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�−−®â�æ¨ï: ‚ ç¥â¢¥àâ®©, §�ª«îç¨â¥«ì−®© áâ�âì¥ æ¨ª«�, ¯®á¢ïé¥−−®£® ®¯¨-
á�−¨î á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© (‘��÷) ¢ ®¡«�áâ¨ ®¡¥á¯¥ç¥−¨ï
¡¥§®¯�á−®áâ¨ ¯�áá�¦¨àáª¨å ¯¥à¥¢®§®ª ¨ ¯à®â¨¢®¤¥©áâ¢¨ï ¯à®â¨¢®¯à�¢−®©
¤¥ïâ¥«ì−®áâ¨ −� âà�−á¯®àâ¥, ¡�§®¢ë¥ ª®−æ¥¯âë, äã−ªæ¨¨ ¯®¨áª� ¨ ®â¡®à�
¤�−−ëå ¨ ¯à¥¤¬¥â−®-á¯¥æ¨�«¨§¨à®¢�−−ë¥ �−�«¨â¨ç¥áª¨¥ à�áç¥âë ¤®¯®«−¥-
−ë ¯®áâ�−®¢ª�¬¨, âà¥¡ãîé¨¬¨ á«®¦−®© ¯à¥¤¢�à¨â¥«ì−®© ®¡à�¡®âª¨ ¤�−−ëå
(data processing). ‘®¤¥à¦�−¨¥ â�ª¨¬ ¯®áâ�−®¢ª�¬ ¤�¥â ¨§ãç¥−¨¥ á®¢¬¥áâ−ëå
¯¥à¥¬¥é¥−¨© £àã¯¯ ¯�áá�¦¨à®¢, � â�ª¦¥ â¨¯®¢ë¥ §�¤�ç¨ �−�«¨§� á¢®¤−®© áâ�-
â¨áâ¨ª¨ ¯® ¯�áá�¦¨à®¯¥à¥¢®§ª�¬. ÷¥è¥−¨ï ®¡¥á¯¥ç¨¢�îâáï âà�¤¨æ¨®−−ë¬
¨−áâàã¬¥−â®¬ ¡¨§−¥á-�−�«¨â¨ª¨ (business intelligence) | â¥å−®«®£¨¥© OLAP
(online analytical processing). „«ï ¥¥ ¯à¨¬¥−¥−¨ï á−�ç�«� ä®à¬ã«¨àãîâáï
−¥®¡å®¤¨¬ë¥ ¯®−ïâ¨ï, ®¯¨áë¢�îé¨¥ åà�−¨«¨é¥ ä�ªâ®¢ (¢¨âà¨−ã ¤�−−ëå).
”®à¬¨àãîâáï ä�ªâë ¢ à¥§ã«ìâ�â¥ ¤¨áªà¥â¨§�æ¨¨ ¢à¥¬¥−−®© èª�«ë ¯¥à¥¬¥-
é¥−¨© ¯�áá�¦¨à®¢. „¥â�«¨§�æ¨ï ª®−ªà¥â−ëå §�¤�ç �−�«¨§� ¯¥à¥¬¥é¥−¨ï
£àã¯¯ ¯�áá�¦¨à®¢ ®¡¥á¯¥ç¨¢�¥â ä®à¬¨à®¢�−¨¥ à¥è¥−¨© ¢ ä®à¬¥ OLAP-ªã-
¡®¢. ‚ §�ª«îç¥−¨¨ áâ�âì¨ ¯®¤¢¥¤¥− ¨â®£ ¢ë¯®«−¥−−®£® ¨áá«¥¤®¢�−¨ï.

Š«îç¥¢ë¥ á«®¢�: âà�−á¯®àâ−�ï ¡¥§®¯�á−®áâì; á¨áâ¥¬� ¯®¤¤¥à¦ª¨ ¯à¨−ï-
â¨ï à¥è¥−¨©; âà�−á¯®àâ−�ï ¨−ä®à¬�æ¨ï; �−�«¨â¨ç¥áª�ï ®¡à�¡®âª� ¡®«ìè¨å
¬�áá¨¢®¢ ¤�−−ëå; £¨¯¥àªã¡
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1 Введение

‘â�âìï §�¢¥àè�¥â æ¨ª« ¨áá«¥¤®¢�−¨© ¢ ®¡�áâ¨ ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨
¯�áá�¦¨àáª¨å ¯¥à¥¢®§®ª ¨ ¯à®â¨¢®¤¥©áâ¢¨ï ¯à®â¨¢®¯à�¢−®© ¤¥ïâ¥«ì−®áâ¨ −�
âà�−á¯®àâ¥ [1{3]. ˆá¯®«ì§ãîâáï ¨¬¥îé¨¥áï ª®−æ¥¯âë ¨ äã−ªæ¨®−�«ì−ë¥ ¢®§-
¬®¦−®áâ¨, ¯à¥¤áâ�¢«¥−−ë¥ ¢ à�¬ª�å ¯à®¥ªâ� ‘��÷, á®§¤�¢�¥¬®© ¢ ¨−â¥à¥á�å
®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ âà�−á¯®àâ−ëå ¯¥à¥¢®§®ª. Š®−æ¥¯âë | íâ® ¡�§®¢ë¥
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−�ãª, AVBosov@ipiran.ru
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ˆ−ä®à¬�æ¨®−−ë¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ −� âà�−á¯®àâ¥

¯®−ïâ¨ï ¯à¥¤«®¦¥−−®© ª®−æ¥¯âã�«ì−®© ¬®¤¥«¨ á¨áâ¥¬ë ¯�áá�¦¨àáª¨å ¯¥à¥¢®-
§®ª, −�¯®«−¥−−ë¥ ä�ªâ®£à�ä¨¥© ¯¥à¥¢®§®ª ª®−ªà¥â−ëå ¯�áá�¦¨à®¢, á®áâ�¢«ï-
îé¥© âà�−á¯®àâ−ãî ¨−ä®à¬�æ¨î. ”ã−ªæ¨®−�« | íâ® �«£®à¨â¬ë âà¥å íâ�¯®¢
�−�«¨â¨ç¥áª®© ®¡à�¡®âª¨ ¤�−−ëå: â¨¯®¢®© ¯®¨áª ¨ ®â¡®à ¨−ä®à¬�æ¨¨, á¯¥æ¨-
�«¨§¨à®¢�−−ë¥ à�áç¥â−ë¥ §�¤�ç¨ á ®â®¡à�−−ë¬¨ ¤�−−ë¬¨, §�¤�ç¨ ®¡à�¡®âª¨
¡®«ìè¨å ¬�áá¨¢®¢ ¤�−−ëå. „�−−�ï áâ�âìï ¯®á¢ïé¥−� âà¥âì¥¬ã íâ�¯ã �−�«¨â¨ª¨.
Œ®¦−® ®â¬¥â¨âì, çâ® ä®à¬¨à®¢�−¨¥ §�¤�ç íâ®£® íâ�¯� ¢® ¬−®£®¬ ¯à¥¤®¯à¥¤¥«¥−®
¢®§¬®¦−®áâï¬¨ ¨á¯®«ì§ã¥¬®£® ¨−áâàã¬¥−â�à¨ï | â¥å−®«®£¨¨ ®¯¥à�â¨¢−®© �−�-
«¨â¨ç¥áª®© ®¡à�¡®âª¨ ¤�−−ëå (OLAP [4]). �®«¥¥ ª®−ªà¥â−®, ¢®§¬®¦−®áâ¨ OLAP
¯® ¯à¥¤¢�à¨â¥«ì−®© ®¡à�¡®âª¥ ¡®«ìè¨å ®¡ê¥¬®¢ ¤�−−ëå ¤«ï ¯®«ãç¥−¨ï �£à¥£¨à®-
¢�−−ëå ¯®ª�§�â¥«¥© ¨ ¯à¥¤áâ�¢«¥−¨ï à¥§ã«ìâ�â®¢ �−�«¨§� ¢ ä®à¬¥ ¬−®£®¬¥à−ëå
áâàãªâãà áâ¨¬ã«¨à®¢�«¨ ¯®¯®«−¥−¨¥ ¨á¯®«ì§ã¥¬®© ¬®¤¥«¨ ¤®¯®«−¨â¥«ì−ë¬¨
ª®−æ¥¯â�¬¨ ¨ ¯®áâ�−®¢ª�¬¨ §�¤�ç, çâ® ¯à¥¤áâ�¢«¥−ë ¢ áâ�âì¥.

’¥å−®«®£¨ï OLAP, ï¢«ïïáì, ¢¨¤¨¬®, á�¬ë¬ ¨§¢¥áâ−ë¬ ¨−áâàã¬¥−â®¬ ¡¨§-
−¥á-�−�«¨â¨ª¨ (business intelligence), âà�¤¨æ¨®−−® è¨à®ª® ¯à¨¬¥−ï¥âáï ¢ â�ª¨å
áä¥à�å, ª�ª ä¨−�−áë ¨ â®à£®¢«ï [5], ¨§¢¥áâ−® ¬−®¦¥áâ¢® ¯à¨«®¦¥−¨© ¢ ¯à®¬ëè-
«¥−−®áâ¨ [6, 7], ¨¬¥îâáï ¤àã£¨¥ «î¡®¯ëâ−ë¥ ¯à¨¬¥àë, ¢ â®¬ ç¨á«¥ ¢ ®¡«�áâ¨
âà�−á¯®àâ� [8]. �¤−�ª® ¯à¨ ¢á¥¬ ¡®£�âáâ¢¥ ¯à¨ª«�¤−®© â¥¬�â¨ª¨ ¯à¨−æ¨¯¨�«ì-
−ãî ®¡é−®áâì §�¤�ç ®¡à�¡®âª¨ ¡®«ìè¨å ¬�áá¨¢®¢ ¤�−−ëå á®áâ�¢«ïîâ, ¢®-¯¥à-
¢ëå, ¡®«ìè®© ®¡ê¥¬ ¯à¥¤¢�à¨â¥«ì−ëå à�áç¥â®¢, −�¯à�¢«¥−−ëå −� �£à¥£�æ¨î
¨¬¥îé¨åáï ¯®ª�§�â¥«¥©, ¢®-¢â®àëå, ¯à¥¤áâ�¢«¥−¨¥ à¥§ã«ìâ�â� à¥è¥−¨ï −¥ â®-
ç¥ç−ë¬ ¢ë¢®¤®¬, � ¬−®£®¬¥à−®© áâàãªâãà®©, íää¥ªâ¨¢−® ¢¨§ã�«¨§¨àã¥¬ë¬
¯à¥¤áâ�¢«¥−¨¥¬, ¤�îé¨¬ �−�«¨â¨ªã −¥ áâ®«ìª® ¨â®£®¢ë© ¢ë¢®¤, áª®«ìª® áà¥¤-
áâ¢® ¤«ï ¨áá«¥¤®¢�−¨ï ¨ ¢ëï¢«¥−¨ï áªàëâëå â¥−¤¥−æ¨© ¨«¨ �−®¬�«¨©. ’¨¯¨ç-
−ë¥ ¯à¨¬¥àë ¯à¨«®¦¥−¨© â¥å−®«®£¨¨ OLAP ª ¯à¨ª«�¤−®© ®¡«�áâ¨ ®¡¥á¯¥ç¥−¨ï
¡¥§®¯�á−®áâ¨ ¯�áá�¦¨àáª¨å ¯¥à¥¢®§®ª ¨ ¯à®â¨¢®¤¥©áâ¢¨ï ¯à®â¨¢®¯à�¢−®© ¤¥ï-
â¥«ì−®áâ¨ −� âà�−á¯®àâ¥ ¯à¨¢¥¤¥−ë ¢® ¢â®à®© £àã¯¯¥ �−�«¨â¨ç¥áª¨å §�¤�ç |
áâ�â¨áâ¨ç¥áª®¬ �−�«¨§¥ ¯�áá�¦¨à®¯®â®ª®¢. ‡�¤�ç¨ ¯¥à¢®© £àã¯¯ë −®áïâ ¡®«¥¥
á¯¥æ¨ä¨ç¥áª¨© âà�−á¯®àâ−ë© å�à�ªâ¥à ¨, ª®−¥ç−®, ¨¬¥îâ ¡®«ìèãî æ¥−−®áâì
á â®çª¨ §à¥−¨ï ®¯¥à�â¨¢−®© ¤¥ïâ¥«ì−®áâ¨ ¢ áä¥à¥ âà�−á¯®àâ−®© ¡¥§®¯�á−®áâ¨.
�â® §�¤�ç¨ ¢ëï¢«¥−¨ï â¥−¤¥−æ¨© ¯à¨ ¯¥à¥¬¥é¥−¨ïå ¡®«ìè¨å £àã¯¯ ¯�áá�¦¨à®¢.
ˆáâ®ç−¨ª®¬ ¤«ï íâ®© ¯¥à¢®© £àã¯¯ë �−�«¨â¨ç¥áª¨å §�¤�ç ¬®¦−® áç¨â�âì §�¤�çã
® ¯¥à¥á¥ç¥−¨ïå ¤¢ãå ¯�áá�¦¨à®¢, ¯à¥¤áâ�¢«¥−−ãî ¢ [3].

�à¥¤¢�àï¥â ®¯¨á�−¨¥ �−�«¨â¨ç¥áª¨å §�¤�ç ¨§«®¦¥−¨¥ ¤®¯®«−¨â¥«ì−ëå ¯®−ï-
â¨© ª ¨á¯®«ì§ã¥¬®© ª®−æ¥¯âã�«ì−®© ¬®¤¥«¨, ª®â®àë¥ ¢¢®¤ïâáï á æ¥«ìî ¯à¥¤áâ�¢-
«¥−¨ï âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¨ ¢ ä®à¬¥ −�¡®à� ä�ªâ®¢ ¨ ä®à¬¨à®¢�−¨ï ¨§ −¥¥
¢¨âà¨−ë ¤�−−ëå, ª ª®â®à®© ã¦¥ ¨ ¡ã¤ãâ ¯à¨¬¥−ïâìáï ¯à®æ¥¤ãàë �−�«¨â¨ç¥áª®©
®¡à�¡®âª¨ ¡®«ìè¨å ¬�áá¨¢®¢ ¤�−−ëå.

2 Определения и понятия витрины транспортной информации

„«ï ¯®áâ�−®¢ª¨ §�¤�ç, ¯à¨¢®¤ïé¨å ª �−�«¨â¨ç¥áª¨¬ à�áç¥â�¬, ¨á¯®«ì§ã¥¬ãî
ª®−æ¥¯âã�«ì−ãî ¬®¤¥«ì âà¥¡ã¥âáï à�áè¨à¨âì àï¤®¬ ¯®−ïâ¨©.
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�. ‚. �®à¨á®¢, �. ‚. �®á®¢, „. ‚. †ãª®¢, �. ‚. ˆ¢�−®¢

�à¨ ¯à®¢¥¤¥−¨¨ �−�«¨â¨ç¥áª¨å à�áç¥â®¢ −� ¯à¥¤¢�à¨â¥«ì−®¬ íâ�¯¥ §�¤¥©-
áâ¢ã¥âáï â®â ¦¥ −�¡®à âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¨ TI(x, T1, T2), ª®â®àë© ¨á¯®«ì-
§®¢�«áï ¢ �−�«¨â¨ç¥áª¨å §�¤�ç�å, à�áá¬®âà¥−−ëå ¢ [3]. ��¯®¬−¨¬, çâ® íâ®â −�¡®à
á®¤¥à¦¨â ¢ á¥¡¥ ¢á¥ §�à¥£¨áâà¨à®¢�−−ë¥ ¯¥à¥¬¥é¥−¨ï ¯�áá�¦¨à� x −� ¨−â¥à¢�-
«¥ ¢à¥¬¥−¨ [T1, T2], � â�ª¦¥, ¢®§¬®¦−®, á¢¥¤¥−¨ï ® ¯¥à¥¬¥é¥−¨¨, −�ç�¢è¥¬áï
à�−¥¥ T1 ¨«¨ §�ª®−ç¨¢è¥¬áï ¯®á«¥ T2. ’�ª¦¥ ¨á¯®«ì§ã¥âáï ¯®−ïâ¨¥ ¨−â¥à¢�«�

−¥¯®¤¢¨¦−®áâ¨ [tiarr, t
j
dep] ⊂ [T1, T2], £¤¥ tiarr ¨ tjdep | á®®â¢¥âáâ¢ãîé¨¥ ¬®¬¥−âë

¯à¨¡ëâ¨ï ¢ âà�−á¯®àâ−ë© ¯ã−ªâ pi
arr ¨ ®â¡ëâ¨ï ¨§ −¥£® ¢ âà�−á¯®àâ−ë© ¯ã−ªâ

pj
dep (¯®¤à®¡−® ®¯à¥¤¥«¥−¨¥ íâ®£® ¯®−ïâ¨ï à�áá¬®âà¥−® ¢ [3]).

ˆ¬¥îé¨¥áï ª®−æ¥¯âë ¤®¯®«−ï¥¬ ¯®−ïâ¨¥¬ ª¢�−â®¢�−¨ï ¢à¥¬¥−¨: §�¤�−−ë©
¯®«ì§®¢�â¥«¥¬ ¤«ï à¥è¥−¨ï §�¤�ç¨ ¤¨�¯�§®− ¢à¥¬¥−¨ [T1, T2] à�§¡¨¢�¥âáï −�
ä¨ªá¨à®¢�−−ë¥ ¯à®¬¥¦ãâª¨ ¢à¥¬¥−¨ (ª¢�−âë) –, à�¢−ë¥, −�¯à¨¬¥à, ®¤−¨¬
áãâª�¬. Š¢�−â á¢ï§�− á á¨áâ¥¬®© áç¨á«¥−¨ï ¢à¥¬¥−¨ (ª�«¥−¤�à¥¬), ¨ èª�«� ¢à¥-
¬¥−¨ ú£à�¤ã¨àã¥âáïû á ¯®¬®éìî íâ®£® ª¢�−â� ¢à¥¬¥−¨ á ãç¥â®¬ ª�«¥−¤�àï (áãâª¨
£àã¯¯¨àãîâáï ¢ −¥¤¥«¨ ¨«¨ ¬¥áïæë ¨ ¤�«¥¥ ¢ £®¤ë). ’�ª¨¬ ®¡à�§®¬ ®¯à¥¤¥«ï¥â-
áï ¤¨áªà¥â¨§®¢�−−ë© ¨−â¥à¢�« −¥¯®¤¢¨¦−®áâ¨ ¯�áá�¦¨à� x, ¯à¥¤áâ�¢«ïîé¨©

á®¡®© −�¨¬¥−ìè¥¥ ®¡ê¥¤¨−¥−¨¥ ª¢�−â®¢ ¢à¥¬¥−¨ (áãâ®ª), á®¤¥à¦�é¥¥ [tiarr, t
j
dep].

�®«®¦¥−¨¥ ¯�áá�¦¨à� −� ¯à®âï¦¥−¨¨ ¤¨áªà¥â¨§®¢�−−®£® ¨−â¥à¢�«� −¥¯®-

¤¢¨¦−®áâ¨, á®®â¢¥âáâ¢ãîé¥£® ¨áå®¤−®¬ã ¨−â¥à¢�«ã ¢à¥¬¥−¨ [tiarr, t
j
dep] ®¯à¥¤¥-

«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

(1) ¢ ª¢�−âë ¢à¥¬¥−¨, −¥ á®¢¯�¤�îé¨¥ á ª¢�−â�¬¨ ¯à¨¡ëâ¨ï/®â¡ëâ¨ï, ¯®«®¦¥-

−¨¥ ®¯¨áë¢�¥âáï ¬−®¦¥áâ¢®¬ âà�−á¯®àâ−ëå ¯ã−ªâ®¢ {pi
arr, p

j
dep};

(2) ¢ ª¢�−â ¯à¨¡ëâ¨ï/®â¡ëâ¨ï (¤«ï ®¯à¥¤¥«¥−−®áâ¨ −�§®¢¥¬ íâ®â ª¢�−â
[qk, qk+1]) ¯®«®¦¥−¨¥ ®¯¨áë¢�¥âáï ¬−®¦¥áâ¢®¬ ¢á¥å ¯ã−ªâ®¢ (á®£«�á−® ¯à®-
¥§¤−ë¬ ¤®ªã¬¥−â�¬) {pm

arr, p
n
dep}, ¤«ï ª®â®àëå pm

arr ∈ [qk, qk+1] ¨«¨ pn
dep ∈

∈ [qk, qk+1].
’�ª¨¬ ®¡à�§®¬, ¤«ï ¤¨áªà¥â¨§®¢�−−®£® ®¯à¥¤¥«¥−¨ï ¯®«®¦¥−¨ï ¯�áá�¦¨à�

¢® ¢à¥¬¥−¨ ¨ ¯à®áâà�−áâ¢¥ ¢ë¯®«−ïîâáï ¯®á«¥¤®¢�â¥«ì−® á«¥¤ãîé¨¥ è�£¨:

(1) ¨−â¥à¢�« ¢à¥¬¥−¨ [T1, T2] à�§¡¨¢�¥âáï −� ¢à¥¬¥−− �ë¥ ¨−â¥à¢�«ë −¥¯®¤¢¨¦-
−®áâ¨ ¨ ¨−â¥à¢�«ë ¤¢¨¦¥−¨ï;

(2) ¤«ï ¢á¥å ¨áå®¤−ëå ¨−â¥à¢�«®¢ −¥¯®¤¢¨¦−®áâ¨ áâà®ïâáï á®®â¢¥âáâ¢ãîé¨¥
¤¨áªà¥â¨§®¢�−−ë¥ ¨−â¥à¢�«ë −¥¯®¤¢¨¦−®áâ¨;

(3) ¤«ï ª�¦¤®£® ª¢�−â� ¢à¥¬¥−¨, á®®â¢¥âáâ¢ãîé¥£® ¤¨áà¥â¨§®¢�−−®¬ã ¨−â¥à¢�-
«ã −¥¯®¤¢¨¦−®áâ¨, ®¯à¥¤¥«ï¥âáï ¯®«®¦¥−¨¥ ¯�áá�¦¨à�;

(4) ¤«ï ª¢�−â®¢ ¢à¥¬¥−¨, á®®â¢¥âáâ¢ãîé¨å ¨−â¥à¢�«�¬ ¤¢¨¦¥−¨ï, ¯®«®¦¥−¨¥
¯�áá�¦¨à� ®¯à¥¤¥«ï¥âáï ¬−®¦¥áâ¢®¬ ¢á¥å ¯ã−ªâ®¢ ®â¯à�¢«¥−¨ï/̄ à¨¡ëâ¨ï
á®£«�á−® ¯à®¥§¤−ë¬ ¤®ªã¬¥−â�¬.
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ˆ−ä®à¬�æ¨®−−ë¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ −� âà�−á¯®àâ¥

‡�¤�−−®¥ â�ª¨¬ ®¡à�§®¬ ¤¨áªà¥â¨§®¢�−−®¥ ¯®«®¦¥−¨¥ ¯�áá�¦¨à� ¯®§¢®«ï¥â
®¯à¥¤¥«¨âì ¨ áä®à¬¨à®¢�âì ¤«ï ¤�«ì−¥©è¥£® �−�«¨§� ¢¨âà¨−ã ¤�−−ëå, ®¡ê¥¤¨-
−¨¢ ¬−®¦¥áâ¢® ä�ªâ®¢ ¯à¥¡ë¢�−¨ï ¯�áá�¦¨à®¢ ¢ âà�−á¯®àâ−®¬ ¯ã−ªâ¥ ¢ ª�¦¤ë©
§�¤�−−ë© ª¢�−â ¢à¥¬¥−¨. Š â�ª®© ¢¨âà¨−¥ âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¨ ¬®¦−®
−¥¯®áà¥¤áâ¢¥−−® ¯à¨¬¥−ïâì â¥å−®«®£¨¨ OLAP ¤«ï à¥è¥−¨ï ®¯¨á�−−ëå ¢ á«¥-
¤ãîé¥¬ à�§¤¥«¥ á¯¥æ¨�«¨§¨à®¢�−−ëå §�¤�ç. ÷¥§ã«ìâ�â®¬ à¥è¥−¨ï ª�¦¤®© ¨§
íâ¨å §�¤�ç ï¢«ï¥âáï ¬−®£®¬¥à−ë© OLAP-ªã¡, ¯®§¢®«ïîé¨© �−�«¨â¨ªã ¯®«ãç�âì
à¥è¥−¨¥ ¯® «î¡®¬ã ¨§ ¢�à¨�−â®¢ §�¤�ç¨. �®«ì§®¢�â¥«ì ®¡áã¦¤�¥¬®© ‘��÷
¯®«ãç�¥â, â�ª¨¬ ®¡à�§®¬, ¢®§¬®¦−®áâì ¢¨§ã�«ì−® �−�«¨§¨à®¢�âì à�§«¨ç−ë¥ ¢�-
à¨�−âë ¯à¥¤áâ�¢«¥−¨© â�ª¨å ªã¡®¢ ¯®áà¥¤áâ¢®¬ á®®â¢¥âáâ¢ãîé¥£® ª«¨¥−âáª®£®
OLAP-¨−â¥àä¥©á�.

3 Аналитические задачи

��¨¡®«¥¥ á®¤¥à¦�â¥«ì−ë¥ ¯®áâ�−®¢ª¨ ¤«ï ¯à®¢¥¤¥−¨ï �−�«¨â¨ç¥áª¨å à�áç¥-
â®¢ ®¡−�àã¦¨«¨áì ¯à¨ ®¡®¡é¥−¨¨ §�¤�ç¨ ® ¯¥à¥á¥ç¥−¨ïå ¤¢ãå ¯�áá�¦¨à®¢ [3]
−� á«ãç�© ¡®«ìè¥£® ç¨á«� ¯�áá�¦¨à®¢, â. ¥. ¯à¨ ¯®¯ëâª¥ ¢ëï¢¨âì á®¢¯�¤¥−¨ï,
â¥−¤¥−æ¨¨ á®¢¬¥áâ−®£® ¯¥à¥¬¥é¥−¨ï ª�ª¨å-â® £àã¯¯ ¯�áá�¦¨à®¢, ¢ëï¢«¥−¨ï
áªàëâëå âà�−á¯®àâ−ëå á¢ï§¥©. �®−ïâ−®, çâ® ¤«ï â�ª®£® ®¡®¡é¥−¨ï ¯à¨å®¤¨âáï
ª�ç¥áâ¢¥−−® ¯¥à¥á¬®âà¥âì ¯à¥¤áâ�¢«¥−¨¥ ® à¥§ã«ìâ�â¥ à¥è¥−¨ï, ¯®áª®«ìªã ¡¨â®-
¢ë© ®â¢¥â ú¤�û ¨«¨ ú−¥âû −¥¢®§¬®¦¥− ¢ ¯à¨−æ¨¯¥ ¨ «î¡®¥ à¥è¥−¨¥ ¯®âà¥¡ã¥â
ª�ç¥áâ¢¥−−®© ®æ¥−ª¨ íªá¯¥àâ�. ˆ¬¥−−® ¯®¤ â�ª®£® å�à�ªâ¥à� ¯®áâ�−®¢ª¨ áä®à-
¬¨à®¢�−� ¢¨âà¨−� ¤�−−ëå ¢ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥ ¨ §�¯«�−¨à®¢�−® ¯à¨¬¥−¥−¨¥
OLAP.

3.1 Пересечение группы пассажиров

‡�¤�çã ¯¥à¥á¥ç¥−¨ï £àã¯¯ë ¯�áá�¦¨à®¢ ¢® ¢à¥¬¥−¨ ¨ ¯à®áâà�−áâ¢¥ á«¥¤ã¥â
¤¥ª®¬¯®§¨à®¢�âì −� §�¤�çã ¯¥à¥á¥ç¥−¨ï ¯® à¥©á�¬ (á®¢¬¥áâ−ë¬ ¯®¥§¤ª�¬) ¨ §�¤�çã
¯¥à¥á¥ç¥−¨ï ¯® âà�−á¯®àâ−ë¬ ¯ã−ªâ�¬. �®áª®«ìªã ¬−®¦¥áâ¢® á®¢¬¥áâ−ëå à¥©á®¢
¤«ï ¯�àë ¯�áá�¦¨à®¢ áâà®¨âáï âà¨¢¨�«ì−®, à¥è¥−¨¥ �−�«®£¨ç−®© §�¤�ç¨ ¤«ï
£àã¯¯ë ¯�áá�¦¨à®¢ ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−® ¢ ¢¨¤¥ â�¡«¨æë, £¤¥ ª�¦¤®© ¯�à¥
¯�áá�¦¨à®¢ ¯®áâ�¢«¥−� ¢ á®®â¢¥âáâ¢¨¥ ¨−ä®à¬�æ¨ï ® ç¨á«¥ ¨å á®¢¬¥áâ−ëå à¥©á®¢,
� ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¨ ¨å ¤¥â�«ì−®¥ ®¯¨á�−¨¥.

„«ï à¥è¥−¨ï §�¤�ç¨ ¯¥à¥á¥ç¥−¨ï £àã¯¯ë ¯�áá�¦¨à®¢ ¯® âà�−á¯®àâ−ë¬ ¯ã−ª-
â�¬ ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ¯®¤å®¤, ®á−®¢�−−ë© −� �£à¥£¨à®¢�−¨¨ ¤¨áªà¥-
â¨§®¢�−−®© ¨−ä®à¬�æ¨¨ ®¡ ¨−â¥à¢�«�å −¥¯®¤¢¨¦−®áâ¨ ¯® â¥àà¨â®à¨�«ì−ë¬,
¢à¥¬¥−− �ë¬ ¨ £àã¯¯®¢ë¬ ¨¥à�àå¨ç¥áª¨¬ ª«�áá¨ä¨ª�â®à�¬.

ˆ¥à�àå¨ç¥áª¨© ª«�áá¨ä¨ª�â®à ¤®«¦¥− ¡ëâì §�à�−¥¥ (¤® −�ç�«� ¯à®æ¥áá�
®¡à�¡®âª¨ ¤�−−ëå) ®¯à¥¤¥«¥− −�¤ ª�¦¤®© ¨§ âà¥å á«¥¤ãîé¨å èª�« (¨§¬¥à¥−¨©):
èª�«®© ¢à¥¬¥−¨, èª�«®© ¯à®áâà�−áâ¢� (âà�−á¯®àâ−ëå ¯ã−ªâ®¢) ¨ èª�«®©
¯�áá�¦¨à®¢.
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Š«�áá¨ä¨ª�â®à èª�«ë ¢à¥¬¥−¨

÷¨á. 1 �−�«¨â¨ç¥áª¨© ªã¡

¨á¯®«ì§ã¥â ¤¨áªà¥â¨§®¢�−−ãî èª�«ã
¢à¥¬¥−¨ á ª¢�−â®¬ ¤¥«¥−¨ï, à�¢−ë¬
®¤−®¬ã ¤−î, ¨ ¥áâ¥áâ¢¥−−ãî ¨¥à�à-
å¨î ¢à¥¬¥−− �ëå ¨−â¥à¢�«®¢ (¤¥−ì, −¥-
¤¥«ï, ¬¥áïæ, £®¤). ‚ ª«�áá¨ä¨ª�â®-
à¥ èª�«ë ¯à®áâà�−áâ¢� ¬¨−¨¬�«ì−ë¬
ª¢�−â®¬ ¤¥«¥−¨ï á«ã¦�â âà�−á¯®àâ-
−ë¥ ¯ã−ªâë, ®¡ê¥¤¨−¥−−ë¥ ¢ âà�−á-
¯®àâ−ë¥ §®−ë. �� èª�«¥ ¯�áá�¦¨à®¢
ª«�áá¨ä¨ª�â®àë −¥ ®¡ï§�â¥«ì−ë, ®¤-
−�ª® ¯à¥¤¯®çâ¨â¥«ì−ë ¤«ï ®¡«¥£ç¥−¨ï
¯à¥¤áâ�¢«¥−¨ï �−�«¨â¨ç¥áª®© ¨−ä®à-
¬�æ¨¨. Š¢�−â®¬ ¤¥«¥−¨ï èª�«ë ï¢«ï-

îâáï ¯�áá�¦¨àë, ®¡ê¥¤¨−ï¥¬ë¥ ¯® ¯®¤£àã¯¯�¬, £àã¯¯�¬ ¨, ¢®§¬®¦−®, ¤àã£¨¬
(¡®«¥¥ ®¡é¨¬) ª«�áá�¬. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¤«ï ¤�−−®© èª�«ë ª«�áá¨ä¨ª�â®-
àë ¬®£ãâ ¯¥à¥á¥ª�âìáï −� ®¤−®¬ ãà®¢−¥ ¨¥à�àå¨¨ (¯�áá�¦¨à ¬®¦¥â ¢å®¤¨âì áà�§ã
¢ −¥áª®«ìª® £àã¯¯).

‡�¤�ç� à¥è�¥âáï ¢ �¢â®¬�â¨§¨à®¢�−−®¬ à¥¦¨¬¥ á ¨á¯®«ì§®¢�−¨¥¬ −�¡®à�
¨−áâàã¬¥−â®¢ �−�«¨§�, ä®à¬¨àãîé¥£® �−�«¨â¨ç¥áª¨© ªã¡, ¯à¥¤áâ�¢«¥−−ë© −�
à¨á. 1.

Ÿç¥©ª¨ �−�«¨â¨ç¥áª®£® ªã¡� Kijk, á®®â¢¥âáâ¢ãîé¨¥ ª¢�−â�¬ ¤¥«¥−¨ï èª�«,
¬®£ãâ ¯à¨−¨¬�âì §−�ç¥−¨ï 0 ¨«¨ 1:

Kijk =







1, ¥á«¨ ¯�áá�¦¨à mi ¢ ¬®¬¥−â ¢à¥¬¥−¨ tk −�å®¤¨«áï ¢ âà�−á¯®àâ−®¬

¯ã−ªâ¥ pj;

0 ¢ ¯à®â¨¢−®¬ á«ãç�¥.

’�ª¨¬ ®¡à�§®¬, áã¬¬� ¯® áâ®«¡æã

Njk =
∑

i

Kijk

®¯à¥¤¥«ï¥â ç¨á«® ¯�áá�¦¨à®¢ ¨§ãç�¥¬®© £àã¯¯ë, −�å®¤¨¢è¨åáï ¢ −�á¥«¥−−®¬
¯ã−ªâ¥ pj ¢ ä¨ªá¨à®¢�−−ë© ª¢�−â ¢à¥¬¥−¨ tk.

‚¢¥¤¥¬ á«¥¤ãîé¨¥ ¯à�¢¨«� �£à¥£�æ¨¨ ¤�−−ëå ¢ �−�«¨â¨ç¥áª®¬ ªã¡¥ ¯®
ª�¦¤®¬ã ¨§ ¨¥à�àå¨ç¥áª¨å ª«�áá¨ä¨ª�â®à®¢:

{ KIjk =
∑

i∈I Kijk (áã¬¬¨à®¢�−¨¥ ¯® èª�«¥ ¯�áá�¦¨à®¢);

{ KiJk =
∑

j∈J Kijk (áã¬¬¨à®¢�−¨¥ ¯® èª�«¥ âà�−á¯®àâ−ëå ¯ã−ªâ®¢);

{ KijK = mink∈K Kijk (¬¨−¨¬�«ì−®¥ §−�ç¥−¨¥ ¯® èª�«¥ ¢à¥¬¥−¨).

’�ª¨¥ ¯à�¢¨«� �£à¥£�æ¨¨ ¯®§¢®«ïîâ ¤«ï «î¡®£® §�ä¨ªá¨à®¢�−−®£® −�¡®à�
ª«�áá®¢ ¯® ª�¦¤®© ¨§ èª�« (−�¯à¨¬¥à, ú£àã¯¯�, âà�−á¯®àâ−�ï §®−�, −¥¤¥«ïû)
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ˆ−ä®à¬�æ¨®−−ë¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ −� âà�−á¯®àâ¥

¯®«ãç�âì ç¨á«¥−−®áâì ¯�áá�¦¨à®¢,

÷¨á. 2 �à®æ¥áá ¯®¨áª� ¬¥áâ ¨ ¢à¥¬¥−−ëå
¨−â¥à¢�«®¢ áª®¯«¥−¨ï ¯�áá�¦¨à®¢ á ¨á¯®«ì-
§®¢�−¨¥¬ ¨¥à�àå¨ç¥áª¨å ª«�áá¨ä¨ª�â®à®¢
−� �−�«¨â¨ç¥áª®¬ ªã¡¥

ãç�áâ¢®¢�¢è¨å ¢ á�¬®© ¬�áá®¢®©
¢áâà¥ç¥. ‡¤¥áì ¯®¤ ¢áâà¥ç¥© ¯®−¨-
¬�¥âáï ¯à¥¡ë¢�−¨¥ −�¡®à� ¯�áá�¦¨-
à®¢ (ç¨á«®¬, ¡®«ìè¨¬ ®¤−®£®) ¢ ®¤−®¬
¯à®áâà�−áâ¢¥−−®¬ ª«�áá¥ ¢ â¥ç¥−¨¥ ®¤-
−®£® ª¢�−â� ¢à¥¬¥−¨. ’�ª¨¬ ®¡à�§®¬,
¯®á«¥¤®¢�â¥«ì−®¥ à�áªàëâ¨¥ −� �−�-
«¨â¨ç¥áª®¬ ªã¡¥ ¨¥à�àå¨ç¥áª¨å ª«�á-
á¨ä¨ª�â®à®¢ ®â ¡®«¥¥ ®¡é¨å, �£à¥-
£¨àãîé¨å ¨−ä®à¬�æ¨î ¯® ¡®«ìè®¬ã
ç¨á«ã ª¢�−â®¢ ¤¥«¥−¨ï èª�«, ª ç�áâ-
−ë¬, ®¡ê¥¤¨−ïîé¨¬ «¨èì −¥áª®«ìª®
¯�áá�¦¨à®¢ ¨ âà�−á¯®àâ−ëå ¯ã−ªâ®¢ −� −¥¡®«ìè¨å ¨−â¥à¢�«�å ¢à¥¬¥−¨, ¯®§¢®-
«ï¥â ¢ëï¢«ïâì ¬¥áâ� ¨ ¢à¥¬¥−− �ë¥ ¨−â¥à¢�«ë áª®¯«¥−¨ï ¯�áá�¦¨à®¢. �à®æ¥áá
¯à®¨««îáâà¨à®¢�− −� à¨á. 2.

�â¬¥â¨¬, çâ® ¨§ ä�ªâ� ¢áâà¥ç¨ ¯�áá�¦¨à®¢ ¢ âà�−á¯®àâ−®¬ ¯ã−ªâ¥ á«¥¤ã¥â
ä�ªâ ¨å ¢áâà¥ç¨ ¢ −�á¥«¥−−®¬ ¯ã−ªâ¥, � ¨§ ä�ªâ� ¢áâà¥ç¨ ¢ −�á¥«¥−−®¬ ¯ã−ªâ¥ |
ä�ªâ ¢áâà¥ç¨ ¢ âà�−á¯®àâ−®© §®−¥. �¡à�â−®¥ ¯à¨ íâ®¬ −¥¢¥à−®: ¯à¨ ¢áâà¥ç¥
¯�áá�¦¨à®¢ ¢ −�á¥«¥−−®¬ ¯ã−ªâ¥ ¬®¦¥â −¥ ¯à®¨§®©â¨ −¨ ®¤−®© ¢áâà¥ç¨ ¢ âà�−á-
¯®àâ−ëå ¯ã−ªâ�å, ¨ ¨§ ä�ªâ� ¢áâà¥ç¨ ¯�áá�¦¨à®¢ ¢ âà�−á¯®àâ−®© §®−¥ ¢ ¯à¥¤¥«�å
−¥ª®â®à®£® ¨−â¥à¢�«� ¢à¥¬¥−¨ −¥ á«¥¤ã¥â, çâ® §� â®â ¦¥ ¨−â¥à¢�« ¢à¥¬¥−¨ ¢ ¯à¥-
¤¥«�å −�á¥«¥−−ëå ¯ã−ªâ®¢ ¤�−−®© âà�−á¯®àâ−®© §®−ë, ¯à®¨§®è«� å®âï ¡ë ®¤−�
¢áâà¥ç�.

�®á«¥ â®£® ª�ª §�ä¨ªá¨à®¢�−ë −¥ª®â®àë¥ ª«�ááë ¯® ª�¦¤®© ¨§ èª�«, á¯¨á®ª
¯�áá�¦¨à®¢, ãç�áâ¢®¢�¢è¨å ¢ á�¬®© ¬�áá®¢®© ¢áâà¥ç¥, ¢ ¯à¥¤¥«�å íâ¨å ª«�áá®¢
−�å®¤¨âáï á ¯®¬®éìî ¯à®áâ®£® ¯�à�¬¥âà¨ç¥áª®£® §�¯à®á�. �®¤®¡−ë¥ §�¯à®-
áë ¯®§¢®«ï¥â áä®à¬¨à®¢�âì áà¥¤áâ¢® ¯®áâà®¥−¨ï ®âç¥â®¢. ‚ −¨å ¬®£ãâ ¡ëâì
¯à¥¤áâ�¢«¥−ë:

{ à�−¦¨à®¢�−−ë¥ ¤�−−ë¥ ¯® ç¨á«ã ¯¥à¥á¥ç¥−¨© ¤«ï ª«�áá®¢ ¯® èª�«¥ ¯�á-
á�¦¨à®¢ (®¯à¥¤¥«ïîé¨¥ ¢ â®¬ ç¨á«¥ úæ¥−âà�«ì−®£® ¯�áá�¦¨à� £àã¯¯ëû |
¯�áá�¦¨à� á ¬�ªá¨¬�«ì−ë¬ ç¨á«®¬ ¯¥à¥á¥ç¥−¨©);

{ à�−¦¨à®¢�−−ë¥ ¤�−−ë¥ ¯® ç¨á«ã ¯¥à¥á¥ç¥−¨© ¤«ï ª«�áá®¢ ¯® èª�«¥ âà�−á-
¯®àâ−ëå ¯ã−ªâ®¢ (®¯à¥¤¥«ïîé¨¥ ¢ â®¬ ç¨á«¥ úæ¥−âà�«ì−ãî §®−ãû | ª«�áá
âà�−á¯®àâ−ëå ¯ã−ªâ®¢, ¢ ¯à¥¤¥«�å ª®â®à®£® á®¢¥àè¥−® ¬�ªá¨¬�«ì−®¥ ç¨á«®
¯¥à¥á¥ç¥−¨©);

{ à�−¦¨à®¢�−−ë¥ ¤�−−ë¥ ¯® ¬�áá®¢®áâ¨ ¯¥à¥á¥ç¥−¨© ¤«ï ª«�áá®¢ ¯® èª�-
«¥ âà�−á¯®àâ−ëå ¯ã−ªâ®¢ (®¯à¥¤¥«ïîé¨¥ ¢ â®¬ ç¨á«¥ ª«�áá âà�−á¯®àâ−ëå
¯ã−ªâ®¢, ¢ ¯à¥¤¥«�å ª®â®à®£® ¯à®¨§®è«� á�¬�ï ¬�áá®¢�ï ¢áâà¥ç�);

{ á¢®¤−ë¥ â�¡«¨æë ¯® ¯¥à¥á¥ç¥−¨ï¬, á®¤¥à¦�é¨¥ ¨−ä®à¬�æ¨î ® ¢à¥¬¥−¨,
âà�−á¯®àâ−ëå ¯ã−ªâ�å ¨ ãç�áâ−¨ª�å ¢áâà¥ç¨, á ¢®§¬®¦−®áâìî á®àâ¨à®¢ª¨ ¯®
ª�¦¤®¬ã ¨§ ãª�§�−−ëå ¢¨¤®¢ ¨−ä®à¬�æ¨¨;
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{ ª®íää¨æ¨¥−â à�§à¥¦¥−−®áâ¨ £àã¯¯ë ¯® ¯à®áâà�−áâ¢ã: ®â−®è¥−¨¥ ç¨á«�
âà�−á¯®àâ−ëå ¯ã−ªâ®¢ (§®−), ¢ ª®â®àëå á®áâ®ï«®áì å®âï ¡ë ®¤−® ¯¥à¥á¥ç¥−¨¥,
ª ®¡é¥¬ã ç¨á«ã âà�−á¯®àâ−ëå ¯ã−ªâ®¢ (§®−);

{ ª®íää¨æ¨¥−â à�§à¥¦¥−−®áâ¨ £àã¯¯ë ¯® ¢à¥¬¥−¨: ®â−®è¥−¨¥ ç¨á«� ¢à¥¬¥−− �ëå
¨−â¥à¢�«®¢, ¢ ª®â®àë¥ §�ä¨ªá¨à®¢�−® á®¢¬¥áâ−®¥ ¯à¥¡ë¢�−¨¥ å®âï ¡ë ¯�àë
¯�áá�¦¨à®¢ £àã¯¯ë ¢ ¯à¥¤¥«�å ®¤−®© âà�−á¯®àâ−®© §®−ë, ª ®¡é¥¬ã ç¨á«ã
¢à¥¬¥−− �ëå ¨−â¥à¢�«®¢ ¢ à�áá¬�âà¨¢�¥¬®¬ ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨;

{ ª®íää¨æ¨¥−â à�§à¥¦¥−−®áâ¨ ¯® ¢à¥¬¥−¨ ¨ ¯à®áâà�−áâ¢ã: ®â−®è¥−¨¥ ç¨á«�
ä�ªâ®¢ ¯¥à¥á¥ç¥−¨ï (¯®¤ ä�ªâ®¬ ¯®¤à�§ã¬¥¢�¥âáï −�å®¦¤¥−¨¥ å®âï ¡ë ¯�àë
¯�áá�¦¨à®¢ ¢ ¯à¥¤¥«�å ®¤−®© âà�−á¯®àâ−®© §®−ë ¢ ®¤¨− ¨ â®â ¦¥ ¨−â¥à¢�«
¢à¥¬¥−¨) ª ®¡é¥¬ã ç¨á«ã ¢®§¬®¦−®áâ¥© ¯¥à¥á¥ç¥−¨ï (à�¢−®¬ã ¯à®¨§¢¥¤¥−¨î
ç¨á«� à�áá¬�âà¨¢�¥¬ëå âà�−á¯®àâ−ëå §®− ¨ ç¨á«� ¢à¥¬¥−− �ëå ¨−â¥à¢�«®¢
¢ à�áá¬�âà¨¢�¥¬®¬ ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨).

‘«¥¤ã¥â â�ª¦¥ ®â¬¥â¨âì, çâ® ¢¢¥¤¥−¨¥ ¤®¯®«−¨â¥«ì−ëå ¯à�¢¨« ä¨«ìâà�æ¨¨
¤�−−ëå (−�¯à¨¬¥à, ®£à�−¨ç¥−¨¥ −� ¬¨−¨¬�«ì−®¥ ç¨á«® ãç�áâ¢ãîé¨å ¢® ¢áâà¥ç¥
¯�áá�¦¨à®¢) ¯®§¢®«¨â áãé¥áâ¢¥−−® á®ªà�â¨âì à�§¬¥àë ªã¡�, â¥¬ á�¬ë¬ ã«ãçè¨¢
−�£«ï¤−®áâì ¯à¥¤áâ�¢«ï¥¬®© ¨−ä®à¬�æ¨¨.

�−�«¨§ ¯¥à¥á¥ç¥−¨ï £àã¯¯ë ¯�áá�¦¨à®¢ | §�¤�ç� ¬−®£®íâ�¯−�ï. ‚−�ç�«¥
¯®«ì§®¢�â¥«¥¬ ä®à¬¨àã¥âáï §�¤�−¨¥, ¢ª«îç�îé¥¥ ãª�§�−¨¥ ¢à¥¬¥−− �ëå ¯�à�-
¬¥âà®¢ ¨ ä®à¬¨à®¢�−¨¥ £àã¯¯ (¯®¤£àã¯¯) ¯�áá�¦¨à®¢, ¯®¤«¥¦�é¨å �−�«¨§ã.
�� ¢â®à®¬ íâ�¯¥ ¢ë¯®«−ïîâáï ¢ëç¨á«¨â¥«ì−ë¥ ¯à®æ¥¤ãàë (á¥à¢¥à−ë© íâ�¯),
−¥®¡å®¤¨¬ë¥ ¤«ï ¯®áâà®¥−¨ï ¬�áá¨¢®¢ �−�«¨â¨ç¥áª®© ¨−ä®à¬�æ¨¨ (¢¨âà¨−ë
¨ ªã¡�), −¥®¡å®¤¨¬®© ¤«ï à¥è¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨. ��ª®−¥æ, ¯®«ì§®¢�â¥«î
¯à¥¤®áâ�¢«ï¥âáï ¨−â¥àä¥©á ¤«ï à�¡®âë á ¯®«ãç¥−−ë¬ ¬−®£®¬¥à−ë¬ ¯à¥¤áâ�¢«¥-
−¨¥¬.

3.2 Пересечение пассажира с группой пассажиров

ˆá¯®«ì§ãï ¨−áâàã¬¥−âë, ®¯¨á�−−ë¥ ¢ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥, �−�«¨â¨ª ¢ë¤¥-
«ï¥â ¨§ ¢á¥£® ¬�áá¨¢� ¨−ä®à¬�æ¨¨ ¯à¥¤áâ�¢«ïîé¨¥ ¨−â¥à¥á ¯®¤¬−®¦¥áâ¢�. „«ï
ä¨ªá¨à®¢�−−®£® á¯¨áª� ¯�áá�¦¨à®¢ (£àã¯¯ë) �−�«¨â¨ª ¬®¦¥â ¢ë¡à�âì ¢à¥¬¥−−®©
¨−â¥à¢�«, � â�ª¦¥, ¢®§¬®¦−®, −�¡®à âà�−á¯®àâ−ëå ¯ã−ªâ®¢, ¨ â¥¬ á�¬ë¬ ®¯à¥-
¤¥«¨âì �−�«¨â¨ç¥áª¨© ¯®¤ªã¡, á®¤¥à¦�é¨© ¯®«−ãî ¨−ä®à¬�æ¨î ® ¯à¥¡ë¢�−¨¨
¯�áá�¦¨à®¢ ¨§ ãª�§�−−®£® á¯¨áª� §� ¨−â¥à¥áãîé¨© ¯¥à¨®¤ ¢à¥¬¥−¨. �£à¥£�-
æ¨ï ¯®«ãç¥−−®£® ¯®¤ªã¡� ¯® èª�«¥ ¯�áá�¦¨à®¢ ¯®§¢®«ï¥â ¯®«ãç¨âì ¬�âà¨æã
¯à¥¡ë¢�−¨ï ¤«ï á¯¨áª� ¯�áá�¦¨à®¢ (£àã¯¯ë) S, ¯à¥¤áâ�¢«¥−−ãî −� à¨á. 3.

�«¥¬¥−âë ¬�âà¨æë ¯à¥¡ë¢�−¨ï Sij = mink∈K Kijk à�¢−ë ç¨á«ã ¯�áá�¦¨-
à®¢, ¯à¥¡ë¢�¢è¨å ¢ â¥ç¥−¨¥ ¯à®¬¥¦ãâª� ¢à¥¬¥−¨ ti ¢ âà�−á¯®àâ−®¬ ¯ã−ªâ¥ pj.
�ç¥¢¨¤−®, çâ® ¯®¤®¡−�ï ¬�âà¨æ� ¬®¦¥â ¡ëâì ¯®áâà®¥−� ¨ ¤«ï ®¤−®£® ¯�áá�¦¨à�.
’®£¤�

Sij =







1, ¥á«¨ ¯�áá�¦¨à ¢ â¥ç¥−¨¥ ¯à®¬¥¦ãâª� ¢à¥¬¥−¨ ti ¯à¥¡ë¢�«

¢ ¯ã−ªâ¥ pj ;

0 ¢ ¯à®â¨¢−®¬ á«ãç�¥.
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�ãáâì S1| ¬�âà¨æ� ¯à¥¡ë¢�−¨ï ¤«ï á¯¨á-

÷¨á. 3 Œ�âà¨æ� ¯à¥¡ë¢�−¨ï ¤«ï
á¯¨áª� ¯�áá�¦¨à®¢ (£àã¯¯ë)

ª� ¯�áá�¦¨à®¢ (£àã¯¯ë), � S2 | ¬�âà¨æ� ¯à¥-
¡ë¢�−¨ï ¤«ï ®¤−®£® ¯�áá�¦¨à�, ¯®áâà®¥−−ë¥
¤«ï ®¤−®£® ¨ â®£® ¦¥ ¢à¥¬¥−−�®£® ¨−â¥à¢�«�.
‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¤�−−ë¥ ¬�âà¨æë ¨¬¥îâ
®¤¨−�ª®¢®¥ ç¨á«® áâ®«¡æ®¢, à�¢−®¥ ç¨á«ã ¤−¥©
¢ ¨−â¥à¢�«¥ ¢à¥¬¥−¨, ®¤−�ª® ¢ ®¡é¥¬ á«ã-
ç�¥ ç¨á«® ¨å áâà®ª, á®®â¢¥âáâ¢ãîé¨å ¯®á¥é¥−-
−ë¬ −�á¥«¥−−ë¬ ¯ã−ªâ�¬, ¬®¦¥â ¡ëâì à�§−ë¬.
�¯à¥¤¥«¨¬ −®¢ë¥ ¬�âà¨æëS∗

1 ¨S∗
2 ª�ª à¥§ã«ì-

â�â ã¤�«¥−¨ï ¨§ ¬�âà¨æ ¯à¥¡ë¢�−¨ï «¨è−¨å
áâà®ª, á®®â¢¥âáâ¢ãîé¨å âà�−á¯®àâ−ë¬ ¯ã−ª-
â�¬, ®âáãâáâ¢ãîé¨¬ ¢ èª�«�å å®âï ¡ë ®¤−®©
¨§ ¬�âà¨æ S1 ¨«¨ S2. �®«ãç¥−−ë¥ â�ª¨¬ ®¡à�-
§®¬ ¬�âà¨æë S∗

1 ¨ S∗
2 ¨¬¥îâ ®¤¨−�ª®¢ãî à�§¬¥à−®áâì, ¨ ¤«ï −¨å ®¯à¥¤¥«¥−�

®¯¥à�æ¨ï ¯®í«¥¬¥−â−®£® ¯¥à¥¬−®¦¥−¨ï S∗ = S∗
1 ∗ S∗

2. Ÿ¢«ïîé�ïáï à¥§ã«ìâ�â®¬
íâ®© ®¯¥à�æ¨¨ ¬�âà¨æ� S∗ á®¤¥à¦¨â −¥−ã«¥¢ë¥ í«¥¬¥−âë S∗

ij, à�¢−ë¥ ç¨á«ã

¯�áá�¦¨à®¢ ¨§ á¯¨áª� (£àã¯¯ë), ¯¥à¥á¥ª�¢è¨åáï á ®¤−¨¬ ¯�áá�¦¨à®¬ ¢ ¬®¬¥−âë
¢à¥¬¥−¨ ti ¢ ¯ã−ªâ¥ pj. ‘¯¨á®ª ¯�áá�¦¨à®¢, ãç�áâ¢®¢�¢è¨å ¢ ª�¦¤®¬ ¨§ â�ª¨å
¯¥à¥á¥ç¥−¨©, ¬®¦¥â ¤�«¥¥ ¡ëâì −�©¤¥− á ¯®¬®éìî ¯à®áâ®£® ¯�à�¬¥âà¨ç¥áª®£®
§�¯à®á�, à¥§ã«ìâ�â ª®â®à®£® ¯à¥¤áâ�¢«¥− ¢ ¢¨¤¥ á¢®¤−®© â�¡«¨æë ¯® ¯¥à¥á¥ç¥-
−¨ï¬, á®¤¥à¦�é¥© ¨−ä®à¬�æ¨î ® ¢à¥¬¥−¨, âà�−á¯®àâ−ëå ¯ã−ªâ�å ¨ ãç�áâ−¨ª�å
¢áâà¥ç¨, á ¢®§¬®¦−®áâìî á®àâ¨à®¢ª¨ ¯® ª�¦¤®¬ã ¨§ ãª�§�−−ëå ¢¨¤®¢ ¨−ä®à¬�-
æ¨¨. Šà®¬¥ â®£®, �−�«¨â¨ª ¨¬¥¥â ¢®§¬®¦−®áâì ¯®«ãç¨âì §−�ç¥−¨ï á«¥¤ãîé¨å
ª®íää¨æ¨¥−â®¢ à�§à¥¦¥−−®áâ¨:

÷¨á. 4 �à¨¬¥à à¥è¥−¨ï §�¤�ç¨ ¯¥à¥á¥ç¥−¨ï ¯�áá�¦¨à� ¨ £àã¯¯ë
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{ ¯¥à¥á¥ç¥−¨© ¯® ¯à®áâà�−áâ¢ã | ®â−®è¥−¨¥ ç¨á«� âà�−á¯®àâ−ëå ¯ã−ªâ®¢
(§®−), ¢ ª®â®àëå á®áâ®ï«®áì å®âï ¡ë ®¤−® ¯¥à¥á¥ç¥−¨¥ ¯�áá�¦¨à� á £àã¯¯®©,
ª ®¡é¥¬ã ç¨á«ã âà�−á¯®àâ−ëå ¯ã−ªâ®¢ (§®−);

{ ¯à¥á¥ç¥−¨© ¯® ¢à¥¬¥−¨ | ®â−®è¥−¨¥ ç¨á«� ¢à¥¬¥−− �ëå ¨−â¥à¢�«®¢, ¢ ª®-
â®àë¥ §�ä¨ªá¨à®¢�−® ¯¥à¥á¥ç¥−¨¥, ª ®¡é¥¬ã ç¨á«ã ¢à¥¬¥−−ëå ¨−â¥à¢�«®¢
¢ à�áá¬�âà¨¢�¥¬®¬ ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨;

{ ¯® ¢à¥¬¥−¨ ¨ ¯à®áâà�−áâ¢ã | ®â−®è¥−¨¥ ç¨á«� ä�ªâ®¢ ¯¥à¥á¥ç¥−¨ï ª ®¡é¥¬ã
ç¨á«ã ¢®§¬®¦−®áâ¥© ¯¥à¥á¥ç¥−¨ï (à�¢−®¬ã ¯à®¨§¢¥¤¥−¨î ç¨á«� à�áá¬�âà¨-
¢�¥¬ëå âà�−á¯®àâ−ëå §®− ¨ ç¨á«� ¢à¥¬¥−− �ëå ¨−â¥à¢�«®¢ ¢ à�áá¬�âà¨¢�¥¬®¬
¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨).

�à¥¤áâ�¢«¥−¨¥ â¨¯¨ç−®£® à¥è¥−¨ï ¯®ª�§�−® −� à¨á. 4.

3.3 Пересечение двух групп пассажиров

�ãáâì â¥¯¥àì ¬�âà¨æë ¯à¥¡ë¢�−¨ï S∗
1 ¨ S∗

2 ¯®áâà®¥−ë ¤«ï ¤¢ãå á¯¨áª®¢
¯�áá�¦¨à®¢ (£àã¯¯) ¨ ¨§ −¨å ã¤�«¥−ë «¨è−¨¥ áâà®ª¨ (®áâ�¢«¥−ë â®«ìª® â¥
âà�−á¯®àâ−ë¥ ¯ã−ªâë, ¢ ª®â®àëå ¯®¡ë¢�« å®âï ¡ë ®¤¨− ¯�áá�¦¨à ¨§ ª�¦¤®-
£® á¯¨áª�). �¯à¥¤¥«¨¬ ¬�âà¨æã á®¢¬¥áâ−®£® ¯à¥¡ë¢�−¨ï ¤¢ãå £àã¯¯ S∗ ª�ª
à¥§ã«ìâ�â á«¥¤ãîé¨å ¯®í«¥¬¥−â−ëå ®¯¥à�æ¨©:

S∗
ij =

(

S∗
1ij + S

∗
2ij

)

I
(

S∗
1ij 6= 0

)

I
(

S∗
2ij 6= 0

)

,

£¤¥ I(·)| ¨−¤¨ª�â®à−�ï äã−ªæ¨ï. �¥−ã«¥¢ë¥ í«¥¬¥−âë ¯®«ãç¥−−®© ¬�âà¨æë S∗
ij

à�¢−ë ç¨á«ã ¯�áá�¦¨à®¢ ¨§ ¤¢ãå £àã¯¯, −�å®¤¨¢è¨åáï ¢ ¯à¥¤¥«�å á®®â¢¥âáâ¢ã-

÷¨á. 5 �à¨¬¥à à¥è¥−¨ï §�¤�ç¨ ¯¥à¥á¥ç¥−¨ï ¤¢ãå £àã¯¯ ¯�áá�¦¨à®¢
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îé¥£® ¨−â¥à¢�«� ¢à¥¬¥−¨ ti ¢ ®¤−®¬ ¨ â®¬ ¦¥ âà�−á¯®àâ−®¬ ¯ã−ªâ¥ pj. Š�ª
¨ ¢ ¯à¥¤ë¤ãé¥© §�¤�ç¥, á¯¨á®ª ¯�áá�¦¨à®¢, ãç�áâ¢®¢�¢è¨å ¢ ª�¦¤®¬ ¨§ â�ª¨å
¯¥à¥á¥ç¥−¨©, ¬®¦¥â ¡ëâì −�©¤¥− á ¯®¬®éìî ¯à®áâ®£® §�¯à®á� á ¯�à�¬¥âà�¬¨,
à¥§ã«ìâ�â ª®â®à®£® ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥− ¢ ¢¨¤¥ á¢®¤−®© â�¡«¨æë ¯® ¯¥à¥á¥ç¥-
−¨ï¬, á®¤¥à¦�é¥© ¨−ä®à¬�æ¨î ® ¢à¥¬¥−¨, âà�−á¯®àâ−ëå ¯ã−ªâ�å ¨ ãç�áâ−¨ª�å
¢áâà¥ç¨ ¨§ ®¡¥¨å £àã¯¯, á ¢®§¬®¦−®áâìî á®àâ¨à®¢ª¨ ¯® ª�¦¤®¬ã ¨§ ãª�§�−-
−ëå ¢¨¤®¢ ¨−ä®à¬�æ¨¨. Š®íää¨æ¨¥−âë à�§à¥¦¥−−®áâ¨ ¯¥à¥á¥ç¥−¨© ¯® ¢à¥¬¥−¨
¨ ¯à®áâà�−áâ¢ã, � â�ª¦¥ á®¢¬¥áâ−ë© ª®íää¨æ¨¥−â ®¯à¥¤¥«ïîâáï â¥¬ ¦¥ ®¡à�§®¬,
çâ® ¨ ¢ ¯à¥¤ë¤ãé¥¬ á«ãç�¥.

�−�«¨§ ¯¥à¥á¥ç¥−¨ï ¤¢ãå £àã¯¯ ¯�áá�¦¨à®¢ á«¥¤ã¥â à�áá¬�âà¨¢�âì ª�ª ¤®-
¯®«−¨â¥«ì−ë© (ª«¨¥−âáª¨©) íâ�¯ à¥è¥−¨ï §�¤�ç¨ �−�«¨§� ¯¥à¥á¥ç¥−¨ï £àã¯¯ë
¯�áá�¦¨à®¢. �� à¨á. 5 ¯®ª�§�− â¨¯¨ç−ë© ¢¨¤ à¥è¥−¨ï â�ª®© §�¤�ç¨.

3.4 Статистический анализ пассажиропотоков

Œ¥â®¤ë à¥è¥−¨ï ¤�−−®© £àã¯¯ë §�¤�ç ®¡à�¡®âª¨ âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¨
¯®§¢®«ïîâ ¯®«ì§®¢�â¥«î ¢ë¯®«−ïâì à�§«¨ç−ë¥ ¢�à¨�−âë �−�«¨§� ¨−â¥£à�«ì−ëå
ç¨á«®¢ëå å�à�ªâ¥à¨áâ¨ª ¯�áá�¦¨à®¯®â®ª®¢ ¯® ¢á¥© á®¢®ªã¯−®áâ¨ á¢¥¤¥−¨©, −�-
ª®¯«¥−−ëå ¢ ¡�§¥ âà�−á¯®àâ−®© ¨−ä®à¬�æ¨¨. ÷¥§ã«ìâ�â®¬ à¥è¥−¨ï íâ¨å §�¤�ç
ï¢«ï¥âáï ¯®áâà®¥−¨¥ ¬−®£®¬¥à−®£® ¯à¥¤áâ�¢«¥−¨ï (OLAP-ªã¡�), ¯®§¢®«ïîé¥£®
�−�«¨â¨ªã ¯®«ãç�âì à¥è¥−¨¥ ¯® «î¡®¬ã ¨§ ¢�à¨�−â®¢ §�¤�ç¨. „«ï íâ®£® ¯à¥¤®-
áâ�¢«ï¥âáï −�¡®à ¨−â¥£à�«ì−ëå ç¨á«®¢ëå å�à�ªâ¥à¨áâ¨ª ¯¥à¥¢®§®ª ¯�áá�¦¨à®¢
á £àã¯¯¨à®¢ª®© ¯® à¥©á�¬, ¯¥à¥¢®§ç¨ª�¬, ¢¨¤�¬ âà�−á¯®àâ�, � â�ª¦¥ ¯® ¨¥à�àå¨¨
£¥®£à�ä¨ç¥áª¨å ®¡ê¥ªâ®¢.

3.4.1 Сводные данные о пассажиропотоке по видам транспорта,
перевозчикам, рейсам

„«ï à¥è¥−¨ï §�¤�ç¨ ¤®¯®«−¨â¥«ì−® ä®à¬¨àãîâáï ¢á¯®¬®£�â¥«ì−�ï èª�«�
à¥©á®¢ ¨ ¨¥à�àå¨ç¥áª¨© ª«�áá¨ä¨ª�â®à, £àã¯¯¨àãîé¨© à¥©áë ¯® ¯¥à¥¢®§ç¨ª�¬
(áã¡ê¥ªâ�¬ âà�−á¯®àâ−®© ¨−äà�áâàãªâãàë) ¨ ¯¥à¥¢®§ç¨ª®¢ ¯® ¢¨¤�¬ âà�−á¯®àâ�.
�£à¥£�æ¨ï ¤�−−ëå ¢ë¯®«−ï¥âáï â®«ìª® ¤«ï èª�«ë ¢à¥¬¥−¨: ¤«ï ª�¦¤®£® ¢à¥-

÷¨á. 6 �à¨¬¥à ¯à¥¤áâ�¢«¥−¨ï á¢®¤−ëå ¤�−−ëå ¯�áá�¦¨à®¯®â®ª� ¯® ¢¨¤�¬ âà�−á¯®àâ�,
¯¥à¥¢®§ç¨ª�¬, à¥©á�¬
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¬¥−−�®£® ¨−â¥à¢�«� ¢ëç¨á«ï¥âáï áã¬¬� ¨ áà¥¤−¥¥ §−�ç¥−¨¥ ¯® èª�«¥ ¯�áá�¦¨à®¢.
’¨¯¨ç−®¥ ¯à¥¤áâ�¢«¥−¨¥ â�ª®£® à®¤� à¥è¥−¨ï ¯à¨¢¥¤¥−® −� à¨á. 6.

’�ª¨¬ ®¡à�§®¬, à¥è¥−¨¥ §�¤�ç¨ ¯à¥¤áâ�¢«ï¥âáï ¢ ä®à¬¥ áâ�â¨áâ¨ç¥áª®£® ®â-
ç¥â�, á®¤¥à¦�é¥£® ¤�−−ë¥ ® áà¥¤−¥¬ ¨ ®¡é¥¬ ç¨á«¥ ¯�áá�¦¨à®¢, ¯¥à¥¢¥§¥−−ëå
¢ë¡à�−−ë¬ ¢¨¤®¬ âà�−á¯®àâ�/̄ ¥à¥¢®§ç¨ª®¬ (áã¡ê¥ªâ®¬ âà�−á¯®àâ−®© ¨−äà�-
áâàãªâãàë) ¯® ª®−ªà¥â−®¬ã à¥©áã §� ¢ë¡à�−−ë© ¯¥à¨®¤ á ¢®§¬®¦−®áâìî ¢ë¡®à�
ãà®¢−ï ¤¥â�«¨§�æ¨¨ ¯® ¢à¥¬¥−¨ (£®¤/ª¢�àâ�«/¬¥áïæ/−¥¤¥«ï/¤¥−ì).

3.4.2 Сводные данные о пассажиропотоке по транспортным пунктам

„«ï à¥è¥−¨ï §�¤�ç¨ ¨á¯®«ì§ã¥âáï ¯à®áâà�−áâ¢¥−−�ï èª�«� á ¨¥à�àå¨ç¥áª¨¬
ª«�áá¨ä¨ª�â®à®¬, £àã¯¯¨àãîé¨¬ âà�−á¯®àâ−ë¥ ¯ã−ªâë ¯® âà�−á¯®àâ−ë¬ §®-
−�¬. �£à¥£�æ¨ï ¤�−−ëå ¢ë¯®«−ï¥âáï â®«ìª® ¤«ï ¯à®áâà�−áâ¢¥−−®© èª�«ë, ¤«ï
ª�¦¤®£® âà�−á¯®àâ−®£® ¯ã−ªâ�/âà�−á¯®àâ−®© §®−ë ¢ëç¨á«ï¥âáï áã¬¬� ¨ áà¥¤−¥¥
§−�ç¥−¨¥ ¯® èª�«¥ ¯�áá�¦¨à®¢ (¢®§¬®¦−® á ä¨«ìâà�æ¨¥© ¯�áá�¦¨à®¢ ¯® ä�ªâã
¯à¨¡ëâ¨ï /̈̈ «¨ ¯® ä�ªâã ã¡ëâ¨ï). �� à¨á. 7 ¯®ª�§�− â¨¯¨ç−ë© ¢¨¤ â�ª®£®
à¥è¥−¨ï.

’�ª¨¬ ®¡à�§®¬, ¢ à�¬ª�å ¤�−−®£® áâ�â¨áâ¨ç¥áª®£® ®âç¥â� ä®à¬¨àãîâáï ¤�−-
−ë¥ ® áà¥¤−¥¬ ¨ ®¡é¥¬ ç¨á«¥ ¯�áá�¦¨à®¢, ¯¥à¥¢¥§¥−−ëå ç¥à¥§/ã¡ë¢è¨å ¨§/̄ à¨-
¡ë¢è¨å ¢ ¢ë¡à�−−ë© âà�−á¯®àâ−ë© ¯ã−ªâ/âà�−á¯®àâ−ãî §®−ã §� ¢ë¡à�−−ë©
¯¥à¨®¤ á ¢®§¬®¦−®áâìî ¢ë¡®à� ãà®¢−ï ¤¥â�«¨§�æ¨¨ ¯® ¢à¥¬¥−¨ (£®¤/ª¢�àâ�«/¬¥-
áïæ/−¥¤¥«ï/¤¥−ì).

÷¨á. 7 �à¨¬¥à ¯à¥¤áâ�¢«¥−¨ï á¢®¤−ëå ¤�−−ëå ¯�áá�¦¨à®¯®â®ª� ¯® âà�−á¯®àâ−ë¬
¯ã−ªâ�¬
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ˆ−ä®à¬�æ¨®−−ë¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ −� âà�−á¯®àâ¥

4 Заключение

�®¤¢®¤ï ¨â®£ ¯à¥¤áâ�¢«¥−−®¬ã ¢ ç¥âëà¥å à�¡®â�å ¨áá«¥¤®¢�−¨î ¢ ®¡«�áâ¨
®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ ¯�áá�¦¨àáª¨å ¯¥à¥¢®§®ª ¨ ¯à®â¨¢®¤¥©áâ¢¨ï ¯à®â¨¢®-
¯à�¢−®© ¤¥ïâ¥«ì−®áâ¨ −� âà�−á¯®àâ¥, ®â¬¥â¨¬ á«¥¤ãîé¥¥. �¡é¥© æ¥«ìî ¢á¥å
à�¡®â ¡ë«® −¥ä®à¬�«ì−®¥ ®¯¨á�−¨¥ ‘��÷, ¯à¥¤−�§−�ç¥−−®© ¤«ï ¨−ä®à¬�æ¨®−-
−®© ¯®¤¤¥à¦ª¨ ®¯¥à�â¨¢−®© à�¡®âë ¨«¨ ¤¥©áâ¢¨© ¯® à�áá«¥¤®¢�−¨î ¨−æ¨¤¥−â®¢,
ª®â®àë¥ ¬®£ãâ ¡ëâì ®â−¥á¥−ë ª à�§−®¢¨¤−®áâ¨ �−�«¨â¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨.
„«ï ä®à¬�«¨§�æ¨¨ ¤¥ïâ¥«ì−®áâ¨ íªá¯¥àâ®¢, ¨á¯®«ì§ãîé¨å â�ªãî ‘��÷, ¯à¥¤-
«®¦¥−ë ª®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ¨ âà¨ ¯®á«¥¤®¢�â¥«ì−® ãá«®¦−ïîé¨åáï íâ�¯�
¨−ä®à¬�æ¨®−−®£® �−�«¨§�. Œ®¤¥«ì [1], á®¤¥à¦�é�ï ¨§−�ç�«ì−® ¢ ®á−®¢−®¬
¨−âã¨â¨¢−® ¯®−ïâ−ë¥ ¡�§®¢ë¥ ¯®−ïâ¨ï, â�ª¨¥ ª�ª ¯�áá�¦¨à, ¯®¥§¤ª�, âà�−á-
¯®àâ−ë¥ ¯ã−ªâë ®â¯à�¢«¥−¨ï ¨ ¯à¨¡ëâ¨ï, ¢ ¤�«ì−¥©è¥¬ à�áè¨àï«�áì ¡®«¥¥
á¯¥æ¨�«ì−ë¬¨ ¯®−ïâ¨ï¬¨: �ªâ¨¢−®áâì, ¬®¡¨«ì−®áâì, −¥¯à¥àë¢−ë© ¨ à�§àë¢−ë©
(¢¥â¢ïé¨©áï) ¬�àèàãâë, ¨−â¥à¢�«ë −¥¯®¤¢¨¦−®áâ¨ (¤¨áªà¥â¨§®¢�−−ë¥). �â�¯ë
�−�«¨§� −�ç¨−�îâáï á á�¬®£® ¯à®áâ®£® | ¯®¨áª� ¨ ®â¡®à� ¤�−−ëå. �â®â íâ�¯
¯à¥¤áâ�¢«¥− ¢ [2] ¬−®¦¥áâ¢®¬ á¯¥æ¨ä¨ç¥áª¨å §�¯à®á®¢, å�à�ªâ¥à−ëå ¨¬¥−−® ¤«ï
¯�áá�¦¨àáª¨å ¯¥à¥¢®§®ª, ¢ á¢ï§¨ á ¬¥à®¯à¨ïâ¨ï¬¨ ¯® ®¡¥á¯¥ç¥−¨î ¡¥§®¯�á−®áâ¨
−� âà�−á¯®àâ¥ ¨«¨ ¯à®â¨¢®¤¥©áâ¢¨î ¯à®â¨¢®¯à�¢−®© ¤¥ïâ¥«ì−®áâ¨. ‚â®à®© â¨¯
�−�«¨â¨ª¨ ¯à¥¤áâ�¢«¥− ¢ [3] à�áç¥â−ë¬¨ �−�«¨â¨ç¥áª¨¬¨ §�¤�ç�¬¨, ª®â®àë¥ ®â-
¢¥ç�îâ à¥�«ì−ë¬ ¯®âà¥¡−®áâï¬ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ¯®§¢®«ïï à¥è�âì −¥ª®â®àë¥
®¯¥à�â¨¢−ë¥ §�¤�ç¨, �−�«¨§¨à®¢�âì ¨−æ¨¤¥−âë. ÷¥è¥−¨ï §�¤�ç âà¥âì¥£® â¨¯�
âà¥¡ãîâ ¢ë¯®«−¥−¨ï á«®¦−ëå ¢ëç¨á«¨â¥«ì−ëå ¯à®æ¥¤ãà, � ¢ ª�ç¥áâ¢¥ áà¥¤áâ¢�
à¥�«¨§�æ¨¨ ¯à¨¬¥−¥−� â¥å−®«®£¨ï OLAP. �â® á�¬ë© á«®¦−ë©, −® ¨ á�¬ë©
¨−â¥à¥á−ë© â¨¯ §�¤�ç, å�à�ªâ¥à−ë© â¥¬, çâ® ®áâ�¢«ï¥â è¨à®ª¨© ¯à®áâ®à ¤«ï
á�¬®áâ®ïâ¥«ì−ëå ¨áá«¥¤®¢�−¨© ¯®«ì§®¢�â¥«ï-�−�«¨â¨ª�, ¯à¥¤®áâ�¢«ïï à¥è¥−¨¥
¢ ä®à¬¥ áà¥¤áâ¢� ¢¨§ã�«ì−®£® �−�«¨§�. ˆ−â¥à¯à¥â�æ¨ï à¥§ã«ìâ�â®¢ â�ª®£® à¥-
è¥−¨ï | ¯à®æ¥áá â¢®àç¥áª¨© ¨ ¯®â¥−æ¨�«ì−® á¯®á®¡−ë© ¯à¨¢¥áâ¨ ª −�¨¡®«¥¥
−¥âà¨¢¨�«ì−ë¬ à¥§ã«ìâ�â�¬ �−�«¨â¨ª¨.
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Abstract: In the fourth, final, article of the series devoted to the description of
the decision support system in the field of ensuring the safety of passenger traffic
and countering illegal activities in transport, basic concepts, search and selection
data functions, and subject-specific analytical calculations are supplemented with
statements requiring complex data processing. The content of such statements
is provided by the study of joint movements of groups of passengers as well as
typical tasks of analyzing summary statistics on passenger traffic. The solutions
are provided by the traditional business intelligence tool, OLAP technology. To
apply it, the necessary concepts are first formed that describe the fact store (data
mart). Facts are formed as a result of discretizing of the timeline of passenger
movements. Detailing the specific tasks of analyzing the movement of groups of
passengers provides the formation of solutions in the form of OLAP-cubes. In
the conclusion, the results of the research performed are summarized.
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analytical data processing; hypercube
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СТРАТЕГИЯ ИССЛЕДОВАНИЙ И РАЗРАБОТОК
В ОБЛАСТИ ИСКУССТВЕННОГО ИНТЕЛЛЕКТА IV:

ГОСУДАРСТВЕННАЯ ПОЛИТИКА КНР

А. В. Борисов1, А. В. Босов2, Д. В. Жуков4

�−−®â�æ¨ï: ‘â�âìï §�¢¥àè�¥â æ¨ª« à�¡®â, ¯®á¢ïé¥−−ëå �−�«¨§ã ¢«¨ï−¨ï
£®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï −� íää¥ªâ¨¢−®áâì ¯à®¢¥¤¥−¨ï ¨áá«¥¤®¢�−¨©
¨ à�§à�¡®â®ª ¢ ®¡«�áâ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� (AI R&D). —¥â¢¥àâ�ï ç�áâì
æ¨ª«� ¯à¥¤áâ�¢«ï¥â à¥§ã«ìâ�â �−�«¨§� ¢«¨ï−¨ï −� ®¡«�áâì AI R&D £®áã¤�à-
áâ¢¥−−®© ¯®«¨â¨ª¨ Š¨â�©áª®© −�à®¤−®© à¥á¯ã¡«¨ª¨ (Š�÷). �à¥¤áâ�¢«¥−ë
ªà�âª¨¥ á¢¥¤¥−¨ï ® −�ãç−®-â¥å−¨ç¥áª®¬ ¯®â¥−æ¨�«¥ Š�÷ ¨ áâà�â¥£¨ç¥áª¨å
¤®ªã¬¥−â�å Š�÷ ¢ ç�áâ¨ à�§¢¨â¨ï AI R&D, ¯à¨−ïâëå á 2017 £. �¯¨á�−�
áâàãªâãà� £®áã¤�àáâ¢¥−−®£® ¨ ç�áâ−®£® ä¨−�−á¨à®¢�−¨ï AI R&D ¢ Š�÷. „�-
−® ªà�âª®¥ ®¯¨á�−¨¥ ®à£�−¨§�æ¨¨ AI R&D ¢ ®¡«�áâ¨ ®¡®à®−ë ¨ ¡¥§®¯�á−®áâ¨.
�à¥¤áâ�¢«¥−ë §�ª«îç¨â¥«ì−ë¥ §�¬¥ç�−¨ï, ¢ â®¬ ç¨á«¥ à�§«¨ç¨ï ¢ ¯®¤å®-
¤�å ª áâà�â¥£¨ç¥áª®¬ã £®áã¤�àáâ¢¥−−®¬ã ¯«�−¨à®¢�−¨î ¢ ®¡«�áâ¨ AI R&D,
¯à¨−ïâëå ¢ à�§«¨ç−ëå £®áã¤�àáâ¢�å.

Š«îç¥¢ë¥ á«®¢�: ¨áªãááâ¢¥−−ë© ¨−â¥««¥ªâ; á¨áâ¥¬� à�á¯®§−�¢�−¨ï «¨æ;
á¨áâ¥¬� −�¡«î¤¥−¨ï/á«¥¦¥−¨ï; ã¬−ë© £®à®¤/¡¥§®¯�á−ë© £®à®¤

DOI: 10.14357/08696527220102

1 Введение

–¨ª« à�¡®â [1{3], ª®â®àë© §�¢¥àè�¥â áâ�âìï, ¯®á¢ïé¥− �−�«¨§ã £®áã¤�à-
áâ¢¥−−®£® ¢«¨ï−¨ï −� áä¥àã ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª ¢ ®¡«�áâ¨ ¨áªãááâ¢¥−−®£®
¨−â¥««¥ªâ�. �à¥¤ë¤ãé¨¥ ç�áâ¨ ¡ë«¨ ¯®á¢ïé¥−ë åà®−®«®£¨¨ à�§¢¨â¨ï ¤�−−®©
®¡«�áâ¨ ¢ ‘‘‘÷ ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¨ áà�¢−¨â¥«ì−®¬ã �−�«¨§ã −�ãª®-
¬¥âà¨ç¥áª¨å ¯®ª�§�â¥«¥© ¯ã¡«¨ª�æ¨®−−®© �ªâ¨¢−®áâ¨ ¯® AI R&D §� ¯®á«¥¤−¨¥
20 «¥â ¢ ÷®áá¨¨ ¨ ¬¨à¥ [1, 2], � â�ª¦¥ ¨áá«¥¤®¢�−¨î áâà�â¥£¨ç¥áª¨å ¤®ªã¬¥−â®¢
AI R&D ¢ ‘˜� [3]. �â¨ á¢¥¤¥−¨ï ¢¨¤ïâáï ú−�ç�«ì−ë¬¨ ãá«®¢¨ï¬¨û à¥�«¨§�æ¨¨
à®áá¨©áª®© ú��æ¨®−�«ì−®© áâà�â¥£¨¨ à�§¢¨â¨ï ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� −�
¯¥à¨®¤ ¤® 2030 £®¤�û [4]. �ª®−ç�â¥«ì−®¥ ¤®¯®«−¥−¨¥ ¨å á®áâ®¨â ¢ à�áá¬®â-
à¥−¨¨ áâà�â¥£¨ç¥áª¨å ¯«�−®¢ −�ãç−ëå ¨áá«¥¤®¢�−¨©, à�§à�¡®â®ª ¨ ¢−¥¤à¥−¨ï

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

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

3”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, DZhukov@ipiran.ru
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â¥å−®«®£¨© ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� (AI) ¢ Š¨â�©áª®© −�à®¤−®© à¥á¯ã¡«¨-
ª¥. ‚−¨¬�−¨¥ ª Š�÷ ¢ ª®−â¥ªáâ¥ ¯à¥¤áâ�¢«¥−−®£® æ¨ª«� à�¡®â ®¡êïá−ï¥âáï
á«¥¤ãîé¨¬¨ ®¡é¥¨§¢¥áâ−ë¬¨ ä�ªâ�¬¨:

{ Š�÷ ¤¥«¨â «¨¤¨àãîé¨¥ ¯®§¨æ¨¨ á ‘˜� ¢ áä¥à¥ ¢ëá®ª¨å â¥å−®«®£¨© ¨ ¤�¦¥
®¡£®−ï¥â ¨å ¢ −¥ª®â®àëå ®¡«�áâïå;

{ Š�÷, áâ�¢ à¥£¨®−�«ì−ë¬ «¨¤¥à®¬, áâà¥¬¨âáï ª ¬¨à®¢®¬ã íª®−®¬¨ç¥áª®¬ã,
¯®«¨â¨ç¥áª®¬ã ¨ ¢®¥−−®¬ã ¯¥à¢¥−áâ¢ã;

{ ¯®«¨â¨ç¥áª�ï ¨ íª®−®¬¨ç¥áª�ï á¨áâ¥¬� Š�÷, ¢ë¡à�¢è¥© á¢®© á®¡áâ¢¥−−ë©
úª¨â�©áª¨© ¯ãâì à�§¢¨â¨ïû, áãé¥áâ¢¥−−® ®â«¨ç�¥âáï ª�ª ®â á®æ¨�«¨áâ¨ç¥-
áª®©, â�ª ¨ ®â ª�¯¨â�«¨áâ¨ç¥áª®© á¨áâ¥¬ë ¨ ¢ −¥ª®â®àëå ®¡«�áâïå ¤¥¬®−-
áâà¨àã¥â ¯à¥¨¬ãé¥áâ¢�;

{ ¢®áâ®ç−ë© ¬¥−â�«¨â¥â −�ª«�¤ë¢�¥â á¢®© ®â¯¥ç�â®ª −� áâà�â¥£¨ç¥áª®¥ ¬ëè-
«¥−¨¥, ¨ á®®â¢¥âáâ¢ãîé¨¥ ¯®¤å®¤ë ¤®«¦−ë ¨§ãç�âìáï.

÷�¡®â� ®à£�−¨§®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬. ÷�§¤¥« 2 á®¤¥à¦¨â ªà�âª¨¥ á¢¥¤¥-
−¨ï ® −�ãç−®-â¥å−¨ç¥áª®¬ ¯®â¥−æ¨�«¥ Š�÷ ¨ áâà�â¥£¨ç¥áª¨å £®áã¤�àáâ¢¥−−ëå
¤®ªã¬¥−â�å ¢ ç�áâ¨ à�§¢¨â¨ï AI R&D, ¯à¨−ïâëå á 2017 £. ÷�§¤¥« 3 ¯®á¢ïé¥−
áâàãªâãà¥ £®áã¤�àáâ¢¥−−®£® ¨ ç�áâ−®£® ä¨−�−á¨à®¢�−¨ï AI R&D ¢ Š�÷. �à£�-
−¨§�æ¨ï AI R&D ¢ ®¡«�áâ¨ ®¡®à®−ë ¨ ¡¥§®¯�á−®áâ¨ Š�÷ ¨§«®¦¥−� ¢ à�§¤. 4.
‡�ª«îç¨â¥«ì−ë¥ §�¬¥ç�−¨ï ª® ¢á¥¬ã ¯à¥¤áâ�¢«¥−−®¬ã æ¨ª«ã à�¡®â ¯à¨¢¥¤¥−ë
¢ à�§¤. 5.

2 Государственный подход к AI R&D в КНР

‘®£«�á−® �¬¥à¨ª�−áª¨¬ ¬�â¥à¨�«�¬, Š�÷ §�−¨¬�¥â ¯¥à¢®¥ ¬¥áâ® ¯® ¯ã¡«¨-
ª�æ¨ï¬ ¢ −�ãç−ëå ¦ãà−�«�å [5] ¯® â¥¬�â¨ª¥ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�. ‹¥â®¬
2017 £. ƒ®áá®¢¥â Š�÷ ¯à¨−ï« ¤®ªã¬¥−â ú�«�− à�§à�¡®âª¨ ¨áªãááâ¢¥−−®£® ¨−-
â¥««¥ªâ� −®¢®£® ¯®ª®«¥−¨ïû [6, 7] (¤�«¥¥ | �«�−). ’®ç−ë¥ âà�âë −� AI ¢ Š�÷ −¥
ãª�§�−ë, ®¤−�ª® −¥ª®â®àë¥ úà¥¯¥à−ë¥ â®çª¨û Š¨â�ï ¯®§¢®«ïîâ ®æ¥−¨âì ä¨−�−-
á®¢ë¥ ¨ «î¤áª¨¥ §�âà�âë ¢ íâ®© ®¡«�áâ¨. �� 2017 £. ¢ Š�÷ ¡ë«® ¡®«¥¥ 80 ¬«−
ãç¥−ëå, â. ¥. ¡®«¥¥ 5,8% −�á¥«¥−¨ï. ‘â® á¥¬ì¤¥áïâ ¬¨««¨®−®¢ ç¥«®¢¥ª, ¡®«¥¥ 12%
−�á¥«¥−¨ï, ¨¬¥îâ ¢ëáè¥¥ ®¡à�§®¢�−¨¥. ‚ 2016 £. ®¡ê¥¬ ¯à®¤�¦ −�ãç−®-â¥å−¨-
ç¥áª®© ¯à®¤ãªæ¨¨ ¯à¥¢ëá¨« 1 âà«− î�−¥©, íâ® ®ª®«® 140 ¬«à¤ ¤®««�à®¢ ‘˜�.
‚ íâ®¬ ¦¥ £®¤ã −� −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨¥ à�¡®âë (�ˆ÷) ¨ −�ãç−®-¨áá«¥¤®-
¢�â¥«ìáª¨¥ ¨ ®¯ëâ−®-ª®−áâàãªâ®àáª¨¥ à�¡®âë (�ˆ�Š÷) ¢ Š�÷ ¡ë«® §�âà�ç¥−®
®ª®«® 2,1% ¢�«®¢®£® ¢−ãâà¥−−¥£® ¯à®¤ãªâ� (‚‚�) | 1,544 ¬«à¤ î�−¥©, íâ®
¡®«¥¥ 216 ¬«− ¤®««�à®¢, ¨§ ª®â®àëå 78% á®áâ�¢¨«¨ ç�áâ−ë¥ ¨−¢¥áâ¨æ¨¨.

‚ ª�ç¥áâ¢¥ ®á−®¢−ëå ¯à¨−æ¨¯®¢ �«�−� ãª�§�−ë: ¤®áâ¨¦¥−¨¥ «¨¤¥àáâ¢� ¢ â¥å-
−®«®£¨ïå; á¨áâ¥¬−ë© ¯®¤å®¤; ®à¨¥−â�æ¨ï −� àë−®ª; ®âªàëâ®áâì. ‚ ¤®ªã¬¥−â¥
®¯à¥¤¥«¥−ë áâà�â¥£¨ç¥áª¨¥ æ¥«¨ ¨ íâ�¯ë ¨å ¤®áâ¨¦¥−¨ï.

�¥à¢ë© íâ�¯ (¤® 2020 £.): ®¡¥á¯¥ç¥−¨¥ á®®â¢¥âáâ¢¨ï ®¡é¥£® ãà®¢−ï â¥å−®-
«®£¨© ¨ ¯à¨¬¥−¥−¨ï AI ¢ Š�÷ ¯¥à¥¤®¢®¬ã ®¡é¥¬¨à®¢®¬ã ãà®¢−î:
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{ à�§à�¡®âª� â¥®à¨¨ ¨ â¥å−®«®£¨© ®¡à�¡®âª¨ ¡®«ìè¨å ¬�áá¨¢®¢ à�§−®à®¤−ëå
¤�−−ëå, £àã¯¯®¢®£® ¨ £¨¡à¨¤−®£® ¨−â¥««¥ªâ�, �¢â®−®¬−ëå ¨−â¥««¥ªâã�«ì−ëå
á¨áâ¥¬;

{ ¢ë¢¥¤¥−¨¥ ¨−¤ãáâà¨¨ AI Š�÷ −� ¯¥à¢ë¥ ®¡é¥¬¨à®¢ë¥ ¯®§¨æ¨¨, á®§¤�−¨¥
ª«îç¥¢ëå ¯à¥¤¯à¨ïâ¨© ¯® à�§à�¡®âª¥ AI, à�áè¨à¥−¨¥ ä¨−�−á®¢®© ¡�§ë
¨−¤ãáâà¨¨ AI á 150 ¬«à¤ ¤® 1 âà«− î�−¥©;

{ ®¯â¨¬¨§�æ¨ï ãá«®¢¨© �ˆ÷/�ˆ�Š÷ ¢ ®¡«�áâ¨ AI, −�áëé¥−¨¥ ®âà�á«¨
¢ëá®ª®¯à®ä¥áá¨®−�«ì−ë¬¨ ª�¤à�¬¨, à�§à�¡®âª� ª®¬¯«¥ªá� §�ª®−®¤�â¥«ì−ëå
¨ ¯à�¢®ãáâ�−�¢«¨¢�îé¨å ¤®ªã¬¥−â®¢ ¢ ®¡«�áâ¨ AI.

‚â®à®© íâ�¯ (¤® 2025 £.): ¤®áâ¨¦¥−¨¥ ¯à®àë¢� ¢ ¡�§®¢®© â¥®à¨¨ AI ¨ ¬¨-
à®¢®£® «¨¤¥àáâ¢� ¢ íâ®© ®¡«�áâ¨. ‚ë¢¥¤¥−¨¥ AI ¢ ª�ç¥áâ¢¥ ®á−®¢−®© ¤¢¨¦ãé¥©
á¨«ë ¨−¤ãáâà¨�«ì−®£® ¨ íª®−®¬¨ç¥áª®£® ®¡−®¢«¥−¨ï Š¨â�ï:

{ ¤®áâ¨¦¥−¨¥ ¯à®àë¢� ¢ ¡�§®¢®© â¥®à¨¨ ¨ â¥å−®«®£¨¨ AI (¢®§¬®¦−®áâì −¥§�¢¨-
á¨¬®£® ®¡ãç¥−¨ï);

{ è¨à®ª®¥ ¯à¨¬¥−¥−¨¥ AI ¢ ¨−â¥««¥ªâã�«ì−®¬ ¯à®¨§¢®¤áâ¢¥, ¨−â¥««¥ªâã�«ì-
−ëå §¤à�¢®®åà�−¥−¨¨, £à�¤®áâà®¨â¥«ìáâ¢¥, á¥«ìáª®¬ å®§ï©áâ¢¥, ®¡®à®−¥
¨ ¤à.; à�áè¨à¥−¨¥ ä¨−�−á®¢®© ¡�§ë ¨−¤ãáâà¨¨ AI á 400 ¬«à¤ ¤® 5 âà«−
î�−¥©;

{ ¤�«ì−¥©è¥¥ á®¢¥àè¥−áâ¢®¢�−¨¥ §�ª®−®¤�â¥«ì−®© ¡�§ë ¢ ®¡«�áâ¨ AI.

’à¥â¨© íâ�¯ (¤® 2030 £.): ¢ë¢¥¤¥−¨¥ â¥®à¨¨, â¥å−®«®£¨¨ ¨ ¯à¨¬¥−¥−¨ï AI
¢ Š�÷ −� â�ª®© ãà®¢¥−ì, çâ®¡ë áâ�âì ®á−®¢−ë¬ ¬¨à®¢ë¬ æ¥−âà®¬ ¢ íâ®© ®¡«�áâ¨,
®¡¥á¯¥ç¥−¨¥ −� íâ®© ®á−®¢¥ «¨¤¥àáâ¢� Š¨â�ï:

{ á®§¤�−¨¥ ®á−®¢ë â¥®à¨¨ ¨ â¥å−®«®£¨© AI −®¢®£® ¯®ª®«¥−¨ï, ¤®áâ¨¦¥−¨¥
¯à®àë¢� ¢ ®¡«�áâ¨ ç¥«®¢¥ç¥áª®£® ¨−â¥««¥ªâ�, −¥§�¢¨á¨¬®£® AI, á¬¥è�−−®£®
¨ £àã¯¯®¢®£® ¨−â¥««¥ªâ�;

{ ¤®áâ¨¦¥−¨¥ «¨¤¥àáâ¢� ¢ ¬¨à®¢®© ª®−ªãà¥−â−®© ¨−¤ãáâà¨¨ AI, è¨à®ª®¥ ¢−¥¤-
à¥−¨¥ AI ¢ ¯à®¨§¢®¤áâ¢® ¨ ¦¨§−ì, á®æ¨�«ì−ãî ®¡«�áâì, ®¡®à®−ã; à�áè¨à¥−¨¥
ä¨−�−á®¢®© ¡�§ë ¨−¤ãáâà¨¨ AI á 1 âà«− ¤® 10 âà«− î�−¥©;

{ á®§¤�−¨¥ «¨¤¨àãîé¥© âà¥−¨à®¢®ç−®© ¡�§ë ®¡á«ã¦¨¢�îé¥£® ¯¥àá®−�«� AI,
à�§à�¡®âª� ª®à¯ãá� §�ª®−®¢ ¢ ®¡«�áâ¨ AI.

‚ �«�−¥ ¤¥ª«�à¨à®¢�−ë ª«îç¥¢ë¥ §�¤�ç¨, à¥è¥−¨¥ ª®â®àëå ®¡¥á¯¥ç¨â ¥£®
à¥�«¨§�æ¨î, ¯®ª�§�−−ë¥ á«¥¤ãîé¨¬ ª«�áá¨ä¨ª�â®à®¬.

1. ‘®§¤�−¨¥ ®¡é¥© ®âªàëâ®© â¥å−®«®£¨ç¥áª®© á¨áâ¥¬ë AI, ¯à¥¤ãá¬�âà¨-
¢�îé¥© ª®®¯¥à�æ¨î.

1.1 ÷�§à�¡®âª� −®¢®£® ¯®ª®«¥−¨ï ¡�§®¢®© â¥®à¨¨ á¨áâ¥¬ AI.

1.1.1 ˆ−â¥««¥ªâã�«ì−�ï â¥®à¨ï ®¡à�¡®âª¨ ¡®«ìè¨å ¤�−−ëå.

1.1.2 ‚ëç¨á«¨â¥«ì−�ï â¥®à¨ï ¢®á¯à¨ïâ¨ï à�§−®à®¤−ëå ¤�−−ëå.

1.1.3 ÷�§¢¨â�ï â¥®à¨ï £¨¡à¨¤−®£® ¨−â¥««¥ªâ�.
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1.1.4 ’¥®à¨ï £àã¯¯®¢®£® ¨−â¥««¥ªâ�.

1.1.5 �¢â®−®¬−®¥ á®¢¬¥áâ−®¥ ã¯à�¢«¥−¨¥, ®¯â¨¬¨§�æ¨ï ¨ ¯à¨−ïâ¨¥
à¥è¥−¨©.

1.1.6 ’¥®à¨ï à�§¢¨â®£® ¬�è¨−−®£® ®¡ãç¥−¨ï.

1.1.7 ’¥®à¨ï ¨−â¥««¥ªâã�«ì−ëå ¢ëç¨á«¥−¨© ¬®§£�.

1.1.8 ’¥®à¨ï ª¢�−â®¢ëå ¨−â¥««¥ªâã�«ì−ëå ¢ëç¨á«¥−¨©.

1.2 ‘®§¤�−¨¥ −®¢®£® ¯®ª®«¥−¨ï ®¡é¨å ª«îç¥¢ëå â¥å−®«®£¨ç¥áª¨å á¨á-
â¥¬ AI.

