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1 Введение

’¥à¬¨− ú−�æ¨®−�«ì−�ï −�ãç−®-®¡à�§®¢�â¥«ì−�ï á¥âìû (National Research and
Education Network, NREN) ¤®áâ�â®ç−® ¤�¢−® ¨ ¯à®ç−® ¢®è¥« ¢ ¯à®ä¥áá¨®-
−�«ì−ë© «¥ªá¨ª®− ¬¨à®¢®£® á®®¡é¥áâ¢� áä¥àë −�ãª¨ ¨ ®¡à�§®¢�−¨ï. –¥«¨
¨ §�¤�ç¨ â�ª¨å á¥â¥© −� ¢á¥å ¨áâ®à¨ç¥áª¨å íâ�¯�å −�¯à�¢«¥−ë −� ¬�ªá¨¬�«ì−®¥
á®®â¢¥âáâ¢¨¥ ¯®áâ®ï−−® à�áâãé¥¬ã ãà®¢−î à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨-
ª�æ¨®−−ëå â¥å−®«®£¨© (ˆŠ’), ¨§¬¥−ïîé¨¬áï ¢−¥è−¨¬ ãá«®¢¨ï¬ ¨ à¥�«ì−ë¬
¯®âà¥¡−®áâï¬ −�ãª¨ ¨ ®¡à�§®¢�−¨ï, ª®â®àë¥ ¢® ¬−®£¨å �á¯¥ªâ�å ¢ëå®¤ïâ §� à�¬-

∗‘â�âìï ¯ã¡«¨ªã¥âáï ¯® ¯à¥¤áâ�¢«¥−¨î ¯à®£à�¬¬−®£® ª®¬¨â¥â� VI Œ¥¦¤ã−�à®¤−®© −�ãç−®-
¯à�ªâ¨ç¥áª®© ª®−ä¥à¥−æ¨¨ úˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¨ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¥ ¢ëç¨á«¥-
−¨ïû (ITHPC-2021). ÷�¡®â� ¡ë«� ¢ë¯®«−¥−� ¢ Œ‘– ÷�� ¢ à�¬ª�å £®áã¤�àáâ¢¥−−®£® §�¤�−¨ï ¯®
â¥¬¥ FNEF-2022-0014.

1‘�−ªâ-�¥â¥à¡ãà£áª®¥ ®â¤¥«¥−¨¥ Œ¥¦¢¥¤®¬áâ¢¥−−®£® áã¯¥àª®¬¯ìîâ¥à−®£® æ¥−âà� ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª | ä¨«¨�«� ”ƒ“ ”�– �ˆˆ‘ˆ ÷��, abramov@niks.su

2‘�−ªâ-�¥â¥à¡ãà£áª®¥ ®â¤¥«¥−¨¥ Œ¥¦¢¥¤®¬áâ¢¥−−®£® áã¯¥àª®¬¯ìîâ¥à−®£® æ¥−âà� ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª | ä¨«¨�«� ”ƒ“ ”�– �ˆˆ‘ˆ ÷��, evseev@niks.su

3Œ¥¦¢¥¤®¬áâ¢¥−−ë© áã¯¥àª®¬¯ìîâ¥à−ë© æ¥−âà ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª | ä¨«¨�« ”ƒ“
”�– �ˆˆ‘ˆ ÷��, andrey.gonchar@jscc.ru

4Œ¥¦¢¥¤®¬áâ¢¥−−ë© áã¯¥àª®¬¯ìîâ¥à−ë© æ¥−âà ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª | ä¨«¨�« ”ƒ“
”�– �ˆˆ‘ˆ ÷��, shabanov@jscc.ru
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‚®¯à®áë ã¢¥«¨ç¥−¨ï ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¨ â¥àà¨â®à¨�«ì−®© ¤®áâã¯−®áâ¨ �ˆŠ‘

ª¨ ¢®§¬®¦−®áâ¥© ª®¬¬¥àç¥áª¨å ®¯¥à�â®à®¢ á¢ï§¨ ¨ ª â®¬ã ¦¥ −¥ ¢ ¯®«−®© ¬¥à¥
®â¢¥ç�îâ ¨å ¨−â¥à¥á�¬ [1{5].

“à®¢¥−ì äã−ªæ¨®−�«ì−®£® ¨ â¥å−®«®£¨ç¥áª®£® à�§¢¨â¨ï NREN ¢ ª®−ªà¥â−®©
áâà�−¥ ¬®¦−® à�áá¬�âà¨¢�âì áª¢®§ì ¯à¨§¬ã á®áâ®ï−¨ï ®¡«�áâ¨ −�ãª¨ ¨ ®¡à�-
§®¢�−¨ï ¢ æ¥«®¬. ‚¥¤ãé¨¥ NREN ¢ëáâã¯�îâ ¢ ª�ç¥áâ¢¥ ¬�£¨áâà�«ì−ëå ¨−-
äà�áâàãªâãà ¨ á¥à¢¨á−ëå ¯«�âä®à¬ ¤«ï ªàã¯−ëå ¨áá«¥¤®¢�â¥«ìáª¨å ¯à®¥ªâ®¢,
¨−â¥£à¨à®¢�−−�ï ¨−äà�áâàãªâãà� NREN ®â¢¥âáâ¢¥−−� §� à¥è¥−¨¥ §�¤�ç ¢ëá®-
ª®áª®à®áâ−®© ¯¥à¥¤�ç¨, ®¡à�¡®âª¨ ¨ åà�−¥−¨ï −�ãç−ëå ¤�−−ëå ¨ ®¡¥á¯¥ç¥−¨ï
¤®áâã¯� ª −¨¬, � â�ª¦¥ ª ¢®áâà¥¡®¢�−−ë¬ à¥áãàá�¬ ¨ á¥à¢¨á�¬.

‚ ÷®áá¨¨ äã−ªæ¨¨ NREN ¢ë¯®«−ï¥â �ˆŠ‘ −®¢®£® ¯®ª®«¥−¨ï [6,7], á®§¤�−-
−�ï ¢ 2019 £. Œ¥¦¢¥¤®¬áâ¢¥−−ë¬ áã¯¥àª®¬¯ìîâ¥à−ë¬ æ¥−âà®¬ ÷�� (Œ‘–
÷��) ¯® §�¤�−¨î Œ¨−®¡à−�ãª¨ ÷®áá¨¨. ˆ−äà�áâàãªâãàã, á¥à¢¨á−ãî íª®-
á¨áâ¥¬ã ¨ ¯®«ì§®¢�â¥«ìáªãî ¡�§ã �ˆŠ‘ ¨áå®¤−® á®áâ�¢¨«¨ ¤¢¥ ªàã¯−¥©è¨¥
®âà�á«¥¢ë¥ á¥â¨ áâà�−ë: ã−¨¢¥àá¨â¥âáª�ï á¥âì RUNNet [8] ¨ á¥âì ÷�� |
RASNet.

‘«¥¤ã¥â ª®−áâ�â¨à®¢�âì, çâ® −� â¥ªãé¨© ¬®¬¥−â ¯® ãà®¢−î à�§¢¨â¨ï ¨ ¨á-
¯®«ì§®¢�−¨ï â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© ¨−äà�áâàãªâãàë ¨ á¥à¢¨á®¢ �ˆŠ‘ §�¬¥â−®
®âáâ�¥â ®â ¢¥¤ãé¨å NREN, ª�ª ¡ë«® ®â¬¥ç¥−® ¢ [7]. ‚ 2021 £. Œ¨−®¡à−�ãª¨
÷®áá¨¨ ãâ¢¥à¦¤¥−ë �®àï¤®ª ã¯à�¢«¥−¨ï �ˆŠ‘, � â�ª¦¥ Š®−æ¥¯æ¨ï ¨ ¤®à®¦-
−�ï ª�àâ� äã−ªæ¨®−¨à®¢�−¨ï ¨ à�§¢¨â¨ï �ˆŠ‘ −� 2021{2024 ££. ”ã−ªæ¨¨
�¤¬¨−¨áâà�â®à� ¨ ®¯¥à�â®à� �ˆŠ‘ §�ªà¥¯«¥−ë §� Œ‘– ÷��. �®¤ç¥àª−¥¬, çâ®
¢¯¥à¢ë¥ §� 25-«¥âîî ¨áâ®à¨î áãé¥áâ¢®¢�−¨ï ¢ áâà�−¥ ®â¤¥«ì−ëå à�§à®§−¥−−ëå
−�ãç−®-®¡à�§®¢�â¥«ì−ëå á¥â¥© áâ�âãá NREN ®ä¨æ¨�«ì−® §�ªà¥¯«¥− §� ¥¤¨−®©
á¥âìî ä¥¤¥à�«ì−®£® ¬�áèâ�¡�.

2 Нормативный статус Национальной исследовательской
компьютерной сети и некоторые аспекты порядка управления сетью

‚ ªàã£ §�¤�ç ä¥¤¥à�«ì−®£® ¯à®¥ªâ� ú÷�§¢¨â¨¥ ¨−äà�áâàãªâãàë ¤«ï −�ãç−ëå
¨áá«¥¤®¢�−¨© ¨ ¯®¤£®â®¢ª¨ ª�¤à®¢û (¢ á®áâ�¢¥ −�æ¨®−�«ì−®£® ¯à®¥ªâ� ú��ãª�
¨ ã−¨¢¥àá¨â¥âëû) ¢å®¤¨â ®áãé¥áâ¢«¥−¨¥ à�§¢¨â¨ï �ˆŠ‘ ¢ ¨−â¥à¥á�å −�ãç-
−ëå ¨ ®¡à�§®¢�â¥«ì−ëå ®à£�−¨§�æ¨© áâà�−ë, ¢ â®¬ ç¨á«¥ á æ¥«ìî ®¡¥á¯¥ç¥−¨ï
¤®áâã¯� ª ¯¥à¥¤®¢®© −�ãç−®© ¨−äà�áâàãªâãà¥ ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï, ¯ã-
â¥¬ ã¢¥«¨ç¥−¨ï ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¬�£¨áâà�«ì−®© ¨−äà�áâàãªâãàë á¥â¨,
â¥àà¨â®à¨�«ì−®© ¤®áâã¯−®áâ¨ ¨ −�¡®à� á¥à¢¨á®¢.

‚ ª�ç¥áâ¢¥ å�à�ªâ¥à¨áâ¨ª¨ à¥§ã«ìâ�â� ¢ë¯®«−¥−¨ï ä¥¤¥à�«ì−®£® ¯à®¥ªâ�
®¯à¥¤¥«¥−®, çâ® �ˆŠ‘ ¯à¥¤®áâ�¢¨â ¢¥¤ãé¨¬ −�ãç−ë¬ ¨ ®¡à�§®¢�â¥«ì−ë¬ ®à-
£�−¨§�æ¨ï¬ áâà�−ë ¢®§¬®¦−®áâ¨ ¤«ï ¢ë¯®«−¥−¨ï ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª ¯®
¯à¨®à¨â¥â−ë¬ −�¯à�¢«¥−¨ï¬ −�ãç−®-â¥å−®«®£¨ç¥áª®£® à�§¢¨â¨ï (�’÷), ãç�á-
â¨ï ¢ ¬¥¦¤ã−�à®¤−ëå ¨ à®áá¨©áª¨å −�ãç−ëå ¯à®¥ªâ�å, ¡�§¨àãîé¨åáï −� ¨á-
¯®«ì§®¢�−¨¨ ãáâ®©ç¨¢®© ¨ ®â¢¥ç�îé¥© á®¢à¥¬¥−−ë¬ âà¥¡®¢�−¨ï¬ ®âà�á«¥¢®©
á¥â¨.
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�. ƒ. �¡à�¬®¢, �. ‚. …¢á¥¥¢, �. �. ƒ®−ç�à, �. Œ. ˜�¡�−®¢

�à¥¤¯®«�£�¥âáï, çâ® −� ¡�§¥ ãá®¢¥àè¥−áâ¢®¢�−−®© ¨−äà�áâàãªâãà−®-á¥à¢¨á-
−®© ¯«�âä®à¬ë �ˆŠ‘ ¡ã¤¥â à¥è¥− àï¤ §�¤�ç, áà¥¤¨ ª®â®àëå:

{ ¨−â¥£à�æ¨ï áãé¥áâ¢ãîé¨å ¨ á®§¤�¢�¥¬ëå áã¯¥àª®¬¯ìîâ¥à−ëå æ¥−âà®¢
(‘Š–), ®â¤¥«ì−ëå æ¥−âà®¢ ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï (–Š�) ¨ äã−ªæ¨-
®−¨àãîé¨å −� ¨å ¡�§¥ ã−¨ª�«ì−ëå −�ãç−ëå ãáâ�−®¢®ª (“�“), −�ãç−®-®¡à�-
§®¢�â¥«ì−ëå æ¥−âà®¢ (��–) ¨ −�ãç−ëå æ¥−âà®¢ ¬¨à®¢®£® ãà®¢−ï (�–Œ“);

{ ®à£�−¨§�æ¨ï ¢ëá®ª®áª®à®áâ−®© â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¢ï§−®áâ¨ −�ãç−ëå
¨ ®¡à�§®¢�â¥«ì−ëå ®à£�−¨§�æ¨© áâà�−ë;

{ à¥�«¨§�æ¨ï íää¥ªâ¨¢−®£® ¢§�¨¬®¤¥©áâ¢¨ï á ªàã¯−ë¬¨ ¬¥¦¤ã−�à®¤−ë¬¨ ¨á-
á«¥¤®¢�â¥«ìáª¨¬¨ æ¥−âà�¬¨ ¨ ¯à®¥ªâ�¬¨ §� áç¥â á®âàã¤−¨ç¥áâ¢� á ¬¨à®¢ë¬¨
NREN ¨ á¥â¥¢ë¬¨ �áá®æ¨�æ¨ï¬¨;

{ à�§¢¥àâë¢�−¨¥ æ¨äà®¢®© áà¥¤ë ¢§�¨¬®¤¥©áâ¢¨ï ¨ ®âà�¡®âª¨ ¯¥àá¯¥ªâ¨¢−ëå
â¥å−®«®£¨ç¥áª¨å ˆŠ’-à¥è¥−¨©;

{ ®¡¥á¯¥ç¥−¨¥ ¯à¨¬¥−¥−¨ï ˆŠ’ ¢ ®¡à�§®¢�−¨¨, ¢ª«îç�ï ¤®áâã¯ ª í«¥ªâà®−−ë¬
®¡à�§®¢�â¥«ì−ë¬ à¥áãàá�¬, ®¡¥á¯¥ç¥−¨¥ â¥å−®«®£¨© ¤¨áâ�−æ¨®−−®£® ®¡ãç¥-
−¨ï ¨ −�ãç−®-®¡à�§®¢�â¥«ì−®© ¬®¡¨«ì−®áâ¨;

{ ®¡¥á¯¥ç¥−¨¥ ¢ë¯®«−¥−¨ï âà¥¡®¢�−¨© ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ æ¥«ïå
ãáâ®©ç¨¢®£® äã−ªæ¨®−¨à®¢�−¨ï à®áá¨©áª®£® á¥£¬¥−â� ¨−â¥à−¥â�.

Š 2024 £. ª �ˆŠ‘ ¡ã¤¥â ¯®¤ª«îç¥−® −¥ ¬¥−¥¥ 90% ¢¥¤ãé¨å −�ãç−ëå ¨ ®¡à�-
§®¢�â¥«ì−ëå ®à£�−¨§�æ¨© áâà�−ë, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ ®¤−®¬ã ¨§ á«¥¤ãîé¨å
ãáâ�−®¢«¥−−ëå ªà¨â¥à¨¥¢ [7,9]:

(1) ®à£�−¨§�æ¨¨ ¢ëáè¥£® ®¡à�§®¢�−¨ï, ã¯®«−®¬®ç¥−−ë¥ á�¬®áâ®ïâ¥«ì−® à�§à�-
¡�âë¢�âì ¨ ãâ¢¥à¦¤�âì ®¡à�§®¢�â¥«ì−ë¥ áâ�−¤�àâë (ü 273-”‡);

(2) −�ãç−ë¥ ®à£�−¨§�æ¨¨ ¯¥à¢®© ª�â¥£®à¨¨, ®¯à¥¤¥«¥−−ë¥ ¢ á®®â¢¥âáâ¢¨¨ á ¯®-
áâ�−®¢«¥−¨¥¬ �à�¢¨â¥«ìáâ¢� ÷” ®â 8 �¯à¥«ï 2009 £. ü 312;

(3) −�æ¨®−�«ì−ë¥ ¨áá«¥¤®¢�â¥«ìáª¨¥ ã−¨¢¥àá¨â¥âë;

(4) ä¥¤¥à�«ì−ë¥ ¨áá«¥¤®¢�â¥«ìáª¨¥ æ¥−âàë;

(5) ã−¨¢¥àá¨â¥âë, −�å®¤ïé¨¥áï ¢ ¢¥¤¥−¨¨ �à�¢¨â¥«ìáâ¢� ÷”.

��¡®à ªà¨â¥à¨¥¢ ¨, ª�ª á«¥¤áâ¢¨¥, ¯¥à¥ç¥−ì ¯®¤ª«îç�¥¬ëå ª �ˆŠ‘ ®à£�-
−¨§�æ¨© ¬®£ãâ ª®àà¥ªâ¨à®¢�âìáï á ãç¥â®¬ ¢®§¬®¦−ëå ¨§¬¥−¥−¨© ¢ ¤¥©áâ¢ãîé¨å
¤®ªã¬¥−â�å áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï. ‚ ª�ç¥áâ¢¥ ¤®¯®«−¨â¥«ì−ëå ªà¨â¥à¨-
¥¢ (¨«¨ §�¬¥−ïîé¨å ãáâ�−®¢«¥−−ë¥) ¬®¦−® à�áá¬�âà¨¢�âì ãç�áâ¨¥ ®à£�−¨§�æ¨¨
¢ �à®£à�¬¬¥ ú�à¨®à¨â¥â 2030û, ¢ ��–, �–Œ“, −�«¨ç¨¥ ‘Š– ¨«¨ –Š�
á ¢®§¬®¦−®áâìî ã¤�«¥−−®£® ¤®áâã¯� [9].

�®àï¤ª®¬ ã¯à�¢«¥−¨ï ãâ¢¥à¦¤¥−ë á«¥¤ãîé¨¥ ª«îç¥¢ë¥ æ¥«¨ �ˆŠ‘:

{ ¯à¥¤®áâ�¢«¥−¨¥ ¢®§¬®¦−®áâ¥© ¤«ï ¢ë¯®«−¥−¨ï ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª ¯®
¯à¨®à¨â¥â−ë¬ −�¯à�¢«¥−¨ï¬ �’÷, ¯à¨¬¥−¥−¨ï á®¢à¥¬¥−−ëå ˆŠ’ ¯à¨ à¥�-
«¨§�æ¨¨ ®¡à�§®¢�â¥«ì−ëå ¯à®£à�¬¬, ãç�áâ¨ï ¢ ªàã¯−ëå à®áá¨©áª¨å ¨ ¬¥¦-
¤ã−�à®¤−ëå ¯à®¥ªâ�å;
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‚®¯à®áë ã¢¥«¨ç¥−¨ï ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¨ â¥àà¨â®à¨�«ì−®© ¤®áâã¯−®áâ¨ �ˆŠ‘

{ ãç�áâ¨¥ ¢ ä®à¬¨à®¢�−¨¨ ¨ ®¡¥á¯¥ç¥−¨¨ äã−ªæ¨®−¨à®¢�−¨ï ¥¤¨−®£® −�ãç-
−®-®¡à�§®¢�â¥«ì−®£® ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢� ¢ æ¥«ïå íää¥ªâ¨¢−®£®
¨á¯®«ì§®¢�−¨ï ¯¥à¥¤®¢®© ¨−äà�áâàãªâãàë −�ãç−ëå ¨áá«¥¤®¢�−¨©, à�§à�¡®-
â®ª ¨ ¨−−®¢�æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨;

{ ®¡¥á¯¥ç¥−¨¥ ¢¥¤®¬áâ¢¥−−®© á¥â¥¢®© á¢ï§−®áâ¨ ¨ ¯à¥¤®áâ�¢«¥−¨¥ −�¡®à� á¥à-
¢¨á®¢, à�§¢¨â¨¥ ¨−â¥àä¥©á®¢ ã¯à�¢«¥−¨ï á®¡áâ¢¥−−ë¬¨ à¥áãàá�¬¨ ¤«ï ¨−â¥-
£à�æ¨¨ á æ¨äà®¢ë¬¨ ¯«�âä®à¬�¬¨ −�ãª¨ ¨ ®¡à�§®¢�−¨ï.

Š ®á−®¢−ë¬ §�¤�ç�¬ �ˆŠ‘, ¯®¬¨¬® ï¢−® ®¡®§−�ç¥−−ëå ¢ ä¥¤¥à�«ì−®¬
¯à®¥ªâ¥, á«¥¤ã¥â ®â−¥áâ¨:

{ ®¡¥á¯¥ç¥−¨¥ £�à�−â¨à®¢�−−®£® ª�ç¥áâ¢� ¨ ¢ëá®ª®© −�¤¥¦−®áâ¨ ¤®áâã¯� ª à¥-
§ã«ìâ�â�¬ −�ãç−ëå ¨áá«¥¤®¢�−¨©, ¬�áá¨¢�¬ ®âªàëâëå ¤�−−ëå, −�ãç−®-®¡à�-
§®¢�â¥«ì−ë¬ à¥áãàá�¬ ¨ á¥à¢¨á�¬ á ¨á¯®«ì§®¢�−¨¥¬ á®¡áâ¢¥−−®© ˆŠ’-¨−-
äà�áâàãªâãàë ¨ ¨−äà�áâàãªâãàë §�àã¡¥¦−ëå NREN;

{ ¯à¥¤®áâ�¢«¥−¨¥ æ¥«¥¢ë¬ ¯®«ì§®¢�â¥«ï¬ ¢®§¬®¦−®áâ¥© ã¤�«¥−−®£® ¤®áâã¯�
ª ®¡ê¥ªâ�¬ −�ãç−®© ¨−äà�áâàãªâãàë ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï;

{ ä®à¬¨à®¢�−¨¥ ¢ëá®ª®áª®à®áâ−®© á¥â¨ ¯¥à¥¤�ç¨ ¤�−−ëå ¤«ï ®¡ê¥¤¨−¥−¨ï ®â-
à�á«¥¢ëå ‘Š– ¢ −�æ¨®−�«ì−ãî áã¯¥àª®¬¯ìîâ¥à−ãî ¨−äà�áâàãªâãàã;

{ ®¡¥á¯¥ç¥−¨¥ ¬¥¦á¥â¥¢®£® ¢§�¨¬®¤¥©áâ¢¨ï à®áá¨©áª¨å ®à£�−¨§�æ¨© | ãç�áâ-
−¨ª®¢ åà�−¥−¨ï, ®¡à�¡®âª¨ ¨ �−�«¨§� ¤�−−ëå íªá¯¥à¨¬¥−â®¢ −� áãé¥áâ¢ã-
îé¨å ¨ á®§¤�¢�¥¬ëå ãáâ�−®¢ª�å ª«�áá� ú¬¥£�á�©¥−áû;

{ ¯à¥¤®áâ�¢«¥−¨¥ ¢®§¬®¦−®áâ¥© ¤«ï ä®à¬¨à®¢�−¨ï −®¢ëå à®áá¨©áª¨å ¨ ¬¥¦-
¤ã−�à®¤−ëå ª®««�¡®à�æ¨©, à�áè¨à¥−¨ï −�ãç−®£® ¢§�¨¬®¤¥©áâ¢¨ï;

{ ®¯â¨¬¨§�æ¨ï á¯®á®¡®¢ á¥â¥¢®£® ¢§�¨¬®¤¥©áâ¢¨ï ®à£�−¨§�æ¨©, ¢¥¤ãé¨å äã−-
¤�¬¥−â�«ì−ë¥ ¨ ¯à¨ª«�¤−ë¥ ¨áá«¥¤®¢�−¨ï ¢ ¯à¨®à¨â¥â−ëå ®¡«�áâïå, á ®à£�-
−¨§�æ¨ï¬¨ à¥�«ì−®£® á¥ªâ®à� íª®−®¬¨ª¨;

{ �¯à®¡�æ¨ï, ¢−¥¤à¥−¨¥, á®¯à®¢®¦¤¥−¨¥ ¨ ¯à¥¤®áâ�¢«¥−¨¥ á¥à¢¨á®¢ ¤«ï ¯®«ì-
§®¢�â¥«¥© �ˆŠ‘, ®áãé¥áâ¢«¥−¨¥ ¬®−¨â®à¨−£� ¢®áâà¥¡®¢�−−®áâ¨, ®âá«¥¦¨-
¢�−¨¥ á¯à®á� ¨ ¯à®£−®§¨à®¢�−¨¥ ¯¥àá¯¥ªâ¨¢;

{ á®§¤�−¨¥ ãá«®¢¨© ¤«ï ãç�áâ¨ï à®áá¨©áª¨å ¯à®¨§¢®¤¨â¥«¥© ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï ¢ ä®à¬¨à®¢�−¨¨ á¥à¢¨á®¢ �ˆŠ‘ ¢ ¨−â¥à¥á�å ¯®«ì§®¢�â¥«¥©
¢ à�¬ª�å ¯à®æ¥áá®¢ ¨¬¯®àâ®§�¬¥é¥−¨ï.

3 Развитие телекоммуникационной инфраструктуры
Национальной исследовательской компьютерной сети

�ªâã�«ì−�ï â¥«¥ª®¬¬ã−¨ª�æ¨®−−�ï ¨−äà�áâàãªâãà� �ˆŠ‘ ¯®¤à�§¤¥«ï¥âáï
−� ¬�£¨áâà�«ì−ãî ¨ ¨−äà�áâàãªâãàã ¤®áâã¯� [6{8]. ’à�−á¯®àâ−®© ®á−®¢®© ¬�-
£¨áâà�«ì−®© ¨−äà�áâàãªâãàë á«ã¦¨â ®¯®à−�ï á¥âì, ª®â®à�ï ®¡¥á¯¥ç¨¢�¥â á¢ï§-
−®áâì ¬¥¦¤ã ä¥¤¥à�«ì−ë¬¨ ®ªàã£�¬¨ ¨ à�á¯®«®¦¥−−ë¬¨ ¢ −¨å ®â¤¥«ì−ë¬¨
à¥£¨®−�¬¨, � â�ª¦¥ á §�àã¡¥¦−ë¬¨ NREN. ”ã−ªæ¨®−¨à®¢�−¨¥ ®¯®à−®© á¥â¨
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�. ƒ. �¡à�¬®¢, �. ‚. …¢á¥¥¢, �. �. ƒ®−ç�à, �. Œ. ˜�¡�−®¢

¯à®âï¦¥−−®áâìî ¡®«¥¥ 5000 ª¬ ®¡¥á¯¥ç¨¢�îâ ¢−ãâà¨à®áá¨©áª¨¥ ¨ §�àã¡¥¦−ë¥
¬�£¨áâà�«ì−ë¥ ã§«ë á¢ï§¨.

‚ à�¬ª�å ¯«�−®¢ à�§¢¨â¨ï ¨−äà�áâàãªâãàë ¨ á¥à¢¨á®¢ �ˆŠ‘ ¯à¥¤¯®«�£�-
îâáï ª ¢ë¯®«−¥−¨î á«¥¤ãîé¨¥ ®á−®¢−ë¥ ¬¥à®¯à¨ïâ¨ï [7]:

{ à�áè¨à¥−¨¥ â¥àà¨â®à¨�«ì−®© ¤®áâã¯−®áâ¨ �ˆŠ‘ ¢−ãâà¨ áâà�−ë;

{ ã¢¥«¨ç¥−¨¥ ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¬�£¨áâà�«ì−®© ¨−äà�áâàãªâãàë;

{ ¯®¤ª«îç¥−¨¥ ª �ˆŠ‘ ¢¥¤ãé¨å −�ãç−ëå ®à£�−¨§�æ¨© ¨ ®à£�−¨§�æ¨© ¢ëáè¥£®
®¡à�§®¢�−¨ï áâà�−ë (¢ á®®â¢¥âáâ¢¨¨ á ªà¨â¥à¨ï¬¨);

{ ¯®¤ª«îç¥−¨¥ ª �ˆŠ‘ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå ‘Š– ª®««¥ªâ¨¢−®£® ¯®«ì-
§®¢�−¨ï áä¥àë −�ãª¨ ¨ ®¡à�§®¢�−¨ï;

{ ¯®¤ª«îç¥−¨¥ ª �ˆŠ‘ ®â¤¥«ì−ëå –Š� ¨ “�“, ¨¬¥îé¨å ¢®§¬®¦−®áâì
¯à®¢®¤¨âì ¨áá«¥¤®¢�−¨ï ¢ à¥¦¨¬¥ ã¤�«¥−−®£® ¤®áâã¯�;

{ à�§¢¨â¨¥ ¨ ¬®¤¥à−¨§�æ¨ï á¥à¢¨á®¢ �ˆŠ‘ ãà®¢−ï NREN.

‚ 2021 £. áâ�àâ®¢�«¨ à�¡®âë ¯® ¬�áèâ�¡−®© ¬®¤¥à−¨§�æ¨¨ á¥â¥¢®© ¨−äà�-
áâàãªâãàë �ˆŠ‘, ¢¢®¤ã ¢ íªá¯«ã�â�æ¨î −®¢ëå ¬�£¨áâà�«ì−ëå ã§«®¢ á¢ï§¨,
à�áè¨à¥−¨î â¥àà¨â®à¨�«ì−®£® ¯à¨áãâáâ¢¨ï ¢ ‘¨¡¨à¨, −� „�«ì−¥¬ ‚®áâ®ª¥
¨ −� ā£¥ ÷®áá¨¨. ‚ ¯«�−�å à�§¢¨â¨ï | ¯®áâà®¥−¨¥ à¥§¥à¢¨à®¢�−−®© á¥â¥¢®©
¬�£¨áâà�«¨ á ¯à®¯ãáª−®© á¯®á®¡−®áâìî 10 . . . 100 ƒ¡¨â/á, ¯®¤ª«îç¥−¨¥ ª á¥â¨ ¡®-
«¥¥ 300 ®à£�−¨§�æ¨©, ¨−â¥£à�æ¨ï ®âà�á«¥¢ëå ‘Š– ¢ ¥¤¨−ãî á¥âì. ‘¥âì ¯¥à¥¤�ç¨
¤�−−ëå ®¡¥á¯¥ç¨â ¯à®¯ãáª−ãî á¯®á®¡−®áâì ¤«ï ¯®«ì§®¢�â¥«¥© −¥ ¬¥−¥¥ 1 ƒ¡¨â/á,
� ¤«ï ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå ‘Š– | ¤® 10 ƒ¡¨â/á.

‚ å®¤¥ ¯«�−¨à®¢�−¨ï à�¡®â á«¥¤ã¥â ãç¨âë¢�âì ¨¬¥îé¨¥áï à�§«¨ç¨ï ¢ ãà®¢-
−¥ à�§¢¨â¨ï ˆŠ’-¨−äà�áâàãªâãàë à¥£¨®−®¢, ª®−ªãà¥−â®á¯®á®¡−®áâ¨ «®ª�«ì-
−ëå àë−ª®¢ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå ãá«ã£, ¤®áâã¯−®áâ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå
¯«®é�¤®ª ¨ ¤àã£¨¥ �á¯¥ªâë. ‚ íâ¨å ãá«®¢¨ïå ¨¬¥îâáï à¨áª¨ ¢®§−¨ª−®¢¥−¨ï
âàã¤−®áâ¥© ¯à¨ ¯®¤ª«îç¥−¨¨ ®à£�−¨§�æ¨© ª á¥â¨ ¢ ®â¤¥«ì−ëå à¥£¨®−�å, ¢ á¢ï§¨
á ç¥¬ ®á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«ï¥âáï −�«�¦¨¢�−¨î á®âàã¤−¨ç¥áâ¢� á à¥£¨®−�«ì−ë-
¬¨ −�ãç−®-®¡à�§®¢�â¥«ì−ë¬¨ á¥âï¬¨, ª ª®â®àë¬ ¯®¤ª«îç¥−ë ¯®â¥−æ¨�«ì−ë¥
¯®«ì§®¢�â¥«¨ �ˆŠ‘. ‚ ª�ç¥áâ¢¥ ¯¥à¢®£® à¥�«¨§®¢�−−®£® ¯à®¥ªâ� | ¨−â¥£à�-
æ¨ï ¢ �ˆŠ‘ ª®¬¯®−¥−â®¢ à¥£¨®−�«ì−®© á¥â¨ ÷�Š‘��, ¨¬¥¢è¥© á®¡áâ¢¥−−ãî
®¯®à−ãî ¨−äà�áâàãªâãàã ¨ ¯à¥¤®áâ�¢«ï¢è¥© ˆŠ’-ãá«ã£¨ ¡®«¥¥ 30 ¨−áâ¨âãâ�¬
÷��, à�á¯®«®¦¥−−ë¬ ¢ ‘�−ªâ-�¥â¥à¡ãà£¥.

4 Заключение

‚ª«îç¥−¨¥ �ˆŠ‘ ¢ −�æ¨®−�«ì−ë© ¯à®¥ªâ §�ªà¥¯«ï¥â ¥¥ ®á®¡ãî à®«ì ¢ ç¨á-
«¥ ¯à¨®à¨â¥â®¢ �’÷ áâà�−ë −� ¡«¨¦�©è¨¥ ¯¥à¨®¤ë. “áâ®©ç¨¢�ï �¤à¥á−�ï
¯®¤¤¥à¦ª�, ã¢¥«¨ç¥−¨¥ ®¡ê¥¬®¢ ä¨−�−á¨à®¢�−¨ï ¯®§¢®«¨«® áä®à¬¨à®¢�âì ¤®«-
£®áà®ç−®¥ ¢¨¤¥−¨¥ ¨ áâà�â¥£¨ç¥áª¨© ¯«�− à�§¢¨â¨ï �ˆŠ‘.

‚¯¥à¢ë¥ §� ¤®«£®¥ ¢à¥¬ï ¯à¥¤áâ�¢¨«�áì ¢®§¬®¦−®áâì ¯à¥®¤®«¥âì à�§àë¢
¢ ãà®¢−¥ à�§¢¨â¨ï �ˆŠ‘ ¯® áà�¢−¥−¨î á ¢¥¤ãé¨¬¨ ¬¨à®¢ë¬¨ NREN, á®§¤�âì

8 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 2 2022



‚®¯à®áë ã¢¥«¨ç¥−¨ï ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¨ â¥àà¨â®à¨�«ì−®© ¤®áâã¯−®áâ¨ �ˆŠ‘

á®¢à¥¬¥−−ãî á¥âì ¤«ï ¯®¤¤¥à¦ª¨ ¤¥ïâ¥«ì−®áâ¨ ¢ áä¥à¥ −�ãª¨ ¨ ®¡à�§®¢�−¨ï, à¥-
�«¨§®¢�âì ¨ ¯à¥¤®áâ�¢«ïâì ¯®«ì§®¢�â¥«ï¬ «ãçèãî ¢ á¢®¥¬ ª«�áá¥ á¥âì ¨ á¥à¢¨áë,
®¡¥á¯¥ç¨âì ãáâ®©ç¨¢ãî ¨ íää¥ªâ¨¢−ãî æ¨äà®¢ãî ¯«�âä®à¬ã ¤«ï à®áá¨©áª®£®
−�ãç−®-®¡à�§®¢�â¥«ì−®£® á®®¡é¥áâ¢�.

�à¥¤¯®«�£�¥âáï, çâ® á®§¤�¢�¥¬�ï ¥¤¨−�ï ®âà�á«¥¢�ï æ¨äà®¢�ï ¨−äà�áâàãª-
âãà�, ®â¢¥ç�îé�ï á®¢à¥¬¥−−®¬ã ãà®¢−î ¤®áâ¨¦¥−¨© ®âà�á«¨ ˆŠ’, ¡ã¤¥â ãç¨-
âë¢�âì �ªâã�«ì−ë¥ ¯®âà¥¡−®áâ¨ ®à£�−¨§�æ¨©, ¯®¤¢¥¤®¬áâ¢¥−−ëå −¥ â®«ìª® Œ¨−-
®¡à−�ãª¨ ÷®áá¨¨, −® ¨ ¤àã£¨¬ ä¥¤¥à�«ì−ë¬ ®à£�−�¬ ¨á¯®«−¨â¥«ì−®© ¢«�áâ¨,
� â�ª¦¥ ¬¥¦¢¥¤®¬áâ¢¥−−ë¬ −�ãç−®-®¡à�§®¢�â¥«ì−ë¬ ¨ −�ãç−®-â¥å−¨ç¥áª¨¬ ®¡ê-
¥¤¨−¥−¨ï¬.
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МАШИННОЕ ОБУЧЕНИЕ ДЛЯ ЗАДАЧ ЭКСТРАПОЛЯЦИИ
С МАЛЫМ ОБЪЕМОМ ДАННЫХ∗

А. О. Белозеров1, А. И. Мазур2

�−−®â�æ¨ï: �à¥¤«®¦¥− −®¢ë© ¬¥â®¤ íªáâà�¯®«ïæ¨¨ ¢�à¨�æ¨®−−ëå à�áç¥â®¢,
¢ ®á−®¢¥ ª®â®à®£® «¥¦¨â ®¡ãç¥−¨¥ ¡®«ìè®£® ç¨á«� ¨áªãááâ¢¥−−ëå −¥©à®−-
−ëå á¥â¥© (ˆ�‘) á ¯®á«¥¤ãîé¥© ä¨«ìâà�æ¨¥© ¤«ï ®â¡®à� á¥â¥©, ®¡ãç¥−−ëå
−�¨«ãçè¨¬ ®¡à�§®¬. Œ¥â®¤ �¯à®¡¨à®¢�− −� ¬®¤¥«ì−®© §�¤�ç¥ á â®ç−ë¬
à¥è¥−¨¥¬ ¨ ¯à¨¬¥−¥− ª ®æ¥−ª¥ í−¥à£¨¨ á¢ï§¨ ï¤à� 4He −� ®á−®¢¥ à�áç¥â®¢
¢ ¬®¤¥«¨ ®¡®«®ç¥ª ¡¥§ ¨−¥àâ−®£® ª®à� (Œ��ˆŠ) á à¥�«¨áâ¨ç¥áª¨¬ ¯®â¥−-
æ¨�«®¬ Daejeon16. ˆ§ãç¥−� áå®¤¨¬®áâì à¥§ã«ìâ�â®¢ ¯à¨ ã¢¥«¨ç¥−¨¨ ®¡ê¥¬�
¢å®¤−ëå ¤�−−ëå. �®ª�§�−®, çâ® ¬¥â®¤ ®¡¥á¯¥ç¨¢�¥â ¤®áâ�â®ç−® ¢ëá®ªãî
â®ç−®áâì ¯à®£−®§� ¤�¦¥ ¢ á«ãç�¥ −¥¡®«ìè¨å ¬®¤¥«ì−ëå ¯à®áâà�−áâ¢. �à¥¤-
«®¦¥−−ë© ¬¥â®¤ ¬®¦−® ¯à¨¬¥−ïâì ª�ª ¤«ï −�å®¦¤¥−¨ï ¤àã£¨å å�à�ªâ¥à¨áâ¨ª
ï¤¥à, â�ª ¨ ¤«ï à¥è¥−¨ï ¨−ëå §�¤�ç, −¥ á¢ï§�−−ëå á ï¤¥à−®© ä¨§¨ª®©.

Š«îç¥¢ë¥ á«®¢�: ¬�è¨−−®¥ ®¡ãç¥−¨¥; ¬¥â®¤ë íªáâà�¯®«ïæ¨¨; í−¥à£¨ï
®á−®¢−®£® á®áâ®ï−¨ï; ¬®¤¥«ì ï¤¥à−ëå ®¡®«®ç¥ª

DOI: 10.14357/08696527220202

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¬¥â®¤ë ¬�è¨−−®£® ®¡ãç¥−¨ï è¨à®ª® ¨á¯®«ì§ãîâáï ¤«ï
à¥è¥−¨ï à�§«¨ç−ëå §�¤�ç. �¤−�ª® ã íâ¨å ¬¥â®¤®¢ ¥áâì ¤¢� ®á−®¢−ëå ®£à�−¨-
ç¥−¨ï ¤«ï à¥�«¨§�æ¨¨. ‚®-¯¥à¢ëå, ª�ª ¨ ¡®«ìè¨−áâ¢® ¤àã£¨å áâ�â¨áâ¨ç¥áª¨å
¬¥â®¤®¢, ¬�è¨−−®¥ ®¡ãç¥−¨¥ âà¥¡ã¥â ¤«ï ª®àà¥ªâ−®© à�¡®âë ¡®«ìè®£® ®¡ê¥¬�
¤�−−ëå. �¡ëç−® å®à®è¨¥ −�¡®àë ¤�−−ëå á®áâ®ïâ ¬¨−¨¬ã¬ ¨§ 1000 ¯à¨¬¥à®¢.
‚â®à®¥ ®£à�−¨ç¥−¨¥ ®â−®á¨âáï ª â¨¯ã ¯à®¡«¥¬ë. �¡ëç−® ¬�è¨−−®¥ ®¡ãç¥−¨¥
¨á¯®«ì§ã¥âáï ¢ §�¤�ç�å ¨−â¥à¯®«ïæ¨¨, ¢ â® ¢à¥¬ï ª�ª ¥£® ¨á¯®«ì§®¢�−¨¥ ¢ §�¤�ç�å
íªáâà�¯®«ïæ¨¨ ¨§ãç¥−® −¥¤®áâ�â®ç−®.

Œ®¤¥«ì ®¡®«®ç¥ª ¡¥§ ¨−¥àâ−®£® ª®à� [1] ¢ −�áâ®ïé¥¥ ¢à¥¬ï ï¢«ï¥âáï ®¤−¨¬
¨§ ®á−®¢−ëå ¬¥â®¤®¢ ®¯¨á�−¨ï �â®¬−ëå ï¤¥à. �â®â ¯®¤å®¤ −�§ë¢�¥âáï ab initio,
¯®áª®«ìªã ¢ ª�ç¥áâ¢¥ ¢å®¤−®© ¨−ä®à¬�æ¨¨ ¨á¯®«ì§ã¥âáï â®«ìª® à¥�«¨áâ¨ç−®¥
−ãª«®−-−ãª«®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ (à�§«¨ç−ë¥ â¨¯ë à¥�«¨áâ¨ç−ëå ¯®â¥−æ¨�«®¢
¯à¥¤áâ�¢«¥−ë ¢ [2{5]).

∗‘â�âìï ¯ã¡«¨ªã¥âáï ¯® ¯à¥¤áâ�¢«¥−¨î ¯à®£à�¬¬−®£® ª®¬¨â¥â� VI Œ¥¦¤ã−�à®¤−®© −�ãç-
−®-¯à�ªâ¨ç¥áª®© ª®−ä¥à¥−æ¨¨ úˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¨ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¥ ¢ë-
ç¨á«¥−¨ïû (ITHPC-2021). ÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ Œ¨−¨áâ¥àáâ¢� −�ãª¨ ¨ ¢ëáè¥£®
®¡à�§®¢�−¨ï ÷” ¢ à�¬ª�å ¯à®¥ªâ� ü 0818-2020-0005 ¨ £à�−â� ÷””ˆ ü 20-02-00357 (ç�áâ¨ç−®).

1’¨å®®ª¥�−áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â, aobelozerov@gmail.com
2’¨å®®ª¥�−áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â, mazur@khb.ru
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÷¥§ã«ìâ�âë à�áç¥â®¢ ¢ ®¡®«®ç¥ç−ëå ¬®¤¥«ïå, ¢ª«îç�ï Œ��ˆŠ, §�¢¨áïâ
®â ¤¢ãå ¯�à�¬¥âà®¢: à�§¬¥à� ¡�§¨á−®£® ¯à®áâà�−áâ¢� ¬®¤¥«¨, ®¯à¥¤¥«ï¥¬®£®
¬�ªá¨¬�«ì−ë¬ ç¨á«®¬ ®áæ¨««ïâ®à−ëå ª¢�−â®¢Nmax, ¨ ¢¥«¨ç¨−ë ®áæ¨««ïâ®à−®©
í−¥à£¨¨ ~Ÿ.

�á−®¢−�ï ¯à®¡«¥¬� Œ��ˆŠ | à¥§ª®¥ ã¢¥«¨ç¥−¨¥ ®¡ê¥¬� âà¥¡ã¥¬ëå ¢ë-
ç¨á«¨â¥«ì−ëå à¥áãàá®¢ á ã¢¥«¨ç¥−¨¥¬ Nmax, çâ® á¢ï§�−® á íªá¯®−¥−æ¨�«ì−ë¬
à®áâ®¬ ç¨á«� ¡�§¨á−ëå äã−ªæ¨©. Š�ª á«¥¤áâ¢¨¥, á®¢à¥¬¥−−ë¥ áã¯¥àª®¬¯ìîâ¥àë
¯®§¢®«ïîâ ¯à®¢®¤¨âì à�áç¥âë ¢ Œ��ˆŠ á Nmax ≤ 20 â®«ìª® ¤«ï á�¬ëå «¥£ª¨å
ï¤¥à.

�®«¥¥ â®ç−ë¥ à¥§ã«ìâ�âë ¬®£ãâ ¡ëâì ¯®«ãç¥−ë á ¨á¯®«ì§®¢�−¨¥¬ ¯à®áâëå
¬¥â®¤®¢ íªáâà�¯®«ïæ¨¨ à¥§ã«ìâ�â®¢ Œ��ˆŠ −� ¡¥áª®−¥ç−® ¡®«ìè¨¥ ¬®¤¥«ì−ë¥
¯à®áâà�−áâ¢�, â�ª¨å ª�ª íªáâà�¯®«ïæ¨ï B [6, 7]. �ë«® à�§à�¡®â�−® ¬−®¦¥áâ¢®
¬¥â®¤®¢ ¤«ï íªáâà�¯®«ïæ¨¨ ¢ëç¨á«¥−¨© ¢ ¡®«¥¥ á«®¦−ëå ï¤¥à−ëå á¨áâ¥¬�å [8{
13]. �¤−�ª® ¢á¥ ®−¨ −¥ ¨¬¥îâ áâà®£®£® ®¡®á−®¢�−¨ï, � ¯®â®¬ã ¢®¯à®á ¯®¨áª�
−®¢ëå ¬¥â®¤®¢ íªáâà�¯®«ïæ¨¨ ®áâ�¥âáï �ªâã�«ì−ë¬.

–¥«ì ¤�−−®© à�¡®âë | à�§à�¡®âª� −®¢®£® ¬¥â®¤� íªáâà�¯®«ïæ¨¨ à¥§ã«ìâ�â®¢
¢�à¨�æ¨®−−ëå ¢ëç¨á«¥−¨© −� ¡¥áª®−¥ç−ë¥ ¬®¤¥«ì−ë¥ ¯à®áâà�−áâ¢� á ¨á¯®«ì§®-
¢�−¨¥¬ ¬¥â®¤®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï, á¯®á®¡−®£® à�¡®â�âì á ¬�«ë¬¨ −�¡®à�¬¨
¤�−−ëå. �®«ãç¥−−ë© �«£®à¨â¬ ¯à®â¥áâ¨à®¢�− −� ¬®¤¥«ì−®© §�¤�ç¥ á ¨§¢¥áâ-
−ë¬ â®ç−ë¬ à¥è¥−¨¥¬ ¨ ¯à¨¬¥−¥− ª §�¤�ç¥ íªáâà�¯®«ïæ¨¨ í−¥à£¨¨ ®á−®¢−®£®
á®áâ®ï−¨ï 4He −� á«ãç�© ¡¥áª®−¥ç−® ¡®«ìè¨å ¬®¤¥«ì−ëå ¯à®áâà�−áâ¢.

2 Модельная задача

÷�áá¬®âà¨¬ ¤¢¨¦¥−¨¥ ª¢�−â®¢®© ç�áâ¨æë á ¯à¨¢¥¤¥−−®© ¬�áá®© µc2 =
= 751 Œí‚ ¢ ¯®«¥ áä¥à¨ç¥áª¨-á¨¬¬¥âà¨ç−®£® ¯®â¥−æ¨�«� ¢ ¯�àæ¨�«ì−®© ¢®«−¥
l = 1 á ¯®«−ë¬ ã£«®¢ë¬ ¬®¬¥−â®¬ j = 1/2. ÷�¤¨�«ì−®¥ ãà�¢−¥−¨¥ ˜à¥¤¨−£¥à�
¨¬¥¥â ¢¨¤:

Hul(k, r) = Eul(k, r) . (1)

‡¤¥áì £�¬¨«ìâ®−¨�− H = T + V , £¤¥ T | ®¯¥à�â®à ª¨−¥â¨ç¥áª®© í−¥à£¨¨.
‚ ª�ç¥áâ¢¥ ¬®¤¥«ì−®£® ¯®â¥−æ¨�«� V ¨á¯®«ì§ã¥âáï ¯®â¥−æ¨�« ‚ã¤á�{‘�ªá®−�
á ¯®¢¥àå−®áâ−ë¬¨ á¯¨−-®à¡¨â�«ì−ë¬¨ á¨«�¬¨:

V (r) =
V0

1 + exp((r −R)/a)
+
2(l · s)Vls

ra

exp((r −R)/a)

(1 + exp((r −R)/a))2
,

£¤¥ V0 = −30Œí‚; Vls = −10Œí‚·ä¬2; R = 3,08 ä¬; a = 0,53 ä¬.
‚ ®áæ¨««ïâ®à−®¬ ¡�§¨á¥ ãà�¢−¥−¨¥ (1) íª¢¨¢�«¥−â−® ¡¥áª®−¥ç−®© á¨áâ¥¬¥

«¨−¥©−ëå �«£¥¡à�¨ç¥áª¨å ãà�¢−¥−¨© −� ¢®«−®¢ë¥ äã−ªæ¨¨ ¢ ®áæ¨««ïâ®à−®¬
¯à¥¤áâ�¢«¥−¨¨ aNl(k):

∑

N ′=N0,N0+2,...,∞

aN ′l(k) (HNN ′ − δNN ′E) = 0 , N = N0, N0 + 2, . . . ,∞ . (2)
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Œ�è¨−−®¥ ®¡ãç¥−¨¥ ¤«ï §�¤�ç íªáâà�¯®«ïæ¨¨ á ¬�«ë¬ ®¡ê¥¬®¬ ¤�−−ëå

‡¤¥áì HNN ′ | ¬�âà¨ç−ë¥ í«¥¬¥−âë £�¬¨«ìâ®−¨�−�:

HNN ′ =

∞
∫

0

RNlHRN ′l dr ,

£¤¥ RNl | à�¤¨�«ì−�ï ®áæ¨««ïâ®à−�ï äã−ªæ¨ï; N = 2n + l | ¯®«−®¥ (í−¥à£¥-
â¨ç¥áª®¥) ç¨á«® ®áæ¨««ïâ®à−ëå ª¢�−â®¢, £¤¥ n| £«�¢−®¥ ª¢�−â®¢®¥ ç¨á«®; N0 |
¬¨−¨¬�«ì−®¥ ç¨á«® ®áæ¨««ïâ®à−ëå ª¢�−â®¢ à�áá¬�âà¨¢�¥¬®© á¨áâ¥¬ë (¢ ¤�−−®¬
á«ãç�¥ N0 = l).

„«ï ª®à®âª®¤¥©áâ¢ãîé¨å ¯®â¥−æ¨�«®¢ ãà�¢−¥−¨¥ (2) á¢®¤¨âáï ª ª®−¥ç−®©
á¨áâ¥¬¥ ãà�¢−¥−¨©:

∑

N ′=N0,N0+2,...,N0+Nmax

aN ′l(k) (HNN ′ − δNN ′E) = 0 ,

N = N0, N0 + 2, . . . , N0 +Nmax , (3)

£¤¥ Nmax | ç¨á«® ª¢�−â®¢ ¢®§¡ã¦¤¥−¨ï, §�¤�îé¥¥ ¬®¤¥«ì−®¥ ¯à®áâà�−áâ¢®.
�®á«¥ ¤¨�£®−�«¨§�æ¨¨ £�¬¨«ìâ®−¨�−� H ¢ (3) ¯®«ãç�¥¬ á¯¥ªâà á®¡áâ¢¥−−ëå

í−¥à£¨© Eλ. Œ¨−¨¬�«ì−®¥ §−�ç¥−¨¥ äã−ªæ¨¨ Egs(~Ÿ) ¤«ï ¤�−−®£® ¬®¤¥«ì−®£®
¯à®áâà�−áâ¢� �áá®æ¨¨àã¥âáï á í−¥à£¨¥© ®á−®¢−®£® á®áâ®ï−¨ï ï¤à� Egs. �â¬¥-
â¨¬, çâ® ¤«ï ¬®¤¥«ì−®© §�¤�ç¨ à�§¬¥à ¬�âà¨æë £�¬¨«ìâ®−¨�−� á à®áâ®¬ Nmax
ã¢¥«¨ç¨¢�¥âáï «¨−¥©−®.

Œ¥â®¤ ¨¬¥¥â ¤¢� ¯�à�¬¥âà�: §−�ç¥−¨¥ ®áæ¨««ïâ®à−®© í−¥à£¨¨ ~Ÿ ¨ ¬�ª-
á¨¬�«ì−®¥ ç¨á«® ª¢�−â®¢ ¢®§¡ã¦¤¥−¨ï Nmax. �ë«¨ ¯à®¢¥¤¥−ë ®¡®«®ç¥ç−ë¥
à�áç¥âëEgs(~Ÿ) ¢ à�§«¨ç−ëå ¬®¤¥«ì−ëå ¯à®áâà�−áâ¢�åNmax = 4 . . . 40 á è�£®¬
¢ 1 Œí‚ ¯® ~Ÿ. �� à¨á. 1 ¯®ª�§�−ë ¤�−−ë¥, ¯®«ãç¥−−ë¥ ¢ ®â¤¥«ì−ëå ¬®¤¥«ì−ëå
¯à®áâà�−áâ¢�å.

÷¨á. 1 ‚�à¨�æ¨®−−ë¥ à�áç¥âë ¢ ¬®¤¥«ì−®© §�¤�ç¥: 1 |Nmax = 4; 2 | 8; 3 | 12; 4 |
24; 5 | 30; 6 | Nmax = 38
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ƒ®à¨§®−â�«ì−�ï á¯«®è−�ï «¨−¨ï ®¡®§−�ç�¥â â®ç−®¥ §−�ç¥−¨¥ Eexpgs =
= −3,5814 Œí‚ í−¥à£¨¨ ®á−®¢−®£® á®áâ®ï−¨ï á¨áâ¥¬ë, ¯®«ãç¥−−®¥ ¯àï¬ë¬
¨−â¥£à¨à®¢�−¨¥¬ ãà�¢−¥−¨ï ˜à¥¤¨−£¥à�. Š�ª ¯®ª�§�−® ¢ [14], −¥ª®â®àë¥ ¬¥â®-
¤ë íªáâà�¯®«ïæ¨¨ à�¡®â�îâ «ãçè¥, ª®£¤� ¨á¯®«ì§ãîâáï â®«ìª® ¤�−−ë¥, «¥¦�é¨¥
¯à�¢¥¥ ¬¨−¨¬ã¬®¢ ªà¨¢ëå Egs(~Ÿ) (¢¥àâ¨ª�«ì−�ï èâà¨å®¢�ï «¨−¨ï). �à¥¤ë¤ã-
é¨¥ à�¡®âë �¢â®à®¢ áâ�âì¨ ¯®¤â¢¥à¦¤�îâ íâ® ãâ¢¥à¦¤¥−¨¥, ¤®¯®«−ïï ¥£® ä�ªâ®¬
ã«ãçè¥−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¯®á«¥ ¨á¯®«ì§®¢�−¨ï ¤�−−ëå â®«ìª® á Egs <
< 0Œí‚ (£®à¨§®−â�«ì−�ï èâà¨å¯ã−ªâ¨à−�ï «¨−¨ï).

3 Задача нахождения энергии основного состояния ядра 4He

‚ Œ��ˆŠ ¢®«−®¢�ï äã−ªæ¨ï à�§«®¦¥−� ¯® ¬−®£®ç�áâ¨ç−®¬ã ®áæ¨««ïâ®à−®-
¬ã ¡�§¨áã. Š�ª ¨ ¢ á«ãç�¥ ®¯¨á�−−®© ¢ëè¥ ¬®¤¥«ì−®© §�¤�ç¨, í−¥à£¨ï ®á−®¢−®£®
á®áâ®ï−¨ï Egs ï¢«ï¥âáï äã−ªæ¨¥© ¬�ªá¨¬�«ì−®£® ç¨á«� ®áæ¨««ïâ®à−ëå ª¢�−â®¢
Nmax ¨ ¯�à�¬¥âà� ®áæ¨««ïâ®à−®© äã−ªæ¨¨ ~Ÿ. �®, ¢ ®â«¨ç¨¥ ®â ¬®¤¥«ì−®©
§�¤�ç¨, à�§¬¥à ¬−®£®ç�áâ¨ç−®£® ¡�§¨á� á ã¢¥«¨ç¥−¨¥¬ Nmax ã¢¥«¨ç¨¢�¥âáï −¥
«¨−¥©−®, � íªá¯®−¥−æ¨�«ì−®.

�� à¨á. 2 ¯®ª�§�−ë à¥§ã«ìâ�âë à�áç¥â®¢ í−¥à£¨¨ Egs ®á−®¢−®£® á®áâ®-
ï−¨ï ï¤à� �â®¬� £¥«¨ï 4He ¢ Œ��ˆŠ á à¥�«¨áâ¨ç¥áª¨¬ ¢§�¨¬®¤¥©áâ¢¨¥¬
Daejeon16 [5] ¤«ï −¥ª®â®àëå §−�ç¥−¨© Nmax. ÷�áç¥âë ¯à®¢®¤¨«¨áì ¢ ¬®¤¥«ì−ëå
¯à®áâà�−áâ¢�åNmax = 2 . . . 18 ¯à¨ ~Ÿ = 8, 9 ¨ 10 Œí‚ ¨ ¤�«¥¥ á è�£®¬ 2,5 Œí‚
¤® 50 Œí‚. Š�ª ¨ ¢ ¬®¤¥«ì−®© §�¤�ç¥, ¤�−−ë¥, «¥¦�é¨¥ á«¥¢� ®â ¬¨−¨¬ã¬®¢
E(~Ÿ) (¢¥àâ¨ª�«ì−�ï èâà¨å®¢�ï «¨−¨ï), −¥ ¨á¯®«ì§®¢�«¨áì ¢ ¯à®æ¥áá¥ ®¡ãç¥−¨ï
ˆ�‘.

’®ç−®¥ §−�ç¥−¨¥ í−¥à£¨¨ ®á−®¢−®£® á®áâ®ï−¨ï ¬®¦¥â ¡ëâì ¯®«ãç¥−® ¢ ¯à¥¤¥«¥
Nmax → ∞. �¤−�ª® ¨§-§� íªá¯®−¥−æ¨�«ì−®£® à®áâ� ç¨á«� ¡�§¨á−ëå äã−ª-

÷¨á. 2 �−¥à£¨ï ®á−®¢−®£® á®áâ®ï−¨ï ï¤à� 4He Egs, ¢ëç¨á«¥−−�ï ¢ Œ��ˆŠ á à¥�«¨-
áâ¨ç¥áª¨¬ ¢§�¨¬®¤¥©áâ¢¨¥¬ Daejeon16: 1 | Nmax = 2; 2 | 4; 3 | 8; 4 | 14; 5 |
Nmax = 18
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Œ�è¨−−®¥ ®¡ãç¥−¨¥ ¤«ï §�¤�ç íªáâà�¯®«ïæ¨¨ á ¬�«ë¬ ®¡ê¥¬®¬ ¤�−−ëå

æ¨© ¢ëç¨á«¥−¨¥ á®¡áâ¢¥−−ëå §−�ç¥−¨© ¬�âà¨æë £�¬¨«ìâ®−¨�−� ¤«ï ¡®«ìè¨å
Nmax áâ�−®¢¨âáï −¥¢®§¬®¦−ë¬ ¤�¦¥ −� áã¯¥àª®¬¯ìîâ¥à�å. �®íâ®¬ã �ªâã�«ì-
−� ¯à®¡«¥¬� íªáâà�¯®«ïæ¨¨ à¥§ã«ìâ�â®¢, ¯®«ãç¥−−ëå ¢ ª®−¥ç−ëå ¬®¤¥«ì−ëå
¯à®áâà�−áâ¢�å, −� á«ãç�© Nmax → ∞.

�æ¥−ª� í−¥à£¨¨ ®á−®¢−®£® á®áâ®ï−¨ï, ¯®«ãç¥−−�ï ¢ [5] ¯ãâ¥¬ íªáâà�¯®«ïæ¨¨
à¥§ã«ìâ�â®¢ Œ��ˆŠ −� á«ãç�© ¡¥áª®−¥ç−® ¡®«ìè¨å ¬®¤¥«ì−ëå ¯à®áâà�−áâ¢,
á®áâ�¢«ï¥â −28,372 Œí‚; íªá¯¥à¨¬¥−â�«ì−®¥ §−�ç¥−¨¥ í−¥à£¨¨ á¢ï§�−−®£® á®-
áâ®ï−¨ï | −28,296Œí‚.

4 Метод экстраполяции

Š�ª ã¦¥ ã¯®¬¨−�«®áì à�−¥¥, ¬¥â®¤ë ¬�è¨−−®£® ®¡ãç¥−¨ï ®¡ëç−® −¥ ¨á¯®«ì-
§ãîâáï ¤«ï §�¤�ç íªáâà�¯®«ïæ¨¨ á ¬�«ë¬ ®¡ê¥¬®¬ ¤�−−ëå. ’¥¬ −¥ ¬¥−¥¥ −� ¨å
®á−®¢¥ ¬®¦¥â ¡ëâì ¯®áâà®¥− �«£®à¨â¬ ¤«ï ¨å à¥è¥−¨ï. �ª�§ë¢�¥âáï, ¤«ï â�ª¨å
§�¤�ç ¯®¤å®¤¨â ®¤−®¢à¥¬¥−−®¥ ®¡ãç¥−¨¥ ¬−®¦¥áâ¢� ˆ�‘.

�à¥¤áª�§�−¨ï, ¯®«ãç¥−−ë¥ á ¯®¬®éìî ¬¥â®¤®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï, ¢ª«îç�-
îâ −¥ª®â®àãî á«ãç�©−®áâì, á¢ï§�−−ãî á −�ç�«ì−ë¬¨ §−�ç¥−¨ï¬¨ ¢¥á®¢ëå ª®íä-
ä¨æ¨¥−â®¢. —â®¡ë ¨§¡¥¦�âì íâ®© á«ãç�©−®áâ¨, ®¡ãç�¥âáï ¡®«ìè®¥ ç¨á«® ˆ�‘
á ®¤¨−�ª®¢ë¬¨ £¨¯¥à¯�à�¬¥âà�¬¨, −® á à�§−ë¬¨ −�ç�«ì−ë¬¨ §−�ç¥−¨ï¬¨ ¢¥á®-
¢ëå ª®íää¨æ¨¥−â®¢.

�ç¥¢¨¤−®, çâ® −¥ ¢á¥ ®¡ãç¥−−ë¥ ˆ�‘ ¡ã¤ãâ ¤�¢�âì ¯à�¢¨«ì−ë¥ ¯à®£−®-
§ë, ¯®íâ®¬ã ¢�¦−® ¨¬¥âì ªà¨â¥à¨¨, ¯®§¢®«ïîé¨¥ ®âä¨«ìâà®¢ë¢�âì §�¢¥¤®¬®
−¥¯à�¢¨«ì−® ®¡ãç¥−−ë¥ ˆ�‘.

‚ ¬®¤¥«¨ ï¤¥à−ëå ®¡®«®ç¥ª à®«ì â�ª®£® ªà¨â¥à¨ï ¨£à�¥â ¢�à¨�æ¨®−−ë©
¯à¨−æ¨¯ ¤«ï í−¥à£¨© á¢ï§�−−ëå á®áâ®ï−¨©, á®£«�á−® ª®â®à®¬ã í−¥à£¨ï ®á−®¢−®£®
á®áâ®ï−¨ï Egs ¤®«¦−� ã¬¥−ìè�âì-

÷¨á. 3 ƒ¨áâ®£à�¬¬� §�¢¨á¨¬®áâ¨ ç¨á«� ˆ�‘,
¯à¥¤áª�§ë¢�îé¨å í−¥à£¨î ¢ ª�¦¤®¬ ¨−â¥à¢�-
«¥, ®â ¯à¥¤áª�§ë¢�¥¬ëå ¨¬¨ í−¥à£¨© ®á−®¢−®£®
á®áâ®ï−¨ï Egs: 1 | Epr

gs
= −3,564 Œí‚; σ =

= 0,0029Œí‚

áï á à®áâ®¬ Nmax ¯à¨ ª�¦¤®¬ ä¨ª-
á¨à®¢�−−®¬ §−�ç¥−¨¨ ~Ÿ.

„«ï ¤�«ì−¥©è¥© ä¨«ìâà�æ¨¨,
�−�«®£¨ç−® à�¡®â¥ [13], ¢ë¡¨à�îâ-
áï 50 ˆ�‘ á −�¨¬¥−ìè¨¬ áà¥¤−¥-
ª¢�¤à�â¨ç−ë¬ ®âª«®−¥−¨¥¬ ¯à¥¤-
áª�§�−−ëå §−�ç¥−¨© ®â ¨áâ¨−−ëå.

�¬¯¨à¨ç¥áª¨ ¡ë«® ¯®ª�§�−®,
çâ® §�¢¨á¨¬®áâì ç¨á«� ˆ�‘, ¯à¥¤-
áª�§ë¢�îé¨å í−¥à£¨î ¢ ª�¦¤®¬
¨−â¥à¢�«¥, ®â ¯à¥¤áª�§ë¢�¥¬ëå
¨¬¨ í−¥à£¨© ®á−®¢−®£® á®áâ®-
ï−¨ï Egs ¢ ¡®«ìè¨−áâ¢¥ á«ãç�-
¥¢ ¯à¥¤áâ�¢«ï¥â á®¡®© −®à¬�«ì−®¥
à�á¯à¥¤¥«¥−¨¥. �¯¯à®ªá¨¬¨àãï ¨å
ªà¨¢®© ƒ�ãáá�, ¬®¦−® ¯®«ãç¨âì
¯à®£−®§ ¬¥â®¤� ¨ ¥£® ¯®£à¥è-
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−®áâì. ‘à¥¤−¥¥ §−�ç¥−¨¥ íâ®£® à�á¯à¥¤¥«¥−¨ï ¨á¯®«ì§ã¥âáï ª�ª §−�ç¥−¨¥, ¯à¥¤-
áª�§ë¢�¥¬®¥ ¬¥â®¤®¬, | Eprgs, � áâ�−¤�àâ−®¥ ®âª«®−¥−¨¥ à�á¯à¥¤¥«¥−¨ï σ ¯à¨-
−¨¬�¥âáï §� ¯®£à¥è−®áâì –E ¯à¥¤áª�§�−¨ï ¬¥â®¤�. �� à¨á. 3 ¯à¨¢¥¤¥−� â�ª�ï
£¨áâ®£à�¬¬�. ƒ�ãáá®¨¤� ¤«ï ¤�−−®£® à�á¯à¥¤¥«¥−¨ï ¯®ª�§�−� ªà¨¢®©.

‚ëè¥ã¯®¬ï−ãâë© �«£®à¨â¬ ¡ë« à�§à�¡®â�− á ¨á¯®«ì§®¢�−¨¥¬ ¡¨¡«¨®â¥ª¨
á ®âªàëâë¬ ¨áå®¤−ë¬ ª®¤®¬ Keras [15] ¤«ï ï§ëª� Python.

5 Результаты

‘ ¯®¬®éìî ¯®¨áª� ¯® á¥âª¥ ¡ë«¨ ¯®«ãç¥−ë ®¯â¨¬�«ì−ë¥ ¯�à�¬¥âàë ¬�-
è¨−−®£® ®¡ãç¥−¨ï ¤«ï ®¡¥¨å §�¤�ç. Š íâ¨¬ ¯�à�¬¥âà�¬ ®â−®áïâáï: áª®à®áâì
®¡ãç¥−¨ï γ = 0,1, à�§¬¥à ¯�ª¥â� BS = 64 ¨ 16 ¤«ï ¬®¤¥«ì−®© §�¤�ç¨ ¨ §�¤�ç¨
−�å®¦¤¥−¨ï í−¥à£¨¨ ®á−®¢−®£® á®áâ®ï−¨ï ï¤à� 4He á®®â¢¥âáâ¢¥−−®. �¯â¨¬�«ì−�ï
�àå¨â¥ªâãà� ˆ�‘ ¢ ®¡®¨å á«ãç�ïå | 5 áªàëâëå á«®¥¢ ¯® 10 −¥©à®−®¢ ¢ ª�¦-
¤®¬. �ªâ¨¢¨àãîé¥© äã−ªæ¨¥© ª�¦¤®£® ¨§ á«®¥¢, §� ¨áª«îç¥−¨¥¬ ¯®á«¥¤−¥£®,
ï¢«ï¥âáï á¨£¬®¨¤�«ì−�ï äã−ªæ¨ï.

‡�¢¨á¨¬®áâì ¯à¥¤áª�§�−¨© ¬¥â®¤� ®â ®¡ê¥¬� ¤�−−ëå ¤«ï ¬®¤¥«ì−®© §�¤�-
ç¨ ¯®ª�§�−� −� à¨á. 4, �. ’®çª¨ ¯à¥¤áâ�¢«ïîâ á®¡®© ¯à¥¤áª�§�−−®¥ §−�ç¥−¨¥
í−¥à£¨¨ ®á−®¢−®£® á®áâ®ï−¨ï Egs, ¢¥àâ¨ª�«ì−ë¥ «¨−¨¨ | ¯®£à¥è−®áâì ¯à¥¤-
áª�§�−¨ï σ. ƒ®à¨§®−â�«ì−�ï «¨−¨ï á®®â¢¥âáâ¢ã¥â ¨áâ¨−−®¬ã §−�ç¥−¨î í−¥à£¨¨
Eexpgs = −3,581Œí‚. �à®æ¥áá ®¡ãç¥−¨ï ¯à®¢®¤¨«áï −� ¤�−−ëå ¢¯«®âì ¤®Nmax =
= 10, 12, 14 ¨ â�ª ¤�«¥¥. Š�ª ¢¨¤−® ¨§ à¨á. 4, �, ¨áâ¨−−®¥ §−�ç¥−¨¥ «¥¦¨â ¢ ¯à¥¤-
áª�§ë¢�¥¬ëå ¨−â¥à¢�«�å ¤«ï ¢á¥å à�§¬¥à®¢ −�¡®à� ¤�−−ëå. �à¨ ã¢¥«¨ç¥−¨¨
¬�ªá¨¬�«ì−®£® §−�ç¥−¨ïNmax ¯à¥¤áª�§�−¨ï ¬¥â®¤� ¨§¬¥−ïîâáï á −3,585±0,030
¤® −3,579± 0,006Œí‚ ¤«ï Nmax = 10 ¨ 40 á®®â¢¥âáâ¢¥−−®.

�� à¨á. 4, ¡ ¯®ª�§�−� �−�«®£¨ç−�ï §�¢¨á¨¬®áâì ¤«ï §�¤�ç¨ −�å®¦¤¥−¨ï í−¥à-
£¨¨ ®á−®¢−®£® á®áâ®ï−¨ï 4He. ƒ®à¨§®−â�«ì−�ï «¨−¨ï | à¥§ã«ìâ�âë íªáâà�¯®-
«ïæ¨¨, ¯®«ãç¥−−ë¥ ¢ [5]. ‚á¥ ¯à¥¤áª�§�−−ë¥ ¤¨�¯�§®−ë â�ª¦¥ á®¤¥à¦�â íâ®

÷¨á. 4 ÷¥§ã«ìâ�âë à�¡®âë �«£®à¨â¬� á à�§−ë¬ ®¡ê¥¬®¬ ¢å®¤−ëå ¤�−−ëå ¤«ï ¬®¤¥«ì−®©
§�¤�ç¨ (�) ¨ ¤«ï §�¤�ç¨ −�å®¦¤¥−¨ï í−¥à£¨¨ ®á−®¢−®£® á®áâ®ï−¨ï 4He (¡); γ = 0,1
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Œ�è¨−−®¥ ®¡ãç¥−¨¥ ¤«ï §�¤�ç íªáâà�¯®«ïæ¨¨ á ¬�«ë¬ ®¡ê¥¬®¬ ¤�−−ëå

§−�ç¥−¨¥. �à¥¤áª�§�−¨ï ¤«ï Nmax = 10 ¨ 18 á®áâ�¢«ïîâ −28,368 ± 0,043
¨ −28,366 ± 0,015Œí‚ á®®â¢¥âáâ¢¥−−®.

÷�§à�¡®â�−−ë© �«£®à¨â¬ å®à®è® à�¡®â�¥â ¤�¦¥ á −¥¡®«ìè¨¬¨ −�¡®à�¬¨
¤�−−ëå. ’�ª, §�¤�ç� −�å®¦¤¥−¨ï í−¥à£¨¨ ®á−®¢−®£® á®áâ®ï−¨ï 4He á Nmax =
= 10 á®¤¥à¦¨â ®ª®«® 50 ¯à¨¬¥à®¢, çâ® ï¢«ï¥âáï −¥¤®áâ�â®ç−ë¬ ®¡ê¥¬®¬ ¤�−−ëå
¤«ï ª®àà¥ªâ−®© à�¡®âë ¡®«ìè¨−áâ¢� ¤àã£¨å �«£®à¨â¬®¢ −� ®á−®¢¥ ¬�è¨−−®£®
®¡ãç¥−¨ï.

6 Заключение

�à¥¤«®¦¥− −®¢ë© ¬¥â®¤ íªáâà�¯®«ïæ¨¨ à¥§ã«ìâ�â®¢ ¢�à¨�æ¨®−−ëå à�áç¥â®¢
¢ ¬®¤¥«¨ ï¤¥à−ëå ®¡®«®ç¥ª á ®áæ¨««ïâ®à−ë¬ ¡�§¨á®¬ −� á«ãç�© ¡¥áª®−¥ç−® ¡®«ì-
è¨å ¬®¤¥«ì−ëå ¯à®áâà�−áâ¢. Œ¥â®¤ ®á−®¢�− −� ¬�è¨−−®¬ ®¡ãç¥−¨¨ ¨ ¯®§¢®«ï¥â
¯à¥¤áª�§ë¢�âì §−�ç¥−¨ï í−¥à£¨¨ ®á−®¢−®£® á®áâ®ï−¨ï −� ®á−®¢¥ à¥§ã«ìâ�â®¢ ¢�-
à¨�æ¨®−−ëå à�áç¥â®¢, ¯®«ãç¥−−ëå ¢ ®£à�−¨ç¥−−®¬ ç¨á«¥ ¬®¤¥«ì−ëå ¯à®áâà�−áâ¢
Nmax á à�§«¨ç−ë¬¨ §−�ç¥−¨ï¬¨ ®áæ¨««ïâ®à−®£® ¯�à�¬¥âà� ~Ÿ. ‚ à�§à�¡®â�−−®¬
�«£®à¨â¬¥ ¨á¯®«ì§ã¥âáï â®«ìª® ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ á ®âªàëâë¬ ¨áå®¤−ë¬
ª®¤®¬.

‚ à�¬ª�å ¬®¤¥«ì−®© §�¤�ç¨ á ¨§¢¥áâ−ë¬ â®ç−ë¬ à¥è¥−¨¥¬ ¨áá«¥¤®¢�«�áì
áå®¤¨¬®áâì à¥§ã«ìâ�â®¢ ¯à¨ ã¢¥«¨ç¥−¨¨ ®¡ê¥¬� ¢å®¤−ëå ¤�−−ëå. �®ª�§�−®, çâ®
¬¥â®¤ ¯®§¢®«ï¥â ¤®áâ¨çì ¤®áâ�â®ç−® ¢ëá®ª®© â®ç−®áâ¨ ¯à®£−®§� ¤�¦¥ ¢ á«ãç�¥
¬�«ëå ¯à®áâà�−áâ¢ ¬®¤¥«¥© Nmax ∼ 10, çâ® ®á®¡¥−−® ¢�¦−® á â®çª¨ §à¥−¨ï ¥£®
¯à¨¬¥−¥−¨ï ¤«ï �−�«¨§� à¥§ã«ìâ�â®¢, ¯®«ãç¥−−ëå ¢ á®¢à¥¬¥−−ëå ®¡®«®ç¥ç−ëå
¯®¤å®¤�å. ’® ¦¥ ãâ¢¥à¦¤¥−¨¥ á¯à�¢¥¤«¨¢® ¨ ¤«ï ®æ¥−ª¨ í−¥à£¨¨ ®á−®¢−®£®
á®áâ®ï−¨ï ï¤à� 4He.

Œ¥â®¤ ¯®§¢®«ï¥â −¥ â®«ìª® ¯®«ãç¨âì ¨−â¥à¥áãîé¥¥ §−�ç¥−¨¥, −® ¨ ®æ¥−¨âì
â®ç−®áâì ¯à®£−®§®¢. Š ¤®áâ®¨−áâ¢�¬ ¬¥â®¤� ¬®¦−® â�ª¦¥ ®â−¥áâ¨ ã−¨¢¥à-
á�«ì−®áâì: ¥£® ¬®¦−® ¨á¯®«ì§®¢�âì −¥ â®«ìª® ¤«ï �−�«¨§� í−¥à£¨© ®á−®¢−®£®
á®áâ®ï−¨ï, −® ¨ ¤«ï ¤àã£¨å å�à�ªâ¥à¨áâ¨ª ï¤¥à.
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MACHINE LEARNING FOR EXTRAPOLATION PROBLEMS
WITH SMALL DATASET

A. O. Belozerov and A. I. Mazur

Pacific National University, 136 Tikhookeanskaya Str., Khabarovsk 680035, Rus-
sian Federation

Abstract: A new method of extrapolation of variational calculations which is
based on training a large number of artificial neural networks with subsequent
filtering to select the best networks is proposed. This method is used to evaluate
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Machine learning for extrapolation problems with small dataset

ground state energy for model problem and to calculate the ground state energy
of a 4He nucleus based on calculations in no-core shell model with realistic
potential Daejeon16. The results convergence with increasing number of input
data was studied. It is shown that the method allows one to achieve a sufficiently
high prediction accuracy even in the case of small model spaces. The method can
be applied both in finding various characteristics of nuclei and in solving other
problems not related to nuclear physics.
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ПОСТРОЕНИЕ СОКРАЩЕННОГО ДЕРЕВА ДОСТИЖИМОСТИ
ДЛЯ МОДЕЛЕЙ ПРОГРАММ В ТЕРМИНАХ СЕТЕЙ ПЕТРИ∗

Д. В. Леонтьев1, Д. И. Харитонов2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï §�¤�ç� ¯®áâà®¥−¨ï ¯à®áâà�−áâ¢� á®áâ®ï−¨© ¤«ï
�−�«¨§� ¯®¢¥¤¥−¨ï ¨¬¯¥à�â¨¢−ëå ¯à®£à�¬¬. �à¨ �¢â®¬�â¨ç¥áª®¬ ¯®áâà®¥−¨¨
¬®¤¥«¥© ¯à®£à�¬¬ íää¥ªâ ¢§àë¢� ç¨á«� �−�«¨§¨àã¥¬ëå á®áâ®ï−¨© á®áâ�¢-
«ï¥â ®á−®¢−ãî ¯à®¡«¥¬ã ¤«ï ¯®¨áª� ®è¨¡®ª ¢ ¨áå®¤−ëå â¥ªáâ�å ¯à®£à�¬¬,
¯à¨ç¥¬ íâ®â ¢§àë¢ ¨−¤ãæ¨àã¥âáï §� áç¥â á®áâ®ï−¨ï ¬−®¦¥áâ¢� ¯¥à¥¬¥−−ëå
¯à®£à�¬¬ë. �à¥¤«�£�¥âáï ¯®¤å®¤ ª ã¬¥−ìè¥−¨î ç¨á«� á®áâ®ï−¨© ¤¥à¥¢�
¤®áâ¨¦¨¬®áâ¨ ¬®¤¥«¥© ¯à®£à�¬¬ ç¥à¥§ ®â¤¥«¥−¨¥ ¬®¤¥«¨ ¯®â®ª� ã¯à�¢«¥-
−¨ï ¯à®£à�¬¬®© ®â ¬®¤¥«¥© ¯¥à¥¬¥−−ëå ¨ ¯®á«¥¤ãîé¥£® ¤®¡�¢«¥−¨ï â®«ìª®
¯¥à¥¬¥−−ëå, ¢«¨ïîé¨å −� ¯®â®ª ã¯à�¢«¥−¨ï, ¨ á®ªà�é¥−¨ï á®áâ®ï−¨© íâ¨å
¯¥à¥¬¥−−ëå. ÷�áá¬®âà¥−−ë© ¢ áâ�âì¥ ¯à¨¬¥à ¯®ª�§ë¢�¥â, ª�ª −� ¯à�ªâ¨ª¥
¬®¦¥â ¡ëâì ¯à¨¬¥−¥− â�ª®© ¯®¤å®¤.

Š«îç¥¢ë¥ á«®¢�: á¥â¨ �¥âà¨; ¤¥à¥¢® ¤®áâ¨¦¨¬®áâ¨; ¯à®¢¥àª� ª®àà¥ªâ−®áâ¨
¯à®£à�¬¬; ¬®¤¥«¨à®¢�−¨¥ ¯®¢¥¤¥−¨ï ¯à®£à�¬¬

DOI: 10.14357/08696527220203

1 Введение

‡�¢¨á¨¬®áâì á®¢à¥¬¥−−®£® ®¡à�§� ¦¨§−¨ «î¤¥© ®â ¨−ä®à¬�æ¨®−−ëå â¥å−®«®-
£¨© ¯®áâ®ï−−® à�áâ¥â. ÷�áâ¥â ®¡ê¥¬ ¨ à�§−®®¡à�§¨¥ ¨á¯®«ì§ã¥¬®£® ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï, ª®â®à®¥ ¤®«¦−® ã¤®¢«¥â¢®àïâì ¯®âà¥¡−®áâï¬ ®¡é¥áâ¢�. �à¨ íâ®¬
¯®áâ®ï−−®¥ ¯®ï¢«¥−¨¥ −®¢®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¯à®¨áå®¤¨â ¢ ãá«®¢¨ïå,
ª®£¤� ¯à®æ¥áá ª�ç¥áâ¢¥−−®© ¯à®¢¥àª¨ ®âáâ�¥â ®â ¯à®æ¥áá� à�§à�¡®âª¨. ‚ à¥§ã«ì-
â�â¥ −�¤¥¦−®áâì ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ®â ª®â®à®£® ç�áâ® §�¢¨á¨â ¦¨§−ì
«î¤¥©, ®áâ�¥âáï ¯®¤ ¢®¯à®á®¬. ��¯à¨¬¥à, ¨§-§� ®è¨¡ª¨ ¢ ¯à®£à�¬¬−®¬ ®¡¥á-
¯¥ç¥−¨¨ �¯¯�à�â� «ãç¥¢®© â¥à�¯¨¨ Therac-25 −¥¯à�¢¨«ì−® à�ááç¨âë¢�«�áì ¤®§�
®¡«ãç¥−¨ï ¨ ¢ à¥§ã«ìâ�â¥ −¥ª®â®àë¥ ¯�æ¨¥−âë ¯®«ãç¨«¨ ¤®§ë −¥ ¢ −¥áª®«ìª®
á®â¥− à�¤, � ¢ 20 000 à�¤ [1] (¤®§� 1000 à�¤ ¤«ï ç¥«®¢¥ª� áç¨â�¥âáï −¥á®¢¬¥áâ¨-
¬®© á ¦¨§−ìî). „àã£¨¬ ¯à¨¬¥à®¬ ¯à®¡«¥¬ ¢ ¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥−¨¨ ¬®£ãâ

∗‘â�âìï ¯ã¡«¨ªã¥âáï ¯® ¯à¥¤áâ�¢«¥−¨î ¯à®£à�¬¬−®£® ª®¬¨â¥â� VI Œ¥¦¤ã−�à®¤−®© −�ãç−®-
¯à�ªâ¨ç¥áª®© ª®−ä¥à¥−æ¨¨ úˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¨ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¥ ¢ëç¨á«¥-
−¨ïû (ITHPC-2021). ÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ â¥¬ë £®á¡î¤¦¥â−®£® §�¤�−¨ï
ü 121021700006-0.

1ˆ−áâ¨âãâ �¢â®¬�â¨ª¨ ¨ ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï „�«ì−¥¢®áâ®ç−®£® ®â¤¥«¥−¨ï ÷®áá¨©áª®© �ª�-
¤¥¬¨¨ −�ãª, devozh@dvo.ru

2ˆ−áâ¨âãâ �¢â®¬�â¨ª¨ ¨ ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï „�«ì−¥¢®áâ®ç−®£® ®â¤¥«¥−¨ï ÷®áá¨©áª®© �ª�-
¤¥¬¨¨ −�ãª, demiurg@dvo.ru
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¯®á«ã¦¨âì ¤¢¥ �¢¨�ª�â�áâà®äë Boing 737 MAX, ª®â®àë¥ ¯à®¨§®è«¨ ¯® ¢¨−¥
−®¢®© á¨áâ¥¬ë ã¢¥«¨ç¥−¨ï ¬�−¥¢à¥−−ëå å�à�ªâ¥à¨áâ¨ª (MCAS | maneuvering
characteristics augmentation system) ¨ ¯®¢«¥ª«¨ §� á®¡®© £¨¡¥«ì ¢á¥å ¯�áá�¦¨à®¢,
−�å®¤¨¢è¨åáï −� ¡®àâã [2]. ˆ§-§� ®è¨¡®ª á¨áâ¥¬ë �¢â®¯¨«®â á�¬®«¥â� ¯®«ãç�«
−¥¢¥à−ë¥ ¤�−−ë¥ ®¡ ã£«¥ �â�ª¨, ¢á«¥¤áâ¢¨¥ ç¥£® áç¨â�«, çâ® á�¬®«¥â −�å®¤¨â-
áï −� £à�−¨ á¢�«¨¢�−¨ï, ¨ ®¯ãáª�« −®á á�¬®«¥â�. …áâì ¥é¥ −¥¬�«® ¯à¨¬¥à®¢
ª�â�áâà®ä¨ç¥áª¨å ®è¨¡®ª ¢ ¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥−¨¨, ª®â®àë¥ ¬®£«¨ ¡ë ¡ëâì
®¡−�àã¦¥−ë ¯à¨ −�¤«¥¦�é¥© ¯à®¢¥àª¥, çâ® ¯®§¢®«¨«® ¡ë ¨§¡¥¦�âì âà�£¥¤¨©.

‚ −�áâ®ïé¥© áâ�âì¥ ¤«ï ¬®¤¥«¨à®¢�−¨ï ¯à®£à�¬¬ ¨á¯®«ì§ãîâáï á¥â¨ �¥âà¨,
å®à®è® §�à¥ª®¬¥−¤®¢�¢è¨¥ á¥¡ï ¯à¨ ¬®¤¥«¨à®¢�−¨¨ ¯�à�««¥«ì−ëå ¨ à�á¯à¥¤¥-
«¥−−ëå á¨áâ¥¬. ‚ ¡®«ìè¨−áâ¢¥ ¬¥â®¤®¢ �−�«¨§� á¥â¥© �¥âà¨ ¯à¨¬¥−ï¥âáï ¯®áâà®-
¥−¨¥ £à�ä� ¤®áâ¨¦¨¬®áâ¨, ®¯¨áë¢�îé¥£® ¯à®áâà�−áâ¢® á®áâ®ï−¨© ¯à®£à�¬¬ë.
‚ á¥âïå �¥âà¨, ª�ª ¨ ¢ ¤àã£¨å ¬¥â®¤�å ¯à®¢¥àª¨ −� ¬®¤¥«¨, ®á−®¢−®© ¯à®¡«¥¬®©
¬®¦¥â áâ�âì ª®¬¡¨−�â®à−ë© ¢§àë¢ ç¨á«� á®áâ®ï−¨©, â�ª ª�ª ¯à¨ ¯®áâà®¥−¨¨ ¯®«-
−®£® ¯à®áâà�−áâ¢� á®áâ®ï−¨© ¯à®£à�¬¬ë −¥®¡å®¤¨¬® ãç¨âë¢�âì §−�ç¥−¨¥ ª�¦¤®©
¥£® ¯¥à¥¬¥−−®© ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨. ‚ −�áâ®ïé¥© à�¡®â¥ ¯à¥¤«�£�¥âáï
¯®¤å®¤ ª ã¬¥−ìè¥−¨î ç¨á«� á®áâ®ï−¨© ¤¥à¥¢� ¤®áâ¨¦¨¬®áâ¨ ¬®¤¥«¥© ¯à®£à�¬¬
§� áç¥â ®â¤¥«¥−¨ï ¬®¤¥«¨ ¯®â®ª� ã¯à�¢«¥−¨ï ¯à®£à�¬¬®© ®â ¬®¤¥«¥© ¯¥à¥¬¥−−ëå
¨ ¯®á«¥¤ãîé¥£® ¤®¡�¢«¥−¨ï â®«ìª® â¥å ¯¥à¥¬¥−−ëå, ª®â®àë¥ ¢«¨ïîâ −� ¯®â®ª
ã¯à�¢«¥−¨ï.

2 Пример программы, построение модели

„«ï ¯®áâà®¥−¨ï ¤¥à¥¢� ¤®áâ¨¦¨¬®áâ¨ ¢ ª�ç¥áâ¢¥ ¯à¨¬¥à� à�áá¬®âà¨¬ ¯à®-
£à�¬¬ã, ¨§®¡à�¦¥−−ãî −� à¨á. 1. ‚ íâ®© ¯à®£à�¬¬¥ £«�¢−�ï äã−ªæ¨ï main
á®§¤�¥â ¯®â®ª Produce ¨ ¢ë§ë¢�¥â äã−ªæ¨î Consume. �®â®ª Produce ¢ëç¨á«ï¥â
ç«¥−ë −¥ª®â®à®£® ¬�â¥¬�â¨ç¥áª®£® àï¤� ¨ ¯®áë«�¥â ¨å ¢ äã−ªæ¨î Consume,
ª®â®à�ï ¢ëç¨á«ï¥â áã¬¬ã àï¤� ¨ ®¯à¥¤¥«ï¥â ¬®¬¥−â, ª®£¤� ®¡� ¯®â®ª� ¤®«¦−ë
§�ª®−ç¨âì á¢®¥ ¢ë¯®«−¥−¨¥. �á−®¢−�ï äã−ªæ¨ï main ¤®¦¨¤�¥âáï §�¢¥àè¥−¨ï
®¡®¨å ¯®â®ª®¢ ¨ ¯®á«¥ íâ®£® ¯à¥ªà�é�¥â á¢®¥ ¢ë¯®«−¥−¨¥.

’¥áâ®¢ë© ¯à¨¬¥à á®áâ�¢«¥− â�ª¨¬ ®¡à�§®¬, çâ® ¥á«¨ ¯®¬¥−ïâì ¬¥áâ�¬¨ ¢®áì-
¬ãî ¨ ¤¥¢ïâãî áâà®ª¨ ¢ äã−ªæ¨¨ Consume, â® ¯à®¨§®©¤¥â ¤¥¤«®ª ¢ á¨−åà®−¨§�-
æ¨¨ ¯®â®ª®¢ | ¯®â®ª Consume §�ª®−ç¨â á¢®¥ ¨á¯®«−¥−¨¥, ¢ â® ¢à¥¬ï ª�ª ¯®â®ª
Produce ¡ã¤¥â ¯à®¤®«¦�âìáï. …á«¨ à�ááç¨âë¢�âì −� �¢â®¬�â¨§�æ¨î ¯à®æ¥áá�
¯à®¢¥àª¨ ¯®¢¥¤¥−¨ï ¯à®£à�¬¬ë, â®, −¥á¬®âàï −� −¥¡®«ìè®© ª®¤ ¨ −¥¡®«ìè®¥
ç¨á«® ¯¥à¥¬¥−−ëå, ¢ §�¢¨á¨¬®áâ¨ ®â áª®à®áâ¨ áå®¤¨¬®áâ¨ ¢ë¡à�−−®£® ¬�â¥-
¬�â¨ç¥áª®£® àï¤� ç¨á«® �−�«¨§¨àã¥¬ëå á®áâ®ï−¨© ¯à®£à�¬¬ë ¬®¦¥â ¤®áâ¨£�âì
¯à®¨§¢®«ì−® ¡®«ìè¨å ç¨á¥«.

