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ОБ УПРАВЛЕНИИ РАЗМЕРОМ ОЧЕРЕДИ
В СИСТЕМЕ С ОДНИМ СЕРВЕРОМ∗

М. Г. Коновалов1, Р. В. Разумчик2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� �ªâã�«ì−®© â¥¬�â¨ª¥ �ªâ¨¢−®£® ã¯à�¢«¥−¨ï
®ç¥à¥¤ìî ¢ á¨áâ¥¬�å ®¡á«ã¦¨¢�−¨ï. �à¥¤«®¦¥− ¯®¤å®¤ ª ¯®¢ëè¥−¨î íä-
ä¥ªâ¨¢−®áâ¨ áâà�â¥£¨© ®£à�−¨ç¥−¨ï ¤®áâã¯�, ®á−®¢�−−ëå −� ¨á¯®«ì§®¢�−¨¨
â�ª −�§ë¢�¥¬®© äã−ªæ¨¨ á¡à®á�. ‡�¤¥©áâ¢®¢�−ë âà¨ ¨§¬¥−¥−¨ï ¢ ª®−áâàãª-
æ¨¨ äã−ªæ¨¨ á¡à®á�: à�−¤®¬¨§�æ¨ï ¯�à�¬¥âà®¢, ®âª�§ ®â áâàãªâãà¨à®¢�−¨ï
¨ ãç¥â −�¡«î¤¥−¨© §� ¢à¥¬¥−¥¬ ¢ë¯®«−¥−¨ï §�¤�−¨©. Œ¥â®¤¨ª� ¤¥¬®−áâà¨-
àã¥âáï −� ¯à¨¬¥à¥ à�á¯à®áâà�−¥−−®£® á¥¬¥©áâ¢� �«£®à¨â¬®¢ RED ¨ á¨áâ¥¬ë
¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï G/G/1/N . �®áâà®¥−ë ª®−áâàãªæ¨¨ âà¥å −®¢ëå
á¥¬¥©áâ¢ �«£®à¨â¬®¢, ¢ ª®â®àëå ¯®á«¥¤®¢�â¥«ì−® à¥�«¨§®¢�−ë ®¤−®, ¤¢� ¨ ¢á¥
âà¨ ãª�§�−−ëå ¨§¬¥−¥−¨ï. �à¨¢¥¤¥−ë à¥§ã«ìâ�âë ç¨á«¥−−ëå íªá¯¥à¨¬¥−-
â®¢ ¤«ï à�§«¨ç−ëå ¨−â¥−á¨¢−®áâ¥© ¢å®¤−®£® ¯®â®ª�, ª®â®àë¥ ¯®ª�§�«¨, çâ®
íää¥ªâ¨¢−®áâì −®¢ëå áâà�â¥£¨© ã¯à�¢«¥−¨ï à�§¬¥à®¬ ®ç¥à¥¤¨, ®¯à¥¤¥«ï-
¥¬�ï ¢ â¥à¬¨−�å ¢¥à®ïâ−®áâ¨ ¯®â¥àì ¨ áà¥¤−¥© ¤«¨−ë ®ç¥à¥¤¨, ¯à¥¢®áå®¤¨â
¯®ª�§�â¥«¨ �«£®à¨â¬®¢ RED ¨ ã¢¥«¨ç¨¢�¥âáï ¯® ¬¥à¥ ãá«®¦−¥−¨ï áâà�â¥£¨¨.

Š«îç¥¢ë¥ á«®¢�: �ªâ¨¢−®¥ ã¯à�¢«¥−¨¥ ®ç¥à¥¤ìî; �«£®à¨â¬ë ®£à�−¨ç¥−¨ï
¤®áâã¯�; äã−ªæ¨ï á¡à®á�

DOI: 10.14357/08696527170401

1 Введение

�−�«¨â¨ç¥áª¨¬ ¨ ¯à¨ª«�¤−ë¬ à�¡®â�¬ ¯® ¨§ãç¥−¨î íää¥ªâ¨¢−®áâ¨ ¬¥å�−¨§-
¬®¢ ã¯à�¢«¥−¨ï ®ç¥à¥¤ï¬¨ (Active Queue Management, ¤�«¥¥ { AQM-¬¥å�−¨§-
¬ë) ¢ á¥â¥¢ëå, ¯à®¨§¢®¤áâ¢¥−−ëå, ¢ëç¨á«¨â¥«ì−ëå ¨ ¤àã£¨å á¨áâ¥¬�å ã¤¥«ï«®áì
¨ ¯à®¤®«¦�¥â ã¤¥«ïâìáï §−�ç¨â¥«ì−®¥ ¢−¨¬�−¨¥ ¨áá«¥¤®¢�â¥«¥©. ‘ã¤ï ¯® ¯ã¡-
«¨ª�æ¨ï¬ ¢ −�ãç−®© ¯¥ç�â¨, ¯® íâ®¬ã ¢®¯à®áã ã¦¥ −�ª®¯«¥− ¡®«ìè®© ®¡ê¥¬
−�ãç−ëå §−�−¨© (¢ª«îç�ï à�§−®®¡à�§−ë¥ ¬®¤¥«¨ ¬¥å�−¨§¬®¢) ¨ −¥ª®â®àë© ®¯ëâ
¯à¨¬¥−¥−¨ï −� ¯à�ªâ¨ª¥ (á¬., −�¯à¨¬¥à, [1{4]). ˆáâ®à¨ç¥áª¨ AQM-¬¥å�−¨§¬ë
ç�é¥ ¢á¥£® ¯®ï¢«ï«¨áì ¢ ª®−â¥ªáâ¥ á¥â¥© á¢ï§¨, ¯®áª®«ìªã, ¯®-¢¨¤¨¬®¬ã, ¨¬¥−−®
¢ íâ®© ¯à�ªâ¨ç¥áª®© ®¡«�áâ¨ ¢¯¥à¢ë¥ ¯®âà¥¡®¢�«¨áì á¨áâ¥¬�â¨ç¥áª¨¥ à¥è¥−¨ï

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 15-07-03406).
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, mkonovalov@ipiran.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨-

ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢,
rrazumchik@ipiran.ru
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�¡ ã¯à�¢«¥−¨¨ à�§¬¥à®¬ ®ç¥à¥¤¨ ¢ á¨áâ¥¬¥ á ®¤−¨¬ á¥à¢¥à®¬

¤«ï ãáâà�−¥−¨ï ¨ ª®−âà®«ï ¯¥à¥£àã§®ª, ¯®íâ®¬ã ¤�«¥¥ ¡ã¤¥¬ ¯à¨¤¥à¦¨¢�âìáï
ú¨áâ®à¨ç¥áª®£®û ¢§£«ï¤� −� ¯à®¡«¥¬ã ¨ ¯®«ì§®¢�âìáï úá¥â¥¢®©û â¥à¬¨−®«®£¨¥©.

�−�«¨§¨àãï á¢¨¤¥â¥«ìáâ¢� ® â®¬, çâ® ¯à�ªâ¨ª� ®âáâ�¥â ®â â¥®à¨¨, ¯à¨¢¥-
¤¥−−ë¥ ¢ [5], �¢â®àë RFC 7567 ¬¥¦¤ã−�à®¤−®£® ª®¬¨â¥â� IETF ¢ëà�¡®â�«¨
à¥ª®¬¥−¤�æ¨¨ ¯® �ªâã�«ì−ë¬ −�¯à�¢«¥−¨ï¬ ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨© AQM-
¬¥å�−¨§¬®¢ (á¬. [5, à�§¤. 4]). �¤−® ¨§ −�¯à�¢«¥−¨© | íâ® à�§à�¡®âª� −®¢ëå,
¡®«¥¥ íää¥ªâ¨¢−ëå ¯® áà�¢−¥−¨î á ¨§¢¥áâ−ë¬¨, ¯à�¢¨« �ªâ¨¢−®£® ã¯à�¢«¥−¨ï
®ç¥à¥¤ìî.

‚ áâ�âì¥ ¢ë¡à�− ¯à®áâ¥©è¨© ®¡ê¥ªâ ¨áá«¥¤®¢�−¨ï | á¨áâ¥¬� á ®¤−®© ®ç¥à¥¤ìî
®£à�−¨ç¥−−®© ¥¬ª®áâ¨ ¨ ®¤−¨¬ á¥à¢¥à®¬, ®¡á«ã¦¨¢�îé¨¬ §�ï¢ª¨ ¯® ®¤−®©, ¡¥§
¯à¥àë¢�−¨ï ¨ ¢ ¯®àï¤ª¥ ¯®áâã¯«¥−¨ï. „«ï â�ª®© á¨áâ¥¬ë ¨§¢¥áâ−® ¬−®¦¥áâ¢®
AQM-¬¥å�−¨§¬®¢, á�¬ë¥ ¨§¢¥áâ−ë¥ ¯à¥¤áâ�¢¨â¥«¨ ª®â®àëå | �«£®à¨â¬ë â¨¯�1

RED, GRED, REM, NI. ‚§ï¢ RED §� íâ�«®−, áä®à¬ã«¨àã¥¬ á«¥¤ãîé¨© ¢®¯à®á:
¥áâì «¨ ¬¥å�−¨§¬ «ãçè¥ RED á â®çª¨ §à¥−¨ï ¢¥à®ïâ−®áâ¨ ¯®â¥àì, áà¥¤−¥© ¤«¨−ë
®ç¥à¥¤¨ ¨ ¥¥ ¤¨á¯¥àá¨¨? �ª�§ë¢�¥âáï, çâ® ®â¢¥â ¯®«®¦¨â¥«ì−ë©, ¥á«¨ ®âª�§�âìáï
®â úáâàãªâãà¨à®¢�−−®áâ¨û, ¯à¨áãé¥© �«£®à¨â¬�¬ RED, ¨ ¢¢¥áâ¨ à�−¤®¬¨§�æ¨î.
„®¯®«−¨â¥«ì−ë© íää¥ªâ ¬®¦−® ¯®«ãç¨âì, ãç¨âë¢�ï §�¢¨á¨¬®áâì ®â ®áâ�¢è¥£®áï
¢à¥¬¥−¨ ®¡á«ã¦¨¢�−¨ï §�ï¢®ª.

2 Модель и постановка задачи

÷�áá¬�âà¨¢�¥âáï ®¡á«ã¦¨¢�îé¨© ¯à¨¡®à (á¥à¢¥à), −� ª®â®àë© ¯®áâã¯�¥â
à¥ªãàà¥−â−ë© ¢å®¤−®© ¯®â®ª §�ï¢®ª −� ¢ë¯®«−¥−¨¥ §�¤�−¨©. �¥§�¢¨á¨¬ë¥
¯à®¬¥¦ãâª¨ ¢à¥¬¥−¨ ¬¥¦¤ã ¯®áâã¯«¥−¨ï¬¨ §�ï¢®ª å�à�ªâ¥à¨§ãîâáï äã−ªæ¨¥©
à�á¯à¥¤¥«¥−¨ï F . ‚ë¯®«−¥−¨¥ §�¤�−¨© ¯à®¨áå®¤¨â −� (¥¤¨−áâ¢¥−−®¬) ¬¥áâ¥ ®¡-
á«ã¦¨¢�−¨ï, ¯à¨ç¥¬ ¢à¥¬ï ¢ë¯®«−¥−¨ï ª�¦¤®£® §�¤�−¨ï −¥ §�¢¨á¨â ®â ®áâ�«ì−ëå
¢¥«¨ç¨− ¨ ¨¬¥¥â à�á¯à¥¤¥«¥−¨¥ G. ‚ á¨áâ¥¬¥ ¨¬¥¥âáï â�ª¦¥ ¡ã−ª¥à ¨§ N ¬¥áâ
®¦¨¤�−¨ï. Š®«¨ç¥áâ¢® §�¤�−¨© ¢ á¨áâ¥¬¥ (¢ ¡ã−ª¥à¥ ¯«îá ¢ ¯à®æ¥áá¥ −¥¯®áà¥¤-
áâ¢¥−−®© ®¡à�¡®âª¨) ¡ã¤¥¬ −�§ë¢�âì à�§¬¥à®¬ ®ç¥à¥¤¨. ‚á¥£® ¢ á¨áâ¥¬¥ ¬®¦¥â
−�å®¤¨âìáï ¬�ªá¨¬ã¬ N + 1 §�ï¢ª�.

‚ë¯®«−¥−¨¥ §�¤�−¨©, ¯à¨áãâáâ¢ãîé¨å ¢ á¨áâ¥¬¥ µ = µ(F,G,N) (¢ ®¡®§−�ç¥-
−¨ïå â¥®à¨¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï | íâ® á¨áâ¥¬� G/G/1/N ), ®áãé¥áâ¢«ï¥âáï
ú¡¥§ ¯¥à¥àë¢�û. �â® ®§−�ç�¥â, ¢®-¯¥à¢ëå, çâ® ¢ë¯®«−¥−¨¥ §�¤�−¨ï, à�§ −�ç�¢-
è¨áì, −¥ ¯à¥àë¢�¥âáï. ˆ, ¢®-¢â®àëå, ¥á«¨ ¢ ¬®¬¥−â ®ª®−ç�−¨ï ®¡á«ã¦¨¢�−¨ï
ª�ª®£®-«¨¡® §�¤�−¨ï ®ç¥à¥¤ì −¥ ¯ãáâ�, â® ¢ íâ®â ¦¥ ¬®¬¥−â −�ç¨−�¥âáï ¢ë¯®«−¥−¨¥
á«¥¤ãîé¥£® §�¤�−¨ï.

‚ ¬®¬¥−â ¯®áâã¯«¥−¨ï §�ï¢ª¨ ¯à¨−¨¬�¥âáï à¥è¥−¨¥ ® â®¬, ¡ã¤¥â «¨ §�¤�−¨¥
¯à¨−ïâ® −� ®¡á«ã¦¨¢�−¨¥ ¨«¨ ¦¥ §�ï¢ª� ¡ã¤¥â úá¡à®è¥−�û (¯®â¥àï−�). …á«¨ ¢á¥
¬¥áâ� ®¦¨¤�−¨ï §�−ïâë, â® §�ï¢ª� á¡à�áë¢�¥âáï �¢â®¬�â¨ç¥áª¨. ‚ ¨−®¬ á«ãç�¥
à¥è¥−¨¥ §�¢¨á¨â ®â ¯à¨−ïâ®£® ¢ á¨áâ¥¬¥ �«£®à¨â¬� ®¡à�¡®âª¨ ¯®áâã¯�îé¨å

1�® áãâ¨, RED ¨ ¥£® à�§−®¢¨¤−®áâ¨, ª�ª, −�¯à¨¬¥à, GRED, REM, NI, ï¢«ïîâáï ç�áâ−ë¬¨
á«ãç�ï¬¨ ®¤−®£® ®¡é¥£® ¬¥å�−¨§¬� á¡à®á�, §�¤�¢�¥¬®£® äã−ªæ¨¥© á¡à®á� (á¬., −�¯à¨¬¥à, [6]).
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Œ. ƒ. Š®−®¢�«®¢, ÷. ‚. ÷�§ã¬ç¨ª

§�ï¢®ª. �â®â �«£®à¨â¬, ¨«¨ áâà�â¥£¨ï ã¯à�¢«¥−¨ï ®ç¥à¥¤ìî (à�§¬¥à®¬ ®ç¥à¥¤¨),
ï¢«ï¥âáï ¯à¥¤¬¥â®¬ ®¡áã¦¤¥−¨ï.

‘¨áâ¥¬� äã−ªæ¨®−¨àã¥â ¢ −¥¯à¥àë¢−®¬ ¢à¥¬¥−¨, t ≥ 0. �ãáâì
0 ≤ τ1 < τ2 < · · · | ¬®¬¥−âë ¯®áâã¯«¥−¨ï §�ï¢®ª ¢ á¨áâ¥¬ã,
ª®â®à�ï ¨§−�ç�«ì−® ¡ë«� ¯ãáâ�, ¨ ¯ãáâì yn | ¨−¤¨ª�â®à á®¡ëâ¨ï
{§�¤�−¨¥, ¯®áâã¯¨¢è¥¥ ¢ ¬®¬¥−â τn, ¯à¨−ïâ® −� ®¡á«ã¦¨¢�−¨¥}.