1.2.1 ‚ëç¨á«¨â¥«ì−ë¥ ú¤¢¨¦ª¨û (computing engines) §−�−¨© ¨ á¥à-
¢¨á−ë¥ â¥å−®«®£¨¨ §−�−¨©.

1.2.2 ’¥å−®«®£¨¨ «®£¨ç¥áª¨å §�ª«îç¥−¨© −� ®á−®¢¥ �−�«¨§� à�§−®-
à®¤−®© ¨−ä®à¬�æ¨¨.

1.2.3 Š«îç¥¢ë¥ â¥å−®«®£¨¨ £àã¯¯®¢®£® ¨−â¥««¥ªâ�.

1.2.4 “«ãçè¥−−ë¥ â¥å−®«®£¨¨ ¨ �àå¨â¥ªâãà� £¨¡à¨¤−®£® ¨−â¥««¥ªâ�.

1.2.5 —¥«®¢¥ª®−¥§�¢¨á¨¬ë¥ ¨ á®®â¢¥âáâ¢ãîé¨¥ ¨−â¥««¥ªâã�«ì−ë¥
â¥å−®«®£¨¨.

1.2.6 ’¥å−®«®£¨¨ ¢¨àâã�«ì−®© à¥�«ì−®áâ¨ ¨ ¬®¤¥«¨à®¢�−¨ï.

1.2.7 ÷�§à�¡®âª� í«¥¬¥−â−®© ¡�§ë ¤«ï AI.

1.2.8 �¡à�¡®âª� ¥áâ¥áâ¢¥−−ëå ï§ëª®¢.

1.3 Œ�ª¥â ¨−−®¢�æ¨®−−®© ¯«�âä®à¬ë AI.

1.3.1 �¯¯�à�â−®-¯à®£à�¬¬−�ï ¯«�âä®à¬�.

1.3.2 �«�âä®à¬� á¥à¢¨á®¢ £àã¯¯®¢®£® ¨−â¥««¥ªâ�.

1.3.3 �«�âä®à¬� ¯®¤¤¥à¦ª¨ ã«ãçè¥−−®£® £¨¡à¨¤−®£® ¨−â¥««¥ªâ�.

1.3.4 �«�âä®à¬� ¯®¤¤¥à¦ª¨ ç¥«®¢¥ª®−¥§�¢¨á¨¬ëå á¨áâ¥¬.

1.3.5 �«�âä®à¬� ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨.

1.4 “áª®à¥−¨¥ ¯®¤£®â®¢ª¨ ª�¤à®¢ ¤«ï à�§à�¡®âª¨ AI.

1.4.1 ‘®§¤�−¨¥ ¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−®© ª®¬�−¤ë (á®¢®ªã¯−®áâì
ª®««¥ªâ¨¢®¢ à�áá¬�âà¨¢�¥âáï ª�ª ¥¤¨−®¥ æ¥«®¥).

1.4.2 �®¤£®â®¢ª� ®¡à�§®¢�−−ëå ¨ â�«�−â«¨¢ëå ª�¤à®¢.

1.4.3 Œ®¤¥à−¨§�æ¨ï á¨áâ¥¬ë ®¡à�§®¢�−¨ï.

2. ÷�§¢¨â¨¥ íää¥ªâ¨¢−®© ¨−â¥««¥ªâã�«ì−®© íª®−®¬¨ª¨.

2.1 “áª®à¥−¨¥ ¯à®¬ëè«¥−−®£® ¯à¨¬¥−¥−¨ï AI.

2.1.1 ‚−¥¤à¥−¨¥ ¨−â¥««¥ªâã�«ì−®£® �¯¯�à�â−®£® ¨ ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï.

2.1.2 ˆ−â¥««¥ªâã�«ì−ë¥ à®¡®âë.

2.1.3 ˆ−â¥««¥ªâã�«ì−ë¥ áà¥¤áâ¢� ¯¥à¥¤¢¨¦¥−¨ï.

2.1.4 ‘à¥¤áâ¢� ¢¨àâã�«ì−®© ¨ ¤®¯®«−¥−−®© à¥�«ì−®áâ¨.
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2.1.5 ú“¬−ë¥û â¥à¬¨−�«ë.

2.1.6 ”ã−¤�¬¥−â�«ì−ë¥ ª®¬¯®−¥−âë ¨−â¥à−¥â� ¢¥é¥©.

2.2 ‘®¤¥©áâ¢¨¥ ¨−â¥««¥ªâã�«ì−®© ¨−¤ãáâà¨�«ì−®© ¬®¤¥à−¨§�æ¨¨.

2.2.1 ˆ−â¥««¥ªâã�«ì−®¥ ¯à®¨§¢®¤áâ¢®.

2.2.2 ˆ−â¥««¥ªâã�«ì−®¥ á¥«ìáª®¥ å®§ï©áâ¢®.

2.2.3 ˆ−â¥««¥ªâã�«ì−�ï «®£¨áâ¨ª�.

2.2.4 “¬−ë¥ ä¨−�−áë.

2.2.5 ˆá¯®«ì§®¢�−¨¥ AI ¢ ¡¨§−¥á-�−�«¨â¨ª¥.

2.2.6 “¬−ë© ¤®¬.

2.3 ÷�§¢¨â¨¥ ª®−æ¥¯æ¨¨ ¨−â¥««¥ªâã�«ì−®£® ¯à¥¤¯à¨ïâ¨ï.

2.3.1 ˜¨à®ª®¬�áèâ�¡−�ï à¥ª«�¬� ¨ á®¤¥©áâ¢¨¥ ¯à¥®¡à�§®¢�−¨î
¢ ¨−â¥««¥ªâã�«ì−®¥ ¯à¥¤¯à¨ïâ¨¥.

2.3.2 ‘®¤¥©áâ¢¨¥ ¢−¥¤à¥−¨î ã¬−ëå ä�¡à¨ª.

2.3.3 Šã«ìâ¨¢¨à®¢�−¨¥ á®à¥¢−®¢�â¥«ì−®áâ¨ §� §¢�−¨¥ AI-«¨¤¥à®¢
¢ à�§«¨ç−ëå ®¡«�áâïå ¨−¤ãáâà¨¨.

2.4 �¡¥á¯¥ç¥−¨¥ à¥¦¨¬� ¡«�£®¯à¨ïâáâ¢®¢�−¨ï ¯à¨ ¢−¥¤à¥−¨¨ AI.

2.4.1 ˆá¯®«ì§®¢�−¨¥ à¥£¨®−�«ì−ëå ®á®¡¥−−®áâ¥© ¨ ¯à¥¨¬ãé¥áâ¢.

2.4.2 ‘®§¤�−¨¥ ¯¨«®â−ëå ãç�áâª®¢.

2.4.3 ‘®§¤�−¨¥ −�æ¨®−�«ì−®£® ¯�àª� AI.

2.4.4 ‘®§¤�−¨¥ −�æ¨®−�«ì−®© ¡�§ë AI.

3. ‘®§¤�−¨¥ ¡¥§®¯�á−®£® ¨ ª®¬ä®àâ−®£® ¨−â¥««¥ªâã�«ì−®£® ®¡é¥áâ¢�.

3.1 ÷�§à�¡®âª� ª®¬ä®àâ−ëå ¨ íää¥ªâ¨¢−ëå ¨−â¥««¥ªâã�«ì−ëå á¥à¢¨-
á®¢.

3.1.1 �¡à�§®¢�−¨¥.

3.1.2 ‡¤à�¢®®åà�−¥−¨¥.

3.1.3 ‡�¡®â� ® ¯à¥áâ�à¥«ëå.

3.2 �à®¤¢¨¦¥−¨¥ AI ¢ á®æ¨�«ì−®¬ ã¯à�¢«¥−¨¨.

3.2.1 ˆ−â¥««¥ªâã�«ì−®¥ ¯à�¢¨â¥«ìáâ¢®.

3.2.2 ‘¯à�¢¥¤«¨¢®¥ ¨ ¬ã¤à®¥ áã¤®¯à®¨§¢®¤áâ¢®.

3.2.3 “¬−ë¥ £®à®¤�.

3.2.4 ˆ−â¥««¥ªâã�«ì−�ï âà�−á¯®àâ−�ï á¨áâ¥¬�.

3.3 ‚−¥¤à¥−¨¥ AI ¤«ï ãªà¥¯«¥−¨ï ®¡é¥áâ¢¥−−®© ¡¥§®¯�á−®áâ¨.

3.4 ‘®¤¥©áâ¢¨¥ á®æ¨�«ì−®¬ã ®¡é¥−¨î ¨ ¤®¢¥à¨î.

4. “ªà¥¯«¥−¨¥ ®¡®à®−−®© ¬®é¨.

5. �®áâà®¥−¨¥ ¡¥§®¯�á−®© ¨ íää¥ªâ¨¢−®© ¨−â¥««¥ªâã�«ì−®© ¨−äà�áâàãª-
âãàë.
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5.1 Š®¬¬ã−¨ª�æ¨®−−�ï ¨−äà�áâàãªâãà�.

5.2 Big Data | ¨−äà�áâàãªâãà�.

5.3 ‚ëá®ª®¯à®¨§¢®¤¨â¥«ì−�ï ¢ëç¨á«¨â¥«ì−�ï ¨−äà�áâàãªâãà�.

6. ‘®¢¬¥áâ−�ï à�§à�¡®âª� ¯à®¥ªâ®¢ ¢ ¤àã£¨å ®¡«�áâïå −�ãª¨ ¨ AI.

‚ �«�−¥ ¤¥ª«�à¨à®¢�−ë ¯à¨−æ¨¯ë à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢ ¯à¨ ¥£® à¥�«¨§�-
æ¨¨:

{ ®¡¥á¯¥ç¥−¨¥ ä¨−�−á®¢ëå ¯à¨®à¨â¥â®¢, ¨á¯®«ì§®¢�−¨¥ àë−®ç−ëå ¬¥å�−¨§¬®¢;

{ ®¯â¨¬¨§�æ¨ï ä¨−�−á®¢®© áâàãªâãàë ¯à¨ à�§à�¡®âª�å AI;

{ ª®®à¤¨−�æ¨ï ¬¥¦¤ã−�à®¤−ëå ¨ −�æ¨®−�«ì−ëå ¨−−®¢�æ¨®−−ëå à¥áãàá®¢;

{ ®¡¥á¯¥ç¥−¨¥ ¬¥à ¤®¢¥à¨ï.

�®¬¨¬® ®ä¨æ¨�«ì−®£® �«�−� [6] ¨−â¥à¥á ¢ë§ë¢�îâ ¨−®áâà�−−ë¥ (¯à¥¦¤¥
¢á¥£® �¬¥à¨ª�−áª¨¥) áâ�âì¨, ¯®á¢ïé¥−−ë¥ ª¨â�©áª®¬ã áâ¨«î à¥�«¨§�æ¨¨ £®áã-
¤�àáâ¢¥−−®© ¯®«¨â¨ª¨ ¢ ®¡«�áâ¨ AI R&D, −�¯à¨¬¥à à�¡®â� [8]. ‚ [8] ¢ëà�¦�¥âáï
®¡¥á¯®ª®¥−−®áâì ¯® ¯®¢®¤ã −¥®£à�−¨ç¥−−®£® ¨á¯®«ì§®¢�−¨ï AI ¢ ª¨â�©áª¨å ¢®-
®àã¦¥−−ëå á¨«�å, çâ® ¤�¥â Š�÷ á¥àì¥§−®¥ ¯à¥¨¬ãé¥áâ¢®. ’¥¬ −¥ ¬¥−¥¥ íâ® −¥
¬¥è�¥â ç�áâ−ë¬ �¬¥à¨ª�−áª¨¬ ª®¬¯�−¨ï¬ á®âàã¤−¨ç�âì á ª¨â�©áª¨¬¨ ¨áá«¥¤®-
¢�â¥«ï¬¨ ¢ à�§à�¡®âª¥ â¥å−®«®£¨© −� ®á−®¢¥ AI.

�¤−®© ¨§ �ªâ¨¢−® á®âàã¤−¨ç�îé¨å á ª¨â�©áª¨¬¨ ¨áá«¥¤®¢�â¥«ï¬¨ ª®¬¯�−¨©
ï¢«ï¥âáï Microsoft, ª®â®à�ï à�¡®â�¥â á ä¨−�−á¨àã¥¬ë¬ ¢®®àã¦¥−−ë¬¨ á¨«�¬¨
��æ¨®−�«ì−ë¬ ã−¨¢¥àá¨â¥â®¬ ®¡®à®−−ëå â¥å−®«®£¨© (NUDT) −�¤ â¥å−®«®£¨¥©
−�¡«î¤¥−¨ï. „àã£®© £¨£�−â, Google, ®âªàë« ˆáá«¥¤®¢�â¥«ìáª¨© æ¥−âà ¯®
¨áªãááâ¢¥−−®¬ã ¨−â¥««¥ªâã ¢ �¥ª¨−¥ ¢ 2017 £. ‹�¡®à�â®à¨ï à�§à�¡�âë¢�¥â
¨−áâàã¬¥−âë ¤«ï AI ¨ ¬�è¨−−®£® ®¡ãç¥−¨ï, ¢ª«îç�ï ¯«�âä®à¬ã á ®âªàëâë¬
¨áå®¤−ë¬ ª®¤®¬ TensorFlow. �â¨ ª®¬¯�−¨¨ −¥ −¥áãâ ®â¢¥âáâ¢¥−−®áâ¨ §� ¢®§¬®¦-
−®¥ ¨á¯®«ì§®¢�−¨¥ ¨å â¥å−®«®£¨© ¢ ¡ã¤ãé¥¬.

…é¥ ®¤−¨¬ ¯à¨¬¥à®¬ á«ã¦¨â ª®¬¯�−¨ï DJI (˜¥−ìç¦í−ì, Š�÷), á¯¥æ¨-
�«¨§¨àãîé�ïáï −� ¯à®¨§¢®¤áâ¢¥ ¤à®−®¢ ¨ ¬ã«ìâ¨ª®¯â¥à®¢. „¥«® ¢ â®¬, çâ®
¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¤«ï ã¯à�¢«¥−¨ï íâ¨¬¨ ãáâà®©áâ¢�¬¨ à�§à�¡�âë¢�¥âáï
¢ ¤¨¢¨§¨®−¥ DJI, à�á¯®«®¦¥−−®¬ ¢ ��«®-�«ìâ® (‘�−â�-Š«�à�, Š�«¨ä®à−¨ï,
‘˜�) �¬¥à¨ª�−áª¨¬¨ á¯¥æ¨�«¨áâ�¬¨.

…é¥ ®¤−¨¬ ¯à¨¬¥à®¬ â¥å−®«®£¨ç¥áª®£® á®âàã¤−¨ç¥áâ¢� á«ã¦�â á®¢¬¥áâ−ë¥
à�¡®âë ä¨à¬ë Baidu (Š�÷) ¨ Intel (‘�−â�-Š«�à�, Š�«¨ä®à−¨ï, ‘˜�) ¯®
á®§¤�−¨î ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå á¯¥æ¨�«¨§¨à®¢�−−ëå AI-ç¨¯®¢.

‘®£«�á−® ¨áá«¥¤®¢�−¨ï¬ ã−¨¢¥àá¨â¥â� ‘¨−ìåã�, ¯à¨¬¥à−® ¯®«®¢¨−� ¢ëá®ª®-
æ¨â¨àã¥¬ëå −�ãç−ëå áâ�â¥© ¢ ®¡«�áâ¨ AI R&D −�¯¨á�−� ª¨â�©áª¨¬¨ ¨áá«¥¤®¢�-
â¥«ï¬¨ á®¢¬¥áâ−® á ãç¥−ë¬¨ ¨§ ¤àã£¨å áâà�−.
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3 Структура финансирования AI R&D в КНР

”¨−�−á¨à®¢�−¨¥ �ˆ�Š÷ ¢ áä¥à¥ AI R&D ¢ Š�÷ ®¡¥á¯¥ç¨¢�¥âáï âà¥¬ï
¨áâ®ç−¨ª�¬¨ [9]: æ¥−âà�«ì−ë¬ ¯à�¢¨â¥«ìáâ¢®¬, â¥àà¨â®à¨�«ì−ë¬¨ ®à£�−�¬¨
£®áã¤�àáâ¢¥−−®© ¢«�áâ¨ ¨ ä¨à¬�¬ /̈̄ à¥¤¯à¨ïâ¨ï¬¨.

‘âàãªâãà� ¯à�¢¨â¥«ìáâ¢� Š�÷, ƒ®áá®¢¥â�, ¢® ¬−®£®¬ áå®¦� á® áâàãªâãà®©
¯à�¢¨â¥«ìáâ¢ ÷” ¨ ‘˜�. ‚ á®áâ�¢ ƒ®áá®¢¥â� ¢å®¤ïâ â�ª¨¥ ¯à®ä¨«ì−ë¥ ¯®¤à�§-
¤¥«¥−¨ï, ª�ª Œ¨−¨áâ¥àáâ¢® −�ãª¨ ¨ â¥å−®«®£¨¨ ¨ Œ¨−¨áâ¥àáâ¢® ¯à®¬ëè«¥−−®áâ¨
¨ ¨−ä®à¬�â¨§�æ¨¨. ÷�á¯à¥¤¥«¥−¨¥ æ¥−âà�«ì−®£® £®áã¤�àáâ¢¥−−®£® ä¨−�−á¨à®-
¢�−¨ï ®áãé¥áâ¢«ï¥âáï ç¥à¥§ ¤�−−ë¥ ¯à®ä¨«ì−ë¥ ¬¨−¨áâ¥àáâ¢� ¨ ¯®¤ç¨−¥−−ë¥
¨¬ ¯®¤à�§¤¥«¥−¨ï ¨ ®à£�−ë.

Š â¥àà¨â®à¨�«ì−ë¬ ®à£�−�¬ ¢«�áâ¨ Š�÷ ®â−®áïâáï ¯à�¢¨â¥«ìáâ¢� ¯à®¢¨−-
æ¨©, ªàã¯−ëå £®à®¤®¢, ¬ã−¨æ¨¯�«ì−ëå ®¡à�§®¢�−¨© ¨ ¯à. �¡ëç−® ¨å ä¨−�−á¨-
à®¢�−¨¥ AI R&D −¥ ï¢«ï¥âáï §−�ç¨¬ë¬: ª�ª¨¥-«¨¡® ®â−®á¨â¥«ì−® á¯¥æ¨ä¨ç¥áª¨¥
¯à®£à�¬¬ë ä¨−�−á¨àãîâáï −¥ª®â®àë¬¨ â¥àà¨â®à¨�«ì−ë¬¨ ®à£�−�¬¨ ¢«�áâ¨.

—�áâ−ë¥ ¯à¥¤¯à¨ïâ¨ï ¢ Š¨â�¥ ¡®«ìè¥ ¯®å®¦¨ −� �−�«®£¨ç−ë¥ íª®−®¬¨ç¥áª¨¥
áâàãªâãàë ¢ ÷”, ç¥¬ ¢ ‘˜�. „¥«® ¢ â®¬, çâ® ¢ Š�÷ ¨¬¥¥âáï §−�ç¨â¥«ì−�ï
ç�áâì ¯à¥¤¯à¨ïâ¨© á® á¬¥è�−−®© ç�áâ−®-£®áã¤�àáâ¢¥−−®© ä®à¬®© á®¡áâ¢¥−−®áâ¨
(—ƒ‘). •®âï ¯à¥¤¯à¨ïâ¨ï —ƒ‘, ª�ª ¯à�¢¨«®, áâà¥¬ïâáï ª ¯®«ãç¥−¨î ¯à¨¡ë-
«¨, ãç�áâ¨¥ £®áã¤�àáâ¢� á®§¤�¥â áâ¨¬ã«ë ¤«ï ¯®¤¤¥à¦ª¨ æ¥«¥© £®áã¤�àáâ¢¥−−®©
¯®«¨â¨ª¨, ª®â®àë¥ ¯à¥®¡«�¤�îâ −�¤ æ¥«ìî ¯®«ãç¥−¨ï ¯à¨¡ë«¨. Šà®¬¥ â®£®,
¤�¦¥ ¯à¥¤¯à¨ïâ¨ï á ¯®«−®áâìî ç�áâ−®© ä®à¬®© á®¡áâ¢¥−−®áâ¨ ¯®¤¢¥à¦¥−ë §−�-
ç¨â¥«ì−®¬ã ¢«¨ï−¨î á® áâ®à®−ë ¯à�¢¨â¥«ìáâ¢� Š¨â�ï, ¨ ãà®¢¥−ì â�ª®£® ¢«¨ï−¨ï
§−�ç¨â¥«ì−® ¢ëè¥, ç¥¬ ¢ §�¯�¤−ëå áâà�−�å. ’®â ä�ªâ, çâ® £®áã¤�àáâ¢¥−−ë¥
¤¥−ì£¨ ¨ ¢«¨ï−¨¥ â¥á−® á¢ï§�−ë á ¤¥ïâ¥«ì−®áâìî ¬−®£¨å ª¨â�©áª¨å ¯à¥¤¯à¨ïâ¨©,
¯®§¢®«ï¥â ¯®−ïâì, ¯®ç¥¬ã ¨−®£¤� à�áå®¤ë ¯à¥¤¯à¨ïâ¨© —ƒ‘ ¬®£ãâ ¢ ª�ª®©-â®
¬¥à¥ à�áá¬�âà¨¢�âìáï ª�ª £®áã¤�àáâ¢¥−−ë¥ à�áå®¤ë.

‚ 2014 £. ƒ®áá®¢¥â Š�÷ �−®−á¨à®¢�« à¥®à£�−¨§�æ¨î ¨−−®¢�æ¨®−−®© á¨áâ¥¬ë
Š�÷. ÷¥ä®à¬� ¯à¥¤¯®«�£�«� ª ª®−æã 2018 £. ª®−á®«¨¤�æ¨î á®â¥− ¯¥à¥á¥ª�îé¨å-
áï, ¨§¡ëâ®ç−ëå ¨ −¥íää¥ªâ¨¢−ëå −�ãç−®-â¥å−¨ç¥áª¨å ¨−−®¢�æ¨®−−ëå ¯à®£à�¬¬
¢ 5 ®á−®¢−ëå ¯ã¡«¨ç−® ®âªàëâëå ¨áâ®ç−¨ª®¢ ä¨−�−á¨à®¢�−¨ï:

(1) ��æ¨®−�«ì−ë© ¥áâ¥áâ¢¥−−®-−�ãç−ë© ä®−¤ Š¨â�ï (�…�”Š), á¯¥æ¨�«¨§¨-
àãîé¨©áï −� äã−¤�¬¥−â�«ì−ëå ¨ ¯à¨ª«�¤−ëå ¨áá«¥¤®¢�−¨ïå;

(2) æ¥«¥¢ë¥ −�æ¨®−�«ì−ë¥ ¯à®£à�¬¬ë R&D, ®à¨¥−â¨à®¢�−−ë¥ −� à¥è¥−¨¥
äã−¤�¬¥−â�«ì−ëå ¯à®¡«¥¬ ã«ãçè¥−¨ï á®æ¨�«ì−®£® ¨ íª®−®¬¨ç¥áª®£® ¡«�-
£®á®áâ®ï−¨ï −�á¥«¥−¨ï Š�÷;

(3) −�æ¨®−�«ì−ë¥ −�ãç−®-â¥å−®«®£¨ç¥áª¨¥ ¬¥£�¯à®¥ªâë, −�¯à�¢«¥−−ë¥ −� ¤®-
áâ¨¦¥−¨¥ ¯à®àë¢®¢ ¢ ª«îç¥¢ëå â¥å−®«®£¨ïå;

(4) ã¯à�¢«ïîé¨¥ ä®−¤ë, ¯à¥¤®áâ�¢«ïîé¨¥ áà¥¤áâ¢� áâ�àâ�¯�¬ ¨ −¥¡®«ìè¨¬
¯à¥¤¯à¨ïâ¨ï¬ ¤«ï áâ¨¬ã«¨à®¢�−¨ï ¨−−®¢�æ¨© ¨ ¯¥à¥¤�ç¨ â¥å−®«®£¨©;

(5) ¯à®£à�¬¬� ú�á−®¢� ¨ â�«�−âëû ¤«ï ¯®®éà¥−¨ï á®§¤�−¨ï ¨áá«¥¤®¢�â¥«ìáª¨å
æ¥−âà®¢ ¨ ¯à¨¢«¥ç¥−¨ï â�«�−â«¨¢ëå ãç¥−ëå ¤«ï à�¡®âë ¢ Š�÷.
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‘âà�â¥£¨ï ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª ¢ ®¡«�áâ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� IV

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ íâ®¬ ¯¥à¥ç−¥ −¥â ¨áâ®ç−¨ª®¢ ä¨−�−á¨à®¢�−¨ï AI
R&D ¢ ®¡«�áâ¨ ®¡®à®−ë ¨ ¡¥§®¯�á−®áâ¨. �à¨ íâ®¬ �−�«¨§ −�¯à�¢«¥−¨© ¨áá«¥¤®-
¢�−¨© ¯®§¢®«ï¥â §�ª«îç¨âì, çâ® á®®â¢¥âáâ¢ãîé¨¥ à¥§ã«ìâ�âë AI R&D ¤®¯ãáª�îâ
¤¢®©−®¥ (£à�¦¤�−áª®¥ ¨ ¢®¥−−®¥) ¯à¨¬¥−¥−¨¥.

�…�”Š ä¨−�−á¨àã¥â ¨áá«¥¤®¢�−¨ï ¯® á«¥¤ãîé¨¬ −�¯à�¢«¥−¨ï¬, á¢ï§�−-
−ë¬ á AI:

{ â¥®à¥â¨ç¥áª¨¥ ®á−®¢�−¨ï AI;

{ ¬�è¨−−®¥ ®¡ãç¥−¨¥;

{ ¬�è¨−−®¥ ¢®á¯à¨ïâ¨¥ ¨ à�á¯®§−�¢�−¨¥ ®¡à�§®¢;

{ ®¡à�¡®âª� ¥áâ¥áâ¢¥−−ëå ï§ëª®¢;

{ ¯à¥¤áâ�¢«¥−¨¥ ¨ ®¡à�¡®âª� §−�−¨©;

{ ¨−â¥««¥ªâã�«ì−ë¥ á¨áâ¥¬ë ¨ ¯à¨«®¦¥−¨ï;

{ ª®£−¨â¨¢−ë© ¨ −¥©à®¡¨®«®£¨ç¥áª¨© AI;

{ ¨−ä®à¬�â¨ª� ¢ ®¡à�§®¢�−¨¨;

{ ¬�â¥¬�â¨ç¥áª¨¥ ¨ ¨−ä®à¬�æ¨®−−ë¥ ¬¥¦¤¨áæ¨¯«¨−�à−ë¥ §�¤�ç¨.

–¥«¥¢ë¥ −�æ¨®−�«ì−ë¥ ¯à®£à�¬¬ë AI R&D Š�÷ ¨¬¥îâ −¥áª®«ìª® ¨−ãî
−�¯à�¢«¥−−®áâì:

{ â¥®à¥â¨ç¥áª¨¥ ®á−®¢�−¨ï AI;

{ ®¡à�¡®âª� ¨ �−�«¨§ ¡®«ìè¨å ®¡ê¥¬®¢ ¤�−−ëå;

{ á¥â¥¢ë¥ ä¨§¨ç¥áª¨¥ á¨áâ¥¬ë á ¯®¤¤¥à¦ª®© ¢ëç¨á«¥−¨©;

{ à�§à�¡®âª� ªàã¯−®¬�áèâ�¡−ëå á¥â¥©;

{ ¨−â¥««¥ªâã�«ì−ë¥ à®¡®â¨§¨à®¢�−−ë¥ ¨ �¢â®−®¬−ë¥ á¨áâ¥¬ë;

{ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë ¢ §¤à�¢®®åà�−¥−¨¨;

{ ¯à®¤ãªâ¨¢−®áâì, ãáâ®©ç¨¢®áâì ¨ ª�ç¥áâ¢® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï;

{ ®¡¥á¯¥ç¥−¨¥ �ˆ�Š÷ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¬¨ ¢ëç¨á«¨â¥«ì−ë¬¨ á¨áâ¥-
¬�¬¨;

{ á®§¤�−¨¥ ç¥«®¢¥ª®-¬�è¨−−ëå á¨áâ¥¬.

��æ¨®−�«ì−ë¥ −�ãç−®-â¥å−®«®£¨ç¥áª¨¥ ¬¥£�¯à®¥ªâë ®¡ëç−® ¨¬¥îâ á«¥¤ã-
îéãî −�¯à�¢«¥−−®áâì:

{ â¥®à¥â¨ç¥áª¨¥ ®á−®¢�−¨ï AI;

{ á®§¤�−¨¥ ç¥«®¢¥ª®-¬�è¨−−ëå á¨áâ¥¬;

{ ¨−â¥««¥ªâã�«ì−ë¥ à®¡®â¨§¨à®¢�−−ë¥ ¨ �¢â®−®¬−ë¥ á¨áâ¥¬ë;

{ ®¡¥á¯¥ç¥−¨¥ �ˆ�Š÷ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¬¨ ¢ëç¨á«¨â¥«ì−ë¬¨ á¨áâ¥-
¬�¬¨.
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„«ï ¯à¨¬¥à� è¨à®âë ¨ ¤¥â�«ì−®áâ¨ AI R&D, ¯®¯�¢è¨å ¢ 2018 £. ¢ ¬¥£�-
¯à®¥ªâ Š�÷ úˆáªãááâ¢¥−−ë© ¨−â¥««¥ªâ −®¢®£® ¯®ª®«¥−¨ïû, ¬®¦−® ¯à¨¢¥áâ¨
áä®à¬ã«¨à®¢�−−ë¥ ¢ ¥£® à�¬ª�å §�¤�ç¨:

{ −®¢®¥ ¯®ª®«¥−¨¥ ¬®¤¥«¥© −¥©à®−−ëå á¥â¥©;

{ �¤�¯â¨¢−®¥ ¢®á¯à¨ïâ¨¥ ¤«ï ®âªàëâëå ®ªàã¦¥−¨©;

{ ªà®áá-¬¥¤¨©−ë¥ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ ¢ë¢®¤ë;

{ ¯à¨−ïâ¨¥ à¥è¥−¨© ¢ ¨£à�å á −¥¯®«−®© ¨−ä®à¬�æ¨¥©;

{ ¬¥å�−¨§¬ ¢®§−¨ª−®¢¥−¨ï ¨ ¬¥â®¤ à�áç¥â� £àã¯¯®¢®£® ¨−â¥««¥ªâ�;

{ ¯®¢ëè¥−¨¥ ¨−â¥««¥ªâã�«ì−ëå ¢®§¬®¦−®áâ¥© ç¥«®¢¥ª®-¬�è¨−−ëå ª®¬¯«¥ª-
á®¢;

{ ª®««¥ªâ¨¢−ë¥ ¬¥â®¤ë ã¯à�¢«¥−¨ï ¨ â¥®à¨¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ á«®¦−®©
¯à®¨§¢®¤áâ¢¥−−®© áà¥¤¥;

{ ®¡®¡é¥−−ë© ¬¥å�−¨§¬ ®¡ãç¥−¨ï ¨ à�áç¥â� §−�−¨© ¯à¥¤¬¥â−®© ®¡«�áâ¨;

{ á¨áâ¥¬� ªà®áá-¬¥¤¨�-�−�«¨§� ¨ à�ááã¦¤¥−¨©;

{ â¥å−®«®£¨ï �ªâ¨¢−®£® ¢®á¯à¨ïâ¨ï áæ¥−ë á ª®£−¨â¨¢−ë¬¨ æ¥«ï¬¨;

{ ¨áá«¥¤®¢�−¨¥ ¬®â¨¢�æ¨¨ ¨ ª®−¢¥à£¥−æ¨¨ £àã¯¯®¢®£® ¨−â¥««¥ªâ�, ®à¨¥−â¨à®-
¢�−−®£® −� £àã¯¯®¢®¥ ¯®¢¥¤¥−¨¥;

{ ¨áá«¥¤®¢�−¨ï ¢ ®¡«�áâ¨ ¯à®£à�¬¬−®£® ¨ �¯¯�à�â−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï ¢§�¨-
¬®¤¥©áâ¢¨ï ç¥«®¢¥ª� ¨ ¬�è¨−ë;

{ ¢ëá®ª®â®ç−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ ¨§¬¥à¥−¨ï ¨ ¬�−¨¯ã«ïæ¨¨ ¢ ¡¥á¯¨«®â−ëå
á¨áâ¥¬�å;

{ â®ç−®¥ ¨−â¥««¥ªâã�«ì−®¥ ®¡ãç¥−¨¥ à�¡®â¥ �¢â®−®¬−ëå �£¥−â®¢;

{ −®¢ë¥ ¤�âç¨ª¨ ¨ ç¨¯ë;

{ ª«îç¥¢ë¥ áâ�−¤�àâë ¯à®¢¥àª¨ ¯à®æ¥áá®à®¢ −¥©à®−−ëå á¥â¥©.

4 Организация AI R&D в области обороны и безопасности КНР

�ª®−®¬¨ç¥áª¨¥ ãá¯¥å¨ Š�÷ ¨¬¥îâ ¯àï¬®¥ ®â−®è¥−¨¥ ª −�æ¨®−�«ì−®©
¡¥§®¯�á−®áâ¨ Š¨â�ï [10]. ‚®-¯¥à¢ëå, íâ® á−¨¦�¥â ¢®§¬®¦−®áâ¨ ¤«ï ¤àã£¨å áâà�−
¯® ¤¨¯«®¬�â¨ç¥áª®¬ã ¨ íª®−®¬¨ç¥áª®¬ã ¤�¢«¥−¨î. ‚®-¢â®àëå, íâ® ã¢¥«¨ç¨¢�¥â
â¥å−®«®£¨ç¥áª¨© ¯®â¥−æ¨�«, ¤®áâã¯−ë© ª¨â�©áª®¬ã ¢®¥−−®¬ã ¨ à�§¢¥¤ë¢�â¥«ì-
−®¬ã á®®¡é¥áâ¢ã. �à�ªâ¨ç¥áª¨ ¢á¥ ªàã¯−ë¥ â¥å−®«®£¨ç¥áª¨¥ ª®¬¯�−¨¨ ¢ Š¨â�¥
�ªâ¨¢−® á®âàã¤−¨ç�îâ á ª¨â�©áª¨¬¨ ¢®¥−−ë¬¨ ¨ £®áã¤�àáâ¢¥−−ë¬¨ á«ã¦¡�¬¨
¡¥§®¯�á−®áâ¨ ¨ ®¡ï§�−ë íâ® ¤¥«�âì ¯® §�ª®−ã. ‘â�âìï 7 ú‡�ª®−� ® −�æ¨®−�«ì-
−®© à�§¢¥¤ª¥ Š�÷û ¤�¥â ¯à�¢¨â¥«ìáâ¢ã ¯®«−®¬®ç¨ï ¤«ï ¯à¨−ã¦¤¥−¨ï ª â�ª®©
¯®¬®é¨, å®âï ã ¯à�¢¨â¥«ìáâ¢� â�ª¦¥ ¥áâì ¤¥©áâ¢¥−−ë¥ −¥−�á¨«ìáâ¢¥−−ë¥ ¨−-
áâàã¬¥−âë áâ¨¬ã«¨à®¢�−¨ï á®âàã¤−¨ç¥áâ¢� ¢ íâ®© ®¡«�áâ¨. ‚®¥−−®-£à�¦¤�−áª�ï
¨−â¥£à�æ¨ï ï¢«ï¥âáï ®¤−¨¬ ¨§ ªà�¥ã£®«ì−ëå ª�¬−¥© −�æ¨®−�«ì−®© áâà�â¥£¨¨
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‘âà�â¥£¨ï ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª ¢ ®¡«�áâ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� IV

Š�÷ ¢ ®¡«�áâ¨ AI R&D. �à¨ íâ®¬ á«¥¤ã¥â ¨¬¥âì ¢ ¢¨¤ã, çâ® ®£à®¬−ë© ®¡ê¥¬
¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ AI R&D á à¥§ã«ìâ�â�¬¨ ¤¢®©−®£® −�§−�ç¥−¨ï ¯à®¢®¤¨âáï
ª�ª ª¨â�©áª¨¬¨ £®áã¤�àáâ¢¥−−ë¬¨ ®à£�−¨§�æ¨ï¬¨, â�ª ¨ ç�áâ−ë¬¨ ª®¬¯�−¨ï¬¨.

�®¤ í£¨¤®© NUDT ¢ −�ç�«¥ 2018 £. ¡ë«¨ á®§¤�−ë ¤¢¥ ªàã¯−ë¥ ¨áá«¥¤®¢�-
â¥«ìáª¨¥ ®à£�−¨§�æ¨¨, æ¥«ìî ª®â®àëå áâ�¢¨âáï ¯à®¢¥¤¥−¨¥ AI R&D ¢ ®¡«�áâ¨
®¡®à®−ë. �â® ˆáá«¥¤®¢�â¥«ìáª¨© æ¥−âà ¡¥á¯¨«®â−ëå á¨áâ¥¬ (USRC) ¨ ˆáá«¥-
¤®¢�â¥«ìáª¨© æ¥−âà ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� (AIRC). „�−−ë¥ ®à£�−¨§�æ¨¨ −¥
®â−®áïâáï ª ªàã¯−ë¬ ¯® ¬¨à®¢ë¬ ¬�áèâ�¡�¬ [10]: ¨å ®¡é¨© èâ�â á®áâ�¢«ï¥â
®ª®«® 200 ç¥«®¢¥ª ¯® áà�¢−¥−¨î á 600 á®âàã¤−¨ª�¬¨ ª®¬¯�−¨¨ SenseTime (ƒ®−-
ª®−£, Š�÷) ¨«¨ 700 á®âàã¤−¨ª�¬¨ DeepMind (¤¨¢¨§¨®− Google, ‘˜�). ’¥¬
−¥ ¬¥−¥¥ á«¥¤ã¥â ¯®¤ç¥àª−ãâì, çâ® USRC ¨ AIRC ï¢«ïîâáï ®à£�−¨§�æ¨ï¬¨,
á¯¥æ¨�«¨§¨àãîé¨¬¨áï ¨áª«îç¨â¥«ì−® −� ®¡®à®−−ëå à�§à�¡®âª�å ¢ ®¡«�áâ¨ AI.

‘à¥¤¨ −�¯à�¢«¥−¨© AI R&D ¢ ®¡«�áâ¨ ®¡®à®−ë Š�÷ −�¨¡®«¥¥ ¢�¦−ë¬¨
¯à¥¤áâ�¢«ïîâáï [11{17]:

á®§¤�−¨¥ �¢â®−®¬−ëå ¯«�âä®à¬. Š¨â�©áª¨¥ ãç¥−ë¥ ¯à¥¤¯®«�£�îâ ¯à¨¬¥−¥−¨¥
AI ¢ −®¢ëå ú�¢â®−®¬−ëå ¯«�âä®à¬�å ¢®¥−−®£® −�§−�ç¥−¨ïû. �−¨ ¢ª«îç�-
îâ ¢ á¥¡ï á¯ãâ−¨ª¨, ¤à®−ë, ¡¥á¯¨«®â−ë¥ �¢â®¬®¡¨«¨, −�§¥¬−ë¥ à®¡®âë,
−�¤¢®¤−ë¥ ¨ ¯®¤¢®¤−ë¥ áã¤�, ¨−â¥««¥ªâã�«ì−ë¥ ¡®¥¯à¨¯�áë ¨ ¤à.;

á®§¤�−¨¥ ¢á¯®¬®£�â¥«ì−ëå á¨áâ¥¬. �à¨¬¥−¥−¨¥ AI ¢ á¯¥æ¨�«ì−ëå �¯¯�à�â-
−®-¯à®£à�¬¬−ëå á¨áâ¥¬�å, á®§¤�¢�¥¬ëå ¢ ¨−â¥à¥á�å à�§¢¥¤ª¨, à¥ª®£−®áæ¨-
à®¢ª¨, á«¥¦¥−¨ï ¨ £«ã¡®ª®© ®¡à�¡®âª¨ ¤�−−ëå. ÷�§à�¡®âª� ¯à®£à�¬¬−ëå
á¨áâ¥¬, ®¡¥á¯¥ç¨¢�îé¨å ª¨¡¥à�â�ª¨ ¨ §�é¨âã ®â −¨å, �¯¯�à�â−®-¯à®£à�¬-
¬−ëå áà¥¤áâ¢ à�¤¨®í«¥ªâà®−−®© ¡®àì¡ë (÷��). ÷�§à�¡®âª� ª®¬¯«¥ªá®¢ �¢-
â®¬�â¨ç¥áª®£® ¯à¨−ïâ¨ï à¥è¥−¨© ¯à¨ ¯ãáª�å à�ª¥â;

à�§à�¡®âª� ç¥«®¢¥ª®-¬�è¨−−ëå ª®¬¯«¥ªá®¢ ¢®¥−−®£® −�§−�ç¥−¨ï. ÷�§à�-
¡®âª� ®¡ãç�îé¨å ª®¬¯«¥ªá®¢/âà¥−�¦¥à®¢ ¢®¥−−®£® ¯¥àá®−�«� à�§«¨ç−®£®
ãà®¢−ï, á¯¥æ¨�«¨§�æ¨¨ ¨ ¯à¨−�¤«¥¦−®áâ¨ ª à®¤�¬ ¢®©áª (‚‘, ‚‚‘, ‚Œ”,
�‚�, ÷‚‘�, ÷�� ¨ ¯à.), áà¥¤áâ¢ ¯«�−¨à®¢�−¨ï ¢®¥−−ëå ®¯¥à�æ¨©, áà¥¤áâ¢
®¡ãç¥−¨ï �¢â®−®¬−ëå ¯«�âä®à¬ ¨ ¢§�¨¬®¤¥©áâ¢¨ï á −¨¬¨.

‚ áä¥à¥ ®¡¥á¯¥ç¥−¨ï ®¡é¥áâ¢¥−−®© ¡¥§®¯�á−®áâ¨ Š�÷ ï¢«ï¥âáï á�¬®© ¯¥à¥-
¤®¢®© ¤¥à¦�¢®© ¢ ®¡«�áâ¨ à�§à�¡®âª /̈¢−¥¤à¥−¨ï ¨ ¨−â¥£à�æ¨¨ à�§«¨ç−ëå á¨áâ¥¬
−�¡«î¤¥−¨ï (AI surveillance systems). �à¨¢¥¤¥¬ −¥ª®â®àë¥ −�¨¡®«¥¥ à�§¢¨âë¥
−�¯à�¢«¥−¨ï [18]:

â¥å−®«®£¨ /̈á¨áâ¥¬ë à�á¯®§−�¢�−¨ï «¨æ (Facial Recognition Technolo-
gies/Systems). �â® −�¡®à ¡¨®¬¥âà¨ç¥áª¨å â¥å−®«®£¨©, ¨á¯®«ì§ãîé¨å ä®â®-
¨ ¢¨¤¥®ª�¬¥àë ¤«ï á®¯®áâ�¢«¥−¨ï −¥¯®¤¢¨¦−ëå ¨§®¡à�¦¥−¨© «î¤¥© ¨«¨
¢¨¤¥®âà¥ª®¢ á ¨¬¥îé¨¬¨áï ¢ á¯¥æ¨�«ì−ëå ¡�§�å ¤�−−ëå. �¥ ¢á¥ á¨á-
â¥¬ë à�á¯®§−�¢�−¨ï «¨æ −�¯à�¢«¥−ë −� ¨−¤¨¢¨¤ã�«ì−ãî ¨¤¥−â¨ä¨ª�æ¨î,
−¥ª®â®àë¥ ¯à¥¤−�§−�ç¥−ë ¤«ï ¬®−¨â®à¨−£� ¨ ®æ¥−ª¨ à�§−®®¡à�§−ëå ¤¥¬®£à�-
ä¨ç¥áª¨å â¥−¤¥−æ¨© ¨ ¯à®¢¥¤¥−¨ï �−�«¨§� í¬®æ¨®−�«ì−®£® á®áâ®ï−¨ï â®«¯ë
á ¯®¬®éìî à�á¯®§−�¢�−¨ï ®â¤¥«ì−ëå «¨æ;
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ã¬−ë© £®à®¤/¡¥§®¯�á−ë© £®à®¤ (Smart City/Safe City). ‘®£«�á−® [19], íâ®
−�¡®à â¥å−®«®£¨© ¨ ¯à¨¥¬®¢ ¨−â¥£à�æ¨¨ ®¡é¥áâ¢�, íª®−®¬¨ª¨ ¨ ®ªàã¦�îé¥©
áà¥¤ë, ¯®¢ëè�îé¨© ª�ç¥áâ¢® ¯à®æ¥áá®¢ ¢® ¢á¥å áä¥à�å ç¥«®¢¥ç¥áª®© ¦¨§-
−¥¤¥ïâ¥«ì−®áâ¨, ®¡¥á¯¥ç¨¢�îé¨© ãáâ®©ç¨¢®¥ à�§¢¨â¨¥, ¡¥§®¯�á−®áâì ¨ §¤®-
à®¢ì¥ ¦¨â¥«¥© á æ¥«ìî ¯®¢ëè¥−¨ï ª�ç¥áâ¢� ¦¨§−¨ £à�¦¤�−. ‘ â®çª¨ §à¥-
−¨ï ¡¥§®¯�á−®áâ¨ íâ� ª®−æ¥¯æ¨ï ¯à¥¤¯®«�£�¥â ¢ª«îç¥−¨¥ ¢ á¥¡ï á«¥¤ãîé¨å
úã¬−ëåû (â. ¥. ¨á¯®«ì§ãîé¨å â¥å−®«®£¨¨ AI) äã−ªæ¨®−�«ì−ëå ¯®¤á¨áâ¥¬:
âà�−á¯®àâ−®© ¯®¤á¨áâ¥¬ë ¨ ®¯â¨¬¨§�æ¨¨ ¬�àèàãâ®¢; á¨áâ¥¬ë −�¡«î¤¥−¨ï,
¯®¨áª�, ®¡−�àã¦¥−¨ï ¨ ¨¤¥−â¨ä¨ª�æ¨¨; á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¢ ªà¨§¨á−ëå
á¨âã�æ¨ïå, ¨å ¯à¥¤áª�§�−¨ï, à�−−¥£® ®¡−�àã¦¥−¨ï, ¯à¥¤ã¯à¥¦¤¥−¨ï ¨ ¬®−¨-
â®à¨−£�; æ¥−âà�«¨§®¢�−−®© á¨áâ¥¬ë ®¡¥á¯¥ç¥−¨ï ®¯¥à�â¨¢−®© ¤¥ïâ¥«ì−®áâ¨
®à£�−®¢ ¯à�¢®¯®àï¤ª� ¨ íªáâà¥−−®£® à¥�£¨à®¢�−¨ï; ¢−¥¤à¥−¨ï â¥å−®«®£¨©
¨−â¥à−¥â� ¢¥é¥©, ®¡¥á¯¥ç¥−¨ï ¤®áâã¯� ª ¨−â¥à−¥âã, ®¡¥á¯¥ç¥−¨ï §�é¨âë
¤�−−ëå ¨ ¯à.;

ã¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¯à�¢®¯®àï¤ª� (Smart Policing, SP). ˆ¤¥ï SP §�ª«îç�-
¥âáï ¢ �£à¥£¨à®¢�−¨¨ ¨ −�áâà�¨¢�¥¬®© �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¥ ¡®«ìè®£®
®¡ê¥¬� à�§−®à®¤−ëå ¤�−−ëå: £¥®£à�ä¨ç¥áª¨å, ¨áâ®à¨ç¥áª¨å, ªà¨¬¨−�«ì-
−ëå, â¥å−¨ç¥áª¨å, ¡¨®¬¥âà¨ç¥áª¨å ¨ á®æ¨�«ì−ëå | ¤«ï ¯à¥¤®â¢à�é¥−¨ï
¯à¥áâã¯«¥−¨©, ®¯¥à�â¨¢−®© à¥�ªæ¨¨ −� −¨å ¨ ¨å ¯à®£−®§¨à®¢�−¨ï.

‚á¥ íâ¨ â¥å−®«®£¨¨ ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ è¨à®ª® ¢−¥¤à¥−ë ¨ ¯à®¤®«-
¦�îâ â¥áâ¨à®¢�âìáï ¨ à�§¢¨¢�âìáï ¯® ¢á¥© â¥àà¨â®à¨¨ Š�÷. �®¬¨¬® íâ®£®,
à�§«¨ç−ë¥ á®áâ�¢−ë¥ ç�áâ¨ íâ¨å á¨áâ¥¬ ¨ á¨áâ¥¬ë ¢ æ¥«®¬ ¯®áâ�¢«ïîâáï IT-«¨-
¤¥à�¬¨ Š�÷ | ä¨à¬�¬¨ Huawei, ZTE, Hikvision, SenseTime, Medvii, Yitu |
¡®«¥¥ ç¥¬ ¢ 50 áâà�−.

5 Заключение

‡�¢¥àè�ï ¢ íâ®© áâ�âì¥ á®áâ®ïé¥¥ ¨§ ç¥âëà¥å ç�áâ¥© ¨áá«¥¤®¢�−¨¥ ¢«¨ï−¨ï
£®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï −� áä¥àã AI R&D, ®â¬¥â¨¬, ¢®-¯¥à¢ëå, çâ® ®â−®-
á¨â¥«ì−® £®áã¤�àáâ¢¥−−®© ¯®«¨â¨ª¨ ¢ íâ®© ®¡«�áâ¨ áãé¥áâ¢ã¥â ¢¥áì¬� ®¡è¨à−ë©
�−�«¨â¨ç¥áª¨© ¬�â¥à¨�«: ¤®áâ�â®ç−® ã¯®¬ï−ãâì à�¡®âë [20{23]. ˆ ¢ ¨â®£¥ �−�«¨-
§� íâ¨å ¨ ¤àã£¨å à�¡®â ¯® â¥¬�â¨ª¥ æ¨ª«� ¯à¨¢¥¤¥¬ á«¥¤ãîé¨¥ ¯à¥¤áâ�¢«ïîé¨¥áï
−�¨¡®«¥¥ ¢�¦−ë¬¨ ¢ë¢®¤ë.

1. ‚á¥ £®áã¤�àáâ¢�, −¥§�¢¨á¨¬® ®â ãà®¢−ï ¨å ¯à®¬ëè«¥−−®£® à�§¢¨â¨ï, å�-
à�ªâ¥à¨§ãîâ ¯¥àá¯¥ªâ¨¢ë ¢−¥¤à¥−¨ï â¥å−®«®£¨© AI ª�ª ª«îç¥¢®© ä�ªâ®à,
á¯®á®¡−ë© ¯®¢«¨ïâì ¨ −� ãà®¢¥−ì ¦¨§−¨ ¢ à�§«¨ç−ëå áâà�−�å, ¨ −� ¨§-
¬¥−¥−¨¥ ¬¥¦£®áã¤�àáâ¢¥−−®© â�¡¥«¨ ® à�−£�å, ¬¨à®¢®£® ¯à®¬ëè«¥−−®£®,
¯®«¨â¨ç¥áª®£® ¨ ¢®¥−−®£® «¨¤¥àáâ¢�.

2. �à®¬ëè«¥−−® à�§¢¨âë¥ áâà�−ë, � â�ª¦¥ £®áã¤�àáâ¢� | à¥£¨®−�«ì−ë¥ «¨¤¥-
àë, ®¡«�¤�îé¨¥ ¯®«¨â¨ç¥áª¨¬¨ �¬¡¨æ¨ï¬¨ ¨ ¤®áâ�â®ç−ë¬¨ −�ãç−®-â¥å−¨ç¥-
áª¨¬¨ ¨ ¬�â¥à¨�«ì−ë¬¨ à¥áãàá�¬¨, à�§à�¡®â�«¨ áâà�â¥£¨ç¥áª¨¥ ¤®ªã¬¥−âë,
à¥£«�¬¥−â¨àãîé¨¥ ¯ãâ¨ à�§¢¨â¨ï AI R&D ¨ ¢−¥¤à¥−¨ï á®®â¢¥âáâ¢ãîé¨å
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â¥å−®«®£¨© ¢ á¢®¨å áâà�−�å, � â�ª¦¥ áâ¥¯¥−ì ãç�áâ¨ï £®áã¤�àáâ¢¥−−ëå ®à£�-
−®¢ ¢ íâ¨å ¯à®æ¥áá�å.

3. ‘âà�â¥£¨¨ à�§¢¨â¨ï AI R&D ¢ à�§−ëå áâà�−�å ¬®¦−® ª«�áá¨ä¨æ¨à®¢�âì ¯®
áâ¥¯¥−¨ ¯®«−®âë ®å¢�â� −�¯à�¢«¥−¨© ¨ −¥§�¢¨á¨¬®áâ¨ ¯à®¢®¤¨¬ëå ¨áá«¥¤®-
¢�−¨© á«¥¤ãîé¨¬ ®¡à�§®¬.

3.1 ‘âà�â¥£¨¨, ¯à¥¤¯®«�£�îé¨¥ ¯®«−ë© á¯¥ªâà à�¡®â ¢ ®¡«�áâ¨ AI R&D
¨ ¤¥ª«�à¨àãîé¨¥ ¢ ª�ç¥áâ¢¥ ®¤−®© ¨§ æ¥«¥© ¤®áâ¨¦¥−¨¥ «¨¤¥àáª¨å
¯®§¨æ¨© ¤�−−®£® £®áã¤�àáâ¢� ¢ íâ®© ®¡«�áâ¨ ¢ ¬¨à¥. �à¨¬¥à�¬¨ â�ª¨å
£®áã¤�àáâ¢ ¬®£ãâ á«ã¦¨âì ‘˜�, Š�÷, ÷”.

3.2 ‘âà�â¥£¨¨, ¯à¥¤¯®«�£�îé¨¥ ¯®«ãç¥−¨¥ −®¢ëå −�ãç−®-â¥å−¨ç¥áª¨å à¥-
§ã«ìâ�â®¢ ¢ ¯à®æ¥áá¥ â¥á−®£® ¬¥¦£®áã¤�àáâ¢¥−−®£® á®âàã¤−¨ç¥áâ¢� ¨ −�-
ãç−®-â¥å−¨ç¥áª®© ª®®¯¥à�æ¨¨. �à¨¬¥à�¬¨ ¯®¤®¡−ëå £®áã¤�àáâ¢ ¬®£ãâ
á«ã¦¨âì áâà�−ë …‘.

3.3 ‘âà�â¥£¨¨ úª«îç¥¢ëåû á®î§−¨ª®¢. �−¨ ¯®¤à�§ã¬¥¢�îâ á®âàã¤−¨ç¥-
áâ¢® á ‘˜� ¢ ®¡«�áâ¨ AI R&D, � â�ª¦¥ ¯à¨§−�−¨¥ ¨å «¨¤¨àãîé¥£®
¯®«®¦¥−¨ï. ‚ â® ¦¥ ¢à¥¬ï úª«îç¥¢ë¥û á®î§−¨ª¨ ®¡«�¤�îâ è¨à®ª®©
á�¬®áâ®ïâ¥«ì−®áâìî ¯® ¢ë¡®àã −�¯à�¢«¥−¨© ¨ ¬¥â®¤®¢ AI R&D, � â�ª¦¥
¢®§¬®¦−®áâ¨ ¯à¨¢«¥ç¥−¨ï ª ¯�àâ−¥àáâ¢ã ¤àã£¨å £®áã¤�àáâ¢. �à¨¬¥-
à�¬¨ ¯®¤®¡−®£® úª«îç¥¢®£®û á®î§−¨ª� ï¢«ïîâáï ˆ§à�¨«ì, � â�ª¦¥
‚¥«¨ª®¡à¨â�−¨ï, â¥á−® á®âàã¤−¨ç�îé�ï á ‘˜� ¨ ®¯¨à�îé�ïáï ¢ AI
R&D −¥ â®«ìª® −� á¢®¨ −�ãç−ë¥ à¥áãàáë, −® ¨ −� à¥áãàáë ¢á¥£®
�à¨â�−áª®£® ‘®¤àã¦¥áâ¢�.

3.4 ‘âà�â¥£¨¨, ¡®«¥¥ áä®ªãá¨à®¢�−−ë¥ −� ¢−¥¤à¥−¨¥ ã¦¥ áãé¥áâ¢ãîé¨å
úçã¦¨åû AI â¥å−®«®£¨©, á ¬�«ë¬ ¢−¨¬�−¨¥¬ ª á®¡áâ¢¥−−ë¬ R&D.
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IN THE FIELD OF ARTIFICIAL INTELLIGENCE IV:
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ОЦЕНКА ПОГРЕШНОСТИ АППРОКСИМАЦИИ
НЕОДНОРОДНЫХ МАРКОВСКИХ ЦЕПЕЙ

С НЕПРЕРЫВНЫМ ВРЕМЕНЕМ И КАТАСТРОФАМИ

И. А. Усов1, И. А. Ковалёв2, А. И. Зейфман3

�−−®â�æ¨ï: ÷�áá¬®âà¥−� �¯¯à®ªá¨¬�æ¨ï á ¯®¬®éìî ãá¥ç¥−¨© æ¥¯ï¬¨ ¬¥−ì-
è¥© à�§¬¥à−®áâ¨ ®¡é¥£® ª«�áá� á«�¡® íà£®¤¨ç−ëå ¬�àª®¢áª¨å æ¥¯¥© á −¥-
¯à¥àë¢−ë¬ ¢à¥¬¥−¥¬ ¢ á«ãç�¥ −�«¨ç¨ï ª�â�áâà®ä. �à¨ íâ®¬ áãé¥áâ¢¥−−®
®á«�¡«¥−ë ®£à�−¨ç¥−¨ï −� áâàãªâãàã ¨−ä¨−¨â¥§¨¬�«ì−®© ¬�âà¨æë. �à¥¤-
¯®«�£�¥âáï, çâ® ¯à®æ¥áá á«�¡® íà£®¤¨ç¥− ¢ l1-−®à¬¥ ¨ ¢® ú¢§¢¥è¥−−®©û −®à-
¬¥ l1D. „«ï â�ª¨å ¯à®æ¥áá®¢ ¯®«ãç¥−� −®¢�ï à�¢−®¬¥à−�ï ¯® ¢à¥¬¥−¨ ®æ¥−ª�
¯®£à¥è−®áâ¨ ãá¥ç¥−¨ï. �®«ãç¥−−�ï ®æ¥−ª� á¯à�¢¥¤«¨¢� ¤«ï −¥®¤−®à®¤−ëå
¯à®æ¥áá®¢ à®¦¤¥−¨ï ¨ £¨¡¥«¨, � â�ª¦¥ ¤«ï á¨áâ¥¬ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï
(‘Œ�) á £àã¯¯®¢ë¬ ¯®áâã¯«¥−¨¥¬ ¨ ®¡á«ã¦¨¢�−¨¥¬ âà¥¡®¢�−¨© ¨ ¤«ï −¥áâ�-
æ¨®−�à−ëå ¬®¤¥«¥© ®¡á«ã¦¨¢�−¨ï á ª�â�áâà®ä�¬¨ ¨ úâï¦¥«ë¬¨ å¢®áâ�¬¨û,
â. ¥. ª®£¤� ¨−â¥−á¨¢−®áâ¨ ã¡ë¢�îâ á® áâ¥¯¥−−®© áª®à®áâìî. ‚ ª�ç¥áâ¢¥ ç¨á-
«¥−−®£® ¯à¨¬¥à� à�áá¬®âà¥−� −¥®¤−®à®¤−�ï á¨áâ¥¬� ®¡á«ã¦¨¢�−¨ï Mt|Mt|S
á ª�â�áâà®ä�¬¨.

Š«îç¥¢ë¥ á«®¢�: �¯¯à®ªá¨¬�æ¨ï; ãá¥ç¥−¨¥; ª�â�áâà®äë; á¨áâ¥¬ë ¬�áá®¢®£®
®¡á«ã¦¨¢�−¨ï; á«�¡�ï íà£®¤¨ç−®áâì
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Введение

ˆ§¢¥áâ−® ¬−®¦¥áâ¢® à�¡®â, ¯®á¢ïé¥−−ëå ¨áá«¥¤®¢�−¨î −¥®¤−®à®¤−ëå ¬�à-
ª®¢áª¨å æ¥¯¥© á −¥¯à¥àë¢−ë¬ ¢à¥¬¥−¥¬ ¨ ª�â�áâà®ä�¬¨ ¢ â¥®à¨¨ ¬�áá®¢®£®
®¡á«ã¦¨¢�−¨ï (á¬., −�¯à¨¬¥à, [1{7]). ’�ª¨¥ æ¥¯¨, ¢ ç�áâ−®áâ¨, ¢®§−¨ª�îâ
¨ è¨à®ª® ¨á¯®«ì§ãîâáï ¯à¨ ¨áá«¥¤®¢�−¨¨ ¬®¤¥«¥© ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå
¢ëç¨á«¥−¨©.

‚ [2] ¨§ãç¥−� á¨áâ¥¬� ®¡á«ã¦¨¢�−¨ï, ç¨á«® âà¥¡®¢�−¨© ¢ ª®â®à®© ®¯¨áë¢�¥âáï
¬�àª®¢áª®© æ¥¯ìî á −¥¯à¥àë¢−ë¬ ¢à¥¬¥−¥¬ ¨ ¤¨áªà¥â−ë¬ ¯à®áâà�−áâ¢®¬ á®áâ®ï-
−¨© ¢ â®© á¨âã�æ¨¨, ª®£¤� ¨−â¥−á¨¢−®áâ¨ ª�â�áâà®ä §�¢¨áïâ ®â ç¨á«� âà¥¡®¢�−¨©
¢ á¨áâ¥¬¥, −® ï¢«ïîâáï áãé¥áâ¢¥−−ë¬¨.

÷�−¥¥ ¨§ãç�«¨áì ¬®¤¥«¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï, ç¨á«® âà¥¡®¢�−¨© ¢ ª®-
â®àëå ®¯¨áë¢�¥âáï ¬�àª®¢áª®© æ¥¯ìî á ¬�âà¨æ¥© ¨−â¥−á¨¢−®áâ¥© Q â�ª®©, çâ®
Q = {qij, i, j ≥ 0}, £¤¥ Q = Q∗ +Q(0) (¯®¤à®¡−¥¥ á¬. ¢ [1]).

1‚®«®£®¤áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â, 293933rus@gmail.com
2‚®«®£®¤áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â, kovalev.iv96@yandex.ru
3‚®«®£®¤áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â; ”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−-

ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; ‚®«®£®¤áª¨© −�ãç−ë© æ¥−âà ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª, a zeifman@mail.ru
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�æ¥−ª� ¯®£à¥è−®áâ¨ �¯¯à®ªá¨¬�æ¨¨ −¥®¤−®à®¤−ëå ¬�àª®¢áª¨å æ¥¯¥©

‘â�âìï [3] ¯®á¢ïé¥−� ¨áá«¥¤®¢�−¨î −¥®¤−®à®¤−®£® ¯à®æ¥áá� à®¦¤¥−¨ï ¨ £¨-
¡¥«¨ á ¤®¯®«−¨â¥«ì−ë¬¨ ¯¥à¥å®¤�¬¨ ¨§/¢ −ã«¥¢®¥ á®áâ®ï−¨¥, ¡ë«¨ ¯®«ãç¥−ë
®æ¥−ª¨ íà£®¤¨ç−®áâ¨ ¨ ¢®§¬ãé¥−¨ï, � â�ª¦¥ ¡ë«¨ à�áá¬®âà¥−ë ãá¥ç¥−¨ï.

‚ [4] ¡ë«¨ ¯®«ãç¥−ë ®æ¥−ª¨ à�¢−®¬¥à−®© �¯¯à®ªá¨¬�æ¨¨ æ¥¯¥© ¡¥§ ª�â�áâà®ä
®¡é¥£® ¢¨¤� X(t) ¯à¨ ri(t) = βi(t) = 0 ¢ á«ãç�¥, ª®£¤� ¨−â¥−á¨¢−®áâ¨ ri(t)
ã¡ë¢�îâ íªá¯®−¥−æ¨�«ì−® ¯® i, â. ¥. áãé¥áâ¢ã¥â â�ª®¥ q > 1, çâ® ri(t) ≤ q−i ¤«ï
«î¡®£® i > 0.

‚ [6] ¡ë« à�áá¬®âà¥− −¥®¤−®à®¤−ë© ¯à®æ¥áá à®¦¤¥−¨ï ¨ £¨¡¥«¨ á ¤®¯®«-
−¨â¥«ì−ë¬¨ ¯¥à¥å®¤�¬¨ ¨§/¢ −ã«¥¢®¥ á®áâ®ï−¨¥ ¨ ¡ë«® ¯®ª�§�−®, ª�ª ¯®«ãç¨âì
à�¢−®¬¥à−ãî ®æ¥−ªã ¯®£à¥è−®áâ¨ �¯¯à®ªá¨¬�æ¨¨ ãá¥ç¥−¨ï¬¨ ¯à¨ ¬¥−¥¥ ¦¥áâª¨å
ãá«®¢¨ïå −� ¨−â¥−á¨¢−®áâ¨ ri(t), ç¥¬ ¢ ¯¥à¥ç¨á«¥−−ëå ¢ëè¥ à�¡®â�å.

‚ à�¡®â¥ [5] ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨ï á¯¥æ¨�«ì−®£® ª«�áá�
¬�àª®¢áª¨å á¨áâ¥¬ ®¡á«ã¦¨¢�−¨ï, ®¯¨áë¢�¥¬ëå −¥®¤−®à®¤−ë¬¨ ¯à®æ¥áá�¬¨
à®¦¤¥−¨ï ¨ £¨¡¥«¨ á ¢®§¬®¦−ë¬¨ ¤®¯®«−¨â¥«ì−ë¬¨ ¯¥à¥å®¤�¬¨ ¨§ −ã«¥¢®£®
á®áâ®ï−¨ï ¢ «î¡®¥ ¤àã£®¥ (çâ® á®®â¢¥âáâ¢ã¥â ú¢−¥§�¯−®¬ãû ¯®ï¢«¥−¨î −¥ª®â®à®£®
ç¨á«� §�ï¢®ª) ¨, −�®¡®à®â, ¨§ «î¡®£® á®áâ®ï−¨ï ¢ −ã«¥¢®¥ (çâ® á®®â¢¥âáâ¢ã¥â
ú¢−¥§�¯−®© ª�â�áâà®ä¥û, â. ¥. ¨áç¥§−®¢¥−¨î ¢á¥å §�ï¢®ª, ¨¬¥îé¨åáï ¢ á¨áâ¥¬¥),
� â�ª¦¥ ¡ë«¨ ¯®«ãç¥−ë ®æ¥−ª¨ ¯®£à¥è−®áâ¨ �¯¯à®ªá¨¬�æ¨¨.

‚ −�áâ®ïé¥© à�¡®â¥ à�áá¬®âà¥− ¡®«¥¥ ®¡é¨© ª«�áá á«�¡® íà£®¤¨ç−ëå −¥®¤-
−®à®¤−ëå ¬�àª®¢áª¨å æ¥¯¥© á −¥¯à¥àë¢−ë¬ ¢à¥¬¥−¥¬ ¨ ª�â�áâà®ä�¬¨. �æ¥−ª¨
áª®à®áâ¨ áå®¤¨¬®áâ¨ ¤«ï íâ®£® ª«�áá� ¡ë«¨ ¯®«ãç¥−ë ¢ [7]. ‡¤¥áì ¦¥ ¯®«ãç¥-
−ë −®¢ë¥ à�¢−®¬¥à−ë¥ ®æ¥−ª¨ ¯®£à¥è−®áâ¨ ãá¥ç¥−¨ï ¨ à�áá¬®âà¥−� ª®−ªà¥â−�ï
á¨áâ¥¬� ®¡á«ã¦¨¢�−¨ï. �â¬¥â¨¬, çâ® ¯®«ãç¥−−�ï ®æ¥−ª� á¯à�¢¥¤«¨¢� ¤«ï −¥-
®¤−®à®¤−ëå ¯à®æ¥áá®¢ à®¦¤¥−¨ï ¨ £¨¡¥«¨, � â�ª¦¥ ¤«ï ‘Œ� á £àã¯¯®¢ë¬
¯®áâã¯«¥−¨¥¬ ¨ ®¡á«ã¦¨¢�−¨¥¬ âà¥¡®¢�−¨©, ®¯¨á�−−ëå ¢ [8{10], ¨ ¤«ï −¥áâ�æ¨-
®−�à−ëå ¬®¤¥«¥© ®¡á«ã¦¨¢�−¨ï á ª�â�áâà®ä�¬¨ ¨ úâï¦¥«ë¬¨ å¢®áâ�¬¨û, â. ¥.
ª®£¤� ¨−â¥−á¨¢−®áâ¨ ã¡ë¢�îâ á® áâ¥¯¥−−®© áª®à®áâìî (¯®¤à®¡−¥¥ á¬. ¢ [11]).

Основные понятия

÷�áá¬®âà¨¬ −¥®¤−®à®¤−ãî ¬�àª®¢áªãî æ¥¯ì X(t), t ≥ 0, á −¥¯à¥àë¢−ë¬
¢à¥¬¥−¥¬ ¨ áç¥â−ë¬ ¯à®áâà�−áâ¢®¬ á®áâ®ï−¨© {0, 1, 2, . . .}. �¡®§−�ç¨¬ ¯¥à¥-
å®¤−ë¥ ¢¥à®ïâ−®áâ¨ ç¥à¥§ pij(s, t) = P{X(t) = j|X(s) = i}, £¤¥ i, j ≥ 0,
0 ≤ s ≤ t, ¨ ¢¥à®ïâ−®áâ¨ á®áâ®ï−¨© ç¥à¥§ pi(t) = P{X(t) = i}. �ãáâì p(t) =
= (p0(t), p1(t), . . .)

T | ¢¥ªâ®à à�á¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ¥© á®áâ®ï−¨© ¢ ¬®¬¥−â
¢à¥¬¥−¨ t. „�«¥¥ ¡ã¤¥¬ ¯à¥¤¯®«�£�âì, çâ® ¤«ï «î¡ëå i, j

P(X(t+ h) = j|X(t) = i) =



















qij(t)h+ αij(t, h), ¥á«¨ i 6= j;
γi(t)h+ αi0(t, h), ¥á«¨ j = 0, i > 1 6= j;
1−

∑

i6=j

qij + αi(t, h), ¥á«¨ i = j,

£¤¥ supi |αi(t, h)| = o(h).
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‚á¥ ¨−â¥−á¨¢−®áâ¨ ¯à¥¤¯®«�£�îâáï «®ª�«ì−® ¨−â¥£à¨àã¥¬ë¬¨ −� ¯à®¬¥¦ãâª¥
[0,∞), � â�ª¦¥

aij(t) = qji(t), i 6= j ;
aii(t) = −

∑

i6=j

aji(t) = −
∑

i6=j

qij(t).

’®£¤� âà�−á¯®−¨à®¢�−−�ï ¬�âà¨æ� ¨−â¥−á¨¢−®áâ¥© ¨¬¥¥â ¢¨¤:

A(t) =























a00(t) + γ1(t) a01(t) + γ2(t) · · · a0n(t) + γn(t) · · ·
a10(t) a11(t) · · · a1n(t) · · ·
a20(t) a21(t) · · · a2n(t) · · ·

...
...

. . .
... · · ·

an0(t) an1(t) · · · ann(t) · · ·
...

...
...

... · · ·























,

£¤¥ γ1(t), γ2(t), . . . | ¨−â¥−á¨¢−®áâ¨ ª�â�áâà®ä.
Š�ª ¨ ¢ [3, 8{10, 12{17], ¯à¥¤¯®«�£�¥¬ ¢ë¯®«−¥−−ë¬ ãá«®¢¨¥ |aii| ≤ L < ∞

¯à¨ ¢á¥å i ¨ ¯®çâ¨ ¢á¥å t ≥ 0. ’®£¤� à�áá¬�âà¨¢�¥¬ãî ¬®¤¥«ì ¬®¦−® á¢¥áâ¨
ª ¯àï¬®© á¨áâ¥¬¥ Š®«¬®£®à®¢�

dp(t)

dt
= A(t)p(t), (1)

£¤¥ A(t) = QT(t). „�«¥¥ ç¥à¥§ ‖ · ‖ ®¡®§−�ç¨¬ l1-−®à¬ã, � ¨¬¥−−®: ‖x‖ =
=
∑ |xi| ¨ ‖B‖ = supj

∑

i |bij | ¤«ï ¬�âà¨æë B = (bij)
∞
i,j=0. ÷�áá¬®âà¨¬ Ÿ |

¬−®¦¥áâ¢® ¢á¥å áâ®å�áâ¨ç¥áª¨å ¢¥ªâ®à®¢, â. ¥. l1-¢¥ªâ®à®¢ á −¥®âà¨æ�â¥«ì−ë¬¨
ª®®à¤¨−�â�¬¨ ¨ ¥¤¨−¨ç−®© −®à¬®©. ‘«¥¤®¢�â¥«ì−®,

‖A(t)‖ ≤ 2 sup
k

|akk(t)| ≤ 2L

¯à¨ ¯®çâ¨ ¢á¥å t ≥ 0. ’®£¤� ®¯¥à�â®à A(t) ¨§ ¯à®áâà�−áâ¢� l1 ¢ á¥¡ï ®£à�−¨ç¥−
¯à¨ ¯®çâ¨ ¢á¥å t ≥ 0 ¨ «®ª�«ì−® ¨−â¥£à¨àã¥¬ −� [0,∞). ’�ª¨¬ ®¡à�§®¬, ¬®¦−®
à�áá¬�âà¨¢�âì (1) ª�ª ¤¨ää¥à¥−æ¨�«ì−®¥ ãà�¢−¥−¨¥ ¢ ¯à®áâà�−áâ¢¥ ¯®á«¥¤®¢�-
â¥«ì−®áâ¥© l1 á ®£à�−¨ç¥−−ë¬ ®¯¥à�â®à®¬.

‘¨áâ¥¬ã (1) ¢ íâ®© á¨âã�æ¨¨ ã¤®¡−® ¯à¥®¡à�§®¢�âì ª ¢¨¤ã:

dp

dt
= A∗(t)p+ g(t), t ≥ 0 , (2)
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£¤¥ g(t) = (γ∗(t), 0, 0, . . .)
T, γ∗(t) = infiγi(t); A

∗(t)| ¬�âà¨æ� á í«¥¬¥−â�¬¨

a∗ij(t) =

{

a0j(t)− γ∗(t) ¯à¨ i = 0;

aij(t) ¢ ®áâ�«ì−ëå á«ãç�ïå.

÷�áá¬®âà¨¬ −¥ã¡ë¢�îéãî ¯®á«¥¤®¢�â¥«ì−®áâì 1 = d0 ≤ d1 ≤ . . . ¨ ¤¨�-
£®−�«ì−ãî ¬�âà¨æã D = diag (d0, d1, d2, . . . ). �¡®§−�ç¨¬ ç¥à¥§ l1D =
= {p/‖p‖1D = ‖Dp‖1 <∞}.

„®¯®«−¨â¥«ì−® ¯à¥¤¯®«®¦¨¬, çâ® ¯à®æ¥áá X(t) íªá¯®−¥−æ¨�«ì−® íà£®¤¨ç¥−,
â. ¥. ¯à¨ −¥ª®â®àëå ¯®«®¦¨â¥«ì−ëå M , M1, a, a1 ¨ ¢á¥å s, t, 0 ≤ s ≤ t
¢ë¯®«−¥−ë −¥à�¢¥−áâ¢�:

‖U(t, s)‖ ≤Me−a(t−s); (3)

‖U(t, s)‖1D ≤M1e
−a1(t−s). (4)

Аппроксимации

÷�áá¬®âà¨¬ úãá¥ç¥−−ë©û ¯à®æ¥áá XN (t) á ¯à®áâà�−áâ¢®¬ á®áâ®ï−¨© EN =
= {0, 1, . . . , N} ¨ á à¥¤ãæ¨à®¢�−−®© ¬�âà¨æ¥© ¨−â¥−á¨¢−®áâ¥© AN (t). �ã¤¥¬
®â®¦¤¥áâ¢«ïâì ª®−¥ç−ë© ¢¥ªâ®à (a0, a1, . . . , aN )

T ¨ ¡¥áª®−¥ç−ë© ¢¥ªâ®à á â¥¬¨
¦¥ N ª®®à¤¨−�â�¬¨ ¨ ®áâ�«ì−ë¬¨ −ã«ï¬¨. ‡�¯¨è¥¬ �−�«®£¨ç−ãî (2) á¨áâ¥¬ã
¤«ï ãá¥ç¥−−®£® ¯à®æ¥áá� á«¥¤ãîé¨¬ ®¡à�§®¬:

dpN

dt
= A∗(t)pN (t) + g(t) + (A

∗
N (t)−A∗(t))pN . (5)

’®£¤�

pN (t) = U(t, 0)p(0)+

t
∫

0

U(t, τ)g(τ) dτ +

t
∫

0

U(t, τ)(A∗
N (τ)−A∗(τ))pNdτ =

= p(t) +

t
∫

0

U(t, τ)(A∗
N (τ)−A∗(τ))pN dτ ,

£¤¥ U(t, s)| ®¯¥à�â®à Š®è¨ ãà�¢−¥−¨ï (2).
�ãáâì pN (0) = p(0). ’®£¤� ¢ «î¡®© −®à¬¥ ¯®«ãç�¥¬

‖p(t) − pN (t)‖ ≤
t
∫

0

‖U(t, τ)‖ ‖(A∗
N (τ)−A∗(τ))pN (τ)‖ dτ .
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’¥®à¥¬� 1. �ãáâì ¢ë¯®«−ïîâáï ãá«®¢¨ï (3) ¨ (4). ’®£¤� ¤«ï «î¡ëå −�ç�«ì-
−ëå ãá«®¢¨© p(0) = pN (0) ¨ «î¡®£® t ≥ 0 á¯à�¢¥¤«¨¢� á«¥¤ãîé�ï ®æ¥−ª�
¯®£à¥è−®áâ¨ �¯¯à®ªá¨¬�æ¨¨:

‖p(t) − pN (t)‖ ≤ 2M
a

(

R∗
K,N +

L

dK+1

)(

M1θ

a1
+M1e

−a1t‖p(0)‖1D
)

.

„ ® ª � § � â ¥ « ì á â ¢ ® .
÷�áá¬®âà¨¬ á¨áâ¥¬ã (2), ®¯¨áë¢�îéãî úãá¥ç¥−−ë©û ¯à®æ¥áá, ¨, ¨á¯®«ì§ãï

ãá«®¢¨¥ (4), ®æ¥−¨¬ ‖p(t)‖1D:

‖p(t)‖1D = ‖U(t, 0)p(0) +
t
∫

0

U(t, τ)g(τ) dτ‖1D ≤

≤ ‖U(t, 0)‖1D‖p(0)‖1D+
t
∫

0

‖U(t, τ)‖1D‖g(τ)‖1D dτ ≤M1e
−a1t‖p(0)‖1D+

M1θ

a1
,

£¤¥ θ = sup
t
γ∗(t). ’�ª ª�ª ‖UN (t, s)‖1D ≤ ‖U(t, s)‖1D ¨ gN (t) = g(t), ¯®«ãç�¥¬:

‖pN (t)‖1D = ‖UN (t, 0)pN (0) +

t
∫

0

UN (t, τ)gN (τ) dτ‖1D ≤

≤ ‖U(t, 0)‖1D‖p(0)‖1D+
t
∫

0

‖U(t, τ)‖1D‖g(τ)‖1D dτ ≤M1e
−a1t‖p(0)‖1D+

M1θ

a1
.

÷�áá¬®âà¨¬ A∗ −A∗
N :

A∗(t)−A∗
N (t) =

=























a00(t) a01(t) · · · a0n(t) · · ·
a10(t) a11(t) · · · a1n(t) · · ·
a20(t) a21(t) · · · a2n(t) · · ·

...
...

. . .
... · · ·

an0(t) an1(t) · · · ann(t) · · ·
...

...
...

...
. . .























−



























a00(t) a01(t) · · · a0N (t) 0 · · ·
a10(t) a11(t) · · · a1N (t) 0 · · ·
a20(t) a21(t) · · · a2N (t) 0 · · ·

...
...

. . .
...

... · · ·
aN0(t) aN1(t) · · · aNN (t) 0 · · ·
0 0 · · · 0 0 · · ·
...

...
...

...
...

. . .



























;
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(A∗(t)−A∗
N (t))pN (t) =

=































−
∑

z=N+1

az0(t) · · · 0 a0,N+1 · · ·

0 · · · 0 a1,N+1 · · ·
... · · · . . . · · · · · ·
0 · · · −

∑

z=N+1

azN (t) · · · · · ·

aN+1,0 · · · ...
. . . · · ·

...
...

...
...

...





















































p0(t)

p1(t)
...

pN (t)

0
...























=

=









































−
∑

z=N+1

az0(t)p0(t)

...

−
∑

z=N+1

azN (t)pN (t)

N
∑

z=0

aN+1,z(t)pz(t)

N
∑

z=0

aN+2,z(t)pz(t)

...









































.

�ãáâì K â�ª®¥, çâ® 0 ≤ K ≤ N ¨ R∗
K,N ≤ ε. ‡�¬¥â¨¬, çâ®

N
∑

z=K+1

pz(t) ≤
‖pN‖1D
dK+1

;

R0,Np0(t) + · · ·+RK,NpK(t) ≤ R∗
K,N‖pN‖1D,











(6)

£¤¥ R∗
K,N = max(R0,N , . . . , RK,N ); R0,N , . . . , RK,N | ®áâ�âª¨ á®®â¢¥âáâ¢ãîé¨å

àï¤®¢
∑∞

z=N+1 az0(t), . . . ,
∑∞

z=N+1 azK(t).
ˆá¯®«ì§ãï (6), ®æ¥−¨¬ ‖(A∗

N (t)−A∗(t))pN (t)‖:

‖(A∗
N (t)−A∗(t))pN (t)‖ ≤

≤
(

∑

z=N+1

az0(t)p0(t) +
∑

z=N+1

az1(t)p1(t) + · · · +
∑

z=N+1

azK(t)pK(t)

)

+
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+

(

∑

z=N+1

azK+1(t)pK+1(t) +
∑

z=N+1

azK+2(t)pK+2(t) + · · ·

· · ·+
∑

z=N+1

azN (t)pN (t)

)

+

(

N
∑

z=0

aN+1,z(t)pz(t) +

N
∑

z=0

aN+2,z(t)pz(t) + · · ·
)

≤

≤ 2R∗
K,N

K
∑

z=0

pz(t) + 2L

N
∑

z=K+1

pz(t) ≤ 2R∗
K,N‖pN (t)‖1D +

2L‖pN (t)‖1D
dK+1

≤

≤ 2
(

M1θ

a1
+M1e

−a1t‖p(0)‖1D
)(

R∗
K,N +

L

dK+1

)

;

‖(A∗
N (t)−A∗(t))pN (t)‖ ≤

≤ 2
(

R∗
K,N +

L

dK+1

)(

M1θ

a1
+M1e

−a1t‖p(0)‖1D
)

. (7)

ˆ§ (3), (5) ¨ (7) ®ª®−ç�â¥«ì−® ¯®«ãç�¥¬:

‖p(t)− pN (t)‖ ≤ 2M
a

(

R∗
K,N +

L

dK+1

)(

M1θ

a1
+M1e

−a1t‖p(0)‖1D
)

. (8)

Пример

÷�áá¬®âà¨¬ ¬®¤¥«ì á¨áâ¥¬ë ®¡á«ã¦¨¢�−¨ï â¨¯� Mt|Mt|S á ª�â�áâà®ä�¬¨,
£¤¥ S { ç¨á«® á¥à¢¥à®¢ (¯à¨¡®à®¢). �à¥¤¯®«�£�¥âáï, çâ® ¥á«¨ ¢ á¨áâ¥¬¥ ¨¬¥¥âáï k
âà¥¡®¢�−¨©, â® ¢®§¬®¦−® â®«ìª® ¯®áâã¯«¥−¨¥ £àã¯¯ë ¨§ k+1 âà¥¡®¢�−¨ï á ¨−â¥−-
á¨¢−®áâï¬¨ a2k+1,k = λ(t). Šà®¬¥ â®£®, ¢®§¬®¦−® ®¡á«ã¦¨¢�−¨¥ á¥à¢¥à®¬ à®¢−®
®¤−®£® âà¥¡®¢�−¨ï ¨§ ¨¬¥îé¨åáï k á ¨−â¥−á¨¢−®áâìî µk(t) = min(k, S)µ(t)
¨, −�ª®−¥æ, ª�â�áâà®ä¨ç¥áª¨© á¡®©, â. ¥. ¯®â¥àï ¢á¥å ¨¬¥îé¨åáï ¢ á®®â¢¥âáâ¢ã-
îé¨© ¬®¬¥−â k âà¥¡®¢�−¨© á ¨−â¥−á¨¢−®áâìî γk(t). „«ï ã¯à®é¥−¨ï à�áç¥â®¢
¡ã¤¥¬ áç¨â�âì, çâ® ¢á¥ ¨−â¥−á¨¢−®áâ¨ | 1-¯¥à¨®¤¨ç¥áª¨¥ äã−ªæ¨¨ ®â ¢à¥¬¥−¨.

�ãáâì ç¨á«® á¥à¢¥à®¢ ¢ á¨áâ¥¬¥ S = 1 ¨ ¯ãáâì ¨−â¥−á¨¢−®áâ¨ ¨¬¥îâ ¢¨¤:

λk(t) = λ(t) = 1 + sin 2πt ;

µk(t) = min(k, 1)µ(t) = (1 + cos 2πt)min(k, 1);

γk(t) = 2 + sin 2πt .

�®«ãç�¥¬:

L = sup
k

|akk(t)| = sup |1 + sin 2πt+ 1 + cos 2πt+ 2 + sin 2πt| ≤ 7 ;

θ = sup(2 + sin 2πt) ≤ 3 .
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‚ëç¨á«¨¬ «®£�à¨ä¬¨ç¥áªãî −®à¬ã ®¯¥à�â®à� A(t) ¢ ¯à®áâà�−áâ¢¥ l1:

γ(A(t))l1 = −(2 + cos 2πt+ sin 2πt+ 2 + sin 2πt) + |2 + cos 2πt+ sin 2πt| =
= −2− sin 2πt.

‘«¥¤®¢�â¥«ì−®, M = 1 ¨ a = 2.
‚ë¡¥à¥¬ ¯®á«¥¤®¢�â¥«ì−®áâì dk â�ªãî, çâ® dk = k + 1.
‚ëç¨á«¨¬ «®£�à¨ä¬¨ç¥áªãî −®à¬ã ®¯¥à�â®à� A(t) ¢ ¯à®áâà�−áâ¢¥ 1D:

γ(A(t))1D = −(4 + cos 2πt+ sin 2πt+ sin 2πt) + |3 + cos 2πt+ 2 sin 2πt| = −1 .

’®£¤� ¯®«ãç�¥¬ M1 = 1 ¨ a1 = 1.

÷¨á. 1 ‚¥à®ïâ−®áâì ¯ãáâ®© ‘Œ� (�) ¨ áà¥¤−¥¥ ç¨á«® âà¥¡®¢�−¨© E(t, k) (¡) −� ®âà¥§ª¥
t ∈ [0, 6]: 1 | x(0) = 0; 2 | x(0) = 1000

÷¨á. 2 �¯¯à®ªá¨¬�æ¨ï ¯à¥¤¥«ì−®© ¢¥à®ïâ−®áâ¨ ¯ãáâ®© ‘Œ� (�) ¨ ¯à¥¤¥«ì−®£® áà¥¤−¥£®
ç¨á«� âà¥¡®¢�−¨© E(t, 0) (¡) −� ®âà¥§ª¥ t ∈ [6, 7]: 1 | x(0) = 0; 2 | x(0) = 1000
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�à¨N = 1000 ¢ë¡¥à¥¬K â�ª®¥, çâ®K = 499 ¨R∗
K,N ≤ ε. ’®£¤�, ¨á¯®«ì§ãï

®æ¥−ªã (8), ¯®«ãç�¥¬

‖p(t)− pN (t)‖ ≤ 2 · 7 · 3 · 1
2 · 501 · 1 =

21

501
≤ 42 · 10−3.

„�«¥¥ ¢ë¡¨à�¥¬ à�§¬¥à−®áâì ãá¥ç¥−−®£® ¯à®æ¥áá�, ¢ ¤�−−®¬ á«ãç�¥ 1000,
¨−â¥à¢�«, −� ª®â®à®¬ ¤®áâ¨£�¥âáï ¦¥«�¥¬�ï â®ç−®áâì ([0, 6]), ¨ á�¬ ¯à¥¤¥«ì−ë©
¨−â¥à¢�« ([6, 7]). ‘âà®¨¬ £à�ä¨ª¨ ®¦¨¤�¥¬®£® ç¨á«� âà¥¡®¢�−¨© ¢ á¨áâ¥¬¥
¨ −¥ª®â®àëå −�¨¡®«¥¥ ¢¥à®ïâ−ëå á®áâ®ï−¨© (à¨á. 1 ¨ 2).
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ГЕОИНФОРМАЦИОННАЯ СИСТЕМА — ИНСТРУМЕНТ
ЦИФРОВОЙ ТРАНСФОРМАЦИИ ГЕОДАННЫХ

И. Н. Розенберг1, С. К. Дулин2, Н. Г. Дулина3

�−−®â�æ¨ï: �¡áã¦¤�îâáï ¯à®æ¥ááë, å�à�ªâ¥à−ë¥ ¤«ï ®æ¨äà®¢ë¢�−¨ï £¥®-
¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−®© áà¥¤¥ £¥®£à�ä¨ç¥áª¨å ¨−ä®à¬�æ¨®−−ëå á¨á-
â¥¬ (ƒˆ‘). ÷�áá¬®âà¥−� í¢®«îæ¨ï ®¡à�¡®âª¨ ®æ¨äà®¢�−−®© £¥®¨−ä®à¬�æ¨¨
áà¥¤áâ¢�¬¨ ƒˆ‘. –¨äà®¢ë¥ £¥®¤�−−ë¥, ª�ª ¯®ª�§ë¢�¥â ®¯ëâ, ®¡¥á¯¥ç¨¢�-
îâ á®¢¥àè¥−áâ¢®¢�−¨¥ ¤¥ïâ¥«ì−®áâ¨ «î¡®© ª®¬¯�−¨¨. �¤−�ª® ¡®«ìè¨−áâ¢®
á®¢à¥¬¥−−ëå £¥®¤�−−ëå −¥ ®¡«�¤�îâ ¨−â¥à®¯¥à�¡¥«ì−®áâìî: ®−¨ åà�−ïâáï
¢ ¨§®«¨à®¢�−−ëå ¡�§�å £¥®¤�−−ëå (�ƒ„), −¥¨−â¥à®¯¥à�¡¥«ì−ëå á¨áâ¥¬�å
¨ ¨á¯®«ì§ãîâáï ¢ ¯à®£à�¬¬�å ®£à�−¨ç¥−−®£® ¤®áâã¯�. ‚ á¢ï§¨ á íâ¨¬ £¥®¤�−-
−ë¬¨ âàã¤−® ®¡¬¥−¨¢�âìáï, ç�áâ® −¥ ã¤�¥âáï ¨å �−�«¨§¨à®¢�âì ¨ ¨−â¥à¯à¥-
â¨à®¢�âì. �®ª�§�−� −¥®¡å®¤¨¬®áâì áãé¥áâ¢®¢�−¨ï £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨
¤«ï ¯à®¢¥¤¥−¨ï æ¨äà®¢®© âà�−áä®à¬�æ¨¨ £¥®¤�−−ëå. �¥à¥ç¨á«¥−ë áãé¥-
áâ¢ãîé¨¥ ¬®¤¥«¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨, ¨á¯®«ì§ã¥¬ë¥ ¤«ï ä®à¬¨à®¢�−¨ï
ƒˆ‘. �â¬¥ç¥−®, çâ® á�¬®© −¥¨áá«¥¤®¢�−−®© ¯à®¡«¥¬®© ƒˆ‘ ¢á¥ ¥é¥ ®áâ�¥âáï
«¨ª¢¨¤�æ¨ï à�§àë¢� ¬¥¦¤ã à�§«¨ç−ë¬¨ ¬®¤¥«ï¬¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨, ¨á-
¯®«ì§ã¥¬ë¬¨ ¤«ï ¥¥ ä®à¬¨à®¢�−¨ï. ÷¥è¥−¨¥ íâ®© ¯à®¡«¥¬ë ®¡¥á¯¥ç¨«® ¡ë
á®§¤�−¨¥ ®¡ê¥¤¨−¥−−®£® ¬¥â®¤�, ãç¨âë¢�îé¥£® á¨«ì−ë¥ áâ®à®−ë ¨ á«�¡®áâ¨
ª�¦¤®© ®â¤¥«ì−®© ¬®¤¥«¨ ¯à¨ ¨å ¨−â¥£à�æ¨¨.

Š«îç¥¢ë¥ á«®¢�: ƒˆ‘; æ¨äà®¢�ï âà�−áä®à¬�æ¨ï; £¥®¨−â¥à®¯¥à�¡¥«ì−®áâì

DOI: 10.14357/08696527220104

1 Введение

ˆ−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ á ¯à¥¤áâ�¢«¥−¨¥¬ ¤�−−ëå ¨ §−�−¨© ® à¥-
�«ì−®¬ ¯à®áâà�−áâ¢¥−−®¬ ¬¥áâ®¯®«®¦¥−¨¨ â¥å ¨«¨ ¨−ëå ®¡ê¥ªâ®¢ ®¡¥á¯¥ç¨-
¢�îâ ƒˆ‘. ‘ 1970-å ££. á®§¤�−¨¥ ƒˆ‘ §−�¬¥−®¢�«® −�ç�«® ª®−âà®«¨àã¥¬®£®
®æ¨äà®¢ë¢�−¨ï £¥®¤�−−ëå. �¥à¢®−�ç�«ì−® ¤«ï ƒˆ‘ áâ�¢¨«�áì â®«ìª® §�¤�ç�
®æ¨äà®¢ë¢�−¨ï ª�àâ ¨ á®¢¬¥áâ−®£® åà�−¥−¨ï ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−�®© ¨ �âà¨-
¡ãâ¨¢−®© ¨−ä®à¬�æ¨¨ ¢ �ƒ„. ‚¯®á«¥¤áâ¢¨¨ §�¤�ç¨ ãá«®¦−¨«¨áì ¢ −�¯à�¢«¥−¨¨
æ¨äà®¢¨§�æ¨¨, −�¯à�¢«¥−−®© −� ¢−¥¤à¥−¨¥ â¥å−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢ ¢ ®¡«�áâ¨
â¥å−®«®£¨© ®¡à�¡®âª¨ £¥®¤�−−ëå, çâ® ¯à¨¢¥«® ª à�§à�¡®âª¥ á®®â¢¥âáâ¢ãîé¥-

1��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨ ¯à®¥ªâ−®-ª®−áâàãªâ®àáª¨© ¨−áâ¨âãâ ¨−ä®à¬�â¨§�æ¨¨, �¢â®¬�-
â¨§�æ¨¨ ¨ á¢ï§¨ −� ¦¥«¥§−®¤®à®¦−®¬ âà�−á¯®àâ¥ (�� �ˆˆ�‘), I.Rozenberg@vniias.ru

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥-
¬¨¨ −�ãª; ��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨ ¯à®¥ªâ−®-ª®−áâàãªâ®àáª¨© ¨−áâ¨âãâ ¨−ä®à¬�â¨§�æ¨¨,
�¢â®¬�â¨§�æ¨¨ ¨ á¢ï§¨ −� ¦¥«¥§−®¤®à®¦−®¬ âà�−á¯®àâ¥ (�� �ˆˆ�‘), skdulin@mail.ru
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−�ãª, ngdulina@mail.ru
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ƒ¥®¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� | ¨−áâàã¬¥−â æ¨äà®¢®© âà�−áä®à¬�æ¨¨ £¥®¤�−−ëå

÷¨á. 1 ”ã−ªæ¨®−�«ì−�ï áå¥¬� ƒˆ‘

£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï. ��ç�¢è¨©áï ¯à®æ¥áá æ¨äà®¢®© âà�−áä®à¬�æ¨¨
¯à¨¢¥« ª ¯¥à¥®á¬ëá«¥−¨î −�§−�ç¥−¨ï ƒˆ‘ ª�ª ¨−áâàã¬¥−â� ¯®¤¤¥à¦ª¨ ¯à¨-
−ïâ¨ï à¥è¥−¨©, −�¯à�¢«¥−−®£® −� ¯à®æ¥áá ¨−â¥£à�æ¨¨ æ¨äà®¢ëå â¥å−®«®£¨© ¢®
¢á¥ �á¯¥ªâë ¡¨§−¥á-¤¥ïâ¥«ì−®áâ¨ ª®¬¯�−¨©, ®¯¥à¨àãîé¨å £¥®¤�−−ë¬¨. ’¥¬ −¥
¬¥−¥¥ áâ®¨â ®â¬¥â¨âì, çâ® ¨ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ƒˆ‘ ¨¬¥îâ −�¨¡®«¥¥ è¨à®ª®¥
à�á¯à®áâà�−¥−¨¥ ¢ ®¡«�áâïå, −�¯àï¬ãî á¢ï§�−−ëå á £¥®£à�ä¨¥©, £¥®¤¥§¨¥© ¨ ª�à-
â®£à�ä¨¥©, å®âï ¯à¥¨¬ãé¥áâ¢� ¯®«−®æ¥−−®© ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ á à¥�«ì−®©
¯à¨¢ï§ª®© ª ¬¥áâ®¯®«®¦¥−¨î ®¡ê¥ªâ®¢ ã¦¥ áâ¨¬ã«¨à®¢�«¨ à�á¯à®áâà�−¥−¨¥
ƒˆ‘ ¢ è¨à®ª®¬ á¯¥ªâà¥ ®¡«�áâ¥© ¯à¨¬¥−¥−¨ï (à¨á. 1). �®íâ®¬ã ƒˆ‘ ¬®¦−®
à�áá¬�âà¨¢�âì ª�ª −¥®¡å®¤¨¬ë© ¨−áâàã¬¥−â ¯à¨ ®æ¥−ª¥, �−�«¨§¥ ¨ ¯à¨−ïâ¨¨
à¥è¥−¨© ¢ è¨à®ª®¬ ªàã£¥ �á¯¥ªâ®¢ ç¥«®¢¥ç¥áª®© ¤¥ïâ¥«ì−®áâ¨.