�®áâà®¥−¨¥ ¬®¤¥«¨ ¯à®£à�¬¬ë �¢â®¬�â¨§¨à®¢�−−ë¬ á¯®á®¡®¬ ®áãé¥áâ¢«ï-
¥âáï −� ®á−®¢¥ �¡áâà�ªâ−®£® á¥¬�−â¨ç¥áª®£® £à�ä� (ASG | abstract semantic
graph), ¯®«ãç�¥¬®£® ¯®á«¥ á¨−â�ªá¨ç¥áª®£® à�§¡®à� ¨áå®¤−ëå â¥ªáâ®¢ [3]. �à¨
íâ®¬ ä®à¬¨à®¢�−¨¥ Œ-á¥â¨, ¢ª«îç�îé¥© ¢á¥ §−�ç¥−¨ï ¯¥à¥¬¥−−ëå ¢ ¨á¯®«−ï-
¥¬®¬ ¯à®æ¥áá¥, −¥æ¥«¥á®®¡à�§−®, â�ª ª�ª íää¥ªâ ¢§àë¢� ç¨á«� á®áâ®ï−¨© á¤¥«�¥â
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�®áâà®¥−¨¥ á®ªà�é¥−−®£® ¤¥à¥¢� ¤®áâ¨¦¨¬®áâ¨ ¤«ï ¬®¤¥«¥© ¯à®£à�¬¬

÷¨á. 1 ”à�£¬¥−â ¯à®£à�¬¬ë −� ï§ëª¥ C

¯®áâà®¥−¨¥ £à�ä� ¤®áâ¨¦¨¬®áâ¨ ¯à®£à�¬¬ë ä�ªâ¨ç¥áª¨ −¥¢®§¬®¦−ë¬. �®íâ®¬ã
áãé¥áâ¢ãîâ ¤¢� ¢�à¨�−â�. ‚®-¯¥à¢ëå, ¬®¦−® ®¡¥áæ¢¥â¨âì ¬®¤¥«ì ¯à®£à�¬¬ë,
¯®«−®áâìî ã¤�«¨¢ ¨§ −¥¥ ¤�−−ë¥, −® á®åà�−¨¢ £à�ä ¯®â®ª� ã¯à�¢«¥−¨ï. ‚®-¢â®-
àëå, ¬®¦−® ¤®¯®«−¨â¥«ì−® ®â¤¥«¨âì ¤�−−ë¥ ®â ¯®â®ª� ã¯à�¢«¥−¨ï ¯à®£à�¬¬®©.
„«ï íâ®£® −¥®¡å®¤¨¬® ¢ë−¥áâ¨ ¯¥à¥¬¥−−ë¥ ¢ ®â¤¥«ì−ë¥ ¯®¤á¥â¨, ª®â®àë¥ £àã¯-
¯¨àãîâáï ¯® â¨¯�¬ ¨á¯®«ì§ã¥¬ëå ¯¥à¥¬¥−−ë¬¨ ¤�−−ëå. Š�¦¤�ï â�ª�ï á¥âì
®¯¨áë¢�¥â á¢®© â¨¯ ¤�−−ëå ª�ª �¡áâà�ªâ−ë©, â. ¥. ¢ë¤¥«ïï ¬¥â®¤ë ¨ ®¯¥à�æ¨¨,
ª®â®àë¥ ¬®¦−® ¯à¨¬¥−¨âì ª â¨¯ã ¤�−−ëå, ¤®áâã¯ ª ª®â®àë¬ ®áãé¥áâ¢«ï¥âáï
ç¥à¥§ â®çª¨ ¤®áâã¯�.

ˆáå®¤ï ¨§ â¥ªáâ®¢ ¯à®£à�¬¬ë, ¯à¥¤áâ�¢«¥−−ëå −� à¨á. 1, ¯®«−�ï ¬®¤¥«ì
¯à®£à�¬¬ë ¢ ª®¬¯®§¨æ¨®−�«ì−®¬ ¢¨¤¥ ¤®«¦−� á®¤¥à¦�âì á¥â¨ �¥âà¨, ®¯¨áë-
¢�îé¨¥ äã−ªæ¨¨ main, Consume, Produce, � â�ª¦¥ á¥â¨, ®¯¨áë¢�îé¨¥ áà¥¤ã
¨á¯®«−¥−¨ï. Š áà¥¤¥ ¨á¯®«−¥−¨ï ®â−®á¨âáï §�£àã§ç¨ª ¯à®£à�¬¬ë, á¥â¥¢®¥
®ªàã¦¥−¨¥, ®¯¨áë¢�îé¥¥ äã−ªæ¨¨ ¤«ï ¯¥à¥áë«ª¨ á®®¡é¥−¨© Send ¨ Recv,
� â�ª¦¥ ¡¨¡«¨®â¥ª� à�¡®âë á ¯®â®ª�¬¨, ¯à¥¤áâ�¢«¥−−�ï ¢ ¯à®£à�¬¬¥ äã−ªæ¨ï¬¨
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÷¨á. 2 Š®¬¯®§¨æ¨®−�«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¬®¤¥«¨ ¯à®£à�¬¬ë á ¢ë¤¥«¥−¨¥¬ ¤�−−ëå
¢ ®â¤¥«ì−ë¥ á¥â¨

pthread begin ¨ pthread join. �� à¨á. 2 ¯à¥¤áâ�¢«¥−® ª®¬¯®§¨æ¨®−�«ì−®¥ ¯à¥¤-
áâ�¢«¥−¨¥ ¬®¤¥«¨ ¯à®£à�¬¬ë á à�§¤¥«¥−¨¥¬ −� ¬®¤¥«¨ ¤�−−ëå ¨ ¬®¤¥«¨ äã−ªæ¨©,
¢ª«îç�îé¥¥ ¢á¥ ¢ëè¥®¡®§−�ç¥−−ë¥ á¥â¨.

3 Построение дерева достижимости

„«ï ¯®áâà®¥−¨ï ¤¥à¥¢� ¤®áâ¨¦¨¬®áâ¨ à�áá¬®âà¨¬ ã¯à®é¥−−ãî ¬®¤¥«ì ¯à®-
£à�¬¬ë, á®áâ�¢«¥−−ãî ¨§ äã−ªæ¨© Consume, Produce ¨ áà¥¤ë ¯¥à¥¤�ç¨ ¤�−−ëå,
¨§®¡à�¦¥−−ãî −� à¨á. 3. ‚ íâã ¬®¤¥«ì ¤®¡�¢«¥−ë áâ�àâ®¢ë¥ ¨ ª®−¥ç−ë¥ ¬¥áâ�
¤«ï äã−ªæ¨©, � â�ª¦¥ ®¡®§−�ç¥−� −�ç�«ì−�ï ¬�àª¨à®¢ª�, ¯®§¢®«ïîé�ï ¯à®¢¥áâ¨
¬®¤¥«¨à®¢�−¨¥ ¯®¢¥¤¥−¨ï ¯à®£à�¬¬ë. �¥à¥å®¤ë ¬®¤¥«¨ à�§¬¥ç¥−ë â®çª�¬¨
¤®áâã¯� ¤«ï á¨−åà®−¨§�æ¨¨ á á¥âï¬¨, ¬®¤¥«¨àãîé¨¬¨ ¤�−−ë¥: bool, int, double,
ptr void.

‘å¥¬�â¨ç−® �−�«¨§ ¯®¢¥¤¥−¨ï ¯à®£à�¬¬ë ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ ¤¢ãå
è�£®¢: ¢®-¯¥à¢ëå, −¥®¡å®¤¨¬® ¯®áâà®¨âì ¯à®áâà�−áâ¢® á®áâ®ï−¨©, ¢ ª®â®àëå ¬®-
¦¥â ¯®¡ë¢�âì ¯à®£à�¬¬�, � ¢®-¢â®àëå, ¯à®¢¥à¨âì −� íâ®¬ ¯à®áâà�−áâ¢¥ −�«¨ç¨¥
âã¯¨ª®¢ëå á®áâ®ï−¨©, ¢®§¬®¦−®áâì ¯®ï¢«¥−¨ï −¥®¡å®¤¨¬ëå ¤«ï −®à¬�«ì−®£®
¯®¢¥¤¥−¨ï ¯à®£à�¬¬ë á®¡ëâ¨© (¦¨¢®áâì ¯¥à¥å®¤®¢), � â�ª¦¥ ®âáãâáâ¢¨¥ ¯®ï¢«¥-
−¨ï ¢à¥¤−ëå á®¡ëâ¨©, ¥á«¨ â�ª®¢ë¥ ¡ë«¨ §�à�−¥¥ ®¡®§−�ç¥−ë. �à¥¤áâ�¢«¥−−ë©
−¨¦¥ ª«�áá¨ç¥áª¨© �«£®à¨â¬ áâà®¨â ¨â¥à�æ¨®−−® ¤¥à¥¢® ¤®áâ¨¦¨¬®áâ¨, −�ç¨−�ï
®â −�ç�«ì−®© ¬�àª¨à®¢ª¨ ¨ ¯à®¤®«¦�ï ¤®¡�¢«ïâì ª ã¦¥ ¯®áâà®¥−−ë¬ ¤®áâ¨¦¨-
¬ë¬ á®áâ®ï−¨ï¬ á¥â¨ �¥âà¨ −®¢ë¥, â®«ìª® ¥á«¨ á®áâ®ï−¨ï à�−¥¥ −¥ ¢áâà¥ç�«¨áì.
„¥à¥¢® ¤®áâ¨¦¨¬®áâ¨ ®â«¨ç�¥âáï ®â £à�ä� â¥¬, çâ® ¢ −¥¬ −¥ ®¡ê¥¤¨−ïîâáï ¢¥à-
è¨−ë á ®¤¨−�ª®¢®© ¬�àª¨à®¢ª®©, çâ® ¯®§¢®«ï¥â «¥£ª® ¯®áâà®¨âì ¯ãâì ®â ª�¦¤®©
¢¥àè¨−ë ¤® áâ�àâ®¢®©, â. ¥. −�ç�«ì−®© ¬�àª¨à®¢ª¨ á¥â¨.

Š«�áá¨ç¥áª¨© �«£®à¨â¬ ¯®áâà®¥−¨ï ¤¥à¥¢� ¤®áâ¨¦¨¬®áâ¨ ¬®¦¥â ¡ëâì ¯à¨¬¥-
−¥− ª �−�«¨§¨àã¥¬®© ¬®¤¥«¨ ¯à¨ ãá«®¢¨¨ ¥¥ ®¡¥áæ¢¥ç¨¢�−¨ï. ‘ â®çª¨ §à¥−¨ï

26 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 2 2022



�®áâà®¥−¨¥ á®ªà�é¥−−®£® ¤¥à¥¢� ¤®áâ¨¦¨¬®áâ¨ ¤«ï ¬®¤¥«¥© ¯à®£à�¬¬

÷¨á. 3 �−�«¨§¨àã¥¬�ï ¬®¤¥«ì

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 2 2022 27



„. ‚. ‹¥®−âì¥¢, „. ˆ. •�à¨â®−®¢

Š«�áá¨ç¥áª¨© �«£®à¨â¬ ¯®áâà®¥−¨ï ¤¥à¥¢� ¤®áâ¨¦¨¬®áâ¨

1: Waiting:={M0};
2: Tree.BeginTree(M0);
3: repeat
4: remove M from Waiting;
5: for all (t,M£) in Next(M) do
6: begin
7: if !Tree.Has(M£) Waiting.Add(M£);
8: Tree.AddArc(M,t,M£);
9: end;
10: until !Waiting.IsEmpty()

Next(M) ®¯à¥¤¥«ï¥âáï ¨áå®¤ï ¨§ ¯à�¢¨« áà�¡�âë¢�−¨ï ¯¥à¥å®¤®¢ á«¥¤ãîé¨¬ ®¡à�§®¬:
Next(M) = {(t,M ′) | t ∈ T ∧M [t〉M ′}, £¤¥ §�¯¨áìM [t〉M ′ ®§−�ç�¥â, çâ® ¬�àª¨à®¢ª�M ′

¯®«ãç�¥âáï ¨§ ¬�àª¨à®¢ª¨ M ¯®á«¥ áà�¡�âë¢�−¨ï ¯¥à¥å®¤� t.

�−�«¨§� íâ® ®§−�ç�¥â, çâ® à�áá¬�âà¨¢�îâáï ¢á¥ ¢¥â¢¨ ¨á¯®«−¥−¨ï ¯à®£à�¬¬ë,
¤�¦¥ â�ª¨¥, ª®â®àë¥ −¥ ¬®£ãâ à¥�«ì−® ¯à®¨§®©â¨ ¨§-§� ®âáãâáâ¢¨ï −¥®¡å®¤¨¬®£®
−�¡®à� §−�ç¥−¨© ¯¥à¥¬¥−−ëå ¢ ¯à®áâà�−áâ¢¥ ¤®áâ¨¦¨¬ëå á®áâ®ï−¨© ¯à®£à�¬¬ë.
�� à¨á. 4 ¯à¥¤áâ�¢«¥−® ¤¥à¥¢® ¤®áâ¨¦¨¬®áâ¨, ¯®áâà®¥−−®¥ ¤«ï ®¡¥áæ¢¥ç¥−−®©
¬®¤¥«¨. “§¥« á ¬�àª¨à®¢ª®© −� ¡®«¥¥ â¥¬−®¬ ä®−¥ ®§−�ç�¥â á®áâ®ï−¨¥ ¯à®£à�¬-
¬ë, ¨§ ª®â®à®£® ¤®áâ¨¦¨¬ë ª®−¥ç−ë¥ á®áâ®ï−¨ï ¯à®£à�¬¬ë, ª®â®àë¬¨ á«ã¦�â
¬�àª¨à®¢ª¨ Ce + Pe + N1, Ce + P8 + N2 ¨ C3 + Pe + N1. „®áâ¨¦¥−¨¥ ¯à®-
£à�¬¬®© ¯¥à¢®© ¬�àª¨à®¢ª¨ ®âà�¦�¥â ä�ªâ ª®àà¥ªâ−®£® ¨á¯®«−¥−¨ï ¯à®£à�¬¬ë,
¤®áâ¨¦¥−¨¥ ¯®á«¥¤−¨å ¤¢ãå | ä�ªâ âã¯¨ª®¢ëå á®áâ®ï−¨© ¯à®£à�¬¬ë ¨«¨, ¯®-
¤àã£®¬ã, ä�ªâ ¥¥ §�¢¨á�−¨ï. �−�«¨§ ®¡¥áæ¢¥ç¥−−®© á¥â¨ ¯®§¢®«ï¥â áª�§�âì, çâ®,
¢®§¬®¦−®, ¢ ª®¤¥ ¯à®£à�¬¬ë ¯à¨áãâáâ¢ãîâ ¢�à¨�−âë −¥ª®àà¥ªâ−®£® ¯®¢¥¤¥−¨ï,
� â�ª¦¥ ãª�§�âì ¯ãâì ®â −�ç�«ì−®© ¬�àª¨à®¢ª¨ ¤® âã¯¨ª®¢ëå á®áâ®ï−¨©, ª®â®àë©
¤�«¥¥ ¯à®£à�¬¬¨áâ ¬®¦¥â ¯à®¢¥à¨âì ¢àãç−ãî.

÷�−¥¥ ¯à¥¤áâ�¢«¥−−ë© ª«�áá¨ç¥áª¨© �«£®à¨â¬ ¯®áâà®¥−¨ï ¤¥à¥¢� ¤®áâ¨¦¨-
¬®áâ¨ ¤«ï á¥â¥© �¥âà¨ ¬®¦¥â ¡ëâì ¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬ à�áè¨à¥− ¤«ï Œ-á¥â¥©,
®¤−�ª®, ª�ª ¡ë«® ã¯®¬ï−ãâ® ¢ à�§¤. 2, ¯à®£à�¬¬� ¯®áâà®¥−� â�ª¨¬ ®¡à�§®¬, çâ®
¯à¨ ¬¥¤«¥−−®© áå®¤¨¬®áâ¨ àï¤� (¢ â¥ªáâ¥ ¯à¨¢¥¤¥− àï¤ ‹¥©¡−¨æ�) ¯à®áâà�−áâ¢®
á®áâ®ï−¨© ¯à®£à�¬¬ë ¡ã¤¥â ¢ª«îç�âì ¬¨««¨�à¤ë §−�ç¥−¨© ¯¥à¥¬¥−−ëå. �à¨
íâ®¬ á â®çª¨ §à¥−¨ï ¯®¢¥¤¥−¨ï ¯à®£à�¬¬ë −¥®¡å®¤¨¬® ¢á¥£® «¨èì ®â¢¥â¨âì −�
¢®¯à®á, ¤®áâ¨¦¨¬ë «¨ ¬�àª¨à®¢ª¨ Ce + Pe + N1, Ce + P8 + N2 ¨ C3 + Pe + N1.

�á−®¢®© ¤«ï ¯®áâà®¥−¨ï á®ªà�é¥−−®£® ¤¥à¥¢� ¤®áâ¨¦¨¬®áâ¨ á«ã¦¨â ¯®¤å®¤
ª à�§¤¥«ì−®© ¢¥à¨ä¨ª�æ¨¨ ¨¬¯¥à�â¨¢−ëå ¯à®£à�¬¬ á ¯à¨¬¥−¥−¨¥¬ á¥â¥© �¥âà¨,
®¯¨á�−−ë© ®¤−¨¬ ¨§ �¢â®à®¢ ¢ 2009 £. [4]. ‘®£«�á−® íâ®¬ã ¯®¤å®¤ã ¬®¦−®
¯à®¢¥àïâì à�¡®â®á¯®á®¡−®áâì ª«�áá®¢ (¬®¤ã«¥©) ¢ ¯à®£à�¬¬¥, §�¬¥−ïï ¨å ¬®¤¥«¨
−� ¯à®â®ª®«ë, ¯à¨ç¥¬ ¤¥«�âì íâ® ¬®¦−® ¯®®ç¥à¥¤−® á ª�¦¤ë¬ ª«�áá®¬ ¨«¨ ª�¦¤®©
¯¥à¥¬¥−−®© ¢ ¯à®£à�¬¬¥. —â®¡ë ®¯à¥¤¥«¨âì á®¢¬¥áâ¨¬®áâì ¯à®£à�¬¬ë ¨ ¨á¯®«ì-
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÷¨á. 5 „¢� ¢�à¨�−â� ¯à®â®ª®«� â¨¯� ¤�−−ëå: bool (�) ¨ ¬¥−¥¥ ¤¥â¥à¬¨−¨à®¢�−−ë©
bool (¡)

§ã¥¬®£® ¥î ¬®¤ã«ï, −¥®¡å®¤¨¬® ¢ë¯®«−¥−¨¥ ¤¢ãå ãá«®¢¨©. ‚®-¯¥à¢ëå, �−�«¨§
¯®¢¥¤¥−¨ï ¯à®£à�¬¬ë, á¨−åà®−¨§¨à®¢�−−®© á ¯à®â®ª®«®¬ ¬®¤ã«ï, −¥ ¤®«¦¥−
á®¤¥à¦�âì ®è¨¡®ª, � ¢®-¢â®àëå, ¯à®â®ª®« ¬®¤ã«ï ¤®«¦¥− ®¯¨áë¢�âì ¯®¢¥¤¥−¨¥,
¤®¯ãáª�îé¥¥ ¢ ª�ç¥áâ¢¥ ®¤−®£® ¨§ ¢�à¨�−â®¢ ¯®¢¥¤¥−¨¥ ¬®¤¥«¨ à¥�«¨§�æ¨¨
¬®¤ã«ï. ”�ªâ¨ç¥áª¨ ¯®−ïâ¨¥ ¯à®â®ª®«� ¤®«¦−® ¡ëâì ¬¥−¥¥ ¤¥â¥à¬¨−¨à®¢�−−ë¬,
¬¥−¥¥ ¤¥â�«¨§¨à®¢�−−ë¬, â. ¥. ¯à¥¤«�£�âì ¡®«ìè¥ ¢�à¨�−â®¢ ¨á¯®«−¥−¨ï, ç¥¬
à¥�«ì−ë© ¬®¤ã«ì. ’�ª¨¬ ®¡à�§®¬ ¯®«ãç�¥âáï, çâ® ¥á«¨ ¨¬¥âì −�¡®à ¯à®â®ª®«®¢
à�§−®© áâ¥¯¥−¨ ¤¥â�«¨§�æ¨¨ ¤«ï ª�¦¤®£® ¨§ ®á−®¢−ëå â¨¯®¢ ¤�−−ëå, ¨á¯®«ì-
§ã¥¬ëå ¢ ¯à®£à�¬¬¥, â® ¬®¦−® ¯à®¢¥à¨âì, −�áª®«ìª® ¯à®£à�¬¬� §�¢¨á¨â ®â
ª®−ªà¥â−®© ¯¥à¥¬¥−−®© ¨«¨ ª®−ªà¥â−®£® â¨¯� ¤�−−ëå.

‚ á«ãç�¥ á �−�«¨§¨àã¥¬®© ¯à®£à�¬¬®© ¬®¦−® §�¬¥−¨âì ¤¥â¥à¬¨−¨à®¢�−−ë©
¯à®â®ª®« â¨¯� ¤�−−ëå bool (¢ ª®â®à®¬ ª�¦¤�ï ®¯¥à�æ¨ï ¯à¨á¢®¥−¨ï ¤®«¦−�
á®¤¥à¦�âì ¯à¨á¢�¨¢�¥¬®¥ ¯¥à¥¬¥−−®© §−�ç¥−¨¥) −� ¬¥−¥¥ ¤¥â¥à¬¨−¨à®¢�−−ë©
¯à®â®ª®«, ¢ ª®â®à®¬ ¨¬¥îâáï ®¯¥à�æ¨¨ ¯à¨á¢®¥−¨ï á ãª�§�−¨¥¬ ¨ ¡¥§ ãª�§�−¨ï
¯à¨á¢�¨¢�¥¬®£® ¯¥à¥¬¥−−®© §−�ç¥−¨ï. �� à¨á. 5 ¨§®¡à�¦¥−ë ®¡� ¢�à¨�−â�
¬®¤¥«¨ â¨¯� ¤�−−ëå bool. �� à¨á. 5, ¡ ¯à¨¢¥¤¥− ¬¥−¥¥ ¤¥â¥à¬¨−¨à®¢�−−ë©
¯à®â®ª®«, ¢ ª®â®à®¬ ®¯¥à�æ¨ï ¯à¨á¢®¥−¨ï set(x.id) á«ãç�©−ë¬ ®¡à�§®¬ ¯à¨á¢�¨-
¢�¥â ¯¥à¥¬¥−−®© §−�ç¥−¨¥ 0 ¨«¨ 1.

�� à¨á. 6 ¨§®¡à�¦¥−® ¤¥à¥¢® ¤®áâ¨¦¨¬®áâ¨ �−�«¨§¨àã¥¬®© ¬®¤¥«¨, á¨−-
åà®−¨§¨à®¢�−−®© á ¬¥−¥¥ ¤¥â¥à¬¨−¨à®¢�−−ë¬ ¯à®â®ª®«®¬ â¨¯� ¤�−−ëå bool.
Š ¬�àª¨à®¢ª�¬ á®áâ®ï−¨© ¤¥à¥¢� ¤®áâ¨¦¨¬®áâ¨ 4 ¤®¡�¢«¥−ë â®ª¥−ë ¢ ¬¥áâ¥ B1
¯à®â®ª®«� â¨¯� ¤�−−ëå, ¤«ï ªà�âª®áâ¨ ®¡®§−�ç¥−−ë¥ ª�ª Bc1, Bc0 ¤«ï ¯¥à¥-
¬¥−−®© ¢ ç�áâ¨ á¥â¨, ®â−®áïé¥©áï ª ¯®â®ªã ã¯à�¢«¥−¨ï ¨§ äã−ªæ¨¨ Consume,
¨ Bp1, Bp0| ¨§ äã−ªæ¨¨ Produce. ‚¨¤−®, çâ® á®áâ®ï−¨¥ Ce + Pe + N1 ¨§ ®¡¥á-
æ¢¥ç¥−−®© á¥â¨ ¤®áâ¨£�¥âáï ¯à¨ ¬�àª¨à®¢ª¥ Ce + Pe + N1 + Bc0 + Bp0 ¢ ¡®«¥¥
¯®«−®© ¬®¤¥«¨. Œ�àª¨à®¢ª¨ Ce + P8 + N2 ¨ C3 + Pe + N1 −¥¤®áâ¨¦¨¬ë ¢ ¡®«¥¥
¯®«−®© ¬®¤¥«¨, ¨ íâ® ®§−�ç�¥â, çâ® æ¥«ì ¯®áâà®¥−¨ï ¯à®áâà�−áâ¢� á®áâ®ï−¨©
¤®áâ¨£−ãâ� ¯à¨ �−�«¨§¥ ¯®¢¥¤¥−¨ï ¯à®£à�¬¬ë á ¨á¯®«ì§®¢�−¨¥¬ ¯à®â®ª®«� ¤¢ãå
¯¥à¥¬¥−−ëå ®¤−®£® â¨¯� ¤�−−ëå. ’�ª¨¬ ®¡à�§®¬, ¤¥à¥¢® ¤®áâ¨¦¨¬®áâ¨ −� à¨á. 6
®¯¨áë¢�¥â ¯®«−®áâìî ¯®¢¥¤¥−¨¥ �−�«¨§¨àã¥¬®© ¯à®£à�¬¬ë ¨ ¯à¨ íâ®¬ á®¤¥à¦¨â
¬¨−¨¬�«ì−ë© −�¡®à ¤�−−ëå, −¥®¡å®¤¨¬ë© ¤«ï â�ª®£® ®¯¨á�−¨ï.
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4 Заключение

‘¥â¨ �¥âà¨ ª�ª áà¥¤áâ¢® ¬®¤¥«¨à®¢�−¨ï à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬ −¥ â�ª ç�áâ®
¯à¨¬¥−ï¥âáï ¤«ï ¯®áâà®¥−¨ï ¬®¤¥«¥© ¯à®£à�¬¬ [5]. ‚ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ ¨å
¯à¨¬¥−¥−¨¥ ®£à�−¨ç¥−® íâ�¯®¬ ¤¨§�©−� ¯à®£à�¬¬−ëå á¨áâ¥¬ ¨ «¨¡® −¥ ¤®å®¤¨â
¤® áâ�¤¨¨ ¯à®¢¥àª¨ ª®àà¥ªâ−®áâ¨ ¯à®£à�¬¬, «¨¡® ®£à�−¨ç¨¢�¥âáï ¤®¢®«ì−®
¯à¨¬¨â¨¢−ë¬¨ ¬®¤¥«ï¬¨. Œ¥¦¤ã â¥¬, ª�ª ¯à®¤¥¬®−áâà¨à®¢�−® ¢ à�¡®â�å
�¢â®à®¢, á¥â¨ �¥âà¨ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¤«ï �¢â®¬�â¨§¨à®¢�−−®£® ¯®áâà®-
¥−¨ï ¬®¤¥«¥© ¯à®£à�¬¬ [3], £¤¥ à�§¬¥àë ¬®¤¥«¥© ¬®£ãâ ¤®áâ¨£�âì á®â¥− âëáïç ¬¥áâ
¨ ¯¥à¥å®¤®¢. ’¥å−¨ç¥áª¨ ¯à®¢¥àª� â�ª¨å ¬®¤¥«¥© ¯à®£à�¬¬ ¬®¦¥â ¢ë¯®«−ïâìáï
á ¯à¨¬¥−¥−¨¥¬ â¥¬¯®à�«ì−ëå «®£¨ª ¨ á¨¬¢®«ì−®© ¢¥à¨ä¨ª�æ¨¨ [6], ®¤−�ª® ¯®-
áâà®¥−¨¥ ¯à®áâà�−áâ¢� á®áâ®ï−¨© ¯à®£à�¬¬ë ¢ë£«ï¤¨â ¡®«¥¥ ¯¥àá¯¥ªâ¨¢−ë¬, â�ª
ª�ª ¯®¤¤�¥âáï ¯®«−®© �¢â®¬�â¨§�æ¨¨.

Š á®¦�«¥−¨î, ¯à¨ ¯®«−®¬ ¬®¤¥«¨à®¢�−¨¨ à�¡®âë ¬®¤¥«¥© ¯à®£à�¬¬ −¥¨§-
¡¥¦−® ¢®§−¨ª�¥â ¯à®¡«¥¬� ¢§àë¢� ç¨á«� á®áâ®ï−¨© (state explosion problem),
â�ª ª�ª ¢ ®¡é¥¬ á«ãç�¥ à�§¬¥à−®áâì ¯à®áâà�−áâ¢� á®áâ®ï−¨© á¨«ì−® §�¢¨á¨â ®â
à�§¬¥à� ¬®¤¥«¨, ç¨á«� ¬®¤¥«¨àã¥¬ëå ¯à®æ¥áá®¢, ç¨á«� ¨á¯®«ì§ã¥¬ëå ¯¥à¥¬¥−-
−ëå, � â�ª¦¥ ®â ª®«¨ç¥áâ¢� §−�ç¥−¨©, ª®â®àë¥ ¬®£ãâ ¯à¨−¨¬�âì ¯¥à¥¬¥−−ë¥.
‚ à¥§ã«ìâ�â¥ ¯àï¬®© ¯®¤å®¤ ª ¯®áâà®¥−¨î ¯à®áâà�−áâ¢� á®áâ®ï−¨© ¯¥à¥áâ�¥â
à�¡®â�âì ã¦¥ ¤«ï á�¬ëå ¯à®áâëå ¯à®£à�¬¬. �®íâ®¬ã ¢�¦−ë¬ −�¯à�¢«¥−¨¥¬
à�§¢¨â¨ï ¬¥â®¤®¢ ¢¥à¨ä¨ª�æ¨¨ −¥ â®«ìª® ¯à®£à�¬¬, −® ¨ à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬
¢ æ¥«®¬ áâ�−®¢¨âáï à�§à�¡®âª� ¬¥â®¤®¢ á®ªà�é¥−¨ï ç¨á«� á®áâ®ï−¨©. ‘ ª®−-
æ� XX ¢. áà¥¤¨ â�ª¨å ¬¥â®¤®¢ ¢ë¤¥«ïîâ: ¬¥â®¤ ã¯àï¬ëå ¬−®¦¥áâ¢ (stubborn
set method), ¨á¯®«ì§®¢�−¨¥ ¤¢®¨ç−ëå à�§à¥è�îé¨å ¤¨�£à�¬¬ (symbolic binary
decision diagrams), ¬¥â®¤ë, ®á−®¢�−−ë¥ −� ç�áâ¨ç−®¬ ¯®àï¤ª¥ (partial order meth-
ods), � â�ª¦¥ ¨á¯®«ì§®¢�−¨¥ á¨¬¬¥âà¨¨ ¨ íª¢¨¢�«¥−â−®áâ¨ −� à�áá¬�âà¨¢�¥¬ëå
¬®¤¥«ïå [7].

‚ ª®−â¥ªáâ¥ ¨á¯®«ì§®¢�−¨ï á¥â¥© �¥âà¨ ¯à¨ ¢¥à¨ä¨ª�æ¨¨ à�á¯à¥¤¥«¥−−ëå
á¨áâ¥¬ ¤«ï á®ªà�é¥−¨ï ç¨á«� á®áâ®ï−¨© ¬®£ãâ ¡ëâì ¯à¨¬¥−¥−ë ¬¥â®¤ë, ®á−®¢�−-
−ë¥ −� ç�áâ¨ç−®¬ ¯®àï¤ª¥, � ¡®«¥¥ ª®−ªà¥â−® | à�§¢¥àâª¨ ¬®¤¥«¥©, ¢¢¥¤¥−−ë¥
Œ�ªŒ¨««�−®¬ ¢ 1993 £. [8], ¨ ¯®−ïâ¨¥ ¢¥â¢ïé¨åáï ¯à®æ¥áá®¢ [9]. ‚ ®â«¨ç¨¥
®â £à�ä� ¨«¨ ¤¥à¥¢� ¤®áâ¨¦¨¬®áâ¨, £¤¥ ¯®¢¥¤¥−¨¥ á¨áâ¥¬ë ®¯¨á�−® ¢ ¢¨¤¥ ¢á¥å
¢®§¬®¦−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥© áà�¡�âë¢�−¨ï ¯¥à¥å®¤®¢, à�§¢¥àâª¨ ¨ ¢¥â¢ïé¨-
¥áï ¯à®æ¥ááë ®¯¨áë¢�îâ ¯®¢¥¤¥−¨¥ á¨áâ¥¬ë ¢ à�¬ª�å ¨áâ¨−−®£® ¯�à�««¥«¨§¬�,
à�§¢®à�ç¨¢�ï ¯®-®â¤¥«ì−®áâ¨ ¯®¢¥¤¥−¨¥ ¢á¥å −¥§�¢¨á¨¬® áãé¥áâ¢ãîé¨å ¯à®æ¥á-
á®¢. ’�ª¨¬ ®¡à�§®¬, à�§¢¥àâª¨ á¥â¥© ¯à¥¤áâ�¢«ïîâ á®ªà�é¥−−®¥ ¯à¥¤áâ�¢«¥−¨¥
¤¥à¥¢� ¤®áâ¨¦¨¬®áâ¨ §� áç¥â ã¬¥−ìè¥−¨ï ç¨á«� ¤ã¡«¨àãîé¨åáï á®áâ®ï−¨©, ®¯¨-
áë¢�îé¨å −¥§�¢¨á¨¬® ¨á¯®«−ïîé¨¥áï ¯à®æ¥ááë. ÷�§¢¥àâª¨ ¬®£ãâ ¯à¨¬¥−ïâìáï
¨ ª à�áªà�è¥−−ë¬ á¥âï¬ �¥âà¨, ¡®«¥¥ ¯®¤å®¤ïé¨¬ ¤«ï ®¯¨á�−¨ï ¨ �−�«¨§�
¯à®£à�¬¬ [10]. �¤−�ª®, −�¯à¨¬¥à, à�§¢¥àâª� à�áá¬®âà¥−−®£® ¢ −�áâ®ïé¥© áâ�âì¥
¯à¨¬¥à� ¯®-¯à¥¦−¥¬ã ¡ã¤¥â á®¤¥à¦�âì ¬¨««¨�à¤ë á®áâ®ï−¨©, â�ª ª�ª à�§¢¥àâª¨
á¥â¥© −¥ ¬®£ãâ á®ªà�â¨âì ç¨á«® á®áâ®ï−¨© ¨á¯®«ì§ã¥¬ëå ¢ ¯à®£à�¬¬¥ ¯¥à¥¬¥−-
−ëå. �à¥¤«®¦¥−−ë© ¦¥ ¢ −�áâ®ïé¥© áâ�âì¥ ¯®¤å®¤ −�¯à�¢«¥− −� á®ªà�é¥−¨¥
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�®áâà®¥−¨¥ á®ªà�é¥−−®£® ¤¥à¥¢� ¤®áâ¨¦¨¬®áâ¨ ¤«ï ¬®¤¥«¥© ¯à®£à�¬¬

ç¨á«� á®áâ®ï−¨©, á¢ï§�−−ëå á ¨á¯®«ì§®¢�−−ë¬¨ ¯¥à¥¬¥−−ë¬¨. ‚ ¤�«ì−¥©è¥¬
�¢â®àë −�¤¥îâáï �¤�¯â¨à®¢�âì ¥£® ¨ ¤«ï ¯®áâà®¥−¨ï ¡®«¥¥ ªà�âª¨å à�§¢¥àâ®ª
¬®¤¥«¥© ¯à®£à�¬¬.

‚ ¯à¥¤«®¦¥−−®¬ ¯®¤å®¤¥ ¢ ®¯¨á�−¨¨ ¬®¤¥«¥© ¨¬¯¥à�â¨¢−ëå ¯à®£à�¬¬ ¢ â¥à-
¬¨−�å á¥â¥© �¥âà¨ ¯¥à¥¬¥−−ë¥ ¢ë¤¥«ïîâáï ¢ ®â¤¥«ì−ë¥ á¥â¨, ¬®¤¥«¨àãîé¨¥
â¨¯ë ¤�−−ëå. �à¨ â�ª®¬ ¢ë¤¥«¥−¨¨ ¯®ï¢«ï¥âáï ¢®§¬®¦−®áâì ¯®áâà®¥−¨ï ®¡¥á-
æ¢¥ç¥−−®£® ¤¥à¥¢� ¤®áâ¨¦¨¬®áâ¨ ¤«ï ¯®â®ª� ã¯à�¢«¥−¨ï ¯à®£à�¬¬®© ¡¥§ ãç¥â�
¤�−−ëå, −� ª®â®à®¬ ¬®£ãâ ¡ëâì ®¡−�àã¦¥−ë ª®àà¥ªâ−ë¥ ¨ ¯®â¥−æ¨�«ì−® ®¯�á−ë¥
¯ãâ¨ ¨á¯®«−¥−¨ï ¯à®£à�¬¬. �®áâà®¥−¨¥ ¯à®â®ª®«®¢ â¨¯®¢ ¤�−−ëå á à�§«¨ç-
−®© ¤¥â�«¨§�æ¨¥© ¯®§¢®«ï¥â ¯à®¢¥à¨âì ¤®áâ¨¦¨¬®áâì ¯®â¥−æ¨�«ì−® ®¯�á−ëå
á®áâ®ï−¨©, −¥ ãç¨âë¢�ï §−�ç¥−¨ï ¢á¥å ¯¥à¥¬¥−−ëå ¯à®£à�¬¬ë. „¥à¥¢® ¤®-
áâ¨¦¨¬®áâ¨, ¤®¯®«−¥−−®¥ §−�ç¥−¨ï¬¨ ¯¥à¥¬¥−−ëå, ¯®§¢®«ïîé¨å ¤®áâ®¢¥à−®
®¯à¥¤¥«¨âì ¤®áâ¨¦¨¬®áâì ¢á¥å ¥£® á®áâ®ï−¨©, ¯à¥¤áâ�¢«ï¥â á®¡®© á®ªà�é¥−−®¥
¤¥à¥¢® ¤®áâ¨¦¨¬®áâ¨ ¯à®£à�¬¬ë.
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К ВОПРОСУ О СОВМЕЩЕНИИ
ПРОГРАММНОГО ОПРЕДЕЛЕНИЯ СЕТЕЙ

С ВИРТУАЛИЗАЦИЕЙ СЕТЕВЫХ ФУНКЦИЙ

В. Б. Егоров1

�−−®â�æ¨ï: Œ−®£¨¥ ä¨à¬ë, ¯®áâ�¢«ïîé¨¥ ¯à®£à�¬¬−ë¥ ¯à®¤ãªâë −�
á¥â¥¢®© àë−®ª, ¯à¥¤«�£�îâ áà¥¤áâ¢� ¤«ï ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï á¥â¥©
(software-defined networking, SDN) ¨ ¢¨àâã�«¨§�æ¨¨ á¥â¥¢ëå äã−ªæ¨© (net-
work functions virtualization, NFV). —�áâ®¥ á®á¥¤áâ¢® ¢ ¯ã¡«¨ª�æ¨ïå ¨ à¥ª«�¬¥
®¡®¨å �ªà®−¨¬®¢, ¢¯«®âì ¤® ¨å ®¡ê¥¤¨−¥−¨ï ¢ SDN/NFV, á®§¤�¥â ¢¯¥ç�â«¥-
−¨¥, çâ® §� −¨¬¨ áâ®¨â çâ®-â® ¡«¨§ª®à®¤áâ¢¥−−®¥, ¥á«¨ ¢®®¡é¥ −¥ ®¤−® ¨ â® ¦¥.
‚ëïá−¥−¨¥ ¦¥ ¤¥©áâ¢¨â¥«ì−®£® á®®â−®è¥−¨ï á¥â¥¢ëå â¥å−®«®£¨© SDN ¨ NFV
§�âàã¤−ï¥âáï á«®¦−®áâï¬¨ á ¯®−¨¬�−¨¥¬ á�¬¨å ¯à¥¤¬¥â®¢ á®¯®áâ�¢«¥−¨ï.
‚ ¯ã¡«¨ª�æ¨ïå ¯® íâ¨¬ ¯à¥¤¬¥â�¬ §�ªà¥¯¨«¨áì ç�áâ® ¯®¢â®àï¥¬ë¥ ãâ¢¥à-
¦¤¥−¨ï, ¬−®£¨¥ ¨§ ª®â®àëå ¯à¨ ¢−¨¬�â¥«ì−®¬ à�áá¬®âà¥−¨¨ ®ª�§ë¢�îâáï
á®¬−¨â¥«ì−ë¬¨. ��áâ®ïé�ï áâ�âìï áâ�¢¨â æ¥«ìî ¯®ª�§�âì, çâ® ¤¥ª«�à¨àã¥¬�ï
áå®¦¥áâì ®¡¥¨å â¥å−®«®£¨© ¢® ¬−®£®¬ ¨««î§®à−�, ®−¨ à�§¢¨¢�îâáï ¢ à�§−ëå
−�¯à�¢«¥−¨ïå ¨ à�§−ë¬¨ â¥¬¯�¬¨: NFV ¢®áâà¥¡®¢�−� ¨ �ªâ¨¢−® à�á¯à®áâà�-
−ï¥âáï ¢ ¯à®¢�©¤¥àáª¨å á¥âïå, ¢ â® ¢à¥¬ï ª�ª SDN −�è«� ¢®¯«®é¥−¨¥ £«�¢−ë¬
®¡à�§®¬ ¢ á¥âïå ªàã¯−ëå ¨−â¥à−¥â-ª®¬¯�−¨© ¨ ¨−â¥à¥á ª −¥© ¯®á«¥¤−¥¥ ¢à¥¬ï
−¥ à�áâ¥â, ç¥¬ã ¥áâì æ¥«ë© àï¤ ®¡ê¥ªâ¨¢−ëå ¯à¨ç¨−. ‚ à¥ª«�¬−®¬ á®á¥¤-
áâ¢¥ ®¡¥¨å â¥å−®«®£¨©, ¢¯«®âì ¤® ¢¨¤¨¬®áâ¨ ¨å ®¡ê¥¤¨−¥−¨ï ª®¬¯«¥ªá−ë¬
�ªà®−¨¬®¬ SDN/NFV, §�¨−â¥à¥á®¢�−ë £«�¢−ë¬ ®¡à�§®¬ ä¨à¬ë-¯®áâ�¢é¨ª¨
á¥â¥¢ëå ¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢ ¯® áã£ã¡® ¬�àª¥â¨−£®¢ë¬ á®®¡à�¦¥−¨ï¬.

Š«îç¥¢ë¥ á«®¢�: ¢¨àâã�«¨§�æ¨ï á¥â¥¢ëå äã−ªæ¨©; ¯à®£à�¬¬−® ®¯à¥¤¥«ï-
¥¬�ï á¥âì; NFV; SDN
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1 Введение

‚ à¥ª«�¬¥ ¨ ¯à¥§¥−â�æ¨ïå ¬−®£¨å ¢¥¤ãé¨å ä¨à¬, ¯®áâ�¢«ïîé¨å ¯à®£à�¬-
¬−®¥ ®¡¥á¯¥ç¥−¨¥ (��) −� á¥â¥¢®© àë−®ª, ¯à¨áãâáâ¢ãîâ ¯à®¤ãªâë ¤«ï ¯à®£à�¬-
¬−®£® ®¯à¥¤¥«¥−¨ï á¥â¥© ¨ ¢¨àâã�«¨§�æ¨¨ á¥â¥¢ëå äã−ªæ¨©. �à¨ç¥¬ ç�áâ®¥
á®á¥¤áâ¢® ®¡®¨å �ªà®−¨¬®¢ ¢ à�§−®£® à®¤� ¯ã¡«¨ª�æ¨ïå, ¢¯«®âì ¤® ¨å ®¡ê-
¥¤¨−¥−¨ï ¢ SDN/NFV, á®§¤�¥â ¢¯¥ç�â«¥−¨¥ à®¤áâ¢� ¨«¨ ª�ª ¬¨−¨¬ã¬ â¥á−®©
¢§�¨¬®á¢ï§¨ áâ®ïé¨å §� −¨¬¨ â¥å−®«®£¨©.

�®áª®«ìªã ®¡¥ à�áá¬�âà¨¢�¥¬ë¥ á¥â¥¢ë¥ â¥å−®«®£¨¨ ¢å®¤ïâ ¢ â®¯ ¬®¤−ëå
âà¥−¤®¢, ¢¯®«−¥ ¯®−ïâ−� �ªâ¨¢−�ï à¥ª«�¬� ä¨à¬�¬¨ ¯à®¤ãªâ®¢, ¨¬¥îé¨å ®â−®-

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, VEgorov@ipiran.ru
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Š ¢®¯à®áã ® á®¢¬¥é¥−¨¨ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï á¥â¥© á ¢¨àâã�«¨§�æ¨¥© äã−ªæ¨©

è¥−¨¥ ª íâ¨¬ â¥å−®«®£¨ï¬, á æ¥«ìî §�å¢�â� ¯¥àá¯¥ªâ¨¢−®£® àë−ª�. �¡ê¥¤¨−¥−¨¥
¤¢ãå ¬®¤−ëå �ªà®−¨¬®¢ ¢ ®¤−®¬ à¥ª«�¬−®¬ à®«¨ª¥ ¨ ¤�¦¥ ¢ ®¤−®¬ ¯à®¤ãª-
â¥ ¬®¦¥â ¯à¥á«¥¤®¢�âì æ¥«ì ¨ íª®−®¬¨¨ −� à¥ª«�¬¥, ¨ ®å¢�â� ¬�ªá¨¬�«ì−®£®
ç¨á«� ¯®â¥−æ¨�«ì−ëå ¯®ªã¯�â¥«¥© ¡¥§ à�§¤ã¢�−¨ï −®¬¥−ª«�âãàë ¯à¥¤«�£�¥¬ëå
¯à®¤ãªâ®¢.

�¤−�ª® −¥ â®«ìª® ¢ ¬¨à¥ à¥ª«�¬ë, −® ¨ ¢ íªá¯¥àâ−®© áà¥¤¥ ¬®¦−® ¢áâà¥-
â¨âì à�ááã¦¤¥−¨ï ® −¥ª®© áå®¦¥áâ¨ SDN ¨ NFV, ®á−®¢−ë¬¨ ç¥àâ�¬¨ ª®â®à®©,
¢ ç�áâ−®áâ¨, −�§ë¢�îâ [1]:

{ ã¯à®é¥−¨¥ à�§¢¥àâë¢�−¨ï á¥â¥© ¨ ã¯à�¢«¥−¨¥ ¨¬¨;

{ ®¡¥é�−¨¥ §�¬¥−ë ¤®à®£®£® ¯à®¯à¨¥â�à−®£® ®¡®àã¤®¢�−¨ï −� ��, à�¡®â�îé¥¥
−� −¥¤®à®£¨å ¬�áá®¢® ¢ë¯ãáª�¥¬ëå á¥à¢¥à�å;

{ ®¦¨¤�−¨¥ á−¨¦¥−¨ï ª�¯¨â�«ì−ëå ¨ íªá¯«ã�â�æ¨®−−ëå §�âà�â.

‚ −�áâ®ïé¥© áâ�âì¥ áâ�¢¨âáï ¯®¤ á®¬−¥−¨¥ ®¡®á−®¢�−−®áâì −�§¢�−−ëå ã¯à®-
é¥−¨©, ®¡¥é�−¨© ¨ ®¦¨¤�−¨©, � â�ª¦¥ ®æ¥−¨¢�îâáï ¤¥©áâ¢¨â¥«ì−�ï áâ¥¯¥−ì
¡«¨§®áâ¨ â¥å−®«®£¨© SDN ¨ NFV ¨ ¯¥àá¯¥ªâ¨¢� ¨å ®¡ê¥¤¨−¥−¨ï ¢ −¥ªãî ª®¬-
¯«¥ªá−ãî á¥â¥¢ãî â¥å−®«®£¨î SDN/NFV.

2 Сложности с пониманием предметов сопоставления

‚ ®â−®áïé¨åáï ª SDN ¨ NFV ¯ã¡«¨ª�æ¨ïå §�ªà¥¯¨«¨áì −¥ª®â®àë¥ ç�áâ® ¯®-
¢â®àï¥¬ë¥ ãâ¢¥à¦¤¥−¨ï, ¬−®£¨¥ ¨§ ª®â®àëå ¯à¨ ¢−¨¬�â¥«ì−®¬ à�áá¬®âà¥−¨¨ −¥
¬®£ãâ −¥ ¢ë§¢�âì á®¬−¥−¨©. ’�ª, á®£«�á−® ¬−¥−¨î á¯¥æ¨�«¨áâ®¢ –¥−âà� ¯à¨ª«�¤-
−ëå ¨áá«¥¤®¢�−¨© ª®¬¯ìîâ¥à−ëå á¥â¥©, úSDN ¨ NFV ®â−®áïâáï ª â¥å−®«®£¨ï¬
ª®¬¯ìîâ¥à−ëå á¥â¥© −®¢®£® ¯®ª®«¥−¨ï, ®¡¥ ¬®£ãâ á®áãé¥áâ¢®¢�âì ¢ ®¤−®© á¥â¥¢®©
áà¥¤¥ ¨ ¨¬¥îâ ¬−®£® ®¤¨−�ª®¢ëå å�à�ªâ¥à¨áâ¨ª ¨ ª®¬¯®−¥−â®¢. �¡� ¯®¤å®¤�
¨¬¥îâ áå®¦ãî æ¥«ì: ã¬¥−ìè¨âì á«®¦−®áâì á¥â¥©, ®¡¥á¯¥ç¨âì ¬�áèâ�¡¨àã¥¬®áâì
¨ �¢â®¬�â¨§�æ¨î ã¯à�¢«¥−¨ï, ¯®¢ëá¨âì ¬®é−®áâ¨ ä¨§¨ç¥áª®© ¨−äà�áâàãªâãàë
á¥â¥© á −�«®¦¥−¨¥¬ ¢¨àâã�«ì−®©, ã¯à®áâ¨âì à�§¢¥àâë¢�−¨ï, ¯à®£à�¬¬−® ãáâà�-
−ïâì −¥¯®«�¤ª¨ ¨, ª®−¥ç−®, á−¨§¨âì ª�¯¨â�«ì−ë¥ ¨ ®¯¥à�æ¨®−−ë¥ §�âà�âëû [2].
…á«¨ ®¯ãáâ¨âì ¯®áâã«¨àã¥¬ãî ¢ íâ®¬ §�ï¢«¥−¨¨ �¯à¨®à−® ®ç¥¢¨¤−ãî ¢®§¬®¦-
−®áâì áãé¥áâ¢®¢�−¨ï á¥â¥¢ëå â¥å−®«®£¨© ¢ á¥â¥¢®© áà¥¤¥, ®áâ�¥âáï á®¢¥àè¥−−®
−¥¯®−ïâ−ë¬, ª�ª¨¬ ®¡à�§®¬ SDN ¨«¨ NFV ¬®£ãâ ã¬¥−ìè¨âì á«®¦−®áâì á¥â¥©.
…á«¨ ¯®¤ −¥ ¨¬¥îé¨¬ á¬ëá«� â¥à¬¨−®¬ ú¬®é−®áâ¨ ä¨§¨ç¥áª®© ¨−äà�áâàãªâãàë
á¥â¥©û ¯®¤à�§ã¬¥¢�¥âáï ¨å ®¡é�ï ¯à®¯ãáª−�ï á¯®á®¡−®áâì (� çâ® ¬®¦−® ¯®¤à�§ã-
¬¥¢�âì ¥é¥?), â® −�«®¦¥−¨¥ ¢¨àâã�«ì−ëå á¥â¥© −� ä¨§¨ç¥áªãî ¨−äà�áâàãªâãàã
−¨ −� ©®âã −¥ ã¢¥«¨ç¨¢�¥â ú¬®é−®áâìû ¯®á«¥¤−¥©. …¥ ä�ªâ¨ç¥áª�ï ¯à®¯ãáª−�ï
á¯®á®¡−®áâì ¬®¦¥â â®«ìª® á−¨§¨âìáï ¢á«¥¤áâ¢¨¥ −¥¨§¡¥¦−ëå −�ª«�¤−ëå à�áå®-
¤®¢ ®âà�¦¥−¨ï ¬�−¨¯ã«ïæ¨© á ã¤®¡−ë¬¨ ¢¨àâã�«ì−ë¬¨ �¡áâà�ªæ¨ï¬¨ −� ªã¤�
¬¥−¥¥ ¯®¤�â«¨¢ãî ¨−äà�áâàãªâãà−ãî à¥�«ì−®áâì ¨«¨ ¨§-§� −¥¤®áâ�â®ç−®© à¥�ª-
â¨¢−®áâ¨ SDN-ª®−âà®««¥à�. ‘−¨¦¥−¨¥ ª�¯¨â�«ì−ëå ¨ ®¯¥à�æ¨®−−ëå §�âà�â ®â
¢−¥¤à¥−¨ï SDN −¥ ¯®¤â¢¥à¦¤¥−® −¨ª�ª¨¬¨ à¥�«ì−ë¬¨ ¯à�ªâ¨ª�¬¨, ¨, ¯®-¢¨¤¨-
¬®¬ã, ¢ §−�ç¨â¥«ì−®© ¬¥à¥ −� ¤¥ª«�à�â¨¢−®¬ ãà®¢−¥ ®−® ®áâ�¥âáï ¨ ¤«ï NFV.
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…¤¨−áâ¢¥−−®© ¡¥§ãá«®¢−®© ®¡é¥© ç¥àâ®© ®¡®¨å, SDN ¨ NFV, ¯®¤å®¤®¢ ª ¯®-
áâà®¥−¨î á¥â¥© ®áâ�¥âáï ¯à®£à�¬¬−�ï �¢â®¬�â¨§�æ¨ï ã¯à�¢«¥−¨ï ª�ª ä¨§¨ç¥áª®©
á¥â¥¢®© ¨−äà�áâàãªâãà®©, â�ª ¨ ¢¨àâã�«ì−ë¬¨ ®¡à�§®¢�−¨ï¬¨, ¤¥©áâ¢¨â¥«ì−®
¯®â¥−æ¨�«ì−® á¯®á®¡−�ï, ãáâà�−¨¢ ®¯¥à�â®à� ¨ ¤¨−�¬¨ç−® ã¯à�¢«ïï à¥áãàá�-
¬¨ ¨ á¥à¢¨á�¬¨ ¯® §�¯à®á�¬, ¡®«¥¥ íää¥ªâ¨¢−® ¯®¤áâà�¨¢�âì ¨å ¯®¤ â¥ªãé¨¥
§�¤�ç¨.

Œ®¦−® −�©â¨ ¯®¯ëâª¨ ¢ëï¢¨âì ®¡é−®áâì SDN ¨ NFV ¢ −¥ª®¬ �¡áâà�£¨à®-
¢�−¨¨: úŠ®à¥−−�ï ®¡é−®áâì SDN ¨ NFV ¢ â®¬, çâ® ¢ ®¡®¨å á«ãç�ïå ¨á¯®«ì-
§ã¥âáï �¡áâà�£¨à®¢�−¨¥: SDN à�§¤¥«ï¥â á¥â¥¢ë¥ äã−ªæ¨¨ ¯à®¤¢¨¦¥−¨ï ¯�ª¥â®¢
¨ ã¯à�¢«¥−¨ï á¥âìî, � NFV �¡áâà�£¨àã¥â â¥ ¨ ¤àã£¨¥ äã−ªæ¨¨ ®â ®¡®àã¤®¢�−¨ï,
−� ª®â®à®¬ ®−¨ ¢ë¯®«−ïîâáï. ’�ª¨¬ ®¡à�§®¬, SDN ¨ NFV ¨á¯®«ì§ãîâ ¢¨àâã-
�«¨§�æ¨î ¤«ï �¡áâà�£¨à®¢�−¨ï á¥â¥¢®© ¨−äà�áâàãªâãàë ¢ �� ¨ ¯®á«¥¤ãîé¥©
à¥�«¨§�æ¨¨ ¢ �� �¯¯�à�â−®© ¯«�âä®à¬ëû [3]. �® ¢ ç¥¬ §�ª«îç�¥âáï �¡áâà�£¨-
à®¢�−¨¥ ¯à¨ à�§¤¥«¥−¨¨ á¥â¥¢ëå äã−ªæ¨©, ª®â®àë¥ à�§¤¥«¥−ë ¢ «î¡®© á¥â¨ ¡¥§
¢áïª®£® �¡áâà�£¨à®¢�−¨ï? Š�ª ¢®®¡é¥ ¬®¦−® �¡áâà�£¨à®¢�âì äã−ªæ¨î, ª®â®à�ï
á�¬� ¯® á¥¡¥ ã¦¥ ¥áâì �¡áâà�ªæ¨ï? �®«ãç�¥âáï, çâ® ¯à¨ ¢−¨¬�â¥«ì−®¬ à�áá¬®â-
à¥−¨¨ ¨ âãâ −¨ª�ª®© úª®à¥−−®© ®¡é−®áâ¨ SDN ¨ NFVû −�©â¨ −¥ ã¤�¥âáï, � ¢á¥£®
«¨èì ¯®¤ç¥àª¨¢�¥âáï −¥ã¤�ç−®áâì â¥à¬¨−� NFV, −� ¤¥«¥ ¨¬¥îé¥£® ¢ ¢¨¤ã ¢¨à-
âã�«¨§�æ¨î −¥ á¥â¥¢ëå äã−ªæ¨©, çâ® ¡¥áá¬ëá«¥−−®, � á¥â¥¢ëå ãáâà®©áâ¢: −¥«ì§ï
¢¨àâã�«¨§¨à®¢�âì ª®¬¬ãâ�æ¨î, −® ¤�¢−® ®¡é¥© ¯à�ªâ¨ª®© áâ�«¨ ¢¨àâã�«ì−ë¥
ª®¬¬ãâ�â®àë [4].

Œ®à®ª� á â¥à¬¨−®«®£¨¥© ¢ ®¡«�áâ¨ ú¢¨àâã�«¨§�æ¨¨ á¥â¥¢ëå äã−ªæ¨©û −®á¨â,
ª á®¦�«¥−¨î, ¬�áá®¢ë© å�à�ªâ¥à ¤�¦¥ ¢ −�ãç−ëå ªàã£�å. �à¨¬¥à®¬ ¬®¦¥â á«ã-
¦¨âì á«¥¤ãîé¥¥ ®¯à¥¤¥«¥−¨¥: úNFV | â¥å−®«®£¨ï ¢¨àâã�«¨§�æ¨¨ ä¨§¨ç¥áª¨å
á¥â¥¢ëå í«¥¬¥−â®¢ â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¥â¨, ª®£¤� á¥â¥¢ë¥ äã−ªæ¨¨ ¨á¯®«−ï-
îâáï ¯à®£à�¬¬−ë¬¨ ¬®¤ã«ï¬¨, à�¡®â�îé¨¬¨ −� áâ�−¤�àâ−ëå á¥à¢¥à�å. . .û [5].
‡¤¥áì á−�ç�«� á®¢¥àè¥−−® á¯à�¢¥¤«¨¢® �ªæ¥−â¨àã¥âáï ¢¨àâã�«¨§�æ¨ï −¥ äã−ª-
æ¨©, � úä¨§¨ç¥áª¨å á¥â¥¢ëå í«¥¬¥−â®¢û, −® ¤�«¥¥ ¯®ç¥¬ã-â® ú¯à®£à�¬¬−ë¬¨
¬®¤ã«ï¬¨û ¨á¯®«−ïîâáï −¥ äã−ªæ¨¨ íâ¨å ä¨§¨ç¥áª¨å á¥â¥¢ëå í«¥¬¥−â®¢, çâ®
¤®«¦−® ¡ë«® ¡ë á«¥¤®¢�âì ¨§ ¯à¥¤ë¤ãé¥£® �ªæ¥−â�, � ®¯ïâì-â�ª¨ úá¥â¥¢ë¥
äã−ªæ¨¨û. Œ¥¦¤ã â¥¬ â�ª�ï ®á−®¢®¯®«�£�îé�ï á¥â¥¢�ï äã−ªæ¨ï, ª�ª ¯¥à¥¤�ç�
¤�−−ëå ¬¥¦¤ã �¡®−¥−â�¬¨ á¥â¨, −�å®¤ïé¨¬¨áï −� à�§−ëå á¥à¢¥à�å, −¥ ¬®¦¥â
ú¨á¯®«−¨âìáïû −¨ª�ª¨¬¨ ú¯à®£à�¬¬−ë¬¨ ¬®¤ã«ï¬¨û ¯à¨ ®âáãâáâ¢¨¨ á®®â¢¥â-
áâ¢ãîé¨å ä¨§¨ç¥áª¨å á¥â¥¢ëå í«¥¬¥−â®¢.

…á«¨ áâà¥¬«¥−¨¥ ä¨à¬-¯®áâ�¢é¨ª®¢ á¥â¥¢®£® �� «î¡®© æ¥−®© ®¡ê¥¤¨−¨âì
SDN ¨ NFV ¬®¦−® ®¯à�¢¤�âì ¬�àª¥â¨−£®¢ë¬¨ á®®¡à�¦¥−¨ï¬¨, â® á«®¦−¥¥ ¯®-
−ïâì â�ª¨¥ §�ï¢«¥−¨ï â¥®à¥â¨ª®¢-íªá¯¥àâ®¢, ª�ª úNFV ¬®¦¥â ®¡¥á¯¥ç¨âì SDN
¨−äà�áâàãªâãà®©, −� ª®â®à®© à�¡®â�¥â ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ SDNû [5].
�® ¢á¥ �� SDN à�¡®â�¥â ¢ ®¤−®¬-¥¤¨−áâ¢¥−−®¬ ¬¥áâ¥ | ª®−âà®««¥à¥ á¥â¨,
¨ íâ®â ¨−äà�áâàãªâãà−ë© ª®¬¯®−¥−â −¥ ¬®¦¥â ¡ëâì ®¡¥á¯¥ç¥− −¨ª�ª®© ¢¨àâã-
�«¨§�æ¨¥©, ¢ª«îç�ï NFV, � â®«ìª® ¯®áâ�¢é¨ª®¬ á®®â¢¥âáâ¢ãîé¥£® á¥à¢¥à−®£®
®¡®àã¤®¢�−¨ï. ’�ª¨¬ ®¡à�§®¬, ¯¥à¥á¥ç¥−¨ï, � â¥¬ ¡®«¥¥ á«¨ï−¨ï SDN á NFV −¥
−�¡«î¤�¥âáï ¨ ¢ íâ®¬ á«ãç�¥.
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Š ¢®¯à®áã ® á®¢¬¥é¥−¨¨ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï á¥â¥© á ¢¨àâã�«¨§�æ¨¥© äã−ªæ¨©

…¤¨−áâ¢¥−−ãî à¥�«ì−ãî áå®¦¥áâì SDN ¨ NFV ¬®¦−® ã¢¨¤¥âì ¢ −�æ¥«¥−−®áâ¨
−� §�¬¥−ã ¤®à®£¨å ¯à®¯à¨¥â�à−ëå á¥â¥¢ëå ãáâà®©áâ¢ ¤¥è¥¢ë¬ ã−¨ä¨æ¨à®¢�−-
−ë¬ ®¡®àã¤®¢�−¨¥¬: úæ¥«¨ NFV ¡«¨§ª¨ ª æ¥«ï¬ SDN ¢ ç�áâ¨ ¨á¯®«ì§®¢�−¨ï
®¡ëç−ëå áâ�−¤�àâ−ëå á¥à¢¥à®¢ ¨ ª®¬¬ãâ�â®à®¢û [5]. �¤−�ª® ¨ íâ® áª®à¥¥
¢¨¤¨¬®áâì ¡«¨§®áâ¨. �¤−® ¨ â® ¦¥ ®¡®àã¤®¢�−¨¥ ¯à¨¬¥−ï¥âáï ¯®-à�§−®¬ã
¨ á à�§«¨ç−ë¬¨ −¥á®¯à¨ª�á�îé¨¬¨áï æ¥«ï¬¨: SDN ¯à¥¤¯®«�£�¥â ¨á¯®«ì§®¢�−¨¥
úáâ�−¤�àâ−ëå á¥à¢¥à®¢û ¤«ï ª®−âà®««¥à®¢ á¥â¨, NFV | ¤«ï í¬ã«ïæ¨¨ âà�¤¨-
æ¨®−−ëå á¥â¥¢ëå ãáâà®©áâ¢. � úáâ�−¤�àâ−ë¥ ª®¬¬ãâ�â®àëû ¢®®¡é¥ −¨ª®¬ã −¥
−ã¦−ë: SDN ¯à¥¤¯®«�£�¥â ¨å §�¬¥−ã −� á¯¥æ¨�«ì−ë¥ OpenFlow-ª®¬¬ãâ�â®àë,
¢ â® ¢à¥¬ï ª�ª NFV §�¬¥−ï¥â ¨å ¢¨àâã�«ì−ë¬¨.

3 Сопоставление SDN и NFV

„«ï ®æ¥−ª¨ áå®¦¥áâ¨ ¨ à�§«¨ç¨ï SDN ¨ NFV ¯®«¥§−® á®¯®áâ�¢¨âì −�¨¡®-
«¥¥ ¢�¦−ë¥ ¨å å�à�ªâ¥à¨áâ¨ª¨. ’�ª®¥ á®¯®áâ�¢«¥−¨¥, á¤¥«�−−®¥, ¢ ç�áâ−®áâ¨,
¢ â�¡«¨æ¥, −�£«ï¤−® ¯®ª�§ë¢�¥â, ª�ª ¬�«® ®¡é¥£® ¬¥¦¤ã íâ¨¬¨ â¥å−®«®£¨ï¬¨.
�¤−¨¬ ¨§ −¥¬−®£¨å ®¡ê¥¤¨−ïîé¨å ®¡¥ ª®«®−ª¨ â�¡«¨æë ¯ã−ªâ®¢ ®ª�§ë¢�îâáï
¯®áâ�¢é¨ª¨ á¥â¥¢®£® �� ¢ ª�ç¥áâ¢¥ ¨−¨æ¨�â®à®¢ ¨−−®¢�æ¨©. �®íâ®¬ã −¥ã¤¨-
¢¨â¥«ì−®, çâ® ¨¬¥−−® ã −¨å −�¨¡®«¥¥ ¢ëà�¦¥−� â¥−¤¥−æ¨ï ª ®¡ê¥¤¨−¥−¨î SDN
¨ NFV, ¯ãáâì ¢á¥£® «¨èì ª�ª áà¥¤áâ¢ã ã−¨¢¥àá�«¨§�æ¨¨ ¯à®¤ãªâ®¢ ¨ à¥ª«�¬ë
¤«ï ã¤®¢«¥â¢®à¥−¨ï ¡®«¥¥ è¨à®ª®£® ªàã£� ¯®â¥−æ¨�«ì−ëå ¯®ªã¯�â¥«¥©.

‚ ¤¥©áâ¢¨â¥«ì−®áâ¨ ã SDN ¨ NFV ®ç¥−ì ¬�«® ®¡é¥£®, � ¨å ¤¥ª«�à¨àã¥¬�ï
áå®¦¥áâì ¢ æ¥«®¬ ¨««î§®à−�. �¡¥ â¥å−®«®£¨¨ à�§¢¨¢�îâáï á�¬®áâ®ïâ¥«ì−® ¯®

‘®¯®áâ�¢«¥−¨¥ SDN ¨ NFV

•�à�ªâ¥à¨áâ¨ª� SDN NFV
�á−®¢−®¥
−�§−�ç¥−¨¥

–¥−âà�«¨§�æ¨ï ¨ ¯à®£à�¬¬¨-
àã¥¬®áâì ã¯à�¢«¥−¨ï á¥âìî

‡�¬¥−� á¯¥æ¨�«¨§¨à®¢�−−®£®
®¡®àã¤®¢�−¨ï á¥â¥¢ëå ãáâà®©áâ¢
−� ��

‘âà�â¥£¨ï ”¨§¨ç¥áª®¥ à�§¤¥«¥−¨¥ ¯«®á-
ª®áâ¥© ¤�−−ëå ¨ ã¯à�¢«¥-
−¨ï, ª®−á®«¨¤�æ¨ï ¯«®áª®áâ¨
ã¯à�¢«¥−¨ï

�à®£à�¬¬−�ï à¥�«¨§�æ¨ï á¥â¥-
¢ëå äã−ªæ¨© ¢ â¨¯®¢ëå ¬�áá®¢ëå
á¥à¢¥à�å (¢¨àâã�«ì−ëå ¬�è¨−�å)

�á−®¢−ë¥
¯à¨¬¥−¥−¨ï

„�â�æ¥−âàë, ª®à¯®à�â¨¢−ë¥
á¥â¨ ¡®«ìè¨å ¯à¥¤¯à¨ïâ¨©,
®¡«�ç−ë¥ ¯«�âä®à¬ë

‘¥â¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå
®¯¥à�â®à®¢ ¨ á¥à¢¨á-¯à®¢�©¤¥à®¢

ˆ−¨æ¨�â®àë ‚«�¤¥«ìæë ¤�â�æ¥−âà®¢, ¯®-
áâ�¢é¨ª¨ á¥â¥¢®£® ��

�à®¢�©¤¥àë â¥«¥ª®¬-á¥à¢¨á®¢,
¯®áâ�¢é¨ª¨ ��

–¥«¥¢ë¥
ãáâà®©áâ¢�

“−¨¢¥àá�«ì−ë¥ á¥à¢¥àë
¨ á¯¥æ¨�«ì−ë¥ ª®¬¬ãâ�â®àë

“−¨¢¥àá�«ì−ë¥ á¥à¢¥àë, ¢¨àâã-
�«ì−ë¥ ãáâà®©áâ¢�

“à®¢−¨ OSI 2. . .4 4. . .7
�à®â®ª®«ë OpenFlow ¨ �−�«®£¨ç−ë¥ �¥â
‘â�−¤�àâ¨§�â®à ONF ETSI
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à�§−ë¬ −�¯à�¢«¥−¨ï¬ ¨ à�§−ë¬¨ â¥¬¯�¬¨. �âã ®¡ê¥ªâ¨¢−ãî à¥�«ì−®áâì −¥
¬®£ãâ ¨§¬¥−¨âì −¨ à¥ª«�¬� ¢¥¤ãé¨å ¨£à®ª®¢ á¥â¥¢®£® àë−ª�, −¨ §¢ãç�é¨¥ ¢ ¥¥
¯®¤¤¥à¦ªã ¯à¨§ë¢ë �−£�¦¨à®¢�−−ëå íªá¯¥àâ®¢ ª ®¡ê¥¤¨−¥−¨î SDN ¨ NFV:
úŒ®¦−® ¨á¯®«ì§®¢�âì â¥å−®«®£¨î SDN ¡¥§ ¨á¯®«ì§®¢�−¨ï NFV, ¨ −�®¡®à®â.
�® íâ¨ â¥å−®«®£¨¨ ¢§�¨¬®¤®¯®«−ïîé¨¥, ¨ ¨å à�§¤¥«ì−®¥ ¨á¯®«ì§®¢�−¨¥ ®£à�-
−¨ç¨¢�¥â ¢®§¬®¦−®áâ¨ ¢ë¨£àëè� ¤«ï ¡¨§−¥á�. ‚ ª®−¥ç−®¬ áç¥â¥ ¤«ï ¯®«ãç¥−¨ï
ª®−ªãà¥−â−ëå ¯à¥¨¬ãé¥áâ¢ ®¡ê¥¤¨−¥−¨¥ â¥å−®«®£¨© SDN ¨ NFV áâ�−®¢¨âáï
−¥®¡å®¤¨¬ë¬û [6]. ‚ â�ª®£® à®¤� ¯à¨§ë¢�å ¡¥§¤®ª�§�â¥«ì−ë¥ ãâ¢¥à¦¤¥−¨ï ® ¢§�-
¨¬®¤®¯®«−ï¥¬®áâ¨ ¨ ¡¥§®á−®¢�â¥«ì−ë¥ ®¡¥é�−¨ï ª®−ªãà¥−â−ëå ¯à¥¨¬ãé¥áâ¢ −¥
¬®£ãâ ¤¥§�¢ã¨à®¢�âì áãé¥áâ¢® ¤¥«�, ¢ë−ã¦¤¥−−® ª®−áâ�â¨àã¥¬®¥ ¢ ¯¥à¢®© äà�§¥
æ¨â�âë. �â® áãé¥áâ¢® −�å®¤¨â ¨ ¤àã£¨¥ ¢ëà�¦¥−¨ï: úŒ®¦¥â «¨ áãé¥áâ¢®¢�âì
SDN ¡¥§ NFV? Š®−¥ç−®, ¬®¦¥â. . . Œ®¦¥â «¨ áãé¥áâ¢®¢�âì NFV ¡¥§ SDN |
®â¢¥â â®â ¦¥û [7] ¨«¨ úæ¥«¨ NFV ¬®£ãâ ¡ëâì ¤®áâ¨£−ãâë ¨ ¡¥§ ¨á¯®«ì§®¢�−¨ï
¬¥å�−¨§¬®¢ SDN, áà¥¤áâ¢�¬¨, ª®â®àë¥ ã¦¥ ¨¬¥îâáï ¢® ¬−®£¨å ¤�â�-æ¥−âà�åû [5].
Š ¯®á«¥¤−¥¬ã ¥é¥ −¥®¡å®¤¨¬® ¤®¡�¢¨âì, çâ® ¥á«¨ NFV −¥ −ã¦¤�¥âáï ¢ SDN,
â® SDN â¥¬ ¡®«¥¥ ¬®¦¥â ®¡®©â¨áì ¡¥§ NFV, ¯®áª®«ìªã ¯®ï¢¨«�áì ¨ ®¡à¥«�
¯®¯ã«ïà−®áâì §−�ç¨â¥«ì−® à�−ìè¥ ¯®á«¥¤−¥©.

4 Попытки и трудности объединения SDN и NFV

�®«¥¥-¬¥−¥¥ ¥áâ¥áâ¢¥−−®¥ ®¡ê¥¤¨−¥−¨¥ à�§«¨ç−ëå á¥â¥¢ëå â¥å−®«®£¨©, SDN
¨ NFV ¢ ç�áâ−®áâ¨, â¥®à¥â¨ç¥áª¨ ¬®£«® ¡ë ¯à®¨§®©â¨ ¢ à�¬ª�å £¨¯®â¥â¨ç¥áª®£®
¥¤¨−®£® úá¥â¥æ¥−âà¨ç¥áª®£®û ¯®¤å®¤�, ®á−®¢�−−®£® −� ®¡é¨å, ®âªàëâëå ¨ á®-
¢¬¥áâ¨¬ëå áâ�−¤�àâ�å. ‚®â ª�ª, −�¯à¨¬¥à, ¯à¥¤áâ�¢«ï¥â ãá«®¢¨ï ¢®¯«®é¥−¨ï
â�ª®£® ¯®¤å®¤� á�©â TAdviser:

{ ã−¨¢¥àá�«¨§�æ¨ï â¥«¥ª®¬¬ã−¨ª�æ¨®−−®£® ®¡®àã¤®¢�−¨ï ¨ á¥â¥¢ëå á¥à¢¨á®¢
¡«�£®¤�àï ®¡é¨¬ á¯¥æ¨ä¨ª�æ¨ï¬ á¥â¥¢®© ¨−äà�áâàãªâãàë;

{ ã¯à®é¥−¨¥ ¢−¥¤à¥−¨ï â¥å−®«®£¨¨ NFV ¡«�£®¤�àï ®¡é¨¬ à¥ª®¬¥−¤�æ¨ï¬
¨ è�¡«®−�¬;

{ áâ�−¤�àâ¨§�æ¨ï ¨−â¥àä¥©á®¢ ¯à¨ª«�¤−®£® ¯à®£à�¬¬¨à®¢�−¨ï (application
programming interfaces, API), ª®â®à�ï ¯®§¢®«¨â ¯à®£à�¬¬−ë¬ ¯à®¤ãªâ�¬
à�§−ëå ¯®áâ�¢é¨ª®¢ ¢§�¨¬®¤¥©áâ¢®¢�âì ¤àã£ á ¤àã£®¬.

‚ íâ®¬ ¯¥à¥ç−¥ ãá«®¢¨© ª«îç¥¢�ï à®«ì ®â¢®¤¨âáï áâ�−¤�àâ¨§�æ¨¨: −ã¦−ë
®¡é¨¥ á¯¥æ¨ä¨ª�æ¨¨, £®â®¢ë¥ è�¡«®−ë ¨ áâ�−¤�àâ−ë¥ API. “«®¢¨¢ íâã ¬®¤�«ì-
−®áâì, ¢ ¨£àã ¢ª«îç¨«¨áì áâ�−¤�àâ¨§¨àãîé¨¥ ®à£�−¨§�æ¨¨. ’�ª, ETSI (European
Telecommunications Standards Institute) ¢ á¯¥æ¨ä¨ª�æ¨¨ NFV Release 2 á¤¥«�«
¯®¯ëâªã ¢áâà®¨âì SDN-ª®−âà®««¥à ¢ ¨−äà�áâàãªâãàã NFV ¢ −¥áª®«ìª¨å à�§−ëå
ª�ç¥áâ¢�å [8]:

{ ä¨§¨ç¥áª®© á¥â¥¢®© äã−ªæ¨¨ (physical network function);

{ ¢¨àâã�«¨§¨à®¢�−−®© á¥â¥¢®© äã−ªæ¨¨ (virtualized network function);
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{ ¬¥−¥¤¦¥à� ¢¨àâã�«¨§¨à®¢�−−®© ¨−äà�áâàãªâãàë (virtualized infrastructure
manager);

{ ª®−âà®««¥à� ¢ ¨−äà�áâàãªâãà¥ ¢¨àâã�«¨§�æ¨¨ á¥â¥¢ëå äã−ªæ¨© (network
function virtualization infrastructure);

{ ª®−âà®««¥à� ¢ á¨áâ¥¬¥ ¯®¤¤¥à¦ª¨ ®¯¥à�æ¨© ¨ ¡¨§−¥á� (operation/business
support system).

‚ íâ®© á¢ï§¨ ®¤−®© ¨§ æ¥«¥© ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨© ETSI ®¯à¥¤¥«ï¥â
¢®§¬®¦−ë© ¨−â¥àä¥©á ¬¥¦¤ã ª®−âà®««¥à®¬ SDN ¨ ®àª¥áâà®¢é¨ª®¬ NFV. ’®£¤�
ª®−¥ç−®© æ¥«ìî ãá¨«¨© ETSI ¬®¦−® ¯à¥¤¯®«®¦¨âì ¢®§¬®¦−®áâì �¤¬¨−¨áâà¨-
à®¢�âì ¨ ®àª¥áâà®¢�âì ¢¨àâã�«ì−ë¥ ¨ ä¨§¨ç¥áª¨¥ á¥â¨ SDN/NFV −� ¥¤¨−®©
¯«�âä®à¬¥ [9].

�®, −¥á¬®âàï −� �ªâ¨¢−ãî à¥ª«�¬ã ¯à®¤�¢æ®¢ ¨ ãá¨«¨ï áâ�−¤�àâ¨§�â®à®¢,
¢ ¯®á«¥¤−¥¥ ¢à¥¬ï ¢ å®à¥ ¤¨ä¨à�¬¡®¢ ®¡¥¨¬ à�áá¬�âà¨¢�¥¬ë¬ â¥å−®«®£¨ï¬ ¨ ¨å
®¡¥é�−−®¬ã ¯®áâ�¢é¨ª�¬¨ ¨ ®¦¨¤�¥¬®¬ã ¯®âà¥¡¨â¥«ï¬¨ ®¡ê¥¤¨−¥−¨î ¢á¥ ç�é¥
á«ëè−ë ªà¨â¨ç¥áª¨¥ £®«®á�. �®áâ¥¯¥−−® −�ª�¯«¨¢�îé¨©áï ®¯ëâ ¢ëï¢¨« ®á−®¢-
−ë¥ ä�ªâ®àë, ¬¥è�îé¨¥ à�§¢¨â¨î â¥å−®«®£¨ç¥áª®£® �«ìï−á� SDN/NFV [10]:

{ äà�£¬¥−â�à−®áâì à¥è¥−¨©. ��àï¤ã á ONF (Open Networking Foundation)
¨ ETSI ¨¬¥îâáï ¤àã£¨¥ ¢ëà�¡�âë¢�îé¨¥ áâ�−¤�àâë ®à£�−¨§�æ¨¨. �−¨
à�¡®â�îâ ¡¥§ ¤®«¦−®© ª®®à¤¨−�æ¨¨, � ¨−®£¤� ¢ à¥¦¨¬¥ ª®−ªãà¥−æ¨¨;

{ §�¬¥è�â¥«ìáâ¢® ¢ áà¥¤¥ ¢¥−¤®à®¢. �−¨ ¯à®â¨¢ïâáï SDN/NFV ¨§ −¥¦¥«�−¨ï
®âª�§ë¢�âìáï ®â £®¤�¬¨ −�à�¡®â�−−ëå à¥è¥−¨© ¨ ¡®ï§−¨ â®£®, çâ® ¢¬¥áâ®
¯®ªã¯ª¨ ã −¨å ®¡®àã¤®¢�−¨ï ¯®«ì§®¢�â¥«¨ ¡ã¤ãâ ¯à®áâ® áª�ç¨¢�âì ¢¨àâã�«¨-
§¨à®¢�−−ë¥ ãáâà®©áâ¢� á ª�ª®£®-−¨¡ã¤ì GitHub. �¥ª®â®àë¥ ¨§ −¨å á®§¤�îâ
á®¡áâ¢¥−−ë¥ ª®−ªãà¨àãîé¨¥ ¯à®¤ãªâë SDN ¨ NFV, á¯®á®¡−ë¥ à�¡®â�âì
â®«ìª® −� ¨å ®¡®àã¤®¢�−¨¨;

{ ®à£�−¨§�æ¨®−−�ï âà�−áä®à¬�æ¨ï. �¥à¥å®¤ ª NFV/SDN âà¥¡ã¥â ®à£�−¨§�-
æ¨®−−®© ¯¥à¥áâà®©ª¨, −® ãáâ®ï¢è¨¥áï ¡îà®ªà�â¨ç¥áª¨¥ áâàãªâãàë ãá¯¥è−®
á®¯à®â¨¢«ïîâáï ®à£�−¨§�æ¨®−−ë¬ −®¢è¥áâ¢�¬. �¥àá®−�« â®¦¥ −¥à¥¤ª® ¯à®-
â¨¢¨âáï ¨−−®¢�æ¨ï¬ ¨§-§� −¥¦¥«�−¨ï ¯¥à¥ãç¨¢�âìáï;

{ −¥¤®áâ�â®ç−�ï ¯à®à�¡®â�−−®áâì ¡¨§−¥á-áâà�â¥£¨©. �¦¨¤�¥¬ë¥ ®â â¥å−¨-
ç¥áª¨å ¯à¥¨¬ãé¥áâ¢ SDN/NFV íª®−®¬¨ç¥áª¨¥ ¢ë£®¤ë âàã¤−® ¯à®áç¨â�âì
§�à�−¥¥ ¨§-§� ®âáãâáâ¢¨ï ¯®¤â¢¥à¦¤¥−−ëå ¯à�ªâ¨ª®© ¡¨§−¥á-¬®¤¥«¥©. �¥-
à¥å®¤ −� −®¢ãî â¥å−®«®£¨î | ¯à®æ¥áá §�âà�â−ë©, � ®ªã¯�¥¬®áâì áâà�â¥£¨¨
SDN/NFV ¬®¦¥â §�−ïâì ¬−®£¨¥ £®¤ë.

�á®¡¥−−® −�áâ®à�¦¨¢�¥â â®â ä�ªâ, çâ® ¨−â¥à¥á ª SDN ¯¥à¥áâ�« à�áâ¨
á 2008 £. [7]. �¯�á¥−¨ï ¨ ¤�¦¥ ¯¥áá¨¬¨áâ¨ç¥áª¨¥ ¯à®£−®§ë ¢ ®â−®è¥−¨¨ ¡ã¤ãé¥£®
â¥å−®«®£¨¨ SDN/NFV, à�−¥¥ ªà�©−¥ ®áâ®à®¦−® ¢ëáª�§ë¢�¢è¨¥áï ®â¤¥«ì−ë¬¨
�¢â®à�¬¨, −� ª®−ä¥à¥−æ¨¨ OpenStack summit 2018 £®¤� ¯à®§¢ãç�«¨ ®âªàëâë¬
â¥ªáâ®¬ ¨ ¡ë«¨ −¥®¦¨¤�−−® ¯®¤¤¥à¦�−ë á® áâ®à®−ë áâ�−¤�àâ¨§¨àãîé¨å ®à£�-
−¨§�æ¨©. �¥ã¤¨¢¨â¥«ì−®, çâ® ¢ íâ¨å ãá«®¢¨ïå −¥ª®â®àë¥ ªàã¯−ë¥ ª®¬¯�−¨¨,
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â�ª¨¥ ª�ª AT&T ¨«¨ Verizon, ¢ëà�§¨«¨ −�¬¥à¥−¨¥ ¯à¨áâã¯¨âì ª à�§à�¡®âª�¬
á®¡áâ¢¥−−ëå à¥è¥−¨© ¢ ®¡«�áâ¨ SDN/NFV.

5 Разные пути SDN и NFV

Š®−æ¥¯æ¨î SDN ¯®à®¤¨«¨ â¥®à¥â¨ª¨, � ¥¥ ¯à�ªâ¨ç¥áª®¥ ¯à¨¬¥−¥−¨¥ ¡ãª-
¢�«ì−® −�¢ï§ë¢�«®áì ¢«�¤¥«ìæ�¬ ¤�â�æ¥−âà®¢. ‚ ¯à®â¨¢®¢¥á SDN ¨¤¥ï NFV
¡ë«� à®¦¤¥−� ¨ ãá¯¥è−® ¯à®¤¢¨£�¥âáï ¯à�ªâ¨ª�¬¨ | ª®−á®àæ¨ã¬®¬ á¥à¢¨á-¯à®-
¢�©¤¥à®¢, úª®â®àë¥ ®¡−�àã¦¨«¨, çâ® �¯¯�à�â−ë¥ à¥è¥−¨ï á¥â¥¢ëå ãáâà®©áâ¢
¯à¥¯ïâáâ¢ãîâ ¡ëáâà®¬ã à�§¢¥àâë¢�−¨î −®¢ëå á¥â¥¢ëå á¥à¢¨á®¢ ¨ ¯à®¡«¥¬ã
¬®¦−® à¥è¨âì á ¯®¬®éìî â¥å−®«®£¨© ¢¨àâã�«¨§�æ¨¨ ¨ NFV ¢ ç�áâ−®áâ¨û [11].
�âáî¤� ¢ëâ¥ª�¥â £«�¢−®¥ à�§«¨ç¨¥ ¬¥¦¤ã SDN ¨ NFV: ã â¥å−®«®£¨¨ NFV
¥áâì á¢®© §�¨−â¥à¥á®¢�−−ë© ¯®âà¥¡¨â¥«ì, ¨ ®−� à�§¢¨¢�¥âáï, ¢ â® ¢à¥¬ï ª�ª
SDN á¢®¥£® ¬�áá®¢®£® ¯®âà¥¡¨â¥«ï −¥ −�è«� ¨ áâ�£−¨àã¥â ¨§-§� æ¥«®£® àï¤�
−¥®¯à¥¤¥«¥−−®áâ¥© [1]:

{ ®â−®á¨â¥«ì−ë¥ ãá¯¥å¨ ªàã¯−ëå ª®¬¯�−¨©, â�ª¨å ª�ª Google, Facebook ¨«¨
Amazon, −¥ ã¤�¥âáï ¢®á¯à®¨§¢¥áâ¨ ¢ ãá«®¢¨ïå ¤�â�æ¥−âà®¢ ¬¥−ìè¨å ¬�áèâ�-
¡®¢;

{ �� SDN ®áâ�¥âáï ®¡«�áâìî ¡®«ìè®© −¥®¯à¥¤¥«¥−−®áâ¨ ¨ ¯®â¥−æ¨�«ì−ëå
à¨áª®¢ ¯à¨ −¥¡®«ìè®¬ ç¨á«¥ −�¤¥¦−® ã¤¥à¦¨¢�îé¨åáï −� àë−ª¥ ¯®áâ�¢é¨-
ª®¢;

{ à�áâãé¨© ¨−â¥à¥á ª®¬¯�−¨© ª ãå®¤ã ¢ ú®¡«�ª�û ã¬¥−ìè�¥â ã −¨å áâ¨¬ã«ë
ª ª®à¥−−®¬ã ®¡−®¢«¥−¨î á¢®¥© ãáâ�à¥¢�îé¥© ¨−äà�áâàãªâãàë ¨ ��;

{ ¯®ï¢«¥−¨¥ ¬−®£®á¥à¢¥à−ëå è�áá¨ á è¨à®ª®¯®«®á−ë¬ á¥â¥¢ë¬ á®¥¤¨−¥−¨¥¬,
á¯®á®¡−ë¬ ®¡á«ã¦¨¢�âì ¤¥áïâª¨ ¨ á®â−¨ á¥à¢¥à®¢, � â�ª¦¥ ¯¥àá¯¥ªâ¨¢�
¤¥§�£à¥£¨à®¢�−−ëå á¥à¢¥à®¢ à¥è�îâ ¬−®£¨¥ á¥â¥¢ë¥ ¯à®¡«¥¬ë ¨ ®¡ê¥ªâ¨¢−®
ã¬¥−ìè�îâ ¯®âà¥¡−®áâì ¢ SDN.

‚ ¤®¯®«−¥−¨¥ ª® ¢á¥¬ −¥®¯à¥¤¥«¥−−®áâï¬ ®ç¥−ì ¡®«ì−® ¯® ú¨¬¨¤¦ãû SDN
¬®¦¥â ã¤�à¨âì ¯®ï¢¨¢è¥¥áï ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï ¯®−¨¬�−¨¥ â®£®, çâ® ¯à�ªâ¨ç¥áª¨
−¥à¥�«¨§ã¥¬ë¬ ®ª�§�«áï ®¤¨− ¨§ ¥¥ £«�¢−ëå ª®§ëà¥© | è¨à®ª® à�§à¥ª«�¬¨à®-
¢�−−�ï ¢®§¬®¦−®áâì §�¬¥−ë à�§−®®¡à�§−®£® ¤®à®£®£® ¯à®¯à¨¥â�à−®£® á¥â¥¢®£®
®¡®àã¤®¢�−¨ï −� ¯à®áâë¥ ¨ ¤¥è¥¢ë¥ ã−¨ä¨æ¨à®¢�−−ë¥ ª®¬¬ãâ�â®àë. �® àï¤ã
®¡ê¥ªâ¨¢−ëå ¯à¨ç¨− ¢ à¥�«ì−®áâ¨ ¨¬¥îé¨¥áï á¥£®¤−ï SDN-á¥â¨ ®áâ�îâáï ¢á¥
â¥¬¨ ¦¥ IP-á¥âï¬¨ á âà�¤¨æ¨®−−ë¬¨ ¬�àèàãâ¨§�â®à�¬¨ ¢ ã§«�å, «¨èì ¤®¯®«-
−¥−−ë¬¨ ¯®¤¤¥à¦ª®© ¯à®â®ª®«� OpenFlow [12]. ��ª®−¥æ, −¥á¬®âàï −� ®¡¨«¨¥
à¥ª«�¬ë SDN, −¨ªâ® ¨§ ¢¥¤ãé¨å ¯®áâ�¢é¨ª®¢ á¥â¥¢®£® ®¡®àã¤®¢�−¨ï ¨ �� −¥
§�ï¢«ï¥â ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ á¥â¥© £«�¢−®© æ¥«ìî á¢®¥£® â¥å−®«®£¨ç¥áª®£®
à�§¢¨â¨ï [13].

‚ ¨â®£¥ ®áâ�îâáï −¥à¥è¥−−ë¬¨ â�ª¨¥ ¡�§®¢ë¥ ¢®¯à®áë, ª�ª ¯ãâ¨ ¯¥à¥å®¤�
ª SDN, ¯¥à¥−®á ¨¤¥© SDN ¢ âà�−á¯®àâ−ë¥ á¥â¨ ¨ à¥�«¨§�æ¨ï á¥â¥¢ëå á¥à¢¨á®¢
¢ ú®¡«�ç−®©û ¯�à�¤¨£¬¥ ¢ëç¨á«¥−¨© [14]. ‚à¥¬ï ¨£à�¥â −� NFV, −®, ¯®å®¦¥,
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¯à®â¨¢ SDN. � â¥¬ á�¬ë¬ ¨ ¯à®â¨¢ �«ìï−á� íâ¨å â¥å−®«®£¨©, ¢á¥ ¡®«ìè¥
−�¯®¬¨−�îé¥£® ¡�á¥−−ãî úã¯àï¦ªãû «¥¡¥¤ï á à�ª®¬ ¨ éãª®©.

6 Заключение

‚á¥ ¯®¯ëâª¨ ¢ëï¢¨âì ç¥àâë áå®¦¥áâ¨ â¥å−®«®£¨© SDN ¨ NFV, ¢ª«îç�ï
¨ ¨å −¥¤«¨−−ë© ¯¥à¥ç¥−ì ¢® ¢¢¥¤¥−¨¨ ª −�áâ®ïé¥© áâ�âì¥, ®¡å®¤ïâ áâ®à®−®©
â¥å−¨ç¥áª¨¥ �á¯¥ªâë. ‘å®¦¥áâì ®â¬¥ç�¥âáï «¨èì ¢ æ¥«ïå ¢−¥¤à¥−¨ï ¨ ®¦¨¤�¥¬ëå
íª®−®¬¨ç¥áª¨å ¢ë¨£àëè�å, ª®â®àë¥ ¢ ª®−¥ç−®¬ áç¥â¥ ¢á¥£¤� ®¤¨−�ª®¢ë ¤«ï ¢á¥å
â¥å−®«®£¨ç¥áª¨å −®¢è¥áâ¢: á−¨¦¥−¨¥ à�áå®¤®¢ ¨ ã¢¥«¨ç¥−¨¥ ¤®å®¤®¢. ˆ íâ® −¥
á«ãç�©−®. ‘®¤¥à¦�â¥«ì−®¥ á®¯®áâ�¢«¥−¨¥ â¥å−®«®£¨© SDN ¨ NFV §�âàã¤−ï¥âáï
−¥®¤−®§−�ç−®áâìî ¯®−¨¬�−¨ï á�¬¨å ¯à¥¤¬¥â®¢ á®¯®áâ�¢«¥−¨ï ª�ª íªá¯¥àâ−ë¬
á®®¡é¥áâ¢®¬, â�ª ¨ ãç�áâ−¨ª�¬¨ á¥â¥¢®£® àë−ª�. „¥ª«�à¨àã¥¬ë¥ áå®¦¨¥ ç¥àâë
SDN ¨ NFV ¯à¨ ¢−¨¬�â¥«ì−®¬ à�áá¬®âà¥−¨¨ ®ª�§ë¢�îâáï «¨èì ¢¨¤¨¬®áâìî
áå®¦¥áâ¨, � ¯®¯ëâª¨ ®¡®á−®¢�âì −¥®¡å®¤¨¬®áâì ¨å ®¡ê¥¤¨−¥−¨ï −¥ã¡¥¤¨â¥«ì−ë.

