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ЭЛЕКТРОННАЯ БУХГАЛТЕРСКАЯ КНИГА НА БАЗЕ
СИТУАЦИОННЫХ ЦЕНТРОВ ДЛЯ ЦИФРОВОЙ ЭКОНОМИКИ∗

А. А. Грушо1, А. А. Зацаринный2, Е. Е. Тимонина3

�−−®â�æ¨ï: �®áâà®¥−� ¨ ¨áá«¥¤®¢�−� ¬®¤¥«ì í«¥ªâà®−−®© ¡ãå£�«â¥àáª®© ª−¨-
£¨ (��Š) ¤«ï ä¨ªá�æ¨¨ âà�−§�ªæ¨© ãç�áâ−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨
æ¨äà®¢®© íª®−®¬¨ª¨ −� à¥£¨®−�«ì−®¬ ãà®¢−¥. ‚ ª�ç¥áâ¢¥ ¡�§®¢®© ¨−äà�-
áâàãªâãàë ¤«ï à¥�«¨§�æ¨¨ ¬®¤¥«¨ ¯à¥¤«®¦¥−� á¥âì á¨âã�æ¨®−−ëå æ¥−âà®¢
(‘–). ‚ ®á−®¢ã ¬®¤¥«¨ ¯®«®¦¥− ¬®¤¥à−¨§¨à®¢�−−ë© ¢�à¨�−â ¡«®ªç¥©−� |
â�−£« (tangle). ‚ ÷” ã¤®¡−® ¨á¯®«ì§®¢�âì æ¥−âà�«¨§®¢�−−ë© ª®−á¥−áãá,
¯®§¢®«ïîé¨© ¨á¯®«ì§®¢�âì ç�áâ¨ç−® á®§¤�−−ãî ¨−äà�áâàãªâãàã ‘– ¨ £�-
à�−â¨¨ £®áã¤�àáâ¢� ¯® ¡¥§®¯�á−®áâ¨ ãç�áâ−¨ª�¬ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨
æ¨äà®¢®© íª®−®¬¨ª¨. ’¥å−®«®£¨ï ��Š −� ¡�§¥ â�−£«� à¥è�¥â ®á−®¢−ë¥
§�¤�ç¨ í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¤«ï ª�¦¤®£® ãç�áâ−¨ª� íª®−®¬¨ç¥áª®©
¤¥ïâ¥«ì−®áâ¨ ¢ æ¨äà®¢®© íª®−®¬¨ª¥, ¢ ç�áâ−®áâ¨ ®¡¥á¯¥ç¨¢�¥â îà¨¤¨ç¥áªãî
§−�ç¨¬®áâì ¨−ä®à¬�æ¨¨ ® á®£«�è¥−¨ïå ¨ ¨å ¢ë¯®«−¥−¨¨, ®¡¥á¯¥ç¨¢�¥â ª®−-
âà®«ì −¥¯à®â¨¢®à¥ç¨¢®áâ¨ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¨ ¨−ä®à¬¨à®¢�−¨¥
®à£�−®¢ ¢«�áâ¨ ® à¥§ã«ìâ�â�å íâ®© ¤¥ïâ¥«ì−®áâ¨. ˆá¯®«ì§®¢�−¨¥ ¤«ï ��Š
¨−äà�áâàãªâãàë ‘– ¯®§¢®«ï¥â à¥è�âì ¬−®£¨¥ −¥®¡å®¤¨¬ë¥ ¤«ï æ¨äà®¢®©
íª®−®¬¨ª¨ ¯à®¡«¥¬ë, á¢ï§�−−ë¥ á ®¡¥á¯¥ç¥−¨¥¬ áà¥¤áâ¢�¬¨, à¥áãàá�¬¨ ¨ ¬¥-
å�−¨§¬�¬¨ §�é¨âë ¨−ä®à¬�æ¨¨.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; ¡«®ªç¥©−; â�−£«; æ¨äà®¢�ï
íª®−®¬¨ª�; á¨âã�æ¨®−−ë© æ¥−âà

DOI: 10.14357/08696527190201

1 Введение
÷¥�«¨§�æ¨ï ¯à®£à�¬¬ë æ¨äà®¢®© íª®−®¬¨ª¨ −�¯à�¢«¥−� −� ¢−¥¤à¥−¨¥ â¥å-

−®«®£¨©, ª®â®àë¥ ¯®§¢®«ïâ ¤®áâ¨çì àï¤� à¥§ã«ìâ�â®¢, ¬−®£¨¥ ¨§ ª®â®àëå á¥£®¤−ï
¯à¥¤áâ�¢«ïîâáï −¥¬ëá«¨¬ë¬¨. ’�ª, ¯® ¯à®£−®§�¬ íªá¯¥àâ®¢ „�¢®ááª®£® ä®àã¬�
¢ 2015 £. áà¥¤¨ à¥§ã«ìâ�â®¢, ®¦¨¤�¥¬ëå ª 2025 £., ¢ë¤¥«ïîâáï, −�¯à¨¬¥à, â�ª¨¥
ª�ª [1]:

{ ®¡¥á¯¥ç¥−¨¥ åà�−¥−¨ï ¤® 10% ¢á¥¬¨à−®£® ¢�«®¢®£® ¯à®¤ãªâ� ¯® â¥å−®«®£¨¨
à�á¯à¥¤¥«¥−−®£® à¥¥áâà� (¡«®ªç¥©−);

{ á¡®à −�«®£®¢ á ¨á¯®«ì§®¢�−¨¥¬ â¥å−®«®£¨¨ ¡«®ªç¥©−.

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 18-29-03124-¬ª).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, grusho@yandex.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

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

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, eltimon@yandex.ru
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�«¥ªâà®−−�ï ¡ãå£�«â¥àáª�ï ª−¨£� −� ¡�§¥ ‘– ¤«ï æ¨äà®¢®© íª®−®¬¨ª¨

‚ ¯à¨−ïâ®© ¯à®£à�¬¬¥ æ¨äà®¢®© íª®−®¬¨ª¨ [2] á¨áâ¥¬ë à�á¯à¥¤¥«¥−−®£®
à¥¥áâà� (¡«®ªç¥©−) ®â−¥á¥−ë ª ç¨á«ã áª¢®§−ëå æ¨äà®¢ëå â¥å−®«®£¨©. ‚¬¥áâ¥
á â¥¬ ¨¬¥−−® íâ� â¥å−®«®£¨ï á¥£®¤−ï ¢ë§ë¢�¥â ¬−®¦¥áâ¢® ¯à®â¨¢®à¥ç¨¢ëå ®æ¥−®ª.
�â® ®¡ãá«®¢«¥−® −¥¤®áâ�â®ç−®© áâ¥¯¥−ìî â¥®à¥â¨ç¥áª®© ¯à®à�¡®âª¨ â¥å−®«®£¨¨
¡«®ªç¥©−�, � â�ª¦¥ ¯à�ªâ¨ç¥áª¨ ¯®«−ë¬ ®âáãâáâ¢¨¥¬ ®¯ëâ� ¥£® ¯à¨¬¥−¥−¨ï.

‚ −�áâ®ïé¥© áâ�âì¥ à�áá¬�âà¨¢�îâáï −¥ª®â®àë¥ ¬¥â®¤¨ç¥áª¨¥ ¨ ®à£�−¨§�-
æ¨®−−®-â¥å−¨ç¥áª¨¥ ¯®¤å®¤ë ª á®§¤�−¨î ¨ ¢−¥¤à¥−¨î ®¤−®£® ¨§ ¢�¦−¥©è¨å
ª®¬¯®−¥−â®¢ â¥å−®«®£¨¨ ¡«®ªç¥©−� | ��Š.

�«¥ªâà®−−�ï ¡ãå£�«â¥àáª�ï ª−¨£� ®á−®¢�−� −� ª®−æ¥¯æ¨¨ ¡«®ªç¥©−� [3, 4].
’à�¤¨æ¨®−−ë© ¡«®ªç¥©− ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®á«¥¤®¢�â¥«ì−®áâì ¡«®ª®¢ á §�¯¨-
á�−−ë¬¨ ¢ −¨å âà�−§�ªæ¨ï¬¨. „«ï §�é¨âë ¤�−−ëå ®â ¬®¤¨ä¨ª�æ¨¨ ¨á¯®«ì§ã¥âáï
¯à¨−æ¨¯ ¤¢ãá¢ï§−®áâ¨, ¢ á®®â¢¥âáâ¢¨¨ á ª®â®àë¬ ®ç¥à¥¤−®© ¡«®ª á®¤¥à¦¨â §−�-
ç¥−¨¥ å¥è-äã−ªæ¨¨ ®â ¯à¥¤ë¤ãé¥£® ¡«®ª�. ‚−ãâà¨ ¡«®ª� âà�−§�ªæ¨¨ ¯®¤¯¨á�−ë
í«¥ªâà®−−®© ¯®¤¯¨áìî ãç�áâ−¨ª®¢ âà�−§�ªæ¨¨, ¯®íâ®¬ã ¢−¥á¥−¨¥ ¨áª�¦¥−¨©
(¯®¤¤¥«ª� ¨«¨ ¨§êïâ¨¥ ¤�−−ëå ¨§ ¡«®ªç¥©−�) âà¥¡ã¥â æ¥«¥−�¯à�¢«¥−−ëå −¥£�-
â¨¢−ëå ¢®§¤¥©áâ¢¨© −� í«¥ªâà®−−ë¥ ¯®¤¯¨á¨ ¢á¥å âà�−§�ªæ¨© ¡«®ª�, � ¤«ï ¡«®ª�
¢ æ¥¯®çª¥ | −� å¥è-äã−ªæ¨¨ ¢á¥å ¡«®ª®¢ æ¥¯®çª¨.

“¯à�¢«¥−¨¥ §�¯¨áï¬¨ ®¯à¥¤¥«ï¥âáï ª®−á¥−áãá®¬ [5]. �¥à¢ë© ª®−á¥−áãá
¢ à�á¯à¥¤¥«¥−−®© ��Š −�§ë¢�«áï PoW (Proof of Work) ¨ áâà®¨«áï �−�«®£¨ç−®
ª®−á¥−áãáã ¡¨âª®©−�.

‚á¥ ª®−á¥−áãáë ¬®¦−® à�§¤¥«¨âì −� æ¥−âà�«¨§®¢�−−ë¥ ¨ ¤¥æ¥−âà�«¨§®¢�−-
−ë¥. ‘ â¥å−¨ç¥áª®© â®çª¨ §à¥−¨ï æ¥−âà�«¨§®¢�−−ë¥ ¨ ¤¥æ¥−âà�«¨§®¢�−−ë¥
ª®−á¥−áãáë áå®¦¨, â�ª ª�ª ª�¦¤ë© ã§¥« á¥â¨ ¨−¤¨¢¨¤ã�«ì−® ®â¢¥âáâ¢¥− §�
¡¥§®¯�á−®áâì ¨ åà�−¥−¨¥ á®¢¬¥áâ−® ¨á¯®«ì§ã¥¬ëå ¤«ï ��Š ¤�−−ëå. ‚ ®¡®¨å
¬¥å�−¨§¬�å ¨á¯®«ì§ãîâáï âà�¤¨æ¨®−−ë¥ ¬¥å�−¨§¬ë á®§¤�−¨ï ��Š (¡«®ªç¥©−ë).
Šà®¬¥ â®£®, −�¤¥¦−®áâì ¤¥æ¥−âà�«¨§®¢�−−®£® ¡«®ªç¥©−� ®á−®¢�−� −� á®£«�á®¢�-
−¨¨ ¨ ª®¯¨à®¢�−¨¨ ¢−¥á¥−−ëå ¢ ¡«®ªç¥©− ¡«®ª®¢.

–¥−âà�«¨§®¢�−−ë© ª®−á¥−áãá ¯à¥¤¯®«�£�¥â ª®−æ¥−âà�æ¨î äã−ªæ¨© ª®−âà®«ï
¢ ¥¤¨−®¬ ®à£�−¥ (¤�«¥¥ | –¥−âà). �â® ®§−�ç�¥â, çâ® ¨¬¥¥âáï ¥¤¨−ë© ª®−â�ªâ−ë©
ã§¥« ä®à¬¨à®¢�−¨ï ¨ åà�−¥−¨ï ¡«®ªç¥©−®¢. �à¨¬¥à�¬¨ æ¥−âà�«¨§®¢�−−ëå ¡«®ª-
ç¥©−®¢, ¯® áãé¥áâ¢ã, á«ã¦�â â¥å−®«®£¨¨ á�¬®© ¯®¯ã«ïà−®© ¢ ¬¨à¥ á®æ¨�«ì−®©
á¥â¨ Facebook ¨ ªàã¯−¥©è¥© ¯®¨áª®¢®© á¨áâ¥¬ë Google.

÷�§¢¨â¨¥¬ âà�¤¨æ¨®−−ëå ¡«®ªç¥©−®¢ áâ�« â�−£« (tangle) [6], ª®â®àë© ¯à¥¤-
áâ�¢«ï¥âáï ®à¨¥−â¨à®¢�−−ë¬ �æ¨ª«¨ç¥áª¨¬ £à�ä®¬ (DAG | Directed Acyclic
Graph) ¨ ª®â®àë© åà�−¨â âà�−§�ªæ¨¨. ‚¥àè¨−ë ¢ DAG | íâ® âà�−§�ªæ¨¨.
‘¥âì á®áâ®¨â ¨§ ã§«®¢, ª®â®àë¥ ï¢«ïîâáï áãé−®áâï¬¨, á®§¤�îé¨¬¨ âà�−§�ªæ¨¨
¨ ®¡¥á¯¥ç¨¢�îé¨¬¨ ¢�«¨¤�æ¨î âà�−§�ªæ¨©.

�á−®¢−�ï ¨¤¥ï â�−£«� á®áâ®¨â ¢ â®¬, çâ® ¯®«ì§®¢�â¥«¨ ¤®«¦−ë ¯à®¢¥áâ¨
®¯à¥¤¥«¥−−ãî à�¡®âã ¤«ï ú®¤®¡à¥−¨ïû ¤àã£¨å à�−¥¥ ®¯à¥¤¥«¥−−ëå âà�−§�ªæ¨©.
’�ª¨¬ ®¡à�§®¬, ª�¦¤ë© ¯®«ì§®¢�â¥«ì, á®§¤�îé¨© âà�−§�ªæ¨î, ¢−®á¨â ¢ª«�¤
¢ ¡¥§®¯�á−®áâì á¥â¨. “§«ë ¯à®¢¥àïîâ, çâ®¡ë ú®¤®¡à¥−−ë¥û âà�−§�ªæ¨¨ ¡ë«¨
−¥ª®−ä«¨ªâ−ë¬¨. …á«¨ ã§¥« ¢ëïá−ï¥â, çâ® âà�−§�ªæ¨ï ª®−ä«¨ªâã¥â á ¨áâ®à¨¥©
¢ â�−£«¥, â® íâ®â ã§¥« −¥ ú®¤®¡à¨âû ª®−ä«¨ªâ−ãî âà�−§�ªæ¨î.
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�. �. ƒàãè®, �. �. ‡�æ�à¨−−ë©, …. …. ’¨¬®−¨−�

„«ï á®§¤�−¨ï âà�−§�ªæ¨© ã§¥« ¢ë¯®«−ï¥â á«¥¤ãîé¨¥ ¤¥©áâ¢¨ï:

(1) ¢ë¡¨à�¥â ¤¢¥ ¨«¨ ¡®«¥¥ âà�−§�ªæ¨© ¤«ï ú®¤®¡à¥−¨ïû;

(2) ¯à®¢¥àï¥â −¥¯à®â¨¢®à¥ç¨¢®áâì ¢ë¡à�−−ëå ¤«ï ú®¤®¡à¥−¨ïû âà�−§�ªæ¨©;

(3) ¨á¯®«ì§ã¥â ªà¨¯â®£à�ä¨ç¥áª¨¥ ¬¥â®¤ë ¤«ï ä®à¬¨à®¢�−¨ï á¯¥æ¨�«ì−ëå
á«®¦−® ¢ëç¨á«¨¬ëå ¤�−−ëå ¨§ ú®¤®¡à¥−−ëåû âà�−§�ªæ¨© ¨ á®¡áâ¢¥−−®©
¨−ä®à¬�æ¨¨.

‚ ¨áå®¤−®¬ ¢�à¨�−â¥ â�−£« áâà®¨âáï −� ®á−®¢¥ ¤¥æ¥−âà�«¨§®¢�−−®£® ª®−á¥−-
áãá� [6]. ‚ á«ãç�¥ æ¥−âà�«¨§®¢�−−®£® ª®−á¥−áãá� ªà¨¯â®£à�ä¨ç¥áª¨¥ ¬¥â®¤ë
¤«ï ä®à¬¨à®¢�−¨ï âà�−§�ªæ¨¨ ¬®¦−® §�¬¥−¨âì í«¥ªâà®−−®© ¯®¤¯¨áìî á®§¤�â¥«ï
âà�−§�ªæ¨¨ á®¢¬¥áâ−® á í«¥ªâà®−−®© ¯®¤¯¨áìî –¥−âà�. �â¬¥â¨¬, çâ® ¢ â�−£«¥
ã¦¥ −¥ ¨á¯®«ì§ãîâáï ¡«®ª¨.

‚ áâ�âì¥ ¯à¥¤«�£�¥âáï ¨ ¨áá«¥¤ã¥âáï ¬®¤¥«ì ��Š ¤«ï ä¨ªá�æ¨¨ âà�−§�ªæ¨©
ãç�áâ−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ æ¨äà®¢®© íª®−®¬¨ª¨ −� à¥£¨®−�«ì−®¬
ãà®¢−¥. ‚ ª�ç¥áâ¢¥ ¡�§®¢®© ¨−äà�áâàãªâãàë ¤«ï à¥�«¨§�æ¨¨ ¬®¤¥«¨ ¯à¥¤«®-
¦¥−� á¥âì ‘– [2, 7{9]. ‚ ®á−®¢ã ¬®¤¥«¨ ¯®«®¦¥− ¬®¤¥à−¨§¨à®¢�−−ë© ¢�à¨�−â
¡«®ªç¥©−� | â�−£«. �à¨ íâ®¬, ª�ª ¡ë«® ®â¬¥ç¥−® ¢ëè¥, ¨áå®¤−ë© ¢�à¨�−â
â�−£«� ¯®áâà®¥− ¤«ï à�á¯à¥¤¥«¥−−®£® ª®−á¥−áãá�. ‚ â® ¦¥ ¢à¥¬ï ¢ à�¡®â¥ [9]
®â¬¥ç¥−®, çâ® ¢ ÷” ã¤®¡−® ¯®«ì§®¢�âìáï æ¥−âà�«¨§®¢�−−ë¬ ª®−á¥−áãá®¬, ª®â®-
àë© ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì ç�áâ¨ç−® á®§¤�−−ãî ¨−äà�áâàãªâãàã ‘– ¨ £�à�−â¨¨
£®áã¤�àáâ¢� ¯® ¡¥§®¯�á−®áâ¨ ãç�áâ−¨ª�¬ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ æ¨äà®¢®©
íª®−®¬¨ª¨.

2 Требования к информационной инфраструктуре цифровой
экономики на базе ситуационных центров

‚¬¥áâ¥ á â¥¬ ¤«ï ¢−¥¤à¥−¨ï ¯à¥¤«�£�¥¬®© ¬®¤¥«¨ ��Š −¥®¡å®¤¨¬® á®§¤�−¨¥
¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãàë, á®®â¢¥âáâ¢ãîé¥© ®¯à¥¤¥«¥−−ë¬ âà¥¡®¢�−¨-
ï¬. ’�ª¨¥ âà¥¡®¢�−¨ï ¤®«¦−ë ä®à¬¨à®¢�âìáï −� ®á−®¢¥ §�¤�ç, à¥è�¥¬ëå
á ¯®¬®éìî ��Š.

�à¥¤áâ�¢¨¬ ¯¥à¥ç¥−ì §�¤�ç ��Š ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

(1) á®§¤�−¨¥ ¨−äà�áâàãªâãàë ¤«ï í«¥ªâà®−−ëå îà¨¤¨ç¥áª¨ §−�ç¨¬ëå ¢§�¨¬®-
¤¥©áâ¢¨© ãç�áâ−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ æ¨äà®¢®© íª®−®¬¨ª¨;

(2) á®åà�−¥−¨¥ ¨−ä®à¬�æ¨¨ ® âà�−§�ªæ¨ïå (¨−ä®à¬�æ¨ï ® «î¡ëå îà¨¤¨ç¥áª¨
§−�ç¨¬ëå ¢§�¨¬®¤¥©áâ¢¨ïå ãç�áâ−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ æ¨äà®-
¢®© íª®−®¬¨ª¨);

(3) ®¡¥á¯¥ç¥−¨¥ ¡¥§®¯�á−®áâ¨ ¨−ä®à¬�æ¨¨ ® âà�−§�ªæ¨ïå;

(4) ª®−âà®«ì «¥£¨â¨¬−®áâ¨ âà�−§�ªæ¨© ¨ ®¡¥á¯¥ç¥−¨¥ ä¥¤¥à�«ì−ëå ®à£�−®¢
¨á¯®«−¨â¥«ì−®© ¢«�áâ¨ ¤�−−ë¬¨ ®¡ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¢ à¥£¨®−¥.
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�«¥ªâà®−−�ï ¡ãå£�«â¥àáª�ï ª−¨£� −� ¡�§¥ ‘– ¤«ï æ¨äà®¢®© íª®−®¬¨ª¨

�á−®¢®© ®¡¥á¯¥ç¥−¨ï îà¨¤¨ç¥áª®© §−�ç¨¬®áâ¨ í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï
ãç�áâ−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ á«ã¦�â ¤®£®¢®àë (á®£«�è¥−¨ï, ª®−-
âà�ªâë) ¨ ¨−ä®à¬�æ¨ï ® ¢ë¯®«−¥−¨¨ ¤®£®¢®à®¢. ’�ª¨¬ ®¡à�§®¬, í«¥ªâà®−−®¥
¢§�¨¬®¤¥©áâ¢¨¥ ãç�áâ−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ æ¨äà®¢®© íª®−®¬¨ª¨
¤®«¦−® ®¡¥á¯¥ç¨¢�âì ¤¨áâ�−æ¨®−−®¥ §�ª«îç¥−¨¥ ¤®£®¢®à� ¨ îà¨¤¨ç¥áª®¥ ¯®¤-
â¢¥à¦¤¥−¨¥ ¨−ä®à¬�æ¨¨ ® ¢ë¯®«−¥−¨¨ ¨«¨ −¥¢ë¯®«−¥−¨¨ ¤®£®¢®à�. ’®£¤� ¯à¨
‘– á®§¤�¥âáï áâàãªâãà�, ¯à¥¤®áâ�¢«ïîé�ï ãá«®¢¨ï (ãá«ã£ã) ¢ë¯®«−¥−¨ï äã−ª-
æ¨© –¥−âà�, ç¥à¥§ ª®â®àë© ¯à®¨áå®¤¨â ¢�«¨¤�æ¨ï ¢á¥å ¤®£®¢®à®¢ ¨ ¢�«¨¤�æ¨ï
¨å ¨á¯®«−¥−¨ï ¨«¨ −¥¨á¯®«−¥−¨ï.

’�ª¨¬ ®¡à�§®¬, ¢á¥ á®£«�è¥−¨ï −�¯à�¢«ïîâáï ¢ –¥−âà ¯à¨ ‘–, ªã¤� â�ª¦¥
−�¯à�¢«ï¥âáï ¢áï ¨−ä®à¬�æ¨ï ® ¢ë¯®«−¥−¨¨ ¨«¨ −¥¢ë¯®«−¥−¨¨ íâ¨å á®£«�è¥−¨©.
�âáî¤� á«¥¤ã¥â ¯¥à¢®¥ âà¥¡®¢�−¨¥ | ®¡¥á¯¥ç¥−¨¥ −�¤¥¦−®© á¢ï§¨ ãç�áâ−¨ª®¢
íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ á –¥−âà®¬ ¨ ¢®§¬®¦−®áâì åà�−¥−¨ï âà�−§�ªæ¨©
¢ â�−£«�å, á®§¤�−−ëå −� ®á−®¢¥ ¨−äà�áâàãªâãàë ‘– [9].

�«¥ªâà®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ãç�áâ−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ âà¥¡ã-
¥â ¨−äà�áâàãªâãàë ¨§£®â®¢«¥−¨ï ¨ ¨á¯®«ì§®¢�−¨ï í«¥ªâà®−−®© ¯®¤¯¨á¨. „«ï
îà¨¤¨ç¥áª®© §−�ç¨¬®áâ¨ âà�−§�ªæ¨© ¨ â�−£«� ¯® §�ª®−ã −¥®¡å®¤¨¬® ¨á¯®«ì§®-
¢�âì í«¥ªâà®−−ãî ¯®¤¯¨áì [10]. �âáî¤� ¢®§−¨ª�¥â âà¥¡®¢�−¨¥ á®§¤�−¨ï á¨áâ¥¬
ã¤®áâ®¢¥àïîé¨å æ¥−âà®¢ ¯® ¨§£®â®¢«¥−¨î ¨ ®âá«¥¦¨¢�−¨ï á¥àâ¨ä¨ª�â®¢ ª«îç¥©.
„«ï à�¡®âë á í«¥ªâà®−−®© ¯®¤¯¨áìî ãç�áâ−¨ª¨ ¨ –¥−âà ¤®«¦−ë ¨¬¥âì ª®¬¯«¥ªáë
á¯¥æ¨�«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��).

„«ï í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï á ãç�áâ−¨ª�¬¨ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì-
−®áâ¨ ¤àã£¨å à¥£¨®−®¢ −¥®¡å®¤¨¬® ¨á¯®«ì§®¢�âì §�é¨é¥−−ë¥ ª�−�«ë á¢ï§¨.
‡¤¥áì â�ª¦¥ ¢®§¬®¦−® ç�áâ¨ç−® ¨á¯®«ì§®¢�âì ¢®§¬®¦−®áâ¨ á¢ï§¨ ‘– à�§«¨ç−ëå
à¥£¨®−®¢. �à¥¤¯®«�£�¥âáï, çâ® −¥®¡å®¤¨¬®áâì ¢ §�é¨é¥−−®© á¢ï§¨ ¢ æ¨äà®¢®©
íª®−®¬¨ª¥ ¡ã¤¥â ¢®§−¨ª�âì −¥ç�áâ®. �¤−�ª® ¢á¥£¤� −ã¦−® ¨¬¥âì ¨−äà�áâàãª-
âãàã ¨§£®â®¢«¥−¨ï ¨ à�á¯à¥¤¥«¥−¨ï ª«îç¥© ¤«ï §�é¨é¥−−®© ¯¥à¥¤�ç¨ ¤�−−ëå
¨ ¢ë¯®«−ïâì âà¥¡®¢�−¨ï ¯® ¯®¢ëè¥−−®© §�é¨é¥−−®áâ¨ ª®¬¯ìîâ¥à−ëå á¨á-
â¥¬.

‘¨áâ¥¬ë á¡®à� ¨ åà�−¥−¨ï ¨−ä®à¬�æ¨¨ ® âà�−§�ªæ¨ïå á®§¤�îâáï ¢ ¢¨-
¤¥ ®â¤¥«ì−ëå â�−£«®¢ ¤«ï ª�¦¤®£® ãç�áâ−¨ª� íª®−®¬¨ç¥áª®£® ¢§�¨¬®¤¥©áâ¢¨ï.
‚§�¨¬®¤¥©áâ¢¨¥ ãç�áâ−¨ª®¢ á â�−£«�¬¨ âà¥¡ã¥â á¯¥æ¨�«ì−®£® ¯à®â®ª®«�. ‘®-
¢®ªã¯−®áâì â�−£«®¢ ¤®«¦−� ¡¥§®¯�á−® åà�−¨âìáï, � ¨−äà�áâàãªâãà� ‘– â�ª¦¥
¬®¦¥â á¯®á®¡áâ¢®¢�âì ¨å åà�−¥−¨î ¨ à¥§¥à¢¨à®¢�−¨î.

“ç¨âë¢�ï, çâ® á®§¤�−¨¥ ª®¬¯«¥ªá®¢ à¥§¥à¢¨à®¢�−¨ï ¨−ä®à¬�æ¨¨ ¨ ¢®ááâ�−®-
¢«¥−¨ï ï¢«ï¥âáï, ª�ª ¯à�¢¨«®, ¤®à®£®áâ®ïé¨¬ ¬¥à®¯à¨ïâ¨¥¬, ¯à¥¤«�£�¥âáï ¨á-
¯®«ì§®¢�âì �−�«®£¨ç−ë¥ ª®¬¯®−¥−âë á¨áâ¥¬ë ‘– á ãç¥â®¬ ¯à¥¤êï¢«¥−¨ï ª −¨¬
¤®¯®«−¨â¥«ì−ëå âà¥¡®¢�−¨©, ¯à¥¦¤¥ ¢á¥£® ¢ ç�áâ¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á-
−®áâ¨.

‘®§¤�−¨¥ â�−£«®¢ âà¥¡ã¥â ��, ª®â®à®¥ ¬®¦−® á®§¤�âì æ¥−âà�«¨§®¢�−−®
¨, á«¥¤®¢�â¥«ì−®, ®â−®á¨â¥«ì−® −¥¤®à®£®, ¯®«ì§ãïáì ¥¤¨−ë¬¨ áâ�−¤�àâ�¬¨ ®á−�-
é¥−¨ï ‘–. ‚ äã−ªæ¨®−�«ì−ë¥ ®¡ï§�−−®áâ¨ ‘– ¤®«¦¥− ¢å®¤¨âì ª®−âà®«ì «¥-
£¨â¨¬−®áâ¨ âà�−§�ªæ¨©, � â�ª¦¥ ¢á¥© íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¢ à¥£¨®−¥.
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ˆ−ä®à¬�æ¨ï ¤«ï à¥è¥−¨ï íâ¨å §�¤�ç �¢â®¬�â¨ç¥áª¨ á®¡¨à�¥âáï §� áç¥â äã−ªæ¨©
–¥−âà� ¨ á ¨á¯®«ì§®¢�−¨¥¬ â�−£«®¢.

3 Протоколы сбора и хранения информации о танглах

�®áª®«ìªã â�−£« ï¢«ï¥âáï à�§¢¨â¨¥¬ âà�¤¨æ¨®−−®£® ¡«®ªç¥©−�, â® ®− á®-
åà�−ï¥â á ¯®¬®éìî ¬¥å�−¨§¬� ¤¢ãá¢ï§−®áâ¨ æ¥«®áâ−®áâì ¤�−−ëå ¢® ¢−ãâà¥−−¨å
¢¥àè¨−�å DAG [6]. �â® −¥ ¯®§¢®«ï¥â ¢−®á¨âì ¨§¬¥−¥−¨ï −¨ §«®ã¬ëè«¥−−¨ª�¬,
−¨ ª®ààã¬¯¨à®¢�−−ë¬ àãª®¢®¤¨â¥«ï¬ à¥£¨®−�.

�®¢ë¥ âà�−§�ªæ¨¨ ¯à¨ á¢®¥¬ á®§¤�−¨¨ ¯à®¢¥àïîâáï −� ¯à®â¨¢®à¥ç¨¢®áâì,
â. ¥. ®¤−®¢à¥¬¥−−® ¤®«¦−ë ¡ëâì á®§¤�−ë ¤¢¥ âà�−§�ªæ¨¨ ¢ â�−£«�å ®¡®¨å ãç�áâ-
−¨ª®¢ (ª«¨¥−â®¢ ¨«¨ ¢«�¤¥«ìæ¥¢) á®£«�è¥−¨ï ¨«¨ ¢ë¯®«−¥−¨ï íâ®£® á®£«�è¥−¨ï.
�®á«¥ ¢ë¡®à� ú®¤®¡à¥−¨©û ¢ ª�¦¤®¬ ¨§ ã§«®¢ âà�−§�ªæ¨ï ¤®«¦−� ¡ëâì ¯®¤-
¯¨á�−� í«¥ªâà®−−®© ¯®¤¯¨áìî ãç�áâ−¨ª� íâ®£® â�−£«� ¨ í«¥ªâà®−−®© ¯®¤¯¨áìî
–¥−âà�. ‘®§¤�−−ë© ¨ ¯®¤¯¨á�−−ë© ¢ –¥−âà¥ å¥è ® á¢®¥© âà�−§�ªæ¨¨, ª®−ª�-
â¥−¨à®¢�−−ë© á ¨−ä®à¬�æ¨¥© ¢ ú®¤®¡à¥−−ëåû âà�−§�ªæ¨ïå, ¯¥à¥¤�¥âáï ¢ ¢¨¤¥
ã¢¥¤®¬«¥−¨ï ª�¦¤®¬ã ¢«�¤¥«ìæã á¢®¥£® â�−£«�. ’¥¬ á�¬ë¬ ª�¦¤ë© ¨§ ãç�áâ−¨-
ª®¢ á®£«�è¥−¨ï ¯®«ãç�¥â îà¨¤¨ç¥áª¨ §−�ç¨¬®¥ ¯®¤â¢¥à¦¤¥−¨¥ ® ¢−¥á¥−¨¨ á¢®¥©
âà�−§�ªæ¨¨ ¢ á¢®© â�−£«.

‚ë¡®à ú®¤®¡à¥−¨ïû ãç�áâ−¨ª®¬ á®£«�è¥−¨ï ¢ á¢®¥¬ â�−£«¥ ®áãé¥áâ¢«ï¥âáï −�
®á−®¢�−¨¨ ¨¬¥îé¥£®áï ã −¥£® íª§¥¬¯«ïà� ¥£® â�−£«�, ¡¥áª®−ä«¨ªâ−®áâì ª®â®à®£®
â�ª¦¥ ¯®¤â¢¥à¦¤¥−� ¯®¤¯¨áìî –¥−âà�. „«ï ¯®«ãç¥−¨ï ª®¯¨¨ á¢®¥£® â�−£«�
¢«�¤¥«¥æ ¬®¦¥â §�¯à®á¨âì –¥−âà ¨ ¯à¨®¡à¥áâ¨ á¯¥æ¨�«ì−®¥ �� ¤«ï ¥£® çâ¥−¨ï.

Šà®¬¥ â®£®, ¨á¯®«ì§ãï í«¥ªâà®−−ãî ¯®¤¯¨áì, ¢«�¤¥«¥æ ¬®¦¥â ¯®«ãç�âì ¯®¤-
¯¨á�−−®¥ –¥−âà®¬ à�áè¨à¥−¨¥ á¢®¥£® £à�ä� âà�−§�ªæ¨©.

‚ à�¡®â¥ [6] à�áá¬®âà¥−® 5 ¯®â¥−æ¨�«ì−ëå �â�ª −� â�−£«ë. ‚® ¢á¥å á«ãç�ïå
�¢â®àã ã¤�«®áì ¯®áâà®¨âì íää¥ªâ¨¢−ãî §�é¨âã ®â íâ¨å �â�ª. ’�ª¦¥ ¢ [6] ¤®ª�§�−®,
çâ® â¥å−®«®£¨ï â�−£«� ãáâ®©ç¨¢� ª ¬¥â®¤�¬ �â�ª, ª®â®àë¥ ¬®¦−® à¥�«¨§®¢�âì −�
ª¢�−â®¢ëå ª®¬¯ìîâ¥à�å.

4 Заключение

�à¥¤«®¦¥−−�ï ¢ áâ�âì¥ â¥å−®«®£¨ï ��Š −� ¡�§¥ â�−£«� ¯®§¢®«ï¥â à¥è�âì
®á−®¢−ë¥ §�¤�ç¨ í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¤«ï ª�¦¤®£® ãç�áâ−¨ª� íª®−®-
¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¢ æ¨äà®¢®© íª®−®¬¨ª¥, ¢ ç�áâ−®áâ¨ ®¡¥á¯¥ç¨¢�¥â îà¨-
¤¨ç¥áªãî §−�ç¨¬®áâì ¨−ä®à¬�æ¨¨ ® á®£«�è¥−¨ïå ¨ ¨å ¢ë¯®«−¥−¨¨, ª®−âà®«ì
−¥¯à®â¨¢®à¥ç¨¢®áâ¨ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨, � â�ª¦¥ ¨−ä®à¬¨à®¢�−¨¥ ®à-
£�−®¢ ¢«�áâ¨ ® à¥§ã«ìâ�â�å íâ®© ¤¥ïâ¥«ì−®áâ¨.

ˆá¯®«ì§®¢�−¨¥ ¤«ï ��Š ¨−äà�áâàãªâãàë ‘– ¯®§¢®«ï¥â à¥è�âì ¬−®£¨¥
−¥®¡å®¤¨¬ë¥ ¤«ï æ¨äà®¢®© íª®−®¬¨ª¨ ¯à®¡«¥¬ë, á¢ï§�−−ë¥ á ®¡¥á¯¥ç¥−¨¥¬
áà¥¤áâ¢�¬¨, à¥áãàá�¬¨ ¨ ¬¥å�−¨§¬�¬¨ §�é¨âë ¨−ä®à¬�æ¨¨. Š®−¥ç−®, ¨á¯®«ì-
§®¢�−¨¥ ¨−äà�áâàãªâãàë ‘– ¤«ï ��Š ¢®§¬®¦−® â®«ìª® ¯à¨ à�áè¨à¥−¨¨ ¡�§ë
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‘–. �¤−�ª® íâ® §−�ç¨â¥«ì−® ¤¥è¥¢«¥, ç¥¬ á®§¤�¢�âì ¯®¤®¡−ãî ¨−äà�áâàãªâãàã
§�−®¢®. ‚�¦−® ®â¬¥â¨âì, çâ® ¯®áâà®¥−¨¥ ��Š −� ¨−äà�áâàãªâãà¥ ‘– ¯®§¢®-
«¨â ®¡¥á¯¥ç¨âì á¢ï§ìî –¥−âàë ¢ à�§«¨ç−ëå à¥£¨®−�å, ¨á¯®«ì§ãï ¨§¡ëâ®ç−®áâì
ª�−�«®¢ á¢ï§¨, −¥®¡å®¤¨¬ëå ¤«ï ‘–.
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OF SITUATIONAL CENTERS FOR DIGITAL ECONOMY
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Abstract: The model of an electronic ledger for fixing transactions of participants
of economic activity of digital economy at the regional level is constructed and
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investigated. As basic infrastructure for realization of the model, a net of
situational centers is suggested. The modernized variant of blockchain |
tangle | is the basis for the model. In the Russian Federation, it is convenient
to use centralized consensus allowing one to use partially created infrastructure
of situational centers and guarantees of the state on security to participants of
economic activity of digital economy. The technology of the electronic ledger on
the basis of tangles solves the main problems of electronic interaction for each
participant of economic activity in digital economy, in particular, provides the
legal importance of information on agreements and their performance, provides
control of consistency of economic activity and informing authorities on results
of this activity. The use of infrastructure of situational centers for electronic
ledgers allows solving many problems, necessary for digital economy, connected
with providing tools, resources, and mechanisms of information security.

Keywords: information security; blockchain; tangle; digital economy; situa-
tional center
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МОДЕЛИ ОБНАРУЖЕНИЯ ЗАВИСИМОСТЕЙ
ВО ВРЕМЕННЫХ РЯДАХ В ЗАДАЧАХ ПОСТРОЕНИЯ

ПРОГНОСТИЧЕСКИХ МОДЕЛЕЙ∗

К. Р. Усманова1, В. В. Стрижов2

�−−®â�æ¨ï: �à¨ ¯à®£−®§¨à®¢�−¨¨ á«®¦−®®à£�−¨§®¢�−−ëå ¢à¥¬¥−−ëå àï¤®¢,
§�¢¨áïé¨å ®â íª§®£¥−−ëå ä�ªâ®à®¢ ¨ ¨¬¥îé¨å ¬−®¦¥áâ¢¥−−ãî ¯¥à¨®¤¨ç-
−®áâì, âà¥¡ã¥âáï à¥è¨âì §�¤�çã ¢ëï¢«¥−¨ï á¢ï§�−−ëå ¯�à àï¤®¢. �à¥¤¯®-
«�£�¥âáï, çâ® ¤®¡�¢«¥−¨¥ íâ¨å àï¤®¢ ¢ ¬®¤¥«ì ¯®¢ëè�¥â ª�ç¥áâ¢® ¯à®£−®§�.
‚ ¤�−−®© à�¡®â¥ ¤«ï ®¡−�àã¦¥−¨ï á¢ï§¥© ¬¥¦¤ã ¢à¥¬¥−−ë¬¨ àï¤�¬¨ ¯à¥¤-
«�£�¥âáï ¨á¯®«ì§®¢�âì ¬¥â®¤ áå®¤ïé¥£®áï ¯¥à¥ªà¥áâ−®£® ®â®¡à�¦¥−¨ï. �à¨
â�ª®¬ ¯®¤å®¤¥ ¤¢� ¢à¥¬¥−−ëå àï¤� á¢ï§�−ë, ¥á«¨ áãé¥áâ¢ãîâ ¨å âà�¥ª-
â®à−ë¥ ¯®¤¯à®áâà�−áâ¢�, ¯à®¥ªæ¨¨ −� ª®â®àë¥ á¢ï§�−ë. ‚ á¢®î ®ç¥à¥¤ì,
¯à®¥ªæ¨¨ àï¤®¢ −� âà�¥ªâ®à−ë¥ ¯®¤¯à®áâà�−áâ¢� á¢ï§�−ë, ¥á«¨ ®ªà¥áâ−®áâì
ä�§®¢®© âà�¥ªâ®à¨¨ ®¤−®£® àï¤� ®â®¡à�¦�¥âáï ¢ ®ªà¥áâ−®áâì ä�§®¢®© âà�¥ªâ®-
à¨¨ ¤àã£®£® àï¤�. ‘â�¢¨âáï §�¤�ç� ®âëáª�−¨ï âà�¥ªâ®à−ëå ¯®¤¯à®áâà�−áâ¢,
®¡−�àã¦¨¢�îé¨å á¢ï§ì àï¤®¢. ÷¥è¥−¨¥ íâ®© §�¤�ç¨ ¯à®¤¥¬®−áâà¨à®¢�−®
−� ¤¢ãå −�¡®à�å àï¤®¢: ¯®âà¥¡«¥−¨¥ í«¥ªâà®í−¥à£¨¨ ¨ â¥¬¯¥à�âãà� ¢®§¤ãå�,
®¡ê¥¬ ¦¥«¥§−®¤®à®¦−ëå ¯¥à¥¢®§®ª −¥äâ¨ ¨ ®¡ê¥¬ ¤®¡ëç¨ −¥äâ¨.

Š«îç¥¢ë¥ á«®¢�: ¢à¥¬¥−−ë¥ àï¤ë; ¯à®£−®§¨à®¢�−¨¥; âà�¥ªâ®à−®¥ ¯®¤¯à®-
áâà�−áâ¢®; ä�§®¢�ï âà�¥ªâ®à¨ï; áå®¤ïé¥¥áï ¯¥à¥ªà¥áâ−®¥ ®â®¡à�¦¥−¨¥

DOI: 10.14357/08696527190202

1 Введение

÷�¡®â� ¯®á¢ïé¥−� ®¡−�àã¦¥−¨î ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© ¬¥¦¤ã à�§-
−®à®¤−ë¬¨ ¢à¥¬¥−−‚ë¬¨ àï¤�¬¨. ��¯à¨¬¥à, ¯à®£−®§ ¦¥«¥§−®¤®à®¦−ëå £àã§®-
¯¥à¥¢®§®ª ¯® à�§«¨ç−ë¬ £àã¯¯�¬ £àã§®¢, á¢ï§ì á¨£−�«®¢ í«¥ªâà®ª�à¤¨®£à�¬¬ë
¨ ¯ã«ìá� [1].

…á«¨ ¯à®£−®§ ¢à¥¬¥−−‚®£® àï¤� x áâà®¨âáï á ¨á¯®«ì§®¢�−¨¥¬ ¢à¥¬¥−−‚ëå àï-
¤®¢ y1, . . . ,yk, â® ãáâ�−®¢«¥−¨¥ á¢ï§¥© àï¤� x á y1, . . . ,yk ¬®¦¥â ¯®¢ëá¨âì

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 17-20-01212 ¨ 19-07-0885). ��áâ®ïé�ï
áâ�âìï á®¤¥à¦¨â à¥§ã«ìâ�âë ¯à®¥ªâ� ú‘â�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë ¬�è¨−−®£® ®¡ãç¥−¨ïû, ¢ë¯®«-
−ï¥¬®£® ¢ à�¬ª�å à¥�«¨§�æ¨¨ �à®£à�¬¬ë –¥−âà� ª®¬¯¥â¥−æ¨© ��æ¨®−�«ì−®© â¥å−®«®£¨ç¥áª®©
¨−¨æ¨�â¨¢ë ú–¥−âà åà�−¥−¨ï ¨ �−�«¨§� ¡®«ìè¨å ¤�−−ëåû, ¯®¤¤¥à¦¨¢�¥¬®£® Œ¨−¨áâ¥àáâ¢®¬
−�ãª¨ ¨ ¢ëáè¥£® ®¡à�§®¢�−¨ï ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¯® „®£®¢®àã Œƒ“ ¨¬. Œ. ‚. ‹®¬®−®-
á®¢� á ”®−¤®¬ ¯®¤¤¥à¦ª¨ ¯à®¥ªâ®¢ ��æ¨®−�«ì−®© â¥å−®«®£¨ç¥áª®© ¨−¨æ¨�â¨¢ë ®â 11.12.2018
ü 13/1251/2018.

1Œ®áª®¢áª¨© ä¨§¨ª®-â¥å−¨ç¥áª¨© ¨−áâ¨âãâ, karina.usmanova@phystech.edu
2‚ëç¨á«¨â¥«ì−ë© æ¥−âà ¨¬¥−¨ �. �. „®à®¤−¨æë−� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�

úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; Œ®áª®¢áª¨© ä¨§¨ª®-â¥å−¨ç¥áª¨©
¨−áâ¨âãâ, strijov@ccas.ru
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Œ®¤¥«¨ ®¡−�àã¦¥−¨ï §�¢¨á¨¬®áâ¥© ¢® ¢à¥¬¥−−ëå àï¤�å ¢ §�¤�ç�å ¯®áâà®¥−¨ï ¬®¤¥«¥©

ª�ç¥áâ¢® ¯à®£−®§� ¨ ¯à¨ íâ®¬ ã¯à®áâ¨âì ¯à®£−®áâ¨ç¥áªãî ¬®¤¥«ì. …á«¨ ãáâ�-
−®¢«¥−®, çâ® àï¤ x −¥ §�¢¨á¨â ®â àï¤� yi, â® yi ¤®«¦¥− ¡ëâì ¨áª«îç¥− ¨§
¯à®£−®áâ¨ç¥áª®© ¬®¤¥«¨. ‚ à�¡®â¥ �−�«¨§¨àãîâáï ¤¢� ¯®¤å®¤� ®¡−�àã¦¥−¨ï
á¢ï§¨ ¬¥¦¤ã àï¤�¬¨: â¥áâ ƒà¥−¤¦¥à� [2, 3] ¨ ¬¥â®¤ áå®¤ïé¥£®áï ¯¥à¥ªà¥áâ−®£®
®â®¡à�¦¥−¨ï [4,5].

‚ ®á−®¢¥ â¥áâ� ƒà¥−¤¦¥à� «¥¦¨â á«¥¤ãîé¨© ¯®¤å®¤. ‘ç¨â�¥¬, çâ® àï¤ x
§�¢¨á¨â ®â àï¤� y (¨«¨ á«¥¤ã¥â ¨§ àï¤� y), ¥á«¨ ¨á¯®«ì§®¢�−¨¥ ¨áâ®à¨¨ àï¤� y ¯à¨
¯®áâà®¥−¨¨ ¯à®£−®áâ¨ç¥áª®© ¬®¤¥«¨ áâ�â¨áâ¨ç¥áª¨ §−�ç¨¬® ¯®¢ëè�¥â ª�ç¥áâ¢®
¯à®£−®§� àï¤� x [2, 3]. ’¥áâ ƒà¥−¤¦¥à� ãáâ�−�¢«¨¢�¥â á¢ï§¨ ¬¥¦¤ã àï¤�¬¨
¨ ®á−®¢�− −� áà�¢−¥−¨¨ ª�ç¥áâ¢� ¯à®£−®§�, ¢ ª®â®à®¬ ¨á¯®«ì§ã¥âáï ¨áâ®à¨ï
â®«ìª® ¯à®£−®§¨àã¥¬®£® àï¤�, «¨¡® ¯à®£−®§�, ª®â®àë© ¤®¯®«−¨â¥«ì−® ¨á¯®«ì§ã¥â
¨áâ®à¨î ¤àã£¨å àï¤®¢. …á«¨ ã«ãçè¥−¨¥ ª�ç¥áâ¢� ¯à®£−®§� ¯®¤â¢¥à¦¤�¥âáï
áâ�â¨áâ¨ç¥áª¨, â® £®¢®àïâ, çâ® ¯à®£−®§¨àã¥¬ë© àï¤ á¢ï§�− á íâ¨¬¨ àï¤�¬¨. ’¥áâ
ƒà¥−¤¦¥à� ¨á¯®«ì§ã¥âáï ¢ â¥å §�¤�ç�å, £¤¥ âà¥¡ã¥âáï ¨áá«¥¤®¢�âì ¢§�¨¬®á¢ï§ì
¬¥¦¤ã à�§¢¨¢�îé¨¬¨áï ¢® ¢à¥¬¥−¨ ¯à®æ¥áá�¬¨ [6,7]. ’¥áâ ƒà¥−¤¦¥à� ¯à¨¬¥−¨¬
ª áâ�æ¨®−�à−ë¬ ¢à¥¬¥−−‚ë¬ àï¤�¬, ¯®íâ®¬ã ¢ á«ãç�¥ −¥áâ�æ¨®−�à−ëå àï¤®¢ ¨å
−¥®¡å®¤¨¬® ¯à®¤¨ää¥à¥−æ¨à®¢�âì ¯¥à¥¤ ¯à®¢¥¤¥−¨¥¬ â¥áâ�.

�¥¤®áâ�âª®¬ â¥áâ� ƒà¥−¤¦¥à� ï¢«ï¥âáï â®, çâ® ¯à¨ ¨á¯®«ì§ã¥¬®¬ ¢ −¥¬
¯®¤å®¤¥ −¥¢®§¬®¦−® â®ç−® ®¯à¥¤¥«¨âì áâàãªâãàã §�¢¨á¨¬®áâ¨ àï¤®¢. ��¯à¨¬¥à,
¤¢� àï¤� ¬®£ãâ á«¥¤®¢�âì ¨§ âà¥âì¥£®, −® ¯à¨ ®âáãâáâ¢¨¨ ¨−ä®à¬�æ¨¨ ® âà¥âì¥¬
àï¤¥ â¥áâ ƒà¥−¤¦¥à� ãáâ�−®¢¨â ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ãî á¢ï§ì ¬¥¦¤ã ¯¥à¢ë¬
¨ ¢â®àë¬ àï¤®¬, å®âï ®−� ®âáãâáâ¢ã¥â. �à®¡«¥¬� â®ç−®£® ®¯à¥¤¥«¥−¨ï áâàãªâãàë
§�¢¨á¨¬®áâ¨ àï¤®¢ à�áá¬®âà¥−� ¢ à�¡®â¥ [8].

‚ á«ãç�¥, ª®£¤� â¥áâ ƒà¥−¤¦¥à� −¥¯à¨¬¥−¨¬ ¨«¨ −¥ ¬®¦¥â ®¡−�àã¦¨âì
á¢ï§ì ¬¥¦¤ã àï¤�¬¨, ¯à¨¬¥−ï¥âáï ¬¥â®¤ áå®¤ïé¥£®áï ¯¥à¥ªà¥áâ−®£® ®â®¡à�-
¦¥−¨ï (convergent cross mapping, CCM). �â®â ¬¥â®¤ ®á−®¢�− −� ®æ¥−ª¥ â®£®,
−�áª®«ìª® å®à®è® ®¤¨− àï¤ ¬®¦¥â ¡ëâì ¢®ááâ�−®¢«¥− á ¨á¯®«ì§®¢�−¨¥¬ ¢â®à®£®.
‘ç¨â�¥âáï [4,5], çâ® àï¤ x ¢®ááâ�−�¢«¨¢�¥âáï ¯® àï¤ã y, â®«ìª® ¥á«¨ àï¤ y ¢«¨ï¥â
−� àï¤ x. Œ¥â®¤ CCM ®á−®¢�− −� áà�¢−¥−¨¨ ¡«¨¦�©è¨å á®á¥¤¥© ¢ âà�¥ªâ®à-
−®¬ ¯à®áâà�−áâ¢¥ àï¤� x, ¯®«ãç¥−−ëå á ¯®¬®éìî àï¤� x ¨ á ¯®¬®éìî àï¤� y.
�à®¢¥àï¥âáï, −�áª®«ìª® â®ç−® ¬®¬¥−âë ¢à¥¬¥−¨, á®®â¢¥âáâ¢ãîé¨¥ ¡«¨¦�©è¨¬
á®á¥¤ï¬ ¢¥ªâ®à� yt, ®¯à¥¤¥«ïîâ ¡«¨¦�©è¨å á®á¥¤¥© ¢¥ªâ®à� xt.

�à¨ ¯®áâà®¥−¨¨ «¨−¥©−®© ¯à®£−®áâ¨ç¥áª®© ¬®¤¥«¨ ¯® ¢à¥¬¥−−‚®¬ã àï¤ã
áâà®¨âáï âà�¥ªâ®à−�ï ¬�âà¨æ�, ¨£à�îé�ï à®«ì ¬�âà¨æë ®¡ê¥ªâ®¢. �â¢¥â�¬¨
ï¢«ïîâáï §−�ç¥−¨ï àï¤� ¢ ¯®á«¥¤ãîé¨¥ ¬®¬¥−âë ¢à¥¬¥−¨. Š®£¤� à�§¬¥à−®áâì
âà�¥ªâ®à−®£® ¯à®áâà�−áâ¢� ¨§¡ëâ®ç−�, ¯à®£−®áâ¨ç¥áª�ï ¬®¤¥«ì áâ�−®¢¨âáï −¥-
ãáâ®©ç¨¢®©. ‚ íâ®¬ á«ãç�¥ −¥®¡å®¤¨¬® ¯à®¨§¢®¤¨âì ®â¡®à ¯à¨§−�ª®¢ [9, 10].
Œ¥â®¤ ¯à®¥ªæ¨© −� «�â¥−â−ë¥ áâàãªâãàë (partial least squares, PLS) ®â¡¨à�¥â
−�¨¡®«¥¥ §−�ç¨¬ë¥ ¯à¨§−�ª¨ ¨ áâà®¨â −®¢ë¥ ¯à¨§−�ª¨ ª�ª ¨å «¨−¥©−ë¥ ª®¬-
¡¨−�æ¨¨ [11, 12]. ’�ª¨¬ ®¡à�§®¬, PLS −�å®¤¨â ¯®¤¯à®áâà�−áâ¢® âà�¥ªâ®à−®£®
¯à®áâà�−áâ¢�, ¯à®¥ªæ¨ï −� ª®â®à®¥ −�¨«ãçè¨¬ ®¡à�§®¬ ¯à¨¡«¨¦�¥â ¨áå®¤−ë©
àï¤. ‘−¨¦¥−¨¥ à�§¬¥à−®áâ¨ ¯à¨¬¥−ï¥âáï ¯à¨ ¨§ãç¥−¨¨ á¢ï§¥© ¬¥¦¤ã àï¤�¬¨.
�à®¥ªæ¨¨ −� âà�¥ªâ®à−ë¥ ¯®¤¯à®áâà�−áâ¢� ¯®§¢®«ïîâ ¡®«¥¥ ¤¥â�«ì−® ¨§ãç¨âì
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á¢ï§ì ¬¥¦¤ã £«�¢−ë¬¨ ª®¬¯®−¥−â�¬¨ àï¤®¢ ¨ −�©â¨ ¯®¤¯à®áâà�−áâ¢®, ¢ ª®â®à®¬
−�¡«î¤�¥âáï á¢ï§ì ¬¥¦¤ã àï¤�¬¨.

‚ ¤�−−®© à�¡®â¥ ¤«ï ¯®áâà®¥−¨ï ¯à®£−®§� ®¤−®£® ¢à¥¬¥−−‚®£® àï¤� ¯® −¥áª®«ì-
ª¨¬ àï¤�¬ ¨á¯®«ì§ã¥âáï �«£®à¨â¬ ¬−®£®¬¥à−®© £ãá¥−¨æë (multivariate singular
spectrum analysis, MSSA-L) [13]. �â®â �«£®à¨â¬ ï¢«ï¥âáï ®¡®¡é¥−¨¥¬ −� ¬−®-
£®¬¥à−ë© á«ãç�© �«£®à¨â¬� �−�«¨§� á¯¥ªâà�«ì−ëå ª®¬¯®−¥−â (singular spectrum
analysis, SSA) [14{16]. Œ¥â®¤ SSA ®á−®¢�− −� à�§«®¦¥−¨¨ ¢à¥¬¥−−‚®£® àï¤�
¢ áã¬¬ã ¨−â¥à¯à¥â¨àã¥¬ëå ª®¬¯®−¥−â. �− ¯®¤à�§ã¬¥¢�¥â ç¥âëà¥ ®á−®¢−ëå
è�£�: §�¯¨áì àï¤� ¢ ¢¨¤¥ âà�¥ªâ®à−®© ¬�âà¨æë, ¥¥ á¨−£ã«ïà−®¥ à�§«®¦¥−¨¥,
£àã¯¯¨à®¢ª� ª®¬¯®−¥−â, ¯®«ãç¥−−ëå ¯à¨ á¨−£ã«ïà−®¬ à�§«®¦¥−¨¨, ¯® ª�¦¤®©
á£àã¯¯¨à®¢�−−®© ¬�âà¨æ¥ ¢®ááâ�−�¢«¨¢�¥âáï ¢à¥¬¥−−®© àï¤. ’�ª¨¬ ®¡à�§®¬
¨áå®¤−ë© ¢à¥¬¥−−®© àï¤ ¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥ áã¬¬ë ¢à¥¬¥−−‚ëå àï¤®¢.

�ªá¯¥à¨¬¥−â ¯à®¢®¤¨«áï −� âà¥å ¯�à�å ¢à¥¬¥−−‚ëå àï¤®¢: ¨áªãááâ¢¥−−ë¥
àï¤ë, áà¥¤−¥áãâ®ç−�ï â¥¬¯¥à�âãà� ¨ ¯®âà¥¡«¥−¨¥ í«¥ªâà®í−¥à£¨¨, ®¡ê¥¬ ¦¥-
«¥§−®¤®à®¦−ëå ¯¥à¥¢®§®ª −¥äâ¨ ¨ ®¡ê¥¬ ¤®¡ëç¨ −¥äâ¨. „«ï ª�¦¤®© ¯�-
àë ¨áá«¥¤®¢�«®áì −�«¨ç¨¥ á¢ï§¨ ¬¥¦¤ã ª®¬¯®−¥−â�¬¨ ¢å®¤ïé¨å ¢ −¥¥ àï¤®¢.
‚ íªá¯¥à¨¬¥−â�å −� à¥�«ì−ëå ¤�−−ëå áâà®¨«áï ¯à®£−®§ àï¤®¢, ¨á¯®«ì§ãîé¨©
®¡−�àã¦¥−−ë¥ á¢ï§�−−ë¥ ª®¬¯®−¥−âë àï¤®¢.

2 Обнаружение связей временных рядов

‚ ¤�−−®¬ à�§¤¥«¥ ®¯¨áë¢�îâáï ¬¥â®¤ áå®¤ïé¥£®áï ¯¥à¥ªà¥áâ−®£® ®â®¡à�¦¥-
−¨ï ¨ â¥áâ ƒà¥−¤¦¥à�.

Метод сходящегося перекрестного отображения. „«ï §�¤�−−®£®

¢à¥¬¥−−‚®£® àï¤� x = [x1, . . . , xN ]
T ¯®áâà®¨¬ âà�¥ªâ®à−ãî ¬�âà¨æã:

Hx =





x1 x2 · · · xn−1 xn

x2 x3 · · · xn xn+1
...

...
...

...
...

xN−n+1 xN−n+2 · · · xN−1 xN



 , (1)

£¤¥ n | è¨à¨−� ®ª−�. �¡®§−�ç¨¬ t-î áâà®ªã ¬�âà¨æë Hx ª�ª xt. ’®£¤�
¬�âà¨æ�Hx ¯à¨−¨¬�¥â ¢¨¤:

Hx =




x1
...
xT



 , xt = [xt, xt+1, . . . , xt+n−1] , T = N − n+ 1 . (2)

‡�¬¥â¨¬, çâ® ¢á¥ ¢¥ªâ®àë xt ¯à¨−�¤«¥¦�â n-¬¥à−®¬ã âà�¥ªâ®à−®¬ã ¯à®áâà�−-
áâ¢ã Hx ⊆ R

n àï¤� x.
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÷¨á. 1 �â®¡à�¦¥−¨¥ ¨§ âà�¥ªâ®à−®£® ¯à®áâà�−áâ¢� àï¤� x ¢ âà�¥ªâ®à−®¥ ¯à®áâà�−áâ¢®
àï¤� y

�¡−�àã¦¥−¨¥ §�¢¨á¨¬®áâ¨ ¬¥¦¤ã àï¤�¬¨ x ¨ y ®áãé¥áâ¢«ï¥âáï á«¥¤ãîé¨¬
®¡à�§®¬. ‚ë¡¥à¥¬ ¬®¬¥−â t∗ ∈ [1, T ] ¨ −�©¤¥¬ k ¡«¨¦�©è¨å á®á¥¤¥© ¢¥ªâ®à� xt

¢ Hx. �¡®§−�ç¨¬ ¨å ¬−®¦¥áâ¢® ª�ª Uk (xt∗) = {xt1 , . . . ,xtk}, £¤¥

xti = [xti , xti+1, . . . , xti+n−1] , i = 1, . . . , k . (3)

’�ª ª�ª ®¡� àï¤� x ¨ y ®¯à¥¤¥«¥−ë −� ¥¤¨−®© ¢à¥¬¥−−‚®© ®á¨, ®âëé¥¬ Uk (yt∗)
(à¨á. 1) ¢ ¯à®áâà�−áâ¢¥ Hy á æ¥«ìî �−�«¨§� á¢ï§¥© ¬¥¦¤ã íâ¨¬¨ ¤¢ã¬ï àï¤�¬¨.
„«ï íâ®£® ¯®¢â®à¨¬ ¢ ¯à®áâà�−áâ¢¥ Hy ¯®áâà®¥−¨ï (1){(3). �−�«®£¨ç−® áâà®¨¬
¬�âà¨æãHy. �®áâ�¢¨¬ ¢ á®®â¢¥âáâ¢¨¥ ª�¦¤®¬ã ¢¥ªâ®àã xti ∈ Uk (xt∗) ¢¥ªâ®à yti :

ϕ : xti → yti , i = 1, . . . , k .

��©¤¥−−ë¥ ¢¥ªâ®àë yti ®¡à�§ãîâ ¬−®¦¥áâ¢® Uk (yt∗). “â¢¥à¦¤�¥âáï, çâ® àï¤ë x
¨ y á¢ï§�−ë, ®â®¡à�¦¥−¨¥ ϕ ¨§ ¯à®áâà�−áâ¢� Hx ¢ ¯à®áâà�−áâ¢® Hy «¨¯è¨æ¥¢®:
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ρHy (ϕ (xi) , ϕ (xj)) ≤ nρHx (xi,xj) , ∀xi,xj ∈ Hx ,

£¤¥ ρHx (·, ·) ¨ ρHy (·, ·)| ¬¥âà¨ª¨ ¢ ¯à®áâà�−áâ¢�å Hx ¨ Hy á®®â¢¥âáâ¢¥−−®. �à®-
¢¥à¨¬ −�«¨ç¨¥ â�ª®£® ®â®¡à�¦¥−¨ï á«¥¤ãîé¨¬ ®¡à�§®¬. ‚¢¥¤¥¬ ¬¥àã ¡«¨§®áâ¨
¢¥ªâ®à®¢ ¢ ®ªà¥áâ−®áâïå Uk (xt∗) ¨ Uk (yt∗):

L(x,y) =
R (Uk (xt∗))

R (Uk (yt∗) )
, R (Uk (xt∗)) =

1

k

k∑

i=1

ρHx (xt∗ ,xti) . (4)

…á«¨ L(x,y) ¡®«ìè¥ −¥ª®â®à®£® ¯®à®£� L(n), â® àï¤ y §�¢¨á¨â ®â àï¤� x.
�� à¨á. 1 ¯®ª�§�− ®¯¨á�−−ë© á¯®á®¡ ®¡−�àã¦¥−¨ï á¢ï§¨ ¬¥¦¤ã àï¤�¬¨. ��

à¨á. 1, � àï¤ y §�¢¨á¨â ®â àï¤� x, −� à¨á. 1, ¡ | −¥ §�¢¨á¨â.
�à®£−®§ �xt, ¯¥à¢®£® í«¥¬¥−â� ¢¥ªâ®à� xt, áâà®¨âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

�xt =

k∑

i=1

wixti .

‡¤¥áì ti | ¨−¤¥ªáë ¡«¨¦�©è¨å á®á¥¤¥© xt;

wi =
ui∑
i
ui

, ui = exp

(
− ρ(xt,xti)

ρ(xt,xtn+1)

)
,

£¤¥ ρ(x1,x2) =‖x1 − x2 ‖2 | ¬¥âà¨ª� ¢ ¯à®áâà�−áâ¢¥ Hx.

Анализ связей подпространств траекторных пространств. �à¥¤«�£�¥âáï
®¡−�àã¦¨âì á¢ï§ì −¥ ¢ âà�¥ªâ®à−ëå ¯à®áâà�−áâ¢�å Hx ¨ Hy, � â®«ìª® ¢ −¥ª®â®àëå
¨å ¯®¤¯à®áâà�−áâ¢�å, −�âï−ãâëå −� £«�¢−ë¥ ª®¬¯®−¥−âë âà�ªâ®à−ëå ¬�âà¨æHx
¨Hy, −¥®¡ï§�â¥«ì−® ¯¥à¢ë¥. ‘¨−£ã«ïà−®¥ à�§«®¦¥−¨¥ ¬�âà¨æëHx:

Hx = Ux˜xVx .

�¡®§−�ç¨¬ Jx = {1, . . . , n} | ¨−¤¥ªáë ª®¬¯®−¥−â àï¤� x. �®¤¯à®áâà�−áâ¢® âà�-
¥ªâ®à−®£® ¯à®áâà�−áâ¢� §�¤�¤¨¬ á ¯®¬®éìî −�¡®à� ¨−¤¥ªá®¢ ª®¬¯®−¥−â A ⊆ J,
−� ª®â®àë¥ ®−® ¡ã¤¥â −�âï−ãâ®. �®áâà®¨¬ ¯à®¥ªæ¨î àï¤� x −� ¯®¤¯à®áâà�−áâ¢®,
−�âï−ãâ®¥ −� ª®¬¯®−¥−âë á −®¬¥à�¬¨ ¨§ Ax. �¡®§−�ç¨¬ íâ® ¯®¤¯à®áâà�−-
áâ¢® HAx ⊆ Hx. ‡�¬¥−¨¬ ¢ ¬�âà¨æ¥ ˜x í«¥¬¥−âë, −�å®¤ïé¨¥áï ¢ áâà®ª�å

á ¨−¤¥ªá�¬¨ −¥ ¨§ Ax, −ã«ï¬¨. �¡®§−�ç¨¬ ¯®«ãç¥−−ãî ¬�âà¨æã “̃ x. ’®£¤�
¯à®¥ªæ¨ï àï¤� x −� ¯®¤¯à®áâà�−áâ¢®, −�âï−ãâ®¥ −� ª®¬¯®−¥−âë á ¨−¤¥ªá�¬¨
¨§ Ax, §�¤�¥âáï âà�¥ªâ®à−®© ¬�âà¨æ¥©

PAx = Ux
“̃
xVx .
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�−�«®£¨ç−® ¯® −¥ª®â®à®¬ã −�¡®àã Ay áâà®ïâáï ¯®¤¯à®áâà�−áâ¢® HAy
⊆ Hy ¨ âà�-

¥ªâ®à−�ï ¬�âà¨æ� PAy
. �à¥¤«�£�¥âáï ¨áª�âì ¡«¨¦�©è¨å á®á¥¤¥© −¥ ¢ ¯®«−ëå

âà�¥ªâ®à−ëå ¯à®áâà�−áâ¢�å Hx ¨ Hy, §�¤�îé¨åáï âà�¥ªâ®à−ë¬¨ ¬�âà¨æ�¬¨Hx
¨ Hy á®®â¢¥âáâ¢¥−−®, � ¢ ¯®¤¯à®áâà�−áâ¢�å HAx ¨ HAy, §�¤�îé¨åáï ¬�âà¨æ�-
¬¨ PAx

¨ PAy
. �à¥¤¯®«�£�¥âáï, çâ® ¯¥à¥å®¤ ª âà�¥ªâ®à−ë¬ ¯®¤¯à®áâà�−áâ¢�¬

¬¥−ìè¥© à�§¬¥à−®áâ¨ ¯®¢ëè�¥â ãáâ®©ç¨¢®áâì ¯à®£−®áâ¨ç¥áª®© ¬®¤¥«¨ ¨ ¯®§¢®-
«ï¥â ¡®«¥¥ ¯®¤à®¡−® ¨§ãç¨âì á¢ï§ì ¬¥¦¤ã àï¤�¬¨.

÷�áá¬®âà¥¢ à�§«¨ç−ë¥ ¯®¤¯à®áâà�−áâ¢�, ¢ë¡¨à�¥¬ â®, ª®â®à®¥ ¡ã¤¥â −�¨-
«ãçè¨¬ ®¡à�§®¬ ®¯¨áë¢�âì ¨áá«¥¤ã¥¬ë© ¢à¥¬¥−−®© àï¤ ¨ ¨¬¥âì ¬¨−¨¬�«ì−ãî
à�§¬¥à−®áâì. �¥à¥¡®à à�§«¨ç−ëå ¯®¤¯à®áâà�−áâ¢ ¯®§¢®«ï¥â ãáâ�−®¢¨âì, ¬¥¦¤ã
ª�ª¨¬¨ ¨¬¥−−® ª®¬¯®−¥−â�¬¨ àï¤®¢ x ¨ y áãé¥áâ¢ã¥â §�¢¨á¨¬®áâì.

�ã¤¥¬ ¯¥à¥¡¨à�âì à�§«¨ç−ë¥ ª®¬¡¨−�æ¨¨ ¨−¤¥ªá®¢ £«�¢−ëå ª®¬¯®−¥−â ¨ á®-
®â¢¥âáâ¢ãîé¨¥ ¨¬ ¯®¤¯à®áâà�−áâ¢� HAx ¨ HAy. „«ï ª�¦¤®© ¯�àë (Ax,Ay)
¨−¤¥ªá®¢ £«�¢−ëå ª®¬¯®−¥−â àï¤®¢ x ¨ y á®®â¢¥âáâ¢¥−−® ¡ã¤¥¬ −�å®¤¨âì áà¥¤−¥¥
à�ááâ®ï−¨¥ ¬¥¦¤ã k ¡«¨¦�©è¨¬¨ á®á¥¤ï¬¨ ¤«ï àï¤� x ¨ ¬¥¦¤ã ¡«¨¦�©è¨-
¬¨ á®á¥¤ï¬¨ ¤«ï àï¤� y. ‚¢¥¤¥¬ ¬¥àã ¡«¨§®áâ¨ ¢¥ªâ®à®¢, �−�«®£¨ç−ãî (4)
¨ −®à¬¨à®¢�−−ãî −� à�§¬¥à−®áâì âà�¥ªâ®à−ëå ¯®¤¯à®áâà�−áâ¢:

L (x,y |AxAy) =
R (Uk (xt∗) |Ax)
R (Uk (yt∗) |Ay)

|Ay|
|Ax|

, R (x |Ax) =
1

k

k∑

i=1

ρHx (xt∗ ,xti). (5)

’®£¤� §�¤�ç� ¯®¨áª� ¯®¤¯à®áâà�−áâ¢ HAx
¨ HAy

íª¢¨¢�«¥−â−� ¯®¨áªã −®¬¥à®¢
£«�¢−ëå ª®¬¯®−¥−â (Ax,Ay) ¨ ¨¬¥¥â ¢¨¤:

(Ax,Ay) = argmax
Ax,Ay

L (x,y |Ax,Ay) , Ax,Ay ⊆ {1, . . . , n} .

Тест Гренджера. ‚ ª�ç¥áâ¢¥ ¡�§®¢®£® ¬¥â®¤� ãáâ�−®¢«¥−¨ï á¢ï§¥© ¨á¯®«ì-
§ã¥âáï áâ�â¨áâ¨ç¥áª¨© â¥áâ ƒà¥−¤¦¥à�. ’à¥¡ã¥âáï ¯à®¢¥à¨âì, §�¢¨á¨â «¨ àï¤ x
®â àï¤� y. ‚ë¤¢¨−¥¬ £¨¯®â¥§ã ® −¥§�¢¨á¨¬®áâ¨ àï¤� x ®â àï¤� y ¨ ¯à®¢¥à¨¬
¥¥. „«ï íâ®£® áâà®¨¬ ¯à®£−®§ �x àï¤� x ¡¥§ ¨á¯®«ì§®¢�−¨ï àï¤� y ¨ −�å®¤¨¬
−¥¢ï§ªã εx = �x− x. ‘âà®¨¬ ¯à®£−®§ àï¤� x á ¨á¯®«ì§®¢�−¨¥¬ àï¤� y ¨ −�å®¤¨¬
−¥¢ï§ªã εxy. ÷�áá¬®âà¨¬ áâ�â¨áâ¨ªã:

—(x,y) =
N − 2n

n

‖εx‖22 − ‖εxy‖22
‖εxy‖22

,

£¤¥ N | ¤«¨−� ®¡ãç�îé¥© ¢ë¡®àª¨; n | à�§¬¥à−®áâì à¥£à¥áá¨®−−®© ¬®¤¥«¨.
‘â�â¨áâ¨ª� — ¨¬¥¥â à�á¯à¥¤¥«¥−¨¥ ”¨è¥à� á ¯�à�¬¥âà�¬¨ (n,N − 2n).

…á«¨ àï¤ x −¥ §�¢¨á¨â ®â àï¤� y, â® §−�ç¥−¨ï εx ¨ εxy ¡ã¤ãâ ¡«¨§ª¨, §−�ç¥−¨¥
áâ�â¨áâ¨ª¨ —(x,y) | ¬�«®. ‡−�ç¨â, p-value £¨¯®â¥§ë ® −¥§�¢¨á¨¬®áâ¨ àï¤®¢ x
¨ y −� ãà®¢−¥ §−�ç¨¬®áâ¨ α ¨¬¥¥â ¢¨¤:

p-value = inf {α : —(x,y) > θ(α)}.
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„àã£¨¬¨ á«®¢�¬¨, ¤«ï ãà®¢−ï §−�ç¨¬®áâ¨ α ãâ¢¥à¦¤�¥¬, çâ® àï¤ x §�¢¨á¨â ®â
àï¤� y, ¥á«¨ —(x,y) > θ(α). Šà¨â¥à¨© §�¢¨á¨¬®áâ¨ àï¤� x ®â àï¤� y à�§¬¥à� α
¢ë£«ï¤¨â á«¥¤ãîé¨¬ ®¡à�§®¬:

ˆ§ —(x,y) > θ(α) á«¥¤ã¥â, çâ® àï¤ x §�¢¨á¨â ®â àï¤� y.

„«ï ¯à¨¡«¨¦¥−−®£®, ¢®ááâ�−®¢«¥−−®£® á ¯®¬®éìî ¬®¤¥«¨ MSSA-L àï¤� �y
¯à®¢¥à¨¬ §�¢¨á¨¬®áâì ®â −¥£® àï¤� x. „«ï íâ®£® ¨á¯®«ì§ã¥¬ áâ�â¨áâ¨ªã —(x, �y).

—â®¡ë −�©â¨ á¤¢¨£ ¯® ¢à¥¬¥−¨ àï¤� y ®â−®á¨â¥«ì−® àï¤� x, ¢ëç¨á«¨¬
ªà®ááª®àà¥«ïæ¨®−−ãî äã−ªæ¨î

γxy(h) =
E [(xt − µx) (yt+h − µy)]

σ2xσ
2
y

, (6)

£¤¥ E| ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥; µ | ¢ë¡®à®ç−®¥ áà¥¤−¥¥; σ2 | ¢ë¡®à®ç−�ï
¤¨á¯¥àá¨ï; h∗ = argmaxh γxy(h) | á¤¢¨£ ¯® ¢à¥¬¥−¨ àï¤� y ®â−®á¨â¥«ì−®
àï¤� x. ˆá¯®«ì§®¢�−¨¥ àï¤� y, á¤¢¨−ãâ®£® −� h ®âáç¥â®¢ −�§�¤, ¯à¨ ¯®áâà®¥−¨¨
¯à®£−®§� àï¤� x ¯®¢ëè�¥â ª�ç¥áâ¢® ¯à®£−®§�.

3 Постановка задачи прогнозирования

�®áâ�¢¨¬ §�¤�çã ¯à®£−®§� −�¡®à� ¢à¥¬¥−−‚ëå àï¤®¢. �¡®§−�ç¨¬ ç¥à¥§

X =
[
x(1), . . . ,x(s)

]T
(7)

§�¤�−−ë© −�¡®à ¨§ s ¢à¥¬¥−−‚ëå àï¤®¢. ÷�áá¬®âà¨¬ á¥£¬¥−â −�¡®à� àï¤®¢
X(t−n+1)÷t ®â ¬®¬¥−â� ¢à¥¬¥−¨ (t − n+ 1) ¤® ¬®¬¥−â� t:

x
(1)
1 · · · x

(1)
t−n

...
...

...

x
(s)
1 · · · x

(s)
t−n





x
(1)
t−n+1 · · ·

...
...

x
(s)
t−n+1 · · ·

χt︷︸︸︷
x
(1)
t
...

x
(s)
t





︸ ︷︷ ︸
X(t−n+1)÷t

x
(1)
t · · ·
...

...

x
(s)
t · · ·

(8)

�ãáâì χt =
[
x
(1)
t , . . . x

(s)
t

]T
| áâ®«¡¥æ ¬�âà¨æë (8), §−�ç¥−¨¥ àï¤� X ¢ ¬®-

¬¥−â ¢à¥¬¥−¨ t. �®áâà®¨¬ ¯à®£−®§ �χt àï¤� X ¢ â®çª¥ χt. �à®¤¥«�¥¬ íâ® l à�§
¤«ï á¥£¬¥−â®¢ àï¤� X(t−n+1+i)÷(t+i), £¤¥ i = 1, . . . , l. �®«ãç¨¬ l ¯à®£−®-

§®¢ �χt÷(t+l−1) = [χt,χt+1, . . . χt+l−1] àï¤� X ¢ â®çª�å χt,χt+1, . . . ,χt+l−1.
�®áâà®¥−¨¥ ¯à®£−®§®¢ �χt÷(t+l−1) ¨§®¡à�¦¥−® −� à¨á. 2.
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÷¨á. 2 �®áâà®¥−¨¥ ¯à®£−®§®¢ ¤«ï §−�ç¥−¨© −�¡®à� χt, χt+1, . . . , χt+l−1 ¢à¥¬¥−−ëå
àï¤®¢ ¢ ¬®¬¥−âë ¢à¥¬¥−¨ t, t+ 1, . . . , t+ l − 1

�à®£−®áâ¨ç¥áª�ï ¬®¤¥«ì ¨¬¥¥â ¢¨¤:

�χt = f (�w,χt,χt−1, . . . ,χt−n+1) ,

�w = argmin
w

S (w,X, �χt, �χt+1, . . . �χt+n−1) = S
(
x(1), . . . ,x(s)

)
,

£¤¥ äã−ªæ¨ï ¯®â¥àì

S
(
x(1), . . . ,x(s)

)
=
1

n

n∑

i=1

L (χt+i, �χt+i) =
1

n

n∑

i=1

(
x
(1)
t+i − �x

(1)
t+i

)2
.

‚ ¤�−−®© à�¡®â¥ ¤«ï ¯®áâà®¥−¨ï ¯à®£−®§� −�¡®à� ¨§ s ¢à¥¬¥−−‚ëå àï¤®¢ (7) ¨á-
¯®«ì§ã¥âáï �«£®à¨â¬ ¬−®£®¬¥à−®© £ãá¥−¨æë (MSSA-L), ¯à¥¤áâ�¢«ïîé¨© á®¡®©
®¡®¡é¥−¨¥ −� ¬−®£®¬¥à−ë© á«ãç�© �«£®à¨â¬� £ãá¥−¨æë (SSA). ‡�¤�ç� �«£®à¨â¬�
MSSA-L á®áâ®¨â ¢ ¯à¥¤áâ�¢«¥−¨¨ ¢à¥¬¥−−‚®£® àï¤� ¢ ¢¨¤¥ áã¬¬ë ¨−â¥à¯à¥â¨àã-
¥¬ëå ª®¬¯®−¥−â. �â® ®áãé¥áâ¢«ï¥âáï ¢ ç¥âëà¥ è�£�: §�¯¨áì àï¤� ¢ ¢¨¤¥ âà�-
¥ªâ®à−®© ¬�âà¨æë (1), á¨−£ã«ïà−®¥ à�§«®¦¥−¨¥ íâ®© ¬�âà¨æë (9), £àã¯¯¨à®¢ª�
ª®¬¯®−¥−â (10), ¯®«ãç¥−−ëå ¯à¨ á¨−£ã«ïà−®¬ à�§«®¦¥−¨¨, ¢ ¨−â¥à¯à¥â¨àã¥¬ë¥
ª®¬¯®−¥−âë ¨ ¢®ááâ�−®¢«¥−¨¥ ¢à¥¬¥−−‚®£® àï¤� ¯® ª�¦¤®© ¨§ ¨−â¥à¯à¥â¨àã¥¬ëå
ª®¬¯®−¥−â.

�® àï¤ã x(i) ¯®áâà®¨¬ âà�¥ªâ®à−ãî ¬�âà¨æã H(i) ∈ R
T×n, T = N − n +

+ 1, á®£«�á−® (1). „«ï −�¡®à� ¢à¥¬¥−−‚ëå àï¤®¢ (8) ¯®áâà®¨¬ ®¡ê¥¤¨−¥−−ãî
âà�¥ªâ®à−ãî ¬�âà¨æã

H =
[
H(1),H(2), . . . ,H(s)

]
.

�® âà�¥ªâ®à−®© ¬�âà¨æ¥ H ¬®¦−® ¢®ááâ�−®¢¨âì ¢à¥¬¥−−®© àï¤ X. Œ¥â®¤

¬−®£®¬¥à−®© £ãá¥−¨æë áâà®¨â ¯à¨¡«¨¦¥−¨¥ �H ¬�âà¨æëH ¬¥−ìè¥£® à�−£� á ¯®-
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¬®éìî á¨−£ã«ïà−®£® à�§«®¦¥−¨ï íâ®© ¬�âà¨æë ¨ ¢®ááâ�−�¢«¨¢�¥â àï¤ ¯® ¬�âà¨-

æ¥ �H. ‘¨−£ã«ïà−®¥ à�§«®¦¥−¨¥ ¬�âà¨æëH ¨¬¥¥â ¢¨¤:

H = U˜V =

d∑

i=1

λiuiv
T

i , (9)

£¤¥ λ1, . . . , λd > 0 | á¨−£ã«ïà−ë¥ ç¨á«� ¬�âà¨æë H; ui ¨ vi | áâ®«¡æë
¬�âà¨æU ¨V. ��¨«ãçè¥¥ ¯à¨¡«¨¦¥−¨¥ ¬�âà¨æëH ¬�âà¨æ¥© à�−£� r < d ¨¬¥¥â
¢¨¤:

�H =
r∑

i=1

λiuiv
T

i . (10)

�® ¬�âà¨æ¥ �H ¢®ááâ�−�¢«¨¢�¥âáï ¢à¥¬¥−−®© àï¤ X ¯ãâ¥¬ ãáà¥¤−¥−¨ï í«¥-
¬¥−â®¢, áâ®ïé¨å −� �−â¨¤¨�£®−�«ïå.

�«£®à¨â¬ ¬−®£®¬¥à−®© £ãá¥−¨æë áâà®¨â ¯à®£−®§ ¢à¥¬¥−−‚®£® àï¤� X ¢ ¬®-
¬¥−â t ¯® (n − 1) ¯à¥¤ë¤ãé¨¬ §−�ç¥−¨ï¬ àï¤�. �«£®à¨â¬ −�å®¤¨â â�ª®© ¢¥ªâ®à

ª®íää¨æ¨¥−â®¢ p ∈ R
(n−1), çâ® §−�ç¥−¨ï −�¡®à� àï¤®¢ X ¢ ¬®¬¥−â t à�¢−ë:

χt =





x
(1)
t−n+1 · · · x

(1)
t−1

x
(2)
t−n+1 · · · x

(2)
t−1

...
...

...

x
(s)
t−n+1 · · · x

(s)
t−1




· p .

‡�¬¥â¨¬, çâ® ª®íää¨æ¨¥−âë p ®ª�§ë¢�îâáï ®¡é¨¬¨ ¤«ï ¢á¥å ª®¬¯®−¥−â àï¤�X.
‚¥ªâ®à p | íâ® ¢¥ªâ®à ª®íää¨æ¨¥−â®¢ ¢ «¨−¥©−®© ª®¬¡¨−�æ¨¨ ¯¥à¢ëå (n − 1)
áâ®«¡æ®¢ âà�¥ªâ®à−®© ¬�âà¨æë, −�¨«ãçè¨¬ ®¡à�§®¬ ¯à¨¡«¨¦�îé¥© ¯®á«¥¤−¨©
áâ®«¡¥æ ¬�âà¨æë. ‚¥ªâ®à p ®¯à¥¤¥«ï¥âáï ¬¥â®¤®¬ −�¨¬¥−ìè¨å ª¢�¤à�â®¢.

„«ï ª�¦¤®£® i ∈ [1, r] ®¡®§−�ç¨¬ ç¥à¥§ “ui ¯¥à¢ë¥ (n − 1) ª®¬¯®−¥−â áâ®«¡-
æ� ui, πi | ¯®á«¥¤−îî ª®¬¯®−¥−âã áâ®«¡æ� ui ¨ ν =

∑r
i=1 π2i . ’®£¤� ¢¥ªâ®à

ª®íää¨æ¨¥−â®¢ p ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥:

p =
1

1− ν2

r∑

i=1

πi“ui .

4 Вычислительный эксперимент

�ªá¯¥à¨¬¥−â ¯à®¢®¤¨«áï −� âà¥å ¯�à�å ¢à¥¬¥−−‚ëå àï¤®¢: ¨áªãááâ¢¥−−ë¥
àï¤ë, ¯®âà¥¡«¥−¨¥ í«¥ªâà®í−¥à£¨¨ ¨ áà¥¤−¥áãâ®ç−�ï â¥¬¯¥à�âãà� ¢®§¤ãå�, ®¡ê¥¬
£àã§®¯¥à¥¢®§®ª −¥äâ¨ ¨ æ¥−� −� −¥äâì. „«ï ª�¦¤®© ¯�àë àï¤®¢ áâ�¢¨«�áì
§�¤�ç� −�å®¦¤¥−¨ï á¢ï§�−−ëå âà�¥ªâ®à−ëå ¯®¤¯à®áâà�−áâ¢ á ¯®¬®éìî ¬¥â®¤�
áå®¤ïé¥£®áï ¯¥à¥ªà¥áâ−®£® ®â®¡à�¦¥−¨ï.
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4.1 Сгенерированные данные

�ªá¯¥à¨¬¥−â ¯à®¢®¤¨«áï −� ¤¢ãå á£¥−¥à¨à®¢�−−ëå àï¤�å:

x = sin t+ 2 sin
t

2
+ σ2xε, σ2x = 0,3 ;

y = sin(2t+ 5) + σ2yε, σ2y = 0,25 ,

£¤¥ ε ∈ N(0, I).
‘âà®¨¬ âà�¥ªâ®à−ãî ¬�âà¨æã Hx ¯® àï¤ã x, ¢§ï¢ è¨à¨−ã ®ª−� n = 250.

„«ï −¥ª®â®à®£® ¬®¬¥−â� ¢à¥¬¥−¨ t∗ à�áá¬®âà¨¬ ¢¥ªâ®à xt∗ , à�¢−ë© t∗-© áâà®ª¥

÷¨á. 3 �à®¥ªæ¨¨ Uk (xt∗) ¨ Uk (yt∗) −� ä�§®¢ë¥ âà�¥ªâ®à¨¨ (25 á®á¥¤¥©): (�) ®â®¡-
à�¦¥−¨¥ ¨§ ¯à®áâà�−áâ¢� Hx ¢ ¯à®áâà�−áâ¢® Hy; (¡) ®â®¡à�¦¥−¨¥ ¨§ ¯à®áâà�−áâ¢� Hy

¢ ¯à®áâà�−áâ¢® Hx
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¬�âà¨æë Hx. ‚ë¡¥à¥¬ k ¨ −�©¤¥¬ áà¥¤¨ áâà®ª ¬�âà¨æë Hx k ¡«¨¦�©è¨å
(¢ á¬ëá«¥ ¥¢ª«¨¤®¢®© −®à¬ë) á®á¥¤¥© ¢¥ªâ®à�xt∗ . �¡®§−�ç¨¬ ¨−¤¥ªáë −�©¤¥−−ëå
¢¥ªâ®à®¢ t1, . . . , tk, � á�¬¨ −�©¤¥−−ë¥ ¢¥ªâ®à� | xt1 , . . . ,xtk . �¡®§−�ç¨¬ i-î
áâà®ªã âà�¥ªâ®à−®© ¬�âà¨æë Hy àï¤� y ª�ª yi. ’®£¤� ¯® −�©¤¥−−ë¬ ¨−¤¥ªá�¬
t1, . . . , tk ¬®¦−® ®â®¡à�âì á®®â¢¥âáâ¢ãîé¨¥ yt1 , . . . ,ytk . …á«¨ àï¤ y §�¢¨á¨â
®â àï¤� x, â® ¢¥ªâ®àë yt1 , . . . ,ytk , ª�ª ¨ xt1 , . . . ,xtk , ¡ã¤ãâ −�å®¤¨âìáï àï¤®¬
¢ âà�¥ªâ®à−®¬ ¯à®áâà�−áâ¢¥.

�−�«®£¨ç−® ¤«ï −¥ª®â®à®£® t∗ −�å®¤¨¬ ¡«¨¦�©è¨å á®á¥¤¥© ¢¥ªâ®à� yt∗. �¡®-
§−�ç¨¬ ¨å yt1 , . . . ,ytk . �� à¨á. 3 ¨§®¡à�¦¥−ë ä�§®¢ë¥ âà�¥ªâ®à¨¨ àï¤®¢ x ¨ y,
� â�ª¦¥ ¯à®¥ªæ¨¨ ¢¥ªâ®à®¢ xt∗ ,xt1 , . . . ,xtk ¨ yt∗ ,yt1 , . . . ,ytk −� ä�§®¢ë¥ âà�-
¥ªâ®à¨¨. ƒ«�¢−ë¥ ª®¬¯®−¥−âë, ®¡à�§ãîé¨¥ ®á¨ âà�¥ªâ®à−®£® ¯®¤¯à®áâà�−áâ¢�,
®¡®§−�ç¥−ë PC1(·) ¨ PC2(·).

‚¨¤¨¬, çâ® ®ªà¥áâ−®áâì ä�§®¢®© âà�¥ªâ®à¨¨ àï¤� x ®â®¡à�¦�¥âáï ¢ ®ªà¥áâ-
−®áâì ä�§®¢®© âà�¥ªâ®à¨¨ àï¤� y ¨ −�®¡®à®â. �à¨ ®â®¡à�¦¥−¨¨ ¨§ âà�¥ªâ®à−®£®
¯à®áâà�−áâ¢� àï¤� y ¢ âà�¥ªâ®à−®¥ ¯à®áâà�−áâ¢® àï¤� x ¢¥ªâ®àë xt∗ ,xt1 , . . . ,xt15
à�á¯�¤�îâáï −� ç¥âëà¥ ¯«®â−ë¥ £àã¯¯ë. �â® á¢ï§�−® á â¥¬, çâ® ¯¥à¨®¤ àï¤� y
¢ ç¥âëà¥ à�§� ¬¥−ìè¥ ¯¥à¨®¤� àï¤� x.

4.2 Эксперимент на данных потребления электроэнергии и температуры

‚ íªá¯¥à¨¬¥−â¥ ¨áá«¥¤ã¥âáï àï¤ ®¡ê¥¬� ¯®âà¥¡«¥−¨ï í«¥ªâà®í−¥à£¨¨ x
¨ àï¤ §−�ç¥−¨© â¥¬¯¥à�âãàë y ¢ â¥ç¥−¨¥ £®¤�. ’�ª ª�ª íâ¨ àï¤ë −¥ ï¢«ïîâáï
áâ�æ¨®−�à−ë¬¨, ¨å −¥®¡å®¤¨¬® ¯à®¤¨ää¥à¥−æ¨à®¢�âì ¨ ®â−®à¬¨à®¢�âì ¯¥à¥¤
â¥¬, ª�ª ¨áá«¥¤®¢�âì §�¢¨á¨¬®áâ¨ ¬¥¦¤ã −¨¬¨. ÷ï¤ â¥¬¯¥à�âãàë ¯à¨¢¥¤¥¬
ª áâ�æ¨®−�à−®© ä®à¬¥ á«¥¤ãîé¨¬ ®¡à�§®¬. ÷�áá¬®âà¨¬ àï¤ ¤«¨−ë á¢¥â®¢®£®
¤−ï ¢ â¥ç¥−¨¥ £®¤� z. ‘ ¯®¬®éìî ¢ëç¨á«¥−¨ï ªà®ááª®àà¥«ïæ¨®−−®© äã−ªæ¨¨ (6)

÷¨á. 4 �®à¬¨à®¢�−−ë¥ àï¤ë ¯®âà¥¡«¥−¨ï í«¥ªâà®í−¥à£¨¨ (1), â¥¬¯¥à�âãàë (2) ¨ ¤«¨−ë
á¢¥â®¢®£® ¤−ï (3)
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àï¤®¢ y ¨ z ®¯à¥¤¥«¨¬, −�áª®«ìª® àï¤ z ®¯¥à¥¦�¥â àï¤ y, â. ¥. −�©¤¥¬ â�ª®¥ h∗,
çâ® y(t + h∗) = z(t). ‚ëçâ¥¬ ¨§ àï¤� y àï¤ z á ãç¥â®¬ á¤¢¨£� h∗. �®«ãç¥−−ë©
àï¤ y(t) = y(t)− z(t − h∗) ¡ã¤¥â áâ�æ¨®−�à−ë¬ àï¤®¬ â¥¬¯¥à�âãàë.

ˆáå®¤−ë¥ àï¤ë ¯®âà¥¡«¥−¨ï í«¥ªâà®í−¥à£¨¨ x, â¥¬¯¥à�âãàë y ¨ ¤«¨−ë
á¢¥â®¢®£® ¤−ï z ¨§®¡à�¦¥−ë −� à¨á. 4.

Œ�ªá¨¬ã¬ ¬®¤ã«ï ªà®ááª®àà¥«ïæ¨¨ γyz(h) ¤®áâ¨£�¥âáï ¯à¨ h = 560. ‡−�ç¨â,

z(t) = y(t+ 560).

ˆ −®¢ë© áâ�æ¨®−�à−ë© àï¤ â¥¬¯¥à�âãàë ¨¬¥¥â ¢¨¤:

y∗(t) = y(t)− z(t − 560).

÷¨á. 5 ‚¥ªâ®àë Uk (yt∗) (¡«¨¦�©è¨¥ á®á¥¤¨ ¢¥ªâ®à� yt∗ ) ¨ á®®â¢¥âáâ¢ãîé¨¥ ¢¥ª-
â®àë Uk (xt∗) −� ä�§®¢ëå ¤¨�£à�¬¬�å á ¯¥à¨®¤®¬ 24 ç (20 á®á¥¤¥©): (�) Hx ⇒ Hy;
(¡) Hy ⇒ Hx
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„�«¥¥ ¤«ï ã¤®¡áâ¢� ¯®«ãç¥−−ë© àï¤ â¥¬¯¥à�âãàë y∗ ¡ã¤¥¬ ®¡®§−�ç�âì y, ª�ª
¨ ¨áå®¤−ë©.

ˆáá«¥¤ã¥¬ §�¢¨á¨¬®áâì àï¤� â¥¬¯¥à�âãàë y ®â àï¤� ¯®âà¥¡«¥−¨ï í«¥ªâà®-
í−¥à£¨¨ x. „¥«�¥¬ íâ® �−�«®£¨ç−® íªá¯¥à¨¬¥−âã −� ¨áªãááâ¢¥−−ëå ¤�−−ëå.
‚®§ì¬¥¬ n = 170, çâ® á®®â¢¥âáâ¢ã¥â ¯¥à¨®¤ã ¢ á¥¬ì ¤−¥©, ¨ t∗ = 400. ��©¤¥¬ k
¡«¨¦�©è¨å á®á¥¤¥© ¢¥ªâ®à®¢ xt∗ ¨ yt∗ , ¨å à�á¯®«®¦¥−¨¥ ¢ âà�¥ªâ®à−®¬ ¯à®-
áâà�−áâ¢¥ ¯®ª�§�−® −� à¨á. 5.