�á−®¢®© á®¢à¥¬¥−−ëå ƒˆ‘ á«ã¦�â ¯à®áâà�−áâ¢¥−−ë¥ ¡�§ë ¤�−−ëå ¨«¨ �ƒ„,
á®¤¥à¦�é¨¥ ¢ á¥¡¥ ¢¥ªâ®à−ãî ¨ à�áâà®¢ãî ª�àâ®£à�ä¨ç¥áªãî ¨−ä®à¬�æ¨î ¨ �á-
á®æ¨¨à®¢�−−ë¥ á −¨¬¨ �âà¨¡ãâ¨¢−ë¥ (á¥¬�−â¨ç¥áª¨¥) ¤�−−ë¥. ƒ¥®¨−ä®à¬�æ¨®−-
−ë¥ á¨áâ¥¬ë ¯®¤à�§¤¥«ïîâáï −� −�áâ®«ì−ë¥ ¨ ¬−®£®¯®«ì§®¢�â¥«ìáª¨¥ −� ®á−®¢¥
ª«¨¥−â/á¥à¢¥à−®© �àå¨â¥ªâãàë, ¢ ª®â®àëå á®¡áâ¢¥−−® �ƒ„ åà�−¨âáï −� á¥à¢¥à¥,
� äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨, á¢ï§�−−ë¥ á �−�«¨§®¬ ¨ ®¡à�¡®âª®© ¤�−−ëå,
à¥�«¨§ãîâáï, ª�ª ¯à�¢¨«®, −� ª«¨¥−âáª¨å ¬¥áâ�å. ’¥å−®«®£¨ï ¯®áâà®¥−¨ï ª�à-
â®£à�ä¨ç¥áª¨å á¥à¢¥à®¢, ¯à¥¤®áâ�¢«ïîé¨å á¢®¨¬ ¯®«ì§®¢�â¥«ï¬ ¢®§¬®¦−®áâ¨
¤¨−�¬¨ç¥áª®£® ¤®áâã¯� ¨ �−�«¨§� £¥®¨−ä®à¬�æ¨®−−ëå ¤�−−ëå, ¯à¥¢à�â¨«�áì
¢ ®â¤¥«ì−ãî ®âà�á«ì á¨¬¡¨®§� ¢¥¡-¨−¤ãáâà¨¨ ¨ ƒˆ‘. ‚¥¤ãé¨¥ ¬¨à®¢ë¥ ¯à®¨§-
¢®¤¨â¥«¨ ƒˆ‘ (ª®à¯®à�æ¨ï InterGraph, ¢ë¯ãáª�îé�ï á¥à¨î ¯à®¤ãªâ®¢ Modular
GIS Environment (MGE) ¨ GeoMedia; ä¨à¬� MapInfo | MapInfo Professional
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¨ SpatialWare; ä¨à¬� ESRI | ArcGis, Arclnfo; ä¨à¬� Bentley | MicroStation
Geographics ¨ ¤à.) ¯à¥¤«�£�îâ ª�ç¥áâ¢¥−−ë¥ £¥®¨−ä®à¬�æ¨®−−ë¥ á¥à¢¥àë ¤«ï
®¡à�¡®âª¨ ¯®áâã¯�îé¨å §�¯à®á®¢ ¨ ¢ë¤�ç¨ �¤¥ª¢�â−ëå à¥§ã«ìâ�â®¢.

2 Определение и эволюция геоинформационных систем

ƒ¥®¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë | íâ® á®¢®ªã¯−®áâì ª®¬¯ìîâ¥à−®£® ¯à®£à�¬-
¬−®£® ®¡¥á¯¥ç¥−¨ï, �¯¯�à�â−®£® ®¡¥á¯¥ç¥−¨ï ¨ £¥®¤�−−ëå, ã¯à�¢«ï¥¬ëå ¯¥à-
á®−�«®¬, ª®â®à�ï ¯®§¢®«ï¥â ¢¢®¤¨âì, �−�«¨§¨à®¢�âì, ¯à¥¤áâ�¢«ïâì £¥®¤�−−ë¥
¨ ¬�−¨¯ã«¨à®¢�âì ¨¬¨. ‘ãé¥áâ¢ãîâ à�§«¨ç−ë¥ ®¯à¥¤¥«¥−¨ï ƒˆ‘, ª�¦¤®¥ ¨§
ª®â®àëå ¯à¥¤áâ�¢«ï¥â −¥ª®â®àãî â®çªã §à¥−¨ï ¨«¨ ®à¨¥−â¨à®¢�−® −� à¥è¥−¨¥
®¯à¥¤¥«¥−−®£® ª«�áá� §�¤�ç. „«ï ª�àâ®£à�ä®¢ ¢�¦−� á¯®á®¡−®áâì ®¡à�¡�âë¢�âì
ª�àâë, ¤«ï £¥®¨−ä®à¬�â¨ª®¢ ¢ ƒˆ‘ ¨−â¥à¥á−� �ƒ„ ¨«¨ −�¡®à ¯à®£à�¬¬−ëå
¨−áâàã¬¥−â®¢, � ¤«ï �−�«¨â¨ª®¢, ¢®§¬®¦−®, à¥�«¨§�æ¨ï ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï
à¥è¥−¨©. ’�ª¨¬ ®¡à�§®¬, ®¯à¥¤¥«¨âì ƒˆ‘ ¬®¦−®, «¨¡® ¨áå®¤ï ¨§ ¥¥ äã−ªæ¨®-
−�«ì−ëå ¢®§¬®¦−®áâ¥©, «¨¡® −� ®á−®¢¥ á®áâ�¢«ïîé¨å ¥¥ ª®¬¯®−¥−â®¢. ��¨¡®-
«¥¥ ç�áâ® á¯¥æ¨�«¨áâ�¬¨ ¨á¯®«ì§ã¥âáï ®¯à¥¤¥«¥−¨¥ ƒˆ‘, ¤�−−®¥ á®âàã¤−¨ª�¬¨
��ãç−®-¨áá«¥¤®¢�â¥«ìáª®£® ¨−áâ¨âãâ� íª®«®£¨ç¥áª¨å á¨áâ¥¬ | ESRI: úƒˆ‘
ï¢«ï¥âáï ª®¬¯ìîâ¥à−ë¬ ¨−áâàã¬¥−â®¬ ¤«ï ª�àâ¨à®¢�−¨ï ¨ �−�«¨§� áãé¥áâ¢ãî-
é¨å ¨ ¯à®¨áå®¤ïé¨å −� ‡¥¬«¥ á®¡ëâ¨©. ’¥å−®«®£¨ï ƒˆ‘ ¨−â¥£à¨àã¥â ®¡é¨¥
®¯¥à�æ¨¨ ¡�§ë ¤�−−ëå, â�ª¨¥ ª�ª §�¯à®á ¨ áâ�â¨áâ¨ç¥áª¨© �−�«¨§, á ã−¨ª�«ì−ë-
¬¨ ¯à¥¨¬ãé¥áâ¢�¬¨ ¢¨§ã�«¨§�æ¨¨ ¨ £¥®£à�ä¨ç¥áª®£® �−�«¨§�, ¯à¥¤«�£�¥¬ë¬¨
ª�àâ�¬¨û [1].

„®áâ¨¦¥−¨ï ¢ ®¡«�áâ¨ ƒˆ‘ áâ�«¨ à¥§ã«ìâ�â®¬ −¥áª®«ìª¨å íâ�¯®¢ à�§¢¨â¨ï
ƒˆ‘-â¥å−®«®£¨©. Š«îç¥¢ãî à®«ì ¢ à�§¢¨â¨¨ ƒˆ‘ áë£à�«¨: í¢®«îæ¨ï ¡�§
¤�−−ëå, ª®¬¯ìîâ¥à−®¥ ª�àâ¨à®¢�−¨¥, ¤¨áâ�−æ¨®−−®¥ §®−¤¨à®¢�−¨¥, ¯à®£à�¬¬¨-
à®¢�−¨¥, £¥®£à�ä¨ï, ¬�â¥¬�â¨ª�, ª®¬¯ìîâ¥à−ë© ¤¨§�©− ¨ ¨−ä®à¬�â¨ª�.

��ç�«ì−ë¬ íâ�¯®¬ à�§¢¨â¨ï ƒˆ‘ áç¨â�îâáï 1960{1975 ££. �− §−�¬¥−ã¥âáï
¯¥à¥å®¤®¬ ®â ¡ã¬�¦−®£® ª ª®¬¯ìîâ¥à−®¬ã ª�àâ¨à®¢�−¨î. �à¨ íâ®¬ ª«îç¥-
¢ë¬ ¬®¬¥−â®¬ ¢ ¨áâ®à¨¨ ƒˆ‘ áç¨â�¥âáï á®§¤�−¨¥ Š�−�¤áª®© £¥®£à�ä¨ç¥áª®©
á¨áâ¥¬ë (CGIS). ‘«¥¤ã¥â ã¯®¬ï−ãâì §¤¥áì ¨ −®¢�â®àáªãî à�¡®âã �îà® ¯¥à¥¯¨á¨
−�á¥«¥−¨ï ‘˜�, ª®â®à�ï ¯à¨¢¥«� ª æ¨äà®¢®¬ã ¢¢®¤ã ¯¥à¥¯¨á¨ 1970 £. á ¨á¯®«ì-
§®¢�−¨¥¬ ä®à¬�â� ¤�−−ëå GBF-DIME, áâ�¢è¨¬ ä®à¬�â®¬ ä�©«®¢, ª®â®àë©
¯®¤¤¥à¦¨¢�« ¢¢®¤ æ¨äà®¢ëå ¤�−−ëå. ˆá¯®«ì§ãï íâ®â ä®à¬�â, �îà® ¯¥à¥¯¨á¨
‘˜� ¯à¨áâã¯¨«® ª ®æ¨äà®¢ª¥ £à�−¨æ ¯¥à¥¯¨á¨, ¤®à®£ ¨ £®à®¤áª¨å à�©®−®¢. �â®
¡ë« ®£à®¬−ë© è�£ ¢¯¥à¥¤ ¢ ¨áâ®à¨¨ ƒˆ‘. ‚ á¥à¥¤¨−¥ 1970-å ££. ƒ�à¢�à¤áª�ï «�-
¡®à�â®à¨ï ª®¬¯ìîâ¥à−®© £à�ä¨ª¨ à�§à�¡®â�«� ƒˆ‘ ¯®¤ −�§¢�−¨¥¬ ODYSSEY
GIS. ARC/INFO ESRI ¨á¯®«ì§®¢�«� â¥å−¨ç¥áªãî ®á−®¢ã ¨§ ODYSSEY GIS,
¨ íâ� à�¡®â� ¯à¨¢¥«� ª á«¥¤ãîé¥¬ã íâ�¯ã à�§à�¡®âª¨ ƒˆ‘ | ª®¬¬¥àæ¨�«¨§�æ¨¨
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï. ‚ ª®−æ¥ 1980-å ££. ¡ë« ®â¬¥ç¥− à®áâ ¯®áâ�¢é¨ª®¢
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ƒˆ‘. �¤−¨¬ ¨§ â�ª¨å ¯®áâ�¢é¨ª®¢ ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï ƒˆ‘ ¡ë« ESRI, ª®â®àë© ¢ −�áâ®ïé¥¥ ¢à¥¬ï áâ�« ªàã¯−¥©è¥© ª®¬-
¯�−¨¥© ¯® à�§à�¡®âª¥ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ƒˆ‘ ¢ ¬¨à¥ ¨ ¨£à�¥â ª«îç¥¢ãî
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à®«ì ¢ ¨áâ®à¨¨ ƒˆ‘. ‚ 1990{2010 ££. ¡ëáâà® à�áè¨àï¥âáï ªàã£ ¯®«ì§®¢�â¥«¥©,
ª®â®àë¥ −�ç¨−�îâ ¯à¨¬¥−ïâì â¥å−®«®£¨î ƒˆ‘. ‘ 2010 £. ¯à¥¤«�£�¥âáï ®âªàëâ®¥
ª�àâ¨à®¢�−¨¥. „�−−ë¥ ƒˆ‘ áâ�«¨ ¡®«¥¥ à�á¯à®áâà�−¥−−ë¬¨: ¤�−−ë¥ TIGER,
á¯ãâ−¨ª®¢ë¥ á−¨¬ª¨ Landsat ¨ ¤�¦¥ ¤�−−ë¥ LiDAR ¤®áâã¯−ë ¤«ï áª�ç¨¢�−¨ï
¡¥á¯«�â−®. �−«�©−-åà�−¨«¨é�, â�ª¨¥ ª�ª ArcGIS Online store, åà�−ïâ ®£à®¬−ë¥
®¡ê¥¬ë ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå. �®«ì§®¢�â¥«¨ ƒˆ‘ á®§¤�îâ á¢®¥ á®¡áâ¢¥−−®¥
¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ƒˆ‘ ®âªàëâë¬, á®¢¬¥áâ−ë¬ á¯®á®¡®¬. �â® ¯à®£à�¬¬-
−®¥ ®¡¥á¯¥ç¥−¨¥ ¤®áâã¯−® ¤«ï ®¡é¨å −ã¦¤ ¨ −�§ë¢�¥âáï ®âªàëâë¬ ¨áå®¤−ë¬
ª®¤®¬.

3 Компоненты геоинформационной системы

�àå¨â¥ªâãà� ƒˆ‘ ¯à¥¤¯®«�£�¥â −�«¨ç¨¥ á«¥¤ãîé¨å ¯ïâ¨ ª®¬¯®−¥−â®¢: �¯-
¯�à�â−®¥ ®¡¥á¯¥ç¥−¨¥, ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥, £¥®¤�−−ë¥, á¯¥æ¨�«¨áâë ¨ ¬¥-
â®¤ë.

1. �¯¯�à�â−®¥ ®¡¥á¯¥ç¥−¨¥ ¯à¥¤áâ�¢«ï¥â á®¡®© ¤®áâ�â®ç−® ¬®é−ë© ª®¬¯ìîâ¥à
¤«ï åà�−¥−¨ï ¨ ®¡à�¡®âª¨ ®æ¨äà®¢�−−®© £à�ä¨ç¥áª®© ¨ �âà¨¡ãâ¨¢−®© ¨−-
ä®à¬�æ¨¨. �¤−�ª® ¢ §�¢¨á¨¬®áâ¨ ®â ¢¥àá¨¨ ƒˆ‘ ¥¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥
à�¡®â�¥â −� è¨à®ª®¬ á¯¥ªâà¥ â¨¯®¢ ®¡®àã¤®¢�−¨ï | ®â æ¥−âà�«¨§®¢�−−®-
£® ª®¬¯ìîâ¥à−®£® á¥à¢¥à� ¤® −�áâ®«ì−ëå ª®¬¯ìîâ¥à®¢ ¢ �¢â®−®¬−ëå ¨«¨
á¥â¥¢ëå ª®−ä¨£ãà�æ¨ïå.

2. �à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ƒˆ‘ ¯à¥¤®áâ�¢«ï¥â äã−ªæ¨¨ ¨ áà¥¤áâ¢�, −¥®¡å®-
¤¨¬ë¥ ¤«ï åà�−¥−¨ï, �−�«¨§� ¨ ®â®¡à�¦¥−¨ï £¥®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨.
Š«îç¥¢ë¥ ª®¬¯®−¥−âë ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï:

{ áà¥¤áâ¢� ¢¢®¤� £¥®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¨ ¬�−¨¯ã«¨à®¢�−¨ï ¥î;

{ á¨áâ¥¬� ã¯à�¢«¥−¨ï ¡�§®© ¤�−−ëå;

{ á¯¥æ¨�«ì−ë¥ ãâ¨«¨âë, â�ª¨¥ ª�ª £¥®£à�ä¨ç¥áª¨© §�¯à®á, �−�«¨§ ¨ ¢¨§ã-
�«¨§�æ¨ï à¥§ã«ìâ�â®¢ §�¯à®á®¢;

{ £¥®£à�ä¨ç¥áª¨© ¯®«ì§®¢�â¥«ìáª¨© ¨−â¥àä¥©á (GUI).

‚ −�áâ®ïé¥¥ ¢à¥¬ï áãé¥áâ¢ãîâ ¤¥áïâª¨ ¯�ª¥â®¢ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï
ƒˆ‘. �â¨ á¨áâ¥¬ë ¤®áâã¯−ë −� à�§«¨ç−ëå â¨¯�å �¯¯�à�â−ëå ¯«�âä®à¬
¨ ¨¬¥îâ è¨à®ª¨© á¯¥ªâà äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥©.

3. ‚®§¬®¦−®, −�¨¡®«¥¥ ¢�¦−ë¬ ª®¬¯®−¥−â®¬ ƒˆ‘ ï¢«ïîâáï £¥®¤�−−ë¥. ƒ¥®-
¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ¨−â¥£à¨àã¥â ¯à®áâà�−áâ¢¥−−ë¥ ¤�−−ë¥ á ¤àã£¨¬¨
â¨¯�¬¨ ¤�−−ëå, ¨á¯®«ì§ãï á¨áâ¥¬ã ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå. �¥§�¢¨á¨¬®
®â ¨áâ®ç−¨ª®¢ £¥®¤�−−ëå (®æ¨äà®¢ª� ª�àâë, �íà®ä®â®áê¥¬ª� ¨«¨ ¤�−−ë¥
á¨áâ¥¬ë GPS) ¯®«ãç�îé¨¥áï £¥®£à�ä¨ç¥áª¨¥ −�¡®àë ¤�−−ëå ¤®«¦−ë ¡ëâì
−¥¯à®â¨¢®à¥ç¨¢ë¬¨, çâ®¡ë ¨á¯®«ì§®¢�âìáï ¢ ¯à®æ¥áá¥ ¯à®áâà�−áâ¢¥−−®£®
�−�«¨§� ¨ £�à�−â¨à®¢�âì −�¤¥¦−®áâì à¥è¥−¨©, ®á−®¢�−−ëå −� £¥®¤�−−ëå.
�¤−�ª® ¢® ¬−®£¨å áãé¥áâ¢ãîé¨å −�¡®à�å £¥®¤�−−ëå ®éãé�¥âáï −¥å¢�âª�
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÷¨á. 2 Š�â¥£®à¨¨ £¥®¤�−−ëå

¬¥âà¨ç¥áª®£® ¨ â®¯®«®£¨ç¥áª®£® áâàãªâãà¨à®¢�−¨ï | ¤¢ãå ®á−®¢−ëå ª�â¥£®-
à¨© £¥®¤�−−ëå (à¨á. 2), çâ® −¥¨§¡¥¦−® ¯à¨¢®¤¨â ª ®è¨¡ª�¬, −¥ ®¡¥á¯¥ç¨¢�ï
¤®«¦−ë¬ ®¡à�§®¬ −�¤¥¦−®áâì à¥§ã«ìâ�â®¢ §�¯à®á®¢, �−�«¨§� ¨«¨ à�ááã¦¤¥-
−¨ï.

4. ‘¯¥æ¨�«¨áâë. ƒˆ‘-â¥å−®«®£¨¨ ¨¬¥îâ ®£à�−¨ç¥−−ãî æ¥−−®áâì ¡¥§ ¯¥àá®-
−�«�, ª®â®àë© ã¯à�¢«ï¥â á¨áâ¥¬®© ¨ à�§à�¡�âë¢�¥â ¯«�−ë ¥¥ ¯à¨¬¥−¥−¨ï
¤«ï à¥è¥−¨ï à¥�«ì−ëå ¯à®¡«¥¬. �¥àá®−�« ƒˆ‘ á®áâ®¨â ¨§ â¥å−¨ç¥áª¨å
á¯¥æ¨�«¨áâ®¢, ª®â®àë¥ ¯à®¥ªâ¨àãîâ ¨ á®¯à®¢®¦¤�îâ á¨áâ¥¬ã, ¨ â¥å, ªâ®
¯®¤¤¥à¦¨¢�¥â ¥¥ ¢ �ªâã�«ì−®¬ á®áâ®ï−¨¨. ’¥à¬¨− ú¯®«ì§®¢�â¥«ì ƒˆ‘û
¬®¦¥â ®â−®á¨âìáï ª «î¡®¬ã «¨æã, ª®â®à®¥ ¡ã¤¥â ¨á¯®«ì§®¢�âì ƒˆ‘ ¤«ï
¢ë¯®«−¥−¨ï ¯à®¥ªâ� ¨«¨ ¯à®£à�¬¬ë. ‘¥£®¤−ï ƒˆ‘ ¨á¯®«ì§ã¥âáï ¢® ¬−®£¨å
à�§«¨ç−ëå ®¡«�áâïå ª�ª ¨−áâàã¬¥−â, ª®â®àë© ¯®§¢®«ï¥â ¢ë¯®«−ïâì à�¡®âã
á ®æ¨äà®¢�−−ë¬¨ £¥®¤�−−ë¬¨ ¡®«¥¥ íää¥ªâ¨¢−®.

5. �ää¥ªâ¨¢−�ï ƒˆ‘ à�¡®â�¥â −� ®á−®¢¥ á¯¥æ¨�«ì−® à�§à�¡®â�−−ëå ¬¥â®¤®¢
¨ ¢ á®®â¢¥âáâ¢¨¨ á å®à®è® ¯à®¤ã¬�−−ë¬ ¯«�−®¬ ¨ ¡¨§−¥á-¯à�¢¨«�¬¨, ª®-
â®àë¥ ï¢«ïîâáï ¬®¤¥«ï¬¨ ¨ −®à¬�¬¨ à�¡®âë, ã−¨ª�«ì−ë¬¨ ¤«ï ª�¦¤®©
®à£�−¨§�æ¨¨. ‘ãé¥áâ¢ã¥â ¬−®¦¥áâ¢® ¬¥â®¤®¢ ¤«ï á®§¤�−¨ï ª�àâë ¨ ¤�«ì-
−¥©è¥£® ¨á¯®«ì§®¢�−¨ï ¥¥ ¤«ï «î¡®£® ¯à®¥ªâ�. ‘®§¤�−¨¥ æ¨äà®¢®© ª�àâë
¬®¦¥â ¡ëâì «¨¡® �¢â®¬�â¨§¨à®¢�−® ¤«ï á®§¤�â¥«ï ¢¥ªâ®à−®£® ¯à¥¤áâ�¢«¥−¨ï,
«¨¡® ¢¥ªâ®à¨§®¢�−® ¢àãç−ãî −� ®á−®¢¥ ®âáª�−¨à®¢�−−ëå ¨§®¡à�¦¥−¨©.

4 Геоинтероперабельность и цифровая трансформация

úƒ¥®£à�ä¨ç¥áª�ï ¨−â¥à®¯¥à�¡¥«ì−®áâì | íâ® á¯®á®¡−®áâì ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬ ª (1) á¢®¡®¤−®¬ã ®¡¬¥−ã ¢á¥å ¢¨¤®¢ ¯à®áâà�−áâ¢¥−−®© ¨−ä®à¬�æ¨¨ ® ‡¥¬«¥
¨ ®¡ ®¡ê¥ªâ�å ¨ ï¢«¥−¨ïå −�, ¢ëè¥ ¨ −¨¦¥ ¯®¢¥àå−®áâ¨ ‡¥¬«¨; (2) á®¢¬¥áâ−®-
¬ã á¥â¥¢®¬ã ¨á¯®«ì§®¢�−¨î ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ¯à¥¤−�§−�ç¥−−®¬ã ¤«ï
ã¯à�¢«¥−¨ï â�ª®© ¨−ä®à¬�æ¨¥©û [2]. ‘¥¬�−â¨ç¥áª�ï £¥®¨−â¥à®¯¥à�¡¥«ì−®áâì §�-
ª«îç�¥âáï ¢ ®¡¥á¯¥ç¥−¨¨ á®£«�á®¢�−−®£® ¯®−¨¬�−¨ï á¬ëá«� £¥®¤�−−ëå, −�¯à¨¬¥à
¢ ¯à®æ¥áá¥ ¢§�¨¬®¤¥©áâ¢¨ï ¯®«ì§®¢�â¥«¥© £¥®¯®àâ�«®¢ ¯à¨ à¥è¥−¨¨ §�¤�ç, âà¥¡ã-
îé¨å á®¢¬¥áâ−®© ®¡à�¡®âª¨ ¨ ¨á¯®«ì§®¢�−¨ï ¨¬¨ £¥®¤�−−ëå, ¨«¨ ¯à¨ à¥è¥−¨¨
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§�¤�ç ª®−æ¥¯âã�«ì−®£® ¯®¨áª� ¢ �ƒ„. ‘¥¬�−â¨ç¥áª�ï £¥®¨−â¥à®¯¥à�¡¥«ì−®áâì
¯à¨−æ¨¯¨�«ì−® ®â«¨ç�¥âáï ®â á¨−â�ªá¨ç¥áª®© [3], â�ª ª�ª ¢ ¯®á«¥¤−¥¬ á«ãç�¥
à¥çì ¨¤¥â â®«ìª® ®¡ ®¡¥á¯¥ç¥−¨¨ á®£«�á®¢�−−®© ®¡à�¡®âª¨ ¨ ®¡¬¥−� £¥®¤�−−ë¬¨
−� −¥áª®«ìª¨å ãà®¢−ïå ¢§�¨¬®¤¥©áâ¢¨ï (á¥â¥¢®¬, ®¡¬¥−−ëå ä®à¬�â®¢, ¢ë§®¢�å
ã¤�«¥−−ëå ¯à®æ¥¤ãà, §�¯à®á®¢ ª �ƒ„).

‘ãé¥áâ¢ãîâ −¥áª®«ìª® ¯®¤å®¤®¢ ª ä®à¬¨à®¢�−¨î ƒˆ‘ ¯®áà¥¤áâ¢®¬ ¬®¤¥«¥©
¨−â¥à®¯¥à�¡¥«ì−®áâ¨ [4]. Š�¦¤ë© ¯®¤å®¤ ¨¬¥¥â ¯à¥¨¬ãé¥áâ¢� ¨ −¥¤®áâ�âª¨ ®â−®-
á¨â¥«ì−® ¤®áâ¨¦¥−¨ï ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ ª®−â¥ªáâ¥ ¤®áâ�â®ç−®áâ¨ ¯à®¢¥¤¥−¨ï
æ¨äà®¢®© âà�−áä®à¬�æ¨¨. �á−®¢−ë¥ ¯à¥¨¬ãé¥áâ¢� ¬®¤¥«¥© ¨−â¥à®¯¥à�¡¥«ì-
−®áâ¨ | ¢®§¬®¦−®áâì (a) ®¯à¥¤¥«¥−¨ï ®¡é¥£® á«®¢�àï, ª®â®àë© ®¡¥á¯¥ç¨¢�¥â
¥¤¨−®®¡à�§¨¥ á¥¬�−â¨ª¨ ¨ ¢®§¬®¦−®áâì �−�«¨§�, (¡) �«ìâ¥à−�â¨¢ë ¯à¥¤«®¦¥−¨©
®â−®á¨â¥«ì−® áâàãªâãàë à¥è¥−¨© ¨, −�ª®−¥æ, (¢) ®æ¥−ª¨ −®¢ëå ¨¤¥© ¨ ¤®¡�¢«¥-
−¨ï à�§«¨ç−ëå ®¯æ¨©. �¥§ á®¬−¥−¨ï, á�¬®© −¥¨áá«¥¤®¢�−−®© ¯à®¡«¥¬®© ƒˆ‘,
®¡«�¤�îé¥© ¨−â¥à®¯¥à�¡¥«ì−®áâìî, ¢á¥ ¥é¥ ®áâ�¥âáï «¨ª¢¨¤�æ¨ï à�§àë¢� ¬¥¦¤ã
à�§«¨ç−ë¬¨ ¬®¤¥«ï¬¨. ÷¥è¥−¨¥ íâ®© ¯à®¡«¥¬ë ®¡¥á¯¥ç¨«® ¡ë á®§¤�−¨¥ ®¡ê¥¤¨-
−¥−−®£® ¬¥â®¤�, ãç¨âë¢�îé¥£® á¨«ì−ë¥ áâ®à®−ë ¨ á«�¡®áâ¨ ª�¦¤®© ®â¤¥«ì−®©
¬®¤¥«¨ ¯à¨ ¨å ¨−â¥£à�æ¨¨. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ª�¦¤�ï ¬®¤¥«ì ¨−â¥à®¯¥à�¡¥«ì-
−®áâ¨ ¢ ƒˆ‘ ®¯à¥¤¥«ï¥â ®¡éãî â�ªá®−®¬¨î, ª®â®à�ï ¯®¤¤¥à¦¨¢�¥â à�§«¨ç−ë¥
æ¥«¨ ¨á¯®«ì§®¢�−¨ï, ¤®áâ¨£�ï ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ à�§−ëå ª®−â¥ªáâ�å. ‘«®¨,
¨§¬¥à¥−¨ï, ãà®¢−¨ ¨«¨ ®¡«�áâ¨ | íâ® ¯®−ïâ¨ï, ª®â®àë¥ ®¡ëç−® ®¯à¥¤¥«ïîâ
â�ªãî â�ªá®−®¬¨î. �−¨ §�¢¨áïâ ®â â¨¯� ª®−â¥ªáâ� ¨ ¯à¨¬¥−ï¥¬®© ¬®¤¥«¨
¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¤«ï ä®à¬¨à®¢�−¨ï ƒˆ‘ á ¨−â¥à®¯¥à�¡¥«ì−®áâìî.

�à¨¬¥à�¬¨ ¬®¤¥«¥© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨, ª®â®àë¥ ¡ë«¨ ãá¯¥è−® ¯à¨¬¥−¥-
−ë ¢−¥ á¯¥æ¨ä¨ª¨ ƒˆ‘-®¡«�áâ¨, á«ã¦�â C4ISR Architectures Working Group's
Levels of IT Systems Interoperability (LISI) model (LISI 1998), the Enterprise
Interoperability Maturity Model (EIMM) (Athena 2005), the Organisational Inter-
operability Maturity Model (OIMM) (Clark and Jones, 1999) ¨ the Organisational
Interoperability Agility Model (OIAM) (Kingston et al., 2005). „¢¥ ¬®¤¥«¨ |
the Levels of Conceptual Interoperability Model (LCIM) ¨ the Intermodel5 |
à�§à�¡®â�−ë ¤«ï ƒˆ‘-®¡«�áâ¨. ‚á¥ íâ¨ ¬®¤¥«¨ ¢ ®á−®¢−®¬ ¨á¯®«ì§ãîâáï −� á�-
¬ëå ¢ëá®ª¨å ãà®¢−ïå ®à£�−¨§�æ¨®−−®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¨§ âà�¤¨æ¨®−−ëå
á¥¬¨ ãà®¢−¥©: ãà®¢−ï −ã«¥¢®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨, â¥å−¨ç¥áª®£®, á¨−â�ªá¨-
ç¥áª®£®, á¥¬�−â¨ç¥áª®£®, ¯à�£¬�â¨ç¥áª®£®, ¤¨−�¬¨ç¥áª®£® ¨ ª®−æ¥¯âã�«ì−®£®
ãà®¢−¥©.

‘«®¦−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ƒˆ‘ ¬®¦−® £àã¡® ®å�à�ªâ¥à¨§®¢�âì ª�ª
á«®¨ í«¥ªâà®−−ëå â�¡«¨æ, á®¤¥à¦�é¨å ¤�−−ë¥, ¯à¥¤áâ�¢«ïîé¨¥ à¥�«ì−ë¥ £¥®-
£à�ä¨ç¥áª¨¥ ¨ ¯à®áâà�−áâ¢¥−−ë¥ ®á®¡¥−−®áâ¨, ¢ á®ç¥â�−¨¨ á® áà¥¤áâ¢�¬¨ ¢¨-
§ã�«¨§�æ¨¨ íâ¨å ¤�−−ëå, � â�ª¦¥ áà¥¤áâ¢�¬¨ ¤«ï ¬�−¨¯ã«¨à®¢�−¨ï ¤�−−ë¬¨
¨ á®§¤�−¨ï −®¢ëå ¢§�¨¬®á¢ï§¥© ¨ ¯®¤¬−®¦¥áâ¢ ¤�−−ëå. ‘¨áâ¥¬� ƒˆ‘ Esri,
¢ ç�áâ−®áâ¨, ¯®¤¤¥à¦¨¢�¥â âà¨ ®á−®¢−ëå ¯à¥¤áâ�¢«¥−¨ï ¯à¨ à�¡®â¥ á £¥®¤�−−ë-
¬¨ [5] (à¨á. 3).

�à¥¤áâ�¢«¥−¨¥ £¥®¤�−−ëå: ƒˆ‘ ¢ª«îç�¥â ¢ á¥¡ï �ƒ„ á −�¡®à�¬¨ £¥®¤�−−ëå,
á®¤¥à¦�é¨å £¥®£à�ä¨ç¥áªãî ¨−ä®à¬�æ¨î á â®çª¨ §à¥−¨ï ¯®¤¤¥à¦ª¨ ®¡é¥©

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 1 2022 51



ˆ. �. ÷®§¥−¡¥à£, ‘. Š. „ã«¨−, �. ƒ. „ã«¨−�

¬®¤¥«¨ ¤�−−ëå ƒˆ‘ (äã−ªæ¨¨, à�áâ-

÷¨á. 3 ’à¨ ®á−®¢−ëå ¯à¥¤áâ�¢«¥−¨ï £¥®-
¤�−−ëå

àë, â®¯®«®£¨¨, á¥â¨ ¨ â. ¤.).
�à¥¤áâ�¢«¥−¨¥ £¥®¢¨§ã�«¨§�æ¨¨:

ƒˆ‘ | íâ® −�¡®à ¨−â¥««¥ªâã�«ì-
−ëå ª�àâ ¨ ¤àã£¨å ®¯¨á�−¨©, ¯®-
ª�§ë¢�îé¨å ®á®¡¥−−®áâ¨ ®â−®è¥−¨©
®¡ê¥ªâ®¢ §¥¬−®© ¯®¢¥àå−®áâ¨. ÷�§-
«¨ç−ë¥ ¯à¥¤áâ�¢«¥−¨ï ª�àâ ¡�§®¢®©
£¥®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¬®£ãâ
¡ëâì ¨á¯®«ì§®¢�−ë ¢ ª�ç¥áâ¢¥ ú®ª-
−� ¢ �ƒ„û ¤«ï ¯®¤¤¥à¦ª¨ §�¯à®á®¢,
�−�«¨§� ¨ à¥¤�ªâ¨à®¢�−¨ï ¨−ä®à¬�-
æ¨¨.

�à¥¤áâ�¢«¥−¨¥ £¥®®¡à�¡®âª¨:
ƒˆ‘ | íâ® −�¡®à ¨−áâàã¬¥−â®¢ ¯à¥-
®¡à�§®¢�−¨ï ¨−ä®à¬�æ¨¨, ª®â®àë¥
ä®à¬¨àãîâ −®¢ë¥ −�¡®àë £¥®¤�−-
−ëå ¨§ áãé¥áâ¢ãîé¨å −�¡®à®¢ £¥®-
¤�−−ëå. �â¨ äã−ªæ¨¨ £¥®®¡à�¡®âª¨

¡¥àãâ ¨−ä®à¬�æ¨î ¨§ áãé¥áâ¢ãîé¨å −�¡®à®¢ £¥®¤�−−ëå, ¯à¨¬¥−ïîâ �−�«¨â¨ç¥-
áª¨¥ äã−ªæ¨¨ ¨ ¯®¬¥é�îâ à¥§ã«ìâ�âë ¢ −®¢ë¥ ¯à®¨§¢®¤−ë¥ −�¡®àë £¥®¤�−−ëå.

’�ª ª�ª æ¨äà®¢�ï âà�−áä®à¬�æ¨ï ¯à¥¤¯®«�£�¥â ¨á¯®«ì§®¢�−¨¥ â¥å−®«®£¨©
¤«ï à�¤¨ª�«ì−®£® ¯®¢ëè¥−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨, æ¨äà®¢¨§�æ¨ï ¢á¥å âà¥å
¯à¥¤áâ�¢«¥−¨© ¤®«¦−� ®¡¥á¯¥ç¨¢�âì á®®â¢¥âáâ¢ãîé¨© ãà®¢¥−ì â¥å−®«®£¨© ¯à®-
£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï. �à®¢¥¤¥−¨¥ æ¨äà®¢®© âà�−áä®à¬�æ¨¨ ®§−�ç�¥â, çâ®
ã¤�«®áì ¢−¥¤à¨âì â¥å−®«®£¨î, ª®â®à�ï §�¯ãáª�¥â á®¢¥àè¥−−® −®¢ë¥ ¯à®æ¥ááë,
� −¥ ¯à®áâ® −®¢ë© á¯®á®¡ ®¡à�¡®âª¨ £¥®¤�−−ëå.

–¨äà®¢ë¥ ¯à¥®¡à�§®¢�−¨ï ®ª�§ë¢�îâ áãé¥áâ¢¥−−®¥ ¢«¨ï−¨¥ −� â®, ª�ª á¯¥-
æ¨�«¨áâë, ¨á¯®«ì§ãîé¨¥ £¥®à¥áãàáë, ¢§�¨¬®¤¥©áâ¢ãîâ ¤àã£ á ¤àã£®¬ ¢ à�¬ª�å
áãé¥áâ¢ãîé¥© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨, ï¢«ïîé¥©áï ª«îç¥¢ë¬ ãá«®¢¨¥¬ à¥�-
«¨§�æ¨¨ æ¨äà®¢®© âà�−áä®à¬�æ¨¨.

÷¥�«¨§�æ¨ï æ¨äà®¢®© âà�−áä®à¬�æ¨¨ £¥®¤�−−ëå ¤�¥â ª�ª ¬¨−¨¬ã¬ ç¥âëà¥
¯à¥¨¬ãé¥áâ¢�: á−¨¦�¥â §�âà�âë −� ¯®¤¤¥à¦ªã áâàãªâãàë ¨ á®£«�á®¢�−−®áâ¨
£¥®¤�−−ëå, ¯®¢ëè�¥â â®ç−®áâì ¨ �¤¥ª¢�â−®áâì ä®à¬¨àã¥¬ëå §�¯à®á®¢, ã¢¥«¨-
ç¨¢�¥â áª®à®áâì ¢ë¯®«−ï¥¬ëå âà�−§�ªæ¨© ¨ ¤¥«�¥â à�¡®âã á £¥®¤�−−ë¬¨ ¡®«¥¥
®á¬ëá«¥−−®© ¨ íää¥ªâ¨¢−®©.

5 Заключение

‚ à�¡®â¥ à�áá¬®âà¥−ë ª®¬¯®−¥−âë ¨ íâ�¯ë à�§¢¨â¨ï ƒˆ‘ ª�ª ®á−®¢−®£®
¨−áâàã¬¥−â� ¯¥à¥å®¤� ª æ¨äà®¢®¬ã ª®−â¥−âã £¥®¤�−−ëå. ��áâ®ïé¨© ¯¥à¨®¤
§−�¬¥−ã¥âáï ¬�áèâ�¡−®© æ¨äà®¢®© âà�−áä®à¬�æ¨¥©, ¨ §¤¥áì á«¥¤ã¥â ®â¬¥â¨âì
¢¥¤ãéãî à®«ì ƒˆ‘ ¢ ®¡¥á¯¥ç¥−¨¨ ¯®«ì§®¢�â¥«¥© ¤®áâã¯®¬ ª ®æ¨äà®¢�−−ë¬
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£¥®à¥áãàá�¬ ¨ à¥�«¨§�æ¨¨ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ ¯à®æ¥áá¥ ¨−â¥£à�æ¨¨
æ¨äà®¢ëå â¥å−®«®£¨© ¢® ¢á¥ �á¯¥ªâë ¡¨§−¥á-¤¥ïâ¥«ì−®áâ¨ ª®¬¯�−¨©, ®¯¥à¨àã-
îé¨å £¥®¤�−−ë¬¨. �â¬¥ç¥−®, çâ® á�¬®© −¥¨áá«¥¤®¢�−−®© ¯à®¡«¥¬®© ƒˆ‘ ¢á¥
¥é¥ ®áâ�¥âáï «¨ª¢¨¤�æ¨ï à�§àë¢� ¬¥¦¤ã à�§«¨ç−ë¬¨ ¬®¤¥«ï¬¨ ¨−â¥à®¯¥à�¡¥«ì-
−®áâ¨, ¨á¯®«ì§ã¥¬ë¬¨ ¤«ï ¥¥ ä®à¬¨à®¢�−¨ï. ÷¥è¥−¨¥ íâ®© ¯à®¡«¥¬ë ®¡¥á¯¥ç¨«®
¡ë á®§¤�−¨¥ ®¡ê¥¤¨−¥−−®£® ¬¥â®¤�, ãç¨âë¢�îé¥£® á¨«ì−ë¥ áâ®à®−ë ¨ á«�¡®áâ¨
ª�¦¤®© ®â¤¥«ì−®© ¬®¤¥«¨ ¯à¨ ¨å ¨−â¥£à�æ¨¨.

Литература

1. Longley P. A., Goodchild M. F., Maguire D. J., Rhind D. W. Geographic information
systems and science. | New York, NY, USA: Wiley, 2001. 273 p.

2. Lemmens R. Semantic interoperability of distributed geo-services. | Rotterdam, Nether-
lands: Optima Graphic Communication, 2006. 312 p.

3. „ã«¨− ‘. Š., „ã«¨−� �. ƒ. �â á®£«�á®¢�−−®áâ¨ £¥®¤�−−ëå ª á¥¬�−â¨ç¥áª®© £¥®¨−-
â¥à®¯¥à�¡¥«ì−®áâ¨. | Œ.: ‚– ÷��, 2014. 28 á.

4. Turnitsa C., Tolk A. Battle management language: A triangle with five sides // Spring
Simulation Interoperability Workshop. | Los Alamitos, CA, USA: IEEE CS Press,
2006. Paper 06S-SIW-016. 10 p.

5. � Esri CIS: �â ª�àâë ¨ �−�«¨§� ª ¯®−¨¬�−¨î ¯à®áâà�−áâ¢�. https://www.esri-
cis.ru/ru-ru/about/about-esri/overview.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 03.07.21

GEOGRAPHIC INFORMATION SYSTEM — TOOL
FOR DIGITAL GEODATA TRANSFORMATION
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Abstract: The paper discusses the processes typical for the digitization of
geoinformation in the GIS information environment. The evolution of the
processing of digitized geoinformation by means of GIS is considered. Digital
geodata, as experience shows, ensure the improvement of the activities of any
company. However, most modern geodata are not interoperable: they are
stored in isolated geodatabases, noninteroperable systems, and used in restricted
applications. In this connection, it is difficult to exchange geodata; often, it
is not possible to analyze and interpret them. The necessity of the existence of
geointeroperability for digital transformation of geodata is shown. The existing
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models of interoperability used for the formation of GIS are listed. It is noted
that the most unexplored problem of GIS is still the elimination of the gap
between the various models of interoperability used to form it. Solving this
problem would provide a unified method that takes into account the strengths
and weaknesses of each individual model when they are integrated.

Keywords: GIS; digital transformation; geointeroperability
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СОЗДАНИЕ ФОНЕТИКО-АКУСТИЧЕСКОЙ БАЗЫ
РУССКИХ ТРИГРАММ

Ю. И. Бутенко1, Ю. В. Строганов2, А. В. Квасников3, Н. В. Славнов4

�−−®â�æ¨ï: �à¥¤áâ�¢«¥−� ä®−¥â¨ª®-�ªãáâ¨ç¥áª�ï ¡�§� àãááª¨å âà¨£à�¬¬
¤«ï �−�«¨§� ¨ á¨−â¥§� àãááª®© à¥ç¨. �à¨¢¥¤¥−� ª«�áá¨ä¨ª�æ¨ï àãááª¨å
âà¨£à�¬¬, ¢ë¤¥«¥−ë «¥£ª®- ¨ âàã¤−®¯à®¨§−®á¨¬ë¥ âà¨£à�¬¬ë. �â¬¥ç¥−®,
çâ® âà¨£à�¬¬ë ¢ á®áâ�¢¥ á«®¢� ¯®«−®áâìî ¨«¨ ç�áâ¨ç−® á®¢¯�¤�îâ á ¬®à-
ä¥¬�¬¨ àãááª®£® ï§ëª�. �à®¨««îáâà¨à®¢�−ë ¢�à¨�−âë à�§¬¥âª¨ à¥ç¥¢ëå
§�¯¨á¥© ¢ á¨áâ¥¬¥ à�§¬¥âª¨ §¢ãç�é¥© à¥ç¨. �à®�−�«¨§¨à®¢�−� ¨ ¯à®¨««î-
áâà¨à®¢�−� ¯à¨ ¯®¬®é¨ ®áæ¨««®£à�¬¬ ¢�à¨�â¨¢−®áâì ¯à®¨§−®è¥−¨ï àãááª¨å
âà¨£à�¬¬ à�§−ë¬¨ ¤¨ªâ®à�¬¨. �®ª�§�−®, çâ® á¨áâ¥¬� à�§¬¥âª¨ à¥ç¨ ¯®§¢®«ï-
¥â ãç¨âë¢�âì ¯¥àá®−�«ì−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¤¨ªâ®à�, ¢«¨ïîé¨¥ −� ª�ç¥áâ¢®
¯à®¨§−®è¥−¨ï. ˆáá«¥¤®¢�−® ¢«¨ï−¨¥ à�á¯®«®¦¥−¨ï ä®−¥¬ë ¢ á«®¢¥ −� ª�ç¥-
áâ¢® ¥¥ à�á¯®§−�¢�−¨ï. �à¥¤«®¦¥−® ¨á¯®«ì§®¢�âì ç�áâ®â−®áâì ã¯®âà¥¡«¥−¨ï
¨ ¯®§¨æ¨î âà¨£à�¬¬ë ¢ á«®¢¥ ¢ ª�ç¥áâ¢¥ ¢¥á®¢ ¯à¨ ¨á¯®«ì§®¢�−¨¨ âà¨£à�¬¬
¢ §�¤�ç�å à�á¯®§−�¢�−¨ï ¨ á¨−â¥§� à¥ç¨.

Š«îç¥¢ë¥ á«®¢�: ä®−¥â¨ª®-�ªãáâ¨ç¥áª�ï ¡�§�; âà¨£à�¬¬�; ¤¨ªâ®à; à�§¬¥â-
ª�; ®áæ¨««®£à�¬¬�; ¯à®¨§−®è¥−¨¥; ¢�à¨�â¨¢−®áâì
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1 Введение

‘®¢®ªã¯−®áâì à¥ç¥¢ëå äà�£¬¥−â®¢ ¨ á®§¤�−−ëå −� ¨å ®á−®¢¥ ¡�§ ¤�−−ëå,
ª®â®àë¥ ®¡¥á¯¥ç¥−ë ¯à®£à�¬¬−ë¬¨ áà¥¤áâ¢�¬¨ ¤®áâã¯� ª −¨¬, ¯à¥¤áâ�¢«ïîâ
á®¡®© à¥ç¥¢ë¥ ¡�§ë ¨«¨ ª®à¯ãá� ª®−ªà¥â−®£® ï§ëª� [1]. �à¨ ¬®¤¥«¨à®¢�−¨¨
¯à®á®¤¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª à¥ç¨ ¨ ¨−¤¨¢¨¤ã�«ì−ëå ®á®¡¥−−®áâ¥© ¤¨ªâ®à�
â�ª®© ¯®¤å®¤ áâ�−®¢¨âáï ®¯à¥¤¥«ïîé¨¬ ¤«ï ª�ç¥áâ¢¥−−®£® �−�«¨§� ¨ á¨−â¥§�
ãáâ−®© à¥ç¨. ��¨¡®«¥¥ ¨§¢¥áâ−ë¥ à¥ç¥¢ë¥ ¡�§ë ¨ ª®à¯ãá�: ª®à¯ãá �−£«¨©áª®£®
ï§ëª� TIMIT [2], à¥ç¥¢®© ª®à¯ãá àãááª®£® ï§ëª� ISABASE [3], à¥ç¥¢®© ª®à¯ãá
àãááª®£® ï§ëª� RuSpeech [4], ®á−®¢−ë¬¨ ¡�§®¢ë¬¨ ¥¤¨−¨æ�¬¨ ª®â®àëå ï¢«ïîâáï
�««®ä®−ë ¨ ¤¨ä®−ë. „«ï ¤¨ä®−−®£® �−�«¨§� ¨ á¨−â¥§� à¥ç¨ ¨á¯®«ì§ãîâ ¡�§ë
¤�−−ëå, á®¤¥à¦�é¨¥ ¢á¥ ¢®§¬®¦−ë¥ ¤«ï §�¤�−−®£® ï§ëª� ¤¢ãç«¥−−ë¥ ª®¬¡¨-
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−�æ¨¨ ä®−¥¬, � ¯à¨ ¨á¯®«ì§®¢�−¨¨ �««®ä®−®¢ ¯à®¢®¤ïâ ãç¥â ¢á¥å ¢®§¬®¦−ëå
á®ç¥â�−¨© «¥¢®£® ¨ ¯à�¢®£® ª®−â¥ªáâ� [5].

„«ï ¯à®¥ªâ¨àã¥¬®© ¡�§ë ¤«ï �−�«¨§� ¨ á¨−â¥§� àãááª®© à¥ç¨ ¢ ª�ç¥áâ¢¥
¡�§¨á−ëå í«¥¬¥−â®¢ ¡ë«¨ ®¯à¥¤¥«¥−ë âà¨£à�¬¬ë [6, 7] ¨ ¨å ä®−¥¬−�ï à¥�«¨-
§�æ¨ï ¢ ãáâ−®© à¥ç¨. �â¬¥â¨¬, çâ® ¢ à�¬ª�å ¨áá«¥¤®¢�−¨ï ¯®¤ âà¨£à�¬¬®©
¯®¤à�§ã¬¥¢�¥âáï á®ç¥â�−¨¥ ¨§ âà¥å ¡ãª¢. ‚ á¢ï§¨ á â¥¬ çâ® ¢ ãáâ−®© à¥ç¨ ®¤−�
¨ â� ¦¥ âà¨£à�¬¬� ¬®¦¥â ¡ëâì à¥�«¨§®¢�−� ª�ª âà¨ä®−, ¤¨ä®− ¨«¨ �««®ä®−,
¤«ï ¨å ®¡®§−�ç¥−¨ï �¢â®àë ¨á¯®«ì§ãîâ â¥à¬¨− ú¢�à¨�â¨¢−®áâì ¯à®¨§−®è¥−¨ï
âà¨£à�¬¬ëû. �� ®á−®¢¥ ¢ë¢®¤®¢ ¨áá«¥¤®¢�−¨© [6, 7] ¬®¦−® ¯à¥¤¯®«®¦¨âì,
çâ® ¨á¯®«ì§®¢�−¨¥ âà¨£à�¬¬ ¢® ¢à¥¬ï �¢â®¬�â¨ç¥áª®£® ¤¥ª®¤¨à®¢�−¨ï ¯®¢ëá¨â
ª�ç¥áâ¢® à�á¯®§−�¢�−¨ï à¥ç¨, â�ª ª�ª ¯à¨ ¤¥«¥−¨¨ −� âà¨£à�¬¬ë ¢ á®áâ�¢¥ á«®-
¢� ¡®«ìè¥© ¤«¨−ë ¢ë¤¥«ïîâáï ãªàã¯−¥−−ë¥ ¥¤¨−¨æë, ª®â®àë¥ ¯®«−®áâìî ¨«¨
ç�áâ¨ç−® á®¢¯�¤�îâ á ¬®àä¥¬�¬¨ àãááª®£® ï§ëª�. –¥«ì áâ�âì¨ | ®¯¨á�−¨¥
ä®−¥â¨ª®-�ªãáâ¨ç¥áª®© ¡�§ë àãááª¨å âà¨£à�¬¬, −�¯à�¢«¥−−®© −� ãáâ�−®¢«¥−¨¥
á®®â¢¥âáâ¢¨© ¬¥¦¤ã âà¨£à�¬¬�¬¨ ¨ ¨å ä®−¥¬−®© à¥�«¨§�æ¨¥© ¢ ãáâ−®© à¥ç¨.

2 Особенности сбора и разметки речевого материла

‘ãé−®áâì ¯®¤å®¤� ª ¯®áâà®¥−¨î ä®−¥â¨ª®-�ªãáâ¨ç¥áª®© ¡�§ë á®áâ®¨â ¢ ä®à-
¬¨à®¢�−¨¨ ¬¨−¨¬�«ì−®£® −�¡®à� ®á¬ëá«¥−−ëå á«®¢ ¨ á«®¢®á®ç¥â�−¨©, ª®â®àë©
¯®á«¥ ®¡à�¡®âª¨ ®¡¥á¯¥ç¨¢�¥â ¯®ªàëâ¨¥ ¬−®¦¥áâ¢� ¢á¥¢®§¬®¦−ëå ª®¬¡¨−�æ¨©
âà¨£à�¬¬ àãááª®© à¥ç¨.

„«ï ¯®¤£®â®¢ª¨ à¥ç¥¢ëå äà�£¬¥−â®¢ ¨ ¤�«ì−¥©è¥© á¥£¬¥−â�æ¨¨ à¥ç¥¢®£®
á¨£−�«� âà¨£à�¬¬ë à�á¯à¥¤¥«¥−ë ¯® á«¥¤ãîé¨¬ ª«�áá�¬:

1. ƒ«�á−ë©{£«�á−ë©{£«�á−ë©: ¥¥¥.

2. ƒ«�á−ë©{£«�á−ë©{á®£«�á−ë©: ®®â, ®®¯, ®�¢.

3. ‘®£«�á−ë©{£«�á−ë©{£«�á−ë©: á®®, á®�, ª®®.

4. ƒ«�á−ë©{á®£«�á−ë©{£«�á−ë©: ®¢�, ¥«¥, ¥«®, ®¡®.

5. ‘®£«�á−ë©{á®£«�á−ë©{£«�á−ë©: áª�, áâ¥, §−�, â¢®, áâ¨, áª®.

6. ƒ«�á−ë©{á®£«�á−ë©{á®£«�á−ë©: ®áâ, ®á−, ®â«, ãâà.

7. ‘®£«�á−ë©{£«�á−ë©{á®£«�á−ë©: ¬¥−, −�¢, â�à, ¤¥á.

8. ‘®£«�á−ë©{á®£«�á−ë©{á®£«�á−ë©: ¢§¤, ¢¯à, ¡áâ, ááâ.

�á−®¢ë¢�ïáì −� ¨áá«¥¤®¢�−¨¨ âàã¤−®áâ¨ ¯à®¨§−®è¥−¨ï âà¨£à�¬¬ [7,8], ¬®¦-
−® ¯à¥¤¯®«®¦¨âì, çâ® «¥£ª®¯à®¨§−®á¨¬ë¥ âà¨£à�¬¬ë £«�á−ë©{á®£«�á−ë©{£«�á-
−ë© ¡ã¤ãâ ¨ à�á¯®§−�¢�âìáï á ¡®«¥¥ ¢ëá®ª®© áâ¥¯¥−ìî ¢¥à®ïâ−®áâ¨, −¥¦¥«¨
âàã¤−®¯à®¨§−®á¨¬ë¥ ¡ãª¢®á®ç¥â�−¨ï á®£«�á−ë©{á®£«�á−ë©{á®£«�á−ë©.

„«ï á®§¤�−¨ï ä®−¥â¨ª®-�ªãáâ¨ç¥áª®© ¡�§ë ¢�à¨�â¨¢−®áâ¨ ¯à®¨§−®è¥−¨ï
àãááª¨å âà¨£à�¬¬ −¥®¡å®¤¨¬® á®¡à�âì ¬�â¥à¨�« ¤«ï ¢−¥á¥−¨ï ¢ ¡�§ã á ¯®-
á«¥¤ãîé¥© à�§¬¥âª®©. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¬�â¥à¨�«®¬ ¤«ï à�§¬¥âª¨ á«ã¦¨â
®£à�−¨ç¥−−�ï ª®««¥ªæ¨ï â¥ªáâ®¢, ®§¢ãç¥−−�ï ª�¦¤ë¬ ¨§ ¤¨ªâ®à®¢. Š�¦¤ë©
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‘®§¤�−¨¥ ä®−¥â¨ª®-�ªãáâ¨ç¥áª®© ¡�§ë àãááª¨å âà¨£à�¬¬

â¥ªáâ ®à¨¥−â¨à®¢�− −� ç�áâ®¥ ¨á¯®«ì§®¢�−¨¥ ®¯à¥¤¥«¥−−ëå ¡ãª¢ ¨ ¨å á®ç¥â�-
−¨© ¢ à�§−ëå ¯®§¨æ¨ïå ¢ á«®¢¥, −�¯à¨¬¥à: çã¦¥§¥¬æë ¦ãâª® ®è¨¡�îâáï,
¯®¤èãç¨¢�ï −�¤ è�¡«®−−ë¬ ¬ëè«¥−¨¥¬ è¢¥©æ�àæ¥¢. �¡ê¥¬ ®¤−®£® â¥ªáâ�
á®áâ�¢«ï¥â 300{500 §−�ª®¢.

‚ á¢ï§¨ á â¥¬ çâ® ®â ª�ç¥áâ¢� à�§¬¥âª¨ ¡�§ë §�¢¨á¨â ª�ç¥áâ¢® á¨−â¥§� ¨ â®ç-
−®áâì à�á¯®§−�¢�−¨ï à¥ç¨, à�§¬¥âª� ®áãé¥áâ¢«ï¥âáï áâã¤¥−â�¬¨-«¨−£¢¨áâ�¬¨
¢àãç−ãî á ¨á¯®«ì§®¢�−¨¥¬ ¯®«ã�¢â®¬�â¨ç¥áª¨å áà¥¤áâ¢ ¯à®á¬®âà� ®áæ¨««®-
£à�¬¬. ‡�¤�ç� á¡®à� �ã¤¨®§�¯¨á¥©, ¢ á¢®î ®ç¥à¥¤ì, ®á«®¦−¥−� àï¤®¬ ä�ªâ®à®¢,
ª®â®àë¥ â�ª¦¥ −¥®¡å®¤¨¬® ãç¨âë¢�âì ¯à¨ á®§¤�−¨¨ ¡�§ë, â�ª¨å ª�ª ãà®¢¥−ì
®¡à�§®¢�−¨ï ¤¨ªâ®à�, ¤«¨â¥«ì−®¥ ¯à®¦¨¢�−¨¥ ¢ ¤àã£®¬ à¥£¨®−¥ á ïàª® ¢ëà�-
¦¥−−ë¬ ¤¨�«¥ªâ®¬, −�«¨ç¨¥ ä¨§¨®«®£¨ç¥áª¨å ®á®¡¥−−®áâ¥©, à�§¢¨â¨¥ ¡®«¥§−¥©,
á¢ï§�−−ëå á à¥çìî ¨ ¤ëå�−¨¥¬, ª®â®àë¥ ®¡ï§�â¥«ì−® −¥®¡å®¤¨¬® ®âà�§¨âì ¢ á¨á-
â¥¬¥ [9].

÷�§¬¥âª� £®«®á®¢ëå §�¯¨á¥© ¯à®¢®¤¨âáï ¢ à�§à�¡®â�−−®© �¢â®à�¬¨ á¨áâ¥¬¥
à�§¬¥âª¨ §¢ãç�é¥© à¥ç¨, ª®â®à�ï á«ã¦¨â ®á−®¢®© ¤«ï à�§à�¡®âª¨ ä®−¥â¨ª®-
�ªãáâ¨ç¥áª®© ¡�§ë àãááª¨å âà¨£à�¬¬ ª�ª á®¢®ªã¯−®áâ¨ à¥ç¥¢ëå äà�£¬¥−â®¢
¨ á®§¤�−−®© −� ¨å ®á−®¢¥ ¡�§ë ¤�−−ëå, ª®â®à�ï ®¡¥á¯¥ç¥−� ¯à®£à�¬¬−ë¬¨
áà¥¤áâ¢�¬¨ ¤®áâã¯� [9].

„«ï à�§¬¥âª¨ �ã¤¨®á®®¡é¥−¨ï −¥®¡å®¤¨¬® §�¯®«−¨âì á«¥¤ãîéãî ¨−-
ä®à¬�æ¨î ® ¤¨ªâ®à¥: ¯á¥¢¤®−¨¬ (áâà®ª�-¨¤¥−â¨ä¨ª�â®à, ¯® ª®â®à®© ¬®¦-
−® −�©â¨ ¤¨ªâ®à� ¯à¨ ¤®¡�¢«¥−¨¨ ª �ã¤¨®§�¯¨á¨); ¨¬ï (áâà®ª� ¢¨¤�
〈”�¬¨«¨ï〉〈ˆ¬ï〉〈�âç¥áâ¢® (®¯æ¨®−�«ì−®)〉); £®à®¤; áâà�−�; à®¤−®© ï§ëª; ¯®«;
¢®§à�áâ; −�àãè¥−¨ï à¥ç¨, ¥á«¨ ®−¨ ¢ëï¢«¥−ë ¯à¨ ¯à®á«ãè¨¢�−¨¨ §�¯¨á¨. ‚ ¡�§¥
¤®áâã¯−® ¤¢� ¢¨¤� à�§¬¥âª¨: ¯® ®â¤¥«ì−ë¬ á«®¢�¬ ¨ ä®−¥¬�¬ (à¨á. 1).

„«ï ®æ¥−ª¨ ¢�à¨�â¨¢−®áâ¨ ¯à®¨§−®è¥−¨ï ®¤−®£® á«®¢� à�§−ë¬¨ ¤¨ªâ®à�¬¨
à¥�«¨§®¢�−ë §�¯à®áë ¯® ¢ëï¢«¥−¨î âà¨£à�¬¬ ¨ âà¨ä®−®¢ ¯ãâ¥¬ áà�¢−¥−¨ï ®¤¨-
−�ª®¢ëå âà¨£à�¬¬ ¢ à�§−ëå á«®¢�å ¨«¨ ç�áâïå á«®¢. „¥¬®−áâà�æ¨ï à¥§ã«ìâ�â®¢
¯®¨áª� âà¨£à�¬¬ ®áãé¥áâ¢«ï¥âáï ç¥à¥§ ¯®ª�§ ®áæ¨««®£à�¬¬ë ¢á¥£® á«®¢�. ‘®®â-

÷¨á. 1 ‚¨¤ë à�§¬¥âª¨ ¢ ä®−¥â¨ª®-�ªãáâ¨ç¥áª®© ¡�§¥ àãááª¨å âà¨£à�¬¬
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ā. ˆ. �ãâ¥−ª®, ā. ‚. ‘âà®£�−®¢, �. ‚. Š¢�á−¨ª®¢, �. ‚. ‘«�¢−®¢

−¥á¥−¨¥ âà¨£à�¬¬ á ¨å §¢ãª®¢®© à¥�«¨§�æ¨¥© ®áãé¥áâ¢«ï¥âáï −¥ �¢â®¬�â¨ç¥áª¨,
−® �¢â®¬�â¨§¨à®¢�−®: ¯®¨áª®¢ë© §�¯à®á ª ¡�§¥ ¯®§¢®«ï¥â ¢ë¤¥«¨âì ¢á¥ §�¯¨á¨, £¤¥
¢áâà¥ç�¥âáï §�¤�−−�ï ¯®á«¥¤®¢�â¥«ì−®áâì ¡ãª¢, ¨«¨, −�®¡®à®â, −�©â¨ ¢á¥ §�¯¨á¨,
á®¤¥à¦�é¨¥ ¢ ¯à®¨§−®è¥−¨¨ ãª�§�−−ãî ¯®á«¥¤®¢�â¥«ì−®áâì §¢ãª®¢; ¡®«¥¥ á«®¦-
−ë© §�¯à®á ¯®§¢®«ï¥â −�å®¤¨âì â�ª¨¥ §�¯¨á¨, £¤¥ à�§¬¥é¥−ë âà¨£à�¬¬ë ¢ â¥ªáâ¥
¨ âà¨ä®−ë ¢ à�§¬¥ç¥−−®© §�¯¨á¨, ®¤−�ª® −¥ £�à�−â¨àã¥âáï, çâ® §�¯à�è¨¢�¥¬ë¥
âà¨ä®−ë ¨ âà¨£à�¬¬ë ®â−®áïâáï ª ®¤¨−�ª®¢®¬ã ãç�áâªã ®áæ¨««®£à�¬¬ë.

3 Вариативность произношения русских триграмм

‡�¤�ç� ä®−¥â¨ª®-�ªãáâ¨ç¥áª®© ¡�§ë á®áâ®¨â ¢ ãáâ�−®¢«¥−¨¨ ®â−®è¥−¨© ¬¥¦-
¤ã �ªãáâ¨ç¥áª¨¬ á¨£−�«®¬ ¨ âà¨£à�¬¬®©. �à¨ à�á¯®§−�¢�−¨¨ à¥ç¨, ¯®¤¥«¥−−®©
−� âà¨£à�¬¬ë, áâ�−®¢¨âáï ¢®§¬®¦−ë¬ ¯à¥¤¯®«®¦¨âì ¢¥à®ïâ−®áâ−®¥ ¯à®£−®§¨à®-
¢�−¨¥ ¯®á«¥¤ãîé¨å ä®−¥¬.

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� à�áá¬®âà¨¬ ¢�à¨�â¨¢−®áâì ¯à®¨§−®è¥−¨ï á«®¢� úª®−-
äà®−â�æ¨ïû âà¥¬ï à�§−ë¬¨ ¤¨ªâ®à�¬¨. �� à¨á. 2 ¯®ª�§�−®, ª�ª ®¤¨− ¨§
¤¨ªâ®à®¢ ¯à®¨§−®á¨â ¥£® ç¥âª®, � ¤àã£¨¥ ¤¨ªâ®àë ª®¬ª�îâ ¨ ãà¥§�îâ −¥ª®â®àë¥
ä®−¥¬ë, çâ® ¬®¦¥â ¡ëâì ¢ë§¢�−® àï¤®¬ ¯à¨ç¨−. ��¯à¨¬¥à, íâ® ¬®¦¥â ¡ëâì
á¢ï§�−® á â¥¬, çâ® íâ® á«®¢® ¡ë«® ¢ ª®−æ¥ ¢á¥£® â¥ªáâ� ¨ ¤¨ªâ®àë ãáâ�«¨ ®â
á«®¦−®£® â¥ªáâ�, ã¢¨¤¥−−®£® ¢ ¯¥à¢ë© à�§.

ˆáá«¥¤®¢�−¨¥ ¯®ª�§�«®, çâ® −� ª�ç¥áâ¢® à¥ç¨ ¢«¨ïîâ í¬®æ¨¨, ¢ëà�¦�¥¬ë¥
ç¥«®¢¥ª®¬ ¢® ¢à¥¬ï ¥¥ ¯à®¨§−¥á¥−¨ï, −�«¨ç¨¥ −�àãè¥−¨© ¤ëå�−¨ï, ¤¥ä¥ªâ®¢
à¥ç¨ ¨ £®«®á®¢®£® âà�ªâ�, ®¤ëèª�, −�«¨ç¨¥ ïàª® ¢ëà�¦¥−−®£® �ªæ¥−â� ¨«¨
£®¢®à�. �à¨ à�§¬¥âª¥ §�¯¨á¥© ¢ëï¢«¥−®, çâ® ¡«¨¦¥ ª ª®−æã §�¯¨á¨ â¥¬¯ çâ¥−¨ï

÷¨á. 2 ‚�à¨�−âë ¯à®¨§−®è¥−¨ï á«®¢� úª®−äà®−â�æ¨ïû à�§−ë¬¨ ¤¨ªâ®à�¬¨
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‘®§¤�−¨¥ ä®−¥â¨ª®-�ªãáâ¨ç¥áª®© ¡�§ë àãááª¨å âà¨£à�¬¬

§�¬¥¤«ï«áï, ¤«¨−� ¯à®¨§−¥á¥−−ëå ä®−¥¬ ã¢¥«¨ç¨¢�«�áì, â�ª ¦¥ ª�ª ¨ ç¨á«®
à¥ç¥¢ëå ®è¨¡®ª.

�à¨ à�§¬¥âª¥ á«®¢� úª®−äà®−â�æ¨ïû âà¨£à�¬¬� úà®−û à�§−ë¬¨ ¤¨ªâ®à�-
¬¨ ¯à®¨§−®á¨«�áì ª�ª [à®−], [à−], [à�−] ¨«¨ à¥¤ãæ¨à®¢�«�áì ¤® �««®ä®−� [à],
� âà¨£à�¬¬ã úâ�æû ¢á¥ ¤¨ªâ®àë ¯à®¨§−¥á«¨ ®¤¨−�ª®¢®, â�ª ª�ª ®−� á®¢¯�¤�¥â
á ã¤�à−ë¬ á«®£®¬.

’�ª¨¬ ®¡à�§®¬, ¯à¨ à�á¯®§−�¢�−¨¨ à¥ç¨ −� ®á−®¢¥ ¢�à¨�â¨¢−®áâ¨ ¯à®¨§−®-
è¥−¨ï âà¨£à�¬¬ �¢â®àë áç¨â�îâ æ¥«¥á®®¡à�§−ë¬ ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥ ¢¥á�:
ç�áâ®â−®áâì ã¯®âà¥¡«¥−¨ï ¨ ¯®§¨æ¨î âà¨£à�¬¬ë ¢ á«®¢¥. ��¨¡®«¥¥ ç�áâ®â−ë¥
âà¨£à�¬¬ë á®¢¯�¤�îâ á �ää¨ªá�¬¨ ¨ ®ª®−ç�−¨ï¬¨: âà¨¤æ�âì −�¨¡®«¥¥ ç�áâ®â−ëå
âà¨£à�¬¬ àãááª®£® ï§ëª� á«¥¤ãîé¨¥: ú®áâû, úçâ®û, ú¯à®û, ú¥£®û, ú¥−¨û, ú®£®û,
úáâ�û, ú�âìû, ú®â®û, ú¯à¨û, ú¥áâû, ú¥−−û, úíâ®û, úáâ®û, ú�§�û, úáâ¢û, úâ®àû,
ú®à®û, ú¥à¥û, ú®«ìû, úª�ªû, ú®−�û, ú®¢�û, ú¡ë«û, ú�«¨û, ú«áïû, ú¢á¥û, ú¢¥àû,
úâ¥«û, ú«ì−û. ’�ª¨¬ ®¡à�§®¬, −�¨¡®«¥¥ ç�áâ®â−ë¥ âà¨£à�¬¬ë ¯®¤¢¥à¦¥−ë
�−â¨æ¨¯�æ¨¨. ÷¥¤ª® ¢áâà¥ç�îâáï âà¨£à�¬¬ë, á®¤¥à¦�é¨¥áï ¢ á«®¢�å ¨−®áâà�−-
−®£® ¯à®¨áå®¦¤¥−¨ï (¬�ªˆŸ†, æ¥¯¥‹‹ˆ−) ¨ á®áâ�¢−ëå á«®¢�å (�„Œ—�áâì,
£«�‚‚÷�ç).

’à¨£à�¬¬� úª®−û ¢ ã¤�à−®© ¯®§¨æ¨¨ ¢ á«®¢�å ¢¨ª®−â, §�ª®−, ª®−ì, ¨áª®−−ë©
¢á¥¬¨ ¤¨ªâ®à�¬¨ ¯à®¨§−®á¨âáï ®¤¨−�ª®¢®; ¢ á«®¢�å ª®−æ¥, ®ª®−, −�ª®−¥æ, ª®−¥ç−®,
ª®−â®àã ¨¬¥¥â 3 ¢�à¨�−â� ¯à®¨§−®è¥−¨ï [ª®−], [ª�−] ¨ [ª−], � â�ª¦¥ ¬®¦¥â
à¥¤ãæ¨à®¢�âìáï ¤® [ª®] ¨«¨ [ª] ¢ â�ª¨å á«®¢�å, ª�ª ª®−äà®−â�æ¨ï, ª®−ä«¨ªâ,
¨§-§� ¯à®¨§−®á¨â¥«ì−®© á«®¦−®áâ¨ âà¨£à�¬¬ ú−äàû ¨ ú−ä«û.

‚ −�áâ®ïé¥¥ ¢à¥¬ï ä®−¥â¨ª®-�ªãáâ¨ç¥áª�ï ¡�§� àãááª¨å âà¨£à�¬¬ á®§¤�−�
¨ −�¯®«−ï¥âáï à¥ç¥¢ë¬ ¬�â¥à¨�«®¬; ¯à¥¤¯®«�£�¥âáï ¯®á«¥¤ãîé¥¥ à�§¬¥é¥−¨¥
¥¥ ¢ ®âªàëâ®¬ ¤®áâã¯¥. ‘âã¤¥−âë ä�ªã«ìâ¥â®¢ ú‹¨−£¢¨áâ¨ª�û ¨ úˆ−ä®à¬�-
â¨ª� ¨ ã¯à�¢«¥−¨¥û Œƒ’“ ¨¬. �. �. ��ã¬�−� �ªâ¨¢−® ¨á¯®«ì§ãîâ ¡�§ã ¤«ï
¯à®¢¥¤¥−¨ï ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ ä®−¥â¨ª¨, ª¢�−â¨â�â¨¢−®© «¨−£¢¨áâ¨ª¨ ¨ �¢-
â®¬�â¨ç¥áª®£® à�á¯®§−�¢�−¨ï ¨ á¨−â¥§� ãáâ−®© à¥ç¨ [10].

4 Заключение

‚ ®á−®¢ã ä®−¥â¨ª®-�ªãáâ¨ç¥áª®© ¡�§ë ¤«ï �−�«¨§� ¨ á¨−â¥§� àãááª®© à¥ç¨ ¯®-
«®¦¥−ë âà¨£à�¬¬ë, â�ª ª�ª ®−¨ ¯®«−®áâìî ¨«¨ ç�áâ¨ç−® á®¢¯�¤�îâ á ¬®àä¥¬�¬¨
àãááª®£® ï§ëª�. ˆáå®¤ï ¨§ ¯à®¨§−®á¨â¥«ì−®© á«®¦−®áâ¨, âà¨£à�¬¬ë à�á¯à¥-
¤¥«¥−ë ¯® ª«�áá�¬: £«�á−ë©{£«�á−ë©{£«�á−ë©, £«�á−ë©{£«�á−ë©{á®£«�á−ë©,
á®£«�á−ë©{£«�á−ë©{£«�á−ë©, £«�á−ë©{á®£«�á−ë©{£«�á−ë©, á®£«�á−ë©{á®£«�á-
−ë©{£«�á−ë©, £«�á−ë©{á®£«�á−ë©{á®£«�á−ë©, á®£«�á−ë©{£«�á−ë©{á®£«�á−ë©,
á®£«�á−ë©{á®£«�á−ë©{á®£«�á−ë©. Œ�â¥à¨�«®¬ ¨áá«¥¤®¢�−¨ï áâ�«¨ £®«®á®¢ë¥
§�¯¨á¨ ®¤−®£® ¨ â®£® ¦¥ â¥ªáâ�, ®§¢ãç¥−−®£® à�§−ë¬¨ ¤¨ªâ®à�¬¨, á −�¡®à®¬
âà¨£à�¬¬ −� à�§«¨ç−ëå ¯®§¨æ¨ïå ¢ á«®¢¥ á æ¥«ìî ¯®á«¥¤ãîé¥£® áà�¢−¥−¨ï
ãç�áâª®¢ ®áæ¨««®£à�¬¬ á ®¤¨−�ª®¢ë¬¨ ¯®á«¥¤®¢�â¥«ì−®áâï¬¨ §¢ãª®¢. ‚ á¨áâ¥¬¥
à�§¬¥âª¨ §¢ãç�é¥© à¥ç¨ ¨á¯®«ì§ã¥âáï ¯®á«®¢−�ï ¨ ¯®ä®−¥¬−�ï à�§¬¥âª�. ”®−¥-
â¨ª®-�ªãáâ¨ç¥áª�ï ¡�§� ¯®§¢®«ï¥â ãáâ�−�¢«¨¢�âì ®â−®è¥−¨ï ¬¥¦¤ã �ªãáâ¨ç¥áª¨¬
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ā. ˆ. �ãâ¥−ª®, ā. ‚. ‘âà®£�−®¢, �. ‚. Š¢�á−¨ª®¢, �. ‚. ‘«�¢−®¢

á¨£−�«®¬ ¨ âà¨£à�¬¬®©. �à¨ à�á¯®§−�¢�−¨¨ à¥ç¨ −� ®á−®¢¥ âà¨£à�¬¬ ¢ ª�ç¥áâ¢¥
¢¥á®¢ ¯à¥¤«®¦¥−® ¨á¯®«ì§®¢�âì ç�áâ®â−®áâì ã¯®âà¥¡«¥−¨ï ¨ ¯®§¨æ¨î âà¨£à�¬¬ë
¢ á«®¢¥.
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Phonetic-acoustic database of Russian trigrams

PHONETIC-ACOUSTIC DATABASE OF RUSSIAN TRIGRAMS

Yu. I. Butenko, Yu. V. Stroganov, A. V. Kvasnikov, and N. V. Slavnov

N. E. Bauman Moscow State Technical University, 5-1, 2nd Baumanskaya Str.,
Moscow 105005, Russian Federation

Abstract: The article describes the phonetic-acoustic base of Russian trigrams
for analysis and synthesis of Russian speech. The classification of the Russian
trigrams is given as well as trigrams easy and difficult for pronunciation are
highlighted. It is noted that the trigrams in the composition of the word
fully or partially coincide with the morphemes of the Russian language. The
variants of marking of speech records in the system of marking sounding speech
are illustrated. Variability in pronunciation of Russian trigrams by different
speakers is analyzed and illustrated by means of oscillograms. It is shown that
the speech markup system allows taking into account personal characteristics of
the speaker, affecting the quality of pronunciation. The influence of phoneme
location in the word on the quality of its recognition is studied. It is suggested
to use frequency of use and the position of the phoneme in the word as weights
when using trigrams in speech recognition and synthesis tasks.

Keywords: phonetic-acoustic base; trigram; speaker; annotation; oscillogram;
pronunciation; variability
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НЕКОТОРЫЕ ВОПРОСЫ ОЦЕНКИ ВНУТРЕННЕГО КАЧЕСТВА
ИНФОРМАЦИОННЫХ СИСТЕМ

А. А. Зацаринный1, Ю. С. Ионенков2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¢®¯à®á�¬ ®æ¥−ª¨ ª�ç¥áâ¢� ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬ (ˆ‘). �á−®¢−®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® à�áá¬®âà¥−¨î ¢−ãâà¥−−¥© áâ®-
à®−ë ª�ç¥áâ¢� ˆ‘, á¢ï§�−−®© á ã¤®¡áâ¢®¬ ¨å à�§à�¡®âª¨ ¨ ¯à®¨§¢®¤áâ¢�,
â¥å−®«®£¨ç−®áâìî, ¡¥§®¯�á−®áâìî ¨ á−¨¦¥−¨¥¬ ¨§¤¥à¦¥ª ¯à®¥ªâ¨à®¢�−¨ï.
÷�áá¬®âà¥−ë ¨áâ®à¨ç¥áª¨¥ �á¯¥ªâë ä®à¬¨à®¢�−¨ï áãé−®áâ¨ ¢−ãâà¥−−¥© áâ®-
à®−ë ª�ç¥áâ¢� ˆ‘, ¯à¥¤áâ�¢«¥−−ë¥ ¢ à�¡®â�å “®«â¥à� ˜ãå�àâ�, “¨«ìï¬�
�¤¢�à¤� „¥¬¨−£� ¨ �à¬�−¤� ”¥©£¥−¡�ã¬�. �à¥¤áâ�¢«¥−ë ®á−®¢−ë¥ ¬¥â®¤ë
¯à®¥ªâ¨à®¢�−¨ï ˆ‘, −�¯à�¢«¥−−ë¥ −� á−¨¦¥−¨¥ §�âà�â ¯à¨ ¨å ¯à®¥ªâ¨-
à®¢�−¨¨ ¢ á®®â¢¥âáâ¢¨¨ á ¬¥¦¤ã−�à®¤−ë¬¨ ¨ ®â¥ç¥áâ¢¥−−ë¬¨ áâ�−¤�àâ�¬¨.
‘ä®à¬ã«¨à®¢�−ë ®á−®¢−ë¥ ¯à®¡«¥¬ë ¯à¨¬¥−¥−¨ï íâ®© −®à¬�â¨¢−®© ¡�§ë
®â¥ç¥áâ¢¥−−ë¬¨ §�ª�§ç¨ª�¬¨ ¨ à�§à�¡®âç¨ª�¬¨.

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

DOI: 10.14357/08696527220106

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï −�¡«î¤�¥âáï ¢á¥ ¢®§à�áâ�îé�ï §−�ç¨¬®áâì ˆ‘ ¢ á®§¤�−¨¨
¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© ¨−äà�áâàãªâãàë ¨ ¢−¥¤à¥−¨¨ ¢ £®áã-
¤�àáâ¢¥−−®¥ ã¯à�¢«¥−¨¥ á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, ¢ª«îç�ï
â¥å−®«®£¨¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, ¡®«ìè¨å ¤�−−ëå, ¬�è¨−−®£® ®¡ãç¥-
−¨ï ¨ ¤à. �à¨ íâ®¬ ¢®§à�áâ�îâ âà¥¡®¢�−¨ï ª ¨å ª�ç¥áâ¢ã. �®¢ë¥ ¯®¤å®¤ë
ª ®æ¥−ª¥ ª�ç¥áâ¢� ˆ‘ âà¥¡ãîâ ¢á¥ ¡®«¥¥ ¯®«−®£® ãç¥â� à�§à�¡®âç¨ª�¬¨ íª®-
−®¬¨ç¥áª¨å ä�ªâ®à®¢, á¤¢¨£� ®â �¤¬¨−¨áâà�â¨¢−ëå àëç�£®¢ ª®−âà®«ï ª�ç¥-
áâ¢� ª ®à£�−¨§�æ¨®−−®-íª®−®¬¨ç¥áª¨¬ ¬¥à�¬ ã¯à�¢«¥−¨ï ª�ç¥áâ¢®¬, ¯¥à¥å®¤�
ª £¨¡ª®© á¨áâ¥¬¥ áâ�−¤�àâ¨§�æ¨¨, ¯®§¢®«ïîé¥© à�§à�¡®âç¨ª�¬ ¡®«¥¥ ®¯¥à�â¨¢−®
à¥�£¨à®¢�âì −� âà¥¡®¢�−¨ï ¯®«ì§®¢�â¥«¥© ª ª�ç¥áâ¢ã á¨áâ¥¬.

‚ [1] ¡ë«¨ à�áá¬®âà¥−ë ¯à®¡«¥¬−ë¥ ¢®¯à®áë ®æ¥−ª¨ ª�ç¥áâ¢� ˆ‘ ¨ áä®à-
¬ã«¨à®¢�−ë ¯à¥¤«®¦¥−¨ï ¯® á®¢¥àè¥−áâ¢®¢�−¨î −®à¬�â¨¢−®© ¡�§ë ¢ ®¡«�áâ¨
®æ¥−ª¨ ª�ç¥áâ¢�. ‚ â® ¦¥ ¢à¥¬ï ¬−®£¨¥ á®¢à¥¬¥−−ë¥ ¨áá«¥¤®¢�â¥«¨ ¯à®¡«¥¬ ª�ç¥-
áâ¢� à�§¤¥«ïîâ ¯®−ïâ¨¥ úª�ç¥áâ¢®û −� ¢−¥è−¥¥ (external) ¨ ¢−ãâà¥−−¥¥ (internal).

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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�. �. ‡�æ�à¨−−ë©, ā. ‘. ˆ®−¥−ª®¢

‚ ç�áâ−®áâ¨, â�ª®© ¯®¤å®¤ ®¯à¥¤¥«¥− ¢ áâ�−¤�àâ¥ ˆ‘�/Œ�Š 9126 (9126-2 |
¢−¥è−¥¥ ª�ç¥áâ¢®, 9126-3 | ¢−ãâà¥−−¥¥ ª�ç¥áâ¢®) [2]. ‚−¥è−¥¥ ª�ç¥áâ¢® å�à�ª-
â¥à¨§ã¥â á¯®á®¡−®áâì ˆ‘ ã¤®¢«¥â¢®àïâì ¯®âà¥¡−®áâ¨ ª®−¥ç−®£® ¯®«ì§®¢�â¥«ï,
� ¢−ãâà¥−−¥¥ ª�ç¥áâ¢® á¢ï§�−® á ã¤®¡áâ¢®¬ ¥¥ à�§à�¡®âª¨ ¨ ¯à®¨§¢®¤áâ¢�, â¥å-
−®«®£¨ç−®áâìî, ¡¥§®¯�á−®áâìî, á−¨¦¥−¨¥¬ ¨§¤¥à¦¥ª ¯à®¥ªâ¨à®¢�−¨ï. ‚ [1]
à�áá¬®âà¥−� ¯à¥¨¬ãé¥áâ¢¥−−® ¢−¥è−ïï áâ®à®−� ª�ç¥áâ¢� ˆ‘.

‚ −�áâ®ïé¥© áâ�âì¥ à�áá¬�âà¨¢�îâáï ¢®¯à®áë, ®â−®áïé¨¥áï ª ¢−ãâà¥−−¥©
áâ®à®−¥ ª�ç¥áâ¢� ˆ‘, ¢ª«îç�ï ¥¥ ®¡éãî å�à�ªâ¥à¨áâ¨ªã, � â�ª¦¥ ¯®¤å®¤ë
ª á−¨¦¥−¨î ¨§¤¥à¦¥ª ¯à®¥ªâ¨à®¢�−¨ï ¨ ®¡¥á¯¥ç¥−¨î ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á-
−®áâ¨.

2 Некоторые исторические аспекты внутренней стороны качества
информационной системы

�á−®¢ë ä¨«®á®ä¨¨ ª�ç¥áâ¢�, ¢ ª®â®à®© ¢ë¤¥«ï«¨áì ¤¢¥ áâ®à®−ë, ¢−¥è−ïï
¨ ¢−ãâà¥−−ïï, ¡ë«¨ §�«®¦¥−ë ¢ á¥à¥¤¨−¥ ¯à®è«®£® ¢¥ª� �¬¥à¨ª�−áª¨¬¨ ãç¥−ë¬¨
“®«â¥à®¬ ˜ãå�àâ®¬ ¨ “¨«ìï¬®¬ �¤¢�à¤®¬ „¥¬¨−£®¬ [3, 4].

ƒ«�¢−�ï ¨¤¥ï ª®−æ¥¯æ¨¨ “. ˜ãå�àâ� á®áâ®¨â ¢ úã«ãçè¥−¨¨ ª�ç¥áâ¢� §�
áç¥â ã¬¥−ìè¥−¨ï ¨§¬¥−ç¨¢®áâ¨ ¯à®æ¥áá� ¯à®¨§¢®¤áâ¢�û [3]. ˜ãå�àâ à�áªàë«
¢�¦−®áâì ¯®áâ®ï−−®£® ¨ ®á®§−�−−®£® ãáâà�−¥−¨ï ¢�à¨�æ¨© ¨§ ¢á¥å ¯à®æ¥áá®¢
¯à®¨§¢®¤áâ¢� ¨§¤¥«¨©. “ç¥−ë¬ ¡ë«� à�§à�¡®â�−� ª®−æ¥¯æ¨ï ¯à®¨§¢®¤áâ¢¥−−®£®
ª®−âà®«ï −� ®á−®¢¥ ª�àâ áâ�â¨áâ¨ç¥áª®£® ª®−âà®«ï | â�ª −�§ë¢�¥¬ëå úª®−âà®«ì-
−ëå ª�àâ ˜ãå�àâ�û. �â¨ ¬¥â®¤ë ª®−âà®«ï ¯®§¢®«¨«¨ á®áà¥¤®â®ç¨âì ãá¨«¨ï −�
ã¢¥«¨ç¥−¨¨ ç¨á«� £®¤−ëå ¨§¤¥«¨© §� áç¥â ¬�ªá¨¬�«ì−®£® á®ªà�é¥−¨ï ¢�à¨�æ¨©.
–¥−âà�«ì−ë¬ ¢ âàã¤�å ¨ ¢ëáâã¯«¥−¨ïå “. ˜ãå�àâ� ¡ë«® ¯®«®¦¥−¨¥ ® â®¬, çâ®
¢ ã¤®¢«¥â¢®à¥−¨¨ ç¥«®¢¥ç¥áª¨å ¯®âà¥¡−®áâ¥© ¤®«¦¥− áãé¥áâ¢®¢�âì ¡�«�−á ¬¥¦¤ã
íª®−®¬¨ç¥áª®© æ¥−−®áâìî −¥ª®¥© à�§à�¡®âª¨ ¨ §�âà�â�¬¨ −� ¥¥ ¯à®¨§¢®¤áâ¢®.

„¥¬¨−£ ¯à¥¤«®¦¨« 14 ¯à¨−æ¨¯®¢

÷¨á. 1 –¨ª« „¥¬¨−£�

¤«ï ¬¥−¥¤¦¬¥−â� à�§«¨ç−ëå ¯à¥¤-
¯à¨ïâ¨© [4]. �¤¨− ¨§ −¨å £«�á¨â:
ú�®áâ®ï−−® ¨ −¥¨§¬¥−−® á®¢¥àè¥−-
áâ¢ã©â¥ á¨áâ¥¬ã ¯à®¨§¢®¤áâ¢� ¨ ®¡-
á«ã¦¨¢�−¨ï, çâ®¡ë ¯®¢ëè�âì ª�ç¥-
áâ¢® ¨ ¯à®¨§¢®¤¨â¥«ì−®áâì ¨ â�ª¨¬
®¡à�§®¬ ¯®áâ®ï−−® á−¨¦�âì §�âà�-
âëû.

ˆáá«¥¤®¢�−¨ï ¨ à�§à�¡®âª¨ �. „¥¬¨−£� ¯®«®¦¥−ë ¢ ®á−®¢ã á®¢à¥¬¥−−®© ª®−-
æ¥¯æ¨¨ ¬¥−¥¤¦¬¥−â� ª�ç¥áâ¢�. ˜¨à®ª® ¨§¢¥áâ¥− æ¨ª« PDCA (Plan{Do{Check{
Act | ¯«�−¨à®¢�−¨¥, ¢ë¯®«−¥−¨¥, ª®−âà®«ì, ¤¥©áâ¢¨ï), ¨«¨ úæ¨ª« „¥¬¨−£�û,
ª®â®àë© ¯à¥¤áâ�¢«ï¥â á®¡®© ¬®¤¥«ì ¯®áâ®ï−−®£® ã«ãçè¥−¨ï ª�ç¥áâ¢� (à¨á. 1).

‘®£«�á−® íâ®© ¬®¤¥«¨, «î¡�ï ¤¥ïâ¥«ì−®áâì ¬®¦¥â ¡ëâì à�§¤¥«¥−� −� ç¥âëà¥
íâ�¯�.
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�¥ª®â®àë¥ ¢®¯à®áë ®æ¥−ª¨ ¢−ãâà¥−−¥£® ª�ç¥áâ¢� ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬

�¥à¢ë© íâ�¯ | ¯«�−¨à®¢�−¨¥. ÷ãª®¢®¤¨â¥«ì ¤®«¦¥− ®¯à¥¤¥«¨âì, ç¥£® ®−
å®ç¥â ¤®áâ¨çì, çâ® ¤«ï íâ®£® −¥®¡å®¤¨¬® ¨§¬¥−¨âì ¨ ª�ª íâ® −ã¦−® á¤¥«�âì.

‚â®à®© íâ�¯ | ¢ë¯®«−¥−¨¥. �� íâ®¬ íâ�¯¥ ¢ë¯®«−ï¥âáï §�¯«�−¨à®¢�−−ë©
¯à®æ¥áá.

’à¥â¨© íâ�¯ | ª®−âà®«ì. ‘à�¢−¥−¨¥ §�¯«�−¨à®¢�−−ëå ¯®ª�§�â¥«¥© á ¤®áâ¨£-
−ãâë¬¨ ¨ ãáâ�−®¢«¥−¨¥ à�§−¨æë ¬¥¦¤ã ¦¥«�¥¬ë¬ ¨ ¤¥©áâ¢¨â¥«ì−ë¬.

—¥â¢¥àâë© íâ�¯ | ª®àà¥ªâ¨àãîé¨¥ ¤¥©áâ¢¨ï. �®á«¥ ãáâ�−®¢«¥−¨ï à�§−¨-
æë ¬¥¦¤ã ¦¥«�¥¬ë¬ ¨ ¤¥©áâ¢¨â¥«ì−ë¬ àãª®¢®¤¨â¥«ì �−�«¨§¨àã¥â ¯à¨ç¨−ë
−¥á®®â¢¥âáâ¢¨© ¨ ¯à¨−¨¬�¥â ¬¥àë ¯® ¨å ãáâà�−¥−¨î.

„¥¬¨−£ ¯¥à¢ë¬ ®¡à�â¨« ¢−¨¬�-

÷¨á. 2 –¥¯−�ï à¥�ªæ¨ï „¥¬¨−£�

−¨¥ −� â®, çâ® ¯®¢ëè¥−¨¥ ª�ç¥áâ¢� −¥
â®«ìª® ã¢¥«¨ç¨¢�¥â ¯à®¨§¢®¤¨â¥«ì-
−®áâì, −® ¨ ¯®§¢®«ï¥â á−¨§¨âì áâ®-
¨¬®áâì ¨§£®â�¢«¨¢�¥¬®© ¯à®¤ãªæ¨¨.
ˆ¬ ¯à¥¤«®¦¥−� áå¥¬�, ¤¥¬®−áâà¨àã-
îé�ï ¢«¨ï−¨¥ ª�ç¥áâ¢� −� íª®−®¬¨ªã
¯à®¨§¢®¤áâ¢�, ¯®«ãç¨¢è�ï −�§¢�−¨¥
úæ¥¯−�ï à¥�ªæ¨ï „¥¬¨−£�û (à¨á. 2).

ˆ¬¥−−® íâ� áå¥¬� ¯®ª�§ë¢�¥â,
çâ® ã¬¥−ìè¥−¨¥ §�âà�â, ¯®¢ëè¥-
−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¨ ãá¯¥è-
−®¥ äã−ªæ¨®−¨à®¢�−¨¥ ª®¬¯�−¨¨ −�
àë−ª¥ ¨ ¥áâì á«¥¤áâ¢¨¥ ã«ãçè¥−¨ï
ª�ç¥áâ¢�.

�â¤¥«ì−ë¥ �á¯¥ªâë ¢−ãâà¥−−¥©
áâ®à®−ë ª�ç¥áâ¢� à�áá¬�âà¨¢�«¨áì
â�ª¦¥ ¢ âàã¤�å �. ”¥©£¥−¡�ã¬�. �−
ï¢«ï¥âáï �¢â®à®¬ ª®−æ¥¯æ¨¨ ª®¬¯«¥ªá−®£® ª®−âà®«ï ª�ç¥áâ¢� ¨ â�ª ®¯à¥¤¥«ï¥â
á¬ëá« ¢¢¥¤¥−−®£® ¨¬ â¥à¬¨−�: úŠ®¬¯«¥ªá−ë© ª®−âà®«ì ª�ç¥áâ¢� | íää¥ªâ¨¢−�ï
á¨áâ¥¬�, ¨−â¥£à¨àãîé�ï ¢á¥ ãá¨«¨ï à�§−ëå £àã¯¯ ®à£�−¨§�æ¨¨ ¯® ®¡¥á¯¥ç¥−¨î
ª�ç¥áâ¢� à�§à�¡®âª¨, ª�ç¥áâ¢� â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï, � â�ª¦¥ ¯® ã«ãç-
è¥−¨î ª�ç¥áâ¢�, çâ®¡ë ®¡¥á¯¥ç¨âì ¢®§¬®¦−®áâì ¨§£®â®¢«¥−¨ï ¯à®¤ãªæ¨¨ ¨«¨
®ª�§�−¨ï ãá«ã£¨ −�¨¡®«¥¥ íª®−®¬¨ç−ë¬ ¯ãâ¥¬ ¢ æ¥«ïå ¯®«−®£® ã¤®¢«¥â¢®à¥−¨ï
¯®âà¥¡¨â¥«ïû [5].

‚ ‘‘‘÷ ¨ ¢ −�ç�«ì−ë© ¯¥à¨®¤ ¢ ÷®áá¨¨ ª®−âà®«ì ª�ç¥áâ¢� ¢ ®á−®¢−®¬ ¯à®¢®-
¤¨«áï −� íâ�¯¥ ¯à®¨§¢®¤áâ¢�, � ¢®¯à®áã á−¨¦¥−¨ï ¨§¤¥à¦¥ª ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨
¢−¨¬�−¨ï ¯à�ªâ¨ç¥áª¨ −¥ ã¤¥«ï«®áì. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢§ïâ ªãàá −� ¢−¥¤à¥−¨¥
á¨áâ¥¬ë ã¯à�¢«¥−¨ï ª�ç¥áâ¢®¬, ®á−®¢�−−®© −� áâ�−¤�àâ�å á¥à¨¨ ˆ‘� 9000.
�®«ìè®¥ ¢−¨¬�−¨¥ ã¤¥«ï¥âáï £�à¬®−¨§�æ¨¨ ®â¥ç¥áâ¢¥−−ëå ¨ ¬¥¦¤ã−�à®¤−ëå
áâ�−¤�àâ®¢ ª�ç¥áâ¢�.

�à®¡«¥¬� ª�ç¥áâ¢� | ®¤−� ¨§ £«�¢−ëå §�¤�ç à�§¢¨â¨ï íª®−®¬¨ª¨ −�è¥©
áâà�−ë. �á−®¢−ë¬¨ ¯à®¡«¥¬�¬¨, áâ®ïé¨¬¨ ¯¥à¥¤ ®â¥ç¥áâ¢¥−−ë¬¨ à�§à�¡®âç¨-
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ª�¬¨ ¨ ¯à®¨§¢®¤¨â¥«ï¬¨ ¢ −�¯à�¢«¥−¨¨ á®¢¥àè¥−áâ¢®¢�−¨ï á¨áâ¥¬ë ã¯à�¢«¥−¨ï
ª�ç¥áâ¢®¬, ï¢«ïîâáï ®à¨¥−â�æ¨ï á¨áâ¥¬ ã¯à�¢«¥−¨ï ª�ç¥áâ¢®¬ ¨ ¢á¥© ¯à®¨§-
¢®¤áâ¢¥−−®© ¤¥ïâ¥«ì−®áâ¨ −� ¯®âà¥¡¨â¥«ï, � â�ª¦¥ ãá¨«¥−¨¥ ¬¥å�−¨§¬� ¢®§¤¥©-
áâ¢¨ï á¨áâ¥¬ ã¯à�¢«¥−¨ï ª�ç¥áâ¢®¬ −� ¢á¥ áâ�¤¨¨ ¦¨§−¥−−®£® æ¨ª«� ¯à®¤ãªæ¨¨,
¢ª«îç�ï (¢ ¯¥à¢ãî ®ç¥à¥¤ì) áâ�¤¨î ¯à®¥ªâ¨à®¢�−¨ï.

3 Методы проектирования информационных систем,
направленные на снижение затрат

‘ æ¥«ìî á−¨¦¥−¨ï §�âà�â ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ á¨áâ¥¬ ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï
à�§à�¡®â�− àï¤ ¬¥¦¤ã−�à®¤−ëå ¨ ®â¥ç¥áâ¢¥−−ëå áâ�−¤�àâ®¢.

�¤¨− ¨§ −¨å | TOGAF (The Open Group Architecture Framework) [6], è¨-
à®ª® ¯à¨¬¥−ï¥¬ë© ¢ ‘˜�, ‚¥«¨ª®¡à¨â�−¨¨ ¨ ¤àã£¨å áâà�−�å ¨ ¨á¯®«ì§ãîé¨©
�àå¨â¥ªâãà−ë© ¯®¤å®¤. TOGAF ¯à¥¤áâ�¢«ï¥â á®¡®©, ¯® áãé¥áâ¢ã, ¬¥â®¤®«®-
£¨î ®¯¨á�−¨ï �àå¨â¥ªâãàë ¯à¥¤¯à¨ïâ¨ï, ¢ª«îç�ï ¯®¤å®¤ë ª ¯à®¥ªâ¨à®¢�−¨î,
¯«�−¨à®¢�−¨î, ¢−¥¤à¥−¨î IT-�àå¨â¥ªâãàë ¨ ã¯à�¢«¥−¨î ¥î.

