ì−ëå
¯à¥¤áâ�¢«¥−¨© «¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨¥.

6 Заключение

‚ −�áâ®ïé¥¥ ¢à¥¬ï áä®à¬¨à®¢�«®áì ª®−æ¥¯âã�«ì−®¥ ¢¨¤¥−¨¥ ª�ç¥áâ¢� ª�ª
®¤−®© ¨§ äã−¤�¬¥−â�«ì−ëå ª�â¥£®à¨©, ®¯à¥¤¥«ïîé¨å ®¡à�§ ¦¨§−¨, á®æ¨�«ì−ãî
¨ íª®−®¬¨ç¥áªãî ®á−®¢ã ¤«ï à�§¢¨â¨ï ç¥«®¢¥ª� ¨ ®¡é¥áâ¢�.

„«ï ®æ¥−ª¨ ª�ç¥áâ¢� á®¢à¥¬¥−−�ï −�ãª� ¨ ¯à�ªâ¨ª� ¢ëà�¡®â�«¨ á¨áâ¥¬ã
ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª¨ á¢®©áâ¢ á¨áâ¥¬ (®¡ê¥ªâ®¢), â�ª −�§ë¢�¥¬ëå ¬®¤¥«¥© ª�-
ç¥áâ¢�, ª®â®à�ï ®á−®¢ë¢�¥âáï −� ¨á¯®«ì§®¢�−¨¨ ¯®ª�§�â¥«¥© ª�ç¥áâ¢�. �à¨ íâ®¬
¯®¤ ãà®¢−¥¬ ª�ç¥áâ¢� á¨áâ¥¬ (®¡ê¥ªâ®¢) ¯®−¨¬�¥âáï ®â−®á¨â¥«ì−�ï å�à�ªâ¥à¨áâ¨-
ª� ª�ç¥áâ¢�, ¯à¥¤áâ�¢«ïîé�ï á®¡®© à¥§ã«ìâ�â áà�¢−¥−¨ï á®¢®ªã¯−®áâ¨ §−�ç¥−¨©
¯®ª�§�â¥«¥© ª�ç¥áâ¢� á¨áâ¥¬ (®¡ê¥ªâ®¢) á á®®â¢¥âáâ¢ãîé¥© á®¢®ªã¯−®áâìî ¡�-
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§®¢ëå ¯®ª�§�â¥«¥©. �¯à¥¤¥«¥−¨¥ ãà®¢−ï ª�ç¥áâ¢� ¯à®¨§¢®¤¨âáï á ¯®¬®éìî
á¯¥æ¨�«ì−ëå ¬¥â®¤®¢ ®æ¥−ª¨.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® áãé¥áâ¢ãîé¨¥ ¬®¤¥«¨ ®æ¥−ª¨ ¢ ®á−®¢−®¬ ®à¨¥−â¨à®-
¢�−ë −� ®æ¥−ªã ª�ç¥áâ¢� ¯à®£à�¬¬−ëå áà¥¤áâ¢, ¢ â® ¢à¥¬ï ª�ª −®à¬�â¨¢−�ï ¡�§�
®æ¥−ª¨ ª�ç¥áâ¢� ˆ‘ ¢ æ¥«®¬ à�§¢¨â� −¥¤®áâ�â®ç−®.

‚ ¤�−−®© áâ�âì¥ à�áá¬®âà¥−ë ®¡é¨¥ ¢®¯à®áë, ª�á�îé¨¥áï ª�ç¥áâ¢� ˆ‘,
¨ −�¨¡®«¥¥ à�á¯à®áâà�−¥−−ë¥ ¬®¤¥«¨ ª�ç¥áâ¢� ˆ‘, � â�ª¦¥ ¬¥â®¤ë ®æ¥−ª¨
¨å ª�ç¥áâ¢�. Šà®¬¥ â®£®, ¯à¥¤áâ�¢«¥−ë ¯à¥¤«®¦¥−¨ï ¯® á®¢¥àè¥−áâ¢®¢�−¨î
−®à¬�â¨¢−®© ¡�§ë ¢ ¤�−−®© ®¡«�áâ¨.
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ПРОГРАММА ПОСТРОЕНИЯ ВПОЛНЕ
ИНТЕРПРЕТИРУЕМЫХ И RTF-АДЕКВАТНЫХ ЛИНЕЙНЫХ

РЕГРЕССИОННЫХ МОДЕЛЕЙ

М. П. Базилевский1

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¯à®¡«¥¬¥ ®â¡®à� ú¨−ä®à¬�â¨¢−ëåû à¥£à¥á-
á®à®¢ (�ˆ÷) ¢ à¥£à¥áá¨®−−ëå ¬®¤¥«ïå, ®æ¥−¨¢�¥¬ëå á ¯®¬®éìî ¬¥â®¤�
−�¨¬¥−ìè¨å ª¢�¤à�â®¢ (Œ�Š). �®áâà®¥−−ë¥ ¢ à¥§ã«ìâ�â¥ â�ª®£® ®â¡®à� ¬®-
¤¥«¨ ç�áâ® ®ª�§ë¢�îâáï −¥�¤¥ª¢�â−ë¬¨ ¨ ¯«®å® ¨−â¥à¯à¥â¨àã¥¬ë¬¨. ‚ à�¡®â¥
¢¯¥à¢ë¥ áä®à¬ã«¨à®¢�−ë ®¯à¥¤¥«¥−¨ï ú¢¯®«−¥ ¨−â¥à¯à¥â¨àã¥¬®©û ¨ úRTF-
�¤¥ª¢�â−®©û à¥£à¥áá¨®−−®© ¬®¤¥«¨. ÷�áá¬®âà¥− à�−¥¥ ¯à¥¤«®¦¥−−ë© íää¥ª-
â¨¢−ë© �«£®à¨â¬ à¥è¥−¨ï §�¤�ç¨ �ˆ÷. �� ¥£® ®á−®¢¥ à�§à�¡®â�− �«£®à¨â¬
¯®áâà®¥−¨ï ¢¯®«−¥ ¨−â¥à¯à¥â¨àã¥¬ëå ¨ RTF-�¤¥ª¢�â−ëå «¨−¥©−ëå à¥£à¥áá¨-
®−−ëå ¬®¤¥«¥©. ‚ −¥¬ ¤«ï ª�¦¤®© à¥£à¥áá¨¨ ¯®á«¥¤®¢�â¥«ì−® ®áãé¥áâ¢«ï¥âáï
¯à®¢¥àª�: ú¨−ä®à¬�â¨¢−®áâ¨û ¯¥à¥¬¥−−ëå, ¬ã«ìâ¨ª®««¨−¥�à−®áâ¨, á®®â¢¥â-
áâ¢¨ï §−�ª®¢ ª®íää¨æ¨¥−â®¢ ä¨§¨ç¥áª®¬ã á¬ëá«ã ä�ªâ®à®¢, �¤¥ª¢�â−®áâ¨
¬®¤¥«¨ ¯® ª®íää¨æ¨¥−âã ¤¥â¥à¬¨−�æ¨¨ ¨ §−�ç¨¬®áâ¨ ¢ æ¥«®¬ ¯® F-ªà¨â¥-
à¨î ”¨è¥à�, � â�ª¦¥ §−�ç¨¬®áâ¨ ª®íää¨æ¨¥−â®¢ ¯® t-ªà¨â¥à¨î ‘âìî¤¥−â�.
�à¥¤«®¦¥−−ë© �«£®à¨â¬ à¥�«¨§®¢�− ¢ ¢¨¤¥ ¯à®£à�¬¬ë ¤«ï íª®−®¬¥âà¨ç¥-
áª®£® ¯�ª¥â� Gretl. ÷�§à�¡®â�−−�ï ¯à®£à�¬¬� ã−¨¢¥àá�«ì−� ¨ ¬®¦¥â ¡ëâì
¨á¯®«ì§®¢�−� ¤«ï à¥è¥−¨ï è¨à®ª®£® ªàã£� §�¤�ç �−�«¨§� ¤�−−ëå.

Š«îç¥¢ë¥ á«®¢�: ®â¡®à ú¨−ä®à¬�â¨¢−ëåû à¥£à¥áá®à®¢; ¬¥â®¤ −�¨¬¥−ìè¨å
ª¢�¤à�â®¢; ¢¯®«−¥ ¨−â¥à¯à¥â¨àã¥¬�ï ¨ RTF-�¤¥ª¢�â−�ï à¥£à¥áá¨ï; ªà¨â¥-
à¨© ú¨−ä®à¬�â¨¢−®áâ¨û ¯¥à¥¬¥−−ëå; ¬ã«ìâ¨ª®««¨−¥�à−®áâì; F-ªà¨â¥à¨©
”¨è¥à�; t-ªà¨â¥à¨© ‘âìî¤¥−â�

DOI: 10.14357/08696527210402

1 Введение

�¤¨− ¨§ íâ�¯®¢ à¥£à¥áá¨®−−®£® �−�«¨§� [1] | á¯¥æ¨ä¨ª�æ¨ï ¬®¤¥«¨, â. ¥.
¢ë¡®à á®áâ�¢� ¯¥à¥¬¥−−ëå ¨ ¬�â¥¬�â¨ç¥áª®© ä®à¬ë á¢ï§¨ ¬¥¦¤ã −¨¬¨. �¯à¥-
¤¥«¥−¨¥ á¯¥æ¨ä¨ª�æ¨¨ à¥£à¥áá¨¨ −� ¯à�ªâ¨ª¥ §�ç�áâãî á¢®¤¨âáï ª à¥è¥−¨î
§�¤�ç¨ �ˆ÷, ¡®«¥¥ ¨§¢¥áâ−®© ¢ §�àã¡¥¦−®© «¨â¥à�âãà¥ ª�ª úsubset selectionû,
úvariable selectionû ¨«¨ úfeature selectionû in regression [2, 3]. ‚ ®â¥ç¥áâ¢¥−-
−®© «¨â¥à�âãà¥ ®¯¨á�−¨¥ ¬¥â®¤®¢ �ˆ÷ ¬®¦−® −�©â¨ ¢ à�¡®â¥ [4]. ÷¥è¥−¨¥
§�¤�ç¨ �ˆ÷ ¬®¦¥â ®áãé¥áâ¢«ïâìáï −¥ â®«ìª® ¯® ª�ª®¬ã-â® ®¤−®¬ã ªà¨â¥à¨î
�¤¥ª¢�â−®áâ¨, � ®¤−®¢à¥¬¥−−® ¯® −¥áª®«ìª¨¬ ªà¨â¥à¨ï¬ áà�§ã. ’�ª�ï â¥å−®«®£¨ï
¬−®£®ªà¨â¥à¨�«ì−®£® ¢ë¡®à� ¯®«ãç¨«� −�§¢�−¨¥ úª®−ªãàáû ¬®¤¥«¥© [5, 6].

1ˆàªãâáª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¯ãâ¥© á®®¡é¥−¨ï, ª�ä¥¤à� ¬�â¥¬�â¨ª¨,
mik2178@yandex.ru
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�à®£à�¬¬� ¯®áâà®¥−¨ï ¢¯®«−¥ ¨−â¥à¯à¥â¨àã¥¬ëå ¨ RTF-�¤¥ª¢�â−ëå «¨−¥©−ëå ¬®¤¥«¥©

‚ à�¡®â¥ [7] �¢â®à®¬ ¡ë« ¯à®¢¥¤¥− �−�«¨§ ¨ ¢ëï¢«¥−ë á«¥¤ãîé¨¥ −¥¤®áâ�â-
ª¨ ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� �¢â®¬�â¨§�æ¨¨ ¯à®æ¥áá� ¯®áâà®¥−¨ï à¥£à¥áá¨®−−ëå
¬®¤¥«¥© (�Š ���÷Œ), ¯à¥¤−�§−�ç¥−−®£® ¤«ï ¯à®¢¥¤¥−¨ï úª®−ªãàá�û ¬®¤¥«¥©.

1. �®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥ úª®−ªãàá�û ¬®¤¥«¨ ç�áâ® ¯à¥¤áâ�¢«ïîâ á®¡®©
á«®¦−ë¥ −¥«¨−¥©−ë¥ ãà�¢−¥−¨ï, ª®íää¨æ¨¥−âë ª®â®àëå ¢¥áì¬� §�âàã¤−¨-
â¥«ì−® ¨−â¥à¯à¥â¨à®¢�âì. �à¨ íâ®¬ ¨£−®à¨àã¥âáï ¯à®¡«¥¬� ¬ã«ìâ¨ª®««¨-
−¥�à−®áâ¨, ª®â®à�ï ¬®¦¥â «¨è�âì á¬ëá«� ¨−â¥à¯à¥â�æ¨î ª®íää¨æ¨¥−â®¢
¬®¤¥«¨.

2. �®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥ úª®−ªãàá�û ¬®¤¥«¨ ç�áâ® ®ª�§ë¢�îâáï −¥�¤¥ª¢�â-
−ë¬¨ ¯® ª®íää¨æ¨¥−âã ¤¥â¥à¬¨−�æ¨¨ R2, −¥§−�ç¨¬ë¬¨ ¯® F-ªà¨â¥à¨î
”¨è¥à�, � ¨å ®æ¥−ª¨ | −¥§−�ç¨¬ë¬¨ ¯® t-ªà¨â¥à¨î ‘âìî¤¥−â�.

�� ®á−®¢¥ ¢ëï¢«¥−−ëå −¥¤®áâ�âª®¢ ¢ à�¡®â¥ [7] ¡ë«® ¢¢¥¤¥−® ¯®−ïâ¨¥ úå®à®è®
¨−â¥à¯à¥â¨àã¥¬�ï ª�ç¥áâ¢¥−−�ï à¥£à¥áá¨ïû, ã¤®¢«¥â¢®àïîé�ï ¯ïâ¨ ãá«®¢¨ï¬,
¨ à�§à�¡®â�− äã−¤�¬¥−â�«ì−ë© ¡«®ª �«£®à¨â¬®¢ ¯®áâà®¥−¨ï â�ª¨å ¬®¤¥«¥©.

–¥«ì ¤�−−®© à�¡®âë | á®§¤�−¨¥ ª®−ªà¥â−®£® �«£®à¨â¬� ¯®áâà®¥−¨ï å®à®è®
¨−â¥à¯à¥â¨àã¥¬ëå ¨ ª�ç¥áâ¢¥−−ëå «¨−¥©−ëå à¥£à¥áá¨©, � â�ª¦¥ ¥£® à¥�«¨§�æ¨ï
¢ ¢¨¤¥ ¯à®£à�¬¬ë.

2 Вполне интерпретируемые и RTF-адекватные регрессионные
модели

÷�§¬ëè«¥−¨ï −�¤ ¯à¥¤«®¦¥−−ë¬ ¢ [7] ¯®−ïâ¨¥¬ úå®à®è® ¨−â¥à¯à¥â¨àã¥¬�ï
ª�ç¥áâ¢¥−−�ï ¬®¤¥«ìû ¯à¨¢¥«¨ ª â®¬ã, çâ® æ¥«¥á®®¡à�§−¥¥ §�¬¥−¨âì íâ®â â¥à¬¨−
á«¥¤ãîé¨¬¨ ¤¢ã¬ï ®¯à¥¤¥«¥−¨ï¬¨.

�¯à¥¤¥«¥−¨¥ 1. ÷¥£à¥áá¨®−−�ï ¬®¤¥«ì áç¨â�¥âáï ¢¯®«−¥ ¨−â¥à¯à¥â¨àã¥¬®©, ¥á«¨
®−� ã¤®¢«¥â¢®àï¥â âà¥¬ ãá«®¢¨ï¬:

(1) ¥¥ á¯¥æ¨ä¨ª�æ¨ï ¨§−�ç�«ì−® ¢ë¡à�−� â�ª, çâ® ¯®á«¥ ®æ¥−¨¢�−¨ï ¬®¤¥«¨
¬®¦−® ®¡êïá−¨âì «î¡®© ¥¥ ª®íää¨æ¨¥−â ¨«¨ −¥ª®â®àë© ¥£® �−�«®£, §�
¨áª«îç¥−¨¥¬, ¡ëâì ¬®¦¥â, á¢®¡®¤−®£® ç«¥−�;

(2) §−�ª¨ ª®íää¨æ¨¥−â®¢ ®æ¥−¥−−®© ¬®¤¥«¨ á®®â¢¥âáâ¢ãîâ ä¨§¨ç¥áª®¬ã á¬ëá«ã
¢å®¤ïé¨å ¢ ãà�¢−¥−¨¥ ä�ªâ®à®¢;

(3) íää¥ªâ ¬ã«ìâ¨ª®««¨−¥�à−®áâ¨ −¥§−�ç¨â¥«¥−.

�¯à¥¤¥«¥−¨¥ 2. ÷¥£à¥áá¨®−−�ï ¬®¤¥«ì, ®æ¥−¥−−�ï á ¯®¬®éìî Œ�Š, áç¨â�¥âáï
RTF-�¤¥ª¢�â−®©, ¥á«¨ ®−� ã¤®¢«¥â¢®àï¥â âà¥¬ ãá«®¢¨ï¬:

(1) ¬®¤¥«ì �¤¥ª¢�â−� ¯® ª®íää¨æ¨¥−âã ¤¥â¥à¬¨−�æ¨¨ R2;

(2) ª®íää¨æ¨¥−âë ¬®¤¥«¨ §−�ç¨¬ë ¯® t-ªà¨â¥à¨ï¬ ‘âìî¤¥−â�;

(3) ¬®¤¥«ì §−�ç¨¬� ¢ æ¥«®¬ ¯® F-ªà¨â¥à¨î ”¨è¥à�.
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3 Эффективный алгоритм решения задачи отбора «информативных»
регрессоров

÷�áá¬®âà¨¬ ¬®¤¥«ì ¬−®¦¥áâ¢¥−−®© «¨−¥©−®© à¥£à¥áá¨¨

yi = α0 + α1xi1 + α2xi2 + · · ·+ αlxil + εi , i = 1, n , (1)

£¤¥ yi, i = 1, n, | §−�ç¥−¨ï §�¢¨á¨¬®© (®¡êïá−ï¥¬®©) ¯¥à¥¬¥−−®© y; xi1, xi2, . . .
. . . , xil, i = 1, n, | §−�ç¥−¨ï l −¥§�¢¨á¨¬ëå (®¡êïá−ïîé¨å) ¯¥à¥¬¥−−ëå (à¥£à¥á-
á®à®¢) x1, x2, . . . , xl; εi, i = 1, n, | ®è¨¡ª¨ �¯¯à®ªá¨¬�æ¨¨; α0, α1, . . . , αl |
−¥¨§¢¥áâ−ë¥ ¯�à�¬¥âàë; n | ®¡ê¥¬ ¢ë¡®àª¨.

‡�¤�ç� ®â¡®à� ú¨−ä®à¬�â¨¢−ëåû à¥£à¥áá®à®¢. �¥®¡å®¤¨¬® ¢ë¤¥«¨âì
¨§ l ¢®§¬®¦−ëå à¥£à¥áá®à®¢ m ¯¥à¥¬¥−−ëå, ¬¨−¨¬¨§¨àãï áã¬¬ã ª¢�¤à�â®¢
®è¨¡®ª ¤«ï à¥£à¥áá¨¨ (1).

‚ à�¡®â�å [7, 8] à�áá¬®âà¥− íää¥ªâ¨¢−ë© �«£®à¨â¬ úSelection Bû à¥è¥−¨ï
¯®áâ�¢«¥−−®© §�¤�ç¨ �ˆ÷. ‚ ¥£® ®á−®¢¥ «¥¦¨â á«¥¤ãîé�ï â¥å−¨ª� ®æ¥−¨¢�−¨ï
à¥£à¥áá¨®−−®© ¬®¤¥«¨ á ¯®¬®éìî Œ�Š. �à¥¤¢�à¨â¥«ì−® ¯à®¢®¤¨âáï −®à¬¨à®-
¢�−¨¥ (áâ�−¤�àâ¨§�æ¨ï) ¢á¥å ¯¥à¥¬¥−−ëå ¯® ä®à¬ã«�¬:

vi =
yi − y

σy
; zi1 =

xi1 − x1
σx1

; . . . ; zil =
xil − xl
σxl

,

£¤¥ y, x1, . . . , xl | áà¥¤−¨¥ §−�ç¥−¨ï ¯¥à¥¬¥−−ëå; σy, σx1, . . . , σxl
| áà¥¤−¥ª¢�¤-

à�â¨ç−ë¥ ®âª«®−¥−¨ï ¯¥à¥¬¥−−ëå; v, z1, . . . , zl | áâ�−¤�àâ¨§®¢�−−ë¥ ¯¥à¥¬¥−-
−ë¥, ¤«ï ª®â®àëå áà¥¤−¥¥ §−�ç¥−¨¥ à�¢−® 0, � áà¥¤−¥ª¢�¤à�â¨ç−®¥ ®âª«®−¥−¨¥
à�¢−® 1.

’®£¤� à¥£à¥áá¨¨ (1) áâ�¢¨âáï ¢ á®®â¢¥âáâ¢¨¥ ¥¥ áâ�−¤�àâ¨§®¢�−−�ï ¬®¤¥«ì:

vi = β1zi1 + β2zi2 + · · ·+ βlzil + ui , i = 1, n , (2)

£¤¥ β1, . . . , βl | −¥¨§¢¥áâ−ë¥ ¯�à�¬¥âàë (¡¥â�-ª®íää¨æ¨¥−âë); ui, i = 1, n, |
®è¨¡ª¨ �¯¯à®ªá¨¬�æ¨¨.

�æ¥−ª¨ ¡¥â�-ª®íää¨æ¨¥−â®¢ −�å®¤ïâáï ¯® ä®à¬ã«¥:

“βíîë = r
−1
xx ryx ,

£¤¥ rxx | ¬�âà¨æ� ª®íää¨æ¨¥−â®¢ ¯�à−®© ª®àà¥«ïæ¨¨ ¬¥¦¤ã ®¡êïá−ïîé¨¬¨
¯¥à¥¬¥−−ë¬¨; rxy | ¢¥ªâ®à ª®íää¨æ¨¥−â®¢ ¯�à−®© ª®àà¥«ïæ¨¨ ¬¥¦¤ã ®¡êïá−ï-
¥¬®© ¯¥à¥¬¥−−®© y ¨ ®¡êïá−ïîé¨¬¨ ¯¥à¥¬¥−−ë¬¨ x1, x2, . . . , xl.

Š®íää¨æ¨¥−â ¤¥â¥à¬¨−�æ¨¨ ¤«ï à¥£à¥áá¨© (1) ¨ (2) −�å®¤¨âáï ¯® ä®à¬ã«¥:

R2 = rTyx
“βíîë . (3)

�«£®à¨â¬ úSelection Bû ¯à¥¤¯®«�£�¥â ¯à¥¤¢�à¨â¥«ì−®¥ §�¤�−¨¥ ¯®«ì§®¢�â¥-
«¥¬ á«¥¤ãîé¨å ¯�à�¬¥âà®¢:
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�à®£à�¬¬� ¯®áâà®¥−¨ï ¢¯®«−¥ ¨−â¥à¯à¥â¨àã¥¬ëå ¨ RTF-�¤¥ª¢�â−ëå «¨−¥©−ëå ¬®¤¥«¥©

1. ‚¥ªâ®à §−�ª®¢ Sign1×l. Š®¬¯®−¥−âë íâ®£® ¢¥ªâ®à� −�§−�ç�îâáï ¯® á«¥¤ã-
îé¥¬ã ¯à�¢¨«ã:

Sign1,j =







1 , ¥á«¨ j-ï ¯¥à¥¬¥−−�ï ®ª�§ë¢�¥â ¯®«®¦¨â¥«ì−®¥ ¢«¨ï−¨¥ −� y;
−1 , ¥á«¨ j-ï ¯¥à¥¬¥−−�ï ®ª�§ë¢�¥â ®âà¨æ�â¥«ì−®¥ ¢«¨ï−¨¥ −� y;
0 , ¥á«¨ §�âàã¤−¨â¥«ì−® ®æ¥−¨âì ¢«¨ï−¨¥ j-© ¯¥à¥¬¥−−®© −� y.

„«ï ä®à¬¨à®¢�−¨ï ¢¥ªâ®à� Sign ¦¥«�â¥«ì−® ¯à¨¢«¥ª�âì íªá¯¥àâ®¢.

2. —¨á«® ®â¡¨à�¥¬ëå à¥£à¥áá®à®¢ m.

3. ƒà�−¨æ� ¬ã«ìâ¨ª®««¨−¥�à−®áâ¨ d.

‚ �«£®à¨â¬¥ úSelection Bû á−�ç�«� ®¯à¥¤¥«ï¥âáï ®¡é¥¥ ç¨á«® �«ìâ¥à−�â¨¢−ëå
¢�à¨�−â®¢ ¬®¤¥«¥© r = Cml , ¯®á«¥ ç¥£® §�¯ãáª�¥âáï ®á−®¢−ë© æ¨ª« �«£®à¨â¬�.
�� ª�¦¤®¬ ¯®¢â®à¥−¨¨ ä®à¬¨àãîâáï −¥®¡å®¤¨¬ë¥ ¬�âà¨æë rxx ¨ ryx, � §�â¥¬
¯®á«¥¤®¢�â¥«ì−® ¯à®¢¥àïîâáï ãá«®¢¨ï:

∣
∣rJxx

∣
∣ < d ; (4)

“βjSign1,j < 0 , j ∈ J , (5)

£¤¥ J | ¬−®¦¥áâ¢® −®¬¥à®¢ ®¡êïá−ïîé¨å ¯¥à¥¬¥−−ëå, ¢å®¤ïé¨å ¢ à¥£à¥áá¨î;
rJxx | ¬�âà¨æ� ¯�à−ëå ª®íää¨æ¨¥−â®¢ ª®àà¥«ïæ¨¨ ¤«ï ®¡êïá−ïîé¨å ¯¥à¥¬¥−-
−ëå á −®¬¥à�¬¨ ¨§ ¬−®¦¥áâ¢� J.

‚ −¥à�¢¥−áâ¢¥ (4) ®¯à¥¤¥«¨â¥«ì ¬�âà¨æë ¯�à−ëå ª®íää¨æ¨¥−â®¢ ª®àà¥«ïæ¨¨
|rJxx| ¯à¥¤áâ�¢«ï¥â á®¡®© ªà¨â¥à¨© ®¡−�àã¦¥−¨ï íää¥ªâ� ¬ã«ìâ¨ª®««¨−¥�à−®áâ¨.
…á«¨ |rJxx| = 0, â® ¨¬¥¥â ¬¥áâ® á®¢¥àè¥−−�ï ¬ã«ìâ¨ª®««¨−¥�à−®áâì, � ¥á«¨
|rJxx| = 1, â® ¬ã«ìâ¨ª®««¨−¥�à−®áâ¨ −¥â. …á«¨ ãá«®¢¨¥ (4) ¢ë¯®«−ï¥âáï, â® â�ª�ï
à¥£à¥áá¨ï áà�§ã ¨áª«îç�¥âáï ¨§ à�áá¬®âà¥−¨ï.

…á«¨ ¢ë¯®«−¥−® å®âï ¡ë ®¤−® ¨§ ãá«®¢¨© (5), â® íâ® ®§−�ç�¥â, çâ® §−�ª ¡¥â�-ª®-
íää¨æ¨¥−â� “βj áâ�−¤�àâ¨§®¢�−−®© à¥£à¥áá¨¨ −¥ á®£«�áã¥âáï á á®®â¢¥âáâ¢ãîé¨¬
§−�ª®¬ ¢¥ªâ®à� Sign. ‘«¥¤®¢�â¥«ì−®, â�ª�ï ¬®¤¥«ì ¨áª«îç�¥âáï ¨§ ¤�«ì−¥©è¥£®
úª®−ªãàá�û.

…á«¨ ®ç¥à¥¤−�ï �«ìâ¥à−�â¨¢−�ï à¥£à¥áá¨ï ¯à®è«� ú¨á¯ëâ�−¨¥û ãá«®¢¨ï¬¨ (4)
¨ (5), â® ¤«ï −¥¥ ¯® ä®à¬ã«¥ (3) à�ááç¨âë¢�¥âáï ¢¥«¨ç¨−� ª®íää¨æ¨¥−â� ¤¥â¥à-
¬¨−�æ¨¨. �®á«¥ ®ª®−ç�−¨ï à�¡®âë ®á−®¢−®£® æ¨ª«� ®¯à¥¤¥«ï¥âáï −�¨«ãçè�ï
¬®¤¥«ì ¯® ¢¥«¨ç¨−¥ R2.

�à®¢¥¤¥−−ë© ¢ à�¡®â¥ [8] íªá¯¥à¨¬¥−â ¯®ª�§�«, çâ® à¥è¥−¨¥ §�¤�ç¨ �ˆ÷
á ¨á¯®«ì§®¢�−¨¥ ¯�ª¥â� Gretl ¯® �«£®à¨â¬ã úSelection Bû ®áãé¥áâ¢«ï¥âáï ¡®«¥¥
ç¥¬ ¢ 6 à�§ ¡ëáâà¥¥, −¥¦¥«¨ ¢ �Š ���÷Œ.
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4 Алгоритм построения вполне интерпретируемых и RTF-адекватных
линейных регрессий

�«£®à¨â¬ ¯®áâà®¥−¨ï ¢¯®«−¥ ¨−â¥à¯à¥â¨àã¥¬ëå ¨ RTF-�¤¥ª¢�â−ëå «¨−¥©-
−ëå à¥£à¥áá¨© (á¬. à¨áã−®ª) ¡ë« à�§à�¡®â�− −� ®á−®¢¥ äã−¤�¬¥−â�«ì−®£® ¡«®ª�,
¯à¥¤«®¦¥−−®£® ¢ à�¡®â¥ [7]. ‘®£«�á−® íâ®¬ã ¡«®ªã, ¤«ï â®£® çâ®¡ë ®ç¥à¥¤−�ï
�«ìâ¥à−�â¨¢−�ï à¥£à¥áá¨®−−�ï ¬®¤¥«ì ¡ë«� ¤®¯ãé¥−� ª ãç�áâ¨î ¢ úª®−ªãàá¥û,
®−� ¤®«¦−� ¯à®©â¨ ¦¥áâªãî ¯à®æ¥¤ãàã ®âá¥¢�, á®áâ®ïéãî ¨§ 5 áâ�¤¨©:

(1) ¯à®¢¥àª� ú¨−ä®à¬�â¨¢−®áâ¨û ¯¥à¥¬¥−−ëå;

(2) ¯à®¢¥àª� ¯à¨áãâáâ¢¨ï íää¥ªâ� ¬ã«ìâ¨ª®««¨−¥�à−®áâ¨;

(3) ¯à®¢¥àª� á®®â¢¥âáâ¢¨ï §−�ª®¢ ª®íää¨æ¨¥−â®¢ ä¨§¨ç¥áª®¬ã á¬ëá«ã ä�ªâ®-
à®¢;

(4) ¯à®¢¥àª� �¤¥ª¢�â−®áâ¨ ¯® ª®íää¨æ¨¥−âã ¤¥â¥à¬¨−�æ¨¨ ¨ §−�ç¨¬®áâ¨ ¢ æ¥«®¬
¯® F-ªà¨â¥à¨î ”¨è¥à�;

(5) ¯à®¢¥àª� §−�ç¨¬®áâ¨ ª®íää¨æ¨¥−â®¢ ¯® t-ªà¨â¥à¨î ‘âìî¤¥−â�.

�¥à¢�ï áâ�¤¨ï á¢ï§�−� á ¢ëç¨á«¥−¨¥¬ ªà¨â¥à¨ï ú¨−ä®à¬�â¨¢−®áâ¨û ¯¥à¥-
¬¥−−ëå [6]:

• (x1, x2, . . . , xl) =
∑

j∈J

Inf (xj),

£¤¥ Inf (xj) | −¥ª®â®àë© ¢¥á (¡�««) à¥£à¥áá®à� xj, −�¯à¨¬¥à ¢ ¯ïâ¨¡�««ì−®©
èª�«¥. ’�ª¨¬ ®¡à�§®¬, íâ®â ªà¨â¥à¨© ãª�§ë¢�¥â −� áã¬¬�à−ãî ú¢�¦−®áâìû
¢å®¦¤¥−¨ï ¢á¥å −¥§�¢¨á¨¬ëå ¯¥à¥¬¥−−ëå ¢ §�¢¨á¨¬®áâì.

�� ç¥â¢¥àâ®© áâ�¤¨¨ ¤«ï ®¡¥á¯¥ç¥−¨ï §−�ç¨¬®áâ¨ à¥£à¥áá¨¨ ¢ æ¥«®¬ ¯® F-ªà¨-
â¥à¨î ”¨è¥à� §−�ç¥−¨¥ ª®íää¨æ¨¥−â� ¤¥â¥à¬¨−�æ¨¨R2 −¥ ¤®«¦−® ¡ëâì ¬¥−ìè¥
¢¥«¨ç¨−ë

R′ =
FËÒÉÔ(α,m, n −m− 1)

(n−m− 1)/m+ FËÒÉÔ(α,m, n −m− 1)
,

£¤¥ α | §�¤�−−ë© ãà®¢¥−ì §−�ç¨¬®áâ¨; FËÒÉÔ(α,m, n −m− 1) | ªà¨â¨ç¥áª�ï
â®çª� à�á¯à¥¤¥«¥−¨ï ”¨è¥à�.

�� ¯ïâ®© áâ�¤¨¨ ¢ëç¨á«¥−¨¥ t-ªà¨â¥à¨¥¢ ‘âî¤¥−â� ¤«ï à¥£à¥áá¨© (1) ¨ (2)
à¥�«¨§ã¥âáï ¯® ä®à¬ã«�¬:

tj =
“βj

√

s2(rJxx)
−1
jj

, j = 1,m ,

£¤¥ s2 = (1−R2)/(n−m− 1)| ¢¥«¨ç¨−� ®áâ�â®ç−®© ¤¨á¯¥àá¨¨; (rJxx)
−1
jj | j-©

¤¨�£®−�«ì−ë© í«¥¬¥−â ¬�âà¨æë (rJxx)
−1.
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�à®£à�¬¬� ¯®áâà®¥−¨ï ¢¯®«−¥ ¨−â¥à¯à¥â¨àã¥¬ëå ¨ RTF-�¤¥ª¢�â−ëå «¨−¥©−ëå ¬®¤¥«¥©

�«£®à¨â¬ ¯®áâà®¥−¨ï «¨−¥©−ëå à¥£à¥áá¨©
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�®«ì§®¢�â¥«î ¯à¥¤¢�à¨â¥«ì−® −¥®¡å®¤¨¬® §�¤�âì á«¥¤ãîé¨¥ ¯�à�¬¥âàë:

1. ‚¥ªâ®à §−�ª®¢ Sign1×l.

2. ‚¥ªâ®à ú¨−ä®à¬�â¨¢−®áâ¨û ¯¥à¥¬¥−−ëå Inf1×l. Š®¬¯®−¥−âë íâ®£® ¢¥ªâ®à�
¯à¥¤áâ�¢«ïîâ á®¡®© æ¥«ë¥ ç¨á«� ¨§ ¨−â¥à¢�«� [1, 5]. …á«¨ Inf1×j = 5, â®
ú¨−ä®à¬�â¨¢−®áâìû j-© ¯¥à¥¬¥−−®© ¬�ªá¨¬�«ì−� ¨ á®áâ�¢«ï¥â 5 ¡�««®¢,
� ¥á«¨ Inf1×j = 1, â® ú¨−ä®à¬�â¨¢−®áâìû ¬¨−¨¬�«ì−� ¨ á®áâ�¢«ï¥â 1 ¡�««.
„«ï ä®à¬¨à®¢�−¨ï íâ®£® ¢¥ªâ®à� â�ª¦¥ ¦¥«�â¥«ì−® ¯à¨¢«¥ª�âì íªá¯¥àâ®¢.

3. —¨á«® ®â¡¨à�¥¬ëå à¥£à¥áá®à®¢ m.

4. ƒà�−¨æã ¬ã«ìâ¨ª®««¨−¥�à−®áâ¨ d.

5. ƒà�−¨æã §−�ç¨¬®áâ¨ ¤«ï F-ªà¨â¥à¨ï ”¨è¥à� R′.

6. ƒà�−¨æã §−�ç¨¬®áâ¨ ¤«ï t-ªà¨â¥à¨¥¢ ‘âìî¤¥−â� t′.

�� à¨áã−ª¥ Glavnr×m | ¬�âà¨æ� �«ìâ¥à−�â¨¢, ¢ ª®â®à®© ®¡êïá−ï¥¬�ï ¯¥-
à¥¬¥−−�ï ¨¬¥¥â −®¬¥à 1, � ®¡êïá−ïîé¨¥ ¯¥à¥¬¥−−ë¥ | 2, 3, . . . , l + 1; adeq |
áç¥âç¨ª ¢¯®«−¥ ¨−â¥à¯à¥â¨àã¥¬ëå ¨ RTF-�¤¥ª¢�â−ëå ¬®¤¥«¥©; flag | ¡¨−�à−�ï
¯¥à¥¬¥−−�ï, ª®â®à�ï ®â¢¥ç�¥â §� ¢ë¯®«−¥−¨¥ ¢á¥å ¯ïâ¨ âà¥¡®¢�−¨©, ¯à¥¤êï¢«ï-
¥¬ë¬ ª ¬®¤¥«ï¬; Krit | ªà¨â¥à¨�«ì−�ï ¬�âà¨æ�, ¢ ¯¥à¢®¬ áâ®«¡æ¥ ª®â®à®©
á®¤¥à¦�âáï §−�ç¥−¨ï ª®íää¨æ¨¥−â� ¤¥â¥à¬¨−�æ¨¨ R2, ¢® ¢â®à®¬ | ®¯à¥¤¥«¨â¥-
«ï |rxx|, ¢ âà¥âì¥¬ | ªà¨â¥à¨ï ú¨−ä®à¬�â¨¢−®áâ¨û ¯¥à¥¬¥−−ëå, ¢ ®áâ�«ì−ëå |
−®¬¥à� ®¡êïá−ïîé¨å ¯¥à¥¬¥−−ëå.

�à¥¤«®¦¥−−ë© �«£®à¨â¬ ¡ë« à¥�«¨§®¢�− ¢ ¢¨¤¥ ¯à®£à�¬¬ë á ¨á¯®«ì§®¢�−¨¥¬
íª®−®¬¥âà¨ç¥áª®£® ¯�ª¥â� Gretl.

5 Заключение

÷�§à�¡®â�−−�ï ¯à®£à�¬¬� ¯®áâà®¥−¨ï ¢¯®«−¥ ¨−â¥à¯à¥â¨àã¥¬ëå ¨ RTF-�¤¥-
ª¢�â−ëå «¨−¥©−ëå à¥£à¥áá¨®−−ëå ¬®¤¥«¥© ¯®§¢®«ï¥â −�å®¤¨âì áà¥¤¨ ¬−®£®ç¨-
á«¥−−ëå �«ìâ¥à−�â¨¢ ¯®-−�áâ®ïé¥¬ã ª�ç¥áâ¢¥−−ë¥ à¥£à¥áá¨¨, §−�ç¨¬ë¥ ¢ æ¥«®¬
¯® F-ªà¨â¥à¨î ”¨è¥à�, ¢ ª®â®àëå ¢á¥ §−�ª¨ ª®íää¨æ¨¥−â®¢ á®®â¢¥âáâ¢ãîâ ä¨-
§¨ç¥áª®¬ã á¬ëá«ã ä�ªâ®à®¢, −¥§−�ç¨â¥«¥− íää¥ªâ ¬ã«ìâ¨ª®««¨−¥�à−®áâ¨ ¨ ¢á¥
ª®íää¨æ¨¥−âë §−�ç¨¬ë ¯® t-ªà¨â¥à¨î ‘âìî¤¥−â�. Šà®¬¥ â®£®, ¢ë¡®à á®áâ�-
¢� ¯¥à¥¬¥−−ëå ¯à¨®¡à¥â�¥â ®¯à¥¤¥«¥−−ãî á®§−�â¥«ì−®áâì, ¯®áª®«ìªã ¢ ¯à®æ¥áá
¯®áâà®¥−¨ï ¬®¤¥«¨ ¯à¨¢«¥ª�îâáï íªá¯¥àâë ¢ ¨áá«¥¤ã¥¬®© ¯à¥¤¬¥â−®© ®¡«�áâ¨.
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Abstract: The article is devoted to the problem of feature selection in regression
models estimated using the ordinary least squares method. Models constructed as
a result of such selection are often inadequate and poorly interpreted. For the first
time, the definitions of \quite interpretable" and \RTF-adequate" regression
models are formulated. The previously proposed effective algorithm for solving
the problem of feature selection is considered. On its basis, an algorithm has
been developed for constructing quite interpretable and RTF-adequate linear
regression models. In it, for each regression, the following tests are sequentially
carried out: \informativeness" of variables, multicollinearity, correspondence of
coefficients signs to the physical meaning of factors, adequacy of model in terms
of coefficient of determination and significance in general according to Fisher's
F-test, and significance of the coefficients according to the Student's t-test.
The proposed algorithm is implemented as a program for the Gretl econometric
package. The developed program is universal and can be used to solve a wide
range of data analysis tasks.
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РАСПРЕДЕЛЕНИЯ СТАТИСТИК ОТНОШЕНИЯ
ПРАВДОПОДОБИЯ ДЛЯ ВЫЯВЛЕНИЯ МОНОТОННОГО

ТРЕНДА

М. П. Кривенко1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï §�¤�ç� �−�«¨§� ¬®−®â®−−®£® âà¥−¤�. ‡� ®á−®¢ã
¯à¨−¨¬�¥âáï ¬®¤¥«ì ¨§¬¥−¥−¨ï áà¥¤−¥£® −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï, ¤«ï ª®-
â®à®© à�á¯à¥¤¥«¥−¨ï áâ�â¨áâ¨ª ®â−®è¥−¨ï ¯à�¢¤®¯®¤®¡¨ï áãâì á¬¥á¨ χ2- ¨«¨
β-à�á¯à¥¤¥«¥−¨© á ¢¥á�¬¨, ®¯à¥¤¥«ï¥¬ë¬¨ ç¥à¥§ ç¨á«� ‘â¨à«¨−£� ¯¥à¢®£®
à®¤�. ˆáá«¥¤ãîâáï ¢®¯à®áë �¯¯à®ªá¨¬�æ¨¨ íâ¨å à�á¯à¥¤¥«¥−¨©. �à¥¤«®-
¦¥− íää¥ªâ¨¢−ë© ¬¥â®¤ à�áç¥â� ªà¨â¥à¨¥¢ §−�ç¨¬®áâ¨ ¯ãâ¥¬ ®â¡à�áë¢�−¨ï
−¥§−�ç¨¬ëå í«¥¬¥−â®¢ á¬¥á¨, ª®â®àë© ¯®§¢®«ï¥â −� −¥áª®«ìª® ¯®àï¤ª®¢ á−¨-
§¨âì á«®¦−®áâì ¢ëç¨á«¥−¨©. �¡áã¦¤�îâáï ¢®¯à®áë à�áè¨à¥−¨ï ªà¨â¥à¨¥¢
�−�«¨§� âà¥−¤� áà¥¤−¥£® −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï ¤® ¯à®æ¥¤ãà ¢ëï¢«¥−¨ï
áâ®å�áâ¨ç¥áª®© ã¯®àï¤®ç¥−−®áâ¨. „«ï íâ¨å æ¥«¥© ¯à¨¬¥−¨¬ ªà¨â¥à¨© ¬®−®-
â®−−®£® âà¥−¤� ¤«ï ãáà¥¤−¥−−ëå à�−£®¢, áâ�â¨áâ¨ª� ª®â®à®£® ¯à¨ ®âáãâáâ¢¨¨
¨§¬¥−¥−¨© à�á¯à¥¤¥«¥−� ª�ª á¬¥áì χ2-à�á¯à¥¤¥«¥−¨©. Š�à¤¨−�«ì−®¥ §−�ç¥-
−¨¥ ¨¬¥¥â ¨á¯®«ì§®¢�−¨¥ áâã¯¥−ç�â®© áâàãªâãàë ®æ¥−ª¨: ã¤�«®áì −¥ â®«ìª®
¯®«ãç¨âì ®à¨£¨−�«ì−ë¥ à¥§ã«ìâ�âë, −® ¨ ®¡¥á¯¥ç¨âì ¦¨§−¥á¯®á®¡−®áâì ¯à¥¤-
«�£�¥¬ëå à¥è¥−¨©.

Š«îç¥¢ë¥ á«®¢�: ¬®−®â®−−ë© âà¥−¤; ªà¨â¥à¨© ®â−®è¥−¨ï ¯à�¢¤®¯®¤®¡¨ï;
−¥¯�à�¬¥âà¨ç¥áª®¥ ®¡−�àã¦¥−¨¥ âà¥−¤�; �á¨¬¯â®â¨ç¥áª®¥ à�á¯à¥¤¥«¥−¨¥; �¯-
¯à®ªá¨¬�æ¨ï à�á¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ¥©

DOI: 10.14357/08696527210403

1 Введение

÷�áá¬®âà¨¬ §�¤�çã ¢ëï¢«¥−¨ï ¨§¬¥−¥−¨© å�à�ªâ¥à¨áâ¨ª ¨áá«¥¤ã¥¬®£® ¯à®-
æ¥áá�. ��¨¡®«¥¥ ¯à¨¢«¥ª�â¥«ì−ë¬ ¢ â�ª®© á¨âã�æ¨¨ ®ª�§ë¢�¥âáï ä®à¬¨à®¢�−¨¥
¬®¤¥«¨ ¤�−−ëå á ¨á¯®«ì§®¢�−¨¥¬ ¯® ¢®§¬®¦−®áâ¨ ¬¥−ìè¥£® ®¡ê¥¬� �¯à¨®à-
−ëå ¯à¥¤¯®«®¦¥−¨©. �à¨ç¨−� íâ®£® á®áâ®¨â ¢ â®¬, çâ® ¯®¤ç�á −¥â ¤®áâ�â®ç−®
¯®«−®© ¨−ä®à¬�æ¨¨ ¤«ï ¯®áâà®¥−¨ï ¯à®áâëå �¤¥ª¢�â−ëå ¯à�ªâ¨ª¥ â¥®à¥â¨ª®-
¢¥à®ïâ−®áâ−ëå áå¥¬, � «î¡®¥ áã¦¥−¨¥ ª«�áá� ¬®¤¥«¥© ã¢¥«¨ç¨¢�¥â á®¬−¥−¨ï
¢ ãáâ®©ç¨¢®áâ¨ ¯®«ãç�¥¬ëå ¯à®æ¥¤ãà. �®¤®¡−�ï ¯®áâ�−®¢ª� §�¤�ç¨ ¢®áâà¥¡®¢�-
−�, −�¯à¨¬¥à, ¯à¨ «®−£¨âî¤−®¬ �−�«¨§¥ ¤�−−ëå ¢ ¬¥¤¨æ¨−¥ [1], ¤«ï ¬®−¨â®à¨−£�
¯à®æ¥áá� ä®à¬¨à®¢�−¨ï ¨ ®æ¥−ª¨ ª®¬�−¤ ¢ á®æ¨®«®£¨¨ [2], ¢ á«ãç�¥ ®âá«¥¦¨-
¢�−¨ï íªáâà¥¬�«ì−ëå ª«¨¬�â¨ç¥áª¨å ï¢«¥−¨© [3], ¯à¨ ã¯à�¢«¥−¨¨ ¤®å®¤�¬¨
¢ íª®−®¬¥âà¨ª¥ [4] ¨ ¤à.

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

�á−®¢ã ¬®¤¥«¨ ¤�−−ëå á®áâ�¢«ï¥â ¯à¥¤¯®«®¦¥−¨¥ ® â®¬, çâ® ¨§¬¥−¥−¨¥ ¨å
å�à�ªâ¥à¨áâ¨ª ¥áâì ¬®−®â®−−�ï äã−ªæ¨ï −¥¨§¢¥áâ−®£® ¢¨¤� ®â −®¬¥à� −�¡«î¤¥−¨ï
(¤�«¥¥ | ¬®−®â®−−ë© âà¥−¤).

‚ à�¡®â¥ à�áá¬�âà¨¢�¥âáï á«ãç�© −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï ¤�−−ëå ¨ −¥-
ã¡ë¢�îé¨© âà¥−¤ ¥¤¨−áâ¢¥−−®£® ¯�à�¬¥âà� | áà¥¤−¥£®. …á«¨ f(xj, µj)| ¯«®â-
−®áâì −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï ¤«ï j-£® −�¡«î¤¥−¨ï xj ¨ á®®â¢¥âáâ¢ãîé¥£®
áà¥¤−¥£® µj, λ(µ,x) =

∏N
j=1 f(xj, µj)| äã−ªæ¨ï ¯à�¢¤®¯®¤®¡¨ï, â® æ¥−âà�«ì-

−®© áâ�−®¢¨âáï §�¤�ç� −�å®¦¤¥−¨ï â�ª®© ®æ¥−ª¨ ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï
(®. ¬. ¯.) ¬®−®â®−−®£® âà¥−¤� µ∗ = (µ∗1, . . . , µ

∗
N ), çâ®

λ (µ∗,x) = sup
µ1≤µ2≤···≤µN

λ(µ,x) .

�¥à¥å®¤ ª á«ãç�î −¥¯�à�¬¥âà¨ç¥áª®£® âà¥−¤� æ¥«¥á®®¡à�§−® ®áãé¥áâ¢¨âì
â�ª, çâ®¡ë à�áè¨à¨âì ®¡«�áâì ¯à¨¬¥−¥−¨ï ã¦¥ ¯®áâà®¥−−ëå à¥è¥−¨©. ‡¤¥áì
−�¨¡®«¥¥ ¯à�ªâ¨ç−ë¬ ®ª�§ë¢�¥âáï ¨á¯®«ì§®¢�−¨¥ á¢®¡®¤−ëå ®â à�á¯à¥¤¥«¥−¨ï
¯à®æ¥¤ãà, §�ª«îç�îé¥¥áï ¢ ¯¥à¥å®¤¥ ®â −�¡«î¤¥−¨© ª ¨å à�−£�¬.

‡�¤�ç� ®æ¥−¨¢�−¨ï ¬®−®â®−−®£® âà¥−¤� ¢¯¥à¢ë¥ ¡ë«� ¯®áâ�¢«¥−� ¢ à�¡®â�å
á¥à¥¤¨−ë ¯à®è«®£® áâ®«¥â¨ï, £¤¥ á®¤¥à¦�«®áì ¤®ª�§�â¥«ìáâ¢® áãé¥áâ¢®¢�−¨ï
¨ ¥¤¨−áâ¢¥−−®áâ¨ ®. ¬. ¯. ¬®−®â®−−®£® âà¥−¤� ®¤−®¬¥à−®£® ¯�à�¬¥âà�. �à¥¤¯®-
«®¦¥−¨ï, ¯®«®¦¥−−ë¥ ¢ ®á−®¢ã −�å®¦¤¥−¨ï ®æ¥−ª¨ âà¥−¤� ¨ ¨áá«¥¤®¢�−¨ï ¥¥
¢ë¡®à®ç−ëå á¢®©áâ¢ ¢ ¯®á«¥¤ãîé¨å à�¡®â�å (á¬., −�¯à¨¬¥à, [5]), ¢ ®á−®¢−®¬
á®®â¢¥âáâ¢®¢�«¨ â®£¤�è−¨¬ §�¯à®á�¬ ¯à�ªâ¨ª¨. �®§¤−¥¥ ¨å ã¤�«®áì ®¡®¡é¨âì
¨ ¤®¡¨âìáï ¡®«¥¥ §−�ç¨¬ëå à¥§ã«ìâ�â®¢ ¯à¨ ®¯¨á�−¨¨ ¢ë¡®à®ç−ëå á¢®©áâ¢ ®. ¬. ¯.
¬®−®â®−−®£® âà¥−¤� ¨ ¯®áâà®¥−¨¨ ªà¨â¥à¨¥¢ §−�ç¨¬®áâ¨ [6, 7].

„«ï ¯®«ãç¥−¨ï ®æ¥−ª¨ ¨á¯®«ì§ã¥âáï PAV-¯à®æ¥¤ãà� (PAV | Pool-Adjacent-
Violators) ãáâà�−¥−¨ï −¥¢¥à−ëå −¥à�¢¥−áâ¢. �¡®§−�ç¨¬ ç¥à¥§ µ∗(s, t) ®. ¬. ¯. ¯�-
à�¬¥âà� à�á¯à¥¤¥«¥−¨ï ¯à¨ ®âáãâáâ¢¨¨ ¨§¬¥−¥−¨©, ¯®áâà®¥−−ãî ¯® −�¡«î¤¥−¨ï¬
xs, . . . , xt, £¤¥ 1 ≤ s ≤ t ≤ N (¢ á«ãç�¥ −®à¬�«ì−® à�á¯à¥¤¥«¥−−ëå −�¡«î¤¥−¨©
µ∗(s, t)| ®¡ëç−®¥ ¢ë¡®à®ç−®¥ áà¥¤−¥¥ ¤«ï xs, . . . , xt). �á−®¢−®© è�£ ÷�V-¯à®-
æ¥¤ãàë §�ª«îç�¥âáï ¢ ®¡ê¥¤¨−¥−¨¨ á®á¥¤−¨å £àã¯¯ −�¡«î¤¥−¨©, ª®â®àë¥ ¤�îâ
®æ¥−ª¨ µ∗(s, j) ¨ µ∗(j + 1, t), −¥ ã¤®¢«¥â¢®àïîé¨¥ âà¥¡ã¥¬ë¬ ãá«®¢¨ï¬.

�æ¥−ªã ¬®−®â®−−®£® âà¥−¤� æ¥«¥á®®¡à�§−® ¯à¥¤áâ�¢«ïâì ¢ ¢¨¤¥

µ∗ =



h1, . . . , h1
︸ ︷︷ ︸

m1

, . . . , hl, . . . , hl
︸ ︷︷ ︸

ml



. (1)

‡¤¥áìhj < hj+1, j = 1, . . . l−1 ¨m1+· · ·+ml = N . ��§®¢¥¬ £àã¯¯ã ®¤¨−�ª®¢ëå
§−�ç¥−¨© í«¥¬¥−â®¢ ®æ¥−ª¨ áâã¯¥−ìª®©. ’®£¤� ¬®¦−® £®¢®à¨âì ® ç¨á«¥ áâã¯¥−¥ª l,
� ¤«ï j-© áâã¯¥−ìª¨ | ® ¥¥ ¤«¨−¥ mj ¨ ¢ëá®â¥ (�¡á®«îâ−®©) hj.

�à¥¤áâ�¢¨â¥«ì−ë© ¯®¤ª«�áá ¯�à�¬¥âà¨ç¥áª¨å ¯à®æ¥¤ãà ¯à®¢¥àª¨ £¨¯®â¥-
§ë ®¡ ®¤−®à®¤−®áâ¨ ¢ë¡®àª¨ ¯à®â¨¢ ª®−ªãà¨àãîé¥© £¨¯®â¥§ë ® ¬®−®â®−−®©
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÷�á¯à¥¤¥«¥−¨ï áâ�â¨áâ¨ª ®â−®è¥−¨ï ¯à�¢¤®¯®¤®¡¨ï ¤«ï ¢ëï¢«¥−¨ï ¬®−®â®−−®£® âà¥−¤�

ã¯®àï¤®ç¥−−®áâ¨ á®áâ�¢«ïîâ ªà¨â¥à¨¨ ®â−®è¥−¨ï ¯à�¢¤®¯®¤®¡¨ï (ª. ®. ¯.). ˆå
áâ�â¨áâ¨ª¨ ¢ §�¢¨á¨¬®áâ¨ ®â �¯à¨®à−ëå ¯à¥¤¯®«®¦¥−¨© ¯à¨−¨¬�îâ â®â ¨«¨ ¨−®©
¢¨¤.

…á«¨ §−�ç¥−¨ï ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï µ0 ¨ ¤¨á¯¥àá¨¨ σ2 ¯à¨ −ã«¥¢®©
£¨¯®â¥§¥ ¨§¢¥áâ−ë, â®, ¨á¯®«ì§ãï ¢ ª�ç¥áâ¢¥ ¯à®¬¥¦ãâ®ç−®£® ¯à¥¤áâ�¢«¥−¨¥ (1),
¯®«ãç�¥¬:

−2σ2 ln
maxµ1=···=µN

λ(µ,x)

maxµ1≤···≤µN
λ(µ,x)

=

N∑

j=1

(
µ∗j − µ0

)2
.

’®£¤� ¢ ª�ç¥áâ¢¥ áâ�â¨áâ¨ª¨ ª. ®. ¯. ¬®¦−® ¯à¨−ïâì

χ20 =
1

σ2

N∑

j=1

(
µ∗j − µ0

)2
.

…á«¨ ¦¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ −¥ §�¤�−®, â® �−�«®£¨ç−ë¬ ®¡à�§®¬ ¯à¨-
å®¤¨¬ ª

χ2 =
1

σ2

N∑

j=1

(
µ∗j − x

)2
,

£¤¥ x | ¢ë¡®à®ç−®¥ áà¥¤−¥¥ ¢á¥å −�¡«î¤¥−¨©.
…á«¨ −¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥, −¨ ¤¨á¯¥àá¨ï �¯à¨®à¨ −¥ ¨§¢¥áâ−ë, â®

¢ ª�ç¥áâ¢¥ áâ�â¨áâ¨ª¨ ª. ®. ¯. ¯®«�£�¥¬

e2 =

∑N

j=1

(
µ∗j − x

)

∑N

j=1
(xj − x)2

.

��¨¡®«¥¥ ¢�¦−ë¬ ¤«ï ¯à�ªâ¨ª¨ ®ª�§ë¢�¥âáï ªà¨â¥à¨© e2. ˆá¯®«ì§®¢�−¨¥
ªà¨â¥à¨ï χ20 ®¯à�¢¤�−® ¢ â¥å á«ãç�ïå, ª®£¤� ®¡ê¥ªâ®¬ áâ�â¨áâ¨ç¥áª®£® �−�«¨§�
áâ�−®¢¨âáï à¥§ã«ìâ�â −¥ª®â®à®£® ¯à¥®¡à�§®¢�−¨ï ¨áå®¤−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨,
¤«ï ª®â®à®£® ¯à¨¬¥−ï¥âáï ¬®¤¥«ì −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï (−�¯à¨¬¥à, áã¬-
¬¨à®¢�−¨¥ í«¥¬¥−â®¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨á¯ëâ�−¨© �¥à−ã««¨). ‘â�â¨áâ¨ª� χ2

¨£à�¥â ¢�¦−ãî à®«ì ¯à¨ áâ�â¨áâ¨ç¥áª®¬ �−�«¨§¥ −¥¯�à�¬¥âà¨ç¥áª®£® âà¥−¤�.
�¥¯�à�¬¥âà¨ç¥áª¨¥ ªà¨â¥à¨¨ ¨á¯®«ì§ãîâáï ¤«ï �−�«¨§� ª�ª áâ®å�áâ¨ç¥áª®©

ã¯®àï¤®ç¥−−®áâ¨, â�ª ¨ ¬®−®â®−−®£® âà¥−¤� ¯�à�¬¥âà� à�á¯à¥¤¥«¥−¨ï, ª®£¤�
¯àï¬ë¬ ¯ãâ¥¬ ¯®áâà®¨âì ªà¨â¥à¨© −¥ ã¤�¥âáï. ‚ ¯¥à¢ãî ®ç¥à¥¤ì §¤¥áì à¥çì ¨¤¥â
® ªà¨â¥à¨¨, ®á−®¢�−−®¬ −� ç¨á«¥ áâã¯¥−¥ª: à�á¯à¥¤¥«¥−¨¥ á«ãç�©−®© ¢¥«¨ç¨−ë l
¯à¨ −ã«¥¢®© £¨¯®â¥§¥ ¢ è¨à®ª¨å ¯à¥¤¥«�å −¥ §�¢¨á¨â ®â à�á¯à¥¤¥«¥−¨ï xj, çâ®
£®¢®à¨â ¢ ¯®«ì§ã ãáâ®©ç¨¢®áâ¨ áâ�â¨áâ¨ç¥áª®£® ¢ë¢®¤�.
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—â®¡ë ¯®áâà®¨âì à�−£®¢ë© �−�«®£ ªà¨â¥à¨ï ®â−®è¥−¨ï ¯à�¢¤®¯®¤®¡¨ï, ¯à¨-
¤¥âáï −¥áª®«ìª® ¢¨¤®¨§¬¥−¨âì ¯®áâ�−®¢ªã §�¤�ç¨. �ã¤¥¬ áç¨â�âì, çâ® ¯®á«¥¤®¢�-
â¥«ì−®áâì −�¡«î¤¥−¨© à�á¯�¤�¥âáï −� n £àã¯¯ ¯® k í«¥¬¥−â®¢ ¢ ª�¦¤®©, ¯à¨ç¥¬
j-© £àã¯¯¥ ®â¢¥ç�¥â äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï Fj(u) ¤«ï j = 1, . . . , n. ‘®¯®áâ�¢¨¬
ª�¦¤®¬ã −�¡«î¤¥−¨î xs ¥£® à�−£ rs áà¥¤¨ ¢á¥å −�¡«î¤¥−−ëå §−�ç¥−¨© ¨ ¯¥à¥©¤¥¬
ª �−�«¨§ã ¯®á«¥¤®¢�â¥«ì−®áâ¨ áà¥¤−¨å à�−£®¢, á®áâ®ïé¥© ¨§ í«¥¬¥−â®¢

rj =

jk
∑

s=(j−1)k+1

rs
k
, j = 1, . . . , n .

÷�−£®¢ë© �−�«®£ ªà¨â¥à¨ï ®â−®è¥−¨ï ¯à�¢¤®¯®¤®¡¨ï ¡ë« ¢¢¥¤¥− ¢ [8] ¨ ç�á-
â¨ç−® ¨áá«¥¤®¢�«áï ¢ [5, à�§¤. 4.4] ¢ á«¥¤ãîé¥© ä®à¬¥:

χ2(r) =
12

N(N + 1)

n∑

j=1

k

(

r∗j −
N + 1

2

)2

, (2)

£¤¥ r∗j | à¥§ã«ìâ�â ¯à¨¬¥−¥−¨ï PAV-¯à®æ¥¤ãàë ª ¯®á«¥¤®¢�â¥«ì−®áâ¨ áà¥¤−¨å
à�−£®¢.

2 Распределения статистик

�á−®¢−®© à¥§ã«ìâ�â ®â−®á¨â¥«ì−® ¯®¢¥¤¥−¨ï ¯¥à¥ç¨á«¥−−ëå ¢ëè¥ áâ�â¨áâ¨ª
¯à¨ −ã«¥¢®© £¨¯®â¥§¥ §�ª«îç�¥âáï ¢ â®¬, çâ® ¨å ãá«®¢−ë¥ ¯® ç¨á«ã áâã¯¥-
−¥ª à�á¯à¥¤¥«¥−¨ï áãâì á®®â¢¥âáâ¢¥−−® χ2-à�á¯à¥¤¥«¥−¨ï ¨ β-à�á¯à¥¤¥«¥−¨¥.
‚ à¥§ã«ìâ�â¥ æ¥−âà�«ì−®© áâ�−®¢¨âáï §�¤�ç� −�å®¦¤¥−¨ï τN (j) | ¢¥à®ïâ−®áâ¨
â®£®, çâ® ®. ¬. ¯. ¬®−®â®−−®£® âà¥−¤�, ¯®«ãç¥−−�ï ¯® N −�¡«î¤¥−¨ï¬, á®¤¥à¦¨â
j áâã¯¥−¥ª. ‚ [9] ¡ë«® ¤®ª�§�−®, çâ®

τN (j) =
|s(N, j)|

N !
, j = 1, . . . , N , (3)

£¤¥ s(N, j) | ç¨á«� ‘â¨à«¨−£� 1-£® à®¤�. �®§¦¥ ¡ë«® ®¡®á−®¢�−®, çâ® ¢ ª�-
ç¥áâ¢¥ µ∗ −¥ ®¡ï§�â¥«ì−® à�áá¬�âà¨¢�âì ¢ë¡®à®ç−®¥ áà¥¤−¥¥. ’�ª¨¬ ®¡à�§®¬,
¯®«ãç�¥¬:

Pr
{
χ20 ≤ u

}
=

N∑

j=1

τN (j) Pr
{
χ2j ≤ u

}
, u ≥ 0 ; (4)

Pr
{
χ2 ≤ u

}
=
1

N
+

N∑

j=2

τN (j) Pr
{
χ2j−1 ≤ u

}
, u > 0 ; (5)
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Pr
{
e2 ≤ u

}
=
1

N
+

N−1∑

j=2

τN (j) Pr
{
B(j−1)/2,(N−j)/2 ≤ u

}
, 0 < u < 1 ;

Pr
{
e2 = 1

}
=
1

N !
,







(6)

£¤¥χ2j | á«ãç�©−�ï ¢¥«¨ç¨−�, ¨¬¥îé�ïχ2-à�á¯à¥¤¥«¥−¨¥ á j áâ¥¯¥−ï¬¨ á¢®¡®¤ë;
Bs,t | á«ãç�©−�ï ¢¥«¨ç¨−�, ¨¬¥îé�ï β-à�á¯à¥¤¥«¥−¨¥ á ¯�à�¬¥âà�¬¨ (s, t).

’¥¯¥àì, ¢ ç�áâ−®áâ¨, ¬®¦−® −�©â¨ ¯¥à¢ë¥ á¥¬¨¨−¢�à¨�−âë à�á¯à¥¤¥«¥−¨©
áâ�â¨áâ¨ª ª. ®. ¯., çâ® −¥®¡å®¤¨¬® ¤«ï à¥è¥−¨ï §�¤�ç¨ �¯¯à®ªá¨¬�æ¨¨ íâ¨å
à�á¯à¥¤¥«¥−¨©. „«ï íâ®£® á−�ç�«� áâà®¨âáï å�à�ªâ¥à¨áâ¨ç¥áª�ï äã−ªæ¨ï ϕ(t)
à�á¯à¥¤¥«¥−¨ï áâ�â¨áâ¨ª¨, � §�â¥¬ −�å®¤ïâáï ¯¥à¢ë¥ á¥¬¨¨−¢�à¨�−âë. �®
�−�«®£¨¨ á ¤§¥â�-äã−ªæ¨¥© ÷¨¬�−� ¤«ï j = 1, 2, . . . ¢¢¥¤¥¬ ®¡®§−�ç¥−¨ï

ζN (j) =

N∑

s=1

1

sj
.

…á«¨ ¯®«®¦¨âì z = (1− 2it)−1/2, â® ¯®«ãç�¥¬:

lnϕχ2
0
(t) =

N∑

j=1

ln(z + j − 1)− lnN ! ;

lnϕχ2(t) = lnϕχ2
0
(t)− ln z ,

®âªã¤� á«¥¤ã¥â:

κ1
{
χ20

}
= κ1

{
χ2

}
+ 1 = ζN (1) ;

κ2
{
χ20

}
= κ2

{
χ2

}
+ 2 = 3ζN (1)− ζN (2) ;

κ3
{
χ20

}
= κ3

{
χ2

}
+ 8 = 15ζN (1) − 9ζN (2) + 2ζN (3) ;

. . .

‚ á«ãç�¥ à�á¯à¥¤¥«¥−¨ï áâ�â¨áâ¨ª¨ e2 á¨âã�æ¨ï −¥áª®«ìª® á«®¦−¥¥: á−�ç�«�
−�å®¤ïâáï ä�ªâ®à¨�«ì−ë¥ ¬®¬¥−âë µ[k]{l}, ¤�«¥¥ ®¡ëç−ë¥ ¬®¬¥−âë ¢ëà�¦�îâáï
ç¥à¥§ ä�ªâ®à¨�«ì−ë¥, çâ® ¯®§¢®«ï¥â ¯®«ãç¨âì ®¡ëç−ë¥ ¬®¬¥−âë ¤«ï e2. �â-
áî¤� áâ�−¤�àâ−ë¬ ®¡à�§®¬ −�å®¤ïâáï á¥¬¨¨−¢�à¨�−âë κj{e

2}, ª®â®àë¥ ¢ ¨â®£¥
¢ëà�¦�îâáï ç¥à¥§ ζN (j).

’¥¯¥àì ¬®¦−® ¯®«ãç¨âì �á¨¬¯â®â¨ç¥áª¨¥ ¯à¨ N → ∞ ¯à¥¤áâ�¢«¥−¨ï á¥¬¨-
¨−¢�à¨�−â®¢ ¨ á¤¥«�âì ¢ë¢®¤, çâ® à�á¯à¥¤¥«¥−¨ï ¢á¥å âà¥å áâ�â¨áâ¨ª, � â�ª-
¦¥ ¨ ç¨á«� áâã¯¥−¥ª ¯à¨ −ã«¥¢®© £¨¯®â¥§¥ áâà¥¬ïâáï ª −®à¬�«ì−®¬ã. �à¨
íâ®¬ «®£�à¨ä¬¨ç¥áª¨© å�à�ªâ¥à áå®¤¨¬®áâ¨ ãª�§ë¢�¥â −� ¯à®¡«¥¬�â¨ç−®áâì ¨á-
¯®«ì§®¢�−¨ï ¢ ¯à�ªâ¨ç¥áª¨å æ¥«ïå ¯à¨¡«¨¦¥−¨©, ®á−®¢�−−ëå −� −®à¬�«ì−®¬
à�á¯à¥¤¥«¥−¨¨.
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ˆá¯®«ì§®¢�−¨¥ à�−£®¢®£® �−�«®£� ªà¨â¥à¨ï ®â−®è¥-’�¡«¨æ� 1 ‡−�ç¥−¨ï
k(N), ®¡¥á¯¥ç¨¢�îé¨¥
¯à¨¬¥−¨¬®áâì �á¨¬¯â®-
â¨ç¥áª¨å à¥§ã«ìâ�â®¢

N k(N)
10{11 5
12{29 4
30{199 3

200{999 2
≥ 1000 1

−¨ï ¯à�¢¤®¯®¤®¡¨ï −� ¯à�ªâ¨ª¥ ®¯¨à�¥âáï −� �á¨¬¯â®-
â¨ç¥áª¨© à¥§ã«ìâ�â ® â®¬, çâ® ¯à¨ N → ∞ ¨ k → ∞
â�ª, çâ® n = const, áâ�â¨áâ¨ª� (2) ¨¬¥¥â â® ¦¥ à�á-
¯à¥¤¥«¥−¨¥, çâ® ¨ χ2. „¥«® ¢ â®¬, çâ® −®à¬¨à®¢�−−ë©
−�¤«¥¦�é¨¬ ®¡à�§®¢ ¢¥ªâ®à ç�áâ−ëå áà¥¤−¨å à�−£®¢
áâà¥¬¨âáï ¯® à�á¯à¥¤¥«¥−¨î ª ¢¥ªâ®àã ç�áâ−ëå áà¥¤−¨å
−®à¬�«ì−® à�á¯à¥¤¥«¥−−ëå ¢¥«¨ç¨− á ®¤−¨¬ ¨ â¥¬ ¦¥
¬�â¥¬�â¨ç¥áª¨¬ ®¦¨¤�−¨¥¬ ¨ −¥ª®â®à®© ä¨ªá¨à®¢�−−®©
¤¨á¯¥àá¨¥©, á¬¥é¥−−ëå ®¡é¨¬ ¢ë¡®à®ç−ë¬ áà¥¤−¨¬.

‘®áâ�¢¨âì ¯à¥¤áâ�¢«¥−¨¥ ® à¥�«ì−ëå ¢®§¬®¦−®áâïå
¯à®æ¥¤ãàë, ®á−®¢�−−®© −� à�−£�å, ã¤�¥âáï ¡«�£®¤�àï

¬®¤¥«¨à®¢�−¨î ¯®¢¥¤¥−¨ï áâ�â¨áâ¨ª¨ ªà¨â¥à¨ï. ‚ ç�áâ−®áâ¨, ¯à¨ à�§«¨ç−ëå
§−�ç¥−¨ïå n −�å®¤¨«áï â�ª®© ¬¨−¨¬�«ì−ë© ®¡ê¥¬ ¢ë¡®àª¨ N , ¯à¨ ª®â®à®¬
§−�ç¥−¨ï ªà¨â¨ç¥áª®£® ãà®¢−ï §−�ç¨¬®áâ¨ ¯à¨ áà�¢−¥−¨¨ £¨¯®â¥â¨ç¥áª¨å ç�á-
â®â ¨ á®®â¢¥âáâ¢ãîé¨å í¬¯¨à¨ç¥áª¨å ç�áâ®â ú¯à�ªâ¨ç¥áª¨û á®¢¯�¤�«¨. �â®
¯®§¢®«¨«® −�©â¨ ®æ¥−ª¨ k(N), ®¡¥á¯¥ç¨¢�îé¨¥ ¯à¨¬¥−¨¬®áâì �á¨¬¯â®â¨ç¥áª¨å
à¥§ã«ìâ�â®¢ (â�¡«. 1).

ƒà®¬®§¤ª®áâì ¯®«ãç¥−−ëå ¯à¥¤áâ�¢«¥−¨© (4){(6) ¢ë−ã¦¤�¥â ¢ ¯¥à¢ãî ®ç¥à¥¤ì
®¡à�â¨âì ¢−¨¬�−¨¥ −� ãá«®¢−ë¥ ¢�à¨�−âë ªà¨â¥à¨¥¢: à¥è¥−¨¥ ¯à¨−¨¬�¥âáï ¯à¨
¯®à®£¥, −�©¤¥−−®¬ ¢ §�¢¨á¨¬®áâ¨ ®â −�¡«î¤¥−−®£® §−�ç¥−¨ï l. �®«−®áâìî ®¯à�¢-
¤�−−ë¬ â�ª®© ¯®¤å®¤ ®ª�¦¥âáï â®«ìª® ¢ â®¬ á«ãç�¥, ¥á«¨ ç¨á«® áâã¯¥−¥ª −¥ ¨¬¥¥â
−¨ª�ª®£® ®â−®è¥−¨ï ª ¯à®¡«¥¬¥ à¥è¥−¨ï. �à¨¡¥£�ï ª ¬¥â®¤ã ¬®¤¥«¨à®¢�−¨ï,
−¥âàã¤−® ¢ëïá−¨âì, çâ® íâ® −¥ â�ª, ¨ ¯®íâ®¬ã ¨á¯®«ì§®¢�âì ãá«®¢−ë© ªà¨â¥à¨©
¯® ¢®§¬®¦−®áâ¨ −¥ á«¥¤ã¥â.

3 Практика применения

�à¨¬¥−¥−¨¥ ªà¨â¥à¨ï §−�ç¨¬®áâ¨ −� ¯à�ªâ¨ª¥ á¢ï§�−® á −¥®¡å®¤¨¬®áâìî íä-
ä¥ªâ¨¢−® à¥è�âì §�¤�ç¨ ¢ëç¨á«¥−¨ï §−�ç¥−¨© äã−ªæ¨© à�á¯à¥¤¥«¥−¨ï áâ�â¨áâ¨ª
¨ −�å®¦¤¥−¨ï á®®â¢¥âáâ¢ãîé¨å ª¢�−â¨«¥©. ‚ á«ãç�¥ �−�«¨§� ¬®−®â®−−®£® âà¥−¤�
¡ë«¨ ¨áá«¥¤®¢�−ë ¤¢� ¯ãâ¨: ¯àï¬®©, ª®£¤� −¥¯®áà¥¤áâ¢¥−−® ¨á¯®«ì§®¢�«¨áì (3){
(6), ¨ ¯ãâì �¯¯à®ªá¨¬�æ¨¨ ¨áå®¤−ëå à�á¯à¥¤¥«¥−¨© ¨§¢¥áâ−ë¬¨.

ˆ§ ¢ëà�¦¥−¨ï ¤«ï ¯à®¨§¢®¤ïé¥© äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ¥© ç¨á«�
áâã¯¥−¥ª ¯®«ãç�¥¬:

NτN (j) = (N − 1)τN−1(j) +
1

N − 1
[(N − 1)τN−1(j − 1)] , j = 2, . . . , N .

‘«¥¤®¢�â¥«ì−®, ¢ ®á−®¢ã −�å®¦¤¥−¨ï τN (j) ¬®£ãâ ¡ëâì ¯®«®¦¥−ë á®®â−®è¥−¨ï:

“τj(0) = 0 , “τj(j + 1) = 0 ¤«ï j = 1, . . . , N − 1 ;

“τj(1) = 1 ;
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“τj(s) = “τj−1(s) +
1

j − 1
“τj−1(s − 1) ¤«ï j = 2, . . . , N ¨ s = 1, . . . , j ;

τN (j) =
1

N
“τN (j) ¤«ï j = 1, . . . , N .

„«ï â®£® çâ®¡ë á−ïâì ¢®¯à®á ® ¢®§−¨ª�îé¨å ¯à¨ ¨á¯®«ì§®¢�−¨¨ à¥ªãàà¥−â-
−ëå á®®â−®è¥−¨© ¢ëç¨á«¨â¥«ì−ëå ¯®£à¥è−®áâïå, ¯à¨è«®áì ®¡à�â¨âìáï ª �«-
£®à¨â¬�¬ ¤«¨−−®© æ¥«®ç¨á«¥−−®© �à¨ä¬¥â¨ª¨, ¯®§¢®«ïîé¨¬ ¯à�ªâ¨ç¥áª¨ ¤«ï
«î¡®£® ¡®«ìè®£® §−�ç¥−¨ï N −�å®¤¨âì ç¨á«� ‘â¨à«¨−£� 1-£® à®¤�. �®á«¥ íâ®£®
áâ�«® ¢®§¬®¦−ë¬ ¯®«ãç�âì â®ç−ë¥ §−�ç¥−¨ï “τN (j) ¢ ¢¨¤¥ ç¨á«¨â¥«ï ¨ §−�¬¥−�-
â¥«ï (3), � §�â¥¬ ¯à®¢®¤¨âì ®æ¥−¨¢�−¨¥ â®ç−®áâ¨ ¢ëç¨á«¥−¨ï τN (j), −�©¤¥−−ëå
á ¯®¬®éìî ®¡ëç−ëå ¬�è¨−−ëå ®¯¥à�æ¨© ¤«ï 8-¡�©â®¢ëå ç¨á¥« á ¯«�¢�îé¥©
§�¯ïâ®©. ’�ª¨¬ ®¡à�§®¬, ¯àï¬ë¬¨ ¢ëç¨á«¥−¨ï¬¨ ¡ë«® ¯®ª�§�−®, çâ®

max
N≤105

max
j=1,...,N

|τN (j) − “τN (j)| < 2,5 · 10
−16 ,

� íâ® ¯®«−®áâìî ã¤®¢«¥â¢®àï¥â âà¥¡®¢�−¨ï¬ ª â®ç−®áâ¨ ¯à¨ ¢ëç¨á«¥−¨ïå §−�-
ç¥−¨© äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï. ’�ª¨¬ ®¡à�§®¬, −�å®¦¤¥−¨¥ ¢¥á®¢ ¢ á¬¥áïå
à�á¯à¥¤¥«¥−¨© â¨¯� (4){(6) ¢®§¬®¦−® ¯® à¥ªãàà¥−â−ë¬ ä®à¬ã«�¬ á ¯®¬®éìî
®¡ëç−ëå ¬�è¨−−ëå ®¯¥à�æ¨©.

‘−¨¦¥−¨ï ¢à¥¬¥−− �ëå §�âà�â ¯à¨ á®§¤�−¨¨ á®®â¢¥âáâ¢ãîé¨å áâ�−¤�àâ−ëå
¯à®æ¥¤ãà ¬®¦−® ¤®¡¨âìáï á ¯®¬®éìî ¤¢ãå ¯à¨¥¬®¢:

(1) ¢ëç¨á«ïï ¨ á®åà�−ïï ®¯®à−ë¥ −�¡®àë {τN (1), τN (2), . . .} ¯à¨ à�§«¨ç−ëå
§−�ç¥−¨ïå N , ªà�â−ëå ª�ª®¬ã-«¨¡® §−�ç¥−¨î (−�¯à¨¬¥à, 103), � §�â¥¬
¯¥à¥áç¨âë¢�ï ¢¥à®ïâ−®áâ¨ −� ¨å ®á−®¢¥ ¤® ¡«¨¦�©è¥£® −ã¦−®£® N ¯®
¯àï¬ë¬ ¨«¨ ®¡à�â−ë¬ à¥ªãàà¥−â−ë¬ á®®â−®è¥−¨ï¬;

(2) á®ªà�é�ï ª®«¨ç¥áâ¢® ¢ëç¨á«ï¥¬ëå τN (j), ®à¨¥−â¨àãïáì −� §�¤�¢�¥¬ë¥
®è¨¡ª¨ ¢ëç¨á«¥−¨©.

�®á«¥¤−¨© á¯®á®¡ ¢®áâà¥¡®¢�− ¥é¥ ¨ ¯®â®¬ã, çâ® −¥¯®áà¥¤áâ¢¥−−®¥ ¨á¯®«ì§®-
¢�−¨¥ (4){(6) ¢áâà¥ç�¥â §−�ç¨â¥«ì−ë¥ âàã¤−®áâ¨ ¤�¦¥ ¯à¨ ã¬¥à¥−−ëå §−�ç¥−¨ïåN
(¢ëç¨á«¥−¨¥ §−�ç¥−¨© χ2- ¨«¨ β-à�á¯à¥¤¥«¥−¨© á�¬® ¯® á¥¡¥ ¤®áâ�â®ç−® âàã-
¤®¥¬ª®). �� ¯®¬®éì ¯à¨å®¤¨â á¢®©áâ¢® à�á¯à¥¤¥«¥−¨ï l: ®−® á®áà¥¤®â®ç¥−®
¢ ¤®áâ�â®ç−® ã§ª®© ®¡«�áâ¨, á¬¥é�îé¥©áï ¢ ¡¥áª®−¥ç−®áâì á à®áâ®¬ N á® áª®-
à®áâìî lnN . ’�ª¨¬ ®¡à�§®¬, −�ç¨−�ï á −¥ª®â®à®£® á«�£�¥¬®£®, ç�áâì áã¬¬ë
®¡é¥£® ¢¨¤�

∑N
j=1 τN (j)Fj(u), £¤¥ Fj(u) ≤ 1, ®ª�¦¥âáï ¯à¥−¥¡à¥¦¨¬® ¬�«�.

„«ï íâ®£® ¤®áâ�â®ç−® −�©â¨ â�ª®¥ ¬¨−¨¬�«ì−®¥ m(N, ε), çâ®

N∑

j=m(N,ε)+1

τN (j) ≤ ε . (7)
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�®á«¥¤−¥¥ −¥à�¢¥−áâ¢® à¥è�¥âáï ¯àï-

÷¨á. 1 ‡�¢¨á¨¬®áâì ®â N ç¨á«� á«�-
£�¥¬ëå m(N, 10−4), £�à�−â¨àãîé¥£® ¯à¨
¢ëç¨á«¥−¨¨ äã−ªæ¨¨ á¬¥á¨ à�á¯à¥¤¥«¥−¨©
�¡á®«îâ−ãî ¯®£à¥è−®áâì 10−4

’�¡«¨æ� 2 �â¤¥«ì−ë¥ §−�ç¥−¨ï m(N, ε)

ε
N

10 102 103 104

10−4 8 14 18 22
10−8 10 19 25 30
10−12 10 23 30 32

÷¨á. 2 �à¥¤áâ�¢«¥−¨¥ à�á¯à¥¤¥«¥−¨©
¢ ¯«®áª®áâ¨ ª®íää¨æ¨¥−â®¢ �á¨¬¬¥âà¨¨ β1
¨ íªáæ¥áá� β2

¬ë¬ ¯¥à¥¡®à®¬. …á«¨ §�¤�âì ¯®£à¥è-
−®áâì ¢ ¢¨¤¥ ε = 10−p, â® (7) ¬®¦−®
§�¬¥−¨âì −¥à�¢¥−áâ¢®¬

m(N,ε)
∑

j=1

s(N, j) ≥ N !−

[
N !

10p

]

,

ª®â®à®¥ ã¦¥ à¥�«¨§ã¥¬® á ¯®¬®éìî
¤«¨−−®© æ¥«®ç¨á«¥−−®© �à¨ä¬¥â¨ª¨.
�® ®¡ëç−ëå ®¯¥à�æ¨© á ¯«�¢�îé¥©
â®çª®© ¯à¨ −�å®¦¤¥−¨ï τN (j) ®ª�§ë-
¢�¥âáï ¢¯®«−¥ ¤®áâ�â®ç−®.

•�à�ªâ¥à ¯®«ãç�îé¨åáï à¥§ã«ì-
â�â®¢ ¢¨¤¥− ¨§ à¨á. 1: −¥®¡å®¤¨-
¬ë «¨èì ¤¥áïâª¨ í«¥¬¥−â®¢ á¬¥á¨,
çâ®¡ë ª®àà¥ªâ−® ¨á¯®«ì§®¢�âì ª. ®. ¯.
−� ¯à�ªâ¨ª¥. Šà®¬¥ â®£®, á®£«�á−®
â�¡«. 2, §−�ç¥−¨ï m(N, ε) ®áâ�îâáï
ú¯à�ªâ¨ç−ë¬¨û ¯à¨ à®áâ¥ âà¥¡®¢�−¨©
ª â®ç−®áâ¨ ¢ëç¨á«¥−¨© ε: −�¯à¨¬¥à,
¤«ï ¯à¥¤¥«ì−ëå §−�ç¥−¨© ¯�à�¬¥âà®¢
N, ε á«®¦−®áâì ¢ëç¨á«¥−¨ï §−�ç¥−¨©
äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï ¯®-¯à¥¦−¥¬ã
á−¨¦�¥âáï ¡®«¥¥ ç¥¬ −� ¤¢� ¯®àï¤ª�.

�à¨ �¯¯à®ªá¨¬�æ¨¨ à�á¯à¥¤¥«¥-
−¨© áâ�â¨áâ¨ª ª. ®. ¯. ®â¯à�¢−®© â®ç-
ª®© áâ�« ¢ë¡®à −�¨¡®«¥¥ ¯®¤å®¤ï-
é¨å ¤«ï íâ¨å æ¥«¥© à�á¯à¥¤¥«¥−¨©.
„«ï íâ®£® ¢ ¯«®áª®áâ¨ ª®íää¨æ¨¥−-
â®¢ �á¨¬¬¥âà¨¨ β1 ¨ íªáæ¥áá� β2 ¡ë-
«¨ ¯®áâà®¥−ë ¨§®¡à�¦¥−¨ï ¨§¢¥áâ−ëå
à�á¯à¥¤¥«¥−¨©, ¤«ï ª®â®àëå ¤®áâã¯−ë
¯à¥¤áâ�¢«¥−¨ï á¥¬¨¨−¢�à¨�−â®¢. …á-
«¨ ¯à¨−ïâì ®¯à¥¤¥«¥−¨ï β1 = κ23/κ

3
2

¨ β2 = κ4/κ
2
2 + 3, â® ¢ ª�ç¥áâ¢¥ ¨«-

«îáâà�æ¨¨ −� à¨á. 2 ®âà�¦¥−ë á«ã-
ç�¨ −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï (ç¥à-
−ë© ªàã¦®ª), ®¤−®¯�à�¬¥âà¨ç¥áª®£®

£�¬¬�-à�á¯à¥¤¥«¥−¨ï γp (èâà¨å®¢�ï ¯®«ã¯àï¬�ï ¢¨¤� β2 = (3/2)β1+3), χ2-à�á-
¯à¥¤¥«¥−¨ï ¢ ¢¨¤¥ á¯«®è−®© «¨−¨¨ ¨§ â®ç¥ª, ª®â®à�ï «¨èì �á¨¬¯â®â¨ç¥áª¨ ¤�¥â
¯àï¬ãî, ®â«¨ç�îéãîáï ®â èâà¨å®¢®© ¯®«ã¯àï¬®©. ˆ¬¥−−® ¢�à¨�−â £�¬¬�-à�á-
¯à¥¤¥«¥−¨ï ®ª�§�«áï −�¨¡®«¥¥ ¯®¤å®¤ïé¨¬ ¯à¨ �¯¯à®ªá¨¬�æ¨¨ à�á¯à¥¤¥«¥−¨©
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÷�á¯à¥¤¥«¥−¨ï áâ�â¨áâ¨ª ®â−®è¥−¨ï ¯à�¢¤®¯®¤®¡¨ï ¤«ï ¢ëï¢«¥−¨ï ¬®−®â®−−®£® âà¥−¤�

¢á¥å âà¥å áâ�â¨áâ¨ª ª. ®. ¯. ®¡−�àã¦¥−¨ï âà¥−¤�. ‚ ª�ç¥áâ¢¥ ¯à¨¡«¨¦¥−¨ï ¨á¯®«ì-
§®¢�«�áì «¨−¥©−�ï ª®¬¡¨−�æ¨ï ¢¨¤� aγp + b, −¥¨§¢¥áâ−ë¥ ¢¥«¨ç¨−ë ª®â®à®© p, a
¨ b ®¯à¥¤¥«ï«¨áì ®¡ëç−ë¬ ®¡à�§®¬ ç¥à¥§ á¥¬¨¨−¢�à¨�−âë à�á¯à¥¤¥«¥−¨© (4){(6).

ƒà�ä¨ª¨ à¨á. 2 ¤¥¬®−áâà¨àãîâ â�ª¦¥ −¥¯à�ªâ¨ç−®áâì −®à¬�«ì−®© �¯¯à®ªá¨-
¬�æ¨¨: −� «¨−¨¨ χ2-à�á¯à¥¤¥«¥−¨ï ç¥à−ë¬¨ âà¥ã£®«ì−¨ª�¬¨ ¯®¬¥ç¥−ë â®çª¨,
®â¢¥ç�îé¨¥ ®â¤¥«ì−ë¬ §−�ç¥−¨ï¬ ¯�à�¬¥âà� N . ‚¨¤−®, çâ® ¤�¦¥ ¤«ï ¡®«ìè¨å
®¡ê¥¬®¢ ¢ë¡®àª¨ ¤® â®çª¨ (0, 3), ®â¢¥ç�îé¥© á¥¬¥©áâ¢ã −®à¬�«ì−ëå à�á¯à¥¤¥«¥-
−¨©, ªà�©−¥ ú¤�«¥ª®û. „«ï áà�¢−¥−¨ï ãª�§�− á«ãç�© ®¡ëç−®£® χ2-à�á¯à¥¤¥«¥−¨ï
á ç¨á«®¬ áâ¥¯¥−¥© á¢®¡®¤ë ν = 100 (ç¥à−ë© ª¢�¤à�â), ¤«ï ª®â®à®£® ®¡é¥¯à¨−ïâ®
¯à¨¬¥−¥−¨¥ −®à¬�«ì−®£® ¯à¨¡«¨¦¥−¨ï.

4 Заключение

�®¤å®¤, ®á−®¢�−−ë© −� ¬®¤¥«¨ ¬®−®â®−−ëå ¨§¬¥−¥−¨©, −¥ç�áâ® ¨á¯®«ì§ã¥âáï
−� ¯à�ªâ¨ª¥ ¨ á«�¡® ®á¢¥é¥− ¢ «¨â¥à�âãà¥; ¥£® ¯à¨¬¥−¥−¨¥ ¯®§¢®«ï¥â −¥ â®«ìª®
áâà®¨âì ¯à®æ¥¤ãàë áâ�â¨áâ¨ç¥áª®£® ª®−âà®«ï ¨áâ®ç−¨ª� ¤�−−ëå, −® ¨ á ¥¤¨-
−®© â®çª¨ §à¥−¨ï ¢§£«ï−ãâì −� ¥é¥ −¥ ¨§¢¥áâ−ë¥ §�ª®−ë ¨§¬¥−¥−¨© ¨ ¢¥áâ¨ ¨å
¯«�−®¬¥à−®¥ ¨áá«¥¤®¢�−¨¥. �®ª� ¥é¥ −¥¤®áâ�â®ç−® à�§à�¡®â�−−ãî ®¡«�áâì ®−
®âªàë¢�¥â ¨ ¢ â¥®à¥â¨ç¥áª®¬ ¯«�−¥. ‡¤¥áì ¨áá«¥¤®¢�â¥«ì ¢áâà¥ç�¥âáï á §�¤�ç�¬¨,
−�¨¡®«¥¥ á«®¦−ë¬¨ ¢ ¨¥à�àå¨¨ ¯à®¡«¥¬ áâ�â¨áâ¨ª¨: ®æ¥−¨¢�−¨¥ ¯à¨ ®£à�−¨-
ç¥−¨ïå ¨ ¢ ãá«®¢¨ïå á®¢¯�¤¥−¨ï à�§¬¥à−®áâ¨ ¯�à�¬¥âà¨ç¥áª®£® ¨ ¢ë¡®à®ç−®£®
¯à®áâà�−áâ¢, � â�ª¦¥ ¯à®¢¥àª� ¬−®¦¥áâ¢� á«®¦−ëå £¨¯®â¥§.

�á®¡ãî à®«ì ¨£à�¥â ¯à¨ª«�¤−®© �á¯¥ªâ ¯à®¡«¥¬ë áâ�â¨áâ¨ç¥áª®£® �−�«¨§�.
‘î¤� ¢å®¤¨â è¨à®ª¨© á¯¥ªâà §�¤�ç ®â ®¡®á−®¢�−¨ï ¦¨§−¥á¯®á®¡−®áâ¨ à�§à�¡�-
âë¢�¥¬®£® ¯®¤å®¤� ¤® ®¡¥á¯¥ç¥−¨ï ¥£® ¨á¯®«ì§®¢�−¨ï ¢ à¥�«ì−ëå ãá«®¢¨ïå. Š®-
«¨ç¥áâ¢® á®®â¢¥âáâ¢ãîé¨å ¯ã¡«¨ª�æ¨© ¨áç¨á«ï¥âáï ¥¤¨−¨æ�¬¨, ¨ ¯à¨ç¨−� â�ª®©
úå®«®¤−®áâ¨û ¨áá«¥¤®¢�â¥«¥© ª ¯à�ªâ¨ç¥áª¨¬ ¢®¯à®á�¬ §�ª«îç�¥âáï ¢ á«®¦−®áâ¨
¯à¥¤«�£�¥¬®£® �¯¯�à�â� ¨ ¡®«ìè®© âàã¤®¥¬ª®áâ¨ ¯à®æ¥¤ãà ®¡à�¡®âª¨ ¤�−−ëå.

ˆ¤¥ï áâã¯¥−ç�â®£® ¯à¥¤áâ�¢«¥−¨ï ®. ¬. ¯. ¬®−®â®−−®£® âà¥−¤� ¯®§¢®«¨«� ¬�ª-
á¨¬�«ì−® ¯à®ïá−¨âì ¨ ã¯à®áâ¨âì ¢ë¢®¤ à�á¯à¥¤¥«¥−¨© áâ�â¨áâ¨ª ªà¨â¥à¨ï ®â−®-
è¥−¨ï ¯à�¢¤®¯®¤®¡¨ï ¯à¨ ãá«®¢¨¨ á¯à�¢¥¤«¨¢®áâ¨ −ã«¥¢®© £¨¯®â¥§ë ¨ ®ª�§�«�áì
¢¥áì¬� ¯à®¤ãªâ¨¢−®© ¯à¨ ¯®«ãç¥−¨¨ −®¢ëå à¥§ã«ìâ�â®¢ ® ¢ë¡®à®ç−ëå á¢®©áâ¢�å
í«¥¬¥−â®¢ ®æ¥−ª¨.
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DISTRIBUTIONS OF LIKELIHOOD RATIO STATISTICS
FOR MONOTONE TREND DETECTION
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Federal Research Center \Computer Science and Control" of the Russian Academy
of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation

Abstract: The problem of analyzing a monotonic trend is considered. The model
is based on the change in the mean of the normal distribution, for which the
distributions of the likelihood ratio statistics are mixtures of chi-square or beta
distributions with weights determined through the Stirling numbers of the first
kind. The questions of approximation of these distributions are investigated. An
effective method for calculating significance criteria by discarding insignificant
elements of a mixture is proposed which makes it possible to reduce the complexity
of calculations by several orders of magnitude. The issues of expanding the
criteria for analyzing the trend of the mean normal distribution to procedures
for identifying stochastic ordering are discussed. For these purposes, the authors
apply the monotonic trend criterion for the averaged ranks, the statistics of which,
in the absence of changes, is distributed as a mixture of chi-square distributions.
The use of a graded assessment structure was of fundamental importance: it was
possible not only to obtain original results, but also to ensure the viability of the
proposed solutions.