Перебор подпространств. �¥à¥¡¥à¥¬ âà�¥ªâ®à−ë¥ ¯®¤¯à®áâà�−áâ¢� àï-
¤®¢ x ¨ y à�§¬¥à®¬ −¥ ¡®«ìè¥ ¯ïâ¨. „«ï íâ®£® ¡ã¤¥¬ ¯¥à¥¡¨à�âì ¯�àë ¬−®-
¦¥áâ¢ ¨−¤¥ªá®¢ £«�¢−ëå ª®¬¯®−¥−â (Ax,Ay). „«ï ª�¦¤®© ¯�àë (Ax,Ay)
−�©¤¥¬ R(x,y |Ax,Ay), §�¤�îé¥¥áï (5). �®«ãç¥−−ë¥ §−�ç¥−¨¥ R(x,y |Ax,Ay)
¯à¥¤áâ�¢«¥−ë −� à¨á. 6.

÷¨á. 6 ‡−�ç¥−¨¥ äã−ªæ¨®−�«� (5) ¯à¨ ®â®¡à�¦¥−¨¨ ¨§ âà�¥ªâ®à−®£® ¯à®áâà�−áâ¢�
®¤−®£® àï¤� ¢ âà�¥ªâ®à−®¥ ¯à®áâà�−áâ¢® ¤àã£®£®: (�) Hx ⇒ Hy; (¡) Hy ⇒ Hx

Построение прогноза. �®áâà®¨¬ ¯à®£−®§ àï¤� ¯®âà¥¡«¥−¨ï í«¥ªâà®í−¥à-
£¨¨ x, ¨á¯®«ì§ãï â®«ìª® ¥£® á®¡áâ¢¥−−ãî ¨áâ®à¨î, ¨ áà�¢−¨¬ á ¯à®£−®§®¬,
áâà®ïé¨¬áï á ¨á¯®«ì§®¢�−¨¥¬ àï¤� â¥¬¯¥à�âãàë y. ÷�áá¬®âà¨¬ â�ª¦¥ ¯à®£−®-
§ë, áâà®ïé¨¥áï ¯à¨ ¯®¬®é¨ â®«ìª® ¯¥à¢ëå £«�¢−ëå ª®¬¯®−¥−â àï¤� y. ��
à¨á. 7 ¯à¥¤áâ�¢«¥−ë £à�ä¨ª¨ §�¢¨á¨¬®áâ¨ áà¥¤−¥ª¢�¤à�â¨ç−®© ®è¨¡ª¨ ¯à®£−®§�
®â è¨à¨−ë ®ª−� n.

4.3 Эксперимент на данных об объеме перевозок нефти

‚ íªá¯¥à¨¬¥−â¥ ¯à®¢¥àïîâáï á¢ï§¨ ¬¥¦¤ã ¤¢ã¬ï ¢à¥¬¥−−‚ë¬¨ àï¤�¬¨: ®¡ê¥¬
£àã§®¯¥à¥¢®§®ª −¥äâ¨ x ¨ ®¡ê¥¬ ¤®¡ëç¨ −¥äâ¨ q. ‚à¥¬¥−−‚ë¥ àï¤ë §�¤�−ë §�
¯¥à¨®¤ ¢ 21 £®¤ ¯® ¬¥áïæ�¬. ˆáå®¤−ë¥ àï¤ë ¯à¥¤áâ�¢«¥−ë −� à¨á. 8.
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÷¨á. 7 ‘à¥¤−¥ª¢�¤à�â¨ç−�ï ®è¨¡ª� ¯à®£−®§� MSE ¢ §�¢¨á¨¬®áâ¨ ®â è¨à¨−ë ®ª−�: 1 |
¯à®£−®§ ¯® àï¤ãX; 2 | ¯à®£−®§ ¯® àï¤�¬ X,Y(all); 3 | ¯à®£−®§ ¯® àï¤�¬ X,Y(0, 2);
4 | ¯à®£−®§ ¯® àï¤�¬X,Y(0, 1, 2, 3)

÷¨á. 8 ˆáá«¥¤ã¥¬ë¥ ¢à¥¬¥−−ë¥ àï¤ë: 1 | ¨¬¯®àâ −¥äâ¨, X; 2 | ¤®¡ëç� −¥äâ¨, Q

ˆáá«¥¤ã¥¬ á¢ï§¨ àï¤®¢ ¢ ¯�à¥ (x,q). �−�«®£¨ç−® ¯à¥¤ë¤ãé¨¬ íªá¯¥à¨¬¥−-
â�¬, ¤«ï ¯à®¢¥àª¨ −�«¨ç¨ï á¢ï§¨ ¬¥¦¤ã àï¤�¬¨ á¬®âà¨¬, ª�ª â®çª¨, ¡«¨§ª¨¥
¢ âà�¥ªâ®à−®¬ ¯à®áâà�−áâ¢¥ ®¤−®£® àï¤�, ®â®¡à�¦�îâáï ¢ âà�¥ªâ®à−®¥ ¯®¤¯à®-
áâà�−áâ¢® ¤àã£®£® àï¤�. �â®¡à�¦¥−¨¥ ¬¥¦¤ã ä�§®¢ë¬¨ âà�¥ªâ®à¨ï¬¨ àï¤®¢ x
¨ q ¯®ª�§�−® −� à¨á. 9.

‘à�¢−¨¬ ®è¨¡ªã ¯à®£−®§� àï¤� x á ¨á¯®«ì§®¢�−¨¥¬ àï¤� q ¨ ¡¥§ −¥£®. Š®£¤�
àï¤ q ¢ª«îç¥− ¢ ¯à®£−®áâ¨ç¥áªãî ¬®¤¥«ì, à�áá¬®âà¨¬ ¤¢� á«ãç�ï: ¤«ï ¯à®£−®§�
¨á¯®«ì§ãîâáï ¢á¥ ª®¬¯®−¥−âë àï¤� q ¨ ¨á¯®«ì§ãîâáï â®«ìª® ¯¥à¢ë¥ ª®¬¯®−¥−âë
àï¤� q. �−�«®£¨ç−® áà�¢−¨¬ ¯à®£−®§ àï¤� q, ¯®áâà®¥−−ë© â®«ìª® ¯® ¥£®
á®¡áâ¢¥−−®© ¨áâ®à¨¨, á ¯à®£−®§®¬, ¨á¯®«ì§ãîé¨¬ ¨áâ®à¨î àï¤� x. ÷¥§ã«ìâ�âë
íªá¯¥à¨¬¥−â� ¯à¥¤áâ�¢«¥−ë −� à¨á. 10.
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÷¨á. 9 ‘¢ï§ì ¬¥¦¤ã âà�¥ªâ®à−ë¬¨ ¯®¤¯à®áâà�−áâ¢�¬¨ àï¤®¢ x ¨ q (15 á®á¥¤¥©):
(�) Hx ⇒ Hq; (¡) Hq ⇒ Hx

5 Заключение

‚ à�¡®â¥ à¥è�«�áì §�¤�ç� ®¡−�àã¦¥−¨ï á¢ï§¨ ¬¥¦¤ã ¢à¥¬¥−−‚ë¬¨ àï¤�¬¨,
� â�ª¦¥ ¬¥¦¤ã ¨å ª®¬¯®−¥−â�¬¨. ‘¢ï§¨ ¬¥¦¤ã ¢à¥¬¥−−‚ë¬¨ àï¤�¬¨ ãáâ�−�¢-
«¨¢�«¨áì á ¯®¬®éìî ¬¥â®¤� áå®¤ïé¥£®áï ¯¥à¥ªà¥áâ−®£® ®â®¡à�¦¥−¨ï. ‚ë¢®¤
® −�«¨ç¨¨ á¢ï§¨ ¬¥¦¤ã ¯�à®© àï¤®¢ áà�¢−¨¢�«áï á à¥§ã«ìâ�â®¬ â¥áâ� ƒà¥−¤¦¥à�,
¯à®¢¥¤¥−−®£® −� íâ¨å ¦¥ àï¤�å.

�ªá¯¥à¨¬¥−â ¯à®¢®¤¨«áï −� âà¥å −�¡®à�å ¤�−−ëå: ¨áªãááâ¢¥−−ë¥ ¤�−−ë¥,
¤�−−ë¥ ¯®âà¥¡«¥−¨ï í«¥ªâà®í−¥à£¨¨ ¨ ¤�−−ë¥ ÷†„ ®¡ê¥¬� £àã§®¯¥à¥¢®§®ª
−¥äâ¨. „«ï ª�¦¤®£® −�¡®à� ¤�−−ëå á¤¥«�−ë ¢ë¢®¤ë ® −�«¨ç¨¨ á¢ï§¥© ¬¥¦¤ã
¨áá«¥¤ã¥¬ë¬¨ àï¤�¬¨ ¨ ¨å ¯à®¥ªæ¨ï¬¨ −� âà�¥ªâ®à−ë¥ ¯®¤¯à®áâà�−áâ¢�. ��
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÷¨á. 10 ‡�¢¨á¨¬®áâì ®è¨¡ª¨ ¯à®£−®§� MSE ®â è¨à¨−ë ®ª−� n ¤«ï ¯�àë àï¤®¢ x (�)
¨ q (¡): ¯à®£−®§ ¯® àï¤ã X (1), ¯® àï¤�¬ X,Q(all) (2), ¯® àï¤�¬ X,Q (1,2) (3), ¯®
àï¤ãQ (4), ¯® àï¤�¬Q,X(all) (5) ¨ ¯® àï¤�¬Q,X(3,4) (6)

¤�−−ëå ÷†„ ¢¨¤−®, çâ® ¬¥â®¤ CCM ¡®«¥¥ çã¢áâ¢¨â¥«¥− ª −�«¨ç¨î á¢ï§¨ ¬¥¦¤ã
àï¤�¬¨.
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СХОДИМОСТЬ РАСПРЕДЕЛЕНИЯ ОЦЕНКИ РИСКА
ПОРОГОВОЙ ОБРАБОТКИ К СМЕСИ НОРМАЛЬНЫХ

ЗАКОНОВ ПРИ СЛУЧАЙНОМ ОБЪЕМЕ ВЫБОРКИ∗

О. В. Шестаков1

�−−®â�æ¨ï: �®¯ã«ïà−®áâì �«£®à¨â¬®¢ ®¡à�¡®âª¨ á¨£−�«®¢, ¨á¯®«ì§ãîé¨å
¬¥â®¤ë ¢¥©¢«¥â-�−�«¨§�, §−�ç¨â¥«ì−® ¢®§à®á«� §� ¯®á«¥¤−¨¥ ¤¥áïâ¨«¥â¨ï.
�¡êïá−ï¥âáï íâ® â¥¬, çâ® ¢¥©¢«¥â-à�§«®¦¥−¨¥ ¯à¥¤áâ�¢«ï¥â á®¡®© ã¤®¡−ë©
¬�â¥¬�â¨ç¥áª¨© �¯¯�à�â, á¯®á®¡−ë© à¥è�âì §�¤�ç¨, ¢ ª®â®àëå ¯à¨¬¥−¥−¨¥
âà�¤¨æ¨®−−®£® ”ãàì¥-�−�«¨§� ®ª�§ë¢�¥âáï −¥íää¥ªâ¨¢−ë¬. �á−®¢−ë¥ §�-
¤�ç¨, ¤«ï à¥è¥−¨ï ª®â®àëå ¨á¯®«ì§ãîâáï ¬¥â®¤ë ¢¥©¢«¥â-�−�«¨§�, | íâ®
ª®¬¯à¥áá¨ï á¨£−�«®¢ ¨ ã¤�«¥−¨¥ èã¬�. �à¨ íâ®¬ ç�é¥ ¢á¥£® ¨á¯®«ì§ã¥âáï
¯®à®£®¢�ï ®¡à�¡®âª� ª®íää¨æ¨¥−â®¢ ¢¥©¢«¥â-à�§«®¦¥−¨ï, ª®â®à�ï ®¡−ã«ï¥â
ª®íää¨æ¨¥−âë, −¥ ¯à¥¢ëè�îé¨¥ §�¤�−−®£® ¯®à®£�. ��«¨ç¨¥ èã¬� ¨ ¯à®æ¥-
¤ãàë ¯®à®£®¢®© ®¡à�¡®âª¨ −¥¨§¡¥¦−® ¯à¨¢®¤ïâ ª ¯®£à¥è−®áâï¬ ¢ ®æ¥−¨¢�¥¬®¬
á¨£−�«¥. ‘¢®©áâ¢� ®æ¥−ª¨ â�ª¨å ¯®£à¥è−®áâ¥© (áà¥¤−¥ª¢�¤à�â¨ç−®£® à¨áª�)
¨áá«¥¤®¢�«¨áì ¢® ¬−®£¨å à�¡®â�å. ‚ ç�áâ−®áâ¨, ¯®ª�§�−®, çâ® ¯à¨ ®¯à¥¤¥-
«¥−−ëå ãá«®¢¨ïå ®æ¥−ª� à¨áª� ï¢«ï¥âáï á¨«ì−® á®áâ®ïâ¥«ì−®© ¨ �á¨¬¯â®â¨-
ç¥áª¨ −®à¬�«ì−®©. �à¨ ¨á¯®«ì§®¢�−¨¨ ¬¥â®¤®¢ ¯®à®£®¢®© ®¡à�¡®âª¨ ®¡ëç−®
¯à¥¤¯®«�£�¥âáï, çâ® ç¨á«® ¢¥©¢«¥â-ª®íää¨æ¨¥−â®¢ ä¨ªá¨à®¢�−®. �¤−�ª®
¢ −¥ª®â®àëå á¨âã�æ¨ïå ®¡ê¥¬ ¢ë¡®àª¨ §�à�−¥¥ −¥ ¨§¢¥áâ¥− ¨ ¬®¤¥«¨àã¥âáï
á«ãç�©−®© ¢¥«¨ç¨−®©. ‚ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�¥âáï ¬®¤¥«ì á® á«ãç�©−ë¬
ç¨á«®¬ −�¡«î¤¥−¨© ¨ ®¯¨áë¢�¥âáï ª«�áá à�á¯à¥¤¥«¥−¨©, ª®â®àë¥ ¬®£ãâ ¡ëâì
¯à¥¤¥«ì−ë¬¨ ¤«ï ®æ¥−ª¨ áà¥¤−¥ª¢�¤à�â¨ç−®£® à¨áª�.

Š«îç¥¢ë¥ á«®¢�: ¯®à®£®¢�ï ®¡à�¡®âª�; á«ãç�©−ë© ®¡ê¥¬ ¢ë¡®àª¨; ®æ¥−ª�
áà¥¤−¥ª¢�¤à�â¨ç−®£® à¨áª�
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1 Введение

‡�¤�ç¨ ®¡à�¡®âª¨ ¨ �−�«¨§� á¨£−�«®¢ ¢®§−¨ª�îâ ¢® ¬−®£¨å ¯à¨ª«�¤−ëå
®¡«�áâïå, ¢ª«îç�ï ä¨§¨ªã ¯«�§¬ë, ¬¥¤¨æ¨−ã, £¥®ä¨§¨ªã, �áâà®−®¬¨î, à�¤¨®-
«®ª�æ¨î, á¨áâ¥¬ë á¢ï§¨ ¨ ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ ¨ â. ¤. ‚ −¥ª®â®àëå á¨âã�æ¨ïå
®¡ê¥¬ ¤�−−ëå (ç¨á«® ®âáç¥â®¢ á¨£−�«�) §�à�−¥¥ −¥ ¨§¢¥áâ¥−. ‚à¥¬ï ¯®«ãç¥−¨ï
á¨£−�«� ¬®¦¥â ¡ëâì ®£à�−¨ç¥−®, � ¬®¬¥−âë à¥£¨áâà�æ¨¨ ®âáç¥â®¢ ¬®£ãâ ¡ëâì

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷®áá¨©áª®£® −�ãç−®£® ä®−¤� (¯à®¥ªâ 18-11-
00155).

1Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. Œ. ‚. ‹®¬®−®á®¢�, ª�ä¥¤à� ¬�â¥¬�â¨ç¥áª®©
áâ�â¨áâ¨ª¨ ä�ªã«ìâ¥â� ¢ëç¨á«¨â¥«ì−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨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, oshestakov@cs.msu.su
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�. ‚. ˜¥áâ�ª®¢

á«ãç�©−ë¬¨. Œ®¦¥â ®âáãâáâ¢®¢�âì â®ç−�ï ¨−ä®à¬�æ¨ï ® å�à�ªâ¥à¨áâ¨ª�å ¨á-
¯®«ì§ã¥¬®£® ®¡®àã¤®¢�−¨ï ¨«¨ ¢®§−¨ª�âì ¯à®¯ãáª¨ ¤�−−ëå. ‚ íâ®¬ á«ãç�¥ ç�áâ®
¯à¥¤¯®«�£�¥âáï, çâ® ®¡ê¥¬ ¢ë¡®àª¨ ¯à¥¤áâ�¢«ï¥â á®¡®© á«ãç�©−ãî ¢¥«¨ç¨−ã
á −¥ª®â®àë¬ à�á¯à¥¤¥«¥−¨¥¬ ¢¥à®ïâ−®áâ¥©.

—�áâ® ®¤−¨¬ ¨§ íâ�¯®¢ �−�«¨§� ¨ ®¡à�¡®âª¨ á¨£−�«®¢ ï¢«ï¥âáï ¯à¥®¡à�-
§®¢�−¨¥, ¯à¨¢®¤ïé¥¥ ª ¥£® úíª®−®¬−®¬ãû ¯à¥¤áâ�¢«¥−¨î. �à¨¬¥à®¬ â�ª®£®
¯à¥®¡à�§®¢�−¨ï á«ã¦¨â à�§«®¦¥−¨¥ ¯® −¥ª®â®à®¬ã ¢¥©¢«¥â-¡�§¨áã. ‡�â¥¬ ®áã-
é¥áâ¢«ï¥âáï ¯®à®£®¢�ï ®¡à�¡®âª� ª®íää¨æ¨¥−â®¢ à�§«®¦¥−¨ï. ‚ à¥§ã«ìâ�â¥
ç�áâì ª®íää¨æ¨¥−â®¢, ª®â®à�ï áç¨â�¥âáï −¥áãé¥áâ¢¥−−®©, ®¡−ã«ï¥âáï. ’�ª¨¥
¯à®æ¥¤ãàë ¯®§¢®«ïîâ ¯®¤�¢¨âì ¡‚®«ìèãî ç�áâì èã¬�, á®¤¥à¦�é¥£®áï ¢ á¨£−�«¥,
¨ ®áãé¥áâ¢¨âì ª®¬¯à¥áá¨î ¤�−−ëå ¤«ï ¡®«¥¥ íää¥ªâ¨¢−®© ¯¥à¥¤�ç¨ ¯® ª�−�«�¬
á¢ï§¨. ‚ ¬®¤¥«ïå á ä¨ªá¨à®¢�−−ë¬ ®¡ê¥¬®¬ ¢ë¡®àª¨ íâ¨ ¯à®æ¥¤ãàë å®à®-
è® ¨§ãç¥−ë ¨ ¯®«ãç¥−ë ¢ëà�¦¥−¨ï ¤«ï ®¯â¨¬�«ì−ëå ¯�à�¬¥âà®¢ ®¡à�¡®âª¨,
®à¨¥−â¨à®¢�−−ë¥ −� à�§−ë¥ ª«�ááë á¨£−�«®¢ ¨ äã−ªæ¨¨ ¯®â¥àì [1{6]. ’�ª¦¥
¨áá«¥¤®¢�−ë áâ�â¨áâ¨ç¥áª¨¥ á¢®©áâ¢� ®æ¥−®ª áà¥¤−¥ª¢�¤à�â¨ç−®£® à¨áª�, ª®â®-
àë¥ ¤�îâ ¢®§¬®¦−®áâì ¯®«ãç¨âì ¯à¥¤áâ�¢«¥−¨¥ ® ¢®§−¨ª�îé¨å ¯®£à¥è−®áâïå,
¨á¯®«ì§ãï â®«ìª® −�¡«î¤�¥¬ë¥ ¤�−−ë¥ [7, 8]. ‚ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�¥âáï
¬®¤¥«ì á® á«ãç�©−ë¬ ç¨á«®¬ ¢¥©¢«¥â-ª®íää¨æ¨¥−â®¢ äã−ªæ¨¨ á¨£−�«� ¨ ®¯¨áë-
¢�¥âáï ª«�áá à�á¯à¥¤¥«¥−¨©, ª ª®â®àë¬ ¬®¦¥â áå®¤¨âìáï à�á¯à¥¤¥«¥−¨¥ ®æ¥−ª¨
à¨áª� ¯à¨ ¢®§à�áâ�îé¥¬ ®¡ê¥¬¥ ¢ë¡®àª¨.

2 Пороговая обработка вейвлет-коэффициентов

÷�áá¬®âà¨¬ á«¥¤ãîéãî ¬®¤¥«ì ¤�−−ëå:

Xi = fi + εi, i = 1, . . . , 2J ,

£¤¥ fi | ®âáç¥âë äã−ªæ¨¨ á¨£−�«�; εi | −¥§�¢¨á¨¬ë¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë,
¨¬¥îé¨¥ −®à¬�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ á −ã«¥¢ë¬ áà¥¤−¨¬ ¨ ¤¨á¯¥àá¨¥© σ2. �à¥¤-
¯®«�£�¥âáï, çâ® f ∈ Lip(γ), â. ¥. äã−ªæ¨ï á¨£−�«� ¯à¨−�¤«¥¦¨â ª«�ááã äã−ªæ¨©,
à¥£ã«ïà−ëå ¯® ‹¨¯è¨æã á −¥ª®â®àë¬ ¯®ª�§�â¥«¥¬ γ > 0.

�®á«¥ ¢¥©¢«¥â-¯à¥®¡à�§®¢�−¨ï á¨£−�«� ¯®«ãç�¥âáï −�¡®à í¬¯¨à¨ç¥áª¨å ¢¥©¢-
«¥â-ª®íää¨æ¨¥−â®¢, ¨¬¥îé¨å á«¥¤ãîé¨© ¢¨¤:

Yj,k = µj,k + zj,k, j = 0, . . . , J − 1, k = 0, . . . , 2j − 1,

£¤¥ µj,k | ¢¥©¢«¥â-ª®íää¨æ¨¥−âë úç¨áâ®£®û á¨£−�«�; zj,k | úèã¬®¢ë¥û ª®íä-
ä¨æ¨¥−âë, ª®â®àë¥ ¨¬¥îâ â�ªãî ¦¥ áâàãªâãàã, ª�ª ¨ εi.

�®¯ã«ïà−ë¬ ¬¥â®¤®¬ ã¤�«¥−¨ï èã¬� ï¢«ï¥âáï ¯®à®£®¢�ï ®¡à�¡®âª� í¬¯¨-
à¨ç¥áª¨å ¢¥©¢«¥â-ª®íää¨æ¨¥−â®¢, ª®â®à�ï §�ª«îç�¥âáï ¢ ®¡−ã«¥−¨¨ ª®íää¨æ¨-

¥−â®¢, çì¨ �¡á®«îâ−ë¥ §−�ç¥−¨ï −¥ ¯à¥¢ëè�îâ §�¤�−−®£® ¯®à®£�. �æ¥−ª� �Yj,k
¢ëç¨á«ï¥âáï á ¯®¬®éìî ¯®à®£®¢®© äã−ªæ¨¨ ρT (Yj,k) á ¯®à®£®¬ T . ��¨¡®«¥¥

à�á¯à®áâà�−¥−ë äã−ªæ¨ï ¦¥áâª®© ¯®à®£®¢®© ®¡à�¡®âª¨ ρ
(h)
T (x) = x1(|x| > T )

32 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 2 2019



‘å®¤¨¬®áâì à�á¯à¥¤¥«¥−¨ï ®æ¥−ª¨ à¨áª� ¯®à®£®¢®© ®¡à�¡®âª¨

¨ ¬ï£ª®© ¯®à®£®¢®© ®¡à�¡®âª¨ ρ
(s)
T (x) = sign (x)(|x| − T )+. ‘¬ëá« â�ª®© ®¡à�-

¡®âª¨ §�ª«îç�¥âáï ¢ â®¬, çâ®, ¯®áª®«ìªã ¡®«ìè¨−áâ¢® úç¨áâëåû ª®íää¨æ¨¥−â®¢
¬�«ë ¯® �¡á®«îâ−®¬ã §−�ç¥−¨î, ®¡−ã«¥−¨¥ í¬¯¨à¨ç¥áª¨å ª®íää¨æ¨¥−â®¢ ¤®«¦-
−® ã¤�«¨âì èã¬, −¥ á¨«ì−® §�âà®−ã¢ ¯®«¥§−ë© á¨£−�«.

�á−®¢−ë¬ ªà¨â¥à¨¥¬ ª�ç¥áâ¢� ¬¥â®¤®¢ ¯®à®£®¢®© ®¡à�¡®âª¨ ¢ëáâã¯�¥â áà¥¤-
−¥ª¢�¤à�â¨ç−ë© à¨áª:

rJ =
J−1∑

j=0

2j−1∑

k=0

E
(
�Yj,k − µj,k

)2
. (1)

‚ëà�¦¥−¨¥ (1) á®¤¥à¦¨â §−�ç¥−¨ï úç¨áâëåû ª®íää¨æ¨¥−â®¢ µj,k, ¨ ¯®íâ®¬ã
¢ ¯à�ªâ¨ç¥áª¨å §�¤�ç�å ¥£® ¬®¦−® ¨á¯®«ì§®¢�âì â®«ìª® ¤«ï ¢ëç¨á«¥−¨ï ¢¥-
«¨ç¨−ë à¨áª� ®¡à�¡®âª¨ ú¬®¤¥«ì−ëåû (¨§¢¥áâ−ëå) äã−ªæ¨© á¨£−�«®¢. Š®£¤�
äã−ªæ¨ï á¨£−�«� −¥¨§¢¥áâ−�, ¬®¦−® ¯®áâà®¨âì áâ�â¨áâ¨ç¥áªãî ®æ¥−ªã rJ . …á«¨
¢ á«�£�¥¬®¬ |Yj,k| > T , â® ¢ª«�¤ íâ®£® á«�£�¥¬®£® ¢ à¨áª á®áâ�¢«ï¥â σ2 ¢ á«ãç�¥

¦¥áâª®© ¨ σ2 + T 2 ¢ á«ãç�¥ ¬ï£ª®© ¯®à®£®¢®© ®¡à�¡®âª¨, � ¥á«¨ |Yj,k| 6 T , â®

¢ª«�¤ á®áâ�¢«ï¥â µ2j,k ¢ ®¡®¨å á«ãç�ïå. �®áª®«ìªã EY 2j,k = σ2 + µ2j,k, ¢¥«¨ç¨-

−ã µ2j,k á«¥¤ã¥â ®æ¥−¨âì à�§−®áâìî Y 2j,k − σ2. ’�ª¨¬ ®¡à�§®¬, ¢ ª�ç¥áâ¢¥ ®æ¥−ª¨
áà¥¤−¥ª¢�¤à�â¨ç−®£® à¨áª� ¬®¦−® ¨á¯®«ì§®¢�âì ¢¥«¨ç¨−ã:

r̂J =

J−1∑

j=0

2j−1∑

k=0

F [Yj,k] ,

£¤¥

F [Yj,k] =






(
Y 2j,k − σ2

)
1(|Yj,k| 6 T ) + σ21(|Yj,k| > T )

¢ á«ãç�¥ ¦¥áâª®© ¯®à®£®¢®© ®¡à�¡®âª¨ ;(
Y 2j,k − σ2

)
1(|Yj,k| 6 T ) + (σ2 + T 2)1(|Yj,k| > T )

¢ á«ãç�¥ ¬ï£ª®© ¯®à®£®¢®© ®¡à�¡®âª¨.

„«ï ¬ï£ª®© ¯®à®£®¢®© ®¡à�¡®âª¨ íâ� ®æ¥−ª� ï¢«ï¥âáï −¥á¬¥é¥−−®© [9]. Šà®¬¥
â®£®, á¯à�¢¥¤«¨¢® ãâ¢¥à¦¤¥−¨¥ ®¡ �á¨¬¯â®â¨ç¥áª®© −®à¬�«ì−®áâ¨ r̂J [10].

’¥®à¥¬� 1. …á«¨ f ∈ Lip(γ) c γ > 0 ¯à¨ ¬ï£ª®© ¯®à®£®¢®© ®¡à�¡®âª¥ ¨ γ >
> 1/2 ¯à¨ ¦¥áâª®© ¯®à®£®¢®© ®¡à�¡®âª¥, â® ¯à¨ ¢ë¡®à¥ �á¨¬¯â®â¨ç¥áª¨
®¯â¨¬�«ì−®£® ¯®à®£�

P

(
r̂J − rJ

σ2
√
2J+1

< x

)

→ �(x) ¯à¨ J → ∞ ,

£¤¥ �(x) | äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï áâ�−¤�àâ−®£® −®à¬�«ì−®£® §�ª®−�.
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�á¨¬¯â®â¨ç¥áª¨ ®¯â¨¬�«ì−ë© ¯®à®£ ¢ â¥®à¥¬¥ 1 ¯à¨ J → ∞ ã¤®¢«¥â¢®àï¥â
á®®â−®è¥−¨î [4]:

T ≃ σ

√
4γ

2γ + 1
ln 2J .

‚ á«¥¤ãîé¥¬ à�§¤¥«¥ ¯®ª�§ë¢�¥âáï, çâ® ¢ ¬®¤¥«¨ á® á«ãç�©−ë¬ ç¨á«®¬ ¢¥©¢-
«¥â-ª®íää¨æ¨¥−â®¢ ¯à¥¤¥«ì−®¥ à�á¯à¥¤¥«¥−¨¥ ®æ¥−ª¨ à¨áª� ã¦¥ −¥ ®¡ï§�−® ¡ëâì
−®à¬�«ì−ë¬.

3 Оценка риска в модели со случайным числом
вейвлет-коэффициентов

�ãáâì M | ¯®«®¦¨â¥«ì−�ï æ¥«®ç¨á«¥−−�ï á«ãç�©−�ï ¢¥«¨ç¨−�. ’®£¤� ®æ¥−ª�
áà¥¤−¥ª¢�¤à�â¨ç−®£® à¨áª� ¯à¨−¨¬�¥â ¢¨¤:

R̂M =

M−1∑

j=0

2j−1∑

k=0

F [Yj,k] . (2)

—â®¡ë ¯®«ãç¨âì ®á¬ëá«¥−−ë¥ �á¨¬¯â®â¨ç¥áª¨¥ à¥§ã«ìâ�âë ¤«ï ®æ¥−ª¨ (2),
¢¥«¨ç¨−� M ¤®«¦−� ¡ëâì ú¡®«ìè®©û. ÷�áá¬®âà¨¬ ¯®á«¥¤®¢�â¥«ì−®áâì 2MJ ,
J = 1, . . ., ¨ ¨áá«¥¤ã¥¬ ¯®¢¥¤¥−¨¥ (2) ¯à¨ J → ∞.

’¥®à¥¬� 2. �ãáâì ¢ë¯®«−¥−ë ãá«®¢¨ï â¥®à¥¬ë 1. �ãáâì â�ª¦¥ MJ
P−→ ∞

¨ ¤«ï −¥ª®â®à®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ RJ á®¢¬¥áâ−®¥ à�á¯à¥¤¥«¥−¨¥ ¯�à

(UJ , VJ) ≡
(
2MJ

2J
,
rMJ

− RJ

σ2
√
2J+1

)

áå®¤¨âáï ª à�á¯à¥¤¥«¥−¨î −¥ª®â®à®£® á«ãç�©−®£® ¢¥ªâ®à� (U, V ) ¯à¨ J → ∞.
’®£¤�

P

(
R̂MJ

− RJ

σ2
√
2J+1

< x

)

→ H(x) ¯à¨ J → ∞ , (3)

£¤¥ H(x) | äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï, á®®â¢¥âáâ¢ãîé�ï å�à�ªâ¥à¨áâ¨ç¥áª®©

äã−ªæ¨¨ h(t) = Eϕ(t
√

U)eitV (ϕ(t) | å�à�ªâ¥à¨áâ¨ç¥áª�ï äã−ªæ¨ï áâ�−-
¤�àâ−®£® −®à¬�«ì−®£® §�ª®−�).

’�ª¨¬ ®¡à�§®¬, ¯à¥¤¥«ì−ë¥ à�á¯à¥¤¥«¥−¨ï ¢ (3) ¯à¥¤áâ�¢«ïîâ á®¡®© á¤¢¨£-
¬�áèâ�¡−ë¥ á¬¥á¨ −®à¬�«ì−ëå §�ª®−®¢.

„ ® ª � § � â ¥ « ì á â ¢ ® . �ãáâì hJ(t) | å�à�ªâ¥à¨áâ¨ç¥áª�ï äã−ªæ¨ï (R̂MJ
−

−RJ)/(σ
2
√
2J+1).
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‘å®¤¨¬®áâì à�á¯à¥¤¥«¥−¨ï ®æ¥−ª¨ à¨áª� ¯®à®£®¢®© ®¡à�¡®âª¨

’®£¤�

hJ (t) =

∞∑

j=1

P(MJ = j) exp

(

it
rj − RJ

σ2
√
2J+1

)

ϕj

(

t

√
2j√
2J

)

,

£¤¥ ϕj(t)| å�à�ªâ¥à¨áâ¨ç¥áª�ï äã−ªæ¨ï (r̂j − rj)/(σ
2
√
2j+1). �¡®§−�ç¨¬

gJ(t) = Eϕ
(
t
√

UJ

)
eitVJ =

∞∑

j=1

P(MJ = j) exp

(

it
rj − RJ

σ2
√
2J+1

)

ϕ

(

t

√
2j√
2J

)

.

ˆ¬¥¥¬

|hJ(t)− gJ(t)| =

=

∣∣∣∣∣∣

∞∑

j=1

P(MJ = j) exp

(
it

rj − RJ

σ2
√
2J+1

)(
ϕj

(
t

√
2j√
2J

)
− ϕ

(
t

√
2j√
2J

))∣∣∣∣∣∣
.

”¨ªá¨àã¥¬ t 6= 0. ÷�ááã¦¤�ï, ª�ª ¢ à�¡®â¥ [11], ¤«ï ¯à®¨§¢®«ì−®£® ε > 0 ¬®¦−®
¢ë¡à�âì â�ª®¥ ç¨á«® κ > 0, çâ®

∑

j>κ+J

P(MJ = j) = P(UJ > 2κ) < ε

¨, −�ç¨−�ï á −¥ª®â®à®£® J, §�¢¨áïé¥£® ®â ε ¨ κ,
∣∣∣∣∣∣

∑

j>κ+J

P(MJ = j) exp

(
it

rj − RJ

σ2
√
2J+1

)(
ϕj

(
t

√
2j√
2J

)
− ϕ

(
t

√
2j√
2J

))∣∣∣∣∣∣
< 2ε .

„�«¥¥ ¢ á¨«ã â¥®à¥¬ë 1

∣∣∣∣∣∣

∑

j6κ+J

P(MJ = j) exp

(
it

rj − RJ

σ2
√
2J+1

)(
ϕj

(
t

√
2j√
2J

)
− ϕ

(
t

√
2j√
2J

))∣∣∣∣∣∣
6

6
∑

j6κ+J

P(MJ = j) sup
τ62κ/2t

|ϕj (τ)− ϕ (τ)| < E sup
τ62κ/2t

|ϕMJ
(τ)− ϕ (τ)| < ε ,

â�ª ª�ª MJ
P−→ ∞ [11].

’�ª¨¬ ®¡à�§®¬, ¤«ï ¯à®¨§¢®«ì−®£® t

|hJ (t)− gJ (t)| → 0 ¯à¨ J → ∞ .
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„�«¥¥ ¯à¨ «î¡®¬ ä¨ªá¨à®¢�−−®¬ t

|gJ(t)− h(t)| =
∣∣∣Eϕ(t

√
UJ)e

itVJ − Eϕ(t
√

U)eitV
∣∣∣→ 0 ¯à¨ J → ∞ ,

¯®áª®«ìªã äã−ªæ¨ï qt(u, v) = ϕ(t
√

u)eitv −¥¯à¥àë¢−� ¨ ®£à�−¨ç¥−� ¨ (UJ , VJ )⇒
⇒ (U, V ) ¯à¨ J → ∞. ‘«¥¤®¢�â¥«ì−®,

|hJ(t)− h(t)| → 0 ¯à¨ J → ∞

¨ ¨¬¥¥â ¬¥áâ® (3). ’¥®à¥¬� ¤®ª�§�−�.

‡�¬¥ç�−¨¥. ÷�á¯à¥¤¥«¥−¨ï, ¯®«ãç�¥¬ë¥ ¢ ª�ç¥áâ¢¥ ¯à¥¤¥«ì−ëå ¢ â¥®à¥¬¥ 2, ¬®-
£ãâ áãé¥áâ¢¥−−® ®â«¨ç�âìáï ¯® á¢®¨¬ á¢®©áâ¢�¬ ®â −®à¬�«ì−®£® §�ª®−�. ‚ ç�áâ-
−®áâ¨, ®−¨ ¬®£ãâ ¨¬¥âì £®à�§¤® ¡®«¥¥ âï¦¥«ë¥ å¢®áâë. Šà®¬¥ â®£®, ¯®àï¤®ª
â¥®à¥â¨ç¥áª®£® áà¥¤−¥ª¢�¤à�â¨ç−®£® à¨áª� ¢ ¬®¤¥«¨ á® á«ãç�©−ë¬ ç¨á«®¬ ¢¥©¢-
«¥â-ª®íää¨æ¨¥−â®¢ ¬®¦¥â ¡ëâì áãé¥áâ¢¥−−® ¡®«ìè¥ ¯®àï¤ª� à¨áª� ¢ ¬®¤¥«¨
á ä¨ªá¨à®¢�−−ë¬ ç¨á«®¬ ª®íää¨æ¨¥−â®¢ [12].
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CONVERGENCE OF THE DISTRIBUTION OF THE THRESHOLD
PROCESSING RISK ESTIMATE TO A MIXTURE OF NORMAL

LAWS AT A RANDOM SAMPLE SIZE
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Abstract: The popularity of signal processing algorithms using wavelet analysis
methods has increased significantly over the past decades. This is explained by
the fact that the wavelet decomposition is a convenient mathematical apparatus
capable of solving problems in which the use of traditional Fourier analysis is
ineffective. The main tasks for which the methods of wavelet analysis are used
are signal compression and noise removal. In this case, the most commonly
used method is threshold processing of wavelet expansion coefficients, which
zeroes coefficients not exceeding a given threshold. The presence of noise and
threshold processing procedures inevitably lead to errors in the estimated signal.
The properties of estimates of such errors (mean square risk) have been studied
in many papers. In particular, it has been shown that under certain conditions,
the risk estimate is strongly consistent and asymptotically normal. When using
threshold processing methods, it is usually assumed that the number of wavelet
coefficients is fixed. However, in some situations, the sample size is not known
in advance and is modeled by a random variable. In this paper, a model with
a random number of observations is considered and a class of distributions is
described that can be limiting for the mean-square risk estimate.
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АПРИОРНОЕ ОБОБЩЕННОЕ РАСПРЕДЕЛЕНИЕ ФРЕШЕ
В БАЙЕСОВСКИХ МОДЕЛЯХ БАЛАНСА∗

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

�−−®â�æ¨ï: ‘â�âìï ¯à®¤®«¦�¥â àï¤ à�¡®â �¢â®à®¢ ¢ ®¡«�áâ¨ ¯à¨¬¥−¥−¨ï ¡�©-
¥á®¢áª®£® ¯®¤å®¤� ª ¬®¤¥«ï¬ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï, −�¤¥¦−®áâ¨ ¨ ¡�«�−á�.
‚ à�¬ª�å ¤�−−®£® ¯®¤å®¤� ¯à¨ à�áá¬®âà¥−¨¨ á«®¦−®£® �£à¥£�â� ¢á¥ ¯�à�¬¥â-
àë, ®ª�§ë¢�îé¨¥ ¢«¨ï−¨¥ −� äã−ªæ¨®−¨à®¢�−¨¥ á¨áâ¥¬ë, à�§¤¥«ïîâáï −�
¤¢� ª«�áá�: á¯®á®¡áâ¢ãîé¨¥ ¨ ¯à¥¯ïâáâ¢ãîé¨¥ ª®àà¥ªâ−®¬ã äã−ªæ¨®−¨à®¢�-
−¨î á¨áâ¥¬ë. ˆ§ãç�îâáï ¢¥à®ïâ−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¨−¤¥ªá� ¡�«�−á� |
®â−®è¥−¨ï ä�ªâ®à®¢, −¥£�â¨¢−® ¢«¨ïîé¨å −� à�¡®âã á¨áâ¥¬ë, ª ¯®§¨â¨¢−®
¢«¨ïîé¨¬ ä�ªâ®à�¬ { ¢ ¯à¥¤¯®«®¦¥−¨¨, çâ® ä�ªâ®àë áãâì á«ãç�©−ë¥ ¢¥-
«¨ç¨−ë á �¯à¨®à¨ ¨§¢¥áâ−ë¬¨ ¨áá«¥¤®¢�â¥«î à�á¯à¥¤¥«¥−¨ï¬¨. ‚ à�¡®â¥
¨§ãç�îâáï ¢¥à®ïâ−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¨−¤¥ªá� ¡�«�−á� á¨áâ¥¬ë ¢ á«ã-
ç�¥, ª®£¤� ®¡� ä�ªâ®à� ¨¬¥îâ �¯à¨®à−®¥ ®¡®¡é¥−−®¥ à�á¯à¥¤¥«¥−¨¥ ”à¥è¥.
÷¥§ã«ìâ�âë ¯à¥¤áâ�¢«¥−ë ¢ â¥à¬¨−�å á¯¥æ¨�«ì−®© £�¬¬�-íªá¯®−¥−æ¨�«ì−®©
äã−ªæ¨¨.

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

DOI: 10.14357/08696527190204

1 Введение

‚ á®¢à¥¬¥−−®¬ ¬¨à¥ ¯®ï¢«ï¥âáï ¢á¥ ¡®«ìè¥ á¨áâ¥¬, ª®®à¤¨−¨àãîé¨å à�§-
«¨ç−ë¥ áä¥àë ç¥«®¢¥ç¥áª®© ¤¥ïâ¥«ì−®áâ¨. �â¨ á¨áâ¥¬ë −�áâ®«ìª® á«®¦−ë, çâ®
®¯à¥¤¥«ïâì ¨å å�à�ªâ¥à¨áâ¨ª¨ ¯ãâ¥¬ ¤¥â¥à¬¨−¨à®¢�−−®£® �−�«¨§� ¯à�ªâ¨ç¥áª¨
−¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬. ‚ á¢ï§¨ á íâ¨¬ ¢®§−¨ª�îâ à�§«¨ç−ë¥ ¨−¤¥ªáë,
à¥©â¨−£¨ ¨ ¯®ª�§�â¥«¨, â�ª ¨«¨ ¨−�ç¥ å�à�ªâ¥à¨§ãîé¨¥ á®áâ®ï−¨¥ á¨áâ¥¬ë ¡¥§
¯à®¢¥¤¥−¨ï §�âà�â−ëå ¯® ¢à¥¬¥−¨ ¨ ä¨−�−á�¬ ¢á¥áâ®à®−−¨å ¨áá«¥¤®¢�−¨©.

�� á®áâ®ï−¨¥ á¨áâ¥¬ë ç�é¥ ¢á¥£® ¢®§¤¥©áâ¢ã¥â ¬−®¦¥áâ¢® ä�ªâ®à®¢, ª®â®àë¥,
¢ á¢®î ®ç¥à¥¤ì, ¬®¦−® à�§¤¥«¨âì −� ¤¢� ãá«®¢−ëå ª«�áá�: ¯®«®¦¨â¥«ì−® ¨ ®â-
à¨æ�â¥«ì−® ¢«¨ïîé¨¥ −� à�¡®âã æ¥«¥¢®£® ®¡ê¥ªâ�. ”�ªâ®àë, á¯®á®¡áâ¢ãîé¨¥
¯à�¢¨«ì−®¬ã äã−ªæ¨®−¨à®¢�−¨î á¨áâ¥¬ë, ¤�«¥¥ ¤«ï ã¤®¡áâ¢� §�¯¨á¨ ¡ã¤¥¬
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−�§ë¢�âì p-ä�ªâ®à�¬¨, � ä�ªâ®àë, ¯à¥¯ïâáâ¢ãîé¨¥ äã−ªæ¨®−¨à®¢�−¨î |
n-ä�ªâ®à�¬¨. ‚ ¤�−−®© áâ�âì¥ ¤«ï ¨áá«¥¤®¢�−¨ï ª�ç¥áâ¢¥−−ëå å�à�ªâ¥à¨áâ¨ª
äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë à�áá¬�âà¨¢�¥âáï ¨−¤¥ªá ¡�«�−á�, ª®â®àë© ®¯à¥¤¥-
«ï¥âáï ª�ª ®â−®è¥−¨¥ n- ª p-ä�ªâ®àã ¬®¤¥«¨. �ç¥¢¨¤−®, çâ® ¤«ï ¤®áâ¨¦¥−¨ï
¡�«�−á� ¢ á¨áâ¥¬¥ −ã¦−® ¨§¡¥£�âì ¡®«ìè®£® à�áå®¦¤¥−¨ï ¬¥¦¤ã ¢¥«¨ç¨−�¬¨
ä�ªâ®à®¢ ¨ ¯à¨¡«¨¦�âì §−�ç¥−¨¥ ¨−¤¥ªá� ¡�«�−á� ª ¥¤¨−¨æ¥. „�«¥¥ ¡ã¤¥¬ ®¡®-
§−�ç�âì ¨−¤¥ªá ¡�«�−á� ç¥à¥§ ρ = λ/µ, £¤¥ λ ¨ µ á®®â¢¥âáâ¢¥−−® ®¡®§−�ç�îâ n-
¨ p-ä�ªâ®àë.

‚ á¨«ã −¥¯®áâ®ï−áâ¢� á®áâ®ï−¨ï ®ªàã¦�îé¥© áà¥¤ë, ¢«¨ïîé¥© −� äã−ªæ¨®-
−¨à®¢�−¨¥ á¨áâ¥¬ë, §−�ç¥−¨ï n- ¨ p-ä�ªâ®à®¢ ¬®¤¥«¨ −¥¯à¥¤áª�§ã¥¬ë¬ ®¡à�§®¬
¬¥−ïîâáï. �â® ¤�¥â ®á−®¢�−¨¥ ¤«ï à�áá¬®âà¥−¨ï ä�ªâ®à®¢, � á«¥¤®¢�â¥«ì−®
¨ ¨−¤¥ªá®¢ ¡�«�−á�, ª�ª á«ãç�©−ëå ¢¥«¨ç¨− [1]. �à¨ íâ®¬ ¨§¬¥−¥−¨ï, ¯à®¨áå®-
¤ïé¨¥ ¢ ®ªàã¦�îé¥© áà¥¤¥, −¥ áâ®«ì £«®¡�«ì−ë, çâ®¡ë ª�à¤¨−�«ì−ë¬ ®¡à�§®¬
¨§¬¥−¨âì ¯à¨à®¤ã ä�ªâ®à®¢, ¯®íâ®¬ã ¢ à�¬ª�å ª®−ªà¥â−®© §�¤�ç¨ ¬®¦−® ¯à¥¤-
¯®«®¦¨âì, çâ® §�ª®−ë, ®ª�§ë¢�îé¨¥ ¢«¨ï−¨¥ −� ä�ªâ®àë ¨ ¨−¤¥ªáë, ®áâ�îâáï
−¥¨§¬¥−−ë¬¨. ’�ª�ï ¯®áâ�−®¢ª� §�¤�ç¨ ¯®§¢®«ï¥â ¯à¨¬¥−¨âì ¡�©¥á®¢áª¨© ¬¥â®¤
á §�¤�−−ë¬¨ �¯à¨®à−ë¬¨ à�á¯à¥¤¥«¥−¨ï¬¨ ¨áå®¤−ëå ¯�à�¬¥âà®¢ á¨áâ¥¬ë.

‚ áâ�âì¥ ¢ ª�ç¥áâ¢¥ �¯à¨®à−®£® à�á¯à¥¤¥«¥−¨ï ä�ªâ®à®¢ à�áá¬�âà¨¢�¥âáï
®¡®¡é¥−−®¥ à�á¯à¥¤¥«¥−¨¥ ”à¥è¥; ¯à¨¢®¤ïâáï ¢¥à®ïâ−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨
¨−¤¥ªá� ¡�«�−á�.

2 Основные результаты

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

Geα, β(x) =

∞∑

k=0

xk

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

„«ï ¤�«ì−¥©è¨å ¢ëç¨á«¥−¨© ¯®−�¤®¡¨âáï á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.

‹¥¬¬� 1. �ãáâì α, θ, r, u, v > 0. ’®£¤�

∞∫

0

y−r−1e−(α/y)u−(θ/y)v dy =






θ−r

v
Geu/v, r/v

(
−
(

α

θ

)u)
, u < v ;

α−r

u
Gev/u, r/u

(
−
(

θ

α

)v)
, u > v ;

(αu + θu)−r/u

u
•

(
r

u

)
, u = v .

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

0

y−r−1e−(α/y)u−(θ/y)v dy =
α−r

u

∞∑

k=0

(−1)k
k!

∞∫

0

tr/u+k−1e−(θ/αts)v dt =

=
θ−r

v

∞∑

k=0

(−(α/θ)u)k

k!

∞∫

0

z(r+uk)/v−1e−z dz =
θ−r

v

∞∑

k=0

(−(α/θ)u)k

k!
•

(
r + uk

v

)
.

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

÷�áá¬®âà¨¬ á«ãç�©−ãî ¢¥«¨ç¨−ã ξ, ¨¬¥îéãî ®¡®¡é¥−−®¥ à�á¯à¥¤¥«¥−¨¥
”à¥è¥ GFr (u, n, α) á −ã«¥¢ë¬ ¬¨−¨¬ã¬®¬, ¯«®â−®áâì ª®â®à®£® ¨¬¥¥â ¢¨¤:

fξ(x) =
uαnue−(α/x)u

(n − 1)!xnu+1 , u > 0 , α > 0 , n ∈ N , x > 0 .

‹¥£ª® ¢¨¤¥âì, çâ® ¨¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.

‹¥¬¬� 2. „«ï á«ãç�©−®© ¢¥«¨ç¨−ë ξ, ¨¬¥îé¥© ®¡®¡é¥−−®¥ à�á¯à¥¤¥«¥−¨¥
”à¥è¥ GFr (u, n, α), ¤«ï z ∈ R ¢ë¯®«−ï¥âáï á®®â−®è¥−¨¥:

Eξz =
αz•(n − z/u)

(n − 1)! , z < nu .

��¯àï¬ãî ¨§ «¥¬¬ 1 ¨ 2 á«¥¤ã¥â á¯à�¢¥¤«¨¢®áâì á«¥¤ãîé¥£® ãâ¢¥à¦¤¥−¨ï
® ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª�å ¨−¤¥ªá� ¡�«�−á� ρ ¢ ¡�©¥á®¢áª®© ¬®¤¥«¨.

’¥®à¥¬� 1. �ãáâì n-ä�ªâ®à λ ¨ p-ä�ªâ®à µ ¨¬¥îâ ®¡®¡é¥−−®¥ à�á¯à¥¤¥«¥−¨¥
”à¥è¥ GFr (u, n, α) ¨ GFr (v,m, θ) á®®â¢¥âáâ¢¥−−®, ¯à¨ç¥¬ λ ¨ µ −¥§�¢¨á¨¬ë.
’®£¤� ¯à¨ x > 0 ¯«®â−®áâì ¨ ¬®¬¥−âë ¨−¤¥ªá� ¡�«�−á� ρ = λ/µ ¨¬¥îâ ¢¨¤:

fρ(x) =






v(θ/α)mvxmv−1

(n − 1)!(m − 1)! Gev/u, mv/u+n

(
−
(

θx

α

)v)
, u > v ;

u(α/θ)nux−nu−1

(n − 1)!(m − 1)! Geu/v, nu/v+m

(
−
( α

θx

)u)
, u < v ;

Eρz =
(α/θ)z•(n − z/u)•(m+ z/v)

(n − 1)!(m − 1)! , z < nu .

�à¨ u = v à�á¯à¥¤¥«¥−¨¥ ¨−¤¥ªá� ¡�«�−á� ρ á®¢¯�¤�¥â á ®¡®¡é¥−−ë¬ ¡¥â�-
à�á¯à¥¤¥«¥−¨¥¬ ¢â®à®£® à®¤� [3] á ¯«®â−®áâìî

fρ(x) =
uαnuθmuxmu−1

B(n,m)(αu + θuxu)n+m , x > 0 .
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„«ï ¨áá«¥¤®¢�−¨ï äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï ¨−¤¥ªá� ¡�«�−á� ¢¢¥¤¥¬ ¢ à�á-
á¬®âà¥−¨¥ ¨−â¥£à�«ì−ãî £�¬¬�-íªá¯®−¥−æ¨�«ì−ãî äã−ªæ¨î:

Gi(r, s, t; x) =
1

t•(s)•(t)

x∫

0

Ger, tr+s

(
−z1/t

)
dz ,

£¤¥ 0 ≤ r < 1, s > 0, t > 0.

’¥®à¥¬� 2. �ãáâì n-ä�ªâ®à λ ¨ p-ä�ªâ®à µ ¨¬¥îâ ®¡®¡é¥−−®¥ à�á¯à¥¤¥«¥−¨¥
”à¥è¥ GFr (u, n, α) ¨ GFr (v,m, θ) á®®â¢¥âáâ¢¥−−®, ¯à¨ç¥¬ λ ¨ µ −¥§�¢¨á¨¬ë.
’®£¤� ¯à¨ x > 0 äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï ¨−¤¥ªá� ¡�«�−á� ρ = λ/µ ¨¬¥¥â ¢¨¤:

Fρ(x) =






Gi

(
v

u
, n,m;

(
θx

α

)mv)
, u > v ;

1− Gi
(

u

v
,m, n;

(
α

θx

)nu)
, u < v .

„ ® ª � § � â ¥ « ì á â ¢ ® . ‘®£«�á−® â¥®à¥¬¥ 1 ¤«ï äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï ρ ¯à¨
u > v á¯à�¢¥¤«¨¢® ¤«ï x > 0:

Fρ(x) =
v(θ/α)mv

(n − 1)!(m − 1)!

x∫

0

ymv−1Gev/u, mv/u+n

(
−
(

θy

α

)v)
dy =

=
v(θ/α)mv

(n − 1)!(m − 1)!

x∫

0

ymv−1
∞∑

l=0

(−1)l(θy)vl

αvll!
•

(
vl

u
+

mv

u
+ n

)
dy =

=
1

m(n − 1)!(m − 1)!

(θx/α)mv∫

0

∞∑

l=0

(
−z1/m

)l

l!
•

(
vl

u
+

mv

u
+ n

)
dz .

‚ á«ãç�¥ u < v ¨¬¥¥¬:

Fρ(x) =
u(α/θ)nu

(n − 1)!(m − 1)!

x∫

0

y−nu−1Geu/v, nu/v+m

(
−
(

α

θy

)u)
dy =

=
u(α/θ)nu

(n − 1)!(m − 1)!

x∫

0

y−nu−1
∞∑

l=0

(−1)l(α/θ)ul

yull!
•

(
ul

v
+

nu

v
+m

)
dy =

=
1

n(n − 1)!(m − 1)!

∞∫

(α/(θx))nu

∞∑

l=0

(
−z1/p

)l

l!
•

(
ul

v
+

nu

v
+m

)
dz .

’¥®à¥¬� ¤®ª�§�−�.
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�¯à¨®à−®¥ ®¡®¡é¥−−®¥ à�á¯à¥¤¥«¥−¨¥ ”à¥è¥ ¢ ¡�©¥á®¢áª¨å ¬®¤¥«ïå ¡�«�−á�

‘«¥¤áâ¢¨¥. ˆ§ â¥®à¥¬ë 2 ¢ëâ¥ª�¥â, ¢ ç�áâ−®áâ¨, çâ®

lim
x→∞

Gi(r, s, t; x) = 1

¯à¨ 0 ≤ r < 1, s > 0, t > 0.

‡�¬¥ç�−¨¥. ‚ à¥§ã«ìâ�â�å áâ�âì¨ âà¥¡®¢�−¨¥ n ∈ N ¤«ï ¯�à�¬¥âà� ®¡®¡é¥−-
−®£® à�á¯à¥¤¥«¥−¨ï ”à¥è¥ ï¢«ï¥âáï −¥áãé¥áâ¢¥−−ë¬. “â¢¥à¦¤¥−¨ï ®áâ�îâáï
á¯à�¢¥¤«¨¢ë¬¨ ¤«ï «î¡®£® n ∈ R ¯à¨ §�¬¥−¥ (n − 1)! −� •(n).

3 Заключение

÷¥§ã«ìâ�âë áâ�âì¨ ¬®£ãâ ¯à¨¬¥−ïâìáï ¤«ï ¨áá«¥¤®¢�−¨ï ¡�©¥á®¢áª¨å ¬®¤¥«¥©
¡�«�−á�, ª®£¤� �¯à¨®à−ë¥ à�á¯à¥¤¥«¥−¨ï ä�ªâ®à®¢ ¨¬¥îâ ¢¨¤ ç�áâ−ëå á«ãç�-
¥¢ ®¡®¡é¥−−®£® à�á¯à¥¤¥«¥−¨ï ”à¥è¥, −�¯à¨¬¥à −¥¯®áà¥¤áâ¢¥−−® à�á¯à¥¤¥«¥-
−¨ï ”à¥è¥, ®¡à�â−®£® à�á¯à¥¤¥«¥−¨ï ÷í«¥ï ¨«¨ ®¡à�â−®£® íªá¯®−¥−æ¨�«ì−®£®
à�á¯à¥¤¥«¥−¨ï. �®áª®«ìªã ¢ ¤®ª�§�â¥«ìáâ¢�å ãâ¢¥à¦¤¥−¨© âà¥¡®¢�−¨¥ n ∈ N

ï¢«ï¥âáï −¥áãé¥áâ¢¥−−ë¬, à¥§ã«ìâ�âë ¬®£ãâ ¡ëâì «¥£ª® ¯¥à¥ä®à¬ã«¨à®¢�−ë ¤«ï
â�ª¨å �¯à¨®à−ëå à�á¯à¥¤¥«¥−¨©, ª�ª ®¡à�â−®¥ ¨ ¬�áèâ�¡¨à®¢�−−®¥ ®¡à�â−®¥ χ-
¨ χ2-à�á¯à¥¤¥«¥−¨ï, à�á¯à¥¤¥«¥−¨¥ ‹¥¢¨, �¨àá®−� (¯ïâ®£® â¨¯�) ¨ ¤àã£¨å ç�áâ-
−ëå á«ãç�¥¢ ®¡®¡é¥−−®£® à�á¯à¥¤¥«¥−¨ï ”à¥è¥. �à¨ á®¢¯�¤¥−¨¨ ¯�à�¬¥âà®¢
ä®à¬ë �¯à¨®à−ëå à�á¯à¥¤¥«¥−¨©, ª�ª ¯®ª�§�−®, −�¯à¨¬¥à, ¢ [4,5], ®¡®¡é¥−−®¥
¡¥â�-à�á¯à¥¤¥«¥−¨¥ (¢â®à®£® à®¤�) ¨−¤¥ªá� ¡�«�−á� ¯à¨−¨¬�¥â ¢¨¤ à�á¯à¥¤¥«¥−¨©
�ãàà�, „�£ã¬� ¨ ‹®¬�ªá�.
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�−−®â�æ¨ï: �à®¡«¥¬ë ®¯¥à�â¨¢−®-¤¨á¯¥âç¥àáª®£® ã¯à�¢«¥−¨ï (�„“) à¥-
£¨®−�«ì−ë¬¨ í«¥ªâà®á¥âï¬¨ å�à�ªâ¥à¨§ãîâáï −¥®¤−®à®¤−®áâìî, ç�áâ¨ç−®©
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1 Введение
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−�¤ £¥â¥à®£¥−−ë¬ ¬®¤¥«ì−ë¬ ¯®«¥¬ ¬¥â®¤ à¥è¥−¨ï á«®¦−®© §�¤�ç¨.
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ˆ−â¥««¥ªâã�«¨§�æ¨ï �„“ á«®¦−®© à¥£¨®−�«ì−®© ¤¨−�¬¨ç¥áª®© �‘

’à�¤¨æ¨®−−ë¥ ƒ¨ˆ‘ −¥ §�¤¥©áâ¢ãîâ ¯à�¢®áâ®à®−−¨¥, ¢¨§ã�«ì−®-®¡à�§−ë¥
à�ááã¦¤¥−¨ï ®¯¥à�â®à�, ®á«®¦−ïï ®¯¥à�â¨¢−ãî à�¡®âã á −¥¯®áà¥¤áâ¢¥−−® −¥
¢®á¯à¨−¨¬�¥¬ë¬ ®¡ê¥ªâ®¬, §�áâ�¢«ïï ¥£® ¬ëá«¨âì «®£¨ç¥áª¨, −¥ ®¡¥á¯¥ç¨¢�ï
¨−âã¨â¨¢−®¥ ¯à¨−ïâ¨¥ à¥è¥−¨©. �à¥®¤®«¥âì íâ®â −¥¤®áâ�â®ª ¯à¥¤«�£�¥âáï ¯ãâ¥¬
¯®«ãç¥−¨ï −®¢ëå §−�−¨© ®¡ ®¯¥à�â¨¢−®-â¥å−®«®£¨ç¥áª®¬, ç¥«®¢¥ª®-¬�è¨−−®¬
ã¯à�¢«¥−¨¨ á«®¦−ë¬¨ ¤¨−�¬¨ç¥áª¨¬¨ á¨áâ¥¬�¬¨, à�§à�¡®âª®© ¢¨§ã�«ì−®£® á®-
¡ëâ¨©−®-á¨âã�æ¨®−−®£® áã¡ê¥ªâ−®-®à¨¥−â¨à®¢�−−®£® ¯®¤å®¤� ®¯¥à�â¨¢−®-â¥å-
−®«®£¨ç¥áª®£® ã¯à�¢«¥−¨ï á«®¦−ë¬¨ ¤¨−�¬¨ç¥áª¨¬¨ ®¡ê¥ªâ�¬¨ ¨ ¥£® à¥�«¨§�-
æ¨¨ ¢ −®¢®¬ ª«�áá¥ á¨áâ¥¬ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� | ª®£−¨â¨¢−ëå ƒ¨ˆ‘
(Šƒ¨ˆ‘).

2 Электроэнергетическое производство и процессы. Сложная
система. Большая система. Техноценоз

�à®¨§¢®¤áâ¢® í«¥ªâà®í−¥à£¨¨ à¥§ª® ®â«¨ç�¥âáï ®â ¤àã£¨å ®âà�á«¥© íª®−®¬¨ª¨
¯® æ¥«®¬ã àï¤ã ¯à¨ç¨− [1]:

{ £¥−¥à�æ¨ï í«¥ªâà®í−¥à£¨¨, ¥¥ à�á¯à¥¤¥«¥−¨¥ ¨ ¯à¥®¡à�§®¢�−¨¥ ¨¤ãâ ®¤−®¢à¥-
¬¥−−®, ¬¥¦¤ã ¬®é−®áâï¬¨ ®¯¥à�â¨¢−® ¯®¤¤¥à¦¨¢�¥âáï â®ç−ë© ¡�«�−á;

{ áª®à®áâì ¯¥à¥å®¤−ëå ¯à®æ¥áá®¢ | 10−4{10−3 á; ª®à®âª¨¥ §�¬ëª�−¨ï,
¢ª«îç¥−¨ï ¨ ®âª«îç¥−¨ï, ª�ç�−¨ï, −�àãè¥−¨ï ãáâ®©ç¨¢®áâ¨ ¤«ïâáï ®â ¤®«¥©
¤® −¥áª®«ìª¨å á¥ªã−¤; á«®¦−®áâì ¨ ¢ëá®ª�ï áª®à®áâì ¯à®æ¥áá®¢ ¨ ¤¥©áâ¢¨©
á®§¤�îâ ¡®«ìè¨¥ ¯á¨å®ä¨§¨®«®£¨ç¥áª¨¥ −�£àã§ª¨ −� ®¯¥à�â¨¢−ë© ¯¥àá®−�«
¨ ®à£�−ë ¤¨á¯¥âç¥àáª®£® ã¯à�¢«¥−¨ï („“);

{ â¥á−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ á ¯à®¬ëè«¥−−®áâìî, á¢ï§ìî ¨ âà�−á¯®àâ®¬;

{ �ªâã�«ì−®áâì −�¤¥¦−®áâ¨ ¨ à¥§¥à¢� ¬®é−®áâ¨.

�à¨¬¥−¨â¥«ì−® ª ¯à®¨§¢®¤áâ¢ã, â¥å−¨ª¥ ¨ â¥å−®«®£¨ï¬ ¢ í«¥ªâà®í−¥à£¥â¨ç¥-
áª®© á¨áâ¥¬¥ (�‘) ¢ â¥®à¨¨ á¨áâ¥¬ ¨ á¨áâ¥¬−®¬ �−�«¨§¥ ¨á¯®«ì§ã¥âáï è¨à®ª¨©
á¯¥ªâà ¯®−ïâ¨©: ®â úá«®¦−®© á¨áâ¥¬ëû ¨ ú¡®«ìè®© á¨áâ¥¬ëû ¤® úâ¥å−®æ¥−®§�û.

‘®£«�á−® ®¯à¥¤¥«¥−¨î, ¤�−−®¬ã �. �. �ãá«¥−ª® ¢ 1973 £., á¨áâ¥¬ã ¬®¦−®
áç¨â�âì á«®¦−®©, ¥á«¨ ®−� á®áâ®¨â ¨§ ¡®«ìè®£® ç¨á«� ¢§�¨¬®á¢ï§�−−ëå ¨ ¢§�¨-
¬®¤¥©áâ¢ãîé¨å í«¥¬¥−â®¢ ¨ á¯®á®¡−� ¢ë¯®«−ïâì á«®¦−ãî äã−ªæ¨î [2].

’¥à¬¨− ú¡®«ìè�ï á¨áâ¥¬�û (úá¨áâ¥¬� ¡®«ìè®£® ¬�áèâ�¡�û) ¢®è¥« ¢ −�ãç−ë©
«¥ªá¨ª®− ¯®á«¥ ¯®ï¢«¥−¨ï ª−¨£¨ ÷. •. ƒã¤� ¨ ÷. ‡. Œ�ª®«� [3], ¯à¨¬¥−ï¢è¨å ¥£®
ª á¨áâ¥¬�¬ ®¡®àã¤®¢�−¨ï ¨ �¯¯�à�âãàë. ‚ à�¡®â�å “. ÷. �è¡¨, Œ. Œ¥á�à®¢¨ç�,
„. Œ�ª® ¨ ˆ. ’�ª�å�àë, „. �. �®á¯¥«®¢�, ā. ˆ. —¥à−ïª�, �. �. „¥−¨á®¢�,
„. �. Š®«¥á−¨ª®¢�, �. �. ‚�¢¨«®¢�, ‘. ‚. …¬¥«ìï−®¢�, ‚. ‚. Š�«�è−¨ª®¢�,
�. ‚. �¥¬ç¨−®¢�, �. ‚. ”®¬¨−�, �. ˆ. �¥à£�, �. ‚. �¨àîª®¢�, …. ‘. ƒ¥«-
«¥àâ�, ƒ. �. �®¢�à®¢� ¨ ‹. �. ÷�áâà¨£¨−� íâ® ¯®−ïâ¨¥ è¨à®ª® ¨á¯®«ì§®¢�«®áì
¯à¨¬¥−¨â¥«ì−® ª á®æ¨�«ì−ë¬, ¡¨®«®£¨ç¥áª¨¬, íª®«®£¨ç¥áª¨¬, âà�−á¯®àâ−ë¬,
¯à®¬ëè«¥−−ë¬, ¢®¥−−ë¬ á¨áâ¥¬�¬. �«¥ªâà®í−¥à£¥â¨ª¥ ª�ª ¡®«ìè®© á¨áâ¥¬¥
¯à¨áãé¨:
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�. ‚. Š®«¥á−¨ª®¢, ‘. ‚. ‹¨áâ®¯�¤, ”. ƒ. Œ�©â�ª®¢

{ æ¥«®áâ−®áâì ¨ ®¡é�ï æ¥«ì;

{ úá¢®¡®¤� ¢®«¨û;

{ áâ®å�áâ¨ç−®áâì, −¥à¥£ã«ïà−®áâì ¢−¥è−¨å ¢®§¬ãé¥−¨©, −¥¢®§¬®¦−®áâì â®ç-
−®£® ¯à¥¤áª�§�−¨ï −�£àã§ª¨;

{ á®áâ�¢−®© å�à�ªâ¥à, ¨¥à�àå¨ç−®áâì;

{ ¡®«ìè�ï à�§¬¥à−®áâì ¯® í«¥¬¥−â�¬, äã−ªæ¨ï¬ ¨ áâ®¨¬®áâ¨;

{ á«®¦−®áâì ¯®¢¥¤¥−¨ï ¨ à�§−®®¡à�§¨¥ ¢§�¨¬®á¢ï§¥© ¯¥à¥¬¥−−ëå, ¤¨−�¬¨ç-
−®áâì, −¥áâ�æ¨®−�à−®áâì;

{ ã−¨ª�«ì−®áâì;

{ ¬−®£®ªà¨â¥à¨�«ì−®áâì, ®âáãâáâ¢¨¥ ä®à¬�«¨§®¢�−−®© æ¥«¨;

{ á«�¡�ï áâàãªâãà¨à®¢�−−®áâì â¥®à¥â¨ç¥áª¨å ¨ ä�ªâ¨ç¥áª¨å §−�−¨© ® á¨áâ¥¬¥;

{ −¥¯®«−®â� ®¯¨á�−¨ï;

{ −¥®¤−®à®¤−®áâì ¯®¤á¨áâ¥¬ ¨ í«¥¬¥−â®¢ á¨áâ¥¬ë;

{ ¬−®£®äã−ªæ¨®−�«ì−®áâì í«¥¬¥−â®¢;

{ ¢ëá®ª�ï áâ¥¯¥−ì �¢â®¬�â¨§�æ¨¨ â¥å−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢ ¨ „“;

{ ª®−ªãà¥−æ¨ï ¢−ãâà¨ á¨áâ¥¬ë ¨ ¢® ¢−¥è−¥© áà¥¤¥.

�®−ïâ¨ï úâ¥å−¨ª�û, úâ¥å−¨ç¥áª�ï à¥�«ì−®áâìû ¨ úâ¥å−®æ¥−®§û §�−¨¬�îâ
æ¥−âà�«ì−®¥ ¬¥áâ® ¢ ¨áá«¥¤®¢�−¨ïå �. ˆ. Šã¤à¨−� ¨ ¥£® ãç¥−¨ª®¢, ¢ ç�áâ−®áâ¨
‚. ˆ. ƒ−�âîª� [4], ¯®−¨¬�îé¨å â¥å−®æ¥−®§ ª�ª á¨áâ¥¬−ë© ®¡ê¥ªâ, ®£à�−¨ç¥−-
−ë© ¢ ¯à®áâà�−áâ¢¥ ¨ ¢à¥¬¥−¨, ®â¤¥«ì−ë¥ í«¥¬¥−âë ª®â®à®£®, á ®¤−®© áâ®à®−ë,
¤®áâ�â®ç−® −¥§�¢¨á¨¬ë ¨ −¥ á¢ï§�−ë ¬¥¦¤ã á®¡®© ¦¥áâª® (¬¥å�−¨ç¥áª¨, í«¥ª-
âà¨ç¥áª¨, £¨¤à�¢«¨ç¥áª¨ ¨ â. ¤.), � á ¤àã£®© | ®¡ê¥¤¨−¥−ë á«�¡ë¬¨ á¢ï§ï¬¨:
¥¤¨−®© á¨áâ¥¬®© ã¯à�¢«¥−¨ï, á−�¡¦¥−¨ï, íªá¯«ã�â�æ¨¨, æ¥«ìî. �à¨¬¥à®¬ ¬®-
¦¥â á«ã¦¨âì à¥£¨®−�«ì−ë© í«¥ªâà®â¥å−¨ç¥áª¨© ª®¬¯«¥ªá. ‚ ¯à®ä¥áá¨®−�«ì−®¬
ï§ëª¥ ®¯¥à�â¨¢−®-¤¨á¯¥âç¥àáª®© à�¡®âë ¢ �‘ ç�é¥ ¯à¨¬¥−ïîâ â¥à¬¨− úá«®¦−�ï
á¨áâ¥¬�û.

3 Оперативно-диспетчерское управление региональной
электроэнергетической системой

‘ã¬¬�à−�ï ¬®é−®áâì í«¥ªâà®áâ�−æ¨© �‘ Š�«¨−¨−£à�¤áª®© ®¡«�áâ¨ (Š�) −�
¤¥ª�¡àì 2018 £. | 1596,1 Œ‚â. ‚ �‘ Š� ¢å®¤ïâ 94 «¨−¨¨ í«¥ªâà®¯¥à¥¤�-
ç¨ (‹��) ª«�áá� −�¯àï¦¥−¨ï 60{330 ª‚ ®¡é¥© ¯à®âï¦¥−−®áâìî 2468,68 ª¬,
75 âà�−áä®à¬�â®à−ëå ¯®¤áâ�−æ¨© ¨ ¯ïâì à�á¯à¥¤¥«¨â¥«ì−ëå ãáâà®©áâ¢ í«¥ª-
âà®áâ�−æ¨©. �«¥ªâà®í−¥à£¥â¨ç¥áª�ï á¨áâ¥¬� Š� ¢å®¤¨â ¢ á®áâ�¢ �¡ê¥¤¨−¥−−®©
í−¥à£¥â¨ç¥áª®© á¨áâ¥¬ë (��‘) ‘¥¢¥à®-‡�¯�¤� ¨ á®áâ®¨â ¨§ ¤¢ãå í−¥à£®à�©®-
−®¢ | ‡�¯�¤−®£® ¨ ‚®áâ®ç−®£®. „¥©áâ¢ãîâ í«¥ªâà¨ç¥áª¨¥ á¥â¨ −�¯àï¦¥−¨¥¬
15, 10 ¨ 6 ª‚. �¯¥à�â¨¢−®-¤¨á¯¥âç¥àáª®¥ ã¯à�¢«¥−¨¥ äã−ªæ¨®−¨à®¢�−¨¥¬ �‘
Š� ®áãé¥áâ¢«ï¥âáï ¤¨á¯¥âç¥àáª¨¬¨ æ¥−âà�¬¨ („–) ”¨«¨�«� �� ú‘� …�‘û
ú÷¥£¨®−�«ì−®¥ „“ í−¥à£®á¨áâ¥¬ë Š�û ¨ �� úŸ−â�àìí−¥à£®û. ‚ëè¥áâ®ïé¨©
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ˆ−â¥««¥ªâã�«¨§�æ¨ï �„“ á«®¦−®© à¥£¨®−�«ì−®© ¤¨−�¬¨ç¥áª®© �‘

„– ¯® ®â−®è¥−¨î ª ��«â¨©áª®¬ã à¥£¨®−�«ì−®¬ã „“ | ”¨«¨�« �� ú‘� …�‘û
�¡ê¥¤¨−¥−−®¥ ¤¨á¯¥âç¥àáª®¥ ã¯à�¢«¥−¨¥ ‘¥¢¥à®-‡�¯�¤�, á¬¥¦−ë© „– | „–
‹¨â®¢áª®© ÷¥á¯ã¡«¨ª¨ úLITGRIDABû.

�ªæ¨®−¥à−ë¥ ®¡é¥áâ¢� úŸ−â�àìí−¥à£®û ¨ úŒ®−¨â®à �«¥ªâà¨ªû á 2017 £. à�§-
à�¡�âë¢�îâ �¢â®¬�â¨§¨à®¢�−−ãî á¨áâ¥¬ã ®¯¥à�â¨¢−®-â¥å−®«®£¨ç¥áª®£® ã¯à�¢«¥-
−¨ï (�‘�’“) ú�‹ˆŒ�û (à¨á. 1 ¨ 2).

�¢â®¬�â¨§¨à®¢�−−�ï á¨áâ¥¬� ®¯¥à�â¨¢−®-â¥å−®«®£¨ç¥áª®£® ã¯à�¢«¥−¨ï
ú�‹ˆŒ�û ¢ª«îç�¥â ¯®¤á¨áâ¥¬ë:

÷¨á. 1 ˆ−ä®à¬�æ¨®−−ë¥ ¬®¤¥«¨ �„“ �‘ Š� (÷�‘ | à�©®− í«¥ªâà¨ç¥áª¨å á¥â¥©):
(�) ¬®¤¥«ì 2016 £.; (¡) æ¥«¥¢�ï ¬®¤¥«ì

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 2 2019 49



�. ‚. Š®«¥á−¨ª®¢, ‘. ‚. ‹¨áâ®¯�¤, ”. ƒ. Œ�©â�ª®¢

÷¨á. 2 ’¥å−¨ç¥áª¨¥ à¥è¥−¨ï: (�){(£) ¤¨á¯¥âç¥àáª®£® ¯ã−ªâ� ú–¥−âà ã¯à�¢«¥−¨ï á¥âï¬¨û
(–“‘), ¤¨á¯¥âç¥àáª¨å ¯ã−ªâ®¢ ú‚®áâ®ç−ë¥ í«¥ªâà®á¥â¨û, ú‡�¯�¤−ë¥ í«¥ªâà®á¥â¨û
¨ úƒ®à®¤áª¨¥ í«¥ªâà®á¥â¨û á®®â¢¥âáâ¢¥−−® ¤«ï ¬®¤¥«¨ 2016 £.; (¤){(§) �−�«®£¨ç−® ¤«ï
æ¥«¥¢®© ¬®¤¥«¨ �‘�’“ ú�«¨¬¯û

{ á¡®à�, ®¡à�¡®âª¨ ¨ ®â®¡à�¦¥−¨ï ¨−ä®à¬�æ¨¨ SCADA (Supervisory Control
And Data Acquisition);

{ ã¯à�¢«¥−¨ï ®¡é¥© ¨−ä®à¬�æ¨®−−®© ¬®¤¥«ìî;

{ ¤¨áâ�−æ¨®−−®£® ã¯à�¢«¥−¨ï í«¥¬¥−â�¬¨ á¥â¨;

{ ¢ëï¢«¥−¨ï ã§ª¨å ¬¥áâ; �¢â®¬�â¨ç¥áª®£® ¢®ááâ�−®¢«¥−¨ï í«¥ªâà®á−�¡¦¥−¨ï;

{ ®−«�©−-�−�«¨§� à¥¦¨¬®¢ ¨ ®¯à¥¤¥«¥−¨ï ¬¥áâ� ¯®¢à¥¦¤¥−¨ï;

{ ®æ¥−ª¨ á®áâ®ï−¨ï á¥â¨; ®¯â¨¬¨§�æ¨¨ ¯®â®ª®à�á¯à¥¤¥«¥−¨ï,

� â�ª¦¥

{ âà¥−�¦¥à ¤¨á¯¥âç¥à�;

{ ¢¥¡-¨−â¥àä¥©á ¤«ï ¬®¡¨«ì−ëå ¡à¨£�¤;

{ í«¥¬¥−âë ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�.

�� LCD-¯�−¥«¨ ¢¨¤¥®áâ¥−ë ®â®¡à�¦�¥âáï áå¥¬� á¥â¨.
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ˆ−â¥««¥ªâã�«¨§�æ¨ï �„“ á«®¦−®© à¥£¨®−�«ì−®© ¤¨−�¬¨ç¥áª®© �‘

4 Техника и технологии оперативно-диспетчерского управления
в электроэнергетической системе

’¥−¤¥−æ¨ï â¥å−¨ç¥áª®£® ®á−�é¥−¨ï �‘ | ¯à¨¬¥−¥−¨¥ £¨¡ª¨å (ã¯à�¢«ï-
¥¬ëå) á¨áâ¥¬ í«¥ªâà®¯¥à¥¤�ç¨ (�−£«. FACTS | Flexible Alternative Current
Transmission Systems) ¨ �á¨−åà®−¨§¨à®¢�−−ëå á¨−åà®−−ëå ¬�è¨− (�‘Œ) [5]
¤«ï ¯®¢ëè¥−¨ï −�¤¥¦−®áâ¨ ¨ íää¥ªâ¨¢−®áâ¨. ‚ [6] ª�ª ¯à¨®à¨â¥â−ë¥ ¤«ï �‘
¢ë¤¥«ïîâ:

{ ¨−â¥««¥ªâã�«ì−ë¥ á¥â¨ (�−£«. Smart Grids);

{ í«¥ªâà¨ç¥áª¨© âà�−§¨â ã«ìâà�¢ëá®ª®£® −�¯àï¦¥−¨ï;

{ ã¬¥−ìè¥−¨¥ §�âà�â −� á®®àã¦¥−¨¥ ¨ ¯®â¥àì ¢ ‹��;

{ à�á¯à¥¤¥«¥−−ãî £¥−¥à�æ¨î;

{ à�§¢¨â¨¥ á¨«®¢®© í«¥ªâà®−¨ª¨ ¨ FACTS.

�à¨¬¥−¥−¨¥ ¨−â¥««¥ªâã�«ì−ëå í«¥ªâà®−−ëå ãáâà®©áâ¢ (ˆ�“) ¨ FACTS
ã«ãçè�¥â ®æ¥−ªã á®áâ®ï−¨ï �‘. �¥àá¯¥ªâ¨¢−ë¥ ®¡«�áâ¨ ˆ�“ | �¢â®¬�â¨§¨à®-
¢�−−ë¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï â¥å−®«®£¨ç¥áª¨¬ ¯à®æ¥áá®¬ ¯®¤áâ�−æ¨©, à�á¯à¥¤¥-
«¥−−ë¥ á¨áâ¥¬ë (÷‘) �¢â®¬�â¨ª¨ (�−£«. Wide Area Control System | WACS),
÷‘ à¥«¥©−®© §�é¨âë (�−£«. Wide Area Protection System | WAPS), ª®¬¡¨−¨-
à®¢�−−ë¥ ÷‘ ¬®−¨â®à¨−£�, §�é¨âë ¨ �¢â®¬�â¨ª¨ (�−£«. Wide Area Monitoring,
Protection, and Control System | WAMPACS) ¨ �ªâ¨¢−®-�¤�¯â¨¢−ë¥ á¥â¨
(��‘).

ˆ§ ¨§ãç¥−−ëå ¯® ®âªàëâë¬ ¨áâ®ç−¨ª�¬ 41 ®à£�−¨§�æ¨¨-à�§à�¡®âç¨ª� ¯à®-
£à�¬¬−®-â¥å−¨ç¥áª¨å ª®¬¯«¥ªá®¢ (�’Š) ¯¥à¥ç¨á«¨¬ ¡�§¨á−ë¥ à¥è¥−¨ï ¤«ï ¨−-
â¥««¥ªâã�«¨§�æ¨¨ �„“ ¢ í«¥ªâà®í−¥à£¥â¨ª¥.

�ªæ¨®−¥à−®¥ ®¡é¥áâ¢® ú÷’‘®äâû (rtsoft.ru): ú∀�«�âä®à¬�û; ã−¨¢¥àá�«ì-
−�ï ¢ëç¨á«¨â¥«ì−�ï ¯«�âä®à¬� úˆ−â¥£à®û; �’Š Smart-SPRECON; �’Š
ú‘Œ�÷’-Š�2û; �’Š SMART-WAMS; ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ (��)
PhasoGraph; �’Š á¨áâ¥¬ á¡®à� ¨ ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ (‘‘�ˆ) ¯à®â¨¢®�¢�-
à¨©−®© �¢â®¬�â¨ª¨ (��) Smart-‘‘�ˆ ��; �’Š á¡®à� ¨ ¯¥à¥¤�ç¨ −¥®¯¥à�â¨¢-
−®© â¥å−®«®£¨ç¥áª®© ¨−ä®à¬�æ¨¨ (‘‘�’ˆ) Smart-‘‘�’ˆ; �’Š úƒ�à¬®−¨ª�-
�‘û; æ¥−âà�«ì−�ï ¯à¨¥¬®-¯¥à¥¤�îé�ï áâ�−æ¨ï Smart-FEP; �’Š Smart-–“‘;
¨−ä®à¬�æ¨®−−®-ã¯à�¢«ïîé�ï á¨áâ¥¬� AMIGO.

Š®¬¯�−¨ï ú�«ìâ¥à®��ãíàû (alteropower.ru): ÷‘ åà�−¥−¨ï â¥å−®«®£¨ç¥áª¨å
¤�−−ëå CloudHistorian; è«î§-ª®−æ¥−âà�â®à ¢¥ªâ®à−ëå ¨§¬¥à¥−¨© Advanced
Phasor Data Concentrator á«®¦−ëå ¬−®£®ãà®¢−¥¢ëå ÷‘ ¬®−¨â®à¨−£�.

�ªæ¨®−¥à−®¥ ®¡é¥áâ¢® úŒ®−¨â®à �«¥ªâà¨ªû (monitel.ru): ¨−ä®à¬�æ¨®−-
−®-â¥å−®«®£¨ç¥áª�ï ¯«�âä®à¬� ú‘Š-11û; í«¥ªâà®−−ë© ®¯¥à�â¨¢−ë© ¦ãà−�«
ñ†-2; ª®¬¬ã−¨ª�æ¨®−−ë© ¯à®æ¥áá®à CK-Proxy; à¥¦¨¬−ë© âà¥−�¦¥à ¤¨á-
¯¥âç¥à� ú”¨−¨áâû; ¯à®£à�¬¬−ë© ª®¬¯«¥ªá (�Š) ®¯¥à�â¨¢−®£® ¯«�−¨à®¢�−¨ï
MODES-Centre; á¨áâ¥¬� ã¯à�¢«¥−¨ï ®¯®¢¥é¥−¨ï¬¨ Event Notifier (eNote).
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�ªæ¨®−¥à−®¥ ®¡é¥áâ¢® ú�’– ”‘Š …�‘û (ntc-power.ru): �Š ¨−â¥««¥ªâã�«ì-
−®£® �¤�¯â¨¢−®£® ã¯à�¢«¥−¨ï �‘ Š“�‘; �Š ÷…’÷…� 2.0; �Š ¢¨§ã�«¨§�æ¨¨
®¯¥à�â¨¢−®© ¨−ä®à¬�æ¨¨ Š�‘Š�„ | �’ 2.0; �Š „ˆ‘Š“�‘ ¤¨á¯¥âç¥à¨§�-
æ¨¨ ã¬−ëå á¥â¥©; ¨−â¥««¥ªâã�«ì−ë© ª®¬¯«¥ªá SMARTCOM �−�«¨§� −¥èâ�â−ëå
á¨âã�æ¨©; ¬−®£®�£¥−â−�ï á¨áâ¥¬� ã¯à�¢«¥−¨ï −�¯àï¦¥−¨¥¬ ¨ à¥�ªâ¨¢−®© ¬®é-
−®áâìî úŒ�‘“ �÷Œû ¢ �‘.

�âªàëâ®¥ �ªæ¨®−¥à−®¥ ®¡é¥áâ¢® úˆ−áâ¨âãâ í−¥à£®á¨áâ¥¬û (enersys.ru):
®¡«�ç−ë© á¥à¢¨á Enersys Load Forecast (ELF); �’Š úŒ®−¨â®àû; �’Š úSyn-
chrografû; �� úReVizorû; �’Š ú‘„�Œû.

�âªàëâ®¥ �ªæ¨®−¥à−®¥ ®¡é¥áâ¢® ú‘®§¢¥§¤¨¥{‘¥à¢¨áû (sozvezdie-service.ru):
¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï á¨áâ¥¬� (ˆ�‘) ú‘®§¢¥§¤¨¥ ��¢¨£�â®à 3.0û; �Š
úƒ¥−¥à�â®à 5.0û.

‘ˆŒ…�‘ (SIEMENS) (smart-grid.siemens.ru): ¨−â¥««¥ªâã�«ì−�ï á¨áâ¥¬�
Spectrum Power; ACP 1703 Platforms, SICAM AK 3; ¨−â¥««¥ªâã�«ì−ë¥ ¬®-
¤ã«¨ ¢¢®¤�-¢ë¢®¤� SICAM TM, SICAM CMIC, SICAM A8000.

ABB (new.abb.com): Micro SCADA PRO SYS 600; SYS 600C; DMS 600;
SDM 600; Relion; PCM 600; IET 600; ITT 600; ¨−â¥£à�æ¨ï ABB Ability ¨ IBM
Watson.

Š®¬¯�−¨ï ú�¨�«‘¨ ’¥å−®«®¤¦¨û (plctech.ru): �’Š TOPAZ IEC DAS;
¯«�âä®à¬� TOPAZ Graphics á«®¦−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬; áà¥¤� ¢¨§ã�«¨-
§�æ¨¨ ¡�§ ¤�−−ëå TOPAZ DBMS.

‡�ªàëâ®¥ �ªæ¨®−¥à−®¥ ®¡é¥áâ¢® ú��” �à®àë¢û (proryv.com): �Š ’¥«¥-
áª®¯+.

ƒàã¯¯� ª®¬¯�−¨© ú�à®á®äâ-‘¨áâ¥¬ëû (prosoftsystems.ru): �’Š ARIS; ��
Redkit SCADA; á¨áâ¥¬� ®¡¬¥−� â¥å−®«®£¨ç¥áª®© ¨−ä®à¬�æ¨¥© ú�‘‘�û; �Š
ú�−¥à£®áä¥à�û.

�ªæ¨®−¥à−®¥ ®¡é¥áâ¢® ú�â®¬¨ª ‘®äâû (automiq.ru): �«ìä�-¯«�âä®à¬�; Al-
pha Developer Studio.

ˆ−¦¥−¥à−ë© æ¥−âà ��’…‹‘ (ersr.ru): ¯«�âä®à¬ë ��’…Š, EnLogic; �’Š
SCADA ��’…Š TEL, ª®¬¯«¥ªâ−®¥ à�á¯à¥¤¥«¨â¥«ì−®¥ ãáâà®©áâ¢® Etalon.

�¨¦¥ ¯¥à¥ç¨á«¥−ë ¨−â¥£à�â®àë ¯® é¨â®¢®¬ã ®¡®àã¤®¢�−¨î ¨ ¢¨¤¥®áâ¥−�¬
¤«ï �„“ �‘: ��ˆ‘Š (poisk-company.ru), ú„¥«�©â 2000û (delight2000.com),
āƒ-‘ˆ‘’…Œ� �‹ā‘ (yugsys.nt-rt.ru), MultiRu (multiru.ru), úC®äâC¨áâ¥¬�û
(video-panels.ru), ú”®àá�©âû (https://forsite-company.ru); ��� ú’¥å�à®Œ¥¤¨�û
(displite.ru), ‚ƒ“� ú“à�«ìáª¨© í«¥ªâà®¬¥å�−¨ç¥áª¨© §�¢®¤û (uemz.ru), –¥−âà
¯à®¥ªæ¨®−−ëå â¥å−®«®£¨© ú‚¨ª¨−£û (viking.ru).

5 Интеллектуализация в электроэнергетике

�®−ïâ¨¥ ú¨−â¥««¥ªâã�«¨§�æ¨ïû ¯à¨¬¥−¨â¥«ì−® ª �‘ ¯® á¬ëá«ã −¥ á®¢¯�¤�¥â
á ¬®¤¥à−¨§�æ¨¥© ¨ ®§−�ç�¥â ¯à¨¬¥−¥−¨¥ [7] −®¢ëå:

{ ¯à¨−æ¨¯®¢ ¨ á¨áâ¥¬ ã¯à�¢«¥−¨ï à¥¦¨¬−ë¬ á®áâ®ï−¨¥¬ …�‘;

{ â¥å−®«®£¨© ¨ ¯à¨−æ¨¯®¢ ã¯à�¢«¥−¨ï ¯¥à¥â®ª�¬¨ ¬®é−®áâ¨ ¯® ‹�� FACTS;
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{ áà¥¤áâ¢ ¨§¬¥à¥−¨ï ¯�à�¬¥âà®¢ à¥¦¨¬�;

{ íää¥ªâ¨¢−ëå �«£®à¨â¬®¢ ã¯à�¢«¥−¨ï �‘ ¢ à�§«¨ç−ëå à¥¦¨¬�å;

{ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ ‘‘�ˆ, ¯à¥¤áâ�¢«¥−¨ï ¨ ¨á¯®«ì§®¢�−¨ï ¨−-
ä®à¬�æ¨¨ ¢ ãáâà®©áâ¢�å ã¯à�¢«¥−¨ï;

{ ¯à¨−æ¨¯®¢ ä®à¬¨à®¢�−¨ï ¨−ä®à¬�æ¨¨ ¤«ï ¢¨§ã�«¨§�æ¨¨ ¯¥à¥å®¤−ëå ¯à®-
æ¥áá®¢ ¢ à¥�«ì−®¬ ¢à¥¬¥−¨.

ˆ−â¥««¥ªâã�«ì−�ï �‘ [8] ¤®«¦−� à�á¯®«�£�âì á¨áâ¥¬®© ã¯à�¢«¥−¨ï á ú¬ëá-
«¨â¥«ì−ë¬¨ á¯®á®¡−®áâï¬¨û ç¥«®¢¥ç¥áª®£® à�§ã¬� ¤«ï äã−ªæ¨© �„“, −® á ¡®-
«¥¥ ¢ëá®ª¨¬ ¡ëáâà®¤¥©áâ¢¨¥¬, â. ¥. ú¨−â¥««¥ªâã�«ì−®©û á¨áâ¥¬®© ã¯à�¢«¥−¨ï.
‚ −�áâ®ïé¥¥ ¢à¥¬ï �‘ | ¯�áá¨¢−ë© ®¡ê¥ªâ, â�ª ª�ª ¯¥à¥â®ª¨ ¬®é−®áâ¨ ¯®
‹�� ®¯à¥¤¥«ïîâáï §�¤�¢�¥¬ë¬ ¢ ¤¨á¯¥âç¥àáª®¬ £à�ä¨ª¥ à¥¦¨¬®¬ −�£àã§ª¨
¤«ï í«¥ªâà®áâ�−æ¨©. ’®«ìª® −�¯àï¦¥−¨¥ ¢ ã§«�å −�£àã§ª¨ ¯®¤¤¥à¦¨¢�¥âáï
�¢â®¬�â¨ª®© à¥£ã«¨à®¢�−¨ï ¯®¤ −�£àã§ª®© ¨ à¥£ã«¨àã¥¬ëå ¨áâ®ç−¨ª®¢ à¥�ªâ¨¢-
−®© ¬®é−®áâ¨ −� ¯®¤áâ�−æ¨ïå. ú�¦¨¢«ï¥âû, â. ¥. ¨§¬¥−ï¥â ¨ ¯à¨á¯®á�¡«¨¢�¥â
�‘ ª à�¡®â¥ ¢ ãá«®¢¨ïå ä¨§¨ç¥áª®© à¥�«ì−®áâ¨, �ªâ¨¢−�ï ¨−â¥««¥ªâã�«ì−�ï
¤¥ïâ¥«ì−®áâì �„“. ��ª®¯«¥−−ë¥ í−¥à£¥â¨ª�¬¨ §−�−¨ï �ªâã�«ì−ë ¤«ï á®§¤�-
−¨ï ¨áªãááâ¢¥−−®£® à�§ã¬� | ®¯¥à�â®à� ¢ áâàãªâãà¥ „“ à¥¦¨¬�¬¨ �‘ ¨ ¨å
®¡ê¥¤¨−¥−¨©.

’à¨¤æ�â®£® ¨î«ï 2014 £. áâ�àâ®¢�«� à�§à�¡®âª� −�æ¨®−�«ì−®£® ¯à®¥ªâ� úˆ−-
â¥««¥ªâã�«ì−�ï í−¥à£¥â¨ç¥áª�ï á¨áâ¥¬� ÷®áá¨¨û | ¨−â¥««¥ªâã�«ì−®© �‘ á ��‘
−®¢®£® ¯®ª®«¥−¨ï [8] | á¨áâ¥¬ë, ¢ ª®â®à®© ¢á¥ áã¡ê¥ªâë í«¥ªâà®í−¥à£¥â¨ç¥áª®-
£® àë−ª� ¯à¨−¨¬�îâ �ªâ¨¢−®¥ ãç�áâ¨¥ ¢ ¯à®æ¥áá�å ¯¥à¥¤�ç¨ ¨ à�á¯à¥¤¥«¥−¨ï
í«¥ªâà®í−¥à£¨¨. „®à®¦−�ï ª�àâ� ¨−â¥««¥ªâã�«ì−®© í−¥à£¥â¨ª¨ ÷®áá¨¨, ®¡−�à®-
¤®¢�−−�ï ¢ 2015 £. [9], ¯à¥¤ãá¬�âà¨¢�¥â:

(1) à�§à�¡®âªã á¨áâ¥¬ ã¯à�¢«¥−¨ï ¨ ¨−â¥««¥ªâã�«ì−®£® ¬®−¨â®à¨−£� â¥å−®«®-
£¨ç¥áª¨å ª®¬¯«¥ªá®¢ £¥−¥à�æ¨¨;

(2) à�§à�¡®âªã â¥å−®«®£¨© á¨áâ¥¬ à�á¯à¥¤¥«¥−−®£® ã¯à�¢«¥−¨ï à¥¦¨¬�¬¨ à�-
¡®âë ¨ â¥å−®«®£¨© ¨−â¥««¥ªâã�«ì−®£® ¬®−¨â®à¨−£� �‘;

(3) á®§¤�−¨¥ á¨áâ¥¬ ã¯à�¢«¥−¨ï ¨ ¯à¨−ïâ¨ï à¥è¥−¨© á ¨á¯®«ì§®¢�−¨¥¬ ¬ã«ìâ¨-
�£¥−â−ëå á¨áâ¥¬ ¨ −¥©à®−−ëå á¥â¥©.