‘®¯®áâ�¢«¥−¨¥ â¥å−®«®£¨© ¢ëï¢«ï¥â ã −¨å ¬�«® á®¤¥à¦�â¥«ì−® ®¡é¥£®. �−¨
¯à¥á«¥¤ãîâ à�§−ë¥ æ¥«¨, à�§¢¨¢�îâáï à�§−ë¬¨ ¯ãâï¬¨, à�á¯à®áâà�−ïîâáï á à�§-
−®© áª®à®áâìî ¨ −¥ ¨á¯ëâë¢�îâ âï£¨ ¤àã£ ª ¤àã£ã. ‚ ¨å ®¡ê¥¤¨−¥−¨¨, −�
á¥£®¤−ïè−¨© ¤¥−ì ¨áªãááâ¢¥−−®¬, §�¨−â¥à¥á®¢�−ë £«�¢−ë¬ ®¡à�§®¬ ªàã¯−ë¥
ä¨à¬ë-¯®áâ�¢é¨ª¨ á¥â¥¢®£® �� ¯® ¬�àª¥â¨−£®¢ë¬ á®®¡à�¦¥−¨ï¬ ¨, ¬®¦¥â
¡ëâì, áâ�−¤�àâ¨§¨àãîé¨¥ ®à£�−¨§�æ¨¨ | ¯® ¯à¥áâ¨¦−ë¬. �®íâ®¬ã à¥ª«�¬�
ä¨à¬-¯®áâ�¢é¨ª®¢ á¥â¥¢®£® �� ¯¥áâà¨â ¯à¥¤«®¦¥−¨ï¬¨ SDN/NFV ¨ ¤ëè¨â
®¯â¨¬¨§¬®¬. �¤−�ª® ¤«ï àï¤®¢®£® ¯®«ì§®¢�â¥«ï, ª®â®àë©, ¢¥à®ïâ−®, ¡ë« ¡ë
−¥ ¯à®çì ¯®«ãç¨âì £®â®¢ë© ª®¬¯«¥ªá−ë© à�¡®â®á¯®á®¡−ë© ¯à®¤ãªâ, à�¤¨ª�«ì−®
¬¥−ïîé¨© â¥å−¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ¨ ã«ãçè�îé¨© íª®−®¬¨ç¥áª¨¥ ¯®ª�§�-
â¥«¨ ¥£® á¥â¨, ¢á¥ ¤�«¥ª® −¥ â�ª ®¯â¨¬¨áâ¨ç−®. ƒ®â®¢ëå ¯à®£à�¬¬−ëå à¥è¥−¨©
¤«ï ¯à¥¢à�é¥−¨ï ¥£® á¥â¨ ¢ SDN-á¥âì −� àë−ª¥ −¥â, ¨ ¯¥àá¯¥ªâ¨¢ë ¨å ¯®ï¢«¥-
−¨ï ®áâ�îâáï ¢¥áì¬� âã¬�−−ë¬¨. ‘¨âã�æ¨ï á NFV-à¥è¥−¨ï¬¨ «ãçè¥, −® ¨ âãâ
ª®¬¯«¥ªá−ë¥ ¯à®¤ãªâë, â�ª¨¥, −�¯à¨¬¥à, ª�ª ¨−äà�áâàãªâãà� ¢¨àâã�«¨§�æ¨¨
á¥â¥¢ëå äã−ªæ¨© á ¬¥−¥¤¦¥à®¬ ¢¨àâã�«¨§¨à®¢�−−®© ¨−äà�áâàãªâãàë, ¯à¥¤«�£�-
îâáï â®«ìª® ¤¢ã¬ï ¯à®£à�¬¬−ë¬¨ ¯«�âä®à¬�¬¨: ®âªàëâ®© OpenStack ¨ vSphere
ª®¬¯�−¨¨ VMware.

‚ ¨â®£¥ â¥å−®«®£¨¨ SDN ¨ NFV ¨¤ãâ ª�¦¤�ï á¢®¨¬ ¯ãâ¥¬, ¯à¨ç¥¬ ¯¥à¢�ï,
áâ�àâ®¢�¢ à�−ìè¥, ¢á¥ ¡®«ìè¥ ®âáâ�¥â ®â ¢â®à®©, çâ® â�ª¦¥ ãá«®¦−ï¥â ¨å á®î§
¨ ®áâ�¢«ï¥â ¯à®¡«¥¬�â¨ç−ë¬ ¯®ï¢«¥−¨¥ ¢ ¡«¨¦�©è¥¬ ¡ã¤ãé¥¬ ¤®áâã¯−ëå ¬�á-
á®¢®¬ã ¯®«ì§®¢�â¥«î ª®¬¯«¥ªá−ëå ¯à®¤ãªâ®¢ ¤«ï SDN, � â¥¬ ¡®«¥¥ SDN/NFV.
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Abstract: Many firms delivering software to the networking market offer
products for the software-defined networking (SDN) and network functions vir-
tualization (NFV). In advertising, the frequent neighborhood of both acronyms,
up to their merging into SDN/NFV, creates the impression that the technologies
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behind them are closely related, if not the same at all. The ascertainment of
the actual interrelation between SDN and NFV is complicated by difficulties
with understanding the objects themselves. In publications on the subject, some
common statements have entrenched, many of them turning out to be dubious at
a captious exploration. The article impugns the assumed in various publications
affinity of both technologies. They originated independently developing in diverse
directions and at different rates: NFV is actively demanded in provider networks,
while SDN has been implemented mainly by some big internet companies, with
the interest in the technology not growing last years because of a number of
uncertainties. Actually, both acronyms, SDN and NFV, gravitate towards each
other, even up to sticking together into SDN/NFV, basically in advertisements
of networking software suppliers for purely marketing reasons.
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О ПРИМЕНЕНИИ ЭКСПЕРТНЫХ МЕТОДОВ
ПРИ ОЦЕНКЕ ЭФФЕКТИВНОСТИ И КАЧЕСТВА

ИНФОРМАЦИОННЫХ СИСТЕМ

А. А. Зацаринный1, Ю. С. Ионенков2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¢®¯à®áã ¯à¨¬¥−¥−¨ï íªá¯¥àâ−ëå ¬¥â®¤®¢ ¯à¨
®æ¥−ª¥ íää¥ªâ¨¢−®áâ¨ ¨ ª�ç¥áâ¢� ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (ˆ‘). ÷�áá¬®âà¥-
−ë ®¡é¨¥ ¢®¯à®áë ¯à¨¬¥−¥−¨ï íªá¯¥àâ−ëå ®æ¥−®ª, ¢ª«îç�ï ¯à®¢¥¤¥−¨¥ ¯à®-
æ¥¤ãàë íªá¯¥àâ−®£® ®¯à®á� ¨ ãáâ�−®¢«¥−¨¥ á®£«�á®¢�−−®áâ¨ ¬−¥−¨© íªá¯¥àâ®¢.
�à¥¤áâ�¢«¥−ë à�§«¨ç−ë¥ ¯®¤å®¤ë ª ®¯à¥¤¥«¥−¨î ç¨á«� íªá¯¥àâ®¢, ¢ª«îç�ï
ä®à¬ã«ë ¤«ï ¯à®¢¥¤¥−¨ï à�áç¥â®¢, ¨ á¤¥«�−ë áà�¢−¨â¥«ì−ë¥ à�áç¥âë ¯®
íâ¨¬ ä®à¬ã«�¬. ˆ§«®¦¥− ä®à¬�«¨§®¢�−−ë© ¯®¤å®¤ ª ®æ¥−ª¥ ª®¬¯¥â¥−â−®áâ¨
íªá¯¥àâ®¢, ¢ª«îç�îé¨© ¨å −�ãç−ãî ª¢�«¨ä¨ª�æ¨î, �à£ã¬¥−â¨à®¢�−−®áâì
®æ¥−®ª ¨ áâ¥¯¥−ì §−�ª®¬áâ¢� á ®æ¥−¨¢�¥¬®© ¯à®¡«¥¬®©.
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1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ˆ‘ ¢® ¬−®£®¬ ®¯à¥¤¥«ïîâ −�ãç−®-â¥å−¨ç¥áª¨© ¯®â¥−æ¨�«
áâà�−ë, ãà®¢¥−ì à�§¢¨â¨ï ¥¥ −�à®¤−®£® å®§ï©áâ¢�, ®¡à�§ ¦¨§−¨ ¨ ¤¥ïâ¥«ì−®áâ¨
ç¥«®¢¥ª�. �à¨ íâ®¬ ˆ‘ ®â−®áïâáï ª ª«�ááã á«®¦−ëå ¡®«ìè¨å á¨áâ¥¬ á ¤«¨-
â¥«ì−ë¬ áà®ª®¬ íªá¯«ã�â�æ¨¨. �¤−¨¬ ¨§ ¢�¦−ëå −�¯à�¢«¥−¨© ¨å à�§¢¨â¨ï
¨ á®¢¥àè¥−áâ¢®¢�−¨ï ï¢«ï¥âáï à�§à�¡®âª� ¬¥â®¤¨ç¥áª®£® �¯¯�à�â�, ¯®§¢®«ïîé¥-
£® ¯à®¢®¤¨âì ®æ¥−ªã ¨å â¥å−¨ç¥áª®£® ãà®¢−ï −� ¢á¥å áâ�¤¨ïå ¦¨§−¥−−®£® æ¨ª«�:
®â §�¬ëá«� ¤® á−ïâ¨ï á ¯à®¨§¢®¤áâ¢� ¨ ãâ¨«¨§�æ¨¨.

’¥å−¨ç¥áª¨© ãà®¢¥−ì ˆ‘ ¬®¦¥â å�à�ªâ¥à¨§®¢�âìáï ¤¢ã¬ï ¯®−ïâ¨ï¬¨ |
úíää¥ªâ¨¢−®áâìû ¨ úª�ç¥áâ¢®û. �â¬¥â¨¬ á®®â−®è¥−¨¥ ¯®−ïâ¨© úª�ç¥áâ¢®û
¨ úíää¥ªâ¨¢−®áâìû: ¥á«¨ íää¥ªâ¨¢−®áâì å�à�ªâ¥à¨§ã¥â áâ¥¯¥−ì á®®â¢¥âáâ¢¨ï
á¨áâ¥¬ë −�§−�ç¥−¨î ¨ ¯à¨á¯®á®¡«¥−−®áâ¨ ª ¤®áâ¨¦¥−¨î æ¥«¥©, ¯®áâ�¢«¥−−ëå
¯à¨ ¥¥ á®§¤�−¨¨, â® 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 [1, 2].

�−�«¨§ ¨ ãá«®¢¨ï ¯à¨¬¥−¥−¨ï áãé¥áâ¢ãîé¥£® ¬¥â®¤¨ç¥áª®£® �¯¯�à�â� ®æ¥−ª¨
íää¥ªâ¨¢−®áâ¨ ¨ ª�ç¥áâ¢� ˆ‘, � â�ª¦¥ ¯à¥¤«®¦¥−¨ï ¯® ¥£® á®¢¥àè¥−áâ¢®¢�−¨î

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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¯à¥¤áâ�¢«¥−ë ¢ à�¡®â�å [3{7]. ‚ ¬¥â®¤¨ª�å, ¯à¥¤áâ�¢«¥−−ëå ¢ íâ¨å à�¡®â�å,
è¨à®ª® ¨á¯®«ì§ãîâáï ¬¥â®¤ë íªá¯¥àâ−ëå ®æ¥−®ª. „�−−ë¥ ¬¥â®¤ë ®á−®¢ë¢�îâáï
−� §−�−¨ïå á¯¥æ¨�«¨áâ®¢ ¨ −�ª®¯«¥−−®¬ ¨¬¨ ®¯ëâ¥ ¯à¨ ¯à®¢¥¤¥−¨¨ −�ãç−®-¨á-
á«¥¤®¢�â¥«ìáª¨å ¨ ®¯ëâ−®-ª®−áâàãªâ®àáª¨å à�¡®â, ¨§ãç¥−¨¨ −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãàë, ®¯ëâ¥ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®© ¨ ¯à®¨§¢®¤áâ¢¥−−®© ¤¥ïâ¥«ì−®áâ¨.

‚ «¨â¥à�âãà¥ ¤®áâ�â®ç−® ¯®¤à®¡−® ¯à¥¤áâ�¢«¥−ë ¯à®æ¥¤ãàë ¬¥â®¤®¢ íªá¯¥àâ-
−ëå ®æ¥−®ª, ¢ª«îç�ï ¢®¯à®áë ä®à¬¨à®¢�−¨ï íªá¯¥àâ−ëå £àã¯¯, ä®à¬ à�¡®âë
á íªá¯¥àâ�¬¨, ç¨á«¥−−®áâ¨ ¨ ª®¬¯¥â¥−â−®áâ¨ íªá¯¥àâ®¢, ®¡à�¡®âª¨ íªá¯¥àâ−®© ¨−-
ä®à¬�æ¨¨. �á−®¢−ë¥ ä�ªâ®àë, ®¯à¥¤¥«ïîé¨¥ â®ç−®áâì íªá¯¥àâ−ëå ®æ¥−®ª, |
íâ® ç¨á«® íªá¯¥àâ®¢ ¢ íªá¯¥àâ−®© £àã¯¯¥ ¨ ¨å ª®¬¯¥â¥−â−®áâì.

‚ −�áâ®ïé¥© áâ�âì¥ à�áá¬�âà¨¢�îâáï ®¡é¨¥ ¢®¯à®áë ¯à¨¬¥−¥−¨ï ¬¥â®¤®¢
íªá¯¥àâ−ëå ®æ¥−®ª, ¯à®¢¥¤¥−® áà�¢−¥−¨¥ à�§«¨ç−ëå ¯®¤å®¤®¢ ª ®¯à¥¤¥«¥−¨î
âà¥¡ã¥¬®£® ç¨á«� íªá¯¥àâ®¢, � â�ª¦¥ ¯à¥¤«®¦¥− ¬¥â®¤¨ç¥áª¨© ¯®¤å®¤ ª ®æ¥−ª¥
¨å ª®¬¯¥â¥−â−®áâ¨.

2 Методические подходы к экспертным оценкам

Œ¥â®¤ë íªá¯¥àâ−ëå ®æ¥−®ª ¨á¯®«ì§ãîâáï, ª�ª ¯à�¢¨«®, ¯à¨ ¨áá«¥¤®¢�−¨¨
®¡ê¥ªâ®¢, �−�«¨§ à�§¢¨â¨ï ª®â®àëå −¥ ¯®¤¤�¥âáï ä®à¬�«¨§�æ¨¨, â. ¥. ¤«ï ª®-
â®àëå âàã¤−® à�§à�¡®â�âì �−�«¨â¨ç¥áªãî ¬®¤¥«ì. �à¨ ®æ¥−ª¥ íää¥ªâ¨¢−®áâ¨
¨ ª�ç¥áâ¢� ˆ‘ íâ¨ ¬¥â®¤ë ¯à¨¬¥−ïîâáï ¤«ï ®¯à¥¤¥«¥−¨ï ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢
¨ ®â¤¥«ì−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨.

�ªá¯¥àâ−�ï ®æ¥−ª� ¢ª«îç�¥â [8]:

{ á®áâ�¢«¥−¨¥ â�¡«¨æë íªá¯¥àâ−®£® ®¯à®á�;

{ ¯®¤¡®à íªá¯¥àâ®¢;

{ ¯à®¢¥¤¥−¨¥ íªá¯¥àâ¨§ë;

{ �−�«¨§ à¥§ã«ìâ�â®¢.

Š�ç¥áâ¢¥−−ë© ¨ ª®«¨ç¥áâ¢¥−−ë© á®áâ�¢ íªá¯¥àâ−®© ª®¬¨áá¨¨ ¤®«¦¥− ä®à-
¬¨à®¢�âìáï á ãç¥â®¬ è¨à®âë ¯à®¡«¥¬ë, ¤®áâ®¢¥à−®áâ¨ ®æ¥−®ª, §�âà�â à¥áãàá®¢
¨ ª®¬¯¥â¥−â−®áâ¨ íªá¯¥àâ®¢.

”®à¬¨à®¢�−¨¥ ª®««¥ªâ¨¢−®£® ¬−¥−¨ï íªá¯¥àâ®¢ ®áãé¥áâ¢«ï¥âáï à�§«¨ç−ë¬¨
¬¥â®¤�¬¨. ��¨¡®«¥¥ à�á¯à®áâà�−¥− ¨§ −¨å £àã¯¯®¢®© ¬¥â®¤, ª®£¤� ¢á¥ íªá¯¥àâë
à�¡®â�îâ ®¤−®¢à¥¬¥−−® ¢ á®áâ�¢¥ ª�ª®£®-«¨¡® á®¢¥â�, ª®¬¨áá¨¨ ¨ â. ¯. �¥¤®áâ�â-
ª¨ ¤�−−®£® ¬¥â®¤�: −¥®¤¨−�ª®¢�ï �ªâ¨¢−®áâì íªá¯¥àâ®¢, ¢«¨ï−¨¥ �¢â®à¨â¥â®¢,
¯à¨á¯®á®¡«¥−¨¥ ª ¬−¥−¨î ¡®«ìè¨−áâ¢�.

��àï¤ã á £àã¯¯®¢ë¬ ¬¥â®¤®¬ ¯à¨¬¥−ï¥âáï ¨−¤¨¢¨¤ã�«ì−ë© ¬¥â®¤, ª®£¤� íªá-
¯¥àâë à�¡®â�îâ ®â¤¥«ì−® ¨ −¥§�¢¨á¨¬®. �¡®¡é¥−−®¥ ¬−¥−¨¥ ä®à¬¨àã¥âáï ¯ãâ¥¬
áâ�â¨áâ¨ç¥áª®© ®¡à�¡®âª¨ ¬−¥−¨© ®â¤¥«ì−ëå íªá¯¥àâ®¢. ‚ íâ®¬ á«ãç�¥ ã¤�¥âáï
¨áª«îç¨âì −¥¤®áâ�âª¨, ¯à¨áãé¨¥ £àã¯¯®¢®¬ã ¬¥â®¤ã, −® ¯®ï¢«ï¥âáï ®¯�á−®áâì
−¨¢¥«¨à®¢�−¨ï ¬−¥−¨© ®â¤¥«ì−ëå íªá¯¥àâ®¢, á«¥¤®¢�−¨ï §� ®¡¥§«¨ç¥−−ë¬ áâ�-
â¨áâ¨ç¥áª¨¬ ¡®«ìè¨−áâ¢®¬.
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� ¯à¨¬¥−¥−¨¨ íªá¯¥àâ−ëå ¬¥â®¤®¢ ¯à¨ ®æ¥−ª¥ íää¥ªâ¨¢−®áâ¨ ¨ ª�ç¥áâ¢� ˆ‘

“á¯¥å íªá¯¥àâ−®£® ®¯à®á� §�¢¨á¨â ®â ç¨á«� ¨áå®¤−ëå ¯®ª�§�â¥«¥©: ç¥¬ ¡®«ìè¥
¯®ª�§�â¥«¥© ¯®¤«¥¦¨â ®æ¥−ª¥, â¥¬ ¡®«ìè¥© á®¢®ªã¯−®áâ¨ ¯®ª�§�â¥«¥© íªá¯¥àâë
¯à¨á¢�¨¢�îâ ®¤¨−�ª®¢ãî ¢�¦−®áâì. ˆ−�ç¥ £®¢®àï, á ¢®§à�áâ�−¨¥¬ ç¨á«� ¯®-
ª�§�â¥«¥© íªá¯¥àâë áâ�−®¢ïâáï ¢á¥ ¡®«¥¥ ¡¥§à�§«¨ç−ë¬¨ ¢ á¢®¨å áã¦¤¥−¨ïå.
�®áª®«ìªã ¢ ®¡é¥¬ á«ãç�¥ ç¨á«® ¨áå®¤−ëå ¯®ª�§�â¥«¥© −¥ ¬®¦¥â ¡ëâì á®ªà�-
é¥−® ¡¥§ ãé¥à¡� ¤«ï ¯®«−®âë ®¯¨á�−¨ï á¨áâ¥¬ë, ¯®«¥§−® ¢¢¥¤¥−¨¥ ®¡®¡é¥−−ëå
¯®ª�§�â¥«¥©, ®¡ê¥¤¨−ïîé¨å àï¤ ¨áå®¤−ëå ¯®ª�§�â¥«¥©, ¨ ¨å £àã¯¯¨à®¢ª�.

�à®æ¥¤ãà� íªá¯¥àâ−®£® ®¯à®á� ¯®¤à�§¤¥«ï¥âáï −� âà¨ áâ�¤¨¨.
�� ¯¥à¢®© áâ�¤¨¨ á®áâ�¢«ï¥âáï â�¡«¨æ� íªá¯¥àâ−®£® ®¯à®á� ¨ ¯à¨«®¦¥−¨¥

ª −¥©. ‚ â�¡«¨æã §�−®áïâáï å�à�ªâ¥à¨áâ¨ª¨ ¨ ¯®ª�§�â¥«¨ á¨áâ¥¬, ¯® ª®â®àë¬
−¥®¡å®¤¨¬® ¢ëïá−¨âì ¬−¥−¨¥ á¯¥æ¨�«¨áâ®¢. Š�¦¤®¬ã á¯¥æ¨�«¨áâã ¯à¥¤«�£�¥âáï
®æ¥−¨âì ¨å ¢�¦−®áâì ¢ ¡�««�å, � â�ª¦¥ ãª�§�âì á¢®î ª¢�«¨ä¨ª�æ¨î, áâ¥¯¥−ì
§−�ª®¬áâ¢� á à�áá¬�âà¨¢�¥¬ë¬¨ á¨áâ¥¬�¬¨, ¨áâ®ç−¨ª¨ �à£ã¬¥−â�æ¨¨.

�� ¢â®à®© áâ�¤¨¨ ®¯à¥¤¥«ï¥âáï ªàã£ íªá¯¥àâ®¢ ¨ ¯à®¢®¤¨âáï −¥¯®áà¥¤áâ¢¥−−®
íªá¯¥àâ−ë© ®¯à®á.

�� âà¥âì¥© áâ�¤¨¨ ¯à®¢®¤¨âáï ®¡à�¡®âª� ¤�−−ëå: ¢ëç¨á«ïîâáï áà¥¤−¨¥
®æ¥−ª¨ ¨ ãáâ�−�¢«¨¢�¥âáï áâ¥¯¥−ì á®£«�á®¢�−−®áâ¨ ¬−¥−¨© íªá¯¥àâ®¢.

‘−�ç�«� ®æ¥−ª¨, ¤�−−ë¥ ª�¦¤ë¬ íªá¯¥àâ®¬, −®à¬¨àãîâáï ¯® ä®à¬ã«¥

βkn =
Ckn

∑N

n=1
Ckn

,

£¤¥ Ckn | ®æ¥−ª� k-¬ íªá¯¥àâ®¬ ¢�¦−®áâ¨ n-£® ¯®ª�§�â¥«ï (¢ ¡�««�å); N |
ç¨á«® ¯®ª�§�â¥«¥©.

‡�â¥¬ ¢ëç¨á«ïîâáï áà¥¤−¨¥ §−�ç¥−¨ï ®æ¥−®ª ª�¦¤®£® ¯®ª�§�â¥«ï

βb =
1

K

K
∑

k=1

βkn

¨ á®®â¢¥âáâ¢ãîé¨¥ áà¥¤−¥ª¢�¤à�â¨ç¥áª¨¥ ®âª«®−¥−¨ï

σ =

√

√

√

√

1

K

K
∑

k=1

(

βkn − βn

)2
,

£¤¥ K | ç¨á«® íªá¯¥àâ®¢.
�®á«¥ íâ®£® ®¯à¥¤¥«ïîâáï ª®íää¨æ¨¥−âë ¢�à¨�æ¨¨

υn =
σn

βn

,

å�à�ªâ¥à¨§ãîé¨¥ áâ¥¯¥−ì á®£«�á®¢�−−®áâ¨ ¬−¥−¨© íªá¯¥àâ®¢ ® ¢�¦−®áâ¨ ®â-
¤¥«ì−ëå ¯®ª�§�â¥«¥©. —¥¬ ¡®«ìè¥ ¢¥«¨ç¨−� υn, â¥¬ ¬¥−ìè¥ á®£«�á®¢�−−®áâì
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íªá¯¥àâ®¢ ¢ ®æ¥−ª¥ n-£® ¯®ª�§�â¥«ï; ¯à¨ ®¤¨−�ª®¢®¬ (¯®«−®áâìî á®£«�á®¢�−−®¬)
¬−¥−¨¨ íªá¯¥àâ®¢ íâ� ¢¥«¨ç¨−� à�¢−� −ã«î.

‘â¥¯¥−ì á®£«�á®¢�−−®áâ¨ ¬−¥−¨© íªá¯¥àâ®¢ ¯® ¢á¥¬ ¯®ª�§�â¥«ï¬ ®æ¥−¨¢�¥âáï
ª®íää¨æ¨¥−â®¬ ª®−ª®à¤�æ¨¨ Š¥−¤¥««� [8]:

ω =
12

∑N

n=1

(

Sn − S
)2

K2
(

N3 −N
)

−K
∑K

k=1
Tk

.

‡¤¥áì Sn =
∑K

k=1Rkn | áã¬¬� à�−£®¢, ¯à¨á¢®¥−−ëå íªá¯¥àâ�¬¨ n-¬ã ¯®ª�-

§�â¥«î, £¤¥ Rkn | à�−£ n-£® ¯®ª�§�â¥«ï, −�§−�ç¥−−ë© k-¬ íªá¯¥àâ®¬; S =

= (1/N)
∑N

n=1 Sn | áà¥¤−¥¥ §−�ç¥−¨¥ áã¬¬ à�−£®¢;

Tk =

Mk
∑

m=1

(

t3km − tkm

)

,

£¤¥ tkm | ç¨á«® ®¤¨−�ª®¢ëå à�−£®¢ m-£® â¨¯� ¢ ®æ¥−ª�å k-£® íªá¯¥àâ�, Mk |
ª®«¨ç¥áâ¢® £àã¯¯ ¯®ª�§�â¥«¥© á á®¢¯�¢è¨¬¨ à�−£�¬¨ ¢ ®æ¥−ª�å k-£® íªá¯¥àâ�.

Š®íää¨æ¨¥−â ª®−ª®à¤�æ¨¨ ¨§¬¥−ï¥âáï ¢ ¯à¥¤¥«�å ®â −ã«ï ¤® ¥¤¨−¨æë,
¯à¨ç¥¬ ω = 1 á®®â¢¥âáâ¢ã¥â ¯®«−®© á®£«�á®¢�−−®áâ¨ ¬−¥−¨© íªá¯¥àâ®¢.

�à¨ ®¡à�¡®âª¥ ¤�−−ëå ¯® £àã¯¯�¬ íªá¯¥àâ®¢ ¢ëç¨á«ï¥âáï ª®íää¨æ¨¥−â
à�−£®¢®© ª®àà¥«ïæ¨¨ ‘¯¨à¬í−� [8]

r = 1−
6
∑N

n−1
(Rni −Rnj)

2

N
(

N2 − 1
) ,

¯®ª�§ë¢�îé¨© á¢ï§ì ¬¥¦¤ã ®æ¥−ª�¬¨, −�§−�ç¥−−ë¬¨ íªá¯¥àâ�¬¨ i-© ¨ j-© £àã¯¯.
…á«¨ á®£«�á®¢�−−®áâì ¬−¥−¨© íªá¯¥àâ®¢ ¢ëá®ª�ï ¨ −¥á«ãç�©−�ï (ª®íää¨-

æ¨¥−âë ª®−ª®à¤�æ¨¨ ¨ à�−£®¢®© ª®àà¥«ïæ¨¨ §−�ç¨¬ë ¨ ¡«¨§ª¨ ª ¥¤¨−¨æ¥), â®
−�©¤¥−−ë¥ ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë ¨ ®â¤¥«ì−ë¥ ¯®ª�§�â¥«¨ ¬®£ãâ ¡ëâì ¨á¯®«ì-
§®¢�−ë ¤«ï à�áç¥â� ®¡®¡é¥−−ëå ®æ¥−®ª íää¥ªâ¨¢−®áâ¨.

3 Методические подходы к определению числа экспертов

�à¨ ¯à®¢¥¤¥−¨¨ íªá¯¥àâ−ëå ®æ¥−®ª ®ç¥−ì ¢�¦−ë¬ ¢®¯à®á®¬ ï¢«ï¥âáï ®¯à¥-
¤¥«¥−¨¥ ç¨á«� íªá¯¥àâ®¢. —¨á«® íªá¯¥àâ®¢ ¤®«¦−® ¡ëâì ¤®áâ�â®ç−® ¡®«ìè¨¬,
çâ®¡ë ®â¤¥«ì−ë¥ ¬−¥−¨ï −¥ ¨¬¥«¨ −¥¯à�¢®¬¥à−® ¡®«ìè®¥ §−�ç¥−¨¥, ®¤−�ª® ¯à¨
®ç¥−ì ¡®«ìè®¬ ç¨á«¥ íªá¯¥àâ®¢ á−¨¦�¥âáï ãà®¢¥−ì ¨å ª®¬¯¥â¥−â−®áâ¨, çâ® ¬®¦¥â
¯à¨¢¥áâ¨ ª á−¨¦¥−¨î â®ç−®áâ¨ íªá¯¥àâ−ëå ®æ¥−®ª.
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� ¯à¨¬¥−¥−¨¨ íªá¯¥àâ−ëå ¬¥â®¤®¢ ¯à¨ ®æ¥−ª¥ íää¥ªâ¨¢−®áâ¨ ¨ ª�ç¥áâ¢� ˆ‘

Š íªá¯¥àâ�¬ ¯à¥¤êï¢«ïîâáï á«¥¤ãîé¨¥ âà¥¡®¢�−¨ï: £«ã¡®ª¨¥ §−�−¨ï ¢ ®æ¥-
−¨¢�¥¬®© ®¡«�áâ¨; −�«¨ç¨¥ −�ãç−®£® ¨−â¥à¥á� ª ®æ¥−¨¢�¥¬ë¬ �á¯¥ªâ�¬ ¯à®¡«¥-
¬ë; −�«¨ç¨¥ ¯à®¨§¢®¤áâ¢¥−−®£® ¨«¨ ¨áá«¥¤®¢�â¥«ìáª®£® ®¯ëâ� ¯® ®æ¥−¨¢�¥¬®©
¯à®¡«¥¬¥.

‚ −�ãç−®-â¥å−¨ç¥áª®© «¨â¥à�âãà¥ ¯à¥¤«�£�¥âáï àï¤ ¯®¤å®¤®¢ ª ®¯à¥¤¥«¥−¨î
âà¥¡ã¥¬®£® ç¨á«� íªá¯¥àâ®¢, ¡�§¨àãîé¨åáï −� áâ�â¨áâ¨ç¥áª¨å ¬¥â®¤�å.

‚ ç�áâ−®áâ¨, ¢ [9] ¯à¥¤«®¦¥−� á«¥¤ãîé�ï ä®à¬ã«� ¤«ï ®¯à¥¤¥«¥−¨ï âà¥¡ã-
¥¬®£® ç¨á«� íªá¯¥àâ®¢:

n =
t2σ2N

–2N + t2σ2
, (1)

£¤¥ n | ç¨á«® íªá¯¥àâ®¢; t | −®à¬¨à®¢�−−®¥ ®âª«®−¥−¨¥, á®®â¢¥âáâ¢ãîé¥¥ ¯à¨-
−ïâ®¬ã ãà®¢−î ¤®¢¥à¨â¥«ì−®© ¢¥à®ïâ−®áâ¨; – | ¯à¥¤¥«ì−�ï ®è¨¡ª� ¢ë¡®àª¨;
σ2 | ¤¨á¯¥àá¨ï ¨áá«¥¤ã¥¬®£® ¯à¨§−�ª� ¢ £¥−¥à�«ì−®© á®¢®ªã¯−®áâ¨; N | ®¡ê¥¬
£¥−¥à�«ì−®© á®¢®ªã¯−®áâ¨.

…á«¨ ¤¨á¯¥àá¨ï ¨áá«¥¤ã¥¬®£® ¯à¨§−�ª� ¤�¦¥ ¯à¨¡«¨§¨â¥«ì−® −¥ ¨§¢¥áâ−�,
â® ®−� ¯à¨−¨¬�¥âáï à�¢−®© á¢®¥¬ã ¬�ªá¨¬ã¬ã | 0,25 (0,5×0,5) ¨ ä®à¬ã«� (1)
¯à¨®¡à¥â�¥â ¢¨¤:

n =
0,25t2N

–2N + 0,25t2
. (2)

‚ [10] ¤«ï ®¯à¥¤¥«¥−¨ï ç¨á«� íªá¯¥àâ®¢ ¨á¯®«ì§®¢�−® á®®â−®è¥−¨¥, ª®â®à®¥
¯à¨¬¥−ï¥âáï ¤«ï ¢ëç¨á«¥−¨ï ¯®£à¥è−®áâ¨ −�¡«î¤¥−¨©:

n =
t2p

ε21
. (3)

‡¤¥áì n | ç¨á«® íªá¯¥àâ®¢; ε1 = ε/S | ¯à¥¤¥«ì−® ¤®¯ãáâ¨¬�ï ®â−®á¨â¥«ì−�ï
®è¨¡ª� íªá¯¥àâ−®© ®æ¥−ª¨, £¤¥ S | áà¥¤−¥ª¢�¤à�â¨ç−®¥ ®âª«®−¥−¨¥ à�á¯à¥-
¤¥«¥−¨ï ®æ¥−®ª; tp | ª®íää¨æ¨¥−â ‘âìî¤¥−â�, ®¯à¥¤¥«ïîé¨© è¨à¨−ã ¤®¢¥-
à¨â¥«ì−®£® ¨−â¥à¢�«� ¨ §�¢¨á¨¬®áâì ®â ¢¥«¨ç¨−ë ¢¥à®ïâ−®áâ¨ ®æ¥−ª¨ P (tp |
â�¡ã«¨à®¢�−−�ï ¢¥«¨ç¨−�).

‚ §�¢¨á¨¬®áâ¨ ®â §�¤�−−®© ¯®£à¥è−®áâ¨ íªá¯¥àâ−®© ®æ¥−ª¨ ¨ ¢ë¡à�−−®© ¢¥-
«¨ç¨−ë ¢¥à®ïâ−®áâ¨ P ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥−� ¢®§¬®¦−�ï ç¨á«¥−−®áâì íªá¯¥àâ®¢
(â�¡«. 1) [10].

’�¡«¨æ� 1 Œ¨−¨¬�«ì−® ¤®¯ãáâ¨¬®¥ ç¨á«® íªá¯¥àâ®¢ ¢ £àã¯¯¥

ε1
‚¥à®ïâ−®áâì ®æ¥−ª¨ P

0,99 0,95 0,90 0,85 0,8 0,75 0,7 0,65
0,5 26 15 11 8 7 5 4 4
0,3 74 43 31 23 19 15 12 10
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‚ [11] ¬¨−¨¬�«ì−®¥ ç¨á«® íªá¯¥àâ®¢ ¯à¥¤«�£�¥âáï ®¯à¥¤¥«ïâì ¯® ä®à¬ã«¥:

n = 0,5

(

3

α
+ 5

)

, (4)

£¤¥ 0 < α ≤ 1| ¯�à�¬¥âà, §�¤�îé¨© ¬¨−¨¬�«ì−ë© ãà®¢¥−ì ®è¨¡ª¨ íªá¯¥àâ¨§ë.
‚ á®®â¢¥âáâ¢¨¨ á [12], ¤«ï ¯à®¢¥¤¥−¨ï íªá¯¥àâ−®© ®æ¥−ª¨ −¥®¡å®¤¨¬® ¯à¨-

¢«¥ç¥−¨¥ −¥ ¬¥−¥¥ 7{9 íªá¯¥àâ®¢.
„«ï áà�¢−¥−¨ï íâ¨å ¯®¤å®¤®¢ ¨ ®¯à¥¤¥«¥−¨ï âà¥¡ã¥¬®£® ç¨á«� íªá¯¥àâ®¢

¯à®¢¥¤¥¬ à�áç¥âë ¯® ¯à¥¤áâ�¢«¥−−ë¬ ¢ëè¥ ä®à¬ã«�¬ (2){(4).
�à¨ à�áç¥â¥ ¯® ä®à¬ã«¥ (2) ¯à¨¬¥¬ ¢¥«¨ç¨−ã ¤®¢¥à¨â¥«ì−®© ¢¥à®ïâ−®áâ¨,

¯à¥¤áâ�¢«ïîé¥© á®¡®© â�¡ã«¨à®¢�−−ãî ¢¥«¨ç¨−ã, à�¢−®© 0,9545 (t = 2), ¯à¨

íâ®¬ – = t
√

σ2/N = 2 · 0,1235 = 0,247, � ®¡ê¥¬ £¥−¥à�«ì−®© á®¢®ªã¯−®áâ¨,
�−�«¨§¨àã¥¬®© íªá¯¥àâ�¬¨, N ¯à¨¬¥¬ à�¢−ë¬ 1500. ’®£¤� ç¨á«® íªá¯¥àâ®¢
á®áâ�¢¨â

n =
0,25 · 1500 · 22

0,2472 · 1500 + 0,25 · 22
= 16 .

�à¨ ¨á¯®«ì§®¢�−¨¨ ä®à¬ã«ë (3) ¤«ï ¯à¥¤¥«ì−® ¤®¯ãáâ¨¬®© ®â−®á¨â¥«ì−®©
®è¨¡ª¨ íªá¯¥àâ−®© ®æ¥−ª¨, à�¢−®© 0,3, ç¨á«® íªá¯¥àâ®¢ ¯à¨ ¢¥à®ïâ−®áâ¨ ®æ¥−-
ª¨ 0,8 á®áâ�¢¨â 19 ç¥«., � ¯à¨ ¢¥à®ïâ−®áâ¨ ®æ¥−ª¨ 0,75 | 15 ç¥«.

�à¨ à�áç¥â¥ ¯® ä®à¬ã«¥ (4) ¯à¨ α = 0,2 ¯®«ãç�¥¬ 10 ç¥«., � ¯à¨ α = 0,3|
8 ç¥«.

’�ª¨¬ ®¡à�§®¬, ¢ á®®â¢¥âáâ¢¨¨ á ¯à®¢¥¤¥−−ë¬¨ ¯® à�§−ë¬ ä®à¬ã«�¬ à�áç¥-
â�¬¨, ¤«ï ¤®áâ®¢¥à−®£® à¥§ã«ìâ�â� íªá¯¥àâ−®£® ®æ¥−¨¢�−¨ï (¢¥à®ïâ−®áâì ®æ¥−ª¨
−¥ ¬¥−¥¥ 0,8) ç¨á«® íªá¯¥àâ®¢ ¤®«¦−® á®áâ�¢«ïâì 10{15 ç¥«., � ¤«ï ¯®«ãç¥−¨ï
¡®«¥¥ ¢ëá®ª®© ¤®áâ®¢¥à−®áâ¨ ®æ¥−®ª ç¨á«® íªá¯¥àâ®¢ ¤®«¦−® ¡ëâì ã¢¥«¨ç¥−®.

Šà®¬¥ â®£®, ¤®áâ®¢¥à−®áâì ®æ¥−®ª, ¯®«ãç¥−−ëå ¢ à¥§ã«ìâ�â¥ íªá¯¥àâ−®£®
®¯à®á�, áãé¥áâ¢¥−−® §�¢¨á¨â ®â ª®¬¯¥â¥−â−®áâ¨ ¯à¨¢«¥ª�¥¬ëå íªá¯¥àâ®¢.

4 Методический подход к оценке компетентности экспертов

�¥ ¬¥−¥¥ ¢�¦−ë¬ ¢®¯à®á®¬, ç¥¬ ®¯à¥¤¥«¥−¨¥ ç¨á«� íªá¯¥àâ®¢ ¢ £àã¯¯¥,
ï¢«ï¥âáï ®æ¥−ª� ª®¬¯¥â¥−â−®áâ¨ íªá¯¥àâ®¢. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ®¡ê¥ªâ¨¢−ë¥
®æ¥−ª¨ íªá¯¥àâ®¢ −� ¯à�ªâ¨ª¥ âàã¤−® à¥�«¨§ã¥¬ë ¨ ¢ ®á−®¢−®¬ ¨á¯®«ì§ãîâ-
áï áã¡ê¥ªâ¨¢−ë¥ á¯®á®¡ë: ®æ¥−ª� −� ®á−®¢�−¨¨ ¤®ªã¬¥−â®¢ ® ª¢�«¨ä¨ª�æ¨¨,
¢§�¨¬®®æ¥−ª� ¨ á�¬®®æ¥−ª�.

„«ï ®æ¥−ª¨ ª®¬¯¥â¥−â−®áâ¨ íªá¯¥àâ®¢ ¯à¥¤«�£�¥âáï ¤®à�¡®â�−−ë© �¢â®à�¬¨
áâ�âì¨ ä®à¬�«¨§®¢�−−ë© ¯®¤å®¤ [10, 13], ãç¨âë¢�îé¨© −�ãç−ãî ª¢�«¨ä¨ª�-
æ¨î íªá¯¥àâ� (ëÎ), �à£ã¬¥−â¨à®¢�−−®áâì ¥£® ®æ¥−®ª (ëÁ) ¨ áâ¥¯¥−ì §−�ª®¬áâ¢�
á ®æ¥−¨¢�¥¬®© ¯à®¡«¥¬®© (ëÚ).

��ãç−�ï ª¢�«¨ä¨ª�æ¨ï íªá¯¥àâ� (ëÎ) ®æ¥−¨¢�¥âáï ¢ á®®â¢¥âáâ¢¨¨
á â�¡«. 2 [10,13].
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� ¯à¨¬¥−¥−¨¨ íªá¯¥àâ−ëå ¬¥â®¤®¢ ¯à¨ ®æ¥−ª¥ íää¥ªâ¨¢−®áâ¨ ¨ ª�ç¥áâ¢� ˆ‘

’�¡«¨æ� 2 �à¨¬¥à−ë© ãà®¢¥−ì −�ãç−®© ª¢�«¨ä¨ª�æ¨¨ íªá¯¥àâ�

‡−�ç¥−¨ï ª®íää¨æ¨¥−â� ª¢�«¨ä¨ª�æ¨¨ ëÎ
„®«¦−®áâì �¥§ ãç¥−®©

áâ¥¯¥−¨
Š�−¤¨¤�â

−�ãª
„®ªâ®à

−�ãª
—«¥−-ª®àà.,

�ª�¤¥¬¨ª
‘â�àè¨© −�ãç−ë© á®âàã¤−¨ª 0,15 0,225 0,3 0,5
��ç�«ì−¨ª «�¡®à�â®à¨¨,
àãª®¢®¤¨â¥«ì £àã¯¯ë 0,2 0,3 0,4 0,6

��ç�«ì−¨ª ®â¤¥«�,
§�¬¥áâ¨â¥«ì −�ç�«ì−¨ª� ®â¤¥«� 0,25 0,375 0,5 0,75

÷ãª®¢®¤¨â¥«ì ª®¬¯«¥ªá�,
§�¬¥áâ¨â¥«ì àãª®¢®¤¨â¥«ï ª®¬¯«¥ªá� 0,3 0,5 0,6 0,9

„¨à¥ªâ®à, §�¬¥áâ¨â¥«ì ¤¨à¥ªâ®à�,
−�ãç−ë© àãª®¢®¤¨â¥«ì â¥¬ë 0,4 0,6 0,8 1,0

’�¡«¨æ� 3 �æ¥−ª� �à£ã¬¥−â�æ¨¨ ¬−¥−¨ï íªá¯¥àâ�

ˆáâ®ç−¨ª¨ �à£ã¬¥−â�æ¨¨
Š®íää¨æ¨¥−â
�à£ã¬¥−â�æ¨¨

‘â�¦ à�¡®âë 0,15
�à®¨§¢®¤áâ¢¥−−ë© ¨ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ®¯ëâ 0,2
’¥®à¥â¨ç¥áª¨© �−�«¨§ ¯à®¡«¥¬ë 0,15
“ç¥â ®â¥ç¥áâ¢¥−−ëå ¨ §�àã¡¥¦−ëå ¯ã¡«¨ª�æ¨© 0,15
“ç¥â á®¢à¥¬¥−−ëå â¥−¤¥−æ¨© à�§¢¨â¨ï ˆ‘ 0,2
��«¨ç¨¥ −�ãç−ëå âàã¤®¢ 0,1
‹¨ç−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨ íªá¯¥àâ� 0,05

‚ à�¡®â�å [8,10] ¯à¥¤«®¦¥− àï¤ ¯®ª�§�â¥«¥© ¤«ï �à£ã¬¥−â¨à®¢�−−®áâ¨ ®æ¥−®ª
íªá¯¥àâ�. �® ®−¨ −¥ ¢ ¯®«−®© ¬¥à¥ ãç¨âë¢�îâ á®áâ®ï−¨¥ ¨ ¯¥àá¯¥ªâ¨¢ë à�§¢¨â¨ï
á®¢à¥¬¥−−ëå ˆ‘.

ˆáå®¤ï ¨§ íâ®£®, �¢â®à�¬¨ ¯à¥¤«�£�¥âáï ®æ¥−¨¢�âì �à£ã¬¥−â¨à®¢�−−®áâì ®æ¥-
−®ª íªá¯¥àâ� (ëÁ) ¯® á«¥¤ãîé¨¬ ¯®ª�§�â¥«ï¬: áâ�¦ à�¡®âë ¢ ¤�−−®© ®¡«�áâ¨;
¯à®¨§¢®¤áâ¢¥−−ë© ¨ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ®¯ëâ; ¯à®¢¥¤¥−−ë© â¥®à¥â¨ç¥-
áª¨© �−�«¨§ ¯à®¡«¥¬ë; ãç¥â ®â¥ç¥áâ¢¥−−ëå ¨ §�àã¡¥¦−ëå ¯ã¡«¨ª�æ¨© ¢ ¤�−−®©
®¡«�áâ¨; ãç¥â á®¢à¥¬¥−−ëå â¥−¤¥−æ¨© à�§¢¨â¨ï ˆ‘ ¨ ¨−ä®à¬�æ¨®−−®-â¥«¥-
ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨©; −�«¨ç¨¥ −�ãç−ëå âàã¤®¢; «¨ç−®áâ−ë¥ å�à�ª-
â¥à¨áâ¨ª¨ íªá¯¥àâ� (í¬®æ¨®−�«ì−®áâì ¨ â. ¤.). Š�¦¤�ï ¨§ íâ¨å á®áâ�¢«ïîé¨å
®æ¥−¨¢�¥âáï á®®â¢¥âáâ¢ãîé¨¬ ª®íää¨æ¨¥−â®¬ ¢ ¤¨�¯�§®−¥ ®â 0 ¤® 1, ¯à¨ íâ®¬
áã¬¬�à−ë© ª®íää¨æ¨¥−â �à£ã¬¥−â�æ¨¨ −¥ ¤®«¦¥− ¯à¥¢ëè�âì ¥¤¨−¨æë. �æ¥−ª�
�à£ã¬¥−â�æ¨¨ ¬−¥−¨ï íªá¯¥àâ� ¯à¥¤áâ�¢«¥−� ¢ â�¡«. 3.

‘â¥¯¥−ì §−�ª®¬áâ¢� íªá¯¥àâ� á ®æ¥−¨¢�¥¬®© ¯à®¡«¥¬®© (ëÚ) å�à�ªâ¥à¨§ã¥âáï
¢ëáâ�¢«ï¥¬ë¬ íªá¯¥àâ®¬ ¡�««®¬ á�¬®®æ¥−ª¨ (®â 0 ¤® 10), ¯à¨ç¥¬ ¬�ªá¨¬�«ì-
−®¬ã ¡�««ã (10) á®®â¢¥âáâ¢ã¥â ¯®«−®¥ §−�ª®¬áâ¢® á ®æ¥−¨¢�¥¬®© ¯à®¡«¥¬®©,
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� ¬¨−¨¬�«ì−®¬ã ¡�««ã (0) | ¯®«−®¥ ®âáãâáâ¢¨¥ §−�ª®¬áâ¢�. ‡�â¥¬ ¯à®¢®¤¨âáï
−®à¬¨à®¢�−¨¥ ®æ¥−ª¨ á ¥¥ ¯¥à¥¢®¤®¬ ¢ ¤¨�¯�§®− ®â 0 ¤® 1.

Š®¬¯«¥ªá−ë© ¯®ª�§�â¥«ì ª®¬¯¥â¥−â−®áâ¨ i-£® íªá¯¥àâ� ¢ ¯à®áâ¥©è¥¬ á«ãç�¥,
¯à¨−¨¬�ï ®¤¨−�ª®¢ë¥ §−�ç¥−¨ï ®â¤¥«ì−ëå á®áâ�¢«ïîé¨å, ¬®¦−® ¢ëç¨á«¨âì ¯®
ä®à¬ã«¥:

ëi =
ëÎ +ëÁ +ëÚ

3
.

‚ −¥ª®â®àëå à�¡®â�å (á¬., −�¯à¨¬¥à, [14, 15]) ¯à¥¤«�£�¥âáï ¡®«¥¥ á«®¦−ë©
¯®¤å®¤, á¢ï§�−−ë© á ¢ëç¨á«¥−¨¥¬ ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ ®â¤¥«ì−ëå í«¥¬¥−-
â®¢ ª®¬¯«¥ªá−®£® ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤� �−�«¨§�
¨¥à�àå¨©.

Š®¬¯«¥ªá−ë© ¯®ª�§�â¥«ì ª®¬¯¥â¥−â−®áâ¨ íªá¯¥àâ� å�à�ªâ¥à¨§ã¥â ¢¥á®¬®áâì
¬−¥−¨ï ¤�−−®£® íªá¯¥àâ� ¨ ¯®ª�§ë¢�¥â, á ª�ª¨¬ ¢¥á®¬ á«¥¤ã¥â ¢ª«îç�âì ª®«¨ç¥-
áâ¢¥−−ë¥ ®æ¥−ª¨ ¤�−−®£® íªá¯¥àâ� ¯® à�áá¬�âà¨¢�¥¬®© ¯à®¡«¥¬¥ ¢ áâ�â¨áâ¨ç¥-
áªãî ®¡à�¡®âªã.

5 Заключение

�à¨ ®æ¥−ª¥ íää¥ªâ¨¢−®áâ¨ ¨ ª�ç¥áâ¢� ˆ‘ è¨à®ª® ¨á¯®«ì§ãîâáï ¬¥â®¤ë
íªá¯¥àâ−ëå ®æ¥−®ª. �â¨ ¬¥â®¤ë ¯à¨¬¥−ïîâáï ¤«ï à¥è¥−¨ï §�¤�ç, ª®â®àë¥ −¥
¬®£ãâ ¡ëâì à¥è¥−ë ä®à¬�«¨§®¢�−−ë¬¨ ¬¥â®¤�¬¨ ¨§-§� ®âáãâáâ¢¨ï −¥®¡å®¤¨¬ëå
¤�−−ëå ¯® å�à�ªâ¥à¨áâ¨ª�¬ á®§¤�¢�¥¬®© á¨áâ¥¬ë. ‚ íâ®¬ á«ãç�¥ ¢®§−¨ª�¥â −¥-
®¡å®¤¨¬®áâì ¨á¯®«ì§®¢�−¨ï íªá¯¥àâ−ëå ®æ¥−®ª, ®á−®¢�−−ëå −� ®¯ëâ¥ ¨ §−�−¨ïå
á¯¥æ¨�«¨áâ®¢ ¢ ¨áá«¥¤ã¥¬®© ®¡«�áâ¨.

�à®æ¥¤ãà� ¯à®¢¥¤¥−¨ï íªá¯¥àâ−ëå ®æ¥−®ª ¯®«ãç¨«� è¨à®ª®¥ à�§¢¨â¨¥, ®−�
¢á¥áâ®à®−−¥ ®¡®á−®¢�−� ¨ ¬�ªá¨¬�«ì−® ä®à¬�«¨§®¢�−�. Šà®¬¥ â®£®, å®à®è®
à�§à�¡®â�− ¬�â¥¬�â¨ç¥áª¨© �¯¯�à�â ®æ¥−ª¨ â®ç−®áâ¨ íªá¯¥àâ−ëå ®æ¥−®ª. ‚¬¥áâ¥
á â¥¬ ®¤−®© ¨§ ®á−®¢−ëå ¯à®¡«¥¬ ¯à¨ ¯à®¢¥¤¥−¨¨ íªá¯¥àâ¨§ ®áâ�¥âáï ®¯à¥¤¥«¥−¨¥
ç¨á«� íªá¯¥àâ®¢ ¨ ¨å ª®¬¯¥â¥−â−®áâ¨.

‚ ¤�−−®© áâ�âì¥ à�áá¬®âà¥− àï¤ ¯®¤å®¤®¢ ª ®¯à¥¤¥«¥−¨î ç¨á«� íªá¯¥àâ®¢,
¯à®¢¥¤¥−ë à�áç¥âë ¯® à�§«¨ç−ë¬ ä®à¬ã«�¬ ¨ á¤¥«�− ¢ë¢®¤ ® â®¬, çâ® ç¨á«®
íªá¯¥àâ®¢ ¯à¨ ¢¥à®ïâ−®áâ¨ ®æ¥−ª¨ −¥ ¬¥−¥¥ 0,8 ¤®«¦−® á®áâ�¢«ïâì 10{15 ç¥«®¢¥ª,
� ¤«ï ¯®«ãç¥−¨ï ¡®«¥¥ ¢ëá®ª®© ¤®áâ®¢¥à−®áâ¨ ®æ¥−®ª ç¨á«® íªá¯¥àâ®¢ ¤®«¦−®
¡ëâì ã¢¥«¨ç¥−®.

„«ï ®æ¥−ª¨ ª®¬¯¥â¥−â−®áâ¨ íªá¯¥àâ®¢ ¯à¥¤«®¦¥− ä®à¬�«¨§®¢�−−ë© ¯®¤å®¤,
ãç¨âë¢�îé¨© −�ãç−ãî ª¢�«¨ä¨ª�æ¨î íªá¯¥àâ�, �à£ã¬¥−â¨à®¢�−−®áâì ¥£® ®æ¥−®ª
¨ áâ¥¯¥−ì §−�ª®¬áâ¢� á ®æ¥−¨¢�¥¬®© ¯à®¡«¥¬®©. „�−ë ¯à¥¤«®¦¥−¨ï ¯® à�áç¥âã
ª®¬¯«¥ªá−®£® ¯®ª�§�â¥«ï ª®¬¯¥â¥−â−®áâ¨ íªá¯¥àâ®¢.
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ON THE USE OF EXPERT METHODS IN EVALUATING
EFFECTIVENESS AND QUALITY OF INFORMATION SYSTEMS
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Abstract: The article is devoted to the application of expert methods in assessing
effectiveness and quality of information systems. The general issues of the
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application of expert assessments, including the conduct of the expert survey
procedure and the establishment of consistency of expert opinions, are considered.
Various approaches to determining the number of experts, including formulas for
calculations, are presented and comparative calculations based on these formulas
are carried out. A formalized approach to assessing the competence of experts is
presented, including their scientific qualifications, reasonableness of assessments,
and the degree of familiarity with the problem being evaluated.

Keywords: expert methods; efficiency; quality; number of experts; qualification
of experts; information system
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АНАЛИТИЧЕСКОЕ МОДЕЛИРОВАНИЕ И ОЦЕНИВАНИЕ
НЕСТАЦИОНАРНЫХ НОРМАЛЬНЫХ ПРОЦЕССОВ

В СТОХАСТИЧЕСКИХ СИСТЕМАХ, НЕ РАЗРЕШЕННЫХ
ОТНОСИТЕЛЬНО ПРОИЗВОДНЫХ

И. Н. Синицын1

�−−®â�æ¨ï: ÷�§à�¡®â�−® ¬¥â®¤¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¤«ï �−�«¨â¨ç¥áª®£® ¬®-
¤¥«¨à®¢�−¨ï, ®æ¥−¨¢�−¨ï, ¨¤¥−â¨ä¨ª�æ¨¨ ¨ ª�«¨¡à®¢ª¨ áãé¥áâ¢¥−−® −¥áâ�-
æ¨®−�à−ëå, −�¯à¨¬¥à ã¤�à−ëå, −®à¬�«ì−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬ (‘â‘), −¥
à�§à¥è¥−−ëå ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå, ®á−®¢�−−®¥ −� à¥£à¥áá¨®−−®© «¨−¥-
�à¨§�æ¨¨. „�− ¨««îáâà�â¨¢−ë© ¯à¨¬¥à. �®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¬®£ãâ ¡ëâì
®¡®¡é¥−ë −� á«ãç�© ¤¨ää¥à¥−æ¨�«ì−ëå ¨−â¥£à®¤¨ää¥à¥−æ¨�«ì−ëå á¨áâ¥¬,
áâ®å�áâ¨ç¥áª¨ −¥ à�§à¥è¥−−ëå ®â−®á¨â¥«ì−® áâ�àè¨å ¯à®¨§¢®¤−ëå, ¢ ãá«®-
¢¨ïå ¬−®£®íè¥«®−¨à®¢�−−ëå ã¤�à−ëå ¢®§¤¥©áâ¢¨©. ˆáá«¥¤®¢�−¨¥ ¢ë¡à®á®¢
¨ −�ª®¯«¥−¨¥ ¢®§¬ãé¥−¨© â�ª¦¥ ¨¬¥¥â ¢�¦−®¥ ¯à¨ª«�¤−®¥ §−�ç¥−¨¥.

Š«îç¥¢ë¥ á«®¢�: �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥; ª�«¨¡à®¢ª�; ®æ¥−¨¢�−¨¥
(ä¨«ìâà�æ¨ï ¨ íªáâà�¯®«ïæ¨ï); áâ®å�áâ¨ç¥áª�ï á¨áâ¥¬�, −¥ à�§à¥è¥−−�ï ®â−®-
á¨â¥«ì−® áâ�àè¥© ¯à®¨§¢®¤−®© (‘â‘ �÷��); ã¤�à−�ï ‘â‘ �÷��; ä¨«ìâà
¨ íªáâà�¯®«ïâ®à Š�«¬�−� ¨ �ìîá¨
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1 Введение

‚ [1] à�áá¬®âà¥−ë ª®−¥ç−®¬¥à−ë¥ −¥«¨−¥©−ë¥ áâ�æ¨®−�à−ë¥ ¨ −¥áâ�æ¨®−�à-
−ë¥ ‘â‘, −¥ à�§à¥è¥−−ë¥ ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå, ¢ ãá«®¢¨ïå è¨à®ª®¯®«®á-
−ëå £�ãáá®¢áª¨å ¨ −¥£�ãáá®¢áª¨å ¢®§¬ãé¥−¨©. ’�ª¨¥ ‘â‘ ®¯¨áë¢�îâ ¯®¢¥¤¥−¨¥
¬−®£¨å â¥å−¨ç¥áª¨å á¨áâ¥¬ ¨−ä®à¬�â¨ª¨ ¨ ã¯à�¢«¥−¨ï. „«ï �−�«¨â¨ç¥áª®£®
¬®¤¥«¨à®¢�−¨ï ¨ ®æ¥−ª¨ çã¢áâ¢¨â¥«ì−®áâ¨ ª ¯�à�¬¥âà�¬ −®à¬�«ì−ëå (£�ãáá®¢-
áª¨å) −¥áâ�æ¨®−�à−ëå ¨ áâ�æ¨®−�à−ëå áâ®å�áâ¨ç¥áª¨å ¯à®æ¥áá®¢ (‘â�) ¢ â�ª¨å
‘â‘ à�§à�¡®â�−ë ¤¢� ¬¥â®¤� �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï (Œ�Œ): −� ®á−®¢¥
¬¥â®¤� áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ (Œ‘‹) ¨ ¬¥â®¤� −®à¬�«ì−®© �¯¯à®ªá¨¬�-
æ¨¨ (Œ��). ‚ ¯à¨«®¦¥−¨¨ 1 ¯à¨¢¥¤¥−ë â¨¯®¢ë¥ −¥«¨−¥©−®áâ¨, −¥ à�§à¥è¥−−ë¥
®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå, � ¢ ¯à¨«®¦¥−¨ïå 2 ¨ 3 | ¤¢� â¥áâ®¢ëå ¯à¨¬¥à�.
�«£®à¨â¬ë ¯®«®¦¥−ë ¢ ®á−®¢ã à�§à�¡�âë¢�¥¬®£® ¨−áâàã¬¥−â�«ì−®£® ¯à®£à�¬¬-
−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï à¥è¥−¨ï §�¤�ç −�¤¥¦−®áâ¨ ¨ ¡¥§®¯�á−®áâ¨ â¥å−¨ç¥áª¨å
á¨áâ¥¬.

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª; Œ®áª®¢áª¨© �¢¨�æ¨®−−ë© ¨−áâ¨âãâ, sinitsin@dol.ru
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Œ¥â®¤ë ¯�à�¬¥âà¨ç¥áª®£® �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¤«ï ‘â� ¢ ª®−¥ç-
−®¬¥à−ëå −¥«¨−¥©−ëå áâ�æ¨®−�à−ëå ¨ −¥áâ�æ¨®−�à−ëå ‘â‘, −¥ à�§à¥è¥−−ëå
®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå, à�áá¬®âà¥−ë ¢ [2]. ’�ª¨¥ ¬®¤¥«¨ ®¯¨áë¢�îâ ¯®¢¥-
¤¥−¨¥ ¬−®£¨å â¥å−¨ç¥áª¨å á¨áâ¥¬ ¨−ä®à¬�â¨ª¨ ¨ ã¯à�¢«¥−¨ï, ¥á«¨ ¯à¥−¥¡à¥çì
¯¥à¥å®¤−ë¬¨ ¯à®æ¥áá�¬¨. „«ï �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¨ ®æ¥−ª¨ â®ç−®-
áâ¨ ¨ çã¢áâ¢¨â¥«ì−®£® �«£®à¨â¬®¢ à�§à�¡®â�−ë Œ�Œ −� ®á−®¢¥ Œ�� ¨ Œ‘‹,
¬¥â®¤®¢ ®àâ®£®−�«ì−ëå à�§«®¦¥−¨© (Œ�÷) ¨ ª¢�§¨¬®¬¥−â®¢, � â�ª¦¥ ¤àã£¨å
¬¥â®¤®¢ ¯�à�¬¥âà¨§�æ¨¨ ®¤−®- ¨ ¬−®£®¬¥à−ëå ¯«®â−®áâ¥©. �á®¡®¥ ¢−¨¬�−¨¥
ã¤¥«¥−® Œ�Œ ¤«ï ¤¨áªà¥â−ëå ‘â‘ ¯® Œ�÷ −� ®á−®¢¥ íâ�«®−−®£® ¯ã�áá®−®¢-
áª®£® à�á¯à¥¤¥«¥−¨ï. �à¥¤áâ�¢«¥−ë â¨¯®¢ë¥ −¥«¨−¥©−®áâ¨, −¥ à�§à¥è¥−−ë¥
®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå, ¨ ª®íää¨æ¨¥−âë ¨å áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨,
� â�ª¦¥ ¤¢� â¥áâ®¢ëå ¯à¨¬¥à�.

‚®¯à®áë á¨−â¥§� −¥«¨−¥©−ëå −®à¬�«ì−ëå (£�ãáá®¢áª¨å) áã¡®¯â¨¬�«ì−ëå
ä¨«ìâà®¢ (�‘�”) ¤«ï ¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘, −¥ à�§à¥è¥−−ëå ®â−®á¨â¥«ì−®
¯à®¨§¢®¤−ëå, à�áá¬®âà¥−ë ¢ [3]. �à¥¤áâ�¢«¥−ë ãà�¢−¥−¨ï á®áâ®ï−¨ï ¨ −�-
¡«î¤¥−¨ï −¥«¨−¥©−ëå ¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘, −¥ à�§à¥è¥−−ëå ®â−®á¨â¥«ì−®
¯à®¨§¢®¤−ëå. ‘¨−â¥§ �‘�” ¢ë¯®«−¥− ¯à¨ á«¥¤ãîé¨å ãá«®¢¨ïå: (1) ®âáãâáâ¢ã-
îâ ¯ã�áá®−®¢áª¨¥ èã¬ë ¢ −�¡«î¤¥−¨ïå; (2) ª®íää¨æ¨¥−â ¯à¨ £�ãáá®¢áª®¬ èã¬¥
−¥ §�¢¨á¨â ®â á®áâ®ï−¨ï. �®¤à®¡−® à�áá¬®âà¥− á¨−â¥§ �‘�” ¯à¨ �¤¤¨â¨¢−ëå
èã¬�å ¢ ãà�¢−¥−¨ïå á®áâ®ï−¨ï ¨ −�¡«î¤¥−¨ï. „«ï ¨««îáâà�æ¨¨ ¬¥â®¤®¢ á¨−â¥§�
�‘�” ¯à¨¢¥¤¥− ¯à¨¬¥à.

‚ [4] ¤«ï −¥«¨−¥©−ëå ¨−â¥£à®¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘ (ˆ„‘â‘), −¥ à�§à¥-
è¥−−ëå ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå ¨ ¯à¨¢®¤¨¬ëå ª ¤¨ää¥à¥−æ¨�«ì−ë¬ ¬¥â®¤®¬
á¨−£ã«ïà−ëå ï¤¥à, à�§à�¡®â�−ë �«£®à¨â¬ë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï −®à-
¬�«ì−ëå ‘â�, ¯à¨ íâ®¬ −¥«¨−¥©−®áâì ¯®¤ ¨−â¥£à�«®¬ ¬®¦¥â ¡ëâì à�§àë¢−®©,
� â�ª¦¥ á¨−â¥§� �‘�” ¤«ï ®−«�©−-®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¢ ˆ„‘â‘. �®-
¤à®¡−® à�áá¬®âà¥− â¥áâ®¢ë© ¯à¨¬¥à á à�§àë¢−®© −¥«¨−¥©−®áâìî ¯®¤ §−�ª®¬
¨−â¥£à�«�. �à¥¤«®¦¥−ë �«£®à¨â¬ë ®æ¥−ª¨ ª�ç¥áâ¢� �‘�” −� ®á−®¢¥ â¥®à¨¨
çã¢áâ¢¨â¥«ì−®áâ¨.

‚ [5] à�§à�¡®â�−® ¬¥â®¤¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¤«ï −¥£«�¤ª¨å ¯à�¢ëå ç�áâ¥©
ãà�¢−¥−¨© ‘â‘, −¥ à�§à¥è¥−−ëå ®â−®á¨â¥«ì−® áâ�àè¥© ¯à®¨§¢®¤−®© (�÷��).
÷�áá¬®âà¥−ë ¢®¯à®áë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå ¯à®æ¥áá®¢ −�
®á−®¢¥ −¥«¨−¥©−ëå à¥£à¥áá¨®−−ëå ¬®¤¥«¥©. �á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® ¬¥â®¤�¬
−®à¬�«ì−®© (£�ãáá®¢áª®©) ä¨«ìâà�æ¨¨ ¨ íªáâà�¯®«ïæ¨¨. ˆ§ãç¥−ë ¢®¯à®áë
ãá«®¢−®-®¯â¨¬�«ì−®© ä¨«ìâà�æ¨¨ ¨ íªáâà�¯®«ïæ¨¨ ¤«ï ‘â‘ �÷�� á ¯�à�¬¥â-
à¨ç¥áª¨¬¨ èã¬�¬¨.

„«ï á¨áâ¥¬, áâ®å�áâ¨ç¥áª¨ −¥ à�§à¥è¥−−ëå ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå, ¢ [6]
à�§à�¡®â�−ë ¤¢� ¯®¤å®¤� ª á¢¥¤¥−¨î â�ª¨å á¨áâ¥¬ ª ¤¥â¥à¬¨−¨à®¢�−−ë¬ ãà�¢−¥-
−¨ï¬, −¥ à�§à¥è¥−−ë¬ ®â−®á¨â¥«ì−® ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© ¨ ª®¢�à¨�æ¨®−-
−ëå å�à�ªâ¥à¨áâ¨ª, � â�ª¦¥ ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© ¨ ª®®à¤¨−�â−ëå äã−ªæ¨©
ª�−®−¨ç¥áª¨å à�§«®¦¥−¨© (Š÷). �®á«¥ á¢¥¤¥−¨ï â�ª¨å á¨áâ¥¬ ª ¤¥â¥à¬¨−¨à®-
¢�−−ë¬ ¨á¯®«ì§ãîâáï ¨§¢¥áâ−ë¥ à¥§ã«ìâ�âë. �à¨¢¥¤¥− ¯à¨¬¥à. ÷�áá¬®âà¥−ë
¢®¯à®áë ®æ¥−¨¢�−¨ï (ä¨«ìâà�æ¨¨, íªáâà�¯®«ïæ¨¨ ¨ ¤à.), ¨¤¥−â¨ä¨ª�æ¨¨ ¨ ª�-
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«¨¡à®¢ª¨ ¤«ï ¯à¨¢¥¤¥−−ëå ¬®¤¥«¥©. �«£®à¨â¬ë ¯®«®¦¥−ë ¢ ®á−®¢ã à�§à�-
¡�âë¢�¥¬®£® ¨−áâàã¬¥−â�«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï à¥è¥−¨ï §�¤�ç
−�¤¥¦−®áâ¨ ¨ ¡¥§®¯�á−®áâ¨ â¥å−¨ç¥áª¨å á¨áâ¥¬.

÷�áá¬®âà¨¬ à�§¢¨â¨¥ [5] −� á«ãç�© â¨¯®¢ëå áãé¥áâ¢¥−−® −¥áâ�æ¨®−�à−ëå,
¢ ¯¥à¢ãî ®ç¥à¥¤ì ã¤�à−ëå, ¢®§¬ãé¥−¨©. ‚ à�§¤. 2 à�áá¬®âà¥−ë ¢®¯à®áë �−�-
«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå ‘â� ¢ áª�«ïà−ëå ¨ ¢¥ªâ®à−ëå ‘â‘
�÷�� á ¯®¬®éìî ®¡é¨å, � â�ª¦¥ ®á−®¢�−−ëå −� Š÷ −¥«¨−¥©−ëå ª®àà¥«ïæ¨-
®−−ëå ¬¥â®¤®¢. �á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® ª�ª è¨à®ª®¯®«®á−ë¬, â�ª ¨ ã§ª®¯®-
«®á−ë¬ ¨ ã¤�à−ë¬ ¢®§¬ãé¥−¨ï¬. ÷�§¤¥« 3 ¯®á¢ïé¥− ¢®¯à®á�¬ ®¯â¨¬¨§�æ¨¨,
®æ¥−¨¢�−¨î, ¨¤¥−â¨ä¨ª�æ¨¨ ¨ ª�«¨¡à®¢ª¥. ‚ à�§¤. 4 ¯à¨¢¥¤¥− ¯à¨¬¥à, ¨««î-
áâà¨àãîé¨© ¬¥â®¤ë à�§¤. 2 ¨ 3. ‡�ª«îç¥−¨¥ á®¤¥à¦¨â ¢ë¢®¤ë ¨ −¥ª®â®àë¥
®¡®¡é¥−¨ï.

2 Аналитическое моделирование

2.1. ÷�áá¬®âà¨¬ −¥áâ�æ¨®−�à−ãî áª�«ïà−ãî ¤¨ää¥à¥−æ¨�«ì−ãî á¨áâ¥¬ã
á«¥¤ãîé¥£® ¢¨¤�:

ϕ ≡ ϕ
(

t,—,Xt, pXt, . . . , p
(l)Xt, Ut

)

= 0 . (1)

‡¤¥áì — | ¨−áâàã¬¥−â�«ì−ë© ¢¥ªâ®à ¯�à�¬¥âà®¢; p = d/dt; Xt = X(t)

¨ p(l)Xt | áª�«ïà−ë¥ ‘â�, ¯®−¨¬�¥¬ë¥ ¢ áà¥¤−¥ª¢�¤à�â¨ç−®¬ á¬ëá«¥; Ut |
áª�«ïà−ë© ‘â� á ¨§¢¥áâ−ë¬¨ ¢¥à®ïâ−®áâ−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨; ϕ| −¥«¨−¥©-
−�ï, ¢ ®¡é¥¬ á«ãç�¥ à�§àë¢−�ï äã−ªæ¨ï ®â¬¥ç¥−−ëå ¯¥à¥¬¥−−ëå, ¤®¯ãáª�îé�ï
«¨−¥©−ãî à¥£à¥áá¨®−−ãî �¯¯à®ªá¨¬�æ¨î ®â−®á¨â¥«ì−® áâ�àè¥© ¯à®¨§¢®¤−®©
¢¨¤�:

ϕ ≈ ϕ0 + k
ϕ
��X
p(l)X0t + k

ϕ
UU
0
t . (2)

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

ϕ0 = ϕ0

(

t,—,m
��X
t ,K

��X
t

)

, ��k
ϕ
��Xl
= kϕ

��Xl

(

t,—,m
��X
t ,K

��X
t

)

,

£¤¥ ��Xt =
[

�XTt Ut

]T
; �Xt =

[

Xt · · ·X
(l−1)
t

]T
. �®á«¥ ¢¢¥¤¥−¨ï ¯¥à¥¬¥−−ëå

pXt = X1, . . . , pX
(l−1)
t = X

(l)
t

¯®«ãç¨¬ ¢¥ªâ®à−ãî ¤¨ää¥à¥−æ¨�«ì−ãî á¨áâ¥¬ã, à�§à¥è¥−−ãî ®â−®á¨â¥«ì−®

áâ�àè¥© ¯à®¨§¢®¤−®© ‘Xl:

‘X1 = X2, . . . , ‘Xl−1 = Xl ; ϕ− ϕ0 = k
ϕ
��Xl

p(l)X0l + k
ϕ
UU
0
t = 0
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¨«¨ ¯à¨ ãá«®¢¨¨ kϕ
X 6= 0:

ϕ0 = 0 ; (3)

‘X01 = X
0
2 , . . . , ‘X

0
l−1 = X

0
l ,

‘X0l = −
ϕ0
kϕ

X

X0l −
kϕ

U

kϕ
X

U0t . (4)

÷¥è�ï −¥«¨−¥©−ãî á¨áâ¥¬ã (3) á®¢¬¥áâ−® á ãà�¢−¥−¨ï¬¨ (4) ¯® ä®à¬ã«�¬ ª®àà¥-

«ïæ¨®−−®© â¥®à¨¨ ‘â� [7{9], −�©¤¥¬ ¨áª®¬ë¥ m
��X
t ¨ K

��X
t .

„«ï ®¯à¥¤¥«¥−¨ï K
��X

t ¨ K
��X(t1, t2) ¨á¯®«ì§ãîâáï ä®à¬ã«ë ª®àà¥«ïæ¨®−−®©

â¥®à¨¨:

K
��X

t = A
2
tK

U
t ; K

��X(t1, t2) = At1At2K
U (t1, t2) , (5)

£¤¥ At | «¨−¥©−ë© ®¯¥à�â®à, ®¯à¥¤¥«ï¥¬ë© ãà�¢−¥−¨ï¬¨ (4); KU
t | ª®¢�à¨�-

æ¨®−−�ï äã−ªæ¨ï ¢®§¬ãé¥−¨ï Ut.

“â¢¥à¦¤¥−¨¥ 2.1. �ãáâì −¥áâ�æ¨®−�à−�ï áª�«ïà−�ï ¤¨ää¥à¥−æ¨�«ì−�ï á¨áâ¥-
¬� (1), −¥ à�§à¥è¥−−�ï ®â−®á¨â¥«ì−® áâ�àè¥© ¯à®¨§¢®¤−®©, ¤®¯ãáª�¥â «¨−¥©−ãî
à¥£à¥áá¨®−−ãî �¯¯à®ªá¨¬�æ¨î ¢¨¤� (2), ¯à¨ç¥¬ Kϕ

X 6= 0. ’®£¤� (1) ¯à¨¢®¤¨â-
áï ª −¥áâ�æ¨®−�à−®© ¤¨ää¥à¥−æ¨�«ì−®© á¨áâ¥¬¥, à�§à¥è¥−−®© ®â−®á¨â¥«ì−®
áâ�àè¥© ¯à®¨§¢®¤−®©, ¢¨¤� (3) ¨ (4) ¯à¨ ãá«®¢¨¨ (5).

2.2. „«ï −¥áâ�æ¨®−�à−®£® áª�«ïà−®£® ¢®§¬ãé¥−¨ï Ut á ª®−¥ç−®© ª®¢�à¨�æ¨-
®−−®© äã−ªæ¨¥© K0t ¨ ¢ëà�¦�¥¬®£® Š÷

Ut = m
U
t +

HU
∑

j=1

Vju
U
jt ,

£¤¥mU
t = MUt; Vj | −¥§�¢¨á¨¬ë¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë á ¤¨á¯¥àá¨ï¬¨Dj; u

U
jt |

¤¥â¥à¬¨−¨à®¢�−−ë¥ ª®®à¤¨−�â−ë¥ äã−ªæ¨¨, ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â−®è¥−¨ï:

Xt = m
X
t +

Hx
∑

j=1
Vju

X
jt ;

KX
t =

Hx
∑

j=1
Dj

(

uX
jt

)2
;

KX(t1, t2) =
Hx
∑

j=1
Dju

X
jt1
(uX

jt2
)T;

ϕ ≈ ϕ0 +
Hϕ
∑

j=1
Vju

ϕ
jt = 0 ;

ϕ0 = 0 ;
uϕ

jt = 0 .







































































(6)
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‡¤¥áì uϕ
jt | ª®®à¤¨−�â−ë¥ äã−ªæ¨¨ «¨−¥©−®© à¥£à¥áá¨®−−®© áâ�â¨áâ¨ç¥áª®©

«¨−¥�à¨§�æ¨¨ ¯®áà¥¤áâ¢®¬ Š÷ [8,9], §�¢¨áïé¨¥ ®â mX
t , mU

t , uU
jt, u

X
jt ¨ Dj.

“â¢¥à¦¤¥−¨¥ 2.2. �ãáâì −¥áâ�æ¨®−�à−�ï áª�«ïà−�ï ¤¨ää¥à¥−æ¨�«ì−�ï á¨áâ¥-
¬� (1), −¥ à�§à¥è¥−−�ï ®â−®á¨â¥«ì−® áâ�àè¥© ¯à®¨§¢®¤−®©, ¤®¯ãáª�¥â «¨−¥©−ãî
à¥£à¥áá¨®−−ãî �¯¯à®ªá¨¬�æ¨î ¯® ¬¥â®¤ã Š÷ (ŒŠ÷). ’®£¤� (1) ¯à¨¢®¤¨âáï ª −¥-
áâ�æ¨®−�à−®© ¤¨ää¥à¥−æ¨�«ì−®© á¨áâ¥¬¥, à�§à¥è¥−−®© ®â−®á¨â¥«ì−® áâ�àè¥©
¯à®¨§¢®¤−®©, ¢¨¤� (6).

2.3. Š�ª ¨§¢¥áâ−® [8], ¬¥â®¤ £�à¬®−¨ç¥áª®© «¨−¥�à¨§�æ¨¨ ¬®¦−® à�áá¬�â-
à¨¢�âì ª�ª ç�áâ−ë© á«ãç�© ŒŠ÷ ¯à¨ £�à¬®−¨ç¥áª¨å äã−ªæ¨ïå á® á«ãç�©−®©
à�¢−®¬¥à−® à�á¯à¥¤¥«¥−−®© −�ç�«ì−®© ä�§®©. �®íâ®¬ã ¯à¨ Ut = 0 ¨ �¢â®ª®«¥-
¡�−¨ïå −� ç�áâ®â¥ Ÿ ¨ á«ãç�©−ëå −�ç�«ì−ëå ãá«®¢¨ïå ¨¬¥îâ ¬¥áâ® á®®â−®è¥−¨ï:

Xt = A0 +A sinŸt; ϕ ≈ ϕ0 +
(

q + q′Ÿ−1p
)

(Xt −A0) = 0 , (7)

£¤¥ ϕ0, q ¨ q′ §�¢¨áïâ ®â A0, A ¨ Ÿ:

ϕ0 =
1

2π

2π
∫

0

ϕ (A0 + a sinŸt) dŸt = 0 ;

q =
1

πA

2π
∫

0

ϕ (A0 + a sinŸt) sinŸt dŸt = 0 ;

q′ =
1

πA

2π
∫

0

ϕ (A0 + a sinŸt) cos Ÿt dŸt = 0 .

“â¢¥à¦¤¥−¨¥ 2.3. �ãáâì ¢ á¨áâ¥¬¥ (1) Ut ≡ 0 ¨ ¨¬¥îâ ¬¥áâ® £�à¬®−¨ç¥áª¨¥
�¢â®ª®«¥¡�−¨ï −� ç�áâ®â¥ Ÿ. ’®£¤� ¢ ®á−®¢¥ �«£®à¨â¬� ¯à¨¢¥¤¥−¨ï «¥¦�â
á®®â−®è¥−¨ï (7) ¬¥â®¤� £�à¬®−¨ç¥áª®© «¨−¥�à¨§�æ¨¨.

2.4. „«ï £�à¬®−¨ç¥áª¨å ¢®§¬ãé¥−¨© Ut = A sin(ωt + χm) «¨−¥©−�ï à¥-
£à¥áá¨®−−�ï ¬®¤¥«ì ŒŠ÷ á®¢¯�¤�¥â á ¬®¤¥«ìî £�à¬®−¨ç¥áª®© «¨−¥�à¨§�æ¨¨
¨ ¯à¨¢®¤¨â ª á«¥¤ãîé¨¬ à¥§ã«ìâ�â�¬:

“Xt = “A0 + “A sinψ ; ψ = ωt+ “ψ ; ϕ ≈ ϕ0 +
(

q + q′ω−1p
)

(

“Xt − “A0

)

= 0 , (8)

£¤¥ p = d/dt; ϕ0, q ¨ q′ §�¢¨áïâ ®â “A0, “A ¨ “ψ:

ϕ0 =
1

2π

2π
∫

0

ϕdψ = 0 ; q =
1

π “A

2π
∫

0

ϕ sinψ dψ = 0 ; q′ =
1

π “A

2π
∫

0

ϕ cosψ dψ = 0 .

62 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 2 2022



�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ¨ ®æ¥−¨¢�−¨¥ −¥áâ�æ¨®−�à−ëå −®à¬�«ì−ëå ¯à®æ¥áá®¢

„«ï Ut, ¡«¨§ª¨å ª áâ�æ¨®−�à−ë¬, ª®®à¤¨−�â−ë¥ äã−ªæ¨¨ ¢ë¡¨à�îâáï ¢ ¢¨¤¥
¯à®¨§¢¥¤¥−¨© e−αt cos(ωt+ β).

„«ï ã¤�à−ëå Ut ®−¨ §�¤�îâáï �«£®à¨â¬¨ç¥áª¨ ¨«¨ ª�ª à¥è¥−¨ï «¨−¥©−ëå
¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨© á ¯¥à¥¬¥−−ë¬¨ ª®íää¨æ¨¥−â�¬¨.

“â¢¥à¦¤¥−¨¥ 2.4. �ãáâì ¢ á¨áâ¥¬¥ (1) ¨¬¥îâ ¬¥áâ® ¢ë−ã¦¤¥−−ë¥ £�à¬®−¨-
ç¥áª¨¥ ª®«¥¡�−¨ï −� ç�áâ®â¥ ω. ’®£¤� ¢ ®á−®¢¥ �«£®à¨â¬� ¯à¨¢¥¤¥−¨ï «¥¦�â
á®®â−®è¥−¨ï (8) ¬¥â®¤� £�à¬®−¨ç¥áª®© «¨−¥�à¨§�æ¨¨.

2.5. �ãáâì ãà�¢−¥−¨¥ (1) ¢¥ªâ®à−®¥ (dim �ϕ = n �ϕ) ¨ ¨¬¥¥â ¢¨¤:

�ϕ = �ϕ
(

t,—, �Xt,
‘�Xt, . . . , p

(l) �Xt, Ut

)

= 0 , (9)

£¤¥ ¢¥ªâ®à á®áâ®ï−¨ï �Xt ¨¬¥¥â à�§¬¥à−®áâì dim �Xt = n
�X, � ¢¥ªâ®à ¢®§¬ãé¥−¨©Ut

®¡«�¤�¥â à�§¬¥à−®áâìî nU . ’®£¤� ¨¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ á®®â−®è¥−¨ï:

�ϕ ≈ �ϕ0 + k
�ϕ
�X
�X0t + k

�ϕ
UU
0
t , (10)

£¤¥
k �ϕ�X
�X0t + k

�ϕ
UU
0
t = 0

¨«¨
�X0t = −

(

kϕ
�X

)−1
k �ϕUU

0
t =

�AtU
0
t ¯à¨ det(k �ϕ�X) 6= 0;

�ϕ0 = 0 ; (11)

K
�X

t =
�A2tK

U
t ; (12)

K
�X(t1, t2) = �At2

�At1K
U (t1, t2). (13)

‡¤¥áì �ϕ0, k
�ϕ
�X
, k �ϕU ¨ �At ¯�à�¬¥âà¨ç¥áª¨ §�¢¨áïâ ®â m

�X
t , mU

t , K
�X

t , KU
t ¨ K

�XU
t .

“â¢¥à¦¤¥−¨¥ 2.5. �ãáâì −¥áâ�æ¨®−�à−�ï ¢¥ªâ®à−�ï ¤¨ää¥à¥−æ¨�«ì−�ï á¨áâ¥-
¬� (9), −¥ à�§à¥è¥−−�ï ®â−®á¨â¥«ì−® áâ�àè¥© ¯à®¨§¢®¤−®©, ¤®¯ãáª�¥â «¨−¥©−ãî

à¥£à¥áá¨®−−ãî �¯¯à®ªá¨¬�æ¨î (10), ¯à¨ç¥¬ det k �ϕ�X 6= 0. ’®£¤� (9) ¯à¨¢®¤¨âáï

ª à�§à¥è¥−−®© ®â−®á¨â¥«ì−® áâ�àè¥© ¯à®¨§¢®¤−®© á¨áâ¥¬¥ (11){(13).

…á«¨ −¥áâ�æ¨®−�à−®¥, −�¯à¨¬¥à ã¤�à−®¥, ¢®§¬ãé¥−¨¥Ut ¢ëà�§¨âì á ¯®¬®éìî
ãà�¢−¥−¨ï ä®à¬¨àãîé¥£® ä¨«ìâà� (””) ç¥à¥§ −¥áâ�æ¨®−�à−ë© £�ãáá®¢áª¨©
(−®à¬�«ì−ë©) ¡¥«ë© èã¬ Vt

‘Ut = A
U
1tUt +B

U
t Vt , (14)

â® ¤«ï á®áâ�¢−®£® ¢¥ªâ®à� ��Xt =
[

�XTt UTt
]T

¯à¨¤¥¬ ª á®®â−®è¥−¨ï¬:

��ϕ ≈ ��ϕ0 + k
�ϕ
��X
��X0t = 0 ; (15)
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‘��X0t = A
��X
1t
��Xt +B

V
t Vt ;

��ϕ0 = 0 ;

‘K
��X

t = A
��X
1tK

��X
t +K

��X
t (A

��X
1t)
T +BV

t νt(B
V
t )
T;

∂K
��X(t1, t2)

∂t2
= K

��X(t1, t2)A
T
1t2
, K

��X(t1, t1) = K
��X

t1 .







































(16)

‡¤¥áì A
��X
t , A

��X
1t ¨ BV

t §�¢¨áïâ ¯�à�¬¥âà¨ç¥áª¨ ®â m
�X
t , mU

t , K
�X

t , KU
t ¨ K

�XU
t .

“â¢¥à¦¤¥−¨¥ 2.6. �ãáâì −¥áâ�æ¨®−�à−�ï ¢¥ªâ®à−�ï ¤¨ää¥à¥−æ¨�«ì−�ï á¨á-
â¥¬� (9), (14), −¥ à�§à¥è¥−−�ï ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−®©, ¤®¯ãáª�¥â «¨−¥©−ãî
à¥£à¥áá¨®−−ãî �¯¯à®ªá¨¬�æ¨î (15). ’®£¤� (9), (14) ¯à¨¢®¤ïâáï ª à�§à¥è¥−−®©
®â−®á¨â¥«ì−® áâ�àè¥© ¯à®¨§¢®¤−®© á¨áâ¥¬¥ (16).

3 Оптимизация, оценивание, идентификация и калибровка

3.1. ‘«¥¤ãï [10{12], ¡ã¤¥¬ áç¨â�âì á¨áâ¥¬ã ®¯â¨¬�«ì−®©, ¥á«¨ ®−� ¯à¨ à¥è¥-
−¨¨ ¯®áâ�¢«¥−−®© §�¤�ç¨ ®¡¥á¯¥ç¨¢�¥â ¬¨−¨¬ã¬ ¯à¨−ïâ®£® ªà¨â¥à¨ï ª�ç¥áâ¢�,
¨ áâ�â¨áâ¨ç¥áª¨ ®¯â¨¬�«ì−®© á¨áâ¥¬®© ¡ã¤¥¬ −�§ë¢�âì á¨áâ¥¬ã, ª®â®à�ï ®¡¥á¯¥-
ç¨¢�¥â ¬¨−¨¬ã¬ áâ�â¨áâ¨ç¥áª®£® ªà¨â¥à¨ï ª�ç¥áâ¢�. ‚ ¤�«ì−¥©è¥¬ áâ�â¨áâ¨ç¥áª¨
®¯â¨¬�«ì−ë¥ á¨áâ¥¬ë ¤«ï ªà�âª®áâ¨ ¡ã¤¥¬ −�§ë¢�âì ¯à®áâ® ®¯â¨¬�«ì−ë¬¨.

��¨¡®«¥¥ ç�áâ® ¢ ¯à�ªâ¨ç¥áª¨å §�¤�ç�å ¯®«ì§ãîâáï â®ç−®áâ−ë¬¨ ªà¨â¥à¨ï-
¬¨, â. ¥. ªà¨â¥à¨¥¬ ¬¨−¨¬ã¬� áà¥¤−¥© ª¢�¤à�â¨ç¥áª®© ®è¨¡ª¨ (á. ª. ®.). �¡®§−�-
ç¨¬ ç¥à¥§ δ �Xt = �Xt− �XTP ¢¥ªâ®à ®è¨¡ª¨ −®à¬�«ì−® à�á¯à¥¤¥«¥−−®£® ¢ëå®¤−®£®

á¨£−�«� ¬®¤¥«¨, � ç¥à¥§ mδ �X
t ¨ Kδ �X

t | ¢¥ªâ®à ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© ¨ ª®-
¢�à¨�æ¨®−−ãî ¬�âà¨æã ¢ ¬®¬¥−â ¢à¥¬¥−¨ t. ’®£¤� ªà¨â¥à¨© ¬¨−¨¬ã¬� á. ª. ®.
¬®¦−® ¯à¥¤áâ�¢¨âì ¢ á«¥¤ãîé¥¬ ¢¥ªâ®à−®-¬�âà¨ç−®¬ ¢¨¤¥:

ε2 = trMN

[

δ �Xtδ �X
T
t

]

= tr •δ �X
t = tr

[

Kδ �X
t +mδ �X

t

(

mδ �X
t

)T
]

,

£¤¥ ç¥à¥§ tr ®¡®§−�ç¥− á«¥¤ á®®â¢¥âáâ¢ãîé¥© ¬�âà¨æë; MN | ¬�â¥¬�â¨ç¥áª®¥
®¦¨¤�−¨¥ ¤«ï −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï.

�ã¤¥¬ à�áá¬�âà¨¢�âì �−á�¬¡«ì á¨áâ¥¬ ª�ª ¯à®¬ëè«¥−−®¥ ¨§¤¥«¨¥, ¢ë¯®«-
−¥−−®¥ ¯® ¨§¢¥áâ−ë¬ áâ�−¤�àâ�¬ ¨ ®¡«�¤�îé¥¥ ¨−áâàã¬¥−â�«ì−ë¬¨ ®è¨¡ª�¬¨,
®¯¨áë¢�¥¬ë¬¨ ¢¥ªâ®à®¬ —, â. ¥. δ �Xt = δ �Xt(—). ’®£¤� á«¥¤ã¥â à�§«¨ç�âì ¬¥â®-
¤¨ç¥áªãî (— ≡ 0) ¨ ¨−áâàã¬¥−â�«ì−ãî â®ç−®áâì (— 6= 0).