Keywords: monotone trend; likelihood ratio test; nonparametric trend detection;
asymptotic distribution; probability distribution approximation
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ПОСТКВАНТОВАЯ СХЕМА ЦИФРОВОЙ ПОДПИСИ
НА АЛГЕБРЕ МАТРИЦ

Д. Н. Молдовян1, А. А. Молдовян2, Н. А. Молдовян3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¢®¯à®á ¨á¯®«ì§®¢�−¨ï ª®−¥ç−®© ¬ã«ìâ¨¯«¨ª�-
â¨¢−®© £àã¯¯ë ®¡à�â¨¬ëå ¬�âà¨æ à�§¬¥à−®áâ¨ 2 × 2, §�¤�−−ëå −�¤ ¯®«¥¬
GF(p), ª�ª �«£¥¡à�¨ç¥áª®£® −®á¨â¥«ï áå¥¬ æ¨äà®¢®© ¯®¤¯¨á¨, ®á−®¢�−−ëå
−� ¢ëç¨á«¨â¥«ì−®© âàã¤−®áâ¨ áªàëâ®© §�¤�ç¨ ¤¨áªà¥â−®£® «®£�à¨ä¬¨à®¢�-
−¨ï (‘‡„‹) ¨ ã¤®¢«¥â¢®àïîé¨å ®¡é¥¬ã ªà¨â¥à¨î ¯®áâª¢�−â®¢®© áâ®©ª®áâ¨.
�®ª�§�−® áãé¥áâ¢®¢�−¨¥ ¤®áâ�â®ç−® ¡®«ìè®£® ç¨á«� ª®¬¬ãâ�â¨¢−ëå ¯®¤-
£àã¯¯, ®¡«�¤�îé¨å ¤¢ãå¬¥à−®© æ¨ª«¨ç−®áâìî, çâ® ¨á¯®«ì§®¢�−® ¯à¨ ¯®áâà®-
¥−¨¨ ª®−ªà¥â−®© áå¥¬ë ¯®¤¯¨á¨, ¯à¥¤áâ�¢«ïîé¥© ¨−â¥à¥á ª�ª ¯®áâª¢�−â®¢�ï
ªà¨¯â®áå¥¬�. ‚ à�§à�¡®â�−−®© áå¥¬¥ ¯®¤¯¨á¨ ¯à¨¬¥−¥−� −®¢�ï ä®à¬� §�¤�-
−¨ï ‘‡„‹, ª®â®à�ï å�à�ªâ¥à¨§ã¥âáï ¨á¯®«ì§®¢�−¨¥¬ ª®¬¬ãâ�â¨¢−®© £àã¯¯ë
á ¤¢ãå¬¥à−®© æ¨ª«¨ç−®áâìî ¢ ª�ç¥áâ¢¥ áªàëâ®© £àã¯¯ë ¨ ¬�áª¨àãîé¨å
®¯¥à�æ¨© ¤¢ãå à�§−ëå â¨¯®¢: (1) ®¡«�¤�îé¨å á¢®©áâ¢®¬ ¢§�¨¬−®© ª®¬¬ãâ�-
â¨¢−®áâ¨ á ®¯¥à�æ¨¥© íªá¯®−¥−æ¨à®¢�−¨ï ¨ (2) á¢®¡®¤−ëå ®â íâ®£® á¢®©áâ¢�.
„«ï ®¡¥á¯¥ç¥−¨ï ª®àà¥ªâ−®áâ¨ à�¡®âë ªà¨¯â®áå¥¬ë ¢ ¯à®æ¥¤ãà¥ ¯à®¢¥àª¨
¯®¤«¨−−®áâ¨ ¯®¤¯¨á¨ ¯à¨¬¥−ï¥âáï ¯à®¢¥à®ç−®¥ ãà�¢−¥−¨¥ á¯¥æ¨�«ì−®£® ¢¨-
¤�, � ¯à¨ £¥−¥à�æ¨¨ ¯®¤¯¨á¨ ®¤¨− ¨§ í«¥¬¥−â®¢ ¯®á«¥¤−¥© ¢ëç¨á«ï¥âáï ª�ª
ª®à¥−ì ª¢�¤à�â−®£® ãà�¢−¥−¨ï.

Š«îç¥¢ë¥ á«®¢�: ª®−¥ç−�ï £àã¯¯� ¬�âà¨æ; ¢ëç¨á«¨â¥«ì−® âàã¤−�ï §�¤�ç�;
¤¨áªà¥â−ë© «®£�à¨ä¬; æ¨äà®¢�ï ¯®¤¯¨áì; ¯®áâª¢�−â®¢�ï ªà¨¯â®£à�ä¨ï
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1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¤«ï §�é¨âë ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã-
−¨ª�æ¨®−−ëå á¨áâ¥¬�å è¨à®ª® ¯à¨¬¥−ïîâáï ¤¢ãåª«îç¥¢ë¥ ªà¨¯â®£à�ä¨ç¥áª¨¥
�«£®à¨â¬ë, ª®â®àë¥ ®á−®¢�−ë −� ¢ëç¨á«¨â¥«ì−®© âàã¤−®áâ¨ §�¤�ç¨ ä�ªâ®à¨-
§�æ¨¨ ¨ §�¤�ç¨ ¤¨áªà¥â−®£® «®£�à¨ä¬¨à®¢�−¨ï (‡„‹). �®á«¥¤−ïï ¬®¦¥â ¡ëâì
à¥è¥−� −� ª¢�−â®¢®¬ ª®¬¯ìîâ¥à¥ §� ¯®«¨−®¬¨�«ì−®¥ ¢à¥¬ï [1, 2], ¯®íâ®¬ã
®¦¨¤�¥¬®¥ ¢ ¡«¨¦�©è¥¬ ¡ã¤ãé¥¬ ¯®ï¢«¥−¨¥ ¯à�ªâ¨ç¥áª¨ ¤®áâã¯−ëå ª¢�−â®-
¢ëå ¢ëç¨á«¨â¥«¥© ¨ ¤«¨â¥«ì−®áâì ¯à®æ¥áá� ¯à¨−ïâ¨¨ −®¢ëå ªà¨¯â®£à�ä¨ç¥áª¨å

1‘�−ªâ-�¥â¥à¡ãà£áª¨© ¨−áâ¨âãâ ¨−ä®à¬�â¨ª¨ ¨ �¢â®¬�â¨§�æ¨¨ ÷�� ‘�−ªâ-�¥â¥à¡ãà£áª®£®
”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� ÷��, mdn.spectr@mail.ru

2‘�−ªâ-�¥â¥à¡ãà£áª¨© ¨−áâ¨âãâ ¨−ä®à¬�â¨ª¨ ¨ �¢â®¬�â¨§�æ¨¨ ÷�� ‘�−ªâ-�¥â¥à¡ãà£áª®£®
”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� ÷��, maa1305@yandex.ru

3‘�−ªâ-�¥â¥à¡ãà£áª¨© ¨−áâ¨âãâ ¨−ä®à¬�â¨ª¨ ¨ �¢â®¬�â¨§�æ¨¨ ÷�� ‘�−ªâ-�¥â¥à¡ãà£áª®£®
”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� ÷��, nmold@mail.ru
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�®áâª¢�−â®¢�ï áå¥¬� æ¨äà®¢®© ¯®¤¯¨á¨ −� �«£¥¡à¥ ¬�âà¨æ

áâ�−¤�àâ®¢ ®¡ãá«®¢¨«¨ ¢ëá®ªãî áâ¥¯¥−ì �ªâã�«ì−®áâ¨ à�§à�¡®âª¨ ¯®áâª¢�−â®¢ëå
¤¢ãåª«îç¥¢ëå ªà¨¯â®áå¥¬ ¨ áâ�−¤�àâ®¢ −� ¨å ®á−®¢¥ [3, 4].

„«ï à�§à�¡®âª¨ ¯à�ªâ¨ç−ëå ¯®áâª¢�−â®¢ëå áå¥¬ í«¥ªâà®−−®© æ¨äà®¢®©
¯®¤¯¨á¨ (�–�) ¯à¥¤áâ�¢«ï¥â ¨−â¥à¥á ¨á¯®«ì§®¢�−¨¥ ¢ëç¨á«¨â¥«ì−®© âàã¤-
−®áâ¨ ‘‡„‹, §�¤�¢�¥¬®© ¢ ª®−¥ç−ëå −¥ª®¬¬ãâ�â¨¢−ëå �áá®æ¨�â¨¢−ëå �«£¥¡à�å
(Š���) [5], ¨ ®¡é¥£® ªà¨â¥à¨ï ¯®áâª¢�−â®¢®© áâ®©ª®áâ¨ [6].

‘ æ¥«ìî ¯®¢ëè¥−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨ áå¥¬ �–�, ®á−®¢�−−ëå −� ‘‡„‹
¨ ã¤®¢«¥â¢®àïîé¨å ãª�§�−−®¬ã ªà¨â¥à¨î, ¢ −�áâ®ïé¥© à�¡®â¥ à�áá¬�âà¨¢�¥âáï
¢®¯à®á ¯à¨¬¥−¥−¨ï ª®−¥ç−ëå £àã¯¯ ®¡à�â¨¬ëå ¬�âà¨æ, §�¤�−−ëå −�¤ ¯à®áâë¬
ª®−¥ç−ë¬ ¯®«¥¬ GF(p), ¢ ª�ç¥áâ¢¥ �«£¥¡à�¨ç¥áª®£® −®á¨â¥«ï.

2 Общий критерий постквантовой стойкости

�ãáâì §�¤�− £¥−¥à�â®à G æ¨ª«¨ç¥áª®© £àã¯¯ë, ¨¬¥îé¥© ¯à®áâ®¥ §−�ç¥−¨¥
¯®àï¤ª� q, ¨ −¥ª®â®àë© í«¥¬¥−â Y ′, ¢ëç¨á«¥−−ë© ¯® ä®à¬ã«¥ Y ′ = Gx, £¤¥ x |
−¥¨§¢¥áâ−®¥ −�âãà�«ì−®¥ ç¨á«® (x < q). ‡�¤�ç� ¢ëç¨á«¥−¨ïx¯® ¨§¢¥áâ−ë¬G¨Y ′

−�§ë¢�¥âáï ‡„‹. ˆ§¢¥áâ−ë© �«£®à¨â¬ à¥è¥−¨ï ‡„‹ −� ª¢�−â®¢®¬ ª®¬¯ìîâ¥à¥
á¢ï§�− á ¯®áâà®¥−¨¥¬ ¯¥à¨®¤¨ç¥áª®© äã−ªæ¨¨ f(i, j) = Y ′iGj, £¤¥ i ¨ j |
¯�à� æ¥«ëå ç¨á¥«, ¯à¨−¨¬�îé¥© §−�ç¥−¨ï ¢ ª®−¥ç−®© æ¨ª«¨ç¥áª®© £àã¯¯¥.
ƒ¨¯®â¥â¨ç¥áª¨© ª¢�−â®¢ë© ¢ëç¨á«¨â¥«ì ¯®§¢®«ï¥â §� ¯®«¨−®¬¨�«ì−®¥ ¢à¥¬ï
−�©â¨ ¤«¨−ë ¯¥à¨®¤®¢ äã−ªæ¨¨ f(i, j), ¢ â®¬ ç¨á«¥ ¨ §−�ç¥−¨¥ (−1, x), ª®â®à®¥
ï¢«ï¥âáï ¤«¨−®© ®¤−®£® ¨§ ¯¥à¨®¤®¢:

Y ′iGj = Y ′(i−1)Gj+x ⇒ f(i, j) = f(i− 1, j + x).

‚ áå¥¬�å �–�, ®á−®¢�−−ëå −� ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨ ‘‡„‹, ¢ ª�-
ç¥áâ¢¥ ¡�§®¢®© ®¯¥à�æ¨¨, ¢−®áïé¥© ®á−®¢−®© ¢ª«�¤ ¢ áâ®©ª®áâì ªà¨¯â®áå¥¬ë,
¨á¯®«ì§ã¥âáï ®¯¥à�æ¨ï ¢®§¢¥¤¥−¨ï ¢ áâ¥¯¥−ì x, ¢ë¯®«−ï¥¬�ï ¢ áªàëâ®© £àã¯¯¥,
£¥−¥à¨àã¥¬®© −¥ª®â®àë¬ í«¥¬¥−â®¬ G, ¯à¥¤áâ�¢«ïîé¨¬ á®¡®© á¥ªà¥â−®¥ §−�ç¥-
−¨¥. �âªàëâë© ª«îç ä®à¬¨àã¥âáï ¯ãâ¥¬ ¢ë¯®«−¥−¨ï ¤¢ãå à�§−ëå ¬�áª¨àãîé¨å
®¯¥à�æ¨© −�¤ í«¥¬¥−â�¬¨G ¨Gx ¯® ä®à¬ã«�¬ Y = ψ1(Gx) ¨ Z = ψ2(G), £¤¥ ψ1
¨ ψ2 | á®£«�á®¢�−−ë¥ ¬¥¦¤ã á®¡®© ¬�áª¨àãîé¨¥ ®¯¥à�æ¨¨, ®¡«�¤�îé¨¥ á¢®©-
áâ¢®¬ ¢§�¨¬−®© ª®¬¬ãâ�â¨¢−®áâ¨ á ®¯¥à�æ¨¥© íªá¯®−¥−æ¨à®¢�−¨ï. ”ã−ªæ¨ï
f(i, j) = Y iZj á®¤¥à¦¨â ¯¥à¨®¤ ¤«¨−ë (−1, x), −® ¯à¨−¨¬�¥â §−�ç¥−¨ï, «¥¦�-
é¨¥ ¢ ¤®áâ�â®ç−® ¡®«ìè®¬ ç¨á«¥ à�§«¨ç−ëå æ¨ª«¨ç¥áª¨å £àã¯¯, çâ® ®¡¥á¯¥ç¨¢�¥â
áâ®©ª®áâì ª �â�ª�¬, ¨á¯®«ì§ãîé¨¬ ¨§¢¥áâ−ë¥ ª¢�−â®¢ë¥ �«£®à¨â¬ë −�å®¦¤¥−¨ï
¤«¨−ë ¯¥à¨®¤�.

�¤−�ª® ¬®¦−® ¯à¥¤¯®«®¦¨âì, çâ® ¢ ¡ã¤ãé¥¬ ¡ã¤ãâ à�§à�¡®â�−ë −®¢ë¥
ª¢�−â®¢ë¥ �«£®à¨â¬ë, ª®â®àë¥ ¯®§¢®«ïâ −�å®¤¨âì ¯¥à¨®¤ë ¤«ï äã−ªæ¨©, ¯à¨-
−¨¬�îé¨å §−�ç¥−¨ï, −¥ ®£à�−¨ç¥−−ë¥ ª�ª®©-«¨¡® ä¨ªá¨à®¢�−−®© æ¨ª«¨ç¥áª®©
£àã¯¯®©. „«ï ®¡¥á¯¥ç¥−¨ï áâ®©ª®áâ¨ ª ¡®«¥¥ è¨à®ª®¬ã ª«�ááã ª¢�−â®¢ëå
�â�ª ¢ à�¡®â¥ [6] ¯à¥¤«®¦¥− ®¡é¨© ªà¨â¥à¨© ®¡¥á¯¥ç¥−¨ï ¯®áâª¢�−â®¢®© áâ®©-
ª®áâ¨, ä®à¬ã«¨àã¥¬ë© á«¥¤ãîé¨¬ ®¡à�§®¬: ¯®áâà®¥−¨¥ ¯¥à¨®¤¨ç¥áª®© äã−ªæ¨¨
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á ¨á¯®«ì§®¢�−¨¥¬ ®âªàëâëå ¯�à�¬¥âà®¢ ªà¨¯â®áå¥¬ë, ª®â®à�ï á®¤¥à¦¨â
¯¥à¨®¤ á ¤«¨−®©, ®¯à¥¤¥«ï¥¬®© §−�ç¥−¨¥¬ ¤¨áªà¥â−®£® «®£�à¨ä¬� x, ¤®«¦−®
¡ëâì ¯à�ªâ¨ç¥áª¨ (¢ëç¨á«¨â¥«ì−®) −¥¢ë¯®«−¨¬®© §�¤�ç¥©.

‚ ª�ç¥áâ¢¥ á¯®á®¡� ¯®áâà®¥−¨ï áå¥¬ �–�, ã¤®¢«¥â¢®àïîé¨å íâ®¬ã ªà¨-
â¥à¨î, ¢ [6] ¯à¥¤«®¦¥−® ¨á¯®«ì§®¢�âì ª®¬¬ãâ�â¨¢−ãî £àã¯¯ã á ¤¢ãå¬¥à−®©
æ¨ª«¨ç−®áâìî ¢ ª�ç¥áâ¢¥ áªàëâ®© £àã¯¯ë ¨ ¢ëç¨á«¥−¨¥ ®¤−®£® ¨§ í«¥¬¥−â®¢
®âªàëâ®£® ª«îç� ¢ §�¢¨á¨¬®áâ¨ ®â ¤¢ãå −¥§�¢¨á¨¬ëå í«¥¬¥−â®¢ G ¨ Q áªàëâ®©
£àã¯¯ë (í«¥¬¥−â®¢, ®¡à�§ãîé¨å ¡�§¨á £àã¯¯ë), ¯®àï¤®ª ª�¦¤®£® ¨§ ª®â®àëå
à�¢¥− ¯à®áâ®¬ã ç¨á«ã q. ƒàã¯¯ë, ¯®à®¦¤�¥¬ë¥ ¡�§¨á®¬, ¢ ª®â®à®¬ ¢á¥ í«¥¬¥−-
âë ¨¬¥îâ ®¤¨−�ª®¢®¥ §−�ç¥−¨¥ ¯®àï¤ª�, −�§ë¢�îâáï £àã¯¯�¬¨ á ¬−®£®¬¥à−®©
æ¨ª«¨ç−®áâìî [7].

÷�§à�¡®â�−−�ï ¢ [6] ª®−ªà¥â−�ï ¯®áâª¢�−â®¢�ï áå¥¬� �–� −� ®á−®¢¥ ®¡é¥£®
ªà¨â¥à¨ï ¯®áâª¢�−â®¢®© áâ®©ª®áâ¨ ¨á¯®«ì§ã¥â ¯®¤¯¨áì ¢ ¢¨¤¥ âà¥å í«¥¬¥−â®¢ |
¤¢ãå ç¨á¥« ¨ ®¤−®£® ¢¥ªâ®à� | ¨ ã¤¢®¥−−®¥ ¯à®¢¥à®ç−®¥ á®®â−®è¥−¨¥. �¥à¢®¥
¯à¨¢®¤¨â ª áãé¥áâ¢¥−−®¬ã ã¢¥«¨ç¥−¨î ¤«¨−ë ¯®¤¯¨á¨, � ¢â®à®¥ | ã¤¢®¥−¨î
à�§¬¥à� ®âªàëâ®£® ª«îç� ¨ ã¬¥−ìè¥−¨î ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¯à®æ¥¤ãàë ¯à®¢¥à-
ª¨ ¯®¤«¨−−®áâ¨ �–�.

�®áâà®¥−¨¥ ¡®«¥¥ ¯à�ªâ¨ç−®© áå¥¬ë �–�, à¥�«¨§ãîé¥© ®¡é¨© ªà¨â¥à¨©
¯®áâª¢�−â®¢®© áâ®©ª®áâ¨, á¢ï§�−® á ¯®¨áª®¬ ¯à®¢¥à®ç−ëå ãà�¢−¥−¨© ¨ ¬�áª¨-
àãîé¨å ®¯¥à�æ¨©, ®â«¨ç−ëå ®â â¥å, çâ® ¡ë«¨ ¯à¨¬¥−¥−ë ¢ [6]. �à¨ íâ®¬
¢ ª�ç¥áâ¢¥ �«£¥¡à�¨ç¥áª®£® −®á¨â¥«ï ªà¨¯â®áå¥¬ë ¯à¥¤áâ�¢«ï¥âáï ¨−â¥à¥á−ë¬
¨á¯®«ì§®¢�âì ª®−¥ç−ãî �«£¥¡àã ¬�âà¨æ à�§¬¥à−®áâ¨ 2× 2 −�¤ ¯®«¥¬ GF(p), ª®-
â®à�ï ä�ªâ¨ç¥áª¨ ï¢«ï¥âáï ç�áâ−ë¬ á«ãç�¥¬ ç¥âëà¥å¬¥à−ëå Š���, §�¤�−−ë¬
¯® ¯à®à¥¦¥−−®© â�¡«¨æ¥ ã¬−®¦¥−¨ï ¡�§¨á−ëå ¢¥ªâ®à®¢. �à¨ íâ®¬ ¯à®à¥¦¥−-
−®áâì â�¡«¨æë ®¡¥á¯¥ç¨¢�¥â áãé¥áâ¢¥−−®¥ á−¨¦¥−¨¥ ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨
®¯¥à�æ¨¨ ã¬−®¦¥−¨ï, çâ® ¤�¥â ¤®¯®«−¨â¥«ì−®¥ ¯®¢ëè¥−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨
áå¥¬ë �–�.

3 Используемый алгебраический носитель

÷�áá¬®âà¨¬ ¬−®¦¥áâ¢® ®¡à�â¨¬ëå ¬�âà¨æ à�§¬¥à−®áâ¨ 2×2 −�¤ ¯®«¥¬GF(p)
á å�à�ªâ¥à¨áâ¨ª®© p = 2q + 1, £¤¥ q | 256-¡¨â−®¥ ¯à®áâ®¥ ç¨á«®, ¨ ¬�âà¨æã G
¯®àï¤ª� q, ª®â®à�ï −¥ ¢å®¤¨â ¢ ¬−®¦¥áâ¢® áª�«ïà−ëå ¬�âà¨æ ¢¨¤�

Sn =

(

n 0
0 n

)

,

£¤¥ n = 1, 2, . . . , p − 1. ‡−�ç¥−¨¥ λ, ¯à¥¤áâ�¢«ïîé¥¥ á®¡®© ¯à¨¬¨â¨¢−ë© í«¥-
¬¥−â ¯®«ï GF(p), ®¯à¥¤¥«ï¥â ¬�âà¨æã Sλ, ¢á¥¢®§¬®¦−ë¥ æ¥«®ç¨á«¥−−ë¥ áâ¥¯¥−¨
ª®â®à®© ¯à®¡¥£�îâ §−�ç¥−¨ï ¢á¥å áª�«ïà−ëå ¬�âà¨æ, ¬−®¦¥áâ¢® ª®â®àëå ï¢«ï-
¥âáï æ¨ª«¨ç¥áª®© £àã¯¯®© ¯®àï¤ª� p − 1. ‘ª�«ïà−�ï ¬�âà¨æ� S = S2λ ¨¬¥¥â
¯®àï¤®ª, à�¢−ë© q. Œ�âà¨æë S ¨ G ¯¥à¥áâ�−®¢®ç−ë ¨ ®¡à�§ãîâ ¡�§¨á 〈S,G〉
ª®¬¬ãâ�â¨¢−®© (¢á¥ ¬�âà¨æë ¢¨¤� SiGj ¯®¯�à−® ¯¥à¥áâ�−®¢®ç−ë) £àã¯¯ë •〈S,G〉,
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á®¤¥à¦�é¥©áï ¢ à�áá¬�âà¨¢�¥¬®© �«£¥¡à¥ ¬�âà¨æ ¨ ®¡«�¤�îé¥© ¯®àï¤ª®¬ q2

¨ ¤¢ãå¬¥à−®© æ¨ª«¨ç−®áâìî. ‹î¡�ï ¤àã£�ï ¬�âà¨æ� G′ ¯®àï¤ª� q, ª®â®à�ï
−¥¯¥à¥áâ�−®¢®ç−� á G, â�ª¦¥ §�¤�¥â ª®¬¬ãâ�â¨¢−ãî £àã¯¯ã •〈S,G′〉, ®¡«�¤�-
îéãî ¯®àï¤ª®¬ q2 ¨ ¤¢ãå¬¥à−®© æ¨ª«¨ç−®áâìî. �à®¨§¢®«ì−ë¥ ¤¢¥ £àã¯¯ë ¨§
¬−®¦¥áâ¢� £àã¯¯ •〈S,G′〉 ¯¥à¥á¥ª�îâáï ¢ æ¨ª«¨ç¥áª®© £àã¯¯¥ áª�«ïà−ëå ¬�âà¨æ.
‘ãé¥áâ¢®¢�−¨¥ ¡®«ìè®£® ç¨á«� ¯®¯�à−® −¥¯¥à¥áâ�−®¢®ç−ëå ¬�âà¨æG′ ®¯à¥¤¥«ï-
¥â áãé¥áâ¢®¢�−¨¥ ¡®«ìè®£® ç¨á«� à�§«¨ç−ëå £àã¯¯ á ¤¢ãå¬¥à−®© æ¨ª«¨ç−®áâìî,
á®¤¥à¦�é¨åáï ¢ �«£¥¡à¥ ¬�âà¨æ. ‘«¥¤®¢�â¥«ì−®, −� â�ª®© �«£¥¡à¥ ¯®â¥−æ¨�«ì−®
¬®¦−® ¯®áâà®¨âì áå¥¬ã �–�, ®á−®¢�−−ãî −� ‘‡„‹ á ¨á¯®«ì§®¢�−¨¥¬ ª®−¥ç−®©
ª®¬¬ãâ�â¨¢−®© £àã¯¯ë á ¤¢ãå¬¥à−®© æ¨ª«¨ç−®áâìî ¢ ª�ç¥áâ¢¥ áªàëâ®© £àã¯¯ë.

4 Используемые маскирующие операции

�ãáâì Q = SGr, £¤¥ r < q | á«ãç�©−®¥ −�âãà�«ì−®¥ ç¨á«®. �ç¥¢¨¤−®,
çâ® 〈Q,G〉 | ¡�§¨á £àã¯¯ë •〈Q,G〉 ¯®àï¤ª� q2, ®¡«�¤�îé¥© ¤¢ãå¬¥à−®© æ¨ª-
«¨ç−®áâìî. �à¨ ¨á¯®«ì§®¢�−¨¨ •〈Q,G〉 ¢ ª�ç¥áâ¢¥ áªàëâ®© £àã¯¯ë §�¤�¤¨¬
ä®à¬¨à®¢�−¨¥ ®âªàëâ®£® ª«îç� ¢ ¢¨¤¥ âà¥å ¬�âà¨æ U , Y ¨ Z á«¥¤ãîé¨¬
®¡à�§®¬.

1. ‘£¥−¥à¨à®¢�âì ¤¢¥ −¥¢ëà®¦¤¥−−ë¥ ¬�âà¨æë A ¨ B ¯®àï¤ª� p2 − 1, ª®â®àë¥
−¥¯¥à¥áâ�−®¢®ç−ë áG ¨ ¬¥¦¤ã á®¡®©. �â¨ ¬�âà¨æë §�¤�îâ âà¨ ¬�áª¨àãîé¨å
®¯¥à�æ¨¨ ®â®¡à�¦¥−¨ï

ϕ1(X) = AXB
−1 ; ϕ2(X) = BXA

−1 ; ψ(X) = BXB−1 ,

£¤¥ X | ®â®¡à�¦�¥¬�ï ¬�âà¨æ�, ¨§ ª®â®àëå â®«ìª® ®¯¥à�æ¨ï ψ ¢§�¨¬−®
ª®¬¬ãâ�â¨¢−� á ®¯¥à�æ¨¥© ¢®§¢¥¤¥−¨ï ¢ áâ¥¯¥−ì.

2. ‘£¥−¥à¨à®¢�âì ¤¢� á«ãç�©−ëå −�âãà�«ì−ëå ç¨á«� x < q ¨ u < q. ‡�â¥¬
¢ëç¨á«¨âì ¯¥à¢ë© í«¥¬¥−â ®âªàëâ®£® ª«îç� ¢ ¢¨¤¥ ¬�âà¨æë

U = ϕ1 (G
xQu) = AGxQuB−1.

3. ‚ëç¨á«¨âì ¢â®à®© í«¥¬¥−â ®âªàëâ®£® ª«îç� ¢ ¢¨¤¥ ¬�âà¨æë

Y = ψ(G) = BGB−1.

4. ‚ëç¨á«¨âì âà¥â¨© í«¥¬¥−â ®âªàëâ®£® ª«îç� ¢ ¢¨¤¥ ¬�âà¨æë

Z = ϕ2(Q) = BQA
−1.

‡�¬¥â¨¬, çâ® á¢ï§�−−ë¥ ¬¥¦¤ã á®¡®© ®¯¥à�æ¨¨ ϕ1 ¨ ϕ2 ¯®§¢®«ïîâ §�-
¤�âì á«¥¤ãîé¨¥ ª®¬¯®§¨æ¨®−−ë¥ ®¯¥à�æ¨¨ ®â®¡à�¦¥−¨ï, ®¡«�¤�îé¨¥ á¢®©áâ¢®¬
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¢§�¨¬−®© ª®¬¬ãâ�â¨¢−®áâ¨ á ®¯¥à�æ¨¥© íªá¯®−¥−æ¨à®¢�−¨ï, ¢ë¯®«−ï¥¬®© −�¤
¯�à�¬¨ ¨ âà®©ª�¬¨ ¬�âà¨æ:

ψ1 (X1X2) = ϕ1 (X1)ϕ2 (X2) = AX1X2A
−1 ⇒

⇒ ψ1

(

(X1X2)
k
)

= (ψ1 (X1X2))
k ;

ψ2 (X1X2X3) = ϕ1 (X1)ψ (X2)ϕ2 (X3) = AX1X2X3A
−1 ⇒

⇒ ψ2

(

(X1X2X3)
k
)

= (ψ2 (X1X2X3))
k .

��à� ç¨á¥« (x, u) ¨ ¬�âà¨æë G, Q, A ¨ B ï¢«ïîâáï á¥ªà¥â−ë¬¨ ¨ ¨á¯®«ì§ã-
îâáï ¯à¨ ¢ëç¨á«¥−¨¨ ¯®¤¯¨á¨ ª §�¤�−−®¬ã í«¥ªâà®−−®¬ã ¤®ªã¬¥−âã M .

5 Формирование цифровой подписи

�à®æ¥¤ãà� £¥−¥à�æ¨¨ �–� ¢ë¯®«−ï¥âáï á ¨á¯®«ì§®¢�−¨¥¬ «¨ç−®£® á¥ªà¥â−®-
£® ª«îç� ¯®¤¯¨á�−â� ¢ ¢¨¤¥ −�¡®à� §−�ç¥−¨© (x, u,G,Q,A) ¨ −¥ª®â®à®© áâ®©ª®©
á¯¥æ¨ä¨æ¨à®¢�−−®© 256-¡¨â−®© å¥è-äã−ªæ¨¨ h á«¥¤ãîé¨¬ ®¡à�§®¬.

1. ‘£¥−¥à¨à®¢�âì á«ãç�©−®¥ −�âãà�«ì−®¥ ç¨á«® k < q ¨ ¢ëç¨á«¨âì ¬�âà¨æã

K = Gk.

2. ‘£¥−¥à¨à®¢�âì á«ãç�©−®¥ −�âãà�«ì−®¥ ç¨á«® t < q ¨ ¢ëç¨á«¨âì ¬�âà¨æã

R = AKQtA−1.

3. ‚ëç¨á«¨âì ¯¥à¢ë© í«¥¬¥−â �–� ¢ ¢¨¤¥ §−�ç¥−¨ï å¥è-äã−ªæ¨¨ ®â ¤®ªã¬¥−â�
á ¯à¨á®¥¤¨−¥−−®© ª −¥¬ã ¬�âà¨æ¥© R:

e = h(M,R).

4. ‚ëç¨á«¨âì ¢â®à®© í«¥¬¥−â �–� ¢ ¢¨¤¥ ç¨á«� s:

s =

√

1

e

(

k −
tx

u+ 1

)

mod q .

5. …á«¨ §−�ç¥−¨¥ ¯®¤ ª®à−¥¬ ¢ ¯à�¢®© ç�áâ¨ ¯®á«¥¤−¥© ä®à¬ã«ë ¡ã¤¥â à�¢−®
ª¢�¤à�â¨ç−®¬ã −¥¢ëç¥âã ¯® ¬®¤ã«î q, â® ¯¥à¥©â¨ ª è�£ã 2.

6. ‚ëç¨á«¨âì âà¥â¨© í«¥¬¥−â �–� ¢ ¢¨¤¥ ç¨á«� d:

d =

(
t

s(u+ 1)
− 1

)

mod q .
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�®áâª¢�−â®¢�ï áå¥¬� æ¨äà®¢®© ¯®¤¯¨á¨ −� �«£¥¡à¥ ¬�âà¨æ

�� ¢ëå®¤¥ ¯®«ãç�¥¬ 768-¡¨â−ãî ¯®¤¯¨áì ¢ ¢¨¤¥ âà¥å 256-¡¨â−ëå §−�ç¥−¨©
(e, s, d). �®á«¥¤−¨¥ ¤¢¥ ä®à¬ã«ë ¢ëâ¥ª�îâ ¨§ ãà�¢−¥−¨ï, ¨á¯®«ì§ã¥¬®£® −�
¯¥à¢®¬ è�£¥ ¯à®æ¥¤ãàë ¯à®¢¥àª¨ ¯®¤«¨−−®áâ¨ �–�. �á−®¢−®© ¢ª«�¤ ¢ ¢ë-
ç¨á«¨â¥«ì−ãî á«®¦−®áâì íâ®£® �«£®à¨â¬� ¢−®áïâ ®¯¥à�æ¨¨ íªá¯®−¥−æ¨à®¢�−¨ï.
‹¥£ª® ¢¨¤¥âì, çâ® ¢ áà¥¤−¥¬ ¤«ï £¥−¥à�æ¨¨ ®¤−®© ¯®¤¯¨á¨ âà¥¡ã¥âáï ¢ë¯®«−¨âì
âà¨ ®¯¥à�æ¨¨ ¢®§¢¥¤¥−¨ï ¢ 256-¡¨â−ãî áâ¥¯¥−ì.

6 Верификация цифровой подписи

„«ï ¯à®¢¥àª¨ á®®â¢¥âáâ¢¨ï ¯®¤¯¨á¨ (e, s, d) ¤®ªã¬¥−âãM ¨ ®âªàëâ®¬ã ª«îçã
(U, Y,Z) ¢ë¯®«−ï¥âáï á«¥¤ãîé�ï ¯à®æ¥¤ãà�.
1. ‚ëç¨á«¨âì ¬�âà¨æã

“R =
(

UY esZ(UZ)d
)s

.

2. ‚ëç¨á«¨âì §−�ç¥−¨¥ å¥è-äã−ªæ¨¨ ®â ¤®ªã¬¥−â� á ¯à¨á®¥¤¨−¥−−®© ª −¥¬ã
¬�âà¨æ¥© “R:

“e = h
(

M, “R
)

.

3. …á«¨ ¢ë¯®«−ï¥âáï à�¢¥−áâ¢® “e = e, â® ¯®¤¯¨áì ¯®¤«¨−−�ï, ¨−�ç¥ �–�
®âª«®−ï¥âáï.

�á−®¢−®© ¢ª«�¤ ¢ ¢ëç¨á«¨â¥«ì−ãî á«®¦−®áâì íâ®£® �«£®à¨â¬� ¢−®áïâ âà¨
®¯¥à�æ¨¨ ¢®§¢¥¤¥−¨ï ¢ áâ¥¯¥−ì. Š®àà¥ªâ−®áâì à�¡®âë ®¯¨á�−−®© áå¥¬ë �–�
§�ª«îç�¥âáï ¢ â®¬, çâ® ¯®¤¯¨áì, ¢ëç¨á«¥−−�ï ¢ ¯®«−®¬ á®®â¢¥âáâ¢¨¨ á ¯à®æ¥¤ãà®©
ä®à¬¨à®¢�−¨ï �–�, ¯à®å®¤¨â ¯à®¢¥à®ç−ãî ¯à®æ¥¤ãàã ª�ª ¯®¤«¨−−�ï ¯®¤¯¨áì.

7 Доказательство корректности схемы электронной цифровой
подписи

�ãáâì (e, s, d)| ª®àà¥ªâ−® áä®à¬¨à®¢�−−�ï ¯®¤¯¨áì ª ¤®ªã¬¥−âã M . ’®£¤�
¯à¨ ¥¥ ¯®¤áâ�−®¢ª¥ −� ¢å®¤ ¯à®¢¥à®ç−®© ¯à®æ¥¤ãàë ¨¬¥¥¬ á«¥¤ãîé¥¥:

“R =
(

UY esZ(UZ)d
)s
=

=
(

AGxQuB−1BGesB−1BQA−1
(
AGxQuB−1BQA−1

)d
)s
=

=
(

AGx+esQu+1A−1AGxdQd(u+1)A−1
)s
=

(

AGx+es+xdQu+1+d(u+1)A−1
)s
=

= AGxs(d+1)+es
2

Qsd(u+1)+s(u+1)A−1 =

= AGxst/(s(u+1))+e(1/e)(k−tx/(u+1))Q(t/(u+1)−s)(u+1)+s(u+1)A−1 =

= AGkQtA−1 = R⇒ h
(

M, “R
)

= h(M,R)⇒ “e = e .

�®á«¥¤−¥¥ à�¢¥−áâ¢® ®§−�ç�¥â ¯®¤«¨−−®áâì ¯à®¢¥àï¥¬®© �–�.
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8 Обсуждение

�¥à¨®¤¨ç¥áª�ï äã−ªæ¨ï, §�¤�−−�ï −� ®á−®¢¥ ®âªàëâëå ¯�à�¬¥âà®¢ (í«¥¬¥−-
â®¢ ®âªàëâ®£® ª«îç�), ¯à¨−¨¬�¥â §−�ç¥−¨ï, ª®â®àë¥ §�¢¨áïâ ®â ¬�âà¨æQ,G,Qu

¨ Gx. �â® ¬�áª¨àã¥â ¯¥à¨®¤¨ç−®áâ¨, á¢ï§�−−ë¥ á® áâ¥¯¥−ï¬¨ x ¨ u. �à¨ íâ®¬
¡¥§ §−�−¨ï á¥ªà¥â−ëå §−�ç¥−¨© x, u,G,Q, A ¨B ¯à¥¤áâ�¢«ï¥âáï ¢ëç¨á«¨â¥«ì−®
−¥¢®§¬®¦−ë¬ §�¤�âì ¯¥à¨®¤¨ç¥áªãî äã−ªæ¨î, á®¤¥à¦�éãî ¯¥à¨®¤ë, ¤«¨−ë
ª®â®àëå §�¢¨áïâ ®â áâ¥¯¥−¥© x ¨ u.

‚ ç�áâ−®áâ¨, à�áá¬®âà¨¬ ¯¥à¨®¤¨ç¥áªãî äã−ªæ¨î

F1(i, j) = (U ◦ Y ◦ Z)i (U ◦ Z)j = A ◦Gxi+i+xj ◦Qui+i+uj+j ◦ A−1 .

�ãáâì ¤«¨−� ¯¥à¨®¤� íâ®© äã−ªæ¨¨ à�¢−� (δi, δj). ’®£¤� ¢ á¨«ã −¥§�¢¨á¨¬®áâ¨
¢¥ªâ®à®¢ G ¨ Q ¨¬¥¥¬:

{

xδi + δi + xδj ≡ 0mod q ;

uδi + δi + uδj + δj ≡ 0mod q
⇒

{

(x+ 1)δi + xδj ≡ 0mod q ;

(u+ 1)δi + (u+ 1)δj ≡ 0mod q .

�®á«¥¤−ïï á¨áâ¥¬� á −¥¨§¢¥áâ−ë¬¨ δi ¨ δj ¯à¨ u 6= −1mod q ¨¬¥¥â ¥¤¨−áâ¢¥−−®¥
à¥è¥−¨¥ (δi, δj) = (0, 0), ¯®áª®«ìªã ¥¥ £«�¢−ë© ®¯à¥¤¥«¨â¥«ì ®â«¨ç¥− ®â −ã«ï:
– = u+1. ’�ª¨¬ ®¡à�§®¬, äã−ªæ¨ï F1(i, j) ¬®¦¥â ¨¬¥âì â®«ìª® ¯¥à¨®¤ë ¤«¨−®©
(aq, bq) ¯à¨ −¥ª®â®àëå æ¥«®ç¨á«¥−−ëå §−�ç¥−¨ïå a ¨ b.

„«ï ¤«¨−ë (δi, δj) ¯¥à¨®¤� äã−ªæ¨¨

F2(i, j) = (Z ◦ U)iY j = B ◦Qi+ui ◦Gxi+j ◦B−1

¬®¦−® §�¯¨á�âì:
{

δi + uδi ≡ 0mod q ;

xδi + δj ≡ 0mod q
⇒

{

δi ≡ 0mod q ;

δj ≡ 0mod q ,

â. ¥. äã−ªæ¨ï F2(i, j) −¥ ¬®¦¥â á®¤¥à¦�âì ¯¥à¨®¤ë, ¤«¨−� ª®â®àëå ®â«¨ç−� ®â
(aq, bq). ’�ª¨¬ ®¡à�§®¬, ®¯¨á�−−�ï áå¥¬� �–� ã¤®¢«¥â¢®àï¥â ®¡é¥¬ã ªà¨â¥à¨î
¯®áâª¢�−â®¢®© áâ®©ª®áâ¨.

�à¥¤áâ�¢«ï¥â ¯à�ªâ¨ç¥áª¨© ¨−â¥à¥á áà�¢−¥−¨¥ ®¯¨á�−−®© áå¥¬ë �–� á �−�-
«®£�¬¨, ¯à¥¤«®¦¥−−ë¬¨ ¢ å®¤¥ ª®−ªãàá� �ˆ‘’ (��æ¨®−�«ì−®£® ¨−áâ¨âãâ�
áâ�−¤�àâ®¢ ¨ â¥å−®«®£¨© ‘˜�) [3], ¨ áå¥¬®© ¯®¤¯¨á¨ [6] ¯® ¯à®¨§¢®¤¨-
â¥«ì−®áâ¨ ¨ à�§¬¥à�¬ ®âªàëâ®£® ª«îç� ¨ ¯®¤¯¨á¨. ‘ ãç¥â®¬ ª®¬¯à®¬¨áá�
¬¥¦¤ã à�§¬¥à�¬¨ ®âªàëâ®£® ª«îç� ¨ �–� ¨ ¯à®¨§¢®¤¨â¥«ì−®áâìî �«£®à¨â-
¬®¢ ä®à¬¨à®¢�−¨ï ¨ ¯à®¢¥àª¨ ¯®¤«¨−−®áâ¨ ¯®¤¯¨á¨ ¯à¥¤¯®çâ¨â¥«ì−ë¬¨ ¯à¥¤-
áâ�¢«ïîâáï á«¥¤ãîé¨¥ ª�−¤¨¤�âë −� ¯®áâª¢�−â®¢ë© áâ�−¤�àâ �–�: Falcon
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�®áâª¢�−â®¢�ï áå¥¬� æ¨äà®¢®© ¯®¤¯¨á¨ −� �«£¥¡à¥ ¬�âà¨æ

‘à�¢−¥−¨¥ ¯à¥¤«®¦¥−−®© áå¥¬ë �–� á ¨§¢¥áâ−ë¬¨

‘å¥¬� �–�
„«¨−�

¯®¤¯¨á¨,
¡�©â

„«¨−�
®âªàëâ®£® ª«îç�,

¡�©â

‘ª®à®áâì
ä®à¬¨à®¢�−¨ï

�–�, ®. ¥.

‘ª®à®áâì
¢¥à¨ä¨ª�æ¨¨
�–�, ®. ¥.

Falcon-512 657 897 5 3
qTESLA-p-I 2 592 15 000 3 6
Dilithium 2 044 1 184 2 1
[6] 192 768 6 4
„�−−�ï à�¡®â� 96 384 12 12

[https://falcon-sign.info/], qTESLA [https://qtesla.org/] ¨ Dilithium [https://pq-
crystals.org/dilithium/index.shtml]. ‚ â�¡«¨æ¥ ¤�¥âáï á®¯®áâ�¢«¥−¨¥ ¢¥àá¨© áà�¢-
−¨¢�¥¬ëå áå¥¬ �–�, á®®â¢¥âáâ¢ãîé¨å 128-¡¨â−®© áâ®©ª®áâ¨. ‘à�¢−¥−¨¥ ¯®ª�-
§ë¢�¥â, çâ® áå¥¬ë �–�, ®á−®¢�−−ë¥ −� ‘‡„‹, ®¡«�¤�îâ áãé¥áâ¢¥−−® ¬¥−ìè¨¬
áã¬¬�à−ë¬ à�§¬¥à®¬ ¯®¤¯¨á¨ ¨ ®âªàëâ®£® ª«îç� ¨ ¡®«¥¥ ¢ëá®ª®© ¯à®¨§¢®¤¨-
â¥«ì−®áâìî. �à¨ íâ®¬ ¯à¥¤«®¦¥−−�ï ¢ ¤�−−®© à�¡®â¥ áå¥¬� �–� ¯® áà�¢−¥−¨î
á® áå¥¬®© [6] ®¡«�¤�¥â ¬¥−ìè¥© ¤«¨−®© ¯®¤¯¨á¨ ¨ ¡®«¥¥ ¢ëá®ª®© ¯à®¨§¢®¤¨â¥«ì-
−®áâìî.

9 Заключение

�à¥¤«®¦¥− −®¢ë© á¯®á®¡ ¯®áâà®¥−¨ï áå¥¬ �–�, ®á−®¢�−−ëå −� ¢ëç¨á«¨-
â¥«ì−®© âàã¤−®áâ¨ ‘‡„‹, ª®â®àë¥ ã¤®¢«¥â¢®àïîâ ®¡é¥¬ã ªà¨â¥à¨î ¯®áâª¢�−-
â®¢®© áâ®©ª®áâ¨. ‘¯®á®¡ ®¡¥á¯¥ç¨¢�¥â áãé¥áâ¢¥−−®¥ ã¬¥−ìè¥−¨¥ à�§¬¥à®¢ ®â-
ªàëâ®£® ª«îç� ¨ ¯®¤¯¨á¨. ÷�§à�¡®â�−� áå¥¬� �–�, ¯à¥¤áâ�¢«ïîé�ï ¨−â¥à¥á
¤«ï à�§à�¡®âª¨ −� ¥¥ ®á−®¢¥ áâ�−¤�àâ� ¯®áâª¢�−â®¢®© �–�.
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matrices of dimension 2 × 2 set over the field GF(p) as algebraic carrier of the
digital signature schemes based on the computational difficulty of the hidden
discrete logarithm problem and satisfying the general criterion of post-quantum
resistance. The existence of a sufficiently large number of commutative subgroups
with two-dimensional cyclicity is shown. This fact is used in the construction of
a specific signature scheme which is of interest as a post-quantum cryptosystem.
In the introduced digital signature scheme, a new form of the hidden discrete
logarithm problem is applied. The said form is characterized by the use of
a commutative group with two-dimensional cyclicity as a hidden group and
masking operations of two different types: (i) having the property of mutual
commutativity with the exponentiation operation and (ii) free from this property.
To ensure the correct operation of the cryptographic scheme, a special type of
verification equation is used in the signature authentication procedure, and when
generating a signature, one of the elements of the latter is calculated as a root of
quadratic equation.
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ОБ ОДНОМ СПОСОБЕ ОБНАРУЖЕНИЯ ЭКСПЛУАТАЦИИ
УЯЗВИМОСТЕЙ И ЕГО ПАРАМЕТРАХ

Ю. В. Косолапов1

�−−®â�æ¨ï: �à¨ ãá¯¥è−®© íªá¯«ã�â�æ¨¨ ãï§¢¨¬®áâ¨, ¯à¨¢®¤ïé¥© ª §�¯ãáªã
¢à¥¤®−®á−®£® ª®¤�, ®¡ëç−® §�¯ãáª�¥¬ë© ª®¤ ¢ë§ë¢�¥â −¥ª®â®àãî á¨áâ¥¬-
−ãî äã−ªæ¨î. ‚ ª�ç¥áâ¢¥ á¯®á®¡� ®¡−�àã¦¥−¨ï íªá¯«ã�â�æ¨¨ ãï§¢¨¬®áâ¨
¯à®£à�¬¬ë P ¯à¥¤«�£�¥âáï �«£®à¨â¬ −� ®á−®¢¥ ¯à®¢¥àª¨ −� −¥â¨¯¨ç−®áâì
à�ááâ®ï−¨ï ¬¥¦¤ã ¢ë§®¢®¬ á −®¬¥à®¬ i ¨ ¢ë§®¢®¬ á −®¬¥à®¬ i − j, £¤¥ j ∈
∈ {1, . . . , T}, T ∈ N. �®¤ à�ááâ®ï−¨¥¬ ¯®−¨¬�¥âáï à�§−®áâì ¢¨àâã�«ì−ëå
�¤à¥á®¢ ¢ë§®¢� íâ¨å äã−ªæ¨©, � â¨¯¨ç−®áâì ®¯à¥¤¥«ï¥âáï ¯ãâ¥¬ ¯à®¢¥àª¨
¯à¨−�¤«¥¦−®áâ¨ ¢ëç¨á«¥−−®£® à�ááâ®ï−¨ï ¯à®ä¨«î à�ááâ®ï−¨©, ¯®áâà®¥−-
−®¬ã à�−¥¥ ¤«ï §�é¨é�¥¬®© ¯à®£à�¬¬ë P . Šà®¬¥ ¯�à�¬¥âà� T �«£®à¨â¬
®¡−�àã¦¥−¨ï ¨á¯®«ì§ã¥â ¯�à�¬¥âàW (∈ N)| ª®«¨ç¥áâ¢® ¯à®ä¨«¥©, ¯® ª®â®-
àë¬ ¯à®¢¥àï¥âáï â¨¯¨ç−®áâì ¢ë§®¢�. �à¨ íâ®¬ ¤«ï j ∈ {1, . . . ,W} ¯à®ä¨«ì
á −®¬¥à®¬ j áâà®¨âáï ¯® ¯�à�¬ ¢ë§®¢®¢, à�§−®áâì ¨−¤¥ªá®¢ ¢ë§®¢®¢ ª®â®àëå
¢ «¥£¨â¨¬−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ à�¢−� j. —¥¬ ¡®«ìè¥ T ¨ W , â¥¬ ¬¥−ìè¥
¢¥à®ïâ−®áâì «®¦−®£® ®¡−�àã¦¥−¨ï −¥«¥£¨â¨¬−®£® ¨á¯®«−¥−¨ï ª®¤�, ®¤−�ª®
á à®áâ®¬ íâ¨å ¯�à�¬¥âà®¢ à�áâ¥â ¨ ¢à¥¬ï ¯à®¢¥àª¨ â¨¯¨ç−®áâ¨. ‚ å®¤¥ íªá¯¥-
à¨¬¥−â�«ì−®£® ¨áá«¥¤®¢�−¨ï ¢ëïá−¥−®, çâ® ¤®áâ�â®ç−ë¥ §−�ç¥−¨ï ¯�à�¬¥âà®¢
(W,T ) §�¢¨áïâ ®â −�¡®à� ®âá«¥¦¨¢�¥¬ëå äã−ªæ¨©. �®íâ®¬ã ¤«ï ª�¦¤®£®
−�¡®à� ®âá«¥¦¨¢�¥¬ëå äã−ªæ¨© (¨ ª�¦¤®© §�é¨é�¥¬®© ¯à®£à�¬¬ë P ) íâ¨
¯�à�¬¥âàë �«£®à¨â¬� ¤®«¦−ë −�å®¤¨âìáï ®â¤¥«ì−®. “áâ�−®¢«¥−®, çâ® ¯à¨
W > 1 áãé¥áâ¢¥−−® á−¨¦�¥âáï ¢¥à®ïâ−®áâì «®¦−®£® ®¡−�àã¦¥−¨ï.

Š«îç¥¢ë¥ á«®¢�: ãï§¢¨¬®áâ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï; à�ááâ®ï−¨¥ ¬¥¦¤ã
¢ë§®¢�¬¨ äã−ªæ¨©; §�é¨â� ¯à®£à�¬¬

DOI: 10.14357/08696527210405

1 Введение и постановка задачи

��«¨ç¨¥ ãï§¢¨¬®áâ¥© ¢ á¨áâ¥¬−®¬ ¨«¨ ¯à¨ª«�¤−®¬ ¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥-
−¨¨ (��) á−¨¦�¥â §�é¨é¥−−®áâì ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (ˆ‘), ¨á¯®«ì§ãîé¨å
íâ® ��. �¢â®¬�â¨§¨à®¢�−−ë© ¯®¨áª ãï§¢¨¬®áâ¥© á ¨á¯®«ì§®¢�−¨¥¬ â�ª¨å â¥å-
−®«®£¨©, ª�ª á¨¬¢®«ì−®¥ ¨á¯®«−¥−¨¥ ¨ ä�§§¨−£, −¥ £�à�−â¨àã¥â ®âáãâáâ¢¨ï
ãï§¢¨¬®áâ¥© ¢ ª®¤¥ [1]. �®¢ëá¨âì §�é¨é¥−−®áâì ˆ‘ ¬®¦−® ¯ãâ¥¬ ®¡−®¢«¥−¨ï
�� ¨ §� áç¥â ¨á¯®«ì§®¢�−¨ï á¨áâ¥¬ ®¡−�àã¦¥−¨ï ¢â®à¦¥−¨© (‘�‚). �à¨ â�ª®¬
¯®¤å®¤¥ ãï§¢¨¬®áâì ª®¤� ¤®«¦−� ¡ëâì ¨§¢¥áâ−� à�§à�¡®âç¨ª�¬ �� ¨ à�§à�¡®â-
ç¨ª�¬ ‘�‚, çâ®¡ë ¯¥à¢ë¥ ¬®£«¨ à�§à�¡®â�âì ®¡−®¢«¥−¨¥, � ¢â®àë¥ | ¯à�¢¨«®

1ˆ−áâ¨âãâ ¬�â¥¬�â¨ª¨, ¬¥å�−¨ª¨ ¨ ª®¬¯ìîâ¥à−ëå −�ãª ¨¬. ˆ. ˆ. ‚®à®¢¨ç�, ā¦−ë© ä¥¤¥-
à�«ì−ë© ã−¨¢¥àá¨â¥â, itaim@mail.ru
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�¡ ®¤−®¬ á¯®á®¡¥ ®¡−�àã¦¥−¨ï íªá¯«ã�â�æ¨¨ ãï§¢¨¬®áâ¥© ¨ ¥£® ¯�à�¬¥âà�å

®¡−�àã¦¥−¨ï. „«ï −¥¨§¢¥áâ−ëå ãï§¢¨¬®áâ¥© ®¡−�àã¦¥−¨¥ ¨å íªá¯«ã�â�æ¨¨ áç¨-
â�¥âáï ¡®«¥¥ á«®¦−®© §�¤�ç¥©, â�ª ª�ª ¢ íâ®¬ á«ãç�¥ ‘�‚ ¤®«¦−� ¡ëâì á¯®á®¡−�
à�§«¨ç�âì «¥£¨â¨¬−®¥ ¨ −¥«¥£¨â¨¬−®¥ ¢ë¯®«−¥−¨¥ ª®¤�. ˆáâ®ç−¨ª®¬ ¤�−−ëå
¤«ï ¯à¨−ïâ¨ï à¥è¥−¨ï ® «¥£¨â¨¬−®áâ¨ ¢ë¯®«−¥−¨ï ª®¤� ç�áâ® à�áá¬�âà¨¢�¥â-
áï ¯®á«¥¤®¢�â¥«ì−®áâì ¢ë§®¢®¢ äã−ªæ¨© (�‚”) á¨áâ¥¬−®£® /̈̈ «¨ ¯à¨ª«�¤−®-
£® �� [2{4]. �â® ®¡®á−®¢ë¢�¥âáï â¥¬, çâ® æ¥«ìî à�§à�¡®âç¨ª®¢ íªá¯«®¨â®¢
(¯à®£à�¬¬−®£® ª®¤�, íªá¯«ã�â¨àãîé¥£® ãï§¢¨¬®áâì) ®¡ëç−® áâ�¢¨âáï ¯®«ãç¥−¨¥
ª®−âà®«ï −�¤ ãï§¢¨¬®© á¨áâ¥¬®© ¯ãâ¥¬ §�¯ãáª� á¯¥æ¨�«ì−®£® ª®¤� (è¥««ª®¤�),
¨§ ª®â®à®£® ®áãé¥áâ¢«ï¥âáï ¢ë§®¢ á¨áâ¥¬−®© /̈̈ «¨ ¯à¨ª«�¤−®© äã−ªæ¨¨ [5].
‘ç¨â�«®áì, çâ® ¯®ï¢«¥−¨¥ ¢ë§®¢®¢ äã−ªæ¨© ¨§ è¥««ª®¤� ¢ «¥£¨â¨¬−®© ¯®á«¥-
¤®¢�â¥«ì−®áâ¨ ¢ë§®¢®¢ ¬®¦¥â ¡ëâì ®¡−�àã¦¥−® [2]. �¤−�ª® ¢ [6] ¯®ª�§�−®, çâ®
è¥««ª®¤ ¬®¦¥â ¡ëâì íää¥ªâ¨¢−® ¯®áâà®¥− â�ª, çâ®¡ë ¥£® ¢ë¯®«−¥−¨¥ −¥ ®â«¨-
ç�«®áì ®â «¥£¨â¨¬−®£®. „àã£¨¬ ¢®§¬®¦−ë¬ á¯®á®¡®¬ §�é¨âë ®â íªá¯«ã�â�æ¨¨
ãï§¢¨¬®áâ¥© ï¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥ â¥å−®«®£¨¨ à�−¤®¬¨§�æ¨¨ �¤à¥á−®£® ¯à®-
áâà�−áâ¢� ¯à®æ¥áá�. ˆá¯®«ì§®¢�−¨¥ ¬¥«ª®£à�−ã«ïà−®© à�−¤®¬¨§�æ¨¨ �¤à¥á−®£®
¯à®áâà�−áâ¢� ¯à®£à�¬¬ë, ª�ª íâ® ¯à¥¤«®¦¥−®, −�¯à¨¬¥à, ¢ [7], å®âï áãé¥áâ¢¥−−®
¨ §�âàã¤−ï¥â íªá¯«ã�â�æ¨î ãï§¢¨¬®áâ¥©, −®, ª�ª ¯®ª�§�−® ¢ [5], −¥ ¤¥«�¥â â�ªãî
íªá¯«ã�â�æ¨î −¥¢®§¬®¦−®©. Š â®¬ã ¦¥ ¤«ï ¬¥«ª®£à�−ã«ïà−®© à�−¤®¬¨§�æ¨¨
¬®¦¥â ¯®âà¥¡®¢�âìáï ¤®áâã¯ ª ¨áå®¤−®¬ã ª®¤ã §�é¨é�¥¬®© ¯à®£à�¬¬ë, � â�ª¦¥
¢−¥á¥−¨¥ ¨§¬¥−¥−¨© ¢ áâ�â¨ç¥áª¨© ª®¬¯®−®¢é¨ª ¨ ¤¨−�¬¨ç¥áª¨© §�£àã§ç¨ª [7].

–¥«ì à�¡®âë | ¯®áâà®¥−¨¥ á¯®á®¡� (¡¥§ ¬®¤¨ä¨ª�æ¨¨ ¯à®£à�¬¬ë ¨ ª®¬-
¯®−¥−â®¢ á¡®àª /̈§�¯ãáª� ¯à®£à�¬¬) ¤«ï ¢ëï¢«¥−¨ï −¥«¥£¨â¨¬−®£® ¢ë¯®«−¥−¨ï
ª®¤�, ¯à®â¨¢®¤¥©áâ¢ãîé¥£® �â�ª�¬ (á¬. [5,6]), � â�ª¦¥ ®æ¥−ª� §−�ç¥−¨© ¯�à�¬¥â-
à®¢, ®¡¥á¯¥ç¨¢�îé¨å −¨§ªãî ¢¥à®ïâ−®áâì «®¦−®£® ®¡−�àã¦¥−¨ï. ˆ¤¥ï á¯®á®¡�
¯à¨¢¥¤¥−� ¢ à�¡®â¥ �¢â®à� [8].

2 Способ обнаружения эксплуатации уязвимости

�®¤ ®âá«¥¦¨¢�¥¬ë¬¨ äã−ªæ¨ï¬¨ ¡ã¤¥¬ ¯®−¨¬�âì −�¡®à äã−ªæ¨©, ¯® ¯®-
á«¥¤®¢�â¥«ì−®áâ¨ ¢ë§®¢®¢ ª®â®àëå ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥−® �−®¬�«ì−®¥ ¢ë-
¯®«−¥−¨¥ ¯à®£à�¬¬ë. ’�ª®© −�¡®à ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥− −� ®á−®¢¥ à¥-
§ã«ìâ�â®¢ ¨áá«¥¤®¢�−¨ï ®¡à�§æ®¢ ¤¥áâàãªâ¨¢−®£® ª®¤�, ª�ª íâ® á¤¥«�−® ¢ [4].
�ãáâì L(P ) | ¬−®¦¥áâ¢® ®âá«¥¦¨¢�¥¬ëå ¨¬¥− äã−ªæ¨©, ¨á¯®«ì§ã¥¬ëå ¯à®-
£à�¬¬®© P , Patht(P (I)) | �‚” ¢ à�¬ª�å ®¤−®£® ¯®â®ª� ¯à®£à�¬¬ë P ,
§�¯ãé¥−−®© ¢ ¬®¬¥−â ¢à¥¬¥−¨ t á ¢å®¤−ë¬¨ ¤�−−ë¬¨ I:

Patht(P (I)) =
(

f t,I1 , . . . , f t,INt,I

)

. (1)

‚ë§®¢ f t,Ik ¢ âà�áá¥ (1) á ¯®àï¤ª®¢ë¬ −®¬¥à®¬ k ¯à¥¤áâ�¢�̈¬ ¢ ¢¨¤¥ âà®©ª¨

f t,Ik =
(

bat,Ik , ca
t,I
k , n

t,I
k

)

,
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£¤¥ bat,Ik = B(f t,Ik ) | �¤à¥á ¢ ¢¨àâã�«ì−®© ¯�¬ïâ¨ ¯à®æ¥áá�, ¯® ª®â®à®¬ã

§�£àã¦¥− ¨á¯®«−¨¬ë© ¬®¤ã«ì, á®¤¥à¦�é¨© ¯® �¤à¥áã cat,Ik = C(f t,Ik ) ¢ë§®¢

äã−ªæ¨¨ á ¨¬¥−¥¬ nt,Ik = N(f t,Ik ), nt,Ik ∈ L(P ). „¢®©−®© ¢¥àå−¨© ¨−¤¥ªá
¢ ®¡®§−�ç¥−¨ïå ¨á¯®«ì§ã¥âáï ¤«ï ãª�§�−¨ï −� â®, çâ® íâ¨ §−�ç¥−¨ï ¢ ®¡é¥¬
á«ãç�¥ §�¢¨áïâ ®â ¢à¥¬¥−¨ §�¯ãáª� ¯à®£à�¬¬ë ¨ ¢å®¤−ëå ¤�−−ëå. „«ï t1 6=
6= t2 �¤à¥á� §�£àã§ª¨ ¯à®£à�¬¬ë ¨ ¬®¤ã«¥© ¢ �¤à¥á−®¥ ¯à®áâà�−áâ¢® ¯à®æ¥áá�
¬®£ãâ ¡ëâì à�§−ë¬¨ (¨§-§� ¯à¨¬¥−¥−¨ï à�−¤®¬¨§�æ¨¨ �¤à¥á−®£® ¯à®áâà�−áâ¢�),
¯®íâ®¬ã �‚”Patht1(P (I)) ¨ Patht2(P (I)) (¯à¨ ®¤−¨å ¨ â¥å ¦¥ ¢å®¤−ëå ¤�−−ëå
¯à®£à�¬¬ë) ¢ ®¡é¥¬ á«ãç�¥ ®â«¨ç�îâáï �¤à¥á�¬¨ ba ¨ ca ¢ë§ë¢�¥¬ëå äã−ªæ¨©.
�à¨ íâ®¬ ¯®àï¤®ª ¢ë§®¢� äã−ªæ¨© −¥ ¬¥−ï¥âáï: Nt1,I = Nt2,I , n

t1,I
i = nt2,Ii ,

i = 1, . . . , Nt1,I. ˆ¬¥¥â ¬¥áâ® à�¢¥−áâ¢®

cat2,Ik = cat1,Ik +
(

bat2,Ik − bat1,Ik

)

= Tt1,t2

(

cat1,Ik

)

, (2)

¯®§¢®«ïîé¥¥ ¯¥à¥©â¨ ®â −�¡«î¤�¥¬ëå �¤à¥á®¢ ¢ ¬®¬¥−â t2 ª �¤à¥á�¬ ¢ ¬®¬¥−â t1.

‡�¬¥ç�−¨¥ 2.1. �¤à¥á� à�§¬¥é¥−¨ï ¬®¤ã«¥© (¨«¨ ¨−�ç¥ | ª�àâ� à�§¬¥é¥−¨ï)
¢ «î¡®© ¬®¬¥−â ¢à¥¬¥−¨ ¨§¢¥áâ−ë. �®íâ®¬ã ¯à¨ ¨á¯®«ì§®¢�−¨¨ ®¡®§−�ç¥−¨ï
Tt1,t2(A) ¯®¤à�§ã¬¥¢�¥âáï, çâ®

(1) ¨á¯®«ì§ãï ª�àâã à�§¬¥é¥−¨ï ¢ ¬®¬¥−â t1, −� ®á−®¢¥ A ®¯à¥¤¥«ï¥âáï −�ç�«ì-
−ë© �¤à¥á bt1 ¬®¤ã«ï, �¤à¥á−®¬ã ¯à®áâà�−áâ¢ã ª®â®à®£® ¯à¨−�¤«¥¦¨â A;

(2) ¢ ª�àâ¥ à�§¬¥é¥−¨ï ¤«ï ¬®¬¥−â� t2 ®¯à¥¤¥«ï¥âáï −�ç�«ì−ë© �¤à¥á bt2 â®£®
¦¥ ¬®¤ã«ï;

(3) ª A ¯à¨¡�¢«ï¥âáï bt2 − bt1 : Tt1,t2(A) = A + bt2 − bt1 . �ç¥¢¨¤−®, çâ®
T
−1
t1,t2
(A) = A+ bt1 − bt2.

„«ï −�âãà�«ì−®£® s ç¨á«®

ρ
(

f t,Ik−s, f
t,I
k

)

= ρt,Ik−s,k = ca
t,I
k − cat,Ik−s

−�§®¢¥¬ s-à�ááâ®ï−¨¥¬ ¬¥¦¤ã f t,Ik−s ¨ f t,Ik ¤«ï ¯à®£à�¬¬ë P . ‘ ãç¥â®¬ (2) ¯®«ã-
ç�¥¬ ¢ëà�¦¥−¨¥ ¯¥à¥å®¤� ®â à�ááâ®ï−¨© ¢ ¬®¬¥−â t1 ª à�ááâ®ï−¨ï¬ ¢ ¬®¬¥−â t2
¨ −�®¡®à®â:

ρt2,Ik−s,k = Tt1,t2

(

cat1,Ik

)

− Tt1,t2

(

cat1,Ik−s

)

. (3)

�ç¥¢¨¤−®, çâ® ρt2,Ik−s,k = 0 â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� ρt1,Ik−s,k = 0.

‡�¬¥ç�−¨¥ 2.2. �ã¤¥¬ ¯à¥¤¯®«�£�âì, çâ® ¥á«¨ ¢ P ãá¯¥è−® íªá¯«ã�â¨àã¥âáï
ãï§¢¨¬®áâì −� ¢å®¤−ëå ¤�−−ëå I ′, â® §�¯ãáª�¥¬ë© è¥««ª®¤ á®¤¥à¦¨â ¢ë§®¢ë
−¥ª®â®àëå äã−ªæ¨© ¨§ á¯¨áª� L(P ). ‚ë§®¢ë ¨§ è¥««ª®¤� ¡ã¤¥¬ −�§ë¢�âì
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�¡ ®¤−®¬ á¯®á®¡¥ ®¡−�àã¦¥−¨ï íªá¯«ã�â�æ¨¨ ãï§¢¨¬®áâ¥© ¨ ¥£® ¯�à�¬¥âà�å

−¥«¥£¨â¨¬−ë¬¨, � ®áâ�«ì−ë¥ | «¥£¨â¨¬−ë¬¨. �®á«¥¤®¢�â¥«ì−®áâì ¢ë§®¢®¢
äã−ªæ¨© (1) ¢ íâ®¬ á«ãç�¥ ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−� ¢ ¢¨¤¥:

Patht(P (I
′)) =




f

t,I′

1 , . . . , f t,I
′

i
︸ ︷︷ ︸

ÌÅÇÉÔÉÍÎÙÅ

, f t,I
′

i+1, . . . , f
t,I′

i+k
︸ ︷︷ ︸

ÎÅÌÅÇÉÔÉÍÎÙÅ

, f t,I
′

i+k+1, . . .
︸ ︷︷ ︸

ÌÅÇÉÔÉÍÎÙÅ




 , k > 1 .

’�ª¦¥ ¡ã¤¥¬ ¯à¥¤¯®«�£�âì, çâ® è¥««ª®¤ −¥ ¬®¦¥â ¡ëâì §�¯¨á�− ¢ â¥ ®¡«�áâ¨ ¯�¬ï-
â¨ ¯à®æ¥áá�, ¢ ª®â®àëå ã¦¥ à�§¬¥é¥− ª®¤ ¯à®£à�¬¬ë. �®íâ®¬ã ρ(f t,I

′

i , f t,I
′

i+1) 6= 0.

‡�¬¥ç�−¨¥ 2.3. ’�ª ª�ª ¢ëà�¦¥−¨¥ (2) ¯®§¢®«ï¥â ¯¥à¥å®¤¨âì ¬¥¦¤ã �¤à¥á�¬¨
¢ à�§−ë¥ ¬®¬¥−âë ¢à¥¬¥−¨ ¨ ¨§ ª®−â¥ªáâ� ®¡ëç−® ¨§¢¥áâ−ë ¢å®¤−ë¥ ¤�−−ë¥
¯à®£à�¬¬ë P , â® ¢ ®¡®§−�ç¥−¨¨ ¢ë§®¢®¢ ¨−®£¤� ¡ã¤¥¬ ®¯ãáª�âì ¢¥àå−¨© ¤¢®©−®©
¨−¤¥ªá.

„«ï ¢ëï¢«¥−¨ï −¥«¥£¨â¨¬−ëå ¢ë§®¢®¢ −¥®¡å®¤¨¬® ¨¬¥âì −�¡®à ¤�−−ëå (¯à®-
ä¨«ì), å�à�ªâ¥à¨§ãîé¨© «¥£¨â¨¬−®¥ ¨á¯®«−¥−¨¥ P . �ãáâì I(P ) | ¬−®¦¥áâ¢®
§−�ç¥−¨© «¥£¨â¨¬−ëå ¢å®¤−ëå ¤�−−ëå P . ‚ á¨«ã (2) ¯à®ä¨«ì ¬®¦¥â ä®à¬¨à®-
¢�âìáï ¯ãâ¥¬ ¬−®£®ªà�â−®£® §�¯ãáª� P −� ¢å®¤−ëå ¤�−−ëå ¨§ I(P ). �â¬¥â¨¬, çâ®
¤«ï ¢á¥å ¢®§¬®¦−ëå ¤�−−ëå ¨§ I(P ) ¯®áâà®¥−¨¥ ¯à®ä¨«ï ¯à¥¤áâ�¢«ï¥â á«®¦−ãî
§�¤�çã, â�ª ª�ª I(P ) ¬®¦¥â ¡ëâì ¯®â¥−æ¨�«ì−® ¡¥áª®−¥ç−ë¬. �à¨ ¨á¯®«ì§®¢�−¨¨
ª®−¥ç−®£® I(P ), á ®¤−®© áâ®à®−ë, ¬®é−®áâì íâ®£® ¬−®¦¥áâ¢� ¤®«¦−� ¡ëâì ¯à¨¥¬-
«¥¬®© ¤«ï ®¡ãç¥−¨ï, � á ¤àã£®© áâ®à®−ë, −�¡®à I(P ) ¤®«¦¥− ®¡«�¤�âì á¢®©áâ¢®¬
à¥¯à¥§¥−â�â¨¢−®áâ¨. �®á«¥¤−¥¥ ®§−�ç�¥â, çâ® ¢å®¤ïé¨¥ ¢ −�¡®à ¤�−−ë¥ ¤®«¦−ë
¡ëâì ú¯®å®¦¨û −� â¥ ¤�−−ë¥, ¤«ï ®¡−�àã¦¥−¨ï �−®¬�«¨© −� ª®â®àëå ¡ã¤¥â
¨á¯®«ì§®¢�âìáï ¯à®ä¨«ì. ��¯à¨¬¥à, ¥á«¨ P | íâ® ¡à�ã§¥à, â® ¢ I(P ) á«¥¤ã¥â
¢ª«îç�âì á�©âë â¥å â¨¯®¢, ª®â®àë¥ ®¡ëç−® ¯®á¥é�¥â íâ®â ¯®«ì§®¢�â¥«ì íâ®£®
¡à�ã§¥à�.

„«ï (n,m) ∈ L(P )× L(P ) ¡ã¤¥¬ ¯¨á�âì

(n,m, ρ) ∝s Patht(P (I)), (4)

¥á«¨ −�©¤¥âáï â�ª®¥ k, çâ® m = N(fk), n = N(fk−s) ¨ ρ = C(fk) − C(fk−s).
‡�¯¨áì (4) ®§−�ç�¥â, çâ® ¢Patht(P (I)) −�©¤¥âáï ¯�à� ¢ë§®¢®¢, ¯¥à¢ë¬ ¨§ ª®â®àëå
¡ã¤¥â ¢ë§®¢ äã−ªæ¨¨ á ¨¬¥−¥¬ n, � á«¥¤ãîé¨¬, s-¬ ®â −¥£®, | ¢ë§®¢ äã−ªæ¨¨
á ¨¬¥−¥¬ m, ¯à¨ íâ®¬ s-à�ááâ®ï−¨¥ ¬¥¦¤ã −¨¬¨ à�¢−® ρ. „«ï ª�¦¤®© ¯�àë
(n,m) ∈ L(P ) × L(P ) à�áá¬®âà¨¬ ¬−®¦¥áâ¢® ¢®§¬®¦−ëå s-à�ááâ®ï−¨© ¬¥¦¤ã
äã−ªæ¨ï¬¨ n ¨ m:

D(n,m),s = {ρ ∈ Z|∃I ∈ I(P ) : (n,m, ρ) ∝s Patht(P (I))} .

‚ ®¡é¥¬ á«ãç�¥ D(n,m),s 6= D(m,n),s. �à®ä¨«¥¬ s-à�ááâ®ï−¨© ¯à®£à�¬¬ë P
−�§®¢¥¬ ¬−®¦¥áâ¢®

Ds(P ) =
{
D(n,m),s : (n,m) ∈ L(P )× L(P )

}
, (5)
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¯®áâà®¥−−®¥ ¯® ¢á¥¬ ¯®â®ª�¬ P . �ã¤¥¬ £®¢®à¨âì, çâ® âà®©ª� (n,m, ρ)
(∈ L(P )×L(P )×Z) ¯à¨−�¤«¥¦¨â ¯à®ä¨«î Ds(P ) ¨ ¯¨á�âì (n,m, ρ) ∼ Ds(P ),
¥á«¨ ρ ∈ D(n,m),s. (ˆ−®£¤� ¡ã¤¥¬ £®¢®à¨âì, çâ® ç¨á«® ρ ¤«ï ¯�àë (n,m)
¯à¨−�¤«¥¦¨â ¯à®ä¨«î Ds(P ).) …á«¨ Ds(P ) ¯®áâà®¥− ¢ ¬®¬¥−â t1, � âà®©ª�
(n,m, ρ) ¯®«ãç¥−� ¯® ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢¨¤� (1) ¢ ¬®¬¥−â t = t2 −� ¢å®¤−ëå
¤�−−ëå I ′, â® ¡ã¤¥¬ £®¢®à¨âì, çâ® âà®©ª� (n,m, ρ) á®®â¢¥âáâ¢ã¥â Ds(P ), ¥á-
«¨ ¢ Patht2(P (I

′)) −�©¤¥âáï â�ª�ï ¯�à� ¢ë§®¢®¢ fk−s ¨ fk, çâ® n = N(fk−s),
m = N(fk), C(fk)− C(fk−s) = ρ, ¯à¨ íâ®¬ (á¬. (3))

(
n,m,T−1

t1,t2 (C(fk))− T
−1
t1,t2 (C (fk−s))

)
∼ Ds(P ). (6)

‘®®â¢¥âáâ¢¨¥ âà®©ª¨ (n,m, ρ) ¯à®ä¨«î Ds(P ) ®¡®§−�ç¨¬ (n,m, ρ) ∼t2 Ds(P ),
â¥¬ á�¬ë¬ ¯®¤ç¥àª¨¢�ï, çâ® âà®©ª� (n,m, ρ) ¯®«ãç¥−� ¢ ¬®¬¥−â t2, ®â«¨ç−ë©
®â ¬®¬¥−â� ä®à¬¨à®¢�−¨ï ¯à®ä¨«ï Ds(P ). (Š®£¤� ¡ã¤¥â ïá−®, ® ª�ª®© ¯�-
à¥ äã−ªæ¨© (n,m) ¨¤¥â à¥çì, ¡ã¤¥¬ ¯à®áâ® £®¢®à¨âì ® á®®â¢¥âáâ¢¨¨ ç¨á«� ρ
¯à®ä¨«î Ds(P ).)
‡�¬¥ç�−¨¥ 2.4. ’�ª ª�ª á ¯®¬®éìî (2) ¨ (6) ¬®¦−® ¯¥à¥©â¨ ®â �¤à¥á�æ¨¨
¢ ¬®¬¥−â t1 ª �¤à¥á�æ¨¨ ¢ ¬®¬¥−â t2 ¨ −�®¡®à®â, â® ¤�«¥¥ ¡ã¤¥¬ ¯à¥¤¯®«�£�âì, çâ®
¡�§®¢ë¥ �¤à¥á� §�£àã§ª¨ ¬®¤ã«¥© −¥ ¬¥−ïîâáï ®â §�¯ãáª� ª §�¯ãáªã.

„«ï −�âãà�«ì−®£® W à�áá¬®âà¨¬ −�¡®à

D1(P ), . . . ,DW (P ). (7)

‚ ¯à®áâ¥©è¥¬ ¢�à¨�−â¥ ¯à¥¤«�£�¥¬ë© ¬¥â®¤ ®¡−�àã¦¥−¨ï �−®¬�«¨© §�ª«îç�-
¥âáï ¢ −�å®¦¤¥−¨¨ ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢¨¤� (1) â�ª¨å ¯�à á®á¥¤−¨å ¢ë§®¢®¢,
1-à�ááâ®ï−¨¥ ¬¥¦¤ã ª®â®àë¬¨ −¥ á®®â¢¥âáâ¢ã¥â −¨ ®¤−®¬ã ¯à®ä¨«î ¢¨¤� (5)
¨§ −�¡®à� (7). –¥«¥á®®¡à�§−®áâì ¨á¯®«ì§®¢�−¨ï W > 1 ¯®ïá−¨¬ −� ¯à¨¬¥-
à¥. ÷�áá¬®âà¨¬ à¨á. 1, �, £¤¥ ¯à¥¤áâ�¢«¥−ë ¤¢� ¢®§¬®¦−ëå ¯ãâ¨ ¢ë¯®«−¥-
−¨ï P ¢ ¬®¬¥−â t ¢ §�¢¨á¨¬®áâ¨ ®â ¢å®¤−ëå ¤�−−ëå: Patht(P (I)) = (a, b, c, d)
¨ Patht(P (I ′)) = (a, d). �à¥¤¯®«®¦¨¬, çâ® ¯à¨ ä®à¬¨à®¢�−¨¨ D1(P ) ¯®á«¥-
¤®¢�â¥«ì−®áâì (a, b, c, d) à¥�«¨§®¢�«�áì −� −¥ª®â®àëå ¢å®¤−ëå ¤�−−ëå íâ�¯�

÷¨á. 1 �®á«¥¤®¢�â¥«ì−®áâ¨ ¢ë§®¢®¢ ¤«ï à�§−ëå ¢å®¤−ëå ¤�−−ëå
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�¡ ®¤−®¬ á¯®á®¡¥ ®¡−�àã¦¥−¨ï íªá¯«ã�â�æ¨¨ ãï§¢¨¬®áâ¥© ¨ ¥£® ¯�à�¬¥âà�å

®¡ãç¥−¨ï, � ¯®á«¥¤®¢�â¥«ì−®áâì (a, d) −¥ à¥�«¨§®¢ë¢�«�áì ¤«ï ¢á¥å ¢å®¤−ëå ¤�−-
−ëå íâ®£® íâ�¯�, ¯à¨ç¥¬ (N(a),N(d), ρ = ρ(a, d)) 6∼t D1(P ). ’®£¤� ¯®ï¢«¥−¨¥
æ¥¯®çª¨ (a, d) ¢ ¯ãâ¨ ¢ë¯®«−¥−¨ï P ¯à¨¢¥¤¥â ª â®¬ã, çâ® «¥£¨â¨¬−®¥ ¢ë¯®«−¥-
−¨¥ P ¯à¨ ¯à®¢¥àª¥ â®«ìª® ¯® ¯à®ä¨«î D1(P ) ¡ã¤¥â à�áæ¥−¥−® ª�ª −¥«¥£¨â¨¬−®¥
(«®¦−®¥ ®¡−�àã¦¥−¨¥). �¤−�ª® (N(a),N(d), ρ) ∼ D3(P ), â�ª ª�ª, ¯® ¯à¥¤¯®-
«®¦¥−¨î, æ¥¯®çª� (a, b, c, d) à¥�«¨§®¢�«�áì −� íâ�¯¥ ä®à¬¨à®¢�−¨ï ¯à®ä¨«ï.
’�ª¨¬ ®¡à�§®¬, ¯à¨ ª®−¥ç−®¬ I(P ) ç¥¬ ¡®«ìè¥ W , â¥¬ ¬¥−ìè¥ ¢¥à®ïâ−®áâì
«®¦−®£® ®¡−�àã¦¥−¨ï −¥«¥£¨â¨¬−®£® ¢ë§®¢�.

�à¨ ª®−¥ç−®¬ I(P ) −�«¨ç¨¥ ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢¨¤� (1) â�ª®© ¯�àë
(fi−1, fi), çâ® âà®©ª� (N(fi−1),N(fi),C(fi) − C(fk−1)) −¥ ¯à¨−�¤«¥¦¨â −¨ ®¤-
−®¬ã ¯à®ä¨«î ¨§ −�¡®à� (7), ¬®¦¥â á®®â¢¥âáâ¢®¢�âì ¤¢ã¬ á«ãç�ï¬. ‚®-¯¥à¢ëå,
íâ® ¬®¦¥â á¢¨¤¥â¥«ìáâ¢®¢�âì ® −¥«¥£¨â¨¬−®áâ¨ ¢å®¤−ëå ¤�−−ëå, ¨ ¢ íâ®¬ á«ãç�¥
�−®¬�«¨ï ¡ã¤¥â ¯à�¢¨«ì−® à�áæ¥−¥−� ª�ª íªá¯«ã�â�æ¨ï ãï§¢¨¬®áâ¨ ¢ P . ‚®-¢â®-
àëå, ¢å®¤−ë¥ ¤�−−ë¥ ¬®£ãâ ¡ëâì «¥£¨â¨¬−ë¬¨, ®¤−�ª® ¯à¨ ¨å ®¡à�¡®âª¥ ¢ P
§�¤¥©áâ¢ã¥âáï �‚”, ª®â®à�ï −¥ §�¤¥©áâ¢®¢�«�áì ¯à¨ ä®à¬¨à®¢�−¨¨ −�¡®à� (7).
‚ íâ®¬ á«ãç�¥ ¢ë§®¢ ¡ã¤¥â «®¦−® à�áæ¥−¥− ª�ª −¥«¥£¨â¨¬−ë©. „«ï á−¨¦¥-
−¨ï ¢¥à®ïâ−®áâ¨ «®¦−®£® ®¡−�àã¦¥−¨ï ¯à¥¤«�£�¥âáï ¯®¤å®¤ −� ®á−®¢¥ ¯à®¢¥àª¨
«¥£¨â¨¬−®áâ¨ à�ááâ®ï−¨© ¤® T (∈ N) ¯à¥¤ë¤ãé¨å ¢ë§®¢®¢. �¯¨è¥¬ íâ®â á¯®á®¡.

�ãáâì T,W, k ∈ N, k > T + 1. „«ï ¢ë§®¢� fk ¨§ âà�ááë ¢¨¤� (1) à�áá¬®âà¨¬
¢¥ªâ®à

vk = (v1, . . . , vT ) , (8)

£¤¥

vi =

=

{
min
1,...,W

{s : (N(fk−i),N (fk) ,C (fk)− C (fk−i)) ∼ Ds(P )} − 1;

W, ¥á«¨ ∀s ∈ {1, . . . ,W} : (N(fk−i),N(fk),C (fk)− C (fk−i)) 6∼ Ds(P ),

i = 1, . . . , T.

‚¥á ¢¥ªâ®à� (8) ®¯à¥¤¥«¨¬ ¯® ä®à¬ã«¥ W(vk) = (2
∑T

i=1 ivi)(T (T + 1)W )
−1,

¯à¨ç¥¬

W(vk) =

{
1, ¥á«¨ ρ(fk−j, fk) −¥ á®¤¥à¦¨âáï −¨ ¢ ®¤−®¬ ¯à®ä¨«¥ ¨§ (7);
0, ¥á«¨ ρ(fk−j, fk) á®¤¥à¦¨âáï ¢ ¯à®ä¨«¥ D1(P )

¤«ï ¢á¥å j ∈ {1, . . . , T}. —¥à¥§ τ(T,W ) ®¡®§−�ç¨¬ â�ª®¥ ¯®à®£®¢®¥ §−�ç¥−¨¥ ¨§
®âà¥§ª� [0, 1]R, çâ® ¯à¨

W(vk) < τ(T,W ) (9)

¢ë§®¢ f t,Ik ¯à¨−¨¬�¥âáï §� «¥£¨â¨¬−ë©, � ¯à¨ W(vk) > τ(T,W )| §� −¥«¥£¨â¨¬-
−ë©. �«£®à¨â¬ CheckTraceBack (á¬. �«£®à¨â¬) à¥�«¨§ã¥â á¯®á®¡ ®¡−�àã¦¥−¨ï
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�«£®à¨â¬ CheckTraceBack

ˆáå®¤−ë¥ ¯�à�¬¥âàë: 1) �‚” Patht2(P (I)) ¢¨¤� (1) ¤«¨−ë nI
(I 6∈ I(P )), 2) T , W , τ(T,W ), 3) −�¡®à (7); 4) L |
¯à¨§−�ª á�¬®®¡ãç¥−¨ï

÷¥§ã«ìâ�â: ‘®®¡é¥−¨¥ ® −¥â¨¯¨ç−®© (not typical)/â¨¯¨ç−®© (typical)
�‚”

result = typical
æ¨ª« k = T + 1, . . . , nI − 1 ¢ë¯®«−ïâì

‚ëç¨á«¨âì ¢¥ªâ®à vk ¢¨¤� (8)
¥á«¨ −¥ ¢ë¯®«−ï¥âáï −¥à�¢¥−áâ¢® (9) â®£¤�
result = nottypical
‚ë©â¨ ¨§ æ¨ª«�

ª®−¥æ ãá«®¢¨ï
¨−�ç¥

¥á«¨ L = 1 â®£¤�
„®¡�¢¨âì ¢ D1(P ) à�ááâ®ï−¨¥ ρ ¤«ï ¯�àë (n,m)

ª®−¥æ ãá«®¢¨ï
ª®−¥æ ãá«®¢¨ï

ª®−¥æ æ¨ª«�
¢®§¢à�â¨âì result

�−®¬�«ì−®£® ¢ë¯®«−¥−¨ï ¯® ¯à¥¤ë¤ãé¨¬ T ¢ë§®¢�¬. „«ï ¯à¥¤«�£�¥¬®£® á¯®-
á®¡� §�¤�ç¥© ï¢«ï¥âáï ¯®¤¡®à â�ª¨å T , W , τ(T,W ) ¨ I(P ), çâ® ¢¥à®ïâ−®áâ¨
«®¦−®£® ®¡−�àã¦¥−¨ï ¨ «®¦−®£® ¯à®¯ãáª� −¥ ¯à¥¢ëè�îâ §�¤�−−ëå §−�ç¥−¨©.
‚ −�áâ®ïé¥© à�¡®â¥ §�¤�ç� ¯®¤¡®à� τ(T,W ) ¨ I(P ) −¥ à¥è�¥âáï (τ(T,W ) = 1,
� −�¡®à I(P ) ä®à¬¨àã¥âáï á ãç¥â®¬ à¥§ã«ìâ�â®¢ [4]).

3 Подбор параметров

÷�áá¬®âà¨¬ âà�ááã ¢ë§®¢®¢ (1). ‡�¬¥â¨¬, çâ® ¨§ ãá«®¢¨ï

(N (fk−j) ,N (fk) ,C (fk)− C (fk−j)) ∼t Dj(P ) (10)

−¥ ¢ëâ¥ª�¥â, çâ® ¬¥¦¤ã ¢ë§®¢�¬¨ äã−ªæ¨© á ¨¬¥−�¬¨ N(fk−j) ¨ N(fk), à�á¯®«®-
¦¥−−ë¬¨ ¯® �¤à¥á�¬ á®®â¢¥âáâ¢¥−−® C(fk−j) ¨ C(fk), áãé¥áâ¢ã¥â ¯ãâì ç¥à¥§ j−1
®âá«¥¦¨¢�¥¬ëå äã−ªæ¨©. ‡�¯¨áì (10) ®§−�ç�¥â «¨èì, çâ® −�©¤ãâáï ¤¢� â�ª¨å
�¤à¥á� C1 ¨ C2, çâ® ¢ë§®¢ äã−ªæ¨¨ á ¨¬¥−¥¬ N(fk−j) à�á¯®«®¦¥− ¯® �¤à¥áã C1,
� ¢ë§®¢ äã−ªæ¨¨ á ¨¬¥−¥¬ N(fk) | ¯® �¤à¥áã C2, ¯à¨ íâ®¬ ¬¥¦¤ã ¢ë§®¢�¬¨
íâ¨å äã−ªæ¨© ¯à®¨áå®¤¨â j − 1 ¢ë§®¢®¢ ®âá«¥¦¨¢�¥¬ëå äã−ªæ¨© ¨ C2 − C1 =
= C(fk) − C(fk−j). ÷�áá¬®âà¨¬ ¯à¨¬¥à, ¨§®¡à�¦¥−−ë© −� à¨á. 1, ¡ ¨ 1, ¢. ��
íâ¨å à¨áã−ª�å ¯à¥¤áâ�¢«¥−ë ¢®§¬®¦−ë¥ ¯ãâ¨ ¢ë¯®«−¥−¨ï ¤¢ãå à�§−ëå ãç�áâª®¢
ª®¤� ®¤−®© ¯à®£à�¬¬ë. ��§®¢¥¬ ¨å ãá«®¢−® ãç�áâ®ª 1 (à¨á. 1, ¡) ¨ ãç�áâ®ª 2
(à¨á. 1, ¢). �ãáâì «¥£¨â¨¬−ë¥ ¤�−−ë¥ I ¨á¯®«ì§ãîâáï ¢ ¬®¬¥−â ä®à¬¨à®¢�−¨ï
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�¡ ®¤−®¬ á¯®á®¡¥ ®¡−�àã¦¥−¨ï íªá¯«ã�â�æ¨¨ ãï§¢¨¬®áâ¥© ¨ ¥£® ¯�à�¬¥âà�å

¯à®ä¨«ï, � «¥£¨â¨¬−ë¥ ¤�−−ë¥ I ′ ¨ −¥«¥£¨â¨¬−ë¥ ¤�−−ë¥ I ′′ | ¢ ¬®¬¥−â â¥áâ¨-
à®¢�−¨ï, N(b) = N(e), N(d) = N(f) = N(h), C(d) − C(b) = C(f) − C(e). ��
−¥«¥£¨â¨¬−ëå ¤�−−ëå I ′′ íªá¯«ã�â¨àã¥âáï ãï§¢¨¬®áâì −� ãç�áâª¥ 2, £¤¥ ¨§ è¥««-
ª®¤� ®áãé¥áâ¢«ï¥âáï ¢ë§®¢ g. (“á¯¥å ¢ ®¯à¥¤¥«¥−¨¨ ¢ë§®¢� g ª�ª −¥â¨¯¨ç−®£®
§�¢¨á¨â ®â â®£®, −�áª®«ìª® −¥â¨¯¨ç−ë à�ááâ®ï−¨ï ®â T ¯à¥¤ë¤ãé¨å ¢ë§®¢®¢ ¤®
¢ë§®¢� g; −�å®¦¤¥−¨¥ §−�ç¥−¨© ¯�à�¬¥âà®¢ �«£®à¨â¬� ¤«ï ãá¯¥è−®£® ¢ëï¢«¥−¨ï
−¥â¨¯¨ç−®£® ¢ë¯®«−¥−¨ï âà¥¡ã¥â ®â¤¥«ì−®£® ¨áá«¥¤®¢�−¨ï, ¢ ç�áâ−®áâ¨ −¥®¡-
å®¤¨¬ −�¡®à ¨§¢¥áâ−ëå íªá¯«®¨â®¢ ¤«ï ¯à®£à�¬¬ë.) ‚ ¬®¬¥−â ä®à¬¨à®¢�−¨ï
¯à®ä¨«ï −� ¢å®¤−ëå ¤�−−ëå I ¢ D2(P ) ¡ã¤¥â ¤®¡�¢«¥−® à�ááâ®ï−¨¥ C(d)− C(b)
¤«ï ¯�àë (N(b),N(d)), � ¢ D3(P ) ¡ã¤¥â ¤®¡�¢«¥−® à�ááâ®ï−¨¥ C(d) − C(a) ¤«ï
¯�àë (N(a),N(d)). �®íâ®¬ã −� ¢å®¤−ëå ¤�−−ëå I ′ ¨ I ′′ ¯à¨ W > 3 ¢ë§®¢ d
¯®á«¥ ¢ë§®¢� a ¡ã¤¥â à�áæ¥−¥− �«£®à¨â¬®¬ CheckTraceBack ª�ª â¨¯¨ç−ë© ¯à¨
τ(W,T ) = 1. ‡�¬¥â¨¬, çâ® �«£®à¨â¬®¬ CheckTraceBack ¯à¨ W > 2 ¢ë§®¢ f
â�ª¦¥ ¡ã¤¥â à�áæ¥−¥− ª�ª â¨¯¨ç−ë©, ¯®áª®«ìªã

(N(e),N(f),C(f) − C(e)) = (N(b),N(d),C(d) − C(b)) ∼t D2(P ),

£¤¥ t | ¬®¬¥−â §�¯ãáª� P . �¤−�ª® ¯à¨ íâ®¬ ®â e ¤® f , ª�ª á«¥¤ã¥â ¨§ à¨á. 1, ¢,
−¥ áãé¥áâ¢ã¥â æ¥¯®çª¨ ¨§ âà¥å ¢ë§®¢®¢, −�ç¨−�îé¥©áï e ¨ §�ª�−ç¨¢�îé¥©áï f .
„àã£¨¬¨ á«®¢�¬¨, à¥è¥−¨¥ ® «¥£¨â¨¬−®áâ¨ f ¯à¨−¨¬�¥âáï −� ®á−®¢¥ à�ááâ®ï−¨ï,
ª®â®à®¥ −¥ á¢ï§�−® á f . ‘ ®¤−®© áâ®à®−ë, íâ® á−¨¦�¥â ¢¥à®ïâ−®áâì «®¦−®£®
®¡−�àã¦¥−¨ï �−®¬�«ì−®£® ¨á¯®«−¥−¨ï, � á ¤àã£®© | ¬®¦¥â ¯à¨¢¥áâ¨ ª à®áâã
¢¥à®ïâ−®áâ¨ «®¦−®£® ¯à®¯ãáª�.