6 Интеллектуализация принятия оперативно-диспетчерских решений:
когнитивные гибридные интеллектуальные системы

�¯¥à�â¨¢−�ï à�¡®â� á ®¡à�§®¬ −¥¯®áà¥¤áâ¢¥−−® −¥ ¢®á¯à¨−¨¬�¥¬®£® ®¡ê¥ªâ�
á® á«®¦−®© ¤¨−�¬¨ª®©, ¯à®¥æ¨à®¢�−¨¥ −� íâ®â ®¡à�§ ¨−ä®à¬�æ¨¨, ¯®áâã¯�îé¥©
¨§¢−¥, | âàã¤−�ï §�¤�ç� ¯¥àá®−�«� �„“, � ¯à¨¬¥−ï¥¬ë¥ á¯®á®¡ë ®â®¡à�¦¥−¨ï
−¥ à¥«¥¢�−â−ë ¬¥−â�«ì−®¬ã ®¡à�§ã ¤¥ïâ¥«ì−®áâ¨ ®¯¥à�â®à�, ¬¥è�îâ à�¡®â�âì,
¢ë¯®«−ïâì ¤¥©áâ¢¨ï ¢ ã¬¥, á¯®á®¡áâ¢ãîâ ®è¨¡ª�¬ ¨−â¥à¯à¥â�æ¨¨ ¤�−−ëå. �®-
íâ®¬ã áâ�«® �ªâã�«ì−® á®§¤�−¨¥ ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨©
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ª®¬¯ìîâ¥à−®© ¨¬¨â�æ¨¨ ª®£−¨â¨¢−ëå ®¡à�§®¢�−¨© ¤«ï ãá¨«¥−¨ï ç¥«®¢¥ç¥áª®£®
¨−â¥««¥ªâ� ¢ ®¯¥à�â¨¢−®© à�¡®â¥.

�¤¨− ¨§ ¯®¤å®¤®¢ ª ¯à¥®¤®«¥−¨î ¤�−−®£® ¯à®â¨¢®à¥ç¨ï «¥¦¨â ¢ ¯«®áª®áâ¨
−�−®-, ¡¨®-, ¨−ä®-, ª®£−®- ¨ á®æ¨®ª®−¢¥à£¥−æ¨¨ (��ˆŠ‘, �−£«. NBICS) | ®¡ê-
¥¤¨−¥−¨ï ¨ á¨−¥à£¥â¨ç¥áª®£® ãá¨«¥−¨ï ¤®áâ¨¦¥−¨© ��ˆŠ‘-â¥å−®«®£¨© ¯®«−ë¬
á«¨ï−¨¥¬ ¢ ¥¤¨−ãî ®¡«�áâì §−�−¨ï, ®¡ê¥¤¨−ïîéãî ¬¥â®¤ë à¥è¥−¨ï ¨−â¥««¥ªâã-
�«ì−ëå §�¤�ç, ¢ ¯à¨−æ¨¯¥ á�¬®áâ®ïâ¥«ì−® −¥ à¥è�¥¬ëå ç¥«®¢¥ª®¬-®¯¥à�â®à®¬.
’�ª®© ¨−ä®à¬�æ¨®−−®-æ¥«®áâ−ë© ¯à®¤ãªâ ¡ë« −�§¢�− Šƒ¨ˆ‘ [10].

Š®£−¨â¨¢−ë¥ £¨¡à¨¤−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ á¨áâ¥¬ë. ˆå ¨¤¥ï ¢ëáª�§�−�
¢ 2009{2012 ££. ®á−®¢�â¥«¥¬ ¨−¦¥−¥à¨¨ ®¡à�§®¢ ˆ. �. ”®¬¨−ëå, ä®à¬�«¨§®-
¢�¢è¥£® ƒ¨ˆ‘ â¥¬¯®à�«ì−ë¬¨ ¬®¤¥«ï¬¨ ¨ ¬¥â®¤�¬¨ ¨−¦¥−¥à¨¨ ®¡à�§®¢ [11].

‚ 2015 £. ‚. �. „�−¨è¥¢áª¨© ¨ �. ‚. Š®«¥á−¨ª®¢ ¯à¥¤«®¦¨«¨ �àå¨â¥ªâãà-
−ãî áå¥¬ã ƒ¨ˆ‘ á ª®£−¨â¨¢−®© ª®¬¯®−¥−â®© ¤«ï ¬®−¨â®à¨−£� ¨ ã¯à�¢«¥−¨ï
ª�ç¥áâ¢®¬ í«¥ªâà®í−¥à£¨¨ [12]. ‚ 2017 £. �. �. �¢¥àª¨− ¨ ‘. �. Ÿàãè¥¢ á®§¤�«¨
¬®¤¥«¨ ¤«ï ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ ¤¨−�¬¨ç¥áª¨å á¨âã�æ¨ïå á® á«�-
¡®© áâàãªâãà¨à®¢�−−®áâìî, ®á−®¢�−−®© −� £¨¡à¨¤−®© á¨áâ¥¬¥, ¨−â¥£à¨àãîé¥©
−¥ç¥âªãî ¨¥à�àå¨ç¥áªãî ¬®¤¥«ì ®æ¥−¨¢�−¨ï ¨ −¥ç¥âªãî ª®£−¨â¨¢−ãî ¬®¤¥«ì á¨-
âã�æ¨¨ [13]; ‘. ‚. “«ìï−®¢ ¨ ¤à. à�§à�¡®â�«¨ £¨¡à¨¤−ë¥ ª®£−¨â¨¢−ë¥ −¥ç¥âª¨¥
á¨áâ¥¬ë ã¯à�¢«¥−¨ï �¢â®−®¬−ë¬ à®¡®â®¬ [14]; ‹. ‚. Œ�áá¥«ì ¨ ‚. ÷. Šã§ì¬¨−
¯à¥¤«®¦¨«¨ á¥¬¨®â¨ç¥áª¨© ¯®¤å®¤ ª ¨−â¥£à�æ¨¨ ¬¥â®¤®¢ á¨âã�æ¨®−−®£® ã¯à�¢-
«¥−¨ï, á¥¬�−â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¨ ª®£−¨â¨¢−®© £à�ä¨ª¨ ¯à¨¬¥−¨â¥«ì−®
ª �‘ [15].

Š®£−¨â¨¢−®¥ ¬®¤¥«¨à®¢�−¨¥. ‚ 2002{2003 ££. �. �. Šã«¨−¨ç ¯®¤ àãª®¢®¤-
áâ¢®¬ �. �. Šã§−¥æ®¢� à�§à�¡®â�« ¬¥â®¤®«®£¨î ¬®¤¥«¨à®¢�−¨ï á ¯à¨¬¥−¥−¨¥¬
ª®£−¨â¨¢−®£® ¯®¤å®¤� ¯à¨ à¥è¥−¨¨ á«®¦−ëå ¯à®¡«¥¬ ¨ á¨áâ¥¬ë úŠ®¬¯�áû
¨ úŠ�−¢�û [16].

Š®£−¨â¨¢−�ï £à�ä¨ª�. ‚ −�ç�«¥ 1990-å ££. �. �. ‡¥−ª¨− ¨ „. �. �®á¯¥-
«®¢ ®âªàë«¨ íàã ª®£−¨â¨¢−®© ª®¬¯ìîâ¥à−®© £à�ä¨ª¨ ï§ëª®¬ æ¢¥â®¬ã§ëª�«ì−ëå
ú¯¨ä®£à�¬¬û. �®¤ àãª®¢®¤áâ¢®¬ ‚. Œ. •�çã¬®¢� ¢ ˆ�‘ ÷�� ú¨−â¥««¥ªâã-
�«¨§¨àãîâû ã¯à�¢«¥−¨¥ á«®¦−ë¬¨ ¤¨−�¬¨ç¥áª¨¬¨ ®¡ê¥ªâ�¬¨, à�§à�¡�âë¢�îâ
¬¥â®¤ë ¨ á¨áâ¥¬ë ®¡à�§−®£® �−�«¨§� ¤�−−ëå, ª®£−¨â¨¢−®© £à�ä¨ª®© ¨ ®â®¡à�¦¥-
−¨ï ¤¨−�¬¨ç¥áª®© ¨−ä®à¬�æ¨¨. ‚ 2012{2018 ££. �. �. ��è«ëª®¢ ¨ �. �. …à¥-
¬¥¥¢ á®§¤�«¨ ¨−â¥£à¨à®¢�−−ãî ¨−â¥««¥ªâã�«ì−ãî á¨áâ¥¬ã à¥�«ì−®£® ¢à¥¬¥−¨
ú‘�÷ˆ�’-÷‚û á ª®£−¨â¨¢−®© á®áâ�¢«ïîé¥© ú£«®¡ãá ��è«ëª®¢�û.

ˆáªãááâ¢¥−−ë¥ ª®£−¨â¨¢−ë¥ á¨áâ¥¬ë à¥è�îâ ¯à®¡«¥¬ë ¢ ãá«®¢¨ïå à¥-
�«ì−®£® ¬¨à�, ¢ª«îç�ï à�á¯®§−�¢�−¨¥ ®¡à�§®¢, ¯®−¨¬�−¨¥ á¬ëá«� ¨ ª®−â¥ª-
áâã�«ì−®£® §−�ç¥−¨ï ¨−ä®à¬�æ¨¨, ¬ëè«¥−¨¥, á�¬®áâ®ïâ¥«ì−®¥ ãá¢®¥−¨¥ §−�-
−¨© ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢, ®¡ãç¥−¨¥, áã¡ê¥ªâ¨¢−ãî ®æ¥−ªã ¨−ä®à¬�æ¨¨.
‚ æ¥−âà¥ ®¡ãç�¥¬ëå −�−®¬�â¥à¨�«®¢ ¨ ¬¥¬à¨áâ®à−ëå á¨áâ¥¬ ’î¬¥−áª®£® £®-
áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� à¥�«¨§ã¥âáï ¯à®¥ªâ úˆáªãááâ¢¥−−ë¥ ª®£−¨â¨¢−ë¥
á¨áâ¥¬ëû. Š®¬¯«¥ªá−ãî ¯à®¡«¥¬ã ¬®−¨â®à¨−£� á®áâ®ï−¨ï ¦¥«¥§−®¤®à®¦−®© ¨−-
äà�áâàãªâãàë ª®£−¨â¨¢−ë¬¨ á¥−á®à�¬¨ ¨áá«¥¤®¢�«¨ Œ. �. ‘¢ïâª¨−� ¨ ‚. �. ’�-
à�á®¢ [17].

54 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 2 2019



ˆ−â¥««¥ªâã�«¨§�æ¨ï �„“ á«®¦−®© à¥£¨®−�«ì−®© ¤¨−�¬¨ç¥áª®© �‘

Š®£−¨â¨¢−ë¥ ¢ëç¨á«¥−¨ï | à�¡®â� á ®£à®¬−ë¬¨ ¬�áá¨¢�¬¨ −¥áâàãªâãà¨à®-
¢�−−®© ¨−ä®à¬�æ¨¨ ¬¥â®¤�¬¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� −� ¡�§¥ ª®£−¨â¨¢−ëå
¢ëç¨á«¥−¨©. �à¨¬¥à | áã¯¥àª®¬¯ìîâ¥à IBM Watson.

7 Заключение

÷�áá¬®âà¥−ë ®á®¡¥−−®áâ¨ �„“ �‘, å�à�ªâ¥à¨§ãîé¨¥áï ¯®−ïâ¨ï¬¨ úá«®¦-
−�ï á¨áâ¥¬�û, ú¡®«ìè�ï á¨áâ¥¬�û ¨ úâ¥å−®æ¥−®§û. ÷�áá¬®âà¥−ë áãé¥áâ¢ãîé¨¥
−� á¥£®¤−ïè−¨© ¤¥−ì ¯®¤å®¤ë ª ¨−â¥««¥ªâã�«¨§�æ¨¨ â�ª¨å á¨áâ¥¬, ¢ ç�áâ−®áâ¨
¨−â¥««¥ªâã�«ì−�ï �‘ á �ªâ¨¢−®-�¤�¯â¨¢−®© á¥âìî. �à¥¤«®¦¥−� ª®−æ¥¯æ¨ï
Šƒ¨ˆ‘ ¤«ï ¨−â¥««¥ªâã�«¨§�æ¨¨ ¯à¨−ïâ¨ï ®¯¥à�â¨¢−®-¤¨á¯¥âç¥àáª¨å à¥è¥−¨©
¢ �‘. Š®£−¨â¨¢−ë¥ ƒ¨ˆ‘ ¯®§¢®«ïâ ãç¨âë¢�âì ¤¨−�¬¨ç¥áª¨© å�à�ªâ¥à á«®¦−ëå
§�¤�ç ¨ á¨−â¥§¨à®¢�âì −�¤ £¥â¥à®£¥−−ë¬ ¢¨§ã�«ì−ë¬ ¯®«¥¬ à¥«¥¢�−â−ë© −� ¬®-
¬¥−â à¥è¥−¨ï §�¤�ç¨ ¨−â¥£à¨à®¢�−−ë© ¬¥â®¤. �−¨ â�ª¦¥ ¯®§¢®«ïâ ®¯¥à�â®àã
úã¢¨¤¥âìû ¯à¨¡«¨¦¥−−®¥ à¥è¥−¨¥ á«®¦−®© §�¤�ç¨, ª®â®à®¥ ¢¯®á«¥¤áâ¢¨¨ ¬®¦¥â
¡ëâì ®¡®á−®¢�−® ¨ ãâ®ç−¥−® ¬¥â®¤�¬¨ «®£¨ª®-¬�â¥¬�â¨ç¥áª¨å à�ááã¦¤¥−¨©.
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INTELLECTUALIZATION OF OPERATIONAL DISPATCH
CONTROL OF COMPLEX REGIONAL DYNAMIC POWER SYSTEM
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Abstract: The problems of operational dispatch management of regional power
systems are characterized by heterogeneity, partial observability of the control
object, as well as its dynamic nature, which determine the interdependence
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of actions performed and the difficulty of correcting erroneous decisions. The
applied mapping methods are not relevant to the mental image that the operator
is guided by in his(her) activities, prevent him(her) from working and performing
actions in his(her) mind, and contribute to errors in the interpretation of data. As
a result, the creation of information and communication technologies of computer
imitation of cognitive formations is relevant to enhance human intelligence in
operational work, by supplementing the operator's natural abilities to work with
operational technological information, software, and hardware (mechanisms) that
expand human thought processes.

Keywords: cognitive hybrid intelligent systems; operational dispatch manage-
ment; regional dynamic power system

DOI: 10.14357/08696527190205

Acknowledgments

The reported study was partially funded by the Russian Foundation for Basic
Research according to the research project No. 19-07-00208�.

References

1. Basova, T. F., E. I. Borisov, V. V. Bologova, et al. 2004. Ekonomika i upravlenie
energeticheskimi predpriyatiyami [Economics and management of energy enterprises].
Moscow: Akademiya Publs. 432 p.

2. Buslenko, N. P., V. V. Kalashnikov, and N. N. Kovalenko. 1973. Lektsii po teorii
bol'shikh system [Lectures on the theory of large systems]. Moscow: Soviet radio. 439 p.

3. Good, H., and R. Machol. 1957. System engineering. An introduction to the design
of large-scale systems. New York, NY: McGraw-Hill Book Co. 551 p.

4. Gnatyuk, V. I. 2014. Filosofskie osnovaniya tekhnotsenologicheskogo podkhoda [Philo-
sophical foundations of the technocenological approach]. Kaliningrad: Tekhocenoz CIC
Publs. 284 p.

5. Pospelova, T. G. 2012. Effekty primeneniya FACTS i ASM v povyshenii effektivnosti
regional'nykh i natsional'nykh energosistem [Effects of using FACTS and ASM in
increasing the efficiency of regional and national energy systems]. Conference (Inter-
national ) \Energy of Moldova-2012. Regional Aspects of Development." Chisinau.
83{91.

6. Tukhvatullin, M. M., V. S. Ivekeev, I. A. Lozhkin, and F. F. Urmanova. 2015.
Analiz sovremennykh ustroystv FACTS, ispol'zuyemykh dlya povysheniya effektivnosti
funktsionirovaniya elektroenergeticheskikh sistem Rossii [Analysis of modern FACTS
devices, used for increasing the functioning efficiency of Russian electric power systems].
Elektrotekhnicheskie sistemy i kompleksy [Electrotechnical Systems and Complexes]
3(28):41{46.

7. Zelenokhat, N. I. 2013. Intellektualizatsiya EES Rossii: innovatsionnye predlozheniya
[Intellectualizationof the UES of Russia: Innovative proposals]. Moscow: MPEI Publs.
192 p.

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2019 vol 29 no 2 57



A. V. Kolesnikov, S. V. Listopad, and F. G. Maitakov

8. Intellektual'naya energetika [Intelligent power]. Available at: https://www.eriras.ru/
data/788/rus (accessed February 26, 2019).

9. Volkova, I. O. 2016. Dorozhnaya karta intellektual'noy energetiki Rossii v sisteme na-
tsional'nykh proektov, programm i initsiativ: poisk sinergii [The Road Map of in-
tellectual energy in Russia in the system of national projects, programs, and ini-
tiatives: The search for synergy]. Available at: https://ipcrem.hse.ru/data/2016/
04/25/1130065769/äÏËÌÁÄ é.ï.%20÷ÏÌËÏ×Á.pdf (accessed February 26, 2019).

10. Kolesnikov, A. V. 2019. Vizual'nyy sobytiyno-situatsionnyy podkhod informatsionnoy
podgotovki resheniy i operativno-tekhnologicheskogo upravleniya slozhnymi dinami-
cheskimi ob"ektami [Visual event-situational approach of information preparation of
solutions and operational-technologicalmanagement of complex dynamic objects]. Open
Semantic Technologies for Intelligent Systems Conference (International) Proceedings.
Minsk: BGUIR. 139{144.

11. Fominykh, I. B. 2009. Gibridnye intellektual'nye sistemy na osnove temporal'nykh
logicheskikh modeley i inzhenerii obrazov [Hybrid intelligent systems based on tem-
poral logic models and image engineering]. 5th Scientific and Practical Conference
(International) \Integrated Models and Soft Computing in Artificial Intelligence"
Proceedings. Moscow: Fizmatlit. 1:87{96.

12. Danishevskiy, V. I., and A. V. Kolesnikov. 2015. Gibridnaya intellektual'naya sistema
s kognitivnoy komponentoy dlya dispetcherskogo upravleniya regional'noy energosiste-
moy [A hybrid intellectual system with a cognitive component for the dispatching control
of the regional energy system]. 8th Scientific and Practical Conference (Internation-
al) \Integrated Models and Soft Computing in Artificial Intelligence" Proceedings.
Moscow: Fizmatlit. 1:391{399.

13. Averkin, A. N., and S. Ya. Yarushev. 2017. Kognitivnye gibridnye sistemy podderzhki
prinyatiya resheniy i prognozirovaniya [Cognitive hybrid decision support and forecast-
ing systems]. Software & Systems 4:632{642.

14. Ul'yanov, S. V., A. G. Reshetnikov, and A. A. Mamayeva. 2017. Gibridnye kogni-
tivnye nechetkie sistemy upravleniya avtonomnym robotom na osnove neyrointerfeysa
i tekhnologii myagkikh vychisleniy [Hybrid cognitive fuzzy control systems of an au-
tonomous robot based on a neural interface and soft computing technology]. Software
& Systems 3:420{424.

15. Massel, L. V., and V. R. Kuzmin. 2017. Situatsionnoe ischislenie kak razvitie semi-
oticheskogo podkhoda k postroeniyu intellektual'noy sistemy podderzhki prinyatiya
resheniy [Situation calculus as development of semiotic approach to constructing intel-
legent decision-making support system]. Vestnik NSU. Ser. Information Technologies
15(4):43{52.

16. Kulinich, A. A. 2002. Kognitivnaya sistema podderzhki prinyatiya resheniy \KANVA"
[Cognitive decision support system \KANVA"]. Software & Systems 3:25{28.

17. Svyatkina, M. N., and V. B. Tarasov. 2016. Logiko-algebraicheskie metody postroeniya
kognitivnykh sensorov [Logic-algebraic methods for constructing cognitive sensors].
6th Conference (International) \Open Semantic Technologies for Intelligent Systems"
Proceedings. Minsk: BGUIR. 331{348.

Received March 3, 2019

58 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2019 vol 29 no 2



Intellectualization of operational dispatch control of complex regional dynamic power system

Contributors

Kolesnikov Alexander V. (b. 1948) | Doctor of Science in technology; pro-
fessor, Institute of Physical and Mathematical Sciences and Information Tech-
nology, Immanuel Kant Baltic Federal University, 14 A. Nevskogo Str., Kalin-
ingrad 236041, Russian Federation; leading scientist, Kaliningrad Branch of
the Federal Research Center \Computer Science and Control" of the Russian
Academy of Sciences, 5 Gostinaya Str., Kaliningrad 236000, Russian Federation,
avkolesnikov@yandex.ru

Listopad Sergey V. (b. 1984) | Candidate of Science (PhD) in technology; senior
scientist, Kaliningrad Branch of the Federal Research Center \Computer Science
and Control" of the Russian Academy of Sciences, 5 Gostinaya Str., Kaliningrad
236000, Russian Federation; ser-list-post@yandex.ru

Maitakov Fedor G. (b. 1973) | postgraduate student, Institute of Physical
and Mathematical Sciences and Information Technology, Immanuel Kant Baltic
Federal University, 14 A. Nevskogo Str., Kaliningrad 236041, Russian Federation,
maitakov@mail.ru

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2019 vol 29 no 2 59



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2019. ’. 29. ü 2. ‘. 60{70

ИНФОРМАЦИОННЫЕ ТРАНСФОРМАЦИИ
В ПРОЦЕССАХ ОБРАБОТКИ ГЕОДАННЫХ

Д. А. Никишин1

�−−®â�æ¨ï: �−�«¨§¨àãîâáï ¯à®æ¥ááë, å�à�ªâ¥à−ë¥ ¤«ï áä¥àë ®¡à�¡®âª¨
£¥®¤�−−ëå. �â¨ ¯à®æ¥ááë ®¡ê¥¤¨−¥−ë ¢ âà¨ á¯¥æ¨ä¨ç−ë¥ £àã¯¯ë, ¢ áâàãªâãà¥
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1 Введение

–¥«ìî ¤�−−®© à�¡®âë áâ�¢¨«áï �−�«¨§ áâàãªâãàë ¯à®æ¥áá®¢ ¨−ä®à¬�æ¨®−-
−ëå ®â®¡à�¦¥−¨©, å�à�ªâ¥à−ëå ¤«ï áä¥àë ®¡à�¡®âª¨ £¥®¤�−−ëå, ¨ ¯®áâà®¥−¨¥
â¨¯®«®£¨¨ ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨©, ¨¬¥îé¨å ¬¥áâ® ¢ íâ¨å ¯à®æ¥áá�å.
�ªâã�«ì−®áâì íâ®© §�¤�ç¨ ®¯à¥¤¥«ï¥âáï −¥®¡å®¤¨¬®áâìî à�§¢¨â¨ï â¨¯®«®£¨¨ ¨−-
ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨© [1] ¢ ¯�à�¤¨£¬¥ ¯®«¨�¤¨ç¥áª®£® ª®¬¯ìîâ¨−£� [2].

�à¥¤áâ�¢«¥−−ë¥ ¢ à�¡®â¥ ¯à®æ¥ááë ¨−ä®à¬�æ¨®−−®£® ®â®¡à�¦¥−¨ï ®¡ê¥¤¨-
−¥−ë ¢ âà¨ á¯¥æ¨ä¨ç−ë¥ £àã¯¯ë. �� ®á−®¢¥ �−�«¨§� áâàãªâãàë íâ¨å £àã¯¯
¢ë¤¥«¥−ë í«¥¬¥−â�à−ë¥ ¯à¥®¡à�§®¢�−¨ï, ª®â®àë¥ ¬®£ãâ ¡ëâì ®å�à�ªâ¥à¨§®¢�−ë
ª�ª ¨−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨ [3]. ‚ ª®−â¥ªáâ¥ íâ®£® �−�«¨§� à�áá¬®âà¥-
−ë ®á®¡¥−−®áâ¨ â�ª¨å âà�−áä®à¬�æ¨© ¨ ¯à¥¤«®¦¥−� ¤¢ãåãà®¢−¥¢�ï â¨¯®«®£¨ï
®á−®¢−ëå ¢¨¤®¢ ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨©. �à¥¤«®¦¥−−�ï â¨¯®«®£¨ï ¯®-
§¢®«¨â ®¡®¡é¨âì áãé¥áâ¢ãîé¨¥ ¬¥â®¤ë ª®−ªà¥â−®-�¡áâà�ªâ−ëå âà�−áä®à¬�æ¨©
¨ ¨áá«¥¤®¢�âì á¢®©áâ¢® ®¡à�â¨¬®áâ¨ íâ¨å ¯à¥®¡à�§®¢�−¨© ¢ ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬�å [4].

2 Основные модели геоданных и виды отображений

÷�−¥¥ ¢ à�¡®â¥ [5] ¡ë«¨ ¯à¥¤áâ�¢«¥−ë ¤¢� ®á−®¢−ëå ¢¨¤� ¯à®áâà�−áâ¢¥−−ëå
¤�−−ëå: £¥®¨§®¡à�¦¥−¨¥, ¯à¥¤áâ�¢«ïîé¥¥ á®¡®© ª®¬¯®§¨â−ë© ®¡à�§ ¯à¥¤¬¥â−®©

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, dmnikishin@mail.ru
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®¡«�áâ¨ (¬¥áâ−®áâ¨), ¨ £¥®¤�−−ë¥ ¢ ¢¨¤¥ −�¡®à� �¯¯à®ªá¨¬¨àãîé¨å ¬®¤¥«¥©, á®-
®â¢¥âáâ¢ãîé¨å ®â¤¥«ì−ë¬ £¥®®¡ê¥ªâ�¬, ¢ë¤¥«¥−−ë¬ −� ¬¥áâ−®áâ¨. Š £¥®¨§®¡à�-
¦¥−¨ï¬ ¯®¬¨¬® ä®â®£à�ä¨ç¥áª¨å ¨§®¡à�¦¥−¨© (−�¯à¨¬¥à, ª®á¬¨ç¥áª¨© á−¨¬®ª)
¬®£ãâ ¡ëâì ®â−¥á¥−ë â�ª¨¥ ¯à®¤ãªâë, ª�ª æ¨äà®¢ë¥ ¬�âà¨æë à¥«ì¥ä�, ¬�âà¨æë
à�§«¨ç−ëå ª�ç¥áâ¢ ¨ â. ¯. ƒ¥®¤�−−ë¥ ¯à¥¤−�§−�ç¥−ë ¤«ï ®¯¨á�−¨ï ¬¥áâ−®áâ¨
¢ ¢¨¤¥ áâàãªâãà¨à®¢�−−®© á®¢®ªã¯−®áâ¨ æ¥«¥−�¯à�¢«¥−−® ¢ë¤¥«ï¥¬ëå ®â¤¥«ì-
−ëå £¥®®¡ê¥ªâ®¢ á ¨å â¨¯¨ç−ë¬¨ ¯à¨§−�ª�¬¨ ¨ å�à�ªâ¥à−ë¬¨ ®á®¡¥−−®áâï¬¨.
�â®â ª«�áá ¬®¦¥â ¡ëâì ®â®¦¤¥áâ¢«¥− á ª�àâ®© ¢ ¢¥ªâ®à−®¬ ¯à¥¤áâ�¢«¥−¨¨ [6],
áî¤� ¦¥ ¬®¦−® á ®¯à¥¤¥«¥−−®© ¤®«¥© ãá«®¢−®áâ¨ ®â−¥áâ¨ â�ª¨¥ á¯¥æ¨ä¨ç¥áª¨¥
¤�−−ë¥, ª�ª ®¡«�ª� â®ç¥ª, ¯®«ãç�¥¬ë¥ ¯®áà¥¤áâ¢®¬ «�§¥à−®© «®ª�æ¨¨. ��£«ï¤-
−®¥ á®¯®áâ�¢«¥−¨¥ íâ¨å ¬®¤¥«¥© ¯à¥¤áâ�¢«¥−® −� à¨á. 1, £¤¥ ¢ «¥¢®© −¨¦−¥©
ç�áâ¨ ¯®ª�§�−® �íà®ª®á¬¨ç¥áª®¥ ¨§®¡à�¦¥−¨¥, � ¢ ¯à�¢®© ¢¥àå−¥© | à¥§ã«ìâ�â
¢¨§ã�«¨§�æ¨¨ £¥®¤�−−ëå.

Œ®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥ ¢¨¤ë ¨−ä®à¬�æ¨®−−ëå ®â®¡à�¦¥−¨©, ª®â®àë¥
¬®£ãâ ¨¬¥âì ¬¥áâ® ¬¥¦¤ã ¯à¥¤¬¥â−®© ®¡«�áâìî ¨ à�§«¨ç−ë¬¨ ä®à¬�¬¨ ¯à¥¤-

÷¨á. 1 Š®¬¡¨−¨à®¢�−−�ï ª�àâ¨−� �íà®ª®á¬¨ç¥áª®£® £¥®¨§®¡à�¦¥−¨ï ¨ ¢¨§ã�«¨§¨à®-
¢�−−ëå £¥®¤�−−ëå
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÷¨á. 2 ‘âàãªâãà� ®â®¡à�¦¥−¨© ¬¥¦¤ã ¯à¥¤¬¥â−®© ®¡«�áâìî ¨ à�§«¨ç−ë¬¨ ä®à¬�¬¨
¯à¥¤áâ�¢«¥−¨ï £¥®¤�−−ëå

áâ�¢«¥−¨ï £¥®¤�−−ëå: ú¬¥áâ−®áâì ⇒ ¨§®¡à�¦¥−¨¥û, ú¨§®¡à�¦¥−¨¥ ⇒ ¨§®¡à�-
¦¥−¨¥û, ú¨§®¡à�¦¥−¨¥ ⇒ £¥®¤�−−ë¥û, ú¬¥áâ−®áâì ⇒ £¥®¤�−−ë¥û ¨ ú£¥®¤�−-
−ë¥ ⇒ £¥®¤�−−ë¥û. ‘âàãªâãà� íâ¨å ®â®¡à�¦¥−¨© ¯®ª�§�−� −� à¨á. 2, � á�¬¨
®−¨ ¯®¤à®¡−® à�áá¬�âà¨¢�îâáï ¤�«¥¥ ¢ á®áâ�¢¥ âà¥å ®â¤¥«ì−ëå £àã¯¯ ®â®¡à�¦¥-
−¨©.

3 Группа отображений с целью получения изображения

�¥à¢�ï £àã¯¯� ¢ª«îç�¥â ¢ á¥¡ï ¤¢� ¨−ä®à¬�æ¨®−−ëå ®â®¡à�¦¥−¨ï, ª®â®-
àë¥ ¨¬¥îâ æ¥«ìî ¯®«ãç¥−¨¥ ¨§®¡à�¦¥−¨ï: ú¬¥áâ−®áâì ⇒ ¨§®¡à�¦¥−¨¥û (áê¥¬ª�
¬¥áâ−®áâ¨) ¨ ú¨§®¡à�¦¥−¨¥ ⇒ ¨§®¡à�¦¥−¨¥û (âà�−áä®à¬¨à®¢�−¨¥ ¨§®¡à�¦¥−¨©).

�â®¡à�¦¥−¨¥ ú¬¥áâ−®áâì ⇒ ¨§®¡à�¦¥−¨¥û ®áãé¥áâ¢«ï¥âáï ¯®áà¥¤áâ¢®¬ �í-
à®ª®á¬¨ç¥áª®© ¨«¨ −�§¥¬−®© áê¥¬ª¨. �â® ®â®¡à�¦¥−¨¥ ®¡ãá«®¢«¨¢�¥âáï ¨á¯®«ì-
§ã¥¬ë¬¨ á¯®á®¡�¬¨ ¯à®¥æ¨à®¢�−¨ï ¨ ä®à¬¨à®¢�−¨ï �íà®ª®á¬¨ç¥áª®£® ¨§®¡à�-
¦¥−¨ï.
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�à®¥æ¨à®¢�−¨¥ ¨§®¡à�¦¥−¨ï ®áãé¥áâ¢«ï¥âáï à�§«¨ç−ë¬¨ á¯®á®¡�¬¨ ¨ §�-
ª«îç�¥âáï ¢ ¯®áâà®¥−¨¨ ¯à®áâà�−áâ¢¥−−®£® ®¡à�§� ¬¥áâ−®áâ¨ ¢ à�§−ëå ¯à®¥ªæ¨ïå
(æ¥−âà�«ì−�ï, ®àâ®£®−�«ì−�ï ¨ â. ¯.).

”®à¬¨à®¢�−¨¥ ¨§®¡à�¦¥−¨ï §�ª«îç�¥âáï ¢ à¥£¨áâà�æ¨¨ ¯®«ï §−�ç¥−¨© ¨−â¥−-
á¨¢−®áâ¨ í«¥ªâà®¬�£−¨â−®£® ¨§«ãç¥−¨ï ¯à¨¥¬−¨ª®¬ ¨§«ãç¥−¨ï áê¥¬®ç−®© á¨á-
â¥¬ë [7]. �à¨ íâ®¬ ¯à®¨áå®¤¨â ¯à¥®¡à�§®¢�−¨¥ (¤¨áªà¥â¨§�æ¨ï) ¯à®¨§¢®«ì−ëå
§−�ç¥−¨© í−¥à£¨¨ ¨§«ãç¥−¨ï ¢ §−�ç¥−¨ï, ¤®¯ãáâ¨¬ë¥ ä®à¬�«¨§®¢�−−®© ¬®¤¥«ìî
¯à¨¥¬−¨ª� ¨§«ãç¥−¨ï [8].

�á−®¢−ë¥ á¢®©áâ¢� ¯®«ãç�¥¬®£® ¢ à¥§ã«ìâ�â¥ ¨§®¡à�¦¥−¨ï | ¥£® £¥®¬¥âà¨ç¥-
áª®¥, à�¤¨®¬¥âà¨ç¥áª®¥, á¯¥ªâà�«ì−®¥ à�§à¥è¥−¨¥ [7] | ¢ §−�ç¨â¥«ì−®© ¬¥à¥ å�-
à�ªâ¥à¨§ãîâáï ï¢«¥−¨¥¬ ®¯â¨ç¥áª®© £¥−¥à�«¨§�æ¨¨ (�−£«. optical generalization,
¨«¨ remote sensing generalization) [6] | £¥®¬¥âà¨ç¥áª®£® ¨ à�¤¨®¬¥âà¨ç¥áª®£®
(¢ â®¬ ç¨á«¥ á¯¥ªâà�«ì−®£®) ®¡®¡é¥−¨ï ¨§®¡à�¦¥−¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨ −� ¯®-
«ãç�¥¬ëå á−¨¬ª�å. �â® ®¡®¡é¥−¨¥ ¯à®ï¢«ï¥âáï ª�ª −� íâ�¯¥ ¯à®¥æ¨à®¢�−¨ï, â�ª
¨ −� íâ�¯¥ ä®à¬¨à®¢�−¨ï ¨§®¡à�¦¥−¨ï ¨ ®¯à¥¤¥«ï¥âáï ª®¬¯«¥ªá®¬ â¥å−¨ç¥áª¨å
ä�ªâ®à®¢ (¬¥â®¤ ¢ë¯®«−¥−¨ï áê¥¬ª¨, ¥¥ ¢ëá®â�, á¯¥ªâà�«ì−ë© ¤¨�¯�§®− áê¥¬ª¨
¨ ¤à.), � â�ª¦¥ ãá«®¢¨ï¬¨ áê¥¬ª¨ (å�à�ªâ¥à ¬¥áâ−®áâ¨, �â¬®áä¥à−ë¥ ãá«®¢¨ï,
®á¢¥é¥−−®áâì ¨ â. ¯.).

‘â®¨â ®â¬¥â¨âì, çâ® −¥§�¢¨á¨¬® ®â â®£®, ï¢«ï¥âáï «¨ ¯®«ãç�¥¬®¥ ¨§®¡à�-
¦¥−¨¥ �−�«®£®¢ë¬ ¨«¨ æ¨äà®¢ë¬, áãé−®áâì ¥£® ä®à¬¨à®¢�−¨ï ¯à¨−æ¨¯¨�«ì−®
−¥ ¬¥−ï¥âáï ¨ ¯à¥¤áâ�¢«ï¥â á®¡®© ¢¥«¨ç¨−ã ïàª®áâ¨ ¯à¨−¨¬�¥¬®£® ¨§«ãç¥−¨ï
¢ ¯à¥¤¥«�å ¯«®é�¤¨ ª�¦¤®£® í«¥¬¥−â� ¯à¨¥¬−¨ª� ¨§«ãç¥−¨ï (¯¨ªá¥«ï ¨«¨ ä®-
â®í¬ã«ìá¨®−−®£® §¥à−�), � â�ª¦¥ ¤¨ää¥à¥−æ¨�æ¨î íâ®© ïàª®áâ¨ ¢ á®®â¢¥âáâ¢¨¨
á â¨¯®¬ ¨ á¯¥ªâà�«ì−®© çã¢áâ¢¨â¥«ì−®áâìî ¨á¯®«ì§ã¥¬®£® ¯à¨¥¬−¨ª� ¨§«ãç¥−¨ï.

�â®¡à�¦¥−¨¥ ú¨§®¡à�¦¥−¨¥ ⇒ ¨§®¡à�¦¥−¨¥û (âà�−áä®à¬¨à®¢�−¨¥ ¨§®¡à�-
¦¥−¨ï) ¬®¦¥â ¢ë¯®«−ïâìáï ª�ª á æ¥«ìî ¨§¬¥−¥−¨ï ¯à®¥ªæ¨¨ ¨áå®¤−®£® ¨§®¡à�-
¦¥−¨ï1, â�ª ¨ á æ¥«ìî ¥£® £¥−¥à�«¨§�æ¨¨. „�−−®¥ ®â®¡à�¦¥−¨¥ â�ª¦¥ ®¡ãá«®¢«¨-
¢�¥âáï á¯®á®¡�¬¨ ¯à®¥æ¨à®¢�−¨ï (¢ ¤�−−®¬ á«ãç�¥ ¯¥à¥¯à®¥æ¨à®¢�−¨ï ¨áå®¤−®£®
¨§®¡à�¦¥−¨ï) [9] ¨ ä®à¬¨à®¢�−¨ï −®¢®£® ¨§®¡à�¦¥−¨ï.

‚ �−�«®£®¢®© ä®à¬¥ íâ® ®â®¡à�¦¥−¨¥ ¯® á¢®¥¬ã å�à�ªâ¥àã ¯à¥¤áâ�¢«ï¥â
á®¡®© ç�áâ−ë© á«ãç�© ®¯â¨ç¥áª®© £¥−¥à�«¨§�æ¨¨. –¨äà®¢ë¥ ¬¥â®¤ë ®¡à�¡®â-
ª¨ ¯®§¢®«ïîâ ®áãé¥áâ¢«ïâì ¡®«¥¥ á«®¦−ë¥ ¬¥â®¤ë ¯à®¥æ¨à®¢�−¨ï, â�ª¨¥ ª�ª
�ää¨−−ë¥ ¨ ¯à®¥ªâ¨¢−ë¥ ¯à¥®¡à�§®¢�−¨ï, ®àâ®âà�−áä®à¬¨à®¢�−¨¥ (−� ®á−®¢¥
–Œ÷), âà�−áä®à¬¨à®¢�−¨¥ â¨¯� úà¥§¨−®¢ë© «¨áâû ¨ â. ¯. –¨äà®¢®¥ ¯à¥¤-
áâ�¢«¥−¨¥ â�ª¦¥ ¤�¥â ¢®§¬®¦−®áâì ¯à¨¬¥−ïâì à�§«¨ç−ë¥ ¯® á«®¦−®áâ¨ ¬¥â®¤ë
ä®à¬¨à®¢�−¨ï à¥§ã«ìâ¨àãîé¥£® ¨§®¡à�¦¥−¨ï2.

1Š ¤�−−®¬ã ¢¨¤ã ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨© ¬®¦−® ®â−¥áâ¨ ª�ª ç�áâ−ë© á«ãç�© ¨ ¯à®æ¥áá
áª�−¨à®¢�−¨ï (®æ¨äà®¢ë¢�−¨ï) �−�«®£®¢®£® ¨§®¡à�¦¥−¨ï. �−® §�ª«îç�¥âáï ¢ ¯à®¥æ¨à®¢�−¨¨
¤¨ääã§−®© ª�àâ¨−ë ä®â®£à�ä¨ç¥áª®£® ¨«¨ ¯®«¨£à�ä¨ç¥áª®£® ¨§®¡à�¦¥−¨ï −� à¥£ã«ïà−ãî ¬�â-
à¨æã à�áâà�.

2”®à¬¨à®¢�−¨¥ ¢ ¤�−−®¬ á«ãç�¥ §�ª«îç�¥âáï ¢ ¢ëç¨á«¥−¨¨ §−�ç¥−¨ï âà�−áä®à¬¨à®¢�−−®-
£® ¯¨ªá¥«ï, ª®â®à®¥ ¢ë¯®«−ï¥âáï −� ®á−®¢¥ �−�«¨§� á®®â¢¥âáâ¢ãîé¥© ¥¬ã ®¡«�áâ¨ ¨áå®¤−®£®
¨§®¡à�¦¥−¨ï (−�¯à¨¬¥à, ¯à®à¥¦¨¢�−¨¥ ¯¨ªá¥«ì−ëå áâà®ª ¨ áâ®«¡æ®¢ ¨§®¡à�¦¥−¨ï ¬¥â®¤®¬ ú¡«¨-
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�ã¦−® ®â¬¥â¨âì, çâ® −¥§�¢¨á¨¬® ®â ª®−ªà¥â−®© æ¥«¨ (¯¥à¥¯à®¥æ¨à®¢�−¨ï
¨«¨ £¥−¥à�«¨§�æ¨¨) âà�−áä®à¬¨à®¢�−¨¥ ¢ ®¡é¥¬ á«ãç�¥ á®¯àï¦¥−® á ¯®¢â®à-
−ë¬ ¯à®¥æ¨à®¢�−¨¥¬, ¢«¥ªãé¨¬ §� á®¡®© ®¯à¥¤¥«¥−−ë¥ à�§«¨ç¨ï «®ª�«ì−ëå
¬�áèâ�¡®¢ ®â¤¥«ì−ëå ç�áâ¥© ¯à®¥æ¨àã¥¬®£® ¨§®¡à�¦¥−¨ï. ‚á«¥¤áâ¢¨¥ íâ®£®
−� íâ�¯¥ ä®à¬¨à®¢�−¨ï à¥§ã«ìâ¨àãîé¥£® ¨§®¡à�¦¥−¨ï (¯à¨ ¥£® ¤¨áªà¥â¨§�-
æ¨¨) ¢®§−¨ª�îâ ¨§¬¥−¥−¨ï ¤¥â�«ì−®áâ¨ ¨§®¡à�¦¥−¨ï ¯® ¯®«î ¨§®¡à�¦¥−¨ï: −�
®¤−¨å ãç�áâª�å ®−¨ ¡ã¤ãâ −®á¨âì å�à�ªâ¥à £¥−¥à�«¨§�æ¨¨, � −� ¤àã£¨å ¡ã¤¥â
¯à®ï¢«ïâìáï ®¡à�â−ë© íää¥ªâ, −® −¥ ¯à¨¢®¤ïé¨© ª ã¢¥«¨ç¥−¨î ¤¥â�«ì−®áâ¨
(úà�§£®−û ¨§®¡à�¦¥−¨ï). Šà®¬¥ â®£®, ¯à¨áãâáâ¢ã¥â íää¥ªâ ®â®¡à�¦¥−¨ï ¤¨á-
ªà¥â−ëå í«¥¬¥−â®¢ ¨áå®¤−®£® ¨§®¡à�¦¥−¨ï (¥£® ¯¨ªá¥«¥©/§¥à−�) −� �−�«®£¨ç−ë¥
í«¥¬¥−âë à¥§ã«ìâ¨àãîé¥£® ¨§®¡à�¦¥−¨ï. ‚á¥ íâ® ®¡ãá«®¢«¨¢�¥â â®â ä�ªâ, çâ®
«î¡®¥ âà�−áä®à¬¨à®¢�−¨¥ ¢ ®¡é¥¬ á«ãç�¥ ãåã¤è�¥â ¨−ä®à¬�â¨¢−ë¥ ¨ ¨§®¡à�-
§¨â¥«ì−ë¥ á¢®©áâ¢�, � ¢ −¥ª®â®àëå á«ãç�ïå ¬®¦¥â ¯à¨¢®¤¨âì ¤�¦¥ ª ãâà�â¥
áãé¥áâ¢¥−−ëå ¤¥â�«¥© ¨§®¡à�¦¥−¨ï.

�®¤¢®¤ï ¨â®£, ¬®¦−® ®â¬¥â¨âì, çâ® ¢ áâàãªâãà¥ ®¡®¨å à�áá¬®âà¥−−ëå ®â®¡-
à�¦¥−¨© ¬®¦−® ¢ë¤¥«¨âì áå®¦¨© −�¡®à ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨©: ¯à®-
¥æ¨à®¢�−¨¥ ¨§®¡à�¦¥−¨ï ¨ ¥£® ä®à¬¨à®¢�−¨¥.

‚�¦−® ®â¬¥â¨âì, çâ® ¢ ®¡®¨å á«ãç�ïå ¯à¨áãâáâ¢ã¥â ï¢«¥−¨¥, −®áïé¥¥ å�à�ªâ¥à
®¯â¨ç¥áª®© £¥−¥à�«¨§�æ¨¨, ª®â®à®¥ −¥à�§àë¢−® á¢ï§�−® á ¬¥â®¤�¬¨ ¯à®¥æ¨à®¢�-
−¨ï ¨ ä®à¬¨à®¢�−¨ï ¨§®¡à�¦¥−¨ï.

’�ª¦¥ −�¤® ®â¬¥â¨âì, çâ®, ¢ ®â«¨ç¨¥ ®â £àã¯¯ ®â®¡à�¦¥−¨©, à�áá¬�âà¨¢�-
¥¬ëå ¤�«¥¥, ¢ ¤�−−®© £àã¯¯¥ ¨−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨ ¯à®¥æ¨à®¢�−¨ï,
ä®à¬¨à®¢�−¨ï ¨ £¥−¥à�«¨§�æ¨¨ ¢ëáâã¯�îâ ¢ ª�ç¥áâ¢¥ ä�ªâ®à®¢ ä®à¬¨à®¢�−¨ï
¨§®¡à�¦¥−¨ï ¨ ¨å ¢ë¤¥«¥−¨¥ ¢ ®â¤¥«ì−ë¥ ¯à®æ¥ááë −¥æ¥«¥á®®¡à�§−®.

4 Группа отображений с целью получения геоданных

‚â®à�ï £àã¯¯� ¢ª«îç�¥â ¢ á¥¡ï ¨−ä®à¬�æ¨®−−ë¥ ®â®¡à�¦¥−¨ï ¬¥áâ−®áâ¨ ¨«¨
¥¥ ¨§®¡à�¦¥−¨ï á æ¥«ìî ¯®«ãç¥−¨ï áâàãªâãà¨à®¢�−−®© ¬®¤¥«¨ ¢ ¢¨¤¥ ®â¤¥«ì−ëå
£¥®®¡ê¥ªâ®¢ (£¥®¤�−−ëå), ¯à¥¤áâ�¢«¥−−ëå ¢ à�¬ª�å ®¯à¥¤¥«¥−−®© £¥®®−â®«®£¨¨.
Š â�ª¨¬ ®â®¡à�¦¥−¨ï¬ ®â−®áïâáï: ú¨§®¡à�¦¥−¨¥ ⇒ £¥®¤�−−ë¥û (¢¥ªâ®à¨§�æ¨ï
£¥®¨§®¡à�¦¥−¨ï) ¨ ú¬¥áâ−®áâì ⇒ £¥®¤�−−ë¥û (−�§¥¬−�ï áê¥¬ª� ¬¥áâ−®áâ¨).

�â®¡à�¦¥−¨ï ¤�−−®© £àã¯¯ë â�ª¦¥ ¢ª«îç�îâ àï¤ −®¢ëå ¨−ä®à¬�æ¨®−−ëå
âà�−áä®à¬�æ¨©, á¢®©áâ¢¥−−ëå â®«ìª® íâ®© £àã¯¯¥:

{ ¤¥ª®¬¯®§¨æ¨ï | ¢ë¤¥«¥−¨¥ ¨§ ¯à¥¤¬¥â−®© ®¡«�áâ¨ (¬¥áâ−®áâ¨ ¨«¨ ¥¥ ¨§®¡à�-
¦¥−¨ï) ®â¤¥«ì−ëå í«¥¬¥−â®¢: ®¡ê¥ªâ®¢ ¬¥áâ−®áâ¨ ¨«¨ í«¥¬¥−â®¢ ¨§®¡à�¦¥−¨ï
(−� æ¨äà®¢®¬ ¨§®¡à�¦¥−¨¨ | ¢ ¢¨¤¥ £àã¯¯ ¯¨ªá¥«¥©);

{ ª«�áá¨ä¨ª�æ¨ï | �−�«¨§ ¢ë¤¥«¥−−ëå −� ¯à¥¤ë¤ãé¥¬ íâ�¯¥ í«¥¬¥−â®¢ (£¥®-
®¡ê¥ªâ®¢) ¨ ¨å ®â−¥á¥−¨¥ ª â®¬ã ¨«¨ ¨−®¬ã ª«�ááã (ä®à¬�«ì−®© â¨¯®¢®©
¬®¤¥«¨) ¢ á®áâ�¢¥ −¥ª®â®à®© £¥®®−â®«®£¨¨ [8];

¦�©è¥£® á®á¥¤�û «¨¡® ¡¨«¨−¥©−�ï ¨−â¥à¯®«ïæ¨ï), � â�ª¦¥ ¬®¦¥â §�âà�£¨¢�âì ®ªà¥áâ−®áâ¨ íâ®©
®¡«�áâ¨ (¡¨ªã¡¨ç¥áª�ï ¨−â¥à¯®«ïæ¨ï).
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ˆ−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨ ¢ ¯à®æ¥áá�å ®¡à�¡®âª¨ £¥®¤�−−ëå

{ £¥−¥à�«¨§�æ¨ï | æ¥«¥−�¯à�¢«¥−−ë© ®â¡®à ¨§ ¯®«ãç¥−−®£® −�¡®à� ª«�áá¨-
ä¨æ¨à®¢�−−ëå £¥®®¡ê¥ªâ®¢ â¥å, ª®â®àë¥ ¯à¥¤áâ�¢«ïîâ ¨−â¥à¥á ¢ ª®−â¥ªáâ¥
®¯à¥¤¥«¥−−®© æ¥«¨ á®§¤�−¨ï (á¡®à�) íâ¨å £¥®¤�−−ëå. �â� æ¥«ì ®¯à¥¤¥«ï¥â
â®â ¨«¨ ¨−®© ãà®¢¥−ì £¥−¥à�«¨§�æ¨¨ /̈̈ «¨ ¢�à¨�−â â¥¬�â¨ç¥áª®© ®à¨¥−â�æ¨¨
£¥®¤�−−ëå.

‡¤¥áì −ã¦−® ®â¬¥â¨âì ®â«¨ç¨ï â�ª®£® ¢¨¤� £¥−¥à�«¨§�æ¨¨ ®â ®¯â¨ç¥áª®© £¥−¥-
à�«¨§�æ¨¨. ‚®-¯¥à¢ëå, £¥−¥à�«¨§�æ¨ï ¢ ¤�−−®¬ á«ãç�¥ −®á¨â ª�ç¥áâ¢¥−−® ¨−®©
å�à�ªâ¥à ¨ ¯à¥¤áâ�¢«ï¥â á®¡®© ã¦¥ −¥ ¬¥å�−¨ç¥áª®¥ ®¡®¡é¥−¨¥, � ¨§¡¨à�â¥«ì−®¥
¢ë¤¥«¥−¨¥ ¨§ ¨áå®¤−®£® ¬−®¦¥áâ¢� ª�ª ®¡é¥£®, ®¯à¥¤¥«ïîé¥£®, â�ª ¨ á¯¥æ¨ä¨ç-
−®£®, −® ¢�¦−®£® ¢ ª®−â¥ªáâ¥ æ¥«¨ á®§¤�−¨ï £¥®¤�−−ëå [10]. ‚®-¢â®àëå, íâ®â ¢¨¤
£¥−¥à�«¨§�æ¨¨ ¢ëáâã¯�¥â ã¦¥ ¢ ª�ç¥áâ¢¥ á�¬®áâ®ïâ¥«ì−®©, ï¢−® íªá¯«¨æ¨àã¥¬®©
¨−ä®à¬�æ¨®−−®© âà�−áä®à¬�æ¨¨. �®áª®«ìªã £¥−¥à�«¨§�æ¨ï §¤¥áì ¯à¥¤áâ�¢«ï¥â
á®¡®© ®á®¡ë© ¢¨¤ ¨−ä®à¬�æ¨®−−®© âà�−áä®à¬�æ¨¨, ¥¥ ¯à¥¤«�£�¥âáï ¨¬¥−®¢�âì
¯¥à¢¨ç−®© £¥−¥à�«¨§�æ¨¥©.

‚ áâàãªâãà¥ ®â®¡à�¦¥−¨© ¤�−−®© £àã¯¯ë â�ª¦¥ ¯à¨áãâáâ¢ãîâ ¨−ä®à¬�æ¨®−-
−ë¥ âà�−áä®à¬�æ¨¨ ¯à®¥æ¨à®¢�−¨ï ¨ ä®à¬¨à®¢�−¨ï, −®, ¢ ®â«¨ç¨¥ ®â ®â®¡à�¦¥-
−¨© à�áá¬®âà¥−−®© ¢ëè¥ £àã¯¯ë, §¤¥áì íâ¨ âà�−áä®à¬�æ¨¨ −®áïâ å�à�ªâ¥à ï¢−®
íªá¯«¨æ¨àã¥¬ëå ¯à®æ¥áá®¢.

�à®æ¥áá ä®à¬¨à®¢�−¨ï §¤¥áì â�ª¦¥ ¨¬¥¥â áãé¥áâ¢¥−−ë¥ ®â«¨ç¨ï ¯® áà�¢−¥-
−¨î á ä®à¬¨à®¢�−¨¥¬ ¨§®¡à�¦¥−¨ï. ”®à¬¨à®¢�−¨¥ ¬¥âà¨ª¨ §�ª«îç�¥âáï ¢ �¯-
¯à®ªá¨¬�æ¨¨ £àã¯¯ ¯¨ªá¥«¥© ¨«¨ ®¯¨á�−¨¨ í«¥¬¥−â®¢ ¬¥áâ−®áâ¨ á®®â¢¥âáâ¢ãîé¨-
¬¨ ¢¥ªâ®à−ë¬¨ ¬®¤¥«ï¬¨. ‘¥¬�−â¨ç¥áª¨¥ á¢®©áâ¢� £¥®®¡ê¥ªâ®¢ ä®à¬�«¨§ãîâáï
¯®áà¥¤áâ¢®¬ ¨á¯®«ì§ã¥¬®© £¥®®−â®«®£¨¨ á á®®â¢¥âáâ¢ãîé¥© ¤¨ää¥à¥−æ¨�æ¨¥©
§−�ç¥−¨© íâ¨å á¢®©áâ¢.

’�ª¦¥ −ã¦−® ®â¬¥â¨âì ¢�¦−ãî ®á®¡¥−−®áâì ¢á¥å ¨−ä®à¬�æ¨®−−ëå âà�−á-
ä®à¬�æ¨©, ¢å®¤ïé¨å ¢ á®áâ�¢ ®â®¡à�¦¥−¨© ¤�−−®© £àã¯¯ë, | ¢ ®â«¨ç¨¥ ®â
¯à¥¤ë¤ãé¥© £àã¯¯ë, §¤¥áì ®−¨ −®áïâ å�à�ªâ¥à −¥ ¬¥â®¤®«®£¨©, � á�¬®áâ®ïâ¥«ì-
−ëå ¯à®æ¥áá®¢. �à¨ íâ®¬, ¢ ®â«¨ç¨¥ ®â ¬¥â®¤®¢ ä®à¬¨à®¢�−¨ï ¨§®¡à�¦¥−¨ï,
§¤¥áì ¯®«−®æ¥−−® §�¤¥©áâ¢®¢�− á¥¬�−â¨ç¥áª¨© �á¯¥ªâ £¥®¤�−−ëå.

‚ á®¢®ªã¯−®áâ¨ ¢á¥ íâ¨ ¨−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨ ¬®£ãâ à�áá¬�âà¨-
¢�âìáï ª�ª ª®¬¯«¥ªá−ë© ¯à®æ¥áá á¡®à� £¥®¤�−−ëå. �à¨¬¥−¨â¥«ì−® ª �íà®-
ª®á¬¨ç¥áª¨¬ ¨§®¡à�¦¥−¨ï¬ íâ¨ ¯à®æ¥ááë âà�¤¨æ¨®−−® ®¡ê¥¤¨−ïîâáï ¢ ¢¨¤¥
ª®¬¯«¥ªá−®£® ¯à®æ¥áá� ¤¥è¨äà¨à®¢�−¨ï ¨ ¢¥ªâ®à¨§�æ¨¨ [11].

�â®¡à�¦¥−¨¥ ú¨§®¡à�¦¥−¨¥ ⇒ £¥®¤�−−ë¥û ¨á¯®«ì§ã¥â ¢ ª�ç¥áâ¢¥ ¨áå®¤−ëå
¤�−−ëå ¨¬¥îé¥¥áï (¯®«ãç¥−−®¥ à�−¥¥) ¨§®¡à�¦¥−¨¥ ¬¥áâ−®áâ¨ ¨ −� ¥£® ®á−®¢¥
¯®áà¥¤áâ¢®¬ ¯à®æ¥áá®¢ ¤¥è¨äà¨à®¢�−¨ï ¨ ¢¥ªâ®à¨§�æ¨¨ ä®à¬¨àã¥â ¢ëå®¤−®©
−�¡®à £¥®¤�−−ëå.

‚ ¯à�ªâ¨ª¥ ¯®«ãç¥−¨ï £¥®¤�−−ëå ¯® ¨§®¡à�¦¥−¨ï¬ ¯à®æ¥ááë ¤¥è¨äà¨à®¢�-
−¨ï ¨ ¢¥ªâ®à¨§�æ¨¨ £¥®®¡ê¥ªâ®¢ áâ�−®¢ïâáï ®¤−¨¬¨ ¨§ ®á−®¢−ëå úª�¬−¥© ¯à¥âª-
−®¢¥−¨ïû −� ¯ãâ¨ ª �¢â®¬�â¨§�æ¨¨ íâ®£® á¯®á®¡� ¯®«ãç¥−¨ï ¤�−−ëå ® ¬¥áâ−®áâ¨.
�¡ãá«®¢«¥−® íâ® á«®¦−®áâìî ä®à¬�«¨§®¢�−−®£® ®¯¨á�−¨ï ¯¥à¥ç¨á«¥−−ëå ¢ëè¥
¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨© ¤�¦¥ ¤«ï ç�áâ−ëå á«ãç�¥¢, −�¯à¨¬¥à ®¤¨−�-
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ª®¢ëå ãá«®¢¨© áê¥¬ª¨, å�à�ªâ¥à� ¬¥áâ−®áâ¨ ¨ ¯¥à¥ç−ï ¨−â¥à¥áãîé¨å ®¡ê¥ªâ®¢,
çâ® ¤¥«�¥â ¨å ¢® ¬−®£®¬ áã¡ê¥ªâ¨¢−ë¬¨.

�â®¡à�¦¥−¨¥ ú¬¥áâ−®áâì ⇒ £¥®¤�−−ë¥û ¯® á¢®¥© §�¤�ç¥ �−�«®£¨ç−®
¯à¥¤ë¤ãé¥¬ã ¨ ¯à¥¤áâ�¢«ï¥â á®¡®© −¥¯®áà¥¤áâ¢¥−−ë© á¡®à £¥®¤�−−ëå −� ¬¥áâ-
−®áâ¨. �â®â ¯à®æ¥áá ¬®¦−® à�áá¬�âà¨¢�âì ª�ª �−�«®£ ¯à®æ¥áá®¢ ¤¥è¨äà¨à®¢�−¨ï
¨ ¢¥ªâ®à¨§�æ¨¨, ¨, ª�ª ¨ íâ¨ ¯à®æ¥ááë, ¯à®æ¥áá á¡®à� ¤�−−ëå â�ª¦¥ −®á¨â áã¡ê-
¥ªâ¨¢−ë© å�à�ªâ¥à.

‚ á¢ï§¨ á ¢ëá®ª®© áâ®¨¬®áâìî ¨ −¨§ª®© ¯à®¨§¢®¤¨â¥«ì−®áâìî ¯®«¥¢ëå à�¡®â
¯® áà�¢−¥−¨î á �íà®ª®á¬¨ç¥áª¨¬¨ ¬¥â®¤�¬¨ â�ª®© ¢¨¤ ®â®¡à�¦¥−¨ï ¯à¨¬¥−ï¥âáï
®£à�−¨ç¥−−®, ¢ ª�ç¥áâ¢¥ ¤®¯®«−ïîé¥£®, −® â¥¬ −¥ ¬¥−¥¥ ¯®«−®áâìî ®âª�§�âìáï
®â −¥£® −¥¢®§¬®¦−®, ¯®áª®«ìªã −¨ª�ª®© ¯®«−®æ¥−−ë© −�¡®à £¥®¤�−−ëå −¥ ¬®¦¥â
¡ëâì ¯®«ãç¥− ç¨áâ® ¤¨áâ�−æ¨®−−ë¬¨ ¬¥â®¤�¬¨ ¨, ª�ª ¯à�¢¨«®, âà¥¡ã¥âáï ¯®«¥¢®¥
¤®®¡á«¥¤®¢�−¨¥ ¬¥áâ−®áâ¨.

5 Группа отображений с целью изменения свойств существующего
набора геоданных

’à¥âìï £àã¯¯� ¢ª«îç�¥â ¢ á¥¡ï â®«ìª® ®¤−® ®â®¡à�¦¥−¨¥ ú£¥®¤�−−ë¥ ⇒ £¥®-
¤�−−ë¥û, ª®â®à®¥ §�ª«îç�¥âáï ¢ æ¥«¥−�¯à�¢«¥−−®¬ ª�ç¥áâ¢¥−−®¬ /̈̈ «¨ ª®«¨-
ç¥áâ¢¥−−®¬ ¯à¥®¡à�§®¢�−¨¨ áãé¥áâ¢ãîé¥£® −�¡®à� £¥®¤�−−ëå ¢ −®¢ë© −�¡®à.
�¤−®© ¨§ ¥£® æ¥«¥© ¬®¦¥â ¡ëâì ®¡®¡é¥−¨¥ −�¡®à� £¥®¤�−−ëå, ¤àã£®© | ¨§¬¥−¥-
−¨¥ á®¤¥à¦�−¨ï −�¡®à� ¤�−−ëå, −�¯à¨¬¥à ¥£® â¥¬�â¨ç¥áª®© −�¯à�¢«¥−−®áâ¨, â. ¥.
¥£® á¯¥æ¨�«¨§�æ¨ï. �¡¥ æ¥«¨ −¥§�¢¨á¨¬ë ¤àã£ ®â ¤àã£� ¨ ¬®£ãâ ¯à¥á«¥¤®¢�âìáï
®¤−®¢à¥¬¥−−®.

ˆ−ä®à¬�æ¨®−−®¥ ®â®¡à�¦¥−¨¥ á æ¥«ìî ®¡®¡é¥−¨ï ¯à¥¤áâ�¢«ï¥â á®¡®© â�ª
−�§ë¢�¥¬®¥ úã§ª®¥û ¯®−¨¬�−¨¥ £¥−¥à�«¨§�æ¨¨, ª®â®à®¥ ä¨£ãà¨àã¥â ¢ á®®â¢¥â-
áâ¢ãîé¥© «¨â¥à�âãà¥, | ª�àâ®£à�ä¨ç¥áªãî £¥−¥à�«¨§�æ¨î (�−£«. cartographic
generalization) [7, 12{14]. �â®â ¢¨¤ £¥−¥à�«¨§�æ¨¨ ®â«¨ç¥− ®â à�áá¬®âà¥−−ëå
¢ëè¥ âà�−áä®à¬�æ¨© ®¯â¨ç¥áª®© ¨ ¯¥à¢¨ç−®© £¥−¥à�«¨§�æ¨¨.

—�áâ−®© æ¥«ìî, ª®â®à�ï −¥ ¢ë§ë¢�¥â ª®«¨ç¥áâ¢¥−−ëå/ª�ç¥áâ¢¥−−ëå ¨§-
¬¥−¥−¨© ¢ −�¡®à¥ ¤�−−ëå, ï¢«ï¥âáï âà�−áä®à¬¨à®¢�−¨¥ £¥®¤�−−ëå, §�ª«îç�-
îé¥¥áï ¢ ¯à¥®¡à�§®¢�−¨¨ ¨å ¬¥âà¨ª¨ ¢ ¤àã£ãî ¯à®¥ªæ¨î ¨«¨ ¯¥à¥ª®¤¨à®-
¢�−¨¨ ¨å á¥¬�−â¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª ¢ �«ìâ¥à−�â¨¢−ãî ª«�áá¨ä¨ª�æ¨®−−ãî
áå¥¬ã.

Œ®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥ á¯¥æ¨ä¨ç−ë¥ ¤«ï ¤�−−®© £àã¯¯ë ¨−ä®à¬�-
æ¨®−−ë¥ âà�−áä®à¬�æ¨¨, ª®â®àë¥ ¯à¨¬¥−¨¬ë ¢ ª®−â¥ªáâ¥ â®© ¨«¨ ¨−®© æ¥«¨
®â®¡à�¦¥−¨ï: �−�«¨§ ®¡ê¥ªâ®¢ £¥®¤�−−ëå ¯® ®â¤¥«ì−®áâ¨ ¨ ¢ ¨å á®¢®ªã¯−®áâ¨, ¨å
ä¨«ìâà�æ¨î ¨, ¢®§¬®¦−®, ¨å ®¡®¡é¥−¨¥ (¯à¨ −�«¨ç¨¨ æ¥«¨ £¥−¥à�«¨§�æ¨¨) [10].
�â¨ âà�−áä®à¬�æ¨¨ ¢ á®¢®ªã¯−®áâ¨ á ¢®§¬®¦−ë¬ ¯¥à¥¯à®¥æ¨à®¢�−¨¥¬ ¨ ¯¥-
à¥ä®à¬¨à®¢�−¨¥¬ −�¡®à� ¤�−−ëå á®áâ�¢«ïîâ ¯à®æ¥áá, ª®â®àë© ¢ §�¢¨á¨¬®áâ¨
®â æ¥«¨ ¬®¦−® ®¡®§−�ç¨âì ª�ª á¯¥æ¨�«¨§�æ¨î /̈̈ «¨ £¥−¥à�«¨§�æ¨î −�¡®à�
£¥®¤�−−ëå.
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ˆ−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨ ¢ ¯à®æ¥áá�å ®¡à�¡®âª¨ £¥®¤�−−ëå

÷�áá¬�âà¨¢�ï ¤�−−®¥ ®â®¡à�¦¥−¨¥ ª�ª £àã¯¯ã, ¬®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥
å�à�ªâ¥à−ë¥ ®á®¡¥−−®áâ¨:

(1) â®«ìª® íâ® ®â®¡à�¦¥−¨¥ ¯à¥¤®áâ�¢«ï¥â ¯®â¥−æ¨�«ì−ãî ¢®§¬®¦−®áâì ®¡¥á¯¥-
ç¨âì ¥£® ®¡à�â¨¬®áâì. �â® áâ�−®¢¨âáï ¢®§¬®¦−ë¬ ¡«�£®¤�àï ä®à¬�«¨§®¢�−-
−®¬ã ¯à¥¤áâ�¢«¥−¨î ¤�−−ëå ¢ ¢¨¤¥ £¥®®¡ê¥ªâ®¢, ¯®«ãç�¥¬®¬ã ¢ à¥§ã«ìâ�â¥
®â®¡à�¦¥−¨© ¯à¥¤ë¤ãé¥© £àã¯¯ë;

(2) íâ®â ¢¨¤ ®â®¡à�¦¥−¨ï å�à�ªâ¥à¨§ã¥âáï ¡®«ìè¥© ¬¥â®¤®«®£¨ç¥áª®© ®¤−®§−�ç-
−®áâìî, å®âï ¨ §¤¥áì ¢ëá®ª� ¤®«ï áã¡ê¥ªâ¨¢¨§¬�, ®¯à¥¤¥«ï¥¬�ï á¢®©áâ¢�¬¨
ª®−ªà¥â−®£® −�¡®à� ¤�−−ëå ¨ æ¥«ï¬¨ ¥£® ¯à¥®¡à�§®¢�−¨ï. ’¥¬ −¥ ¬¥−¥¥ íâ®
®â®¡à�¦¥−¨¥ ¢ −�¨¡®«ìè¥© áâ¥¯¥−¨ ¢®§¬®¦−® �¢â®¬�â¨§¨à®¢�âì, −�¯à¨¬¥à
¢ ¢¨¤¥ â¥å−®«®£¨¨ �¢â®¬�â¨§¨à®¢�−−®© £¥−¥à�«¨§�æ¨¨ ¬�áèâ�¡−®£® àï¤�
í«¥ªâà®−−ëå ª�àâ [15,16].

6 Заключение

�®¤¢®¤ï ¨â®£ áª�§�−−®¬ã, ¬®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥ £àã¯¯ë ¨−ä®à¬�æ¨-
®−−ëå ®â®¡à�¦¥−¨©, å�à�ªâ¥à−ëå ¤«ï áä¥àë ®¡à�¡®âª¨ £¥®¤�−−ëå.

1. �â®¡à�¦¥−¨ï á æ¥«ìî ¯®«ãç¥−¨ï ¨§®¡à�¦¥−¨ï ¢ª«îç�îâ áå®¦¨© −�¡®à
¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨©: ¯à®¥æ¨à®¢�−¨¥ ¨§®¡à�¦¥−¨ï ¨ ¥£® ä®à-
¬¨à®¢�−¨¥. ˆ−ä®à¬�æ¨®−−ë¥ ®â®¡à�¦¥−¨ï íâ®© £àã¯¯ë á®¯à®¢®¦¤�îâáï
ï¢«¥−¨¥¬ ®¯â¨ç¥áª®© £¥−¥à�«¨§�æ¨¨, ª®â®à�ï −¥ ¬®¦¥â ¡ëâì ï¢−® íªá¯«¨æ¨-
à®¢�−� ¢ áâàãªâãà¥ íâ¨å ®â®¡à�¦¥−¨©.

2. �â®¡à�¦¥−¨¥ á æ¥«ìî ¯®«ãç¥−¨ï ®¯¨á�−¨ï ¬¥áâ−®áâ¨ ¢ ¢¨¤¥ −�¡®à� £¥®¤�−-
−ëå (á¡®à £¥®¤�−−ëå) ¤®¯®«−¨â¥«ì−® ¢ª«îç�¥â á«¥¤ãîé¨¥ ¨−ä®à¬�æ¨®−−ë¥
âà�−áä®à¬�æ¨¨: ¤¥ª®¬¯®§¨æ¨î, ª«�áá¨ä¨ª�æ¨î ¨ ¯¥à¢¨ç−ãî £¥−¥à�«¨§�-
æ¨î. ‚ ®â«¨ç¨¥ ®â ¯à¥¤ë¤ãé¥© £àã¯¯ë ®â®¡à�¦¥−¨©, §¤¥áì ¨−ä®à¬�æ¨®−−ë¥
âà�−áä®à¬�æ¨¨ −®áïâ å�à�ªâ¥à ã¦¥ −¥ ¬¥â®¤®«®£¨©, � á�¬®áâ®ïâ¥«ì−ëå ¯à®-
æ¥áá®¢.

3. �â®¡à�¦¥−¨¥ á æ¥«ìî ®¡®¡é¥−¨ï, á®¤¥à¦�â¥«ì−®© ¯¥à¥à�¡®âª¨ ¨«¨ âà�−á-
ä®à¬¨à®¢�−¨ï áãé¥áâ¢ãîé¥£® −�¡®à� £¥®¤�−−ëå ¢ª«îç�¥â á¯¥æ¨ä¨ç¥áª¨¥
¨−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨ �−�«¨§� ®â¤¥«ì−ëå ¨−ä®à¬�æ¨®−−ëå ®¡ê-
¥ªâ®¢ £¥®¤�−−ëå ¨ ¨å á®¢®ªã¯−®áâ¥©, ¨å ä¨«ìâà�æ¨¨ ¨, ¢®§¬®¦−®, ¨å ®¡®¡-
é¥−¨ï (¯à¨ −�«¨ç¨¨ æ¥«¨ £¥−¥à�«¨§�æ¨¨). —�áâ−ë¬ á«ãç�¥¬ â�ª®£® ¨−ä®à-
¬�æ¨®−−®£® ®â®¡à�¦¥−¨ï á æ¥«ìî ®¡®¡é¥−¨ï ¢ëáâã¯�¥â ª�àâ®£à�ä¨ç¥áª�ï
£¥−¥à�«¨§�æ¨ï. ‚�¦−®© ®á®¡¥−−®áâìî íâ®£® ¢¨¤� ®â®¡à�¦¥−¨ï, ¡«�£®¤�-
àï ä®à¬�«¨§®¢�−−®¬ã ¯à¥¤áâ�¢«¥−¨î £¥®¤�−−ëå, ï¢«ï¥âáï ¯®â¥−æ¨�«ì−�ï
¢®§¬®¦−®áâì ¥£® ®¡à�â¨¬®áâ¨.

�â−®á¨â¥«ì−® £¥−¥à�«¨§�æ¨¨ ¬®¦−® ®â¬¥â¨âì, çâ® ®−� ¢ëáâã¯�¥â ¢ ª�ç¥áâ¢¥
¯®¯ãâ−®© ¨−ä®à¬�æ¨®−−®© âà�−áä®à¬�æ¨¨ ¢® ¢á¥å £àã¯¯�å ®â®¡à�¦¥−¨©, ®¤−�ª®
¢ ª�¦¤®© £àã¯¯¥ ®−� ¯à®ï¢«ï¥âáï ¢ ª�ç¥áâ¢¥ á¯¥æ¨ä¨ç¥áª®© âà�−áä®à¬�æ¨¨
(®¯â¨ç¥áª�ï, ¯¥à¢¨ç−�ï ¨ ª�àâ®£à�ä¨ç¥áª�ï £¥−¥à�«¨§�æ¨ï).
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�à¥¤áâ�¢«¥−−�ï ¤¢ãåãà®¢−¥¢�ï áâàãªâãà� (ãà®¢¥−ì £àã¯¯ ®â®¡à�¦¥−¨© ¨ ãà®-
¢¥−ì ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨©) ¬®¦¥â ¡ëâì ®å�à�ªâ¥à¨§®¢�−� ª�ª â¨¯®-
«®£¨ï ®á−®¢−ëå ¢¨¤®¢ ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨© ¢ ¯à®æ¥áá�å ®¡à�¡®âª¨
£¥®¤�−−ëå.
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Abstract: The paper analyzes the processes typical for the sphere of geodata
processing. These processes are grouped into three specific groups, in the
structure of which elementary information transformations are identified and
their features are considered. On this basis, a two-level typology of the main
types of information transformations is proposed, which is aimed at generalizing
the existing methods of concrete-abstract transformations and studying the
reversibility properties of these maps in information systems.
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МЕТОД РАСЧЕТА КАРТЫ ГЛУБИН
НА ОСНОВЕ МЯГКИХ ОПЕРАТОРОВ∗

М. В. Бобырь1, А. Е. Архипов2, Н. А. Милостная3

�−−®â�æ¨ï: ÷�áá¬®âà¥− −¥ç¥âª¨© ¬¥â®¤ ¯®áâà®¥−¨ï ª�àâë £«ã¡¨− ¯® áâ¥-
à¥®¨§®¡à�¦¥−¨ï¬ −� ®á−®¢¥ ª®¬¯®§¨æ¨¨ �«£®à¨â¬� SAD (Sum of Absolute
Differences) ¨ −¥ç¥âª®-«®£¨ç¥áª®£® ¢ë¢®¤�. �á®¡¥−−®áâì ¤�−−®£® ¬¥â®¤�
á®áâ®¨â ¢ ¨á¯®«ì§®¢�−¨¨ ¬ï£ª¨å �à¨ä¬¥â¨ç¥áª¨å ®¯¥à�â®à®¢ ¯à¨ −¥ç¥âª®©
¨¬¯«¨ª�æ¨¨. ’®ç−®áâì ¬¥â®¤� ®¯à¥¤¥«ï«�áì −� ®á−®¢¥ ª®«¨ç¥áâ¢¥−−®© ®æ¥−-
ª¨ ¯®ª�§�â¥«ï RMSE (root mean square error). ��¨«ãçè¨¬ ¯à¨§−�¢�«áï
â®â ¬ï£ª¨© ®¯¥à�â®à, ã ª®â®à®£® ¯®ª�§�â¥«ì RMSE áâà¥¬¨âáï ª ¬¨−¨¬ã¬ã.
�à¥¤«®¦¥−−ë© ¬¥â®¤ ¯®ª�§�«, çâ® ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¬ï£ª¨å ®¯¥à�â®à®¢ −�-
å®¦¤¥−¨ï ¬¨−¨¬ã¬� â®ç−®áâì �«£®à¨â¬� SAD ã¢¥«¨ç¨¢�¥âáï −� 20%. „�−−ë©
¢ë¢®¤ ¯®¤â¢¥à¦¤¥− à¥§ã«ìâ�â�¬¨ ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï, ¯à¥¤áâ�¢-
«¥−−®£® ¢ áâ�âì¥.

Š«îç¥¢ë¥ á«®¢�: áâ¥à¥®§à¥−¨¥; ª�àâ� £«ã¡¨−; ¬ï£ª¨¥ ¢ëç¨á«¥−¨ï; SAD;
−¥ç¥âª�ï «®£¨ª�
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1 Введение

�à¨ à�§à�¡®âª¥ á¨áâ¥¬ −�¢¨£�æ¨¨ ¬®¡¨«ì−ë¬¨ à®¡®â�¬¨ ¢®§−¨ª�¥â §�¤�ç�,
á¢ï§�−−�ï á ®¯à¥¤¥«¥−¨¥¬ ¬¥áâ®¯®«®¦¥−¨ï ¯®¤¢¨¦−ëå /̈̈ «¨ −¥¯®¤¢¨¦−ëå ¯à¥-
¯ïâáâ¢¨©, ¢®§−¨ª�îé¨å −� ¯ãâ¨ ¥£® á«¥¤®¢�−¨ï [1, 2]. �¤−¨¬ ¨§ íää¥ªâ¨¢−ëå
áà¥¤áâ¢ ®¯à¥¤¥«¥−¨ï ¢§�¨¬−®£® à�á¯®«®¦¥−¨ï ®¡ê¥ªâ®¢ á«ã¦¨â �−�«¨§ ¤�−−ëå
® £«ã¡¨−¥ áæ¥−ë ¨ ¯à¥¯ïâáâ¢¨©, à�á¯®«®¦¥−−ëå −� ¯ãâ¨ á«¥¤®¢�−¨ï à®¡®â�.
„«ï ¯®áâà®¥−¨ï ¯®¤®¡−ëå áæ¥− ¨á¯®«ì§ãîâáï à�§«¨ç−ë¥ ¬¥â®¤ë, −�¯à¨¬¥à
¯®«ãç¥−¨¥ ¤�−−ëå ®â áª�−¨àãîé¨å «�§¥à−ëå ¤�«ì−®¬¥à®¢ ¨«¨ ¨á¯®«ì§®¢�−¨¥
á¨áâ¥¬ áâ¥à¥®§à¥−¨ï [3]. �à¨ à�§à�¡®âª¥ á¨áâ¥¬ áâ¥à¥®§à¥−¨ï −¥®¡å®¤¨¬® à¥è¨âì
àï¤ ¯à®¡«¥¬, á¢ï§�−−ëå á −�å®¦¤¥−¨¥¬ ®¡ê¥ªâ®¢, à�á¯®«�£�îé¨åáï −� áâ¥à¥®-
¨§®¡à�¦¥−¨ïå [4]. �®¤ ª�àâ®© £«ã¡¨− ¯®−¨¬�¥âáï ç¥à−®-¡¥«®¥ ¨§®¡à�¦¥−¨¥
á £à�¤�æ¨ï¬¨ á¥à®£® æ¢¥â�, −� ª®â®à®¬ ïàª®áâì ®â¤¥«ì−ëå ¯à¥¤¬¥â®¢ ãª�§ë¢�¥â
¯à®¯®àæ¨®−�«ì−®¥ à�ááâ®ï−¨¥ ¤® −¨å. �á−®¢−ë¬¨ �«£®à¨â¬�¬¨ ¯®áâà®¥−¨ï ª�àâ
£«ã¡¨− ï¢«ïîâáï �«£®à¨â¬ë SGM (Semi-Global Matching) [5] ¨ SAD. „«ï à�áç¥-
â� ª�àâë £«ã¡¨−ë á ¯®¬®éìî SGM-�«£®à¨â¬� âà¥¡ã¥âáï −¥áª®«ìª® ¯à®å®¤®¢, ¢ â®

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ £à�−â� �à¥§¨¤¥−â� ÷” (Œ„-707.2017.8) ¨ ƒ®á§�¤�−¨ï
(á®£«�è¥−¨¥ ü 2.3440.2017/4.6).

1ā£®-‡�¯�¤−ë© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â, Šãàáª, fregat mn@rambler.ru
2ā£®-‡�¯�¤−ë© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â, Šãàáª, alex.76 09@mail.ru
3ā£®-‡�¯�¤−ë© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â, Šãàáª, nat mil@mail.ru
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¢à¥¬ï ª�ª ¢â®à®© �«£®à¨â¬ ¨á¯®«ì§ã¥â â®«ìª® ®¤¨− ¯à®å®¤ ¢¤®«ì ¨§®¡à�¦¥−¨ï,
çâ® á−¨¦�¥â ¢à¥¬ï, −¥®¡å®¤¨¬®¥ ¤«ï à�áç¥â� ¢¥«¨ç¨−ë á¬¥é¥−¨ï d (disparity).
‘«¥¤ã¥â §�¬¥â¨âì, çâ® 1 ª�¤à áâ¥à¥®¨−ä®à¬�æ¨¨ ¢ ä®à¬�â¥ HD (720 p | à�§-
à¥è¥−¨¥ 1280 × 720 ¯¨ªá¥«¥©) ¤®«¦¥− ®¡à�¡�âë¢�âìáï §� 1/30 á â. ¥. §� 33 ¬á.
‘«¥¤®¢�â¥«ì−®, −� ®¡à�¡®âªã 1 ¯¨ªá¥«ï âà¥¡ã¥âáï ®ª®«® 50 −á. �®íâ®¬ã ¢à¥¬ï
¯à¨−ïâ¨ï à¥è¥−¨© ¢ëáâã¯�¥â ®¤−¨¬ ¨§ £«�¢−ëå ä�ªâ®à®¢, ª®â®àë¥ −¥®¡å®¤¨¬®
ãç¨âë¢�âì ¯à¨ à�§à�¡®âª¥ áâ¥à¥®á¨áâ¥¬ ã¯à�¢«¥−¨ï ¬®¡¨«ì−ë¬¨ à®¡®â�¬¨. �¤-
−¨¬ ¨§ ¯ãâ¥© ¯®¢ëè¥−¨ï â®ç−®áâ¨ ¬®¤¥«¨ áâ¥à¥®§à¥−¨ï ï¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥
−¥ç¥âª®© «®£¨ª¨ [6]. �¥ç¥âª¨¥ ¬®¤¥«¨ ¨¬¥îâ àï¤ á¨áâ¥¬−ëå ®è¨¡®ª, á−¨¦�îé¨å
¨å â®ç−®áâì [7]. „«ï ãáâà�−¥−¨ï íâ¨å ®è¨¡®ª à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì ¯à¨
¨¬¯«¨ª�æ¨¨ ¬ï£ª¨¥ �à¨ä¬¥â¨ç¥áª¨¥ ®¯¥à�â®àë.

2 Постановка задачи

�®áâ�¢¨¬ §�¤�çã ¯®¢ëè¥−¨ï â®ç−®áâ¨ á¨áâ¥¬ë áâ¥à¥®§à¥−¨ï ¤«ï ¯®áâà®¥−¨ï
ª�àâ £«ã¡¨− −� ®á−®¢¥ ®æ¥−ª¨ ¯®ª�§�â¥«ï RMSE:

RMSE =

√√√√ q

wh

h−1∑

i=1

w−1∑

j=1

(
I ′i,j − Ii,j

)2 → min , (1)

£¤¥ w ¨ h | è¨à¨−� ¨ ¢ëá®â� ¨§®¡à�¦¥−¨ï; I ′i,j | ãà®¢¥−ì ïàª®áâ¨ −� íâ�«®−−®¬
¨§®¡à�¦¥−¨¨; Ii,j | ãà®¢¥−ì ïàª®áâ¨ −� ¢ëå®¤−®¬ ¨§®¡à�¦¥−¨¨.

ˆáá«¥¤ã¥¬ë¥ ¬ï£ª¨¥ ®¯¥à�â®àë §�¤�îâáï ä®à¬ã«�¬¨, ¯à¥¤áâ�¢«¥−−ë¬¨
¢ â�¡«. 1, £¤¥ a ¨ b | ®¯¥à�−¤ë, ¤«ï ª®â®àëå ®áãé¥áâ¢«ï¥âáï ¯®¨áª ¬¨−¨-
¬�«ì−®£® §−�ç¥−¨ï; δ | ª®íää¨æ¨¥−â ¬ï£ª®áâ¨ ¯®¨áª� ¬¨−¨¬ã¬� (δ = 0,05);
n | ç¨á«® ®¯¥à�−¤®¢, ¤«ï ª®â®àëå ®áãé¥áâ¢«ï¥âáï ¯®¨áª ¬¨−¨¬ã¬�.

��¨¡®«¥¥ â®ç−ë¬ ¯à¨§−�¥âáï â®â ¬¥â®¤, ¯à¨ à¥�«¨§�æ¨¨ ª®â®à®£® RMSE
¬¨−¨¬�«¥−.

’�¡«¨æ� 1 �¥¯�à�¬¥âà¨§®¢�−−ë¥ t-−®à¬ë

��§¢�−¨¥ ®¯¥à�â®à� ”®à¬ã«� ¤«ï ¨¬¯«¨ª�æ¨¨

MIN I = min(a, b) (2)
PROD I = ab (3)

MEAN I =
a+ b

2
(4)

Soft-min I
a+ b + δ2 −

√
(a − b)2 + δ2

2
(5)

Soft-min II I

∑n

i=1
aie

−kai

∑n

i=1
e−kai

, £¤¥ k = −100 (6)
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3 Нечеткий метод построения карты глубин по стереоизображениям

„«ï ¯®áâà®¥−¨ï ª�àâë £«ã¡¨− ¨á¯®«ì§ã¥âáï ª®¬¯®§¨æ¨ï �«£®à¨â¬� SAD
á ¬ï£ª®© −¥ç¥âª®-«®£¨ç¥áª®© á¨áâ¥¬®© ¯à¨−ïâ¨ï ã¯à�¢«ïîé¨å à¥è¥−¨©. ��
®á−®¢¥ �«£®à¨â¬� SAD −¥®¡å®¤¨¬® ¤«ï ª�¦¤®£® ¯¨ªá¥«ï à�ááç¨â�âì ¢¥«¨ç¨−ã
á¬¥é¥−¨ï d. ÷�áç¥â ¢ë¯®«−ï¥âáï ¢ −¥áª®«ìª® ¤¥©áâ¢¨©.

˜�£ 1. ‘−�ç�«� ¤«ï ª�¦¤®£® ¯¨ªá¥«ï á ª®®à¤¨−�â�¬¨ (xl, yl) «¥¢®£® áâ¥à¥®-
¨§®¡à�¦¥−¨ï à�ááç¨âë¢�¥âáï à�§−®áâì ãà®¢−¥© ¨−â¥−á¨¢−®áâ¨ ¢ ®ª−¥ (−�¯à¨¬¥à,
à�§¬¥à®¬ 3 × 4 ¯¨ªá¥«ï) «¥¢®£® ¨ ¯à�¢®£® áâ¥à¥®¨§®¡à�¦¥−¨©. �®á«¥ íâ®£® −�
¯à�¢®¬ ¨§®¡à�¦¥−¨¨ ®ª−® á¬¥é�¥âáï −� ®¤¨− ¯¨ªá¥«ì ¨ á−®¢� à�ááç¨âë¢�¥âáï
à�§−®áâì ãà®¢−¥© ¨−â¥−á¨¢−®áâ¥© «¥¢®£® ¨ ¯à�¢®£® áâ¥à¥®¨§®¡à�¦¥−¨©. ‘¤¢¨£
¯¨ªá¥«¥© −� ¯à�¢®¬ ¨§®¡à�¦¥−¨¨ ¨ à�áç¥â à�§−®áâ¨ ãà®¢−¥© ¨−â¥−á¨¢−®áâ¨ ¯à®-
¤®«¦�¥âáï ¤® ¯®à®£®¢®£® §−�ç¥−¨ï d = 0 . . . dmax:

SAD(x, y, s) =

m=b;
n=b∑

m=−b;
n=−b

R

m=b;
n=b∑

m=−b;
n=−b

G

m=b;
n=b∑

m=−b;
n=−b

B |Il(x+m, y + n)−

− Ir(x+m+ d, y + n)| , (7)

£¤¥ Il ¨ Ir | ¨−â¥−á¨¢−®áâì æ¢¥â� −� «¥¢®¬ ¨ ¯à�¢®¬ áâ¥à¥®¨§®¡à�¦¥−¨ïå; x
¨ y | ª®®à¤¨−�âë −� áâ¥à¥®¨§®¡à�¦¥−¨ïå; b | à�§¬¥à ®ª−�, ®¯à¥¤¥«ï¥¬ë©
¯® ä®à¬ã«¥ 2b + 1, ¯à¨ b = 1 à�§¬¥à ®ª−� 3 × 3 ¯¨ªá¥«ï; R, G, B |
ª®¬¯®−¥−âë âà¥åª�−�«ì−®© æ¢¥â®¢®© ¬®¤¥«¨ (¥á«¨ ¨á¯®«ì§ã¥âáï YUV-¬®¤¥«ì,
¯à¥®¡à�§®¢�−¨ï ®áãé¥áâ¢«ïîâáï ¯® ä®à¬ã«¥ Y = 0,299R + 0,587G + 0,114B).

�®á«¥ à�áç¥â� �¡á®«îâ−®© à�§−®áâ¨ ãà®¢−¥© ¨−â¥−á¨¢−®áâ¨ ¤«ï ¬�áá¨¢� §−�-
ç¥−¨© ®â 0 ¤® ¯®à®£®¢®£® §−�ç¥−¨ï dmax ¢ �«£®à¨â¬¥ SAD −�å®¤¨âáï ¬¨−¨¬�«ì−®¥
§−�ç¥−¨¥ D(x, y)SAD. �â® §−�ç¥−¨¥ á«ã¦¨â ¢¥«¨ç¨−®© á¬¥é¥−¨ï, ª®â®à®¥ ä®à-
¬¨àã¥â ª�àâã £«ã¡¨− ¤«ï ¯¨ªá¥«ï á ª®®à¤¨−�â�¬¨ (x, y):

D(x, y)SAD = argmin
d∈[0...dmax]

SAD(x, y, d) .

‚ £à�ä¨ç¥áª®¬ ¢¨¤¥ �«£®à¨â¬ SAD ¯à¥¤áâ�¢«¥− −� à¨á. 1.
�¤−� ¨§ ®á−®¢−ëå ¯à®¡«¥¬ ¯à¨ à¥�«¨§�æ¨¨ ¬®¤¥«¨ SAD §�ª«îç�¥âáï ¢ ¯®-

¨áª¥ ¨ á®®â−¥á¥−¨¨ ®¤¨−�ª®¢ëå â®ç¥ª −� «¥¢®¬ ¨ ¯à�¢®¬ áâ¥à¥®¨§®¡à�¦¥−¨ïå.
‚á«¥¤áâ¢¨¥ −�«¨ç¨ï −� ¨§®¡à�¦¥−¨ïå ®¤¨−�ª®¢ëå ãç�áâª®¢ ¡®«ìè®© ¯«®é�¤¨,
−�¯à¨¬¥à ä®−�, ¯à¨ á®¯®áâ�¢«¥−¨¨ ¯®ï¢«ïîâáï �àâ¥ä�ªâë ¡¥«®£® æ¢¥â�. ‚¢¥-
¤¥−¨¥ âà¥å ¢å®¤−ëå ¯¥à¥¬¥−−ëå ¯®§¢®«ï¥â ¡®«¥¥ â®ç−® ®¯à¥¤¥«ïâì á®®â¢¥âáâ¢¨¥
®¤¨−�ª®¢ëå â®ç¥ª −� «¥¢®¬ ¨ ¯à�¢®¬ áâ¥à¥®¨§®¡à�¦¥−¨ïå. ‚å®¤−ë¬¨ ¯¥à¥¬¥−−ë-
¬¨ −¥ç¥âª®£® ¬¥â®¤� ¯®áâà®¥−¨ï ª�àâë £«ã¡¨− (�Œ�Šƒ) ¯® áâ¥à¥®¨§®¡à�¦¥−¨ï¬
á«ã¦�â âà¨ ãà®¢−ï ¨−â¥−á¨¢−®áâ¨, à�ááç¨â�−−ë¥ ¯® ä®à¬ã«¥ (7): ¢ ¨áå®¤−®©
â®çª¥ á ª®®à¤¨−�â�¬¨ (x, y) | SAD(x, y, d); ¢ â®çª¥, á¬¥é¥−−®© ®â−®á¨â¥«ì−®
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÷¨á. 1 ƒà�ä¨ç¥áª�ï ¨−â¥à¯à¥â�æ¨ï à�áç¥â� �«£®à¨â¬� SAD

¨áå®¤−®© −� 3 ¯¨ªá¥«ï ¢«¥¢®, | SAD (x − 3, y, d); ¢ â®çª¥, á¬¥é¥−−®© ®â−®á¨-
â¥«ì−® ¨áå®¤−®© −� 3 ¯¨ªá¥«ï ¢¯à�¢®, | SAD(x+3, y, d). ‚ ª�ç¥áâ¢¥ ¢ëå®¤−®©
¢¥«¨ç¨−ë ¨á¯®«ì§ã¥âáï ¢¥«¨ç¨−� á¬¥é¥−¨ï D(x, y), ¢ëç¨á«ï¥¬�ï ¯® ä®à¬ã«¥ (8)
(á¬. á. 76). �à¨ íâ®¬ ¤«ï ª�¦¤®£® ¯¨ªá¥«ï ª�àâë £«ã¡¨− −¥ç¥âª¨© ¢ë¢®¤ à�ááç¨-
âë¢�¥âáï ¤«ï ¬�áá¨¢� §−�ç¥−¨© ¢ ¤¨�¯�§®−¥ ®â 0 ¤® dmax. ‚¥«¨ç¨−¥ á¬¥é¥−¨ï
D(x, y) ¯à¨á¢�¨¢�¥âáï ¬¨−¨¬�«ì−�ï ¢¥«¨ç¨−� ¨§ íâ®£® ¤¨�¯�§®−� §−�ç¥−¨©.

˜�£ 2. ÷�áç¥â áâ¥¯¥−¥© ¢å®¤−ëå äã−ªæ¨© ¯à¨−�¤«¥¦−®áâ¨ (”�). ‘ æ¥«ìî
¯®¢ëè¥−¨ï ¡ëáâà®¤¥©áâ¢¨ï �Œ�Šƒ ¨ à¥�«¨§�æ¨¨ ¥£® −� ¡�§¥ ¯à®£à�¬¬¨àã¥¬ëå
«®£¨ç¥áª¨å ¨−â¥£à�«ì−ëå áå¥¬ (�‹ˆ‘) ¤«ï ã¯à�¢«¥−¨ï ¬®¡¨«ì−ë¬¨ à®¡®â�¬¨
à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì â®â ¢¨¤ ”�, ¤«ï à�áç¥â� áâ¥¯¥−¥© ¨áâ¨−−®áâ¨ ª®-
â®à®£® ¯®−�¤®¡¨âáï ¬¥−ìè¥¥ ç¨á«® �à¨ä¬¥â¨ç¥áª¨å ®¯¥à�æ¨©. ��¯à¨¬¥à, ¤«ï
à�áç¥â� âà¥ã£®«ì−ëå ”� −¥®¡å®¤¨¬® ¢ë¯®«−¥−¨¥ â®«ìª® ®¯¥à�æ¨© ¢ëç¨â�−¨ï
¨ ¤¥«¥−¨ï. �¯¥à�æ¨ï ¢ëç¨â�−¨ï ¢ �‹ˆ‘ à¥�«¨§ã¥âáï ¯à®áâ®. „«ï à¥�«¨§�æ¨¨
®¯¥à�æ¨¨ ¤¥«¥−¨ï à¥ª®¬¥−¤ã¥âáï ¯®¤¡¨à�âì à�§−®áâì ¬¥¦¤ã ¬¥âª�¬¨ ”�, ªà�â-
−ãî áâ¥¯¥−¨ ç¨á«� 2. ’®£¤� ®¯¥à�æ¨ï ¤¥«¥−¨ï §�¬¥−ï¥âáï −� ®¯¥à�æ¨î á¤¢¨£�
¢¯à�¢®. ‚å®¤−ë¥ ”� ¢ �Œ�Šƒ ¯à¥¤áâ�¢«¥−ë −� à¨á. 2, �. ‘ æ¥«ìî ¯®-
¢ëè¥−¨ï ¡ëáâà®¤¥©áâ¢¨ï ¯à¥¤«�£�¥¬®£® ¬¥â®¤� ¢á¥ ¢å®¤−ë¥ ¯¥à¥¬¥−−ë¥ ¨¬¥îâ
®¤¨−�ª®¢ë¥ ”�.