‚ á®áâ�¢ ¬®¤¥«¨ TOGAF ¢å®¤ïâ ¤¢� ®á−®¢−ëå ª®¬¯®−¥−â�:

(1) ¬¥â®¤ à�§à�¡®âª¨ �àå¨â¥ªâãàë (ADM, Architecture Development Method);

(2) ¡�§®¢�ï �àå¨â¥ªâãà� (Foundation Architecture).

‚ á®®â¢¥âáâ¢¨¨ á ADM à�§à�¡®âª� á¨áâ¥¬−®© �àå¨â¥ªâãàë á®áâ®¨â ¨§ á«¥¤ã-
îé¨å ä�§ (à¨á. 3):

{ ¯à¥¤¢�à¨â¥«ì−�ï ä�§� ¯à¥¤ãá¬�âà¨¢�¥â ¯®¤£®â®¢ªã ãá«®¢¨© ¤«ï à�§à�¡®âª¨
�àå¨â¥ªâãàë, ¢ª«îç�ï �¤�¯â�æ¨î TOGAF ª à¥�«ì−®© áà¥¤¥;

{ ä�§� A: �àå¨â¥ªâãà−®¥ ¢¨¤¥−¨¥. ‚ª«îç�¥â ¯«�−¨à®¢�−¨¥ ®á−®¢−ëå ¬¥à®-
¯à¨ïâ¨©, ®¯à¥¤¥«¥−¨¥ §�¨−â¥à¥á®¢�−−ëå áâ®à®−, á®§¤�−¨¥ ú�àå¨â¥ªâãà−®£®
¢¨¤¥−¨ïû ¨ ãâ¢¥à¦¤¥−¨¥ íâ®£® ¢¨¤¥−¨ï ã àãª®¢®¤áâ¢�;

{ ä�§� B: ¡¨§−¥á-�àå¨â¥ªâãà�. �à¥¤ãá¬�âà¨¢�¥â à�§à�¡®âªã �àå¨â¥ªâãàë ¤¥ï-
â¥«ì−®áâ¨ ¯à¥¤¯à¨ïâ¨ï ¢ á®®â¢¥âáâ¢¨¨ á à�−¥¥ ãâ¢¥à¦¤¥−−ë¬ ¢¨¤¥−¨¥¬;

{ ä�§� C: �àå¨â¥ªâãà� ˆ‘;

{ ä�§� D: â¥å−®«®£¨ç¥áª�ï �àå¨â¥ªâãà�;

{ ä�§� E: ¡«�£®¯à¨ïâ−ë¥ ¢®§¬®¦−®áâ¨ ¨ à¥è¥−¨ï. ”�§� ãáâ�−�¢«¨¢�¥â −�¡®à
¢®§¬®¦−ëå áà¥¤áâ¢ ¤«ï ¤®áâ¨¦¥−¨ï æ¥«¥¢®© �àå¨â¥ªâãàë;

{ ä�§� F: ¯«�−¨à®¢�−¨¥ ¬¨£à�æ¨¨. ”�§� ¯à¥¤ãá¬�âà¨¢�¥â à�§à�¡®âªã ú�«�-
−� à¥�«¨§�æ¨¨ ¨ ¯¥à¥å®¤�û, ¤¥â�«¨§¨à®¢�−−®£® ¤® ãà®¢−ï ¯�ª¥â®¢ à�¡®â,
ª®â®àë¬ ¬®¦−® ¤�âì áâ®¨¬®áâ−ãî ®æ¥−ªã;

{ ä�§� G: ã¯à�¢«¥−¨¥ ¢−¥¤à¥−¨¥¬. �¡¥á¯¥ç¨¢�¥â �àå¨â¥ªâãà−ë© −�¤§®à ¢ ¯à®-
æ¥áá ¯¥à¥å®¤� ®â â¥ªãé¥£® á®áâ®ï−¨ï ª æ¥«¥¢®¬ã;

{ ä�§� H: ã¯à�¢«¥−¨¥ �àå¨â¥ªâãà−ë¬¨ ¨§¬¥−¥−¨ï¬¨. �¡¥á¯¥ç¨¢�¥â ã¯à�¢«¥-
−¨¥ ¢á¥¬¨ ¨§¬¥−¥−¨ï¬¨, ª®â®àë¥ ¢−®áïâáï ¢ æ¥«¥¢ãî �àå¨â¥ªâãàã;
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�¥ª®â®àë¥ ¢®¯à®áë ®æ¥−ª¨ ¢−ãâà¥−−¥£® ª�ç¥áâ¢� ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬

÷¨á. 3 Œ¥â®¤ à�§à�¡®âª¨ �àå¨â¥ªâãàë ADM

{ ã¯à�¢«¥−¨¥ âà¥¡®¢�−¨ï¬¨ | íâ® ¯à®æ¥áá, ª®â®àë© ®å¢�âë¢�¥â ¢á¥ íâ�¯ë
à�§à�¡®âª¨ �àå¨â¥ªâãàë ¨ ®¡¥á¯¥ç¨¢�¥â æ¥«®áâ−®áâì ¢á¥£® ¯à®¥ªâ�.

��§®¢�ï �àå¨â¥ªâãà� ¢ª«îç�¥â ¢ á¥¡ï:

{ −�¡®à −�¨¡®«¥¥ ®¡é¨å á«ã¦¡ ¨ äã−ªæ¨©;

{ −�¡®à í«¥¬¥−â�à−ëå �àå¨â¥ªâãà−ëå í«¥¬¥−â®¢, ª®â®àë¥ ¨á¯®«ì§ãîâáï ª�ª
úáâà®¨â¥«ì−ë¥ ¡«®ª¨û ¯à¨ ¯®áâà®¥−¨¨ ª®−ªà¥â−ëå à¥è¥−¨©:

{ �àå¨â¥ªâãà−ë¥ ¡«®ª¨ | ®¯à¥¤¥«ïîâ âà¥¡®¢�−¨ï ¨ á®§¤�îâ ª�àª�á, −¥®¡å®-
¤¨¬ë© ¤«ï ¨å à¥�«¨§�æ¨¨;

{ ¡«®ª¨ à¥�«¨§�æ¨¨ | ®¯à¥¤¥«ïîâ ª®¬¯®−¥−âë £®â®¢®£® à¥è¥−¨ï;

{ ¡�§� ¤�−−ëå áâ�−¤�àâ®¢.

‘ç¨â�¥âáï, çâ® TOGAF ¬®¦¥â á®§¤�âì ®á−®¢ã ¤«ï ¢−ãâà¨ª®à¯®à�â¨¢−®©
áâ�−¤�àâ¨§�æ¨¨ ¨ á−¨¦¥−¨ï ¯à®¥ªâ−ëå à¨áª®¢ ¯à¨ à�§à�¡®âª¥ �àå¨â¥ªâãàë.
‚ à¥§ã«ìâ�â¥ á®§¤�¥âáï à�¡®â®á¯®á®¡−�ï ¨ íª®−®¬¨ç¥áª¨ íää¥ªâ¨¢−�ï �àå¨â¥ª-
âãà� ¯à¥¤¯à¨ïâ¨ï, ®à¨¥−â¨à®¢�−−�ï −� ¯®âà¥¡−®áâ¨ ¡¨§−¥á�.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 1 2022 67



�. �. ‡�æ�à¨−−ë©, ā. ‘. ˆ®−¥−ª®¢

‘®¢à¥¬¥−−ë¥ ®â¥ç¥áâ¢¥−−ë¥ áâ�−¤�àâë ¯à®¥ªâ¨à®¢�−¨ï ˆ‘ ¢á¥ ¡®«¥¥ è¨-
à®ª® ®à¨¥−â¨àãîâáï −� ¬¥¦¤ã−�à®¤−ë¥ áâ�−¤�àâë ¨ ä®à¬¨àãîâáï ª�ª ¯ãâ¥¬
�ãâ¥−â¨ç−®£® ¯¥à¥¢®¤� ¬¥¦¤ã−�à®¤−®£® áâ�−¤�àâ� −� àãááª¨© ï§ëª, â�ª ¨ ¯ãâ¥¬
¨å £�à¬®−¨§�æ¨¨, â. ¥. ¯à¨¢¥¤¥−¨ï ¢ á®®â¢¥âáâ¢¨¥ á ®â¥ç¥áâ¢¥−−ë¬¨ âà¥¡®¢�−¨ï¬¨
¢ ®¡«�áâ¨ â¥à¬¨−®«®£¨¨, ¯à¨−æ¨¯®¢ ¯à¨¬¥−¥−¨ï ¨ â. ¤.

’�ª¨¥ áâ�−¤�àâë ¢ ®á−®¢−®¬ ¨¬¥îâ à�¬®ç−ë© å�à�ªâ¥à. ÷�¬®ç−ë¥ áâ�−-
¤�àâë §�¤�îâ ®¡é¨¥ âà¥¡®¢�−¨ï ª à¥�«¨§�æ¨¨ ¯à®æ¥áá®¢, á¢ï§�−−ëå á à�§à�-
¡®âª®© ¨ ¯®¤¤¥à¦ª®© ¦¨§−¥−−®£® æ¨ª«� á¨áâ¥¬. �−¨ ®¡ëç−® ¨á¯®«ì§ãîâáï
ª�ª ¬¥â®¤®«®£¨ç¥áª�ï ®á−®¢� ¤«ï ®à£�−¨§�æ¨¨ íâ¨å ¯à®æ¥áá®¢ á −¥®¡å®¤¨¬®©
ª®−ªà¥â¨§�æ¨¥© ¤«ï ª�¦¤®£® ¯à¥¤¯à¨ïâ¨ï ¨«¨ ®¡«�áâ¨ ¤¥ïâ¥«ì−®áâ¨. ‘à¥¤¨
®â¥ç¥áâ¢¥−−ëå áâ�−¤�àâ®¢ ¢ íâ®© ®¡«�áâ¨ ¢ë¤¥«ïîâáï áâ�−¤�àâë, ®¯à¥¤¥«ïîé¨¥
¯à®æ¥ááë ¦¨§−¥−−®£® æ¨ª«� á¨áâ¥¬ | ƒ�‘’ ÷ 57193-2016 [7] (−¥¨¤¥−â¨ç−ë©
áâ�−¤�àâ ISO/IEC 15288-2015) ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢ | ƒ�‘’ ÷ ˆ‘�/Œ�Š
12207-2010 [8] (¨¤¥−â¨ç¥− ¬¥¦¤ã−�à®¤−®¬ã áâ�−¤�àâã ˆ‘�/Œ�Š 12207-2008).

‚ ƒ�‘’ ÷ 57193-2016 áä®à¬¨à®¢�− −®¢ë© ¢§£«ï¤ −� á¨áâ¥¬ë ¨ ¨å ¯à®¥ªâ¨-
à®¢�−¨¥, ª®â®àë© å�à�ªâ¥à¨§ã¥âáï á«¥¤ãîé¨¬:

{ ¤«ï ¯à®â¨¢®¤¥©áâ¢¨ï à�áâãé¥© á«®¦−®áâ¨ á¨áâ¥¬ ¨á¯®«ì§®¢�− ¥¤¨−ë© ª®¬-
¯«¥ªá−ë© ¯®¤å®¤ ª ¨å á®§¤�−¨î ¨ ä®à¬¨à®¢�−¨î ¯à®æ¥áá®¢ ¦¨§−¥−−®£®
æ¨ª«� «î¡®© á«®¦−®áâ¨ ¨ ãà®¢−ï;

{ ®¡«�áâì ¤¥©áâ¢¨© ¨ ¯à®æ¥áá®¢ áãé¥áâ¢¥−−® à�áè¨à¥−�, ¢ −¥¥ ¢ª«îç¥−ë ª�ª
¡¨§−¥á-¯à®æ¥ááë, â�ª ¨ â¥å−¨ç¥áª¨¥ ¯à®æ¥ááë, à�áá¬�âà¨¢�¥¬ë¥ ¢ á¢ï§¨ ¤àã£
á ¤àã£®¬.

ƒ�‘’ ÷ 57193-2016 ®¯à¥¤¥«ï¥â á«¥¤ãîé¨¥ £àã¯¯ë ¯à®æ¥áá®¢:

{ ¯à®æ¥ááë á®£«�è¥−¨ï (2 ¯à®æ¥áá�);

{ ¯à®æ¥ááë ®à£�−¨§�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï ¯à®¥ªâ� (6 ¯à®æ¥áá®¢);

{ ¯à®æ¥ááë â¥å−¨ç¥áª®£® ã¯à�¢«¥−¨ï (8 ¯à®æ¥áá®¢);

{ â¥å−¨ç¥áª¨¥ ¯à®æ¥ááë (14 ¯à®æ¥áá®¢).

‘â�−¤�àâ à�á¯à®áâà�−ï¥âáï −� ¯®«−ë© ¦¨§−¥−−ë© æ¨ª« á¨áâ¥¬ë, ¢ª«îç�ï
§�¬ëá¥«, à�§à�¡®âªã, ¯à®¨§¢®¤áâ¢®, íªá¯«ã�â�æ¨î ¨ á−ïâ¨¥ á íªá¯«ã�â�æ¨¨
á¨áâ¥¬, � â�ª¦¥ ¯à¨®¡à¥â¥−¨¥ ¨ ¯®áâ�¢ªã á¨áâ¥¬. �¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ®
íâ®â áâ�−¤�àâ −¥ ¯à¥¤¯¨áë¢�¥â ®¯à¥¤¥«¥−−®© ¬®¤¥«¨ ¦¨§−¥−−®£® æ¨ª«� á¨áâ¥¬ë,
¬¥â®¤®«®£¨¨, ¬¥â®¤�, ¬®¤¥«¨ ¨«¨ ¬¥â®¤¨ª¨ à�§à�¡®âª¨. ‡� ¢ë¡®à ¬®¤¥«¨
¦¨§−¥−−®£® æ¨ª«�, ¯à¨¬¥−¥−¨¥ á®®â¢¥âáâ¢ãîé¨å ¬¥â®¤®¢, ¬®¤¥«¥© ¨ ¬¥â®¤¨ª,
−�¨¡®«¥¥ ¯à¨¥¬«¥¬ëå ¤«ï ¯à®¥ªâ�, ®â¢¥âáâ¢¥−−ë §�ª�§ç¨ª ¨ à�§à�¡®âç¨ª.

‚ 2021 £. ”ˆ– ˆ“ ÷�� ¯® §�ª�§ã ”¥¤¥à�«ì−®£® �£¥−âáâ¢� ¯® â¥å−¨ç¥áª®-
¬ã à¥£ã«¨à®¢�−¨î ¨ ¬¥âà®«®£¨¨ ¢ë¯®«−¨« à�¡®âã ú÷�§à�¡®âª�, £�à¬®−¨§�æ¨ï
¨ ¯®¤£®â®¢ª� ª ãâ¢¥à¦¤¥−¨î áâ�−¤�àâ®¢ ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨
¨ §�é¨âë ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© á ãç¥â®¬ á®¢à¥¬¥−−ëå â¥−¤¥−æ¨© ¨å à�§-
¢¨â¨ï, ¢ â®¬ ç¨á«¥ ®¡à�¡®âª¨ ¬�áá¨¢®¢ ¡®«ìè¨å ¤�−−ëå, à¥�«¨§ãîé¨å ®¡«�ç−ë¥,
âã¬�−−ë¥, ª¢�−â®¢ë¥ â¥å−®«®£¨¨, â¥å−®«®£¨¨ ¢¨àâã�«ì−®© ¨ ¤®¯®«−¥−−®© à¥�«ì-
−®áâ¨ ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�û, ¢ à�¬ª�å ª®â®à®© à�§à�¡®â�−ë 29 ƒ�‘’®¢
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�¥ª®â®àë¥ ¢®¯à®áë ®æ¥−ª¨ ¢−ãâà¥−−¥£® ª�ç¥áâ¢� ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬

(ƒ�‘’ ÷ 59329 { ƒ�‘’ ÷ 59357), £¤¥ ®¯à¥¤¥«¥−ë âà¥¡®¢�−¨ï ª §�é¨â¥ ¨−-
ä®à¬�æ¨¨ ¯à¨¬¥−¨â¥«ì−® ª ¯à®æ¥áá�¬, ¯à¥¤áâ�¢«¥−−ë¬ ¢ ƒ�‘’ ÷ 57193-2016.
–¥«ì à�§à�¡®âª¨ ¤�−−ëå áâ�−¤�àâ®¢ | ¨å ¯à¨¢ï§ª� ª ¯à®æ¥áá�¬ á¨áâ¥¬−®©
¨−¦¥−¥à¨¨, ¯à¥¤áâ�¢«¥−−ë¬ ¢ëè¥. ’�ª®© ¯®¤å®¤ ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì ¨å
ª�ª �¢â®−®¬−® | ¯à¨ à�áá¬®âà¥−¨¨ ®â¤¥«ì−ëå ¯à®æ¥áá®¢, â�ª ¨ ¢ ª®¬¯«¥ªá¥
á ¤àã£¨¬¨ áâ�−¤�àâ�¬¨.

ƒ�‘’ ÷ ˆ‘�/Œ�Š 12207-2010 ®¯à¥¤¥«ï¥â ¯à®æ¥ááë ¦¨§−¥−−®£® æ¨ª«�
¯à®£à�¬¬−ëå áà¥¤áâ¢. �â®â áâ�−¤�àâ £àã¯¯¨àã¥â à�§«¨ç−ë¥ ¢¨¤ë ¤¥ïâ¥«ì−®áâ¨,
ª®â®àë¥ ¬®£ãâ ¢ë¯®«−ïâìáï ¢ â¥ç¥−¨¥ ¦¨§−¥−−®£® æ¨ª«� ¯à®£à�¬¬−ëå á¨áâ¥¬,
¢ á¥¬ì £àã¯¯ ¯à®æ¥áá®¢:

(1) ¯à®æ¥ááë á®£«�è¥−¨ï (2 ¯à®æ¥áá�);

(2) ¯à®æ¥ááë ®à£�−¨§�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï ¯à®¥ªâ� (5 ¯à®æ¥áá®¢);

(3) ¯à®æ¥ááë ¯à®¥ªâ� (7 ¯à®æ¥áá®¢);

(4) â¥å−¨ç¥áª¨¥ ¯à®æ¥ááë (11 ¯à®æ¥áá®¢);

(5) ¯à®æ¥ááë à¥�«¨§�æ¨¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢ (7 ¯à®æ¥áá®¢);

(6) ¯à®æ¥ááë ¯®¤¤¥à¦ª¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢ (8 ¯à®æ¥áá®¢);

(7) ¯à®æ¥ááë ¯®¢â®à−®£® ¯à¨¬¥−¥−¨ï ¯à®£à�¬¬−ëå áà¥¤áâ¢ (3 ¯à®æ¥áá�).

�â¬¥â¨¬ á«¥¤ãîé¨¥ ®á®¡¥−−®áâ¨ áâ�−¤�àâ� ƒ�‘’ ÷ ˆ‘�/Œ�Š 12207-
2010:

{ áâ�−¤�àâ ¨¬¥¥â ¤¨−�¬¨ç¥áª¨© å�à�ªâ¥à, ®¡ãá«®¢«¥−−ë© á¯®á®¡®¬ ®¯à¥¤¥«¥-
−¨ï ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢ë¯®«−¥−¨ï ¯à®æ¥áá®¢ ¨ §�¤�ç, ¯à¨ ª®â®à®¬ ®¤¨−
¯à®æ¥áá ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¢ë§ë¢�¥â ¤àã£®© ¨«¨ ¥£® ç�áâì;

{ ¬−®¦¥áâ¢® ¯à®æ¥áá®¢ ¨ §�¤�ç áª®−áâàã¨à®¢�−® â�ª, çâ® ¢®§¬®¦−� ¨å �¤�¯â�-
æ¨ï ¢ á®®â¢¥âáâ¢¨¨ á ª®−ªà¥â−ë¬¨ ¯à®¥ªâ�¬¨ ˆ‘;

{ áâ�−¤�àâ −¥ á®¤¥à¦¨â ®¯¨á�−¨ï ª®−ªà¥â−ëå ¬¥â®¤®¢ ¤¥©áâ¢¨©, §�£®â®¢®ª
à¥è¥−¨© ¨ ¤®ªã¬¥−â�æ¨¨. ÷¥è¥−¨ï â�ª®£® â¨¯� ¯à¨−¨¬�îâáï áâ®à®−�¬¨,
¨á¯®«ì§ãîé¨¬¨ áâ�−¤�àâ (§�ª�§ç¨ª®¬ ¨ à�§à�¡®âç¨ª®¬).

‚¬¥áâ¥ á â¥¬ á«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯à¥¤áâ�¢«¥−−�ï ¢ëè¥ −®à¬�â¨¢−�ï ¡�§�
®â¥ç¥áâ¢¥−−ë¬¨ §�ª�§ç¨ª�¬¨ ¨ à�§à�¡®âç¨ª�¬¨ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ˆ‘ ¯à�ª-
â¨ç¥áª¨ −¥ ¨á¯®«ì§ã¥âáï. �â® á¢ï§�−® á ®¡é¨¬ å�à�ªâ¥à®¬ áâ�−¤�àâ®¢ (à�¬®ç−ë¥
áâ�−¤�àâë), ª®â®àë¥ âà¥¡ãîâ §−�ç¨â¥«ì−®© �¤�¯â�æ¨¨ ¤«ï ¨å ¨á¯®«ì§®¢�−¨ï
−� ¯à�ªâ¨ª¥ ¢ −�¯à�¢«¥−¨ïå ä®à¬¨à®¢�−¨ï ¥¤¨−®© â¥à¬¨−®«®£¨ç¥áª®© ¡�§ë,
à�§à�¡®âª¨ àãª®¢®¤áâ¢ ¯® ¨å ¯à¨¬¥−¥−¨î, � â�ª¦¥ ®¡¥á¯¥ç¥−¨ï á®¢¬¥áâ¨¬®áâ¨
á ¤àã£¨¬¨ −�æ¨®−�«ì−ë¬¨ áâ�−¤�àâ�¬¨.

’�ª¨¬ ®¡à�§®¬, ®â¥ç¥áâ¢¥−−�ï −®à¬�â¨¢−�ï ¡�§� ¢ ®¡«�áâ¨ ¢−ãâà¥−−¥£® ª�ç¥-
áâ¢� ˆ‘ à�§¢¨â� ¢¥áì¬� á«�¡®. �à�ªâ¨ç¥áª¨ ¢á¥ ¨¬¥îé¨¥áï áâ�−¤�àâë ï¢«ïîâáï
à¥§ã«ìâ�â®¬ ¯¥à¥¢®¤� ¬¥¦¤ã−�à®¤−ëå ¨ ¯à�ªâ¨ç¥áª¨ −¥ ¨á¯®«ì§ãîâáï ¯à¨ à�§à�-
¡®âª¥ ˆ‘. ‚ áâ�−¤�àâ�å ®âáãâáâ¢ãîâ ª®−ªà¥â−ë¥ ¯®ª�§�â¥«¨ ª�ç¥áâ¢� ¨ ¬¥â®¤ë
¨å à�áç¥â�. ‚ á¢ï§¨ á íâ¨¬ ®ç¥−ì ¢�¦−®© §�¤�ç¥© ¯à¥¤áâ�¢«ï¥âáï à�§à�¡®âª�
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áâ�−¤�àâ®¢, à¥£«�¬¥−â¨àãîé¨å ¢−ãâà¥−−¥¥ ª�ç¥áâ¢® ˆ‘. �à¨ íâ®¬ á ãç¥â®¬
¤®áâ¨¦¥−¨© áâ�−¤�àâ¨§�æ¨¨ ¯à¨®à¨â¥â−ë¬ −�¯à�¢«¥−¨¥¬ ¯à¥¤áâ�¢«ï¥âáï à�§-
à�¡®âª� SMART (Standards Machine Applicable, Readable, and Transferrable)
áâ�−¤�àâ®¢ | áâ�−¤�àâ®¢ ¢ ¢¨¤¥ ¡�§ ¤�−−ëå ¨ ¬®¤¥«¥©, ª«îç¥¢ë¬ ¯®âà¥¡¨â¥-
«¥¬ ª®â®àëå ï¢«ïîâáï ˆ‘. ˆ¬¥−−® −� íâ®¬ ãà®¢−¥ í¢®«îæ¨¨ æ¨äà®¢®© áâ�−-
¤�àâ¨§�æ¨¨ ¯à¨¬¥−ïîâáï á¨áâ¥¬ë ã¯à�¢«¥−¨ï âà¥¡®¢�−¨ï¬¨, ¨−â¥£à¨à®¢�−−ë¥
á CAD/CAM (computer-aided design/manufacture) ¨ PLM/PDM (product life-
cycle/data management) á¨áâ¥¬�¬¨, á¨áâ¥¬�¬¨, ®á−®¢�−−ë¬¨ −� BIM (building
information modeling) â¥å−®«®£¨ïå, �¢â®¬�â¨§¨à®¢�−−ë¬¨ á¨áâ¥¬�¬¨ ã¯à�¢«¥−¨ï
â¥å−®«®£¨ç¥áª¨¬¨ ¯à®æ¥áá�¬¨ ¨ ¨−ë¬¨ ã¯à�¢«ïîé¨¬¨ á¨áâ¥¬�¬¨, ª®−âà®«¨àã-
îé¨¬¨ ¢ë¯®«−¥−¨¥ âà¥¡®¢�−¨© áâ�−¤�àâ®¢.

4 Заключение

�®¢ë¥ ¯®¤å®¤ë ª ¯à®¡«¥¬¥ ª�ç¥áâ¢� âà¥¡ãîâ ¢á¥ ¡®«¥¥ ¯®«−®£® ãç¥â� íª®-
−®¬¨ç¥áª¨å ä�ªâ®à®¢, ¯¥à¥å®¤� ª £¨¡ª®© á¨áâ¥¬¥ áâ�−¤�àâ¨§�æ¨¨, ¯®§¢®«ïîé¥©
¡ëáâà¥¥ à¥�£¨à®¢�âì −� ¬¥−ïîé¨¥áï âà¥¡®¢�−¨ï ª ª�ç¥áâ¢ã ¯à®¤ãªæ¨¨.

÷¥�«¨§�æ¨ï íâ¨å ¯®¤å®¤®¢ áãé¥áâ¢¥−−® §�¢¨á¨â ®â ¢−ãâà¥−−¥£® ª�ç¥áâ¢� ˆ‘,
ª®â®à®¥ á¢ï§�−® á ã¤®¡áâ¢®¬ ¨å à�§à�¡®âª¨ ¨ ¯à®¨§¢®¤áâ¢�, â¥å−®«®£¨ç−®áâìî,
¡¥§®¯�á−®áâìî ¨ á−¨¦¥−¨¥¬ ¨§¤¥à¦¥ª ¯à®¥ªâ¨à®¢�−¨ï. �®ª�§�â¥«¨ ¢−ãâà¥−−¥-
£® ª�ç¥áâ¢� ¯®§¢®«ïîâ ®æ¥−¨¢�âì ª�ç¥áâ¢® ¯à®¬¥¦ãâ®ç−®£® ¯à®¤ãªâ�, � â�ª¦¥
ã¯à�¢«ïâì â¥å−®«®£¨ç¥áª¨¬ ®¡¥á¯¥ç¥−¨¥¬ ª�ç¥áâ¢� ¤® ¬®¬¥−â� á®§¤�−¨ï £®â®¢®£®
ª®−¥ç−®£® ¯à®¤ãªâ�.

Š −�áâ®ïé¥¬ã ¢à¥¬¥−¨ à�§à�¡®â�− àï¤ ¬¥¦¤ã−�à®¤−ëå ¨ ®â¥ç¥áâ¢¥−−ëå áâ�−-
¤�àâ®¢, ¨¬¥îé¨å æ¥«ìî á−¨¦¥−¨¥ §�âà�â ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ á¨áâ¥¬. Š ç¨á«ã
−�¨¡®«¥¥ à�á¯à®áâà�−¥−−ëå ¬¥¦¤ã−�à®¤−ëå áâ�−¤�àâ®¢ ¬®¦−® ®â−¥áâ¨ áâ�−¤�àâ
TOGAF, ¨á¯®«ì§ã¥¬ë© ¢ àï¤¥ áâà�−. ‘à¥¤¨ ®â¥ç¥áâ¢¥−−ëå áâ�−¤�àâ®¢ ¢ íâ®©
®¡«�áâ¨ ¢ë¤¥«ïîâáï áâ�−¤�àâë, ®¯à¥¤¥«ïîé¨¥ ¯à®æ¥ááë ¦¨§−¥−−®£® æ¨ª«� á¨á-
â¥¬ | ƒ�‘’ ÷ 57193-2016 ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢ | ƒ�‘’ ÷ ˆ‘�/Œ�Š
12207-2010. �¤−�ª® ¯® àï¤ã ¯à¨ç¨− ãª�§�−−ë¥ áâ�−¤�àâë ®â¥ç¥áâ¢¥−−ë¬¨
§�ª�§ç¨ª�¬¨ ¨ à�§à�¡®âç¨ª�¬¨ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ˆ‘ ¯à�ªâ¨ç¥áª¨ −¥ ¨á¯®«ì-
§ãîâáï. �à¥¤áâ�¢«ï¥âáï æ¥«¥á®®¡à�§−®© à�§à�¡®âª� áâ�−¤�àâ®¢, à¥£«�¬¥−â¨àã-
îé¨å ¢−ãâà¥−−¥¥ ª�ç¥áâ¢® ˆ‘ á ãç¥â®¬ ®â¥ç¥áâ¢¥−−ëå âà�¤¨æ¨© ¯à®¥ªâ¨à®¢�−¨ï,
¢ â®¬ ç¨á«¥ ¨ −� ®á−®¢¥ ¯à¨¬¥−¥−¨ï SMART-áâ�−¤�àâ®¢.
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Abstract: The article is devoted to the issues of assessing the quality of
information systems (IS). The main attention is paid to the consideration of the
internal side of the quality of IS related to the convenience of their development
and production, manufacturability, safety, and reduction of design costs. The
historical aspects of the formation of the essence of the inner side of the quality
of IS presented in the works of W. Shuhart, E. Deming, and A. Feigenbaum
are considered. The main methods of IS design aimed at reducing costs in their
design in accordance with international and domestic standards are presented.
The main problems of the application of this regulatory framework by domestic
customers and developers are formulated.
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К ВОПРОСУ О СООТНОШЕНИИ ПРОГРАММНО
ОПРЕДЕЛЯЕМЫХ И ТРАДИЦИОННЫХ IP-СЕТЕЙ

В. Б. Егоров1

�−−®â�æ¨ï: �à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ á¥â¥© (software-defined networking,
SDN) | ª®−æ¥¯æ¨ï ®à£�−¨§�æ¨¨ á¥â¥© á æ¥−âà�«¨§®¢�−−ë¬ ¯à®£à�¬¬−ë¬
ã¯à�¢«¥−¨¥¬ | áâ�«® ¬®¤−ë¬ âà¥−¤®¬ −�è¥£® áâ®«¥â¨ï. Š®−æ¥¯æ¨ï ¯®áâã«¨-
àã¥â á®áà¥¤®â®ç¥−¨¥ ¢á¥å äã−ªæ¨© ¯«®áª®áâ¨ ã¯à�¢«¥−¨ï ¢ «®£¨ç¥áª¨ ¥¤¨−-
áâ¢¥−−®¬ ª®−âà®««¥à¥ á¥â¨, ã¯à®é¥−¨¥ ã§«®¢ ¯«®áª®áâ¨ ¤�−−ëå ¤® ¯à®áâëå
ª®¬¬ãâ�â®à®¢ ¨ ã−¨ä¨æ¨à®¢�−−ë© ¯à®â®ª®« ¢§�¨¬®¤¥©áâ¢¨ï á −¨¬¨ ª®−âà®«-
«¥à�. ˆ¤¥ï SDN à®¤¨«�áì ¨ ¡ë«� ¨§−�ç�«ì−® à¥�«¨§®¢�−� ¢ ã−¨¢¥àá¨â¥âáª¨å
«�¡®à�â®à¨ïå, ®¤−�ª® ¯¥à¥−®á ¥¥ ¢ ¤�â�æ¥−âàë, � §�â¥¬ ¢ ¯à®¢�©¤¥àáª¨¥ á¥â¨
¢ëï¢¨« ¢ −¥© àï¤ á«�¡ëå ¬¥áâ, ¢ ç¨á«¥ ª®â®àëå ¬®¦−® ®â¬¥â¨âì −�ç�«ì-
−ë© ¯ãáª (bootstrapping) á¥â¨ ¨ ã¤�«¥−−®¥ ª®−ä¨£ãà¨à®¢�−¨¥ ¥¥ ã§«®¢, −¥
ãª«�¤ë¢�îé¨¥áï ¢ àï¤¥ á«ãç�¥¢ ¢ à�¬ª¨ ¨áå®¤−®© ª®−æ¥¯æ¨¨ SDN. �à�ª-
â¨ª� à�§¢¥àâë¢�−¨ï SDN-á¥â¥© ¯®ª�§�«�, çâ® ¢ −¨å −¥ ã¤�¥âáï ¯®«−®áâìî
®âª�§�âìáï ®â ¯à®â®ª®«ì−®£® áâ¥ª� TCP/IP, ª®â®àë© ®áâ�¥âáï −¥§�¬¥−¨¬ë¬,
¢ ç�áâ−®áâ¨, ¯à¨ −�ç�«ì−®¬ ¯ãáª¥ ¨ ã¤�«¥−−®¬ ª®−ä¨£ãà¨à®¢�−¨¨ SDN-á¥â¨.
‚ à¥§ã«ìâ�â¥ ¢ à¥�«ì−®áâ¨ ã§«�¬¨ SDN-á¥â¥© ¢¬¥áâ® ª®−æ¥¯âã�«ì−® ¯à®áâëå
ª®¬¬ãâ�â®à®¢ ®ª�§ë¢�îâáï âà�¤¨æ¨®−−ë¥ ¯®«−®äã−ªæ¨®−�«ì−ë¥ ¬�àèàãâ¨-
§�â®àë, «¨èì ¤®¯®«−¥−−ë¥ ¢®§¬®¦−®áâï¬¨ SDN, � á�¬¨ SDN-á¥â¨ ®áâ�îâáï
®¡ëç−ë¬¨ IP-á¥âï¬¨, ¢ ª®â®àëå æ¥−âà�«¨§®¢�−−®¥ ã¯à�¢«¥−¨¥ ®ª�§ë¢�¥âáï
−¥ ¡®«¥¥ ç¥¬ ¤®¯®«−¨â¥«ì−®© äã−ªæ¨®−�«ì−®© ¢®§¬®¦−®áâìî.

Š«îç¥¢ë¥ á«®¢�: −�ç�«ì−ë© ¯ãáª á¥â¨; ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬�ï á¥âì;
ã¤�«¥−−®¥ ª®−ä¨£ãà¨à®¢�−¨¥ á¥â¨; OF-CONFIG; OpenFlow

DOI: 10.14357/08696527220107

1 Введение

�à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ á¥â¥©, à®¤¨¢è¨áì ¢ −�ç�«¥ ¢¥ª�, ¡ëáâà® áâ�«®
è¨à®ª® ®¡áã¦¤�¥¬®© ¯¥àá¯¥ªâ¨¢−®© ª®−æ¥¯æ¨¥© ®à£�−¨§�æ¨¨ á¥â¥© ¨ ¬®¤−ë¬
âà¥−¤®¬ ã ¯®áâ�¢é¨ª®¢ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��). �á−®¢−�ï ¨¤¥ï −®¢®£®
¯®¤å®¤� §�ª«îç�¥âáï ¢ áâï£¨¢�−¨¨ ¯«®áª®áâ¨ ã¯à�¢«¥−¨ï á¥â¨ «®£¨ç¥áª¨ ¢ ®¤−ã
â®çªã | SDN-ª®−âà®««¥à | ¨ à¥�«¨§�æ¨¨ ¢á¥å äã−ªæ¨© ã¯à�¢«¥−¨ï á¥âìî
¢ íâ®© â®çª¥ ¯à®£à�¬¬−ë¬¨ áà¥¤áâ¢�¬¨. ˆ−ë¬¨ á«®¢�¬¨, SDN | íâ® ¬¥â®¤
¯®áâà®¥−¨ï á¥â¥© á æ¥−âà�«¨§®¢�−−ë¬ ¯à®£à�¬¬−ë¬ ã¯à�¢«¥−¨¥¬ [1, 2].

‚ ¨§−�ç�«ì−®© ª®−æ¥¯æ¨¨ ¯®¤ SDN-ª®−âà®««¥à®¬ ¯®−¨¬�«®áì á¯¥æ¨ä¨ç¥áª®¥
¯à¨ª«�¤−®¥ ��, à�¡®â�îé¥¥ −� ã−¨¢¥àá�«ì−®¬ á¥à¢¥à¥ ¨«¨ ¢¨àâã�«ì−®© ¬�è¨-
−¥. –¥−âà�«¨§�æ¨ï ã¯à�¢«¥−¨ï á¥âìî ¨ ª®−æ¥−âà�æ¨ï ã¯à�¢«¥−ç¥áª¨å äã−ªæ¨©

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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¢ SDN-ª®−âà®««¥à¥ ®á¢®¡®¦¤�«¨ ®â íâ¨å äã−ªæ¨© ã§«ë á¥â¥¢®© ¨−äà�áâàãªâã-
àë, � ¯¥à¥−®á ¢á¥å ¯à®£à�¬¬−ëå ª®¬¯®−¥−â®¢ ¨§ ã§«®¢ á¥â¨ ¢ SDN-ª®−âà®««¥à
¤¥«�« ¢®§¬®¦−®© ç¨áâ® �¯¯�à�â−ãî à¥�«¨§�æ¨î ¯«®áª®áâ¨ ¤�−−ëå. Š®−æ¥¯âã-
�«ì−® íâ® ¤®«¦−® ¡ë«® ¢ë«¨âìáï ¢ ®á®¡® ¯®¤ç¥àª¨¢�¥¬ë© �¢â®à�¬¨ ¨¤¥¨ SDN
®âª�§ ¢ á¥â¥¢®© ¨−äà�áâàãªâãà¥ ®â ¤®à®£¨å ¬−®£®äã−ªæ¨®−�«ì−ëå ãáâà®©áâ¢,
â�ª¨å ª�ª ¬�àèàãâ¨§�â®àë ¨«¨ è«î§ë, ¨ §�¬¥−ã ¨å ¯à®áâë¬¨ −¥¤®à®£¨¬¨ ª®¬-
¬ãâ�â®à�¬¨, ª®â®àë¥ �¯¯�à�â−® ¨, ª�ª á«¥¤áâ¢¨¥, ¯à¥¤¥«ì−® ¡ëáâà® ¢ë¯®«−ï«¨
¡ë ª®¬¬ãâ�æ¨î ¤�−−ëå ¯® ¯à�¢¨«�¬, ä®à¬ã«¨àã¥¬ë¬ ¤«ï −¨å SDN-ª®−âà®««¥-
à®¬ [3].

Š®−æ¥¯æ¨ï SDN ¡ë«� ¯à¨¤ã¬�−� ¨ ¨§−�ç�«ì−® ãá¯¥è−® à¥�«¨§®¢�−� ¢ ã−¨-
¢¥àá¨â¥âáª¨å «�¡®à�â®à−ëå ãá«®¢¨ïå. �® ¯¥à¥−®á ¥¥ ¢ à¥�«ì−ë¥ ¤�â�æ¥−âàë,
� §�â¥¬ ¢ ¯à®¢�©¤¥àáª¨¥ á¥â¨ ¨ ú®¡«�ª�û ¢ëï¢¨« ã −¥¥ àï¤ á«�¡ëå ¬¥áâ [4].

‚ ¯«®áª®áâ¨ ã¯à�¢«¥−¨ï ªà¨â¨ç¥áª¨¬¨ ¯ã−ªâ�¬¨ áâ�«¨ ¯à®¨§¢®¤¨â¥«ì−®áâì
¨ ®âª�§®ãáâ®©ç¨¢®áâì SDN-ª®−âà®««¥à�, ¨§-§� ç¥£® ¢ ¡®«ìè¨å ¨ ®á®¡¥−−® â¥à-
à¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ëå á¥âïå «®£¨ç¥áª¨ ¥¤¨−ë© ª®−âà®««¥à ¢ë−ã¦¤¥−−®
à¥�«¨§®¢ë¢�«áï −� −¥áª®«ìª¨å á¥à¢¥à�å ¨«¨ ¤�¦¥ ¯à¥¢à�é�«áï ¢ æ¥«ãî ¨¥-
à�àå¨î ä¨§¨ç¥áª¨å ª®−âà®««¥à®¢. …é¥ ¡®«¥¥ −¥¯à¨ïâ−ë¬ ¯à¥¯ïâáâ¢¨¥¬ áâ�«�
−¥¢®§¬®¦−®áâì ã−¨ä¨ª�æ¨¨ ¯à¨ª«�¤−®£® �� SDN-ª®−âà®««¥à� ¨§-§� ã−¨ª�«ì-
−®áâ¨ ª�¦¤®© ®â¤¥«ì−® ¢§ïâ®© á¥â¨ ¯® â®¯®«®£¨¨, ®à£�−¨§�æ¨¨ ¯®â®ª®¢ ¤�−−ëå
¨ à�§−®®¡à�§¨î ãá«®¢¨© á®£«�è¥−¨© ¯® ãà®¢−î á¥à¢¨á� (service level agree-
ments). ‚ ¯«®áª®áâ¨ ¦¥ ¤�−−ëå ®ª�§�«®áì ¯à�ªâ¨ç¥áª¨ −¥¤®áâ¨¦¨¬ë¬ £«�¢−®¥
¯®â¥−æ¨�«ì−®¥ ¯à¥¨¬ãé¥áâ¢® SDN-á¥â¥© | §�¬¥−� à�§−®®¡à�§−®£® ¤®à®£®£® ¬−®-
£®äã−ªæ¨®−�«ì−®£® ®¡®àã¤®¢�−¨ï −� ã−¨ä¨æ¨à®¢�−−ë¥ ¤¥è¥¢ë¥ ª®¬¬ãâ�â®àë.
„«ï á®åà�−¥−¨ï ¢ SDN-á¥âïå âà�¤¨æ¨®−−®© IP-äã−ªæ¨®−�«ì−®áâ¨ −�è¥«áï æ¥-
«ë© àï¤ ¯à¨ç¨−, −¨¦¥ ®¡áã¦¤�îâáï ¤¢¥ ¨§ −¨å: ®á®¡¥−−®áâ¨ −�ç�«ì−®£® ¯ãáª�
(bootstrapping) ¨ ã¤�«¥−−®£® ª®−ä¨£ãà¨à®¢�−¨ï SDN-á¥â¥©.

2 Организация каналов управления SDN-сетью

Š®−æ¥¯æ¨ï SDN-á¥â¥© ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ ¡�§¨àã¥âáï −� ¯à®â®ª®«¥ Open-
Flow, áâ�−¤�àâ ª®â®à®£® ¡ë« à�§à�¡®â�− ”®−¤®¬ ®âªàëâëå á¥â¥© (Open networks
foundation, ONF) [5]. ˆ¤¥ï OpenFlow ¢®§−¨ª«� ¨§ ª®−áâ�â�æ¨¨ ¯à®áâ®£® ä�ªâ�:
¢á¥ âà�¤¨æ¨®−−ë¥ á¥â¥¢ë¥ ª®¬¬ãâ¨àãîé¨¥ ãáâà®©áâ¢� â�ª ¨«¨ ¨−�ç¥ ä®à¬¨àãîâ
¨ ¯¥à¨®¤¨ç¥áª¨ ®¡−®¢«ïîâ −¥ªãî â�¡«¨æã ª®¬¬ãâ�æ¨¨ (forwarding table). �®
§�¯¨áï¬ ¢ íâ®© â�¡«¨æ¥, ®¡ëç−® åà�−ïé¥©áï ¢ �áá®æ¨�â¨¢−®© ¯�¬ïâ¨ ãáâà®©-
áâ¢�, �¯¯�à�âãà� ¢ë¯®«−ï¥â á®¡áâ¢¥−−® ª®¬¬ãâ�æ¨î. ‘®¤¥à¦�−¨¥ ¨ ä®à¬�â
â�¡«¨æ ª®¬¬ãâ�æ¨¨, � â�ª¦¥ ¯à�¢¨«� ¨å ä®à¬¨à®¢�−¨ï, ª®àà¥ªæ¨¨ ¨ ¨á¯®«ì§®¢�-
−¨ï ®¯à¥¤¥«ïîâáï ¯à®¨§¢®¤¨â¥«¥¬ ª®−ªà¥â−®£® ª®¬¬ãâ�æ¨®−−®£® ®¡®àã¤®¢�−¨ï.
ˆ¬¥âì ¤¥«® á â�ª¨¬¨ â�¡«¨æ�¬¨ ¬®¦¥â â®«ìª® �¯¯�à�âãà� ¤�−−®£® ãáâà®©áâ¢�
¨ ¢áâà®¥−−®¥ ¢ −¥£® ä¨à¬¥−−®¥ �� (firmware). �à®â®ª®« OpenFlow ¡ë« ¯à¨§¢�−
ã−¨ä¨æ¨à®¢�âì ¨ áâ�−¤�àâ¨§¨à®¢�âì ¢ ª®−â¥ªáâ¥ SDN-á¥â¥© ä®à¬�âë ¨ á®¤¥à-
¦¨¬®¥ â�¡«¨æ ª®¬¬ãâ�æ¨¨, � â�ª¦¥ ¯à�¢¨«� à�¡®âë á −¨¬¨, çâ®¡ë á¤¥«�âì
¢®§¬®¦−ë¬ ã¯à�¢«¥−¨¥ ¢á¥¬¨ ª®¬¬ãâ�â®à�¬¨ á¥â¨ ¨§ ¥¤¨−®£® æ¥−âà�. �®¯ãâ−®
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Š ¢®¯à®áã ® á®®â−®è¥−¨¨ ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ëå ¨ âà�¤¨æ¨®−−ëå IP-á¥â¥©

‘¯®á®¡ë ®à£�−¨§�æ¨¨ âà�ªâ®¢ ã¯à�¢«¥−¨ï (OpenFlow-âà�ªâ®¢) ¢ SDN-á¥â¨: (�) á¯®á®¡
out-of-band; (¡) á¯®á®¡ in-band; 1 | âà�ªâë ¯«®áª®áâ¨ ¤�−−ëå; 2 | âà�ªâë ¯«®áª®áâ¨
ã¯à�¢«¥−¨ï

¯à¥á«¥¤®¢�«¨áì æ¥«¨ ã¯à®é¥−¨ï ¨−äà�áâàãªâãàë ¯«®áª®áâ¨ ¤�−−ëå ¤® ¯à®áâëå
OpenFlow-ª®¬¬ãâ�â®à®¢ ¨ ®¡¥á¯¥ç¥−¨ï á®¢¬¥áâ¨¬®áâ¨ ¢ à�¬ª�å ®¤−®© SDN-á¥â¨
ª®¬¬ãâ�æ¨®−−®£® ®¡®àã¤®¢�−¨ï ®â à�§−ëå ¯®áâ�¢é¨ª®¢.

�� ª®−æ¥¯âã�«ì−®¬ ãà®¢−¥ ¯«®áª®áâì ¤�−−ëå SDN-á¥â¨ à¥�«¨§ã¥âáï ¨á-
ª«îç¨â¥«ì−® OpenFlow-ª®¬¬ãâ�â®à�¬¨, ã¯à�¢«¥−¨¥ ª®â®àë¬¨ á¢®¤¨âáï ª §�-
¯®«−¥−¨î ¨ ¯¥à¨®¤¨ç¥áª®© ª®àà¥ªâ¨à®¢ª¥ ¢ −¨å ã−¨ä¨æ¨à®¢�−−ëå â�¡«¨æ |
â�¡«¨æ ¯®â®ª®¢ (flow tables) ¢ áâ�−¤�àâ¥ OpenFlow, §�¤�îé¨å ¯à�¢¨«� à�¡®âë
á ª®¬¬ãâ¨àã¥¬ë¬¨ ¯®â®ª�¬¨ ¤�−−ëå, çâ® ¯à�ªâ¨ç¥áª¨ à¥�«¨§ã¥âáï ®¡¬¥−®¬ á®-
®¡é¥−¨ï¬¨ ¯à®â®ª®«� OpenFlow ¬¥¦¤ã SDN-ª®−âà®««¥à®¬ ¨ ª®¬¬ãâ�â®à�¬¨.
�â®â ®¡¬¥− ¬®¦¥â ¡ëâì ®à£�−¨§®¢�− ¤¢®ïª® [6]: «¨¡® ú¢−¥ ¯®«®áëû (out-of-
band) | ¯® ®â¤¥«ì−ë¬ á¯¥æ¨�«ì−® ¢ë¤¥«¥−−ë¬ ª�−�«�¬, −�¯àï¬ãî á¢ï§ë¢�-
îé¨¬ SDN-ª®−âà®««¥à á ª®¬¬ãâ�â®à�¬¨, «¨¡® ú¢ ¯®«®á¥û (in-band) | ¯® â¥¬ ¦¥
ª�−�«�¬, ¯® ª®â®àë¬ ¢ á¥â¨ ¯¥à¥¤�îâáï ¤�−−ë¥. ÷�§−¨æã ¬¥¦¤ã ¤¢ã¬ï á¯®á®¡�¬¨
¨««îáâà¨àã¥â à¨áã−®ª.

�¥à¢ë© á¯®á®¡ −�£«ï¤−¥© ¨ ¯à®é¥ ¢ �¤¬¨−¨áâà¨à®¢�−¨¨. �à¨ ¥£® à¥�«¨§�-
æ¨¨ ¢ à�ä¨−¨à®¢�−−®¬ ¢¨¤¥ SDN-ª®−âà®««¥à −¥ ï¢«ï¥âáï (¯�à�¤®ªá!) �¡®−¥−â®¬
á¥â¨ ¨ ¬®¦¥â à�¡®â�âì á ®¡ëç−®© ®¯¥à�æ¨®−−®© á¨áâ¥¬®©, ¯®áª®«ìªã ª®−æ¥¯âã-
�«ì−® ¢á¥ äã−ªæ¨¨ ¯«®áª®áâ¨ ã¯à�¢«¥−¨ï SDN-á¥â¨ à¥�«¨§ãîâáï ¯à¨ª«�¤−ë¬
�� ª®−âà®««¥à�. �®¤å®¤ out-of-band ¯® ®¯à¥¤¥«¥−¨î £�à�−â¨àã¥â ¯à®¯ãáª−ãî
á¯®á®¡−®áâì ª�−�«®¢ ¨ ¡¥§®¯�á−®áâì ª®¬¬ã−¨ª�æ¨© ¬¥¦¤ã SDN-ª®−âà®««¥à®¬
¨ ª®¬¬ãâ�â®à�¬¨. �¥ª®â®àë¬ ¥£® −¥¤®áâ�âª®¬ ¬®¦−® áç¨â�âì −¥®¡å®¤¨¬®áâì
−�«¨ç¨ï ¢ ª�¦¤®¬ ª®¬¬ãâ�â®à¥ ¤®¯®«−¨â¥«ì−®£® ä¨§¨ç¥áª®£® OpenFlow-¯®àâ�.
�® £®à�§¤® −¥¯à¨ïâ−¥¥ â®, çâ® á¯®á®¡ out-of-band £®¤¨âáï «¨èì ¤«ï «�¡®à�â®-
à¨© ¨ ¤�â�æ¥−âà®¢, −® âàã¤−® ¯à¨¬¥−¨¬ ¢ ¯à®¢�©¤¥àáª¨å á¥âïå, £¤¥ −¥¯à®áâ®
®à£�−¨§®¢�âì ¯¥àá®−�«ì−ë¥ ã¯à�¢«ïîé¨¥ ª�−�«ë ª�¦¤®¬ã ª®¬¬ãâ�â®àã, � ¢ àï-
¤¥ ¯¥àá¯¥ªâ¨¢−ëå â¥å−®«®£¨©, â�ª¨å ª�ª ¨−â¥à−¥â ¢¥é¥© (internet of things)
−�¯à¨¬¥à, ®− ¢®®¡é¥ −¥ à¥�«¨§ã¥¬ [7].
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‚ ¯à®â¨¢®¯®«®¦−®áâì á¯®á®¡ã out-of-band ¯®¤å®¤ in-band −¥ âà¥¡ã¥â ¤®-
¯®«−¨â¥«ì−ëå ã¯à�¢«ïîé¨å ª�−�«®¢ ¨ ä¨§¨ç¥áª¨å ¯®àâ®¢ ¢ ª®¬¬ãâ�â®à�å, â�ª
ª�ª ¢§�¨¬®¤¥©áâ¢¨¥ ¯®á«¥¤−¨å á SDN-ª®−âà®««¥à®¬ ®áãé¥áâ¢«ï¥âáï ¯® à�¡®ç¨¬
á¥â¥¢ë¬ ª�−�«�¬ ¨ ¯®àâ�¬; ¯à®â®ª®«ã OpenFlow ¤®áâ�â®ç−® ¯®«ãç¨âì ¤«ï â�ª®£®
¢§�¨¬®¤¥©áâ¢¨ï ¢¨àâã�«ì−ë¥ «®ª�«ì−ë¥ ¯®àâë. ‚ ª®−¥ç−®¬ áç¥â¥ ¯®¤å®¤ in-band
¢ë«¨¢�¥âáï ¢ ¢¨àâã�«ì−ãî ã¯à�¢«ïîéãî OpenFlow-á¥âì, −�«®¦¥−−ãî −� ä¨§¨-
ç¥áªãî ¨−äà�áâàãªâãàã ¯«®áª®áâ¨ ¤�−−ëå SDN-á¥â¨. ‘¯®á®¡ in-band á¬®âà¨âáï
¡®«¥¥ ¯à®áâë¬ ¢ ¨−äà�áâàãªâãà−®¬ �á¯¥ªâ¥, −® ¨ ã −¥£® ¥áâì á¢®¨ −¥¤®áâ�âª¨.
‚®-¯¥à¢ëå, §¤¥áì SDN-ª®−âà®««¥à ¯à¨−æ¨¯¨�«ì−® áâ�−®¢¨âáï �¡®−¥−â®¬ á¥â¨
¨ ¥¬ã −¥®¡å®¤¨¬� á¯¥æ¨�«¨§¨à®¢�−−�ï á¥â¥¢�ï ®¯¥à�æ¨®−−�ï á¨áâ¥¬�. ‚®-¢â®-
àëå, −�«®¦¥−−�ï ã¯à�¢«ïîé�ï OpenFlow-á¥âì §�−¨¬�¥â ç�áâì ¯®«®á ¯à®¯ãáª�-
−¨ï ª�−�«®¢ ä¨§¨ç¥áª®© á¥â¨, á−¨¦�ï â¥¬ á�¬ë¬ ®¡éãî ¯à®¯ãáª−ãî á¯®á®¡−®áâì
¯«®áª®áâ¨ ¤�−−ëå. …áâì ã á¯®á®¡� in-band ¨ ¥é¥ ®¤−� á¥àì¥§−�ï −¥¯à¨ïâ-
−®áâì | −�ç�«ì−ë© ¯ãáª á¥â¨, ª®â®àë© −¥ ¦¥«�¥â ¢¯¨áë¢�âìáï ¢ ª®−æ¥¯æ¨î
SDN.

“¯à�¢«¥−¨¥ SDN-á¥âìî in-band ¯à¨−æ¨¯¨�«ì−® á®§¤�¥â ¯à®¡«¥¬ã −�ç�«ì−®£®
¯ãáª� á¥â¨, � ¨¬¥−−®: §�£àã§ª¨ ¢ ¥¥ ã§«ë ¨áå®¤−®£® á®¤¥à¦¨¬®£® â�¡«¨æ ¯®â®ª®¢.
‘ ®¤−®© áâ®à®−ë, çâ®¡ë −�«®¦¥−−�ï OpenFlow-á¥âì ¯«®áª®áâ¨ ã¯à�¢«¥−¨ï
¬®£«� ¢ë¯®«−ïâì á¢®¨ äã−ªæ¨¨, ä¨§¨ç¥áª�ï á¥âì ¯«®áª®áâ¨ ¤�−−ëå ¤®«¦−�
¡ëâì à�¡®â®á¯®á®¡−� ¨ ã¯à�¢«ï¥¬�. ‘ ¤àã£®© áâ®à®−ë, çâ®¡ë ä¨§¨ç¥áª�ï
á¥âì ¡ë«� à�¡®â®á¯®á®¡−� ¨ ã¯à�¢«ï¥¬�, ¤®«¦−� ¯®«−®æ¥−−® äã−ªæ¨®−¨à®¢�âì
−�«®¦¥−−�ï −� −¥¥ OpenFlow-á¥âì. ˆ−ë¬¨ á«®¢�¬¨, −�ç�«ì−ë© ¯ãáª SDN-á¥â¨
−¥¢®§¬®¦¥− ¡¥§ à�¡®â®á¯®á®¡−®© OpenFlow-á¥â¨, � â� −¥ ¬®¦¥â äã−ªæ¨®−¨à®¢�âì
¡¥§ à�¡®â®á¯®á®¡−®© ä¨§¨ç¥áª®© á¥â¨-¯®¤®á−®¢ë.

3 Особенности начального пуска SDN-сети

‚ SDN-á¥âïå, ã¯à�¢«ï¥¬ëå out-of-band, OpenFlow-á¥â¨ ä�ªâ¨ç¥áª¨ −¥â:
¯à®â®ª®« OpenFlow äã−ªæ¨®−¨àã¥â −� ¢ë¤¥«¥−−ëå ª�−�«�å úâ®çª�{â®çª�û (á¬.
à¨áã−®ª) ¨ ä®à¬�«ì−® ¢®®¡é¥ −¥ ï¢«ï¥âáï á¥â¥¢ë¬. (‘«¥¤ã¥â §�¬¥â¨âì, çâ® íâ® −¥
¯®¬¥è�«® �¢â®à�¬ áâ�−¤�àâ� ®£®¢®à¨âì ¢ ¡®«¥¥ ¯®§¤−¨å ¥£® ¢¥àá¨ïå ®¡ï§�â¥«ì−ãî
¯®¤¤¥à¦ªã −� OpenFlow-ª�−�«�å ¯à®â®ª®«ì−®£® áâ¥ª� TCP/IP, å®âï, −� ¯¥à¢ë©
¢§£«ï¤, ¢¯®«−¥ ¬®¦−® ¡ë«® ¡ë ®¡®©â¨áì ¯à®áâ®© ¨−ª�¯áã«ïæ¨¥© á®®¡é¥−¨©
OpenFlow, −�¯à¨¬¥à ¢ ª�¤àë Ethernet.) �à¨ ã¯à�¢«¥−¨¨ out-of-band ã SDN-
ª®−âà®««¥à� �¯à¨®à¨ ¨¬¥îâáï ¢ −�«¨ç¨¨ ¤¥©áâ¢ãîé¨¥ á¢ï§¨ á® ¢á¥¬¨ ã§«�¬¨
á¥â¨, ¨ ®− ¬®¦¥â ¢ë¯®«−¨âì ¥¥ −�ç�«ì−ë© ¯ãáª áà¥¤áâ¢�¬¨ ¯à®â®ª®«� OpenFlow.

‚ SDN-á¥âïå á ã¯à�¢«¥−¨¥¬ in-band, £¤¥ ¯à®â®ª®« OpenFlow áâ�−®¢¨âáï
¯à¨−æ¨¯¨�«ì−® á¥â¥¢ë¬, −� ¬®¬¥−â −�ç�«ì−®£® ¯ãáª� −¨ ã¯à�¢«ï¥¬�ï SDN-
á¥âì, −¨ ã¯à�¢«ïîé�ï OpenFlow-á¥âì −¥ äã−ªæ¨®−�«ì−ë, ¯®íâ®¬ã ã SDN-
ª®−âà®««¥à� −¥â á¢ï§¨ á ã§«�¬¨ á¥â¨ ¨ ¢®§¬®¦−®áâ¨ §�£àã§¨âì ¢ −¨å â�¡«¨æë
¯®â®ª®¢. ‘«¥¤®¢�â¥«ì−®, ¤«ï −�ç�«ì−®£® ¯ãáª� SDN-á¥â¥© á ã¯à�¢«¥−¨¥¬ in-band
−¥®¡å®¤¨¬ë á¯¥æ¨�«ì−ë¥ áà¥¤áâ¢� ¨ à¥è¥−¨ï, ¢ëå®¤ïé¨¥ §� à�¬ª¨ −¥ â®«ìª®
¯à®â®ª®«� OpenFlow, −® ¨ ¢®®¡é¥ ¢á¥© ª®−æ¥¯æ¨¨ SDN.
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Š ¢®¯à®áã ® á®®â−®è¥−¨¨ ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ëå ¨ âà�¤¨æ¨®−−ëå IP-á¥â¥©

‚ ª�ç¥áâ¢¥ â�ª®¢ëå à¥è¥−¨© ¬¨à®¢�ï ¯à�ªâ¨ª� −� á¥£®¤−ïè−¨© ¤¥−ì ¯à¥¤-
«�£�¥â â®«ìª® ¨¬¥îé¨¥áï ¨ å®à®è® ®âà�¡®â�−−ë¥ ¢®§¬®¦−®áâ¨ âà�¤¨æ¨®−−ëå
IP-á¥â¥© [7{9]. (�¥ ¨áª«îç¥−®, çâ® ¨¬¥−−® íâ� ¯à�ªâ¨ª� §�áâ�¢¨«� �¢â®à®¢
OpenFlow ¢ ª®−¥ç−®¬ áç¥â¥ ¢¢¥áâ¨ ¢ áâ�−¤�àâ ®¡ï§�â¥«ì−ãî ¯®¤¤¥à¦ªã ã§«�¬¨
á¥â¨ áâ¥ª� TCP/IP.) ’¨¯¨ç−ë© ¯à¨¬¥à ¯à®æ¥¤ãàë −�ç�«ì−®£® ¯ãáª� SDN-á¥â¨
á ã¯à�¢«¥−¨¥¬ in-band, ¯à¥â¥−¤ãîé¨© −� ã−¨¢¥àá�«ì−®áâì ¨ ¡ëáâàë© à¥§ã«ìâ�â
¢ ®â−®è¥−¨¨ «î¡ëå á¥â¥¢ëå â®¯®«®£¨©, ¬®¦¥â ¡ëâì ¢ë¯®«−¥− ¢ âà¨ íâ�¯� [8]:

(1) −�§−�ç¥−¨¥ ¨¤¥−â¨ä¨ª�â®à®¢ á®¥¤¨−¥−¨© SDN-ª®−âà®««¥à� á ã§«�¬¨ á¥â¨;

(2) ãáâ�−®¢«¥−¨¥ á®¥¤¨−¥−¨© ¬¥¦¤ã SDN-ª®−âà®««¥à®¬ ¨ ã§«�¬¨ á¥â¨ −� âà�−á-
¯®àâ−®¬ ãà®¢−¥;

(3) ¨−¨æ¨¨à®¢�−¨¥ ã§«�¬¨ á¥â¨ OpenFlow-á¥�−á®¢ á SDN-ª®−âà®««¥à®¬.

‚ ç¨á«® −�§−�ç�¥¬ëå ¨¤¥−â¨ä¨ª�â®à®¢ á®¥¤¨−¥−¨© ¢å®¤ïâ ª�ª ¬¨−¨¬ã¬ IP-
�¤à¥á� SDN-ª®−âà®««¥à� ¨ «®ª�«ì−ëå ¯®àâ®¢ ã§«®¢ á¥â¨, â�ª¦¥ ¬®£ãâ ¢ª«îç�âìáï
¯�à�¬¥âàë ª�−�«ì−®£® (MAC-�¤à¥á) ¨ âà�−á¯®àâ−®£® (à�¡®ç¨© ¯à®â®ª®« ¨ −®-
¬¥à ¯®àâ�) ãà®¢−¥©. �� ¯¥à¢®¬ íâ�¯¥ §�¤¥©áâ¢ãîâáï ¯à®â®ª®«ë ¤¨−�¬¨ç¥áª®©
ª®−ä¨£ãà�æ¨¨ å®áâ� (dynamic host configuration protocol, DHCP) ¨ à�§à¥è¥−¨ï
�¤à¥á®¢ (address resolution protocol). �¥à¢ë© ¯®§¢®«ï¥â −�§−�ç¨âì «®ª�«ì−ë¬
¯®àâ�¬ ã§«®¢ á¥â¨ ã−¨ª�«ì−ë¥ IP-�¤à¥á� ¨ ®¯à¥¤¥«¨âì ¯�à�¬¥âàë á®¥¤¨−¥−¨ï
á SDN-ª®−âà®««¥à®¬, ¢â®à®© −¥®¡å®¤¨¬ ¤«ï ¯®«ãç¥−¨ï ã§«�¬¨ á¥â¨ MAC-�¤-
à¥á� ª®−âà®««¥à�. ˆá¯®«ì§®¢�−¨¥ ¯à®â®ª®«� DHCP ¯à¥¤¯®«�£�¥â, çâ® ¢ á¥â¨
¨¬¥¥âáï DHCP-á¥à¢¥à, � ¢á¥ ¥¥ ã§«ë ¢ëáâã¯�îâ ¢ ª�ç¥áâ¢¥ DHCP-ª«¨¥−â®¢.
�®á«¥ ãáâ�−®¢«¥−¨ï á®¥¤¨−¥−¨ï −� âà�−á¯®àâ−®¬ ãà®¢−¥ ã§«ë á¥â¨ ¨−¨æ¨¨àãîâ
OpenFlow-á¥�−áë á SDN-ª®−âà®««¥à®¬. ‚á«¥¤ §� ¨−¨æ¨¨à®¢�−¨¥¬ â�ª¨å á¥�−-
á®¢ ¢á¥¬¨ ã§«�¬¨ á¥â¨ ¯à®æ¥¤ãà� ¥¥ −�ç�«ì−®£® ¯ãáª� ¯à®¤®«¦�¥âáï áà¥¤áâ¢�¬¨
¯à®â®ª®«� OpenFlow.

‚ ¤àã£®¬ ¯à¨¬¥à¥ −�ç�«ì−®£® ¯ãáª� SDN-á¥â¨, ã¯à�¢«ï¥¬®© in-band ¬−®-
¦¥áâ¢®¬ SDN-ª®−âà®««¥à®¢ [10], ¤«ï ãáâ�−®¢«¥−¨ï á®¥¤¨−¥−¨ï á ¡«¨¦�©è¨¬
¨§ −¨å ã§¥« ¨á¯®«ì§ã¥â ¢¨àâã�«ì−ë¥ IP-�¤à¥á� úª®¬ã ã£®¤−®û (virtual anycast
addresses), çâ® ¯à¥¤¯®«�£�¥â ¢ ã§«�å á¥â¨ ¬�àèàãâ¨§�â®àë á ¯®¤¤¥à¦ª®© ¤¨-
−�¬¨ç¥áª®© ¬�àèàãâ¨§�æ¨¨, −�¯à¨¬¥à ¯à®â®ª®«®¬ £à�−¨ç−®£® è«î§� (boarder
gateway protocol).

ˆ§ ¯à¨¢¥¤¥−−ëå ¯à¨¬¥à®¢ ¢¨¤−®, çâ® SDN-á¥âì, ã¯à�¢«ï¥¬�ï in-band, ¤«ï
®¡à¥â¥−¨ï á¯®á®¡−®áâ¨ ª −�ç�«ì−®¬ã ¯ãáªã ®¡ï§�−� ¡ëâì, ¯® áãé¥áâ¢ã, âà�-
¤¨æ¨®−−®© IP-á¥âìî, ¢ ª®â®à®© −�«®¦¥−−�ï OpenFlow-á¥âì à�§¢¥àâë¢�¥âáï −�
á¥�−á®¢®¬ ãà®¢−¥ ¯®¢¥àå −¥ª®¥£® âà�−á¯®àâ−®£® ¯à®â®ª®«�, ¢ â¨¯¨ç−®¬ á«ãç�¥
®¡¥á¯¥ç¨¢�îé¥£® á¥â¥¢ãî ¡¥§®¯�á−®áâì (transport layer security, TLS). ’�ª¦¥
¢®§¬®¦−® ¯à¨¢«¥ç¥−¨¥ ¯à®â®ª®«®¢ ¤¨−�¬¨ç¥áª®© ¬�àèàãâ¨§�æ¨¨. �®íâ®¬ã −¥-
ã¤¨¢¨â¥«ì−®, çâ® ¢ ã§«�å â�ª®£® à®¤� SDN-á¥â¥© ¢¬¥áâ® ª®−æ¥¯âã�«ì−® ¯à®áâëå
OpenFlow-ª®¬¬ãâ�â®à®¢ −� ¯à�ªâ¨ª¥ ®ª�§ë¢�îâáï âà�¤¨æ¨®−−ë¥ ¯®«−®¢¥á−ë¥
¬�àèàãâ¨§�â®àë, ¤� ¥é¥ ¤®¯®«−¨â¥«ì−® ®¡à¥¬¥−¥−−ë¥ ¯®¤¤¥à¦ª®© −¥ â®«ìª®
OpenFlow, −® ¨ HDCP-ª«¨¥−â�.
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4 Удаленное конфигурирование SDN-сети

�®¬¨¬® ¯à®â®ª®«� æ¥−âà�«¨§®¢�−−®£® ã¯à�¢«¥−¨ï OpenFlow ONF ¯à¥¤«�£�-
¥â ¤«ï SDN-á¥â¥© â�ª¦¥ áâ�−¤�àâ ¤«ï ã¤�«¥−−®£® ª®−ä¨£ãà¨à®¢�−¨ï OpenFlow-
ª®¬¬ãâ�â®à®¢ (OpenFlow configuration, OF-CONFIG) [11].

‚ ®â«¨ç¨¥ ®â ¯à®â®ª®«� OpenFlow, ª®â®àë© äã−ªæ¨®−¨àã¥â ¢ ¯à®æ¥áá¥ à�-
¡®âë SDN-á¥â¨, OF-CONFIG ¯à¥¤¯®«�£�¥âáï ¨á¯®«ì§®¢�âì â®«ìª® ¢® ¢à¥¬ï
¥¥ ª®−ä¨£ãà¨à®¢�−¨ï, ¢ª«îç�ï −�ç�«ì−ë© ¯ãáª. …á«¨ ¯à®â®ª®« OpenFlow
à¥£«�¬¥−â¨àã¥â ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã SDN-ª®−âà®««¥à®¬ ¨ OpenFlow-ª®¬¬ã-
â�â®à�¬¨, â® ¯à®â®ª®« OF-CONFIG | ¬¥¦¤ã ª®¬¬ãâ�â®à�¬¨ ¨ −¥ª¨¬ ¯ã−ªâ®¬
ª®−ä¨£ãà�æ¨¨ OpenFlow (OpenFlow configuration point), ª®â®àë© ¢ á�¬‚®¬ áâ�−-
¤�àâ¥ −¨ª�ª −¥ á¯¥æ¨ä¨æ¨à®¢�−. �£®¢�à¨¢�¥âáï â®«ìª®, çâ® ¢ ®¡é¥¬ á«ãç�¥
®− −¥ á®¢¯�¤�¥â á SDN-ª®−âà®««¥à®¬ ¨ ¤�¦¥ ¬®¦¥â ¨¬¥âì ¨−®¥ �¤¬¨−¨áâà�â¨¢-
−®¥ ¯®¤ç¨−¥−¨¥ (−�¯à¨¬¥à, à�á¯®«�£�âìáï ¢ á¥â¨ ¯à®¢�©¤¥à�). ‚§�¨¬®¤¥©áâ¢¨¥
¯ã−ªâ� ª®−ä¨£ãà�æ¨¨ á SDN-ª®−âà®««¥à®¬ ®â¤�−® −� ®âªã¯ ¯à®â®ª®«�¬ á¥â¥¢®£®
¬¥−¥¤¦¬¥−â�.

‚ áâ�−¤�àâ¥ OF-CONFIG ã§«ë ª®−ä¨£ãà¨àã¥¬®© OpenFlow-á¥â¨ ¨¬¥−ã-
îâáï úª®¬¬ãâ�â®à�¬¨û (switches). �¤−�ª® ¤«ï íâ¨å úª®¬¬ãâ�â®à®¢û ¯®¬¨¬®
¯®¤à�§ã¬¥¢�¥¬®© ¯® ã¬®«ç�−¨î ¯®¤¤¥à¦ª¨ OpenFlow â�ª¦¥ ¯®áâã«¨à®¢�−� ª�ª
®¡ï§�â¥«ì−�ï á¯®á®¡−®áâì á�¬®áâ®ïâ¥«ì−® ãáâ�−�¢«¨¢�âì á®¥¤¨−¥−¨¥ −� âà�−á-
¯®àâ−®¬ ãà®¢−¥ ª�ª á SDN-ª®−âà®««¥à�¬¨, â�ª ¨ á ¯ã−ªâ�¬¨ ª®−ä¨£ãà�æ¨¨. �à¨
íâ®¬ ¢ ª�ç¥áâ¢¥ âà�−á¯®àâ−ëå ¯à®â®ª®«®¢ ¤®¯ãáª�îâáï ¯à®â®ª®«ë TLS, SSH
(secure shell) ¨ BEEP (blocks extensible exchange protocol). �à¥¤ãá¬�âà¨¢�¥¬ë©
¤«ï íâ®© ¯à®æ¥¤ãàë ¬¨−¨¬�«ì−ë© −�¡®à ¯�à�¬¥âà®¢ | IP-�¤à¥á�, âà�−á¯®àâ-
−ë© ¯à®â®ª®« ¨ −®¬¥à� ¯®àâ®¢ | ¢−®¢ì −¥ï¢−® ¯®¤à�§ã¬¥¢�¥â ¢ ã§«�å á¥â¨
¢®¢á¥ −¥ ª®−æ¥¯âã�«ì−ë¥ ¯à®áâ¥−ìª¨¥ OpenFlow-ª®¬¬ãâ�â®àë, � ä�ªâ¨ç¥áª¨
¯®«−®äã−ªæ¨®−�«ì−ë¥ ¬�àèàãâ¨§�â®àë.

Šà®¬¥ â®£®, ¤«ï à�¡®âë á ¯à®â®ª®«®¬ OF-CONFIG ª®−ä¨£ãà¨àã¥¬ë©
OpenFlow-ª®¬¬ãâ�â®à ®¡ï§�− ¯®¤¤¥à¦¨¢�âì ¯à®â®ª®« ª®−ä¨£ãà¨à®¢�−¨ï á¥â¨
NETCONF. ’�ª¨¬ ®¡à�§®¬, OF-CONFIG âï−¥â §� á®¡®© ¨§àï¤−ãî ¯à®â®-
ª®«ì−ãî −�£àã§ªã ¨ â®¦¥ ¯®¤à�§ã¬¥¢�¥â ¢ ¯«®áª®áâ¨ ¤�−−ëå ª®−ä¨£ãà¨-
àã¥¬®© ¨¬ SDN-á¥â¨ ¯®«−®æ¥−−ãî IP-á¥âì, ¢ ª®â®à®© ¤«ï ¯à®ç−® §�−ï¢-
è¨å ¬¥áâ� ¢ ¥¥ ã§«�å ¬�àèàãâ¨§�â®à®¢ OpenFlow-ª®¬¬ãâ�æ¨ï ®ª�§ë¢�¥âáï
«¨èì −¥¡®«ìè¨¬ äã−ªæ¨®−�«ì−ë¬ ¯à¨«®¦¥−¨¥¬ ª ¨å âà�¤¨æ¨®−−ë¬ ¢®§¬®¦-
−®áâï¬.

SDN-á¥âì, ¡ã¤ãç¨ ®¤−�¦¤ë §�¯ãé¥−� ¢ à�¡®âã, â¥®à¥â¨ç¥áª¨ ¬®£«� ¡ë
äã−ªæ¨®−¨à®¢�âì, ¨á¯®«ì§ãï â®«ìª® íâ¨ OpenFlow-¯à¨«®¦¥−¨ï. �® −�ç�«ì−ë©
¯ãáª SDN-á¥â¨ ¨ ¥¥ ã¤�«¥−−®¥ ª®−ä¨£ãà¨à®¢�−¨¥ −¥¢®§¬®¦−ë ¡¥§ ¬�ááë ¯à®ç¥£®
¬�àèàãâ¨§¨àãîé¥£® ®¡®àã¤®¢�−¨ï ¯«®áª®áâ¨ ¤�−−ëå, ª®â®à®¥ ¢ ¤�«ì−¥©è¥¬
¬®¦¥â á¯®ª®©−® ¯à®áâ�¨¢�âì. �¯à�¢¤ë¢�ï −¥®¡å®¤¨¬®áâì ¯®â¥−æ¨�«ì−® ¯à®áâ�-
¨¢�îé¥£® ®¡®àã¤®¢�−¨ï, �¢â®àë ¯à®â®ª®«� OpenFlow ¤®¯ãáâ¨«¨ ¢ ª®−âà®«¨àã-
¥¬ëå ¨¬ ã§«�å ¢®§¬®¦−®áâì úâà�¤¨æ¨®−−®©û ª®¬¬ãâ�æ¨¨ ¨ ¬�àèàãâ¨§�æ¨¨ ª�ª
®¤−ã ¨§ ®¯æ¨©.
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Š ¢®¯à®áã ® á®®â−®è¥−¨¨ ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ëå ¨ âà�¤¨æ¨®−−ëå IP-á¥â¥©

‚àï¤ «¨ áª«�¤ë¢�îé¥¥áï ¯®«®¦¥−¨¥ ¤¥« −à�¢¨âáï â¥®à¥â¨ª�¬ ¨ �¤¥¯â�¬
SDN. ‡�â® ®−®, −�¢¥à−ïª�, ãáâà�¨¢�¥â ¯®áâ�¢é¨ª®¢ âà�¤¨æ¨®−−®£® á¥â¥¢®£®
®¡®àã¤®¢�−¨ï, â�ª¨å ª�ª Cisco Systems ¨«¨ Uniper Networks, ç¥© ¡¨§−¥á, ¢®¯à¥ª¨
−¥¤�¢−¨¬ ®¯�á¥−¨ï¬ ¨ ¡«�£®¤�àï áª«�¤ë¢�îé¥©áï ¯à�ªâ¨ª¥ à�§¢¥àâë¢�−¨ï,
−�ç�«ì−®£® ¯ãáª� ¨ ã¤�«¥−−®£® ª®−ä¨£ãà¨à®¢�−¨ï SDN-á¥â¥©, −¥ â®«ìª® −¥
¯®áâà�¤�«, −® ¨ ¯®«ãç¨« −®¢ë¥ áâ¨¬ã«ë.

5 Заключение

‘â�«� à�áå®¦¥© äà�§�: úŠ®−æ¥¯æ¨ï SDN à®¤¨«�áì ¢ «�¡®à�â®à¨¨, � á®§à¥«�
¢ ¤�â�æ¥−âà�åû. „¥©áâ¢¨â¥«ì−®, ¨¤¥ï SDN ¯à®è«� �¯à®¡�æ¨î ¢ «�¡®à�â®à−ëå
íªá¯¥à¨¬¥−â�å ¨ ¯®à®¤¨«� −�¤¥¦¤ë −� −¥ªãî à¥¢®«îæ¨î ¢ á¯®á®¡�å à�§¢¥à-
âë¢�−¨ï á¥â¥© ¨ ã¯à�¢«¥−¨ï ¨¬¨: ú. . .á®¢à¥¬¥−−ë¥ á¥â¨, ®á−®¢�−−ë¥ −� áâ¥ª¥
IP/TCP, −¥ ®â¢¥ç�îâ à�áâãé¨¬ âà¥¡®¢�−¨ï¬ ¯® áª®à®áâ¨ ¢¢®¤� ¢ íªá¯«ã�â�æ¨î
¨ áª®à®áâ¨ ¢−¥á¥−¨ï ¨§¬¥−¥−¨© ¢ ª®−ä¨£ãà�æ¨î á¥â¨. �®ï¢«¥−¨¥ ¯à®£à�¬¬−®
ª®−ä¨£ãà¨àã¥¬ëå á¥â¥© ¤®«¦−® ¨§¬¥−¨âì ¯®«®¦¥−¨¥ ¢¥é¥©û [12]. “¢ë, ¢á¥
®ª�§�«®áì −¥ â�ª ¯à®áâ®.

’àã¤−®áâ¨, ª®â®àë¥ ¢á¯«ë«¨ §� áâ¥−�¬¨ «�¡®à�â®à¨© ¨ ¯®−�ç�«ã ¢ë£«ï¤¥-
«¨ ¡®«¥§−ï¬¨ à®áâ�, −¥ ã¤�«®áì ¯à¥®¤®«¥âì −¨ ¢ �¯¯�à�â−®¬, −¨ ¢ ¯à®£à�¬¬−®¬
�á¯¥ªâ¥. “å®¤ ®â âà�¤¨æ¨®−−ëå IP-á¥â¥© ¨ §�¬¥−� ¤®à®£¨å ¯à®¯à¨¥â�à−ëå ¬−®£®-
äã−ªæ¨®−�«ì−ëå á¥â¥¢ëå ãáâà®©áâ¢ ã−¨ä¨æ¨à®¢�−−ë¬¨ ¤¥è¥¢ë¬¨ OpenFlow-
ª®¬¬ãâ�â®à�¬¨ â�ª ¨ ®áâ�«�áì ¯à¥ªà�á−®©, −® −¥®áãé¥áâ¢¨¬®© ¬¥çâ®©, � á®§¤�−¨¥
¯à¨ª«�¤−®£® �� SDN-ª®−âà®««¥à®¢ ¯®-¯à¥¦−¥¬ã ®áâ�¥âáï −¥¤®áâã¯−ë¬ ®á−®¢-
−®© ¬�áá¥ ¢«�¤¥«ìæ¥¢ á¥â¥© [13].

ˆ−â¥à¥á ª SDN-á¥âï¬ −¥ à�áâ¥â ã¦¥ ¬−®£® «¥â [14]. �¤−�ª® ¬®¤� −� −¨å ¥é¥
¦¨¢�, ¨ ¯à®¡«¥¬ë ¢«�¤¥«ìæ¥¢ á¥â¥© −¥ ¬¥è�îâ íâã ¬®¤ã �ªâ¨¢−® íªá¯«ã�â¨à®¢�âì
¯à®¨§¢®¤¨â¥«ï¬ à�§−®®¡à�§−®£® á¥â¥¢®£® ®¡®àã¤®¢�−¨ï, ª®â®àë¥ ¯®«ãç¨«¨ ¢®§-
¬®¦−®áâì á¡ë¢�âì §�«¥¦�¢è¨©áï â®¢�à ¯®¤ ¬�àª®© á�¬ëå á®¢à¥¬¥−−ëå SDN-
¯à®¤ãªâ®¢, ¢á¥£® «¨èì ¤®¡�¢¨¢ ª äã−ªæ¨®−�«ì−ë¬ ¢®§¬®¦−®áâï¬, −�ª®¯¨¢è¨¬áï
¢ −¨å §� ¬−®£¨¥ £®¤ë í¢®«îæ¨¨ á¥â¥©, ¥é¥ ®¤¨− −¥¡®«ìè®© ú¤®¢¥á®ªû: ¯®¤¤¥à¦ªã
¯à®â®ª®«� OpenFlow. ˆ ¢àï¤ «¨ â�ª®¥ ¯®«®¦¥−¨¥ ¤¥« áâ�«® à¥§ã«ìâ�â®¬
á«ãç�©−®£® ¢¥§¥−¨ï ¤«ï ä¨à¬, ¤�¢−® ¤¨ªâãîé¨å ¬®¤ã ¨ ®¯à¥¤¥«ïîé¨å âà¥−¤ë
á¥â¥¢®£® àë−ª�.
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Interrelation between the software-defined and conventional IP-networks

INTERRELATION BETWEEN THE SOFTWARE-DEFINED
AND CONVENTIONAL IP-NETWORKS

V. B. Egorov

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

Abstract: Software-defined networking (SDN) is a centralized network control
concept that postulates concentration of all control plane functions in a logically
single programmatic network controller, simplification of data plane nodes
to primitive switches, and a unified protocol, OpenFlow, particularly, of
interaction between them and the controller. The SDN idea was born and
initially implemented within academic laboratories. However, its expansion
to data centers and, subsequently, to provider networks revealed a number of
weak spots. The network bootstrapping and remote configuring were among
them since these procedures cannot be accomplished using solely the OpenFlow
means and do not fit into the original SDN framework. The SDN networks
deployment practice showed the impracticability of the refusal from the TCP/IP
protocol stack which remains indispensable, in particular, for SDN network
bootstrapping and remote configuring. As a result, in the reality, we observe
the SDN network nodes as some traditional full-fledged routers, only augmented
with the supplementary OpenFlow functionality, instead of the conceptual simple
pure OpenFlow switches, while the SDN networks themselves remain trivial IP
networks with the centralized control being not full-sufficient and provided as
an optional supplement.

Keywords: bootstrapping; software-defined networking; remote network con-
figuring; OF-CONFIG; OpenFlow
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АНАЛИЗ МОНОТОННОГО ТРЕНДА
В МНОГОПАРАМЕТРИЧЕСКОМ СЛУЧАЕ

М. П. Кривенко1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï §�¤�ç� �−�«¨§� ¬®−®â®−−®£® âà¥−¤�. ‘âà®¨âáï
®æ¥−ª� ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï ¯�à�¬¥âà®¢ à�á¯à¥¤¥«¥−¨ï, ª®£¤� ãá«®-
¢¨¥ ¬®−®â®−−®áâ¨ ä®à¬ã«¨àã¥âáï ¤«ï §−�ç¥−¨© −¥ª®â®à®© äã−ªæ¨¨ ®â −¨å.
÷¥è¥−¨¥ á®®â¢¥âáâ¢ãîé¥© §�¤�ç¨ ¯®«ãç�¥âáï ¢ ¢¨¤¥ �«£®à¨â¬�, ®¡®¡é�îé¥£®
PAV-¯à®æ¥¤ãàã (Pool-Adjacent-Violators). ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� à�áá¬�âà¨-
¢�¥âáï §�¤�ç� ®æ¥−¨¢�−¨ï ¬®−®â®−−®£® âà¥−¤� ®â−®è¥−¨ï ¬�â¥¬�â¨ç¥áª®£®
®¦¨¤�−¨ï ª áâ�−¤�àâã ¤«ï ¯®á«¥¤®¢�â¥«ì−®áâ¨ −®à¬�«ì−® à�á¯à¥¤¥«¥−−ëå
¢¥«¨ç¨−. �®«ãç�îé�ïáï ®æ¥−ª� ®á−®¢ë¢�¥âáï −� ¯®¤áç¥â¥ ç¨á«� ¯®«®¦¨-
â¥«ì−ëå/®âà¨æ�â¥«ì−ëå −�¡«î¤¥−−ëå §−�ç¥−¨©. �®ª�§�−®, çâ® â¥áâ¨à®¢�−¨¥
âà¥−¤� ¢ íâ®¬ á«ãç�¥ íª¢¨¢�«¥−â−® �−�«¨§ã ¬®−®â®−−ëå ¨§¬¥−¥−¨© ¢¥à®ïâ-
−®áâ¨ ãá¯¥å� ¢ −¥®¤−®à®¤−®© áå¥¬¥ �¥à−ã««¨. ’¥¬ á�¬ë¬ ¢áªàë¢�¥âáï á¢ï§ì
¯�à�¬¥âà¨ç¥áª®£® ¨ −¥¯�à�¬¥âà¨ç¥áª®£® ¯®¤å®¤®¢ ¢ �−�«¨§¥ −¥áâ�æ¨®−�à−ëå
á«ãç�©−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥©. �à¨¬¥à®¬ à¥�«ì−®© á¨âã�æ¨¨, ª®£¤� ¢®§-
¬®¦−® ¯à¨¬¥−¥−¨¥ à�áá¬�âà¨¢�¥¬®£® ¯®¤å®¤�, ¬®¦¥â á«ã¦¨âì �−�«¨§ á«ãç�©-
−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢ ¯à¥®¡à�§®¢�−−®¬ ¢¨¤¥: −�¡®à −�¡«î¤¥−¨© ¤¥«¨âáï
−� £àã¯¯ë, ¤«ï ª�¦¤®© ¨§ ª®â®àëå ¯®¤áç¨âë¢�¥âáï −¥ª®â®à�ï áâ�â¨áâ¨ª�,
à¥§ã«ìâ�â â�ª®£® äà�£¬¥−â¨à®¢�−¨ï à�áá¬�âà¨¢�¥âáï ª�ª ¯®á«¥¤®¢�â¥«ì−®áâì
¢¥«¨ç¨− á ®¯à¥¤¥«¥−−ë¬ à�á¯à¥¤¥«¥−¨¥¬.

Š«îç¥¢ë¥ á«®¢�: ¬®−®â®−−ë© âà¥−¤; ®æ¥−ª� ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï;
PAV-¯à®æ¥¤ãà�; −¥¯�à�¬¥âà¨ç¥áª®¥ â¥áâ¨à®¢�−¨¥ âà¥−¤�
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1 Введение

�®«ìè®© ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ ä¨§¨ç¥áª¨å, ¡¨®«®£¨ç¥áª¨å ¨ á®æ¨�«ì−ëå
−�ãª�å ¯à¥¤áâ�¢«¥− ¢ ä®à¬¥ ¢à¥¬¥−− �ëå àï¤®¢, ¤«ï ª®â®àëå á�¬®áâ®ïâ¥«ì−ë©
¨−â¥à¥á ¯à¥¤áâ�¢«ï¥â ¨áá«¥¤®¢�−¨¥ å�à�ªâ¥à� §�¢¨á¨¬®áâ¨ ¬¥¦¤ã ¨å í«¥¬¥−â�¬¨.
’à�¤¨æ¨®−−® ¯à¨ íâ®¬ ¢ë¤¥«ïîâ ç¥âëà¥ â¨¯� à�§¢¨â¨ï −�¡«î¤�¥¬ëå ¯à®æ¥á-
á®¢ ¢® ¢à¥¬¥−¨, � ¨¬¥−−®: âà¥−¤, æ¨ª«, á¥§®−−ë¥ ª®«¥¡�−¨ï ¨ −¥à¥£ã«ïà−ë¥
ª®«¥¡�−¨ï.

’à¥−¤ á®®â¢¥âáâ¢ã¥â ãáâ®©ç¨¢ë¬ ¨ á¨áâ¥¬�â¨ç¥áª¨¬ ¨§¬¥−¥−¨ï¬ ¢ â¥ç¥−¨¥
à�áá¬�âà¨¢�¥¬®£® ¯¥à¨®¤� ¢à¥¬¥−¨. ‚�¦−®, çâ® ®− ¤®¬¨−¨àã¥â −�¤ ®¡é¥©
¨§¬¥−ç¨¢®áâìî àï¤� ¨ á¢ï§�− á® áâàãªâãà−ë¬¨ ¯à¨ç¨−�¬¨ à�áá¬�âà¨¢�¥¬®£®
ï¢«¥−¨ï. ‚ëï¢«¥−¨¥ −¥®¤−®à®¤−®áâ¨ ¢á¥£¤� ¯à¥¤áâ�¢«ï«® á¥àì¥§−ãî áâ�â¨áâ¨ç¥-
áªãî ¯à®¡«¥¬ã, ¯à¨ íâ®¬ á«®¦−®áâ¨ −®áïâ −¥ áâ®«ìª® �−�«¨â¨ç¥áª¨© å�à�ªâ¥à,

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

áª®«ìª® ª®−æ¥¯âã�«ì−ë©. „¥«® ¢ â®¬, çâ® âà¥−¤ ï¢«ï¥âáï «�â¥−â−®© ¯¥à¥¬¥−−®©
¨, á«¥¤®¢�â¥«ì−®, −¥®¡å®¤¨¬® ¢¢®¤¨âì ¯à¥¤¯®«®¦¥−¨ï ® å�à�ªâ¥à¥ ¥¥ ¯®¢¥¤¥−¨ï.

‚ ¡®«ìè®¬ ª«�áá¥ ¬®¤¥«¥©, ¨§¢¥áâ−ëå ¤«ï âà¥−¤�, ¬®¦−® ¢ë¤¥«¨âì ¤¢¥
®á−®¢−ë¥ ª�â¥£®à¨¨: ¤¥â¥à¬¨−¨à®¢�−−ë¥ ¨ áâ®å�áâ¨ç¥áª¨¥. „¥â¥à¬¨−¨à®¢�−−ë¥
¬®¤¥«¨ ®á−®¢�−ë −� ¤®¯ãé¥−¨¨, çâ® âà¥−¤ ¬®¦¥â ¡ëâì â®ç−® �¯¯à®ªá¨¬¨à®¢�− §�-
¤�−−ë¬¨ ¬�â¥¬�â¨ç¥áª¨¬¨ äã−ªæ¨ï¬¨ ¢à¥¬¥−¨ −� ¢á¥¬ ¯à®âï¦¥−¨¨ àï¤�. �à¥¤-
¯®«�£�¥âáï, çâ® ¢à¥¬¥−−®© àï¤, ¯® ª®â®à®¬ã á«¥¤ã¥â ¨¤¥−â¨ä¨æ¨à®¢�âì âà¥−¤,
£¥−¥à¨àã¥âáï −¥áâ�æ¨®−�à−ë¬ ¯à®æ¥áá®¬. Š«�áá¨ç¥áª¨¬ ¯à¨¬¥à®¬ á«ã¦¨â à¥-
£à¥áá¨ï, ¢ ª®â®à®© −�¡«î¤�¥¬ë© àï¤ à�áá¬�âà¨¢�¥âáï ª�ª áã¬¬� á¨áâ¥¬�â¨ç¥áª®©
ç�áâ¨ (â¥−¤¥−æ¨¨) ¨ á«ãç�©−®© (−¥à¥£ã«ïà−®©) ç�áâ¨. ‚â®à®© ®á−®¢−®© ª«�áá ¬®-
¤¥«¥© ®á−®¢ë¢�¥âáï −� áâ®å�áâ¨ç¥áª¨å ¯à®æ¥áá�å. �à¨ −�«¨ç¨¨ ¨§¬¥−¥−¨© ®−¨
−¥áâ�æ¨®−�à−ë, −®, ¯à¨¬¥−ïï ®¤−®à®¤−ë© ä¨«ìâà (®¡ëç−® à�§−®áâ−ë©), ¬®¦−®
¯®«ãç¨âì áâ�æ¨®−�à−ë© ¯à®æ¥áá. Š ¢�¦−ë¬ ¯à¨¬¥à�¬ ®¤−®à®¤−ëå «¨−¥©−ëå
−¥áâ�æ¨®−�à−ëå ¯à®æ¥áá®¢ ¬®¦−® ®â−¥áâ¨ ARIMA (AutoRegressive Integrated
Moving Averages). �®¤®¡−�ï á¨áâ¥¬�â¨§�æ¨ï âà¥−¤®¢ [1] ¯à¨áãé� ®¡«�áâ¨ íª®−®-
¬¨ª¨ ¨ ¡¨§−¥á�, ®−� −¥ ¥¤¨−áâ¢¥−−�, −® ¯à¨−ïâ� ¢ ¤�−−®© à�¡®â¥.

‡�¤�ç� �−�«¨§� âà¥−¤� á®áâ®¨â ¢ â®¬, çâ®¡ë ®å�à�ªâ¥à¨§®¢�âì ¨ ãç¥áâì à�§-
«¨ç−ë¥ ¨áâ®ç−¨ª¨ ¨§¬¥−ç¨¢®áâ¨, � â�ª¦¥ ¢ëï¢¨âì ¨ ª®«¨ç¥áâ¢¥−−® ®æ¥−¨âì
ä�ªâ¨ç¥áª¨¥ ¨§¬¥−¥−¨ï. �−� á¢®¤¨âáï ª ¤¢ã¬ ª«�áá¨ç¥áª¨¬ §�¤�ç�¬ �−�«¨§�
¤�−−ëå: ®æ¥−¨¢�−¨¥ å�à�ªâ¥à¨áâ¨ª ¨§¬¥−¥−¨© ¨ ¯à®¢¥àª� £¨¯®â¥§ë ®¡ ¨å −�«¨-
ç¨¨. „®áâ�â®ç−® ç�áâ® ¯¥à¢�ï ¨§ −¨å −¥ ¢®áâà¥¡®¢�−� /̈̈ «¨ ¢ ¯à¨−æ¨¯¥ −¥ ¬®¦¥â
¡ëâì ã¤®¢«¥â¢®à¨â¥«ì−® à¥è¥−� ¢ à�¬ª�å ¯à¨−ïâ®© ¬®¤¥«¨. �®íâ®¬ã ¤®¬¨−¨àã¥â
§�¤�ç� ®¡−�àã¦¥−¨ï âà¥−¤�, ª®â®à�ï ®¡ëç−® à¥è�¥âáï ¢ ä®à¬¥ á«�¡®£® ªà¨â¥à¨ï
§−�ç¨¬®áâ¨ á ¢ë¤¢¨¦¥−¨¥¬ −ã«¥¢®© £¨¯®â¥§ë ®¡ ®âáãâáâ¢¨¨ ¨§¬¥−¥−¨©.

’¥áâë ¤¥«ïâáï −� ¯�à�¬¥âà¨ç¥áª¨¥, −¥¯�à�¬¥âà¨ç¥áª¨¥ ¨ á¬¥è�−−®£® â¨¯�.
‘®®â¢¥âáâ¢ãîé¨¥ ¯à¨¬¥àë | íâ® «¨−¥©−�ï à¥£à¥áá¨ï ¯à¨ �−�«¨§¥ §�¢¨á¨¬®áâ¨
®â ¢à¥¬¥−¨, ªà¨â¥à¨© Œ�−−�{Š¥−¤�««� [2] ¯à¨ �−�«¨§¥ §�¢¨á¨¬®áâ¨ ®â ¢à¥¬¥−¨,
ªà¨â¥à¨© Œ�−−�{Š¥−¤�««� ¨áá«¥¤®¢�−¨ï ®áâ�âª®¢ §�¢¨á¨¬®áâ¨ ®â −¥ª®â®à®©
ª®¢�à¨�âë. ��à�¬¥âà¨ç¥áª¨¥ â¥áâë áç¨â�îâáï ¡®«¥¥ ¬®é−ë¬¨, ç¥¬ −¥¯�à�¬¥âà¨-
ç¥áª¨¥, ®á®¡¥−−® ¯à¨ ®â−®á¨â¥«ì−® −¥¡®«ìè®¬ ®¡ê¥¬¥ ¢ë¡®àª¨. �¤−�ª® ¤«ï −¨å
å�à�ªâ¥à−� ¢ëá®ª�ï âà¥¡®¢�â¥«ì−®áâì ª ¢ë¯®«−¥−¨î �¯à¨®à−ëå ¯à¥¤¯®«®¦¥−¨©,
−�¯à¨¬¥à ® −®à¬�«ì−®¬ à�á¯à¥¤¥«¥−¨¨ ¤�−−ëå. ‚ íâ®¬ ¯«�−¥ −¥¯�à�¬¥âà¨ç¥áª¨¥
â¥áâë ¤¥¬®−áâà¨àãîâ ¡®«ìèãî à®¡�áâ−®áâì ¯à¨ ®âª«®−¥−¨ïå ®â ¡�§®¢®© ¬®¤¥«¨,
®−¨ ãáâ®©ç¨¢ë ª ¢ë¡à®á�¬ ¨ ¯à®¯ãáªã ¤�−−ëå.