�®¤¡®à T ¨W ¤«ï �«£®à¨â¬� CheckTraceBack ¢ë¯®«−ï¥âáï íªá¯¥à¨¬¥−â�«ì-
−®. ‚ à�¡®â¥ ¢ ª�ç¥áâ¢¥ P à�áá¬®âà¥− ¡à�ã§¥à FireFox, � ¢ ª�ç¥áâ¢¥ L(P ) |
−�¡®à äã−ªæ¨© LMW (P ), â¨¯¨ç−ë© ¤«ï ¢à¥¤®−®á−®£® �� [4]. �� ®á−®¢¥ ¤�−-
−ëå www.similarweb.com ¢ë¡à�−® 15 à�§«¨ç−ëå â¥¬�â¨ª á�©â®¢, ¨ ¤«ï ª�¦¤®©
â¥¬�â¨ª¨ ¢ë¡à�−ë ¯¥à¢ë¥ ¤¥áïâì −�¨¡®«¥¥ ¯®á¥é�¥¬ëå á�©â®¢ | áä®à¬¨à®¢�-
−® 15 ¬−®¦¥áâ¢ á�©â®¢, ª®â®àë¥ ®¡®§−�ç¨¬ S1,. . . ,S15. ‘�©âë ¢ë¡¨à�«¨áì â�ª,
çâ®¡ë Si ∩ Sj = ∅ ¤«ï i 6= j. ˆá¯®«ì§ãï íâ¨ ¬−®¦¥áâ¢�, ¡ë«® á®áâ�¢«¥−® 15 −�-
¡®à®¢ ¯à®ä¨«¥© ¢¨¤� (7), £¤¥ W = 10: ¯¥à¢ë© −�¡®à ¡ë« ¯®«ãç¥− ¯® S1 = S1,
¢â®à®© | ¯® S2 = S1 ∪ S2 ¨ â. ¤. ¤® ¯ïâ−�¤æ�â®£® −�¡®à�, ª®â®àë© ¡ë« ¯®áâà®¥−
¯® S15 = ∪15i=1Si. ‚ ª�¦¤®¬ −�¡®à¥ (7) ¤«ï ä®à¬¨à®¢�−¨ï ®â¤¥«ì−®£® ¯à®ä¨«ï
¨á¯®«ì§®¢�«®áì ®â 300 ¤® 600 âëá. ¢ë§®¢®¢ ®âá«¥¦¨¢�¥¬ëå äã−ªæ¨©. ’�ª¦¥
áä®à¬¨à®¢�−� ¢ë¡®àª� ¨§ 450 á�©â®¢ (¯® 30 á�©â®¢ ¤«ï ª�¦¤®© ¨§ 15 â¥¬�â¨ª),
¨§ ª®â®à®© á«ãç�©−ë¬ ®¡à�§®¬ ¢ë¡à�−® ç¥âëà¥ −¥¯¥à¥á¥ª�îé¨åáï â¥áâ®¢ëå ¢ë-
¡®àª¨ ¯® 25 á�©â®¢ ª�¦¤�ï. „«ï ª�¦¤®© â¥áâ®¢®© ¢ë¡®àª¨ ¯®áâà®¥−� âà�áá�
¢¨¤� (1), á®áâ®ïé�ï ¨§ ¯®àï¤ª� 700 âëá. ¢ë§®¢®¢.

�¡®§−�ç¨¬ ç¥à¥§ A0,i ç¨á«® â�ª¨å á®á¥¤−¨å ¯�à (fk−1, fk) ¢ë§®¢®¢ ¢ âà�áá¥,
çâ® (N(fk−1),N(fk),C(fk)−C(fk−1)) 6∼ D1(P ), £¤¥ D1(P ) ¯à¨−�¤«¥¦¨â −�¡®àã
¢¨¤� (7), ¯®áâà®¥−−®¬ã ¯® Si. —¥à¥§ A1,i(W,T ) ®¡®§−�ç¨¬ ç¨á«® ¢ë§®¢®¢ fk,
¤«ï ª®â®àëå W(vk) = 1 (¤«ï τ(W,T ) = 1) ¯à¨ ¢ëç¨á«¥−¨¨ ¢¥á� ¯® −�¡®àã,
¯®áâà®¥−−®¬ã ¯® ¬−®¦¥áâ¢ã Si. „«ï ª�¦¤®© ¯�àë (W,T ), £¤¥ W ∈ {1, . . . , 10},
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T ∈ {5, 10, 15, . . . , 100}, ¯® âà�áá¥ ¢ë§®¢®¢ ¯à®£à�¬¬ë FireFox, ¯®«ãç¥−−®© −�
®á−®¢¥ â¥áâ®¢®© ¢ë¡®àª¨, ¢ëç¨á«ï«¨áì ¤¢� ç¨á«�: A0 =

∑15
i=1A0,i (−¥ §�¢¨á¨â

®â W ¨ T ) ¨ A1(W,T ) =
∑15

i=1A1,i(W,T ). ‚¥«¨ç¨−� –(W,T ) = A1(W,T )A
−1
0

å�à�ªâ¥à¨§ã¥â ¤®«î ¢ëï¢«¥−−ëå �−®¬�«¨© �«£®à¨â¬®¬ CheckTraceBack ¯® ®â-
−®è¥−¨î ª ç¨á«ã �−®¬�«¨©, ¢ëï¢«¥−−ëå ¯à¨ ¯à®¢¥àª¥ à�ááâ®ï−¨© ¬¥¦¤ã á®-
á¥¤−¨¬¨ ¢ë§®¢�¬¨ ¯® ¯à®ä¨«î D1(P ). —¥¬ ¬¥−ìè¥ –(W,T ), â¥¬ ¬¥−ìè¥
¢ áà¥¤−¥¬ �«£®à¨â¬®¬ CheckTraceBack ®¡−�àã¦¨¢�¥âáï «®¦−ëå �−®¬�«¨©. ’�ª
ª�ª A0 −¥ §�¢¨á¨â ®â W ¨ T , â® ¤«ï τ(W,T ) = 1 ¨§ ®¯à¥¤¥«¥−¨ï ª®®à¤¨−�â
¢¥ªâ®à� (8) ¨ ®¯à¥¤¥«¥−¨ï ¢¥á� íâ®£® ¢¥ªâ®à� ¯®«ãç�¥¬, çâ® ¯®á«¥¤®¢�â¥«ì−®áâ¨
–(1, T ), . . . ,–(i, T ), . . . ¨–(W, 1), . . . ,–(W, j), . . . −¥ ¢®§à�áâ�îâ.

„àã£¨¬¨ á«®¢�¬¨, ¯à¨ τ(W,T ) = 1 ç¥¬ ¡®«ìè¥ ¯�à�¬¥âàë W ¨ T , â¥¬
®¦¨¤�¥âáï ¬¥−ìè¥ «®¦−® ¯®«®¦¨â¥«ì−ëå áà�¡�âë¢�−¨© �«£®à¨â¬�. �−�«¨§ §−�-
ç¥−¨© –(W,T ) ¬®¦¥â ¯®§¢®«¨âì ¢ë¡à�âì T ¨ W ¤«ï �«£®à¨â¬� CheckTraceBack
â�ª, çâ®¡ë ®¡¥á¯¥ç¨¢�«¨áì ¯à¨¥¬«¥¬ë¥ ¢¥à®ïâ−®áâì «®¦−®£® ®¡−�àã¦¥−¨ï ¨ áª®-
à®áâì ®¡à�¡®âª¨ ¤�−−ëå.

„«ï âà¥å ¨§ ç¥âëà¥å â¥áâ®¢ëå ¢ë¡®à®ª (¢â®à®©, âà¥âì¥© ¨ ç¥â¢¥àâ®©) à¥§ã«ì-
â�âë ¡«¨§ª¨¥, ¯®íâ®¬ã −� à¨á. 2, � ¨ 2, ¡ ¢ á«ãç�¥ L(P ) = LMW (P ) ¨§®¡à�¦¥−ë
à¥§ã«ìâ�âë â®«ìª® ¤«ï ¯¥à¢®© ¨ ç¥â¢¥àâ®© ¢ë¡®à®ª. �� à¨á. 2, � £à�ä¨ª¨ á¡«¨-
¦�îâáï ¯à¨ T > 40 ¤«ï W > 3. �à¨ íâ®¬ −� à¨á. 2, ¡ £à�ä¨ª¨ ®ç¥−ì ¡«¨§ª¨ ¤«ï
T > 20 ¯à¨ W > 4. ‚ëè¥ ®â¬¥ç�«®áì, çâ® á à®áâ®¬ W ¨ T ã¢¥«¨ç¨¢�¥âáï ¢à¥¬ï
¢ëç¨á«¥−¨ï ¢¥á� (9). �®íâ®¬ã ¢ ª�ç¥áâ¢¥ à¥ª®¬¥−¤ã¥¬ëå §−�ç¥−¨© ¯�àë (W,T )
¢ íâ®¬ á«ãç�¥ ¬®¦−® ¢§ïâì ¯�àã (4, 30). ‚ à�¡®â¥ â�ª¦¥ ¯à®¢¥¤¥−ë íªá¯¥à¨¬¥−âë
¯® ¢«¨ï−¨î á�¬®®¡ãç¥−¨ï (¯�à�¬¥âà L ¢ �«£®à¨â¬¥ CheckTraceBack). ÷¥§ã«ì-
â�âë íªá¯¥à¨¬¥−â®¢ −� −�¡®à¥, ¯®áâà®¥−−®¬ ¯® S15, ¯®ª�§�«¨, çâ® á�¬®®¡ãç¥−¨¥
¯à�ªâ¨ç¥áª¨ −¥ ¢«¨ï¥â −� á−¨¦¥−¨¥ ç¨á«� «®¦−ëå ®¡−�àã¦¥−¨©.

‘ æ¥«ìî ®æ¥−ª¨ §�¢¨á¨¬®áâ¨ §−�ç¥−¨© (W,T ) ®â −�¡®à� L(P ) ¡ë«¨ ¯à®¢¥¤¥−ë
íªá¯¥à¨¬¥−âë −� â¥å ¦¥ −�¡®à�å ®¡ãç�îé¨å ¨ â¥áâ®¢ëå ¢ë¡®à®ª ¤«ï −�¡®à� ®â-
á«¥¦¨¢�¥¬ëå äã−ªæ¨© LDA(P ), ¢ ª®â®àë© ¢ª«îç¥−ë á¨áâ¥¬−ë¥ äã−ªæ¨¨ ¨§
¬®¤ã«¥© kernel32.dll ¨ txfw32.dll, á¢ï§�−−ë¥ á ¤®áâã¯®¬ ª «®ª�«ì−®© ä�©«®¢®©
á¨áâ¥¬¥. ‡�¢¨á¨¬®áâì –(W,T ) ®â §−�ç¥−¨© (W,T ) ¢ íâ®¬ á«ãç�¥ ¯®ª�§�−� −�
à¨á. 2, ¢ ¨ 2, £. �® à¨á. 2, £ ¬®¦−® §�ª«îç¨âì, çâ® ¯à¨ W > 5 ¨ T > 35 £à�ä¨ª¨
¡«¨§ª¨ ¤àã£ ª ¤àã£ã, ¢ â® ¢à¥¬ï ª�ª ¯® à¨á. 2, ¢ ¢¨¤−®, çâ® ¡«¨§®áâì £à�ä¨ª®¢
−�áâã¯�¥â ¯à¨ T > 50 ¤«ï W > 5. ‘−®¢�, ¨§ á®®¡à�¦¥−¨© áª®à®áâ¨ ®¡à�¡®âª¨,
¢ ª�ç¥áâ¢¥ ¯�àë (W,T ) ¬®¦¥â ¡ëâì ¢ë¡à�−® §−�ç¥−¨¥ (5, 40).

�ªá¯¥à¨¬¥−âë â�ª¦¥ ¯®ª�§�«¨, çâ® ¤«ï W > 5 à¥¦¨¬ ®¡ãç¥−¨ï ¯à�ªâ¨ç¥-
áª¨ −¥ ¢«¨ï¥â −� ç¨á«® ®¡−�àã¦¨¢�¥¬ëå «®¦−ëå áà�¡�âë¢�−¨©, §� ¨áª«îç¥-
−¨¥¬ ¯¥à¢®© ¢ë¡®àª¨, £¤¥ ç¨á«® ¢ëï¢«¥−−ëå «®¦−ëå áà�¡�âë¢�−¨© á−¨¦�-
¥âáï −¥ ¡®«¥¥ ç¥¬ −� 2. ‚�¦−® ®â¬¥â¨âì, çâ® −� −�¡®à¥ äã−ªæ¨© LDA(P )
ç¨á«® «®¦−® ®¡−�àã¦¨¢�¥¬ëå �«£®à¨â¬®¬ CheckTraceBack −¥«¥£¨â¨¬−ëå ¢ë-
§®¢®¢ ¢ áà¥¤−¥¬ ¬¥−ìè¥, ç¥¬ −� −�¡®à¥ äã−ªæ¨© LMW (P ). �â® ¯®¤ç¥àª¨-
¢�¥â �ªâã�«ì−®áâì §�¤�ç¨ ¯®¨áª� ®¯â¨¬�«ì−®£® −�¡®à� ®âá«¥¦¨¢�¥¬ëå äã−ª-
æ¨© L(P ).
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�¡ ®¤−®¬ á¯®á®¡¥ ®¡−�àã¦¥−¨ï íªá¯«ã�â�æ¨¨ ãï§¢¨¬®áâ¥© ¨ ¥£® ¯�à�¬¥âà�å

÷¨á. 2 ‡�¢¨á¨¬®áâì –(W,T ) ®â (W,T ) ¤«ï P = FireFox, L(P ) = LMW (P ) (�, ¡)
¨ L(P ) = LDA(P ) (¢, £): 1 | W = 1; 2 | 2; 3 | 3; 4 | 4; 5 | 5; 6 | 6; 7 | 7; 8 | 8;
9 | 9; 10 | W = 10

4 Заключение

��å®¦¤¥−¨¥ ¯�à�¬¥âà®¢ �«£®à¨â¬� CheckTraceBack, ¯à¨ ª®â®àëå ®¡¥á¯¥-
ç¨¢�îâáï ¯à¨¥¬«¥¬ë¥ ¢¥à®ïâ−®áâ¨ «®¦−®£® ®¡−�àã¦¥−¨ï ¨ «®¦−®£® ¯à®¯ãáª�,
ï¢«ï¥âáï �ªâã�«ì−®© §�¤�ç¥©. �ªá¯¥à¨¬¥−âë ¯®ª�§ë¢�îâ, çâ®, á ®¤−®© áâ®à®−ë,
¯�à�¬¥âàë �«£®à¨â¬� §�¢¨áïâ ®â −�¡®à� ®âá«¥¦¨¢�¥¬ëå ¢ë§®¢®¢, � á ¤àã£®©
áâ®à®−ë, à¥¦¨¬ á�¬®®¡ãç¥−¨ï ¯à�ªâ¨ç¥áª¨ −¥ ¢«¨ï¥â −� ç¨á«® ®¡−�àã¦¨¢�-
¥¬ëå «®¦−ëå áà�¡�âë¢�−¨©. �â¬¥â¨¬, çâ® ¢ à�¡®â¥ −¥ ®æ¥−¨¢�¥âáï ¢¥à®ïâ−®áâì
«®¦−®£® ¯à®¯ãáª� �«£®à¨â¬®¬ íªá¯«ã�â�æ¨¨ ãï§¢¨¬®áâ¨, â�ª ª�ª ¤«ï â�ª®©
®æ¥−ª¨ −¥®¡å®¤¨¬® ¨¬¥âì −�¡®à ¨§¢¥áâ−ëå íªá¯«®¨â®¢ ¤«ï ä¨ªá¨à®¢�−−®© ¯à®-
£à�¬¬ë, −�æ¥«¥−−ëå −� §�¯ãáª ª®¤� ¯ãâ¥¬ íªá¯«ã�â�æ¨¨ ãï§¢¨¬®áâ¥© ¢ íâ®©
¯à®£à�¬¬¥. „«ï ¨áá«¥¤ã¥¬®© ¯à®£à�¬¬ë FireFox ¯à¨ −�©¤¥−−ëå §−�ç¥−¨ïå ¯�-
à�¬¥âà®¢ (W,T ) §�¯ãáª íªá¯«®¨â�, à�áá¬®âà¥−−®£® ¢ [8], ®¡−�àã¦¨¢�¥âáï ¢á¥£¤�.
�¤−�ª® ®¤−®£® íªá¯«®¨â�, ¤�¦¥ á à�§−ë¬¨ ¢ë§ë¢�¥¬ë¬¨ ¨§ −¥£® äã−ªæ¨ï¬¨ (¨§
®âá«¥¦¨¢�¥¬®£® −�¡®à�), ¯®«�£�¥¬, −¥¤®áâ�â®ç−®. �®íâ®¬ã ¯¥à¢ë¬ −�¯à�¢«¥−¨-
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ā. ‚. Š®á®«�¯®¢

¥¬ ¤�«ì−¥©è¥£® ¨áá«¥¤®¢�−¨ï ¯à¥¤áâ�¢«ï¥âáï ¯à®¢¥àª� á¯®á®¡−®áâ¨ �«£®à¨â¬�
CheckTraceBack ª ¢ëï¢«¥−¨î ¤àã£¨å ¨§¢¥áâ−ëå íªá¯«®¨â®¢. ‚â®àë¬ −�¯à�¢«¥-
−¨¥¬ ¨áá«¥¤®¢�−¨ï, ª®â®à®¥ â¥á−® á¢ï§�−® á ¯¥à¢ë¬, ¤®«¦−® áâ�âì −�å®¦¤¥−¨¥
®¯â¨¬�«ì−®£® −�¡®à� ®âá«¥¦¨¢�¥¬ëå äã−ªæ¨© L(P ). ��ª®−¥æ, âà¥âì¨¬ −�¯à�¢-
«¥−¨¥¬ ï¢«ï¥âáï à�§à�¡®âª� á¯®á®¡� §�é¨âë ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ¯à®ä¨«¥© (5),
â�ª ª�ª íâ¨ ¯à®ä¨«¨ åà�−ïâáï −� áâ®à®−¥ ¯®«ì§®¢�â¥«ï §�é¨é�¥¬®© ¯à®£à�¬¬ëP
¨ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¨¬ ¤«ï ¯®áâà®¥−¨ï íªá¯«®¨â�, ®¡å®¤ïé¥£® §�é¨âã.
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On one method for detecting exploitation of vulnerabilities and its parameters

ON ONE METHOD FOR DETECTING EXPLOITATION
OF VULNERABILITIES AND ITS PARAMETERS

Yu. V. Kosolapov

Institute for Mathematics, Mechanics, and Computer Science named after
I. I. Vorovich, Southern Federal University, 8a Milchakova Str., Rostov-on-Don
344090, Russian Federation

Abstract: When a program vulnerability is successfully exploited, the exploit
often calls some system function. Therefore, one of the possible ways to detect
exploitation of a vulnerability of a specific program is to check for atypical
distance between the call with the number i and the call with the number i − j
where j ∈ {1, . . . , T}, T ∈ N. Distance is understood as the difference between
the addresses of the call of these functions and the typicality is determined
by checking whether it belongs to the distance profile. In addition to the T
parameter, the detection algorithm uses the parameter W (∈ N): it is the number
of profiles against which the call is checked. In this case, for j ∈ {1, . . . ,W},
the profile with the number j is constructed from pairs of calls from a legitimate
sequence, the difference of call indices in which is equal to j. The aim of this
work is, on the one hand, to describe the detection algorithm and, on the other,
to provide an experimental estimate of the sufficient values of the parameters W
and T . As a result, in particular, it was found that the values of these parameters
depend on the set of monitored functions; therefore, for each set of functions (and
each protected program), these parameters must be found separately.

Keywords: software vulnerabilities; distance between function calls; program
protection
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ИССЛЕДОВАТЕЛЬСКИЙ ПРОТОТИП КОГНИТИВНОЙ
ГИБРИДНОЙ ИНТЕЛЛЕКТУАЛЬНОЙ СИСТЕМЫ

ПОДДЕРЖКИ ПРИНЯТИЯ ДИАГНОСТИЧЕСКИХ РЕШЕНИЙ∗

С. Б. Румовская1, И. А. Кириков2

�−−®â�æ¨ï: ˆáá«¥¤®¢�−¨¥ ª®£−¨â¨¢−ëå áâàãªâãà ¨ ¬¥å�−¨§¬®¢ á¯¥æ¨�«¨áâ�
(¢à�ç�) ¯®§¢®«¨â á¤¥«�âì ¯à®æ¥ááë ¯à¥®¤®«¥−¨ï ¤¨�£−®áâ¨ç¥áª®© ¯à®¡«¥¬ë
(„�) ¢¨¤¨¬ë¬¨, ª®−âà�áâ−ë¬¨, � à�§à�¡®âª� −� ¨å ®á−®¢¥ á¨áâ¥¬ á ª®£−¨â¨¢-
−ë¬ ¬®¤¥«¨à®¢�−¨¥¬ „� á−¨§¨â ç¨á«® ¢à�ç¥¡−ëå ®è¨¡®ª ¨ ¯®¢ëá¨â ª�ç¥áâ¢®
¬¥¤¨æ¨−áª¨å á¨áâ¥¬ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©. ÷�áá¬®âà¥−ë ª®£−¨-
â¨¢−�ï £¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï ¤¨�£−®áâ¨ç¥áª�ï á¨áâ¥¬� (Šƒˆ„‘), ¥¥
¯à¥¤¬¥â−®-¨§®¡à�§¨â¥«ì−�ï ¬®¤¥«ì ¨ â¨¯®¢�ï �àå¨â¥ªâãà�, � â�ª¦¥ ®á®¡¥−−®-
áâ¨ «�¡®à�â®à−®© �¯à®¡�æ¨¨ −� ¯à¨¬¥à¥ ¯à®¡«¥¬ë ¤¨�£−®áâ¨ª¨ §�¡®«¥¢�−¨©
¯®¤¦¥«ã¤®ç−®© ¦¥«¥§ë.

Š«îç¥¢ë¥ á«®¢�: ª®£−¨â¨¢−�ï £¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï ¤¨�£−®áâ¨ç¥áª�ï
á¨áâ¥¬�; ¨−¤¨¢¨¤ã�«ì−®¥ ¯à¨−ïâ¨¥ ¤¨�£−®áâ¨ç¥áª¨å à¥è¥−¨©; ª®£−¨â¨¢−ë©
®¡à�§ ®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨; ®¯¥à�â¨¢−ë¥ ®¡à�§ë ®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨

DOI: 10.14357/08696527210406

1 Введение

�® à�§−ë¬ ®æ¥−ª�¬, ¯à¨¬¥à−® 50%{60% à®áá¨ï− å®âì à�§ ¢ ¦¨§−¨ áâ�«ª¨¢�-
«¨áì á ®è¨¡ª�¬¨ ¢à�ç¥© [1, 2]. ‚ áà¥¤−¥¬ ¢ 35% á«ãç�¥¢ ¨¬¥«® ¬¥áâ® à�áå®¦¤¥−¨¥
¤¨�£−®§� ¯®«¨ª«¨−¨ç¥áª®£® ¨ ª«¨−¨ç¥áª®£®. ‘¯¥æ¨�«¨áâë ¢ ®¡«�áâ¨ ¯á¨å®«®-
£¨¨ ¬ëè«¥−¨ï [3] ã¡¥¦¤¥−ë, çâ® ¨¬¥−−® −�«¨ç¨¥ ¤¢ãå á¯®á®¡®¢ ¯à¥¤áâ�¢«¥−¨ï
¨−ä®à¬�æ¨¨ (¢ ¢¨¤¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ á¨¬¢®«®¢ ¨ ¢ ¢¨¤¥ ª�àâ¨−-®¡à�§®¢) ®¡¥á-
¯¥ç¨¢�¥â á�¬ ä¥−®¬¥− ç¥«®¢¥ç¥áª®£® ¬ëè«¥−¨ï. �¡à�§−�ï á¨áâ¥¬� á¯¥æ¨�«¨áâ�
å�à�ªâ¥à¨§ã¥âáï ¢ëá®ª®© áª®à®áâìî ®¡à�¡®âª¨ ®¡à�§®¢. Sowa ®â¬¥ç�¥â [4], çâ®
¢ ç¥«®¢¥ç¥áª®¬ ¬ëè«¥−¨¨ ®£à®¬−ãî à®«ì ¨£à�îâ §�£®â®¢ª¨-áå¥¬ë áâ�−¤�àâ-
−ëå á¨âã�æ¨©, ¨á¯®«ì§®¢�−¨¥ ª®â®àëå áãé¥áâ¢¥−−® ãáª®àï¥â à�ááã¦¤¥−¨ï. �â
®¯¥à�â¨¢−®áâ¨ à¥�ªæ¨¨ ¢à�ç� −� ¢®§−¨ª�îéãî ¯à®¡«¥¬−ãî ¤¨�£−®áâ¨ç¥áªãî
á¨âã�æ¨î §�¢¨á¨â ¡¥§®¯�á−®áâì ¯à¨−¨¬�¥¬ëå à¥è¥−¨©. ‚¨§ã�«¨§�æ¨ï ¯®§¢®«ï¥â
¯¥à¥¢¥áâ¨ ¢® ¢−¥è−¥ §�¬¥ç�¥¬ë© ¯«�− â¥ á®¤¥à¦�−¨ï: ®¡à�§ë, ¯à¥¤áâ�¢«¥−¨ï,
¨, á®®â¢¥âáâ¢¥−−®, ¯à®æ¥ááë á −¨¬¨, | ª®â®àë¥ ¯à®¨áå®¤ïâ ã á¯¥æ¨�«¨áâ� (¢à�ç�)
ú¢ £®«®¢¥û.

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 19-07-00250�).
1Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-

«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sophiyabr@gmail.com
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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‘. �. ÷ã¬®¢áª�ï, ˆ. �. Š¨à¨ª®¢

‚ à�¡®â¥ à�áá¬®âà¥−ë:

(1) Šƒˆ„‘ ª�ª äã−ªæ¨®−�«ì−�ï £¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï á¨áâ¥¬� (ƒ¨ˆ‘)
¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï ¤¨�£−®áâ¨ç¥áª¨å à¥è¥−¨© á ¨¬¨â�æ¨¥© ¨−â¥£à¨à®-
¢�−−®£® ¢¨§ã�«ì−®-®¡à�§−®£® ¨ ¢¥à¡�«ì−®-§−�ª®¢®£® ¬ëè«¥−¨ï íªá¯¥àâ�
¨ ¬¥å�−¨§¬� à¥è¥−¨ï ¯à®¡«¥¬ ¤¨−�¬¨ç¥áª¨¬ à¥áâàãªâãà¨à®¢�−¨¥¬ ¨å ª�ª
æ¥«®£® ¢ á¨áâ¥¬ã | ¤¥ª®¬¯®§¨æ¨î á¢ï§�−−ëå §�¤�ç ª�ª ¬®¤¥«ì ª®««¥ªâ¨¢-
−®£® ¨−â¥««¥ªâ�, à¥è�îé¥£® „�;

(2) ¥¥ ¯à¥¤¬¥â−®-¨§®¡à�§¨â¥«ì−�ï ¬®¤¥«ì, â¨¯®¢�ï �àå¨â¥ªâãà� ¨ �«£®à¨â¬
á¨−â¥§� Šƒˆ„‘, � â�ª¦¥ «�¡®à�â®à−�ï �¯à®¡�æ¨ï á Šƒˆ„‘ −� ¯à¨¬¥à¥
¯à®¡«¥¬ë ¤¨�£−®áâ¨ª¨ §�¡®«¥¢�−¨© ¯®¤¦¥«ã¤®ç−®© ¦¥«¥§ë, ¢ ç�áâ−®áâ¨
®áâà®£® ¯�−ªà¥�â¨â�.

2 Когнитивная гибридная интеллектуальная диагностическая
система: определение и предметно-изобразительная модель

Š®£−¨â¨¢−�ï £¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï ¤¨�£−®áâ¨ç¥áª�ï á¨áâ¥¬� ®¯à¥¤¥-
«¥−� −� ®á−®¢¥ (1.5) ¨§ [5] ª�ª ƒ¨ˆ‘, ¢®á¯à¨−¨¬�îé�ï ¢å®¤−ë¥ ¤¨�£−®áâ¨ç¥áª¨¥
¤�−−ë¥, ¢ë¤�îé�ï ¢ëå®¤−ë¥ á¨£−�«ë (¤¨�£−®§) ¨ −�å®¤ïé�ïáï ¢ −¥ª®â®à®¬
á®áâ®ï−¨¨, à¥«¥¢�−â−®¬ á®áâ®ï−¨î ª®««¥ªâ¨¢−®£® ¤¨�£−®áâ¨ç¥áª®£® ¯à®æ¥áá�:
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, (1)

£¤¥ METi | ¨−â¥£à¨à®¢�−−ë© ¬¥â®¤; 2
⌢
x
n

1 | ¢¥ªâ®à ¨áå®¤−ëå ¤�−−ëå „�,
¯¥à¥¤�¢�¥¬ë© −� ¢å®¤ ®¤−®£® ¨«¨ −¥áª®«ìª¨å í«¥¬¥−â®¢ £¨¡à¨¤� αu, à¥è�îé¨å
¯®¤§�¤�ç¨ ¨§ ¤¥ª®¬¯®§¨æ¨¨ „�; 2

⌢
x
n

2 | ¢¥ªâ®à ¢ëå®¤−ëå ¤�−−ëå ®¤−®£® ¨«¨
−¥áª®«ìª¨å í«¥¬¥−â®¢ αu | æ¥«ì à¥è¥−¨ï „�; 2

⌢
s
n

| ¢¥ªâ®à á®áâ®ï−¨ï αu,
ä®à¬¨àãîé¨©áï ¨§ á®áâ®ï−¨© ú¯®¢¥¤¥−ç¥áª¨åû í«¥¬¥−â®¢ á �−�«¨â¨ç¥áª¨¬¨,
í¢®«îæ¨®−−ë¬¨, áâ�â¨áâ¨ç¥áª¨¬¨ ¢ëç¨á«¥−¨ï¬¨ ¨ «®£¨ç¥áª¨¬¨ à�ááã¦¤¥−¨-
ï¬¨, � â�ª¦¥ ¯á¥¢¤®á®áâ®ï−¨© í«¥¬¥−â®¢ á −¥©à®-, −¥ç¥âª¨¬¨ ¢ëç¨á«¥−¨ï¬¨
¨ à�ááã¦¤¥−¨ï¬¨ −� ®á−®¢¥ ®¯ëâ�; 6R22, 7R22 ¨ 8R22 | ®â−®è¥−¨ï äã−ª-
æ¨®−¨à®¢�−¨ï £¨¡à¨¤�, §�¤�−−ë¥ ¢ á¬¥¦−ë¥ ¬®¬¥−âë ¢à¥¬¥−¨ −� ¬−®¦¥áâ¢¥
¯�à á®áâ®ï−¨¥{á®áâ®ï−¨¥, ¢å®¤{á®áâ®ï−¨¥ ¨ −� ¬−®¦¥áâ¢¥ ¯�à á®áâ®ï−¨¥{¢ëå®¤
á®®â¢¥âáâ¢¥−−®; 1Xn | ¬−®¦¥áâ¢® §−�ª®¢ í«¥¬¥−â®¢ αh; ψϕ �Rk11 | ®â−®è¥−¨ï
¨−â¥£à�æ¨¨ í«¥¬¥−â®¢ £¨¡à¨¤� ϕ ¨ ψ, §−�−¨ï ª®â®àëå ãç�áâ¢ãîâ ¢ ¨−â¥£à�æ¨¨
â¨¯� k (¨§¢«¥ç¥−¨¥, ¢ª«îç¥−¨¥ ¨ ¤à.); 2Xn

1 , 2Xn
2 | ¬−®¦¥áâ¢® á¢®©áâ¢ ú¢å®¤û

¨ ú¢ëå®¤û í«¥¬¥−â®¢ ¨§ 1Xn á®®â¢¥âáâ¢¥−−®; 9Rn22 ¨ 10Rn22 | ®â−®è¥−¨ï −�
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ˆáá«¥¤®¢�â¥«ìáª¨© ¯à®â®â¨¯ ª®£−¨â¨¢−®© ƒ¨ˆ‘ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©

÷¨á. 1 �à¥¤¬¥â−®-¨§®¡à�§¨â¥«ì−�ï ¬®¤¥«ì Šƒˆ„‘

¬−®¦¥áâ¢¥ ¯�à ú¢å®¤ ƒ¨ˆ‘ { ¢å®¤ë í«¥¬¥−â®¢û ¨ ú¢ëå®¤ë í«¥¬¥−â®¢ { ¢ëå®¤
ƒ¨ˆ‘û á®®â¢¥âáâ¢¥−−®.

ƒ¥â¥à®£¥−−®¥ ¬®¤¥«ì−®¥ ¯®«¥ (ƒŒ�) ¢ª«îç�¥â ¬−®¦¥áâ¢® à�§−®à®¤−ëå ¬®-
¤¥«¥© (ª�¦¤�ï à¥�«¨§ã¥âáï ª�ª í«¥¬¥−â £¨¡à¨¤�), ®â®¡à�¦�îé¨å â¥®à¥â¨ç¥áª¨¥,
¯à®ä¥áá¨®−�«ì−ë¥ §−�−¨ï ¨ ®¯ëâ íªá¯¥àâ®¢ (¢à�ç¥©) ¨ −¥®¡å®¤¨¬ëå ¤«ï ãç¥â�,
ª®−âà®«ï, ®¡áã¦¤¥−¨ï ¨ ¤«ï ¢ëáª�§ë¢�−¨ï á¢®¥£® ¬−¥−¨ï ®â−®á¨â¥«ì−® à¥è¥−¨ï
¯®¤§�¤�ç ¨§ á®áâ�¢� „�, � â�ª¦¥ ¬−®¦¥áâ¢® ¬®¤¥«¥©, à¥è�îé¨å ¯®¤¯à®¡«¥¬ë
ä®à¬¨à®¢�−¨ï ª®£−¨â¨¢−ëå ®¡à�§®¢ (Š�) íªá¯¥àâ®¢-¢à�ç¥© ã§ª®© á¯¥æ¨�«¨§�-
æ¨¨, «¨æ, ¯à¨−¨¬�îé¨å à¥è¥−¨ï (‹�÷), ¨ ®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨ [6].

ˆ−â¥£à¨à®¢�−−ë© ¬¥â®¤ ¢ (1) | à¥§ã«ìâ�â ¯à®æ¥áá� á¨−â¥§� ¬¥â®¤� à¥è¥-
−¨ï (‘Œ÷) „�. ‘¨−â¥§ ¬¥â®¤� à¥è¥−¨ï „� ¬®¦−® ®¯à¥¤¥«¨âì ª�ª ¯à®æ¥áá
¬®¤¥«¨à®¢�−¨ï à�ááã¦¤¥−¨© ‹�÷, ¢ à¥§ã«ìâ�â¥ ª®â®à®£® −�¤ ƒŒ� áâà®¨âáï
¨−â¥£à¨à®¢�−−�ï ¬®¤¥«ì, à¥«¥¢�−â−�ï ¤¨�£−®áâ¨ç¥áª®© á¨âã�æ¨¨.

�� à¨á. 1 ¯à¥¤áâ�¢«¥−� ¯à¥¤¬¥â−®-¨§®¡à�§¨â¥«ì−�ï ¬®¤¥«ì Šƒˆ„‘, à¥«¥-
¢�−â−�ï (1). ‚ æ¥−âà¥ ¬®¤¥«¨ Šƒˆ„‘ (®¢�«�) −� à¨á. 1 à�á¯®«�£�¥âáï áâà¥«ª�,
®¡à�§ãï à®«¥¢®¥ ¢¨§ã�«ì−®¥ ®â−®è¥−¨¥ ú�£à¥£�â{¤¥©áâ¢¨¥û, çâ® ¯®¤ç¥àª¨¢�¥â
¤¥ïâ¥«ì−®áâ−ë© ¯®¤å®¤ ª à¥¯à¥§¥−â�æ¨¨ á¨áâ¥¬ë. ��¤ à¥áãàá−®© ç�áâìî áâà¥«-
ª¨ à�á¯®«�£�¥âáï á¢®©áâ¢® Šƒˆ„‘ | ¨¤¥−â¨ä¨ª�â®à á¨áâ¥¬ë.

÷¥áãàá−�ï (¯àï¬®ã£®«ì−�ï) á®áâ�¢«ïîé�ï ¤¥©áâ¢¨ï (áâà¥«ª¨) ¯® ä®à¬¨à®¢�-
−¨î á¨áâ¥¬ë ¢ª«îç�¥â á«¥¤ãîé¨¥ à®«¥¢ë¥ ¢¨§ã�«ì−ë¥ ®â−®è¥−¨ï:

{ ú¤¥©áâ¢¨¥{®¡ê¥ªâû, £¤¥ ®¡ê¥ªâ | ƒŒ�; ú¤¥©áâ¢¨¥{áã¡ê¥ªâû, £¤¥ ¯à�¢�ï
à®«ì | à¥áãàá úª®««¥ªâ¨¢ íªá¯¥àâ®¢û; ú¤¥©áâ¢¨¥{®¡ê¥ªâû, £¤¥ ¯à�¢�ï à®«ì
ã à¥áãàá� ú¬−®¦¥áâ¢® ¯à®£à�¬¬û; ú¤¥©áâ¢¨¥{à¥§ã«ìâ�âû, £¤¥ ¯à�¢�ï à®«ì |
�àå¨â¥ªâãà� Šƒˆ„‘, à¥«¥¢�−â−�ï áâàãªâãà¥ „�;
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{ ú¤¥©áâ¢¨¥{á¢®©áâ¢®û, ª®â®à®¥ ¢ë¯®«−ï¥âáï ¯®á«¥ â®£®, ª�ª ãáâ�−®¢«¥−� á¢ï§ì
¬¥¦¤ã ¢å®¤®¬ Šƒˆ„‘ ¨ ¢å®¤®¬ ®¤−®£® ¨§ ¥¥ í«¥¬¥−â®¢. „�−−ãî á¢ï§ì á¨¬¢®-
«¨§¨àãîâ á®¬ª−ãâë¥ ®á−®¢�−¨ï âà¥ã£®«ì−¨ª®¢ | á¢®©áâ¢. Š�¦¤®¥ á¢®©áâ¢®
á®áâ®¨â ¢ à®«¥¢®¬ ¢¨§ã�«ì−®¬ ®â−®è¥−¨¨ úá¢®©áâ¢®{à¥áãàáû (÷‚� ‘÷): á«¥-
¢� | á¢®©áâ¢® ú¢å®¤û ¨ à¥áãàá | Šƒˆ„‘ (¯àï¬®ã£®«ì−¨ª). �−�«®£¨ç−®¥
¯à�¢®¥ ¢¨§ã�«¨§¨àã¥â ¢ëáª�§ë¢�−¨¥ ú¢å®¤ í«¥¬¥−â� Šƒˆ„‘û;

{ ú¤¥©áâ¢¨¥{á¢®©áâ¢®û (−� à¨á. 1 ®â®¡à�¦¥−® ¬−®£®â®ç¨¥¬ | ¨å ç¨á«® à�¢-
−® à�§¬¥à−®áâ¨ ƒŒ�), ª®â®à®¥ ¢ë¯®«−ï¥âáï ¯®á«¥ â®£®, ª�ª ãáâ�−®¢«¥−�
á¢ï§ì ¬¥¦¤ã ¢ëå®¤®¬ ®¤−®£® í«¥¬¥−â� Šƒˆ„‘ ¨ ¢å®¤®¬ ¤àã£®£®. Š�¦¤®¥
á¢®©áâ¢® á®áâ®¨â ¢ ÷‚� ‘÷: á«¥¢� | á¢®©áâ¢® ú¢ëå®¤û ¨ à¥áãàá | í«¥¬¥−â.
�−�«®£¨ç−®¥ ¯à�¢®¥ ¢¨§ã�«¨§¨àã¥â ¢ëáª�§ë¢�−¨¥ ú¢å®¤ í«¥¬¥−â� Šƒˆ„‘û;

{ ú¤¥©áâ¢¨¥{á¢®©áâ¢®û, ª®â®à®¥ ¢ë¯®«−ï¥âáï ¯®á«¥ â®£®, ª�ª ãáâ�−®¢«¥−� á¢ï§ì
¬¥¦¤ã ¢ëå®¤®¬ í«¥¬¥−â� Šƒˆ„‘ ¨ ¥¥ ¢ëå®¤®¬. Š�¦¤®¥ á¢®©áâ¢® á®áâ®¨â
¢ ÷‚� ‘÷: á«¥¢� | á¢®©áâ¢® ú¢ëå®¤û ¨ à¥áãàá | í«¥¬¥−â. �−�«®£¨ç−®¥
¯à�¢®¥ ¢¨§ã�«¨§¨àã¥â ¢ëáª�§ë¢�−¨¥ ú¢ëå®¤ Šƒˆ„‘û.

�®¤ à¥áãàá−®© ç�áâìî áâà¥«ª¨ à�á¯®«®¦¥−ë á¢®©áâ¢� Šƒˆ„‘, ª®â®àë¥
áå¥¬�â¨§¨àãîâ âà¨ à®«¥¢ëå ¢¨§ã�«ì−ëå ®â−®è¥−¨ï ú�£à¥£�â{á¢®©áâ¢®û (á«¥¢�
−�¯à�¢®): ú�£à¥£�â{¢å®¤û; ú�£à¥£�â{á®áâ®ï−¨¥û; ú�£à¥£�â{¢ëå®¤û. ’à¥ã£®«ì-
−�ï ç�áâì áâà¥«ª¨ ®â®¡à�¦�¥â á®¤¥à¦¨¬®¥ à®«¥¢®£® ¢¨§ã�«ì−®£® ®â−®è¥−¨ï
ú¤¥©áâ¢¨¥{á¢®©áâ¢®û: ú¤¥©áâ¢¨¥{¢à¥¬ïû (ú¨¬¥âì ¢à¥¬ï −�ç�«�û, ú¨¬¥âì ¢à¥-
¬ï ®ª®−ç�−¨ïû); ú¤¥©áâ¢¨¥{¨¬ïû (ú¨¬¥âì ¨¬ïû); ú¤¥©áâ¢¨¥{å�à�ªâ¥à¨áâ¨ª�û
(ú¨¬¥âì å�à�ªâ¥à¨áâ¨ªãû); ú¤¥©áâ¢¨¥{®æ¥−ª�û (ú¨¬¥âì ®æ¥−ªãû). �¨ªâ®£à�¬-
¬� å�à�ªâ¥à¨áâ¨ª¨ §¤¥áì à�áªàë¢�¥â ¬¥â®¤®«®£¨ç¥áª¨© �á¯¥ªâ ª®−áâàã¨à®¢�−¨ï
Šƒˆ„‘.

÷�áá¬®âà¨¬ ¤�«¥¥ �àå¨â¥ªâãàã ¨ �«£®à¨â¬ á¨−â¥§� Šƒˆ„‘, � â�ª¦¥ ®á®¡¥−-
−®áâ¨ «�¡®à�â®à−®© �¯à®¡�æ¨¨.

3 Архитектура и алгоритм синтеза когнитивной гибридной
интеллектуальной диагностической системы

�àå¨â¥ªâãà� Šƒˆ„‘ à¥«¥¢�−â−� áâàãªâãà¥ ¤¨�£−®áâ¨ç¥áª®© ¯à®¡«¥¬ë, ¤«ï
à¥è¥−¨ï ª®â®à®© ®−� ¯à¥¤−�§−�ç¥−�. ’¨¯®¢�ï �àå¨â¥ªâãà� Šƒˆ„‘ (à¨á. 2)
¢ª«îç�¥â:

(1) ¨−â¥àä¥©á ¯®«ì§®¢�â¥«ï;

(2) äã−ªæ¨®−�«ì−ë¥ í«¥¬¥−âë (”�), à¥è�îé¨¥ ¬−®¦¥áâ¢® §�¤�ç ãç¥â�, ª®−-
âà®«ï, � â�ª¦¥ ¤¨�£−®áâ¨ç¥áª¨¥ ¯®¤¯à®¡«¥¬ë („��), à¥è�¥¬ë¥ íªá¯¥àâ�¬¨
¨ ‹�÷;

(3) â¥å−®«®£¨ç¥áª¨¥ í«¥¬¥−âë (’�), à¥è�îé¨¥ §�¤�çã ¯à¥¤®¡à�¡®âª¨ ¨−ä®à-
¬�æ¨¨ ¨ §�¤�ç¨ ä®à¬¨à®¢�−¨ï Š� íªá¯¥àâ®¢, ‹�÷ ¨ ®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨;

(4) åà�−¨«¨é¥ ¯à¥¤¬¥â−®-¨§®¡à�§¨â¥«ì−ëå ¬®¤¥«¥©.
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ˆáá«¥¤®¢�â¥«ìáª¨© ¯à®â®â¨¯ ª®£−¨â¨¢−®© ƒ¨ˆ‘ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©

÷¨á. 2 ’¨¯®¢�ï �àå¨â¥ªâãà� Šƒˆ„‘

Œ¨−¨¬�«ì−�ï ¬®é−®áâì ¬−®¦¥áâ¢ ”�, à¥è�îé¨å §�¤�ç¨ ãç¥â� ¨ ª®−âà®«ï,
à�¢−� 1. �«¥¬¥−âë Šƒˆ„‘ ¢§�¨¬®¤¥©áâ¢ãîâ ¨ ®¡¬¥−¨¢�îâáï ¨−ä®à¬�æ¨¥©,
¢ â®¬ ç¨á«¥ ¢¨§ã�«ì−®©. �¥à¥¤�¢�ï ¤àã£ ¤àã£ã ç�áâ−ë¥ à¥è¥−¨ï ¢ £à�ä¨-
ç¥áª®¬, ¢¥à¡�«ì−®-á¨¬¢®«ì−®¬ ¨«¨ ª®¬¡¨−¨à®¢�−−®¬ ¢¨¤¥, í«¥¬¥−âë Šƒˆ„‘
¬®¤¨ä¨æ¨àãîâ ¨§−�ç�«ì−ë© ¢�à¨�−â ¤¥ª®¬¯®§¨æ¨¨ ¯à®¡«¥¬ë, ª®−áâàã¨àãîâ
¨−â¥£à¨à®¢�−−®¥ à¥è¥−¨¥ ¯®áà¥¤áâ¢®¬ §�¯ãáª� ¢áâà®¥−−®£® �«£®à¨â¬� á¨−â¥§�
Šƒˆ„‘ ¢ ”�, ¬®¤¥«¨àãîé¨© à¥è¥−¨¥ „�� ‹�÷.

÷¥§ã«ìâ�â à�¡®âë �«£®à¨â¬� ¬®¤¨ä¨æ¨àã¥â á®áâ�¢ ¨ á¢ï§¨ í«¥¬¥−â®¢ Šƒˆ„‘
¨ ¯à¨ −¥®¡å®¤¨¬®áâ¨ §�¯à�è¨¢�¥â ¤®¯®«−¥−¨¥ /̈̈ «¨ ®¡−®¢«¥−¨¥ §−�ç¥−¨© ¬−®-
¦¥áâ¢� ¯®ª�§�â¥«¥© á®áâ®ï−¨ï §¤®à®¢ìï ®¡ê¥ªâ�, ¢¢®¤¨¬ëå ç¥à¥§ ¨−â¥àä¥©á
¯®«ì§®¢�â¥«ï. �«£®à¨â¬ ¬®¦¥â ¡ëâì §�¯ãé¥− ¯à¨ ¯®ï¢«¥−¨¨ ¤®¯®«−¨â¥«ì−®©
¨−ä®à¬�æ¨¨ ® á®áâ®ï−¨¨ §¤®à®¢ìï ®¡ê¥ªâ�, ¢¢¥¤¥−−®© ¯®«ì§®¢�â¥«¥¬ ç¥à¥§ ¨−â¥à-
ä¥©á, çâ® ãç¨âë¢�¥â ¤¨−�¬¨ç¥áª¨© å�à�ªâ¥à „� ¨ á¨−â¥§ Šƒˆ„‘, à¥«¥¢�−â−®©
¯à®¡«¥¬¥ ¢ ¬®¬¥−â ¥¥ à¥è¥−¨ï. ’¥å−®«®£¨ç¥áª¨¥ í«¥¬¥−âë, à¥è�îé¨¥ §�¤�ç¨
ä®à¬¨à®¢�−¨ï Š� íªá¯¥àâ®¢, ‹�÷ ¨ ®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨, à¥�«¨§®¢�−ë ª�ª áâ�-
â¨ç¥áª¨¥ ¯à®¤ãªæ¨®−−ë¥ íªá¯¥àâ−ë¥ á¨áâ¥¬ë (�‘) á ¢ª«îç¥−¨¥¬ ¢ ¯à�¢ë¥ ç�áâ¨
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÷¨á. 3 ’¨¯®¢�ï áâàãªâãà� á«®¦−®£® ”�, ¬®¤¥«¨àãîé¥£® à¥è¥−¨¥ „�� íªá¯¥àâ®¬

¡�§ §−�−¨© ¯¨ªâ®£à�¬¬ ¨ ¡�§¨á−ëå ¢¨§ã�«ì−ëå á¨¬¢®«®¢, á¯à®¥ªâ¨à®¢�−−ëå
�−�«®£¨ç−® �‘, ¯à¥¤«®¦¥−−®© ¢ [7].

�à¥¤¬¥â−®-¨§®¡à�§¨â¥«ì−�ï ¬®¤¥«ì ®â®¡à�¦�¥âáï −� ¨−â¥àä¥©á¥ ¯®«ì§®¢�-
â¥«ï. ÷¥§ã«ìâ�âë à�¡®âë ’�, à¥è�îé¨å §�¤�ç¨ ä®à¬¨à®¢�−¨ï Š� íªá¯¥àâ®¢,
‹�÷ ¨ ®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨, á®åà�−ïîâáï ¢ åà�−¨«¨é¥ ¯à¥¤¬¥â−®-¨§®¡à�§¨-
â¥«ì−ëå ¬®¤¥«¥© ¨ ¬®£ãâ ¡ëâì ¯à¨ −¥®¡å®¤¨¬®áâ¨ ®â®¡à�¦¥−ë −� ¨−â¥àä¥©á¥
¯®«ì§®¢�â¥«ï, � â�ª¦¥ ¨á¯®«ì§®¢�âìáï ¬®¤¥«ï¬¨ ƒŒ�. ”ã−ªæ¨®−�«ì−ë¥ í«¥-
¬¥−âë, ¬®¤¥«¨àãîé¨¥ à¥è¥−¨¥ „� íªá¯¥àâ�¬¨ ¨ ‹�÷, ¬®£ãâ ¡ëâì á®áâ�¢−ë¬¨
¨ ¨¬¥âì �àå¨â¥ªâãàã, ¯®ª�§�−−ãî −� à¨á. 3.

�àå¨â¥ªâãà� −� à¨á. 3 ¢ª«îç�¥â:

(1) ª®®à¤¨−¨àãîé¨© ’�;

(2) ¬−®¦¥áâ¢® ”�, à¥è�îé¨å ¤¨�£−®áâ¨ç¥áª¨¥ §�¤�ç¨, ¨ ’�, à¥è�îé¨¥ ¤¨�-
£−®áâ¨ç¥áª¨¥ ¯®¤§�¤�ç¨ („�‡) (ú¤¨�£−®áâ¨ç¥áª�ï §�¤�ç�û | ¡®«¥¥ ªàã¯-
−�ï, � ú¤¨�£−®áâ¨ç¥áª�ï ¯®¤§�¤�ç�û | ¡®«¥¥ ¬¥«ª�ï, á¢ï§�−−�ï á à¥è¥−¨¥¬
ªàã¯−®©. ��¯à¨¬¥à, çâ®¡ë ¯®¤â¢¥à¤¨âì ¯à¥¤¢�à¨â¥«ì−ë© ¤¨�£−®§, −¥®¡-
å®¤¨¬® á¤¥«�âì ¨ ¯à®�−�«¨§¨à®¢�âì ã«ìâà�§¢ãª®¢®¥ ¨áá«¥¤®¢�−¨¥ ¡àîè−®©
¯®«®áâ¨, ®¡é¨¥ �−�«¨§ë ¨ ¡¨®å¨¬¨î);

(3) ¬−®¦¥áâ¢® ”�, à¥è�îé¨å áª®¬¯¥−á¨à®¢�−−ë¥ §�âàã¤−¥−¨ï (‘ª‡) (ç�áâ®
¢áâà¥ç�îé¨¥áï âàã¤−®áâ¨ | ¤¨�£−®áâ¨ç¥áª¨¥ §�¤�ç¨, ¤«ï à¥è¥−¨ï ª®â®àëå
¥áâì ç¥âª¨© ¨ ®¤−®§−�ç−ë© ¯à®â®ª®« ®¡á«¥¤®¢�−¨ï).

Œ¥â®¤ à¥è¥−¨ï ¤¨�£−®áâ¨ç¥áª®© ¯à®¡«¥¬ë ª®−áâàã¨àã¥âáï ¢ â¥ªãé¨© ¬®¬¥−â
¢à¥¬¥−¨ ¥¥ à¥è¥−¨ï. �ãáâì ¯®«ãç¥−ë:

(1) ¤¥ª®¬¯®§¨æ¨ï
⌢
pD =

〈
P h, 3Rn88

〉
„� ¢ ¢¨¤¥ á¥â¨ | ®à¨¥−â¨à®¢�−−®£® £à�ä�

¡¥§ ¯¥â¥«ì. ‚¥àè¨−ë phi , i = [1, Nh], | ®¤−®à®¤−ë¥ ¤¨�£−®áâ¨ç¥áª¨¥
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ˆáá«¥¤®¢�â¥«ìáª¨© ¯à®â®â¨¯ ª®£−¨â¨¢−®© ƒ¨ˆ‘ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©

§�¤�ç¨ (äã−ªæ¨®−�«ì−ë¥ ¨ â¥å−®«®£¨ç¥áª¨¥), � à¥¡à� 3rn88(p
h
i , p

h
j ) ∈

⌢
pD,

i, j = [1, Nh], i 6= j, | ®â−®è¥−¨ï ¬¥¦¤ã −¨¬¨;

(2) ƒŒ� Ma ¨ â�¡«¨æ� £¨¡à¨¤−ëå áâà�â¥£¨© T u ¤«ï ¤¥ª®¬¯®§¨æ¨¨
⌢
pD, ª®-

â®à�ï âà®©ª�¬ 88rn3 (p
h
i , p

h
j ) §�¤�¥â ¢§�¨¬−® ®¤−®§−�ç−ë¥ á®®â¢¥âáâ¢¨ï |

{
3rn88

(

phψ, p
h
ϕ

)

↔ ψϕ �Rk11

}

, £¤¥ 4Rn88 | ¬−®¦¥áâ¢® ®â−®è¥−¨© á®®â¢¥âáâ¢¨ï

æ¥«¥© ¨ ¨áå®¤−ëå ¤�−−ëå §�¤�ç ¨§ ¤¥ª®¬¯®§¨æ¨¨ „�, � â�ª¦¥ æ¥«¥© ¨ ¨á-
å®¤−ëå ¤�−−ëå „�;

(3) ¬−®¦¥áâ¢� ¨−â¥à¯à¥â�â®à®¢ Ia �¢â®−®¬−ëå ¬®¤¥«¥© modax ¨ ¬¥¦¬®¤¥«ì-
−ëå ¨−â¥àä¥©á®¢ xyζ ¤«ï ¢á¥å modxa ¨ moday, ¤«ï ª®â®àëå ãáâ�−®¢«¥−ë
®â−®è¥−¨ï ¨−â¥£à�æ¨¨;

(4) á®®â¢¥âáâ¢¨ï ¬®¤¥«¥© moda ∈ MODa ¨ ¨−â¥à¯à¥â�â®à®¢ Iη ∈ Ia|η =
= {a, s, e, f, n, g, p}, £¤¥ a | �−�«¨â¨ç¥áª¨¥ ¬¥â®¤ë; s | áâ�â¨áâ¨ç¥áª¨¥;
e | �‘; f | −¥ç¥âª¨¥ á¨áâ¥¬ë; n | ¨áªãááâ¢¥−−ë¥ −¥©à®−−ë¥ á¥â¨; g |
£¥−¥â¨ç¥áª¨¥ �«£®à¨â¬ë; p | ¬¥â®¤ë à�ááã¦¤¥−¨ï −� ®á−®¢¥ ®¯ëâ�;

(5) �«£®à¨â¬ë ¯à¥®¡à�§®¢�−¨ï ¯à¥¤áâ�¢«¥−¨ï ¨−ä®à¬�æ¨¨ á ®¤−®£® ï§ëª� ®¯¨-
á�−¨ï ¬®¤¥«¨ −� ¤àã£¨¥;

(6) ¬−®¦¥áâ¢® Sx ∈ S, x ∈ [1, Nms] ¤®¯ãáâ¨¬ëå á®áâ®ï−¨© Sx = {sxδ},
δ ∈ [1, Nsx] ¤«ï ª�¦¤®© ¬®¤¥«¨ modax ¨ ¯®àï¤®ª −� ¬−®¦¥áâ¢¥ P h |
¬−®¦¥áâ¢® In = {In1, . . . , InNT}, £¤¥ In1 = {in1, . . . , inIn1} ¨ InNT =
= {in1, . . . , inInNT} | −¨¦−¨¥ ¨−¤¥ªáë §�¤�ç ¨§ P h, à¥è�¥¬ëå ¢ ¯¥à¢ãî
¨ ¯®á«¥¤−îî ®ç¥à¥¤ì á®®â¢¥âáâ¢¥−−®.

‚ëå®¤−�ï ¨−ä®à¬�æ¨ï �«£®à¨â¬�:

(1) á¯¨á®ª LsD | ¬−®¦¥áâ¢® ®â−®è¥−¨© ¨−â¥£à�æ¨¨ −� ¬®¤¥«ïå á ãç¥â®¬ ¨å
á®áâ®ï−¨ï 1R12 (modax, s

x
δ ) ◦

xy �Rk11
(
modax,mod

a
y

)
, x, y ∈ [1, Nms];

(2) ¬−®¦¥áâ¢® E ¬�âà¨æ ú¬®¤¥«ì{¬®¤¥«ìû Ej ∈ Elj, l ∈ [1,NT], áâà®ª¨ ª®â®-

àëå | moda ¢ á®áâ®ï−¨¨ sxδ , à¥è�îé¨¥ §�¤�çã phψ, � áâ®«¡æë | moda,

à¥è�îé¨¥ §�¤�çã phϕ.

�«£®à¨â¬ ª®−áâàã¨à®¢�−¨ï Šƒˆ„‘ ¢ª«îç�¥â ¢ á¥¡ï á«¥¤ãîé¨¥ è�£¨:

1. ��ç�«®, ¯à¨á¢®¨âì l = 1.

2. ‚ë¡à�âì ¨§
⌢
pD ¬−®¦¥áâ¢® âà®¥ª P hβ =

{
3rn88

(

phψ, p
h
ϕ

)}

, β = [1, N l
h],

¢ ª®â®àëå ª�¦¤�ï phϕ ¨¬¥¥â ®ç¥à¥¤−®áâì ¨§ Inl.

3. �à¨á¢®¨âì j = 1, El = ∅.

4. ‚ë¡à�âì ®ç¥à¥¤−ãî j-î ¯�àã ¨§ P hβ .
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5. ˆ−¨æ¨�«¨§¨à®¢�âì ¤«ï j-© ¯�àë ¬�âà¨æã Elj, ¯®¬¥ç�ï áâ®«¡æë ω ¬®¤¥«ï¬¨

modaϕ §�¤�ç¨ phψ, � áâà®ª¨ | ¬®¤¥«ï¬¨ modaψ ¢ á®áâ®ï−¨¨ sxδ §�¤�ç¨ phϕ.

„®¯®«−¨âì El ¬�âà¨æ¥© Elj.

6. j = Nh + 1? …á«¨ ú−¥âû, â® ¯à¨á¢®¨âì j = j + 1 ¨ ¯¥à¥©â¨ ª ¯. 4.
7. �à¨á¢®¨âì j = 1.
8. ‚ë¡à�âìElj ¨§ El. �ªâ¨¢¨àãîâáï â®«ìª® â¥ ¥¥ í«¥¬¥−âë, ¤«ï ª®â®àëå ¬¥¦¤ã

¬®¤¥«ï¬¨ §�¤�−ë ®â−®è¥−¨ï ¨−â¥£à�æ¨¨. ˆá¯®«ì§ãï �‘, ¬®¤¥«¨ ®æ¥−¨-
¢�îâáï. �æ¥−ª¨ modaψ §�−®áïâáï ¢ §−�¬¥−�â¥«¨, � modaϕ | ¢ ç¨á«¨â¥«¨
í«¥¬¥−â®¢. „«ï −�ç�«ì−ëå á®áâ®ï−¨© ¬®¤¥«¥© ¢ë¡à�âì ¯�àã ¬®¤¥«¥© á ¬�ª-
á¨¬�«ì−ë¬ §−�ç¥−¨¥¬ ¨−â¥£à¨à®¢�−−®© ®æ¥−ª¨ ¨ §�−¥áâ¨ ¥¥ ¢ á¯¨á®ª LsD.

9. j = Nh + 1? …á«¨ ú−¥âû, â® ¯à¨á¢®¨âì j = j + 1 ¨ ¯¥à¥©â¨ ª ¯. 8.
10. l = NT? …á«¨ ú−¥âû, â® ¯à¨á¢®¨âì l = l + 1 ¨ ¯¥à¥©â¨ ª ¯. 2, ¨−�ç¥

¤®¯®«−¨âì LsD ¨−â¥à¯à¥â�â®à�¬¨ ¨ ¨−â¥àä¥©á�¬¨ ¨ áä®à¬¨à®¢�âì ¡�§ã
§−�−¨© ”�, ¬®¤¥«¨àãîé¥£® à¥è¥−¨¥ „�� ‹�÷, ¨§ ¬�âà¨æ E, çâ®¡ë
®− ¬®£ ¯¥à¥áâà�¨¢�âì ¨−â¥£à¨à®¢�−−ãî ¬®¤¥«ì Šƒˆ„‘ ¢ §�¢¨á¨¬®áâ¨ ®â
á¨âã�æ¨¨ ¨ á®ç¥â�âì ª�ª á¨¬¢®«ì−ë¥ à�ááã¦¤¥−¨ï, â�ª ¨ ¢¨§ã�«ì−ë¥.
‹�¡®à�â®à−�ï �¯à®¡�æ¨ï �àå¨â¥ªâãà−ëå à¥è¥−¨© Šƒˆ„‘ ¤«ï §�¤�ç¨ ¤¨�-

£−®áâ¨ª¨ §�¡®«¥¢�−¨© ¯®¤¦¥«ã¤®ç−®© ¦¥«¥§ë, ¢ ç�áâ−®áâ¨ ®áâà®£® ¯�−ªà¥�â¨â�,
¢ë¯®«−¥−� −� ¬�â¥à¨�«�å Š�«¨−¨−£à�¤áª®© ®¡«�áâ−®© ª«¨−¨ç¥áª®© ¡®«ì−¨æë.
ƒ¥â¥à®£¥−−®¥ ¬®¤¥«ì−®¥ ¯®«¥ ¨§ 8 ¬®¤¥«¥©, åà�−¨«¨é¥ ¨ ¨−â¥àä¥©á ¯®«ì§®¢�â¥-
«ï à¥�«¨§®¢�−ë á ¯®¬®éìî MATLAB-Simulink, £à�ä®¢®© ¡�§ë ¤�−−ëå Dgraph
¨ JavaScript.

4 Заключение

÷�§à�¡®âª� Šƒˆ„‘ á ª®£−¨â¨¢−ë¬ ¬®¤¥«¨à®¢�−¨¥¬ „� ¯®§¢®«¨â ¯®¤®©â¨
ª á£«�¦¨¢�−¨î ¯à®â¨¢®à¥ç¨¢ëå ¯®ª�§�−¨© �¯¯�à�âãàë, ¯®¢ëá¨â ª�ç¥áâ¢® ¨, á®-
®â¢¥âáâ¢¥−−®, ¡¥§®¯�á−®áâì ¬¥¤¨æ¨−áª¨å ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ ¯®¤¤¥à¦ª¨
¯à¨−ïâ¨ï ¤¨�£−®áâ¨ç¥áª¨å à¥è¥−¨©. �à¥¤«®¦¥−−ë¥ ¢ ¤�−−®© à�¡®â¥ Šƒˆ„‘
(1) á¨−â¥§¨àãîâ −®¢ë© ¬¥â®¤ à¥è¥−¨ï „� ¯à¨ ª�¦¤®¬ ¥¥ ¢®§−¨ª−®¢¥−¨¨, çâ®
à¥«¥¢�−â−® ¥¥ ¬¥−ïîé¨¬áï ãá«®¢¨ï¬ ¨ áâàãªâãà¥; (2) ®æ¥−¨¢�îâ á®¢¬¥áâ−ãî
à�¡®âã ¬®¤¥«¥©, á¨−â¥§¨àãï ¬¥â®¤ ª�ª æ¥«®áâ−ãî á¨áâ¥¬ã; (3) ª�ç¥áâ¢¥−−® ã«ãç-
è�îâ à�ááã¦¤¥−¨ï §� áç¥â ¨−â¥£à�æ¨¨ çã¢áâ¢¥−−®£® ¨ à�æ¨®−�«ì−®£®, ¥¤¨−¨ç−®£®
¨ ¢á¥®¡é¥£®, � â�ª¦¥ ¯à¥§¥−â�æ¨¨ ®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨ ¢à�çã ¢ ¬−®£®®¡à�§¨¨
á¢®©áâ¢ ¨ ®â−®è¥−¨© ¯à¨ á®åà�−¥−¨¨ ïá−®áâ¨ ª�àâ¨−ë ¤«ï ¯¥à¥å®¤� ®â ®¤−®£®
¤¥©áâ¢¨ï ª ¤àã£®¬ã.
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Abstract: The study of the cognitive structures and mechanisms of a specialist
(doctor) will make the processes of overcoming the diagnostic problem visible
and contrasting. Systems with cognitive modeling of the diagnostic problem
developed on their basis will reduce the number of medical errors and improve
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cognitive hybrid intelligent diagnostic system, its subject-visual model, and
typical architecture as well as the features of laboratory testing by the example
of the problem of diagnosing diseases of the pancreas.
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ОПТИМИЗАЦИЯ АППАРАТНОЙ ПОДДЕРЖКИ
БЫСТРОГО ПРЕОБРАЗОВАНИЯ ФУРЬЕ

В РЕКУРРЕНТНОМ СИГНАЛЬНОМ ПРОЦЕССОРЕ∗

Д. В. Хилько1, Ю. А. Степченков2, Ю. И. Шикунов3, Ю. Г. Дьяченко4,
Г. А. Орлов5

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¯®¤¤¥à¦ª� ¡ëáâà®£® ¯à¥®¡à�§®¢�−¨ï ”ãàì¥
(��”, �−£«. FFT | fast Fourier transform) ¢ £¨¡à¨¤−®© �àå¨â¥ªâãà¥ à¥ªãà-
à¥−â−®£® ®¡à�¡®âç¨ª� á¨£−�«®¢ (ƒ�÷�‘). �à¨¢®¤¨âáï �−�«¨§ áãé¥áâ¢ãîé¥©
à¥�«¨§�æ¨¨. ‚ëï¢«ïîâáï −¥¤®áâ�âª¨ ¨ ¨å ¯®á«¥¤áâ¢¨ï. �à¥¤«�£�¥âáï ®¯â¨-
¬¨§¨à®¢�−−®¥ à¥è¥−¨¥, −�¯à�¢«¥−−®¥ −� ã¯à®é¥−¨¥ ¬�áèâ�¡¨à®¢�−¨ï ª�ª
�àå¨â¥ªâãàë, â�ª ¨ ç¨á«� ®âáç¥â®¢ ��”.

Š«îç¥¢ë¥ á«®¢�: æ¨äà®¢�ï ®¡à�¡®âª� á¨£−�«®¢; ¡ëáâà®¥ ¯à¥®¡à�§®¢�−¨¥
”ãàì¥; æ¨äà®¢®© á¨£−�«ì−ë© ¯à®æ¥áá®à; Radix-2

DOI: 10.14357/08696527210407

1 Введение

‚ ®¡«�áâ¨ æ¨äà®¢®© ®¡à�¡®âª¨ á¨£−�«®¢ (–�‘) ¯à¨−ïâë ¤¢¥ −�¨¡®«¥¥ à�á-
¯à®áâà�−¥−−ë¥ ¯à®æ¥¤ãàë: æ¨äà®¢�ï ä¨«ìâà�æ¨ï ¨ ¤¨áªà¥â−®¥ ¯à¥®¡à�§®¢�−¨¥
”ãàì¥ („�”). ú„�” ¯®§¢®«ï¥â �−�«¨§¨à®¢�âì, ¯à¥®¡à�§®¢ë¢�âì ¨ á¨−â¥-
§¨à®¢�âì á¨£−�«ë â�ª¨¬¨ á¯®á®¡�¬¨, ª®â®àë¥ −¥¢®§¬®¦−ë ¯à¨ −¥¯à¥àë¢−®©
(�−�«®£®¢®©) ®¡à�¡®âª¥û [1]. „¨áªà¥â−®¥ ¯à¥®¡à�§®¢�−¨¥ ”ãàì¥ ¨á¯®«ì§ã¥âáï
¯à�ªâ¨ç¥áª¨ ¢® ¢á¥å ¨−¦¥−¥à−ëå ®¡«�áâïå, � â�ª¦¥ ¢ ä¨§¨ª¥ ¨ â¥å−¨ª¥.

‘�¬� ¬�â¥¬�â¨ç¥áª�ï ¯à®æ¥¤ãà� „�” ®ç¥−ì −¥íää¥ªâ¨¢−�: âà¥¡ã¥â ¯à®-
¢¥¤¥−¨ï ®ç¥−ì ¡®«ìè®£® ç¨á«� ª®¬¯«¥ªá−ëå ã¬−®¦¥−¨©, çâ® ¤¥«�¥â ¯àï¬®¥
¢ëç¨á«¥−¨¥ „�” −¥æ¥«¥á®®¡à�§−ë¬. �®íâ®¬ã ¢ 1965 £. Šã«¨ ¨ ’ìîª¨ ¯à¥¤«®-
¦¨«¨ �«£®à¨â¬ ¢ëç¨á«¥−¨ï „�” [2], ª®â®àë© ¨§¢¥áâ¥− ª�ª ��”. �à¨¬¥−¥−¨¥

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ¯®¤¤¥à¦ª¥ ÷®áá¨©áª®£® −�ãç−®£® ä®−¤� (¯à®¥ªâ 19-11-00334).
1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
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2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

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

−�ãª, YIShikunov@gmail.com
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��” á¤¥«�«® ¢®§¬®¦−ë¬ ¯à®¢¥¤¥−¨¥ ”ãàì¥-�−�«¨§� á ¯®¬®éìî æ¨äà®¢ëå
á¨£−�«ì−ëå ¯à®æ¥áá®à®¢ (–‘�).

„�«ì−¥©è¥¥ à�§¢¨â¨¥ �«£®à¨â¬� ��” ¯à¨¢¥«® ª ¯®ï¢«¥−¨î æ¥«®£® á¥¬¥©-
áâ¢� �«£®à¨â¬®¢: Radix-2, Radix-22, Radix-4 ¨ ¤à. �¤−�ª® ¤�¦¥ á ãç¥â®¬
§−�ç¨â¥«ì−® ¡®«¥¥ ¢ëá®ª®© áª®à®áâ¨ ¢ëç¨á«¥−¨ï �«£®à¨â¬ ��” ¢á¥ ¥é¥ âà¥-
¡ã¥â §−�ç¨â¥«ì−ëå ¢à¥¬¥−− �ëå §�âà�â, ®á®¡¥−−® ¯à¨ ã¢¥«¨ç¥−¨¨ à�§à¥è�îé¥©
á¯®á®¡−®áâ¨ �«£®à¨â¬� (512 ®âáç¥â®¢ ¨ ¡®«ìè¥). �®íâ®¬ã á®¢à¥¬¥−−ë© –‘�
¤®«¦¥− ¯à¥¤®áâ�¢«ïâì −�¡®à ¨−áâàã¬¥−â®¢ ¤«ï íää¥ªâ¨¢−®£® ¢ëç¨á«¥−¨ï ��”
−� è¨à®ª®¬ −�¡®à¥ à�§à¥è�îé¨å á¯®á®¡−®áâ¥©.

÷�áá¬�âà¨¢�¥¬�ï ¢ áâ�âì¥ ƒ�÷�‘ ¨ ¥¥ ª«îç¥¢ë¥ ®á®¡¥−−®áâ¨ (ã¯à�¢«¥-
−¨¥ ¯®â®ª®¬ á�¬®¤®áâ�â®ç−ëå ¤�−−ëå ¨ à¥ªãàà¥−â−®áâì) ¯à¥¤áâ�¢«¥−ë ¢ [3, 4].
‘¨−â¥§¨à®¢�−−ë© −� ¥¥ ®á−®¢¥ �‹ˆ‘-¯à®â®â¨¯ (�‹ˆ‘ | ¯à®£à�¬¬¨àã¥¬�ï
«®£¨ç¥áª�ï ¨−â¥£à�«ì−�ï áå¥¬�) [5] ¯à¥¤áâ�¢«ï¥â á®¡®© –‘� ®¡é¥£® −�§−�ç¥-
−¨ï, � ¥£® ¢�«¨¤�æ¨ï ®áãé¥áâ¢«ï«�áì −� §�¤�ç¥ à�á¯®§−�¢�−¨ï ¨§®«¨à®¢�−−ëå
á«®¢. ‚ á®áâ�¢ �àå¨â¥ªâãàë ¡ë«¨ ¢¢¥¤¥−ë ¬¥å�−¨§¬ë ¯®¤¤¥à¦ª¨ ¢ëç¨á«¥−¨ï
��” [4]. �¤−�ª® ¯à¨ ã¢¥«¨ç¥−¨¨ à�§à¥è�îé¥© á¯®á®¡−®áâ¨ ��” ®ª�§�«®áì,
çâ® −�ª«�¤−ë¥ �¯¯�à�â−ë¥ à�áå®¤ë á«¨èª®¬ ¢¥«¨ª¨.

–¥«ì áâ�âì¨ | ¯à¥¤áâ�¢«¥−¨¥ à¥§ã«ìâ�â®¢ ®¯â¨¬¨§�æ¨¨ �àå¨â¥ªâãàë ƒ�÷�‘
¨ á®ªà�é¥−¨ï ¥¥ �¯¯�à�â−ëå §�âà�â ¢ à�¬ª�å �‹ˆ‘ ¯à¨ á®åà�−¥−¨¨ íää¥ªâ¨¢-
−®áâ¨ à¥�«¨§�æ¨¨ ��” á ¯à®¨§¢®«ì−ë¬ ¬�áèâ�¡¨à®¢�−¨¥¬ ¥£® ç¨á«� ®âáç¥â®¢.

2 Текущая поддержка в гибридной архитектуре рекуррентного
обработчика сигналов

2.1 Описание алгоритма быстрого преобразования Фурье

�«£®à¨â¬ ��” | íää¥ªâ¨¢−ë© á¯®á®¡ ¢ëç¨á«¥−¨ï „�” á ç¨á«®¬ ®âáç¥â®¢,
à�¢−ë¬ −�âãà�«ì−ë¬ ç¨á«�¬ ¢® ¢â®à®© áâ¥¯¥−¨. „¨áªà¥â−®¥ ¯à¥®¡à�§®¢�−¨¥
”ãàì¥ X(k), £¤¥ k = 0, . . . , N − 1, ¨¬¥¥â ¢¨¤:

X(k) =
1

N

N−1∑

n=0

x(n)

[

cos

(
2πnk

N

)

− i sin

(
2πnk

N

)]

.

�®¢®à®â−ë¥ ª®íää¨æ¨¥−âë à�§¬¥é¥−ë −� ¥¤¨−¨ç−®© ®ªàã¦−®áâ¨ ¢ ª®¬-
¯«¥ªá−®© ¯«®áª®áâ¨. �−¨ á¨¬¬¥âà¨ç−ë ¨ ¯¥à¨®¤¨ç−ë, çâ® ¯®§¢®«ï¥â áãé¥áâ¢¥−-
−® á®ªà�â¨âì ç¨á«® ã¬−®¦¥−¨©, âà¥¡ã¥¬ëå ¤«ï ¯à®¢¥¤¥−¨ï „�”.

�«£®à¨â¬ ¢ëç¨á«¥−¨ï ��” ¯® ®á−®¢�−¨î 2 (Radix-2) à�§¤¥«ï¥â ¯à®¢¥¤¥−¨¥
„�” −� á¥à¨î 2-â®ç¥ç−ëå „�”. Š�¦¤®¥ â�ª®¥ ¯à¥®¡à�§®¢�−¨¥ −�§ë¢�¥âáï
â¨¯®¢®© ®¯¥à�æ¨¥© ú¡�¡®çª�û. „«ï à�¡®âë �«£®à¨â¬� âà¥¡ã¥âáï, çâ®¡ë ç¨á«®
®âáç¥â®¢ N ¡ë«® −�âãà�«ì−®© áâ¥¯¥−ìî ¤¢®©ª¨ N = 2s, s ∈ N. ’®£¤� ¤«ï
¢ëç¨á«¥−¨ï ��” ¯®âà¥¡ã¥âáï ¯à®¢¥áâ¨ s áâ�¤¨©.

÷¥§ã«ìâ�âë ¢ëç¨á«¥−¨ï −� ª�¦¤®© áâ�¤¨¨ ¬®£ãâ ¡ëâì á®åà�−¥−ë ¢ â¥å ¦¥
á�¬ëå ïç¥©ª�å ¯�¬ïâ¨, ª®â®àë¥ ¨§−�ç�«ì−® åà�−¨«¨ ¨áå®¤−ë¥ ¢å®¤−ë¥ ®âáç¥âë.
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�¯â¨¬¨§�æ¨ï �¯¯�à�â−®© ¯®¤¤¥à¦ª¨ ��” ¢ à¥ªãàà¥−â−®¬ á¨£−�«ì−®¬ ¯à®æ¥áá®à¥

÷¨á. 1 �¯¥à�æ¨ï Radix-2 DIT ú¡�¡®çª�û [6, à¨á. 5.13]

�ëáâà®¥ ¯à¥®¡à�§®¢�−¨¥ ”ãàì¥ á ¯à®à¥¦¨¢�−¨¥¬ ¯® ¢à¥¬¥−¨ (Decimation-
in-time, DIT) ¢ëç¨á«ï¥â áâ�¤¨¨, ¨á¯®«ì§ãï â¨¯®¢ãî ®¯¥à�æ¨î ú¡�¡®çª�û, ¯à¨-
¢¥¤¥−−ãî −� à¨á. 1. „«ï ª®àà¥ªâ−®© à�¡®âë �«£®à¨â¬� −¥®¡å®¤¨¬® §�£àã¦�âì
¢å®¤−ë¥ ®âáç¥âë ¢ ¡¨â-à¥¢¥àá¨à®¢�−−®¬ ¯®àï¤ª¥.

”®à¬ã«ë ¢ëç¨á«¥−¨ï ª®¬¯«¥ªá−®£® ��” DIT ¨¬¥îâ ¢¨¤:

Ra = Ra + (RaRW − IbIw) = Ra + (C −D) = Ra +G ;

Ia = Ia + (RbIW + IbRw) = Ia + (E + F ) = Ia +H ;

Rb = Rb + (RaRW − IaIw) = Rb − (C −D) = Rb −G ;

Ib = Ib + (RaIW + IaRw) = Ib − (E + F ) = Ib −H ,

£¤¥ R | ¤¥©áâ¢¨â¥«ì−�ï, � I | ¬−¨¬�ï ç�áâì ª®¬¯«¥ªá−®£® ç¨á«�.

2.2 Описание существующей реализации

’¥ªãé�ï ¢¥àá¨ï ¯à®â®â¨¯� ƒ�÷�‘ á®¤¥à¦¨â áà¥¤áâ¢� �¯¯�à�â−®© ¯®¤¤¥à¦ª¨
¢ëç¨á«¥−¨ï ��”, ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ ¢ë¯®«−¥−¨¥ 256-â®ç¥ç−®£® Radix-2
DIT �«£®à¨â¬� ¢ ä®à¬�â¥ ä¨ªá¨à®¢�−−®© â®çª¨ á §�¯¨áìî à¥§ã«ìâ�â®¢ −� ¬¥áâ®
¢å®¤−ëå ¤�−−ëå (in-place-à¥�«¨§�æ¨ï).

„�−−ë¥ áà¥¤áâ¢� �àå¨â¥ªâãàë å�à�ªâ¥à¨§ãîâáï á«¥¤ãîé¨¬¨ ®á®¡¥−−®áâï¬¨:

{ ¨á¯®«ì§ã¥âáï ¬¥å�−¨§¬ ã¯�ª®¢ª¨ ç¥âëà¥å ¢å®¤−ëå 16-¡¨â−ëå ¤�−−ëå ¢ ®¤−®¬
®¯¥à�−¤¥, ¤¥©áâ¢¨â¥«ì−ë¥ ¨ ¬−¨¬ë¥ ç�áâ¨ | ¢ à�§−ëå à�§¤¥«�å ª�¯áã«ë;

{ ã¯�ª®¢�−−ë¥ ¤�−−ë¥ åà�−ïâáï ¢ ¡¨â-à¥¢¥àá¨¢−®¬ ¯®àï¤ª¥;

{ ¯®¢®à®â−ë¥ ª®íää¨æ¨¥−âë åà�−ïâáï ¢ ¡«®ª¥ ú��¬ïâì ª®−áâ�−â á¥ªæ¨®−−�ïû
(�Š ‘): 128 ¤¥©áâ¢¨â¥«ì−ëå ¨ 128 ¬−¨¬ëå 16-¡¨â−ëå ª®−áâ�−â;

{ á®¤¥à¦¨â 4 ¯�à�««¥«ì−ëå á¥ªæ¨¨: 4 ¢ëç¨á«¨â¥«ì−ëå ¡«®ª� (‚�) ¨ 4 ª®¯¨¨
�Š ‘;

{ ¢ á¨áâ¥¬ã ª®¬�−¤ ¢¢¥¤¥−� á¯¥æ¨�«ì−�ï ¨−áâàãªæ¨ï úButterflyû, ª®â®à�ï
®¡¥á¯¥ç¨¢�¥â ç¥âëà¥åáâ�¤¨©−®¥ ¢ëç¨á«¥−¨¥ Radix-2 DIT ú¡�¡®çª¨û.

Š«îç¥¢®© í«¥¬¥−â �¯¯�à�â−®© ¯®¤¤¥à¦ª¨ ��” | ¨−áâàãªæ¨ï úButter-
flyû. �â� ¨−áâàãªæ¨ï −� �¯¯�à�â−®¬ ãà®¢−¥ ¨−â¥à¯à¥â¨àã¥âáï ‚� ª�ª £®â®¢ë©
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÷¨á. 2 ‘ãé¥áâ¢ãîé�ï áå¥¬� ¨−áâàãªæ¨¨ úButterflyû

ç¥âëà¥åæ¨ª«®¢ë© áæ¥−�à¨© äã−ªæ¨®−¨à®¢�−¨ï: ª�¦¤®¬ã æ¨ª«ã ¢ë¯®«−¥−¨ï
¨−áâàãªæ¨¨ ®¯à¥¤¥«¥−� á¢®ï áå¥¬� ¢ëç¨á«¥−¨©. �� à¨á. 2 ¯à¥¤áâ�¢«¥−� áå¥-
¬� ç¥âëà¥åæ¨ª«®¢®© ¨−áâàãªæ¨¨: ¢ ãáâ�−®¢¨¢è¥¬áï à¥¦¨¬¥ ¯®á«¥ −�¯®«−¥−¨ï
ª®−¢¥©¥à� ú¡�¡®çª�û ¢ëç¨á«ï¥âáï §� 4 æ¨ª«�.

Œ¥âà¨ª� Instruction Level Parallelism (ILP) ¤«ï ‚� ƒ�÷�‘ ¨¬¥¥â §−�ç¥-
−¨¥ 4 (1 ã¬−®¦¨â¥«ì, 1 ¡«®ª á¤¢¨£� ¨ ®ªàã£«¥−¨ï, 1 �à¨ä¬¥â¨ª®-«®£¨ç¥áª®¥
ãáâà®©áâ¢® 16-¡¨â−®¥, 1 �à¨ä¬¥â¨ç¥áª®¥ ãáâà®©áâ¢® 40-¡¨â−®¥). ‡� 4 æ¨ª«� ‚�
¬®¦¥â ¬�ªá¨¬�«ì−® ¢ë¯®«−¨âì 16 ®¯¥à�æ¨©. „�−−�ï ¨−áâàãªæ¨ï ®¡¥á¯¥ç¨¢�-
¥â ¢ë¯®«−¥−¨¥ 14 ®¯¥à�æ¨©. Š®íää¨æ¨¥−â íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï ILP
á®áâ�¢«ï¥â 87,5%.

„�−−®¥ à¥è¥−¨¥ ¡ë«® �¯à®¡¨à®¢�−® −� ¬®¤¥«ïå �àå¨â¥ªâãàë à�§«¨ç−®-
£® ãà®¢−ï, � â�ª¦¥ −� �‹ˆ‘-¯à®â®â¨¯¥ ƒ�÷�‘ ¢ ¯à®æ¥áá¥ ¯à¥¤¢�à¨â¥«ì-
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�¯â¨¬¨§�æ¨ï �¯¯�à�â−®© ¯®¤¤¥à¦ª¨ ��” ¢ à¥ªãàà¥−â−®¬ á¨£−�«ì−®¬ ¯à®æ¥áá®à¥

−®© ®æ¥−ª¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ −�¡®à� �«£®à¨â¬®¢ ¨§ BDTIMark2000 [7].
�¥á¬®âàï −� â® çâ® íää¥ªâ¨¢−®áâì ¢ëç¨á«¥−¨ï ��” −� ®¤−®© á¥ªæ¨¨
ƒ�÷�‘ áà�¢−¨¬� á TMSC55x, ¤�−−®¥ à¥è¥−¨¥ âà¥¡ã¥â �¯¯�à�â−®© ®¯â¨¬¨-
§�æ¨¨.

2.3 Проблемы аппаратной поддержки быстрого преобразования Фурье
в гибридной архитектуре рекуррентного обработчика сигналов

�á−®¢−ë¥ ¯à®¡«¥¬ë �¯¯�à�â−®© ¯®¤¤¥à¦ª¨ ��” ¢ ƒ�÷�‘:

(1) ¨§¡ëâ®ç−ë¥ −�ª«�¤−ë¥ à�áå®¤ë åà�−¥−¨ï ¯®¢®à®â−ëå ª®íää¨æ¨¥−â®¢, á¢ï-
§�−−ë¥ á ®á®¡¥−−®áâï¬¨ à�§¤¥«¥−−®© ¯® á¥ªæ¨ï¬ �Š ‘;

(2) åà�−¥−¨¥ ®âáç¥â®¢ ¢ ª�¯áã«¥ ¢ ã¯�ª®¢�−−ëå ®¯¥à�−¤�å.
“¯�ª®¢ª� ¤�−−ëå á−¨¦�¥â ¨§¡ëâ®ç−®áâì â¥£¨à®¢�−−ëå ¤�−−ëå, çâ® ï¢«ï¥â-
áï −¥á®¬−¥−−ë¬ ¯à¥¨¬ãé¥áâ¢®¬. �¤−�ª® −� ¯®á«¥¤−¨å ¤¢ãå áâ�¤¨ïå ��”
ª®−âà®««¥àã ¡ãä¥à−®© ¯�¬ïâ¨ (��) ¯à¨å®¤¨âáï áç¨âë¢�âì ¨ §�¯¨áë¢�âì
ç�áâ¨ ã¯�ª®¢�−−ëå ¤�−−ëå (¢¬¥áâ® æ¥«®£® ®¯¥à�−¤�) ¯® à�§−ë¬ �¤à¥á�¬.
�â® ¯à¨¢®¤¨â ª ãá«®¦−¥−¨î áå¥¬ë ¯�¬ïâ¨ ¨ �«£®à¨â¬� ¢ëç¨á«¥−¨ï �¤à¥á®¢,
à®áâã −�ª«�¤−ëå à�áå®¤®¢ ¨ ¯®â¥−æ¨�«ì−®¬ã á−¨¦¥−¨î ç�áâ®âë ¥¥ à�¡®âë;

(3) −¥æ¨ª«¨ç−�ï áå¥¬� áç¨âë¢�−¨ï ¤¥©áâ¢¨â¥«ì−ëå ¨ ¬−¨¬ëå ç�áâ¥© ®âáç¥â®¢.
ˆ§ à¨á. 3 ¢¨¤−®, çâ® ¢å®¤−ë¥ ®âáç¥âë áç¨âë¢�îâáï ¢ á«¥¤ãîé¥© ¯®á«¥¤®-
¢�â¥«ì−®áâ¨:

–¨ª« 1: Ra(i). –¨ª« 2: Ib(i), � Ib(i + 1) ã¦¥ ¤®«¦¥− ¡ëâì ¢ ¯�¬ïâ¨
®¯¥à�−¤®¢ §�à�−¥¥!

–¨ª« 3: Ia(i). –¨ª« 4: Rb(i+ 1).

Š�ª ¢¨¤−®, ¤¥©áâ¢¨â¥«ì−ë¥ ¨ ¬−¨¬ë¥ ç�áâ¨ áç¨âë¢�îâáï −¥¯®á«¥¤®¢�â¥«ì−®
¨ ¤�¦¥ ¨§ à�§−ëå ú¡�¡®ç¥ªû ¢ å®¤¥ ®¤−®£® ¯à®£®−� ¨−áâàãªæ¨¨. �â®
®á«®¦−ï¥â �«£®à¨â¬ ¢ëç¨á«¥−¨ï �¤à¥á®¢ ¢ ª®−âà®««¥à¥ ��;

(4) æ¨ª« ü 2 ¨−áâàãªæ¨¨ úButterflyû âà¥¡ã¥â á¯¥æ¨�«ì−®£® à¥¦¨¬� à�á¯�ª®¢-
ª¨ ¨ à�ááë«ª¨ ã¯�ª®¢�−−ëå ¤�−−ëå. ‚ ƒ�÷�‘ §� à�á¯�ª®¢ªã ¨ à�ááë«ªã
ã¯�ª®¢�−−ëå ¤�−−ëå ®â¢¥ç�¥â ª®¬¯®−¥−â ú÷�á¯à¥¤¥«¨â¥«ìû. �á®¡¥−−®áâì
æ¨ª«� ü 2 §�ª«îç�¥âáï ¢ â®¬, çâ® −� ¢å®¤ ¢ëç¨á«¨â¥«ì−®£® ¡«®ª� ¤®«¦−ë
¯à¨©â¨ ¤¢¥ ¬−¨¬ë¥ ç�áâ¨ i-© ¨ (i+ 1)-© ú¡�¡®ç¥ªû. �â® ¯®¢¥¤¥−¨¥ ¢ë¡¨¢�-
¥âáï ¨§ ®á−®¢−®© áå¥¬ë à�ááë«ª¨ ¤�−−ëå, çâ® âà¥¡ã¥â ¢¢®¤� á¯¥æ¨�«ì−®£®
à¥¦¨¬�, ª®â®àë© ¨á¯®«ì§ã¥âáï ¢ ƒ�÷�‘ â®«ìª® ¢ à�¬ª�å ®¤−®£® �«£®à¨â¬�;

(5) ¨§¬¥−¥−¨¥ ç¨á«� ®âáç¥â®¢ ��” âà¥¡ã¥â ¯¥à¥à�¡®âª¨ ª�¯áã«ë.

�−�«¨§ ¯à®¡«¥¬ â¥ªãé¥© ¢¥àá¨¨ áà¥¤áâ¢ �¯¯�à�â−®© ¯®¤¤¥à¦ª¨ ��” ¢ æ¥-
«®¬ á¢¨¤¥â¥«ìáâ¢ã¥â ® ¡®«ìè®© áâ¥¯¥−¨ �¯¯�à�â−®© ¨§¡ëâ®ç−®áâ¨. �®íâ®¬ã
®¯â¨¬¨§�æ¨ï �àå¨â¥ªâãàë ƒ�÷�‘ ï¢«ï¥âáï �ªâã�«ì−®© §�¤�ç¥©.

Œ®¦−® ¢ë¤¥«¨âì ¤¢� ®á−®¢−ëå −�¯à�¢«¥−¨ï ®¯â¨¬¨§�æ¨¨ �àå¨â¥ªâãàë: ¬®-
¤¨ä¨ª�æ¨ï ¨−áâàãªæ¨¨ ú¡�¡®çª�û ¨ ¬®¤¨ä¨ª�æ¨ï ��.
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�¯â¨¬¨§�æ¨ï �¯¯�à�â−®© ¯®¤¤¥à¦ª¨ ��” ¢ à¥ªãàà¥−â−®¬ á¨£−�«ì−®¬ ¯à®æ¥áá®à¥

3 Модифицированные средства аппаратной поддержки
быстрого преобразования Фурье

3.1 Усовершенствование конвейеризованной инструкции

‚ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥ ¡ë« á¤¥«�− ¢ë¢®¤ ® −¥®¡å®¤¨¬®áâ¨ ¯¥à¥à�¡®âª¨
ç¥âëà¥åáâ�¤¨©−®© ¨−áâàãªæ¨¨ úButterflyû. �à¨ íâ®¬ â¥å−¨ç¥áª¨ ¥¥ å�à�ªâ¥à¨-
áâ¨ª¨ −¥ ¤®«¦−ë ãåã¤è¨âìáï á â®çª¨ §à¥−¨ï ¢à¥¬¥−¨ ¨á¯®«−¥−¨ï. Šà®¬¥ â®£®,
¯¥à¥à�¡®â�−−�ï áå¥¬� ¨−áâàãªæ¨¨ ¤®«¦−� â�ª¦¥ à¥è�âì ¯à®¡«¥¬ã 3, ®¡®§−�ç¥−-
−ãî ¢ à�§¤. 2.3. �� à¨á. 3 ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ¯¥à¥à�¡®âª¨ ¨−áâàãªæ¨¨
ú¡�¡®çª�û.

‚ −®¢®© ¢¥àá¨¨ áå¥¬ë ¨−áâàãªæ¨¨ ¯®®ç¥à¥¤−® áç¨âë¢�îâáï ª®−áâ�−âë ¨ ¤�−-
−ë¥, ¯à¨ç¥¬ ¤«ï æ¨ª«®¢ 1 ¨ 3 áç¨âë¢�îâáï ®¤−¨ ¨ â¥ ¦¥ ª®−áâ�−âë, � ¤�−−ë¥
áç¨âë¢�îâáï â®«ìª® ¤«ï i-© ¡�¡®çª¨ (¢ ®â«¨ç¨¥ ®â ¯à¥¤ë¤ãé¥© ¢¥àá¨¨, £¤¥ ¨ ¤«ï
(i + 1)-©). ’�ª¨¬ ®¡à�§®¬, ¯à®¡«¥¬� 3 ¨, á«¥¤®¢�â¥«ì−®, ¯à®¡«¥¬� 4 à¥è�îâáï
¯à¨ ¢−¥¤à¥−¨¨ ¤�−−®£® à¥è¥−¨ï.

‘ â®çª¨ §à¥−¨ï ¨á¯®«ì§®¢�−¨ï ILP ¯à¥¤«�£�¥¬®¥ à¥è¥−¨¥ â�ª¦¥ ®¡¥á¯¥ç¨¢�¥â
¢ë¯®«−¥−¨¥ 14 ¨−áâàãªæ¨© ¨§ 16 §� 4 æ¨ª«� ¨ ¨¬¥¥â ª®íää¨æ¨¥−â íää¥ªâ¨¢−®áâ¨
¨á¯®«ì§®¢�−¨ï ILP, à�¢−ë© 87,5%.

3.2 Доработка вычислительных блоков

„«ï ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨ ¨á¯®«−¥−¨ï −®¢®© áå¥¬ë ¨−áâàãªæ¨¨ úButter-
flyû ¢ á®áâ�¢ ¢ëç¨á«¨â¥«ì−ëå ¡«®ª®¢ ƒ�÷�‘ −¥®¡å®¤¨¬® ¢¢¥áâ¨ ¤®¯®«−¨â¥«ì-
−ë¥ ¢å®¤−ë¥ ¯®«ì§®¢�â¥«ìáª¨¥ à¥£¨áâàë W2 ¨ W3. ’�ª¨¬ ®¡à�§®¬ à¥£¨áâà®¢ë©
ä�©« ¡ã¤¥â à�áè¨à¥− ¤® ç¥âëà¥å à¥£¨áâà®¢. „«ï ª®àà¥ªâ−®£® ¢ë¯®«−¥−¨ï ��”
¨áå®¤−®© ¨−¨æ¨�«¨§�æ¨¨ à¥£¨áâà®¢®£® ä�©«� −¥ âà¥¡ã¥âáï. ’�ª¦¥ ¢ á®áâ�¢ ¢ë-
ç¨á«¨â¥«ì−®£® ¡«®ª� ¢å®¤¨â ¯�¬ïâì ª®−áâ�−â á¥ªæ¨®−−�ï à¥£¨áâà®¢�ï (�Š ‘÷),
¨¬¥îé�ï ®¡ê¥¬ ¢ ç¥âëà¥ 16-¡¨â−ëå ª®−áâ�−âë. ‚ −®¢®© à¥�«¨§�æ¨¨ −¥®¡å®¤¨¬®
®¡¥á¯¥ç¨âì ¢®§¬®¦−®áâì §�¯¨á¨ áà�§ã ¤¢ãå ª®−áâ�−â (à�−¥¥ ¬®¦−® ¡ë«® §�¯¨á�âì
â®«ìª® ®¤−ã).

3.3 Модификация распределителя

’�ª ª�ª ¯à®¡«¥¬ë 3 ¨ 4 à¥è�îâáï §� áç¥â ¨§¬¥−¥−¨ï áå¥¬ë ¨−áâàãªæ¨¨,
â® ¨§ à�á¯à¥¤¥«¨â¥«ï ¬®¦−® ã¤�«¨âì ¯®¤¤¥à¦ªã á¯¥æ¨�«¨§¨à®¢�−−®£® à¥¦¨¬�
à�á¯�ª®¢ª¨ ®¯¥à�−¤®¢. Šà®¬¥ â®£®, ®á®¡¥−−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ¬®¤¨ä¨-
æ¨à®¢�−−®£® ª®−âà®««¥à� �� âà¥¡ãîâ, çâ®¡ë à�á¯à¥¤¥«¨â¥«ì −� §�¢¥àè�îé¥©
áâ�¤¨¨ ¢ëç¨á«¥−¨ï �«£®à¨â¬� ��” −¥ §�¬®à�¦¨¢�« ª®−¢¥©¥à, � £¥−¥à¨à®¢�«
¯ãáâë¥ £®àáâ¨ ®¯¥à�−¤®¢ (çâ® à�¢−®á¨«ì−® NOP-®¯¥à�æ¨ï¬).