„«ï ¢¥à®ïâ−®áâ−®£® �−�«¨§� −®à¬�«ì−ëå ‘â� ¯® �¯à¨®à−ë¬ ¤�−−ë¬ ¤«ï
δ �Xt ¨ δ �Xt(—) ¯à¥¤¯®«�£�¥âáï �¯à¨®à−®¥ §−�−¨¥ ¯�à�¬¥âà®¢ −®à¬�«ì−®£® à�á-
¯à¥¤¥«¥−¨ï. ‚ íâ®¬ á«ãç�¥ ¢¥à®ïâ−®áâ−ë© �−�«¨§ −�àï¤ã á ®æ¥−ª®© â®ç−®áâ¨
¯®§¢®«ï¥â à¥è�âì §�¤�çã ®¯â¨¬¨§�æ¨¨ ¯® ªà¨â¥à¨î ¬¨−¨¬ã¬� á. ª. ®.
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‚® ¬−®£¨å ¯à�ªâ¨ç¥áª¨å á«ãç�ïå ®¯â¨¬¨§�æ¨ï å�à�ªâ¥à¨áâ¨ª á¨áâ¥¬ë ª�ª
¯à®¬ëè«¥−−®£® ¨§¤¥«¨ï −¥ ®¡¥á¯¥ç¨¢�¥â âà¥¡ã¥¬ãî â®ç−®áâì −� íâ�¯�å ¦¨§−¥−-
−®£® æ¨ª«�. �¥®¡å®¤¨¬ ãç¥â �¯®áâ¥à¨®à−ëå (ãá«®¢−ëå) ¤�−−ëå ¯®á«¥ ¯à®¢¥¤¥−¨ï
®¯à¥¤¥«¥−−ëå (¯àï¬ëå ¨ ª®á¢¥−−ëå) −�¡«î¤¥−¨© −�¤ á¨áâ¥¬®©.

÷�§«¨ç�îâ ®æ¥−¨¢�−¨¥ ¨ ¨¤¥−â¨ä¨ª�æ¨î [11, 12]. �æ¥−¨¢�−¨¥ | íâ® ¯à®-
æ¥¤ãà� ®æ¥−ª¨ ¯®«¥§−®£® á¨£−�«� ¯® −�¡«î¤¥−¨î −¥ª®â®à®£® ¢å®¤−®£® á¨£−�«�.
�®á«¥¤−¨© ¬®¦¥â ¡ëâì á«ãç�©−®© äã−ªæ¨¥© ¯¥à¥¬¥−−ëå, ®¯¨áë¢�îé¨å äã−ª-
æ¨®−¨à®¢�−¨¥ á¨áâ¥¬ë. ˆ¤¥−â¨ä¨ª�æ¨ï | íâ® ¯à®æ¥¤ãà� ®¯à¥¤¥«¥−¨ï ®æ¥−®ª
å�à�ªâ¥à¨áâ¨ª á¨áâ¥¬ë ¯® à¥§ã«ìâ�â�¬ −�¡«î¤¥−¨ï ¥¥ ¢å®¤−ëå ¨ ¢ëå®¤−ëå á¨£-
−�«®¢. �®«¥§−ë© á¨£−�« ¯à¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¬®¦¥â ¯à¥¤áâ�¢«ïâì á®¡®© ¢¥ªâ®à
−¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢. �®á«¥¤−îî §�¤�çã −�§ë¢�îâ ª�«¨¡à®¢ª®©. ‡�¤�ç�
¨¤¥−â¨ä¨ª�æ¨¨ á®áâ®¨â ¢ ®æ¥−ª¥ ¢¥ªâ®à� ¯�à�¬¥âà®¢. ÷�§«¨ç¨¥ §�¤�ç ®æ¥−¨-
¢�−¨ï ¨ ¨¤¥−â¨ä¨ª�æ¨¨ −¥¯à¨−æ¨¯¨�«ì−®¥ ¨ §�ª«îç�¥âáï ¢ à�§−ëå ãá«®¢¨ïå
−�¡«î¤¥−¨ï ¨ ®á®¡¥−−®áâïå âà¥¡ã¥¬®£® ¯®«¥§−®£® á¨£−�«�. �â® à�§«¨ç¨¥ ¯à¨-
¢®¤¨â ª −¥ª®â®à®© á¯¥æ¨ä¨ª¥ ®¯â¨¬�«ì−ëå �«£®à¨â¬®¢ ®æ¥−ª¨. �−¨ ¯®¤à®¡−®
¨§ãç¥−ë ¢ [11,12].

3.2. ‚ §�¤�ç�å −®à¬�«ì−®© (£�ãáá®¢áª®©) ä¨«ìâà�æ¨¨ ¨á¯®«ì§ãîâáï ¤¢� â¨¯�
ãà�¢−¥−¨©: ãà�¢−¥−¨ï ¤«ï á®áâ�¢−®£® ¢¥ªâ®à� á®áâ®ï−¨ï

�Xt =
[

Xt, . . . Xt, . . . , X
(l)
t

]T

¨ ¤«ï ¢¥ªâ®à� −�¡«î¤¥−¨©

�Yt =
[

Y1t · · ·Y(l−1)t
]T
.

“à�¢−¥−¨ï á®áâ®ï−¨ï ¨¬¥îâ ¢¨¤:

ϕ
(

t,—, �Xt, �Yt, �Ut

)

= 0 , (17)

£¤¥ �Ut =
[

�UT1
�UT2

]T
. �ã¤¥¬ áç¨â�âì:

(1) −¥áâ�æ¨®−�à−ë¥ ¢®§¬ãé¥−¨ï �Ut á¢ï§�−ë á® áª�«ïà−ë¬ −®à¬�«ì−ë¬ ¡¥«ë¬
èã¬®¬ Vt ãà�¢−¥−¨ï¬¨ ””;

(2) ãà�¢−¥−¨¥ (17) ¤®¯ãáª�¥â ¯à¨¢¥¤¥−¨¥ ª «¨−¥©−®¬ã ¤¥â¥à¬¨−¨à®¢�−−®¬ã
ãà�¢−¥−¨î, à�§à¥è¥−−®¬ã ®â−®á¨â¥«ì−® áâ�àè¥© ¯à®¨§¢®¤−®©;

(3) ãà�¢−¥−¨¥ ¤«ï ¢¥ªâ®à� −�¡«î¤¥−¨ï «¨−¥©−® ®â−®á¨â¥«ì−® �Xt ¨ �Yt.

’®£¤�, ¯à¨¬¥−ïï â¥®à¨î «¨−¥©−®© ä¨«ìâà�æ¨¨, ®á−®¢�−−ãî −� ¯à¨¢¥¤¥−−ëå
ãà�¢−¥−¨ïå ¢¨¤�

‘�Xt = a �Yt + a1 �Xt + a0 + ψV ; (18)

‘�Yt = b �Yt + b1 �Xt + b0 + ψ1V , (19)

¯à¨¤¥¬ ª ¨áª®¬ë¬ ä¨«ìâà�æ¨®−−ë¬ ãà�¢−¥−¨ï¬ ®¡é¥£® «¨−¥©−®£® ä¨«ìâà� [11]:
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‘��Xt=
(

a �Yt + a1
��Xt + a0

)

+ βt

[

‘�Yt − (b �Yt + b1
��Xt + b0)

]

, ��Xt0 =
�X0 ,

βt =
(

Rtb
T
1 + ψνψ

T
1

) (

ψ1νψ
T
1

)−1
;

‘Rt=a1Rt+Rta
T
1 + ψνψ

T−
(

Rtb
T
1 + ψνψ

T
1

) (

ψ1νψ
T
1

)−1(
b1Rt + ψ1νψ

T
)

,

Rt0 = R0



































(20)

¯à¨ ãá«®¢¨¨ det(ψ1νψ
T
1 ) 6= 0.

“à�¢−¥−¨ï (20) ¯à¨ a = 0 ¨ b = 0 ¯à¥¤áâ�¢«ïîâ á®¡®© ãà�¢−¥−¨ï ä¨«ìâà�
Š�«¬�−�{�ìîá¨ [7,8,11]. �®á«¥¤−¨¥ ã¤®¡−® §�¯¨áë¢�âì ¢ ¢¨¤¥:

‘�Xt = a1t �Xt + a0t + V1 ;

Zt = ‘Yt = b1tXt + V2 ;

}

(21)

‘��Xt = a1t
��Xt + a0t + βt

(

Zt − b1t
��Xt

)

, βt = Rtb
T
1tν

−1
2t ;

‘Rt = a1tRt +Rta
T
1t + ν1t − βtν2tβ

T
t







(22)

¯à¨ ãá«®¢¨¨ det ν2t 6= 0 ¨ á®®â¢¥âáâ¢ãîé¨å −�ç�«ì−ëå ãá«®¢¨ïå.

“â¢¥à¦¤¥−¨¥ 3.1. �ãáâì −¥ à�§à¥è¥−−�ï ®â−®á¨â¥«ì−® áâ�àè¥© ¯à®¨§¢®¤−®©
á¨áâ¥¬� (17) ¤®¯ãáª�¥â ¯à¨¢¥¤¥−¨¥ ª «¨−¥©−®© à¥£à¥áá¨®−−®© á¨áâ¥¬¥ (18),
� ãà�¢−¥−¨¥ −�¡«î¤¥−¨ï ¨¬¥¥â ¢¨¤ (19). ’®£¤� ãà�¢−¥−¨ï −®à¬�«ì−®£® ä¨«ìâà�

¨¬¥îâ ¢¨¤ (20) ¯à¨ ãá«®¢¨¨ det(ψ1νψ
T
1 ) 6= 0.

“â¢¥à¦¤¥−¨¥ 3.2. �ãáâì ¢ ãá«®¢¨ïå ãâ¢¥à¦¤¥−¨ï 3.1 á¨áâ¥¬� ¤®¯ãáª�¥â
¯à¨¢¥¤¥−¨¥ ª ¢¨¤ã (21). ’®£¤� ãà�¢−¥−¨ï −®à¬�«ì−®£® ä¨«ìâà� ¨¬¥îâ ¢¨¤ (22)
¯à¨ ãá«®¢¨¨ det ν2t 6= 0.

3.3. �à¨¬¥−ïï íªáâà�¯®«ïâ®à Š�«¬�−�{�ìîá¨ ª ãà�¢−¥−¨ï¬ ãâ¢¥à¦¤¥-
−¨ï 3.2, ¯®«ãç¨¬ á«¥¤ãîé¨¥ á®®â−®è¥−¨ï:

��Xt+–/t = A1t
��Xt+–/t = u(t+–, t)

��Xt/t+

t+–
∫

t

u(t+–, t)A0τ (τ) dτ (– > 0) ,

[

��Xt+–/t

]

–=0
= �Xt ; (23)

‘Rt+–/t = a1Rt+–/t +Rt+–/ta
T
1 + ψνψ

T,
[

Rt+–/t

]

–=0
= Rt .

‡¤¥áì ut = u(t, τ) | äã−¤�¬¥−â�«ì−®¥ à¥è¥−¨¥ ãà�¢−¥−¨ï ‘ut = A1tut ¯à¨
ãá«®¢¨¨ u(t, t) = I. ’�ª¨¬ ®¡à�§®¬, íªáâà�¯®«ïâ®à ¡ã¤¥â ¯à¥¤áâ�¢«ïâì á®¡®©
¯®á«¥¤®¢�â¥«ì−®¥ á®¥¤¨−¥−¨¥ ãá¨«¨â¥«ï u(t+–, t), áã¬¬�â®à� ¨ ¤®¯®«−¨â¥«ì−®£®

¨−â¥£à�«ì−®£® ç«¥−�
∫ t+–
t u(t+–, τ)A0τ dτ.

66 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 2 2022



�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ¨ ®æ¥−¨¢�−¨¥ −¥áâ�æ¨®−�à−ëå −®à¬�«ì−ëå ¯à®æ¥áá®¢

“â¢¥à¦¤¥−¨¥ 3.3. ‚ ãá«®¢¨ïå ãâ¢¥à¦¤¥−¨ï 3.2 −®à¬�«ì−ë© íªáâà�¯®«ïâ®à
®¯à¥¤¥«ï¥âáï ãà�¢−¥−¨ï¬¨ (23).

3.4. “à�¢−¥−¨ï ãâ¢¥à¦¤¥−¨© 3.1{3.3, ¥á«¨ ¢ á®áâ�¢−®¬ ¢¥ªâ®à¥ á®áâ®ï−¨ï
“Xt =

[

�XTt —
T
]T

¯®«®¦¨âì ‘— = 0, ¯à¥¤áâ�¢«ïîâ á®¡®© ¨¤¥−â¨ä¨ª�æ¨®−−ë¥
ãà�¢−¥−¨ï. “à�¢−¥−¨ï ª�«¨¡à®¢ª¨ ¯à¥¤áâ�¢«ïîâ á®¡®© £àã¯¯ã ãà�¢−¥−¨© ¤«ï
−¥¯®áà¥¤áâ¢¥−−®© ®æ¥−ª¨ —.

‚ [7, 8] ¯®ª�§�−®, çâ® ¯à¨ ¨á¯®«ì§®¢�−¨¨ ŒŠ÷ ¢ §�¤�ç�å ®æ¥−¨¢�−¨ï, ¨¤¥−-
â¨ä¨ª�æ¨¨ ¨ ª�«¨¡à®¢ª¨ æ¥«¥á®®¡à�§−® ¯®«ì§®¢�âìáï ¤¨áªà¥â−ë¬¨ ¢¥àá¨ï¬¨
ãà�¢−¥−¨© á®áâ®ï−¨ï, � â�ª¦¥ ä¨«ìâà®¢ ¨ íªáâà�¯®«ïâ®à®¢ Š�«¬�−�{�ìîá¨.

4 Пример

4.1. ‘−�ç�«�, ¯®«ì§ãïáì à¥§ã«ìâ�â�¬¨ à�§¤. 2, ¯®«ãç¨¬ �«£®à¨â¬ �−�«¨â¨ç¥-
áª®£® ¬®¤¥«¨à®¢�−¨ï ¤«ï áª�«ïà−®© á¨áâ¥¬ë

ϕ
(

‘Xt,Xt

)

≡ ϕ1

(

‘Xt

)

+ ϕ2 (Xt) + U1t = 0 ; (24)

‘U1t = α10 + α11U1t + β1V1t . (25)

‡¤¥áì ϕ1 ¨ ϕ2 | áª�«ïà−ë¥, ¢ ®¡é¥¬ á«ãç�¥ −¥«¨−¥©−ë¥, äã−ªæ¨¨; Xt ¨ ‘Xt |
¯¥à¥¬¥−−�ï á®áâ®ï−¨ï ¨ ¥¥ ¯à®¨§¢®¤−�ï; U1t | áª�«ïà−®¥ ã¤�à−®¥ ¢®§¬ãé¥-
−¨¥; V1t | −®à¬�«ì−ë© −¥áâ�æ¨®−�à−ë© ¡¥«ë© èã¬ ¨−â¥−á¨¢−®áâ¨ ν1t; α10,
α11 ¨ β1 | ¯®áâ®ï−−ë¥ ¯�à�¬¥âàë. ‚ë¯®«−¨¬ à¥£à¥áá¨®−−ãî «¨−¥�à¨§�æ¨î
äã−ªæ¨© ϕ1 ¨ ϕ2 á®£«�á−®

ϕ1 ≈ ϕ10 + k
ϕ1
‘X
‘X0t ; ϕ2 ≈ ϕ20 + k

ϕ2
X X0t .

�à¨ ãá«®¢¨¨ kϕ1
‘X

6= 0 ¯à¨¤¥¬ ª ãà�¢−¥−¨ï¬ ¤«ï ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨©
¨ æ¥−âà¨à®¢�−−ëå á®áâ�¢«ïîé¨å:

ϕ10 + ϕ20 +m
U
1t = 0 ; (26)

‘X0t = atX
0
t + btU

0
1t . (27)

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

ϕ10 = ϕ10

(

m
‘X

t ,D
‘X

t

)

; ϕ20 = ϕ20
(

mX
t ,D

X
t

)

; (28)

at = at

(

mX
t ,m

‘X
t ,D

X
t ,D

‘X
t ,D

U1
t ,DXU1

t

)

= −kϕ2
X

(

kϕ1
‘X

)−1
; bt = −

(

kϕ1
‘X

)−1
.

�à¥¤áâ�¢¨¬ ãà�¢−¥−¨ï (27) ¨ (25) ¤«ï U01tU1t − mU1
t ¤«ï �Xt = [XtU1t]

T

¢ ¢¥ªâ®à−®¬ ¢¨¤¥:
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ˆ. �. ‘¨−¨æë−

‘m
�X
t = A0t +Atm

�X
t ;

‘�X0t = At
�X0t +BtV1t ,

£¤¥

At =

[

at bt
0 α1

]

; Bt =

[

0
β1

]

.

�à¨ íâ®¬ ª®¢�à¨�æ¨®−−�ï ¬�âà¨æ�

K
�X

t =

[

DX
t KXU1

K
‘XU1

t DU1
t

]

¨ ¬�âà¨æ� ª®¢�à¨�æ¨®−−ëå äã−ªæ¨©

K
�X(t1, t2) =

[

K
�X
11(t1, t2) K

�X
12(t1, t2)

K
�X
21(t1, t2) K

�X
22(t1, t2)

]

¡ã¤ãâ ã¤®¢«¥â¢®àïâì «¨−¥©−ë¬ ãà�¢−¥−¨ï¬ ª®àà¥«ïæ¨®−−®© â¥®à¨¨ [7,8]:

‘K
�X

t = AtK
�X

t +K
�X

t A
T
t +Btν1tB

T
t , K

�X
t0 = K

�X
0 ; (29)

∂K
�X(t1, t2)

∂t2
= K

�X (t1, t2)A
T
t2 , K

�X (t1, t1) = K
�X

t1 . (30)

“à�¢−¥−¨ï (29) ¢ à�§¢¥à−ãâ®¬ ¢¨¤¥ ¨¬¥îâ ¢¨¤:

‘DX
t = 2

(

atD
X
t + btK

XU1
t

)

; ‘DU1
t = 2α1D

U1
t + β

2
1ν1t ;

‘KXU1
t = atK

XU1
t + btD

U1
t + α1K

XU1
t . (31)

‚ á¨«ã (27) ¯®á«¥ ¢ëç¨á«¥−¨ï ¤¨á¯¥àá¨¨ ¯®«ãç�¥¬

D
‘X

t = a
2
tD

X
t + b

2
tD

U1
t + 2atbtK

XU1
t . (32)

’�ª¨¬ ®¡à�§®¬, ¢ ®á−®¢¥ �«£®à¨â¬� �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï á¨áâ¥-
¬ë (24), (25) «¥¦�â ãà�¢−¥−¨ï (26), (28), (29){(32).

4.2. ’¥¯¥àì ¯à¥¤¯®«®¦¨¬, çâ® á¨áâ¥¬� (24), (25) −�¡«î¤�¥âáï â�ª, çâ®

Zt = ‘Yt = Xt + V2t .

’®£¤� ãà�¢−¥−¨ï ä¨«ìâà� Š�«¬�−�{�ìîá¨ ¯à¨−¨¬�îâ á«¥¤ãîé¨© ¢¨¤:

‘�Xt = At
�Xt+βt

(

Zt − �Xt

)

, βt = Rtν
−1
2t (det ν2t 6= 0) , ‘Rt = 2AtRt+ν1−ν2β

2
t .

�ªáâà�¯®«ïâ®à Š�«¬�−�{�ìîá¨ ®¯à¥¤¥«ï¥âáï ãà�¢−¥−¨ï¬¨ ãâ¢¥à¦¤¥−¨ï 3.3 ¯à¨
u(t, τ) = e−a(t−τ).
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ¨ ®æ¥−¨¢�−¨¥ −¥áâ�æ¨®−�à−ëå −®à¬�«ì−ëå ¯à®æ¥áá®¢

5 Заключение

÷�§à�¡®â�−® ¬¥â®¤¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¤«ï �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï,
®æ¥−¨¢�−¨ï, ¨¤¥−â¨ä¨ª�æ¨¨ ¨ ª�«¨¡à®¢ª¨ áãé¥áâ¢¥−−® −¥áâ�æ¨®−�à−ëå, −�¯à¨-
¬¥à ã¤�à−ëå, −®à¬�«ì−ëå ‘â‘, −¥ à�§à¥è¥−−ëå ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå,
®á−®¢�−−®¥ −� à¥£à¥áá¨®−−®© «¨−¥�à¨§�æ¨¨. „�− ¨««îáâà�â¨¢−ë© ¯à¨¬¥à.

�®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¬®£ãâ ¡ëâì ®¡®¡é¥−ë −� á«ãç�© ¤¨ää¥à¥−æ¨�«ì−ëå
¨−â¥£à®¤¨ää¥à¥−æ¨�«ì−ëå á¨áâ¥¬, áâ®å�áâ¨ç¥áª¨ −¥ à�§à¥è¥−−ëå ®â−®á¨â¥«ì−®
áâ�àè¨å ¯à®¨§¢®¤−ëå, ¢ ãá«®¢¨ïå ¬−®£®íè¥«®−¨à®¢�−−ëå ã¤�à−ëå ¢®§¤¥©-
áâ¢¨©. ˆáá«¥¤®¢�−¨¥ ¢ë¡à®á®¢ ¨ −�ª®¯«¥−¨¥ ¢®§¬ãé¥−¨© â�ª¦¥ ¨¬¥¥â ¢�¦−®¥
¯à¨ª«�¤−®¥ §−�ç¥−¨¥.
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ANALYTICAL MODELING AND ESTIMATION
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Abstract: Methodological and algorithmic support for analytical modeling,
estimation, identification, and calibration for essentially nonstationary (e. g.,
shock) stochastic systems with unsolved derivatives is proposed. Basic theorems
are given. Special attention is paid to shock disturbances. An example is
provided. Some possible generalizations are presented.
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НЕКОТОРЫЕ ПОДХОДЫ К АНАЛИЗУ СЕТЕВЫХ DLP

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

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï £«�¢−ë¬ ®¡à�§®¬ á¥â¥¢ë¥ á¨áâ¥¬ë §�é¨âë
DLP (Data Lost/Leakage Prevention). �¤−� ¨§ ®á−®¢−ëå §�¤�ç DLP-á¨á-
â¥¬ | ¢ëï¢«¥−¨¥ æ¥−−®© ¨−ä®à¬�æ¨¨ (–ˆ), ª®â®à�ï ¬®¦¥â ¯®ï¢¨âìáï ¢ á¥â¨
−� ¢ëå®¤¥ ¨§ ª®¬¯ìîâ¥à−®© á¨áâ¥¬ë. ‘¥â¥¢ë¥ DLP-á¨áâ¥¬ë ¯à¨®¡à¥â�îâ
¡®«ìèãî ¢�¦−®áâì ¢ á¢ï§¨ á è¨à®ª¨¬ à�á¯à®áâà�−¥−¨¥¬ ã¤�«¥−−®© à�¡®âë
á®âàã¤−¨ª®¢ à�§«¨ç−ëå ®à£�−¨§�æ¨©. �à�¢¨«ì−®¥ äã−ªæ¨®−¨à®¢�−¨¥ DLP
®¯à¥¤¥«ï¥âáï à�á¯®§−�¢�−¨¥¬ ª®à®âª¨å á®®¡é¥−¨© ª�ª á«ãç�©−ëå ¯®á«¥¤®¢�-
â¥«ì−®áâ¥©, � ãâ¥ç¥ª –ˆ, −�¯à¨¬¥à ¯¥àá®−�«ì−ëå ¤�−−ëå, | ª�ª ª®à®âª¨å
¯®á«¥¤®¢�â¥«ì−®áâ¥©, ã¤®¢«¥â¢®àïîé¨å áâàãªâãà−ë¬ ®£à�−¨ç¥−¨ï¬. �á−®¢-
−�ï ¯à®¡«¥¬� ¬¥â®¤®¢ §�é¨âë ¨−ä®à¬�æ¨¨ | «®¦−ë¥ âà¥¢®£¨. ‚ à�¡®â¥ −�
¯à®áâ¥©è¨å ¬®¤¥«ïå ®æ¥−¨¢�¥âáï ®¡ê¥¬ ¤�−−ëå, ¢ ª®â®àëå ¢®§¬®¦¥− ¯®¨áª
–ˆ ¯à¨ ¬�«ëå ¢¥à®ïâ−®áâïå «®¦−ëå âà¥¢®£. �®áâà®¥−ë ¯à¨¬¥àë ¯à®áâëå,
−® ¡ëáâàëå ¬¥â®¤®¢ ¢ëï¢«¥−¨ï ãâ¥ç¥ª –ˆ. Œ¥â®¤ë à�§¤¥«¥−ë ¯® á«®¦−®áâ¨
¨ ¢®§¬®¦−®áâï¬ ¨å ¯à¨¬¥−¥−¨ï. ’�ª¨¥ ¬¥â®¤ë ¬®£ãâ ¨á¯®«ì§®¢�âìáï −¥ â®«ì-
ª® ¤«ï �−�«¨§� DLP-á¨áâ¥¬, −® ¨ ¤«ï ¯®¨áª� á«ã¦¥¡−ëå ¢áâ�¢®ª ¨ á¨£−�«®¢
¢ ¯à®æ¥áá¥ ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨, ¯à¨ ¯®¨áª¥ ¨ �−�«¨§¥ ¯«®å® §�é¨é¥−-
−ëå ¨«¨ −¥§�é¨é¥−−ëå ¯¥àá®−�«ì−ëå ¤�−−ëå, £¤¥ ¯® ¯à�¢¨«�¬ âà¥¡ã¥âáï
®¡¥§«¨ç¨¢�−¨¥. �®áâà®¥−ë ®æ¥−ª¨ ¢¥à®ïâ−®áâ¥© ¯®ï¢«¥−¨ï «®¦−ëå âà¥¢®£.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; DLP-á¨áâ¥¬ë; ®æ¥−ª¨
¢¥à®ïâ−®áâ¥© ¯®ï¢«¥−¨ï «®¦−ëå âà¥¢®£

DOI: 10.14357/08696527220207

1 Введение

‚ ¯®á«¥¤−¥¥ ¢à¥¬ï ¢á¥ ¡®«ìè¥¥ à�á¯à®áâà�−¥−¨¥ ¢ ®¡¥á¯¥ç¥−¨¨ ¨−ä®à¬�æ¨-
®−−®© ¡¥§®¯�á−®áâ¨ ¯à¨®¡à¥â�îâ á¨áâ¥¬ë §�é¨âë DLP. ÷�§«¨ç�îâ âà¨ ª«�áá�
DLP-á¨áâ¥¬: á¥â¥¢ë¥, �£¥−âáª¨¥ ¨ £¨¡à¨¤−ë¥ [1]. ‚ ¤�−−®© à�¡®â¥ à�áá¬�â-
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info@itake.ru

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

4��� ‘¡¥à¡�−ª ÷®áá¨¨, dvlsmirnov@sberbank.ru
5”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,

eltimon@yandex.ru
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�¥ª®â®àë¥ ¯®¤å®¤ë ª �−�«¨§ã á¥â¥¢ëå DLP

à¨¢�îâáï £«�¢−ë¬ ®¡à�§®¬ á¥â¥¢ë¥ DLP-á¨áâ¥¬ë. �¤−� ¨§ ®á−®¢−ëå §�¤�ç
DLP-á¨áâ¥¬ | ¢ëï¢«¥−¨¥ –ˆ, ª®â®à�ï ¬®¦¥â ¯®ï¢¨âìáï ¢ á¥â¨ −� ¢ëå®¤¥ ¨§
ª®¬¯ìîâ¥à−®© á¨áâ¥¬ë. ‘¥â¥¢ë¥ DLP-á¨áâ¥¬ë ¯à¨®¡à¥â�îâ ¡®«ìèãî ¢�¦−®áâì
¢ á¢ï§¨ á è¨à®ª¨¬ à�á¯à®áâà�−¥−¨¥¬ ã¤�«¥−−®© à�¡®âë á®âàã¤−¨ª®¢ à�§«¨ç−ëå
®à£�−¨§�æ¨© (¤�«¥¥ | úã¤�«¥−ª�û) [2].

‘ç¨â�¥âáï, çâ® ¡¥§®¯�á−®áâì úã¤�«¥−ª¨û ¤®«¦−� ¡ëâì ®á−®¢�−� −� ®â¤¥«ì−®¬
¨§®«¨à®¢�−−®¬ ª®¬¯ìîâ¥à¥ ¨ á−�¡¦¥−� á¢ï§ìî −� ®á−®¢¥ VPN (Virtual Private
Network). ’�ª�ï ¦¥ �àå¨â¥ªâãà� ¤®«¦−� ¨á¯®«ì§®¢�âìáï ¢ ®¡«�ç−ëå á¨áâ¥-
¬�å. �¤−�ª® ãª�§�−−ëå ¯à�¢¨« ¡¥§®¯�á−®áâ¨ −¥¤®áâ�â®ç−®. ‚®§¬®¦−ë ¯ãâ¨
¢−¥¤à¥−¨ï ¢à¥¤®−®á−®£® ª®¤�. ’®£¤� ¯à®â¨¢−¨ª ¬®¦¥â ¢áâà�¨¢�âì ¢ ¢ëå®¤−ãî
¯®á«¥¤®¢�â¥«ì−®áâì −¥§�è¨äà®¢�−−ë¥ ª®à®âª¨¥ á®®¡é¥−¨ï á –ˆ. �¥à¥å¢�â¨¢
¯¥à¥¤�çã ¢ £«®¡�«ì−®© á¥â¨, ¯à®â¨¢−¨ª ¯®«ãç�¥â ¤®áâã¯ ª ãªà�¤¥−−®© –ˆ. ‚ â®
¦¥ ¢à¥¬ï ¯à¨ ¯®«ãç¥−¨¨ á®®¡é¥−¨ï −� «¥£�«ì−®¬ ¯à¨¥¬−®¬ ª®−æ¥ ¢ ¯à®æ¥áá¥
à�áè¨äà®¢�−¨ï ¯à®¨§®©¤¥â §�è¨äà®¢�−¨¥ −¥§�è¨äà®¢�−−ëå ¢áâ�¢®ª, çâ® ¡ã¤¥â
à�áá¬�âà¨¢�âìáï ª�ª á¡®© á¢ï§¨ ¨ ¯à¨ ¯®¢â®à−®¬ §�¯à®á¥ «¨ª¢¨¤¨àã¥âáï.

�®«ìè®© ®¡ê¥¬ âà�ä¨ª� −¥ ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì ¢ DLP-á¨áâ¥¬�å á«®¦−ë¥
�«£®à¨â¬ë ¨ ¬¥â®¤ë. �¤−�ª® áãé¥áâ¢ãîâ ¯à®áâë¥ ¬¥â®¤ë ¢ëï¢«¥−¨ï áâàãªâãà
–ˆ, ®â«¨ç−ëå ®â è¨äàâ¥ªáâ� áà¥¤¨ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ª®à®âª¨å á®®¡é¥−¨©,
¨«¨ ¢áâ�¢®ª ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨ [3].

�á−®¢−�ï ¯à®¡«¥¬� íâ¨å ¬¥â®¤®¢ | «®¦−ë¥ âà¥¢®£¨ [1{5]. ‚ −�áâ®ïé¥©
à�¡®â¥ −� ¯à®áâ¥©è¨å ¬®¤¥«ïå ®æ¥−¨¢�¥âáï ®¡ê¥¬ ¤�−−ëå, ¢ ª®â®àëå ¢®§¬®¦¥−
¯®¨áª –ˆ ¯à¨ ¬�«ëå ¢¥à®ïâ−®áâïå «®¦−ëå âà¥¢®£.

–¥−−�ï ¨−ä®à¬�æ¨ï ¤®«¦−� ¯®ï¢«ïâìáï â®«ìª® ¢ §�é¨é¥−−®¬ (§�è¨äà®¢�−-
−®¬) ¢¨¤¥. ’®£¤� ¢ ª�ç¥áâ¢¥ ¬®¤¥«¨ â�ª®© ¨−ä®à¬�æ¨¨ ¬®¦−® à�áá¬�âà¨¢�âì
à�¢−®¢¥à®ïâ−ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨. ‚ ª�ç¥áâ¢¥ �«ìâ¥à−�â¨¢ë ¢ íâ®¬ á«ãç�¥ à�á-
á¬�âà¨¢�îâáï ¯®á«¥¤®¢�â¥«ì−®áâ¨, ã¤®¢«¥â¢®àïîé¨¥ −¥ª®â®àë¬ ®£à�−¨ç¥−¨ï¬.
�à�¢¨«ì−®¥ äã−ªæ¨®−¨à®¢�−¨¥ DLP ®¯à¥¤¥«ï¥âáï à�á¯®§−�¢�−¨¥¬ ª®à®âª¨å
á®®¡é¥−¨© ª�ª á«ãç�©−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥©, � ãâ¥ç¥ª –ˆ, −�¯à¨¬¥à ¯¥à-
á®−�«ì−ëå ¤�−−ëå, | ª�ª ª®à®âª¨å ¯®á«¥¤®¢�â¥«ì−®áâ¥©, ã¤®¢«¥â¢®àïîé¨å
áâàãªâãà−ë¬ ®£à�−¨ç¥−¨ï¬.

2 Структурные модели выявления ценной информации

�¯à¥¤¥«¨¬ ®á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¬®¤¥«¨. ‘¨áâ¥¬� §�é¨âë ¯®«ãç�¥â −�
¢å®¤ ¡®«ìè®¥ ç¨á«® N á®®¡é¥−¨© ¬�«®© ¤«¨−ë, ¢ ª®â®àëå á®¤¥à¦¨âáï –ˆ ¨«¨
á«ãç�©−ë© à�¢−®¢¥à®ïâ−ë© â¥ªáâ. �ãáâì A | �«ä�¢¨â, ¢ ª®â®à®¬ §�¯¨á�−ë
á®®¡é¥−¨ï, ¬®é−®áâì ¬−®¦¥áâ¢� |A| = m. ‚ à�¢−®¢¥à®ïâ−®¬ á«ãç�¥ ¢¥à®ïâ−®-
áâ¨ ¯®ï¢«¥−¨ï ¡ãª¢ à�¢−ë 1/m ¨ ¡ãª¢ë ¯®ï¢«ïîâáï −¥§�¢¨á¨¬®. ‘âàãªâãà−ë¥
®£à�−¨ç¥−¨ï ¯à®é¥ ¢á¥£® §�¤�¢�âì ¢ –ˆ ¢ ¢¨¤¥ ¯à®áâ®© æ¥¯¨ Œ�àª®¢�, ª®â®à�ï
®¯¨áë¢�¥âáï ¬�âà¨æ¥© ¯¥à¥å®¤−ëå ¢¥à®ïâ−®áâ¥© æ¥¯¨ Œ�àª®¢�, ¨«¨ ®à¨¥−â¨-
à®¢�−−ë¬ £à�ä®¬ ¯¥à¥å®¤®¢ á −¥−ã«¥¢ë¬¨ ¢¥à®ïâ−®áâï¬¨ ®â ¡ãª¢ë ª ¡ãª¢¥.
�à¥¤¯®«�£�¥¬, çâ® £à�ä á®áâ®¨â ¨§ ®¤−®© ª®¬¯®−¥−âë á¨«ì−®© á¢ï§−®áâ¨. �®
®¯à¥¤¥«¥−¨î, ¯®á«¥¤®¢�â¥«ì−®áâì §−�ª®¢, ¯®«−®áâìî á®¢¯�¤�îé�ï á ®à¨¥−â¨à®-
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�. �. ƒàãè®, �. �. ƒàãè®, Œ. ˆ. ‡�¡¥¦�©«® ¨ ¤à.

¢�−−ë¬¨ ¤ã£�¬¨ ¢ £à�ä¥, ï¢«ï¥âáï −¥§�é¨é¥−−®© –ˆ, â. ¥. ¢ à�áá¬�âà¨¢�¥¬®¬
á«ãç�¥ áâàãªâãà−ë¥ ®á®¡¥−−®áâ¨ –ˆ ¯®«−®áâìî ®¯¨áë¢�îâáï §�¢¨á¨¬®áâìî ¯®-
ï¢«¥−¨ï ¡ãª¢ ¢ â¥ªáâ¥ –ˆ. ’�ª¨¬ ®¡à�§®¬, ®è¨¡ª¨ ¢ ¨¤¥−â¨ä¨ª�æ¨¨ –ˆ ¡ëâì
−¥ ¬®¦¥â. ‚ à�áá¬�âà¨¢�¥¬®¬ á«ãç�¥ ®è¨¡ª¨ ¬®£ãâ ¢®§−¨ª�âì, ª®£¤� á«ãç�©−�ï
¯®á«¥¤®¢�â¥«ì−®áâì ã¤®¢«¥â¢®àï¥â áâàãªâãà−ë¬ ãá«®¢¨ï¬ –ˆ, â. ¥. ¯®ï¢«ïîâáï
«®¦−ë¥ âà¥¢®£¨.

�æ¥−¨¬ ¢¥à®ïâ−®áâì «®¦−®© âà¥¢®£¨. �ãáâì ¢ ª®à®âª®¬ á®®¡é¥−¨¨ ¨¬¥¥âáï
¯®á«¥¤®¢�â¥«ì−®áâì ¡ãª¢

x1, x2, . . . , xk . (1)

„«ï ¯à®áâ®âë ®æ¥−®ª ¯à¥¤¯®«®¦¨¬, çâ® ¢á¥ ¨áå®¤ïé¨¥ áâ¥¯¥−¨ ¢¥àè¨− £à�ä�
æ¥¯¨ Œ�àª®¢� (ç¨á«® ¨áå®¤ïé¨å ¤ã£ ¨§ ª�¦¤®© ¢¥àè¨−ë) à�¢−ë s, � ¨áå®¤−®¥
à�á¯à¥¤¥«¥−¨¥ −� ¡ãª¢�å ¢ –ˆ ¨¬¥¥â ¯®«®¦¨â¥«ì−ë¥ ¢¥à®ïâ−®áâ¨ −� ¢á¥å ¡ãª¢�å.
’®£¤� ç¨á«® ¤ã£ n ¢ £à�ä¥ á¢ï§�−® á ¯�à�¬¥âà®¬ s á«¥¤ãîé¨¬ á®®â−®è¥−¨¥¬:

s =
n

m
.

�âáî¤� ¬®¦−® ¯®áâà®¨âì �«£®à¨â¬ ¢ëç¨á«¥−¨ï ¢¥à®ïâ−®áâ¨ ¢ëï¢«¥−¨ï á«ãç�©-
−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ (1). �� ¯¥à¢®¬ è�£¥ �«£®à¨â¬� à�áá¬®âà¨¬ (x1, x2).
‚¥à®ïâ−®áâì ¢ëï¢«¥−¨ï á«ãç�©−®áâ¨ ¯®á«¥¤®¢�â¥«ì−®áâ¨ (1) à�¢−�

P(1) =
m− s

m
.

‘®®â¢¥âáâ¢¥−−®, ¢¥à®ïâ−®áâì −¥ ¢ëï¢¨âì á«ãç�©−ãî ¯®á«¥¤®¢�â¥«ì−®áâì (1) −�
¯¥à¢®¬ è�£¥ à�¢−�

1− P(1) =
s

m
.

÷�áá¬®âà¨¬ ¢â®à®© è�£ �«£®à¨â¬� ¯à¨ ãá«®¢¨¨, çâ® −� ¯¥à¢®¬ è�£¥ á«ãç�©−�ï
¯®á«¥¤®¢�â¥«ì−®áâì (1) −¥ ¢ëï¢«¥−�, â. ¥. ¢â®à®© è�£ �«£®à¨â¬� −�ç¨−�¥âáï á ¢¥à-
è¨−ë x2 £à�ä�. ’®£¤� ¢¥à®ïâ−®áâì ¯®¯�áâì ¨§ ¢¥àè¨−ë x2 ¢ ¢¥àè¨−ã x3 ¯® ¤ã£¥
£à�ä� à�¢−� s/m, � ¢¥à®ïâ−®áâì ¢ëï¢«¥−¨ï á«ãç�©−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ (1)
−� íâ®¬ è�£¥ �«£®à¨â¬� á®áâ�¢«ï¥â (m − s)/m. ’®£¤� ¢¥à®ïâ−®áâì ¢ëï¢«¥−¨ï
á«ãç�©−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ (1) §� ¯¥à¢ë¥ ¤¢� è�£� à�¢−�

P(2) =
m− s

m
+

s

m

m− s

m
.

�� âà¥âì¥¬ è�£¥ �«£®à¨â¬� �−�«®£¨ç−ë¬ ®¡à�§®¬ ¯®«ãç�¥¬ ä®à¬ã«ã:

P(3) =
m− s

m
+

s

m

m− s

m
+

(

s

m

)2 m− s

m
.

’�ª¨¬ ®¡à�§®¬ ¤®ª�§ë¢�¥âáï, çâ® ç¨á«® è�£®¢ ¤® ¢ëï¢«¥−¨ï á«ãç�©−®áâ¨
¯®¤ç¨−ï¥âáï £¥®¬¥âà¨ç¥áª®¬ã §�ª®−ã à�á¯à¥¤¥«¥−¨ï, ¥á«¨ £à�ä áç¨â�âì ¡¥áª®-
−¥ç−ë¬.
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�¥ª®â®àë¥ ¯®¤å®¤ë ª �−�«¨§ã á¥â¥¢ëå DLP

�®«ãç¥−−ë¥ ä®à¬ã«ë ¯®§¢®«ïîâ ®æ¥−¨âì ¢¥à®ïâ−®áâì ®è¨¡ª¨, ¥á«¨ ®áâ�-
−®¢¨âìáï −� è�£¥ k. ’�ª¨¬ ®¡à�§®¬, ¢¥à®ïâ−®áâì «®¦−®© âà¥¢®£¨ ®æ¥−¨¢�¥âáï
¢¥«¨ç¨−®© (s/m)k+1.

�® ¯à¥¤¯®«®¦¥−¨î, ¢á¥ á®®¡é¥−¨ï ï¢«ïîâáï ª®à®âª¨¬¨. �®íâ®¬ã k −¥ ¬®¦¥â
¡ëâì ¡®«ìè¨¬ ¨ ¯à¨ ¡®«ìè®¬ ç¨á«¥ á®®¡é¥−¨© N ç¨á«® «®¦−ëå âà¥¢®£ ¡ã¤¥â
¡®«ìè¨¬. ‘à¥¤−¥¥ ç¨á«® «®¦−ëå âà¥¢®£ à�¢−® N(s/m)k+1.

÷�áá¬®âà¨¬ ¢®§¬®¦−®áâì áãé¥áâ¢®¢�−¨ï −¥áª®«ìª¨å â¨¯®¢ ®¯¨á�−¨ï áâàãª-
âãà−®áâ¨ –ˆ, â. ¥. ¯à¥¤¯®«®¦¨¬, çâ® ¨¬¥îâáï K æ¥¯¥© Œ�àª®¢�, ®¯¨áë¢�îé¨å
¢®§¬®¦−ë¥ ¯à¥¤áâ�¢«¥−¨ï –ˆ. ‘«¥¤®¢�â¥«ì−®, ¨¬¥¥¬ K £à�ä®¢ ¯¥à¥å®¤®¢ ¨§
á®áâ®ï−¨ï ¢ á®áâ®ï−¨¥ à�§«¨ç−ëå æ¥¯¥©. �¤¨− ¨§ ¯®¤å®¤®¢ ª ¢ëï¢«¥−¨î «®¦−ëå
âà¥¢®£ á®áâ®¨â ¢ à�á¯�à�««¥«¨¢�−¨¨ ®æ¥−ª¨ á«ãç�©−®áâ¨ á®®¡é¥−¨ï ¯® ª�¦¤®¬ã
£à�äã ¢ ®â¤¥«ì−®áâ¨. ‘«®¦−®áâì íâ®£® ¯®¤å®¤� ¢ â®¬, çâ® ¢ëï¢«¥−−�ï á«ãç�©−�ï
¤ã£� ¢ ®¤−®¬ £à�ä¥ ¬®¦¥â ®ª�§�âìáï −¥á«ãç�©−®© ¤ã£®© ¢ ¤àã£®¬ £à�ä¥.

��¨¡®«¥¥ ¯à®¤ãªâ¨¢−ë¬ ¯à¥¤áâ�¢«ï¥âáï ¯®¤å®¤, ®á−®¢�−−ë© −� ¯à¥¤¢�à¨-
â¥«ì−®© ®¡à�¡®âª¥ £à�ä®¢. �ãáâì ¯®«ãç¥−−®¥ á®®¡é¥−¨¥ −�ç¨−�¥âáï á ¡ãª¢ë x1.
‚ë¤¥«¨¬ ¢¥àè¨−ã x1 ¢® ¢á¥å £à�ä�å. Œ−®¦¥áâ¢® ¢á¥å £à�ä®¢ à�§¤¥«¨¬ −� ¤¢¥
−¥¯¥à¥á¥ª�îé¨¥áï £àã¯¯ë, � ¨¬¥−−®: ¢ ¯¥à¢ãî £àã¯¯ã ¯®¬¥áâ¨¬ ¢á¥ £à�äë,
ª®â®àë¥ ¨¬¥îâ ¤ã£ã ¨§ x1 ¢ ¢¥àè¨−ã x2 íâ®£® £à�ä�, £¤¥ x2 | ¢â®à�ï ¡ãª¢�
á®®¡é¥−¨ï. ‚â®à�ï £àã¯¯� £à�ä®¢ ¡ã¤¥â á®¤¥à¦�âì ®áâ�«ì−ë¥ £à�äë. ‚ £à�ä�å
íâ®© £àã¯¯ë á«ãç�©−®áâì ¬®¦−® áç¨â�âì ¤®ª�§�−−®©, â�ª ª�ª ¤ã£¨ (x1, x2) −¥â
−¨ ¢ ®¤−®¬ £à�ä¥. �� á«¥¤ãîé¥¬ è�£¥ íâ®£® �«£®à¨â¬� à�§¤¥«¨¬ £à�äë ¯¥à¢®©
£àã¯¯ë −� ¤¢� ¯®¤¬−®¦¥áâ¢� ¯® ¯à¨−æ¨¯ã áãé¥áâ¢®¢�−¨ï ¤ã£¨ ¨§ x2 ¢ ¢¥àè¨−ã x3
íâ®£® £à�ä�. …á«¨ â�ª¨å ¤ã£ ¢ £à�ä¥ −¥â, â® íâ®â £à�ä ®â−®á¨âáï ª® ¢â®à®© £àã¯¯¥,
£¤¥ á«ãç�©−®áâì ¤®ª�§�−�. …á«¨ ¢á¥ £à�äë §� kè�£®¢ ¯®¯�¤�îâ ¢® ¢â®àãî £àã¯¯ã,
â® á«ãç�©−®áâì ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¤®ª�§�−�. …á«¨ ¦¥ ®áâ�«¨áì £à�äë ¢ ¯¥à¢®©
£àã¯¯¥, â® ¯à¨−¨¬�¥âáï à¥è¥−¨¥ ® –ˆ. Œ�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¢¥à®ïâ−®áâ¨
®è¨¡ª¨ ®æ¥−¨¢�¥âáï ¢¥«¨ç¨−®© K(s/m)k. ‘à¥¤−¥¥ ç¨á«® «®¦−ëå âà¥¢®£ ®æ¥-
−¨¢�¥âáï ª�ª KN(s/m)k. ˆ§ íâ¨å ®æ¥−®ª ¢¨¤−®, çâ® ¢ ¡®«ìè¨å ¤�−−ëå ç¨á«®
®è¨¡®ª «®¦−ëå âà¥¢®£ ¬®¦¥â ¡ëâì ¡®«ìè¨¬.

÷�áá¬®âà¨¬ á«¥¤ãîé¨© ãà®¢¥−ì áâàãªâãà−®áâ¨ | íâ® à�§¡¨¥−¨¥ −� á«®¢�.
‚ ¬¥â®¤�å ®¡¥§«¨ç¨¢�−¨ï (á¬. â®ª¥−¨§�æ¨î [6]) á®åà�−ïîâáï ¤«¨−ë á«®¢. �âáî¤�
áâ�−®¢¨âáï ¨§¢¥áâ−®© áâàãªâãà� à�§¡¨¥−¨ï ¢ëà�¦¥−¨ï −� á«®¢�, ¯®íâ®¬ã ¬®¦−®
à�áá¬®âà¥âì ¢«¨ï−¨¥ íâ®© áâàãªâãàë −� ¢ëï¢«¥−¨¥ «®¦−ëå âà¥¢®£. ��¨¡®«¥¥
¯à®áâ®© á¯®á®¡ | íâ® ®¡®¡é¨âì −� íâã áâàãªâãà¨§�æ¨î ¯à¥¤ë¤ãé¨¥ à¥§ã«ìâ�âë.

�ãáâì ¯®-¯à¥¦−¥¬ã A | �«ä�¢¨â, ¯®ï¢«¥−¨¥ ¡ãª¢ ¢ á«ãç�©−®¬ â¥ªáâ¥ à�¢-
−®¢¥à®ïâ−®. �ãáâì ¯®á«¥¤®¢�â¥«ì−®áâì á«®¢ ¢ ¤�−−ëå y1, y2, . . . , yk. �¡®§−�ç¨¬
ç¥à¥§ B á«®¢�àì ¨á¯®«ì§ã¥¬ëå ¢ –ˆ á«®¢. ‘âàãªâãà−ë¥ ®£à�−¨ç¥−¨ï ®¯ïâì
¡ã¤¥¬ §�¤�¢�âì ¢ –ˆ ¢ ¢¨¤¥ ¯à®áâ®© æ¥¯¨ Œ�àª®¢�, ª®â®à�ï ®¯¨áë¢�¥âáï ¬�â-
à¨æ¥© ¯¥à¥å®¤−ëå ¢¥à®ïâ−®áâ¥© æ¥¯¨ Œ�àª®¢� ¨«¨ ®à¨¥−â¨à®¢�−−ë¬ £à�ä®¬
¯¥à¥å®¤®¢ á −¥−ã«¥¢ë¬¨ ¢¥à®ïâ−®áâï¬¨ ®â á«®¢� ª á«®¢ã.

‘à�§ã −�¤® ®â¬¥â¨âì, çâ® £à�ä®¢ ¢ëà�¦¥−¨© ¢ –ˆ ¬−®£®. �¤−�ª® ¤«ï
−�ç�«� à�áá¬®âà¨¬ ®¤¨− â¨¯ ¢ëà�¦¥−¨©, â. ¥. ®¤¨− £à�ä. �¯ïâì ¤«ï ¯à®áâ®âë
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�. �. ƒàãè®, �. �. ƒàãè®, Œ. ˆ. ‡�¡¥¦�©«® ¨ ¤à.

¯à¥¤¯®«®¦¨¬, çâ® ¢ ª�¦¤®¬ á«®¢¥ b ¡ãª¢ ¨ ¢¥à®ïâ−®áâì ¯®«ãç¨âì á«ãç�©−® ¤�−−®¥
á«®¢® à�¢−� 1/mb. …á«¨ s à�¢−® ç¨á«ã á«®¢ ¢ –ˆ, ¢ ª®â®àë¥ ¬®¦¥â ¯¥à¥©â¨
¤�−−®¥ á«®¢®, â® ¢¥à®ïâ−®áâì ¢ëï¢«¥−¨ï á«ãç�©−®áâ¨ §� k è�£®¢ à�¢−�

P(k) =
mb − s

mb
+

s

mb

mb − s

mb
+ · · ·+

(

s

mb

)k−1 mb − s

mb
.

�âáî¤� ä®à¬ã«� ¤«ï ®æ¥−ª¨ ¯®£à¥è−®áâ¨ á«¥¤ãîé�ï: (s/mb)k+1. ‘à¥¤−¥¥
ç¨á«® «®¦−ëå âà¥¢®£ ®æ¥−¨¢�¥âáï ¢¥«¨ç¨−®© N(s/mb)k+1. …á«¨ ç¨á«® á«®¢,
§�¢¨á¨¬ëå ¬¥¦¤ã á®¡®©, ¢¥«¨ª®, â® ¢¥«¨ç¨−� (s/mb)k+1 ¬®¦¥â ¨¬¥âì §−�ç¥−¨¥,
¯à¨ ª®â®à®¬ ç¨á«® «®¦−ëå âà¥¢®£ â�ª ¦¥ ¡ëáâà® à�áâ¥â á à®áâ®¬ N .

�æ¥−ª¨ ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¤«ï K £à�ä®¢ áâà®ïâáï, ª�ª ¡ë«® ¯®ª�-
§�−® ¢ëè¥.

3 Неструктурные модели ценной информации

��¨¡®«¥¥ ã¤®¡−ë¬¨ ¤«ï ¡ëáâàëå ¢ëç¨á«¥−¨© −¥áâàãªâãà−ë¬¨ å�à�ªâ¥à¨-
áâ¨ª�¬¨ –ˆ á«ã¦�â ç�áâ®â−ë¥ å�à�ªâ¥à¨áâ¨ª¨. ‘î¤� ¢å®¤ïâ ç�áâ®â−ë¥ å�à�ª-
â¥à¨áâ¨ª¨ ¡ãª¢, m-£à�¬¬ ¨ ç�áâ�®âë ¢áâà¥ç�¥¬®áâ¨ á«®¢. „�¦¥ −� −¥¡®«ìè¨å
ãç�áâª�å –ˆ (−¥ ¯à¥¢®áå®¤ïé¨å 100 ¡ãª¢) ç�áâ�®âë ¢áâà¥ç�¥¬®áâ¨ ¡ãª¢ «¥£ª®
®â«¨ç�îâáï ®â ç�áâ®â à�¢−®¢¥à®ïâ−®£® â¥ªáâ�. Š á®¦�«¥−¨î, ç�áâ® ¨á¯®«ì§ãîâáï
¯à®áâ¥©è¨¥ ¯à¥®¡à�§®¢�−¨ï –ˆ, ª®â®àë¥, ª�ª áç¨â�¥âáï, ¤¥«�îâ –ˆ −¥ç¨â�-
¥¬®©. ‚ §�¤�ç¨ íâ®© áâ�âì¨ −¥ ¢å®¤ïâ ®¡êïá−¥−¨ï â®£®, ¯®ç¥¬ã ¯¥à¥®¡®§−�ç¥−¨ï
¡ãª¢ ¯à�ªâ¨ç¥áª¨ −¥ §�é¨é�îâ –ˆ. �¡êïá−¨¬, ¯®ç¥¬ã ¯®á«¥ â�ª¨å ¯à¥®¡à�§®¢�-
−¨© –ˆ «¥£ª® ¢ëï¢«ï¥âáï −� ä®−¥ ¤àã£¨å å®à®è® §�é¨é¥−−ëå (§�è¨äà®¢�−−ëå)
á®®¡é¥−¨©.

‘®®¡é¥−¨ï, ª®â®àë¥ á®¤¥à¦�â á¬ëá«®¢ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¨ ¯à¥¤áâ�¢«¥−ë
¯®á«¥¤®¢�â¥«ì−®áâï¬¨ ¡ãª¢, −¥ ¬®£ãâ ¨¬¥âì à�¢−®¢¥à®ïâ−®¥ à�á¯à¥¤¥«¥−¨¥ ¢¥à®-
ïâ−®áâ¥© ¡ãª¢, � §−�ç¨â, §�¬¥−� ¨áå®¤−ëå ¡ãª¢ −� ¤àã£¨¥ §−�çª¨ ï¢«ï¥âáï ¯à¥-
®¡à�§®¢�−¨¥¬, ¨−¢�à¨�−â−ë¬ ®â−®á¨â¥«ì−® ¢¥à®ïâ−®áâ¥© ¡ãª¢ ¢ ¨áå®¤−®¬ â¥ªáâ¥,
â. ¥. ¢¥à®ïâ−®áâ¨ ¯®ï¢«¥−¨ï §−�çª®¢ ¢ −®¢®¬ â¥ªáâ¥ á®¢¯�¤�îâ á ¢¥à®ïâ−®áâï¬¨
¨áå®¤−ëå ¡ãª¢. ‚á¥ íâ¨ ¢¥à®ïâ−®áâ¨ ¬®¦−® ®æ¥−¨âì áâ�â¨áâ¨ç¥áª¨, ¨ íâ¨ ®æ¥−-
ª¨ ¡ã¤ãâ ¡«¨§ª¨ ª −¥à�¢−®¢¥à®ïâ−ë¬ §−�ç¥−¨ï¬ ¢¥à®ïâ−®áâ¥© ¡ãª¢ ¢ ¨áå®¤−®¬
â¥ªáâ¥. ’�ª�ï −¥à�¢−®¢¥à®ïâ−®áâì «¥£ª® ¢ëï¢«ï¥âáï −� «î¡®¬ ¯à¥®¡à�§®¢�−−®¬
â¥ªáâ¥, −�¯à¨¬¥à á ¯®¬®éìî ªà¨â¥à¨ï χ2 [7]. ˆá¯®«ì§®¢�−¨¥ −¥¡ãª¢¥−−ëå áâ�-
â¨áâ¨ª (m-£à�¬¬ë) âà¥¡ã¥â §−�ç¨â¥«ì−®£® ã¢¥«¨ç¥−¨ï ¤«¨− â¥ªáâ®¢, çâ® âàã¤−®
¯®«ãç�âì −� ª®à®âª¨å á®®¡é¥−¨ïå.

÷�áá¬�âà¨¢�ï ª®à®âª¨¥ á®®¡é¥−¨ï ª�ª ¥¤¨−®¥ æ¥«®¥, ¬®¦−® ¯®«ãç¨âì ®æ¥−-
ªã N , ¤«ï ª®â®à®© á ¢¥à®ïâ−®áâìî, áâà¥¬ïé¥©áï ª ¥¤¨−¨æ¥, ¢®§−¨ª�îâ «®¦−ë¥
âà¥¢®£¨. „®¯ãáâ¨¬, çâ® ¢á¥ ¢ëà�¦¥−¨ï, ¢ â®¬ ç¨á«¥ á®¤¥à¦�é¨¥ –ˆ, ¨¬¥îâ
®¤−ã ¤«¨−ã k. „«ï à�¢−®¢¥à®ïâ−®£® â¥ªáâ� ¢¥à®ïâ−®áâì ª®−ªà¥â−®£® á®®¡é¥−¨ï
à�¢−� 1/mk. ’®£¤� ¢¥à®ïâ−®áâì −¥¯®ï¢«¥−¨ï ä¨ªá¨à®¢�−−®£® á®®¡é¥−¨ï à�¢−�
(1− 1/mk)N .
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�¥ª®â®àë¥ ¯®¤å®¤ë ª �−�«¨§ã á¥â¥¢ëå DLP

‘à¥¤¨ ¢á¥å ¢®§¬®¦−ëå ª®¬¡¨−�æ¨© ¨§ k ¡ãª¢ ¥áâì â�ª�ï, ª®â®à�ï ¯® ç�á-
â®â−ë¬ å�à�ªâ¥à¨áâ¨ª�¬ ¡ãª¢ ¨«¨ á«®¢ á®®â¢¥âáâ¢ã¥â –ˆ. Ÿá−®, çâ® ¯®ï¢«¥−¨¥
á«®¢ á ç�áâ®â−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨, á®®â¢¥âáâ¢ãîé¨¬¨ ®è¨¡ª¥ ªà¨â¥à¨ï ¢ë-
ï¢«¥−¨ï –ˆ, ¨¬¥¥â ¡�®«ìèãî ¢¥à®ïâ−®áâì, ç¥¬ ¢¥à®ïâ−®áâì ¢ë¡à�âì ¤�−−ãî
¯®á«¥¤®¢�â¥«ì−®áâì, á®®â¢¥âáâ¢ãîéãî –ˆ. ‘ ¤àã£®© áâ®à®−ë, ¯à¨ ä¨ªá¨à®¢�−-
−®¬ �«ä�¢¨â¥ ¨ ¤«¨−¥ ª®à®âª¨å á®®¡é¥−¨© k ¨¬¥¥â ¬¥áâ® −¥à�¢¥−áâ¢®:

(

1−
1

mk

)

< 1 .

’®£¤� ¯à¨ ¡®«ìè¨åN ¢¥«¨ç¨−� (1−1/mk)N íªá¯®−¥−æ¨�«ì−® ¡ëáâà® áâà¥¬¨âáï
ª 0. �â® §−�ç¨â, çâ® ¢¥à®ïâ−®áâì ¯®ï¢«¥−¨ï «®¦−®© âà¥¢®£¨ ¤«ï «î¡®£® ç�áâ®â−®£®
¬¥â®¤� ¡ëáâà® áå®¤¨âáï ª 1.

…á«¨ â¨¯®¢ á®®¡é¥−¨© K, â® áà¥¤−¥¥ ç¨á«® «®¦−ëå âà¥¢®£ à�¢−® K(1− (1−
− 1/mk)N ).

‚®§¬®¦−ë ¤àã£¨¥ á¯®á®¡ë ¯à®áâëå ¯à¥®¡à�§®¢�−¨©, ª®â®àë¥ ¯®§¢®«ïîâ ¢ë-
ï¢«ïâì á«�¡® ¯à¥®¡à�§®¢�−−ãî –ˆ. �à¨¢¥¤¥¬ á«¥¤ãîé¨© ¯à¨¬¥à. ‘â�−¤�àâ−�ï
§�¯¨áì ¤¥©áâ¢¨ï ¢ −¥ª®â®à®© ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨ ¬®¦¥â ¡ëâì å®à®è®
§�è¨äà®¢�−�, −® ¨−¤¨¢¨¤ã�«ì−ë¥ ®á®¡¥−−®áâ¨ ª®−ªà¥â−®£® ¤¥©áâ¢¨ï ¬®£ãâ ¯¥-
à¥¤�¢�âìáï ®âªàëâë¬¨ ¢áâ�¢ª�¬¨. ˆ −�®¡®à®â: ¢ ª�ç¥áâ¢¥ §�é¨âë –ˆ ¬®£ãâ
¨á¯®«ì§®¢�âìáï ú§�èã¬«ïîé¨¥û ¢áâ�¢ª¨.

�®¤å®¤ë ª ¢ëï¢«¥−¨î –ˆ ¯à¨ −�«¨ç¨¨ ú§�èã¬«ïîé¨å ¢áâ�¢®ªû ¨áá«¥¤®-
¢�«¨áì ¢ à�¡®â¥ [8].

‚�¦−®© ¯à®¡«¥¬®© ¢ DLP-á¨áâ¥¬�å ®áâ�îâáï áªàëâë¥ ª�−�«ë. �à¨¬¥àë
áªàëâëå ª�−�«®¢, −¨ª�ª −¥ á¢ï§�−−ëå á® áâàãªâãà®© –ˆ ¨ äã−ªæ¨®−¨àãîé¨å
¢ ¯®«−®áâìî §�è¨äà®¢�−−®¬ á®®¡é¥−¨¨, ¬®¦−® −�©â¨ ¢ à�¡®â¥ [9].

4 Заключение

‚ à�¡®â¥ ¯®áâà®¥−ë ¯à¨¬¥àë ¯à®áâëå, −® ¡ëáâàëå ¬¥â®¤®¢ ¢ëï¢«¥−¨ï ãâ¥ç¥ª
–ˆ. Œ¥â®¤ë à�§¤¥«¥−ë ¯® á«®¦−®áâ¨ ¨ ¢®§¬®¦−®áâï¬ ¨å ¯à¨¬¥−¥−¨ï. ’�ª¨¥
¬¥â®¤ë ¬®£ãâ ¨á¯®«ì§®¢�âìáï −¥ â®«ìª® ¤«ï �−�«¨§� DLP-á¨áâ¥¬, −® â�ª¦¥ ¤«ï
¯®¨áª� á«ã¦¥¡−ëå ¢áâ�¢®ª ¨ á¨£−�«®¢ ¢ ¯à®æ¥áá¥ ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨, ¯à¨
¯®¨áª¥ ¨ �−�«¨§¥ ¯«®å® §�é¨é¥−−ëå ¨«¨ −¥§�é¨é¥−−ëå ¯¥àá®−�«ì−ëå ¤�−−ëå,
£¤¥ ¯® ¯à�¢¨«�¬ âà¥¡ã¥âáï ®¡¥§«¨ç¨¢�−¨¥. �¡ê¥¤¨−ïîé¨¬ ¬®¬¥−â®¬ ¬®¤¥«¥©
ï¢«ïîâáï ®æ¥−ª¨ ®¡ê¥¬®¢ ¤�−−ëå, −� ª®â®àëå ¬®£ãâ à�¡®â�âì ¯®áâà®¥−−ë¥
¬¥â®¤ë [4{6]. „«ï ä®à¬¨à®¢�−¨ï ¬�âà¨æ ¯¥à¥å®¤®¢ (£à�ä®¢) æ¥¯¥© Œ�àª®¢�
¬®¦−® ¨á¯®«ì§®¢�âì ¬¥â®¤ë ¬�è¨−−®£® ®¡ãç¥−¨ï −� á®®â¢¥âáâ¢ãîé¨å ®âªàëâëå
ª®¬¯ìîâ¥à−ëå ¤�−−ëå.

‚ à�¡®â¥ −¥ ¯à¨¢®¤ïâáï ¯à¨¬¥àë ª®−ªà¥â−ëå à�áç¥â®¢, â�ª ª�ª ä®à¬ë
á®®¡é¥−¨© ¢ à�§−ëå ®à£�−¨§�æ¨ïå à�§−ë¥, −® ¯à¥¤áâ�¢«¥−−ë¥ ¬¥â®¤ë ®æ¥−®ª
¢ −¥ª®â®à®¬ á¬ëá«¥ ã−¨¢¥àá�«ì−ë¥.

�®áâà®¥−ë ®æ¥−ª¨ ¢¥à®ïâ−®áâ¥© ¯®ï¢«¥−¨ï «®¦−ëå âà¥¢®£.
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SOME APPROACHES TO NETWORK DLP ANALYSIS

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

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

Abstract: The work deals mainly with network DLP (Data Lost/Leakage
Prevention) systems. One of the main tasks of DLP systems is to recognize
the appearance of valuable information that can appear on the network at the
output of the computer system. Network-based DLP systems are becoming
more important due to the development of remote work of employees of various
organizations. The proper functioning of the DLP is determined by recognizing
short messages as random sequences and leaking valuable information such as
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personal data as a short sequence satisfying structural constraints. The main
problem of these methods is false alarms. In the work, in the simplest models,
the volume of data is estimated in which it is possible to search for valuable
information at small probabilities of false alarms. The examples of simple but
fast methods for detecting leaks of valuable information are built. The methods
are divided by complexity and their applications. Such methods can be used not
only to analyze DLP systems, but also to search for service inserts and signals
during the transfer of information when searching and analyzing poorly protected
or unprotected personal data where depersonalization is required according to the
rules. The estimates of the probabilities of false alarms are built.

Keywords: information security; DLP systems; estimates of probabilities of
false alarms

DOI: 10.14357/08696527220207
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АРХИТЕКТУРЫ ИНТЕЛЛЕКТУАЛЬНЫХ АГЕНТОВ
СПЛОЧЕННЫХ ГИБРИДНЫХ ИНТЕЛЛЕКТУАЛЬНЫХ

МНОГОАГЕНТНЫХ СИСТЕМ∗

С. В. Листопад1, И. А. Кириков2

�−−®â�æ¨ï: ÷�¡®â� à�§¢¨¢�¥â ¨áá«¥¤®¢�−¨ï ¢ ®¡«�áâ¨ ¬®¤¥«¨à®¢�−¨ï á¯«®-
ç¥−−®áâ¨ ª®««¥ªâ¨¢� á¯¥æ¨�«¨áâ®¢, à¥è�îé¨å ¯à®¡«¥¬ë §� ªàã£«ë¬ áâ®«®¬,
£¨¡à¨¤−ë¬¨ ¨−â¥««¥ªâã�«ì−ë¬¨ ¬−®£®�£¥−â−ë¬¨ á¨áâ¥¬�¬¨ (ƒ¨ˆŒ�‘).
”®à¬¨à®¢�−¨¥ á¯«®ç¥−−®áâ¨ �£¥−â®¢ íâ¨å á¨áâ¥¬ ®¡¥á¯¥ç¨¢�¥âáï â�ª¨¬¨ ¬¥-
å�−¨§¬�¬¨, ª�ª ®¡¬¥− ¨−ä®à¬�æ¨¥© ®¡ ¨−â¥à¥á�å, §−�−¨ïå, ®¯ëâ¥ á ¤àã£¨¬¨
�£¥−â�¬¨, ¢ëà�¡®âª� ¨ á®£«�á®¢�−¨¥ ¥¤¨−ëå ¤«ï á¨áâ¥¬ë æ¥«¥©, æ¥−−®áâ¥©,
−®à¬, áà¥¤áâ¢ ¨ á¯®á®¡®¢ ¤¥ïâ¥«ì−®áâ¨, çâ® à¥«¥¢�−â−® ¯à®æ¥áá�¬, ¯à®¨á-
å®¤ïé¨¬ ¢ ¤«¨â¥«ì−® áãé¥áâ¢ãîé¨å ª®««¥ªâ¨¢�å á¯¥æ¨�«¨áâ®¢, á®¢¬¥áâ−®
à¥è�îé¨å ¯à�ªâ¨ç¥áª¨¥ ¯à®¡«¥¬ë. ÷¥�«¨§�æ¨ï ¯®¤®¡−ëå ¬¥å�−¨§¬®¢ ¯®-
§¢®«¨â áãé¥áâ¢¥−−® ã¯à®áâ¨âì ¯à®æ¥áá ¨−â¥£à�æ¨¨ à�§−®à®¤−ëå ¨−â¥««¥ªâã-
�«ì−ëå �£¥−â®¢ ¢ ¥¤¨−ãî á¨áâ¥¬ã, çâ® ®á®¡¥−−® �ªâã�«ì−® ¯à¨ ¨å à�§à�¡®âª¥
−¥§�¢¨á¨¬ë¬¨ ª®¬�−¤�¬¨ à�§à�¡®âç¨ª®¢. ‚ áâ�âì¥ ¯à¥¤«�£�îâáï �àå¨â¥ªâãàë
�£¥−â®¢, −¥®¡å®¤¨¬ë¥ ¤«ï à¥�«¨§�æ¨¨ ¯¥à¥ç¨á«¥−−ëå ¬¥å�−¨§¬®¢.

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

DOI: 10.14357/08696527220208

1 Введение

�¤−� ¨§ ªà¨â¨ç¥áª¨å â®ç¥ª ¢ ¯®áâà®¥−¨¨ ¨áªãááâ¢¥−−ëå ¨−â¥««¥ªâã�«ì−ëå
á¨áâ¥¬, á¯®á®¡−ëå à¥è�âì ¯à�ªâ¨ç¥áª¨¥ ¯à®¡«¥¬ë ¡¥§ ¨å áãé¥áâ¢¥−−®£® ã¯à®-
é¥−¨ï, | ª®¬¯ìîâ¥à−®¥ ¬®¤¥«¨à®¢�−¨¥ á®¢¬¥áâ−®© à�¡®âë á¯¥æ¨�«¨áâ®¢ ¢ ª®«-
«¥ªâ¨¢�å. �ªâã�«ì−®áâì â�ª®£® ¬®¤¥«¨à®¢�−¨ï ¯à®¤¨ªâ®¢�−� ª�ª −¥®âê¥¬«¥¬ë-
¬¨ ®á®¡¥−−®áâï¬¨ ¯à®¡«¥¬ë (−¥¯à®§à�ç−®áâì, −¥®¤−®à®¤−®áâì, ¯®«¨â¥«¨ç−®áâì
¨ â. ¤.) [1, 2], â�ª ¨ −¥¢®§¬®¦−®áâìî ¯®áâà®¥−¨ï ¢á¥§−�îé¥© æ¥−âà�«¨§®¢�−-
−®© ¨−â¥««¥ªâã�«ì−®© á¨áâ¥¬ë, ®¡«�¤�îé¥© ¢á¥¬¨ −¥®¡å®¤¨¬ë¬¨ à¥áãàá�¬¨,
§−�−¨ï¬¨ ¨ ¨−áâàã¬¥−â�¬¨ ¤«ï à¥è¥−¨ï à�§−®®¡à�§−ëå ¯à®¡«¥¬ [3].

‘ æ¥«ìî ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï à�¡®âë ª®««¥ªâ¨¢� á¯¥æ¨�«¨áâ®¢ ¯®
à¥è¥−¨î ¯à®¡«¥¬ §� ªàã£«ë¬ áâ®«®¬ ¢ [4] ¯à¥¤«®¦¥− ¯®¤å®¤ −� ®á−®¢¥ ƒ¨ˆŒ�‘.
�«¥¬¥−âë â�ª¨å á¨áâ¥¬ | �£¥−âë, â. ¥. ®â−®á¨â¥«ì−® �¢â®−®¬−ë¥ ¯à®£à�¬¬−ë¥

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 20-07-00104�).
1Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-

«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ser-list-post@yandex.ru
2Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-

«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, baltbipiran@mail.ru
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áãé−®áâ¨, å�à�ªâ¥à¨§ãîé¨¥áï ¯à®�ªâ¨¢−®áâìî, à¥�ªâ¨¢−®áâìî ¨ á®æ¨�«ì−ë¬
¯®¢¥¤¥−¨¥¬ [5{8], −�«¨ç¨¥¬ ¬¥å�−¨§¬®¢ æ¥«¥¯®«�£�−¨ï ¨ ¬¥â®¤®¢ à�§«¨ç−ëå
¨−â¥««¥ªâã�«ì−ëå â¥å−®«®£¨©, � â�ª¦¥ à�§¢¨âë¬¨ ¬®¤¥«ï¬¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨,
−¥®¡å®¤¨¬ë¬¨ ¤«ï ¨¬¨â�æ¨¨ ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨ á¯¥æ¨�«¨áâ®¢ ¯®
à¥è¥−¨î ¯à®¡«¥¬ ¨ ¨å ç�áâ¥©. �¥¤®áâ�â®ª ¯à¥¤«®¦¥−−®£® ¢ [4] ¯®¤å®¤� |
−¥®¡å®¤¨¬®áâì ®¯à¥¤¥«¥−¨ï −� íâ�¯¥ ¯à®¥ªâ¨à®¢�−¨ï ®¡é¥© ¤«ï ¢á¥å �£¥−â®¢
¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ ¯à®â®ª®«� ¢§�¨¬®¤¥©áâ¢¨ï, � â�ª¦¥ á¯¥æ¨ä¨ª�æ¨¨
æ¥«¥¢ëå äã−ªæ¨© ¢á¥å �£¥−â®¢. ’�ª®© ¯®¤å®¤ à¥«¥¢�−â¥− á¨âã�æ¨¨, ª®£¤�
ƒ¨ˆŒ�‘ ¨ ¢á¥ ¥¥ �£¥−âë ¯à®¥ªâ¨àãîâáï ®¤−®© ª®¬�−¤®© à�§à�¡®âç¨ª®¢. …á«¨
¯à®¡«¥¬ë, ¤«ï à¥è¥−¨ï ª®â®àëå á®§¤�¥âáï ƒ¨ˆŒ�‘, −�áâ®«ìª® á«®¦−ë, çâ® ¢ ¥¥
á®áâ�¢¥ ¤®«¦−ë ¯à¨áãâáâ¢®¢�âì �£¥−âë, ¯®áâà®¥−−ë¥ à�§−ë¬¨ à�§à�¡®âç¨ª�¬¨,
âà¥¡ãîâáï §−�ç¨â¥«ì−ë¥ âàã¤®§�âà�âë ¤«ï ¨å ®¡ê¥¤¨−¥−¨ï ¢ æ¥«®áâ−ãî á¨áâ¥-
¬ã. „«ï ã¯à®é¥−¨ï íâ®© ¯à®æ¥¤ãàë ¢ [9] ¯à¥¤«®¦¥−� ª®−æ¥¯æ¨ï á¯«®ç¥−−ëå
ƒ¨ˆŒ�‘ (‘ƒˆŒ�‘), �£¥−âë ª®â®àëå á�¬®áâ®ïâ¥«ì−® á®£«�á®¢ë¢�îâ á¢®¨
æ¥«¨, ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ ¢¥àá¨¨ ¯à®â®ª®«� à¥è¥−¨ï ¯à®¡«¥¬ë. –¥«ì
−�áâ®ïé¥© à�¡®âë | à�§à�¡®âª� �àå¨â¥ªâãà �£¥−â®¢ ‘ƒˆŒ�‘, ®¡¥á¯¥ç¨¢�îé¨å
¬®¤¥«¨à®¢�−¨¥ ¯¥à¥ç¨á«¥−−ëå ¬¥å�−¨§¬®¢.

2 Функциональная структура сплоченной гибридной
интеллектуальной многоагентной системы

„«ï ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï á¯«®ç¥−−®áâ¨ ª®««¥ªâ¨¢� á¯¥æ¨�«¨áâ®¢
¢ [9] ¯à¥¤«®¦¥−� äã−ªæ¨®−�«ì−�ï áâàãªâãà� ‘ƒˆŒ�‘, ¯à¥¤áâ�¢«¥−−�ï −�
à¨á. 1. ‚ −¥© ¢ë¤¥«ïîâáï ç¥âëà¥ ¯®¤á¨áâ¥¬ë: ¨−â¥àä¥©á−�ï, £¨¡à¨¤¨§�æ¨¨,
à¥è¥−¨ï ¯à®¡«¥¬ ¨ ã¯à�¢«¥−¨ï. ˆ−â¥àä¥©á−�ï ¯®¤á¨áâ¥¬� á®áâ®¨â ¨§ ¥¤¨−áâ¢¥−-
−®£® �£¥−â�, ®â¢¥ç�îé¥£® §� ¢§�¨¬®¤¥©áâ¢¨¥ á ¯®«ì§®¢�â¥«¥¬. �− §�¯à�è¨¢�¥â
¢å®¤−ë¥ ¤�−−ë¥, ¢ë¤�¥â à¥§ã«ìâ�â ¨ ¢¨§ã�«¨§¨àã¥â ¯à®æ¥ááë ¢ ‘ƒˆŒ�‘.

�®¤á¨áâ¥¬� ã¯à�¢«¥−¨ï á®¤¥à¦¨â ¡�§®¢ãî ®−â®«®£¨î, ¬−®¦¥áâ¢® �£¥−â®¢-¯¥-
à¥¢®¤ç¨ª®¢, �£¥−â�-¯®áà¥¤−¨ª�, �£¥−â�-ä�á¨«¨â�â®à� ¨ �£¥−â� ª®−âà®«ï ¯à®â®-
ª®«�. ��§®¢�ï ®−â®«®£¨ï | á¥¬�−â¨ç¥áª�ï á¥âì, ®á−®¢� ¢§�¨¬®¤¥©áâ¢¨ï �£¥−â®¢,
®¡¥á¯¥ç¨¢�îé�ï ¯®−¨¬�−¨¥ ¨¬¨ á¬ëá«� ¯¥à¥¤�¢�¥¬ëå á®®¡é¥−¨© ¯® á®£«�-
á®¢�−¨î á®¡áâ¢¥−−ëå ¬®¤¥«¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ æ¥«¥© ¨ ä®à¬¨à®¢�−¨î
¯à®â®ª®«� á¯«®ç¥−−®£® ¢§�¨¬®¤¥©áâ¢¨ï. �£¥−âë-¯¥à¥¢®¤ç¨ª¨ ¯à¥¤−�§−�ç¥−ë
¤«ï âà�−á«ïæ¨¨ ¯¥à¥¤�¢�¥¬ëå �£¥−â�¬¨ á®®¡é¥−¨© á ®¤−®£® ï§ëª� −� ¤àã£®© [6].
�£¥−â-¯®áà¥¤−¨ª ®âá«¥¦¨¢�¥â ¨¬¥−�, ¬®¤¥«¨ ¨ ¢®§¬®¦−®áâ¨ §�à¥£¨áâà¨à®¢�−−ëå
�£¥−â®¢. �£¥−â-ä�á¨«¨â�â®à ®â¢¥ç�¥â §� ®à£�−¨§�æ¨î íää¥ªâ¨¢−®© ª®««¥ªâ¨¢−®©
à�¡®âë �£¥−â®¢ ¨ §�¯ãáª à¥«¥¢�−â−ëå á¨âã�æ¨¨ ¯à®æ¥áá®¢ ¯¥à¥£®¢®à®¢ ® æ¥«ïå,
¬®¤¥«ïå ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨«¨ ¯à®â®ª®«�å à¥è¥−¨ï ¯à®¡«¥¬ë. �£¥−â ª®−-
âà®«ï ¯à®â®ª®«� ä¨ªá¨àã¥â ¨§¬¥−¥−¨ï ¯à®â®ª®«� à¥è¥−¨ï ¯à®¡«¥¬ë, ¯à¨−ïâë¥
�£¥−â�¬¨ ¯®¤á¨áâ¥¬ë à¥è¥−¨ï ¯à®¡«¥¬ë, � â�ª¦¥ ª®−âà®«¨àã¥â ¥£® á®¡«î¤¥−¨¥.

�£¥−âë ¯®¤á¨áâ¥¬ë £¨¡à¨¤¨§�æ¨¨ −¥ ¨¬¥îâ à�§¢¨â®© ¬®¤¥«¨ ¯à¥¤¬¥â−®©
®¡«�áâ¨ ¨«¨ æ¥«¥¯®«�£�−¨ï. �−¨ ¢ë¯®«−ïîâ ¯®àãç¥−¨ï ¤àã£¨å �£¥−â®¢, ª®¬¡¨-
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−¨àãï à�§−®à®¤−ë¥ §−�−¨ï á ¨á¯®«ì§®¢�−¨¥¬ á«¥¤ãîé¨å ¬®¤¥«¥© ¨ �«£®à¨â¬®¢:
�«£¥¡à�¨ç¥áª¨å ãà�¢−¥−¨© ¤«ï ®¯¨á�−¨ï ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© ª®−-
æ¥¯â®¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨; ¬¥â®¤� Œ®−â¥-Š�à«®; ¯à®¤ãªæ¨®−−®© íªá¯¥àâ−®©
á¨áâ¥¬ë á à�ááã¦¤¥−¨ï¬¨ ¢ ¯àï¬®¬ −�¯à�¢«¥−¨¨; �«£®à¨â¬� −¥ç¥âª®£® ¢ë¢®¤�
Œ�¬¤�−¨ ¨ ¤à.

�£¥−âë ¯®¤á¨áâ¥¬ë à¥è¥−¨ï ¯à®¡«¥¬ ¬®¤¥«¨àãîâ à�ááã¦¤¥−¨ï ª®««¥ªâ¨¢�
á¯¥æ¨�«¨áâ®¢ ¯®¤ àãª®¢®¤áâ¢®¬ «¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï, §� ªàã£«ë¬
áâ®«®¬ ¯® à¥è¥−¨î ¯®áâ�¢«¥−−®© ¯à®¡«¥¬ë. �£¥−â, ¯à¨−¨¬�îé¨© à¥è¥−¨ï,
áâ�¢¨â §�¤�ç¨ �£¥−â�¬-á¯¥æ¨�«¨áâ�¬, á®¡¨à�¥â à¥§ã«ìâ�âë à�¡®âë, ®¯à¥¤¥«ï¥â,
¤®áâ¨£−ãâ «¨ ªà¨â¥à¨© ®áâ�−®¢�, ¨ «¨¡® ¯à¨−¨¬�¥â ¨â®£®¢®¥ à¥è¥−¨¥, «¨¡®
§�¯ãáª�¥â −®¢ãî ¨â¥à�æ¨î ¯à®æ¥áá� à¥è¥−¨ï ¯à®¡«¥¬ë. �£¥−âë-á¯¥æ¨�«¨áâë
£¥−¥à¨àãîâ à¥è¥−¨ï ç�áâ¥© ¯à®¡«¥¬ë ¨«¨ �«ìâ¥à−�â¨¢−ë¥ à¥è¥−¨ï ¯à®¡«¥¬ë
¢ æ¥«®¬ ¢ §�¢¨á¨¬®áâ¨ ®â ¯®áâ�¢«¥−−®© ¨¬ §�¤�ç¨.

÷�áá¬®âà¨¬ �àå¨â¥ªâãàë �£¥−â®¢, ãç�áâ¢ãîé¨å ¢ ¯à®æ¥áá�å ä®à¬¨à®¢�−¨ï
á¯«®ç¥−−®áâ¨: �£¥−â�-ä�á¨«¨â�â®à�, �£¥−â� ª®−âà®«ï ¯à®â®ª®«�, �£¥−â�, ¯à¨−¨-
¬�îé¥£® à¥è¥−¨ï, ¨ �£¥−â®¢-á¯¥æ¨�«¨áâ®¢.

3 Архитектуры интеллектуальных агентов,
обеспечивающих моделирование сплоченности

�àå¨â¥ªâãà� �£¥−â�-ä�á¨«¨â�â®à� ¯à¥¤áâ�¢«¥−� −� à¨á. 2. Œ�àèàãâ¨§�â®à
á®®¡é¥−¨© ‘ƒˆŒ�‘ −¥ ï¢«ï¥âáï ç�áâìî �£¥−â�, � ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®¤-
á¨áâ¥¬ã ®¡¬¥−� á®®¡é¥−¨ï¬¨ ¯à®£à�¬¬−®© ¯«�âä®à¬ë, −� ª®â®à®© à¥�«¨§®¢�−�
‘ƒˆŒ�‘, ¨ ®¡¥á¯¥ç¨¢�¥â ¤®áâ�¢ªã á®®¡é¥−¨© ¬¥¦¤ã �£¥−â�¬¨. �®¤á¨áâ¥¬�
¯à¨¥¬�/®â¯à�¢ª¨ á®®¡é¥−¨© ¯®§¢®«ï¥â �£¥−â�¬ ¢§�¨¬®¤¥©áâ¢®¢�âì ¤àã£ á ¤àã-
£®¬, ä®à¬¨àãï á®®¡é¥−¨ï −� ï§ëª¥ ¯¥à¥¤�ç¨ á®®¡é¥−¨©, −�¯à¨¬¥à KQML [10]
¨«¨ FIPA ACL [11]. ˆ−â¥à¯à¥â�â®à ¡�§®¢®© ®−â®«®£¨¨ ®¡¥á¯¥ç¨¢�¥â £¥−¥-

÷¨á. 2 �àå¨â¥ªâãà� �£¥−â�-ä�á¨«¨â�â®à�
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à�æ¨î â¥«� á®®¡é¥−¨ï á ¨á¯®«ì§®¢�−¨¥¬ ¡�§®¢®© ®−â®«®£¨¨ ‘ƒˆŒ�‘ (á¬.
à¨á. 1), �−�«¨§¨àã¥â á¥¬�−â¨ªã â¥«� à�§®¡à�−−ëå á®®¡é¥−¨© ¨§ ¯®¤á¨áâ¥¬ë
¯à¨¥¬�/®â¯à�¢ª¨ á®®¡é¥−¨©, £¥−¥à¨àã¥â ¯à®£à�¬¬−ë¥ ®¡ê¥ªâë −� ®á−®¢¥ â¥«�
á®®¡é¥−¨ï ¨ ¡�§®¢®© ®−â®«®£¨¨ ‘ƒˆŒ�‘ ¨ −�¯à�¢«ï¥â ¨å ¢ á®®â¢¥âáâ¢ã-
îéãî ¯®¤á¨áâ¥¬ã á®£«�á−® â¨¯ã ¨ á®¤¥à¦�−¨î. �â® â¨¯®¢ë¥ ¯®¤á¨áâ¥¬ë ¤«ï
�£¥−â®¢ ‘ƒˆŒ�‘, ¨ ¯à¨ à�áá¬®âà¥−¨¨ �àå¨â¥ªâãà ¤àã£¨å �£¥−â®¢ ®−¨ ®¯ãáª�-
îâáï.

…á«¨ ¡�§®¢ë© ¨−â¥à¯à¥â�â®à ®−â®«®£¨¨ −¥ ¬®¦¥â ®¯à¥¤¥«¨âì á¥¬�−â¨ªã ¯®-
«ãç¥−−®£® á®®¡é¥−¨ï, ®−® ¯¥à¥¤�¥âáï ¤«ï �−�«¨§� ¨−â¥à¯à¥â�â®àã ®−â®«®£¨¨
¯à¥¤¬¥â−®© ®¡«�áâ¨. �®¤á¨áâ¥¬� �−�«¨§� á¨âã�æ¨¨ ª®««¥ªâ¨¢−®£® à¥è¥−¨ï
¯à®¡«¥¬ë ¨¤¥−â¨ä¨æ¨àã¥â â¥ªãé¨© íâ�¯ ¯à®æ¥áá� à¥è¥−¨ï ¯à®¡«¥¬ë á ãç¥â®¬
áâ¥¯¥−¨ á®£«�á®¢�−−®áâ¨ æ¥«¥© ¨ ®−â®«®£¨¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ �£¥−â®¢, � â�ª-
¦¥ −�«¨ç¨ï á®£«�á®¢�−−®£® ¯à®â®ª®«� à¥è¥−¨ï ¯à®¡«¥¬ë. �®¤á¨áâ¥¬� ¢ë¡®à�
¬¥â®¤� ¢®§¤¥©áâ¢¨ï á ¨á¯®«ì§®¢�−¨¥¬ −¥ç¥âª®© ¡�§ë §−�−¨© ¨¬¨â¨àã¥â à�¡®âã
ä�á¨«¨â�â®à� ¯® ¢ë¡®àã áà¥¤áâ¢ �ªâ¨¢¨§�æ¨¨ ª®¬�−¤−®© à�¡®âë ¨ à�§à¥è¥-
−¨ï ª®−ä«¨ªâ®¢ £àã¯¯ë á¯¥æ¨�«¨áâ®¢, à¥«¥¢�−â−ëå á¨âã�æ¨¨ ª®««¥ªâ¨¢−®£®
à¥è¥−¨ï ¯à®¡«¥¬. �¥ç¥âª�ï ¡�§� §−�−¨© à¥«¥¢�−â−®áâ¨ ¬¥â®¤®¢ ®¯¨áë¢�¥â
¯à�¢¨«� ¢ë¡®à� ¬¥â®¤� ¢®§¤¥©áâ¢¨ï −� �£¥−â®¢ ¯®¤á¨áâ¥¬ë à¥è¥−¨ï ¯à®¡«¥¬
¢ §�¢¨á¨¬®áâ¨ ®â á¨âã�æ¨© ¯à¨−ïâ¨ï à¥è¥−¨© ¢ ‘ƒˆŒ�‘, � â�ª¦¥ à�§«¨ç−ëå
®á®¡¥−−®áâ¥© ¯à®¡«¥¬ë. „«ï ä®à¬¨à®¢�−¨ï â�ª®© ¡�§ë −¥®¡å®¤¨¬® ¯à®¢¥áâ¨
á¥à¨î ¢ëç¨á«¨â¥«ì−ëå íªá¯¥à¨¬¥−â®¢ ¨ ãáâ�−®¢¨âì á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã ª«�áá®¬
¯à®¡«¥¬ë ¨ ¬¥â®¤�¬¨ ¥¥ à¥è¥−¨ï.

�àå¨â¥ªâãà� �£¥−â� ª®−âà®«ï ¯à®â®ª®«� ¯à¥¤áâ�¢«¥−� −� à¨á. 3. Œ®¤¥«ì
¯à®â®ª®«� à¥è¥−¨ï ¯à®¡«¥¬ ä¨ªá¨àã¥â ¤®£®¢®à¥−−®áâ¨ �£¥−â®¢ ® á®£«�á®¢�−−®¬
¯à®â®ª®«¥ à¥è¥−¨ï ¯à®¡«¥¬ −� â¥ªãé¨© ¬®¬¥−â. �®¤á¨áâ¥¬� ª®àà¥ªâ¨à®¢ª¨
¯à®â®ª®«� ®âá«¥¦¨¢�¥â á®®¡é¥−¨ï, á¢ï§�−−ë¥ á à�§à�¡®âª®© ¨ ¬®¤¨ä¨ª�æ¨¥©
á®£«�á®¢�−−®£® ¯à®â®ª®«� à¥è¥−¨ï ¯à®¡«¥¬, ¨ ä¨ªá¨àã¥â íâ¨ ¨§¬¥−¥−¨ï ¢ ¬®-

÷¨á. 3 �àå¨â¥ªâãà� �£¥−â� ª®−âà®«ï ¯à®â®ª®«�
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÷¨á. 4 �àå¨â¥ªâãà� �£¥−â�-á¯¥æ¨�«¨áâ�

¤¥«¨ ¯à®â®ª®«�. �®¤á¨áâ¥¬� ¬®−¨â®à¨−£� á®®â¢¥âáâ¢¨ï ¯à®â®ª®«ã ®âá«¥¦¨¢�¥â
¢á¥ á®®¡é¥−¨ï, ª®â®àë¥ �£¥−âë-á¯¥æ¨�«¨áâë ¨ �£¥−â, ¯à¨−¨¬�îé¨© à¥è¥−¨ï,
®â¯à�¢«ïîâ ¢® ¢à¥¬ï à¥è¥−¨ï ¯à®¡«¥¬ë, ¨ ¯à®¢¥àï¥â ¨å á®®â¢¥âáâ¢¨¥ ¯à®â®ª®«ã.
…á«¨ ®−� ®¡−�àã¦¨¢�¥â −�àãè¥−¨¥ ¯à®â®ª®«�, ¨−¨æ¨¨àã¥âáï ®â¯à�¢ª� á®®â¢¥â-
áâ¢ãîé¥£® á®®¡é¥−¨ï �£¥−âã-¯®áà¥¤−¨ªã ¨ �£¥−âã ¨−â¥àä¥©á� ç¥à¥§ ¡�§®¢ë©
¨−â¥à¯à¥â�â®à ®−â®«®£¨¨ ¨ ¯®¤á¨áâ¥¬ã ¯à¨¥¬�/®â¯à�¢ª¨ á®®¡é¥−¨©.