2 Оценка монотонного тренда

��¨¡®«¥¥ ¯à®áâë¬ ï¢«ï¥âáï ®¤−®¬¥à−ë© á«ãç�©, ª®£¤� −�«¨ç¨¥ ¬®−®â®−−®£®
âà¥−¤� ¯®¤à�§ã¬¥¢�¥â ã¯®àï¤®ç¥−−®áâì ®â¤¥«ì−ëå §−�ç¥−¨© ¨áá«¥¤ã¥¬®£® ¯�à�-
¬¥âà�. �® ¯à�ªâ¨ª� ¢ë−ã¦¤�¥â à�áá¬�âà¨¢�âì ¨ ¡®«¥¥ ®¡éãî áâ�â¨áâ¨ç¥áªãî
¬®¤¥«ì. �¥®¡å®¤¨¬®áâì ¢ ¯®áâ�−®¢ª¥ ú¬−®£®¬¥à−®©û §�¤�ç¨ ®âç¥â«¨¢® ¢¨¤−�
−� ¯à¨¬¥à¥ â¥å á¨âã�æ¨©, ª®£¤� ®¤−®à®¤−®áâì ¤�−−ëå ¨áá«¥¤ã¥âáï ¯® ¯®á«¥-
¤®¢�â¥«ì−®áâ¨ §−�ç¥−¨© −¥ª®â®à®© áâ�â¨áâ¨ª¨, ¯®áç¨â�−−®© ¯® ¥¥ äà�£¬¥−â�¬.
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�−�«¨§ ¬®−®â®−−®£® âà¥−¤� ¢ ¬−®£®¯�à�¬¥âà¨ç¥áª®¬ á«ãç�¥

‚ íâ®¬ á«ãç�¥ ®âª«®−¥−¨¥ ®â ®¤−®à®¤−®áâ¨ ¯à¨¢®¤¨â ®¡ëç−® ª ¨§¬¥−¥−¨ï¬ −�
¯¥à¨®¤¥ −�¡«î¤¥−¨ï àï¤� å�à�ªâ¥à¨áâ¨ª �−�«¨§¨àã¥¬®© á«ãç�©−®© ¯®á«¥¤®¢�-
â¥«ì−®áâ¨. �¯à¨®à−®¥ ¦¥ ã¯à®é¥−¨¥ å�à�ªâ¥à� âà¥−¤� ¤® ®¤−®¬¥à−®£® ¬®¦¥â
¯à¨¢¥áâ¨ ¢ ¯®¤®¡−ëå á«ãç�ïå ª ®éãâ¨¬®¬ã á−¨¦¥−¨î ª�ç¥áâ¢� ¯à¨−¨¬�¥¬ëå
à¥è¥−¨©. �®¢ëá¨âì à�§¬¥à−®áâì ¨áá«¥¤ã¥¬®£® ¯�à�¬¥âà�, á®åà�−¨¢ ¯à¨ íâ®¬
¢ á¨«¥ ¯à®áâ®© å�à�ªâ¥à ã¯®àï¤®ç¥−−®áâ¨, ¬®¦−®, ¥á«¨ ãáâ�−®¢¨âì á¢ï§ì ¬¥¦¤ã
®â¤¥«ì−ë¬¨ §−�ç¥−¨ï¬¨ −�¡®à� ¯�à�¬¥âà®¢ ϑ ¯®áà¥¤áâ¢®¬ −¥ª®â®à®© ç¨á«®¢®©
äã−ªæ¨¨ ρ(ϑ), ®â®¡à�¦�îé¥© ¯�à�¬¥âà¨ç¥áª®¥ ¯à®áâà�−áâ¢® — −� −¥ª®â®à®¥
¯®¤¬−®¦¥áâ¢® ¤¥©áâ¢¨â¥«ì−®© ¯àï¬®©. ’�ª¨¬ ®¡à�§®¬ á ¯®¬®éìî ¨§¢¥áâ−®©
äã−ªæ¨¨ ¨§¬¥−¥−¨ï ¬−®£®¬¥à−®£® ¯�à�¬¥âà� á¢®¤ïâáï ª ®¤−®¬¥à−ë¬.

÷�áá¬®âà¨¬ §�¤�çã ®æ¥−¨¢�−¨ï ¬®−®â®−−®£® âà¥−¤� ®¯à¥¤¥«¥−−®£® å�à�ªâ¥à�
á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤� ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï, â. ¥. −�å®¦¤¥−¨ï ¤«ï
¯à®¨§¢®«ì−®£® −�¡®à� −�¡«î¤¥−−ëå §−�ç¥−¨© x = (x1, . . . , xN ) â�ª®£® ®â®¡à�-
¦¥−¨ï ϑ∗(x), çâ®

λ (ϑ∗(x),x) = sup
ϑ∈—N

+

λ(ϑ,x) .

‡¤¥áì λ(ϑ,x) | äã−ªæ¨ï ¯à�¢¤®¯®¤®¡¨ï, —N
+ = {ϑ = (ϑ1, . . . , ϑN ) : ρmin ≤

≤ ρ(ϑ1) ≤ · · · ≤ ρ(ϑN ) ≤ ρmax}, £¤¥ ρmin ¨ ρmax áãâì §�¤�−−ë¥ §−�ç¥−¨ï.
„�«¥¥ ááë«ªã −� x ¢ §�¯¨á¨ äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ¨«¨ ®æ¥−ª¨ ¬�ªá¨¬�«ì−®£®
¯à�¢¤®¯®¤®¡¨ï (®. ¬. ¯.) ¡ã¤¥¬ ®¯ãáª�âì.

�¯à¥¤¥«ïîé¨¬ ¤«ï áãé¥áâ¢®¢�−¨ï ¨ ¥¤¨−áâ¢¥−−®áâ¨ ®. ¬. ¯. ¬®−®â®−−®£®
âà¥−¤� ϑ∗ ï¢«ï¥âáï ¯®¢¥¤¥−¨¥ äà�£¬¥−â� äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï λi,j(γ) ¯à¨
γ ∈ •i,j, £¤¥

•i,j = {γ = (γi, . . . , γj) : ρmin ≤ ρ(γi) = · · · = ρ(γj) ≤ ρmax} ,
γ∗(i, j)| á®®â¢¥âáâ¢ãîé�ï ®. ¬. ¯.

��¨¡®«¥¥ áãé¥áâ¢¥−−ë¬ ¢ íâ®© á¢ï§¨ ®ª�§ë¢�¥âáï á«¥¤ãîé¥¥. �ãáâì ρ(γ)
¤«ï γ ∈ •i,j ¥áâì â�ª®¥ §−�ç¥−¨¥ ρ0, çâ® ρ(γi) = · · · = ρ(γj) = ρ0. ’®£¤� ¥á«¨ ¯à¨
«î¡ëå â�ª¨å i, j, k, çâ® 1 ≤ i ≤ j ≤ k ≤ N , ¨¬¥¥â ¬¥áâ® ρ(γ∗(i, k) = ρ(γ∗(j +
+ 1, k), â® ¤®«¦−� ¯à¨áãâáâ¢®¢�âì áâà®£�ï ¬®−®â®−−®áâì úá«¥¢�û, â. ¥. ¤«ï â�ª®©
¯à®¨§¢®«ì−®© â®çª¨ γ, çâ® γ ∈ •i,j, γ 6= γ∗(i, j) ¨ ρ(γ) < ρ(γ∗(i, j)), ¨ â�ª®£®
¯à®¨§¢®«ì−®£® ç¨á«� ρ0, çâ® ρ(γ) < ρ0 < ρ(γ∗(i, j)), ¤®«¦−® ¢ë¯®«−ïâìáï
−¥à�¢¥−áâ¢® λi,j(γ) < λi,j(γ(ρ0)). �−�«®£¨ç−®¥ á¢®©áâ¢® áâà®£®© ¬®−®â®−-
−®áâ¨ úá¯à�¢�û ¤®«¦−® ¢ë¯®«−ïâìáï, ¥á«¨ ¢®§−¨ª−¥â ρ(γ∗(i, k)) = ρ(γ∗(i, j)).
‡¤¥áì γ(ρ0) ¤«ï −¥ª®â®à®£® §−�ç¥−¨ï ρ0 ®§−�ç�¥â â�ªãî â®çªã ¨§ •i,j, çâ®
ρ(γ(ρ0)) = ρ0.

„«ï ¬−®¦¥áâ¢� â®ç¥ª ¯�à�¬¥âà¨ç¥áª®£® ¯à®áâà�−áâ¢�, á®®â¢¥âáâ¢ãîé¥£® à�§-
¡¨¥−¨î d = (d1, . . . , dl+1) ¯®á«¥¤®¢�â¥«ì−®áâ¨ −� l äà�£¬¥−â®¢ á ®¤¨−�ª®¢ë¬¨
§−�ç¥−¨ï¬¨ äã−ªæ¨¨ ρ(ϑ), ¯à¨¬¥¬ ®¡®§−�ç¥−¨¥:

•d = •d1,d2−1 ⊗ · · · ⊗ •dl,dl+1−1 ,

£¤¥ 1 = d1 < · · · < dl+1 = N + 1.
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’®£¤� �¢â®à®¬ à�¡®âë ¤®ª�§�−�

’¥®à¥¬�. …¤¨−áâ¢¥−−�ï ®. ¬. ¯. ¬®−®â®−−®£® âà¥−¤� áãé¥áâ¢ã¥â ¨ ¬®¦¥â
6ëâì −�©¤¥−� á ¯®¬®éìî �«£®à¨â¬�:

(1) ¯®«®¦¨âì d = (1, 2, . . . , N + 1);

(2) −�©â¨ à¥è¥−¨¥ γ∗(d) = argmaxϑ∈•d
λ(ϑ);

(3) §�¢¥àè¨âì à�¡®âã �«£®à¨â¬�, ¥á«¨ γ∗(d) ∈ —N
+ , ¯à¨à�¢−ï¢ ¨áª®¬®¥

à¥è¥−¨¥ ϑ∗ ¯®«ãç¥−−®¬ã γ∗(d);

(4) ¯®áâà®¨âì −®¢®¥ §−�ç¥−¨¥ −�¡®à� d, ¨áª«îç¨¢ ¨§ −¥£® «î¡®© â�ª®© í«¥-
¬¥−â di, çâ® ρ(γ∗

di−1
(d)) > ρ(γ∗

di
(d)) (®¡ê¥¤¨−¨âì ¢ £àã¯¯ë â¥ á®á¥¤−¨¥

í«¥¬¥−âë ¯®á«¥¤®¢�â¥«ì−®áâ¨, ¤«ï ª®â®àëå ®æ¥−ª¨ ¯�à�¬¥âà®¢ −¥ ã¤®¢«¥-
â¢®àïîâ âà¥¡ã¥¬ë¬ ®£à�−¨ç¥−¨ï¬), ¯¥à¥©â¨ ª ¢ë¯®«−¥−¨î è�£� (2).

ˆ§ íâ®£® à¥§ã«ìâ�â� ¢ëâ¥ª�¥â ¢�¦−®¥, ¢ ¯¥à¢ãî ®ç¥à¥¤ì á �«£®à¨â¬¨ç¥áª®©
â®çª¨ §à¥−¨ï, á«¥¤áâ¢¨¥. �à¨ ¯à®¨§¢®«ì−®¬ à�§¡¨¥−¨¨ ¯®á«¥¤®¢�â¥«ì−®áâ¨
−� k äà�£¬¥−â®¢ ®. ¬. ¯. ¬®−®â®−−®£® âà¥−¤� ¬®¦¥â ¡ëâì −�©¤¥−� ¢ ¤¢� íâ�-
¯�: −�©â¨ ®æ¥−ª¨ ¤«ï ª�¦¤®£® äà�£¬¥−â� ¢ ®â¤¥«ì−®áâ¨, çâ® ¤�áâ á®¢®ªã¯−®áâì

à�§¡¨¥−¨© d(1), d(2), . . . , d(k), � §�â¥¬ −�©â¨ ®æ¥−ªã ϑ∗, −�ç¨−�ï á à�§¡¨¥−¨ï d =

=
(

d
(1)
1 , d

(1)
2 , . . . , d

(2)
1 , d

(2)
2 , . . . , d

(k)
1 , d

(k)
2 , . . .

)

. ��¨¡®«¥¥ íää¥ªâ¨¢−ë¬ �«£®à¨â-

¬®¬ ®¡à�¡®âª¨ ¤�−−ëå ®ª�§�«áï ¯®á«¥¤®¢�â¥«ì−ë©, ®− §�ª«îç�¥âáï ¢ ¤®¡�¢«¥−¨¨
−®¢®£® −�¡«î¤¥−¨ï á ¯®á«¥¤ãîé¥© ª®àà¥ªæ¨¥© ã¦¥ ¯®áâà®¥−−®© ®æ¥−ª¨.

�®«ãç¥−−ë© à¥§ã«ìâ�â ®¡®¡é�¥â ¨¤¥¨ PAV-¯à®æ¥¤ãàë, ãáâà�−ïîé¥© −¥¢¥à-
−ë¥ −¥à�¢¥−áâ¢�: ¥á«¨ ®¡®§−�ç¨âì ç¥à¥§ µ∗(s, t) ®. ¬. ¯. ¯�à�¬¥âà� à�á¯à¥¤¥«¥−¨ï
¯à¨ ®âáãâáâ¢¨¨ ¨§¬¥−¥−¨©, ¯®áâà®¥−−ãî ¯® −�¡«î¤¥−¨ï¬ xs, . . . , xt, 1 ≤ s ≤
≤ t ≤ N , â® ®á−®¢−®© è�£ ÷�V-¯à®æ¥¤ãàë §�ª«îç�¥âáï ¢ ®¡ê¥¤¨−¥−¨¨ á®á¥¤−¨å
£àã¯¯ −�¡«î¤¥−¨©, ª®â®àë¥ ¤�îâ ®æ¥−ª¨ µ∗(s, j) ¨ µ∗(j + 1, t), −¥ ã¤®¢«¥â¢®àï-
îé¨¥ âà¥¡ã¥¬ë¬ ãá«®¢¨ï¬.

‚ ª�ç¥áâ¢¥ ¯à¨«®¦¥−¨ï ¯®«ãç¥−−®£® à¥§ã«ìâ�â� à�áá¬®âà¨¬ §�¤�çã ®æ¥−¨-
¢�−¨ï âà¥−¤� ®â−®è¥−¨ï áà¥¤−¥£® µ ª áâ�−¤�àâ−®¬ã ®âª«®−¥−¨î σ (áâ�−¤�àâã)
¤«ï ¯®á«¥¤®¢�â¥«ì−®áâ¨ −¥§�¢¨á¨¬ëå −®à¬�«ì−® à�á¯à¥¤¥«¥−−ëå á«ãç�©−ëå ¢¥-
«¨ç¨−. ‘−�ç�«� ¯à¨¢¥¤¥¬ ¯à¨¬¥àë à¥�«ì−ëå á¨âã�æ¨© á ¢ë¡®àª�¬¨ ¡®«ìè®£®
®¡ê¥¬�, ª®â®àë¥ ¯®¢«¥ª«¨ §� á®¡®© ¯®¤®¡−ãî ¯®áâ�−®¢ªã §�¤�ç¨. ÷�áá¬®âà¨¬
�−�«¨§ ¤¢®¨ç−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢ ¯à¥®¡à�§®¢�−−®¬ ¢¨¤¥: ¤¢®¨ç−ë¥ §−�ª¨
áã¬¬¨àãîâáï ¢ −¥¯¥à¥á¥ª�îé¨åáï á®á¥¤−¨å £àã¯¯�å, ®¡ê¥¬ ª�¦¤®© ¨§ ª®â®àëå
à�¢¥− k. ÷¥§ã«ìâ�â â�ª®£® äà�£¬¥−â¨à®¢�−¨ï ¬®¦−® ¯à¨¡«¨¦¥−−® à�áá¬�âà¨-
¢�âì ª�ª ¯®á«¥¤®¢�â¥«ì−®áâì −®à¬�«ì−® à�á¯à¥¤¥«¥−−ëå á«ãç�©−ëå ¢¥«¨ç¨− á®

áà¥¤−¨¬ µ = kp ¨ áâ�−¤�àâ®¬ σ =
√

kp(1− p), £¤¥ p | ¢¥à®ïâ−®áâì ¯®ï¢«¥−¨ï
¥¤¨−¨æë. „«ï ¨áá«¥¤®¢�−¨ï ¢«¨ï−¨ï ¨§¬¥−¥−¨ï p −� ®â−®è¥−¨¥ á¬¥é¥−−®£®
áà¥¤−¥£® ª áâ�−¤�àâã −�©¤¥¬ ¯à®¨§¢®¤−ãî äã−ªæ¨¨ ϕ(p) = (µ(p) − ka)/σ(p),
¯®á«¥ ç¥£® áâ�−¥â ïá−®, çâ® âà¥−¤ ¢¥à®ïâ−®áâ¨ p ¯à¨¢®¤¨â ª ¨§¬¥−¥−¨ï¬ â®£® ¦¥
å�à�ªâ¥à� ¨ ¢ �−�«¨§¨àã¥¬®¬ ®â−®è¥−¨¨. ‘¬ëá« á¬¥é¥−¨ï á ¯®¬®éìî a áâ�−¥â
ïá¥− ¯®§¦¥.
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�−�«¨§ ¬®−®â®−−®£® âà¥−¤� ¢ ¬−®£®¯�à�¬¥âà¨ç¥áª®¬ á«ãç�¥

‚® ¢â®à®¬ ¯à¨¬¥à¥ à¥çì ¯®©¤¥â ®¡ �−�«¨§¥ §−�ç¥−¨© áâ�â¨áâ¨ª¨ χ2 ¯à¨
áà�¢−¥−¨¨ í¬¯¨à¨ç¥áª¨å ç�áâ®â ¯®¯�¤�−¨ï n −�¡«î¤¥−¨© äà�£¬¥−â� ¢ë¡®àª¨
¢ ®¤−ã ¨§ m ª�â¥£®à¨© á â¥®à¥â¨ç¥áª¨¬¨ ç�áâ®â�¬¨ fj, j = 1, . . . ,m. �à¨−¨¬�ï
¢® ¢−¨¬�−¨¥ ¯à¥¤¯®«®¦¥−¨¥ ®¡ ®âª«®−¥−¨¨ ®â −ã«¥¢®© £¨¯®â¥§ë ¢ ä®à¬¥ −¥æ¥−â-
à�«ì−®£® χ2-à�á¯à¥¤¥«¥−¨ï, ¯®«ãç�¥¬, çâ® ®â−®è¥−¨¥ á¬¥é¥−−®£® áà¥¤−¥£® µ
ª áâ�−¤�àâã σ ¯à¨−¨¬�¥â ¢¨¤:

µ− a

σ
=

m− 1 + λ2 − a
√

2(m− 1 + 2λ2)
.

�®á«¥ ¤¨ää¥à¥−æ¨à®¢�−¨ï áà�§ã ¦¥ ¯®«ãç�¥¬, çâ® ¯à¨ λ2 + a > 0 ¬®−®â®−−ë©
âà¥−¤ ¯�à�¬¥âà� −¥æ¥−âà�«ì−®áâ¨ λ2 ¢«¥ç¥â §� á®¡®© �−�«®£¨ç−ë¥ ¨§¬¥−¥−¨ï
¨ ¤«ï (µ− a)/σ.

‚¥à−¥¬áï ª á«ãç�î −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï ¨ §�¤�ç¥ −�å®¦¤¥−¨ï ®. ¬. ¯.
¯�à�¬¥âà®¢ (µ∗,σ∗) ¯à¨ ®£à�−¨ç¥−¨ïå

—N
+ (µ,σ)=

{

(µ,σ) : γmin ≤
µ1
σ1

≤· · ·≤ µN

σN
≤ γmax, σi > 0 ¤«ï i = 1, . . . , N

}

,

£¤¥ γmin ¨ γmax | §�¤�−−ë¥ §−�ç¥−¨ï. “ç¨âë¢�ï, çâ® ¢¥à®ïâ−®áâì ¯®ï¢«¥−¨ï
−ã«¥¢ëå ¢ë¡®à®ç−ëå §−�ç¥−¨© à�¢−� −ã«î, ¤�«¥¥ ¡ã¤¥¬ áç¨â�âì, çâ® xi 6= 0 ¤«ï
«î¡ëå ¤®¯ãáâ¨¬ëå i.

“á«®¢¨ï â¥®à¥¬ë ¯à®¢¥àïîâáï ¯ãâ¥¬ �−�«¨§� ¯à¨ «î¡®¬ ¤®¯ãáâ¨¬®¬ j
á¢®©áâ¢ äã−ªæ¨¨

ϕ(γ, ξ) =

j
∑

i=1

[

ln ξi −
(ξixi − γ)2

2

]

,

®¯à¥¤¥«¥−−®© −� ¢ë¯ãª«®¬ ¬−®¦¥áâ¢¥ {(γ, ξ1, . . . , ξj) : γmin ≤ γ ≤ γmax, ξi > 0
¤«ï i = 1, . . . , j}. …á«¨ A | á®®â¢¥âáâ¢ãîé�ï ¬�âà¨æ� ƒ¥áá¥, � B | ¬�âà¨æ�
−¥¢ëà®¦¤¥−−®£® «¨−¥©−®£® ¯à¥®¡à�§®¢�−¨ï ¢¨¤�

B =























1 0 0 · · · 0
x1
z1
1 0 · · · 0

x2
z2
0 1 · · · 0

· · · · · · · · · · · · · · ·
xj

zj
0 0 · · · 1























,

£¤¥ zi = 1/ξ
2
i + x

2
i ¤«ï i = 1, . . . , j, â® ¯®«ãç�¥¬: ª¢�¤à�â¨ç−�ï ä®à¬�, ®â¢¥-

ç�îé�ï ª�ª ¬�âà¨æ¥ BTAB, â�ª ¨ A, ®âà¨æ�â¥«ì−® ®¯à¥¤¥«¥−−�ï, â. ¥. ¢â®à®©
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¤¨ää¥à¥−æ¨�« | ®âà¨æ�â¥«ì−® ®¯à¥¤¥«¥−−�ï ª¢�¤à�â¨ç−�ï ä®à¬�. ‘«¥¤®¢�-
â¥«ì−®, äã−ªæ¨ï ϕ(γ, ξ) ï¢«ï¥âáï ¢ë¯ãª«®© ¢¢¥àå. ’®£¤�, ®¡®§−�ç¨¢ ç¥à¥§ k
ç¨á«® ¯®«®¦¨â¥«ì−ëå §−�ç¥−¨© xi, ¨§ −¥®¡å®¤¨¬®£® ãá«®¢¨ï áãé¥áâ¢®¢�−¨ï
íªáâà¥¬ã¬� ϕ(γ, ξ) ¯à¨ k 6= 0, j áà�§ã ¦¥ ¯®«ãç�¥¬ ¥¤¨−áâ¢¥−−ë¥ à¥è¥−¨ï:

“γ =
2k − j

√

k(j − k)
;

“ξi(“γ) =



















“γ +
√

“γ2 + 4

2xi
, xi > 0 ;

“γ −
√

“γ2 + 4

2xi
, xi < 0 .







































(1)

÷�áá¬®âà¨¬ ¨â®£®¢ãî ®æ¥−ªã ¢¨¤�

γ∗ =







γmin, k = 0 ;

min {γmax,max {γmin, “γ}} , k ∈ {1, . . . , j − 1} ;
γmax , k = j .

…á«¨ k ∈ {1, . . . , j−1} ¨ “γ ∈ (γmin, γmax), â® â®çª� (γ∗, ξ(γ∗))| ¢−ãâà¥−−ïï
¨, á«¥¤®¢�â¥«ì−®, ï¢«ï¥âáï ¥¤¨−áâ¢¥−−®© â®çª®© ¬�ªá¨¬ã¬� ϕ(γ, ξ).

‚® ¢á¥å ®áâ�«ì−ëå á«ãç�ïå íªáâà¥¬ã¬ ¤®áâ¨£�¥âáï −� £à�−¨æ¥.
�à¨ k = 0 (¢á¥ xi < 0) ¯®«ãç�¥¬:

∂ϕ(γ, ξ)

∂γ

∣

∣

∣

ξ(γ)
= j

(

γ −
√

γ2 + 4

2
− γ

)

=
j

2

(

−γ −
√

γ2 + 4
)

< 0 ,

çâ® ®§−�ç�¥â, çâ® ϕ(γ, ξ(γ)) | ã¡ë¢�îé�ï äã−ªæ¨ï, ¯à¨−¨¬�îé�ï ¯à¨ ®£à�-
−¨ç¥−−ëå §−�ç¥−¨ïå γ ¬�ªá¨¬�«ì−®¥ §−�ç¥−¨¥ ¯à¨ γ = γmin. �−�«®£¨ç−® ¯à¨
k = j (¢á¥ xi > 0) ¢ëå®¤¨â, çâ® ¬�ªá¨¬ã¬ ¤®áâ¨£�¥âáï ¯à¨ γ = γmax.

…á«¨ k ∈ {1, . . . , j − 1} ¨ “γ /∈ (γmin, γmax), â® äã−ªæ¨ï ψ(γ) = −jγ +
+ (2k − j)

√

γ2 + 4 ã¡ë¢�îé�ï á −ã«¥¢ë¬ §−�ç¥−¨¥¬ ¯à¨ “γ. ‘«¥¤®¢�â¥«ì−®,
ϕ(γ, ξ(γ))| ã−¨¬®¤�«ì−�ï äã−ªæ¨ï á® áâà®£® ¬®−®â®−−ë¬ ¯®¢¥¤¥−¨¥¬ ¢−¥ â®ç-
ª¨ íªáâà¥¬ã¬� “γ. �âáî¤� á«¥¤ã¥â, çâ® ¥¥ ¬�ªá¨¬ã¬ ¯à¨ ãá«®¢¨¨ “γ /∈ (γmin, γmax)
¤®áâ¨£�¥âáï ¯à¨ γmin, ¥á«¨ γ < γmin, ¨ ¯à¨ γmax, ¥á«¨ γ > γmax.

‚ à¥§ã«ìâ�â¥ ¤«ï á«ãç�ï −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï ¤�−−ëå áâ�−®¢¨âáï
¢®§¬®¦−ë¬ −�©â¨ ®. ¬. ¯. ¬®−®â®−−®£® âà¥−¤� ®â−®è¥−¨ï áà¥¤−¥£® ª áâ�−¤�àâã;
¯à¨ íâ®¬ ãáâà�−¥−¨¥ −¥¢¥à−ëå á®®â−®è¥−¨© ¡ã¤¥â ®áãé¥áâ¢«ïâìáï ¯® ®â−®è¥−¨î
ª ®â¤¥«ì−ë¬ §−�ç¥−¨ï¬ γ∗i . ‚ ¯à¨−æ¨¯¥, (1) ¬®¦−® ¤®¯®«−¨âì ä®à¬ã«�¬¨ ¤«ï µ∗i ,
−® ¢àï¤ «¨ ®−¨ ¨¬¥îâ ¯à�ªâ¨ç¥áª¨© á¬ëá«.
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3 Эквивалентность оценок

�¡à�â¨¬ ¢−¨¬�−¨¥ −� ¯®¢¥¤¥−¨¥ äã−ªæ¨¨

ψ(u) =
2u− 1

√

u(1− u)
,

ª®â®à�ï ¬®−®â®−−® ¢®§à�áâ�¥â ¯à¨ u ∈ (0, 1). ‡−�ç¨â, áà�¢−¥−¨¥ ®â¤¥«ì−ëå
§−�ç¥−¨©

γ∗ =
2k/j − 1

√

(k/j)(1 − k/j)
,

−�©¤¥−−ëå ¤«ï j −�¡«î¤¥−¨©, áà¥¤¨ ª®â®àëå k ¯®«®¦¨â¥«ì−ëå, íª¢¨¢�«¥−â−®
áà�¢−¥−¨î ®â¤¥«ì−ëå §−�ç¥−¨© k/j. ‚¥«¨ç¨−� k/j ¥áâì −¥ çâ® ¨−®¥, ª�ª
®. ¬. ¯. ¢¥à®ïâ−®áâ¨ ¯®ï¢«¥−¨ï ¯®«®¦¨â¥«ì−®£® §−�ç¥−¨ï áà¥¤¨ j −�¡«î¤¥−¨© ¨«¨
¢¥à®ïâ−®áâ¨, −�¯à¨¬¥à, ãá¯¥å� ¤«ï ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨á¯ëâ�−¨© �¥à−ã««¨.
‚ëï¢«¥−−�ï á¢ï§ì ¨áå®¤−®© §�¤�ç¨ á �−�«¨§®¬ âà¥−¤� ¢¥à®ïâ−®áâ¨ ãá¯¥å� âà¥¡ã¥â

ãâ®ç−¥−¨ï ¢ á«ãç�¥, ª®£¤� k = 0, j ¨«¨ (2k − j)/
√

k(j − k) 6∈ [γmin, γmax] ¯à¨
k 6= 0, j.

‡�¬¥â¨¬, çâ® ®£à�−¨ç¥−¨ï γmin, γmax −¥®¡å®¤¨¬ë ¤«ï áãé¥áâ¢®¢�−¨ï â®çª¨
¬�ªá¨¬ã¬�. �®«®¦¨¬ íâ¨ ®£à�−¨ç¥−¨ï ¤®áâ�â®ç−® ¡®«ìè¨¬¨ ¯® �¡á®«îâ−®©
¢¥«¨ç¨−¥, −�¯à¨¬¥à: −γmin, γmax = N . ’®£¤� ¯à¨ k ∈ {1, . . . , j − 1} ¯®«ãç�-

¥¬, çâ® (2k − 1)/
√

k(j − k) ∈ (γmin, γmax). ‚ íâ®¬ á«ãç�¥ ®. ¬. ¯. ¬®−®â®−−®£®
âà¥−¤� ®â−®è¥−¨ï áà¥¤−¥£® ª áâ�−¤�àâã ¬®¦¥â ¡ëâì ¯®«ãç¥−� ¯à®áâë¬ ¯®í«¥-
¬¥−â−ë¬ ¯à¥®¡à�§®¢�−¨¥¬ ®. ¬. ¯. ¬®−®â®−−®£® âà¥−¤� ¢¥à®ïâ−®áâ¨ ãá¯¥å� ¤«ï
−¥®¤−®à®¤−ëå ¨á¯ëâ�−¨© �¥à−ã««¨.

�áâ�«®áì ãâ®ç−¨âì á¨âã�æ¨¨, ª®£¤� xi = 0 ¨ ª®£¤� ¤«ï ¢ë¡®àª¨ ¨§ j −�¡«î-
¤¥−¨© k = 0 ¨«¨ j. �¥à¢�ï ¨§ −¨å ¨¬¥¥â −ã«¥¢ãî ¢¥à®ïâ−®áâì ¯®ï¢«¥−¨ï ¨ −¥
¯à¨−¨¬�¥âáï ¢® ¢−¨¬�−¨¥. …á«¨ k = 0 ¨«¨ j ¯à¨ j < N , â® à¥è¥−¨¥ §�¤�ç¨
®æ¥−¨¢�−¨ï áâ�−®¢¨âáï ¢®§¬®¦−ë¬ §� áç¥â �¯à¨®à−®£® ®£à�−¨ç¥−¨ï ¤®¯ãáâ¨¬ëå
§−�ç¥−¨© γ; ¥á«¨ ¦¥ ¢á¥ N −�¡«î¤¥−¨© ®âà¨æ�â¥«ì−ë ¨«¨ ¯®«®¦¨â¥«ì−ë, â®
â¥àï¥âáï ¯à�ªâ¨ç¥áª¨© á¬ëá« ¯®«ãç¥−−®© ®æ¥−ª¨. �® ¤®áâ�â®ç−® −�ç�âì à�á-
á¬�âà¨¢�âì ¢ë¡®à®ç−ë¥ §−�ç¥−¨ï ®â−®á¨â¥«ì−® −¥ª®â®à®£® �¯à¨®à−® §�¤�−−®£®
ãà®¢−ï, ª�ª ¢á¥ ¢áâ�¥â −� á¢®¨ ¬¥áâ�. �à¨ íâ®¬ ®¯à¥¤¥«¥−−ë© ¯à®¨§¢®« ¯à¨ á¬¥-
é¥−¨¨ −�¡«î¤¥−¨© ª®¬¯¥−á¨àã¥âáï ¢®§¬®¦−®áâìî ®¡®á−®¢�−−® ¤¥«�âì ¢ë¢®¤ë
®â−®á¨â¥«ì−® ¨áá«¥¤ã¥¬®© ¯®á«¥¤®¢�â¥«ì−®áâ¨.

ˆ−â¥à¥á−® ®â¬¥â¨âì, çâ® íª¢¨¢�«¥−â−®áâì ªà¨â¥à¨¥¢ ®¡−�àã¦¥−¨ï ¬®−®â®−-
−®£® âà¥−¤� −¥ª®â®à®© äã−ªæ¨¨ ®â ¤¢ãå ¯�à�¬¥âà®¢ ¨ ¢¥à®ïâ−®áâ¨ ãá¯¥å� ¢ −¥-
®¤−®à®¤−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨á¯ëâ�−¨© �¥à−ã««¨ á−�ç�«� ¡ë«� ¢ëï¢«¥−�
í¬¯¨à¨ç¥áª¨: á ¯®¬®éìî ¤¢ãå ªà¨â¥à¨¥¢ ª®−âà®«¨à®¢�«�áì ¢ëå®¤−�ï ¤¢®¨ç−�ï
¯®á«¥¤®¢�â¥«ì−®áâì ¤�âç¨ª� á«ãç�©−ëå ç¨á¥« ¯®á«¥ ¥¥ äà�£¬¥−â¨à®¢�−¨ï. �¤¨−
ªà¨â¥à¨© ®á−®¢ë¢�«áï −� á®¢¬¥áâ−®¬ �−�«¨§¥ ¯¥à¢ëå ¤¢ãå ¢ë¡®à®ç−ëå ¬®¬¥−-
â®¢, � ¢â®à®© á¢®¤¨«áï ª ®¡ëç−®© −¥¯�à�¬¥âà¨ç¥áª®© §−�ª®¢®© ¯à®æ¥¤ãà¥. ‚ å®¤¥
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®¡à�¡®âª¨ ¡®«ìè¨å ®¡ê¥¬®¢ ¤�−−ëå ®ª�§�«®áì, çâ® ¢ë¢®¤ë â¨¯� ú¯à¨−ï«/®âª«®-
−¨« −ã«¥¢ãî £¨¯®â¥§ãû ¯à®áâ® ¯®¢â®àï«¨áì. ˆ â®«ìª® ¯®â®¬ á ¯®¬®éìî á¢®©áâ¢�
¬®−®â®−−®áâ¨ äã−ªæ¨¨ ψ(u) ¡ë«� ®¡®á−®¢�−� −¥á«ãç�©−®áâì íâ¨å á®¢¯�¤¥−¨©.

4 Эксперименты

‚ ª�ç¥áâ¢¥ ¨««îáâà�æ¨¨ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ à�áá¬®âà¨¬ âà¨ ¢�à¨�−â�
¬®¤¥«¨ âà¥−¤�, ¤«ï ª®â®àëå ¯à®¤¥¬®−áâà¨àã¥¬ íää¥ªâ¨¢−®áâì ®â¤¥«ì−ëå áâ�-
â¨áâ¨ç¥áª¨å â¥áâ®¢ ¨å ®¡−�àã¦¥−¨ï. �¡à�¡�âë¢�¥¬ë¥ á¨−â¥â¨ç¥áª¨¥ ¤�−−ë¥
£¥−¥à¨à®¢�«¨áì ¨§ −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï ¢ á®®â¢¥âáâ¢¨¨ á §�ª®−®¬¥à−®áâï-
¬¨ ¨§¬¥−¥−¨© ¬®¬¥−â®¢. ‚ ª�ç¥áâ¢¥ ¡�§®¢ëå à�áá¬�âà¨¢�«¨áì «¨−¥©−ë¥ âà¥−¤ë,
ª®â®àë¥ §�¤�¢�«¨áì ç¥à¥§ −�ç�«ì−®¥ ¨ ª®−¥ç−®¥ §−�ç¥−¨ï.

��à�¬¥âàë ¬®¤¥«¥© ¨ á¯®á®¡®¢ ®¡à�¡®âª¨ ¤�−−ëå ¯®¤¡¨à�«¨áì â�ª, çâ®¡ë
¨¬¥«�áì ¢®§¬®¦−®áâì ®¡®á−®¢�−−® ¯à®¤¥¬®−áâà¨à®¢�âì íää¥ªâ¨¢−®áâì ¯à¨¬¥−ï-
¥¬ëå ¯®¤å®¤®¢, ¢ëï¢¨âì ¢®§−¨ª�îé¨¥ ¯à®¡«¥¬ë.

÷�áá¬�âà¨¢�«¨áì á«¥¤ãîé¨¥ ¢�à¨�−âë ¤�−−ëå:

{ C±
1 , âà¥−¤ë áà¥¤−¥£® ¨ ®â−®è¥−¨ï áà¥¤−¥£® ª áâ�−¤�àâã. ‡�¤�îâáï á®®â-

¢¥âáâ¢¥−−® µi = 0,25, . . . , 0,5/0,5, . . . , 0,25 ¨ γi = 0,2, . . . , 2,0, ¯® ª®â®àë¬
¢ëç¨á«ï«¨áì σi = µi/γi, §¤¥áì ¨ ¤�«¥¥ i = 1, . . . , 100;

{ C2, âà¥−¤ ¢¥à®ïâ−®áâ¨ 1 ¢ ¤¢®¨ç−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨. ‡�¤�îâáï pi =
= 0,46, . . . , 0,54, ¯® ª®â®àë¬ ¢ëç¨á«ïîâáï µi = kpi ¨ s2i = kpi(1 − pi) ¯à¨
k = 50;

{ C3, âà¥−¤ áã¬¬�à−®£® ª¢�¤à�â¨ç−®£® ®âª«®−¥−¨ï di ç�áâ®â ®â à�¢−®¢¥à®ïâ−®©
áå¥¬ë. ‡�¤�îâáï di = 0, . . . , 0,0035, ¯® ª®â®àë¬ ¢ëç¨á«ïîâáï §−�ç¥−¨ï
¯�à�¬¥âà� −¥æ¥−âà�«ì−®áâ¨ λ2i = mndi, � §�â¥¬ µi = m−1+λ2i ¨ s2i = 4λ

2
i +

+ 2M − 2 ¯à¨ m = 16 ¨ n = 160.

…á«¨ −ã«¥¢�ï £¨¯®â¥§� ¯à¥¤¯®«�£�¥â ®âáãâáâ¢¨¥ âà¥−¤�, â® ª®−ªãà¨àãîé�ïH1
®§−�ç�¥â ¢®§à�áâ�îé¨© âà¥−¤ ®â−®è¥−¨ï áà¥¤−¥£® ª áâ�−¤�àâã. ‚ ª�ç¥áâ¢¥
¯à®æ¥¤ãà ¢ëï¢«¥−¨ï −¥®¤−®à®¤−®áâ¨ ¤�−−ëå à�áá¬�âà¨¢�«¨áì á«¥¤ãîé¨¥:

’¥áâ T1. �à¨¬¥−¥−¨¥ ¤«ï �−�«¨§� ¬®−®â®−−®£® âà¥−¤� §−�ª®¢®© áâ�â¨áâ¨ª¨
Œ�−−�{Š¥−¤�««�.

’¥áâ T2. �−�«¨§ ¨§¬¥−¥−¨© â®«ìª® áà¥¤−¥£® ¨áå®¤−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ á ¯®-
¬®éìî áâ�â¨áâ¨ª¨ ®â−®è¥−¨ï ¯à�¢¤®¯®¤®¡¨ï e2 (¢®¯à®áë ¥£® ¯à¨¬¥−¥−¨ï
à�áá¬®âà¥−ë ¢ [3]).

’¥áâ T3. �¥à¥å®¤ ª ¤¢®¨ç−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢ à�¬ª�å �−�«¨§� ®â−®è¥−¨ï
áà¥¤−¥£® ª áâ�−¤�àâã ¨ ¨á¯®«ì§®¢�−¨¥ áâ�â¨áâ¨ª¨ ®â−®è¥−¨ï ¯à�¢¤®¯®¤®¡¨ï
LRbin ¤«ï ®¡−�àã¦¥−¨ï ¬®−®â®−−®£® âà¥−¤� ¢¥à®ïâ−®áâ¨ ¯®ï¢«¥−¨ï 1.

�à¨¬¥−¥−¨¥ ¯®á«¥¤−¥£® â¥áâ� âà¥¡ã¥â ¯®ïá−¥−¨©. ‚®-¯¥à¢ëå, ¯à¨ ¢ëç¨á-
«¥−¨¨ ¯à�¢¤®¯®¤®¡¨ï λ(pi, xi) ¯à¨ §�¤�−−®© ¢¥à®ïâ−®áâ¨ pi ¨ −�¡«î¤¥−−®¬
§−�ç¥−¨¨ xi ¤¥©áâ¢ã¥â ®ç¥¢¨¤−�ï â�¡«¨æ� §−�ç¥−¨©
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xi

pi

0 (0,1) 1
0 1 1− pi 0
1 0 pi 1

‚á¯®¬−¨¢, çâ® pi | ®æ¥−ª� ¯® ¤�−−ë¬, ¢ª«îç�îé¨¬, ¢ ç�áâ−®áâ¨, xi, ¯®«ãç�¥¬,
çâ® −ã«¥¢ë¥ §−�ç¥−¨ï λ(pi, xi) ¢áâà¥ç�âìáï −¥ ¬®£ãâ ¨ ¯à®¡«¥¬ ¯à¨ ¢ëç¨á«¥−¨ïå
−¥ ¢®§−¨ª−¥â. ‚â®à®¥ ¯®ïá−¥−¨¥ ª�á�¥âáï ®æ¥−¨¢�−¨ï ¬®é−®áâ¨ ªà¨â¥à¨ï, ¤«ï
ç¥£® −¥®¡å®¤¨¬® §−�âì à�á¯à¥¤¥«¥−¨¥ LRbin ¯à¨ −ã«¥¢®© £¨¯®â¥§¥. ‚ ®â«¨ç¨¥
®â T1 ¨ T2, ®−® −¥¨§¢¥áâ−®, ¯®íâ®¬ã ¯à¨å®¤¨âáï ¯à¨¡¥£�âì ª ¬¥â®¤ã ¬®¤¥«¨-
à®¢�−¨ï. �® §¤¥áì ¢®§−¨ª�¥â ¯à®¡«¥¬� §�¢¨á¨¬®áâ¨ ãª�§�−−®£® à�á¯à¥¤¥«¥−¨ï
®â â¥®à¥â¨ç¥áª®£® §−�ç¥−¨ï ¢¥à®ïâ−®áâ¨ p0 ¯®ï¢«¥−¨ï 1, â�ª, ¯® ªà�©−¥© ¬¥-
à¥, ¯®ª�§ë¢�îâ à¥§ã«ìâ�âë ¬®¤¥«¨à®¢�−¨ï. �â� §�¢¨á¨¬®áâì −¥§−�ç¨â¥«ì−�
¨ §à¨¬® ¯à®ï¢«ï¥âáï ¯à¨ p0, ¡«¨§ª¨å ª 0 ¨«¨ 1. �® ¢ «î¡®¬ á«ãç�¥ ¥¥ −¥-
®¡å®¤¨¬® ãç¨âë¢�âì ¨ ¯®«ãç�âì ®æ¥−ª¨ âà¥¡ã¥¬ëå ª¢�−â¨«¥© ¢ §�¢¨á¨¬®áâ¨ ®â
§−�ç¥−¨© p0.

�à¨ ¯à®¢¥àª¥ £¨¯®â¥§ ä¨ªá¨à®¢�«áï ãà®¢¥−ì §−�ç¨¬®áâ¨ ¢ 10%, ç¨á«® íªá-
¯¥à¨¬¥−â®¢ ¯à¨ ¯®«ãç¥−¨¨ ®æ¥−®ª ¢¥à®ïâ−®áâ¥© Nexp = 10

6. ‚ à¥§ã«ìâ�â¥
¬®¤¥«¨à®¢�−¨ï ¯®«ãç¥−ë á«¥¤ãîé¨¥ à¥§ã«ìâ�âë.

�æ¥−ª¨ ¬®é−®áâ¨ ¤«ï 1-£® ¢�à¨�−â� ¨§¬¥−¥−¨© ¨ â¥áâ� T3 Pr
{

H1|C±
1 , T3

}

=
= 95%, ®−¨ ¤¥¬®−áâà¨àãîâ ¤®áâ®¨−áâ¢� �−�«¨§� âà¥−¤� ®â−®è¥−¨ï áà¥¤−¥£®
ª áâ�−¤�àâã. �®¯ëâª� ¨á¯®«ì§®¢�âì T1 ¨ T2 ¤«ï íâ®© æ¥«¨ ¤�¥â ¡®«¥¥ á«�¡ë¥ à¥-
§ã«ìâ�âë: Pr

{

H1|C+1 , T1
}

= 62%, Pr
{

H1|C+1 , T2
}

= 57% ¨ Pr
{

H1|C−
1 , T1

}

=

= 56%,Pr
{

H1|C−
1 , T2

}

= 52%. Šà�©−¥ −¥ã¤®¢«¥â¢®à¨â¥«ì−ë© ¨â®£ ¯à¨¬¥−¥−¨ï
íâ¨å â¥áâ®¢ ¯®−ïâ¥−, ¯®áª®«ìªã ¤«ï à�áá¬�âà¨¢�¥¬ëå ¤�−−ëå −¥â áâ®å�áâ¨ç¥áª®©
ã¯®àï¤®ç¥−−®áâ¨.

�−�«¨§ ¤�−−ëå C2 ¯à¨¢¥« ª á«¥¤ãîé¨¬ à¥§ã«ìâ�â�¬: Pr {H1|C2, T1} =
= 97%; Pr {H1|C2, T2} = 94%; Pr {H1|C2, T3} = 84%. ‚¨¤−®, çâ® â¥áâë T1
¨ T2, ®à¨¥−â¨à®¢�−−ë¥, á®®â¢¥âáâ¢¥−−®, −� ¡®«¥¥ ¯à®áâë¥ ¬®¤¥«¨ áâ®å�áâ¨ç¥áª®©
ã¯®àï¤®ç¥−−®áâ¨ (®âáãâáâ¢¨¥ ª®â®à®© ¤«ï C2 −¥ ¢ëï¢«¥−®) ¨ ¬®−®â®−−®© ã¯®àï-
¤®ç¥−−®áâ¨ â®«ìª® áà¥¤−¥£® (¨§¬¥−¥−¨¥ áà¥¤−¥£® à�¢−® 3,96 ¯à¨ −¥áãé¥áâ¢¥−−ëå
¨§¬¥−¥−¨ïå áâ�−¤�àâ�, � ®â−®è¥−¨ï áà¥¤−¥£® ª áâ�−¤�àâã | 1,12), ¢ë¨£àë¢�îâ
¯® áà�¢−¥−¨î á T3. �® ¯®á«¥¤−¨© ¯à®¤®«¦�¥â ã¢¥à¥−−® ãª�§ë¢�âì −� −�«¨ç¨¥
¨§¬¥−¥−¨©.

�®å®¦¥¥ ¯®¢¥¤¥−¨¥ ¤¥¬®−áâà¨àãîâ â¥áâë ¨ ¤«ï C3: Pr {H1|C3, T1} = 99%;
Pr {H1|C3, T2} = 98%; Pr {H1|C3, T3} = 78%. �à¨ç¨−ë ®áâ�îâáï, ¯®-¢¨¤¨¬®-
¬ã, ¯à¥¦−¨¬¨: å®âï áâ®å�áâ¨ç¥áª�ï ã¯®àï¤®ç¥−−®áâì ®âáãâáâ¢ã¥â, −® áã¬¬�à−®¥
¨§¬¥−¥−¨¥ áà¥¤−¥£® áãé¥áâ¢¥−−® ¨ à�¢−® 8,96, � ¢®â ®â−®è¥−¨¥ áà¥¤−¥£® ª áâ�−-
¤�àâã −¥ áâ®«ì ¢¥«¨ª® | â®«ìª® 0,21.

�â−®á¨â¥«ì−® ¢�à¨�−â®¢ C2 ¨ C3 −¥®¡å®¤¨¬® ¤®¡�¢¨âì: ¥á«¨ ¢á¥ ¡®«¥¥
®âª«®−ïâìáï ®â −ã«¥¢®© £¨¯®â¥§ë ¨ ã¢¥«¨ç¨¢�âì ®¡ê¥¬ ¢ë¡®àª¨ ¯à¨ ãª�§�−−ëå
¢ëè¥ §−�ç¥−¨ïå ¡�§®¢ëå ¯�à�¬¥âà®¢ ¬®¤¥«¨, â® ¯® ¢á¥¬ âà¥¬ â¥áâ�¬ ¯à�ªâ¨ç¥áª¨
áà�§ã ¡ã¤ãâ ¤®áâ¨£�âìáï 100%-−ë¥ §−�ç¥−¨ï ¬®é−®áâ¨.
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‚ á«ãç�¥ C2 ¨ C3 áâ�â¨áâ¨ç¥áª¨© ¢ë¢®¤ ¬®¦−® ¯ëâ�âìáï áâà®¨âì −� ®á−®¢¥
¥¤¨−áâ¢¥−−®£® ¯�à�¬¥âà� | íâ® p ¨«¨ d á®®â¢¥âáâ¢¥−−®. �® ¤«ï íâ®£® ¯®-
−�¤®¡¨âáï ¯¥à¥¯à®¢¥à¨âì ¢ë¯®«−¨¬®áâì ãá«®¢¨© â¥®à¥¬ë áãé¥áâ¢®¢�−¨ï ®. ¬. ¯.
¬®−®â®−−®£® âà¥−¤� ¨, ¢ ç�áâ−®áâ¨, ®¯à¥¤¥«¨âìáï á ®æ¥−¨¢�−¨¥¬ à�áá¬�âà¨¢�¥¬ëå
¯�à�¬¥âà®¢. ‡¤¥áì ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¢®§−¨ª�îâ ¯à®¡«¥¬ë ¢ å®¤¥ à¥�«¨§�æ¨¨
¯à¨−æ¨¯� ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï ¯à¨ ®£à�−¨ç¥−¨ïå −� §−�ç¥−¨ï ¯�à�-
¬¥âà®¢. �® íâ®â ¯®¤å®¤ ªà�©−¥ ¨−â¥à¥á¥−, â�ª ª�ª ¤�¥â −�¤¥¦¤ã −� ¯®¢ëè¥−¨¥
íää¥ªâ¨¢−®áâ¨ ¯à®æ¥¤ãà ¢ëï¢«¥−¨ï âà¥−¤�.

5 Заключение

‘ã¤ï ¯® à¥§ã«ìâ�â�¬ ¤«ï −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï, ¢ë¡®à®ç−ë¥ á¢®©áâ¢�
PAV-®à¨¥−â¨à®¢�−−ëå ®æ¥−®ª ¬®−®â®−−®£® âà¥−¤� ¬�«®¯à�ªâ¨ç−ë: ¤«ï ç�áâ¨ç-
−®© ã¯®àï¤®ç¥−−®áâ¨ â®ç¥ª ¯�à�¬¥âà¨ç¥áª®£® ¯à®áâà�−áâ¢� ¨ äã−ªæ¨¨ à¨áª�
®¡é¥£® ¢¨¤� ®. ¬. ¯. ¬®−®â®−−®£® âà¥−¤� ï¢«ï¥âáï −¥¤®¯ãáâ¨¬®©, ®æ¥−ª¨ å�à�ª-
â¥à¨áâ¨ª ªà�©−¨å áâã¯¥−¥ª −¥ ï¢«ïîâáï á®áâ®ïâ¥«ì−ë¬¨. „®áâ®¨−áâ¢� ¦¥ à�á-
á¬�âà¨¢�¥¬®£® ¯®¤å®¤� ¯à®ï¢«ïîâáï ¯à¨ −¥®¡å®¤¨¬®áâ¨ ®¡−�àã¦¥−¨ï ¨§¬¥−¥−¨©
¢ �−�«¨§¨àã¥¬ëå ¯®á«¥¤®¢�â¥«ì−®áâïå ¤�−−ëå: ¯à¨ ®âáãâáâ¢¨¨ �¯à¨®à−®© ¨−-
ä®à¬�æ¨¨, ãâ®ç−ïîé¥© å�à�ªâ¥à ¨§¬¥−¥−¨©, æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì ¨¬¥−−®
¯à®æ¥¤ãàë, ®á−®¢ë¢�îé¨¥áï −� ®. ¬. ¯. ¬®−®â®−−®£® âà¥−¤� ª�ª ®¡¥á¯¥ç¨¢�îé¨¥
áâ�¡¨«ì−® −¥¡®«ìè¨¥ ¯®â¥à¨.

’¥áâë ¤«ï �−�«¨§� âà¥−¤�, ¨ ¢ ®á®¡¥−−®áâ¨ −¥¯�à�¬¥âà¨ç¥áª¨¥, á«®¦−ë
á ¢ëç¨á«¨â¥«ì−®© â®çª¨ §à¥−¨ï ¨ ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ −¥¯à�ªâ¨ç−ë ¤«ï
¯à¨¬¥−¥−¨ï ¢àãç−ãî. Š á®¦�«¥−¨î, ¯�ª¥âë ¯à®£à�¬¬ áâ�â¨áâ¨ç¥áª®© ®¡à�¡®âª¨,
¢ª«îç�îé¨¥ −¥¯�à�¬¥âà¨ç¥áª¨¥ ¯à®æ¥¤ãàë, ¢áâà¥ç�îâáï à¥¦¥, ç¥¬ â¥, ª®â®àë¥
à¥�«¨§ãîâ ¯à®áâ¥©è¨¥ ¯�à�¬¥âà¨ç¥áª¨¥ â¥áâë (á¬., −�¯à¨¬¥à, [4]). ‘«¥¤ã¥â
®â¬¥â¨âì, çâ® PAV-®à¨¥−â¨à®¢�−−ë¥ ¯à®æ¥¤ãàë ¢ ¯¥à¥ç¨á«¥−−ëå ¨áâ®ç−¨ª�å −¥
®¡−�àã¦¥−ë.
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Analysis of a monotone trend in a multiparameter case

ANALYSIS OF A MONOTONE TREND
IN A MULTIPARAMETER CASE

M. P. Krivenko

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

Abstract: The problem of analyzing a monotone trend is considered. An
estimate of the maximum likelihood of distribution parameters is built when
the monotonicity condition is formulated for the values of some function from
them. The solution of the corresponding problem is obtained in the form of
an algorithm which generalizes the PAV (Pool-Adjacent-Violators) procedure.
As an example, the problem of estimating the monotone trend of the ratio of
mathematical expectation to the standard for a sequence of normally distributed
quantities is considered. The resulting estimate is based on a count of the
number of positive/negative values observed. It is shown that trend testing in
this case is equivalent to the analysis of monotone changes in the probability
of success in a heterogeneous Bernoulli scheme. Thus, the connection between
the parametric and nonparametric approaches in the analysis of nonstationary
random sequences is revealed. An example of a real situation when it is possible
to apply the approach under consideration is the analysis of random sequences in
a transformed form: a set of observations is divided into groups, for each of which
some statistics are calculated, the result of such fragmentation is considered as
a sequence of values with a certain distribution.

Keywords: monotone trend; estimate of the maximum likelihood; PAV-
procedure; nonparametric trend testing
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СТРУКТУРНЫЙ ПОДХОД К СВЯЗЫВАНИЮ ЗАПИСЕЙ
В ТЕХНОЛОГИИ ПОДДЕРЖКИ КОНКРЕТНО-ИСТОРИЧЕСКИХ

ИССЛЕДОВАНИЙ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¤�«ì−¥©è¥¬ã à�§¢¨â¨î à�á¯à¥¤¥«¥−−®© â¥å-
−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© (�Šˆˆ), ®á−®-
¢�−−®© −� ¯à¨−æ¨¯�å ªà�ã¤á®àá¨−£� ¨ ®à¨¥−â¨à®¢�−−®© −� è¨à®ª¨© ªàã£
−¥ ®â−®áïé¨åáï ª ¯à®ä¥áá¨®−�«ì−ë¬ ¨áâ®à¨ª�¬ ¨ ¡¨®£à�ä�¬ ¯®«ì§®¢�â¥«¥©.
÷�§¢¨â¨¥ ®áãé¥áâ¢«ï¥âáï §� áç¥â ¢ª«îç¥−¨ï ¢ â¥å−®«®£¨î ¨ ¨å ¬®¤¨ä¨-
ª�æ¨¨ áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨ á¢ï§ë¢�−¨ï §�¯¨á¥© ¢ ¨áâ®à¨ç¥áª®¬ à¥£¨áâà¥
¬¥â®¤� ¢®ááâ�−®¢«¥−¨ï ¨áâ®à¨¨ á¥¬¥©, è¨à®ª® ¨á¯®«ì§ã¥¬®£® ¢ ¨áâ®à¨ç¥áª®©
¤¥¬®£à�ä¨¨. Œ®¤¨ä¨ª�æ¨ï §�ª«îç�¥âáï ¢ á®§¤�−¨¨ −�¤áâà®©ª¨ −�¤ �«£®à¨â-
¬�¬¨ ¬¥â®¤� ¢®ááâ�−®¢«¥−¨ï ¨áâ®à¨¨ á¥¬¥©, ®¡¥á¯¥ç¨¢�îé¥© �¢â®¬�â¨ç¥áª®¥
á¢ï§ë¢�−¨¥ á ®¯®à®© −� áà�¢−¥−¨¥ áâàãªâãà £à�ä®¢ à®¤áâ¢¥−−ëå á¢ï§¥© ¢ á¥-
¬ì¥. �à¨¢®¤¨âáï ®¯¨á�−¨¥ �«£®à¨â¬� äã−ªæ¨®−¨à®¢�−¨ï íâ®© −�¤áâà®©ª¨.
�¡®á−®¢�−¨¥ ¯®¤å®¤� áâà®¨âáï −� ª«�áá¨ä¨ª�æ¨¨ −®¬¨−�â¨¢−ëå ¨áâ®à¨ç¥-
áª¨å ¤®ªã¬¥−â®¢ ¨ −� �−�«¨§¥ ¬¨à®¢®£® ®¯ëâ� ¨å �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨
¢ à�¬ª�å £¥−¥�«®£¨ç¥áª¨å ¨ ¨áâ®à¨ª®-¤¥¬®£à�ä¨ç¥áª¨å ¨áá«¥¤®¢�−¨©.

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

DOI: 10.14357/08696527220109

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¨. ‚ ®á−®¢ã â¥å−®«®£¨¨ ¯®«®¦¥−ë:

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

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, Volkov@amsd.com
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‘âàãªâãà−ë© ¯®¤å®¤ ª á¢ï§ë¢�−¨î §�¯¨á¥© ¢ â¥å−®«®£¨¨ �Šˆˆ

(1) c¨áâ¥¬� ’-¯�àá¥à [4], ®áãé¥áâ¢«ïîé�ï �¢â®¬�â¨ç¥áª®¥ ¨§¢«¥ç¥−¨¥ ä�ªâ®¢ ¨§
â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�¯à�¢«¥−−®áâ¨ ¨ à¥è�îé�ï §�¤�ç¨ ä�ª-
â®£à�ä¨ç¥áª®£® ¨−¤¥ªá¨à®¢�−¨ï ¨áâ®ç−¨ª®¢ ¨ ¨å á¥¬�−â¨ç¥áª®© à�§¬¥âª¨
(¢ëç«¥−¥−¨ï §−�ç¨¬ëå äà�£¬¥−â®¢ ¨ ®á−�é¥−¨ï ¨å ¬¥â�¤�−−ë¬¨);

(2) ¨−áâàã¬¥−â�«ì−ë© ª®¬¯«¥ªá π-”�ªâ®£à�ä [5], ®à¨¥−â¨à®¢�−−ë© −� ¯®¤-
¤¥à¦ªã á�¬®£® ¨áá«¥¤®¢�â¥«ìáª®£® ¯à®æ¥áá� ¨ à¥è�îé¨© §�¤�ç¨ ä®à¬�«¨-
§�æ¨¨, åà�−¥−¨ï, ¨−â¥£à�æ¨¨, �−�«¨â¨ª®-á¨−â¥â¨ç¥áª®© ®¡à�¡®âª¨ ¡¨®£à�-
ä¨ç¥áª¨å ä�ªâ®¢, ¯®«ãç�¥¬ëå ¨§ £¥â¥à®£¥−−ëå ¨áâ®ç−¨ª®¢.

‘¯¥æ¨ä¨ª� ¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï á®áâ®¨â ¢ â®¬, çâ® ¢ æ¥−âà¥ ¢−¨¬�-
−¨ï ¨áá«¥¤®¢�â¥«ï −�å®¤¨âáï ª®−ªà¥â−�ï «¨ç−®áâì ¨ ¢á¥ ¡¥§ ¨áª«îç¥−¨ï áâ®à®−ë
(á®æ¨�«ì−ë¥, íª®−®¬¨ç¥áª¨¥, ¯®«¨â¨ç¥áª¨¥, íâ−¨ç¥áª¨¥, åã¤®¦¥áâ¢¥−−ë¥ ¨ â. ¯.)
¥¥ à¥�«ì−®© ¦¨§−¨ [6]. ‘®®â¢¥âáâ¢¥−−®, ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨¥ ä�ªâë (ˆ�”),
¢ëï¢«ï¥¬ë¥ ¢ à¥§ã«ìâ�â¥ ¨áá«¥¤®¢�−¨ï, ®â«¨ç�îâáï ¡®«ìè¨¬ ¬−®£®®¡à�§¨¥¬ ª�ª
¯® á®áâ�¢ã å�à�ªâ¥à¨áâ¨ª, â�ª ¨ ¯® á¢ï§ï¬ ¬¥¦¤ã −¨¬¨. �® ¢ëï¢«¥−¨¥ ˆ�”
®áâ�¥âáï ®ç¥−ì âàã¤®¥¬ª¨¬ ¯à®æ¥áá®¬ ¨ ®â−¨¬�¥â ã ¨áá«¥¤®¢�â¥«ï ¬−®£® á¨«
¨ ¢à¥¬¥−¨ [7]. „�−−�ï áâ�âìï ¯®á¢ïé¥−� ®¯¨á�−¨î ¯®¤å®¤� ª ¤�«ì−¥©è¥© �¢â®-
¬�â¨§�æ¨¨ ¤�−−®£® ¯à®æ¥áá� ¢ à�¬ª�å â¥å−®«®£¨¨ �Šˆˆ.

2 Представление данных в технологии поддержки
конкретно-исторических исследований

‚ [8] ¯à¥¤«®¦¥−� ¨¥à�àå¨ç¥áª�ï ä®à¬� ¯à¥¤áâ�¢«¥−¨ï ä�ªâ� ¨ ¯®ª�§�−® ¥¥
á®®â¢¥âáâ¢¨¥ á¯¥æ¨ä¨ª¥ ¡¨®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¨ ã¤®¡áâ¢® ¥¥ ¨á¯®«ì§®¢�-
−¨ï ¤«ï á¨áâ¥¬ë ’-¯�àá¥à. ’�ª¦¥ ¡ë«® ¯®ª�§�−® ¯à¨−æ¨¯¨�«ì−®¥ á®®â¢¥âáâ¢¨¥
¤�−−®© áâàãªâãàë á�¬®¬ã ¯®−ïâ¨î ¡¨®£à�ä¨ç¥áª®£® ä�ªâ�. �®íâ®¬ã ¬®¤¥«ì
¤�−−ëå, ¯®«®¦¥−−�ï ¢ ®á−®¢ã â¥å−®«®£¨¨ �Šˆˆ, ®¯¨à�¥âáï −� ¨¥à�àå¨ç¥-
áª®¥ ¯à¥¤áâ�¢«¥−¨¥ ˆ�”. ‚ á®¢®ªã¯−®áâ¨ ˆ�” ®¡à�§ãîâ á¥¬�−â¨ç¥áªãî á¥âì,
á®áâ®ïéãî ¨§ ¤¢ãå ¯®¤á¥â¥© | á¥â¨ ¯®−ïâ¨© ¨ á¥â¨ íª§¥¬¯«ïà®¢.

“§«ë á¥â¨ ¯®−ïâ¨© ¯à¥¤áâ�¢«ïîâ á®¡®© ¨¬¥−®¢�−−ë¥ ã−¨¢¥àá�«ì−ë¥ ª«�ááë
®¡ê¥ªâ®¢. …¤¨−áâ¢¥−−ë¬ ®¡ï§�â¥«ì−ë¬ á¢®©áâ¢®¬ ª«�áá� ï¢«ï¥âáï ¥£® ¨¬ï. ˆ§
âà¥¡®¢�−¨ï à�á¯à¥¤¥«¥−−®áâ¨ ¢ëâ¥ª�¥â, çâ® á¥âì ¬®¦¥â á®§¤�¢�âìáï −¥§�¢¨á¨¬®
à�§−ë¬¨ ¨áá«¥¤®¢�â¥«ï¬¨, � ¯®íâ®¬ã ®−� ä®à¬¨àã¥âáï ¨§ �¢â®−®¬−ëå ¨¬¥−®-
¢�−−ëå ¯®¤á¥â¥©. „«ï úáª«¥©ª¨û íâ¨å ¯®¤á¥â¥© ¬¥¦¤ã á®¡®© ¯à¥¤ãá¬®âà¥−�
á¢ï§ì íª¢¨¢�«¥−â−®áâ¨. �®¬¨¬® −¥¥ ¯à¥¤ãá¬®âà¥−ë −�¯à�¢«¥−−ë¥ á¢ï§¨ â¨¯�
ú¯®¤¯®−ïâ¨¥û, ú�âà¨¡ãâû ¨ ú§−�ç¥−¨¥û. Š�¦¤�ï á¢ï§ì ¬®¦¥â ¨¬¥âì ¯à¨§−�ª
ãá«®¢−®áâ¨. “á«®¢−�ï á¢ï§ì ¨¬¥¥â ®¯¨á�−¨¥ ¯à¨ç¨− ãá«®¢−®áâ¨, â. ¥. £à�−¨æ ¥¥
¤¥©áâ¢¨ï.

”�ªâë §�¤�îâáï §−�ç¥−¨ï¬¨ íª§¥¬¯«ïà®¢ ª«�áá®¢ ¨ ®â−®è¥−¨ï¬¨ ¬¥¦¤ã
−¨¬¨. �â−®è¥−¨ï −�á«¥¤ãîâáï ¨§ á¥â¨ ª«�áá®¢. Œ¥¦¤ã íª§¥¬¯«ïà�¬¨ ®¤−®£®
ª«�áá� ¬®¦¥â ¡ëâì ¤®¯®«−¨â¥«ì−® ãáâ�−®¢«¥−� á¢ï§ì íª¢¨¢�«¥−â−®áâ¨. Š�¦¤ë©
íª§¥¬¯«ïà ¨¬¥¥â §−�ç¥−¨¥ (ª®â®à®¥ ¬®¦¥â ¡ëâì ¯ãáâë¬).
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ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

3 Источники конкретно-исторической информации

‚ [9] ¯à¨¢¥¤¥−ë ®á−®¢−ë¥ ¨áâ®ç−¨ª¨ ˆ�” ¨ ¨å ª«�áá¨ä¨ª�æ¨ï. ‚áï
á®¢®ªã¯−®áâì ¨áâ®à¨ç¥áª¨å ¨áâ®ç−¨ª®¢ ¤¥«¨âáï ¯® å�à�ªâ¥àã ¯à¥¤áâ�¢«¥−¨ï ¤�−-
−ëå −� âà¨ ®á−®¢−ë¥ £àã¯¯ë (I{III): −®¬¨−�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¨. �®¬¨−�â¨¢−ë¥ ¨áâ®ç−¨ª¨ à�§¡¨âë −� ¤¢¥ ¯®¤-
£àã¯¯ë: ¨áâ®ç−¨ª¨ ¯¥àá®−�«ì−®© áâàãªâãàë (¯®¤£àã¯¯� �) ¨ ¨áâ®ç−¨ª¨ á¥¬¥©−®©
áâàãªâãàë (¯®¤£àã¯¯� �). �®¤ ¨áâ®ç−¨ª�¬¨ ¯¥àá®−�«ì−®© áâàãªâãàë ¯®−¨¬�îâ-
áï â¥ ¨áâ®ç−¨ª¨, ¢ ª®â®àëå ¯à¥¤áâ�¢«¥−� ¯¥àá®−� ¨«¨ £àã¯¯� ¯¥àá®− ¢ ª®−â¥ªáâ¥
®¤−®£® ¤¥¬®£à�ä¨ç¥áª®£® ä�ªâ� (à®¦¤¥−¨¥, ¡à�ª, á¬¥àâì). ˆáâ®ç−¨ª¨ á¥¬¥©-
−®© áâàãªâãàë ¯à¥¤áâ�¢«ïîâ á¥¬ìî ¢ á¡®à¥, ¨«¨ ¤®¬®å®§ï©áâ¢®. ‚ â�¡«¨æ¥
¯à¨¢®¤¨âáï áå¥¬� á¨áâ¥¬�â¨§�æ¨¨ ¨áâ®à¨ç¥áª¨å ¨áâ®ç−¨ª®¢.

Š«�áá¨ä¨ª�æ¨ï ¨áâ®ç−¨ª®¢ ¨áâ®à¨ç¥áª®© ¨−ä®à¬�æ¨¨

I. �®¬¨−�â¨¢−ë¥ ¨áâ®ç−¨ª¨
�. �¥àá®−�«ì−ë¥ ¨áâ®ç−¨ª¨ ¤¥¬®£à�ä¨ç¥áª¨å á®¡ëâ¨©

1. Œ¥âà¨ç¥áª¨¥ ª−¨£¨ (à®¦¤¥−¨¥, ¡à�ª, á¬¥àâì) | ®á−®¢−®© ¨áâ®ç−¨ª
2. Œ¥âà¨ç¥áª¨¥ ¢ë¯¨áª¨ (ª�ª ¯à�¢¨«®, ® à®¦¤¥−¨¨)
3. �à�ç−ë¥ ®¡ëáª¨
4. ‚¥−¥ç−ë¥ ¯�¬ïâ¨, ª−¨£¨ ¢¥−¥ç−®£® á¡®à� (¡à�ª)

�. ˆáâ®ç−¨ª¨ á¥¬¥©−®© áâàãªâãàë (¤®¬®å®§ï©áâ¢�)
1. �¨áæ®¢ë¥, ¯¥à¥¯¨á−ë¥, «�−¤à�âáª¨¥ ª−¨£¨
2. ÷¥¢¨§áª¨¥ áª�§ª¨
3. ˆá¯®¢¥¤−ë¥ à®á¯¨á¨
4. �®á¥¬¥©−ë¥ á¯¨áª¨
5. �¥à¥¯¨á−ë¥ «¨áâë (¢ â®¬ ç¨á«¥ å®§ï©áâ¢¥−−ëå ¯¥à¥¯¨á¥©)
6. ÷�§«¨ç−ë¥ á¯¨áª¨ (−�«®£®¢ë¥, áâà�å®¢®ç−ë¥ ¡¥§ −®¬¨−�â¨¢−®© á¥¬¥©−®©

áâàãªâãàë)
II. ‘â�â¨áâ¨ç¥áª¨¥ ¨áâ®ç−¨ª¨

�. ˆáâ®ç−¨ª¨ ç¨á«¥−−®áâ¨ −�á¥«¥−¨ï ¯® ¢¨¤�¬ ¤¥¬®£à�ä¨ç¥áª¨å á®¡ëâ¨©
(à®¦¤¥−¨¥, ¡à�ª, á¬¥àâì)
1. Œ¥âà¨ç¥áª¨¥ íªáâà�ªâë (¢¥¤®¬®áâ¨) ® à®¤¨¢è¨åáï, ¡à�ª®á®ç¥â�¢è¨åáï,

ã¬¥àè¨å
�. ˆáâ®ç−¨ª¨ ®¡é¥© ç¨á«¥−−®áâ¨ −�á¥«¥−¨ï

1. �¥à¥ç−¥¢ë¥ ¢¥¤®¬®áâ¨ (®¡®¡é�îé¨¥ ¤�−−ë¥ à¥¢¨§áª®£® ãç¥â� ã¥§¤−®£®
¨ £ã¡¥à−áª®£® ãà®¢−¥©)

2. �ª«�¤−ë¥ ª−¨£¨ (®¡®¡é�îé¨¥ ¤�−−ë¥ à¥¢¨§áª®£® ãç¥â� ®¡é¥£®áã¤�àáâ¢¥−−®-
£® ãà®¢−ï)

3. ˆá¯®¢¥¤−ë¥ ¢¥¤®¬®áâ¨ (íªáâà�ªâë ã¥§¤−®£®, £ã¡¥à−áª®£® ¨ ®¡é¥£®áã¤�àáâ¢¥−-
−®£® ãà®¢−¥©, á®áâ�¢«¥−−ë¥ −� ®á−®¢¥ −®¬¨−�â¨¢−ëå ¨á¯®¢¥¤−ëå ¢¥¤®¬®áâ¥©)

4. ‚¥¤®¬®áâ¨ ® ¯à¨å®¤¥ (áâàãªâãà−�ï ç�áâì ª«¨à®¢ëå ¢¥¤®¬®áâ¥©)
III. ��àà�â¨¢−ë¥ ¨áâ®ç−¨ª¨

÷�§¤¥« −�¯®«−ïîâ ¢á¥ ¨áâ®ç−¨ª¨ ¯®¢¥áâ¢®¢�â¥«ì−®£® å�à�ªâ¥à�
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�®áª®«ìªã ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¬ ¨áá«¥¤®¢�−¨¨ −� ¯¥à¢ë© ¯«�− ¢ë¤¢¨£�-
îâáï §�¤�ç¨ ®¯¨á�â¥«ì−®£® å�à�ªâ¥à�, á¢ï§�−−ë¥ á ¯®¤à®¡−ë¬ ¢®á¯à®¨§¢¥¤¥−¨¥¬
¯®á«¥¤®¢�â¥«ì−®áâ¨ á®¡ëâ¨© ¨ ¨å ¯®«−®âë [10], ¢ â¥å−®«®£¨¨ �Šˆˆ áâ�â¨áâ¨-
ç¥áª¨¥ ¨áâ®ç−¨ª¨ (à�§¤¥« II) ¨¬¥îâ ¨áª«îç¨â¥«ì−® ¢á¯®¬®£�â¥«ì−ë© å�à�ªâ¥à
¨ ¨á¯®«ì§ãîâáï ¤«ï ¨««îáâà�æ¨¨ á¯¥æ¨ä¨ª¨ åà®−®«®£¨ç¥áª¨å ¨ £¥®£à�ä¨ç¥áª¨å
à�¬®ª ¨§ãç�¥¬®© â¥¬ë.

„«ï ®¡à�¡®âª¨ ¡®«ìè®£® ®¡ê¥¬� −�àà�â¨¢−ëå ¨áâ®ç−¨ª®¢ (à�§¤¥« III) ¢ â¥å-
−®«®£¨¨ �Šˆˆ ¯à¥¤ãá¬®âà¥−� á¨áâ¥¬� ’-¯�àá¥à, ãá¯¥è−® ¨§¢«¥ª�îé�ï ª®−-
ªà¥â−®-¨áâ®à¨ç¥áª¨¥ ä�ªâë ¨§ â¥ªáâ®¢ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥.

�®¬¨−�â¨¢−ë¥ ¨áâ®ç−¨ª¨ (à�§¤¥« I) ¯à¥¤áâ�¢«ïîâ ®á®¡ë© ¨−â¥à¥á ¢ á®¢à¥¬¥−-
−®¬ ¨áâ®à¨ç¥áª®¬ ¨áá«¥¤®¢�−¨¨ [11], ¨ ®¯ëâ à¥�«ì−ëå ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å
¨áá«¥¤®¢�−¨© ¯®ª�§ë¢�¥â, çâ® ¨¬¥−−® ¯®¨áª ¤®ªã¬¥−â®¢ ¢ �àå¨¢�å ¨ ¨å ®¡à�¡®â-
ª� ®â−¨¬�îâ ¡�®«ìèãî ç�áâì ¢à¥¬¥−¨ ¨áá«¥¤®¢�â¥«ï. „«ï ®¡«¥£ç¥−¨ï ¯à®æ¥áá�
®¡à�¡®âª¨ −®¬¨−�â¨¢−®© ¨−ä®à¬�æ¨¨ ¢ â¥å−®«®£¨¨ �Šˆˆ ¯à¥¤ãá¬®âà¥−� á¨á-
â¥¬� π-”�ªâ®£à�ä, ®¡¥á¯¥ç¨¢�îé�ï ¯®¤¤¥à¦ªã ¨áá«¥¤®¢�â¥«ìáª®£® ¯à®æ¥áá�,
−® ¯à®æ¥¤ãà� ¯®¨áª� á®®â¢¥âáâ¢¨© ¨ ¢§�¨¬®ã¢ï§ë¢�−¨ï ¤�−−ëå ®áâ�¥âáï àãç-
−®© ¯à®æ¥¤ãà®©. �®íâ®¬ã �¢â®¬�â¨§�æ¨ï íâ®£® ¯à®æ¥áá� ¯à¥¤áâ�¢«ï¥âáï ¢�¦−®©
§�¤�ç¥©.

4 Связывание записей в историческом регистре

‘¢ï§ë¢�−¨¥ §�¯¨á¥© (Record Linkage) | ª«�áá¨ç¥áª�ï ¯à®¡«¥¬� ¢ ¨áâ®à¨ç¥-
áª®© ¨−ä®à¬�â¨ª¥. Š®£¤� íâ® ¤¥«�¥âáï ¢àãç−ãî, ¨áâ®à¨ª ¨§ãç�¥â ¢áî ¤®áâã¯−ãî
¨−ä®à¬�æ¨î, ®¡à�é�ï ¢−¨¬�−¨¥ −� ¬¥áâ® ¦¨â¥«ìáâ¢�, ¯à®ä¥áá¨î, ¯à®¨áå®¦¤¥-
−¨¥ ¨ ¤àã£¨¥ ¯�à�¬¥âàë, çâ®¡ë à¥è¨âì, á®®â¢¥âáâ¢ãîâ «¨ ¤¢¥ §�¯¨á¨ ®¤−®¬ã
¨ â®¬ã ¦¥ ç¥«®¢¥ªã. ‚®á¯à®¨§¢¥áâ¨ íâ® á ¯®¬®éìî ª®¬¯ìîâ¥à−®© ¯à®£à�¬¬ë −¥-
¯à®áâ® [12]. �á−®¢−ë¥ ¯à¨ç¨−ë ªà®îâáï ¢ á«¥¤ãîé¨å −¥£�â¨¢−ëå ®á®¡¥−−®áâïå
−®¬¨−�â¨¢−ëå ¨áâ®à¨ç¥áª¨å ¨áâ®ç−¨ª®¢:

(1) ®¡¨«¨¥ −¥á®®â¢¥âáâ¢¨© ¨ ®è¨¡®ª ¢ ¬¥âà¨ç¥áª¨å §�¯¨áïå;

(2) ®âáãâáâ¢¨¥ ¢ ¬¥âà¨ç¥áª¨å ª−¨£�å ¯à¨å®¤� ä�¬¨«¨© ªà¥áâìï− ¢¯«®âì ¤®
á¥à¥¤¨−ë 1880-å ££.;

(3) ¡®«ìè�ï ¢�à¨�â¨¢−®áâì ¢ −�¯¨á�−¨¨ ¨¬¥−;

(4) ãª�§�−¨¥ ¢ §�¯¨áïå ¢®§à�áâ� á â®ç−®áâìî ¤® £®¤�;

(5) −¥à¥¤ª® ¢áâà¥ç�îé¨¥áï ¨áª�¦¥−¨ï ¢®§à�áâ�, ¢ â®¬ ç¨á«¥ á®§−�â¥«ì−ë¥;

(6) ç�áâ®¥ −¥ãª�§�−¨¥ á¢¥¤¥−¨© ® ¦¥−é¨−�å;

(7) ç�áâ®¥ −¥ãª�§�−¨¥ á¢¥¤¥−¨© ® ¤¥âïå;

(8) ç�áâ®¥ á¬¥è¥−¨¥ ¤¥â¥©, à®¦¤¥−−ëå ¢ à�§−ëå ¡à�ª�å, ¨ â. ¤.

�¥á¬®âàï −� ¢á¥ ¢ëè¥¯¥à¥ç¨á«¥−−ë¥ ¯à®¡«¥¬ë, §�¤�ç� �¢â®¬�â¨§¨à®¢�−−®£®
á¢ï§ë¢�−¨ï §�¯¨á¥© ¤«ï ¨−ä®à¬�æ¨¨, ¯®«ãç¥−−®© ¨§ −®¬¨−�â¨¢−ëå ¨áâ®à¨ç¥-
áª¨å ¨áâ®ç−¨ª®¢, ¤®¢®«ì−® ãá¯¥è−® à¥è�¥âáï ¢ à�¬ª�å ¬¥â®¤� ¢®ááâ�−®¢«¥−¨ï

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 1 2022 97



ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

¨áâ®à¨¨ á¥¬¥© (‚ˆ‘), ¨á¯®«ì§ã¥¬®£® ¢ ¨áâ®à¨ç¥áª®© ¤¥¬®£à�ä¨¨ [9]. „�−−ë©
¬¥â®¤ â�ª¦¥ ¯à¨¬¥−¨¬ ¤«ï £¥−¥�«®£¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï.

‚ §�¤�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¥©, ¨, ¯®áª®«ìªã, ª�ª ¯®ª�§�−® ¢ëè¥, ¤�−−ë¥ −®-
¬¨−�â¨¢−ëå ¨áâ®à¨ç¥áª¨å ¨áâ®ç−¨ª®¢ −¥ ï¢«ïîâáï ç¥âª® áâàãªâãà¨à®¢�−−ë¬¨
¨ áâ�−¤�àâ¨§¨à®¢�−−ë¬¨, ¤«ï æ¥«¥© ‚ˆ‘ ®−¨ ¯à¨¬¥−ïâìáï ¯à�ªâ¨ç¥áª¨ −¥
¬®£ãâ. �®«¥¥ ¯à¥¤¯®çâ¨â¥«ì−®© �«ìâ¥à−�â¨¢®© ¬®£ãâ á«ã¦¨âì ¢¥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).

‚−¥¤à¥−¨¥ ¤®¯®«−¨â¥«ì−ëå ¬¥å�−¨§¬®¢ ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ �«£®à¨â-
¬®¢ á¢ï§ë¢�−¨ï, â�ª¨å ª�ª ¡«®ª¨à®¢�−¨¥ ¯®¯ëâ®ª áà�¢−¥−¨ï ¬¥¦¤ã §�¯¨áï¬¨,
¤«ï ª®â®àëå ¢ëï¢«¥−® §−�ç¨â¥«ì−®¥ à�áå®¦¤¥−¨¥ (¤¨áªà¨¬¨−�æ¨ï) ¢ §−�ç¥−¨ïå
¡�§®¢ëå �âà¨¡ãâ®¢, ¨á¯®«ì§®¢�−¨¥ ä®−¥â¨ç¥áª®£® ª®¤¨à®¢�−¨ï ¤«ï áà�¢−¥−¨ï
á«®¢ −� ®á−®¢¥ ¨å ä®−¥â¨ç¥áª®£® áå®¤áâ¢�, � â�ª¦¥ ¯à¨¬¥−¥−¨¥ ¬¥â®¤®¢ ¬�-
è¨−−®£® ®¡ãç¥−¨ï ¯®§¢®«ïîâ ãá¯¥è−® ¨á¯®«ì§®¢�âì ¬¥â®¤ ‚ˆ‘ ¢ à¥�«ì−ëå,
®ç¥−ì ®¡ê¥¬−ëå, ¨áá«¥¤®¢�−¨ïå [13]. �® ®¯ëâ â�ª¨å ¨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¨© (ª�â¥-
£®à¨ï I� ¢ ¯à¨¢¥¤¥−−®© ¢ëè¥ ª«�áá¨ä¨ª�æ¨¨ ¨áâ®à¨ç¥áª¨å ¨áâ®ç−¨ª®¢). �à¨
®¡à�¡®âª¥ ¨áâ®ç−¨ª®¢ á¥¬¥©−®© áâàãªâãàë (ª�â¥£®à¨ï I� íâ®© ¦¥ ª«�áá¨ä¨ª�æ¨¨)
¢®§−¨ª�îâ ¯à®¡«¥¬ë. ��¯à¨¬¥à, ¢ â�ª®¬ ¯¥à¢®áâ¥¯¥−−®¬ ¨áâ®ç−¨ª¥ ¯® á®æ¨�«ì-
−®-¤¥¬®£à�ä¨ç¥áª®© ¨áâ®à¨¨ ÷®áá¨¨, ª�ª à¥¢¨§áª¨¥ áª�§ª¨, ¢á¥£¤� ãª�§ë¢�îâáï
¨¬¥−� ¯¥àá®−�¦¥©. �® ¯à¨ ¯®¯ëâª¥ ¨á¯®«ì§®¢�âì íâ¨ ¤�−−ë¥ ¢ £¥−¥�«®£¨ç¥áª¨å
¨áá«¥¤®¢�−¨ïå ®ª�§�«®áì, çâ® ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ «¨æ â®ç−®áâì ¨å −¥¤®áâ�â®ç−�,
¯®¨áª −ã¦−ëå «¨æ ç�áâ® −¥ ¯à¨¢®¤¨â ª ãá¯¥åã [14]. ‚ á«ãç�¥ ª®£¤� ¤«ï £«�¢ë
á¥¬ì¨ ¬®¦¥â ¡ëâì −�©¤¥−® á®®â¢¥âáâ¢¨¥, ¤«ï ®áâ�«ì−ëå ç«¥−®¢ á¥¬ì¨, ªà®¬¥
¢−®¢ì ¯®ï¢¨¢è¨åáï, �¢â®¬�â¨ç¥áª®¥ á¢ï§ë¢�−¨¥ áâ�−®¢¨âáï ¤®¢®«ì−® ¯à®áâ®©
§�¤�ç¥©, −¥á¬®âàï −� −�«¨ç¨¥ ¯¥à¥ç¨á«¥−−ëå ¢ëè¥ −¥£�â¨¢−ëå ®á®¡¥−−®áâ¥©
−®¬¨−�â¨¢−ëå ¨áâ®à¨ç¥áª¨å ¨áâ®ç−¨ª®¢. �® ç�áâ® ®ª�§ë¢�¥âáï, çâ® á® ¢à¥-
¬¥−¨ ¯®á«¥¤−¥© ¯¥à¥¯¨á¨ ¯à®è«® ã¦¥ ¤®¢®«ì−® ¬−®£® «¥â, £«�¢� á¥¬ì¨ ¬®£
á¬¥−¨âìáï, ¬−®£¨¥ ¯à¥¤áâ�¢¨â¥«¨ áâ�àè¥£® ¯®ª®«¥−¨ï ¬®£«¨ ã¬¥à¥âì, ¤¥â¨ |
¢ëà�áâ¨ ¨ â. ¤. ‚ íâ®¬ á«ãç�¥ �¢â®¬�â¨ç¥áª®¥ á¢ï§ë¢�−¨¥ §�¯¨á¥© áâ�−®¢¨âáï
¢¥áì¬� §�âàã¤−¨â¥«ì−ë¬. 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¨.

98 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 1 2022



‘âàãªâãà−ë© ¯®¤å®¤ ª á¢ï§ë¢�−¨î §�¯¨á¥© ¢ â¥å−®«®£¨¨ �Šˆˆ

5 Структурный подход к связыванию семей

‘¢ï§ë¢�−¨¥ §�¯¨á¥© ¢ â¥å−®«®£¨¨ �Šˆˆ ®áãé¥áâ¢«ï¥âáï áà�¢−¥−¨¥¬ ¯¥àá®−,
¨−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¥.

Š�ª ¯®ª�§�−® ¢ëè¥, âà¥¡ã¥âáï à¥è¥−¨¥ ¤«ï á¨âã�æ¨¨, ª®£¤� ¢ à¥§ã«ìâ�â¥
à�¡®âë �¢â®¬�â¨ç¥áª¨å �«£®à¨â¬®¢ á¢ï§ë¢�−¨ï, ¨á¯®«ì§ã¥¬ëå ¢ ‚ˆ‘, ª�¦¤�ï
§�¯¨áì ®¤−®£® ¤®ªã¬¥−â� ¨§ ª�â¥£®à¨¨ ¨áâ®à¨ç¥áª¨å −®¬¨−�â¨¢−ëå ¨áâ®ç−¨ª®¢
á¥¬¥©−®© áâàãªâãàë (I�) ¯®«ãç�¥â áâ�âãá −¥á¢ï§�−−®© ¨«¨ ª�−¤¨¤�â� −� á¢ï§ë-
¢�−¨¥, ¯à¨ç¥¬ ¬−®¦¥áâ¢® §�¯¨á¥©-ª�−¤¨¤�â®¢ −� á¢ï§ë¢�−¨¥ −¥ ¯ãáâ®. „«ï íâ®£®
¯®¬¨¬® áà�¢−¥−¨ï �âà¨¡ãâ®¢ ®â¤¥«ì−ëå §�¯¨á¥© ¬®¦−® ®¯¥à¥âìáï −� áâàãªâãàã
à®¤áâ¢¥−−ëå 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¨¬¨ ã¯®¬¨−�¥¬ë¬ ¢ ¤®-
ªã¬¥−â¥ ¯¥àá®−�¬, ¯à¥¤«�£�¥¬ë© ¯®¤å®¤ ®¯¨à�¥âáï −� ®æ¥−ªã áå®¤áâ¢� áâàãªâãà
â�ª¨å £à�ä®¢. „«ï áà�¢−¥−¨ï áâàãªâãà æ¥«¥á®®¡à�§−® ®¯¥à¥âìáï −�:

(1) ®¡ê¥¬ á®¢¯�¤¥−¨© ¢ áâàãªâãà�å £à�ä®¢ (¤®«ï ã§«®¢, ¨¬¥îé¨å áâ�âãá ª�−-
¤¨¤�â®¢ −� á¢ï§ë¢�−¨¥);

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

{ ¨áç¥§−®¢¥−¨¥ «¨æ ¨§ ª�â¥£®à¨¨ á ¢ëá®ª®© á¬¥àâ−®áâìî | ¬�«¥−ìª¨¥ ¤¥â¨
¨ ¯®¦¨«ë¥ «î¤¨;

{ ¯®ï¢«¥−¨¥ ¤¥â¥© á ¢®§à�áâ®¬, ¬¥−ìè¨¬, ç¥¬ ¯à®è«® ®â ¯à¥¤ë¤ãé¥©
à¥¢¨§¨¨ ¤�−−®© á¥¬ì¨;

{ ¯®ï¢«¥−¨¥ áã¯àã£®¢ ã à�−¥¥ å®«®áâëå ¬®«®¤ëå «î¤¥©;

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

÷®áâ ®¡ê¥¬� á®¢¯�¤¥−¨© ¤®«¦¥− ã¢¥«¨ç¨¢�âì ¢¥à®ïâ−®áâì ¯à¨§−�−¨ï £à�ä®¢
áå®¤−ë¬¨, � à®áâ ®¡ê¥¬ âàã¤−®®¡êïá−¨¬ëå −¥á®¢¯�¤¥−¨© | ã¬¥−ìè�âì. �à¨
¯à¥¢ëè¥−¨¨ á ¢ëç¨á«¥−−®© ¢¥à®ïâ−®áâìî −¥ª®â®à®£® ¯®à®£®¢®£® §−�ç¥−¨ï §�¯¨-
á¨-ª�−¤¨¤�âë −� á¢ï§ë¢�−¨¥ ¤®«¦−ë ¯à¨§−�¢�âìáï á¢ï§�−−ë¬¨.

6 Описание алгоритма связывания

�ãáâìU | ¬−®¦¥áâ¢® ã§«®¢ £à�ä�, á®®â¢¥âáâ¢ãîé¥£® áâàãªâãà¥ à®¤áâ¢¥−−ëå
á¢ï§¥© ¯¥àá®−, ã¯®¬¨−�¥¬ëå ¢ −¥ª®â®à®¬ ¨áâ®à¨ç¥áª®¬ −®¬¨−�â¨¢−®¬ ¤®ªã¬¥−â¥
á¥¬¥©−®© áâàãªâãàë. �ãáâì ¢ à¥§ã«ìâ�â¥ à�¡®âë �«£®à¨â¬®¢ ‚ˆ‘ �¢â®¬�â¨-
ç¥áª®£® á¢ï§ë¢�−¨ï §�¯¨á¥©, ®áãé¥áâ¢«ïîé¨å ¯®¨áª á®®â¢¥âáâ¢¨ï í«¥¬¥−â�¬ U
í«¥¬¥−â®¢ á¥¬�−â¨ç¥áª®© á¥â¨ â¥å−®«®£¨¨ �Šˆˆ, ª�¦¤®¬ã í«¥¬¥−âã U ¡ã¤¥â
á®¯®áâ�¢«¥− ®¤¨− ¨§ ¬−®¦¥áâ¢� ¯à¨§−�ª®¢ K = {k+, k0, k−}, £¤¥ k+ | ¯à¨-
§−�ª á¢ï§�−−®áâ¨; k− | ¯à¨§−�ª −¥á¢ï§�−−®áâ¨; k0 | ¯à¨§−�ª ª�−¤¨¤�â� −�
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á¢ï§ë¢�−¨¥. ”ã−ªæ¨î á®¯®áâ�¢«¥−¨ï ®¡®§−�ç¨¬ ª�ª f : u ∈ U ⇒ f(u) ∈ K.
�¡®§−�ç¨¬

U+ : u ∈ U+ ⇒ f(u) = k+ ;

U− : u ∈ U− ⇒ f(u) = k− ;

U0 : u0 ∈ U0 ⇒ f(u) = k0 .

÷�áá¬®âà¨¬ á¨âã�æ¨î, ª®£¤� U+ = ∅, � U0 6= ∅. ÷�−¥¥ ¢ â�ª®© á¨âã�æ¨¨
ä®à¬�«ì−ëå ªà¨â¥à¨¥¢ á¢ï§�−−®áâ¨ −¥ áãé¥áâ¢®¢�«® ¨ à¥è¥−¨¥ ¬®£«® ¡ëâì
¯à¨−ïâ® â®«ìª® ¨áá«¥¤®¢�â¥«¥¬ «¨ç−®.

‚ ª�ç¥áâ¢¥ â�ª®£® ªà¨â¥à¨ï ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ä�ªâ ¯à¥¢ëè¥−¨ï
¢ëç¨á«ï¥¬ë¬ ¯®ª�§�â¥«¥¬ ϕ −¥ª®â®à®£® §�¤�¢�¥¬®£® ¯®«ì§®¢�â¥«¥¬ ¯®à®£®¢®£®
ãà®¢−ï ϕ. �ãáâì “U ⊂ U− | ¬−®¦¥áâ¢® −¥á¢ï§�−−ëå ã§«®¢, ¤«ï ª®â®àëå ¯®
®¯¨á�−−ë¬ ¢ëè¥ ªà¨â¥à¨ï¬ −¥á®¢¯�¤¥−¨ï ¯à¨§−�−ë «¥£ª®®¡êïá−¨¬ë¬¨. ’®£¤�ϕ
¬®¦−® ®¯à¥¤¥«¨âì á«¥¤ãîé¨¬ ®¡à�§®¬:

ϕ =
α|U0|/|U | − β(|U−| − | “U |)/|U |

√

α2 + β2
,

£¤¥ α ¨ β | ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë. �®ª�§�â¥«ì ϕ ¯à¥¤áâ�¢«ï¥â á®¡®© ¢§¢¥-
è¥−−ãî à�§−®áâì ¤®«¨ á®¢¯�¤¥−¨© ¨ ¤®«¨ âàã¤−®®¡êïá−¨¬ëå −¥á®¢¯�¤¥−¨©,
®â−®à¬¨à®¢�−−ãî ®â−®á¨â¥«ì−® ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢.

7 Выводы

�à¥¤«®¦¥−−ë© ¬¥å�−¨§¬ �¢â®¬�â¨§�æ¨¨ ¯à®¢¥¤¥−¨ï â�ª®© ¢�¦−®© á®áâ�¢«ï-
îé¥© ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, ª�ª ¨¤¥−â¨ä¨ª�æ¨ï ¯¥àá®− ¢ −®¬¨-
−�â¨¢−ëå ¨áâ®à¨ç¥áª¨å ¤®ªã¬¥−â�å á¥¬¥©−®© áâàãªâãàë, áãé¥áâ¢¥−−® ¤®¯®«−ï¥â
¨ à�§¢¨¢�¥â â¥å−®«®£¨î �Šˆˆ, ®à¨¥−â¨à®¢�−−ãî −� è¨à®ª¨© ªàã£ −¥ ®â−®áï-
é¨åáï ª ¯à®ä¥áá¨®−�«ì−ë¬ ¨áâ®à¨ª�¬ ¨ ¡¨®£à�ä�¬ ¯®«ì§®¢�â¥«¥©, çâ® ®ç¥−ì
�ªâã�«ì−® ¢ á¢ï§¨ á® ¢á¥ ¢®§à�áâ�îé¨¬ ®¡é¥áâ¢¥−−ë¬ ¨−â¥à¥á®¬ ª ç�áâ−®©,
á¥¬¥©−®© ¨áâ®à¨¨.

�¯â¨¬�«ì−ë¥ §−�ç¥−¨ï ª®−áâ�−â α, β ¨ ϕ ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥−ë ¯à¨
¨á¯®«ì§®¢�−¨¨ ¯à¥¤«®¦¥−−®£® �«£®à¨â¬� ¢ à¥�«ì−ëå ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å
¨áá«¥¤®¢�−¨ïå, ¯à®¢®¤¨¬ëå á ¨á¯®«ì§®¢�−¨¥¬ â¥å−®«®£¨¨ �Šˆˆ.
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STRUCTURAL APPROACH TO RECORD LINKING
IN TECHNOLOGY OF CONCRETE HISTORICAL INVESTIGATION

SUPPORT

I. M. Adamovich and O. I. Volkov

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

Abstract: The article is devoted to the further development of the distributed
technology of concrete historical investigation support based on the principles of
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crowdsourcing and focused on a wide range of users which are nonprofessional
historians and biographers. The development is carried out due to the inclusion
in the technology and modification of the means of automating of demographic
events records linking that refer to the method of family reconstitution widely
used in historical demography. The modification consists in creating the add-in
over the algorithms of the family reconstitution method which provides automatic
linking based on the comparison of the structures of the family relations graphs.
The article describes the algorithm of this add-in functioning. The substantiation
of the approach is based on the classification of nominative historical documents
and on the analysis of the world practice of their automatic processing in the real
genealogical and historical-demographic studies.