3.4 Модификация буферной памяти

‘�¬ë¬ áãé¥áâ¢¥−−ë¬ ¨§¬¥−¥−¨ï¬ ¯®¤¢¥à£«�áì �� ¨ ¥¥ ª®−âà®««¥à. ‚ á®-
áâ�¢ �� −¥®¡å®¤¨¬® ¢¢¥áâ¨ −®¢ë© �¢â®−®¬−ë© ¡�−ª ¯�¬ïâ¨ ¨ ¡«®ª ã¯à�¢«¥−¨ï
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íâ®© ¯�¬ïâìî, ª®â®àë© ¢ª«îç�¥â ¢ á¥¡ï ¤¢� à�¡®â�îé¨å ¯�à�««¥«ì−® ¯®¤¡«®ª�:
£¥−¥à�â®à �¤à¥á®¢ ¨ ª®−âà®««¥à çâ¥−¨ï-§�¯¨á¨.

1. �«®ª ¯�¬ïâ¨ á®áâ®¨â ¨§ ¡«®ª®¢: IBlock ¨ RBlock åà�−ïâ ¬−¨¬ë¥ ¨ ¤¥©áâ¢¨-
â¥«ì−ë¥ ç�áâ¨ ®âáç¥â®¢ ¯à¥®¡à�§ã¥¬®£® á¨£−�«� á®®â¢¥âáâ¢¥−−®; IwBlock
¨ RwBlock åà�−ïâ ¬−¨¬ë¥ ¨ ¤¥©áâ¢¨â¥«ì−ë¥ ç�áâ¨ ¯®¢®à®â−ëå ª®íää¨-
æ¨¥−â®¢ W á®®â¢¥âáâ¢¥−−®. ‚å®¤−ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ®âáç¥â®¢ ¤®«¦−ë
¡ëâì §�¯¨á�−ë ¢ ¡¨â-à¥¢¥àá¨à®¢�−−®¬ ¯®àï¤ª¥.
�âáç¥âë ¨¬¥îâ ä®à¬�â Q15, ¯®íâ®¬ã åà�−ïâáï ¢ 16-¡¨â−ëå á«®¢�å. �¡ê¥¬
IBlock à�¢¥− ®¡ê¥¬ã RBlock ¨ á®áâ�¢«ï¥â 1024 16-¡¨â−ëå á«®¢�. „�−−ë¥
¢ IBlock ¨ RBlock §�¯¨áë¢�îâáï á® áâ®à®−ë ã¯à�¢«ïîé¥£® ãáâà®©áâ¢�,
¯®íâ®¬ã ¢ VHDL-à¥�«¨§�æ¨¨ ¤®«¦¥− ¡ëâì ¯à¥¤®áâ�¢«¥− á®®â¢¥âáâ¢ãîé¨©
¨−â¥àä¥©á ¤®áâã¯� ¤«ï §�¯¨á¨ ¨ çâ¥−¨ï ¤�−−ëå ¡«®ª®¢ (â�ª ª�ª in-place-à¥-
�«¨§�æ¨ï). ÷¥¦¨¬ §�¯¨á¨ ®âáç¥â®¢ ª�ª ¯�ª¥â−ë©, â�ª ¨ ®¤¨−®ç−ë©.
�®¢®à®â−ë¥ ª®íää¨æ¨¥−âë â�ª¦¥ ¨¬¥îâ ä®à¬�â Q15. �¡ê¥¬ IwBlock
à�¢¥− ®¡ê¥¬ã RwBlock ¨ á®áâ�¢«ï¥â 512 16-¡¨â−ëå á«®¢�. �â¨ ª®íää¨-
æ¨¥−âë ï¢«ïîâáï ª®−áâ�−â�¬¨ ¨ à�ááç¨âë¢�îâáï §�à�−¥¥. ‡�¯¨áì ª®−áâ�−â
®áãé¥áâ¢«ï¥âáï −� íâ�¯¥ ¯à®è¨¢ª¨ �‹ˆ‘.

2. Š®−âà®««¥à ¯�¬ïâ¨ ¤«ï à¥¦¨¬� FFT ®¡¥á¯¥ç¨¢�¥â ¯�à�««¥«ì−®¥ äã−ªæ¨-
®−¨à®¢�−¨¥ ¯®¤¡«®ª®¢ ¢ëç¨á«¥−¨ï �¤à¥á®¢ ¨ ã¯à�¢«¥−¨ï çâ¥−¨¥¬ ¨ §�¯¨áìî.
�à¨−¨¬�¥â ¤�−−ë¥ ®â ª®¬¯®−¥−â� úˆ¬¯«¨ª�â®àû ƒ�÷�‘ ¨ ¯¥à¥¤�¥â ¨å ¤«ï
§�¯¨á¨ ¢ ¡«®ª ¯�¬ïâ¨.
ˆ−¨æ¨�«¨§�æ¨ï ¡«®ª� ®áãé¥áâ¢«ï¥âáï ¢ ¬®¬¥−â áç¨âë¢�−¨ï ®á−®¢−ë¬ ª®−-
âà®««¥à®¬ �� Acm: ®¯¥à�−¤�, ª®â®àë© ¨¬¥¥â @Cdm = fft (â. ¥. ¯¥à¥−�áâà�-
¨¢�¥â à¥¦¨¬ ¯�¬ïâ¨). �®á«¥ íâ®£® ®â ®¯¥à�æ¨®−−®£® ãà®¢−ï �àå¨â¥ªâãàë
âà¥¡ã¥âáï ¯®¤â¢¥à¦¤¥−¨¥ ® â®¬, çâ® Acm: ®¯¥à�−¤ ¯®«ãç¥− ¨ ¢á¥ −ã¦−ë¥
£®àáâ¨ áä®à¬¨à®¢�−ë, ª®â®à®¥ ¨ ¨−¨æ¨¨àã¥â ¢ë¤�çã ®¯¥à�−¤®¢. �®á«¥ â®£®
ª�ª ¯®«ãç¥−® ¯®¤â¢¥à¦¤¥−¨¥ ®â ®¯¥à�æ¨®−−®£® ãà®¢−ï, −�ç¨−�¥âáï ®á−®¢−®©
æ¨ª« äã−ªæ¨®−¨à®¢�−¨ï.
÷�§¬¥à Radix2 DIT ��” ®¯à¥¤¥«ï¥âáï ¯® §−�ç¥−¨î ¯®«ï ª®«¨ç¥áâ¢� ¨â¥-
à�æ¨© @Ci. —¨á«® áâ�¤¨© ��” −�¯àï¬ãî á¢ï§�−® á ª®«¨ç¥áâ¢®¬ ®â-
áç¥â®¢ ¯® ä®à¬ã«¥ úª®«¨ç¥áâ¢® áâ�¤¨©û = Log2(N). ’®£¤�, −�¯à¨¬¥à, ¤«ï
@Ci = 8 N = 256. �à¥¤«�£�¥¬�ï à¥�«¨§�æ¨ï ��” ª®−âà®««¥à� ¢ ¬®¤¥-
«¨ ¯®¤¤¥à¦¨¢�¥â −�áâà�¨¢�¥¬®¥ ª®«¨ç¥áâ¢® á¥ªæ¨© ¨á¯®«−¥−¨ï �«£®à¨â¬�.
�¤−�ª® ¯®ª� �«£®à¨â¬ à�ááç¨â�− −� 4 á¥ªæ¨¨.

3. �«®ª ¢ëç¨á«¥−¨ï �¤à¥á®¢ ¤®«¦¥− §� 4 æ¨ª«� ¢ëç¨á«¨âì �¤à¥á� ¤¥©áâ¢¨-
â¥«ì−ëå ¨ ¬−¨¬ëå ç�áâ¥© ®âáç¥â®¢, � â�ª¦¥ âà¥¡ã¥¬ëå ª®−áâ�−â ¤«ï â¥ªãé¨å
ú¡�¡®ç¥ªû. �á®¡¥−−®áâì �«£®à¨â¬� §�ª«îç�¥âáï ¢ â®¬, çâ® IBlock ¨ RBlock
�¤à¥áãîâáï ®¤−¨¬ ¨ â¥¬ ¦¥ �¤à¥á®¬. ’�ª¨¬ ®¡à�§®¬, −¥®¡å®¤¨¬® ¢ëç¨á«¨âì
4 �¤à¥á� ª®−áâ�−â ¨ 4 �¤à¥á� ú¡�¡®ç¥ªû.
�á®¡¥−−®áâìî áå¥¬ë ¢ëç¨á«¥−¨ï ¨−áâàãªæ¨¨ úButterflyû ï¢«ï¥âáï −�«¨ç¨¥
ç¥âëà¥å ¤®¯®«−¨â¥«ì−ëå æ¨ª«®¢ ¤«ï §�¯ãáª� ¯à®æ¥áá�. �¤−�ª® ¤«ï ¤�−−®£®
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¡«®ª� ¢ íâ®¬ −¥â −¥®¡å®¤¨¬®áâ¨. �− ¤®«¦¥− áà�§ã à�ááç¨âë¢�âì ª®àà¥ªâ−ë¥
�¤à¥á�. ’�ª¦¥ ¤�−−ë© ¡«®ª ¤®«¦¥− à�¡®â�âì ú−� è�£ ¢¯¥à¥¤û ®â−®á¨â¥«ì−®
¡«®ª� çâ¥−¨ï-§�¯¨á¨, çâ®¡ë ¢â®à®© ¡ë« ¢á¥£¤� ®¡¥á¯¥ç¥− −®¢ë¬¨ �¤à¥á�¬¨.
…é¥ ®¤−� ®á®¡¥−−®áâì �«£®à¨â¬�: �¤à¥á� ¨ ¯�à�¬¥âàë á�¬ëå ¯¥à¢ëå ú¡�-
¡®ç¥ªû ¡ã¤ãâ ¢á¥£¤� ¨¤¥−â¨ç−ë¬¨ ¢−¥ §�¢¨á¨¬®áâ¨ ®â à�§¬¥à� ��”. ’�ª¨¬
®¡à�§®¬, ¯¥à¢ãî ¯®àæ¨î �¤à¥á®¢ −ã¦−® ¢ëç¨á«ïâì ¢ ¯à®æ¥áá¥ ¨−¨æ¨�«¨§�-
æ¨¨ �¯¯�à�âãàë.
��ª®−¥æ, ¤«ï ¤�−−®£® ¡«®ª� âà¥¡ã¥âáï ®á®¡®¥ ¯®¢¥¤¥−¨¥ ¢ §�¢¥àè�îé¥©
áâ�¤¨¨ �«£®à¨â¬�, ª®£¤� �¤à¥á� ¤«ï ¢á¥å ú¡�¡®ç¥ªû ã¦¥ à�ááç¨â�−ë, −® ¨§-
§� ®âáâ�¢�−¨ï ¡«®ª� çâ¥−¨ï-§�¯¨á¨ −� 1 ú¡�¡®çªãû, � â�ª¦¥ ª®−¢¥©¥à�, ¡«®ª
¤®«¦¥− ¯à®¤®«¦�âì à�¡®âã ¢¯«®âì ¤® §�¯¨á¨ ¯®á«¥¤−¥£® ¢ëå®¤−®£® ¤�−−®£®
−� ¯®á«¥¤−¥© áâ�¤¨¨ �«£®à¨â¬�.

4. �«®ª ã¯à�¢«¥−¨ï çâ¥−¨¥¬-§�¯¨áìî ®¡¥á¯¥ç¨¢�¥â áç¨âë¢�−¨¥ ¯® ¯à¨á«�−-
−ë¬ �¤à¥á�¬ ª®−áâ�−â ¨ ®âáç¥â®¢, âà¥¡ã¥¬ëå ¤«ï ¢ë¯®«−¥−¨ï ª�¦¤®£®
ª®−ªà¥â−®£® æ¨ª«� ¨−áâàãªæ¨¨ ú¡�¡®çª�û. Šà®¬¥ â®£®, ¤�−−ë© ¡«®ª ®áãé¥-
áâ¢«ï¥â §�¯¨áì ¢ëå®¤−ëå ®¯¥à�−¤®¢, ¯®«ãç¥−−ëå ®â ¨¬¯«¨ª�â®à�. �¤−�ª®
¢ íâ®¬ ¯à®æ¥áá¥ ¥áâì ®¤−� ®á®¡¥−−®áâì. ‡�¯¨áì ¢ëå®¤−ëå ¤�−−ëå ¯à®¨áå®-
¤¨â ¯® �¤à¥á�¬ ú¯à¥¤ë¤ãé¥© ¡�¡®çª¨û, � §−�ç¨â, −¥®¡å®¤¨¬® åà�−¨âì íâ¨
�¤à¥á�.

÷¨á. 4 �àå¨â¥ªâãà� áà¥¤áâ¢ ¯®¤¤¥à¦ª¨ ��”
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÷�−¥¥ ¡ë«® ®â¬¥ç¥−®, çâ® ¢ëå®¤−ë¥ ¤�−−ë¥ ®â ¨¬¯«¨ª�â®à� ¯à¨å®¤ïâ á §�-
¤¥à¦ª®©, â. ¥. ¤�−−ë© ¡«®ª ¤®«¦¥− à�ááç¨âë¢�âì à¥�«ì−ë¥ �¤à¥á� §�¯¨á¨ ¢ë-
å®¤−ëå ®âáç¥â®¢ −�¯¥à¥¤ ¨ åà�−¨âì ¨å ¢ ¡«®ª¥ FIFO (first in, first out), çâ®¡ë
á®åà�−¨âì ª®àà¥ªâ−®áâì in-place-à¥�«¨§�æ¨¨. „�−−ë© ¡«®ª ¯à¥¤áâ�¢«ï¥â á®¡®©
ª®−¢¥©¥à ¤«¨−ë 4; §−�ç¨â, ¤«ï −�ç�«� ¨ §�¢¥àè¥−¨ï ¢ëç¨á«¥−¨© âà¥¡ã¥âáï
−�«¨ç¨¥ ç¥âëà¥å ¤®¯®«−¨â¥«ì−ëå è�£®¢ ¤«ï §�¯®«−¥−¨ï ¨ ®¯ãáâ®è¥−¨ï FIFO
á®®â¢¥âáâ¢¥−−®.

‘å¥¬� ¨§ ç¥âëà¥å æ¨ª«®¢ ¢ë¯®«−¥−¨ï ¨−áâàãªæ¨¨ úButterflyû ¯®ª�§ë¢�¥â,
çâ® ¯®á«¥¤®¢�â¥«ì−®áâì ¯®áâã¯«¥−¨ï ¢ëå®¤−ëå ®âáç¥â®¢ ¤«ï ®¤−®© á¥ªæ¨¨ á«¥-
¤ãîé�ï: Re, Re, Im, Im. ’�ª ª�ª á¥ªæ¨© 4, ¯®«ãç�¥¬, çâ® ª�¦¤ë¥ 8 §�¯¨á¥©
−¥®¡å®¤¨¬® ¯¥à¥ª«îç�âì ¡«®ª¨ RBlock ¨ IBlock á®®â¢¥âáâ¢¥−−®. ÷¥§ã«ìâ�â à�-
¡®âë ¡«®ª� −� ª�¦¤®¬ è�£¥ | ¤¢� ã¯�ª®¢�−−ëå Apdi x4: ®¯¥à�−¤�, á®¤¥à¦�é¨å
«¨¡® ª®−áâ�−âë ¤«ï ç¥âëà¥å á¥ªæ¨©, «¨¡® ®âáç¥âë ¤«ï ç¥âëà¥å á¥ªæ¨©, â. ¥.
ª®−áâ�−âë ¯®áâã¯�îâ ¢ à¥ªãàà¥−â−®¥ ®¯¥à�æ¨®−−®¥ ãáâà®©áâ¢® áâ�−¤�àâ−ë¬ ¬¥-
å�−¨§¬®¬ ä®à¬¨à®¢�−¨ï £®àáâ¥©. ‚ ¯à®æ¥áá¥ ®¦¨¤�−¨ï ¯®á«¥¤−¨å ¢ëå®¤−ëå
®âáç¥â®¢ −� §�¢¥àè¥−¨¨ �«£®à¨â¬� ¡«®ª −¥ ¤®«¦¥− ¢ë¤�¢�âì −¨ç¥£®. �� à¨á. 4
¯à¥¤áâ�¢«¥−� ®¡−®¢«¥−−�ï �àå¨â¥ªâãà� ��.

4 Результаты испытаний программной и аппаратной моделей

‚ à�¡®â¥ [7] ¤�−� ®æ¥−ª� áª®à®áâ¨ ¢ëç¨á«¥−¨ï 256-â®ç¥ç−®£® ��” −� ®¤−®©
á¥ªæ¨¨, ª®â®à�ï á®áâ�¢¨«� 2N log2N . ‚ ¯à®æ¥áá¥ ¨á¯ëâ�−¨© â¥áâ®¢ë¥ §�¯ãáª¨
ª�¯áã«ë ®áãé¥áâ¢«ï«¨áì −� ç¥âëà¥å á¥ªæ¨ïå ƒ�÷�‘ | ª�ª −� ¯à¥¤ë¤ãé¥©
¢¥àá¨¨ áà¥¤áâ¢ �¯¯�à�â−®© ¯®¤¤¥à¦ª¨, â�ª ¨ −� ¬®¤¨ä¨æ¨à®¢�−−®©.

‘à�¢−¨â¥«ì−ë¥ à¥§ã«ìâ�âë ¨á¯ëâ�−¨©

��à�¬¥âà ‘â�à�ï ¢¥àá¨ï �®¢�ï ¢¥àá¨ï
�¡ê¥¬ ¯�¬ïâ¨ ¤«ï åà�−¥−¨ï
ª®−áâ�−â (16-¡¨â−ëå á«®¢) 256× 4 = 1024 1024

�®¤¤¥à¦¨¢�¥¬ë¥ à�§¬¥àë
®ª®− ��” (â®ç¥ª) 256 ®â 8 ¤® 1024

÷�§¬¥à ª�¯áã«ë (®¯¥à�−¤®¢) 132 ¤«ï ®âáç¥â®¢ + 23 23
�¡ê¥¬ ¯�¬ïâ¨ ¤«ï ®âáç¥â®¢
(16-¡¨â−ëå á«®¢) 528 512

Benchmark (æ¨ª«®¢) 2N log2N/4 = 1024 2N log2N/4 = 1024
Overhead (æ¨ª«®¢) 44 16
ˆâ®£® (æ¨ª«®¢) 1068 1040

‚ â�¡«¨æ¥ ¯à¨¢®¤ïâáï áà�¢−¨â¥«ì−ë¥ à¥§ã«ìâ�âë ¤«ï ¤¢ãå ¢¥àá¨©. „�−−ë¥
¯à¨¢¥¤¥−ë ¤«ï N = 256 â®ç¥ª.

5 Заключение

�®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¯®¤â¢¥à¦¤�îâ ãá¯¥è−®áâì ®¯â¨¬¨§�æ¨¨ ¨ ¬®¤¨ä¨-
ª�æ¨¨ áà¥¤áâ¢ �¯¯�à�â−®© ¯®¤¤¥à¦ª¨ ��” ¢ ƒ�÷�‘. �®¢�ï ¢¥àá¨ï áà¥¤áâ¢

80 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 31 −®¬¥à 4 2021



�¯â¨¬¨§�æ¨ï �¯¯�à�â−®© ¯®¤¤¥à¦ª¨ ��” ¢ à¥ªãàà¥−â−®¬ á¨£−�«ì−®¬ ¯à®æ¥áá®à¥

−¥ â®«ìª® ®¡«�¤�¥â ¡®«ìè¥© £¨¡ª®áâìî ¨ áª®à®áâìî, −® ¨ ¯®§¢®«ï¥â á®ªà�â¨âì
à�§¬¥à ª�¯áã«ë. �®«ãç¥−−�ï à¥�«¨§�æ¨ï áà¥¤áâ¢ ¯®¤¤¥à¦ª¨ ¯®§¢®«¨«� à¥è¨âì
¢á¥ ¯¥à¥ç¨á«¥−−ë¥ ¢ à�§¤. 2.3 ¯à®¡«¥¬ë.

�à®¡«¥¬� 1 ¡ë«� à¥è¥−� ¯ãâ¥¬ à�§¬¥é¥−¨ï ¯®¢®à®â−ëå ª®íää¨æ¨¥−â®¢
¢ ®â¤¥«ì−®¬ ¡«®ª¥ ¯�¬ïâ¨, ¯à¨ç¥¬ ¥£® çâ¥−¨¥ ®áãé¥áâ¢«ï¥âáï ¯® áâ�−¤�àâ−®-
¬ã ¢ ƒ�÷�‘ ¬¥å�−¨§¬ã §� áç¥â ä®à¬¨à®¢�−¨ï −� ¢ëå®¤¥ ¯�àë ã¯�ª®¢�−−ëå
®¯¥à�−¤®¢. �®«¥¥ â®£®, ¢ â®¬ ¦¥ á�¬®¬ ®¡ê¥¬¥ ¯�¬ïâ¨ ¡ë«® à�§¬¥é¥−® £®à�§¤®
¡®«ìè¥ à�§«¨ç−ëå §−�ç¥−¨© ¯®¢®à®â−ëå ª®íää¨æ¨¥−â®¢, §� áç¥â ç¥£® ¯®¢ëá¨«�áì
£¨¡ª®áâì ¨ ¬�áèâ�¡¨àã¥¬®áâì �«£®à¨â¬�.

�à®¡«¥¬� 2 ¡ë«� à¥è¥−� â�ª¦¥ ¯ãâ¥¬ à�§¬¥é¥−¨ï ®âáç¥â®¢ ¢ ®â¤¥«ì−®¬ ¡«®ª¥
¯�¬ïâ¨ ¨ ä®à¬¨à®¢�−¨ï ¯�àë ã¯�ª®¢�−−ëå ®¯¥à�−¤®¢ −� ¢ëå®¤¥ ¯à¨ ¥£® çâ¥−¨¨.
�®«¥¥ â®£®, íâ® �¢â®¬�â¨ç¥áª¨ à¥è¨«® ¯à®¡«¥¬ã 5, â�ª ª�ª â¥¯¥àì ¬®¤¨ä¨ª�æ¨ï
ª�¯áã«ë | íâ® ¢á¥£® «¨èì à¥ª®−ä¨£ãà�æ¨ï à�§¬¥à� ¢ëç¨á«ï¥¬®£® ��”.

�à®¡«¥¬ë 3 ¨ 4 ¡ë«¨ à¥è¥−ë §� áç¥â áãé¥áâ¢¥−−®© ¯¥à¥à�¡®âª¨ ¨−áâàãªæ¨¨
úButterflyû.

‚ à�§«¨ç−ëå ®¡«�áâïå –�‘ âà¥¡ã¥âáï ¢ëç¨á«ïâì −¥ â®«ìª® ��” á ¯à®à¥-
¦¨¢�−¨¥¬ ¯® ¢à¥¬¥−¨, −® ¨ ¯® ç�áâ®â¥, � â�ª¦¥ ®¡à�â−ë© ��”. Šà®¬¥ â®£®,
�«£®à¨â¬ ¯® ®á−®¢�−¨î 2 ¬¥−¥¥ ¡ëáâàë©, ç¥¬ ¯® ®á−®¢�−¨î 4, ¯®íâ®¬ã ¢ ¡ã-
¤ãé¥¬ ¦¥«�â¥«ì−® ®¡¥á¯¥ç¨âì à¥�«¨§�æ¨î ¨ ¤àã£¨å �«£®à¨â¬®¢ ¨§ á¥¬¥©áâ¢�
��”. „àã£¨¬ −�¯à�¢«¥−¨¥¬ à�¡®â ¢ ¤�−−®¬ −�¯à�¢«¥−¨¨ ¤®«¦−� áâ�âì �¯à®¡�-
æ¨ï IP-¡«®ª®¢ ��” ¤«ï íää¥ªâ¨¢−®© �¯¯�à�â−®© à¥�«¨§�æ¨¨ ú¡�¡®ç¥ªû ¨ ¥é¥
¡®«ìè¥£® ¯®¢ëè¥−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ƒ�÷�‘ −� íâ®¬ ª«�áá¥ §�¤�ç.

Литература

1. Lyons R. G. Understanding digital signal processing. | 3rd ed. | Pearson Education,
2011. 966 p.

2. Cooley J., Tukey J. An algorithm for the machine calculation of complex Fourier
series // Math. Comput., 1965. Vol. 19. No. 90. P. 297{301.

3. ‘â¥¯ç¥−ª®¢ ā. �., „ìïç¥−ª® ā. ƒ., •¨«ìª® „. ‚., �¥âàãå¨− ‚. ‘. ÷¥ªãàà¥−â−�ï
¯®â®ª®¢�ï �àå¨â¥ªâãà�: ®á®¡¥−−®áâ¨ ¨ ¯à®¡«¥¬ë à¥�«¨§�æ¨¨ // �à®¡«¥¬ë à�§à�-
¡®âª¨ ¯¥àá¯¥ªâ¨¢−ëå ¬¨ªà®-¨ −�−®í«¥ªâà®−−ëå á¨áâ¥¬, 2016. ü 2. ‘. 120{127.

4. •¨«ìª® „. ‚., ‘â¥¯ç¥−ª®¢ ā. �., ˜¨ªã−®¢ „. ˆ., ˜¨ªã−®¢ ā. ˆ. ÷¥ªãàà¥−â−�ï
¯®â®ª®¢�ï �àå¨â¥ªâãà�: â¥å−¨ç¥áª¨¥ �á¯¥ªâë à¥�«¨§�æ¨¨ ¨ à¥§ã«ìâ�âë ¬®¤¥«¨à®-
¢�−¨ï // �à®¡«¥¬ë à�§à�¡®âª¨ ¯¥àá¯¥ªâ¨¢−ëå ¬¨ªà®-¨ −�−®í«¥ªâà®−−ëå á¨áâ¥¬,
2016. ü 2. P. 128{135.

5. Stepchenkov Yu., Morozov N., Khilko D., Shikunov Yu., Orlov G. Hybrid multi-core
recurrent architecture approbation on FPGA // IEEE Conference of Russian Young
Researchers in Electrical and Electronic Engineering Proceedings. | Piscataway, NJ,
USA: IEEE, 2019. P. 1705{1708.

6. Mixed-signal and DSP design techniques / Ed. W. Kester. | Analog Devices Inc.,
2003, 410 p.

7. Stepchenkov Yu. A., Khilko D. V., Shikunov Yu. I., Orlov G. A. DSP filter kernels
preliminary Benchmarking for recurrent data-flow architecture // IEEE Conference of

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 31 −®¬¥à 4 2021 81



D. V. Khilko, Yu. A. Stepchenkov, Yu. I. Shikunov, et al.

Russian Young Researchers in Electrical and Electronic Engineering Proceedings. |
Piscataway, NJ, USA: IEEE, 2021. P. 2040{2044.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 22.09.21

HARDWARE SUPPORT OF FAST FOURIER TRANSFORM
OPTIMIZATION IN A RECURRENT SIGNAL PROCESSOR

D. V. Khilko, Yu. A. Stepchenkov, Yu. I. Shikunov, Yu. G. Diachenko,
and G. A. Orlov

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

Abstract: The paper covers the fast Fourier transform (FFT) support in the hybrid
recurrent signal processor architecture. An analysis of the existing implementation
is presented. Disadvantages and their ramifications are identified. An optimized
solution is proposed to ease the scaling of both the architecture and the number
of FFT samples.

Keywords: digital signal processing; fast Fourier transform; digital signal
processor; Radix-2

DOI: 10.14357/08696527210407

Acknowledgments

The research was supported by the Russian Science Foundation (project No. 19-11-
0034).

References

1. Lyons, R. G. 2011. Understanding digital signal processing. 3rd ed. Pearson Education.
966 p.

2. Cooley, J., and J. Tukey. 1965. An algorithm for the machine calculation of complex
Fourier series. Math. Comput. 19(90):297{301.

3. Stepchenkov, Yu. A., Yu. G. Diachenko, D. V. Khilko, and V. S. Petrukhin. 2016.
Rekurrentnaya potokovaya arkhitektura: osobennosti i problemy realizatsii [Recurrent
data-flow architecture: Features and realization problems]. Problemy razrabotki per-
spektivnykh mikro- i nanoelektronnykh system [Problems of perspective micro- and
nanoelectronic systems development] 2:120{127.

4. Khilko, D. V., Yu. A. Stepchenkov, D. I. Shikunov, and Y. I. Shikunov. 2016. Rekur-
rentnaya potokovaya arkhitektura: tekhnicheskiye aspekty realizatsii i rezul'taty mod-
elirovaniya [Recurrent data-flow architecture: Technical aspects of implementation and
modeling results]. Problemy razrabotki perspektivnykh mikro- i nanoelektronnykh system
[Problems of perspective micro- and nanoelectronic systems development] 2:128{135.

82 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2021 vol 31 no 4



Hardware support of fast fourier transform optimization in a recurrent signal processor

5. Stepchenkov, Yu., N. Morozov, D. Khilko, Yu. Shikunov, and G. Orlov. 2019. Hybrid
multi-core recurrent architecture approbation on FPGA. IEEE Conference of Russian
Young Researchers in Electrical and Electronic Engineering Proceedings. Piscataway,
NJ: IEEE. 1075{1078.

6. Kesten, W., ed. 2003. Mixed-signal and DSP design techniques. Analog Devices Inc.
410 p.

7. Stepchenkov, Yu. A., D. V. Khilko, Yu. I. Shikunov, and G. A. Orlov. 2021. DSP filter
kernels preliminary benchmarking for recurrent data-flow architecture. IEEE Conference
of Russian Young Researchers in Electrical and Electronic Engineering Proceedings.
Piscataway, NJ: IEEE. 2040{2044.

Received September 22, 2021

Contributors

Khilko Dmitri V. (b. 1987) | senior scientist, Institute of Informatics Prob-
lems, Federal Research Center \Computer Science and Control" of the Russian
Academy of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation;
dhilko@yandex.ru
Stepchenkov Yuri A. (b. 1951) | Candidate of Science (PhD) in technolo-
gy, leading scientist, Institute of Informatics Problems, Federal Research Center
\Computer Science and Control" of the Russian Academy of Sciences, 44-2 Vavilov
Str., Moscow 119333, Russian Federation; YStepchenkov@ipiran.ru
Shikunov Yury I. (b. 1995) | engineer-researcher, Institute of Informatics Prob-
lems, Federal Research Center \Computer Science and Control" of the Russian
Academy of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation;
yishikunov@gmail.com
Diachenko Yuri G. (b. 1958) | Candidate of Science (PhD) in technology, senior
scientist, Institute of Informatics Problems, Federal Research Center \Computer
Science and Control" of the Russian Academy of Sciences, 44-2 Vavilov Str.,
Moscow 119333, Russian Federation; diaura@mail.ru
Orlov Georgy A. (b. 1994) | engineer-researcher, Institute of Informatics Prob-
lems, Federal Research Center \Computer Science and Control" of the Russian
Academy of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation;
orlov.jaja@gmail.com

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2021 vol 31 no 4 83



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2021. ’. 31. ü 4. ‘. 84{96

КОМПЬЮТЕРНАЯ И ЭКОНОМИЧЕСКАЯ МОДЕЛИ
ГЕНЕРАЦИИ НОВОГО ЗНАНИЯ:

СОПОСТАВИТЕЛЬНЫЙ АНАЛИЗ∗

И. М. Зацман1

�−−®â�æ¨ï: ‘®¯®áâ�¢«ïîâáï ¤¢¥ ¬®¤¥«¨ £¥−¥à�æ¨¨ −®¢®£® §−�−¨ï. �¥à¢�ï,
á¯¨à�«ì−�ï ¬®¤¥«ì, ¨á¯®«ì§ã¥âáï ¯à¨ ®¯¨á�−¨¨ ¯à®æ¥áá®¢ £¥−¥à�æ¨¨ −®¢®£®
§−�−¨ï ¢ íª®−®¬¨ç¥áª®© áä¥à¥. ‚â®à�ï ¬®¤¥«ì ¨á¯®«ì§ã¥âáï ¢ ª®¬¯ìîâ¥à−®©
«¨−£¢¨áâ¨ª¥ ¨ ¬¥¤¨æ¨−áª®© ¨−ä®à¬�â¨ª¥. �â� ¬®¤¥«ì ®à¨¥−â¨à®¢�−� −�
¯à®¥ªâ¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬,
®¡¥á¯¥ç¨¢�îé¨å £¥−¥à�æ¨î −®¢®£® §−�−¨ï ¢ ¯à®æ¥áá¥ á¥¬�−â¨ç¥áª®£® �−�«¨§�
â¥ªáâ®¢ (¤�«¥¥ | ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª¨ ®à¨¥−â¨à®¢�−−�ï ¬®¤¥«ì,
¨«¨ ¬®¤¥«ì ˆ’�). ‘®¯®áâ�¢«¥−¨¥ íâ¨å ¤¢ãå ¬®¤¥«¥© ¯à¥¤áâ�¢«¥−® ¢ áâ�âì¥
ª�ª ¯®íâ�¯−�ï âà�−áä®à¬�æ¨ï á¯¨à�«ì−®© ¬®¤¥«¨ ¢ ¬®¤¥«ì ˆ’�. �á−®¢−�ï
æ¥«ì áâ�âì¨ á®áâ®¨â ¢ ®¯¨á�−¨¨ ç¥âëà¥å íâ�¯®¢ âà�−áä®à¬�æ¨¨. �� ¯¥à¢®¬
íâ�¯¥ ¢ á¯¨à�«ì−®© ¬®¤¥«¨ ¢ë¤¥«ïîâáï ¬¥−â�«ì−�ï ¨ ¨−ä®à¬�æ¨®−−�ï áà¥¤ë.
‡�â¥¬, −� ¢â®à®¬ íâ�¯¥, ª −¨¬ ¤®¡�¢«ï¥âáï æ¨äà®¢�ï áà¥¤� á ¯®â¥−æ¨�«ì−ë¬¨
¨áâ®ç−¨ª�¬¨ −®¢®£® §−�−¨ï ¢ ¢¨¤¥ ¡�§ë â¥ªáâ®¢ëå ¤�−−ëå, á®®â¢¥âáâ¢ãîé¨å
æ¥«¨ ¥£® ¨§¢«¥ç¥−¨ï ¨§ â¥ªáâ®¢. ‡�¤�¥âáï íâ�«®− −®¢¨§−ë ¨§¢«¥ç¥−−®£® §−�−¨ï.
�� âà¥âì¥¬ íâ�¯¥ ä®à¬¨àã¥âáï ¯¥à¥ç¥−ì ¨§ ¢®áì¬¨ ¯à®æ¥áá®¢ £¥−¥à�æ¨¨ −®¢®£®
§−�−¨ï ¨ ¤®¡�¢«ï¥âáï ¡�§� ¤«ï åà�−¥−¨ï ä®à¬ ¯à¥¤áâ�¢«¥−¨ï ª®−æ¥¯â®¢ −®¢®£®
¨§¢«¥ç¥−−®£® §−�−¨ï. ’à�−áä®à¬�æ¨ï á¯¨à�«ì−®© ¬®¤¥«¨ ¢ ¬®¤¥«ì ˆ’�
§�¢¥àè�¥âáï −� ç¥â¢¥àâ®¬ íâ�¯¥ ¨−â¥£à�æ¨¥© ¢®áì¬¨ ¯à®æ¥áá®¢ £¥−¥à�æ¨¨
−®¢®£® §−�−¨ï. �â�¯ë âà�−áä®à¬�æ¨¨ ¨««îáâà¨àãîâáï ¯à¨¬¥à®¬ ¨§¢«¥ç¥−¨ï
«¨−£¢¨áâ�¬¨ −®¢®£® §−�−¨ï ® §−�ç¥−¨ïå −¥¬¥æª¨å ¬®¤�«ì−ëå £«�£®«®¢ (�Œƒ).

Š«îç¥¢ë¥ á«®¢�: á¯¨à�«ì−�ï ¬®¤¥«ì; £¥−¥à�æ¨ï −®¢®£® §−�−¨ï; ¬®¤¥«ì
ˆ’�; á¥¬�−â¨ç¥áª¨© �−�«¨§ â¥ªáâ®¢; âà�−áä®à¬�æ¨ï á¯¨à�«ì−®© ¬®¤¥«¨
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1 Введение

—â®¡ë á®¯®áâ�¢¨âì ¬®¤¥«ì ˆ’� á® á¯¨à�«ì−®© ¬®¤¥«ìî £¥−¥à�æ¨¨ §−�−¨ï,
á−�ç�«� ®¯¨è¥¬ ¯®á«¥¤−îî ¨ ª®−æ¥¯âã�«ì−® ¡«¨§ª¨¥ ¥© ¢�à¨�−âë, � §�â¥¬,
¢ á«¥¤ãîé¥¬ à�§¤¥«¥, à�áá¬®âà¨¬ ®á−®¢−ë¥ íâ�¯ë ¥¥ âà�−áä®à¬�æ¨¨ ¢ ¬®¤¥«ì
ˆ’�. ‚ −�áâ®ïé¥¥ ¢à¥¬ï á¯¨à�«ì−�ï ¬®¤¥«ì £¥−¥à�æ¨¨ §−�−¨ï [1{3] áâ�«� ®¤-
−®© ¨§ á�¬ëå ¯®¯ã«ïà−ëå ¢ áä¥à¥ íª®−®¬¨ª¨. �−� −®á¨â ®¡êïá−¨â¥«ì−ë©
å�à�ªâ¥à, ï¢«ï¥âáï �¯®áâ¥à¨®à−®© ¨ ®¯¨áë¢�¥â â®«ìª® ª�ç¥áâ¢¥−−® ã¦¥ ¯à®¨§®-
è¥¤è¨¥ ¯à®æ¥ááë £¥−¥à�æ¨¨ §−�−¨ï. ‚ −¥© ®¯à¥¤¥«¥−ë ¤¢¥ ª�â¥£®à¨¨ §−�−¨ï:

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 20-012-00166) á ¨á-
¯®«ì§®¢�−¨¥¬ –Š� úˆ−ä®à¬�â¨ª�û ”ˆ– ˆ“ ÷��.

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, izatsman@yandex.ru
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Š®¬¯ìîâ¥à−�ï ¨ íª®−®¬¨ç¥áª�ï ¬®¤¥«¨ £¥−¥à�æ¨¨ −®¢®£® §−�−¨ï

÷¨á. 1 ‘¯¨à�«ì−�ï ¬®¤¥«ì £¥−¥à�æ¨¨ §−�−¨© [4, á. 69]

¨−¤¨¢¨¤ã�«ì−ë¥ (á®§¤�−−ë¥ ®¤−¨¬ íªá¯¥àâ®¬) ¨ ª®««¥ªâ¨¢−ë¥ (á®£«�á®¢�−−ë¥
¢ ª®««¥ªâ¨¢¥ íªá¯¥àâ®¢). Š�¦¤�ï ¨§ −¨å, ¢ á¢®î ®ç¥à¥¤ì, ¤¥«¨âáï −� ¤¢¥
¯®¤ª�â¥£®à¨¨: ¢ëà�¦¥−−®¥ (ï¢−®¥) ¨ −¥¢ëà�¦¥−−®¥ (−¥ï¢−®¥) §−�−¨¥. ’�ª¨¬
®¡à�§®¬, á¯¨à�«ì−�ï ¬®¤¥«ì ¢ª«îç�¥â ¢ á¥¡ï á«¥¤ãîé¨¥ ç¥âëà¥ ¢¨¤� §−�−¨ï:

(1) ¨−¤¨¢¨¤ã�«ì−®¥ −¥ï¢−®¥ §−�−¨¥,

(2) ª®««¥ªâ¨¢−®¥ −¥ï¢−®¥ §−�−¨¥,

(3) ª®««¥ªâ¨¢−®¥ ï¢−®¥ §−�−¨¥,

(4) ¨−¤¨¢¨¤ã�«ì−®¥ ï¢−®¥ §−�−¨¥.

‚ á¯¨à�«ì−®© ¬®¤¥«¨ ¯®¬¨¬® íâ¨å ç¥âëà¥å ¢¨¤®¢ §−�−¨ï ®¯à¥¤¥«¥−ë á«¥¤ã-
îé¨¥ ç¥âëà¥ ¯à®æ¥áá� ¯¥à¥å®¤� (¯à¥®¡à�§®¢�−¨ï) ¬¥¦¤ã −¨¬¨: á®æ¨�«¨§�æ¨ï,
íªáâ¥à−�«¨§�æ¨ï, á¨−â¥§ ¨ ¨−â¥à−�«¨§�æ¨ï. �® ®¯à¥¤¥«¥−¨î, ª�¦¤ë© ¢¨â®ª
á¯¨à�«¨ ª�ª ®¤¨− íâ�¯ £¥−¥à�æ¨¨ −®¢®£® §−�−¨ï ¢ª«îç�¥â ¯®á«¥¤®¢�â¥«ì−®áâì
¯à®æ¥áá®¢: á®æ¨�«¨§�æ¨ï → íªáâ¥à−�«¨§�æ¨ï → á¨−â¥§ → ¨−â¥à−�«¨§�æ¨ï, ¯®-
á«¥ ª®â®à®£® á ¯à®æ¥áá� á®æ¨�«¨§�æ¨¨ −�ç¨−�¥âáï á«¥¤ãîé¨© íâ�¯ £¥−¥à�æ¨¨
−®¢®£® §−�−¨ï (à¨á. 1).

‘®£«�á−® Š. �à�â¨�−ã [5], úá¯¨à�«ì−�ï ¬®¤¥«ì −¥ á®¤¥à¦¨â ¢à¥¬ï ¢ ª�ç¥áâ¢¥
ï¢−®© ¯¥à¥¬¥−−®©. . . Œ®¤¥«ì á®¤¥à¦¨â ¢à¥¬ï −¥ï¢−®, ¯®áª®«ìªã ¤«ï «î¡®£®
¯à¥®¡à�§®¢�−¨ï ®−® âà¥¡ã¥âáï, −® íâ® −¥ï¢−®¥ ¢à¥¬ï −¥¢®§¬®¦−® ¨§¬¥à¨âìû.

‚ à�¡®â¥ [6] ¯®ª�§�−®, çâ® ¢ íâ®© ¬®¤¥«¨ ï¢−® ¨«¨ −¥ï¢−® ¯à¨áãâáâ¢ãîâ âà¨
¨§¬¥à¥−¨ï ¯à®æ¥áá� £¥−¥à�æ¨¨ −®¢®£® §−�−¨ï:
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(1) ¨§¬¥à¥−¨¥ á®æ¨�«¨§�æ¨¨, ª®â®à®¥ ¢ª«îç�¥â ¤¢¥ −®¬¨−�â¨¢−ë¥ ª�â¥£®à¨¨
(¨−¤¨¢¨¤ã�«ì−®¥ ¨ ª®««¥ªâ¨¢−®¥ §−�−¨¥);

(2) ¢à¥¬¥−−�®¥ ¨§¬¥à¥−¨¥, ª®â®à®¥ ¯®¤à�§ã¬¥¢�¥âáï ¢ ¢¨âª�å á¯¨à�«¨ £¥−¥à�æ¨¨
§−�−¨ï;

(3) ¨§¬¥à¥−¨¥ íªá¯«¨æ¨â−®áâ¨, ª®â®à®¥ ¢ª«îç�¥â ¤¢¥ −®¬¨−�â¨¢−ë¥ ¯®¤ª�â¥-
£®à¨¨ (ï¢−®¥ ¨ −¥ï¢−®¥ §−�−¨¥).

…áâì ¢�à¨�−âë á¯¨à�«ì−®© ¬®¤¥«¨ £¥−¥à�æ¨¨ §−�−¨ï, ª®â®àë¥ ®¯¨áë¢�îâ
¥£® ¤¨−�¬¨ªã á ¯®¬®éìî ¡®«ìè¥£® ç¨á«� −®¬¨−�â¨¢−ëå ª�â¥£®à¨© ¢ ¨§¬¥à¥−¨¨
á®æ¨�«¨§�æ¨¨, á ®¤−¨¬ ¨«¨ ¤¢ã¬ï ï¢−ë¬¨ ¢à¥¬¥−− �ë¬¨ ¨§¬¥à¥−¨ï¬¨. ��¯à¨-
¬¥à, �¨áá¥− [7] à�áè¨à¨« á¯¨à�«ì−ãî ¬®¤¥«ì, ¢ª«îç¨¢ ¢ −¥¥ ¤¢� ¢à¥¬¥−−‚ëå
¨§¬¥à¥−¨ï: ®¤−® ¤«ï íâ�¯®¢ £¥−¥à�æ¨ /̈̄ à¨¬¥−¥−¨ï §−�−¨ï ¨ ¢â®à®¥ ¤«ï ®â-
à�¦¥−¨ï ¯à®æ¥áá®¢ ¯¥à¥å®¤� ¬¥¦¤ã ç¥âëàì¬ï ¢¨¤�¬¨ §−�−¨©, ¯¥à¥ç¨á«¥−−ë¬¨
¢ëè¥. ‚ ¨§¬¥à¥−¨¨ á®æ¨�«¨§�æ¨¨ �¨áá¥− ®¯à¥¤¥«¨« âà¨ ª�â¥£®à¨¨ §−�−¨ï
(¨−¤¨¢¨¤ã�«ì−®¥, ª®««¥ªâ¨¢−®¥ ¨ ®à£�−¨§�æ¨®−−®¥). „àã£�ï ¬®¤¥«ì á âà¥¬ï
ª�â¥£®à¨ï¬¨ §−�−¨ï ¢ ¨§¬¥à¥−¨¨ á®æ¨�«¨§�æ¨¨ ¡ë«� ¯à¥¤«®¦¥−� ‚¥¦¡¨æª¨¬
¨ ��ª�¬®à¨ [4, 8, 9]. Š�ª ¨ �¨áá¥−, ®−¨ â�ª¦¥ ®¯à¥¤¥«ïîâ âà¨ −®¬¨−�â¨¢−ë¥
ª�â¥£®à¨¨, −® ¢¬¥áâ® ®à£�−¨§�æ¨®−−®£® §−�−¨ï ¨å ¬®¤¥«ì ¢ª«îç�¥â ª®−¢¥−æ¨®-
−�«ì−®¥ (knowledge of humanity).

‚ à�¡®â¥ [6] á ¨á¯®«ì§®¢�−¨¥¬ ¯à¨¬¥à®¢ −� à¨á. 1 ¨ 2 ¯®ª�§�−®, çâ® ¢ ª®−æ¥¯-
æ¨¨ ¬®¤¥«¥©, ®á−®¢�−−®© −� ¨§¬¥à¥−¨ïå á®æ¨�«¨§�æ¨¨, íªá¯«¨æ¨â−®áâ¨ ¨ ¢à¥¬¥-
−¨, ã¤�¥âáï ®¯¨á�âì ¢ «ãçè¥¬ á«ãç�¥ â®«ìª® ¯®á«¥¤®¢�â¥«ì−®áâì íâ�¯®¢ £¥−¥à�æ¨¨
−®¢®£® §−�−¨ï. �¥à¥ç¨á«¥−−ë¥ ¬®¤¥«¨ [1{5,7{9] ¯® ¨å ª®−æ¥¯âã�«ì−®¬ã §�¬ëá-
«ã −¥ ¯à¥¤¯®«�£�îâ ¢®§¬®¦−®áâì ®¯¨á�−¨ï §−�−¨ï −� ¢å®¤¥ ¨ ¢ëå®¤¥ ª�¦¤®£®
¯à®æ¥áá� ¯¥à¥å®¤� ¬¥¦¤ã ¥£® à�§−ë¬¨ ¢¨¤�¬¨. Š�ª á«¥¤áâ¢¨¥, íâ¨ ¬®¤¥«¨ −¥
¯®§¢®«ïîâ ®æ¥−¨âì à®áâ §−�−¨ï −� ª�¦¤®¬ íâ�¯¥ ¥£® £¥−¥à�æ¨¨. „«ï ®¯¨á�−¨ï
§−�−¨ï −� ¢å®¤¥ ¨ ¢ëå®¤¥ ª�¦¤®£® ¯à®æ¥áá� ¯¥à¥å®¤� ¬¥¦¤ã ¥£® à�§−ë¬¨ ¢¨¤�¬¨,
� â�ª¦¥ ®æ¥−ª¨ áâ¥¯¥−¨ à®áâ� −®¢®£® §−�−¨ï ¢ ¯à®æ¥áá¥ á¥¬�−â¨ç¥áª®£® �−�«¨§�
â¥ªáâ®¢, � −¥ �¯®áâ¥à¨®à¨ ¡ë«� ¯à¥¤«®¦¥−� ¤àã£�ï ¬®¤¥«ì [6, 10{14], ª®â®-
à�ï ¯®«ãç¨«� �−£«®ï§ëç−®¥ −�§¢�−¨¥ úinformation-technology-oriented model |
ITO modelû [15, 16]. ‚ àãááª®ï§ëç−ëå à�¡®â�å ¨á¯®«ì§ã¥âáï ªà�âª®¥ −�§¢�−¨¥
ú¬®¤¥«ì ˆ’�û [17].

�á−®¢−�ï æ¥«ì áâ�âì¨ á®áâ®¨â ¢ á®¯®áâ�¢«¥−¨¨ á¯¨à�«ì−®© ¬®¤¥«¨ ¨ ¬®¤¥«¨
ˆ’�, ª®â®à®¥ ®áãé¥áâ¢«¥−® ¢ áâ�âì¥ ¢ ä®à¬¥ ç¥âëà¥åíâ�¯−®© âà�−áä®à¬�æ¨¨
¯¥à¢®© ¬®¤¥«¨ ¢® ¢â®àãî. ‘«¥¤ãîé¨© à�§¤¥« á®¤¥à¦¨â £à�ä¨ç¥áªãî ¨««î-
áâà�æ¨î ç¥âëà¥å íâ�¯®¢ âà�−áä®à¬�æ¨¨, ¯®¤à®¡−® ®¯¨á�−−®© ¢ à�¡®â�å [15,16].
�â�¯ë âà�−áä®à¬�æ¨¨ ¨««îáâà¨àãîâáï ¯à¨¬¥à®¬ ¨§¢«¥ç¥−¨ï −®¢®£® §−�−¨ï
® §−�ç¥−¨ïå −¥¬¥æª¨å ¬®¤�«ì−ëå £«�£®«®¢ [18,19].

2 Этапы трансформации

�� ¯¥à¢®¬ íâ�¯¥ âà�−áä®à¬�æ¨¨ ¯®¢¥à−¥¬ à¨á. 1 −� 90◦ ¯® ç�á®¢®© áâà¥«-
ª¥ ¨ ¢ë¤¥«¨¬ ¢ á¯¨à�«ì−®© ¬®¤¥«¨ ¬¥−â�«ì−ãî áà¥¤ã −¥¢ëà�¦¥−−®£® §−�−¨ï,
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÷¨á. 2 ÷¥§ã«ìâ�â ¯¥à¢®£® íâ�¯� âà�−áä®à¬�æ¨¨ á¯¨à�«ì−®© ¬®¤¥«¨ [15,16]

¨−ä®à¬�æ¨®−−ãî áà¥¤ã ¢ëà�¦¥−−®£® §−�−¨ï ¨ ¯à®¢¥¤¥¬ £à�−¨æã ¬¥¦¤ã íâ¨¬¨
¤¢ã¬ï ¯®¤ª�â¥£®à¨ï¬¨ ª�¦¤®© ¨§ ¤¢ãå ª�â¥£®à¨©: ª�ª ¨−¤¨¢¨¤ã�«ì−®£®, â�ª
¨ ª®««¥ªâ¨¢−®£® §−�−¨ï. �â¬¥â¨¬, çâ® ¯à®æ¥ááë á®æ¨�«¨§�æ¨¨ ¨ á¨−â¥§� ®å¢�-
âë¢�îâ ¢¨¤ë §−�−¨ï ®¡¥¨å áà¥¤, −®, çâ®¡ë ã¯à®áâ¨âì à¨á. 2{5, à�§¬¥áâ¨¬ íâ¨
¯à®æ¥ááë ¢ à�§−ëå áà¥¤�å. ’�ª®¥ à�§¬¥é¥−¨¥ íâ¨å ¯à®æ¥áá®¢ ¢ áà¥¤�å á®®â¢¥â-
áâ¢ã¥â −�ç�«ì−®© ¨ ª®−¥ç−®© ä�§�¬ ª�¦¤®£® ¨§ −¨å: −�ç�«ì−�ï ¨ ª®−¥ç−�ï ä�§ë
¯à®æ¥áá� á®æ¨�«¨§�æ¨¨ ®â−®áïâáï ª ¬¥−â�«ì−®© áà¥¤¥, � ¯à®æ¥áá� á¨−â¥§� |
ª ¨−ä®à¬�æ¨®−−®©. �à®æ¥ááë ¨−â¥à−�«¨§�æ¨¨ ¨ íªáâ¥à−�«¨§�æ¨¨ −�ç¨−�îâáï
¨ §�¢¥àè�îâáï ¢ à�§−ëå áà¥¤�å. �®íâ®¬ã à�§¬¥áâ¨¬ ¨å −� £à�−¨æ¥ ¬¥¦¤ã íâ¨¬¨
¤¢ã¬ï áà¥¤�¬¨ (á¬. à¨á. 2).

‡�¤�¤¨¬ æ¥«ì £¥−¥à�æ¨¨ −®¢®£® §−�−¨ï (−�¯à¨¬¥à, ¨§¢«¥ç¥−¨¥ −®¢®£® §−�−¨ï
¢ ¯à®¥ªâ¥ ¯® ¨áá«¥¤®¢�−¨î �Œƒ [18,19]) ¨ ¢ë¡¥à¥¬ íâ�«®− (ªà¨â¥à¨©) ¥£® −®¢¨§−ë
(−�¯à¨¬¥à, −¥¬¥æª®-àãááª¨© á«®¢�àì [20]). ‡�¤�−¨¥ æ¥«¨ ¨ ¢ë¡®à íâ�«®−�
−®¢¨§−ë, ª�ª ¯à�¢¨«®, ¯à¥¤®¯à¥¤¥«ïîâ âã §−�ª®¢ãî á¨áâ¥¬ã (¢ ¯à¨¬¥à¥ á �Œƒ |
íâ® §−�ª®¢�ï á¨áâ¥¬� −¥¬¥æª®£® ï§ëª�), ª®â®à�ï ¡ã¤¥â ¨á¯®«ì§®¢�âìáï, á ®¤−®©
áâ®à®−ë, ¤«ï ¤¥«¥−¨ï ¨§¢«¥ª�¥¬®£® −¥¢ëà�¦¥−−®£® §−�−¨ï −� ¨−¤¨¢¨¤ã�«ì−ë¥
¨ ª®««¥ªâ¨¢−ë¥ ª®−æ¥¯âë, � á ¤àã£®© áâ®à®−ë, ¤«ï ¤¥«¥−¨ï á®®â¢¥âáâ¢ãîé¥£®
¥¬ã ¢ëà�¦¥−−®£® §−�−¨ï1 −� ¯¥àæ¥¯â¨¢−ë¥ ä®à¬ë (á¬. à¨á. 2).

‚ ¯à¨¬¥à¥ á �Œƒ ª®−æ¥¯âë | íâ® §−�ç¥−¨ï ¬®¤�«ì−ëå £«�£®«®¢, ®¯à¥¤¥«¥−-
−ë¥ ¨å ¤¥ä¨−¨æ¨ï¬¨, � ä®à¬ë ¯à¥¤áâ�¢«¥−¨ï ª®−æ¥¯â®¢ | íâ® á�¬¨ ¬®¤�«ì−ë¥
£«�£®«ë d�urfen, k�onnen, m�ogen, m�ussen, sollen ¨ wollen. �â¬¥â¨¬, çâ® ®¤-

1�®¤ ¢ëà�¦¥−−ë¬ §−�−¨¥¬ ¯®−¨¬�¥âáï §−�−¨¥, ¯à¥¤áâ�¢«¥−−®¥ ¢ ¨−ä®à¬�æ¨®−−®© áà¥¤¥ [21].
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÷¨á. 3 ÷¥§ã«ìâ�â ¢â®à®£® íâ�¯� âà�−áä®à¬�æ¨¨ [15,16]

−®© ä®à¬¥ ¯à¥¤áâ�¢«¥−¨ï, −�¯à¨¬¥à sollen, ¬®£ãâ á®®â¢¥âáâ¢®¢�âì ¡®«¥¥ ¤¥áïâ¨
ª®−æ¥¯â®¢, â�ª ª�ª ¬®¤�«ì−ë¥ £«�£®«ë −¥¬¥æª®£® ï§ëª� ¬−®£®§−�ç−ë [22,23].

�� ¢â®à®¬ íâ�¯¥ âà�−áä®à¬�æ¨¨ ª ¬¥−â�«ì−®© ¨ ¨−ä®à¬�æ¨®−−®© áà¥¤�¬
¤®¡�¢«ï¥âáï æ¨äà®¢�ï áà¥¤� á ¡�§®© â¥ªáâ®¢ëå ¤�−−ëå ª�ª ¯®â¥−æ¨�«ì−ëå
¨áâ®ç−¨ª®¢ −®¢®£® §−�−¨ï, á®®â¢¥âáâ¢ãîé¨å æ¥«¨ ¥£® ¨§¢«¥ç¥−¨ï ¨§ â¥ªáâ®¢
(¢ ¯à¨¬¥à¥ á �Œƒ | íâ® ¡�§� ¤�−−ëå ¯®«−ëå â¥ªáâ®¢ −¥áª®«ìª¨å á®â¥− ª−¨£ −�
−¥¬¥æª®¬ ï§ëª¥ ¨ ¨å ¯¥à¥¢®¤®¢ −� àãááª¨© ï§ëª [15, 16, 18]), � â�ª¦¥ £à�−¨æ�
¬¥¦¤ã ¨−ä®à¬�æ¨®−−®© ¨ æ¨äà®¢®© áà¥¤�¬¨. �� à¨á. 3 ¯®ª�§�− −®¢ë© ¯à®æ¥áá
¯¥à¥å®¤�, ®¡®§−�ç¥−−ë© á«®¢®¬ ú¢¨§ã�«¨§�æ¨ïû −� íâ®© £à�−¨æ¥. �â®â ¯à®æ¥áá
−¥®¡å®¤¨¬ ¤«ï ¯à¥®¡à�§®¢�−¨ï ¤¢®¨ç−®£® ª®¤� â¥ªáâ� ¯à¥¤«®¦¥−¨ï, −�©¤¥−−®-
£® ¢ ¡�§¥ â¥ªáâ®¢ëå ¤�−−ëå ¯® §�¤�−−®¬ã ªà¨â¥à¨î ¯®¨áª� (¢ ¯à¨¬¥à¥ ¯®¨áª
¯à¥¤«®¦¥−¨© ¢¥¤¥âáï ¯® �Œƒ), ¢ ¯¥àæ¥¯â¨¢−ë© â¥ªáâ −� íªà�−¥, â. ¥. á¥−á®à-
−® ¢®á¯à¨−¨¬�¥¬ë© íªá¯¥àâ®¬ (¢ ¯à¨¬¥à¥ | «¨−£¢¨áâ®¬). �� à¨á. 3 ç¥âëà¥
¯à®æ¥áá� á¯¨à�«ì−®© ¬®¤¥«¨ −¥ á¢ï§�−ë á ¯à®æ¥áá®¬ ¢¨§ã�«¨§�æ¨¨.

�� âà¥âì¥¬ íâ�¯¥ ¤®¡�¢«ïîâáï ¥é¥ âà¨ −®¢ëå ¯à®æ¥áá� ¯¥à¥å®¤�: ª®−æ¥¯âã-
�«¨§�æ¨ï, �−−®â¨à®¢�−¨¥ ¨ ®æ¨äà®¢ª� (á¬. à¨á. 4). �â¬¥â¨¬, çâ® �−−®â¨àãîâáï
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÷¨á. 4 ÷¥§ã«ìâ�â âà¥âì¥£® íâ�¯� âà�−áä®à¬�æ¨¨ [15,16]

â®«ìª® â¥ ¯à¥¤«®¦¥−¨ï ¨ ¨å ª®−â¥ªáâ−ë¥ ®ªàã¦¥−¨ï, ª®â®àë¥ ã¤®¢«¥â¢®àïîâ
§�¤�−−®¬ã íâ�«®−ã −®¢¨§−ë. �® à¥è¥−¨î íªá¯¥àâ®¢ íâ�«®− ¬®¦¥â ¯®¯®«−ïâìáï
−®¢ë¬ ¨§¢«¥ç¥−−ë¬ §−�−¨¥¬. ‚ á«ãç�¥ ¥£® ¯®¯®«−¥−¨ï ¢á¥ �−−®â�æ¨¨ −®¢®£®
¨§¢«¥ç¥−−®£® §−�−¨ï ¯¥à¥−®áïâáï ¢ ¡�§ã íâ�«®−-§−�−¨ï, çâ® ¯®ª�§�−® −� à¨á. 4
¯ã−ªâ¨à−®© áâà¥«ª®©. �â¬¥â¨¬, çâ® íâ�«®− −®¢¨§−ë ¨á¯®«ì§ã¥âáï â®«ìª® ¯®á«¥
§�¢¥àè¥−¨ï ¯à®æ¥áá� ª®−æ¥¯âã�«¨§�æ¨¨ ¯à¥¤«®¦¥−¨© ¨ ¨å ª®−â¥ªáâ−ëå ®ªàã¦¥-
−¨© ª�ª ¯®â¥−æ¨�«ì−ëå ¨áâ®ç−¨ª®¢ −®¢®£® §−�−¨ï.

�®á«¥ ¤®¡�¢«¥−¨ï íâ¨å âà¥å ¯à®æ¥áá®¢ ¯¥à¥å®¤� (ª®−æ¥¯âã�«¨§�æ¨¨, �−−®-
â¨à®¢�−¨ï ¨ ®æ¨äà®¢ª¨) ®¡à�§ãîâáï ¤¢� −¥§�¢¨á¨¬ëå ª®−âãà� £¥−¥à�æ¨¨ −®¢®£®
§−�−¨ï. ‚¥àå−¨© ª®−âãà á®®â¢¥âáâ¢ã¥â á¯¨à�«ì−®© ¬®¤¥«¨ á ¥¥ ç¥âëàì¬ï ¯à®-
æ¥áá�¬¨ ¯¥à¥å®¤� ¨ á ¤¥«¥−¨¥¬ §−�−¨ï −� ç¥âëà¥ ¢¨¤�, −® ¡¥§ ®¯¨á�−¨ï ¯®â¥−-
æ¨�«ì−ëå ¨áâ®ç−¨ª®¢ −®¢®£® §−�−¨ï. �¨¦−¨© ª®−âãà ¢ª«îç�¥â ¡�§ã â¥ªáâ®¢ëå
¤�−−ëå, ç¥âëà¥ −®¢ëå ¯à®æ¥áá� ¯¥à¥å®¤�, ª®â®àë¥ á¢ï§ë¢�îâ ¥¥ á ¡�§®© ¤«ï
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÷¨á. 5 Œ®¤¥«ì ˆ’� [15,16]

åà�−¥−¨ï æ¨äà®¢ëå ä®à¬ ¯à¥¤áâ�¢«¥−¨ï ª®−æ¥¯â®¢ −®¢®£® ¨§¢«¥ç¥−−®£® §−�-
−¨ï1 (¤�«¥¥ | ¡�§� −®¢®£® §−�−¨ï), −® ¡¥§ ï¢−®£® ¤¥«¥−¨ï ¨§¢«¥ç¥−−®£® §−�−¨ï
−� ¨−¤¨¢¨¤ã�«ì−®¥ ¨ ª®««¥ªâ¨¢−®¥.

’à�−áä®à¬�æ¨ï á¯¨à�«ì−®© ¬®¤¥«¨ ¢ ¬®¤¥«ì ˆ’�, ®¡ê¥¤¨−ïîéãî íâ¨ ¤¢�
ª®−âãà�, §�¢¥àè�¥âáï −� ç¥â¢¥àâ®¬ íâ�¯¥. ˆå ®¡ê¥¤¨−¥−¨¥ ¢ë¯®«−¥−® á ¯®¬®éìî
à�§àë¢� á¢ï§¨ ¬¥¦¤ã ¯à®æ¥áá�¬¨ íªáâ¥à−�«¨§�æ¨¨ ¨ á¨−â¥§� á ¯®á«¥¤ãîé¨¬
¨§¬¥−¥−¨¥¬ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢ë¯®«−¥−¨ï ¯à®æ¥áá®¢ ¯¥à¥å®¤�, ¨å ¢å®¤� ¨ ¢ë-
å®¤� (á¬. à¨á. 5).

1�¯¨á�−¨¥ ç¥âëà¥å −®¢ëå ¯à®æ¥áá®¢ ¯¥à¥å®¤�, ®¡¥á¯¥ç¨¢�îé¨å æ¥«¥−�¯à�¢«¥−−®¥ ¨§¢«¥ç¥−¨¥
íªá¯¥àâ�¬¨ −®¢®£® §−�−¨ï ¨§ â¥ªáâ®¢, ¤�−® ¢ à�¡®â�å [15{17].
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‚ á¯¨à�«ì−®© ¬®¤¥«¨ ª®««¥ªâ¨¢−®¥ ¢ëà�¦¥−−®¥ §−�−¨¥ á«ã¦¨â −¥¯®áà¥¤-
áâ¢¥−−ë¬ ¢å®¤®¬ ¤«ï ¯à®æ¥áá� á¨−â¥§�, ¢ëå®¤®¬ ª®â®à®£® ï¢«ï¥âáï ¨−¤¨¢¨¤ã-
�«ì−®¥ ¢ëà�¦¥−−®¥ §−�−¨¥. ‚ ¬®¤¥«¨ ˆ’� ª®««¥ªâ¨¢−®¥ ¢ëà�¦¥−−®¥ §−�−¨¥
(§−�ª®¢ë¥ ä®à¬ë ¯¥àæ¥¯â¨¢−ëå ª®−æ¥¯â®¢) ¨ ¨å ª®««¥ªâ¨¢−ë¥ �−−®â�æ¨¨ (íâ®â
¯à®æ¥áá �−−®â¨à®¢�−¨ï −� à¨á. 5 −¥ ¯®ª�§�−) ®æ¨äà®¢ë¢�îâáï ¨ §�£àã¦�îâáï
¢ ¡�§ã −®¢®£® §−�−¨ï. �â¬¥â¨¬, çâ® ¯à®æ¥áá ª®−æ¥¯âã�«¨§�æ¨¨ ¢ë¯®«−ï¥âáï ¤«ï
¢á¥å ¨áâ®ç−¨ª®¢, çâ® ¯®ª�§�−® áâà¥«ª®© á æ¨äà®© 1. �¤−�ª® −� ¢å®¤ ¯à®æ¥áá�
á¨−â¥§� ¯®¤�îâáï â®«ìª® â¥ â¥ªáâë, ª®â®àë¥ ¤¥©áâ¢¨â¥«ì−® ®ª�§�«¨áì ¨áâ®ç−¨-
ª�¬¨ −®¢®£® §−�−¨ï, çâ® ¯®ª�§�−® áâà¥«ª®© á ¤¢®©−ë¬ ª®−âãà®¬ ¨ æ¨äà®© 2.
ˆå −®¢¨§−� ¢ëïá−ï¥âáï â®«ìª® ¯®á«¥ §�¢¥àè¥−¨ï ª®−æ¥¯âã�«¨§�æ¨¨ ¯à¥¤«®¦¥-
−¨© â¥ªáâ�, ¨ â®«ìª® ®−¨ �−−®â¨àãîâáï á á®åà�−¥−¨¥¬ �−−®â�æ¨© ¢ ¡�§¥ −®¢®£®
§−�−¨ï. �®á«¥ ¨§¢«¥ç¥−¨ï ¨§ −¥¥ íâ¨ �−−®â�æ¨¨ áâ�−®¢ïâáï ¢å®¤®¬ ®¯¥à�æ¨¨
á¨−â¥§�. �â® ¯®ª�§�−® áâà¥«ª®© â�ª¦¥ á ¤¢®©−ë¬ ª®−âãà®¬ ¨ æ¨äà®© 3. „¢®©−®©
ª®−âãà áâà¥«®ª −� à¨á. 5 ¯®¤ç¥àª¨¢�¥â ®¤−®¢à¥¬¥−−®áâì ¨á¯®«ì§®¢�−¨ï ¢ ®¯¥à�-
æ¨¨ á¨−â¥§� â¥ªáâ®¢ ¨ �−−®â�æ¨© ª®−æ¥¯â®¢ −®¢®£® ¨−¤¨¢¨¤ã�«ì−®£® §−�−¨ï.

‚ ¬®¤¥«¨ ˆ’� ¯à¥¤¯®«�£�¥âáï, çâ® ¢ ¯à®æ¥áá¥ ª®−æ¥¯âã�«¨§�æ¨¨ ®¤−®£®
¨ â®£® ¦¥ â¥ªáâ� à�§−ë¥ íªá¯¥àâë ¬®£ãâ áä®à¬¨à®¢�âì à�§−ë¥ �−−®â�æ¨¨. ‚ íâ¨å
á«ãç�ïå ¢ë¯®«−ï¥âáï ¯à®æ¥áá á®æ¨�«¨§�æ¨¨, ¢® ¢à¥¬ï ª®â®à®£® á®£«�á®¢ë¢�¥âáï
¯®−¨¬�−¨¥ ¯à¥¤«®¦¥−¨© íâ®£® â¥ªáâ� ¬¥¦¤ã íªá¯¥àâ�¬¨, ä®à¬¨àã¥âáï ª®««¥ª-
â¨¢−ë© ª®−æ¥¯â ¨ á®®â¢¥âáâ¢ãîé�ï ¥¬ã ª®««¥ªâ¨¢−�ï �−−®â�æ¨ï.

‚ ¯à®æ¥áá¥ âà�−áä®à¬�æ¨¨ á¯¨à�«ì−®© ¬®¤¥«¨ ¢ ¬®¤¥«ì ˆ’� ¡ë«¨ ¨á¯®«ì-
§®¢�−ë á«¥¤ãîé¨¥ ¯®§¨æ¨¨, ®¡¥á¯¥ç¨¢�îé¨¥ æ¥«¥−�¯à�¢«¥−−®áâì £¥−¥à�æ¨¨
−®¢®£® §−�−¨ï:

{ æ¥«ì ¨§¢«¥ç¥−¨ï −®¢®£® §−�−¨ï ¨§ â¥ªáâ®¢ ¨ íâ�«®− ¥£® −®¢¨§−ë, ª®â®àë©
¬®¦¥â ¯®¯®«−ïâìáï íªá¯¥àâ�¬¨;

{ §−�ª®¢�ï á¨áâ¥¬�, ª®â®à�ï ®¡¥á¯¥ç¨¢�¥â ¤¥«¥−¨¥ ¨§¢«¥ª�¥¬®£® −¥¢ëà�¦¥−−®£®
§−�−¨ï −� ¨−¤¨¢¨¤ã�«ì−ë¥ ¨ ª®««¥ªâ¨¢−ë¥ ª®−æ¥¯âë, � ¨å ¯à¥¤áâ�¢«¥−¨ï
¢ ¨−ä®à¬�æ¨®−−®© áà¥¤¥, â. ¥. ¢ëà�¦¥−−®£® §−�−¨ï, | −� ¯¥àæ¥¯â¨¢−ë¥
ä®à¬ë ¯à¥¤áâ�¢«¥−¨ï ª®−æ¥¯â®¢ ¢ ¨−ä®à¬�æ¨®−−®© áà¥¤¥;

{ ¡�§� â¥ªáâ®¢ëå ¤�−−ëå ª�ª ¯®â¥−æ¨�«ì−ëå ¨áâ®ç−¨ª®¢ −®¢®£® §−�−¨ï, á®®â-
¢¥âáâ¢ãîé¨å æ¥«¨ ¥£® ¨§¢«¥ç¥−¨ï ¨§ â¥ªáâ®¢.

3 Заключение

Š�à¤¨−�«ì−®¥ ®â«¨ç¨¥ ¬®¤¥«¨ ˆ’� ®â á¯¨à�«ì−®© ¬®¤¥«¨ ¨ ¥¥ ¢�à¨�−â®¢
á®áâ®¨â ¢ â®¬, çâ® ®−� ï¢«ï¥âáï �¯à¨®à−®© ¨ ¬®¦¥â á«ã¦¨âì ®á−®¢®© á®§¤�-
−¨ï ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¨ â¥å−®«®£¨©, ®¡¥á¯¥ç¨¢�îé¨å æ¥«¥−�¯à�¢«¥−−ãî
£¥−¥à�æ¨î −®¢®£® §−�−¨ï. �� ®á−®¢¥ ¬®¤¥«¨ ˆ’� ã¦¥ à�§à�¡®â�−� ¨−ä®à¬�æ¨-
®−−�ï â¥å−®«®£¨ï [10{17, 22, 23], ª®â®à�ï −� ¯à�ªâ¨ª¥ ®¡¥á¯¥ç¨¢�¥â ¨§¢«¥ç¥−¨¥
«¨−£¢¨áâ�¬¨ −®¢®£® §−�−¨ï ® §−�ç¥−¨ïå �Œƒ [18, 19], çâ® ¨ áâ�¢¨«®áì æ¥«ìî
¯à®¥ªâ� ¯® £à�−âã ÷””ˆ ü 20-012-00166. ‘−�ç�«�, ¢ ª�ç¥áâ¢¥ íâ�«®−� −®¢¨§-
−ë ¨§¢«¥ç¥−−®£® §−�−¨ï, ¢ íâ®¬ ¯à®¥ªâ¥ ¨á¯®«ì§®¢�«�áì ¢¥àá¨ï á«®¢�àï [20] ¤®
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¥£® ®¡−®¢«¥−¨ï á ¯à¨¬¥−¥−¨¥¬ à�§à�¡®â�−−®© ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨, çâ®
á®®â¢¥âáâ¢ã¥â íâ�«®−ã ü 1 −� à¨á. 4 ¨ 5.

��§� â¥ªáâ®¢ëå ¤�−−ëå íâ®£® ¯à®¥ªâ� á®¤¥à¦¨â â¥ªáâë −¥áª®«ìª¨å á®â¥−
ª−¨£ −� −¥¬¥æª®¬ ï§ëª¥ ¨ ¨å ¯¥à¥¢®¤ë −� àãááª¨© ï§ëª. ‚ íâ¨å â¥ªáâ�å
¥áâì 109 130 ¯à¥¤«®¦¥−¨©, á®¤¥à¦�é¨å ¯¥à¥ç¨á«¥−−ë¥ ¢ëè¥ è¥áâì �Œƒ á ¨å
à�§−ë¬¨ §−�ç¥−¨ï¬¨. �â¨ ¯à¥¤«®¦¥−¨ï á ¨å ª®−â¥ªáâ−ë¬ ®ªàã¦¥−¨¥¬ ¨ á«ã¦�â
¯®â¥−æ¨�«ì−ë¬¨ ¨áâ®ç−¨ª�¬¨ −®¢®£® §−�−¨ï ® §−�ç¥−¨ïå �Œƒ. �® á®áâ®ï−¨î −�
5 ¬�ï 2021 £. 5 366 ¨§ 109 130 ¯à¥¤«®¦¥−¨© á ¨å ª®−â¥ªáâ−ë¬ ®ªàã¦¥−¨¥¬ ¡ë«¨
ª®−æ¥¯âã�«¨§¨à®¢�−ë ¨ ¨§ −¨å ¡ë«¨ ¨§¢«¥ç¥−ë ¢®á¥¬ì −®¢ëå §−�ç¥−¨© �Œƒ,
ª®â®àë¥ −¥ ¡ë«¨ ®¯¨á�−ë à�−¥¥, −® ¢ 2021 £. ®−¨ ã¦¥ ¢ª«îç¥−ë ¢ á«®¢�àì [20] ¯®
à¥§ã«ìâ�â�¬ ¯à¨¬¥−¥−¨ï à�§à�¡®â�−−®© ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨.

‚ §�ª«îç¥−¨¥ ®â¬¥â¨¬, çâ® ¬®¤¥«ì ˆ’� ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¨á¯®«ì§ã¥â-
áï â�ª¦¥ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨ ¨§¢«¥ç¥−¨ï −®¢®£®
â¥à¬¨−®«®£¨ç¥áª®£® §−�−¨ï ¨§ â¥ªáâ®¢ ¬¥¤¨æ¨−áª¨å ¤®ªã¬¥−â®¢, ®â−®áïé¨åáï
ª ¨áá«¥¤ã¥¬®© ¡®«¥§−¨ [15,16,24].
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Abstract: Two models of generating new knowledge are compared. The
first, the spiral model, describes the processes of generating new knowledge in
the economic sphere. The second model is used in computational linguistics and
medical informatics. This model focuses on the design of information technologies
and automated systems that ensure the generation of new knowledge during the
semantic analysis of texts (referred to as the information technology-oriented
model, or ITO model). The comparison of the two models is presented as a step-
by-step transformation of the spiral model into the ITO model. The primary
purpose of the paper is to describe four stages of transformation. At the first
stage, mental and informational media are separated in the spiral model. Then,
at the second stage, a digital medium is added to them with potential sources of
new knowledge in the form of a database of text data corresponding to the goal
of knowledge discovery from texts. The reference sample of the novelty of the
discovered knowledge is being set. At the third stage, a list of eight processes
of generating new knowledge is formed. A knowledge base is being added for
storing forms of representation of concepts of newly discovered knowledge. The
transformation of the spiral model into the ITO model is completed at the fourth
stage by integrating eight processes of generating new knowledge. The stages
of transformation are illustrated by an example of discovering new knowledge
about the meanings of German modal verbs.
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�−−®â�æ¨ï: ‚ âà¥âì¥© áâ�âì¥ æ¨ª«�, ¯®á¢ïé¥−−®£® ®¯¨á�−¨î á¨áâ¥¬ë ¯®¤-
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§�¤�ç¨ −�¤ ®â®¡à�−−ë¬¨ âà�−á¯®àâ−ë¬¨ ¤�−−ë¬¨. ‡�â¥¬ ¯à¥¤áâ�¢«¥−� á¥-
à¨ï á®¤¥à¦�â¥«ì−ëå à�áç¥â−ëå §�¤�ç, ®¡¥á¯¥ç¨¢�îé¨å ¨−ä®à¬�æ¨®−−ãî
¯®¤¤¥à¦ªã �−�«¨â¨ª� ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¯à¨ à¥è¥−¨¨ ®¯¥à�â¨¢−ëå §�¤�ç,
�−�«¨§¥ ¨−æ¨¤¥−â®¢ ¨ á¨âã�â¨¢−®¬ �−�«¨§¥. ‚ §�ª«îç¥−¨¨ áâ�âì¨ �−®−á¨àã-
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1 Введение

‚ à�¡®â¥ [1], ®âªàë¢�¢è¥© æ¨ª«, ¯à®¤®«¦¥−−ë© §�â¥¬ ¢ à�¡®â¥ [2], ¯à¥¤áâ�¢-
«¥−ë ¯¥à¢ë¥ è�£¨ ¨áá«¥¤®¢�−¨ï ¯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. Š®−æ¥¯-
âã�«ì−�ï ¬®¤¥«ì [1], ã¯®àï¤®ç¨¢�îé�ï â�ª¨¥ ¡�§®¢ë¥ ¯®−ïâ¨ï, ª�ª ¯�áá�¦¨à,
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¯¥à¥¢®§ç¨ª, ¯®¥§¤ª�, à¥©á, âà�−á¯®àâ−ë© ¯ã−ªâ, ®¯à¥¤¥«¨«� ª«îç¥¢®© ¨−ä®à¬�-
æ¨®−−ë© ¨áâ®ç−¨ª ®¡áã¦¤�¥¬®© ‘��÷, á®¤¥à¦�é¨© ä�ªâë ¯¥à¥¢®§ª¨ ª®−ªà¥â-
−®£® ¯�áá�¦¨à� ¨§ ®¤−®£® âà�−á¯®àâ−®£® ¯ã−ªâ� ¢ ¤àã£®©. �â¨ ä�ªâë −�§¢�−ë
âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¥©, � ®¡ê¥¤¨−ïîé¨© ¨å à¥áãàá | ¡�§®© âà�−á¯®àâ−®©
¨−ä®à¬�æ¨¨. ‚ [2] à¥�«¨§®¢�− ¯¥à¢ë© íâ�¯ äã−ªæ¨®−�«ì−®£® −�¯®«−¥−¨ï ‘��÷,
®¡¥á¯¥ç¨¢�îé¨© ¢ë¯®«−¥−¨¥ ¥¥ ¯à¥¤−�§−�ç¥−¨ï | ¨−ä®à¬�æ¨®−−ãî ¨ �−�«¨â¨-
ç¥áªãî ¯®¤¤¥à¦ªã ¤¥ïâ¥«ì−®áâ¨ íªá¯¥àâ®¢ ¢ áä¥à¥ ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ −�
âà�−á¯®àâ¥. �â® íâ�¯ ¯®¨áª� ¨ ®â¡®à� ¨−ä®à¬�æ¨¨. ‚ à¥§ã«ìâ�â¥ áä®à¬¨à®¢�-
−® ¬−®¦¥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¨.

‚ ¤�−−®© áâ�âì¥ ªàã£ ¯®áâ�−®¢®ª äã−ªæ¨®−�«ì−ëå §�¤�ç, ¯®¤¤¥à¦¨¢�¥¬ëå
®¡áã¦¤�¥¬®© ‘��÷, à�áè¨àï¥âáï áãé¥áâ¢¥−−® ¡®«¥¥ á¯¥æ¨�«¨§¨à®¢�−−ë¬¨
§�¤�ç�¬¨, âà¥¡ãîé¨¬¨, ¢ ç�áâ−®áâ¨, ¢ë¯®«−¥−¨ï −¥ª®â®àëå à�áç¥â®¢ á ®â®-
¡à�−−ë¬¨ ¤�−−ë¬¨. �®áâ�−®¢ª¨ ¯®â¥−æ¨�«ì−® á®¤¥à¦�â¥«ì−ëå §�¤�ç �−�«¨§�
âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¨ ä®à¬¨à®¢�«¨áì ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ ¨§ ¨¬¥îé¥-
£®áï ®¯ëâ� à¥�«¨§�æ¨¨ ¯à¨ª«�¤−ëå ¯à®¥ªâ®¢ ¢ ¨áá«¥¤ã¥¬®© ®¡«�áâ¨. �¤−�ª®
¨áá«¥¤®¢�â¥«ìáª¨© ¨−â¥à¥á §¤¥áì ¤®áâ�â®ç−® è¨à®ª. ’�ª, ¢ à�¡®â¥ [3] ®¡¥§-
«¨ç¥−−�ï âà�−á¯®àâ−�ï ¨−ä®à¬�æ¨ï ¨á¯®«ì§ã¥âáï ¤«ï �−�«¨§� å�à�ªâ¥à¨áâ¨ª
¯®¥§¤®ª ¯�áá�¦¨à®¢ £®à®¤áª®£® âà�−á¯®àâ�, ¢ [4] íâ¨ ¦¥ ¤�−−ë¥ ¨á¯®«ì§ãîâáï
¤«ï à¥ª®−áâàãªæ¨¨ ¯®¥§¤®ª á ãç¥â®¬ ¯¥à¥á�¤®ª ¨ ¯®á«¥¤ãîé¥£® ¨áá«¥¤®¢�−¨ï
¯à®áâà�−áâ¢¥−−®© ¨ ¢à¥¬¥−−�®© à¥£ã«ïà−®áâ¨ ¯®¥§¤®ª, � ¢ [5] | ¢à¥¬¥−¨ ¯ãâ¥-
è¥áâ¢¨©.

�¥ª®â®àë¥ âà�−á¯®àâ−ë¥ §�¤�ç¨ ¯à®¤¢¨£�îâáï ¤�«ìè¥ ¨áá«¥¤®¢�−¨ï âà�−á-
¯®àâ−®© ¨−ä®à¬�æ¨¨. ’�ª, ¢ [6] ¤«ï íâ®£® ¨á¯®«ì§ã¥âáï ¢¯®«−¥ ¥áâ¥áâ¢¥−−ë©
¨−áâàã¬¥−â | ¤�−−ë¥ GPS á â¥«¥ä®−� ¯�áá�¦¨à�.

‚ ¤�−−®© à�¡®â¥ �ªæ¥−â ¤¥«�¥âáï −� ¯à®¡«¥¬�â¨ª¥ ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨
−� âà�−á¯®àâ¥: ¯à¥¤«®¦¥−−�ï ¢ [1] ¤«ï íâ®© ®¡«�áâ¨ ª®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ¢®
¢â®à®¬ à�§¤¥«¥ áâ�âì¨ ¤®¯®«−¥−� −�¡®à®¬ ä®à¬�«ì−ëå ¯®−ïâ¨©, ®¡¥á¯¥ç¨¢�-
îé¨å ¢®§¬®¦−®áâ¨ âà�−áä®à¬�æ¨¨ �−�«¨â¨ç¥áª¨å §�¤�ç ¢ §�¤�ç¨ ¯®¨áª� ¤�−−ëå
¨ ¢ë¯®«−¥−¨ï à�áç¥â®¢. Š«îç¥¢®© §¤¥áì ï¢«ï¥âáï ¬®¤¥«ì, ¯à¥¤«�£�¥¬�ï ¤«ï
ä®à¬�«ì−®£® ®¯¨á�−¨ï ¯®−ïâ¨ï ¬�àèàãâ� á«¥¤®¢�−¨ï | ¯®á«¥¤®¢�â¥«ì−®áâ¨
¯¥à¥¬¥é¥−¨© ¯�áá�¦¨à� ¨«¨ £àã¯¯ ¯�áá�¦¨à®¢ ¬¥¦¤ã âà�−á¯®àâ−ë¬¨ ¯ã−ªâ�¬¨
á â¥¬¯®à�«ì−®© ¯à¨¢ï§ª®©. �â� ¬®¤¥«ì ¤�¥â ¢®§¬®¦−®áâì áä®à¬ã«¨à®¢�âì
¨ ¯à¥¤«®¦¨âì à¥è¥−¨ï æ¥«®© á¥à¨¨ à�áç¥â−ëå §�¤�ç, á¯®á®¡−ëå ®ª�§ë¢�âì
§−�ç¨â¥«ì−ãî ¨−ä®à¬�æ¨®−−ãî ¯®¤¤¥à¦ªã ¯®«ì§®¢�â¥«ï¬ ‘��÷ ¯à¨ à¥è¥−¨¨
à¥�«ì−ëå ®¯¥à�â¨¢−ëå §�¤�ç, �−�«¨§¥ ¨−æ¨¤¥−â®¢ ¨ á¨âã�â¨¢−®¬ �−�«¨§¥. ’�ª¨¥
§�¤�ç¨ ¯à¥¤áâ�¢«¥−ë ¢ âà¥âì¥¬, ª«îç¥¢®¬ à�§¤¥«¥ áâ�âì¨. �â® §�¤�ç¨ ¯®áâà®¥−¨ï
¬�àèàãâ®¢ −� ®á−®¢¥ ¨¬¥îé¥©áï âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¨, ¨å ®æ¥−ª� ¨ �−�«¨§,
áà�¢−¥−¨¥ ¬�àèàãâ®¢ ®â¤¥«ì−ëå ¯�áá�¦¨à®¢ ¨ ¨å £àã¯¯, á¨âã�â¨¢−ë© �−�«¨§
¬�àèàãâ®¢ ¨ á®¡ëâ¨©.

‚ §�ª«îç¥−¨¨ áâ�âì¨ �−®−á¨àã¥âáï á®¤¥à¦�−¨¥ ä¨−�«ì−®£® íâ�¯� �−�«¨â¨ª¨
®¡áã¦¤�¥¬®© ‘��÷.
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ˆ−ä®à¬�æ¨®−−ë¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ −� âà�−á¯®àâ¥: à�áç¥âë

2 Основные понятия методов аналитических расчетов

�¯¨á�−−ë¥ ¢ [2] ¢®§¬®¦−®áâ¨ ¯¥à¢¨ç−®£® �−�«¨§� âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¨
®¡¥á¯¥ç¨¢�îâ ®â¡®à á¢¥¤¥−¨© ® ¯®¥§¤ª�å | ª«îç¥¢®© ¨áâ®ç−¨ª ¤«ï ¤�«ì−¥©è¥©
�−�«¨â¨ç¥áª®© à�¡®âë. ’à�−á¯®àâ−ë¥ ¤�−−ë¥, â. ¥. ¤�−−ë¥ ® ¯®¥§¤ª�å ¨−¤¨¢¨-
¤ã�«ì−ëå ¯�áá�¦¨à®¢ ¨«¨ ¨å £àã¯¯, ¬®£ãâ ¡ëâì −�©¤¥−ë ¨ ®â®¡à�−ë ¯® ¤®¢®«ì−®
£¨¡ª¨¬ ªà¨â¥à¨ï¬. ’�ª ä®à¬¨àã¥âáï ¨áå®¤−ë© ¬�â¥à¨�« ¤«ï �−�«¨â¨ç¥áª®©
à�¡®âë [7]. „«ï ¯à®¤®«¦¥−¨ï à�¡®âë á íâ¨¬¨ ¤�−−ë¬¨ −ã¦−ë á¯¥æ¨�«¨§¨à®¢�−-
−ë¥ ¨−ä®à¬�æ¨®−−ë¥ ¬®¤¥«¨, ®âà�¦�îé¨¥ ¡®«¥¥ £«ã¡®ª¨¥ á¢®©áâ¢� ¨ ¯à®æ¥ááë
¯à¥¤¬¥â−®© ®¡«�áâ¨ [8]. ��¡®à ä®à¬�«ì−ëå ¯®−ïâ¨©, ®¡à�§ãîé¨© â�ªãî ¬®¤¥«ì,
¯à¥¤áâ�¢«¥− −¨¦¥.

��§®¢®¥ ¯®−ïâ¨¥ ¨á¯®«ì§ã¥¬®© ¬®¤¥«¨ | ¯®¥§¤ª� | ¤«ï «î¡®£® ¯�áá�-
¦¨à� å�à�ªâ¥à¨§ã¥âáï á £¥®£à�ä¨ç¥áª®© â®çª¨ §à¥−¨ï ¯ã−ªâ�¬¨ ®â¯à�¢«¥−¨ï
¨ ¯à¨¡ëâ¨ï. ’�ª¨¬¨ ¯ã−ªâ�¬¨ ¬®£ãâ ¡ëâì ¦¥«¥§−®¤®à®¦−ë¥ ¢®ª§�«ë ¨ ¯à®-
ç¨¥ §�à¥£¨áâà¨à®¢�−−ë¥ ¬¥áâ� ®áâ�−®¢ª¨ ¯�áá�¦¨àáª¨å ¯®¥§¤®¢, ãç¨âë¢�¥¬ë¥
¢ ¦¥«¥§−®¤®à®¦−®¬ à�á¯¨á�−¨¨; �íà®¯®àâë ¨ ¯à®ç¨¥ ¬¥áâ� ¢§«¥â�/̄ ®á�¤ª¨ ¯�áá�-
¦¨àáª¨å á�¬®«¥â®¢, ãç¨âë¢�¥¬ë¥ ¢ �¢¨�à�á¯¨á�−¨¨; ¯®àâë ¨ ¯à®ç¨¥ ¬¥áâ� ®áâ�-
−®¢ª¨ ¯�áá�¦¨àáª¨å áã¤®¢; �¢â®¢®ª§�«ë ¨ ¯à®ç¨¥ ãç¨âë¢�¥¬ë¥ ¬¥áâ� ®áâ�−®¢ª¨
¯�áá�¦¨àáª¨å �¢â®¡ãá®¢. ‚á¥ â�ª¨¥ ¯ã−ªâë ®â¯à�¢«¥−¨ï/̄ à¨¡ëâ¨ï, á¢¥¤¥−¨ï
® ª®â®àëå �¢â®¬�â¨ç¥áª¨ ¢ª«îç�îâáï ¢ á®áâ�¢ âà�−á¯®àâ−ëå ¤�−−ëå, ®¡®¡é¥−ë
â¥à¬¨−®¬ âà�−á¯®àâ−ë¥ ¯ã−ªâë.

�®áª®«ìªã âà�−á¯®àâ−ëå ¯ã−ªâ®¢, ¢ â®¬ ç¨á«¥ £¥®£à�ä¨ç¥áª¨ ¡«¨§ª¨å, ®ç¥−ì
¬−®£®, â® âà¥¡ã¥âáï ¢®§¬®¦−®áâì ã¬¥−ìè¥−¨ï ¤¥â�«¨§�æ¨¨. „«ï íâ®£® ¢¢®¤¨âáï
á¨áâ¥¬� âà�−á¯®àâ−ëå §®− | à�§¡¨¥−¨¥ ¢á¥£® ¬−®¦¥áâ¢� âà�−á¯®àâ−ëå ¯ã−ªâ®¢
(÷” ¨ ®áâ�«ì−ëå £®áã¤�àáâ¢) −� −¥¯ãáâë¥ −¥¯¥à¥á¥ª�îé¨¥áï ¬−®¦¥áâ¢�. „«ï
¯à®áâ®âë ¡ã¤¥¬ áç¨â�âì, çâ® «î¡®© âà�−á¯®àâ−ë© ¯ã−ªâ ¯à¨−�¤«¥¦¨â ¢ â®ç−®áâ¨
®¤−®© âà�−á¯®àâ−®© §®−¥.

‚®§¬®¦−®áâì ä®à¬¨à®¢�−¨ï á®áâ�¢� âà�−á¯®àâ−ëå §®− ¯à¥¤¯®«�£�¥âáï ¤®-
áâã¯−®© íªá¯¥àâã | ¯®«ì§®¢�â¥«î ‘��÷. ‚ á®®â¢¥âáâ¢ãîé¥¬ á¯à�¢®ç−¨ª¥
¤«ï ª�¦¤®© §®−ë íªá¯¥àâ®¬ ¤®«¦−ë ¡ëâì ®¯à¥¤¥«¥−ë −¥áª®«ìª® ¡�««ì−ëå
å�à�ªâ¥à¨áâ¨ª, ú¢¥á®¢ §®−ëû, å�à�ªâ¥à¨§ãîé¨å §−�ç¥−¨¥ âà�−á¯®àâ−ëå ¯ã−ªâ®¢
§®−ë ¯à¨ �−�«¨§¥ ¯¥à¥¬¥é¥−¨© ¯�áá�¦¨à®¢. ’�ª, ª�¦¤®© âà�−á¯®àâ−®© §®−¥
¤®«¦−ë ¡ëâì á®¯®áâ�¢«¥−ë ¢¥á�: Wdep | ¢¥á ®â¯à�¢«¥−¨ï ¨ Warr | ¢¥á
¯à¨¡ëâ¨ï. ‘¥¬�−â¨ª� íâ¨å ¢¥á®¢ ®¡áã¦¤�¥âáï −¨¦¥.

�¯à¥¤¥«¥−¨¥ 1. ˆ−ä®à¬�æ¨¥© TI(x) ® ¯¥à¥¬¥é¥−¨ïå ¯�áá�¦¨à� x −�-
§ë¢�¥âáï ¢á¥ ¬−®¦¥áâ¢® ¯¥à¥¬¥é¥−¨© ¯�áá�¦¨à�, §�à¥£¨áâà¨à®¢�−−ëå ¢ ¡�§¥
âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¨. ˆ−ä®à¬�æ¨ï TI(x) ¯à¥¤áâ�¢«ï¥â á®¡®© ¬−®¦¥áâ¢®
è¥áâ¥à®ª ¢¨¤� (tidep, p

i
dep, t

i
arr, p

i
arr, tt

i, vi), £¤¥ tidep | ¢à¥¬ï ®â¯à�¢«¥−¨ï á®£«�á-

−® i-¬ã ¯à®¥§¤−®¬ã ¤®ªã¬¥−âã; pidep | âà�−á¯®àâ−ë© ¯ã−ªâ ®â¯à�¢«¥−¨ï; tiarr |
¢à¥¬ï ¯à¨¡ëâ¨ï á®£«�á−® i-¬ã ¯à®¥§¤−®¬ã ¤®ªã¬¥−âã; piarr | âà�−á¯®àâ−ë©
¯ã−ªâ ¯à¨¡ëâ¨ï; tti | ¢¨¤ âà�−á¯®àâ� i-© ¯®¥§¤ª¨; vi | ¨¤¥−â¨ä¨ª�â®à i-£®
à¥©á� á®£«�á−® ¯à®¥§¤−®¬ã ¤®ªã¬¥−âã.
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ˆ−ä®à¬�æ¨¥© TI(x, T1, T2) ® ¯¥à¥¬¥é¥−¨ïå ¯�áá�¦¨à� x −� ¨−â¥à¢�«¥ ¢à¥-
¬¥−¨ [T1, T2] −�§ë¢�¥âáï ¯®¤¬−®¦¥áâ¢® ¬−®¦¥áâ¢�TI(x), ¤«ï í«¥¬¥−â®¢ ª®â®à®£®
«¨¡® tidep ∈ [T1, T2], «¨¡® tiarr ∈ [T1, T2].