�àå¨â¥ªâãà� �£¥−â�-á¯¥æ¨�«¨áâ� ¯à¥¤áâ�¢«¥−� −� à¨á. 4. ˆ−â¥à¯à¥â�â®à
®−â®«®£¨¨ ¯à®¡«¥¬−®© ®¡«�áâ¨ ¢ §�¢¨á¨¬®áâ¨ ®â á®¤¥à¦�−¨ï ¯®«ãç¥−−®£® á®-
®¡é¥−¨ï §�¯ãáª�¥â ®¤¨− ¨§ á«¥¤ãîé¨å �«£®à¨â¬®¢: à¥è¥−¨ï ¯à®¡«¥¬ë á ¨á-
¯®«ì§®¢�−¨¥¬ ¨−â¥à¯à¥â�â®à� �«£®à¨â¬®¢; ª®àà¥ªâ¨à®¢ª¨ æ¥«¨; ª®àà¥ªâ¨à®¢ª¨
ã¡¥¦¤¥−¨©; ª®àà¥ªâ¨à®¢ª¨ ¯à®â®ª®«� à¥è¥−¨ï ¯à®¡«¥¬; ª®àà¥ªâ¨à®¢ª¨ ¬®¤¥«¨
¯à®¡«¥¬−®© ®¡«�áâ¨. ‚ ª�ç¥áâ¢¥ �à£ã¬¥−â®¢ §�¯ãáª�¥¬®¬ã �«£®à¨â¬ã ¬®£ãâ ¡ëâì
¯¥à¥¤�−ë á«¥¤ãîé¨¥ ¤�−−ë¥: á®¤¥à¦¨¬®¥ ¯®«ãç¥−−®£® á®®¡é¥−¨ï ¢ áâàãªâãà¨-
à®¢�−−®¬ ¢¨¤¥; ¨−ä®à¬�æ¨ï ® æ¥«¨ �£¥−â�; ¥£® ã¡¥¦¤¥−¨ï; ¬®¤¥«ì ¯à®¡«¥¬ë;
¬®¤¥«ì ¯à®â®ª®«� à¥è¥−¨ï ¯à®¡«¥¬ë.

‚ ¡�§¥ �«£®à¨â¬®¢ à¥è¥−¨ï §�¤�ç åà�−¨âáï −�¡®à �«£®à¨â¬®¢, ª®â®àë¥ �£¥−â-
á¯¥æ¨�«¨áâ ¢ë¯®«−ï¥â á ¯®¬®éìî ¨−â¥à¯à¥â�â®à� ¯à¨ à¥è¥−¨¨ §�¤�ç¨ á ãç¥â®¬
á¢®¥© æ¥«¨. �−¨ ¬®£ãâ á®¤¥à¦�âì §�¯à®áë ª �£¥−â�¬ ¨−â¥««¥ªâã�«ì−ëå â¥å-
−®«®£¨© ¤«ï ¢ë¯®«−¥−¨ï ®¯à¥¤¥«¥−−ëå äã−ªæ¨©. —â®¡ë −�©â¨ �£¥−â� ¨−â¥«-
«¥ªâã�«ì−®© â¥å−®«®£¨¨, á¯®á®¡−®£® ¢ë¯®«−ïâì â�ª¨¥ äã−ªæ¨¨, ¨−â¥à¯à¥â�â®à
�«£®à¨â¬®¢ ®â¯à�¢«ï¥â §�¯à®á �£¥−âã-¯®áà¥¤−¨ªã ç¥à¥§ ¨−â¥à¯à¥â�â®à ®−â®«®£¨¨
¯à¥¤¬¥â−®© ®¡«�áâ¨, ¡�§®¢ë© ¨−â¥à¯à¥â�â®à ®−â®«®£¨¨ ¨ ¯®¤á¨áâ¥¬ã ¯à¨¥¬�/®â-
¯à�¢ª¨ á®®¡é¥−¨©. �«£®à¨â¬ ª®àà¥ªâ¨à®¢ª¨ æ¥«¨ ¯®§¢®«ï¥â ª®àà¥ªâ¨à®¢�âì
æ¥«¥¢ãî äã−ªæ¨î �£¥−â� ¢ à¥§ã«ìâ�â¥ ¢§�¨¬®¤¥©áâ¢¨ï á ¤àã£¨¬¨ �£¥−â�¬¨. ��§�
ã¡¥¦¤¥−¨© á®¤¥à¦¨â ã¡¥¦¤¥−¨ï �£¥−â� ®â−®á¨â¥«ì−® ®−â®«®£¨¨, ª®â®àë¥ ¬®£ãâ
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�àå¨â¥ªâãàë ¨−â¥««¥ªâã�«ì−ëå �£¥−â®¢ á¯«®ç¥−−ëå ƒ¨ˆŒ�‘

÷¨á. 5 �àå¨â¥ªâãà� �£¥−â�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï

¡ëâì ¤®¯®«−¥−ë ¨ áª®àà¥ªâ¨à®¢�−ë �«£®à¨â¬®¬ ª®àà¥ªâ¨à®¢ª¨ ã¡¥¦¤¥−¨© ¢ à¥-
§ã«ìâ�â¥ ¢§�¨¬®¤¥©áâ¢¨ï á ¤àã£¨¬¨ �£¥−â�¬¨ ¨ ¬®¤¥«ìî ¯à¥¤¬¥â−®© ®¡«�áâ¨.
Œ®¤¥«ì ¯à®â®ª®«� à¥è¥−¨ï ¯à®¡«¥¬ åà�−¨â â¥ªãé¥¥ á®áâ®ï−¨¥ ¬®¤¥«¨ ¯à®â®ª®-
«�, à�§à�¡®â�−−®¥ �£¥−â�¬¨ ¯®¤á¨áâ¥¬ë à¥è¥−¨ï ¯à®¡«¥¬. �−� ¬®¦¥â ¨§¬¥−ïâìáï
á ¯®¬®éìî �«£®à¨â¬� ª®àà¥ªâ¨à®¢ª¨ ¯à®â®ª®«� à¥è¥−¨ï ¯à®¡«¥¬ ¢ à¥§ã«ìâ�â¥
¯¥à¥£®¢®à®¢ �£¥−â®¢. �−â®«®£¨ï ¯à®¡«¥¬−®© ®¡«�áâ¨ | íâ® á¥¬�−â¨ç¥áª�ï á¥âì,
®á−®¢�−−�ï −� ª®−æ¥¯âã�«ì−®© ¬®¤¥«¨ à¥è�¥¬®© ¯à®¡«¥¬ë. „�−−�ï ®−â®«®£¨ï
à�§à�¡�âë¢�¥âáï ¤«ï ª�¦¤®£® �£¥−â�-á¯¥æ¨�«¨áâ� ¨−¤¨¢¨¤ã�«ì−® ¢ á®®â¢¥âáâ¢¨¨
á ¯à®ä¨«¥¬ á¯¥æ¨�«¨áâ�, §−�−¨ï ª®â®à®£® ¬®¤¥«¨àãîâáï �£¥−â®¬. ‚ ®¡é¥¬ á«ã-
ç�¥ à�§à�¡®âªã �£¥−â®¢-á¯¥æ¨�«¨áâ®¢ ¨ ¨å ®−â®«®£¨© ¬®£ãâ ®áãé¥áâ¢«ïâì à�§−ë¥
−¥§�¢¨á¨¬ë¥ ª®¬�−¤ë, ¯®íâ®¬ã ®−â®«®£¨¨ ¬®£ãâ à�§«¨ç�âìáï ¨ ¤�¦¥ ¯à®â¨¢®-
à¥ç¨âì ¤àã£ ¤àã£ã. �−â®«®£¨ï ¯à®¡«¥¬−®© ®¡«�áâ¨ −¥ áâ�â¨ç−�, � ¨§¬¥−ï¥âáï
�«£®à¨â¬®¬ ª®àà¥ªâ¨à®¢ª¨ ¯à®¡«¥¬−®© ®¡«�áâ¨ ¢ ¯à®æ¥áá¥ à¥è¥−¨ï ¯à®¡«¥¬ë
¢ à¥§ã«ìâ�â¥ ¯¥à¥£®¢®à®¢ ¬¥¦¤ã �£¥−â�¬¨ ¯®¤á¨áâ¥¬ë à¥è¥−¨ï ¯à®¡«¥¬. �à¨
íâ®¬, å®âï ®−â®«®£¨¨ ¯à®¡«¥¬−ëå ®¡«�áâ¥© à�§«¨ç−ëå �£¥−â®¢ á¡«¨¦�îâáï ¢ å®¤¥
¨å ¯¥à¥£®¢®à®¢, ®−¨ −¥ áâ�−®¢ïâáï ¨¤¥−â¨ç−ë¬¨.

�àå¨â¥ªâãà� �£¥−â�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï, ¯à¥¤áâ�¢«¥−� −� à¨á. 5.
�®¤á¨áâ¥¬� ¤¥ª®¬¯®§¨æ¨¨ ¯à®¡«¥¬ë, ®á−®¢�−−�ï −� �−�«¨§¥ ®−â®«®£¨¨ ¯à¥¤-

¬¥â−®© ®¡«�áâ¨, à�á¯à¥¤¥«ï¥â ¬¥¦¤ã �£¥−â�¬¨-á¯¥æ¨�«¨áâ�¬¨ §�¤�ç¨ ¯®áâ�¢«¥−-
−®© ¯à®¡«¥¬ë ¨ ¨áå®¤−ë¥ ¤�−−ë¥, −¥®¡å®¤¨¬ë¥ ¤«ï ¨å à¥è¥−¨ï. �®¤á¨áâ¥¬�
®æ¥−ª¨ à¥è¥−¨© ¢ á®®â¢¥âáâ¢¨¨ á á®¡áâ¢¥−−®© æ¥«ìî à�ááç¨âë¢�¥â ¯®ª�§�â¥«ì
ª�ç¥áâ¢� à¥è¥−¨©, ¯à¥¤áâ�¢«¥−−ëå �£¥−â�¬¨-á¯¥æ¨�«¨áâ�¬¨. …á«¨ à¥è¥−¨ï
ã¤®¢«¥â¢®à¨â¥«ì−®£® ª�ç¥áâ¢� −¥ −�©¤¥−ë, íâ� ¯®¤á¨áâ¥¬� §�¯ãáª�¥â −®¢ãî ¨â¥-
à�æ¨î à¥è¥−¨ï ¯à®¡«¥¬ë ‘ƒˆŒ�‘. ‚ ¡�§¥ �«£®à¨â¬®¢ ¯à¨−ïâ¨ï à¥è¥−¨©
åà�−¨âáï −�¡®à �«£®à¨â¬®¢, ¨á¯®«ì§ã¥¬ëå �£¥−â®¬ ¯à¨ ¢ë¡®à¥ ®ª®−ç�â¥«ì−®£®
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à¥è¥−¨ï ¢ §�¢¨á¨¬®áâ¨ ®â ¯à®â®ª®«� à¥è¥−¨ï §�¤�ç. ˆ−â¥à¯à¥â�â®à �«£®à¨â-
¬®¢ ¯à¨−ïâ¨ï à¥è¥−¨© | íâ® ¯®¤á¨áâ¥¬� ¤«ï ¢ë¯®«−¥−¨ï �«£®à¨â¬®¢ ¯à¨−ïâ¨ï
à¥è¥−¨©. �áâ�«ì−ë¥ ¡«®ª¨ �−�«®£¨ç−ë ¡«®ª�¬ �àå¨â¥ªâãàë �£¥−â�-á¯¥æ¨�«¨-
áâ� (á¬. à¨á. 4). �¥à¢®−�ç�«ì−® æ¥«¨, ã¡¥¦¤¥−¨ï, ¬®¤¥«¨ ¯à®¡«¥¬−®© ®¡«�áâ¨
¨ ¯à®â®ª®«� à¥è¥−¨ï ¯à®¡«¥¬ ¤«ï �£¥−â®¢-á¯¥æ¨�«¨áâ®¢ ¨ �£¥−â�, ¯à¨−¨¬�îé¥-
£® à¥è¥−¨ï, ãáâ�−�¢«¨¢�îâ ¨å à�§à�¡®âç¨ª¨, ®¤−�ª®, à�¡®â�ï −�¤ ¯à®¡«¥¬�¬¨,
íâ¨ �£¥−âë ®¡¬¥−¨¢�îâáï ¤�−−ë¬¨ ¨ §−�−¨ï¬¨, ¯®¤â¢¥à¦¤�îé¨¬¨ ¯à¥¤«�£�-
¥¬ë¥ à¥è¥−¨ï ¯à®¡«¥¬ë, ¨ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¨§¬¥−ïîâ á¢®¨ æ¥«¨, ã¡¥¦¤¥−¨ï
¨ ¬®¤¥«¨. ’�ª¨¬ ®¡à�§®¬, ¨¬¥ï ¢®§¬®¦−®áâì §�¯à®á¨âì ¯®¬®éì ¢ à¥è¥−¨¨ ¯à®¡-
«¥¬ë ã «î¡®£® ¨§ �£¥−â®¢ ¨−â¥««¥ªâã�«ì−ëå â¥å−®«®£¨©, �£¥−âë-á¯¥æ¨�«¨áâë
ª�¦¤ë© à�§, à¥è�ï −®¢ãî ¯à®¡«¥¬ã, ä®à¬¨àãîâ −®¢ë© à¥«¥¢�−â−ë© ¥© ¨−â¥£à¨-
à®¢�−−ë© ¬¥â®¤ à¥è¥−¨ï, ¤¥¬®−áâà¨àãï ¯à¨§−�ª¨ úá¨«ì−®©û á�¬®®à£�−¨§�æ¨¨,
¢®§−¨ª�îé¥© ¢ à¥§ã«ìâ�â¥ à�á¯à¥¤¥«¥−−®£® ¢§�¨¬®¤¥©áâ¢¨ï �£¥−â®¢ ¡¥§ ï¢−®£®
æ¥−âà�«¨§®¢�−−®£® ã¯à�¢«¥−¨ï [12], çâ® à¥«¥¢�−â−® ª®««¥ªâ¨¢�¬ á¯¥æ¨�«¨áâ®¢,
à¥è�îé¨¬ ¯à®¡«¥¬ë §� ªàã£«ë¬ áâ®«®¬.

4 Заключение

‚ à�¡®â¥ ¯®ª�§�−� −¥®¡å®¤¨¬®áâì ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï ¬¥å�−¨§-
¬®¢ ä®à¬¨à®¢�−¨ï á¯«®ç¥−−®áâ¨ á æ¥«ìî á−¨¦¥−¨ï âàã¤®§�âà�â ¯à¨ ¨−â¥£à�æ¨¨
�£¥−â®¢, á®§¤�−−ëå à�§−ë¬¨ ª®««¥ªâ¨¢�¬¨ à�§à�¡®âç¨ª®¢. ÷�áá¬®âà¥−� äã−ª-
æ¨®−�«ì−�ï áâàãªâãà� ‘ƒˆŒ�‘. �à¥¤«®¦¥−ë �àå¨â¥ªâãàë ¨−â¥««¥ªâã�«ì−ëå
�£¥−â®¢, ®¡¥á¯¥ç¨¢�îé¨å ¬®¤¥«¨à®¢�−¨¥ á¯«®ç¥−−®áâ¨. ��«¨ç¨¥ ¡«®ª®¢ á®£«�-
á®¢�−¨ï æ¥«¥©, ã¡¥¦¤¥−¨©, ¬®¤¥«¥© ¯à®¡«¥¬−®© ®¡«�áâ¨ ¨ ¯à®â®ª®«� à¥è¥−¨ï
¯à®¡«¥¬ ã �£¥−â®¢-á¯¥æ¨�«¨áâ®¢ ¨ �£¥−â�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï, ¯®§¢®«ï¥â ¨¬
¢ëà�¡�âë¢�âì à¥è¥−¨ï á ãç¥â®¬ −¥ â®«ìª® á®¡áâ¢¥−−®£® ú¢¨¤¥−¨ï ¯à®¡«¥¬ëû,
¯à¥¤®¯à¥¤¥«¥−−®£® à�§à�¡®âç¨ª�¬¨ ¯à¨ ¬®¤¥«¨à®¢�−¨¨ §−�−¨© ¨ ¯®¢¥¤¥−¨ï á®®â-
¢¥âáâ¢ãîé¥£® á¯¥æ¨�«¨áâ�, −® ¨ úâ®çª¨ §à¥−¨ïû �£¥−â®¢, ¬®¤¥«¨àãîé¨å ¤àã£¨å
á¯¥æ¨�«¨áâ®¢. �â® ¯®§¢®«ï¥â á−¨§¨âì ¢¥à®ïâ−®áâì ¤®áà®ç−®£® §�¢¥àè¥−¨ï à�¡®âë
−�¤ ¯à®¡«¥¬®© ¨ ¯à¨−ïâ¨ï −¨ª®£® −¥ ãáâà�¨¢�îé¥£® à¥è¥−¨ï.
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Abstract: The paper develops research in the field of modeling the cohesion of
a team of specialists who solve problems \at a round table" with hybrid intelligent
multiagent systems that combine the dynamic synthesis of heterogeneous models
of intelligent agents and the methods of group dynamics. The formation of
the cohesion of agents of these systems is provided by such mechanisms as
exchange of information about interests, knowledge, experience with other
agents, development and coordination of goals, values, norms, means, and
methods of activity common for the system which is relevant to the processes
taking place in long-term teams of specialists who jointly solve practical problems.
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The implementation of such mechanisms will significantly simplify the process
of integrating heterogeneous intelligent agents into a single system which is
especially important when they are created by independent development teams.
The paper proposes the architectures of agents necessary for the implementation
of the listed mechanisms.
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ТОЧЕК ПРИ СОЗДАНИИ ПАНОРАМНЫХ ИЗОБРАЖЕНИЙ

П. О. Архипов1, А. К. Трофименков2, М. В. Цуканов3, Н. Ю. Носова4

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¯à®¡«¥¬¥ á®§¤�−¨ï ¯�−®à�¬ ¢ ãá«®¢¨ïå ®â«¨-
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�à¥¤«®¦¥−� ¯à®æ¥¤ãà� ª®àà¥ªæ¨¨ ïàª®áâ¨ ¨ æ¢¥â� ¤«ï ¬¨−¨¬¨§�æ¨¨ ®â«¨ç¨©
¬¥¦¤ã áè¨¢�¥¬ë¬¨ á−¨¬ª�¬¨ ¨ ã¬¥−ìè¥−¨ï −¥£�â¨¢−ëå ¢®§¤¥©áâ¢¨©. �à¨¢¥-
¤¥−ë ®á®¡¥−−®áâ¨ ¤¥â¥ªâ¨à®¢�−¨ï ª«îç¥¢ëå â®ç¥ª à�§«¨ç−ë¬¨ ¬¥â®¤�¬¨ ¢®
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�¯¨á�−® ¢«¨ï−¨¥ ¤®¯®«−¨â¥«ì−®© ¯à®æ¥¤ãàë ª®àà¥ªæ¨¨ ïàª®áâ¨ ¨ æ¢¥â� −�
ç¨á«® −�©¤¥−−ëå ª«îç¥¢ëå â®ç¥ª. �æ¥−¥−® ª�ç¥áâ¢® ¨â®£®¢ëå ¯�−®à�¬−ëå
¨§®¡à�¦¥−¨© ¨ ¢à¥¬ï ¨å áè¨¢�−¨ï. ‚ å®¤¥ à�¡®âë ¯®«ãç¥−ë áâ�â¨áâ¨ç¥áª¨¥
¤�−−ë¥ ¨ ¯à®¢¥¤¥− ¨å áà�¢−¨â¥«ì−ë© �−�«¨§.
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1 Введение

’¥å−®«®£¨ï ®¡à�¡®âª¨ ¤�−−ëå �íà®ä®â®áê¥¬ª¨ ¡¥á¯¨«®â−ë¬¨ «¥â�â¥«ì−ë¬¨
�¯¯�à�â�¬¨ (��‹�) −�§¥¬−ëå ®¡ê¥ªâ®¢, ¢ª«îç�îé�ï ¯®áâà®¥−¨¥ ä®â®¯«�−®¢
¨ ¯�−®à�¬, á¥£¬¥−â�æ¨î, ®¡−�àã¦¥−¨¥ �−®¬�«¨©, ª®àà¥ªæ¨î ïàª®áâ¨ ¨ æ¢¥â�
¯à¨ á®§¤�−¨¨ ¡¥áè®¢−ëå ¯�−®à�¬−ëå ¨§®¡à�¦¥−¨© ¢®áâà¥¡®¢�−� ¤«ï à¥è¥−¨ï
¬−®£¨å äã−¤�¬¥−â�«ì−ëå ¨ ¯à¨ª«�¤−ëå §�¤�ç.

�¤−� ¨§ ®á−®¢−ëå ¯à®¡«¥¬ ®¡à�¡®âª¨ ¯�−®à�¬, ¯®«ãç¥−−ëå á ��‹�, á®-
áâ®¨â ¢ ¯®¢ëè¥−¨¨ ¤®áâ®¢¥à−®áâ¨ ¨ ¯à�¢¨«ì−®© ¨−â¥à¯à¥â�æ¨¨ ¨§®¡à�¦¥−¨© −�
®á−®¢¥ ¢¨§ã�«ì−®£® �−�«¨§� ¨§®¡à�¦¥−¨© ª¢�«¨ä¨æ¨à®¢�−−ë¬ á¯¥æ¨�«¨áâ®¬,
¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© §� ®£à�−¨ç¥−−®¥ ¢à¥¬ï ¨ ®¯¥à�â¨¢−®£® ª®−âà®«ï
(¬®−¨â®à¨−£�) â¥àà¨â®à¨©.

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¤¨áâ�−æ¨®−−ë© ¬®−¨â®à¨−£ ®¡ê¥ªâ®¢ §¥¬−®© ¯®¢¥àå−®áâ¨
−¥®¡å®¤¨¬® ®áãé¥áâ¢«ïâì á âà¥¡ã¥¬ë¬ ª�ç¥áâ¢®¬ (¤®áâ®¢¥à−®áâìî, á¢®¥¢à¥¬¥−-
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ˆáá«¥¤®¢�−¨¥ ¬¥â®¤®¢ ¤¥â¥ªâ¨à®¢�−¨ï ª«îç¥¢ëå â®ç¥ª ¯à¨ á®§¤�−¨¨ ¨§®¡à�¦¥−¨©

−®áâìî, â®ç−®áâìî), ¨á¯®«ì§ãï á®¢à¥¬¥−−ë¥ ¬¥â®¤ë ¯à¥¤áâ�¢«¥−¨ï ¨ ®¡à�¡®âª¨
¡®«ìè¨å ¬�áá¨¢®¢ £à�ä¨ç¥áª¨å ¯�−®à�¬−ëå ¨§®¡à�¦¥−¨©.

�à¥¤«�£�¥âáï �¢â®¬�â¨§¨à®¢�âì ¯à®æ¥áá á®§¤�−¨ï ¯�−®à�¬−ëå ¨§®¡à�¦¥−¨©
á ¨á¯®«ì§®¢�−¨¥¬ á¯¥æ¨�«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (‘��), ¯à¥¤−�§−�-
ç¥−−®£® ¤«ï ®æ¥−ª¨ ¢«¨ï−¨ï ¯à®æ¥¤ãàë ª®àà¥ªæ¨¨ ïàª®áâ¨ ¨ æ¢¥â� −� à�§«¨ç−ë¥
¬¥â®¤ë ¤¥â¥ªâ¨à®¢�−¨ï ª«îç¥¢ëå â®ç¥ª á ä¨ªá�æ¨¥© à¥§ã«ìâ�â®¢.

÷�−¥¥ �¢â®à�¬¨ ¢ à�¬ª�å −�ãç−ëå ¨áá«¥¤®¢�−¨© ¯à¥¤«�£�«�áì ¨−ä®à¬�æ¨-
®−−�ï ¬®¤¥«ì â¥å−®«®£¨¨ ª®àà¥ªæ¨¨ ïàª®áâ¨ ¨ æ¢¥â� ¯à¨ á®§¤�−¨¨ ¯�−®à�¬−ëå
¨§®¡à�¦¥−¨© [1]. „«ï ãâ®ç−¥−¨ï áãé¥áâ¢ãîé¥© ¬®¤¥«¨ ¯à¥¤«�£�¥âáï ¤®¯®«-
−¨â¥«ì−® ¯à®¢¥áâ¨ ®æ¥−ªã ¢«¨ï−¨ï ¯à®æ¥¤ãàë ª®àà¥ªæ¨¨ ïàª®áâ¨ ¨ æ¢¥â� −�
®á®¡¥−−®áâ¨ ¤¥â¥ªâ¨à®¢�−¨ï ª«îç¥¢ëå â®ç¥ª ¯à¨ á®§¤�−¨¨ ¯�−®à�¬−ëå ¨§®¡à�-
¦¥−¨©.

÷¥§ã«ìâ�â®¬ ¨áá«¥¤®¢�−¨ï ¤®«¦−ë áâ�âì áâ�â¨áâ¨ç¥áª¨¥ ¤�−−ë¥, ¯®«ãç¥−−ë¥
¢ å®¤¥ áè¨¢�−¨ï ¯�−®à�¬ ¨ ¯®§¢®«ïîé¨¥ ¯à®¢¥áâ¨ ¨å áà�¢−¨â¥«ì−ë© �−�-
«¨§, −�£«ï¤−® ¤¥¬®−áâà¨àãîé¨© ¢«¨ï−¨¥ ¬®¤¥«¨ −� ª�ç¥áâ¢® ¨â®£®¢ëå ¨§®¡à�-
¦¥−¨©.

2 Методы детектирования ключевых точек на изображениях

�à®æ¥¤ãà� áè¨¢�−¨ï ¨§®¡à�¦¥−¨© ¢ ¯�−®à�¬ã à¥�«¨§ã¥âáï −� ®á−®¢¥ à�¡®âë
á −�¡®à�¬¨ ª«îç¥¢ëå â®ç¥ª áè¨¢�¥¬ëå ¨§®¡à�¦¥−¨©. ‚ëç¨á«¥−¨¥ ª«îç¥¢ëå
â®ç¥ª −�¨¡®«¥¥ ç�áâ® ¢ë¯®«−ï¥âáï ¯ãâ¥¬ ¯à¨¬¥−¥−¨ï ®¡é¥¨§¢¥áâ−ëå ¤¥â¥ªâ®à®¢
ª«îç¥¢ëå â®ç¥ª ¨ ¨å ¤¥áªà¨¯â®à®¢, â�ª¨å ª�ª SIFT, SURF, FAST, BRIEF,
BRISK, AKAZE, MSER, ORB ¨ ¤à. [2{13]. �¤−�ª® ç�áâì −�§¢�−−ëå ¬¥â®¤®¢
ï¢«ïîâáï ª®−¢¥à£¥−æ¨¥©, ¬®¤¨ä¨ª�æ¨¥© ¨ ®¡ê¥¤¨−¥−¨¥¬ ¤àã£¨å ¬¥â®¤®¢ «¨¡®
®−¨ §�é¨é¥−ë �¢â®àáª¨¬ ¯à�¢®¬, çâ® ¬®¦¥â ¢ë§ë¢�âì §�âàã¤−¥−¨ï ¢ ¨å ¨á¯®«ì-
§®¢�−¨¨ −� ¯à�ªâ¨ª¥. �®íâ®¬ã ¯à¥¤«�£�¥âáï ¨áá«¥¤®¢�−¨¥ ¯®¯ã«ïà−ëå ¬¥â®¤®¢,
§�à¥ª®¬¥−¤®¢�¢è¨å á¥¡ï −�¨«ãçè¨¬ ®¡à�§®¬ ¨ ª®â®àë¥ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�-
−ë ¡¥§ ®£à�−¨ç¥−¨©. ’�ª¦¥ ®¤−¨¬ ¨§ à¥è�îé¨å ä�ªâ®à®¢ ï¢«ï¥âáï à¥�«¨§�æ¨ï
¬¥â®¤� ¢ ¡¨¡«¨®â¥ª¥ ª®¬¯ìîâ¥à−®£® §à¥−¨ï OpenCV, â�ª ª�ª íâ® §−�ç¨â¥«ì−®
ã¯à®é�¥â ¯à®¢¥¤¥−¨¥ ¨áá«¥¤®¢�−¨ï.

‘®£«�á−® ¢ëè¥¨§«®¦¥−−ë¬ ãá«®¢¨ï¬ ®â¡®à� −�¨¡®«¥¥ ¯®¤å®¤ïé¨¬¨ ¬¥â®¤�-
¬¨ ¢ à�¬ª�å ¨áá«¥¤®¢�−¨ï ®ª�§�«¨áì SIFT, BRISK ¨ ORB.

3 Проведение экспериментальных исследований

„«ï ¯à®¢¥¤¥−¨ï ¨áá«¥¤®¢�−¨ï ¨á¯®«ì§®¢�«¨áì −�¡®àë �íà®ä®â®á−¨¬ª®¢, ¯®-
«ãç¥−−ëå á ª�¬¥àë ��‹� DJI Mavic 2 ¯à¨ ¢ëá®â¥ ¯®«¥â� 150 ¨ 250 ¬ ¢ ª®-
«¨ç¥áâ¢¥ á¥¬¨ ¨ ç¥âëà¥å ¨§®¡à�¦¥−¨© á®®â¢¥âáâ¢¥−−® ¤«ï ¢ë¡à�−−ëå ãç�áâª®¢
â¥àà¨â®à¨¨. Š�¦¤ë© ¨§ á−¨¬ª®¢ ¨¬¥¥â à�§à¥è¥−¨¥ 1920 × 1080 ¯¨ªá¥«¥©. ’�ª-
¦¥ ¡ë«® §�¤¥©áâ¢®¢�−® ‘�� [14], ¯à¥¤−�§−�ç¥−−®¥ ¤«ï á®§¤�−¨ï ¯�−®à�¬−ëå
¨§®¡à�¦¥−¨© á ¢®§¬®¦−®áâìî ¨á¯®«ì§®¢�−¨ï à�§«¨ç−ëå ¬¥â®¤®¢ ¤¥â¥ªâ¨à®¢�-
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�. �. �àå¨¯®¢, �. Š. ’à®ä¨¬¥−ª®¢, Œ. ‚. –ãª�−®¢, �. ā. �®á®¢�

�¥à¥ç¨á«¥−¨¥ è�£®¢ �«£®à¨â¬� ¯à®£à�¬¬ë íªá¯¥à¨¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨©

ü áè¨¢�−¨ï
Œ¥â®¤

¤¥â¥ªâ¨à®¢�−¨ï
�à¨¬¥−¥−¨¥ ª®àà¥ªæ¨¨

ïàª®áâ¨ ¨ æ¢¥â�
�¡à¥§�−¨¥ ªà�¥¢

¨§®¡à�¦¥−¨©
1

SIFT

�¥â
0%2 „�

3 �¥â
10%4 „�

5 �¥â
20%6 „�

7

ORB

�¥â
0%8 „�

9 �¥â
10%10 „�

11 �¥â
20%12 „�

13

BRISK

�¥â
0%14 „�

15 �¥â
10%16 „�

17 �¥â
20%18 „�

−¨ï ª«îç¥¢ëå â®ç¥ª. ‘¯¥æ¨�«ì−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¯à¥¤áâ�¢«ï¥â á®-
¡®© −�¡®à ¯à®£à�¬¬−ëå ¬®¤ã«¥©, à�§à�¡®â�−−ëå −� ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï
Python 3.6 ¨ äã−ªæ¨®−¨àãîé¥¥ −� ª®¬¯ìîâ¥à¥ á® á«¥¤ãîé¥© ª®ä¨£ãà�æ¨¥©:
¯à®æ¥áá®à AMD FX-8320, ®¯¥à�â¨¢−�ï ¯�¬ïâì 8 ƒ� á ç�áâ®â®© 1600 Œƒæ
¨ 64-à�§àï¤−�ï ®¯¥à�æ¨®−−�ï á¨áâ¥¬� Windows 10.

�à®£à�¬¬� íªá¯¥à¨¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© ¢ª«îç�¥â ¢ á¥¡ï á¥à¨î áè¨-
¢�−¨© ¯�−®à�¬−ëå ¨§®¡à�¦¥−¨© ¢ à�§«¨ç−ëå à¥¦¨¬�å ¤«ï ª�¦¤®£® −�¡®à�
�íà®ä®â®á−¨¬ª®¢, ¯à¥¤áâ�¢«¥−−ëå ¢ â�¡«¨æ¥.

�¡à¥§�−¨¥ ªà�¥¢ ¨§®¡à�¦¥−¨© ¯à¨¢®¤¨â ª ¨áª«îç¥−¨î ¨áª�¦¥−¨©, ¢ë§¢�−-
−ëå ¤¨áâ®àá¨¥© ®¯â¨ç¥áª®© á¨áâ¥¬ë ª�¬¥àë ��‹� ¯à¨ à�§−®¢ëá®â−®© áê¥¬-
ª¥ [15].

„«ï ®æ¥−ª¨ ¢«¨ï−¨ï ¯à®æ¥¤ãàë ª®àà¥ªæ¨¨ ïàª®áâ¨ ¨ æ¢¥â� −� ¬¥â®¤ë ¤¥â¥ª-
â¨à®¢�−¨ï â®ç¥ª ¡ë«¨ ¢ë¡à�−ë á«¥¤ãîé¨¥ ¯®ª�§�â¥«¨:

{ ®¡é¥¥ ç¨á«® ª«îç¥¢ëå â®ç¥ª NÏÂÝ;

{ ç¨á«® á®¢¯�¢è¨å ª«îç¥¢ëå â®ç¥ª ¬¥¦¤ã áè¨¢�¥¬ë¬¨ ¨§®¡à�¦¥−¨ï¬¨ NÓÏ×Ð;

{ ¢à¥¬ï, §�âà�ç¥−−®¥ −� áè¨¢�−¨¥ ¯�−®à�¬−®£® ¨§®¡à�¦¥−¨ï TÓÛ;

{ â®ç−®áâì áè¨¢�−¨ï QÓÛ ¨§®¡à�¦¥−¨© −� ¨â®£®¢®© ¯�−®à�¬¥, ¢ëà�¦¥−−®©
¢ ¯à®æ¥−â−®¬ ®â−®è¥−¨¨ ç¨á«� ª®àà¥ªâ−® áä®à¬¨à®¢�−−ëå ®¡ê¥ªâ®¢ −�
¯�−®à�¬¥ ª ®¡é¥¬ã ç¨á«ã áè¨¢�¥¬ëå ®¡ê¥ªâ®¢.
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ˆáá«¥¤®¢�−¨¥ ¬¥â®¤®¢ ¤¥â¥ªâ¨à®¢�−¨ï ª«îç¥¢ëå â®ç¥ª ¯à¨ á®§¤�−¨¨ ¨§®¡à�¦¥−¨©

4 Результаты экспериментальных исследований

Œ¥â®¤ SIFT. �¥à¢ë¬ ¬¥â®¤®¬ ¢ á®®â¢¥âáâ¢¨¨ á â�¡«¨æ¥© ¤«ï ¨áá«¥¤®¢�−¨ï
¡ë« ¢ë¡à�− ¬¥â®¤ SIFT, ¢ å®¤¥ ¯à®¢¥¤¥−¨ï ¨á¯ëâ�−¨© ª®â®à®£® ¡ë«¨ ¯®«ãç¥−ë
¤�−−ë¥, ¯à¨¢¥¤¥−−ë¥ −� à¨á. 1. �¡é¥¥ ç¨á«® ª«îç¥¢ëå â®ç¥ª ¤«ï ª�¦¤®£®
¨§ ¨á¯ëâ�−¨© ¬¥â®¤� SIFT à�ááç¨âë¢�«®áì ª�ª ãáà¥¤−¥−−®¥ §−�ç¥−¨¥ NÏÂÝ.
�−�«®£¨ç−ë© à�áç¥â ¯à®¢®¤¨«áï ¨ á ç¨á«®¬ á®¢¯�¢è¨å ª«îç¥¢ëå â®ç¥ª, ®¤−�ª®
§¤¥áì ¢ëç¨á«ï«®áì áà¥¤−¥¥ §−�ç¥−¨¥ á®¢¯�¢è¨å â®ç¥ª ¬¥¦¤ã ¢á¥¬¨ ¯�à�¬¨ áè¨-
¢�¥¬ëå á−¨¬ª®¢ N ÓÏ×Ð. ˆáå®¤ï ¨§ ¨−ä®à¬�æ¨¨, ¯à¥¤áâ�¢«¥−−®© −� £à�ä¨ª�å,
¯à®á«¥¦¨¢�¥âáï §�ª®−®¬¥à−®áâì ¢«¨ï−¨ï ¯à®æ¥¤ãàë ª®àà¥ªæ¨¨ ïàª®áâ¨ ¨ æ¢¥â�

÷¨á. 1 —¨á«® −�©¤¥−−ëå ª«îç¥¢ëå â®ç¥ª ¬¥â®¤®¬ SIFT ¯à¨ ¢ëá®â¥ áê¥¬ª¨ 150 (�)

¨ 250 ¬ (¡): 1 | NÏÂÝ; 2 | N ÓÏ×Ð
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−� à¥§ã«ìâ�â à�¡®âë ¬¥â®¤� SIFT. �à¨¬¥−¥−¨¥ ª®àà¥ªæ¨¨ §−�ç¨â¥«ì−® á−¨¦�¥â
®¡é¥¥ ç¨á«® ª«îç¥¢ëå â®ç¥ª, −�©¤¥−−ëå −� ä®â®á−¨¬ª�å, −® ç¨á«® á®¢¯�¢è¨å
â®ç¥ª ¬¥¦¤ã ¯�à�¬¨ áè¨¢�¥¬ëå ¨§®¡à�¦¥−¨© ®áâ�¥âáï ¯à�ªâ¨ç¥áª¨ −¥¨§¬¥−−ë¬.
’�ª¦¥ §�ª®−®¬¥à−ë¬ ï¢«ï¥âáï â®â ä�ªâ, çâ® ®¡à¥§�−¨¥ ªà�¥¢ ¨§®¡à�¦¥−¨© ¢«¨ï¥â
ª�ª −� ¨áå®¤−®¥ ç¨á«® ª«îç¥¢ëå â®ç¥ª, â�ª ¨ −� ç¨á«® á®¢¯�¢è¨å â®ç¥ª.

Œ¥â®¤ ORB. ‘«¥¤ãîé¨© à¥�«¨§®¢�−−ë© ¬¥â®¤ | ORB. …£® ¨á¯ëâ�−¨ï
¯à¨ â¥å ¦¥ ãá«®¢¨ïå ¯à¥¤áâ�¢«¥−ë −� à¨á. 2. ‡�¬¥â−®¥ ®â«¨ç¨¥, ¢ë¤¥«ïîé¥¥
¥£® −� ä®−¥ ¤àã£¨å ¬¥â®¤®¢, | íâ® ¡®«ìè¥¥ ç¥¬ ¢ 3 à�§� ç¨á«® −�©¤¥−−ëå
ª«îç¥¢ëå â®ç¥ª. �−�«®£¨ç−® ¯à¥¤ë¤ãé¥¬ã ¬¥â®¤ã ¯à®æ¥¤ãà� ª®àà¥ªæ¨¨ ïà-
ª®áâ¨ ¨ æ¢¥â� §�¬¥â−® ã¬¥−ìè�¥â ®¡é¥¥ ç¨á«® ª«îç¥¢ëå â®ç¥ª ¨ −¥§−�ç¨â¥«ì−®

÷¨á. 2 —¨á«® −�©¤¥−−ëå ª«îç¥¢ëå â®ç¥ª ¬¥â®¤®¬ ORB ¯à¨ ¢ëá®â¥ áê¥¬ª¨ 150 (�)

¨ 250 ¬ (¡): 1 | NÏÂÝ; 2 | N ÓÏ×Ð
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ç¨á«® á®¢¯�¢è¨å â®ç¥ª. ‚ á«ãç�¥ ®¡à¥§�−¨ï ªà�¥¢ ¨§®¡à�¦¥−¨© à¥§ã«ìâ�âë
â�ª¦¥ ¨¤¥−â¨ç−ë ¬¥â®¤ã SIFT.

Œ¥â®¤ BRISK. ˆá¯ëâ�−¨ï ¬¥â®¤� BRISK ¯à¨ â¥å ¦¥ ¨áå®¤−ëå ¤�−−ëå
¯®ª�§�«¨ à¥§ã«ìâ�âë, ¯à¨¢¥¤¥−−ë¥ −� à¨á. 3. �® à¥§ã«ìâ�â�¬ ¨á¯ëâ�−¨ï ¬¥â®¤�
BRISK â¥−¤¥−æ¨ï, ¯à®á«¥¦¨¢�¥¬�ï ¢ ¯à¥¤ë¤ãé¨å ¨á¯ëâ�−¨ïå, −¥ ¨§¬¥−¨-
«�áì.

„�«¥¥ à�áá¬®âà¨¬ ¢«¨ï−¨¥ ¨§¬¥−¥−¨ï ç¨á«� ª«îç¥¢ëå â®ç¥ª ¨§-§� ¢®§¤¥©-
áâ¢¨ï ª®àà¥ªæ¨¨ ¨ ®¡à¥§�−¨ï −� áª®à®áâì á®§¤�−¨ï ¨ â®ç−®áâì áè¨¢�−¨ï ¯�−®-
à�¬−®£® ¨§®¡à�¦¥−¨ï. ‚ á«ãç�¥ áè¨¢�−¨ï á−¨¬ª®¢, ¯®«ãç¥−−ëå á ¢ëá®âë 150 ¬,
§�¬¥â−® ã¢¥«¨ç¥−¨¥ áª®à®áâ¨ ¯®«ãç¥−¨ï ¯�−®à�¬ ¤«ï ¬¥â®¤®¢ SIFT ¨ ORB,

÷¨á. 3 —¨á«® −�©¤¥−−ëå ª«îç¥¢ëå â®ç¥ª ¬¥â®¤®¬ BRISK ¯à¨ ¢ëá®â¥ áê¥¬ª¨ 150 (�)

¨ 250 ¬ (¡): 1 | NÏÂÝ; 2 | N ÓÏ×Ð
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÷¨á. 4 ‚à¥¬ï TÓÛ (�) ¨ â®ç−®áâìQÓÛ (¡) áè¨¢�−¨ï ¯�−®à�¬−ëå ¨§®¡à�¦¥−¨© ¬¥â®¤�¬¨
SIFT (1), ORB (2) ¨ BRISK (3) ¤«ï ¢ëá®âë 150 ¬

¯à¨ íâ®¬ â®ç−®áâì áè¨¢�−¨ï â�ª¦¥ ã¢¥«¨ç¨¢�¥âáï, −® ã¦¥ ¤«ï ¢á¥å ¬¥â®¤®¢.
�¯¨á�−−ë¥ à¥§ã«ìâ�âë ¯à¥¤áâ�¢«¥−ë −� à¨á. 4.

÷¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨ï áª®à®áâ¨ ¨ â®ç−®áâ¨ áè¨¢�−¨ï ¤«ï ¢ëá®âë 250 ¬
¯®ª�§�−ë −� à¨á. 5. ƒà�ä¨ª¨ �−�«®£¨ç−ë §�¢¨á¨¬®áâï¬, ¯à¥¤áâ�¢«¥−−ë¬ −�
à¨á. 4, −® ¢ á«ãç�¥ ¬¥â®¤� ORB §�¬¥â−® −¥¡®«ìè®¥ ãåã¤è¥−¨¥ ¢ â®ç−®áâ¨
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÷¨á. 5 ‚à¥¬ï TÓÛ (�) ¨ â®ç−®áâì QÓÛ (¡) áè¨¢�−¨ï ¯�−®à�¬−ëå ¨§®¡à�¦¥−¨© ¬¥â®¤�¬¨
SIFT (1), ORB (2) ¨ BRISK (3) ¤«ï ¢ëá®âë 250 ¬

áè¨âëå ¯�−®à�¬. �à¨ç¨−� â�ª®£® à¥§ã«ìâ�â� ¬®¦¥â ¡ëâì ¢ë§¢�−� ¡®«ìè®©
¢ëá®â®© áê¥¬ª¨, â�ª ª�ª ¤¥â�«¨§�æ¨ï ®¡ê¥ªâ®¢ áâ�−®¢¨âáï −¨¦¥, çâ® ¢«¨ï¥â
−� ç¨á«® ª«îç¥¢ëå â®ç¥ª. ÷�−¥¥ ®â¬¥ç�«®áì, çâ® ª®àà¥ªæ¨ï −¥§−�ç¨â¥«ì−®
ã¬¥−ìè�¥â ¤®«î á®¢¯�¢è¨å ª«îç¥¢ëå â®ç¥ª ®â ®¡é¥£® ç¨á«� â®ç¥ª, ¯®íâ®¬ã íâ®
¬®£«® ¯®¢«¨ïâì −� ¨â®£®¢ãî ¯�−®à�¬ã. ‚¤®¡�¢®ª ª íâ®¬ã ¬®¦−® §�¬¥â¨âì ®¡é¥¥
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ãåã¤è¥−¨¥ ¢ â®ç−®áâ¨ áè¨¢�−¨ï ¯�−®à�¬ë ¤«ï ¢ëá®âë 250 ¬. ‚ë§¢�−® íâ® â�ª¦¥
ã¬¥−ìè¥−¨¥¬ ¤¥â�«¨§�æ¨¨ ¨§-§� ã¢¥«¨ç¥−¨ï ¢ëá®âë áê¥¬ª¨.

5 Заключение

‚ à¥§ã«ìâ�â¥ ¯à®¢¥¤¥−−®£® ¨áá«¥¤®¢�−¨ï ¡ë« á¤¥«�− ¢ë¢®¤ ® â®¬, çâ® ¤«ï
á®§¤�−¨ï ¯�−®à�¬−ëå ¨§®¡à�¦¥−¨© ¢�¦−ë¬¨ ¯®ª�§�â¥«ï¬¨ ï¢«ïîâáï: ®¡é¥¥ ç¨á-
«® −�©¤¥−−ëå ª«îç¥¢ëå â®ç¥ª NÏÂÝ, ç¨á«® á®¢¯�¢è¨å ª«îç¥¢ëå â®ç¥ª NÓÏ×Ð,
â®ç−®áâì áè¨¢�−¨ï ¨§®¡à�¦¥−¨© QÓÛ ¨ ¢à¥¬ï TÓÛ, §�âà�ç¥−−®¥ −� áè¨¢�−¨¥
¯�−®à�¬−®£® ¨§®¡à�¦¥−¨ï. �«�£®¤�àï ¯à¨¬¥−¥−¨î ¯à®æ¥¤ãàë ª®àà¥ªæ¨¨ ïà-
ª®áâ¨ ¨ æ¢¥â� ã¬¥−ìè¨«®áì ®¡é¥¥ ç¨á«® ª«îç¥¢ëå â®ç¥ª ¤«ï ª�¦¤®£® ¨§ ¬¥â®¤®¢
¤¥â¥ªâ¨à®¢�−¨ï SIFT, ORB ¨ BRISK, −® ¯à¨ íâ®¬ ç¨á«® á®¢¯�¢è¨å â®ç¥ª
¨§¬¥−¨«®áì −¥§−�ç¨â¥«ì−®. �à¨¬¥àë ¯®«ãç¥−−ëå ¯�−®à�¬−ëå ¨§®¡à�¦¥−¨© ¤«ï
à�§−ëå ¢ëá®â ¯®ª�§�−ë −� à¨á. 6.

„®«ï á®¢¯�¢è¨å ª«îç¥¢ëå â®ç¥ª ®â ®¡é¥£® ç¨á«� −�©¤¥−−ëå ã¢¥«¨ç¨«�áì
¢ áà¥¤−¥¬ −� 18% ¤«ï ãª�§�−−ëå ¬¥â®¤®¢, ¯à¨ íâ®¬ ¢à¥¬ï −� áè¨¢�−¨¥ ¯�−®à�¬
ã¬¥−ìè¨«®áì ¢ áà¥¤−¥¬ −� 164 á §� áç¥â ®¡à¥§�−¨ï ªà�¥¢ ¨§®¡à�¦¥−¨© −� 20%.

„®¯®«−¨â¥«ì−® ¡ë«® ®â¬¥ç¥−®, çâ® ã¢¥«¨ç¥−¨¥ ¢ëá®âë áê¥¬ª¨ ®ª�§ë¢�¥â
®âà¨æ�â¥«ì−®¥ ¢®§¤¥©áâ¢¨¥ −� â®ç−®áâì áè¨¢�−¨ï ¨â®£®¢®© ¯�−®à�¬ë, ¢ë§¢�−−®¥

÷¨á. 6 �à¨¬¥àë ¯�−®à�¬−ëå ¨§®¡à�¦¥−¨© ¯à¨ ¢ëá®â¥ áê¥¬ª¨ 150 (�) ¨ 250 ¬ (¡)
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ˆáá«¥¤®¢�−¨¥ ¬¥â®¤®¢ ¤¥â¥ªâ¨à®¢�−¨ï ª«îç¥¢ëå â®ç¥ª ¯à¨ á®§¤�−¨¨ ¨§®¡à�¦¥−¨©

ã¬¥−ìè¥−¨¥¬ ç¨á«� á®¢¯�¤�îé¨å ª«îç¥¢ëå â®ç¥ª ¬¥¦¤ã ¯�à�¬¨ áè¨¢�¥¬ëå
á−¨¬ª®¢. „«ï ¨á¯®«ì§®¢�−−ëå ¬¥â®¤®¢ SIFT, ORB ¨ BRISK ®−® á®áâ�¢¨«®
23%, 14,9% ¨ 17,9% á®®â¢¥âáâ¢¥−−®.
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STUDY OF METHODS FOR DETECTING KEY POINTS
WHEN CREATING PANORAMIC IMAGES
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Abstract: The article is devoted to the problem of creating panoramas in
conditions of differences in the color palette and illumination level of stitched
images caused both by the features of the optical system and by the weather
and other factors. A procedure for correcting brightness and color is proposed
to minimize differences between stitched images and to reduce negative impacts.
The features of detection of key points by various methods during the stitching of
panoramic images under conditions of shooting at different heights are presented.
The effect of an additional procedure for correcting brightness and color on the
number of found key points is described. The quality of the final panoramic
images and the time of their stitching were evaluated. In the course of the work,
statistical data were obtained and their comparative analysis was carried out.

Keywords: brightness correction; color correction; detection; key points;
panoramic images; image processing
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МОДЕЛЬ ОПРЕДЕЛЕНИЯ НЕОБХОДИМОГО ЧИСЛА
ОПТИЧЕСКИХ ДИСКОВ, ОРГАНИЗОВАННЫХ В ГИБРИДНЫЕ

СТРУКТУРЫ, ДЛЯ СОЗДАНИЯ И ПОДДЕРЖАНИЯ
ДОЛГОВРЕМЕННЫХ ЭЛЕКТРОННЫХ АРХИВОВ

А. В. Чернышов1

�−−®â�æ¨ï: ƒ¨¡à¨¤−ë¥ áâàãªâãàë ®¯â¨ç¥áª¨å ¤¨áª®¢ ¯à¥¤áâ�¢«ïîâ á®¡®©
¬¥â®¤ �àå¨¢−®£® åà�−¥−¨ï ¨−ä®à¬�æ¨¨ á ¯®¢ëè¥−−®© −�¤¥¦−®áâìî, �−�«®-
£¨ç−ë© RAID-¬�áá¨¢�¬ ¤¨áª®¢. �® ¢ ®â«¨ç¨¥ ®â ª«�áá¨ç¥áª¨å ¬�áá¨¢®¢
RAID ¢ £¨¡à¨¤−ëå áâàãªâãà�å ®¤−� ¨§ ª®¯¨© ¨−ä®à¬�æ¨¨ åà�−¨âáï −� ®¤¨-
−®ç−ëå ¤¨áª�å, çâ® ®¡¥á¯¥ç¨¢�¥â ¡ëáâàë© ¨ ¯à®áâ®© ¤®áâã¯ ª ¨−ä®à¬�æ¨¨
á ¯®¬®éìî ¢á¥£® ®¤−®£® áâ�−¤�àâ−®£® ¯à¨¢®¤�. �à¨ ¤«¨â¥«ì−®¬ åà�−¥−¨¨
®¯â¨ç¥áª¨¥ ¤¨áª¨ á §�¯¨áìî á¯®á®¡−ë ¤¥£à�¤¨à®¢�âì. ‡−�−¨¥ ç¨á«� ®¯â¨ç¥-
áª¨å ¤¨áª®¢, ª®â®à®¥ −¥®¡å®¤¨¬® ¥¦¥£®¤−® ¯à¨®¡à¥â�âì ¤«ï á®§¤�−¨ï �àå¨¢�,
� §�â¥¬ ¤«ï ¯®¤¤¥à¦�−¨ï ¥£® æ¥«®áâ−®áâ¨, −¥®¡å®¤¨¬® ¤«ï ¯«�−¨à®¢�−¨ï ¦¨§-
−¥−−®£® æ¨ª«� �àå¨¢� ¨ §�âà�â −� ¥£® á®¤¥à¦�−¨¥ ¥é¥ −� íâ�¯¥ ¯à®¥ªâ¨à®¢�−¨ï.
‚ à�¡®â¥ ¯®áâà®¥−ë �−�«¨â¨ç¥áª¨¥ ¬®¤¥«¨, ¯®§¢®«ïîé¨¥ ®¯à¥¤¥«¨âì −¥®¡å®-
¤¨¬®¥ ¥¦¥£®¤−® ç¨á«® ®¯â¨ç¥áª¨å ¤¨áª®¢ ¤«ï ç¥âëà¥å ¢®§¬®¦−ëå ¢�à¨�−â®¢
(áâà�â¥£¨©) §�¯®«−¥−¨ï �àå¨¢�, � â�ª¦¥ ¬®¬¥−âë ¢à¥¬¥−¨, å�à�ªâ¥à¨§ãîé¨¥
¯à®æ¥áá §�¯®«−¥−¨ï �àå¨¢� ¨ ¯®§¢®«ïîé¨¥ ®æ¥−¨âì ¯à¨−æ¨¯¨�«ì−ãî ¤®áâ¨-
¦¨¬®áâì ¯«�−®¢®© ¥¬ª®áâ¨ �àå¨¢�. �à¨¢¥¤¥− ¯à¨¬¥à à¥�«ì−®£® à�áç¥â�.

Š«îç¥¢ë¥ á«®¢�: ¤®«£®¢à¥¬¥−−®¥ í«¥ªâà®−−®¥ åà�−¨«¨é¥ ¨−ä®à¬�æ¨¨;
®¯â¨ç¥áª¨¥ ¤¨áª¨ ®¤−®ªà�â−®© §�¯¨á¨ (WORM); £¨¡à¨¤−ë¥ áâàãªâãàë ®¯â¨-
ç¥áª¨å ¤¨áª®¢; §�¬¥−� ®âª�§�¢è¨å ®¯â¨ç¥áª¨å ¤¨áª®¢; ¥¦¥£®¤−® −¥®¡å®¤¨¬®¥
ç¨á«® ®¯â¨ç¥áª¨å ¤¨áª®¢

DOI: 10.14357/08696527220210

1 Введение

‘®¢à¥¬¥−−ë¥ í«¥ªâà®−−ë¥ ¤®ªã¬¥−âë, ¯à®©¤ï ¥áâ¥áâ¢¥−−ë© æ¨ª« á¢®¥£®
áãé¥áâ¢®¢�−¨ï, ¤®«¦−ë ¢ ª®−¥ç−®¬ ¨â®£¥ ¡ëâì á®åà�−¥−ë ¢ �àå¨¢¥. „«ï
«î¡ëå −®á¨â¥«¥© ¨−ä®à¬�æ¨¨ áãé¥áâ¢ã¥â ¯à®¡«¥¬� ¯®àç¨ §�¯¨á�−−®© −� −¨å
¨−ä®à¬�æ¨¨. �®íâ®¬ã ¢ ¯à®æ¥áá¥ åà�−¥−¨ï −¥®¡å®¤¨¬ à¥£ã«ïà−ë© ª®−âà®«ì
æ¥«®áâ−®áâ¨ −®á¨â¥«¥© ¨ §�¯¨á�−−®© −� −¨å ¨−ä®à¬�æ¨¨ [1, 2].

‘®£«�á−® á®¢à¥¬¥−−ë¬ áâ�−¤�àâ�¬ ¢ ª�ç¥áâ¢¥ �àå¨¢−ëå −®á¨â¥«¥© ¨−ä®à¬�-
æ¨¨ ¤®«¦−ë ¨á¯®«ì§®¢�âìáï ãáâà®©áâ¢� â¨¯� WORM (write once, read many) [3],
çâ® �¢â®¬�â¨ç¥áª¨ ®§−�ç�¥â ¨á¯®«ì§®¢�−¨¥ â®«ìª® ®¯â¨ç¥áª¨å ¤¨áª®¢ ®¤−®ªà�â-
−®© §�¯¨á¨ (â¨¯� CD-R, DVD-R ¨«¨ BD-R). �®íâ®¬ã ¤�«¥¥ ¡ã¤¥¬ à�áá¬�âà¨¢�âì
â®«ìª® �àå¨¢ë, ¯®áâà®¥−−ë¥ −� â�ª¨å −®á¨â¥«ïå.

1Œëâ¨é¨−áª¨© ä¨«¨�« Œƒ’“ ¨¬. �. �. ��ã¬�−�, sch-ru@yandex.ru
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�¯â¨ç¥áª¨¥ ¤¨áª¨ á §�¯¨áìî á â¥ç¥−¨¥¬ ¢à¥¬¥−¨ á¯®á®¡−ë ¤¥£à�¤¨à®¢�âì [4,
5], ¯®íâ®¬ã ¢ �àå¨¢¥ ®−¨ ¬®£ãâ ¡ëâì ¯à®¤ã¡«¨à®¢�−ë [6, 7] «¨¡® ®¡ê¥¤¨−¥−ë
¢ áâàãªâãàë â¨¯� RAID (á ¨á¯®«ì§®¢�−¨¥¬ à®¡®â¨§¨à®¢�−−ëå ¡¨¡«¨®â¥ª [8]). �®
−�¨¡®«¥¥ ¯¥àá¯¥ªâ¨¢−ë¬ ¯à¥¤áâ�¢«ï¥âáï ¨å ®à£�−¨§�æ¨ï ¢ £¨¡à¨¤−ë¥ áâàãªâã-
àë [9].

‚ £¨¡à¨¤−®© áâàãªâãà¥ ¢¥áì §�¯¨áë¢�¥¬ë© ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¤¥«¨âáï −�
¡«®ª¨, ª�¦¤ë© ¨§ ª®â®àëå ¢ª«îç�¥â k ®¤¨−®ç−ëå ¤¨áª®¢ ¨ L(n − 1) ¬�áá¨¢®¢
RAID, £¤¥ n | ç¨á«® §�¯�á−ëå ª®¯¨© ¨−ä®à¬�æ¨¨. Š�¦¤ë© ¬�áá¨¢ ¢ª«îç�¥â
k∗ = k+m ¤¨áª®¢, £¤¥ k| ãá«®¢−®¥ ç¨á«® ¤¨áª®¢ á ¨−ä®à¬�æ¨¥©;m| ãá«®¢−®¥
ç¨á«® ¤¨áª®¢ á ª®−âà®«ì−ë¬¨ áã¬¬�¬¨ (−�¯à¨¬¥à, ¤«ï RAID6 k > 1, m = 2),
¯à¨ç¥¬ (n − 1) §�¯�á−ëå ª®¯¨© ¬�áá¨¢®¢ RAID ¯à¨ n > 2 ä�ªâ¨ç¥áª¨ ¢¬¥áâ®
¬�áá¨¢®¢ â¨¯� RAID5 ¨«¨ RAID6 ®¡à�§ãîâ ¬�áá¨¢ë â¨¯� RAID15 ¨«¨ RAID16.
’à¥¡ã¥âáï ®¯à¥¤¥«¨âì ç¨á«® ®¯â¨ç¥áª¨å ¤¨áª®¢, ¯à¨®¡à¥â�¥¬ëå ¥¦¥£®¤−® ¤«ï
§�¯®«−¥−¨ï ¨ ¯®¤¤¥à¦�−¨ï �àå¨¢�, � â�ª¦¥ ¢à¥¬ï (¢ £®¤�å), ¢ â¥ç¥−¨¥ ª®â®à®£®
¯à¨ §�¤�−−®© ¨−â¥−á¨¢−®áâ¨ ¯®áâã¯«¥−¨ï ¨−ä®à¬�æ¨¨ �àå¨¢ ¡ã¤¥â §�¯®«−¥− ¤®
á¢®¥£® ¯«�−®¢®£® ®¡ê¥¬�.

�¯ã¡«¨ª®¢�−® −¥¬�«® áâ�â¥©, ¯®á¢ïé¥−−ëå ¤¨áª®¢ë¬ ¬�áá¨¢�¬ â¨¯� RAID
à�§«¨ç−ëå ¢¨¤®¢. �® ¯à�ªâ¨ç¥áª¨ ¢® ¢á¥å íâ¨å à�¡®â�å à�áá¬�âà¨¢�îâáï ¬�áá¨¢ë
RAID, á®áâ�¢«¥−−ë¥ ¨§ ¦¥áâª¨å ¤¨áª®¢, £¤¥ à�áá¬�âà¨¢�¥¬ë¥ áâàãªâãàë −¥
¯à¨¬¥−ïîâáï. ‚ á¢ï§¨ á íâ¨¬ −¥®¡å®¤¨¬® ¯®áâà®¥−¨¥ −®¢®© ¬®¤¥«¨.

2 Построение модели

÷�áá¬®âà¨¬ 4 ¢�à¨�−â� (áâà�â¥£¨¨) §�¯®«−¥−¨ï �àå¨¢�.

1. �àå¨¢ §�¯®«−ï¥âáï ¢ ¯¥à¢ë© £®¤ áãé¥áâ¢®¢�−¨ï. ‚á¥ ¯®á«¥¤ãîé¨¥ £®¤ë
âà¥¡ã¥âáï â®«ìª® ¢ëï¢«ïâì ®âª�§�¢è¨¥ ¤¨áª¨ ¨ §�¬¥−ïâì ¨å −®¢ë¬¨.

2. �¯¯�à�âãà� �àå¨¢� −¥ −�ª«�¤ë¢�¥â ®£à�−¨ç¥−¨© −� ¨−â¥−á¨¢−®áâì ¯®áâã¯-
«¥−¨ï ¨−ä®à¬�æ¨¨, −® á�¬� ¨−â¥−á¨¢−®áâì −¥¢¥«¨ª�, çâ® ¯à¨¢®¤¨â ª §�¯®«-
−¥−¨î �àå¨¢� ¢ â¥ç¥−¨¥ −¥áª®«ìª¨å «¥â.

3. �à®¯ãáª−�ï á¯®á®¡−®áâì �¯¯�à�âãàë �àå¨¢� ®£à�−¨ç¥−�, çâ® ¯à¨¢®¤¨â ª ¢ë-
−ã¦¤¥−−®¬ã §�¯®«−¥−¨î �àå¨¢� ¢ â¥ç¥−¨¥ −¥áª®«ìª¨å «¥â, ¯à¨ç¥¬ ¨§-§�
−¥®¡å®¤¨¬®áâ¨ âà�â¨âì ¯à®¯ãáª−ãî á¯®á®¡−®áâì �¯¯�à�âãàë −� ª®−âà®«ì
æ¥«®áâ−®áâ¨ à�−¥¥ §�¯¨á�−−ëå ¤¨áª®¢ ¯à®¯ãáª−�ï á¯®á®¡−®áâì �¯¯�à�âãàë
¤«ï §�¯¨á¨ −®¢®© ¨−ä®à¬�æ¨¨ ¯®áâ¥¯¥−−® á−¨¦�¥âáï.

4. Š®¬¡¨−�æ¨ï ¢�à¨�−â®¢ 2 ¨ 3.

�¥®¡å®¤¨¬® ¯®áâà®¨âì ¬�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨ ¤«ï ª�¦¤®£® ¢�à¨�−â�.
�ã¤¥¬ ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï: W | ¬�ªá¨¬�«ì−�ï (¯«�−®¢�ï)

¥¬ª®áâì �àå¨¢�; t | ¢à¥¬ï áãé¥áâ¢®¢�−¨ï �àå¨¢�, £®¤; T | ¢à¥¬ï, ¢ë¤¥«ï¥¬®¥
¢ â¥ç¥−¨¥ £®¤� −� â¥å−¨ç¥áª¨¥ à�¡®âë ¢ �àå¨¢¥; V | ¥¬ª®áâì ®¤−®£® ®¯â¨ç¥áª®£®
¤¨áª�; q | ¢¥à®ïâ−®áâì ®âª�§� ®¯â¨ç¥áª®£® ¤¨áª� á §�¯¨áìî ¯à¨ åà�−¥−¨¨
¢ â¥ç¥−¨¥ £®¤�; qw | ¢¥à®ïâ−®áâì ®âª�§� ®¯â¨ç¥áª®£® ¤¨áª� ¢ ¬®¬¥−â §�¯¨á¨

106 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 2 2022



Œ®¤¥«ì ®¯à¥¤¥«¥−¨ï −¥®¡å®¤¨¬®£® ç¨á«� ®¯â¨ç¥áª¨å ¤¨áª®¢ ¤«ï í«¥ªâà®−−ëå �àå¨¢®¢

(¡à�ª); n | ç¨á«® §�¯�á−ëå ª®¯¨© ª�¦¤®£® ¡«®ª� ¨−ä®à¬�æ¨¨ (¯à¨ íâ®¬ ®¤−�
§�¯�á−�ï ª®¯¨ï −�å®¤¨âáï −� ®¤¨−®ç−®¬ ¤¨áª¥ ¨ (n − 1) ª®¯¨ï | −� ¬�áá¨¢�å
RAID); l = ⌈W/V ⌉ | ç¨á«® ®¤¨−®ç−ëå ¤¨áª®¢ ¥¬ª®áâ¨ V , −� ª®â®àë¥ ¬®¦¥â
¡ëâì §�¯¨á�− ®¡ê¥¬ ¨−ä®à¬�æ¨¨ W ; L = ⌈l/k⌉ | ç¨á«® ¬�áá¨¢®¢ RAID
á ¯�à�¬¥âà�¬¨ k ¨ m, −� ª®â®àë¥ ¬®¦¥â ¡ëâì §�¯¨á�− ®¡ê¥¬ ¨−ä®à¬�æ¨¨ W ;
k∗ = k+m| ®¡é¥¥ ç¨á«® ¤¨áª®¢ ¢ ®¤−®¬ RAID; l∗ = Lk∗ | ®¡é¥¥ ç¨á«® ¤¨áª®¢
¢ L ¬�áá¨¢�å RAID; N(t) | ç¨á«® ®¯â¨ç¥áª¨å ¤¨áª®¢, ª®â®àë¥ −¥®¡å®¤¨¬®
¯à¨®¡à¥áâ¨ ¢ £®¤ á −®¬¥à®¬ t ¤«ï á®§¤�−¨ï ¨«¨ ¯®¤¤¥à¦�−¨ï �àå¨¢�.

‚�à¨�−â 1. ‚ ¯¥à¢ë© £®¤ ¤¨áª¨ à�áå®¤ãîâáï −� §�¯®«−¥−¨¥ �àå¨¢�:

N(1) =

⌈

Lk∗(n− 1) + l

1− qw

⌉

=

⌈

l∗(n− 1) + l

1− qw

⌉

.

‚ «î¡®© ¯®á«¥¤ãîé¨© £®¤ âà¥¡ãîâáï â®«ìª® ¤¨áª¨ ¤«ï §�¬¥−ë ¢ëè¥¤è¨å ¨§
áâà®ï:

N(t) =

⌈

⌈((n − 1)l∗ + l)q⌉

1− qw

⌉

. (1)

‡¤¥áì ¢�¦−®, çâ® l −¥®¡ï§�â¥«ì−® ªà�â−® l∗, ¯®áª®«ìªã ¢ ¯®á«¥¤−¥¬ ¡«®ª¥ ¬®¦¥â
¡ëâì §�¯¨á�−® ¬¥−ìè¥ ç¥¬ k ¤¨áª®¢, −® ¬�áá¨¢ë RAID ¢á¥ à�¢−® ¤®«¦−ë ¡ëâì
á®¡à�−ë ¢ ¯®«−®¬ ®¡ê¥¬¥.

‚�à¨�−â 2. ‚¢¥¤¥¬ ¤®¯®«−¨â¥«ì−ë¥ ®¡®§−�ç¥−¨ï. „«ï ®¤¨−®ç−ëå ¤¨áª®¢:
tw | ¢à¥¬ï, −¥®¡å®¤¨¬®¥ ¤«ï §�¯¨á¨ á ¢¥à¨ä¨ª�æ¨¥© ®¤−®£® ®¯â¨ç¥áª®£® ¤¨áª�;
tr0 | ¢à¥¬ï, −¥®¡å®¤¨¬®¥ ¤«ï ¯«�−®¢®£® ª®−âà®«ï ®¤−®£® ¤¨áª�; tr | ¢à¥¬ï,
−¥®¡å®¤¨¬®¥ ¤«ï áç¨âë¢�−¨ï ª®¯¨¨ ®¤−®£® ¤¨áª�. „«ï ¤¨áª®¢, ¢å®¤ïé¨å
¢ ¬�áá¨¢ë RAID, ¡ã¤¥¬ ¨á¯®«ì§®¢�âì ®¡®§−�ç¥−¨ï twL, tr0L ¨ trL, ãç¨âë¢�îé¨¥
¢®§¬®¦−®áâì ã¢¥«¨ç¥−¨ï áª®à®áâ¨ ®¡à�¡®âª¨ §� áç¥â ®¤−®¢à¥¬¥−−®© à�¡®âë
á ¤¨áª�¬¨ ¬�áá¨¢� (¥á«¨ íâ® ¯®§¢®«ï¥â �¯¯�à�âãà�).

‚ £®¤ ¡ã¤¥â §�¯¨áë¢�âìáï Wy = const ¨−ä®à¬�æ¨¨; ¤«ï §�¯¨á¨ íâ®© ¨−ä®à-
¬�æ¨¨ ¯®âà¥¡ã¥âáï ly = ⌈Wy/V ⌉ ®¤¨−®ç−ëå ¤¨áª®¢ «¨¡® Ly = ⌈ly/k⌉ ¬�áá¨¢®¢
RAID (¡¥§ ãç¥â� §�¯�á−ëå ª®¯¨©). ’®£¤� ¬®¦−® §�¯¨á�âì:

T ≥

⌈

ly
1− qw

⌉

tw +

⌈

(n− 1)Lyk
∗

1− qw

⌉

twL + (t− 1)lytr0 +

+ (t− 1)(n − 1)Lyk
∗tr0L + ⌈(t− 1)lyq⌉ tr + ⌈(t− 1)(n − 1)Lyk

∗q⌉ trL +

+

⌈

⌈(t− 1)lyq⌉

1− qw

⌉

tw +

⌈

⌈(t− 1)(n − 1)Lyk
∗q⌉

1− qw

⌉

twL . (2)

—�é¥ ¢á¥£® ¤«ï £¨¡à¨¤−ëå áâàãªâãà ¨á¯®«ì§ã¥âáï ¢á¥£® ®¤¨− ¯à¨¢®¤. �à¨
íâ®¬ tr = trL, tw = twL, tr0 = tr0L ¨ ¢ëà�¦¥−¨¥ á¨«ì−® ã¯à®é�¥âáï. �¤−�ª®
à�áá¬®âà¨¬ á¨âã�æ¨î ¢ ®¡é¥¬ á«ãç�¥.
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�æ¥−¨¬ ¬�ªá¨¬�«ì−® ¢®§¬®¦−®¥ ç¨á«® ¤¨áª®¢ ly, ª®â®àë¥ ¬®£ãâ ¡ëâì §�¯¨á�-
−ë ¢ £®¤ ¨ ®¯à¥¤¥«ïâ ¬�ªá¨¬�«ì−® ¤®¯ãáâ¨¬®¥ §−�ç¥−¨¥ Wy. ‚ ¤¥©áâ¢¨â¥«ì−®áâ¨
äã−ªæ¨ï Ly(ly) ¯à¨−¨¬�¥â áâã¯¥−ç�âë¥ §−�ç¥−¨ï, ¯®íâ®¬ã �−�«¨â¨ç¥áª¨ ¤«ï
§−�ç¥−¨ï ly ¬®¦−® «¨èì ¯®«ãç¨âì ¤¢¥ £à�−¨ç−ë¥ ®æ¥−ª¨, ¤«ï ç¥£® à�áá¬®âà¨¬
®æ¥−ª¨ ¤«ï Ly = ly/k ¨ ¤«ï Ly = ly/k + 1.

„¥©áâ¢ãï ¯® ¬¥â®¤¨ª¥ [7], ¯®«ãç¨¬:

⌊

T −K∗(AL + (t− 1)BL)

AG + (t− 1)BG

⌋

≤ ly ≤

⌊

T

AG + (t− 1)BG

⌋

.

‡¤¥áì

AL =
twL

1− qw
; BL = tr0L + qtrL +

qtwL

1− qw
;

K∗ = (n− 1)k∗ ; AG = A+KAL ; BG = B +KBL ,

£¤¥

A =
tw
1− qw

; B = tr0 + qtr +
qtw
1− qw

; K = (n− 1)
k∗

k
.

ˆ§-§� ®£à�−¨ç¥−¨© ®¡ê¥¬� áâ�âì¨ ¤�«¥¥ ¢¥§¤¥ ¡ã¤¥¬ ¢ë¯®«−ïâì ®æ¥−ªã â®«ìª®
¤«ï ¬�ªá¨¬�«ì−®£® §−�ç¥−¨ï ly (−�¨¡®«¥¥ ¡ëáâà®¥ §�¯®«−¥−¨¥).

ƒ®¤ §�¯®«−¥−¨ï �àå¨¢� tfull ¢ëç¨á«¨¬, ¨áå®¤ï ¨§ á®®â−®è¥−¨ï lytfull ≥ l:

tfull =

⌈

l(A+KAL − (B +KBL))

T − l(B +KBL)

⌉

=

⌈

l(AG −BG)

T − lBG

⌉

.

‚ ¯à®¨§¢®«ì−ë© £®¤ t (t < tfull) −¥®¡å®¤¨¬® ¡ã¤¥â ¯à¨®¡à¥áâ¨ ¤«ï §�¯¨á¨

N(t) =

⌈

ly + (n− 1)Lyk
∗

1− qw

⌉

+

⌈

⌈(t− 1)(ly + (n − 1)Lyk
∗)q⌉

1− qw

⌉

=

=

⌈

ly + (n− 1)l∗y
1− qw

⌉

+

⌈

⌈(t− 1)(ly + (n− 1)l∗y)q⌉

1− qw

⌉

(3)

®¯â¨ç¥áª¨å ¤¨áª®¢. ‡¤¥áì l∗y = Lyk
∗.

Œ®¤¥«ì ¢�à¨�−â� 2 ¯®áâà®¥−�.

‚�à¨�−â 3. ‚ ®â«¨ç¨¥ ®â ¢�à¨�−â� 2 â¥¯¥àì ly = lf (t) 6= const, Ly = Lf (t) =
= ⌈lf (t)/k⌉. �à¨ íâ®¬ ¢ à�¬ª�å RAID ¡ã¤ãâ §�¯¨áë¢�âìáï l∗f (t) = Lf (t)k

∗

¤¨áª®¢.
‚ ¯¥à¢ë© £®¤ (t = 1) ¬®¦−® §�¯¨á�âì ¬�ªá¨¬�«ì−®¥ ç¨á«® ¤¨áª®¢:

⌊

T −K∗AL

AG

⌋

≤ lf (1) ≤

⌊

T

AG

⌋

.
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„«ï «î¡®£® ¯®á«¥¤ãîé¥£® £®¤�:

T ≥

⌈

lf (t)

1− qw

⌉

tw+tr0

t−1
∑

i=1

(lf (i))+

⌈

q
t−1
∑

i=1

(lf (i))

⌉

tr+











⌈

q
∑t−1

i=1
(lf (i))

⌉

1− qw











tw+

+

⌈

(n− 1)⌈lf (t)/k⌉k
∗

1− qw

⌉

twL + (n− 1)tr0L

t−1
∑

i=1

(⌈

lf (i)

k

⌉

k∗
)

+

+

⌈

(n − 1)q
t−1
∑

i=1

(⌈

lf (i)

k

⌉

k∗
)

⌉

trL +











⌈

(n− 1)q
∑t−1

i=1
(⌈lf (i)/k⌉k

∗)
⌉

1− qw











twL . (4)

�âªã¤� ¯® â®© ¦¥ ¬¥â®¤¨ª¥ ¯®«ãç¨¬:
⌊

T −K∗(AL + (t− 1)BL)

AG
Et−1

⌋

≤ lf (t) ≤

⌊

T

AG
Et−1

⌋

, E = 1−
BG

AG
; (5)

T −K∗(AL + (t− 1)BL)

BG

(

1− Et−1
)

≤

t−1
∑

i=1

(lf (i)) ≤
T

BG

(

1−Et−1
)

. (6)

‘ ãç¥â®¬ ¢®ááâ�−�¢«¨¢�¥¬ëå ¤¨áª®¢ ¢ £®¤ á −®¬¥à®¬ t −¥®¡å®¤¨¬® ¡ã¤¥â
§�¯¨áë¢�âì

N(t) =

⌈

lf (t) + (n− 1)Lf (t)k
∗

1− qw

⌉

+

+











⌈

q
(

∑t−1

i=1
lf (i) + (n − 1)

∑t−1

i=1
(Lf (i)k

∗)
)⌉

1− qw











.

�®áª®«ìªã Lf (i) = ⌈lf (i)/k⌉, à�áªàë¢�ï ¢ëà�¦¥−¨¥ ¯®¤ §−�ª�¬¨ áã¬¬, ¯à®-
¢¥¤¥¬ ®æ¥−ªãN(t) ¯® ¢¥àå−¥¬ã ªà�î, â. ¥.Lf (i) = (lf (i)/k)+1, � ¯à¨ à�áªàëâ¨¨
§−�ç¥−¨ï Lf (t) ¡ã¤¥¬ ¨á¯®«ì§®¢�âì ¬�ªá¨¬�«ì−ãî ®æ¥−ªã §−�ç¥−¨ï lf (t):

N(t) =

⌈

1

1− qw

(⌊

T

AG
Et−1

⌋

+

⌈

⌊(T/AG)E
t−1

k

⌉

K∗

)⌉

+

+

⌈

1

1− qw

⌈

q

(

(K + 1)
T

BG

(

1− Et−1
)

+ (t− 1)K∗

)⌉⌉

.

ƒ®¤ tfull ®¯à¥¤¥«¨¬, ¨áå®¤ï ¨§ á®®â−®è¥−¨ï l ≤
∑tfull

i=1 lf (i).
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‚ ¨â®£¥ ¤«ï ¯à�¢®© ç�áâ¨ ¢ëà�¦¥−¨ï (6) (®æ¥−ª� −¨¦−¥© £à�−¨æë tfull ¯à¨
¬�ªá¨¬�«ì−®© áª®à®áâ¨ §�¯®«−¥−¨ï) ¯®«ãç¨¬ tfull = ⌈logE(1− lBG/T )⌉.

�à¨ t > tfull ¤«ï ¯®¤¤¥à¦�−¨ï �àå¨¢� −¥®¡å®¤¨¬® ¡ã¤¥â ¥¦¥£®¤−® ¯à¨®¡à¥-
â�âì N(t) ¤¨áª®¢, £¤¥ N(t) ®¯à¥¤¥«ï¥âáï ¢ëà�¦¥−¨¥¬ (1).

�¯à¥¤¥«¨¬ â�ª¦¥ −®¬¥à £®¤� tf , −�ç¨−�ï á ª®â®à®£® ¯à®¯ãáª−�ï á¯®á®¡−®áâì
�¯¯�à�âãàë �àå¨¢� −¥ ¯®§¢®«¨â ¯®¬¥é�âì ¢ −¥£® −®¢ãî ¨−ä®à¬�æ¨î. �æ¥−¨¬
¥£® ¨§ á®®â−®è¥−¨ï lf (tf ) < 1.

�®«ãç¨¬ ¤«ï ¯à�¢®© ç�áâ¨ (5) (−¨¦−ïï £à�−¨æ� ®æ¥−ª¨ tf ):

tf =

⌈

logE

(

AG

T

)⌉

.

„«ï ¤®áâ¨¦¥−¨ï ¯«�−®¢®© ¥¬ª®áâ¨ �àå¨¢� W ¤®«¦−® ¢ë¯®«−ïâìáï tfull < tf .

‚�à¨�−â 4. „® £®¤� “t �àå¨¢ ¡ã¤¥â §�¯®«−ïâìáï ¯® ¬¥â®¤ã ¢�à¨�−â� 2. „�«¥¥ ¤®
¯®«−®£® §�¯®«−¥−¨ï | ¯® ¬¥â®¤ã ¢�à¨�−â� 3.

��à�¬¥âà “t ®æ¥−¨¬, ¨áå®¤ï ¨§ ¢ëà�¦¥−¨ï (2). �®«ãç¨¬:

“t =

⌊

T − (AGly +K
∗AL)

BGly +K
∗BL

⌋

+ 1 .

‚ â¥ç¥−¨¥ íâ®£® ¯¥à¨®¤� ¢à¥¬¥−¨ ¢ £®¤ ¯®âà¥¡ã¥âáï §�¯¨áë¢�âì N(t) ¤¨áª®¢,
£¤¥ N(t) ®¯à¥¤¥«ï¥âáï ¢ëà�¦¥−¨¥¬ (3), � §� ¢¥áì ¯¥à¨®¤ ¢ �àå¨¢ ¡ã¤¥â ¯®¬¥é¥−®
“t(ly + (n− 1)l∗y) ¤¨áª®¢.

„�«ì−¥©è¥¥ §�¯®«−¥−¨¥ �àå¨¢� −�ç−¥âáï á £®¤� t = “t+ 1.
‚¢¥¤¥¬ −®¢ãî èª�«ã ¢à¥¬¥−¨ t = t − “t. �®¤áâ�¢¨¢ t ¢ ¢ëà�¦¥−¨¥ (4)

¨ ¢ë¯®«−¨¢ ¯à¥®¡à�§®¢�−¨ï, ¯®«ãç¨¬:

lf (t) =

⌊

D∗
G

(

1−
BG

AG

)t−1
⌋

=
⌊

D∗
GE

t−1
⌋

;
t−1
∑

i=1

lf (i) =
D∗

GAG

BG

(

1−Et−1
)

,

£¤¥

D∗
G =

T

AG
−
“t

AG

(

Bly + (n− 1)BLl
∗
y

)

.

�¥®¡å®¤¨¬®¥ ç¨á«® §�¯¨áë¢�¥¬ëå ¤¨áª®¢ ¢ £®¤ á −®¬¥à®¬ t (t = t+ “t):

N(t) =









1

1− qw





⌊

D∗
GE

t−“t−1
⌋

+ (n − 1)









⌊

D∗
GE

t−“t−1
⌋

k









k∗













+

+

⌈

1

1− qw

⌈

q

(

“t

(

ly + (n− 1)

⌈

ly
k

⌉

k∗
)

+

+ (K + 1)
D∗

GAG

BG

(

1−Et−“t−1
)

+ (n − 1)
(

t− “t− 1
)

k∗
)⌉⌉

.
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�«�−®¢®© ¥¬ª®áâ¨ �àå¨¢ ¤®«¦¥− ¤®áâ¨£−ãâì −¥ ¯®§¤−¥¥ £®¤� tfull. ˆáå®¤ï ¨§
á®®â−®è¥−¨ï

l ≤ “tly +

tfull−“t
∑

i=1

lf (i),

¯®«ãç¨¬

tfull =

⌈

logE

(

1−
BG

D∗
GAG

(

1− “tly
)

)⌉

+ “t .

�à¨ t > tfull ¤«ï ¯®¤¤¥à¦�−¨ï �àå¨¢� ¥¦¥£®¤−® ¯®âà¥¡ã¥âáï ¯à¨®¡à¥â�âì (1)
¤¨áª®¢.

��à�¬¥âà tf ®æ¥−¨¬, ¨áå®¤ï ¨§ á®®â−®è¥−¨ï lf (tf − “t) < 1. ‚ à¥§ã«ìâ�â¥
¯®«ãç¨¬

tf =

⌈

logE

(

1

D∗
G

)⌉

+ “t+ 1 .

Œ®¤¥«ì ¯®áâà®¥−�.

3 Пример использования модели

�¥®¡å®¤¨¬® ®æ¥−¨âì ¯�à�¬¥âàë á®§¤�¢�¥¬®£® �àå¨¢� á ¬�ªá¨¬�«ì−®© ¥¬-
ª®áâìî W = 32 ’�. �àå¨¢ ¡ã¤¥â á®§¤�¢�âìáï −� ®¯â¨ç¥áª¨å ¤¨áª�å â¨¯� BD-R
¥¬ª®áâìî V = 25 ƒ�, ®à£�−¨§®¢�−−ëå ¢ £¨¡à¨¤−ë¥ áâàãªâãàë á ¨á¯®«ì§®¢�−¨¥¬
RAID16 (k = 2, m = 2). ’à¥¡ã¥¬�ï ¯à®¥ªâ®¬ −�¤¥¦−®áâì åà�−¥−¨ï ¯à¨ q = 0,1
¨ qw = 0,02 (§−�ç¥−¨ï ¯�à�¬¥âà®¢ ¯®«ãç¥−ë íªá¯¥à¨¬¥−â�«ì−®) ¤®áâ¨£�¥âáï ¯à¨
n = 3. Œ�ªá¨¬�«ì−ë© ®¡ê¥¬ ¯®áâã¯�îé¥© ¨−ä®à¬�æ¨¨ ¢ £®¤ Wy = 4 ’�. ‚¥áì
�àå¨¢ ¡ã¤¥â ®¡á«ã¦¨¢�âìáï ¬¨−¨¬�«ì−ë¬ á®áâ�¢®¬ �¯¯�à�â−ëå áà¥¤áâ¢ (®¤¨−
¯à¨¢®¤ BD-R) ¨ íªá¯¥à¨¬¥−â�«ì−® ¯®«ãç¥−ë á«¥¤ãîé¨¥ §−�ç¥−¨ï ¯�à�¬¥âà®¢:
tw = twL = 33 ¬¨−; tr = trL = 18 ¬¨−; tr0 = tr0L = 15 ¬¨−. �� â¥å−¨ç¥áª¨¥
à�¡®âë ¢ �àå¨¢¥ ¢ £®¤ ¢ë¤¥«¥−® T = 131 400 ¬¨− (4 ç�á� ¢ áãâª¨).

�àå¨¢ ¡ã¤¥â à¥�«¨§®¢�− ¯® ¢�à¨�−âã 4. ÷�áç¥âë ¯® ¬®¤¥«¨ ¯®ª�§ë¢�îâ:
“t = 7 «¥â; tfull = 10 «¥â; tf = 14 «¥â (â. ¥. ¯à®¥ªâ−�ï ¥¬ª®áâì �àå¨¢� ¡ã¤¥â
¤®áâ¨£−ãâ�). ‚¥áì �àå¨¢ à�§¬¥áâ¨âáï −� 6400 ¤¨áª�å. ‚ ¯à®æ¥áá¥ §�¯®«−¥−¨ï
�àå¨¢� ¬�ªá¨¬�«ì−®¥ ç¨á«® §�ªã¯�¥¬ëå ¤¨áª®¢ ¯à¨¤¥âáï −� £®¤ t = 8; N(8) =
= 2009. �®á«¥ §�¯®«−¥−¨ï �àå¨¢� −� ¯®¤¤¥à¦�−¨¥ ¥£® ¢ á®áâ®ï−¨¨ æ¥«®áâ−®áâ¨
¥¦¥£®¤−® ¯®âà¥¡ã¥âáï ¯à¨®¡à¥â�âì N(t) = 654 ¤¨áª�.

4 Заключение

‚ à¥§ã«ìâ�â¥ ¨áá«¥¤®¢�−¨ï ¯®áâà®¥−� �−�«¨â¨ç¥áª�ï ¬®¤¥«ì äã−ªæ¨®−¨à®¢�-
−¨ï ¤®«£®¢à¥¬¥−−®£® í«¥ªâà®−−®£® �àå¨¢�, ¯®áâà®¥−−®£® −� ®¯â¨ç¥áª¨å ¤¨áª�å,
®¡ê¥¤¨−¥−−ëå ¢ £¨¡à¨¤−ë¥ áâàãªâãàë. Œ®¤¥«ì à�áá¬�âà¨¢�¥â 4 ¢�à¨�−â� §�¯®«-
−¥−¨ï �àå¨¢� ¢ §�¢¨á¨¬®áâ¨ ®â ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ �¯¯�à�âãàë ¨ ¯®§¢®«ï¥â
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®¯à¥¤¥«¨âì ç¨á«® ¥¦¥£®¤−® ¯à¨®¡à¥â�¥¬ëå ¤¨áª®¢ ¤«ï á®§¤�−¨ï �àå¨¢� ¨ ¯®¤¤¥à-
¦�−¨ï ¥£® æ¥«®áâ−®áâ¨, � â�ª¦¥ ®á−®¢−ë¥ ¯�à�¬¥âàë ¢à¥¬¥−¨, å�à�ªâ¥à¨§ãîé¨¥
¯à®æ¥áá §�¯®«−¥−¨ï �àå¨¢�. �®áâà®¥−−�ï ¬®¤¥«ì ¬®¦¥â ¡ëâì ¯®«¥§−� −� ¯à�ªâ¨ª¥
¯à¨ �−�«¨§¥ íªá¯«ã�â�æ¨®−−ëå å�à�ªâ¥à¨áâ¨ª ¯à®¥ªâ¨àã¥¬ëå �àå¨¢®¢ ¤«¨â¥«ì-
−®£® åà�−¥−¨ï í«¥ªâà®−−®© ¨−ä®à¬�æ¨¨.
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Determination of the required number of optical disks for electronic archives

DETERMINATION OF THE REQUIRED NUMBER
OF OPTICAL DISKS ORGANIZED INTO HYBRID STRUCTURES
FOR THE PURPOSE OF DEVELOPMENT AND MAINTENANCE

OF LONG-TERM ELECTRONIC ARCHIVES

A. V. Chernyshov

Mytischi Branch of Bauman Moscow State Technical University, 1, 1st Institutskaya
Str., Mytischi 141005, Moscow Region, Russian Federation

Abstract: Hybrid structures of optical disks are a method of archival storage of
information with increased reliability, similar to RAID arrays of disks. Unlike
classic RAID arrays in hybrid structures, one of the copies of information is
stored on single disks that provides quick and easy access to information using
just one standard drive. During long-term storage, optical disks with recording
can degrade. Knowing the number of optical disks that will need to be purchased
yearly to create an archive and then to maintain its integrity is necessary for
planning the life cycle of the archive and the costs of its maintenance at the
design stage. The paper presents analytical models that allow one to determine
the required number of optical disks yearly for four possible options (strategies)
for filling the archive as well as time points that characterize the process of
filling the archive and to assess the principal achievability of the planned archive
capacity. An example of a real calculation is given.

Keywords: long-term electronic archives of information; write once optical
disks (WORM); hybrid structures of optical disks; replacement of failed optical
disks; yearly required number of optical disks
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МОДЕЛЬ ПРОЦЕССА ИЗВЛЕЧЕНИЯ НОВЫХ ТЕРМИНОВ
И ТОНАЛЬНЫХ СЛОВ ИЗ ТЕКСТОВ∗

И. М. Зацман1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¬®¤¥«ì, ®à¨¥−â¨à®¢�−−�ï −� ¯à®¥ªâ¨à®¢�−¨¥
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬, ®¡¥á¯¥ç¨¢�îé¨å
¨§¢«¥ç¥−¨¥ −®¢ëå â¥à¬¨−®¢ ¢ ¯à®æ¥áá¥ ¯à®£à�¬¬−®£® ¨ íªá¯¥àâ−®£® �−�«¨§�
â¥ªáâ®¢ (¤�«¥¥ | ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª¨ ®à¨¥−â¨à®¢�−−�ï ¬®¤¥«ì,
¨«¨ ¬®¤¥«ì ITO). �à¥¤«�£�¥âáï ¬®¤¨ä¨ª�æ¨ï íâ®© ¬®¤¥«¨ ¤«ï ®¯¨á�−¨ï
¨§¢«¥ç¥−¨ï −®¢ëå â¥à¬¨−®¢ ¨§ −�ãç−ëå ¤®ªã¬¥−â®¢ ¨ â®−�«ì−ëå á«®¢ ¨§
á®®¡é¥−¨© ¯®«ì§®¢�â¥«¥© á®æ¨�«ì−ëå á¥â¥©. ÷�áá¬®âà¥−¨¥ íâ¨å ¤¢ãå ¬®¤¥-
«¥© ¯à¥¤áâ�¢«¥−® ¢ áâ�âì¥ ª�ª ¯®íâ�¯−�ï âà�−áä®à¬�æ¨ï á¯¨à�«ì−®© ¬®¤¥«¨
£¥−¥à�æ¨¨ −®¢®£® §−�−¨ï. �á−®¢−�ï æ¥«ì áâ�âì¨ á®áâ®¨â ¢ ®¯¨á�−¨¨ íâ�-
¯®¢ âà�−áä®à¬�æ¨¨, ª®â®à�ï à�áá¬�âà¨¢�¥âáï −� ¯à¨¬¥à¥ ¨§¢«¥ç¥−¨ï −®¢ëå
â¥à¬¨−®¢ ¨§ â¥ªáâ®¢ −�ãç−ëå ¤®ªã¬¥−â®¢ ¨ â®−�«ì−ëå á«®¢ ¨§ á®®¡é¥−¨©
¯®«ì§®¢�â¥«¥© á®æ¨�«ì−ëå á¥â¥©.