÷�áç¥â áâ¥¯¥−¥© äã−ªæ¨© ¯à¨−�¤«¥¦−®áâ¨ ¢å®¤−ëå ¯¥à¥¬¥−−ëå ®áãé¥áâ¢«ï-
¥âáï ¯® á«¥¤ãîé¨¬ ä®à¬ã«�¬:

A1i =






5000 − SAD(x, y, d)

5000
, ¥á«¨ SAD(x, y, d) < 5000 ;

0 ¨−�ç¥ ;
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÷¨á. 2 ”ã−ªæ¨¨ ¯à¨−�¤«¥¦−®áâ¨ ¢å®¤−ëå (�) ¨ ¢ëå®¤−®© (¡) ¯¥à¥¬¥−−ëå

A2i =






SAD(x, y, d)

5000
, ¥á«¨ SAD (x, y, d) < 5000 ;

10 000 − SAD(x, y, d)

500
¨−�ç¥ ;

A3i =






SAD(x, y, d) − 5000
5000

, ¥á«¨ SAD(x, y, d) > 5000 ;

0 ¨−�ç¥ ,

£¤¥ i | −®¬¥à ¢å®¤−®© ¯¥à¥¬¥−−®© (i = 1, 2, 3).
‚ë¡®à â�ª®£® ç¨á«� ¢å®¤−ëå ¯¥à¥¬¥−−ëå ®¡êïá−ï¥âáï âà¥¡®¢�−¨¥¬ ¯®¢ëè¥-

−¨ï ¡ëáâà®¤¥©áâ¢¨ï ®¡à�¡®âª¨ −¥ç¥âª®© ¨−ä®à¬�æ¨¨ ¢ �‹ˆ‘ ¤«ï ¯®áâà®¥−¨ï
ª�àâë £«ã¡¨− ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨. ’�ª ª�ª á à®áâ®¬ ç¨á«� ¢å®¤−ëå
¯¥à¥¬¥−−ëå ã¢¥«¨ç¨¢�¥âáï ç¨á«® −¥ç¥âª¨å ¯à�¢¨«, � á«¥¤®¢�â¥«ì−® ¨ ç¨á«®
�à¨ä¬¥â¨ç¥áª¨å ®¯¥à�æ¨©, ¨á¯®«ì§ã¥¬ëå ¢ −¥ç¥âª®¬ ¢ë¢®¤¥, â® ¯à¨ à�§à�¡®âª¥
−¥ç¥âª®© ¬®¤¥«¨ −¥®¡å®¤¨¬® §�¤�¢�âì à�§ã¬−ë¥ £à�−¨æë ãà®¢−ï ¥¥ á«®¦−®áâ¨.
‘«¥¤ã¥â §�¬¥â¨âì, çâ® ç¨á«® −¥ç¥âª¨å ¯à�¢¨« à�áâ¥â íªá¯®−¥−æ¨�«ì−® ¢ §�¢¨á¨-
¬®áâ¨ ®â ã¢¥«¨ç¥−¨ï ç¨á«� ¢å®¤−ëå ¯¥à¥¬¥−−ëå.

˜�£ 3. ÷�áç¥â áâ¥¯¥−¨ ¢ë¯®«−¥−¨ï ¯à¥¤¯®áë«®ª −¥ç¥âª¨å ¯à�¢¨«. —¨á«® −¥-
ç¥âª¨å ¯à�¢¨«, ¨á¯®«ì§ãîé¨åáï ¤«ï à�áç¥â� ¢¥«¨ç¨−ë á¬¥é¥−¨ï, á®áâ�¢«ï¥â 27.
‚ ®¡é¥¬ ¢¨¤¥ −¥ç¥âª®¥ ¯à�¢¨«® ¨¬¥¥â ¢¨¤ [8,9]:

Ri : IF SAD (x, y, d) Is A11,SAD(x − 3, y, d) Is A21,SAD(x+ 3, y, d) Is A31
THEN D(x, y) Is Yk ,

£¤¥ Yk | áâ¥¯¥−ì ¢ë¯®«−¥−¨ï §�ª«îç¥−¨© −¥ç¥âª¨å ¯à�¢¨« (k = 1 . . . 11).
�¥ç¥âª¨¥ ¯à�¢¨«� á¢¥¤¥−ë ¢ â�¡«. 2.
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’�¡«¨æ� 2 ‘â¥¯¥−¨ ¢ë¯®«−¥−¨ï ¯à¥¤¯®áë«®ª −¥ç¥âª¨å ¯à�¢¨«

�à¥¤¯®áë«ª¨ −¥ç¥âª®£® ¢ë¢®¤�

N1 = —(A11, A12, A13) N10 = —(A21, A12, A13) N19 = —(A31, A12, A13)
N2 = —(A11, A12, A23) N11 = —(A21, A12, A23) N20 = —(A31, A12, A23)
N3 = —(A11, A12, A33) N12 = —(A21, A12, A33) N21 = —(A31, A12, A33)
N4 = —(A11, A22, A13) N13 = —(A21, A22, A13) N22 = —(A31, A22, A13)
N5 = —(A11, A22, A23) N14 = —(A21, A22, A23) N23 = —(A31, A22, A23)
N6 = —(A11, A22, A33) N15 = —(A21, A22, A33) N24 = —(A31, A22, A33)
N7 = —(A11, A32, A13) N16 = —(A21, A32, A13) N25 = —(A31, A32, A13)
N8 = —(A11, A32, A23) N17 = —(A21, A32, A23) N26 = —(A31, A32, A23)
N9 = —(A11, A32, A33) N18 = —(A21, A32, A33) N27 = —(A31, A32, A33)

�à¨¬¥ç�−¨¥. ‡−�ª — ®§−�ç�¥â −¥ç¥âª®-«®£¨ç¥áªãî ®¯¥à�æ¨î −�å®¦¤¥−¨ï ¦¥áâª®£®
¨«¨ ¬ï£ª®£® ¬¨−¨¬ã¬� ¯® ä®à¬ã«�¬ (2){(6).

’�¡«¨æ� 3 ‘â¥¯¥−¨ ¢ë¯®«−¥−¨ï §�ª«îç¥−¨© −¥ç¥âª¨å ¯à�¢¨«

‡�ª«îç¥−¨ï −¥ç¥âª®£® ¢ë¢®¤�

Y1 = N27 Y2 = max(N26, N24) Y3 = max(N25, N23, N21)
Y4 = max(N22, N20, N18) Y5 = max(N19, N17, N15) Y6 = max(N16, N14, N15)
Y7 = max(N13, N11, N9) Y8 = max(N10, N8, N6) Y9 = max(N7, N5, N3)
Y10 = max(N4, N2) Y11 = N1

˜�£ 4. ÷�áç¥â áâ¥¯¥−¨ ¢ë¯®«−¥−¨ï §�ª«îç¥−¨© −¥ç¥âª¨å ¯à�¢¨«. —¨á«® ”�
¢ëå®¤−®© ¯¥à¥¬¥−−®© á®áâ�¢«ï¥â 11 (à¨á. 2, ¡). ‘ ãç¥â®¬ íâ®£® áâ¥¯¥−¨ ¢ë¯®«−¥-
−¨ï §�ª«îç¥−¨© ¡ã¤ãâ à�ááç¨âë¢�âìáï ¯® ä®à¬ã«�¬, á¢¥¤¥−−ë¬ ¢ â�¡«. 3.

˜�£ 5. „¥ä�§§¨ä¨ª�æ¨ï. �áãé¥áâ¢«ï¥âáï ¤«ï ¬�áá¨¢� §−�ç¥−¨© ¢ ¤¨�¯�§®−¥
®â ¨áå®¤−®£® ¯¨ªá¥«ï −� ª�àâ¥ £«ã¡¨− ¤® dmax ¯® ä®à¬ã«¥ ã¯à®é¥−−®£® −¥ç¥âª®£®
¢ë¢®¤�:

D(x, y)dmaxd=1 defuz =

∑11

k=1
YkMk

∑11

k=1
Yk

.

ˆá¯®«ì§®¢�−¨¥ ã¯à®é¥−−®£® −¥ç¥âª®£® ¢ë¢®¤� ®¡®á−®¢�−−® â¥¬, çâ® ¤«ï ¥£®
à¥�«¨§�æ¨¨ âà¥¡ã¥âáï ¢ 4 à�§� ¬¥−ìè¥ ¢à¥¬¥−¨, ç¥¬ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¬¥â®¤�
æ¥−âà� âï¦¥áâ¨.

˜�£ 6. ÷�áç¥â ¢¥«¨ç¨−ë á¬¥é¥−¨ï −� ª�àâ¥ £«ã¡¨−. ‚¥«¨ç¨−� á¬¥é¥−¨ï
®¯à¥¤¥«ï¥âáï ¬¨−¨¬�«ì−ë¬ §−�ç¥−¨¥¬ ¢ ¬�áá¨¢¥ §−�ç¥−¨© ¢¥«¨ç¨− ¤¥ä�§§¨ä¨-
ª�æ¨¨ ¢ ¤¨�¯�§®−¥ ®â 0 ¤® dmax ¨ à�ááç¨âë¢�¥âáï ¯® ä®à¬ã«¥:

D(x, y) = argmin
d∈[0...dmax]

(
D(x, y)dmaxd=1 defuz

)
. (8)
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4 Моделирование процесса построения карты глубин

„«ï ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá� ¯®áâà®¥−¨ï ª�àâë £«ã¡¨− ¨á¯®«ì§®¢�«¨áì áâ¥-
à¥®¨§®¡à�¦¥−¨ï à�§¬¥à®¬ 450×375 ¯¨ªá¥«¥© [10] (à¨á. 3), ¯®§¢®«ïîé¨¥ ®æ¥−¨âì
¢¨§ã�«ì−® ¨ ª®«¨ç¥áâ¢¥−−® íää¥ªâ¨¢−®áâì �Œ�Šƒ. �¥ç¥âª�ï á¨áâ¥¬� ¢ë¢®¤�
¡ë«� áä®à¬¨à®¢�−� −� ®á−®¢¥ ”�, ¯à¥¤áâ�¢«¥−−ëå −� à¨á. 2. Œ�ªá¨¬�«ì−�ï
¢¥«¨ç¨−� £«ã¡¨−ë dmax = 64. „«ï ¯à¥®¡à�§®¢�−¨ï ¢ ¢ëå®¤−®¥ §−�ç¥−¨¥ à�á-
áç¨â�−−ë¥ §−�ç¥−¨ï ¢¥«¨ç¨− á¬¥é¥−¨ï ¯® ä®à¬ã«¥ (8) ã¬−®¦�«¨áì −� 4, çâ®¡ë

÷¨á. 3 ‘â¥à¥®¨§®¡à�¦¥−¨ï: (�) Teddy; (¡) Cones; (¢) Venus. �à¥¤áâ�¢«¥−ë «¥¢®¥
¨ ¯à�¢®¥ áâ¥à¥®¨§®¡à�¦¥−¨ï ¨ íâ�«®−−�ï ª�àâ� £«ã¡¨−
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’�¡«¨æ� 4 ‡−�ç¥−¨¥ ¯®ª�§�â¥«ï RMSE

Š�àâ¨−ª� Œ¥â®¤ MIN PROD MEAN Soft-MIN I Soft-MIN II
SAD 47,77

Teddy [11] 44,91 46,74 40,98 41,09 38,42
�Œ�Šƒ 38,65 38,86 38,09 37,76 38,32

SAD 51,79
Cones [11] 50,81 52,76 47,12 39,77 39,7

�Œ�Šƒ 32,43 32,83 31,89 31,64 32,45
SAD 50,07

Venus [11] 46,64 46,64 46,05 45,92 46,16
�Œ�Šƒ 41,44 44,94 38,8 39,75 39,63

�à¨¬¥ç�−¨¥. �®«ã¦¨à−ë¬ èà¨äâ®¬ ¢ë¤¥«¥−ë ¬¨−¨¬�«ì−ë¥ §−�ç¥−¨ï ¯®ª�§�â¥«ï
RMSE.

á®®â¢¥âáâ¢®¢�âì 256 £à�¤�æ¨ï¬ ãà®¢−ï á¥à®£®. „«ï ¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â�
¢ áà¥¤¥ MS Visual Studio 2013 −� ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï ‘# ¡ë«� à�§à�¡®-
â�−� ¯à®£à�¬¬−�ï ¬®¤¥«ì, ¯®§¢®«ïîé�ï áâà®¨âì ª�àâë £«ã¡¨− ¨ ¯® ä®à¬ã«¥ (1)
®áãé¥áâ¢«ïâì ®æ¥−ªã ¨å â®ç−®áâ¨. ˆáá«¥¤®¢�−¨ï ¯à®¢®¤¨«¨áì ¤«ï ¬¥â®¤� SAD,
−¥ç¥âª¨å ®¯¥à�â®à®¢ (2){(6) ¯® ¬¥â®¤¨ª¥, ¯à¥¤áâ�¢«¥−−®© ¢ à�¡®â¥ [11], ¨ á ¯®-
¬®éìî �Œ�Šƒ ¯® áâ¥à¥®¨§®¡à�¦¥−¨ï¬. ‚ â�¡«. 4 á¢¥¤¥−ë §−�ç¥−¨ï ¯®ª�§�â¥«ï
RMSE.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ ¬¥â®¤¨ª¥ [11] ¤«ï ¯®áâà®¥−¨ï ª�àâë £«ã¡¨− ¢ ª®¬¯®-
§¨æ¨®−−®¬ ¯à�¢¨«¥ ¨á¯®«ì§®¢�«áï â®«ìª® ¦¥áâª¨© ®¯¥à�â®à.

Š�ª ¯®ª�§�«¨ ¤�−−ë¥, ¯à¥¤áâ�¢«¥−−ë¥ ¢ â�¡«. 4, ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¬ï£ª¨å
®¯¥à�â®à®¢ â®ç−®áâì ¬¥â®¤� [11] ¯®¢ëè�¥âáï. ‚ â�¡«. 5 ¯à¥¤áâ�¢«¥−ë ¢¨-
¤¥®¨§®¡à�¦¥−¨ï ª�àâ £«ã¡¨−, ¯®«ãç¥−−ëå á ¯®¬®éìî ¯à¥¤«®¦¥−−®£® ¢ áâ�âì¥
¬¥â®¤�. ’�ª¦¥ ¯®ª�§�−� ¢¨§ã�«¨§�æ¨ï ª�àâë £«ã¡¨− á ¨á¯®«ì§®¢�−¨¥¬ ¬ï£ª¨å
®¯¥à�â®à®¢ (2){(6).

�−�«¨§ â�¡«. 5 ¯®ª�§�«, çâ® −� ¢á¥å ¨§®¡à�¦¥−¨ïå ¯à¨áãâáâ¢ãîâ �àâ¥ä�ªâë
¢ ¢¨¤¥ ¡¥«ëå â®ç¥ª. �� ª�àâ¥ £«ã¡¨− ¡¥«ë¬¨ â®çª�¬¨ ®â®¡à�¦�îâáï ¯à¥¤¬¥-
âë, −�¨¡®«¥¥ ¡«¨§ª® à�á¯®«®¦¥−−ë¥ ª ¢¨¤¥®ª�¬¥à�¬, á ¯®¬®éìî ª®â®àëå ¡ë«¨
¯®«ãç¥−ë áâ¥à¥®¨§®¡à�¦¥−¨ï. ��¯à¨¬¥à, ¯à¨ ®¡ê¥§¤¥ ¯à¥¯ïâáâ¢¨© ¬®¡¨«ì-
−ë¬ à®¡®â®¬ ¡¥«ë¥ â®çª¨ ¡ã¤ãâ ¤�¢�âì «®¦−ë¥ ®¡ê¥ªâë, −�å®¤ïé¨¥áï ¢¯¥à¥¤¨
âà�¥ªâ®à¨¨ ¥£® ¤¢¨¦¥−¨ï.

„«ï ª®¬¯¥−á�æ¨¨ �àâ¥ä�ªâ®¢ ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨© á¯®á®¡.
‚®-¯¥à¢ëå, −¥®¡å®¤¨¬® ®æ¥−¨âì ¤�−−ë¥, ª®â®àë¥ ¯®áâã¯�îâ −� ¢å®¤ −¥ç¥âª®©
á¨áâ¥¬ë ¢ §®−�å, ¨¬¥îé¨å �àâ¥ä�ªâë. �� à¨á. 4, � �àâ¥ä�ªâ ¨¬¥¥â ª®®à¤¨−�âë
x = 254, y = −68. ‚¥«¨ç¨−� á¬¥é¥−¨ï ¢ ¤�−−®© â®çª¥ à�¢−ï¥âáï 62. „�−−�ï
¢¥«¨ç¨−� ¯à®£−®§¨àã¥âáï ¯ãâ¥¬ �−�«¨§� ¢å®¤−ëå ¤�−−ëå, ¯à¥¤áâ�¢«¥−−ëå −�
à¨á. 4, ¡. ‘ ãç¥â®¬ ä®à¬ã«ë (8) á¬¥é¥−¨¥ à�¢−ï¥âáï §−�ç¥−¨î ç¥â¢¥àâ®£®
«®ª�«ì−®£® ¬¨−¨¬ã¬�. �à¨ ¬�áèâ�¡¨à®¢�−¨¨ 62 × 4 = 248 ¯®«ãç�¥âáï á¢¥â«ë©
â®−.
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’�¡«¨æ� 5 ‘à�¢−¨â¥«ì−ë© �−�«¨§ ¢ëå®¤−ëå ¨§®¡à�¦¥−¨©

�¯¥à�â®à Œ¥â®¤¨ª� [11] �Œ�Šƒ

MIN

PROD

MEAN

Soft-MIN I

Soft-MIN II
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÷¨á. 4 Š�àâ� £«ã¡¨−: (�) Teddy; (¡) ¤® ª®àà¥ªæ¨¨ D(x, y); (¢) ¯®á«¥ ª®àà¥ªæ¨¨ D(x, y)

‚®-¢â®àëå, ®æ¥−¨âì à¥�«ì−®¥ §−�ç¥−¨¥ ¢¥«¨ç¨−ë á¬¥é¥−¨ï −� ª�àâ¥ £«ã¡¨−.
‚¨§ã�«ì−�ï ®æ¥−ª� (á¬. à¨á. 4, ¡) ¯®ª�§ë¢�¥â, çâ® ¯à�¢¨«ì−®¥ §−�ç¥−¨¥ á¬¥é¥−¨ï
−� ª�àâ¥ £«ã¡¨− ¤®«¦−® á®®â¢¥âáâ¢®¢�âì ¯¥à¢®¬ã ¬¨−¨¬ã¬ã ¨ à�¢−ïâìáï 16.

‚-âà¥âì¨å, ¨áª«îç¨âì ¨§ à�áç¥â� «®¦−ë¥ §®−ë áà�¡�âë¢�−¨ï −¥ç¥âª®£® ¢ë-
¢®¤�. „«ï à¥è¥−¨ï íâ®© §�¤�ç¨ −¥®¡å®¤¨¬® ¢¢¥áâ¨ ¤®¯®«−¨â¥«ì−®¥ ãá«®¢¨¥
à�áç¥â� ¢¥«¨ç¨−ë á¬¥é¥−¨ï. ‘ ãç¥â®¬ ¤�−−ëå, ¯à¥¤áâ�¢«¥−−ëå −� à¨á. 4, ¡,
â�ª¨¬ ãá«®¢¨¥¬ ¬®¦¥â á«ã¦¨âì ¯à�¢¨«®:

åóìé (SAD (x, y, d) > 1200) é (D(x, y) ≥ 32), ôï Ai = 1000 .

„�−−®¥ ª®¬¯¥−á¨àãîé¥¥ ¯à�¢¨«® ¯®§¢®«ï¥â á®ªà�â¨âì ¯®ï¢«¥−¨¥ ¬�ªá¨¬�«ì-
−ëå §−�ç¥−¨© ¢¥«¨ç¨−ë D(x, y), ®¯à¥¤¥«¥−−®© ¯® ä®à¬ã«¥ (8) (à¨á. 4, ¢). ‘ ¨á-
¯®«ì§®¢�−¨¥¬ ¯à¥¤«®¦¥−−®£® ¯à�¢¨«� −� ¢ëå®¤¥ −¥ç¥âª®© á¨áâ¥¬ë ä®à¬¨àã¥âáï
§−�ç¥−¨¥, à�¢−®¥ 16.

‚¨§ã�«¨§�æ¨ï ª�àâë £«ã¡¨− á ¨á¯®«ì§®¢�−¨¥¬ ª®¬¯¥−á¨àãîé¥£® ¯à�¢¨«�
¯à¥¤áâ�¢«¥−� −� à¨á. 5. �−�«¨§ à¨á. 5, ¢ ¯®ª�§ë¢�¥â, çâ® ¡¥«ë¥ â®çª¨ ®âáãâáâ¢ãîâ
−� à¥§ã«ìâ¨àãîé¥¬ ¨§®¡à�¦¥−¨¨.
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÷¨á. 5 Š®àà¥ªæ¨ï: (�) �«£®à¨â¬ SAD; (¡) ®¯¥à�â®à Soft-min I ¡¥§ ª®àà¥ªæ¨®−−®£®
¯à�¢¨«�; (¢) ®¯¥à�â®à Soft-min I á ª®àà¥ªæ¨®−−ë¬ ¯à�¢¨«®¬

5 Обсуждение результатов моделирования и заключение

�−�«¨§ ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá� ¯®áâà®¥−¨ï ª�àâë £«ã¡¨− á ¨á¯®«ì§®¢�−¨¥¬
¯à¥¤«®¦¥−−®£® ¬¥â®¤� ¯®ª�§�«:

(1) ¨á¯®«ì§®¢�−¨¥ ¬ï£ª¨å ®¯¥à�â®à®¢ −� ®á−®¢¥ �−�«¨§� ¯®ª�§�â¥«ï RMSE
ã¢¥«¨ç¨¢�¥â â®ç−®áâì �Œ�Šƒ. ’�ª, ¯à¥¤«®¦¥−−ë© ¢ áâ�âì¥ �Œ�Šƒ
¤«ï âà¥å �−�«¨§¨àã¥¬ëå ¨§®¡à�¦¥−¨© ¨¬¥¥â ¯à¥¨¬ãé¥áâ¢® ¯® áà�¢−¥−¨î
á �«£®à¨â¬®¬ SAD −� 24%, ¯® áà�¢−¥−¨î á ¬¥â®¤®¬-¯à®â®â¨¯®¬ | −� 11%;

(2) ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¢ ª®¬¯®§¨æ¨®−−®¬ ¯à�¢¨«¥ ¬ï£ª¨å ®¯¥à�â®à®¢ â®ç−®áâì
−¥ç¥âª®© ¬®¤¥«¨ ¯®¢ëè�¥âáï. ‹ãçè¨¥ §−�ç¥−¨ï ª®íää¨æ¨¥−â� RMSE
¡ë«¨ ¯®«ãç¥−ë ¯à¨ ¨á¯®«ì§®¢�−¨¨ á«¥¤ãîé¨å ¬ï£ª¨å ®¯¥à�â®à®¢: MEAN,
Soft-min I ¨ Soft-min II;

(3) ¤«ï ãáâà�−¥−¨ï �àâ¥ä�ªâ®¢ −¥®¡å®¤¨¬® ¢ áâàãªâãà¥ −¥ç¥âª®£® ¢ë¢®¤� ¢¢¥á-
â¨ ª®¬¯¥−á¨àãîé¥¥ ¯à�¢¨«®, ª®â®à®¥ ®£à�−¨ç¨¢�¥â ¢®§¬®¦−®¥ §−�ç¥−¨¥
¢å®¤−ëå ¢¥«¨ç¨− −¥ç¥âª®© ¬®¤¥«¨ ¯à¨ −�áâã¯«¥−¨¨ ¯®à®£®¢ëå §−�ç¥−¨©
¢¥«¨ç¨−ë ¨−â¥−á¨¢−®áâ¨ ¨ ¬�ªá¨¬ã¬� ¢¥«¨ç¨−ë á¬¥é¥−¨ï;

(4) −�¨¬¥−ìè¥¥ ¢à¥¬ï à�¡®âë −¥ç¥âª®© á¨áâ¥¬ë ¢ë¢®¤� ¡ë«® ¯®«ãç¥−® ¯à¨
¨á¯®«ì§®¢�−¨¨ ¬ï£ª®£® ®¯¥à�â®à� MEAN.
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THE METHOD OF DEPTH MAP CALCULATION
BASED ON SOFT OPERATORS
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Federation

Abstract: The fuzzy method of depth map calculation using stereo images based
on SAD (Sum of Absolute Differences) algorithm composition and fuzzy inference
is considered. The feature of this method is soft arithmetic operators with fuzzy
implication usage. The accuracy of the method of depth map construction
is estimated by RMSE (root mean square error). The best soft operator has
minimum RMSE. The method of depth map calculation which has 7 steps is
presented. The proposed method showed that the accuracy of the SAD algorithm
increases by 20% when soft operators are used. This conclusion is confirmed by
the simulation results presented in the article.
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В. Б. Егоров1

�−−®â�æ¨ï: ‚ −®¢®¬ âëáïç¥«¥â¨¨ ¢ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ (ˆ’) ¢®-
è«® ¯®−ïâ¨¥ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï, ¨ á¥£®¤−ï ¯à¥¤¬¥â®¬ ®¡áã¦¤¥−¨ï
áâ�−®¢ïâáï ¢á¥ −®¢ë¥ ª�â¥£®à¨¨ ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ëå (software-defined)
®¡ê¥ªâ®¢: á¥â¨, åà�−¨«¨é�, á¥à¢¥àë ¨, −�ª®−¥æ, ¯®«−®áâìî ¯à®£à�¬¬−®
®¯à¥¤¥«ï¥¬ë¥ æ¥−âàë ®¡à�¡®âª¨ ¤�−−ëå (–�„ë). �¤−�ª®, −¥á¬®âàï −�
à�áè¨àïîéãîáï −®¬¥−ª«�âãàã ®¡ê¥ªâ®¢ ¨ ç�áâãî ¯®¢â®àï¥¬®áâì ¢ «¨â¥à�-
âãà¥ ¨ ¤¨áªãáá¨ïå á«®¢®á®ç¥â�−¨ï ú¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ë©û, ã«®¢¨âì ¥£®
¯®¤«¨−−ë© á¬ëá« −¥¯à®áâ®. �®«¥¥ â®£®, áãé¥áâ¢ã¥â ¤®áâ�â®ç−® à�á¯à®áâà�-
−¥−−®¥ ¬−¥−¨¥, çâ® íâ® ¢®®¡é¥ −¥ â¥å−¨ç¥áª¨© â¥à¬¨−, � ¬�àª¥â¨−£®¢ë©
âàîª. �¥â ïá−®£® ®¡é¥¯à¨−ïâ®£® ®¯à¥¤¥«¥−¨ï íâ®£® ä¥−®¬¥−� ¨ ¢ �ªâã�«ì−ëå
í−æ¨ª«®¯¥¤¨ïå. ‚ −�áâ®ïé¥© áâ�âì¥ á¤¥«�−� ¯®¯ëâª� ¢ëï¢¨âì â¥å−¨ç¥áª¨©
á¬ëá« ú¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬®£®û ¨ ¤�âì ¥¬ã ¯® ¢®§¬®¦−®áâ¨ ¯®−ïâ−®¥
¯à�ªâ¨ç−®¥ ®¯à¥¤¥«¥−¨¥. �� ®á−®¢¥ �−�«¨§� ®á®¡¥−−®áâ¥© ¨−äà�áâàãªâãà−ëå
ª®¬¯®−¥−â®¢ ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ëå –�„®¢, ¢ ª®â®àëå ¡ë«® ¤¥ª«�à¨-
à®¢�−® ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥, á¤¥«�− ¢ë¢®¤, çâ® ú¯à®£à�¬¬−® ®¯à¥¤¥-
«ï¥¬®¥û ¬®¦−® áç¨â�âì â¥å−¨ç¥áª¨¬ â¥à¬¨−®¬, ¨ ¤«ï −¥£® áä®à¬ã«¨à®¢�−®
®¯à¥¤¥«¥−¨¥ ¢ ¨§¢¥áâ−ëå ®¡é¥¯à¨−ïâëå ¯®−ïâ¨ïå.
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1 Введение

‚ −�ç�«¥ âëáïç¥«¥â¨ï ¢ ˆ’ ¢®è«® ¢ ¬®¤ã ¯®−ïâ¨¥ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï
¨ áâ�«¨ ¯®ï¢«ïâìáï ¢á¥ −®¢ë¥ ª�â¥£®à¨¨ ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ëå (software-
defined) ®¡ê¥ªâ®¢. ‚ á¥à¥¤¨−¥ 2000-å ££. ¢ ˆ’ ¯®ï¢¨«¨áì ¯à®£à�¬¬−® ®¯à¥¤¥«ï-
¥¬ë¥ á¥â¨ (SDN, software-defined networking), §� −¨¬¨ á −�ç�«� 2010-å ££. ¯®á«¥-
¤®¢�«¨ ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ë¥ åà�−¨«¨é� (SDS, software-defined storage).
„�«ì−¥©è¥¥ ®¡ê¥¤¨−¥−¨¥ SDN ¨ SDS ¢ à�¬ª�å –�„� ¯®§¢®«¨«® £®¢®à¨âì ® ¯à®-
£à�¬¬−® ®¯à¥¤¥«ï¥¬ëå æ¥−âà�å ®¡à�¡®âª¨ ¤�−−ëå (SDDC, software-defined data
centers). �®á«¥¤ãîé�ï íªá¯�−á¨ï ¯®−ïâ¨ï ¯à¨¢¥«� ª â®¬ã, çâ® á¥£®¤−ï ¯à®-
£à�¬¬−® ®¯à¥¤¥«ï¥¬ë¬¨ ¬®£ãâ ®¡êï¢«ïâìáï ¢á¥ ª®¬¯®−¥−âë ¨−äà�áâàãªâãàë
–�„�, ¯à¨ç¥¬ −¥ â®«ìª® ®á−®¢−ë¥ äã−ªæ¨®−�«ì−ë¥ | á¥à¢¥àë, á¥â¨ ¨ åà�−¨-

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, VEgorov@ipiran.ru
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«¨é�, −® â�ª¦¥ ¨ ¢á¯®¬®£�â¥«ì−ë¥, â�ª¨¥ ª�ª ¯¨â�−¨¥ ¨ ®å«�¦¤¥−¨¥. ‡�¢¥àè¥-
−¨¥¬ ¯à®æ¥áá� ã−¨¢¥àá�«¨§�æ¨¨ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï áâ�«® ú¯à®£à�¬¬−®
®¯à¥¤¥«ï¥¬®¥ ¢á¥û (SDE, software-defined everything), ®å¢�â¨¢è¥¥ ¬−®¦¥áâ¢®
à�§−®®¡à�§−ëå ¯à®¤ãªâ®¢ ¨ â¥å−®«®£¨©, ¢ ª®â®àëå ¤¥ª«�à¨à®¢�«®áì ¨«¨ ¢ −�-
§¢�−¨¨ ª®â®àëå å®âï ¡ë ¯à¨áãâáâ¢®¢�«® −¥çâ® ú¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬®¥û.

�¤−�ª®, −¥á¬®âàï −� ¬®¤ã ¨ ¯à¨¢ëç−®áâì ¡ëâ®¢�−¨ï −� á«ãåã, ¯®¤«¨−−ë©
á¬ëá« á«®¢®á®ç¥â�−¨ï ú¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬®¥û ã«®¢¨âì −¥ â�ª-â® ¯à®áâ®.
�®«¥¥ â®£®, ¬®¦¥â á«®¦¨âìáï ¢¯¥ç�â«¥−¨¥, çâ® á¬ëá«� ¢ −¥¬ ¨ ¢®¢á¥ −¥â.
��¯à¨¬¥à, áãé¥áâ¢ã¥â ¤®áâ�â®ç−® à�á¯à®áâà�−¥−−®¥ ¬−¥−¨¥, çâ® ¯à®£à�¬¬−®¥
®¯à¥¤¥«¥−¨¥ | úáª®à¥¥ ¬�àª¥â¨−£®¢ë© âàîª, ç¥¬ â¥å−¨ç¥áª¨© â¥à¬¨−û [1].
�à¨á®¥¤¨−ïïáì ª −¥¬ã, á�©â TechTarget á�àª�áâ¨ç¥áª¨ §�¬¥ç�¥â: ú�à®£à�¬¬−®
®¯à¥¤¥«ï¥¬®¥ | íâ® â¥à¬¨−, ¨á¯®«ì§ã¥¬ë© ¤«ï ®¯¨á�−¨ï è¨à®ª®£® ªàã£� ¯à®-
¤ãªâ®¢, −® ®− −¥à¥¤ª® ¯à¨¬¥−ï¥âáï ¤«ï ¯à¨¢«¥ç¥−¨ï ¢−¨¬�−¨ï, � −¥ ®¯¨á�−¨ï
äã−ªæ¨®−¨à®¢�−¨ï ¯à®¤ãªâ�û [2]. �¥ ã¢¥−ç�¥âáï ãá¯¥å®¬ ¨ ¯®¯ëâª� −�©â¨ ®¯à¥-
¤¥«¥−¨¥ ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬®£® ¢ ¨−â¥à−¥â¥. ’�ª, �−£«®ï§ëç−�ï Wikipedia
¯à¥¤«�£�¥â ¤¥áïâ®ª áâ�â¥©, á®¤¥à¦�é¨å â¥à¬¨− software-defined, ¯® ª®−ªà¥â−ë¬
¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ë¬ ®¡ê¥ªâ�¬, −® â�ª ¨ −¥ ¤�¥â ¤«ï −¨å ®¡®¡é�îé¥£®
®¯à¥¤¥«¥−¨ï. ’�ª¨¬ ®¡à�§®¬, �ªâ¨¢−® à�á¯à®áâà�−ïïáì ¨ §�¢®¥¢ë¢�ï ¢á¥ −®-
¢ë¥ áä¥àë ˆ’, ¯®−ïâ¨¥ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï ®áâ�¥âáï, ¯® áãé¥áâ¢ã, −¥
®¯à¥¤¥«¥−−ë¬.

��áâ®ïé�ï áâ�âìï ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®¯ëâªã ®â¢¥â¨âì −� ¢®¯à®á, ¥áâì «¨
á¬ëá« ¢ ¯à®£à�¬¬−®¬ ®¯à¥¤¥«¥−¨¨, ï¢«ï¥âáï «¨ ®−® â¥å−¨ç¥áª¨¬ â¥à¬¨−®¬ ¨, ¯à¨
¯®«®¦¨â¥«ì−®¬ ®â¢¥â¥, ¤�âì ¥¬ã ¯® ¢®§¬®¦−®áâ¨ ¯à®áâ®¥ �¤¥ª¢�â−®¥ ®¯à¥¤¥«¥−¨¥
¢ ¨§¢¥áâ−ëå ¯®−ïâ¨ïå.

2 Существующие трактовки программного определения

�®áª®«ìªã á�¬® á«®¢®á®ç¥â�−¨¥ ú¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ë©û ¢¥áì¬� ¯®-
¯ã«ïà−®, −� á�¬®¬ ¤¥«¥ ¢ à�§«¨ç−ëå â¥®à¥â¨ç¥áª¨å áâ�âìïå ¨ ¯à�ªâ¨ç¥áª¨å
®¡áã¦¤¥−¨ïå ¬®¦−® −�©â¨ −¥¬�«® ¥£® âà�ªâ®¢®ª ¨ ®¯¨á�â¥«ì−ëå ¤¥ä¨−¨æ¨©,
−®, ª�ª ¯à�¢¨«®, ®à¨¥−â¨à®¢�−−ëå −� ª®−ªà¥â−ë¥ ®¡áã¦¤�¥¬ë¥ ¯à®¡«¥¬ë ¨«¨
¯à¥¤«�£�¥¬ë¥ ¯à®¤ãªâë. ˆå ®¡§®à à�§ã¬−® −�ç�âì á ª®¬¯�−¨¨ VMware, ª®â®à�ï
á®¡áâ¢¥−−® ¨ ¢¢¥«� ¢ ®¡à�é¥−¨¥ á�¬ â¥à¬¨−.

“ VMware ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ | íâ® ã−¨ä¨æ¨à®¢�−−�ï, ®á−®¢�−−�ï
−� «¨−¨¨ ¯®¢¥¤¥−¨ï (policy-driven) â¥å−®«®£¨ï �¢â®¬�â¨§¨à®¢�−−®£® ã¯à�¢«¥−¨ï
á¥à¢¨á�¬¨ ¢ –�„�å. …£® §�¤�ç� | á¤¥«�âì á¥à¢¨áë â�ª¨¬¨ ¦¥ ¤®áâã¯−ë¬¨
¢ ª®−ä¨£ãà�æ¨¨ ¨ ã¯à�¢«¥−¨¨, ª�ª ¨ áâ�¢è¨¥ ¯à¨¢ëç−ë¬¨ ¢¨àâã�«ì−ë¥ ¬�è¨-
−ë (‚Œ). ‚ ç¨á«® â�ª¨å á¥à¢¨á®¢ ¢ª«îç�¥âáï ¨−äà�áâàãªâãà� –�„�, â�ª¦¥
¯à¥¤®áâ�¢«ï¥¬�ï ¯®âà¥¡¨â¥«î ª�ª ãá«ã£� (IaaS, infrastructure as a service) [3].

Š®−ªãà¥−â VMware ¢ ú®¡«�ç−ëåû â¥å−®«®£¨ïå ª®¬¯�−¨ï Citrix Systems
¯à¨§−�¥â ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ ¬−®£®£à�−−®© ¯à®¡«¥¬®©, á¢ï§�−−®© á ¢¨à-
âã�«¨§�æ¨¥©, −® −¥ á¢®¤ïé¥©áï ª −¥©. ‚¨àâã�«¨§�æ¨ï ¤®«¦−� ¡ëâì ¤®¯®«−¥−�
â¥å−®«®£¨¥© ú®àª¥áâà®¢ª¨û (orchestration) ¨ ª�â�«®£�¬¨ á�¬®®¡á«ã¦¨¢�−¨ï. �à¨
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íâ¨å ãá«®¢¨ïå ¯®ï¢«ï¥âáï ¢®§¬®¦−®áâì ¯à¥¤®áâ�¢«¥−¨ï à¥áãàá®¢ ¯® §�¯à®áã
¨ à¥�«¨§�æ¨¨ â¥å−®«®£¨¨ ú®¡«�ç−ëåû á¥à¢¨á®¢ [4].

�¡áã¦¤�ï ¢®¯à®áë, á¢ï§�−−ë¥ á SDDC, ¢ ª®¬¯�−¨¨ Cisco Systems ¯à¥¤-
¯®ç¨â�îâ −�§ë¢�âì â�ª®£® à®¤� –�„ë, ¨§¡¥£�ï ¡¥áá¬ëá«¥−−ëå èâ�¬¯®¢, −¥
¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ë¬¨, � ã¯à�¢«ï¥¬ë¬¨ ¢ á®®â¢¥âáâ¢¨¨ á ¯à�¢¨«�¬¨, ¤¥«�ï
ã¯®à −� á¯®á®¡�å ã¯à�¢«¥−¨ï ¨−äà�áâàãªâãà®© [5].

�¥ ¢¤�¢�ïáì ¢ â¥å−¨ç¥áª¨¥ ¯®¤à®¡−®áâ¨, ª®¬¯�−¨ï TechBeacom ¢¨¤¨â −�§−�-
ç¥−¨¥ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï ¢ á¬¥é¥−¨¨ �ªæ¥−â®¢ á ¬¨−¨¬¨§�æ¨¨ áâ®¨¬®áâ¨
ˆ’-ãá«ã£ −� ®¯â¨¬¨§�æ¨î áª®à®áâ¨ ¨å ¤®áâ�¢ª¨ ¯®âà¥¡¨â¥«î [6]. � ¢ ª®¬¯�−¨¨
Nth Generation Computing SDDC ¯à¥¤áâ�¢«ïîâ ª�ª –�„, ª®−ä¨£ãà¨àã¥¬ë©
¥¤¢� «¨ −¥ ¬£−®¢¥−−® ¨ ¯® ¦¥«�−¨î ª®£® ã£®¤−®, ¨áª«îç�ï −¥®¡å®¤¨¬®áâì
¢ á¯¥æ¨�«ì−ëå §−�−¨ïå, ã¬¥−¨ïå ¨ ®¯ëâ¥ [4].

„¢®©áâ¢¥−−� ¯®§¨æ¨ï ª®¬¯�−¨¨ úˆ−ä®á¨áâ¥¬ë „¦¥âû. �®«�£�ï ¯à®£à�¬-
¬−®¥ ®¯à¥¤¥«¥−¨¥ úïà«ëª®¬, ª®â®àë© −�ª«¥¨¢�¥âáï −� à�§−®¥ á®¤¥à¦�−¨¥ ¢ §�-
¢¨á¨¬®áâ¨ ®â ª®−â¥ªáâ� ¨ ®á®¡¥−−®áâ¥© ¯®àâä®«¨® ¯®áâ�¢é¨ª®¢ à¥è¥−¨©û, ¥¥
ˆ’-¨−¦¥−¥àë, â¥¬ −¥ ¬¥−¥¥, á®£«�á−ë ¯®−¨¬�âì ¥£® ª�ª ¯®¤å®¤, ¯à¥¤ãá¬�âà¨¢�-
îé¨© ª®¬¯«¥ªá−®¥ ¯à®£à�¬¬−®¥ ã¯à�¢«¥−¨¥ ª®¬¯®−¥−â�¬¨ –�„�, ¢ â®¬ ç¨á«¥
¢¨àâã�«¨§¨à®¢�−−ë¬¨ [7].

÷�§®¡à�âìáï ¢ íâ®© ¯¥áâà®â¥ ¬−¥−¨©, ¯®à®© ¯à®â¨¢®à¥ç¨¢ëå, −¥¯à®áâ®. �®-
íâ®¬ã ¯à¥¤áâ�¢«ï¥âáï à�§ã¬−ë¬ ®â¢«¥çìáï ®â £®â®¢ëå ®¯à¥¤¥«¥−¨© ¨ âà�ªâ®¢®ª,
§�ç�áâãî ¯®à®¦¤¥−−ëå ¨−â¥à¥á�¬¨ ª®−ªà¥â−ëå ä¨à¬ ¨ àë−®ç−®© ª®−êî−ªâã-
à®©, ¨ ®¡à�â¨âìáï −¥¯®áà¥¤áâ¢¥−−® ª ¯à¥¤¬¥âã −�è¥£® ¨−â¥à¥á� ¢ ª®¬¯®−¥−â�å
¨−äà�áâàãªâãàë –�„®¢, ¢ ª®â®àëå íâ®â â¥à¬¨− ¢®§−¨ª ¨§−�ç�«ì−®, � ¨¬¥−−®
¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ë¬ á¥âï¬ ¨ åà�−¨«¨é�¬.

3 Программное определение в сетях

‚ ª®−â¥ªáâ¥ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï á¥â¥© ¯à¨¦¨«áï ¨ à¥£ã«ïà−® ¯®¢â®-
àï¥âáï ¨ ¢ à¥ª«�¬¥, ¨ ¢ �−�«¨â¨ç¥áª¨å áâ�âìïå æ¥«ë© àï¤ á«®¢¥á−ëå èâ�¬¯®¢,
ª®â®àë¥ ¢á«¥¤áâ¢¨¥ à¥£ã«ïà−®£® ¯®¢â®à¥−¨ï áâ�«¨ ¢®á¯à¨−¨¬�âìáï ª�ª ¥áâ¥áâ¢¥−-
−ë¥ �âà¨¡ãâë SDN, −® −� ¤¥«¥ −¥ ¨¬¥îâ ¯àï¬®£® ®â−®è¥−¨ï ª ¯à®£à�¬¬−®¬ã
®¯à¥¤¥«¥−¨î ª�ª â�ª®¢®¬ã.

‚ ¯¥à¢ãî ®ç¥à¥¤ì, §¤¥áì á«¥¤ã¥â −�§¢�âì ç�áâ® �ªæ¥−â¨àã¥¬®¥ ¢ å�à�ªâ¥à¨-
áâ¨ª�å SDN à�§¤¥«¥−¨¥ ¯«®áª®áâ¥© ¤�−−ëå ¨ ã¯à�¢«¥−¨ï. �® â�ª®¥ à�§¤¥«¥−¨¥
¢®§−¨ª«® ¢ âà�¤¨æ¨®−−ëå á¥âïå §�¤®«£® ¤® ¯®ï¢«¥−¨ï ª®−æ¥¯æ¨¨ SDN, ®−® á¢®©-
áâ¢¥−−® «î¡ë¬ á¥âï¬, ¢ â®¬ ç¨á«¥ −¥ ¯à¥â¥−¤ãîé¨¬ −� ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥.
„«ï SDN ¯à¨−æ¨¯¨�«ì−� «¨èì æ¥−âà�«¨§�æ¨ï ã¯à�¢«¥−¨ï á¥âìî ¨ áãé¥áâ¢¥−−®
−¥ à�§¤¥«¥−¨¥ ¯«®áª®áâ¥©, � ¢ëà®¦¤¥−¨¥ ¯«®áª®áâ¨ ã¯à�¢«¥−¨ï ¢ úâ®çªãû |
«®£¨ç¥áª¨ ¥¤¨−ë© ª®−âà®««¥à á¥â¨ [8, á. 111]. ‚ à®«¨ á¥â¥¢®£® ª®−âà®««¥à�, ¨§
ª®â®à®£® ®áãé¥áâ¢«ï¥âáï æ¥−âà�«¨§®¢�−−®¥ ã¯à�¢«¥−¨¥ á¥âï¬¨ SDN, ª�ª ¯à�¢¨-
«®, ¯à¥¤¯®«�£�¥âáï ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë© á¥à¢¥à ¨«¨ à�¡®â�îé�ï −� −¥¬ ‚Œ.
ˆ§¢¥áâ−ë ¯à¨¬¥àë á¯¥æ¨�«ì−® à�§à�¡®â�−−®£® ¯®¤ á¥â¨ SDN á¨áâ¥¬−®£® ¯à®-
£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��), −�¯à¨¬¥à ®¯¥à�æ¨®−−®© á¨áâ¥¬ë RUNOS, ®¤−�ª®
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¢ ®á−®¢−®¬ ã¯à�¢«¥−¨¥ á¥âï¬¨ SDN ®áãé¥áâ¢«ï¥âáï ¯à¨ª«�¤−ë¬ ��, ¢ ª�ç¥áâ¢¥
ª®â®à®£® −�¨¡®«¥¥ ç�áâ® ã¯®¬¨−�îâáï â�ª −�§ë¢�¥¬ë¥ ú®àª¥áâà®¢é¨ª¨û (orches-
trators). �à¨ íâ®¬ ¯®¤ ú®àª¥áâà®¢ª®©û ¯®−¨¬�¥âáï �¢â®¬�â¨§�æ¨ï á¨áâ¥¬−®£®
¬¥−¥¤¦¬¥−â� ¨ ã¯à�¢«¥−¨ï ¨−äà�áâàãªâãà®©, ¯à¨ç¥¬ �¢â®¬�â¨§�æ¨ï, ¯à¨−æ¨-
¯¨�«ì−® ®á−®¢�−−�ï −� §�à�−¥¥ §�¤�−−ëå ¯à�¢¨«�å ¯®¢¥¤¥−¨ï ¨«¨ ú¯®«¨â¨ª�åû
(policy-based) [9].

’®ç−® â�ª ¦¥ −¥ ¨¬¥¥â ¯àï¬®£® ®â−®è¥−¨ï ª á¥âï¬ SDN, å®âï à¥£ã«ïà−®
ã¯®¬¨−�¥âáï ¢ á¢ï§¨ á −¨¬¨, á¥â¥¢�ï ¢¨àâã�«¨§�æ¨ï. ‘¢ï§ì ¬¥¦¤ã SDN ¨ ¢¨àâã�-
«¨§�æ¨¥© áãé¥áâ¢ã¥â, −® «¨èì ª®á¢¥−−�ï | ç¥à¥§ úâ¥àà¨â®à¨�«ì−ãîû ®¡é−®áâì:
ª®−æ¥¯æ¨ï SDN ¯à�ªâ¨ç¥áª¨ ¯à¨¬¥−¨¬� ¨ −� á¥£®¤−ïè−¨© ¤¥−ì ¤¥¬®−áâà¨àã¥âáï
−¥¬−®£¨¬¨ ¯à¨¬¥à�¬¨ à¥�«¨§�æ¨¨ â®«ìª® ¢ á¥âïå ªàã¯−ëå –�„®¢ [8, á. 114],
� â�ª¨¥ –�„ë −¥ãª«®−−® ¤¢¨¦ãâáï ª â®â�«ì−®© ¢¨àâã�«¨§�æ¨¨ ¢á¥å à¥áãàá®¢,
¢ â®¬ ç¨á«¥ á¥â¥¢ëå. ’�ª¨¬ ®¡à�§®¬, ¢¨àâã�«¨§�æ¨ï á¥â¥© ¨ ¨å ¯à®£à�¬¬−®¥
®¯à¥¤¥«¥−¨¥ | ¯�à�««¥«ì−ë¥ ¯à®æ¥ááë, ¯à®â¥ª�îé¨¥ ¢ –�„�å ¨ ¨−â¥àä¥à¨-
àãîé¨¥, ¯à¨ç¥¬ −¥ ¢á¥£¤� ¢® ¡«�£® ¤àã£ ¤àã£ã. ��¯à¨¬¥à, ¢®¯à¥ª¨ à�áå®¦¥¬ã
¬−¥−¨î ¢¨àâã�«¨§�æ¨ï á¥â¨ −¥ ã¯à®é�¥â, � ¢ æ¥«®¬ áª®à¥¥ ãá«®¦−ï¥â æ¥−âà�«¨-
§®¢�−−®¥ ã¯à�¢«¥−¨¥ ¥î. ‚ á«ãç�¥ ¢¨àâã�«¨§¨à®¢�−−®© á¥â¨ SDN ¯à¨å®¤¨âáï
ã¯à�¢«ïâì ¯�à�««¥«ì−®, ¯à¨ç¥¬ ¢ â¥á−®© ¢§�¨¬−®© á¢ï§¨, ¨ ¢¨àâã�«ì−ë¬¨ −�«®-
¦¥−−ë¬¨ á¥âï¬¨, ¨ ä¨§¨ç¥áª®© á¥âìî ª�ª ®á−®¢®©, −� ª®â®à®© äã−ªæ¨®−¨àãîâ
−�«®¦¥−−ë¥ ¢¨àâã�«ì−ë¥. Œ¥å�−¨§¬ë ã¯à�¢«¥−¨ï ¢¨àâã�«ì−ë¬¨ ¨ ä¨§¨ç¥áª¨-
¬¨ á¥âï¬¨ ¢ ®¡é¥¬ á«ãç�¥ à�§−ë¥ ¨ −¥ ®¡ï§�â¥«ì−® «¥£ª® á®£«�áã¥¬ë. �¥á«ãç�©−®
¯®¤¤¥à¦ªã ¢¨àâã�«ì−ëå á¥â¥© ¢ ¬−®£®á¥à¢¥à−®© ª®−ä¨£ãà�æ¨¨ –�„�, ¯à¨−æ¨-
¯¨�«ì−® âà¥¡ãîé¥© −�«¨ç¨ï �¯¯�à�â−®© á¥â¥¢®© ¨−äà�áâàãªâãàë, ª®¬¯�−¨ï
VMware −�ç�«� ®¡¥á¯¥ç¨¢�âì «¨èì ¢ ®â−®á¨â¥«ì−® ¯®§¤−¥¬ à�áè¨à¥−¨¨ á¢®¥©
¯«�âä®à¬ë ¢¨àâã�«¨§�æ¨¨ NSX: ¢¥àá¨¨ NSX Enterprise [10, á. 92]. �®íâ®¬ã ¢àï¤
«¨ ã¬¥áâ−® ã¯®¬¨−�−¨¥ ¢¨àâã�«¨§�æ¨¨ áà¥¤¨ �âà¨¡ãâ®¢ ¨ ¡¥§®£®¢®à®ç−ëå ¯à¥-
¨¬ãé¥áâ¢ á¥â¥© SDN. ’¥¬ −¥ ¬¥−¥¥ ®¡ê¥ªâ¨¢−®¥ ãá«®¦−¥−¨¥ §�¤�ç¨ ã¯à�¢«¥−¨ï
¢¨àâã�«¨§¨à®¢�−−®© á¥â¥¢®© ¨−äà�áâàãªâãà®© ¡¥§ãá«®¢−® áâ¨¬ã«¨àã¥â ¢−¥¤à¥-
−¨¥ «î¡®£® à®¤� ¥£® �¢â®¬�â¨§�æ¨¨, ¢ â®¬ ç¨á«¥ �¢â®¬�â¨§�æ¨¨, ®á−®¢�−−®© −�
ú¯®«¨â¨ª�åû.

’�ª¨¬ ®¡à�§®¬, ¢ à�ä¨−¨à®¢�−−®¬, ®ç¨é¥−−®¬ ®â §�¡«ã¦¤¥−¨© ¨ ¬�àª¥â¨−-
£®¢ëå èâ�¬¯®¢ ¢¨¤¥ ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ á¥â¥© á¢®¤¨âáï:

{ ª æ¥−âà�«¨§�æ¨¨ ã¯à�¢«¥−¨ï ¢ «®£¨ç¥áª¨ ¥¤¨−®¬ á¥â¥¢®¬ ª®−âà®««¥à¥;

{ ª ®á−®¢�−−®© −� ú¯®«¨â¨ª�åû �¢â®¬�â¨§�æ¨¨ ã¯à�¢«¥−¨ï á¥âìî à�¡®â�îé¨¬
¢ á¥â¥¢®¬ ª®−âà®««¥à¥ ¯à¨ª«�¤−ë¬ �� (ú®àª¥áâà®¢é¨ª®¬û).

4 Программное определение в хранилищах

�®ï¢¨¢è¨áì ¯®§¦¥ SDN, SDS ¯¥à¥−ï«¨ ã −¨å −¥ª®â®àë¥ �àå¨â¥ªâãà−ë¥
¯à¨−æ¨¯ë ®à£�−¨§�æ¨¨ ¨ á®®â¢¥âáâ¢ãîéãî â¥à¬¨−®«®£¨î. ‚ ç¨á«¥ ¯à®ç¥£®
íâ® ®â−®á¨âáï ª à�§¤¥«¥−¨î ¯«®áª®áâ¥© ¤�−−ëå ¨ ã¯à�¢«¥−¨ï, å®âï äã−ªæ¨¨
íâ¨å ¯«®áª®áâ¥© ¢ ª®−æ¥¯æ¨ïå SDN ¨ SDS −¥ ¯®«−®áâìî ¨¤¥−â¨ç−ë ¢á«¥¤áâ¢¨¥
®¡ê¥ªâ¨¢−ëå à�§«¨ç¨© ¬¥¦¤ã á¥âï¬¨ ¨ åà�−¨«¨é�¬¨.
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�à�ªâ¨ç−®¥ ®¯à¥¤¥«¥−¨¥ ú¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬®£®û

�«®áª®áâ¨ ¤�−−ëå ¢ á¥âïå ¨ åà�−¨«¨é�å ¡�§¨àãîâáï −� ¯à¨−æ¨¯¨�«ì−®
à�§−®© ä¨§¨ç¥áª®© �¯¯�à�âãà¥. ‚ SDN íâ® ã−¨ä¨æ¨à®¢�−−ë¥ ª®¬¬ãâ�â®àë,
à�¡®â�îé¨¥ ¯® ¥¤¨−®¬ã ¯à®â®ª®«ã, ¢ ç�áâ−®áâ¨ OpenFlow. “−¨ä¨ª�æ¨ï �¯¯�-
à�âãàë ¨ áâ�−¤�àâ¨§�æ¨ï ¯à®â®ª®«� ¯®§¢®«ïîâ ¯®¬¨¬® ãáâà�−¥−¨ï §�¢¨á¨¬®áâ¨
�� ®â ¯®áâ�¢é¨ª®¢ ®¡®àã¤®¢�−¨ï ¢ë−¥áâ¨ ã¯à�¢«¥−¨¥ SDN −� ¯à¨ª«�¤−®©
ãà®¢¥−ì ��, à�¡®â�îé¥£® ¢ ª®−âà®««¥à¥ á¥â¨. ‚ ®â«¨ç¨¥ ®â ã−¨ä¨æ¨à®-
¢�−−ëå ª®¬¬ãâ�â®à®¢ SDN, SDS ¬®£ãâ ¢ª«îç�âì ä¨§¨ç¥áª¨ á�¬ë¥ à�§−ë¥
ãáâà®©áâ¢�: ¤¨áª®¢ãî ¯�¬ïâì á¥à¢¥à®¢, á¥â¨ åà�−¥−¨ï (SAN, storage-area net-
works), á¥â¥¢ë¥ åà�−¨«¨é� (NAS, network attached storage) ¨ ¤à. á à�§−®©
®à£�−¨§�æ¨¥© ¨ à�§«¨ç−ë¬¨ ¬¥â®¤�¬¨ ¤®áâã¯�, ¢ â®¬ ç¨á«¥ á¯¥æ¨ä¨ç¥áª¨¬¨,
§�¢¨áïé¨¬¨ ®â ¯®áâ�¢é¨ª� íâ¨å ãáâà®©áâ¢. �âáî¤� áãé¥áâ¢¥−−�ï à�§−¨æ�
¢ ¯ãâïå ¤®áâ¨¦¥−¨ï áå®¦¨å æ¥«¥©. ‚ SDN ¯«®áª®áâì ¤�−−ëå ¢ §−�ç¨â¥«ì-
−®© áâ¥¯¥−¨ à¥�«¨§ã¥âáï −� ¯à¨ª«�¤−®¬ ãà®¢−¥, «¨èì §�âà�£¨¢�ï á¨áâ¥¬−®¥
�� á¥â¥¢®£® ª®−âà®««¥à�, −�¯à¨¬¥à ¢ ç�áâ¨ ¯®¤¤¥à¦ª¨ OpenFlow. ‚ SDS
¯«®áª®áâì ¤�−−ëå ¢ë−ã¦¤¥−−® ®¯ãáª�¥âáï −¨¦¥ ¨ ¢−¥¤àï¥âáï ¢ á¨áâ¥¬−®¥
�� ¢á¥å á¥à¢¥à®¢, â�ª ¨«¨ ¨−�ç¥ ¨¬¥îé¨å ®â−®è¥−¨¥ ª ä¨§¨ç¥áª¨¬ ãáâà®©-
áâ¢�¬ åà�−¥−¨ï. ’�ª¦¥ ¢ ¯à®â¨¢®¢¥á SDN, £¤¥ äã−ªæ¨¨ ¯«®áª®áâ¨ ¤�−−ëå
¯à®áâà�−áâ¢¥−−® «®ª�«¨§®¢�−ë ¢ ®¤−®¬ á¥à¢¥à¥ | ª®−âà®««¥à¥ á¥â¨, ¢ SDS
íâ¨ äã−ªæ¨¨ ¢ë−ã¦¤¥−−® úà�§¬�§ë¢�îâáïû ¯® ¬−®¦¥áâ¢ã á¨áâ¥¬ NAS/SAN
¨ á¥à¢¥à®¢. �à¨ â�ª¨å ãá«®¢¨ïå ®−¨ ¬®£ãâ à¥�«¨§®¢ë¢�âìáï, â®«ìª® ¢®¢«¥-
ª�ï ¢á¥ ãà®¢−¨ ��, ¢ª«îç�ï á�¬ë¥ −¨¦−¨¥ ¢¯«®âì ¤® £¨¯¥à¢¨§®à�. ’¥¬ −¥
¬¥−¥¥ ¯à¨−æ¨¯¨�«ì−�ï ¤«ï SDS ª®−á®«¨¤�æ¨ï ¢á¥å à¥áãàá®¢ åà�−¥−¨ï ¢ ®¡-
é¨© ¢¨àâã�«ì−ë© ¯ã« ¯�à�««¥«ì−® âà¥¡ã¥â æ¥−âà�«¨§®¢�−−®£® ã¯à�¢«¥−¨ï íâ¨¬
ª®−á®«¨¤¨à®¢�−−ë¬ à¥áãàá®¬. –¥−âà�«¨§�æ¨ï ¬®¦¥â à¥�«¨§®¢ë¢�âìáï, �−�«®-
£¨ç−® SDN, ¢ ä¨§¨ç¥áª®¬ á¥à¢¥à¥ ¨«¨ ‚Œ −� ãà®¢−¥ ®¯¥à�æ¨®−−®© á¨áâ¥¬ë
¨ ¯à¨ª«�¤−®£® ��, ª�ª íâ® á¤¥«�−®, −�¯à¨¬¥à, ¢ ¯«�âä®à¬¥ VMware vCenter
Server.

‡�â® ¢ ¯«®áª®áâ¨ ã¯à�¢«¥−¨ï áå®¤áâ¢� ¬¥¦¤ã SDN ¨ SDS £®à�§¤® ¡®«ìè¥.
�«®áª®áâì ã¯à�¢«¥−¨ï SDS ®¡¥á¯¥ç¨¢�¥â ®¡é¥¥ ã¯à�¢«¥−¨¥ à�§«¨ç−ë¬¨ ãà®¢-
−ï¬¨ åà�−¥−¨ï ¨ ¤¨−�¬¨ç¥áª®¥ ã¯à�¢«¥−¨¥ ãà®¢−ï¬¨ ®¡á«ã¦¨¢�−¨ï åà�−¨«¨é�
¯ãâ¥¬ �¢â®¬�â¨§�æ¨¨ −� ®á−®¢¥ ú¯®«¨â¨ªû ¨ á ãç¥â®¬ ¢¨àâã�«¨§�æ¨¨ [11, á. 3].
�®áª®«ìªã ã¯à�¢«¥−¨¥ SDS ®áãé¥áâ¢«ï¥âáï ª�ª ¥¤¨−ë¬ æ¥«ë¬, ®−® ¯à¥¤¯®«�-
£�¥âáï, ª�ª ¨ ¢ SDN, æ¥−âà�«¨§®¢�−−ë¬ ¨ â�ª¦¥ −� ®á−®¢¥ −�¯¥à¥¤ §�¤�−−ëå
ú¯®«¨â¨ªû, â. ¥. ¢ ¯«®áª®áâ¨ ã¯à�¢«¥−¨ï ã SDN ¨ SDS ®¤−¨ ¨ â¥ ¦¥ æ¥«¨
¤®áâ¨£�îâáï áå®¦¨¬¨ ¬¥â®¤�¬¨.

‚ ¨â®£¥ à�ä¨−¨à®¢�−−ë¥ ®á®¡¥−−®áâ¨ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï åà�−¨«¨é
¯à¥¤áâ�îâ ª�ª:

{ ª®−á®«¨¤�æ¨ï ä¨§¨ç¥áª¨å à¥áãàá®¢ åà�−¥−¨ï ¢ «®£¨ç¥áª¨ ¥¤¨−®¬, ¯à¥¤¯®-
çâ¨â¥«ì−® ¢¨àâã�«¨§¨à®¢�−−®¬ (−® −¥®¡ï§�â¥«ì−®), ¯ã«¥;

{ æ¥−âà�«¨§�æ¨ï ¨ ®á−®¢�−−�ï −� ú¯®«¨â¨ª�åû �¢â®¬�â¨§�æ¨ï ã¯à�¢«¥−¨ï íâ¨¬
¯ã«®¬ á ¯®¬®éìî á¯¥æ¨�«ì−®£® à�á¯à¥¤¥«¥−−®£® ¯® ä¨§¨ç¥áª¨¬ ãáâà®©áâ¢�¬
��, ¢ª«îç�ï ¯à¨ª«�¤−®¥ ¨ á¨áâ¥¬−®¥.
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5 Программное определение в серверах

…á«¨ ¤«ï á¥â¥© ¨ åà�−¨«¨é ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ ®¡à¥«® −¥ª¨¥ ®ç¥àâ�-
−¨ï ¨ ä®à¬ë, â® ¤«ï £«�¢−®£® ª®¬¯®−¥−â� –�„®¢, ¢ëç¨á«¨â¥«ì−®£®, ®−® ¤®«£®
®áâ�¢�«®áì £¤¥-â® ú§� ª�¤à®¬û. ‚®§¬®¦−®, íâ® ¯à®¨§®è«® ¨§-§� ¯à¨−¨¬�¥¬®£® ¯®
ã¬®«ç�−¨î ¯®«®¦¥−¨ï, çâ® ¢ ª®¬¯ìîâ¥à�å ¨ á¥à¢¥à�å ¢á¥ à�¡®âë, â. ¥. ¢ ¤�−−®¬
á«ãç�¥ ¢ëç¨á«¥−¨ï, ¢ë¯®«−ïîâáï, � §−�ç¨â, ¨ ¬®£ãâ ®¯à¥¤¥«ïâìáï â®«ìª® ¯à®-
£à�¬¬−®. ˆ ¢á¥-â�ª¨ ç¨áâ® ä®à¬�«ì−®¥ ®âáãâáâ¢¨¥ ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ëå
á¥à¢¥à®¢ ¢−®á¨«® −¥ª¨© ¤¨áá®−�−á ¢ ®¡éãî ª�àâ¨−ã SDDC, â¥¬ ¡®«¥¥ çâ® ¯�à�«-
«¥«ì−ë© ¯à®£à�¬¬−®¬ã ®¯à¥¤¥«¥−¨î ¯à®æ¥áá ¢¨àâã�«¨§�æ¨¨ ã¦¥ §�¢¥àè¨«áï ¢®
¢á¥å âà¥å £«�¢−ëå ¨−äà�áâàãªâãà−ëå á®áâ�¢«ïîé¨å –�„®¢ [12].

Œ®¦¥â ¡ëâì, ¨¬¥−−® ¦¥«�−¨¥ ¨§¡�¢¨âìáï ®â íâ®£® ¤¨áá®−�−á� ¯®á«ã¦¨-
«® ¢ ª®−æ¥ ª®−æ®¢ â®«çª®¬ ª ¯®ï¢«¥−¨î ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ëå á¥à¢¥à®¢.
�à®¨§®è«® íâ® ®â−®á¨â¥«ì−® −¥¤�¢−®, ¯®§¦¥ SDN ¨ SDS, ¨ ã ¯à®£à�¬¬−® ®¯à¥-
¤¥«ï¥¬ëå á¥à¢¥à®¢ (software-defined servers) ¥é¥ −¥ á«®¦¨«áï ®¡é¥¯à¨−ïâë©
�ªà®−¨¬. (’ãâ ¨¬¥¥âáï ®¡ê¥ªâ¨¢−�ï âàã¤−®áâì ¨§-§� ä®à¬�«ì−®£® á®¢¯�¤¥−¨ï
á ãáâ®ï¢è¥©áï �¡¡à¥¢¨�âãà®© SDS ¤«ï åà�−¨«¨é.)

�à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ë¥ á¥à¢¥àë −¥ ®¡§�¢¥«¨áì −¥ â®«ìª® �ªà®−¨¬®¬,
−® ¨ ®¡é¥¯à¨−ïâë¬ á®¤¥à¦�−¨¥¬ á�¬®£® ¯®−ïâ¨ï. ��¯à¨¬¥à, Webopedia ¯®¤
¯à®£à�¬¬−ë¬ ®¯à¥¤¥«¥−¨¥¬ á¥à¢¥à®¢ ¯®−¨¬�¥â íää¥ªâ¨¢−®¥ ã¯à�¢«¥−¨¥ ¯®-
áà¥¤áâ¢®¬ á¯¥æ¨�«ì−®£® �� ¢á¥¬¨ ª®¬¯®−¥−â�¬¨ á¥à¢¥à�, ¢ª«îç�ï ¯¨â�−¨¥
¨ ®å«�¦¤¥−¨¥. �«¨§ª®¥ ª íâ®¬ã ¯®−¨¬�−¨¥ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï á¥à¢¥-
à®¢ ¤¥¬®−áâà¨àã¥â ª®¬¯�−¨ï Datacenterdynamics, à�á¯à®áâà�−ïï ¥£® −� ¢¥áì
–�„ [13]. „¥©áâ¢¨â¥«ì−®, −� àë−ª¥ ã¦¥ ¨¬¥îâáï ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ë¥
¨áâ®ç−¨ª¨ ¯¨â�−¨ï ¨ ®å«�¦¤¥−¨ï. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à®¢ ¬®¦−® −�§¢�âì ú¨−â¥«-
«¨£¥−â−ë¥û ¡�â�à¥¨ ¡¥á¯¥à¥¡®©−®£® ¯¨â�−¨ï ª®¬¯�−¨¨ Virtual Power Systems
¨ ã¯à�¢«ï¥¬ë¥ á¨áâ¥¬ë ®å«�¦¤¥−¨ï ª®¬¯�−¨¨ Inertech. ’�ª¨¬ ®¡à�§®¬, ¢á¥
ä¨§¨ç¥áª¨¥ ª®¬¯®−¥−âë –�„ áâ�−®¢ïâáï ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ë¬¨, ãáâà�−ïï
ã¯®¬ï−ãâë© ¢ëè¥ ¤¨áá®−�−á.

�¤−�ª® ¥áâì ¨ ¨−ë¥ ®¯à¥¤¥«¥−¨ï ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬®£® á¥à¢¥à�. ’�ª,
ª®¬¯�−¨ï TidalScale âà�ªâã¥â ¯à®£à�¬¬−® ã¯à�¢«ï¥¬ë© á¥à¢¥à ¢ àãá«¥ ª®−æ¥¯æ¨¨
SDS ª�ª ®¡ê¥¤¨−¥−¨¥ ¬−®¦¥áâ¢� ä¨§¨ç¥áª¨å ª®¬¯ìîâ¥à®¢ ¢ ®¤−ã ¢¨àâã�«ì−ãî
áà¥¤ã. �à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ â�ª®© áà¥¤ë ¯à¥¤¯®«�£�¥âáï á¯¥æ¨�«ì−ë¬
��, ¢ ª�ç¥áâ¢¥ ª®â®à®£® TidalScale ¯à¥¤«�£�¥â ä¨à¬¥−−ë© ¯à®¤ãªâ HyperKernel
Software. �¤−�ª® ¥á«¨ âà�ªâ®¢ª� TidalScale ¨ ¨¬¥¥â ®â−®è¥−¨¥ ª ¯à®£à�¬¬−®¬ã
®¯à¥¤¥«¥−¨î, â® «¨èì ª®á¢¥−−®¥, â�ª ª�ª âãâ à¥çì, ¯® áãé¥áâ¢ã, ¨¤¥â ® ª«�á-
á¨ç¥áª®© ¢¨àâã�«¨§�æ¨¨ –�„� á â¨¯¨ç−ë¬ ¬®−¨â®à®¬ ‚Œ, � ¥é¥ ¡®«¥¥, −�¤®
¯®«�£�âì, ® à¥ª«�¬¥ ä¨à¬¥−−®£® ��.

ˆ−â¥à¥á−ë¬ ¨ ¯¥àá¯¥ªâ¨¢−ë¬ á â®çª¨ §à¥−¨ï ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï à¥-
è¥−¨¥¬ á ®¡ê¥¤¨−¥−¨¥¬ ¢ ®¤−®¬ ¯à®¤ãªâ¥ ¢á¥å �¯¯�à�â−ëå ª®¬¯®−¥−â®¢ SDDC,
¢ª«îç�ï á¥à¢¥àë, åà�−¨«¨é�, á¥âì, ¯¨â�−¨¥ ¨ ®å«�¦¤¥−¨¥, ¬®¦¥â áâ�âì £¨-
¯¥àª®−¢¥à£¥−æ¨ï. ƒ¨¯¥àª®−¢¥à£¥−â−ë¥ ¨−äà�áâàãªâãàë ¯à®é¥ ª®¬¯®−ãîâáï
¢ –�„�å ¨ «¥£ç¥ ¯®¤¤�îâáï ¯à®£à�¬¬−®¬ã ®¯à¥¤¥«¥−¨î ¢ á¨«ã á¢®¥© ¨§−�ç�«ì-
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�à�ªâ¨ç−®¥ ®¯à¥¤¥«¥−¨¥ ú¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬®£®û

−®© ¯à¥ª®−ä¨£ãà¨à®¢�−−®áâ¨. �� á¥£®¤−ïè−¥¬ àë−ª¥ �¯¯�à�âãàë –�„®¢ ¤®«ï
£¨¯¥àª®−¢¥à£¥−â−ëå á¨áâ¥¬ ¡ëáâà® à�áâ¥â ¨ ¢® ¬−®£®¬ ¡«�£®¤�àï â®¬ã, çâ® ¨å ¯®-
áâ�¢é¨ª¨ ¯à¥¤«�£�îâ á −¨¬¨ á¯¥æ¨�«¨§¨à®¢�−−®¥ ��, ¢ â®¬ ç¨á«¥ á ®â¤¥«ì−ë¬¨
£®â®¢ë¬¨ ¬®¤ã«ï¬¨ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï [3,13].

ˆ−â¥£à¨àãï à�§«¨ç−ë¥ ¨¬¥îé¨¥áï ¯®¤å®¤ë ª ¯à®£à�¬¬−®¬ã ®¯à¥¤¥«¥−¨î
á¥à¢¥à®¢, ¯®á«¥¤−¥¥ ¬®¦−® ®¯à¥¤¥«¨âì ª�ª ª®¬¯«¥ªá−ãî �¢â®¬�â¨§�æ¨î æ¥−-
âà�«¨§®¢�−−®£® ¯à®£à�¬¬−®£® ã¯à�¢«¥−¨ï ¢á¥¬¨ á¥à¢¥à�¬¨ –�„� ¨ ¢á¥¬¨ à�-
¡®â�îé¨¬¨ −� −¨å ‚Œ, ª®â®à�ï ¬®¦¥â â�ª¦¥ à�á¯à®áâà�−ïâìáï −� á«ã¦¥¡−ë¥
á¨áâ¥¬ë á¥à¢¥à®¢, â�ª¨¥ ª�ª ¯¨â�−¨¥ ¨ ®å«�¦¤¥−¨¥.

6 Заключение

�à®¢¥¤¥−−ë© �−�«¨§ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï ¢ ®á−®¢−ëå áä¥à�å ¥£® ¯à�ª-
â¨ç¥áª®£® ¯à¨«®¦¥−¨ï ¯®ª�§ë¢�¥â, çâ® ¯à¨ ¢á¥¬ à�§−®®¡à�§¨¨ ¨¬¥îé¨åáï ¥£®
âà�ªâ®¢®ª ¯à�ªâ¨ç¥áª¨ ¢® ¢á¥å «¥©â¬®â¨¢®¬ §¢ãç¨â â¥¬� ª®¬¯«¥ªá−®© �¢â®-
¬�â¨§�æ¨¨ ã¯à�¢«¥−¨ï ¨−äà�áâàãªâãà®© –�„®¢ ¢® ¨¬ï £¨¡ª®£® ¨ ¡ëáâà®£®
¯à¥¤®áâ�¢«¥−¨ï ¯®«ì§®¢�â¥«ï¬ ú®¡«�ç−ëåû ãá«ã£, ¢¯«®âì ¤® IaaS. ’�ª¦¥ á«¥¤ã-
¥â ®¡à�â¨âì ¢−¨¬�−¨¥ −� ¤®¬¨−�−âã íâ®£® «¥©â¬®â¨¢�: ®á−®¢�−¨¥ −� ¯à�¢¨«�å,
â�ª −�§ë¢�¥¬ëå ú¯®«¨â¨ª�åû. ‘�¬ â¥à¬¨− ú¯®«¨â¨ª¨û âãâ −¥á«ãç�¥− ¨ ï¢«ï¥âáï
¯à®¨§¢®¤−ë¬ ®â ¯�à�¤¨£¬ë ¯à®£à�¬¬¨à®¢�−¨ï policy-based programming (¨«¨
policy-based design). �¥ ®â¢«¥ª�ïáì −� ¯®¤à®¡−®áâ¨, ¤«ï æ¥«¥© ¤�−−®© áâ�-
âì¨ ¤®áâ�â®ç−® ª®−áâ�â¨à®¢�âì áãâì íâ®© ¤®¬¨−�−âë: ¯à®£à�¬¬¨à®¢�−¨¥ −¥ª¨å
ú¯®«¨â¨ªû.

‘ ãç¥â®¬ ¢ëï¢«¥−−®£® «¥©â¬®â¨¢� ¨ ¥£® ¤®¬¨−�−âë −�¨¡®«¥¥ �¤¥ª¢�â−ë¬¨
¯à¥¤áâ�¢«ïîâáï á«¥¤ãîé¨¥ ¤¢� ¢§�¨¬®¤®¯®«−ïîé¨å ®¯à¥¤¥«¥−¨ï ¯à®£à�¬¬−®
®¯à¥¤¥«ï¥¬®£® –�„�:

(1) úSDDC | íâ® –�„, £¤¥ ¢á¥ ä¨§¨ç¥áª¨¥ à¥áãàáë ¢¨àâã�«¨§¨à®¢�−ë. . .
ã¯à�¢«ïîâáï ¨§ ¥¤¨−®© â®çª¨ á ¯®¬®éìî á¯¥æ¨�«¨§¨à®¢�−−®£® �� ¨ ¯à¥¤®-
áâ�¢«ïîâáï ª�ª á¥à¢¨áû [14];

(2) ú¯®¬¨¬® âà¥å ª«îç¥¢ëå ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ëå ª®¬¯®−¥−â®¢ SDDC:
¢ëç¨á«¥−¨©, åà�−¥−¨ï ¨ á¥â¥© | −¥®¡å®¤¨¬ ¥é¥ ãà®¢¥−ì ¯®«−®© ¨ áª¢®§−®©
�¢â®¬�â¨§�æ¨¨ ã¯à�¢«¥−¨ï ¢ á®®â¢¥âáâ¢¨¨ á §�¤�−−ë¬¨ ¯à�¢¨«�¬¨ (â�ª
−�§ë¢�¥¬®© ú®àª¥áâà®¢ª¨û)û [5].

�¡ê¥¤¨−ïï ¨å, ¬®¦−® ®¯à¥¤¥«¨âì ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ ç¥à¥§ ®¡é¥¯à¨-
−ïâë¥ ¯®−ïâ¨ï ª�ª ª®¬¯«¥ªá−ãî �¢â®¬�â¨§�æ¨î æ¥−âà�«¨§®¢�−−®£® ã¯à�¢«¥−¨ï
¨−äà�áâàãªâãà®© –�„®¢ á¯¥æ¨�«¨§¨à®¢�−−ë¬ ��.

’�ª¨¬ ®¡à�§®¬, ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ ¨¬¥¥â-â�ª¨ á¬ëá« ¨ ï¢«ï¥âáï â¥å-
−¨ç¥áª¨¬ â¥à¬¨−®¬. �à�¢¤�, ¬®¦¥â ¢®§−¨ª−ãâì §�ª®−®¬¥à−ë© ¢®¯à®á: §�ç¥¬
¢¢®¤¨âì −®¢ë© â¥à¬¨− á −¥ïá−ë¬ á¬ëá«®¬, ¥á«¨ â® ¦¥ á�¬®¥ ¬®¦−® ®¯à¥¤¥«¨âì
®¡é¥¨§¢¥áâ−ë¬¨ ®ç¥¢¨¤−ë¬¨ ¯®−ïâ¨ï¬¨? ‚¥à®ïâ−®, ®â¢¥â −� íâ®â ¢®¯à®á −�¤®
¨áª�âì ¢ ¬�àª¥â¨−£®¢®© ¯á¨å®«®£¨¨. ‚ á¥£®¤−ïè−¥¬ ¬¨à¥ ˆ’ ¢á¥ ú¯à®£à�¬¬−®
®¯à¥¤¥«ï¥¬®¥û, ¯ãáâì ¨ −¥¯®−ïâ−®¥, ¢®á¯à¨−¨¬�¥âáï (¬®¦¥â ¡ëâì, ¨¬¥−−® ¢ á¨«ã
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á¢®¥© −¥¯®−ïâ−®áâ¨) ª�ª −¥çâ® á®¢à¥¬¥−−®¥, £¨¡ª®¥ ¨ ¯¥àá¯¥ªâ¨¢−®¥, ¢ â® ¢à¥¬ï
ª�ª −�¡¨¢è�ï ®áª®¬¨−ã úª®¬¯«¥ªá−�ï �¢â®¬�â¨§�æ¨ïû ª�¦¥âáï ç¥¬-â® §�ª®á−¥«®
¡îà®ªà�â¨ç¥áª¨¬ ¨ −¥¯®¢®à®â«¨¢ë¬. �¤−�ª® −� ¯à�ªâ¨ª¥ �¢â®¬�â¨§�æ¨ï ã¯à�¢-
«¥−¨ï −� ®á−®¢¥ ú¯®«¨â¨ªû, â. ¥. ãáâ�−®¢«¥−−ëå ¯à�¢¨« ¯®¢¥¤¥−¨ï ¨ ¯à¨−ïâ¨ï
à¥è¥−¨©, ¬®¦¥â ¡ëâì íää¥ªâ¨¢−®© ¨ ¯à¥ªà�á−® à�¡®â�âì; −�¤® â®«ìª®, çâ®¡ë
ªâ®-â® −¥ ¯®«¥−¨«áï ¯à�¢¨«ì−® §�¯à®£à�¬¬¨à®¢�âì íâ¨ ¯à�¢¨«� [15]. � çâ®¡ë
¯®¡¥¤¨âì ¨−¥àæ¨î ¨ ¯à¥¤ã¡¥¦¤¥−¨¥, ¯®«¥§−® −�§¢�âì §�¯à®£à�¬¬¨à®¢�−−ë¥ áâ�-
àë¥ ¤®¡àë¥ ¯à�¢¨«� −®¢®¬®¤−ë¬ â¥à¬¨−®¬, â¥¬ ¦¥ ¯à®£à�¬¬−ë¬ ®¯à¥¤¥«¥−¨¥¬,
−�¯à¨¬¥à, çâ® ã¦¥ á¤¥«�«¨ ¨ ¯à®¤®«¦�îâ ¤¥«�âì ¬−®£¨¥ ä¨à¬ë.
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A PRACTICAL DEFINITION OF “SOFTWARE-DEFINED”

V. B. Egorov

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

Abstract: In the new millennium, the \software-defining" concept has entered
information technologies, with increasing number of software-defined objects
being involved as discussion subjects: networks, storages, servers, and finally
entirely software-defined datacenters. However, despite the multiplying subjects
and frequent reiteration of the set expression \software-defined," its real meaning
is not so easy to perceive. Moreover, a sufficiently widespread opinion considers
the expression rather a marketing trick than a technical term. Actual encyclo-
pedias do not suggest a clear commonly accepted definition of this phenomenon
as well. In the article, an attempt is made to uncover the technical essence of
\software-defined," and to formulate for it a plain practical definition. Basing
on unbiased analysis of peculiarities of datacenter infrastructure components
declared as software-defined, a conclusion was drawn that \software-defined"
may be regarded as a technical term and provided with a simple definition in
conventional generally accepted notions.

Keywords: control automation; infrastructure as a service (IaaS); policy-based;
policy-driven; SDDC; SDN; SDS; software-defined
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ВОССТАНОВЛЕНИЕ СИГНАЛА В СИСТЕМАХ
РЕАЛЬНОГО ВРЕМЕНИ ПО РАВНОМЕРНЫМ ВЫБОРКАМ

С УМЕНЬШЕНИЕМ ИНТЕРВАЛА НАЙКВИСТА

Б. Г. Майоров1

�−−®â�æ¨ï: �à¥¤«®¦¥−� ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¯®¢¥¤¥−¨ï á¨£−�«� ¬¥¦¤ã
¤¢ã¬ï á®á¥¤−¨¬¨ ¢ë¡®àª�¬¨ ¨§ −¥£®. �®«ãç¥−ë −®¢ë¥ ®¡é¨¥ ä®à¬ã«ë ¤«ï
−�å®¦¤¥−¨ï á¨−ãá®¨¤�«ì−®£® ªà¨â¥à¨ï −�¨¡®«ìè¥£® ®âª«®−¥−¨ï. „®ª�§�−�
â¥®à¥¬� ®¡ ã¬¥−ìè¥−¨¨ ¨−â¥à¢�«� ��©ª¢¨áâ�, ª®â®à�ï á¢ï§ë¢�¥â ªà¨â¥à¨©
−�¨¡®«ìè¥£® ®âª«®−¥−¨ï ¨ ¢¥«¨ç¨−ã ¯®áâ®ï−−®£® ¨−â¥à¢�«� ¤¨áªà¥â¨§�æ¨¨.
÷¥§ã«ìâ�âë ¯®§¢®«ïîâ ®¡®á−®¢�−−® ®¯à¥¤¥«ïâì ¢¥«¨ç¨−ã íâ®£® ¨−â¥à¢�«�.

Š«îç¥¢ë¥ á«®¢�: á¨áâ¥¬ë à¥�«ì−®£® ¢à¥¬¥−¨; á¨−ãá®¨¤�«ì−ë© ªà¨â¥à¨©
−�¨¡®«ìè¥£® ®âª«®−¥−¨ï á¨£−�«�; áâã¯¥−ç�â�ï ¨«¨ «¨−¥©−�ï �¯¯à®ªá¨¬�æ¨ï
á¨£−�«� ¯® ¢ë¡®àª�¬; ¤®¯ãáâ¨¬�ï ¯®£à¥è−®áâì �¯¯à®ªá¨¬�æ¨¨; ¯®áâ®ï−−ë©
¨−â¥à¢�« ¤¨áªà¥â¨§�æ¨¨ ¢à¥¬¥−¨

DOI: 10.14357/08696527190209

1 Введение

�¡«�áâì ¯à¨¬¥−¥−¨ï à¥§ã«ìâ�â®¢ −�áâ®ïé¥© áâ�âì¨ | ¯à®¥ªâ¨à®¢�−¨¥ á¨áâ¥¬
ã¯à�¢«¥−¨ï ¦¥áâª®£® à¥�«ì−®£® ¢à¥¬¥−¨ (‘“÷‚) ¤«ï ®¡ê¥ªâ®¢, äã−ªæ¨®−¨-
àãîé¨å ¢ �¢â®¬�â¨ç¥áª®¬ à¥¦¨¬¥. ��¯®¬−¨¬ âà¥¡®¢�−¨ï ª ¤¨áªà¥â¨§�æ¨¨
¢à¥¬¥−¨ ¨ ¢®ááâ�−®¢«¥−¨î á¨£−�«� ¯® ¢ë¡®àª�¬, ¢®§−¨ª�îé¨¥ ¨§ ®á®¡¥−−®áâ¥©
äã−ªæ¨®−¨à®¢�−¨ï ‘“÷‚.

1. �¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì ¯®áâ®ï−−ë© ¨−â¥à¢�« à�¢−®¬¥à−®© ¤¨áªà¥â¨§�æ¨¨
á¨£−�«� ¯® ¢à¥¬¥−¨ ¨ §�¤�âìáï â¨¯®¬ �¯¯à®ªá¨¬�æ¨¨ á¨£−�«� ¯® ¢ë¡®àª�¬.
�à¨ íâ®¬ �¤�¯â¨àãîé�ï �¯¯à®ªá¨¬�æ¨ï á ¯¥à¥¬¥−−ë¬ è�£®¬ ¤¨áªà¥â¨§�æ¨¨
−¥ ¯à¨¬¥−ï¥âáï.

2. ‚ á®¢à¥¬¥−−ëå ‘“÷‚ ¨á¯®«ì§ãîâ �¯¯à®ªá¨¬�æ¨î áâã¯¥−ìª�¬¨ ¨«¨ ®âà¥§-
ª�¬¨ ¯àï¬ëå «¨−¨© ¯® ¢ë¡®àª�¬ ¨ áãé¥áâ¢¥−−® à¥¦¥ ¨á¯®«ì§ãîâ äã−ªæ¨î
sinc(x) [1, 2].

3. �¥®¡å®¤¨¬® ®¡à�¡®âªã ¨−ä®à¬�æ¨¨ ¨ ¢ë¤�çã á¨£−�«� ã¯à�¢«¥−¨ï −� ¨á¯®«-
−¨â¥«ì−ë¥ ®à£�−ë ‘“÷‚ ¯à®¢®¤¨âì §� ®¤¨− ¨«¨ ¤¢� ¨−â¥à¢�«� ¤¨áªà¥â¨§�-
æ¨¨ ¢à¥¬¥−¨.

4. �¥®¡å®¤¨¬® ®¡¥á¯¥ç¨âì á®åà�−¥−¨¥ §−�ç¥−¨© á¨£−�«� ¡¥§ ¨áª�¦¥−¨© ¢ â®çª�å
®áãé¥áâ¢«¥−¨ï ¢ë¡®à®ª ¨§ á¨£−�«� ¯à¨ �¯¯à®ªá¨¬�æ¨¨ á¨£−�«�.

1�� ú��ãç−®-¯à®¨§¢®¤áâ¢¥−−®¥ ¯à¥¤¯à¨ïâ¨¥ ú÷ã¡¨−ûû, £. �¥−§�, b.g.m.1947@rambler.ru

95



�. ƒ. Œ�©®à®¢

�¯¯à®ªá¨¬�æ¨ï á¨£−�«� ¯® ¢ë¡®àª�¬ ¨§ −¥£® ¯à®¨áå®¤¨â á ¯®£à¥è−®áâìî
�¯¯à®ªá¨¬�æ¨¨ –, à�¢−®© −�¨¡®«ìè¥¬ã §−�ç¥−¨î à�§−®áâ¨ ¬¥¦¤ã ¯¥à¢¨ç−ë¬
�−�«®£®¢ë¬ §−�ç¥−¨¥¬ á¨£−�«� −� ¢ëå®¤¥ ¤�âç¨ª� ¨ ¥£® ¢â®à¨ç−ë¬ §−�ç¥−¨¥¬,
¢®ááâ�−®¢«¥−−ë¬ ¯ãâ¥¬ �¯¯à®ªá¨¬�æ¨¨ ¢¥«¨ç¨− ¢ë¡®à®ª. �®áâ®ï−−ë© ¨−â¥à-
¢�« ¤¨áªà¥â¨§�æ¨¨ ¢à¥¬¥−¨ Ts §�¢¨á¨â ®â §�ª®−� �¯¯à®ªá¨¬�æ¨¨ ¨ ¬�ªá¨¬�«ì−®
¤®¯ãáâ¨¬®© ¯®£à¥è−®áâ¨ �¯¯à®ªá¨¬�æ¨¨ – ®â ¬�ªá¨¬�«ì−ëå ¯�à�¬¥âà®¢ �¯-
¯à®ªá¨¬¨àã¥¬®£® á¨£−�«� p(t): £à�−¨ç−®© ç�áâ®âë f ¢ á¯¥ªâà¥ ç�áâ®â, −�¨¡®«ì-

è¥© áª®à®áâ¨ ¨§¬¥−¥−¨ï max p(1)(t) = V , −�¨¡®«ìè¥£® ãáª®à¥−¨ï ¨§¬¥−¥−¨ï

max p(2)(t) = a, −�¨¡®«ìè¥© à¥§ª®áâ¨ ¨§¬¥−¥−¨ï max p(3)(t) = R ¨ â. ¤.
’�ª¨¬ ®¡à�§®¬, ¬®¦−® §�¯¨á�âì äã−ªæ¨®−�«ì−ãî §�¢¨á¨¬®áâì ®â ¬−®¦¥áâ¢�

¯�à�¬¥âà®¢:

Ts ≤ F max
{
f,–, V, a,R, . . . , p(n)(t)

}
, (1)

£¤¥ (n)| −�¨¡®«ìè¨© ¯®àï¤®ª ¬�ªá¨¬�«ì−®£® §−�ç¥−¨ï ¯à®¨§¢®¤−®©max p(n)(t)
®â á¨£−�«� p(t) ¯® ¢à¥¬¥−¨, ª®â®àë© ãç¨âë¢�¥âáï ¯à¨ ®¯à¥¤¥«¥−¨¨ Ts.

ˆ§¢¥áâ−ë âà¨ ®á−®¢−ëå ¬¥â®¤� ®¯à¥¤¥«¥−¨ï ç�áâ®âë ¤¨áªà¥â¨§�æ¨¨ fs =
= 1/Ts ¨«¨ ¯®áâ®ï−−®£® ¯® ¢¥«¨ç¨−¥ ¨−â¥à¢�«� ¤¨áªà¥â¨§�æ¨¨ ¢à¥¬¥−¨ Ts

¢ ‘“÷‚.
�¥à¢ë© ¬¥â®¤ ®¯à¥¤¥«¥− â¥®à¥¬®© �Š˜ (��©ª¢¨áâ�, Š®â¥«ì−¨ª®¢�, ˜¥−-

−®−�) [3{7].
’¥®à¥¬� �Š˜ (â¥®à¥¬� ®âáç¥â®¢) [6, 7] ¤®ª�§�−� Š. ˜¥−−®−®¬ −� ®á−®¢¥

â¥®à¥¬ë ‚. �. Š®â¥«ì−¨ª®¢� [4] ¨ à�¡®âë ��©ª¢¨áâ� [3] ¨ ¨á¯®«ì§ã¥âáï ¢ â¥®à¨¨
¨ â¥å−¨ª¥ á¢ï§¨.

’¥®à¥¬� �Š˜. …á«¨ äã−ªæ¨ï −¥ á®¤¥à¦¨â ç�áâ®â ¢ëè¥ f ƒæ, ®−� ¯®«−®áâìî
®¯à¥¤¥«ï¥âáï á¢®¨¬¨ ¬£−®¢¥−−ë¬¨ §−�ç¥−¨ï¬¨ ¢ ¬®¬¥−âë, ®âáâ®ïé¨¥ ¤àã£ ®â
¤àã£� −� 1/2f á¥ªã−¤.

ˆ−â¥à¢�« ¢à¥¬¥−¨ 1/2f −�§¢�− ˜¥−−®−®¬ [7] ¨−â¥à¢�«®¬ ��©ª¢¨áâ� [3].
�¥¤®áâ�âª¨ â¥®à¥¬ë �Š˜ ¯à¨ à¥è¥−¨¨ §�¤�ç ¢ ã¯à�¢«ïîé¨å á¨áâ¥¬�å

‘“÷‚ á«¥¤ãîâ ¨§ ¯à®æ¥¤ãà ¥¥ ¯à�ªâ¨ç¥áª®£® ¨á¯®«ì§®¢�−¨ï [7]:

(1) ¢®ááâ�−®¢«¥−¨¥ äã−ªæ¨¨ ¯à®¨áå®¤¨â ¢ â¥ç¥−¨¥ ¡®«ìè®£® ¢à¥¬¥−¨ áãé¥áâ¢®-
¢�−¨ï Tc íâ®© äã−ªæ¨¨ (§¢ãª®¢®£® á¨£−�«�) á ¯®á«¥¤®¢�â¥«ì−ë¬ áã¬¬¨à®-
¢�−¨¥¬ ¢á¥å ¬£−®¢¥−−ëå §−�ç¥−¨© (¢ë¡®à®ª), ª®â®àë¥ ¡ë«¨ á¤¥«�−ë ¨§
íâ®© äã−ªæ¨¨. �à¨ íâ®¬ §�à�−¥¥ ¨§¢¥áâ−®, çâ® á¯à�¢¥¤«¨¢® −¥à�¢¥−áâ¢®
Tc ≫ Ts. ‚ ‘“÷‚ ¡®«ìè¨¥ §�¤¥à¦ª¨ ¯à¨ ®¡à�¡®âª¥ á¨£−�«®¢ ¢® ¢à¥¬¥−¨
−¥¤®¯ãáâ¨¬ë;

(2) ¢ ãáâà®©áâ¢¥ ¢®ááâ�−®¢«¥−¨ï äã−ªæ¨¨ ¯® ¥¥ ®âáç¥â�¬ ¢ ª�¦¤®© â®çª¥ ®â-
áç¥â� −� ¨−â¥à¢�«¥ ¢à¥¬¥−¨ Tc ¯®¬¥é�îâ ¨¬¯ã«ìá á �¬¯«¨âã¤®©, à�¢−®©
¢¥«¨ç¨−¥ ª�¦¤®£® ®âáç¥â�, −� ¬¥áâ® íâ®£® ®âáç¥â�, ®áãé¥áâ¢«ïîâ ¯®á«¥¤®-
¢�â¥«ì−®¥ ¯à¥®¡à�§®¢�−¨¥ íâ®£® ¨¬¯ã«ìá� ¯® ¯¥à¥¤�â®ç−®© å�à�ªâ¥à¨áâ¨ª¥
ä¨«ìâà� −¨¦−¨å ç�áâ®â, à¥§ã«ìâ�âë ¯à¥®¡à�§®¢�−¨© −�ª�¯«¨¢�îâ ¢ â¥ç¥−¨¥
¨−â¥à¢�«� ¢à¥¬¥−¨ Tc ¨ ¯®«ãç�îâ ¨áå®¤−ãî äã−ªæ¨î.
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‚®ááâ�−®¢«¥−¨¥ á¨£−�«� ¢ á¨áâ¥¬�å à¥�«ì−®£® ¢à¥¬¥−¨ ¯® à�¢−®¬¥à−ë¬ ¢ë¡®àª�¬

Œ�â¥¬�â¨ç¥áª¨ ¯à®æ¥áá ¯à¥®¡à�§®¢�−¨ï ¨ ¢®ááâ�−®¢«¥−¨ï á¨£−�«� p(t) (§¢ã-
ª®¢®£® á¨£−�«�) ®¯¨áë¢�¥âáï àï¤®¬ ‚. �. Š®â¥«ì−¨ª®¢� [3,4]:

p(t) =

2Tcf∑

k=1

pk
sinπ(2ft − k)

π(2ft − k)
, (2)

£¤¥ k | −®¬¥à ®âáç¥â� (¢ë¡®àª¨) −� ¨−â¥à¢�«¥ ¢à¥¬¥−¨ Tc; 2Tcf | ç¨á«®
®âáç¥â®¢ −� ¨−â¥à¢�«¥ ¢à¥¬¥−¨ Tc; pk | �¬¯«¨âã¤� ®âáç¥â� á −®¬¥à®¬ k.