‡�¬¥â¨¬, çâ® ¬−®¦¥áâ¢� âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¨ TI(x) ¨ TI(x, T1, T2) −¥
á®¢¯�¤�îâ á ¬�àèàãâ®¬, â. ¥. ã¯®àï¤®ç¥−−®© ¯®á«¥¤®¢�â¥«ì−®áâìî á¬¥− ¬¥áâ®-
¯®«®¦¥−¨© ¯�áá�¦¨à� x, −® ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¤«ï ¥£® ¢®ááâ�−®¢«¥−¨ï ¨«¨
�−�«¨§�. „«ï −�ç�«ì−®© å�à�ªâ¥à¨§�æ¨¨ íâ¨å ¬−®¦¥áâ¢ ¯à¥¤«�£�¥âáï ¨á¯®«ì§®-
¢�âì á«¥¤ãîé¨¥ äã−ªæ¨¨:

{ #TI(x)| ®¡é¥¥ ç¨á«® ¯¥à¥¬¥é¥−¨© (ªã¯«¥−−ëå ¡¨«¥â®¢) ¯�áá�¦¨à� x;
{ #TI(x, T1, T2) | ç¨á«® ¯¥à¥¬¥é¥−¨© ¯�áá�¦¨à� x −� ¨−â¥à¢�«¥ ¢à¥¬¥−¨
[T1, T2];

{ TdepFirst(x)| ¢à¥¬ï ¯¥à¢®£® ®â¡ëâ¨ï ¯�áá�¦¨à� x;
{ TarrFirst(x)| ¢à¥¬ï ¯¥à¢®£® ¯à¨¡ëâ¨ï ¯�áá�¦¨à� x;
{ TdepLast(x)| ¢à¥¬ï ¯®á«¥¤−¥£® ®â¡ëâ¨ï ¯�áá�¦¨à� x;
{ TarrLast(x)| ¢à¥¬ï ¯®á«¥¤−¥£® ¯à¨¡ëâ¨ï ¯�áá�¦¨à� x.

‚¢¥¤¥−−ë¥ ä®à¬�«ì−ë¥ ¯®ª�§�â¥«¨ ¯®§¢®«ïîâ ¯¥à¥©â¨ ª à�áç¥â�¬ ª�ç¥áâ¢¥−-
−ëå å�à�ªâ¥à¨áâ¨ª ¯à®æ¥áá®¢ ¯¥à¥¬¥é¥−¨ï ¯�áá�¦¨à®¢, §�à¥£¨áâà¨à®¢�−−ëå
¢ ¡�§¥ âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¨.

2.1 Зонная активность

‚ëç¨á«ï¥¬ë© ¯®ª�§�â¥«ì ú§®−−�ï �ªâ¨¢−®áâìûAL| íâ® ¨−â¥£à�«ì−�ï ç¨á-
«®¢�ï å�à�ªâ¥à¨áâ¨ª�, ®¯¨áë¢�îé�ï ¢á¥ §�à¥£¨áâà¨à®¢�−−ë¥ ¯¥à¥¬¥é¥−¨ï ¯®
âà�−á¯®àâ−ë¬ §®−�¬ á ãç¥â®¬ ¨å ®¯¥à�â¨¢−®£® §−�ç¥−¨ï (ª®«¨ç¥áâ¢¥−−® å�à�ªâ¥-
à¨§ã¥âáï ¢¥á�¬¨ Wdep ¨ Warr).

„�«¥¥ ®¯¨á�− à¥ªãàà¥−â−ë© �«£®à¨â¬ ¢ëç¨á«¥−¨ï ¤�−−®© å�à�ªâ¥à¨áâ¨-
ª¨, ¤®áâ�â®ç−® ¯à®áâ®© ¤«ï ¯à¨¬¥−¥−¨ï ¨ ¯®á«¥¤ãîé¥£® �−�«¨§� ¢ë¯®«−¥−−ëå
¢ëç¨á«¥−¨©. ÷¥§ã«ìâ�â ¥£® ¯à¨¬¥−¥−¨ï ¨−¢�à¨�−â¥− ®â−®á¨â¥«ì−® ¯®á«¥¤®¢�-
â¥«ì−®áâ¨ ä®à¬¨à®¢�−¨ï âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¨.

�ã¤¥¬ áç¨â�âì, çâ® AL = AL(k), £¤¥ k | ç¨á«® §�à¥£¨áâà¨à®¢�−−ëå ¤«ï
¤�−−®£® ¯�áá�¦¨à� ¢ ¡�§¥ âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¨ ¯®¥§¤®ª, ¨

AL(0) = 0 , AL(k) = AL(k − 1) +WTr(pkdep, p
k
arr) ,

£¤¥WTr(pdep, parr)| äã−ªæ¨ï ¢¥á� ¯®¥§¤ª¨ ¨§ ¯ã−ªâ� pdep ¢ ¯ã−ªâ parr.
”ã−ªæ¨ï âà�−á¯®àâ−®© §®−ë TZ(p) áâ�¢¨â ¢ á®®â¢¥âáâ¢¨¥ âà�−á¯®àâ−®¬ã

¯ã−ªâã p âà�−á¯®àâ−ãî §®−ã, ¢ ª®â®à®© −�å®¤¨âáï ¤�−−ë© ¯ã−ªâ. ‚ ª�ç¥áâ¢¥
äã−ªæ¨¨WTr ¯à¥¤«�£�¥âáï

WTr (pdep, parr) = Wdep (TZ(pdep)) +Warr (TZ(parr)) .

Šà®¬¥ â®£®, ¬®¦−® ¢ëç¨á«ïâì ¨§¬¥−¥−¨ï ú§®−−®© �ªâ¨¢−®áâ¨û dAL(x, T1, T2)
¯�áá�¦¨à� x −� ¨−â¥à¢�«¥ ¢à¥¬¥−¨ [T1, T2], ¨á¯®«ì§ãï á®®â−®è¥−¨ï ¤«ï AL, à�á-
áç¨âë¢�¥¬®¥ ¯® ¨−ä®à¬�æ¨¨ TI(x, T1, T2).

100 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 31 −®¬¥à 4 2021



ˆ−ä®à¬�æ¨®−−ë¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ −� âà�−á¯®àâ¥: à�áç¥âë

2.2 Мобильность

‚ëç¨á«ï¥¬ë© ¯®ª�§�â¥«ì ú¬®¡¨«ì−®áâì ¯�áá�¦¨à�û ¯à¥¤áâ�¢«ï¥â á®¡®©
£àã¯¯ã ç¨á«®¢ëå ¢¥«¨ç¨−, å�à�ªâ¥à¨§ãîé¨å ª®«¨ç¥áâ¢¥−−ë© ¨ ¢¥á®¢®© ú¢ª«�¤û
¯®¥§¤®ª §� ¨−â¥à¥áãîé¨© ®âà¥§®ª ¢à¥¬¥−¨ ¢ á®®â¢¥âáâ¢ãîé¨¥ áã¬¬�à−ë¥ ¢¥«¨-
ç¨−ë ¨ ¨å ¨−â¥−á¨¢−®áâì. �®¤ ¬®¡¨«ì−®áâìî ¯�áá�¦¨à� x −� ®âà¥§ª¥ ¢à¥¬¥−¨
[T1, T2] ¡ã¤ãâ ¯®¤à�§ã¬¥¢�âìáï á«¥¤ãîé¨¥ ç¥âëà¥ å�à�ªâ¥à¨áâ¨ª¨.

1. Œ®¡¨«ì−®áâì ¯® ç¨á«ã ¯®¥§¤®ª MobNTr(x, T1, T2) ¯�áá�¦¨à� x −� ®âà¥§ª¥
¢à¥¬¥−¨ [T1, T2]| äã−ªæ¨ï

MobNTr (x, T1, T2) =
#TI (x, T1, T2)

#TI(x)
.

‚¥«¨ç¨−� MobNTr(x, T1, T2) ¢á¥£¤� «¥¦¨â ¢ ¨−â¥à¢�«¥ [0, 1] ¨ ®¯à¥¤¥«ï¥â,
ª�ªãî ¤®«î ¢ ®¡é¥¬ ç¨á«¥ ¯®¥§¤®ª §�−¨¬�îâ ¯®¥§¤ª¨ −� ®âà¥§ª¥ ¢à¥¬¥−¨
[T1, T2].

2. Œ®¡¨«ì−®áâì ¯® ¨−â¥−á¨¢−®áâ¨ ¯®¥§¤®ª MobINTr(x, T1, T2) ¯�áá�¦¨à� x
−� ®âà¥§ª¥ ¢à¥¬¥−¨ [T1, T2]| äã−ªæ¨ï

MobINTr (x, T1, T2) =
(TCurr − TdepFirst(x))#TI(x, T1, T2)

(T2 − T1)#TI(x)
.

‚¥«¨ç¨−�MobINTr(x, T1, T2) ®¯à¥¤¥«ï¥â ®â−®è¥−¨¥ ¨−â¥−á¨¢−®áâ¨ ¯®¥§¤®ª
(ç¨á«� ¯®¥§¤®ª ¢ ¥¤¨−¨æã ¢à¥¬¥−¨) −� ®âà¥§ª¥ ¢à¥¬¥−¨ [T1, T2] ª áà¥¤−¥©
¨−â¥−á¨¢−®áâ¨ ¢á¥å §�à¥£¨áâà¨à®¢�−−ëå ¯®¥§¤®ª ¯�áá�¦¨à�. ‚ë¯®«−¥−¨¥
ãá«®¢¨ï MobINTr(x, T1, T2) > 1 ®§−�ç�¥â, çâ® −� ®âà¥§ª¥ ¢à¥¬¥−¨ [T1, T2]
¤�−−ë© ¯�áá�¦¨à ¯¥à¥¬¥é�«áï ¨−â¥−á¨¢−¥¥ (ç�é¥), ç¥¬ ¢ áà¥¤−¥¬.

3. Œ®¡¨«ì−®áâì ¯® ¢¥áã §®− MobWTr(x, T1, T2) ¯�áá�¦¨à� x −� ®âà¥§ª¥ ¢à¥-
¬¥−¨ [T1, T2]| äã−ªæ¨ï

MobWTr (x, T1, T2) =
dAL (x, T1, T2)

AL(x)
.

‚¥«¨ç¨−� MobWTr(x, T1, T2) ¢á¥£¤� «¥¦¨â ¢ ¨−â¥à¢�«¥ [0, 1] ¨ ®¯à¥¤¥«ï¥â,
ª�ªãî ¤®«î ¢ §®−−ãî �ªâ¨¢−®áâì ¯�áá�¦¨à� ¢−¥á«¨ ¯®¥§¤ª¨ −� ®âà¥§ª¥
¢à¥¬¥−¨ [T1, T2].

4. Œ®¡¨«ì−®áâì ¯® ¨−â¥−á¨¢−®áâ¨ ¢¥á®¢ §®−MobIWTr(x, T1, T2) ¯�áá�¦¨à� x
−� ®âà¥§ª¥ ¢à¥¬¥−¨ [T1, T2], ¢ëç¨á«¥−−�ï ¢ â¥ªãé¨© ¬®¬¥−â ¢à¥¬¥−¨ TCurr, |
äã−ªæ¨ï

MobIWTr (x, T1, T2) =
(TCurr − TdepFirst(x))dAL(x, T1, T2)

(T2 − T1)AL(x)
.
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‚¥«¨ç¨−� MobIWTr(x, T1, T2) ¯®ª�§ë¢�¥â ®â−®è¥−¨¥ à®áâ� §®−−®© �ªâ¨¢-
−®áâ¨ (¡�««®¢ ¢ ¥¤¨−¨æã ¢à¥¬¥−¨) ¯à¨ ¯®¥§¤ª�å −� ®âà¥§ª¥ ¢à¥¬¥−¨ [T1, T2]
ª áà¥¤−¥¬ã à®áâã §®−−®© �ªâ¨¢−®áâ¨ ¢á¥å §�à¥£¨áâà¨à®¢�−−ëå ¯®¥§¤®ª ¯�á-
á�¦¨à�. ‚ë¯®«−¥−¨¥ ãá«®¢¨ï MobIWTr(x, T1, T2) > 1 ®§−�ç�¥â, çâ® −�
®âà¥§ª¥ ¢à¥¬¥−¨ [T1, T2] à®áâ §®−−®© �ªâ¨¢−®áâ¨ ã ¤�−−®£® ¯�áá�¦¨à� ¡ë«
¢ëè¥, ç¥¬ ¢ áà¥¤−¥¬. ‘ â¥ç¥−¨¥¬ ¢à¥¬¥−¨ ¤�−−ë© ¯®ª�§�â¥«ì ¬®¡¨«ì−®áâ¨
¬¥−ï¥âáï. �â® ¯à¨¤�¥â ¥¬ã ¤¨−�¬¨ç¥áª¨© å�à�ªâ¥à, ®âáãâáâ¢ãîé¨© ã ¤àã£¨å
¯®ª�§�â¥«¥©, çâ® ¬®¦¥â ®ª�§�âìáï ¡®«¥¥ ¯®«¥§−ë¬.

2.3 Выявление пассажиров с прерывающимся маршрутом следования

�à¥àë¢�îé¨©áï ¬�àèàãâ ¯�áá�¦¨à� | íâ® á®áâ®ï−¨¥ âà�−á¯®àâ−®© ¨−ä®à-
¬�æ¨¨ ® ¯�áá�¦¨à¥, ª®â®à®¥ −¥ ¯®§¢®«ï¥â ¢®ááâ�−®¢¨âì −¥¯à¥àë¢−ãî ¯®á«¥¤®-
¢�â¥«ì−®áâì ¥£® ¯¥à¥¬¥é¥−¨©. ’�ª®¥ á®áâ®ï−¨¥ ¬®¦¥â ¡ëâì á¢ï§�−® á −�«¨ç¨¥¬
−¥§�à¥£¨áâà¨à®¢�−−ëå ¯¥à¥¬¥é¥−¨© ¯�áá�¦¨à� (−�¯à¨¬¥à, ç�áâ−ë¬ âà�−á¯®à-
â®¬) ¨«¨ §�à¥£¨áâà¨à®¢�−−ëå ¯¥à¥¬¥é¥−¨©, ¯à®â¨¢®à¥ç�é¨å ¤àã£ ¤àã£ã.

�¯à¥¤¥«¥−¨¥ 2. �¥à¥¬¥é¥−¨ï ¯�áá�¦¨à� −� ¨−â¥à¢�«¥ ¢à¥¬¥−¨ [T1, T2],
§�¤�−−ë¥ âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¥© TI(x, T1, T2), −�§ë¢�îâáï −¥¯à¥àë¢−ë¬¨,
¥á«¨ ¤«ï ¢á¥å N §�à¥£¨áâà¨à®¢�−−ëå ¯¥à¥¬¥é¥−¨© ®¤−®¢à¥¬¥−−® ¢ë¯®«−ïîâáï
á«¥¤ãîé¨¥ ãá«®¢¨ï:

(1) ¯¥à¥¬¥é¥−¨ï ã¤�¥âáï ã¯®àï¤®ç¨âì ¢® ¢à¥¬¥−¨, â. ¥. tdep1<tarr1<tdep2< · · ·
· · · < tarrN ;

(2) ¯¥à¥¬¥é¥−¨ï á®£«�á®¢�−ë ú¯® ¯à®áâà�−áâ¢ãû, â. ¥. pdep1 = parr1 , . . .
. . . , pdepN

= parrN .

Š�ª ¢�à¨�−â ãá«®¢¨¥ á®£«�á®¢�−−®áâ¨ ú¯® ¯à®áâà�−áâ¢ãû ¬®¦¥â ¨¬¥âì ¢¨¤:

TZ
(
pdep1

)
= TZ(parr1) , . . . ,TZ

(
pdepN

)
= TZ(parrN ) .

’�ª�ï ¨−â¥à¯à¥â�æ¨ï ¨¬¥¥â á¬ëá«

÷¨á. 1 �à¨¬¥à −¥¯à¥àë¢−®£® ¯¥à¥¬¥é¥-
−¨ï

¢ â®¬ á«ãç�¥, ª®£¤� âà�−á¯®àâ−ë¥ §®-
−ë ¯®áâà®¥−ë á ãç¥â®¬ £¥®£à�ä¨ç¥-
áª®© ¡«¨§®áâ¨.

�¥à¥¬¥é¥−¨ï, ¤«ï ª®â®àëå −¥ ¢ë-
¯®«−¥−® å®âï ¡ë ®¤−® ¨§ ¯¥à¥ç¨á-
«¥−−ëå ãá«®¢¨©, −�§ë¢�îâáï à�§àë¢-
−ë¬¨.

ƒà�ä¨ç¥áª¨© ¯à¨¬¥à −¥¯à¥àë¢−®-
£® ¯¥à¥¬¥é¥−¨ï ¯à¨¢¥¤¥− −� à¨á. 1.

•�à�ªâ¥à¨§ãï ¤�«¥¥ à�§àë¢−ë¥
¯¥à¥¬¥é¥−¨ï −� ¨−â¥à¢�«¥ ¢à¥¬¥-
−¨ [T1, T2], §�¤�−−ë¥ âà�−á¯®àâ−®©
¨−ä®à¬�æ¨¥©TI(x, T1, T2), ¯à¥¤«�£�-
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÷¨á. 2 �à¨¬¥àë ¯à®áâ®£® (�) ¨ ¢¥â¢ïé¥£®áï (¡) à�§àë¢−ëå ¯¥à¥¬¥é¥−¨©

¥âáï ¢ë¤¥«ïâì ¯à®áâë¥ à�§àë¢−ë¥ ¯¥à¥¬¥é¥−¨ï (¨«¨ ú¯¥à¥¬¥é¥−¨ï á ¢ë¯�¢è¨¬
¯«¥ç®¬û), ¥á«¨ ãá«®¢¨¥ 1 ¢ë¯®«−¥−®, � ãá«®¢¨¥ 2 −�àãè¥−®, ¨ ¢¥â¢ïé¨¥áï
à�§àë¢−ë¥ ¯¥à¥¬¥é¥−¨ï, ¥á«¨ ãá«®¢¨¥ 1 −�àãè¥−®.

ƒà�ä¨ç¥áª¨¥ ¯à¨¬¥àë ¯à®áâ®£® ¨ ¢¥â¢ïé¥£®áï à�§àë¢−®£® ¯¥à¥¬¥é¥−¨© ¯�á-
á�¦¨à� ¯à¨¢¥¤¥−ë −� à¨á. 2. Ÿá−®, çâ® ¯à®áâ®¥ à�§àë¢−®¥ ¯¥à¥¬¥é¥−¨¥ á¢¨-
¤¥â¥«ìáâ¢ã¥â ® ¢®§¬®¦−®© −¥¯®«−®â¥ âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¨ ® ¯�áá�¦¨à¥ x,
¢ â® ¢à¥¬ï ª�ª ¢¥â¢ïé¥¥áï à�§àë¢−®¥ ¯¥à¥¬¥é¥−¨¥ ®§−�ç�¥â, çâ® ¯�áá�¦¨à x −�
¨−â¥à¢�«¥ ¢à¥¬¥−¨ [T1, T2] á®¢¥àè¨« −¥áª®«ìª® ¯®ªã¯®ª ¡¨«¥â®¢ ¤«ï á®¢¥àè¥−¨ï
¢§�¨¬®¨áª«îç�îé¨å ¯¥à¥¬¥é¥−¨©.

3 Задачи и методы аналитических расчетов

��¯®¬−¨¬, çâ® ¨−ä®à¬�æ¨ï TI(x, T1, T2) á®¤¥à¦¨â ¢ á¥¡¥ ¢á¥ §�à¥£¨áâà¨à®-
¢�−−ë¥ ¯¥à¥¬¥é¥−¨ï −� ¨−â¥à¢�«¥ ¢à¥¬¥−¨ [T1, T2], � â�ª¦¥, ¢®§¬®¦−®, á¢¥¤¥−¨ï
® ¯¥à¥¬¥é¥−¨¨, −�ç�¢è¥¬áï à�−¥¥ T1 ¨«¨ §�ª®−ç¨¢è¥¬áï ¯®á«¥ T2. „«ï à¥-
è¥−¨ï àï¤� á«®¦−ëå à�áç¥â−ëå §�¤�ç ¯®âà¥¡ã¥âáï ¯® ¨−ä®à¬�æ¨¨ TI(x, T1, T2)
®¯à¥¤¥«ïâì ¯®«®¦¥−¨¥ ¯�áá�¦¨à� ¤«ï «î¡ëå ¬®¬¥−â®¢ ¢à¥¬¥−¨ t: T1 ≤ t ≤ T2.

3.1 Детальное определение положения

“¯®àï¤®ç¨¬ ¯® ¢®§à�áâ�−¨î ¢á¥ ¢à¥¬¥−� tidep ¨ tiarr, á®¤¥à¦�é¨¥áï ¢ ¨−-

ä®à¬�æ¨¨ TI(x, T1, T2). �®¤ë−â¥à¢�«ë [tiarr, t
j
dep] ⊂ [T1, T2], � â�ª¦¥ [T1, t

j
dep]

¨ [tiarr, T2], −¥ á®¤¥à¦�é¨¥ ¢ á¥¡¥ ¤àã£¨¥ ¬®¬¥−âë tiarr ¨ tidep, å�à�ªâ¥à¨§ãîâáï
ª�ª ¨−â¥à¢�«ë −¥¯®¤¢¨¦−®áâ¨. �áâ�«ì−ë¥ ¨−â¥à¢�«ë, ¤®¯®«−ïîé¨¥ ¬−®¦¥áâ¢®
¨−â¥à¢�«®¢ −¥¯®¤¢¨¦−®áâ¨ ¤® ¢á¥£® ¨−â¥à¢�«� [T1, T2], −�§ë¢�îâáï ¨−â¥à¢�«�-
¬¨ ¤¢¨¦¥−¨ï. ‚®§¬®¦−ë ¤¢� ¢�à¨�−â� ®¯à¥¤¥«¥−¨ï ¯®«®¦¥−¨ï ¯�áá�¦¨à� −�
¨−â¥à¢�«¥ −¥¯®¤¢¨¦−®áâ¨.
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1. �à®áâà�−áâ¢¥−−®-¤¥â¥à¬¨−¨à®¢�−−ë©. �ãáâì [tiarr, t
j
dep] ⊂ [T1, T2] | −¥-

ª®â®àë© ¨−â¥à¢�« −¥¯®¤¢¨¦−®áâ¨ ¯�áá�¦¨à� x, � piarr ¨ pidep | á®®â¢¥â-
áâ¢ãîé¨¥ ¯ã−ªâë ¯à¨¡ëâ¨ï ¨ ®â¡ëâ¨ï. �ã¤¥¬ áç¨â�âì, çâ® −� ¨−â¥à¢�«¥
[tiarr, (t

i
arr + tjdep)/2] ¯�áá�¦¨à x −�å®¤¨âáï ¢ ¯ã−ªâ¥ piarr, � −� ¨−â¥à¢�«¥

[(tiarr + tjdep)/2, t
j
dep] | ¢ ¯ã−ªâ¥ pidep (â. ¥. ¯�áá�¦¨à ¢ ª�¦¤ë© ¬®¬¥−â

¢à¥¬¥−¨ −�å®¤¨âáï â®«ìª® ¢ ®¤−®¬ ¯ã−ªâ¥, á¬. à¨á. 3, �, ¦¨à−ë¥ «¨−¨¨).

÷¨á. 3 �¯à¥¤¥«¥−¨¥ ¯®«®¦¥−¨ï ¯�áá�¦¨à� −� ¨−â¥à¢�«¥ −¥¯®¤¢¨¦−®áâ¨ (�) ¨ ¯à¨¬¥à
§�¤�−¨ï ¯®«®¦¥−¨ï ¯�áá�¦¨à� ¢® ¢à¥¬ï ¯¥à¥¬¥é¥−¨© (¡)
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2. �à®áâà�−áâ¢¥−−®-¢¥à®ïâ−®áâ−ë©. �ãáâì [tiarr, t
j
dep] ⊂ [T1, T2]| −¥ª®â®àë©

¨−â¥à¢�« −¥¯®¤¢¨¦−®áâ¨ ¯�áá�¦¨à�x, � piarr ¨ p
j
dep| á®®â¢¥âáâ¢ãîé¨¥ ¯ã−ª-

âë ¯à¨¡ëâ¨ï ¨ ®â¯à�¢«¥−¨ï. �� ¨−â¥à¢�«¥ [tiarr, t
j
dep] ¯�áá�¦¨à x −�å®¤¨âáï

¢® ¬−®¦¥áâ¢¥ ¯ã−ªâ®¢ {piarr, p
j
dep} (â. ¥. ¤®¯ãáª�¥âáï −�å®¦¤¥−¨¥ ¯�áá�¦¨à�

¢ à�§«¨ç−ëå ¯ã−ªâ�å á ®¯à¥¤¥«¥−−®© ¢¥à®ïâ−®áâìî, á¬. à¨á. 3, �, â®−ª¨¥
«¨−¨¨).

�¯à¥¤¥«¥−¨¥ ¯®«®¦¥−¨ï ¯�áá�¦¨à� ¢® ¢à¥¬ï ¯¥à¥¬¥é¥−¨© ®áãé¥áâ¢«ï¥âáï
á«¥¤ãîé¨¬ ®¡à�§®¬. �ãáâì [tiarr, t

j
dep] ⊂ [T1, T2]| −¥ª®â®àë© ¨−â¥à¢�« ¤¢¨¦¥−¨ï

¯�áá�¦¨à� x. ‚ «î¡®© ä¨ªá¨à®¢�−−ë© ¬®¬¥−â ¢à¥¬¥−¨ t ∈ [tiarr, t
j
dep] ¯�áá�¦¨à x

−�å®¤¨âáï ¢ ¯®¥§¤ª¥ −� ¢á¥å à¥©á�å {vk}, ¤«ï ª®â®àëå t ∈ [tkarr, t
k
dep] (á¬.

à¨á. 3, ¡). Œ−®¦¥áâ¢® {vk} ®¯à¥¤¥«ï¥âáï á®¢®ªã¯−®áâìî ¯à¨®¡à¥â¥−−ëå ¤�−−ë¬
¯�áá�¦¨à®¬ ¡¨«¥â®¢.

’�ª¨¬ ®¡à�§®¬, ¤«ï ¤¥â�«ì−®£® ®¯à¥¤¥«¥−¨ï ¯®«®¦¥−¨ï ¯�áá�¦¨à� −¥®¡å®-
¤¨¬® ¯®á«¥¤®¢�â¥«ì−® à¥è¨âì á«¥¤ãîé¨¥ §�¤�ç¨:

{ à�§¡¨âì ¨−â¥à¥áãîé¨© ¨−â¥à¢�« ¢à¥¬¥−¨ [T1, T2] −� ¢à¥¬¥−− �ë¥ ¨−â¥à¢�«ë
−¥¯®¤¢¨¦−®áâ¨ ¨ ¨−â¥à¢�«ë ¤¢¨¦¥−¨ï;

{ ¤«ï ª�¦¤®£® ¨−â¥à¢�«� −¥¯®¤¢¨¦−®áâ¨ ®¯à¥¤¥«¨âì ¯®«®¦¥−¨¥ ¯�áá�¦¨à�
á®£«�á−® ¯à®áâà�−áâ¢¥−−®-¢¥à®ïâ−®áâ−®¬ã ¢�à¨�−âã;

{ ¤«ï ª�¦¤®£® ¨−â¥à¢�«� ¤¢¨¦¥−¨ï ®¯à¥¤¥«¨âì ¬−®¦¥áâ¢� {vk} à¥©á®¢, −�
ª®â®àëå íâ®â ¯�áá�¦¨à ¬®£ −�å®¤¨âìáï ¢ á®®â¢¥âáâ¢¨¨ á ¯à¨®¡à¥â¥−−ë¬¨
¡¨«¥â�¬¨.

3.2 Пересечение двух пассажиров по детальной информации

�®¤ á®¢¬¥áâ−ë¬ ¬¥áâ®¯®«®¦¥−¨¥¬ ¤¢ãå ¯�áá�¦¨à®¢ ¯®−¨¬�¥âáï á®¢¬¥áâ−®¥
¯à¥¡ë¢�−¨¥ ¢ âà�−á¯®àâ−ëå ¯ã−ªâ�å/§®−�å ¨ á®¢¬¥áâ−®¥ ¯¥à¥¬¥é¥−¨¥ ¢ âà�−á-
¯®àâ−ëå áà¥¤áâ¢�å. ’àã¤®¥¬ª®áâì à¥è¥−¨ï §�¤�ç¨ ®¯à¥¤¥«¥−¨ï á®¢¬¥áâ−®£®
¬¥áâ®¯®«®¦¥−¨ï ®â−®á¨â¥«ì−® −¥¢ëá®ª�ï, â�ª ª�ª íâ� §�¤�ç� ¯® §�âà�â�¬ ¢ëç¨á-
«¨â¥«ì−ëå à¥áãàá®¢ −¥ ®â−®á¨âáï ª à�§àï¤ã úª®¬¡¨−�â®à−ëåû. ‚ á¢ï§¨ á íâ¨¬
¤�−−�ï §�¤�ç� ¬®¦¥â ¡ëâì à¥è¥−� ï¢−ë¬ ®¡à�§®¬ ¢ �¢â®¬�â¨§¨à®¢�−−®¬ à¥¦¨¬¥.

�¥à¥á¥ç¥−¨¥¬ ¤¢ãå ¯�áá�¦¨à®¢ x ¨ y ¢® ¢à¥¬¥−¨ ¨ ¯à®áâà�−áâ¢¥ §� ¢à¥¬ï
[T1, T2] ï¢«ï¥âáï ¯�à� (¢®§¬®¦−®, ¯ãáâëå) ¬−®¦¥áâ¢ L ¨ M . Œ−®¦¥áâ¢® L á®-
áâ®¨â ¨§ âà®¥ª (tks , t

k
f ,TZ

k), £¤¥ [tks , t
k
f ]| ¢à¥¬¥−−®© ¨−â¥à¢�« k-© ¢áâà¥ç¨ x ¨ y;

TZk | ¬−®¦¥áâ¢® âà�−á¯®àâ−ëå §®− k-© ¢áâà¥ç¨ x ¨ y; ¬−®¦¥áâ¢® M á®áâ®¨â
¨§ âà®¥ª (tis, t

i
f , v

i), £¤¥ [tis, t
i
f ]| ¨−â¥à¢�« i-£® á®¢¬¥áâ−®£® ¯¥à¥¬¥é¥−¨ï x ¨ y;

vi | i-© á®¢¬¥áâ−ë© à¥©á x ¨ y.
Œ−®¦¥áâ¢® M −�å®¤¨âáï ¤®áâ�â®ç−® ¯à®áâ®: −¥®¡å®¤¨¬® ¢ë¯®«−¨âì §�-

¯à®á −� ®¯à¥¤¥«¥−¨¥ á®¢¯�¤¥−¨© à¥©á®¢ ¤«ï x ¨ y §� ¢à¥¬ï [T1, T2], â. ¥.
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®¯à¥¤¥«¥−¨¥ ¯ïâ¥à®ª (tidep(x), p
i
dep(x), t

i
arr(x), p

i
arr(x), v

i(x)) ∈ TI(x, T1, T2)

¨ (tjdep(y), p
j
dep(y), t

j
arr(y), p

j
arr(y), vj(y)) ∈ TI(y, T1, T2), ¤«ï ª®â®àëå vi(x) =

= vj(y) ¨ [tidep(x), t
i
arr(x)] ∩ [t

j
dep(y), t

j
arr(y)] 6= ∅.

Œ−®¦¥áâ¢® L ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

{ ¤«ï ¯�áá�¦¨à®¢ x ¨ y −�å®¤¨âáï ¬−®¦¥áâ¢® {([tiarr(x), t
i
dep(x)], {p

i
dur(x)})},

£¤¥ [tiarr(x), t
i
dep(x)] | ¢á¥ ¨−â¥à¢�«ë −¥¯®¤¢¨¦−®áâ¨ ¯�áá�¦¨à� x;

{pidur(x)}| ¬−®¦¥áâ¢� âà�−á¯®àâ−ëå ¯ã−ªâ®¢, ¢ ª®â®àëåx¬®¦¥â −�å®¤¨âìáï
−� ¨−â¥à¢�«¥ [tiarr(x), t

i
dep(x)] (¯®«ãç¥−−ë¥ á®£«�á−® ¯à®áâà�−áâ¢¥−−®-¤¥â¥à-

¬¨−¨à®¢�−−®¬ã ¨«¨ ¯à®áâà�−áâ¢¥−−®-¢¥à®ïâ−®áâ−®¬ã �«£®à¨â¬ã); ¬−®¦¥áâ¢®
{([tjarr(y), t

j
dep(y)], {p

j
dur(y)})} ¤«ï ¯�áá�¦¨à� y ®¯à¥¤¥«ï¥âáï �−�«®£¨ç−®;

{ ¤«ï ¬−®¦¥áâ¢ {pidur(x)} ¨ {pjdur(y)} ¢ëç¨á«ïîâáï {TZ(pidur(x))}

¨ {TZ(pjdur(y))} | ¬−®¦¥áâ¢� á®®â¢¥âáâ¢ãîé¨å âà�−á¯®àâ−ëå §®−;

{ ¤«ï ¢á¥¢®§¬®¦−ëå á®ç¥â�−¨© ¯�à ([tiarr(x), t
i
dep(x)], {p

i
dur(x)}) ¯�áá�¦¨à� x

¨ ([tjarr(y), t
j
dep(y)], {p

j
dur(y)}) ¯�áá�¦¨à� y ¯à®¢¥àï¥âáï ®¤−®¢à¥¬¥−−®¥ ¢ë-

¯®«−¥−¨¥ ãá«®¢¨©:

[
tiarr(x), t

i
dep(x)

]
∩

[

tjarr(y), t
j
dep(y)

]

=
[

tks , t
k
f

]

6= ∅ ;

{
TZ

(
pidur(x)

)}
∩

{

TZ
(

pjdur(y)
)}

= TZk 6= ∅ .

3.3 Совпадение перемещений и событий

‚ëï¢«¥−¨¥ ¯® âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¨ ¯�áá�¦¨à®¢, ¯à¥¡ë¢�¢è¨å ¢ ®¯à¥-
¤¥«¥−−ë¥ ¬®¬¥−âë ¢à¥¬¥−¨ ¢ ®¯à¥¤¥«¥−−ëå âà�−á¯®àâ−ëå ¯ã−ªâ�å/§®−�å (â. ¥.
á®¢¯�¤¥−¨¥ ¯¥à¥¬¥é¥−¨© ¯�áá�¦¨à®¢ ¨ ä¨ªá¨à®¢�−−ëå á®¡ëâ¨©), ¯à¥¤áâ�¢«ï-
¥â −¥á®¬−¥−−ë© ®¯¥à�â¨¢−ë© ¨−â¥à¥á. �à¨¢¥¤¥¬ á®®â¢¥âáâ¢ãîéãî ¯®áâ�−®¢ªã
§�¤�ç¨ ¨ �«£®à¨â¬ ¥¥ à¥è¥−¨ï.

�¯à¥¤¥«¥−¨¥ 3. ‘®¡ëâ¨¥¬ −�§ë¢�¥âáï ¯�à� (qi, {pij}j), £¤¥ qi | ¨−â¥à¢�«
¢à¥¬¥−¨ i-£® á®¡ëâ¨ï (®§−�ç¥−−�ï ¤�â�), §�¤�−−ë© ¤¨áªà¥â−® á è�£®¬ ¢ áãâª /̈¬¥-
áïæ/£®¤; {pij}j | −¥¯ãáâ®¥ ¬−®¦¥áâ¢® âà�−á¯®àâ−ëå ¯ã−ªâ®¢ (®§−�ç¥−−®¥ ¬¥áâ®),
¢ ª®â®àëå ¯à®¨§®è«® i-¥ á®¡ëâ¨¥.

�à¨ç¨−� â®£®, çâ® ¤«ï á®¡ëâ¨ï §�¤�¥âáï −¥ ®¤¨− âà�−á¯®àâ−ë© ¯ã−ªâ, � −¥ª®-
â®à®¥ ¬−®¦¥áâ¢®, §�ª«îç�¥âáï ¢ â®¬, çâ® ¨áâ¨−−®¥ ¨−â¥à¥áãîé¥¥ á®¡ëâ¨¥ ®¡ëç−®
á¢ï§�−® á −�á¥«¥−−ë¬ ¯ã−ªâ®¬, ª ª®â®à®¬ã ¯à¨¢ï§�−® −¥áª®«ìª® âà�−á¯®àâ−ëå
¯ã−ªâ®¢. ��¯à¨¬¥à, ¥á«¨ ¨áâ¨−−®¥ á®¡ëâ¨¥ ¯à®¨§®è«® ¢ Œ®áª¢¥ ¨ ¨§¢¥áâ−®,
çâ® ¨−â¥à¥áãîé¨© ¯�áá�¦¨à ¯à¨¡ë« ¢ Œ®áª¢ã −� á�¬®«¥â¥, â® ¢¯®«−¥ ¥áâ¥-
áâ¢¥−−®, çâ® ¬−®¦¥áâ¢® âà�−á¯®àâ−ëå ¯ã−ªâ®¢ ¡ã¤¥â á®¤¥à¦�âì: {˜¥à¥¬¥âì¥¢®,
„®¬®¤¥¤®¢®, ‚−ãª®¢®, �ëª®¢®}.
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ˆ−ä®à¬�æ¨®−−ë¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ −� âà�−á¯®àâ¥: à�áç¥âë

ˆáå®¤−®¥ ¬−®¦¥áâ¢® á®¡ëâ¨© ã¤®¡−® ¯à¥¤áâ�¢¨âì á ¯®¬®éìî ¯®−ïâ¨ï æ¨-
«¨−¤à¨ç¥áª®£® ¬−®¦¥áâ¢� C = {qi, {pij}j}i, ª®â®à®¥ ¡ã¤¥¬ ¯à¥¤¯®«�£�âì ã−¨-
ª�«ì−® ¨¬¥−®¢�−−ë¬ ¨ −¥¯ãáâë¬.

�¥à¥¬¥é¥−¨ï ¯�áá�¦¨à� x ¯®«−®áâìî á®¢¯�¤�îâ á á®¡ëâ¨ï¬¨ æ¨«¨−¤à¨ç¥-
áª®£® ¬−®¦¥áâ¢� C = {qi, {pij}j}i ¥á«¨ P(x, qi) ∩ {pij}j 6= ∅ ∀ i, â. ¥. á®£«�á−®
¯à¨®¡à¥â¥−−ë¬ ¯à®¥§¤−ë¬ ¤®ªã¬¥−â�¬ ¢® ¢á¥ ®§−�ç¥−−ë¥ ¤�âë qi ¯�áá�¦¨à x
¬®£ −�å®¤¨âìáï ¢ ®§−�ç¥−−ëå ¬¥áâ�å {pij}j.

‡�¤�ç� ®¯à¥¤¥«¥−¨ï á®¢¯�¤¥−¨© ¯¥à¥¬¥é¥−¨© ¨ á®¡ëâ¨©, á¢ï§�−−�ï á æ¨-
«¨−¤à¨ç¥áª¨¬ ¬−®¦¥áâ¢®¬ C, à¥è�¥¬�ï ¤«ï £àã¯¯ë ¯�áá�¦¨à®¢ G (¨«¨ ¢á¥å
¯�áá�¦¨à®¢, §�à¥£¨áâà¨à®¢�−−ëå ¢ ¡�§¥ âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¨), §�ª«îç�¥â-
áï ¢ −�å®¦¤¥−¨¨ ¢á¥å ¯�áá�¦¨à®¢ ¨§ G (¨«¨ ¨§ ¢á¥© ¡�§ë), ¯¥à¥¬¥é¥−¨ï ª®â®àëå
¯®«−®áâìî á®¢¯�¤�îâ á æ¨«¨−¤à¨ç¥áª¨¬ ¬−®¦¥áâ¢®¬ C.

�à®£à�¬¬−�ï à¥�«¨§�æ¨ï à¥è¥−¨ï ¤�−−®© §�¤�ç¨ ¤®«¦−� ¯à¥¤ãá¬�âà¨¢�âì
á«¥¤ãîé¨¥ ¢�à¨�−âë §�¯®«−¥−¨ï âà�−á¯®àâ−ëå ¯ã−ªâ®¢ ¢ æ¨«¨−¤à¨ç¥áª¨å ¬−®-
¦¥áâ¢�å:

{ ¨−¤¨¢¨¤ã�«ì−ë© ¢ë¡®à âà�−á¯®àâ−ëå ¯ã−ªâ®¢;

{ ¢ë¡®à ¢á¥å ¯ã−ªâ®¢, ¢å®¤ïé¨å ¢ âà�−á¯®àâ−ãî §®−ã;

{ ¢ë¡®à ¢á¥å ¯ã−ªâ®¢, ¢å®¤ïé¨å ¢ âà�−á¯®àâ−ãî §®−ã á ¢®§¬®¦−®áâìî ä¨«ìâ-
à�æ¨¨ ¯® ¢¨¤ã âà�−á¯®àâ�.

3.4 Выявление связей и маршрутов групп пассажиров

÷¥è¥−¨ï £àã¯¯ë §�¤�ç ¯® ¢ëï¢«¥−¨î á¢ï§¥© ¨ ¬�àèàãâ®¢ £àã¯¯ ¯�áá�¦¨à®¢
¯à¥¤áâ�¢«ïîâáï ¢ á«¥¤ãîé¥© ¨−âã¨â¨¢−® ¯®−ïâ−®© â¥à¬¨−®«®£¨¨. ��áá�¦¨à
®áãé¥áâ¢«ï¥â ¯®á«¥¤®¢�â¥«ì−®¥ ¯® ¢à¥¬¥−¨ ¯¥à¥¬¥é¥−¨¥ ¢ á¨áâ¥¬¥ âà�−á¯®àâ−ëå
¯ã−ªâ®¢/§®− á ãç¥â®¬ «¨¡® ¡¥§ ãç¥â� ¢¨¤®¢ âà�−á¯®àâ� ¨ à¥©á®¢, ª®â®àë¥ ®¡à�§ãîâ
¬�àèàãâ. Œ�àèàãâë ¤¢ãå ¨ ¡®«¥¥ ¯�áá�¦¨à®¢ ¬®£ãâ ¯¥à¥á¥ª�âìáï ¢ â®¬ á«ãç�¥,
¥á«¨ ¨¬¥¥âáï ¯®«−®¥ ¨«¨ ç�áâ¨ç−®¥ á®¢¯�¤¥−¨¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ −�å®¦¤¥−¨ï
¯�áá�¦¨à®¢ ¢ âà�−á¯®àâ−ëå ¯ã−ªâ�å/§®−�å (á®¢¯�¤¥−¨¥ ¯à¥¡ë¢�−¨ï ¢ ¯ã−ª-
â¥/§®−¥ ¯® ¢à¥¬¥−¨ −¥ âà¥¡ã¥âáï). ’�ª®¥ ¯¥à¥á¥ç¥−¨¥ ¬�àèàãâ®¢ á¢¨¤¥â¥«ìáâ¢ã¥â
® −�«¨ç¨¨ á¢ï§¨ ¯�áá�¦¨à®¢.

”®à¬�«ì−ë¥ ¯®−ïâ¨ï, ¯à¨¢«¥ª�¥¬ë¥ ª à¥è¥−¨î §�¤�ç¨, â�ª®¢ë.

�¯à¥¤¥«¥−¨¥ 4. ‡¢¥−®¬ ¬�àèàãâ� −�§ë¢�¥âáï ã¯®àï¤®ç¥−−�ï âà®©ª�
(tpi, tti, vi), £¤¥ tpi | âà�−á¯®àâ−ë© ¯ã−ªâ (®¡ï§�â¥«ì−®¥ ¯®«¥); tti | ¢¨¤
âà�−á¯®àâ�, á ¯®¬®éìî ª®â®à®£® ¯®ª¨−ã«¨ ¯ã−ªâ (¯®«¥ ¬®¦¥â ¡ëâì ¯ãáâë¬);
vi | à¥©á âà�−á¯®àâ�, á ¯®¬®éìî ª®â®à®£® ¯®ª¨−ã«¨ ¯ã−ªâ (¯®«¥ ¬®¦¥â ¡ëâì
¯ãáâë¬).

Œ�àèàãâ®¬ −�§ë¢�¥âáï ã¯®àï¤®ç¥−−�ï ¯® ¢à¥¬¥−¨ á®¢®ªã¯−®áâì §¢¥−ì¥¢
{(tpi, tti, vi)}i. ‚ ¯®á«¥¤−¥¬ §¢¥−¥ ¬�àèàãâ� ¯®«ï (tti, vi) ®¡ï§�â¥«ì−® ®âáãâ-
áâ¢ãîâ. �®àï¤®ª ¢ á®¢®ªã¯−®áâ¨ á®®â¢¥âáâ¢ã¥â åà®−®«®£¨¨ ¯à¥¡ë¢�−¨ï ¢ âà�−á-
¯®àâ−ëå ¯ã−ªâ�å.
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‡®−�«ì−ë¬ §¢¥−®¬ ¬�àèàãâ� −�§ë¢�¥âáï ã¯®àï¤®ç¥−−�ï á®¢®ªã¯−®áâì
(tzi, tti), £¤¥ tzi | âà�−á¯®àâ−�ï §®−� (®¡ï§�â¥«ì−®¥ ¯®«¥); tti | ¢¨¤ âà�−á-
¯®àâ�, á ¯®¬®éìî ª®â®à®£® ¯®ª¨−ã«¨ ¯ã−ªâ (¯®«¥ ¬®¦¥â ¡ëâì ¯ãáâë¬).

‡®−�«ì−ë¬ ¬�àèàãâ®¬ −�§ë¢�¥âáï ã¯®àï¤®ç¥−−�ï ¯® ¢à¥¬¥−¨ á®¢®ªã¯−®áâì
§®−�«ì−ëå §¢¥−ì¥¢ {(tzi, tti)}i. ‚ ¯®á«¥¤−¥¬ §¢¥−¥ ¬�àèàãâ� ¯®«¥ tti ®¡ï§�â¥«ì−®
®âáãâáâ¢ã¥â.

ú÷ãç−®¥û ¯®áâà®¥−¨¥ ¬�àèàãâ� ¯à¥¤¯®«�£�¥â ¯®è�£®¢®¥ §�¤�−¨¥ ¯®«¥© ¢ á®-
®â¢¥âáâ¢¨¨ á ¨á¯®«ì§ã¥¬ë¬¨ ®¯à¥¤¥«¥−¨ï¬¨. �¨ª�ª¨å ®£à�−¨ç¥−¨© −� £¥®£à�ä¨-
ç¥áª®¥ à�á¯®«®¦¥−¨¥ ¯ã−ªâ®¢/§®− (â¨¯� §�¬ª−ãâ®áâ¨) ¯à¨ úàãç−®¬û ¯®áâà®¥−¨¨
¬�àèàãâ� −¥ −�ª«�¤ë¢�¥âáï. ‚ë¯®«−ï¥âáï ¯®«ì§®¢�â¥«¥¬ ‘��÷. ‘ä®à¬¨à®¢�−-
−ë¥ ¬�àèàãâë ¬®£ãâ ¡ëâì á®åà�−¥−ë ¨ ¨á¯®«ì§®¢�−ë ¢ ¤�«ì−¥©è¥© à�¡®â¥. „«ï
¬�àèàãâ� ¤®«¦−� ¯à¥¤ãá¬�âà¨¢�âìáï ¢®§¬®¦−®áâì £à�ä¨ç¥áª®£® ¯à¥¤áâ�¢«¥−¨ï
(�−�«®£¨ç−®£® ¯à¨¢¥¤¥−−®¬ã −� à¨á. 3).

�¢â®¬�â¨ç¥áª®¥ ¯®áâà®¥−¨¥ ¬�àèàãâ� ¯�áá�¦¨à� ¯® ¨áâ®à¨ç¥áª¨¬ ¤�−-
−ë¬, â. ¥. ¯® ¨¬¥îé¥©áï âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¨ (¯® §�¤�−−®¬ã ¯à®¬¥¦ãâªã
¢à¥¬¥−¨) ¬®¦¥â ®áãé¥áâ¢«ïâìáï ¢ �¢â®¬�â¨ç¥áª®¬ à¥¦¨¬¥. �à¨ íâ®¬ ¨á¯®«ì§ã-
¥¬�ï âà�−á¯®àâ−�ï ¨−ä®à¬�æ¨ï ¯® ª®−ªà¥â−®¬ã ¯�áá�¦¨àã ¤®«¦−� ¡ëâì ®ç¨é¥-
−� ®â ¢¥â¢ïé¨åáï à�§àë¢−ëå ¯¥à¥¬¥é¥−¨© (á¬. ¯. 2.3). �¯¥à�æ¨ï ú®ç¨áâª¨û
(â. ¥. ¢ë¡®à� â®© ¨«¨ ¨−®© ¢¥â¢¨-¯¥à¥¬¥é¥−¨ï) ¤®«¦−� ¢ë¯®«−ïâìáï íªá¯¥àâ®¬
¢àãç−ãî −� ®á−®¢¥ �¢â®¬�â¨ç¥áª®£® à¥è¥−¨ï §�¤�ç¨ ®¡−�àã¦¥−¨ï ¢¥â¢ïé¥£®áï
à�§àë¢−®£® ¯¥à¥¬¥é¥−¨ï.

�ãáâì TI(x, T1, T2) −¥ á®¤¥à¦¨â ¢¥â¢ïé¨åáï à�§àë¢−ëå ¯¥à¥¬¥é¥−¨©
¨ âà�−á¯®àâ−�ï ¨−ä®à¬�æ¨ï ã¯®àï¤®ç¥−� ¢ åà®−®«®£¨ç¥áª®¬ ¯®àï¤ª¥. �ã¤¥¬
¨á¯®«ì§®¢�âì áª«¥©ªã ¬�àèàãâ®¢ MC(x, T1, T2), á®áâ®ïéãî ¨§ ã¯®àï¤®ç¥−−®£®
−�¡®à� §¢¥−ì¥¢ {(tpj, ttj , vj)}j. ‘ª«¥©ª� áâà®¨âáï á«¥¤ãîé¨¬ ®¡à�§®¬ ¯® ¯®-
«ï¬:

{ tpj ¢ áª«¥©ª¥ á®®â¢¥âáâ¢ãîâ åà®−®«®£¨ç¥áª®¬ã ¯®ï¢«¥−¨î âà�−á¯®àâ−ëå
¯ã−ªâ®¢ ®â¡ëâ¨ï ¨ ¯à¨¡ëâ¨ï pidep ¨ piarr; ¯à¨ íâ®¬ ¥á«¨ pidep = pi+1arr (â. ¥. −¥â
ú¢ë¯�¢è¥£® ¯«¥ç�û), â® á®¢¯�¤�îé¨¥ ¯ã−ªâë (¯à¨¡ëâ¨ï ¨ ®â¡ëâ¨ï ¢ á«¥¤ã-
îéãî ¯®¥§¤ªã) âà�ªâãîâáï ª�ª ®¤¨−;

{ (ttj , vj) ¯à¨ ®âáãâáâ¢¨¨ ú¢ë¯�¢è¥£® ¯«¥ç�û ä®à¬¨àãîâáï ¨§ âà�−á¯®àâ−®©
¨−ä®à¬�æ¨¨; ¯à¨ −�«¨ç¨¨ ú¢ë¯�¢è¥£® ¯«¥ç�û (pidep 6= pi+1arr ) ¯®«ï (ttj , vj)
®áâ�îâáï ¯ãáâë¬¨.

�ãáâì âà�−á¯®àâ−ë© ¯ã−ªâ ktp ç�é¥ ¢á¥£® ¢áâà¥ç�¥âáï ¢ ¬−®¦¥áâ¢¥
{pidep, p

i
arr}i. ’�ª®© ¯ã−ªâ ¡ã¤¥¬ −�§ë¢�âì ã§«®¢ë¬. �à¨ −�«¨ç¨¨ −¥áª®«ì-

ª¨å ¯ã−ªâ®¢ á ¬�ªá¨¬�«ì−ë¬ ç¨á«®¬ ¢å®¦¤¥−¨© ¢ ¬−®¦¥áâ¢® {pidep, p
i
arr}i

ã§«®¢®© ¯ã−ªâ ¢ë¡¨à�¥âáï �−�«¨â¨ª®¬ ¨§ ¯à¥¤®áâ�¢«¥−−ëå ¢�à¨�−â®¢ ¢àãç-
−ãî.

�ãáâì MC(x, T1, T2) | áª«¥©ª� ¬�àèàãâ®¢, ¯®«ãç¥−−�ï ¯® âà�−á¯®àâ−®©
¨−ä®à¬�æ¨¨ TI(x, T1, T2), � ktp | ã§«®¢®© ’�. Œ−®¦¥áâ¢® ®âà¥§ª®¢ áª«¥©ª¨,
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à�§¡¨â®© âà�−á¯®àâ−ë¬ ¯ã−ªâ®¬ ktp, ®¡à�§ã¥â �¢â®¬�â¨ç¥áª¨© −�¡®à ¬�àèàã-
â®¢, ¯®«ãç¥−−ëå ¨§MC(x, T1, T2).

�¢â®¬�â¨ç¥áª®¥ ¯®áâà®¥−¨¥ ¬�àèàãâ� ¢ë¯®«−ï¥âáï ¯® §�¯à®á�¬ ¯®«ì§®¢�â¥«ï
‘��÷. �à¥¤ãá¬�âà¨¢�¥âáï ¢®§¬®¦−®áâì á®åà�−ïâì áä®à¬¨à®¢�−−ë¥ ¬�àèàãâë.
�à¨ ¯®áâà®¥−¨¨ ¬�àèàãâ� ¯®«ì§®¢�â¥«î ¤®áâã¯−ë áà¥¤áâ¢� ¤«ï ã¤�«¥−¨ï ¢¥â¢ï-
é¨åáï à�§àë¢−ëå ¯¥à¥¬¥é¥−¨©, ¢ë¡®à� ã§«®¢®£® ¯ã−ªâ�, ¤®®¯à¥¤¥«¥−¨ï ú¢ë-
¯�¢è¥£® ¯«¥ç�û. ˆáå®¤−ë¥ ¤�−−ë¥ ¤«ï ¯à®æ¥áá� ¯à¨ íâ®¬ ä®à¬¨àãîâáï ¨§
âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¨ ® ¯¥à¥¬¥é¥−¨ïå §�¤�−−®£® ¯�áá�¦¨à� x −� §�¤�−−®¬
®âà¥§ª¥ ¢à¥¬¥−¨ [T1, T2]. „«ï ¬�àèàãâ� ¬®¦¥â ¡ëâì áä®à¬¨à®¢�−® £à�ä¨ç¥áª®¥
¯à¥¤áâ�¢«¥−¨¥ (á¬. à¨á. 3).

3.5 Сравнение маршрутов пассажиров

‚ à�¬ª�å ª�ç¥áâ¢¥−−®£® áà�¢−¥−¨ï ¬�àèàãâ®¢M1 = {(tpj, ttj , vj)}j ¨M2 =

= {(TPi,TTi, V i)}i ®¯à¥¤¥«¨¬ á«¥¤ãîé¨¥ ªà¨â¥à¨¨.
Œ�àèàãâë á®¢¯�¤�îâ, ¥á«¨ åà®−®«®£¨ç¥áª¨ á®¢¯�¤�îâ ¯®á«¥¤®¢�â¥«ì−®áâ¨

á®®â¢¥âáâ¢ãîé¨å âà�−á¯®àâ−ëå ¯ã−ªâ®¢ ¢ ¬�àèàãâ�å, â. ¥. ¥á«¨ (tp1, . . . , tpN ) =
= (TP1, . . . ,TPN ).

Œ�àèàãâë á®¢¯�¤�îâ ¯® á¯®á®¡ã ¯¥à¥¤¢¨¦¥−¨ï, ¥á«¨ ®−¨ á®¢¯�¤�îâ £¥®£à�-
ä¨ç¥áª¨, � â�ª¦¥ (tt1, . . . , ttN ) = (TT1, . . . ,TTN ).

…á«¨ M1 =M2, â® ¬�àèàãâë ¡ã¤¥¬ áç¨â�âì ¨¤¥−â¨ç−ë¬¨.
�−�«®£¨ç−® ®¯à¥¤¥«ïîâáï ªà¨â¥à¨¨ ª�ç¥áâ¢¥−−®£® áà�¢−¥−¨ï §®−�«ì−ëå

¬�àèàãâ®¢ ZM1 = {(tzj , ttj)}j ¨ ZM2 = {(TZi,TTi)}i.
‡®−�«ì−ë¥ ¬�àèàãâë £¥®£à�ä¨ç¥áª¨ á®¢¯�¤�îâ, ¥á«¨ á®¢¯�¤�îâ åà®−®«®-

£¨ç¥áª¨¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ á®®â¢¥âáâ¢ãîé¨å §®− ¢ ¬�àèàãâ�å, â. ¥. ª®£¤�
(tz1, . . . , tzn) = (TZ1, . . . ,TZN ).

‡®−�«ì−ë¥ ¬�àèàãâë á®¢¯�¤�îâ ¯® á¯®á®¡ã ¯¥à¥¤¢¨¦¥−¨ï, ¥á«¨ ®−¨ á®¢¯�-
¤�îâ £¥®£à�ä¨ç¥áª¨, � â�ª¦¥ (tt1, . . . , ttN ) = (TT1, . . . ,TTN ).

Š�ç¥áâ¢¥−−®¥ áà�¢−¥−¨¥ ¬�àèàãâ®¢ ¤®«¦−® ¢ë¯®«−ïâìáï ¯® §�¯à®áã ¯®«ì§®-
¢�â¥«ï ‘��÷ ¤«ï ¯à®¨§¢®«ì−ëå á®åà�−¥−−ëå −�¡®à®¢ ¬�àèàãâ®¢. ÷¥§ã«ìâ�â
áà�¢−¥−¨ï ¬�àèàãâ®¢ ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥− ¢ £à�ä¨ç¥áª®¬ ¢¨¤¥.

�à¨ áà�¢−¥−¨¨ ¬�àèàãâ®¢ á £¥®£à�ä¨ç¥áª®© â®çª¨ §à¥−¨ï ¢®§¬®¦−® ¢ë-
¯®«−¨âì ª®«¨ç¥áâ¢¥−−®¥ áà�¢−¥−¨¥ ¬�àèàãâ®¢ ¨ ¯®«ãç¨âì ç¨á«®¢ãî å�à�ªâ¥-
à¨áâ¨ªã ¨å áå®¤áâ¢�. ’�ª ª�ª ¢ ¤�−−®© £àã¯¯¥ §�¤�ç ¬�àèàãâë à�áá¬�âà¨¢�-
îâáï á £¥®£à�ä¨ç¥áª®© â®çª¨ §à¥−¨ï, â® ¡ã¤¥¬ à�áá¬�âà¨¢�âì £¥®£à�ä¨ç¥áª¨¥
¬�àèàãâë ¢ ¢¨¤¥ ¢¥ªâ®à� (tp1, . . . , tpn) (â. ¥. ã¯®àï¤®ç¥−−®© ¯®á«¥¤®¢�â¥«ì-
−®áâ¨ âà�−á¯®àâ−ëå ¯ã−ªâ®¢), � §®−�«ì−ë¥ £¥®£à�ä¨ç¥áª¨¥ ¬�àèàãâë | ¢ ¢¨¤¥
¢¥ªâ®à� (tz1, . . . , tzn) (ã¯®àï¤®ç¥−−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ âà�−á¯®àâ−ëå §®−).
�¯à¥¤¥«¨¬ äã−ªæ¨¨ áå®¤áâ¢� ¬�àèàãâ®¢ GM1 = (tp1, . . . , tpn) ¨ GM2 =
= (TP1, . . . ,TPN ).
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”ã−ªæ¨ï áå®¤áâ¢� ¬�àèàãâ®¢ GMS(GM1,GM2):

GMS(GM1,GM2) =







0, ¥á«¨ GM1 −¥ ï¢«ï¥âáï ¯®¤¢¥ªâ®à®¬ GM2
¨ GM2 −¥ ï¢«ï¥âáï ¯®¤¢¥ªâ®à®¬ GM1 ;

min(n,N)

max(n,N)
¢ ¯à®â¨¢−®¬ á«ãç�¥ .

‹¥£ª® ¯à®¢¥à¨âì, çâ® ¥á«¨ ¬�àèàãâë ®â¢¥ç�îâ ªà¨â¥à¨î £¥®£à�ä¨ç¥áª®£® á®¢¯�-
¤¥−¨ï, â® äã−ªæ¨ï ¨å áå®¤áâ¢� à�¢−� 1.

”ã−ªæ¨ï áå®¤áâ¢� §®−�«ì−ëå ¬�àèàãâ®¢ GZMS(GZM1,GZM2):

GZMS(GZM1,GZM2) =

=







0, ¥á«¨ GZM1 −¥ ï¢«ï¥âáï ¯®¤¢¥ªâ®à®¬ GZM2
¨ GZM2 −¥ ï¢«ï¥âáï ¯®¤¢¥ªâ®à®¬ GZM1 ;

min(n,N)

max(n,N)
¢ ¯à®â¨¢−®¬ á«ãç�¥ .

‹¥£ª® ¯à®¢¥à¨âì, çâ® ¥á«¨ §®−�«ì−ë¥ ¬�àèàãâë ®â¢¥ç�îâ ªà¨â¥à¨î £¥®£à�-
ä¨ç¥áª®£® á®¢¯�¤¥−¨ï, â® äã−ªæ¨ï ¨å áå®¤áâ¢� à�¢−� 1.

�à¥¤¯®«�£�¥âáï, çâ® ª®«¨ç¥áâ¢¥−−®¥ áà�¢−¥−¨¥ ¬�àèàãâ®¢ ¬®¦¥â ¢ë¯®«−ïâì-
áï ¤«ï ¯à®¨§¢®«ì−ëå −�¡®à®¢ á®åà�−¥−−ëå ¬�àèàãâ®¢.

‘«¥¤ãîé¨© ¢�à¨�−â áà�¢−¥−¨ï ¤¢ãå ¬−®¦¥áâ¢ ¬�àèàãâ®¢ PS1 ¨ PS2. ˆá-
â®ç−¨ª ¨ á¯®á®¡ ¨å á®§¤�−¨ï −¥ ¢�¦¥− | íâ® ¬®£ãâ ¡ëâì ¤¢� ¬−®¦¥áâ¢�, á®§¤�−−ëå
ú¢àãç−ãîû, ¬−®¦¥áâ¢� ¬�àèàãâ®¢ ¤¢ãå ¯�áá�¦¨à®¢, ¯®áâà®¥−−ëå �¢â®¬�â¨ç¥-
áª¨ ¯® ¨áâ®à¨ç¥áª¨¬ ¤�−−ë¬ ¨ ¤à. ÷¥§ã«ìâ�â®¬ áà�¢−¥−¨ï PS1 ¨ PS2 ï¢«ïîâáï
à¥§ã«ìâ�âë ¯®¯�à−®£® áà�¢−¥−¨ï úª�¦¤ë© á ª�¦¤ë¬û ¬�àèàãâ®¢ ¨§ PS1 ¨ PS2
á®£«�á−® ªà¨â¥à¨ï¬ áà�¢−¥−¨ï ¬�àèàãâ®¢ ¨ äã−ªæ¨¨ áå®¤áâ¢�. �à¨ à¥è¥−¨¨
íâ®© §�¤�ç¨ íªá¯¥àâã ¯à¥¤®áâ�¢«ïîâáï â®«ìª® ¯®«®¦¨â¥«ì−ë¥ ®â¢¥âë (®âà¨æ�-
â¥«ì−ë¥ ¨ −ã«¥¢ë¥ ®â¢¥âë ®¯ãáª�îâáï).

÷¥§ã«ìâ�â®¬ áà�¢−¥−¨ï ¤¢ãå ¬−®¦¥áâ¢ §®−�«ì−ëå ¬�àèàãâ®¢ PZS1 ¨ PZS2
ï¢«ïîâáï à¥§ã«ìâ�âë ¯®¯�à−®£® áà�¢−¥−¨ï úª�¦¤ë© á ª�¦¤ë¬û ¬�àèàãâ®¢ ¨§
PZS1 ¨ PZS2 á®£«�á−® ªà¨â¥à¨ï¬ áà�¢−¥−¨ï §®−�«ì−ëå ¬�àèàãâ®¢ ¨ äã−ªæ¨¨
áå®¤áâ¢�. �à¨ à¥è¥−¨¨ íâ®© §�¤�ç¨ íªá¯¥àâã â�ª¦¥ ¯à¥¤®áâ�¢«ïîâáï â®«ìª®
¯®«®¦¨â¥«ì−ë¥ ®â¢¥âë.

4 Заключение

ˆáá«¥¤®¢�−¨¥ ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−®© ¯®¤¤¥à¦ª¨ ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®-
áâ¨ ¯�áá�¦¨àáª¨å ¯¥à¥¢®§®ª ¨ ¯à®â¨¢®¤¥©áâ¢¨ï ¯à®â¨¢®¯à�¢−®© ¤¥ïâ¥«ì−®áâ¨ −�
âà�−á¯®àâ¥, ¨−¨æ¨¨à®¢�−−®¥ ª®−æ¥¯âã�«ì−®© ¬®¤¥«ìî ¢ [1], ¤®¯®«−¥−−®¥ ¯à®á-
âë¬¨ ¯®¨áª®¢ë¬¨ ¯à®æ¥¤ãà�¬¨ (�−�«¨â¨ç¥áª¨¬¨ §�¤�ç�¬¨ ¯¥à¢®£® â¨¯�) ¢ [2],
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¢ ¤�−−®© áâ�âì¥ ¯®«ãç¨«® à�áè¨à¥−−ãî á¯¥æ¨�«ì−ãî äã−ªæ¨®−�«ì−®áâì, ®¡¥á-
¯¥ç¥−−ãî à�áç¥â−ë¬¨ �−�«¨â¨ç¥áª¨¬¨ §�¤�ç�¬¨ (§�¤�ç�¬¨ ¢â®à®£® â¨¯�). �â¨
§�¤�ç¨ ã¦¥ ¯à¥¤áâ�¢«ïîâ à¥�«ì−ë¥ ¨−áâàã¬¥−âë, ®¡¥á¯¥ç¨¢�îé¨¥ ¨−ä®à¬�-
æ¨®−−ãî ¯®¤¤¥à¦ªã �−�«¨â¨ª� ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¯à¨ à¥è¥−¨¨ ®¯¥à�â¨¢−ëå
§�¤�ç, �−�«¨§¥ ¨−æ¨¤¥−â®¢ ¨ á¨âã�â¨¢−®¬ �−�«¨§¥. ’¥¯¥àì ¨¬¥îâáï ¢á¥ ®á−®¢�−¨ï
¤«ï ®¡áã¦¤¥−¨ï âà¥âì¥£® â¨¯� §�¤�ç, ª ª®â®àë¬ ®â−®áïâáï 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¨¢−®© �−�«¨â¨ç¥áª®© ®¡à�¡®âª¨
¤�−−ëå (OLAP, online analytical processing). ‘®®â¢¥âáâ¢ãîé¨¥ ¯®áâ�−®¢ª¨ §�¤�ç
¨ ¬¥â®¤ë ¨å à¥è¥−¨ï ¯«�−¨àãîâáï ª ¯à¥¤áâ�¢«¥−¨î ¢ á«¥¤ãîé¥©, §�¢¥àè�îé¥©
áâ�âì¥ æ¨ª«�.
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Abstract: In the third article of a series, devoted to the description of the
decision support system in the field of ensuring the safety of passenger traffic
and countering illegal activities in transport, the conceptual model proposed in
the first article of a series and supplemented by the basic functional content in
the second article of a series is expanded with specialized analytical statements.
Firstly, a set of formal concepts is formed that provide the possibility of
transforming the operational tasks of the system users into computational tasks
for the selected transport data. Then, a series of computational problems is
presented that provide information support for the analyst of the subject area
in solving operational problems, analyzing incidents, and conducting situational
analysis. Finally, a planned presentation of analytical functions associated with
complex data processing is announced.
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СТРАТЕГИЯ ИССЛЕДОВАНИЙ И РАЗРАБОТОК
В ОБЛАСТИ ИСКУССТВЕННОГО ИНТЕЛЛЕКТА III:

ДОКТРИНА ГОСУДАРСТВЕННОЙ ПОДДЕРЖКИ США

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

�−−®â�æ¨ï: ‘â�âìï ¯à®¤®«¦�¥â æ¨ª« à�¡®â, ¯®á¢ïé¥−−ëå �−�«¨§ã ¢«¨ï−¨ï
£®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï −� íää¥ªâ¨¢−®áâì ¯à®¢¥¤¥−¨ï ¨áá«¥¤®¢�−¨©
¨ à�§à�¡®â®ª ¢ ®¡«�áâ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� (AI R&D, Artificial Intel-
ligence Research and Development). ‚ âà¥âì¥© ç�áâ¨ æ¨ª«� à�áá¬�âà¨¢�¥âáï
¢«¨ï−¨¥ £®áã¤�àáâ¢� −� AI R&D −� ¯à¨¬¥à¥ ‘˜�. „�−® ªà�âª®¥ ®¯¨á�−¨¥
áâà�â¥£¨ç¥áª®£® ¤®ªã¬¥−â� ‘˜� ¢ ®¡«�áâ¨ AI R&D, ¢ª«îç�ï ª®¬¯�ªâ−®¥
¨§«®¦¥−¨¥ ¥£® æ¥«¥© ¨ §�¤�ç, � â�ª¦¥ ¯à¨−æ¨¯®¢ à¥�«¨§�æ¨¨. �®¬¨¬® íâ®£®
¯à®�−�«¨§¨à®¢�− á¬¥¦−ë© ¤®ªã¬¥−â Œ¨−¨áâ¥àáâ¢� ®¡®à®−ë ‘˜�. �à¥¤-
áâ�¢«¥− ª«�áá¨ä¨ª�æ¨®−−ë© �−�«¨§ −�¯à�¢«¥−¨© AI R&D ¢ ®¡«�áâ¨ ®¡®à®−ë
¨ ¡¥§®¯�á−®áâ¨, ¯à®¢®¤¨¬ëå ®á−®¢−ë¬¨ á¯¥æ¨�«¨§¨à®¢�−−ë¬¨ −�ãç−®-¨á-
á«¥¤®¢�â¥«ìáª¨¬¨ ®à£�−¨§�æ¨ï¬¨ ‘˜�.

Š«îç¥¢ë¥ á«®¢�: ¨áªãááâ¢¥−−ë© ¨−â¥««¥ªâ; Œ¨−¨áâ¥àáâ¢® ®¡®à®−ë ‘˜�
(DoD); “¯à�¢«¥−¨¥ ¯¥àá¯¥ªâ¨¢−ëå ¨áá«¥¤®¢�â¥«ìáª¨å ¯à®¥ªâ®¢ Œ¨−¨áâ¥à-
áâ¢� ®¡®à®−ë ‘˜� (DARPA); �£¥−âáâ¢® ¯¥à¥¤®¢ëå ¨áá«¥¤®¢�−¨© ¢ áä¥à¥
à�§¢¥¤ª¨ (IARPA)

DOI: 10.14357/08696527210410

1 Введение

‘â�âìï ¯à¥¤áâ�¢«ï¥â âà¥âìî ç�áâì æ¨ª«� à�¡®â, ¯®á¢ïé¥−−®£® �−�«¨§ã £®-
áã¤�àáâ¢¥−−®£® ¢«¨ï−¨ï −� áä¥àã ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª ¢ ®¡«�áâ¨ ¨áªãá-
áâ¢¥−−®£® ¨−â¥««¥ªâ�. �à¥¤ë¤ãé¨¥ ç�áâ¨ [1, 2] ¡ë«¨ ¯®á¢ïé¥−ë åà®−®«®£¨¨
à�§¢¨â¨ï ¤�−−®© ®¡«�áâ¨ ¢ ‘‘‘÷ ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¨ áà�¢−¨â¥«ì−®¬ã
�−�«¨§ã −�ãª®¬¥âà¨ç¥áª¨å ¯®ª�§�â¥«¥© ¯ã¡«¨ª�æ¨®−−®© �ªâ¨¢−®áâ¨ ¯® AI R&D
§� ¯®á«¥¤−¨¥ 20 «¥â ¢ ÷®áá¨¨ ¨ ¬¨à¥. �â¨ ®¡§®àë áä®à¬¨à®¢�«¨ ¯à¥¤áâ�¢-
«¥−¨¥ ® ú−�ç�«ì−ëå ãá«®¢¨ïåû à¥�«¨§�æ¨¨ ú��æ¨®−�«ì−®© áâà�â¥£¨¨ à�§¢¨â¨ï
¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� −� ¯¥à¨®¤ ¤® 2030 £®¤�û [3].

��è¥ £®áã¤�àáâ¢® ¡ë«® −¥ ¯¥à¢ë¬, ªâ® à�§à�¡®â�« ¨ ¯à¨áâã¯¨« ª à¥�«¨§�æ¨¨
áâà�â¥£¨¨ ¯®¤®¡−®£® à®¤�. �−�«®£¨ç−ë¥ ¤®ªã¬¥−âë ¡ë«¨ ¯à¨−ïâë ª ¢ë¯®«−¥−¨î

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

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

3”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, DZhukov@ipiran.ru
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‘âà�â¥£¨ï ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª ¢ ®¡«�áâ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� III

¢ 2016 £. ¢ ‘˜� ¨ ¢ 2017 £. ¢ Š�÷. –¥«ì ¤�−−®© ç�áâ¨ æ¨ª«� | �−�«¨§ £®áã¤�à-
áâ¢¥−−®£® ¢«¨ï−¨ï ¢ ®¡«�áâ¨ AI R&D ¢ ‘˜�. ‘®¥¤¨−¥−−ë¥ ˜â�âë �¬¥à¨ª¨
ï¢«ïîâáï −¥ â®«ìª® á¢¥àå¤¥à¦�¢®©, à®¤®−�ç�«ì−¨æ¥© áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®©
â¥å−¨ª¨, −® ¨ ¨−¨æ¨�â®à®¬ à�§¢¨â¨ï ®âà�á«¨ AI R&D ¢ æ¥«®¬.

÷�¡®â� ®à£�−¨§®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬. ‚ à�§¤. 2 ¤�−® ªà�âª®¥ ®¯¨á�−¨¥
áâà�â¥£¨ç¥áª®£® ¤®ªã¬¥−â� ‘˜� [4], � â�ª¦¥ §�ï¢«¥−−ëå ¢ −¥¬ æ¥«¥©, §�¤�ç
¨ ¯à¨−æ¨¯®¢ ¨å à¥�«¨§�æ¨¨. Š ®¤−®© ¨§ ¨áª«îç¨â¥«ì−ëå £®áã¤�àáâ¢¥−−ëå ¯à¥-
à®£�â¨¢ ®â−®á¨âáï äã−ªæ¨ï ®¡¥á¯¥ç¥−¨ï ®¡®à®−ë, ®¡é¥áâ¢¥−−®© ¨ £®áã¤�àáâ¢¥−-
−®© ¡¥§®¯�á−®áâ¨. ÷�§¤¥« 3 áâ�âì¨ ¯®á¢ïé¥− �−�«¨§ã ¯à®£à�¬¬−ëå ¤®ªã¬¥−â®¢
Œ¨−¨áâ¥àáâ¢� ®¡®à®−ë ‘˜� ¢ ç�áâ¨ AI R&D. �à¥¤áâ�¢«¥−ë ®á−®¢−ë¥ −�-
¯à�¢«¥−¨ï ¯à¨¬¥−¥−¨ï â¥å−®«®£¨© ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¢ ®¡«�áâ¨ ®¡®à®−ë
¨ ¡¥§®¯�á−®áâ¨, � â�ª¦¥ −�§¢�−ë ®á−®¢−ë¥ £®áã¤�àáâ¢¥−−ë¥ á¯¥æ¨�«¨§¨à®¢�−-
−ë¥ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨¥ ®à£�−¨§�æ¨¨, ä®à¬¨àãîé¨¥ á¯¥ªâà AI R&D:
“¯à�¢«¥−¨¥ ¯¥àá¯¥ªâ¨¢−ëå ¨áá«¥¤®¢�â¥«ìáª¨å ¯à®¥ªâ®¢ Œ¨−¨áâ¥àáâ¢� ®¡®à®−ë
‘˜� (DARPA, Defence Advanced Research Projects Agency) ¨ �£¥−âáâ¢® ¯¥à¥-
¤®¢ëå ¨áá«¥¤®¢�−¨© ¢ áä¥à¥ à�§¢¥¤ª¨ (IARPA, Intelligence Advanced Research
Projects Activity). �� ®á−®¢¥ ¤®áâã¯−ëå ¨áâ®ç−¨ª®¢ ¯à®¢¥¤¥− �−�«¨§ −�¯à�¢-
«¥−¨© ¯à¨ª«�¤−ëå ¨áá«¥¤®¢�−¨© ¤�−−ëå ®à£�−¨§�æ¨© ¢ ®¡«�áâ¨ ¨áªãááâ¢¥−−®£®
¨−â¥««¥ªâ�. ÷�§¤¥« 4 ¯®á¢ïé¥− ¢−¥¤à¥−¨î ¯à¨«®¦¥−¨©, ¨á¯®«ì§ãîé¨å ¨áªãá-
áâ¢¥−−ë© ¨−â¥««¥ªâ, ¢ ¯à�¢®®åà�−¨â¥«ì−ëå ®à£�−�å ‘˜�: ”�÷ ¨ ¯®«¨æ¨¨.
‡�ª«îç¨â¥«ì−ë¥ ¢ë¢®¤ë ¯® ¤�−−®© ç�áâ¨ æ¨ª«� ¯à¥¤áâ�¢«¥−ë ¢ à�§¤. 5.

2 Государственный подход к исследованиям и разработкам
в области искусственного интеллекта в США

ˆáá«¥¤®¢�−¨ï ¢ ®¡«�áâ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¯à®¢®¤ïâáï ¢ ‘˜� ¤�¢-
−®. �¬¥à¨ª�−áª®¥ ¯à�¢¨â¥«ìáâ¢® ¢ë¤¥«ï«® ¨ ¢ë¤¥«ï¥â −� íâ¨ æ¥«¨ ¢¥áì¬�
¡®«ìè¨¥ áà¥¤áâ¢�. ��¯à¨¬¥à, ¢ 2015 £. ®¡é¨© ®¡ê¥¬ §�âà�â ‘˜� −� AI R&D
á®áâ�¢¨« ¯à¨¬¥à−® 1,1 ¬«à¤ ¤®««�à®¢, çâ® á ãç¥â®¬ ¨−ä«ïæ¨¨ á¥©ç�á íª¢¨¢�-
«¥−â−® 80 ¬«à¤ àã¡«¥©. �à¨ íâ®¬ à�§¬¥à ç�áâ−ëå ¨−¢¥áâ¨æ¨© ¢ áä¥àã AI R&D
â®ç−® −�§¢�âì á«®¦−®, ®¤−�ª® ®−, ¡¥§ á®¬−¥−¨ï, ¡®«ìè¥ £®áã¤�àáâ¢¥−−®£®. ˆ§-
¢¥áâ−®, çâ® ®¡ê¥¬ ¢¥−çãà−®£® (à¨áª®¢®£®) ª�¯¨â�«�, −�¯à�¢«¥−−®£® −� áâ�àâ�¯ë
¢ ®¡«�áâ¨ AI R&D, ¢ ¯¥à¨®¤ á 2013 ¯® 2014 ££. ¢ëà®á ¢ 4 à�§�. „«ï áà�¢−¥−¨ï:
−� ¯à®¢¥¤¥−¨¥ ¢á¥å äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© ¢ 2020 £. (¢ª«îç�ï ÷��,
£®áã¤�àáâ¢¥−−ë¥ ¨áá«¥¤®¢�â¥«ìáª¨¥ æ¥−âàë, �ˆˆ, ‘ª®«ª®¢® ¨ ¤à.) ¤® −�ç�«�
¯�−¤¥¬¨¨ COVID-19 ¯«�−¨à®¢�«®áì ¢ë¤¥«¨âì 150 ¬«à¤ àã¡«¥©.

�®−¨¬�−¨¥ áâà�â¥£¨ç¥áª®© ¢�¦−®áâ¨ AI R&D ¢ ‘˜� −�è«® á¢®¥ ®âà�¦¥-
−¨¥ ¢ à�§à�¡®â�−−®© ��æ¨®−�«ì−ë¬ á®¢¥â®¬ ¯® −�ãª¥ ¨ â¥å−¨ª¥ ‘˜� (NSTC)
¢ 2016 £. ¤®ªã¬¥−â� ú��æ¨®−�«ì−ë© áâà�â¥£¨ç¥áª¨© ¯«�− ¯® ¨áá«¥¤®¢�−¨ï¬ ¨ à�§-
à�¡®âª¥ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�û [4] (¤�«¥¥ | ‘âà�â¥£¨ï). ‚ −¥¬ ¢ë¤¥«¥−ë
−�¯à�¢«¥−¨ï AI R&D, ª®â®àë¥ ¡ã¤ãâ ¯®«ãç�âì £®áã¤�àáâ¢¥−−®¥ ä¨−�−á¨à®¢�-
−¨¥. „®ªã¬¥−â −¥ ä®ªãá¨à®¢�«áï −� AI R&D ¨áª«îç¨â¥«ì−® ¢ ¢®¥−−ëå æ¥«ïå.
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�. ‚. �®à¨á®¢, �. ‚. �®á®¢, „. ‚. †ãª®¢

�á−®¢−®© æ¥«ìî ¤�−−ëå ¨áá«¥¤®¢�−¨© ¡ë«® −�§¢�−® ¯®«ãç¥−¨¥ −®¢ëå §−�−¨©
¨ â¥å−®«®£¨© ¢ ®¡«�áâ¨ AI R&D. „«ï ¥¥ ¤®áâ¨¦¥−¨ï ¡ë«¨ ®¯à¥¤¥«¥−ë á«¥¤ã-
îé¨¥ −�¯à�¢«¥−¨ï ¨ ª«îç¥¢ë¥ ¯à¨−æ¨¯ë ¤¥ïâ¥«ì−®áâ¨ (áâà�â¥£¨¨, ¢ â¥à¬¨−�å
¤®ªã¬¥−â�):

(1) ¤®«£®¢à¥¬¥−−ë¥ ¨−¢¥áâ¨æ¨¨ ¢ AI R&D: £®à¨§®−â ®¦¨¤�−¨ï à¥§ã«ìâ�-
â®¢ | 5{10 «¥â; ú¢ëá®ª¨© à¨áª { ¡®«ìè¨¥ ¢ë£®¤ëû; à�§¢¨â¨¥ ¬¥â®¤®«®£¨©,
®à¨¥−â¨à®¢�−−ëå −� ¤�−−ë¥, ¤«ï ¯®«ãç¥−¨ï −®¢ëå §−�−¨©; ã«ãçè¥−¨¥
¢®§¬®¦−®áâ¥© ¢®á¯à¨ïâ¨ï ã á¨áâ¥¬ AI; ¨áá«¥¤®¢�−¨¥ â¥®à¥â¨ç¥áª¨å ¢®§-
¬®¦−®áâ¥© ¨ ®£à�−¨ç¥−¨© AI; ¯à®¢¥¤¥−¨¥ ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ AI ®¡é¥£®
−�§−�ç¥−¨ï; á®§¤�−¨¥ ¬�áèâ�¡¨àã¥¬ëå á¨áâ¥¬ AI; ¯®¤¤¥à¦ª� ¨áá«¥¤®¢�−¨©
AI, ¯®¤®¡−®£® ç¥«®¢¥ç¥áª®¬ã; á®§¤�−¨¥ ¡®«¥¥ á®¢¥àè¥−−ëå ¨ −�¤¥¦−ëå
à®¡®â®¢; à�§¢¨â¨¥ �¯¯�à�â−®© ¡�§ë ¤«ï ã«ãçè¥−−®£® AI; à�§à�¡®âª� á¨áâ¥¬
AI ¤«ï ¬®¤¥à−¨§¨à®¢�−−®© �¯¯�à�â−®© ¡�§ë;

(2) à�§à�¡®âª� íää¥ªâ¨¢−ëå ¬¥â®¤®¢ ¢§�¨¬®¤¥©áâ¢¨ï ç¥«®¢¥ª� ¨ AI: ¯®-
¨áª −®¢ëå �«£®à¨â¬®¢ ¢§�¨¬®¤¥©áâ¢¨ï úç¥«®¢¥ª{AIû; ¨á¯®«ì§®¢�−¨¥ AI
¤«ï à�§¢¨â¨ï ç¥«®¢¥ç¥áª¨å á¯®á®¡−®áâ¥©; à�§¢¨â¨¥ â¥å−®«®£¨¨ ¢¨§ã�«¨-
§�æ¨¨ ¨ ¨−â¥àä¥©á®¢ úç¥«®¢¥ª{AIû; á®§¤�−¨¥ ¡®«¥¥ íää¥ªâ¨¢−ëå á¨áâ¥¬
«¨−£¢¨áâ¨ç¥áª®© ®¡à�¡®âª¨;

(3) ¢ëï¢«¥−¨¥ ¨ à¥è¥−¨¥ íâ¨ç¥áª¨å, §�ª®−®¤�â¥«ì−ëå ¨ á®æ¨�«ì−ëå ¯à®¡-
«¥¬ ¨á¯®«ì§®¢�−¨ï AI: ¯®¢ëè¥−¨¥ ãà®¢−ï á¯à�¢¥¤«¨¢®áâ¨, ¯à®§à�ç−®áâ¨
¨ ãç¥â�; ¯®áâà®¥−¨¥ á¨áâ¥¬ AI, ¯®¤ç¨−¥−−ëå íâ¨ç¥áª¨¬ −®à¬�¬; à�§à�¡®âª�
�àå¨â¥ªâãàë íâ¨ç¥áª®£® AI;

(4) ®¡¥á¯¥ç¥−¨¥ ¡¥§®¯�á−®áâ¨ ¨á¯®«ì§®¢�−¨ï á¨áâ¥¬ AI: ¯®¢ëè¥−¨¥ ®¡êïá-
−¨¬®áâ¨ ¨ ¯à®§à�ç−®áâ¨; ã¢¥«¨ç¥−¨¥ ¤®¢¥à¨ï; ã«ãçè¥−¨¥ ª�ç¥áâ¢� ¢¥à¨ä¨-
ª�æ¨¨ ¨ ¯®¤â¢¥à¦¤¥−¨ï; ã¢¥«¨ç¥−¨¥ §�é¨é¥−−®áâ¨ ¯à®â¨¢ �â�ª à�§«¨ç−®©
¯à¨à®¤ë; ¤®áâ¨¦¥−¨¥ ¤®«£®áà®ç−®© ¡¥§®¯�á−®áâ¨ á¨áâ¥¬ AI ¨ ¢ëà�¢−¨¢�−¨¥
ª�ç¥áâ¢�;

(5) à�§à�¡®âª� ®âªàëâëå ¬�áá¨¢®¢ ¤�−−ëå ¤«ï ®¡ãç¥−¨ï ¨ â¥áâ¨à®¢�−¨ï
á¨áâ¥¬ AI: á®§¤�−¨¥ ¨ ¯ã¡«¨ª�æ¨ï è¨à®ª®£® á¯¥ªâà� ¬�áá¨¢®¢ ¤�−−ëå ¤«ï
−ã¦¤ à�§à�¡®âç¨ª®¢ AI; á®§¤�−¨¥ à¥áãàá®¢ ¤«ï âà¥−¨à®¢®ª ¨ â¥áâ®¢ á ãç¥â®¢
ª®¬¬¥àç¥áª¨å ¨ ®¡é¥áâ¢¥−−ëå ¨−â¥à¥á®¢; à�§à�¡®âª� ¡¨¡«¨®â¥ª ¨ ¯�ª¥â®¢
á ®âªàëâë¬ ª®¤®¬;

(6) ¬¥âà®«®£¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ â¥å−®«®£¨© ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�
¯ãâ¥¬ á®§¤�−¨ï áâ�−¤�àâ®¢ ¨ ªà¨â¥à¨¥¢: á®§¤�−¨¥ è¨à®ª®£® á¯¥ªâà� áâ�−-
¤�àâ®¢ ¯® AI; à�§à�¡®âª� â¥å−®«®£¨ç¥áª¨å â¥áâ®¢; ¯®¢ëè¥−¨¥ ¤®áâã¯−®áâ¨
â¥áâ®¢ëå áâ¥−¤®¢ ¤«ï AI; ¢®¢«¥ç¥−¨¥ á®®¡é¥áâ¢� à�§à�¡®âç¨ª®¢ ¨ ¨áá«¥¤®-
¢�â¥«¥© AI ¢ ¯à®æ¥áá á®§¤�−¨ï áâ�−¤�àâ®¢ ¨ â¥áâ®¢;

(7) ¨§ãç¥−¨¥ ¨ ãç¥â ¯®âà¥¡−®áâ¥© −�æ¨®−�«ì−ëå à�§à�¡®âç¨ª®¢ AI.

‚ ª�ç¥áâ¢¥ á¢®¨å á®áâ�¢«ïîé¨å áâà�â¥£¨ï ¢ª«îç�¥â á«¥¤ãîé¨¥ áâà�â¥£¨ç¥-
áª¨¥ ¯«�−ë:
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‘âà�â¥£¨ï ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª ¢ ®¡«�áâ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� III

{ ”¥¤¥à�«ì−ë© ¯«�− ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª ¢ ®¡«�áâ¨ Big Data [5];

{ ”¥¤¥à�«ì−ë© ¯«�− ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª ¢ ®¡«�áâ¨ ª¨¡¥à¡¥§®¯�á−®-
áâ¨ [6];

{ ��æ¨®−�«ì−ãî áâà�â¥£¨î ¨áá«¥¤®¢�−¨ï §�é¨âë ¯¥àá®−�«ì−ëå ¤�−−ëå [7];

{ ��æ¨®−�«ì−ë© ¨−¨æ¨�â¨¢−ë© ¯«�− ¯® ¨áá«¥¤®¢�−¨ï¬ ¢ ®¡«�áâ¨ −�−®â¥å−®-
«®£¨© [8];

{ ��æ¨®−�«ì−ãî ª®¬¯ìîâ¥à−ãî áâà�â¥£¨ç¥áªãî ¨−¨æ¨�â¨¢ã [9];

{ ˆ−¨æ¨�â¨¢ã ¯® ¨áá«¥¤®¢�−¨î ¬®§£� á ¯®¬®éìî ¨−−®¢�æ¨®−−ëå −¥©à®â¥å−®-
«®£¨© [10];

{ ��æ¨®−�«ì−ãî à®¡®â®â¥å−¨ç¥áªãî ¨−¨æ¨�â¨¢ã [11].

‘®£«�á−® à�§à�¡®â�−−®© ‘âà�â¥£¨¨, ‘˜� ¯«�−¨àãîâ ¤®áâ¨çì á«¥¤ãîé¨å
¯à¥¨¬ãé¥áâ¢ ¯ãâ¥¬ ¢−¥¤à¥−¨ï â¥å−®«®£¨© ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�:

{ ã¢¥«¨ç¨âì íª®−®¬¨ç¥áª®¥ ¡«�£®á®áâ®ï−¨¥ (à�§¢¨â¨¥ ¯à®¨§¢®¤áâ¢�, «®£¨áâ¨ª¨,
ä¨−�−á®¢, âà�−á¯®àâ�, á¥«ìáª®£® å®§ï©áâ¢�, â®à£®¢«¨, ª®¬¬ã−¨ª�æ¨©, −�ãª¨
¨ â¥å−®«®£¨©);

{ ã«ãçè¨âì ¢®§¬®¦−®áâ¨ ®¡ãç¥−¨ï ¨ ª�ç¥áâ¢® ¦¨§−¨ (®¡à�§®¢�−¨¥, ¬¥¤¨æ¨−�,
îà¨á¯àã¤¥−æ¨ï, ¯¥àá®−�«¨§¨à®¢�−−ë¥ á¥à¢¨áë);

{ ãªà¥¯¨âì £®áã¤�àáâ¢¥−−ãî ¨ ®¡é¥áâ¢¥−−ãî ¡¥§®¯�á−®áâì.

‹¥â®¬ 2019 £. ¯® ¯¥à¢ë¬ à¥§ã«ìâ�â�¬ ¢ë¯®«−¥−¨ï ‘âà�â¥£¨¨ ¡ë« ®¯ã¡«¨-
ª®¢�− ®âç¥â [12], á®¤¥à¦�é¨© ¨áç¥à¯ë¢�îé¨© �−�«¨§ à¥§ã«ìâ�â®¢ âà¥å «¥â ¥¥
¢ë¯®«−¥−¨ï. �® à¥§ã«ìâ�â�¬ ¯¥à¢®£® íâ�¯� à¥�«¨§�æ¨¨ ‘âà�â¥£¨¨ ¡ë«� áª®à-
à¥ªâ¨à®¢�−� ®à£�−¨§�æ¨®−−�ï áâàãªâãà� ¤«ï ¥¥ à¥�«¨§�æ¨¨. �−� ¯à¥¤áâ�¢«¥−�
¢ â�¡«. 1.

÷¥§ã«ìâ�â®¬ �−�«¨§� AI R&D áâ�«® ®¯à¥¤¥«¥−¨¥ ¥é¥ ®¤−®£®, ¢®áì¬®£®,
−�¯à�¢«¥−¨ï ¢ íâ®© ®¡«�áâ¨:

(8) à�áè¨à¥−¨¥ £®áã¤�àáâ¢¥−−®-ç�áâ−®£® ¯�àâ−¥àáâ¢� ¤«ï ãáª®à¥−¨ï à�§-
¢¨â¨ï. ‚ë¤¥«¥−¨¥ íâ®£® −�¯à�¢«¥−¨ï á¢ï§�−® á ®á®§−�−¨¥¬ ¢�¦−®áâ¨ â¥§¨á�
‘âà�â¥£¨¨ ®¡ úãáâ®©ç¨¢®¬ ä¨−�−á¨à®¢�−¨¨ AI R&D ¢ á®âàã¤−¨ç¥áâ¢¥
á �ª�¤¥¬¨ç¥áª¨¬¨, ¯à®¨§¢®¤áâ¢¥−−ë¬¨ ¬¥¦¤ã−�à®¤−ë¬¨ ¯�àâ−¥à�¬¨ ¨ á®-
î§−¨ª�¬¨ ¨ ¤àã£¨¬¨ −¥£®áã¤�àáâ¢¥−−ë¬¨ îà¨¤¨ç¥áª¨¬¨ «¨æ�¬¨ ¤«ï ¤®-
áâ¨¦¥−¨ï â¥å−®«®£¨ç¥áª¨å ¯à®àë¢®¢ ¢ ®¡«�áâ¨ AI ¨ á¬¥¦−ëå â¥å−®«®£¨ïå
¤«ï ¨å ¡ëáâà¥©è¥© âà�−áä®à¬�æ¨¨ ¢ à¥�«ì−ë¥ áà¥¤áâ¢� ãªà¥¯«¥−¨ï −�æ¨-
®−�«ì−®© ¨ íª®−®¬¨ç¥áª®© ¡¥§®¯�á−®áâ¨ ‘˜�û. —�áâ−®-£®áã¤�àáâ¢¥−−®¥
¯�àâ−¥àáâ¢® ¯®§¢®«¨â íää¥ªâ¨¢−® ¯¥à¥à�á¯à¥¤¥«ïâì à¥áãàáë ¨ §−�−¨ï ¤«ï
áª®à¥©è¥£® ¤®áâ¨¦¥−¨ï à¥§ã«ìâ�â®¢.
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’�¡«¨æ� 1 ‘ª®àà¥ªâ¨à®¢�−−�ï ¢¥àá¨ï ®à£�−¨§�æ¨®−−®© áâàãªâãàë à¥�«¨§�æ¨¨ ‘âà�-
â¥£¨¨
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3 Направления исследований и разработок в области искусственного
интеллекта для обороны и безопасности

Œ¨−¨áâ¥àáâ¢® ®¡®à®−ë ‘˜� (DoD, Department of Defence) ¢ à�¬ª�å à¥-
�«¨§�æ¨¨ ��æ¨®−�«ì−®© ®¡®à®−−®© ¨−¨æ¨�â¨¢ë ‘˜� 2018 £. à�§à�¡®â�«®
¨ ®¯ã¡«¨ª®¢�«® ¤®ªã¬¥−â [13], á®¤¥à¦�é¨© ªà�âª¨¥ á¢¥¤¥−¨ï ® áâà�â¥£¨¨ áâà�-
−ë ¯® ¨á¯®«ì§®¢�−¨î â¥å−®«®£¨© ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¢ ¢®¥−−ëå æ¥«ïå.
�®¤à�§¤¥«¥−¨¥¬ DoD, ®â¢¥âáâ¢¥−−ë¬ §� ¢ë¯®«−¥−¨¥ íâ®© áâà�â¥£¨¨, −�§¢�−
�¡ê¥¤¨−¥−−ë© æ¥−âà ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� (JAIC, Joint Artificial Intelli-
gence Center). ‚ ª�ç¥áâ¢¥ ®à£�−¨§�æ¨©, ¢¥¤ãé¨å à�¡®âë ¯® á®§¤�−¨î ¨ �¤�¯â�æ¨¨
à�§à�¡®â®ª ¢ ®¡«�áâ¨ AI ¤«ï −ã¦¤ DoD, ãª�§�−ë “¯à�¢«¥−¨¥ ¯¥àá¯¥ªâ¨¢−ëå
¨áá«¥¤®¢�â¥«ìáª¨å ¯à®¥ªâ®¢ Œ¨−¨áâ¥àáâ¢� ®¡®à®−ë ‘˜� (DARPA), �£¥−âáâ¢®
¯¥à¥¤®¢ëå ¨áá«¥¤®¢�−¨© ¢ áä¥à¥ à�§¢¥¤ª¨ (IARPA), −�æ¨®−�«ì−ë¥ ¨áá«¥¤®¢�-
â¥«ìáª¨¥ (¢ ¨áå®¤−®¬ â¥ªáâ¥ | academic) æ¥−âàë, ç�áâ−ë¥ ª®¬¯�−¨¨, ¬¥¦¤ã−�-
à®¤−ë¥ ®¡ê¥¤¨−¥−¨ï.