‘âà�â¥£¨¥© ã¯à�¢«¥−¨ï ®ç¥à¥¤ìî ¢ á¨áâ¥¬¥ µ −�§®¢¥¬ ¯®á«¥¤®¢�â¥«ì−®áâì
á«ãç�©−ëå ¢¥«¨ç¨− y = {yn}. ‡�¤�−¨¥ â�ª®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ®¯à¥¤¥«ï¥â
¢¥à®ïâ−®áâì P ¢ ¯à®áâà�−áâ¢¥ âà�¥ªâ®à¨© ¯à®æ¥áá�, ¢ ç�áâ−®áâ¨ ¯®á«¥¤®¢�â¥«ì-
−®áâì ãá«®¢−ëå ¢¥à®ïâ−®áâ¥© σ = {σn}, £¤¥ σn = P(Yn = 1|·) | ¢¥à®ïâ−®áâì
úá¡à®á�û §�ï¢ª¨ ¢ §�¢¨á¨¬®áâ¨ ®â ¯à¥¤ëáâ®à¨¨. ‡�¤�−¨¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ σ
íª¢¨¢�«¥−â−® §�¤�−¨î ¯®á«¥¤®¢�â¥«ì−®áâ¨ y ¢ â®¬ á¬ëá«¥, çâ® ª�¦¤�ï ¨§ −¨å
¯®à®¦¤�¥â ®¤¨− ¨ â®â ¦¥ ¯à®æ¥áá, ®¤−�ª® ¢ ª®−áâàãªâ¨¢−®¬ ®â−®è¥−¨¨ £®à�§¤®
ã¤®¡−¥¥ ¨¬¥âì ¤¥«® á ¯®á«¥¤®¢�â¥«ì−®áâìî σ, ¯®íâ®¬ã ¢ ¤�«ì−¥©è¥¬, £®¢®àï
® áâà�â¥£¨¨, ¡ã¤¥¬ ¨¬¥âì ¢ ¢¨¤ã ¨¬¥−−® ¯®á«¥¤®¢�â¥«ì−®áâì σ. �� ¢ë¡®à ª®¬-
¯®−¥−â σn | ¯à�¢¨« ã¯à�¢«¥−¨ï | −�ª«�¤ë¢�¥âáï ¥áâ¥áâ¢¥−−®¥ ®£à�−¨ç¥−¨¥,
çâ® ®−¨ ¤®«¦−ë §�¢¨á¥âì â®«ìª® ®â −�¡«î¤�¥¬®© ¯à¥¤ëáâ®à¨¨ ¤® ¬®¬¥−â� τt,
¢ ®áâ�«ì−®¬ íâ®â ¢ë¡®à ¬®¦¥â ¡ëâì ¯à®¨§¢®«ì−ë¬. ‚ á¢®î ®ç¥à¥¤ì, −�«¨ç¨¥
®£à�−¨ç¥−¨© −� −�¡«î¤�¥¬®áâì −¥ ¯à¥¤¯®«�£�¥âáï.

„«ï â®£® çâ®¡ë ¨¬¥âì ¢®§¬®¦−®áâì ®¡áã¦¤�âì ¯à¥¤¯®çâ¥−¨ï áà¥¤¨ à�§«¨ç−ëå
áâà�â¥£¨©, −¥®¡å®¤¨¬® ¢ë¡à�âì ªà¨â¥à¨¨ ®æ¥−ª¨ ¨å ª�ç¥áâ¢�. ‚ ¤�−−®¬ á«ãç�¥
à�áá¬�âà¨¢�îâáï ¤¢� ¯®ª�§�â¥«ï, ç�áâ® ¨á¯®«ì§ã¥¬ë¥ ¢ «¨â¥à�âãà¥ ¯® ¤¨áæ¨¯«¨-
−�¬ ®¡á«ã¦¨¢�−¨ï ®ç¥à¥¤¨: q = q(µ, σ) | ¢¥à®ïâ−®áâì ¯®â¥àì ¨ ℓ = ℓ(µ, σ) |
áà¥¤−ïï ¤«¨−� ®ç¥à¥¤¨.

�® á¬ëá«ã ¯à®¡«¥¬ë ã¯à�¢«¥−¨ï à�§¬¥à®¬ ®ç¥à¥¤¨ ïá−®, çâ® ®¡� ¯®ª�§�â¥«ï
âà¥¡ãîâ ¬¨−¨¬¨§�æ¨¨. �à¨ íâ®¬ ®−¨ ï¢«ïîâáï ª®−ªãà¨àãîé¨¬¨, ¯®áª®«ìªã
ã¬¥−ìè¥−¨¥ q ¢«¥ç¥â ã¢¥«¨ç¥−¨¥ ℓ ¨ −�®¡®à®â. ‚ ¬�â¥¬�â¨ç¥áª®© â¥®à¨¨ ¬−®£®-
ªà¨â¥à¨�«ì−®áâì à�§à¥è�¥âáï à�§«¨ç−ë¬ ®¡à�§®¬. ÷�á¯à®áâà�−¥−−ë¬ ¯®¤å®¤®¬
ï¢«ï¥âáï ãá«®¢−�ï ®¯â¨¬¨§�æ¨ï, ª®â®à�ï ¨á¯®«ì§ã¥âáï ¢ á«¥¤ãîé¨å à�§¤¥«�å.

�ãáâì µ | á¥à¢¥à á ®ç¥à¥¤ìî, � › | −¥ª®â®à®¥ §�¤�−−®¥ ¯®¤¬−®¦¥áâ¢®
¤®¯ãáâ¨¬ëå áâà�â¥£¨©.

‡�¤�ç� ®¯â¨¬¨§�æ¨¨ 1 (¬¨−¨¬ã¬ ¯®â¥àì ¯à¨ ®£à�−¨ç¥−¨¨ −� áà¥¤−îî ®ç¥-
à¥¤ì). �ãáâì L > 0 | §�¤�−−®¥ ç¨á«®. ��©â¨ áâà�â¥£¨î σ(1) â�ªãî, çâ®
q(µ, σ(1)) = minσ∈› q(µ, σ) ¨ ℓ(µ, σ(1)) ≤ L.

‡�¤�ç� ®¯â¨¬¨§�æ¨¨ 2 (¬¨−¨¬�«ì−�ï ®ç¥à¥¤ì ¯à¨ ®£à�−¨ç¥−¨¨ −� ¢¥à®ïâ-
−®áâì ¯®â¥àì). �ãáâì Q > 0| §�¤�−−®¥ ç¨á«®. ��©â¨ áâà�â¥£¨î σ(2) â�ªãî, çâ®
ℓ(µ, σ(2)) = minσ∈› ℓ(µ, σ) ¨ q(µ, σ(2)) ≤ Q.

3 Алгоритмы управления очередью

˜¨à®ª¨© ª«�áá ¯à®áâëå �«£®à¨â¬®¢ ã¯à�¢«¥−¨ï à�§¬¥à®¬ ®ç¥à¥¤¨ ®¯¨áë-
¢�¥âáï á ¯®¬®éìî â�ª −�§ë¢�¥¬®© äã−ªæ¨¨ á¡à®á� (dropping function), ª®â®-
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�¡ ã¯à�¢«¥−¨¨ à�§¬¥à®¬ ®ç¥à¥¤¨ ¢ á¨áâ¥¬¥ á ®¤−¨¬ á¥à¢¥à®¬

à�ï ¯à¨¬¥−¨â¥«ì−® ª à�áá¬�âà¨¢�¥¬®© ¬®¤¥«¨ ¯à¥¤áâ�¢«ï¥â á®¡®© ¢¥ªâ®à p =
= (p1, . . . , pN ), £¤¥ pi | ¢¥à®ïâ−®áâì úá¡à®á�û §�ï¢ª¨, ¥á«¨ ¢ ¬®¬¥−â ¥¥ ¯®-
áâã¯«¥−¨ï ¢ á¨áâ¥¬¥ −�å®¤¨âáï i §�¤�−¨©. ‘âà�â¥£¨î, ¯®à®¦¤�¥¬ãî ¢¥ªâ®à®¬ p,
®¡®§−�ç¨¬ ç¥à¥§ σDF = σDF(p), � ¬−®¦¥áâ¢® ¢á¥å â�ª¨å áâà�â¥£¨© ®¡®§−�ç¨¬
ç¥à¥§ ›DF.

Š�ª ®â¬¥ç�«®áì ¢® ¢¢¥¤¥−¨¨, áãé¥áâ¢ã¥â ¬−®£® ¬®¤¨ä¨ª�æ¨© ¤«ï äã−ªæ¨¨
á¡à®á� ¨ ¡®«ìè¨−áâ¢® ¨§ −¨å áâà®ïâáï á«¥¤ãîé¨¬ ®¡à�§®¬. �� ®âà¥§ª¥ 0 ≤
≤ x ≤ N §�¤�¥âáï −¥ª®â®à�ï �¯¯à®ªá¨¬¨àãîé�ï úáâàãªâãà−�ï äã−ªæ¨ïû “p(x),
0 ≤ “p(x) ≤ 1. �â� äã−ªæ¨ï ç�é¥ ¢á¥£® ¢ë¡¨à�¥âáï ªãá®ç−®-«¨−¥©−®©, −® áãé¥-
áâ¢ãîâ ¨ −¥«¨−¥©−ë¥ ¢�à¨�−âë. ‡�â¥¬ ¯®¤¡¨à�îâáï ¯�à�¬¥âàë, ®¯à¥¤¥«ïîé¨¥
ª®−ªà¥â−ë© ¢¨¤ äã−ªæ¨¨ “p(x). Š®¬¯®−¥−âë ¢¥ªâ®à� p ®¯à¥¤¥«ïîâáï ª�ª pi =
= “p(i). �à¨¬¥à®¬ ¬®¦¥â á«ã¦¨âì ®¤−®¯�à�¬¥âà¨ç¥áª�ï áâàãªâãà−�ï äã−ªæ¨ï
áâã¯¥−ç�â®£® ¢¨¤�:

“p(x) =

{

0 , ¥á«¨ 0 ≤ x < T ;

1 , ¥á«¨ T ≤ x ≤ N ,

ª®â®à�ï §�¤�¥â �«£®à¨â¬ ¯®à®£®¢®£® â¨¯� (á ¯®à®£®¬ T ) ¤«ï á¡à®á� §�ï¢®ª.
‚ ª�ç¥áâ¢¥ ¥é¥ ®¤−®£® ¯à¨¬¥à� à�áá¬®âà¨¬ áâàãªâãà−ãî äã−ªæ¨î “p(x), ª®â®-

à�ï ¯®à®¦¤�¥â �«£®à¨â¬ RED | ®¤¨− ¨§ −�¨¡®«¥¥ ¨§¢¥áâ−ëå ¢ à�áá¬�âà¨¢�¥¬®©
®¡«�áâ¨:

“pRED(x) =







0 , ¥á«¨ 0 ≤ x ≤ a ;
b(x− a)

N − a
, ¥á«¨ a ≤ x ≤ N ,

£¤¥ 0 < a < N , 0 ≤ b ≤ 1. ‘®£«�á−® áâà�â¥£¨¨ σRED = σRED(a, b), ®¯à¥¤¥-
«¥−−®© á ¯®¬®éìî íâ®© áâàãªâãà−®© äã−ªæ¨¨, ¤®¯ãáª ¢ á¨áâ¥¬ã −®¢®© §�ï¢ª¨
®à£�−¨§®¢�− á«¥¤ãîé¨¬ ®¡à�§®¬. …á«¨ ¨¬¥îé¥¥áï ª®«¨ç¥áâ¢® §�ï¢®ª ¢ á¨áâ¥¬¥
¬¥−ìè¥ ç¥¬ a, â® −®¢�ï §�ï¢ª� ¯à¨−¨¬�¥âáï. …á«¨ ª®«¨ç¥áâ¢® §�ï¢®ª ¢ á¨áâ¥-
¬¥, i, −�å®¤¨âáï ¢ ¤¨�¯�§®−¥ ®â a ¤® N , â® §�ï¢ª� ¯à¨−¨¬�¥âáï á ¢¥à®ïâ−®áâìî
1− “pRED(i). …á«¨ ¢ á¨áâ¥¬¥ §�−ïâë ¢á¥ ¬¥áâ� ¤«ï ®¦¨¤�−¨ï, â® §�ï¢ª� â¥àï¥âáï.
‚¥à®ïâ−®áâì ®âª�§� ¨§¬¥−ï¥âáï, â�ª¨¬ ®¡à�§®¬, ªãá®ç−®-«¨−¥©−® ¢ ¤¨�¯�§®−¥
®â 0 ¤® b ¢ §�¢¨á¨¬®áâ¨ ®â §�£àã¦¥−−®áâ¨ á¨áâ¥¬ë. Œ−®¦¥áâ¢® ¢á¥å ¤¢ãå¯�à�-
¬¥âà¨ç¥áª¨å áâà�â¥£¨© σRED = σRED(a, b) ®¡®§−�ç¨¬ ç¥à¥§›RED. �−�«®£¨ç−ë¬
®¡à�§®¬ ãáâà®¥−ë ã¯®¬ï−ãâë¥ ¢® ¢¢¥¤¥−¨¨ �«£®à¨â¬ë GRED, REM ¨ NI.

��àï¤ã á �«£®à¨â¬�¬¨ σRED(a, b) à�áá¬®âà¨¬ −¥ª®â®à®¥ ¨å ®¡®¡é¥−¨¥, ª®-
â®à®¥ §�ª«îç�¥âáï ¢ â®¬, çâ® ¯�à�¬¥âàë a ¨ b áâàãªâãà−®© äã−ªæ¨¨ “pRED(x)
ï¢«ïîâáï á«ãç�©−ë¬¨ ¢¥«¨ç¨−�¬¨ á à�á¯à¥¤¥«¥−¨ï¬¨ á®®â¢¥âáâ¢¥−−® qa ¨ qb
(qa | à�á¯à¥¤¥«¥−¨¥ −� ¨−â¥à¢�«¥ 0 < a < N , � qb | à�á¯à¥¤¥«¥−¨¥ −� ®âà¥§ª¥
0 ≤ b ≤ 1). “¯à�¢«¥−¨¥ ®áãé¥áâ¢«ï¥âáï â�ª¨¬ ®¡à�§®¬, çâ® ª�¦¤ë© à�§, ª®-
£¤� á ¯®¬®éìî äã−ªæ¨¨ “pRED(x) ®¯à¥¤¥«ï¥âáï ¢¥à®ïâ−®áâì ®âª�§�, ¢ ª�ç¥áâ¢¥
§−�ç¥−¨© ¯�à�¬¥âà®¢ a ¨ b ¢ë¡¨à�îâáï à¥�«¨§�æ¨¨ á®®â¢¥âáâ¢ãîé¨å á«ãç�©−ëå
¢¥«¨ç¨−. ’�ª¨¥ áâà�â¥£¨¨ ¡ã¤¥¬ ®¡®§−�ç�âì ç¥à¥§ σRED = σRED(q), q = (qa, qb),
� ¢áî ¨å á®¢®ªã¯−®áâì | ç¥à¥§ ›RED.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 4 2017 7



Œ. ƒ. Š®−®¢�«®¢, ÷. ‚. ÷�§ã¬ç¨ª

Ÿá−®, çâ® á¥¬¥©áâ¢® �«£®à¨â¬®¢ RED ú¡¥¤−¥¥û, ç¥¬ á®¢®ªã¯−®áâì à�−-
¤®¬¨§¨à®¢�−−ëå �«£®à¨â¬®¢ RED, � â�, ¢ á¢®î ®ç¥à¥¤ì, ï¢«ï¥âáï áâà®£¨¬
¯®¤¬−®¦¥áâ¢®¬ ¢á¥å áâà�â¥£¨©, ¯®áâà®¥−−ëå −� ®á−®¢¥ äã−ªæ¨¨ á¡à®á�, â. ¥.
›RED ⊂ ›RED ⊂ ›DF. ‚®§−¨ª�¥â ¢®¯à®á: ¬®¦−® «¨ ã«ãçè¨âì ¯®ª�§�â¥«¨
íää¥ªâ¨¢−®áâ¨, ¢ë©¤ï §� à�¬ª¨ ¬−®¦¥áâ¢� ›RED? ‚ á«¥¤ãîé¥¬ à�§¤¥«¥ −�
àï¤¥ ¯à¨¬¥à®¢ ¡ã¤¥â ¤�− ¯®«®¦¨â¥«ì−ë© ®â¢¥â −� íâ®â ¢®¯à®á. „«ï íâ®© æ¥-
«¨ á ¯®¬®éìî ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ áà�¢−¨¢�îâáï ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨
¤«ï áâà�â¥£¨©, ï¢«ïîé¨åáï ¯à¨¡«¨¦¥−−ë¬¨ à¥è¥−¨ï¬¨ ®¯â¨¬¨§�æ¨®−−ëå §�-
¤�ç 1 ¨ 2 á ª®−ªà¥â−ë¬¨ ®¡ê¥ªâ�¬¨ µ ¨ à�§«¨ç−ë¬¨ ¬−®¦¥áâ¢�¬¨ ¤®¯ãáâ¨¬ëå
áâà�â¥£¨©.