Keywords: concrete historical investigation; distributed technology; record
linking; nominative document; family structure sources
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МЕТОДОЛОГИЯ S-МОДЕЛИРОВАНИЯ:
РАЗВИТИЕ И ПРИМЕНЕНИЕ∗

В. Д. Ильин1

�−−®â�æ¨ï: Œ¥â®¤®«®£¨ï á¨¬¢®«ì−®£® ¬®¤¥«¨à®¢�−¨ï ¯à®¨§¢®«ì−ëå ®¡ê-
¥ªâ®¢ ¢ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤¥ (¬¥â®¤®«®£¨ï s-¬®¤¥«¨à®¢�−¨ï) ¢ª«îç�¥â
â¥®à¨î ¨ à�áè¨àïîéãîáï á®¢®ªã¯−®áâì ¬¥â®¤®¢ ¥¥ ¯à¨¬¥−¥−¨ï. ‚ s-¬®-
¤¥«¨à®¢�−¨¨ ¨á¯®«ì§ãîâáï ¢á¥ ¢¨¤ë á¨¬¢®«®¢ (�ã¤¨®, ¢¨§ã�«ì−ëå ¨ ¤à.),
à¥�«¨§ã¥¬ë¥ ¢ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤¥. S-¬®¤¥«¨ ¨§ãç�îâáï ª�ª áãé-
−®áâ¨, ¨¬¥îé¨¥ âà¨ ¢§�¨¬®á¢ï§�−−ëå ¯à¥¤áâ�¢«¥−¨ï: á¨¬¢®«ì−®¥, ª®¤®¢®¥
¨ á¨£−�«ì−®¥. Š®−áâàã¨à®¢�−¨¥ s-¬®¤¥«¥© ®áãé¥áâ¢«ï¥âáï ¢ á®®â¢¥âáâ¢¨¨
á ¯à�¢¨«�¬¨, á®®â¢¥âáâ¢ãîé¨¬¨ ¡�§®¢ë¬ §�¤�ç�¬, ®¯à¥¤¥«¥−−ë¬ ¢ â¥®à¨¨
s-¬®¤¥«¨à®¢�−¨ï. Œ¥â®¤®«®£¨ï s-¬®¤¥«¨à®¢�−¨ï à�áá¬�âà¨¢�¥âáï ª�ª ¬¥â®-
¤®«®£¨ç¥áª�ï ¯«�âä®à¬� ¤«ï −�ãç−® ®¡®á−®¢�−−®© à�§à�¡®âª¨ ¨−ä®à¬�æ¨®−-
−ëå â¥å−®«®£¨© ¨ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë æ¨äà®¢¨§�æ¨¨ à�§«¨ç−ëå ¢¨¤®¢
¤¥ïâ¥«ì−®áâ¨.

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

�á®§−�−¨¥ �ªâã�«ì−®© æ¥«¨ ¢ ¯à®æ¥áá¥ −¥ª®â®à®© ¤¥ïâ¥«ì−®áâ¨ −¥ ¢á¥£¤�
á®¯à®¢®¦¤�¥âáï ïá−ë¬ ¯à¥¤áâ�¢«¥−¨¥¬ ® §�¤�ç�å, ª®â®àë¥ ¤®«¦−ë ¡ëâì à¥è¥−ë
−� ¯ãâ¨ ª æ¥«¨. �à¨ ¤®áâ¨¦¥−¨¨ −¥âà¨¢¨�«ì−ëå æ¥«¥© (á¯à®¥ªâ¨à®¢�âì ¬�è¨−ã,
à�§à�¡®â�âì ¨−ä®à¬�æ¨®−−ãî â¥å−®«®£¨î ¨ â. ¤.) −�¨¡®«¥¥ ¯à®¤ãªâ¨¢−ë¬ ®ª�§ë-
¢�¥âáï á¨¬¢®«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥ §�¬ëá«� ¢ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤¥ à¥è¥−¨ï
§�¤�ç (s-áà¥¤¥). ’�ª®© ¯®¤å®¤ ¨¬¥¥â àï¤ ¯à®¢¥à¥−−ëå ¯à�ªâ¨ª®© ¤®áâ®¨−áâ¢.
‚®-¯¥à¢ëå, �−�«¨§¨àãï á¨¬¢®«ì−ãî ¬®¤¥«ì §�¬ëá«� (ç¥àâ¥¦, á¯¥æ¨ä¨ª�æ¨î
§�¤�ç¨ ¨ ¯à.), ¬®¦−® ¯à®¢¥à¨âì, á®®â¢¥âáâ¢ã¥â «¨ ¬®¤¥«ì §�¬ëá«ã, ¨, ¥á«¨
−¥ á®®â¢¥âáâ¢ã¥â, ¢−¥áâ¨ ¨á¯à�¢«¥−¨ï ¢ ¬®¤¥«ì. ‚®-¢â®àëå, −� ¬®¤¥«¨, ¯à¨-
§−�−−®© á®®â¢¥âáâ¢ãîé¥© §�¬ëá«ã, ¬®¦−® ¯à®¢¥áâ¨ ¯à®¢¥àªã á®áâ®ïâ¥«ì−®áâ¨
á�¬®£® §�¬ëá«� ¨, ¥á«¨ ¯à®¢¥àª� §�¢¥àè¨«�áì ãá¯¥å®¬, ¯à¨−ïâì à¥è¥−¨¥ ® æ¥-
«¥á®®¡à�§−®áâ¨ à¥�«¨§�æ¨¨ §�¬ëá«�, � ¢ ¯à®â¨¢−®¬ á«ãç�¥ §�−ïâìáï ¨§¬¥−¥−¨¥¬
§�¬ëá«�.

∗÷¥§ã«ìâ�âë ¯®«ãç¥−ë ¯à¨ ¢ë¯®«−¥−¨¨ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®© à�¡®âë úŒ®¤¥«¨à®¢�−¨¥
á®æ¨�«ì−ëå, íª®−®¬¨ç¥áª¨å ¨ íª®«®£¨ç¥áª¨å ¯à®æ¥áá®¢û (ü 0063-2016-0005), ¢ë¯®«−ï¥¬®© ¢ á®-
®â¢¥âáâ¢¨¨ á £®áã¤�àáâ¢¥−−ë¬ §�¤�−¨¥¬ ”��� ÷®áá¨¨ ¤«ï ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷��.

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, vdilyin@yandex.ru
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ˆ¤¥ï ¤®áâ¨¦¥−¨ï æ¥«¨ á ¨á¯®«ì§®¢�−¨¥¬ á¨¬¢®«ì−ëå ¬®¤¥«¥© ¢®¯«®é¥−� ¢®
¬−®£¨å â¥å−®«®£¨ïå ¤«ï à�§«¨ç−ëå ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨.

‡�¯¨áì ä®à¬ã« ¨ ¢ë¤¥«¥−¨¥ äà�£¬¥−â®¢ â¥ªáâ�. „«ï ¢ë¤¥«¥−¨ï ®¯à¥-
¤¥«¥−¨©, §�¬¥ç�−¨© ¨ ¯à¨¬¥à®¢ ¨á¯®«ì§ãîâáï áà¥¤áâ¢� ï§ëª� TSM-ª®¬¯«¥ªá�
(TSM: textual symbolic modeling), à�§à�¡®â�−−®£® ¤«ï ä®à¬�«¨§®¢�−−®£® ®¯¨á�-
−¨ï â¥ªáâ®¢ëå 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 ¯à¨¬¥àë ¨á¯®«ì§®¢�−¨ï

¬¥â®¤®«®£¨¨ s-¬®¤¥«¨à®¢�−¨ï ¯à¨ æ¨äà®¢¨§�æ¨¨ à�§«¨ç−ëå ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨.

2 S-моделирование программируемых автоматов

“¯à�¢«¥−¨¥ ¯®¢¥¤¥−¨¥¬ �¢â®¬�â®¢ ¯à¨¢®¤¨â ª −¥®¡å®¤¨¬®áâ¨ ®¯¨á�−¨ï ¬®¤¥-
«¥© ¨å ¯®¢¥¤¥−¨ï −� ï§ëª�å, ¢®á¯à¨−¨¬�¥¬ëå �¢â®¬�â�¬¨ (¨«¨ âà�−á«¨àã¥¬ëå
¢ −¨å), ¯®íâ®¬ã ¯à®£à�¬¬¨à®¢�−¨¥ ¯®¢¥¤¥−¨ï ª®¬¯ìîâ¥à®¢ ¨ ª®¬¯ìîâ¥à−ëå
ãáâà®©áâ¢ | ç�áâì s-¬®¤¥«¨à®¢�−¨ï. Š s-¬®¤¥«¨à®¢�−¨î ®â−®á¨âáï ¨ á¯¥æ¨ä¨-
æ¨à®¢�−¨¥ ¯à®£à�¬¬¨àã¥¬ëå §�¤�ç.

ˆ§®¡à¥â¥−¨¥ ¯à®£à�¬¬, ¯®¬®£�îé¨å á®§¤�¢�âì ¤àã£¨¥ ¯à®£à�¬¬ë, | íâ®
¨ ¯®¨áª áà¥¤áâ¢ ¯®¢ëè¥−¨ï ¯à®¤ãªâ¨¢−®áâ¨, ¨ ¯®áâ¨¦¥−¨¥ áãâ¨ ¯à®£à�¬¬¨à®¢�-
−¨ï. Š�ª¨¬¨ ¤®«¦−ë ¡ëâì ¯à®£à�¬¬¨àãîé¨¥ ¯à®£à�¬¬ë? Š�ª ¨å ¯®áâà®¨âì?
�®¯ëâª¨ ®â¢¥â¨âì −� íâ¨ ¢®¯à®áë ®¡ëç−® ¡ë¢�îâ ãá¯¥è−ë¬¨ ¢ â®© ¬¥à¥, ¢ ª�ª®©
ã¤�«®áì ¯®−ïâì, çâ® â�ª®¥ ¯à®£à�¬¬� ¨ ¯à®£à�¬¬¨à®¢�−¨¥ ª�ª ¤¥ïâ¥«ì−®áâì. Š®£¤�
£®¢®à¨¬, çâ® ¯à®£à�¬¬¨à®¢�−¨¥ á¯®á®¡®¢ à¥è¥−¨ï §�¤�ç | íâ® ¯à®æ¥áá ¯¥à¥¤�ç¨
§−�−¨© �¢â®¬�âã, â® å�à�ªâ¥à¨§ã¥¬ ¯à®£à�¬¬¨à®¢�−¨¥ ª�ª áà¥¤áâ¢® á¨¬¢®«ì-
−®£® ¢®¯«®é¥−¨ï ¯®§−�−−ëå §�ª®−®¬¥à−®áâ¥©. ‚®¯«®é¥−¨ï, à�ááç¨â�−−®£® −�
¢®á¯à¨ïâ¨¥ ¯à®£à�¬¬¨àã¥¬ë¬ �¢â®¬�â®¬.

Š�ª¨¥ §�ª®−®¬¥à−®áâ¨ −�¬ ¨§¢¥áâ−ë, ª®£¤� ¡¥à¥¬áï ¯¥à¥¤�¢�âì �¢â®¬�âã
§−�−¨ï ®¡ ã¬¥−¨¨ à�§à�¡�âë¢�âì ¯à®£à�¬¬ë? Š�ª ®à£�−¨§®¢�âì á®¢¬¥áâ−ãî
à�¡®âã ¯à®£à�¬¬¨áâ� ¨ ¯®¬®£�îé¥£® ¥¬ã �¢â®¬�â�, çâ®¡ë ¥¥ à¥§ã«ìâ�â ¡ë« ¡®«ìè¥
áã¬¬ë â®£®, çâ® ¬®¦−® ¯®«ãç¨âì, ª®£¤� ª�¦¤ë© ¨§ −¨å à�¡®â�¥â −¥§�¢¨á¨¬®?
�¤−¨ ¢®¯à®áë ¯®à®¦¤�îâ ¤àã£¨¥. ˆ á ª�ª®£® ¡ë ¨§ −¨å −¨ −�ç�«¨, −¥¨§¡¥¦−®
¢áâ�−¥â ¢®¯à®á ® §�¤�ç�å, ¨§ à¥è¥−¨ï ª®â®àëå áª«�¤ë¢�¥âáï ¯à®æ¥áá à�§à�¡®âª¨
¯à®£à�¬¬.

1ˆ«ì¨− ‚. „. ‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ // �®«ìè�ï à®áá¨©áª�ï í−æ¨ª«®¯¥¤¨ï | í«¥ªâà®−-
−�ï ¢¥àá¨ï. http://dev.bigenc.ru/technologyandtechnique/text/4010980.
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‚. „. ˆ«ì¨−

�à¥¤áâ�¢¨âì ¤¥ïâ¥«ì−®áâì, ¯®¤«¥¦�éãî �¢â®¬�â¨§�æ¨¨, ¢ ¢¨¤¥ á®¢®ªã¯−®áâ¨
§�¤�ç | â�ª ¦¥ ¥áâ¥áâ¢¥−−®, ª�ª ¢á«¥¤ §� íâ¨¬ ¢ë¡à�âì â¥ ¨§ −¨å, ª®â®àë¥
¨§ãç¥−ë −�áâ®«ìª®, çâ® ¨¬¥¥â á¬ëá« ¯¥à¥¤�âì ¨å à¥è¥−¨¥ �¢â®¬�âã.

‘¨áâ¥¬� ¯®à®¦¤¥−¨ï ¯à®£à�¬¬ [1] áâ�«� −�¨¡®«¥¥ ¨§¢¥áâ−ë¬ à¥§ã«ì-
â�â®¬ ¨á¯®«ì§®¢�−¨ï ¬¥â®¤®«®£¨¨ s-¬®¤¥«¨à®¢�−¨ï ¯à¨¬¥−¨â¥«ì−® ª à¥è¥−¨î
ª®¬¯«¥ªá� §�¤�ç �¢â®¬�â¨§�æ¨¨ ª®−áâàã¨à®¢�−¨ï ¯à®£à�¬¬−ëå á¨áâ¥¬. ‘ −�ç�«�
1990-å ££. íâ� à�¡®â� æ¨â¨àã¥âáï ¢ áâ�âìïå ¨ ª−¨£�å, ¯®á¢ïé¥−−ëå â¥å−®«®£¨ï¬
¯à®£à�¬¬¨à®¢�−¨ï ¨ ¯®áâà®¥−¨ï á¨áâ¥¬ §−�−¨© (¯à¨¬¥à®¬ ¬®£ãâ á«ã¦¨âì [2{8]).

‚ á¨áâ¥¬¥ ¯®à®¦¤¥−¨ï æ¥«¥¢ëå ¯à®£à�¬¬−ëå á¨áâ¥¬ æ¥«¥¢®© −�§ë¢�¥âáï ¯à®-
£à�¬¬−�ï á¨áâ¥¬�, ¯à¥¤−�§−�ç¥−−�ï ¤«ï à¥è¥−¨ï ª®−¥ç−®£® ¬−®¦¥áâ¢� §�¤�ç,
à�áá¬�âà¨¢�¥¬®£® ª�ª §�¤�ç� ¡®«¥¥ ¢ëá®ª®£® ãà®¢−ï (æ¥«ì). –¥«¥¢�ï á¨áâ¥¬�
®¡«�¤�¥â àï¤®¬ ®¡ï§�â¥«ì−ëå ¯à¨§−�ª®¢. …¥ �àå¨â¥ªâãà� à�ááç¨â�−� −� ®¡ê¥¤¨-
−¥−¨¥ −¥áª®«ìª¨å á¨áâ¥¬ ¢ æ¥«¥¢ãî á¨áâ¥¬ã ¡®«¥¥ ¢ëá®ª®£® ãà®¢−ï. ‘ãé¥áâ¢ã¥â
¢®§¬®¦−®áâì ¯®«ãç¨âì −®¢ãî á¨áâ¥¬ã ª�ª áã¦¥−¨¥ ¨áå®¤−®©.

�®à®¦¤¥−¨¥ | íâ® ¯à®æ¥áá ¯à®¤ãæ¨à®¢�−¨ï æ¥«¥¢ëå á¨áâ¥¬ −� ®á−®¢¥ ¤àã-
£¨å æ¥«¥¢ëå á¨áâ¥¬, −�§ë¢�¥¬ëå ¯®à®¦¤�îé¨¬¨. ˆáª®¬�ï á¨áâ¥¬� ¯®«ãç�¥âáï
ª�ª à¥§ã«ìâ�â ª®−áâàãªâ¨¢−®£® ¤®ª�§�â¥«ìáâ¢� ¥¥ áãé¥áâ¢®¢�−¨ï, ¢ë¯®«−ï¥¬®£®
¯®à®¦¤�îé¥© á¨áâ¥¬®©. ‘à¥¤� ¯®à®¦¤¥−¨ï | íâ® ¯à®£à�¬¬−�ï áà¥¤�, −�§−�ç¥-
−¨¥ ª®â®à®© á®áâ®¨â ¢ ¯®¤¤¥à¦ª¥ ¯à®æ¥áá� ä®à¬¨à®¢�−¨ï ¨ à¥�«¨§�æ¨¨ §�¬ëá«�
à�§à�¡®âç¨ª®¢ æ¥«¥¢ëå á¨áâ¥¬. ‘à¥¤ã ¯®à®¦¤¥−¨ï ¬®¦−® à�áá¬�âà¨¢�âì ª�ª
á®¢®ªã¯−®áâì ¢§�¨¬®¤¥©áâ¢ãîé¨å æ¥«¥¢ëå á¨áâ¥¬, ¢ ª®â®à®© ã¦¥ ¯®ï¢¨¢è¨¥áï
−� á¢¥â á¨áâ¥¬ë ¯®¬®£�îâ à�§à�¡®âç¨ª�¬ ¯®à®¦¤�âì −®¢ë¥. ”ã−ªæ¨®−�«ì−ë©
®¡«¨ª áà¥¤ë ®¯à¥¤¥«ï¥âáï ¥¥ −�§−�ç¥−¨¥¬: ®¡ãç¥−¨¥ à�§à�¡®âç¨ª�, ®¡êïá−¥−¨ï
¯® ¥£® §�¯à®áã è�£®¢ ¯®à®¦¤¥−¨ï | ¢á¥ íâ® ¯à¨áãé¥ ¥©. ‚ à¥§ã«ìâ�â¥ ¯®á«¥¤®¢�-
â¥«ì−ëå ¯à¨¡«¨¦¥−¨©, ª®£¤� ç¥«®¢¥ª ä®à¬¨àã¥â ¨ ãâ®ç−ï¥â á¢®¨ ¯à¥¤áâ�¢«¥−¨ï
® ¯®à®¦¤�¥¬®© á¨áâ¥¬¥, ®− ¯®áâ¥¯¥−−® ¤®¡¨¢�¥âáï â�ª®£® ¥¥ ®¯¨á�−¨ï, ª®â®à®¬ã
á¢®©áâ¢¥−−ë −¥¤¢ãá¬ëá«¥−−®áâì ¨ â®ç−®áâì á¯¥æ¨ä¨ª�æ¨¨. �®¢ëè¥−¨¥ ¯à®¤ãª-
â¨¢−®áâ¨ à�§à�¡®âª¨ æ¥«¥¢ëå á¨áâ¥¬ −¥¤®áâ¨¦¨¬® ¡¥§ ¯à¥¤®áâ�¢«¥−¨ï á¢®¡®¤ë
¢ ¢ë¡®à¥ á¯®á®¡� ¢§�¨¬®¤¥©áâ¢¨ï á® áà¥¤®© ¨ ¡¥§ á−ïâ¨ï −�£àã§ª¨, á¢ï§�−−®©
á §�¯®¬¨−�−¨¥¬ ¯à�¢¨« à�¡®âë ¢ −¥©. Ÿ§ëª¨ ¢§�¨¬®¤¥©áâ¢¨ï á ¯®à®¦¤�îé¥©
á¨áâ¥¬®© | íâ® ¨−â¥à�ªâ¨¢−ë¥ ä®à¬®®à¨¥−â¨à®¢�−−ë¥ ï§ëª¨ ®¯¨á�−¨ï ¯®à®¦-
¤�¥¬®© á¨áâ¥¬ë. �−¨ à�ááç¨â�−ë −� ¨á¯®«ì§®¢�−¨¥ ¨−â¥à�ªâ¨¢−ëå áà¥¤áâ¢. ˆå
¯à�£¬�â¨ª� ®à¨¥−â¨à®¢�−� −� íää¥ªâ¨¢−ãî ¯®¤¤¥à¦ªã à�ááã¦¤¥−¨© à�§à�¡®â-
ç¨ª�, ®¡¤ã¬ë¢�îé¥£® äã−ªæ¨®−�«ì−ë© ®¡«¨ª ¯®à®¦¤�¥¬®© á¨áâ¥¬ë. Œ¥â®¤®-
«®£¨ï ¯®à®¦¤¥−¨ï ¯à®£à�¬¬ ¢ª«îç�¥â â¥®à¥â¨ç¥áª¨¥ ®á−®¢ë ¨ ¬¥â®¤ ¯®à®¦¤¥−¨ï
æ¥«¥¢ëå á¨áâ¥¬, ®¯¨á�−¨¥ ï§ëª®¢ á¯¥æ¨ä¨æ¨à®¢�−¨ï ¨ ¯à®£à�¬¬¨à®¢�−¨ï, ®à¨-
¥−â¨à®¢�−−ëå −� ¯®à®¦¤¥−¨¥.

Œ®¤¥«ì ª®®¯¥à�â¨¢−®£® à¥è�â¥«ï §�¤�ç −� ®á−®¢¥ æ¨äà®¢ëå
¤¢®©−¨ª®¢ [9] | ¬¥â®¤®«®£¨ç¥áª®¥ à�§¢¨â¨¥ ¬®¤¥«¨ ¨−ä� (¯à®£à�¬¬¨àã¥¬®©
¬�è¨−ë ¤«ï à¥è¥−¨ï §�¤�ç), ¯à¥¤«®¦¥−−®© ¢ [1].

“ç�áâ−¨ª¨ ª®®¯¥à�æ¨¨ (−�§¢�−−ë¥ dt-¨−ä�¬¨) à�áá¬�âà¨¢�îâáï ª�ª ®¡ãç�-
îé¨¥áï ¬�è¨−ë ¤«ï à¥è¥−¨ï §�¤�ç. dt-¨−ä, −�¤¥«¥−−ë© ª®−¥ç−ë¬ ¬−®¦¥áâ¢®¬
á®áâ®ï−¨© ¨ æ¥«ìî (¯®−¨¬�¥¬®© ª�ª ¬−®¦¥áâ¢® à�§à¥è¨¬ëå §�¤�ç ¯à¥¤¬¥â−®©
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®¡«�áâ¨), ¢ ¯à®æ¥áá�å à¥è¥−¨ï §�¤�ç ¢§�¨¬®¤¥©áâ¢ã¥â á ¤àã£¨¬¨ ç«¥−�¬¨ ª®®¯¥-
à�æ¨¨ ¨ í«¥¬¥−â�¬¨ ®ªàã¦¥−¨ï ¯ãâ¥¬ ®¡¬¥−� ã−¨ä¨æ¨à®¢�−−ë¬¨ á®®¡é¥−¨ï¬¨.
�à¥¤¬¥â−�ï ®¡«�áâì (¤«ï ª�¦¤®£® dt-¨−ä�) ¯à¥¤áâ�¢«¥−� §�¤�ç−ë¬ £à�ä®¬, à�á-
áç¨â�−−ë¬ −� ¯®¨áª à�§à¥è�îé¨å áâàãªâãà ¨ ä®à¬�«¨§�æ¨î §−�−¨© ® §�¤�ç�å.
Œ−®¦¥áâ¢® ¢¥àè¨− £à�ä� á®áâ�¢«¥−® ¨§ §�¤�ç−ëå ª®−áâàãªâ¨¢−ëå ®¡ê¥ªâ®¢.
Š�¦¤�ï ¢¥àè¨−� ¨¬¥¥â ¯�¬ïâì, ¯à¥¤áâ�¢«¥−−ãî ¯�¬ïâìî §�¤�ç¨ (¯à®áâ®© ¨«¨
á®áâ�¢−®©) ¨«¨ §�¤�ç−®© ®¡«�áâ¨. ÷¥¡à® §�¤�ç−®£® £à�ä� | ¯�à� ¢¥àè¨− á −¥¯ãá-
âë¬ ¯¥à¥á¥ç¥−¨¥¬ ¯® ¯�¬ïâ¨. ��£àã§ª� à¥¡à� ®¯à¥¤¥«ï¥âáï ¬−®¦¥áâ¢®¬ ¢á¥å ¯�à
í«¥¬¥−â®¢ ¯�¬ïâ¨, ¢å®¤ïé¨å ¢ ¯¥à¥á¥ç¥−¨¥. Œ®¤¥«ì ª®®¯¥à�â¨¢−®£® à¥è�â¥«ï
§�¤�ç à�ááç¨â�−� −� ¯à¨¬¥−¥−¨¥ ¯à¨ à�§à�¡®âª�å ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©
¨ ®−«�©−-á¥à¢¨á®¢.

� –¨äà®¢®© ¤¢®©−¨ª (¤�«¥¥ | dt) | íâ® à¥�«¨§®¢�−−�ï s-¬®¤¥«ì −¥ª®â®à®£®
®¡ê¥ªâ� (â¥å−¨ç¥áª®£® ãáâà®©áâ¢�, ¤¥ïâ¥«ì−®áâ¨ ¨«¨ ®à£�−¨§�æ¨¨), ¯à¥¤−�§−�-
ç¥−−�ï ¤«ï �−�«¨§� ¨ á®¢¥àè¥−áâ¢®¢�−¨ï ¥£® ¯®¢¥¤¥−¨ï. �

„«ï ¯®áâà®¥−¨ï dt ¨á¯®«ì§ãîâ §−�ç¥−¨ï ¯�à�¬¥âà®¢, å�à�ªâ¥à¨§ãîé¨å ¯®-
¢¥¤¥−¨¥ ¬®¤¥«¨àã¥¬®£® ®¡ê¥ªâ� (© ¤«ï â¥å−¨ç¥áª¨å ãáâà®©áâ¢ | ¤�−−ë¥, ¯®-
áâã¯�îé¨¥ ®â á®®â¢¥âáâ¢ãîé¨å ¤�âç¨ª®¢ ©). ‘ ¬®¬¥−â� á®§¤�−¨ï dt (ª�ª
®¡à�§� ®¡ê¥ªâ�) ®− −�ª�¯«¨¢�¥â §−�−¨ï ® á¢®¥¬ ¯à®®¡à�§¥, ®¡¬¥−¨¢�ïáì á −¨¬
á®®¡é¥−¨ï¬¨ ¨ ®¡−®¢«ïïáì. ÷�§«¨ç�îâ æ¨äà®¢ë¥ ¤¢®©−¨ª¨-¯à®â®â¨¯ë (Digital
Twin Prototype, DTP), æ¨äà®¢ë¥ ¤¢®©−¨ª¨-íª§¥¬¯«ïàë (Digital Twin Instance,
DTI) ¨ æ¨äà®¢ë¥ �£à¥£¨à®¢�−−ë¥ ¤¢®©−¨ª¨ (Digital Twin Aggregate, DTA).
DTP ¨á¯®«ì§ã¥âáï ¯à¨ á®§¤�−¨¨ ä¨§¨ç¥áª®© ¢¥àá¨¨ ¬®¤¥«¨àã¥¬®£® ®¡ê¥ªâ�;
DTI | ¬®¤¥«ì áãé¥áâ¢ãîé¥£® ®¡ê¥ªâ�, á ª®â®àë¬ DTI ¯à¥¤−�§−�ç¥−® ¢§�¨-
¬®¤¥©áâ¢®¢�âì; DTA | ª®¬¯«¥ªá áà¥¤áâ¢ ®¡à�¡®âª¨ ¤�−−ëå, ¯à¥¤−�§−�ç¥−−ë©
¤«ï ¢§�¨¬®¤¥©áâ¢¨ï á §�¤�−−®© á®¢®ªã¯−®áâìî DTI. ♦ ’¥å−®«®£¨ï Digital Twin
¯®áâà®¥−¨ï æ¨äà®¢®© s-¬®¤¥«¨ ¯à®¨§¢®«ì−®£® ®¡ê¥ªâ� ®¡ï§�â¥«ì−® ¯à¥¤¯®«�£�-
¥â ¢®§¬®¦−®áâì ¯®«ãç¥−¨ï ¤�−−ëå ® ¥£® ¯®¢¥¤¥−¨¨ (¯ãâ¥¬ ¨§¬¥à¥−¨ï §−�ç¥−¨©
−¥ª®â®à®© á®¢®ªã¯−®áâ¨ ¯�à�¬¥âà®¢ ®¡ê¥ªâ�). ♦

dt-¨−ä à�áá¬�âà¨¢�¥âáï á ¤¢ãå â®ç¥ª §à¥−¨ï. ‚®-¯¥à¢ëå, ª�ª ¨−ä®à¬�æ¨®−-
−ë© �¢â®¬�â, ¢§�¨¬®¤¥©áâ¢ãîé¨© á á¥¡¥ ¯®¤®¡−ë¬¨ �¢â®¬�â�¬¨ ¨ á í«¥¬¥−â�¬¨
®ªàã¦¥−¨ï ¯ãâ¥¬ ¯®áë«ª¨ á®®¡é¥−¨©. ’�ª®¥ ¯à¥¤áâ�¢«¥−¨¥ −ã¦−®, çâ®¡ë,
−¥ ¢−¨ª�ï ¢ ¬¥å�−¨§¬ë à¥è¥−¨ï §�¤�ç, à�¡®â�âì á dt-¨−ä®¬ ª�ª á �ªâ¨¢−ë¬
á¨¬¢®«ì−ë¬ ®¡ê¥ªâ®¬, à¥�«¨§®¢�−−ë¬ ¢ s-áà¥¤¥. ‚â®à®© ®¡«¨ª dt-¨−ä� ¨á-
¯®«ì§ã¥âáï, çâ®¡ë à�áªàëâì ¥£® ¯à¥¤−�§−�ç¥−¨¥ ª�ª áà¥¤áâ¢� à¥è¥−¨ï §�¤�ç
®¯à¥¤¥«¥−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨. ÷¥�«¨§�æ¨ï ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ¨−-
â¥à¯à¥â�æ¨ï §�¯à®á®¢ −� ¬®¤¥«¨ | â�ª¨¥ ¢®¯à®áë à�áá¬�âà¨¢�îâáï −� ®á−®¢¥
¢â®à®£® ¯à¥¤áâ�¢«¥−¨ï. ÷�áè¨à¥−¨¥ ¬−®¦¥áâ¢� à�§à¥è¨¬ëå §�¤�ç ¤®áâ¨£�¥âáï
ã¢¥«¨ç¥−¨¥¬ ç¨á«� ¢¥àè¨− ¨ à¥¡¥à §�¤�ç−®£® £à�ä�. ’�ª�ï à�¡®â� ¢ë¯®«−ï¥âáï
¢ á¯¥æ¨�«ì−®¬ à¥¦¨¬¥ úà�áè¨à¥−¨¥û −� ª®¯¨¨ à�áè¨àï¥¬®£® §�¤�ç−®£® £à�ä�.
–¥«¥¢®¥ −�§−�ç¥−¨¥ dt-¨−ä� ¯à¥¤áâ�¢«ï¥â ¥£® äã−ªæ¨®−�«ì−�ï ª®¬¯®−¥−â�. ‘®-
¤¥à¦�−¨¥ §�¤�ç, á«ã¦�é¨å ¢¥àè¨−�¬¨ §�¤�ç−®£® £à�ä�, á¢ï§¨ ¯® ¯�¬ïâ¨ ¬¥¦¤ã
§�¤�ç�¬¨, ¯à¥¤áâ�¢«¥−−ë¥ à¥¡à�¬¨ £à�ä�, | ¢á¥ íâ® ®¯à¥¤¥«ï¥â §�¤�ç−ë© ®¡«¨ª
äã−ªæ¨®−�«ì−®© ª®¬¯®−¥−âë. Š�¦¤ë© ãç�áâ−¨ª ª®®¯¥à�æ¨¨ á¯¥æ¨�«¨§¨àã¥âáï
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−� ®¯à¥¤¥«¥−−®¬ ª«�áá¥ §�¤�ç ¨§ §�¤�−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨. �â® ¬®£ãâ ¡ëâì
§�¤�ç¨ ¯®áâà®¥−¨ï á¨áâ¥¬ë §−�−¨©, �¢â®¬�â¨§¨à®¢�−−®£® ª®−áâàã¨à®¢�−¨ï ¯à®-
£à�¬¬ ¨ ¯à. –¨äà®¢ë¥ ¤¢®©−¨ª¨ á«ã¦�â áà¥¤áâ¢®¬ á®¢¥àè¥−áâ¢®¢�−¨ï ¯®¢¥¤¥−¨ï
ª®®¯¥à�æ¨¨. �−¨ á¯¥æ¨�«¨§¨àãîâáï −� �−�«¨§¥ ¯®¢¥¤¥−¨ï ®â¤¥«ì−ëå ãç�áâ−¨ª®¢
¨ ª®®¯¥à�æ¨¨ ¢ æ¥«®¬, ¯®«ãç�ï ¤�−−ë¥ ¨ ®â¯à�¢«ïï à¥§ã«ìâ�âë ¯ãâ¥¬ ®¡¬¥−�
á®®¡é¥−¨ï¬¨ á® á¢®¨¬¨ ¯à®®¡à�§�¬¨. „«ï �−�«¨§� ¨á¯®«ì§ãîâáï ®¡−®¢«ï¥¬ë¥
§−�−¨ï ® ¯à®®¡à�§�å.

÷¥§ã«ìâ�âë à�§¢¨â¨ï ¬¥â®¤®«®£¨¨ s-¬®¤¥«¨à®¢�−¨ï, ¯à¥¤áâ�¢«¥−−ë¥ ¢ [9{
14], −�å®¤ïâ ¯à¨¬¥−¥−¨¥ ¢ à�¡®â�å ¨áá«¥¤®¢�â¥«¥© à�§«¨ç−ëå ¯à¥¤¬¥â−ëå ®¡«�-
áâ¥© [15{19].

3 S-моделирование экономического механизма

S-¬®¤¥«¨à®¢�−¨î á®æ¨�«ì−®-íª®−®¬¨ç¥áª¨å ¯à®æ¥áá®¢ ¯®á¢ïé¥−ë à¥§ã«ìâ�-
âë à�¡®â, ¯à¥¤áâ�¢«¥−−ëå ¢ [20{25].

� �®à¬�«¨§®¢�−−ë© íª®−®¬¨ç¥áª¨© ¬¥å�−¨§¬ (��Œ) [22] à�áá¬�âà¨¢�¥âáï
ª�ª àë−®ç−�ï íª®−®¬¨ç¥áª�ï á¨áâ¥¬�, â¥å−®«®£¨¨ à�¡®âë ª®â®à®© à¥�«¨§ãîâáï
¯®áà¥¤áâ¢®¬ ®−«�©−-á¥à¢¨á®¢, äã−ªæ¨®−¨àãîé¨å ¢ áà¥¤¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢.
��Œ ¯à¥¤áâ�¢«ï¥â á®¡®© (®á−®¢�−−ãî −� á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−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�−¨§¬®¬. �

Ÿ¤à®¬ ª®¬¯«¥ªá� ¤®ªã¬¥−â¨à®¢�−¨ï â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï ¨ ¨¬ã-
é¥áâ¢¥−−ëå áâ�âãá®¢ ãç�áâ−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ (í¤-ãç�áâ−¨ª®¢)
á«ã¦¨â á¨áâ¥¬� ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢. „¥−¥¦−�ï á®áâ�¢«ïîé�ï ¨¬ãé¥-
áâ¢¥−−ëå áâ�âãá®¢ ¢ëà�¦¥−� §−�ç¥−¨ï¬¨ áã¬¬ −®à¬�«¨§®¢�−−ëå ¤¥−¥£ ¢ à�§¤¥«�å
ã−¨ª�«ì−ëå ¯®«¨¢�«îâ−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© ¯®«¨¢�«îâ−ë© ¡�−ª®¢áª¨© áç¥â, à�§¬¥é¥−−ë©
¢ ¯¥àá®−�«ì−®¬ í«¥ªâà®−−®¬ ¡�−ª¥ (���¥) ä¨§¨ç¥áª®£® «¨æ� ¨«¨ ª®à¯®à�â¨¢−®¬
í«¥ªâà®−−®¬ ¡�−ª¥ (Š��¥) îà¨¤¨ç¥áª®£® «¨æ�. �à¥¤áâ�¢«ï¥â á®¡®© ã−¨ä¨æ¨-
à®¢�−−ë© í«¥ªâà®−−ë© ¤®ªã¬¥−â, á®áâ®ïé¨© ¨§ ¢�«îâ−ëå ç�áâ¥© (�ªâ¨¢¨àã¥¬ëå
¡�−ª®¬-à¥£ã«ïâ®à®¬). �®áª®«ìªã ¨á-áç¥â ¨¬¥¥â ¯®«¨¢�«îâ−ãî áâàãªâãàã, ®−
¯à¨¬¥−¨¬ ¤«ï ¤®ªã¬¥−â¨à®¢�−¨ï à¥§ã«ìâ�â®¢ ¢−ãâà¥−−¥© ¨ ¢−¥è−¥© íª®−®¬¨ç¥-
áª®© ¤¥ïâ¥«ì−®áâ¨. �

÷¥§ã«ìâ�âë, ¯®«ãç¥−−ë¥ ¢ [20{25], ¯à¨¬¥−¥−ë ¢ à�¡®â�å íª®−®¬¨áâ®¢ [26{30],
¯®á¢ïé¥−−ëå ¡î¤¦¥â¨à®¢�−¨î, æ¨äà®¢®© âà�−áä®à¬�æ¨¨ ¯à¥¤¯à¨ïâ¨ï ¨ ¤à.

4 Заключение

‚ ®¡§®à¥ ¯à¥¤áâ�¢«¥−ë ®á−®¢−ë¥ −�¯à�¢«¥−¨ï à�§¢¨â¨ï ¨ ¯à¨¬¥−¥−¨ï ¬¥â®-
¤®«®£¨¨ s-¬®¤¥«¨à®¢�−¨ï.
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�à¨¢¥¤¥−ë ¯à¨¬¥àë ¥¥ ¯à¨¬¥−¥−¨ï ¯à¨ á®§¤�−¨¨ â¥å−®«®£¨© ª®−áâàã¨à®¢�-
−¨ï ¯à®£à�¬¬, ª®®¯¥à�â¨¢−®£® à¥è¥−¨ï §�¤�ç −� ®á−®¢¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢
¨ ¤à. [1{19].

�á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® s-¬®¤¥«¨à®¢�−¨î á®æ¨�«ì−®-íª®−®¬¨ç¥áª¨å áãé-
−®áâ¥© [20{30].
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Abstract: The methodology of symbolic modeling of arbitrary objects in the
human{machine environment (s-modeling methodology) includes the theory and
an expanding set of methods for its application. S-modeling uses all kinds of
symbols (audio, visual, etc.) implementable in the human{machine environment
of s-modeling (s-environment). S-models are studied as entities having three
interrelated representations in the s-environment: symbolic, code, and signal.
The construction of s-models is carried out according to the rules corresponding to
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1 Введение

‚ á®¢à¥¬¥−−®© «¨−£¢¨áâ¨ª¥ áãé¥áâ¢ãîâ −¥áª®«ìª® ¯®¤å®¤®¢ ª �−�«¨§ã á¢ï§-
−®áâ¨ â¥ªáâ�, ª�ª ¨ á¯®á®¡®¢ ¯à¥¤áâ�¢«¥−¨ï íâ®© ¨−ä®à¬�æ¨¨ ¢ �−−®â¨à®¢�−−ëå
á íâ®© â®çª¨ §à¥−¨ï ª®à¯ãá�å (á¬., −�¯à¨¬¥à, [1{3]). �®«ìè¨−áâ¢® ¨§ −¨å
®¯¥à¨àãîâ ¯®−ïâ¨ï¬¨ ú¤¨áªãàá¨¢−�ï ¥¤¨−¨æ� (á¥£¬¥−â â¥ªáâ�)û ¨ ú®â−®è¥−¨¥
¬¥¦¤ã íâ¨¬¨ ¥¤¨−¨æ�¬¨û (à¨â®à¨ç¥áª®¥, ¤¨áªãàá¨¢−®¥, «®£¨ª®-á¥¬�−â¨ç¥áª®¥
¨ â. ¤.). �¤−� ¨§ −�¨¡®«¥¥ ¨§¢¥áâ−ëå ¤¨áªãàá¨¢−ëå ¬®¤¥«¥© | Rhetorical Struc-
ture Theory (â¥®à¨ï à¨â®à¨ç¥áª®© áâàãªâãàë, ’÷‘), ¯à¥¤«®¦¥−−�ï ¢ 1980-¥ ££.
“. Œ�−−®¬ ¨ ‘. ’®¬¯á®− [4]. ‚ −¥© ®à£�−¨§�æ¨ï â¥ªáâ� ¯à¥¤áâ�¢«¥−� ¢ ¢¨¤¥ ¤à¥-
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÷�� (£. Œ®áª¢�) ¢ à�¬ª�å è¢¥©æ�àáª®-à®áá¨©áª®£® ¯à®¥ªâ� úŒ¥â®¤®«®£¨ï �−−®â¨à®¢�−¨ï ¢ −�¤-
ª®à¯ãá−®© ¡�§¥ ¤�−−ëå ª®−−¥ªâ®à®¢û ¯® £à�−âã ˜¢¥©æ�àáª®£® £®áã¤�àáâ¢¥−−®£® á¥ªà¥â�à¨�â� ¯®
®¡à�§®¢�−¨î, ¨áá«¥¤®¢�−¨ï¬ ¨ ¨−−®¢�æ¨ï¬.
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�àå¨â¥ªâãà� ¡�§ë ¤�−−ëå ¨¥à�àå¨¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨©

¢®¢¨¤−®© ¨¥à�àå¨ç¥áª®© áâàãªâãàë, í«¥¬¥−â�à−ë¥ ¥¤¨−¨æë ª®â®à®© ®¡ê¥¤¨−¥−ë
à¨â®à¨ç¥áª¨¬¨ ®â−®è¥−¨ï¬¨, ®¡à�§ãï ¡®«¥¥ ªàã¯−ë¥ ¥¤¨−¨æë, ª®â®àë¥, ¢ á¢®î
®ç¥à¥¤ì, á¢ï§�−ë ¬¥¦¤ã á®¡®© â¥¬¨ ¦¥ ®â−®è¥−¨ï¬¨, ¨ â. ¤. �®áª®«ìªã íâ®
−�¨¡®«¥¥ ¡«¨§ª�ï ª ®¯¨á�−−®© ¢ −�áâ®ïé¥¬ ¨áá«¥¤®¢�−¨¨ ¡�§¥ ¤�−−ëå ¯® á¯®á®¡ã
¯à¥¤áâ�¢«¥−¨ï ®à£�−¨§�æ¨¨ â¥ªáâ� ¬®¤¥«ì, â® ®áâ�−®¢¨¬áï −� −¥© ¯®¤à®¡−®.

„«ï �−−®â¨à®¢�−¨ï â¥ªáâ� ¨á¯®«ì§ã¥âáï ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ RSTTool,
à�§à�¡®â�−−®¥ ¢ 1990-å ££. Œ. �'„®−¥««®¬ [5] ¨ ¢ ¤�«ì−¥©è¥¬ ãá®¢¥àè¥−áâ¢®-
¢�−−®¥ [6]. ’à¥âìï ¢¥àá¨ï ¯à®£à�¬¬ë ¡ë«� à�§à�¡®â�−� „. Œ�àªã1 ¨ ¯®§¢®«ï¥â,
¢ ç�áâ−®áâ¨, �−−®â¨à®¢�âì ¬�àª¥àë (signals) ®â−®è¥−¨© [7]. ‹¨−£¢¨áâ ¨¬¥¥â
¢®§¬®¦−®áâì §�£àã§¨âì ¢ ¯à®£à�¬¬ã â¥ªáâ, ª®â®àë© §�â¥¬ à�áç«¥−ï¥âáï −� ¬¨−¨-
¬�«ì−ë¥ ¤¨áªãàá¨¢−ë¥ ¥¤¨−¨æë (Œ„…), ¯à¥¤áâ�¢«ïîé¨¥ á®¡®© ¢ ¡®«ìè¨−áâ¢¥
á«ãç�¥¢ ª«�ã§ë. �� á«¥¤ãîé¥¬ íâ�¯¥ ¯®«ãç¥−−ë¥ Œ„… �−�«¨§¨àãîâáï á â®çª¨
§à¥−¨ï áãé¥áâ¢ãîé¨å ¬¥¦¤ã −¨¬¨ à¨â®à¨ç¥áª¨å ®â−®è¥−¨©, §�¤�−−ëå §�ªàë-
âë¬ á¯¨áª®¬ (30 ®â−®è¥−¨©). ‚ à¥§ã«ìâ�â¥ ¤«ï ¢á¥£® â¥ªáâ�, ®¡ëç−® −¥¡®«ìè®£®
¯® ®¡ê¥¬ã, á®§¤�¥âáï ¥¤¨−�ï ¤à¥¢®¢¨¤−�ï áâàãªâãà�, ®âà�¦�îé�ï á¢ï§¨ ¬¥¦¤ã
¢å®¤ïé¨¬¨ ¢ ¥£® á®áâ�¢ Œ„…. �à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¯®§¢®«ï¥â ¯®«ãç¨âì ¤«ï
¤�−−®£® ª®−ªà¥â−®£® â¥ªáâ� í«¥¬¥−â�à−ãî áâ�â¨áâ¨ªã ¯® ç¨á«ã ¢áâà¥ç�îé¨åáï
¢ −¥¬ à¨â®à¨ç¥áª¨å ®â−®è¥−¨©.

�à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ RSTTool ¨¬¥¥â àï¤ −¥¤®áâ�âª®¢, ª®â®àë¥ ®â¬¥-
ç�îâáï ª�ª á�¬¨¬¨ à�§à�¡®âç¨ª�¬¨, â�ª ¨ «¨−£¢¨áâ�¬¨. �à¥¦¤¥ ¢á¥£® à¥çì
¨¤¥â â®«ìª® ® ¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥−¨¨ �−−®â¨à®¢�−¨ï, −¥ ¯à¥¤ãá¬�âà¨¢�îé¥¬
¯®á«¥¤ãîé¥£® åà�−¥−¨ï ¨−ä®à¬�æ¨¨. ‚®-¢â®àëå, ¯à¨ ¤¥«¥−¨¨ â¥ªáâ� −� Œ„…
¢®§−¨ª�¥â ¯à®¡«¥¬� á® ¢áâ�¢−ë¬¨ í«¥¬¥−â�¬¨, â. ¥., ¯® ®¯à¥¤¥«¥−¨î, á«ãç�ï¬¨,
ª®£¤� à¨â®à¨ç¥áª¨ §�¢¨á¨¬ë© äà�£¬¥−â â¥ªáâ� −�å®¤¨âáï ¢−ãâà¨ ¤àã£®£® ã§«�

÷¨á. 1 ‘å¥¬ë ®â−®è¥−¨© ¢ â¥®à¨¨ à¨â®à¨ç¥áª®© áâàãªâãàë [4, p. 247]

1�â� ¢¥àá¨ï ¯à®£à�¬¬ë ¤®áâã¯−� ¯® �¤à¥áã: https://www.isi.edu/∼marcu.
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�. �. „ãà−®¢®, �. ā. ˆ−ìª®¢�, �. �. �®¯ª®¢�

(áà. −�å®¤ïé¨©áï ¬¥¦¤ã â¨à¥ äà�£¬¥−â â¥ªáâ� ¢ ¯à¥¤«®¦¥−¨¨ John, | I think
you know him | is here for two weeks). ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¯à®£à�¬¬� −¥ ¬®¦¥â
®¡à�¡�âë¢�âì â�ª¨¥ á«ãç�¨. ‚-âà¥âì¨å, −�¡®à à¨â®à¨ç¥áª¨å ®â−®è¥−¨© ¬¥¦¤ã
Œ„… −¥ ¬®¦¥â ¬¥−ïâìáï, � ¯®áâà®¥−−�ï ¨¥à�àå¨ç¥áª�ï áâàãªâãà� −� ¢á¥å ¥¥
ãà®¢−ïå ¤®«¦−� ®â¢¥ç�âì ®¤−®© ¨§ ¯ïâ¨ ¢®§¬®¦−ëå áå¥¬ (à¨á. 1).

�®«¥¥ â®£®, á�¬� á¢ï§−®áâì â¥ªáâ� ®æ¥−¨¢�¥âáï ¯® áâ¥¯¥−¨ á®®â¢¥âáâ¢¨ï ®¤−®©
¨§ íâ¨å áå¥¬ [8, p. 428]. ‘ «¨−£¢¨áâ¨ç¥áª®© â®çª¨ §à¥−¨ï íâ®, ¡¥§ãá«®¢−®,
ã¯à®é¥−−ë© ¢§£«ï¤ −� á¢ï§−®áâì â¥ªáâ� (á¬. �à£ã¬¥−â�æ¨î ¢ [9{11]).

2 Надкорпусная база данных иерархии логико-семантических
отношений

��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå ¨¥à�àå¨¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© ¯à¥¤-
−�§−�ç¥−� ¤«ï åà�−¥−¨ï �−−®â�æ¨©, á®§¤�¢�¥¬ëå á¯¥æ¨�«¨áâ�¬¨-«¨−£¢¨áâ�¬¨ −�
®á−®¢�−¨¨ �−�«¨§� «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© ¢ â¥ªáâ�å. �â¨ �−−®â�æ¨¨
¨¬¥îâ ä®à¬ã ¤¥à¥¢ì¥¢ (à¨á. 2), â. ¥. ®à¨¥−â¨à®¢�−−ëå á¢ï§−ëå �æ¨ª«¨ç¥áª¨å
£à�ä®¢, £¤¥ ã§«ë (¢¥àè¨−ë) á®¤¥à¦�â ¤�−−ë¥, � à¥¡à� ®â®¡à�¦�îâ ®â−®è¥−¨¥
¯®¤ç¨−¥−−®áâ¨ ¬¥¦¤ã ã§«�¬¨.

��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå ¨¥à�àå¨¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© ¯®-
¬¨¬® á®¡áâ¢¥−−ëå ¤�−−ëå ¨á¯®«ì§ã¥â ¤�−−ë¥, á®¤¥à¦�é¨¥áï ¢ ¡�§¥ ¤�−−ëå
â¥ªáâ®¢ (�„’1), � â�ª¦¥ ¤�−−ë¥ ¨§ −�¤ª®à¯ãá−®© ¡�§ë ¤�−−ëå ª®−−¥ªâ®à®¢
(��„Š2).

�á−®¢−®© ¥¤¨−¨æ¥© åà�−¥−¨ï â¥ªáâ®¢ ¢ �„’ á«ã¦¨â âà�−á«ïæ¨ï. ’à�−á«ïæ¨ï
¯à¥¤áâ�¢«ï¥â á®¡®© ã¯®àï¤®ç¥−−ãî ¯®á«¥¤®¢�â¥«ì−®áâì ¯�à, £¤¥ ¯¥à¢ë¬ í«¥¬¥−-
â®¬ ï¢«ï¥âáï äà�£¬¥−â (®¤−® ¨«¨ −¥áª®«ìª® ¯à¥¤«®¦¥−¨©) â¥ªáâ� ®à¨£¨−�«�,
� ¢â®àë¬ | á®®â¢¥âáâ¢ãîé¨© ¥¬ã äà�£¬¥−â â¥ªáâ� ¯¥à¥¢®¤�:

〈〈o0, t0〉, 〈o1, t1〉, 〈o2, t2〉, · · · , 〈on−1, tn−1〉〉 .

÷¨á. 2 „¥à¥¢® ª®−â¥ªáâ®¢

1��§� ¤�−−ëå â¥ªáâ®¢ á®¤¥à¦¨â â¥ªáâë ¯�à�««¥«ì−ëå äà�−æã§áª®£® ¨ ¨â�«ìï−áª®£® ¯®¤ª®à-
¯ãá®¢ ��æ¨®−�«ì−®£® ª®à¯ãá� àãááª®£® ï§ëª� (www.ruscorpora.ru) ®¡é¨¬ ®¡ê¥¬®¬ ®ª®«® 11 ¬«−
á«®¢®ã¯®âà¥¡«¥−¨©.

2�¡ ãáâà®©áâ¢¥ ¡�§ë ¤�−−ëå ª®−−¥ªâ®à®¢ ¨ ¥¥ äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâïå á¬. [12],
® ¯®−ïâ¨¨ ú−�¤ª®à¯ãá−�ï ¡�§� ¤�−−ëåû á¬. [13, 14].
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�à¨¬¥à ¯�àë äà�£¬¥−â®¢ â¥ªáâ� ¨§ �„’

�à¨£¨−�«ì−ë© â¥ªáâ �¥à¥¢®¤
�¥ â® çâ®¡ë ¬¥−ï ¢ë¡à®á¨«¨ ¨§ à¥áâ®à�-
−�. Ÿ ¢ë¯®«§ á�¬, ®ªãâ�−−ë© ¤à�¯¨à®-
¢®ç−®© âª�−ìî.
‘¥à£¥© „®¢«�â®¢. ‡�¯®¢¥¤−¨ª (1983)

Je n'irais pas jusqu'à dire qu'on m'a jet‚e
à la porte du restaurant. J'ai ramp‚e dehors,
drap‚e dans le store.
Tr. Christine Zeytounian-Belo�us (2004)

‡¤¥áì n | ç¨á«® ¯�à äà�£¬¥−â®¢ ¢ âà�−á«ïæ¨¨; o0, o1, . . . , on−1 | ¯¥à¢ë©,
¢â®à®©, . . . , ¯®á«¥¤−¨© äà�£¬¥−âë â¥ªáâ� ®à¨£¨−�«�; t0, t1, . . . , tn−1 | ¯¥à-
¢ë©, ¢â®à®©, . . . , ¯®á«¥¤−¨© äà�£¬¥−âë â¥ªáâ� ¯¥à¥¢®¤�. �®á«¥¤®¢�â¥«ì−®áâì
〈o0, o1, o2, . . . , on−1〉 á®®â¢¥âáâ¢ã¥â ¯®«−®¬ã â¥ªáâã ®à¨£¨−�«�, � ¯®á«¥¤®¢�â¥«ì-
−®áâì 〈t0, t1, t2, . . . , tn−1〉 | ¯®«−®¬ã â¥ªáâã ¯¥à¥¢®¤�. ��àë ¢¨¤� 〈oi, ti〉 ¡ã¤¥¬
−�§ë¢�âì ¯�à�¬¨ äà�£¬¥−â®¢ ¨«¨ ¯à®áâ® ¯�à�¬¨ (á¬. ¯à¨¬¥à ¯�àë ¨§ äà�−æã§-
áª®£® ¯®¤ª®à¯ãá� ¢ â�¡«¨æ¥).

”à�£¬¥−âë â¥ªáâ�, á®áâ�¢«ïîé¨¥ ¯�àë, åà�−ïâáï ¢ �„’ −¥ â®«ìª® ¢ ¢¨¤¥
â¥ªáâ�, −® ¨ ¢ ¢¨¤¥ ã¯®àï¤®ç¥−−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢á¥å á«®¢®ã¯®âà¥¡«¥−¨©
â¥ªáâ�, â. ¥. á«®¢®ä®à¬ á ¯®àï¤ª®¢ë¬¨ −®¬¥à�¬¨ ®â−®á¨â¥«ì−® ¢á¥£® â¥ªáâ�. ‘®-
¤¥à¦�é¥¥áï ¢ ��„ˆ ‹‘� ¤¥à¥¢® ª®−â¥ªáâ®¢ ¬®¦¥â ¡ëâì ¯®áâà®¥−® −� ®¤−®¬
¨«¨ −¥áª®«ìª¨å á¬¥¦−ëå äà�£¬¥−â�å â¥ªáâ� ®à¨£¨−�«� ¨«¨ â¥ªáâ� ¯¥à¥¢®¤�. „¥-
à¥¢® ¨¬¥¥â á«¥¤ãîé¨¥ á¢®©áâ¢�: ¨¤¥−â¨ä¨ª�â®à âà�−á«ïæ¨¨ ¢ �„’; ¤¨�¯�§®−
(¯®àï¤ª®¢ë© −®¬¥à −�ç�«ì−®© ¯�àë ¨ ¯®àï¤ª®¢ë© −®¬¥à ª®−¥ç−®© ¯�àë); ¨áâ®ç-
−¨ª (0 | ®à¨£¨−�«; 1 | ¯¥à¥¢®¤); ï§ëª â¥ªáâ� (¨¤¥−â¨ä¨ª�â®à ï§ëª� ¢ �„’);
ª®à−¥¢®© ã§¥« ¤¥à¥¢�.

Š�¦¤ë© ã§¥« ¤¥à¥¢� á®®â¢¥âáâ¢ã¥â «¨¡® ª®−â¥ªáâã (’-ã§¥«), «¨¡® ª®−−¥ªâ®-
àã [15], â. ¥. ¯®ª�§�â¥«î «®£¨ª®-á¥¬�−â¨ç¥áª®£® ®â−®è¥−¨ï ¬¥¦¤ã á¢ï§ë¢�¥¬ë¬¨
¨¬ ª®−â¥ªáâ�¬¨ (‘-ã§¥«). Š®à−¥¢ë¬ ã§«®¬ ¤¥à¥¢� ¢á¥£¤� ï¢«ï¥âáï T-ã§¥«. ’-ã§¥«
¬®¦¥â ¨¬¥âì −¥¯®áà¥¤áâ¢¥−−® ¯®¤ç¨−¥−−ë© ¥¬ã C-ã§¥«, � C-ã§¥« ¢á¥£¤� ¨¬¥¥â −¥
¬¥−¥¥ ¤¢ãå ¯®¤ç¨−¥−−ëå ¥¬ã T-ã§«®¢. ƒ«ã¡¨−� ¤¥à¥¢� −¥ ®£à�−¨ç¨¢�¥âáï.

T-ã§¥« ¨¬¥¥â á«¥¤ãîé¨¥ á¢®©áâ¢�:

à®¤¨â¥«ìáª¨© ‘-ã§¥« (ª®à−¥¢®© ã§¥« ¤¥à¥¢� à®¤¨â¥«ìáª®£® ‘-ã§«� −¥ ¨¬¥¥â);

¤¨�¯�§®− (¯®àï¤ª®¢ë© −®¬¥à ¯¥à¢®£® á«®¢®ã¯®âà¥¡«¥−¨ï, ¯®àï¤ª®¢ë© −®¬¥à
¯®á«¥¤−¥£® á«®¢®ã¯®âà¥¡«¥−¨ï) | −¥ ¬®¦¥â ¢ëå®¤¨âì §� ¯à¥¤¥«ë ¤¨�¯�§®-
−� ¤¥à¥¢�, −¥ ¬®¦¥â â�ª¦¥ ¢ëå®¤¨âì §� ¯à¥¤¥«ë ¤¨�¯�§®−� ¢ëè¥áâ®ïé¥£®
ª®−â¥ªáâ� (¥á«¨ â�ª®¢®© ¨¬¥¥âáï);

−�¡®à á«®¢®ä®à¬, ¢å®¤ïé¨å ¢® ¢áâà�¨¢�îé¨¥ ¨ ¢áâà®¥−−ë¥ ª®−−¥ªâ®àë1;

1‚áâà�¨¢�îé¨¬ −�§ë¢�¥âáï ª®−−¥ªâ®à, ¢ áä¥à¥ ¤¥©áâ¢¨ï ª®â®à®£® −�å®¤¨âáï ¥é¥ ®¤¨− ª®−-
−¥ªâ®à, −�§ë¢�¥¬ë© ¢áâà®¥−−ë¬. ‘à.: Œ¥¦¤ã −�¬¨ ã¦¥ ¡ë«® −¥ â�ª, ª�ª à�−ìè¥, â® ¥áâì ¬ë
¤àã¦¨«¨, −® ¢á¥ ¡®«ìè¥ ï −� −¥¥ ¯®ªà¨ª¨¢�«� (‘. �. �«¥ªá¨¥¢¨ç). ‚ áä¥à¥ ¤¥©áâ¢¨ï ª®−−¥ªâ®à�
â® ¥áâì (¢ ¥£® ¯à�¢®¬ ª®−â¥ªáâ¥, ¢ª«îç�îé¥¬ äà�£¬¥−â ú¬ë ¤àã¦¨«¨, −® ¢á¥ ¡®«ìè¥ ï −� −¥¥
¯®ªà¨ª¨¢�«�û) −�å®¤¨âáï ª®−−¥ªâ®à −®. ’® ¥áâì ï¢«ï¥âáï §¤¥áì ¢áâà�¨¢�îé¨¬ ª®−−¥ªâ®à®¬, −® |
¢áâà®¥−−ë¬.
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â¥ªáâ, ª®â®àë© ¬®¦¥â ¡ëâì á¯«®è−ë¬, � ¬®¦¥â ¢ª«îç�âì ®âà¥§ª¨, −¥ ¢å®¤ïé¨¥
¢ áä¥àã ¤¥©áâ¢¨ï ª®−−¥ªâ®à� (¢ íâ®¬ á«ãç�¥ ú¯à®¯ãáª¨û ¢ â¥ªáâ¥ ®¡®§−�ç�îâáï
á®ç¥â�−¨¥¬ á¨¬¢®«®¢ [. . .]) | −¨ ®¤¨− ¨§ ®âà¥§ª®¢ −¥ ¤®«¦¥− ¢ëå®¤¨âì §�
¯à¥¤¥«ë ¤¨�¯�§®−� ª®−â¥ªáâ�, ®âà¥§ª¨ −¥ ¬®£ãâ ¨¬¥âì ®¡é¨å ç�áâ¥©;

−�«¨ç¨¥ â¥ªáâ� | â¥ªáâ ¬®¦¥â ¡ëâì ¯®¬¥ç¥− ª�ª ¯ãáâ®© (¢ â�ª®¬ á«ãç�¥ ®−
á®¤¥à¦¨â â®«ìª® ª®−−¥ªâ®à);

¯®àï¤ª®¢ë© −®¬¥à ®â−®á¨â¥«ì−® à®¤¨â¥«ìáª®£® ‘-ã§«� | ¤«ï ¢á¥å ª®−â¥ªáâ-
−ëå ã§«®¢, ªà®¬¥ ª®à−¥¢®£®;

−�¡®à ®âà¥§ª®¢ â¥ªáâ� | â®«ìª® ¤«ï ª®−â¥ªáâ®¢, á®áâ®ïé¨å ¨§ −¥ á¢ï§−ëå
−¥¯®áà¥¤áâ¢¥−−® ç�áâ¥©.

‘-ã§¥« ¨¬¥¥â á«¥¤ãîé¨¥ á¢®©áâ¢�:

à®¤¨â¥«ìáª¨© ’-ã§¥«;

¨¤¥−â¨ä¨ª�â®à â¨¯� ª®−−¥ªâ®à� ¢ ��„Š;

−�¡®à ¨¤¥−â¨ä¨ª�â®à®¢ á¢®©áâ¢ ª®−−¥ªâ®à� ¨§ ª«�áâ¥à� ú�â−®è¥−¨ïû
¢ ��„Š;

−�¡®à ’-ã§«®¢ | ª®−â¥ªáâ®¢, ¢¢®¤¨¬ëå ¤�−−ë¬ ª®−−¥ªâ®à®¬ (−¥ ¬¥−¥¥ ¤¢ãå).

��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå ¨¥à�àå¨¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© á¯à®-
¥ªâ¨à®¢�−� â�ª, çâ® ®−� ¯®§¢®«ï¥â åà�−¨âì −¥ â®«ìª® â¥ªãé¥¥ á®áâ®ï−¨¥ ª�¦¤®£®
¤¥à¥¢�, −® ¨ ¯®«−ãî ¨−ä®à¬�æ¨î ® á®áâ®ï−¨¨ ª�¦¤®£® ¤¥à¥¢� (¢ª«îç�ï ã¤�-
«¥−−ë¥ ¨§ ¡�§ë) ¢ «î¡®© ¬®¬¥−â ¢à¥¬¥−¨. �à¨ íâ®¬ ¤«ï ª�¦¤®£® á®áâ®ï−¨ï,
ª�ª �ªâã�«ì−®£®, â�ª ¨ ú¨áâ®à¨ç¥áª®£®û, åà�−¨âáï ¨−ä®à¬�æ¨ï ® ¯®«ì§®¢�â¥«¥,
á®§¤�¢è¥¬ ¤�−−®¥ á®áâ®ï−¨¥. �� à¨á. 2 ¯à¨¢¥¤¥− ¯à¨¬¥à ¤¥à¥¢� ¤«ï àãááª®£®
äà�£¬¥−â� â¥ªáâ� ¨§ â�¡«¨æë.

3 Таблицы надкорпусной базы данных иерархии
логико-семантических отношений

��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå ¨¥à�àå¨¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© ¨¬¥¥â
8 â�¡«¨æ (à¨á. 3). ’�¡«¨æ� Structure á®®â¢¥âáâ¢ã¥â ¤¥à¥¢ìï¬. �−� á®¤¥à¦¨â
¨¤¥−â¨ä¨ª�â®à âà�−á«ïæ¨¨ ¨§ �„’, ¤¨�¯�§®− ¤¥à¥¢�, � â�ª¦¥ ¨−ä®à¬�æ¨î ®¡
¨áâ®ç−¨ª¥ (®à¨£¨−�« íâ® ¨«¨ ¯¥à¥¢®¤). ’�¡«¨æ� Context á®®â¢¥âáâ¢ã¥â T-ã§«�¬
¤¥à¥¢ì¥¢. �−� á®¤¥à¦¨â ¨¤¥−â¨ä¨ª�â®à ¤¥à¥¢�, ¨¤¥−â¨ä¨ª�â®à à®¤¨â¥«ìáª®£®
‘-ã§«� (¥á«¨ ®− ¥áâì) ¨ ¯®àï¤ª®¢ë© −®¬¥à áà¥¤¨ ¯®¤ç¨−¥−−ëå íâ®¬ã C-ã§«ã
’-ã§«®¢, ¯®àï¤ª®¢ë¥ −®¬¥à� ¯¥à¢®£® ¨ ¯®á«¥¤−¥£® á«®¢®ã¯®âà¥¡«¥−¨ï ®â−®á¨-
â¥«ì−® ¢á¥£® â¥ªáâ�, â¥ªáâ T-ã§«�, � â�ª¦¥ ¯à¨§−�ª, ï¢«ï¥âáï «¨ ’-ã§¥« ¯ãáâë¬.
’�¡«¨æ� Link á®®â¢¥âáâ¢ã¥â ‘-ã§«�¬ ¤¥à¥¢�. �−� á®¤¥à¦¨â ¨¤¥−â¨ä¨ª�â®à
¤¥à¥¢�, ¨¤¥−â¨ä¨ª�â®à à®¤¨â¥«ìáª®£® ’-ã§«�, � â�ª¦¥ ¨¤¥−â¨ä¨ª�â®à â¨¯� ª®−-
−¥ªâ®à� ¨§ ��„Š. ’�¡«¨æ� Mark ®â®¡à�¦�¥â ¯®§¨æ¨¨ ª®−−¥ªâ®à®¢ ¢ â¥ªáâ�å
’-ã§«®¢. ‚ −¥© á®¤¥à¦�âáï ¨¤¥−â¨ä¨ª�â®à ’-ã§«�, ¯®àï¤ª®¢ë© −®¬¥à á«®-
¢®ã¯®âà¥¡«¥−¨ï ®â−®á¨â¥«ì−® â¥ªáâ� ’-ã§«�, � â�ª¦¥ ¨−ä®à¬�æ¨ï ® äã−ªæ¨¨

118 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 1 2022



�àå¨â¥ªâãà� ¡�§ë ¤�−−ëå ¨¥à�àå¨¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨©

÷¨á. 3 ’�¡«¨æë ��„ˆ ‹‘� ¨ ®â−®è¥−¨ï ¬¥¦¤ã −¨¬¨

ª®−−¥ªâ®à� (¢áâà�¨¢�îé¨© ¨«¨ ¢áâà®¥−−ë©). ’�¡«¨æ� Portion á®®â¢¥âáâ¢ã¥â
®âà¥§ª�¬ â¥ªáâ� â¥å ’-ã§«®¢, â¥ªáâ ª®â®àëå à�§¤¥«¥− ¢áâ�¢®ç−ë¬ äà�£¬¥−â®¬
(à¨á. 4). �−� á®¤¥à¦¨â ¨¤¥−â¨ä¨ª�â®à ’-ã§«�, ¯®àï¤ª®¢ë¥ −®¬¥à� ¯¥à¢®£® ¨ ¯®-
á«¥¤−¥£® á«®¢®ã¯®âà¥¡«¥−¨ï ®â−®á¨â¥«ì−® ¢á¥£® â¥ªáâ�, � â�ª¦¥ â¥ªáâ ®âà¥§ª�.
’�¡«¨æ� Link LGFProp ®â®¡à�¦�¥â á¢®©áâ¢� ª®−−¥ªâ®à�, á®®â¢¥âáâ¢ãîé¥£® −¥-
ª®â®à®¬ã ‘-ã§«ã. �−� á®¤¥à¦¨â ¨¤¥−â¨ä¨ª�â®à ‘-ã§«�, � â�ª¦¥ ¨¤¥−â¨ä¨ª�â®à
á¢®©áâ¢� ¨§ ª«�áâ¥à� ú�â−®è¥−¨ïû ¢ ��„Š. ‚ â�¡«¨æ¥ Removed á®¤¥à¦¨âáï
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÷¨á. 4 Š®−â¥ªáâ á ¯à®¯ãáª®¬ ¢ ä®à¬�â¥ XML (�) ¨ ¢ ¢¨¤¥, ¤®áâã¯−®¬ ¯®«ì§®¢�â¥«î (¡)

¨−ä®à¬�æ¨ï ® ¤¥à¥¢ìïå, ã¤�«¥−−ëå ¨§ ��„ˆ ‹‘�. �−� á®¤¥à¦¨â ¢ë¢¥¤¥−-
−ë© ¨§ ã¯®âà¥¡«¥−¨ï ¨¤¥−â¨ä¨ª�â®à ã¤�«¥−−®£® ¤¥à¥¢�, ¤�âã ¨ ¢à¥¬ï ã¤�«¥−¨ï,
¨¤¥−â¨ä¨ª�â®à ¯®«ì§®¢�â¥«ï ¨§ ��„Š, ã¤�«¨¢è¥£® ¤¥à¥¢®. …á«¨ ¤¥à¥¢® ¡ë«®
¢®ááâ�−®¢«¥−®, åà�−ïâáï â�ª¦¥ −®¢ë© ¨¤¥−â¨ä¨ª�â®à ¢®ááâ�−®¢«¥−−®£® ¤¥à¥¢�,
¤�â� ¨ ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï ¨ ¨¤¥−â¨ä¨ª�â®à ¢®ááâ�−®¢¨¢è¥£® ¤¥à¥¢® ¯®«ì§®-
¢�â¥«ï ¨§ ��„Š. ��ª®−¥æ, â�¡«¨æ� History á®¤¥à¦¨â ¨−ä®à¬�æ¨î ®¡® ¢á¥å
á®áâ®ï−¨ïå ¢á¥å ¤¥à¥¢ì¥¢. ‘âà®ª� íâ®© â�¡«¨æë á®¤¥à¦¨â ¨¤¥−â¨ä¨ª�â®à (¤«ï
ã¤�«¥−−ëå ¤¥à¥¢ì¥¢ | ¡ë¢è¨© ¨¤¥−â¨ä¨ª�â®à) ¤¥à¥¢�, ¯®àï¤ª®¢ë© −®¬¥à (åà®-
−®«®£¨ç¥áª¨) ¤�−−®£® á®áâ®ï−¨ï ¤¥à¥¢�, ¤�âã ¨ ¢à¥¬ï ¢®§−¨ª−®¢¥−¨ï ¤�−−®£®
á®áâ®ï−¨ï, ¤�âã ¨ ¢à¥¬ï ¯à¥ªà�é¥−¨ï ¤�−−®£® á®áâ®ï−¨ï (¥á«¨ íâ® −¥ â¥ªãé¥¥
á®áâ®ï−¨¥ ¤¥à¥¢�), ¨¤¥−â¨ä¨ª�â®à á®§¤�¢è¥£® ¤�−−®¥ á®áâ®ï−¨¥ ¯®«ì§®¢�â¥«ï
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÷¨á. 5 �à¨¬¥à ®â®¡à�¦¥−¨ï á®áâ®ï−¨ï ¤¥à¥¢� ¢ â�¡«¨æ¥ History

¨§ ��„Š, � â�ª¦¥ á®áâ®ï−¨¥ ¤¥à¥¢� (åà�−¨âáï ¢ ¯®«¥ â¨¯� NVARCHAR, £¤¥
á®¤¥à¦¨âáï â¥ªáâ ¢ ä®à¬�â¥ XML á ¯®«−®© ¨−ä®à¬�æ¨¥© ®¡® ¢á¥å ã§«�å ¤¥à¥¢�
¢ á®®â¢¥âáâ¢ãîé¨© ¯¥à¨®¤ ¢à¥¬¥−¨) (à¨á. 5).

�¥®¡å®¤¨¬® §�¬¥â¨âì, çâ® â¥å−¨ç¥áª¨ â�¡«¨æ� History −¥ á¢ï§�−� ¢−¥è−¨¬
ª«îç®¬ á â�¡«¨æ¥© Structure, ¯®áª®«ìªã ¥¥ ¯®«¥ StructureId ¬®¦¥â á®¤¥à¦�âì −¥
â®«ìª® ¨¤¥−â¨ä¨ª�â®à áãé¥áâ¢ãîé¥© áâà®ª¨ â�¡«¨æë Structure, −® â�ª¦¥ ¨ ¨¤¥−-
â¨ä¨ª�â®à à�−¥¥ ã¤�«¥−−®© ¨§ íâ®© â�¡«¨æë áâà®ª¨. ��«¨ç¨¥ ¢ â�¡«¨æ¥ Context
¢−¥è−¥£® ª«îç� ª â�¡«¨æ¥ Link (¯®«¥ ParentLinkId) ®¤−®¢à¥¬¥−−® á −�«¨ç¨-
¥¬ ¢ â�¡«¨æ¥ Link ¢−¥è−¥£® ª«îç� ª â�¡«¨æ¥ Context (¯®«¥ ParentContextId)
®¡ãá«®¢«¥−® áâàãªâãà®© ¤¥à¥¢�, £¤¥ T-ã§¥« (ªà®¬¥ ª®à−¥¢®£®) −¥¯®áà¥¤áâ¢¥−−®
¯®¤ç¨−¥− ‘-ã§«ã, � C-ã§¥«, −�®¡®à®â, T-ã§«ã. Šà®¬¥ â®£®, ¢ ¯à¨¢¥¤¥−−®©
áå¥¬¥ −¥ ®âà�¦¥−ë á¢ï§¨ â�¡«¨æ á �„’ (¯®«ï TranslationId ¨ LangId ¢ â�¡«¨æ¥
Structure) ¨ ��„Š (¯®«¥ LGFTypeId ¢ â�¡«¨æ¥ Link; ¯®«¥ LGFPropId ¢ â�¡-
«¨æ¥ Link LGFProp; ¯®«ï RemovedUserId, RemovedVerifyId, RevivedUserId
¨ RevivedVerifyId ¢ â�¡«¨æ¥ Removed; ¯®«ï UserId ¨ VerifyId ¢ â�¡«¨æ¥
History).

�� à¨á. 5 �âà¨¡ãâë í«¥¬¥−â� structure á®®â¢¥âáâ¢ãîâ ¯®«ï¬ â�¡«¨æë Struc-
ture, �âà¨¡ãâë í«¥¬¥−â� context | â�¡«¨æë Context, � �âà¨¡ãâë í«¥¬¥−â�
link | â�¡«¨æë Link. Šà®¬¥ â®£®, �âà¨¡ãâë í«¥¬¥−â®¢ mark, ¯®¤ç¨−¥−−ë¥
í«¥¬¥−â�¬ context, á®®â¢¥âáâ¢ãîâ ¯®«ï¬ â�¡«¨æë Mark, � �âà¨¡ãâë í«¥¬¥−â®¢
prop, ¯®¤ç¨−¥−−ë¥ í«¥¬¥−â�¬ link { ¯®«ï¬ â�¡«¨æë Link LGFProp. ��ª®−¥æ,
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â¥ªáâ®¢ë¥ ã§«ë í«¥¬¥−â®¢ text, ¯®¤ç¨−¥−−ëå í«¥¬¥−â�¬ context, á®¤¥à¦�â â¥ªáâë
¨§ â�¡«¨æë Context.

�� à¨á. 4, � ¯à¨¢¥¤¥− ¯à¨¬¥à ¤¥à¥¢� ¢ ä®à¬�â¥ XML, á®¤¥à¦�é¥£® ª®−â¥ªáâ
á ¯à®¯ãáª®¬. �â® ®¡áâ®ïâ¥«ìáâ¢® ®â®¡à�¦�¥âáï −�«¨ç¨¥¬ í«¥¬¥−â®¢ portion,
−¥¯®áà¥¤áâ¢¥−−® ¯®¤ç¨−¥−−ëå á®®â¢¥âáâ¢ãîé¥¬ã í«¥¬¥−âã context. �âà¨¡ãâë
íâ¨å í«¥¬¥−â®¢ á®®â¢¥âáâ¢ãîâ ¯®«ï¬ â�¡«¨æë Portion. �� à¨á. 4, ¡ ¯à¨¢®¤¨âáï
¯à¨¬¥à íâ®£® ¤¥à¥¢� ¢ â®¬ ¢¨¤¥, ¢ ª®â®à®¬ ®−® ¤®áâã¯−® ¯®«ì§®¢�â¥«î. Œ¥áâ®
¢áâ�¢−®£® í«¥¬¥−â� ¢ ª®−â¥ªáâ¥ á ¯à®¯ãáª®¬ ®¡®§−�ç¥−® ª¢�¤à�â−ë¬¨ áª®¡ª�¬¨
á ¬−®£®â®ç¨¥¬.

4 Заключение

�¯¨á�−−ë© ¢ −�áâ®ïé¥¬ ¨áá«¥¤®¢�−¨¨ −®¢ë© «¨−£¢¨áâ¨ç¥áª¨© à¥áãàá ¨¬¥-
¥â ï¢−ë¥ ¯à¥¨¬ãé¥áâ¢� ¯¥à¥¤ áãé¥áâ¢ãîé¨¬¨. ‚ á�¬®¬ ®¡é¥¬ ¢¨¤¥ ¯à¥¤®-
áâ�¢«ï¥¬ë¥ «¨−£¢¨áâ�¬ −®¢ë¥ ¢®§¬®¦−®áâ¨ ¬®¦−® áä®à¬ã«¨à®¢�âì á«¥¤ãîé¨¬
®¡à�§®¬:

{ åà�−¨âì ¯®«ãç¥−−ãî ¨−ä®à¬�æ¨î, ¯à¨ç¥¬ ª�ª ¤«ï àãááª®£® ï§ëª� (ï§ë-
ª� ®à¨£¨−�«ì−®£® â¥ªáâ�), â�ª ¨ ¤«ï ï§ëª®¢ ¯¥à¥¢®¤� ¢ ¢¨¤¥ ¤¢ãï§ëç−®©
�−−®â�æ¨¨;

{ ¨§¬¥−ïâì �−−®â¨àã¥¬ë¥ ª®−â¥ªáâë (¢ ç�áâ−®áâ¨, á®§¤�¢�âì ª®−â¥ªáâë á ¯à®-
¯ãé¥−−ë¬¨ äà�£¬¥−â�¬¨), � â�ª¦¥ à�¡®â�âì ¢ ¯ãáâë¬¨ ª®−â¥ªáâ�¬¨;

{ ¤®¡�¢«ïâì ¯à¨ −¥®¡å®¤¨¬®áâ¨ ®âáãâáâ¢ãîé¨¥ ¢ «¥¦�é¥© ¢ ®á−®¢¥ �−−®â¨à®-
¢�−¨ï ª«�áá¨ä¨ª�æ¨¨ ®â−®è¥−¨ï;

{ ®âà�¦�âì ¯à¥¤ë¤ãé¨¥ á®áâ®ï−¨ï ¤¥à¥¢� ®â−®è¥−¨©.
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DATABASE OF HIERARCHIES OF LOGICAL-SEMANTIC
RELATIONS: ARCHITECTURE

A. A. Durnovo1, O. Yu. Inkova1,2, and N. A. Popkova1

1Federal Research Center \Computer Science and Control" of the Russian Academy
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Abstract: The paper presents the architecture of a new linguistic resource: the
Supracorpora database reflecting hierarchies of logical-semantic relations that
ensure the text coherence. Annotations in the database are in the form of trees
or, rather, arborescences, where vertices contain data while edges represent the
subordination between vertices. Each tree vertex corresponds to either a context
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or a connector; the connectors in the text are marked. The authors describe the
relationships between the database tables and trees as well as their properties.
The paper also demonstrates the differences between this new resource and the
existing ones, in particular, the graphs of rhetorical relations created within the
framework of the rhetorical structure theory: the ability to store data, to modify
the annotated contexts, to work with empty contexts, and to reflect previous
states of all the trees.

Keywords: supracorpora database; corpus of texts' annotation; graph; discourse
relations; connector

DOI: 10.14357/08696527220111

Acknowledgments

The research was carried out using the infrastructure of the Shared Research Facilities
\High Performance Computing and Big Data" (CKP \Informatics") of FRC CSC
RAS (Moscow) and supported by the Switzerland{Russia Research Preparation
Grant \Annotation methodology in a supracoprora database of connectives" of the
State Secretariat for Education, Research, and Innovation.

References

1. Carlson, L., and D. Marcu. 2001. Discourse tagging reference manual. Technical Report
ISI-TR-545. 87 p. Available at: https://www.isi.edu/∼marcu/discourse/tagging-ref-
manual.pdf (accessed February 14, 2022).

2. Reese, B., J. Hunter, N. Asher, P. Denis, and J. Baldridge. 2007. Reference manual for
the analysis and annotation of rhetorical structure (version 1.0). Austin, TX: University
of Texas. Technical Report. 26 p. Available at: discor manual.pdf (juliejhunter.com)
(accessed February 14, 2022).

3. PDTB Research Group. 2019. The Penn Discourse Tree-bank 3.0 Annotation Manual.
81 p. doi: 10.35111/qebf-gk47. Available at: https://catalog.ldc.upenn.edu/docs/
LDC2019T05/PDTB3-Annotation-Manual.pdf (accessed February 14, 2022).

4. Mann, W., and S. Thompson. 1988. Rhetorical structure theory: Towards a functional
theory of text organization. Text 8(3):243{281. doi: 10.1515/text.1.1988.8.3.243.

5. O'Donnell, M. 1997. RST-tool: An RST analysis tool. 6th European Workshop on
Natural Language Generation Proceedings. Duisburg, Germany: Gerhard-Mercator
University. 5 p.

6. O'Donnell, M. 2000. RSTTool 2.4: A markup tool for rhetorical structure theory.
1st Conference (International) on Natural Language Generation Proceedings. Mitzpe
Ramon, Izrael. 14:253{256. doi: 10.3115/1118253.1118290.

7. Gessler, L., J. Liu, and A. Zeldes. 2019. A discourse signal annotation system for RST
trees. Discourse Relation Parsing and Treebanking Proceedings. Minneapolis, MN:
Association for Computational Linguistics. 56{61. doi: 10.18653/v1/W19-2708.

8. Taboada, M., and W. Mann. 2006. Rhetorical structure theory: Looking back and
moving ahead. Discourse Stud. 8(3):423{459.

124 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2022 vol 32 no 1



Database of hierarchies of logical-semantic relations: Architecture

9. Martin, J. R. 1996. Types of structure: Deconstructing notions of constituency in
clause and text. Computational and conversational discourse. Eds. E. H. Hovy and
D. R. Scott. NATO ASI ser. F: Computer and systems sciences. Berlin, Heidelberg:
Springer. 151:39{66. doi: 10.1007/978-3-662-03293-0 2.

10. Inkova, O. Yu. 2019. Logiko-semanticheskie otnosheniya: Problemy klassifikatsii
[Logical-semantic relations: Classification problems]. Svyaznost' teksta: mereologiche-
skie logiko-semanticheskie otnosheniya [Text coherence: Mereological logical semantic
relations]. O. Inkova and E. Manzotti. Moscow: LRC Publishing House. 11{98.

11. Skoufaki, S. 2020. Rhetorical structure theory and coherence break identification. Text
Talk 40(1):99{124.

12. Inkova, O., and N. Popkova. 2017. Statistical data as information source for linguistic
analysis of Russian connectors. Informatika i ee Primeneniya | Inform. Appl.
11(3):123{131.

13. Kruzhkov, M. 2015. Informatsionnye resursy kontrastivnykh lingvisticheskikh issle-
dovaniy: elektronnye korpusa tekstov [Information resources for contrastive studies:
Electronic text corpora]. Sistemy i Sredstva Informatiki | Systems and Means of
Informatics (25) 2:140{159.

14. Kruzhkov, M. 2021. Kontseptsiya postroeniya nadkorpusnykh baz dannykh [Conceptual
framework for supracorpora databases]. Sistemy i Sredstva Informatiki | Systems
and Means of Informatics 31(3):101{112.

15. Inkova-Manzotti, O. Yu. 2001. Konnektory protivopostavleniya vo frantsuzskom
i russkom yazykakh: sopostavitel'noe issledovanie [Connectors of opposition in French
and Russian: A comparative study]. Moscow: Informelektro. 434 p.

Received February 14, 2022

Contributors

Durnovo Aleksandr A. (b. 1949) | leading programmer, Institute of Informatics
Problems, Federal Research Center \Computer Science and Control" of the Russian
Academy of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation;
duralex49@mail.ru

Inkova Olga Yu. (b. 1965) | Doctor of Science in philology, senior scientist,
Institute of Informatics Problems, Federal Research Center \Computer Science and
Control" of the Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119333,
Russian Federation; faculty member, University of Geneva, 22 Bd des Philosophes,
CH-1205 Geneva 4, Switzerland; olyainkova@yandex.ru

Popkova Nataliia A. (b. 1992) | junior scientist, Institute of Informatics Prob-
lems, Federal Research Center \Computer Science and Control" of the Russian
Academy of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation;
natasha popkova@mail.ru

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2022 vol 32 no 1 125



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2022. ’. 32. ü 1. ‘. 126{137

ОЦЕНКА ЭФФЕКТИВНОСТИ КАПИТАЛЬНЫХ
И ОПЕРАЦИОННЫХ ЗАТРАТ ПРИ ПЛАНИРОВАНИИ

ЖИЗНЕННОГО ЦИКЛА ИНФОРМАЦИОННЫХ СИСТЕМ
СПЕЦИАЛЬНОГО НАЗНАЧЕНИЯ

А. П. Сучков1

�−−®â�æ¨ï: ˆ−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë á¯¥æ¨�«ì−®£® −�§−�ç¥−¨ï, â. ¥. á¨áâ¥-
¬ë ¢ ®¡«�áâ¨ ®¡¥á¯¥ç¥−¨ï ®¡®à®−®á¯®á®¡−®áâ¨, ¯à�¢®¯®àï¤ª� ¨ ¡¥§®¯�á−®áâ¨,
−¥ ¯à¥¤−�§−�ç¥−ë ¤«ï ¯®«ãç¥−¨ï ¤®å®¤®¢ ¢ ¤¥−¥¦−®© ä®à¬¥. �®íâ®¬ã ®æ¥−ª�
íää¥ªâ¨¢−®áâ¨ ª�¯¨â�«ì−ëå ¨ ®¯¥à�æ¨®−−ëå §�âà�â á ¨á¯®«ì§®¢�−¨¥¬ §−�ç¥-
−¨© ¯à¨¡ë«¨ ¨ ¢�«®¢®£® ¤®å®¤� ¢ íâ®¬ á«ãç�¥ −¥¢®§¬®¦−�. ’¥¬ −¥ ¬¥−¥¥ ¯¥à¥¤
£®áã¤�àáâ¢¥−−ë¬ ¨ äã−ªæ¨®−�«ì−ë¬ §�ª�§ç¨ª�¬¨, � â�ª¦¥ ¯¥à¥¤ íªá¯«ã-
�â¨àãîé¥© ®à£�−¨§�æ¨¥© áâ®¨â §�¤�ç� ®¡ê¥ªâ¨¢−®© ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨
§�âà�â ¢ â®© ¨«¨ ¨−®© ä®à¬¥. ‚ á¢ï§¨ á íâ¨¬ ¤«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨
ª�¯¨â�«ì−ëå ¨ ®¯¥à�æ¨®−−ëå §�âà�â ¯à¨¬¥−¨â¥«ì−® ª â�ª¨¬ ¢¨¤�¬ á¨áâ¥¬
−¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì ¯®¤å®¤ë ª íâ®© ®æ¥−ª¥ −� ®á−®¢¥ ãç¥â� ¯®âà¥¡¨â¥«ì-
áª¨å á¢®©áâ¢ ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë −� ¢á¥å áâ�¤¨ïå ¥¥ ¦¨§−¥−−®£® æ¨ª«�
(†–). �à¥¤«®¦¥−ë ¬¥â®¤ë à�áç¥â� íää¥ªâ¨¢−®áâ¨ á ãç¥â®¬ áâ¥¯¥−¨ à¥�«¨-
§�æ¨¨ á¨áâ¥¬−ëå âà¥¡®¢�−¨© ¨ ¯à®æ¥áá®¢ ¤®áâ¨¦¥−¨ï æ¥«¥© ¨−ä®à¬�æ¨®−−®©
á¨áâ¥¬ë.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬�; ¦¨§−¥−−ë© æ¨ª«; ª�¯¨â�«ì−ë¥
§�âà�âë; ®¯¥à�æ¨®−−ë¥ §�âà�âë; ¯®ª�§�â¥«ì íää¥ªâ¨¢−®áâ¨
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1 Введение

Š�¯¨â�«ì−ë¥ ¨ ®¯¥à�æ¨®−−ë¥ §�âà�âë | ¤¢� ®á−®¢−ëå ¢¨¤� §�âà�â −� ¢á¥å
íâ�¯�å †– á¨áâ¥¬, ¢ â®¬ ç¨á«¥ ¨ ¨−ä®à¬�æ¨®−−ëå. Š�¯¨â�«ì−ë¥ §�âà�âë
®â−®áïâáï ª áâ�¤¨ï¬ §�¬ëá«�, à�§à�¡®âª¨ ¨ ¯à®¨§¢®¤áâ¢� ¨−ä®à¬�æ¨®−−®© á¨á-
â¥¬ë (¤�«¥¥ | ‘¨áâ¥¬ë). �¯¥à�æ¨®−−ë¥ ¦¥ §�âà�âë ®áãé¥áâ¢«ïîâáï ¢ å®¤¥
¯à¨¬¥−¥−¨ï ‘¨áâ¥¬ë, â. ¥. ¥¥ ¯à®¬ëè«¥−−®© íªá¯«ã�â�æ¨¨.

‘â®¨¬®áâì à�§à�¡®âª¨ ®¯à¥¤¥«ï¥âáï áâ®¨¬®áâìî ¯à®¢¥¤¥−¨ï −�ãç−ëå ¨áá«¥-
¤®¢�−¨© ¯® §�¬ëá«ã ‘¨áâ¥¬ë, � â�ª¦¥ ®¯ëâ−®-ª®−áâàãªâ®àáª¨å à�¡®â (�Š÷) ¯®
¥¥ á®§¤�−¨î. „«ï ®æ¥−ª¨ áâ®¨¬®áâ¨ à�§à�¡®âª¨ ¨á¯®«ì§ãîâáï à¥£«�¬¥−â¨àãîé¨¥
ä¥¤¥à�«ì−ë¥ ¨ ®âà�á«¥¢ë¥ −®à¬�â¨¢−ë¥ ¤®ªã¬¥−âë [1]. ‘â®¨¬®áâì ¯à®¨§¢®¤áâ¢�
ãç¨âë¢�¥âáï ¯à¨ ®¯à¥¤¥«¥−¨¨ áâ®¨¬®áâ¨ †– ‘¨áâ¥¬ë «¨èì ¢ á«ãç�¥ â¨à�¦¨-
à®¢�−¨ï â¨¯®¢ëå �¯¯�à�â−®-¯à®£à�¬¬−ëå ª®¬¯«¥ªá®¢, à�§à�¡®â�−−ëå ¢ à�¬ª�å

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, ASuchkov@ipiran.ru
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�æ¥−ª� íää¥ªâ¨¢−®áâ¨ ª�¯¨â�«ì−ëå ¨ ®¯¥à�æ¨®−−ëå §�âà�â ¯à¨ ¯«�−¨à®¢�−¨¨ †–

¯à¥¤ë¤ãé¥© �Š÷. ’�ª�ï á¨âã�æ¨ï å�à�ªâ¥à−� ¤«ï ãá«®¢¨© à�§¢¥àâë¢�−¨ï ‘¨á-
â¥¬ë, ª®£¤� â¨à�¦¨àãîâáï ¯à¨−ïâë¥ ¯à¨ ¥¥ à�§à�¡®âª¥ à¥è¥−¨ï ¯® �¯¯�à�â−ë¬
¨ ¯à®£à�¬¬−ë¬ áà¥¤áâ¢�¬. ‘â®¨¬®áâì ¯à®¨§¢®¤áâ¢� ®¯à¥¤¥«ï¥âáï −� ®á−®¢¥
¨§¤¥à¦¥ª §�¢®¤�-¨§£®â®¢¨â¥«ï ¨ ¢ª«îç�¥â ®¯â®¢ë¥ æ¥−ë §�ªã¯�¥¬ëå í«¥¬¥−â®¢
¨ §�âà�âë −� ¬®−â�¦−ë¥ ¨ −�«�¤®ç−ë¥ à�¡®âë.

�ää¥ªâ¨¢−®áâì ª�¯¨â�«ì−ëå §�âà�â å�à�ªâ¥à¨§ã¥âáï ª®íää¨æ¨¥−â®¬ íª®−®-
¬¨ç¥áª®© íää¥ªâ¨¢−®áâ¨:

ëÜ =
ð

úÏÂÝ
,

£¤¥ � | ¯à¨¡ë«ì §� £®¤; úÏÂÝ | ®¡é¨¥ ª�¯¨â�«ì−ë¥ §�âà�âë. �®à¬�â¨¢−ë¥
§−�ç¥−¨ï ª®íää¨æ¨¥−â� íää¥ªâ¨¢−®áâ¨ ª�¯¨â�«ì−ëå §�âà�â ¤«ï à�§«¨ç−ëå ®â-
à�á«¥© ãáâ�−®¢«¥−ë �à¨ª�§®¬ Œ¨−áâà®ï ÷” ü 209 ®â 14.09.1992. ‚ ç�áâ−®áâ¨,
¤«ï á¨áâ¥¬ ¨−ä®à¬�â¨§�æ¨¨ ¨ á¢ï§¨ íâ®â ª®íää¨æ¨¥−â á®áâ�¢«ï¥â 0,15.

�¯¥à�æ¨®−−ë¥ §�âà�âë ¢ª«îç�îâ á«¥¤ãîé¨¥ ¢¨¤ë §�âà�â:

{ −� �¢â®àáª®¥ á®¯à®¢®¦¤¥−¨¥;

{ â¥å−¨ç¥áª®¥ ®¡á«ã¦¨¢�−¨¥ ¨ à¥¬®−â;

{ í«¥ªâà®í−¥à£¨î;

{ á®¤¥à¦�−¨¥ ¯¥àá®−�«�;

{ �à¥−¤ã ª�−�«®¢ á¢ï§¨;

{ à¥¬®−â ¨ íªá¯«ã�â�æ¨î ¨−¦¥−¥à−ëå á®®àã¦¥−¨©;

{ ®¡ãç¥−¨¥ ¯®«ì§®¢�â¥«¥© ¨ IT-¯¥àá®−�«� ¨ ¯à.

Š�ª ¯à�¢¨«®, à�ááç¨âë¢�¥âáï áà¥¤−¥£®¤®¢�ï áâ®¨¬®áâì íªá¯«ã�â�æ¨¨.
�ää¥ªâ¨¢−®áâì ®¯¥à�æ¨®−−ëå §�âà�â å�à�ªâ¥à¨§ã¥âáï ª®íää¨æ¨¥−â®¬ ®¯¥-

à�æ¨®−−ëå à�áå®¤®¢ (Š�÷), ª®â®àë© à�ááç¨âë¢�¥âáï ¯® ä®à¬ã«¥:

ëïò =
ïò

÷ä
· 100%,

£¤¥ �÷ | ®¯¥à�æ¨®−−ë¥ à�áå®¤ë; ‚„ | ¢�«®¢ë© ¤®å®¤. �â®â ¯®ª�§�â¥«ì
®¯à¥¤¥«ï¥â ¯à®æ¥−â ®â ¤®å®¤®¢, ª®â®àë© ¨¤¥â −� ®¡¥á¯¥ç¥−¨¥ äã−ªæ¨®−¨à®¢�−¨ï
á¨áâ¥¬ë.

…á«¨ à�áá¬�âà¨¢�âì ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë á¯¥æ¨�«ì−®£® −�§−�ç¥−¨ï, â. ¥.
á¨áâ¥¬ë ¢ ®¡«�áâ¨ ®¡¥á¯¥ç¥−¨ï ®¡®à®−®á¯®á®¡−®áâ¨, ¯à�¢®¯®àï¤ª� ¨ ¡¥§®¯�á-
−®áâ¨, â® ®−¨ −¥ ¯à¥¤−�§−�ç¥−ë ¤«ï ¯®«ãç¥−¨ï ¤®å®¤®¢ ¢ ¤¥−¥¦−®© ä®à¬¥,
� §−�ç¨â, ®æ¥−ª� íää¥ªâ¨¢−®áâ¨ ª�¯¨â�«ì−ëå ¨ ®¯¥à�æ¨®−−ëå §�âà�â á ¨á¯®«ì-
§®¢�−¨¥¬ §−�ç¥−¨© ¯à¨¡ë«¨ ¨ ¢�«®¢®£® ¤®å®¤� −¥¢®§¬®¦−�. ’¥¬ −¥ ¬¥−¥¥ ¯¥à¥¤
£®áã¤�àáâ¢¥−−ë¬ ¨ äã−ªæ¨®−�«ì−ë¬ §�ª�§ç¨ª�¬¨, � â�ª¦¥ ¯¥à¥¤ íªá¯«ã�â¨àã-
îé¥© ®à£�−¨§�æ¨¥© áâ®¨â §�¤�ç� ®¡ê¥ªâ¨¢−®© ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ §�âà�â ¢ â®©
¨«¨ ¨−®© ä®à¬¥.
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ˆáå®¤ï ¨§ íâ®£®, ¯à¥¤áâ�¢«ï¥âáï, çâ® ¤«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ª�¯¨â�«ì-
−ëå ¨ ®¯¥à�æ¨®−−ëå §�âà�â ¯à¨¬¥−¨â¥«ì−® ª â�ª¨¬ ¢¨¤�¬ á¨áâ¥¬ −¥®¡å®¤¨¬®
®¯à¥¤¥«¨âì ¯®¤å®¤ë ª íâ®© ®æ¥−ª¥ −� ®á−®¢¥ ãç¥â� ¯®âà¥¡¨â¥«ìáª¨å á¢®©áâ¢
¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë −� ¢á¥å áâ�¤¨ïå ¥¥ †–.