Š«îç¥¢ë¥ á«®¢�: á¯¨à�«ì−�ï ¬®¤¥«ì; −®¢ë¥ â¥à¬¨−ë; ¬®¤¥«ì ITO; â®−�«ì-
−ë¥ á«®¢�; ¬®¤¨ä¨ª�æ¨ï ¬®¤¥«¨ ITO; âà�−áä®à¬�æ¨ï á¯¨à�«ì−®© ¬®¤¥«¨

DOI: 10.14357/08696527220211

1 Введение

–¥«ì áâ�âì¨ | âà�−áä®à¬¨à®¢�âì á¯¨à�«ì−ãî ¬®¤¥«ì £¥−¥à�æ¨¨ §−�−¨ï
(= ¬®¤¥«ì SECI) [1{3] â�ª, çâ®¡ë ¢ à¥§ã«ìâ�â¥ ¯®«ãç¨âì ¬®¤¥«ì ¤«ï ®¯¨á�−¨ï
¯à®æ¥áá� ¨§¢«¥ç¥−¨ï ¨§ â¥ªáâ®¢ −®¢ëå â¥à¬¨−®¢ ¨ â®−�«ì−ëå á«®¢ (sentiments),
ª®â®àë¥ ¨−®£¤� −�§ë¢�îâ â¥à¬¨−�¬¨-¬�àª¥à�¬¨. �−¨ £®¢®àïâ ®¡ ®æ¥−®ç−®¬
á®¤¥à¦�−¨¨ (−�¯à¨¬¥à, ®âà¨æ�â¥«ì−ë¥, −¥©âà�«ì−ë¥, ¯®«®¦¨â¥«ì−ë¥ ®æ¥−ª¨)
/̈̈ «¨ í¬®æ¨ïå �¢â®à®¢ â¥ªáâ®¢ [4, 5]. ’à�−áä®à¬�æ¨ï ¢ª«îç�¥â ¤¢� íâ�¯�: á−�-

ç�«� −� ®á−®¢¥ ¬®¤¥«¨ SECI á®§¤�¥âáï ¬®¤¥«ì ITO, � §�â¥¬ ®−� ¬®¤¨ä¨æ¨àã¥âáï
â�ª, çâ®¡ë á ¥¥ ¯®¬®éìî ¬®¦−® ¡ë«® ®¯¨á�âì ¯à®æ¥áá ®¤−®¢à¥¬¥−−®£® ¨§¢«¥ç¥-
−¨ï ¨§ â¥ªáâ®¢ −®¢ëå â¥à¬¨−®¢ ¨ â®−�«ì−ëå á«®¢. �¥à¢ë© íâ�¯ âà�−áä®à¬�æ¨¨
¡ë« ®¯¨á�− à�−¥¥ ¢ à�¡®â�å [6{8]. �à¨¬¥−¥−¨¥ ¬®¤¥«¨ ITO ª�ª â¥®à¥â¨ç¥áª®©
®á−®¢ë à�§à�¡®âª¨ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (ˆ‘) ®¡−�àã¦¥−¨ï ¨ §�¯®«−¥−¨ï
«�ªã− ¢ á¨áâ¥¬�å «¨−£¢¨áâ¨ç¥áª¨å §−�−¨© à�áá¬®âà¥−® ¢ à�¡®â�å [9{12]. �� ¯¥à-
¢®¬ íâ�¯¥ á®§¤�−¨ï ¬®¤¥«¨ ITO ®áâ�−®¢¨¬áï ªà�âª®, â®«ìª® −� â¥å ¥£® áâ�¤¨ïå,
ª®â®àë¥ −¥®¡å®¤¨¬ë ¤«ï ®¯¨á�−¨ï ¢â®à®£® íâ�¯� âà�−áä®à¬�æ¨¨ ¬®¤¥«¨ SECI.

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® á ¨á¯®«ì§®¢�−¨¥¬ –Š� úˆ−ä®à¬�â¨ª�û ”ˆ– ˆ“ ÷�� ¯à¨
ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 20-04-60185).

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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‚ −�áâ®ïé¥¥ ¢à¥¬ï ¬®¤¥«ì SECI 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¢¥−−® ¯à®æ¥ááë £¥−¥à�æ¨¨ §−�−¨ï, ª®â®àë¥ ã¦¥ á®áâ®ï«¨áì.
‚ −¥© ®¯à¥¤¥«¥−ë ¤¢¥ ª�â¥£®à¨¨ §−�−¨ï: ¨−¤¨¢¨¤ã�«ì−ë¥ (á®§¤�−−ë¥ ®¤−¨¬
íªá¯¥àâ®¬) ¨ ª®««¥ªâ¨¢−ë¥ (á®£«�á®¢�−−ë¥ ¢ ª®««¥ªâ¨¢¥ íªá¯¥àâ®¢). Š�¦¤�ï ¨§
−¨å ¤¥«¨âáï −� ¤¢¥ ¯®¤ª�â¥£®à¨¨: ¢ëà�¦¥−−®¥ (ï¢−®¥) ¨ −¥¢ëà�¦¥−−®¥ (−¥ï¢−®¥)
§−�−¨¥. ’�ª¨¬ ®¡à�§®¬, íâ� ¬®¤¥«ì ¢ª«îç�¥â ¢ á¥¡ï á«¥¤ãîé¨¥ ç¥âëà¥ ¢¨¤�
§−�−¨ï:

(1) ¨−¤¨¢¨¤ã�«ì−®¥ −¥ï¢−®¥ §−�−¨¥ (−�¯à¨¬¥à, «¨ç−®áâ−®¥ ¯®−¨¬�−¨¥ −®¢®£®
â¥à¬¨−� ®¤−¨¬ íªá¯¥àâ®¬, áä®à¬¨à®¢�−−®¥ ¨¬ ¢ ¯à®æ¥áá¥ á¥¬�−â¨ç¥áª®£®
�−�«¨§� â¥ªáâ®¢ á íâ¨¬ â¥à¬¨−®¬);

(2) ª®««¥ªâ¨¢−®¥ −¥ï¢−®¥ §−�−¨¥ (á®£«�á®¢�−−®¥ ¯®−¨¬�−¨¥ −®¢®£® â¥à¬¨−�
¢ ª®««¥ªâ¨¢¥ íªá¯¥àâ®¢);

(3) ª®««¥ªâ¨¢−®¥ ï¢−®¥ §−�−¨¥ (¤¥ä¨−¨æ¨ï −®¢®£® â¥à¬¨−�, á®£«�á®¢�−−�ï
¢ ª®««¥ªâ¨¢¥ íªá¯¥àâ®¢);

(4) ¨−¤¨¢¨¤ã�«ì−®¥ ï¢−®¥ §−�−¨¥ (¯¥àá®−�«ì−�ï ¤¥ä¨−¨æ¨ï −®¢®£® â¥à¬¨−�, −¥
á®£«�á®¢�−−�ï ¢ ª®««¥ªâ¨¢¥ íªá¯¥àâ®¢).

‚ ¬®¤¥«¨ SECI ¯®¬¨¬® íâ¨å ç¥âëà¥å ¢¨¤®¢ §−�−¨ï ®¯à¥¤¥«¥−ë á«¥¤ãîé¨¥
ç¥âëà¥ ¯à®æ¥áá� ¯¥à¥å®¤� (¨å ¯à¥®¡à�§®¢�−¨ï): á®æ¨�«¨§�æ¨ï, íªáâ¥à−�«¨§�æ¨ï,
á¨−â¥§ ¨ ¨−â¥à−�«¨§�æ¨ï (Socialisation, Externalisation, Combination, Internali-
sation | SECI). �¯¨á�−¨¥ íâ¨å ¯à®æ¥áá®¢ ¤�−® ¢ à�¡®â�å [1{3]. ˆå á¬ëá«®¢®¥
á®¤¥à¦�−¨¥ ¡ã¤¥â ®¯¨á�−® −¨¦¥ ¢ ª®−â¥ªáâ¥ ¨§¢«¥ç¥−¨ï ¨§ â¥ªáâ®¢ −®¢ëå â¥à-
¬¨−®¢ ¨ â®−�«ì−ëå á«®¢. �® ®¯à¥¤¥«¥−¨î ¬®¤¥«¨ SECI, ª�¦¤ë© ¢¨â®ª ¥¥
á¯¨à�«¨ ¢ª«îç�¥â ¯®á«¥¤®¢�â¥«ì−®áâì ¯à®æ¥áá®¢: ¨−â¥à−�«¨§�æ¨ï → á®æ¨�«¨-
§�æ¨ï → íªáâ¥à−�«¨§�æ¨ï → á¨−â¥§, ¯®á«¥ ª®â®à®£® á ¯à®æ¥áá� ¨−â¥à−�«¨§�æ¨¨
−�ç¨−�¥âáï á«¥¤ãîé¨© ¢¨â®ª £¥−¥à�æ¨¨ −®¢®£® §−�−¨ï (à¨á. 1).

÷�áá¬�âà¨¢�¥¬ë¥ ¢ áâ�âì¥ ¬®¤¥«¨, á®§¤�¢�¥¬ë¥ −� ®á−®¢¥ ¬®¤¥«¨ SECI,
¯à¨¬¥−ïîâáï ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨ ¨§¢«¥ç¥−¨ï ¨§
â¥ªáâ®¢ −®¢ëå â¥à¬¨−®¢ ¨ â®−�«ì−ëå á«®¢. …¥ ¯à®¥ªâ¨à®¢�−¨¥ ¢ë¯®«−ï¥âáï
¢ à�¬ª�å ¯à®¥ªâ� ÷””ˆ ü 20-04-60185¯® â¥à¬¨−®«®£¨ç¥áª®¬ã á®¯®áâ�¢«¥−¨î
−�ãç−ëå ¤®ªã¬¥−â®¢ ® ¯�−¤¥¬¨¨ −®¢®£® ª®à®−�¢¨àãá� ¨ á®®¡é¥−¨© ¯®«ì§®¢�â¥«¥©
á®æ¨�«ì−ëå á¥â¥©, ®¡áã¦¤�îé¨å ¯�−¤¥¬¨î á ¨á¯®«ì§®¢�−¨¥¬ â®−�«ì−ëå á«®¢.
�®ï¢«¥−¨¥ −®¢ëå â¥à¬¨−®¢ ®¡ãá«®¢«¥−® ¯®¯®«−¥−¨¥¬ ¨ ¨§¬¥−¥−¨¥¬ ¢® ¢à¥¬¥−¨
−�ãç−®£® §−�−¨ï ® ¯�−¤¥¬¨¨.

‚ à�¬ª�å íâ®£® ¯à®¥ªâ� ¬®¤¥«ì ITO, á®§¤�−¨¥ ª®â®à®© à�áá¬�âà¨¢�¥âáï
¢ à�§¤. 2, ¨á¯®«ì§ã¥âáï â®«ìª® ¤«ï ®¯¨á�−¨ï ¯à®æ¥áá� ¨§¢«¥ç¥−¨ï ¨§ â¥ªáâ®¢
−®¢ëå â¥à¬¨−®¢. …¥ ¬®¤¨ä¨æ¨à®¢�−−ë© ¢�à¨�−â, ª®â®àë© à�áá¬�âà¨¢�¥âáï
¢ à�§¤. 3 ¨ ª®â®àë© ¡ã¤¥¬ −�§ë¢�âì ¬®¤¥«ì ITO-Sent, ¯à¨¬¥−ï¥âáï ¤«ï ®¯¨á�−¨ï
¯à®æ¥áá� ®¤−®¢à¥¬¥−−®£® ¨§¢«¥ç¥−¨ï ¨§ â¥ªáâ®¢ −®¢ëå â¥à¬¨−®¢ ¨ â®−�«ì−ëå
á«®¢.
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Œ®¤¥«ì ¯à®æ¥áá� ¨§¢«¥ç¥−¨ï −®¢ëå â¥à¬¨−®¢ ¨ â®−�«ì−ëå á«®¢ ¨§ â¥ªáâ®¢

÷¨á. 1 ‘¯¨à�«ì−�ï ¬®¤¥«ì £¥−¥à�æ¨¨ §−�−¨© [13, á. 69]

2 Первый этап трансформации

‚ ¯à®æ¥áá¥ âà�−áä®à¬�æ¨¨ ¬®¤¥«¨ SECI á æ¥«ìî á®§¤�−¨ï ¬®¤¥«¥© ITO
¨ ITO-Sent ¨−ä®à¬�â¨ª� ¯®§¨æ¨®−¨àã¥âáï ª�ª ª®¬¯«¥ªá ®âà�á«¥© −�ãª¨, ¨§ãç�-
îé¨å ¨−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨ ¢ ¨áªãááâ¢¥−−ëå, ¦¨¢ëå ¨ á®æ¨�«ì−ëå
á¨áâ¥¬�å, � −¥ â®«ìª® ¢ ª®¬¯ìîâ¥à�å ¨ á¥âïå, ¯à¨ íâ®¬ ¨−ä®à¬�æ¨®−−ë¥ âà�−á-
ä®à¬�æ¨¨ ¯®§¨æ¨®−¨àãîâáï ª�ª ®á−®¢−®© ®¡ê¥ªâ ¨áá«¥¤®¢�−¨© ¢ ¬¥−â�«ì−®©,
¨−ä®à¬�æ¨®−−®©, æ¨äà®¢®© ¨ ¤àã£¨å áà¥¤�å ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨,
� â�ª¦¥ −� £à�−¨æ�å ¬¥¦¤ã áà¥¤�¬¨ à�§«¨ç−®© ¯à¨à®¤ë [14{17].

‘−�ç�«� ¯®¢¥à−¥¬ à¨á. 1 −� 90◦ ¯® ç�á®¢®© áâà¥«ª¥ (à¨á. 2) ¨ ¢ë¤¥«¨¬
¢ ¬®¤¥«¨ SECI ¬¥−â�«ì−ãî áà¥¤ã −¥¢ëà�¦¥−−®£® §−�−¨ï (¢ ¯à®¥ªâ¥ ÷””ˆ |
íâ® ¯¥àá®−�«ì−ë¥ ¨ á®£«�á®¢�−−ë¥ ª®−æ¥¯âë −®¢ëå â¥à¬¨−®¢, ª®â®àë¥ íªá-
¯¥àâë ®¡−�àã¦¨«¨, �−�«¨§¨àãï ¤®ªã¬¥−âë ¨ á®®¡é¥−¨ï) ¨ ¨−ä®à¬�æ¨®−−ãî
áà¥¤ã ¢ëà�¦¥−−®£® §−�−¨ï (íâ® �−−®â�æ¨¨ −®¢ëå â¥à¬¨−®¢ á ¨å «¨ç−®áâ−ë¬¨
¨ ª®««¥ªâ¨¢−ë¬¨ ¤¥ä¨−¨æ¨ï¬¨).

�à®¢¥¤¥¬ £à�−¨æã (èâà¨å®¢�ï «¨−¨ï −� à¨á. 2) ¬¥¦¤ã íâ¨¬¨ ¤¢ã¬ï áà¥¤�¬¨,
à�á¯à¥¤¥«¨¢ ¯® −¨¬ ¯®¤ª�â¥£®à¨¨ ª�¦¤®© ¨§ ¤¢ãå ª�â¥£®à¨© §−�−¨ï (ª�ª ¨−¤¨¢¨-
¤ã�«ì−®£®, â�ª ¨ ª®««¥ªâ¨¢−®£®). ’�ª¨¬ ®¡à�§®¬, ¬®¤¥«ì SECI ®¯¨áë¢�¥â ç¥âëà¥
¯à®æ¥áá� ¯¥à¥å®¤� ¬¥¦¤ã ç¥âëàì¬ï ¢¨¤�¬¨ §−�−¨ï ¢ ¤¢ãå áà¥¤�å: ¬¥−â�«ì−®©
¨ ¨−ä®à¬�æ¨®−−®©. ‡�â¥¬ ¤®¡�¢¨¬ æ¨äà®¢ãî áà¥¤ã (èâà¨å¯ã−ªâ¨à−�ï «¨−¨ï)
¨ ®¡®§−�ç¨¬ á ¯®¬®éìî ¯àï¬®ã£®«ì−¨ª� ¬®¤¥«ì â®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë,
ª®â®àãî ¯®á«¥ ¥¥ á®§¤�−¨ï ®¡ê¥¤¨−¨¬ á ¬®¤¥«ìî SECI.
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÷¨á. 2 Œ®¤¥«ì SECI ¨ ¬¥áâ® à�á¯®«®¦¥−¨ï ¬®¤¥«¨ ˆ‘

’¥®à¥â¨ç¥áª®© ®á−®¢®© á®§¤�−¨ï ¬®¤¥«¨ ITO á«ã¦¨â ¯�à�¤¨£¬� ¨á¯®«ì§®-
¢�−¨ï áà¥¤ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ¨ £à�−¨æ ¬¥¦¤ã −¨¬¨ [17] ¯à¨
®¯¨á�−¨¨ ¢ ¯à®¥ªâ¥ ÷””ˆ ¯à®æ¥áá� ¨§¢«¥ç¥−¨ï íªá¯¥àâ�¬¨ −®¢ëå â¥à¬¨−®¢ ¨§
â¥ªáâ®¢, ¢ ª®â®à®¬:

{ ¬¥−â�«ì−�ï áà¥¤� á®¤¥à¦¨â ª®−æ¥¯âë â¥à¬¨−®¢ ª�ª ¯®−ïâ¨© ç¥«®¢¥ç¥áª®£®
§−�−¨ï ¢ ã¬�å (á®§−�−¨¨) «î¤¥©, ª®â®àë¥ ä®à¬¨àãîâáï ¢ à�¬ª�å â®© ¨«¨
¨−®© ¢¥à¡�«ì−®© §−�ª®¢®© á¨áâ¥¬®© (®¡ ®¡ãá«®¢«¥−−®áâ¨ ª®−æ¥¯â®¢ §−�ª®¢®©
á¨áâ¥¬®© á¬. à�¡®âã [18]);

{ ¨−ä®à¬�æ¨®−−�ï áà¥¤� ¢ª«îç�¥â ¢ á¥¡ï ¯¥àæ¥¯â¨¢−ë¥ ä®à¬ë ¯à¥¤áâ�¢«¥-
−¨ï ª®−æ¥¯â®¢ §−�−¨ï ç¥«®¢¥ª� (â¥ªáâë, ¤¨�£à�¬¬ë, ä®à¬ã«ë, ¨§®¡à�¦¥−¨ï
¨ ¤à.);

{ æ¨äà®¢�ï áà¥¤� ®å¢�âë¢�¥â ª®¬¯ìîâ¥à−ë¥ ª®¤ë ¤®ªã¬¥−â®¢ ¨ á®®¡é¥−¨©
¢ ª®¬¯ìîâ¥à�å, á¥âïå, ¡�§�å ¤�−−ëå ¨ â. ¤.

‚ á®®â¢¥âáâ¢¨¨ á ¯�à�¤¨£¬®© ¤¥«¥−¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ −�
áà¥¤ë à�§−®© ¯à¨à®¤ë ¢ ¯à®¥ªâ¥ ç¥âëà¥ ¢¨¤� §−�−¨ï ¬®¤¥«¨ SECI à�á¯à¥¤¥«¥−ë
¬¥¦¤ã ¤¢ã¬ï áà¥¤�¬¨: ¯®−ïâ¨ï −¥¢ëà�¦¥−−®£® (−¥ï¢−®£®) §−�−¨ï −�å®¤ïâáï
¢ ¬¥−â�«ì−®© áà¥¤¥, � ¨å ¯¥àæ¥¯â¨¢−ë¥ ä®à¬ë ¯à¥¤áâ�¢«¥−¨ï (â. ¥. ¢ëà�¦¥−−®¥
(ï¢−®¥) §−�−¨¥) −�å®¤ïâáï ¢ ¨−ä®à¬�æ¨®−−®© áà¥¤¥. �à®æ¥ááë á®æ¨�«¨§�æ¨¨
¨ á¨−â¥§� ®å¢�âë¢�îâ ¢¨¤ë §−�−¨ï ®¡¥¨å áà¥¤, −® ¤«ï ã¯à®é¥−¨ï à¨áã−ª®¢
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÷¨á. 3 Œ®¤¥«ì SECI ¨ �¢â®−®¬−ë© ¢�à¨�−â ¬®¤¥«¨ ˆ‘

áâ�âì¨ à�§¬¥áâ¨¬ íâ¨ ¤¢� ¯à®æ¥áá� ¢ à�§−ëå áà¥¤�å. ’�ª®¥ ¨å à�§¬¥é¥−¨¥
®¡ãá«®¢«¥−® −�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
¨ §�ª�−ç¨¢�îâáï ¢ à�§−ëå áà¥¤�å, ¯®íâ®¬ã ®−¨ à�§¬¥é¥−ë −� £à�−¨æ¥ ¬¥¦¤ã
−¨¬¨.

‚ ¯à®¥ªâ¥ íªá¯¥àâë ¨á¯®«ì§ãîâ ª®««¥ªæ¨î ¤®ªã¬¥−â®¢ PubMed ¨ ¬�áá¨¢
á®®¡é¥−¨© ® ¯�−¤¥¬¨¨ −®¢®£® ª®à®−�¢¨àãá�, ¢ë£àã¦¥−−ë© ¨§ á®æ¨�«ì−®© á¥â¨
Twitter (à¨á. 3). �à¨ íâ®¬ ®−¨ �−�«¨§¨àãîâ â®«ìª® â¥ ¤®ªã¬¥−âë ¨ á®®¡é¥−¨ï,
ª®â®àë¥ ¯®â¥−æ¨�«ì−® ¬®£ãâ á®¤¥à¦�âì −®¢ë¥ â¥à¬¨−ë /̈̈ «¨ â®−�«ì−ë¥ á«®¢�.
’�ª¨¥ ¤®ªã¬¥−âë ¨ á®®¡é¥−¨ï ¡ã¤¥¬ −�§ë¢�âì ¯®â¥−æ¨�«ì−ë¬¨ ¨áâ®ç−¨ª�¬¨
−®¢ëå â¥à¬¨−®¢ /̈̈ «¨ â®−�«ì−ëå á«®¢ (�ˆ�’). �−¨ ®â¡¨à�îâáï ¯à®£à�¬-

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 2 2022 119



ˆ. Œ. ‡�æ¬�−

¬−® á ¯à®¢¥àª®© ¯® íâ�«®−ã −®¢¨§−ë ¤«ï ¯®á«¥¤ãîé¥£® ¢ë¯®«−¥−¨ï ¯à®æ¥áá�
¨å ª®−æ¥¯âã�«¨§�æ¨¨1. ‚ ª�¦¤®¬ �ˆ�’ ¯à®£à�¬¬−® ¢ë¤¥«ïîâáï ª®−â¥ªáâë
¯®â¥−æ¨�«ì−® −®¢ëå â¥à¬¨−®¢ (��’)2 ¨ â®−�«ì−ëå á«®¢. ‚ ¯à®æ¥áá¥ ª®−æ¥¯âã-
�«¨§�æ¨¨ íªá¯¥àâë á®¯®áâ�¢«ïîâ á¬ëá«®¢®¥ á®¤¥à¦�−¨¥ ®â¬¥ç¥−−ëå ª®−â¥ªáâ®¢
��’ á íâ�«®−®¬ −®¢¨§−ë, ¢ ª�ç¥áâ¢¥ ª®â®à®£® ¢ëáâã¯�¥â á«®¢�àì ã¦¥ ¨§¢¥áâ-
−ëå â¥à¬¨−®¢, ¢ª«îç�îé¨© ¨å ¤¥ä¨−¨æ¨¨, ®â®¡à�−−ë© íªá¯¥àâ�¬¨ ¨ ¢å®¤ïé¨©
¢ á®áâ�¢ ¡�§ë â¥à¬¨−®«®£¨ç¥áª¨å §−�−¨© (�’‡)3.

�¥®¡å®¤¨¬®áâì ¢ íªá¯¥àâ−®¬ á®¯®áâ�¢«¥−¨¨ ª®−â¥ªáâ®¢ ��’ ¨ á«®¢�à−ëå
¤¥ä¨−¨æ¨© ¢ë§¢�−� â¥¬, çâ® ¯à®£à�¬¬� ¬®¦¥â ¯à¨−ïâì §� −®¢ë© â¥à¬¨− á¨−®−¨¬
¤àã£®£® â¥à¬¨−�, ã¦¥ áãé¥áâ¢ãîé¥£® ¢ á«®¢�à¥. �ªá¯¥àâ á®¯®áâ�¢«ï¥â ª�¦¤ë©
®â¬¥ç¥−−ë© ª®−â¥ªáâ ��’ á ¤¥ä¨−¨æ¨ï¬¨ ¨§¢¥áâ−ëå â¥à¬¨−®¢, §�¤�¢�ï ª«îç¥-
¢ë¥ á«®¢� ª®−â¥ªáâ� ¨ ¯à®¢®¤ï ¯® −¨¬ ¯®¨áª ¤¥ä¨−¨æ¨© ¢ á«®¢�à¥ â¥à¬¨−®¢.
‘®¯®áâ�¢«¥−¨¥ −�©¤¥−−ëå ¤¥ä¨−¨æ¨© á ª®−â¥ªáâ®¬ á«ã¦¨â ®á−®¢®© ¨«¨ ¤«ï ®â-
ª«®−¥−¨ï â¥à¬¨−�, ¯à¥¤«®¦¥−−®£® ¯à®£à�¬¬®©, ¨«¨ ¤«ï ¯à¨á¢®¥−¨ï ¥¬ã áâ�âãá�
−®¢®£® â¥à¬¨−�. ‚ ¯®á«¥¤−¥¬ á«ãç�¥ íªá¯¥àâ á®§¤�¥â «¨ç−®áâ−ãî ¤¥ä¨−¨æ¨î4

¨ ä®à¬¨àã¥â «¨ç−®áâ−ãî �−−®â�æ¨î â¥à¬¨−� (á¬. ¯à®æ¥áá ú�−−®â¨à®¢�−¨¥ −®-
¢®£® â¥à¬¨−�û −� à¨á. 3). �−� ¢ª«îç�¥â ªà®¬¥ ¤¥ä¨−¨æ¨¨ ª®−â¥ªáâ, ¨§ ª®â®à®£®
¡ë« ¨§¢«¥ç¥− −®¢ë© â¥à¬¨−, ¥£® �¤à¥á ¨ �¤à¥á ª®−â¥ªáâ� â¥à¬¨−� ¢ ¤®ªã¬¥−â¥
¨«¨ á®®¡é¥−¨¨.

�â¬¥â¨¬, çâ® ¬®¤¥«ì SECI −¥ ¯à¥¤¯®«�£�¥â ¨á¯®«ì§®¢�−¨¥ �ˆ�’, −® ¥¥
¨−â¥£à�æ¨ï á ¬®¤¥«ìî ˆ‘ ®âªàë¢�¥â íâã ¢®§¬®¦−®áâì. ˆá¯®«ì§®¢�−¨¥ �ˆ�’
áâ�−®¢¨âáï ¢®§¬®¦−ë¬ ¯®á«¥ ¢ª«îç¥−¨ï ¢ ¬®¤¥«ì ˆ‘ ç¥âëà¥å ¯à®æ¥áá®¢: ¢¨§ã-
�«¨§�æ¨¨ (®â¤¥«ì−® ¤«ï �ˆ�’ ¨ ¤¥ä¨−¨æ¨© â¥à¬¨−®¢ á«®¢�àï), ª®−æ¥¯âã�«¨-
§�æ¨¨, �−−®â¨à®¢�−¨ï ¨ ®æ¨äà®¢ª¨. �� à¨á. 3 ¯à¥¤áâ�¢«¥− �¢â®−®¬−ë© ¢�à¨�−â
¬®¤¥«¨ ˆ‘ ¤® ¥¥ ®¡ê¥¤¨−¥−¨ï á ¬®¤¥«ìî SECI. �â®â ¢�à¨�−â ®¯¨áë¢�¥â à�¡®âã
®¤−®£® íªá¯¥àâ� ¡¥§ á®£«�á®¢�−¨ï «¨ç−®áâ−ëå ¤¥ä¨−¨æ¨© ®¡−�àã¦¥−−ëå −®¢ëå
â¥à¬¨−®¢.

’�ª¨¬ ®¡à�§®¬, çâ®¡ë −�©â¨ −®¢ë¥ â¥à¬¨−ë, á−�ç�«� ¯à®£à�¬¬−® ä®à¬¨àã-
¥âáï ¬�áá¨¢ �ˆ�’ á ¨á¯®«ì§®¢�−¨¥¬ á«®¢�àï ¨§ �’‡ (áâà¥«ª� á ¡ãª¢®© ú�û −�
à¨á. 3), ®â¬¥ç�îâáï ª®−â¥ªáâë ��’ (áâà¥«ª� á ¡ãª¢®© úBû), ª®â®àë¥ §�â¥¬ ¢¨§ã�-
«¨§¨àãîâáï. �®â®¬ ¢ë¯®«−ï¥âáï ¨å ª®−æ¥¯âã�«¨§�æ¨ï, ª®£¤� íªá¯¥àâ áà�¢−¨¢�¥â
ª®−â¥ªáâ ª�¦¤®£® ��’ á −�©¤¥−−ë¬¨ ¤¥ä¨−¨æ¨ï¬¨ á«®¢�àï, ¨§¢«¥ª�¥¬ë¬¨ ¨§
�’‡ (áâà¥«ª� á ¡ãª¢®© úCû). …á«¨ â¥à¬¨− ¯à¨§−�¥âáï íªá¯¥àâ®¬ −®¢ë¬, â® ¥£®
�−−®â�æ¨ï á «¨ç−®áâ−®© ¤¥ä¨−¨æ¨¥© ¢¢®¤¨âáï ¢ �’‡, ¢ª«îç�îéãî á«®¢�àì ¨§-
¢¥áâ−ëå â¥à¬¨−®¢ ¨ �−−®â�æ¨¨ −®¢ëå â¥à¬¨−®¢ á ¨å ¤¥ä¨−¨æ¨ï¬¨. ‚ ¯à®â¨¢−®¬
á«ãç�¥ ®¡à�¡®âª� íâ®£® ª®−â¥ªáâ� ��’ ¯à¥ªà�é�¥âáï.

1ˆá¯®«ì§®¢�−¨¥ á«®¢�àï ª�ª íâ�«®−� −®¢¨§−ë ãá«®¢−® ®¡®§−�ç¥−® áâà¥«ª®© á ¡ãª¢®© ú�û −�
à¨á. 3.

2�®¨áª ¤®ªã¬¥−â®¢, á®®¡é¥−¨© ¨ ¢ë¤¥«¥−¨¥ ¢ −¨å £à�−¨æ ª®−â¥ªáâ®¢ ãá«®¢−® ®¡®§−�ç¥−®
áâà¥«ª®© á ¡ãª¢®© úBû −� à¨á. 3.

3�®¨áª ¨ ¨§¢«¥ç¥−¨¥ ¤¥ä¨−¨æ¨© ¨§ �’‡ ãá«®¢−® ®¡®§−�ç¥−® áâà¥«ª®© á ¡ãª¢®© úCû −� à¨á. 3.
4‚ ¬®¤¥«¨ ITO «¨ç−®áâ−�ï ¤¥ä¨−¨æ¨ï −®¢®£® â¥à¬¨−� á®£«�á®¢ë¢�¥âáï ¢ ª®««¥ªâ¨¢¥ íªá¯¥àâ®¢

¯à®¥ªâ� (á¬. ¯à®æ¥áá ú‘®æ¨�«¨§�æ¨ïû −� à¨á. 4).
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÷¨áã−®ª 3 á®¤¥à¦¨â ¤¢� −¥§�¢¨á¨¬ëå á¥£¬¥−â�. ‚¥àå−¨© á¥£¬¥−â á®®â¢¥âáâ¢ã-
¥â ¬®¤¥«¨ SECI, �¤�¯â¨à®¢�−−®© ¤«ï ®¯¨á�−¨ï ¯à®æ¥áá� ¨§¢«¥ç¥−¨ï íªá¯¥àâ�¬¨
−®¢ëå â¥à¬¨−®¢ ¨§ â¥ªáâ®¢, á ¥¥ ç¥âëàì¬ï ¯¥à¥å®¤−ë¬¨ ¯à®æ¥áá�¬¨ ¨ à�§¤¥-
«¥−¨¥¬ §−�−¨© −� ç¥âëà¥ ¢¨¤�. �¨¦−¨© á¥£¬¥−â á®®â¢¥âáâ¢ã¥â �¢â®−®¬−®¬ã
¢�à¨�−âã ¬®¤¥«¨ ˆ‘, ª®â®à�ï á®¤¥à¦¨â ª®««¥ªæ¨î ¤®ªã¬¥−â®¢ PubMed ¨ ¬�á-
á¨¢ á®®¡é¥−¨© Twitter, ç¥âëà¥ −®¢ëå ¯à®æ¥áá� ¯¥à¥å®¤�, ª®â®àë¥ á¢ï§ë¢�îâ ¨å
á �’‡.

‘®§¤�−¨¥ ¬®¤¥«¨ ITO §�¢¥àè�¥âáï ®¡ê¥¤¨−¥−¨¥¬ íâ¨å ¤¢ãå á¥£¬¥−â®¢. �â®
®¡ê¥¤¨−¥−¨¥ ®áãé¥áâ¢«ï¥âáï ¯ãâ¥¬ à�§àë¢� á¢ï§¨ ¬¥¦¤ã ¯à®æ¥áá�¬¨ íªáâ¥à−�-
«¨§�æ¨¨ ¨ á¨−â¥§� á ¯®á«¥¤ãîé¨¬ ¨§¬¥−¥−¨¥¬ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¯¥à¥å®¤−ëå
¯à®æ¥áá®¢, ¨å ¢å®¤�, ¢ëå®¤� ¨, ç�áâ¨ç−®, ¨å á®¤¥à¦�−¨ï (à¨á. 4). ‚ ¬®-

÷¨á. 4 Œ®¤¥«ì ITO
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¤¥«¨ SECI −®¢ë¥ â¥à¬¨−ë á ª®««¥ªâ¨¢−ë¬¨ ¤¥ä¨−¨æ¨ï¬¨ ¯®¤�îâáï −� ¢å®¤
¯à®æ¥áá� á¨−â¥§�, ¯à¨ ¢ë¯®«−¥−¨¨ ª®â®à®£® ä®à¬¨àãîâáï −®¢ë¥ â¥à¬¨−ë á «¨ç-
−®áâ−ë¬¨ ¤¥ä¨−¨æ¨ï¬¨, ¢ ª�ç¥áâ¢¥ ¨áâ®ç−¨ª� ª®â®àëå ¬®¤¥«ì SECI ãª�§ë¢�¥â
ª®««¥ªâ¨¢−®¥ §−�−¨¥ íªá¯¥àâ®¢, −¥ ª®−ªà¥â¨§¨àãï ¥£® ¯¥à¢®¨áâ®ç−¨ª¨. Œ®-
¤¥«ì ITO á®¤¥à¦¨â ®¯¨á�−¨¥ �ˆ�’ ¨ ¯à®æ¥áá®¢ ¨§¢«¥ç¥−¨ï ¨§ −¨å −®¢ëå
â¥à¬¨−®¢.

‚ ¯à¥¤«�£�¥¬®© ¬®¤¥«¨ ITO, çâ®¡ë áä®à¬¨à®¢�âì ª®««¥ªâ¨¢−ãî �−−®â�æ¨î
−®¢®£® â¥à¬¨−�, ¨§ �’‡ ¨§¢«¥ª�¥âáï ¥£® «¨ç−�ï �−−®â�æ¨ï, ®−� ¢¨§ã�«¨§¨àã¥âáï
(áâà¥«ª¨ 3 ¨ 4) ¨ §�â¥¬, ¢ ¯à®æ¥áá¥ á¨−â¥§�, ®¡ê¥¤¨−ï¥âáï á â¥¬ ¤®ªã¬¥−â®¬ ¨«¨
á®®¡é¥−¨¥¬ (áâà¥«ª¨ 2 ¨ 5), ¨§ ª®â®à®£® ¡ë« ¨§¢«¥ç¥− −®¢ë© â¥à¬¨− ¢ ¯à®æ¥áá¥
ª®−æ¥¯âã�«¨§�æ¨¨ (áâà¥«ª� 1), ¤«ï ¯®á«¥¤ãîé¥£® á®£«�á®¢�−¨ï ¥£® ¤¥ä¨−¨æ¨¨
¢ ª®««¥ªâ¨¢¥ íªá¯¥àâ®¢ á®£«�á−® ¬®¤¥«¨ SECI. �® ¥áâì ®¤−® áãé¥áâ¢¥−−®¥
®â«¨ç¨¥ ®â íâ®© ¬®¤¥«¨: á®£«�á®¢�−−�ï �−−®â�æ¨ï ¢¢®¤¨âáï ¢ �’‡.

Œ®¤¥«ì ITO ®¯¨áë¢�¥â ¨ âã á¨âã�æ¨î, ª®£¤� ¢ ¯à®æ¥áá¥ ª®−æ¥¯âã�«¨§�-
æ¨¨ ®¤−®£® ¨ â®£® ¦¥ ª®−â¥ªáâ� à�§−ë¥ íªá¯¥àâë ¬®£ãâ áä®à¬¨à®¢�âì à�§−ë¥
�−−®â�æ¨¨. …á«¨ ¨¬¥îâáï −¥áª®«ìª® «¨ç−®áâ−ëå �−−®â�æ¨© ®¤−®£® â¥à¬¨−�,
áä®à¬¨à®¢�−−ëå à�§−ë¬¨ íªá¯¥àâ�¬¨ −� ®á−®¢¥ ®¤−®£® ¨ â®£® ¦¥ ª®−â¥ªáâ�
�ˆ�’, â® ¢á¥ íâ¨ �−−®â�æ¨¨ ¨§¢«¥ª�îâáï ¨§ �’‡, ¢¨§ã�«¨§¨àãîâáï ¨ ®¡ê-
¥¤¨−ïîâáï á â¥¬ ¤®ªã¬¥−â®¬ ¨«¨ á®®¡é¥−¨¥¬, ¨§ ª®â®à®£® ¡ë« ¨§¢«¥ç¥− −®¢ë©
â¥à¬¨−. ‚ íâ¨å á«ãç�ïå ¢ ¯à®æ¥áá¥ á®æ¨�«¨§�æ¨¨ ¨á¯®«ì§ãîâáï «¨ç−®áâ−ë¥
�−−®â�æ¨¨, á®£«�á®¢ë¢�¥âáï ¯®−¨¬�−¨¥ íâ®£® â¥à¬¨−� ¬¥¦¤ã íªá¯¥àâ�¬¨ ¨ ¨¬¨
ä®à¬¨àã¥âáï ª®««¥ªâ¨¢−�ï �−−®â�æ¨ï, ª®â®à�ï ®æ¨äà®¢ë¢�¥âáï ¨ §�£àã¦�¥âáï
¢ �’‡.

3 Второй этап трансформации

Œ®¤¥«ì ITO ¤�¥â ®¯¨á�−¨¥ ¯à®æ¥áá� ¨§¢«¥ç¥−¨ï −®¢ëå â¥à¬¨−®¢ ¨§ â¥ªáâ®¢
¡¥§ ¯®¨áª� â®−�«ì−ëå á«®¢. Š�ª ®â¬¥ç�«®áì ¢ëè¥, æ¥«ì ¯à®¥ªâ� ÷””ˆ |
â¥à¬¨−®«®£¨ç¥áª®¥ áà�¢−¥−¨¥ −�ãç−®© á¨áâ¥¬ë §−�−¨© ® ¯�−¤¥¬¨¨ ª®à®−�¢¨àãá�
¨ §−�−¨© ¯®«ì§®¢�â¥«¥© á®æ¨�«ì−ëå á¥â¥© ® −¥© á ãç¥â®¬ â®−�«ì−ëå á«®¢ (= â¥à-
¬¨−ë-¬�àª¥àë, −� à¨á. 5 ®−¨ ®¡®§−�ç¥−ë ª�ª ú’-Œû). ‚ à�¬ª�å ¯à®¥ªâ�
ãç¨âë¢�¥âáï ¨á¯®«ì§®¢�−¨¥ â®−�«ì−ëå á«®¢ ¢ á®®¡é¥−¨ïå á®æ¨�«ì−ëå á¥â¥©
¯à¨ ¢ë¯®«−¥−¨¨ ¢â®à®£® íâ�¯� âà�−áä®à¬�æ¨¨ ¬®¤¥«¨ SECI ¨ á®§¤�−¨ï ¬®¤¥«¨
ITO-Sent. �� íâ®¬ íâ�¯¥ ¤®¡�¢«ï¥âáï á«®¢�àì â¥à¬¨−®¢-¬�àª¥à®¢ (= á«®¢�àì
’-Œ) ¨ ¯à®æ¥áá ¨å �−−®â¨à®¢�−¨ï, ª®â®àë© ¢ë¯®«−ï¥âáï ¢ â¥å á«ãç�ïå, ¥á«¨
¤®ªã¬¥−â (á®®¡é¥−¨¥) á®¤¥à¦¨â −®¢®¥ â®−�«ì−®¥ á«®¢®. ‘®£«�á−® ¬®¤¥«¨ ITO-
Sent, ¯à®£à�¬¬� ¯à¨ ¯à®áâ�−®¢ª¥ ®â¬¥âª¨ ú�ˆ�’û ¨á¯®«ì§ã¥â ¤¢� á«®¢�àï:
â¥à¬¨−®¢ ¨ â®−�«ì−ëå á«®¢. …á«¨ ¢ ¯¥à¢®¬ á«®¢�à¥ ®âáãâáâ¢ã¥â å®âï ¡ë ®¤¨−
â¥à¬¨−, ¢å®¤ïé¨© ¢ ¤®ªã¬¥−â (á®®¡é¥−¨¥), â® ¥£® ¯à®£à�¬¬� ¯®¬¥ç�¥â ª�ª
�ˆ�’. …á«¨ ¢® ¢â®à®¬ á«®¢�à¥ ®âáãâáâ¢ã¥â å®âï ¡ë ®¤−® â®−�«ì−®¥ á«®¢®,
¢å®¤ïé¥¥ ¢ á®®¡é¥−¨¥, â® ¥£® ¯à®£à�¬¬� ¯®¬¥ç�¥â ª�ª �ˆ�’.

‚ ¬®¤¥«ïå ITO ¨ ITO-Sent ¯à®æ¥áá ª®−æ¥¯âã�«¨§�æ¨¨ ¢ë¯®«−ï¥âáï ¤«ï
¢á¥å �ˆ�’, çâ® ¯®ª�§�−® áâà¥«ª®© á æ¨äà®© 1 (á¬. à¨á. 4 ¨ 5). �¤−�ª®
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Œ®¤¥«ì ¯à®æ¥áá� ¨§¢«¥ç¥−¨ï −®¢ëå â¥à¬¨−®¢ ¨ â®−�«ì−ëå á«®¢ ¨§ â¥ªáâ®¢

÷¨á. 5 Œ®¤¥«ì ITO-Sent

−� ¢å®¤ ¯à®æ¥áá� á¨−â¥§� ¯®¤�îâáï â®«ìª® â¥ â¥ªáâë, ª®â®àë¥ ¤¥©áâ¢¨â¥«ì−®
®ª�§�«¨áì ¨áâ®ç−¨ª�¬¨ −®¢®£® â¥à¬¨−� /̈̈ «¨ â®−�«ì−®£® á«®¢�, çâ® ¯®ª�§�−®
áâà¥«ª®© á ¤¢®©−ë¬ ª®−âãà®¬ ¨ æ¨äà®© 2. ˆå −®¢¨§−� ¢ëïá−ï¥âáï â®«ìª®
¯®á«¥ §�¢¥àè¥−¨ï ª®−æ¥¯âã�«¨§�æ¨¨ ª®−â¥ªáâ®¢ ��’, ¨ â®«ìª® ¨å �−−®â�æ¨¨
á®åà�−ïîâáï ¢ �’‡. �®á«¥ ¨§¢«¥ç¥−¨ï ¨§ �’‡ íâ¨ �−−®â�æ¨¨ áâ�−®¢ïâáï ¢å®¤®¬
®¯¥à�æ¨¨ á¨−â¥§�. �â® ¯®ª�§�−® áâà¥«ª�¬¨ á ¤¢®©−ë¬ ª®−âãà®¬ ¨ æ¨äà�¬¨ 3,
4 ¨ 5. „¢®©−®© ª®−âãà áâà¥«®ª −� à¨á. 4 ¨ 5 ¯®¤ç¥àª¨¢�¥â ®¤−®¢à¥¬¥−−®áâì
¨á¯®«ì§®¢�−¨ï ¢ ®¯¥à�æ¨¨ á¨−â¥§� ¨ �ˆ�’, ¨ �−−®â�æ¨©.
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4 Заключение

�� ®á−®¢¥ ¬®¤¥«¨ ITO-Sent ¢ à�¬ª�å ¯à®¥ªâ� ÷””ˆ à�§à�¡�âë¢�¥âáï
¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï, ª®â®à�ï ®¡¥á¯¥ç¨¢�¥â íªá¯¥àâ−®¥ áà�¢−¥−¨¥ ¤¢ãå
â¨¯®¢ ¨−ä®à¬�æ¨¨: ¤®ªã¬¥−â®¢, ¯®«ãç¥−−ëå ¨§ ¡�§ë ¤�−−ëå PubMed, ¨ á®-
®¡é¥−¨© ¯®«ì§®¢�â¥«¥© Twitter, ®¡áã¦¤�îé¨å à�§«¨ç−ë¥ �á¯¥ªâë ¯�−¤¥¬¨¨
SARS-CoV-2. �®íâ®¬ã ¬®¤¥«¨ ITO ¨ ITO-Sent ¨ ¡ë«¨ −�§¢�−ë ®à¨¥−â¨à®¢�−-
−ë¬¨ −� ¯à®¥ªâ¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. ‚ §�ª«îç¥−¨¥ ®â¬¥â¨¬,
çâ® ¬®¤¥«ì ITO ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¨á¯®«ì§ã¥âáï ¤«ï ®¯¨á�−¨ï ¯à®æ¥áá� ¨§¢«¥ç¥-
−¨ï −®¢®£® «¨−£¢¨áâ¨ç¥áª®£® §−�−¨ï ® §−�ç¥−¨ïå −¥¬¥æª¨å ¬®¤�«ì−ëå £«�£®«®¢,
� 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®¢ [6,7,19].
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ПОДХОД К РАЗРАБОТКЕ КОНЦЕПТУАЛЬНОЙ СХЕМЫ
БАЗЫ ГЕОДАННЫХ С ПОДДЕРЖКОЙ МНОГОВАРИАНТНОГО

ПРЕДСТАВЛЕНИЯ ГЕООБЪЕКТОВ

Д. А. Никишин1

�−−®â�æ¨ï: �à¥¤áâ�¢«¥−� áâàãªâãà� ª®−æ¥¯âã�«ì−®© áå¥¬ë ¨ ®á−®¢−ë¥
¯à®¥ªâ−ë¥ à¥è¥−¨ï ¤«ï ¯®áâà®¥−¨ï ¢�à¨�−â� ¡�§ë £¥®¤�−−ëå (�ƒ„), ®¡¥á¯¥-
ç¨¢�îé¥© ¯®¤¤¥à¦ªã á®£«�á®¢�−−®£® ¬ã«ìâ¨¬�áèâ�¡−®£® ¨ ¬−®£®¢�à¨�−â−®£®
¯à¥¤áâ�¢«¥−¨ï £¥®®¡ê¥ªâ®¢. ÷�áá¬®âà¥−� áãé−®áâì ¢�à¨�−â−®áâ¨ £¥®¬®¤¥«¥©,
¢ë¤¥«¥−� â¨¯®«®£¨ï ¢§�¨¬®á¢ï§¥© ¬¥¦¤ã ¢�à¨�−â−ë¬¨ ¯à¥¤áâ�¢«¥−¨ï¬¨ £¥®-
¤�−−ëå. �¡ê¥¤¨−¥−¨¥ ¢�à¨�−â®¢ ¯à¥¤áâ�¢«¥−¨ï £¥®¤�−−ëå ¢ ª®−â¥ªáâ¥ ®¡é¥©
�ƒ„ ¯®§¢®«¨â ®¡¥á¯¥ç¨âì ¯àï¬®© ¤®áâã¯ ª −¨¬ ¨ −� íâ®© ®á−®¢¥ à¥�«¨§®¢�âì
−®¢ë¥ ¬¥â®¤ë à¥è¥−¨ï §�¤�ç �−�«¨§� ¨ ®¡à�¡®âª¨ ¤�−−ëå, � â�ª¦¥ ®¡¥á¯¥ç¨âì
á¨−åà®−¨§�æ¨î ¨ á®£«�á®¢�−¨¥ ¨§¬¥−¥−¨© £¥®¤�−−ëå.
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1 Введение

÷�−¥¥, ¢ ¯ã¡«¨ª�æ¨¨ [1], ¡ë«¨ à�áá¬®âà¥−ë ¯à¥¤¯®áë«ª¨ ¤«ï á®§¤�−¨ï ¥¤¨−®©
ª®−æ¥¯âã�«ì−®© áå¥¬ë2 ª«�áá¨ä¨ª�æ¨¨ â®¯®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨, −�æ¥«¥−-
−®© ¢ ç¨á«¥ ¯à®ç¥£® −� ã−¨ä¨ª�æ¨î ¨ ¨−â¥£à�æ¨î ç�áâ−ëå ª®−æ¥¯âã�«ì−ëå
áå¥¬ ª�ª ¤«ï ®â¤¥«ì−ëå ãà®¢−¥© ¤¥â�«¨§�æ¨¨ (¬�áèâ�¡®¢), â�ª ¨ ¤«ï à�§«¨ç−ëå
¯à¨ª«�¤−ëå §�¤�ç. ‡�â¥¬, ¢ à�¡®â¥ [2], ¡ë« ¯à¥¤áâ�¢«¥− ¢�à¨�−â ª®−æ¥¯âã�«ì−®©
áå¥¬ë �ƒ„ á ¯®¤¤¥à¦ª®© ®¡à�â¨¬®© £¥−¥à�«¨§�æ¨®−−®© á¢ï§�−−®áâ¨ ¬®¤¥«¥©
£¥®®¡ê¥ªâ®¢.

��áâ®ïé�ï à�¡®â� ¯à®¤®«¦�¥â à�§¢¨â¨¥ ¤�−−®£® −�¯à�¢«¥−¨ï ¨áá«¥¤®¢�−¨©
¨ ¯®á¢ïé¥−� ®á®¡¥−−®áâï¬ à¥�«¨§�æ¨¨ ¬−®£®¢�à¨�−â−®£® ¯à¥¤áâ�¢«¥−¨ï £¥®¤�−-
−ëå ¢ ¥¤¨−®© �ƒ„. ‚ à�§¤. 2 à�áá¬�âà¨¢�¥âáï áãé−®áâì ¢�à¨�−â−®áâ¨ ¨ ®á−®¢−ë¥
¢¨¤ë ¯à¥®¡à�§®¢�−¨© ¬¥¦¤ã ¢�à¨�−â−ë¬¨ ¯à¥¤áâ�¢«¥−¨ï¬¨ £¥®¤�−−ëå. ‚ à�§¤. 3
¯à¥¤áâ�¢«¥−ë ¯à®¥ªâ−ë¥ à¥è¥−¨ï ¨ áâàãªâãàë ¤�−−ëå, ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï
¯®áâà®¥−¨ï ®¡à�§æ� �ƒ„, ¯®¤¤¥à¦¨¢�îé¥© ª�ª £¥−¥à�«¨§�æ¨®−−ãî, â�ª ¨ ¢�-
à¨�−â−ãî á¢ï§�−−®áâì ¬®¤¥«¥© £¥®®¡ê¥ªâ®¢. ’�ª®© ¯®¤å®¤ ¯à¨§¢�− ®¡¥á¯¥ç¨âì
¯®â¥−æ¨�« ¤«ï á®¢¥àè¥−áâ¢®¢�−¨ï äã−ªæ¨®−�«ì−®áâ¨ �ƒ„, ¢ ç�áâ−®áâ¨ ¬¥â®-

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

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

¤®¢ �−�«¨§� ¨ ®â®¡à�¦¥−¨ï ¨−ä®à¬�æ¨¨ ® ¬¥áâ−®áâ¨ [3{5]. �à¨ íâ®¬ �ƒ„
¬®¦−® à�áá¬�âà¨¢�âì ª�ª ®¤¨− ¨§ ¢�¦−¥©è¨å ª®¬¯®−¥−â®¢ ¨−ä®à¬�æ¨®−−ëå,
ã¯à�¢«ïîé¨å ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬.

2 Вариантность геоданных

Š�¦¤ë© ®¡ê¥ªâ ¬¥áâ−®áâ¨ ¢ ®¡é¥¬ á«ãç�¥ ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥− −¥áª®«ì-
ª¨¬¨ ¢¥àá¨ï¬¨ ¥£® ¬®¤¥«ì−®£® ®¯¨á�−¨ï (¬®¤¥«ï¬¨ £¥®®¡ê¥ªâ�, £¥®¬®¤¥«ï¬¨).
�â¨ ¬®¤¥«¨ ¬®£ãâ ¯à¥¤áâ�¢«ïâì £¥®®¡ê¥ªâ á à�§«¨ç−®© áâ¥¯¥−ìî ¯®¤à®¡−®áâ¨
(¤¥â�«¨§�æ¨¨ /̈̈ «¨ â®ç−®áâ¨) ®¯¨á�−¨ï â¥å ¨«¨ ¨−ëå ¥£® á¢®©áâ¢. �à¨ íâ®¬
à�§«¨ç¨ï ¬®£ãâ ®â−®á¨âìáï ª�ª ª ¯à®áâà�−áâ¢¥−−ë¬, â�ª ¨ ª á¥¬�−â¨ç¥áª¨¬
å�à�ªâ¥à¨áâ¨ª�¬ £¥®®¡ê¥ªâ� [1].

•®âï à�§«¨ç−ë¥ £¥®¬®¤¥«¨ ¬®£ãâ ¯à¨¬¥−ïâìáï ¢ ª®−â¥ªáâ¥ à�§−ëå ãà®¢−¥©
®¡®¡é¥−¨ï £¥®¤�−−ëå (£¥−¥à�«¨§�æ¨¨) ¨ −¥ª®â®àëå ¤àã£¨å �á¯¥ªâ®¢ (−�¯à¨¬¥à,
�«ìâ¥à−�â¨¢−®áâ¨, â¥¬¯®à�«ì−®áâ¨ [6]), ¯®¤ ¢�à¨�−â−®áâìî ¤�«¥¥ ¡ã¤¥¬ ¯®−¨-
¬�âì â®«ìª® ®¤−®¢à¥¬¥−−®¥ áãé¥áâ¢®¢�−¨¥ ¢ ª®−â¥ªáâ¥ ®¤−®£® ãà®¢−ï ¤¥â�«¨§�æ¨¨
à�§−ëå ¯à¥¤áâ�¢«¥−¨© £¥®®¡ê¥ªâ�, ®¡ãá«®¢«¥−−ëå ¯à¥¤−�§−�ç¥−¨¥¬ íâ¨å ¬®¤¥-
«¥© ¤«ï ¨á¯®«ì§®¢�−¨ï ¢ à�§−ëå ¯à¨ª«�¤−ëå ®¡«�áâïå. �à¨ íâ®¬ à�§«¨ç¨ï
¢�à¨�−â®¢ £¥®¤�−−ëå ®¡ãá«®¢«¥−ë á¯¥æ¨ä¨ç¥áª¨¬¨ ®á®¡¥−−®áâï¬¨ ¯à¥¤áâ�¢«¥-
−¨ï á¨âã�æ¨¨ −� ¬¥áâ−®áâ¨ ¢ ª®−ªà¥â−ëå ¯à¨ª«�¤−ëå ®¡«�áâïå ¨«¨ ¤«ï à¥è¥−¨ï
®â¤¥«ì−ëå á¯¥æ¨ä¨ç¥áª¨å §�¤�ç.

�á¯¥ªâ ¢�à¨�−â−®áâ¨ ¤�−−ëå á�¬ ¯® á¥¡¥ −¥ −®¢ (á¬., −�¯à¨¬¥à, [7]), −® ¥£®
¯à¨¬¥−¥−¨¥ ª �ƒ„ ¯à¥¤áâ�¢«ï¥â á®¡®© í«¥¬¥−â −®¢¨§−ë.

„«ï â®£® çâ®¡ë ®å�à�ªâ¥à¨§®¢�âì à�§«¨ç¨ï ¬¥¦¤ã ¢�à¨�−â�¬¨, ¬®¦−® ¢ë¤¥-
«¨âì á«¥¤ãîé¨¥ ¢®§¬®¦−ë¥ ¢�à¨�−â−ë¥ ¯à¥®¡à�§®¢�−¨ï −¥ª®â®à®£® ¨áå®¤−®£®
−�¡®à� £¥®¤�−−ëå ¢ ¯à®¨§¢®¤−ë© −�¡®à.

1. ’à�−áä®à¬¨à®¢�−¨¥ £¥®¤�−−ëå, ª®â®à®¥ −¥ ¢ë§ë¢�¥â −¨ ä®à¬�«ì−ëå, −¨
á®¤¥à¦�â¥«ì−ëå ¨§¬¥−¥−¨©, � §�ª«îç�¥âáï, −�¯à¨¬¥à, ¢ ¯à¥®¡à�§®¢�−¨¨
¬¥âà¨ª¨ £¥®¬®¤¥«¨ ¢ ¤àã£ãî á¨áâ¥¬ã ª®®à¤¨−�â ¨«¨ ¯à®¥ªæ¨î.

2. ˆ§¬¥−¥−¨¥ ä®à¬ë ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¡¥§ ¨§¬¥−¥−¨ï ¨å á®¤¥à¦�−¨ï;
®¡ëç−® íâ® ¤¥«�¥âáï á æ¥«ìî �¤�¯â�æ¨¨ ¤�−−ëå ¤«ï ¨å á¯¥æ¨ä¨ç¥áª®£®
¨á¯®«ì§®¢�−¨ï (�−�«¨§� ¨ â. ¯.), −�¯à¨¬¥à ¯¥à¥ª®¤¨à®¢�−¨¥ á¥¬�−â¨ç¥áª¨å
å�à�ªâ¥à¨áâ¨ª ¬®¤¥«¨ £¥®®¡ê¥ªâ� ¢ �«ìâ¥à−�â¨¢−ãî á¨áâ¥¬ã ª«�áá¨ä¨ª�æ¨¨.

3. ˆ§¬¥−¥−¨¥ ¤¥â�«ì−®áâ¨ /̈̈ «¨ â®ç−®áâ¨ £¥®¤�−−ëå (ª�ª ®â¤¥«ì−ëå ¬®¤¥«¥©
£¥®®¡ê¥ªâ®¢, â�ª ¨ ¬®¤¥«¨ ¬¥áâ−®áâ¨ ¢ æ¥«®¬)1, â. ¥. ¨§¬¥−¥−¨¥ á®¤¥à¦�−¨ï
£¥®¬®¤¥«¨, ¢ â®¬ ç¨á«¥:

(�) á−¨¦¥−¨¥ ¨−ä®à¬�æ¨®−−®© −�£àã§ª¨ §� áç¥â ¨áª«îç¥−¨ï í«¥¬¥−â®¢ á®-
¤¥à¦�−¨ï ¨«¨ ¨§«¨è−¥© ¤¥â�«¨§�æ¨¨, −¥−ã¦−ëå ¤«ï à¥è¥−¨ï á¯¥æ¨ä¨-

1‚ ª®−â¥ªáâ¥ ¯. 3 ãá«®¢−® ¬®¦−® ¢ë¤¥«¨âì ¡�§®¢ë¥ ¢�à¨�−âë, á®¤¥à¦�é¨¥ ®¡®¡é¥−−ë¥
¤�−−ë¥ (−�¯à¨¬¥à, ®¡é¥â®¯®£à�ä¨ç¥áª¨¥), ¨ ¢�à¨�−âë, ¤®¯®«−ïîé¨¥ ¡�§®¢ë¥ ¬®¤¥«¨ ¤�−−ë¬¨,
á¯¥æ¨ä¨ç−ë¬¨ ¤«ï à�§«¨ç−ëå ¯à¨ª«�¤−ëå ®¡«�áâ¥©.
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ç¥áª¨å §�¤�ç; íâ® ¯à¥®¡à�§®¢�−¨¥ −®á¨â å�à�ªâ¥à £¥−¥à�«¨§�æ¨¨ (®â¡®à,
ã¯à®é¥−¨¥ ¨ â. ¯.);

(¡) ¯®¢ëè¥−¨¥ ¨−ä®à¬�â¨¢−®áâ¨ ¬®¤¥«¨ ¯ãâ¥¬ á¡®à� ¤®¯®«−¨â¥«ì−ëå ¤�−-
−ëå ¨«¨ ãâ®ç−¥−¨ï, ¤¥â�«¨§�æ¨¨ ã¦¥ ¨¬¥îé¨åáï (−�¯à¨¬¥à, ¯à¨ á®§¤�-
−¨¨ ¯à®¨§¢®¤−®© á¯¥æ¨ä¨ç¥áª®© ¬®¤¥«¨).

�−�«¨§¨àãï ®á®¡¥−−®áâ¨ −¥ª®â®àëå ¬¥¦¢�à¨�−â−ëå ¯à¥®¡à�§®¢�−¨©, á¢ï-
§�−−ë¥ ª�ª á® á¡®à®¬ ¤®¯®«−¨â¥«ì−ëå ¤�−−ëå, â�ª ¨ á ¤®áâ�â®ç−® âàã¤®¥¬ª¨¬¨
¢ −¥ª®â®àëå á«ãç�ïå ¯à®æ¥¤ãà�¬¨ á�¬®£® ¯à¥®¡à�§®¢�−¨ï, ¬®¦−® ®â¬¥â¨âì, çâ®
á®§¤�−¨¥ ¢�à¨�−â−ëå ¯à¥¤áâ�¢«¥−¨© £¥®¤�−−ëå ¯® ¬¥à¥ −�¤®¡−®áâ¨ (®á®¡¥−−®
¢ à¥�«ì−®¬ ¢à¥¬¥−¨), −�¯à¨¬¥à −� ®á−®¢¥ −¥ª®â®à®£® ¡�§®¢®£® −�¡®à� ¤�−−ëå
® ¬¥áâ−®áâ¨, §�âàã¤−¨â¥«ì−®.

�à�ªâ¨ç−ë¬ ¯®¤å®¤®¬ ª ®¡¥á¯¥ç¥−¨î ¢�à¨�−â−®áâ¨ ¯à¥¤áâ�¢«ï¥âáï §�¡«�-
£®¢à¥¬¥−−®¥ ä®à¬¨à®¢�−¨¥ ¨ á®åà�−¥−¨¥ £¥®¬®¤¥«¥© à�§«¨ç−®© ¯à¨ª«�¤−®© −�-
¯à�¢«¥−−®áâ¨. �â¨ á®åà�−¥−−ë¥ ¬®¤¥«¨ ¯à¥¤¯®«�£�¥âáï ¯®¢â®à−® ¨á¯®«ì§®¢�âì
¤® â¥å ¯®à, ¯®ª� −¥ ¨§¬¥−¨âáï á¨âã�æ¨ï | ¢ íâ®¬ á«ãç�¥ ¨§¬¥−¥−¨ï ¤®«¦−ë
¢−®á¨âìáï ¢ â®â ¨§ ¢�à¨�−â®¢, ª®â®àë© ¯à¥¤áâ�¢«ï¥â ¨§¬¥−¨¢è¥¥áï á¢®©áâ¢® −�¨-
¡®«¥¥ ¯®¤à®¡−®, � §�â¥¬ à�á¯à®áâà�−ïâì ¨§¬¥−¥−¨ï −� ¢á¥ ®áâ�«ì−ë¥ ¢�à¨�−âë
¬¥â®¤�¬¨ ¢�à¨�−â−ëå ¯à¥®¡à�§®¢�−¨©.

ˆ−â¥£à�æ¨ï ¢ ª®−â¥ªáâ¥ ®¡é¥©, ¥¤¨−®© ¬−®£®¢�à¨�−â−®© �ƒ„ à�§«¨ç−ëå
¢�à¨�−â®¢ £¥®¬®¤¥«¥© ¯®§¢®«¨â ®áãé¥áâ¢«ïâì −¥¯®áà¥¤áâ¢¥−−ë© ¯¥à¥å®¤ ¬¥¦¤ã
à�§−ë¬¨ ¯à¥¤áâ�¢«¥−¨ï¬¨ á¨âã�æ¨¨ −� ¬¥áâ−®áâ¨ ¨«¨ ¨á¯®«ì§®¢�âì ¨å á®¢¬¥áâ−®.
�â® ¯®§¢®«¨â à¥�«¨§®¢�âì à¥è¥−¨¥ −¥ª®â®àëå §�¤�ç �−�«¨§� ¨ ®¡à�¡®âª¨ ¤�−−ëå,
−�å®¤ïé¨åáï −� áâëª¥ à�§−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥©. ‚�à¨�−â−ë¥ á¢ï§¨ â�ª-
¦¥ ®¡¥á¯¥ç�â á¨−åà®−¨§�æ¨î ¨ á®£«�á®¢�−¨¥ ¢®§¬®¦−ëå ¨§¬¥−¥−¨© £¥®¤�−-
−ëå.

�à¨ ®âáãâáâ¢¨¨ ¢ �ƒ„ â�ª¨å ï¢−ëå á¢ï§¥© ¯®âà¥¡ãîâáï á«®¦−ë¥ ¯à®æ¥¤ãàë
¯®¨áª� ¨ ¨§¢«¥ç¥−¨ï £¥®¬®¤¥«¥© ¢ −�¡®à�å ¤�−−ëå −¥®¡å®¤¨¬®© ¯®«−®âë ¨ ¤¥-
â�«ì−®áâ¨.

�à¨¬¥−¥−¨¥ ¢�à¨�−â−®© á¢ï§�−−®áâ¨ ¢ ª®−â¥ªáâ¥ ¥¤¨−®© �ƒ„ ¬®¦¥â ®¡¥á-
¯¥ç¨âì ¯àï¬®© ¤®áâã¯ ª ¡®«¥¥ ¤¥â�«ì−ë¬ ¢�à¨�−â�¬ £¥®¬®¤¥«¥©, ¯à¨áãé¨¬
á¯¥æ¨ä¨ç¥áª¨¬ ¯à¨ª«�¤−ë¬ ®¡«�áâï¬. �à¨ íâ®¬ ¯®ï¢«ï¥âáï ¢®§¬®¦−®áâì à�á-
è¨à¨âì äã−ªæ¨®−�«ì−®áâì â�ª®© �ƒ„ ¨«¨ ®¯â¨¬¨§¨à®¢�âì −¥ª®â®àë¥ ¬¥â®¤ë
à¥è¥−¨ï §�¤�ç �−�«¨§� ¨ ®¡à�¡®âª¨ ¤�−−ëå.

��¯à¨¬¥à, ú¤«ï ®¤−®£® ¬�áèâ�¡−®£® ãà®¢−ï ¬®¦¥â ¯®−�¤®¡¨âìáï ª�ª ¯«®-
é�¤−�ï ¬¥âà¨ª� ¤®à®£¨. . . â�ª ¨ ¥¥ ®á¥¢�ï «¨−¨ï. . .û [8]. ‚ ¯¥à¢®¬ á«ãç�¥ à¥çì
¬®¦¥â ¨¤â¨, −�¯à¨¬¥à, ®¡ ®æ¥−ª¥ ®¡ê¥¬®¢ ¤®à®¦−ëå à�¡®â, � ¢® ¢â®à®¬ |
® ¯®áâà®¥−¨¨ ¬�àèàãâ� (¢ ª®−â¥ªáâ¥ £à�ä� ¤®à®¦−®© á¥â¨) ¤«ï à¥è¥−¨ï −�¢¨£�-
æ¨®−−®© §�¤�ç¨ [9,10].

…é¥ ®¤¨− ¯à¨¬¥à ¢®§¬®¦−®£® ¯à¨¬¥−¥−¨ï ¢�à¨�−â−®áâ¨: «¥á−®© ¬�áá¨¢
¢ â®¯®£à�ä¨ç¥áª®¬ ¢�à¨�−â¥ ®¯¨áë¢�¥âáï á«¨èª®¬ ®¡®¡é¥−−®, ¡¥§ ¤¥â�«¨§�æ¨¨
á®áâ®ï−¨ï ¤à¥¢®áâ®ï. �âáãâáâ¢¨¥ â�ª®© ¤¨ää¥à¥−æ¨�æ¨¨ §�âàã¤−ï¥â ®æ¥−ªã
íâ®£® ¬�áá¨¢� ¢ ª�ç¥áâ¢¥ ¨áâ®ç−¨ª� ¬�â¥à¨�«�, −® â�ª�ï ¤¨ää¥à¥−æ¨�æ¨ï ¬®¦¥â
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¨¬¥âì ¬¥áâ® ¢ á¯¥æ¨ä¨ç¥áª®© «¥á®â�ªá�æ¨®−−®© ¬®¤¥«¨. ‚®§¬®¦−ë ¨ ¤àã£¨¥
§�¤�ç¨ ¨§ ¤�−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ [11].

‘¢®¥®¡à�§−®© à�§−®¢¨¤−®áâìî ¢�à¨�−â−®áâ¨ ¬®¦−® â�ª¦¥ áç¨â�âì −�¡®àë
£¥®¤�−−ëå, à�§«¨ç�îé¨¥áï ¯® ãà®¢−î ¯ã¡«¨ç−®áâ¨ (®âªàëâë¥ ¨ á®¤¥à¦�é¨¥
á¯¥æ¨ä¨ç¥áª¨¥ á¢¥¤¥−¨ï ® ¬¥áâ−®áâ¨).

3 Модель многовариантной базы геоданных

�� à¨á. 1 ¨ 2 ¯à¥¤áâ�¢«¥−�1 áâàãªâãà� ª®−æ¥¯âã�«ì−®© áå¥¬ë �ƒ„ ª�ª
¯®¯ëâª� ¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨ �ƒ„ á ¯®¤¤¥à¦ª®© á¢ï§�−−®áâ¨ ¢�à¨�−â®¢
£¥®¬®¤¥«¥©, ¯à¥¤áâ�¢«ïîé¨å £¥®®¡ê¥ªâ ¢ à�§«¨ç−ëå ¯à¨ª«�¤−ëå ª®−â¥ªáâ�å.
„�−−�ï áâàãªâãà� ï¢«ï¥âáï à�§¢¨â¨¥¬ à�áá¬®âà¥−−®© ¢ [2] ¬ã«ìâ¨¬�áèâ�¡−®©
�ƒ„ (Œ�ƒ„), ¢ ª®â®àãî ¤®¡�¢«¥−� ¯®¤¤¥à¦ª� ¢�à¨�−â−®£® �á¯¥ªâ� £¥®¤�−−ëå,
¯®íâ®¬ã â�ªãî �ƒ„ ¤�«¥¥ ãá«®¢−® ¡ã¤¥¬ ¨¬¥−®¢�âì ¬ã«ìâ¨¬�áèâ�¡−®© ¢�à¨-
�−â−®© (Œ‚�ƒ„). ˆáå®¤−ë¬ ¯à®â®â¨¯®¬ á«ã¦¨â à�áá¬®âà¥−−�ï ¢ [1] ®¡é�ï
ª®−æ¥¯âã�«ì−�ï áå¥¬� �ƒ„ á ¯®¤¤¥à¦ª®© ¢�à¨�−â−®£® ¨ â¥¬¯®à�«ì−®£® �á¯¥ªâ®¢
£¥®¤�−−ëå.

÷¨á. 1 �¡é�ï áâàãªâãà� Œ‚�ƒ„

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

�� à¨á. 1 ¯à¥¤áâ�¢«¥−� ®¡é�ï áâàãªâãà� Œ‚�ƒ„, ®¡®§−�ç¥−−�ï ª�ª
úTGeoDBû. �−� ¢ª«îç�¥â ¢ á¥¡ï ¯ïâì ®á−®¢−ëå â�¡«¨æ, ç¥âëà¥ ¨§ ª®â®-
àëå ¡ë«¨ à�áá¬®âà¥−ë ¢ [2] ¨ ¯® á¢®¥© áâàãªâãà¥ á®®â¢¥âáâ¢ãîâ ®á−®¢−ë¬
ª®−æ¥¯â�¬ Œ�ƒ„: ú£¥®®¡ê¥ªâû (TGeoObject), ú£¥®¬®¤¥«ìû (TGeoModel), úá¥-
¬�−â¨ç¥áª®¥ á¢®©áâ¢®û (TGeoSemantic) ¨ ú¬�áèâ�¡−ë© ãà®¢¥−ìû (TGeoScale);
−®¢®© ï¢«ï¥âáï â�¡«¨æ�, á®®â¢¥âáâ¢ãîé�ï ª®−æ¥¯âã ú¢�à¨�−âû (TGeoVariant).
�â¨ â�¡«¨æë á®¤¥à¦�â ®á−®¢−ë¥ ¤�−−ë¥ �ƒ„ ¨ ¬®£ãâ á«ã¦¨âì ¤«ï ®¡à�é¥−¨ï
ª á®®â¢¥âáâ¢ãîé¨¬ ¨−ä®à¬�æ¨®−−ë¬ ®¡ê¥ªâ�¬.
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�� à¨á. 2 ¯à¥¤áâ�¢«¥−� áâàãªâãà� ®á−®¢−ëå ª®−æ¥¯â®¢ Œ‚�ƒ„ ¨ á¢ï§¥©
¬¥¦¤ã −¨¬¨. �à¨ íâ®¬ ª®−æ¥¯âë à�áá¬�âà¨¢�îâáï ª�ª áâàãªâãàë ¤�−−ëå á®®â-
¢¥âáâ¢ãîé¨å ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ �ƒ„.

�®«ìè¨−áâ¢® ¯à¥¤áâ�¢«¥−−ëå −� à¨á. 2 ª®−æ¥¯â®¢ ¡ë«¨ à�áá¬®âà¥−ë ¢ [2,12],
¯®íâ®¬ã −¨¦¥ ®áâ�−®¢¨¬áï â®«ìª® −� ¢−®¢ì ¢¢¥¤¥−−ëå ¨ ¨§¬¥−¥−−ëå.

1. Š«�áá TGeoVariant ï¢«ï¥âáï −®¢®© áâàãªâãà®© ¤�−−ëå, ¯à¥¤−�§−�ç¥−−®© ¤«ï
®¡ê¥¤¨−¥−¨ï ¢ á¥¡¥ ¢á¥å £¥®¬®¤¥«¥©, ®â−®áïé¨åáï ª ª®−ªà¥â−®¬ã ¢�à¨�−âã
¬®¤¥«¨à®¢�−¨ï ¬¥áâ−®áâ¨; ¯à¨ íâ®¬ ¢ ª®−â¥ªáâ¥ ª�¦¤®£® â�ª®£® ¢�à¨�−â�
¯à¥¤ãá¬�âà¨¢�¥âáï à�§¤¥«¥−¨¥ £¥®ª®−â¥−â� ¯® ãà®¢−ï¬ ¤¥â�«¨§�æ¨¨ (ú¬�á-
èâ�¡−ë¬ ãà®¢−ï¬û). �â� áâàãªâãà� ¢ª«îç�¥â ¢ á¥¡ï ¯®«ï Name, Scale
¨ Geomode's: ¯®«¥ Name á«ã¦¨â ¨¤¥−â¨ä¨ª�â®à®¬ ª®−ªà¥â−®£® ¢�à¨�−â�
£¥®¤�−−ëå, ¬�áá¨¢ Scale á®¤¥à¦¨â àï¤ ãª�§�â¥«¥© −� ¤®áâã¯−ë¥ ¤«ï íâ®£®
¢�à¨�−â� ãà®¢−¨ ¤¥â�«¨§�æ¨¨, � ¬�áá¨¢ Model's á®¤¥à¦¨â á®¢®ªã¯−®áâì
ãª�§�â¥«¥© −� ¢á¥ £¥®¬®¤¥«¨, à¥«¥¢�−â−ë¥ ¤�−−®¬ã ¢�à¨�−âã £¥®¤�−−ëå.

2. ‚ áâàãªâãàã TGeoScale, ¯à¥¤áâ�¢«ï¢èãî ¢ Œ�ƒ„ ¤�−−ë¥ ª®−ªà¥â−®£®
ãà®¢−ï ¤¥â�«¨§�æ¨¨ (ú¬�áèâ�¡−®£® ãà®¢−ïû), ¤®¡�¢«¥−® ¯®«¥ Variant, ª®-
â®à®¥ ¯®§¢®«ï¥â à�§¤¥«¨âì ¤�−−ë¥ ®¤−®£® ãà®¢−ï ¤¥â�«¨§�æ¨¨ −� à�§−ë¥
¢�à¨�−âë ¨å ¯à¥¤áâ�¢«¥−¨ï. ‘®®â¢¥âáâ¢¥−−®, ¬�áá¨¢ Model's á®¤¥à¦¨â á®-
¢®ªã¯−®áâì ãª�§�â¥«¥© −� £¥®¬®¤¥«¨, à¥«¥¢�−â−ë¥ −¥ â®«ìª® ¤�−−®¬ã ãà®¢−î
¤¥â�«¨§�æ¨¨, −® ¨ ª®−ªà¥â−®¬ã ¢�à¨�−âã ¯à¥¤áâ�¢«¥−¨ï £¥®ª®−â¥−â�.

3. ‚ áâàãªâãàã TGeoModel, ¯à¥¤−�§−�ç¥−−ãî ¤«ï ®¯¨á�−¨ï ¬®¤¥«¨ £¥®®¡ê¥ªâ�,
¤®¡�¢«¥−® ¯®«¥ ¤«ï ãª�§�â¥«ï −� ®¡ê¥ªâ â¨¯� TGeoVariant, á®®â¢¥âáâ¢ãîé¨©
ª®−ªà¥â−®¬ã ¢�à¨�−âã ¯à¥¤áâ�¢«¥−¨ï £¥®ª®−â¥−â�.

��¤® ®â¬¥â¨âì, çâ® áâàãªâãà�¬ TGeoScale ¨ TGeoVariant á®®â¢¥âáâ¢ãîâ
à�§−ë¥ ¬−®¦¥áâ¢� £¥®¬®¤¥«¥©. �¡ê¥ªâ â¨¯� TGeoScale, à�−¥¥ ®â¢¥ç�¢è¨© §�
ª®−ªà¥â−ë© ¬�áèâ�¡−ë© ãà®¢¥−ì, §¤¥áì ä�ªâ¨ç¥áª¨ âà�−áä®à¬¨à®¢�«áï ¢ ª®−-
æ¥¯â ¬�áèâ�¡−®-¢�à¨�−â−®£® áà¥§� �ƒ„, � ¬−®¦¥áâ¢® £¥®¬®¤¥«¥© ¢ ®¡ê¥ªâ¥
TGeoVariant, ¯® áãâ¨, ¯®§¢®«ï¥â ¢ë¤¥«¨âì ¨§ ®¡é¥© �ƒ„ ª®−ªà¥â−ãî ¯à¨ª«�¤-
−ãî á®áâ�¢«ïîéãî (ª�ª ¬−®£®¬�áèâ�¡−ãî áâàãªâãàã £¥®¤�−−ëå).

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

4 Заключение

‚ à�¡®â¥ ¯à¥¤áâ�¢«¥−� áâàãªâãà� ª®−æ¥¯âã�«ì−®© áå¥¬ë ¨ ®á−®¢−ë¥ ¯à®¥ªâ-
−ë¥ à¥è¥−¨ï ¤«ï ¯®áâà®¥−¨ï ®¡à�§æ� �ƒ„, ®¡¥á¯¥ç¨¢�îé¥© ¯®¤¤¥à¦ªã á®£«�-
á®¢�−−®£® ¬ã«ìâ¨¬�áèâ�¡−®£® ¨ ¬−®£®¢�à¨�−â−®£® ¯à¥¤áâ�¢«¥−¨ï £¥®®¡ê¥ªâ®¢.
‚ ª®−â¥ªáâ¥ ¤�−−®© §�¤�ç¨ â�ª¦¥ à�áá¬®âà¥−ë áãé−®áâì ¢�à¨�−â−®áâ¨ ¨ ®á®¡¥−-
−®áâ¨ ¢�à¨�−â−ëå ¯à¥®¡à�§®¢�−¨©.
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ˆ−â¥£à�æ¨ï ¢ ª®−â¥ªáâ¥ ®¡é¥©, ¥¤¨−®© ¬−®£®¢�à¨�−â−®© �ƒ„ à�§«¨ç−ëå
¢�à¨�−â®¢ £¥®¤�−−ëå ¯®§¢®«¨â ®¡¥á¯¥ç¨âì −¥¯®áà¥¤áâ¢¥−−ë© ¯¥à¥å®¤ ¬¥¦¤ã à�§-
−ë¬¨ ¯à¥¤áâ�¢«¥−¨ï¬¨ á¨âã�æ¨¨ −� ¬¥áâ−®áâ¨ ¨«¨ ®áãé¥áâ¢«ïâì á®¢¬¥áâ−®¥ ¨å
¨á¯®«ì§®¢�−¨¥ ¯à¨ à¥è¥−¨¨ −¥ª®â®àëå §�¤�ç, −�å®¤ïé¨åáï −� áâëª¥ à�§−ëå
¯à¥¤¬¥â−ëå ®¡«�áâ¥©, � â�ª¦¥ ®¡¥á¯¥ç¨âì á¨−åà®−¨§�æ¨î ¨ á®£«�á®¢�−¨¥ ¨§¬¥-
−¥−¨© £¥®¤�−−ëå.

�®¤¤¥à¦ª� ¢�à¨�−â−®áâ¨ £¥®¤�−−ëå ¬®¦¥â ¤�âì �ƒ„ −®¢ë¥ ¢®§¬®¦−®áâ¨ ¤«ï
�−�«¨§� (¢ â®¬ ç¨á«¥ ¢ëï¢«¥−¨¥ −¥ï¢−ëå §�¢¨á¨¬®áâ¥© ¢ £¥®¤�−−ëå) ¨ à¥è¥−¨ï
§�¤�ç (ª�ª â¨¯®¢ëå, â�ª ¨ −®¢ëå) §� áç¥â ¯à¨¢«¥ç¥−¨ï á¯¥æ¨�«¨§¨à®¢�−−ëå £¥®¬®-
¤¥«¥©, � â�ª¦¥ á¯®á®¡áâ¢®¢�âì ®¯¥à�â¨¢−®© �ªâã�«¨§�æ¨¨ ¤�−−ëå. ‚ ¯¥àá¯¥ªâ¨¢¥
¯à¥¤¯®«�£�¥âáï ¤®¡�¢¨âì ¢ ¬®¤¥«ì �ƒ„ ¯®¤¤¥à¦ªã â¥¬¯®à�«ì−®£® �á¯¥ªâ�.
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FOR A MULTIVARIATE REPRESENTATION OF GEOOBJECTS
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Abstract: The structure of the conceptual scheme and the main design solutions
for constructing a variant of the geodata database that provides support for a con-
sistent multiscale and multivariate representation of geo objects are presented.
The essence of the variation of geomodels is considered and the typology of rela-
tionships between variant representations of geodata is highlighted. Combining
the options for representing geodata in the context of a common geodatabase will
allow for direct access to them and, on this basis, implement new methods for
solving problems of data analysis and processing as well as ensure synchronization
and coordination of changes in geodata.

Keywords: geodata; geodata databases; conceptual scheme of the geodata
database; modeling of geo objects; variation of geomodels

DOI: 10.14357/08696527220212

References

1. Dulin, S. K., and D. A. Nikishin. 2020. Podkhody k integratsii prikladnykh kontsep-
tual'nykh skhem v sostave unifitsirovannoy geoontologii [Approaches to the integration
of the application conceptual schemas in the unified geoontology]. Sistemy i Sredstva
Informatiki | Systems and Means of Informatics 30(2):68{77.

2. Nikishin, D. A. 2020. Variant kontseptual'noy skhemy bazy geodannykh s podderzh-
koy obratimoy generalizatsionnoy svyazannosti modeley geoob"ektov [A variant of the
conceptual schema of the geodata database with support for reversible generalization
connectivity of geo object models]. Sistemy i Sredstva Informatiki | Systems and
Means of Informatics 31(2):119{128.

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2022 vol 32 no 2 135



D. A. Nikishin

3. Pandey, V., A. Kipf, D. Vorona, T. M�uhlbauer, T. Neumann, and A. Kemper. 2016.
High-performance geospatial analytics in HyPerSpace. Conference (International) on
Management of Data Proceedings. New York, NY: ACM. 2145{2148. doi: 10.1145/
2882903.2899412.

4. Wang, S., Y. Zhong, H. Lu, E. Wang, W. Yun, and W. Cai. 2017. Geospatial
big data analytics engine for spark. 6th ACM SIGSPATIAL Workshop on Analytics
for Big Geospatial Data Proceedings. New York, NY: ACM. 42{45. doi: 10.1145/
3150919.3150923.

5. Vollmer, J. O., M. Trapp, H. Schumann, and J. D�ollner. 2018. Hierarchical spatial
aggregation for level-of-detail visualization of 3D thematic data. ACM Trans. Spatial
Algorithms Systems 4(3):9. 23 p. doi: 10.1145/3234506.

6. Nikishin, D. A. 2020. Struktura i osobennosti generalizatsii v kontekste funktsioniro-
vaniya temporal'noy bazy geodannykh [Structure and features of generalization in the
context of functioning of a temporal geodatabase]. Sistemy i Sredstva Informatiki |
Systems and Means of Informatics 30(1):147{159.

7. Codd, E. F. 1979. Extending the database relational model to capture more meaning.
ACM T. Database Syst. 4(4):395{434.

8. Vazhenin, I. A., M. S. Gusachev, and D. V. Karmanov. 2013. Tekhnologiya khra-
neniya mul'timasshtabnykh prostranstvennykh dannykh v ob"ektno-orientirovannoy
baze geodannykh ArcGIS [Technology for storing multiscale spatial data in an object-
oriented ArcGIS geodatabase]. Informatsiya i kosmos [Information and Space] 1:48{52.

9. Jilani, M., P. Corcoran, and M. Bertolotto. 2013. Multi-granular street network
representation towards quality assessment of OpenStreetMap Data. 6th Workshop
(International) on Computational Transportation Science Proceedings. New York, NY:
ACM. 19{24. doi: 10.1145/2533828.2533833.

10. Jilani, M., P. Corcoran, and M. Bertolotto. 2014. Automated highway tag assessment
of OpenStreetMap road networks. 22nd Conference (International) on Advances in
Geographic Information Systems Proceedings. New York, NY: ACM. 449{452. doi:
10.1145/2666310.2666476.

11. Wang, H., X. Chen, N. Polys, and P. Sforza. 2017. A Web3D forest geo-visualization
and user interface evaluation. 22nd Conference (International) on 3D Web Technology
Proceedings. New York, NY: ACM. Art. No. 9. 9 p. doi: 10.1145/3055624.3075956.

12. Nikishin, D. A. 2021. Podkhod k sovershenstvovaniyu kontseptual'nykh skhem baz
geodannykh posredstvom modeley dlya prostranstvenno-logicheskogo svyazyvaniya geo-
ob"ektov [An approach to improving the conceptual schemes of geodata by means of
models for spatial and logical linking of geoobjects]. Sistemy i Sredstva Informatiki |
Systems and Means of Informatics 31(1):157{167.

Received March 21, 2022

Contributor

Nikishin Dmitry A. (b. 1976) | Candidate of Science (PhD) in technology, leading
scientist, Institute of Informatics Problems, Federal Research Center \Computer
Science and Control" of the Russian Academy of Sciences, 44-2 Vavilov Str.,
Moscow 119133, Russian Federation; dmnikishin@mail.ru

136 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2022 vol 32 no 2



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2022. ’. 32. ü 2. ‘. 137{145

ПОДХОД К СВЯЗЫВАНИЮ ЗАПИСЕЙ
В ТЕХНОЛОГИИ ПОДДЕРЖКИ

КОНКРЕТНО-ИСТОРИЧЕСКИХ ИССЛЕДОВАНИЙ,
ОСНОВАННЫЙ НА НЕЧЕТКИХ МНОЖЕСТВАХ

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 ¬®¤¨ä¨ª�æ¨¨ �«£®à¨â¬� �¢â®¬�â¨ç¥áª®-
£® á¢ï§ë¢�−¨ï §�¯¨á¥© ¯à¨ ®¡à�¡®âª¥ −®¬¨−�â¨¢−ëå ¤®ªã¬¥−â®¢ á¥¬¥©−®©
áâàãªâãàë, ®¯¨à�îé¥£®áï −� ¬¥â®¤ ¢®ááâ�−®¢«¥−¨ï ¨áâ®à¨¨ á¥¬¥©, ãá¯¥è−®
¯à¨¬¥−ï¥¬ë© ¢ ¨áâ®à¨ç¥áª®© ¤¥¬®£à�ä¨¨, ¨ áâàãªâãàã £à�ä®¢ à®¤áâ¢¥−−ëå
á¢ï§¥© ¢ á¥¬ì¥. Œ®¤¨ä¨ª�æ¨ï §�ª«îç�¥âáï ¢ ®¯®à¥ −� â¥®à¨î −¥ç¥âª¨å ¬−®-
¦¥áâ¢ ¨ ¨á¯®«ì§®¢�−¨¨ ¬¥à áå®¤áâ¢� ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨ï ® á¢ï§ë¢�−¨¨
§�¯¨á¥© ¢ á«ãç�¥, ª®£¤� �«£®à¨â¬ë ¬¥â®¤� ¢®ááâ�−®¢«¥−¨ï ¨áâ®à¨¨ á¥¬¥© −¥
¯®§¢®«ïîâ á¤¥«�âì ®¤−®§−�ç−ë© ¢ë¢®¤ ® á¢ï§�−−®áâ¨. �¯¨áë¢�¥âáï ¬¥â®¤¨ª�
¯®áâà®¥−¨ï äã−ªæ¨© ¯à¨−�¤«¥¦−®áâ¨ ¨ ®¡®á−®¢ë¢�¥âáï ¨á¯®«ì§®¢�−¨¥ ¬¥àë
áå®¤áâ¢�, ®á−®¢�−−®© −� ¬¥à�å áå®¤áâ¢� ¯® ‹ãª�á¥¢¨çã ¨ ¯® ‡�¤¥.

Š«îç¥¢ë¥ á«®¢�: ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥; à�á¯à¥¤¥«¥−−�ï
â¥å−®«®£¨ï; á¢ï§ë¢�−¨¥ §�¯¨á¥©; ¨áâ®ç−¨ª¨ á¥¬¥©−®© áâàãªâãàë; −¥ç¥âª¨¥
¬−®¦¥áâ¢�
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1 Введение

�®¤¤¥à¦ª� ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© áâ�«� ®¤−®© ¨§ �ªâã�«ì-
−ëå §�¤�ç á®¢à¥¬¥−−®áâ¨, 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].

‚ [2, 3] ®¯¨á�−� à�§à�¡®â�−−�ï ¢ ”ˆ– ˆ“ ÷�� à�á¯à¥¤¥«¥−−�ï â¥å−®«®£¨ï
�Šˆˆ, ®á−®¢�−−�ï −� ¯à¨−æ¨¯�å ªà�ã¤á®àá¨−£� (¬®¡¨«¨§�æ¨¨ à¥áãàá®¢ è¨à®-
ª®£® ªàã£� ¤®¡à®¢®«ìæ¥¢ ¯®áà¥¤áâ¢®¬ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©), ¨ á®§¤�−
àï¤ ¯à®£à�¬¬−ëå áà¥¤áâ¢ ¥¥ ¯®¤¤¥à¦ª¨.

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

137



ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

‚áï á®¢®ªã¯−®áâì ¨áâ®à¨ç¥áª¨å ¨áâ®ç−¨ª®¢, á®¤¥à¦�é¨å ®á−®¢−®© ®¡ê¥¬
¨áå®¤−ëå ¤�−−ëå ¤«ï ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, ¤¥«¨âáï −� âà¨
®á−®¢−ë¥ £àã¯¯ë: −®¬¨−�â¨¢−ë¥ (á®¤¥à¦�é¨¥ ¯¥àá®−�«ì−ãî ¨−ä®à¬�æ¨î á ãª�-
§�−¨¥¬ ¨¬¥−¨ á®¡áâ¢¥−−®£®), áâ�â¨áâ¨ç¥áª¨¥ ¨ −�àà�â¨¢−ë¥ (¯®¢¥áâ¢®¢�â¥«ì−ë¥)
¨áâ®ç−¨ª¨ [4]. ��¨¡®«ìè¨© ¨−â¥à¥á ¤«ï ¨áá«¥¤®¢�â¥«ï ¯à¥¤áâ�¢«ïîâ −®¬¨−�-
â¨¢−ë¥ ¨áâ®ç−¨ª¨, ¯®¤à�§¤¥«ïîé¨¥áï −� ¨áâ®ç−¨ª¨ ¯¥àá®−�«ì−®© áâàãªâãàë
¨ ¨áâ®ç−¨ª¨ á¥¬¥©−®© áâàãªâãàë [5].

�à¨ ®¡à�¡®âª¥ −®¬¨−�â¨¢−ëå ¨áâ®ç−¨ª®¢ ®¤−®© ¨§ ¢�¦−¥©è¨å ¨ á«®¦−¥©-
è¨å §�¤�ç ï¢«ï¥âáï ¯®¨áª á®®â¢¥âáâ¢¨© ¨ ¢§�¨¬®ã¢ï§ë¢�−¨¥ ¤�−−ëå. ‘¢ï§ë¢�−¨¥
§�¯¨á¥© (Record Linkage) | ª«�áá¨ç¥áª�ï ¯à®¡«¥¬� ¢ ¨áâ®à¨ç¥áª®© ¨−ä®à¬�â¨-
ª¥. �¥á¬®âàï −� −�«¨ç¨¥ §−�ç¨â¥«ì−ëå −¥£�â¨¢−ëå ®á®¡¥−−®áâ¥© −®¬¨−�â¨¢−ëå
¨áâ®à¨ç¥áª¨å ¨áâ®ç−¨ª®¢, §�¤�ç� �¢â®¬�â¨§¨à®¢�−−®£® á¢ï§ë¢�−¨ï §�¯¨á¥© ¤«ï
¨−ä®à¬�æ¨¨, ¯®«ãç¥−−®© ¨§ â�ª¨å ¨áâ®ç−¨ª®¢, ¤®¢®«ì−® ãá¯¥è−® à¥è�¥âáï
¢ à�¬ª�å ¬¥â®¤� ¢®ááâ�−®¢«¥−¨ï ¨áâ®à¨¨ á¥¬¥© (‚ˆ‘), ¨á¯®«ì§ã¥¬®£® ¢ ¨áâ®à¨-
ç¥áª®© ¤¥¬®£à�ä¨¨ [4].