‚ ¤®ªã¬¥−â¥ ãª�§�−ë á«¥¤ãîé¨¥ ®¡é¨¥ −�¯à�¢«¥−¨ï ¯à¨¬¥−¥−¨ï ¨áªãááâ¢¥−-
−®£® ¨−â¥««¥ªâ� ¤«ï ¤®áâ¨¦¥−¨ï áâà�â¥£¨ç¥áª®£® ¢®¥−−®£® ¯à¥¨¬ãé¥áâ¢�.

“«ãçè¥−¨¥ á¨âã�æ¨®−−®© ®á¢¥¤®¬«¥−−®áâ¨ ¨ ¯à¨−ïâ¨ï à¥è¥−¨©. ’¥å−®-
«®£¨¨ AI, ¯à¨¬¥−¥−−ë¥ ¤«ï à¥è¥−¨ï §�¤�ç ¢®á¯à¨ïâ¨ï/®á¬ëá«¥−¨ï, â�ª¨å
ª�ª �−�«¨§ ¨§®¡à�¦¥−¨©, ¬®£ãâ ¨§¢«¥ª�âì ¯®«¥§−ãî ¨−ä®à¬�æ¨î ¨§ áëàëå
−�ç�«ì−ëå ¤�−−ëå ¨ â¥¬ á�¬ë¬ ¯®¢ëè�âì á¨âã�æ¨®−−ãî ®á¢¥¤®¬«¥−−®áâì
ª®¬�−¤−®£® á®áâ�¢�. ˆáªãááâ¢¥−−ë© ¨−â¥««¥ªâ ¬®¦¥â £¥−¥à¨à®¢�âì ¨ ¯®¬®-
£�âì àãª®¢®¤áâ¢ã ¨áá«¥¤®¢�âì ®¯¥à�â¨¢−ë¥ áæ¥−�à¨¨, çâ®¡ë ®−® ¢¯®á«¥¤áâ¢¨¨
¬®£«® ®áãé¥áâ¢¨âì ®¯â¨¬�«ì−ë© ¢ë¡®à ¤«ï ®¤−®¢à¥¬¥−−®£® ¤®áâ¨¦¥−¨ï ¯®-
áâ�¢«¥−−®© æ¥«¨ ¨ ¬¨−¨¬�«ì−ëå à¨áª®¢ ª�ª ¤«ï ¢®®àã¦¥−−ëå á¨«, â�ª ¨ ¤«ï
£à�¦¤�−áª®£® −�á¥«¥−¨ï.

�®¢ëè¥−¨¥ ¡¥§®¯�á−®áâ¨ íªá¯«ã�â�æ¨¨ ®¡®àã¤®¢�−¨ï. ˆáªãááâ¢¥−−ë©
¨−â¥««¥ªâ ®¡«�¤�¥â á¥àì¥§−ë¬ ¯®â¥−æ¨�«®¬ ¯®¢ëè¥−¨ï ¡¥§®¯�á−®áâ¨ íªá-
¯«ã�â�æ¨¨ ¢®¥−−®© â¥å−¨ª¨ (á�¬®«¥â®¢, ª®à�¡«¥©, −�§¥¬−ëå âà�−á¯®àâ−ëå
¨ ¡®¥¢ëå áà¥¤áâ¢) ¢ á«®¦−ëå ¡ëáâà®¬¥−ïîé¨åáï á¨âã�æ¨ïå, ¯à¥¤ã¯à¥¦¤�ï
®¯¥à�â®à®¢ ® áªàëâëå ®¯�á−®áâïå.

‚−¥¤à¥−¨¥ ã¯à¥¦¤�îé¥£® ®¡á«ã¦¨¢�−¨ï ¨ á−�¡¦¥−¨ï | ¨á¯®«ì§®¢�−¨¥ AI
¤«ï ¯à®£−®§¨à®¢�−¨ï ¢ëå®¤� ¨§ áâà®ï ªà¨â¨ç¥áª¨å ç�áâ¥©, �¢â®¬�â¨ç¥áª®©
¤¨�£−®áâ¨ª¨ ¨ ¯«�−¨à®¢�−¨ï â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï −� ®á−®¢¥ áâ�â¨áâ¨-
ç¥áª¨å ¤�−−ëå ¨ á®áâ®ï−¨ï ®¡®àã¤®¢�−¨ï. �®¤®¡−�ï ¦¥ â¥å−®«®£¨ï ¡ã¤¥â
¨á¯®«ì§®¢�âìáï ¤«ï ã¯à¥¦¤�îé¥£® ã¯à�¢«¥−¨ï ¯®áâ�¢ª�¬¨ §�¯�á−ëå ç�áâ¥©
¨ ®¯â¨¬¨§�æ¨¨ ãà®¢−ï §�¯�á®¢. �â¨ ¯à¥¨¬ãé¥áâ¢� ®¡¥á¯¥ç�â ¯®¤¤¥à¦ªã §�¯�-
á®¢ −� âà¥¡ã¥¬®¬ ãà®¢−¥, � â�ª¦¥ ¯®¬®£ãâ ¢ ãáâà�−¥−¨¨ −¥¯®«�¤®ª ¨ á¤¥«�îâ
¢®§¬®¦−ë¬ ¡®«¥¥ ¡ëáâà®¥ à�§¢¥àâë¢�−¨¥ áà¥¤áâ¢ ¨ �¤�¯â�æ¨î §�âà�â ¯à¨
á−¨¦¥−¨¨ ¨§¤¥à¦¥ª.

�¯â¨¬¨§�æ¨ï ¤¥«®¢ëå ¯à®æ¥áá®¢. ˆáªãááâ¢¥−−ë© ¨−â¥««¥ªâ ¡ã¤¥â ¨á¯®«ì-
§®¢�âìáï á æ¥«ìî á®ªà�é¥−¨ï ¢à¥¬¥−¨, §�âà�ç¨¢�¥¬®£® −� àãç−ë¥, ¯®¢â®àï-
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îé¨¥áï ¨ ç�áâë¥ §�¤�ç¨. �áâ�¢«ïï «î¤ï¬ §�¤�ç¨ −�¤§®à� §� ¢ë¯®«−¥−¨¥¬
�¢â®¬�â¨§¨à®¢�−−ëå äã−ªæ¨©, AI ¨¬¥¥â ¯®â¥−æ¨�« ª á®ªà�é¥−¨î ç¨á«�
¨ áâ®¨¬®áâ¨ ®è¨¡®ª, ã¢¥«¨ç¥−¨î ¢ëå®¤� ¨ áâ¥¯¥−¨ ¯à¨á¯®á®¡«¥−¨ï, ¤«ï
−�¯à�¢«¥−¨ï à¥áãàá®¢ DoD −� ¢ë¯®«−¥−¨¥ ¡®«¥¥ ¯à¨®à¨â¥â−ëå §�¤�ç ¨ ¤®-
áâ¨¦¥−¨¥ ¢�¦−¥©è¨å æ¥«¥©.

�¨¦¥ ¯à¥¤áâ�¢«¥−� ¨−ä®à¬�æ¨ï ® ¯à®¥ªâ�å ¢ ®¡«�áâ¨ AI R&D, ¯à®¢®¤¨-
¬ëå ú£®«®¢−ë¬¨û á¯¥æ¨�«¨§¨à®¢�−−ë¬¨ ¨áá«¥¤®¢�â¥«ìáª¨¬¨ ®à£�−¨§�æ¨ï¬¨,
ã¯®¬ï−ãâë¬¨ ¢ [13], | DARPA [14] ¨ IARPA [15].

“¯à�¢«¥−¨¥ DAPRA ®¡êï¢¨«® ¢ á¥−âï¡à¥ 2018 £. ® ¬−®£®«¥â−¨å ¨−¢¥áâ¨æ¨ïå
¢ à�§¬¥à¥ ¡®«¥¥ 2 ¬«à¤ ¤®««. ‘˜� ¢ −®¢ë¥ ¨ áãé¥áâ¢ãîé¨¥ ¯à®£à�¬¬ë, −�§ë-
¢�¥¬ë¥ ª�¬¯�−¨¥© úAI Nextû. Š«îç¥¢ë¥ á®áâ�¢«ïîé¨¥ ª�¬¯�−¨¨ ¯à¥¤¯®«�£�îâ
�¢â®¬�â¨§�æ¨î ªà¨â¨ç¥áª¨ ¢�¦−ëå ¡¨§−¥á-¯à®æ¥áá®¢ Œ¨−¨áâ¥àáâ¢� ®¡®à®−ë,
â�ª¨å ª�ª:

{ ¯à®¢¥àª� á®®â¢¥âáâ¢¨ï âà¥¡®¢�−¨ï¬ ¡¥§®¯�á−®áâ¨ ¨«¨ �ªªà¥¤¨â�æ¨ï ¯à®-
£à�¬¬−ëå á¨áâ¥¬ ¤«ï ®¯¥à�â¨¢−®£® à�§¢¥àâë¢�−¨ï;

{ ¯®¢ëè¥−¨¥ −�¤¥¦−®áâ¨ á¨áâ¥¬ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�;

{ ¯®¢ëè¥−¨¥ ¡¥§®¯�á−®áâ¨ ¨ ®âª�§®ãáâ®©ç¨¢®áâ¨ ¬�è¨−−®£® ®¡ãç¥−¨ï ¨ â¥å−®-
«®£¨© ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�;

{ á−¨¦¥−¨¥ §�¢¨á¨¬®áâ¨ ®â −¥å¢�âª¨ ¤�−−ëå ¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨.

“¯à�¢«¥−¨¥ ¯¥àá¯¥ªâ¨¢−ëå ¨áá«¥¤®¢�â¥«ìáª¨å ¯à®¥ªâ®¢ Œ¨−¨áâ¥àáâ¢� ®¡®-
à®−ë ‘˜� á®§¤�áâ ¬®é−ë¥ ¢®§¬®¦−®áâ¨ ¤«ï DoD, ®¯¨à�ïáì −� á«¥¤ãîé¨¥
¯à¨−æ¨¯ë.

1. �¡¥á¯¥ç¥−¨¥ −®¢ëå ¢®§¬®¦−®áâ¥©. ’¥å−®«®£¨¨ AI ¯à¨¬¥−ïîâáï à¥£ã-
«ïà−® ¤«ï à¥�«¨§�æ¨¨ ¯à®¥ªâ®¢ DARPA, ¢ª«îç�ï ¡®«¥¥ 60 áãé¥áâ¢ãîé¨å
¯à®£à�¬¬, á¢ï§�−−ëå á �−�«¨§®¬ á«®¦−ëå ª¨¡¥à�â�ª ¢ à¥�«ì−®¬ ¢à¥¬¥−¨,
®¡−�àã¦¥−¨¥¬ ¬®è¥−−¨ç¥áª¨å ¨§®¡à�¦¥−¨©, ¯®áâà®¥−¨¥¬ ¤¨−�¬¨ç¥áª¨å æ¥-
¯®ç¥ª ã¡¨©áâ¢, ¤«ï ¢¥¤¥−¨ï ¢®©− ¢® ¢á¥å ®¡«�áâïå, â¥å−®«®£¨ïå ç¥«®¢¥ç¥-
áª®£® ï§ëª�, ¬ã«ìâ¨¬®¤�«ì−®¬ �¢â®¬�â¨ç¥áª®¬ à�á¯®§−�¢�−¨¨ æ¥«¥© ¨ ¤à.
“¯à�¢«¥−¨¥ DARPA ¡ã¤¥â ¯à®¤¢¨£�âì â¥å−®«®£¨¨ AI ¤«ï ®¡¥á¯¥ç¥−¨ï �¢-
â®¬�â¨§�æ¨¨ ªà¨â¨ç¥áª¨ ¢�¦−ëå ¡¨§−¥á-¯à®æ¥áá®¢ DoD. �¤¨− ¨§ â�ª¨å
¯à®æ¥áá®¢ | �ªªà¥¤¨â�æ¨ï ¯à®£à�¬¬−ëå á¨áâ¥¬ ¯¥à¥¤ íªá¯«ã�â�æ¨®−−ë¬
à�§¢¥àâë¢�−¨¥¬. �¢â®¬�â¨§�æ¨ï íâ®£® ¯à®æ¥áá� �ªªà¥¤¨â�æ¨¨ á ¨á¯®«ì§®¢�-
−¨¥¬ ¨§¢¥áâ−ëå AI ¨ ¤àã£¨å â¥å−®«®£¨© â¥¯¥àì ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−®©.

2. �¡¥á¯¥ç¥−¨¥ −�¤¥¦−®£® ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�. ’¥å−®«®£¨¨ AI ¯à®-
¤¥¬®−áâà¨à®¢�«¨ ¡®«ìè®¥ §−�ç¥−¨¥ ¤«ï â�ª¨å à�§−®®¡à�§−ëå §�¤�ç, ª�ª
�−�«¨§ á¯ãâ−¨ª®¢ëå ¨§®¡à�¦¥−¨©, ¯à¥¤ã¯à¥¦¤¥−¨¥ ® ª¨¡¥à�â�ª�å, «®£¨-
áâ¨ª� ¨ ¤à. ‚ â® ¦¥ ¢à¥¬ï à¥¦¨¬ë ®âª�§�/�¢�à¨© â¥å−®«®£¨© AI ¯«®å®
¨§ãç¥−ë. “¯à�¢«¥−¨¥ DARPA à�¡®â�¥â −�¤ à¥è¥−¨¥¬ íâ®© ¯à®¡«¥¬ë, ã¤¥-
«ïï ®á®¡®¥ ¢−¨¬�−¨¥ ¨áá«¥¤®¢�−¨ï¬ ¨ à�§à�¡®âª�¬ | ª�ª �−�«¨â¨ç¥áª¨¬,
â�ª ¨ í¬¯¨à¨ç¥áª¨¬.
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3. “ç¥â ä�ªâ®à� á®áâï§�â¥«ì−®áâ¨ ¯à¨ à�§à�¡®âª¥ ¨áªãááâ¢¥−−®£® ¨−â¥«-
«¥ªâ�. ‘�¬ë© ¬®é−ë© ¨−áâàã¬¥−â AI −� á¥£®¤−ï | íâ® ¬�è¨−−®¥ ®¡ãç¥−¨¥
(ML, machine learning). ‘¨áâ¥¬ë ML ¬®£ãâ ¡ëâì «¥£ª® ®¡¬�−ãâë ¨§¬¥−¥−¨-
ï¬¨, ª®â®àë¥ −¨ª®£¤� −¥ ®¡¬�−ãâ ç¥«®¢¥ª� (â�ª −�§ë¢�¥¬ë¥ adverse samples).
„�−−ë¥, ¨á¯®«ì§ã¥¬ë¥ ¤«ï ®¡ãç¥−¨ï â�ª¨å á¨áâ¥¬, ¬®£ãâ ¡ëâì ¯®¢à¥¦¤¥-
−ë, ¨ á�¬® ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ (��) ãï§¢¨¬® ¤«ï ª¨¡¥à�â�ª. ‡�¤�ç¨
®¡¥á¯¥ç¥−¨ï ãáâ®©ç¨¢®áâ¨ �� ¨ §�é¨âë ¡�−ª®¢ ¤�−−ëå, ¨á¯®«ì§ã¥¬ëå ¤«ï
®¡ãç¥−¨ï, ¯«�−¨àã¥âáï à¥è�âì á®¢¬¥áâ−® ¨ ®¯¥à�â¨¢−®.

4. ‘®§¤�−¨¥ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®£® ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�. �®-
¢ëè¥−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ª®¬¯ìîâ¥à®¢ §� ¯®á«¥¤−¥¥ ¤¥áïâ¨«¥â¨¥ ¯®§-
¢®«¨«® ¤®¡¨âìáï ãá¯¥å� ¢ ¬�è¨−−®¬ ®¡ãç¥−¨¨ ¢ á®ç¥â�−¨¨ á ¡®«ìè¨¬¨
−�¡®à�¬¨ ¤�−−ëå ¨ ¡¨¡«¨®â¥ª�¬¨ ��. �®¢ëè¥−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¯à¨
á−¨¦¥−¨¨ í−¥à£®¯®âà¥¡«¥−¨ï −¥®¡å®¤¨¬® ¤«ï à�§¢¥àâë¢�−¨ï æ¥−âà�«ì−®£®
¨ â�ªâ¨ç¥áª®£® §¢¥−ì¥¢. “¯à�¢«¥−¨¥ DARPA ¯à®¤¥¬®−áâà¨à®¢�«® �−�«®£®-
¢ãî ®¡à�¡®âªã �«£®à¨â¬®¢ AI á ãáª®à¥−¨¥¬ ¢ 1000 à�§ ¨ íää¥ªâ¨¢−®áâìî
í−¥à£®¯®âà¥¡«¥−¨ï ¢ 1000 à�§ ¯® áà�¢−¥−¨î á á®¢à¥¬¥−−ë¬¨ æ¨äà®¢ë¬¨
¯à®æ¥áá®à�¬¨, � â�ª¦¥ ¨áá«¥¤ã¥â �¯¯�à�â−ë¥ à�§à�¡®âª¨ ¤«ï AI. DARPA
â�ª¦¥ ¯à¨ª«�¤ë¢�¥â ãá¨«¨ï ¤«ï á−¨¦¥−¨ï âà¥¡®¢�−¨© ª ¬�àª¨à®¢�−−ë¬
¤�−−ë¬ ®¡ãç¥−¨ï (ª�ç¥áâ¢ã ¨ ®¡ê¥¬�¬).

5. ‘®§¤�−¨¥ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� á«¥¤ãîé¥£® ¯®ª®«¥−¨ï. �«£®à¨â-
¬ë ¬�è¨−−®£® ®¡ãç¥−¨ï, ®¡¥á¯¥ç¨¢�îé¨¥ à�á¯®§−�¢�−¨¥ «¨æ, ¨ �¢â®¬®-
¡¨«¨ á �¢â®¬�â¨ç¥áª¨¬ ¢®¦¤¥−¨¥¬ ¡ë«¨ ¨§®¡à¥â¥−ë ¡®«¥¥ 20 «¥â −�§�¤.
“¯à�¢«¥−¨¥ DARPA §�−ï«® ¢¥¤ãé¥¥ ¬¥áâ® ¢ −®¢�â®àáª¨å ¨áá«¥¤®¢�−¨ïå
¯® à�§à�¡®âª¥ á«¥¤ãîé¥£® ¯®ª®«¥−¨ï �«£®à¨â¬®¢ AI, ª®â®àë¥ ¯à¥¢à�âïâ
ª®¬¯ìîâ¥àë ¨§ ¨−áâàã¬¥−â®¢ ¢ ¯�àâ−¥à®¢ ¯® à¥è¥−¨î ¯à®¡«¥¬. ˆáá«¥¤®¢�-
−¨¥ DARPA −�¯à�¢«¥−® −� â®, çâ®¡ë ¤�âì ¢®§¬®¦−®áâì à�ááã¦¤�âì (¤¥«�âì
ã¬®§�ª«îç¥−¨ï).

�£¥−âáâ¢® ¯¥à¥¤®¢ëå ¨áá«¥¤®¢�−¨© ¢ áä¥à¥ à�§¢¥¤ª¨ (IARPA) ¡ë«® á®§¤�−®
¢ 2006 £. ¢ æ¥«ïå ¯à®¢¥¤¥−¨ï ¬¥¦¤¨áæ¨¯«¨−�à−ëå ¨áá«¥¤®¢�−¨©, ®¯à¥¤¥«¥−¨ï
−®¢ëå ¢®§¬®¦−®áâ¥© ¨ á®§¤�−¨ï ¯à®àë¢−ëå â¥å−®«®£¨© ¢ ®¡«�áâ¨ à�§¢¥¤ª¨.
‡�¤�ç¨ IARPA ¤®«¦−ë à¥è�âìáï, ®á−®¢ë¢�ïáì −� â¥å−¨ç¥áª¨å ¨ íªá¯«ã�â�æ¨-
®−−ëå §−�−¨ïå, ª®â®àë¬¨ ®¡«�¤�îâ ®à£�−ë à�§¢¥¤ª¨. ’�ª¨¬ ®¡à�§®¬, ¬¨áá¨ï
IARPA §�ª«îç�¥âáï ¢ ¯à®£−®§¨à®¢�−¨¨ ¤®«£®áà®ç−ëå ¯®âà¥¡−®áâ¥© à�§¢¥¤ë-
¢�â¥«ì−®£® á®®¡é¥áâ¢� ¨ ¯à¥¤®áâ�¢«¥−¨¨ ¥¬ã â¥å−¨ç¥áª¨å ¨ ¨áá«¥¤®¢�â¥«ìáª¨å
¢®§¬®¦−®áâ¥©.

‚ â�¡«. 2 ¯à¥¤áâ�¢«¥−� ª«�áá¨ä¨ª�æ¨ï −�¯à�¢«¥−¨© ¨áá«¥¤®¢�−¨© DARPA
¨ IARPA, ¢ â®© ¨«¨ ¨−®© áâ¥¯¥−¨ ¡�§¨àãîé¨åáï −� AI R&D ¨«¨ ª�á�îé¨åáï
AI R&D. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¤®«ï ¯®¤®¡−ëå ¯à®¥ªâ®¢ ã IARPA ®â ®¡é¥£® ®¡ê-
¥¬� ¯à®¢®¤¨¬ëå ¨áá«¥¤®¢�−¨© á®áâ�¢«ï¥â 45%{55%, ¢ DARPA íâ®â ¯®ª�§�â¥«ì
−¨¦¥. ‚ ¤�−−ãî ª«�áá¨ä¨ª�æ¨î −¥ ¢ª«îç¥−ë à�¡®âë, á¢ï§�−−ë¥ á à�§«¨ç−ë¬¨
¡¥á¯¨«®â−ë¬¨ �¯¯�à�â�¬¨, � â�ª¦¥ AI R&D ¢ ®¡«�áâ¨ å¨¬¨¨, ¬�â¥à¨�«®¢¥¤¥−¨ï
¨ ¯à.
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1. ‘¨áâ¥¬ë ®¡à�¡®â-
ª¨ â¥ªáâ®¢®©/à¥ç¥-
¢®© ¨−ä®à¬�æ¨¨

{ ƒ«ã¡®ª�ï ®¡à�¡®âª� â¥ªáâ�, ¢ëï¢«¥−¨¥ −¥®ç¥¢¨¤−®-
£® á¬ëá«�, ¢ë¤¥«¥−¨¥ ®¯¥à�â¨¢−® §−�ç¨¬®© ¨−ä®à-
¬�æ¨¨
{ ˆ−â¥««¥ªâã�«ì−�ï ®¡à�¡®âª� ¬�«®à¥áãàá−ëå ï§ë-
ª®¢ëå §�¯à®á®¢ á æ¥«ìî ¯®¢ëè¥−¨ï á¨âã�æ¨®−−®©
®á¢¥¤®¬«¥−−®áâ¨
{ ‘¨áâ¥¬ë à�á¯®§−�¢�−¨ï à¥ç¨ −� «î¡®¬ ç¥«®¢¥ç¥-
áª®¬ ï§ëª¥
{ ˆ§ãç¥−¨¥ ¨á¯®«ì§®¢�−¨ï ¬¥â�ä®à à�§«¨ç−ë¬¨
ªã«ìâãà�¬¨, çâ®¡ë ¯®−ïâì ªã«ìâãà−ë¥ −®à¬ë à�§-
«¨ç−ëå −�à®¤®¢
{ ÷�áªàëâ¨¥ á®æ¨�«ì−ëå æ¥«¥© ç«¥−®¢ £àã¯¯ ¯® ¨å
á®®¡é¥−¨ï¬
{ ÷�§à�¡®âª� ¬¥â®¤®¢ ¨§¢«¥ç¥−¨ï ¤¥â�«¨§¨àã¥¬®©
á¥¬�−â¨ç¥áª®© ¨−ä®à¬�æ¨¨ á �ªæ¥−â®¬ −� á®¡ëâ¨ïå
¢ ä®à¬¥ úªâ®{çâ®{ª®¬ã{ª®£¤�-â®û
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2. ‘¨áâ¥¬ë �−�«¨§�
¨ ®¡à�¡®âª¨
¨§®¡à�¦¥−¨©

{ ÷�§à�¡®âª� áà¥¤áâ¢ ®æ¥−¨¢�−¨ï, ¬�−¨¯ã«ïæ¨©
¨ ¯®¤¤¥«ª¨ æ¨äà®¢ëå ¨§®¡à�¦¥−¨©
{ �−�«¨â¨ç¥áª�ï ®¡à�¡®âª� ¢¨¤¥®- ¨ �ã¤¨®¨−ä®à¬�-
æ¨¨
{ ÷�§à�¡®âª� á¨áâ¥¬ë à�á¯®§−�¢�−¨ï á¯ãâ−¨ª®¢ëå
ä®â®£à�ä¨©.
{ ÷�§à�¡®âª� â¥å−®«®£¨¨ �¢â®¬�â¨ç¥áª®© £¥−¥à�æ¨¨
â®ç−ëå âà¥å¬¥à−ëå ¬®¤¥«¥© ®¡ê¥ªâ®¢ á à¥�«ì−ë¬¨
ä¨§¨ç¥áª¨¬¨ á¢®©áâ¢�¬¨ ¨§ ¬−®¦¥áâ¢� ¨áâ®ç−¨ª®¢
¤�−−ëå ¨§®¡à�¦¥−¨©
{ ÷�§à�¡®âª� �� �¢â®¬�â¨ç¥áª®£® ®¡−�àã¦¥−¨ï ¤¢¨-
¦¥−¨ï ¤«ï ¬−®£®ª�¬¥à−®© áà¥¤ë ¯®â®ª®¢®£® ¢¨¤¥®
{ �®¢ëè¥−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ á¨áâ¥¬ à�á¯®§−�-
¢�−¨ï «¨æ
{ ‘¨áâ¥¬ë ®¡−�àã¦¥−¨ï �−âà®¯®£¥−−®© ¤¥ïâ¥«ì−®áâ¨
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3. ‘®§¤�−¨¥
¡¨®¬¥âà¨ç¥áª¨å
á¨áâ¥¬

{ ÷�§à�¡®âª� ¢ëá®ª®â®ç−ëå á¨áâ¥¬ á®¯®áâ�¢«¥−¨ï,
¯®«ãç¥−¨ï ¡¨®¬¥âà¨ç¥áª¨å á¨£−�âãà ¯® ¤�−−ë¬ −¨§-
ª®£® ª�ç¥áâ¢� B
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T

4. ‘¨áâ¥¬ë ®¡à�¡®â-
ª¨ á¯¥æ¨�«ì−ëå
á¨£−�«®¢ ¨ ¤�−−ëå

{ ‚−¥¤à¥−¨¥ ML-¬¥â®¤®¢ ¤«ï ®¡à�¡®âª¨ á¨£−�«®¢
à�¤¨®ç�áâ®â−®£® á¯¥ªâà�
{ ‘¨áâ¥¬ë £«ã¡®ª®© �−�«¨â¨ç¥áª®© ®¡à�¡®âª¨ ¤�−-
−ëå £¥®«®ª�æ¨¨
{ ÷�§à�¡®âª� ¬¥â®¤®¢ −¥¯à¥àë¢−®£® �−�«¨§� ¤�−−ëå
à�¤¨®í«¥ªâà®−−®© à�§¢¥¤ª¨
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5. ‘¨áâ¥¬ë
®¯â¨¬¨§�æ¨¨
¡¨§−¥á-¯à®æ¥áá®¢

{ ÷�§à�¡®âª� ú¡«®ç−®£®û ¨−áâàã¬¥−â�à¨ï ®¯¨á�−¨ï
¯à®¥ªâ®¢
{ ÷�§à�¡®âª� ¬�â¥¬�â¨ç¥áª¨å ®á−®¢ ¨ áà¥¤áâ¢ ¢ëç¨á«¥-
−¨ï ¤«ï ã¯à�¢«¥−¨ï ¨ ®¯â¨¬¨§�æ¨¨ ¯à®æ¥áá®¢ ¯à®¥ªâ¨-
à®¢�−¨ï F
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6. ‘¨áâ¥¬ë
¨−â¥««¥ªâã�«ì−®©
®¡à�¡®âª¨
¡®«ìè¨å ¤�−−ëå

{ �«ìâ¥à−�â¨¢−ë¥ ¨−â¥à¯à¥â�æ¨¨ á®¡ëâ¨© ¯® à�§−®-
à®¤−ë¬ §�èã¬«¥−−ë¬ ª®−ä«¨ªâãîé¨¬ ¨áâ®ç−¨ª�¬
{ �¡à�¡®âª� à¥ä¥à�â¨¢−®© ¨−ä®à¬�æ¨¨ á ¢ë¤¥«¥−¨¥¬
¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© ¨ ®¡êïá−¨â¥«ì−ëå ¬®-
¤¥«¥©
{ �¡−�àã¦¥−¨¥ úá«®¦−ëåû á®¡ëâ¨© ¨ ¨å ä®à¬�«ì−®¥
®¯¨á�−¨¥/ª«�áá¨ä¨ª�æ¨ï
{ �−�«¨§ á®®¡é¥−¨© áà¥¤áâ¢ ¬�áá®¢®© ¨−ä®à¬�æ¨¨, ®¡-
−�àã¦¥−¨¥ ä�ªâ®¢ ¯®¤¤¥«®ª, ä�¡à¨ª�æ¨© ¨ ¬�−¨¯ã«ï-
æ¨©, à�§à�¡®âª� áà¥¤áâ¢ ¤«ï ¢ë¯®«−¥−¨ï íâ¨å ®¯¥à�æ¨©
{ ÷�§à�¡®âª� ¨ â¥áâ¨à®¢�−¨¥ ¬¥â®¤®¢ ¯®«ãç¥−¨ï â®ç−ëå
¯à®£−®§®¢ ¤«ï §−�ç¨â¥«ì−ëå ¤®áâ¨¦¥−¨© −�ãª¨ ¨ â¥å-
−¨ª¨ ¯® à¥§ã«ìâ�â�¬ ®âªàëâëå ¯ã¡«¨ª�æ¨©
{ ÷�§à�¡®âª� áà¥¤áâ¢ ¯®«ãç¥−¨ï �ªâã�«ì−ëå ¤�−−ëå ¨§
−¥áª®«ìª¨å à�§à®§−¥−−ëå ¡ëáâà®¯®ï¢«ïîé¨åáï ¨ ¬¥-
−ïîé¨åáï ¨áâ®ç−¨ª®¢
{ ‘¨áâ¥¬ë −¥¯à¥àë¢−®£® �−�«¨§� ®¡é¥¤®áâã¯−ëå ¤�−-
−ëå ¤«ï ¢ëï¢«¥−¨ï/̄ à®£−®§¨à®¢�−¨ï á®æ¨�«ì−® §−�-
ç¨¬ëå ï¢«¥−¨©
{ ÷�§à�¡®âª� £¨¡à¨¤−ëå á¨áâ¥¬ £¥®¯®«¨â¨ç¥áª®£® ¯à®-
£−®§¨à®¢�−¨ï
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7. �à£�−¨§�æ¨ï
ç¥«®¢¥ª®-¬�è¨−-
−ëå á¨áâ¥¬

{ �¯à¥¤¥«¥−¨¥ æ¥«¥© ¨ á¨âã�æ¨®−−ëå §−�−¨© ¯�àâ−¥-
à®¢-«î¤¥©, ¯à®£−®§¨à®¢�−¨ï ¨å ¯®âà¥¡−®áâ¥©/¤¥©áâ-
¢¨© ¤«ï ®¯â¨¬¨§�æ¨¨ à�¡®âë ª®¬�−¤ë úç¥«®¢¥ª{ª®¬-
¯ìîâ¥àû
{ �¡¥á¯¥ç¥−¨¥ úá¨¬¬¥âà¨ç−®©û á¢ï§¨ á «î¤ì¬¨ (¨−â®-
−�æ¨ï, ¦¥áâë, ¬¨¬¨ª�) ¤«ï ã«ãçè¥−¨ï ®¡¬¥−� úá«®¦-
−®©û ¨−ä®à¬�æ¨¥©
{ �¯â¨¬¨§�æ¨ï ®¯¥à�æ¨©, ¯à®¢®¤¨¬ëå «î¤ì¬¨ ¨ à�§-
«¨ç−ë¬¨ �¢â®−®¬−ë¬¨ �¯¯�à�â�¬¨
{ �¯â¨¬¨§�æ¨ï ç¥«®¢¥ç¥áª¨å �¤�¯â¨¢−ëå à�ááã¦¤¥-
−¨©, â¥áâ¨à®¢�−¨¥ ¨ ¯à®¢¥àª� ¢®§¤¥©áâ¢¨©, ¯®¢ëè�î-
é�ï ¯à®¨§¢®¤¨â¥«ì−®áâì à�ááã¦¤¥−¨©
{ ÷�§à�¡®âª� ¯®«ì§®¢�â¥«ìáª¨å áà¥¤, ª®â®àë¥ ¡®«¥¥ ¤¨-
−�¬¨ç−ë, ¡¥§®¯�á−ë, ¯à®¢¥àï¥¬ë, ¯¥à¥−®á¨¬ë ¨ íä-
ä¥ªâ¨¢−ë, ç¥¬ â¥ªãé¨¥ ¯à¥¤«®¦¥−¨ï
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8. �¡−�àã¦¥−¨¥ �â�ª
à�§«¨ç−®£® à®¤�,
ª®¬¯ìîâ¥à−�ï
¡¥§®¯�á−®áâì

{ ÷�§à�¡®âª� �¢â®¬�â¨§¨à®¢�−−ëå áà¥¤áâ¢ ®¡−�-
àã¦¥−¨ï à�á¯à¥¤¥«¥−−ëå �â�ª, á¡®à� ª®àà¥ªâ−ëå
ª®−â¥ªáâ−ëå ¤�−−ëå, ª®««¥ªâ¨¢−�ï ¢ëà�¡®âª� §�-
é¨â−ëå ¤¥©áâ¢¨©
{ ‘¨áâ¥¬ë ¡¥§®¯�á−®áâ¨ ª®¬¯ìîâ¥à−ëå á¥â¥©
{ ÷�§à�¡®âª� ¬¥â®¤®¢ §�¯ãáª� ª®−¥ç−ë¬¨ ¯®«ì§®-
¢�â¥«ï¬¨ á®¬−¨â¥«ì−®£® á â®çª¨ §à¥−¨ï ¡¥§®¯�á-
−®áâ¨ ��
{ ƒ®¬®¬®àä−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ ¬¥â®¤ë è¨äà®-
¢�−¨ï á á®ªà�é¥−¨¥¬ −�ª«�¤−ëå à�áå®¤®¢, à�§à�-
¡®âª� è¨à®ª®£® á¯¥ªâà� ¡¥§®¯�á−ëå à�á¯à¥¤¥«¥−-
−ëå ¯à¨«®¦¥−¨©, ¨á¯®«ì§ãîé¨å ¯¥à¥¤®¢ë¥ ¬¥â®-
¤ë ªà¨¯â®£à�ä¨¨
{ �¡−�àã¦¥−¨¥ �â�ª á ¨á¯®«ì§®¢�−¨¥¬ ¡¨®¬¥âà¨ç¥-
áª¨å ¯à¥¤áâ�¢«¥−¨© (¨áª�¦¥−¨¥ ¨«¨ áªàëâ¨¥ ¡¨®-
¬¥âà¨ç¥áª®© ¨¤¥−â¨ç−®áâ¨)
{ ÷�§à�¡®âª� á¨áâ¥¬ â¥áâ¨à®¢�−¨ï ¨ ®¡−�àã¦¥−¨ï
¢−ãâà¥−−¨å ã£à®§ ¨ −�àãè¨â¥«¥©
{ ÷�§à�¡®âª� áà¥¤áâ¢ á®§¤�−¨ï ¨ ®¡−�àã¦¥−¨ï úâà®-
ï−®¢û ¢ ¡¨¡«¨®â¥ª�å ¨ áà¥¤áâ¢�å à�§à�¡®âª¨ AI

C
H

A
S

E

A
T

H
E

N
A

,
C

A
U

S
E

,
S

T
O

N
E

S
O

U
P

,
H

E
C

T
O

R
,

O
di

n,
S

C
IT

E
,

T
R

O
jA

I
9. ÷�§à�¡®âª� áà¥¤áâ¢
¯®áâà®¥−¨ï ¬®¤¥«¥©

{ ÷�§à�¡®âª� áà¥¤áâ¢ ¯®áâà®¥−¨ï í¬¯¨à¨ç¥áª¨å ¬®-
¤¥«¥© −¥á¯¥æ¨�«¨áâ�¬¨ ¢ áâ�â¨áâ¨ª¥
{ ÷�§à�¡®âª� áà¥¤áâ¢ ¬®¤¥«¨à®¢�−¨ï ¢ á¨áâ¥¬�å
á ®âáãâáâ¢¨¥¬ ¯®«−ëå ¯®¤â¢¥à¦¤¥−−ëå �¤¥ª¢�â−ëå
¬®¤¥«¥©
{ �®¢ëè¥−¨¥ â®ç−®áâ¨ ¯à®£−®§¨à®¢�−¨ï á®¡ëâ¨©
è¨à®ª®£® á¯¥ªâà� á ãç¥â®¬ ¬−¥−¨© íªá¯¥àâ®¢
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10. ‘®¢¥àè¥−áâ¢®¢�-
−¨¥ ML-¬¥â®¤®¢
¨ �«£®à¨â¬®¢

{ �®¢ëè¥−¨¥ ãà®¢−ï ®¡êïá−¨¬®áâ¨ ML-¬®¤¥«¥©
{ �à¥¤¯à®¥ªâ−�ï ®æ¥−ª� ¢®§¬®¦−®áâ¥© ML-á¨áâ¥¬,
®æ¥−ª� ¤®áâ®¢¥à−®áâ¨ ¨§ å�à�ªâ¥à¨áâ¨ª
{ ÷�§à�¡®âª� ML-¬¥â®¤®¢, ¡�§¨àãîé¨åáï −� ¬�-
«ëå ®¡ãç�îé¨å ¢ë¡®àª�å
{ ÷�§à�¡®âª� ML-¬¥â®¤®¢, ¡�§¨àãîé¨åáï −� à¥¨−-
¦¨−¨à¥−£¥ �«£®à¨â¬®¢ ¬®§£�
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11. ‘®¢¥àè¥−áâ¢®¢�-
−¨¥ áà¥¤áâ¢
à�§à�¡®âª¨ ��
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�âà�á«ì AI ��¯à�¢«¥−¨¥ ¨áá«¥¤®¢�−¨©
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12. ‘®¢¥àè¥−áâ¢®-
¢�−¨¥ �¯¯�à�â−®-
¯à®£à�¬¬−®© ¡�§ë

{ ÷�§à�¡®âª� à¥ª®−ä¨£ãà¨àã¥¬®£® ¢ëá®ª®¯à®¨§¢®¤¨-
â¥«ì−®£® �¯¯�à�â−®-¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï
{ �¡¥á¯¥ç¥−¨¥ ¡¥á¯à®¢®¤−ë¬ ãáâà®©áâ¢�¬ ¤®áâã¯�
ª í«¥ªâà®¬�£−¨â−®¬ã á¯¥ªâàã, á®§¤�−¨¥ ¯à®£à�¬¬−®-
®¯à¥¤¥«ï¥¬ëå à�¤¨®áâ�−æ¨©
{ ‘à¥¤áâ¢� à�§à�¡®âª¨ ¬¨ªà®áå¥¬/̄ à®æ¥áá®à®¢ ¢®¥−-
−®£® −�§−�ç¥−¨ï
{ ÷�§à�¡®âª� ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå í−¥à£®íää¥ª-
â¨¢−ëå ª®¬¯ìîâ¥à®¢ á ¨á¯®«ì§®¢�−¨¥¬ á¢®©áâ¢ á¢¥àå-
¯à®¢®¤¨¬®áâ¨
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13. �®áâà®¥−¨¥
¬�â¥¬�â¨ç¥áª¨å
¬®¤¥«¥©
¬ëá«¨â¥«ì−ëå
¯à®æ¥áá®¢ ç¥«®¢¥ª�

{ �®áâà®¥−¨¥ ¬®¤¥«¥© £àã¯¯®¢ëå ç¥«®¢¥ç¥áª¨å ¯à¥¤-
ã¡¥¦¤¥−¨©
{ �®áâà®¥−¨¥ ª®£−¨â¨¢−ëå ¬®¤¥«¥© ¢®á¯à¨ïâ¨ï á¬ëá-
«� ¨ ¯à¥¤áâ�¢«¥−¨ï ª®−æ¥¯âã�«ì−ëå §−�−¨©, ®á−®¢�−-
−ëå −� −¥©à®¡¨®«®£¨¨
{ ˆ¤¥−â¨ä¨ª�æ¨ï à¥�«ì−ëå ¯®«ì§®¢�â¥«¥© ¯® ¯®¢¥¤¥-
−¨î ¢ ¢¨àâã�«ì−®¬ ¬¨à¥ (®−«�©−-¨£àë, á®æ¨�«ì−ë¥
á¥â¨)
{ ÷�§à�¡®âª� ¨£à ¤«ï ®¡ãç¥−¨ï à�á¯®§−�¢�âì ¨ á¬ï£-
ç�âì ª®£−¨â¨¢−ë¥ ¨áª�¦¥−¨ï
{ �−�«¨§ ¨−áâ¨−ªâ¨¢−®£® (¢�§®¬®â®à−®£®) ¯®¢¥¤¥−¨ï
ç¥«®¢¥ª� ¤«ï ®æ¥−ª¨ ¢®§¬®¦−®áâ¨ ¤®¢¥à¨ï ¢ ãá«®¢¨ïå
áâà¥áá�/®¡¬�−�
{ ÷�§à�¡®âª� ¨ â¥áâ¨à®¢�−¨¥ á¨áâ¥¬, ª®â®àë¥ ¨á¯®«ì-
§ãîâ ªà�ã¤á®àá¨−£ ¨ áâàãªâãà¨à®¢�−−ë¥ �−�«¨â¨ç¥-
áª¨¥ ¬¥â®¤ë ¤«ï ã«ãçè¥−¨ï �−�«¨â¨ç¥áª¨å à�ááã¦-
¤¥−¨©
{ ÷�§à�¡®âª� ¨ í¬¯¨à¨ç¥áª�ï ®æ¥−ª� á¨áâ¥¬�â¨ç¥áª¨å
¯®¤å®¤®¢ ª ª®−âàä�ªâãà−®¬ã ¯à®£−®§¨à®¢�−¨î ¨ ¨§-
¢«¥ç¥−−ë¬ ãà®ª�¬
{ ÷�§à�¡®âª� ¬¥â®¤®¢ ¯®áâ®ï−−®£® ¯�áá¨¢−®£® ú§®−-
¤¨à®¢�−¨ïû ¯¥àá®−�«� á æ¥«ìî ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨
¥£® à�¡®âë
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14. ˆá¯®«ì§®¢�−¨¥
−®¢®£® ¬�â¥¬�â¨-
ç¥áª®£® �¯¯�à�â�

{ ˆá¯®«ì§®¢�−¨¥ ª¢�−â®¢ëå íää¥ªâ®¢ ¤«ï íää¥ªâ¨¢-
−®£® à¥è¥−¨ï á«®¦−ëå §�¤�ç ª®¬¡¨−�â®à−®© ®¯â¨¬¨-
§�æ¨¨ Q

E
O

4 Использование технологий искусственного интеллекта
Федеральным бюро расследований США и полицией

‘®£«�á−® ®âªàëâë¬ ¨áâ®ç−¨ª�¬ [16], −� ¬®¬¥−â ¢¥á−ë 2019 £. ”¥¤¥à�«ì−®¥
¡îà® à�áá«¥¤®¢�−¨© ‘˜� (”�÷) ã¦¥ ¨á¯®«ì§®¢�«® á«¥¤ãîé¨¥ í«¥¬¥−âë AI:
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1. ‘¨áâ¥¬� à�á¯®§−�¢�−¨ï «¨æ. ”¥¤¥à�«ì−®¥ ¡îà® à�áá«¥¤®¢�−¨© ®¡à�â¨-
«®áì ª AI ¤«ï à�§à�¡®âª¨ â¥å−®«®£¨¨ ¨¤¥−â¨ä¨ª�æ¨¨ á«¥¤ãîé¥£® ¯®ª®«¥−¨ï
(NGI, Next Generation Identification). �¤−®© ¨§ ¥£® ¢®§¬®¦−®áâ¥© áâ�«®
áà�¢−¥−¨¥ ¨§®¡à�¦¥−¨© ¤«ï ¢ëï¢«¥−¨ï â¥å «¨æ, ª®â®àë¥ á¢ï§�−ë á ¯à¥áâã¯-
−®© ¤¥ïâ¥«ì−®áâìî, á ¨á¯®«ì§®¢�−¨¥¬ ¡�§ë ¤�−−ëå Œ¥¦£®áã¤�àáâ¢¥−−®©
ä®â®á¨áâ¥¬ë. ˆá¯®«ì§®¢�−¨¥ �� ¤«ï à�á¯®§−�¢�−¨ï «¨æ ¢ ”�÷ ¨¬¥-
¥â ãá¯¥å¨. ”¥¤¥à�«ì−®¥ ¡îà® à�áá«¥¤®¢�−¨© â�ª¦¥ ¨§ãç�¥â ª®¬¬¥àç¥áª¨
¤®áâã¯−®¥ �� ¤«ï ¢¨¤¥®−�¡«î¤¥−¨ï, ¢ ç�áâ−®áâ¨ Rekognition ®â Amazon.

2. ‘¨áâ¥¬� ¨¤¥−â¨ä¨ª�æ¨¨ ¯® ®â¯¥ç�âª�¬ ¯�«ìæ¥¢. ”¥¤¥à�«ì−®¥ ¡îà® à�á-
á«¥¤®¢�−¨© ¨á¯®«ì§ã¥â ã¦¥ áãé¥áâ¢ãîéãî á¨áâ¥¬ã IAFIS (Integrated Au-
tomated Fingerprint Identification System) ¯à¥¦¤¥ ¢á¥£® ¤«ï á®¯®áâ�¢«¥−¨ï
®â¯¥ç�âª®¢ ¯�«ìæ¥¢ ¨§ ¨§¢¥áâ−®© ¡�§ë ¤�−−ëå ¤�ªâ®ª�àâ, � á¨áâ¥¬� −®¢®£®
¯®ª®«¥−¨ï à�áè¨à¨«� íâã ¢®§¬®¦−®áâì. �®¢�ï á¨áâ¥¬� ãç¨âë¢�¥â ¢®§¬®¦−ë¥
®â¯¥ç�âª¨ «�¤®−¥©. ”¥¤¥à�«ì−®¥ ¡îà® à�áá«¥¤®¢�−¨© ç�áâ® áâ�«ª¨¢�«®áì
á® áâ¥àâë¬¨ ¨«¨ ¨−ë¬ ®¡à�§®¬ ¨§¬¥−¥−−ë¬¨ ®â¯¥ç�âª�¬¨ ¯�«ìæ¥¢, ª®â®àë¥
¬¥è�«¨ ¨¤¥−â¨ä¨ª�æ¨¨. —â®¡ë ®¡®©â¨ íâã á«®¦−®áâì, �£¥−âáâ¢® §�ª�§�«®
à�§à�¡®âªã â¥å−®«®£¨¨ AI, ª®â®à�ï ¬®£«� ¡ë ¢ë¯®«−ïâì ¨¤¥−â¨ä¨ª�æ¨î ¯à¨
−�«¨ç¨¨ ¯®¤®¡−ëå ¯à¥¤−�¬¥à¥−−ëå ¨«¨ −¥¯à¥¤−�¬¥à¥−−ëå ¨§¬¥−¥−¨©.

„àã£¨¥ ¢®§¬®¦−®áâ¨ NGI ¢ª«îç�îâ ¢ á¥¡ï:

{ åà�−¨«¨é¥ ®á®¡®£® §−�ç¥−¨ï (RISC, Repository for Individuals of Special
Concern) | íâ® ¯à®£à�¬¬� à�−−¥£® ¢ëï¢«¥−¨ï à�§ëáª¨¢�¥¬ëå ¨ ¤àã£¨å
®¯�á−ëå «¨æ á ¨á¯®«ì§®¢�−¨¥¬ ¡�§ë ¤�−−ëå ®â¯¥ç�âª®¢ ¯�«ìæ¥¢; ¯à¥¤−�-
§−�ç¥−® ¤«ï ®¡¥á¯¥ç¥−¨ï á®âàã¤−¨ª®¢ ¯à�¢®®åà�−¨â¥«ì−ëå ®à£�−®¢ −� ¬¥áâ¥
¨ ¬£−®¢¥−−ë© ¤®áâã¯ ç¥à¥§ ¬®¡¨«ì−®¥ ãáâà®©áâ¢®;

{ ä�©« à�áá«¥¤®¢�−¨ï Friction Ridge | á®¤¥à¦¨â ¢á¥ á®®â¢¥âáâ¢ãîé¨¥ ¨§®¡à�-
¦¥−¨ï ¨ á®¡ëâ¨ï, á¢ï§�−−ë¥ á ç¥«®¢¥ª®¬, ¤«ï ¯®¢ëè¥−¨ï â®ç−®áâ¨ ¯®¨áª�,
¢ª«îç�ï ®â¯¥ç�âª¨ ¯�«ìæ¥¢, RISC, ¤®¯®«−¨â¥«ì−ë¥ ®â¯¥ç�âª¨ ¯�«ìæ¥¢ ¨ ®â-
¯¥ç�âª¨ «�¤®−¥© ¢ à�¬ª�å ��æ¨®−�«ì−®© á¨áâ¥¬ë ®â¯¥ç�âª®¢ «�¤®−¥© (NPPS,
National Palm Print System);

{ á¥à¢¨á Rap Back | à¥£ã«ïà−® á®®¡é�¥â ® ¤¥ïâ¥«ì−®áâ¨ «î¤¥©, −�å®¤ïé¨åáï
¯®¤ £®áã¤�àáâ¢¥−−ë¬ à�áá«¥¤®¢�−¨¥¬ ¨«¨ −�¤§®à®¬, � â�ª¦¥ §�−¨¬�îé¨å
¤®«¦−®áâ¨ ¤®¢¥à¥−−®£® «¨æ�, çâ®¡ë ¨§¡¥¦�âì −¥®¡å®¤¨¬®áâ¨ ¯®¢â®àïâì ¯à®-
¢¥àªã ¤�−−ëå;

{ ú•®«®¤−®¥ ¤¥«®/�¥¨§¢¥áâ−ë© ¬¥àâ¢¥æû | ¯®§¢®«ï¥â �£¥−â�¬ ¯®¤ ¯à¨ªàë-
â¨¥¬ ¨ á«¥¤®¢�â¥«ï¬ ¯à�¢®®åà�−¨â¥«ì−ëå ®à£�−®¢ ¨á¯®«ì§®¢�âì ¡�§ã ¤�−−ëå
NGI ¨ �«£®à¨â¬ë ¯®¨áª� ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ −¥¨§¢¥áâ−ëå ã¬¥àè¨å;

{ Iris Pilot | §�¯ãé¥−−ë© ¢ ª®−æ¥ 2013 £. ¯¨«®â−ë© ¯à®¥ªâ ¯® ¨á¯®«ì§®¢�−¨î
ç¥«®¢¥ç¥áª®© à�¤ã¦ª¨ ¤«ï ¡¨®¬¥âà¨ç¥áª®© ¨¤¥−â¨ä¨ª�æ¨¨ ¢ ¨á¯à�¢¨â¥«ì-
−ëå ãçà¥¦¤¥−¨ïå, −� £à�−¨æ¥, ¢ ¯à®£à�¬¬�å ãá«®¢−®£® ®á¢®¡®¦¤¥−¨ï, ¤«ï
¬®¡¨«ì−®© ¨¤¥−â¨ä¨ª�æ¨¨ −� ¬¥áâ�å ¨ ¢ à�áá«¥¤®¢�−¨ïå á ¨á¯®«ì§®¢�−¨¥¬
¢¨¤¥®¤®ª�§�â¥«ìáâ¢.
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3. ‘¨áâ¥¬� ¯à®¢¥àª¨ á®®â¢¥âáâ¢¨ï „�Š. ”¥¤¥à�«ì−®¥ ¡îà® à�áá«¥¤®¢�−¨©
¯à¨§−�«® §−�ç¥−¨¥ ¯à®ä¨«¥© „�Š −� à�−−¨å íâ�¯�å ã£®«®¢−®£® à�áá«¥¤®-
¢�−¨ï ¨ ¢ ¨â®£¥ á®§¤�«® ¡�§ã ¤�−−ëå ¯®¤ −�§¢�−¨¥¬ ú�¡ê¥¤¨−¥−−�ï á¨áâ¥¬�
¨−¤¥ªá� „�Šû (CODIS, Combined DNA Index System). „® â®£® ª�ª ¯®ï¢¨-
«¨áì �«£®à¨â¬ë ¬�è¨−−®£® ®¡ãç¥−¨ï, ¯à�¢®®åà�−¨â¥«ì−ë¥ ®à£�−ë ¯®áë«�«¨
®¡à�§æë ¢ á¯¥æ¨�«ì−ë¥ «�¡®à�â®à¨¨ ¤«ï ¨å ®¡à�¡®âª¨, � §�â¥¬ ®â¯à�¢«ï«¨
¯à®ä¨«ì „�Š ¢ ”�÷ ¤«ï á®¯®áâ�¢«¥−¨ï. ‚¥áì ¯à®æ¥áá ¡ë« ¬¥¤«¥−−ë¬,
§�−¨¬�« ¤−¨ ¨«¨ −¥¤¥«¨ ¢ §�¢¨á¨¬®áâ¨ ®â ®âáâ�¢�−¨ï áã¤¥¡−®-¬¥¤¨æ¨−áª®©
íªá¯¥àâ¨§ë ¨ á«®¦−®áâ¨ ¯®¨áª� á®®â¢¥âáâ¢¨ï. ‹�¡®à�â®à¨©, á¯®á®¡−ëå
£¥−¥à¨à®¢�âì ¯à®ä¨«¨ „�Š, ¡ë«® −¥¬−®£®, ¨ ¢ −¥ª®â®àëå ®¡«�áâïå ®âáâ�-
¢�−¨¥ ®â ¤¥« ¬®£«® ¤®áâ¨£�âì 5 «¥â. Šà®¬¥ â®£®, ¯à®ä¨«¨ „�Š á®¤¥à¦�â
á«®¦−ë© −�¡®à ¤�−−ëå, ¨ ¯® á®áâ®ï−¨î −� ä¥¢à�«ì 2019 £. CODIS ¨¬¥¥â
¯®çâ¨ 14 ¬«− ¯à®ä¨«¥©, ¯®íâ®¬ã áâ�−¤�àâ−ë¬ ª®¬¯ìîâ¥à−ë¬ ¯à®£à�¬¬�¬
âà¥¡ã¥âáï ¢à¥¬ï, çâ®¡ë ¯à®á¬®âà¥âì ¢á¥ ¤�−−ë¥ ¨ ®¯à¥¤¥«¨âì ®¤¨− ¯à®ä¨«ì,
¥á«¨ ®− â�¬ ¥áâì. ‚® ¬−®£¨å á«ãç�ïå ¤®«£®¥ ®¦¨¤�−¨¥ ¬®¦¥â ¡ëâì ®â«®¦¥−®,
¯à�¢®áã¤¨¥ −¥ á®áâ®¨âáï.
�®¢�ï â¥å−®«®£¨ï ¬®¦¥â ¨§¬¥−¨âì ¢á¥ íâ®. �à�¢®®åà�−¨â¥«ì−ë¥ ®à£�−ë
¨á¯®«ì§ãîâ ¯®«−®áâìî �¢â®¬�â¨§¨à®¢�−−ë¥ ¨ ¯®àâ�â¨¢−ë¥ ¬�è¨−ë Rapid
DNA ¤«ï ãáª®à¥−¨ï ¯à®æ¥áá� á®§¤�−¨ï ¯à®ä¨«¥© „�Š ¨§ ¬�§ª®¢ −� é¥ª�å,
á®ªà�é�ï ¥£® ¤® 90 ¬¨− ¢¬¥áâ® ¤−¥© ¨«¨ −¥¤¥«ì. ‘ ¯®¬®éìî �� ¤«ï
¬�è¨−−®£® ®¡ãç¥−¨ï ¯®«¨æ¨ï ¬®¦¥â ¡à�âì ®¡à�§æë, á®§¤�¢�âì ¯à®ä¨«ì ¨ á®-
¯®áâ�¢«ïâì ¤�−−ë¥ ¢ â¥ç¥−¨¥ ¤¢ãå ç�á®¢, ¥á«¨ ã −¨å ¥áâì ¤®áâã¯ ª CODIS.
�â® ¨¬¥−−® â®, çâ® ”�÷ å®ç¥â á¤¥«�âì, àãª®¢®¤áâ¢ãïáì �ªâ®¬ ® ¡ëáâà®©
„�Š ®â 2017 £. ‘à¥¤¨ ¯à®ç¥£®, íâ® ¯®§¢®«ï¥â �£¥−âáâ¢ã á®§¤�âì á¥âì ¨§
íâ¨å ¬�è¨−, çâ®¡ë ¯®«ãç¨âì ¤®áâã¯ ª CODIS. ‚ 2018 £. ��æ¨®−�«ì−ë©
¨−áâ¨âãâ áâ�−¤�àâ®¢ ¨ â¥å−®«®£¨© (NIST, National Institute of Standards and
Technology) ¯à®¢¥« ®æ¥−ªã à�¡®âë ª®¬¯«¥ªá®¢ ¡ëáâà®© „�Š. ÷¥§ã«ìâ�âë
¯®ª�§�«¨, çâ®, å®âï ¬�è¨−ë á¯®á®¡−ë à�¡®â�âì á�¬®áâ®ïâ¥«ì−®, ¬®¤¨ä¨æ¨-
à®¢�−−ë© �−�«¨§ á ¢¬¥è�â¥«ìáâ¢®¬ ç¥«®¢¥ª� ¤�« à¥§ã«ìâ�âë á ¡®«¥¥ ¢ëá®ª®©
â®ç−®áâìî.

4. ‘¨áâ¥¬ë ª¨¡¥à¡¥§®¯�á−®áâ¨ ”�÷ á«ã¦�â åà�−¨«¨é¥¬ ¡®«ìè®£® ®¡ê¥¬�
¤�−−ëå, à�á¯à¥¤¥«¥−−ëå ¯® ¬−®£¨¬ ¯®«¥¢ë¬ ®ä¨á�¬, ¯®íâ®¬ã, ª�ª ¨ ¢ «î¡®©
ªàã¯−®© ®à£�−¨§�æ¨¨, ª¨¡¥à¡¥§®¯�á−®áâì áâ�−®¢¨âáï á¥àì¥§−®© ¯à®¡«¥¬®©.
”¥¤¥à�«ì−®¥ ¡îà® à�áá«¥¤®¢�−¨© §�ª«îç¨«® ª®−âà�ªâ á ª®¬¯�−¨¥© ECS
¯® ª¨¡¥à¡¥§®¯�á−®áâ¨ −� ã¯à�¢«¥−¨¥ ¡¥§®¯�á−®áâìî á¢®¥© á¥â¨ á ¯®¬®éìî
¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�. Š®¬¯�−¨ï ECS ¡ã¤¥â ¨á¯®«ì§®¢�âì ¬�è¨−−®¥
®¡ãç¥−¨¥, çâ®¡ë £àã¯¯ë íªá¯¥àâ®¢ ¯® ¡¥§®¯�á−®áâ¨ ¯à®å®¤¨«¨ ç¥à¥§ á¥â¨
”�÷, ¢ëï¢«ï«¨ á«�¡ë¥ ¬¥áâ�, áª�−¨à®¢�«¨ ¯®â¥−æ¨�«ì−ë¥ ¯à®¡«¥¬−ë¥
®¡«�áâ¨ ¨ −�áâà�¨¢�«¨ ¯¥àá®−�« ¤«ï ®æ¥−ª¨ ¨ ã¯à�¢«¥−¨ï âà¥¡®¢�−¨ï¬¨
¡¥§®¯�á−®áâ¨.

5. ‘¨áâ¥¬ë ¨¤¥−â¨ä¨ª�æ¨¨ ¢−ãâà¥−−¨å −�àãè¨â¥«¥©. ��ç¨−�ï á 1980-å ££.
”�÷ ¯®¤¢¥à£�«®áì ¬−®£®ç¨á«¥−−ë¬ á«ãç�ï¬ ¨−á�©¤¥àáª¨å ã£à®§. �à®â¨¢®-
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¤¥©áâ¢¨¥ ¢ íâ®© ®¡«�áâ¨ ”�÷ ¢¨¤¨â ¢ ¡®«¥¥ �ªâ¨¢−®¬ ¯®¤å®¤¥ ª ¢−ãâà¥−−¨¬
ã£à®§�¬, §�¯ãáâ¨¢ ¤¢¥ ¯à®£à�¬¬ë, ¨á¯®«ì§ãîé¨¥ �−�«¨â¨ªã ¤�−−ëå ¤«ï
à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë. �¤−� ¨§ −¨å | Javelin, ª®â®à�ï á«¥¤¨â §� ¢−ãâà¥−-
−¨¬¨ ¯à®áâã¯ª�¬¨, −�àãè¥−¨ï¬¨ ¡¥§®¯�á−®áâ¨ ¨ ¢−ãâà¥−−¨¬ è¯¨®−�¦¥¬.
„àã£�ï | íâ® ¯«�âä®à¬� �−�«¨§� ¢−ãâà¥−−¨å ã£à®§ (InTAP), ª®â®à�ï ¯à®-
á¬�âà¨¢�¥â ¡®«ìè¨¥ ®¡ê¥¬ë ¤�−−ëå, çâ®¡ë −�©â¨ è�¡«®−ë, ãª�§ë¢�îé¨¥
−� ¯®¤®§à¨â¥«ì−ë¥ ¤¥©áâ¢¨ï ¨ ¯®â¥−æ¨�«ì−ë¥ ã£à®§ë ¤«ï ®à£�−¨§�æ¨¨. �¡¥
íâ¨ ¯à®£à�¬¬ë −�å®¤ïâáï ¢ áâ�¤¨¨ à¥�«¨§�æ¨¨.

6. Œ¥−¥¤¦¬¥−â ¡¨§−¥á-¯à®æ¥áá®¢. ”¥¤¥à�«ì−®¥ ¡îà® à�áá«¥¤®¢�−¨© | íâ®
ªàã¯−�ï ®à£�−¨§�æ¨ï, ¢ª«îç�îé�ï ¬−®£® ®â¤¥«¥−¨© ¯® ¢á¥¬ã ¬¨àã, ¢ ª®â®-
àëå ªàã£«®áãâ®ç−® à�¡®â�îâ ¡®«¥¥ 51 000 ç¥«. ‘â�àë¥ á¯®á®¡ë �¤¬¨−¨áâà�-
â¨¢−®£® ã¯à�¢«¥−¨ï −¥ ¢á¥£¤� á®®â¢¥âáâ¢ãîâ à�áâãé¨¬ âà¥¡®¢�−¨ï¬ ¢à¥¬¥−¨.
—â®¡ë ¯®¢ëá¨âì ®¯¥à�æ¨®−−ãî íää¥ªâ¨¢−®áâì, ”�÷ §�ª«îç¨«® ª®−âà�ªâ
á ª®¬¯�−¨¥©-à�§à�¡®âç¨ª®¬ �� Pega Systems. Pega ¯®¬®¦¥â ”�÷ ®¯â¨-
¬¨§¨à®¢�âì ®¯¥à�æ¨¨ ¨ á®ªà�â¨âì à�áå®¤ë á ¯®¬®éìî ¤¢ãå −�áâà�¨¢�¥¬ëå
¡¨§−¥á-à¥è¥−¨©: Pega Government Platform ¨ Pega Robotic Process Automa-
tion. �«�âä®à¬� ¡ã¤¥â ¨á¯®«ì§®¢�âìáï ¤«ï à�§à�¡®âª¨ ¬�áèâ�¡¨àã¥¬ëå
¨ £¨¡ª¨å ¯à¨«®¦¥−¨© ¤«ï ã¤®¢«¥â¢®à¥−¨ï ¯®âà¥¡−®áâ¥© ¡¨§−¥á-¯à®æ¥áá®¢.
Š®¬¯®−¥−â �¢â®¬�â¨§�æ¨¨ §�ª«îç�¥âáï ¢ ®á¢®¡®¦¤¥−¨¨ ¯¥àá®−�«� ®â ¯®¢â®-
àïîé¨åáï §�¤�ç ¯®áà¥¤áâ¢®¬ �¢â®¬�â¨§�æ¨¨.

‘®£«�á−® ®âªàëâë¬ ¨áâ®ç−¨ª�¬ [17], −� ¬®¬¥−â ¢¥á−ë 2019 £. ¯®«¨æ¨ï ‘˜�
ã¦¥ ¨á¯®«ì§®¢�«� ¬−®£¨¥ í«¥¬¥−âë â¥å−®«®£¨© AI. ˆáªãááâ¢¥−−ë© ¨−â¥««¥ªâ
¨ à®¡®â®â¥å−¨ç¥áª¨¥ ¯à¨«®¦¥−¨ï ¯à�¢®®åà�−¨â¥«ì−ëå ®à£�−®¢ ¯®¤à�§¤¥«ïîâáï
−� ç¥âëà¥ ¡®«ìè¨¥ ª�â¥£®à¨¨ (â�¡«. 3):

(1) ¯à®£−®§¨à®¢�−¨¥ ¨ �−�«¨§ (Big Data ¨ ¬�è¨−−®¥ ®¡ãç¥−¨¥);

(2) à�á¯®§−�¢�−¨¥ («¨æ ¢ à�§−®à®¤−®© ¬ã«ìâ¨¬¥¤¨©−®© ¨−ä®à¬�æ¨¨; £®«®á�);

(3) ¯�âàã«¨à®¢�−¨¥ (�¢â®−®¬−ë¥ ãáâà®©áâ¢�, ¯à¨¢ï§ª� ª ¬¥áâ−®áâ¨);

(4) ª®¬¬ã−¨ª�æ¨¨ (®¡¥á¯¥ç¥−¨¥ ª®¬¯«¥ªá−®© á¢ï§¨ ¨ ¤®áâã¯� ª ¨−ä®à¬�æ¨¨
¨ á¥à¢¨á�¬).

‚−¥¤à¥−¨¥ AI −�¯à�¢«¥−® −� ãá¨«¥−¨¥ á«¥¤ãîé¨å ª�ç¥áâ¢ ¯à�¢®®åà�−¨-
â¥«ì−ëå ®à£�−®¢: ¬�áèâ�¡−®áâ¨, ®¯¥à�â¨¢−®áâ¨, íää¥ªâ¨¢−®áâ¨, ¢®§¬®¦−®áâ¨
ã¤�«¥−−®£® ¢«¨ï−¨ï.

‘ ¯®¬®éìî AI ¯à¥¤¯®«�£�¥âáï ¡®à®âìáï á® á«¥¤ãîé¨¬¨ ¢¨¤�¬¨ −¥£�â¨¢−ëå
¢®§¤¥©áâ¢¨© (�â�ª):

{ æ¨äà®¢ë¥ �â�ª¨: �¢â®¬�â¨ç¥áª¨© ä¨è¨−£, ®¡−�àã¦¥−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥
ª¨¡¥àãï§¢¨¬®áâ¥© ¨ ¯à.,

{ ¯®«¨â¨ç¥áª¨¥ �â�ª¨: à�á¯à®áâà�−¥−¨¥ ä�«ìè¨¢ëå −®¢®áâ¥© ¨ á®§¤�−¨¥ ä�«ì-
è¨¢ëå áà¥¤áâ¢ ¬�áá®¢®© ¨−ä®à¬�æ¨¨ ¤«ï ¯®ï¢«¥−¨ï ¯ãâ�−¨æë ¨«¨ ª®−ä«¨ª-
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’�¡«¨æ� 3 ÷�á¯à¥¤¥«¥−¨¥ ¯à¨«®¦¥−¨© ¯® ª�â¥£®à¨ï¬ ¨ áâ¥¯¥−¨ £®â®¢−®áâ¨

Š�â¥£®à¨ï Š®−æ¥¯â �à®â®â¨¯
�¯ëâ−�ï

íªá¯«ã�â�æ¨ï
�®¥¢®¥

¢−¥¤à¥−¨¥

�à®£−®§¨-
à®¢�−¨¥
¨ �−�«¨§

’¥ªáâ®¢ë© �−�«¨§
¨ ¯®áâà®¥−¨¥
ã¬®§�ª«îç¥−¨©
�®¢ëè¥−¨¥ ç¨á-
â®âë ¢ ¯à®¢¥¤¥−¨¨
à�áá«¥¤®¢�−¨©

Œ®¤¥«¨à®¢�−¨¥
á¨âã�æ¨© á ¨á¯®«ì-
§®¢�−¨¥¬ �£¥−â®¢
�à¥¤áª�§�−¨¥
¯à®â¥áâ®¢
¨ ¯à¥áâã¯«¥−¨©
Š®−â¥ªáâ−ë©
�−�«¨§ ¨−â¥««¥ªâ�

�à®ä¨«�ªâ¨ç¥-
áª¨¥ ¬¥àë
‘¨áâ¥¬ë æ¨äà®¢®©
ªà¨¬¨−�«¨áâ¨ª¨
ˆ¤¥−â¨ä¨ª�æ¨ï
¯®¤®§à¨â¥«ì−®£®
¯®¢¥¤¥−¨ï

ˆ¤¥−â¨ä¨ª�-
æ¨ï îà¨¤¨ç¥-
áª¨ §−�ç¨¬®©
¨−ä®à¬�æ¨¨
�à¥¤áª�§�−¨¥
¯à¥áâã¯«¥−¨©

÷�á¯®§−�-
¢�−¨¥

ˆ¤¥−â¨ä¨ª�æ¨ï
¬�è¨−
�−�«¨§ ¢¨¤¥®-
¨ �ã¤¨®¨−ä®à-
¬�æ¨¨

‚ë¤¥«¥−¨¥ ¨−ä®à-
¬�æ¨¨ ¨§ ¥¦¥¤−¥¢-
−ëå á¢®¤®ª
® ¯à¥áâã¯«¥−¨ïå
‹¨æ¥¢�ï ¨ â¥ªáâ®-
¢�ï ¡¨®¬¥âà¨ï

�−�«¨§ �ã¤¨®-
¨ ¢¨¤¥®¨−ä®à¬�-
æ¨¨ ¨§ ¬¥áâ §�ª«î-
ç¥−¨ï
‘¯à�¢®ç−ë¥
¬�è¨−ë
�−�«¨§ ¨ à�á¯®-
§−�¢�−¨¥ £®«®á�
¢ á¨áâ¥¬�å á¢ï§¨
‘¨áâ¥¬ë −�¡«î-
¤¥−¨ï §� ¯à¥áâã¯-
−¨ª�¬¨

Š®¬¬ã−¨-
ª�æ¨¨ �ã¤¨®¯¥à¥¢®¤ç¨ª Š®¬¬ã−¨ª�æ¨®−-

−ë¥ à®¡®âë

��âàã«¨-
à®¢�−¨¥

÷®¡®âë ¤«ï
¯�âàã«¨à®¢�−¨ï
¯¥à¨¬¥âà�

��âàã«ì−ë¥ ¤à®−ë
(¬¥áâ� §�ª«îç¥−¨ï,
£à�−¨æ�)
„à®−ë-−�¡«î¤�-
â¥«¨
ƒ¥−¥à¨àã¥¬ë¥ AI
«¥−âë −®¢®áâ¥©,
â¥«¥ª�−�«ë ¯àï¬®-
£® íä¨à�

â®¢, ¯®¤¬¥−� ¨ ä�«ìá¨ä¨ª�æ¨ï ¨−áâàã¬¥−â®¢, ¯®§¢®«ïîé¨å ¬�−¨¯ã«¨à®¢�âì
¢¨¤¥® ¨ áâ�¢¨âì ¯®¤ ã£à®§ã ¤®¢¥à¨¥ ¯®«¨â¨ç¥áª¨¬ ¤¥ïâ¥«ï¬, ¨ ¯à.,

{ ä¨§¨ç¥áª¨¥ �â�ª¨: ¨á¯®«ì§®¢�−¨¥ ¢®®àã¦¥−−ëå ¤à®−®¢ á äã−ªæ¨¥© à�á¯®-
§−�¢�−¨ï, ª®−âà�¡�−¤� ¨ ¯à.

‚ ª�ç¥áâ¢¥ ã¦¥ ¨á¯®«ì§ã¥¬ëå í«¥¬¥−â®¢ AI ¢ [17] ã¯®¬¨−�îâáï:

{ ¤à®−ë ¨ à®¡®âë: ¯®«¨æ¥©áª¨¥ à®¡®âë, −�¡«î¤¥−¨¥ ¢ âîàì¬�å, à®¡®âë
¡¥§®¯�á−®áâ¨ Knightscope ¤«ï �íà®¯®àâ®¢, ¤à®−ë ¢ ¯à�¢®®åà�−¨â¥«ì−ëå
®à£�−�å;
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�. ‚. �®à¨á®¢, �. ‚. �®á®¢, „. ‚. †ãª®¢

{ á¨áâ¥¬ë à�á¯®§−�¢�−¨ï «¨æ ¢ ¯à�¢®®åà�−¨â¥«ì−ëå ®à£�−�å á ¨á¯®«ì§®¢�−¨¥¬
ª®¬¯ìîâ¥à−®£® §à¥−¨ï ¨ á¨áâ¥¬ ¬�è¨−−®£® ®¡ãç¥−¨ï;

{ á¨áâ¥¬ë −�àã¦−®£® −�¡«î¤¥−¨ï á ¨á¯®«ì§®¢�−¨¥¬ AI: à®¡®â¨§¨à®¢�−−ë¥
¯â¨æë-−�¡«î¤�â¥«¨, ã¬−ë¥ ®çª¨, ª�¬¥àë á ¯®¤¤¥à¦ª®© AI, ��ƒ-¯®¢ï§ª¨,
ã−¨ä®à¬� á ¯®¤¤¥à¦ª®© AI, ¡à�á«¥âë á ¯®¤¤¥à¦ª®© AI.

5 Заключение

�−�«¨§¨àãï à®áá¨©áªãî ú��æ¨®−�«ì−ãî áâà�â¥£¨î à�§¢¨â¨ï ¨áªãááâ¢¥−−®£®
¨−â¥««¥ªâ� −� ¯¥à¨®¤ ¤® 2030 £®¤�û [3], ¥¥ �¬¥à¨ª�−áª¨© �−�«®£, � â�ª¦¥ ¤àã£¨¥
à�áá¬®âà¥−−ë¥ ¢ëè¥ ¤®ªã¬¥−âë ‘˜� ¢ ®¡«�áâ¨ AI R&D, ¬®¦−® á¤¥«�âì á«¥-
¤ãîé¨¥ ¢ë¢®¤ë.

1. ÷®áá¨©áª�ï áâà�â¥£¨ï à�§à�¡®â�−� ª®¬¬¥àç¥áª®© ®à£�−¨§�æ¨¥© (¯ãáâì ¨ á £®-
áã¤�àáâ¢¥−−ë¬ ãç�áâ¨¥¬) | ‘¡¥à¡�−ª®¬, ¢ â® ¢à¥¬ï ª�ª �¬¥à¨ª�−áª¨©
áâà�â¥£¨ç¥áª¨© ¯«�− | £®áã¤�àáâ¢¥−−®© ®à£�−¨§�æ¨¥©: ��æ¨®−�«ì−ë¬ á®-
¢¥â®¬ ¯® −�ãª¥ ¨ â¥å−¨ª¥ ‘˜� (NSTC, National Science and Technology
Council).

2. „¥ª«�à¨àã¥¬ë¥ æ¥«¨ ¯à¨¬¥à−® ®¤−¨ ¨ â¥ ¦¥: ú®¡¥á¯¥ç¥−¨¥ à®áâ� ¡«�£®á®-
áâ®ï−¨ï ¨ ª�ç¥áâ¢� ¦¨§−¨ −�á¥«¥−¨ï, ®¡¥á¯¥ç¥−¨¥ −�æ¨®−�«ì−®© ¡¥§®¯�á-
−®áâ¨ ¨ ¯à�¢®¯®àï¤ª�, ¤®áâ¨¦¥−¨¥ ãáâ®©ç¨¢®© ª®−ªãà¥−â®á¯®á®¡−®áâ¨
à®áá¨©áª®© íª®−®¬¨ª¨, ¢ â®¬ ç¨á«¥ «¨¤¨àãîé¨å ¯®§¨æ¨© ¢ ¬¨à¥ ¢ ®¡«�áâ¨
¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�û ¢ [3] ¨ úá®§¤�−¨¥ −®¢ëå §−�−¨© ¨ â¥å−®«®£¨©
¢ ®¡«�áâ¨ AI, ®¡¥á¯¥ç¨¢�îé¨å ®¡é¥áâ¢ã àï¤ ¯®§¨â¨¢−ëå ¯à¥¨¬ãé¥áâ¢
¯à¨ ¬¨−¨¬¨§�æ¨¨ −¥£�â¨¢−ëå ¢®§¤¥©áâ¢¨©û ¢ [4]. ’¥¬ −¥ ¬¥−¥¥ æ¥«¨ ‘˜�
¢ë£«ï¤ïâ ¡®«¥¥ �¡áâà�ªâ−® ¨ äã−¤�¬¥−â�«ì−® (á®§¤�−¨¥ −®¢ëå §−�−¨© ¨ â¥å-
−®«®£¨©) ¯® áà�¢−¥−¨î á ¤®áâ�â®ç−® ãâ¨«¨â�à−®©, −® á«®¦−® ¯à®¢¥àï¥¬®©
à®áá¨©áª®© ¢¥àá¨¥© (®¡¥á¯¥ç¥−¨¥ à®áâ� ¡«�£®á®áâ®ï−¨ï ¨ ª�ç¥áâ¢� ¦¨§−¨).

3. ‚ ª�ç¥áâ¢¥ ú�¤à¥á�â®¢û à®áá¨©áª�ï áâà�â¥£¨ï ã¯®¬¨−�¥â £®áã¤�àáâ¢¥−−ë¥
¯à®£à�¬¬ë ÷” ¨ ®â¤¥«ì−ëå áã¡ê¥ªâ®¢, ä¥¤¥à�«ì−ë¥ ¨ à¥£¨®−�«ì−ë¥ ¯à®¥ª-
âë, ¯«�−®¢ë¥ ¨ ¯à®£à�¬¬−®-æ¥«¥¢ë¥ ¤®ªã¬¥−âë £®áª®à¯®à�æ¨© ¨ ª®¬¯�−¨©,
�ªæ¨®−¥à−ëå ®¡é¥áâ¢ á £®áã¤�àáâ¢¥−−ë¬ ãç�áâ¨¥¬ ¨ áâà�â¥£¨ç¥áª¨¥ ¤®ªã-
¬¥−âë ¨−ëå ®à£�−¨§�æ¨© ¢ ç�áâ¨ AI. �¬¥à¨ª�−áª¨© áâà�â¥£¨ç¥áª¨© ¯«�−
ãáâ�−�¢«¨¢�¥â −�¡®à æ¥«¥© ¤«ï ¨áá«¥¤®¢�−¨© AI R&D, ä¨−�−á¨àã¥¬ëå ¨§
ä¥¤¥à�«ì−®£® ¡î¤¦¥â�, ª�ª ¨áá«¥¤®¢�−¨©, ¯à®¢®¤¨¬ëå ¢ à�¬ª�å ¯à�¢¨â¥«ì-
áâ¢�, â�ª ¨ ¨áá«¥¤®¢�−¨©, ª®â®àë¥ ¯à®¢®¤ïâáï §� ¯à¥¤¥«�¬¨ ¯à�¢¨â¥«ìáâ¢�,
−�¯à¨¬¥à ¢ �ª�¤¥¬¨ç¥áª¨å ªàã£�å. ‚ 2019 £. ‘˜� ¢−¥á«¨ ¢ á¢®© ¯«�−
¤®¯®«−¨â¥«ì−ë© ¯ã−ªâ ® à�áè¨à¥−¨¨ £®áã¤�àáâ¢¥−−®-ç�áâ−®£® ¯�àâ−¥àáâ¢�.

4. Š®®à¤¨−�æ¨î ¤¥ïâ¥«ì−®áâ¨ ãç�áâ−¨ª®¢ à¥�«¨§�æ¨¨ à®áá¨©áª®© áâà�â¥£¨¨
®áãé¥áâ¢«ï¥â �à�¢¨â¥«ìáâ¢¥−−�ï ª®¬¨áá¨ï ¯® æ¨äà®¢®¬ã à�§¢¨â¨î, ¨á-
¯®«ì§®¢�−¨î ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¤«ï ã«ãçè¥−¨ï ª�ç¥áâ¢� ¦¨§−¨
¨ ãá«®¢¨© ¢¥¤¥−¨ï ¯à¥¤¯à¨−¨¬�â¥«ìáª®© ¤¥ïâ¥«ì−®áâ¨. ‚ ‘˜� �−�«®£¨ç−ãî
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äã−ªæ¨î ¢ë¯®«−ï¥â �®¤ª®¬¨â¥â R&D ¢ ®¡«�áâ¨ á¥â¥¢ëå ¨ ¨−ä®à¬�æ¨®−-
−ëå â¥å−®«®£¨© (NITRD, Networking and Information Technology Research
and Development) ��æ¨®−�«ì−®£® á®¢¥â� ¯® −�ãª¥ ¨ â¥å−¨ª¥ ‘˜�.

5. �¬¥à¨ª�−áª¨© áâà�â¥£¨ç¥áª¨© ¯«�− ¤¥â�«ì−® ¡®«¥¥ ¯à®à�¡®â�−, â�ª ª�ª
®¯¨à�¥âáï −� á®¢®ªã¯−®áâì áâà�â¥£¨ç¥áª¨å ¤®ªã¬¥−â®¢, à¥£«�¬¥−â¨àãîé¨å
R&D ¯® ç�áâ−ë¬ −�¯à�¢«¥−¨ï¬ [5{11], á®£«�á®¢�−−® à�§à�¡®â�−−ëå á ®á−®¢-
−ë¬ ¤®ªã¬¥−â®¬ [4].

6. ‘®£«�á−® ¤®áâã¯−ë¬ ®âªàëâë¬ ¨áâ®ç−¨ª�¬, ¯«�−ë AI R&D ¢ ®¡«�áâ¨ ®¡®-
à®−ë ¨ ¡¥§®¯�á−®áâ¨ ¤¥â�«ì−® ¯à®à�¡®â�−ë. �à¨ íâ®¬ �ªæ¥−â ¢ −¨å á¤¥«�− −¥
−� ¢−¥¤à¥−¨¥ ã¦¥ ¨¬¥îé¨åáï ¨−â¥««¥ªâã�«ì−ëå â¥å−®«®£¨©, � −� äã−¤�¬¥−-
â�«ì−ë¥ ¨áá«¥¤®¢�−¨ï, ª®â®àë¥ ¤�¤ãâ áâà�â¥£¨ç¥áª¨© ¯à¨ª«�¤−®© ¢ë¨£àëè
¢ ¡ã¤ãé¥¬. ˆ§ �−�«¨§� ª®−ªãàá®¢/̄ à®¥ªâ®¢ á«¥¤ã¥â, çâ® £®áã¤�àáâ¢® −¥
ä¨−�−á¨àã¥â ¯à®¥ªâë, á®¬−¨â¥«ì−ë¥ á â®çª¨ §à¥−¨ï ¨å ¢ë¯®«−¨¬®áâ¨ (á®-
¬−¥−¨¥ ¢ áãé¥áâ¢®¢�−¨¨ à¥è¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨, −¥ª®àà¥ªâ−®áâì ¨«¨
à�§¬ëâ®áâì ¢ ¯®áâ�−®¢ª¥ §�¤�ç¨, ®âáãâáâ¢¨¥ á®¢à¥¬¥−−®© ¨«¨ ¯¥àá¯¥ªâ¨¢−®©
�¯¯�à�â−®-¯à®£à�¬¬−®© ¡�§ë ¤«ï à¥è¥−¨ï §�¤�ç¨).

7. ‚ [3] £®¢®à¨âáï ® −�«¨ç¨¨ ¡®«ìè®£® ç¨á«� ®âªàëâëå ¡¨¡«¨®â¥ª ¨ ¡�−ª®¢ ¤�−-
−ëå, ¯à¥¤−�§−�ç¥−−ëå ¤«ï AI R&D. �â®â ä�ªâ −¥ ¯®¤«¥¦¨â á®¬−¥−¨î ¨ ¯®-
à®¦¤�¥â á®¡«�§− ¨á¯®«ì§®¢�âì £®â®¢ë¥ ¡¨¡«¨®â¥ª¨ ¨ ¡�−ª¨ ¢ ª�ç¥áâ¢¥ ¡�§ë
á®§¤�−¨ï −®¢ëå AI-¯à®¤ãªâ®¢ ¨ â¥å−®«®£¨©. �¤−�ª® ¤¨à¥ªâ¨¢−ë¥ ¨ ¯à®¥ªâ-
−ë¥ ¤®ªã¬¥−âë DARPA á®¤¥à¦�â á¥àì¥§−®¥ ¯à¥¤ã¯à¥¦¤¥−¨¥ ®¡ ®¯�á−®áâ¨
â�ª®£® è�£� ¢ ¢¨¤¥ â¥§¨á� ® á®áâï§�â¥«ì−®áâ¨ ¢ ®¡«�áâ¨ AI R&D. �â®
®§−�ç�¥â, çâ® ¯¥à¥¤ á®§¤�−¨¥¬ AI-¯à¨«®¦¥−¨© ¢ ®¡«�áâ¨ ®¡®à®−ë ¨ ¡¥§®¯�á-
−®áâ¨ ¯à®æ¥¤ãàë ®âªàëâëå ¡¨¡«¨®â¥ª AI R&D á«¥¤ã¥â ¨§−�ç�«ì−® áç¨â�âì
−¥¤®¢¥à¥−−ë¬¨ (á®¤¥à¦�é¨¬¨ ¢à¥¤®−®á−ë© ª®¤, ®è¨¡ª¨, −¥íää¥ªâ¨¢−ë¥
�«£®à¨â¬ë), � ¡�−ª¨ ®¡ãç¥−¨ï | áä�¡à¨ª®¢�−−ë¬¨ (adverse sampled).

„¥ïâ¥«ì−®áâì ¨−¤¨¢¨¤ãã¬®¢, ®à£�−¨§�æ¨© ¨ £®áã¤�àáâ¢ ¢ ª®−ªãà¥−â−®© áà¥¤¥
¨¬¥¥â á¢®© æ¥«ìî ¨§¢«¥ç¥−¨¥ ¯à¨¡ë«¨ ¨«¨ ¤®áâ¨¦¥−¨¥ ª®−ªãà¥−â−ëå ¯à¥¨¬ã-
é¥áâ¢. �®«ì§� ¯®á«¥¤−¨å −¥ ¢á¥£¤� ®ç¥¢¨¤−� ¨ á«®¦−� ¢ áà�¢−¥−¨¨ ¨§-§�
−¥¢®§¬®¦−®áâ¨ ¨å ¬®−¥â�à−®© ®æ¥−ª¨. „«ï £®áã¤�àáâ¢� ¨¬¥−−® ¤®áâ¨¦¥−¨¥ ª®−-
ªãà¥−â−ëå ¯à¥¨¬ãé¥áâ¢ á«ã¦¨â áâà�â¥£¨ç¥áª®© æ¥«ìî. ‚ á¢ï§¨ á íâ¨¬ ¡®«ìè�ï
äã−¤�¬¥−â�«ì−�ï −�ãç−�ï −�¯à�¢«¥−−®áâì �¬¥à¨ª�−áª®£® áâà�â¥£¨ç¥áª®£® ¯«�−�
¨ á¬¥¦−ëå ¤®ªã¬¥−â®¢ AI R&D ¢ë£«ï¤¨â ¡®«¥¥ ¯à¥¤¯®çâ¨â¥«ì−®© ¯® áà�¢−¥-
−¨î á ¯à¥¨¬ãé¥áâ¢¥−−ë¬ ¢−¥¤à¥−¨¥¬ ¨¬¥îé¨åáï AI-â¥å−®«®£¨© ¢ íª®−®¬¨ª¥
¨ á®æ¨�«ì−®© áä¥à¥. �á®¡ãî ¦¨§−¥−−ãî ¢�¦−®áâì ª®−ªãà¥−â−ë¥ ¯à¥¨¬ãé¥-
áâ¢� ¯à¨®¡à¥â�îâ ¢ â�ª¨å £®áã¤�àáâ¢¥−−ëå ®¡«�áâïå, ª�ª ®¡®à®−� ¨ ®¡¥á¯¥ç¥−¨¥
®¡é¥áâ¢¥−−®© ¨ £®áã¤�àáâ¢¥−−®© ¡¥§®¯�á−®áâ¨. ˆ§ �¬¥à¨ª�−áª¨å ¤®ªã¬¥−â®¢
â�ª¦¥ ¬®¦−® á¤¥«�âì ¢ë¢®¤ ® â®¬, çâ® ¢ á«ãç�¥ ¤¨«¥¬¬ë ú¯à¨¡ë«ì { ª®−ªãà¥−â-
−®¥ ¯à¥¨¬ãé¥áâ¢®û ¯à¥¤«�£�¥âáï ¡¥§�«ìâ¥à−�â¨¢−ë© ¢ë¡®à ¢ ¯®«ì§ã ¯®á«¥¤−¥£®,
®¡¥á¯¥ç¨¢�îé¥£® �¬¥à¨ª�−áª¨© £®áã¤�àáâ¢¥−−ë© ¨ −�æ¨®−�«ì−ë© ¯à¨®à¨â¥â.
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УСИЛЕННЫЙ АЛГОРИТМ ТОКЕНИЗАЦИИ
ДЛЯ ЗАЩИТЫ ПЕРСОНАЛЬНЫХ ДАННЫХ∗

А. А. Грушо1, Д. В. Смирнов2, Е. Е. Тимонина3, С. Я. Шоргин4

�−−®â�æ¨ï: �¤−¨¬ ¨§ ¬¥â®¤®¢ ®¡¥§«¨ç¨¢�−¨ï ¯¥àá®−�«ì−ëå ¤�−−ëå (�„)
ï¢«ï¥âáï â®ª¥−¨§�æ¨ï. �â®â ¬¥â®¤ ¯à¥¤áâ�¢«ï¥â á®¡®© ¢§�¨¬−® ®¤−®§−�ç−ãî
§�¬¥−ã äà�£¬¥−â®¢ �„ −� á«ãç�©−ë¥ í«¥¬¥−âë −¥ª®â®à®£® ¬−®¦¥áâ¢�. �¤−�
¨§ á«�¡®áâ¥© §�é¨âë �„ á ¯®¬®éìî â®ª¥−¨§�æ¨¨ §�ª«îç�¥âáï ¢ ¢®§¬®¦−®áâ¨
áâ�â¨áâ¨ç¥áª®© ®æ¥−ª¨ ¢¥à®ïâ−®áâ¥© ¢áâà¥ç�¥¬®áâ¨ §�é¨é�¥¬ëå äà�£¬¥−â®¢
�„. �à¥¤«®¦¥− ¬¥â®¤ ãá¨«¥−¨ï �«£®à¨â¬®¢ â®ª¥−¨§�æ¨¨, ¯®§¢®«ïîé¨© ¯à¥-
®¤®«¥âì ãª�§�−−ãî á«�¡®áâì. “á¨«¥−−ë© �«£®à¨â¬ â®ª¥−¨§�æ¨¨ ¯® á«®¦−®áâ¨
−¥§−�ç¨â¥«ì−® ®â«¨ç�¥âáï ®â ¤àã£¨å �«£®à¨â¬®¢. �à¨ íâ®¬ ãá¨«¥−−ë© �«£®-
à¨â¬ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�− ª�ª ¢ á«ãç�ïå â®ª¥−¨§�æ¨¨ á ¯®¬®éìî §�¬¥−
�«ä�¢¨â®¢, ®¯¨áë¢�îé¨å à�§«¨ç−ë¥ äà�£¬¥−âë �„, â�ª ¨ ¢ á«ãç�ïå, ª®-
£¤� �„ à�§¡¨¢�îâáï −� äà�£¬¥−âë ®¤¨−�ª®¢®© ¤«¨−ë ¨ ¯à¥®¡à�§ãîâáï ¢®
äà�£¬¥−âë â®© ¦¥ ¤«¨−ë, −® ¢ ¤àã£¨å �«ä�¢¨â�å.

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

�à®¡«¥¬� §�é¨âë �„ �ªâã�«ì−� ¢® ¬−®£¨å ®¡«�áâïå æ¨äà®¢®© ®¡à�¡®âª¨
¨−ä®à¬�æ¨¨ ¨ ®¡¬¥−� ¤�−−ë¬¨. ‘¢¥¤¥−¨ï ® �„ ¨ âà�−§�ªæ¨ïå ¢ ¡�−ª®¢áª®© áä¥-
à¥ ¯à¥¤áâ�¢«ïîâ ¨−â¥à¥á ¤«ï ¬−®£¨å ¯à¥áâã¯−ëå £àã¯¯¨à®¢®ª. Šà¨¬¨−�«ì−ë¥
áâàãªâãàë á®¡¨à�îâ �„ ¢áî¤ã, £¤¥ ®−¨ ¯®ï¢«ïîâáï ¨ −¥¤®áâ�â®ç−® §�é¨é¥−ë.
�®«ìè®¥ §−�ç¥−¨¥ §�é¨â� �„ ¨¬¥¥â ¯à¨ ®¡¬¥−¥ ¬¥¤¨æ¨−áª¨¬¨ ¤�−−ë¬¨.

�®à¬�â¨¢−�ï ¡�§� ¨ áâ�−¤�àâë ¯® §�é¨â¥ �„ à�§à�¡®â�−ë ¤®áâ�â®ç−® å®-
à®è®. ‚ ÷” ¢á¥¬ ¨§¢¥áâ¥− ”¥¤¥à�«ì−ë© §�ª®− ü 152 ® §�é¨â¥ �„ [1].
�®à¬�â¨¢−ë¬ �ªâ®¬ ¯® ¢ë¯®«−¥−¨î âà¥¡®¢�−¨© §�é¨âë �„ á«ã¦¨â �à¨ª�§
”‘’�Š ü 21 [2]. ˆ−ä®à¬�æ¨ï ® �„, ª®â®àãî −¥®¡å®¤¨¬® §�é¨é�âì, á®áâ®¨â

∗÷�¡®â� ç�áâ¨ç−® ¯®¤¤¥à¦�−� ÷””ˆ (¯à®¥ªâ 18-29-03081).
1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
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2��� ‘¡¥à¡�−ª ÷®áá¨¨, dvlsmirnov@sberbank.ru
3”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, eltimon@yandex.ru
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¨§ ¯àï¬ëå ¨ ª®á¢¥−−ëå ¯à¨§−�ª®¢ ¨¤¥−â¨ä¨ª�æ¨¨. �à¨¬¥àë ¯àï¬ëå ¯à¨§−�ª®¢
¨¤¥−â¨ä¨ª�æ¨¨ �„:

{ ”ˆ�;

{ ¤¥¢¨çìï ä�¬¨«¨ï;

{ �¤à¥á ¯à®¦¨¢�−¨ï;

{ −®¬¥à ¬®¡¨«ì−®£® â¥«¥ä®−�.