‚ëà�¦¥−¨¥ (2) ¯®¤®¡−® £�à¬®−¨ç¥áª®¬ã àï¤ã ”ãàì¥ ¨ ï¢«ï¥âáï á«®¦−ë¬
á â®çª¨ §à¥−¨ï ®¡ê¥¬� −¥®¡å®¤¨¬ëå ¢ëç¨á«¨â¥«ì−ëå ®¯¥à�æ¨© ¤«ï ¥£®
à¥�«¨§�æ¨¨. ‚ëà�¦¥−¨ï ¤«ï áâã¯¥−ç�â®© ¨ «¨−¥©−®© �¯¯à®ªá¨¬�æ¨¨ (¤«ï
¢®ááâ�−®¢«¥−¨ï á¨£−�«� ¯® ¢ë¡®àª�¬ ¨§ −¥£®) áãé¥áâ¢¥−−® ¯à®é¥ ¢ ¬�â¥¬�-
â¨ç¥áª®¬ ®¯¨á�−¨¨ ¨ à¥�«¨§�æ¨¨;

(3) ¯à¨¬¥−ï¥¬ë¥ ¢ ¯à�ªâ¨ª¥ à�§à�¡®âª¨ ¨ à¥�«¨§�æ¨¨ ‘“÷‚ ¬¥â®¤ë áâã¯¥−ç�-
â®© ¨ «¨−¥©−®© �¯¯à®ªá¨¬�æ¨¨ ¢®®¡é¥ −¥ ¨á¯®«ì§ãîâáï ¨ −¥ ã¯®¬¨−�îâáï
¯à¨ ¤®ª�§�â¥«ìáâ¢¥ â¥®à¥¬ë �Š˜ [4,7];

(4) ¢ â¥®à¥¬¥ �Š˜ ¤«ï ®¯à¥¤¥«¥−¨ï Ts ¨á¯®«ì§ã¥âáï â®«ìª® £à�−¨ç−�ï ç�áâ®-
â� f ¢ á¯¥ªâà¥ ç�áâ®â á¨£−�«�, � ®áâ�«ì−ë¥ ¯�à�¬¥âàë, ¢å®¤ïé¨¥ ¢ (1), −¥
¨á¯®«ì§ãîâáï;

(5) −� ¯à�ªâ¨ª¥ [8] ¨ ¢ â¥®à¨¨ [9,10] ¯à¨ ¨á¯®«ì§®¢�−¨¨ â¥®à¥¬ë �Š˜ ¨ áâã¯¥−-
ç�â®© ¨«¨ «¨−¥©−®© �¯¯à®ªá¨¬�æ¨¨ á¨£−�«� ¯® ¢ë¡®àª�¬ ®¡ëç−® ¨á¯®«ì-
§ãîâ í¬¯¨à¨ç¥áª®¥ á®®â−®è¥−¨¥ Ts ≤ (1/2f)/(8 ÷ 10), ª®â®à®¥ ï¢«ï¥âáï
¯à¨¡«¨§¨â¥«ì−ë¬ ¨ −¥ ¨¬¥¥â áâà®£®£® â¥®à¥â¨ç¥áª®£® ®¡®á−®¢�−¨ï. �â® ®¡ã-
á«®¢«¥−® ¡®«ìè®© ¯®¯ã«ïà−®áâìî ¨ ¨§¢¥áâ−®áâìî â¥®à¥¬ë �Š˜ ¨ ¤¥«�¥â
¯®£à¥è−®áâì à�áç¥â®¢ −¥®¯à¥¤¥«¥−−®© ¢¥«¨ç¨−®©.

‚ á¢ï§¨ á íâ¨¬¨ ¨ ¯à®ç¨¬¨ [11] −¥¤®áâ�âª�¬¨ −¥à�æ¨®−�«ì−® ®¯à¥¤¥«ïâì ¨−-
â¥à¢�« ¤¨áªà¥â¨§�æ¨¨ á¨£−�«� Ts ¯® â¥®à¥¬¥ �Š˜ ¯à¨ ®áãé¥áâ¢«¥−¨¨ â®ç−ëå
¨−¦¥−¥à−ëå à�áç¥â®¢ ¯à¨ ¨á¯®«ì§®¢�−¨¨ áâã¯¥−ç�â®© ¨ «¨−¥©−®© �¯¯à®ªá¨¬�æ¨¨
¤«ï ¢®ááâ�−®¢«¥−¨ï á¨£−�«� p(t). ‚ [11] á¤¥«�− á¯à�¢¥¤«¨¢ë© ¢ë¢®¤ ® −¥®¡å®-
¤¨¬®áâ¨ ¨á¯®«ì§®¢�−¨ï â¥®à¥¬ë �Š˜ â®«ìª® ¢ â¥®à¨¨ á¢ï§¨ (à�¤¨®â¥å−¨ª¥)
¤«ï ¢®ááâ�−®¢«¥−¨ï à¥ç¥¢®£® á¨£−�«�, −® −¥ ¢ á¨áâ¥¬�å ã¯à�¢«¥−¨ï à¥�«ì−®£®
¢à¥¬¥−¨.

‚â®à®© ¯®¤å®¤ á¢®¤¨âáï ª ®¯à¥¤¥«¥−¨î ªà¨â¥à¨ï −�¨¡®«ìè¥£® ®âª«®−¥−¨ï
(Š��) ¨«¨ ¢¥«¨ç¨−ë ¨−â¥à¢�«� ¤¨áªà¥â¨§�æ¨¨ ¢à¥¬¥−¨ Ts. Šà¨â¥à¨© −�¨¡®«ì-
è¥£® ®âª«®−¥−¨ï ¯à¥¤«®¦¨« ‚. �. •«¨áâã−®¢ [12, 13], ª®â®àë© ¯à¨¬¥−¨« ¤«ï
íâ®© æ¥«¨ −�¨¡®«ìè¥¥ §−�ç¥−¨¥ ®áâ�â®ç−®£® ç«¥−� ä®à¬ã«ë ‹�£à�−¦�. „®áâ®-
¨−áâ¢� ªà¨â¥à¨ï −�¨¡®«ìè¥£® ®âª«®−¥−¨ï §�ª«îç�îâáï ¢ á«¥¤ãîé¥¬.

1. �®«ãç¥−ë ¨ ®¡®á−®¢�−ë ¢ëà�¦¥−¨ï ¯�à�¡®«¨ç¥áª®£® Š�� ¨«¨ ¨−â¥à¢�«®¢

¤¨áªà¥â¨§�æ¨¨ ¢à¥¬¥−¨ Tp1 = –/V ¨ Tp2 =
√
8–/a, ª®â®àë¥ ¨á¯®«ì§ãîâ

¯�à�¬¥âàë –, V ¨ a, ¢å®¤ïé¨¥ ¢ ¢ëà�¦¥−¨¥ (1). ˆ−¤¥ªá úpû ®§−�ç�¥â
¯�à�¡®«¨ç¥áªãî (parabola) §�¢¨á¨¬®áâì.
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2. „«ï ¢®ááâ�−®¢«¥−¨ï á¨£−�«� p(t) ¯® ¢ë¡®àª�¬ ¨§ −¥£® ç¥à¥§ ¨−â¥à¢�« ¢à¥¬¥−¨
Tp1 = –/V ¨á¯®«ì§ã¥âáï áâã¯¥−ç�â�ï �¯¯à®ªá¨¬�æ¨ï. „«ï ¨−â¥à¢�«�

¤¨áªà¥â¨§�æ¨¨ Tp2 =
√
8–/a ¨á¯®«ì§ã¥âáï «¨−¥©−�ï �¯¯à®ªá¨¬�æ¨ï.

�¥¤®áâ�âª¨ ªà¨â¥à¨ï −�¨¡®«ìè¥£® ®âª«®−¥−¨ï, ª®â®àë¥ −¥ ®¯à¥¤¥«¥−ë ¢ [12,
13], á«¥¤ãîé¨¥.

�¥¤®áâ�â®ª 1. �âáãâáâ¢ã¥â á¢ï§ì ¢¥«¨ç¨−ë £à�−¨ç−®© ç�áâ®âë f ¢ á¯¥ªâà¥
á¨£−�«� p(t) á ¬�ªá¨¬�«ì−ë¬¨ §−�ç¥−¨ï¬¨ ¯�à�¬¥âà®¢ V ¨ a íâ®£® á¨£−�«� (1).

�¥¤®áâ�â®ª 2. ‘®¢¬¥áâ−®¥ à�áá¬®âà¥−¨¥ ¢ëà�¦¥−¨© Š�� Tp1 ¨ Tp2 ¯®ª�§ë¢�-
¥â, çâ® Tp1 §�¢¨á¨â â®«ìª® ®â ¬�ªá¨¬�«ì−®© áª®à®áâ¨ V ¨ ¯®£à¥è−®áâ¨ –
áâã¯¥−ç�â®© �¯¯à®ªá¨¬�æ¨¨ á¨£−�«� ¯® ¢ë¡®àª�¬, � Tp2 §�¢¨á¨â â®«ìª® ®â
¬�ªá¨¬�«ì−®£® ãáª®à¥−¨ï a ¨ ¯®£à¥è−®áâ¨ – «¨−¥©−®© �¯¯à®ªá¨¬�æ¨¨ á¨£-
−�«� ¯® ¢ë¡®àª�¬. ‡�¢¨á¨¬®áâì Tp2 ®¤−®¢à¥¬¥−−® ®â áª®à®áâ¨ ¨ ãáª®à¥−¨ï
á¨£−�«� ‚. �. •«¨áâã−®¢ë¬ −¥ ¯®«ãç¥−�. �â® ®¡ãá«®¢«¥−® â¥¬, çâ® ¥£®
¯®¤å®¤ ª ¯®«ãç¥−¨î Š�� §�ª«îç�¥âáï ¢ ¨á¯®«ì§®¢�−¨¨ ®áâ�â®ç−®£® ç«¥−�
ä®à¬ã«ë ‹�£à�−¦� ¨ −¥ ¯®§¢®«ï¥â (¯à¨−æ¨¯¨�«ì−®) ¯®«ãç¨âì −¥®¡å®¤¨¬ë©
à¥§ã«ìâ�â.

�¥¤®áâ�â®ª 3. �âáãâáâ¢ã¥â ¢®§¬®¦−®áâì ®¯à¥¤¥«¥−¨ï ¢¥«¨ç¨−ë Tpn (¥á«¨ n ≥
≥ 3) ¯à¨ ãá«®¢¨¨ ¢®ááâ�−®¢«¥−¨ï á¨£−�«� ¯à¨ ¯®¬®é¨ áâã¯¥−ç�â®© ¨«¨
«¨−¥©−®© �¯¯à®ªá¨¬�æ¨¨, â�ª ª�ª ®áâ�â®ç−ë© ç«¥− ä®à¬ã«ë ‹�£à�−¦� ¯à¨
n = 3 á®¤¥à¦¨â ¬�ªá¨¬�«ì−ãî ¢¥«¨ç¨−ã âà¥âì¥© max p(3)(t) = R ¯à®¨§¢®¤-
−®© ®â á¨£−�«�. �à¨ íâ®¬ �¯¯à®ªá¨¬�æ¨ï ®áãé¥áâ¢«ï¥âáï ª¢�¤à�â¨ç−ë¬¨
¯�à�¡®«�¬¨ ¯® âà¥¬ â®çª�¬, � −¥ ®âà¥§ª�¬¨ ¯àï¬ëå «¨−¨© ¨«¨ áâã¯¥−ìª�-
¬¨. �®¤®¡−ë© −¥¤®áâ�â®ª ¯à¥¯ïâáâ¢ã¥â ®¯à¥¤¥«¥−¨î ¢¥«¨ç¨−ë è�£� Tpn

¤¨áªà¥â¨§�æ¨¨ á¨£−�«� p(t) ¯® ¢à¥¬¥−¨, ¥á«¨ n ≥ 3.
�¥¤®áâ�â®ª 2 Š�� ãáâà�−¥− �¢â®à®¬ ¢ áâ�âì¥ [14], £¤¥ ¯®«ãç¥−® ¢ëà�¦¥−¨¥

¢ ¢¨¤¥ ®¡®¡é¥−−®£® ªà¨â¥à¨ï −�¨¡®«ìè¥£® ®âª«®−¥−¨ï ¤«ï «¨−¥©−®© �¯¯à®ªá¨-
¬�æ¨¨ á¨£−�«� p(t) ®âà¥§ª®¬ ¯àï¬®© «¨−¨¨ ¯® ¤¢ã¬ â®çª�¬

Tp2c =
2–

V21
+

V21
a
=

√
8–

a

(
mV

2
+
1

2mV

)
= Tp2τ2c . (3)

‡¤¥áì mV = V/V21 ≥ 1| ª®íää¨æ¨¥−â à�áá®£«�á®¢�−¨ï áª®à®áâ¨ á¨£−�«� p(t).

�à¨ V21 =
√
2–a = V (¨«¨ mV = 1) ¢ëà�¦¥−¨¥ (3) ¯à¥®¡à�§ã¥âáï ¢ (2).

‚ëà�¦¥−¨¥ V21 =
√
2–a = V −�§¢�−® ãá«®¢¨¥¬ á®£«�á®¢�−¨ï ¬�ªá¨¬�«ì−ëå

§−�ç¥−¨© ¯�à�¬¥âà®¢ max{–, V, a} á¨£−�«� p(t).
„®¡�¢ª� ®¯à¥¤¥«¥−¨ï ú®¡®¡é¥−−ë©û ª −�§¢�−¨î Š�� ¢ë§¢�−� ¯®«ãç¥−−ë¬

à¥§ã«ìâ�â®¬ ¢ ¢¨¤¥ ¢ëà�¦¥−¨ï (3), ª®â®à®¥ á®¤¥à¦¨â ¢ ®¤−®© ä®à¬ã«¥ ¢á¥ âà¨
¯�à�¬¥âà� ¢®ááâ�−®¢«¥−−®£® á¨£−�«� max{–, V21, a}, � −¥ ¯® ¤¢� ¯�à�¬¥âà�, ª�ª

¢ ¢ëà�¦¥−¨ïå Š�� ‚. �. •«¨áâã−®¢�: Tp1 ≤ –/V ¨ Tp2 ≤
√
8–/a.
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‚®ááâ�−®¢«¥−¨¥ á¨£−�«� ¢ á¨áâ¥¬�å à¥�«ì−®£® ¢à¥¬¥−¨ ¯® à�¢−®¬¥à−ë¬ ¢ë¡®àª�¬

„«ï ¨á¯®«ì§®¢�−¨ï (3) ¯à¨ �¯¯à®ªá¨¬�æ¨¨ á¨£−�«� p(t) áâã¯¥−ìª®© ¯® ®¤−®©
â®çª¥ −¥®¡å®¤¨¬® ¯à�¢ãî ç�áâì ¢ëà�¦¥−¨ï (3) ã¬−®¦¨âì −� ª®íää¨æ¨¥−â 0,5:

Tp2c =
–

V21
+

V21
2a

. (4)

—�áâ−ë© á«ãç�© Tp1 ≤ –/V §�¢¨á¨¬®áâ¨ (4) ¤«ï áâã¯¥−ç�â®© �¯¯à®ªá¨¬�æ¨¨
á¨£−�«� p(t) ¯®«ãç�¥âáï ¨§ (4) ¯à¨ ¢ë¯®«−¥−¨¨ −�¤ (4) ®¯¥à�æ¨¨ −�å®¦¤¥−¨ï
¯à¥¤¥«� (a → ∞), ¥á«¨ ¢¥«¨ç¨−� ãáª®à¥−¨ï á¨£−�«� p(t) −¥¨§¢¥áâ−� (a =?).

ˆá¯®«ì§®¢�−¨¥ ¢ëà�¦¥−¨© (3) ¨ (4) ¢¬¥áâ® Š�� ¤«ï à�áç¥â� ¢¥«¨ç¨−ë è�£�
à�¢−®¬¥à−®© ¤¨áªà¥â¨§�æ¨¨ Tp2c á¨£−�«� p(t) ¯® ¢à¥¬¥−¨ ¯®§¢®«ï¥â ¢ à�§ë ã¢¥«¨-
ç¨âì íâã ¢¥«¨ç¨−ã (τ2c = Tp2c/Tp2 ≫ 1) ¡¥§ ¯®â¥à¨ â®ç−®áâ¨ ¢®ááâ�−®¢«¥−¨ï [14].

Œ�â¥¬�â¨ç¥áª®¥ ¢ëà�¦¥−¨¥ (âà�¥ªâ®à¨ï), ª®â®à®¥ ®¯¨áë¢�¥â ¢®§¬®¦−®¥ ¨§-
¬¥−¥−¨¥ á¨£−�«� p(t) ¢−ãâà¨ ¨−â¥à¢�«� ¤¨áªà¥â¨§�æ¨¨, −�§¢�−� âà�¥ªâ®à¨¥©
−�¨¡®«ìè¥£® ®âª«®−¥−¨ï á¨£−�«� p(t) [14,15] (¤�«¥¥ | âà�¥ªâ®à¨ï ®âª«®−¥−¨ï).
‡¤¥áì ¨−¤¥ªá úpû ®¡®§−�ç�¥â ¯�à�¡®«¨ç¥áª¨© §�ª®− âà�¥ªâ®à¨¨ ®âª«®−¥−¨ï á¨£-
−�«� p(t) ®â ¤¢ãå á®á¥¤−¨å ¢ë¡®à®ª. �â� ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¨áá«¥¤®¢�−�
¤®áâ�â®ç−® ¯®¤à®¡−® ¨ ¯®«ãç¥−ë −¥®¡å®¤¨¬ë¥ ¢ëà�¦¥−¨ï ¤«ï à�áç¥â� ¢¥«¨-
ç¨−ë è�£� à�¢−®¬¥à−®© ¤¨áªà¥â¨§�æ¨¨ Tpn á¨£−�«� p(t) ¯® ¢à¥¬¥−¨ ¢ ®¡é¥¬
á«ãç�¥ [16, 17]. �¥¤®áâ�â®ª 1 ¯�à�¡®«¨ç¥áª®£® Š�� −¥ ãáâà�−¥− ¢ ï¢−®¬ ¢¨¤¥
¨ ¢ íâ¨å à�¡®â�å. „«ï ¥£® ãáâà�−¥−¨ï à�áá¬®âà¨¬ −¥ ¯�à�¡®«¨ç¥áªãî, � á¨−ãá®¨-
¤�«ì−ãî âà�¥ªâ®à¨î −�¨¡®«ìè¥£® ®âª«®−¥−¨ï á¨£−�«� p(t) [15] ®â ¤¢ãå á®á¥¤−¨å
¢ë¡®à®ª. �à¨ íâ®¬ ¯®«ãç¨¬ −¥®¡å®¤¨¬ë¥ ®¡é¨¥ ¢ëà�¦¥−¨ï ¤«ï −�å®¦¤¥−¨ï
è�£� à�¢−®¬¥à−®© ¤¨áªà¥â¨§�æ¨¨ Tsn á¨£−�«� p(t) ¤«ï ¯à®¨§¢®«ì−ëå §−�ç¥−¨©
n = 1, 2, 3, . . . ¨«¨ −�©¤¥¬ á¨−ãá®¨¤�«ì−ë© Š��.

2 Cинусоидальная траектория наибольшего отклонения

“à�¢−¥−¨¥ á¨−ãá®¨¤�«ì−®© âà�¥ªâ®à¨¨ −�¨¡®«ìè¥£® ®âª«®−¥−¨ï [15,18,19]:

p(t) = – sinωt . (5)

‡¤¥áì 0 ≤ t ≤ Tsn, £¤¥ Tsn = T/2; ω = 2πf = 2π/T = π/Tsn, £¤¥ f |
£à�−¨ç−�ï ç�áâ®â� ¢ á¯¥ªâà¥ á¨£−�«� p(t), T | ¯¥à¨®¤ £à�−¨ç−®© ç�áâ®âë.

‚ëà�¦¥−¨¥ (5) ®¯¨áë¢�¥â ¬�â¥¬�â¨ç¥áª¨ ¯®«®¢¨−ã (Tsn = T/2) ¯¥à¨®¤� T
£�à¬®−¨ª¨ ç�áâ®âë f ¢ á¯¥ªâà¥ ç�áâ®â á¨£−�«� p(t), ª®â®à�ï ¨§®¡à�¦¥−� −� à¨á. 1.

�¥à¢�ï ¢ë¡®àª� ¨§ á¨£−�«� p(t) ®áãé¥áâ¢«¥−� ¢ ¬®¬¥−â ¢à¥¬¥−¨ t = 0,
¢â®à�ï | ¢ ¬®¬¥−â ¢à¥¬¥−¨ t = Tsn = T/2. ‹¨−¥©−�ï �¯¯à®ªá¨¬�æ¨ï ¬¥¦¤ã
¤¢ã¬ï ¢ë¡®àª�¬¨ ¨§®¡à�¦¥−� èâà¨å¯ã−ªâ¨à−®© «¨−¨¥©. �®£à¥è−®áâì â�ª®©
�¯¯à®ªá¨¬�æ¨¨– ¤®áâ¨£�¥â ¬�ªá¨¬�«ì−®£® §−�ç¥−¨ï ¢ â®çª¥ (0,5Tsn,–), ª®â®à�ï
ï¢«ï¥âáï ¢¥àè¨−®© âà�¥ªâ®à¨¨ ®âª«®−¥−¨ï ¨«¨ ¢¥àè¨−®© ¯®«ã¢®«−ë £�à¬®−¨ª¨
ç�áâ®âë f . �à®å®¤ïé�ï ç¥à¥§ ¢¥àè¨−ã ¢¥àâ¨ª�«ì−�ï «¨−¨ï t = 0,5Tsn = 0,25T
á«ã¦¨â ¥¥ ®áìî á¨¬¬¥âà¨¨.
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÷¨á. 1 ‘¨−ãá®¨¤�«ì−�ï âà�¥ªâ®à¨ï −�¨¡®«ìè¥£® ®âª«®−¥−¨ï

‚ áâ�âì¥ [18] ¤�−� ä®à¬ã«¨à®¢ª� �−�«®£� â¥®à¥¬ë ‚. �. Š®â¥«ì−¨ª®¢� [4]
¤«ï á«ãç�ï ¢®ááâ�−®¢«¥−¨ï á¨£−�«� p(t) ¯à¨ ¯®¬®é¨ «¨−¥©−®© �¯¯à®ªá¨¬�æ¨¨ ¯®
¢ë¡®àª�¬, á«¥¤ãîé¨¬ ç¥à¥§ ¨−â¥à¢�« ��©ª¢¨áâ� 1/2f .

’¥®à¥¬� 1. ‹î¡ãî äã−ªæ¨î p(t), á®áâ®ïéãî ¨§ £�à¬®−¨ª ç�áâ®â®© ®â 0 ¤® f ,
¬®¦−® ¢®ááâ�−®¢¨âì ¯à¨ ¯®¬®é¨ «¨−¥©−®© �¯¯à®ªá¨¬�æ¨¨ á ¬�ªá¨¬�«ì−®©
¯®£à¥è−®áâìî –, à�¢−®© �¬¯«¨âã¤¥ £�à¬®−¨ª¨ ç�áâ®âë f ¯à¨ ¯®¬®é¨ ç¨á¥«,
á«¥¤ãîé¨å ¤àã£ §� ¤àã£®¬ ç¥à¥§ 1/2f á¥ªã−¤.

�� ®á−®¢�−¨¨ (5), à¨á. 1 ¨ â¥®à¥¬ë 1 §�¯¨è¥¬ ¢ëà�¦¥−¨¥ ¤«ï ®¯à¥¤¥«¥-
−¨ï ¯®áâ®ï−−®£® ¬�ªá¨¬�«ì−®£® ¤®¯ãáâ¨¬®£® è�£� ¤¨áªà¥â¨§�æ¨¨ á¨£−�«� ¯®
¢à¥¬¥−¨ Tsn:

Tsn =
π

ω
=
1

2f
, (6)

£¤¥ 1/2f | ¨−â¥à¢�« ��©ª¢¨áâ� [7, á. 437].
�¯à¥¤¥«¨¬ è�£ ¤¨áªà¥â¨§�æ¨¨ ¢à¥¬¥−¨ Tsn á¨£−�«�, ¨«¨ á¨−ãá®¨¤�«ì−ë©

Š��, ç¥à¥§ ¬�ªá¨¬�«ì−ë¥ ¯�à�¬¥âàë á¨£−�«�, ª®â®àë¥ ¨§¬¥à¥−ë ¯à¨ ¨áá«¥-
¤®¢�−¨¨ á¨£−�«� p(t). „«ï íâ®£® −�©¤¥¬ àï¤ ¯à®¨§¢®¤−ëå ®â ¢ëà�¦¥−¨ï (5)
¨ ¯à¨à�¢−ï¥¬ ¨å á®®â¢¥âáâ¢ãîé¨¬ ¬�ªá¨¬�«ì−ë¬ §−�ç¥−¨ï¬ ¯�à�¬¥âà®¢ á¨£−�-
«� p(t) ¨§ ¢ëà�¦¥−¨ï (1):

p(0)(t) = – sinωt , max p(0) (t = 0,5Ts) = – ¨«¨– = – ;

p(1)(t) = –ω cosωt , max p(1) (t = 0) = –ω = V ¨«¨ ω =
V

–
;
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‚®ááâ�−®¢«¥−¨¥ á¨£−�«� ¢ á¨áâ¥¬�å à¥�«ì−®£® ¢à¥¬¥−¨ ¯® à�¢−®¬¥à−ë¬ ¢ë¡®àª�¬

p(2)(t) = −–ω2 sinωt , max p(2) (t = 0,5Ts) = −–ω2 = −a ¨«¨ ω =

√
a

–
;

p(3)(t) = −–ω3 cosωt , max p(3) (t = 0) = −–ω3 = −R ¨«¨ ω = 3

√
R

–
.

‚ í«¥ªâà®¬¥å�−¨ç¥áª¨å ‘“÷‚ §�âàã¤−¨â¥«ì−® ®¯à¥¤¥«¨âì ¢¥«¨ç¨−ã ç�áâ®âë
£à�−¨ç−®© £�à¬®−¨ª¨ ¢ á¯¥ªâà¥ á¨£−�«� (¨«¨ ¯à®æ¥áá�) ¨ á�¬ á¯¥ªâà −¥ ®¯à¥¤¥«¥−.
�à¨ íâ®¬ ¢¥«¨ç¨−� ¨−â¥à¢�«� à�¢−®¬¥à−®© ¤¨áªà¥â¨§�æ¨¨ ¢à¥¬¥−¨ ¯à®æ¥áá� (6)
§�¢¨á¨â ®â ¬�ªá¨¬�«ì−ëå ¯�à�¬¥âà®¢ �¯¯à®ªá¨¬¨àã¥¬®£® ¯à®æ¥áá� (á¨£−�«�) (1).

ˆá¯®«ì§ã¥¬ ¬¥â®¤ ¬�â¥¬�â¨ç¥áª®© ¨−¤ãªæ¨¨ ¨ §�¯¨è¥¬ ®¡éãî æ¥¯®çªã
à�¢¥−áâ¢ ¤«ï ®¯à¥¤¥«¥−¨ï ªàã£®¢®© ç�áâ®âë:

ω =
V

–
=

√
a

–
= 3

√
R

–
= · · · = n

√
max p(n)(t)

–
,

£¤¥ (n)| ¯®àï¤®ª áâ�àè¥© ¯à®¨§¢®¤−®© ¯® ¢à¥¬¥−¨ ®â á¨−ãá®¨¤�«ì−®© âà�¥ªâ®-
à¨¨ ®âª«®−¥−¨ï.

�®¤áâ�¢¨¬ ªàã£®¢ãî ç�áâ®âã ω ¢ (6) ¨ §�¯¨è¥¬ æ¥¯®çªã à�¢¥−áâ¢:

Tsi = π

[
–

max p(i)(t)

]1/i

, (7)

£¤¥ 1 ≤ i ≤ n.
–¥¯®çª� à�¢¥−áâ¢ (7) ¨¬¥¥â ¢�¦−®¥ á¢®©áâ¢®.

‘¢®©áâ¢® 1. —«¥−ë æ¥¯®çª¨ à�¢¥−áâ¢ (7), á®¤¥à¦�é¥© (n−1) §¢¥−®, ¯®¢â®àïîâáï
¢ æ¥¯®çª¥ à�¢¥−áâ¢ (7), á®¤¥à¦�é¥© n §¢¥−ì¥¢, â�ª ª�ª ¢¥«¨ç¨−� n ¢å®¤¨â â®«ìª®
¢ ®£à�−¨ç¨â¥«ì−ãî ç�áâì (7).

�� ®á−®¢�−¨¨ á¢®©áâ¢� 1 §�¯¨è¥¬ à�¢¥−áâ¢® (i − 1)-£® ¨ i-£® ç«¥−®¢ ¢ëà�¦¥-
−¨ï (7):

π

[
–

max p(i−1)(t)

]1/(i−1)
= π

[
–

max p(i)(t)

]1/i

,

ª®â®à®¥ ¢®§¢¥¤¥¬ ¢ áâ¥¯¥−ì i(i − 1). ��©¤¥¬ ¯�à�¬¥âà – ¨ ¯®¤áâ�¢¨¬ ¥£®
¢ (i − 1)-© ç«¥− ¢ëà�¦¥−¨ï (7). �®á«¥ −¥®¡å®¤¨¬ëå ¯à¥®¡à�§®¢�−¨© ¯®«ãç¨¬
æ¥¯®çªã à�¢¥−áâ¢:

Tsi = π
max p(i−1)(t)

max p(i)(t)
, (8)

£¤¥ 1 ≤ i ≤ n.
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�à¨¬¥à 1. ‚ ¢ëà�¦¥−¨¨ (8) §�¤�¤¨¬ n = 1 ¨ i = 1 ¨ ¯®«ãç¨¬ ®¤¨−®ç−®¥ ¢ëà�¦¥-
−¨¥ ¤«ï á¨−ãá®¨¤�«ì−®£® Š��: Ts1 = π–/V , ª®â®à®¥ ¯®¤®¡−® ¯�à�¡®«¨ç¥áª®¬ã
Š�� ‚. �. •«¨áâã−®¢�: Tp1 = –/V , çâ® ãª�§ë¢�¥â −� áå®¦¥áâì íâ¨å ¤¢ãå â¨¯®¢
Š��.

�à¨¬¥à 2. ‚ ¢ëà�¦¥−¨¨ (8) §�¤�¤¨¬ n = 2 ¨ i = 1, 2 ¨ ¯®«ãç¨¬ æ¥¯®çªã
à�¢¥−áâ¢:

Ts1 = π
–

V
= Ts2 = π

V

a
.

÷�áá¬®âà¨¬ à�¢¥−áâ¢®:

π
–

V
= π

V

a
,

¯®á«¥ ¯à¥®¡à�§®¢�−¨© ¯®«ãç¨¬ ãá«®¢¨¥ á®£«�á®¢�−¨ï ¬�ªá¨¬�«ì−ëå ¯�à�¬¥âà®¢
á¨£−�«�: V 2 = –a, ¨«¨ ãá«®¢¨¥ á¯à�¢¥¤«¨¢®áâ¨ à�¢¥−áâ¢� Ts1 = Ts2.

�à¨¬¥à 3. ‚ ¢ëà�¦¥−¨¨ (8) §�¤�¤¨¬ n = 3 ¨ i = 1, 2, 3 ¨ ¯®«ãç¨¬ æ¥¯®çªã
à�¢¥−áâ¢:

Ts1 = π
–

V
= Ts2 = π

V

a
= Ts3 = π

a

R
.

÷�áá¬®âà¨¬ à�¢¥−áâ¢�

π
–

V
= π

V

a
; π

V

a
= π

a

R
,

¯®á«¥ ¯à¥®¡à�§®¢�−¨© ¯®«ãç¨¬ ¤¢� ãá«®¢¨ï á®£«�á®¢�−¨ï ¯�à�¬¥âà®¢ á¨£−�«�:
V 2 = –a ¨ a2 = V R. �à®¨§¢¥¤¥−¨¥ ¯®á«¥¤−¨å ¤�¥â V a = –R, ¨«¨ ãá«®¢¨¥
á¯à�¢¥¤«¨¢®áâ¨ à�¢¥−áâ¢ Ts1 = Ts2 = Ts3.

ˆ§ à�áá¬®âà¥−−ëå ¯à¨¬¥à®¢ ¨ ¢ëà�¦¥−¨ï (8) á«¥¤ã¥â ®¡é¥¥ ¢ëà�¦¥−¨¥
¤«ï (n − 1)-£® ãá«®¢¨ï á®£«�á®¢�−¨ï ¯�à�¬¥âà®¢ á¨£−�«�, ¢ë¯®«−¥−¨¥ ª®â®àëå
ï¢«ï¥âáï ãá«®¢¨¥¬ á¯à�¢¥¤«¨¢®áâ¨ ¢ëà�¦¥−¨© (7) ¨ (8):

max p(i)(t) =
[
max p(i−1)(t) ·max p(i+1)(t)

]0,5
, (9)

£¤¥ 1 ≤ i ≤ n − 1, n ≥ 2.
‚ëà�¦¥−¨î (9) á®®â¢¥âáâ¢ã¥â ¯à�¢¨«®:
Œ�ªá¨¬�«ì−®¥ §−�ç¥−¨¥ i-© ¯à®¨§¢®¤−®© ®â á¨−ãá®¨¤�«ì−®© âà�¥ªâ®à¨¨

®âª«®−¥−¨ï ¯® ¢à¥¬¥−¨ à�¢−® áà¥¤−¥¬ã £¥®¬¥âà¨ç¥áª®¬ã ¬�ªá¨¬�«ì−ëå §−�-
ç¥−¨© (i − 1)-© ¨ (i + 1)-© ¯à®¨§¢®¤−®© ®â íâ®© á¨−ãá®¨¤�«ì−®© âà�¥ªâ®à¨¨
®âª«®−¥−¨ï.

’¥®à¥¬� 1 ¨ ¢ëà�¦¥−¨ï (5), (8) ¨ (9) ¯®¤â¢¥à¦¤�îâ ä�ªâ −�«¨ç¨ï ¬�â¥¬�â¨-
ç¥áª¨å á¢ï§¥© ¢á¥å ¯�à�¬¥âà®¢ á¨£−�«� p(t) (1).
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‚®ááâ�−®¢«¥−¨¥ á¨£−�«� ¢ á¨áâ¥¬�å à¥�«ì−®£® ¢à¥¬¥−¨ ¯® à�¢−®¬¥à−ë¬ ¢ë¡®àª�¬

�¥¤®áâ�â®ª ¢ëà�¦¥−¨© (7){(9) §�ª«îç�¥âáï ¢ â®¬, ®−¨ §�¤�îâ æ¥¯®çª¨ à�-
¢¥−áâ¢ Tsi, ª®â®àë¥ −¥ã¤®¡−ë ¤«ï ¨á¯®«ì§®¢�−¨ï, ¯®íâ®¬ã ¯®«ãç¨¬ ¨å §�¯¨áì
¢ ¢¨¤¥ ®¤¨−®ç−ëå ¢ëà�¦¥−¨©. �¥ã¤®¡áâ¢® §�ª«îç�¥âáï ¢ â®¬, çâ® −� ¯à�ªâ¨ª¥
æ¥¯®çª� à�¢¥−áâ¢ −�àãè�¥âáï ¯à¨ ¯®¤áâ�−®¢ª¥ ¢ −¥¥ ¬�ªá¨¬�«ì−ëå ¯�à�¬¥âà®¢
á¨£−�«� (1) ¨§-§� ¢®§−¨ª−®¢¥−¨ï ¯®£à¥è−®áâ¥© ¯à¨ ¨§¬¥à¥−¨¨ íâ¨å ¯�à�¬¥âà®¢
¯à¨ ®¡á«¥¤®¢�−¨¨ ®¡ê¥ªâ� ã¯à�¢«¥−¨ï ‘“÷‚.

3 Преобразование цепочек равенств

Š ®¤¨−®ç−®¬ã ª®¬¯�ªâ−®¬ã ¢ëà�¦¥−¨î, ¨«¨ á¨−ãá®¨¤�«ì−®¬ã Š��, ¯à¥¤ê-
ï¢¨¬ âà¥¡®¢�−¨¥ −�«¨ç¨ï ¢ ¥£® ¯à�¢®© ç�áâ¨ ¢á¥å ¨§¢¥áâ−ëå ¬�ªá¨¬�«ì−ëå
§−�ç¥−¨© ¯�à�¬¥âà®¢ á¨£−�«� (1) ¢ áâ¥¯¥−¨ ±1 ¨ ®âáãâáâ¢¨¥ ¬−®£®ªà�â−ëå ¯®¢â®-
à®¢ ¯�à�¬¥âà®¢.

’¥®à¥¬� 2. Œ�ªá¨¬�«ì−® ¤®¯ãáâ¨¬�ï ¢¥«¨ç¨−� ¨−â¥à¢�«� à�¢−®¬¥à−®© ¤¨áªà¥-
â¨§�æ¨¨ á¨£−�«� p(t) ¯® ¢à¥¬¥−¨ Tsn(¢¬¥áâ® æ¥¯®çª¨ à�¢¥−áâ¢ (8)) ®¯à¥¤¥«ï¥âáï
¢ëà�¦¥−¨¥¬:

Tsn =
π

n

n∑

i=1

max p(i−1)(t)

max p(i)(t)
, (10)

£¤¥max p(0)(t = 0,5Ts1) = –; max p(i)(t) = [max pi−1)(t) ·max p(i+1)(t)]0,5.

„ ® ª � § � â ¥ « ì á â ¢ ® . ‡�¯¨è¥¬ áã¬¬ã n ç«¥−®¢ «¥¢®© ç�áâ¨ ¢ëà�¦¥−¨ï (8) (¤«ï
1 ≤ i ≤ n):

n∑

i=1

Tsi = nTsn ,

£¤¥ ¨−¤¥ªá i ¯®¬¥−ï¥¬ −� ¨−¤¥ªá n, â�ª ª�ª ¢ á®®â¢¥âáâ¢¨¨ á® á¢®©áâ¢®¬ 1
¨ ¢ëà�¦¥−¨¥¬ (8) ª�¦¤ë© ¥£® ç«¥− Tsi = Tsn. ��©¤¥¬ áã¬¬ã n ç«¥−®¢ ¯à�¢®©
ç�áâ¨ ¢ëà�¦¥−¨ï (8):

π
n∑

i=1

max p(i−1)(t)

max p(i)(t)
.

‚ à¥§ã«ìâ�â¥ ï¢−®£® à�¢¥−áâ¢� ¤¢ãå áã¬¬ ¯®«ãç¨¬ ¤®ª�§�â¥«ìáâ¢® áãé¥áâ¢®¢�−¨ï
ª®¬¯�ªâ−®£® ¢ëà�¦¥−¨ï (10) ¤«ï ®¯à¥¤¥«¥−¨ï ¢¥«¨ç¨−ë Tsn.

ˆá¯®«ì§ã¥¬ ¬¥â®¤¨ªã ¤®ª�§�â¥«ìáâ¢� â¥®à¥¬ë 2 ¨ §�¯¨è¥¬ ª®¬¯�ªâ−®¥ ¢ë-
à�¦¥−¨¥ ¤«ï æ¥¯®çª¨ à�¢¥−áâ¢ (7):

Tsn =
π

n

n∑

i=1

–1/i

max p(i)(t)
, (11)

£¤¥ max p(i)(t) =
[
max p(i−1)(t) ·max p(i+1)(t)

]0,5
.
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‚ëà�¦¥−¨¥ (11) ¢ á®®â¢¥âáâ¢¨¨ á® á¢®©áâ¢®¬ 1 íª¢¨¢�«¥−â−® ¢ëà�¦¥−¨î (10),
−® ¨¬¥¥â −¥¤®áâ�â®ª ¢ ¢¨¤¥ −¥®¡å®¤¨¬®áâ¨ ®¯à¥¤¥«¥−¨ï (n − 1) ª®à−ï ¨§ ¯®¢â®-
àïîé¥£®áï ¯�à�¬¥âà�–.

�à¨¬¥à 4. ‚ ¢ëà�¦¥−¨¨ (10) §�¤�¤¨¬ n = 2 ¨ i = 1, 2 ¨ ¯®«ãç¨¬ æ¥¯®çªã
à�¢¥−áâ¢:

Ts1 = π
–

V
= Ts2 = π

V

a
.

‡�¯¨è¥¬ áã¬¬ã:

Ts1 + Ts2 = π

(
–

V
+

V

a

)
.

“çâ¥¬ ¤®ª�§�â¥«ìáâ¢® â¥®à¥¬ë 2 ¨ à¥§ã«ìâ�â ¯à¨¬¥à� 2. �®«ãç¨¬ §�¯¨áì
á¨−ãá®¨¤�«ì−®£® Š�� á ãç¥â®¬ ¨§¢¥áâ−ëå ¬�ªá¨¬�«ì−ëå §−�ç¥−¨© ¯�à�¬¥âà®¢
á¨£−�«� (1) ¢ áâ¥¯¥−¨ ±1 ¨ á ®¤−®ªà�â−ë¬ ¯®¢â®à®¬ ¯�à�¬¥âà®¢:

Ts2 =
π

2

(
–

V
+

V

a

)
,

£¤¥ V 2 = –a. �®«ãç¥−−®¥ ¢ëà�¦¥−¨¥ ¯®¤®¡−® (3).

�à¨¬¥à 5. ‚ ¢ëà�¦¥−¨¨ (10) §�¤�¤¨¬ n = 3 ¨ i = 1, 2, 3 ¨ ¯®«ãç¨¬ æ¥¯®çªã
à�¢¥−áâ¢:

Ts1 = π
–

V
= Ts2 = π

V

a
= Ts3 = π

a

R
.

‡�¯¨è¥¬ áã¬¬ã:

Ts1 + Ts3 = π

(
–

V
+

a

R

)
.

“çâ¥¬ ¤®ª�§�â¥«ìáâ¢® â¥®à¥¬ë 2 ¨ à¥§ã«ìâ�â ¯à¨¬¥à� 3. �®«ãç¨¬ §�¯¨áì
á¨−ãá®¨¤�«ì−®£® Š�� á ãç¥â®¬ ¨§¢¥áâ−ëå ¬�ªá¨¬�«ì−ëå §−�ç¥−¨© ¯�à�¬¥âà®¢
á¨£−�«� (1) ¢ áâ¥¯¥−¨ ±1 ¨ á ®¤−®ªà�â−ë¬ ¯®¢â®à®¬ ¯�à�¬¥âà®¢:

Ts3 =
π

2

(
–

V
+

a

R

)
,

£¤¥ V a = –R.

�à¨¬¥à 6. ˆ§ æ¥¯®çª¨ à�¢¥−áâ¢ ¯à¨¬¥à� 5 §�¯¨è¥¬ ¯à®¨§¢¥¤¥−¨¥:

Ts1Ts3 = π2
–

V

q

R
.
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‚®ááâ�−®¢«¥−¨¥ á¨£−�«� ¢ á¨áâ¥¬�å à¥�«ì−®£® ¢à¥¬¥−¨ ¯® à�¢−®¬¥à−ë¬ ¢ë¡®àª�¬

“çâ¥¬ ¤®ª�§�â¥«ìáâ¢® â¥®à¥¬ë 2 ¨ à¥§ã«ìâ�â ¯à¨¬¥à� 3. �®«ãç¨¬ §�¯¨áì á¨−ã-
á®¨¤�«ì−®£® Š�� á ãç¥â®¬ ¢á¥å ¨§¢¥áâ−ëå ¬�ªá¨¬�«ì−ëå §−�ç¥−¨© ¯�à�¬¥âà®¢
á¨£−�«� (1) ¢ áâ¥¯¥−¨ ±0,5 ¨ á ®¤−®ªà�â−ë¬ ¯®¢â®à®¬ ¯�à�¬¥âà®¢:

Ts3 = π

√
–

V

a

R
,

£¤¥ V a = –R.

�¥¤®áâ�â®ª ¯à¨¢¥¤¥−−®© â¥®à¥¬ë 1 ¨ ¢ëà�¦¥−¨© (10) ¨ (11) §�ª«îç�¥âáï
¢ â®¬, çâ® ¢¥«¨ç¨−� ¬�ªá¨¬�«ì−®© ¯®£à¥è−®áâ¨ – (¯®á«¥ ¢®ááâ�−®¢«¥−¨ï á¨£-
−�«� p(t) ¯® ¢ë¡®àª�¬ ¯à¨ ¯®¬®é¨ áâã¯¥−ç�â®© ¨ «¨−¥©−®© �¯¯à®ªá¨¬�æ¨¨)
à�¢−� �¬¯«¨âã¤¥ £�à¬®−¨ª¨ £à�−¨ç−®© ç�áâ®âë f ¢ á¯¥ªâà¥ ç�áâ®â á¨£−�«� p(t).
�â®â −¥¤®áâ�â®ª −¥ ¯®§¢®«ï¥â ®¡®á−®¢�âì ¨«¨ ãâ®ç−¨âì í¬¯¨à¨ç¥áª®¥ á®®â−®è¥-
−¨¥ Tsn ≤ (1/2f)/(8 ÷ 10), ª®â®à®¥ ï¢−® ¯à¨¢®¤¨â ª ã¬¥−ìè¥−¨î ¨−â¥à¢�«�
¤¨áªà¥â¨§�æ¨¨ ¯® áà�¢−¥−¨î á ¨−â¥à¢�«®¬ ��©ª¢¨áâ� (1/2f) ¢ (8÷ 10) à�§.

�®«ãç¨¬ ¢ëà�¦¥−¨¥, ª®â®à®¥ á¢ï§ë¢�¥â ¬¥¦¤ã á®¡®© §�¤�−−ãî −�¯¥à¥¤
¢¥«¨ç¨−ã ¬�ªá¨¬�«ì−®© ¯®£à¥è−®áâ¨ (–m < –), ¬¥−ìèãî �¬¯«¨âã¤ë – £�à¬®-
−¨ª¨ ç�áâ®âë f , ¨ ¨−â¥à¢�« ¤¨áªà¥â¨§�æ¨¨ Tms, ¬¥−ìè¨© ¨−â¥à¢�«� ��©ª¢¨áâ�
(1/2f).

4 Линейная аппроксимация траектории отклонения сигнала

„«ï à¥è¥−¨ï íâ®© §�¤�ç¨ ®áãé¥áâ¢¨¬ à�¢−®¬¥à−ãî ¤¨áªà¥â¨§�æ¨î ¢à¥¬¥−¨
¢−ãâà¨ ¯®«®¢¨−ë ¯¥à¨®¤� £à�−¨ç−®© £�à¬®−¨ª¨ ¢ á¯¥ªâà¥ á¨£−�«�.

Š. ˜¥−−®− ¤�¥â ¢�¦−ë© ª®¬¬¥−â�à¨© ª â¥®à¥¬¥ �Š˜ [7, á. 435]: ú�â®
®¡é¥¨§¢¥áâ−ë© ¢ â¥®à¨¨ á¢ï§¨ ä�ªâ. ˆ−âã¨â¨¢−®¥ ¯®¤â¢¥à¦¤¥−¨¥ á®áâ®¨â
¢ â®¬, çâ® ¥á«¨ äã−ªæ¨ï p(t) −¥ á®¤¥à¦¨â ç�áâ®â ¢ëè¥ f , â® ®−� −¥ ¬®¦¥â
áãé¥áâ¢¥−−® ¨§¬¥−¨âì á¢®¥ §−�ç¥−¨¥ §� ¢à¥¬ï ¬¥−ìè¥¥, ç¥¬ ¯®«®¢¨−� ¯¥à¨®¤�
−�¨¢ëáè¥© ç�áâ®âë, â. ¥. 1/2fû.

’à�¥ªâ®à¨ï á¨−ãá®¨¤�«ì−®£® ®âª«®−¥−¨ï ¢ á®®â¢¥âáâ¢¨¨ á ¢ëà�¦¥−¨¥¬ (5)
¨ à¨á. 1 ®¯¨áë¢�¥â íªáâà¥¬�«ì−®¥ ¯®¢¥¤¥−¨¥ äã−ªæ¨¨ á¨£−�«� p(t) ¢−ãâà¨
¯®«®¢¨−ë ¯¥à¨®¤� −�¨¢ëáè¥© ç�áâ®âë (1/2f ) (ç¥¬ ¯à¥−¥¡à¥£�¥â Š. ˜¥−−®−).
’¥¬ á�¬ë¬ ãç¨âë¢�îâáï ®â«¨ç¨ï ‘“÷‚ ®â á¨áâ¥¬ á¢ï§¨ ¨ ¯¥à¥¤�ç¨ §¢ãª®¢ëå
á¨£−�«®¢.

4.1 Доказательство теоремы об уменьшении интервала Найквиста

„®ª�¦¥¬ â¥®à¥¬ã ®¡ ã¬¥−ìè¥−¨¨ ¨−â¥à¢�«� ��©ª¢¨áâ� ¤«ï �¯¯à®ªá¨¬�æ¨¨
âà�¥ªâ®à¨¨ á¨−ãá®¨¤�«ì−®£® ®âª«®−¥−¨ï (¯¥à¢®© ¯®«ã¢®«−ë £�à¬®−¨ª¨ £à�−¨ç-
−®© ç�áâ®âë f ¢ á¯¥ªâà¥) ®âà¥§ª�¬¨ ¯àï¬ëå «¨−¨© ¢ ª®«¨ç¥áâ¢¥ m èâãª.

�� à¨á. 1 ¯®ª�§�− áà¥¤−¨© ¨§ m èâãª �¯¯à®ªá¨¬¨àãîé¨© ®âà¥§®ª [c, d],
¯�à�««¥«ì−ë© ®á¨ �¡áæ¨áá, ¯à®¥ªæ¨ï ª®â®à®£® −� ®áì �¡áæ¨áá ¯à¥¤áâ�¢«ï¥â á®¡®©
®âà¥§®ª [tc, td].
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‚ á®®â¢¥âáâ¢¨¨ á à¨á. 1 §�¯¨è¥¬ ¢ëà�¦¥−¨¥ ¤«ï ¬�ªá¨¬�«ì−®© ®â−®á¨â¥«ì−®©
¯®£à¥è−®áâ¨ «¨−¥©−®© �¯¯à®ªá¨¬�æ¨¨ δm = –m/–.

‚ á®®â¢¥âáâ¢¨¨ á à¨á. 1 ¨ (6) §�¯¨è¥¬ ¢ëà�¦¥−¨¥ ¤«ï ®¯à¥¤¥«¥−¨ï ¢¥«¨ç¨−ë
¨−â¥à¢�«� ¤¨áªà¥â¨§�æ¨¨ ¢à¥¬¥−¨:

Tms =
Tsn

m
=
1

2fm
, (12)

£¤¥ m | ª®íää¨æ¨¥−â ã¬¥−ìè¥−¨ï ¨−â¥à¢�«� ��©ª¢¨áâ�.
„®ª�¦¥¬ â¥®à¥¬ã ®¡ ã¬¥−ìè¥−¨¨ ¨−â¥à¢�«� ��©ª¢¨áâ� (1/2f ).

’¥®à¥¬� 3. ‹î¡ãî äã−ªæ¨î p(t), á®áâ®ïéãî ¨§ £�à¬®−¨ª ç�áâ®â®© ®â 0
¤® f , á ¨§¢¥áâ−®© �¬¯«¨âã¤®© – £�à¬®−¨ª¨ f ¬®¦−® ¢®ááâ�−®¢¨âì ¯à¨ ¯®¬®é¨
«¨−¥©−®© �¯¯à®ªá¨¬�æ¨¨ á ¬�ªá¨¬�«ì−®© ®â−®á¨â¥«ì−®© ¯®£à¥è−®áâìî δm ¯®
¢ë¡®àª�¬ á ¨−â¥à¢�«®¬ ¢à¥¬¥−¨, ¢

m =
π

2 arccos (1− δm)
(13)

à�§ ¬¥−ìè¨¬, ç¥¬ ¨−â¥à¢�« ��©ª¢¨áâ� (Tsn = 1/2f ).

„ ® ª � § � â ¥ « ì á â ¢ ® . ‚®á¯®«ì§ã¥¬áï à¨á. 1 ¨ à�áá¬®âà¨¬ ®âà¥§®ª ¯àï¬®©
[c, d], ª®â®àë© �¯¯à®ªá¨¬¨àã¥â âà�¥ªâ®à¨î á¨−ãá®¨¤�«ì−®£® ®âª«®−¥−¨ï ¯® ¤¢ã¬
á®á¥¤−¨¬ ¢ë¡®àª�¬ ¨§ −¥¥ ¢ ¬®¬¥−âë ¢à¥¬¥−¨ tc ¨ td.

�¯à¥¤¥«¨¬ ¬®¬¥−â ¢à¥¬¥−¨ tc −�ç�«� £®à¨§®−â�«ì−®£® ãç�áâª� �¯¯à®ªá¨¬�-
æ¨¨ (á¬. â®çªã c −� à¨á. 1) á ãç¥â®¬ (12):

tc = 0,5Tsn − 0,5Tms = 0,5Tsn

(
1− 1

m

)
. (14)

‚ ¢ëà�¦¥−¨¥ (5) ¯®¤áâ�¢¨¬ tc (14), ãçâ¥¬ ω = π/Tsn ¨§ (6) ¨ ¯®«ãç¨¬
¢ëà�¦¥−¨¥ £®à¨§®−â�«ì−®£® ®âà¥§ª� ¯àï¬®©, ¯à®å®¤ïé¥© ç¥à¥§ â®çª¨ c ¨ d (á¬.
®âà¥§®ª [c, d] −� à¨á. 1):

p(tc) = – sin

[
π

2

(
1− 1

m

)]
= –cos

(
π

2m

)
.

‡�¢¨á¨¬®áâì ¯®£à¥è−®áâ¨ �¯¯à®ªá¨¬�æ¨¨ –m ®â ¢à¥¬¥−¨ t ®¯à¥¤¥«¨¬ ª�ª
à�§−®áâì ¢ëà�¦¥−¨ï (5) ¨ ¢ëà�¦¥−¨ï ¤«ï p(tc):

–m(t) = – sinωt −–cos
(

π

2m

)
. (15)

‚ëà�¦¥−¨¥ ¤«ï ¬�ªá¨¬�«ì−®£® §−�ç¥−¨ï ®â−®á¨â¥«ì−®© ¯®£à¥è−®áâ¨ ¢®ááâ�-
−®¢«¥−¨ï δm = –m/– ¯®«ãç¨¬ ¯®¤áâ�−®¢ª®© t = 0,5Tsn ¨ ω = π/Tsn ¢ (15):

δm =
–m

–
= 1− cos

(
π

2m

)
. (16)
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‚®ááâ�−®¢«¥−¨¥ á¨£−�«� ¢ á¨áâ¥¬�å à¥�«ì−®£® ¢à¥¬¥−¨ ¯® à�¢−®¬¥à−ë¬ ¢ë¡®àª�¬

ˆ§ ¢ëà�¦¥−¨ï (16) ¯®«ãç¨¬ ç¨á«® m ¢ ¢¨¤¥ ¢ëà�¦¥−¨ï (13). —¨á«® m (13)
¢å®¤¨â ¢ ¢ëà�¦¥−¨¥ (12) ¨ ¤¥«¨â ¨−â¥à¢�« ��©ª¢¨áâ� Ts = 1/2f −� m ç�áâ¥©,
çâ® ¨ âà¥¡®¢�«®áì ¤®ª�§�âì.

�à¨¬¥à 7. „«ï ¯à®¢¥àª¨ ¢ëà�¦¥−¨ï (13) §�¤�¤¨¬ –m = – (¨«¨ δm = 1),
¯®«ãç¨¬ m = 1, ¨§ ¨−â¥à¢�«� ¢ë¡®à®ª Tms = Tsn/m (12) ¯®«ãç¨¬ Tms = Tsn,
¨«¨ ¨−â¥à¢�« ��©ª¢¨áâ� (Tsn = 1/2f ), ª�ª ç�áâ−ë© á«ãç�©.

‡�¤�¤¨¬ –m = 0 (¨«¨ δm = 0), ¯®«ãç¨¬ m = ∞, � ¨§ ¨−â¥à¢�«� ¢ë¡®à®ª
Tms = Tsn/m (12) ¯®«ãç¨¬ Tms = 0.

4.2 Два эквивалентных варианта итоговых формул

‚ëà�¦¥−¨¥ (12) ¤«ï ®¯à¥¤¥«¥−¨ï à�¢−®¬¥à−®£® ¨−â¥à¢�«� ¤¨áªà¥â¨§�æ¨¨ Tms

á¨£−�«� p(t) ¯à¨ ãá«®¢¨¨ ¨á¯®«ì§®¢�−¨ï «¨−¥©−®© �¯¯à®ªá¨¬�æ¨¨ ¤«ï ¢®ááâ�-
−®¢«¥−¨ï ¯® ¢ë¡®àª�¬ ¨§ p(t) á®áâ®¨â ¨§ ¤¢®©−®£® à�¢¥−áâ¢�, ¯®íâ®¬ã ¬®¦−®
§�¯¨á�âì ¤¢� íª¢¨¢�«¥−â−ëå ¢ëà�¦¥−¨ï.

ˆ§ ¯¥à¢®£® à�¢¥−áâ¢� (12) ¨ ¢ëà�¦¥−¨© (13) ¨ (10) §�¯¨è¥¬:

Tms =
Tsn

m
=
2

n
[arccos (1− δm)]

n∑

i=1

max p(i−1)(t)

max p(i)(t)
. (17)

ˆ§ ¢â®à®£® à�¢¥−áâ¢� (12) ¨ ¢ëà�¦¥−¨ï (13) §�¯¨è¥¬:

Tms =
1

2fm
=
arccos(1− δm)

πf
. (18)

‚ ¢ëà�¦¥−¨ï (17) ¨ (18) ¢å®¤ïâ ¢á¥ ¯�à�¬¥âàë á¨£−�«� p(t), ª�ª ¨ ¢ äã−ª-
æ¨®−�«ì−ãî §�¢¨á¨¬®áâì ¢ ®¡é¥¬ ¢¨¤¥ (1), çâ® ¯®ª�§ë¢�¥â ¤®áâ¨¦¥−¨¥ æ¥«¨
¨áá«¥¤®¢�−¨ï.

4.3 Исследование эмпирической формулы Tsn ≤ (1/2f)/(8÷ 10)

�® ¢ëà�¦¥−¨î (16) à�ááç¨â�−ë §−�ç¥−¨ï δm ¤«ï 1 ≤ m ≤ 12, á¢¥¤¥−ë
¢ â�¡«¨æã ¨ ¯à¥¤áâ�¢«¥−ë ¢ ¢¨¤¥ £à�ä¨ª� −� à¨á. 2.

ˆ§ â�¡«¨æë ¢¨¤−®, çâ® ¢®ááâ�−®¢«¥−¨¥ á¨£−�«� p(t) ¯à¨ ¯®¬®é¨ «¨−¥©−®©
�¯¯à®ªá¨¬�æ¨¨ ¯® ¥¥ ¢ë¡®àª�¬ á ¯®£à¥è−®áâìî δm · 100% = 1% ®áãé¥áâ¢¨¬®
¯à¨ ãá«®¢¨¨ ¯à¥¢ëè¥−¨ï £à�−¨ç−®© ç�áâ®âë f á¯¥ªâà� ç�áâ®â á¨£−�«� p(t)
ç�áâ®â®© ¢ë¡®à®ª fm ¢ 22 ÷ 24 à�§�, ¨«¨ ¯à¨ ã¬¥−ìè¥−¨¨ ¨−â¥à¢�«� ��©ª¢¨áâ�
¢ 11÷ 12 à�§, çâ® áãé¥áâ¢¥−−® ãâ®ç−ï¥â ¢ëà�¦¥−¨ï, ¨á¯®«ì§ã¥¬ë¥ ¢ [20].

‘âã¯¥−ç�â�ï �¯¯à®ªá¨¬�æ¨ï á¨£−�«� p(t) á ãª�§�−−®© â®ç−®áâìî âà¥¡ã¥â
ã¢¥«¨ç¥−¨ï ç�áâ®âë ¤¨áªà¥â¨§�æ¨¨ ¢ 2 à�§� ¯® áà�¢−¥−¨î á ç�áâ®â�¬¨ ¤«ï
«¨−¥©−®© �¯¯à®ªá¨¬�æ¨¨.

�¬¯¨à¨ç¥áª�ï ä®à¬ã«� Tsn ≤ (1/2f)/(8 ÷ 10) [20] ¯®§¢®«ï¥â ®áãé¥-
áâ¢¨âì «¨−¥©−ãî ¨−â¥à¯®«ïæ¨î á¨£−�«� ¯® ¢ë¡®àª�¬ ¨§ −¥£® á ¯®£à¥è−®áâìî
δm · 100% ≈ 1,9%÷ 1,2% (á¬. áâà®ª¨ 8{10 â�¡«¨æë).
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‡−�ç¥−¨ï äã−ªæ¨¨
δm = F (m)

m δm

1 1,0000
2 0,2929
3 0,1340
4 0,0761
5 0,0489
6 0,0341
7 0,0251
8 0,0192
9 0,0152

10 0,0123
11 0,0102
12 0,0086

÷¨á. 2 ƒà�ä¨ª §�¢¨á¨¬®áâ¨ ¯®£à¥è-
−®áâ¨ δm ¢®ááâ�−®¢«¥−¨ï á¨£−�«� p(t) ¯®
¢ë¡®àª�¬ ®â ª®íää¨æ¨¥−â� ã¬¥−ìè¥−¨ï
¨−â¥à¢�«� ��©ª¢¨áâ� m

5 Заключение

‚ ‘“÷‚ ¯à¨¬¥−ïîâ ¢ ®á−®¢−®¬ áâã¯¥−ç�âãî ¨«¨ «¨−¥©−ãî �¯¯à®ªá¨¬�æ¨î
á¨£−�«� ¯® à�¢−®¬¥à−ë¬ ¢ë¡®àª�¬ ¨§ −¥£®. �â® ®£à�−¨ç¨¢�¥â ¯à¨¬¥−¥−¨¥
¢ ‘“÷‚ â¥®à¥¬ë �Š˜, ¯® ª®â®à®© á¨£−�« ¢®ááâ�−�¢«¨¢�îâ ¯à¨ ¯®¬®é¨ àï¤�
‚. �. Š®â¥«ì−¨ª®¢�, çâ® ¯à¨¢®¤¨â ª ¡®«ìè¨¬ §�¤¥à¦ª�¬ ¢®ááâ�−®¢«¥−¨ï ¢®
¢à¥¬¥−¨.

�®ª�§�−®, çâ® §�¬¥−� �¯¯à®ªá¨¬¨àãîé¥£® àï¤� Š®â¥«ì−¨ª®¢� −� �¯¯à®ªá¨-
¬�æ¨î áâã¯¥−ìª�¬¨ ¨«¨ ®âà¥§ª�¬¨ ¯àï¬ëå ¯à¨¢®¤¨â ª �¡á®«îâ−®© ¯®£à¥è−®áâ¨
�¯¯à®ªá¨¬�æ¨¨ ¢ë¡®à®ª, à�¢−®© �¬¯«¨âã¤¥ £à�−¨ç−®© £�à¬®−¨ª¨ ¢ á¯¥ªâà¥ á¨£-
−�«�. ÷�áá¬®âà¥−ë ¤¢� ¯ãâ¨ ã¬¥−ìè¥−¨ï íâ®© ¯®£à¥è−®áâ¨ ¨ ¡®«ìè¨å §�¤¥à¦¥ª
¢® ¢à¥¬¥−¨:

(1) ¨á¯®«ì§®¢�−¨¥ ®¡é¥¨§¢¥áâ−®© í¬¯¨à¨ç¥áª®© ä®à¬ã«ë ã¬¥−ìè�¥â ¨−â¥à¢�«
��©ª¢¨áâ� ¢ 8{10 à�§ ¯à¨ ¨á¯®«ì§®¢�−¨¨ áâã¯¥−ç�â®© ¨«¨ «¨−¥©−®© �¯-
¯à®ªá¨¬�æ¨¨ á¨£−�«�. �à¨ íâ®¬ ¯®£à¥è−®áâì ¢®ááâ�−®¢«¥−¨ï á¨£−�«� ¯®
¢ë¡®àª�¬ áâã¯¥−ìª�¬¨ ¤®áâ¨£�¥â 2,6%{3,8%;

(2) ¯à¥¤«®¦¥−� ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì: âà�¥ªâ®à¨ï −�¨¡®«ìè¥£® ®âª«®−¥−¨ï
¢ ¢¨¤¥ ¯®«ã¢®«−ë £à�−¨ç−®© £�à¬®−¨ª¨ ¢ á¯¥ªâà¥ á¨£−�«�. �®«ãç¥− á¨-
−ãá®¨¤�«ì−ë© ªà¨â¥à¨© −�¨¡®«ìè¥£® ®âª«®−¥−¨ï ¢ ¢¨¤¥ ¢ëà�¦¥−¨© ¤«ï
−�å®¦¤¥−¨ï ¢¥«¨ç¨−ë ¨−â¥à¢�«� à�¢−®¬¥à−®© ¤¨áªà¥â¨§�æ¨¨ ¢à¥¬¥−¨ á¨£-
−�«�, ª®â®àë© ¯®¤®¡¥− �¢â®àáª®¬ã ¯�à�¡®«¨ç¥áª®¬ã ªà¨â¥à¨î −�¨¡®«ìè¥£®
®âª«®−¥−¨ï [14,15].

„®ª�§�−� â¥®à¥¬� ®¡ ã¬¥−ìè¥−¨¨ ¨−â¥à¢�«� ��©ª¢¨áâ�, ª®â®à�ï ¯®§¢®«ï¥â
®¯à¥¤¥«ïâì ¢¥«¨ç¨−ã ¨−â¥à¢�«� à�¢−®¬¥à−®© ¤¨áªà¥â¨§�æ¨¨ ¢à¥¬¥−¨ á¨£−�«�
ç¥à¥§ ¯à®æ¥¤ãàã ¤¨áªà¥â¨§�æ¨¨ íªáâà¥¬�«ì−®© ¬®¤¥«¨ á¨£−�«� ¢ ¢¨¤¥ ¯®«ã¢®«−ë
£à�−¨ç−®© £�à¬®−¨ª¨ ¢ á¯¥ªâà¥ á¨£−�«�. �à¨ íâ®¬ ¢¥«¨ç¨−� ¨−â¥à¢�«� à�¢−®¬¥à-
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‚®ááâ�−®¢«¥−¨¥ á¨£−�«� ¢ á¨áâ¥¬�å à¥�«ì−®£® ¢à¥¬¥−¨ ¯® à�¢−®¬¥à−ë¬ ¢ë¡®àª�¬

−®© ¤¨áªà¥â¨§�æ¨¨ ¢à¥¬¥−¨ á¨£−�«� (18) §�¢¨á¨â ®â ç�áâ®âë £à�−¨ç−®© £�à¬®−¨ª¨
¢ á¯¥ªâà¥ á¨£−�«� ¨ −¥®¡å®¤¨¬®© ¢¥«¨ç¨−ë ®â−®á¨â¥«ì−®© ¯®£à¥è−®áâ¨ áâã¯¥−-
ç�â®© ¨«¨ «¨−¥©−®© �¯¯à®ªá¨¬�æ¨¨ á¨£−�«� ¯® ¢ë¡®àª�¬.

‚ í«¥ªâà®¬¥å�−¨ç¥áª¨å ‘“÷‚ á«®¦−® ®¯à¥¤¥«¨âì ¢¥«¨ç¨−ã ç�áâ®âë £à�−¨ç-
−®© £�à¬®−¨ª¨ ¢ á¯¥ªâà¥ á¨£−�«� (¨«¨ ¯à®æ¥áá�), ¤� ¨ á�¬ á¯¥ªâà −¥ ®¯à¥¤¥«¥−.
„«ï íâ®£® á«ãç�ï ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì (17) ¢¬¥áâ® (18). �à¨ íâ®¬ ¢¥-
«¨ç¨−� ¨−â¥à¢�«� à�¢−®¬¥à−®© ¤¨áªà¥â¨§�æ¨¨ ¢à¥¬¥−¨ á¨£−�«� (17) §�¢¨á¨â
®â ¬�ªá¨¬�«ì−ëå ¯�à�¬¥âà®¢ �¯¯à®ªá¨¬¨àã¥¬®£® ¯à®æ¥áá� ¨ −¥®¡å®¤¨¬®© ¢¥-
«¨ç¨−ë ®â−®á¨â¥«ì−®© ¯®£à¥è−®áâ¨ áâã¯¥−ç�â®© �¯¯à®ªá¨¬�æ¨¨ ¨«¨ «¨−¥©−®©
�¯¯à®ªá¨¬�æ¨¨ ¯à®æ¥áá� ¯® ¢ë¡®àª�¬.
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Abstract: The mathematical behavior model of signal between two next selections
of it is suggested. New general formulas for finding the sinusoidal criterion of
the greatest deviation are received. The theorem of reduction of Nyquist interval
which connects the criterion of the greatest deviation and the size of constant
interval of sampling is proved. The results allow to determine the size of this
interval reasonably.
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МЕТАОБЪЕКТНЫЙ ПОДХОД К МОДЕЛИРОВАНИЮ
БИЗНЕС-ПРОЦЕССОВ ПРЕДПРИЯТИЯ

В РАМКАХ ЕДИНОЙ ERP-СИСТЕМЫ

С. И. Спивак1, Н. Д. Морозкин2, Л. А. Лукьянов3

�−−®â�æ¨ï: �¡ê¥¤¨−¥−¨¥ ¡¨§−¥á-¯à®æ¥áá®¢ ¯à¥¤¯à¨ïâ¨ï ¢−ãâà¨ ¥¤¨−®© ¨−-
ä®à¬�æ¨®−−®© á¨áâ¥¬ë −®á¨â ¬�áá®¢ë© å�à�ªâ¥à. �¯â¨¬¨§�æ¨ï ¤¥ïâ¥«ì-
−®áâ¨ ¯à¥¤¯à¨ïâ¨© ¢ ãá«®¢¨ïå £¨¡ª®£® àë−ª� ¨ áâà¥¬¨â¥«ì−®£® â¥å−¨ç¥áª®£®
¯à®£à¥áá� −¥¢®§¬®¦−� ¡¥§ ¨á¯®«ì§®¢�−¨ï ¥¤¨−®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë.
‘ãé¥áâ¢ã¥â ®£à®¬−®¥ ç¨á«® ERP (Enterprise Resource Planning) á¨áâ¥¬, ¯à¨-
§¢�−−ëå à¥è¨âì ¢ ¯®«−®© ¬¥à¥ §�¤�çã �¢â®¬�â¨§�æ¨¨ ¢á¥å ¯à®æ¥áá®¢ −�
¯à¥¤¯à¨ïâ¨¨. �¤−�ª® −¨ ®¤−� ¨§ −¨å −¥ á¯®á®¡−� ¢ ¯®«−®© ¬¥à¥ ãç¨âë¢�âì
áãé¥áâ¢ãîé¨¥ ¬¥å�−¨§¬ë �¢â®¬�â¨§�æ¨¨ −� ¯à¥¤¯à¨ïâ¨¨. �â¨ ¬¥å�−¨§¬ë
®¡ëç−® à¥�«¨§®¢�−ë −¥ â®«ìª® ¢ ¢¨¤¥ ¤®ªã¬¥−â®¢ á â¥å−¨ç¥áª¨¬ §�¤�−¨¥¬
ª â®¬ã ¨«¨ ¨−®¬ã ¡¨§−¥á-¯à®æ¥ááã, −® ¨ ª�ª ¯à®£à�¬¬−ë¥ à¥è¥−¨ï, ®¡ëç-
−® à�§à�¡®â�−−ë¥ á ¯®¬®éìî ¤®áâ�â®ç−® ãáâ�à¥¢è¨å â¥å−®«®£¨©. ‚ ¤�−−®©
à�¡®â¥ à�áá¬�âà¨¢�¥âáï ERP-á¨áâ¥¬� á®¡áâ¢¥−−®© à�§à�¡®âª¨, ¢ ª®â®àãî §�-
«®¦¥− �¡á®«îâ−® −®¢ë© ¯®¤å®¤ ¢−¥¤à¥−¨ï, à�§à�¡®âª¨ ¨ ®à£�−¨§�æ¨¨ ¥¤¨−®£®
¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢� ¤«ï ¢á¥å ¯®¤à�§¤¥«¥−¨© ¯à¥¤¯à¨ïâ¨ï. �à¥¤-
«�£�¥âáï ¬¥â®¤ ¢−¥¤à¥−¨ï, ®á−®¢�−−ë© −� ¯®á«¥¤®¢�â¥«ì−®¬ §�¬¥é¥−¨¨ áãé¥-
áâ¢ãîé¥© à¥�«¨§�æ¨¨ ¡¨§−¥á-¯à®æ¥áá®¢ ¯®¤á¨áâ¥¬�¬¨ ¢−¥¤àï¥¬®© ¯«�âä®à-
¬ë. ÷�áá¬�âà¨¢�¥âáï ¬¥â�®¡ê¥ªâ−ë© ¯®¤å®¤ ª à¥�«¨§�æ¨¨ ¡¨§−¥á-¯à®æ¥áá®¢,
ª®â®àë© ¬®¦¥â ¡ëâì «¥£ª® ¨á¯®«ì§®¢�− á¯¥æ¨�«¨áâ�¬¨ ¯à¥¤¬¥â−ëå ®¡«�áâ¥©,
à�¡®â�îé¨¬¨ −¥¯®áà¥¤áâ¢¥−−® −� ¯à¥¤¯à¨ïâ¨¨. �à¥¤«�£�¥¬�ï ERP-á¨áâ¥-
¬� −¥ ¨§¬¥−ï¥â «®£¨ªã áãé¥áâ¢ãîé¨å ¡¨§−¥á-¯à®æ¥áá®¢, −® ®¡¥á¯¥ç¨¢�¥â ¨å
¨−â¥£à�æ¨î, ¯à®§à�ç−®áâì ¨ ¥¤¨−ãî ¬®¤¥«ì ¤�−−ëå.

Š«îç¥¢ë¥ á«®¢�: MRP; MRP II; MES; CRUD; ¥¤¨−®¥ ¨−ä®à¬�æ¨®−-
−®¥ ¯à®áâà�−áâ¢®; ¯«�−¨à®¢�−¨¥ à¥áãàá®¢; ¬®¤¥«¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå
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‘. ˆ. ‘¯¨¢�ª, �. „. Œ®à®§ª¨−, ‹. �. ‹ãªìï−®¢

á®¢®©. ’�ª¨¥ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë ¯®¬¨¬® ®á−®¢−®© äã−ªæ¨®−�«ì−®áâ¨
®¯â¨¬¨§¨àãîâ ¤¥ïâ¥«ì−®áâì â®£® ¨«¨ ¨−®£® ¯®¤à�§¤¥«¥−¨ï −� ¯à¥¤¯à¨ïâ¨¨. �ç¥-
¢¨¤−®, çâ® ®â¤¥«ë ¢ ®à£�−¨§�æ¨¨ ¯®áâ®ï−−® ¢§�¨¬®¤¥©áâ¢ãîâ ¬¥¦¤ã á®¡®© ¢ ¯à®-
æ¥áá¥ á®§¤�−¨ï â®¢�à®¢ ¨ ãá«ã£ ¯à¨ à¥�«¨§�æ¨¨ §�ª�§�. ˆ¬¥−−® ¯® íâ®© ¯à¨ç¨−¥
−¥®¡å®¤¨¬� ¨−â¥£à�æ¨ï ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (®á®¡¥−−® −� ªàã¯−®¬ ¯à¥¤-
¯à¨ïâ¨¨) ¤«ï ®¡¥á¯¥ç¥−¨ï ¯à®§à�ç−®áâ¨ ¢á¥å ¡¨§−¥á-¯à®æ¥áá®¢ ¨ ®¯â¨¬¨§�æ¨¨
¤¥ïâ¥«ì−®áâ¨ ¢á¥© ®à£�−¨§�æ¨¨ ¢ æ¥«®¬ [1].

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¯®−ïâ¨¥ ¨−â¥£à¨à®¢�−−ëå ¯®¤á¨áâ¥¬ §�«®¦¥−® ¢ ¬�àª¥-
â¨−£®¢®¬ â¥à¬¨−¥ úERP-á¨áâ¥¬�û. ˜¨à®ª® à�á¯à®áâà�−¥−® á«¥¤ãîé¥¥ ®¯à¥-
¤¥«¥−¨¥ íâ®£® â¥à¬¨−�: ERP | úíâ® ®à£�−¨§�æ¨®−−�ï áâà�â¥£¨ï ¨−â¥£à�æ¨¨
¯à®¨§¢®¤áâ¢� ¨ ®¯¥à�æ¨©, ã¯à�¢«¥−¨ï âàã¤®¢ë¬¨ à¥áãàá�¬¨, ä¨−�−á®¢®£® ¬¥-
−¥¤¦¬¥−â� ¨ ã¯à�¢«¥−¨ï �ªâ¨¢�¬¨, ®à¨¥−â¨à®¢�−−�ï −� −¥¯à¥àë¢−ãî ¡�«�−á¨-
à®¢ªã ¨ ®¯â¨¬¨§�æ¨î à¥áãàá®¢ ¯à¥¤¯à¨ïâ¨ï ¯®áà¥¤áâ¢®¬ á¯¥æ¨�«¨§¨à®¢�−−®£®
¨−â¥£à¨à®¢�−−®£® ¯�ª¥â� ¯à¨ª«�¤−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ®¡¥á¯¥ç¨¢�-
îé¥£® ®¡éãî ¬®¤¥«ì ¤�−−ëå ¨ ¯à®æ¥áá®¢ ¤«ï ¢á¥å áä¥à ¤¥ïâ¥«ì−®áâ¨û [2].
‘ ®¡é¥© â®çª¨ §à¥−¨ï ¯®¤ ERP-á¨áâ¥¬®© ¯®−¨¬�îâ ¨−â¥£à¨à®¢�−−ë© ¯�ª¥â
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ¢ª«îç�îé¨© ¢ á¥¡ï á®¢®ªã¯−®áâì ¬®¤ã«¥© (¯®¤á¨á-
â¥¬), §�¤�ç� ª®â®àëå á®áâ®¨â ¢ ¬�â¥¬�â¨ç¥áª®¬ ¨ ¨−ä®à¬�æ¨®−−®¬ ®¡¥á¯¥ç¥−¨¨
®¯à¥¤¥«¥−−®£® ¡¨§−¥á-¯à®æ¥áá� −� ¯à¥¤¯à¨ïâ¨¨. ˆáâ®à¨ç¥áª¨ á«®¦¨«®áì, çâ®
ERP-á¨áâ¥¬ë ãá¯¥è−® à¥è�îâ §�¤�çã ¨−â¥£à�æ¨¨ ¨ ®¯â¨¬¨§�æ¨¨ ¢á¥å ¡¨§−¥á-
¯à®æ¥áá®¢ ®à£�−¨§�æ¨¨. �¥à¢ë¥ ERP-á¨áâ¥¬ë ¯à¥¤áâ�¢«ï«¨ á®¡®© á¨áâ¥¬ë
¯«�−¨à®¢�−¨ï ¬�â¥à¨�«®¢. �� á¥£®¤−ïè−¨© ¤¥−ì ã¦¥ à�§à�¡®â�−ë ERP-á¨áâ¥¬ë
âà¥âì¥£® ¯®ª®«¥−¨ï, ®à£�−¨§ãîé¨¥ ¢¥¡-á¥à¢¨áë ¤«ï ¬®¡¨«ì−ëå ãáâà®©áâ¢ [2].
��¯à¨¬¥à, â�ª�ï ¯®¤á¨áâ¥¬� ¬®¦¥â �¢â®¬�â¨§¨à®¢�âì à�¡®âã ®â¤¥«� ¬�àª¥â¨−£�,
ä¨−�−á®¢®£® ®â¤¥«� ¨«¨ ®â¤¥«� ¬�â¥à¨�«ì−®-â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï, ®á®¡¥−−®
−� ¯à¥¤¯à¨ïâ¨ïå ¯à®¨§¢®¤áâ¢¥−−®£® â¨¯�. –¥«ì ERP-á¨áâ¥¬ë á®áâ®¨â ¢ �¢â®-
¬�â¨§�æ¨¨ ¢á¥å ¨−ä®à¬�æ¨®−−ëå ¯à®æ¥áá®¢ ª�ª ¢−ãâà¨ á�¬®© ®à£�−¨§�æ¨¨, â�ª
¨ ¢−ãâà¨ ¥¥ ª®−âà�£¥−â®¢. Š −¥¤®áâ�âª�¬ á®¢à¥¬¥−−ëå ERP-á¨áâ¥¬ ¬®¦−® ®â-
−¥áâ¨ á«®¦−®áâì ¨å ¢−¥¤à¥−¨ï ¨ ¢ëá®ª¨¥ ä¨−�−á®¢ë¥ §�âà�âë ª�ª ¯à¨ ¯®ªã¯ª¥,
â�ª ¨ ¢ ¯à®æ¥áá¥ à�¡®âë á ¤�−−®© á¨áâ¥¬®© [3]. � ª ¤®áâ®¨−áâ¢�¬ ERP-á¨á-
â¥¬ á«¥¤ã¥â ®â−¥áâ¨ ¯à®§à�ç−®áâì ¢á¥å ¡¨§−¥á-¯à®æ¥áá®¢, ¯à®áâ®âã ¢ ã¯à�¢«¥−¨¨
¨ ãáâà�−¥−¨¥ ç¥«®¢¥ç¥áª®£® ä�ªâ®à�.

‘â®¨â ®â¬¥â¨âì, çâ® ®¡ëç−® ¯à¨ ¢−¥¤à¥−¨¨ ERP-á¨áâ¥¬ −¥ ¯à®¨§¢®¤¨âáï
¨−â¥£à�æ¨ï á áãé¥áâ¢ãîé¥© á¨áâ¥¬®©; â�ª¨¬ ®¡à�§®¬, ¢¥áì −�ª®¯«¥−−ë© ®¯ëâ
¯à¥¤¯à¨ïâ¨ï ¨á¯®«ì§ã¥âáï â®«ìª® −� íâ�¯¥ ¢−¥¤à¥−¨ï −®¢®© á¨áâ¥¬ë ¯®áà¥¤-
áâ¢®¬ á«®¢¥á−®£® ¨«¨ ¤®ªã¬¥−â�«ì−®£® ®¯¨á�−¨ï á®âàã¤−¨ª�¬¨ ®á®¡¥−−®áâ¥©
á«®¦¨¢è¨åáï −� ¯à¥¤¯à¨ïâ¨¨ ¡¨§−¥á-¯à®æ¥áá®¢ ¯®áâ�¢é¨ª�¬ ¤�−−®© ERP-á¨á-
â¥¬ë. Œ®¦−® −�¡«î¤�âì á¨âã�æ¨¨, ª®£¤� ¡¨§−¥á-¤¥ïâ¥«ì−®áâì ¯®¤áâà�¨¢�¥âáï
¯®¤ ERP-á¨áâ¥¬ã. ’�ª®© ¯®¤å®¤ ¬®¦−® áç¨â�âì ¢¯®«−¥ �¤¥ª¢�â−ë¬ ¨ «®£¨ç−ë¬
¢ á«ãç�¥, ª®£¤� ®à£�−¨§�æ¨ï −¥¡®«ìè�ï ¨«¨ −�å®¤¨âáï ¢ ¯à®æ¥áá¥ áâ�−®¢«¥−¨ï.
�¤−�ª® ¤«ï ªàã¯−ëå ¯à¥¤¯à¨ïâ¨© ¢�¦−® á®åà�−¨âì á«®¦¨¢è¨¥áï ®á®¡¥−−®áâ¨
¤¥ïâ¥«ì−®áâ¨ ¢á¥å ¯®¤à�§¤¥«¥−¨©, á â¥¬ çâ®¡ë −¥ ¯®â¥àïâì −�ª®¯«¥−−ë© ®¯ëâ
¢ ¢®¯à®á�å ã¯à�¢«¥−¨ï, ¯«�−¨à®¢�−¨ï ¨ ª®®¯¥à�æ¨¨.
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�¢â®àë ¯à¥¤«�£�îâ ª®−æ¥¯âã�«ì−® −®¢ë© ¯®¤å®¤ ª ¬®¤¥«¨à®¢�−¨î ¡¨§-
−¥á-¯à®æ¥áá®¢ «î¡®£® ¯à¥¤¯à¨ïâ¨ï á ¨á¯®«ì§®¢�−¨¥¬ ¨−áâàã¬¥−â� á®¡áâ¢¥−−®©
à�§à�¡®âª¨ | MOPEX (Meta Object Process EXecution). Œ®¤¥«¨à®¢�−¨¥
¢ª«îç�¥â ª�ª ®¯¨á�â¥«ì−ãî, â�ª ¨ ¯à�ªâ¨ç¥áªãî ç�áâ¨. ˆ−áâàã¬¥−â ¨¬¥¥â
£¨¡ªãî �àå¨â¥ªâãàã, ¬−®¦¥áâ¢® ¢á¯®¬®£�â¥«ì−ëå á¥à¢¨á®¢ ¨ ®£à®¬−ë© ¯®â¥−æ¨-
�« ª à�áè¨à¥−¨î ¨ ®¯â¨¬¨§�æ¨¨ ï¤à� −®¢ë¬¨ ¢®§¬®¦−®áâï¬¨. Œ�â¥¬�â¨ç¥áª�ï
á®áâ�¢«ïîé�ï á¥à¢¨á®¢ ¤«ï à¥è¥−¨ï §�¤�ç ¯«�−¨à®¢�−¨ï ¨ ã¯à�¢«¥−¨ï ¯à¥¤áâ�¢-
«¥−� ¢ ¢¨¤¥ ¯®¤ª«îç�¥¬ëå ¬®¤ã«¥© à�§«¨ç−®© áâàãªâãàë. ƒ«�¢−�ï ®á®¡¥−−®áâì
à�§à�¡®â�−−®© ¯«�âä®à¬ë §�ª«îç�¥âáï ¢ ¯à®áâ®â¥ ¬®¤¥«¨à®¢�−¨ï −®¢ëå, � â�ª-
¦¥ ¯¥à¥à�¡®âª¨ áãé¥áâ¢ãîé¨å ¨−ä®à¬�æ¨®−−ëå ¯à®æ¥áá®¢ ¤«ï �¢â®¬�â¨§�æ¨¨
¤¥ïâ¥«ì−®áâ¨ ¯®¤à�§¤¥«¥−¨© ¯à¥¤¯à¨ïâ¨ï.

2 Архитектура MOPEX

�àå¨â¥ªâãà� ¯«�âä®à¬ë MOPEX, ¯à¥¤áâ�¢«¥−−�ï −� à¨á. 1, ¨¬¥¥â ¤®áâ�-
â®ç−® á«®¦−ãî áâàãªâãàã, ®¡ãá«®¢«¥−−ãî âà¥¡®¢�−¨ï¬¨ £¨¡ª®áâ¨ à�§à�¡®âª¨,

÷¨á. 1 �àå¨â¥ªâãà� ¯«�âä®à¬ë MOPEX
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¡¥§®¯�á−®áâ¨ ¨ ®¡é¥© ¯à®¨§¢®¤¨â¥«ì−®áâ¨. ‚§�¨¬®¤¥©áâ¢¨¥ ®á−®¢−ëå ª®¬¯®−¥−-
â®¢ �àå¨â¥ªâãàë | á¥à¢¥à� ¯à¨«®¦¥−¨©, ª«¨¥−â� ¯®«ì§®¢�â¥«ï, ª«¨¥−â� �¤¬¨-
−¨áâà�â®à� | ®áãé¥áâ¢«ï¥âáï ¯® á¥â¨ á®£«�á−® âà¥å§¢¥−−®© áå¥¬¥ [4]. „�−−�ï
¯«�âä®à¬� ¯®§¨æ¨®−¨àã¥âáï ¢ ª�ç¥áâ¢¥ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®© à�áè¨àï¥¬®©
ERP-á¨áâ¥¬ë, ª®â®à�ï ¯à¥¤®áâ�¢«ï¥â ¨−áâàã¬¥−â ®¯¨á�−¨ï ¡¨§−¥á-¯à®æ¥áá®¢.
‘â�−¤�àâ−ë¥ à¥è¥−¨ï, ¢ª«îç�¥¬ë¥ ¡®«ìè¨−áâ¢®¬ ERP-á¨áâ¥¬, ¯à¥¤«�£�¥¬ëå
−� àë−ª¥ ˆ’-¨−¤ãáâà¨¨, ¢ ¤�−−®© ¯«�âä®à¬¥ ®âáãâáâ¢ãîâ. ‘¢ï§�−® íâ® á â¥¬
ä�ªâ®¬, çâ® ¯à¥¤¯à¨ïâ¨¥ ¯à¨ ¢−¥¤à¥−¨¨ ¤�−−®© ¯«�âä®à¬ë ¤®«¦−® á�¬®áâ®ï-
â¥«ì−® ¬®¤¥«¨à®¢�âì ¡¨§−¥á-¯à®æ¥ááë ¯® ¬¥â�®¡ê¥ªâ−®© ¬®¤¥«¨ à�§à�¡®âª¨.

�á®¡¥−−®áâì �àå¨â¥ªâãàë ¯«�âä®à¬ë §�ª«îç�¥âáï ¢ −�«¨ç¨¨ áâ¥ª� ¯«�£¨−®¢
¯® ã¯à�¢«¥−¨î ¡¨§−¥á-«®£¨ª®© ¨ áâ¥ª� à�áè¨à¥−¨© ¤«ï £à�ä¨ç¥áª®© ®¡à�¡®âª¨
¨−ä®à¬�æ¨¨ −� áâ®à®−¥ ¯®«ì§®¢�â¥«ìáª¨å ¯à¨«®¦¥−¨©. �«�£¨−ë, ª�ª ¨ à�áè¨-
à¥−¨ï, −¥§�¢¨á¨¬ë ¤àã£ ®â ¤àã£� ¨ ¬®£ãâ ¯®¤ª«îç�âìáï ¢ §�¢¨á¨¬®áâ¨ ®â à®«¨
¯®«ì§®¢�â¥«ï á¨áâ¥¬ë. ��¯à¨¬¥à, ¥á«¨ ¯®«ì§®¢�â¥«ì ï¢«ï¥âáï à�§à�¡®âç¨ª®¬
¯à¥¤¬¥â−®© ®¡«�áâ¨, â® ¥¬ã ¤®«¦¥− ¡ëâì ¤®áâã¯¥− ¨−áâàã¬¥−â ¯®áâà®¥−¨ï ®âç¥â®¢
¨, ¢®§¬®¦−®, ¨−áâàã¬¥−â á®§¤�−¨ï ¯®«ì§®¢�â¥«ìáª®£® ¨−â¥àä¥©á�. ‚ ¯à®â¨¢®-
¯®«®¦−®áâì íâ®¬ã, ¯®«ì§®¢�â¥«ì, ¢ë¯®«−ïîé¨© à®«ì ®â¢¥âáâ¢¥−−®£® §� ¢¥¤¥−¨¥
§�¤�ç¨, ¤®«¦¥− ¨¬¥âì ¤®áâã¯ â®«ìª® ª ¨−áâàã¬¥−âã ®â®¡à�¦¥−¨ï ®âç¥â®¢. ��-
¡®à äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© áâà®£® ®¯à¥¤¥«ï¥âáï à®«ï¬¨ ¯®«ì§®¢�â¥«¥©
¨ ®¯¨áë¢�¥âáï ¤®¯®«−¨â¥«ì−ë¬¨ �âà¨¡ãâ�¬¨ (à�§à¥è¥− ¤®áâã¯, §�¯¨áì, ¢ë¯®«-
−¥−¨¥, ¤à.), ¯®§¢®«ïîé¨¬¨ â®−ª® −�áâà®¨âì á¯®á®¡ ¤®áâã¯� ª ¤�−−ë¬.

3 Метаобъектная модель разработки

�à¥¦¤¥ ç¥¬ ¯¥à¥©â¨ ª à�áá¬®âà¥−¨î �àå¨â¥ªâãàë ¯«�âä®à¬ë, −¥®¡å®¤¨¬®
®¯¨á�âì ¯à®æ¥áá à�§à�¡®âª¨ ¯®¤á¨áâ¥¬ë ¤«ï à¥è¥−¨ï −¥ª®â®à®© §�¤�ç¨ ¯à¥¤¬¥â-
−®© ®¡«�áâ¨. ‘«¥¤ã¥â ®â«¨ç�âì ¬®¤ã«ì ERP-á¨áâ¥¬ë ®â ú¯®¤á¨áâ¥¬ëû ¯à¥¤¬¥â-
−®© ®¡«�áâ¨. Œ®¤ã«ì ERP-á¨áâ¥¬ë | íâ® �¢â®−®¬−ë© ¯à®£à�¬¬−ë© ¯à®¤ãªâ,
¯à¥¤«�£�îé¨© áâ�−¤�àâ−®¥ à¥è¥−¨¥ ¤«ï �¢â®¬�â¨§�æ¨¨ à�¡®âë ®â¤¥«ì−®£® ¯®¤-
à�§¤¥«¥−¨ï ¯à¥¤¯à¨ïâ¨ï. ��¯à¨¬¥à, ¬®¤ã«¥¬ ERP-á¨áâ¥¬ë ï¢«ï¥âáï ¯à®£à�¬¬�
¢−ãâà¨æ¥å®¢®£® ¯«�−¨à®¢�−¨ï [5]. ‚ ¯à®â¨¢®¯®«®¦−®áâì ¬®¤ã«î, ¯®¤á¨áâ¥¬�
¯à¥¤¬¥â−®© ®¡«�áâ¨ | íâ® ¯à®£à�¬¬−ë© ¯à®¤ãªâ, �¢â®¬�â¨§¨àãîé¨© −¥ª®â®àë©
¡¨§−¥á-¯à®æ¥áá. Š ¯®¤á¨áâ¥¬�¬, −�¯à¨¬¥à, ¬®¦−® ®â−¥áâ¨ ú‚¥¤¥−¨¥ ¬�àèàãâ®¢
¤¥â�«¥© ¨ á¡®à®ç−ëå ¥¤¨−¨æ („‘…) ¢−ãâà¨ æ¥å�û, ú“¯à�¢«¥−¨¥ „‘…û.

„«ï à¥�«¨§�æ¨¨ ¯®¤á¨áâ¥¬ −� ¯«�âä®à¬¥ MOPEX ¯à¥¤«�£�¥âáï ¬¥â�®¡ê¥ªâ-
−�ï ¬®¤¥«ì à�§à�¡®âª¨, ¯à¥¤áâ�¢«¥−−�ï −� à¨á. 2. „�−−�ï ¬®¤¥«ì ¯à¥¤áâ�¢«ï¥â
á®¡®© ¬®¤¨ä¨ª�æ¨î è¨à®ª® ¨§¢¥áâ−®© ¨â¥à�â¨¢−®© ¬®¤¥«¨ à�§à�¡®âª¨ [6]. Œ¥â�-
®¡ê¥ªâ−�ï ¬®¤¥«ì à�§à�¡®âª¨ ®áãé¥áâ¢«ï¥âáï á¯¥æ¨�«¨áâ�¬¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨
¨ ¢ª«îç�¥â ¢ á¥¡ï á«¥¤ãîé¨¥ íâ�¯ë.

1. ÷�§à�¡®âª� ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨. ”®à¬¨àã¥âáï â¥å−¨ç¥áª®¥ §�¤�−¨¥
(’‡) −� à�§à�¡�âë¢�¥¬ãî ¯®¤á¨áâ¥¬ã á®âàã¤−¨ª�¬¨ ®â¤¥«�. �áãé¥áâ¢«ï-
¥âáï à�¡®â� ¯® ®¯¨á�−¨î áâàãªâãàë ¤�−−ëå à�§à�¡�âë¢�¥¬®© ¯®¤á¨áâ¥¬ë.
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÷¨á. 2 Œ¥â�®¡ê¥ªâ−�ï ¬®¤¥«ì à�§à�¡®âª¨

‘âàãªâãà� ¤�−−ëå | íâ® −�¡®à á¢ï§�−−ëå â�¡«¨æ, ª®â®àë© à¥£«�¬¥−â¨àã¥â
á¯®á®¡ åà�−¥−¨ï ¤�−−ëå ¯®¤á¨áâ¥¬ë. �¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® −� íâ�-
¯¥ á®§¤�−¨ï ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ á«¥¤ã¥â ãç¨âë¢�âì, çâ® ®¤−¨ ¨ â¥ ¦¥
¤�−−ë¥ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¢ à�§−ëå ¯®¤á¨áâ¥¬�å. ��¯à¨¬¥à, ¯à¨
á®§¤�−¨¨ ¯®¤á¨áâ¥¬ë ú‚¥¤¥−¨¥ ¬�àèàãâ®¢ „‘… ¢−ãâà¨ æ¥å�û áâàãªâãà�
¤�−−ëå ¢ª«îç�¥â ¢ á¥¡ï ¤�−−ë¥ ¯® ¤¥â�«ï¬, ®¯¥à�æ¨ï¬ ¨ ®¡®àã¤®¢�−¨î.