�−�«®£¨ç−�ï áå¥¬� ¯à¨¬¥−¥−� â�ª¦¥ ¤«ï ¢ëïá−¥−¨ï ¢®¯à®á� ® â®¬, ¬®¦−®
«¨ ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì, à�áè¨à¨¢ á�¬® ¬−®¦¥áâ¢® ›DF. ÷�áá¬�âà¨¢�îâáï
ú®¡®¡é¥−−ë¥ äã−ªæ¨¨ á¡à®á�û ¢¨¤�

P = {p(τ) , τ > 0} ,

£¤¥ p(τ) = (p1(τ), . . . , pN (τ)), � pi(τ)| ¢¥à®ïâ−®áâì á¡à®á� §�ï¢ª¨ ¯à¨ ãá«®¢¨¨,
çâ® ¢ ¬®¬¥−â ¥¥ ¯®áâã¯«¥−¨ï ¢ á¨áâ¥¬¥ ¡ë«® i §�¤�−¨©, ¯à¨ç¥¬ ¢ë¯®«−ï¥¬®¥
§�¤�−¨¥ ¡ã¤¥â §�−¨¬�âì ¬¥áâ® ®¡á«ã¦¨¢�−¨ï ¥é¥ ¢à¥¬ï τ . ’�ª¨¬ ®¡à�§®¬,
¯à¥¤«�£�¥âáï áç¨â�âì ¢¥à®ïâ−®áâì ®âª�§� §�¢¨áïé¥© −¥ â®«ìª® ®â §�£àã¦¥−−®áâ¨
á¨áâ¥¬ë, −® ¨ ®â ®áâ�¢è¥£®áï ¢à¥¬¥−¨ ¤® ®ª®−ç�−¨ï ¢ë¯®«−¥−¨ï §�¤�−¨ï, −�å®¤ï-
é¥£®áï ú¢ à�¡®â¥û. ‘âà�â¥£¨¨ â�ª®£® ¢¨¤� ®¡®§−�ç�îâáï ª�ª σGDF = σGDF(P ),
� á®¢®ªã¯−®áâì ¢á¥å â�ª¨å áâà�â¥£¨© ®¡®§−�ç�¥âáï á¨¬¢®«®¬ ›GDF.

‘«¥¤ã¥â á¤¥«�âì §�¬¥ç�−¨¥ ®â−®á¨â¥«ì−® à¥è¥−¨ï áä®à¬ã«¨à®¢�−−ëå
¢ à�§¤. 2 ¢¥áì¬� âàã¤−ëå ®¯â¨¬¨§�æ¨®−−ëå §�¤�ç. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¯®«ã-
ç¨âì −� −¨å ®â¢¥â ¢ �−�«¨â¨ç¥áª®¬ ¢¨¤¥ −¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬. �®íâ®¬ã
¨á¯®«ì§ã¥âáï ®¯ïâì-â�ª¨ ¨¬¨â�æ¨®−−�ï ¬®¤¥«ì ¨ �«£®à¨â¬ë �¤�¯â¨¢−®© £à�¤¨-
¥−â−®© ®¯â¨¬¨§�æ¨¨, ®¡éãî â¥®à¨î ª®â®àëå ¬®¦−® −�©â¨ ¢ [7, 8]. „¥â�«ì−®¥
¨§«®¦¥−¨¥ íâ®© ç�áâ¨ ¨áá«¥¤®¢�−¨ï −¥ ¢å®¤¨â ¢ ¯«�− áâ�âì¨, ¯®íâ®¬ã ¯à¨¢®¤ïâáï
â®«ìª® ¯à¨¡«¨¦¥−−ë¥ à¥è¥−¨ï ®¯â¨¬¨§�æ¨®−−ëå §�¤�ç.

4 Численное сравнение алгоритмов управления размером очереди

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� à�áá¬®âà¨¬ á¨áâ¥¬ã µ = µ(F,G,N), ®â−®á¨â¥«ì−® ª®-
â®à®© ¢ à�¡®â¥ [6] ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë −¥ª®â®àëå ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢.
‚ íâ®¬ ¯à¨¬¥à¥ F (à�á¯à¥¤¥«¥−¨¥ ¢à¥¬¥−¨ ¬¥¦¤ã ¯®áâã¯«¥−¨ï¬¨ §�ï¢®ª) ¨¬¥¥â
íªá¯®−¥−æ¨�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ á ¯�à�¬¥âà®¬ λ, G | ¢ëà®¦¤¥−−®¥ à�á¯à¥¤¥-
«¥−¨¥ á �â®¬®¬ 1 (¢à¥¬ï ¢ë¯®«−¥−¨ï §�¤�−¨©), N = 9.

‘à�¢−¨¬ á«¥¤ãîé¨¥ ç¥âëà¥ â¨¯� áâà�â¥£¨© ¢ á¥à¨¨ ¨§ è¥áâ¨ íªá¯¥à¨¬¥−â®¢,
¢ ª®â®àëå ¯�à�¬¥âàë á¨áâ¥¬ë G ¨ N −¥¨§¬¥−−ë, � ¨−â¥−á¨¢−®áâì ¢å®¤−®£®
¯®â®ª� λ ¯à¨−¨¬�¥â á®®â¢¥âáâ¢¥−−® §−�ç¥−¨ï 0,5, 0,75, 1, 1,5, 2 ¨ 3.

��à�¬¥âàë áâà�â¥£¨¨ σRED ¢§ïâë ¨§ à�¡®âë [6]. �−¨ ¨¬¥îâ ®¤¨−�ª®¢ë¥
§−�ç¥−¨ï ¤«ï ¢á¥å §−�ç¥−¨© λ ¨ à�¢−ë a = 3,00008 ¨ b = 0,71501.
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�¡ ã¯à�¢«¥−¨¨ à�§¬¥à®¬ ®ç¥à¥¤¨ ¢ á¨áâ¥¬¥ á ®¤−¨¬ á¥à¢¥à®¬

’�¡«¨æ� 1 ��à�¬¥âàë áâà�â¥£¨¨
σRED

λ qa qb

0 0,07

0 0,51

1 0,06

1/3 0,25

2 0,08

2/3 1,14

3 0,12

1 0,10

0,5 4 0,13
5 0,13
6 0,14
7 0,12
8 0,15
2 0,02

0 0,20,75 3 0,94
1 0,84 0,04

1,5

3 0,32

1 1
4 0,60
5 0,06
7 0,02

2

0 0,40

1 1
1 0,33
2 0,21
3 0,05

3

0 0,55

1 1

1 0,30
2 0,09
3 0,04
4 0,01
5 0,01

’�¡«¨æ� 2 ‚¥à®ïâ−®áâ¨ á¡à®á� ¤«ï
áâà�â¥£¨¨ σDF

λ
Š®«¨ç¥áâ¢®

§�¤�−¨©
‚¥à®ïâ−®áâì

®âª�§�
4 0,03

0,5
5 0,35
6 0,48
7 1
4 0,06
5 0,30

0,75 6 0,49
7 0,53
8 1

1

4 0,02
5 0,07
6 0,91
7 0,85
8 0,65
9 0,54
2 0,03

1,5 6 0,53
7 1
2 0,16

2 3 0,02
5 1
2 0,48
3 0,45

3
4 0,37
5 0,08
6 0,02
7 1

��à�¬¥âàë ®áâ�«ì−ëå âà¥å áâà�â¥£¨© | σRED, σDF ¨ σGDF | ¯®¤¡¨à�îâáï
¤«ï ª�¦¤®£® §−�ç¥−¨ï λ ¨−¤¨¢¨¤ã�«ì−® ¯ãâ¥¬ ¯à¨¡«¨¦¥−−®£® à¥è¥−¨ï ®¯â¨¬¨-
§�æ¨®−−ëå §�¤�ç 1 (¤«ï λ = 0,5, 0,75 ¨ 1) ¨«¨ 2 (¤«ï λ = 1,5, 2 ¨ 3). ‚ ª�ç¥áâ¢¥
¬−®¦¥áâ¢� ¤®¯ãáâ¨¬ëå áâà�â¥£¨© ¢ §�¤�ç�å 1 ¨ 2 ¢ §�¢¨á¨¬®áâ¨ ®â â¨¯� áâà�-
â¥£¨¨ ¢ë¡¨à�¥âáï › = ›RED, › = ›DF ¨«¨ › = ›GDF. ‡−�ç¥−¨ï ¯�à�¬¥âà®¢
áâà�â¥£¨© ¤«ï à�§−ëå λ ¯à¨¢¥¤¥−ë ¢ â�¡«. 1{3.

‚ â�¡«. 1 ãª�§�−ë §−�ç¥−¨ï ¯�à�¬¥âà®¢ áâà�â¥£¨¨ σRED, ª®â®àë¥ ¯® ®¯à¥-
¤¥«¥−¨î ¯à¥¤áâ�¢«ïîâ á®¡®© à�á¯à¥¤¥«¥−¨ï qa ¨ qb −� ¨−â¥à¢�«¥ (0, N) ¨ −�
®âà¥§ª¥ [0, 1] á®®â¢¥âáâ¢¥−−®. �â¨ à�á¯à¥¤¥«¥−¨ï ¤¨áªà¥â−ë, ¨ ¢ â�¡«. 1 ª�¦-
¤ë© ¢�à¨�−â ®¯¨á�− ¢ ¢¨¤¥ áâ®«¡æ®¢: áâ®«¡æ®¢ §−�ç¥−¨© ª®íää¨æ¨¥−â®¢ a ¨ b
¨ á®®â¢¥âáâ¢ãîé¨å áâ®«¡æ®¢ ¢¥à®ïâ−®áâ¥©.
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’�¡«¨æ� 3 ‚¥à®ïâ−®áâ¨ á¡à®á� ¤«ï áâà�â¥£¨¨ σGDF ¢ íªá¯¥à¨¬¥−â¥ 1

λ
÷�§¬¥à ®ç¥à¥¤¨

2 3 4 5 6 7 8 9
τ ≤ 1/2

0,5 0,01 0,27 0,47 1
0,75 0,03 0,42 0,77 1
1 0,03 0,98 1
1,5 1
2 0,16 0,04 0,28 0,65 0,96 0,86
3 0,51 0,52 0,54 0,58 0,64 0,72 0,77 1

τ ≥ 1/2
0,5 0,09 0,41 1
0,75 0,02 0,60 1
1 0,01 0,09 0,98 1
1,5 1
2 0,13 0,04 0,65 0,81 0,92 1
3 0,51 0,53 0,55 0,61 0,68 0,75 0,82 1

‚ â�¡«. 2 á®¤¥à¦�âáï ¯�à�¬¥âàë áâà�â¥£¨¨ σDF. �â� áâà�â¥£¨ï ®¯à¥¤¥«ï¥âáï
¢¥ªâ®à®¬ p ¢¥à®ïâ−®áâ¥© ®âª�§� ¢ §�¢¨á¨¬®áâ¨ ®â ª®«¨ç¥áâ¢� §�¤�−¨© ¢ á¨áâ¥¬¥.
Š�¦¤®¬ã §−�ç¥−¨î λ á®®â¢¥âáâ¢ãîâ ¤¢� áâ®«¡æ�: ¢ ®¤−®¬ ãª�§�−® ª®«¨ç¥áâ¢®
§�¤�−¨©, ¢ ¤àã£®¬ | ¢¥à®ïâ−®áâì ®âª�§�. �à¨¢¥¤¥−ë â®«ìª® úáãé¥áâ¢¥−−ë¥û
§−�ç¥−¨ï ¢¥ªâ®à� p (®¯ãé¥−ë áâà®ª¨ á −ã«¥¢ë¬¨ ¢¥à®ïâ−®áâï¬¨, � â�ª¦¥ áâà®ª¨,
á®®â¢¥âáâ¢ãîé¨¥ −¥¤®áâ¨¦¨¬ë¬ ¯à¨ ¤�−−®© áâà�â¥£¨¨ à�§¬¥à�¬ ®ç¥à¥¤¨).

‚ â�¡«. 3 ¯à¨¢¥¤¥−ë §−�ç¥−¨ï ¯�à�¬¥âà®¢ áâà�â¥£¨¨ σGDF. ‚ ®¡é¥¬ á«ãç�¥
áâà�â¥£¨ï §�¤�¥âáï −�¡®à®¬ ¢¥à®ïâ−®áâ¥© á¡à®á� §�ï¢ª¨ ¢ §�¢¨á¨¬®áâ¨ ®â à�§¬¥à�
®ç¥à¥¤¨ ¨ ®â ¢à¥¬¥−¨ τ ¤® ®ª®−ç�−¨ï ¢ë¯®«−¥−¨ï §�¤�−¨ï, ª®â®à®¥ −�å®¤¨âáï −�
¬¥áâ¥ ®¡á«ã¦¨¢�−¨ï. ‚ ¤�−−®¬ á«ãç�¥ ¢¥à®ïâ−®áâì ®âª�§� ®¯à¥¤¥«ï¥âáï à�§¬¥à®¬
®ç¥à¥¤¨ ¨ á®¡ëâ¨¥¬ τ ≤ 1/2. �¥áãé¥áâ¢¥−−ë¥ ª®¬¯®−¥−âë áâà�â¥£¨¨ ¢ â�¡«¨æ¥
®¯ãé¥−ë. �â® ®§−�ç�¥â, çâ® ¢¥à®ïâ−®áâì ®âª�§� §�¢¨á¨â ®â ª®«¨ç¥áâ¢� §�ï¢®ª
¢ á¨áâ¥¬¥ ¨ ®â ¢ë¯®«−¥−¨ï ¨«¨ −¥¢ë¯®«−¥−¨ï ãá«®¢¨ï τ ≤ 1/2.

÷¥§ã«ìâ�âë ¨¬¨â�æ¨¨ à�¡®âë á¨áâ¥¬ë á ®¯¨á�−−ë¬¨ áâà�â¥£¨ï¬¨ á¢¥¤¥−ë
¢ â�¡«. 4, ¢ ª®â®àãî ¤«ï ¤®¯®«−¨â¥«ì−®© ¨««îáâà�æ¨¨ ¯®¬¥é¥−ë â�ª¦¥ §−�ç¥−¨ï
¤¨á¯¥àá¨¨ ¤«¨−ë ®ç¥à¥¤¨.