2 Характеристики потребительских свойств информационной
системы

�æ¥−¨âì íää¥ªâ¨¢−®áâì ª�¯¨â�«ì−ëå ¨ ®¯¥à�æ¨®−−ëå §�âà�â ¯à¨ ¯«�−¨à®¢�-
−¨¨ †– à�§à�¡�âë¢�¥¬ëå ª®¬¯®−¥−â ‘¨áâ¥¬ë ¯® ª«�áá¨ç¥áª®© ä®à¬ã«¥ à�áç¥â�
á®®â−®è¥−¨ï ¯®«ãç¥−−®© ¯à¨¡ë«¨ (¤®å®¤�) ª ®¡é¨¬ §�âà�â�¬ −¥ ¯à¥¤áâ�¢«ï¥â-
áï ¢®§¬®¦−ë¬, ¯®íâ®¬ã −¥®¡å®¤¨¬® ®áãé¥áâ¢¨âì ®æ¥−ªã áâ¥¯¥−¨ à¥�«¨§�æ¨¨
âà¥¡ã¥¬ëå ¯®âà¥¡¨â¥«ìáª¨å á¢®©áâ¢ ‘¨áâ¥¬ë −� à�§«¨ç−ëå áâ�¤¨ïå ¥¥ †–.
‚ á®®â¢¥âáâ¢¨¨ á ƒ�‘’ ˆ‘�/Œ�Š/̂ ˆ÷� 24748-1 â¨¯¨ç−ë¥ áâ�¤¨¨ †–
á¨áâ¥¬ë ¢ª«îç�îâ §�¬ëá¥«, à�§à�¡®âªã, ¯à®¨§¢®¤áâ¢®, ¯à¨¬¥−¥−¨¥, ¯®¤¤¥à¦ªã
¨ ¢ë¢¥¤¥−¨¥ ¨§ íªá¯«ã�â�æ¨¨. �� à¨á. 1 ®âà�¦¥− å®¤ §�âà�â ¯à¨ à¥�«¨§�æ¨¨
¯à®æ¥áá®¢ †– ‘¨áâ¥¬ë.

•�à�ªâ¥à¨áâ¨ª� ¯®âà¥¡¨â¥«ìáª¨å á¢®©áâ¢ ‘¨áâ¥¬ë ®áãé¥áâ¢«ï¥âáï ª�ª ¯ãâ¥¬
¨å ¯¥à¥ç¨á«¥−¨ï, â�ª ¨ ¨å à�−¦¨à®¢�−¨¥¬ ¯® áâ¥¯¥−¨ ¢�¦−®áâ¨. ‚ ª�ç¥áâ¢¥
®á−®¢ë ¤«ï �−�«¨§� ¨á¯®«ì§ã¥¬ ª«�áá¨ä¨ª�æ¨î ã£à®§, ¯à¥¤«®¦¥−−ãî ¤«ï ®æ¥−ª¨
à¥�«¨§ã¥¬®áâ¨ ®¤−®© ¨§ ª®¬¯«¥ªá−ëå −�ãç−®-â¥å−¨ç¥áª¨å ¯à®£à�¬¬, ¯®¤£®â®¢-
«¥−−ëå ”ˆ– ˆ“ ÷�� [2] (¤�«¥¥ | �à®£à�¬¬�). Š«�áá¨ä¨ª�æ¨ï ®á−®¢−ëå
ã£à®§ ¢ë¯®«−¥−� ¯® âà¥¬ ªà¨â¥à¨ï¬: ¢−ãâà¥−−¨¬ ¨ ¢−¥è−¨¬ ã£à®§�¬, áâ�¤¨ï¬
†– �à®£à�¬¬ë, ª�â¥£®à¨ï¬ à¨áª� (à¨á. 2).

�á−®¢−ë¥ ¯®âà¥¡¨â¥«ìáª¨¥ á¢®©áâ¢� ‘¨áâ¥¬ë ä®à¬¨àãîâáï −� áâ�¤¨¨ §�-
¬ëá«�.

‚®-¯¥à¢ëå, íâ® §�¤�−¨¥ á®¢®ªã¯−®áâ¨ æ¥«¥© ¤«ï ‘¨áâ¥¬ë, ª®â®à�ï ¨ ®¡¥á¯¥-
ç¨¢�¥â æ¥«¥á®®¡à�§−®áâì ¥¥ äã−ªæ¨®−¨à®¢�−¨ï. ‚ ®â−®è¥−¨¨ á®áâ�¢�, áâàãªâãàë
¨ á®¤¥à¦�−¨ï á®¢®ªã¯−®áâ¨ æ¥«¥© ¬®¦−® ¢ëáª�§�âì á«¥¤ãîé¨¥ á®®¡à�¦¥−¨ï.

1. –¥«¨ ¬−®£®ãà®¢−¥¢®© ‘¨áâ¥¬ë ®¯à¥¤¥«ïîâáï ¢−¥è−¨¬¨ −®à¬�â¨¢−®-¯à�-
¢®¢ë¬¨ ¤®ªã¬¥−â�¬¨, à¥£«�¬¥−â¨àãîé¨¬¨ ¥¥ äã−ªæ¨®−¨à®¢�−¨¥, ¨, ª�ª

÷¨á. 1 ‡�âà�âë ¢ å®¤¥ †– ‘¨áâ¥¬ë
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�æ¥−ª� íää¥ªâ¨¢−®áâ¨ ª�¯¨â�«ì−ëå ¨ ®¯¥à�æ¨®−−ëå §�âà�â ¯à¨ ¯«�−¨à®¢�−¨¨ †–

÷¨á. 2 Š«�áá¨ä¨ª�â®à ®á−®¢−ëå £àã¯¯ ã£à®§ �à®£à�¬¬ë

¯à�¢¨«®, ®¡à�§ãîâ ¨¥à�àå¨ç¥áªãî áâàãªâãàã ¢ á®®â¢¥âáâ¢¨¨ á® áâàãªâãà®©
®à£�−¨§�æ¨¨ ¨ −�¯à�¢«¥−¨© ¥¥ ¤¥ïâ¥«ì−®áâ¨.

2. ‚ ª®−æ¥¯æ¨¨ úã¯à�¢«¥−¨ï ¯® æ¥«ï¬û íää¥ªâ¨¢−®áâì æ¥«¥¯®«�£�−¨ï ¯à®¢¥-
àï¥âáï ¯® á«¥¤ãîé¨¬ ªà¨â¥à¨ï¬ [3]:

{ ª®−ªà¥â−®áâì, ®¯à¥¤¥«¥−−®áâì;

{ ¨§¬¥à¨¬®áâì (¯®¤à�§ã¬¥¢�¥â ª®«¨ç¥áâ¢¥−−ãî ¨§¬¥à¨¬®áâì à¥§ã«ìâ�â�);

{ ¤®áâ¨¦¨¬®áâì (¤®«¦−� ¡ëâì ¢ë¯®«−¨¬®©);

{ à¥�«¨áâ¨ç−®áâì (¤®áâ¨¦¥−¨¥ æ¥«¨ ¤®«¦−® ¡ëâì ®¡¥á¯¥ç¥−® à¥áãàá�¬¨);

{ ¯à¨¢ï§�−−®áâì ª â®çª¥/̈ −â¥à¢�«ã ¢à¥¬¥−¨.
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�¡ëç−® æ¥«¨ äã−ªæ¨®−¨à®¢�−¨ï ‘¨áâ¥¬ë §�¤�îâáï ¢ ¢¨¤¥ á®¢®ªã¯−®áâ¨
æ¥«¥¢ëå ¯®ª�§�â¥«¥© ¨ ¨−¤¨ª�â®à®¢. „�−−ë© ¯®¤å®¤ −�ª«�¤ë¢�¥â âà¥¡®¢�−¨ï
−� �âà¨¡ãâë æ¥«¥© ¢ ç�áâ¨ ä®à¬¨à®¢�−¨ï ª®«¨ç¥áâ¢¥−−ëå å�à�ªâ¥à¨áâ¨ª: ¥¤¨-
−¨æë ¨§¬¥à¥−¨ï, ä®à¬ã«� ¢ëç¨á«¥−¨ï, æ¥«¥¢ë¥ §−�ç¥−¨ï, ªà¨â¥à¨¨ ¨ áà®ª¨ ¨å
¤®áâ¨¦¥−¨ï.

‚®-¢â®àëå, ¯®âà¥¡¨â¥«ìáª¨¥ á¢®©áâ¢� ‘¨áâ¥¬ë ®¯à¥¤¥«ïîâáï ¢ ¢¨¤¥ á¨áâ¥¬-
−ëå âà¥¡®¢�−¨©, à�§à�¡�âë¢�¥¬ëå −� áâ�¤¨¨ ú‡�¬ëá¥«û. ’à¥¡®¢�−¨ï ª á¨áâ¥¬¥,
� â�ª¦¥ áà®ª¨ à�§à�¡®âª¨ ¨ à�§¬¥àë ä¨−�−á¨à®¢�−¨ï ®¯à¥¤¥«ïîâáï ¯à�¢®®¡«�-
¤�â¥«ï¬¨ ‘¨áâ¥¬ë (£®áã¤�àáâ¢¥−−ë¬ ¨ äã−ªæ¨®−�«ì−ë¬ §�ª�§ç¨ª�¬¨).

„«ï áâ�¤¨¨ ä®à¬¨à®¢�−¨ï §�¬ëá«� á¨áâ¥¬−ë¥ âà¥¡®¢�−¨ï ä®à¬ã«¨àãîâáï
¢ ¢¨¤¥ æ¥«¥© ¨ §�¤�ç, à¥�«¨§ã¥¬ëå ¢ á®¢®ªã¯−®áâ¨ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å
à�¡®â (�ˆ÷). Š â¨¯¨ç−ë¬ §�¤�ç�¬ �ˆ÷ ®â−®áïâáï:

{ à�§à�¡®âª� ¯¥à¥ç−¥© äã−ªæ¨®−�«ì−ëå §�¤�ç;

{ ¨áá«¥¤®¢�−¨¥ ¢®§¬®¦−®áâ¨ ¨å à¥�«¨§�æ¨¨;

{ à�§à�¡®âª� ¬¥â®¤®¢ ¨å à¥è¥−¨ï;

{ �¯à®¡¨à®¢�−¨¥ íâ¨å ¬¥â®¤®¢ −� ¬�ª¥â�å ¨ ¬®¤¥«ïå ‘¨áâ¥¬ë;

{ à�§à�¡®âª� �à®£à�¬¬ë à¥�«¨§�æ¨¨ ‘¨áâ¥¬ë;

{ à�§à�¡®âª� á¨áâ¥¬−ëå âà¥¡®¢�−¨© ª ‘¨áâ¥¬¥ (â¥å−¨ç¥áª®£® §�¤�−¨ï, ’‡).

�ää¥ªâ¨¢−®áâì ª�¯¨â�«ì−ëå ¢«®¦¥−¨© −� áâ�¤¨ïå à�§à�¡®âª¨ ®¯à¥¤¥«ï¥âáï
áâ¥¯¥−ìî à¥�«¨§�æ¨¨ âà¥¡®¢�−¨© ’‡ −� �Š÷. �¡ê¥¬ âà¥¡®¢�−¨© á® áâ®à®−ë
ƒ�‘’ ÷‚ 0015-002-2012 úƒ®áã¤�àáâ¢¥−−ë© ¢®¥−−ë© áâ�−¤�àâ. ‘¨áâ¥¬� à�§à�-
¡®âª¨ ¨ ¯®áâ�−®¢ª¨ −� ¯à®¨§¢®¤áâ¢® ¢®¥−−®© â¥å−¨ª¨û á®áâ�¢«ï¥â:

4-© à�§¤¥« | 59 âà¥¡®¢�−¨©;

5-© à�§¤¥« | 45 âà¥¡®¢�−¨©;

6-© à�§¤¥« | 36 âà¥¡®¢�−¨©;

7-© à�§¤¥« | 225 âà¥¡®¢�−¨©;

8-© à�§¤¥« | 100 âà¥¡®¢�−¨©.

�á−®¢−ë¬¨ âà¥¡®¢�−¨ï¬¨ ª ‘¨áâ¥¬¥ ï¢«ïîâáï:

{ âà¥¡®¢�−¨ï −�§−�ç¥−¨ï;

{ äã−ªæ¨®−�«ì−ë¥ âà¥¡®¢�−¨ï (®¡ëç−® ¯® äã−ªæ¨®−�«ì−ë¬ ¯®¤á¨áâ¥¬�¬);

{ âà¥¡®¢�−¨ï ª �¯¯�à�â−ë¬ ¨ ¯à®£à�¬¬−ë¬ áà¥¤áâ¢�¬;

{ âà¥¡®¢�−¨ï ª ¢¨¤�¬ ®¡¥á¯¥ç¥−¨ï;

{ âà¥¡®¢�−¨ï ¯® §�é¨â¥ ¨−ä®à¬�æ¨¨;

{ âà¥¡®¢�−¨ï ª íâ�¯�¬ ¨ ¢¨¤�¬ à�¡®â;

{ âà¥¡®¢�−¨ï ª ¤®ªã¬¥−â�æ¨¨ ¨ ¤à.
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�æ¥−ª� íää¥ªâ¨¢−®áâ¨ ª�¯¨â�«ì−ëå ¨ ®¯¥à�æ¨®−−ëå §�âà�â ¯à¨ ¯«�−¨à®¢�−¨¨ †–

�� áâ�¤¨¨ †– ú�à®¨§¢®¤áâ¢®û âà¥¡®¢�−¨ï áâ�−¤�àâ� ƒ�‘’ ÷ ˆ‘� 9001-
2015, ¤®à�¡®â�−−ë¥ ¤«ï ¯à¨¬¥−¥−¨ï −� ¯à¥¤¯à¨ïâ¨ïå ¢®¥−−®© ®âà�á«¨ ¢ ¢¨¤¥
ƒ�‘’ ÷‚ 0015-002-2020 úƒ®áã¤�àáâ¢¥−−ë© ¢®¥−−ë© áâ�−¤�àâ. ‘¨áâ¥¬� à�§à�-
¡®âª¨ ¨ ¯®áâ�−®¢ª¨ −� ¯à®¨§¢®¤áâ¢® ¢®¥−−®© â¥å−¨ª¨û, ¢ª«îç�îâ ¢ á¥¡ï:

{ �−�«¨§ ¨ ¯à¥¤®â¢à�é¥−¨¥ à¨áª®¢;

{ ®¡¥á¯¥ç¥−¨¥ á®®â¢¥âáâ¢¨ï ¢ë¯ãáª�¥¬®© ¯à®¤ãªæ¨¨ âà¥¡®¢�−¨ï¬ §�ª�§ç¨ª�;

{ −¥¯à¥àë¢−®¥ á®¢¥àè¥−áâ¢®¢�−¨¥ ¯à®¨§¢®¤áâ¢¥−−ëå ¯à®æ¥áá®¢;

{ à�§à�¡®âªã ¨ ¢¥¤¥−¨¥ ¤®ªã¬¥−â�æ¨¨ ¯® á¨áâ¥¬¥ ¬¥−¥¤¦¬¥−â� ª�ç¥áâ¢�;

{ à¥£ã«ïà−®¥ ¯®¢ëè¥−¨¥ ª®¬¯¥â¥−â−®áâ¨ ¯¥àá®−�«�;

{ ®åà�−ã £®áã¤�àáâ¢¥−−®© â�©−ë.

3 Оценка эффективности капитальных затрат

’�ª¨¬ ®¡à�§®¬, íää¥ªâ¨¢−®áâì ª�¯¨â�«ì−ëå §�âà�â −� áâ�¤¨¨ ú‡�¬ëá¥«û
®¯à¥¤¥«ï¥âáï áâ¥¯¥−ìî à¥�«¨§�æ¨¨ ¯®áâ�¢«¥−−ëå §�¤�ç ¤«ï �ˆ÷.

‡�¤�¤¨¬ ¯�à�¬¥âà áâ¥¯¥−¨ à¥�«¨§�æ¨¨ §�¤�ç¨ á«¥¤ãîé¨¬ ®¡à�§®¬:

Zi =







r1 | ã¤®¢«¥â¢®à¨â¥«ì−®;

r2 | å®à®è®;

r3 | ®â«¨ç−®,

£¤¥ i = 1, . . . , N , N | ç¨á«® §�¤�ç. ˜ª�«� ¡�««®¢ rj ¢ë¡¨à�¥âáï ¯ãâ¥¬
íªá¯¥àâ−®£® ®æ¥−¨¢�−¨ï, 1 ≤ r1 ≤ r2 ≤ r3, ¯à¨ç¥¬ −¥ã¤®¢«¥â¢®à¨â¥«ì−®©
®æ¥−ª¨ ¡ëâì −¥ ¬®¦¥â, â�ª ª�ª íâ® ®§−�ç�¥â −¥¢ë¯®«−¥−¨¥ ¯ã−ªâ� ’‡. ’®£¤�
¯®ª�§�â¥«ì íää¥ªâ¨¢−®áâ¨ ðúÜÆ ª�¯¢«®¦¥−¨© −� íâ®© áâ�¤¨¨ á®áâ�¢«ï¥â:

ðúÜÆ =

∑N

i=1
λiZi

r3
· 100% , r1

r3
· 100% ≤ ðúÜÆ ≤ 100% , (1)

£¤¥ λi | ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë, ®âà�¦�îé¨¥ ¢ª«�¤ ª�¦¤®£® á¨áâ¥¬−®£® âà¥¡®-

¢�−¨ï,
∑N

i=1 λi = 1.
Š�ª ¯à�¢¨«®, ®æ¥−ª� áâ¥¯¥−¨ à¥�«¨§�æ¨¨ ¯ã−ªâ®¢ ’‡ ¨ á¨áâ¥¬−ëå âà¥¡®¢�−¨©

®áãé¥áâ¢«ï¥âáï −� ¯à¨¥¬®ç−ëå ¨á¯ëâ�−¨ïå. �à¨ −�«¨ç¨¨ ¢ á¨áâ¥¬−®¬ âà¥¡®¢�-
−¨¨ ¯®¤à�§¤¥«®¢ ¢ ª�ç¥áâ¢¥ ®æ¥−ª¨ áâ¥¯¥−¨ ¥£® à¥�«¨§�æ¨¨ ¬®¦−® ¢ë¡à�âì «¨¡®
¬¨−¨¬�«ì−ãî ®æ¥−ªã ¯® ¥£® ¯®¤à�§¤¥«�¬ ¨«¨ ¨å áà¥¤−¥¥ �à¨ä¬¥â¨ç¥áª®¥.

�−�«®£¨ç−® (1) à�ááç¨âë¢�¥âáï ¯®ª�§�â¥«ì íää¥ªâ¨¢−®áâ¨ ðòÜÆ ª�¯¨â�«ì−ëå

¢«®¦¥−¨© −� áâ�¤¨¨ ú÷�§à�¡®âª�û ¨ ¯®ª�§�â¥«ì íää¥ªâ¨¢−®áâ¨ððÜÆ ª�¯¨â�«ì−ëå
¢«®¦¥−¨© −� áâ�¤¨¨ ú�à®¨§¢®¤áâ¢®û −� ®á−®¢¥ ®æ¥−ª¨ áâ¥¯¥−¨ à¥�«¨§�æ¨¨
á¨áâ¥¬−ëå âà¥¡®¢�−¨© ª à�§à�¡�âë¢�¥¬®© ‘¨áâ¥¬¥.
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’�ª¨¬ ®¡à�§®¬, ®æ¥−ª� íää¥ªâ¨¢−®áâ¨ ª�¯¨â�«ì−ëå §�âà�â −� à�−−¨å áâ�-
¤¨ïå †– ‘¨áâ¥¬ë ¯à¥¤áâ�¢«ï¥â á®¡®© âà®©ªã (ðúÜÆ,ð

ò
ÜÆ,ð

ð
ÜÆ), ª®â®àãî ¤«ï

æ¥«¥© ¤�«ì−¥©è¥£® �−�«¨§� ¬®¦−® à�áá¬�âà¨¢�âì ª�ª ¢¥ªâ®à ¨«¨ ª�ª ¥£® á¢¥àâªã
¢ áª�«ïà.

4 Оценка эффективности операционных затрат

�� áâ�¤¨¨ †– ú�à¨¬¥−¥−¨¥û ®áãé¥áâ¢«ï¥âáï à¥�«¨§�æ¨ï æ¥«¥© ¨ §�¤�ç
à�§à�¡®â�−−®© ‘¨áâ¥¬ë ¯® ¥¥ −�§−�ç¥−¨î¡, ®¯à¥¤¥«¥−−ëå −� áâ�¤¨ïå ú‡�¬ëá¥«û
¨ ú÷�§à�¡®âª�û. Š�ª ã¦¥ ®â¬¥ç�«®áì, æ¥«¨ ¨ §�¤�ç¨ ®¡ëç−® ä®à¬�«¨§ãîâáï
¢ ¢¨¤¥ ¨§¬¥à¨¬ëå æ¥«¥¢ëå ¯®ª�§�â¥«¥© ¨ ¨−¤¨ª�â®à®¢ (–�ˆ), ¨å æ¥«¥¢ëå
§−�ç¥−¨© ¨ áà®ª®¢ ¨å ¤®áâ¨¦¥−¨ï. ’�ª¨¬ ®¡à�§®¬, ¯à¥¤«�£�¥âáï ®æ¥−¨¢�âì
íää¥ªâ¨¢−®áâì ®¯¥à�æ¨®−−ëå §�âà�â −� áâ�¤¨¨ ú�à¨¬¥−¥−¨¥û ¢ ¢¨¤¥ ¨§¬¥−ï-
îé¥©áï ¢® ¢à¥¬¥−¨ áâ¥¯¥−¨ ¤®áâ¨¦¥−¨ï –�ˆ á¢®¨å æ¥«¥¢ëå §−�ç¥−¨© ¢ å®¤¥
¯à®¬ëè«¥−−®© íªá¯«ã�â�æ¨¨ ‘¨áâ¥¬ë.

„«ï ®¯à¥¤¥«¥−¨ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ®¯¥à�æ¨®−−ëå §�âà�â ¢¢¥¤¥¬ á«¥¤ã-
îé¨¥ ®¡®§−�ç¥−¨ï:

Iëj | §−�ç¥−¨¥ ªà¨â¨ç−ëå ¨−¤¨ª�â®à®¢: 0 | −¥ à¥�«¨§®¢�−, 1 | à¥�«¨§®¢�−

(ªà¨â¨ç−ë© ¨−¤¨ª�â®à ®âà�¦�¥â á®¡ëâ¨¥, ¡¥§ ª®â®à®£® æ¥«¨ ‘¨áâ¥¬ë −¥
¬®£ãâ ¡ëâì à¥�«¨§®¢�−ë), 1 ≤ j ≤ n1;

Iîk (t) | −¥ªà¨â¨ç−ë© ¨−¤¨ª�â®à, 0 < Iîk ≤ 1 (¨−¤¨ª�â®à, ª®â®àë© ¬®¦¥â
à¥�«¨§®¢ë¢�âìáï ¯®á«¥¤®¢�â¥«ì−® ¢® ¢à¥¬¥−¨ ¨ −¥ ¢«¨ï¥â ªà¨â¨ç−® −� æ¥«¨
‘¨áâ¥¬ë), 1 ≤ k ≤ n2;

Cl(t)| â¥ªãé¥¥ §−�ç¥−¨¥ ª®«¨ç¥áâ¢¥−−®£® æ¥«¥¢®£® l-£® ¯®ª�§�â¥«ï á æ¥«¥¢ë¬
¯«�−®¢ë¬ §−�ç¥−¨¥¬C∗

l (t), ª®â®à®£® −¥®¡å®¤¨¬® ¤®áâ¨£−ãâì ª ¯«�−¨àã¥¬®¬ã
áà®ªã, 1 ≤ l ≤ n3.

�¡ëç−® ¯«�−¨àã¥¬ë¥ §−�ç¥−¨ï –�ˆ §�¤�îâáï ¢ ¤¨áªà¥â−ë¥ ¬®¬¥−âë ¯«�-
−¨àã¥¬®£® ¯¥à¨®¤�, â. ¥. t = t1, . . . , tr.

�à¥¤«�£�¥âáï ¯®ª�§�â¥«ì íää¥ªâ¨¢−®áâ¨ ®¯¥à�æ¨®−−ëå §�âà�â −� áâ�¤¨¨
ú�à¨¬¥−¥−¨¥û ðüÜÆ ¢ ª�¦¤ë© ª®−âà®«¨àã¥¬ë© ¬®¬¥−â â¥ªãé¥£® ¢à¥¬¥−¨ t à�á-
áç¨âë¢�âì ª�ª ¯à¨¢¥¤¥−−®¥ ª ¯à®æ¥−â−®¬ã ¨§¬¥à¥−¨î ¯à®¨§¢¥¤¥−¨¥ §−�ç¥−¨©
ªà¨â¨ç¥áª¨å ¨−¤¨ª�â®à®¢ −� ¤¥ª�àâ®¢® à�ááâ®ï−¨¥ ¯à¨¢¥¤¥−−ëå ª 1 §−�ç¥−¨©
¢¥ªâ®à� ®áâ�«ì−ëå –�ˆ ¤® ¬−®¦¥áâ¢� ¨å æ¥«¥¢ëå §−�ç¥−¨©:

ðüÜÆ(t) =

= ðn1
j=1(I

ë
j )









1−

√

√

√

√

∑n2

1

(

1− Iîk (t)
)2
+
∑n3

1
(1− cl(t)/c

∗
l (t))

2

n2 + n3









· 100% ,

0% ≤ ðüÜÆ(t) ≤ 100% .
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�æ¥−ª� íää¥ªâ¨¢−®áâ¨ ª�¯¨â�«ì−ëå ¨ ®¯¥à�æ¨®−−ëå §�âà�â ¯à¨ ¯«�−¨à®¢�−¨¨ †–

�à®¨§¢¥¤¥−¨¥ §−�ç¥−¨© ªà¨â¨ç−ëå ¨−¤¨ª�â®à®¢ ®¡¥á¯¥ç¨¢�¥â ãç¥â ¨å ®¡ï-
§�â¥«ì−®© à¥�«¨§�æ¨¨. ’�ª¨¬ ®¡à�§®¬, ðüÜÆ(t) ®âà�¦�¥â â¥ªãé¥¥ á®áâ®ï−¨¥
¯à®æ¥áá� ¤®áâ¨¦¥−¨ï ‘¨áâ¥¬®© æ¥«¥¢ëå ¯«�−®¢ëå §−�ç¥−¨© –�ˆ ¢ ¯à®æ¥−â�å,
çâ® ¯®§¢®«ï¥â ®æ¥−¨¢�âì â¥ªãéãî ®æ¥−ªã íää¥ªâ¨¢−®áâ¨ ®¯¥à�æ¨®−−ëå §�âà�â
¢ ¯à®æ¥áá¥ íªá¯«ã�â�æ¨¨ ‘¨áâ¥¬ë. �ç¥¢¨¤−®, çâ® ¯®¬¨¬® ¤¥ª�àâ®¢� à�ááâ®ï-
−¨ï ¬®¦−® ¢ë¡à�âì ¨ ¤àã£¨¥ ¬¥âà¨ª¨, −�¯à¨¬¥à ¢§¢¥è¥−−ãî áã¬¬ã ®â¤¥«ì−ëå
®æ¥−®ª ¤«ï ª�¦¤®£® –�ˆ.

�æ¥−ª¨ ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ ®¯¥à�æ¨®−−ëå ¢«®¦¥−¨© −� áâ�¤¨¨ ú�®¤-
¤¥à¦ª�û (á®¯à®¢®¦¤¥−¨¥, à¥¬®−â, ¬®¤¥à−¨§�æ¨ï) â�ª¦¥ ®¯à¥¤¥«ïîâáï áâ¥¯¥−ìî
à¥�«¨§�æ¨¨ âà¥¡®¢�−¨© ’‡ −� �Š÷, ®¯à¥¤¥«ïîé¨å:

{ ¢¨¤ë à�¡®â ¨ ¯«�−¨à®¢�−¨¥ á¥à¢¨á−®£® ®¡á«ã¦¨¢�−¨ï;

{ ¢§�¨¬®¤¥©áâ¢¨¥ áâ®à®− (§�ª�§ç¨ª, íªá¯«ã�â¨àãîé�ï ®à£�−¨§�æ¨ï, á¥à¢¨á−�ï
®à£�−¨§�æ¨ï, ¢®¥−−®¥ ¯à¥¤áâ�¢¨â¥«ìáâ¢®);

{ ¯®àï¤®ª ª®−âà®«ï ¨ ¯à¨¥¬ª¨ à�¡®â;

{ ®âç¥â−®áâì;

{ à¥¦¨¬ á®¡«î¤¥−¨ï á¥ªà¥â−®áâ¨.

÷�áç¥â íâ®£® ¯®ª�§�â¥«ï ®áãé¥áâ¢«ï¥âáï −� ®á−®¢¥ ®æ¥−ª¨ áâ¥¯¥−¨ ¢ë¯®«−¥−¨ï
íâ¨å âà¥¡®¢�−¨© �−�«®£¨ç−® à�áç¥â�¬ íää¥ªâ¨¢−®áâ¨ ª�¯¨â�«ì−ëå §�âà�â ¯®
ä®à¬ã«¥ (1).

�−�«¨§ ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ª�¯¨â�«ì−ëå ¨ ®¯¥à�æ¨®−−ëå §�âà�â
¯®§¢®«ï¥â ®áãé¥áâ¢«ïâì â¥ªãé¥¥ ã¯à�¢«¥−¨¥ ª�ç¥áâ¢®¬ ¯à®¢®¤¨¬ëå à�¡®â ¨«¨
¤�¦¥ ¢ëï¢¨âì −¥®¡å®¤¨¬®áâì ¬®¤¥à−¨§�æ¨¨ ‘¨áâ¥¬ë, ¯®âà¥¡−®áâì ¢ ª®â®à®©
¬®¦¥â ¢®§−¨ª−ãâì −� áâ�¤¨ïå ú�à¨¬¥−¥−¨ïû ¨ ú�®¤¤¥à¦ª¨û. …á«¨ ¢®§¢à�-
â¨âìáï ª ª«�áá¨ä¨ª�æ¨¨ ã£à®§ (á¬. à¨á. 2), â® ¬®¦−® ¯¥à¥ç¨á«¨âì ¢®§¬®¦−ë¥
¯à¨ç¨−ë −¥®¡å®¤¨¬®áâ¨ â�ª®© ¬®¤¥à−¨§�æ¨¨, ¢ ç�áâ−®áâ¨ ¨¬¨ ¬®£ãâ ¡ëâì ¢ë-
ï¢«¥−¨¥ −¥¤®áâ�âª®¢ −� áâ�¤¨ïå ú‡�¬ëá«�û, ú�à®¨§¢®¤áâ¢�û, ú�à¨¬¥−¥−¨ïû
¨ ú�®¤¤¥à¦ª¨û, ¢ëï¢«¥−¨¥ −¥à�§à¥è¨¬ëå −�ãç−®-â¥å−¨ç¥áª¨å ¯à®¡«¥¬, á�−ª-
æ¨¨, ¯®ï¢«¥−¨¥ −®¢®£® äã−ªæ¨®−�«�, ãáâ�à¥¢�−¨¥ ®¡®àã¤®¢�−¨ï ¨ â. ¯. �à¨ íâ®¬
¬®¦¥â ®áãé¥áâ¢«ïâìáï ¢®§¢à�â −� «î¡ãî ¯à¥¤ë¤ãéãî áâ�¤¨î, ¢ª«îç�ï ä®à¬¨-
à®¢�−¨¥ §�¬ëá«� á¨áâ¥¬ë. �æ¥−ªã íää¥ªâ¨¢−®áâ¨ ª�¯¨â�«ì−ëå ¨ ®¯¥à�æ¨®−−ëå
§�âà�â −� ¬®¤¥à−¨§�æ¨î ¢ íâ®¬ á«ãç�¥ −¥®¡å®¤¨¬® ®áãé¥áâ¢«ïâì ¯® ¯à¥¤«®¦¥−-
−®© ¬¥â®¤¨ª¥, −® á ãç¥â®¬ â®«ìª® −®¢ëå á¨áâ¥¬−ëå âà¥¡®¢�−¨© ¨ ¨§¬¥−¥−¨©
¢ á¨áâ¥¬¥ –�ˆ ¨ ¨å ¯«�−¨à®¢�−¨¨.

5 Примеры расчета показателей эффективности

„«ï áâ�¤¨¨ ú÷�§à�¡®âª�û ¢ ª�ç¥áâ¢¥ ¯à¨¬¥à� à�áç¥â� íää¥ªâ¨¢−®áâ¨ ª�¯¨-
â�«ì−ëå §�âà�â à�áá¬®âà¨¬ ¯¥àá¯¥ªâ¨¢−ãî �Š÷ ú÷�§à�¡®âª� ˆ�‘ ¤«ï á®§¤�−¨ï
¨ ¢¥¤¥−¨ï ¥¤¨−®© XML-¬®¤¥«¨ ®−â®«®£¨¨ ï¤à� ¨ ¤®¬¥−®¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨
£®áã¤�àáâ¢¥−−ëå ¤�−−ëå ¤«ï ®¡¥á¯¥ç¥−¨ï ¢ ¯¥àá¯¥ªâ¨¢¥ �¢â®¬�â¨ç¥áª®£® ¡¥á-
è®¢−®£® ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¢ à�¬ª�å ‘÷‘–û.
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’�¡«¨æ� 1 ‚�à¨�−âë à�áç¥â� ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ ¤«ï �Š÷

‡�¤�ç¨ �Š÷ λi

Zi

‚�à¨�−â 1 ‚�à¨�−â 2 ‚�à¨�−â 3
1. ‘®§¤�−¨¥ ¨−ä®à¬�æ¨®−−®-â¥å−®«®-
£¨ç¥áª®£® ¯®àâ�«� ¤«ï ä®à¬¨à®¢�−¨ï
¨ ¢¥¤¥−¨ï XML-¬®¤¥«¨ ®−â®«®£¨© ï¤à�
¨ ¤®¬¥−®¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ £®áã¤�à-
áâ¢¥−−ëå ¤�−−ëå ‘÷‘–

1/6 1 3 2

2. ÷�§à�¡®âª� ¯®¤á¨áâ¥¬ë ˆ�‘ ¯® �¢-
â®¬�â¨§¨à®¢�−−®¬ã á®§¤�−¨î ¨−ä®à-
¬�æ¨®−−®© XML-¬®¤¥«¨ ®−â®«®£¨© ¤®-
¬¥−®¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨

1/6 1 3 3

3. ”®à¬¨à®¢�−¨¥ XML-¬®¤¥«¨ ®−â®-
«®£¨¨ ï¤à� ¯à¥¤¬¥â−®© ®¡«�áâ¨ ‘÷‘–

1/6 1 3 2

4. ”®à¬¨à®¢�−¨¥ XML-¬®¤¥«¨ ®−â®-
«®£¨© ¢ë¡à�−−ëå ¤®¬¥−®¢ ¯à¥¤¬¥â−®©
®¡«�áâ¨ ‘÷‘–

1/6 1 3 1

5. ÷�§à�¡®âª� ¯à®£à�¬¬−ëå ¨−áâàã-
¬¥−â�«ì−ëå áà¥¤áâ¢ ¨ â¥å−®«®£¨© ¬¨-
£à�æ¨¨ ¤�−−ëå ¨§ áãé¥áâ¢ãîé¨å á¨á-
â¥¬

1/6 1 3 3

6. ÷�§à�¡®âª� ¯à®¥ªâ®¢ −®à¬�â¨¢−®-
¯à�¢®¢ëå �ªâ®¢, à¥£ã«¨àãîé¨å á®§¤�-
−¨¥ ¨ äã−ªæ¨®−¨à®¢�−¨¥ ®à£�−¨§�æ¨-
®−−®© áâàãªâãàë

1/6 1 3 2

�®ª�§�â¥«ì íää¥ªâ¨¢−®áâ¨ ðúÜÆ 33,3% 100% 72,2%

�æ¥−ª¨ ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ ðòÜÆ ¢ë¯®«−¥−¨ï �Š÷ ¤«ï à�§«¨ç−ëå
¢�à¨�−â®¢ ®æ¥−ª¨ à¥§ã«ìâ�â®¢ à¥è¥−¨ï §�¤�ç �ˆ÷ ¯à¨¢¥¤¥−ë ¢ â�¡«. 1. ‡�¤�¤¨¬
¯�à�¬¥âà áâ¥¯¥−¨ à¥�«¨§�æ¨¨ á¨áâ¥¬−ëå âà¥¡®¢�−¨© á«¥¤ãîé¨¬ ®¡à�§®¬:

Zi =







1 | ã¤®¢«¥â¢®à¨â¥«ì−®;

2 | å®à®è®;

3 | ®â«¨ç−®,

£¤¥ i = 1, . . . , 6.
‚¥á®¢ë¥ ª®íää¨æ¨¥−âë ¢ë¡¥à¥¬ à�¢−ë¬¨ 1/6.
„«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ®¯¥à�æ¨®−−ëå §�âà�â −� áâ�¤¨¨ ú�à¨¬¥−¥−¨¥û

(¯à®¬ëè«¥−−�ï íªá¯«ã�â�æ¨ï) −¥®¡å®¤¨¬® á¨áâ¥¬�â¨§¨à®¢�âì –�ˆ ¤�−−®© á¨á-
â¥¬ë ¨ §�¤�âì â¥áâ®¢ë¥ §−�ç¥−¨ï (â�¡«. 2).

’¥áâ®¢ë¥ §−�ç¥−¨ï ¨««îáâà¨àãîâ ã¢¥«¨ç¥−¨¥ ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ ¯à¨
¤®áâ¨¦¥−¨¨ ®¤−¨¬ ¨§ –� á¢®¥£® æ¥«¥¢®£® §−�ç¥−¨ï (100%).

134 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 1 2022



�æ¥−ª� íää¥ªâ¨¢−®áâ¨ ª�¯¨â�«ì−ëå ¨ ®¯¥à�æ¨®−−ëå §�âà�â ¯à¨ ¯«�−¨à®¢�−¨¨ †–

’�¡«¨æ� 2 ‘¨áâ¥¬�â¨§�æ¨ï –�ˆ ¨ ®æ¥−ª¨ ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ ®¯¥à�æ¨®−−ëå
§�âà�â

–�ˆ ‚¨¤ ‡−�ç¥−¨ï
’¥áâ®¢ë¥

§−�ç¥−¨ï 1
’¥áâ®¢ë¥

§−�ç¥−¨ï 2
�à¨−ïâ¨¥ �®áâ�−®¢«¥−¨ï �à�¢¨â¥«ì-
áâ¢� ÷” ¨ ¨−ëå −®à¬�â¨¢−ëå ¯à�¢®¢ëå
�ªâ®¢, à¥£ã«¨àãîé¨å ¢®¯à®áë á®§¤�−¨ï
¥¤¨−®© ¬®¤¥«¨ ¤�−−ëå (…Œ„) −� ä¥¤¥-
à�«ì−®¬ ãà®¢−¥ ¢ à�¬ª�å ��æ¨®−�«ì−®©
á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¤�−−ë¬¨

Ië1
0,1

n1 = 1
1 1

‚−¥á¥−¨¥ ¨§¬¥−¥−¨© ¢ −®à¬�â¨¢−ë¥ ¯à�-
¢®¢ë¥ �ªâë ä¥¤¥à�«ì−®£® ãà®¢−ï ¢ á¢ï§¨
á ¯à¨−ïâ¨¥¬ �®áâ�−®¢«¥−¨ï �à�¢¨â¥«ì-
áâ¢� ÷”, à¥£ã«¨àãîé¥£® ¯®àï¤®ª á®§¤�-
−¨ï, ¢¥¤¥−¨ï, ¨§¬¥−¥−¨ï ¨ ¯à¨¬¥−¥−¨ï
…Œ„ ¥¥ ¤®¬¥−−ëå á®áâ�¢«ïîé¨å

Iî1
0{1

n2 = 3
0,5 0,5

‘®§¤�−¨¥ ¨−ä®à¬�æ¨®−−®£® ¯®àâ�«�
…Œ„ ¤«ï ®à£�−¨§�æ¨¨ ª®««¥ªâ¨¢−®©
à�¡®âë, ¯®¤¤¥à¦�−¨ï ¬¥â®¤®«®£¨ç¥áª®©
¡�§ë ¨ ®¡ãç¥−¨ï íªá¯¥àâ®¢, à�§à�¡®âç¨-
ª®¢ ¨ ¯®âà¥¡¨â¥«¥©

Iî2 0{1 0,5 0,5

”®à¬¨à®¢�−¨¥ ¯¥à¥ç−ï ¤®¬¥−®¢ ¢¥àå−¥©
®−â®«®£¨¨ Œ‚ˆ‚ ¨ à¥¥áâà� ¨−ä®à¬�æ¨-
®−−ëå à¥áãàá®¢, ¯®¤ª«îç�¥¬ëå ª …Œ„

Iî3 0{1 0,5 0,5

„®«ï ®å¢�â� ¤®¬¥−®¢ ¢¥àå−¥© ®−â®«®£¨¨
Œ‚ˆ‚, ¨−â¥£à¨à®¢�−−ëå ¢ …Œ„ C1

1%{100%
n3 = 4

50% 100%

„®«ï ®å¢�â� ¡�§®¢ëå ¨−ä®à¬�æ¨®−−ëå
à¥áãàá®¢ ¨ á®®â¢¥âáâ¢ãîé¨å ¯à®¨§¢®¤-
−ëå £®áã¤�àáâ¢¥−−ëå ¨−ä®à¬�æ¨®−−ëå
à¥áãàá®¢ ä¥¤¥à�«ì−®£® ãà®¢−ï, ¨−â¥£à¨-
à®¢�−−ëå ¢ …Œ„

C2 1%{100% 50% 50%

„®«ï ®å¢�â� ¡�§®¢ëå £®áã¤�àáâ¢¥−-
−ëå ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¨ á®-
®â¢¥âáâ¢ãîé¨å ¯à®¨§¢®¤−ëå £®áã¤�à-
áâ¢¥−−ëå ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ à¥-
£¨®−�«ì−®£® ãà®¢−ï, ¨−â¥£à¨à®¢�−−ëå
¢ …Œ„

C3 1%{100% 50% 50%

„®«ï ¨−ä®à¬�æ¨®−−ëå âà�−§�ªæ¨© á ¨á-
¯®«ì§®¢�−¨¥¬ …Œ„ áà¥¤¨ ¢á¥å âà�−§�ª-
æ¨© á £®áã¤�àáâ¢¥−−ë¬¨ ¤�−−ë¬¨

C4 1%{100% 50% 50%

�®ª�§�â¥«ì íää¥ªâ¨¢−®áâ¨ ðüÜÆ 50% 54%

Литература
1. �âà�á«¥¢®© áâ�−¤�àâ: �¢â®¬�â¨§¨à®¢�−−�ï á¨áâ¥¬� ã¯à�¢«¥−¨ï ¯à¥¤¯à¨ïâ¨¥¬: ‘®-

§¤�−¨¥ á¨áâ¥¬ë: �®à¬�â¨¢ë âàã¤®¥¬ª®áâ¨: �‘’ 4.071.030. 24 á. https://studylib.
ru/doc/2362849/ost-4.071.030-sozdanie-sistemy.-normativy.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 1 2022 135



A. P. Suchkov

2. ‡�æ�à¨−−ë© �. �., ‘ãçª®¢ �. �. “£à®§ë ¨ à¨áª¨ à¥�«¨§�æ¨¨ ª®¬¯«¥ªá−ëå −�ãç-
−®-â¥å−¨ç¥áª¨å ¯à®£à�¬¬ ¢ à�¬ª�å ¯à¨®à¨â¥â®¢ áâà�â¥£¨¨ −�ãç−®-â¥å−®«®£¨ç¥áª®£®
à�§¢¨â¨ï ÷®áá¨¨ // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2020. ’. 30. ü 3. ‘. 98{113.

3. Doran G. T. There's a S.M.A.R.T. way to write management's goals and objectives //
Manag. Rev., 1981. Vol. 70. Iss. 11. P. 35{36.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 14.09.21

EFFICIENCY EVALUATION OF CAPITAL AND OPERATING COSTS
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Abstract: Special-purpose information systems, i. e., systems in the field of
ensuring defense capability, law enforcement, and security are not designed to
generate income in monetary form, i. e., it is impossible to assess the effectiveness
of capital and operating costs using profit and gross income values. Nevertheless,
the state and functional customers as well as the operating organization face the
task of objectively evaluating the cost effectiveness in one form or another. In
this regard, to assess the effectiveness of capital and operating costs in relation to
such types of systems, it is necessary to determine approaches to this assessment
based on taking into account the consumer properties of an information system
at all stages of its life cycle. The methods of calculating efficiency are proposed
taking into account the degree of implementation of system requirements and
processes for achieving the goals of the information system.
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ДОРАБОТКА ГРАФИЧЕСКОГО ИНТЕРФЕЙСА ПЛАТФОРМЫ
OpenFOAM В ЧАСТИ РАСШИРЕНИЯ ПЕРЕЧНЯ УТИЛИТ

ДЛЯ РАБОТЫ С РАСЧЕТНЫМИ СЕТКАМИ

Д. И. Читалов1

�−−®â�æ¨ï: ��áâ®ïé¥¥ ¨áá«¥¤®¢�−¨¥ ¯®á¢ïé¥−® ¤®à�¡®âª¥ £à�ä¨ç¥áª®© ®¡®-
«®çª¨ ¯«�âä®à¬ë OpenFOAM ¤«ï ¯à¥¤®áâ�¢«¥−¨ï ¤®áâã¯� ¯®«ì§®¢�â¥«ï
ª ãâ¨«¨â¥ boxTurb, ®¡¥á¯¥ç¨¢�îé¥© ¬®¤¨ä¨ª�æ¨î à�áç¥â−®© ®¡«�áâ¨ ¯ã-
â¥¬ £¥−¥à�æ¨¨ ¡«®ª� âãà¡ã«¥−â−®áâ¨ ¤«ï §�¤�−−®£® í−¥à£¥â¨ç¥áª®£® á¯¥ªâà�.
÷�¡®â� á ãâ¨«¨â®© ®áãé¥áâ¢«ï¥âáï −� íâ�¯¥ ®¯à¥¤¥«¥−¨ï ¨áå®¤−ëå ¯�à�¬¥â-
à®¢ ç¨á«¥−−®£® íªá¯¥à¨¬¥−â� (−� íâ�¯¥ ¯à¥¯à®æ¥áá¨−£�), ¢ë¯®«−ï¥¬®£® ¤«ï
§�¤�ç ¬¥å�−¨ª¨ á¯«®è−ëå áà¥¤ (Œ‘‘), ¬®¤¥«¨àã¥¬ëå −� ¡�§¥ ¯«�âä®à-
¬ë OpenFOAM. ‚ à�¬ª�å ¤®à�¡®âª¨ £à�ä¨ç¥áª®© ®¡®«®çª¨ ¯®¤£®â®¢«¥−
¯à®£à�¬¬−ë© ¬®¤ã«ì ¤«ï à�¡®âë á ãâ¨«¨â®© boxTurb. �à¥¤áâ�¢«¥− −�¡®à ¨−-
áâàã¬¥−â®¢, −¥®¡å®¤¨¬ëå ¤«ï ¯®¤£®â®¢ª¨ ¨áå®¤−®£® ª®¤� ¬®¤ã«ï, ¯à¨¢¥¤¥−�
¤¨�£à�¬¬�, ®¯¨áë¢�îé�ï ¬¥å�−¨§¬ ¥£® à�¡®âë. �� ®á−®¢¥ ¯à¥¤áâ�¢«¥−−®£®
¬®¤ã«ï à�áè¨à¥− ¨áå®¤−ë© ª®¤ ¡�§®¢®© ¢¥àá¨¨ £à�ä¨ç¥áª®© ®¡®«®çª¨ ¯«�â-
ä®à¬ë OpenFOAM. �à®¤ãªâ ¯à®â¥áâ¨à®¢�− −� ¯à¨¬¥à¥ ®¤−®© ¨§ ãç¥¡−ëå
§�¤�ç Œ‘‘, ¢å®¤ïé¨å ¢ ¤¨áâà¨¡ãâ¨¢ ¯«�âä®à¬ë OpenFOAM. �à¨¢¥¤¥−®
®¯¨á�−¨¥ ¯à�ªâ¨ç¥áª®© æ¥−−®áâ¨ ¨ −®¢¨§−ë ¨áá«¥¤®¢�−¨ï.

Š«îç¥¢ë¥ á«®¢�: ç¨á«¥−−®¥ ¬®¤¥«¨à®¢�−¨¥; ¬¥å�−¨ª� á¯«®è−ëå áà¥¤;
£à�ä¨ç¥áª¨© ¨−â¥àä¥©á ¯®«ì§®¢�â¥«ï; OpenFOAM; ï§ëª ¯à®£à�¬¬¨à®¢�−¨ï
Python 3.5; ®âªàëâ®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥; ãâ¨«¨â� boxTurb; ¡¨¡«¨®â¥ª�
PyQt5; ‘“�„ SQLite

DOI: 10.14357/08696527220113

1 Введение

�à¥¤áâ�¢«¥−−�ï à�¡®â� ¯®á¢ïé¥−� ¯à®¤®«¦¥−¨î ¨áá«¥¤®¢�−¨ï, ¯à®¢®¤¨¬®£®
�¢â®à®¬ á 2016 £. [1] ¨ −�¯à�¢«¥−−®£® −� à�§à�¡®âªã ®à¨£¨−�«ì−®© £à�ä¨ç¥-
áª®© ®¡®«®çª¨, ®¡¥á¯¥ç¨¢�îé¥© ¯à®¢¥¤¥−¨¥ ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢ −� ¡�§¥
¯«�âä®à¬ë OpenFOAM [2]. �â® ®¤¨− ¨§ ¢¥¤ãé¨å ¯à®£à�¬¬−ëå ª®¬¯«¥ªá®¢
¤«ï ¬®¤¥«¨à®¢�−¨ï §�¤�ç ¢ ®¡«�áâ¨ Œ‘‘: ¢ ¢ëç¨á«¨â¥«ì−®© £¨¤à®¤¨−�¬¨ª¥,
�íà®¤¨−�¬¨ª¥ ¨ ¬¥å�−¨ª¥ ¤¥ä®à¬¨àã¥¬®£® â¢¥à¤®£® â¥«�.

‚ ¯«�âä®à¬¥ OpenFOAM à¥�«¨§®¢�−� ¢®§¬®¦−®áâì ¢ë¯®«−¥−¨ï ¢á¥å íâ�-
¯®¢ ç¨á«¥−−®£® íªá¯¥à¨¬¥−â�: ¯à¥¯à®æ¥áá¨−£� (®¯à¥¤¥«¥−¨¥ £à�−¨ç−ëå ãá«®¢¨©
¨ ¡�§®¢ëå ¯�à�¬¥âà®¢ ç¨á«¥−−®© ¬®¤¥«¨), à¥è¥−¨ï (§�¯ãáª ¯à®æ¥áá� ç¨á«¥−−®-
£® ¬®¤¥«¨à®¢�−¨ï ¯®áà¥¤áâ¢®¬ ®¤−®© ¨§ ¯à®£à�¬¬-à¥è�â¥«¥©), ¯®áâ¯à®æ¥áá¨−£�

1ā¦−®-“à�«ìáª¨© ä¥¤¥à�«ì−ë© −�ãç−ë© æ¥−âà ¬¨−¥à�«®£¨¨ ¨ £¥®íª®«®£¨¨ “à�«ìáª®£® ®â¤¥-
«¥−¨ï ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, cdi9@yandex.ru
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„®à�¡®âª� £à�ä¨ç¥áª®£® ¨−â¥àä¥©á� ¯«�âä®à¬ë OpenFOAM ¤«ï à�¡®âë á á¥âª�¬¨

(¢¨§ã�«¨§�æ¨ï ç¨á«¥−−®© ¬®¤¥«¨). ’®ç−®áâì íªá¯¥à¨¬¥−â� §�¢¨á¨â ¯à¥¦¤¥ ¢á¥£®
®â íâ�¯� ¯à¥¯à®æ¥áá¨−£�, −� ª®â®à®¬ ®¯à¥¤¥«ïîâáï ¨áå®¤−ë¥ ¯�à�¬¥âàë ¬®¤¥«¨-
àã¥¬®© §�¤�ç¨ Œ‘‘.

�®áª®«ìªã ¯«�âä®à¬� OpenFOAM −¥ ®¡«�¤�¥â ¢áâà®¥−−ë¬¨ £à�ä¨ç¥áª¨¬¨
áà¥¤áâ¢�¬¨ ¤«ï ã¯à�¢«¥−¨ï ç¨á«¥−−ë¬ íªá¯¥à¨¬¥−â®¬, ¢á¥ è�£¨ ¯à¥¯à®æ¥áá¨−-
£� | á®§¤�−¨¥ á«ã¦¥¡−ëå ¤¨à¥ªâ®à¨© ¨ ä�©«®¢-á«®¢�à¥© à�áç¥â−®£® á«ãç�ï
¨ §�¯®«−¥−¨¥ ¨å ¯�à�¬¥âà�¬¨ | ®áãé¥áâ¢«ïîâáï ç¥à¥§ ª®¬�−¤−ãî áâà®ªã. �à¨
â�ª®¬ ¯®¤å®¤¥ áãé¥áâ¢ã¥â ¢¥à®ïâ−®áâì á®§¤�−¨ï −¥¢¥à−®© áâàãªâãàë à�áç¥â−®£®
á«ãç�ï, � â�ª¦¥ ãª�§�−¨ï −¥ª®àà¥ªâ−ëå ¯�à�¬¥âà®¢ §�¤�ç¨ Œ‘‘.

�¢â®à®¬ ¯à¥¤«®¦¥−� ®à¨£¨−�«ì−�ï £à�ä¨ç¥áª�ï ®¡®«®çª�, ¯®§¢®«ïîé�ï
¢ ç¨á«¥ ¯à®ç¥£® ª®−âà®«¨à®¢�âì ¨ íâ�¯ ¯à¥¯à®æ¥áá¨−£�. ÷¥§ã«ìâ�âë à�§à�¡®âª¨
¤�−−®© £à�ä¨ç¥áª®© ®¡®«®çª¨ ¯à¨¢¥¤¥−ë ¢ à�¡®â�å [1, 3{5]. �à¥¤áâ�¢«¥−−®¥
¯à®£à�¬¬−®¥ ¯à¨«®¦¥−¨¥ ¬®¦¥â ¯à¨¬¥−ïâìáï ¨−¦¥−¥à�¬¨ −�àï¤ã á áãé¥áâ¢ã-
îé¨¬¨ ¯à®£à�¬¬�¬¨-�−�«®£�¬¨: Salome [6], Helyx-OS [7], Visual-CFD [8].
�¥á¬®âàï −� íää¥ªâ¨¢−®áâì ¨ ¤®áâ�â®ç−® ¢ëá®ªãî ¯®¯ã«ïà−®áâì ¯¥à¥ç¨á«¥−−ëå
¯à®£à�¬¬−ëå áà¥¤áâ¢, ®−¨ ®ª�§�«¨áì −¥ «¨è¥−ë −¥¤®áâ�âª®¢, â�ª¨å ª�ª −¥®¡-
å®¤¨¬®áâì ¯à¨®¡à¥â¥−¨ï «¨æ¥−§¨¨, ¯«�â−�ï â¥å−¨ç¥áª�ï ¯®¤¤¥à¦ª�, ®âáãâáâ¢¨¥
àãááª®ï§ëç−®© ¤®ªã¬¥−â�æ¨¨.

�«�âä®à¬� OpenFOAM ¯®¤¤¥à¦¨¢�¥â ¬−®£®ç¨á«¥−−ë¥ ãâ¨«¨âë, á¯¨á®ª
ª®â®àëå ¯¥à¨®¤¨ç¥áª¨ ¯®¯®«−ï¥âáï, çâ® âà¥¡ã¥â à�áè¨à¥−¨ï ¨áå®¤−®£® ª®¤�
¯à¥¤«®¦¥−−®© £à�ä¨ç¥áª®© ®¡®«®çª¨ [1] ¯ãâ¥¬ à�§à�¡®âª¨ ¯à®£à�¬¬−ëå ¬®¤ã-
«¥© ¤«ï à�¡®âë á ¤�−−ë¬¨ ãâ¨«¨â�¬¨. ’à¥¡ã¥âáï à�§à�¡®âª� ¤®¯®«−¨â¥«ì−ëå
¨−â¥àä¥©á−ëå ¡«®ª®¢ (íªà�−−ëå ä®à¬) ¨ ¯à®£à�¬¬−ëå áªà¨¯â®¢.

��áâ®ïé�ï áâ�âìï ®¯¨áë¢�¥â à¥§ã«ìâ�âë à�§à�¡®âª¨ ¨ ¨−â¥£à�æ¨¨ ¯à®£à�¬-
¬−®£® ¬®¤ã«ï ¤«ï à�¡®âë á ãâ¨«¨â®© boxTurb ¢ ¡�§®¢ãî ¢¥àá¨î á®§¤�−−®©
�¢â®à®¬ £à�ä¨ç¥áª®© ®¡®«®çª¨ [1]. �à¨ íâ®¬ ¯®«ì§®¢�â¥«ì ¤®«¦¥− ¨¬¥âì ¢®§-
¬®¦−®áâì ¢¨§ã�«¨§�æ¨¨ à¥§ã«ìâ�â®¢ ¯à¨¬¥−¥−¨ï ãâ¨«¨âë. �¥®¡å®¤¨¬®áâì à¥-
è¥−¨ï ¤�−−®© §�¤�ç¨ ®¡ãá«®¢«¨¢�¥âáï ¯®âà¥¡−®áâï¬¨ á¯¥æ¨�«¨áâ®¢ �� ƒ÷–
¨¬. Œ�ª¥¥¢�, ¢ë¯®«−ïîé¨å ¨áá«¥¤®¢�−¨ï ¯® ¯à®¡«¥¬�¬ à�ª¥â−®-ª®á¬¨ç¥áª®©
â¥¬�â¨ª¨ [9].

2 Утилита boxTurb и ее назначение

“â¨«¨â� boxTurb ®â¢¥ç�¥â §� ä®à¬¨à®¢�−¨¥ ¡«®ª®¢ âãà¡ã«¥−â−®áâ¨ ¤«ï ®¯à¥-
¤¥«¥−−®£® í−¥à£¥â¨ç¥áª®£® á¯¥ªâà�. ÷�¡®â� á ãâ¨«¨â®© ®áãé¥áâ¢«ï¥âáï ¯à¨ ä®à-
¬¨à®¢�−¨¨ á«ãç�©−®£® ¯®«ï áª®à®áâ¥©, ¨á¯®«ì§ã¥¬®£® ¢ ª�ç¥áâ¢¥ −�ç�«ì−®£®
ãá«®¢¨ï.

�à¨¬¥−¥−¨¥ ãâ¨«¨âë ®áãé¥áâ¢«ï¥âáï ¢ à�¬ª�å ¯à¥¯à®æ¥áá¨−£� ¯®á«¥ £¥−¥-
à�æ¨¨ ®á−®¢−®© á¥â®ç−®© ¬®¤¥«¨, ¯®áâà®¥−−®©, −�¯à¨¬¥à, á ¯®¬®éìî ãâ¨«¨âë
blockMesh ¨«¨ snappyHexMesh [3, 4]. �«�£®¤�àï ãâ¨«¨â¥ boxTurb ¤®áâ¨£�¥âáï
ãâ®ç−¥−¨¥ ¨áå®¤−®© à�áç¥â−®© á¥âª¨ ¨ ¯®¢ëè�¥âáï â®ç−®áâì ¨â®£®¢®£® íªá¯¥à¨-
¬¥−â�. ÷¥§ã«ìâ�âë ¯à¨¬¥−¥−¨ï ãâ¨«¨âë (¬®¤¨ä¨æ¨à®¢�−−�ï à�áç¥â−�ï á¥âª�)
¤�«¥¥ ¢¨§ã�«¨§¨àãîâáï ¯®áà¥¤áâ¢®¬ ¯�ª¥â� ParaView [10].
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„. ˆ. —¨â�«®¢

’ãà¡ã«¥−â−®áâì ¯à®ï¢«ï¥âáï ¢ ®¡à�§®¢�−¨¨ ¬−®£®ç¨á«¥−−ëå −¥«¨−¥©−ëå
äà�ªâ�«ì−ëå ¢®«− ¯à¨ ¯¥à¥¬¥é¥−¨¨ ®¡ê¥ªâ®¢ ¢ à�§«¨ç−ëå áà¥¤�å ¢ à¥§ã«ìâ�â¥
ã¢¥«¨ç¥−¨ï áª®à®áâ¨ â¥ç¥−¨ï ¦¨¤ª®áâ¨ ¨«¨ £�§�. „«ï à�áç¥â� ¯�à�¬¥âà®¢ â�ª¨å
¯à®æ¥áá®¢ à�§à�¡®â�−ë ¬−®£®ç¨á«¥−−ë¥ ¬®¤¥«¨ âãà¡ã«¥−â−®áâ¨, ¨−â¥£à¨à®¢�−-
−ë¥ ¢ à�§«¨ç−ë¥ à�áç¥â−ë¥ ¯à®£à�¬¬−ë¥ á¨áâ¥¬ë, ¢ â®¬ ç¨á«¥ ¢ ¯«�âä®à¬ã
OpenFOAM [2]. „®ªã¬¥−â�æ¨ï ¯®«ì§®¢�â¥«ï OpenFOAM ¤�¥â á«¥¤ãîéãî å�-
à�ªâ¥à¨áâ¨ªã ¤�−−®© ãâ¨«¨â¥: ä®à¬¨àã¥â −�ç�«ì−®¥ âà¥å¬¥à−®¥ ¯®«¥ ¯®â®ª�
¢ á®®â¢¥âáâ¢¨¨ á �ªâã�«ì−ë¬ ¯®−¨¬�−¨¥¬ ¨§®âà®¯−®© âãà¡ã«¥−â−®áâ¨.

„«ï íªá¯¥à¨¬¥−â®¢ á âãà¡ã«¥−â−®áâìî ¢ OpenFOAM à¥�«¨§®¢�−ë ¯à®£à�¬-
¬ë-à¥è�â¥«¨, ¢ë¯®«−ïîé¨¥ −¥áâ�æ¨®−�à−ë© à�áç¥â. Š�ª ¯à�¢¨«®, à¥§ã«ìâ�-
âë â�ª¨å íªá¯¥à¨¬¥−â®¢ á®åà�−ïîâáï ¨ ¯¥à¥¢®¤ïâáï ®¡à�â−® ¢ í−¥à£¥â¨ç¥áª¨©
á¯¥ªâà, áà�¢−¨¢�¥¬ë© á íªá¯¥à¨¬¥−â�«ì−ë¬¨ ¤�−−ë¬¨. �à¨¬¥à®¬ â�ª®£® íªá¯¥-
à¨¬¥−â� ¬®¦¥â á«ã¦¨âì ¬®¤¥«ì ªàã¯−ëå ¢¨åà¥© (LES, large eddy simulation) ¨«¨
¬®¤¥«ì ®âá®¥¤¨−¥−−ëå ¢¨åà¥© (DES, detached eddy simulation).

��à�¬¥âàë ¡«®ª� âãà¡ã«¥−â−®áâ¨ ®¯à¥¤¥«ïîâáï ¨áå®¤ï ¨§ á®§¤�−−®© ¡�§®¢®©
á¥â®ç−®© ¬®¤¥«¨. “â¨«¨â� ®â¢¥ç�¥â §� £¥−¥à�æ¨î −�ç�«ì−®£® ¯®«ï áª®à®áâ¨
¤¢¨¦¥−¨ï ¯®â®ª®¢ ¦¨¤ª®áâ¨ ¨«¨ £�§�. �â® ¯®«¥ ®¯à¥¤¥«ï¥âáï −� ®á−®¢¥ §�à�−¥¥
¯®¤£®â®¢«¥−−®© á¥âª¨. “â¨«¨â� ¯à¨¬¥−¨¬� ª «î¡ë¬ ç¨á«¥−−ë¬ íªá¯¥à¨¬¥−â�¬
¢ ®¡«�áâ¨ ¨§®âà®¯−®© âãà¡ã«¥−â−®áâ¨. �®¤ ¨§®âà®¯−®© âãà¡ã«¥−â−®áâìî ¯®−¨-
¬�¥âáï áâ�æ¨®−�à−ë© ¯à®æ¥áá, ¯�à�¬¥âàë ª®â®à®£® áâ�¡¨«ì−ë ¯à¨ ¢à¥¬¥−− �ëå
¨«¨ ¯à®áâà�−áâ¢¥−−ëå ¨§¬¥−¥−¨ïå.

3 Постановка целей и задач исследования
–¥«ì ®¯¨áë¢�¥¬®£® ¨áá«¥¤®¢�−¨ï §�ª«îç�¥âáï ¢ à�áè¨à¥−¨¨ ¨áå®¤−®£® ª®¤�

¡�§®¢®© ¢¥àá¨¨ £à�ä¨ç¥áª®© ®¡®«®çª¨ [1] ¯ãâ¥¬ à�§à�¡®âª¨ ¨ ¨−â¥£à�æ¨¨ ¯à®-
£à�¬¬−®£® ¬®¤ã«ï ¤«ï à�¡®âë á ãâ¨«¨â®© boxTurb. „�−−ë© ¯à®£à�¬¬−ë© ¬®¤ã«ì
¯à¨§¢�− ®¡¥á¯¥ç¨¢�âì ä®à¬¨à®¢�−¨¥ ¡«®ª®¢ âãà¡ã«¥−â−®áâ¨ ¤«ï ®¯à¥¤¥«¥−−®£®
í−¥à£¥â¨ç¥áª®£® á¯¥ªâà� ¯à¨ ¯à®¢¥¤¥−¨¨ íªá¯¥à¨¬¥−â®¢ ¯® ¨§ãç¥−¨î −¥«¨−¥©−ëå
¨ «¨−¥©−ëå ¢®«−, ¢®§−¨ª�îé¨å ¢ à¥§ã«ìâ�â¥ ã¢¥«¨ç¥−¨ï áª®à®áâ¨ â¥ç¥−¨ï ¦¨¤-
ª®áâ¥© ¨ £�§®®¡à�§−ëå á¬¥á¥©. “â¨«¨â� ®¯¨á�−� ¢ ¤®ªã¬¥−â�æ¨¨ ¯®«ì§®¢�â¥«ï
OpenFOAM [11] ¨ ¯à¥¤áâ�¢«¥−� ¢ −¥ª®â®àëå ãç¥¡−ëå §�¤�ç�å [12].

�¢â®à®¬ ¨§ãç¥− �«£®à¨â¬ ¯à®¢¥¤¥−¨ï ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï á ¨á¯®«ì-
§®¢�−¨¥¬ ãâ¨«¨âë boxTurb, âà¥¡ãîé¨© ¯à¥¤¢�à¨â¥«ì−®£® ¢ë¯®«−¥−¨ï ®á−®¢-
−®£® íâ�¯� ¯à¥¯à®æ¥áá¨−£� à¥è¥−¨ï | ¯®¤£®â®¢ª¨ à�áç¥â−®© á¥â®ç−®© ¬®¤¥«¨
á ¯®¬®éìî ®¤−®© ¨§ á®®â¢¥âáâ¢ãîé¨å ãâ¨«¨â: blockMesh, snappyHexMesh,
foamyQuadMesh ¨«¨ foamyHexMesh [3{5]. ‚ â¥ªãé¥© ¢¥àá¨¨ £à�ä¨ç¥áª®© ®¡®-
«®çª¨ [1] −¥®¡å®¤¨¬® à�áè¨à¨âì ¢®§¬®¦−®áâ¨ ¯à®£à�¬¬−ëå áªà¨¯â®¢, ®¡¥á¯¥ç¨¢
¤®áâã¯ ¯®«ì§®¢�â¥«ï ¨ ª §�¯ãáªã ãâ¨«¨âë boxTurb. �®¬¨¬® ®á−®¢−ëå áªà¨¯â®¢
¨§¬¥−¥−¨ï −¥®¡å®¤¨¬® ¢−¥áâ¨ ¨ ¢ £à�ä¨ç¥áªãî á®áâ�¢«ïîéãî ¯à¨«®¦¥−¨ï |
¤®¡�¢¨âì á®®â¢¥âáâ¢ãîé¨¥ í«¥¬¥−âë ã¯à�¢«¥−¨ï ¢ íªà�−−ë¥ ä®à¬ë. ’�ª¦¥
¢ ¯à®£à�¬¬¥ −¥®¡å®¤¨¬® à¥�«¨§®¢�âì §�é¨âã ®â −¥¢¥à−ëå ¤¥©áâ¢¨© ¯®«ì§®¢�â¥-
«ï | ¤®áâã¯ ª ãâ¨«¨â¥ ¤®«¦¥− ¯à¥¤®áâ�¢«ïâìáï ¯®«ì§®¢�â¥«î â®«ìª® −� íâ�¯¥
¯à¥¯à®æ¥áá¨−£� ¯®á«¥ §�¢¥àè¥−¨ï £¥−¥à�æ¨¨ ¡�§®¢®© á¥â®ç−®© ¬®¤¥«¨.
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„®à�¡®âª� £à�ä¨ç¥áª®£® ¨−â¥àä¥©á� ¯«�âä®à¬ë OpenFOAM ¤«ï à�¡®âë á á¥âª�¬¨

’�ª¨¬ ®¡à�§®¬, æ¥«ì ¨áá«¥¤®¢�−¨ï á®áâ®¨â ¢ à�§à�¡®âª¥ ¯à®£à�¬¬−®£® ¬®-
¤ã«ï, �¢â®¬�â¨§¨àãîé¥£® ¯à®æ¥áá ¤®à�¡®âª¨ á¥â®ç−®© ¬®¤¥«¨ á ¯®¬®éìî ãâ¨-
«¨âë boxTurb ¨ ¢ ¥£® ¨−â¥£à�æ¨¨ ¢ ¡�§®¢ãî ¢¥àá¨î £à�ä¨ç¥áª®© ®¡®«®çª¨
OpenFOAM GUI, á®§¤�−−®© �¢â®à®¬ [1]. „«ï ¤®áâ¨¦¥−¨ï æ¥«¨ −¥®¡å®¤¨¬®
¢ë¯®«−¨âì á«¥¤ãîé¨¥ §�¤�ç¨.

1. �®¤£®â®¢¨âì ä�©«ë á ¨áå®¤−ë¬ ª®¤®¬ áªà¨¯â®¢, ®¡¥á¯¥ç¨¢�îé¨å §�¯ãáª
ãâ¨«¨âë boxTurb, ¢å®¤ïé¥© ¢ ¯¥à¥ç¥−ì ãâ¨«¨â ¯à¥¯à®æ¥áá¨−£� ¯«�âä®à¬ë
OpenFOAM.

2. ˆ−â¥àä¥©á â¥ªãé¥© ¢¥àá¨¨ £à�ä¨ç¥áª®© ®¡®«®çª¨ OpenFOAM GUI ¤®-
¯®«−¨âì á®®â¢¥âáâ¢ãîé¨¬¨ £à�ä¨ç¥áª¨¬¨ í«¥¬¥−â�¬¨ (ª®¬¯®−¥−â�¬¨ ¨−-
â¥àä¥©á�).

3. ÷�§à�¡®â�âì ¬¥å�−¨§¬ §�é¨âë ®â −¥¢¥à−ëå ¤¥©áâ¢¨© ¯®«ì§®¢�â¥«ï ¯à¨ à�¡®â¥
á ãâ¨«¨â®© boxTurb −� íâ�¯¥ ¯à¥¯à®æ¥áá¨−£�.

4. ˆ−â¥£à¨à®¢�âì à�§à�¡®â�−−ë¥ áªà¨¯âë ¨ ¬¥å�−¨§¬ë ¢ ¨áå®¤−ë© ª®¤ ¡�§®¢®©
¢¥àá¨¨ £à�ä¨ç¥áª®© ®¡®«®çª¨ OpenFOAM GUI.

4 Средства разработки

÷�§à�¡®âª� ¯à®£à�¬¬−®£® ¯à¨«®¦¥−¨ï âà¥¡ã¥â ¢ë¡®à� áâ¥ª� â¥å−®«®£¨© |
−�¡®à� ¨−áâàã¬¥−â®¢, ®¡¥á¯¥ç¨¢�îé¨å ¯®¤£®â®¢ªã ¨áå®¤−®£® ª®¤� ¯à®£à�¬¬−®-
£® ¯à®¤ãªâ�. ÷�áá¬�âà¨¢�¥¬ë© ¢ áâ�âì¥ ¬®¤ã«ì ¯à¥¤¯®«�£�¥âáï ¨−â¥£à¨à®¢�âì
¢ ¡�§®¢ãî ¢¥àá¨î £à�ä¨ç¥áª®© ®¡®«®çª¨ OpenFOAM GUI [1]. �â® −�áâ®«ì−®¥
¯à®£à�¬¬−®¥ ¯à¨«®¦¥−¨¥, ¨¬¥îé¥¥ ¬−®£®á«®©−ãî �àå¨â¥ªâãàã. ‘«®© «®£¨ª¨ à¥-
�«¨§®¢�− á ¯®¬®éìî ¢ëá®ª®ãà®¢−¥¢®£® ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï Python 3.5 [13],
á«®© ¯à¥¤áâ�¢«¥−¨ï | á ¯®¬®éìî ¡¨¡«¨®â¥ª¨ PyQt5 [14], á«®© åà�−¥−¨ï ¤�−-
−ëå | −� ®á−®¢¥ ¢áâà®¥−−®£® ¢ Python ¬®¤ã«ï SQLite3 [15].

�¢â®à®¬ ¯à¨−ïâ® à¥è¥−¨¥ ¯à®¤®«¦¨âì ¨á¯®«ì§®¢�−¨¥ ¯à¥¤áâ�¢«¥−−®£® áâ¥ª�
â¥å−®«®£¨©. ‚ë¡®à ï§ëª� Python ®¡ãá«®¢«¥− â¥¬, çâ® ®− §�−¨¬�¥â ¢ëá®ª¨¥
¯®§¨æ¨¨ ¢ à¥©â¨−£�å. ‚ à¥©â¨−£¥ TIOBE ¯® á®áâ®ï−¨î −� á¥−âï¡àì 2020 £.
Python §�−¨¬�¥â âà¥âìî ¯®§¨æ¨î, çâ® ¯®ª�§ë¢�¥â ¥£® ¯®¯ã«ïà−®áâì áà¥¤¨ à�§-
à�¡®âç¨ª®¢ [16]. Šà®¬¥ â®£®, Python áãé¥áâ¢¥−−® ¯à¥¢®áå®¤¨â ¤àã£¨¥ ï§ëª¨
¯à®£à�¬¬¨à®¢�−¨ï ¯® ¯à®áâ®â¥ ¨§ãç¥−¨ï, � ¥£® ¢®§¬®¦−®áâ¨ à�áè¨àïîâáï §�
áç¥â ¯®¤ª«îç¥−¨ï ¤®¯®«−¨â¥«ì−ëå áâ®à®−−¨å ¡¨¡«¨®â¥ª.

�¨¡«¨®â¥ª� PyQt | −¥ ¥¤¨−áâ¢¥−−®¥ áà¥¤áâ¢® ¯à®¥ªâ¨à®¢�−¨ï ¨−â¥àä¥©á®¢
¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢. Š �−�«®£�¬ ¬®¦−® ®â−¥áâ¨ Tkinter [17] ¨ Kivy [18].
‚ë¡®à PyQt ®¡ãá«®¢«¥− −�«¨ç¨¥¬ ¯®¤à®¡−®© ¤®ªã¬¥−â�æ¨¨, � â�ª¦¥ ¬−®£®-
ç¨á«¥−−®£® á®®¡é¥áâ¢� à�§à�¡®âç¨ª®¢, çâ® ã¯à®é�¥â ¯à®æ¥áá ¯à®¥ªâ¨à®¢�−¨ï.
�¨¡«¨®â¥ª� PyQt ¯®§¢®«ï¥â á®§¤�¢�âì ¯à¨¢ëç−ë¥ ®ª®−−ë¥ ¨−â¥àä¥©áë á ¯à¨-
¢«¥ª�â¥«ì−ë¬ ®ä®à¬«¥−¨¥¬.

…é¥ ®¤¨− ¢�¦−ë© íâ�¯ ¯®¤£®â®¢ª¨ ª à�§à�¡®âª¥ ¯à®£à�¬¬−®£® ¯à¨«®¦¥−¨ï |
¢ë¡®à ¨−â¥£à¨à®¢�−−®© áà¥¤ë à�§à�¡®âª¨ (IDE, integrated development environ-
ment), ®¡¥á¯¥ç¨¢�îé¥© −�¯¨á�−¨¥, §�¯ãáª ¨ ®â«�¤ªã ¯à®£à�¬¬−®£® ª®¤�. �¤−®©
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¨§ −�¨¡®«¥¥ íää¥ªâ¨¢−ëå ¨ ¯®¯ã«ïà−ëå IDE ï¢«ï¥âáï PyCharm, ¯®§¢®«ïîé�ï
−¥ â®«ìª® à�¡®â�âì á ª®¤®¬, −® ¨ á®§¤�¢�âì ¨ §�¯ãáª�âì unit-â¥áâë, −�áâà�¨¢�âì
¢¨àâã�«ì−®¥ ®ªàã¦¥−¨¥ ¯à®£à�¬¬ [19].

�¥à¥ç¨á«¥−−ë© áâ¥ª â¥å−®«®£¨© ¯à¥¤¯®«�£�¥âáï ¨á¯®«ì§®¢�âì ¤«ï à�§-
à�¡®âª¨ à�áá¬�âà¨¢�¥¬®£® ¯à®£à�¬¬−®£® ¬®¤ã«ï. ƒà�ä¨ç¥áª�ï ®¡®«®çª�
OpenFOAM GUI [1], à�§à�¡®â�−−�ï �¢â®à®¬, âà¥¡ã¥â −�«¨ç¨ï ãáâ�−®¢«¥−−®©
−� ¢ëç¨á«¨â¥«ì−®¬ ãáâà®©áâ¢¥ ¯®«ì§®¢�â¥«ï ¯«�âä®à¬ë OpenFOAM, −�¯à¨¬¥à
¢¥àá¨¨ 6.0 [2], � â�ª¦¥ ¯�ª¥â� ¢¨§ã�«¨§�æ¨¨ à¥§ã«ìâ�â®¢ ç¨á«¥−−ëå íªá¯¥à¨¬¥−-
â®¢ ParaView [10].

5 Механизм работы модуля

÷�§à�¡®â�−−ë© ¬®¤ã«ì £¥−¥à�æ¨¨ ¡«®ª®¢ âãà¡ã«¥−â−®áâ¨ ¨−â¥£à¨à®¢�− ¢ ¡�-
§®¢ãî ¢¥àá¨î £à�ä¨ç¥áª®© ®¡®«®çª¨ OpenFOAM GUI [20]. …£® ¯à¨¬¥−¥−¨¥
®áãé¥áâ¢«ï¥âáï ¢ à�¬ª�å ¯à¥¯à®æ¥áá¨−£� ç¨á«¥−−®£® íªá¯¥à¨¬¥−â�. �à¥¤¢�-
à¨â¥«ì−® −¥®¡å®¤¨¬® ¯®¤£®â®¢¨âì à�áç¥â−ë© á«ãç�© §�¤�ç¨ Œ‘‘ ¨«¨ ¢ë¡à�âì
®¤¨− ¨§ áãé¥áâ¢ãîé¨å. �à¨ íâ®¬ ¤®«¦−� ¡ëâì á£¥−¥à¨à®¢�−� à�áç¥â−�ï á¥â®ç−�ï
¬®¤¥«ì, ª®â®àãî ¤�«¥¥ ¯à¥¤¯®«�£�¥âáï ¤®à�¡®â�âì á ¯®¬®éìî ãâ¨«¨âë boxTurb

÷¨á. 1 Œ¥å�−¨§¬ à�¡®âë á ¬®¤ã«¥¬ á®§¤�−¨ï ¡«®ª� âãà¡ã«¥−â−®áâ¨
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„®à�¡®âª� £à�ä¨ç¥áª®£® ¨−â¥àä¥©á� ¯«�âä®à¬ë OpenFOAM ¤«ï à�¡®âë á á¥âª�¬¨

¨ à�áá¬�âà¨¢�¥¬®£® ¯à®£à�¬¬−®£® ¬®¤ã«ï. �� à¨á. 1 ¯à¨¢¥¤¥−� ¤¨�£à�¬¬�,
®¯¨áë¢�îé�ï ¬¥å�−¨§¬ ¯à¨¬¥−¥−¨ï ¬®¤ã«ï ¤«ï á®§¤�−¨ï ¡«®ª� âãà¡ã«¥−â−®áâ¨,
á®®â¢¥âáâ¢ãîé¥£® §�¤�−−®¬ã í−¥à£¥â¨ç¥áª®¬ã á¯¥ªâàã.

�®á«¥ §�¢¥àè¥−¨ï à�¡®âë ãâ¨«¨âë boxTurb ¯®«ì§®¢�â¥«ì ¬®¦¥â ¯¥à¥©â¨
ª ¢¨§ã�«¨§�æ¨¨ ¯®«ãç¥−−®© á¥â®ç−®© ¬®¤¥«¨ −� ¡�§¥ ¯�ª¥â� ParaView [10].
Šà®¬¥ â®£®, ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¬®¦−® ¢−¥áâ¨ ¨§¬¥−¥−¨ï ¢ áãé¥áâ¢ãîéãî á¥â®ç-
−ãî ¬®¤¥«ì ¨ ¢ë¯®«−¨âì ¯®¢â®à−ãî £¥−¥à�æ¨î, ¨á¯®«ì§ãï ãâ¨«¨âë blockMesh,
snappyHexMesh, foamyQuadMesh ¨«¨ foamyHexMesh [3{5]. „�«¥¥ à�¡®â� á ¯�-
à�¬¥âà�¬¨ âãà¡ã«¥−â−®áâ¨ ¬®¦¥â ¡ëâì ¯à®¤®«¦¥−� ¨ ¢ë¯®«−¥− ¯®¢â®à−ë© §�¯ãáª
ãâ¨«¨âë boxTurb. ‚á¥ −¥®¡å®¤¨¬ë¥ è�£¨ ¯® à�¡®â¥ á ãâ¨«¨â®© boxTurb ®áã-
é¥áâ¢«ïîâáï ç¥à¥§ £«�¢−®¥ ®ª−® ¨−â¥àä¥©á� £à�ä¨ç¥áª®© ®¡®«®çª¨. ��ª¥â
ParaView §�¯ãáª�¥âáï ¢ ¤®¯®«−¨â¥«ì−®¬ ®ª−¥.

6 Результаты исследования

ˆâ®£ ¢ë¯®«−¥−−®£® �¢â®à®¬ ¨áá«¥¤®¢�−¨ï §�ª«îç�¥âáï ¢ à�áè¨à¥−¨¨ ¨áå®¤-
−®£® ª®¤� £à�ä¨ç¥áª®© ®¡®«®çª¨ OpenFOAM GUI §� áç¥â ¨−â¥£à�æ¨¨ ¯à®£à�¬-
¬−®£® ¬®¤ã«ï ¤«ï à�¡®âë á ãâ¨«¨â®© boxTurb [20]. �â®â ¯à®£à�¬¬−ë© ¬®¤ã«ì
®â¢¥ç�¥â §� á®§¤�−¨¥ ¡«®ª� âãà¡ã«¥−â−®áâ¨ ¤«ï ®¯à¥¤¥«¥−−®£® í−¥à£¥â¨ç¥áª®£®
á¯¥ªâà�. “â¨«¨â� ¯à¨¬¥−ï¥âáï −� íâ�¯¥ ¯à¥¯à®æ¥áá¨−£� ¨ ®¡¥á¯¥ç¨¢�¥â ®¯à¥¤¥«¥-

÷¨á. 2 �à¨¬¥à à�áç¥â−®© á¥âª¨ ¯®á«¥ ¤®à�¡®âª¨ á ¯®¬®éìî ãâ¨«¨âë boxTurb
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−¨¥ ¤®¯®«−¨â¥«ì−ëå ¯�à�¬¥âà®¢ à�áç¥â−®© á¥âª¨ ¯à¨ ¬®¤¥«¨à®¢�−¨¨ §�¤�ç Œ‘‘
¢ ®¡«�áâ¨ âãà¡ã«¥−â−®áâ¨. �«�£®¤�àï ãâ¨«¨â¥ boxTurb £¥−¥à¨àã¥¬�ï à�áç¥â−�ï
á¥âª� ãç¨âë¢�¥â ¡®«ìè¥¥ ª®«¨ç¥áâ¢® ¨áå®¤−ëå ãá«®¢¨© ¨ ¯�à�¬¥âà®¢ ¬®¤¥«¨àã-
¥¬®£® ®¡ê¥ªâ� ¨«¨ ¯à®æ¥áá� ¨ ¯®¢ëè�¥â â®ç−®áâì á®§¤�¢�¥¬®© ç¨á«¥−−®© ¬®¤¥«¨.

�� à¨á. 2 ¯à¨¢¥¤¥−® ¨§®¡à�¦¥−¨¥ á¥â®ç−®© ¬®¤¥«¨, á£¥−¥à¨à®¢�−−®© ¯®áà¥¤-
áâ¢®¬ ãâ¨«¨âë blockMesh ¨ ¤®à�¡®â�−−®© á ¯®¬®éìî ãâ¨«¨âë boxTurb, â. ¥.
á ¤®¡�¢«¥−¨¥¬ ¡«®ª� âãà¡ã«¥−â−®áâ¨.

7 Заключение

�à¥¤áâ�¢«¥−−�ï à�¡®â� ®¡®¡é�¥â à¥§ã«ìâ�âë à�áè¨à¥−¨ï äã−ªæ¨®−�«ì-
−ëå ¢®§¬®¦−®áâ¥© £à�ä¨ç¥áª®© ®¡®«®çª¨ OpenFOAM GUI, á®§¤�−−®© �¢â®à®¬
¨ ¯à¥¤−�§−�ç¥−−®© ¤«ï ¯®áâ�−®¢ª¨ ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢ ¯à¨¬¥−¨â¥«ì−®
ª §�¤�ç�¬ Œ‘‘ á ¯®¬®éìî ¯«�âä®à¬ë OpenFOAM. ÷�áè¨à¥−¨¥ äã−ªæ¨®-
−�«ì−®áâ¨ §�ª«îç�¥âáï ¢ ¯à®¥ªâ¨à®¢�−¨¨ ¨ à�§à�¡®âª¥ ¯à®£à�¬¬−®£® ¬®¤ã«ï,
®¡¥á¯¥ç¨¢�îé¥£® ¬®¤¨ä¨ª�æ¨î á¥â®ç−®© ¬®¤¥«¨, £¥−¥à¨àã¥¬®© á ¯®¬®éìî ®¤-
−®© ¨§ áâ�−¤�àâ−ëå ãâ¨«¨â, −�¯à¨¬¥à blockMesh [3].

Œ®¤¨ä¨ª�æ¨ï à�áç¥â−®© á¥âª¨ §�ª«îç�¥âáï ¢ ¤®¡�¢«¥−¨¨ ¡«®ª� âãà¡ã-
«¥−â−®áâ¨ á ¯®¬®éìî ãâ¨«¨âë boxTurb ¨ ¬®¦¥â ¢ë¯®«−ïâìáï ¤«ï ¢á¥å â¨¯®¢
§�¤�ç Œ‘‘, ç¨á«¥−−®¥ ¬®¤¥«¨à®¢�−¨¥ ª®â®àëå ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî
¯«�âä®à¬ë OpenFOAM. ÷�áè¨à¥−¨¥ ¨áå®¤−®£® ª®¤� £à�ä¨ç¥áª®© ®¡®«®ç-
ª¨ OpenFOAM GUI ¢ª«îç�¥â à�§à�¡®âªã áªà¨¯â®¢, ®¡¥á¯¥ç¨¢�îé¨å §�¯ãáª
ãâ¨«¨âë boxTurb ¨ ¯à®¥ªâ¨à®¢�−¨¥ ¤®¯®«−¨â¥«ì−ëå £à�ä¨ç¥áª¨å í«¥¬¥−â®¢
¨−â¥àä¥©á�. �¢â®à®¬ ¯à®¤®«¦¥−® ¨á¯®«ì§®¢�−¨¥ ¯®¤å®¤®¢, ¯à¥¤áâ�¢«¥−−ëå
¢ à�¡®â�å [3{5].

1. ÷�§à�¡®âª� íªà�−−ëå ä®à¬ ¤«ï ¢á¥å á«ã¦¥¡−ëå ä�©«®¢-á«®¢�à¥© à�áç¥â-
−ëå á«ãç�¥¢ ¨ à�§à�¡®âª� �«£®à¨â¬®¢ §�¯®«−¥−¨ï íâ¨å ä�©«®¢ −� ®á−®¢¥
¯�à�¬¥âà®¢, ¯¥à¥¤�¢�¥¬ëå ç¥à¥§ ä®à¬ë.

2. �à®£à�¬¬−ë© §�¯ãáª ãâ¨«¨â ¯«�âä®à¬ë OpenFOAM ¯ãâ¥¬ £¥−¥à�æ¨¨ ¨ §�-
¯ãáª� bash-áªà¨¯â®¢, á®®â¢¥âáâ¢ãîé¨å ãâ¨«¨â�¬ [21].

3. Š®−âà®«ì ª®àà¥ªâ−®áâ¨ ¢¢®¤¨¬ëå ¯®«ì§®¢�â¥«¥¬ ¤�−−ëå §� áç¥â ¢�«¨¤�â®-
à®¢, ¯à¨¢ï§�−−ëå ª í«¥¬¥−â�¬ ã¯à�¢«¥−¨ï ä®à¬.

4. Œ¥å�−¨§¬ á¥à¨�«¨§�æ¨¨ ¯�à�¬¥âà®¢ §�¤�ç Œ‘‘ ¯®áà¥¤áâ¢®¬ ¬®¤ã«ï Pickle
ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï Python [22] ¨ á ¯®¬®éìî §�¯¨á¨ ¯�à�¬¥âà®¢ ¢ á®®â-
¢¥âáâ¢ãîé¨¥ â�¡«¨æë á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå (‘“�„) ä®à¬�â�
SQLite [15]. „�−−ë© ¬¥å�−¨§¬ ¯à¥¤ãá¬�âà¨¢�¥â ¯®á«¥¤ãîé¥¥ ¢®ááâ�−®¢«¥-
−¨¥ ¯�à�¬¥âà®¢ ¨ ¨å à¥¤�ªâ¨à®¢�−¨¥ ¨ ¯®§¢®«ï¥â à�¡®â�âì á áãé¥áâ¢ãîé¨¬¨
à�áç¥â−ë¬¨ á«ãç�ï¬¨ ¨ à¥¤�ªâ¨à®¢�âì ¯�à�¬¥âàë á®®â¢¥âáâ¢ãîé¨å ä�©«®¢-
á«®¢�à¥©.

5. „«ï ¨áª«îç¥−¨ï ®è¨¡®ª ¢ å®¤¥ ç¨á«¥−−®£® íªá¯¥à¨¬¥−â� à¥�«¨§®¢�− ¬¥-
å�−¨§¬ ª®−âà®«ï ª®¬¯«¥ªâ−®áâ¨ ä�©«®¢-á«®¢�à¥© ¤«ï ª�¦¤®£® à�áç¥â−®£®
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„®à�¡®âª� £à�ä¨ç¥áª®£® ¨−â¥àä¥©á� ¯«�âä®à¬ë OpenFOAM ¤«ï à�¡®âë á á¥âª�¬¨

á«ãç�ï. �«�£®¤�àï ¤�−−®¬ã ¬¥å�−¨§¬ã ª�¦¤ë© ¨§ íâ�¯®¢ ç¨á«¥−−®£® íªá¯¥-
à¨¬¥−â�, ¢ â®¬ ç¨á«¥ ¯à¥¯à®æ¥áá¨−£, à¥è¥−¨¥ ¨ ¯®áâ¯à®æ¥áá¨−£, ¬®£ãâ ¡ëâì
¢ë¯®«−¥−ë â®«ìª® ¯®á«¥ ¯à®¢¥àª¨ −�«¨ç¨ï ¢á¥å −¥®¡å®¤¨¬ëå á«ã¦¥¡−ëå
ä�©«®¢-á«®¢�à¥©.

6. „«ï ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨ ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï ®¤−¨å ¨ â¥å ¦¥
§�¤�ç Œ‘‘, −® á à�§−ë¬¨ ¨áå®¤−ë¬¨ ¯�à�¬¥âà�¬¨ ¯à¥¤«®¦¥− ¨ à¥�«¨§®¢�−
¬¥å�−¨§¬ £¥−¥à�æ¨¨ −¥áª®«ìª¨å ¢¥àá¨© ä�©«®¢-á«®¢�à¥© à�áç¥â−ëå á«ãç�-
¥¢. �«�£®¤�àï íâ®¬ã ¬¥å�−¨§¬ã á¯¥æ¨�«¨áâ ¨¬¥¥â ¢®§¬®¦−®áâì ¢ ¯à¥¤¥«�å
®¤−®£® à�áç¥â−®£® á«ãç�ï ¯®¤£®â®¢¨âì à�§«¨ç−ë¥ ¢¥àá¨¨ ®¤−®£® ¨ â®£® ¦¥
á«ã¦¥¡−®£® ä�©«�.

�à�ªâ¨ç¥áª�ï æ¥−−®áâì ¯à¥¤«®¦¥−−®£® ¯à®£à�¬¬−®£® ¬®¤ã«ï §�ª«îç�¥âáï
¢ íª®−®¬¨¨ à�¡®ç¥£® ¢à¥¬¥−¨ ¨−¦¥−¥à®¢ ¨ ¨áá«¥¤®¢�â¥«¥©. �à¨ íâ®¬ ã¯à®-
é�¥âáï ®á¢®¥−¨¥ ¬¥å�−¨§¬� ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï ¯®áà¥¤áâ¢®¬ ¯«�âä®à¬ë
OpenFOAM, � â�ª¦¥ ¬¨−¨¬¨§¨àãîâáï ¢®§¬®¦−ë¥ ®è¨¡ª¨ ç¨á«¥−−®£® ¬®¤¥«¨-
à®¢�−¨ï.

„«ï −�¯¨á�−¨ï ¨áå®¤−®£® ª®¤� ¯à¥¤áâ�¢«¥−−®£® ¬®¤ã«ï �¢â®à®¬ ¯à¨¬¥−¥−
áâ¥ª â¥å−®«®£¨©, ¢ª«îç�îé¨© ï§ëª ¯à®£à�¬¬¨à®¢�−¨ï Python (¤«ï ®¯¨á�−¨ï
á«®ï «®£¨ª¨ ¯à¨«®¦¥−¨ï) [13], ¡¨¡«¨®â¥ª� PyQt (¤«ï ®¯¨á�−¨ï á«®ï ¯à¥¤áâ�¢«¥-
−¨ï) [14], ¬®¤ã«¨ SQLite3 [15] ¨ Pickle [22] (¤«ï ®¯¨á�−¨ï á«®ï åà�−¥−¨ï ¤�−−ëå).
�à®£à�¬¬−ë© ¬®¤ã«ì ¯®¤£®â®¢«¥− á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤ë à�§à�¡®âª¨ PyCharm.
„®à�¡®â�−−�ï ¢¥àá¨ï £à�ä¨ç¥áª®© ®¡®«®çª¨ (á ¨−â¥£à¨à®¢�−−ë¬ ¬®¤ã«¥¬ ¤«ï
à�¡®âë á ãâ¨«¨â®© boxTurb) à�§¬¥é¥−� ¢ ®âªàëâ®¬ ¤®áâã¯¥ −� á¥à¢¨á¥ GitHub.
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OF THE OpenFOAM PLATFORM

IN TERMS OF EXPANDING THE LIST OF UTILITIES
FOR WORKING WITH COMPUTATIONAL MESHES

D. I. Chitalov
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Branch of the Russian Academy of Sciences, Ilmen Reserve, Miass, Chelyabinsk
Region 456317, Russian Federation

Abstract: The study is devoted to improving the graphical shell of the Open-
FOAM platform to provide the user with access to the boxTurb utility which
provides modification of the computational domain by generating a turbulence
block for a given energy spectrum. Work with the utility is carried out at
the stage of determining the initial parameters of a numerical experiment (at
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the preprocessing stage) performed for problems of continuum mechanics (CM)
modeled on the basis of the OpenFOAM platform. As a part of the finalization
of the graphical shell, a software module has been prepared for working with
the boxTurb utility. A set of tools necessary for preparing the source code of
the module is presented and a diagram is given that describes the mechanism
of its operation. Based on the presented module, the source code of the basic
version of the graphical shell of the OpenFOAM platform has been extended.
The product has been tested on the example of one of the CM training tasks of
the OpenFOAM platform distribution kit. A description of the practical value
and novelty of the study is given.

Keywords: numerical simulation; continuum mechanics; graphical user in-
terface; OpenFOAM; Python programming language; open source software;
boxTurb utility; PyQt5 library; SQLite
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ФУНКЦИИ ЭКСПОРТА
В ЛЕКСИКОГРАФИЧЕСКИХ БАЗАХ ДАННЫХ∗

В. В. Вакуленко1, А. А. Дурново2, И. М. Зацман3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï §�¤�ç¨, äã−ªæ¨¨ ¨ ®á−®¢−ë¥ íâ�¯ë íªá¯®àâ�
¢ −�¤ª®à¯ãá−ëå ¡�§�å ¤�−−ëå (��„) ¨ ¢ ¡�§¥ ¤�−−ëå äà�§¥®«®£¨ç¥áª®£®
á«®¢�àï (�„ ”‘), á®¤¥à¦�é¥© á«®¢�à−ë¥ áâ�âì¨ −¥¬¥æª¨å ¨¤¨®¬ ¨ ¨å
¯¥à¥¢®¤®¢ −� àãááª¨© ï§ëª. ‚ ��„, á®¤¥à¦�é¥© ¯�à�««¥«ì−ë¥ â¥ªáâë
®à¨£¨−�«®¢ ¨ ¯¥à¥¢®¤®¢ ª−¨£, ¯®«ì§®¢�â¥«ì ¢ à¥§ã«ìâ�â¥ íªá¯®àâ� ¯®«ãç�¥â
ª�â�«®£ ¨−â¥à¥áãîé¨å ¥£® �−−®â¨à®¢�−−ëå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¨áá«¥-
¤ã¥¬ëå ï§ëª®¢ëå ¥¤¨−¨æ ¢ ®à¨£¨−�«¥ ¨ ¯¥à¥¢®¤¥, ¢ �„ ”‘ | ¬�áá¨¢
á«®¢�à−ëå áâ�â¥©, ®â®¡à�−−ëå ¯® ªà¨â¥à¨î, §�¤�−−®¬ã ¯®«ì§®¢�â¥«¥¬. –¥«ì
áâ�âì¨ á®áâ®¨â ¢ ®¯¨á�−¨¨ ¯à¨−æ¨¯®¢ ã−¨ä¨ª�æ¨¨ íªá¯®àâ� ¯à¨ ä®à¬¨à®¢�−¨¨
¬�áá¨¢®¢ á«®¢�à−ëå áâ�â¥© ¨ á®§¤�−¨¨ ª�â�«®£®¢ �−−®â¨à®¢�−−ëå ¯¥à¥¢®¤−ëå
á®®â¢¥âáâ¢¨©.