‚ §�¤�ç�å á¢ï§ë¢�−¨ï §�¯¨á¥© ¨á¯®«ì§ãîâáï ¤¥â¥à¬¨−¨à®¢�−−ë¥ ¨ ¢¥à®-
ïâ−®áâ−ë¥ �«£®à¨â¬ë. „¥â¥à¬¨−¨à®¢�−−ë¥ �«£®à¨â¬ë ®á−®¢�−ë −� ¯®«−®¬
á®¢¯�¤¥−¨¨ �âà¨¡ãâ®¢ §�¯¨á¥©, ¨ ¤«ï æ¥«¥© ‚ˆ‘ ®−¨ ¯à¨¬¥−ïâìáï ¯à�ªâ¨ç¥-
áª¨ −¥ ¬®£ãâ. �®«¥¥ ¯à¥¤¯®çâ¨â¥«ì−®© �«ìâ¥à−�â¨¢®© ï¢«ïîâáï ¢¥à®ïâ−®áâ−ë¥
�«£®à¨â¬ë. ‚ íâ®¬ á«ãç�¥ ¤«ï �âà¨¡ãâ®¢ §�¤�îâáï ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë,
®¯à¥¤¥«ïîé¨¥ ¢«¨ï−¨¥ −� ¨â®£®¢ãî ®æ¥−ªã ¢¥à®ïâ−®áâ¨ â®£®, çâ® ®æ¥−¨¢�¥¬ë¥
§�¯¨á¨ ®â−®áïâáï ª ®¤−®¬ã ¨ â®¬ã ¦¥ ®¡ê¥ªâã. ��àë §�¯¨á¥© á ¢¥à®ïâ−®áâï¬¨
¢ëè¥ −¥ª®â®à®£® ¯®à®£� áç¨â�îâáï á¢ï§�−−ë¬¨, � ¯�àë á ¢¥à®ïâ−®áâï¬¨ −¨-
¦¥ ¤àã£®£® ¯®à®£� áç¨â�îâáï −¥á¢ï§�−−ë¬¨. ��àë, ª®â®àë¥ ¯®¯�¤�îâ ¬¥¦¤ã
íâ¨¬¨ ¤¢ã¬ï ¯®à®£®¢ë¬¨ §−�ç¥−¨ï¬¨, áç¨â�îâáï ª�−¤¨¤�â�¬¨ −� á¢ï§ë¢�−¨¥
¨ ®¡à�¡�âë¢�îâáï ®â¤¥«ì−® (−�¯à¨¬¥à, ¢àãç−ãî).

�¯ëâ à¥�«ì−ëå ¨áá«¥¤®¢�−¨© ¯®ª�§ë¢�¥â, çâ® −�¨¡®«ìè¨å ãá¯¥å®¢ ¢ ®¡-
«�áâ¨ �¢â®¬�â¨§�æ¨¨ á¢ï§ë¢�−¨ï §�¯¨á¥© ¨áâ®à¨ç¥áª®£® à¥£¨áâà� ¢ à�¬ª�å ‚ˆ‘
ã¤�¥âáï ¤®¡¨âìáï ¯à¨ ®¡à�¡®âª¥ ¬¥âà¨ç¥áª¨å §�¯¨á¥© ¨ ¯®¤®¡−ëå ¯¥àá®−�«ì−ëå
¨áâ®ç−¨ª®¢ ¤¥¬®£à�ä¨ç¥áª¨å á®¡ëâ¨©, −® ¯à¨ ®¡à�¡®âª¥ ¨áâ®ç−¨ª®¢ á¥¬¥©−®©
áâàãªâãàë ¢®§−¨ª�îâ ¯à®¡«¥¬ë [6]. ˆ§ íâ®£® á«¥¤ã¥â, çâ® ¨¬¥¥âáï ¯®âà¥¡−®áâì
¢ ¬¥å�−¨§¬�å �¢â®¬�â¨ç¥áª®£® á¢ï§ë¢�−¨ï ¤«ï á¥¬¥©−ëå áâàãªâãà ¢ á¨âã�æ¨¨,
ª®£¤� áâ�−¤�àâ−ë¥ �«£®à¨â¬ë ‚ˆ‘ −¥ á¬®£«¨ ãáâ�−®¢¨âì á¢ï§ì −¨ ¤«ï ®¤−®£®
ç«¥−� á¥¬ì¨.

2 Структурный подход к связыванию семей

‘¢ï§ë¢�−¨¥ §�¯¨á¥© ¢ â¥å−®«®£¨¨ �Šˆˆ ®áãé¥áâ¢«ï¥âáï áà�¢−¥−¨¥¬ ¯¥à-
á®−, ¨−ä®à¬�æ¨ï ® ª®â®àëå ã¦¥ §�ä¨ªá¨à®¢�−� ¢ á¥¬�−â¨ç¥áª®© á¥â¨ â¥å−®«®£¨¨,
á ¯¥àá®−�¬¨, ã¯®¬¨−�¥¬ë¬¨ ¢ −¥ª®â®à®¬ −®¬¨−�â¨¢−®¬ ¨áâ®à¨ç¥áª®¬ ¤®ªã¬¥−-
â¥. ‚ [7] ®¯¨á�− ¯®¤å®¤ ª á¢ï§ë¢�−¨î §�¯¨á¥© ¢ á¨âã�æ¨¨, ª®£¤� ¯à¨ ®¡à�¡®âª¥
−®¬¨−�â¨¢−ëå ¨áâ®ç−¨ª®¢ á¥¬¥©−®© áâàãªâãàë �¢â®¬�â¨ç¥áª¨¬¨ �«£®à¨â¬�¬¨
á¢ï§ë¢�−¨ï ¬¥â®¤ ‚ˆ‘ −¥ ¤�¥â ã¢¥à¥−−®£® ®â¢¥â� ® á¢ï§�−−®áâ¨, â. ¥. −¥â ¯�à
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á ¢¥à®ïâ−®áâìî á¢ï§�−−®áâ¨, ¤®áâ�â®ç−®©, çâ®¡ë áç¨â�âì ¨å ®¯à¥¤¥«¥−−® á¢ï§�−-
−ë¬¨, −® ¨¬¥îâáï ¯�àë á ¢¥à®ïâ−®áâìî á¢ï§�−−®áâ¨ ¢ëè¥ ¯®à®£� ®¯à¥¤¥«¥−−®©
−¥á¢ï§�−−®áâ¨. „«ï íâ¨å ¯�à ¡ã¤¥¬ £®¢®à¨âì ® −�«¨ç¨¨ ¯®â¥−æ¨�«ì−®© á¢ï§¨
(P-á¢ï§¨).

�®áª®«ìªã à®¤áâ¢¥−−ë¥ á¢ï§¨ ®¡à�§ãîâ −�¯à�¢«¥−−ë© £à�ä á ¨¬¥−®¢�−−ë¬¨
á¢ï§ï¬¨ ¨ ¢¥àè¨−�¬¨, á®®â¢¥âáâ¢ãîé¨¬¨ ¯¥àá®−�¬, �«£®à¨â¬ ®¯¨à�¥âáï −�
®æ¥−ªã áå®¤áâ¢� áâàãªâãà â�ª¨å £à�ä®¢. „«ï áà�¢−¥−¨ï áâàãªâãà �«£®à¨â¬
ãç¨âë¢�¥â:

(1) ®¡ê¥¬ ¯®â¥−æ¨�«ì−ëå á®¢¯�¤¥−¨© ¢ áâàãªâãà�å £à�ä®¢ (¤®«ï ã§«®¢ á P-á¢ï-
§ï¬¨);

(2) ®¡ê¥¬ ¯à¨§−�−−ëå −� ®á−®¢�−¨¨ íªá¯¥àâ−®© ®æ¥−ª¨ ¥áâ¥áâ¢¥−−ë¬¨ («¥£ª®-
®¡êïá−¨¬ë¬¨) −¥á®¢¯�¤¥−¨© ¢ áâàãªâãà�å £à�ä®¢ (¤®«ï á®®â¢¥âáâ¢ãîé¨å
ã§«®¢);

(3) ®¡ê¥¬ âàã¤−®®¡êïá−¨¬ëå −¥á®¢¯�¤¥−¨© ¢ áâàãªâãà�å £à�ä®¢ (¤®«ï ¯à®ç¨å
ã§«®¢).

”®à¬ã«� ¢ëç¨á«¥−¨ï ¢¥à®ïâ−®áâ¨ ¯à¨§−�−¨ï £à�ä®¢ áå®¤−ë¬¨ ¯à¥¤áâ�¢«ï¥â
á®¡®© ¢§¢¥è¥−−ãî à�§−®áâì ¤®«¨ ¯®â¥−æ¨�«ì−ëå á®¢¯�¤¥−¨© ¨ ¤®«¨ âàã¤−®®¡ê-
ïá−¨¬ëå −¥á®¢¯�¤¥−¨©. ‚¥á®¢ë¥ ª®íää¨æ¨¥−âë ®¯à¥¤¥«ïîâáï ¯® à¥§ã«ìâ�â�¬
¨á¯ëâ�−¨© �«£®à¨â¬� ¢ à¥�«ì−ëå ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå. ÷®áâ
®¡ê¥¬� á®¢¯�¤¥−¨© ã¢¥«¨ç¨¢�¥â ¢¥à®ïâ−®áâì ¯à¨§−�−¨ï £à�ä®¢ áå®¤−ë¬¨, � à®áâ
®¡ê¥¬� âàã¤−®®¡êïá−¨¬ëå −¥á®¢¯�¤¥−¨© | ã¬¥−ìè�¥â. �à¨ ¯à¥¢ëè¥−¨¨ á ¢ë-
ç¨á«¥−−®© ¯® á®®â¢¥âáâ¢ãîé¥© ä®à¬ã«¥ ¢¥à®ïâ−®áâìî −¥ª®â®à®£® ¯®à®£®¢®£®
§−�ç¥−¨ï §�¯¨á¨ á P-á¢ï§ï¬¨ ¯à¨§−�îâáï á¢ï§�−−ë¬¨.

�¥á¬®âàï −� â® çâ® ¤�−−ë© ¯®¤å®¤ áãé¥áâ¢¥−−® ¤®¯®«−ï¥â ¨ à�§¢¨¢�¥â â¥å-
−®«®£¨î �Šˆˆ, ®− −¥ á¢®¡®¤¥− ®â àï¤� −¥¤®áâ�âª®¢. �á−®¢−ë¥ ¨§ −¨å |
−¥ã¤®¢«¥â¢®à¨â¥«ì−�ï â®ç−®áâì −¥ª®â®àëå ªà¨â¥à¨¥¢ ¨ áã¡ê¥ªâ¨¢−®áâì ¢ ®¯à¥¤¥-
«¥−¨¨ àï¤� ¯�à�¬¥âà®¢ �«£®à¨â¬�.

�¥¤®áâ�â®ç−�ï â®ç−®áâì ¢ëâ¥ª�¥â ¨§ ¤¨å®â®¬¨ç¥áª®£® ¯®¤å®¤� ª ®¯à¥¤¥«¥−¨î
¥áâ¥áâ¢¥−−®áâ /̈âàã¤−®®¡êïá−¨¬®áâ¨ −¥á®¢¯�¤¥−¨© ¢ áâàãªâãà�å £à�ä®¢. ‚ à¥-
�«ì−®áâ¨ ¬−¥−¨ï íªá¯¥àâ®¢ ç�áâ® ®æ¥−¨¢�îâáï ¯® ¯®àï¤ª®¢®© èª�«¥ [8].

‹î¡®¥ �¢â®¬�â¨ç¥áª®¥ ¯à¨−ïâ¨¥ à¥è¥−¨ï −¥¢®§¬®¦−® ¡¥§ §�¤�−¨ï −¥ª®â®àëå
¯®à®£®¢ëå §−�ç¥−¨© ¨áá«¥¤®¢�â¥«¥¬ ¨áå®¤ï ¨§ ¥£® áã¡ê¥ªâ¨¢−ëå ¯à¥¤¯®çâ¥−¨©
¨ ®¯ëâ�. �® à�áá¬�âà¨¢�¥¬ë© �«£®à¨â¬ ¨¬¥¥â −¥®¯à�¢¤�−−® ¡®«ìè®¥ ç¨á«®
â�ª¨å §�¤�¢�¥¬ëå ¯®«ì§®¢�â¥«¥¬ ¯�à�¬¥âà®¢:

{ ¯�à�¬¥âàë �«£®à¨â¬®¢ ‚ˆ‘, ¯®§¢®«ïîé¨¥ áç¨â�âì §�¯¨á¨ á¢ï§�−−ë¬¨, ¯®-
â¥−æ¨�«ì−® á¢ï§�−−ë¬¨ ¨«¨ −¥á¢ï§�−−ë¬¨;

{ ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë ä®à¬ã«ë ¢ëç¨á«¥−¨ï ¢¥à®ïâ−®áâ¨ ¯à¨§−�−¨ï £à�ä®¢
áå®¤−ë¬¨;

{ ¯®à®£®¢®¥ §−�ç¥−¨¥ ¢ëç¨á«¥−−®© ¢¥à®ïâ−®áâ¨ ¯à¨§−�−¨ï £à�ä®¢ áå®¤−ë¬¨,
¯à¥¢ëè¥−¨¥ ª®â®à®£® ¯®§¢®«ï¥â ¯à¨§−�âì §�¯¨á¨ á P-á¢ï§ï¬¨ á¢ï§�−−ë¬¨.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 2 2022 139



ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

ˆ§ −¥¤®áâ�â®ç−®© â®ç−®áâ¨ ¨ áã¡ê¥ªâ¨¢−®áâ¨ à�áá¬®âà¥−−®£® ¬¥â®¤� ¢ëâ¥ª�¥â
−¥®¡å®¤¨¬®áâì ¢ ¯®áâà®¥−¨¨ −®¢®£® �«£®à¨â¬� á¢ï§ë¢�−¨ï §�¯¨á¥© ¢ â¥å−®«®£¨¨
�Šˆˆ ¯à¨ ®¡à�¡®âª¥ −®¬¨−�â¨¢−ëå ¨áâ®ç−¨ª®¢ á¥¬¥©−®© áâàãªâãàë, ®¯¨à�-
îé¥£®áï −� �«£®à¨â¬ë ‚ˆ‘ ¨ á¢®¡®¤−®£® ®â íâ¨å −¥¤®áâ�âª®¢.

3 Подход на основе нечетких множеств

�à¥¤«�£�¥âáï −®¢ë© ¯®¤å®¤ ª à¥è¥−¨î §�¤�ç¨ á¢ï§ë¢�−¨ï §�¯¨á¥© ¯à¨
®¡à�¡®âª¥ ¤®ªã¬¥−â®¢ á¥¬¥©−®© áâàãªâãàë ¢ á«ãç�¥, ª®£¤� ¬¥â®¤ ‚ˆ‘ −¥ ¤�¥â
®¤−®§−�ç−®£® ®â¢¥â�. �®¤å®¤ ®á−®¢�− −� −¥ç¥âª¨å ¬−®¦¥áâ¢�å.

�®¤ −¥ç¥âª¨¬ ¬−®¦¥áâ¢®¬ A ¯®−¨¬�¥âáï á®¢®ªã¯−®áâì ã¯®àï¤®ç¥−−ëå ¯�à,
á®áâ�¢«¥−−ëå ¨§ í«¥¬¥−â®¢ x ã−¨¢¥àá�«ì−®£® ¬−®¦¥áâ¢� X ¨ á®®â¢¥âáâ¢ãîé¨å
áâ¥¯¥−¥© ¯à¨−�¤«¥¦−®áâ¨ µA(x): A = {(x, µA(x))|x ∈ X}, £¤¥ µA(x) | äã−ª-
æ¨ï ¯à¨−�¤«¥¦−®áâ¨, ¯à¨−¨¬�îé�ï, ª�ª ¯à�¢¨«®, §−�ç¥−¨ï ¢ ¤¨�¯�§®−¥ [0, 1]
¨ ãª�§ë¢�îé�ï, ¢ ª�ª®© áâ¥¯¥−¨ (¬¥à¥) í«¥¬¥−â x ¯à¨−�¤«¥¦¨â −¥ç¥âª®¬ã ¬−®-
¦¥áâ¢ã A [9].

„«ï −¥ç¥âª¨å ¬−®¦¥áâ¢ ®¯à¥¤¥«¥−® ®â−®è¥−¨¥ áå®¤áâ¢�. ‘à¥¤¨ ¡®«ìè®£®
ç¨á«� ¬¥à áå®¤áâ¢� −�¨¡®«¥¥ è¨à®ª®¥ à�á¯à®áâà�−¥−¨¥ ¯®«ãç¨«¨:

(1) ¬¥à� áå®¤áâ¢� ¯® ‹ãª�á¥¢¨çã:

mL

(

“A, “B
)

= 1−

∑n

i=1
|µ “A(xi)− µ “B(xi)|

n
;

(2) ¬¥à� áå®¤áâ¢� ¯® ‡�¤¥:

mZ

(

“A, “B
)

=

=

∑n

i=1
min

(

max(1− µ “A(xi), µ “B(xi)),max(µ “A(xi), 1 − µ “B(xi))
)

n
.

‚ ¯à¨¢¥¤¥−−ëå ä®à¬ã«�å “A(xi) ¨ “B(xi)| −¥ç¥âª¨¥ ¬−®¦¥áâ¢�, ®¯à¥¤¥«¥−-
−ë¥ −� ¡�§®¢®¬ ¬−®¦¥áâ¢¥ ¯à¨§−�ª®¢ xi ∈ X, i = 1, n, ª®â®àë¥, ¢ á¢®î ®ç¥à¥¤ì,
¬®£ãâ ¯à¨−¨¬�âì ª�ª ª®«¨ç¥áâ¢¥−−ë¥ (ç¨á«®¢ë¥), â�ª ¨ ª�ç¥áâ¢¥−−ë¥ («¨−£¢¨-
áâ¨ç¥áª¨¥) §−�ç¥−¨ï, ®¡ãá«®¢«¨¢�îé¨¥ ¯à¨¬¥−¥−¨¥ â®© ¨«¨ ¨−®© ä®à¬ã«ë.
‚ ¯¥à¢®¬ á«ãç�¥ æ¥«¥á®®¡à�§−® ¢®á¯®«ì§®¢�âìáï ¬¥à®© áå®¤áâ¢� ¯® ‹ãª�á¥¢¨çã,
¨¬¥îé¥© á¬ëá« à�ááâ®ï−¨ï ¬¥¦¤ã í«¥¬¥−â�¬¨, � ¢® ¢â®à®¬ | ¬¥à®© áå®¤áâ¢�
¯® ‡�¤¥, ¨á¯®«ì§ã¥¬®© ¯à¨ ¢ë¯®«−¥−¨¨ ®¯¥à�æ¨© −�¤ «®£¨ç¥áª¨¬¨ ¯¥à¥¬¥−−ë¬¨
¨ ¢ëáª�§ë¢�−¨ï¬¨.

‚ á«ãç�¥ ª®£¤� ¢ ®¯¨á�−¨¨ á¨âã�æ¨© ®¤−®¢à¥¬¥−−® ¯à¨áãâáâ¢ãîâ ¨ ª®«¨ç¥-
áâ¢¥−−ë¥, ¨ ª�ç¥áâ¢¥−−ë¥ ¯�à�¬¥âàë, æ¥«¥á®®¡à�§−® ¯à¨¬¥−ïâì ª®¬¡¨−¨à®¢�−-
−ãî ¬¥àã áå®¤áâ¢�
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C0

(

“A, “B
)

= βmZ

(

“A, “B
)

+ (1− β)mL

(

“A, “B
)

,

¢ ª®â®à®© ª®−ªà¥â−ë¥ §−�ç¥−¨ï ª®íää¨æ¨¥−â� β ∈ [0, 1] ¢ë¡¨à�îâáï íªá¯¥àâ�¬¨
¨áå®¤ï ¨§ á®¤¥à¦�â¥«ì−®£® á¬ëá«� ¨á¯®«ì§ã¥¬ëå ¯�à�¬¥âà®¢ [10].

4 Представление семейной структуры как нечеткого множества

ˆ¬¥îâáï ¤¢� ¬−®¦¥áâ¢�: ¬−®¦¥áâ¢® ¯¥àá®−, ®â−®áïé¨åáï ª ®¯à¥¤¥«¥−−®©
á¥¬¥©−®© áâàãªâãà¥, ¨−ä®à¬�æ¨ï ® ª®â®àëå ã¦¥ §�ä¨ªá¨à®¢�−� ¢ á¥¬�−â¨ç¥áª®©
á¥â¨ â¥å−®«®£¨¨, ¨ ¬−®¦¥áâ¢® ¯¥àá®−, ã¯®¬¨−�¥¬ëå ¢ −¥ª®â®à®¬ −®¬¨−�â¨¢−®¬
¨áâ®à¨ç¥áª®¬ ¤®ªã¬¥−â¥. �� ¨å ®á−®¢¥ ä®à¬¨àãîâáï ¤¢� −¥ç¥âª¨å ¬−®¦¥áâ¢�
á á®®â¢¥âáâ¢¨¥¬, ®¯à¥¤¥«ï¥¬ë¬ á¢ï§�−−®áâìî í«¥¬¥−â®¢, ®¯à¥¤¥«¥−−®© ¢ à¥-
§ã«ìâ�â¥ ¢ë¯®«−¥−¨ï ¯à®æ¥¤ãà ‚ˆ‘ (P-á¢ï§−®áâìî), ¨ áâàãªâãà®© ®â−®è¥−¨©
à®¤áâ¢�.

�ãáâì A | ¬−®¦¥áâ¢® ã§«®¢ á¥¬�−â¨ç¥áª®© á¥â¨, á®®â¢¥âáâ¢ãîé¨å á®áâ�¢ã
á¥¬ì¨ ¢ ¯à¥¤ë¤ãé¨© ¯¥à¨®¤ ¢ á®®â¢¥âáâ¢¨¨ á à�−¥¥ ®¡à�¡®â�−−ë¬¨ ¤®ªã¬¥−â�¬¨
á¥¬¥©−®© áâàãªâãàë.

�ãáâì B | ¬−®¦¥áâ¢® ¯¥àá®−, ã¯®¬¨−�¥¬ëå ¢ ®¡à�¡�âë¢�¥¬®¬ ¤®ªã¬¥−â¥
á¥¬¥©−®© áâàãªâãàë, ¤«ï ª®â®àëå ã¦¥ ¢ à¥§ã«ìâ�â¥ �−�«¨§� ¤®ªã¬¥−â� ¢ëï¢«¥−ë
®â−®è¥−¨ï à®¤áâ¢� ¨ ¤«ï −¥ª®â®àëå ¨§ −¨å ãáâ�−®¢«¥−ë P-á¢ï§¨ á á®®â¢¥âáâ¢ã-
îé¨¬¨ í«¥¬¥−â�¬¨ ¬−®¦¥áâ¢� A áà¥¤áâ¢�¬¨ ‚ˆ‘. �®¤¬−®¦¥áâ¢® B0 ¬−®¦¥-
áâ¢� B, ¤«ï í«¥¬¥−â®¢ ª®â®à®£® ãáâ�−®¢«¥−ë P-á¢ï§¨ á í«¥¬¥−â�¬¨ A, ¡ã¤¥¬
−�§ë¢�âì ï¤à®¬ ¬−®¦¥áâ¢� B. …¬ã á®®â¢¥âáâ¢ã¥â ï¤à® A0 ¬−®¦¥áâ¢� A. �«¥-
¬¥−â B0, á¢ï§�−−ë© P-á¢ï§ìî á í«¥¬¥−â®¬ a ∈ A0, ®¡®§−�ç¨¬ p(a). ‚¥à®ïâ−®áâì
á®®â¢¥âáâ¢¨ï, ®¯à¥¤¥«¥−−�ï ¬¥â®¤®¬ ‚ˆ‘ ¤«ï ai ∈ A

0, ®¡®§−�ç¨¬ ª�ª vi.
Š�ª ¯®ª�§�−® ¢ëè¥, ¤¨å®â®¬¨ç¥áª�ï ®æ¥−ª� −¥á®¢¯�¤¥−¨© áâàãªâãà á«¨è-

ª®¬ £àã¡� ¨ áã¡ê¥ªâ¨¢−�. –¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì íªá¯¥àâ−ãî ®æ¥−ªã ¯®
¯®àï¤ª®¢®© èª�«¥. ‘ãé¥áâ¢ã¥â àï¤ ¬¥â®¤®¢ ¯®áâà®¥−¨ï ¯® íªá¯¥àâ−ë¬ ®æ¥−ª�¬
äã−ªæ¨¨ ¯à¨−�¤«¥¦−®áâ¨ −¥ç¥âª®£® ¬−®¦¥áâ¢�. ‚ æ¥«ïå á−¨¦¥−¨ï áã¡ê¥ª-
â¨¢−®£® ¢«¨ï−¨ï íªá¯¥àâ� −� à¥§ã«ìâ�âë ¯®áâà®¥−¨ï äã−ªæ¨© ¯à¨−�¤«¥¦−®áâ¨,
ª®â®à®¥ ¢ àï¤¥ á«ãç�¥¢ ¯à¨¢®¤¨â ª á¤¢¨£�−¨î ®æ¥−ª¨ ®¡ê¥ªâ®¢ ¢ −�¯à�¢«¥−¨¨
ª®−æ®¢ ®æ¥−®ç−®© èª�«ë, ¢ à�¬ª�å ª®á¢¥−−ëå ¬¥â®¤®¢ ¯®áâà®¥−¨ï äã−ªæ¨©
¯à¨−�¤«¥¦−®áâ¨ ¨á¯®«ì§ãîâáï: ¬¥â®¤ áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå; ¬¥â®¤ ¯�à−ëå
áà�¢−¥−¨©; ¬¥â®¤ íªá¯¥àâ−ëå ®æ¥−®ª; ¯�à�¬¥âà¨ç¥áª¨© ¬¥â®¤; ¬¥â®¤ ¨−â¥à-
¢�«ì−ëå ®æ¥−®ª; ¬¥â®¤ à�−£®¢ëå ®æ¥−®ª [11]. –¥«¥á®®¡à�§−® áâà®¨âì �«£®à¨â¬
¯®áâà®¥−¨ï äã−ªæ¨¨ ¯à¨−�¤«¥¦−®áâ¨ −� ¡�§¥ ¬®¤¨ä¨æ¨à®¢�−−®£® ¬¥â®¤� Ÿ£¥à�
¨ ¬®¤¨ä¨æ¨à®¢�−−®£® ¬¥â®¤� �−�«¨§� ¨¥à�àå¨© ‘��â¨ [12]. ‡−�ç¥−¨¥ ¯®áâà®¥−-
−®© äã−ªæ¨¨ ¯à¨−�¤«¥¦−®áâ¨ ¤«ï ã§«� xi ®¤−®£® £à�ä�, −¥ ¨¬¥îé¥£® �−�«®£�
¢ ¤àã£®¬ £à�ä¥, â. ¥. −¥ ¯à¨−�¤«¥¦�é¥£® ï¤àã, ®âà�¦�îé¥¥ ®æ¥−ªã áâ¥¯¥−¨
®¡êïá−¨¬®áâ¨ −¥á®®â¢¥âáâ¢¨ï ¤«ï ¤�−−®£® ã§«�, ®¡®§−�ç¨¬ ª�ª oi.

�¡®§−�ç¨¬ A = A ∪B\B0, B = B ∪A\A0. Œ¥¦¤ã í«¥¬¥−â�¬¨ ¬−®¦¥áâ¢ A
¨ B áãé¥áâ¢ã¥â ¢§�¨¬−® ®¤−®§−�ç−®¥ á®®â¢¥âáâ¢¨¥ (¡¨¥ªæ¨ï) f : A↔ B:
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f
(

ai ∈ A
)

=

{

p(ai), ai ∈ A0 ;

ai, ai ∈ A\A0 ∪B\B0 .

�â® ¯®§¢®«ï¥â à�áá¬®âà¥âì ¤¢� −¥ç¥âª¨å ¬−®¦¥áâ¢� “A ¨ “B, ®¯à¥¤¥«¥−−ëå −�
ã−¨¢¥àá�«ì−®¬ ¬−®¦¥áâ¢¥ B ¨ á äã−ªæ¨ï¬¨ ¯à¨−�¤«¥¦−®áâ¨ µ “A ¨ µ “B á®®â¢¥â-
áâ¢¥−−®:

µ “A(xi) =







1 |f−1(xi) ∈ A0 ;

1 |xi ∈ A\A
0 ;

oi |xi ∈ B\B0 ,

µ “B(xi) =







vi |xi ∈ B0 ;

1 |xi ∈ B\B0 ;

oi |xi ∈ A\A0 .

”ã−ªæ¨ï µ “A ®âà�¦�¥â â®â ä�ªâ, çâ® ¬−®¦¥áâ¢® A ï¢«ï¥âáï íâ�«®−−ë¬, � í«¥-
¬¥−âëB, ®âáãâáâ¢ãîé¨¥ ¢A, ®â−®áïâáï ª −¥¬ã á ¢¥à®ïâ−®áâï¬¨, ®¯à¥¤¥«¥−−ë¬¨
−� ¡�§¥ íªá¯¥àâ−ëå ®æ¥−®ª áâ¥¯¥−¨ ®¡êïá−¨¬®áâ¨ −¥á®®â¢¥âáâ¢¨ï. ”ã−ªæ¨ï µ “B
®âà�¦�¥â â®â ä�ªâ, çâ® í«¥¬¥−âë ï¤à� ¬−®¦¥áâ¢� B á®®â−®áïâáï á í«¥¬¥−â�¬¨
¬−®¦¥áâ¢� A á ¢¥à®ïâ−®áâï¬¨, ®¯à¥¤¥«¥−−ë¬¨ ¬¥â®¤®¬ ‚ˆ‘, ¯à®ç¨¥ í«¥¬¥−âë
¬−®¦¥áâ¢� B ®â−®áïâáï ª −¥¬ã ¡¥§ãá«®¢−®, � í«¥¬¥−âë A, ®âáãâáâ¢ãîé¨¥ ¢ B,
®â−®áïâáï ª −¥¬ã á ¢¥à®ïâ−®áâï¬¨, ®¯à¥¤¥«¥−−ë¬¨ −� ¡�§¥ íªá¯¥àâ−ëå ®æ¥−®ª
áâ¥¯¥−¨ ®¡êïá−¨¬®áâ¨ −¥á®®â¢¥âáâ¢¨ï.

5 Решение о связывании записей

÷¥è¥−¨¥ ® á¢ï§ë¢�−¨¨ ¨«¨ −¥á¢ï§ë¢�−¨¨ §�¯¨á¥© −®¬¨−�â¨¢−ëå ¨áâ®ç−¨ª®¢
á¥¬¥©−®© áâàãªâãàë æ¥«¥á®®¡à�§−® ¯à¨−¨¬�âì, ®æ¥−¨¢�ï §−�ç¥−¨¥ ¬¥àë áå®¤-

áâ¢� ¤¢ãå −¥ç¥âª¨å ¬−®¦¥áâ¢ “A ¨ “B, ¯®áâà®¥−−ëå ®¯¨á�−−ë¬ ¢ëè¥ á¯®á®¡®¬.
�®áª®«ìªã äã−ªæ¨¨ ¯à¨−�¤«¥¦−®áâ¨ áâà®¨«¨áì −� ®á−®¢�−¨¨ ª�ª íªá¯¥àâ−ëå
¤�−−ëå, â�ª ¨ à¥§ã«ìâ�â®¢ à�áç¥â®¢, æ¥«¥á®®¡à�§−® ¯à¨¬¥−ïâì ª®¬¡¨−¨à®¢�−−ãî
¬¥àã áå®¤áâ¢�

C0

(

“A, “B
)

= βmZ

(

“A, “B
)

+ (1− β)mL

(

“A, “B
)

,

£¤¥ mZ | ¬¥à� áå®¤áâ¢� ¯® ‡�¤¥; mL | ¬¥à� áå®¤áâ¢� ¯® ‹ãª�á¥¢¨çã.
Š®íää¨æ¨¥−â β, ®âà�¦�îé¨© á®®â−®è¥−¨¥ ª®«¨ç¥áâ¢¥−−ëå ¨ ª�ç¥áâ¢¥−−ëå

¯�à�¬¥âà®¢, ¬®¦¥â ¡ëâì ¢ëç¨á«¥− ¯® ä®à¬ã«¥:

β =
|A\A0|+ |B\B0|

|A|+ |B|+ |B\B0|
.

6 Выводы

�à¥¤«®¦¥−−ë© �«£®à¨â¬ ¯®§¢®«ï¥â §−�ç¨â¥«ì−® ã«ãçè¨âì ¢å®¤ïé¨© ¢ á®áâ�¢
â¥å−®«®£¨¨ �Šˆˆ ¬¥å�−¨§¬ �¢â®¬�â¨§�æ¨¨ ¯à®¢¥¤¥−¨ï â�ª®© ¢�¦−®© á®áâ�¢«ï-
îé¥© ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, ª�ª ¨¤¥−â¨ä¨ª�æ¨ï ¯¥àá®− ¢ −®-
¬¨−�â¨¢−ëå ¨áâ®à¨ç¥áª¨å ¤®ªã¬¥−â�å á¥¬¥©−®© áâàãªâãàë, §� áç¥â á−¨¦¥−¨ï
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�®¤å®¤ ª á¢ï§ë¢�−¨î §�¯¨á¥© ¢ â¥å−®«®£¨¨ �Šˆˆ, ®á−®¢�−−ë© −� −¥ç¥âª¨å ¬−®¦¥áâ¢�å

¢«¨ï−¨ï áã¡ê¥ªâ¨¢−®£® ¬−¥−¨ï ¨áá«¥¤®¢�â¥«ï −� à¥§ã«ìâ�â ¨ ã¢¥«¨ç¥−¨ï â®ç-
−®áâ¨ à¥§ã«ìâ�â� §� áç¥â ®âª�§� ®â ¤¨å®â®¬¨¨ ¯à¨ ª«�áá¨ä¨ª�æ¨¨ −¥á®¢¯�¤¥−¨©
áâàãªâãà ®â−®è¥−¨© à®¤áâ¢�.

„�«ì−¥©è¥¥ à�§¢¨â¨¥ ¯à¥¤«®¦¥−−®£® �«£®à¨â¬� ¢®§¬®¦−® §� áç¥â ¨á¯®«ì§®-
¢�−¨ï íªá¯¥àâ−ëå á¨áâ¥¬ ¯à¨ ä®à¬¨à®¢�−¨¨ ®æ¥−®ª −¥á®¢¯�¤¥−¨© íâ¨å áâàãªâãà.
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OF CONCRETE HISTORICAL INVESTIGATION SUPPORT

BASED ON FUZZY SETS
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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. The development is carried out by modifying the
algorithm for automatic record linking when processing nominative documents
of family structure based on the Family reconstitution method, successfully used
in historical demography, and the structure of family relationship graphs. The
modification consists in relying on the theory of fuzzy sets and using the similarity
measures to make a decision about records linking in the case when the algorithms
of the family reconstitution method do not allow an unambiguous conclusion
about the linkage. The article describes the methodology for constructing
membership functions and substantiates the use of a similarity measure based on
the Lukasiewicz and Zade similarity measures.
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S-МОДЕЛИРОВАНИЕ И ЦИФРОВЫЕ ТЕХНОЛОГИИ
ЭКОНОМИЧЕСКОЙ ДЕЯТЕЛЬНОСТИ

В. Д. Ильин

�−−®â�æ¨ï: ÷�áá¬®âà¥−® ¯à¨¬¥−¥−¨¥ â¥®à¨¨ á¨¬¢®«ì−®£® ¬®¤¥«¨à®¢�−¨ï
¯à®¨§¢®«ì−ëå ®¡ê¥ªâ®¢ (s-¬®¤¥«¨à®¢�−¨ï) ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ íª®−®¬¨ç¥-
áª¨å ¯à®æ¥áá®¢ ¯à¨ à¥è¥−¨¨ §�¤�ç ã¯à�¢«¥−¨ï ¨¬¨ ¢ æ¨äà®¢®© áà¥¤¥. S-¬®-
¤¥«¨ ä¨−�−á®¢ëå, â®à£®¢ëå ¨ ¤àã£¨å ¯à®æ¥áá®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨
¯à¥¤áâ�¢«¥−ë á®¢®ªã¯−®áâìî á�¬®®¡ãç�îé¨åáï æ¨äà®¢ëå ¤¢®©−¨ª®¢ (digital
twins). „«ï ¯®áâà®¥−¨ï æ¨äà®¢®£® ¤¢®©−¨ª� ¨á¯®«ì§ãîâáï §−�ç¥−¨ï ¯�à�¬¥â-
à®¢, å�à�ªâ¥à¨§ãîé¨å ¯®¢¥¤¥−¨¥ ¬®¤¥«¨àã¥¬®£® ®¡ê¥ªâ�. ‘ ¬®¬¥−â� á¢®¥£®
á®§¤�−¨ï æ¨äà®¢®© ¤¢®©−¨ª −�ª�¯«¨¢�¥â §−�−¨ï ® ¬®¤¥«¨àã¥¬®¬ ®¡ê¥ªâ¥,
®¡¬¥−¨¢�ïáì á −¨¬ á®®¡é¥−¨ï¬¨ ¨ ®¡−®¢«ïïáì. –¨äà®¢�ï â¥å−®«®£¨ï íª®−®-
¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ®¯à¥¤¥«¥−−®£® ¢¨¤� à�áá¬�âà¨¢�¥âáï ª�ª á®¢®ªã¯−®áâì
¬¥â®¤®¢, áà¥¤áâ¢ ¨ ¯à�¢¨« à¥�«¨§�æ¨¨ ¯à®æ¥áá®¢ íâ®© ¤¥ïâ¥«ì−®áâ¨ ¯®áà¥¤-
áâ¢®¬ ®−«�©−-á¥à¢¨á®¢, à�¡®â�îé¨å ¢ áà¥¤¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢. �à¨¢¥-
¤¥−ë ¯à¨¬¥àë ®¡−®¢«¥−−ëå â¥å−®«®£¨© −®à¬�«¨§®¢�−−®£® íª®−®¬¨ç¥áª®£®
¬¥å�−¨§¬� (��Œ).

Š«îç¥¢ë¥ á«®¢�: á¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥; s-¬®¤¥«¨à®¢�−¨¥; æ¨äà®-
¢�ï â¥å−®«®£¨ï; íª®−®¬¨ç¥áª¨© ¯à®æ¥áá; −®à¬�«¨§®¢�−−ë© íª®−®¬¨ç¥áª¨©
¬¥å�−¨§¬
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1 Введение

’�ª á«®¦¨«®áì, çâ® ® ¢¥¤¥−¨¨ å®§ï©áâ¢� ¢ ¬�áèâ�¡�å áâà�−ë ¨ ¬¨à� ç�áâ®
à�ááã¦¤�îâ ¢®¢á¥ −¥ ¨−¦¥−¥àë ¨ ãç¥−ë¥, §�−¨¬�îé¨¥áï ¨áá«¥¤®¢�−¨ï¬¨ ¯à¨-
à®¤−ëå ¨ ¨§®¡à¥â¥−−ëå ®¡ê¥ªâ®¢ (¨§ í−æ¨ª«®¯¥¤¨¨ Britannica: úEconomics |
social science that seeks to analyze and describe the production, distribution, and
consumption of wealth (Mark Blaug)û). �â® −¥ ¬®£«® −¥ ®âà�§¨âìáï −� ª�ç¥áâ¢¥
íª®−®¬¨ç¥áª¨å ª®−æ¥¯æ¨© ¨ â¥®à¨©. �¥ç¥âª®áâì ®¯à¥¤¥«¥−¨©, ¯á¥¢¤®¬�â¥¬�â¨§�-
æ¨ï, ®¯¥à¨à®¢�−¨¥ −¥¨§¬¥à¨¬ë¬¨ ¢¥«¨ç¨−�¬¨ ¢ úª®«¨ç¥áâ¢¥−−ëå ¬®¤¥«ïåû [1,
2], ®âáãâáâ¢¨¥ ï¢−® ãª�§�−−®£® æ¥«¥¢®£® −�§−�ç¥−¨ï ¨ ®£à�−¨ç¥−¨© −� ¯à¨¬¥-
−¨¬®áâì ¬®¤¥«¨, −¥ãç¥â à¥�«ì−ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© | å�à�ªâ¥à−ë¥
¯à¨§−�ª¨ íª®−®¬¨ç¥áª¨å ¯à®¨§¢¥¤¥−¨©.

� å®§ï©áâ¢¥−−®© ¤¥ïâ¥«ì−®áâ¨ �¢â®àë â�ª¨å ¯à®¨§¢¥¤¥−¨© à�ááã¦¤�îâ, ª�ª
® áâ¨å¨©−ëå ï¢«¥−¨ïå (úªà¨§¨á à�§à�§¨«áïû ¨ â. ¯.) ¨ �§�àâ−ëå ¨£à�å (ú¨£à®ª¨û,
ú¨£à� −� ¯®¢ëè¥−¨¥û ¨ ¯à.).

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

146



S-¬®¤¥«¨à®¢�−¨¥ ¨ æ¨äà®¢ë¥ â¥å−®«®£¨¨ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨

�¡ ¨§¬¥à¨¬®áâ¨ ¨ ª®«¨ç¥áâ¢¥−−ëå ¬®¤¥«ïå. …áâì ¢¥é¨, ª®â®àë¥ −�ãç¨«¨áì
¨§¬¥àïâì: ¢¢¥«¨ ¥¤¨−¨æë ¨§¬¥à¥−¨ï, ¨§®¡à¥«¨ ¨ ¯®áâà®¨«¨ áà¥¤áâ¢� ¨§¬¥à¥−¨ï.
“¬¥¥¬ ¨§¬¥àïâì ¤«¨−ã, ¬�ááã, â¥¬¯¥à�âãàã ¨ ¬−®£®¥ ¤àã£®¥. �® ¥é¥ ¡®«ìè¥
¢¥é¥©, ª®â®àë¥ ¨§¬¥àïâì ¯®ª� −¥ ã¬¥¥¬.

ˆáá«¥¤®¢�â¥«¨ ¨ ¨−¦¥−¥àë −� ®á−®¢¥ ª®«¨ç¥áâ¢¥−−ëå ¬®¤¥«¥© ä®à¬ã«¨àãîâ
§�¤�ç¨, çâ®¡ë, §�¤�¢�ï §−�ç¥−¨ï ¯¥à¥¬¥−−ëå, áç¨â�îé¨åáï ¨§¢¥áâ−ë¬¨, ¢ë-
ç¨á«ïâì §−�ç¥−¨ï ¯¥à¥¬¥−−ëå, áç¨â�îé¨åáï −¥¨§¢¥áâ−ë¬¨. ��áª®«ìª® �¤¥ª-
¢�â−� ª®«¨ç¥áâ¢¥−−�ï ¬®¤¥«ì, ¢ëïá−ïîâ, á®¯®áâ�¢«ïï ¢ëç¨á«¥−−ë¥ §−�ç¥−¨ï
á ¨§¬¥à¥−−ë¬¨.

�® ¨§®¡à¥â�â¥«¥© úª®«¨ç¥áâ¢¥−−ëå â¥®à¨© ¤¥−¥£û [1, 2], ¢¨¤¨¬®, −¥ á¬ãé�«
ä�ªâ −¥¨§¬¥à¨¬®áâ¨ ¢¥«¨ç¨−, ª®â®àë¥ ¢ª«îç¥−ë ¢ ¨å úâ¥®à¨¨û. ’®«ªãï ®¡ ®¡é¥¬
ç¨á«¥ á¤¥«®ª, â¢®àæë íâ¨å úâ¥®à¨©û −¥ à�§«¨ç�îâ á¤¥«ª¨ ¯® ¢¨¤�¬ (¯®¤à®¡−¥¥
á¬. [3, à�§¤. 1.4]). Šà®¬¥ â®£®, ¢ íâ¨å úâ¥®à¨ïåû ¤¥−ì£¨ (áà¥¤áâ¢® ¨§¬¥à¥−¨ï
áâ®¨¬®áâ¨ â®¢�à®¢) â®¦¥ ï¢«ïîâáï â®¢�à®¬, � á¤¥«ª¨ ªã¯«¨-¯à®¤�¦¨ ¢�«îâë
¨ à�§«¨ç−ëå §�¬¥−¨â¥«¥© ¤¥−¥£ (â�ª −�§ë¢�¥¬ëå æ¥−−ëå ¡ã¬�£) −¥®â«¨ç¨¬ë ®â
á¤¥«®ª ªã¯«¨-¯à®¤�¦¨ à¥�«ì−ëå â®¢�à®¢.

� ¯à�¢¨«�å íª®−®¬¨ç¥áª®£® ¯®¢¥¤¥−¨ï. ��¤® ®â¤�âì ¤®«¦−®¥ à®âè¨«ì¤-
áª®¬ã ª«�−ã ¨¤¥®«®£®¢ ä¨−�−á®¢®£® á¥ªâ®à� íª®−®¬¨ª¨. ‡� ¯�àã ¢¥ª®¢ £«®¡�«ì-
−�ï ª®®¯¥à�æ¨ï ä¨−�−á®¢ëå ú−�¯¥àáâ®ç−¨ª®¢û ¤®¡¨«�áì à¥è�îé¥£® ¢«¨ï−¨ï −�
¯à¨−ïâ¨¥ ª«îç¥¢ëå à¥è¥−¨©, á¢ï§�−−ëå á ¯à�¢¨«�¬¨ íª®−®¬¨ç¥áª®£® ¯®¢¥¤¥−¨ï.
�à¥¤áâ�¢¨â¥«¨ ¨ ¨¤¥©−ë¥ ¯®á«¥¤®¢�â¥«¨ íâ®£® ª«�−� | −� ª«îç¥¢ëå ¯®§¨æ¨ïå
¢ ä¨−�−á®¢®¬ á¥ªâ®à¥, ã−¨¢¥àá¨â¥â�å ¨ íªá¯¥àâ−ëå £àã¯¯�å, £®â®¢ïé¨å à¥è¥−¨ï
¤«ï £®áã¤�àáâ¢¥−−ëå àãª®¢®¤¨â¥«¥©.

Œ�áá� íª®−®¬¨ç¥áª¨å ¨§¤�−¨© (¡ã¬�¦−ëå ¨ í«¥ªâà®−−ëå), â¥«¥- ¨ à�¤¨®ª®¬-
¬¥−â�â®à®¢, £®¢®àïé¨å ® á®áâ®ï−¨¨ àë−ª®¢ ¨ ¯à., ªàã£«®áãâ®ç−® ®áãé¥áâ¢«ïîâ
ä¨−�−á®¢®¥ ú¯à®á¢¥é¥−¨¥û −�á¥«¥−¨ï.

� −®à¬�«¨§�æ¨¨ íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬�. ú—¥¬ �£à¥áá¨¢−¥¥ ¡ã¤ãâ ¢¢®-
¤¨âìáï íª®−®¬¨ç¥áª¨¥ á�−ªæ¨¨ ¯à®â¨¢ ÷®áá¨¨, â¥¬ ¡ëáâà¥¥ −®à¬�«¨§ã¥âáï íª®-
−®¬¨ç¥áª¨© ¬¥å�−¨§¬ −�è¥© áâà�−ë. ‚ ç�áâ−®áâ¨, ¯à¨ ®âª�§¥ ÷®áá¨¨ ®â ¤®««�à�
‘˜� (ª�ª áà¥¤áâ¢� à�áç¥â®¢ §� ¯®áâ�¢ª¨ −¥äâ¨) �¬¥à¨ª�−áª®¥ íª®−®¬¨ç¥áª®¥
¤®¬¨−¨à®¢�−¨¥ ¡ã¤¥â ã¡ë¢�âì ¥é¥ ¨−â¥−á¨¢−¥¥. � ¯¥à¥å®¤ ª ¯®«¨¢�«îâ−®-
¬ã àë−ªã (à�áç¥â�¬ ¢ ¢�«îâ¥, ¢ë¡à�−−®© ãç�áâ−¨ª�¬¨ â®à£®¢®© á¤¥«ª¨) áâ�−¥â
à¥è¨â¥«ì−ë¬ è�£®¬ ª −®à¬�«¨§�æ¨¨ íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬�û [4].

‚ áâ�âì¥ ® ¬®¤¥«¨ −®à¬�«¨§®¢�−−®© íª®−®¬¨ª¨ (��ª-¬®¤¥«¨), ®¯ã¡«¨ª®¢�−-
−®© ¢ 2009 £., á®¤¥à¦¨âáï ¯à¥¤«®¦¥−¨¥ ® ¯à¨−æ¨¯¨�«ì−®¬ ¨§¬¥−¥−¨¨ ¯®¤å®¤�
ª ä®à¬¨à®¢�−¨î ¨ ¨á¯®«ì§®¢�−¨î £®áã¤�àáâ¢¥−−®£® §®«®â®¢�«îâ−®£® à¥§¥à¢�
áâà�−ë. ú�ë−¥è−¨© £®áã¤�àáâ¢¥−−ë© §®«®â®¢�«îâ−ë© à¥§¥à¢ ÷®áá¨¨ ãï§¢¨¬
¢ â®© ¬¥à¥, ¢ ª�ª®© −¥�¤¥ª¢�â−� áãé¥áâ¢ãîé�ï ª®−æ¥¯æ¨ï ¤¥−¥£: ¨§¬¥−¥−¨¥
â®¢�à−®© ¥¬ª®áâ¨ ¢�«îâ ¨ æ¥−ë §®«®â� | ¢−¥ ®¡«�áâ¨ ¤®¯ãáâ¨¬®£® ã¯à�¢«¥-
−¨ï ¤¥à¦�â¥«ï à¥§¥à¢�, � áà¥¤áâ¢� à¥§¥à¢� −¥ à�¡®â�îâ ¢ íª®−®¬¨ª¥ ÷®áá¨¨.
–¥«¥á®®¡à�§−® §�¯à¥â¨âì §�ª®−®¬ ¢ë¢®¤ ¤¥−¥¦−ëå áà¥¤áâ¢ £®áã¤�àáâ¢¥−−®£® à¥-
§¥à¢� ¨ ä®−¤®¢ á®æ¨�«ì−®© §�é¨âë ¨§ ��ª-á¨áâ¥¬ë â®© áâà�−ë, £¤¥ ®−¨ ¡ë«¨
¯®à®¦¤¥−ë ¨ �ªªã¬ã«¨à®¢�−ëû [5, á. 134].
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‚. „. ˆ«ì¨−

�à®æ¨â¨à®¢�−−ë¥ ãâ¢¥à¦¤¥−¨ï �¢â®à� á®åà�−ïîâ �ªâã�«ì−®áâì ¨ ¢ −�è¨ ¤−¨.
‘«¥¤ã¥â §�¬¥â¨âì, çâ® ¢ ¯®á«¥¤−¨¥ 3{4 £®¤� ¯à¨à�áâ�¥â ¯®¤¤¥à¦ª� ª®−æ¥¯æ¨¨

−®à¬�«¨§�æ¨¨ íª®−®¬¨ª¨ ¨ áà¥¤¨ íª®−®¬¨áâ®¢-¨áá«¥¤®¢�â¥«¥© [6{11].
‡�¯¨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�áá¬®âà¥−ë �ªâã�«ì−ë¥ ¯à¨¬¥àë ¯à¨-

¬¥−¥−¨ï â¥®à¨¨ s-¬®¤¥«¨à®¢�−¨ï ¯à¨ æ¨äà®¢¨§�æ¨¨ íª®−®¬¨ç¥áª¨å ¯à®æ¥áá®¢.

2 S-моделирование процессов нормализованной экономической
деятельности

� �®à¬�«¨§®¢�−−ë© íª®−®¬¨ç¥áª¨© ¬¥å�−¨§¬ | àë−®ç−ë© íª®−®¬¨ç¥áª¨©
¬¥å�−¨§¬, â¥å−®«®£¨¨ à�¡®âë ª®â®à®£® à¥�«¨§ãîâ §�¤�ç¨ ª®¬¯«¥ªá®¢ ��Œ ¯®-
áà¥¤áâ¢®¬ ®−«�©−-á¥à¢¨á®¢, äã−ªæ¨®−¨àãîé¨å ¢ áà¥¤¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢.
�à¥¤áâ�¢«ï¥â á®¡®© (®á−®¢�−−ãî −� á®¢à¥¬¥−−ëå æ¨äà®¢ëå â¥å−®«®£¨ïå) ç¥«®-
¢¥ª®â¥å−¨ç¥áªãî á¨áâ¥¬ã, á¢ï§�−−ãî ®â−®è¥−¨ï¬¨ ª®®à¤¨−�æ¨¨ ¨ ¯®¤ç¨−¥−¨ï
á £®áã¤�àáâ¢¥−−ë¬ ¬¥å�−¨§¬®¬. �

♦ ‚ ��Œ áâà¥¬«¥−¨¥ ãç�áâ−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ (í¤-ãç�áâ-
−¨ª®¢) ª ¯®«ãç¥−¨î íªáâ¥àà¨â®à¨�«ì−®© ¢ë£®¤ë ¯®¤¤¥à¦¨¢�¥âáï ¢ â¥å á«ãç�ïå,
ª®£¤� á¤¥«ª� (ªã¯«¨-¯à®¤�¦¨, ¨−¢¥áâ¨à®¢�−¨ï ¨«¨ ¤à.) −¥ ¯à®â¨¢®à¥ç¨â à¥è¥−¨î
§�¤�ç §�é¨âë ¨ à�§¢¨â¨ï ¯®â¥−æ¨�«� áâà�−ë ♦ [12].

Š®¬¯«¥ªá â¥å−®«®£¨© −®à¬�«¨§®¢�−−®£® â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï
¢ª«îç�¥â â¥å−®«®£¨¨ ä®à¬¨à®¢�−¨ï ¨ à¥�«¨§�æ¨¨ ¤®£®¢®à−ëå ®â−®è¥−¨© ¢ æ¨ä-
à®¢®© áà¥¤¥, ¯«�â¥¦−®£® ¨ â®¢�à−®£® ªà¥¤¨â®¢�−¨ï, ®−«�©−-¡�−ª¨−£� −� ®á−®¢¥
¡�−ª®¢-¯à®¢�©¤¥à®¢, ª®à¯®à�â¨¢−ëå (Š��®¢) ¨ ¯¥àá®−�«ì−ëå í«¥ªâà®−−ëå ¡�−-
ª®¢ (���®¢).

Ÿ¤à®¬ ª®¬¯«¥ªá� ¤®ªã¬¥−â¨à®¢�−¨ï â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï ¨ ¨¬ã-
é¥áâ¢¥−−ëå áâ�âãá®¢ í¤-ãç�áâ−¨ª®¢ ï¢«ï¥âáï á¨áâ¥¬� ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢.

� ‘¨áâ¥¬� ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢ (¨á-á¨áâ¥¬�) | á¨áâ¥¬� ¤®ªã¬¥−-
â�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï ¤¥−¥¦−®© ¨ −¥¤¥−¥¦−®© á®áâ�¢«ïîé¨å ¨¬ãé¥áâ¢¥−−ëå

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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S-¬®¤¥«¨à®¢�−¨¥ ¨ æ¨äà®¢ë¥ â¥å−®«®£¨¨ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨

áâ�âãá®¢ ãç�áâ−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨. „¥−¥¦−�ï á®áâ�¢«ïîé�ï ¢ë-
à�¦¥−� §−�ç¥−¨ï¬¨ áã¬¬ −®à¬�«¨§®¢�−−ëå ¤¥−¥£ ¢ à�§¤¥«�å ã−¨ª�«ì−ëå áç¥â®¢
í¤-ãç�áâ−¨ª®¢ (¨á-áç¥â®¢). �¥¤¥−¥¦−�ï | ¤®ªã¬¥−â�¬¨, ¯®¤â¢¥à¦¤�îé¨¬¨
¯à�¢® á®¡áâ¢¥−−®áâ¨ −� −¥¤¢¨¦¨¬®áâì, âà�−á¯®àâ ¨ ¤àã£®¥ ¨¬ãé¥áâ¢®, ª®â®à®¥
¯à¨ −¥®¡å®¤¨¬®áâ¨ ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª §�«®£®¢®¥. �

� ˆá-áç¥â | ã−¨ª�«ì−ë© ¡�−ª®¢áª¨© áç¥â, à�§¬¥é¥−−ë© ¢ ¯¥àá®−�«ì−®¬
í«¥ªâà®−−®¬ ¡�−ª¥ ä¨§¨ç¥áª®£® «¨æ� ¨«¨ ª®à¯®à�â¨¢−®¬ í«¥ªâà®−−®¬ ¡�−ª¥
îà¨¤¨ç¥áª®£® «¨æ�. ‚«�¤¥«¥æ ¨á-áç¥â� ¨¤¥−â¨ä¨æ¨àã¥âáï ¯® ˆ��. �

♦ �¨ª�ª®¥ ¨§¬¥−¥−¨¥ áã¬¬ ¨á-áç¥â� −¥ ¬®¦¥â ¡ëâì ®áãé¥áâ¢«¥−® ¡¥§ ¤®ªã-
¬¥−â¨àã¥¬®£® §�è¨äà®¢�−−®£® ¯®¤â¢¥à¦¤¥−¨ï ¢«�¤¥«ìæ� ¨á-áç¥â� (� ¢ −¥®à¤¨-
−�à−ëå á¨âã�æ¨ïå | ¯®á«¥ ¤®ªã¬¥−â¨àã¥¬®£® §�è¨äà®¢�−−®£® ¯®¤â¢¥à¦¤¥−¨ï
®¯à¥¤¥«¥−−®£® §�ª®−®¬ £®áã¤�àáâ¢¥−−®£® ®à£�−�). ♦

‚ ��Œ íâ® à¥�«¨§ã¥âáï −� ¯à®£à�¬¬−®-�¯¯�à�â−®¬ ãà®¢−¥. ˆ§¬¥−¥−¨¥
á®áâ®ï−¨ï ¨á-áç¥â� ¬®¦¥â ¡ëâì à¥�«¨§®¢�−® â®«ìª® ¯®á«¥ ¯®«ãç¥−¨ï ®−«�©−-
ã¤®áâ®¢¥à¥−¨ï ¤®¯ãáâ¨¬®áâ¨ ®¯¥à�æ¨¨ −�¤ ¨á-áç¥â®¬. “¤®áâ®¢¥à¥−¨¥ ¢ë¤�¥â
á¯¥æ¨�«ì−ë© ®−«�©−-á¥à¢¨á ¡�−ª�-à¥£ã«ïâ®à�. �á−®¢�−¨¥¬ ¤«ï ¯®«ãç¥−¨ï ã¤®-
áâ®¢¥à¥−¨ï á«ã¦�â ¤�−−ë¥ á¯¥æ¨ä¨ª�æ¨¨ á®¢¥àè�¥¬®© ®¯¥à�æ¨¨ (© ¯«�â¥¦ ¯à¨
á¤¥«ª¥ ªã¯«¨-¯à®¤�¦¨, ã¯«�â¥ −�«®£� ¨«¨ ¤à. ©). ’�ª¨¬ á¯®á®¡®¬ ¨áª«îç�îâ-
áï ¢®§¬®¦−®áâ¨ −�àãè¥−¨ï ãáâ�−®¢«¥−−ëå §�ª®−®¬ ¯à�¢¨« â®¢�à−®-¤¥−¥¦−®£®
®¡à�é¥−¨ï (−¥¤®¯ãáâ¨¬ë¥ íª®−®¬¨ç¥áª¨¥ á¤¥«ª¨, −¥ã¯«�â� ãáâ�−®¢«¥−−ëå §�ª®-
−®¬ £®áã¤�àáâ¢¥−−ëå á¡®à®¢ ¨ ¤à.).

� �®à¬�«¨§®¢�−−ë¥ ¤¥−ì£¨ (−¤) | ã−¨¢¥àá�«ì−®¥ í«¥ªâà®−−®¥ áà¥¤áâ¢® ª®-
«¨ç¥áâ¢¥−−®£® ¤®ªã¬¥−â¨à®¢�−¨ï ¨¬ãé¥áâ¢¥−−ëå ®â−®è¥−¨©, ã¤®áâ®¢¥àï¥¬ëå
£®áã¤�àáâ¢®¬. �à¥¤−�§−�ç¥−® ¤«ï ¯à¥¤áâ�¢«¥−¨ï áâ®¨¬®áâ¨ â®¢�à®¢ ¨ ¨¬ãé¥-
áâ¢¥−−ëå áâ�âãá®¢ í¤-ãç�áâ−¨ª®¢, ¤«ï ®¯«�âë â®¢�à®¢, ¨−¢¥áâ¨à®¢�−¨ï ¨ −�ª®¯-
«¥−¨ï ¡®£�âáâ¢�. �¤-áã¬¬ë ¯à¥¤áâ�¢«¥−ë ¢ ¨á-áç¥â�å §�¯¨áï¬¨, ®âà�¦�îé¨¬¨
¤¥−¥¦−® ¢ëà�¦¥−−ë¥ ¢¥«¨ç¨−ë ¨¬ãé¥áâ¢¥−−®£® ¯à�¢� ¨ ¨¬ãé¥áâ¢¥−−ëå ®¡ï-
§�â¥«ìáâ¢. „«ï ¯à¥¤áâ�¢«¥−¨ï §−�ç¥−¨© −¤-áã¬¬ ¨á¯®«ì§ãîâáï ¢¥é¥áâ¢¥−−ë¥
ç¨á«� á á®®â¢¥âáâ¢ãîé¨¬ §−�ª®¬ (¬¨−ãá | ¤«ï áã¬¬, ª®â®àë¥ ¯à¥¤áâ®¨â ¢¥à-
−ãâì; ¯«îá | ¤«ï ¯®«ãç¥−−ëå áã¬¬). �

“−¨¢¥àá�«ì−®áâì −¤ ¢ëà�¦�¥âáï ¢ ¯à¨¬¥−¨¬®áâ¨ ¢® ¢á¥å ¢−ãâà¥−−¨å ¨ ¢−¥è-
−¨å íª®−®¬¨ç¥áª¨å á¤¥«ª�å, à�§à¥è¥−−ëå §�ª®−®¬ £®áã¤�àáâ¢�, ¯®¤ îà¨á¤¨ªæ¨-
¥© ª®â®à®£® äã−ªæ¨®−¨àã¥â íª®−®¬¨ç¥áª�ï á¨áâ¥¬�.

��−ª®¢áª�ï á¨áâ¥¬� ��Œ (−®à¬�«¨§®¢�−−�ï ¡�−ª®¢áª�ï á¨áâ¥¬�) ¢ª«îç�¥â
���ë, Š��ë, ¡�−ª¨-¯à®¢�©¤¥àë ¨ ¡�−ª-à¥£ã«ïâ®à, ¯®¤ ã¯à�¢«¥−¨¥¬ ª®â®à®£®
äã−ªæ¨®−¨àãîâ ¢á¥ ¤àã£¨¥ ¡�−ª¨.

��−ª-à¥£ã«ïâ®à à�á¯®«�£�¥â á¥âìî á¥à¢¥à®¢, à�§¬¥é¥−−ëå −� â¥àà¨â®à¨¨
áâà�−ë, ¯®¤ îà¨á¤¨ªæ¨¥© ª®â®à®© −�å®¤¨âáï íª®−®¬¨ç¥áª�ï á¨áâ¥¬�.

��−ª¨-¯à®¢�©¤¥àë | ª®¬¬¥àç¥áª¨¥ ¯à¥¤¯à¨ïâ¨ï, ãçà¥¦¤¥−−ë¥ îà¨¤¨ç¥áª¨-
¬¨ «¨æ�¬¨ (¨«¨ ®¡ê¥¤¨−¥−¨ï¬¨ îà¨¤¨ç¥áª¨å «¨æ, ®¡ê¥¤¨−¥−¨ï¬¨ ä¨§¨ç¥áª¨å
«¨æ, ®¡ê¥¤¨−¥−¨ï¬¨ îà¨¤¨ç¥áª¨å ¨ ä¨§¨ç¥áª¨å «¨æ), §�−¨¬�îé¨¬¨áï ¯à®-
¨§¢®¤áâ¢®¬ â®¢�à®¢ /̈̈ «¨ ¨å à¥�«¨§�æ¨¥©. ��−ª-¯à®¢�©¤¥à à�á¯®«�£�¥â ®¡ê-
¥¤¨−¥−−ë¬¨ ¢ á¥âì á¥à¢¥à�¬¨, ¯à¥¤−�§−�ç¥−−ë¬¨ ¤«ï ®¡á«ã¦¨¢�−¨ï §�¯à®á®¢
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‚. „. ˆ«ì¨−

®â ���®¢ ¨ Š��®¢ ª«¨¥−â®¢ ¨ ¢§�¨¬®¤¥©áâ¢¨ï á á¥à¢¥à�¬¨ ¡�−ª�-à¥£ã«ï-
â®à�.

�¥àá®−�«ì−ë¥ ¨ ª®¬¬¥àç¥áª¨¥ í«¥ªâà®−−ë¥ ¡�−ª¨ (ª�ª ¯à®£à�¬¬−®-�¯¯�-
à�â−ë¥ áà¥¤áâ¢�) | íâ®, ª�ª ¯à�¢¨«®, ¯¥à¥−®á−ë¥ ãáâà®©áâ¢� â¨¯� ¯«�−è¥â®¢
¨ á¬�àâä®−®¢, −�¤¥«¥−−ë¥ −�¤¥¦−® §�é¨é¥−−ë¬¨ ª®¬¬ã−¨ª�æ¨®−−ë¬¨ äã−ªæ¨-
ï¬¨. ‚ ����å ¨ Š���å ¢ §�è¨äà®¢�−−®© ä®à¬¥ åà�−ïâáï ®à¨£¨−�«ë ¨á-áç¥â®¢
¨ ¤®ªã¬¥−â®¢ ¯® á¤¥«ª�¬.

�à®£à�¬¬−® à¥�«¨§ã¥¬ë¥ §�¯¨á¨ ¢ ä�©«�å ¨á-áç¥â®¢ ¨¬¥îâ ¯à�¢® ¨−¨æ¨-
¨à®¢�âì â®«ìª® ¢«�¤¥«ìæë ¨á-áç¥â®¢, á®¢¥àè�îé¨¥ á¤¥«ªã. ‡�¯à®áë −� ®¡á«ã-
¦¨¢�−¨¥ á¤¥«ª¨ (ã¤®áâ®¢¥à¥−¨¥ á®áâ®ï−¨ï ¨á-áç¥â� ¨ á®åà�−¥−¨¥ ®¡−®¢«¥−−®©
ª®¯¨¨ ¨á-áç¥â�) ¯®«ãç�îâ ¡�−ª¨-¯à®¢�©¤¥àë, á¥à¢¨á�¬¨ ª®â®àëå ¯®«ì§ãîâáï
á®¢¥àè�îé¨¥ á¤¥«ªã í¤-ãç�áâ−¨ª¨ [13].

’¥å−®«®£¨¨ í«¥ªâà®−−®© ¤®«£®¢®© â®à£®¢«¨ ¨ ¤¥−¥¦−®© í¬¨áá¨¨ [14]. �à¨
í«¥ªâà®−−®© ¤®«£®¢®© â®à£®¢«¥ ¢á¥ ¢ë£®¤ë ¨ à¨áª¨ à�§¤¥«ïîâ ¯à®¤�¢¥æ ¨ ¯®ªã-
¯�â¥«ì, � áâ®¨¬®áâì ªà¥¤¨â� ã¯�ª®¢�−� ¢ áâ®¨¬®áâì ¯®ªã¯ª¨.

�â� â¥å−®«®£¨ï ®¡¥á¯¥ç¨¢�¥â ®ä®à¬«¥−¨¥ ®âáà®ç¥−−®© ç�áâ¨ ®¯«�âë â®¢�à�
ª�ª ¤®«£ ¯®ªã¯�â¥«ï ¯à®¤�¢æã. ƒà�ä¨ª ¢ë¯«�âë ¤®«£� ä¨ªá¨àã¥âáï ¢ ¤®£®¢®à¥.
‚ â®¬ ¦¥ ¤®£®¢®à¥ ãª�§ë¢�îâáï èâà�ä−ë¥ á�−ªæ¨¨ §� −�àãè¥−¨¥ £à�ä¨ª� ¢ë¯«�â
¤®«£� ¨ −¥−�¤«¥¦�é¥¥ ª�ç¥áâ¢® ¯à®¤�−−®£® â®¢�à�.

�à¨¬¥−¨â¥«ì−® ª ¤®«£�¬, ®¡à�§®¢�¢è¨¬áï ¢ à¥§ã«ìâ�â¥ ¯à®¤�¦¨ ¯à¨®à¨â¥â-
−ëå â®¢�à®¢, ¬®£ãâ ¤¥©áâ¢®¢�âì ¯à�¢¨«� ¤®áà®ç−®£® ¢®§¢à�â� ¤®«£®¢ ¯à®¤�¢æ�¬
¨§ áà¥¤áâ¢ ¡�−ª�-à¥£ã«ïâ®à�. „¥«�¥âáï íâ® ¯® §�¯à®á�¬ ¯à®¤�¢æ®¢ ¢ ¤®«£®-
¢®© ®â¤¥« ¡�−ª�-à¥£ã«ïâ®à�, −�¯à�¢«ï¥¬ëå á ¨á¯®«ì§®¢�−¨¥¬ ®−«�©−-á¥à¢¨á�.
�à¨ ¯®«®¦¨â¥«ì−®¬ à¥è¥−¨¨ −� ¨á-áç¥â ¯à®¤�¢æ� ¯¥à¥¢®¤¨âáï áã¬¬� ¤®«£�
(¯®«−®áâìî ¨«¨ ç�áâ¨ç−®), � ¯®á«¥ íâ®£® ¯®ªã¯�â¥«ì ¢ë¯«�ç¨¢�¥â íâã áã¬¬ã −¥
¯à®¤�¢æã, � ¤®«£®¢®¬ã ®â¤¥«ã ¡�−ª�-à¥£ã«ïâ®à�. � ¢®§¬®¦−®áâ¨ â�ª®© áå¥¬ë
¢®§¢à�â� ¤®«£� ¯®ªã¯�â¥«ì ¨§¢¥é�¥âáï ¯à®¤�¢æ®¬ ¤® à¥�«¨§�æ¨¨ á¤¥«ª¨.

♦ „®áà®ç−ë¬ ¢®§¢à�â®¬ ¤®«£®¢ ¯à®¤�¢æ�¬ ¯à¨®à¨â¥â−ëå â®¢�à®¢ ¡�−ª-à¥£ã-
«ïâ®à à¥�«¨§ã¥â â¥ªãéãî £®áã¤�àáâ¢¥−−ãî ¯à®£à�¬¬ã ¯®¤¤¥à¦ª¨ ¯à®¨§¢®¤áâ¢�
¨ ¯à®¤�¦¨ â�ª¨å â®¢�à®¢. ♦

� „®«£®¢�ï ¤¥−¥¦−�ï í¬¨áá¨ï ¢ë¯®«−ï¥âáï ¡�−ª®¬-à¥£ã«ïâ®à®¬ â®«ìª® â®-
£¤�, ª®£¤� áã¬¬� ¤®«£®¢, ¢®§¢à�é¥−−ëå ¯®ªã¯�â¥«ï¬¨ ¤®«£®¢®¬ã ®â¤¥«ã, ¬¥−ìè¥
®ç¥à¥¤−®© ¤®«£®¢®© áã¬¬ë, §�¯à®è¥−−®© ¤«ï ¢®§¢à�â� ¯à®¤�¢æã. �¬¨â¨àã¥¬�ï
áã¬¬� à�¢−� à�§−®áâ¨ §�¯à®è¥−−®© ¤®«£®¢®© áã¬¬ë ¨ áã¬¬ë −� áç¥âã ¤®«£®¢®£®
®â¤¥«�. �

♦ „®«£®¢�ï ¤¥−¥¦−�ï í¬¨áá¨ï á«ã¦¨â áà¥¤áâ¢®¬ £®áã¤�àáâ¢¥−−®£® à¥£ã«¨à®-
¢�−¨ï ®¡é¥© áã¬¬ë ¤¥−¥£ ¢ íª®−®¬¨ç¥áª®© á¨áâ¥¬¥. ’�ª¨¬ á¯®á®¡®¬ ®áãé¥áâ¢«ï-
¥âáï £®áã¤�àáâ¢¥−−®¥ à¥£ã«¨à®¢�−¨¥ â®¢�à−®© ¥¬ª®áâ¨ ¤¥−¥£. ♦

� ��§−�ç¥−−ë© ¯«�â¥¦ | â¥å−®«®£¨ç¥áª¨ £�à�−â¨à®¢�−−�ï ®¯«�â� §�ª�§�−-
−ëå â®¢�à®¢, ¯à�¢¨«� à¥�«¨§�æ¨¨ ª®â®à®© ¦¥áâª® á¢ï§�−ë á ¯à�¢¨«�¬¨ ¨á¯®«−¥-
−¨ï §�ª�§�. ‘ã¬¬� −�§−�ç¥−−®£® ¯«�â¥¦� ¯¥à¥¢®¤¨âáï −� áç¥â ¯®«ãç�â¥«ï áà�§ã
¯®á«¥ â®£®, ª�ª §�ª�§ç¨ª ¯®¤â¢¥à¤¨« ¨á¯®«−¥−¨¥ §�ª�§�. ‚ á«ãç�¥ −¥¨á¯®«−¥−¨ï
§�ª�§� −�§−�ç¥−−ë© ¯«�â¥¦ ®â¬¥−ï¥âáï. �
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S-¬®¤¥«¨à®¢�−¨¥ ¨ æ¨äà®¢ë¥ â¥å−®«®£¨¨ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨

��§−�ç¥−−ë© ¯«�â¥¦ −¥ ¬®¦¥â ¡ëâì áä®à¬¨à®¢�−, ¥á«¨ §�ª�§ á®¤¥à¦¨â
â®¢�àë, −¥ ®â−¥á¥−−ë¥ ª ¤®¯ãáâ¨¬ë¬. Š®−âà®«ì ®áãé¥áâ¢«ï¥âáï æ¨äà®¢ë¬¨
¤¢®©−¨ª�¬¨, ®¡¥á¯¥ç¨¢�îé¨¬¨ äã−ªæ¨®−¨à®¢�−¨¥ á¥à¢¨á®¢ ª®−âà®«ï ¤®¯ãáâ¨-
¬®áâ¨ §�ª�§�. ÷¥�«¨§�æ¨ï â¥å−®«®£¨¨ ®¡¥á¯¥ç¨¢�¥âáï ®−«�©−-á¥à¢¨á�¬¨ ¡�−ª®¢,
äã−ªæ¨®−¨àãîé¨¬¨ ¢ áà¥¤¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢, ª®â®àë¥ ¬®¤¥«¨àãîâ á®áâ®-
ï−¨¥ ¯«�â¥¦−®© á¨áâ¥¬ë ¨ ¯à®æ¥áá� ¨á¯®«−¥−¨ï §�ª�§� [15].

3 Заключение

�à¥¤áâ�¢«¥−ë ®á−®¢−ë¥ −�¯à�¢«¥−¨ï ¯à¨¬¥−¥−¨ï ¬¥â®¤®«®£¨¨ s-¬®¤¥«¨à®-
¢�−¨ï ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ íª®−®¬¨ç¥áª¨å ¯à®æ¥áá®¢, à¥�«¨§ã¥¬ëå ¢ á®¢à¥¬¥−−®©
æ¨äà®¢®© áà¥¤¥.

�à¨¢¥¤¥−ë ãâ®ç−¥−−ë¥ ®¯à¥¤¥«¥−¨ï ¨ ªà�âª¨¥ å�à�ªâ¥à¨áâ¨ª¨ �ªâã�«ì−ëå
â¥å−®«®£¨© ��Œ.
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СРАВНИТЕЛЬНЫЙ АНАЛИЗ
МНОГОПОТОЧНЫХ ТРАНСПОРТНЫХ ПРОТОКОЛОВ

Е. П. Степанов1, Р. Л. Смелянский2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï §�¤�ç� ®¡¥á¯¥ç¥−¨ï ª�ç¥áâ¢� á¥â¥¢®£® á¥à¢¨á�
¯à¨ ¯®¬®é¨ ¯à®â®ª®«®¢ ¬−®£®¯®â®ç−®© ¬�àèàãâ¨§�æ¨¨, á®£«�á−® ª®â®àë¬
¯®â®ª ¤�−−ëå ®â ¯à¨«®¦¥−¨ï à�§¤¥«ï¥âáï −� −¥áª®«ìª® ¯®¤¯®â®ª®¢ ¨ ª�¦¤ë©
¨§ −¨å ¨¤¥â ¯® á¢®¥¬ã ¬�àèàãâã ¢ á¥â¨. ‚ë¤¥«ïîâ ¤¢� ª«�áá� ¬−®£®¯®â®ç−ëå
¯à®â®ª®«®¢: áâ�â¨ç¥áª¨©, ¢ ª®â®à®¬ ª®«¨ç¥áâ¢® ¯®¤¯®â®ª®¢ −¥ ¨§¬¥−ï¥âáï ¢ â¥-
ç¥−¨¥ ¦¨§−¨ á®¥¤¨−¥−¨ï, ¨ ¤¨−�¬¨ç¥áª¨©, ¢ ª®â®à®¬ ª®«¨ç¥áâ¢® ¯®¤¯®â®ª®¢
§�¢¨á¨â ®â â¥ªãé¥£® á®áâ®ï−¨ï á¥â¨ ¨ âà¥¡®¢�−¨© ¯à¨«®¦¥−¨ï. �à¥¤áâ�¢«¥−
áà�¢−¨â¥«ì−ë© �−�«¨§ íää¥ªâ¨¢−®áâ¨ áâ�â¨ç¥áª®£® ¨ ¤¨−�¬¨ç¥áª®£® ¬−®-
£®¯®â®ç−ëå âà�−á¯®àâ−ëå ¯à®â®ª®«®¢. Œ¥â®¤¨ª� áà�¢−¨â¥«ì−®£® �−�«¨§�
¨−¢�à¨�−â−� ª â®¯®«®£¨¨ á¥â¨, −�£àã§ª¥ ¨ −�áâà®©ª�¬ âà�−á¯®àâ−ëå �£¥−â®¢.
‚ë¤¥«¥−ë ®¡«�áâ¨ íää¥ªâ¨¢−®áâ¨ ¤¨−�¬¨ç¥áª®£® ¨ áâ�â¨ç¥áª®£® ¬−®£®¯®â®ç-
−ëå ¯à®â®ª®«®¢. �ªá¯¥à¨¬¥−â�«ì−®¥ ¨áá«¥¤®¢�−¨¥ ¯®ª�§�«® ¯à¥¨¬ãé¥áâ¢®
¤¨−�¬¨ç¥áª®£® ¯®¤å®¤�.

Š«îç¥¢ë¥ á«®¢�: MPTCP; FDMP; QOS; ISP

DOI: 10.14357/08696527220215

1 Введение

’à¥¡®¢�−¨ï ¯à¨«®¦¥−¨© ª áª®à®áâ¨ ¯¥à¥¤�ç¨ ¤�−−ëå ¯®áâ®ï−−® à�áâãâ. ’�ª,
á®£«�á−® ¯à®£−®§ã ª®¬¯�−¨¨ Cisco Systems [1], âà¥¡®¢�−¨ï ª ¢¨¤¥®âà�ä¨ªã ¢ ¡«¨-
¦�©è¥¬ ¡ã¤ãé¥¬ ¯à¥¢ëáïâ â¥ªãé¨¥ ¯®âà¥¡−®áâ¨ ¯®«ì§®¢�â¥«¥© ¢ ¤¥áïâª¨ à�§.
’�ª¦¥ á«¥¤ã¥â ®â¬¥â¨âì â¥−¤¥−æ¨î ª ã¢¥«¨ç¥−¨î ª®«¨ç¥áâ¢� æ¥−âà®¢ ®¡à�¡®âª¨
¤�−−ëå (–�„). ‘®£«�á−® [2], ¢ ÷®áá¨¨ −� −�áâ®ïé¨© ¬®¬¥−â äã−ªæ¨®−¨àãîâ
146 –�„, � ¢® ¢á¥¬ ¬¨à¥ ¨å ã¦¥ ¡®«¥¥ 2500 [3]. ÷®áâ ç¨á«� –�„ á¢ï§�−
á ¬¥−ïîé¥©áï ®à£�−¨§�æ¨¥© ¯à¨«®¦¥−¨©: ç�áâì ¢ëç¨á«¥−¨© ¬®¦¥â ¢ë¯®«−ïâìáï
−� ¯¥à¨ä¥à¨¨ [4], ¯®§¢®«ïï á−¨¦�âì á¥â¥¢ë¥ §�¤¥à¦ª¨ −� ¯¥à¥¤�çã ¨−ä®à¬�æ¨¨.
�¥à¥ç¨á«¥−−ë¥ ¨§¬¥−¥−¨ï ¯à¨¢®¤ïâ ¨ ª ã¢¥«¨ç¥−¨î âà�ä¨ª� ¬¥¦¤ã –�„ ¨ ª«¨-
¥−â�¬¨. �à¨¢¥¤¥−−ë© â¥§¨á ¯®¤â¢¥à¦¤�¥âáï ¨áá«¥¤®¢�−¨¥¬ TeleGeography [5],
ª®â®à®¥ ¯®ª�§�«®, çâ® ¢ 2017 £. ¤®«ï âà�ä¨ª� ¬¥¦¤ã –�„ −� á�¬®¬ ¯®¯ã«ïà−®¬
¬�àèàãâ¥ ç¥à¥§ �â«�−â¨ç¥áª¨© ®ª¥�− ¤®áâ¨£«� 75% ®â ®¡é¥£® âà�ä¨ª�, � ¢ 2023 £.
®−� ¤®«¦−� ¯à¥¢ëá¨âì 93%. ’�ª¨¬ ®¡à�§®¬, −� −�áâ®ïé¨© ¬®¬¥−â ¢®§à�áâ�¥â
�ªâã�«ì−®áâì §�¤�ç¨ ¢ë¯®«−¥−¨ï âà¥¡®¢�−¨© ¯à¨«®¦¥−¨ï ª á¥â¨, â. ¥. ¯®¢ëè¥−¨ï
ª�ç¥áâ¢� á¥â¥¢®£® á¥à¢¨á�. „�«¥¥ ¯®¤ ª�ç¥áâ¢®¬ á¥à¢¨á� ¡ã¤¥¬ ¯®−¨¬�âì áª®à®áâì
âà�−á¯®àâ−®£® á®¥¤¨−¥−¨ï.

1Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�, estepanov@lvk.cs.msu.ru
2Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�, smel@cs.msu.ru

155



…. �. ‘â¥¯�−®¢, ÷. ‹. ‘¬¥«ï−áª¨©

�¤−¨¬ ¨§ ¯®¤å®¤®¢ ª ã¢¥«¨ç¥−¨î áª®à®áâ¨ ¯¥à¥¤�ç¨ ¤�−−ëå ¬®¦¥â ¡ëâì
à�§¤¥«¥−¨¥ ¯®â®ª� ¤�−−ëå −� −¥áª®«ìª® ¯®â®ª®¢ (−�§ë¢�¥¬ëå ¤�«¥¥ ¯®¤¯®â®-
ª�¬¨), ª®â®àë¥ ¯¥à¥¤�îâáï ç¥à¥§ −¥áª®«ìª® âà�−á¯®àâ−ëå á®¥¤¨−¥−¨©. ’�ª®©
¯®¤å®¤ ¡ã¤¥¬ −�§ë¢�âì ¬−®£®¯®â®ç−®© ¬�àèàãâ¨§�æ¨¥©, � à¥�«¨§ãîé¨¥ ¥£®
¯à®â®ª®«ë | ¬−®£®¯®â®ç−ë¬¨ ¯à®â®ª®«�¬¨.

�¤−®© ¨§ §�¤�ç ¬−®£®¯®â®ç−®£® ¯à®â®ª®«� ï¢«ï¥âáï ¢ë¡®à ª®«¨ç¥áâ¢� ¯®¤-
¯®â®ª®¢. ‘ª®à®áâì âà�−á¯®àâ−®£® á®¥¤¨−¥−¨ï, á®§¤�¢�¥¬®£® ¬−®£®¯®â®ç−ë¬
¯à®â®ª®«®¬, ª®â®à®¥ ¡ã¤¥¬ −�§ë¢�âì ¬−®£®¯®â®ç−ë¬ á®¥¤¨−¥−¨¥¬, §�¢¨á¨â ®â
ç¨á«� ¨á¯®«ì§ã¥¬ëå ¯®¤¯®â®ª®¢. ˆ§«¨è−¥¥ ª®«¨ç¥áâ¢® ¯®¤¯®â®ª®¢ ã¢¥«¨ç¨-
¢�¥â −�ª«�¤−ë¥ à�áå®¤ë −� ¯¥à¥¤�çã ¤�−−ëå, â. ¥. à¥áãàáë á¥â¨ ¨á¯®«ì§ãîâáï
−¥à�æ¨®−�«ì−®.

Œ®¦−® ¢ë¤¥«¨âì ¤¢� ª«�áá� ¬¥â®¤®¢ ¤«ï à¥è¥−¨ï §�¤�ç¨ ¢ë¡®à� ª®«¨ç¥áâ¢�
¯®¤¯®â®ª®¢: áâ�â¨ç¥áª¨© ¨ ¤¨−�¬¨ç¥áª¨©. ‚ áâ�â¨ç¥áª¨å ¬¥â®¤�å ª®«¨ç¥áâ¢®
¯®¤¯®â®ª®¢ (¤�«¥¥ −�§ë¢�¥¬ëå à®¤áâ¢¥−−ë¬¨ ¯®¤¯®â®ª�¬¨) ®¤−®£® ¨ â®£® ¦¥
¬−®£®¯®â®ç−®£® âà�−á¯®àâ−®£® á®¥¤¨−¥−¨ï ¨§¢¥áâ−® §�à�−¥¥ ¨ −¥ ¨§¬¥−ï¥âáï á â¥-
ç¥−¨¥¬ ¢à¥¬¥−¨. ‚ ¤¨−�¬¨ç¥áª¨å ¬¥â®¤�å ª®«¨ç¥áâ¢® à®¤áâ¢¥−−ëå ¯®¤¯®â®ª®¢
âà�−á¯®àâ−®£® á®¥¤¨−¥−¨ï §�¢¨á¨â ®â âà¥¡®¢�−¨© ¯à¨«®¦¥−¨ï ª ª�ç¥áâ¢ã á¥à¢¨á�
¨ ®â â¥ªãé¥© §�£àã§ª¨ á¥â¨. Š®£¤� à¥áãàá®¢ ¬�àèàãâ®¢ â¥ªãé¥£® ¬−®¦¥áâ¢� à®¤-
áâ¢¥−−ëå ¯®¤¯®â®ª®¢ −¥ å¢�â�¥â ¤«ï ®¡¥á¯¥ç¥−¨ï âà¥¡ã¥¬®£® ª�ç¥áâ¢� á¥à¢¨á�,
¯à®¨áå®¤¨â ®âªàëâ¨¥ ¤®¯®«−¨â¥«ì−®£® ¯®¤¯®â®ª� á ¢ë¤¥«¥−¨¥¬ −®¢®£® ¬�àèàã-
â�. Š®£¤� ª�ç¥áâ¢® á¥à¢¨á� âà�−á¯®àâ−®£® á®¥¤¨−¥−¨ï ¯à¥¢®áå®¤¨â âà¥¡®¢�−¨ï
ª�ç¥áâ¢� ¯à¨«®¦¥−¨ï, «¨è−¨¥ ¯®¤¯®â®ª¨ §�ªàë¢�îâ, â¥¬ á�¬ë¬ ®á¢®¡®¦¤�ï
à¥áãàáë á¥â¨ ¤«ï ®¡á«ã¦¨¢�−¨ï ¤àã£¨å ¯®â®ª®¢.

‚®§−¨ª�îâ ¢®¯à®áë: ª�ª®© ¨§ íâ¨å ¤¢ãå ¬¥â®¤®¢ | áâ�â¨ç¥áª¨© ¨«¨ ¤¨−�-
¬¨ç¥áª¨© | á«¥¤ã¥â ¨á¯®«ì§®¢�âì, ¨ ¢ ª�ª¨å ãá«®¢¨ïå? �¥á¬®âàï −� ¯à®áâ®âã
áâ�â¨ç¥áª®£® ¬¥â®¤�, ¬®¦−® ¯à¨¢¥áâ¨ ¯à¨¬¥à, ª®£¤� ¥£® ¨á¯®«ì§®¢�−¨¥ ¯à¨¢®-
¤¨â ª −¥íää¥ªâ¨¢−®¬ã à�áå®¤®¢�−¨î à¥áãàá®¢ á¥â¨. ÷�áá¬®âà¨¬ â®¯®«®£¨î,
¯à¥¤áâ�¢«¥−−ãî −� à¨á. 1, �. �ã¤¥¬ áç¨â�âì, çâ® §� ª�¦¤ë¬ ¬�àèàãâ¨§�â®à®¬
−�å®¤¨âáï ¯®«ì§®¢�â¥«ì á¥â¨ ¨ ¨¤¥â ¯¥à¥¤�ç� ¤�−−ëå ¬¥¦¤ã ª�¦¤®© ¯�à®© ¯®«ì-

÷¨á. 1 �à¨¬¥à â®¯®«®£¨¨ úâà¥ã£®«ì−¨ªû, ª®£¤� ¨á¯®«ì§ã¥âáï áâ�â¨ç¥áª¨© ¬¥â®¤
¬−®£®¯®â®ç−®© ¬�àèàãâ¨§�æ¨¨

156 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 2 2022



‘à�¢−¨â¥«ì−ë© �−�«¨§ ¬−®£®¯®â®ç−ëå âà�−á¯®àâ−ëå ¯à®â®ª®«®¢

§®¢�â¥«¥©. ’�ª¦¥ ¡ã¤¥¬ ¯à¥¤¯®«�£�âì, çâ® ¯à®¯ãáª−�ï á¯®á®¡−®áâì ¢á¥å «¨−¨©
á¢ï§¨ ¢ ¯à¥¤áâ�¢«¥−−®© â®¯®«®£¨¨ à�¢−� 1. ’®£¤� áã¬¬�à−�ï áª®à®áâì, ª®â®-
àãî ¬®¦−® ¯®«ãç¨âì, ¨á¯®«ì§ãï ª«�áá¨ç¥áª¨¥ ®¤−®¯®â®ç−ë¥ ¯à®â®ª®«ë, à�¢−� 6
(¯® 1 ¢ ª�¦¤ãî áâ®à®−ã −� ª�¦¤®© «¨−¨¨ á¢ï§¨). Œ®¦−® §�¬¥â¨âì, çâ® ¬¥¦¤ã
ª�¦¤®© ¯�à®© ¯®«ì§®¢�â¥«¥© áãé¥áâ¢ãîâ ¤¢� −¥¯¥à¥á¥ª�îé¨åáï ¬�àèàãâ�, ¯®-
íâ®¬ã ¢ áâ�â¨ç¥áª®¬ ¬¥â®¤¥ ¬−®£®¯®â®ç−®© ¬�àèàãâ¨§�æ¨¨ «®£¨ç−® ¨á¯®«ì§®¢�âì
¤¢� ¯®¤¯®â®ª� ¤«ï ª�¦¤®£® ¬−®£®¯®â®ç−®£® á®¥¤¨−¥−¨ï. �à¨¬¥à ®à£�−¨§�æ¨¨
â�ª®© ¯¥à¥¤�ç¨ ¤�−−ëå ¨§®¡à�¦¥− −� à¨á. 1, ¡, £¤¥ ¬�àèàãâ ¢â®à®£® ¯®¤¯®â®ª�
®¡®§−�ç¥− èâà¨å®¢®© «¨−¨¥©.

—â®¡ë ®æ¥−¨âì áª®à®áâì ¬−®£®¯®â®ç−ëå á®¥¤¨−¥−¨©, á¤¥«�¥¬ ¤®¯®«−¨â¥«ì−®¥
¯à¥¤¯®«®¦¥−¨¥, çâ® ¯à®¯ãáª−�ï á¯®á®¡−®áâì ª�¦¤®© «¨−¨¨ á¢ï§¨ ¡ã¤¥â ¤¥«¨âìáï
¯®à®¢−ã ¬¥¦¤ã ¯®¤¯®â®ª�¬¨, ¬�àèàãâë ª®â®àëå ¯à®å®¤ïâ ç¥à¥§ íâã «¨−¨î á¢ï§¨.
’�ª ª�ª ¯à®¯ãáª−�ï á¯®á®¡−®áâì ª�¦¤®© «¨−¨¨ á¢ï§¨ ¡ë«� à�¢−� 1, â® áª®à®áâì
ª�¦¤®£® ¯®¤¯®â®ª� ¡ã¤¥â à�¢−� 1/3. ’®£¤� áª®à®áâì ¬−®£®¯®â®ç−®£® á®¥¤¨−¥−¨ï
¡ã¤¥â à�¢−� 2/3, � áã¬¬�à−�ï áª®à®áâì ¯®â®ª®¢ | 2/3 · 6 = 4. �®«ãç�¥¬, çâ®
¢ á«ãç�¥ ¨á¯®«ì§®¢�−¨ï áâ�â¨ç¥áª®£® ¬¥â®¤� ¬−®£®¯®â®ç−®© ¬�àèàãâ¨§�æ¨¨ áª®-
à®áâì ¡ã¤¥â ¬¥−ìè¥, ç¥¬ ¢ á«ãç�¥ ¡¥§ ¨á¯®«ì§®¢�−¨ï ¬−®£®¯®â®ç−ëå ¯à®â®ª®«®¢.
…á«¨ ¡ã¤¥¬ ¯à¨¬¥−ïâì ¤¨−�¬¨ç¥áª¨© ¬¥â®¤ ¬−®£®¯®â®ç−®© ¬�àèàãâ¨§�æ¨¨, â®
¯®¤®¡−®© á¨âã�æ¨¨ ¬®¦−® ¨§¡¥¦�âì, â�ª ª�ª ¢â®à®© ¯®¤¯®â®ª −¥ ¡ã¤¥â á®§¤�−,
¥£® ¨á¯®«ì§®¢�−¨¥ −¥ ¡ã¤¥â ã¢¥«¨ç¨¢�âì áª®à®áâì ¬−®£®¯®â®ç−®£® á®¥¤¨−¥−¨ï.