�� à¨á. 1 ¨ 2 −� ®á−®¢¥ ¤�−−ëå ¨§ â�¡«. 1 −�£«ï¤−® ¨§®¡à�¦¥−� ®â−®á¨â¥«ì−�ï
íää¥ªâ¨¢−®áâì ¨§ãç�¥¬ëå áâà�â¥£¨©. ‡� ¥¤¨−¨æã ¨§¬¥à¥−¨ï ¯à¨−ïâë §−�ç¥−¨ï
¯®ª�§�â¥«¥© ¤«ï áâà�â¥£¨¨ σRED. ‚ëá®â� áâ®«¡¨ª®¢ ®§−�ç�¥â ®â−®è¥−¨¥ ¢¥à®-
ïâ−®áâ¨ ¯®â¥àì (ç¥à−ë¥ áâ®«¡æë) ¨ áà¥¤−¥© ¤«¨−ë ®ç¥à¥¤¨ (á¥àë¥ áâ®«¡æë) ¤«ï
áâà�â¥£¨© σRED, σDF ¨ σGDF ª �−�«®£¨ç−ë¬ ¯®ª�§�â¥«ï¬ áâà�â¥£¨¨ σRED.

�� à¨á. 1 áâ®«¡¨ª¨, ®â−®áïé¨¥áï ª ¯®ª�§�â¥«î úáà¥¤−ïï ¤«¨−� ®ç¥à¥¤¨û,
¨¬¥îâ ¢ëá®âã, ¯à¨¡«¨§¨â¥«ì−® à�¢−ãî 1. �â® á®®â¢¥âáâ¢ã¥â â®¬ã, çâ® ®¯â¨-
¬¨§�æ¨®−−�ï §�¤�ç� 1 à¥è�«�áì ¯à¨ ®£à�−¨ç¥−¨¨ −� áà¥¤−îî ¤«¨−ã ®ç¥à¥¤¨,
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�¡ ã¯à�¢«¥−¨¨ à�§¬¥à®¬ ®ç¥à¥¤¨ ¢ á¨áâ¥¬¥ á ®¤−¨¬ á¥à¢¥à®¬

’�¡«¨æ� 4 �®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬ë ¯à¨ à�§«¨ç-
−ëå áâà�â¥£¨ïå

‘âà�â¥£¨ï
‚¥à®ïâ−®áâì

¯®â¥àì, %

„«¨−� ®ç¥à¥¤¨

áà¥¤−ïï
áà¥¤−¥ª¢�¤à�â¨ç−®¥

®âª«®−¥−¨¥
λ = 0,5

σRED 0,199 0,741 0,924
σRED 0,169 0,745 0,936
σDF 0,147 0,743 0,927
σGDF 0,139 0,743 0,927

λ = 0,75
σRED 2,002 1,575 1,439
σRED 1,963 1,581 1,448
σDF 1,906 1,580 1,436
σGDF 1,886 1,576 1,421

λ = 1
σRED 9,128 3,000 1,888
σRED 9,052 3,003 1,866
σDF 8,786 3,003 1,768
σGDF 8,742 3,006 1,760

λ = 1,5
σRED 33,516 5,751 1,439
σRED 33,535 5,552 1,448
σDF 33,490 5,315 1,436
σGDF 33,515 5,246 1,421

λ = 2
σRED 50,004 7,146 1,437
σRED 50,036 5,551 1,528
σDF 50,031 4,354 0,773
σGDF 50,083 4,144 1,047

λ = 3
σRED 66,667 8,390 1,090
σRED 66,672 6,940 1,271
σDF 66,670 6,632 0,560
σGDF 66,674 6,015 1,685

à�¢−®¬ã §−�ç¥−¨î íâ®£® ¯®ª�§�â¥«ï ¤«ï áâà�â¥£¨¨ σRED. (�¥ª®â®àë¥ ®âª«®−¥−¨ï
á¢ï§�−ë á ¯®£à¥è−®áâìî à¥è¥−¨ï ®¯â¨¬¨§�æ¨®−−®© §�¤�ç¨.) ‚ â® ¦¥ ¢à¥¬ï
®â−®è¥−¨¥ ¯®ª�§�â¥«¥© ú¢¥à®ïâ−®áâì ¯®â¥àìû §�¬¥â−® ¬¥−ìè¥ ¥¤¨−¨æë ¤«ï ¢á¥å
áâà�â¥£¨© σRED, σDF ¨ σGDF.

�−�«®£¨ç−�ï ª�àâ¨−� ¨¬¥¥â ¬¥áâ® ¤«ï à¨á. 2. ‚ íâ¨å ¯à¨¬¥à�å áâà�â¥£¨¨
®¯à¥¤¥«ï«¨áì ¢ à¥§ã«ìâ�â¥ à¥è¥−¨ï ®¯â¨¬¨§�æ¨®−−®© §�¤�ç¨ 2. �£à�−¨ç¥−¨ï
−� ¢¥à®ïâ−®áâì ¯®â¥àì ¯®«�£�«¨áì à�¢−ë¬¨ §−�ç¥−¨î íâ®£® ¯®ª�§�â¥«ï ¤«ï áâà�-
â¥£¨¨ σRED, ¯®íâ®¬ã ¢á¥ ç¥âëà¥ áâà�â¥£¨¨ ¤�îâ ¯à¨¬¥à−® à�¢−ë¥ ¢¥à®ïâ−®áâ¨
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Œ. ƒ. Š®−®¢�«®¢, ÷. ‚. ÷�§ã¬ç¨ª

÷¨á. 1 ‘à�¢−¥−¨¥ ¯®ª�§�â¥«¥© −®¢ëå
áâà�â¥£¨© á® áâà�â¥£¨¥© σRED (®¯â¨¬¨§�-
æ¨®−−�ï §�¤�ç� 1): (�) λ = 0,5; (¡) 0,75;
(¢) λ = 1; ç¥à−ë© æ¢¥â | ¢¥à®ïâ−®áâì ¯®-
â¥àì; á¥àë© æ¢¥â | áà¥¤−ïï ¤«¨−� ®ç¥à¥¤¨

÷¨á. 2 ‘à�¢−¥−¨¥ ¯®ª�§�â¥«¥© −®¢ëå
áâà�â¥£¨© á® áâà�â¥£¨¥© σRED (®¯â¨¬¨§�-
æ¨®−−�ï §�¤�ç� 2): (�) λ = 1,5; (¡) 2;
(¢) λ = 3; ç¥à−ë© æ¢¥â | ¢¥à®ïâ−®áâì ¯®-
â¥àì; á¥àë© æ¢¥â | áà¥¤−ïï ¤«¨−� ®ç¥à¥¤¨
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�¡ ã¯à�¢«¥−¨¨ à�§¬¥à®¬ ®ç¥à¥¤¨ ¢ á¨áâ¥¬¥ á ®¤−¨¬ á¥à¢¥à®¬

¯®â¥àì, −® ¯à¨ íâ®¬ âà¨ −®¢ë¥ áâà�â¥£¨¨ ®¡¥á¯¥ç¨¢�îâ «ãçè¨© à¥§ã«ìâ�â ¯®
¯®ª�§�â¥«î áà¥¤−¥© ¤«¨−ë ®ç¥à¥¤¨. ‚® ¢á¥å ¯à¨¬¥à�å íää¥ªâ¨¢−®áâì ç¥âëà¥å
à�áá¬®âà¥−−ëå áâà�â¥£¨© à�−¦¨àã¥âáï ¯® áå¥¬¥ σRED → σRED → σDF → σGDF
¯® ®á−®¢−ë¬ ¯®ª�§�â¥«ï¬. ÷�§¬¥à ¢ë¨£àëè� ¢�àì¨àã¥âáï ¢ ¤®áâ�â®ç−® ¡®«ìè®¬
¤¨�¯�§®−¥ ¨ ®á®¡¥−−® §�¬¥â¥− (¤® 40%) ¯à¨ ¢ëá®ª®© −�£àã§ª¥. „«ï ¤®¯®«−¨-
â¥«ì−®£® ¯®ª�§�â¥«ï | ¤¨á¯¥àá¨¨ ¤«¨−ë ®ç¥à¥¤¨ | ®âç¥â«¨¢�ï ã¯®àï¤®ç¥−−®áâì
áâà�â¥£¨© −¥ −�¡«î¤�¥âáï, ®¤−�ª®, ¢ ®á−®¢−®¬, −®¢ë¥ áâà�â¥£¨¨ ¯® ªà�©−¥©
¬¥à¥ −¥ ¯à®¨£àë¢�îâ áâà�â¥£¨¨ σRED ¨ ¯® íâ®¬ã ªà¨â¥à¨î. Š�ç¥áâ¢¥−−ë¥ ¢ë-
¢®¤ë ® á®®â−®è¥−¨¨ ¯®ª�§�â¥«¥© ¨§ãç�¥¬ëå áâà�â¥£¨© á®åà�−ïîâáï â�ª¦¥ ¯®
à¥§ã«ìâ�â�¬ àï¤� ¤àã£¨å íªá¯¥à¨¬¥−â®¢, ª®â®àë¥ −¥ ¢®è«¨ ¢ ªà�âªãî §�¬¥âªã.

5 Заключение

�à¥¤«®¦¥−� ¬¥â®¤¨ª� ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ ã¯à�¢«¥−¨ï à�§¬¥à®¬ ®ç¥-
à¥¤¨. �®¯ã«ïà−ë¥ �«£®à¨â¬ë ®£à�−¨ç¥−¨ï ¤®áâã¯� ®á−®¢�−ë −� ¨á¯®«ì§®¢�−¨¨
äã−ªæ¨¨ á¡à®á�, §�¤�îé¥© ¢¥à®ïâ−®áâì ã¤�«¥−¨ï §�ï¢ª¨ ¢ §�¢¨á¨¬®áâ¨ ®â á®-
áâ®ï−¨ï á¨áâ¥¬ë. ‚ ç�áâ−®áâ¨, ¢ è¨à®ª® ¨§¢¥áâ−®© á¥à¨¨ �«£®à¨â¬®¢ â¨¯� RED
íâ� äã−ªæ¨ï §�¢¨á¨â ®â â¥ªãé¥£® à�§¬¥à� ®ç¥à¥¤¨. �à¥¤«®¦¥−¨ï ª�á�îâáï âà¥å
−�¯à�¢«¥−¨©: à�−¤®¬¨§�æ¨¨ ¯�à�¬¥âà®¢ �«£®à¨â¬®¢ â¨¯� RED, ®âª�§� ®â áâàãª-
âãà¨à®¢�−¨ï äã−ªæ¨¨ á¡à®á� ¨ ãç¥â� ¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¨, ®á−®¢�−−®©
−� −�¡«î¤¥−¨¨ §� ¢à¥¬¥−¥¬ ¢ë¯®«−¥−¨ï §�¤�−¨©. ‚ áâ�âì¥ áä®à¬ã«¨à®¢�−ë âà¨
−®¢ë¥ ª®−áâàãªæ¨¨ �«£®à¨â¬®¢, ¢ ª®â®àëå ¯®á«¥¤®¢�â¥«ì−® à¥�«¨§®¢�−ë ®¤−®,
¤¢� ¨ ¢á¥ âà¨ ãª�§�−−ëå ¨§¬¥−¥−¨ï. ÷¥§ã«ìâ�âë ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢ ¯®ª�-
§�«¨, çâ® íää¥ªâ¨¢−®áâì áâà�â¥£¨¨ ã¯à�¢«¥−¨ï à�§¬¥à®¬ ®ç¥à¥¤¨, ®¯à¥¤¥«ï¥¬�ï
¢ â¥à¬¨−�å ¢¥à®ïâ−®áâ¨ ¯®â¥àì ¨ áà¥¤−¥© ¤«¨−ë ®ç¥à¥¤¨, ã¢¥«¨ç¨¢�¥âáï ¯® ¬¥à¥
¯¥à¥å®¤� ª ¡®«¥¥ á«®¦−®© áâà�â¥£¨¨. ‡� à�¬ª�¬¨ ®¡áã¦¤¥−¨ï ®áâ�«�áì â¥å−¨-
ª� −�å®¦¤¥−¨ï ®¯â¨¬�«ì−ëå §−�ç¥−¨© ¯�à�¬¥âà®¢ ¯à¥¤«®¦¥−−ëå �«£®à¨â¬®¢.
’�ª¦¥ ®áâ�«�áì −¥§�âà®−ãâ®© §�¤�ç� ¯¥à¥å®¤� ®â áâà�â¥£¨© á §�à�−¥¥ §�¤�−−ë¬¨
¯�à�¬¥âà�¬¨ ª �«£®à¨â¬�¬, ¢ ª®â®àëå −�áâà®©ª� ¯�à�¬¥âà®¢ ®áãé¥áâ¢«ï¥âáï
−¥¯®áà¥¤áâ¢¥−−® ¢ ¯à®æ¥áá¥ äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë. �â¨ ¢�¦−ë¥ ¢®¯à®áë
¢ §−�ç¨â¥«ì−®© ¬¥à¥ ®áâ�îâáï ®âªàëâë¬¨ ¤«ï ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨©.
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CONTROLLING QUEUE SIZE IN A SINGLE SERVER SYSTEM
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Abstract: The authors revisit the well-known problem of active queue man-
agement in queueing systems and show numerically that the efficiency of the
algorithms based on dropping functions can be improved. Three different ap-
proaches are discussed: randomization of the parameters of RED-type dropping
functions, use of the arbitrary dropping functions either without or with parallel
tracking of the remaining/elapsed service time. The relative efficiency of these
three approaches is demonstrated on M/D/1/N queue with implemented RED
scheme. For various initial settings, simulation results are given, which show
that the new active queue management algorithms outperform RED schemes and
the gain increases with the increase of the system load.
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АНАЛИТИЧЕСКОЕ МОДЕЛИРОВАНИЕ НОРМАЛЬНЫХ
ПРОЦЕССОВ В СТОХАСТИЧЕСКИХ СИСТЕМАХ
С ИНТЕГРАЛЬНЫМИ НЕЛИНЕЙНОСТЯМИ (III)

И. Н. Синицын1

�−−®â�æ¨ï: ÷�§à�¡®â�−® ¬¥â®¤¨ç¥áª®¥ ¨ �«£®à¨â¬¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ �−�«¨-
â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå (£�ãáá®¢áª¨å) ¯à®æ¥áá®¢ ¢ ¤¨ää¥à¥−-
æ¨�«ì−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å (‘â‘) á ¢¥à®ïâ−®áâ−ë¬¨ ¨−â¥£à�«ì−ë¬¨
−¥«¨−¥©−®áâï¬¨ (‚ˆ�) −� ®á−®¢¥ à�á¯à¥¤¥«¥−¨© �¨àá®−� (÷�) ¨ ãáâ®©ç¨¢ëå
¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨© (“‚÷) −� ¡�§¥ ¬¥â®¤®¢ −®à¬�«ì−®© �¯¯à®ªá¨¬�-
æ¨¨ (Œ��) ¨ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ (Œ‘‹). �®«ãç¥−ë �−�«¨â¨ç¥áª¨¥
¢ëà�¦¥−¨ï ¤«ï ª®íää¨æ¨¥−â®¢ Œ�� (Œ‘‹) ¯à¨ áâ¥¯¥−−®© �¯¯à®ªá¨¬�æ¨¨
â¨¯®¢ëå ÷� ¨ “‚÷ | ‚ˆ�. �«£®à¨â¬ë ¯®«®¦¥−ë ¢ ®á−®¢ã ¬®¤ã«ï à�§à�¡�-
âë¢�¥¬®£® ¨−áâàã¬¥−â�«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï StS-Analysis.2017.
’¥áâ®¢ë¥ ¯à¨¬¥àë ¯®¤â¢¥à¦¤�îâ ¤®áâ�â®ç−ãî â®ç−®áâì à�§à�¡®â�−−ëå �«£®-
à¨â¬®¢.