2. ÷�§à�¡®âª� äã−ªæ¨®−�«ì−®© ¬®¤¥«¨. �¯à¥¤¥«ïîâáï äã−ªæ¨¨ à�§à�¡�âë¢�-
¥¬®© ¯®¤á¨áâ¥¬ë, áâà®ïâáï ¤¨�£à�¬¬ë USE CASE, IDEF0, DFD. ��¯à¨-
¬¥à, ¢ ¯®¤á¨áâ¥¬¥ ú‚¥¤¥−¨¥ ¬�àèàãâ®¢ „‘… ¢−ãâà¨ æ¥å�û ¬®¦−® ¢ë¤¥«¨âì
á«¥¤ãîé¨¥ äã−ªæ¨¨: ¯à®á¬®âà á¯à�¢®ç−¨ª� ®¯¥à�æ¨© æ¥å�, á®§¤�−¨¥ ¬�àè-
àãâ� ¤¢¨¦¥−¨ï „‘…, ª®àà¥ªâ¨à®¢ª� §�£àã¦¥−−®áâ¨ ®¡®àã¤®¢�−¨ï ¨ â. ¤.

3. ÷¥�«¨§�æ¨ï ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨. ˆ−ä®à¬�æ¨®−−�ï ¬®¤¥«ì á®§¤�¥âáï
¢ á¨áâ¥¬¥ MOPEX ¢ ¢¨¤¥ ¬¥â�®¡ê¥ªâ®¢. ‘®§¤�−¨¥ ®áãé¥áâ¢«ï¥âáï á ¨á¯®«ì-
§®¢�−¨¥¬ ª«¨¥−â� ú�¤¬¨−¨áâà�â®àû ¯«�âä®à¬ë MOPEX. Œ¥â�®¡ê¥ªâ |
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÷¨á. 3 �à¨¬¥à ª«�áá� ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨

íâ® ª«�áá ¨ ¥£® ®ªàã¦¥−¨¥. Š«�áá®¬ ¬®¦¥â ¢ëáâã¯�âì «î¡®© ®¡ê¥ªâ ¯®¤-
á¨áâ¥¬ë, −�¤¥«¥−−ë© �âà¨¡ãâ�¬¨. �ªàã¦¥−¨¥ ª«�áá� å�à�ªâ¥à¨§ã¥â á¢ï§¨
á ¤àã£¨¬¨ ª«�áá�¬¨ ¯®¤á¨áâ¥¬ë ¨ ¨−®£¤� ®¯à¥¤¥«ï¥â ¢áâà®¥−−ë¥ äã−ªæ¨¨,
¢ë¯®«−ï¥¬ë¥ ¯à¨ ¢§�¨¬®¤¥©áâ¢¨¨ á ¤�−−ë¬ ª«�áá®¬. �� à¨á. 3 ¯à¨¢¥¤¥−
¯à¨¬¥à ª«�áá� „‘…, ¨á¯®«ì§ã¥¬®£® ¢ ¯®¤á¨áâ¥¬¥ ú“¯à�¢«¥−¨¥ „‘…û.

4. ÷¥�«¨§�æ¨ï äã−ªæ¨®−�«ì−®© ¬®¤¥«¨. �� ®á−®¢¥ äã−ªæ¨®−�«ì−®© ¬®¤¥«¨
¯à®¨§¢®¤¨âáï ®¯¨á�−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï ¬¥â�®¡ê¥ªâ®¢ áà¥¤áâ¢�¬¨ ¯«�âä®à¬ë
MOPEX, � ¨¬¥−−® ¢ë¯®«−ïîâáï á«¥¤ãîé¨¥ ¯®á«¥¤®¢�â¥«ì−ë¥ è�£¨:

(�) á®§¤�−¨¥ à®«¥© ¯®¤á¨áâ¥¬ë ¢ á®®â¢¥âáâ¢¨¨ á ¤¨�£à�¬¬®© USE CASE;

(¡) á®§¤�−¨¥ ¯®«ì§®¢�â¥«¥© ¯®¤á¨áâ¥¬ë;

(¢) −�§−�ç¥−¨¥ ¯®«ì§®¢�â¥«ï¬ ®¯à¥¤¥«¥−−ëå à®«¥©;

(£) á®§¤�−¨¥ ¯ã−ªâ®¢ ¨ ¯®¤¯ã−ªâ®¢ ¬¥−î ¯®¤á¨áâ¥¬ë, ®âà�¦�îé¨å ®á−®¢−ë¥
äã−ªæ¨¨ ¯®¤á¨áâ¥¬ë;

(¤) ®¯à¥¤¥«¥−¨¥ ª®−â¥ªáâ−®£® ¬¥−î, ®¡¥á¯¥ç¨¢�îé¥£® ¢ë¯®«−¥−¨¥ −¥ª®â®à®©
äã−ªæ¨¨, §�¢¨áïé¥© ®â â¥ªãé¥£® −�¡®à� ¤�−−ëå.

�� à¨á. 4 ¯à¨¢¥¤¥− ¯à¨¬¥à à¥�«¨§�æ¨¨ äã−ªæ¨®−�«ì−®© ¬®¤¥«¨ ¯®¤á¨áâ¥¬ë
ú“¯à�¢«¥−¨¥ „‘…û.

5. ‘®§¤�−¨¥ ®ªàã¦¥−¨ï ¯®¤á¨áâ¥¬ë. �à®¨§¢®¤¨âáï á®§¤�−¨¥ ¤®¯®«−¨â¥«ì−ëå
í«¥¬¥−â®¢ à�§à�¡�âë¢�¥¬®© ¯®¤á¨áâ¥¬ë: ®âç¥â−ëå ä®à¬, íªà�−−ëå ä®à¬,
äã−ªæ¨© ¯® ã¬®«ç�−¨î, ¯�ª¥â−ëå §�¤�ç. ‘â®¨â ®â¬¥â¨âì, çâ® ¤�−−ë¥
í«¥¬¥−âë −¥ ¢á¥£¤� ï¢«ïîâáï ®¡ï§�â¥«ì−ë¬¨ ¢ â®© ¨«¨ ¨−®© ¯®¤á¨áâ¥¬¥.
��¯à¨¬¥à, ¢ ¯®¤á¨áâ¥¬¥ ú“¯à�¢«¥−¨¥ „‘…û ®âç¥â−ë¥ ¨ íªà�−−ë¥ ä®à¬ë
®âáãâáâ¢ãîâ.
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Œ¥â�®¡ê¥ªâ−ë© ¯®¤å®¤ ª ¬®¤¥«¨à®¢�−¨î ¡¨§−¥á-¯à®æ¥áá®¢ ¯à¥¤¯à¨ïâ¨ï

÷¨á. 4 �à¨¬¥à ®¯¨á�−¨ï äã−ªæ¨®−�«ì−®© ¬®¤¥«¨

6. �¯à®¡�æ¨ï ¯®¤á¨áâ¥¬ë. �áãé¥áâ¢«ï¥âáï â¥áâ¨à®¢�−¨¥ ¯®¤á¨áâ¥¬ë á¯¥æ¨�-
«¨áâ�¬¨ ¯®¤à�§¤¥«¥−¨ï, ¤«ï ª®â®à®£® à�§à�¡�âë¢�«�áì ¤�−−�ï ¯®¤á¨áâ¥¬�.
�à¨ ¢ëï¢«¥−¨¨ −¥¤®à�¡®â®ª ¯®¤á¨áâ¥¬ë ¯à®¨§¢®¤¨âáï ãâ®ç−¥−¨¥ ®è¨¡®ª
¢ ä®à¬¥ ¤®¯®«−¥−¨ï ª ®á−®¢−®¬ã ’‡. ‡�â¥¬ ¯à®¢®¤¨âáï ¤®à�¡®âª� ¯®¤á¨áâ¥-
¬ë, −�ç¨−�ï á ¯¥à¢®£® íâ�¯� ¬¥â�®¡ê¥ªâ−®© ¬®¤¥«¨ à�§à�¡®âª¨.

4 Заключение

‚ à�¡®â¥ ¡ë«¨ ¨áá«¥¤®¢�−ë áãé¥áâ¢ãîé¨¥ −� àë−ª¥ ¯«�âä®à¬ë ª«�áá�
ERP; ¢ëï¢«¥−ë −¥¤®áâ�âª¨ ¯à¥¤«�£�¥¬ëå à¥è¥−¨©; ¯à¥¤«®¦¥−� �ªâã�«ì−�ï �à-
å¨â¥ªâãà� ¯«�âä®à¬ë ¤«ï ¯®áâà®¥−¨ï ¡¨§−¥á-¯à¨«®¦¥−¨©; ¯à¥¤«®¦¥−� ¬®¤¥«ì
à�§à�¡®âª¨, ¯®ªàë¢�îé�ï ¢á¥ íâ�¯ë á®§¤�−¨ï ¡¨§−¥á-¯à¨«®¦¥−¨© | ®â ¯à®¥ª-
â¨à®¢�−¨ï ¤® ¢−¥¤à¥−¨ï ¢ íªá¯«ã�â�æ¨î. �ªâã�«ì−®áâì ¨ −®¢¨§−� ¯«�âä®à¬ë
áà¥¤¨ ¢á¥å áãé¥áâ¢ãîé¨å à¥è¥−¨© ¯®¤ªà¥¯«ï¥âáï ¬¥â®¤®¬ ¯à¥¤áâ�¢«¥−¨ï ®¡ê¥ª-
â� ¨−ä®à¬�æ¨¨ ¨ ¥£® ª®−â¥ªáâ� ¢§�¨¬®¤¥©áâ¢¨ï ¢ ¢¨¤¥ ¬¥â�®¡ê¥ªâ�, ª®â®àë© ¯à¨
−¥®¡å®¤¨¬®áâ¨ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�− ¯à®áâë¬ ¢−¥¤à¥−¨¥¬ ¢ ¤àã£®¬ ¡¨§−¥á-
¯à®æ¥áá¥ ¡¥§ ª®¯¨à®¢�−¨ï ¨«¨ ¯à¥®¡à�§®¢�−¨ï á® áâ®à®−ë à�§à�¡®âç¨ª� §�¤�ç¨
¯à¥¤¬¥â−®© ®¡«�áâ¨.
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METAOBJECT APPROACH FOR MODELING ENTERPRISE
BUSINESS PROCESSES INSIDE SINGLE ERP SYSTEM

S. I. Spivak, L. A. Lukyanov, and N. D. Morozkin

Bashkir State University, 32 Validy Str., Ufa 450076, Russian Federation

Abstract: Nowadays, combining enterprise business processes within a single
information system has a widespread trend. Work optimization of enterprises in
condition of flexible market and rapid technical progress is impossible without
using a single information system. There are many ERP (Enterprise Resource
Planning) systems designed to solve the main problem of automation of all
enterprise business processes. However, neither one of them is able to take into
account existing automation mechanisms of the enterprise. These mechanisms are
often designed not only using documents with technical order for any type of
business process but also using software developed with outdated technics. In this
paper, the authors consider their own ERP system, which contains a completely
new approach to the application, development, and organization of a single
information space for all business units. The proposed approach is based on
sequential replacement of the existing implementation of business processes by
platform subsystems. The metaobject approach to the implementation of business
processes is considered, which is applied by specialists of subject areas working
directly in the enterprise. The proposed ERP system does not change the logic
of existing business processes but ensures their integration, transparency, and
common data model.

Keywords: MRP; MRPII; ERP; MES; CRUD; common information space;
resource planning; information system modeling; platform; software architecture
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МЕТОД ПОИСКА ВЫПАДАЮЩИХ ОБЪЕКТОВ
С ИСПОЛЬЗОВАНИЕМ ПАРАМЕТРОВ НЕУСТОЙЧИВОСТИ

ОБУЧЕНИЯ∗

И. С. Ожерельев1, О. В. Сенько2, Н. Н. Киселёва3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¬¥â®¤ ¯®¨áª� ¢ë¯�¤�îé¨å ®¡ê¥ªâ®¢ (‚�) ¢ §�-
¤�ç�å à�á¯®§−�¢�−¨ï, â. ¥. ®¡ê¥ªâ®¢, ®¯¨á�−¨ï ª®â®àëå §−�ç¨â¥«ì−® ®â«¨ç�-
îâáï ®â ®¯¨á�−¨© ®¡ê¥ªâ®¢ á¢®¥£® ª«�áá�. Œ¥â®¤ ®á−®¢�− −� ®¤−®¢à¥¬¥−−®¬
¨á¯®«ì§®¢�−¨¨ ¢¥«¨ç¨− ®æ¥−®ª ¯à¨−�¤«¥¦−®áâ¨ ®¡ê¥ªâ� ª ª«�áá�¬ ¨ ¨−-
â¥£à�«ì−ëå ¨áª�¦¥−¨©, ¢−®á¨¬ëå ®¡ê¥ªâ®¬ ¢ ä®à¬¨àã¥¬ë© ¢ à¥§ã«ìâ�â¥
®¡ãç¥−¨ï �«£®à¨â¬ à�á¯®§−�¢�−¨ï. ‚®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï à�§à�¡®â�−-
−®£® ¬¥â®¤� ¯à¨ ¢ëá®ª®© à�§¬¥à−®áâ¨ ¤�−−ëå ¡ë«� ¯à®¤¥¬®−áâà¨à®¢�−� −�
§�¤�ç¥ ¯à®£−®§¨à®¢�−¨ï ¢®§¬®¦−®áâ¨ ®¡à�§®¢�−¨ï −¥®à£�−¨ç¥áª¨å á®¥¤¨−¥-
−¨© á®áâ�¢� A+3B+3C+2O4 ¯à¨ ®¡ëç−ëå ãá«®¢¨ïå. Œ¥â®¤ ¬®¦¥â ¡ëâì
¨á¯®«ì§®¢�− á æ¥«ìî ¢ëï¢«¥−¨ï ®è¨¡®ç−ëå −�¡«î¤¥−¨© ¤«ï ¯®¢ëè¥−¨ï
ª�ç¥áâ¢� ®¡ãç�îé¥© ¨−ä®à¬�æ¨¨ ¯à¨ à¥è¥−¨¨ §�¤�ç à�á¯®§−�¢�−¨ï.

Š«îç¥¢ë¥ á«®¢�: ¢ë¯�¤�îé¨¥ ®¡ê¥ªâë; ¡�§ë ¤�−−ëå; à�á¯®§−�¢�−¨¥;
−¥ãáâ®©ç¨¢®áâì ®¡ãç¥−¨ï; −¥®à£�−¨ç¥áª¨¥ á®¥¤¨−¥−¨ï

DOI: 10.14357/08696527190211

1 Введение

�®¤ ¢ë¯�¤�îé¨¬¨ ®¡ê¥ªâ�¬¨ ®¡ëç−® ¯®−¨¬�îâáï ®¡ê¥ªâë, ®¯¨á�−¨¥ ª®-
â®àëå §�¬¥â−® ®âª«®−ï¥âáï ®â ®á−®¢−®© §�ª®−®¬¥à−®áâ¨ ¢ ¤�−−ëå. �à¨ íâ®¬
®âª«®−¥−¨¥ ¤®«¦−® ¡ëâì −�áâ®«ìª® §−�ç¨â¥«ì−ë¬, çâ® ®−® −¥ ¬®£«® ¡ë ¡ëâì ®¡ê-
ïá−¥−® ¯à®áâ®© á«ãç�©−®áâìî ¨ âà¥¡®¢�«® ¡ë ¤®¯®«−¨â¥«ì−ëå ¯à¥¤¯®«®¦¥−¨©
® ¬¥å�−¨§¬¥ ¢®§−¨ª−®¢¥−¨ï ®¡ê¥ªâ�. „�−−®¥ ®¯à¥¤¥«¥−¨¥ ä�ªâ¨ç¥áª¨ á®®â¢¥â-
áâ¢ã¥â ®¯à¥¤¥«¥−¨î, ¯à¨¢¥¤¥−−®¬ã ¢ ª−¨£¥ [1]. ‚ë¯�¤�îé¨¥ ®¡ê¥ªâë ¤®áâ�â®ç−®
ç�áâ® ¢áâà¥ç�îâáï ¢ ¡�§�å ¤�−−ëå. ˆ−®£¤� ¢ë¯�¤�îé¨¥ −�¡«î¤¥−¨ï á¢ï§�−ë
á ª�ª¨¬¨-«¨¡® −¥¨§¢¥áâ−ë¬¨ ®á®¡¥−−®áâï¬¨ ¨áá«¥¤ã¥¬®£® ¯à®æ¥áá� ¨«¨ ã−¨-
ª�«ì−®áâìî ®¡ê¥ªâ®¢. ˆ¤¥−â¨ä¨ª�æ¨ï â�ª¨å ‚� ¬®¦¥â ¯à¨¢¥áâ¨ ª ¯®«ãç¥−¨î
−®¢ëå §−�−¨© ®¡ ¨áá«¥¤ã¥¬®¬ ï¢«¥−¨¨. �¤−�ª® ç�é¥ ¢á¥£® ‚� ¢®§−¨ª�îâ ¢ á¢ï§¨
á à�§«¨ç−®£® à®¤� ®è¨¡ª�¬¨, ¢ª«îç�ï íªá¯¥à¨¬¥−â�«ì−ë¥ ®è¨¡ª¨ (¢ â®¬ ç¨á«¥

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 17-01-00634).
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Œ¥â®¤ ¯®¨áª� ‚� á ¨á¯®«ì§®¢�−¨¥¬ ¯�à�¬¥âà®¢ −¥ãáâ®©ç¨¢®áâ¨ ®¡ãç¥−¨ï

¨ ®è¨¡ª¨ ¢ ®¯à¥¤¥«¥−¨¨ ª«�áá� ®¡ê¥ªâ®¢ ¨«¨ ®è¨¡ª¨ ¢ §−�ç¥−¨ïå ¯à¨§−�ª®¢),
®è¨¡ª¨ ¯à¨ §�−¥á¥−¨¨ ¨−ä®à¬�æ¨¨ ¢ ¡�§ã ¨ ¤à. �à¨ ¯®áâà®¥−¨¨ ¯à®£−®áâ¨ç¥áª¨å
¬®¤¥«¥© á ¯®¬®éìî ¬¥â®¤®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï ‚�, á¢ï§�−−ë¥ á ®è¨¡ª�¬¨,
¬®£ãâ §�¬¥â−® ¯®¢ëè�âì −¥ãáâ®©ç¨¢®áâì ®¡ãç¥−¨ï ¨, ª�ª á«¥¤áâ¢¨¥, á−¨¦�âì ®¡®¡-
é�îéãî á¯®á®¡−®áâì ¯®«ãç¥−−®© ¬®¤¥«¨. …áâ¥áâ¢¥−−®, çâ® â�ª¨¥ ‚� á«¥¤ã¥â
ã¤�«ïâì ¨§ ®¡ãç�îé¥© ¢ë¡®àª¨ ¯®á«¥ ¨å ¨¤¥−â¨ä¨ª�æ¨¨. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ®
íªá¯¥àâ−�ï ®æ¥−ª� ¯à�¢¨«ì−®áâ¨ ç�áâ® ¯à®â¨¢®à¥ç¨¢ëå íªá¯¥à¨¬¥−â�«ì−ëå ¤�−-
−ëå à�§−ëå ¨áá«¥¤®¢�â¥«¥© ®áâ�¥âáï −�¨¡®«¥¥ á«®¦−®© ¨ ¯«®å® ä®à¬�«¨§ã¥¬®©
§�¤�ç¥©. �æ¥−ª� ¯à�¢¨«ì−®áâ¨ ª«�áá¨ä¨ª�æ¨¨ ¤¥áïâª®¢ âëáïç ¢¥é¥áâ¢ ¢ ¡�§�å
¤�−−ëå ¯® á¢®©áâ¢�¬ ¢¥é¥áâ¢ ¨ ¬�â¥à¨�«®¢ | §�¤�ç� ªà�©−¥ ¤®à®£®áâ®ïé�ï
¨ ¯à�ªâ¨ç¥áª¨ −¥à¥�«ì−�ï. „�¦¥ íªá¯¥àâ−�ï ®æ¥−ª� ¤�−−ëå ® −¥áª®«ìª¨å á®â−ïå
¢¥é¥áâ¢ âà¥¡ã¥â ¬−®£¨å ¬¥áïæ¥¢ à�¡®âë, çâ® ¤¥«�¥â −¥®¡å®¤¨¬®© �¢â®¬�â¨§�-
æ¨î ¯®¨áª� ‚�, ¯®§¢®«ïîé¥£® ¢ëï¢¨âì ¯®â¥−æ¨�«ì−® ®è¨¡®ç−ë¥ −�¡«î¤¥−¨ï
¨ ¯®á«¥ íªá¯¥àâ−®© ®æ¥−ª¨ á¤¥«�âì á®®â¢¥âáâ¢ãîé¨¥ ¨á¯à�¢«¥−¨ï. �®íâ®¬ã ‚�
¯à®¤®«¦�îâ ¯à¨¢«¥ª�âì ¢−¨¬�−¨¥ ¨áá«¥¤®¢�â¥«¥©, ¢ â®¬ ç¨á«¥ ¯à¨ à¥è¥−¨¨
§�¤�ç ¢ëï¢«¥−¨ï á¢ï§¨ á¢®©áâ¢ á®¥¤¨−¥−¨© á® á¢®©áâ¢�¬¨ ¨å ª®¬¯®−¥−â®¢ [2, 3].
‚ −�áâ®ïé¥¥ ¢à¥¬ï áãé¥áâ¢ã¥â ¤®áâ�â®ç−® ¡®«ìè®¥ ç¨á«® ¯®¤å®¤®¢ ª ¨¤¥−â¨ä¨-
ª�æ¨¨ ‚�. ‚ ¨å ç¨á«® ¢å®¤ïâ ®¤−®¬¥à−ë¥ áâ�â¨áâ¨ç¥áª¨¥ â¥áâë, ®æ¥−¨¢�îé¨¥
¢®§¬®¦−®áâì ¨−â¥à¯à¥â�æ¨¨ íªáâà¥¬�«ì−ëå §−�ç¥−¨© ¯¥à¥¬¥−−ëå ª�ª ‚� [4].
‚ ¬−®£®¬¥à−ëå ¤�−−ëå §−�ç¥−¨ï ª�¦¤®© ¨§ ¯¥à¥¬¥−−ëå ¤«ï ‚� ¬®£ãâ ®ª�§�âìáï
−¥íªáâà¥¬�«ì−ë¬¨, çâ® −¥ ¯®§¢®«ï¥â ¢ëï¢«ïâì â�ª¨¥ ‚� á ¯®¬®éìî ®¤−®¬¥à-
−ëå â¥áâ®¢. „«ï ®¡−�àã¦¥−¨ï ¯®¤®¡−ëå ‚� ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�− ¯®¤å®¤,
®á−®¢�−−ë© −� ¢ëç¨á«¥−¨¨ áª�«ïà−®© ¬¥àë ®âª«®−¥−¨ï ®â¤¥«ì−®£® −�¡«î¤¥−¨ï
®â ¢á¥£® ¬�áá¨¢� ¤�−−ëå. ‚ ª�ç¥áâ¢¥ ¬¥àë ¡«¨§®áâ¨ ¬®¦¥â ¢ëáâã¯�âì, −�¯à¨¬¥à,
à�ááâ®ï−¨¥ Œ�å�«�−®¡¨á� ¨«¨ ¥£® à®¡�áâ−ë¥ ¬®¤¨ä¨ª�æ¨¨ [5].

‚ à�¬ª�å §�¤�ç¨ ¢®ááâ�−®¢«¥−¨ï §�¢¨á¨¬®áâ¨ ¯¥à¥¬¥−−®© y ®â ¯¥à¥¬¥−−ëå
{X1, . . . ,Xp} ¯®¤ ‚� ¬®¦¥â ¯®−¨¬�âìáï ®¡ê¥ªâ s = (x, y), ¤«ï ª®â®à®£® ®â-
¬¥ç�¥âáï áãé¥áâ¢¥−−®¥ ®âª«®−¥−¨¥ ®æ¥−ª¨ ®â ®¦¨¤�¥¬®£® §−�ç¥−¨ï y ¢ â®çª¥ x
¯à®áâà�−áâ¢� Rp. —â®¡ë ¢ëï¢¨âì ‚� ¢ ãª�§�−−®¬ ¢ëè¥ á¬ëá«¥, −¥®¡å®¤¨¬®
¯®áâà®¨âì ¯® ®¡ãç�îé¥© ¢ë¡®àª¥ ¬®¤¥«ì, á¢ï§ë¢�îéãî ®¦¨¤�¥¬®¥ §−�ç¥−¨¥ y
á ¢¥ªâ®à®¬ x ¨§Rp. ��¯à¨¬¥à, íâ® ¬®¦¥â ¡ëâì ¬®¤¥«ì

y = �y (β,x) + ε . (1)

�®¨áª ¢¥ªâ®à� ª®íää¨æ¨¥−â®¢ β ¬®¦¥â ¯à®¢®¤¨âìáï á ¯®¬®éìî ¬¥â®¤�

−�¨¬¥−ìè¨å ª¢�¤à�â®¢ ¯® ®¡ãç�îé¥© ¢ë¡®àª¥ “S = {(xj , yj) |j = 1, . . . ,m}.
�¤−�ª® ¡®«¥¥ à®¡�áâ−ë¥ ®æ¥−ª¨ ¬®£ãâ ¡ëâì ¯®«ãç¥−ë á ¯®¬®éìî ¬¥â®¤®¢ LMS
(least median of squares) ¨«¨ LTS (least trimmed squares) [6]. „«ï ®æ¥−ª¨
®âª«®−¥−¨ï ¯à®¨§¢®«ì−®£® ®¡ê¥ªâ� sj = (xj , yj) ¨§ ®¡ãç�îé¥© ¢ë¡®àª¨ ®â
§�¢¨á¨¬®áâ¨ (1) ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−, −�¯à¨¬¥à, ¨−¤¥ªá ã¤�«¥−−ëå ®áâ�âª®¢:

κr
j =

yj − �y
[
β
(
“S\sj

)
,xj

]

�σY
,
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£¤¥ β
(
“S\sj

)
| ¢¥ªâ®à ª®íää¨æ¨¥−â®¢ ¬®¤¥«¨ (1), à�ááç¨â�−−ë© ¯® ¢ë¡®àª¥ “S

¯®á«¥ ¨áª«îç¥−¨ï sj; �σY | ¢ë¡®à®ç−®¥ áâ�−¤�àâ−®¥ ®âª«®−¥−¨¥.
‚ ª�ç¥áâ¢¥ �«ìâ¥à−�â¨¢−®© ¬¥àë −¥á®®â¢¥âáâ¢¨ï ®¡ê¥ªâ� sj ¯à¥®¡«�¤�îé¥©

§�ª®−®¬¥à−®áâ¨ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−® à�ááâ®ï−¨¥ Šãª� [7, 8], ¯®ª�§ë¢�îé¥¥,
−�áª®«ìª® sj ¨áª�¦�¥â à¥£à¥áá¨®−−ãî ¬®¤¥«ì:

Di =

∑m

j=1

{
�y
[
xj, β

(
“S
)]

− �y
[
xj, β

(
“S\si

)]}2

p�σY
.

�¥à¥ç¨á«¥−−ë¥ ¨−¤¥ªáë, ®ç¥¢¨¤−®, ¬®£ãâ á«ã¦¨âì ª®«¨ç¥áâ¢¥−−ë¬¨ ®æ¥−ª�¬¨
â®£®, çâ® ®¡ê¥ªâ sj ®â−®á¨âáï ª ¢ë¯�¤�îé¨¬ −�¡«î¤¥−¨ï¬. �−¨ ¯®§¢®«ïîâ
à�−¦¨à®¢�âì ®¡ê¥ªâë ¯® áâ¥¯¥−¨ ¨å ®âª«®−¥−¨ï ®â §�ª®−®¬¥à−®áâ¨, ®¯¨áë¢�¥¬®©
¬®¤¥«ìî (1).

2 Метод, основанный на комбинировании параметров неустойчивости
и величин отступов

�à¨ à¥è¥−¨¨ §�¤�ç¨ à�á¯®§−�¢�−¨ï ¥áâ¥áâ¢¥−−® áç¨â�âì ¢ë¯�¤�îé¨¬ ®¡ê¥ªâ
¨§ ª«�áá� Ki á ®¯¨á�−¨¥¬ x, ¥á«¨ ¤«ï −¥£® ¢¥«¨ª� à�§−®áâìmaxj=1,...,L[P(Kj |x)−
− P(Ki|x)] ¨«¨, −�¯à®â¨¢, ®âà¨æ�â¥«ì−� ¨ ¢¥«¨ª� ¯® ¬®¤ã«î ¢¥«¨ç¨−�
minj=1,...,L[P(Kj |x) − P(Ki|x)]. �� ¯à�ªâ¨ª¥ ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª®© â®£®,
çâ® ®¡ê¥ªâ á ®¯¨á�−¨¥¬ x ï¢«ï¥âáï ¢ë¯�¤�îé¨¬ −�¡«î¤¥−¨¥¬, ®ç¥¢¨¤−®, á«ã¦¨â

maxj=1,...,L[ �P(Kj |x) − �P(Ki|x)], £¤¥ �P(Kj |x) | ®æ¥−ª� ¢¥à®ïâ−®áâ¨ ¯à¨−�¤-
«¥¦−®áâ¨ ®¡ê¥ªâ� á ®¯¨á�−¨¥¬ x ª ª«�ááã Kj. �¤−�ª® ®æ¥−ª¨ ¢¥à®ïâ−®áâ¥©
¯à¨−�¤«¥¦−®áâ¨ ª ª«�áá�¬ −�¯àï¬ãî ¨á¯®«ì§ãîâ â®«ìª® áâ�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë
à�á¯®§−�¢�−¨ï. ‚ ®¡é¥¬ á«ãç�¥ ¢ íâ¨å æ¥«ïå ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¢¥«¨ç¨−ë

®âáâã¯� •(Ki,x) = maxj=1,...,L[γi(x, “S) − γj(x, “S)], £¤¥ γi(x, “S) | ®æ¥−ª� ¯à¨-
−�¤«¥¦−®áâ¨ ®¡ê¥ªâ� á ®¯¨á�−¨¥¬ x ª ª«�ááã Ki, ª®â®à�ï à�ááç¨â�−� �«£®à¨â¬®¬,

®¡ãç¥−−ë¬ ¯® “S [9].
‚ §�¢¨á¨¬®áâ¨ ®â §−�ç¥−¨© ®âáâã¯� ®¡ãç�îé¨¥ ®¡ê¥ªâë ãá«®¢−® ¤¥«ïâáï

−� 5 â¨¯®¢ ¢ ¯®àï¤ª¥ ã¡ë¢�−¨ï ®âáâã¯�: íâ�«®−−ë¥, −¥¨−ä®à¬�â¨¢−ë¥, ¯®£à�-
−¨ç−ë¥, ®è¨¡®ç−ë¥, èã¬®¢ë¥.

�â�«®−−ë¥ ®¡ê¥ªâë ¨¬¥îâ ¡®«ìè®© ¯®«®¦¨â¥«ì−ë© ®âáâã¯, ¯«®â−® ®ªàã¦¥−ë
®¡ê¥ªâ�¬¨ á¢®¥£® ª«�áá� ¨ ï¢«ïîâáï −�¨¡®«¥¥ â¨¯¨ç−ë¬¨ ¥£® ¯à¥¤áâ�¢¨â¥«ï¬¨.

�¥¨−ä®à¬�â¨¢−ë¥ ®¡ê¥ªâë â�ª¦¥ ¨¬¥îâ ¯®«®¦¨â¥«ì−ë© ®âáâã¯. ˆ§êïâ¨¥
íâ¨å ®¡ê¥ªâ®¢ ¨§ ¢ë¡®àª¨ (¯à¨ ãá«®¢¨¨, çâ® íâ�«®−−ë¥ ®¡ê¥ªâë ®áâ�îâáï) −¥
¢«¨ï¥â −� ª�ç¥áâ¢® ª«�áá¨ä¨ª�æ¨¨. �−¨ −¥ ¤®¡�¢«ïîâ ª íâ�«®−�¬ −¨ª�ª®© −®¢®©
¨−ä®à¬�æ¨¨. ��«¨ç¨¥ −¥¨−ä®à¬�â¨¢−ëå ®¡ê¥ªâ®¢ å�à�ªâ¥à−® ¤«ï ¢ë¡®à®ª
¨§¡ëâ®ç−®£® ®¡ê¥¬�.

�®£à�−¨ç−ë¥ ®¡ê¥ªâë ¨¬¥îâ ®âáâã¯, ¡«¨§ª¨© ª −ã«î. Š«�áá¨ä¨ª�æ¨ï â�ª¨å
®¡ê¥ªâ®¢ −¥ãáâ®©ç¨¢� ¢ â®¬ á¬ëá«¥, çâ® ¬�«ë¥ ¨§¬¥−¥−¨ï ¬¥âà¨ª¨ ¨«¨ á®áâ�¢�
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®¡ãç�îé¥© ¢ë¡®àª¨ ¬®£ãâ ¨§¬¥−ïâì ¨å ª«�áá¨ä¨ª�æ¨î. ��¯à¨¬¥à, ¢ å¨¬¨ç¥-
áª¨å §�¤�ç�å â�ª¨¬¨ ®¡ê¥ªâ�¬¨ ¬®£ãâ ¡ëâì ¬¥â�áâ�¡¨«ì−ë¥ ¯à¨ ®¯à¥¤¥«¥−−ëå
¢−¥è−¨å ãá«®¢¨ïå (−�¯à¨¬¥à, ¯à¨ ª®¬−�â−®© â¥¬¯¥à�âãà¥ ¨ �â¬®áä¥à−®¬ ¤�¢«¥-
−¨¨) á®¥¤¨−¥−¨ï ¨«¨ ªà¨áâ�««¨ç¥áª¨¥ ¬®¤¨ä¨ª�æ¨¨.

ƒà�−¨ç−®-®è¨¡®ç−ë¥ ®¡ê¥ªâë ¨¬¥îâ −¥¡®«ìè¨¥ ®âà¨æ�â¥«ì−ë¥ ®âáâã¯ë
¨ ¡«¨§ª¨ ª ¯®£à�−¨ç−ë¬. ƒà�−¨ç−®-®è¨¡®ç−ë¥ ®¡ê¥ªâë ¯®â¥−æ¨�«ì−® ¬®£ãâ
¡ëâì à�á¯®§−�−ë ¯à¨ á®¢¥àè¥−áâ¢®¢�−¨¨ �«£®à¨â¬�.

˜ã¬®¢ë¥ ®¡ê¥ªâë | íâ® ®â−®á¨â¥«ì−® −¥¡®«ìè®¥ ç¨á«® ®¡ê¥ªâ®¢, ª®â®àë¥
¯«®â−® ®ªàã¦¥−ë ®¡ê¥ªâ�¬¨ çã¦¨å ª«�áá®¢ ¨ ã¤�«¥−ë ®â ®á−®¢−®© ¬�ááë ®¡ê-
¥ªâ®¢ á¢®¥£® ª«�áá�. Œ−®£¨¥ ‚� ¯à¥¤áâ�¢«ïîâ á®¡®© ¨¬¥−−® èã¬®¢ë¥ ®¡ê¥ªâë.
„«ï èã¬®¢ëå ®¡ê¥ªâ®¢ å�à�ªâ¥à−ë ¡®«ìè¨¥ ®âà¨æ�â¥«ì−ë¥ ¢¥«¨ç¨−ë ®âáâã¯�,
¯® ª®â®àë¬ ®−¨ «¥£ª® ¬®£ãâ ¡ëâì ¨¤¥−â¨ä¨æ¨à®¢�−ë.

‚ ãá«®¢¨ïå ¢ëá®ª®© à�§¬¥à−®áâ¨ ‚� ¬®£ãâ ®ª�§ë¢�âì áãé¥áâ¢¥−−®¥ ¢«¨ï−¨¥
−� ¯à®æ¥áá ®¡ãç¥−¨ï, áãé¥áâ¢¥−−® ¨áª�¦�ï ®¡ãç¥−−ë© à�á¯®§−�îé¨© �«£®à¨â¬.
�à¨ íâ®¬ ‚� ¯à¥¢à�é�îâáï ¢ £à�−¨ç−®-®è¨¡®ç−ë¥ ¨«¨ ¯®£à�−¨ç−ë¥ ®¡ê¥ª-
âë. ˆ−ä®à¬�æ¨¨ ® ¢¥«¨ç¨−�å ®âáâã¯� −¥à¥¤ª® ®ª�§ë¢�¥âáï −¥¤®áâ�â®ç−® ¤«ï
¤®áâ®¢¥à−®© ¨¤¥−â¨ä¨ª�æ¨¨ â�ª¨å ‚�.

‚ ¤�−−®© à�¡®â¥ ¯à¥¤«�£�¥âáï ¯®¤å®¤ ª ¯®¨áªã ‚� ¯à¨ à¥è¥−¨¨ §�¤�ç
à�á¯®§−�¢�−¨ï ¯à¨−�¤«¥¦−®áâ¨ ®¡ê¥ªâ®¢ ª −¥ª®â®àë¬ ª«�áá�¬ K1, . . . ,KL ¯®
¯à¨§−�ª�¬ X1, . . . ,Xp, ®á−®¢�−−ë© −� à�−¦¨à®¢�−¨¨ ®¡ê¥ªâ®¢ á®£«�á−® ª®¬-
¡¨−¨à®¢�−−®© ®æ¥−ª¥, ãç¨âë¢�îé¥© ª�ª ¢¥«¨ç¨−ã ®âáâã¯�, â�ª ¨ ¢¥«¨ç¨−ã
¢−®á¨¬ëå ¨áª�¦¥−¨©. Š®«¨ç¥áâ¢¥−−®© ®æ¥−ª®© â®£®, çâ® ®¡ê¥ªâ á ®¯¨á�−¨¥¬ x
ï¢«ï¥âáï ¢ë¯�¤�îé¨¬, ¥áâ¥áâ¢¥−−® áç¨â�âì �−�«®£ ã¯®¬ï−ãâ®£® ¢ëè¥ à�ááâ®ï-
−¨ï Šãª�, ¨á¯®«ì§ã¥¬®£® ¤«ï ®¯¨á�−¨ï −¥ãáâ®©ç¨¢®áâ¨ «¨−¥©−®© à¥£à¥áá¨®−−®©
¬®¤¥«¨:

δi =

∑L

i=1

∑m

j=1

[
γi

(
xj , “S

)
− γi

(
xj , “S\sj

)]

Lm
.

Š®íää¨æ¨¥−âë •(Ki,x) ¨ δi ¯® ®â¤¥«ì−®áâ¨ ¨«¨ ¢ ª®¬¡¨−�æ¨ïå ¬®£ãâ ¡ëâì
¨á¯®«ì§®¢�−ë ¤«ï à�−¦¨à®¢�−¨ï ®¡ê¥ªâ®¢ ®¡ãç�îé¥© ¢ë¡®àª¨ ¯® áâ¥¯¥−¨ ®â-
ª«®−¥−¨ï ®â áãé¥áâ¢ãîé¨å ¢ ¤�−−ëå §�ª®−®¬¥à−®áâ¥©.

�¤−�ª® ®¤−®£® â®«ìª® à�−¦¨à®¢�−¨ï ®¡ê¥ªâ®¢ ¯® ¬¥à¥ ¨å ®âª«®−¥−¨ï ®â
�¯¯à®ªá¨¬¨àã¥¬®© §�¢¨á¨¬®áâ¨ −¥¤®áâ�â®ç−® ¤«ï ¢ëï¢«¥−¨ï ‚�. �¥®¡å®¤¨-
¬® â�ª¦¥ −�©â¨ â®â ¯®à®£ ®âá¥ç¥−¨ï, ¯à¨ ¯à¥¢ëè¥−¨¨ ª®â®à®£® ®¡ê¥ªâ ¬®¦−®
¡ë«® ¡ë áç¨â�âì ¢ë¯�¤�îé¨¬. …áâ¥áâ¢¥−−ë¬ ªà¨â¥à¨¥¬ ¤«ï ¢ë¡®à� â�ª®£®
¯®à®£� ¬®¦¥â á«ã¦¨âì íää¥ªâ¨¢−®áâì à�á¯®§−�¢�−¨ï, ®æ¥−¨¢�¥¬�ï ¯® ®¤−®© ¨§
áâ�−¤�àâ−ëå ¬¥âà¨ª. ��¨¡®«¥¥ ¯®«−® íää¥ªâ¨¢−®áâì à�á¯®§−�¢�−¨ï å�à�ªâ¥-
à¨§ã¥âáï á ¯®¬®éìî AUC (area under curve) | ¯«®é�¤¨ ¯®¤ ROC (receiver
operating characteristics) ªà¨¢®©. �ã¤¥¬ áç¨â�âì, çâ® ®æ¥−ª� ¯à¨−�¤«¥¦−®áâ¨
®¡ê¥ªâ� ª ª«�áá | ¢¥«¨ç¨−�, ¨§¬¥−ïîé�ïáï ¢ ¤¨�¯�§®−¥ [0, 1]. …á«¨ íâ® −¥ â�ª,
®æ¥−ª¨ ¬®¦−® á¯à®¥æ¨à®¢�âì −� ®âà¥§®ª [0, 1].

�â¡®à ‚� ¯à®¨áå®¤¨â á«¥¤ãîé¨¬ ®¡à�§®¬.
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1. �®«ãç¨¬ ®æ¥−ª¨ ¯à¨−�¤«¥¦−®áâ¨ ª ª«�áá�¬ −� ¯®«−®© ¢ë¡®àª¥:

(�) ®¡ãç¨¬ ª«�áá¨ä¨ª�â®à Co −� ®¡ãç�îé¥© ¢ë¡®àª¥ “S;

(¡) ¯à¨¬¥−¨¬ Co ª “S ¨ ¯®«ãç¨¬ ®æ¥−ª¨ ¢¥à®ïâ−®áâ¥© ¯à¨−�¤«¥¦−®áâ¨ ®¡ê¥ª-

â®¢ ª ª«�áá�¬ [γ1(x1, “S), . . . , γL(x1, “S)], . . . , [γ1(xm, “S), . . . , γL(xm, “S)].

2. „«ï ª�¦¤®£® ®¡ê¥ªâ� ¢ë¡®àª¨ ®æ¥−¨¬, ®â−®á¨âáï «¨ ®− ª ‚�:

(�) ¯®áâà®¨¬ ¢ë¡®àªã “Si, ¨áª«îç¨¢ ¨§ “S ¯�àã (xi, yi);

(¡) ®¡ãç¨¬ ª«�áá¨ä¨ª�â®à Ci −� ¢ë¡®àª¥ “Si;

(¢) ¯à¨¬¥−¨¬ Ci ª ®¡ê¥ªâ�¬ ¨§ “S ¨ ¯®«ãç¨¬ ®æ¥−ª¨ [γ1(x1, “Si), . . .

. . . , γL(x1, “Si)], . . . , [γ1(xm, “Si), . . . , γL(xm, “Si)];

(£) ¢ëç¨á«¨¬

δ (si) =

∑L

l=1

∑m

j=1
[γl(xj , “S)− γl(xj , “Si)]

Lm
.

‚¥«¨ç¨−� δ(si) ¯®ª�§ë¢�¥â, −�áª®«ìª® ¨§¬¥−¨«¨áì ®æ¥−ª¨ ®¡ê¥ªâ®¢ ¯®á«¥
¨áª«îç¥−¨ï si ¨§ ®¡ãç�îé¥© ¢ë¡®àª¨;

(¤) ¢ëç¨á«¨¬

ω(si) =

∑
l∈{1,...,L}\λ(si)

[γl(xi, “Si)]

L
,

£¤¥ λ(si)| −®¬¥à ª«�áá�, ª ª®â®à®¬ã ¯à¨−�¤«¥¦¨â ®¡ê¥ªâ si. ‚¥«¨ç¨−�
ω(si) | áà¥¤−ïï ®æ¥−ª� ¯à¨−�¤«¥¦−®áâ¨ si ª ª«�áá�¬, ª ª®â®àë¬ ®− −¥
®â−®á¨âáï, à�ááç¨â�−−�ï �«£®à¨â¬®¬, ®¡ãç¥−−ë¬ ¯® ¢ë¡®àª¥ ¡¥§ íâ®£®
®¡ê¥ªâ�.

3. �â¡¥à¥¬ ‚�, ¨áå®¤ï ¨§ ®æ¥−®ª δ(s1), . . . , δ(sm) ¨ ω(s1), . . . , ω(sm). „«ï
ª�¦¤®£® ®¡ê¥ªâ� ¢ëç¨á«¨¬

E(si, a1, a2, p) = [a1|δ(si)|p + a2|ω(si)|p]1/p .

‡�¬¥â¨¬, çâ® E(si, a1, a2, p) | ¬®¤ã«ì ®¡ê¥ªâ� ¢ ¯à®áâà�−áâ¢¥ (δ, ω) á®
¢§¢¥è¥−−®© ¬¥âà¨ª®© Œ¨−ª®¢áª®£®.

4. �®¤¢ë¡®àªã ¨§ k ®¡ê¥ªâ®¢ á −�¨¡®«ìè¨¬¨ E ¨áª«îç�¥¬ ¨§ ®¡ãç¥−¨ï.

3 Эксперименты

‚ëç¨á«¨â¥«ì−ë© íªá¯¥à¨¬¥−â à¥�«¨§®¢�− −� ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï
python ¢¥àá¨¨ 3.5.1 á ¨á¯®«ì§®¢�−¨¥¬ ¡¨¡«¨®â¥ª¨ scikit-learn ¢¥àá¨¨ 0.17.
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3.1 Данные

‚ à�¡®â¥ à¥è�«�áì §�¤�ç� ¢ëï¢«¥−¨ï ‚� ¯à¨ ¯à®£−®§¥ ¢®§¬®¦−®áâ¨ ®¡à�§®-
¢�−¨ï á®¥¤¨−¥−¨© á®áâ�¢� A+3B+3C+2O4. ‚ë¡®àª� á®áâ®ï«� ¨§ 758 ®¡ê¥ªâ®¢
¤¢ãå ª«�áá®¢. Š ¯¥à¢®¬ã ª«�ááã ¯à¨−�¤«¥¦�«¨ 695 ®¡ê¥ªâ®¢ (áãé¥áâ¢ãîé¨¥
á®¥¤¨−¥−¨ï), ª® ¢â®à®¬ã | 63 (å¨¬¨ç¥áª¨¥ á¨áâ¥¬ë A{B{C{O ¡¥§ ®¡à�§®¢�−¨ï
á®¥¤¨−¥−¨© ¢ëè¥ãª�§�−−®£® á®áâ�¢�). Š�¦¤ë© ®¡ê¥ªâ ®¯¨áë¢�«¨ 108 −¥¯à¥àë¢-
−ëå ¯à¨§−�ª®¢. �à®¯ãáª®¢ ¢ ¤�−−ëå −¥ ¡ë«®. ‚ ¢ë¡®àª¥ á®¤¥à¦�«¨áì ®¡ê¥ªâë
á −¥¢¥à−®© ¬¥âª®© ª«�áá�.

’à¥¡®¢�«®áì ®¡−�àã¦¨âì ¢ ¡�§¥ ¤�−−ëå ®¡ê¥ªâë, ª®â®àë¥ ¯®â¥−æ¨�«ì−®
¬®£«¨ ¡ë ¡ëâì ®è¨¡®ç−® ª«�áá¨ä¨æ¨à®¢�−ë −� íâ�¯¥ ¨å ¢−¥á¥−¨ï ¢ ¡�§ã. �à¨−-
æ¨¯¨�«ì−�ï ¢®§¬®¦−®áâì à¥è¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨ ¢ ¯¥à¢ãî ®ç¥à¥¤ì á¢ï§�−�
á ¯¥à¨®¤¨ç−®áâìî ¨§¬¥−¥−¨ï á¢®©áâ¢ −¥®à£�−¨ç¥áª¨å á®¥¤¨−¥−¨© ¢ §�¢¨á¨¬®áâ¨
®â �â®¬−ëå −®¬¥à®¢ í«¥¬¥−â®¢ | ª®¬¯®−¥−â®¢ å¨¬¨ç¥áª¨å á¨áâ¥¬.

3.2 Методы распознавания, использованные в исследовании

„«ï à¥è¥−¨ï §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ ¨á¯®«ì- ’�¡«¨æ� 1 ÷¥§ã«ìâ�âë à�á¯®-
§−�¢�−¨ï

Œ¥â®¤ AUC ROC [11]
KNN 0,82
SVM 0,85
DT 0,77
GB 0,84

§®¢�«áï £à�¤¨¥−â−ë© ¡ãáâ¨−£ (GB, gradient boost-
ing) −�¤ à¥è�îé¨¬¨ ¤¥à¥¢ìï¬¨ [10]. ƒà�¤¨¥−â−ë©
¡ãáâ¨−£ ¡ë« ¢ë¡à�− ¯®á«¥ áà�¢−¥−¨ï á ¤àã£¨¬¨
¯®¯ã«ïà−ë¬¨ �«£®à¨â¬�¬¨ ª«�áá¨ä¨ª�æ¨¨, â�-
ª¨¬¨ ª�ª à¥è�îé¨¥ ¤¥à¥¢ìï (DT, decision trees),
¬¥â®¤ ®¯®à−ëå ¢¥ªâ®à®¢ (SVM, support vector ma-
chine), ¬¥â®¤ ¡«¨¦�©è¨å á®á¥¤¥© (KNN, k-nearest
neighbors) [9,10]. Š�ç¥áâ¢® ®æ¥−¨¢�«®áì −� ¯®«−®© ¢ë¡®àª¥ ¯à¨ ¯®¬®é¨ ¤¥áïâ¨-
ä®«¤®¢®© ªà®áá¢�«¨¤�æ¨¨ á á®åà�−¥−¨¥¬ ¤®«¥¢®£® á®¤¥à¦�−¨ï ª«�áá®¢ ¢ ¢ë¡®à-
ª�å.

ˆáå®¤−ë¥ (¤® ã¤�«¥−¨ï ‚�) à¥§ã«ìâ�âë à�á¯®§−�¢�−¨ï ¤«ï à�§−ëå ¬¥â®¤®¢
¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 1. ƒà�¤¨¥−â−ë© ¡ãáâ¨−£ ¯®ª�§�« ®â−®á¨â¥«ì−® −¥¯«®å¨¥
à¥§ã«ìâ�âë ¯® áà�¢−¥−¨î á ¤àã£¨¬¨ �«£®à¨â¬�¬¨.

3.3 Связь параметров неустойчивости и величин отступа

„®¯®«−¨â¥«ì−ë¬ �à£ã¬¥−â®¬ ª®¬¡¨−¨à®¢�−¨ï ¢¥«¨ç¨− −¥ãáâ®©ç¨¢®áâ¨ ¨ ®â-
áâã¯� áâ�«¨ à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨ï ¨å ¢§�¨¬®á¢ï§¨, ¯à¥¤áâ�¢«¥−−ë¥ −� à¨á. 1.

ˆ§ à¨á. 1 ¢¨¤−®, çâ® ¢¥«¨ç¨−ë δ ¨ ω −¥ ª®àà¥«¨àãîâ ¬¥¦¤ã á®¡®©. �¨§-
ª�ï ª®àà¥«ïæ¨ï ®æ¥−®ª δ ¨ ω á¢¨¤¥â¥«ìáâ¢ã¥â ® â®¬, çâ® ®−¨ ¬®£ãâ á«ã¦¨âì
−¥§�¢¨á¨¬ë¬¨ ¨−¤¨ª�â®à�¬¨ ‚�.

3.4 Влияние числа исключенных объектов на качество классификации

‚ à�¡®â¥ ¡ë«® ¨§ãç¥−®, ª�ª −� ª�ç¥áâ¢® ª«�áá¨ä¨ª�æ¨¨ ¢«¨ïîâ ¯�à�¬¥âàë
¢§¢¥è¥−−®© ¬¥âà¨ª¨ Œ¨−ª®¢áª®£® a1, a2, p ¨ ç¨á«® ¨áª«îç¥−−ëå ®¡ê¥ªâ®¢ k.
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÷¨á. 1 ‡�¢¨á¨¬®áâì ¬¥¦¤ã ¢¥«¨ç¨−�¬¨ ®âáâã¯� ω ¨ −¥ãáâ®©ç¨¢®áâ¨ δ

„«ï ®æ¥−ª¨ ª�ç¥áâ¢� ®¯â¨¬¨§�æ¨¨ ¯à®æ¥¤ãàë ®â¡®à� ‚� ¨ ®æ¥−ª¨ ¢«¨ï−¨ï ®â¡®-
à� −� â®ç−®áâì ª«�áá¨ä¨ª�æ¨¨ ¨á¯®«ì§®¢�«¨áì ¢−¥è−ïï ¨ ¢−ãâà¥−−ïï ¯à®æ¥¤ãàë
áª®«ì§ïé¥£® ª®−âà®«ï. �� ª�¦¤®¬ ¨§ è�£®¢ ¢−¥è−¥© ¯à®æ¥¤ãàë ä®à¬¨à®¢�«¨áì
®¡ãç�îé�ï ¨ ª®−âà®«ì−�ï ¢ë¡®àª¨. ˆ¤¥−â¨ä¨ª�æ¨ï ‚� ¢−ãâà¨ ®¡ãç�îé¨å
¢ë¡®à®ª ¯à®¨§¢®¤¨«�áì ¯® ¯®ª�§�â¥«ï¬ (δ, ω), à�ááç¨â�−−ë¬ á ¨á¯®«ì§®¢�−¨¥¬
¯à®æ¥¤ãà ¢−ãâà¥−−¥£® áª®«ì§ïé¥£® ª®−âà®«ï. ‚−ãâà¥−−¨© áª®«ì§ïé¨© ª®−âà®«ì
¨á¯®«ì§®¢�«áï ¤«ï ¯®¤¡®à� ¯�à�¬¥âà®¢ £à�¤¨¥−â−®£® ¡ãáâ¨−£� | ®¯â¨¬�«ì−®©
áª®à®áâ¨ ¨ ç¨á«� ¤¥à¥¢ì¥¢. ��à�¬¥âàë ®â¡®à�, ¢ª«îç�ï ç¨á«® ‚� k, áâ¥¯¥−−®©
¯®ª�§�â¥«ì ¬¥âà¨ª¨ Œ¨−ª®¢áª®£® p ¨ á®®â−®è¥−¨¥ ¢¥á®¢ a1/a2, â�ª¦¥ ¯®¤¡¨à�-
«¨áì ¢ å®¤¥ ¢−ãâà¥−−¥£® áª®«ì§ïé¥£® ª®−âà®«ï, ¨áå®¤ï ¨§ âà¥¡®¢�−¨ï ¬�ªá¨¬¨-
§�æ¨¨ â®ç−®áâ¨ à�á¯®§−�¢�−¨ï, ®æ¥−¨¢�¥¬®© á ¯®¬®éìî ROC AUC. �â¬¥â¨¬,
çâ® ¯®¨áª ¯�à�¬¥âà®¢ ®â¡®à� ‚� ®áãé¥áâ¢«ï«áï ¯à¨ §�à�−¥¥ −�©¤¥−−ëå ä¨ª-
á¨à®¢�−−ëå ®¯â¨¬�«ì−ëå ¯�à�¬¥âà�å £à�¤¨¥−â−®£® ¡ãáâ¨−£�. �®á«¥ ã¤�«¥−¨ï
¨§ ®¡ãç�îé¥© ¢ë¡®àª¨ ¢ëï¢«¥−−ëå ‚� �«£®à¨â¬ à�á¯®§−�¢�−¨ï ®¡ãç�«áï §�-
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’�¡«¨æ� 2 ‘æ¥−�à¨© íªá¯¥à¨¬¥−â®¢

ü
íªá¯¥à¨¬¥−â�

—¨á«® ¡«®ª®¢
¢−ãâà¥−−¥£® áª®«ì§ïé¥£®

ª®−âà®«ï (Nin)

—¨á«® ¡«®ª®¢
¢−¥è−¥£® áª®«ì§ïé¥£®

ª®−âà®«ï (Nout)
1 10 10
2 10 20
3 30 10

−®¢®. ÷¥§ã«ìâ�âë à�á¯®§−�¢�−¨ï ®æ¥−¨¢�«¨áì −� á®®â¢¥âáâ¢ãîé¨å ª®−âà®«ì−ëå
¢ë¡®àª�å. �ªá¯¥à¨¬¥−âë ¯à®¢®¤¨«¨áì á à�§«¨ç−ë¬ ç¨á«®¬ ¡«®ª®¢ áª®«ì§ïé¥£®
ª®−âà®«ï (â�¡«. 2).

�à¨ ¢ë¡®à¥ p ¤®áâ�â®ç−® ¯¥à¥¡à�âì ç¨á«� ®â ®¤−®£® ¤® ¯ïâ¨, á®®â−®è¥−¨¥
a1/a2 ¢ë¡à�âì á«®¦−¥¥. �¬¯¨à¨ç¥áª¨ ãáâ�−®¢«¥−®, çâ® ª�ç¥áâ¢® à�á¯®§−�¢�-
−¨ï ¬�ªá¨¬�«ì−®, ª®£¤� ®â−®è¥−¨¥ medx∈Xδ(x)a1/medx∈Xω(x)a1 ∈ [1, 2], £¤¥
med | 0,5-ª¢�−â¨«ì. ’�ª¨¬ ®¡à�§®¬, ç¨á«® ¢ë¯®«−ï¥¬ëå æ¨ª«®¢ ¢−ãâà¥−−¥£®
áª®«ì§ïé¥£® ª®−âà®«ï á®áâ�¢¨«® NinNoutNpNa1/a2kmax, £¤¥ Np | ç¨á«® ¯¥à¥-
¡¨à�¥¬ëå áâ¥¯¥−−ëå ¯®ª�§�â¥«¥©; Na1/a2 | ç¨á«® ¯¥à¥¡¨à�¥¬ëå á®®â−®è¥−¨©
a1/a2; kmax | ¯à¥¤¯®«�£�¥¬®¥ ¬�ªá¨¬�«ì−®¥ ç¨á«® ‚�. ‡�¬¥â¨¬, çâ® ¯®¤¡®à
¯�à�¬¥âà®¢ £à�¤¨¥−â−®£® ¡ãáâ¨−£� §�-

÷¨á. 2 ƒà�ä¨ª §�¢¨á¨¬®áâ¨ ¯à¨à®áâ� AUC
®â a1 (a2 = 1; p = 1)

−ï« £®à�§¤® ¡®«ìè¥ ¢à¥¬¥−¨, ç¥¬ ¢ë-
ç¨á«¥−¨¥ §−�ç¥−¨ï ¬¥âà¨ª¨ Œ¨−ª®¢-
áª®£® ¢ ¤¢ãå¬¥à−®¬ ¯à®áâà�−áâ¢¥ ¤«ï
ª�¦¤®£® ®¡ê¥ªâ� ¢ë¡®àª¨.

ˆ§ à¨á. 2 ¢¨¤−®, çâ® ¨§¬¥−¥−¨¥ a1
§−�ç¨â¥«ì−® ¢«¨ï¥â −� ª�ç¥áâ¢®. �à¨
íâ®¬ ¢¨¤¥− ®âç¥â«¨¢ë© íªáâà¥¬ã¬ ¯à¨
a1 = 300.

Œ¥â®¤ ¯®¨áª� ‚� á ¨á¯®«ì§®¢�−¨-
¥¬ ¯�à�¬¥âà®¢ −¥ãáâ®©ç¨¢®áâ¨ ®¡ãç¥-
−¨ï áà�¢−¨¢�«áï á ¤àã£¨¬¨ ¯®¯ã«ïà-
−ë¬¨ ¬¥â®¤�¬¨ ¯®¨áª� ‚�. �¥à¢ë©
¬¥â®¤ ®á−®¢�− −� ¨áª«îç¥−¨¨ ®¡ê¥ª-
â®¢ á ¬�ªá¨¬�«ì−ë¬ ¯® ¬®¤ã«î ®âà¨æ�â¥«ì−ë¬ ®âáâã¯®¬. �à¥¤¯®«�£�¥âáï, çâ®
â�ª¨¥ −�¡«î¤¥−¨ï «¥¦�â ¢ £ãé¥ ®¡ê¥ªâ®¢ ¯à®â¨¢®¯®«®¦−®£® ª«�áá�. ‚â®à®©
¬¥â®¤ ®á−®¢�− −� ¨áª«îç¥−¨¨ ®¡ê¥ªâ®¢ á ¬�«ë¬ ¯® ¬®¤ã«î ®âáâã¯®¬. �à¥¤-
¯®«�£�¥âáï, çâ® ®¡ê¥ªâë á ¬�«ë¬ ®âáâã¯®¬ «¥¦�â −� £à�−¨æ¥ ¤¢ãå ª«�áá®¢, −¥
ï¢«ïîâáï íâ�«®−�¬¨ ª«�áá� ¨ á−¨¦�îâ ®¡®¡é�îéãî á¯®á®¡−®áâì �«£®à¨â¬�.
÷¥§ã«ìâ�âë ¨á¯®«ì§®¢�−¨ï íâ¨å �«£®à¨â¬®¢ ¯à®¤¥¬®−áâà¨à®¢�−ë −� à¨á. 3.

Œ¥â®¤ ¯®¨áª� ‚� á ¨á¯®«ì§®¢�−¨¥¬ ¯�à�¬¥âà®¢ −¥ãáâ®©ç¨¢®áâ¨ ®¡ãç¥−¨ï
¯®ª�§ë¢�« ¡®«¥¥ ¢ëá®ª¨¥ à¥§ã«ìâ�âë ¯à¨ à�§«¨ç−ëå −�¡®à�å £¨¯¥à¯�à�¬¥âà®¢
(à¨á. 4).
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÷¨á. 3 AUC ROC ¯®á«¥ ã¤�«¥−¨ï k ®¡ê¥ªâ®¢ á −�¨¡®«ìè¨¬ (�) ¨ á −�¨¬¥−ìè¨¬ (¡)
¯® ¬®¤ã«î ®âáâã¯®¬. ‚ëç¨á«¥−¨¥ AUC ¯à®¢®¤¨«®áì ¢ à¥¦¨¬¥ áª®«ì§ïé¥£® ª®−âà®«ï
á ãç¥â®¬ ¨áª«îç¥−−ëå ®¡ê¥ªâ®¢ (íªá¯¥à¨¬¥−â ü 3). ‚¨¤−®, çâ® §�¢¨á¨¬®áâì −¥ãáâ®©-
ç¨¢� ¨ −¥â ¢ëà�¦¥−−®© â¥−¤¥−æ¨¨ ¨§¬¥−¥−¨ï AUC: (�) ¯à¨à®áâ AUC á®áâ�¢¨« 0,012;
(¡) ¯à¨à®áâ AUC á®áâ�¢¨« 0,011

�¯¨á�−−ë© ¢ à�¡®â¥ �«£®à¨â¬ á¨«ì−¥¥ ¯®¢ëè�¥â AUC ROC, ®¤−�ª® ¨¬¥¥â
¡®«ìèãî ¢ëç¨á«¨â¥«ì−ãî á«®¦−®áâì. ˆ§ à¨á. 4 ¢¨¤−®, çâ® ®¯â¨¬�«ì−ë¥ à¥§ã«ì-
â�âë ¤®áâ¨£−ãâë ¯à¨ p = 2 ¨ a1/a2 = 0,0025 ¨ ¯à¨ p = 3 ¨ a1/a2 = 0,0025.
�à¨ p = 4 ¨ a1/a2 = 0,0025 ¯à¨à®áâ AUC ROC −¨¦¥, ç¥¬ ¢ ¤àã£¨å á«ãç�ïå.
�à¨ p = 1 ¨ a1/a2 = 0,005 −¥â ¢ëà�¦¥−−®© â¥−¤¥−æ¨¨ ¯®¢ëè¥−¨ï â®ç−®áâ¨
¯à¨ ¨áª«îç¥−¨¨ ®¡ê¥ªâ®¢ ¯® ¯®àï¤ªã à�−¦¨à®¢�−¨ï. Šà®¬¥ k −¥®¡å®¤¨¬® ¯®¤®-
¡à�âì p ¨ ¢¥à−®¥ á®®â−®è¥−¨¥ a1/a2. �á−®¢−ãî á«®¦−®áâì ¯à¥¤áâ�¢«ï¥â ¯®¤¡®à
á®®â−®è¥−¨ï a1/a2 ¨ ç¨á«� ¨áª«îç¥−−ëå ®¡ê¥ªâ®¢ k. �®áª®«ìªã −¥«ì§ï á¤¥«�âì
−¨ª�ª¨å ¯à¥¤¯®«®¦¥−¨© ® §�¢¨á¨¬®áâ¨ ¯�à�¬¥âà®¢ ¨ ª�ç¥áâ¢� ®¡−�àã¦¥−¨ï ‚�,
®¯â¨¬�«ì−ë¥ §−�ç¥−¨ï ¯�à�¬¥âà®¢ ¬¥â®¤� ¯à¨å®¤¨âáï ¯®¤¡¨à�âì ¯à¨ ¯®¬®é¨
¯à®æ¥¤ãàë áª®«ì§ïé¥£® ª®−âà®«ï.

ˆ§ à¨á. 4 ¢¨¤−®, çâ® ¬�ªá¨¬�«ì−®¥ ª�ç¥áâ¢® ª«�áá¨ä¨ª�æ¨¨ (AUC =
= 0,836) ¤®áâ¨£�¥âáï ¯à¨ ¨áª«îç¥−¨¨ ¨§ ¯®«−®© ®¡ãç�îé¥© ¢ë¡®àª¨ ¯®¤¢ë-
¡®àª¨ ¨§ 21 ®¡ê¥ªâ�, ª®â®à�ï ¡ë«� ¯à®�−�«¨§¨à®¢�−� íªá¯¥àâ®¬. �ª�§�«®áì,
çâ® ¢®á¥¬ì ®¡ê¥ªâ®¢ ¨¬¥«¨ ®è¨¡®ç−ãî ¬¥âªã ¯¥à¢®£® ª«�áá�, ®¤¨− ®¡ê¥ªâ ¨¬¥«
®è¨¡®ç−ãî ¬¥âªã ¢â®à®£® ª«�áá�, ® ¯à¨−�¤«¥¦−®áâ¨ ®¤−®£® ®¡ê¥ªâ� −¥ ¡ë«®
−�©¤¥−® ¤®áâ®¢¥à−ëå ¤�−−ëå. ’�ª¨¬ ®¡à�§®¬, ¯à®¤¥¬®−áâà¨à®¢�−� á¯®á®¡−®áâì
à�§à�¡®â�−−®£® ¬¥â®¤� ¢ëï¢«ïâì ¨¬¥−−® ®è¨¡®ç−ë¥ −�¡«î¤¥−¨ï.

4 Заключение

‚ å®¤¥ à�¡®âë ¡ë« à�§à�¡®â�− �«£®à¨â¬ ®â¡®à� ‚�, ®á−®¢�−−ë© −� ¨á-
ª«îç¥−¨¨ ¨§ ¢ë¡®àª¨ ®¡ê¥ªâ®¢, −�¨¡®«¥¥ á¨«ì−® ¨áª�¦�îé¨å à�§¤¥«ïîéãî
¯®¢¥àå−®áâì. „�−−ë© ¬¥â®¤ ¯®§¢®«ï¥â ¤®¡¨âìáï ¡®«ìè¥£® ã«ãçè¥−¨ï ª�ç¥áâ¢�,
ç¥¬ ¥£® �−�«®£¨, ®¤−�ª® ®− âà¥¡ã¥â ¤®¢®«ì−® âé�â¥«ì−®£® ¯®¤¡®à� £¨¯¥à¯�à�-
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÷¨á. 4 ‡�¢¨á¨¬®áâì ¢¥«¨ç¨−ë AUC ®â ç¨á«� ¨áª«îç¥−−ëå ¯® ¯®àï¤ªã à�−¦¨à®¢�−¨ï
®¡ê¥ªâ®¢ ®¡ãç�îé¥© ¢ë¡®àª¨ ¯® ª®¬¡¨−¨à®¢�−−ë¬ ®æ¥−ª�¬, ¢ª«îç�îé¨¬ ®âáâã¯ ¨ −¥-
ãáâ®©ç¨¢®áâì (a2 = 1): (�) a1 = 200, p = 1 | ¯à¨à®áâ AUC −� 0,026; (¡) a1 = 400,
p = 2 | ¯à¨à®áâ AUC −� 0,028; (¢) a1 = 400, p = 3 | ¯à¨à®áâ AUC −� 0,024;
(£) a1 = 400, p = 4| ¯à¨à®áâ AUC −� 0,019. ‚¨¤−®, çâ®, −¥á¬®âàï −� á®åà�−¥−¨¥ −¥-
ãáâ®©ç¨¢®áâ¨, ¯®ï¢«ï¥âáï ¢ëà�¦¥−−�ï â¥−¤¥−æ¨ï ¯®¢ëè¥−¨ï â®ç−®áâ¨ ¯à¨ ¨áª«îç¥−¨¨
®¡ê¥ªâ®¢ ¯® ¯®àï¤ªã à�−¦¨à®¢�−¨ï

¬¥âà®¢, çâ® á®§¤�¥â á«®¦−®áâ¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ íâ®£® �«£®à¨â¬� ¤«ï ¡®«ìè¨å
¤�−−ëå. ‘ ¤àã£®© áâ®à®−ë, ¯à¥¤«®¦¥−−ë© �«£®à¨â¬ ¬®¦¥â ¡ëâì «¥£ª® ¢ë¯®«−¨¬
¯�à�««¥«ì−®. �à¨¬¥−¥−¨¥ à�§à�¡®â�−−®£® �«£®à¨â¬� ¯à¨ ä¨«ìâà�æ¨¨ ®è¨¡®ª
¢ ¡�§�å ¤�−−ëå ¯® á¢®©áâ¢�¬ −¥®à£�−¨ç¥áª¨å á®¥¤¨−¥−¨© ¯®§¢®«¨«® §−�ç¨â¥«ì−®
á®ªà�â¨âì ¢à¥¬ï ¨ âàã¤®§�âà�âë −� ¢ëï¢«¥−¨¥ ®è¨¡®ª ¢ ®¯à¥¤¥«¥−¨¨ áâ�âãá� å¨-
¬¨ç¥áª¨å ®¡ê¥ªâ®¢ ¨ ¯®¢ëá¨âì â®ç−®áâì ¯à®£−®§¨à®¢�−¨ï ¯à¨ ª®−áâàã¨à®¢�−¨¨
−®¢ëå −¥®à£�−¨ç¥áª¨å á®¥¤¨−¥−¨©. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® �−�«¨§ ¢ëï¢«¥−−ëå
‚� ¤�¥â áâ¨¬ã« ª ¤®¯®«−¨â¥«ì−®¬ã ¨§ãç¥−¨î á®®â¢¥âáâ¢ãîé¨å á®¥¤¨−¥−¨©.
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Abstract: The paper describes a new method of outliers detection in pattern
recognition tasks. The authors define an outlier as an object which deviates
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Method for searching outlier objects using parameters of learning instability

significantly from the other objects of the same class. The method is based on
simultaneous use of evaluated object estimates for classes and integral distortion
of recognition algorithm that is caused by evaluated object. Usefulness of
the developed technique was shown for the task of predicting if an inorganic
compound of composition A+3B+3C+2O4 is formed under ordinary conditions.
The method may be used for erroneous observations detection that is aimed to
improve training information in different recognition tasks.

Keywords: outliers; data bases; recognition; instability of training; nonorganic
compounds
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«¥−−ëå äã−ªæ¨®−�«ì−ëå ¯®¤á¨áâ¥¬. �â¤¥«ì−® ¯à®¢¥¤¥−� ®æ¥−ª� −�¤¥¦−®áâ¨
ú¢ëç¨á«¨â¥«ì−®© ¨−äà�áâàãªâãàëû ƒ‚‚Š (¡¥§ ¯¥à¨ä¥à¨©−ëå í«¥¬¥−â®¢).
„�−ë à¥ª®¬¥−¤�æ¨¨ ¯® ¯®¢ëè¥−¨î −�¤¥¦−®áâ¨ äã−ªæ¨®−�«ì−ëå ¯®¤á¨áâ¥¬.
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áå¥¬� ¤«ï à�áç¥â� −�¤¥¦−®áâ¨
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1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ®¤−¨¬ ¨§ −�¨¡®«¥¥ ¯¥àá¯¥ªâ¨¢−ëå −�¯à�¢«¥−¨© à�§¢¨â¨ï
¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬ áâ�«¨ £¨¡à¨¤−ë¥ à¥è¥−¨ï [1],
¯à¥¤ãá¬�âà¨¢�îé¨¥ ¢ ¤®¯®«−¥−¨¥ ª æ¥−âà�«ì−ë¬ ¯à®æ¥áá®à�¬ ãáâ�−®¢ªã à�§-
«¨ç−ëå úãáª®à¨â¥«¥© ¢ëç¨á«¥−¨©û, ¨«¨ á®¯à®æ¥áá®à®¢. �à¨ ¯®¤ª«îç¥−¨¨
ª æ¥−âà�«ì−®¬ã ¯à®æ¥áá®àã ¯® ¢ëá®ª®áª®à®áâ−®© è¨−¥ â�ª¨¥ á®¯à®æ¥áá®àë ¡¥àãâ
−� á¥¡ï ¡®«ìèãî ç�áâì ¢ëç¨á«¨â¥«ì−®© à�¡®âë.

ˆ¤¥ï £¨¡à¨¤¨§�æ¨¨ ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬ −� �¯¯�à�â−®¬ ãà®¢−¥ −¥ −®-
¢�. …é¥ ¢ 1980-å ££. ¢ −¥ª®â®àëå ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬�å ¢ ¤®¯®«−¥−¨¥

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 18-29-03100 ¨ 18-29-03196).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

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

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

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, VKondrashev@frccsc.ru
4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, KVolovich@frccsc.ru
5‚ëç¨á«¨â¥«ì−ë© æ¥−âà „�«ì−¥¢®áâ®ç−®£® ®â¤¥«¥−¨ï ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,

sergey.malkovsky@gmail.com
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�. �. ‡�æ�à¨−−ë©, �. ˆ. ƒ�à�−¨−, ‚. �. Š®−¤à�è¥¢ ¨ ¤à.

ª æ¥−âà�«ì−ë¬ ¯à®æ¥áá®à�¬ (CPU, central processing units) áâ�«¨ ãáâ�−�¢«¨¢�âì
á®¯à®æ¥áá®àë, ª®â®àë¥ ¡à�«¨ −� á¥¡ï ç�áâì ¢ëç¨á«¨â¥«ì−ëå §�¤�ç. ‚ ª�ç¥-
áâ¢¥ ¯à¨¬¥à� ¬®¦−® ¯à¨¢¥áâ¨ á®¯à®æ¥áá®à Intel 8087, ¢ë¯ãé¥−−ë© ¢ 1980 £.
�− ¨á¯®«ì§®¢�«áï ¢¬¥áâ¥ á æ¥−âà�«ì−ë¬¨ ¯à®æ¥áá®à�¬¨ Intel 8086 ¤«ï ãáª®-
à¥−¨ï à�áç¥â®¢ á ¯«�¢�îé¥© â®çª®©. …é¥ à�−ìè¥ ¯à¨¬¥−ï«¨áì á®¯à®æ¥áá®àë,
ãáª®àïîé¨¥ ®¯¥à�æ¨¨ ¢¢®¤�{¢ë¢®¤�.

�®¢ë© íâ�¯ à�§¢¨â¨ï £¨¡à¨¤−ëå ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬ −�ç�«áï ¢ á¥à¥¤¨−¥
2000-å ££., ª®£¤� ¤«ï ¢ëç¨á«¨â¥«ì−ëå æ¥«¥© áâ�«¨ ¨á¯®«ì§®¢�âì £à�ä¨ç¥áª¨¥
¯à®æ¥áá®àë (GPU, graphic processing units) [2]. ˆ−â¥à¥á ª £¨¡à¨¤−ë¬ áå¥¬�¬
®¡ãá«®¢«¥− ¢ëá®ª®© ¯à®¨§¢®¤¨â¥«ì−®áâìî GPU, ª®â®à�ï ®¡êïá−ï¥âáï ®á®¡¥−−®-
áâï¬¨ ¨å �àå¨â¥ªâãàë. …á«¨ á®¢à¥¬¥−−ë¥ CPU á®¤¥à¦�â −¥áª®«ìª® ï¤¥à (−�
¡®«ìè¨−áâ¢¥ á®¢à¥¬¥−−ëå á¨áâ¥¬ ®â 2 ¤® 4), â® £à�ä¨ç¥áª¨© ¯à®æ¥áá®à ¨§−�-
ç�«ì−® á®§¤�¢�«áï ª�ª ¬−®£®ï¤¥à−�ï áâàãªâãà�, ¢ ª®â®à®© ç¨á«® ï¤¥à ¨§¬¥àï¥âáï
á®â−ï¬¨. ÷�§−¨æ� ¢ �àå¨â¥ªâãà¥ ®¡ãá«®¢«¨¢�¥â ¨ à�§−¨æã ¢ ¯à¨−æ¨¯�å à�¡®âë.
…á«¨ �àå¨â¥ªâãà� CPU ¨§−�ç�«ì−® ¯à¥¤¯®«�£�«� ¯®á«¥¤®¢�â¥«ì−ãî ®¡à�¡®âªã
¨−ä®à¬�æ¨¨, â® GPU ¯à¥¤−�§−�ç�«áï ¤«ï ®¡à�¡®âª¨ ª®¬¯ìîâ¥à−®© £à�ä¨ª¨,
â�ª ª�ª à�ááç¨â�− −� ¬�áá¨¢−®-¯�à�««¥«ì−ë¥ ¢ëç¨á«¥−¨ï [2]. ƒà�ä¨ç¥áª¨¥ ¯à®-
æ¥áá®àë ã¦¥ ¤®áâ¨£«¨ â®© â®çª¨ à�§¢¨â¨ï, ª®£¤� ¬−®£¨¥ ¢ëç¨á«¨â¥«ì−ë¥ §�¤�ç¨
¬®£ãâ á «¥£ª®áâìî à¥è�âìáï −� −¨å, ¯à¨ç¥¬ ¡ëáâà¥¥, ç¥¬ −� ¬−®£®ï¤¥à−ëå
á¨áâ¥¬�å ª«�áá¨ç¥áª®© �àå¨â¥ªâãàë.

Š�¦¤�ï ¨§ à�áá¬�âà¨¢�¥¬ëå �àå¨â¥ªâãà ¨¬¥¥â á¢®¨ ¤®áâ®¨−áâ¢�. –−−âà�«ì-
−ë© ¯à®æ¥áá®à «ãçè¥ à�¡®â�¥â á §�¤�ç�¬¨, ¨¬¥îé¨¬¨ −¥¡®«ìèãî áâ¥¯¥−ì ¯�-
à�««¥«¨§¬� (¡®«ìè®¥ ç¨á«® ¯à®¢¥à®ª ãá«®¢¨©, ¢¥â¢«¥−¨ï, −¥®¡å®¤¨¬®áâì ç�áâ®©
á¨−åà®−¨§�æ¨¨ ¯®â®ª®¢ ¨ â. ¤.). �à¨ ®âáãâáâ¢¨¨ â�ª¨å ®£à�−¨ç¥−¨© ¢¬¥áâ¥ á −¥®¡-
å®¤¨¬®áâìî ®¡à�¡®âª¨ ¡®«ìè¨å ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨ ®ç¥¢¨¤−®¥ ¯à¥¨¬ãé¥áâ¢®
¯à¨®¡à¥â�îâ GPU.

‚¯¥à¢ë¥ ¯®ï¢¨¢è¨áì ¢ à¥©â¨−£¥ top500 á�¬ëå ¬®é−ëå ¢ëç¨á«¨â¥«ì−ëå á¨á-
â¥¬ ¢ 2006 £., ¢ −�áâ®ïé¨© ¬®¬¥−â (−� −®ï¡àì 2018 £.) £¨¡à¨¤−ë¥ ¢ëç¨á«¨â¥«ì−ë¥
á¨áâ¥¬ë ®¡¥á¯¥ç¨¢�îâ 41% áã¬¬�à−®© ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ãª�§�−−®£® ¬¨à®¢®£®
à¥©â¨−£�. �à¨ íâ®¬ ¢ ¯¥à¢®© ¤¥áïâª¥ ¬¨à®¢®£® à¥©â¨−£� ç¨á«® ¯®¤®¡−ëå á¨áâ¥¬
á®áâ�¢«ï¥â ã¦¥ 70% ¨ ¡ã¤¥â ¢ ¤�«ì−¥©è¥¬ −¥¨§¡¥¦−® à�áâ¨.

‘à¥¤¨ ¢ëç¨á«¨â¥«ì−ëå ¯«�âä®à¬ ¯®¤®¡−®£® ª«�áá� ¬®¦−® ¢ë¤¥«¨âì �àå¨â¥ª-
âãàã POWER, −� ®á−®¢¥ ª®â®à®© á®§¤�− àï¤ á¯¥æ¨�«¨§¨à®¢�−−ëå ¢ëç¨á«¨â¥«ì-
−ëå á¨áâ¥¬, ¢ª«îç�îé¨å á�¬ë¥ ¬®é−ë¥ ¢ −�áâ®ïé¥¥ ¢à¥¬ï áã¯¥àª®¬¯ìîâ¥à−ë¥
ãáâ�−®¢ª¨ ¢ ¬¨à¥ | Sierra ¨ Summit á ¯¨ª®¢®© ¯à®¨§¢®¤¨â¥«ì−®áâìî ¡®«¥¥ 125
¨ 200 �ä«®¯á á®®â¢¥âáâ¢¥−−®.

2 Краткое описание гибридного высокопроизводительного
вычислительного комплекса Федерального исследовательского
центра «Информатика и управление» Российской академии наук

‚ ”ˆ– ˆ“ ÷�� ¢ à�¬ª�å ¯à®£à�¬¬ë à�§¢¨â¨ï ¯à¥¤ãá¬®âà¥−® ä®à¬¨à®¢�-
−¨¥ á®¢à¥¬¥−−®© ¨áá«¥¤®¢�â¥«ìáª®© ¨−äà�áâàãªâãàë ¤«ï ¯®¢ëè¥−¨ï íää¥ªâ¨¢-
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�æ¥−ª� −�¤¥¦−®áâ¨ ƒ‚‚Š ¯à¨ à¥è¥−¨¨ −�ãç−ëå §�¤�ç

−®áâ¨ ¯à®¢®¤¨¬ëå äã−¤�¬¥−â�«ì−ëå −�ãç−ëå ¨áá«¥¤®¢�−¨©, � â�ª¦¥ à¥è¥−¨ï
�ªâã�«ì−ëå −�ãç−®-¯à�ªâ¨ç¥áª¨å §�¤�ç.

„«ï ¯à¥¤®áâ�¢«¥−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ §�¨−â¥à¥á®¢�−−ë¬ −�ãç−ë¬
ª®««¥ªâ¨¢�¬ ¢ ”ˆ– ˆ“ ÷�� −� ¡�§¥ æ¥−âà� ®¡à�¡®âª¨ ¤�−−ëå (–�„) ”ˆ–
ˆ“ ÷�� á®§¤�− ƒ‚‚Š, ¯à¥¤®áâ�¢«ïîé¨© ¢ëç¨á«¨â¥«ì−ãî ¨−äà�áâàãªâãàã
−�ãç−ë¬ ¯®¤à�§¤¥«¥−¨ï¬ ÷��.

ƒ¨¡à¨¤−ë© ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë© ¢ëç¨á«¨â¥«ì−ë© ª®¬¯«¥ªá á®§¤�− −�
®á−®¢¥ á¥à¢¥à®¢ �àå¨â¥ªâãàë POWER à�§«¨ç−ëå ¬®¤¨ä¨ª�æ¨© (á¥à¢¥àë Pow-
er 9 ãª®¬¯«¥ªâ®¢�−ë ç¥âëàì¬ï £à�ä¨ç¥áª¨¬¨ ãáª®à¨â¥«ï¬¨ Tesla V100, � â�ª¦¥
¨¬¥îâáï á¥à¢¥àë, ®á−�é¥−−ë¥ â®«ìª® ª«�áá¨ç¥áª¨¬¨ ¯à®æ¥áá®à�¬¨ CPU).

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

‘âàãªâãà−�ï áå¥¬� £¨¡à¨¤−®£® ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®£® ¢ëç¨á«¨â¥«ì−®£®
ª®¬¯«¥ªá� ¯à¥¤áâ�¢«¥−� −� à¨á. 1.

3 Методический подход к оценке надежности гибридного
высокопроизводительного вычислительного комплекса

�à¨ à¥è¥−¨¨ ¢®¯à®á®¢, á¢ï§�−−ëå á ®æ¥−ª®© −�¤¥¦−®áâ¨ á¨áâ¥¬, �−�«®£¨ç-
−ëå ƒ‚‚Š, ¯à¥¤«�£�¥âáï ãç¨âë¢�âì á«¥¤ãîé¨¥ ®á®¡¥−−®áâ¨ [3]:

{ ƒ‚‚Š ï¢«ï¥âáï ¬−®£®äã−ªæ¨®−�«ì−®© á¨áâ¥¬®©, äã−ªæ¨¨ ª®â®à®© ¨¬¥îâ
áãé¥áâ¢¥−−® à�§«¨ç−ãî §−�ç¨¬®áâì ¨, á®®â¢¥âáâ¢¥−−®, å�à�ªâ¥à¨§ãîâáï à�§-
−ë¬ ãà®¢−¥¬ âà¥¡®¢�−¨© ª −�¤¥¦−®áâ¨ ¨å ¢ë¯®«−¥−¨ï;

{ ¢ ƒ‚‚Š ¢®§¬®¦−® ¢®§−¨ª−®¢¥−¨¥ −¥ª®â®àëå ¨áª«îç¨â¥«ì−ëå (�¢�à¨©−ëå,
ªà¨â¨ç¥áª¨å) á¨âã�æ¨©, ¯à¥¤áâ�¢«ïîé¨å á®ç¥â�−¨¥ ®âª�§®¢ «¨¡® ®è¨¡®ª
äã−ªæ¨®−¨à®¢�−¨ï ª®¬¯«¥ªá� ¨ á¯®á®¡−ëå ¯à¨¢¥áâ¨ ª §−�ç¨â¥«ì−ë¬ −�àã-
è¥−¨ï¬ ¯à®æ¥áá®¢ äã−ªæ¨®−¨à®¢�−¨ï (�¢�à¨ï¬);

{ ¢ äã−ªæ¨®−¨à®¢�−¨¨ ƒ‚‚Š ãç�áâ¢ãîâ à�§«¨ç−ë¥ ¢¨¤ë ¥¥ ®¡¥á¯¥ç¥−¨ï ¨ ¯¥à-
á®−�« ƒ‚‚Š, ª®â®àë¥ ¬®£ãâ ¢ â®© ¨«¨ ¨−®© áâ¥¯¥−¨ ¢«¨ïâì −� ãà®¢¥−ì
−�¤¥¦−®áâ¨ ƒ‚‚Š;

{ −� ¯à®æ¥áá äã−ªæ¨®−¨à®¢�−¨ï ƒ‚‚Š ®ª�§ë¢�îâ ¢«¨ï−¨¥ ¡®«ìè®¥ ç¨á«®
à�§−®à®¤−ëå ä�ªâ®à®¢ (â¥å−¨ç¥áª¨¥ áà¥¤áâ¢�, ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥,
ç¥«®¢¥ç¥áª¨© ä�ªâ®à ¨ ¤à.), ¯à¨ íâ®¬ ¢ ¢ë¯®«−¥−¨¨ ®¤−®© äã−ªæ¨¨ ƒ‚‚Š
®¡ëç−® ãç�áâ¢ãîâ −¥áª®«ìª® à�§«¨ç−ëå í«¥¬¥−â®¢, � ®¤¨− ¨ â®â ¦¥ í«¥¬¥−â
¬®¦¥â ãç�áâ¢®¢�âì ¢ ¢ë¯®«−¥−¨¨ −¥áª®«ìª¨å äã−ªæ¨© á¨áâ¥¬ë.

‘ ãç¥â®¬ íâ¨å ®á®¡¥−−®áâ¥© ¯à¨ à¥è¥−¨¨ ¢®¯à®á®¢ −�¤¥¦−®áâ¨ ƒ‚‚Š ¥¥
ª®«¨ç¥áâ¢¥−−®¥ ®¯¨á�−¨¥, �−�«¨§, ®æ¥−ª� ¨ ®¡¥á¯¥ç¥−¨¥ −�¤¥¦−®áâ¨ ¯à¥¤«�£�¥âáï
¯à®¢®¤¨âì ¯® ª�¦¤®© äã−ªæ¨¨ ƒ‚‚Š ¢ ®â¤¥«ì−®áâ¨ [3].

‘®¢®ªã¯−®áâì â¥å−¨ç¥áª¨å ¨ ¯à®£à�¬¬−ëå í«¥¬¥−â®¢ ƒ‚‚Š, ¢ë¤¥«ï¥¬�ï ¨§
¢á¥£® á®áâ�¢� ƒ‚‚Š ¯® ¯à¨§−�ªã ãç�áâ¨ï ¢ ¢ë¯®«−¥−¨¨ −¥ª®â®à®© (i-©) äã−ªæ¨¨
á¨áâ¥¬ë, ®¡à�§ã¥â i-î äã−ªæ¨®−�«ì−ãî ¯®¤á¨áâ¥¬ã (”�) ƒ‚‚Š.
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�æ¥−ª� −�¤¥¦−®áâ¨ ƒ‚‚Š ¯à¨ à¥è¥−¨¨ −�ãç−ëå §�¤�ç

�−�«¨§ −�¤¥¦−®áâ¨ ƒ‚‚Š ¢ à¥�«¨§�æ¨¨ ¥£® äã−ªæ¨© ¯à®¢®¤¨âáï ¯® ª�¦¤®©
”� ƒ‚‚Š ¢ ®â¤¥«ì−®áâ¨ á ãç¥â®¬ ãà®¢−ï −�¤¥¦−®áâ¨ ¨ ¤àã£¨å á¢®©áâ¢ ¢å®¤ïé¨å
¢ −¥¥ â¥å−¨ç¥áª¨å ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢, � â�ª¦¥ ç¥«®¢¥ç¥áª®£® ä�ªâ®à�.

‚ë¡®à á®áâ�¢� ¯®ª�§�â¥«¥© −�¤¥¦−®áâ¨ ƒ‚‚Š ®áãé¥áâ¢«ï¥âáï −� ®á−®¢¥ ãáâ�-
−®¢«¥−−®£® ¯¥à¥ç−ï äã−ªæ¨© á¨áâ¥¬ë. ÷�áç¥â −�¤¥¦−®áâ¨ â¥å−¨ç¥áª¨å á¨áâ¥¬
¯® ¡¥§®âª�§−®áâ¨ ®¡ëç−® ¯à®¢®¤¨âáï ¢ ¯à¥¤¯®«®¦¥−¨¨, çâ® ¢áï á¨áâ¥¬� ¨ ª�¦¤ë©
¥¥ í«¥¬¥−â ¬®£ãâ −�å®¤¨âìáï â®«ìª® ¢ ®¤−®¬ ¨§ ¤¢ãå ¢®§¬®¦−ëå á®áâ®ï−¨© |
à�¡®â®á¯®á®¡−®¬ ¨ −¥à�¡®â®á¯®á®¡−®¬, � ®âª�§ë í«¥¬¥−â®¢ −¥§�¢¨á¨¬ë ¤àã£ ®â
¤àã£�.

�à®¢¥¤¥¬ áâàãªâãà−®-«®£¨ç¥áª¨© �−�«¨§ [4, 5] ¯à®æ¥áá®¢ äã−ªæ¨®−¨à®¢�−¨ï
¨ ¢§�¨¬®á¢ï§¥© í«¥¬¥−â®¢ ¢ ¯à®æ¥áá¥ äã−ªæ¨®−¨à®¢�−¨ï ƒ‚‚Š, áâàãªâãà−�ï
áå¥¬� ª®â®à®£® ¯à¥¤áâ�¢«¥−� −� à¨á. 1.

„®áâã¯ ã¤�«¥−−ëå ¯®«ì§®¢�â¥«¥© ®áãé¥áâ¢«ï¥âáï ç¥à¥§ á¥âì ˆ−â¥à−¥â á ¨á-
¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ (ˆ�) –�„.
‹®ª�«ì−ë¥ ¯®«ì§®¢�â¥«¨ ¯®¤ª«îç�îâáï ç¥à¥§ ú‘à¥¤áâ¢� ¤®áâã¯�û (ª®¬¬ãâ�â®-
àë 7 ¨ 8). ‘à¥¤áâ¢� ˆ� ¨ áà¥¤áâ¢� ¤®áâã¯� ¯®¤ª«îç�îâáï ª ª®¬¬ãâ�â®à�¬ 1
¨«¨ 2.

�à¨ ®æ¥−ª¥ −�¤¥¦−®áâ¨ ƒ‚‚Š ¢ë¤¥«¨¬ âà¨ ”�:

(1) ”� ¤«ï à¥è¥−¨ï ú¨−ä®à¬�æ¨®−−ëåû §�¤�ç;

(2) ”� ¤«ï à¥è¥−¨ï §�¤�ç ú¯®¤£®â®¢ª¨ ¤�−−ëåû;

(3) ”� ¤«ï à¥è¥−¨ï úà�áç¥â−ëåû §�¤�ç.

‘¥à¢¥àë 1 ¨ 3 á®¢¬¥áâ−® á á¨áâ¥¬�¬¨ åà�−¥−¨ï ¤�−−ëå (‘•„) 1 ¨ 2 ¨á-
¯®«ì§ãîâáï ¤«ï à¥è¥−¨ï §�¤�ç ú¨−ä®à¬�æ¨®−−®£®û â¨¯�. �à¨ à¥è¥−¨¨ §�¤�ç
ú¯®¤£®â®¢ª¨ ¤�−−ëåû ãª�§�−−ë¥ á¥à¢¥àë ¢§�¨¬®¤¥©áâ¢ãîâ â®«ìª® á ‘•„ 2.

‘¥à¢¥àë 4 ¨ 5 ¯®¤ ã¯à�¢«¥−¨¥¬ á¥à¢¥à� 2 ¢® ¢§�¨¬®¤¥©áâ¢¨¨ á ‘•„ 1
®¡à�§ãîâ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë© ¢ëç¨á«¨â¥«ì−ë© ª®¬¯«¥ªá ¨ ¨á¯®«ì§ãîâáï
¤«ï à¥è¥−¨ï à�áç¥â−ëå §�¤�ç.

Š®¬¬ãâ�â®àë 1 ¨ 2 ®â−®áïâáï ª «®ª�«ì−®© ¢ëç¨á«¨â¥«ì−®© á¥â¨ (LAN, Local
Area Network), ª®¬¬ãâ�â®àë 3{6 | ª á¥â¨ åà�−¥−¨ï ¤�−−ëå (SAN, Storage Area
Network).

�à¨−ïâ®, çâ® ¥á«¨ ¢ á®áâ�¢¥ á¥à¢¥à� ¨¬¥¥âáï −¥¨á¯à�¢−ë© ª®¬¯®−¥−â, â®
â�ª®© á¥à¢¥à ¢ë¢®¤¨âáï ¨§ íªá¯«ã�â�æ¨¨ ¤«ï à¥¬®−â�.

‘ä®à¬ã«¨àã¥¬ ¯®−ïâ¨¥ ú®âª�§û. �®¤ ®âª�§®¬ ƒ‚‚Š ¡ã¤¥¬ ¯®−¨¬�âì á®¡ë-
â¨¥, §�ª«îç�îé¥¥áï ¢ ¯à¥ªà�é¥−¨¨ à¥è¥−¨ï §�¤�ç ú¨−ä®à¬�æ¨®−−®£®û â¨¯�,
§�¤�ç ú¯®¤£®â®¢ª¨ ¤�−−ëåû ¨ à�áç¥â−ëå §�¤�ç ¯® ¯à¨ç¨−¥ −¥¨á¯à�¢−®áâ¨ �¯-
¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢ ¨ âà¥¡ãîé¥¥ ¤«ï ¢®ááâ�−®¢«¥−¨ï ¯à®æ¥áá� äã−ª-
æ¨®−¨à®¢�−¨ï ¯à®¢¥¤¥−¨ï à¥¬®−â−ëå à�¡®â á ¯à¨¢«¥ç¥−¨¥¬ ®¡á«ã¦¨¢�îé¥£®
¯¥àá®−�«�.

ˆá¯®«ì§ãï à¥§ã«ìâ�âë áâàãªâãà−®-«®£¨ç¥áª®£® �−�«¨§� áâàãªâãà−®© áå¥¬ë,
¯à¥¤áâ�¢«¥−−®© −� à¨á. 1, ¨ ®¯à¥¤¥«¥−¨¥ ¯®−ïâ¨ï ú®âª�§�û á¨áâ¥¬ë, á®áâ�¢¨¬
íª¢¨¢�«¥−â−ë¥ áå¥¬ë ¤«ï à�áç¥â� −�¤¥¦−®áâ¨ ãª�§�−−ëå ¢ëè¥ ”�.
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÷¨á. 2 �ª¢¨¢�«¥−â−�ï áå¥¬� ¤«ï à�áç¥â� −�¤¥¦−®áâ¨ ƒ‚‚Š ¯à¨ à¥è¥−¨¨ ú¨−ä®à¬�-
æ¨®−−ëåû §�¤�ç

�®¤ íª¢¨¢�«¥−â−®© áå¥¬®© ¤«ï à�áç¥â� −�¤¥¦−®áâ¨ (ú−�¤¥¦−®áâ−®© áâàãª-
âãà®©û, úáâàãªâãà−®© áå¥¬®© −�¤¥¦−®áâ¨û) á¨áâ¥¬ë ¯®−¨¬�¥âáï «®£¨ç¥áª®¥ á®-
¥¤¨−¥−¨¥ í«¥¬¥−â®¢ ¢ â�ª®¬ ¢¨¤¥, ¨§ ª®â®à®£® á«¥¤®¢�«® ¡ë ®¯à¥¤¥«¥−¨¥ ®âª�§�
á¨áâ¥¬ë [4, 5].