Š«îç¥¢ë¥ á«®¢�: äã−ªæ¨¨ íªá¯®àâ�; −�¤ª®à¯ãá−ë¥ ¡�§ë ¤�−−ëå; ª�â�-
«®£; ¡�§� ¤�−−ëå äà�§¥®«®£¨ç¥áª®£® á«®¢�àï; �−−®â¨à®¢�−−ë¥ ¯¥à¥¢®¤−ë¥
á®®â¢¥âáâ¢¨ï
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1 Введение

�� 1 ï−¢�àï 2022 £. ¢ ��„ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”ˆ– ˆ“
÷�� åà�−¨«¨áì á®â−¨ ª−¨£ ¨ ¨å ¯¥à¥¢®¤ë −� ¯ïâ¨ ï§ëª�å (àãááª¨©, �−£«¨©áª¨©,
äà�−æã§áª¨©, −¥¬¥æª¨©, ¨â�«ìï−áª¨©) ®¡é¨¬ ®¡ê¥¬®¬ ¡®«¥¥ 64 ¬«− á«®¢®ã¯®-
âà¥¡«¥−¨© (â�¡«. 1). –¥«ì áâ�âì¨ á®áâ®¨â ¢ ®¯¨á�−¨¨ ¯à¨−æ¨¯®¢ ã−¨ä¨ª�æ¨¨
íªá¯®àâ� ¨§ ��„ ¨ �„ ”‘ (¤�«¥¥ ¯à¨ á®¢¬¥áâ−®¬ ã¯®¬¨−�−¨¨ | �„) ¯à¨
ä®à¬¨à®¢�−¨¨ ¬�áá¨¢®¢ á«®¢�à−ëå áâ�â¥© ¨ á®§¤�−¨¨ −� ®á−®¢¥ ��„ ª�â�«®£®¢
¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¨áá«¥¤ã¥¬ëå ï§ëª®¢ëå ¥¤¨−¨æ, �−−®â¨à®¢�−−ëå á ¨á-
¯®«ì§®¢�−¨¥¬ â¥ªáâ®¢ íâ¨å ª−¨£ ¨ ¨å ¯¥à¥¢®¤®¢. ‚ ��„ ªà®¬¥ ¯�à�««¥«ì−ëå
â¥ªáâ®¢ ®à¨£¨−�«®¢ ¨ ¯¥à¥¢®¤®¢ ª−¨£ åà�−ïâáï ¨ �−−®â¨à®¢�−−ë¥ ¯¥à¥¢®¤−ë¥
á®®â¢¥âáâ¢¨ï (ªà�âª® | �−−®â�æ¨¨) [1{4].

��§� ¤�−−ëå äà�§¥®«®£¨ç¥áª®£® á«®¢�àï á®¤¥à¦¨â á«®¢�à−ë¥ áâ�âì¨ −¥¬¥æ-
ª¨å ¨¤¨®¬ ¨ ¨å ¯¥à¥¢®¤®¢ −� àãááª¨© ï§ëª [5, 6]. ‘ ¯®¬®éìî íâ®© ¡�§ë ¤�−−ëå

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® á ¨á¯®«ì§®¢�−¨¥¬ –Š� úˆ−ä®à¬�â¨ª�û ”ˆ– ˆ“ ÷��.
1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

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

−�ãª, duralex49@mail.ru
3”¥¤¥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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’�¡«¨æ� 1 —¨á«® á«®¢®ã¯®âà¥¡«¥−¨© ¢ â¥ªáâ�å ��„

��¯à�¢«¥−¨¥ ¯¥à¥¢®¤� ‘«®¢ ®à¨£¨−�«� ‘«®¢ ¯¥à¥¢®¤� ‚á¥£® á«®¢
÷ãááª¨©{äà�−æã§áª¨© 1 715 846 2 361 631 4 077 477
”à�−æã§áª¨©{àãááª¨© 1 087 189 847 136 1 934 325
÷ãááª¨©{−¥¬¥æª¨© 4 276 118 5 491 866 9 767 984
�¥¬¥æª¨©{àãááª¨© 8 341 623 7 336 810 15 678 433
÷ãááª¨©{¨â�«ìï−áª¨© 1 764 119 2 212 551 3 976 670
ˆâ�«ìï−áª¨©{àãááª¨© 484 054 427 070 911 124
÷ãááª¨©{�−£«¨©áª¨© 4 212 047 5 574 449 9 786 496
�−£«¨©áª¨©{àãááª¨© 9 879 768 8 154 164 18 033 932

ˆâ®£® 31 760 764 32 405 677 64 166 441

¯«�−¨àã¥âáï ¯®¬¨¬® ¯®¤£®â®¢ª¨ ¯¥ç�â−®£® á«®¢�àï ¤¥«�âì ¤®áâã¯−ë¬¨ ¢ ¥£® ®−-
«�©−-¢¥àá¨¨ ®â¤¥«ì−ë¥ áâ�âì¨, çâ®¡ë ¤�âì ¯à¥¤áâ�¢«¥−¨¥ ® á®§¤�¢�¥¬®¬ á«®¢�à¥
ã¦¥ ¢® ¢à¥¬ï â¥ªãé¥© −�¤ −¨¬ à�¡®âë [7]. ‘®§¤�−¨¥ −®¢®£® −¥¬¥æª®-àãááª®£®
äà�§¥®«®£¨ç¥áª®£® á«®¢�àï −¥®¡å®¤¨¬®, ¯®áª®«ìªã áãé¥áâ¢ãîé¨¥ «¥ªá¨ª®£à�-
ä¨ç¥áª¨¥ ¨áâ®ç−¨ª¨ −¥¬¥æª¨å ¨¤¨®¬ ¨ ¨å ¯¥à¥¢®¤®¢ −� àãááª¨© ï§ëª −¥ ®â¢¥ç�îâ
á®¢à¥¬¥−−ë¬ âà¥¡®¢�−¨ï¬. ‚ −�áâ®ïé¥¥ ¢à¥¬ï á«®¢�àì á®¤¥à¦¨â ®ª®«® 2000 −¥-
¬¥æª¨å ¨¤¨®¬ á ¨å ¢�à¨�−â�¬¨ ¨ ¯¥à¥¢®¤�¬¨1. �â¬¥â¨¬, çâ® á«®¢�à−ë¥ áâ�âì¨
¢ª«îç�îâ ¢ á¥¡ï ¢ −¥®¡å®¤¨¬ëå á«ãç�ïå ¯®¤à®¡−ë¥ ª®¬¬¥−â�à¨¨, ãª�§ë¢�îé¨¥
−� ®á®¡¥−−®áâ¨ à¥�«ì−®£® ¨á¯®«ì§®¢�−¨ï á®®â¢¥âáâ¢ãîé¨å ¨¤¨®¬ [8, 9]. —â®-
¡ë á¤¥«�âì ¤®áâã¯−ë¬¨ ®â¤¥«ì−ë¥ áâ�âì¨ ¢ ®−«�©−-¢¥àá¨¨ á«®¢�àï, −¥®¡å®¤¨¬®
¢ �„ ”‘ ¨¬¥âì äã−ªæ¨¨ íªá¯®àâ�.

Š ®á−®¢−ë¬ à�áá¬�âà¨¢�¥¬ë¬ ¢ áâ�âì¥ §�¤�ç�¬, ¤«ï à¥è¥−¨ï ª®â®àëå âà¥¡ã-
¥âáï ®à£�−¨§®¢�âì íªá¯®àâ ¤�−−ëå ¨§ ��„ ¨ �„ ”‘, ®â−®áïâáï:

(1) ä®à¬¨à®¢�−¨¥ ä�©«®¢ á«®¢�à−ëå áâ�â¥©, á®§¤�−−ëå á ¯®¬®éìî �„ ”‘,
¤«ï ¤�«ì−¥©è¥£® ¨å ¨á¯®«ì§®¢�−¨ï ¢ ¤àã£¨å ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å,
� â�ª¦¥ ¤«ï ¨§¤�−¨ï á«®¢�àï ¨ ¥£® ®−«�©−-¢¥àá¨¨;

(2) á®§¤�−¨¥ ª�â�«®£®¢ �−−®â�æ¨© ¤«ï à�§¬¥é¥−¨ï ¨å −� á�©â�å, ¤®áâã¯−ëå
ç¥à¥§ ¨−â¥à−¥â;

(3) ä®à¬¨à®¢�−¨¥ �„ �−−®â�æ¨© ¤«ï ¨å à�§¬¥é¥−¨ï −� á�©â�å;

(4) á®áâ�¢«¥−¨¥ −�ãç−ëå ®âç¥â®¢ ® à¥§ã«ìâ�â�å ã¤�«¥−−®© à�¡®âë «¨−£¢¨áâ®¢,
«¥ªá¨ª®£à�ä®¢ ¨ ¤àã£¨å ¯®«ì§®¢�â¥«¥© �„.

�¥à¥ç¨á«¨¬ ®á−®¢−ë¥ íâ�¯ë íªá¯®àâ�, à�áá¬�âà¨¢�¥¬ë¥ ¢ áâ�âì¥:

(1) ä®à¬¨à®¢�−¨¥ ¯®«ì§®¢�â¥«¥¬ �„ §�¯à®á� −� íªá¯®àâ ¬�áá¨¢� ¤�−−ëå (¥£®
áâàãªâãà� ¨ −�¯®«−¥−¨¥ ®¯à¥¤¥«ïîâáï è�¡«®−®¬, ª®â®àë© ¯®«ì§®¢�â¥«ì
¢ë¡¨à�¥â ¨§ §�à�−¥¥ áä®à¬¨à®¢�−−®£® −�¡®à�);

1÷�§à�¡®âç¨ª¨ äà�§¥®«®£¨ç¥áª®£® á«®¢�àï −¥¬¥æª¨å ¨¤¨®¬ ¨ ¨å ¯¥à¥¢®¤®¢ −� àãááª¨© ï§ëª:
„¬¨âà¨© „®¡à®¢®«ìáª¨© (àãª®¢®¤¨â¥«ì ¯à®¥ªâ�), �àâ¥¬ ˜�à�−¤¨−, ’�âìï−� ”¨«¨¯¥−ª®, …«¥−�
Šà®â®¢� ¨ ¤à. [7].
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(2) ¢ë¯®«−¥−¨¥ ¢ �„ ¯®¨áª� ¤�−−ëå, −¥®¡å®¤¨¬ëå ¤«ï á®§¤�−¨ï ¬�áá¨¢�
íªá¯®àâ� (−�¯à¨¬¥à, �−−®â�æ¨©) á®£«�á−® ¢ë¡à�−−®¬ã è�¡«®−ã;

(3) ä®à¬¨à®¢�−¨¥ ¬�áá¨¢� á ¥£® ¬¥â�¤�−−ë¬¨, á®åà�−¥−¨¥ ¬�áá¨¢� ¨ ¥£® ®â-
¯à�¢ª� ¯®«ì§®¢�â¥«î �„ ¢¬¥áâ¥ á ¬¥â�¤�−−ë¬¨;

(4) à¥£¨áâà�æ¨ï ¢ ¦ãà−�«¥ à¥§ã«ìâ�â®¢ ¢ë¯®«−¥−¨ï íªá¯®àâ� ¨§ �„.

Š�ª á«¥¤ã¥â ¨§ á¯¨áª� ®á−®¢−ëå íâ�¯®¢ íªá¯®àâ�, ¯à¥¤¢�à¨â¥«ì−® ä®à¬¨àã-
¥âáï −�¡®à è�¡«®−®¢ ¨áå®¤ï ¨§ á¯¨áª� §�¤�ç, ¯¥à¥ç¨á«¥−−ëå ¢ëè¥.

‚ à�§¤. 2 ¤�−ë ¯à¨¬¥àë íªá¯®àâ¨àã¥¬ëå ª�â�«®£®¢ ¨ �„ �−−®â�æ¨©, ¨«-
«îáâà¨àãîé¨¥ à¥§ã«ìâ�âë ¨å ä®à¬¨à®¢�−¨ï −� ®á−®¢¥ íªá¯®àâ�. ‚ à�§¤. 3
à�áá¬�âà¨¢�îâáï ¯à¨−æ¨¯ë ¥£® ®à£�−¨§�æ¨¨. ÷�§¤¥« 4 ¯®á¢ïé¥− ®¯¨á�−¨î
¯à¨¬¥à� à�¡®âë ¯à®£à�¬¬ë, ®¡¥á¯¥ç¨¢�îé¥© íªá¯®àâ ¨§ �„.

2 Каталоги и базы данных аннотаций

�¤−� ¨§ ®á−®¢−ëå äã−ªæ¨© ��„ á®áâ®¨â ¢ ®¡¥á¯¥ç¥−¨¨ ¯à®æ¥áá®¢ æ¥«¥−�-
¯à�¢«¥−−®£® ¨§¢«¥ç¥−¨ï −®¢®£® «¨−£¢¨áâ¨ç¥áª®£® §−�−¨ï íªá¯¥àâ�¬¨ ¨ á®åà�−¥-
−¨¨ ¢ ��„ �−−®â�æ¨© ª�ª ä®à¬ ¥£® ¯à¥¤áâ�¢«¥−¨ï [10{13]. ”ã−ªæ¨¨ íªá¯®àâ�
¢ ��„ ¯¥à¢®−�ç�«ì−® ®¡¥á¯¥ç¨¢�«¨ à¥è¥−¨¥ ¢â®à®© ¨ âà¥âì¥© ¨§ ç¥âëà¥å §�¤�ç,
¯¥à¥ç¨á«¥−−ëå ¢® ¢¢¥¤¥−¨¨: á®§¤�−¨¥ ª�â�«®£®¢ ¨ íªá¯®àâ¨à®¢�−−ëå äà�£¬¥−â®¢
��„ (¤�«¥¥ | ��„ �−−®â�æ¨©). ‚ −�áâ®ïé¥¥ ¢à¥¬ï áä®à¬¨à®¢�−® âà¨ ª�â�«®£�
¨ âà¨ ��„ �−−®â�æ¨© [14,15]:

(1) ª�â�«®£ ¤¨áªãàá¨¢−ëå ¥¤¨−¨æ;

(2) ª�â�«®£ ª®−−¥ªâ®à®¢;

(3) ª�â�«®£ ¡¥§«¨ç−ëå £«�£®«ì−ëå ä®à¬;

(4) ��„ �−−®â�æ¨© ª®−−¥ªâ®à®¢;

(5) ��„ �−−®â�æ¨© «¨−£¢®á¯¥æ¨ä¨ç−ëå ï§ëª®¢ëå ¥¤¨−¨æ;

(6) ��„ �−−®â�æ¨© £«�£®«ì−ëå ª®−áâàãªæ¨©.

��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå ª®−−¥ªâ®à®¢ ¯®§¢®«ï¥â ®¯¨á�âì ¯¥à¥¢®¤−ë¥ á®®â-
¢¥âáâ¢¨ï ª®−−¥ªâ®à®¢ àãááª®£®, ¨â�«ìï−áª®£® ¨ äà�−æã§áª®£® ï§ëª®¢ [16]. ��
®á−®¢¥ à¥§ã«ìâ�â®¢ �−−®â¨à®¢�−¨ï â¥ªáâ®¢ −� àãááª®¬ ¨ äà�−æã§áª®¬ ï§ëª�å ¡ë«
á®áâ�¢«¥− ¨ ¢ë£àã¦¥− ª�â�«®£ ª®−−¥ªâ®à®¢, ¤®áâã¯−ë© −� á�©â¥ ¢ á¥â¨ ˆ−â¥à−¥â
¢¬¥áâ¥ á ��„ (4840 �−−®â�æ¨©), á®§¤�−−®© −� ®á−®¢¥ ��„ [14]. ��¯à¨¬¥à, á®-
£«�á−® íâ®¬ã ª�â�«®£ã, ª®−−¥ªâ®à ¢®®¡é¥ ç�é¥ ¢á¥£® ¯¥à¥¢®¤¨âáï −� äà�−æã§áª¨©
ï§ëª á ¨á¯®«ì§®¢�−¨¥¬ á«®¢ ¨ á«®¢®á®ç¥â�−¨©, ¯à¥¤áâ�¢«¥−−ëå ¢ â�¡«. 2.

�−�«®£¨ç−ãî ¨−ä®à¬�æ¨î ® ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨ïå ï§ëª®¢ëå ¥¤¨−¨æ
¤àã£¨å ª�â¥£®à¨© ¬®¦−® ¯®á¬®âà¥âì −� á�©â¥ [14].
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’�¡«¨æ� 2 —¥âëà¥ â®¯-¢�à¨�−â� ¯¥à¥¢®¤� ª®−−¥ªâ®à� ¢®®¡é¥

‚�à¨�−âë ¯¥à¥¢®¤�
ª®−−¥ªâ®à� ¢®®¡é¥

−� äà�−æã§áª¨© ï§ëª

—¨á«®
�−−®â¨à®¢�−−ëå

¯¥à¥¢®¤−ëå
á®®â¢¥âáâ¢¨©

„®«ï �−−®â¨à®¢�−−ëå
¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©

ª�¦¤®£® ¢�à¨�−â� ®â ®¡é¥£® ç¨á«�
áä®à¬¨à®¢�−−ëå �−−®â�æ¨© (134)

¯¥à¥¢®¤®¢ ª®−−¥ªâ®à� ¢®®¡é¥

en g�en�eral 35 26,12%
d'une fac�on g�en�erale 10 7,46%
d'ailleurs 6 4,48%
Bref 4 2,99%

3 Принципы поэтапной организации экспорта

�à¨ §�ª�§¥ ¯®«ì§®¢�â¥«¥¬ ª�â�«®£� −� ¯¥à¢®¬ íâ�¯¥ ¯à®¨áå®¤¨â ä®à¬¨à®-
¢�−¨¥ §�¯à®á� −� ¯®¨áª ¤�−−ëå ¤«ï íªá¯®àâ�. ‘ ¯®¬®éìî ¨−â¥àä¥©á� ��„
¯®«ì§®¢�â¥«ì ¯à®¢®¤¨â ®â¡®à ¨−â¥à¥áãîé¨å ¥£® �−−®â�æ¨©, §�¤�¢�ï á®®â¢¥â-
áâ¢ãîé¨¥ ªà¨â¥à¨¨ ¨å ¯®¨áª� (−�¯à¨¬¥à, ¢á¥ �−−®â�æ¨¨ á ª®−−¥ªâ®à®¬ ¢®®¡é¥,
ª®â®àëå, á®£«�á−® â�¡«. 2, ¢á¥£® á®§¤�−® 134). �� ®á−®¢¥ íâ¨å ªà¨â¥à¨¥¢
ä®à¬¨àã¥âáï ¯®¨áª®¢ë© §�¯à®á.

�� ¢â®à®¬ íâ�¯¥ íâ®â §�¯à®á ¢ë¯®«−ï¥âáï ��„. �®á«¥ ¥£® ¢ë¯®«−¥−¨ï
−�©¤¥−−ë¥ ¤�−−ë¥ ®â®¡à�¦�îâáï −� íªà�−¥. ��¯à¨¬¥à, ¥á«¨ ¯à¥¤¬¥â®¬ ¯®¨áª�
¡ë«¨ �−−®â�æ¨¨ á ª®−−¥ªâ®à®¬ ¢®®¡é¥, â® −� íªà�−¥ ®−¨ ®â®¡à�¦�îâáï ¢ â�¡«¨ç-
−®© ä®à¬¥. ‚ â�¡«. 3 ¯®ª�§�−� ®¤−� �−−®â�æ¨ï á −�¨¡®«¥¥ ç�áâ®â−ë¬ ¢�à¨�−â®¬
¯¥à¥¢®¤� íâ®£® ª®−−¥ªâ®à� −� äà�−æã§áª¨© ï§ëª (en g�en�eral).

�� âà¥âì¥¬ íâ�¯¥ á®§¤�¥âáï ¬�áá¨¢ −�©¤¥−−ëå �−−®â�æ¨©, −� ¥£® ®á−®¢¥ ä®à-
¬¨àã¥âáï ª�â�«®£ á®£«�á−® ¢ë¡à�−−®¬ã è�¡«®−ã, ¬�áá¨¢ ¨ ª�â�«®£ á®åà�−ïîâáï
¨ §�â¥¬ ª�â�«®£ ®â¯à�¢«ï¥âáï ¯®«ì§®¢�â¥«î �„ ¯® í«¥ªâà®−−®© ¯®çâ¥. Œ¥â�-

’�¡«¨æ� 3 �−−®â¨à®¢�−−®¥ ¯¥à¥¢®¤−®¥ á®®â¢¥âáâ¢¨¥ (�−−®â�æ¨ï)

�à¥¤«®¦¥−¨¥
á ª®−−¥ªâ®à®¬

−� àãááª®¬ ï§ëª¥

Š®−−¥ªâ®à
¨ ¢ëà�¦�¥¬®¥

¨¬ «®£¨ª®-
á¥¬�−â¨ç¥áª®¥

®â−®è¥−¨¥
¢ â¥ªáâ¥

�¥à¥¢®¤
¯à¥¤«®¦¥−¨ï

−� äà�−æã§áª¨©
ï§ëª

�¥à¥¢®¤
ª®−−¥ªâ®à�
¨ «®£¨ª®-

á¥¬�−â¨ç¥áª®¥
®â−®è¥−¨¥
¢ ¯¥à¥¢®¤¥

�®£®¢®à¨«¨ ® ª¨−®.
‡�â¥¬ ® ¦¨§−¨ ¢®-
®¡é¥.
(‘. „. „®¢«�â®¢.
ˆ−®áâà�−ª�. 1986)

¢®®¡é¥
〈£¥−¥à�«¨§�æ¨ï〉

Ils avaient parl�e
cin�ema. Puis de la
vie en g�en�eral.
(L'Etrangere. �¥-
à¥¢®¤ J. Michaut-
Patern�o. 2001)

en g�en�eral
〈£¥−¥à�«¨§�æ¨ï〉
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’�¡«¨æ� 4 ‡®−ë è�¡«®−� ¨ â¥£¨ ¨å £à�−¨æ

��§¢�−¨¥ §®−ë ’¥£ −¨¦−¥© £à�−¨æë
‡�£®«®¢®ª 〈∼Request〉
‡�£«�¢¨¥ ®á−®¢−®© ç�áâ¨ 〈∼MainHeader〉
�£«�¢«¥−¨¥ 〈∼Contents〉
‘áë«ª� −� á¯¨á®ª ª®¤®¢ ¯à®¨§¢¥¤¥−¨© 〈∼OpusCodes〉
‡�£®«®¢®ª à�§¤¥«� 〈∼Header〉
‘â�â¨áâ¨ª� à�§¤¥«� 〈∼Body〉
‡�£®«®¢®ª ¯®¤à�§¤¥«� 〈∼Nest〉
�¯¨á�−¨¥ �−−®â�æ¨¨ 〈∼Couple〉
‡�£®«®¢®ª á¯¨áª� ª®¤®¢ ¯à®¨§¢¥¤¥−¨© 〈∼OpusHeader〉
‘¯¨á®ª ª®¤®¢ ¯à®¨§¢¥¤¥−¨© 〈∼OpusBody〉

¤�−−ë¥ ® ¢ë¯®«−¥−¨¨ §�ª�§� −� ¢ë¯®«−¥−¨¥ ª�â�«®£� á®åà�−ïîâáï ¢ ®¤−®© ¨§
â�¡«¨æ ��„, ¯à¥¤−�§−�ç¥−−®© ¤«ï à�¡®âë á ®âç¥â�¬¨ ¯® §�ª�§�¬. ‚ íâ®© â�¡«¨æ¥
§�¯®«−ïîâáï á«¥¤ãîé¨¥ ¯®«ï:

{ ¨¤¥−â¨ä¨ª�â®à, ¤�â� ¨ ¢à¥¬ï ¢ë¯®«−¥−¨ï §�ª�§� −� íªá¯®àâ;

{ ¨¬ï ��„, ¢ à�¬ª�å ª®â®à®© ¡ë« ¢ë¯®«−¥− §�ª�§;

{ �¤à¥á í«¥ªâà®−−®© ¯®çâë ¯®«ì§®¢�â¥«ï, á¤¥«�¢è¥£® §�ª�§;

{ áâà®ª� SQL-§�¯à®á�, áä®à¬¨à®¢�−−®£® −� ®á−®¢¥ ªà¨â¥à¨¥¢ ¯®¨áª�, §�¤�−-
−ëå ¯®«ì§®¢�â¥«¥¬.

÷¥§ã«ìâ�â®¬ ¢ë¯®«−¥−¨ï ¯®¨áª®¢®£® §�¯à®á� ï¢«ï¥âáï ¬�áá¨¢ ¨−ä®à¬�æ¨-
®−−ëå ®¡ê¥ªâ®¢ ��„ (−�¯à¨¬¥à, �−−®â�æ¨¨), ª®â®àë¥ ¯¥à¥¤�îâáï ¯à®£à�¬¬¥
ä®à¬¨à®¢�−¨ï ª�â�«®£� á®£«�á−® è�¡«®−ã, ¢ë¡à�−−®¬ã ¯®«ì§®¢�â¥«¥¬. ‚ ª�ç¥-
áâ¢¥ ¯¥à¢®£® è�£� ¯à®£à�¬¬� ¡¥à¥â §�à�−¥¥ á®§¤�−−ë© è�¡«®−, ª®â®àë© åà�−¨âáï
¢ ä®à¬�â¥ MS Word. ˜�¡«®−, à�§¤¥«¥−−ë© −� §®−ë, −¨¦−¨¥ £à�−¨æë ª®â®-
àëå ®¡®§−�ç¥−ë â¥£�¬¨ (â�¡«. 4), ¢ª«îç�¥â â�ª −�§ë¢�¥¬ë¥ â®çª¨ ¯®¤áâ�−®¢ª¨,
®¡®§−�ç¥−−ë¥ á¯¥æ¨�«ì−ë¬¨ ª®¤�¬¨, ª®â®àë¥ §�¬¥−ïîâáï ¤�−−ë¬¨ ¨§ ��„
á á®åà�−¥−¨¥¬ áâ¨«ï ¨ ä®à¬�â� ¯®«¥© è�¡«®−�.

„àã£¨¬¨ á«®¢�¬¨, â®çª� ¯®¤áâ�−®¢ª¨ | íâ® ¬¥áâ® ¢ ª�â�«®£¥, ªã¤� ¯à®£à�¬¬�
ª®¯¨àã¥â ¨ ¢áâ�¢«ï¥â ¨−ä®à¬�æ¨®−−ë© ®¡ê¥ªâ ��„. Š®¤ â®çª¨ ¯®¤áâ�−®¢ª¨
¨¬¥¥â ¢¨¤ 〈@#c . . . $〉, £¤¥ úcû | ®¤−®á¨¬¢®«ì−ë© ª®¤ â¨¯� ¯®¤áâ�−®¢ª¨;
¬−®£®â®ç¨¥ (. . .) | ¯à®¨§¢®«ì−ë© −�¡®à á¨¬¢®«®¢. Š�¦¤�ï §®−� ®¡«�¤�¥â á¢®¨¬
á®¡áâ¢¥−−ë¬ −�¡®à®¬ ¢®§¬®¦−ëå ª®¤®¢ ¯®¤áâ�−®¢ª¨. ��¯à¨¬¥à, ¢ §®−¥ ®¯¨á�−¨ï
�−−®â�æ¨¨ ª®¤ úaû ¡ã¤¥â ®¡®§−�ç�âì �¢â®à� ®à¨£¨−�«�, � ¢ §®−¥ ®£«�¢«¥−¨ï
ª�â�«®£� ª®¤ úrû | £¨¯¥àááë«ªã −� �−−®â�æ¨î ¢ ®¤−®¬ ¨§ à�§¤¥«®¢ ª�â�«®£�.
�¤¨−�ª®¢ë© ª®¤ ¯®¤áâ�−®¢ª¨ ¬®¦¥â ¨¬¥âì à�§−ë© á¬ëá« ¤«ï à�§−ëå §®− |
−�¯à¨¬¥à, ¢ §®−¥ áâ�â¨áâ¨ª¨ à�§¤¥«� ª®¤ únû ®¡®§−�ç�¥â ¯®àï¤ª®¢ë© −®¬¥à
à�§¤¥«�, � ¢ §®−¥ §�£®«®¢ª� ¯®¤à�§¤¥«� | ç¨á«® �−−®â�æ¨© ¢ ¯®¤à�§¤¥«¥.
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Š�â�«®£ ä®à¬¨àã¥âáï ¯®á«¥¤®¢�â¥«ì−® ¯® §®−�¬. �¥ª®â®àë¥ §®−ë ª®¯¨àã-
îâáï ¨ à¥¤�ªâ¨àãîâáï ¬−®£®ªà�â−® ¢ §�¢¨á¨¬®áâ¨ ®â ç¨á«� à�§¤¥«®¢ ¨ ¯®¤à�§-
¤¥«®¢ | −�¯à¨¬¥à, §®−ë ú�£«�¢«¥−¨¥û, ú‡�£®«®¢®ª à�§¤¥«�û ¨ ú‘â�â¨áâ¨ª�
à�§¤¥«�û. �¥ª®â®àë¥ §®−ë −¥ á®¤¥à¦�â ª®¤ë ¯®¤áâ�−®¢ª¨, ¨ ¯®íâ®¬ã ¨−ä®à-
¬�æ¨®−−ë¥ ®¡ê¥ªâë ��„ ª®¯¨àãîâáï æ¥«¨ª®¬ ¡¥§ ¨§¬¥−¥−¨© | ú‡�£«�¢¨¥
®á−®¢−®© ç�áâ¨û, ú‘¯¨á®ª ª®¤®¢ ¯à®¨§¢¥¤¥−¨©û. �®á«¥ §�¯®«−¥−¨ï ¢á¥å §®−
¬�ª¥â� ª�â�«®£ ¡ã¤¥â á®åà�−¥− −� ¦¥áâª®¬ ¤¨áª¥ á ¨¬¥−¥¬, ¢ª«îç�îé¨¬ ¢ á¥¡ï
¨¤¥−â¨ä¨ª�â®à §�ª�§�.

�à¨ §�¢¥àè¥−¨¨ ä®à¬¨à®¢�−¨ï ª�â�«®£� á¯¥æ¨�«ì−�ï ¯à®£à�¬¬�
MailAlert [17] ®¯®¢¥é�¥â ¯®«ì§®¢�â¥«ï ® £®â®¢®¬ ª�â�«®£¥ ¯® í«¥ªâà®−−®© ¯®çâ¥
¨ ¢ª«îç�¥â ¥£® ¢ á®®¡é¥−¨¥ ¨«¨ ¦¥ á®®¡é�¥â, çâ® ¢ ¯à®æ¥áá¥ ä®à¬¨à®¢�−¨ï
¯à®¨§®è«� ®è¨¡ª�.

�®á«¥ ãá¯¥è−®£® ¢ë¯®«−¥−¨ï ¢á¥å ¢ëè¥¯¥à¥ç¨á«¥−−ëå è�£®¢ á¨áâ¥¬� à¥-
£¨áâà¨àã¥â ä�ªâ £®â®¢−®áâ¨ ª�â�«®£�, ¤®¡�¢«ïï ¢ á®®â¢¥âáâ¢ãîéãî â�¡«¨æã ¢ �„
§�¯¨áì ® ¯®«−®¬ ¨¬¥−¨ ä�©«�, á®¤¥à¦�é¥£® á®§¤�−−ë© ª�â�«®£.

4 Программное обеспечение экспорта

”ã−ªæ¨¨ íªá¯®àâ� ¯à®¨««îáâà¨àã¥¬ −� ¯à¨¬¥à¥ ¢ë£àã§ª¨ á«®¢�à−ëå áâ�-
â¥© ¤«ï á®§¤�−¨ï äà�§¥®«®£¨ç¥áª®£® á«®¢�àï −¥¬¥æª¨å ¨¤¨®¬, â. ¥. ¯¥à¢®© ¨§
ç¥âëà¥å §�¤�ç, ¯¥à¥ç¨á«¥−−ëå ¢® ¢¢¥¤¥−¨¨. ‘«®¢�à−ë¥ áâ�âì¨ á®§¤�îâáï ¨ åà�-
−ïâáï �„ ”‘, çâ® ¤�¥â ¢®§¬®¦−®áâì ª®««¥ªâ¨¢ã «¨−£¢¨áâ®¢ ¨ «¥ªá¨ª®£à�ä®¢
¯à®¢®¤¨âì á®¢¬¥áâ−ãî à�¡®âã −�¤ −¨¬¨. „«ï ¨§¤�−¨ï á«®¢�àï ¢ ¡ã¬�¦−®© /̈̈ «¨
í«¥ªâà®−−®© ä®à¬¥ á«®¢�à−ë¥ áâ�âì¨ íªá¯®àâ¨àãîâáï ¨§ �„ ”‘.

�ªá¯®àâ à¥�«¨§ã¥âáï á ¯®¬®éìî ª®¬¯«¥ªá� ¯à®£à�¬¬ ¢ë£àã§ª¨ áâ�â¥© (á¬.
¯à¨¬¥à á«®¢�à−®© áâ�âì¨ −� à¨áã−ª¥). ‘−�ç�«� ¢ë¯®«−ï¥âáï ¯®¤ª«îç¥−¨¥ ª SQL-
á¥à¢¥àã ®á−®¢−®© ¯à®£à�¬¬ë ª®¬¯«¥ªá� á ¨á¯®«ì§®¢�−¨¥¬ áâà®ª¨ ¢¨¤�:

\Server=DEPT54TEST;Database=GermanPhrasePrimary;Trusted Connection=True".

�®á«¥ ¯®¤ª«îç¥−¨ï ª �„ ”‘ ¯à®£à�¬¬� ®¡à�é�¥âáï ª SQL-á¥à¢¥àã ¨ ¢ë-
§ë¢�¥â §�à�−¥¥ −�¯¨á�−−ãî åà�−¨¬ãî ¯à®æ¥¤ãàã. „�−−�ï ¯à®æ¥¤ãà� á®¤¥à¦¨â
¢ á¥¡¥ §�¯à®á ¯® ¢®§¢à�âã ¨−ä®à¬�æ¨¨ ¨§ ®¯à¥¤¥«¥−−ëå â�¡«¨æ, £¤¥ åà�−ïâáï
à�§«¨ç−ë¥ ¤�−−ë¥ áâ�âì¨. �¡à�é¥−¨¥ ª §�à�−¥¥ á®áâ�¢«¥−−®© ¯à®æ¥¤ãà¥ ¢ë-
¯®«−¥−® á æ¥«ìî ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ íâ®© �„, â�ª ª�ª ¯à¨ á®áâ�¢«¥−¨¨
§�¯à®á� ¯® ®¯à¥¤¥«¥−−®¬ã ¯®«î â�¡«¨æë áãé¥áâ¢ã¥â ¢®§¬®¦−®áâì −�−¥áâ¨ ¢à¥¤
�„ ¯à¨ ¤®¡�¢«¥−¨¨ ª §�¯à®áã ª®¬�−¤ −� ï§ëª¥ SQL.

Š®¬¯«¥ªá ¯à®£à�¬¬ ¢ª«îç�¥â ¬®¤ã«¨, ª®¯¨àãîé¨¥ ¢−ãâà¥−−îî áâàãªâãàã
¯®«¥© �„ ”‘ ¤«ï â®£®, çâ®¡ë ¯¥à¥¤�âì ¨−ä®à¬�æ¨î ¨§ ¯®«¥© ¢ á®®â¢¥âáâ¢ãîé¨¥
¯¥à¥¬¥−−ë¥ ¯à®£à�¬¬ë. ��¯à¨¬¥à, ¤«ï â�¡«¨æë Entry, ¢ ª®â®à®© −�å®¤ïâáï
¨−ä®à¬�æ¨ï ® «¥¬¬¥ á«®¢�à−®© áâ�âì¨, ¥¥ á¢®©áâ¢�å, �¢â®à�å áâ�âì¨, � â�ª-
¦¥ ª®¬¬¥−â�à¨¨ ¯à¥¤ãá¬®âà¥−� á¢®ï áâàãªâãà� Entry á ¯®«ï¬¨ ¯®¤ â¥¬¨ ¦¥
−�§¢�−¨ï¬¨.

Šà®¬¥ ¬®¤ã«¥© ¯®¤ª«îç¥−¨ï ª �„ ¨ åà�−¥−¨ï ¨−ä®à¬�æ¨¨ à�§à�¡®â�−�
¯à®£à�¬¬�, ª®â®à�ï ¢ª«îç�¥â −�¡®à á¯¥æ¨�«ì−ëå ¯®¤áâ�−®¢®ç−ëå ª®¤®¢, ¨á-
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”ã−ªæ¨¨ íªá¯®àâ� ¢ «¥ªá¨ª®£à�ä¨ç¥áª¨å ¡�§�å ¤�−−ëå

�à¨¬¥à á«®¢�à−®© áâ�âì¨ ¨§ �„ ”‘ −¥¬¥æª¨å ¨¤¨®¬

¯®«ì§ã¥¬ëå ¢ è�¡«®−¥ ¢ â®çª�å ¯®¤áâ�−®¢ª¨. �®¤áâ�−®¢®ç−ë¥ ª®¤ë �−�«®£¨ç−ë
â¥¬, ª®â®àë¥ ¨á¯®«ì§ãîâáï ¢ ª®¬¯«¥ªá¥ ¯à®£à�¬¬ íªá¯®àâ� ª�â�«®£®¢ ¨§ ��„.
�â«¨ç¨¥ §�ª«îç�¥âáï ¢ â®¬, çâ® ¢ ¤�−−®¬ á«ãç�¥ ä®à¬�â ª®¤®¢ ¯®¤áâ�−®¢ª¨
¯®çâ¨ ¯®«−®áâìî á®¢¯�¤�¥â á â¥£�¬¨, ¨á¯®«ì§ã¥¬ë¬¨ ¤«ï à�§¬¥âª¨ áâ�âì¨ ¯à¨
¨å §�£àã§ª¥ ¢ �„ ”‘. ’�ª®© ä®à¬�â ã¯à®é�¥â ¯®−¨¬�−¨¥ è�¡«®−�, � â�ª¦¥
¤¥«�¥â á®®â−¥á¥−¨¥ â¥£®¢ á ¯®«ï¬¨ ¢ �„ ”‘ ¡®«¥¥ ¯®−ïâ−ë¬ ¤«ï ¯®«ì§®¢�â¥«¥©.
��¯à¨¬¥à, §®−� á«®¢�à−®© áâ�âì¨ á ¨−ä®à¬�æ¨¥© ® «¥¬¬¥ ¨ §�£«�¢−®¬ á«®¢¥
¢ë£«ï¤¨â ¢ è�¡«®−¥ á«¥¤ãîé¨¬ ®¡à�§®¬:

〈@#v$〉
〈@#l$〉 : 〈@#pf$〉
〈@#grv$〉
〈@#lxv$〉

‘®®â¢¥âáâ¢¥−−®, ¤«ï á«®¢�à−®© áâ�âì¨ −� à¨áã−ª¥ ¯à®£à�¬¬� ¯®¤áâ�¢«ï¥â −ã¦−ãî
¨−ä®à¬�æ¨î −� ¬¥áâ® â¥£®¢ ¢® ¢â®à®© áâà®ª¥:

〈@#1Jacke wie Hose$〉 : 〈@#pf(etw.) ist Jacke wie Hose$〉.
�®á«¥ íâ®£® ¯à®£à�¬¬� ã¡¨à�¥â ª®¤ë ¯®¤áâ�−®¢ª¨ ¨ ®áâ�¢«ï¥â â®«ìª® ®¤−¨ â¥ªáâ®-
¢ë¥ ¤�−−ë¥. ’�ª¨¬ ¦¥ ®¡à�§®¬ ¯à®¨áå®¤¨â ¯®¤áâ�−®¢ª� ¤�−−ëå ¢® ¢á¥ ®áâ�«ì−ë¥
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à�§¤¥«ë áâ�âì¨. ‚ à¥§ã«ìâ�â¥ ä®à¬¨àã¥âáï á«®¢�à−�ï áâ�âìï ¢ â¥ªáâ®¢®¬ ¢¨¤¥ −�
®á−®¢¥ ¨−ä®à¬�æ¨¨ ¨§ ¯®«¥© �„ ”‘.

5 Заключение

�¯¨á�−¨¥ ¨ íªá¯¥à¨¬¥−â�«ì−�ï à¥�«¨§�æ¨ï ¯à¨−æ¨¯®¢ ã−¨ä¨ª�æ¨¨ íªá¯®àâ�
¨§ �„ á®®â¢¥âáâ¢¥−−® ¯à¨ ä®à¬¨à®¢�−¨¨ ¬�áá¨¢®¢ á«®¢�à−ëå áâ�â¥© ¨ á®§¤�−¨¨
ª�â�«®£®¢ �−−®â¨à®¢�−−ëå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¯®ª�§ë¢�îâ, çâ® ¯à¥¤«�£�-
¥¬ë© ¯®¤å®¤ ï¢«ï¥âáï ®¡é¨¬ ¤«ï à¥è¥−¨ï ¯¥à¢ëå âà¥å §�¤�ç, ¯¥à¥ç¨á«¥−−ëå
¢® ¢¢¥¤¥−¨¨. ‚ ¤�«ì−¥©è¥¬ ¯«�−¨àã¥âáï ¯à®¢¥à¨âì à¥�«¨§ã¥¬®áâì íâ®£® ¯®¤å®¤�
¨ ¯à¨ à¥è¥−¨¨ ç¥â¢¥àâ®© §�¤�ç¨.

‚ �„ íªá¯®àâ ¨¬¥¥â àï¤ ®¡é¨å á¢®©áâ¢. ‚ ç�áâ−®áâ¨, ¢ ¯à®æ¥áá¥ íªá-
¯®àâ� ¨á¯®«ì§ãîâáï §�à�−¥¥ á®áâ�¢«¥−−ë¥ è�¡«®−ë ¤«ï ¯®¤áâ�−®¢ª¨ ¤�−−ëå,
¯®«ãç¥−−ëå ¨§ �„, á ¯®¬®éìî ª®¤®¢ ¯®¤áâ�−®¢ª¨. �®«ãç¥−−ë¥ à¥§ã«ìâ�âë
íªá¯®àâ�, ¤®áâã¯−ë¥ ç¥à¥§ ¨−â¥à−¥â −� á�©â¥ [14], ¯®§¢®«ïîâ ¯à¥¤¯®«®¦¨âì,
çâ® ¯à¥¤«�£�¥¬ë© ¯®¤å®¤ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�− ¤«ï á®§¤�−¨ï æ¥«®£® á¯¥ªâà�
¨−ä®à¬�æ¨®−−ëå ¯à®¤ãªâ®¢ −� ®á−®¢¥ ��„ ¨ ¡�§ë ¤�−−ëå á«®¢�à−ëå áâ�â¥©.
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EXPORT FUNCTIONS IN LEXICOGRAPHICAL DATABASES
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Federal Research Center \Computer Science and Control" of the Russian Academy
of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation

Abstract: The paper presents an overview of tasks, functions, and main stages
of export in supracorpora databases as well as in the phraseological dictionary
database (PD DB) which contains dictionary articles of German idioms and their
translation into Russian. Supracorpora database contains parallel texts of book
originals and translations and, as a result of export, a user obtains a catalog of
selected annotated translation equivalences of the studied language units in both
the original and the translation(s). After export from the PD DB, the user obtains
a set of dictionary articles selected according to the user's criteria. The goal of
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the paper is to describe the principles of export unification during the formation
of dictionary article sets and the creation of catalogs of annotated translation
equivalences.

Keywords: export functions; supracorpora database; catalog; phraseological
dictionary database; annotated translation equivalences
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ПОИСК АНОМАЛИЙ В БОЛЬШИХ ДАННЫХ

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

�−−®â�æ¨ï: �à®¡«¥¬� ¤®áâ�â®ç−®áâ¨ ¨−ä®à¬�æ¨¨ ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ ®¡ê¥ª-
â� ¯®¨áª� ¢ ¡®«ìè¨å ¤�−−ëå á®áâ®¨â ¢ â®¬, çâ® ¬¥â®¤ ¯®¨áª� ¬®¦¥â ¢ ãá«®¢¨ïå
èã¬� ¯à®¯ãáâ¨âì ¨áª®¬ë© ®¡ê¥ªâ ¨«¨, −�®¡®à®â, ãª�§�âì −� ®¡ê¥ªâë, ª®â®-
àë¥ á«ãç�©−® ®¡«�¤�îâ ¯à¨§−�ª�¬¨ −�áâ®ïé¥£® ¨áª®¬®£® ®¡ê¥ªâ�. ‚ à�¡®â¥
à�áá¬�âà¨¢�¥âáï ¯à®áâ®© ¯®¤å®¤ ª ®æ¥−ª¥ à�§à¥è¨¬®áâ¨ ¯à®¡«¥¬ë ¯®¨áª�
âà¥¡ã¥¬®© ¨−ä®à¬�æ¨¨ ¢ ¡®«ìè¨å ¤�−−ëå ¢ á«�¡ëå ¯à¥¤¯®«®¦¥−¨ïå ®¡ ¨−-
ä®à¬�â¨¢−®áâ¨ ¯à¨§−�ª®¢ ¨¤¥−â¨ä¨ª�æ¨¨ ®¡ê¥ªâ®¢ ¯®¨áª�. ‚ ¯à®áâ¥©è¥¬
á«ãç�¥ ¡®«ìè¨¥ ¤�−−ë¥ á®áâ®ïâ ¨§ ¬−®¦¥áâ¢� ®¡ê¥ªâ®¢, ª�¦¤ë© ¨§ ª®â®àëå
®¯¨áë¢�¥âáï ¬−®¦¥áâ¢®¬ ¯�à�¬¥âà®¢. �¡«�áâì ®¯à¥¤¥«¥−¨ï ª�¦¤®£® ¯�à�¬¥â-
à� | íâ® á¢®¥ ¨−ä®à¬�æ¨®−−®¥ ¯à®áâà�−áâ¢®. ‡−�ç¥−¨ï ¯�à�¬¥âà®¢ ¯®¬®£�îâ
¨¤¥−â¨ä¨æ¨à®¢�âì ¨áª®¬ë© ®¡ê¥ªâ ¯®¨áª� ¨ ä¨«ìâà®¢�âì «®¦−ë¥ ®¡ê¥ªâë.
…á«¨ ¯�à�¬¥âà®¢ ¬�«®, â® ®¤−®§−�ç−®¥ ¢ëï¢«¥−¨¥ ¨áª®¬®£® ®¡ê¥ªâ� ¢®§¬®¦−®
¢ ¡®«¥¥ á¨«ì−ëå ®£à�−¨ç¥−¨ïå −� ®¡ê¥¬ ¡®«ìè¨å ¤�−−ëå. �®áª®«ìªã §�à�−¥¥
−¥ ¨§¢¥áâ−� ¢®§¬®¦−®áâì ®¤−®§−�ç−®£® ¢ëï¢«¥−¨ï ¨áª®¬®£® ®¡ê¥ªâ�, â® −¥-
®¡å®¤¨¬® å®âï ¡ë ¯à¨¡«¨§¨â¥«ì−® ®æ¥−¨¢�âì ®£à�−¨ç¥−¨ï −� ®¡ê¥¬ ¡®«ìè¨å
¤�−−ëå, ¯à¨ ª®â®àëå ¢®§¬®¦−® ®¤−®§−�ç−®¥ ¢ëï¢«¥−¨¥ ¨áª®¬®© ¨−ä®à¬�-
æ¨¨. „«ï â�ª¨å ®æ¥−®ª ¯à¥¤«®¦¥−® ¨á¯®«ì§®¢�âì ¯à¥¤¥«ì−ë¥ â¥®à¥¬ë â¥®à¨¨
¢¥à®ïâ−®áâ¥© ¢ áå¥¬¥ á¥à¨©.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; ¯®¨áª �−®¬�«¨©; �«£®à¨â-
¬ë ä¨«ìâà�æ¨¨ ú«®¦−ëå âà¥¢®£û
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−®áâì ®¯à¥¤¥«¨âì å®âï ¡ë ¯à¨¡«¨§¨â¥«ì−® à�§à¥è¨¬®áâì íâ®© §�¤�ç¨ ¢ ¨¬¥-
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�®¨áª �−®¬�«¨© ¢ ¡®«ìè¨å ¤�−−ëå

�¥à¢ë© ª®¬¯®−¥−â §�ª«îç�¥âáï ¢ â®¬, çâ® §�¤�ç� ¯®¨áª� âà¥¡ã¥¬®© ¨−ä®à¬�æ¨¨
¬®¦¥â ®ª�§�âìáï ¢ëç¨á«¨â¥«ì−® á«®¦−®© ¨ −¥ ¢á¥£¤� ¢®§¬®¦−® −�©â¨ �«£®à¨â¬
¯®¨áª� ¯à¨¥¬«¥¬®© ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨. ‚â®à®© ª®¬¯®−¥−â ®¯à¥¤¥«ï¥âáï
−�«¨ç¨¥¬ ¨−ä®à¬�æ¨¨ ®¡ ®¡ê¥ªâ�å ¯®¨áª�, ¤®áâ�â®ç−®© ¤«ï ®áãé¥áâ¢«¥−¨ï íâ®£®
¯®¨áª�.

‚ à�¡®â�å [6, 7] ã¯®à ¤¥«�¥âáï −� ¯¥à¢®¬, ¢ëç¨á«¨â¥«ì−®¬ ª®¬¯®−¥−â¥ à�§-
à¥è¨¬®áâ¨ ¯à®¡«¥¬ë ¯®¨áª� ¢ ¡®«ìè¨å ¤�−−ëå. �à¨ íâ®¬ −¥ à�áá¬�âà¨¢�¥âáï
¨−ä®à¬�â¨¢−®áâì ®¡ê¥ªâ� ¯®¨áª�.

‚ à�¡®â¥ [8] §�¤�ç� ¯®¨áª� à¥è�¥âáï á ãç¥â®¬ ®¡®¨å ª®¬¯®−¥−â®¢, −® ¯à¨
ãá«®¢¨¨ çâ® ®¡ê¥ªâ ¯®¨áª� ®¤−®§−�ç−® ®¯à¥¤¥«ï¥âáï.

‚ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�¥âáï ¯à®áâ®© ¯®¤å®¤ ª ®æ¥−ª¥ à�§à¥è¨¬®áâ¨
¯à®¡«¥¬ë ¯®¨áª� âà¥¡ã¥¬®© ¨−ä®à¬�æ¨¨ ¢ ¡®«ìè¨å ¤�−−ëå ¢ ¡®«¥¥ á«�¡ëå
¯à¥¤¯®«®¦¥−¨ïå ®¡ ¨−ä®à¬�â¨¢−®áâ¨ ®¡ê¥ªâ� ¯®¨áª�. �à¨ íâ®¬ ¢®¯à®á ® ¢ëç¨á-
«¨¬®áâ¨ ¢ íâ®© à�¡®â¥ −¥ §�âà�£¨¢�¥âáï.

�à®¡«¥¬� ¤®áâ�â®ç−®áâ¨ ¨−ä®à¬�æ¨¨ ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ ®¡ê¥ªâ� ¯®¨áª�
á®áâ®¨â ¢ â®¬, çâ® ¬¥â®¤ ¯®¨áª� ¬®¦¥â ¢ ãá«®¢¨ïå èã¬� ¯à®¯ãáâ¨âì ¨áª®¬ë© ®¡ê-
¥ªâ ¨«¨, −�®¡®à®â, ãª�§�âì −� ®¡ê¥ªâë, ª®â®àë¥ á«ãç�©−® ®¡«�¤�îâ ¯à¨§−�ª�¬¨
−�áâ®ïé¥£® ¨áª®¬®£® ®¡ê¥ªâ�. �à¨ íâ®¬ ç¥¬ ¡®«ìè¥ ¤�−−ë¥, â¥¬ ¡®«ìè¥ ¢®§-
¬®¦−®áâì ¯®à®¦¤¥−¨ï íâ¨å ®è¨¡®ª. ��¯à¨¬¥à, ª®£¤� ¡®«ìè¨¥ ¤�−−ë¥ á®áâ®ïâ
¨§ ¬−®¦¥áâ¢� ç¨á«®¢ëå ¢ë¡®à®ª ¬�«®£® ®¡ê¥¬� (¬�«ë¥ ¢ë¡®àª¨ [1]), â®, çâ®¡ë
−¥ ¯®â¥àïâì ¨áª®¬ë© ®¡ê¥ªâ, −¥®¡å®¤¨¬® ®âä¨«ìâà®¢�âì á«ãç�©−® ¯®à®¦¤¥−−ë¥
�−�«®£¨ ¨áª®¬®£® ®¡ê¥ªâ�. „«ï íâ®£® −¥®¡å®¤¨¬® ¨á¯®«ì§®¢�âì ¤®¯®«−¨â¥«ì−ãî
¨−ä®à¬�æ¨î. „®¯®«−¨â¥«ì−�ï ¨−ä®à¬�æ¨ï ¬®¦¥â ¡ëâì −�©¤¥−� ¢ à�§«¨ç−ëå
¨−ä®à¬�æ¨®−−ëå ¯à®áâà�−áâ¢�å [9].

‚ ¯à®áâ¥©è¥¬ á«ãç�¥ ¡®«ìè¨¥ ¤�−−ë¥ á®áâ®ïâ ¨§ ¬−®¦¥áâ¢� ®¡ê¥ªâ®¢, ª�¦-
¤ë© ¨§ ª®â®àëå ®¯¨áë¢�¥âáï ¬−®¦¥áâ¢®¬ ¯�à�¬¥âà®¢. �¡«�áâì ®¯à¥¤¥«¥−¨ï
ª�¦¤®£® ¯�à�¬¥âà� | íâ® á¢®¥ ¨−ä®à¬�æ¨®−−®¥ ¯à®áâà�−áâ¢®. ‡−�ç¥−¨ï ¯�à�-
¬¥âà®¢ ¯®¬®£�îâ ¨¤¥−â¨ä¨æ¨à®¢�âì ¨áª®¬ë© ®¡ê¥ªâ ¯®¨áª� ¨ ®âä¨«ìâà®¢ë¢�âì
«®¦−ë¥ ®¡ê¥ªâë.

2 Модель поиска в больших данных

�¯à¥¤¥«¨¬ ®á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¬®¤¥«¨. ��à�¬¥âà I | íâ® ¯¥à¥¬¥−−�ï
¢¥«¨ç¨−� á ®¡«�áâìî ®¯à¥¤¥«¥−¨ïD(I). Š®−ªà¥â−®¥ §−�ç¥−¨¥ ¯�à�¬¥âà� I | íâ®
å�à�ªâ¥à¨áâ¨ª�. �ãáâì Y | ¬−®¦¥áâ¢® ¯�à�¬¥âà®¢. �¡ê¥ªâ X | íâ® ¬−®¦¥áâ¢®
å�à�ªâ¥à¨áâ¨ª −¥ª®â®à®£® −�¡®à� ¯¥à¥¬¥−−ëå ¨§ Y . „«ï ª�¦¤®£® ¯�à�¬¥âà� I
®¡«�áâìD(I) ãá«®¢−® ¤¥«¨âáï −� ®¡«�áâ¨D+(I) ¨D−(I) −®à¬�«ì−ëå ¨ �−®¬�«ì-
−ëå §−�ç¥−¨© (¢®§¬®¦−ë ¯¥à¥á¥ç¥−¨ï ®¡«�áâ¥©). ’�ª®¥ à�§¤¥«¥−¨¥ ¬®¦−® §�¤�âì
á ¯®¬®éìî ¢¥à®ïâ−®áâ−ëå ¬¥à P0(I) ¨ P1(I) (å®âï ®¡«�áâ¨ −¥−ã«¥¢ëå §−�ç¥-
−¨© ¢¥à®ïâ−®áâ¥© ¬®£ãâ ¯¥à¥á¥ª�âìáï). �à¨§−�ª | ¯®¤¬−®¦¥áâ¢® å�à�ªâ¥à¨áâ¨ª
¢ ®¡ê¥ªâ¥. „�−−ë¥ ¯à¥¤áâ�¢«ïîâ á®¡®© ¡®«ìè®© −�¡®à ®¡ê¥ªâ®¢X1,X2, . . . ,XN .

Š�¦¤ë© ®¡ê¥ªâ ¬®¦¥â á®¤¥à¦�âì −®à¬�«ì−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¨ �−®¬�«ì−ë¥,
−® ¤«ï ¯à®áâ®âë ¡ã¤¥¬ áç¨â�âì, çâ® ç¨á«® å�à�ªâ¥à¨áâ¨ª ¢ ª�¦¤®¬ ®¡ê¥ªâ¥
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�. �. ƒàãè®, �. �. ƒàãè®, Œ. ˆ. ‡�¡¥¦�©«® ¨ ¤à.

®¤¨−�ª®¢®¥ ¨ à�¢−® n. �−®¬�«ì−®áâì ®¡ê¥ªâ� ®¯à¥¤¥«ï¥âáï −�¡®à®¬ �−®¬�«ì−ëå
¯à¨§−�ª®¢ (â. ¥. ¯à¨§−�ª®¢, á®¤¥à¦�é¨å â®«ìª® �−®¬�«ì−ë¥ å�à�ªâ¥à¨áâ¨ª¨).
�¤−�ª® ¤«ï ¯à¨¬¥−¥−¨ï ¢ §�¤�ç¥ à�§à¥è¨¬®áâ¨ ¯®¨áª� ¢¥à®ïâ−®áâ−®-áâ�â¨áâ¨-
ç¥áª¨¬¨ ¬¥â®¤�¬¨ ã¤®¡−¥¥ ¯®«ì§®¢�âìáï á«¥¤ãîé¨¬ ®¯à¥¤¥«¥−¨¥¬.

�¡ê¥ªâ −�§ë¢�¥âáï �−®¬�«ì−ë¬, ¥á«¨ ç¨á«® �−®¬�«ì−ëå å�à�ªâ¥à¨áâ¨ª ¢ −¥¬
¯à¥¢ëè�¥â −¥ª®â®àë© ¯®à®£, ¢ ¯à®â¨¢−®¬ á«ãç�¥ ®¡ê¥ªâ ¬®¦¥â áç¨â�âìáï −®à-
¬�«ì−ë¬, â. ¥. ¤«ï ¯à®áâ®âë ®æ¥−®ª ®£à�−¨ç¨¬ ¬−®¦¥áâ¢® ¯à¨§−�ª®¢ �−®¬�«ì-
−®áâ¨ ®¡é¨¬ ç¨á«®¬ �−®¬�«ì−ëå å�à�ªâ¥à¨áâ¨ª.

‘«¥¤ãîé¥¥ ã¯à®é¥−¨¥ á¢ï§�−® á ¯à¥¤¯®«®¦¥−¨ï¬¨ ® à�á¯à¥¤¥«¥−¨ïå §−�ç¥-
−¨© ¯�à�¬¥âà®¢. �ã¤¥¬ áç¨â�âì, çâ® ¢á¥ ¯�à�¬¥âàë ¨¬¥îâ ®¤¨−�ª®¢ë¥ ¢¥à®ïâ-
−®áâ¨ ¯à¨−ïâì �−®¬�«ì−®¥ §−�ç¥−¨¥, à�¢−ë¥ p ¤«ï −®à¬�«ì−ëå ®¡ê¥ªâ®¢ ¨ q ¤«ï
�−®¬�«ì−ëå ®¡ê¥ªâ®¢, p < q.

�ãáâì ¢á¥ å�à�ªâ¥à¨áâ¨ª¨ ¢ ®¡ê¥ªâ¥ ¯®ï¢«ïîâáï −¥§�¢¨á¨¬®. �¯à¥¤¥«¨¬ −�
§−�ç¥−¨ïå ª�¦¤®£® ¯�à�¬¥âà� á¢®î á«ãç�©−ãî ¢¥«¨ç¨−ã, à�¢−ãî 1, ¥á«¨ ¢ ®¡ê-
¥ªâ¥ å�à�ªâ¥à¨áâ¨ª� íâ®£® ¯�à�¬¥âà� ï¢«ï¥âáï �−®¬�«ì−®©. ’®£¤� �−®¬�«ì−®áâì
®¡ê¥ªâ� ®¯à¥¤¥«ï¥âáï ¯à¥¢ëè¥−¨¥¬ ¯®à®£� ç¨á«� ¥¤¨−¨æ ¢ áã¬¬¥ ®¯à¥¤¥«¥−−ëå
¢ëè¥ á«ãç�©−ëå ¢¥«¨ç¨−. ˆ§ −¥§�¢¨á¨¬®áâ¨ ¨ ®¤¨−�ª®¢®© à�á¯à¥¤¥«¥−−®áâ¨ ¯®-
ï¢«¥−¨ï å�à�ªâ¥à¨áâ¨ª á«ãç�©−�ï ¢¥«¨ç¨−� v(X), ®¯à¥¤¥«ïîé�ï −®à¬�«ì−®áâì
¨«¨ �−®¬�«ì−®áâì ®¡ê¥ªâ� X, à�á¯à¥¤¥«¥−� ¯® ¡¨−®¬¨�«ì−®¬ã §�ª®−ã á ¯�à�-
¬¥âà�¬¨ p ¨ n ¤«ï −®à¬�«ì−®£® ®¡ê¥ªâ� ¨ á ¯�à�¬¥âà�¬¨ q ¨ n ¤«ï �−®¬�«ì−®£®
®¡ê¥ªâ�.

‚ ¯®áâà®¥−−®© ã¯à®é¥−−®© ¬®¤¥«¨ ¨áå®¤−ë¥ ¤�−−ë¥ ¬®¦−® ¯à¥¤áâ�¢¨âì
¢ ¢¨¤¥ ¯àï¬®ã£®«ì−®© ¬�âà¨æë A, ¢ ª®â®à®© ç¨á«® áâà®ª à�¢−® n, � ç¨á«®
áâ®«¡æ®¢ | N . �«¥¬¥−âë ¬�âà¨æë à�¢−ë 1 ¨ 0 ¢ á®®â¢¥âáâ¢¨¨ á â¥¬, ï¢«ï¥âáï
«¨ á®®â¢¥âáâ¢ãîé�ï å�à�ªâ¥à¨áâ¨ª� ®¡ê¥ªâ� (−®¬¥à áâ®«¡æ�) y ¯�à�¬¥âà� (−®¬¥à
áâà®ª¨) �−®¬�«ì−®© ¨«¨ −®à¬�«ì−®©.

3 Оценка возможности выявления аномального объекта

„«ï ®æ¥−ª¨ ¢®§¬®¦−®áâ¨ ¢ëï¢«¥−¨ï �−®¬�«ì−®£® ®¡ê¥ªâ� ¢ ¡®«ìè¨å ¤�−−ëå
¯à¥¤¯®«®¦¨¬, çâ® −¥ áãé¥áâ¢ã¥â ¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¨ ¤«ï à¥è¥−¨ï
§�¤�ç¨, ªà®¬¥ ¬�âà¨æëA. …á«¨ ®¡ê¥ªâ ï¢«ï¥âáï −®à¬�«ì−ë¬, −® á«ãç�©−® ç¨á«®
�−®¬�«ì−ëå å�à�ªâ¥à¨áâ¨ª ¢ −¥¬ ¯à¥¢ëá¨«® ãáâ�−®¢«¥−−ë© ¯®à®£, â® íâ®â ®¡ê¥ªâ
¡ã¤¥â ¯à¨§−�− �−®¬�«ì−ë¬. ’�ª¨¥ ®è¨¡ª¨ ¡ã¤¥¬ −�§ë¢�âì «®¦−ë¬¨ âà¥¢®£�¬¨
(‹’). �® ¯à¥¤¯®«®¦¥−¨î ¢ëè¥, −¥â ¨−ä®à¬�æ¨¨, ¯®§¢®«ïîé¥© ®¯à¥¤¥«¨âì,
®â−®á¨âáï «¨ â�ª®© ®¡ê¥ªâ ª ¤¥©áâ¢¨â¥«ì−® �−®¬�«ì−ë¬ ¨«¨ −¥â. �ç¥¢¨¤−®, çâ®
¯à�¢¨«ì−ë© ®âá¥¢ ‹’ âà¥¡ã¥â ¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¨, ª®â®à�ï ¢ ¤�−−®©
¬®¤¥«¨ ¬®¦¥â ¯®ï¢¨âìáï â®«ìª® §� áç¥â ã¢¥«¨ç¥−¨ï ç¨á«� ¯�à�¬¥âà®¢ ®¡ê¥ªâ�.

…á«¨ ¯à¥¤¯®«®¦¨âì, çâ® ç¨á«® ¯�à�¬¥âà®¢ n áâà¥¬¨âáï ª ¡¥áª®−¥ç−®áâ¨,
â® ¨§ ãá«®¢¨ï p < q −�¤® −�©â¨ á®®â−®è¥−¨¥ ¯�à�¬¥âà®¢ N ¨ n â�ª®¥, çâ®
¢¥à®ïâ−®áâì ‹’ áâà¥¬¨âáï ª 0. “á«®¢¨© p < q ¨ n → ∞ −¥¤®áâ�â®ç−® ¤«ï
¨§¡�¢«¥−¨ï ®â ‹’ ¢ ¡®«ìè¨å ¤�−−ëå. �®áª®«ìªã ¢ à�áá¬�âà¨¢�¥¬®© ¬®¤¥«¨
á«ãç�©−ë¥ ¢¥«¨ç¨−ë v(X) ï¢«ïîâáï −¥§�¢¨á¨¬ë¬¨ á«ãç�©−ë¬¨ ¢¥«¨ç¨−�¬¨,
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�®¨áª �−®¬�«¨© ¢ ¡®«ìè¨å ¤�−−ëå

ª®â®àë¥ à�á¯à¥¤¥«¥−ë ¯® ¡¨−®¬¨�«ì−ë¬ §�ª®−�¬, â® ¢ ¡®«ìè¨å ¤�−−ëå −�ç¨−�ï
á −¥ª®â®à®£®N ¬®¦¥â ¢®§−¨ª−ãâì ¯à¥¢ëè¥−¨¥ ¯®à®£� ç¨á«� ¥¤¨−¨æ ã −®à¬�«ì−ëå
®¡ê¥ªâ®¢ §� áç¥â ¡®«ìè¨å ãª«®−¥−¨©. ’®£¤�, ª�ª ¡ë«® ®â¬¥ç¥−® ¢ëè¥, à¥�«ì−ãî
�−®¬�«¨î −¥¢®§¬®¦−® ¡ã¤¥â ¢ë¤¥«¨âì. ’�ª¨¬ ®¡à�§®¬, §−�ç¥−¨ï N ¯®§¢®«ïîâ
®¯à¥¤¥«ïâì ¢®§¬®¦−®áâì ¢ëï¢«¥−¨ï �−®¬�«¨¨, ª®£¤� ¢¥à®ïâ−®áâì ¯®ï¢«¥−¨ï
¢ −®à¬�«ì−ëå ¤�−−ëå ‹’ ¤®áâ�â®ç−® ¬�«�.

‚®á¯®«ì§ã¥¬áï ¨§¢¥áâ−ë¬¨ ¯à¥¤¥«ì−ë¬¨ â¥®à¥¬�¬¨ ¤«ï ®æ¥−ª¨ ®¡«�áâ¨ §−�-
ç¥−¨© ¯�à�¬¥âà®¢ n ¨ N , ¯à¨ ª®â®àëå ¢¥à®ïâ−®áâì ¯®ï¢«¥−¨ï ‹’ áâà¥¬¨âáï ª 0.
�â� ®¡«�áâì á®®â¢¥âáâ¢ã¥â ®¡«�áâ¨ à�§à¥è¨¬®áâ¨ §�¤�ç¨ ®¤−®§−�ç−®£® ¢ëï¢«¥−¨ï
¬�«®£® ç¨á«� �−®¬�«¨© ¢ ¡®«ìè¨å ¤�−−ëå.

�ãáâì n → ∞. ’®£¤� ¯® â¥®à¥¬¥ Œã�¢à�{‹�¯«�á� [10] ¤«ï �−®¬�«ì−®£®
®¡ê¥ªâ�

P(v(X)) > nq − lnn
√

nq(1− q) =

= 1− 1√
2π lnn

exp

{

−1
2
ln2 n

}(

1 +O

(

1

lnn

))

.

�¡®§−�ç¨¬:

µ = nq ; ε =
q

p
− lnn√

n
− 1 > 0 .

’®£¤� ¯® ®æ¥−ª�¬ —¥à−®¢� [11] ¯®«ãç�¥¬ ®æ¥−ªã ¢¥à®ïâ−®áâ¨ ‹’ ¤«ï −®à¬�«ì−®£®
®¡ê¥ªâ�:

P(v(X)) ≥ nq − lnn
√

nq(1− q) < exp

{

−1
3
ε2µ

}

, (1)

� §−�ç¨â, ¯® −¥à�¢¥−áâ¢ã —¥¡ëèñ¢� [12], ¢¥à®ïâ−®áâì å®âï ¡ë ®¤−®© ‹’ ®æ¥−¨-
¢�¥âáï á¢¥àåã ¢¥«¨ç¨−®©

N exp

{

−1
3
ε2µ

}

. (2)

�âáî¤� ¯®«ãç�¥¬ ®æ¥−ªã ®¡ê¥¬� ¡®«ìè¨å ¤�−−ëå, ¯à¨ ª®â®à®¬ á ¢¥à®ïâ−®áâìî,
áâà¥¬ïé¥©áï ª 1, ®¤−®§−�ç−® ¢ëï¢«ï¥âáï �−®¬�«¨ï ¨«¨ −¥áª®«ìª® �−®¬�«¨©:

N ≤ 1

lnn
exp

{

1

3
ε2µ

}

. (3)

��®¡®à®â, ¤«ï ®¡ê¥¬� ¡®«ìè¨å ¤�−−ëå N ç¨á«® −¥§�¢¨á¨¬ëå ¯�à�¬¥âà®¢
¤«ï ®¯à¥¤¥«¥−¨ï �−®¬�«¨¨ ¤®«¦−® ¨¬¥âì ¯®àï¤®ª C lnN , £¤¥ C | −¥ª®â®à�ï
¯®«®¦¨â¥«ì−�ï ª®−áâ�−â�.

‚ëè¥ à�áá¬®âà¥− ¯à®áâ¥©è¨© á«ãç�© ¯à¨¬¥−¥−¨ï ¯à¥¤¥«ì−ëå â¥®à¥¬ â¥®à¨¨
¢¥à®ïâ−®áâ¥© ¤«ï ®æ¥−ª¨ à�§à¥è¨¬®áâ¨ §�¤�ç¨ ¯®¨áª� ¢ªà�¯«¥−¨© (�−®¬�«¨©)
¢ ¡®«ìè¨¥ ¤�−−ë¥. „�−−ãî ¬®¤¥«ì ¬®¦−® −¥¬−®£® ãá«®¦−¨âì, çâ®¡ë ¯à¨¡«¨§¨âì
ª ¯à�ªâ¨ç¥áª¨¬ à¥§ã«ìâ�â�¬.

1. Œ®¦−® à�áá¬®âà¥âì à�§«¨ç−ë¥ ¢¥à®ïâ−®áâ¨ pi, i = 1, . . . , N , ¯®ï¢«¥−¨ï �−®-
¬�«ì−ëå å�à�ªâ¥à¨áâ¨ª ¢ à�§«¨ç−ëå ®¡ê¥ªâ�å. �à¨ íâ®¬ ¢ ª�¦¤®¬ ®¡ê¥ªâ¥
á®åà�−ï¥âáï ãá«®¢¨¥ −¥§�¢¨á¨¬®áâ¨ ¯®ï¢«¥−¨ï å�à�ªâ¥à¨áâ¨ª ¢ à�§«¨ç−ëå
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¯�à�¬¥âà�å. �®á«¥¤−¥¥ ãá«®¢¨¥ ¢�¦−® ¨ ¢ ¤àã£¨å §�¤�ç�å [8]. „«ï ®¡®¡é¥-
−¨ï à¥§ã«ìâ�â®¢ ®æ¥−¨¢�−¨ï −� íâ®â á«ãç�© ¤®áâ�â®ç−® ãá«®¢¨ï pi ≤ p < q,
i = 1, . . . , N . ˆá¯®«ì§®¢�−¨¥ ®æ¥−®ª (1) ¨ (2) ¯®§¢®«ï¥â â�ª¦¥ á ¯®¬®éìî
ä®à¬ã«ë (3) ®æ¥−¨¢�âì ®¡ê¥¬ ¡®«ìè¨å ¤�−−ëå, ¤®¯ãáâ¨¬ë© ¤«ï ¢ëï¢«¥−¨ï
�−®¬�«¨©.

2. Œ®¦−® ®âª�§�âìáï ®â ãá«®¢¨ï, çâ® ¢ ª�¦¤®¬ ®¡ê¥ªâ¥ ®¤¨−�ª®¢®¥ ç¨á«®
¯�à�¬¥âà®¢. �â® ãá«®¢¨¥ ¬®¦−® §�¬¥−¨âì −� ãá«®¢¨¥ ni ≥ n = C lnN ,
i = 1, . . . , N , C > 0. ’�ª®© ¢ë¢®¤ á«¥¤ã¥â ¨§ â®£®, çâ® ã¢¥«¨ç¥−¨¥ ç¨á«�
¯�à�¬¥âà®¢ â®«ìª® ã¬¥−ìè�¥â ¢¥à®ïâ−®áâì ‹’.

3. �à¨ ¢ë¯®«−¥−¨¨ ãá«®¢¨© ¯. 1 ¨ ¯. 2 ¬®¦−® ®âª�§�âìáï ®â ãá«®¢¨© −¥§�¢¨-
á¨¬®áâ¨ ¨áå®¤−ëå ¤�−−ëå X1,X2, . . . ,XN , −�¯à¨¬¥à ¢ â®¬ á¬ëá«¥, çâ®
−®à¬�«ì−ë¥ ¤�−−ë¥ ¬®£ãâ ¯®ï¢«ïâìáï ¯®¢â®à−®. “á«®¢¨¥ ¯. 3 á«¥¤ã¥â ¨§ â®£®
ä�ªâ�, çâ® ¤«ï ®æ¥−ª¨ N ¨á¯®«ì§®¢�«®áì −¥à�¢¥−áâ¢® —¥¡ëèñ¢�, ª®â®à®¥
¢ª«îç�¥â ä®à¬ã«ã ¤«ï ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï. ��¯®¬−¨¬, çâ® ¬�â¥-
¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ áã¬¬ë §�¢¨á¨¬ëå á«ãç�©−ëå ¢¥«¨ç¨− à�¢−® áã¬¬¥
¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© á«�£�¥¬ëå.

4 Заключение

�®¨áª ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ ¢ ¡®«ìè¨å ¤�−−ëå ¯®à®¦¤�¥â àï¤ á«®¦−ëå
¯à®¡«¥¬. �¤−� ¨§ ¯à®¡«¥¬ á®áâ®¨â ¢ ®¯à¥¤¥«¥−¨¨ ¤®áâ�â®ç−®áâ¨ ¨−ä®à¬�æ¨¨ ®¡
¨áª®¬®¬ ®¡ê¥ªâ¥ ¤«ï ¥£® ¢ëï¢«¥−¨ï ¨§ ¬−®¦¥áâ¢� ¤àã£¨å ®¡ê¥ªâ®¢. ‚®§¬®¦−®,
çâ® å�à�ªâ¥à¨áâ¨ª¨ «î¡ëå ®¡ê¥ªâ®¢ ¢ ¤�−−ëå ¬®£ãâ ¬¥−ïâìáï â�ª¨¬ ®¡à�§®¬,
çâ® ¬¥â®¤ ¯®¨áª� ®è¨¡®ç−® ®¯à¥¤¥«¨â «®¦−ë© ®¡ê¥ªâ ¢ ª�ç¥áâ¢¥ ¨áª®¬®£®,
¨ −�®¡®à®â: ¬®¦¥â ¯à®¯ãáâ¨âì ¨áª®¬ë© ®¡ê¥ªâ.

‚ à�¡®â¥ ¯®áâà®¥−ë ®æ¥−ª¨ ®¡ê¥¬� ¡®«ìè¨å ¤�−−ëå, ¯à¨ ª®â®àëå ¢®§¬®¦−®
®¤−®§−�ç−®¥ ¢ëï¢«¥−¨¥ ¨áª®¬®£® ®¡ê¥ªâ�. ‚ ¯à®áâ¥©è¥© ¬®¤¥«¨ ®¯¨á�−¨ï ¨−-
ä®à¬�æ¨¨ ®¡ ¨áª®¬®¬ ®¡ê¥ªâ¥ ¨á¯®«ì§ãîâáï §−�ç¥−¨ï ¯�à�¬¥âà®¢ íâ¨å ®¡ê¥ªâ®¢.
Š�ª ¯à�¢¨«®, ç¥¬ ¡®«ìè¥ â�ª®© ¨−ä®à¬�æ¨¨, â¥¬ â®ç−¥¥ ¨¤¥−â¨ä¨æ¨àãîâ-
áï ¨áª®¬ë¥ ®¡ê¥ªâë ¨ â¥¬ ¬¥−ìè¥ è�−á®¢ ¤«ï ¯®ï¢«¥−¨ï «®¦−ëå ®¡ê¥ªâ®¢.
‚ á®®â¢¥âáâ¢¨¨ á íâ¨¬¨ ®æ¥−ª�¬¨ ¯®áâà®¥− ¯®à®£ ¤«ï ®¡ê¥¬� ¡®«ìè¨å ¤�−−ëå,
¯®§¢®«ïîé¨© ®¤−®§−�ç−® ¢ëï¢«ïâì ¨áª®¬ãî ¨−ä®à¬�æ¨î.

…á«¨ ¯�à�¬¥âà®¢ ¬�«®, â® ®¤−®§−�ç−®¥ ¢ëï¢«¥−¨¥ ¨áª®¬®£® ®¡ê¥ªâ� ¢®§¬®¦−®
¢ ¡®«¥¥ á¨«ì−ëå ®£à�−¨ç¥−¨ïå ®¡ê¥¬� ¡®«ìè¨å ¤�−−ëå. �®áª®«ìªã §�à�−¥¥ −¥
¨§¢¥áâ−� ¢®§¬®¦−®áâì ®¤−®§−�ç−®£® ¢ëï¢«¥−¨ï ¨áª®¬®£® ®¡ê¥ªâ�, â® −¥®¡å®¤¨¬®
å®âï ¡ë ¯à¨¡«¨§¨â¥«ì−® ®æ¥−¨¢�âì ®£à�−¨ç¥−¨ï −� ®¡ê¥¬ ¡®«ìè¨å ¤�−−ëå,
¯à¨ ª®â®à®¬ ¢®§¬®¦−® ®¤−®§−�ç−®¥ ¢ëï¢«¥−¨¥ ¨áª®¬®© ¨−ä®à¬�æ¨¨. „«ï
â�ª¨å ®æ¥−®ª ¯à¥¤«®¦¥−® ¨á¯®«ì§®¢�âì ¯à¥¤¥«ì−ë¥ â¥®à¥¬ë â¥®à¨¨ ¢¥à®ïâ−®áâ¥©
¢ áå¥¬¥ á¥à¨©.
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Abstract: The problem of a sufficient amount of the information for identi-
fying the search object in the big data is that the search method may, under
noise conditions, skip the searched object or, conversely, point to objects that
accidentally possess the features of the present searched object. The paper
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A. A. Grusho, N. A. Grusho, M. I. Zabezhailo, et al.

discusses the simple approach to estimating the solvability of the problem of
searching for the required information in big data in weak assumptions about
the informativity of the identification features of search objects. In the simplest
case, big data consist of a set of objects, each of which is described by a set
of parameters. Each parameter definition area is its own information space.
Parameter values help identify the searched object and filter false objects. If
there are few parameters, then unambiguous identification of the desired object
is possible in stronger restrictions on the volume of big data. Since the possibility
of unambiguously identifying the desired object is not known in advance, it is
necessary, at least approximately, to evaluate the restrictions on the amount of
big data in which it is possible to unambiguously identify the desired information.
For such estimates, it is proposed to use the limit theorems of the probability
theory in the series scheme.

Keywords: information security; search for anomalies; algorithms for filtering
false alarms
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−�ãª, áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
„ã«¨− ‘¥à£¥© Š®−áâ�−â¨−®¢¨ç (à. 1950) | ¤®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; £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ��ãç−®-¨áá«¥¤®¢�â¥«ìáª®£® ¨ ¯à®-
¥ªâ−®-ª®−áâàãªâ®àáª®£® ¨−áâ¨âãâ� ¨−ä®à¬�â¨§�æ¨¨, �¢â®¬�â¨§�æ¨¨ ¨ á¢ï§¨ −�
¦¥«¥§−®¤®à®¦−®¬ âà�−á¯®àâ¥
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„ã«¨−� ��â�«ìï ƒ¥®à£¨¥¢−� (à. 1947) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
¯à®£à�¬¬¨áâ ‚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

„ãà−®¢® �«¥ªá�−¤à �¤à¨�−®¢¨ç (à. 1949) | ¢¥¤ãé¨© ¯à®£à�¬¬¨áâ ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

…£®à®¢ ‚«�¤¨¬¨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

†ãª®¢ „¥−¨á ‚«�¤¨¬¨à®¢¨ç (à. 1979) | £«�¢−ë© á¯¥æ¨�«¨áâ ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‡�¡¥¦�©«® Œ¨å�¨« ˆ¢�−®¢¨ç (à. 1956) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¤®æ¥−â, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤-
−¨æë−� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‡�æ�à¨−−ë© �«¥ªá�−¤à �«¥ªá¥¥¢¨ç (à. 1951) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, £«�¢−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

‡¥©ä¬�− �«¥ªá�−¤à ˆ§à�¨«¥¢¨ç (à. 1954) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¯à®ä¥áá®à, §�¢¥¤ãîé¨© ª�ä¥¤à®© ¯à¨ª«�¤−®© ¬�â¥¬�â¨ª¨ ‚®«®£®¤áª®£®
£®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�; áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ‚®«®£®¤áª®£®
−�ãç−®£® æ¥−âà� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

ˆ¢�−®¢ �«¥ªá¥© ‚«�¤¨¬¨à®¢¨ç (à. 1976) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�à-
è¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨á-
á«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

ˆ«ì¨− ‚«�¤¨¬¨à „¬¨âà¨¥¢¨ç (à. 1937) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤−¨æë−�
”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®á-
á¨©áª®© �ª�¤¥¬¨¨ −�ãª

ˆ−ìª®¢� �«ì£� āàì¥¢−� (à. 1965) | ¤®ªâ®à ä¨«®«®£¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®-
¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª;
á®âàã¤−¨ª “−¨¢¥àá¨â¥â� †¥−¥¢ë
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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¢�á−¨ª®¢ �«¥ªá�−¤à ‚�¤¨¬®¢¨ç (à. 1999) | áâã¤¥−â ¬�£¨áâà�âãàë Œ®áª®¢-
áª®£® £®áã¤�àáâ¢¥−−®£® â¥å−¨ç¥áª®£® ã−¨¢¥àá¨â¥â� ¨¬¥−¨ �. �. ��ã¬�−�
Š®¢�«ñ¢ ˆ¢�− �«¥ªá�−¤à®¢¨ç (à. 1996) | �á¯¨à�−â ª�ä¥¤àë ¯à¨ª«�¤−®©
¬�â¥¬�â¨ª¨ ‚®«®£®¤áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�
Šà¨¢¥−ª® Œ¨å�¨« �¥âà®¢¨ç (à. 1946) | ¤®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
�®¯ª®¢� ��â�«¨ï �«¥ªá�−¤à®¢−� (à. 1992) | ¬«�¤è¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−-
ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
÷®§¥−¡¥à£ ˆ£®àì ��ã¬®¢¨ç (à. 1965) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
−�ãç−ë© àãª®¢®¤¨â¥«ì ��ãç−®-¨áá«¥¤®¢�â¥«ìáª®£® ¨ ¯à®¥ªâ−®-ª®−áâàãªâ®àáª®-
£® ¨−áâ¨âãâ� ¨−ä®à¬�â¨§�æ¨¨, �¢â®¬�â¨§�æ¨¨ ¨ á¢ï§¨ −� ¦¥«¥§−®¤®à®¦−®¬
âà�−á¯®àâ¥
‘«�¢−®¢ �¨ª®«�© ‚�¤¨¬®¢¨ç (à. 1999) | áâã¤¥−â ¬�£¨áâà�âãàë Œ®áª®¢áª®£®
£®áã¤�àáâ¢¥−−®£® â¥å−¨ç¥áª®£® ã−¨¢¥àá¨â¥â� ¨¬¥−¨ �. �. ��ã¬�−�
‘¬¨à−®¢ „¬¨âà¨© ‚«�¤¨¬¨à®¢¨ç (à. 1984) | ¡¨§−¥á-¯�àâ−¥à ¯® ˆ’ ¤¥¯�àâ�-
¬¥−â� ¡¥§®¯�á−®áâ¨ ��� ú‘¡¥à¡�−ª ÷®áá¨¨û
‘âà®£�−®¢ āà¨© ‚«�¤¨¬¨à®¢¨ç (à. 1993) | áâ�àè¨© ¯à¥¯®¤�¢�â¥«ì ª�ä¥¤àë
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï �‚Œ ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© Œ®áª®¢áª®£®
£®áã¤�àáâ¢¥−−®£® â¥å−¨ç¥áª®£® ã−¨¢¥àá¨â¥â� ¨¬¥−¨ �. �. ��ã¬�−�
‘ãçª®¢ �«¥ªá�−¤à ��¢«®¢¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
’¨¬®−¨−� …«¥−� …¢£¥−ì¥¢−� (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
“á®¢ ˆ«ìï �−¤à¥¥¢¨ç (à. 1997) | áâã¤¥−â ¬�£¨áâà�âãàë ª�ä¥¤àë ¯à¨ª«�¤−®©
¬�â¥¬�â¨ª¨ ‚®«®£®¤áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�
—¨â�«®¢ „¬¨âà¨© ˆ¢�−®¢¨ç (à. 1989) | ¬«�¤è¨© −�ãç−ë© á®âàã¤−¨ª ā¦−®-
“à�«ìáª®£® ä¥¤¥à�«ì−®£® −�ãç−®£® æ¥−âà� ¬¨−¥à�«®£¨¨ ¨ £¥®íª®«®£¨¨ “à�«ì-
áª®£® ®â¤¥«¥−¨ï ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
˜®à£¨− ‘¥à£¥© Ÿª®¢«¥¢¨ç (à. 1952) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥© ¤«ï ¯ã¡«¨ª�æ¨¨
¢ ¦ãà−�«¥ ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û

†ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ¯ã¡«¨ªã¥â â¥®à¥â¨ç¥áª¨¥, ®¡§®à−ë¥
¨ ¤¨áªãáá¨®−−ë¥ áâ�âì¨, ¯®á¢ïé¥−−ë¥ −�ãç−ë¬ ¨áá«¥¤®¢�−¨ï¬ ¨ à�§à�¡®âª�¬ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

†ãà−�« ¨§¤�¥âáï −� àãááª®¬ ï§ëª¥. �® á¯¥æ¨�«ì−®¬ã à¥è¥−¨î à¥¤ª®««¥£¨¨
®â¤¥«ì−ë¥ áâ�âì¨ ¬®£ãâ ¯¥ç�â�âìáï −� �−£«¨©áª®¬ ï§ëª¥.

’¥¬�â¨ª� ¦ãà−�«� ®å¢�âë¢�¥â á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï:

{ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨å ¯®áâà®¥−¨ï;

{ �àå¨â¥ªâãà� ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−, ª®¬¯«¥ªá®¢ ¨ á¥-
â¥©;

{ ¬¥â®¤ë ¨ áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨.

1. ‚ ¦ãà−�«¥ ¯¥ç�â�îâáï áâ�âì¨, á®¤¥à¦�é¨¥ à¥§ã«ìâ�âë, à�−¥¥ −¥ ®¯ã¡«¨ª®¢�−−ë¥
¨ −¥ ¯à¥¤−�§−�ç¥−−ë¥ ª ®¤−®¢à¥¬¥−−®© ¯ã¡«¨ª�æ¨¨ ¢ ¤àã£¨å ¨§¤�−¨ïå.

�ã¡«¨ª�æ¨ï ¯à¥¤®áâ�¢«¥−−®© �¢â®à®¬(�¬¨) àãª®¯¨á¨ −¥ ¤®«¦−� −�àãè�âì ¯®«®¦¥-
−¨© £«�¢ 69, 70 à�§¤¥«� VII ç�áâ¨ IV ƒà�¦¤�−áª®£® ª®¤¥ªá�, ª®â®àë¥ ®¯à¥¤¥«ïîâ
¯à�¢� −� à¥§ã«ìâ�âë ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¨ áà¥¤áâ¢� ¨−¤¨¢¨¤ã�«¨§�æ¨¨,
¢ â®¬ ç¨á«¥ �¢â®àáª¨¥ ¯à�¢�, ¢ ÷”.

�â¢¥âáâ¢¥−−®áâì §� −�àãè¥−¨¥ �¢â®àáª¨å ¯à�¢, ¢ á«ãç�¥ ¯à¥¤êï¢«¥−¨ï ¯à¥â¥−§¨©
ª à¥¤�ªæ¨¨ ¦ãà−�«�, −¥áãâ �¢â®àë áâ�â¥©.

��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ á¢®¨ ¯à�¢� −� ¤�−−ãî àãª®-
¯¨áì ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ ¦ãà−�«� −¥¨áª«îç¨â¥«ì−ë¥
¯à�¢� −� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥−
®â àãááª®£®) ¨ −� ¯¥à¥¢®¤ ¥¥ −� �−£«¨©áª¨© ï§ëª, � â�ª¦¥ −� ¥¥ à�á¯à®áâà�-
−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. Š�¦¤ë© �¢â®à ¤®«¦¥− ¯à¥¤áâ�¢¨âì ¢ à¥¤�ªæ¨î
¯®¤¯¨á�−−ë© á ¥£® áâ®à®−ë ú‹¨æ¥−§¨®−−ë© ¤®£®¢®à ® ¯¥à¥¤�ç¥ −¥¨áª«îç¨â¥«ì-
−ëå ¯à�¢ −� ¨á¯®«ì§®¢�−¨¥ ¯à®¨§¢¥¤¥−¨ïû, â¥ªáâ ª®â®à®£® à�§¬¥é¥− ¯® �¤à¥áã
http://www.ipiran.ru/publications/licence.doc. �â®â ¤®£®¢®à ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢-
«¥− ¢ ¡ã¬�¦−®¬ (¢ 2-å íª§.) ¨«¨ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ (®âáª�−¨à®¢�−−�ï ª®¯¨ï
§�¯®«−¥−−®£® ¨ ¯®¤¯¨á�−−®£® ¤®ªã¬¥−â�).

÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.

‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.

„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.

÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.
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5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.

7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.

��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.

�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.

÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 10 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
�à¨ ¯à¥¢ëè¥−¨¨ ãª�§�−−®£® ®¡ê¥¬� à¥¤ª®««¥£¨ï ¢¯à�¢¥ ¯®âà¥¡®¢�âì ®â �¢â®à�
á®ªà�é¥−¨ï ®¡ê¥¬� àãª®¯¨á¨.

‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.

‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.

˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:

http://www.ipiran.ru/publications/collected/template.doc

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ −�§¢�−¨¥ áâ�âì¨;
{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î;
{ ¬¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®

�¢â®à�;
{ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥−ë

−� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/2019 29 03 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2019 29 03 eng/authors.asp;

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«;

{ ª«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

{ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï à�¡®âë (ááë«ª¬ −� £à�−âë, ¯à®¥ªâë, ¯®¤¤¥à¦¨¢�-
îé¨¥ ®à£�−¨§�æ¨¨ ¨ â. ¯.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.
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‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:

(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |
−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.

(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-
«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −�
á�©â¥ http://www.translit.net/ru/bgn/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãá-
áª®£® â¥ªáâ� ¢ «�â¨−¨æã.

‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".

�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":

�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Russ. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).

�¯¨á�−¨¥ ¬�â¥à¨�«®¢ ª®−ä¥à¥−æ¨©:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.

�¯¨á�−¨¥ ª−¨£¨ (¬®−®£à�ä¨¨, á¡®à−¨ª¨):

Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.

�¯¨á�−¨¥ ¯¥à¥¢®¤−®© ª−¨£¨ (¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨ −¥®¡å®-
¤¨¬® ãª�§�âì: / �¥à. á �−£«. | ¯®á«¥ −�§¢�−¨ï ª−¨£¨, � ¢ ª®−æ¥ ááë«ª¨ ãª�§�âì
®à¨£¨−�« ª−¨£¨ ¢ ªàã£«ëå áª®¡ª�å):

1. ‚ àãááª®ï§ëç−®© ç�áâ¨:
’¨¬®è¥−ª® ‘. �., Ÿ−£ „. •., “¨¢¥à “. Š®«¥¡�−¨ï ¢ ¨−¦¥−¥à−®¬ ¤¥«¥ / �¥à.
á �−£«. | Œ.: Œ�è¨−®áâà®¥−¨¥, 1985. 472 á. (Timoshenko S. P., Young D. H.,
Weaver W. Vibration problems in engineering. | 4th ed. | New York, NY,
USA: Wiley, 1974. 521 p.)
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2. ‚ �−£«®ï§ëç−®© ç�áâ¨:
Timoshenko, S. P., D. H. Young, and W. Weaver. 1974. Vibration problems in
engineering. 4th ed. New York, NY: Wiley. 521 p.

�¯¨á�−¨¥ −¥®¯ã¡«¨ª®¢�−−®£® ¤®ªã¬¥−â�:
Latypov, A. R., M. M. Khasanov, and V. A. Baikov. 2004. Geology and pro-
duction (NGT GiD). Certificate on official registration of the computer program
No. 2004611198. (In Russian, unpubl.)

�¯¨á�−¨¥ ¨−â¥à−¥â-à¥áãàá�:

Pravila tsitirovaniya istochnikov [Rules for the citing of sources]. Available at:
http://www.scribd.com/doc/1034528/ (accessed February 7, 2011).

�¯¨á�−¨¥ ¤¨áá¥àâ�æ¨¨ ¨«¨ �¢â®à¥ä¥à�â� ¤¨áá¥àâ�æ¨¨:
Semenov, V. I. 2003. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyy
tor [Mathematical modeling of the plasma in the compact torus]. Moscow. D.Sc. Diss.
272 p.

Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. PhD Thesis. Moscow: IPI RAN. 23 p.

�¯¨á�−¨¥ ƒ�‘’�:
GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. Moscow: Standardinform Publs. 10 p.

�¯¨á�−¨¥ ¯�â¥−â�:
Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

10. �à¨á«�−−ë¥ ¢ à¥¤�ªæ¨î ¬�â¥à¨�«ë �¢â®à�¬ −¥ ¢®§¢à�é�îâáï.
11. �à¨ ®â¯à�¢ª¥ ä�©«®¢ ¯® í«¥ªâà®−−®© ¯®çâ¥ ¯à®á¨¬ ¯à¨¤¥à¦¨¢�âìáï á«¥¤ãîé¨å

¯à�¢¨«:

{ ãª�§ë¢�âì ¢ ¯®«¥ subject (â¥¬�) −�§¢�−¨¥ ¦ãà−�«� ¨ ä�¬¨«¨î �¢â®à�;
{ ¨á¯®«ì§®¢�âì attach (¯à¨á®¥¤¨−¥−¨¥);
{ ¢ á®áâ�¢ í«¥ªâà®−−®© ¢¥àá¨¨ áâ�âì¨ ¤®«¦−ë ¢å®¤¨âì: ä�©«, á®¤¥à¦�é¨© â¥ªáâ

áâ�âì¨, ¨ ä�©«(ë), á®¤¥à¦�é¨©(¥) ¨««îáâà�æ¨¨.

12. †ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ï¢«ï¥âáï −¥ª®¬¬¥àç¥áª¨¬ ¨§¤�−¨¥¬.
�«�â� §� ¯ã¡«¨ª�æ¨î −¥ ¢§¨¬�¥âáï, £®−®à�à �¢â®à�¬ −¥ ¢ë¯«�ç¨¢�¥âáï.

�¤à¥á à¥¤�ªæ¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û:

Œ®áª¢� 119333, ã«. ‚�¢¨«®¢�, ¤. 44, ª®à¯. 2, ”ˆ– ˆ“ ÷��

’¥«.: +7 (499) 135-86-92 ”�ªá: +7 (495) 930-45-05

e-mail: ssi@frccsc.ru (‘âà¨£¨−� ‘¢¥â«�−� �¨ª®«�¥¢−�)

http://www.ipiran.ru/journal/collected
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Requirements for manuscripts submitted
to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:

{ information and communication systems and tools of their design;
{ architecture and software of computational complexes and networks; and
{ methods and tools of information protection.

1. The Journal publishes original articles which have not been published before and are
not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
not Russian) and its distribution in Russia and abroad to the Founders and the Editorial
Board. Authors should submit a letter to the Editorial Board in the following form:

Agreement on the transfer of rights to publish:

\We, the undersigned authors of the manuscript \. . . ," pass to the Founder and the
Editorial Board of the Journal \Systems and Means of Informatics" the nonexclusive
right to publish the manuscript of the article in Russian (or in English) in both
print and electronic versions of the Journal. We affirm that this publication does not
violate the Copyright of other persons or organizations.

Author(s) signature(s): (name(s), address(es), date)."

This agreement should be submitted in paper form or in the form of a scanned copy
(signed by the authors).

The Editorial Board has the right to request from the authors an official expert conclu-
sion that the submitted article has no classified data prohibited for publication.

2. A submitted article should be attached with the data on the author(s) (see item 8). If
there are several authors, the contact person should be indicated who is responsible for
correspondence with the Editorial Board and other authors about revisions and final
approval of the proofs.

3. The Editorial Board of the Journal examines the article according to the established
reviewing procedure. If authors receive their article for correction after reviewing, it
does not mean that the article is approved to be published. The corrected article should
be sent to the Editorial Board for the subsequent review and approval.

4. The decision on the article publication or its rejection is communicated to the authors.
The Editorial Board may also send the reviews on the submitted articles to the authors.
Any discussion upon the rejected articles is not possible.

5. The edited articles will be sent to the authors for proofread. The comments of the
authors to the edited text of the article should be sent to the Editorial Board as soon as
possible.

6. The manuscript of the article should be presented electronically in the MS WORD (.doc
or .docx) or LATEX (.tex) formats, and additionally in the .pdf format. All documents
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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;
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