Š«îç¥¢ë¥ á«®¢�: ¢¥à®ïâ−®áâ−�ï ¨−â¥£à�«ì−�ï −¥«¨−¥©−®áâì (‚ˆ�); £�¬-
¬�-à�á¯à¥¤¥«¥−¨¥; ¨−â¥£à�«ì−�ï −¥«¨−¥©−®áâì (ˆ�); ¬¥â®¤ �−�«¨â¨ç¥áª®£®
¬®¤¥«¨à®¢�−¨ï (Œ�Œ); ¬¥â®¤ −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (Œ��); ¬¥â®¤ áâ�-
â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ (Œ‘‹); à�á¯à¥¤¥«¥−¨¥ �¨àá®−� (÷�); áâ¥¯¥−−®¥
à�§«®¦¥−¨¥; áâ®å�áâ¨ç¥áª�ï á¨áâ¥¬� (‘â‘)
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1 Введение

‚ [1] à�áá¬®âà¥−ë â¨¯®¢ë¥ ¨−â¥£à�«ì−ë¥ −¥«¨−¥©−®áâ¨ (ˆ�), Œ‘‹ ¨ Œ��
¤«ï ¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘ á® á«®¦−ë¬¨ ˆ�. ‚ ª�ç¥áâ¢¥ â¥áâ®¢®£® ¯à¨¬¥-
à� à�áá¬®âà¥−� ¤¨−�¬¨ª� ¨−â¥£à�«ì−®£® ®áæ¨««ïâ®à� ¢ áâ®å�áâ¨ç¥áª®© áà¥¤¥.
�á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® ˆ�, ®¯¨áë¢�¥¬ë¬ äã−ªæ¨ï¬¨ ‹�¯«�á�, ¨−â¥£à�«�¬¨
”à¥−¥«ï ¨ ¨−â¥£à�«ì−ë¬ á¨−ãá®¬. ‚ [2] ¯à¥¤áâ�¢«¥−® ¬¥â®¤¨ç¥áª®¥ ¨ �«£®à¨â¬¨-
ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå áâ®å�áâ¨ç¥áª¨å
¯à®æ¥áá®¢ (�‘â�) ¢ ‘â‘ á ‚ˆ�. ÷�áá¬®âà¥−ë â¨¯®¢ë¥ ‚ˆ�, �«£®à¨â¬ë Œ‘‹
¨ Œ��, � â�ª¦¥ â¥áâ®¢ë¥ ¯à¨¬¥àë. ‚ ¯à¨«®¦¥−¨ïå ¯à¨¢¥¤¥−ë �−�«¨â¨ç¥áª¨¥
¢ëà�¦¥−¨ï Œ‘‹ ¤«ï á«¥¤ãîé¨å ‚ˆ�: íªá¯®−¥−æ¨�«ì−®£®, £�¬¬�- ¨ χ2-à�á¯à¥-
¤¥«¥−¨©, � â�ª¦¥ −¥®¡å®¤¨¬ë¥ á¢¥¤¥−¨ï ® äã−ªæ¨ïå ¯�à�¡®«¨ç¥áª®£® æ¨«¨−¤à�,
«¥¦�é¨å ¢ ®á−®¢¥ �«£®à¨â¬®¢, ®á−®¢�−−ëå −� áâ¥¯¥−−ëå à�§«®¦¥−¨ïå.

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, sinitsin@dol.ru
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á ˆ� (III)

�®áâ�¢¨¬ §�¤�çã à�§à�¡®âª¨ ¬¥â®¤¨ç¥áª®£® ¨ �«£®à¨â¬¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï
�−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå (£�ãáá®¢áª¨å) ¯à®æ¥áá®¢ ¢ ¤¨ää¥-
à¥−æ¨�«ì−ëå ‘â‘ á ‚ˆ� −� ®á−®¢¥ ÷�, “‚÷ ¨ −� ¡�§¥ Œ�� (Œ‘‹).

2 Вероятностные интегральные нелинейности
на основе распределений Пирсона

Š�ª ¨§¢¥áâ−® [3, 4], ¯«®â−®áâì á¥¬¥©áâ¢� ÷� p(y) ã¤®¢«¥â¢®àï¥â á«¥¤ãîé¥¬ã
®¡ëª−®¢¥−−®¬ã ¤¨ää¥à¥−æ¨�«ì−®¬ã ãà�¢−¥−¨î ¯¥à¢®£® ¯®àï¤ª�:

dp(y)

dy
=

y − a

b0 + b1y + b2y
2 p(y) , (1)

£¤¥ a, b0, b1 ¨ b2 | ¤¥©áâ¢¨â¥«ì−ë¥ ç¨á«�.
�«®â−®áâ¨, ã¤®¢«¥â¢®àïîé¨¥ (1), á®¢¯�¤�îâ á ¯à¥¤¥«ì−ë¬¨ ä®à¬�¬¨ £¨¯¥à-

£¥®¬¥âà¨ç¥áª®£® à�á¯à¥¤¥«¥−¨ï. ‚ [3, 4] ¯®ª�§�−®, çâ® ¢ á®®â¢¥âáâ¢¨¨ á à�á¯à¥-
¤¥«¥−¨¥¬ ª®à−¥© ª¢�¤à�â−®£® ãà�¢−¥−¨ï §−�¬¥−�â¥«ï ¢ (1) à�§«¨ç�îâ 12 â¨¯®¢
÷�. �¡®§−�ç¨¬ ¤¨áªà¨¬¨−�−â §−�¬¥−�â¥«ï ç¥à¥§ D = b0b1 − b21, � ç¥à¥§ λ |
®â−®è¥−¨¥ λ = b21/b2. ’®£¤� ¨¬¥¥¬ á«¥¤ãîé¨¥ ¢ëà�¦¥−¨ï ¤«ï ÷�:

’¨¯ I (D < 0, λ < 0, b0 + b1y + b2y2 = (α+ y)(−β + y)b2)

p(y) = k

(

1 +
y

a1

)m1 (

1− y

a2

)m2

(m1,m2 > −1, −a1 ≤ y ≤ a2) ;

p(y) =
α2mβ2n

(α+ β)m+n+1B(m+ 1, n + 1)
(α+ y)m (β − y)n ,

B(m+ 1, n + 1) =
•(m+ 1)•(n+ 1)

•(m+ n+ 2)
(m > −1 , n > −1) ,

£¤¥ B(·, ·) ¨ •(·)| ¡¥â�- ¨ £�¬¬�-äã−ªæ¨¨ (ç�áâ−ë© á«ãç�© | ¡¥â�-à�á¯à¥-
¤¥«¥−¨¥ 1-£® à®¤�).

’¨¯ II (D < 0, λ < 0, a1 = a2 = a, m1 = m2 = m/2)

p(y) =

(

1− y2

a2

)m

(−a ≤ y ≤ a, m ≥ −1)

(¢�à¨�−â ÷� â¨¯� I).

’¨¯ III (D < 0, λ =∞, b0 + b1y + b2y2 = (α+ y)b1)

p(y) = k

(

1 +
y

a

)µa

e−µy (−a ≤ y ≤ ∞, µ > 0, a > 0) ;
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p(y) =
km+1

•(m+ 1)
(y + α)me−k(α+y)1(y + α)

(ç�áâ−ë¥ á«ãç�¨ | £�¬¬�-à�á¯à¥¤¥«¥−¨¥ ¨ χ2-à�á¯à¥¤¥«¥−¨¥).

’¨¯ IV (D > 0, 0 < λ < 1, b0 + b1y + b2y2 = (α2 + y2)b2)

p(y) = k

(

1 +
y2

a2

)−m

e−µ arctg (y/a) (−∞ ≤ y ≤ ∞, a > 0, µ > 0) ;

p(y) = c
(

α2 + y2
)−m
exp

[

−ν arctg
(

y

α

)]

(m ≥ 1) ,

£¤¥

c−1 =

∞
∫

−∞

(

α2 + y2
)−m
exp

[

−ν arctg
(

y

α

)]

dy .

’¨¯ V (D = 0, λ = 1, b0 + b1y + b2y2 = (α+ y)2b2)

p(y) = ky−me−γ/y (0 ≤ y <∞, γ > 0, m > 1) ;

p(y) =
γm−1

•(m− 1) y
−me−γ/y1(y)

(á¢®¤¨âáï ª â¨¯ã III).

’¨¯ VI
p(y) = ky−q1(y − a)q2 (a ≤ y <∞, q1 > q2 − 1)

(á¢®¤¨âáï ª â¨¯ã I). —�áâ−ë¥ á«ãç�¨ | ¡¥â�-à�á¯à¥¤¥«¥−¨¥ 2-£® à®¤� ¨ ”¨-
è¥à� F -à�á¯à¥¤¥«¥−¨¥.

’¨¯ VII (D < 0, λ = 0, b0 + b1y + b2y2 = (α2 + y2)b2)

p(y) = k

(

1 +
y2

α2

)−m (

−∞ < y <∞, m >
1

2

)

;

p(y) =
α

B(m− 1/2, 1/2)
(

α2 + y2
)−m

(

m ≥ 1
2

)

(ç�áâ−ë© á«ãç�© | ‘âìî¤¥−â� à�á¯à¥¤¥«¥−¨¥).

’¨¯ VIII (D < 0, λ < 0, b0 + b1y + b2y2 = y(α+ y)b2)

p(y) = k

(

1 +
y

α

)−m

(−α ≤ y ≤ 0, 0 ≤ m ≤ 1) .
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á ˆ� (III)

’¨¯ IX (D < 0, λ < 0, b0 + b1y + b2y2 = y(α+ y)b2)

p(y) = k

(

1 +
y

α

)m

(−α ≤ y ≤ 0, m > −1) .

’¨¯ X (D = 0, λ = 0, b0 + b1y + b22 = b0)

p(y) = ke−(y−m)/σ (m ≤ y <∞, σ > 0)

(ç�áâ−ë© á«ãç�© | ¯®ª�§�â¥«ì−®¥ (íªá¯®−¥−æ¨�«ì−®¥) à�á¯à¥¤¥«¥−¨¥).

’¨¯ XI (D = 0, λ | −¥ ®¯à¥¤¥«¥−®, b0 + b1y + b2y2 = b0)

p(y) =
1√
2πσ

e−y2/(2σ2) ,

â. ¥. á¨¬¬¥âà¨ç−®¥ −®à¬�«ì−®¥ (£�ãáá®¢áª®¥) à�á¯à¥¤¥«¥−¨¥.

’¨¯ XII

p(y) =

(

1 + y/a1
1− y/a2

)m

(−a1 ≤ y ≤ a2 , |m| > 1)

(¢�à¨�−â ÷� â¨¯� I).

��¨¡®«¥¥ ¢�¦−ë ¤«ï ¯à¨«®¦¥−¨© ÷�: I, III, VI ¨ VII â¨¯ë. ‚ [1, 2] ¡ë«¨
à�áá¬®âà¥−ë ‚ˆ� −� ®á−®¢¥ −®à¬�«ì−®£®, íªá¯®−¥−æ¨�«ì−®£®, £�¬¬�- ¨ χ2-
à�á¯à¥¤¥«¥−¨ï. ‚ ¯à¨«®¦¥−¨ïå �1{�3 ¯à¨¢¥¤¥−ë ªà�âª¨¥ á¢¥¤¥−¨ï ® ¡¥â�-
¨ F -à�á¯à¥¤¥«¥−¨ïå.

÷�áá¬®âà¨¬ áª�«ïà−ãî −¥áâ�æ¨®−�à−ãî ‚ˆ� á«¥¤ãîé¥£® ¢¨¤�:

Zt (Yt, t) =

Yt
∫

−∞

ψ×ÉÎ (Yt, t, η) dη , (2)

£¤¥ ψ×ÉÎ = ψ×ÉÎ(Yt, t, η) | áª�«ïà−�ï ¤¥â¥à¬¨−¨à®¢�−−�ï −¥«¨−¥©−�ï äã−ªæ¨ï
®â¬¥ç¥−−ëå ¯¥à¥¬¥−−ëå â¨¯� ¯«®â−®áâ¨ à�á¯à¥¤¥«¥−¨ï á«ãç�©−®© ¢¥«¨ç¨−ë
(á.¢.), ª®â®à�ï ¯® ®¯à¥¤¥«¥−¨î −¥¯à¥àë¢−�, ¤¨ää¥à¥−æ¨àã¥¬� ¨ ã¤®¢«¥â¢®àï¥â
¨§¢¥áâ−ë¬ ãá«®¢¨ï¬ [3, 4]. ‚ á«ãç�ïå áâ¥¯¥−−®£® ¯à¥¤áâ�¢«¥−¨ï ‚ˆ� (2) ¬®¦¥â
¡ëâì �¯¯à®ªá¨¬¨à®¢�−� á«¥¤ãîé¨¬ ¢ëà�¦¥−¨¥¬ [1, 2]:

Zt = ϕ
ÓÔ (Yt, t) +R

ÓÔ
n . (3)

‡¤¥áì
ϕÓÔ (Yt, t) = ϕ

+ (Yt, t)ϕ
−
n (Yt, t) ,
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£¤¥

ϕ−
n (Yt, t) =

nÓÔ
∑

k=0

a−k (t)Y
k
t ;

ϕ+(Yt, t)| ¨§¢¥áâ−�ï äã−ªæ¨ï; Rn | ®áâ�â®ç−ë© ç«¥−. �à¨¬¥−¨¬ Œ‘‹ [5{7]
ª �¯¯à®ªá¨¬¨à®¢�−−®¬ã ¢ëà�¦¥−¨î ‚ˆ�:

Zt ≈ ϕ (Yt, t) . (4)

‡¤¥áì äã−ªæ¨ï (4) ®¯à¥¤¥«ï¥âáï (3). �à¨ íâ®¬ ¡ã¤¥¬ áç¨â�âì áâ®å�áâ¨ç¥áª¨©
¯à®æ¥áá (‘â�) Yt ¤¥©áâ¢¨â¥«ì−ë¬, −¥á¨¬¬¥âà¨ç−ë¬ (my 6= 0) ¨ á ª®−¥ç−®©
¤¨á¯¥àá¨¥© Dy. ’®£¤� á®£«�á−® Œ‘‹ ‚ˆ� (4) ¡ã¤¥â, ¢ á¬ëá«¥ ¬¨−¨¬ã¬�
áà¥¤−¥© ª¢�¤à�â¨ç¥áª®© ®è¨¡ª¨, áâ�â¨áâ¨ç¥áª¨ íª¢¨¢�«¥−â−® ¢ëà�¦¥−¨î ¢¨¤�

Zt ≈ ϕ0 (my,Dy, t) + k1 (my,Dy, t)Y
0
t

(

Y 0t = Yt −my

)

, (5)

£¤¥

ϕ0 = ϕ0 (my,Dy, t) =
1

√

2πDy

∞
∫

−∞

ϕ(η, t) exp

[

−(η −my)
2

2Dy

]

dη ; (6)

k1 = k1 (my,Dy, t) =
1

√

2πDy

∞
∫

−∞

(η −my)ϕ(η, t) exp

[

−(η −my)
2

2Dy

]

dη =

=
∂ϕ0(my,Dy, t)

∂Dy
. (7)

„«ï −¥ç¥â−ëå (4) ä®à¬ã«ë (5) ¨ (6) ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥:

Zt ≈ k0 (my,Dy, t)my + k1 (my,Dy, t)Y
0
t ,

£¤¥

k0 = k0 (my,Dy, t) =
1

my

√

2πDy

∞
∫

−∞

ϕ(η, t) exp

[

−(η −my)
2

2Dy

]

dη .