�à¨ ¯®áâà®¥−¨¨ íª¢¨¢�«¥−â−ëå áå¥¬ ¡ã¤¥¬ ¨áå®¤¨âì ¨§ à�áç¥â� −� ú−�¨-
åã¤è¨© á«ãç�©û, â. ¥. ¢ë¡¨à�¥¬ â�ª®© ¢�à¨�−â ¯®áâà®¥−¨ï, ¯à¨ ª®â®à®¬ ¤«ï
à¥è¥−¨ï ¯®«ì§®¢�â¥«¥¬ ª®−ªà¥â−®© §�¤�ç¨ §�¤¥©áâ¢ã¥âáï −�¨¡®«ìè¥¥ ç¨á«® í«¥-
¬¥−â®¢ á¨áâ¥¬ë.

�ª¢¨¢�«¥−â−�ï áå¥¬� ¤«ï à�áç¥â� −�¤¥¦−®áâ¨ ƒ‚‚Š ¯à¨ à¥è¥−¨¨ ú¨−ä®à-
¬�æ¨®−−ëåû §�¤�ç ¨§®¡à�¦¥−� −� à¨á. 2, £¤¥ ¯®¤ ‘Š‘ ¯®−¨¬�¥âáï áâàãªâãà¨à®-
¢�−−�ï ª�¡¥«ì−�ï á¨áâ¥¬�, ®¡¥á¯¥ç¨¢�îé�ï á®¥¤¨−¥−¨¥ ¬¥¦¤ã á®¡®© í«¥¬¥−â®¢
ƒ‚‚Š; �÷Œ | �¢â®¬�â¨§¨à®¢�−−®¥ à�¡®ç¥¥ ¬¥áâ®.

�â� íª¢¨¢�«¥−â−�ï áå¥¬� ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®á«¥¤®¢�â¥«ì−®-¯�à�««¥«ì-
−®¥ á®¥¤¨−¥−¨¥ í«¥¬¥−â®¢ ƒ‚‚Š, ãç�áâ¢ãîé¨å ¢ à¥è¥−¨¨ ú¨−ä®à¬�æ¨®−−ëåû
§�¤�ç.

�à¨ ¯®á«¥¤®¢�â¥«ì−®¬ á®¥¤¨−¥−¨¨ n í«¥¬¥−â®¢ á¨áâ¥¬ë à¥§ã«ìâ¨àãîé�ï ¢¥-
à®ïâ−®áâì à�¡®â®á¯®á®¡−®áâ¨ á¨áâ¥¬ë Pp ®¯à¥¤¥«ï¥âáï [4,6{8] ª�ª ¯à®¨§¢¥¤¥−¨¥
¢¥à®ïâ−®áâ¥© à�¡®â®á¯®á®¡−®áâ¨ ¢å®¤ïé¨å ¢ −¥¥ í«¥¬¥−â®¢:

Pp =

n∏

i=1

pi .

�à¨ ¯�à�««¥«ì−®¬ á®¥¤¨−¥−¨¨ n í«¥¬¥−â®¢ á¨áâ¥¬ë à¥§ã«ìâ¨àãîé�ï ¢¥à®-
ïâ−®áâì à�¡®â®á¯®á®¡−®áâ¨ á¨áâ¥¬ë Pp ®¯à¥¤¥«ï¥âáï ç¥à¥§ ¯à®¨§¢¥¤¥−¨¥ ¢¥à®ïâ-
−®áâ¥© −¥à�¡®â®á¯®á®¡−®áâ¨ ¢å®¤ïé¨å ¢ −¥¥ í«¥¬¥−â®¢:

Pp = 1−
n∏

i=1

qi ,

£¤¥ qi = 1− pi | ¢¥à®ïâ−®áâì −¥à�¡®â®á¯®á®¡−®áâ¨ i-£® í«¥¬¥−â�.
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�æ¥−ª� −�¤¥¦−®áâ¨ ƒ‚‚Š ¯à¨ à¥è¥−¨¨ −�ãç−ëå §�¤�ç

÷¨á. 3 �ª¢¨¢�«¥−â−�ï áå¥¬� ¤«ï à�áç¥â� −�¤¥¦−®áâ¨ ƒ‚‚Š ¯à¨ à¥è¥−¨¨ §�¤�ç
ú¯®¤£®â®¢ª¨ ¤�−−ëåû

‚ á«ãç�¥, ª®£¤� TÏ ≫ T×, ¢á¥ í«¥¬¥−âë ®¤¨−�ª®¢ë¥ (λk = λ) ¨ ®âª�§ë
í«¥¬¥−â®¢ −¥§�¢¨á¨¬ë ¬¥¦¤ã á®¡®©, ¤«ï ®æ¥−ª¨ áà¥¤−¥£® ¢à¥¬¥−¨ ¡¥§®âª�§−®©
à�¡®âë (Top) á¨áâ¥¬ë, á®áâ®ïé¥© ¨§ n ¯�à�««¥«ì−® á®¥¤¨−¥−−ëå í«¥¬¥−â®¢,
¬®¦−® ¢®á¯®«ì§®¢�âìáï ¢ëà�¦¥−¨¥¬ [6]:

Top =
1

λ

n∑

k=1

1

k
= TÏ

(
1 +
1

2
+
1

3
+ · · ·+ 1

n

)
, (1)

£¤¥ TÏ | áà¥¤−¥¥ ¢à¥¬ï ¡¥§®âª�§−®© à�¡®âë ®¤−®£® í«¥¬¥−â�; T× | áà¥¤−¥¥
¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï à�¡®â®á¯®á®¡−®áâ¨ ®âª�§�¢è¥£® í«¥¬¥−â�; λ = 1/TÏ |
¨−â¥−á¨¢−®áâì ®âª�§®¢ í«¥¬¥−â� ¢ ª�¦¤ë© ¤�−−ë© ¬®¬¥−â ¢à¥¬¥−¨.

�®á«¥¤®¢�â¥«ì−®áâì ¤¥©áâ¢¨© ¯à¨ ¢ëç¨á«¥−¨ïå ãª�§�−� æ¨äà�¬¨ ¢ ªàã¦ª�å.
‘«®¦−¥¥ á íª¢¨¢�«¥−â−®© áå¥¬®© ¤«ï à�áç¥â� −�¤¥¦−®áâ¨ ƒ‚‚Š ¯à¨ à¥è¥−¨¨

§�¤�ç ú¯®¤£®â®¢ª¨ ¤�−−ëåû (à¨á. 3). �� à¨áã−ª¥ ¯ã−ªâ¨à®¬ ¢ë¤¥«¥− äà�£¬¥−â,
ª®â®àë© −¥ ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥− ¢ ¢¨¤¥ ¯®á«¥¤®¢�â¥«ì−®-¯�à�««¥«ì−®£® á®-
¥¤¨−¥−¨ï í«¥¬¥−â®¢. ’�ª¨¥ á¨áâ¥¬ë ®â−®áïâáï ª á¨áâ¥¬�¬ á ¯à®¨§¢®«ì−®©
áâàãªâãà®© [7, 8].

„«ï à�áç¥â� ¯®ª�§�â¥«¥© −�¤¥¦−®áâ¨ á¨áâ¥¬ ¯à®¨§¢®«ì−®© áâàãªâãàë à�§à�-
¡®â�− àï¤ â®ç−ëå ¨ ¯à¨¡«¨¦¥−−ëå ¬¥â®¤®¢ [4{8]. ��¨¡®«¥¥ ¯à®áâë¬ ¨§ â®ç−ëå
¬¥â®¤®¢ ï¢«ï¥âáï ¬¥â®¤ ¯àï¬®£® ¯¥à¥¡®à� á®áâ®ï−¨© í«¥¬¥−â®¢ á¨áâ¥¬ë.

…£® áãâì á®áâ®¨â ¢ á«¥¤ãîé¥¬: ¥á«¨ ®¯à¥¤¥«¥− ªà¨â¥à¨© ®âª�§� á¨áâ¥¬ë, â® ¢á¥
¬−®¦¥áâ¢® ¥¥ á®áâ®ï−¨© ¬®¦−® à�§¤¥«¨âì −� ¤¢� ¯®¤¬−®¦¥áâ¢�: ¯®¤¬−®¦¥áâ¢®
á®áâ®ï−¨© à�¡®â®á¯®á®¡−®áâ¨ F ¨ ¯®¤¬−®¦¥áâ¢® á®áâ®ï−¨© ®âª�§� Ÿ. —â®¡ë
−�©â¨ ¢¥à®ïâ−®áâì ¡¥§®âª�§−®© à�¡®âë á¨áâ¥¬ë á ¯à®¨§¢®«ì−®© áâàãªâãà®© (PÆ),
−¥®¡å®¤¨¬® á«®¦¨âì ¢¥à®ïâ−®áâ¨ ¢á¥å à�¡®â®á¯®á®¡−ëå á®áâ®ï−¨© á¨áâ¥¬ë.

�æ¥−¨¬ −�¤¥¦−®áâì ¢ë¤¥«¥−−®£® äà�£¬¥−â� ãª�§�−−ë¬ ¬¥â®¤®¬.
�� à¨á. 4 ¤«ï ã¤®¡áâ¢� ¢ëç¨á«¥−¨© ¯à¥¤áâ�¢«¥− −¥áª®«ìª® ¯à¥®¡à�§®¢�−−ë©

¢�à¨�−â íª¢¨¢�«¥−â−®© áå¥¬ë äà�£¬¥−â�, ¢ë¤¥«¥−−®£® −� à¨á. 3. �� áå¥¬¥
í«¥¬¥−â 1 §�¬¥−ï¥â á¥à¢¥à 1 á ª®íää¨æ¨¥−â®¬ £®â®¢−®áâ¨ p1, í«¥¬¥−âë 3{6 §�¬¥-
−ïîâ ®¤−®â¨¯−ë¥ ª®¬¬ãâ�â®àë 3{6, ®¡®§−�ç¨¬ ¨å ª®íää¨æ¨¥−â £®â®¢−®áâ¨ p2,
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� í«¥¬¥−â 2 §�¬¥−ï¥â á¥à¢¥à 3 ¨ ª®¬-

÷¨á. 4 �ª¢¨¢�«¥−â−�ï áå¥¬� äà�£¬¥−â�,
¢ë¤¥«¥−−®£® −� à¨á. 3

¬ãâ�â®à 1 á à¥§ã«ìâ¨àãîé¥© −�-
¤¥¦−®áâìî ¤¢ãå ¯®á«¥¤®¢�â¥«ì−® á®-
¥¤¨−¥−−ëå í«¥¬¥−â®¢, ®¡®§−�ç¨¬ ¥£®
ª®íää¨æ¨¥−â £®â®¢−®áâ¨ p3.

‚ â�¡«. 1 ¯®ª�§�−ë á®áâ®ï−¨ï à�-
¡®â®á¯®á®¡−®áâ¨ ¢ë¤¥«¥−−®£® äà�£-
¬¥−â� ¢ §�¢¨á¨¬®áâ¨ ®â á®áâ®ï−¨ï ¥£®
í«¥¬¥−â®¢. ‘¨¬¢®«�¬¨ x1{x6 ®¡®§−�-

ç¥−ë í«¥¬¥−âë 1{6, xi = 1 ®§−�ç�¥â, çâ® i-© í«¥¬¥−â á¨áâ¥¬ë ¨á¯à�¢¥−, � xi = 0|
çâ® ®− −¥¨á¯à�¢¥−.

�à®áã¬¬¨à®¢�¢ ¢¥à®ïâ−®áâ¨ ¨á¯à�¢−ëå á®áâ®ï−¨© á¨áâ¥¬ë, ¯®«ãç¨¬:

PÆ = p1p2p
4
3 + q1p2p

4
3 + p1q2p

4
3 + 4p1p2q3p

3
3 + 4q1p2q3p

3
3 + 4p1q2q3p

3
3 +

+ 5p1p2q
2
3p
2
3 + 5q1p2q

2
3p
2
3 + 4p1q2q

2
3p
2
3 + 2p1p2q

3
3p3 + 2q1p2q

3
3p3 .

’�¡«¨æ� 1 ÷�¡®â®á¯®á®¡−ë¥ á®áâ®ï−¨ï í«¥¬¥−â®¢ á¨áâ¥¬ë

ˆ−¤¥ªá
á®áâ®-
ï−¨ï

‘®áâ®ï−¨¥ í«¥¬¥−â®¢
‚¥à®ïâ-

−®áâì
á®áâ®-

ˆ−¤¥ªá
á®áâ®-
ï−¨ï

‘®áâ®ï−¨¥ í«¥¬¥−â®¢
‚¥à®ïâ-

−®áâì
á®áâ®-

x1 x2 x3 x4 x5 x6 ï−¨ï x1 x2 x3 x4 x5 x6 ï−¨ï

0 1 1 1 1 1 1 p1p2p
4
3 36 1 1 0 1 1 0 p1p2q

2
3p
2
3

1 0 1 1 1 1 1 q1p2p
4
3 45 1 1 1 0 0 1 p1p2q

2
3p
2
3

2 1 0 1 1 1 1 p1q2p
4
3 46 1 1 1 0 1 0 p1p2q

2
3p
2
3

3 1 1 0 1 1 1 p1p2q3p
3
3 134 0 1 0 0 1 1 q1p2q

2
3p
2
3

4 1 1 1 0 1 1 p1p2q3p
3
3 135 0 1 0 1 0 1 q1p2q

2
3p
2
3

5 1 1 1 1 0 1 p1p2q3p
3
3 136 0 1 0 1 1 0 q1p2q

2
3p
2
3

6 1 1 1 1 1 0 p1p2q3p
3
3 145 0 1 1 0 0 1 q1p2q

2
3p
2
3

13 0 1 0 1 1 1 q1p2q3p
3
3 146 0 1 1 0 1 0 q1p2q

2
3p
2
3

14 0 1 1 0 1 1 q1p2q3p
3
3 235 1 0 0 1 0 1 p1q2q

2
3p
2
3

15 0 1 1 1 0 1 q1p2q3p
3
3 236 1 0 0 1 1 0 p1q2q

2
3p
2
3

16 0 1 1 1 1 0 q1p2q3p
3
3 245 1 0 1 0 0 1 p1q2q

2
3p
2
3

23 1 0 0 1 1 1 p1q2q3p
3
3 246 1 0 1 0 1 0 p1q2q

2
3p
2
3

24 1 0 1 0 1 1 p1q2q3p
3
3 345 1 1 0 0 0 1 p1p2q

3
3p3

25 1 0 1 1 0 1 p1q2q3p
3
3 346 1 1 0 0 1 0 p1p2q

3
3p3

26 1 0 1 1 1 0 p1q2q3p
3
3 1345 0 1 0 0 0 1 q1p2q

3
3p3

34 1 1 0 0 1 1 p1p2q
2
3p
2
3 1346 0 1 0 0 1 0 q1p2q

3
3p3

35 1 1 0 1 0 1 p1p2q
2
3p
2
3
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÷¨á. 5 �ª¢¨¢�«¥−â−�ï áå¥¬� ¤«ï à�áç¥â� −�¤¥¦−®áâ¨ ƒ‚‚Š ¯à¨ à¥è¥−¨¨ úà�áç¥â−ëåû
§�¤�ç

‚ ®áâ�«ì−®¬ à�áç¥âë ¯à®¢®- ’�¡«¨æ� 2 ˆáå®¤−ë¥ ¤�−−ë¥ ¯® −�¤¥¦−®áâ¨
í«¥¬¥−â®¢ ƒ‚‚Š

“áâà®©áâ¢® TÏ, ç 1− KÇ
‘¥à¢¥àë 1{3 220 110 1,7 · 10−7
‘¥à¢¥à Power 9 340 200 1,5 · 10−7
Š®¬¬ãâ�â®àë 1, 2 525 600 3,4 · 10−6
Š®¬¬ãâ�â®àë 3{6 613 200 2,9 · 10−6
Š®¬¬ãâ�â®àë 7, 8 408 800 1,2 · 10−6
‘•„ 700 000 2,9 · 10−6
‘à¥¤áâ¢� ˆ� 344 200 1,5 · 10−6
‘Š‘ 20 000 2,5 · 10−5
�÷Œ 12 000 4,2 · 10−5

¤ïâáï â�ª ¦¥, ª�ª ¨ ¢ ¯à¥¤ë¤ã-
é¥¬ á«ãç�¥ (®æ¥−ª� −�¤¥¦-
−®áâ¨ ƒ‚‚Š ¯à¨ à¥è¥−¨¨
ú¨−ä®à¬�æ¨®−−ëåû §�¤�ç).
�®á«¥¤®¢�â¥«ì−®áâì ¤¥©áâ¢¨©
¯à¨ ¢ëç¨á«¥−¨ïå ãª�§�−� æ¨ä-
à�¬¨ ¢ ªàã¦ª�å.

�ª¢¨¢�«¥−â−�ï áå¥¬� ¤«ï
à�áç¥â� −�¤¥¦−®áâ¨ ƒ‚‚Š ¯à¨
à¥è¥−¨¨ úà�áç¥â−ëåû §�¤�ç
¯à¥¤áâ�¢«ï¥â á®¡®© ¯®á«¥¤®¢�-
â¥«ì−®-¯�à�««¥«ì−®¥ á®¥¤¨−¥-
−¨¥ í«¥¬¥−â®¢ ƒ‚‚Š, ãç�áâ¢ãîé¨å ¢ à¥è¥−¨¨ úà�áç¥â−ëåû §�¤�ç (à¨á. 5).
÷�áç¥â −�¤¥¦−®áâ¨ íâ®© áå¥¬ë ¯à®¢®¤¨âáï �−�«®£¨ç−® à�áç¥âã ¤«ï á«ãç�ï à¥è¥-
−¨ï ú¨−ä®à¬�æ¨®−−ëåû §�¤�ç.

ˆáå®¤−ë¥ ¤�−−ë¥ ¤«ï à�áç¥â®¢ ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 2.

4 Оценка надежности и анализ результатов расчетов

ˆá¯®«ì§ãï ¯à¥¤«®¦¥−−ãî ¬¥â®¤¨ªã ¨ ¯à¥¤áâ�¢«¥−−ë¥ ¨áå®¤−ë¥ ¤�−−ë¥,
¯à®¢¥¤¥¬ à�áç¥âë −�¤¥¦−®áâ¨ à�áá¬®âà¥−−ëå ”�.

‚ à¥§ã«ìâ�â¥ à�áç¥â®¢ ¯®«ãç¥−ë á«¥¤ãîé¨¥ à¥§ã«ìâ�âë:

{ ¤«ï ”�, à¥è�îé¥© §�¤�ç¨ ú¨−ä®à¬�æ¨®−−®£®û â¨¯�, ¢¥à®ïâ−®áâì ®âª�§�
Gˆ = 7,2 · 10−5;

{ ¤«ï ”�, à¥è�îé¥© §�¤�ç¨ â¨¯� ú¯®¤£®â®¢ª� ¤�−−ëåû, G�„ = 7,5 · 10−5;
{ ¤«ï ”�, à¥è�îé¥© §�¤�ç¨ úà�áç¥â−®£®û â¨¯�, G÷ = 7,8 · 10−5.

Šà®¬¥ â®£®, ¯à¥¤áâ�¢«ï¥â ¨−â¥à¥á ®æ¥−ª� −�¤¥¦−®áâ¨ −¥¯®áà¥¤áâ¢¥−−® ú¢ë-
ç¨á«¨â¥«ì−®© ¨−äà�áâàãªâãàëû ƒ‚‚Š (¡¥§ ¯¥à¨ä¥à¨©−ëå í«¥¬¥−â®¢), í«¥¬¥−âë
ª®â®à®© ¢ ®á−®¢−®¬ à¥§¥à¢¨àãîâ ¤àã£ ¤àã£� (á¥à¢¥àë 1 ¨ 3, á¥à¢¥àë 4 ¨ 5,
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�. �. ‡�æ�à¨−−ë©, �. ˆ. ƒ�à�−¨−, ‚. �. Š®−¤à�è¥¢ ¨ ¤à.

‘•„ 1 ¨ 2, ª®¬¬ãâ�â®àë 3, 5 ¨ 4, 6). ÷¥§ã«ìâ�âë à�áç¥â®¢ ¢¥à®ïâ−®áâ¨ ®âª�§�
ú¢ëç¨á«¨â¥«ì−®© ¨−äà�áâàãªâãàëû ¯®ª�§�«¨, çâ® ®−� ¨§¬¥−ï¥âáï ¢ ¯à¥¤¥«�å
G‚ˆ = 3,8 · 10−6 . . . 2,3 · 10−6 ¢ §�¢¨á¨¬®áâ¨ ®â ª®−ä¨£ãà�æ¨¨ ¥¥ í«¥¬¥−â®¢ ¯à¨
à¥è¥−¨¨ §�¤�ç à�§«¨ç−ëå ”�.

‚ ¯à®æ¥áá¥ à¥è¥−¨ï −�ãç−ëå ¨ −�ãç−®-¯à�ªâ¨ç¥áª¨å §�¤�ç à¥è�¥¬�ï §�¤�-
ç� ¯®á«¥¤®¢�â¥«ì−® ¨á¯®«ì§ã¥â ®¯à¥¤¥«¥−−ë¥ à¥áãàáë í«¥¬¥−â®¢ ƒ‚‚Š (�÷Œ,
áà¥¤áâ¢� ¤®áâã¯�, ª®¬¬ãâ�â®àë, á¥à¢¥àë ¨ ¤à.). ˆ§ â¥®à¨¨ −�¤¥¦−®áâ¨ ¨§¢¥áâ-
−® [4, 6{8], çâ® ¯à¨ ¯®á«¥¤®¢�â¥«ì−®¬ á®¥¤¨−¥−¨¨ í«¥¬¥−â®¢ à¥§ã«ìâ¨àãîé�ï
−�¤¥¦−®áâì á¨áâ¥¬ë ¡ã¤¥â −¨¦¥ −�¤¥¦−®áâ¨ ú−�¨åã¤è¥£®û á â®çª¨ §à¥−¨ï −�-
¤¥¦−®áâ¨ í«¥¬¥−â�. ‚ ¤�−−®¬ á«ãç�¥ −�¤¥¦−®áâì «î¡®© ¨§ à�áá¬®âà¥−−ëå ”�
−¥ ¬®¦¥â ¡ëâì ¢ëè¥ −�¤¥¦−®áâ¨ �÷Œ.

‘ ¤àã£®© áâ®à®−ë, ƒ‚‚Š äã−ªæ¨®−¨àã¥â ¢ ¨−â¥à¥á�å ¡®«ìè®£® ç¨á«� ¯®¤-
ª«îç¥−−ëå ª −¥¬ã ¯®«ì§®¢�â¥«¥©, ª®â®àëå ¬®¦−® à�áá¬�âà¨¢�âì ª�ª ¯�à�«-
«¥«ì−® á®¥¤¨−¥−−ë¥ í«¥¬¥−âë, ¨ á â®çª¨ §à¥−¨ï úà�¢−®¯à®ç−®áâ¨û −�¤¥¦−®áâì
ú¢ëç¨á«¨â¥«ì−®© ¨−äà�áâàãªâãàëû ƒ‚‚Š ¤®«¦−� ¡ëâì −¥ −¨¦¥ −�¤¥¦−®áâ¨
¯�à�««¥«ì−® á®¥¤¨−¥−−ëå �÷Œ (â. ¥. ¥á«¨ äã−ªæ¨®−¨àã¥â å®âï ¡ë ®¤¨− ¯®«ì§®-
¢�â¥«ì, â® ú¢ëç¨á«¨â¥«ì−�ï ¨−äà�áâàãªâãà�û â�ª¦¥ ¤®«¦−� äã−ªæ¨®−¨à®¢�âì).
÷�áç¥âë, ¯à®¢¥¤¥−−ë¥ á ¨á¯®«ì§®¢�−¨¥¬ ¢ëà�¦¥−¨ï (1), ¯®ª�§ë¢�îâ, çâ® ¯à¨
¯®¤ª«îç¥−¨¨ ª ƒ‚‚Š ®â 50 ¤® 100 ¯®«ì§®¢�â¥«¥© à¥§ã«ìâ¨àãîé�ï ¢¥à®ïâ−®áâì
®âª�§� á¨áâ¥¬ë, á®áâ®ïé¥© ¨§ n ¯�à�««¥«ì−® á®¥¤¨−¥−−ëå �÷Œ, ¨§¬¥−ï¥âáï
¢ ¯à¥¤¥«�å G∑ �÷Œ ≈ 9,3 · 10−6 . . . 8,1 · 10−6, çâ® ¢ëè¥ ¢¥à®ïâ−®áâ¨ ®âª�§�
ú¢ëç¨á«¨â¥«ì−®© ¨−äà�áâàãªâãàëû, ¨ á ¡®«ìè®© ¤®«¥© ã¢¥à¥−−®áâ¨ ¬®¦−®
ãâ¢¥à¦¤�âì, çâ® à�¢−®¯à®ç−®áâì íâ¨å ¤¢ãå á®áâ�¢−ëå ç�áâ¥© ƒ‚‚Š ¢ë¯®«−ï¥â-
áï.

�¥ª®â®à®¥ à�§«¨ç¨¥ à¥§ã«ìâ�â®¢ ®æ¥−ª¨ −�¤¥¦−®áâ¨ ¤«ï à�§«¨ç−ëå ”� ®¡ê-
ïá−ï¥âáï â¥¬, çâ® ¯à¨ ¯®áâà®¥−¨¨ íª¢¨¢�«¥−â−ëå áå¥¬ ¢ à�áç¥â¥ −� ú−�¨åã¤è¨©
á«ãç�©û ¢ à�§−ëå ¢�à¨�−â�å ¯®áâà®¥−¨ï ”� §�¤¥©áâ¢ã¥âáï à�§−®¥ ç¨á«® í«¥-
¬¥−â®¢ á¨áâ¥¬ë (á ã¢¥«¨ç¥−¨¥¬ ç¨á«� ¯®á«¥¤®¢�â¥«ì−® á®¥¤¨−¥−−ëå í«¥¬¥−â®¢
à¥§ã«ìâ¨àãîé�ï −�¤¥¦−®áâì á¨áâ¥¬ë á−¨¦�¥âáï).

Выводы

‚ áâ�âì¥ ¯à®¢¥¤¥−� ®æ¥−ª� −�¤¥¦−®áâ¨ ƒ‚‚Š ”ˆ– ˆ“ ÷�� ¯à¨ à¥è¥−¨¨
−�ãç−ëå §�¤�ç. �® à¥§ã«ìâ�â�¬ ¨áá«¥¤®¢�−¨© ¬®¦−® á¤¥«�âì á«¥¤ãîé¨¥ ¢ë¢®¤ë:

(1) ª�ª ¯®ª�§�«¨ à�áç¥âë, áà¥¤−¥¥ ¢à¥¬ï −�à�¡®âª¨ −� ®âª�§ ú¢ëç¨á«¨â¥«ì−®©
¨−äà�áâàãªâãàëû ƒ‚‚Š (≈ 15 «¥â) á®¨§¬¥à¨¬® á® áà¥¤−¨¬ áà®ª®¬ á«ã¦-
¡ë ƒ‚‚Š. �â® ®¡¥á¯¥ç¨¢�¥âáï §� áç¥â ¨á¯®«ì§®¢�−¨ï ¢ áâàãªâãà¥ ƒ‚‚Š
¢ëá®ª®−�¤¥¦−ëå í«¥¬¥−â®¢, � â�ª¦¥ §� áç¥â áâàãªâãà−®£® à¥§¥à¢¨à®¢�-
−¨ï −�¨¡®«¥¥ ¢�¦−ëå í«¥¬¥−â®¢, ãç�áâ¢ãîé¨å ¢ à¥è¥−¨¨ §�¤�ç, ¢ à¥¦¨¬¥
ú£®àïç¥£® à¥§¥à¢¨à®¢�−¨ïû;

(2) ¯à®¢¥¤¥−−�ï ®æ¥−ª� ¢¥à®ïâ−®áâ¨ ®âª�§� ú¢ëç¨á«¨â¥«ì−®© ¨−äà�áâàãªâãàëû
ƒ‚‚Š ¯®ª�§�«�, çâ® ®−� −¨¦¥ ¢¥à®ïâ−®áâ¨ ®âª�§� á®¢®ªã¯−®áâ¨ ¯®¤ª«îç�-
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¥¬ëå ª −¥© �÷Œ, ¯®íâ®¬ã á ¡®«ìè®© ¤®«¥© ã¢¥à¥−−®áâ¨ ¬®¦−® ãâ¢¥à¦¤�âì,
çâ® ¥á«¨ äã−ªæ¨®−¨àã¥â å®âï ¡ë ®¤¨− �÷Œ ¯®«ì§®¢�â¥«ï, â® ú¢ëç¨á«¨-
â¥«ì−�ï ¨−äà�áâàãªâãà�û â�ª¦¥ ¡ã¤¥â äã−ªæ¨®−¨à®¢�âì;

(3) ¯à¨ −¥®¡å®¤¨¬®áâ¨ ®¡¥á¯¥ç¨âì ¯®¢ëè¥−¨¥ −�¤¥¦−®áâ¨ ”� −�¨¡®«ìè¨©
¯à¨à®áâ ¬®¦¥â ¡ëâì ¯®«ãç¥− ¯à¨ ¯®¢ëè¥−¨¨ −�¤¥¦−®áâ¨ −�¨¬¥−¥¥ −�¤¥¦-
−ëå (ú−�¨åã¤è¨åû á â®çª¨ §à¥−¨ï −�¤¥¦−®áâ¨) í«¥¬¥−â®¢ (¢ ¤�−−®¬ á«ãç�¥
�÷Œ ¨ ‘Š‘).
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Abstract: The necessity of using hybrid solutions in creation of high-performance
computing systems is substantiated. A brief description of the hybrid high-
performance computing complex (HHPCC) of FRC CSC RAS is given and its
enlarged block diagram is presented. The paper offers the methodical approach
to estimation of reliability of HHPCC on the basis of which calculations of
reliability of the allocated functional subsystems are carried out. Separately,
reliability of the \computing infrastructure" of HHPCC (without peripheral
elements) was evaluated. Recommendations for improving reliability of functional
subsystems are given.
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МЕТОДОЛОГИЯ АННОТИРОВАНИЯ
В НАДКОРПУСНЫХ БАЗАХ ДАННЫХ

А. А. Гончаров1, О. Ю. Инькова2, М. Г. Кружков3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¬¥â®¤®«®£¨ç¥áª¨¥ ¯à¨−æ¨¯ë �−−®â¨à®¢�−¨ï
ï§ëª®¢ëå ¥¤¨−¨æ (Ÿ…) ¢ à�¬ª�å ªà®áá«¨−£¢¨áâ¨ç¥áª¨å −�¤ª®à¯ãá−ëå ¡�§
¤�−−ëå (��„). ��¤ª®à¯ãá−ë¥ ¡�§ë ¤�−−ëå ¯à¥¤áâ�¢«ïîâ á®¡®© −®¢ë© ¢¨¤
«¨−£¢¨áâ¨ç¥áª¨å ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, ¯®§¢®«ïîé¨© á®åà�−ïâì à¥-
§ã«ìâ�âë «¨−£¢¨áâ¨ç¥áª®£® �−�«¨§� ª®à¯ãá−ëå ¤�−−ëå ¢ ¢¨¤¥ �−−®â�æ¨©,
áâàãªâãà¨à®¢�−−ëå ¢ á®®â¢¥âáâ¢¨¨ á §�¤�ç�¬¨ ¨áá«¥¤®¢�−¨ï. ‚ë¤¥«ïîâ-
áï 4 ®á−®¢−ëå íâ�¯� �−−®â¨à®¢�−¨ï: ¯®¨áª ®¡ê¥ªâ®¢ ¨áá«¥¤®¢�−¨ï, ¢ë¡®à
Ÿ… (¢ ®à¨£¨−�«¥ ¨ ¢ ¯¥à¥¢®¤¥) ¨ ä®à¬¨à®¢�−¨¥ ª®−â¥ªáâ�, ¢ë¡®à ¤®¯®«−¨-
â¥«ì−ëå ¯à¨§−�ª®¢ Ÿ… (¢ ®à¨£¨−�«¥ ¨ ¢ ¯¥à¥¢®¤¥) ¨, −�ª®−¥æ, ä®à¬¨à®¢�−¨¥
¯¥à¥¢®¤−®£® á®®â¢¥âáâ¢¨ï (�‘) ¨ ¢ë¡®à ¥£® ¯à¨§−�ª®¢. ÷�áá¬�âà¨¢�¥âáï
â�ª¦¥ äã−ªæ¨®−�«ì−ë© ¯®â¥−æ¨�« ��„ ¨ ®¡®¡é�îâáï ®¯¨á�−−ë¥ à�−¥¥ ç�áâ-
−ë¥ ¬¥â®¤¨ª¨ �−−®â¨à®¢�−¨ï, −� ®á−®¢¥ ç¥£® ¤¥«�¥âáï ¢ë¢®¤ ® ¢®§¬®¦−®áâ¨
¯à¨¬¥−¥−¨ï à�§à�¡®â�−−®© ¬¥â®¤®«®£¨¨ ª ¤àã£¨¬ ®¡ê¥ªâ�¬ ¨áá«¥¤®¢�−¨ï.

Š«îç¥¢ë¥ á«®¢�: −�¤ª®à¯ãá−ë¥ ¡�§ë ¤�−−ëå; ä�á¥â−ë¥ ª«�áá¨ä¨ª�æ¨¨;
«¨−£¢¨áâ¨ç¥áª®¥ �−−®â¨à®¢�−¨¥; ¬¥â®¤®«®£¨ï �−−®â¨à®¢�−¨ï; ª®−âà�áâ¨¢−�ï
«¨−£¢¨áâ¨ª�

DOI: 10.14357/08696527190213

1 Введение

�à¨ ¯à®¢¥¤¥−¨¨ á®¢à¥¬¥−−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, ®á®¡¥−−® â¥å,
çâ® ®â−®áïâáï ª ®¡«�áâ¨ ª®−âà�áâ¨¢−®© «¨−£¢¨áâ¨ª¨, á«®¦−® ®¡®©â¨áì ¡¥§ á¯¥-
æ¨�«ì−® à�§à�¡®â�−−ëå áà¥¤áâ¢ ¨−ä®à¬�â¨ª¨. ‚ ¨å ç¨á«® ¢ ¯¥à¢ãî ®ç¥à¥¤ì
¢å®¤ïâ â¨¯®«®£¨ç¥áª¨¥ ¡�§ë ¤�−−ëå (¯®¤à®¡−¥¥ á¬. [1]) ¨ í«¥ªâà®−−ë¥ ª®à¯ãá�
â¥ªáâ®¢ [2]. �¤−�ª® ¯®¬¨¬® íâ¨å ¨−áâàã¬¥−â®¢ áãé¥áâ¢ãîâ ¨ ¤àã£¨¥, á®ç¥â�îé¨¥
¢ á¥¡¥ äã−ªæ¨¨ ¡�§ë ¤�−−ëå ¨ ª®à¯ãá� â¥ªáâ®¢. Š −¨¬ ®â−®áïâáï ��„, à�§à�¡�-
âë¢�¥¬ë¥ ¢ ˆ�ˆ ”ˆ– ˆ“ ÷�� á 2013 £. �¥à¢®© ¨§ −¨å áâ�«� ��„ £«�£®«ì−ëå
ä®à¬, ¯à¨−æ¨¯ë ¯®áâà®¥−¨ï ª®â®à®© ®¯¨á�−ë ¢ [3]. ’¥à¬¨− ú−�¤ª®à¯ãá−�ï ¡�§�
¤�−−ëåû ¢¯¥à¢ë¥ ã¯®âà¥¡«¥− ¢ 2015 £. ¢ [2] ¨ á â¥å ¯®à ¨á¯®«ì§ã¥âáï ¢ à�¡®â�å
ª�ª −� àãááª®¬, â�ª ¨ −� �−£«¨©áª®¬ ï§ëª¥ (supracorpora database).

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, a.gonch48@gmail.com

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, olyainkova@yandex.ru

3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, magnit75@yandex.ru
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��¤ª®à¯ãá−ë¥ ¡�§ë ¤�−−ëå ¯à¥¤áâ�¢«ïîâ á®¡®© ú−�¤áâà®¥−−ë©û −�¤ ª®à-
¯ãá®¬ ¨−ä®à¬�æ¨®−−ë© à¥áãàá, ¯®§¢®«ïîé¨© ¯®á«¥¤®¢�â¥«ì−® ä¨ªá¨à®¢�âì
¢ à�¬ª�å íâ®£® ª®à¯ãá� ¢á¥ ¨«¨ −¥ª®â®àë¥ ã¯®âà¥¡«¥−¨ï ¨áá«¥¤ã¥¬ëå Ÿ…,
á−�¡¦�ï ¨å ®¯¨á�−¨ï¬¨, áâàãªâãà¨à®¢�−−ë¬¨ ¢ á®®â¢¥âáâ¢¨¨ á §�¤�ç�¬¨ ¨á-
á«¥¤®¢�−¨ï, � â�ª¦¥ ¯®«ãç�âì áâ�â¨áâ¨ç¥áª¨¥ ¤�−−ë¥ ¯® «î¡ë¬ ¯�à�¬¥âà�¬,
¢ª«îç¥−−ë¬ ¢ ®¯¨á�−¨¥ ¨, è¨à¥, ¢ áâàãªâãàã ��„, ¨«¨ ¦¥ ¯® á®ç¥â�−¨ï¬ íâ¨å
¯�à�¬¥âà®¢.

�à¨−¨¬�ï ¢® ¢−¨¬�−¨¥ â®â ä�ªâ, çâ® −� á¥£®¤−ïè−¨© ¤¥−ì á®§¤�−ë ¨ −¥-
¯à¥àë¢−® á®¢¥àè¥−áâ¢ãîâáï ã¦¥ è¥áâì ��„, ®¡¥á¯¥ç¨¢�îé¨å ¢®§¬®¦−®áâì
¨áá«¥¤®¢�−¨ï Ÿ… à�§«¨ç−ëå ª�â¥£®à¨© | £«�£®«ì−ëå ä®à¬, «¨−£¢®á¯¥æ¨ä¨ç-
−®© «¥ªá¨ª¨, ª®−−¥ªâ®à®¢ (¤«ï ª®â®àëå �−�«¨§¨à®¢�«¨áì −¥ â®«ìª® ¯¥à¥¢®¤ë,
¢ë¯®«−¥−−ë¥ ç¥«®¢¥ª®¬, −® ¨ ¯¥à¥¢®¤ë, á£¥−¥à¨à®¢�−−ë¥ �¢â®¬�â¨ç¥áª¨¬ ¯¥à¥-
¢®¤ç¨ª®¬), ¡¥§«¨ç−ëå £«�£®«ì−ëå ª®−áâàãªæ¨©, ¤¨áªãàá¨¢−ëå á«®¢ ¨ −¥¬¥æª¨å
¬®¤�«ì−ëå £«�£®«®¢, ¢ ¤�−−®© áâ�âì¥ ¯à¥¤¯à¨−ïâ� ¯®¯ëâª� ®¡®¡é¨âì −�ª®¯-
«¥−−ë© ®¯ëâ ¨á¯®«ì§®¢�−¨ï ��„ ¨ ®¯¨á�âì ¬¥â®¤®«®£¨ç¥áª¨¥ ¯à¨−æ¨¯ë �−-
−®â¨à®¢�−¨ï, �ªâã�«ì−ë¥ ¤«ï á�¬ëå à�§−ëå ª�â¥£®à¨© Ÿ… [4, 5]. ‚ ª�ç¥áâ¢¥
¨««îáâà�æ¨¨ ¯®¨áª®¢ëå ¢®§¬®¦−®áâ¥© ¨ à�§«¨ç−ëå íâ�¯®¢ ®¯¨á�−−®© ¬¥â®¤®-
«®£¨¨ ¨á¯®«ì§ãîâáï ¯à¨¬¥àë ¨§ ¢á¥å ��„, ®¤−�ª® −¥ ¢á¥ ®¯¨á�−−ë¥ äã−ªæ¨¨
¡ë«¨ à¥�«¨§®¢�−ë ¢ ª�¦¤®© ¨§ ¡�§ ¢ á¨«ã ®á®¡¥−−®áâ¥© ¨áá«¥¤ã¥¬ëå Ÿ….

2 Поиск объектов для аннотирования

�−−®â¨à®¢�−¨¥ ®¡ê¥ªâ®¢ ¢ ��„ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ®áãé¥áâ¢«ï¥âáï −� ®á−®¢¥
¯�à�««¥«ì−ëå ª®à¯ãá®¢ ��æ¨®−�«ì−®£® ª®à¯ãá� àãááª®£® ï§ëª� (�Š÷Ÿ), â. ¥.
¢á¥ áãé¥áâ¢ãîé¨¥ ��„ ï¢«ïîâáï ªà®áá«¨−£¢¨áâ¨ç¥áª¨¬¨. �¡ê¥¬ ¨á¯®«ì§ã¥¬ëå
ª®à¯ãá®¢, ª�ª ¯à�¢¨«®, á«¨èª®¬ ¢¥«¨ª, çâ®¡ë ¨å ¬®¦−® ¡ë«® ¯à®á¬�âà¨¢�âì
¢àãç−ãî ¢ ¯®¨áª�å ®¡ê¥ªâ®¢, ª®â®àë¥ ¯à¥¤¯®«�£�¥âáï �−−®â¨à®¢�âì. ��¯à¨¬¥à,
àãááª®-äà�−æã§áª¨© ¯�à�««¥«ì−ë© ª®à¯ãá −�áç¨âë¢�¥â ¯®çâ¨ 4 ¬«− á«®¢®ã¯®-
âà¥¡«¥−¨© (®ª®«® 134 âëá. ¢ëà®¢−¥−−ëå ¯�à ¯à¥¤«®¦¥−¨©), −¥¬¥æª®-àãááª¨©
ª®à¯ãá | 2,6 ¬«− á«®¢®ã¯®âà¥¡«¥−¨© (®ª®«® 83 âëá. ¯�à ¯à¥¤«®¦¥−¨©). �®íâ®¬ã
¯à¥¦¤¥ ç¥¬ ¯à¨áâã¯�âì ª �−−®â¨à®¢�−¨î, −¥®¡å®¤¨¬® ®áãé¥áâ¢¨âì ®â¡®à ¯�à,
¢ ª®â®àëå ¤®«¦−ë á®¤¥à¦�âìáï ¨−â¥à¥áãîé¨¥ ¨áá«¥¤®¢�â¥«¥© Ÿ….

‚ à�¡®â�å [6, 7] à�áá¬�âà¨¢�¥âáï ¬®àä®«®£¨ç¥áª�ï à�§¬¥âª� ª®à¯ãá®¢ �Š÷Ÿ
(¢ [8] | ¯à¨¬¥−¨â¥«ì−® ª ��„), ¢ à¥§ã«ìâ�â¥ ª®â®à®© ª�¦¤®© á«®¢®ä®à¬¥
¯à¨¯¨áë¢�¥âáï «¥¬¬� (¡�§®¢�ï ä®à¬� á«®¢�) ¨ −�¡®à ¬®àä®«®£¨ç¥áª¨å å�à�ªâ¥-
à¨áâ¨ª, â�ª¨å ª�ª ç�áâ¥à¥ç−�ï ¯à¨−�¤«¥¦−®áâì, «¨æ®, ç¨á«®, ¢à¥¬ï ¨ â. ¤. �à¨
íâ®¬ ¢�¦−® ®â¬¥â¨âì, çâ® ¢ ¯�à�««¥«ì−ëå ª®à¯ãá�å �Š÷Ÿ ®¬®−¨¬¨ï ®¡ëç−® −¥
á−¨¬�¥âáï: íâ® ®§−�ç�¥â, çâ® ®¤−®© á«®¢®ä®à¬¥ ¬®¦¥â á®®â¢¥âáâ¢®¢�âì −¥áª®«ìª®
¢�à¨�−â®¢ â�ª®£® à�§¡®à�. ��¯à¨¬¥à, ¢ â¥ªáâ®¢®¬ äà�£¬¥−â¥ ú. . .«¥¦�« ãâà®¬
¢ ¯®áâ¥«¨, −� á¢®¥© ª¢�àâ¨à¥, ˆ«ìï ˆ«ì¨ç �¡«®¬®¢û á«®¢®ä®à¬¥ ¯®áâ¥«¨
¯à¨¯¨á�−® á¥¬ì ¢�à¨�−â®¢ à�§¡®à�, ¨§ ª®â®àëå ¢¥à−ë¬ ï¢«ï¥âáï â®«ìª® ®¤¨−.
�¨¦¥ ¯à¥¤áâ�¢«¥−ë âà¨ ¨§ −¨å:
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�. �. ƒ®−ç�à®¢, �. ā. ˆ−ìª®¢�, Œ. ƒ. Šàã¦ª®¢

(1) ú¯®áâ¥«ìû | áãé., ¦¥−. à®¤, −¥®¤ãè., ¬−. ç., ¨¬¥−. ¯�¤¥¦;

(2) ú¯®áâ¥«ìû | áãé., ¦¥−. à®¤, −¥®¤ãè., ¥¤. ç., ¯à¥¤«. ¯�¤¥¦;

(3) ú¯®áâ¥«¨âìû | £«�£., á®¢¥àè. ¢¨¤, ¤¥©áâ¢. §�«®£, 2 «., ¥¤. ç., ¯®¢¥«¨â.
−�ª«®−¥−¨¥.

’�ª�ï à�§¬¥âª� ¯®§¢®«ï¥â ®áãé¥áâ¢«ïâì ¯®¨áª ¯® «¥ªá¨ç¥áª¨¬ ¨ £à�¬¬�â¨ç¥-
áª¨¬ å�à�ªâ¥à¨áâ¨ª�¬ á«®¢®ä®à¬, ®¤−�ª® ¨§-§� −¥á−ïâ®© ®¬®−¨¬¨¨ ¢ à¥§ã«ìâ�â�å
¯®¨áª� ¬®£ãâ ¯à¨áãâáâ¢®¢�âì −¥à¥«¥¢�−â−ë¥ â¥ªáâ®¢ë¥ äà�£¬¥−âë (úèã¬û). �à®-
æ¥¤ãà� ¯®¨áª� −¥ ï¢«ï¥âáï ç�áâìî −¥¯®áà¥¤áâ¢¥−−® �−−®â¨à®¢�−¨ï, � ¯à¥¤¢�àï¥â
¥£®. ‚ ��„ ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥ ¢¨¤ë ¯®¨áª� ®¡ê¥ªâ®¢ �−−®â¨à®¢�−¨ï
(¢ë¡®à ª®−ªà¥â−®£® ¢¨¤� ¯®¨áª� §�¢¨á¨â ®â ®¡ê¥ªâ� ¨áá«¥¤®¢�−¨ï):

{ «¥ªá¨ç¥áª¨© ¯®¨áª ¢ â®ç−®© ä®à¬¥ ¯® ®¤−®© ¨«¨ −¥áª®«ìª¨¬ á«®¢®ä®à¬�¬
(−�¯à¨¬¥à, ¤«ï −¥¨§¬¥−ï¥¬ëå «¨−£¢®á¯¥æ¨ä¨ç−ëå ¥¤¨−¨æ, ¤¨áªãàá¨¢−ëå
á«®¢, ª®−−¥ªâ®à®¢);

{ «¥ªá¨ç¥áª¨© ¯®¨áª ¯® ®¤−®© ¨«¨ −¥áª®«ìª¨¬ «¥¬¬�¬ (−�¯à¨¬¥à, ¤«ï ¨§¬¥−ï-
¥¬®© «¨−£¢®á¯¥æ¨ä¨ç−®© «¥ªá¨ª¨, −¥¬¥æª¨å ¬®¤�«ì−ëå £«�£®«®¢);

{ £à�¬¬�â¨ç¥áª¨© ¯®¨áª (−�¯à¨¬¥à, ¤«ï ¯®¨áª� £«�£®«ì−ëå ä®à¬ ¨«¨ ¡¥§«¨ç-
−ëå £«�£®«ì−ëå ª®−áâàãªæ¨©);

{ «¥ªá¨ª®-£à�¬¬�â¨ç¥áª¨© ¯®¨áª (−�¯à¨¬¥à, ¤«ï ¯®¨áª� £«�£®«ì−ëå ä®à¬ á ¡ë,
¡ë«®, çâ®¡ë);

{ á®ç¥â�−¨¥ ¢ëè¥¯¥à¥ç¨á«¥−−ëå ¢¨¤®¢ á ¤®¯®«−¨â¥«ì−ë¬¨ äã−ªæ¨ï¬¨:

◦ ãª�§�−¨¥ à�ááâ®ï−¨ï ¬¥¦¤ã í«¥¬¥−â�¬¨ §�¯à®á�;

◦ ãç¥â ¯ã−ªâã�æ¨¨;

◦ ¨áª«îç¥−¨¥ −¥ª®â®àëå á«®¢®ä®à¬ ¨§ à¥§ã«ìâ�â®¢ ¯®¨áª� (¢ ç�áâ−®áâ¨,
¯®¤®¡−ë¥ äã−ªæ¨¨ ¨á¯®«ì§ãîâáï ¤«ï ã¬¥−ìè¥−¨ï èã¬� ¯à¨ ¯®¨áª¥ ¡¥§-
«¨ç−ëå ª®−áâàãªæ¨©).

�®¨áª ®¡ê¥ªâ®¢ �−−®â¨à®¢�−¨ï ¬®¦¥â ®áãé¥áâ¢«ïâìáï −� ®á−®¢¥ §�à�−¥¥ ¯®¤-
£®â®¢«¥−−ëå §�¯à®á®¢ ¤«ï ¨áá«¥¤ã¥¬ëå Ÿ…: ¯®«ì§®¢�â¥«ì ¢ë¡¨à�¥â −ã¦−ãî
¥¬ã Ÿ… ¨§ ä¨ªá¨à®¢�−−®£® á¯¨áª�, ¨ ¯à¨ §�¯ãáª¥ ¯®¨áª� ¢ë¯®«−ï¥âáï §�à�−¥¥
¯®¤£®â®¢«¥−−�ï ¯®¨áª®¢�ï ¯à®æ¥¤ãà�. Šà®¬¥ â®£®, ¬®¦−® ¨á¯®«ì§®¢�âì ¤àã£®©
¢¨¤ ¯®¨áª� ®¡ê¥ªâ®¢ �−−®â¨à®¢�−¨ï, ¯à¨ ª®â®à®¬ ¯®«ì§®¢�â¥«î ¤�¥âáï ¢®§¬®¦-
−®áâì á�¬®áâ®ïâ¥«ì−® á®áâ�¢¨âì §�¯à®á −� ¯®¨áª Ÿ… ¨«¨ ï§ëª®¢ëå ª®−áâàãªæ¨©,
¢ ª®â®àë¥ ®−¨ ¢å®¤ïâ. „«ï íâ®£® ¨á¯®«ì§ã¥âáï á¯¥æ¨�«ì−® à�§à�¡®â�−−ë©
ï§ëª §�¯à®á®¢, ª®â®àë© ¯®§¢®«ï¥â ®¯à¥¤¥«ïâì á®áâ�¢«ïîé¨¥ ¨áª®¬®© ï§ëª®-
¢®© ª®−áâàãªæ¨¨ ¨ ¨å ¢§�¨¬®à�á¯®«®¦¥−¨¥, á¯¥æ¨ä¨æ¨à®¢�âì ¥¤¨−¨æë, ª®â®àë¥
á«¥¤ã¥â ¨áª«îç¨âì ¨§ ¢ë¤�ç¨, ¨ â. ¤. ��¯à¨¬¥à, ¢ ��„ ª®−−¥ªâ®à®¢ §�¯à®á
−¥ {ãá¯¥âì}[1,19] ª�ª §�¤�¥â ª®−áâàãªæ¨î, ¢ ª®â®à®© −¥¯®áà¥¤áâ¢¥−−® §� ®â-
à¨æ�â¥«ì−®© ç�áâ¨æ¥© −¥ á«¥¤ã¥â £«�£®« ãá¯¥âì ¢ «î¡®© ä®à¬¥, � á«®¢® ª�ª
®âáâ®¨â ®â ãá¯¥âì −¥ ¡®«¥¥ ç¥¬ −� 19 á«®¢®ä®à¬. �¨¦¥ ¯®ª�§�−® −¥áª®«ìª®
¯à¨¬¥à®¢, ª®â®àë¥ ¡ã¤ãâ ®â®¡à�−ë ¯à¨ ¢ë¯®«−¥−¨¨ ¤�−−®£® §�¯à®á�:
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(1) ˆ«ìï ˆ«ì¨ç ãá¥«áï −� áâã«¥, ¯®¤®¡à�« ¯®¤ á¥¡ï −®£¨ ¨ −¥ ãá¯¥« §�¤ã-
¬�âìáï, ª�ª à�§¤�«áï §¢®−®ª. [ˆ. �. ƒ®−ç�à®¢. �¡«®¬®¢ (1848{1859)]

(2) �¥ ãá¯¥« ¡ã¤®ç−¨ª, §�ªàë¢è¨ ¯�«ìæ¥¬ á¢®î ¯à�¢ãî −®§¤àî, ¯®âï−ãâì
«¥¢®î ¯®«£®àáâ¨, ª�ª ¬¥àâ¢¥æ ç¨å−ã« â�ª á¨«ì−®, çâ® á®¢¥àè¥−−® §�-
¡àë§£�« ¨¬ ¢á¥¬ âà®¨¬ £«�§�. [�. ‚. ƒ®£®«ì. ˜¨−¥«ì (1842)]

(3) | ‚á¥ á¤¥«�î ¢ «ãçè¥¬ ¢¨¤¥! �£«ï−ãâìáï −¥ ãá¯¥îâ, ª�ª è�èª�
¯àë£−¥â ¢ ¤�¬ª¨! [�. ¨ ƒ. ‚�©−¥àë. �à� ¬¨«®á¥à¤¨ï (1975)]

‘®§¤�−−ë¥ ¤® á¥£®¤−ïè−¥£® ¢à¥¬¥−¨ ��„, ª�ª ¯à�¢¨«®, ¨á¯®«ì§ãîâáï ¤«ï
¨áá«¥¤®¢�−¨ï Ÿ… ®¤−®£® ï§ëª� ¢ §¥àª�«¥ ¨å ¯¥à¥¢®¤®¢ −� ¤àã£®© ï§ëª (¨«¨
ï§ëª¨). �®íâ®¬ã ¢ ¯�à�««¥«ì−ëå ª®à¯ãá�å ®¡ëç−® ¨á¯®«ì§ã¥âáï ¬®−®ï§ëç−ë©
¯®¨áª ®¡ê¥ªâ®¢ �−−®â¨à®¢�−¨ï, � â¥ªáâ −� ¢â®à®¬ ï§ëª¥ ¯à¨ ¯®¨áª¥ −¥ ãç¨âë¢�¥â-
áï, ¯®áª®«ìªã ¨áá«¥¤®¢�−¨¥ ¬−®£®®¡à�§¨ï ¢�à¨�−â®¢ ¯¥à¥¢®¤� −¥à¥¤ª® ï¢«ï¥âáï
®¤−®© ¨§ ¯®áâ�¢«¥−−ëå §�¤�ç (â�ª, ¢ [9] à�§−®®¡à�§¨¥ ¬®¤¥«¥© ¯¥à¥¢®¤� ¢ëáâã-
¯�¥â ¢ ª�ç¥áâ¢¥ ®¤−®£® ¨§ ¯�à�¬¥âà®¢ ®¯à¥¤¥«¥−¨ï áâ¥¯¥−¨ «¨−£¢®á¯¥æ¨ä¨ç−®áâ¨
ª®−−¥ªâ®à®¢). �¤−�ª® ¨−®£¤� ã ¨áá«¥¤®¢�â¥«¥© ¢®§−¨ª�¥â ¯®âà¥¡−®áâì ¯®¤à®¡-
−¥¥ à�áá¬®âà¥âì ®¯à¥¤¥«¥−−ë¥ ¢�à¨�−âë ¯¥à¥¢®¤� ¤«ï −¥ª®â®à®© Ÿ…. ‚ á¢ï§¨
á íâ¨¬ ��„ â�ª¦¥ ¯®¤¤¥à¦¨¢�¥â ¢®§¬®¦−®áâì ¯à¨ ¯®¨áª¥ ®¡ê¥ªâ®¢ �−−®â¨à®-
¢�−¨ï §�¤�¢�âì ªà¨â¥à¨¨ ¯®¨áª� ®¤−®¢à¥¬¥−−® ¤«ï ï§ëª� ®à¨£¨−�«� ¨ ï§ëª�
¯¥à¥¢®¤�. ��¯à¨¬¥à, ¥á«¨ ¯®«ì§®¢�â¥«ì å®ç¥â ¨áá«¥¤®¢�âì ®¯à¥¤¥«¥−−ãî ¬®-
¤¥«ì ¯¥à¥¢®¤�, â® ®− ¬®¦¥â, §�¤�¢ á®®â¢¥âáâ¢ãîé¨¥ §�¯à®áë ¤«ï ¤¢ãå ï§ëª®¢,
®â®¡à�âì ¢á¥ ¢ëà®¢−¥−−ë¥ ¯�àë, ¢ ª®â®àëå, −�¯à¨¬¥à, ¢ àãááª®© ç�áâ¨ ¢áâà¥ç�-
¥âáï å®âï, � ¢® äà�−æã§áª®© | malgr‚e, çâ®¡ë §�â¥¬ �−−®â¨à®¢�âì ¯®¤å®¤ïé¨¥
ã¯®âà¥¡«¥−¨ï.

ˆ−®£¤� ¢áâ�¥â §�¤�ç� ¢ëï¢«¥−¨ï ú−¥áâ�−¤�àâ−ëåû ¬®¤¥«¥© ¯¥à¥¢®¤� ¤«ï
−¥ª®â®àëå Ÿ…. —â®¡ë ¡ë«® «¥£ç¥ ®¡−�àã¦¨âì â�ª¨¥ ¬®¤¥«¨ ¯¥à¥¢®¤�, ¯à¨ ¯®¨áª¥
®¡ê¥ªâ®¢ �−−®â¨à®¢�−¨ï ¯à¥¤ãá¬®âà¥−� ¢®§¬®¦−®áâì ®âá¥ïâì ¢ëà®¢−¥−−ë¥ ¯�àë,
¢ ¯¥à¥¢®¤−®© ç�áâ¨ ª®â®àëå á®¤¥à¦�âáï ®¯à¥¤¥«¥−−ë¥ «¥ªá¨ç¥áª¨¥ ¥¤¨−¨æë.
��¯à¨¬¥à, ¥á«¨ ¢ ¡�§¥ ¤�−−ëå −¥¬¥æª¨å ¬®¤�«ì−ëå £«�£®«®¢ §�¤�âì ¯®¨áª
¯® «¥¬¬¥ {wollen}, ¡ã¤¥â −�©¤¥−� 3541 ¯�à� á ª�ª®©-«¨¡® ¨§ ä®à¬ ¤�−−®£®
£«�£®«�. …á«¨ ¦¥ ¯à¨ íâ®¬ ¢ áâà®ªã ¯®¨áª� ¯® àãááª®© ç�áâ¨ ¢¢¥áâ¨ §−�ç¥−¨¥
-{å®â¥âì,¦¥«�âì}, â® ¨§ à¥§ã«ìâ�â®¢ ¯®¨áª� ¡ã¤ãâ ¨áª«îç¥−ë ¯�àë, á®¤¥à¦�é¨¥
á«®¢®ä®à¬ë íâ¨å £«�£®«®¢, ¨ ®áâ�−¥âáï 2105 ¯�à, ã¤®¢«¥â¢®àïîé¨å §�¤�−−ë¬
ãá«®¢¨ï¬. ’�ª¨¬ ®¡à�§®¬, ¨§ ¯¥à¢®−�ç�«ì−ëå à¥§ã«ìâ�â®¢ ¯®¨áª� ¨áª«îç�¥âáï
¡®«¥¥ 40% ¯�à, ¨««îáâà¨àãîé¨å áâ�−¤�àâ−ë¥ ¬®¤¥«¨ ¯¥à¥¢®¤�, çâ® §−�ç¨â¥«ì−®
®¡«¥£ç�¥â ¨ ãáª®àï¥â ¯à®æ¥áá ¨áá«¥¤®¢�−¨ï.

�à¥¤áâ�¢«¥−−ë¥ ¢ëè¥ ¢¨¤ë ¯®¨áª� ®¡ê¥ªâ®¢ �−−®â¨à®¢�−¨ï à¥§î¬¨àãîâáï
−� à¨á. 1.

��ª®−¥æ, ®â¬¥â¨¬, çâ® ��„ ¯®§¢®«ï¥â ®áãé¥áâ¢«ïâì ¯®¨áª ®¡ê¥ªâ®¢ �−−®-
â¨à®¢�−¨ï ª�ª ¯® ¢á¥¬ã ª®à¯ãáã, â�ª ¨ ¢ ®â¤¥«ì−ëå ¯à®¨§¢¥¤¥−¨ïå. …á«¨ ¯®¨áª
®áãé¥áâ¢«ï¥âáï ¯® ¢á¥¬ã ª®à¯ãáã, ®á®¡¥−−® ª®£¤� à¥çì ¨¤¥â ® ¢ëá®ª®ç�áâ®â−ëå
¥¤¨−¨æ�å, â® −¥®¡å®¤¨¬® à�¢−®¬¥à−® ®â¡¨à�âì ®¡ê¥ªâë �−−®â¨à®¢�−¨ï ¨§ à�§-
«¨ç−ëå â¥ªáâ®¢, ¢å®¤ïé¨å ¢ ª®à¯ãá, çâ®¡ë ã¬¥−ìè¨âì ¢«¨ï−¨¥ ¨−¤¨¢¨¤ã�«ì−ëå
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÷¨á. 1 ‚¨¤ë ¯®¨áª� ®¡ê¥ªâ®¢ �−−®â¨à®¢�−¨ï

®á®¡¥−−®áâ¥© â®£® ¨«¨ ¨−®£® â¥ªáâ� −� ®¡é¨¥ à¥§ã«ìâ�âë �−�«¨§� (® ¢�¦−®áâ¨
íâ®£® ä�ªâ®à� á¬., −�¯à¨¬¥à, [10, á. 13{15]). ‚ á¢ï§¨ á íâ¨¬ −� áâà�−¨æ¥ ¯®¨áª�
à¥�«¨§®¢�−� äã−ªæ¨ï, ¯®§¢®«ïîé�ï ¢ë¢®¤¨âì −�©¤¥−−ë¥ ®¡ê¥ªâë �−−®â¨à®¢�-
−¨ï ¨ ¨å ª®−â¥ªáâë ¢ á«ãç�©−®¬ ¯®àï¤ª¥ ¢¬¥áâ® ¯®àï¤ª�, ¨á¯®«ì§ã¥¬®£® ¯®
ã¬®«ç�−¨î, ¯à¨ ª®â®à®¬ ª®−â¥ªáâë á£àã¯¯¨à®¢�−ë ¯® ¯à®¨§¢¥¤¥−¨ï¬.

3 Выбор языковой единицы и формирование контекста

�®á«¥ â®£® ª�ª ¯à¨ ¯®¬®é¨ ¨−áâàã¬¥−â®¢ ¯®¨áª� ¡ë«¨ ®â®¡à�−ë −ã¦−ë¥
¤«ï ¨áá«¥¤®¢�−¨ï ®¡ê¥ªâë, ¬®¦−® ¯à¨áâã¯�âì −¥¯®áà¥¤áâ¢¥−−® ª ¯®á«¥¤®¢�-
â¥«ì−®¬ã ä®à¬¨à®¢�−¨î �−−®â�æ¨©. ‚ ¤�−−®¬ à�§¤¥«¥ ¡ã¤ãâ à�áá¬®âà¥−ë ¤¢�
â¥á−® á¢ï§�−−ëå ¤àã£ á ¤àã£®¬ íâ�¯� �−−®â¨à®¢�−¨ï: ¢ë¡®à �−−®â¨àã¥¬®© Ÿ…
¨ ä®à¬¨à®¢�−¨¥ ¥¥ ª®−â¥ªáâ�. ‚ ª�ç¥áâ¢¥ ®â¯à�¢−®© ¢®§ì¬¥¬ á¨âã�æ¨î, ª®£¤�,
¢®-¯¥à¢ëå, ¤«ï �−�«¨§� äã−ªæ¨®−¨à®¢�−¨ï ¢ë¡à�−−®© Ÿ… −¥ −ã¦−® ¢ëå®¤¨âì §�
à�¬ª¨ â®© ¯�àë, ¢ ª®â®à®© íâ� Ÿ… á®¤¥à¦¨âáï, ¨, ¢®-¢â®àëå, ª®£¤� �−−®â¨àã¥¬�ï
Ÿ… ï¢«ï¥âáï ®¤−®á«®¢−®©. ‚ â�ª¨å á«ãç�ïå ª®−â¥ªáâ ¢ë¡à�−−®© ¯�àë −¥ −ã¦¤�-
¥âáï ¢ à�áè¨à¥−¨¨, � ¤«ï ª«�áá¨ä¨ª�æ¨¨ ¬®¦¥â ¡ëâì ¢ë¡à�−� −�ç�«ì−�ï ä®à¬�
á«®¢� (−�¯à¨¬¥à, áãé¥áâ¢¨â¥«ì−®¥ ¢ ¨¬¥−¨â¥«ì−®¬ ¯�¤¥¦¥ ¥¤¨−áâ¢¥−−®£® ç¨á«�,
£«�£®« ¢ ¨−ä¨−¨â¨¢¥ ¨ â. ¯.). �¤−�ª® ¯®¤®¡−ë¥ á¨âã�æ¨¨ ¯à¥¤áâ�¢«ïîâ á®¡®©
«¨èì ®¤¨− ¨§ ¢®§¬®¦−ëå ¢�à¨�−â®¢, ¯®áª®«ìªã −� ¤�−−®¬ íâ�¯¥ ¨áá«¥¤®¢�â¥«¨
áâ�«ª¨¢�îâáï á ¤¢ã¬ï ®á−®¢−ë¬¨ á«®¦−®áâï¬¨. �¥à¢�ï ¨§ −¨å §�ª«îç�¥âáï
¢ â®¬, çâ® ª®−â¥ªáâ ¢ë¡à�−−®© ¯�àë ¬®¦¥â ®ª�§�âìáï á«¨èª®¬ ã§ª¨¬ ¤«ï �−�«¨§�
¢ë¡à�−−®© Ÿ…. ‚â®à�ï ¦¥ á«®¦−®áâì ¢®§−¨ª�¥â ¨§-§� â®£®, çâ® ª ¨áá«¥¤ã¥¬®©
ª�â¥£®à¨¨ Ÿ… ¬®£ãâ ®â−®á¨âìáï ¥¤¨−¨æë, ¨¬¥îé¨¥ à�§−ãî áâàãªâãàã (−�¯à¨¬¥à,
−¥®¤−®á«®¢−ë¥ ¨«¨ ¨¬¥îé¨¥ àï¤ ¢�à¨�−â®¢).
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Œ¥â®¤®«®£¨ï �−−®â¨à®¢�−¨ï ¢ −�¤ª®à¯ãá−ëå ¡�§�å ¤�−−ëå

—â® ª�á�¥âáï ¯¥à¢®© á«®¦−®áâ¨, â® ¢ ��„ ¯à¥¤ãá¬®âà¥−� ¢®§¬®¦−®áâì §�¯¨á¨
à�áè¨à¥−−®£® ª®−â¥ªáâ�. ‚ [8] ¡ë« ®¯¨á�− ¬¥å�−¨§¬ à�áè¨à¥−¨ï ª®−â¥ªáâ�
¯ãâ¥¬ ®¡ê¥¤¨−¥−¨ï ¤¢ãå ¨ ¡®«¥¥ ¯�à. ‘«¥¤ã¥â, ¢¯à®ç¥¬, ®â¬¥â¨âì, çâ® ¯à¨
íâ®¬ −¥®¡ï§�â¥«ì−® ®à¨¥−â¨à®¢�âìáï −� ¯®«−ë¥ â¥ªáâ®¢ë¥ äà�£¬¥−âë, ª®â®àë¥
á®¤¥à¦�âáï ¢ ª�¦¤®© ¨§ ¯�à. ˆáá«¥¤®¢�â¥«ì ¨¬¥¥â ¢®§¬®¦−®áâì ¢ë¡à�âì «¨èì â¥
ç�áâ¨ â¥ªáâ� (¢ à�¬ª�å ª�ª ®¤−®© ¢ë¡à�−−®© ¯�àë, â�ª ¨ á®á¥¤−¨å ¯�à), ª®â®àë¥
−¥®¡å®¤¨¬ë ¨ ¤®áâ�â®ç−ë ¤«ï ¯®«−®£® ¯à¥¤áâ�¢«¥−¨ï äã−ªæ¨®−¨à®¢�−¨ï Ÿ….
�à®¯ãáª ç�áâ¥© â¥ªáâ� ®â¬¥ç�¥âáï ¢ §�¯¨á�−−ëå ª®−â¥ªáâ�å ¯à¨ ¯®¬®é¨ §−�ª�
ú[. . .]û, ª�ª íâ® ¤¥«�¥âáï ¯à¨ ®¡ëç−®¬ æ¨â¨à®¢�−¨¨.

‚â®à�ï á«®¦−®áâì á¢®¤¨âáï ª â®¬ã, çâ® ª�ª ¯à¨−æ¨¯ë ª«�áá¨ä¨ª�æ¨¨ �−-
−®â¨àã¥¬ëå Ÿ…, â�ª ¨ ¯à¨−æ¨¯ë ¢ë¡®à� ¡�§®¢ëå ä®à¬ íâ¨å ¥¤¨−¨æ ¬®£ãâ
à�§−¨âìáï. ˆáá«¥¤ã¥¬�ï Ÿ… á¯®á®¡−� ¢ëå®¤¨âì §� ¯à¥¤¥«ë ®àä®£à�ä¨ç¥áª®-
£® á«®¢� (¢ á®®â¢¥âáâ¢¨¨ á £à�ä¨ç¥áª¨¬ ªà¨â¥à¨¥¬ ¢ë¤¥«¥−¨ï á«®¢� ¯®¤ íâ¨¬
â¥à¬¨−®¬ ¯®−¨¬�¥âáï á«®¢®, ®â¤¥«¥−−®¥ ®â á®á¥¤−¨å ¯à®¡¥«�¬¨), ª®â®à®¥ −¥ ¢á¥-
£¤� ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª á�¬®áâ®ïâ¥«ì−ë© ®¡ê¥ªâ ¨áá«¥¤®¢�−¨ï. ˆ−®£¤�
¯à¨å®¤¨âáï ¨¬¥âì ¤¥«® −¥ ¯à®áâ® á ¯®á«¥¤®¢�â¥«ì−®áâï¬¨ á«®¢ ¢ ä¨ªá¨à®¢�−−®©
ä®à¬¥ (−�¯à¨¬¥à, ú¢ â® ¦¥ ¢à¥¬ïû), −® ¨ á ¯®á«¥¤®¢�â¥«ì−®áâï¬¨, ¤®¯ãáª�-
îé¨¬¨ ¢�àì¨à®¢�−¨¥ ä®à¬ë ¢å®¤ïé¨å ¢ −¨å á«®¢ (−�¯à¨¬¥à, úª�ª®© (ª�ª�ï,
ª�ª®¥, ª�ª¨¥. . .) ¡ë â® −¨ ¡ë«®û) ¨«¨ ä�ªã«ìâ�â¨¢−®áâì −¥ª®â®àëå í«¥¬¥−â®¢
(−�¯à¨¬¥à, ú(−ã) ª�ª ¦¥û, úª�ª (íâ®) −¨ áâà�−−®û), � â�ª¦¥ á ¥¤¨−¨æ�¬¨, ç�áâ¨
ª®â®àëå ¬®£ãâ à�á¯®«�£�âìáï −� ã¤�«¥−¨¨ ¤àã£ ®â ¤àã£� (−�¯à¨¬¥à, úª�ª. . .
â�ª ¨û). ’�ª¨¥ Ÿ… ¬®£ãâ ®¯à¥¤¥«ïâìáï ª�ª úá®ç¥â�−¨ï, íª¢¨¢�«¥−â−ë¥ á«®¢ãû,
¨ ¯à¥¤áâ�¢«ïîâ á®¡®© ®¡ê¥ªâ á�¬®áâ®ïâ¥«ì−ëå à�¡®â ¯® «¥ªá¨ª®£à�ä¨¨ [11], £¤¥,
−¥á¬®âàï −� ®à¨¥−â¨à®¢�−−®áâì ¨¬¥−−® −� íâ®â â¨¯ ¥¤¨−¨æ, ¢ à�¬ª�å �«ä�¢¨â-
−®£® ¯¥à¥ç¨á«¥−¨ï ¯à®¡«¥¬� ¢�à¨�â¨¢−®áâ¨ ¥¤¨−¨æë ¨ ¢ë¡®à� ¥¥ ¡�§®¢®© ä®à¬ë
¢áâ�¥â ®á®¡¥−−® ®áâà®.

��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå ¯®§¢®«ï¥â à¥è¨âì íâã ¯à®¡«¥¬ã §� áç¥â ®â−¥á¥−¨ï
−¥®¤−®á«®¢−ëå Ÿ… ¢ ¯à®æ¥áá¥ ª«�áá¨ä¨ª�æ¨¨ ª −¥áª®«ìª¨¬ ª«�áâ¥à�¬ ®¤−®¢à¥-
¬¥−−®. �â® ®§−�ç�¥â, çâ® ¯à¨ ¯®¯®«−¥−¨¨ á¯¨áª� Ÿ… −¥â −¥®¡å®¤¨¬®áâ¨ ¢ë¡¨à�âì
ª�ªãî ¡ë â® −¨ ¡ë«® ú®á−®¢−ãîû ä®à¬ã ¤«ï ª�¦¤®© −®¢®© ®¡−�àã¦¥−−®© −¥®¤−®-
á«®¢−®© ¥¤¨−¨æë. ’�ª, ¢ ��„ ª®−−¥ªâ®à®¢ Ÿ… ú¤� ¥é¥ ¨û ®â−¥á¥−� ª 5 ª«�áâ¥à�¬:
ú¬−®£®í«¥¬¥−â−ë¥û (ª®−−¥ªâ®àë, á®áâ®ïé¨¥ ¨§ −¥áª®«ìª¨å á«®¢), ú¤�û, ú¤� ¨û,
ú¨û, ú¥é¥û. ’�ª¨¬ ®¡à�§®¬, ¡«�£®¤�àï á¨áâ¥¬¥ ¯¥à¥ªà¥áâ−ëå ª«�áâ¥à®¢ ¢®¯à®á
®¡ ®á−®¢−®© ä®à¬¥ ®ª�§ë¢�¥âáï −¥à¥«¥¢�−â−ë¬ ¯à¨ �−−®â¨à®¢�−¨¨, ¢ â® ¢à¥¬ï
ª�ª ¢−ãâà¥−−ïï áâàãªâãà� ¥¤¨−¨æë á−�¡¦�¥âáï áâàãªâãà¨à®¢�−−ë¬ ®¯¨á�−¨¥¬.
�®«¥¥ â®£®, ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï ¯¥à¥ªà¥áâ−ëå ª«�áâ¥à®¢ ¢ à�¬ª�å ��„
¤«ï ®¯¨á�−¨ï à�§«¨ç−ëå ª�â¥£®à¨© Ÿ… ¯®§¢®«ï¥â ¨áá«¥¤®¢�âì â¥ ¥¤¨−¨æë, ¯à¨−-
æ¨¯ë ®¯¨á�−¨ï ª®â®àëå −ã¦¤�îâáï ¢ ãâ®ç−¥−¨¨ ¨«¨ −¥ ¡ë«¨ à�§à�¡®â�−ë à�−¥¥,
� â�ª¦¥ ¯à®¨§¢®¤¨âì �−−®â¨à®¢�−¨¥ ç�áâ¥© −¥®¤−®á«®¢−ëå Ÿ… (−�¯à¨¬¥à, ª®−-
−¥ªâ®à®¢, ¤«ï �−−®â¨à®¢�−¨ï ç�áâ¥© ª®â®àëå ¬®£ãâ ¨á¯®«ì§®¢�âìáï à�§«¨ç−ë¥
ª�â¥£®à¨¨ ¤¢ãï§ëç−ëå ª®àâ¥¦¥©, ¯®¤à®¡−® ®¯¨á�−−ë¥ ¢ [12]).

�®¬¨¬® §�¯¨á¨ ª®−â¥ªáâ� ®¡ê¥ªâ� �−−®â¨à®¢�−¨ï ¨ ¢ë¡®à� Ÿ… −� ¤�−−®¬
íâ�¯¥ �−−®â¨à®¢�−¨ï ¨á¯®«ì§ã¥âáï èà¨äâ®¢®¥ ®ä®à¬«¥−¨¥. ’�ª, ¨áá«¥¤ã¥¬�ï
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¥¤¨−¨æ�, ª�ª ¯à�¢¨«®, ¢ë¤¥«ï¥âáï ¯®«ã¦¨à−ë¬ èà¨äâ®¬, � äã−ªæ¨®−�«ì−® §−�-
ç¨¬ë¥ á«®¢� (−¥¯®áà¥¤áâ¢¥−−® ¢«¨ïîé¨¥ −� äã−ªæ¨®−¨à®¢�−¨¥ ¨áá«¥¤ã¥¬®© Ÿ…,
−�¯à¨¬¥à ú¨¬¥−−® ¯®â®¬ã, çâ®û ¤«ï ª®−−¥ªâ®à� ú¯®â®¬ã, çâ®û) | ªãàá¨¢®¬.

4 Выбор дополнительных признаков

�®á«¥ â®£® ª�ª ¡ë« §�¯¨á�− −¥®¡å®¤¨¬ë© ª®−â¥ªáâ, ¢ë¡à�−� ¨áá«¥¤ã¥¬�ï Ÿ…
¨ á ¯®¬®éìî èà¨äâ®¢ ¢ë¤¥«¥−ë ®á−®¢−ë¥ ¨ äã−ªæ¨®−�«ì−®-§−�ç¨¬ë¥ í«¥¬¥−âë
ª®−â¥ªáâ�, ¢ë¡¨à�îâáï ¤®¯®«−¨â¥«ì−ë¥ ¯à¨§−�ª¨ Ÿ…. ‚�¦−®, çâ® ¢ ¨å ç¨á«®
¢å®¤ïâ ¯à¨§−�ª¨, å�à�ªâ¥à¨§ãîé¨¥ ¢ë¡à�−−ãî Ÿ… ¨¬¥−−® ¢ ¤�−−®¬ ª®−â¥ªáâ¥
(−¥ §�¢¨áïé¨¥ ®â ª®−â¥ªáâ� å�à�ªâ¥à¨áâ¨ª¨ ®â−®áïâáï ª áâàãªâãà¥ Ÿ… ¨ ®¯¨á�−ë
¢ëè¥).

Š�ª ¯à�¢¨«®, «¨−£¢¨áâë ¯à¨ ®¯¨á�−¨¨ ¨á¯®«ì§ãîâ −¥®¤−®à®¤−ë¥ ¯�à�¬¥â-
àë, ª®â®àë¥ ¬®£ãâ ¡ëâì á£àã¯¯¨à®¢�−ë ¢ ®â¤¥«ì−ë¥ úª«�áâ¥àë ¤®¯®«−¨â¥«ì−ëå
¯à¨§−�ª®¢û. ‚áï á®¢®ªã¯−®áâì â�ª¨å ª«�áâ¥à®¢ ¯à¥¤áâ�¢«ï¥â á®¡®© ä�á¥â−ãî
ª«�áá¨ä¨ª�æ¨î [13], £¤¥ ª«�áâ¥àë ¬®¦−® à�áá¬�âà¨¢�âì ª�ª ä�á¥âë, � ¤®¯®«-
−¨â¥«ì−ë¥ ¯à¨§−�ª¨ | ª�ª àã¡à¨ª¨ ä�á¥â®¢. �â® ¤�¥â ¢®§¬®¦−®áâì ¯®«ãç�âì
¨−ä®à¬�æ¨î ® äã−ªæ¨®−¨à®¢�−¨¨ Ÿ… §� áç¥â à�§«¨ç−ëå ª®¬¡¨−�æ¨© à�§−®à®¤-
−ëå à¥«¥¢�−â−ëå ¯à¨§−�ª®¢. Š ¯à¨¬¥àã, ¤«ï ª®−−¥ªâ®à®¢ ¢ë¤¥«ïîâáï ª«�á-
â¥àë ¯à¨§−�ª®¢, ¯®§¢®«ïîé¨¥ ä¨ªá¨à®¢�âì «®£¨ª®-á¥¬�−â¨ç¥áª¨¥ ®â−®è¥−¨ï,
¢ëà�¦�¥¬ë¥ ª®−−¥ªâ®à®¬, á¨−â�ªá¨ç¥áªãî áâàãªâãàã ¢¢®¤¨¬®£® ª®−−¥ªâ®à®¬
äà�£¬¥−â� â¥ªáâ�, ¯®§¨æ¨î ª®−−¥ªâ®à� ¢ íâ®¬ äà�£¬¥−â¥, ¯®àï¤®ª á«¥¤®¢�−¨ï
á¢ï§ë¢�¥¬ëå ª®−−¥ªâ®à®¬ äà�£¬¥−â®¢ â¥ªáâ� ¨ â. ¤. (¯®¤à®¡−¥¥ á¬. [9]). „«ï −¥-
¬¥æª¨å ¬®¤�«ì−ëå £«�£®«®¢ �−−®â¨àãîâáï §−�ç¥−¨¥ £«�£®«�, ¥£® £à�¬¬�â¨ç¥áª�ï
ä®à¬�, å�à�ªâ¥à¨áâ¨ª¨ ¯à¥¤«®¦¥−¨ï, ¢ ª®â®à®¬ ®− ã¯®âà¥¡«¥−, ¨ â. ¤.

’�ª¨¬ ®¡à�§®¬, ä�á¥â−�ï ª«�áá¨ä¨ª�æ¨ï ¬®¦¥â ¯à¨¬¥−ïâìáï ¤«ï �−−®â¨à®-
¢�−¨ï Ÿ… à�§−ëå ª�â¥£®à¨©. �®«¥¥ â®£®, ¯à¨¬¥−¥−¨¥ ä�á¥â−®© ª«�áá¨ä¨ª�æ¨¨
¢ à�¬ª�å ��„ ®¡¥á¯¥ç¨¢�¥â ¤¢� ®á−®¢−ëå ¢�à¨�−â� à�¡®âë á â¨¯®«®£¨ï¬¨.
‚®-¯¥à¢ëå, ®−® ¯®§¢®«ï¥â ¯à®¢¥à¨âì −¥ª®â®àãî ã¦¥ áãé¥áâ¢ãîéãî â¨¯®«®£¨î
(−�¯à¨¬¥à, ª«�áá¨ä¨ª�æ¨î «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨©, ¯¥à¥ç¥−ì á«®¢�à-
−ëå §−�ç¥−¨© ¬®¤�«ì−ëå £«�£®«®¢), ¢ëï¢¨âì ¢ −¥© «�ªã−ë ¨«¨ ¨−ë¥ −¥¤®áâ�âª¨
¨ ãá®¢¥àè¥−áâ¢®¢�âì â�ª¨¬ ®¡à�§®¬ íâã â¨¯®«®£¨î. ‚®-¢â®àëå, â¨¯®«®£¨ï ¬®¦¥â
¡ëâì à�§à�¡®â�−� á −ã«ï ¢ ¯à®æ¥áá¥ à�¡®âë á ï§ëª®¢ë¬ ¬�â¥à¨�«®¬ (−�¯à¨¬¥à,
¨¬¥−−® â�ª ¡ë« á®§¤�− ®¯¨á�−−ë© ¢ [14,15] ä�á¥â, ¯®§¢®«ïîé¨© àã¡à¨æ¨à®¢�âì
®è¨¡ª¨ ¬�è¨−−®£® ¯¥à¥¢®¤�).

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¨ ¢−ãâà¨ ®¤−®£® ª«�áâ¥à� ¯à¨§−�ª¨ ¬®£ãâ ª«�áá¨-
ä¨æ¨à®¢�âìáï á ¨á¯®«ì§®¢�−¨¥¬ ¯¥à¥ªà¥áâ−ëå ª«�áâ¥à®¢ â�ª ¦¥, ª�ª íâ® ¡ë«®
®¯¨á�−® ¢ëè¥ ¯à¨¬¥−¨â¥«ì−® ª Ÿ…. ��¯à¨¬¥à, ¢ ��„ ª®−−¥ªâ®à®¢ «®£¨ª®-
á¥¬�−â¨ç¥áª®¥ ®â−®è¥−¨¥ ¯à¨ç¨−ë, ãáâ�−�¢«¨¢�¥¬®¥ −� ãà®¢−¥ ¢ëáª�§ë¢�−¨ï,
¢−ãâà¨ ª«�áâ¥à� ú®â−®è¥−¨ïû á«¥¤ã¥â ®â−®á¨âì ª ª«�áâ¥à�¬ ú¯à¨ç¨−�û ¨ úãà®-
¢¥−ì ¢ëáª�§ë¢�−¨ïû ®¤−®¢à¥¬¥−−®. ‚á¥ íâ® ¤¥«�¥â ¢®§¬®¦−ë¬ ¤¥â�«ì−®¥ ¬−®£®-
ãà®¢−¥¢®¥ ®¯¨á�−¨¥ à�§−®®¡à�§−ëå Ÿ… ¨ ®¡¥á¯¥ç¨¢�¥â ã¤®¡áâ¢® �−�«¨â¨ç¥áª®©
à�¡®âë á ¬�â¥à¨�«®¬ ã¦¥ ¯®á«¥ �−−®â¨à®¢�−¨ï.
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5 Формирование переводных соответствий и выбор их признаков

Š�ª ®â¬¥ç�«®áì ¢ëè¥, áãé¥áâ¢ãîé¨¥ ��„, ª�ª ¯à�¢¨«®, ¨á¯®«ì§ãîâáï
¤«ï ¨áá«¥¤®¢�−¨ï Ÿ… −¥ª®â®à®£® ï§ëª� ¢ §¥àª�«¥ ¨å ¯¥à¥¢®¤®¢ −� −¥ª®â®àë©
úà¥ä¥à¥−â−ë©û ï§ëª1 (¨«¨ ï§ëª¨). �®íâ®¬ã ¯®á«¥ ä®à¬¨à®¢�−¨ï �−−®â�æ¨¨
ã¯®âà¥¡«¥−¨ï ¨áá«¥¤ã¥¬®© Ÿ… â�ª¦¥ ä®à¬¨àã¥âáï �−−®â�æ¨ï á®®â¢¥âáâ¢ãîé¥-
£® äà�£¬¥−â� ¯¥à¥¢®¤�, á®¤¥à¦�é¥£® −¥ª®â®àãî Ÿ… −� à¥ä¥à¥−â−®¬ ï§ëª¥,
ª®â®à�ï ¢ ¤�−−®¬ ª®−â¥ªáâ¥ ¯à¨§−�¥âáï á®®â¢¥âáâ¢¨¥¬ ¨«¨ íª¢¨¢�«¥−â®¬ ¨áå®¤-
−®© Ÿ….

�−−®â¨à®¢�−¨¥ Ÿ… −� à¥ä¥à¥−â−®¬ ï§ëª¥ ¢ æ¥«®¬ ®áãé¥áâ¢«ï¥âáï ¯® â®©
¦¥ áå¥¬¥, çâ® ¨ �−−®â¨à®¢�−¨¥ ¨áå®¤−®© ¥¤¨−¨æë (á¬. à�§¤. 3 ¨ 4), å®âï
¯à¨áãâáâ¢ãîâ ¨ −¥ª®â®àë¥ ®â«¨ç¨ï, á¢ï§�−−ë¥, £«�¢−ë¬ ®¡à�§®¬, á â¥¬, çâ®
Ÿ… à¥ä¥à¥−â−®£® ï§ëª�, á®®â¢¥âáâ¢ãîé¨¥ ¨áá«¥¤ã¥¬ë¬ Ÿ… ¨áå®¤−®£® ï§ëª�,
¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ à�§−®à®¤−ë. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¬®¦−® ¯à¨¢¥áâ¨ ��„
−¥¬¥æª¨å ¬®¤�«ì−ëå £«�£®«®¢, ®¯¨á�−−ãî ¢ [19].

�á−®¢−ë¬ ¨−ä®à¬�æ¨®−−ë¬ ®¡ê¥ªâ®¬ ªà®áá«¨−£¢¨áâ¨ç¥áª®© ��„ ï¢«ï¥âáï
�−−®â�æ¨ï �‘, ª®â®à�ï ®¡ê¥¤¨−ï¥â ¢ á¥¡¥ ¤¢¥ ¬®−®ï§ëç−ëå �−−®â�æ¨¨: �−-
−®â�æ¨î ã¯®âà¥¡«¥−¨ï ¨áå®¤−®© Ÿ… ¨ �−−®â�æ¨î á®®â¢¥âáâ¢ãîé¥© ¥© Ÿ… −�
à¥ä¥à¥−â−®¬ ï§ëª¥. Š®«¨ç¥áâ¢¥−−ë© ¨ ª�ç¥áâ¢¥−−ë© �−�«¨§ �−−®â�æ¨© �‘
¯®§¢®«ï¥â ¨áá«¥¤®¢�â¥«ï¬ ä®à¬ã«¨à®¢�âì ¨ ¯à®¢¥àïâì £¨¯®â¥§ë, ¢ëï¢«ïâì ¨ §�-
¯®«−ïâì «�ªã−ë ¢ á¨áâ¥¬¥ «¨−£¢¨áâ¨ç¥áª¨å §−�−¨©.

‚�¦−® ®â¬¥â¨âì, çâ® �−−®â�æ¨¨ �‘, ¢ á¢®î ®ç¥à¥¤ì, â�ª¦¥ ¬®£ãâ á®¯à®¢®¦-
¤�âìáï ¯à¨§−�ª�¬¨, ª®â®àë¥ å�à�ªâ¥à¨§ãîâ �‘ ¢ æ¥«®¬ ¨ −¥ à¥«¥¢�−â−ë ¤«ï
�−−®â�æ¨© Ÿ…, ¢å®¤ïé¨å ¢ á®áâ�¢ �‘. ��¯à¨¬¥à, ¯à¨§−�ª¨ �‘ ¬®£ãâ ¨¬¥âì
®â−®è¥−¨¥ ª âà�−áä®à¬�æ¨ï¬, á®¢¥àè¥−−ë¬ ¢ ¯à®æ¥áá¥ ¯¥à¥¢®¤� (¯¥à¥äà�§¨à®-
¢�−¨¥, á¬¥−� £à�¬¬�â¨ç¥áª®£® áã¡ê¥ªâ�, á¬¥−� ¬®¤�«ì−®áâ¨).

„àã£¨¥ ¯à¨§−�ª¨ �‘ ¨á¯®«ì§ãîâáï ¢ ª�ç¥áâ¢¥ á«ã¦¥¡−ëå ¯®¬¥â, ¯®§¢®«ï-
îé¨å ¢ë¤¥«¨âì −¥ª®â®àë¥ �−−®â�æ¨¨ �‘ ¢ ®¡é¥¬ ¬�áá¨¢¥. ��¯à¨¬¥à, ¯®¬¥â�
NB ¨á¯®«ì§ã¥âáï ¤«ï ¢ë¤¥«¥−¨ï �−−®â�æ¨©, ª®â®àë¥ ¬®£ãâ ¯à¥¤áâ�¢«ïâì ®á®-
¡ë© ¨−â¥à¥á; ¯®¬¥â� Exp ¨á¯®«ì§ã¥âáï ¤«ï ¢ë¤¥«¥−¨ï �−−®â�æ¨©, ¤«ï ¯à®¢¥àª¨
ª®â®àëå ¯à¥¤«�£�¥âáï ¯à¨¢«¥çì −®¢ëå íªá¯¥àâ®¢, ¨ â. ¤.

�¥á¬®âàï −� ®¯¨á�−−ë¥ ¢ëè¥ ¢®§¬®¦−ë¥ à�§«¨ç¨ï ¢ ¯à¨−æ¨¯�å �−−®â¨-
à®¢�−¨ï ª�ª¨å-«¨¡® ª«�áá®¢ Ÿ…, ®¡é¨¥ ¯à¨−æ¨¯ë ®áâ�îâáï ¢ æ¥«®¬ ¥¤¨−ë¬¨
¨ à¥§î¬¨àãîâáï ¢ ¢¨¤¥ áå¥¬ë, ¯à¥¤áâ�¢«¥−−®© −� à¨á. 2.

1‚ à�¡®â�å ¯® ¯¥à¥¢®¤®¢¥¤¥−¨î ®¡ëç−® ¨á¯®«ì§ã¥âáï ¯�à� â¥à¬¨−®¢ source language ¨ tar-
get language, ª®â®àë¥ ¬®£ãâ ¯¥à¥¢®¤¨âìáï −� àãááª¨© ï§ëª, −�¯à¨¬¥à, ª�ª ú¨áå®¤−ë© ï§ëªû
¨ úï§ëª ¯¥à¥¢®¤�û. �¤−�ª® ¢ à�¬ª�å à�áá¬�âà¨¢�¥¬®© ¬¥â®¤®«®£¨¨ Ÿ… ¬®£ãâ ¨áá«¥¤®¢�âìáï −¥
â®«ìª® ¢ §¥àª�«¥ ¯¥à¥¢®¤®¢ −� ¤àã£¨¥ ï§ëª¨, −® ¨ ¢ §¥àª�«¥ áâ¨¬ã«®¢ ¯¥à¥¢®¤�, â. ¥. ¨−®ï§ëç-
−ëå ª®−áâàãªæ¨©, ª®â®àë¥ ¬®£ãâ ¢ë§ë¢�âì ¯®ï¢«¥−¨¥ ¨áá«¥¤ã¥¬ëå Ÿ… ¯à¨ ¯¥à¥¢®¤¥ á ¤àã£®£®
ï§ëª�. �®íâ®¬ã ¤«ï ®¡®§−�ç¥−¨ï ï§ëª®¢, ¢ §¥àª�«¥ ª®â®àëå ¨áá«¥¤ãîâáï Ÿ… ¨áå®¤−®£® ï§ëª�,
¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì â¥à¬¨− úà¥ä¥à¥−â−ë© ï§ëªû [16]. „�−−ë© â¥à¬¨− (reference language)
¢ �−�«®£¨ç−ëå §−�ç¥−¨ïå ¨á¯®«ì§ã¥âáï, −�¯à¨¬¥à, ¢ à�¡®â�å [17, 18].
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÷¨á. 2 �¡é�ï áå¥¬� �−−®â�æ¨¨ �‘

6 Заключение

’�ª¨¬ ®¡à�§®¬, à�áá¬®âà¥−−�ï ¬¥â®¤®«®£¨ï �−−®â¨à®¢�−¨ï ¢ ��„ ¬®¦¥â
¡ëâì ãá¯¥è−® ¯à¨¬¥−¥−� ¤«ï �−�«¨§� à�§«¨ç−ëå Ÿ… ¨ ¨å ¯¥à¥¢®¤®¢, ¯®áª®«ìªã
®−� ¯®§¢®«ï¥â ¨áá«¥¤®¢�âì −¥ â®«ìª® «¥ªá¨ç¥áª¨¥ ¥¤¨−¨æë, −® ¨ £à�¬¬�â¨ç¥áª¨¥
ª�â¥£®à¨¨. •®âï ®¡é�ï áâàãªâãà� ¬¥â®¤®«®£¨¨ ®áâ�¥âáï −¥¨§¬¥−−®©, à�§«¨ç−ë¥
¥¥ �á¯¥ªâë ¢�àì¨àãîâáï ¨ à�§¢¨¢�îâáï ¯® ¬¥à¥ �−−®â¨à®¢�−¨ï −®¢ëå «¨−£¢¨-
áâ¨ç¥áª¨å ®¡ê¥ªâ®¢ ¨ á®¢¥àè¥−áâ¢®¢�−¨ï ��„. �â® ®á®¡¥−−® ¢�¦−® ¯®â®¬ã, çâ®
®á−®¢−®¥ ®â«¨ç¨¥ äã−ªæ¨®−�«� ��„ ®â �Š÷Ÿ á®áâ®¨â ¨¬¥−−® ¢ ¢®§¬®¦−®áâ¨
«¨−£¢¨áâ¨ç¥áª®£® �−−®â¨à®¢�−¨ï ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¨ ¯®á«¥¤ãîé¥© à�¡®âë
á ¯®«ãç¥−−ë¬¨ �−−®â�æ¨ï¬¨ [2,12]. ‚á¥ ¢ëè¥¯¥à¥ç¨á«¥−−®¥ £®¢®à¨â ® ¡®«ìè®¬
¯®â¥−æ¨�«¥ ¨ ¯¥àá¯¥ªâ¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï ��„ ª�ª ¤«ï «¨−£¢¨áâ¨ç¥áª¨å
¨áá«¥¤®¢�−¨© (â¥®à¥â¨ç¥áª�ï £à�¬¬�â¨ª� ¨ á¥¬�−â¨ª�, «¥ªá¨ª®£à�ä¨ï, â¥®à¨ï
¯¥à¥¢®¤� ¨ ¤à.), â�ª ¨ ¢ ¨áá«¥¤®¢�−¨ïå, −�¯à�¢«¥−−ëå −� á®¢¥àè¥−áâ¢®¢�−¨¥
à�¡®âë �¢â®¬�â¨ç¥áª¨å ¯¥à¥¢®¤ç¨ª®¢.
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Abstract: The paper considers methodological principles of annotating linguistic
units in parallel corpora using supracorpora databases. Supracorpora databases
are a novel information resource in linguistics that allows researchers to save the
results of linguistic analysis of corpus data in the form of annotations structured
according to the research objectives. When dealing with parallel corpora, the
annotation procedure consists of 4 basic stages: annotation objects lookup;
definition of the linguistic unit and its context (both in original and translated
texts); definition of the linguistic unit's attributes (both in original and translated
texts); and combination of two linguistic units into a translation correspondence
and definition of its attributes. The paper summarizes the previously described
annotation techniques, examines functional potential of supracorpora databases,
and concludes that it is possible to apply the developed methodology to a wide
variety of research objects.
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ПРИНЦИПЫ ОРГАНИЗАЦИИ ДАННЫХ ДЛЯ ТЕХНОЛОГИИ
ПОДДЕРЖКИ КОНКРЕТНО-ИСТОРИЧЕСКИХ

ИССЛЕДОВАНИЙ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯à®¤®«¦�¥â á¥à¨î à�¡®â, ¯®á¢ïé¥−−ëå â¥å−®«®£¨¨ ¯®¤-
¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© (�Šˆˆ). ’¥å−®«®£¨ï �Šˆˆ
¯®áâà®¥−� −� ¯à¨−æ¨¯�å á®â¢®àç¥áâ¢� ¨ ªà�ã¤á®àá¨−£� á ®¯®à®© −� á¨áâ¥¬ã
�¢â®¬�â¨ç¥áª®£® ¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�-
¯à�¢«¥−−®áâ¨ ’-¯�àá¥à, � â�ª¦¥ ¨−áâàã¬¥−â�«ì−ë© ª®¬¯«¥ªá π-”�ªâ®£à�ä,
®¡¥á¯¥ç¨¢�îé¨© ¯®¤¤¥à¦ªã ¨áá«¥¤®¢�â¥«ìáª®£® ¯à®æ¥áá�, ¨ ®à¨¥−â¨à®¢�−�
−� è¨à®ª¨© ªàã£ −¥ ï¢«ïîé¨åáï ¯à®ä¥áá¨®−�«ì−ë¬¨ ¨áâ®à¨ª�¬¨ ¨ ¡¨®£à�-
ä�¬¨ ¯®«ì§®¢�â¥«¥©. „�−−�ï áâ�âìï ¯®á¢ïé¥−� ®¯¨á�−¨î ¨ ®¡®á−®¢�−¨î
¯à¨−æ¨¯®¢ ä¨§¨ç¥áª®£® åà�−¥−¨ï ¨−ä®à¬�æ¨¨ ¢ à�á¯à¥¤¥«¥−−®© áà¥¤¥ â¥å−®-
«®£¨¨ �Šˆˆ, ¯à¥¤®â¢à�é�îé¨å −¥®£à�−¨ç¥−−ë© à®áâ ®¡ê¥¬®¢ æ¥−âà�«ì−®£®
åà�−¨«¨é� ¤®ªã¬¥−â®¢ ¡¥§ ¯®â¥àì ¢�¦−®© ¨−ä®à¬�æ¨¨. �à®¢¥àª� íää¥ªâ¨¢-
−®áâ¨ ¯à¥¤«®¦¥−−ëå ¬¥à ®áãé¥áâ¢«ï¥âáï ¬¥â®¤®¬ ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®-
¢�−¨ï. �¡®á−®¢ë¢�¥âáï ¯à®¢¥àª� �¤¥ª¢�â−®áâ¨ ¬®¤¥«¨ §� áç¥â á®¯®áâ�¢«¥−¨ï
¨ �−�«¨§� à¥§ã«ìâ�â®¢ ¥¥ ¯à®£®−®¢ á à�§«¨ç−ë¬¨ §−�ç¥−¨ï¬¨ �âà¨¡ãâ®¢ ¤®ªã-
¬¥−â®¢, ®âà�¦�îé¨å ¨å ®¡é¥áâ¢¥−−ãî æ¥−−®áâì. �® à¥§ã«ìâ�â�¬ ¯à®¢¥àª¨
¤¥«�¥âáï ®¡®á−®¢�−−ë© ¢ë¢®¤ ®¡ íää¥ªâ¨¢−®áâ¨ ¯à¥¤«®¦¥−−ëå ¯à¨−æ¨¯®¢
®à£�−¨§�æ¨¨ ¤�−−ëå ¤«ï â¥å−®«®£¨¨ �Šˆˆ.