�à¨¬¥àë ª®á¢¥−−ëå ¯à¨§−�ª®¢ ¨¤¥−â¨ä¨ª�æ¨¨ �„:

{ ¤�−−ë¥ ® à®¦¤¥−¨¨;

{ ¤�−−ë¥ ® á¥¬ì¥;

{ «¨ç−ë¥ ¤�−−ë¥ (å®¡¡¨, ¯à®¨áå®¦¤¥−¨¥ ¤®å®¤®¢, ®áâ�âª¨ −� áç¥â�å, ¬¥¤¨æ¨−-
áª¨© ¤¨�£−®§, á¢¨¤¥â¥«ìáâ¢� ® ¬¥¤¨æ¨−áª¨å ®¡á«¥¤®¢�−¨ïå);

{ ¤�−−ë¥ ® ª�àì¥à¥.

��¨¡®«¥¥ à�á¯à®áâà�−¥−−ë© ¬¥â®¤ §�é¨âë �„ | ®¡¥§«¨ç¨¢�−¨¥. �â®â ¬¥â®¤
¨á¯®«ì§ã¥âáï ¤«ï ¯à¥¤®â¢à�é¥−¨ï −¥á�−ªæ¨®−¨à®¢�−−®£® ¨á¯®«ì§®¢�−¨ï �„ ¯à¨
á®åà�−¥−¨¨ ¢®§¬®¦−®áâ¥© ¤�«ì−¥©è¥© ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨, á¢ï§�−−®© á �„.
‚ ÷” ¤¥©áâ¢ãîâ ¯à¨ª�§ë ¯® ®¡¥§«¨ç¨¢�−¨î �„:

{ ÷®áª®¬−�¤§®à� ü 996 [3],

{ ÷®ááâ�â� ü 165 [4],

{ Œ¨−§¤à�¢� ÷” ü 341− [5].

2 Анализ защищенности при обезличивании

„«ï ®¡¥§«¨ç¨¢�−¨ï ®¡ëç−® ¨á¯®«ì§ãîâ §�¬¥−ã à�§«¨ç−ëå äà�£¬¥−â®¢ �„ −�
ªãáª¨ á«ãç�©−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥©. ’�ª®© §�¬¥−®© ¬®¦¥â ¡ëâì ¯®¤áâ�−®¢ª�
¢¬¥áâ® ¡ãª¢ �«ä�¢¨â� ¡ãª¢ ¤àã£®£® �«ä�¢¨â� ¨«¨ §�¬¥−� á®ç¥â�−¨© ¨§ k ¡ãª¢
−� ä¨ªá¨à®¢�−−ë¥ á«ãç�©−ë¥ á®ç¥â�−¨ï â�ª®© ¦¥ ¤«¨−ë. �¯¨á�−−ë© ¯®¤å®¤
−�§ë¢�¥âáï â®ª¥−¨§�æ¨¥© [6]. �à®¤ãªâ, à¥�«¨§ãîé¨© â®ª¥−¨§�æ¨î, Protegrity
Vaultless Tokenization [7], ¯à¨§−�− íªá¯¥àâ�¬¨ ®¤−¨¬ ¨§ «ãçè¨å ¢ ¬¨à¥. �− ¨á-
¯®«ì§ã¥â −¥áª®«ìª® �«ä�¢¨â®¢, ¯à¥¤−�§−�ç¥−−ëå ¤«ï à�§«¨ç−ëå â¨¯®¢ ¤�−−ëå,
ª�¦¤ë© �«ä�¢¨â ¨á¯®«ì§ã¥â á¢®î §�¬¥−ã. �â® ®§−�ç�¥â, çâ® ¯à¥®¡à�§®¢�−¨¥
ç�áâ¥© �„ ¯à®¨áå®¤¨â ¢ à�§−ëå ¨−ä®à¬�æ¨®−−ëå ¯à®áâà�−áâ¢�å [8].

ˆá¯®«ì§®¢�−¨¥ §�¬¥− −� −¥áª®«ìª® ¯®¤àï¤ ¨¤ãé¨å á¨¬¢®«®¢ §−�ç¨â¥«ì−®
ã¢¥«¨ç¨¢�¥â à�§¬¥à ¡�§ë ¤�−−ëå ¤«ï åà�−¥−¨ï §�¬¥−ï¥¬ëå á®ç¥â�−¨© ¨ âà¥¡ã¥â
¤®¯®«−¨â¥«ì−ëå áà¥¤áâ¢ §�é¨âë â�ª®© ¡�§ë ¤�−−ëå.

‚® ¢á¥å ¯®¤®¡−ëå ¬¥â®¤�å á«¥¤ã¥â ¨¬¥âì ¢ ¢¨¤ã á«¥¤ãîéãî á«�¡®áâì. ‚á¥
¯¥à¥ç¨á«¥−−ë¥ ¢¨¤ë §�¬¥− ¨á¯®«ì§ãîâ á®ç¥â�−¨ï §−�ª®¢, ª®â®àë¥ ¢áâà¥ç�îâ-
áï ¢ �„, â. ¥. à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© −� �„ á®¢¯�¤�¥â á à�á¯à¥¤¥«¥−¨¥¬
¢¥à®ïâ−®áâ¥© −� ¯®á«¥¤®¢�â¥«ì−®áâïå, ¯®«ãç�¥¬ëå ¯®á«¥ §�¬¥−ë. ‘«¥¤®¢�â¥«ì-
−®, áãé¥áâ¢ã¥â ¨−¢�à¨�−â, −¥ §�¢¨áïé¨© ®â â¨¯� §�¬¥−ë. ’�ª¨¬ ¨−¢�à¨�−â®¬
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“á¨«¥−−ë© �«£®à¨â¬ â®ª¥−¨§�æ¨¨ ¤«ï §�é¨âë ¯¥àá®−�«ì−ëå ¤�−−ëå

ï¢«ïîâáï ¢¥à®ïâ−®áâ¨ ¢áâà¥ç�¥¬®áâ¨ á®ç¥â�−¨© §−�ª®¢, ¯®¤¢¥à£�¥¬ëå §�¬¥−�¬.
�â¨ ¢¥à®ïâ−®áâ¨ ¢áâà¥ç�¥¬®áâ¨ ¬®¦−® ®æ¥−¨âì áâ�â¨áâ¨ç¥áª¨. �à¨ −�«¨ç¨¨
¨−á�©¤¥à®¢ â�ª¨¥ ®æ¥−ª¨ ¬®¦−® á¤¥«�âì ¯® ¡®«ìè®¬ã ç¨á«ã �„ ¨§ åà�−¨«¨é�
¤�−−ëå. ‘ãé¥áâ¢ãîâ â�ª¦¥ ¤àã£¨¥ ¬¥â®¤ë. �â® ®§−�ç�¥â, çâ® ¥áâì ¢®§¬®¦−®áâì
¨á¯®«ì§®¢�âì −¥§�é¨é¥−−ãî ç�áâì ¨−ä®à¬�æ¨¨ ¨ áª®¬¯à®¬¥â¨à®¢�âì ç�áâ¨ç−®
�„ [9, 10].

3 Защита токенов при токенизации

„«ï §�é¨âë â®ª¥−®¢ ®â áâ�â¨áâ¨ç¥áª¨å �â�ª ¬®¦−® ¯à¥¤«®¦¨âì á«¥¤ãî-
é¨© ¬¥â®¤, −¥ âà¥¡ãîé¨© ¯à¥¤¢�à¨â¥«ì−®© áâ�â¨áâ¨ç¥áª®© ®¡à�¡®âª¨. �ãáâì
â�¡«¨æ�, £¤¥ ¢ ¯¥à¢®© áâà®ª¥ §�¯¨á�−ë §�é¨é�¥¬ë¥ äà�£¬¥−âë �„, ª®â®àë¥
¯à¥®¡à�§ãîâáï ¢ â®ª¥−ë (¢â®à�ï áâà®ª� â�¡«¨æë), á®áâ®¨â −¥ ¨§ ¤¢ãå áâà®ª, � ¨§
¬�âà¨æë á ®¤¨−�ª®¢ë¬¨ ¤«¨−�¬¨ áâ®«¡æ®¢. ˆ−ë¬¨ á«®¢�¬¨, ª�¦¤®¬ã §�é¨é�-
¥¬®¬ã äà�£¬¥−âã �„, ¨«¨ ª®¬¡¨−�æ¨¨ §−�ª®¢ ¤«¨−ë k, ¬®¦¥â ¡ëâì ¯®áâ�¢«¥−®
¢ á®®â¢¥âáâ¢¨¥ −¥áª®«ìª® ª®¬¡¨−�æ¨© á«ãç�©−ëå §−�ª®¢ ¤«¨−ë k.

4 Алгоритм усиления токенизации

‚¢¥¤¥¬ á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï. �ãáâì A = {a} | �«ä�¢¨â §�¯¨á¨ �„,
ª®â®àë© ¡ã¤¥â §�¬¥−¥− −� �«ä�¢¨â B = {b}, á®áâ®ïé¨© ¨§ á«ãç�©−ëå á¨¬¢®«®¢,
�−�«®£¨ç−ëå á¨¬¢®«�¬ A. ’®£¤� ¬®é−®áâ¨ ®¡®¨å �«ä�¢¨â®¢ à�¢−ë |A| = |B| =
= L. ��à�¬¥âà T ®¯¨áë¢�¥â ¥¤¨−®¥ ¢à¥¬ï ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë (ˆ‘),
¢ ª®â®à®¬ ¢ë¤¥«¥−® −�ç�«ì−®¥ §−�ç¥−¨¥ t0. ‚á¥ ®¡¥§«¨ç¥−−ë¥ ¤�−−ë¥ ¢ ˆ‘ ¨¬¥îâ
®¤¨−�ª®¢ë© ä®à¬�â: (�„, t, ¤�−−ë¥), £¤¥ t ®§−�ç�¥â ¢à¥¬ï ®¡¥§«¨ç¨¢�−¨ï �„.
‡�é¨â¥ ¯®¤«¥¦�â â®«ìª® �„, ®áâ�«ì−ë¥ ¯�à�¬¥âàë ¯¥à¥¤�îâáï ¢ −¥¨§¬¥−−®¬
¢¨¤¥. �¯à¥¤¥«¨¬ ¯�à�¬¥âà τ , ¨¬¥îé¨© §−�ç¥−¨¥ ¯à®¬¥¦ãâª� ¢à¥¬¥−¨ ¤¥©áâ¢¨ï
®¤−®© §�¬¥−ë �«ä�¢¨â� A. ’®£¤� ¤«ï «î¡®£® ¬®¬¥−â� ¢à¥¬¥−¨ t áãé¥áâ¢ã¥â
−¥®âà¨æ�â¥«ì−®¥ æ¥«®¥ ç¨á«® p â�ª®¥, çâ® t ∈ [t0 + pτ, t0 + (p+ 1)τ).

�ãáâì §�¤�−� ã¯à�¢«ïîé�ï à�¢−®¢¥à®ïâ−�ï ¯®á«¥¤®¢�â¥«ì−®áâì γ −� á¥à¢¥à¥,
£¤¥ ¤®«¦−� ¯à®¢®¤¨âìáï â®ª¥−¨§�æ¨ï ¨ ®¡à�é¥−¨¥ â®ª¥−®¢ ¢ �„. �¡®§−�ç¨¬ í«¥-
¬¥−âë íâ®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ γn, n = 1, 2 . . . , ¨ ¯ãáâì íâ¨ í«¥¬¥−âë ¯à¨−¨¬�îâ
§−�ç¥−¨ï 1 ¨ 2. �¯à¥¤¥«¨¬ ¯®á«¥¤®¢�â¥«ì−®áâì v = {vp} á«¥¤ãîé¨¬ ®¡à�§®¬:

vp = vp−1 + γp , p = 1, 2, . . . , v0 = 0 .

’�¡«¨æ� á®®â¢¥âáâ¢¨ï �«ä�¢¨â� A �«ä�¢¨âã B ¢ ¬�â¥¬�â¨ª¥ −�§ë¢�¥âáï
¯®¤áâ�−®¢ª®©, ¡ã¤¥¬ ®¡®§−�ç�âì ¥¥ ç¥à¥§ π. �áãé¥áâ¢¨¬ á¤¢¨£ áâà®ª¨ B =
= (b1, . . . , bL), bm ∈ B, ¢ ¯®¤áâ�−®¢ª¥ π −� ®¤−ã ¥¤¨−¨æã ¢¯à�¢® ¯® æ¨ª«ã, â. ¥.
¯®á«¥¤−¨© í«¥¬¥−â áâà®ª¨B ¯¥à¥å®¤¨â −� ¯¥à¢®¥ ¬¥áâ®. �®áâà®¥−−�ï áâà®ª�B(1)

¯®-¯à¥¦−¥¬ã á®áâ®¨â ¨§ á¨¬¢®«®¢ �«ä�¢¨â� B ¨ á®¤¥à¦¨â ¢á¥ á¨¬¢®«ë B.
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’�ª¨¬ ®¡à�§®¬, ¯®áâà®¥−� −®¢�ï ¯®¤áâ�−®¢ª� π(1), ¢ ª®â®à®© ¯à¨áãâáâ¢ãîâ
í«¥¬¥−âë áâà®ª¨ ¯¥à¢®−�ç�«ì−®© ¯®¤áâ�−®¢ª¨ π, −® −®¬¥à� á¨¬¢®«®¢ ¢ áâà®-
ª¥ B(1) ¢ëç¨á«ïîâáï ¨§ −®¬¥à®¢ áâà®ª¨ B ¯® ä®à¬ã«¥:

b(1)m = bm−1(modL) , m = 1, . . . , L ,

£¤¥ −ã¬¥à�æ¨ï ¬¥áâ ¨¤¥â á«¥¢� −�¯à�¢®. �−�«®£¨ç−® á¤¢¨£ áâà®ª¨B ¯®¤áâ�−®¢ª¨π
−� p ¥¤¨−¨æ ¢¯à�¢® ¯® æ¨ª«ã ¯®§¢®«¨â ¯®áâà®¨âì −®¢ãî ¯®¤áâ�−®¢ªã π(p),
¢ ª®â®à®©

b(p)m = bm−p(modL) .

�®áâà®¨¬ á¢ï§ì ¢à¥¬¥−¨ ®¡¥§«¨ç¨¢�−¨ï á ¯®¤áâ�−®¢ª®© π, ¯® ª®â®à®© ®áãé¥-
áâ¢«ï¥âáï ®¡¥§«¨ç¨¢�−¨¥. �®áª®«ìªã ¯à®æ¥¤ãà� ®¡¥§«¨ç¨¢�−¨ï á®¯à®¢®¦¤�¥âáï
¬¥âª®© ¢à¥¬¥−¨ t, â® ¨§ â®£®, çâ® t ∈ [t0 + pτ, t0 + (p + 1)τ) ¬®¦−® ®¤−®-
§−�ç−® ¢ëç¨á«¨âì §−�ç¥−¨¥ ¯�à�¬¥âà� p. ˆ§ á«ãç�©−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ γ
¢ëç¨á«ï¥¬ §−�ç¥−¨¥ γp+1. �âáî¤� ¢ëç¨á«ï¥âáï §−�ç¥−¨¥ vp+1, ¯à¨ç¥¬ §−�ç¥-
−¨¥ vp | íâ® áã¬¬�à−ë© á¤¢¨£ ¢ à�−¥¥ ¯®áâà®¥−−®© ¯®¤áâ�−®¢ª¥ á í«¥¬¥−â�¬¨

b
(vp)
m = bm−vp(modL). �â® ®§−�ç�¥â, çâ® ®¡¥§«¨ç¨¢�−¨¥ ¯®áâã¯¨¢è¨å ¤�−−ëå

¯à®¨áå®¤¨â ¯® ¯®¤áâ�−®¢ª¥, ¢ ª®â®à®© b(vp+1)
m = bm−vp+1

(modL), â. ¥. −®¢�ï ¯®¤-
áâ�−®¢ª� π∗ ®â«¨ç�¥âáï ®â ¯à¥¤ë¤ãé¥© á¤¢¨£®¬ ¢â®à®© áâà®ª¨ ¯® æ¨ª«ã ¢¯à�¢®
¯® modL −� ®¤¨− ¨«¨ −� ¤¢� è�£� ¢ §�¢¨á¨¬®áâ¨ ®â §−�ç¥−¨ï γp+1.

ˆá¯®«ì§®¢�−¨¥ −¥à�¢−®¬¥à−®£® á¤¢¨£� ¯à¨ −¥¨§¢¥áâ−®© ¯¥à¢®−�ç�«ì−®© ¯®¤-
áâ�−®¢ª¥ ¯®§¢®«ï¥â ¯®«−®áâìî áªàëâì §�ª®−®¬¥à−®áâ¨ à¥�«ì−ëå á¤¢¨£®¢ ¯¥à¢®-
−�ç�«ì−®© ¯®¤áâ�−®¢ª¨ π, â. ¥. −¥ ¯®§¢®«ï¥â ¢®ááâ�−®¢¨âì à¥�«ì−ãî ¢¥«¨ç¨−ã
á¤¢¨£� ã¦¥ ç¥à¥§ −¥áª®«ìª® è�£®¢. …á«¨ ¨á¯®«ì§ã¥âáï ®¡ëç−ë© �«ä�¢¨â, â®
à¥�«ì−ãî ¢¥«¨ç¨−ã á¤¢¨£� â�ª¦¥ −¥¢®§¬®¦−® ¢®ááâ�−®¢¨âì. �¤−� ¯®¤áâ�−®¢ª�
¤¥©áâ¢ã¥â ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ τ . �¥¢®§¬®¦−®áâì ¢®ááâ�−®¢«¥−¨ï à¥�«ì−®© ¢¥«¨-
ç¨−ë á¤¢¨£� −¥ ¯®§¢®«ï¥â −�ª�¯«¨¢�âì áâ�â¨áâ¨ªã ¨ ¨á¯®«ì§®¢�âì áâ�â¨áâ¨ç¥áª¨©
¬¥â®¤ ¤«ï ª®¬¯à®¬¥â�æ¨¨ �„.

5 Эффективность алгоритмов обезличивания персональных данных
и восстановления персональных данных из обезличенных данных

�ää¥ªâ¨¢−ë© �«£®à¨â¬ ®¡¥§«¨ç¨¢�−¨ï áâà®¨âáï á«¥¤ãîé¨¬ ®¡à�§®¬. �«-
ä�¢¨â A ã¯®àï¤®ç¨¢�¥âáï, ¯® ªà�©−¥© ¬¥à¥ «¥ªá¨ª®£à�ä¨ç¥áª¨. �â® ¯®§¢®«ï¥â
¡ëáâà® −�å®¤¨âì §�é¨é�¥¬ë© äà�£¬¥−â �„ ¢ ¯¥à¢®−�ç�«ì−®© ¯®¤áâ�−®¢ª¥.
�®áª®«ìªã ¯¥à¢®−�ç�«ì−�ï ¯®¤áâ�−®¢ª� áç¨â�¥âáï §�¤�−−®© ¢ ï¢−®¬ ¢¨¤¥, â®
−¥®¡å®¤¨¬® −�©â¨ ¤¥©áâ¢ãîé¨© ¢ ¤�−−ë© ¬®¬¥−â á¤¢¨£. �¯à¥¤¥«¥−¨¥ §−�ç¥−¨ï p
à¥�«¨§ã¥âáï ¡ëáâà®. �à¥¤ë¤ãé¨¥ ¯à¥®¡à�§®¢�−¨ï �„ ¯®§¢®«ïîâ «¥£ª® ¢ëç¨á-
«¨âì −¥®¡å®¤¨¬ãî ¢¥«¨ç¨−ã á¤¢¨£�. ‚ á�¬®¬ ¤¥«¥, γp ¨ vp−1 ¨§¢¥áâ−ë, çâ® ¤�¥â
¢®§¬®¦−®áâì ¢ëç¨á«¨âì ¯�à�¬¥âà á¤¢¨£� ¤«ï −ã¦−®© ¯®¤áâ�−®¢ª¨. �â®â á¤¢¨£
¤«ï ¤�−−®£® äà�£¬¥−â� ¡ëáâà® ¢ëç¨á«ï¥âáï «¨¡® ¯® ¯¥à¢®© áâà®ª¥ A, «¨¡® ¯®
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“á¨«¥−−ë© �«£®à¨â¬ â®ª¥−¨§�æ¨¨ ¤«ï §�é¨âë ¯¥àá®−�«ì−ëå ¤�−−ëå

¢â®à®© áâà®ª¥ B. ‘®¢®ªã¯−®áâì ãª�§�−−ëå ¯à®áâëå ®¯¥à�æ¨© ¯®§¢®«ï¥â ¡ëáâà®
−�©â¨ −ã¦−®¥ §−�ç¥−¨¥ ¤«ï ¯à¥®¡à�§®¢�−¨ï �„.

�®¤áâ�−®¢ª�, ®¡à�â−�ï ¤«ï ¯¥à¢®−�ç�«ì−®©, áâà®¨âáï á«¥¤ãîé¨¬ ®¡à�§®¬.
‘«ãç�©−ë¥ í«¥¬¥−âë �«ä�¢¨â� B ¤®«¦−ë ¡ëâì ã¯®àï¤®ç¥−ë ¤«ï â®£®, çâ®¡ë
®¡¥á¯¥ç¨âì ¡ëáâàë© ¯®¨áª ¢ ¯®¤áâ�−®¢ª¥, ®¡à�â−®© ª ¯¥à¢®−�ç�«ì−®©. „«ï
¯®¤áâ�−®¢ª¨, ®¡à�â−®© ª ¯¥à¢®−�ç�«ì−®©, §−�ç¥−¨¥ �„ ¯à®áâ® −�å®¤¨âáï ¯®
¨§¢¥áâ−®¬ã á«ãç�©−®¬ã í«¥¬¥−âã.

÷�áá¬®âà¨¬ �«£®à¨â¬ ¢®ááâ�−®¢«¥−¨ï �„ ¤«ï ®¡¥§«¨ç¥−−ëå ¢ ¬®¬¥−â t
¤�−−ëå. ‚à¥¬ï t ¯®à®¦¤�¥â §−�ç¥−¨¥ p, ª®â®à®¥ ãç�áâ¢ã¥â ¢ ä®à¬¨à®¢�−¨¨
¢¥«¨ç¨−ë á¤¢¨£�. ‘�¬�ï á«®¦−�ï ®¯¥à�æ¨ï ¢ ¤�−−®¬ �«£®à¨â¬¥ | íâ® ¢ëç¨á«¥-
−¨¥ vp, ª®â®à®¥, ¢ ®â«¨ç¨¥ ®â ¯àï¬®£® �«£®à¨â¬�, âàã¤−® á®¯àïçì á ¯à¥¤ë¤ãé¨¬
¯à¥®¡à�§®¢�−¨¥¬. �¥ª®â®àë¬ ã¯à®é¥−¨¥¬ ï¢«ï¥âáï §�¯®¬¨−�−¨¥ ¤«ï ¯®á«¥¤®¢�-
â¥«ì−®áâ¨ p ç¨á¥« 1 ¨ 2 ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨ γ. �ãáâì í«¥¬¥−â b ∈ B, á®§¤�−−ë©
¢ ¬®¬¥−â ¢à¥¬¥−¨ t, −¥®¡å®¤¨¬® ®¡à�â¨âì. �«¥¬¥−â b á®®â¢¥âáâ¢ã¥â −¥ª®â®à®¬ã
á¤¢¨£ã ¯¥à¢®−�ç�«ì−®© ¯®¤áâ�−®¢ª¨. ’®£¤� ¯® ¯®¤áâ�−®¢ª¥, ®¡à�â−®© ª ¯¥à¢®-
−�ç�«ì−®©, ¬®¦−® −�©â¨ b. �® b −�å®¤¨¬ á®®â¢¥âáâ¢ãîé¥¥ a ∈ A. ˆáª®¬®¥ a∗

®âáâ®¨â ®â a −� ¢¥«¨ç¨−ã á¤¢¨£�, ª®â®àë© ®¯à¥¤¥«ï¥âáï ¢¥«¨ç¨−®© vp. �âáî¤�
¨ ¨§ ¯¥à¢®−�ç�«ì−®© ¯®¤áâ�−®¢ª¨ −�å®¤¨¬ ¨áª®¬®¥ §−�ç¥−¨¥ a∗.

’�ª¨¬ ®¡à�§®¬, ¯à¨ ¤®áâ�â®ç−® ¡ëáâà®¬ −�å®¦¤¥−¨¨ vp á«®¦−®áâ¨ ¯àï¬®£®
¨ ®¡à�â−®£® �«£®à¨â¬®¢ ¯®çâ¨ −¥ ®â«¨ç�îâáï.

�à¨¬¥à. �ãáâì A = {a, b, c} ¨ B = {3, 2, 1}, τ = 1, ¤«ï p = 0, 1, 2, . . .
§�¤�−� ¯®á«¥¤®¢�â¥«ì−®áâì γ = (1, 2, 2, 1, . . .), t0 = 0. �®áâà®¨¬ ¯àï¬ãî π
¨ ®¡à�â−ãî π−1 ª ¯¥à¢®−�ç�«ì−®© ¯®¤áâ�−®¢ª¥:

π =

(

a b c
3 2 1

)

; π−1 =

(

1 2 3
c b a

)

.

‚ á®®â¢¥âáâ¢¨¨ á ¯�à�¬¥âà®¬ p à�áá¬®âà¨¬ ¬®¬¥−âë ¢à¥¬¥−¨ t1 ∈ [0, 1), â. ¥.
p = 0, t2 ∈ [1, 2), â. ¥. p = 1, t3 ∈ [2, 3), â. ¥. p = 2, ¨ â. ¤. �®áâà®¨¬ −�ç�«ì−ë©
ãç�áâ®ª ¯®á«¥¤®¢�â¥«ì−®áâ¨ v = (0, 1, 3(mod 3) = 0, 2, . . .). ’®£¤� ¯®¤áâ�−®¢ª¨
§�¬¥− á«¥¤ãîé¨¥.

1. „«ï p = 0 ¨¬¥¥¬ v0 = 0 ¨

π =

(

a b c
3 2 1

)

; π−1 =

(

1 2 3
c b a

)

.

2. „«ï p = 1 ¨¬¥¥¬ v1 = 1 ¨

π(v1) = π(1) =

(

a b c
1 3 2

)

;
(

π(1)
)−1
=

(

1 2 3
a c b

)

.
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3. „«ï p = 2 ¨¬¥¥¬ v2 = 0 ¨

π(v2) = π =

(

a b c
3 2 1

)

; π−1 =

(

1 2 3
c b a

)

.

�®áâà®¨¬ �«£®à¨â¬ ®¡à�é¥−¨ï â®ª¥−®¢. ‘−�ç�«� ¤«ï t1 ¢ëç¨á«¨¬ p, ¯®«ãç¨¬
p = 0. �ãáâì �„ ¡ë«¨ ¯à¥®¡à�§®¢�−ë ¢ ç¨á«® 2. —¨á«® 2 ¢ ®¡à�é¥−¨¨ π−1

¯¥à¢®−�ç�«ì−®© ¯®¤áâ�−®¢ª¨ π ®¯à¥¤¥«ï¥â ¡ãª¢ã b, â. ¥. ðä = b.
„«ï t2 −�å®¤¨¬ p = 1 ¨ v1 = 1. ’�ª ª�ª ç¨á«® 2 ¯¥à¥å®¤¨â ¢ ®¡à�é¥−¨¨

¯¥à¢®−�ç�«ì−®© ¯®¤áâ�−®¢ª¨ ¢ ðä = b, −¥®¡å®¤¨¬® ¯à®¢¥áâ¨ ¢ áâà®ª¥ A á¤¢¨£,
à�¢−ë© 1. �âáî¤� á¨¬¢®« c ¨ ¥áâì äà�£¬¥−â �„.

„«ï t3 ¨¬¥¥¬ p = 2 ¨ v2 = 0. ’®£¤� 2 ¢ ®¡à�é¥−¨¨ π−1 ¯¥à¢®−�ç�«ì−®©
¯®¤áâ�−®¢ª¨ π ®¯à¥¤¥«ï¥â ¡ãª¢ã b, â. ¥. ðä = b.

6 Заключение

„«ï ®¡¥§«¨ç¨¢�−¨ï �„ ç�áâ® ¨á¯®«ì§ã¥âáï â®ª¥−¨§�æ¨ï, á®áâ®ïé�ï ¢ §�¬¥−¥
¯® −¥ª®â®à®© á«ãç�©−®© ¯®¤áâ�−®¢ª¥ äà�£¬¥−â®¢ �„. ‚ íâ®¬ á«ãç�¥ ¢¥à®ïâ−®áâ¨
¯®ï¢«¥−¨ï §−�ç¥−¨© §�¬¥−ï¥¬ëå äà�£¬¥−â®¢ �„ á®¢¯�¤�îâ á ¢¥à®ïâ−®áâï¬¨
¯®ï¢«¥−¨© á�¬¨å äà�£¬¥−â®¢ �„. ‘â�â¨áâ¨ç¥áª¨¥ ®æ¥−ª¨ ¢¥à®ïâ−®áâ¥© íâ¨å
§−�ç¥−¨© ¬®£ãâ áª®¬¯à®¬¥â¨à®¢�âì �„.

„«ï ãá¨«¥−¨ï §�é¨é¥−−®áâ¨ �„ ®â ®¯¨á�−−ëå áâ�â¨áâ¨ç¥áª¨å �â�ª ¯à¥¤«®-
¦¥−® ¨á¯®«ì§®¢�âì ¬−®¦¥áâ¢® ¯®¤áâ�−®¢®ª äà�£¬¥−â®¢ �„. ’�ª¨¥ ¯®¤áâ�−®¢ª¨
¯®«ãç�îâáï ¨§ ¨áå®¤−®© á ¯®¬®éìî á¤¢¨£®¢, §�¢¨áïé¨å ®â ¢à¥¬¥−¨ ®¡¥§«¨ç¨¢�-
−¨ï ¨ á«ãç�©−®© ã¯à�¢«ïîé¥© ¯®á«¥¤®¢�â¥«ì−®áâ¨.

‘«®¦−®áâì ¯®áâà®¥−−ëå �«£®à¨â¬®¢ −¥ −�¬−®£® ®â«¨ç�¥âáï ®â á«®¦−®áâ¨
¯à®áâ¥©è¥£® ¯à¥®¡à�§®¢�−¨ï â®ª¥−¨§�æ¨¨ ¯® ¯®¤áâ�−®¢ª¥.
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Abstract: Tokenization is one of the methods of depersonalizing personal data.
This method is a bijective replacement of fragments of personal data with random
elements of a certain set. One of the weaknesses of personal data protection
through tokenization is the possibility of statistically assessing the probabilities
of the occurrence of protected fragments of personal data. The paper proposes
a method of enhancing tokenization algorithms which allows overcoming this
weakness. The enhanced tokenization algorithm is slightly different in complexity
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АНАЛИЗ НЕПРЕРЫВНОСТИ ПОЛЬЗОВАТЕЛЬСКОЙ СЕССИИ
В БЕСПРОВОДНЫХ СИСТЕМАХ ТЕРАГЕРЦЕВОГО

ДИАПАЗОНА∗

В. А. Бесчастный1, Д. Ю. Острикова2, В. С. Шоргин3, Д. А. Молчанов4,
Ю. В. Гайдамака5

�−−®â�æ¨ï: ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢−¨¬�−¨¥ ¯à®¨§¢®¤¨â¥«¥© ®¡®àã¤®¢�−¨ï
¨ ®¯¥à�â®à®¢ á¢ï§¨ ®¡à�é¥−® −� á¥â¨ á«¥¤ãîé¥£®, è¥áâ®£® (6G), ¯®ª®«¥−¨ï,
à�¡®â�îé¨¥ −� ç�áâ®â�å â¥à�£¥àæ¥¢®£® (’ƒæ) ¤¨�¯�§®−�. �¤−�ª® ¨á¯®«ì-
§®¢�−¨¥ ¤¨�¯�§®−� çà¥§¢ëç�©−® ¢ëá®ª¨å ç�áâ®â ¯à¨¢®¤¨â ª áãé¥áâ¢¥−−ë¬
¯®â¥àï¬ ¯à¨ à�á¯à®áâà�−¥−¨¨ á¨£−�«�, ¤«ï á®ªà�é¥−¨ï ª®â®àëå ¯à¨å®¤¨âáï
¨á¯®«ì§®¢�âì ¬¥−ìèãî è¨à¨−ã ¤¨�£à�¬¬ë −�¯à�¢«¥−−®áâ¨ ª�ª −� áâ®à®-
−¥ ¡�§®¢®© áâ�−æ¨¨ (�‘), â�ª ¨ −� áâ®à®−¥ ¯®«ì§®¢�â¥«ìáª®£® ãáâà®©áâ¢�
(�“), çâ® ¯®§¢®«ï¥â ¤®¡¨âìáï ¢ëá®ª¨å ª®íää¨æ¨¥−â®¢ ãá¨«¥−¨ï á¨£−�«�.
‚ à¥§ã«ìâ�â¥ íâ¨ á¨áâ¥¬ë ®ª�§ë¢�îâáï ¯®¤¢¥à¦¥−ë ¢«¨ï−¨î −¥ â®«ìª® ¤¨-
−�¬¨ç¥áª®© ¡«®ª¨à®¢ª¨ «¨−¨¨ ¯àï¬®© ¢¨¤¨¬®áâ¨ ¤® �‘, −® ¨ ¬¨ªà®¬®¡¨«ì-
−®áâ¨, â. ¥. −¥§−�ç¨â¥«ì−®£® ¨§¬¥−¥−¨ï ®à¨¥−â�æ¨¨ ãáâà®©áâ¢� ®â−®á¨â¥«ì−®
á¢®¥£® æ¥−âà�. �¥£�â¨¢−ë¥ íää¥ªâë íâ¨å ï¢«¥−¨© ¬®¦−® á¬ï£ç¨âì, ¨á-
¯®«ì§ãï äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨ ¬−®¦¥áâ¢¥−−®£® ¯®¤ª«îç¥−¨ï, ¨«¨
¯à¨−æ¨¯� ¬ã«ìâ¨á¢ï§−®áâ¨, ¯®§¢®«ïîé¥£® ¯®«ì§®¢�â¥«ï¬ ¯®¤ª«îç�âìáï ª −¥-
áª®«ìª¨¬ �‘ ®¤−®¢à¥¬¥−−®, � §�â¥¬ ¯¥à¥ª«îç�âìáï ¬¥¦¤ã −¨¬¨ ¢ á«ãç�¥
¯®â¥à¨ á¨£−�«�. ‚ à�¡®â¥ ¯à¥¤áâ�¢«¥−� ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¤«ï �−�«¨§�
¢¥à®ïâ−®áâ¨ ãá¯¥è−®£® §�¢¥àè¥−¨ï á¥áá¨¨ ¢ ãá«®¢¨ïå ¡«®ª¨à®¢ª¨ ¯àï¬®©
¢¨¤¨¬®áâ¨ ¨ ¬¨ªà®¬®¡¨«ì−®áâ¨, ¯®áâà®¥−−�ï á ãç¥â®¬ ®á®¡¥−−®áâ¥© à�á¯à®-
áâà�−¥−¨ï á¨£−�«� ¢ ’ƒæ-¤¨�¯�§®−¥, ¯«®â−®áâ¨ à�§¢¥àâë¢�−¨ï �‘, � â�ª¦¥
äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© ¬−®¦¥áâ¢¥−−®£® ¯®¤ª«îç¥−¨ï. �®«ãç¥−−ë¥
à¥§ã«ìâ�âë ¯®ª�§ë¢�îâ, çâ® ¯®«®¦¨â¥«ì−ë© íää¥ªâ ®â ¬−®¦¥áâ¢¥−−®£® ¯®¤-
ª«îç¥−¨ï −�¡«î¤�¥âáï ¯à¨ ®¤−®¢à¥¬¥−−®¬ ¨á¯®«ì§®¢�−¨¨ ¤® 5 ª�−�«®¢ á¢ï§¨
¨ áãé¥áâ¢¥−−® §�¢¨á¨â ®â ¤«¨â¥«ì−®áâ¨ ¤®¯ãáâ¨¬®£® ¨−â¥à¢�«� ®âáãâáâ¢¨ï
á¢ï§¨, ¢ë§¢�−−®£® ¯à®æ¥¤ãà®© ¯®¨áª� «ãç�.
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�−�«¨§ −¥¯à¥àë¢−®áâ¨ ¯®«ì§®¢�â¥«ìáª®© á¥áá¨¨ ¢ ¡¥á¯à®¢®¤−ëå á¨áâ¥¬�å ’ƒæ ¤¨�¯�§®−�

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï, ª®£¤� ¯à®æ¥áá áâ�−¤�àâ¨§�æ¨¨ â¥å−®«®£¨¨ ¯ïâ®£® ¯®-
ª®«¥−¨ï ú−®¢®¥ à�¤¨®û (�−£«. 5G New Radio, 5G NR), ¨á¯®«ì§ãîé¥© ç�áâ®âë
¬¨««¨¬¥âà®¢®£® ¤¨�¯�§®−�, ¯®çâ¨ §�¢¥àè¥−, �ªâ¨¢−® ¢¥¤ãâáï ¨áá«¥¤®¢�−¨ï −®¢®©
â¥å−®«®£¨¨ à�¤¨®¨−â¥àä¥©á� ¤«ï á¨áâ¥¬ 6G [1]. �® ®¡é¥¬ã ¬−¥−¨î, íâ®â −®¢ë©
¨−â¥àä¥©á ¡ã¤¥â à�¡®â�âì ¢ −¨¦−¥© ç�áâ¨ â¥à�£¥àæ¥¢®£® (0,3{3 ’ƒæ) ¤¨�¯�§®−�
ç�áâ®â.

„«ï ¯à¥¤®â¢à�é¥−¨ï á¥àì¥§−ëå ¯®â¥àì ¯à¨ à�á¯à®áâà�−¥−¨¨ á¨£−�«� ¢ á¨á-
â¥¬�å ’ƒæ-¤¨�¯�§®−� ¡ã¤ãâ ¨á¯®«ì§®¢�−ë ¬�áá¨¢−ë¥ ä�§¨à®¢�−−ë¥ �−â¥−−ë¥
à¥è¥âª¨ (”�÷) á á®â−ï¬¨ í«¥¬¥−â®¢ ª�ª −� áâ®à®−¥ �‘, â�ª ¨ −� áâ®à®−¥ �“.
’�ª¨¥ ”�÷ á¯®á®¡−ë á®§¤�¢�âì ¤¨�£à�¬¬ë −�¯à�¢«¥−−®áâ¨ ¨§«ãç¥−¨ï �−â¥−-
−ë á è¨à¨−®© «ãç� ¢á¥£® −¥áª®«ìª® £à�¤ãá®¢ ¨ ¤�¦¥ ¬¥−ìè¥ [2], çâ® ¯®§¢®«¨â
§−�ç¨â¥«ì−® á−¨§¨âì ¬¥¦á®â®¢ãî ¨−â¥àä¥à¥−æ¨î ¨ ¯®¢ëá¨âì ª®íää¨æ¨¥−â ãá¨-
«¥−¨ï á¨£−�«� ¢ −�¯à�¢«¥−¨¨ ¯¥à¥¤�ç¨ ¨ ¯à¨¥¬�. �¤−�ª® íâ® â�ª¦¥ á®§¤�áâ àï¤
ã−¨ª�«ì−ëå ¯à®¡«¥¬ ¤«ï à�§à�¡®âç¨ª®¢ á¨áâ¥¬ë. ‚ ç�áâ−®áâ¨, ª ãá¨«¨¢è¥¬ã-
áï ¯® áà�¢−¥−¨î á á¨áâ¥¬�¬¨ ¬¨««¨¬¥âà®¢®£® ¤¨�¯�§®−� íää¥ªâã ¡«®ª¨à®¢ª¨
¯àï¬®© ¢¨¤¨¬®áâ¨ (Line of Sight, LoS) ¤®¡�¢¨âáï íää¥ªâ ®â ¬¨ªà®¬®¡¨«ì−®áâ¨,
â. ¥. ®â −¥§−�ç¨â¥«ì−®£® ¨§¬¥−¥−¨ï −�ª«®−� ãáâà®©áâ¢� ¢ àãª¥ ¯®«ì§®¢�â¥«ï ¯®
¢¥àâ¨ª�«ì−®© ¨ £®à¨§®−â�«ì−®© ®áï¬, � â�ª¦¥ ®â −¥¡®«ìè®£® á¬¥é¥−¨ï ¯® íâ¨¬
®áï¬ [3]. „«ï ¢®ááâ�−®¢«¥−¨ï �ªâ¨¢−®£® á®¥¤¨−¥−¨ï, −�àãè¥−−®£® ¢ à¥§ã«ìâ�â¥
¬¨ªà®¬®¡¨«ì−®áâ¨, âà¥¡ã¥âáï ¯à®æ¥¤ãà� ¯®¨áª� «ãç�, §�−¨¬�îé�ï ¢à¥¬¥−−‚ë¥
¨ í−¥à£¥â¨ç¥áª¨¥ à¥áãàáë á¨áâ¥¬ë. �à®¨§¢®¤¨â¥«ì−®áâì ’ƒæ-á¨áâ¥¬ ¯à¨ −�«¨ç¨¨
á¡®¥¢ ¨§-§� ¬¨ªà®¬®¡¨«ì−®áâ¨ ¯®«ì§®¢�â¥«ï ¡ë«� ¨áá«¥¤®¢�−� ¢ [4], £¤¥ �¢â®àë
¯à®¤¥¬®−áâà¨à®¢�«¨ ®¡¬¥−−ë¥ á®®â−®è¥−¨ï ¬¥¦¤ã ¤®«¥© ¢à¥¬¥−¨ ¢ ãá«®¢¨ïå
®âáãâáâ¢¨ï á¢ï§¨ ¨ ¤®áâ¨£−ãâ®© ¯à®¯ãáª−®© á¯®á®¡−®áâìî ª�−�«�.

�¤−� ¨§ ¢®§¬®¦−®áâ¥© ¨§¡¥¦�âì ¡«®ª¨à®¢ª¨ á¨£−�«� ¢ á¨áâ¥¬�å â¥à�£¥à-
æ¥¢®£® ¨ ¬¨««¨¬¥âà®¢®£® ¤¨�¯�§®−®¢ | ¨á¯®«ì§®¢�−¨¥ áâ�−¤�àâ¨§¨à®¢�−−®©
3GPP-¯à®æ¥¤ãàë ¬−®¦¥áâ¢¥−−®£® ¯®¤ª«îç¥−¨ï, ¨«¨ ¬ã«ìâ¨á¢ï§−®áâ¨ [5], ¢ á®-
®â¢¥âáâ¢¨¨ á ª®â®à®© �“ ¬®¦¥â ¯®¤¤¥à¦¨¢�âì ¤¢� ¨«¨ ¡®«¥¥ ®¤−®¢à¥¬¥−−ëå
á®¥¤¨−¥−¨ï á á®á¥¤−¨¬¨ �‘ ¨ ¨á¯®«ì§®¢�âì ¨å ¢ á«ãç�¥ ¯®â¥à¨ â¥ªãé¥£® ª�−�-
«�. ‚ ª®−â¥ªáâ¥ á¨áâ¥¬ ¬¨««¨¬¥âà®¢®£® ¤¨�¯�§®−� ¯à®æ¥¤ãà� ¬−®¦¥áâ¢¥−−®£®
¯®¤ª«îç¥−¨ï ¡ë«� ¨§ãç¥−� ¢ à�¡®â�å [6, 7]. ˆá¯®«ì§®¢�−¨¥ ¯à¨−æ¨¯� ¬ã«ì-
â¨á¢ï§−®áâ¨ ¤«ï ’ƒæ-á¨áâ¥¬ ¡ë«® ¨áá«¥¤®¢�−® ¢ [8], £¤¥ �¢â®àë ¯à®¤¥¬®−áâà¨-
à®¢�«¨ ¥£® ¯®«®¦¨â¥«ì−®¥ ¢«¨ï−¨¥ −� á¯¥ªâà�«ì−ãî íää¥ªâ¨¢−®áâì. �¤−�ª®
¯à¨−æ¨¯ ¬ã«ìâ¨á¢ï§−®áâ¨ ¬®¦−® â�ª¦¥ ¨á¯®«ì§®¢�âì ¨ ¤«ï ¡®àì¡ë á íää¥ªâ�¬¨
¬¨ªà®¬®¡¨«ì−®áâ¨.

�à®¢¥¤¥−−ë¥ ¤® á¨å ¯®à ¨áá«¥¤®¢�−¨ï ¯à¨−æ¨¯� ¬ã«ìâ¨á¢ï§−®áâ¨ ª�ª ¢ ¬¨«-
«¨¬¥âà®¢®¬, â�ª ¨ ¢ ’ƒæ-¤¨�¯�§®−¥ ª®−æ¥−âà¨à®¢�«¨áì −� áà¥¤−¨å ¯®ª�§�â¥«ïå
¯à®¨§¢®¤¨â¥«ì−®áâ¨, â�ª¨å ª�ª ¢¥à®ïâ−®áâì á¡à®á� á¥áá¨¨ ¨«¨ áà¥¤−ïï á¯¥ª-
âà�«ì−�ï íää¥ªâ¨¢−®áâì. �¤−�ª® −� ¯à�ªâ¨ª¥ á¥â¥¢ë¬ ¯à¨«®¦¥−¨ï¬ ¤«ï −®à-
¬�«ì−®© à�¡®âë ç�áâ® âà¥¡ã¥âáï −¥¯à¥àë¢−®¥ ¯®¤ª«îç¥−¨¥ ª á¥â¨. ÷¥è¨âì íâã
¯à®¡«¥¬ã §−�ç¨â¥«ì−® á«®¦−¥¥, ¯®áª®«ìªã ¤«ï íâ®£® âà¥¡ã¥âáï ä¨ªá¨à®¢�âì ¨§-
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¬¥−¥−¨¥ á®áâ®ï−¨ï ¯®«ì§®¢�â¥«ï ¢® ¢à¥¬¥−¨. ˆ¬¥−−® −� à¥è¥−¨¥ íâ®© ¯à®¡«¥¬ë
¨ −�¯à�¢«¥−� ¤�−−�ï à�¡®â�, ¢ ª®â®à®© ¯®áâà®¥−� ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¤«ï
®æ¥−ª¨ −¥¯à¥àë¢−®áâ¨ ¯®«ì§®¢�â¥«ìáª®© á¥áá¨¨ ¢ ãá«®¢¨ïå ¡«®ª¨à®¢ª¨ ¯àï¬®©
¢¨¤¨¬®áâ¨ ¨ ¬¨ªà®¬®¡¨«ì−®áâ¨ ¯®«ì§®¢�â¥«ï ¯à¨ −�«¨ç¨¨ ¬−®¦¥áâ¢¥−−ëå ¯®¤-
ª«îç¥−¨©, � â�ª¦¥ ¯®«ãç¥−® ¢ëà�¦¥−¨¥ ¤«ï ¯«®â−®áâ¨ à�á¯à¥¤¥«¥−¨ï ¢à¥¬¥−¨
−¥¯à¥àë¢−®£® á®¥¤¨−¥−¨ï, ãç¨âë¢�îé¥¥ ª®−ªà¥â−ë¥ ãá«®¢¨ï à�á¯à®áâà�−¥−¨ï
á¨£−�«� ¢ ’ƒæ-¤¨�¯�§®−¥, ¯«®â−®áâì à�§¢¥à−ãâëå ¡�§®¢ëå áâ�−æ¨© ’ƒæ-¤¨�¯�-
§®−� ç�áâ®â (’ƒæ-�‘), ª®−ä¨£ãà�æ¨î �−â¥−−, ¬¥å�−¨§¬ ¯®¨áª� «ãç� ¨ áâ¥¯¥−ì
¬ã«ìâ¨¢ï§−®áâ¨ (ç¨á«® ®¤−®¢à¥¬¥−−® ¯®¤ª«îç¥−−ëå �‘). ‡�â¥¬ ¤«ï §�¤�−−®£®
¨−â¥à¢�«� ¢à¥¬¥−¨, ª®â®àë© ¯à¨«®¦¥−¨¥ ¬®¦¥â ¯à®¢¥áâ¨ ¢ ãá«®¢¨ïå ®âáãâáâ¢¨ï
á¢ï§¨, ¯à¨¢®¤¨âáï ¢ëà�¦¥−¨¥ ¤«ï à�áç¥â� ¢¥à®ïâ−®áâ¨ ãá¯¥è−®£® §�¢¥àè¥−¨ï
á¥áá¨¨.

2 Системная модель

‚ à�¡®â¥ à�á¯®«®¦¥−¨¥ ’ƒæ-�‘ á®®â¢¥âáâ¢ã¥â â®ç¥ç−®¬ã ¯ã�áá®−®¢áª®¬ã
¯à®æ¥ááã (Poisson Point Process, PPP) ¢ R

2 á ¯«®â−®áâìî λA. ‚ëá®â� ’ƒæ-�‘
¯®áâ®ï−−� ¨ à�¢−� hT . �®«ì§®¢�â¥«ìáª®¥ ãáâà®©áâ¢® á«ãç�©−ë¬ ®¡à�§®¬ à�á¯®-
«®¦¥−® ¢ §®−¥ ®¡á«ã¦¨¢�−¨ï ’ƒæ-�‘; á«¥¤®¢�â¥«ì−®, ¯«®â−®áâì à�á¯à¥¤¥«¥−¨ï
à�ááâ®ï−¨ï ¤® ¡«¨¦�©è¥© i-© ’ƒæ-�‘ ®¯¨áë¢�¥âáï ª�ª [9]

fi(x) =
2(πλA)

i

(i− 1)!
x2i−1e−πλAx

2

, x > 0 , i = 1, 2, . . .

�à¥¤¯®«®¦¨¬, çâ® á¢ï§ì ¢®§¬®¦−� â®«ìª® ¯à¨ −�«¨ç¨¨ ¯àï¬®© ¢¨¤¨¬®áâ¨
¬¥¦¤ã �“ ¨ ’ƒæ-�‘. ‹¨−¨ï ¯àï¬®© ¢¨¤¨¬®áâ¨ ¬®¦¥â ¡«®ª¨à®¢�âìáï â¥«®¬
ç¥«®¢¥ª�, â. ¥. «î¤¨ ¢ ¯¥è¥å®¤−®© §®−¥ ¢®ªàã£ �“ ¤¥©áâ¢ãîâ ª�ª ¯®â¥−æ¨�«ì−ë¥
¡«®ª�â®àë á ¯«®â−®áâìî λB ¨ ¤¢¨¦ãâáï ¢ á®®â¢¥âáâ¢¨¨ á ¬®¤¥«ìî á«ãç�©−®£®
−�¯à�¢«¥−¨ï (Random Direction Model, RDM) á ¯®áâ®ï−−®© áª®à®áâìî v. �«®-
ª�â®àë ¬®¤¥«¨àãîâáï ª�ª æ¨«¨−¤àë á à�¤¨ãá®¬ rB. �à¥¤¯®«®¦¨¬, çâ® à®áâ
«î¤¥© ¯®áâ®ï−¥− ¨ à�¢¥− hB, ¢ëá®â� à�á¯®«®¦¥−¨ï �“ ¯®áâ®ï−−� ¨ à�¢−� hU ,
¯à¨ç¥¬ hv ≤ hB. ‚ á®®â¢¥âáâ¢¨¨ á [10] ¢à¥¬ï ¬¥¦¤ã ¯®á«¥¤®¢�â¥«ì−ë¬¨ á®-
¡ëâ¨ï¬¨ ¡«®ª¨à®¢ª¨ à�á¯à¥¤¥«¥−® íªá¯®−¥−æ¨�«ì−®. ’�ª¨¬ ®¡à�§®¬, ¯à®æ¥áá
á®¡ëâ¨© ¡«®ª¨à®¢ª¨ ¯àï¬®© ¢¨¤¨¬®áâ¨ ¤® i-© ’ƒæ-�‘ ï¢«ï¥âáï ®¤−®à®¤−ë¬
¯ã�áá®−®¢áª¨¬ á ¨−â¥−á¨¢−®áâìî µB,i:

µB,i =

∞∫

0

fi(x)
(x[hB − hU ] + rB [hT − hU ])

(2rBλBv)
−1 (hT − hU )

dx . (1)

‡−�ç¥−¨¥ SNR (Signal to Noise Ratio, ®â−®è¥−¨¥ á¨£−�«{èã¬) −� �“ ¢ á®áâ®-
ï−¨¨ LoS ¬®¦¥â ¡ëâì §�¯¨á�−® ª�ª [11]
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S(x) = PTGTGU

[

x−ζT e−Kx

N0

]

,

£¤¥ ζT | ª®íää¨æ¨¥−â §�âãå�−¨ï á¨£−�«�; N0 | â¥¯«®¢®© èã¬; PT | ¨§«ãç�-
¥¬�ï ¬®é−®áâì �−â¥−−ë �‘; GT ¨ GU | ª®íää¨æ¨¥−âë ãá¨«¥−¨ï �−â¥−− �‘
¨ �“; K | ª®íää¨æ¨¥−â �¡á®à¡æ¨¨.

�−�«®£¨ç−® [4] ¡ã¤¥¬ ®¯¨áë¢�âì ¯à®æ¥áá ¬¨ªà®¬®¡¨«ì−®áâ¨ ª�ª ¡à®ã−®¢áª®¥
¤¢¨¦¥−¨¥ á® á«ãç�©−ë¬ ¯à®æ¥áá®¬ á¬¥é¥−¨ï ¯® ®áï¬ x(t) ¨ y(t), � â�ª¦¥
¢à�é¥−¨ï¬¨ ¢®ªàã£ íâ¨å ®á¥© ϕ(t) ¨ θ(t) á®®â¢¥âáâ¢¥−−®. ‘¬¥é¥−¨ï ¯® ®á¨ z
¨ ¯®¢®à®âë ®â−®á¨â¥«ì−® íâ®© ®á¨ −¥ ãç¨âë¢�îâáï, â�ª ª�ª ¯®ª�§�−®, çâ® ¨å ¢ª«�¤
¢ íää¥ªâ à�áå®¦¤¥−¨ï «ãç¥© −¨çâ®¦−® ¬�« [4]. ’�ª¨¬ ®¡à�§®¬, à�á¯à¥¤¥«¥−¨¥
¢à¥¬¥−¨ ¤® −�áâã¯«¥−¨ï ¬¨ªà®¬®¡¨«ì−®áâ¨ á®¢¯�¤�¥â á à�á¯à¥¤¥«¥−¨¥¬ ¢à¥¬¥−¨
¯¥à¢®£® ¤®áâ¨¦¥−¨ï ®¤−®© ¨§ £à�−¨æ ¡à®ã−®¢áª®© ç�áâ¨æ¥©:

fTA
(t) = fθ(t) [1− Fφ(t)] + fφ(t) [1− Fθ(t)] ,

ª®¬¯®−¥−âë ª®â®à®£® ®¯à¥¤¥«ïîâáï ª�ª

f(·)(t) =
M�—

√

4πD(·)t3
exp

(

−
−M2

�—

4D(·)t

)

,

£¤¥ D(·) | ª®íää¨æ¨¥−â ¤¨ääã§¨¨; M�— = (102π/360)(1/NT + 1/NU ).
�à¥¤¯®«®¦¨¬, çâ® ª�ª ¢ á«ãç�¥ ¡«®ª¨à®¢ª¨ ¯àï¬®© ¢¨¤¨¬®áâ¨ (á®áâ®ï−¨¥

nLoS), â�ª ¨ ¢ á«ãç�¥ à�áå®¦¤¥−¨ï «ãç¥© ’ƒæ-�‘ ¨−¨æ¨¨àãîâ ¨â¥à�â¨¢−ë©
�«£®à¨â¬ ¯®¨áª� «ãç�, ¤«ï ª®â®à®£® ¢à¥¬ï ¯®¨áª� á®áâ�¢«ï¥â TB = (NU +NT )σ,
£¤¥ NU ¨ NT | ç¨á«® í«¥¬¥−â®¢ �−â¥−−ëå à¥è¥â®ª á®®â¢¥âáâ¢¥−−® −� �“
¨ ’ƒæ-�‘; σ | ¢à¥¬ï ®¤−®ªà�â−®£® ¯¥à¥ª«îç¥−¨ï à¥è¥âª¨.

—â®¡ë ®æ¥−¨âì ¢«¨ï−¨¥ ¬ã«ìâ¨á¢ï§−®áâ¨ −� −¥¯à¥àë¢−®áâì ¯®«ì§®¢�â¥«ì-
áª®© á¥áá¨¨, ¯à¥¤¯®«®¦¨¬, çâ® �“ ¯®¤¤¥à¦¨¢�¥â N = 1, 2 . . . ª�−�«®¢ á ¡«¨-
¦�©è¨¬¨ ’ƒæ-�‘. �®áª®«ìªã ®â−®è¥−¨¥ á¨£−�«{èã¬ ®¡à�â−® ¯à®¯®àæ¨®−�«ì−®
à�ááâ®ï−¨î ¬¥¦¤ã ’ƒæ-�‘ ¨ �“, ¡«¨¦�©è�ï ’ƒæ-�‘ ®¡¥á¯¥ç¨¢�¥â −�¨«ãçè¥¥
ª�ç¥áâ¢® ª�−�«� á â®çª¨ §à¥−¨ï ãáà¥¤−¥−−®£® ¯® ¢à¥¬¥−¨ SNR. �à®æ¥¤ãà� ¯®¨á-
ª� «ãç� ¯à¥¤¯®«�£�¥â ¢ë¡®à ’ƒæ-�‘ á −�¨¡®«ìè¨¬ §−�ç¥−¨¥¬ SNR −� ¤�−−ë©
¬®¬¥−â, â. ¥. ¡«¨¦�©èãî ’ƒæ-�‘ á ¯àï¬®© ¢¨¤¨¬®áâìî. ‚ à�áá¬�âà¨¢�¥¬®©
¬®¤¥«¨ ¯®¨áª «ãç� §�¯ãáª�¥âáï ¢ ¬®¬¥−â, ª®£¤� �ªâ¨¢−®¥ á®¥¤¨−¥−¨¥ ¯®â¥àï−®
¨§-§� ¬¨ªà®¬®¡¨«ì−®áâ¨ ¨«¨ ¡«®ª¨à®¢ª¨ LoS.

‚ á«¥¤ãîé¥¬ à�§¤¥«¥ ¯à¥¤áâ�¢«¥−� ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¤«ï �−�«¨§� −¥-
¯à¥àë¢−®áâ¨ ¯®«ì§®¢�â¥«ìáª®© á¥áá¨¨ ¢ ¡¥á¯à®¢®¤−ëå á¨áâ¥¬�å ’ƒæ-¤¨�¯�§®−�.

3 Математическая модель

ˆ−â¥à¢�«ë −�«¨ç¨ï ¨ ®âáãâáâ¢¨ï á¢ï§¨ ¢ à�áá¬�âà¨¢�¥¬®© á¨áâ¥¬¥ ®¡à�§ãîâ
�«ìâ¥à−¨àãîé¨© ¯à®æ¥áá ¢®ááâ�−®¢«¥−¨ï. ˆ¤¥ï ®á−®¢�−� −� ¯à¨¬¥−¥−¨¨ â¥®à¨¨

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 31 −®¬¥à 4 2021 147



‚. �. �¥áç�áâ−ë©, „. ā. �áâà¨ª®¢�, ‚. ‘. ˜®à£¨− ¨ ¤à.

¯®«ã¬�àª®¢áª¨å ¯à®æ¥áá®¢ [12], ¯®§¢®«ïîé¥© å�à�ªâ¥à¨§®¢�âì �«ìâ¥à−¨àãîé¨©
¯à®æ¥áá ¢®ááâ�−®¢«¥−¨ï ¬�âà¨æ¥© ¨−â¥à¢�«ì−ëå ¯¥à¥å®¤−ëå ¢¥à®ïâ−®áâ¥© �(t),
á®áâ®ïé¥© ¨§ ãá«®¢−ëå ¢¥à®ïâ−®áâ¥© ¯¥à¥å®¤®¢ ¬¥¦¤ã á®áâ®ï−¨ï¬¨ §� ¢à¥¬ï t
¨ à�á¯à¥¤¥«¥−¨© ¤«¨â¥«ì−®áâ¥© íâ¨å ¯¥à¥å®¤®¢.

�à®áâà�−áâ¢® á®áâ®ï−¨© ¯®«ã¬�àª®¢áª®£® ¯à®æ¥áá� ¬®¦−® à�§¤¥«¨âì −� ¯ïâì
¯®¤¬−®¦¥áâ¢:

(1) á®áâ®ï−¨ï �ªâ¨¢−®£® á®¥¤¨−¥−¨ï á �‘, j = 1, . . . , N ;

(2) á®áâ®ï−¨ï ¯®¨áª� «ãç� ¯à¨ ¡«®ª¨à®¢ª¥ LoS, j = N + 1, . . . , 2N ;

(3) á®áâ®ï−¨ï ¯®¨áª� «ãç� ¯à¨ ¬¨ªà®¬®¡¨«ì−®áâ¨, j = 2N + 1, . . . , 3N ;

(4) á®áâ®ï−¨ï ¢à¥¬¥−−®£® ®âáãâáâ¢¨ï á¢ï§¨, j = 3N + 1, . . . , 4N ;

(5) −ã«¥¢®¥ ¯®£«®é�îé¥¥ á®áâ®ï−¨¥.

�à®æ¥áá ®¯¨áë¢�¥âáï ¢¥ªâ®à®¬ ¢¥à®ïâ−®áâ¥© −�ç�«ì−ëå á®áâ®ï−¨© π = [πi],
i = 0, . . . , 4N , ¨ ¬�âà¨æ¥© ¯¥à¥å®¤−ëå ¢¥à®ïâ−®áâ¥©U = [uij ], i, j = 0, . . . , 4N .

‘®£«�á−® [13], ¢¥à®ïâ−®áâì −�å®¦¤¥−¨ï ¢ á®áâ®ï−¨¨ ¡«®ª¨à®¢ª¨ LoS á i-© �‘
à�¢−�

pN,i = 1−

∞∫

0

2(πλA)
i

(i− 1)!

x2i−1

eπλAx
2
e−2xrBλB(hB−hU )/(hA−hU )dx .

„«¨â¥«ì−®áâì ¡«®ª¨à®¢ª¨ ¯àï¬®© ¢¨¤¨¬®áâ¨ ¤® i-© áâ�−æ¨¨ ¬®¦−® −�©â¨ ª�ª
¯¥à¨®¤ §�−ïâ®áâ¨ á¨áâ¥¬ë ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï (‘Œ�) M/GI/∞ [14]:

FB,i(t) = 1−





t∫

0

[1− FB,i(t− z)]
∣
∣
∣de−µB,iFT (z)

∣
∣
∣+

+ [1− FT (t)]



1−

t∫

0

1− FB,i(t− z)

eµB,iFT (z)
µB,i dz







,

£¤¥ FT (t) = H(t− 2rB/v)| äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï (”÷) ¢à¥¬¥−¨ ¯¥à¥á¥ç¥−¨ï
¡«®ª�â®à®¬ §®−ë ¡«®ª¨à®¢ª¨, ¯à¥¤áâ�¢«¥−−�ï ¢ ¢¨¤¥ äã−ªæ¨¨ •í¢¨á�©¤�. ’®£¤�
”÷ ¢à¥¬¥−¨ ®¤−®¢à¥¬¥−−®© ¡«®ª¨à®¢ª¨ LoS ¤® ¢á¥åN áâ�−æ¨© ¬®¦−® −�©â¨ ª�ª
¬¨−¨¬ã¬ ¨§ ¤«¨â¥«ì−®áâ¥© ¡«®ª¨à®¢®ª −� ª�¦¤®© ¨§ áâ�−æ¨©:

FNL(t; i) = 1− [1− FB,i(t)]
N∏

j=1,j 6=i

[

1− FB∗

j
(t)

]

,

£¤¥ FB∗

j
(t)| ¢à¥¬ï ®áâ�â®ç−®© ¡«®ª¨à®¢ª¨ LoS −� j-© áâ�−æ¨¨.

ˆá¯®«ì§ãï â®â ¦¥ ¯à¨−æ¨¯ −�å®¦¤¥−¨ï ¬¨−¨¬ã¬� ¨§ á«ãç�©−ëå ¢¥«¨ç¨−,
¬�âà¨æãU ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ á«¥¤ãîé¥¬ ¢¨¤¥:
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ui,N+i = 1−

∞∫

0

∞∫

y

fTA
(y)fTL,i(x) dxdy , i = 1, . . . , N ;

ui,2N+i =

∞∫

0

∞∫

y

fTA
(y)fTL,i(x) dxdy , i = 1, . . . , N ;

uN+i,j = (1−H(TB))

j−1
∏

k=1

pN,k , i, j = 1, . . . , N , j ≤ i ;

u2N+i,i = (1−H(TB))

i−1∏

k=1

pN,k , i = 1, . . . , N ;

uN+i,3N+i = (1−H(TB))

N∏

k=1,k 6=i

pN,k , i = 1, . . . , N ;

uN+i,0 = H(TB) , i = 1, . . . , 2N ;

u3N+i,2N+i = FNL(TN ; i)

i−1∏

k=1

pN,k , i = 1, . . . , N ;

u3N+i,0 = 1− FNL(TN ; i), i = 1, . . . , N ;

u0,0 = 1 , i = 1, . . . , N ;

ui,j = 0 ¨−�ç¥,

£¤¥ fTA
(t) | à�á¯à¥¤¥«¥−¨¥ ¢à¥¬¥−¨ ¤® −�áâã¯«¥−¨ï ¬¨ªà®¬®¡¨«ì−®áâ¨;

fTL,i(t)| íªá¯®−¥−æ¨�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ ¢à¥¬¥−¨ ¤® −�áâã¯«¥−¨ï ¡«®ª¨à®¢ª¨
LoS ¤® i-© áâ�−æ¨¨ á ¯�à�¬¥âà®¬ µB,i, ¯à¥¤áâ�¢«¥−−ë¬ ¢ (1).

�−�«®£¨ç−® ¬®¦−® −�©â¨ à�á¯à¥¤¥«¥−¨ï ¤«¨â¥«ì−®áâ¥© ¯¥à¥å®¤®¢ ¢ ¢¨¤¥
¬�âà¨æë F(t) = [fij(t)], i, j = 0, . . . , 4N :

fi,N+i(t) = fTL,i(t) (1− FTA
(t)) , i = 1, . . . , N ;

fi,2N+i(t) = fTA
(t) (1− FTL,i(t)) , i = 1, . . . , N ;

fN+i,j(t) = δ(t− TB) , i = 1, . . . , N ;

f2N+i,j(t) = δ(t− TB) , i = 1, . . . , N ;

fN+i,3N+i(t) = δ(t− TB) , i = 1, . . . , N ;

fN+i,0 = δ(t− TN ) , i = 1, . . . , 2N ;

f3N+i,2N+i(t) = fNL(t; i)FNL(TN ; i) , i = 1, . . . , N ;

f3N+i,0(t) = fNL(t+ TN ; i)FNL(TN ; i) , i = 1, . . . , N ;

fi,j(t) = 0 ¨−�ç¥ ,
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£¤¥ δ(t)| ¤¥«ìâ�-äã−ªæ¨ï „¨à�ª�; TN | ¤«¨â¥«ì−®áâì ¤®¯ãáâ¨¬®£® ¨−â¥à¢�«�
®âáãâáâ¢¨ï á¢ï§¨.

��©¤ï ¬�âà¨æë ¯¥à¥å®¤−ëå ¢¥à®ïâ−®áâ¥© ¨ à�á¯à¥¤¥«¥−¨© ¤«¨â¥«ì−®áâ¥©
ãá«®¢−ëå ¯¥à¥å®¤®¢, ¬®¦−® ¯¥à¥©â¨ ª ¯à®¬¥¦ãâ®ç−®© ¤¨�£®−�«ì−®© ¬�âà¨æ¥

ā
∗ =

[

ψ∗
ij

]

, i, j = 0, . . . , 4N , í«¥¬¥−âë ª®â®à®© ¢ëà�¦�îâáï ª�ª

ψ∗
ii(s) =

1

s



1−
4N∑

j=0

uijf
∗
ij(s)



 , i = 0, . . . , 4N ;

ψ∗
ij(s) = 0 ¨−�ç¥ .

„�«¥¥, ¯à¨¬¥−ïï ®¡à�â−®¥ ¯à¥®¡à�§®¢�−¨¥ ‹�¯«�á� ª ¢ëà�¦¥−¨î

�
∗(s) = [I−U ◦ F∗(s)]−1ā∗(s) ,

£¤¥ U ◦ F | ¯à®¨§¢¥¤¥−¨¥ �¤�¬�à�; I | ¥¤¨−¨ç−�ï ¬�âà¨æ�, ¬®¦−® ç¨á«¥−−®
−�©â¨ ¨áå®¤−ë¥ §−�ç¥−¨ï ¨−â¥à¢�«ì−®-¯¥à¥å®¤−ëå ¢¥à®ïâ−®áâ¥© ¬�âà¨æë�(t).

��ª®−¥æ, ®¯à¥¤¥«¨¬ à�á¯à¥¤¥«¥−¨¥ ¢à¥¬¥−¨ ¤® ®¡àë¢� á®¥¤¨−¥−¨ï ¨ ¢¥à®ïâ-
−®áâì ãá¯¥è−®£® §�¢¥àè¥−¨ï ¯®«ì§®¢�â¥«ìáª®© á¥áá¨¨ ª�ª

fU(t) = 1−
4N∑

i=1

πi�i0(t) ; pU =

TC∫

0

fU(t) dt ,

£¤¥ TC | ¯®«−®¥ ¢à¥¬ï á¥áá¨¨.

4 Численный анализ

‚ ¤�−−®¬ à�§¤¥«¥ ¯à®¢®¤¨âáï ç¨á«¥−−ë© �−�«¨§ ¢«¨ï−¨ï á¨áâ¥¬−ëå ¯�à�-
¬¥âà®¢, ¯à¥¤áâ�¢«¥−−ëå ¢ â�¡«¨æ¥, −� à�áá¬�âà¨¢�¥¬ë¥ å�à�ªâ¥à¨áâ¨ª¨.

�� à¨á. 1 ¯à¥¤áâ�¢«¥− £à�ä¨ª §�¢¨á¨¬®áâ¨ ¢¥à®ïâ−®áâ¨ ãá¯¥è−®£® §�¢¥àè¥-
−¨ï á¥áá¨¨ ®â ç¨á«� ®¡á«ã¦¨¢�îé¨å �‘. �¦¨¤�¥¬®, çâ® ã¢¥«¨ç¥−¨¥ ç¨á«� �‘,
ª®â®àë¥ ¨á¯®«ì§ã¥â �“ ¤«ï ¬ã«ìâ¨á¢ï§−®áâ¨, ¢«¥ç¥â à®áâ ¢¥à®ïâ−®áâ¨ â®£®, çâ®
á¥áá¨ï −¥ ¡ã¤¥â ¯®â¥àï−� ¤® á¢®¥£® ®ª®−ç�−¨ï. ‘â®¨â ®â¬¥â¨âì, çâ® −�¨¡®«¥¥
íää¥ªâ¨¢−® å�à�ªâ¥à¨áâ¨ª� ®âª«¨ª�¥âáï −� à®áâ ç¨á«� �‘ ¢¯«®âì ¤® ¯ïâ¨, ¯®á«¥
ç¥£® íää¥ªâ ®â ã¢¥«¨ç¥−¨ï ¨å ç¨á«� à¥§ª® á−¨¦�¥âáï.

’à¥¡®¢�−¨ï ª ª�ç¥áâ¢ã ¯à¥¤®áâ�¢«¥−¨ï ãá«ã£ ¤¨ªâãîâ ¤«ï ¯à¨«®¦¥−¨© à�§-
«¨ç−ë¥ ¤«¨â¥«ì−®áâ¨ ¤®¯ãáâ¨¬®£® ¨−â¥à¢�«� ®âáãâáâ¢¨ï á¢ï§¨, â. ¥. â�ª®£® ¯à¥-
àë¢�−¨ï á®¥¤¨−¥−¨ï, ª®â®à®¥ −¥ ¯à¨¢®¤¨â ª ®¡àë¢ã ¢á¥© á¥áá¨¨ ¢ æ¥«®¬.

�� à¨á. 2 ¯®ª�§�−® ¢«¨ï−¨¥ ¯®«−®© ¤«¨â¥«ì−®áâ¨ á¥áá¨¨ −� ¢¥à®ïâ−®áâì ¥¥
§�¢¥àè¥−¨ï ¯à¨ à�§«¨ç−ëå ¤®¯ãáâ¨¬ëå ¨−â¥à¢�«�å ¯à¥àë¢�−¨ï ¨ ®¤−®© ®¡á«ã-
¦¨¢�îé¥© �‘. ‡¤¥áì TN = 5 ¬á ¨ 5 á á®®â¢¥âáâ¢ãîâ ¯à¨«®¦¥−¨ï¬, ª®â®àë¥
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‘¨áâ¥¬−ë¥ ¯�à�¬¥âàë

�¡®§−�ç¥−¨¥ �¯¨á�−¨¥
‡−�ç¥−¨ï

¯® ã¬®«ç�−¨î
λA �«®â−®áâì ’ƒæ-�‘ 10{3 èâ/¬2

λB �«®â−®áâì ¡«®ª�â®à®¢ 0,3 èâ/¬2

rB ÷�¤¨ãá ¡«®ª�â®à� 0,4 ¬
hB ‚ëá®â� ¡«®ª�â®à� 1,7 ¬
hU ‚ëá®â� �“ 1,5 ¬
hT ‚ëá®â� ’ƒæ-�‘ 4 ¬
v ‘ª®à®áâì ¡«®ª�â®à� 1 ¬/á
PT ˆ§«ãç�¥¬�ï ¬®é−®áâì −� �‘ 2 ‚â
ζT Š®íää¨æ¨¥−â §�âãå�−¨ï 2,1
K Š®íää¨æ¨¥−â �¡á®à¡æ¨¨ 0,2
σ ‚à¥¬ï ¯¥à¥ª«îç¥−¨ï ¬�áá¨¢� �−â¥−−®© à¥è¥âª¨ 2 ¬ªá
TC �®«−�ï ¤«¨â¥«ì−®áâì á¥áá¨¨ 30 á
TN „®¯ãáâ¨¬ë© ¨−â¥à¢�« ¯à¥àë¢�−¨ï 1 á
NT —¨á«® ª®−ä¨£ãà�æ¨© �−â¥−−ë �‘ 64× 64
NU —¨á«® ª®−ä¨£ãà�æ¨© �−â¥−−ë �“ 4× 4
N —¨á«® ’ƒæ-�‘ 1{10
NO ˜ã¬ −84 ¤�
–θ,–φ ‘à¥¤−ïï áª®à®áâì á¬¥é¥−¨ï ¢®ªàã£ ®á¥© 0,1 £à�¤/á
–X,–Y ‘à¥¤−ïï áª®à®áâì á¬¥é¥−¨ï ®â ®á¥© 3 á¬/á

÷¨á. 1 ‚¥à®ïâ−®áâì ãá¯¥è−®£® §�¢¥àè¥-
−¨ï á¥áá¨¨ ¤«ï à�§−ëå áâ¥¯¥−¥© ¬ã«ìâ¨-
á¢ï§−®áâ¨: 1 | N = 1; 2 | 2; 3 | 3; 4 |
4; 5 | 5; 6 | N = 6

÷¨á. 2 ‚¥à®ïâ−®áâì ãá¯¥è−®£® §�¢¥à-
è¥−¨ï á¥áá¨¨ ¯à¨ à�§«¨ç−ëå ¤®¯ãáâ¨¬ëå
¨−â¥à¢�«�å ®âáãâáâ¢¨ï á¢ï§¨: 1 | TN =
= 5 ¬á; 2 | 50 ¬á; 3 | 0,5 á; 4 |
TN = 5 c

ªà�©−¥ çã¢áâ¢¨â¥«ì−ë ¨ −¥¢®á¯à¨¨¬ç¨¢ë ª ¯à¥àë¢�−¨ï¬ á®®â¢¥âáâ¢¥−−®. ‚ ¯¥à-
¢®¬ á«ãç�¥ ¨ ¡«®ª¨à®¢ª� LoS, ¨ ¬¨ªà®¬®¡¨«ì−®áâì ¯à¨¢®¤ïâ ª á¡à®áã á¥áá¨¨,
â�ª ª�ª ®¡� íää¥ªâ� ¢á¥£¤� ¤«ïâáï ¡®«¥¥ 5 ¬á. ’�ª¦¥ ¬®¦−® §�¬¥â¨âì, çâ®,
å®âï ¢ á«ãç�¥ TN = 0,5 á ¤®¯ãáâ¨¬ë© ¨−â¥à¢�« −� ¯®àï¤®ª ¡®«ìè¥, ç¥¬ ¯à¨
TN = 5 ¬á, à�§−¨æ� ¢ ¢¥à®ïâ−®áâ¨ ãá¯¥è−®£® §�¢¥àè¥−¨ï á¥áá¨¨ −¥ áâ®«ì áãé¥-
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áâ¢¥−−�. �â® ®¡êïá−ï¥âáï â¥¬, çâ® ®¡� §−�ç¥−¨ï ¯®§¢®«ïîâ á ãá¯¥å®¬ á¯à�¢«ïâìáï
á ¬¨ªà®¬®¡¨«ì−®áâìî, −® −¥ ãáâ®©ç¨¢ë ª ¡«®ª¨à®¢ª�¬ LoS.

5 Заключение

‚ à�¡®â¥ ¨áá«¥¤®¢�−ë ¢à¥¬¥−−‚ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¯à®æ¥áá� ®¡á«ã¦¨¢�−¨ï
¯®«ì§®¢�â¥«ìáª®© á¥áá¨¨ ¢ á¥âïå ’ƒæ-¤¨�¯�§®−� ç�áâ®â ¢ ãá«®¢¨ïå ¤¨−�¬¨ç¥áª®©
¬¨ªà®¬®¡¨«ì−®áâ¨ ¯®«ì§®¢�â¥«¥© ¨ ¡«®ª¨à®¢ª¨ ¯àï¬®© ¢¨¤¨¬®áâ¨ ¯®¤¢¨¦−ë¬¨
¡«®ª�â®à�¬¨. „«ï íâ®© æ¥«¨ ¨á¯®«ì§®¢�−� ¯®«ã¬�àª®¢áª�ï áâàãªâãà�, å�à�ª-
â¥à¨§ãîé�ï �«ìâ¥à−¨àãîé¨© ¯à®æ¥áá −�«¨ç¨ï ¨ ®âáãâáâ¢¨ï á¢ï§¨ á ¯®¬®éìî
¬�âà¨æë ¨−â¥à¢�«ì−ëå ¯¥à¥å®¤−ëå ¢¥à®ïâ−®áâ¥©. �à®¢¥¤¥− ç¨á«¥−−ë© �−�«¨§
¢¥à®ïâ−®áâ¨ ãá¯¥è−®£® §�¢¥àè¥−¨ï á¥áá¨¨ ¢ §�¢¨á¨¬®áâ¨ ®â à�§−ëå áâ¥¯¥−¥©
¬ã«ìâ¨á¢ï§−®áâ¨ ¨ ¤®¯ãáâ¨¬ëå ¨−â¥à¢�«®¢ ®âáãâáâ¢¨ï á¢ï§¨. ‚ ç�áâ−®áâ¨, ¯®ª�-
§�−®, çâ® ¯®«®¦¨â¥«ì−ë© íää¥ªâ ¬ã«ìâ¨á¢ï§−®áâ¨ −�¡«î¤�¥âáï ¯à¨ ®¤−®¢à¥¬¥−-
−®¬ ¨á¯®«ì§®¢�−¨¨ ¤® 5 ª�−�«®¢ á¢ï§¨ ¨ á¨«ì−® §�¢¨á¨â ®â ¯à®¤®«¦¨â¥«ì−®áâ¨
á¥áá¨¨. ‚¥à®ïâ−®áâì ãá¯¥è−®£® §�¢¥àè¥−¨ï á¥áá¨¨ ¤«ï ¯à¨«®¦¥−¨©, çã¢áâ¢¨-
â¥«ì−ëå ª ¤«¨â¥«ì−®áâ¨ ¤®¯ãáâ¨¬®£® ¨−â¥à¢�«� ®âáãâáâ¢¨ï á¢ï§¨, ¢ ®á−®¢−®¬
§�¢¨á¨â ®â ¬¨ªà®¬®¡¨«ì−®áâ¨, ¢ à¥§ã«ìâ�â¥ ª®â®à®© −¥®¡å®¤¨¬® ¢ë¯®«−ïâì ¯à®-
æ¥¤ãàã ¯®¨áª� «ãç�. ‡�¤�ç� ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨© | �−�«¨§ ¢«¨ï−¨ï
¬¨ªà®¬®¡¨«ì−®áâ¨ −� í−¥à£®íää¥ªâ¨¢−®áâì á¨áâ¥¬ ’ƒæ-¤¨�¯�§®−�.

Литература

1. Polese M., Jornet J. M., Melodia T., Zorzi M. Toward end-to-end, full-stack 6G
terahertz networks // IEEE Commun. Mag., 2020. Vol. 58. No. 11. P. 48{54. doi:
10.1109/MCOM.001.2000224.

2. Akyildiz I. F., Jornet J. M. Realizing ultra-massive MIMO (1024 × 1024) commu-
nication in the (0.06{10) Terahertz band // Nano Commun. Netw., 2016. Vol. 8.
P. 46{54. doi: 10.1016/j.nancom.2016.02.001.

3. Petrov V., Moltchanov D., Koucheryavy Y., Jornet J. M. The effect of small-scale
mobility on terahertz band communications // 5th ACM Conference (Internation-
al) on Nanoscale Computing and Communication Proceedings. | New York, NY,
USA: Association for Computing Machinery, 2018. Art. 40. 2 p. doi: 10.1145/
3233188.3242902.

4. Petrov V., Moltchanov D., Koucheryavy Y., Jornet J. M. Capacity and outage
of terahertz communications with user micro-mobility and beam misalignment //
IEEE T. Veh. Technol., 2020. Vol. 69. No. 6. P. 6822{6827. doi: 10.1109/TVT.
2020.2988600.

5. 3GPP. Technical Specification 37.340; NR; Multi-connectivity; Overall de-
scription (Release 16), June 2021. https://portal.3gpp.org/desktopmodules/
Speci¦cations/Speci¦cationDetails.aspx?speci¦cationId=3198.

6. Gapeyenko M., Petrov V., Moltchanov D., Akdeniz M. R., Andreev S., Himayat N.,
Koucheryavy Y. On the degree of multi-connectivity in 5G millimeter-wave cellular
urban deployments // IEEE T. Veh. Technol., 2019. Vol. 68. No. 2. P. 1973{1978.
doi: 10.1109/TVT.2018.2887343.

152 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 31 −®¬¥à 4 2021



�−�«¨§ −¥¯à¥àë¢−®áâ¨ ¯®«ì§®¢�â¥«ìáª®© á¥áá¨¨ ¢ ¡¥á¯à®¢®¤−ëå á¨áâ¥¬�å ’ƒæ ¤¨�¯�§®−�

7. Begishev V., Sopin E., Moltchanov D., Pirmagomedov R., Samuylov A., Andreev S.,
Koucherayvy Y., Samouylov K. Performance analysis of multi-band microwave and
millimeter-wave operation in 5G NR systems // IEEE T. Wirel. Commun., 2021.
Vol. 20. No. 6. P. 3475{3490. doi: 10.1109/TWC.2021.3051027.

8. Shafie N. Y., Han C. Multi-connectivity for indoor terahertz communication with
self and dynamic blockage // IEEE Conference (International) on Communications
Proceedings. | Piscataway, NJ, USA: IEEE, 2020. Art. 9148716. 7 p. doi: 10.1109/
ICC40277.2020.9148716.

9. Moltchanov D. Distance distributions in random networks // Elsevier Ad Hoc
Networks, 2012. Vol. 10. P. 1146{1166. doi: 10.1016/j.adhoc.2012.02.005.

10. Begishev V., Moltchanov D., Sopin E., Samuylov A., Andreev S., Koucheryavy Y.,
Samouylov K. Quantifying the impact of guard capacity on session continuity in 3GPP
new radio systems // IEEE T. Veh. Technol., 2019. Vol. 68. No. 12. P. 12345{12359.
doi: 10.1109/TVT.2019.2948702.

11. Boronin P., Petrov V., Moltchanov D., Koucheryavy Y., Jornet J. M. Capacity
and throughput analysis of nanoscale machine communication through transparency
windows in the terahertz band // Nano Commun. Netw., 2014. Vol. 5. No. 3.
P. 72{82. doi: 10.1016/j.nancom.2014.06.001.

12. Cinlar E. Markov renewal theory // Adv. Appl. Probab., 1969. Vol. 1. No. 2.
P. 123{187. doi: 10.2307/1426216.

13. Gerasimenko M., Moltchanov D., Gapeyenko M., Andreev S., Koucheryavy Y.
Capacity of multiconnectivity mmWave systems with dynamic blockage and directional
antennas // IEEE T. Veh. Technol., 2019. Vol. 68. No. 4. P. 3534{3549. doi:
10.1109/TVT.2019.2896565.

14. Gapeyenko M., Samuylov A., Gerasimenko M., Moltchanov D., Singh S., Ak-
deniz M. R., Aryafar E., Himayat N., Andreev S., Koucheryavy Y. On the
temporal effects of mobile blockers in urban millimeter-wave cellular scenarios //
IEEE T. Veh. Technol., 2017. Vol. 66. No. 11. P. 10124{10138. doi: 10.1109/
TVT.2017.2754543.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 12.10.21

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 31 −®¬¥à 4 2021 153



V. A. Beschastnyi, D. Yu. Ostrikova, V. S. Shorgin, et al.

UNINTERRUPTED CONNECTIVITY TIME PERFORMANCE
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Abstract: Terahertz (THz) band is considered as the main candidate for new
radio access technology in sixth-generation (6G) cellular systems. Requiring large
antenna arrays at base station (BS) and user equipment (UE) sides to compensate
for extreme path losses, THz systems will utilize extremely directional antenna
radiation patterns. As a result, the performance of these systems will be severely
affected by not only blockage but also UE micromobility in hands of a user.
The negative effects of these phenomena can be alleviated by utilizing the
multiconnectivity functionality that allows UE to maintain two or more links to
nearby BSs and use them when the currently active link is lost. By accounting
for THz specific propagation, antenna and beam searching design, the density
of THz BS deployment, and multiconnectivity operation, the successful session
completion probability under both types of impairments has been investigated.
The present results indicate that the gains of multiconnectivity are observed up
to 5 simultaneously supported links and heavily depend on the application outage
tolerance time and are mostly affected by micromobility. To improve it, one needs
to ensure that the application may tolerate outage caused by beam searching time
which is of the order of milliseconds.

Keywords: terahertz communications; micromobility; outage; multiconnectivi-
ty; human body blockage; beam searching
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ИСПОЛЬЗОВАНИЕ ВЕБ-КРАУЛЕРОВ В ТЕХНОЛОГИИ
ПОДДЕРЖКИ КОНКРЕТНО-ИСТОРИЧЕСКИХ

ИССЛЕДОВАНИЙ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¤�«ì−¥©è¥¬ã à�§¢¨â¨î 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¨−£� ¨ ®à¨¥−â¨à®¢�−−®© −� è¨à®ª¨© ªàã£
−¥ ®â−®áïé¨åáï ª ¯à®ä¥áá¨®−�«ì−ë¬ ¨áâ®à¨ª�¬ ¨ ¡¨®£à�ä�¬ ¯®«ì§®¢�â¥«¥©.
÷�§¢¨â¨¥ ®áãé¥áâ¢«ï¥âáï §� áç¥â �¢â®¬�â¨§�æ¨¨ ®¤−®£® ¨§ ®á−®¢−ëå ¢¨-
¤®¢ ¨−â¥à−¥â-¯®¨áª� (ª®á¢¥−−ë© ¨−â¥à−¥â-¯®¨áª (Šˆ�)), ¨á¯®«ì§ã¥¬®£® ¯à¨
¯à®¢¥¤¥−¨¨ ¡¨®£à�ä¨ç¥áª¨å ¨áá«¥¤®¢�−¨©. �à®�−�«¨§¨à®¢�−ë ¢®§¬®¦−ë¥
¯®¤å®¤ë ª �¢â®¬�â¨§�æ¨¨ ¨−â¥à−¥â-¯®¨áª� á ãç¥â®¬ á¯¥æ¨ä¨ª¨ ª®−ªà¥â−®-¨á-
â®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï. �¡®á−®¢�−® ¨á¯®«ì§®¢�−¨¥ ¢¥¡-ªà�ã«¥à®¢ ¨ áä®à-
¬ã«¨à®¢�−ë âà¥¡®¢�−¨ï ª −¨¬, ¢ëâ¥ª�îé¨¥ ¨§ ®á®¡¥−−®áâ¥© à�áá¬�âà¨¢�¥¬®©
â¥å−®«®£¨¨. �æ¥−¥−� ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï £®â®¢ëå à¥è¥−¨©. �¯¨-
á�−ë −¥®¡å®¤¨¬ë¥ ¨§¬¥−¥−¨ï ®¡ê¥ªâ−®© ¬®¤¥«¨ â¥å−®«®£¨¨ ¨ ¬®¤¨ä¨ª�æ¨¨
¥¥ �«£®à¨â¬®¢, ®â−®áïé¨åáï ª Šˆ�. ‚ ª�ç¥áâ¢¥ ¤®¯®«−¨â¥«ì−®© ¬¥àë á®-
ªà�é¥−¨ï âàã¤®§�âà�â ¯à¨ ¯à®¢¥¤¥−¨¨ Šˆ� ¯à¥¤«®¦¥− ¨ ¯®¤à®¡−® ®¯¨á�−
¬¥å�−¨§¬ �¢â®¬�â¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ¯®«ì§®¢�â¥«¥© â¥å−®«®£¨¨, ¢¥¤ãé¨å
á¢®¨ ¨áá«¥¤®¢�−¨ï ¢ ¡«¨§ª¨å −�¯à�¢«¥−¨ïå.

Š«îç¥¢ë¥ á«®¢�: ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥; à�á¯à¥¤¥«¥−−�ï
â¥å−®«®£¨ï; ¢¥¡-ªà�ã«¥à; ¬®¤¥«ì ¤�−−ëå; ¨−â¥à−¥â-¯®¨áª

DOI: 10.14357/08696527210413

1 Введение

�®¤¤¥à¦ª� ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© áâ�«� ®¤−®© ¨§ �ªâã�«ì-
−ëå §�¤�ç á®¢à¥¬¥−−®áâ¨, çâ® ®¡ãá«®¢«¥−® ¢®¢«¥ç¥−¨¥¬ ¢ ¨áá«¥¤®¢�â¥«ìáª¨©
¯à®æ¥áá −¥ â®«ìª® ç«¥−®¢ ¯à®ä¥áá¨®−�«ì−®£® ¨áâ®à¨ç¥áª®£® á®®¡é¥áâ¢�, −® ¨ á�-
¬ëå è¨à®ª¨å á«®¥¢ −¥¯à®ä¥áá¨®−�«®¢ ¢ á¢ï§¨ á® ¢á¥ ¢®§à�áâ�îé¨¬ ¨−â¥à¥á®¬
ª ç�áâ−®©, á¥¬¥©−®© ¨áâ®à¨¨ [1].

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

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

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, Volkov@amsd.com
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¥¥ à¥�«ì−®© ¦¨§−¨ [2]. Œ−®£®®¡à�§¨¥ ¨§ãç�¥¬ëå �á¯¥ªâ®¢ ¦¨§−¨ ¨−¤¨¢¨¤ãã¬�,
áâ®ïé¥£® ¢ æ¥−âà¥ ¨áá«¥¤®¢�−¨ï, ¯à¨¢®¤¨â ª ®£à®¬−®¬ã ç¨á«ã −�¯à�¢«¥−¨© ¯®¨á-
ª�. ‘«¥¤áâ¢¨¥¬ íâ®£® áâ�−®¢¨âáï −¥®¡å®¤¨¬®áâì ¨á¯®«ì§®¢�−¨ï �¡á®«îâ−® ¢á¥å
¤®áâã¯−ëå ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨¨. ‘à¥¤¨ −¨å ¨−â¥à−¥â, −�àï¤ã á �àå¨¢�¬¨
¨ á¯¥æ¨�«ì−®© «¨â¥à�âãà®©, ®ª�§ë¢�¥âáï ®¤−¨¬ ¨§ −�¨¡®«¥¥ §−�ç¨¬ëå. �à¨
íâ®¬, ª�ª ¡ë«® ¯®ª�§�−® ¢ [3], ¡¨®£à�ä, ª�ª ¯à�¢¨«®, −¥ ¬®¦¥â à�ááç¨âë¢�âì,
çâ® ¯àï¬ë¥ ¢®¯à®áë, áâ®ïé¨¥ ¯¥à¥¤ −¨¬ −� ¤�−−®¬ íâ�¯¥ ¨áá«¥¤®¢�−¨ï, ¬®£ãâ
¡ëâì −¥¯®áà¥¤áâ¢¥−−® ¯à¥®¡à�§®¢�−ë ¢ −¥ª®â®àë¥ ¨−â¥à−¥â-§�¯à®áë, −� ª®â®àë¥
¯®¨áª®¢ë¥ ¬�è¨−ë (�Œ) ¢ë¤�¤ãâ ¨−ä®à¬�æ¨î, á®¤¥à¦�éãî áâ®«ì ¦¥ ¯àï¬ë¥
®â¢¥âë −� −¨å. �®íâ®¬ã ¯®¨áª ¨−ä®à¬�æ¨¨ ¯à¨ ¡¨®£à�ä¨ç¥áª®¬ ¨áá«¥¤®¢�−¨¨
¨¤¥â, ª�ª ¯à�¢¨«®, ¢ ¤¢ãå −�¯à�¢«¥−¨ïå:

(1) úª®á¢¥−−ë©û ¨−â¥à−¥â-¯®¨áª, ¯®¤à®¡−® à�áá¬®âà¥−−ë© ¢ [3] ¨ å�à�ªâ¥à¨-
§ãîé¨©áï â¥¬, çâ® ¨áá«¥¤®¢�â¥«ì, ®¯¨à�ïáì −� ã¦¥ ¨§¢¥áâ−ãî ¥¬ã, ª�ª
¯à�¢¨«® äà�£¬¥−â�à−ãî, ¯à®â¨¢®à¥ç¨¢ãî ¨ −¥¤®áâ®¢¥à−ãî ¨−ä®à¬�æ¨î
¯® â¥¬¥ ¨áá«¥¤®¢�−¨ï, ¯à¨¤ã¬ë¢�¥â ª®á¢¥−−ë¥ ¢®¯à®áë ¨ ä®à¬ã«¨àã¥â
á®®â¢¥âáâ¢ãîé¨¥ §�¯à®áë ª �Œ, ¯®áâ¥¯¥−−® §�¯®«−ïï ¨−ä®à¬�æ¨®−−ë¥
«�ªã−ë;

(2) úá¢®¡®¤−ë©û ¯®¨áª (‘�), §�ª«îç�îé¨©áï ¢ ¯à®á¬®âà¥ â¥ªáâ®¢ á�¬®© à�§−®©
−�¯à�¢«¥−−®áâ¨, ¯®â¥−æ¨�«ì−® ¨¬¥îé¨å ®â−®è¥−¨¥ ª â¥¬¥ ¨áá«¥¤®¢�−¨ï,
á æ¥«ìî ®¡−�àã¦¥−¨ï ¯®«¥§−®© ¤«ï ¨áá«¥¤®¢�−¨ï ¨−ä®à¬�æ¨¨, å�à�ªâ¥à
ª®â®à®© ¨áá«¥¤®¢�â¥«ì −¥ ¬®¦¥â §�à�−¥¥ ¯à¥¤ã£�¤�âì, ¨, á«¥¤®¢�â¥«ì−®, −¥
¬®¦¥â ®âëáª�âì ¥¥ á ¯®¬®éìî ª�ª¨å-«¨¡® §�¯à®á®¢.

‚ áâ�âì¥ [4] ®¡®á−®¢�−® ¨á¯®«ì§®¢�−¨¥ á¨áâ¥¬ �¢â®¬�â¨ç¥áª®£® ¨§¢«¥ç¥−¨ï
ä�ªâ®¢ á æ¥«ìî ã¯à®é¥−¨ï §�¤�ç¨ ¨áá«¥¤®¢�â¥«ï ¯à¨ ¯à®¢¥¤¥−¨¨ ‘� §� áç¥â
¢®§¬®¦−®áâ¨ ¡ëáâà® ®§−�ª®¬¨âìáï á ªà�âª®© ú¢ë¦¨¬ª®©û ¨ ¯® −¥© ã¦¥ ¯à¨−ïâì
à¥è¥−¨¥ ® æ¥«¥á®®¡à�§−®áâ¨ çâ¥−¨ï ¢á¥£® ¤®ªã¬¥−â�.