‚ ¯à¨«®¦¥−¨ïå �1{�3 ¯à¨¢¥¤¥−ë �«£®à¨â¬ë à�áç¥â� ª®íää¨æ¨¥−â®¢ Œ‘‹
¤«ï ‚ˆ� −� ®á−®¢¥ ¡¥â�- ¨ F -à�á¯à¥¤¥«¥−¨©. �à¨ íâ®¬ ¨á¯®«ì§®¢�−� áâ¥¯¥−−�ï
�¯¯à®ªá¨¬�æ¨ï ‚ˆ� á®£«�á−® (3).
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á ˆ� (III)

‚ ®¡é¥¬ á«ãç�¥ ÷�, ãç¨âë¢�ï ¨§¢¥áâ−ë¥ á¢®©áâ¢� ¯à¥¤¥«ì−ëå ä®à¬ £¨¯¥à-
£¥®¬¥âà¨ç¥áª®£® à�á¯à¥¤¥«¥−¨ï, ¢ á¨«ã ãà�¢−¥−¨ï (1) ¨−â¥£à�«ì−�ï äã−ªæ¨ï

p(Y ) =

Y
∫

0

p(η) dη (8)

¯à¨ ¨§¢¥áâ−ëå ãá«®¢¨ïå [5{7] ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−� áâ¥¯¥−−ë¬ à�§«®¦¥−¨¥¬
¢¨¤�:

P (Y ) =
∑

j

ŸjY
j . (9)

�à¨−¨¬�ï ¢® ¢−¨¬�−¨¥ â�¡«¨ç−ë© ¨−â¥£à�« [8,9]

An =

∞
∫

−∞

xn exp
(

−p1x2 + 2q1x
)

dx =

= n! exp

(

q21
p1

)

√

π

p1

(

q1
p1

)n E[n/2]
∑

l=0

1

(n− 2l)!l!

(

p1

4q21

)l

(10)

¨ á®®â−®è¥−¨ï

p1 =
1

2Dy
; q1 =

my

2Dy
;
q21
p1
=

m2y
2Dy

;
p1

4q21
=
2Dy

m2y
;
q1
p1
= my ,

¯¥à¥¯¨è¥¬ (10) ¢ ¢¨¤¥:

An = n! exp

(

m2y
2Dy

)

√

2πDy (my)
n
∑

l=0

1

(n− 2l)!l!

(

2Dy

m2y

)l

. (11)

‡¤¥áì E[·] | á¨¬¢®« æ¥«®© ç�áâ¨. �®íâ®¬ã ª®íää¨æ¨¥−âë Œ‘‹ ¤«ï ÷� |
‚ˆ� ¯à¨¬ãâ á«¥¤ãîé¨© ¢¨¤:

ϕÒÐ0 (my,Dy) =
∞
∑

j=0

(j + 1)Ÿj (my)
j+1

E[(j+1)/2]
∑

l=0

1

(j + 1− 2l)!l!

(

2Dy

m2y

)l

; (12)

kÒÐ1 (my,Dy) =
∂ϕÒÐ0
∂my

(my,Dy) . (13)

�âáî¤�, ®£à�−¨ç¨¢�ïáì ¢ (12) ¨ (13) ª®−¥ç−ë¬ ç¨á«®¬ ç«¥−®¢ n = nÒÐ, ¯®«ãç¨¬
ãà�¢−¥−¨ï ¤«ï á®®â¢¥âáâ¢ãîé¨å �«£®à¨â¬®¢ ¤«ï ϕÒÐ0,n ¨ kÒÐ1,n. �à¨ íâ®¬ â®ç−®áâì
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â�ª¨å �«£®à¨â¬®¢ ®æ¥−¨¢�¥âáï áâ�−¤�àâ−ë¬ ¬¥â®¤®¬ ¯ãâ¥¬ à�áç¥â� ®áâ�â®ç−®£®
ç«¥−� [10].

’�ª¨¬ ®¡à�§®¬, ¨¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.
’¥®à¥¬� 2.1. �ãáâì −¥æ¥−âà¨à®¢�−−ë© ‘â� Yt = Y (t) (my 6= 0) ®¡«�¤�¥â
ª®−¥ç−®© ¤¨á¯¥àá¨¥© Dy. ’®£¤� áâ¥¯¥−−®¥ à�§«®¦¥−¨¥ (9) ‚ˆ� −� ®á−®¢¥ ÷�
¤®¯ãáª�¥â áâ�â¨áâ¨ç¥áªãî «¨−¥�à¨§�æ¨î á®£«�á−® (5){(7) ¨ (12), (13).

3 Вероятностные интегральные нелинейности
на основе устойчивых вероятностных распределений

Š�ª ¨§¢¥áâ−® [4], ¤«ï “‚÷ äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï ¨ ¯«®â−®áâì áª�«ïà−®©
á.¢. Y ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬¨ ä®à¬ã«�¬¨:

F (a1y + b1) ∗ F (a2y + b2) = F (ay + b) ;

p(y;α, β, γ, c) =
1

2π

∞
∫

−∞

e−iλy exp

{

iγλ− c|λ|α
[

1 + iβ
λ

|λ|ω(λ, α)
]}

dλ ,

£¤¥

ω(λ, α) =















tg
πα

2
¯à¨ α 6= 1 ;

2

π
ln |λ| ¯à¨ α = 1 .

�à¨ α > 0 ¢á¥ “‚÷ −¥¯à¥àë¢−ë ¨ ¨å ¯«®â−®áâ¨ ¢ ª�¦¤®© â®çª¥ ¨¬¥îâ ¯à®-
¨§¢®¤−ë¥ ¢á¥å ¯®àï¤ª®¢. „«ï α = 2“‚÷ ï¢«ï¥âáï −®à¬�«ì−ë¬ à�á¯à¥¤¥«¥−¨¥¬,
� ¯à¨ α = 1| à�á¯à¥¤¥«¥−¨¥¬ Š®è¨. �à¨ α = 1/2 ¨¬¥¥¬ à�á¯à¥¤¥«¥−¨¥:

p(y) =
1

√

2πy3
e−(1/2)y1(y) .

�à¨ α = 0 “‚÷ ï¢«ï¥âáï ¢ëà®¦¤¥−−ë¬, � ¯à¨ 0 < α < 2 “‚÷ ï¢«ïîâáï
¡¥§£à�−¨ç−® ¤¥«¨¬ë¬¨ à�á¯à¥¤¥«¥−¨ï¬¨.

‚ë¤¥«¨¬ áà¥¤¨ “‚÷ á«¥¤ãîé¨© ¢�¦−ë© ª«�áá à�á¯à¥¤¥«¥−¨©, ª®£¤� α > 0,
γ = 0, c = 1, â. ¥. ¢¨¤� p(y;α, β) = p(y;α, β, 0, 1). ‚ íâ®¬ á«ãç�¥ ¨¬¥¥â ¬¥áâ®
á®®â−®è¥−¨¥:

p(y;α, β) = p(−y;α,−β) .
�âáî¤�, ¢ ç�áâ−®áâ¨, −�å®¤¨¬ ¯à¨ 0 < α < 1

p(y;α, β) =
1

πy

∞
∑

k=1

(−1)k+1 sin
[

kπ

2
α(β + 1)

]

•(kα+ 1)

k!
y−kα1(y) .
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�à¨ 1 < α < 2 ¨¬¥¥¬:

p(y;α, β) =

=
1

π

∞
∑

k=0

(−1)k•(k + 1)/α
αk!

cos

{

kπ

2

[

1 +

(

1 +
1

k

)

2− α

α
β

]}

yk1(y) . (14)

‚ ®¡é¥¬ á«ãç�¥ ¤«ï ‚ˆ� −� ®á−®¢¥ “‚÷ áâ¥¯¥−−®¥ à�§«®¦¥−¨¥ (8) ¨¬¥¥â
¢¨¤:

P (Y ) =

Y
∫

0

p(η;α, β, γ, c) dη =
∞
∑

j=0

ŸP
j (α, β, γ, c)Y

j+1 . (15)

‡¤¥áì ¢¢¥¤¥−ë ®¡®§−�ç¥−¨ï:

ŸP
j = Ÿ

P
j (α, β, γ, c) =

1

2π

∞
∫

−∞

(−iλ)j
(j + 1)!

Ÿ(λ, α, β, γ, c) dλ , (16)

£¤¥

Ÿ(λ, α, β, γ, c) = exp

{

iγλ− c|λ|α
[

1 + iβ
λ

|λ|ω(λ, α)
]}

. (17)

Š®íää¨æ¨¥−âë Œ‘‹ ¤«ï ÷� | ‚ˆ� −� ®á−®¢¥ (15){(17) ¯à¨¬ãâ á«¥¤ãîé¨©
¢¨¤:

ϕÕ×Ò0 (my,Dy) =

∞
∑

j=0

(j + 1)!ŸP
j (my)

j+1
E[(j+1)/2]
∑

l=0

1

(j + 1− 2l)!l!

(

2Dy

m2y

)l

; (18)

kÕ×Ò1 (my,Dy) =
∂ϕÕ×Ò0
∂my

(my,Dy) . (19)

�£à�−¨ç¨¢�ïáì ¢ (18) ¨ (19) ª®−¥ç−ë¬ ç¨á«®¬ ç¥«−®¢ nÕ×Ò, ¯®«ãç¨¬ á®®â¢¥â-
áâ¢ãîé¨¥ �«£®à¨â¬ë Œ‘‹ ¤«ï ÷� | ‚ˆ�. ’®ç−®áâì ®æ¥−¨¢�¥âáï áâ�−¤�àâ−ë¬
¬¥â®¤®¬ [10].

’�ª¨¬ ®¡à�§®¬, á¯à�¢¥¤«¨¢® á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.

’¥®à¥¬� 3.1. �ãáâì −¥æ¥−âà¨à®¢�−−ë© ‘â� Yt = Y (t) (my 6= 0) ®¡«�¤�¥â
ª®−¥ç−®© ¤¨á¯¥àá¨¥© Dy. ’®£¤� ‚ˆ� −� ®á−®¢¥ “‚÷ ®¯à¥¤¥«ïîâáï áâ¥¯¥−−ë¬
à�§«®¦¥−¨¥¬ (15) ¨ ¤®¯ãáª�îâ áâ�â¨áâ¨ç¥áªãî «¨−¥�à¨§�æ¨î á®£«�á−® (5){(7)
¨ (18), (19).
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4 Алгоритмы аналитического моделирования нормальных процессов
в стохастических системах с вероятностными интегральными
нелинейностями [2]

“à�¢−¥−¨ï äã−ªæ¨®−¨à®¢�−¨ï ª®−¥ç−®¬¥à−ëå −¥¯à¥àë¢−ëå −¥«¨−¥©−ëå
á¨áâ¥¬ á® áâ®å�áâ¨ç¥áª¨¬¨ ¢®§¬ãé¥−¨ï¬¨ ¯ãâ¥¬ à�áè¨à¥−¨ï ¢¥ªâ®à� á®áâ®ï−¨ï
‘â‘ á ‚ˆ� ¬®£ãâ ¡ëâì §�¯¨á�−ë ¢ ¢¨¤¥ á«¥¤ãîé¥£® ¢¥ªâ®à−®£® áâ®å�áâ¨ç¥áª®£®
¤¨ää¥à¥−æ¨�«ì−®£® ãà�¢−¥−¨ï ˆâ® [1, 2]:

dYt = a
×ÉÎ (Yt, t) dt + b

×ÉÎ (Yt, t) dW0 +

∫

R0

c×ÉÎ (Yt, t, v)P
0 (dt, dv) ,

Y (t0) = Y0 . (20)

‡¤¥áì Yt | (p × 1)-¬¥à−ë© ¢¥ªâ®à á®áâ®ï−¨ï, Yt ∈ –y (–y | ¬−®£®®¡à�§¨¥
á®áâ®ï−¨©); a×ÉÎ = a×ÉÎ(Yt, t) ¨ b×ÉÎ = b×ÉÎ(Yt, t) | ¨§¢¥áâ−ë¥ (p × 1)-¬¥à−�ï
¨ (p×m)-¬¥à−�ï äã−ªæ¨¨Yt ¨ t;W0 =W0(t)| (r×1)-¬¥à−ë© ¢¨−¥à®¢áª¨© ‘â�
¨−â¥−á¨¢−®áâ¨ ν0 = ν0(t); c×ÉÎ = c×ÉÎ(Yt, t, v) | (p × 1)-¬¥à−�ï äã−ªæ¨ï Yt, t
¨ ¢á¯®¬®£�â¥«ì−®£® (q×1)-¬¥à−®£® ¯�à�¬¥âà� v;

∫

– dP
0(t, A)| æ¥−âà¨à®¢�−−�ï

¯ã�áá®−®¢áª�ï ¬¥à�, ®¯à¥¤¥«ï¥¬�ï
∫

–

dP 0(t, A) =

∫

–

dP (t, A) =

∫

–

νP (t, A) dt .

�à¨ íâ®¬ ¯à¨−ïâ®:
∫

– | ç¨á«® áª�çª®¢ ¯ã�áá®−®¢áª®£® ‘â� ¢ ¨−â¥à¢�«¥ ¢à¥-
¬¥−¨ – = (t1, t2]; νP (t, A) | ¨−â¥−á¨¢−®áâì ¯ã�áá®−®¢áª®£® ‘â� P (t, A); A |
−¥ª®â®à®¥ ¡®à¥«¥¢áª®¥ ¬−®¦¥áâ¢® ¯à®áâà�−áâ¢� Rq

0 á ¢ëª®«®âë¬ −�ç�«®¬. ��-
ç�«ì−®¥ §−�ç¥−¨¥ Y0 ¯à¥¤áâ�¢«ï¥â á®¡®© á.¢., −¥ §�¢¨áïéãî ®â ¯à¨à�é¥−¨©W0(t)
¨ P (t, A) −� ¨−â¥à¢�«�å ¢à¥¬¥−¨, á«¥¤ãîé¨å §� t0, t0 ≤ t1 ≤ t2, ¤«ï «î¡®£®
¬−®¦¥áâ¢� A.

…á«¨ áãé¥áâ¢ãîâ ª®−¥ç−ë¥ ¢¥à®ïâ−®áâ−ë¥ ¬®¬¥−âë ¢â®à®£® ¯®àï¤ª� ¤«ï
¬®¬¥−â®¢ ¢à¥¬¥−¨ t1 ¨ t2, â® ãà�¢−¥−¨ï Œ�� ¯à¨¬ãâ á«¥¤ãîé¨© ¢¨¤:

{ ¤«ï å�à�ªâ¥à¨áâ¨ç¥áª¨å äã−ªæ¨©

gN
1 (λ; t) = exp

[

iλTmt −
1

2
λTKtλ

]

;

gN
t1,t2 (λ1, λ2; t1, t2) = exp

[

i�λT �m2 −
1

2
�λT �K2λ

]

,



















(21)

£¤¥

�λ =
[

λT1 λ
T
2

]T
; �m2 =

[

mTt1m
T
t2

]T
; �K2 =

[

K(t1, t1) K(t1, t2)
K(t2, t1) K(t2, t2)

]

;
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{ ¤«ï ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© mt, ª®¢�à¨�æ¨®−−®© ¬�âà¨æë Kt ¨ ¬�âà¨æë
ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© K(t1, t2)

‘mt = a
×ÉÎ
1 (mt,Kt, t) , m0 = m (t0) ;

‘Kt = a
×ÉÎ
2 (mt,Kt, t) , K0 = K (t0) ;

∂K(t1, t2)

∂t2
= K (t1, t2) a

×ÉÎ
21 (mt2 ,Kt2 , t2)

T , K (t1, t1) = Kt1 .



