Š«îç¥¢ë¥ á«®¢�: ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥; à�á¯à¥¤¥«¥−−�ï
â¥å−®«®£¨ï; ç�áâ¨ç−® à¥¯«¨æ¨à®¢�−−®¥ à�§¬¥é¥−¨¥ ¤�−−ëå; ¬®¤¥«ì à�á¯à¥-
¤¥«¥−−®© á¨áâ¥¬ë; æ¥−âà�«ì−®¥ åà�−¨«¨é¥
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1 Введение

�®¤¤¥à¦ª� ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© áâ�«� ®¤−®© ¨§ �ªâã�«ì-
−ëå §�¤�ç á®¢à¥¬¥−−®áâ¨ ¢ á¢ï§¨ á ¢®¢«¥ç¥−¨¥¬ ¢ ¨áá«¥¤®¢�â¥«ìáª¨© ¯à®æ¥áá
−¥ â®«ìª® ç«¥−®¢ ¯à®ä¥áá¨®−�«ì−®£® ¨áâ®à¨ç¥áª®£® á®®¡é¥áâ¢�, −® ¨ á�¬ëå
è¨à®ª¨å á«®¥¢ −¥¯à®ä¥áá¨®−�«®¢, ¯à®ï¢«ïîé¨å à�áâãé¨© ¨−â¥à¥á ª ç�áâ−®©,
á¥¬¥©−®© ¨áâ®à¨¨ [1].

‚ ”ˆ– ˆ“ ÷�� ¡ë«� à�§à�¡®â�−� ª®−æ¥¯æ¨ï ª®¬¡¨−¨à®¢�−−®© à�á¯à¥-
¤¥«¥−−®© áà¥¤ë ¤«ï �Šˆˆ, ®¯¨á�−� á®®â¢¥âáâ¢ãîé�ï ¨−ä®à¬�æ¨®−−�ï â¥å-

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

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, Volkov@amsd.com

161



ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

−®«®£¨ï (¤�«¥¥ | â¥å−®«®£¨ï �Šˆˆ) ¨ á®§¤�− àï¤ ¯à®£à�¬¬−ëå áà¥¤áâ¢ ¥¥
¯®¤¤¥à¦ª¨ [2].

’¥å−®«®£¨ï ¡ë«� ¯®áâà®¥−� −� ¯à¨−æ¨¯�å á®â¢®àç¥áâ¢� ¨ ªà�ã¤á®àá¨−£� (¬®-
¡¨«¨§�æ¨¨ à¥áãàá®¢ è¨à®ª®£® ªàã£� ¤®¡à®¢®«ìæ¥¢ ¯®áà¥¤áâ¢®¬ ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨©). ’�ª�ï −®¢�ï, −® ¯¥àá¯¥ªâ¨¢−�ï ä®à¬� ¢®¢«¥ç¥−¨ï ®¡é¥áâ¢¥−−®áâ¨
¢ ¯à®æ¥ááë à¥è¥−¨ï −�ãç−ëå §�¤�ç ¯®«ãç¨«� −�§¢�−¨¥ úªà�ã¤á�©¥−áû (£à�¦¤�−-
áª�ï −�ãª�), ¢ ®á−®¢¥ ª®â®à®© «¥¦¨â −�ãç−®¥ ¢®«®−â¥àáâ¢® [3].

‚ ®á−®¢ã â¥å−®«®£¨¨ �Šˆˆ ¨áå®¤−® ¡ë«� ¯®«®¦¥−� á¨áâ¥¬� ’-¯�àá¥à [4],
®áãé¥áâ¢«ïîé�ï �¢â®¬�â¨ç¥áª®¥, �¤�¯â¨à®¢�−−®¥ ª á¯¥æ¨ä¨ª¥ ¡¨®£à�ä¨ç¥áª®£®
¯®¨áª� ¨§¢«¥ç¥−¨¥ ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�¯à�¢«¥−−®áâ¨
¨ à¥è�îé�ï §�¤�ç¨ ä�ªâ®£à�ä¨ç¥áª®£® ¨−¤¥ªá¨à®¢�−¨ï ¨áâ®ç−¨ª®¢ ¨ ¨å á¥¬�−-
â¨ç¥áª®© à�§¬¥âª¨ (¢ëç«¥−¥−¨ï §−�ç¨¬ëå äà�£¬¥−â®¢ ¨ ®á−�é¥−¨ï ¨å ¬¥â�¤�−-
−ë¬¨). ‘®®â¢¥âáâ¢¥−−®, ¯®¤ ¤�−−ë¬¨ ¢ â¥å−®«®£¨¨ �Šˆˆ −� ¯¥à¢®¬ íâ�¯¥
¯®¤à�§ã¬¥¢�«¨áì äà�£¬¥−âë â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�¯à�¢«¥−−®áâ¨.
�® ¯à¨ç¨−¥ ª®¬¯�ªâ−®áâ¨ â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨ áã¬¬�à−ë© ®¡ê¥¬ ¤�−−ëå â¥å-
−®«®£¨¨ �Šˆˆ, −¥á¬®âàï −� ¯à¥¤¯®«�£�¥¬ë© §−�ç¨â¥«ì−ë© ¯® ¨−â¥−á¨¢−®áâ¨
¯®â®ª ¤®¡�¢«ï¥¬ëå ¢ á¨áâ¥¬ã ¤®ªã¬¥−â®¢, ¨áå®¤ïé¨© ®â è¨à®ª®£® ªàã£� −¥ ï¢«ï-
îé¨åáï ¯à®ä¥áá¨®−�«ì−ë¬¨ ¨áâ®à¨ª�¬¨ ¨ ¡¨®£à�ä�¬¨ ¯®«ì§®¢�â¥«¥©, ¯à¥¤¯®-
«�£�«áï ¤®áâ�â®ç−® áªà®¬−ë¬ ¨ ¤®¯ãáª�îé¨¬ ¥£® æ¥−âà�«¨§®¢�−−®¥ åà�−¥−¨¥
¡¥§ §−�ç¨â¥«ì−ëå ä¨−�−á®¢ëå ¨ ®à£�−¨§�æ¨®−−ëå §�âà�â −� ¥£® á®¤¥à¦�−¨¥
¨ �¤¬¨−¨áâà¨à®¢�−¨¥. �â® ®§−�ç�¥â, çâ® −� ¯¥à¢®¬ íâ�¯¥ à�§¢¨â¨ï â¥å−®«®£¨¨
�Šˆˆ ¢ ª�ç¥áâ¢¥ ¯à¨−æ¨¯� ®à£�−¨§�æ¨¨ ¤�−−ëå ¡ë«® ®¡®á−®¢�−−® ¢ë¡à�−® ¨å
æ¥−âà�«¨§®¢�−−®¥ à�§¬¥é¥−¨¥.

�® −� ¢â®à®¬ íâ�¯¥ à�§¢¨â¨ï â¥å−®«®£¨¨ �Šˆˆ ¢ −¥¥ ¡ë« ¨−â¥£à¨à®¢�−
¨−áâàã¬¥−â�«ì−ë© ª®¬¯«¥ªá π-”�ªâ®£à�ä [5], ®à¨¥−â¨à®¢�−−ë© −� ¯®¤¤¥à¦ªã
¨áá«¥¤®¢�â¥«ìáª®£® ¯à®æ¥áá� ¨ à¥è�îé¨© á«¥¤ãîé¨¥ §�¤�ç¨:

{ ä¨ªá�æ¨ï −¥ â®«ìª® ç¥âª® ãáâ�−®¢«¥−−ëå ä�ªâ®¢, −® ¨ ¯à¥¤¯®«®¦¥−¨©,
−¥â®ç−ëå §−�ç¥−¨©, ¢®¯à®á®¢;

{ á®®â−¥á¥−¨¥ ¢ëáª�§ë¢�−¨ï á à¥áãàá�¬¨-¨áâ®ç−¨ª�¬¨ ¨« /̈̈ æ¥¯®çª�¬¨ ¢ë¢®-
¤�, á ®¤−®© áâ®à®−ë, ¨ æ¥«¥¢ë¬¨ ¨−ä®à¬�æ¨®−−ë¬¨ à¥áãàá�¬¨, ¢ ª®â®àëå
®−¨ ¯ã¡«¨ªãîâáï, á ¤àã£®©;

{ ¯®¤¤¥à¦ª� á®ç¥â�−¨ï ä®à¬�«¨§®¢�−−®£® ¨ −¥ä®à¬�«¨§®¢�−−®£® ¯à¥¤áâ�¢«¥-
−¨ï §−�−¨©;

{ ®âá«¥¦¨¢�−¨¥ ¯à®æ¥áá®¢ −�ª®¯«¥−¨ï ¤�−−ëå, ¢ëï¢«¥−¨ï ¤¥ä¥ªâ®¢, ¢ë¤¢¨-
¦¥−¨ï/®¯à®¢¥à¦¥−¨ï £¨¯®â¥§ ¯® ¨áâ®ç−¨ª�¬, ¢à¥¬¥−¨, ¨á¯®«−¨â¥«ï¬, �à£ã-
¬¥−â�æ¨¨.

„«ï íää¥ªâ¨¢−®£® à¥è¥−¨ï íâ¨å §�¤�ç ¢ ®á−®¢ã π-”�ªâ®£à�ä� ¯®«®¦¥−�
π-¬®¤¥«ì ¤�−−ëå, ®¯¨à�îé�ïáï −� ª®−æ¥¯æ¨î ¨−ä®à¬�æ¨®−−®£® ¯®«ï, ¢ª«î-
ç�îé¥£® â�ª¦¥ ¤®ªã¬¥−âë-¨áâ®ç−¨ª¨, æ¥«¥¢ë¥ ¬�â¥à¨�«ë, ¯à®¬¥¦ãâ®ç−ë¥ ¤�−-
−ë¥. ”®à¬�«¨§®¢�−−ë¥ ¤�−−ë¥ ¨£à�îâ à®«ì ¬¥â�¤�−−ëå, á®¯à®¢®¦¤�îé¨å
®á−®¢−®© ¬�áá¨¢ ¤®ªã¬¥−â®¢, á ¨å ¯®¬®éìî ¬®¦¥â ¡ëâì ®à£�−¨§®¢�− íää¥ªâ¨¢-
−ë© ¯®¨áª. ”�ªâë, ®âà�¦�îé¨¥ ª�ª ¤¥©áâ¢¨ï ¨áá«¥¤®¢�â¥«ï, â�ª ¨ á¢¥¤¥−¨ï
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�à¨−æ¨¯ë ®à£�−¨§�æ¨¨ ¤�−−ëå ¤«ï â¥å−®«®£¨¨ �Šˆˆ

® ¯à¥¤¬¥â−®© ®¡«�áâ¨, á®¯à®¢®¦¤�îâáï −¥ä®à¬�«ì−ë¬ ª®¬¬¥−â�à¨¥¬, ¢ ª�ç¥áâ¢¥
ª®â®à®£® ¬®¦¥â ¢ëáâã¯�âì −¥ â®«ìª® â¥ªáâ, −® ¨ à¨áã−®ª ¨«¨ ¯à®¨§¢®«ì−ë© ¬ã«ì-
â¨¬¥¤¨©−ë© ®¡ê¥ªâ. �â®â ª®¬¬¥−â�à¨© ¬®¦¥â á®¤¥à¦�âì æ¨â�âã ¨«¨ ¨§«®¦¥−¨¥
¨áâ®ç−¨ª�, � â�ª¦¥ ®âáë«ª¨ −� ¤®ªã¬¥−â ¨«¨ ª®−ªà¥â−®¥ ¬¥áâ® ¢ ¤®ªã¬¥−â¥,
ª®â®àë©, ¢ á¢®î ®ç¥à¥¤ì, ¬®¦¥â á®¤¥à¦�âì ®âáë«ª¨ ª ä�ªâ�¬. ’�ª¨¬ ®¡à�§®¬
ä®à¬¨àã¥âáï ¬−®£®á¢ï§−®¥ ¨−ä®à¬�æ¨®−−®¥ ¯®«¥, á®¤¥à¦�é¥¥ ¬ã«ìâ¨¬¥¤¨©−ë¥
¤�−−ë¥ á�¬®© à�§−®© ¯à¨à®¤ë, çâ® ¯®¤à�§ã¬¥¢�¥â ¨å §−�ç¨â¥«ì−ë© áã¬¬�à−ë©
®¡ê¥¬. �â® ®§−�ç�¥â áãé¥áâ¢¥−−ãî ¬®¤¨ä¨ª�æ¨î â¥å−®«®£¨¨ �Šˆˆ ¢ ç�áâ¨
®à£�−¨§�æ¨¨ ¤�−−ëå.

�ë«� à�§à�¡®â�−� ¨ ®¡®á−®¢�−� ¥¤¨−�ï «®£¨ç¥áª�ï ¬®¤¥«ì ¤�−−ëå â¥å−®«®-
£¨¨ �Šˆˆ [6]. �à¨−æ¨¯ë ¦¥ ä¨§¨ç¥áª®£® åà�−¥−¨ï ¨−ä®à¬�æ¨¨ ¢ á¢ï§¨ á®
§−�ç¨â¥«ì−ë¬ ã¢¥«¨ç¥−¨¥¬ ¥¥ áã¬¬�à−®£® ®¡ê¥¬� â�ª¦¥ ¤®«¦−ë ¡ëâì ¯®«−®áâìî
¯¥à¥á¬®âà¥−ë.

2 Возможные подходы к организации хранения информации

�®¤á¨áâ¥¬� åà�−¥−¨ï ¤�−−ëå â¥å−®«®£¨¨ �Šˆˆ ¢ ãá«®¢¨ïå ¥¥ ®¤−®¢à¥¬¥−-
−®£® ¯®¯®«−¥−¨ï ¨ ¨á¯®«ì§®¢�−¨ï á® áâ®à®−ë ¬−®¦¥áâ¢� −¥§�¢¨á¨¬ëå ¨áá«¥¤®-
¢�â¥«¥© ¯à¥¤áâ�¢«ï¥â á®¡®© à®¤ à�á¯à¥¤¥«¥−−®© ¡�§ë ¤�−−ëå (÷�„), ¯®áª®«ìªã
¤�−−ë¥ á¢ï§�−ë ¥¤¨−®© «®£¨ç¥áª®© áâàãªâãà®©, � ¤®áâã¯ ª −¨¬ ®¡¥á¯¥ç¨¢�¥âáï
¥¤¨−ë¬ ¢ëá®ª®ãà®¢−¥¢ë¬ ¨−â¥àä¥©á®¬ ¢ à�¬ª�å ¥¤¨−®© â¥å−®«®£¨¨. „«ï ÷�„
¢ë¤¥«ïîâ á«¥¤ãîé¨¥ â¨¯ë áâà�â¥£¨¨ à�§¬¥é¥−¨ï ¤�−−ëå [7]:

{ æ¥−âà�«¨§®¢�−−®¥ à�§¬¥é¥−¨¥ ¤�−−ëå | ¢áï �„ åà�−¨âáï −� ®¤−®¬ ã§«¥;

{ á¥ªæ¨®−¨à®¢�−−®¥ à�§¬¥é¥−¨¥ ¤�−−ëå | ª�¦¤ë© äà�£¬¥−â �„ åà�−¨âáï −�
®¯à¥¤¥«¥−−®¬ ã§«¥;

{ à¥¯«¨æ¨à®¢�−−®¥ à�§¬¥é¥−¨¥ ¤�−−ëå | ®¤−� ¨«¨ ¡®«¥¥ ª®¯¨© äà�£¬¥−â®¢
�„ åà�−ïâáï −� −¥áª®«ìª¨å ã§«�å.

��¨¡®«¥¥ ¯à®áâë¬ á ®à£�−¨§�æ¨®−−®© â®çª¨ §à¥−¨ï à¥è¥−¨¥¬ ¯à¥¤áâ�¢«ï¥âáï
æ¥−âà�«¨§®¢�−−®¥ à�§¬¥é¥−¨¥ ¤�−−ëå. �® áã¬¬�à−ë© ®¡ê¥¬ ¤�−−ëå ¢ æ¥−âà�-
«¨§®¢�−−®¬ åà�−¨«¨é¥ (–•) ¢ íâ®¬ á«ãç�¥ ¬®¦¥â ¡ëâì §−�ç¨â¥«ì−ë¬. ’�ª,
�àå¨¢−ë© ä®−¤ ®¤−®£® ¯®«ì§®¢�â¥«ï â¥å−®«®£¨¨ ¬®¦¥â á®¤¥à¦�âì ¤¥áïâª¨ âëáïç
£à�ä¨ç¥áª¨å ®¡ê¥ªâ®¢ (ä®â®£à�ä¨©, áª�−®¢ ¤®ªã¬¥−â®¢ ¨ â. ¯.) [8], � ç¨á«® ¢®«®−-
â¥à®¢, ãç�áâ¢ãîé¨å ¢ ªàã¯−®¬ á¥â¥¢®¬ ¯à®¥ªâ¥, ¬®¦¥â ¤®áâ¨£�âì á®â¥− âëáïç [9],
çâ® ¯®§¢®«ï¥â £àã¡® ®æ¥−¨âì ¢®§¬®¦−ë© ®¡ê¥¬ �„ ¢ 1 ���©â. �à£�−¨§�æ¨ï
åà�−¥−¨ï, à¥§¥à¢¨à®¢�−¨ï ¨ �¤¬¨−¨áâà¨à®¢�−¨ï ¥¤¨−®© �„ â�ª®£® ®¡ê¥¬� âà¥-
¡ã¥â §−�ç¨â¥«ì−ëå §�âà�â, çâ® ¢àï¤ «¨ á®£«�áã¥âáï á −¥ª®¬¬¥àç¥áª¨¬ å�à�ªâ¥à®¬
¤¥ïâ¥«ì−®áâ¨ ¢®«®−â¥à®¢. ’�ª¨¬ ®¡à�§®¬, ¨á¯®«ì§®¢�−¨¥ æ¥−âà�«¨§®¢�−−®£®
à�§¬¥é¥−¨ï ¤�−−ëå ¢ â¥å−®«®£¨¨ �Šˆˆ ¯à¥¤áâ�¢«ï¥âáï −¥æ¥«¥á®®¡à�§−ë¬.

‘¥ªæ¨®−¨à®¢�−−®¥ à�§¬¥é¥−¨¥, ¯à¨ ª®â®à®¬ ¤�−−ë¥ ª�¦¤®£® ¯®«ì§®¢�â¥-
«ï åà�−ïâáï ¨áª«îç¨â¥«ì−® «®ª�«ì−® ¨ ¯à¥¤®áâ�¢«ïîâáï ¤àã£¨¬ ¯®«ì§®¢�â¥«ï¬
¢ ¯¥à¨®¤ë ¨å á¥â¥¢®© ¤®áâã¯−®áâ¨ ¯® §�¯à®áã, � æ¥−âà�«ì−�ï �„ á«ã¦¨â ¨á-
ª«îç¨â¥«ì−® ¤«ï à¥£¨áâà�æ¨¨ ¯®«ì§®¢�â¥«¥© ¨ åà�−¥−¨ï ®â«®¦¥−−ëå §�¯à®á®¢,
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¯à�ªâ¨ç¥áª¨ −¥ âà¥¡ã¥â §�âà�â ¤«ï á¢®¥© ®à£�−¨§�æ¨¨. �® ¯à¨ â�ª®¬ ¯®¤å®¤¥
§�¤�ç� åà�−¥−¨ï ¨ �¤¬¨−¨áâà¨à®¢�−¨ï «®ª�«ì−®© �„ ¯®«−®áâìî ¢®§«�£�¥âáï −�
¯®«ì§®¢�â¥«ï. �®áª®«ìªã ¯®«ì§®¢�â¥«ì â¥å−®«®£¨¨ �Šˆˆ ï¢«ï¥âáï ¢®«®−â¥-
à®¬, ãç�áâ¢ãîé¨¬ ¢ ¯à®¥ªâ¥ −� −¥ª®¬¬¥àç¥áª®© ®á−®¢¥, −¥¢®§¬®¦−® âà¥¡®¢�âì
®â −¥£® ¯®¤¤¥à¦�−¨ï ª�ª¨å-«¨¡® á¯¥æ¨�«ì−ëå ¬¥à, ®¡¥á¯¥ç¨¢�îé¨å á®åà�−-
−®áâì ¨ ¯®áâ®ï−−ãî ¤®áâã¯−®áâì ¨−ä®à¬�æ¨¨ ¤«ï ¤àã£¨å ¯®«ì§®¢�â¥«¥©, ¥á«¨
íâ® ¯® ª�ª¨¬-«¨¡® ¯à¨ç¨−�¬ −¥ á®®â¢¥âáâ¢ã¥â ¥£® «¨ç−ë¬ ¨−â¥à¥á�¬. �¥¨§¡¥¦−®
¯®«ì§®¢�â¥«ì ¡ã¤¥â ¢à¥¬ï ®â ¢à¥¬¥−¨ ¢ëª«îç�âì á¢®© ª®¬¯ìîâ¥à, á®¤¥à¦�é¨©
æ¥−−ãî ¨áâ®à¨ç¥áªãî ¨−ä®à¬�æ¨î, � â�ª¦¥ ã¤�«ïâì ¨−ä®à¬�æ¨î, ¯®â¥àï¢èãî
æ¥−−®áâì «¨ç−® ¤«ï −¥£®, ¯®á«¥ §�¢¥àè¥−¨ï ¨áá«¥¤®¢�−¨ï.

’�ª¨¬ ®¡à�§®¬, ¯®áª®«ìªã â¥å−®«®£¨ï �Šˆˆ ¤®«¦−� ®¡¥á¯¥ç¨¢�âì åà�−¥−¨¥
¤®ªã¬¥−â®¢, ¯à¥¤áâ�¢«ïîé¨å æ¥−−®áâì ¤«ï ¬−®£¨å ¯®«ì§®¢�â¥«¥© ¨ ¨å ¤®áâã¯-
−®áâì ¯® ¨−ä®à¬�æ¨®−−ë¬ §�¯à®á�¬, ®à£�−¨§�æ¨ï åà�−¥−¨ï ¨−ä®à¬�æ¨¨ ¢ −¥©
¤®«¦−� ¡�§¨à®¢�âìáï −� ¯à¨−æ¨¯�å ç�áâ¨ç−®© à¥¯«¨ª�æ¨¨. ‚ ª�ç¥áâ¢¥ ªà¨â¥à¨ï
íää¥ªâ¨¢−®áâ¨ ®à£�−¨§�æ¨¨ åà�−¥−¨ï ¡ã¤¥¬ ¨á¯®«ì§®¢�âì áã¬¬�à−®¥ áà¥¤−¥¥
¢à¥¬ï ¢ë¯®«−¥−¨ï §�¯à®á®¢ [10].

3 Описание принципов организации данных в технологии поддержки
конкретно-исторических исследований

�®áª®«ìªã, ª�ª ¯®ª�§�−® ¢ëè¥, æ¥−âà�«¨§®¢�−−®¥ åà�−¥−¨¥ ª®¯¨© ¢á¥å ¤®-
ªã¬¥−â®¢ ¢ â¥å−®«®£¨¨ �Šˆˆ −¥¢®§¬®¦−®, −¥®¡å®¤¨¬® ®¡¥á¯¥ç¨âì à¥¯«¨ª�æ¨î
â®© ¨å ç�áâ¨, ª®â®à�ï ¯à¥¤áâ�¢«ï¥â ¨−â¥à¥á −¥ â®«ìª® ¤«ï ¯®«ì§®¢�â¥«ï, à�§¬¥á-
â¨¢è¥£® ¤�−−ë© ¤®ªã¬¥−â ¢ �„, −® ¨ ¤«ï ¤àã£¨å ¯®«ì§®¢�â¥«¥©. ��«¨ç¨¥ ¢ �„
¤®ªã¬¥−â®¢ à�§«¨ç−®© ®¡é¥áâ¢¥−−®© æ¥−−®áâ¨ ¢ëâ¥ª�¥â ¨§ å�à�ªâ¥à� «¨ç−ëå
ä®−¤®¢ [11]. �à®¡«¥¬� á®áâ®¨â ¢ â®¬, çâ® áà¥¤áâ¢�¬ â¥å−®«®£¨¨ �Šˆˆ §�à�-
−¥¥ −¥ ¬®¦¥â ¡ëâì ¨§¢¥áâ−� áâ¥¯¥−ì ¨−â¥à¥á� ª® ¢−®¢ì ¤®¡�¢«¥−−®¬ã ¤®ªã¬¥−âã
á® áâ®à®−ë ¯à®ç¨å ¯®«ì§®¢�â¥«¥©. �®íâ®¬ã ¯à¥¤áâ�¢«ï¥âáï æ¥«¥á®®¡à�§−ë¬ ª�-
¦¤ë© −®¢ë© ¤®ªã¬¥−â ¢®á¯à¨−¨¬�âì ª�ª ¯à¥¤áâ�¢«ïîé¨© ®¡é¥áâ¢¥−−ë© ¨−â¥à¥á
¨ ¯à®¨§¢®¤¨âì ¥£® à¥¯«¨ª�æ¨î ¢ –•. „�«¥¥ ¯® à¥§ã«ìâ�â�¬ �−�«¨§� ¨−ä®à¬�-
æ¨®−−ëå §�¯à®á®¢ ª®àà¥ªâ¨à®¢�âì íâã ®æ¥−ªã ¨ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¯à¨−¨¬�âì
à¥è¥−¨¥ ®¡ ã¤�«¥−¨¨ à¥¯«¨ª¨ ¨§ –•.

‚ à¥§ã«ìâ�â¥ ¯à¥¤«�£�¥âáï ¢¢¥áâ¨ ¢ â¥å−®«®£¨î �Šˆˆ ¯�à�¬¥âà –t |
áà®ª åà�−¥−¨ï ¤®ªã¬¥−â� ¢ –• ¯®á«¥ ¥£® ¯®á«¥¤−¥£® ¨á¯®«ì§®¢�−¨ï (¯¥à¢¨ç−®©
§�£àã§ª¨ ¢ –• ¨«¨ ¨−ä®à¬�æ¨®−−®£® §�¯à®á�). ‹î¡®© ¤®ªã¬¥−â, §�£àã¦¥−-
−ë© ¯®«ì§®¢�â¥«¥¬, ®áâ�¥âáï ã ¯®«ì§®¢�â¥«ï −� «®ª�«ì−®¬ ª®¬¯ìîâ¥à¥, � â�ª¦¥
¢à¥¬¥−−® ¯®¬¥é�¥âáï ¢ –•. ˆ−ä®à¬�æ¨®−−ë© §�¯à®á −� ¢ë¤�çã ¤®ªã¬¥−â� ¨ á®-
§¤�−¨¥ ¥£® «®ª�«ì−®© ª®¯¨¨ −� ª®¬¯ìîâ¥à¥ �¢â®à� §�¯à®á� ¢ á«ãç�¥ −�«¨ç¨ï
íâ®£® ¤®ªã¬¥−â� ¢ –• ¢ë¯®«−ï¥âáï −¥¬¥¤«¥−−® «¨¡® ®áãé¥áâ¢«ï¥âáï á «®ª�«ì−®©
ª®¯¨¨ ®¤−®£® ¨§ ¯®«ì§®¢�â¥«¥©, ã¦¥ ¨¬¥îé¨å íâ®â ¤®ªã¬¥−â. �®áª®«ìªã ¯®«ì§®-
¢�â¥«¨ ¬®£ãâ ¯¥à¨®¤¨ç¥áª¨ ¢ëª«îç�âì «®ª�«ì−ë© ª®¬¯ìîâ¥à, ¨−ä®à¬�æ¨®−−ë©
§�¯à®á −¥ ¢á¥£¤� ¬®¦¥â ¡ëâì ¢ë¯®«−¥− −¥¬¥¤«¥−−®, ¨ ¢ íâ®¬ á«ãç�¥ ®− áâ�−®¢¨âáï
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�à¨−æ¨¯ë ®à£�−¨§�æ¨¨ ¤�−−ëå ¤«ï â¥å−®«®£¨¨ �Šˆˆ

®â«®¦¥−−ë¬ §�¯à®á®¬, ª®â®àë© ¡ã¤¥â ¨á¯®«−¥−, ª�ª â®«ìª® ª®¬¯ìîâ¥à «î¡®£® ¨§
¯®«ì§®¢�â¥«¥©, ¨¬¥îé¨å «®ª�«ì−ãî ª®¯¨î ¤�−−®£® ¤®ªã¬¥−â�, áâ�−¥â ¤®áâã¯¥−
¯® á¥â¨ ¤«ï áà¥¤áâ¢ â¥å−®«®£¨¨ �Šˆˆ.

…á«¨ ç¨á«® «®ª�«ì−ëå ª®¯¨© ¤®ªã¬¥−â� ¯à¥¢ëè�¥â −¥ª®â®à®¥ ¯®à®£®¢®¥
§−�ç¥−¨¥ M , â® ¥£® åà�−¥−¨¥ ¢ –• −¥ ¨¬¥¥â á¬ëá«�, ¯®áª®«ìªã ¢¥à®ïâ−®áâì ¥£®
¯®«ãç¥−¨ï ¨§ ª�ª®©-«¨¡® «®ª�«ì−®© ª®¯¨¨ ¢¥áì¬� ¢ëá®ª�.

�¥à¨®¤ ¢à¥¬¥−¨, ¢ â¥ç¥−¨¥ ª®â®à®£® −¥ª®â®àë© ¨áá«¥¤®¢�â¥«ì ï¢«ï¥âáï ¯®«ì-
§®¢�â¥«¥¬ â¥å−®«®£¨¨ �Šˆˆ, −¥¨§¡¥¦−® ®£à�−¨ç¥−®. ÷�−® ¨«¨ ¯®§¤−® ¥£®
¨áá«¥¤®¢�−¨¥ ¡ã¤¥â §�ª®−ç¥−® ¨ ¥£® ¨−â¥à¥á ª â¥å−®«®£¨¨ ¬®¦¥â ¯à®¯�áâì. Š á®-
¦�«¥−¨î, −¥¢®§¬®¦−® âà¥¡®¢�âì ®â ç¥«®¢¥ª�, ãç�áâ¢ãîé¥£® ¢ ®¡é¥¬ ¯à®æ¥áá¥
−� ¨áª«îç¨â¥«ì−® ¤®¡à®¢®«ì−ëå −�ç�«�å, á®¡«î¤¥−¨ï ª�ª¨å-«¨¡® ®¡ï§�â¥«ì−ëå
¯à®æ¥¤ãà ¤«ï ª®àà¥ªâ−®£® §�¢¥àè¥−¨ï á®âàã¤−¨ç¥áâ¢�, ª�ª â®: ¯¥à¥¤�ç¨ «®ª�«ì-
−ëå ä�©«®¢ ¢ –•, ®¯®¢¥é¥−¨ï ¤àã£¨å ¯®«ì§®¢�â¥«¥© ® á¢®¥¬ ¢ëå®¤¥ ¨§ ¯à®¥ªâ�
¨ â. ¤. �®íâ®¬ã ¢ â¥å−®«®£¨î �Šˆˆ ¢¢®¤¨âáï ¯�à�¬¥âà –T | ¯à¥¤¥«ì−ë© ¯¥-
à¨®¤ ¢à¥¬¥−¨ −¥�ªâ¨¢−®áâ¨ ¯®«ì§®¢�â¥«ï, ¯à¨ ¯à¥¢ëè¥−¨¨ ª®â®à®£® ¥£® á«¥¤ã¥â
áç¨â�âì ¢ë¡ë¢è¨¬ ¨§ ¯à®¥ªâ�, � ¥£® «®ª�«ì−ë¥ ª®¯¨¨ ¤®ªã¬¥−â®¢ | ¡®«¥¥ −¥
¤®áâã¯−ë¬¨ ¤«ï áà¥¤áâ¢ â¥å−®«®£¨¨ �Šˆˆ.

„�−−ë¥ ¬¥àë ¬®£ãâ ¯®§¢®«¨âì ¯à¥¤®â¢à�â¨âì −¥®£à�−¨ç¥−−ë© à®áâ ®¡ê¥¬�
–•, ¨§¡¥£�ï ¯à¨ íâ®¬ ¯®â¥àì ¢�¦−®© ¨−ä®à¬�æ¨¨, −® íâ® ¯à¥¤¯®«®¦¥−¨¥ âà¥¡ã¥â
¯à®¢¥àª¨.

4 Модель организации данных технологии поддержки
конкретно-исторических исследований

�à®¢¥àª� ¡ë«� ®áãé¥áâ¢«¥−� ¬¥â®¤�¬¨ ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï. Œ®-
¤¥«ì à¥�«¨§®¢�−� −� ¯à¨−æ¨¯�å ¤¨áªà¥â−®-á®¡ëâ¨©−®£® ¬®¤¥«¨à®¢�−¨ï.

Œ®¤¥«¨àã¥âáï áâ�æ¨®−�à−�ï áâ�¤¨ï à�§¢¨â¨ï ¯à®¥ªâ�, ª®£¤� ç¨á«® �ªâ¨¢−ëå
ãç�áâ−¨ª®¢ ¯à¨¬¥à−® ¯®áâ®ï−−®. �à¨ íâ®¬ ãç¨âë¢�¥âáï, çâ® ¤�¦¥ ¢ á�¬ëå
ãáâ®©ç¨¢ëå ¡®«ìè¨å ¢¨àâã�«ì−ëå ª®««¥ªâ¨¢�å §� £®¤ ¯¥àá®−�«ì−ë© á®áâ�¢
®¡−®¢«ï¥âáï ª�ª ¬¨−¨¬ã¬ −� 50%{60% [12].

‚ ª�ç¥áâ¢¥ ¯�à�¬¥âà®¢ ¬®¤¥«¨ §�¤�−ë:

Texp | ¯à®¤®«¦¨â¥«ì−®áâì ¢á¥£® íªá¯¥à¨¬¥−â� ¢ ¤−ïå ¬®¤¥«ì−®£® ¢à¥¬¥−¨;

N | â¥ªãé¥¥ ç¨á«® ãç�áâ−¨ª®¢ ¯à®¥ªâ�;

Tp | áà¥¤−ïï ¤«¨â¥«ì−®áâì ¯¥à¨®¤� ãç�áâ¨ï ¢ ¯à®¥ªâ¥ ¤«ï ¯®«ì§®¢�â¥«ï;

Pact | áà¥¤−ïï ¤®«ï ¯¥à¨®¤� �ªâ¨¢−®áâ¨ ¢ áãâª�å ¤«ï ®¤−®£® ãç�áâ−¨ª�;

D | áà¥¤−¥¥ ª®«¨ç¥áâ¢® ¤®¡�¢«ï¥¬ëå ¤®ªã¬¥−â®¢ ¢ ¤¥−ì ¤«ï ®¤−®£® ãç�áâ−¨ª�;

Q | áà¥¤−¥¥ ç¨á«® §�¯à®á®¢ ®¤−®£® ãç�áâ−¨ª� ¢ ¤¥−ì;

M | ¬¨−¨¬�«ì−®¥ ç¨á«® «®ª�«ì−ëå ª®¯¨© ¤®ªã¬¥−â� ¤«ï ¥£® ¨áª«îç¥−¨ï
¨§ –•;

–t | ¬�ªá¨¬�«ì−ë© cà®ª åà�−¥−¨ï ¤®ªã¬¥−â� ¢ –• ¯®á«¥ ¥£® ¯®á«¥¤−¥£®
¨á¯®«ì§®¢�−¨ï;
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–T | ¤«¨â¥«ì−®áâì ¯¥à¨®¤� −¥�ªâ¨¢−®áâ¨ ¯®«ì§®¢�â¥«ï, ¯à¨ ¯à¥¢ëè¥−¨¨
ª®â®à®£® ¥£® á«¥¤ã¥â áç¨â�âì ¢ë¡ë¢è¨¬ ¨§ ¯à®¥ªâ�;

–Tq | áà®ª �ªâã�«ì−®áâ¨ ®â«®¦¥−−®£® §�¯à®á�, ¯®á«¥ ¨áâ¥ç¥−¨ï ª®â®à®£®
§�¯à®á áç¨â�¥âáï −¥¨á¯®«−¥−−ë¬.

Š�¦¤ë© ¤®¡�¢«ï¥¬ë© ¤®ªã¬¥−â D ¨¬¥¥â �âà¨¡ãâ ID, ¢ëà�¦�îé¨© ¥£® ú¨−-
â¥à¥á−®áâìû | ¯�à�¬¥âà, ®¯à¥¤¥«ïîé¨© ¢¥à®ïâ−®áâì á®áâ�¢«¥−¨ï ¨−ä®à¬�æ¨®−-
−®£® §�¯à®á� ¯®«ì§®¢�â¥«¥¬ −� ¯®¨áª ¤�−−®£® ¤®ªã¬¥−â�. Œ−®£¨¥ ¨áá«¥¤®¢�â¥«¨
®â¬¥ç�«¨, çâ® à�−£®¢®¥ à�á¯à¥¤¥«¥−¨¥ ¤®ªã¬¥−â®¢ ¯® ¯®¯ã«ïà−®áâ¨ á«¥¤ã¥â §�-
ª®−ã ‡¨¯ä�, â. ¥. ã¡ë¢�¥â áâ¥¯¥−−ë¬ ®¡à�§®¬ á −®¬¥à®¬ à�−£� ¤®ªã¬¥−â�. Š�ª
¯®ª�§�−® ¢ [13], à�á¯à¥¤¥«¥−¨¥ ¯® ¯®¯ã«ïà−®áâ¨ á®®â¢¥âáâ¢ã¥â §¨¯ä®¯®¤®¡−®¬ã
à�−£®¢®¬ã à�á¯à¥¤¥«¥−¨î á ¯®ª�§�â¥«¥¬ α:

fr ≈ r−α .

�à¨ íâ®¬ §−�ç¥−¨¥ α ®ç¥−ì ¡«¨§ª® ª 1.
–¥«ìî ¬®¤¥«¨à®¢�−¨ï áâ�¢¨«®áì ¢ëï¢«¥−¨¥ ¤¨−�¬¨ª¨ á«¥¤ãîé¨å ¯®ª�§�â¥-

«¥©:

QD(t)| ª®«¨ç¥áâ¢® ¤®ªã¬¥−â®¢, åà�−ïé¨åáï ¢ –•;

DL(t)| ¤®«ï úá¯¨á�−−ëåû ¤®ªã¬¥−â®¢, åà�−¥−¨¥ ª®â®àëå ¯à¥ªà�é¥−® ¢ á¢ï§¨
á −¥¢®áâà¥¡®¢�−−®áâìî;

QR(t)| ¤®«ï §�¯à®á®¢, ¯à¨§−�−−ëå −¥¨á¯®«−¥−−ë¬¨;

TR(t)| áà¥¤−¥¥ ¢à¥¬ï ¢ë¯®«−¥−¨ï ¤«ï ¨á¯®«−¥−−ëå §�¯à®á®¢.

5 Результаты проверки

5.1. �à®¢¥àª� ¯®ª�§�«�, çâ® ¯®ª�§�â¥«ì QD(t) (ª®«¨ç¥áâ¢® ¤®ªã¬¥−â®¢, åà�-
−ïé¨åáï ¢ –•) ª áà®ªã ¯à¨¬¥à−® 6–t, â. ¥. ¤®¢®«ì−® ¡ëáâà®, ¤®áâ¨£�¥â
áâ�¤¨¨ −�áëé¥−¨ï. �� à¨á. 1 ¯à¨¢¥¤¥− £à�ä¨ª, ¤¥¬®−áâà¨àãîé¨© ¤¨−�-
¬¨ªã ¯®ª�§�â¥«ï QD(t). ˆ§ −¥£® ¢¨¤−®, çâ® ®á−®¢−�ï §�¤�ç� ¯à¥¤«®¦¥−−ëå
¬¥à ¤®áâ¨£−ãâ�: ¯®¤¤¥à¦ª� äã−ªæ¨®−¨à®¢�−¨ï â¥å−®«®£¨¨ −¥ á®¯àï¦¥−�
á® §−�ç¨â¥«ì−ë¬¨ ä¨−�−á®¢ë¬¨ ¨ ®à£�−¨§�æ¨®−−ë¬¨ §�âà�â�¬¨ −� á®¤¥à-
¦�−¨¥ ¨ �¤¬¨−¨áâà¨à®¢�−¨¥ æ¥−âà�«ì−®£® åà�−¨«¨é� ¨−ä®à¬�æ¨¨.

5.2. �®ª�§�â¥«ì DL(t) (¤®«ï úá¯¨á�−−ëåû ¤®ªã¬¥−â®¢, åà�−¥−¨¥ ª®â®àëå ¯à¥-
ªà�é¥−® ¢ á¢ï§¨ á −¥¢®áâà¥¡®¢�−−®áâìî) ¢ëç¨á«ï«áï á æ¥«ìî ®æ¥−ª¨
�¤¥ª¢�â−®áâ¨ ª®−æ¥¯æ¨¨, ¯®«®¦¥−−®© ¢ ®á−®¢ã ¬®¤¥«¨, â. ¥. áâ¥¯¥−¨ á®-
®â¢¥âáâ¢¨ï ¬®¤¥«¨ â®¬ã à¥�«ì−®¬ã ï¢«¥−¨î ¨«¨ ®¡ê¥ªâã, ¤«ï ®¯¨á�−¨ï
ª®â®à®£® ®−� áâà®¨âáï. „®¯ãé¥−¨¥, âà¥¡ãîé¥¥ ¯à®¢¥àª¨ −� �¤¥ª¢�â-
−®áâì, ¢ ª®−æ¥¯æ¨¨ ¬®¤¥«¨ â¥å−®«®£¨¨ �Šˆˆ â®«ìª® ®¤−®: �âà¨¡ãâ
¤®ªã¬¥−â� ID á §¨¯ä®¯®¤®¡−ë¬ à�−£®¢ë¬ à�á¯à¥¤¥«¥−¨¥¬ á ¯®ª�§�â¥«¥¬
áâ¥¯¥−¨, ¡«¨§ª¨¬ ª 1, à¥�«ì−® ®âà�¦�¥â áâ¥¯¥−ì ¨−â¥à¥á� ª ¤®ªã¬¥−âã
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�à¨−æ¨¯ë ®à£�−¨§�æ¨¨ ¤�−−ëå ¤«ï â¥å−®«®£¨¨ �Šˆˆ

÷¨á. 1 „¨−�¬¨ª� ¯®ª�§�â¥«ï QD(t) ÷¨á. 2 „¨−�¬¨ª� ¯®ª�§�â¥«ï QR(t)

á® áâ®à®−ë ãç�áâ−¨ª®¢, á«¥¤áâ¢¨¥¬ ç¥£® ï¢«ï¥âáï â®â ä�ªâ, çâ® ¢ úá¯¨-
á�−−ë¥û ¤®ªã¬¥−âë ¯®¯�¤�îâ ¯à¥¨¬ãé¥áâ¢¥−−® ¤®ªã¬¥−âë, −¥¨−â¥à¥á−ë¥
¤«ï ¡®«ìè¨−áâ¢� ¯®«ì§®¢�â¥«¥©.

„«ï ¯à®¢¥àª¨ íâ®£® ä�ªâ� ¡ë«� ¯à®¢¥¤¥−� á¥à¨ï ¯à®£®−®¢ ¬®¤¥«¨ á à�§-
«¨ç�îé¨¬¨áï ¢¤¢®¥ §−�ç¥−¨ï¬¨ –t ª�ª á ãç¥â®¬ �âà¨¡ãâ� ID ¯à¨ ä®à¬¨-
à®¢�−¨¨ §�¯à®á� (íªá¯¥à¨¬¥−â 1), â�ª ¨ ¡¥§ ¥£® ãç¥â� (íªá¯¥à¨¬¥−â 2). „«ï
ª�¦¤®£® íªá¯¥à¨¬¥−â� ¢ëç¨á«ï«®áì ã¬¥−ìè¥−¨¥ ª®«¨ç¥áâ¢� á¯¨á�−−ëå
¤®ªã¬¥−â®¢ ¯à¨ ã¤¢®¥−¨¨ –t.

�à®¢¥àª� ¯®ª�§�«�, çâ® ¢® ¢â®à®¬ íªá¯¥à¨¬¥−â¥ ã¬¥−ìè¥−¨¥ á®áâ�¢¨«®
−� 51,14% ¡‚®«ìèãî ¢¥«¨ç¨−ã ¯® áà�¢−¥−¨î á ¯¥à¢ë¬. �â® £®¢®à¨â ® â®¬,
çâ® ä�ªâ ¯à¥ªà�é¥−¨ï ¨«¨ ¯à®¤®«¦¥−¨ï åà�−¥−¨ï ¤®ªã¬¥−â� ¢ á¨áâ¥¬¥
§�¢¨á¨â ¯à¥¦¤¥ ¢á¥£® ®â ¥£® æ¥−−®áâ¨ ¤«ï á®®¡é¥áâ¢� ¨áá«¥¤®¢�â¥«¥©,
� −¥ ®â ¨áªãááâ¢¥−−® ¢ë¡à�−−ëå ¯�à�¬¥âà®¢ á¨áâ¥¬ë, ®â¢¥ç�îé¨å §� áà®ª
−�å®¦¤¥−¨ï ¤®ªã¬¥−â� ¢ –•.

5.3. �à®¢¥àª� ¯®ª�§�«�, çâ® ¯®ª�§�â¥«ì QR(t) (¤®«ï §�¯à®á®¢, ¯à¨§−�−−ëå
−¥¨á¯®«−¥−−ë¬¨) −¥ ¯à¥¢ëè�¥â 2%. �� à¨á. 2 ¯à¨¢¥¤¥− £à�ä¨ª, ¤¥-
¬®−áâà¨àãîé¨© ¤¨−�¬¨ªã ¯®ª�§�â¥«ï QR(t). ˆ§ −¥£® ¢¨¤−®, çâ® ¤®«ï
−¥¨á¯®«−¥−−ëå §�¯à®á®¢ −¥§−�ç¨â¥«ì−�, ¡ëáâà® ¤®áâ¨£�¥â â®çª¨ −�áëé¥-
−¨ï ¨ ¤�«¥¥ áâ�¡¨«¨§¨àã¥âáï. �â® ¤®ª�§ë¢�¥â íää¥ªâ¨¢−®áâì ¢ë¡à�−−ëå
¬¥à ¯® ®à£�−¨§�æ¨¨ ¤�−−ëå ¤«ï â¥å−®«®£¨¨ �Šˆˆ.

5.4. �à®¢¥àª� ¯®ª�§�«�, çâ® ¯®ª�§�â¥«ì TR(t) (áà¥¤−¥¥ ¢à¥¬ï ¢ë¯®«−¥−¨ï ¤«ï
¨á¯®«−¥−−ëå §�¯à®á®¢) ¤®áâ¨£�¥â §−�ç¥−¨ï 0,504 ç ¬®¤¥«ì−®£® ¢à¥¬¥−¨
¨ ¤�«¥¥ −¥ ¨¬¥¥â â¥−¤¥−æ¨¨ ª à®áâã ¯® ¬¥à¥ à�§¢¨â¨ï á¨áâ¥¬ë ¨ ¤®¡�¢«¥−¨ï
¢ −¥¥ −®¢ëå ¤®ªã¬¥−â®¢. �â® −�£«ï¤−® ¯à¥¤áâ�¢«¥−® −� £à�ä¨ª¥ ¤¨−�¬¨ª¨
¯®ª�§�â¥«ï TR(t) (à¨á. 3). �®«ãç�á®¢®¥ ®¦¨¤�−¨¥ ¤®áâã¯� ª ¨áâ®à¨ç¥áª®-
¬ã ¤®ªã¬¥−âã, ®¡¥á¯¥ç¨¢�¥¬®¥ â¥å−®«®£¨¥© �Šˆˆ, áãé¥áâ¢¥−−® ¬¥−ìè¥
®¡ëç−®£® ¢à¥¬¥−¨ ®¦¨¤�−¨ï §�ª�§�−−ëå ¤®ªã¬¥−â®¢ ¢ �àå¨¢�å ¨ ¡¨¡«¨®-
â¥ª�å ¨ áç¨â�¥âáï ¯á¨å®«®£¨ç¥áª¨ ¯à¨¥¬«¥¬ë¬. �â® â�ª¦¥ ¤®ª�§ë¢�¥â
íää¥ªâ¨¢−®áâì ¢ë¡à�−−ëå ¬¥à ¯® ®à£�−¨§�æ¨¨ ¤�−−ëå ¤«ï â¥å−®«®£¨¨
�Šˆˆ.
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6 Выводы

�ªá¯¥à¨¬¥−â�«ì−�ï ¯à®¢¥àª� ¯®-

÷¨á. 3 „¨−�¬¨ª� ¯®ª�§�â¥«ï TR(t)

ª�§�«�, çâ® ¯à¥¤«®¦¥−−ë¥ ¯à¨−æ¨¯ë
®à£�−¨§�æ¨¨ ¤�−−ëå ¤«ï à�áá¬�âà¨¢�-
¥¬®© â¥å−®«®£¨¨, ãç¨âë¢�îé¨¥ ¡®«ì-
è®© ®¡ê¥¬ à�§−®à®¤−®© ¨−ä®à¬�æ¨¨,
¨−â¥−á¨¢−® ¤®¡�¢«ï¥¬®© ¢ á¨áâ¥¬ã á®-
®¡é¥áâ¢®¬ ¨áá«¥¤®¢�â¥«¥©, ãç�áâ¢ã-
îé¨å ¢ −¥ª®¬¬¥àç¥áª®¬ ¯à®¥ªâ¥ ¯®
�Šˆˆ −� ¯à¨−æ¨¯�å á®â¢®àç¥áâ¢�
¨ ªà�ã¤á®àá¨−£�, ¬®£ãâ ¡ëâì ¢¥áì¬�

íää¥ªâ¨¢−ë. �−¨ ®¡¥á¯¥ç¨¢�îâ ¢®§¬®¦−®áâì ¨−â¥−á¨¢−®£® ®¡¬¥−� ¨−ä®à¬�æ¨-
¥© ¬¥¦¤ã ¨áá«¥¤®¢�â¥«ï¬¨, −¥ âà¥¡ãï ¯à¨ íâ®¬ áãé¥áâ¢¥−−ëå §�âà�â −� ¯®¤¤¥à¦-
ªã æ¥−âà�«¨§®¢�−−®© ¨−äà�áâàãªâãàë â¥å−®«®£¨¨ �Šˆˆ ¨ −¥ −�ª«�¤ë¢�ï −�
ç«¥−®¢ ¨áá«¥¤®¢�â¥«ìáª®£® á®®¡é¥áâ¢�, ãç�áâ¢ãîé¨å ¢ ¯à®¥ªâ¥ −� ¤®¡à®¢®«ì−ëå
−�ç�«�å, ®¡à¥¬¥−¨â¥«ì−ëå âà¥¡®¢�−¨© ®à£�−¨§�æ¨®−−®£® å�à�ªâ¥à�. �â® ¢�¦-
−ë© ä�ªâ®à ¯à¨¬¥−¨¬®áâ¨ â¥å−®«®£¨¨ �Šˆˆ, ¯®áª®«ìªã ®−� ¯à¥¤−�§−�ç¥−� ¤«ï
è¨à®ª®£® ªàã£� −¥ ï¢«ïîé¨åáï ¯à®ä¥áá¨®−�«ì−ë¬¨ ¨áâ®à¨ª�¬¨ ¨ ¡¨®£à�ä�¬¨
¯®«ì§®¢�â¥«¥©.
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THE PRINCIPLES OF DATA ORGANIZATION
FOR THE TECHNOLOGY OF CONCRETE HISTORICAL

RESEARCH SUPPORT

I. M. Adamovich and O. I. Volkov

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

Abstract: This article continues the series on technology of concrete historical
investigation support which was built on the principles of co-creation and
crowdsourcing and based on the system of automatic facts extraction from the
historical and biographical texts T-parser and program complex π-Factograph
oriented to the research process support and designed for a broad range of users
which are not professional historians and biographers. The article is devoted to
the description and reasoning of the data physical storage using the distributed
technology environment principles which prevent unlimited increase of central
storage volume without losses of important information. The efficiency of
proposed measures was checked with the use of the simulation modeling method.
The method of model adequacy checked by the results of comparison and analysis
of its runs with the different values of such document's attribute as its public
value was rationalized. As a result of the above tests, the reasonable conclusion
about the efficiency of the proposed data physical storage principles for the
technology of concrete historical research support was made.
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cated data placement; model of distributed system; central storage
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МОДЕЛЬ КООПЕРАТИВНОГО РЕШАТЕЛЯ ЗАДАЧ
НА ОСНОВЕ ЦИФРОВЫХ ДВОЙНИКОВ

В. Д. Ильин1

�−−®â�æ¨ï: �à¥¤«®¦¥−� ¬®¤¥«ì ª®®¯¥à�â¨¢−®£® à¥è�â¥«ï §�¤�ç −� ®á−®¢¥
æ¨äà®¢ëå ¤¢®©−¨ª®¢. “ç�áâ−¨ª¨ ª®®¯¥à�æ¨¨ (−�§¢�−−ë¥ dt-¨−ä�¬¨) à�á-
á¬�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−®© ®¡«�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�ááç¨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 −¥¯ãáâë¬ ¯¥à¥á¥ç¥−¨¥¬ ¯®
¯�¬ïâ¨. ��£àã§ª� à¥¡à� ®¯à¥¤¥«ï¥âáï ¬−®¦¥áâ¢®¬ ¢á¥å ¯�à í«¥¬¥−â®¢ ¯�¬ïâ¨,
¢å®¤ïé¨å ¢ ¯¥à¥á¥ç¥−¨¥. �à¥¤«®¦¥−−�ï ¬®¤¥«ì à�ááç¨â�−� −� ¯à¨¬¥−¥−¨¥
¯à¨ à�§à�¡®âª�å ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ ®−«�©−-á¥à¢¨á®¢.

Š«îç¥¢ë¥ á«®¢�: æ¨äà®¢ë¥ ¤¢®©−¨ª¨; ¬�è¨−� ¤«ï ª®®¯¥à�â¨¢−®£® à¥è¥−¨ï
§�¤�ç; §�¤�ç−ë© ª®−áâàãªâ¨¢−ë© ®¡ê¥ªâ; §�¤�ç−ë© £à�ä; ¨−ä®à¬�æ¨®−−�ï
â¥å−®«®£¨ï; ®−«�©−-á¥à¢¨á

DOI: 10.14357/08696527190215

1 Введение

‚ −�è¨ ¤−¨ ¤«ï à¥è¥−¨ï §�¤�ç ¢ à�§«¨ç−ëå áä¥à�å ¤¥ïâ¥«ì−®áâ¨ ãá¯¥è−®
¯à¨¬¥−ïîâáï M2M-â¥å−®«®£¨¨ (�−£«. Machine-to-Machine) [1, 2], â¥å−®«®£¨¨
®¡«�ç−ëå ¢ëç¨á«¥−¨© (�−£«. cloud computing) ¨ í«¥ªâà®−−ëå á¥à¢¨á®¢ [3{8],
ˆ−â¥à−¥â� ¢¥é¥© (�−£«. Internet of Things, IoT) [9, 10] ¨ æ¨äà®¢ëå ¤¢®©−¨ª®¢
(�−£«. digital twins) [11].

�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¥¤¥) [12]. ’�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«¨ −¥

1‚ëç¨á«¨â¥«ì−ë© æ¥−âà ¨¬. �. �. „®à®¤−¨æë−� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vdilyin@yandex.ru
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Œ®¤¥«ì ª®®¯¥à�â¨¢−®£® à¥è�â¥«ï §�¤�ç −� ®á−®¢¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢

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«�. ˆ ¥á«¨ ¯à®¢¥àª� §�¢¥àè¨«�áì ãá¯¥å®¬, ¯à¨−ïâì à¥è¥−¨¥ ® æ¥«¥á®-
®¡à�§−®áâ¨ à¥�«¨§�æ¨¨ §�¬ëá«�. � ¢ ¯à®â¨¢−®¬ á«ãç�¥ | §�−ïâìáï ¨§¬¥−¥−¨¥¬
§�¬ëá«�.

‚ 1989 £. ¢ ¬®−®£à�ä¨¨ [13] ¡ë«� ¯à¥¤«®¦¥−� ¬¥â®¤®«®£¨ï á¨¬¢®«ì−®£®
¢®¯«®é¥−¨ï §�¬ëá«� ¢ s-áà¥¤¥ ¯à¨¬¥−¨â¥«ì−® ª ¯®à®¦¤¥−¨î ¯à®£à�¬¬ (�¢â®-
¬�â¨§¨à®¢�−−®¬ã ª®−áâàã¨à®¢�−¨î ¯à®£à�¬¬ −� ®á−®¢¥ á¨áâ¥¬ë §−�−¨© ® ¯à®-
£à�¬¬¨àã¥¬ëå §�¤�ç�å). ˆ¤¥ï ¤®áâ¨¦¥−¨ï æ¥«¨ á ¨á¯®«ì§®¢�−¨¥¬ á¨¬¢®«ì−ëå
¬®¤¥«¥© ¢®¯«®é¥−� ¢® ¬−®£¨å â¥å−®«®£¨ïå ¤«ï à�§«¨ç−ëå ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨.
��¨¡®«¥¥ ãá¯¥è−ë¬¨ áâ�−®¢ïâáï â¥ â¥å−®«®£¨¨, ª®â®àë¥ ¨áª«îç�îâ ¯®¢¥¤¥−¨¥,
−¥ á®®â¢¥âáâ¢ãîé¥¥ ¯à�¢¨«�¬ (¯®¯ëâª¨ −¥¤®¯ãáâ¨¬®£® ¯®¢¥¤¥−¨ï ¨¬¥îâ áâ®«ìª®
¦¥ è�−á®¢ −� ãá¯¥å, áª®«ìª® ¯®¯ëâª¨ áë£à�âì ¢ ¯®ª¥à á è�å¬�â−®© ¯à®£à�¬¬®©).

‚ −�è¨ ¤−¨ áãé¥áâ¢ã¥â ®£à®¬−®¥ ç¨á«® §�¤�ç, §�¯à®£à�¬¬¨à®¢�−−ëå −� à�§-
«¨ç−ëå ï§ëª�å ¨ à¥�«¨§®¢�−−ëå ¢ á®áâ�¢¥ á¨áâ¥¬−ëå ¨ ¯à¨ª«�¤−ëå ª®¬¯«¥ªá®¢.
Š�ª¨¥ íâ® §�¤�ç¨, ª ª�ª¨¬ ª«�áá�¬ ®â−¥á¥−ë? ƒ¤¥ ¬®¦−® −�©â¨ á¢¥¤¥−¨ï ®¡
¨å ä®à¬ã«¨à®¢ª�å, ¬¥â®¤�å ¨ �«£®à¨â¬�å à¥è¥−¨ï ¨ â¥áâ®¢ëå ¯à¨¬¥à�å? Š�ª
¨á¯®«ì§®¢�âì íâ®â �àá¥−�«? “á®¢¥àè¥−áâ¢®¢�−−ë© ¯®¤å®¤ ª ¯à¥¤áâ�¢«¥−¨î §−�-
−¨© ® ¯à®£à�¬¬¨àã¥¬ëå §�¤�ç�å ¨ ¯®¨áªã à�§à¥è�îé¨å áâàãªâãà −� §�¤�ç−ëå
£à�ä�å ¡ë« ¯à¥¤«®¦¥− ¢ [14].

1.1 Выделение фрагментов текста статьи

„«ï ¢ë¤¥«¥−¨ï ®¯à¥¤¥«¥−¨©, §�¬¥ç�−¨© ¨ ¯à¨¬¥à®¢ ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥
áà¥¤áâ¢�:

� 〈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 ¢−¨¬�−¨¥.

1.2 Цифровой двойник

� –¨äà®¢®© ¤¢®©−¨ª (¤�«¥¥ | dt) | íâ® á¨¬¢®«ì−�ï ¬®¤¥«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¥ �£-
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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®¢®© á¨¬¢®«ì−®© ¬®¤¥«¨ ¯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�). ♦

2 Dt-инф — обучаемая машина для решения задач

�ã¤¥¬ à�áá¬�âà¨¢�âì dt-¨−ä 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 (¤�«¥¥ | enels) ¯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¥¬, 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 ¡ã¤¥¬
à�áá¬�âà¨¢�âì −� ®á−®¢¥ ¢â®à®£® ¯à¥¤áâ�¢«¥−¨ï.

� ˆ−ä®à¬�æ¨®−−�ï ¬®¤¥«ì dt-¨−ä� | ¬�è¨−� á ª®−¥ç−ë¬ ¬−®¦¥áâ¢®¬
á®áâ®ï−¨© S, ®¡«�¤�îé�ï æ¥«ìî (¯®−¨¬�¥¬®© ª�ª ¬−®¦¥áâ¢® §�¤�ç, à�§à¥è¨¬ëå
−� §�¤�ç−®¬ £à�ä¥ G [14]). �

Œ−®¦¥áâ¢® T ¯�à á®áâ®ï−¨©, ¯à¨−�¤«¥¦�é¨å ¤¥ª�àâ®¢ã ¯à®¨§¢¥¤¥−¨î S ∗S,
§�¤�¥â ®â−®è¥−¨¥ ¤®¯ãáâ¨¬ëå ¯¥à¥å®¤®¢. ��à� (si, sj) ¯à¨−�¤«¥¦¨â T , ¥á«¨
¨§ á®áâ®ï−¨ï si à�§à¥è¥− ¯¥à¥å®¤ ¢ á®áâ®ï−¨¥ sj; i, j = 1, . . . , nS (nS | ç¨á«®
á®áâ®ï−¨©).

‡�¤�ç−ë© £à�ä G á«ã¦¨â ä®à¬�«ì−ë¬ ¯à¥¤áâ�¢«¥−¨¥¬ §�¤�ç−®© ®¡«�áâ¨,
à�ááç¨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¨−� £à�ä� ¨¬¥¥â ¯�¬ïâì, ¯à¥¤áâ�¢«¥−−ãî ¯�¬ïâìî §�¤�ç¨
(¨«¨ §�¤�ç−®© ®¡«�áâ¨). ÷¥¡à® §�¤�ç−®£® £à�ä� | íâ® ¯�à� ¢¥àè¨− á −¥¯ãáâë¬
¯¥à¥á¥ç¥−¨¥¬ ¯® ¯�¬ïâ¨. ��£àã§ª� à¥¡à� ®¯à¥¤¥«ï¥âáï ¬−®¦¥áâ¢®¬ ¢á¥å ¯�à
í«¥¬¥−â®¢ ¯�¬ïâ¨, ¢å®¤ïé¨å ¢ íâ® ¯¥à¥á¥ç¥−¨¥ [14].

�ã¤¥¬ −�§ë¢�âì dt-¨−ä ¢ëç¨á«¨â¥«ì−ë¬, ¥á«¨ ª�¦¤®¬ã si ¨§ ¬−®¦¥áâ¢� S
á®áâ®ï−¨© �«£®à¨â¬¨ç¥áª¨ ¯®áâ�¢«¥−® ¢ á®®â¢¥âáâ¢¨¥ −¥ ¡®«¥¥ ®¤−®£® sj (i 6= j).
…á«¨ ¦¥ ª�¦¤®¬ã si ¨§ ¬−®¦¥áâ¢� S ¬®¦¥â ¡ëâì ¯®áâ�¢«¥−® ¢ á®®â¢¥âáâ¢¨¥ ¡®«¥¥
®¤−®£® sj (i 6= j), dt-¨−ä ¡ã¤¥¬ −�§ë¢�âì ¨áç¨á«¨â¥«ì−ë¬.

�®¢¥¤¥−¨¥ dt-¨−ä� ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬¨ âà¥¡®¢�−¨ï¬¨:

{ ¯à¨−¨¬�âì ¨ ®â¯à�¢«ïâì á®®¡é¥−¨ï, ¢§�¨¬®¤¥©áâ¢ãï á ¤àã£¨¬¨ dt-¨−ä�¬¨
¨ enels;
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{ ¨−â¥à¯à¥â¨à®¢�âì á®®¡é¥−¨ï, ¢ë¤�¢�ï á¢¥¤¥−¨ï ®¡ ®è¨¡ª�å ¨ ¤®¯ãáª�ï
ª®àà¥ªæ¨î ¯à¨−ïâëå á®®¡é¥−¨©;

{ ¢ë¯®«−ïâì à�¡®âã, §�¯à®è¥−−ãî ¢ á®®¡é¥−¨¨, ¤®¯ãáª�ï ¤¨�«®£, ¯�ã§ë ¨ ®â-
¬¥−ã;

{ ®ä®à¬«ïâì à¥§ã«ìâ�â ¢ë¯®«−¥−−®© à�¡®âë ¤«ï ®â¯à�¢ª¨ ª®àà¥á¯®−¤¥−âã;

{ ®¡à�§®¢ë¢�âì ®¡ê¥¤¨−¥−¨ï dt-¨−ä®¢, ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï à¥è¥−¨ï ª®¬-
¯«¥ªá®¢ §�¤�ç.

Dt-¨−ä à�¡®â�¥â ª�ª ¤¨áªà¥â−�ï ¬�è¨−� ¤«ï ®¡à�¡®âª¨ á®®¡é¥−¨©, ¡¥§®â-
−®á¨â¥«ì−® ª á®¤¥à¦�−¨î à�¡®âë, ¢ë¯®«−ï¥¬®© ¢ á®®â¢¥âáâ¢¨¨ á ¯®áâã¯¨¢è¨¬
§�¯à®á®¬.

’�ª®© ¢§£«ï¤ −� dt-¨−ä á®®â¢¥âáâ¢ã¥â −�¬¥à¥−¨î ¨áá«¥¤®¢�âì ¯à®¡«¥¬ã
á®§¤�−¨ï ª®®¯¥à�æ¨¨ dt-¨−ä®¢.

Dt-¨−ä ª�ª ¬�è¨−� ¤«ï ®¡à�¡®âª¨ á®®¡é¥−¨© á®áâ®¨â ¨§ á«¥¤ãîé¨å ª®¬¯®-
−¥−â, á®áâ�¢«ïîé¨å ª®−¢¥©¥à (ª®â®àë¥ ¬®£ãâ à�¡®â�âì �á¨−åà®−−®):

BEFORE | ¨−¨æ¨�«¨§�æ¨ï, §�¯ãáª, ®¡ãç¥−¨¥;
START | ¯à¨¥¬, ¡ãä¥à¨§�æ¨ï, ¨−â¥à¯à¥â�æ¨ï á®®¡é¥−¨©;
STEP | è�£ ¢ ¯à®æ¥áá¥ ¢ë¯®«−¥−¨ï à�¡®âë, §�¯à®è¥−−®© ¢ á®®¡é¥−¨¨;
END | §�¢¥àè¥−¨¥ à�¡®âë á â¥ªãé¨¬ á®®¡é¥−¨¥¬;
AFTER | §�¢¥àè¥−¨¥ à�¡®âë dt-¨−ä�.
�¤−®¢à¥¬¥−−® á â¥¬, ª�ª ª®¬¯®−¥−â� BEFORE §�−ïâ� ( ®¡ãç¥−¨¥¬ ¯®«ì-

§®¢�â¥«ï ), ª®¬¯®−¥−â� START ¬®¦¥â ¨−â¥à¯à¥â¨à®¢�âì ®ç¥à¥¤−®¥ á®®¡é¥−¨¥,
a STEP | ¢ë¯®«−ïâì à�¡®âã, §�¯à®è¥−−ãî ¢ ¯à¥¤ë¤ãé¥¬ á®®¡é¥−¨¨.

Š�¦¤�ï ª®¬¯®−¥−â� dt-¨−ä� ¬®¦¥â −�å®¤¨âìáï ¢ ®¤−®¬ ¨§ á®áâ®ï−¨©, ¯à¨-
−�¤«¥¦�é¨å ¬−®¦¥áâ¢ã

State = {head, tail,dial, intr,paus, canc, resl, fail,null},

£¤¥head| á®áâ®ï−¨¥ £®â®¢−®áâ¨; tail| à�¡®â� §�ª®−ç¥−�;dial| ¢§�¨¬®¤¥©áâ¢¨¥
á enels; intr | ¢§�¨¬®¤¥©áâ¢¨¥ á ¤àã£¨¬¨ dt-¨−ä�¬¨; paus | ¯�ã§�; canc |
®â¬¥−�; resl| à¥§ã«ìâ�â ¯®«ãç¥−; fail| −¥ã¤�ç�: à¥§ã«ìâ�â ¯®«ãç¨âì −¥ ã¤�«®áì;
null | á®áâ®ï−¨¥, âà¥¡ãîé¥¥ −¥¯à¥¤ãá¬®âà¥−−®£® ¢¬¥è�â¥«ìáâ¢� ®â¯à�¢¨â¥«ï
á®®¡é¥−¨ï (enel ¨«¨ dt-¨−ä�).

�â−®è¥−¨¥ ¯¥à¥å®¤� ¨§ ®¤−®£® á®áâ®ï−¨ï ¢ ¤àã£®¥ §�¤�−® ¤«ï ª�¦¤®© ª®¬-
¯®−¥−âë á®®â¢¥âáâ¢ãîé¥© â�¡«¨æ¥© ¯¥à¥å®¤� á®áâ®ï−¨©. ’�¡«¨æë ¤«ï ¢á¥å
ª®¬¯®−¥−â ¨¬¥îâ ®¤¨−�ª®¢ãî áâàãªâãàã: ç¨á«® áâà®ª ¨ ç¨á«® áâ®«¡æ®¢ à�¢−ë
ç¨á«ã á®áâ®ï−¨©. ‘âà®ª¨ ¨ áâ®«¡æë ¨¬¥îâ â¥ ¦¥ ¨¬¥−�, çâ® ¨ á®®â¢¥âáâ¢ãîé¨¥
á®áâ®ï−¨ï. …á«¨ ¢ ª«¥âª¥ −� ¯¥à¥á¥ç¥−¨¨ áâà®ª¨ sti ¨ áâ®«¡æ� stj áâ®¨â ¡ãª¢� f ,
íâ® ®§−�ç�¥â, çâ® ¯¥à¥å®¤ ¨§ á®áâ®ï−¨ï sti ¢ á®áâ®ï−¨¥ stj −¥¢®§¬®¦¥−. …á«¨
¢ ª«¥âª¥ à�§¬¥é¥−� ááë«ª� −� ¯à�¢¨«® rule, ®¯à¥¤¥«ïîé¥¥ ¯¥à¥å®¤ (sti → stj),
â® íâ® ®§−�ç�¥â, çâ® à�§à¥è¥−−ë© ¯¥à¥å®¤ ¢ë¯®«−ï¥âáï ¢ á®®â¢¥âáâ¢¨¨ á íâ¨¬
¯à�¢¨«®¬.
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‚. „. ˆ«ì¨−

Š®¬¯®−¥−âë ¢§�¨¬®¤¥©áâ¢ãîâ ¢ á®®â¢¥âáâ¢¨¨ á ¯à�¢¨«�¬¨, åà�−ïé¨¬¨áï
¢ ¡�§¥ ¯à�¢¨« ¢§�¨¬®¤¥©áâ¢¨ï ª®¬¯®−¥−â dt-¨−ä�.

Dt-¨−ä ª�ª à¥è�â¥«ì §�¤�ç ¨§ −¥ª®â®à®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¤®«¦¥− à�á¯®-
«�£�âì áà¥¤áâ¢�¬¨ ¤«ï ¨−â¥à¯à¥â�æ¨¨ á®®¡é¥−¨© ¨ ¢ë¯®«−¥−¨ï §�¯à�è¨¢�¥¬ëå
à�¡®â. ‚ á®áâ�¢ dt-¨−ä�, à¥è�îé¥£® §�¤�ç¨ ¨§ §�¤�−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨,
¢å®¤ïâ:

{ �−�«¨§�â®à á®®¡é¥−¨© (§�¯à®á®¢ −� à¥è¥−¨¥ §�¤�ç);

{ ¯®áâà®¨â¥«ì à�§à¥è�îé¨å áâàãªâãà −� §�¤�ç−®¬ £à�ä¥;

{ á¨áâ¥¬� ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå;

{ ä®à¬®®à¨¥−â¨à®¢�−−ë© ¯à®æ¥áá®à ¢¢®¤�{¢ë¢®¤�;

{ áà¥¤áâ¢� à�áè¨à¥−¨ï ¬−®¦¥áâ¢� à�§à¥è¨¬ëå §�¤�ç;

{ äã−ªæ¨®−�«ì−�ï ª®¬¯®−¥−â�.

Ÿ§ëª á®®¡é¥−¨© «�ª®−¨ç¥− (−¥®¡ï§�â¥«ì−ë¥ á¨−â�ªá¨ç¥áª¨¥ ª®−áâàãªæ¨¨
§�ª«îç¥−ë ¢ ä¨£ãà−ë¥ áª®¡ª¨ ′′{′′ ¨ ′′}′′):
〈á®®¡é¥−¨¥〉::= 〈ª®−¢¥àâ〉{〈á®¤¥à¦¨¬®¥〉}
〈ª®−¢¥àâ〉::= 〈¯®«ãç�â¥«ì〉,〈®â¯à�¢¨â¥«ì〉
〈á®¤¥à¦¨¬®¥〉::= −�©â¨〈¢ëå®¤〉¯®〈¢å®¤〉{¯à¨〈§�¢¨á¨¬®áâì ¢ëå®¤-¢å®¤〉}|

〈à�§à¥è�îé�ï áâàãªâãà�〉〈�¤à¥á ¢å®¤�〉〈�¤à¥á ¢ëå®¤�〉}
�®«ãç�â¥«ì ¨ ®â¯à�¢¨â¥«ì ¯à¥¤áâ�¢«¥−ë ¨¬¥−�¬¨ dt-¨−ä®¢ á ãª�§�−¨¥¬

ª®®à¤¨−�â ¯®àâ®¢ á®®¡é¥−¨©. ‚ëå®¤ ¨ ¢å®¤ §�¤�îâáï ¨¬¥−�¬¨ ¯®−ïâ¨© ¯à¥¤-
¬¥â−®© ®¡«�áâ¨. ‡�¢¨á¨¬®áâì ¢ëå®¤{¢å®¤ §�¤�¥âáï ¢ â¥å á«ãç�ïå, ª®£¤� §�¯à®á
¯à¥¤áâ�¢«¥− ¢ ¢¨¤¥ ä®à¬ã«¨à®¢ª¨ §�¤�ç¨.

÷�§à¥è�îé�ï áâàãªâãà� ¯à¥¤áâ�¢«¥−� ¨¬¥−¥¬; �¤à¥á ¢å®¤� ãª�§ë¢�¥â ¬¥áâ®,
®âªã¤� á«¥¤ã¥â ¯à®ç¨â�âì ¢å®¤−ë¥ ¤�−−ë¥; �¤à¥á ¢ëå®¤� | ªã¤� á«¥¤ã¥â §�¯¨á�âì
¯®«ãç¥−−ë© à¥§ã«ìâ�â. …á«¨ ®¤¨− ¨§ �¤à¥á®¢ (¨«¨ ®¡�) −¥ ãª�§�−, íâ® ®§−�ç�¥â,
çâ® à�¡®â� ¢ë¯®«−ï¥âáï á ¨á¯®«ì§®¢�−¨¥¬ ¢å®¤−ëå ¨ ¢ëå®¤−ëå ¯®àâ®¢ (¤«ï
¤�−−ëå ¨ à¥§ã«ìâ�â®¢).

�¡−�àã¦¨¢ á®®¡é¥−¨¥ ¢® ¢å®¤−®¬ ¯®àâã á®®¡é¥−¨©, �−�«¨§�â®à −�ç¨−�¥â
á¨−â�ªá¨ç¥áª¨© à�§¡®à. …á«¨ á®®¡é¥−¨¥ á¨−â�ªá¨ç¥áª¨ ¢¥à−®, ®−® −�¯à�¢«ï¥âáï
¯®áâà®¨â¥«î à�§à¥è�îé¨å áâàãªâãà. ‚ ¯à®â¨¢−®¬ á«ãç�¥ ®â¯à�¢¨â¥«î ¢ë¤�îâáï
á¢¥¤¥−¨ï ®¡ ®è¨¡ª¥ (á ¯à¥¤«®¦¥−¨¥¬ ¨á¯à�¢¨âì á®®¡é¥−¨¥). Š®£¤� ¯®«ãç¥−
¨áª®¬ë© à¥§ã«ìâ�â, ®− −�¯à�¢«ï¥âáï ®â¯à�¢¨â¥«î ¯® �¤à¥áã, ãª�§�−−®¬ã −�
ª®−¢¥àâ¥.

�®áâà®¨â¥«ì à�§à¥è�îé¨å áâàãªâãà ®âëáª¨¢�¥â −� §�¤�ç−®¬ £à�ä¥ à�§-
à¥è�îéãî áâàãªâãàã, ¯®§¢®«ïîéãî ¯® §�¤�−−®¬ã ¢å®¤ã −�©â¨ ¨áª®¬ë© ¢ë-
å®¤.

‘¨áâ¥¬� ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå (‘“�„) ¨£à�¥â à®«ì ¯�¬ïâ¨ dt-¨−ä�.
‚á¥ äã−ªæ¨¨, á¢®©áâ¢¥−−ë¥ ‘“�„, ¯à¨áãé¨ ¯�¬ïâ¨ dt-¨−ä�.
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Œ®¤¥«ì ª®®¯¥à�â¨¢−®£® à¥è�â¥«ï §�¤�ç −� ®á−®¢¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢

”®à¬®®à¨¥−â¨à®¢�−−ë© ¯à®æ¥áá®à ¢¢®¤�{¢ë¢®¤� ¯à¥¤áâ�¢«ï¥â á®¡®© ®¡ê-
¥¤¨−¥−¨¥ áâàãªâãà−®-®à¨¥−â¨à®¢�−−ëå à¥¤�ªâ®à®¢ ¢¢®¤�, ä®à¬¨à®¢�â¥«¥© ®âç¥-
â®¢ ¨ áà¥¤áâ¢ ¢ë¢®¤� ¢® ¢−¥è−îî (¯® ®â−®è¥−¨î ª dt-¨−äã) áà¥¤ã.

÷�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.

3 Заключение

�à¥¤«®¦¥−−�ï ¬®¤¥«ì ª®®¯¥à�â¨¢−®£® à¥è�â¥«ï §�¤�ç ®á−®¢�−� −� à¥§ã«ìâ�-
â�å, ¯®«ãç¥−−ëå ¯à¨ á®§¤�−¨¨ ¬¥â®¤®«®£¨¨ ¯®à®¦¤¥−¨ï ¯à®£à�¬¬ [13] ¨ ¬¥â®¤®-
«®£¨¨ ¯®áâà®¥−¨ï ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë à¥è¥−¨ï §�¤�ç [12].

Š�¦¤ë© ãç�áâ−¨ª ª®®¯¥à�æ¨¨ á¯¥æ¨�«¨§¨àã¥âáï −� ®¯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.

Œ®¤¥«ì ¬®¦¥â á«ã¦¨âì ¬¥â®¤®«®£¨ç¥áª¨¬ ®á−®¢�−¨¥¬ ¤«ï ¯à®¥ªâ¨à®¢�−¨ï
ª®®¯¥à�â¨¢−®£® à¥è�â¥«ï §�¤�ç −� ®á−®¢¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢.
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BASED ON DIGITAL TWINS
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Sciences, 40 Vavilov Str., Moscow 119333, Russian Federation

Abstract: The model of cooperative problem solver based on digital twins
is proposed. Participants of cooperation (called \dt-infs") are considered as
learnable machines for solving problems. In the processes of solving problems,
such machine endowed with a finite set of states and a goal (understood as a set of
solvable problems in the subject area) interacts with other members of cooperation
and environmental elements through the exchange of unified messages. For each
dt-inf, the subject area is represented by a task graph, designed to search for
resolving structures and formalize knowledge of the tasks. The set of graph
vertices is composed of task constructive objects. Each vertex has a memory
represented by the task memory of the task (simple or composite) or the task
area. An edge of the task graph is a pair of vertices with nonempty intersection
by memory. Load of the edge is determined by the set of all pairs of memory
elements included in the intersection. The proposed model is designed for use in
the development of information technologies and online services.

Keywords: digital twins; cooperative problem solver; task constructive object;
task graph; information technology; online service
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è¨© −�ãç−ë© á®âàã¤−¨ª ��ãç−®-¨áá«¥¤®¢�â¥«ìáª®£® ¨−áâ¨âãâ� à�¤¨®í«¥ªâà®−-
−ëå á¨áâ¥¬ ā£®-‡�¯�¤−®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�
�®¡ëàì Œ�ªá¨¬ ‚«�¤¨¬¨à®¢¨ç (à. 1978) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥á-
á®à ā£®-‡�¯�¤−®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�
‚®«ª®¢ �«¥£ ˆ£®à¥¢¨ç (à. 1964) | ¢¥¤ãé¨© ¯à®£à�¬¬¨áâ ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‚®«®¢¨ç Š®−áâ�−â¨− ˆ®á¨ä®¢¨ç (à. 1970) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−-
ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
ƒ�à�−¨− �«¥ªá�−¤à ˆ¢�−®¢¨ç (à. 1951) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
ƒ®−ç�à®¢ �«¥ªá�−¤à �−�â®«ì¥¢¨ç (à. 1994) | ¬«�¤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
ƒàãè® �«¥ªá�−¤à �«¥ªá�−¤à®¢¨ç (à. 1946) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¯à®ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�-
â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
…£®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
‡�æ�à¨−−ë© �«¥ªá�−¤à �«¥ªá¥¥¢¨ç (à. 1951) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª,
§�¬¥áâ¨â¥«ì ¤¨à¥ªâ®à� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª (”ˆ– ˆ“ ÷��); £«�¢−ë© −�ãç−ë©
á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”ˆ– ˆ“ ÷��
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−�
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à-
¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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ˆ−ìª®¢� �«ì£� āàì¥¢−� (à. 1965) | ¤®ªâ®à ä¨«®«®£¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Š¨á¥«ñ¢� ��¤¥¦¤� �¨ª®«�¥¢−� (à. 1949) | ¤®ªâ®à å¨¬¨ç¥áª¨å −�ãª, àãª®¢®¤¨-
â¥«ì «�¡®à�â®à¨¨ ˆ−áâ¨âãâ� ¬¥â�««ãà£¨¨ ¨ ¬�â¥à¨�«®¢¥¤¥−¨ï ¨¬. �. �. ��©ª®¢�
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Š®«¥á−¨ª®¢ �«¥ªá�−¤à ‚�á¨«ì¥¢¨ç (à. 1948) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®-
ä¥áá®à ˆ−áâ¨âãâ� ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©
��«â¨©áª®£® ä¥¤¥à�«ì−®£® ã−¨¢¥àá¨â¥â� ¨¬¥−¨ ˆ¬¬�−ã¨«� Š�−â�; ¢¥¤ãé¨© −�-
ãç−ë© á®âàã¤−¨ª Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Š®−¤à�è¥¢ ‚�¤¨¬ �¤®«ìä®¢¨ç (à. 1963) | 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
Šàã¦ª®¢ Œ¨å�¨« ƒà¨£®àì¥¢¨ç (à. 1975) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−-
ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Šã¤àï¢æ¥¢ �«¥ªá¥© �−¤à¥¥¢¨ç (p. 1978) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥-
áª¨å −�ãª, ¤®æ¥−â ª�ä¥¤àë ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨ ä�ªã«ìâ¥â� ¢ëç¨á«¨â¥«ì-
−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬.
Œ. ‚. ‹®¬®−®á®¢�
‹¨áâ®¯�¤ ‘¥à£¥© ‚¨ªâ®à®¢¨ç (à. 1984) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ì-
áª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‹ãªìï−®¢ ‹¥®−¨¤ �àª�¤ì¥¢¨ç (à. 1992) | �á¯¨à�−â ��èª¨àáª®£® £®áã¤�à-
áâ¢¥−−®£® ã−¨¢¥àá¨â¥â�
Œ�©®à®¢ �®à¨á ƒ¥−−�¤ì¥¢¨ç (à. 1947) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¤®-
æ¥−â, ¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª �� ú��ãç−®-¯à®¨§¢®¤áâ¢¥−−®¥ ¯à¥¤¯à¨ïâ¨¥
ú÷ã¡¨−û, £. �¥−§�
Œ�©â�ª®¢ ”¥¤®à ƒ¥®à£¨¥¢¨ç (à. 1973) | �á¯¨à�−â ˆ−áâ¨âãâ� ä¨§¨ª®-¬�-
â¥¬�â¨ç¥áª¨å −�ãª ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ��«â¨©áª®£® ä¥¤¥à�«ì−®£®
ã−¨¢¥àá¨â¥â� ¨¬¥−¨ ˆ¬¬�−ã¨«� Š�−â�
Œ�«ìª®¢áª¨© ‘¥à£¥© ˆ¢�−®¢¨ç (à. 1983) | −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì-
−®£® æ¥−âà� „�«ì−¥¢®áâ®ç−®£® ®â¤¥«¥−¨ï ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Œ¨«®áâ−�ï ��â�«ìï �−�â®«ì¥¢−� (à. 1975) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ā£®-‡�¯�¤−®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�
Œ®à®§ª¨− �¨ª®«�© „�−¨«®¢¨ç (à. 1953) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, à¥ªâ®à ��èª¨àáª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�
�¨ª¨è¨− „¬¨âà¨© �«¥ªá�−¤à®¢¨ç (à. 1976) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
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�¦¥à¥«ì¥¢ ˆ«ìï ‘¥à£¥¥¢¨ç (à. 1994) | áâã¤¥−â ¬�£¨áâà�âãàë ä�ªã«ìâ¥â�
¢ëç¨á«¨â¥«ì−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨-
¢¥àá¨â¥â� ¨¬. Œ. ‚. ‹®¬®−®á®¢�
��«¨®−−�ï ‘®äìï ˆ£®à¥¢−� (à. 1995) | áâã¤¥−âª� ä�ªã«ìâ¥â� ¢ëç¨á«¨â¥«ì-
−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬.
Œ. ‚. ‹®¬®−®á®¢�
‘¥−ìª® �«¥£ ‚�«¥−â¨−®¢¨ç (à. 1957) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à-
¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘¯¨¢�ª ‘¥¬¥− ˆ§à�¨«¥¢¨ç (à. 1945) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
§�¢¥¤ãîé¨© ª�ä¥¤à®© ��èª¨àáª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�
‘âà¨¦®¢ ‚�¤¨¬ ‚¨ªâ®à®¢¨ç (à. 1967) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¢¥¤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; ¯à®ä¥áá®à Œ®áª®¢áª®£® ä¨§¨ª®-â¥å−¨ç¥áª®£® ¨−áâ¨âãâ�
’¨¬®−¨−� …«¥−� …¢£¥−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¬�−®¢� Š�à¨−� ÷�¢¨«¥¢−� (à. 1996) | áâã¤¥−âª� Œ®áª®¢áª®£® ä¨§¨ª®-â¥å-
−¨ç¥áª®£® ¨−áâ¨âãâ�
˜¥áâ�ª®¢ �«¥£ ‚«�¤¨¬¨à®¢¨ç (p. 1976) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å,
¯à®ä¥áá®à ª�ä¥¤àë ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨ ä�ªã«ìâ¥â� ¢ëç¨á«¨â¥«ì−®©
¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬.
Œ. ‚. ‹®¬®−®á®¢�; áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à-
¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
˜®à£¨− ‚á¥¢®«®¤ ‘¥à£¥¥¢¨ç (à. 1978) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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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¥ 15 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
�à¨ ¯à¥¢ëè¥−¨¨ ãª�§�−−®£® ®¡ê¥¬� à¥¤ª®««¥£¨ï ¢¯à�¢¥ ¯®âà¥¡®¢�âì ®â �¢â®à�
á®ªà�é¥−¨ï ®¡ê¥¬� àãª®¯¨á¨.

‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.

‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.

˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:

http://www.ipiran.ru/publications/collected/template.doc

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ −�§¢�−¨¥ áâ�âì¨;
{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î;
{ ¬¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®

�¢â®à�;
{ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥−ë

−� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/2012 22 02 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2012 22 02 eng/authors.asp;

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«;

{ ª«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

{ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï à�¡®âë (ááë«ª¬ −� £à�−âë, ¯à®¥ªâë, ¯®¤¤¥à¦¨¢�-
îé¨¥ ®à£�−¨§�æ¨¨ ¨ â. ¯.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.
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‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:

(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |
−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.

(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-
«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −�
á�©â¥ http://www.translit.net/ru/bgn/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãá-
áª®£® â¥ªáâ� ¢ «�â¨−¨æã.

‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".

�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":

�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Rus. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).

�¯¨á�−¨¥ ¬�â¥à¨�«®¢ ª®−ä¥à¥−æ¨©:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.

�¯¨á�−¨¥ ª−¨£¨ (¬®−®£à�ä¨¨, á¡®à−¨ª¨):

Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.

�¯¨á�−¨¥ ¯¥à¥¢®¤−®© ª−¨£¨ (¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨ −¥®¡å®-
¤¨¬® ãª�§�âì: / �¥à. á �−£«. | ¯®á«¥ −�§¢�−¨ï ª−¨£¨, � ¢ ª®−æ¥ ááë«ª¨ ãª�§�âì
®à¨£¨−�« ª−¨£¨ ¢ ªàã£«ëå áª®¡ª�å):

1. ‚ àãááª®ï§ëç−®© ç�áâ¨:
’¨¬®è¥−ª® ‘. �., Ÿ−£ „. •., “¨¢¥à “. Š®«¥¡�−¨ï ¢ ¨−¦¥−¥à−®¬ ¤¥«¥ / �¥à.
á �−£«. | Œ.: Œ�è¨−®áâà®¥−¨¥, 1985. 472 á. (Timoshenko S. P., Young D. H.,
Weaver W. Vibration problems in engineering. | 4th ed. | N.Y.: Wiley, 1974.
521 p.)
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2. ‚ �−£«®ï§ëç−®© ç�áâ¨:
Timoshenko, S. P., D. H. Young, and W. Weaver. 1974. Vibration problems in
engineering. 4th ed. N.Y.: Wiley. 521 p.

�¯¨á�−¨¥ −¥®¯ã¡«¨ª®¢�−−®£® ¤®ªã¬¥−â�:

Latypov, A. R., M. M. Khasanov, and V. A. Baikov. 2004. Geology and pro-
duction (NGT GiD). Certificate on official registration of the computer program
No. 2004611198. (In Russian, unpubl.)

�¯¨á�−¨¥ ¨−â¥à−¥â-à¥áãàá�:

Pravila tsitirovaniya istochnikov [Rules for the citing of sources]. Available at:
http://www.scribd.com/doc/1034528/ (accessed February 7, 2011).

�¯¨á�−¨¥ ¤¨áá¥àâ�æ¨¨ ¨«¨ �¢â®à¥ä¥à�â� ¤¨áá¥àâ�æ¨¨:

Semenov, V. I. 2003. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyy
tor [Mathematical modeling of the plasma in the compact torus]. D.Sc. Diss. Moscow.
272 p.

Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. PhD Thesis. Moscow: IPI RAN. 23 p.

�¯¨á�−¨¥ ƒ�‘’�:

GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. Moscow: Standardinform Publs. 10 p.

�¯¨á�−¨¥ ¯�â¥−â�:

Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

10. �à¨á«�−−ë¥ ¢ à¥¤�ªæ¨î ¬�â¥à¨�«ë �¢â®à�¬ −¥ ¢®§¢à�é�îâáï.
11. �à¨ ®â¯à�¢ª¥ ä�©«®¢ ¯® í«¥ªâà®−−®© ¯®çâ¥ ¯à®á¨¬ ¯à¨¤¥à¦¨¢�âìáï á«¥¤ãîé¨å

¯à�¢¨«:

{ ãª�§ë¢�âì ¢ ¯®«¥ subject (â¥¬�) −�§¢�−¨¥ ¦ãà−�«� ¨ ä�¬¨«¨î �¢â®à�;
{ ¨á¯®«ì§®¢�âì attach (¯à¨á®¥¤¨−¥−¨¥);
{ ¢ á®áâ�¢ í«¥ªâà®−−®© ¢¥àá¨¨ áâ�âì¨ ¤®«¦−ë ¢å®¤¨âì: ä�©«, á®¤¥à¦�é¨© â¥ªáâ

áâ�âì¨, ¨ ä�©«(ë), á®¤¥à¦�é¨©(¥) ¨««îáâà�æ¨¨.

12. †ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ï¢«ï¥âáï −¥ª®¬¬¥àç¥áª¨¬ ¨§¤�−¨¥¬.
�«�â� §� ¯ã¡«¨ª�æ¨î −¥ ¢§¨¬�¥âáï, £®−®à�à �¢â®à�¬ −¥ ¢ë¯«�ç¨¢�¥âáï.

�¤à¥á à¥¤�ªæ¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û:

Œ®áª¢� 119333, ã«. ‚�¢¨«®¢�, ¤. 44, ª®à¯. 2, ”ˆ– ˆ“ ÷��

’¥«.: +7 (499) 135-86-92 ”�ªá: +7 (495) 930-45-05

e-mail: rust@ipiran.ru (‘¥©äã«ì-Œã«îª®¢ ÷ãáâ¥¬ ��¤à¨¥¢¨ç)

http://www.ipiran.ru/journal/collected
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Requirements for manuscripts submitted
to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:

{ information and communication systems and tools of their design;
{ architecture and software of computational complexes and networks; and
{ methods and tools of information protection.

1. The Journal publishes original articles which have not been published before and are
not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
not Russian) and its distribution in Russia and abroad to the Founders and the Editorial
Board. Authors should submit a letter to the Editorial Board in the following form:

Agreement on the transfer of rights to publish:

\We, the undersigned authors of the manuscript \. . . ," pass to the Founder and the
Editorial Board of the Journal \Systems and Means of Informatics" the nonexclusive
right to publish the manuscript of the article in Russian (or in English) in both
print and electronic versions of the Journal. We affirm that this publication does not
violate the Copyright of other persons or organizations.

Author(s) signature(s): (name(s), address(es), date)."

This agreement should be submitted in paper form or in the form of a scanned copy
(signed by the authors).

The Editorial Board has the right to request from the authors an official expert conclu-
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 15 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/2012 22 02 rus/authors.asp and
http://www.ipiran.ru/journal/collected/2012 22 02 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. Rus. J. Electrochem. 44(8):926{930. doi:10.1134/
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