‚ [5,6] ®¯¨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−®«®£¨©) ¨ ¯®¤¤¥à-
¦¨¢�îé�ï ‘�. „�−−ë¥ ¢ íâ®© â¥å−®«®£¨¨ ®à£�−¨§®¢�−ë ¢ ä®à¬¥ á¥¬�−â¨ç¥áª®©
á¥â¨. “§«ë á¥â¨ ¯à¥¤áâ�¢«ïîâ á®¡®© ¨¬¥−®¢�−−ë¥ ã−¨¢¥àá�«ì−ë¥ ª«�ááë ®¡ê¥ª-
â®¢. ”�ªâë §�¤�îâáï §−�ç¥−¨ï¬¨ íª§¥¬¯«ïà®¢ ª«�áá®¢ ¨ á¢ï§ï¬¨ ¬¥¦¤ã −¨¬¨.
‘¢ï§¨ −�á«¥¤ãîâáï ¨§ á¥â¨ ª«�áá®¢ [5].

‚ ®á−®¢ã â¥å−®«®£¨¨ ¯®«®¦¥−� á¨áâ¥¬� ’-¯�àá¥à [4], ®áãé¥áâ¢«ïîé�ï �¢-
â®¬�â¨ç¥áª®¥, �¤�¯â¨à®¢�−−®¥ ª á¯¥æ¨ä¨ª¥ ¡¨®£à�ä¨ç¥áª®£® ¯®¨áª� ¨§¢«¥ç¥−¨¥
ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�¯à�¢«¥−−®áâ¨ ¨ à¥è�îé�ï §�¤�ç¨
ä�ªâ®£à�ä¨ç¥áª®£® ¨−¤¥ªá¨à®¢�−¨ï ¨áâ®ç−¨ª®¢ ¨ ¨å á¥¬�−â¨ç¥áª®© à�§¬¥âª¨
(¢ëç«¥−¥−¨ï §−�ç¨¬ëå äà�£¬¥−â®¢ ¨ ®á−�é¥−¨ï ¨å ¬¥â�¤�−−ë¬¨).

�à¨ íâ®¬ Šˆ� ¢ â¥å−®«®£¨¨ �Šˆˆ ®áãé¥áâ¢«ï¥âáï −� ¡�§¥ −�¡®à� ¯à�¢¨«
¨á¯®«ì§®¢�−¨ï áâ�−¤�àâ−ëå �Œ ¨ áà¥¤áâ¢ ®¯¥à�æ¨®−−®© á¨áâ¥¬ë ¡¥§ ¯à¨¬¥−¥−¨ï
á¯¥æ¨�«ì−ëå ¯à®£à�¬¬−ëå áà¥¤áâ¢ ¯®¤¤¥à¦ª¨.

158 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 31 −®¬¥à 4 2021



ˆá¯®«ì§®¢�−¨¥ ¢¥¡-ªà�ã«¥à®¢ ¢ â¥å−®«®£¨¨ �Šˆˆ

2 Специфика проведения косвенного интернет-поиска в технологии
поддержки конкретно-исторических исследований

Š�ª ¯®ª�§�−® ¢ [3], ¯à¨ ¯à®¢¥¤¥−¨¨ Šˆ� ¨áá«¥¤®¢�â¥«î ¯à¨å®¤¨âáï ¬−®£®-
ªà�â−® ¯¥à¥ä®à¬ã«¨à®¢�âì §�¯à®á, ¯®ª� à¥§ã«ìâ�âë ¯®¨áª� ¥£® −¥ ã¤®¢«¥â¢®àïâ,
â. ¥. ®áãé¥áâ¢«ïâì ¨â¥à�æ¨®−−ë© ¯®¨áª. �−�«¨§ à¥§ã«ìâ�â®¢, −�©¤¥−−ëå −�
¯à¥¤ë¤ãé¥¬ è�£¥ ¨â¥à�æ¨¨, ãâ®ç−ï¥â −�¯à�¢«¥−¨¥ ¯®¨áª� −� ¯®á«¥¤ãîé¥¬ è�-
£¥. ’�ª¨å ãâ®ç−¥−¨© −� ®¤−®¬ è�£¥ ¬®¦¥â ¡ëâì −¥áª®«ìª®, ¯®íâ®¬ã Šˆ�
¯à¥¤áâ�¢«ï¥â á®¡®© −¥ â®«ìª® ¨â¥à�æ¨®−−ë©, −® ¨ ¢¥â¢ïé¨©áï ¯à®æ¥áá. ��
ª�¦¤®¬ è�£¥ ¨â¥à�æ¨¨ ¨−â¥à¥áãîé¨© ¨áá«¥¤®¢�â¥«ï à¥§ã«ìâ�â á ¡®«ìè®© ¢¥-
à®ïâ−®áâìî ¡ã¤¥â −�å®¤¨âìáï ®â−î¤ì −¥ ¢ ¯¥à¢ëå áâà®çª�å ¢ë¤�ç¨. �â® ®¡ê-
ïá−ï¥âáï â¥¬, çâ® á®¢à¥¬¥−−ë¥ �«£®à¨â¬ë à�−¦¨à®¢�−¨ï à¥§ã«ìâ�â®¢ ¢ë¤�ç¨
ãç¨âë¢�îâ �¢â®à¨â¥â−®áâì áâà�−¨æë, ª®â®àãî ®−¨ ¢ëç¨á«ïîâ ¯® ç¨á«ã ¨ ª�-
ç¥áâ¢ã ááë«®ª −� −¥¥ á ¤àã£¨å á�©â®¢. ˆ−â¥à¥á ¦¥ ¤«ï ¨áá«¥¤®¢�â¥«ï ç�áâ®
¯à¥¤áâ�¢«ï¥â ¬�«®¨§¢¥áâ−�ï ¨−ä®à¬�æ¨ï. ’�ª¦¥ ®â«¨ç¨â¥«ì−®© ç¥àâ®© Šˆ�
ï¢«ï¥âáï â®, çâ® ¨áá«¥¤®¢�â¥«ì ç�áâ® ¢® ¢à¥¬ï ¯®¨áª� −¥ ¬®¦¥â ¡ëâì �¡á®-
«îâ−® ã¢¥à¥−, á®¤¥à¦¨âáï «¨ ¢ ¯®«−®© ¬¥à¥ ¨−â¥à¥áãîé�ï ¥£® ¨−ä®à¬�æ¨ï
¢ ã¦¥ −�©¤¥−−ëå ¤®ªã¬¥−â�å ¨«¨ ¥é¥ −¥â, ¯®áª®«ìªã ®â¢¥â −� íâ®â ¢®¯à®á
âà¥¡ã¥â âé�â¥«ì−®£® ¨§ãç¥−¨ï íâ¨å ¤®ªã¬¥−â®¢. �®íâ®¬ã Šˆ�, ª�ª ¯à�¢¨«®,
¯à®¢®¤¨âáï ¤® â¥å ¯®à, ¯®ª� −®¢ë¥ ¤®ªã¬¥−âë −� ¨−â¥à¥áãîéãî â¥¬�â¨ªã −¥
¯¥à¥áâ�−ãâ ¯®ï¢«ïâìáï ¢ ¢ë¤�ç¥ ¨«¨ ¯®ª� −�©¤¥−−ëå ¤®ªã¬¥−â®¢ −¥ −�¡¥à¥â-
áï ¤®áâ�â®ç−® ¬−®£®, â. ¥. ¯®¨áª −®¢ëå −�ç−¥â ¯à¨¢®¤¨âì ª −¥®¯à�¢¤�−−®¬ã
ã¢¥«¨ç¥−¨î ¨å ç¨á«� ¤® ®¡ê¥¬®¢, §�âàã¤−¨â¥«ì−ëå ¤«ï ¨§ãç¥−¨ï ¢ à�§ã¬−®¥
¢à¥¬ï.

’�ª¨¬ ®¡à�§®¬, á¯¥æ¨ä¨ª� Šˆ� á®áâ®¨â ¢ â®¬, çâ® ®−

{ ¯à®¢®¤¨âáï, ª�ª ¯à�¢¨«®, ¨â¥à�æ¨®−−® á ¢¥â¢«¥−¨ï¬¨;

{ âà¥¡ã¥â −� ª�¦¤®© ¨â¥à�æ¨¨ ¯à®á¬®âà� §−�ç¨â¥«ì−®£® ®¡ê¥¬� à¥§ã«ìâ�â®¢
¢ë¤�ç¨;

{ ®áãé¥áâ¢«ï¥âáï ú¤® ã¯®à�û, � −¥ ¤® −�å®¦¤¥−¨ï ¯¥à¢®© ã¤®¢«¥â¢®àïîé¥©
¨áá«¥¤®¢�â¥«ï ááë«ª¨.

ˆ§ íâ®£® á«¥¤ã¥â ®ç¥−ì ¢ëá®ª�ï âàã¤®¥¬ª®áâì Šˆ�. �® á¨âã�æ¨ï ¤®¯®«−¨-
â¥«ì−® ®á«®¦−ï¥âáï ¢ëá®ª®© ¤¨−�¬¨ç−®áâìî á¥â¨ ˆ−â¥à−¥â, ¯à¨ íâ®¬ ¤¨−�¬¨ª�
å�à�ªâ¥à¨§ã¥âáï ãáâ®©ç¨¢ë¬ à®áâ®¬ á −�à�áâ�−¨¥¬ â¥¬¯� [7]: ¯® áâ�â¨áâ¨ª¥,
®¡ê¥¬ æ¨äà®¢®© ¨−ä®à¬�æ¨¨ ã¤¢�¨¢�¥âáï ª�¦¤ë¥ 18 ¬¥áïæ¥¢. �®áª®«ìªã ¯à®-
¤®«¦¨â¥«ì−®áâì ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï ¬®¦¥â ¨§¬¥àïâìáï £®¤�-
¬¨, §� íâ® ¢à¥¬ï ¬®¦¥â ¯®ï¢¨âìáï −®¢�ï ¨−ä®à¬�æ¨ï ¯® ¨−â¥à¥áãîé¥© â¥¬¥.
�â® ®§−�ç�¥â, çâ® ¢à¥¬ï ¨ âàã¤®§�âà�âë ¨áá«¥¤®¢�â¥«ï −� ¯à®¢¥¤¥−¨¥ Šˆ�
á ãç¥â®¬ ¥£® ¢ë−ã¦¤¥−−®£® ¬−®£®ªà�â−®£® ¯®¢â®à¥−¨ï −¥®¯à�¢¤�−−® ¢¥«¨ª¨
¨ â¥å−®«®£¨î �Šˆˆ æ¥«¥á®®¡à�§−® ¤®¯®«−¨âì áà¥¤áâ¢�¬¨ �¢â®¬�â¨§�æ¨¨ íâ®©
¤¥ïâ¥«ì−®áâ¨.
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3 Подход к автоматизации косвенного интернет-поиска в технологии
поддержки конкретно-исторических исследований

�®áª®«ìªã Šˆ� ¯à¥¤áâ�¢«ï¥â á®¡®© ¨â¥à�æ¨®−−ë© ¨ ¢¥â¢ïé¨©áï ¯à®æ¥áá,
−�¯à�¢«¥−¨ï ¨ ®¡«�áâ¨ ¯®¨áª� ãâ®ç−ïîâáï ¨áá«¥¤®¢�â¥«¥¬ −� ª�¦¤®¬ è�£¥
¨ ¢ ¯®«−®© ¬¥à¥ �¢â®¬�â¨§¨à®¢�âì ¥£® −¥¢®§¬®¦−®. �® ¯® ¬¥à¥ ¢ëï¢«¥−¨ï
á�©â®¢, á®¤¥à¦�é¨å ¨«¨ ¬®£ãé¨å á®¤¥à¦�âì ¯®«¥§−ãî ¤«ï ¨áá«¥¤®¢�−¨ï ¨−ä®à-
¬�æ¨î, ¯®¢â®à−ë© ¯®¨áª ¯® −¨¬ ¢¯®«−¥ ¬®¦¥â ¡ëâì �¢â®¬�â¨§¨à®¢�−.

Š�ª ¯®ª�§�−® ¢ [8], ¢¥áì ¯®â®ª ¤�−−ëå ¤«ï ¬®−¨â®à¨−£� ¬®¦−® ãá«®¢−®
à�§¤¥«¨âì −� âà¨ ç�áâ¨ ¯® ª�â¥£®à¨ï¬ ¨áâ®ç−¨ª®¢ ¯®¨áª� ¨−ä®à¬�æ¨¨ ¢ á¥â¨
ˆ−â¥à−¥â:

(1) ¨−ä®à¬�æ¨ï, ¯®«ãç�¥¬�ï ç¥à¥§ �Œ ¨ ¨å API (Application Programming In-
terface | ¯à®£à�¬¬−ë© ¨−â¥àä¥©á ¯à¨«®¦¥−¨ï), −�¯à¨¬¥à Google, Ÿ−¤¥ªá,
Yahoo ¨ â. ¯.;

(2) ¨−ä®à¬�æ¨ï, ¯®«ãç�¥¬�ï ç¥à¥§ API ¨ RSS (Rich Site Summary | ªà�âª®¥
®¯¨á�−¨¥ −®¢®© ¨−ä®à¬�æ¨¨, ¯®ï¢¨¢è¥©áï −� á�©â¥) | «¥−âë ¯«®é�¤®ª
(à¥áãàá®¢), ª®â®àë¥ ¯à¥¤®áâ�¢«ïîâ ¤®áâã¯ ª ¢−ãâà¥−−¥¬ã ¯®¨áªã, −�¯à¨¬¥à
Twitter, Facebook, Vk ¨ â. ¯.;

(3) ¨−ä®à¬�æ¨ï, ¯®«ãç�¥¬�ï ¯®¨áª®¢ë¬¨ à®¡®â�¬¨ á�¬¨å ¬®−¨â®à¨−£®¢ëå á¨á-
â¥¬.

ˆá¯®«ì§®¢�−¨¥ RSS ¢ Šˆ� −¥ ¯à¥¤áâ�¢«ï¥âáï æ¥«¥á®®¡à�§−ë¬, ¯®áª®«ìªã
RSS á«ã¦¨â ¤«ï ®§−�ª®¬«¥−¨ï á ¨−ä®à¬�æ¨¥© ¨ ¯à¨−ïâ¨ï à¥è¥−¨ï ® ¯¥à¥å®¤¥
¯® ááë«ª¥ −� ¯®«−ãî ¢¥àá¨î á�©â�. „¥â�«ì−�ï ¨−ä®à¬�æ¨ï, −¥®¡å®¤¨¬�ï
¨áá«¥¤®¢�â¥«î, ¢ ä�©«¥ RSS −¥ á®¤¥à¦¨âáï.

�®¯ã«ïà−ë¥ �Œ (Ÿ−¤¥ªá, Google ¨ ¤à.) ¤�îâ −�¨¡®«¥¥ ¯®«−ãî ª�àâ¨−ã
¯® ¯®¨áª®¢ë¬ §�¯à®á�¬, â. ¥. ¯®«−®â� ¢ë¤�ç¨ ã −¨å á�¬�ï ¢ëá®ª�ï. �¤−�ª®
−�¡«î¤�¥âáï à�§«¨ç¨¥ ¢ ¢ë¤�ç¥ ¯® API, ¯à¥¤®áâ�¢«ï¥¬ëå íâ¨¬¨ á¥à¢¨á�¬¨,
¨ ¢ë¤�ç¥ −� á�¬®¬ á�©â¥ ¯®¨áª®¢®© á¨áâ¥¬ë. ˆ−®£¤� ¢ à¥§ã«ìâ�â�å ¢ë¤�ç¨
¯® ¯®¨áª®¢®¬ã §�¯à®áã ç¥à¥§ API ¬®¦−® ¢®®¡é¥ −¥ ã¢¨¤¥âì ¤® 90% ¢ë¤�ç¨,
ª®â®àãî ¬®¦−® ¢¨¤¥âì ¢ ¡à�ã§¥à−®© ¢¥àá¨¨ [8], � â�ª¦¥ áãé¥áâ¢ãîé¨¥ �Œ −¥
¢á¥£¤� à¥«¥¢�−â−® ã¤®¢«¥â¢®àïîâ ¯®«ì§®¢�â¥«ìáª¨¥ §�¯à®áë [9]. �âáî¤� á«¥¤ã¥â,
çâ® �¢â®¬�â¨§�æ¨ï Šˆ� ç¥à¥§ ®¡à�é¥−¨¥ ª �Œ ç¥à¥§ ¨å API −¥æ¥«¥á®®¡à�§−�
¨ âà¥¡ã¥âáï �«ìâ¥à−�â¨¢−®¥ à¥è¥−¨¥. ’�ª¨¬ à¥è¥−¨¥¬ ¬®¦¥â áâ�âì ¨á¯®«ì§®¢�−¨¥
¯®¨áª®¢®£® à®¡®â� (ªà�ã«¥à�). ƒ«�¢−®¥ ¯à¥¨¬ãé¥áâ¢® ªà�ã«¥à®¢ | ¢®§¬®¦−®áâì
á®¡¨à�âì «î¡ãî −�å®¤ïéãîáï ¢ ®âªàëâ®¬ ¤®áâã¯¥ ¨−ä®à¬�æ¨î −� à¥áãàá¥, ¢ â®¬
ç¨á«¥ ¨ âã, çâ® à¥áãàá ¬®¦¥â −¥ ®â¤�¢�âì ç¥à¥§ API.

„®¯®«−¨â¥«ì−ë¬ −�¯à�¢«¥−¨¥¬ �¢â®¬�â¨§�æ¨¨ Šˆ� ¬®¦¥â áâ�âì ®¡¬¥− á¯¨á-
ª�¬¨ ¢ëï¢«¥−−ëå §� ¢à¥¬ï ¨áá«¥¤®¢�−¨ï á�©â®¢, á®¤¥à¦�é¨å ª®−ªà¥â−®-¨áâ®-
à¨ç¥áªãî ¨−ä®à¬�æ¨î, ¬¥¦¤ã ¯®«ì§®¢�â¥«ï¬¨ â¥å−®«®£¨¨ �Šˆˆ, ¢¥¤ãé¨¬¨
á¢®¨ ¨áá«¥¤®¢�−¨ï ¢ ¡«¨§ª¨å −�¯à�¢«¥−¨ïå.
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4 Требования к веб-краулеру для поддержки косвенного
интернет-поиска

�¡é¨© á¯¨á®ª âà¥¡®¢�−¨©, ª®â®àë¬ ¤®«¦¥− ®â¢¥ç�âì ¨−áâàã¬¥−â á¡®à� ¤�−-
−ëå, á®áâ®¨â ¨§ á«¥¤ãîé¨å á®áâ�¢«ïîé¨å [10]:

(1) ¬�áèâ�¡¨àã¥¬®áâì. Šà�ã«¥à ¤®«¦¥− ¨¬¥âì ¢®§¬®¦−®áâì ã¢¥«¨ç¥−¨ï ¯à®-
¨§¢®¤¨â¥«ì−®áâ¨ §� áç¥â ¯®¤ª«îç¥−¨ï ¤®¯®«−¨â¥«ì−®£® ®¡®àã¤®¢�−¨ï |
á¥à¢¥à®¢ ¨«¨ ¢¨àâã�«ì−ëå ¬�è¨−;

(2) à�á¯à¥¤¥«¥−−®áâì. Šà�ã«¥à ¤®«¦¥− ¨¬¥âì ¢®§¬®¦−®áâì à�¡®â�âì ¢ à�á¯à¥¤¥-
«¥−−®¬ à¥¦¨¬¥ −� −¥áª®«ìª¨å á¥à¢¥à�å (à�¡®â� ¢ ª«�áâ¥à¥) ¨«¨ ¢¨àâã�«ì−ëå
¬�è¨−�å;

(3) ¬®¤ã«ì−®áâì. Šà�ã«¥à ¤®«¦¥− ¯à¥¤®áâ�¢«ïâì ¢®§¬®¦−®áâì ¤®¡�¢«¥−¨ï
−®¢®© äã−ªæ¨®−�«ì−®áâ¨ ¯ãâ¥¬ ¯®¤ª«îç¥−¨ï ¤®¯®«−¨â¥«ì−ëå ¬®¤ã«¥©,
−�¯à¨¬¥à ¤«ï �−�«¨§� −®¢ëå ä®à¬�â®¢ ¤�−−ëå, ¯à®â®ª®«®¢ ¨ â. ¤.;

(4) ¯à®¨§¢®¤¨â¥«ì−®áâì ¨ íää¥ªâ¨¢−®áâì. Šà�ã«¥à ¤®«¦¥− ®¡¥á¯¥ç¨¢�âì íä-
ä¥ªâ¨¢−®¥ ¨á¯®«ì§®¢�−¨¥ á¨áâ¥¬−ëå à¥áãàá®¢, ¢ª«îç�ï ¯à®æ¥áá®à, ¯�¬ïâì
¨ ¯®«®áã ¯à®¯ãáª�−¨ï á¥â¨;

(5) −�¤¥¦−®áâì. Šà�ã«¥à −¥ ¤®«¦¥− ¯¥à¥å®¤¨âì ¢ ¡¥áª®−¥ç−ë© æ¨ª« ¨«¨
®¦¨¤�âì §�£àã§ª¨ −� −¥¤®áâã¯−®¬ á�©â¥;

(6) ¬¥å�−¨§¬ ¯à®â¨¢®¤¥©áâ¢¨ï �−â¨ªà�ã«¨−£ã. �� −¥ª®â®àëå á�©â�å ¥áâì
ä¨«ìâàë ¤«ï §�é¨âë ®â áª�−¨à®¢�−¨ï, çâ®¡ë ¯à¥¯ïâáâ¢®¢�âì á¡®àã ¤�−−ëå.
�à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¤®«¦−® ¡ëâì ¢ á®áâ®ï−¨¨ ®¡®©â¨ íâ¨ ¬¥å�−¨§¬ë,
çâ®¡ë á®¡¨à�âì á®®â¢¥âáâ¢ãîéãî ¨−ä®à¬�æ¨î;

(7) ¯à®§à�ç−®áâì. ˆáå®¤−ë© ª®¤ ªà�ã«¥à� ¤®«¦¥− ¡ëâì ®âªàëâ, ¢ â®¬ ç¨á«¥
á «¨æ¥−§¨®−−®© â®çª¨ §à¥−¨ï. �â® ®¡¥á¯¥ç¨â ¡¥§®¯�á−®áâì ¨ ¢®§¬®¦−®áâì
¤®à�¡®âª¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï;

(8) ª�ç¥áâ¢® ¤�−−ëå. ��àá¥à ¤®«¦¥− ã¬¥âì ¯à¥¤®áâ�¢«ïâì á®¡à�−−ãî −¥-
áâàãªâãà¨à®¢�−−ãî ¨−ä®à¬�æ¨î ¢ −¥®¡å®¤¨¬®¬ ä®à¬�â¥, −�¯à¨¬¥à JSON
(â¥ªáâ®¢ë© ä®à¬�â ®¡¬¥−� ¤�−−ë¬¨, ®á−®¢�−−ë© −� JavaScript), � â�ª¦¥
®â¤¥«ïâì ¯®«¥§−ë© ª®−â¥−â ®â á¯�¬�;

(9) ¯®¤¤¥à¦ª�. ‘®®¡é¥áâ¢® ¨«¨ ¤®ªã¬¥−â�æ¨ï ¤®«¦−ë ¡ëâì á¨«ì−® à�§¢¨âë,
çâ®¡ë ¬®¦−® ¡ë«® −�©â¨ −ã¦−ãî ¨−ä®à¬�æ¨î ¯à¨ ¬®¤¨ä¨ª�æ¨¨ ¨−áâàã-
¬¥−â�;

(10) ¢¥¦«¨¢®áâì. „®«¦−ë á®¡«î¤�âìáï ¯®«¨â¨ª¨ ¢¥¡-á�©â®¢, ®¯¨á�−−ëå ¢ ä�©-
«¥ robots.txt, à¥£ã«¨àãîé¨¥ ç�áâ®âã, á ª®â®à®© ªà�ã«¥à ¬®¦¥â ¯�àá¨âì
áâà�−¨æë;

(11) �ªâã�«ì−®áâì. Šà�ã«¥à ¤®«¦¥− ¯®¤¤¥à¦¨¢�âì ®¡−®¢«¥−¨¥ á®¡à�−−ëå ¤�−-
−ëå.
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‚á¥ ¢ëè¥¯¥à¥ç¨á«¥−−ë¥ âà¥¡®¢�−¨ï �ªâã�«ì−ë ¤«ï §�¤�ç Šˆ� ¢ à�¬ª�å
â¥å−®«®£¨¨ �Šˆˆ. ÷�§à�¡®âª� ®à¨£¨−�«ì−®£® ¢¥¡-ªà�ã«¥à�, ãç¨âë¢�îé¥£®
¢á¥ íâ¨ âà¥¡®¢�−¨ï, ¢¥áì¬� âàã¤®¥¬ª�. �®, ª�ª ¯®ª�§�−® ¢ [11], áãé¥áâ¢ãîâ
£®â®¢ë¥ à¥è¥−¨ï á ¯®¤¤¥à¦ª®© ®á−®¢−ëå âà¥¡®¢�−¨© ¨ ¯à¥¤áâ�¢«ïîé¨¥ á®¡®©
ª�ª ªà�ã«¥àë á ®âªàëâë¬ ª®¤®¬, â�ª ¨ ®¡«�ç−ë¥ ªà�ã«¥àë, ¯à¥¤áâ�¢«¥−−ë¥
¢ ¢¨¤¥ á¥à¢¨á®¢, ª®â®àë¥ ¬®£ãâ ¡ëâì ®â−¥á¥−ë ª á«¥¤ãîé¨¬ ª�â¥£®à¨ï¬.

1. ‘ä®ªãá¨à®¢�−−ë© ªà�ã«¥à (FocusedWeb Crawler) | íâ® ªà�ã«¥à, §�¤�ç�
ª®â®à®£® §�ª«îç�¥âáï ¢ â®¬, çâ®¡ë §�£àã§¨âì á¢ï§�−−ë¥ á ¤àã£ ¤àã£®¬ áâà�-
−¨æë ¯® ª®−ªà¥â−®© â¥¬¥. …é¥ â�ª®© ¢¨¤ ªà�ã«¥à®¢ −�§ë¢�îâ â¥¬�â¨ç¥áª¨¬
(Topic Crawler). �à¨−æ¨¯ ¥£® à�¡®âë ®á−®¢�− −� â®¬, çâ® ª�¦¤ë© à�§,
¯¥à¥å®¤ï ª −®¢®¬ã ¤®ªã¬¥−âã, ¤�−−ë© ªà�ã«¥à ¯à®¢¥àï¥â, −�áª®«ìª® ®− à¥-
«¥¢�−â¥− ®¡®§−�ç¥−−®© â¥¬¥, ¯¥à¥å®¤ ®áãé¥áâ¢«ï¥âáï â®«ìª® −� ¤®ªã¬¥−âë,
á®®â¢¥âáâ¢ãîé¨¥ â¥¬¥.

2. ˆ−ªà¨¬¥−â−ë© ªà�ã«¥à (Incremental Crawler) | âà�¤¨æ¨®−−ë© ¢¨¤ ªà�ã-
«¥à�, ª®â®àë© ¯¥à¨®¤¨ç¥áª¨ ®¡−®¢«ï¥â á®¡à�−−ë¥ ¢ á¢®¥¬ åà�−¨«¨é¥ ¤®-
ªã¬¥−âë. �®¬¨¬® §�¬¥−ë áâ�àëå ¢¥àá¨© ¤®ªã¬¥−â®¢ −� −®¢ë¥ ®− ¬®¦¥â
®¡−®¢«ïâì à�−£ ¤®ªã¬¥−â®¢, á®àâ¨àãï ¨å −� ¬¥−¥¥ ¢�¦−ë¥ ¨ ¡®«¥¥ ¢�¦−ë¥.

3. ÷�á¯à¥¤¥«¥−−ë© ªà�ã«¥à (Distributed Crawler) | íâ® â¨¯ ªà�ã«¥à�, ¡�§¨-
àãîé¥£®áï −� à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨ïå. Š�ª ¯à�¢¨«®, ®− ¢ª«îç�¥â
−¥áª®«ìª® ¢ëç¨á«¨â¥«ì−ëå ã§«®¢, ®¤¨− ¨§ ª®â®àëå −�§−�ç�¥âáï ¬�áâ¥à®¬,
� ¤àã£¨¥ | ¤®ç¥à−¨¬¨ ã§«�¬¨. �â®â â¨¯ ªà�ã«¥à®¢ ¨á¯®«ì§ã¥â �«£®à¨â¬
Page Rank ¤«ï ã«ãçè¥−¨ï à¥«¥¢�−â−®áâ¨ ¯®¨áª�.

4. ��à�««¥«ì−ë© ªà�ã«¥à (Parallel Crawler) | â�ª®© ªà�ã«¥à á®áâ®¨â ¨§ −¥-
áª®«ìª¨å ªà�ã«¥à-¯à®æ¥áá®¢, ª�¦¤ë© ¨§ ª®â®àëå à�¡®â�¥â −�¤ á¢®¨¬ ¢ë-
¡à�−−ë¬ ¬−®¦¥áâ¢®¬ ¤�−−ëå.

5. Šà®áá¯«�âä®à¬¥−−ë© ªà�ã«¥à (Cross-Platform Crawler) | â�ª®© ªà�ã«¥à
¤®«¦¥− ®¤¨−�ª®¢® ãáâ�−�¢«¨¢�âìáï ¨ −�áâà�¨¢�âìáï −� ¬�è¨−�å á à�§−ë¬¨
®¯¥à�æ¨®−−ë¬¨ á¨áâ¥¬�¬¨.

„«ï §�¤�ç Šˆ� ¢ à�¬ª�å â¥å−®«®£¨¨ �Šˆˆ −¥®¡å®¤¨¬ ¨−ªà¥¬¥−â−ë©
¯�à�««¥«ì−ë© ªà�ã«¥à. ‘ä®ªãá¨à®¢�−−®áâì ¨ à�á¯à¥¤¥«¥−−®áâì ¦¥«�â¥«ì−ë,
−® −¥ ®¡ï§�â¥«ì−ë −� ¤�−−®¬ íâ�¯¥ à�§¢¨â¨ï â¥å−®«®£¨¨ �Šˆˆ. Š�ª ¯®ª�§�−®
¢ [11], áãé¥áâ¢ã¥â æ¥«ë© àï¤ £®â®¢ëå à¥è¥−¨©, ã¤®¢«¥â¢®àïîé¨å íâ¨¬ ãá«®¢¨ï¬:
Nutch, Open Search Server, Norconex HTTP Collector, Bixo ¨ ¤à.

5 Модификация технологии поддержки конкретно-исторических
исследований

�¢â®¬�â¨§¨à®¢�−−ë© Šˆ� á ¨á¯®«ì§®¢�−¨¥¬ ªà�ã«¥à®¢ âà¥¡ã¥â ¢−¥á¥−¨ï
àï¤� ¨§¬¥−¥−¨© ¢ â¥å−®«®£¨î �Šˆˆ. ˆ§¬¥−¥−¨ï ¤®«¦−ë ª®á−ãâìáï ª�ª �«£®-
à¨â¬®¢ äã−ªæ¨®−¨à®¢�−¨ï â¥å−®«®£¨¨, â�ª ¨ ¥¥ ®¡ê¥ªâ−®© ¬®¤¥«¨. �� à¨áã−ª¥
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Š®á¢¥−−ë© ¨−â¥à−¥â-¯®¨áª ¢ ¬®¤¨ä¨æ¨à®¢�−−®© â¥å−®«®£¨¨ �Šˆˆ

¯à¥¤áâ�¢«¥−� áå¥¬� ¯à®¢¥¤¥−¨ï Šˆ� ª�ª ¢ àãç−®¬, â�ª ¨ ¢ �¢â®¬�â¨ç¥áª®¬
à¥¦¨¬¥.

�¡ê¥ªâ−�ï ¬®¤¥«ì â¥å−®«®£¨¨ [6] âà¥¡ã¥â á«¥¤ãîé¨å ¬®¤¨ä¨ª�æ¨©.

1. „®¡�¢«ï¥âáï áãé−®áâì úá¯¨á®ª á�©â®¢û. �âà¨¡ãâ�¬¨ áãé−®áâ¨ á«ã¦�â:

{ ã−¨ä¨æ¨à®¢�−−ë© ãª�§�â¥«ì à¥áãàá� (URL | uniform resource locator);

{ ID ¯®«ì§®¢�â¥«ï.

2. „®¡�¢«ï¥âáï áãé−®áâì úà�á¯¨á�−¨¥û. �âà¨¡ãâ�¬¨ áãé−®áâ¨ á«ã¦�â:

{ ¤�â� ¨ ¢à¥¬ï ¯®á«¥¤−¥© ¯à®¢¥àª¨;

{ ¬¥¦¯à®¢¥à®ç−ë© ¨−â¥à¢�«, §�¤�¢�¥¬ë© ¯®«ì§®¢�â¥«¥¬;

{ ID ¯®«ì§®¢�â¥«ï.
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3. ‚ á¯¨á®ª �âà¨¡ãâ®¢ áãé−®áâ¨ ú¤®ªã¬¥−âû ¤®¡�¢«ï¥âáï â¥ªáâ®¢ë© �âà¨¡ãâ
ú¨áâ®ç−¨ªû. „«ï ¤®ªã¬¥−â®¢, −�©¤¥−−ëå ¢ ¨−â¥à−¥â¥, §−�ç¥−¨¥¬ ¤�−−®£®
�âà¨¡ãâ� ¡ã¤¥â URL á®®â¢¥âáâ¢ãîé¥£® á�©â�.

�«£®à¨â¬ ¯®¨áª� á«¥¤ãîé¨©.

1. �®«ì§®¢�â¥«ì ®áãé¥áâ¢«ï¥â àãç−®© Šˆ� ¢ á®®â¢¥âáâ¢¨¨ á [3]. ��©¤¥−−ë¥
¤®ªã¬¥−âë ®¡à�¡�âë¢�îâáï á¨áâ¥¬®© �¢â®¬�â¨ç¥áª®£® ¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨§
â¥ªáâ®¢ | ’-¯�àá¥à®¬ [4]. ‚ á«ãç�¥ ¢ëï¢«¥−¨ï ä�ªâ®¢ ¢ ¤®ªã¬¥−â¥ ®−
¯®¬¥é�¥âáï ¢ ¡�§ã ¤�−−ëå (�„) ¤®ªã¬¥−â®¢. ‚ëï¢«¥−−ë¥ ä�ªâë ’-¯�à-
á¥à �¢â®¬�â¨ç¥áª¨ ¯®¬¥é�¥â ¢ á¥¬�−â¨ç¥áªãî á¥âì á ãª�§�−¨¥¬ ¨å á¢ï§¨
á ¤®ªã¬¥−â®¬, ¯®¬¥é¥−−ë¬ ¢ �„, ¯®áà¥¤áâ¢®¬ ãª�§�â¥«ï äà�£¬¥−â� â¥ªáâ�
(“”’) [5]. �¢â®¬�â¨ç¥áª¨ ¢ëï¢«¥−−ë¥ ä�ªâë ¯à®å®¤ïâ ¯à®æ¥¤ãàã àãç−®©
¢�«¨¤�æ¨¨ ¯®«ì§®¢�â¥«¥¬.

2. “ª�§�â¥«ì URL §−�ç¨¬ëå á�©â®¢, á®¤¥à¦�é¨å ¤®ªã¬¥−âë, ¨¬¥îé¨¥ ®â−®-
è¥−¨¥ ª â¥¬¥ ¨áá«¥¤®¢�−¨ï, ¢ëï¢«¥−−ëå ¢ ¯à®æ¥áá¥ àãç−®£® Šˆ�, á®åà�−ï-
îâáï ¯®«ì§®¢�â¥«¥¬ ¢ ¨−¤¨¢¨¤ã�«ì−®¬ á¯¨áª¥ á�©â®¢.

3. „«ï ¯®«ì§®¢�â¥«¥©, ¤«ï ª®â®àëå ¢ ¯à®æ¥áá¥ ¨å ¯à®ä¥áá¨®−�«ì−®© ª®¬¬ã−¨-
ª�æ¨¨, ¯®¤¤¥à¦¨¢�¥¬®© â¥å−®«®£¨¥© �Šˆˆ, ¢ëï¢«¥−® áå®¤áâ¢® â¥¬ ¨áá«¥-
¤®¢�−¨© (á¢ï§�−−ë¥ ¯®«ì§®¢�â¥«¨), ®áãé¥áâ¢«ï¥âáï �¢â®¬�â¨ç¥áª�ï à�ááë«ª�
¨§¬¥−¥−¨© ¢ ¨−¤¨¢¨¤ã�«ì−ëå á¯¨áª�å á�©â®¢ ¢ ä®à¬�â¥:

{ URL ¢ëï¢«¥−−®£® á�©â�;

{ ¯¥à¥ç¥−ì ááë«®ª −� ¢ëï¢«¥−−ë¥ ¤®ªã¬¥−âë á íâ®£® á�©â�, à�§¬¥é¥−−ë¥
¢ �„ ¤®ªã¬¥−â®¢.

4. „«ï ª�¦¤®£® ¯®«ãç¥−−®£® �¢â®¬�â¨ç¥áª®£® á®®¡é¥−¨ï ®¡ ¨§¬¥−¥−¨ïå ¢ á¯¨á-
ª�å á�©â®¢ ®â á¢ï§�−−ëå ¯®«ì§®¢�â¥«¥© ¯®«ì§®¢�â¥«ì ¯®á«¥ �−�«¨§� ¯à¨−¨-
¬�¥â à¥è¥−¨¥ ® ¤®¡�¢«¥−¨¨ â®£® ¨«¨ ¨−®£® URL ¢ á¢®© á¯¨á®ª á�©â®¢.

5. ‚ á®®â¢¥âáâ¢¨¨ á à�á¯¨á�−¨¥¬, §�¤�−−ë¬ ¯®«ì§®¢�â¥«¥¬, ªà�ã«¥à �¢â®¬�-
â¨ç¥áª¨ ®áãé¥áâ¢«ï¥â ¯à®á¬®âà á�©â®¢, §�ä¨ªá¨à®¢�−−ëå ¢ á¯¨áª¥ á�©â®¢
¯®«ì§®¢�â¥«ï. ‚ëï¢«¥−−ë¥ −®¢ë¥ ¤®ªã¬¥−âë ®¡à�¡�âë¢�îâáï ’-¯�àá¥à®¬
�−�«®£¨ç−® àãç−®¬ã à¥¦¨¬ã ¯à®¢¥¤¥−¨ï Šˆ�.

6 Выводы

�à¥¤«®¦¥−−ë© ¬¥å�−¨§¬ �¢â®¬�â¨§�æ¨¨ ¯à®¢¥¤¥−¨ï â�ª®© ¢�¦−®© á®áâ�¢«ï-
îé¥© ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, ª�ª Šˆ�, áãé¥áâ¢¥−−® ¤®¯®«−ï¥â
¨ à�§¢¨¢�¥â â¥å−®«®£¨î �Šˆˆ, ®à¨¥−â¨à®¢�−−ãî −� è¨à®ª¨© ªàã£ −¥ ®â−®áï-
é¨åáï ª ¯à®ä¥áá¨®−�«ì−ë¬ ¨áâ®à¨ª�¬ ¨ ¡¨®£à�ä�¬ ¯®«ì§®¢�â¥«¥©, çâ® ®ç¥−ì
�ªâã�«ì−® ¢ á¢ï§¨ á® ¢á¥ ¢®§à�áâ�îé¨¬ ®¡é¥áâ¢¥−−ë¬ ¨−â¥à¥á®¬ ª ç�áâ−®©,
á¥¬¥©−®© ¨áâ®à¨¨.
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ˆá¯®«ì§®¢�−¨¥ ¢¥¡-ªà�ã«¥à®¢ ¢ â¥å−®«®£¨¨ �Šˆˆ

�¡−®¢«¥−−ë© �«£®à¨â¬ ¯à®¢¥¤¥−¨ï Šˆ� ¢ ¯®«−®© ¬¥à¥ ®âà�¦�¥â á¯¥æ¨ä¨ªã
ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï ¨ ¯®§¢®«ï¥â áãé¥áâ¢¥−−® á−¨§¨âì ¢à¥¬ï
¨ âàã¤®§�âà�âë −� ¯à®¢¥¤¥−¨¥ ¯®¨áª� ¨−ä®à¬�æ¨¨ ¢ ¨−â¥à−¥â¥.

�¯¨á�−−�ï ¬®¤¨ä¨ª�æ¨ï â¥å−®«®£¨¨ �Šˆˆ ¯à¥¤¯®«�£�¥â ãá®¢¥àè¥−áâ¢®¢�-
−¨¥ ¥¥ ®¡ê¥ªâ−®© ¬®¤¥«¨ §� áç¥â ¢¢¥¤¥−¨ï ¢ −¥¥ −®¢ëå â¨¯®¢ á¯¨áª®¢, á«ã¦�é¨å
¤«ï �¢â®¬�â¨§�æ¨¨ à�¡®âë ¢¥¡-ªà�ã«¥à®¢ ¨ ¢§�¨¬®¤¥©áâ¢¨ï ¯®«ì§®¢�â¥«¥© ¯à¨
¯à®¢¥¤¥−¨¨ ¨áá«¥¤®¢�−¨©.
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Abstract: The article is devoted to the further development of the distributed
technology of concrete historical investigation support based on the principles of
crowdsourcing and focused on a wide range of users which are nonprofessional
historians and biographers. Development is carried out through the automation
of one of the main types of Internet searches (indirect Internet search) used in
biographical research. The article analyzes the possible approaches to the au-
tomation of Internet search taking into account the specifics of concrete historical
investigation. The use of web-crawlers is substantiated and the requirements
for them arising from the distinctive of this technology are formulated. The
possibility of using ready-made solutions is estimated. The necessary changes in
the object model of the technology and the modifications of its algorithms related
to indirect Internet search are described. As an additional measure to reduce the
difficulty of indirect Internet search, the new mechanism for automating of the
interaction of the technology users which execute their investigations in similar
directions is proposed and described in detail.
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ВЛАСТНО-КООРДИНАЦИОННЫЕ СИСТЕМЫ
И ИНФОРМАЦИОННЫЕ ТЕХНОЛОГИИ

В. Д. Ильин1

�−−®â�æ¨ï: �¯à¥¤¥«¥−ë ¢«�áâ−®-ª®®à¤¨−�æ¨®−−ë¥ áâ�âãá−ë¥ á¨áâ¥¬ë
¨ ®¡®á−®¢�−� §�¢¨á¨¬®áâì ¨å íää¥ªâ¨¢−®áâ¨ ®â á®¢¥àè¥−áâ¢� ¯à¨¬¥−ï¥¬ëå
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. �¡®á−®¢�−� −¥®¡å®¤¨¬®áâì ¯«�−®¢®£® ¨§¬¥−¥-
−¨ï ãáâà®©áâ¢� â�ª¨å á¨áâ¥¬ ¯® ¬¥à¥ á®¢¥àè¥−áâ¢®¢�−¨ï ¬¥â®¤®¢ ¨ áà¥¤áâ¢
à¥�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. �à¨¢¥¤¥−ë ¯à¨¬¥àë, ¤¥¬®−áâà¨-
àãîé¨¥ á¢ï§ì ãà®¢−ï íää¥ªâ¨¢−®áâ¨ ã¯à�¢«¥−¨ï á ãà®¢−¥¬ á®¢¥àè¥−áâ¢�
¯à®£à�¬¬−®-�¯¯�à�â−® à¥�«¨§®¢�−−®£® ®à£�−¨§�æ¨®−−®£® ¨ ¨−ä®à¬�æ¨®−−®-
£® ®¡¥á¯¥ç¥−¨ï á¨áâ¥¬ë £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï. �á®¡®¥ ¢−¨¬�−¨¥
ã¤¥«¥−® ¨−ä®à¬�æ¨®−−®© ®¡à�â−®© á¢ï§¨ ¨ ®¯®¢¥é¥−¨î −�á¥«¥−¨ï ® £®áã¤�à-
áâ¢¥−−ëå §�ª®−�å ¨ ¨å à¥�«¨§�æ¨¨.

Š«îç¥¢ë¥ á«®¢�: ¢«�áâ−®-ª®®à¤¨−�æ¨®−−ë¥ á¨áâ¥¬ë; ®â−®è¥−¨ï ¯®¤ç¨−¥-
−¨ï ¨ ª®®à¤¨−�æ¨¨; ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨; ¬¥å�−¨§¬ £®áã¤�àáâ¢¥−−®£®
ã¯à�¢«¥−¨ï; æ¨äà®¢ë¥ ¯«�âä®à¬ë

DOI: 10.14357/08696527210414

1 Введение

‚ −�è¨ ¤−¨ æ¨äà®¢¨§�æ¨ï à�§«¨ç−ëå ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨ (å®§ï©áâ¢¥−−®©,
®¡à�§®¢�â¥«ì−®© ¨ ¯à.), �«£®à¨â¬¨§¨àãîé�ï ¨¬ãé¥áâ¢¥−−ë¥, �¤¬¨−¨áâà�â¨¢-
−ë¥ ¨ ¤àã£¨¥ ¢¨¤ë ®â−®è¥−¨©, ¯®§¢®«ï¥â á®¢¥àè¥−áâ¢®¢�âì ª®¬¯«¥ªá¨à®¢�−¨¥
®à£�−¨§�æ¨®−−ëå á¨áâ¥¬, ¢§�¨¬®¤¥©áâ¢¨¥ (¢−ãâà¨ á¨áâ¥¬ ¨ á ¨å ®ªàã¦¥−¨¥¬),
à�§¤¥«¥−¨¥ âàã¤�, ¨−ä®à¬¨à®¢�−−®áâì, áª®à®áâì ¨ ª�ç¥áâ¢® à¥è¥−¨ï æ¥«¥¢ëå
§�¤�ç. ‘®¢à¥¬¥−−�ï æ¨äà®¢¨§�æ¨ï, ª�ª ¯à�¢¨«®, ®áãé¥áâ¢«ï¥âáï −� ®á−®¢¥
æ¨äà®¢ëå ¯«�âä®à¬ (�−£«. Digital Platforms) [1, 2].

–¨äà®¢�ï ¯«�âä®à¬� (æ¯) ¢ ®¡é¥¬ á«ãç�¥ ¯à¥¤áâ�¢«ï¥â á®¡®© á®¢®ªã¯−®áâì
¯à®£à�¬¬−®-�¯¯�à�â−® à¥�«¨§®¢�−−ëå ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ®−«�©−-¢§�¨¬®¤¥©áâ¢¨ï
¥¥ ¯®«ì§®¢�â¥«¥© (æ¯-¯®«ì§®¢�â¥«¥©), à¥è¥−¨ï æ¥«¥¢ëå §�¤�ç (¨−ä®à¬�æ¨®−−®-
£® ®¡¥á¯¥ç¥−¨ï, ¯«�−¨à®¢�−¨ï, ã¯à�¢«¥−¨ï ¨ ¤à.) ¨ ®−«�©−-¤®ªã¬¥−â¨à®¢�−¨ï
à¥§ã«ìâ�â®¢ ¤¥ïâ¥«ì−®áâ¨ æ¯-¯®«ì§®¢�â¥«¥©. �á¢®¥−¨¥ ¨ ¯à¨¬¥−¥−¨¥ ¨−áâàã-
¬¥−â�«ì−®£® æ¯-�àá¥−�«� (¤�âç¨ª®¢ á®áâ®ï−¨©, æ¨äà®¢ëå ¤¢®©−¨ª®¢, ®¡«�ç−ëå
á¥à¢¨á®¢, ¨−â¥à−¥â� ¢¥é¥© ¨ ¤à.) áâ�−®¢¨âáï ¯à¨¢ëç−®© −¥®¡å®¤¨¬®áâìî ¤«ï
ª®−ªãà¥−â®á¯®á®¡−ëå ª®¬¯�−¨©.

‘à¥¤¨ ªàã¯−®¬�áèâ�¡−ëå ®à£�−¨§�æ¨®−−ëå á¨áâ¥¬ −�¨¡®«¥¥ ¢�¦−ë¥ (íª®-
−®¬¨ç¥áª¨¥, £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï ¨ ¤à.) ®â−®áïâáï ª ¢«�áâ−®-ª®®à¤¨-
−�æ¨®−−ë¬ á¨áâ¥¬�¬ áâ�âãá−®£® á®¯¥à−¨ç¥áâ¢� (áâ-á¨áâ¥¬�¬) [3]. ‡�¤�ç¨

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

ä®à¬¨à®¢�−¨ï, ã¤®áâ®¢¥à¥−¨ï ¨ à¥�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−−ëå ã¯à�¢«ïîé¨å
¢®§¤¥©áâ¢¨© ¢ áâ-á¨áâ¥¬�å ¯®áâ®ï−−® �ªâã�«ì−ë.

‡�¯¨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¥ª-
áâ®¢ëå s-¬®¤¥«¥© á®®¡é¥−¨©1.

‚ 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¥ ¯à¥¤áâ�¢«¥−� ç�áâì à¥§ã«ìâ�â®¢ ¬¥â®-

¤®«®£¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï â¥å−®«®£¨© æ¨äà®¢¨§�æ¨¨ ®à£�−¨§�æ¨®−−ëå á¨áâ¥¬.
÷¥§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¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥-
−¨¥û ÷��.

♦ Œ�â¥à¨�« áâ�âì¨ �¤à¥á®¢�− ¨áá«¥¤®¢�â¥«ï¬, §�−¨¬�îé¨¬áï ¬¥â®¤®«®£¨ç¥-
áª¨¬ ®¡¥á¯¥ç¥−¨¥¬ à�§à�¡®â®ª ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© æ¨äà®¢®© íª®−®¬¨-
ª¨ [4{8]. ♦

2 Властно-координационные статусные системы

� ‘â�âãá−®¥ á®¯¥à−¨ç¥áâ¢® (áâ�âãá−�ï ª®−ªãà¥−æ¨ï) | ®â−®è¥−¨¥ ¬¥¦¤ã
®â¤¥«ì−ë¬¨ «î¤ì¬¨ (ä¨§¨ç¥áª¨¬¨ «¨æ�¬¨) ¨«¨ ®à£�−¨§�æ¨ï¬¨ (îà¨¤¨ç¥áª¨¬¨
«¨æ�¬¨), áãé¥áâ¢ãîé¥¥ ¢¥§¤¥, £¤¥ áâà¥¬«¥−¨¥ ®¤−¨å á®åà�−¨âì ¨«¨ ¯®¢ëá¨âì
á¢®© áâ�âãá áâ�«ª¨¢�¥âáï á ¯à®â¨¢®¤¥©áâ¢¨¥¬ ¤àã£¨å. �

‘â�âãá | ¯®«®¦¥−¨¥ ä¨§¨ç¥áª®£® ¨«¨ îà¨¤¨ç¥áª®£® «¨æ� ¢ −¥ª®â®à®©
á¨áâ¥¬¥ íª®−®¬¨ç¥áª®£®, ¬¥¦£®áã¤�àáâ¢¥−−®£® ¨«¨ ¤àã£®£® á®¯¥à−¨ç¥áâ¢�.

♦ —�é¥ ¢á¥£® áâ�âãá à�áá¬�âà¨¢�¥âáï ª�ª ¯®«®¦¥−¨¥, ®¯à¥¤¥«ïîé¥¥ ¢«�áâ-
−ë¥, ª®®à¤¨−�æ¨®−−ë¥ ¨ à¥áãàá−ë¥ ¢®§¬®¦−®áâ¨. �¡ëç−® á ¯®¢ëè¥−¨¥¬ áâ�âãá�
à�áè¨àï¥âáï −�¡®à à�á¯®«�£�¥¬ëå ¢®§¤¥©áâ¢¨© −� ãç�áâ−¨ª®¢ á¨áâ¥¬ë, ¢ª«îç�ï
¨−ä®à¬�æ¨®−−ë¥ ¢®§¤¥©áâ¢¨ï. ♦

� ‘¨áâ¥¬� áâ�âãá−®£® á®¯¥à−¨ç¥áâ¢� (áâ-á¨áâ¥¬�)| á®¢®ªã¯−®áâì ãç�áâ-
−¨ª®¢ áâ�âãá−®£® á®¯¥à−¨ç¥áâ¢� (áâ-ãç�áâ−¨ª®¢) ¨ áà¥¤áâ¢, −¥®¡å®¤¨¬ëå ¤«ï
à¥è¥−¨ï æ¥«¥¢ëå §�¤�ç áâ-á¨áâ¥¬ë ¨ à¥�«¨§�æ¨¨ ãáâ�−®¢«¥−−ëå ¯à�¢¨« ¯®¤ç¨-
−¥−¨ï ¨ ª®®à¤¨−�æ¨¨ [3]. �

1ˆ«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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‘â-á¨áâ¥¬ë ¨¬¥îâ à�§−ë¥ ¬�áèâ�¡ë ¨ æ¥«¨, ¢ −¨å ¯®-à�§−®¬ã ¨áâ®«ª®¢ë¢�-
¥âáï ¯®−ïâ¨¥ áâ�âãá�, ¤¥©áâ¢ãîâ à�§−ë¥ ®¡ï§�â¥«ì−ë¥ ¨ ®à¨¥−â¨àãîé¨¥ ¯à�¢¨«�
áâ�âãá−®£® á®¯¥à−¨ç¥áâ¢� (áâ-¯à�¢¨«�), ¬¥å�−¨§¬ë ¨å à�§à�¡®âª¨, á®£«�á®¢�−¨ï
¨ à¥�«¨§�æ¨¨. �¤¨− ¨ â®â ¦¥ ç¥«®¢¥ª ¨«¨ ®à£�−¨§�æ¨ï ®¡ëç−® ¡ë¢�¥â ãç�áâ−¨-
ª®¬ −¥áª®«ìª¨å áâ-á¨áâ¥¬, ¢ ª®â®àëå â¨¯ ª®−ªãà¥−â−ëå ®â−®è¥−¨© ®¯à¥¤¥«ï¥âáï
â¨¯®¬ áâ�âãá®¢, ï¢«ïîé¨åáï ¯à¥¤¬¥â®¬ á®¯¥à−¨ç¥áâ¢�.

© ”¨§¨ç¥áª¨¥ «¨æ� ç�é¥ ¢á¥£® áâà¥¬ïâáï ¯®¢ëá¨âì ¨¬ãé¥áâ¢¥−−ë© ¨ ª¢�«¨-
ä¨ª�æ¨®−−ë© áâ�âãáë. �â¨ ¦¥ â¨¯ë áâ�âãá®¢ §�−¨¬�îâ ¯¥à¢ë¥ ¬¥áâ� ¨ ¢ ãáâà¥¬-
«¥−¨ïå îà¨¤¨ç¥áª¨å «¨æ. ©

��¨¡®«¥¥ à�á¯à®áâà�−¥−−ë© â¨¯ ª®−ªãà¥−â−ëå ®â−®è¥−¨© à¥�«¨§ã¥âáï ¢ íª®-
−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨. “ç�áâ−¨ª¨ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¨§ à�§−ëå
áâà�− ¢å®¤ïâ ¢ á«®¦−ãî ¬−®£®ãà®¢−¥¢ãî £«®¡�«ì−ãî á¨áâ¥¬ã íª®−®¬¨ç¥áª®£®
áâ�âãá−®£® á®¯¥à−¨ç¥áâ¢�.

♦ ‘â�âãá, ¤�îé¨© ¯à�¢® ®¯à¥¤¥«ïâì áâ-¯à�¢¨«�, ä®à¬¨à®¢�âì ¬¥å�−¨§¬ë
ã¯à�¢«¥−¨ï áâ-á¨áâ¥¬�¬¨, áç¨â�¥âáï ®¤−¨¬ ¨§ −�¨¡®«¥¥ ¯à¨¢«¥ª�â¥«ì−ëå. Š −¥¬ã
áâà¥¬ïâáï −�¨¡®«¥¥ �ªâ¨¢−ë¥ ãç�áâ−¨ª¨ áâ-á¨áâ¥¬. ♦

©�¯à¥¤¥«ïâì ¯à�¢¨«� áâ�âãá−®£® íª®−®¬¨ç¥áª®£® á®¯¥à−¨ç¥áâ¢� −� £«®¡�«ì-
−®¬ ãà®¢−¥ ¯ëâ�îâáï ¯®áà¥¤áâ¢®¬ ‚’�, Œ‚” ¨ ¤àã£¨å ãçà¥¦¤¥−¨©. �� ãà®¢−¥
áâà�− íâ¨¬ §�−¨¬�îâáï ¯�à«�¬¥−âë ¨ ¯à�¢¨â¥«ìáâ¢�. ©

� ‚«�áâ−®-ª®®à¤¨−�æ¨®−−®© ¡ã¤¥¬ −�§ë¢�âì áâ-á¨áâ¥¬ã, ¢ ª®â®à®© −� ¬−®-
¦¥áâ¢¥ áâ-ãç�áâ−¨ª®¢ §�¤�−ë ®â−®è¥−¨ï ¯®¤ç¨−¥−¨ï ¨ ª®®à¤¨−�æ¨¨. �

�®âà¥¡−®áâì ¢ ¯à¨à�é¥−¨¨ ª®−ªãà¥−â®á¯®á®¡−®áâ¨ §�áâ�¢«ï¥â á®¯¥à−¨ç�-
îé¨¥ áâ-á¨áâ¥¬ë á®¢¥àè¥−áâ¢®¢�âì áà¥¤áâ¢� ®áãé¥áâ¢«¥−¨ï ®â−®è¥−¨© ¯®¤ç¨-
−¥−¨ï ¨ ª®®à¤¨−�æ¨¨.

„®ªã¬¥−â¨à®¢�−¨¥ áâ�âãá−ëå á®áâ®ï−¨© áâ-ãç�áâ−¨ª®¢ | ®¤−� ¨§ ¢�¦−ëå
äã−ªæ¨© æ¨äà®¢ëå ¯«�âä®à¬ [1, 2] áâ-á¨áâ¥¬.

♦ ‘à¥¤¨ à�§«¨ç−ëå áâ�âãá−ëå ¤®ªã¬¥−â®¢ (ã¤®áâ®¢¥àïîé¨å £à�¦¤�−áâ¢®,
®¡à�§®¢�â¥«ì−ë© áâ�âãá ¨ ¤à.) ¢�¦−ãî ¯®§¨æ¨î §�−¨¬�îâ ¤®ªã¬¥−âë, ã¤®áâ®-
¢¥àïîé¨¥ ¨¬ãé¥áâ¢¥−−ë© áâ�âãá, � áà¥¤¨ −¨å | ã¤®áâ®¢¥àïîé¨¥ ¤¥−¥¦−ë©
¨¬ãé¥áâ¢¥−−ë© áâ�âãá. ♦

3 Информационные технологии в ст-системах

ˆ§¤�¢−� ¨−ä®à¬�æ¨®−−ë¥ ¢®§¤¥©áâ¢¨ï á«ã¦�â ¢�¦−ë¬ áà¥¤áâ¢®¬ ã¯à�¢«¥-
−¨ï ¢ áâ-á¨áâ¥¬�å à�§«¨ç−®£® −�§−�ç¥−¨ï (¢ª«îç�ï á¨áâ¥¬ã £®áã¤�àáâ¢¥−−®£®
ã¯à�¢«¥−¨ï). ‚ −�è¨ ¤−¨ ¢ç¥à�è−¨¥ áà¥¤áâ¢� ¨−ä®à¬�æ¨®−−ëå ã¯à�¢«ï-
îé¨å ¢®§¤¥©áâ¢¨© ¢ëâ¥á−ïîâáï í«¥ªâà®−−®© ¯®çâ®©, ¬¥áá¥−¤¦¥à�¬¨, ¢¨¤¥®-
ª®−ä¥à¥−æ-á¢ï§ìî, ¨−â¥à−¥â-¯®àâ�«�¬¨ ¨ ¤à., áâ�¢è¨¬¨ ¯à¨¢ëç−® −¥®¡å®¤¨¬ë-
¬¨ ¢ æ¨äà®¢ëå ¯«�âä®à¬�å á®¢à¥¬¥−−ëå áâ-á¨áâ¥¬.

÷�áâãé¥¥ ¢−¨¬�−¨¥ ã¤¥«ï¥âáï ®¡à�â−®© á¢ï§¨ á ®¡ê¥ªâ®¬.
© ‚«�áâì ¨ ¢ ¯à¥¦−¨¥ ¢à¥¬¥−� ¨−â¥à¥á®¢�«�áì ú®âª«¨ª®¬ ®¡ê¥ªâ�û −� £®-

áã¤�àáâ¢¥−−ë¥ ã¯à�¢«ïîé¨¥ ¢®§¤¥©áâ¢¨ï. Š ¯à¨¬¥àã, à®áá¨©áª¨© ¨¬¯¥à�â®à
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‚«�áâ−®-ª®®à¤¨−�æ¨®−−ë¥ á¨áâ¥¬ë ¨ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨

��¢¥« I ¯®¢¥«¥« ¢ ®¤−®¬ ¨§ ®ª®− ‡¨¬−¥£® ¤¢®àæ� á¤¥«�âì á¯¥æ¨�«ì−®¥ ®ª®èª®,
¢ ª®â®à®¥ ¡ë ¥£® ¯®¤¤�−−ë¥ ¬®£«¨ á¢®¡®¤−® ®¯ãáª�âì á¢®¨ ¯¨áì¬¥−−ë¥ á®®¡é¥-
−¨ï. ©

ˆ−ä®à¬�æ¨®−−ë¥ ã¯à�¢«ïîé¨¥ ¢®§¤¥©áâ¢¨ï | ¢�¦−¥©è¥¥ áà¥¤áâ¢® ¯®áâà®-
¥−¨ï ¨ à�¡®âë ¬¥å�−¨§¬� £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï (¢�¦−¥©è¥© ¦¨§−¥ãáâà®-
¨â¥«ì−®© áâ-á¨áâ¥¬ë).

�¤−�ª® ¯¥à¥å®¤ ¢ íàã £«®¡�«ì−®£® ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢� á ®ç¥−ì
¡®«ìè¨¬ §�¯�§¤ë¢�−¨¥¬ ¢«¨ï¥â −� ãáâà®©áâ¢® ¬¥å�−¨§¬� £®áã¤�àáâ¢¥−−®£®
ã¯à�¢«¥−¨ï, å®âï ¯à¨−æ¨¯ë ¥£® ãáâà®©áâ¢� ¤®«¦−ë ¯¥à¥á¬�âà¨¢�âìáï ¯® ¬¥-
à¥ á®¢¥àè¥−áâ¢®¢�−¨ï −�ãç−®-â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®-
¤¥©áâ¢¨ï, ãâ¢¥à¤¨¢è¨åáï á¢®¥© ¯à�ªâ¨ç¥áª®© æ¥«¥á®®¡à�§−®áâìî ¨ íää¥ªâ¨¢-
−®áâìî.

♦ ��¯®¬−¨¬, çâ® ¢�¦−¥©è¨¥ á¨áâ¥¬ë ¦¨§−¥®¡¥á¯¥ç¥−¨ï, ¯à¥¤áâ�¢«¥−−ë¥
¢ [3] ª®¬¬ã−¨ª�æ¨®−−ë¬ ¨ ¨−ä®à¬�æ¨®−−ë¬ £®á¯à®áâà�−áâ¢®¬, æ¥«¥á®®¡à�§−®
¨§¬¥−ï«¨ ¯à¨−æ¨¯ë á¢®¥£® ãáâà®©áâ¢� ¯® ¬¥à¥ á®¢¥àè¥−áâ¢®¢�−¨ï ®¯®à−ëå ¤«ï
−¨å −�ãç−®-â¥å−¨ç¥áª¨å áà¥¤áâ¢. ♦

�®ç¥¬ã ¦¥ ¬¥å�−¨§¬ £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï â�ª ®âáâ�¥â ¢ á®¢¥àè¥−-
áâ¢®¢�−¨¨ ®â á¢®¨å ®¯®à−ëå −�ãç−®-â¥å−¨ç¥áª¨å áà¥¤áâ¢? Š�ª ¦¨§−¥ãáâà®¨â¥«ì-
−�ï áâ-á¨áâ¥¬� £®áã¤�àáâ¢¥−−ë© ¬¥å�−¨§¬ ¨¬¥¥â ¬−®£® ®¡é¥£® á ª®¬¬ã−¨ª�æ¨®−-
−ë¬ ¨ ¨−ä®à¬�æ¨®−−ë¬ ¬¥å�−¨§¬�¬¨ ¦¨§−¥®¡¥á¯¥ç¥−¨ï. Š�ª ¨ ®−¨, ¬¥å�−¨§¬
£®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï ¨¬¥¥â ®â−®è¥−¨¥ ª ¦¨§−¨ ¢á¥£® −�á¥«¥−¨ï áâà�−ë.
ˆ, çâ® −�¨¡®«¥¥ ¢�¦−®, ¥£® ¯®¢á¥¤−¥¢−®¥ äã−ªæ¨®−¨à®¢�−¨¥ ¢ ®á−®¢−®¬ ®¯¨à�-
¥âáï −� áà¥¤áâ¢� ¨−ä®à¬�æ¨®−−®£® ¨ ª®¬¬ã−¨ª�æ¨®−−®£® £®á¯à®áâà�−áâ¢ [3].

©—â®¡ë ¯à¥¤áâ�¢¨âì, −�áª®«ìª® à�¡®â� £®áã¤�àáâ¢¥−−®£® ¬¥å�−¨§¬� §�¢¨á¨â
®â á®¢¥àè¥−áâ¢� ¨−ä®à¬�æ¨®−−ëå áà¥¤áâ¢ ®áãé¥áâ¢«¥−¨ï ¥£® äã−ªæ¨©, ¤®áâ�-
â®ç−® ¢á¯®¬−¨âì ¯à¨¬¥à ¨§ −¥¤�¢−¥© ¨áâ®à¨¨. �âáãâáâ¢¨¥ áà¥¤áâ¢ í«¥ªâà®−−®£®
£®«®á®¢�−¨ï ¢ §�«¥ §�á¥¤�−¨© I ‘ê¥§¤� −�à®¤−ëå ¤¥¯ãâ�â®¢ ‘‘‘÷ ¯à�ªâ¨ç¥áª¨
¡«®ª¨à®¢�«® ¢®§¬®¦−®áâì −®à¬�«ì−®© à�¡®âë (−� ¯¥à¢®¬ §�á¥¤�−¨¨). ˆ§¡¨à�«¨
á¯¥æ¨�«ì−ëå úáç¥âç¨ª®¢û, ¨ â¥ áç¨â�«¨ ¯®¤−ïâë¥ àãª¨ ¢ âëáïç−®¬ §�«¥. ©

�áãé¥áâ¢«¥−¨¥ ¢ £®áã¤�àáâ¢¥−−®¬ ¬¥å�−¨§¬¥ à¥£ã«¨àãîé¨å ¯à®æ¥áá®¢ â¨-
¯� ª®®à¤¨−�æ¨¨, ®¯¨à�îé¥©áï −� â¥å−®«®£¨ç¥áª¨¥ ¯à¨−æ¨¯ë â¥«¥ª®−ä¥à¥−æ¨©,
¯¥à¥áâ�«® ¡ëâì ç¥¬-â® à¥¤ª¨¬. ‚ −�è¨ ¤−¨ −¥á«®¦−® à¥�«¨§ã¥âáï ª®¬¯®-
§¨æ¨®−−�ï â¥å−®«®£¨ï, ¢ª«îç�îé�ï áà¥¤áâ¢� ¤¨áâ�−æ¨®−−®© ¨¤¥−â¨ä¨ª�æ¨¨
áâ-ãç�áâ−¨ª®¢, â¥«¥ª®−ä¥à¥−æ¨¨, â¥«¥£®«®á®¢�−¨ï, ¤®ªã¬¥−â¨à®¢�−¨ï ¨ �àå¨¢¨-
à®¢�−¨ï à¥§ã«ìâ�â®¢ à�¡®âë.

�¥ ¨áª«îç¥−®, çâ® ¢ ¡«¨¦�©è¥¥ ¢à¥¬ï àï¤ ¯à¨¢ëç−ëå ú¯®áâ®ï−−® ¤¥©áâ¢ã-
îé¨å §�á¥¤�−¨©û (â¨¯� ¯�à«�¬¥−âáª¨å) ¯¥à¥©¤ãâ ¢ é�¤ïé¨© à¥¦¨¬ ¢ë¡®à®ç−ëå
§�á¥¤�−¨©. �á−®¢−ãî ¦¥ ç�áâì ¤¥ïâ¥«ì−®áâ¨ áâ�−ãâ ¢ë¯®«−ïâì ¢ ¤¨áâ�−æ¨®−−®¬
à¥¦¨¬¥.

‚ á¢®¥ ¢à¥¬ï à�¤¨®¢¥é�−¨¥ ¨ â¥«¥¢¨¤¥−¨¥ ¯à¨−æ¨¯¨�«ì−® ¨§¬¥−¨«¨ �àá¥−�«
áà¥¤áâ¢ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï á −�á¥«¥−¨¥¬ áâà�−ë. �¤−�ª® ¤® á¨å
¯®à −¥â à�¤¨®- ¨ â¥«¥¯à®£à�¬¬, ¯à¥¤−�§−�ç¥−−ëå ¤«ï ä®à¬¨à®¢�−¨ï ¯à�¢®¢®£®
¯à®áâà�−áâ¢� áâà�−ë. ‚ à�¬ª�å â�ª¨å ¯à®£à�¬¬ æ¥«¥á®®¡à�§−® ¯®ïá−ïâì
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â¥ªáâë §�ª®−®¢ ¨ ¢�¦−ëå £®áã¤�àáâ¢¥−−ëå −®à¬�â¨¢−ëå �ªâ®¢. �¥ ¬¥−¥¥ ¢�¦−®
á®®¡é�âì ® ¬¥å�−¨§¬�å ¨å à¥�«¨§�æ¨¨.

‘ã¤¥¡−�ï á®áâ�¢«ïîé�ï £®áã¤�àáâ¢¥−−®£® ¬¥å�−¨§¬� áãé¥áâ¢¥−−® ãªà¥¯¨-
«�áì ¡ë ¢ á¢®¥¬ ¢«¨ï−¨¨ −� ¯à�¢®¢®¥ á®§−�−¨¥ −�á¥«¥−¨ï, ¥á«¨ ¡ë à�¡®â� áã¤®¢
¯®ª�§ë¢�«�áì ¯® á¯¥æ¨�«ì−ë¬ à¥£¨®−�«ì−ë¬ â¥«¥ª�−�«�¬.

’�ª¨¬ ¯ãâ¥¬ ¤«ï á®áâ�¢«ïîé¨å £®áã¤�àáâ¢¥−−®£® ¬¥å�−¨§¬� áä®à¬¨à®¢�«�áì
¡ë á¨áâ¥¬� ¢§�¨¬®¤¥©áâ¢¨ï á −�á¥«¥−¨¥¬. ˆ ¤¥©áâ¢®¢�«� ¡ë ®−� ¡¥§ ¯®áà¥¤-
−¨ª®¢-â®«ª®¢�â¥«¥©, −¥à¥¤ª® ¨áª�¦�îé¨å á¢®¨¬¨ ¯à®¨§¢®«ì−ë¬¨ ¤®¡�¢ª�¬¨
£®áã¤�àáâ¢¥−−ë¥ á®®¡é¥−¨ï, �¤à¥á®¢�−−ë¥ −�á¥«¥−¨î.

♦ ‚¥¤ì à¥çì ¨¤¥â ® £®áã¤�àáâ¢¥−−®¬ ¨−ä®à¬�æ¨®−−®¬ ¢§�¨¬®¤¥©áâ¢¨¨. ‡−�-
ç¨â, ¯®áà¥¤−¨ª¨ ¤®«¦−ë ¨£à�âì â®«ìª® â¥å−¨ç¥áªãî à®«ì. …á«¨ ¯®áà¥¤áâ¢®¬
¬�áá®¢ëå áà¥¤áâ¢ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¯¥à¥¤�− â¥ªáâ £®áã¤�àáâ¢¥−-
−®£® §�ª®−�, ®¡êïá−¥−® ¥£® §−�ç¥−¨¥ ¨ ®¯à¥¤¥«¥− ¬¥å�−¨§¬ à¥�«¨§�æ¨¨, á®§¤�−®
¯à�¢®¢®¥ ®á−®¢�−¨¥ âà¥¡®¢�âì ¢ë¯®«−¥−¨ï §�ª®−�.

÷¥�«¨§®¢�−® «¨ â�ª®¥ ®á−®¢�−¨¥? ú�¥§−�−¨¥ §�ª®−� −¥ ®á¢®¡®¦¤�¥â ®â ®â¢¥â-
áâ¢¥−−®áâ¨ §� ¥£® −�àãè¥−¨¥û | áâà®£®¥ ¨ −¥à¥¤ª® ¯®¢â®àï¥¬®¥ ¢ëáª�§ë¢�−¨¥.
� ¤®áâ�â®ç−® «¨ á¤¥«�−® ¤«ï â®£®, çâ®¡ë ®áãé¥áâ¢¨«�áì ¢®§¬®¦−®áâì −¥§−�−¨¥
§�ª®−� §�¬¥−¨âì ¥£® §−�−¨¥¬? ♦

�� á¬¥−ã ¡ë«ë¬ áà¥¤áâ¢�¬ ®¡à�â−®© á¢ï§¨ ¯à¨å®¤ïâ á®¢à¥¬¥−−ë¥ (¢ ç�áâ-
−®áâ¨, ¯à¥¤®áâ�¢«ï¥¬ë¥ à¥£¨®−�«ì−ë¬¨ ¨ ä¥¤¥à�«ì−ë¬¨ ¨−ä®à¬�æ¨®−−ë¬¨
¯®àâ�«�¬¨). �®ª� ¢ ¨å −ë−¥è−¥¬ ¢¨¤¥ ®−¨ −¥ ¢¥§¤¥ ¨ −¥ ¢á¥£¤� ¯à¨£®¤−ë ¤«ï
¯à¨¬¥−¥−¨ï ¢ ª�ç¥áâ¢¥ ¢�¦−®© ¨−ä®à¬�æ¨®−−®© á®áâ�¢«ïîé¥© £®áã¤�àáâ¢¥−−®£®
¬¥å�−¨§¬�. �ã¦−ë à�§−ë¥ â¨¯ë ®¡à�â−®© á¢ï§¨: ¯® áà®ç−®áâ¨, ª®−ä¨¤¥−æ¨�«ì-
−®áâ¨, ãà®¢−î §�é¨âë, ¤®ªã¬¥−â¨àã¥¬®áâ¨ ¨ �àå¨¢¨àã¥¬®áâ¨ á®®¡é¥−¨©.

�á®¡®£® ¢−¨¬�−¨ï §�á«ã¦¨¢�îâ ¨−ä®à¬�æ¨®−−ë¥ áà¥¤áâ¢� ®áãé¥áâ¢«¥−¨ï
¯à®æ¥áá®¢ £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï ¢ −¥®à¤¨−�à−ëå á¨âã�æ¨ïå. �¯¥à�â¨¢-
−®áâì, §�é¨é¥−−®áâì, ¢ëá®ª�ï ¤®áâ®¢¥à−®áâì ¨ ¤®ªã¬¥−â¨àã¥¬®áâì ¯¥à¥¤�¢�¥¬ëå
á®®¡é¥−¨© (á®¤¥à¦�−¨¥¬ ª®â®àëå á«ã¦�â ¯à¨−ïâë¥ £®áã¤�àáâ¢¥−−ë¥ à¥è¥−¨ï
¨ á®®¡é¥−¨ï ® å®¤¥ ¨å ¨á¯®«−¥−¨ï) | ¢á¥ íâ® á¯¥æ¨ä¨ª� à�¡®âë £®áã¤�àáâ¢¥−−®©
¢«�áâ¨ ¢ −¥®à¤¨−�à−ëå ãá«®¢¨ïå.

♦ �¥¬�«® á«ãç�¥¢, ª®£¤� ãâ¥çª� á®®¡é¥−¨© ® £®â®¢ïé¥¬áï á¥ªà¥â−®¬ à¥è¥−¨¨
¯à®¨áå®¤¨«� ç¥à¥§ â�ª −�§ë¢�¥¬ëå úâ¥å−¨ç¥áª¨å à�¡®â−¨ª®¢û (â¥å, ªâ® ¯¥ç�â�«
â¥ªáâ ¨«¨ ¤®áâ�¢«ï« ¯à®¥ªâ ¤®ªã¬¥−â� ¨§ ®¤−®£® ¬¥áâ� ¢ ¤àã£®¥ ¨«¨ ®¡ï§�− ¡ë«
®¡¥á¯¥ç¨âì −�¤¥¦−®¥ åà�−¥−¨¥ ¤®áâ�¢«¥−−®£® ¯à®¥ªâ� ¤®ªã¬¥−â�). � ¢¥¤ì á¥£®¤−ï
áãé¥áâ¢ãîâ â¥å−®«®£¨ç¥áª¨¥ ¢®§¬®¦−®áâ¨ à¥§ª® ã¬¥−ìè¨âì ¢¥à®ïâ−®áâì â�ª¨å
ãâ¥ç¥ª. ♦

‘ª�§�−® ®¡ íâ®¬ ¤«ï â®£®, çâ®¡ë á¢¥áâ¨ ¢®¥¤¨−® ¤¢¥ ¢¥é¨, ª®â®àë¥ ®¤-
−� ¡¥§ ¤àã£®© â¥àïîâ ¢ ¯®«¥§−®áâ¨ ¤«ï ãá®¢¥àè¥−áâ¢®¢�−¨ï áãé¥áâ¢ãîé¥£®
£®áã¤�àáâ¢¥−−®£® ¬¥å�−¨§¬�. �¥à¢�ï ¨§ −¨å | −�ãç−® ®¡®á−®¢�−−�ï ¢«�áâ-
−®-ª®®à¤¨−�æ¨®−−�ï áâàãªâãà� £®áã¤�àáâ¢¥−−®£® ¬¥å�−¨§¬� á® á¯¥æ¨ä¨ª�æ¨ï¬¨
à�§¢¥àâª¨ ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨© ¨ á¢¥àâª¨ ¨−ä®à¬�æ¨®−−ëå á®®¡é¥−¨© ®¡
®âª«¨ª¥ ®¡ê¥ªâ�. ‚â®à�ï | ¬¥â®¤®«®£¨ï ¯®áâà®¥−¨ï ¨ à�§¢¨â¨ï æ¨äà®¢®© ¯«�â-
ä®à¬ë ¬¥å�−¨§¬� £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï (á ãâ¢¥à¦¤¥−−ë¬ ®à£�−¨§�æ¨-
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‚«�áâ−®-ª®®à¤¨−�æ¨®−−ë¥ á¨áâ¥¬ë ¨ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨

®−−ë¬ ¨ ¯à�¢®¢ë¬ ®¡¥á¯¥ç¥−¨¥¬, ¯à�¢¨«�¬¨ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï
¨ ¤à. [3]).

4 Заключение

�à¥¤«®¦¥−ë ®¯à¥¤¥«¥−¨ï ¢«�áâ−®-ª®®à¤¨−�æ¨®−−ëå á¨áâ¥¬ áâ�âãá−®£® á®-
¯¥à−¨ç¥áâ¢�, −�¨¡®«¥¥ ¢�¦−ë¬¨ ¨§ ª®â®àëå ï¢«ïîâáï á¨áâ¥¬ë £®áã¤�àáâ¢¥−−®£®
ã¯à�¢«¥−¨ï ¨ íª®−®¬¨ç¥áª¨¥ á¨áâ¥¬ë.

�¡®á−®¢�−� −¥®¡å®¤¨¬®áâì ¨§¬¥−¥−¨ï ãáâà®©áâ¢� â�ª¨å á¨áâ¥¬ (−� ®á−®¢¥
æ¨äà®¢ëå ¯«�âä®à¬) ¯® ¬¥à¥ á®¢¥àè¥−áâ¢®¢�−¨ï ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ¨−ä®à¬�-
æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¨ à¥�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−−ëå ã¯à�¢«ïîé¨å ¢®§¤¥©-
áâ¢¨©.
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æ¨¨ ÷�� ‘�−ªâ-�¥â¥à¡ãà£áª®£® ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� ÷��
Œ®«ç�−®¢ „¬¨âà¨© �«¥ªá�−¤à®¢¨ç (à. 1978) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥-
áª¨å −�ãª, ¤®æ¥−â „¥¯�àâ�¬¥−â� í«¥ªâà®−¨ª¨ ¨ â¥«¥ª®¬¬ã−¨ª�æ¨© “−¨¢¥àá¨â¥â�
’�¬¯¥à¥, ’�¬¯¥à¥, ”¨−«ï−¤¨ï
�à«®¢ ƒ¥®à£¨© �«¥ªá�−¤à®¢¨ç (à. 1994) | ¨−¦¥−¥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
�áâà¨ª®¢� „�àìï āàì¥¢−� (à. 1988) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¤®æ¥−â ª�ä¥¤àë ¯à¨ª«�¤−®© ¨−ä®à¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ÷®áá¨©áª®£®
ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢
÷ã¬®¢áª�ï ‘®ä¨ï �®à¨á®¢−� (à. 1985) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, −�ãç−ë©
á®âàã¤−¨ª Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘¬¨à−®¢ „¬¨âà¨© ‚«�¤¨¬¨à®¢¨ç (à. 1984) | ¡¨§−¥á-¯�àâ−¥à ¯® ˆ’ „¥¯�àâ�-
¬¥−â� ¡¥§®¯�á−®áâ¨ ��� ú‘¡¥à¡�−ª ÷®áá¨¨û
‘â¥¯ç¥−ª®¢ āà¨© �ä�−�áì¥¢¨ç (à. 1951) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¢¥-
¤ãé¨© −�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
’¨¬®−¨−� …«¥−� …¢£¥−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
•¨«ìª® „¬¨âà¨© ‚«�¤¨¬¨à®¢¨ç (à. 1987) | 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
˜¨ªã−®¢ āà¨© ˆ£®à¥¢¨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
˜®à£¨− ‚á¥¢®«®¤ ‘¥à£¥¥¢¨ç (à. 1978) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
˜®à£¨− ‘¥à£¥© Ÿª®¢«¥¢¨ç (à. 1952) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
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�¤�¬®¢� Š. �. á¬. ˜−ãàª®¢ �. ‚.
�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. ˆá¯®«ì§®¢�−¨¥ ¢¥¡-ªà�ã«¥à®¢

¢ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®-
¢�−¨© 4 157{167

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. ˆá¯®«ì§®¢�−¨¥ £¥®¨−ä®à¬�æ¨-
®−−ëå á¨áâ¥¬ ¢ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥-
áª¨å ¨áá«¥¤®¢�−¨© 3 158{169

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. Œ®¤¥«ì á®®¡é¥áâ¢� ¯®«ì§®-
¢�â¥«¥© â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨á-
á«¥¤®¢�−¨© 1 145{156

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. “áâ®©ç¨¢®áâì â¥å−®«®£¨¨ ¯®¤-
¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ª ¯®¯ëâª�¬
¨áª�¦¥−¨ï ¨áâ®à¨¨ 2 152{162

�àå¨¯®¢ �. �. á¬. Ÿª®¢«¥¢ �. �.
��§¨«¥¢áª¨© Œ. �. �à®£à�¬¬� ¯®áâà®¥−¨ï ¢¯®«−¥ ¨−â¥à¯à¥â¨-

àã¥¬ëå ¨ RTF-�¤¥ª¢�â−ëå «¨−¥©−ëå à¥£à¥áá¨®−−ëå ¬®¤¥-
«¥© 4 18{26

�¥áç�áâ−ë© ‚. �., �áâà¨ª®¢� „. ā., ˜®à£¨− ‚. ‘., Œ®«ç�-
−®¢ „. �., ƒ�©¤�¬�ª� ā. ‚. �−�«¨§ −¥¯à¥àë¢−®áâ¨ ¯®«ì-
§®¢�â¥«ìáª®© á¥áá¨¨ ¢ ¡¥á¯à®¢®¤−ëå á¨áâ¥¬�å â¥à�£¥àæ¥¢®£®
¤¨�¯�§®−� 4 144{156

�®¡à¨ª®¢� …. ‚., �«�â®−®¢� �. �., ƒ�©¤�¬�ª� ā. ‚., ˜®à-
£¨− ‘. Ÿ. �à¨¬¥à ¯à¨¬¥−¥−¨ï �¯¯�à�â� −¥©à®−−ëå á¥â¥©
¯à¨ −�§−�ç¥−¨¨ ¬®¤ã«ïæ¨®−−®-ª®¤®¢®© áå¥¬ë ¯«�−¨à®¢é¨-
ª®¬ ¡�§®¢®© áâ�−æ¨¨ á¥â¨ 5G 3 135{143

�®à¨á®¢ �. ‚., �®á®¢ �. ‚., †ãª®¢ „. ‚. ‘âà�â¥£¨ï ¨áá«¥¤®-
¢�−¨© ¨ à�§à�¡®â®ª ¢ ®¡«�áâ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� I:
®á−®¢−ë¥ ¯®−ïâ¨ï ¨ ªà�âª�ï åà®−®«®£¨ï 1 57{68

�®à¨á®¢ �. ‚., �®á®¢ �. ‚., †ãª®¢ „. ‚. ‘âà�â¥£¨ï ¨áá«¥¤®-
¢�−¨© ¨ à�§à�¡®â®ª ¢ ®¡«�áâ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� II:
áà�¢−¨â¥«ì−ë© �−�«¨§ −�ãª®¬¥âà¨ç¥áª¨å ¯®ª�§�â¥«¥© ¢ ¬¨à¥
¨ ¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ 2 89{107

�®à¨á®¢ �. ‚., �®á®¢ �. ‚., †ãª®¢ „. ‚. ‘âà�â¥£¨ï ¨áá«¥¤®-
¢�−¨© ¨ à�§à�¡®â®ª ¢ ®¡«�áâ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� III:
¤®ªâà¨−� £®áã¤�àáâ¢¥−−®© ¯®¤¤¥à¦ª¨ ‘˜� 4 114{134

�®à¨á®¢ �. ‚., �®á®¢ �. ‚., †ãª®¢ „. ‚., ˆ¢�−®¢ �. ‚. ˆ−-
ä®à¬�æ¨®−−ë¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ −� âà�−á-
¯®àâ¥: �−�«¨â¨ç¥áª¨¥ à�áç¥âë 4 97{113

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ ¢ë¯ãáª 31 ü 4 2021 179



�‚’�÷‘Šˆ‰ “Š�‡�’…‹œ ‡� 2021 £.

ü ‘âà.

�®à¨á®¢ �. ‚., �®á®¢ �. ‚., †ãª®¢ „. ‚., ˆ¢�−®¢ �. ‚. ˆ−-
ä®à¬�æ¨®−−ë¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ −� âà�−á-
¯®àâ¥: ¯®¨áª ¨ ®â¡®à ¨−ä®à¬�æ¨¨ 2 80{88

�®á®¢ �. ‚., Šàîª®¢ �. �. Œ¥â®¤¨ª� ®æ¥−ª¨ ¯à®¨§¢®¤áâ¢¥−−ëå
à¨áª®¢ à�§à�¡®âª¨ áà¥¤áâ¢ ¢®®àã¦¥−¨ï ¨ ¢®¥−−®© â¥å−¨ª¨ 3 88{100

�®á®¢ �. ‚. á¬. �®à¨á®¢ �. ‚.
�®á®¢ �. ‚. á¬. �®à¨á®¢ �. ‚.
�®á®¢ �. ‚. á¬. �®à¨á®¢ �. ‚.
�®á®¢ �. ‚. á¬. �®à¨á®¢ �. ‚.
�®á®¢ �. ‚. á¬. �®à¨á®¢ �. ‚.
�ãâ¥−ª® ā. ˆ. á¬. ‘¨¤−ï¥¢ �. ˆ.
‚�ªã«¥−ª® ‚. ‚., ‡�æ¬�− ˆ. Œ. ��á«¥¤ã¥¬ë¥ «¥ªá¨ª®£à�ä¨-

ç¥áª¨¥ à¥áãàáë ¡�§ë ¤�−−ëå äà�§¥®«®£¨ç¥áª®£® á«®¢�àï 2 129{138
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«®¢¨ç Š. ˆ. á¬. Œ�«ìª®¢áª¨© ‘. ˆ.
‚®à®−æ®¢ Œ. �., Šã¤àï¢æ¥¢ �. �., ˜¥áâ�ª®¢ �. ‚. �¥ª®â®-

àë¥ ¢¥à®ïâ−®áâ−®-áâ�â¨áâ¨ç¥áª¨¥ á¢®©áâ¢� £�¬¬�-íªá¯®−¥−-
æ¨�«ì−®£® à�á¯à¥¤¥«¥−¨ï 3 18{35

‚®à®−æ®¢ Œ. �., Šã¤àï¢æ¥¢ �. �., ˜®à£¨− ‘. Ÿ. �−�«¨â¨ç¥-
áª¨¥ á¢®©áâ¢� ¨ �á¯¥ªâë ¢ëç¨á«¥−¨ï £�¬¬�-íªá¯®−¥−æ¨�«ì-
−®© äã−ªæ¨¨ 2 108{118

ƒ�©¤�¬�ª� ā. ‚. á¬. �¥áç�áâ−ë© ‚. �.
ƒ�©¤�¬�ª� ā. ‚. á¬. �®¡à¨ª®¢� …. ‚.
ƒ�©¤�¬�ª� ā. ‚. á¬. –�à¥¢ �. ‘.
ƒ�à�−¨− �. ˆ. á¬. ‡�æ�à¨−−ë© �. �.
ƒ�ä®à®¢ �. �. á¬. �¤¨−�¥¢ ÷. �.
ƒàãè® �. �., ƒàãè® �. �., ‡�¡¥¦�©«® Œ. ˆ., ’¨¬®−¨−� …. ….

ú‡�ª«�¤ª¨û ¡¥§ ¢à¥¤®−®á−®£® ª®¤� 2 4{15
ƒàãè® �. �., ‡�æ�à¨−−ë© �. �., ’¨¬®−¨−� …. …. �¥§®¯�á−®¥

¬�áèâ�¡¨à®¢�−¨¥ í«¥ªâà®−−ëå ¡ãå£�«â¥àáª¨å ª−¨£ −� ®á−®¢¥
â�−£«� 3 60{69

ƒàãè® �. �., ‘¬¨à−®¢ „. ‚., ’¨¬®−¨−� …. …., ˜®à£¨− ‘. Ÿ.
“á¨«¥−−ë© �«£®à¨â¬ â®ª¥−¨§�æ¨¨ ¤«ï §�é¨âë ¯¥àá®−�«ì−ëå
¤�−−ëå 4 135{143

ƒàãè® �. �. á¬. ‡�¡¥¦�©«® Œ. ˆ.
ƒàãè® �. �. á¬. ƒàãè® �. �.
ƒàãè® �. �. á¬. ‡�¡¥¦�©«® Œ. ˆ.
„¥−¨á®¢ ‘. �. á¬. ‡�æ�à¨−−ë© �. �.
„ã«¨− ‘. Š. á¬. ÷®§¥−¡¥à£ ˆ. �.
„ã«¨−� �. ƒ. á¬. ÷®§¥−¡¥à£ ˆ. �.
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„ìïç¥−ª® ā. ƒ. á¬. ‘â¥¯ç¥−ª®¢ ā. �.
„ìïç¥−ª® ā. ƒ. á¬. •¨«ìª® „. ‚.
…£®à®¢ ‚. �. �¥ª®â®àë¥ ¢®¯à®áë ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï

åà�−¨«¨é� ¤�−−ëå 2 70{79
…£®à®¢ ‚. �. �¢®«îæ¨ï á¥â¥¢ëå ¯à®æ¥áá®à®¢ 1 111{121
…£®à®¢� �. ā., ‡�æ¬�− ˆ. Œ., Šàã¦ª®¢ Œ. ƒ., �ãà¨¥¢ ‚. �.

ˆ−¤¨ª�â®à−�ï ®æ¥−ª� −¥áâ�¡¨«ì−®áâ¨ −¥©à®−−®£® ¬�è¨−−®-
£® ¯¥à¥¢®¤� 2 139{151

…£®à®¢� �. ā., ‡�æ¬�− ˆ. Œ., �ãà¨¥¢ ‚. �. �ªá¯¥àâ−�ï
®æ¥−ª� ¬�è¨−−®£® ¯¥à¥¢®¤�: ª«�áá¨ä¨ª�æ¨ï ®è¨¡®ª 3 144{157

†ãª®¢ „. ‚. á¬. �®à¨á®¢ �. ‚.
†ãª®¢ „. ‚. á¬. �®à¨á®¢ �. ‚.
†ãª®¢ „. ‚. á¬. �®à¨á®¢ �. ‚.
†ãª®¢ „. ‚. á¬. �®à¨á®¢ �. ‚.
†ãª®¢ „. ‚. á¬. �®à¨á®¢ �. ‚.
‡�¡¥¦�©«® Œ. ˆ., ƒàãè® �. �., ƒàãè® �. �., ’¨¬®−¨−� …. ….

�®¤¤¥à¦ª� à¥è¥−¨ï §�¤�ç ¤¨�£−®áâ¨ç¥áª®£® â¨¯� 1 69{81
‡�¡¥¦�©«® Œ. ˆ. á¬. ƒàãè® �. �.
‡�àï¤®¢ ˆ. ‘. á¬. Œ¨«®¢�−®¢� ’. �.
‡�æ�à¨−−ë© �. �., ƒ�à�−¨− �. ˆ., „¥−¨á®¢ ‘. �. �¡¥á¯¥ç¥−¨¥

−�¤¥¦−®áâ¨ æ¥−âà� ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï ”ˆ– ˆ“
÷�� 2 26{35

‡�æ�à¨−−ë© �. �., ˆ®−¥−ª®¢ ā. ‘. �¥ª®â®àë¥ ¢®¯à®áë ®æ¥−-
ª¨ ª�ç¥áâ¢� ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ 4 4{17

‡�æ�à¨−−ë© �. �., ÷�áâà¥«¨− �. Œ., ‘ãçª®¢ �. �. �¥©à®á¥â¥-
¢®© ¯®¤å®¤ ª ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© ¯®¤¤¥à¦ª¥ ¯à®-
æ¥áá®¢ ª®−âà®«ï ¨ ®åà�−ë ¢®¤−ëå ¡¨®«®£¨ç¥áª¨å à¥áãàá®¢ 1 82{96

‡�æ�à¨−−ë© �. �. á¬. ƒàãè® �. �.
‡�æ¬�− ˆ. Œ. Š®¬¯ìîâ¥à−�ï ¨ íª®−®¬¨ç¥áª�ï ¬®¤¥«¨ £¥−¥à�æ¨¨

−®¢®£® §−�−¨ï: á®¯®áâ�¢¨â¥«ì−ë© �−�«¨§ 4 84{96
‡�æ¬�− ˆ. Œ. á¬. ‚�ªã«¥−ª® ‚. ‚.
‡�æ¬�− ˆ. Œ. á¬. …£®à®¢� �. ā.
‡�æ¬�− ˆ. Œ. á¬. …£®à®¢� �. ā.
ˆ¢�−®¢ �. ‚. á¬. �®à¨á®¢ �. ‚.
ˆ¢�−®¢ �. ‚. á¬. �®à¨á®¢ �. ‚.
ˆ«ì¨− �. ‚., ˆ«ì¨− ‚. „. ‘¨âã�æ¨®−−�ï æ¨äà®¢¨§�æ¨ï â®¢�à-

−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï 2 163{172
ˆ«ì¨− ‚. „. ‚«�áâ−®-ª®®à¤¨−�æ¨®−−ë¥ á¨áâ¥¬ë ¨ ¨−ä®à¬�æ¨-

®−−ë¥ â¥å−®«®£¨¨ 4 168{175
ˆ«ì¨− ‚. „. Œ®¤¥«ì −®à¬�«¨§®¢�−−®© íª®−®¬¨ª¨ ¨ �ªâã�«ì−ë¥

â¥å−®«®£¨¨ æ¨äà®¢¨§�æ¨¨ 1 181{191
ˆ«ì¨− ‚. „. ‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ §�¤�ç ¨ ª®−áâàã¨à®¢�-

−¨¥ ¯à®£à�¬¬ 3 170{177
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ˆ«ì¨− ‚. „. á¬. ˆ«ì¨− �. ‚.
ˆ®−¥−ª®¢ ā. ‘. á¬. ‡�æ�à¨−−ë© �. �.
ˆá�ç¥−ª® ÷. ‚. á¬. Ÿãè¥¢ ”. ÷.
Š¨à¨ª®¢ ˆ. � á¬. ‹¨áâ®¯�¤ ‘. ‚.
Š¨à¨ª®¢ ˆ. �. á¬. ÷ã¬®¢áª�ï ‘. �.
Š®¢�«¥¢ „. ā. á¬. ’¨à¨ª®¢ …. Œ.
Š®¢�«ñ¢ ‘. �. �à¨¬¥−¥−¨¥ −¥©à®−−ëå á¥â¥© £«ã¡®ª®£® ®¡ãç¥−¨ï

¢ ¬�â¥¬�â¨ç¥áª®¬ ®¡¥á¯¥ç¥−¨¨ æ¨äà®¢ëå ¤¢®©−¨ª®¢ í«¥ªâ-
à®í−¥à£¥â¨ç¥áª¨å á¨áâ¥¬ 1 133{144

Š®àç�¦ª¨−� �. Œ. SIR-¬®¤¥«ì ª�ª ¨−áâàã¬¥−â ¨áá«¥¤®¢�−¨ï
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