(22)

‡¤¥áì ¯à¨−ïâë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

mt = M
N

–y
[Yt] ; Y

0
t = Yt −mt ;

Kt = M
N
–y

[

Y 0t Y
0T
t

]

; K (t1, t2) = M
N
–y

[

Y 0t1Y
0T
t2

]

;

a×ÉÎ1 = a×ÉÎ1 (mt,Kt, t) = M
N

–y
[a×ÉÎ (Yt, t)] ;

a×ÉÎ2 = a×ÉÎ2 (mt,Kt, t) = a
×ÉÎ
21 (mt,Kt, t)+a

×ÉÎ
21 (mt,Kt, t)

T+a×ÉÎ22 (mt,Kt, t) ;

a×ÉÎ21 = a
×ÉÎ
21 (mt,Kt, t) = M

N
–y

[

a×ÉÎ (Yt, t)Y
0T
t

]

;

a×ÉÎ22 = a
×ÉÎ
22 (mt,Kt, t) = M

N
–y
[�σ×ÉÎ (Yt, t)] ;

σ×ÉÎ (Yt, t) = b
×ÉÎ (Yt, t) ν0(t)b

×ÉÎ (Yt, t)
T ;

�σ (Yt, t) = σ
×ÉÎ (Yt, t) +

∫

Rq
0

c×ÉÎ (Yt, t, v) c
×ÉÎ (Yt, t, v)

T νP (t, dv) , (23)

£¤¥ MN
–y

| á¨¬¢®« ¢ëç¨á«¥−¨ï ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¤«ï −®à¬�«ì−ëå
à�á¯à¥¤¥«¥−¨© (21) −� £«�¤ª®¬ ¬−®£®®¡à�§¨¨ –y.

„«ï áâ�æ¨®−�à−ëå ‘â‘ áâ�æ¨®−�à−ë¥ �‘â� | ¥á«¨ ®−¨ áãé¥áâ¢ãîâ, â®
mt = m∗, Kt = K∗, K(t1, t2) = k(τ) (τ = t1 − t2), | ®¯à¥¤¥«ïîâáï ãà�¢−¥-
−¨ï¬¨:

a×ÉÎ1 (m∗,K∗) = 0 ; a×ÉÎ2 (m∗,K∗) = 0 ;

‘kτ (τ) = a
×ÉÎ
21 (m

∗,K∗)K∗−1k(τ) , k(0) = K∗ (∀τ > 0) ;
k(τ) = k(−τ)T (∀τ < 0) .











(24)

�à¨ íâ®¬ −¥®¡å®¤¨¬®, çâ®¡ë ¬�âà¨æ�a×ÉÎ21 (m
∗,K∗) = a×ÉÎ∗21 ¡ë«� �á¨¬¯â®â¨ç¥áª¨

ãáâ®©ç¨¢®©.
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‚ á«ãç�¥ �¤¤¨â¨¢−ëå £�ãáá®¢áª¨å (−®à¬�«ì−ëå) ¨ ®¡®¡é¥−−ëå ¯ã�áá®−®¢áª¨å
¢®§¬ãé¥−¨© ãà�¢−¥−¨¥ (20) ¯à¨−¨¬�¥â ¢¨¤:

‘Y = a×ÉÎ (Yt, t) + b0(t)V , V = ‘W , Y (t0) = Y0 . (25)

‡¤¥áì W | ‘â� á −¥§�¢¨á¨¬ë¬¨ ¯à¨à�é¥−¨ï¬¨, ¯à¥¤áâ�¢«ïîé¨© á®¡®© á¬¥áì
−®à¬�«ì−®£® ¨ ®¡®¡é¥−−®£® ¯ã�áá®−®¢áª®£® ‘â�.

‚ á«ãç�¥ ‘â‘ (25) ãà�¢−¥−¨ï Œ�� ¯¥à¥å®¤ïâ ¢ ¨§¢¥áâ−ë¥ ãà�¢−¥−¨ï Œ‘‹:

‘mt = a
×ÉÎ
1 (mt,Kt, t) , m0 = m (t0) ;

‘Kt = k
×ÉÎa
1 (mt,Kt, t)Kt +Ktk

×ÉÎa
1 (mt,Kt, t)

T + σ0(t) , K0 = K (t0) ;

∂K(t1, t2)

∂t2
= K (t1, t2)Kt2k

×ÉÎa
1 (mt2 ,Kt2 , t2)

T , K (t1, t2) = Kt1 ,



















(26)

£¤¥
a×ÉÎ (Yt, t) = a

×ÉÎ
0 (mt,Kt) + k

×ÉÎa
1 (mt,Kt)Y

0
t ;

kÉÎa1 (mt,Kt, t) =

[(

∂

∂mt

)

a×ÉÎ0 (mt,Kt, t)
T

]T

;

b×ÉÎ (Yt, t) = b
×ÉÎ
0 (t) ; σ

×ÉÎ (Yt, t) = b
ÉÎ
0 (t)ν(t)b

×ÉÎ
0 (t)

T = σ×ÉÎ0 (t) .

�à¨ ãá«®¢¨¨ �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ¬�âà¨æë ka
1(m

∗,K∗) ¤«ï áâ�æ¨-
®−�à−ëå ‘â‘ (25) ¢ ®á−®¢¥ Œ‘‹ «¥¦�â ãà�¢−¥−¨ï (24), §�¯¨á�−−ë¥ ¢ ¢¨¤¥:

a×ÉÎ0 (m∗,K∗) = 0 ;

k×ÉÎa1 (m∗,K∗)K∗ +K∗k×ÉÎa1 (m∗,K∗)T + �σ×ÉÎ∗0 = 0 ;

‘kτ (τ) = k
×ÉÎa
1 (m∗,K∗) k(τ) , k(0) = K∗ (∀τ > 0) ,

k(τ) = k(−τ)T (∀τ < 0) .



























(27)

‚ á«ãç�¥ �¤¤¨â¨¢−®£® èã¬� ¢ (20), ª®£¤� b×ÉÎ ¨ c×ÉÎ −¥ §�¢¨áïâ ®â Yt,
ãà�¢−¥−¨ï Œ�� ¯¥à¥å®¤ïâ ¢ ãà�¢−¥−¨ï Œ‘‹.

’�ª¨¬ ®¡à�§®¬, ¢ ®á−®¢¥ ¬¥â®¤®¢ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï (Œ�Œ)
«¥¦�â á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥−¨ï.
’¥®à¥¬� 4.1. …á«¨ áãé¥áâ¢ãîâ ¨−â¥£à�«ë (23), â® ãà�¢−¥−¨ï (21) ¨ (22)
«¥¦�â ¢ ®á−®¢¥ −¥áâ�æ¨®−�à−ëå �«£®à¨â¬®¢ Œ�Œ ¤«ï −¥£�ãáá®¢áª¨å ‘â‘ (20),
� ãà�¢−¥−¨ï (26) | ¤«ï −¥£�ãáá®¢áª¨å ‘â‘ (25).
’¥®à¥¬� 4.2. …á«¨ ‘â‘ (20) ¨ (25) áâ�æ¨®−�à−ë ¨ áãé¥áâ¢ã¥â áâ�æ¨®−�à−ë©
�‘â�, � ¬�âà¨æ� a∗21 �á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢�, â® ãà�¢−¥−¨ï (24) ¨ (27)
«¥¦�â ¢ ®á−®¢¥ áâ�æ¨®−�à−ëå �«£®à¨â¬®¢ Œ�Œ.
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„«ï �«£®à¨â¬¨§�æ¨¨ Œ�� −¥®¡å®¤¨¬® ã¬¥âì ¢ëç¨á«ïâì á«¥¤ãîé¨¥ ¨−â¥-
£à�«ë:

I×ÉÎa0 = I×ÉÎa0 (mt,Kt, t) = a
×ÉÎ
1 (mt,Kt, t) = M

N

–y
[a×ÉÎ(Yt, t)] ; (28)

I×ÉÎa1 = I×ÉÎa1 (mt,Kt, t) = a
×ÉÎ
21 (mt,Kt, t) = M

N
–y

[

a×ÉÎ (Yt, t)Y
0T
t

]

;

I×ÉÎ�σ0 = I×ÉÎ�σ0 (mt,Kt, t) = a
×ÉÎ
22 (mt,Kt, t) = M

N

–y
[�σ×ÉÎ (Yt, t)] ,

� ¤«ï Œ‘‹ ¤®áâ�â®ç−® ¢ëç¨á«¨âì ¯¥à¢ë© ¨−â¥£à�« ¢ (28), ¯à¨ç¥¬ ¨−â¥£à�« I×ÉÎa1
¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥:

k×ÉÎa1 = ka
1 (mt,Kt, t) =

[(

∂

∂mt

)

I×ÉÎa0 (mt,Kt, t)
T

]T

.

“à�¢−¥−¨ï Œ�� (Œ‘‹) á®¤¥à¦�â ¨−â¥£à�«ë I×ÉÎa0 , I×ÉÎa1 ¨ I×ÉÎσ0 ¢ ¢¨¤¥
á®®â¢¥âáâ¢ãîé¨å ª®íää¨æ¨¥−â®¢, ¯®íâ®¬ã ¯à®æ¥¤ãà� ¢ëç¨á«¥−¨ï ¨−â¥£à�«®¢
¤®«¦−� ¡ëâì á®£«�á®¢�−� á ¬¥â®¤®¬ ç¨á«¥−−®£® à¥è¥−¨ï ®¡ëª−®¢¥−−ëå ¤¨ää¥-
à¥−æ¨�«ì−ëå ãà�¢−¥−¨© ¤«ï mt, Kt ¨ K(t1, t2). �â¨ ª®íää¨æ¨¥−âë ¤®¯ãáª�îâ
¤¨ää¥à¥−æ¨à®¢�−¨¥ ¯® mt ¨ Kt, â�ª ª�ª ¯®¤ ¨−â¥£à�«®¬ áâ®¨â á£«�¦¨¢�îé�ï
−®à¬�«ì−�ï ¯«®â−®áâì.

‚ [11] ¨§«®¦¥−ë �«£®à¨â¬ë ¤¨áªà¥â−®£® �−�«¨â¨ç¥áª®£® ¨ áâ�â¨áâ¨ç¥áª®£®
¬®¤¥«¨à®¢�−¨ï â¨¯®¢ëå à�á¯à¥¤¥«¥−¨© (¢ â®¬ ç¨á«¥ −®à¬�«ì−ëå) ¢ −¥«¨−¥©−ëå
‘â‘. �«£®à¨â¬ë ¤¨áªà¥â−®£® �−�«¨â¨ç¥áª®£® ¨ áâ�â¨áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï
¤«ï ‘â‘ á ‚ˆ�, � â�ª¦¥ á¬¥è�−−ë¥ �«£®à¨â¬ë à�§«¨ç−®© áâ¥¯¥−¨ â®ç−®áâ¨
®â−®á¨â¥«ì−® è�£� ¨−â¥£à¨à®¢�−¨ï â�ª¦¥ ¯à¥¤áâ�¢«¥−ë ¢ [11].

5 Тестовые примеры

5.1. ÷�áá¬®âà¨¬ �«£®à¨â¬ë Œ�Œ ¤«ï ®¤−®¬¥à−®© ‘â‘ á �¤¤¨â¨¢−ë¬ èã¬®¬
¨ ÷� | ‚ˆ�, ®¯¨áë¢�¥¬®© á«¥¤ãîé¨¬ ãà�¢−¥−¨¥¬:

‘Yt = at

Yt
∫

0

ψÒÐ (ηt) dηt + btVt , (29)

£¤¥ at ¨ bt | ¨§¢¥áâ−ë¥ áª�«ïà−ë¥ äã−ªæ¨¨; Vt | áª�«ïà−ë© £�ãáá®¢áª¨©
(−®à¬�«ì−ë©) ¡¥«ë© èã¬ ¨−â¥−á¨¢−®áâ¨ νt. “à�¢−¥−¨ï Œ�Œ áâ®å�áâ¨ç¥áª¨©
¤¨−�¬¨ª¨ (29), ¥á«¨ ¯à®¢¥áâ¨ áâ¥¯¥−−ãî �¯¯à®ªá¨¬�æ¨î ÷� | ‚ˆ�, ¯à¨¬ãâ
á«¥¤ãîé¨© ¢¨¤:

‘mt = atϕ0 (mt,Dt) , mt0 = m0 ; (30)
‘Dt = 2atk

ϕ
1 (mt,Dt)Dt + btνt , Dt0 = D0 . (31)
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‚å®¤ïé¨¥ áî¤� ª®íää¨æ¨¥−âë Œ‘‹ ϕ0(mt,Dt) ¨ kϕ
1 (mt,Dt) ®¯à¥¤¥«¥−ë

¢ à�§¤. 2. ‚ áâ�æ¨®−�à−®¬ á«ãç�¥, ª®£¤� at = a∗, bt = b∗ ¨ νt = ν∗ −¥ §�-
¢¨áïâ ®â ¢à¥¬¥−¨, ¯à¨ç¥¬ a∗ < 0, áâ�æ¨®−�à−ë¥ §−�ç¥−¨ï m∗ ¨ D∗ −�å®¤ïâáï ¨§
ãà�¢−¥−¨© (30) ¨ (31) ¯à¨ ‘m∗ = 0 ¨ ‘D∗ = 0:

ϕ0 (m
∗,D∗) = 0 ; 2a∗kϕ

1 (m
∗,D∗)D∗ + b∗ν∗ = 0 .

Š�ª ¯®ª�§�«® áâ�â¨áâ¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ Œ�Œ −� ®á−®¢¥ Œ‘‹ ¨ áâ¥-
¯¥−−®© �¯¯à®ªá¨¬�æ¨¨ ‚ˆ�, ¢ áâ�æ¨®−�à−®¬ à¥¦¨¬¥ ¯à¨ n = 3 â®ç−®áâì −¥
¢ëè¥ 30%, � ¤«ï n = 10 ¨¬¥¥¬ â®ç−®áâì ¯®àï¤ª� 10%.
5.2. „«ï ®¤−®¬¥à−®© ‘â‘ á ¯�à�¬¥âà¨ç¥áª¨¬ ÷� | ‚ˆ� ¯à¨ ¡¥«®¬ èã¬¥,
ª®£¤�

‘Yt = a0t + a1tYt +



b0t + b1t

Yt
∫

0

ψχ2 (ηt) dηt



Vt ,

ãà�¢−¥−¨ï Œ�Œ −� ®á−®¢¥ Œ�� ¯à¨¬ãâ á«¥¤ãîé¨© ¢¨¤:

‘mt = a0t + a1tmt , mt0 = m0 ;

‘Dt = 2a1tDt + σt , Dt0 = D0 ; σt =
[

b20t + b
2
1tϕ

P 2
0 (my,Dy)

]

νt .

‡¤¥áì ª®íää¨æ¨¥−â ϕP 2
0 (my,Dy) ®¯à¥¤¥«ï¥âáï á®£«�á−® à�§¤. 2.

‚ áâ�æ¨®−�à−®¬ á«ãç�¥, ª®£¤� a1t = a∗1 < 0, m
∗ ¨ D∗ ®¯à¥¤¥«ïîâáï ¨§

ãà�¢−¥−¨©
a∗0 + a

∗
1m

∗ = 0 , 2a∗1D
∗ + σ∗ = 0 .

’®ç−®áâì Œ�Œ −� ®á−®¢¥ Œ�� ¯à¨ n = 2 −¥ ¢ëè¥ 40%, � ¤«ï n = 10 ¨¬¥¥¬
â®ç−®áâì ¯®àï¤ª� 20%.
5.3. ‘«¥¤ãï [1], à�áá¬®âà¨¬ ¨−â¥£à�«ì−ë© ÷�-®áæ¨««ïâ®à (÷��) ¢ áâ®å�áâ¨ç¥-
áª®© áà¥¤¥:

‘Y1 = Y2 , ‘Y2 = −ω20
Y1
∫

0

ψÒÐ (Y1) dY1 + L0 − 2εω0Y2 + h2V ,

Y1(t0) = Y10 , Y2(t0) = Y20 .