’�ª¨¬ ®¡à�§®¬, §�¤�ç� áà�¢−¥−¨ï íää¥ªâ¨¢−®áâ¨ áâ�â¨ç¥áª®£® ¨ ¤¨−�¬¨ç¥-
áª®£® ¬¥â®¤®¢ ¬−®£®¯®â®ç−®© ¬�àèàãâ¨§�æ¨¨ �ªâã�«ì−�. ‚ à�§¤. 2 ¯à¨¢¥¤¥−
�−�«¨§ áå®¦¨å à�¡®â ¯® ¨áá«¥¤®¢�−¨î íää¥ªâ¨¢−®áâ¨ ¬−®£®¯®â®ç−ëå ¯à®â®ª®-
«®¢. ÷�§¤¥« 3 ¯®á¢ïé¥− ¬¥â®¤¨ª¥ ¯à®¢¥¤¥−¨ï áà�¢−¨â¥«ì−®£® �−�«¨§� íää¥ª-
â¨¢−®áâ¨ áâ�â¨ç¥áª®£® ¨ ¤¨−�¬¨ç¥áª®£® ¬¥â®¤®¢ ¬−®£®¯®â®ç−®© ¬�àèàãâ¨§�æ¨¨.
‚ à�§¤. 4 ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë íªá¯¥à¨¬¥−â�«ì−®£® ¨áá«¥¤®¢�−¨ï ¤«ï á¥â¥©
¨−â¥à−¥â-¯à®¢�©¤¥à®¢.

2 Анализ схожих работ

‚ à�¡®â�å, −�¯à�¢«¥−−ëå −� �−�«¨§ íää¥ªâ¨¢−®áâ¨ ¬−®£®¯®â®ç−®© ¬�àè-
àãâ¨§�æ¨¨, ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ ¢ ª�ç¥áâ¢¥ ®á−®¢−®£® ªà¨â¥à¨ï ¨áá«¥¤ãîâ
¯à¨à®áâ áª®à®áâ¨ âà�−á¯®àâ−®£® á®¥¤¨−¥−¨ï ¯à¨ áâ�â¨ç¥áª®¬ ¬−®£®¯®â®ç−®¬
¬¥â®¤¥ ¢ ®¯à¥¤¥«¥−−®© áà¥¤¥ ¯¥à¥¤�ç¨ ¤�−−ëå ¨«¨ ¯à¨ ®¯à¥¤¥«¥−−®© −�£àã§-
ª¥. ‚ à�¡®â¥ [6] à�áá¬�âà¨¢�¥âáï ã¢¥«¨ç¥−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ áâ�â¨ç¥áª®£®
¬¥â®¤� ¯à¨ ¨á¯®«ì§®¢�−¨¨ à�§−ëå �«£®à¨â¬®¢ ¯«�−¨à®¢�−¨ï á¥£¬¥−â®¢ ¬¥¦¤ã
¯®¤¯®â®ª�¬¨. �¢â®àë áâ�âì¨ [7] ¨áá«¥¤ãîâ íää¥ªâ¨¢−®áâì áâ�â¨ç¥áª®£® ¬¥â®¤�
¤«ï �¢â®¬®¡¨«¥©, ¯®¤ª«îç¥−−ëå ª á¥â¨. �â¨ �¢â®¬®¡¨«¨ ¬®£ãâ ª®®à¤¨−¨à®¢�âì
á¢®î à�¡®âã ¬¥¦¤ã á®¡®©, á £®à®¤áª¨¬¨ á«ã¦¡�¬¨ ¤®à®¦−®£® ¤¢¨¦¥−¨ï, � â�ª¦¥
¢ë¯®«−ïâì ¢á¯®¬®£�â¥«ì−ë¥ ¢ëç¨á«¥−¨ï −� ¤àã£¨å á¥â¥¢ëå ãáâà®©áâ¢�å. ÷�¡®-
â� [8] ¯®á¢ïé¥−� ¨áá«¥¤®¢�−¨î ¯à®¨§¢®¤¨â¥«ì−®áâ¨ áâ�â¨ç¥áª®£® ¬¥â®¤� ¢ ¯à¨-
¬¥−¥−¨¨ ª ¬−®£®¯®â®ç−®© ¬�àèàãâ¨§�æ¨¨ ¢ ¡¥á¯à®¢®¤−ëå ¤¥æ¥−âà�«¨§®¢�−−ëå
á�¬®®à£�−¨§ãîé¨åáï á¥âïå.
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‚ áâ�âì¥ [9] à�áá¬�âà¨¢�¥âáï ¢«¨ï−¨¥ à�§−ëå �«£®à¨â¬®¢ ã¯à�¢«¥−¨ï ¯¥à¥-
£àã§ª®© ¢ á«ãç�¥ áâ�â¨ç¥áª®£® ¬−®£®¯®â®ç−®£® ¬¥â®¤�. �¢â®à�¬¨ íâ®© áâ�âì¨
¡ë«® ¯à®¢¥¤¥−® ¨áá«¥¤®¢�−¨¥ ¬�áá®¢®£® ¨á¯®«ì§®¢�−¨ï áâ�â¨ç¥áª®£® ¬¥â®¤� ¬−®-
£®¯®â®ç−®© ¬�àèàãâ¨§�æ¨¨ ¢ à�¬ª�å ®¤−®© �¢â®−®¬−®© á¨áâ¥¬ë. ˆáá«¥¤®¢�−¨¥
¯®ª�§�«®, çâ® ¯à¨¬¥−¥−¨¥ áâ�â¨ç¥áª®£® ¬−®£®¯®â®ç−®£® âà�−á¯®àâ−®£® á®¥¤¨−¥-
−¨ï ¨¬¥¥â ¯à¥¨¬ãé¥áâ¢® ¯¥à¥¤ ®¤−®¯®â®ç−ë¬ ¯à®â®ª®«®¬ ã¯à�¢«¥−¨ï ¯¥à¥¤�ç¥©
(TCP, transmission control protocol) â®«ìª® ¯à¨ −¨§ª®© §�£àã§ª¥ á¥â¨, ¬¥−ì-
è¥© 37% [10]. �®¤ §�£àã§ª®© á¥â¨ ¯®−¨¬�¥âáï áà¥¤−¥¥ §−�ç¥−¨¥ §�£àã§ª¨ ¯® ¢á¥¬
«¨−¨ï¬ á¢ï§¨, £¤¥ §�£àã§ª� «¨−¨¨ âà�ªâã¥âáï ª�ª ®â−®è¥−¨¥ áã¬¬�à−®© áª®à®áâ¨
TCP-¯®â®ª®¢, ¯à®å®¤ïé¨å ç¥à¥§ íâã «¨−¨î á¢ï§¨, ª ¥¥ −®¬¨−�«ì−®© ¯à®¯ãáª−®©
á¯®á®¡−®áâ¨.

ˆ§ à�¡®â ¯® �−�«¨§ã íää¥ªâ¨¢−®áâ¨ ¤¨−�¬¨ç¥áª®£® ¬¥â®¤� ¬−®£®¯®â®ç−®©
¬�àèàãâ¨§�æ¨¨ ¬®¦−® ®â¬¥â¨âì â®«ìª® à�¡®âã [11], ¢ ª®â®à®© à�áá¬�âà¨¢�¥âáï
íää¥ªâ¨¢−®áâì ¤¨−�¬¨ç¥áª®£® ¬¥â®¤� ¤«ï ¡¥á¯à®¢®¤−ëå á¥â¥©. ‚ à�¡®â¥ [12]
¯à¥¤«�£�¥âáï ¤¨−�¬¨ç¥áª¨© ¬¥â®¤ ¤«ï �¢â®−®¬−ëå á¨áâ¥¬, ®¤−�ª® ®âáãâáâ¢ã¥â
�−�«¨§ ¯à®¨§¢®¤¨â¥«ì−®áâ¨.

’�ª¨¬ ®¡à�§®¬, ¢ −�áâ®ïé¥¥ ¢à¥¬ï ®âáãâáâ¢ãîâ à�¡®âë, ¯®á¢ïé¥−−ë¥ áà�¢-
−¥−¨î íää¥ªâ¨¢−®áâ¨ áâ�â¨ç¥áª®£® ¨ ¤¨−�¬¨ç¥áª®£® ¬¥â®¤®¢ ¬−®£®¯®â®ç−®©
¬�àèàãâ¨§�æ¨¨. �−�«¨§ áå®¦¨å à�¡®â ¯®ª�§�«, çâ® −�¨¡®«¥¥ ¯®¯ã«ïà−ë¬ ¬−®£®-
¯®â®ç−ë¬ ¯à®â®ª®«®¬, ¯®¤¤¥à¦¨¢�îé¨¬ áâ�â¨ç¥áª¨© ¬¥â®¤, ï¢«ï¥âáï Multipath
TCP (MPTCP) [13]. �¥á¬®âàï −� ¡®«ìè®¥ ª®«¨ç¥áâ¢® à�§«¨ç−ëå ¬−®£®¯®â®ç−ëå
¯à®â®ª®«®¢ [14], ¬−®£¨¥ ¨§ −¨å ï¢«ïîâáï à�§−ë¬¨ ¢�à¨�−â�¬¨ (ã«ãçè¥−¨ï¬¨)
MPTCP. �®íâ®¬ã MPTCP ¡ë« ¢ë¡à�− ª�ª ®á−®¢−®© ¯à¥¤áâ�¢¨â¥«ì áâ�â¨ç¥áª®£®
¬−®£®¯®â®ç−®£® ¯à®â®ª®«� ¤«ï ¯à®¢¥¤¥−¨ï áà�¢−¨â¥«ì−®£® �−�«¨§� íää¥ªâ¨¢-
−®áâ¨ áâ�â¨ç¥áª®£® ¨ ¤¨−�¬¨ç¥áª®£® ¬¥â®¤®¢ ¬−®£®¯®â®ç−®© ¬�àèàãâ¨§�æ¨¨.
Šà®¬¥ íâ®£®, MPTCP ¨¬¥¥â ¤®áâã¯−ãî ®âªàëâãî à¥�«¨§�æ¨î.

‚ ª�ç¥áâ¢¥ ¯à¥¤áâ�¢¨â¥«ï ¤¨−�¬¨ç¥áª®£® ¬¥â®¤� ¢ áà�¢−¨â¥«ì−®¬ �−�«¨§¥ ¨á-
¯®«ì§®¢�− ¯à®â®ª®« Flow De-Multiplexing Protocol (FDMP). …£® ®¯¨á�−¨¥ ¤�−®
¢ [12], £¤¥ ¯®¤à®¡−® ¨§«®¦¥−®, ª�ª ãáâ�−�¢«¨¢�¥âáï ¬−®£®¯®â®ç−®¥ á®¥¤¨−¥−¨¥,
ª�ª ¢ë¡¨à�¥âáï ®¯â¨¬�«ì−®¥ ç¨á«® à®¤áâ¢¥−−ëå ¯®¤¯®â®ª®¢, çâ® ¯à®¨áå®¤¨â, ¥á-
«¨ âà�−á¯®àâ−ë© �£¥−â −� ®¤−®¬ ª®−æ¥ á®¥¤¨−¥−¨ï | ¬−®£®¯®â®ç−ë©, � −� ¤àã£®¬
ª®−æ¥ | −¥â, ª�ª ¨¤¥−â¨ä¨æ¨àãîâáï à®¤áâ¢¥−−ë¥ ¯®¤¯®â®ª¨, ®â−®áïé¨¥áï ª ®¤-
−®¬ã ¨ â®¬ã ¦¥ âà�−á¯®àâ−®¬ã á®¥¤¨−¥−¨î, ¨ â. ¤. ‡¤¥áì ¯®¤à®¡−® à�áá¬®âà¥−ë
¢®¯à®áë ¬�àèàãâ¨§�æ¨¨ à®¤áâ¢¥−−ëå ¯®¤¯®â®ª®¢, ¬¥â®¤¨ª¨ ¨ ¨−áâàã¬¥−â�à¨¨
áà�¢−¥−¨ï ¨ ®¡áã¦¤¥−¨ï à¥§ã«ìâ�â®¢ íªá¯¥à¨¬¥−â®¢.

3 Методика проведения сравнительного анализа

„«ï ¯à®¢¥¤¥−¨ï áà�¢−¥−¨ï ¡ë« ¨á¯®«ì§®¢�− ¬¥â®¤ ¯à®¢¥àª¨ áâ�â¨áâ¨ç¥áª¨å
£¨¯®â¥§ ® ¯®¯�¤�−¨¨ á«ãç�©−®© ¢¥«¨ç¨−ë ¢ §�¤�−−ë© ¨−â¥à¢�«. ’�ª®¥ à¥è¥−¨¥
¡ë«® ¯à¨−ïâ®, ¯®áª®«ìªã �−�«¨â¨ç¥áª¨¥ ¬¥â®¤ë ¢ ¤�−−®¬ á«ãç�¥ −¥ ®¡¥á¯¥ç�â
å®à®è¥© â®ç−®áâ¨. „¥«® ¢ â®¬, çâ® −�£àã§ª� ¢ á¥â¨ ï¢«ï¥âáï á«ãç�©−ë¬ ¯à®æ¥á-
á®¬, â®ç−ë¥ ¬�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨ ª®â®à®£® ¯®ª� −¥ ¨§¢¥áâ−ë. �®íâ®¬ã ¡ë«
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‘à�¢−¨â¥«ì−ë© �−�«¨§ ¬−®£®¯®â®ç−ëå âà�−á¯®àâ−ëå ¯à®â®ª®«®¢

¨á¯®«ì§®¢�− ¬¥â®¤ áâ�â¨áâ¨ç¥áª¨å ¨á¯ëâ�−¨©, ¢ ª®â®à®¬ ¨á¯ëâ�−¨ï¬ ¯®¤¢¥à-
£�«�áì £¨¯®â¥§� ® ¯à¥¢®áå®¤áâ¢¥ ¤¨−�¬¨ç¥áª®£® ¬¥â®¤� −�¤ áâ�â¨ç¥áª¨¬. „«ï
¯à®¢¥àª¨ íâ®© £¨¯®â¥§ë ¡ë«� á¤¥«�−� ®æ¥−ª� ç¨á«� íªá¯¥à¨¬¥−â®¢, ¨áå®¤ï ¨§
¦¥«�¥¬®£® ¤®¢¥à¨â¥«ì−®£® ¨−â¥à¢�«� ¨ ãà®¢−ï §−�ç¨¬®áâ¨.

3.1 Входные и выходные данные эксперимента

‘à�¢−¨â¥«ì−ë© �−�«¨§ á®áâ®¨â ¨§ ¯à®¢¥¤¥−¨ï á¥à¨¨ íªá¯¥à¨¬¥−â®¢, ª�¦¤ë©
¨§ ª®â®àëå å�à�ªâ¥à¨§ã¥âáï ¯ïâ¥àª®© 〈N,F, T,M, submax〉:

{ N = 〈G, ρ〉 | âà�−á¯®àâ−�ï á¥âì á â®¯®«®£¨¥©, ¯à¥¤áâ�¢«¥−−®© ®à¨¥−â¨à®-
¢�−−ë¬ £à�ä®¬ G = (V,E), −� ª®â®à®¬ §�¤�−� äã−ªæ¨ï à�§¬¥âª¨ ρ : e →
→ (c(e), d(e), loss (e)), £¤¥ e ∈ E, c(e) ∈ R

+, d(e) ∈ R
+. ‚¥àè¨−ë £à�ä� |

ª®¬¬ãâ�â®àë ¨«¨ ¬�àèàãâ¨§�â®àë á¥â¨; ¤ã£¨ | «¨−¨¨ á¢ï§¨. ��à�¬¥âà ρ
å�à�ªâ¥à¨§ã¥â ª�ç¥áâ¢® á¥à¢¨á� «¨−¨¨ á¢ï§¨: ¯à®¯ãáª−ãî á¯®á®¡−®áâì c(e)
«¨−¨¨ á¢ï§¨, á®®â¢¥âáâ¢ãîé¥© ¤ã£¥ e, §�¤¥à¦ªã ¯¥à¥¤�ç¨ d(e) −� íâ®© «¨−¨¨
á¢ï§¨ ¨ ¢¥à®ïâ−®áâì ¯®â¥à¨ ¯�ª¥â� loss (e);

{ F = {fi} | ¬−®¦¥áâ¢® ¯®â®ª®¢ ¤�−−ëå, ¯¥à¥¤�¢�¥¬ëå ¯® á¥â¨ N , ª�¦¤ë©

¨§ ª®â®àëå ¯à¥¤áâ�¢«¥− ç¥â¢¥àª®© 〈ipsrci , ipdsti , tpsrci , tpdsti 〉, £¤¥ ipsrci , ipdsti ,

tpsrci ¨ tpdsti | IP-�¤à¥á� ¨ âà�−á¯®àâ−ë¥ ¯®àâë ®â¯à�¢¨â¥«ï ¨ ¯®«ãç�â¥«ï.
Ÿá−®, çâ® â�ª®¥ ¯à¥¤áâ�¢«¥−¨¥ ã−¨ª�«ì−® ¤«ï ª�¦¤®£® ¯®â®ª� ¢ á¥â¨ | íâ®
ä�ªâ¨ç¥áª¨ �¤à¥á −� âà�−á¯®àâ−®¬ ãà®¢−¥ ®â¯à�¢¨â¥«ï ¨ ¯®«ãç�â¥«ï;

{ T = [0, tmax]| ¤¨áªà¥â−®¥ ¢à¥¬ï −�¡«î¤¥−¨ï §� á¥âìî á è�£®¬ δ;

{ M = 〈φ,ψ, τ〉 | ¯à¥¤áâ�¢«¥−¨¥ á¢®©áâ¢ ¯®â®ª®¢. ‡¤¥áì φ : fi →
(

vs
i , v

t
i

)

|
à�á¯à¥¤¥«¥−¨¥ ¯®«îá®¢ ¤«ï ª�¦¤®£® ¯®â®ª�, £¤¥ ¯®¤ ¯®«îá®¬ ¯®−¨¬�¥âáï
áâ®ª ¨«¨ ¨áâ®ª ¯®â®ª� (ª�¦¤ë© ¯®â®ª ®¡«�¤�¥â á¢®¨¬ ¨áâ®ª®¬ ¨ áâ®ª®¬,
á®¥¤¨−¥−−ë¬¨ á á¥âìî ¢ â®çª�å vs

i ∈ V ¨ vt
i ∈ V á®®â¢¥âáâ¢¥−−®. �à¥¤-

¯®«�£�¥¬, çâ® «¨−¨¨ á¢ï§¨ ¬¥¦¤ã ¨áâ®ª®¬ ¨ á¥âìî, � â�ª¦¥ ¬¥¦¤ã á¥âìî
¨ áâ®ª®¬ ®¡«�¤�îâ ¤®áâ�â®ç−®© ¯à®¯ãáª−®© á¯®á®¡−®áâìî ¤«ï «î¡®£® ¯®â®ª�
¨ −ã«¥¢®© §�¤¥à¦ª®©); ψ : fi → (yi, ui) | âà¥¡®¢�−¨¥ ª ª�ç¥áâ¢ã ¯®â®ª®¢ |
Service Level Agreement (SLA) ¯®â®ª� (®−® §�¤�¥â ®¡ê¥¬ ¤�−−ëå yi ∈ R

+,
ª®â®àë© −¥®¡å®¤¨¬® ¯¥à¥¤�âì §� ¢à¥¬ï ui ∈ R

+. �ª¢¨¢�«¥−â−® ¬®¦−® §�¤�âì
âà¥¡®¢�−¨¥ ª áª®à®áâ¨ ¯®â®ª� qi = yi/ui); τ : fi → ti | à�á¯¨á�−¨¥ áâ�àâ�
¯®â®ª®¢, £¤¥ ti ∈ T , ti + ui < tmax;

{ submax | ¬�ªá¨¬�«ì−®¥ ª®«¨ç¥áâ¢® à®¤áâ¢¥−−ëå ¯®¤¯®â®ª®¢ (¢ á«ãç�¥
MPTCP ª�¦¤ë© ¯®â®ª fi à�§¡¨â à®¢−® −� submax à®¤áâ¢¥−−ëå ¯®¤¯®â®-
ª®¢, � ¢ á«ãç�¥ FDMP ª®«¨ç¥áâ¢® §�¤¥©áâ¢®¢�−−ëå ¢ ¯¥à¥¤�ç¥ ¤�−−ëå à®¤-
áâ¢¥−−ëå ¯®¤¯®â®ª®¢ ¬®¦¥â ¢�àì¨à®¢�âìáï ¨ ¡ëâì ª�ª ¬¥−ìè¥, â�ª ¨ à�¢−®
submax).

÷¥§ã«ìâ�â®¬ ª�¦¤®£® íªá¯¥à¨¬¥−â� ï¢«ï¥âáï á«¥¤ãîé¥¥ ®â®¡à�¦¥−¨¥:

θ : fi → {Lij , {rij}t} , t ∈ T .
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‡¤¥áìLij =
(

e1ij , e
2
ij , . . . , e

n
ij

)

| ¬�àèàãâ ¯®¤¯®â®ª� j ¯®â®ª� fi, ¯à¥¤áâ�¢«¥−−ë©

¬−®¦¥áâ¢®¬ ã¯®àï¤®ç¥−−ëå ¤ã£ ekij ∈ E, £¤¥ k | ¯®àï¤ª®¢ë© −®¬¥à ¤ã£¨

¢ ¬�àèàãâ¥; {rij}t | ¢à¥¬¥−−®© àï¤, í«¥¬¥−âë rij(t) ª®â®à®£® ¯à¥¤áâ�¢«ïîâ
áà¥¤−îî áª®à®áâì à®¤áâ¢¥−−®£® ¯®¤¯®â®ª� j ¯®â®ª� fi −� ¨−â¥à¢�«¥ [t − δ, t],
t ∈ T , t ≤ tmax.

3.2 Критерии сравнения

�ää¥ªâ¨¢−®áâì áâ�â¨ç¥áª®£® ¨ ¤¨−�¬¨ç¥áª®£® ¬¥â®¤®¢ ¡ã¤¥¬ ®æ¥−¨¢�âì ¯®
á«¥¤ãîé¥¬ã ªà¨â¥à¨î: ª®«¨ç¥áâ¢® ¯®â®ª®¢, âà¥¡®¢�−¨ï SLA ª®â®àëå ¡ë«®
ã¤®¢«¥â¢®à¥−®.

‚¢¥¤¥¬ á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï. ‘à¥¤−¥© áª®à®áâìî ¯®â®ª� fi −� ¨−â¥à¢�«¥
[t− δ, t] −�§®¢¥¬ ¢¥«¨ç¨−ã

ri(t) =
∑

j

rij(t).

‘à¥¤−¥© áª®à®áâìî ¯®â®ª� fi ¡ã¤¥¬ −�§ë¢�âì ¢¥«¨ç¨−ã

ri =

∑

T
ri(t)

|{tk ∈ T : ti ≤ tk ≤ ti + ui}|
,

£¤¥ |{tk ∈ T : ti ≤ tk ≤ ti + ui}| | ª®«¨ç¥áâ¢® ¤¨áªà¥â−ëå ¬®¬¥−â®¢ ¢à¥¬¥−¨,
§�ª«îç¥−−ëå ¬¥¦¤ã ¢à¥¬¥−¥¬ áâ�àâ� ¨ ¢à¥¬¥−¥¬ ®ª®−ç�−¨ï ¯®â®ª�.

‘â®¨¬®áâìî ¯®¤¯®â®ª� j ¯®â®ª� fi −� ¨−â¥à¢�«¥ [t−δ, t] −�§®¢¥¬ ¢¥«¨ç¨−ã

cij(t) = rij(t)|Lij |.

‚¥«¨ç¨−� cij(t) ¯®ª�§ë¢�¥â, ª�ªãî ç�áâì ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ «¨−¨© á¢ï§¨
§�−¨¬�¥â ¯®¤¯®â®ª j ¯®â®ª� fi −� à�áá¬�âà¨¢�¥¬®¬ ¨−â¥à¢�«¥. —¥¬ ¡®«ìè¥ ¤«¨−�
¬�àèàãâ�, â¥¬ ¡®«ìè¥ à¥áãàá®¢ á¥â¨ §�âà�ç¨¢�¥âáï −� ¯¥à¥¤�çã íâ®£® ¯®¤¯®â®ª�.
‘â®¨¬®áâìî ¯®â®ª� fi −� ¨−â¥à¢�«¥ [t− δ, t] ¡ã¤¥â

ci(t) =
∑

j

cij(t).

‘à¥¤−¥© áâ®¨¬®áâìî ¯®â®ª� fi ¡ã¤¥¬ −�§ë¢�âì ¢¥«¨ç¨−ã

ci =

∑

T
ci(t)

|{tk ∈ T : ci(tk) > 0}|
.

‚ â¥à¬¨−�å ¢¢¥¤¥−−ëå ®¡®§−�ç¥−¨© ª®«¨ç¥áâ¢® ¯®â®ª®¢, ¤«ï ª®â®àëå âà¥¡®-
¢�−¨¥ ª�ç¥áâ¢� á¥à¢¨á� ¢ë¯®«−¥−®, ®¯à¥¤¥«ï¥â ä®à¬ã«�

sf = |{fi : ri ≥ qi}| .
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‘à�¢−¨â¥«ì−ë© �−�«¨§ ¬−®£®¯®â®ç−ëå âà�−á¯®àâ−ëå ¯à®â®ª®«®¢

’®£¤� áâ®¨¬®áâì ¯®â®ª®¢, SLA ª®â®àëå ¡ë« ã¤®¢«¥â¢®à¥−, ¬®¦−® §�¯¨á�âì ¢ ¢¨¤¥:

c =
∑

i:ri≥qi

ci .

‘â®¨¬®áâì ¯®â®ª� ¯®§¢®«ï¥â à�§«¨ç�âì á«ãç�¨, ª®£¤� áà�¢−¨¢�¥¬ë¥ ¬¥â®¤ë
¤®áâ¨£�îâ âà¥¡ã¥¬®£® SLA −� ®¤¨−�ª®¢®¬ ª®«¨ç¥áâ¢¥ ¯®â®ª®¢, −® âà¥¡ãîâ à�§-
−ëå §�âà�â à¥áãàá®¢. ��¯à¨¬¥à, à�áá¬®âà¨¬ â®¯®«®£¨î á¥â¨ úâà¥ã£®«ì−¨ªû,
¨§®¡à�¦¥−−ãî −� à¨á. 1. …á«¨ ¢ ª�ç¥áâ¢¥ âà¥¡®¢�−¨ï ª áª®à®áâ¨ ¬−®£®¯®â®ç−®£®
á®¥¤¨−¥−¨ï ¢ë¡à�âì 2/3, â® ¨ áâ�â¨ç¥áª¨©, ¨ ¤¨−�¬¨ç¥áª¨© ¬¥â®¤ ¬−®£®¯®-
â®ç−®© ¬�àèàãâ¨§�æ¨¨ ¯®§¢®«ïâ ã¤®¢«¥â¢®à¨âì ¢á¥ ¯®â®ª¨. �¤−�ª® ¢ á«ãç�¥
áâ�â¨ç¥áª®£® ¬¥â®¤� ¯®âà¥¡ãîâáï ¤¢� à®¤áâ¢¥−−ëå ¯®¤¯®â®ª� á® áâ®¨¬®áâìî
1/3 · 1 + 1/3 · 2 = 1, � ¢ á«ãç�¥ ¤¨−�¬¨ç¥áª®£® ¬¥â®¤� | â®«ìª® ®¤¨− ¯®¤¯®-
â®ª, â�ª ª�ª ®¤−®£® ¬�àèàãâ� ¡ã¤¥â ¤®áâ�â®ç−® ¤«ï ã¤®¢«¥â¢®à¥−¨ï âà¥¡ã¥¬®£®
ª�ç¥áâ¢� á¥à¢¨á�, � ¥£® áâ®¨¬®áâì ¡ã¤¥â 2/3 · 1 = 2/3. �¡é�ï áâ®¨¬®áâì ¨á¯®«ì-
§®¢�−¨ï áâ�â¨ç¥áª®£® ¨ ¤¨−�¬¨ç¥áª®£® ¬¥â®¤®¢ ¡ã¤¥â à�¢−� 6 ¨ 4 á®®â¢¥âáâ¢¥−−®.
‚ á«ãç�¥ áâ�â¨ç¥áª®£® ¬¥â®¤� ¡ã¤¥â §�¤¥©áâ¢®¢�−� ¢áï ¯à®¯ãáª−�ï á¯®á®¡−®áâì
á¥â¨, � ¤¨−�¬¨ç¥áª¨© ¬¥â®¤ ¯®§¢®«¨â ®¡á«ã¦¨âì ¤®¯®«−¨â¥«ì−ë¥ âà�−á¯®àâ−ë¥
¯®â®ª¨.

3.3 Описание стенда

„«ï æ¥«¥© ¯à®¢¥¤¥−¨ï −�âãà−ëå íªá¯¥à¨¬¥−â®¢ ¡ë« á¯à®¥ªâ¨à®¢�− ¨ ¯®áâà®-
¥− áâ¥−¤, ª®â®àë© ®â¢¥ç�¥â á«¥¤ãîé¨¬ âà¥¡®¢�−¨ï¬, á®áâ�¢«¥−−ë¬ −� ®á−®¢�−¨¨
¤�−−®£® ¢ ¯®¤à�§¤. 3.1 ®¯à¥¤¥«¥−¨ï íªá¯¥à¨¬¥−â�.

1. ‘â¥−¤ ¤®«¦¥− ã¬¥âì áâà®¨âì ¨¬¨â�æ¨®−−ãî ¬®¤¥«ì á¥â¨ N á §�¤�−−ë¬¨
¯�à�¬¥âà�¬¨ ª�ç¥áâ¢� á¥à¢¨á� «¨−¨© á¢ï§¨ ρ.

2. ‘â¥−¤ ¤®«¦¥− ã¬¥âì £¥−¥à¨à®¢�âì ¯®â®ª¨ ¤�−−ëå F á®£«�á−® §�¤�−−®¬ã
à�á¯¨á�−¨î τ á §�¤�−−ë¬¨ ¯�à�¬¥âà�¬¨ SLA ψ.

3. ‘â¥−¤ ¤®«¦¥− ã¬¥âì ¯¥à¥−�¯à�¢«ïâì ¯®â®ª¨ ¤�−−ëå ¢ ¨¬¨â�æ¨®−−ãî ¬®¤¥«ì
á¥â¨ á®£«�á−® §�¤�−−®¬ã à�á¯à¥¤¥«¥−¨î ¯®«îá®¢ φ.

4. ‘â¥−¤ ¤®«¦¥− ®áãé¥áâ¢«ïâì ®â¯à�¢ªã ¯®â®ª®¢ ¤�−−ëå F ¯à¨ ¯®¬®é¨ ¬−®£®-
¯®â®ç−ëå âà�−á¯®àâ−ëå �£¥−â®¢ ¯à®â®ª®«®¢ MPTCP ¨ FDMP á −�áâà�¨¢�-
¥¬ë¬ ¯�à�¬¥âà®¬ submax.

5. ‘â¥−¤ ¤®«¦¥− ã¬¥âì áâà®¨âì ¬�àèàãâë {Lij} á −�¨¬¥−ìè¨¬ ¯¥à¥á¥ç¥−¨¥¬
¤«ï à®¤áâ¢¥−−ëå ¯®¤¯®â®ª®¢.

6. ‘â¥−¤ ¤®«¦¥− ã¬¥âì á®¡¨à�âì ¤�−−ë¥ ® áª®à®áâ¨ à®¤áâ¢¥−−ëå ¯®¤¯®â®ª®¢
{rij}t ¤«ï ¤¨áªà¥â−ëå ¬®¬¥−â®¢ ¢à¥¬¥−¨ T .

‘âàãªâãà� íªá¯¥à¨¬¥−â�«ì−®£® áâ¥−¤� ¯®ª�§�−� −� à¨á. 2. ‘â¥−¤ á®áâ®¨â
¨§ ¯à®£à�¬¬−®© ¨ �¯¯�à�â−®© ç�áâ¥©. �à®£à�¬¬−�ï ç�áâì áâ¥−¤� ®á−®¢�−� −�
à�¡®â¥ [10], ¢ ª®â®à®© ¬®¦−® −�©â¨ ¥¥ ¯®¤à®¡−®¥ ®¯¨á�−¨¥.
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÷¨á. 2 ‘âàãªâãà� áâ¥−¤�

�®¤à®¡−¥¥ ®áâ�−®¢¨¬áï −� âà¥¡®¢�−¨¨ 5 ® −�¨¬¥−ìè¥¬ ¯¥à¥á¥ç¥−¨¨ ¬�àèàã-
â®¢ à®¤áâ¢¥−−ëå ¯®¤¯®â®ª®¢. „¥«® ¢ â®¬, çâ® â®çª¨ ¯¥à¥á¥ç¥−¨ï ¬�àèàãâ®¢ |
¯®â¥−æ¨�«ì−® ã§ª¨¥ ¬¥áâ�, £¤¥ úáâ�«ª¨¢�îâáïû à®¤áâ¢¥−−ë¥ ¯®¤¯®â®ª¨. �â® ¯à¨-
¢®¤¨â ª ¯®â¥à¥ íää¥ªâ¨¢−®áâ¨ ¬−®£®¯®â®ç−®£® á®¥¤¨−¥−¨ï. †¥«�â¥«ì−® â�ª¨å
¯¥à¥á¥ç¥−¨© ¨§¡¥£�âì. �¤−�ª® ¢®§¬®¦−®áâ¨ ã¯à�¢«¥−¨ï ¬�àèàãâ¨§�æ¨¥© à®¤-
áâ¢¥−−ëå ¯®¤¯®â®ª®¢ ¢ âà�¤¨æ¨®−−ëå á¥âïå áãé¥áâ¢¥−−® ®£à�−¨ç¥−ë. ‚ ¤�−−®©
áâ�âì¥ ã¯à�¢«¥−¨¥ ¬−®£®¯®â®ç−®© ¬�àèàãâ¨§�æ¨¥© à�áá¬�âà¨¢�¥âáï ¯à¨¬¥−¨-
â¥«ì−® ª ¯à®£à�¬¬−®-ª®−ä¨£ãà¨àã¥¬ë¬ á¥âï¬ (�Š‘) ª�ª −�¨¡®«¥¥ ¯¥àá¯¥ªâ¨¢-
−®¬ã −�¯à�¢«¥−¨î à�§¢¨â¨ï á¥â¥© ¯¥à¥¤�ç¨ ¤�−−ëå, â�ª ¨ ¢ á¨«ã ¢ëè¥áª�§�−−®£®.
‚ �Š‘ ª®−âà®««¥à ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ §−�¥â á®áâ®ï−¨¥ ¢á¥© á¥â¨ ¨ ¬®¦¥â
¯à®«®¦¨âì −¥¯¥à¥á¥ª�îé¨¥áï ¬�àèàãâë ¤«ï à®¤áâ¢¥−−ëå ¯®¤¯®â®ª®¢ [12].

“¯à�¢«¥−¨¥ ¬−®£®¯®â®ç−®© ¬�àèàãâ¨§�æ¨¥© ¢ �Š‘ ¯à®¨áå®¤¨â á«¥¤ãîé¨¬
®¡à�§®¬. „«ï ª�¦¤®© ¯�àë ¢§�¨¬®¤¥©áâ¢ãîé¨å ¢¥àè¨− ª®−âà®««¥à �Š‘ §�-
à�−¥¥ áâà®¨â ¬�àèàãâë á ¬¨−¨¬�«ì−ë¬ ª®«¨ç¥áâ¢®¬ ¯¥à¥á¥ç¥−¨©. Š®«¨ç¥áâ¢®
¬�àèàãâ®¢ à�¢−® ¡«¨¦�©è¥¬ã −�¨¡®«ìè¥¬ã æ¥«®¬ã áâ¥¯¥−¨ ¤¥¬ã«ìâ¨¯«¥ªá¨à®-
¢�−¨ï á¥â¨, ª®â®à�ï à�¢−� áà¥¤−¥¬ã �à¨ä¬¥â¨ç¥áª®¬ã ¬�ªá¨¬�«ì−®£® ª®«¨ç¥áâ¢�
−¥¯¥à¥á¥ª�îé¨åáï ¬�àèàãâ®¢ ¯® ¢á¥¬ ¯�à�¬ ¢¥àè¨− ¢ á¥â¨. Š®−âà®««¥à �Š‘
¯®áâ®ï−−® ¬®−¨â®à¨â á®áâ®ï−¨¥ ª�¦¤®£® ¬�àèàãâ�, £¤¥ ¯®¤ á®áâ®ï−¨¥¬ ¬�àèàã-
â� ¯®−¨¬�¥âáï ¬¨−¨¬�«ì−�ï ¤®áâã¯−�ï ¯à®¯ãáª−�ï á¯®á®¡−®áâì ¯® ¢á¥¬ «¨−¨ï¬,
á®áâ�¢«ïîé¨¬ íâ®â ¬�àèàãâ. �â® ¯®§¢®«ï¥â ª®−âà®««¥àã �Š‘ ¯à¨ ¯®ï¢«¥−¨¨
¬−®£®¯®â®ç−®£® á®¥¤¨−¥−¨ï ®æ¥−¨âì, å¢�â�¥â «¨ à¥áãàá®¢ ¯®áâà®¥−−ëå ¬�àèàã-
â®¢ ¤«ï ®¡¥á¯¥ç¥−¨ï âà¥¡ã¥¬®£® ª�ç¥áâ¢� á¥à¢¨á� ¤«ï íâ®£® á®¥¤¨−¥−¨ï. …á«¨
à¥áãàá®¢ å¢�â�¥â, â® ¨å §�ªà¥¯«ïîâ §� íâ¨¬ á®¥¤¨−¥−¨¥¬. ‚ ¯à®â¨¢−®¬ á«ãç�¥
ª®−âà®««¥à �Š‘ ®âª�§ë¢�¥â ¢ ¬−®£®¯®â®ç−®¬ á®¥¤¨−¥−¨¨ (¯®áë«�¥âáï ¯�ª¥â
á ä«�£®¬ RST).
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‘à�¢−¨â¥«ì−ë© �−�«¨§ ¬−®£®¯®â®ç−ëå âà�−á¯®àâ−ëå ¯à®â®ª®«®¢

„«ï ¯®áâà®¥−¨ï ¬�àèàãâ®¢ á −�¨¬¥−ìè¨¬ ª®«¨ç¥áâ¢®¬ ¯¥à¥á¥ç¥−¨© ¡ë« à�§-
à�¡®â�− á¯¥æ¨�«ì−ë© �«£®à¨â¬ MCMF (minimum cost maximum flow), ¯®¤à®¡−®
®¯¨á�−−ë© ¢ [10]. �â®â �«£®à¨â¬ ®á−®¢�− −� ¨¤¥¥ á¢¥¤¥−¨ï §�¤�ç¨ ¯®áâà®¥−¨ï
¬�àèàãâ®¢ ª §�¤�ç¥ ¯®¨áª� ¬�ªá¨¬�«ì−®£® ¯®â®ª� ¬¨−¨¬�«ì−®© áâ®¨¬®áâ¨. �«-
£®à¨â¬ MCMF, ¢ ®â«¨ç¨¥ ®â ¡®«¥¥ à�á¯à®áâà�−¥−−®£® ¦�¤−®£® �«£®à¨â¬� [15],
−�å®¤¨â ®¯â¨¬�«ì−®¥ à¥è¥−¨¥ ¯® ªà¨â¥à¨î ¬¨−¨¬¨§�æ¨¨ èâà�ä� §� ª®«¨ç¥áâ¢®
¯¥à¥á¥ç¥−¨©. �à¥¤«®¦¥−−ë© á¯®á®¡ ®à£�−¨§�æ¨¨ ¬−®£®¯®â®ç−®© ¬�àèàãâ¨§�-
æ¨¨ ¢ �Š‘ ¡ë« à¥�«¨§®¢�− ¢ áâ¥−¤¥ ¤«ï ®â¥ç¥áâ¢¥−−®£® ª®−âà®««¥à� �Š‘
RunOS [16].

�¯¯�à�â−�ï ç�áâì áâ¥−¤� á®áâ®¨â ¨§ 4 á¥à¢¥à®¢: w1, w2, w3 ¨ head. ‘¥à¢¥-
àë w1, w2 ¨ w3 ¨¬¥îâ ¯à®æ¥áá®à Intel Xeon E5-2667 v4 (8 ï¤¥à, ¡�§®¢�ï ç�áâ®â�
3,20 ƒƒæ), 32 ƒ� ®¯¥à�â¨¢−®© ¯�¬ïâ¨. ‘¥à¢¥à head ¨¬¥¥â ¤¢� ¯à®æ¥áá®à� Intel
Xeon E5-2650 v4 (¢á¥£® 24 ï¤à�, ¡�§®¢�ï ç�áâ®â� 2,20 ƒƒæ), 64 ƒ� ®¯¥à�â¨¢−®©
¯�¬ïâ¨. ‘¥à¢¥à head á®¥¤¨−¥− á á¥à¢¥à�¬¨ w1 ¨ w4 ç¥âëàì¬ï ª�−�«�¬¨ á ¯à®-
¯ãáª−®© á¯®á®¡−®áâìî 10 ƒ¡¨â/c, � á á¥à¢¥à®¬ w2 | ®¤−¨¬ ª�−�«®¬ á ¯à®¯ãáª−®©
á¯®á®¡−®áâìî 10 ƒ¡¨â/á.

÷�§à�¡®â�−−ë© áâ¥−¤ ®â¢¥ç�¥â ¢á¥¬ è¥áâ¨ âà¥¡®¢�−¨ï¬, ¯¥à¥ç¨á«¥−−ë¬ ¢ −�-
ç�«¥ ¯®¤à�§¤¥«�. ˆá¯®«ì§®¢�−¨¥ à�§−ëå á¥à¢¥à®¢ ¤«ï à�§−ëå ¯®¤á¨áâ¥¬ ¯à®-
£à�¬¬−®© ç�áâ¨ áâ¥−¤� ¯®§¢®«ï¥â ¨áª«îç¨âì £®−ªã §� ¯à®æ¥áá®à−®¥ ¢à¥¬ï ¤«ï
§�¤�ç £¥−¥à�æ¨¨ ¯®â®ª®¢ ¤�−−ëå ¨ ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï á¥â¨ ¨−â¥à−¥â-
¯à®¢�©¤¥à�.

3.4 Организация эксперимента

�¥à¥¤ −�ç�«®¬ á¥à¨¨ íªá¯¥à¨¬¥−â®¢ ¯à®¨áå®¤¨â £¥−¥à�æ¨ï −�¡®à®¢ §−�ç¥−¨©
¯�à�¬¥âà®¢ 〈N,F, T,M, sub max〉 ¤«ï ª�¦¤®£® íªá¯¥à¨¬¥−â�. ‘ç¨â�¥¬, çâ®
¤®¯ãáâ¨¬ë¥ §−�ç¥−¨ï ¯�à�¬¥âà®¢ ¨¬¥îâ à�¢−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥, ¥á«¨ −¥
ãª�§�−® ¨−�ç¥. �¡«�áâì ¤®¯ãáâ¨¬ëå §−�ç¥−¨© ¤«ï ª�¦¤®£® ¯�à�¬¥âà� ¡ë«�
á«¥¤ãîé¥©:

{ â®¯®«®£¨ï (G). ‚ ª�ç¥áâ¢¥ â®¯®«®£¨¨ ¨á¯®«ì§ã¥âáï ®¤−� ¨§ ¡¨¡«¨®â¥ª¨
Topology Zoo [17];

{ ª®«¨ç¥áâ¢® ¯®â®ª®¢ (F ). ‚ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢�−¨ï¬¨ à®áá¨©áª®£®
¨−â¥à−¥â-¯à®¢�©¤¥à� ÷®áâ¥«¥ª®¬ ª®«¨ç¥áâ¢® ¯®â®ª®¢ ¢ á¥â¨ ¬®¦¥â ¤®áâ¨-
£�âì 64 000. �®íâ®¬ã ª®«¨ç¥áâ¢® ¯®â®ª®¢ ¢ ¯à®¢®¤¨¬ëå íªá¯¥à¨¬¥−â�å
¨§¬¥−ï«®áì ®â 16 000 ¤® 64 000;

{ à�á¯à¥¤¥«¥−¨¥ ¯®«îá®¢ (φ). Š®«¨ç¥áâ¢® ¯®«îá®¢, ¤«ï ª®â®àëå ¯à®¢®¤¨«®áì
¨áá«¥¤®¢�−¨¥, ¨§¬¥−ï«®áì ®â 10% ¤® 100% ®â ª®«¨ç¥áâ¢� ¢¥àè¨− ¢ á¥â¨
á è�£®¬ 10. ��¯à¨¬¥à, 100% ®§−�ç�¥â, çâ® ã ª�¦¤®© ¢¥àè¨−ë ¢ â®¯®«®£¨¨
¨¬¥¥âáï á¢®© ¯®«îá. �®â®ª¨ à�á¯à¥¤¥«ïîâáï à�¢−®¬¥à−® ¬¥¦¤ã ¯®«îá�¬¨.
÷�á¯®«®¦¥−¨¥ ¯®«îá®¢ ¢ â®¯®«®£¨¨ £¥−¥à¨àã¥âáï á«ãç�©−ë¬ ®¡à�§®¬;

{ ª®«¨ç¥áâ¢® ¯®¤¯®â®ª®¢ (sub max). �á−®¢−ë¥ §−�ç¥−¨ï, ¤«ï ª®â®àëå ¯à®¢®-
¤¨«®áì ¨áá«¥¤®¢�−¨¥, | 2 ¨ 3. ˆá¯®«ì§®¢�«¨áì ¤�−−ë¥ §−�ç¥−¨ï, â�ª ª�ª
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¡ë«® ¯à®¢¥¤¥−® ¨áá«¥¤®¢�−¨¥, ª®â®à®¥ ¯®ª�§�«®, çâ® áâ¥¯¥−ì ¤¥¬ã«ìâ¨¯«¥ªá¨-
à®¢�−¨ï ¤«ï ¡®«ìè¨−áâ¢� â®¯®«®£¨© ¨−â¥à−¥â-¯à®¢�©¤¥à®¢ −¥ ¯à¥¢®áå®¤¨â 3;

{ à�á¯¨á�−¨¥ áâ�àâ� ¯®â®ª®¢ (τ ). ‘®£«�á−® ¨áá«¥¤®¢�−¨î [18], ¢à¥¬ï ¯®-
áâã¯«¥−¨ï ¯�ª¥â®¢ ¢ �¢â®−®¬−ãî á¨áâ¥¬ã ¨−â¥à−¥â-¯à®¢�©¤¥à� −�¨«ãçè¨¬
®¡à�§®¬ ®¯¨áë¢�¥âáï ¯à¨ ¯®¬®é¨ à�á¯à¥¤¥«¥−¨ï ‚¥©¡ã««�. �®íâ®¬ã ¢ íªá-
¯¥à¨¬¥−â�«ì−®¬ ¨áá«¥¤®¢�−¨¨ ¢à¥¬ï áâ�àâ� ¯®â®ª� £¥−¥à¨àã¥âáï ¯à¨ ¯®¬®é¨
à�á¯à¥¤¥«¥−¨ï ‚¥©¡ã««� ®â 0 ¤® −¥ª®â®à®© ª®−áâ�−âë, ª®â®à�ï ¤®«¦−� ¡ëâì
¬¥−ìè¥ ¢à¥¬¥−¨ ®ª®−ç�−¨ï íªá¯¥à¨¬¥−â�;

{ ª«�ááë ¯®â®ª®¢ (ψ). „«ï ¢á¥å ¯®â®ª®¢ ®¤−®© ¯�àë ¢¨àâã�«ì−ëå ¬�è¨− ¬®¦−®
§�¤�âì ª«�áá ¯®â®ª�. Š�¦¤ë© ª«�áá ®¯à¥¤¥«ï¥â âà¥¡ã¥¬®¥ ª�ç¥áâ¢® á¥à¢¨-
á�: ®¡ê¥¬ ¤�−−ëå ¨ ¢à¥¬ï, §� ª®â®à®¥ íâ¨ ¤�−−ë¥ ¤®«¦−ë ¡ëâì ¯¥à¥¤�−ë.
ˆáå®¤ï ¨§ ¯�à�¬¥âà®¢ ª«�áá� ¯®â®ª�, ®¯à¥¤¥«ï¥âáï âà¥¡®¢�−¨¥ ª ¯à®¯ãáª-
−®© á¯®á®¡−®áâ¨ âà�−á¯®àâ−®£® á®¥¤¨−¥−¨ï. Š«�ááë ¯®â®ª®¢ ¢ë¡¨à�îâáï −�
®á−®¢¥ ª«�áá®¢ ¢¨¤¥® (4K, 1440p, 1080p, 720p, 480p, 240p), ¯à¥¤áâ�¢«¥−−ëå
¢ [19]. ‡� ®á−®¢ã ¢§ïâ ¢¨¤¥®âà�ä¨ª, â�ª ª�ª, á®£«�á−® ¯à®£−®§ã Cisco [1], ®¡ê-
¥¬ ¢¨¤¥®âà�ä¨ª� §−�ç¨â¥«ì−® ¢®§à�áâ¥â ¢ ¡«¨¦�©è¥¬ ¡ã¤ãé¥¬. ’à¥¡®¢�−¨¥
ª ¢à¥¬¥−¨ ¯¥à¥¤�ç¨ ®¤−®£® ¯®â®ª� ¤�−−ëå −¥ ¯à¥¢®áå®¤¨â 1 ¬¨−;

{ ¯�à�¬¥âàë áà¥¤ë ¯¥à¥¤�ç¨ ¤�−−ëå (ρ). ‚á¥ ª�−�«ë ®¡«�¤�îâ ®¤¨−�ª®¢®©
¯à®¯ãáª−®© á¯®á®¡−®áâìî. ‡−�ç¥−¨¥, ¤«ï ª®â®à®£® ¯à®¢®¤¨«®áì ¨áá«¥¤®¢�-
−¨¥, | 1 ƒ¡¨â/á. �£à�−¨ç¥−¨¥ ¢ 1 ƒ¡¨â/á á¢ï§�−® á ®£à�−¨ç¥−¨ï¬¨ áâ¥−¤�,
£¤¥ ¯à®¯ãáª−�ï á¯®á®¡−®áâì ¬¥¦¤ã á¥à¢¥à�¬¨ −¥ ¬®¦¥â ¯à¥¢ëè�âì 40 ƒ¡¨â/á.
—â®¡ë ã§ª®¥ ¬¥áâ® ®¡à�§®¢ë¢�«®áì −¥ −� «¨−¨¨ á¢ï§¨ ¬¥¦¤ã á¥à¢¥à�¬¨,
� ¢ ¢¨àâã�«ì−®© á¥â¨, ¡ë«® ¢ë¡à�−® ®£à�−¨ç¥−¨¥ ¢ 1 ƒ¡¨â/á;

{ ¢à¥¬ï ®ª®−ç�−¨ï íªá¯¥à¨¬¥−â� (t) | 3 ¬¨−. ’�ª ª�ª ¢à¥¬ï ®ª®−ç�−¨ï
¯®â®ª� −¥ ¯à¥¢®áå®¤¨â 1 ¬¨−, â® §� 3 ¬¨− −¥áª®«ìª® à�§ á¬®£ãâ á¬¥−¨âìáï
âà�−á¯®àâ−ë¥ ¯®â®ª¨, ¯à®å®¤ïé¨¥ ç¥à¥§ ¨¬¨â�æ¨®−−ãî ¬®¤¥«ì á¥â¨, çâ® ¯®-
§¢®«¨â «ãçè¥ ¨áá«¥¤®¢�âì ¢®§¬®¦−®áâ¨ ¤¨−�¬¨ç¥áª®£® ¬¥â®¤� ¬−®£®¯®â®ç−®©
¬�àèàãâ¨§�æ¨¨.

4 Результаты экспериментального сравнения

„«ï ®¡ê¥ªâ¨¢−®£® ¢ë¡®à� ®æ¥−ª¨ ç¨á«� íªá¯¥à¨¬¥−â®¢, ª®â®àë¥ −¥®¡å®¤¨¬®
¡ë«® ¯à®¢¥áâ¨, çâ®¡ë á¤¥«�âì −�ãç−® ®¡®á−®¢�−−ë© ¢ë¢®¤ áà�¢−¨â¥«ì−®£® �−�-
«¨§�, ¡ë« ¯à¨¬¥−¥− ¬¥â®¤ ¯à®¢¥àª¨ áâ�â¨áâ¨ç¥áª¨å £¨¯®â¥§ ® ç¨á«®¢®¬ §−�ç¥−¨¨
¢¥à®ïâ−®áâ¨ á®¡ëâ¨ï, ¯®¤à®¡−® ®¯¨á�−−ë© ¢ [20,21].

‚−�ç�«¥ ¯à®¢¥àï«�áì £¨¯®â¥§� ® ¯à¥¨¬ãé¥áâ¢¥ ¤¨−�¬¨ç¥áª®£® ¬¥â®¤� ¬−®£®-
¯®â®ç−®© ¬�àèàãâ¨§�æ¨¨ −�¤ áâ�â¨ç¥áª¨¬ ¬¥â®¤®¬. ‚ë¤¢¨£�«®áì ¯à¥¤¯®«®¦¥-
−¨¥, çâ® ¤¨−�¬¨ç¥áª¨© ¬¥â®¤ −¥ åã¦¥ áâ�â¨ç¥áª®£® á ¢¥à®ïâ−®áâìî −¥ ¬¥−¥¥ 95%.
„«ï ¯à®¢¥àª¨ íâ®© £¨¯®â¥§ë, á®£«�á−® ®æ¥−ª�¬ ¨§ [20,21], âà¥¡®¢�«®áì −¥ ¬¥−¥¥
422 íªá¯¥à¨¬¥−â®¢. ‚á¥£® ¡ë«® ¯à®¢¥¤¥−® 1790 íªá¯¥à¨¬¥−â®¢, çâ® ¤®áâ�â®ç-
−® ¤«ï ®¡®á−®¢�−−®£® ¯à¨−ïâ¨ï à¥è¥−¨ï ® ¢ë¯®«−¨¬®áâ¨ £¨¯®â¥§ë. ˆ§ 1790
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‘à�¢−¨â¥«ì−ë© �−�«¨§ ¬−®£®¯®â®ç−ëå âà�−á¯®àâ−ëå ¯à®â®ª®«®¢

¯à®¢¥¤¥−−ëå íªá¯¥à¨¬¥−â®¢ 1729 (96,59%) íªá¯¥à¨¬¥−â®¢ ¯®ª�§ë¢�îâ §−�ç¥−¨¥
ç¨á«� ã¤®¢«¥â¢®à¥−−ëå ¯®â®ª®¢ ¤«ï ¤¨−�¬¨ç¥áª®£® ¬¥â®¤� FDMP, ¡®«ìè¥ ¨«¨
à�¢−®£® ç¨á«ã ã¤®¢«¥â¢®à¥−−ëå ¯®â®ª®¢ ¤«ï áâ�â¨ç¥áª®£® ¬¥â®¤�. „«ï ¯à¨−ï-
â¨ï ¢ë¤¢¨−ãâ®© £¨¯®â¥§ë á ãà®¢−¥¬ §−�ç¨¬®áâ¨ α = 0,01 −¥®¡å®¤¨¬®, çâ®¡ë
§−�ç¥−¨¥ ªà¨â¥à¨ï

ϕ =
�p− p0

√

p0(1− p0)/n

¡ë«® ¡®«ìè¥ xËÒÌÅ×,α = −2,34. ‡¤¥áì �p = m/n, m | ª®«¨ç¥áâ¢® íªá¯¥à¨¬¥−â®¢,
£¤¥ ¤¨−�¬¨ç¥áª¨© ¬¥â®¤ ¯®ª�§�« ¯à¥¨¬ãé¥áâ¢®; n| ®¡é¥¥ ç¨á«® íªá¯¥à¨¬¥−â®¢;
p0 = 0,95. „«ï ¯à®¢¥¤¥−−®£® íªá¯¥à¨¬¥−â�«ì−®£® ¨áá«¥¤®¢�−¨ïϕ ≈ 3,4, ¯®íâ®¬ã
£¨¯®â¥§� ¯à¨−¨¬�¥âáï.

’�ª ª�ª ª®«¨ç¥áâ¢® íªá¯¥à¨¬¥−â®¢ ¤®áâ�â®ç−® ¢¥«¨ª®, â® ¯®¤à®¡−ë¥ à¥§ã«ì-
â�âë ª�¦¤®£® íªá¯¥à¨¬¥−â� ® áª®à®áâ¨ ¯®â®ª®¢ ¨ §�−¨¬�¥¬ëå ¬�àèàãâ®¢ §�−ï«¨
¡ë á«¨èª®¬ ¬−®£® ¬¥áâ� ¢ â¥ªáâ¥. �®íâ®¬ã ¤�«¥¥ ¡ã¤ãâ ¯à¨¢¥¤¥−ë â®«ìª®
®¡®¡é¥−−ë¥ à¥§ã«ìâ�âë ¯® ¢á¥¬ã íªá¯¥à¨¬¥−â�«ì−®¬ã ¨áá«¥¤®¢�−¨î. �¤−�ª®
áâ¥−¤ ¯®§¢®«ï¥â ®æ¥−¨âì íää¥ªâ¨¢−®áâì ¬¥â®¤®¢ ¬−®£®¯®â®ç−®© ¬�àèàãâ¨§�æ¨¨
¨ ¤«ï ®â¤¥«ì−ëå á¥â¥© ¨−â¥à−¥â-¯à®¢�©¤¥à®¢. ��¯à¨¬¥à, ¤«ï â®¯®«®£¨¨ NTT
(à¨á. 3), á®áâ®ïé¥© ¨§ 32 ¢¥àè¨− ¨ 63 à¥¡¥à, ¨§ 40 ¯à®¢¥¤¥−−ëå íªá¯¥à¨¬¥−â®¢
¤«ï à�§−®£® ª®«¨ç¥áâ¢� ¯®â®ª®¢ ¨ ¯®«îá®¢ â®«ìª® 11 íªá¯¥à¨¬¥−â®¢ ¯®ª�§�«¨
®¤¨−�ª®¢ãî íää¥ªâ¨¢−®áâì (â. ¥. à�¢−®¥ ª®«¨ç¥áâ¢® ¯®â®ª®¢, ¤«ï ª®â®àëå âà¥¡®-
¢�−¨ï ª�ç¥áâ¢� á¥à¢¨á� ¡ë«¨ ã¤®¢«¥â¢®à¥−ë), � ¤«ï ®áâ�«ì−ëå 29 íªá¯¥à¨¬¥−â®¢
¤¨−�¬¨ç¥áª¨© ¯®¤å®¤ ®ª�§�«áï «ãçè¥. „�«¥¥ ¯®¤ â¥à¬¨−®¬ ãá¯¥å ¡ã¤¥¬ ¯®−¨-
¬�âì ¯®â®ª, ¤«ï ª®â®à®£® âà�−á¯®àâ−ë© ¯à®â®ª®« ã¤®¢«¥â¢®à¨« âà¥¡®¢�−¨ï SLA
¯®â®ª�. ‡�¢¨á¨¬®áâì ª®«¨ç¥áâ¢� ãá¯¥å®¢ ®â ¯�à�¬¥âà®¢ íªá¯¥à¨¬¥−â� ¤«ï áâ�-
â¨ç¥áª®£® ¨ ¤¨−�¬¨ç¥áª®£® ¬¥â®¤®¢ ¤¥¬ã«ìâ¨¯«¥ªá¨à®¢�−¨ï ¢ á«ãç�¥ â®¯®«®£¨¨
NTT ¯®ª�§�−� −� à¨á. 4.

÷¨á. 3 ’®¯®«®£¨ï NTT (www.topolozy-zoo.org)
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ˆ§ 1729 á«ãç�¥¢, £¤¥ ¤¨−�¬¨ç¥-

÷¨á. 4 ‡�¢¨á¨¬®áâì ª®«¨ç¥áâ¢� ãá¯¥å®¢
®â ¯�à�¬¥âà®¢ íªá¯¥à¨¬¥−â� ¤«ï â®¯®«®£¨¨
NTT: 1 | áâ�â¨ç¥áª¨© ¬¥â®¤; 2 | ¤¨−�¬¨-
ç¥áª¨© ¬¥â®¤

÷¨á. 5 ‘à�¢−¥−¨¥ íää¥ªâ¨¢−®áâ¨ áâ�-
â¨ç¥áª®£® ¨ ¤¨−�¬¨ç¥áª®£® ¬¥â®¤®¢ ¬−®£®-
¯®â®ç−®© ¬�àèàãâ¨§�æ¨¨: 1 | ¢ë¨£àëè
áâ�â¨ç¥áª®£® ¬¥â®¤�; 2 | ®¤¨−�ª®¢ë¥ à¥-
§ã«ìâ�âë; 3 | ¢ë¨£àëè ¤¨−�¬¨ç¥áª®£® ¬¥-
â®¤�

áª¨© ¬¥â®¤ ¡ë« −¥ åã¦¥ áâ�â¨ç¥áª®£®,
¢ 289 á«ãç�ïå (16,7%) ¤®áâ¨£�«®áì à�-
¢¥−áâ¢® ¯® ª®«¨ç¥áâ¢ã ãá¯¥å®¢ (à¨á. 5),
¯à¨ç¥¬ áâ®¨¬®áâì ¯®â®ª®¢, ®¯à¥¤¥«¥−-
−�ï ¢ ¯®¤à�§¤. 3.2, ¢ 102 á«ãç�ïå ¬¥−ì-
è¥ ã ¤¨−�¬¨ç¥áª®£® ¬¥â®¤�, ¢ 88 á«ã-
ç�ïå ¬¥−ìè¥ ã áâ�â¨ç¥áª®£® ¬¥â®¤�,
� ¢ ®áâ�«ì−ëå á«ãç�ïå ®¤¨−�ª®¢�. ‘â®-
¨â ®â¬¥â¨âì, çâ® 80 ¨§ 88 á«ãç�¥¢
à�¢¥−áâ¢� ª®«¨ç¥áâ¢� ãá¯¥å®¢ ¯à¨å®-
¤ïâáï −� â®¯®«®£¨¨ á ª®íää¨æ¨¥−â®¬
¤¥¬ã«ìâ¨¯«¥ªá¨à®¢�−¨ï 1, â. ¥. á ¯®«-
−ë¬ ®âáãâáâ¢¨¥¬ �«ìâ¥à−�â¨¢−ëå
¬�àèàãâ®¢. �®«ìè¨−áâ¢® ®áâ�«ì−ëå
á«ãç�¥¢ à�¢¥−áâ¢� ¯à¨å®¤¨âáï −� â®¯®-
«®£¨¨ á −¥¡®«ìè®© áâ¥¯¥−ìî ¤¥¬ã«ì-
â¨¯«¥ªá¨à®¢�−¨ï ¨ −¥¡®«ìè®© ¤®«¥©
¯®«îá®¢. ‘«ãç�©−®¥ à�á¯à¥¤¥«¥−¨¥
¯®«îá®¢ ¢ â®¯®«®£¨¨ ¬®¦¥â ¯à¨¢¥áâ¨
ª á¨âã�æ¨¨, ª®£¤� ®âáãâáâ¢ãîâ �«ì-
â¥à−�â¨¢−ë¥ ¬�àèàãâë ¤«ï â®¯®«®£¨©
á® áâ¥¯¥−ìî ¤¥¬ã«ìâ¨¯«¥ªá¨à®¢�−¨ï,
¬¥−ìè¥© 2.

�−�«¨§ íªá¯¥à¨¬¥−â®¢, ¢ ª®â®-
àëå áâ�â¨ç¥áª¨© ¬¥â®¤ ®ª�§�«áï «ãç-
è¥, ¯®ª�§�«, çâ® ®á−®¢−�ï ®¡«�áâì
§−�ç¥−¨© ¢å®¤−ëå ¯�à�¬¥âà®¢, ¯à¨
ª®â®àëå áâ�â¨ç¥áª¨© ¬¥â®¤ ¨¬¥¥â
¯à¥¨¬ãé¥áâ¢®, | íâ® â®¯®«®£¨¨ á ª®-
«¨ç¥áâ¢®¬ ã§«®¢ ¬¥−ìè¥ 37 ¨ ¤®«¥©
¯®«îá®¢, ¬¥−ìè¥© ¨«¨ à�¢−®© 40% ®â
ª®«¨ç¥áâ¢� ã§«®¢ ¢ â®¯®«®£¨¨. „«ï
¢á¥å ®áâ�«ì−ëå á«ãç�¥¢ ¤¨−�¬¨ç¥áª¨©

¬¥â®¤ ¡ã¤¥â à�¡®â�âì −¥ åã¦¥, � ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ | «ãçè¥ áâ�â¨ç¥áª®£®
¬¥â®¤� ¬−®£®¯®â®ç−®© ¬�àèàãâ¨§�æ¨¨.

Œ®¦−® á¤¥«�âì ¯à¥¤¯®«®¦¥−¨¥, çâ® ¤¨−�¬¨ç¥áª¨© ¬¥â®¤ ¡®«ìè¥ ®¡á«ã¦¨¢�¥â
¯®â®ª¨ ¨§ ª«�áá� âà�ä¨ª� á −¥¡®«ìè¨¬ âà¥¡®¢�−¨¥¬ ª ª�ç¥áâ¢ã á¥à¢¨á�, ®¤−�ª®
�−�«¨§ à¥§ã«ìâ�â®¢ ¯®ª�§�«, çâ® ¤«ï ª�¦¤®£® ª«�áá� âà�ä¨ª� ¢ −¥ ¬¥−¥¥ ç¥¬ 69%
®â ç¨á«� íªá¯¥à¨¬¥−â®¢ −�¡«î¤�¥âáï ¯à¨à®áâ ¢ ç¨á«¥ ã¤®¢«¥â¢®à¥−−ëå ¯®â®ª®¢
¯à¨ ¨á¯®«ì§®¢�−¨¨ ¤¨−�¬¨ç¥áª®£® ¬¥â®¤�.

‚®§−¨ª�¥â ¢®¯à®á, −�áª®«ìª® ¯à¨¢¥¤¥−−ë¥ à¥§ã«ìâ�âë ¡ã¤ãâ �ªâã�«ì−ë ¢ ¡ã-
¤ãé¥¬, ª®£¤� ¢®§à�áâãâ ¯à®¯ãáª−ë¥ á¯®á®¡−®áâ¨ ª�−�«®¢ ¨ âà¥¡®¢�−¨ï ¯à¨«®¦¥-
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‘à�¢−¨â¥«ì−ë© �−�«¨§ ¬−®£®¯®â®ç−ëå âà�−á¯®àâ−ëå ¯à®â®ª®«®¢

−¨©. „®¯®«−¨â¥«ì−®¥ íªá¯¥à¨¬¥−â�«ì−®¥ ¨áá«¥¤®¢�−¨¥, ¢ ª®â®à®¬ ¯à®¯ãáª−ë¥
á¯®á®¡−®áâ¨ ª�−�«®¢ ¨ âà¥¡®¢�−¨ï ¯à¨«®¦¥−¨© ¡ë«¨ ã¢¥«¨ç¥−ë ¢ ®¤¨−�ª®¢®¥
ç¨á«® à�§, ¯®ª�§�«®, çâ® íää¥ªâ¨¢−®áâì ¤¨−�¬¨ç¥áª®£® ¬¥â®¤� ¬−®£®¯®â®ç−®©
¬�àèàãâ¨§�æ¨¨ ®áâ�¥âáï â�ª®© ¦¥.

5 Заключение

‚ ¤�−−®© áâ�âì¥ ¡ë«� ¯à¥¤«®¦¥−� ¬¥â®¤¨ª� áà�¢−¥−¨ï íää¥ªâ¨¢−®áâ¨ áâ�â¨-
ç¥áª®£® ¨ ¤¨−�¬¨ç¥áª®£® ¬¥â®¤®¢ ¬−®£®¯®â®ç−®© ¬�àèàãâ¨§�æ¨¨. �à®¢¥¤¥−−ë©
áà�¢−¨â¥«ì−ë© �−�«¨§ ¯®ª�§�« ¯à¥¨¬ãé¥áâ¢® ¤¨−�¬¨ç¥áª®£® ¬¥â®¤� á ¢¥à®ïâ-
−®áâìî −¥ ¬¥−¥¥ 95%, ¯à¨ íâ®¬ áâ�â¨ç¥áª¨© ¬¥â®¤ å®à®è® à�¡®â�¥â â®«ìª® −�
−¥¡®«ìè¨å â®¯®«®£¨ïå á ª®«¨ç¥áâ¢®¬ ã§«®¢ ¬¥−¥¥ 36 ¨ −¥¡®«ìè®© ¤®«¥© ¯®«îá®¢.

�à®¤®«¦¥−¨¥ íâ®© à�¡®âë ¬®¦¥â ¡ëâì −�¯à�¢«¥−® −� ¨áá«¥¤®¢�−¨¥ ¢«¨ï-
−¨ï �«£®à¨â¬� ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®© ¨ �«£®à¨â¬� ¯«�−¨à®¢�−¨ï á¥£¬¥−â®¢
¢ âà�−á¯®àâ−®¬ �£¥−â¥ −� íää¥ªâ¨¢−®áâì ¤¨−�¬¨ç¥áª®£® ¬¥â®¤� ¬−®£®¯®â®ç−®©
¬�àèàãâ¨§�æ¨¨; ¨áá«¥¤®¢�−¨¥ ¤¨−�¬¨ç¥áª®£® ¬−®£®¯®â®ç−®£® ¯à®â®ª®«� ¤«ï
¯®¤¯®â®ª®¢, à�¡®â�îé¨å ¯® UDP (user datagram protocol), çâ® ¯®§¢®«¨â ¨á-
¯®«ì§®¢�âì ¤¨−�¬¨ç¥áª¨© ¬¥â®¤ ¬−®£®¯®â®ç−®© ¬�àèàãâ¨§�æ¨¨ ¢ á®¢à¥¬¥−−ëå
¯à®â®ª®«�å −�¯®¤®¡¨¥ QUIC (quick UDP Internet connections); ¨áá«¥¤®¢�−¨¥
¤¨−�¬¨ç¥áª®£® ¬¥â®¤� ¬−®£®¯®â®ç−®© ¬�àèàãâ¨§�æ¨¨ ¤«ï ¤àã£¨å ¢¨¤®¢ á¥â¥©.
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COMPARATIVE ANALYSIS
OF MULTIPATH TRANSPORT PROTOCOLS

E. P. Stepanov and R. L. Smeliansky

M. V. Lomonosov Moscow State University, 1-52 Leninskie Gory, GSP-1, Moscow
119991, Russian Federation

Abstract: The paper deals with the problem of ensuring the network service
quality by using multipath routing protocols by splitting the application data
flow to several subflows, each of which is transmitted through its own route in
the network. There are two classes of multipath protocols: the static one with
fixed number of subflows during the connection lifetime and the dynamic one
which varies the number of subflows depending on the current network state and
application requirements. The paper presents the comparative analysis of the
effectiveness of static and dynamic multipath transport protocols. The comparison
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Comparative analysis of multipath transport protocols

methodology is invariant to the network topologies, load, and transport agent
settings. The areas of static and dynamic multipath protocol efficiency are
derived based on study results. The experimental study has shown the advantage
of a dynamic approach.
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−�ãª | ä¨«¨�«� ”¥¤¥à�«ì−®£® £®áã¤�àáâ¢¥−−®£® ãçà¥¦¤¥−¨ï ú”¥¤¥à�«ì−ë©
−�ãç−ë© æ¥−âà ��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨−áâ¨âãâ á¨áâ¥¬−ëå ¨áá«¥¤®¢�−¨©
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãªû

…£®à®¢ ‚«�¤¨¬¨à �®à¨á®¢¨ç (à. 1948) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‡�¡¥¦�©«® Œ¨å�¨« ˆ¢�−®¢¨ç (à. 1956) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¤®æ¥−â, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤-
−¨æë−� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‡�æ�à¨−−ë© �«¥ªá�−¤à �«¥ªá¥¥¢¨ç (à. 1951) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−â-
à� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‡�æ¬�− ˆ£®àì Œ®¨á¥¥¢¨ç (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, §�¢¥¤ãîé¨©
®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

ˆ«ì¨− ‚«�¤¨¬¨à „¬¨âà¨¥¢¨ç (à. 1937) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤−¨æë−�
”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®á-
á¨©áª®© �ª�¤¥¬¨¨ −�ãª

ˆ®−¥−ª®¢ āà¨© ‘¥à£¥¥¢¨ç (à. 1956) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š¨à¨ª®¢ ˆ£®àì �«¥ªá�−¤à®¢¨ç (à. 1955) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¤¨-
à¥ªâ®à Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‹¥®−âì¥¢ „¥−¨á ‚�á¨«ì¥¢¨ç (à. 1992) | −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� �¢â®¬�-
â¨ª¨ ¨ ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï „�«ì−¥¢®áâ®ç−®£® ®â¤¥«¥−¨ï ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

‹¨áâ®¯�¤ ‘¥à£¥© ‚¨ªâ®à®¢¨ç (à. 1984) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ì-
áª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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Œ�§ãà �«¥ªá�−¤à ˆ£®à¥¢¨ç (à. 1959) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®© «�¡®à�â®à¨¨ ¬®¤¥-
«¨à®¢�−¨ï ª¢�−â®¢ëå ¯à®æ¥áá®¢ ’¨å®®ª¥�−áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�

�¨ª¨è¨− „¬¨âà¨© �«¥ªá�−¤à®¢¨ç (à. 1976) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

�®á®¢� ��â�«ìï āàì¥¢−� (à. 1964) | ¢¥¤ãé¨© ¨−¦¥−¥à �à«®¢áª®£® ä¨-
«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‘¨−¨æë− ˆ£®àì �¨ª®«�¥¢¨ç (à. 1940) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥á-
á®à, §�á«ã¦¥−−ë© ¤¥ïâ¥«ì −�ãª¨ ÷”, £«�¢−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; ¯à®ä¥áá®à ª�ä¥¤àë Œ¥å�âà®−¨ª�
¨ â¥®à¥â¨ç¥áª�ï ¬¥å�−¨ª� Œ®áª®¢áª®£® �¢¨�æ¨®−−®£® ¨−áâ¨âãâ� (−�æ¨®−�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â�)

‘¬¨à−®¢ „¬¨âà¨© ‚«�¤¨¬¨à®¢¨ç (à. 1984) | ¡¨§−¥á-¯�àâ−¥à ¯® ˆ’ ¤¥¯�àâ�-
¬¥−â� ¡¥§®¯�á−®áâ¨ ��� ú‘¡¥à¡�−ª ÷®áá¨¨û

‘¬¥«ï−áª¨© ÷ãá«�− ‹¥®−¨¤®¢¨ç (à. 1950) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¯à®ä¥áá®à, ç«¥−-ª®àà¥á¯®−¤¥−â ÷��, §�¢¥¤ãîé¨© ª�ä¥¤à®© �¢â®¬�â¨§�-
æ¨¨ á¨áâ¥¬ ¢ëç¨á«¨â¥«ì−ëå ª®¬¯«¥ªá®¢ ä�ªã«ìâ¥â� ¢ëç¨á«¨â¥«ì−®© ¬�â¥¬�â¨ª¨
¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬¥−¨ Œ. ‚. ‹®¬®-
−®á®¢�

‘â¥¯�−®¢ …¢£¥−¨© ��¢«®¢¨ç (à. 1994) | ¬«�¤è¨© −�ãç−ë© á®âàã¤−¨ª Œ®áª®¢-
áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�

’¨¬®−¨−� …«¥−� …¢£¥−ì¥¢−� (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

’à®ä¨¬¥−ª®¢ �−¤à¥© Š®−áâ�−â¨−®¢¨ç (à. 1965) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�-
ãª, ¤®æ¥−â, áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª �à«®¢áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

•�à¨â®−®¢ „¬¨âà¨© ˆ¢�−®¢¨ç (à. 1973) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�à-
è¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� �¢â®¬�â¨ª¨ ¨ ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï „�«ì−¥-
¢®áâ®ç−®£® ®â¤¥«¥−¨ï ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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–ãª�−®¢ Œ�ªá¨¬ ‚«�¤¨¬¨à®¢¨ç (à. 1995) | ¬«�¤è¨© −�ãç−ë© á®âàã¤−¨ª
�à«®¢áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

—¥à−ëè®¢ �«¥ªá�−¤à ‚¨ªâ®à®¢¨ç (à. 1970) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¤®-
æ¥−â ª�ä¥¤àë �à¨ª«�¤−�ï ¬�â¥¬�â¨ª�, ¨−ä®à¬�â¨ª� ¨ ¢ëç¨á«¨â¥«ì−�ï â¥å−¨ª�
Œëâ¨é¨−áª®£® ä¨«¨�«� Œƒ’“ ¨¬. �. �. ��ã¬�−�

˜�¡�−®¢ �®à¨á Œ¨å�©«®¢¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¤®æ¥−â,
¤¨à¥ªâ®à Œ¥¦¢¥¤®¬áâ¢¥−−®£® áã¯¥àª®¬¯ìîâ¥à−®£® æ¥−âà� ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª | ä¨«¨�«� ”¥¤¥à�«ì−®£® £®áã¤�àáâ¢¥−−®£® ãçà¥¦¤¥−¨ï ú”¥¤¥à�«ì−ë©
−�ãç−ë© æ¥−âà ��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨−áâ¨âãâ á¨áâ¥¬−ëå ¨áá«¥¤®¢�−¨©
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãªû

˜®à£¨− ‘¥à£¥© Ÿª®¢«¥¢¨ç (à. 1952) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥© ¤«ï ¯ã¡«¨ª�æ¨¨
¢ ¦ãà−�«¥ ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û

†ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ¯ã¡«¨ªã¥â â¥®à¥â¨ç¥áª¨¥, ®¡§®à−ë¥
¨ ¤¨áªãáá¨®−−ë¥ áâ�âì¨, ¯®á¢ïé¥−−ë¥ −�ãç−ë¬ ¨áá«¥¤®¢�−¨ï¬ ¨ à�§à�¡®âª�¬ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

†ãà−�« ¨§¤�¥âáï −� àãááª®¬ ï§ëª¥. �® á¯¥æ¨�«ì−®¬ã à¥è¥−¨î à¥¤ª®««¥£¨¨
®â¤¥«ì−ë¥ áâ�âì¨ ¬®£ãâ ¯¥ç�â�âìáï −� �−£«¨©áª®¬ ï§ëª¥.

’¥¬�â¨ª� ¦ãà−�«� ®å¢�âë¢�¥â á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï:

{ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨å ¯®áâà®¥−¨ï;

{ �àå¨â¥ªâãà� ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−, ª®¬¯«¥ªá®¢ ¨ á¥-
â¥©;

{ ¬¥â®¤ë ¨ áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨.

1. ‚ ¦ãà−�«¥ ¯¥ç�â�îâáï áâ�âì¨, á®¤¥à¦�é¨¥ à¥§ã«ìâ�âë, à�−¥¥ −¥ ®¯ã¡«¨ª®¢�−−ë¥
¨ −¥ ¯à¥¤−�§−�ç¥−−ë¥ ª ®¤−®¢à¥¬¥−−®© ¯ã¡«¨ª�æ¨¨ ¢ ¤àã£¨å ¨§¤�−¨ïå.

�ã¡«¨ª�æ¨ï ¯à¥¤®áâ�¢«¥−−®© �¢â®à®¬(�¬¨) àãª®¯¨á¨ −¥ ¤®«¦−� −�àãè�âì ¯®«®¦¥-
−¨© £«�¢ 69, 70 à�§¤¥«� VII ç�áâ¨ IV ƒà�¦¤�−áª®£® ª®¤¥ªá�, ª®â®àë¥ ®¯à¥¤¥«ïîâ
¯à�¢� −� à¥§ã«ìâ�âë ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¨ áà¥¤áâ¢� ¨−¤¨¢¨¤ã�«¨§�æ¨¨,
¢ â®¬ ç¨á«¥ �¢â®àáª¨¥ ¯à�¢�, ¢ ÷”.

�â¢¥âáâ¢¥−−®áâì §� −�àãè¥−¨¥ �¢â®àáª¨å ¯à�¢, ¢ á«ãç�¥ ¯à¥¤êï¢«¥−¨ï ¯à¥â¥−§¨©
ª à¥¤�ªæ¨¨ ¦ãà−�«�, −¥áãâ �¢â®àë áâ�â¥©.

��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ á¢®¨ ¯à�¢� −� ¤�−−ãî àãª®-
¯¨áì ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ ¦ãà−�«� −¥¨áª«îç¨â¥«ì−ë¥
¯à�¢� −� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥−
®â àãááª®£®) ¨ −� ¯¥à¥¢®¤ ¥¥ −� �−£«¨©áª¨© ï§ëª, � â�ª¦¥ −� ¥¥ à�á¯à®áâà�-
−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. Š�¦¤ë© �¢â®à ¤®«¦¥− ¯à¥¤áâ�¢¨âì ¢ à¥¤�ªæ¨î
¯®¤¯¨á�−−ë© á ¥£® áâ®à®−ë ú‹¨æ¥−§¨®−−ë© ¤®£®¢®à ® ¯¥à¥¤�ç¥ −¥¨áª«îç¨â¥«ì-
−ëå ¯à�¢ −� ¨á¯®«ì§®¢�−¨¥ ¯à®¨§¢¥¤¥−¨ïû, â¥ªáâ ª®â®à®£® à�§¬¥é¥− ¯® �¤à¥áã
http://www.ipiran.ru/publications/licence.doc. �â®â ¤®£®¢®à ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢-
«¥− ¢ ¡ã¬�¦−®¬ (¢ 2-å íª§.) ¨«¨ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ (®âáª�−¨à®¢�−−�ï ª®¯¨ï
§�¯®«−¥−−®£® ¨ ¯®¤¯¨á�−−®£® ¤®ªã¬¥−â�).

÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.

‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.

„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.

÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥©

5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.

7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.

��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.

�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.

÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 10 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
�à¨ ¯à¥¢ëè¥−¨¨ ãª�§�−−®£® ®¡ê¥¬� à¥¤ª®««¥£¨ï ¢¯à�¢¥ ¯®âà¥¡®¢�âì ®â �¢â®à�
á®ªà�é¥−¨ï ®¡ê¥¬� àãª®¯¨á¨.

‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.

‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.

˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:

http://www.ipiran.ru/publications/collected/template.doc

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ −�§¢�−¨¥ áâ�âì¨;
{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î;
{ ¬¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®

�¢â®à�;
{ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥−ë

−� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/2019 29 03 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2019 29 03 eng/authors.asp;

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«;

{ ª«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

{ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï à�¡®âë (ááë«ª¬ −� £à�−âë, ¯à®¥ªâë, ¯®¤¤¥à¦¨¢�-
îé¨¥ ®à£�−¨§�æ¨¨ ¨ â. ¯.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.
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‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:

(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |
−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.

(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-
«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −�
á�©â¥ http://www.translit.net/ru/bgn/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãá-
áª®£® â¥ªáâ� ¢ «�â¨−¨æã.

‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".

�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":

�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Russ. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).

�¯¨á�−¨¥ ¬�â¥à¨�«®¢ ª®−ä¥à¥−æ¨©:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.

�¯¨á�−¨¥ ª−¨£¨ (¬®−®£à�ä¨¨, á¡®à−¨ª¨):

Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.

�¯¨á�−¨¥ ¯¥à¥¢®¤−®© ª−¨£¨ (¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨ −¥®¡å®-
¤¨¬® ãª�§�âì: / �¥à. á �−£«. | ¯®á«¥ −�§¢�−¨ï ª−¨£¨, � ¢ ª®−æ¥ ááë«ª¨ ãª�§�âì
®à¨£¨−�« ª−¨£¨ ¢ ªàã£«ëå áª®¡ª�å):

1. ‚ àãááª®ï§ëç−®© ç�áâ¨:
’¨¬®è¥−ª® ‘. �., Ÿ−£ „. •., “¨¢¥à “. Š®«¥¡�−¨ï ¢ ¨−¦¥−¥à−®¬ ¤¥«¥ / �¥à.
á �−£«. | Œ.: Œ�è¨−®áâà®¥−¨¥, 1985. 472 á. (Timoshenko S. P., Young D. H.,
Weaver W. Vibration problems in engineering. | 4th ed. | New York, NY,
USA: Wiley, 1974. 521 p.)
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2. ‚ �−£«®ï§ëç−®© ç�áâ¨:
Timoshenko, S. P., D. H. Young, and W. Weaver. 1974. Vibration problems in
engineering. 4th ed. New York, NY: Wiley. 521 p.

�¯¨á�−¨¥ −¥®¯ã¡«¨ª®¢�−−®£® ¤®ªã¬¥−â�:

Latypov, A. R., M. M. Khasanov, and V. A. Baikov. 2004. Geology and pro-
duction (NGT GiD). Certificate on official registration of the computer program
No. 2004611198. (In Russian, unpubl.)

�¯¨á�−¨¥ ¨−â¥à−¥â-à¥áãàá�:

Pravila tsitirovaniya istochnikov [Rules for the citing of sources]. Available at:
http://www.scribd.com/doc/1034528/ (accessed February 7, 2011).

�¯¨á�−¨¥ ¤¨áá¥àâ�æ¨¨ ¨«¨ �¢â®à¥ä¥à�â� ¤¨áá¥àâ�æ¨¨:

Semenov, V. I. 2003. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyy
tor [Mathematical modeling of the plasma in the compact torus]. Moscow. D.Sc. Diss.
272 p.

Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. PhD Thesis. Moscow: IPI RAN. 23 p.

�¯¨á�−¨¥ ƒ�‘’�:

GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. Moscow: Standardinform Publs. 10 p.

�¯¨á�−¨¥ ¯�â¥−â�:

Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

10. �à¨á«�−−ë¥ ¢ à¥¤�ªæ¨î ¬�â¥à¨�«ë �¢â®à�¬ −¥ ¢®§¢à�é�îâáï.
11. �à¨ ®â¯à�¢ª¥ ä�©«®¢ ¯® í«¥ªâà®−−®© ¯®çâ¥ ¯à®á¨¬ ¯à¨¤¥à¦¨¢�âìáï á«¥¤ãîé¨å

¯à�¢¨«:

{ ãª�§ë¢�âì ¢ ¯®«¥ subject (â¥¬�) −�§¢�−¨¥ ¦ãà−�«� ¨ ä�¬¨«¨î �¢â®à�;
{ ¨á¯®«ì§®¢�âì attach (¯à¨á®¥¤¨−¥−¨¥);
{ ¢ á®áâ�¢ í«¥ªâà®−−®© ¢¥àá¨¨ áâ�âì¨ ¤®«¦−ë ¢å®¤¨âì: ä�©«, á®¤¥à¦�é¨© â¥ªáâ

áâ�âì¨, ¨ ä�©«(ë), á®¤¥à¦�é¨©(¥) ¨««îáâà�æ¨¨.

12. †ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ï¢«ï¥âáï −¥ª®¬¬¥àç¥áª¨¬ ¨§¤�−¨¥¬.
�«�â� §� ¯ã¡«¨ª�æ¨î −¥ ¢§¨¬�¥âáï, £®−®à�à �¢â®à�¬ −¥ ¢ë¯«�ç¨¢�¥âáï.

�¤à¥á à¥¤�ªæ¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û:

Œ®áª¢� 119333, ã«. ‚�¢¨«®¢�, ¤. 44, ª®à¯. 2, ”ˆ– ˆ“ ÷��

’¥«.: +7 (499) 135-86-92 ”�ªá: +7 (495) 930-45-05

e-mail: ssi@frccsc.ru (‘âà¨£¨−� ‘¢¥â«�−� �¨ª®«�¥¢−�)

http://www.ipiran.ru/journal/collected
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Requirements for manuscripts submitted
to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:

{ information and communication systems and tools of their design;
{ architecture and software of computational complexes and networks; and
{ methods and tools of information protection.

1. The Journal publishes original articles which have not been published before and are
not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
not Russian) and its distribution in Russia and abroad to the Founders and the Editorial
Board. Authors should submit a letter to the Editorial Board in the following form:

Agreement on the transfer of rights to publish:

\We, the undersigned authors of the manuscript \. . . ," pass to the Founder and the
Editorial Board of the Journal \Systems and Means of Informatics" the nonexclusive
right to publish the manuscript of the article in Russian (or in English) in both
print and electronic versions of the Journal. We affirm that this publication does not
violate the Copyright of other persons or organizations.

Author(s) signature(s): (name(s), address(es), date)."

This agreement should be submitted in paper form or in the form of a scanned copy
(signed by the authors).

The Editorial Board has the right to request from the authors an official expert conclu-
sion that the submitted article has no classified data prohibited for publication.

2. A submitted article should be attached with the data on the author(s) (see item 8). If
there are several authors, the contact person should be indicated who is responsible for
correspondence with the Editorial Board and other authors about revisions and final
approval of the proofs.

3. The Editorial Board of the Journal examines the article according to the established
reviewing procedure. If authors receive their article for correction after reviewing, it
does not mean that the article is approved to be published. The corrected article should
be sent to the Editorial Board for the subsequent review and approval.

4. The decision on the article publication or its rejection is communicated to the authors.
The Editorial Board may also send the reviews on the submitted articles to the authors.
Any discussion upon the rejected articles is not possible.

5. The edited articles will be sent to the authors for proofread. The comments of the
authors to the edited text of the article should be sent to the Editorial Board as soon as
possible.

6. The manuscript of the article should be presented electronically in the MS WORD (.doc
or .docx) or LATEX (.tex) formats, and additionally in the .pdf format. All documents
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may be sent by e-mail or provided on a CD or diskette. A hard copy submission is not
necessary.

7. The recommended typesetting instructions for manuscript.

Pages parameters: format A4, portrait orientation, document margins (cm): left | 2.5,
right | 1.5, above | 2.0, below | 2.0, footer 1.3.

Text: font |Times New Roman, font size | 14, paragraph indent | 0.5, line
spacing | 1.5, justified alignment.

The recommended manuscript size: not more than 10 pages of the specified format. If
the specified size exceeded, the editorial board is entitled to require the author to reduce
the manuscript.

Use only standard abbreviations. Avoid abbreviations in the title and abstract. The full
term for which an abbreviation stands should precede its first use in the text unless it is
a standard unit of measurement.

All pages of the manuscript should be numbered.

The templates for the manuscript typesetting are presented on site:

http://www.ipiran.ru/publication/collected/template.doc

8. Articles should enclose data both in Russian and English:

{ title;
{ author's name and surname;
{ affiliation | organization, its address with ZIP code, city, country, and official

e-mail address;
{ data on authors according to the format (see site):
http://www.ipiran.ru/journal/collected/2019 29 03 rus/authors.asp and
http://www.ipiran.ru/journal/collected/2019 29 03 eng/authors.asp;

{ abstract (not less than 100 words) both in Russian and in English. Abstract is
a short summary of the article that can be published separately. The abstract is
the main source of information on the article and it could be included in leading
information systems and data bases. The abstract in English has to be an original
text and should not be an exact translation of the Russian one. Good English is
required. In abstracts, avoid references and formulae.

{ Indexing is performed on the basis of keywords. The use of keywords from the
internationally accepted thematic Thesauri is recommended.
Important! Keywords must not be sentences.

{ Acknowledgments.

9. References. Russian references have to be presented both in English translation and in
Latin transliteration (refer http://www.translit.net/ru/bgn/).

Please take into account the following examples of Russian references appearance:

Article in journal:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Russ. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

Journal article in electronic format:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
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exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).

Conference proceedings:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.

Books and other monographs:

Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.

Dissertation and Thesis:

Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. Moscow: IPI RAN. PhD Thesis. 23 p.

State standards and patents:

GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. M.: Standardinform Publs. 10 p.

Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

References in Latin transcription are presented in the original language.

References in the text are numbered according to the order of their first appearance;
the number is placed in square brackets. All items from the reference list should be cited.

10. Manuscripts and additional materials are not returned to Authors by the Editorial
Board.

11. Submissions of files by e-mail must include:

{ the journal title and author's name in the \Subject" field;
{ an article and additional materials have to be attached using the \attach" function;
{ an electronic version of the article should contain the file with the text and a sepa-

rate file with figures.

12. \System and Means of Informatics" journal is not a profit publication. There are no
charges for the authors as well as there are no royalties.

Editorial Board address:
FRC CSC RAS, 44, block 2, Vavilov Str., Moscow 119333, Russia

Ph.: +7 (499) 135 86 92, Fax: +7 (495) 930 45 05

e-mail: ssi@frccsc.ru (to Svetlana Strigina)

http://www.ipiran.ru/english/journal systems.asp
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