‡¤¥áì Y1 ¨ Y2 | ª®®à¤¨−�â� ¨ áª®à®áâì; ψÒÐ(Y1) | ¨−â¥£à�«ì−�ï äã−ªæ¨ï,
®¯à¥¤¥«ïîé�ï ¨−â¥£à�«ì−ë© ÷��; L0 | ¯®áâ®ï−−�ï ¨«¨ ¬¥¤«¥−−® ¬¥−ïîé�ïáï
−� ¨−â¥à¢�«¥ ¢à¥¬¥−¨ T = 2πω−1

0 ¢¥«¨ç¨−�; −2εω0Y2| «¨−¥©−�ï ¤¨áá¨¯�â¨¢−�ï
á®áâ�¢«ïîé�ï; h2V | áâ®å�áâ¨ç¥áª�ï á®áâ�¢«ïîé�ï, ¯à¥¤áâ�¢«ïîé�ï á®¡®©
−®à¬�«ì−ë© ¡¥«ë© èã¬ ¨−â¥−á¨¢−®áâ¨ h2ν; ε, h ¨ ω20 | ¯®áâ®ï−−ë¥ ¯�à�¬¥âàë;
Y10 ¨ Y20 | −®à¬�«ì−ë¥ −¥§�¢¨á¨¬ë¥ −�ç�«ì−ë¥ ª®®à¤¨−�â� ¨ áª®à®áâì.
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�à¨¬¥−ïï ãà�¢−¥−¨ï à�§¤. 4 ¤«ï D1 = K11, D2 = K22, K12 ¨ à�§«¨ç-
−ëå ÷� | ‚ˆ�, ¯®«ãç¨¬ ¨áª®¬ë¥ ãà�¢−¥−¨ï �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï
−®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ÷��:

‘m1 = 0 , m1 (t0) = m10 ;

‘m2 = −ω20ϕÒÐ0 (m1,D1) + L0 − 2εω0m2 , m2 (t0) = m20 ;

‘D1 = 2K12 , D1 (t0) = D10 ;

‘D2 = −2
[

ω20ϕ
ÒÐ
0 (m1,D1)K12 + 2εω0D2

]

+ h2ν , D2 (t0) = D20 ;

‘K12 = D2 − ω20k
ϕ
1 (m1,D1)D1 − 2εω0K12 , K12 (t0) = K120 .



































(32)

�à¨ ε > 0 ¤«ï áâ�æ¨®−�à−®£® á«ãç�ï ãà�¢−¥−¨ï (32) ¯à¨−¨¬�îâ ¢¨¤:

m1 = m
∗
1 ; m2 = m

∗
2 = 0 ; −ω20ϕÒÐ0 (m∗

1,D
∗
1) + L0 = 0 ;

K12 = K
∗
12 = 0 ; D

∗
2 =

h2ν

4εω0
; ω20D

∗
1k
ÒÐ
1 (m

∗
1,D1∗) = D∗

2 .

�âáî¤� −�å®¤¨¬ áâ�æ¨®−�à−ë¥ §−�ç¥−¨ï

m∗
1 = 0 ; m

∗
2 = 0 ; K

∗
12 = 0 ; D

∗
2 =

h2ν

4εω0
,

¯à¨ íâ®¬ ¤¨á¯¥àá¨ï ª®®à¤¨−�âë D∗
1 ®¯à¥¤¥«ï¥âáï ¨§ ãà�¢−¥−¨ï:

D∗
1k
ÒÐ
1 (0,D

∗
1) = γ

(

γ =
h2ν

4εω30

)

.

6 Заключение

÷�§à�¡®â�−® ¬¥â®¤¨ç¥áª®¥ ¨ �«£®à¨â¬¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ �−�«¨â¨ç¥áª®£®
¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå (£�ãáá®¢áª¨å) ¯à®æ¥áá®¢ ¢ ¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘
á ‚ˆ� −� ®á−®¢¥ ÷� ¨ “‚÷ −� ¡�§¥ Œ�� (Œ‘‹).

�®«ãç¥−ë �−�«¨â¨ç¥áª¨¥ ¢ëà�¦¥−¨ï ¤«ï ª®íää¨æ¨¥−â®¢ Œ�� (Œ‘‹) ¯à¨
áâ¥¯¥−−®© �¯¯à®ªá¨¬�æ¨¨ â¨¯®¢ëå ÷� ¨ “‚÷ | ‚ˆ�.

�«£®à¨â¬ë ¯®«®¦¥−ë ¢ ®á−®¢ã ¬®¤ã«ï à�§à�¡�âë¢�¥¬®£® ¨−áâàã¬¥−â�«ì−®£®
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï StS-Analysis.2017.

�à¨¢¥¤¥−ë âà¨ â¥áâ®¢ëå ¯à¨¬¥à� á ®æ¥−ª®© â®ç−®áâ¨. �à¨¬¥àë ¯®¤â¢¥à¦¤�-
îâ ¤®áâ�â®ç−ãî â®ç−®áâì à�§à�¡®â�−−ëå �«£®à¨â¬®¢.

÷¥§ã«ìâ�âë ¤®¯ãáª�îâ ®¡®¡é¥−¨ï ª�ª −®¢ë¥ ª«�ááë ‚ˆ� (−�¯à¨¬¥à, á¨áâ¥-
¬ë á ¨−¢�à¨�−â−®© ¬¥à®©, ®¤−®- ¨ ¬−®£®ª�−�«ì−ë¥ ã£«®¢ë¥, áä¥à¨ç¥áª¨¥ ¨ ¤à.),
â�ª ¨ ¬¥â®¤ë �¯¯à®ªá¨¬�æ¨¨ ‚ˆ� (¬−®£®ç«¥−−ë¥, à�æ¨®−�«ì−ë¥, ¤à®¡−®-à�-
æ¨®−�«ì−ë¥, ®àâ®£®−�«ì−ë¥ à�§«®¦¥−¨ï, �á¨¬¯â®â¨ç¥áª¨¥, � â�ª¦¥ ¨â¥à�æ¨®−-
−ë¥).
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Приложения

П1. Нелинейность в виде неполной бета-функции [5]

�¯à¥¤¥«¥−¨ï ¨ á¢®©áâ¢�

P (Y ) = IY (a, b) =
1

B(a, b)

Y
∫

0

ηa−1(1− η)b−1dη =
BY (a, b)

B(a, b)
.

‡¤¥áì B(a, b) ¨ BY (a, b)| ¯®«−�ï ¨ −¥¯®«−�ï ¡¥â�-äã−ªæ¨¨, ¯à¨ç¥¬

B(a, b) =
•(a)•(b)

•(a+ b)
= B(b, a) ;

IY (a, b) = 1− I1−Y (b, a) .

…á«¨ á.¢. X21 ¨ X22 ¨¬¥îâ χ2ν1- ¨ χ2ν2-à�á¯à¥¤¥«¥−¨ï, â® á.¢. X21/(x
2
1 + X22 ) ¨¬¥¥â

¡¥â�-à�á¯à¥¤¥«¥−¨¥ á 2a = ν1 ¨ 2b = ν2 áâ¥¯¥−ï¬¨ á¢®¡®¤ë.

”ã−ªæ¨®−�«ì−ë¥ á®®â−®è¥−¨ï

IY (a, b) = Y IY (a− 1, b) + (1− Y )IY (a, b− 1) ;

IY (a, b) =
1

Y
[Iy(a+ 1, b)− (1− Y )IY (a+ 1, b)] ;

IY (a, b) =
1

a(1− Y ) + b
[bIY (a, b+ 1) + a(1− Y )IY (a+ 1, b− 1)] ;

IY (a, b) =
1

a+ b
[aIY (a+ 1, b) + bIY (a, b+ 1)] ;

IY (a, b) =
•(a+ b)

•(a+ 1)•(b)
Y a(1− Y )b + IY (a+ 1, b− 1) =

=
•(a+ b)

•(a+ 1)•(b)
Y a(1 − Y )b + IY (a+ 1, b) .

÷�§«®¦¥−¨ï ¢ àï¤ë (0 < Y < 1)

IY (a, b) =
Y a(1− Y )b

aB(a, b)

[

1 +

∞
∑

n=0

B(a+ 1, n+ 1)

B(a+ b, n+ 1)
Y n+1

]

;

IY (a, b) =
Y a(1− Y )b−1

aB(a, b)

[

1 +

∞
∑

n=0

B(a+ 1, n+ 1)

B(b − n− 1, n+ 1)

(

Y

1− Y

)n+1
]

=

=
Y a(1 − Y )b−1

aB(a, b)

[

1 +

s−2
∑

n=0

B(a+ 1, n+ 1)

B(b− n− 1, n+ 1)

(

Y

1− Y

)n+1
]

+ IY (a+ s, b− s) .
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‘â¥¯¥−−ë¥ à�§«®¦¥−¨ï ¨ ª®íää¨æ¨¥−âë ¬¥â®¤� áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨

„«ï −�å®¦¤¥−¨ï ª®íää¨æ¨¥−â®¢ Œ‘‹ ¤«ï ‚ˆ� −� ®á−®¢¥ −¥¯®«−®© ¡¥â�-äã−ªæ¨¨
à�§«®¦¨¬ (1 − Y )b ¢ áâ¥¯¥−−®© àï¤

(1 − Y )b =

∞
∑

j=0

(−1)j b(b− 1) · · · (b − j + 1)

j!
Y j (33)

¨ ¢®á¯®«ì§ã¥¬áï â�¡«¨ç−ë¬ ¨−â¥£à�«®¬ [8,9]

∞
∫

0

xν−1 exp
(

−βx2 − γx
)

dx = (2β)−ν/2•(ν) exp

(

γ2

8β

)

D−ν

(

γ
√

2β

)

, (34)

¯®«®¦¨¢

2β =
1

Dy
; γ = −my

Dy
;
γ2

8β
=

m2y
4Dy

;
γ
√

2β
= − my

√

Dy

. (35)

‡¤¥áìDµ(·)| äã−ªæ¨ï ¯�à�¡®«¨ç¥áª®£® æ¨«¨−¤à� [4]. ‚ à¥§ã«ìâ�â¥ ¯®«ãç¨¬ á«¥¤ãîé¨¥
¯à¥¤áâ�¢«¥−¨ï ¤«ï ª®íää¨æ¨¥−â®¢ Œ‘‹ ϕ0(my, Dy) ¨ kϕ

1 (my, Dy):

ϕ0 (my, Dy) =
exp

(

−m2y/(4Dy)
)

Da/2
y√

2πaB(a, b)

[

•(a+ 1)D
−(a+1)

(

− my
√

Dy

)

+

+

∞
∑

j=1

(−1)j
j!

b(b− 1) · · · (b− j + 1)•(a+ 1 + j)Dj/2
y +D

−(a+1+j)

(

− my
√

Dy

)

+

+

∞
∑

n=0

•(a+ 2 + n)B(a+ 1, n+ 1)

B(a+ b, n+ 1)
Dn

yD−(a+2+n)

(

− my
√

Dy

)

+

+

∞
∑

n=0

B(a+ 1, n+ 1)

B(a+ b, n+ 1)

∞
∑

j=1

(−1)j
j!

b(b− 1) · · ·

· · · (b− j + 1)•(j + n+ a+ 2)D(j+n)/2
y D

−(j+n+a+2)

(

− my
√

Dy

)]

; (36)

kϕ
1 (my, Dy) =

∂ϕ0
∂my

(my, Dy) . (37)

�£à�−¨ç¨¢�ïáì ¢ (36) ¨ (37) ª®−¥ç−ë¬ ç¨á«®¬ ç«¥−®¢, ¯®«ãç¨¬ ¯à¨¡«¨¦¥−−ë¥ ¢ëà�¦¥−¨ï
¤«ï áâ¥¯¥−−ëå �«£®à¨â¬®¢ ¢ëç¨á«¥−¨ï ª®íää¨æ¨¥−â®¢ Œ‘‹. ’®ç−®áâì ®æ¥−¨¢�¥âáï
á®£«�á−® [10] ¯® ®áâ�â®ç−®¬ã ç«¥−ã Rn.
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П2. Нелинейность в виде F -распределения Фишера

�¯à¥¤¥«¥−¨ï ¨ á¢®©áâ¢�

P (F |ν1, ν2) =
ν

ν1/2
1 ν

ν2/2
2

B(ν1/2, ν2/2)

F
∫

0

ξ(ν1−2)/2 (ν2 + ν1ξ)
−(ν1+ν2)/2 dξ ;

Q (F |ν1, ν2) = 1− P (F |ν1, ν2) = IX
(

ν2
2
,
ν1
2

)

.

‡¤¥áì á.¢. F ¨ X, ®¯à¥¤¥«ï¥¬ë¥ ä®à¬ã«�¬¨:

F =
X21/ν1

X22/ν2
; X =

ν2
ν2 + ν1F

,

£¤¥X1 ¨X2 | á.¢., ¨¬¥îé¨¥ χ2ν1- ¨ χ2ν2-à�á¯à¥¤¥«¥−¨ï; IX(·, ·)| −¥¯®«−�ï ¡¥â�-äã−ª-
æ¨ï (á¬. ¯à¨«®¦¥−¨¥ �1).

÷�§«®¦¥−¨ï ¢ àï¤ë (ν1 = 2r1, ν2 = 2r2)

Q (F |ν1, ν2) = Xν2/2

[

1 +
ν2
2
(1−X) +

ν2(ν2 + 2)

2 · 4 + · · ·

· · ·+ ν2(ν2 + 2) · · · (ν2 + ν1 − 4)
2 · 4 · · · (ν1 − 2)

(1−X)(ν1−2)/2
]

; (38)

Q (F |ν1, ν2) = 1− (1−X)ν1/2
[

1 +
ν1X

2
+
ν1(ν1 + 2)

2 · 4 X2 + · · ·

· · ·+ ν1(ν1 + 2) · · · (ν2 + ν1 − 4)
2 · 4 · · · (ν2 − 2)

X(ν2−2)/2
]

; (39)

Q (F |ν1, ν2) = X(ν1+ν2−2)/2

[

1 +
ν1 + ν2 − 2

2

1−X

X
+

+
(ν1 + ν2 − 2)(ν1 + ν2 − 4)

2 · 4

(

1−X

X

)2

+ · · ·

· · ·+ (ν1 + ν2 − 2) · · · (ν2 + 2)
2 · 4 · · · (ν1 − 2)

(

1−X

X

)(ν1−2)/2
]

; (40)

Q (F |ν1, ν2) = 1− (1−X)(ν1+ν2−2)/2

[

1 +
ν1 + ν2 − 2

2

1−X

X
+ · · ·

· · ·+ (ν1 + ν2 − 2) · · · (ν1 + 2)
2 · 4 · · · (ν2 − 2)

(

1−X

X

)(ν1−2)/2
]

. (41)
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÷�§«®¦¥−¨ï ¢ àï¤ë (ν1 = 2r1 + 1, ν2 = 2r2 + 1)

Q (F |ν1, ν2) = 1−A (t|ν2) + β (ν1, ν2) .
‡¤¥áì

A (t|ν2) =























2

π







—+ sin—

(ν2−1)/2
∑

j=1

(2j − 2)!!
(2j − 1)!! cos

2j−1—







¯à¨ ν2 > 1 ;

2—

π
¯à¨ ν2 = 1 ;

β (ν1, ν2) =



























[

ν2 − 1
2

]

! sin— cosν2 —×

×
[

1−
(ν1−3)/2
∑

j=1

(ν2 + 2j − 1)!!
(2j + 1)!!

sin2j —

]

¯à¨ ν1 > 1 ;

0 ¯à¨ ν1 = 0 ,

£¤¥

— = arctg

√

ν1
ν2
F .

�®«ì§ãïáì ä®à¬ã«�¬¨ (33){(37), ¯à¨å®¤¨¬ ª á«¥¤ãîé¨¬ ¢ëà�¦¥−¨ï¬ ¤«ï ª®íä-
ä¨æ¨¥−â®¢ Œ‘‹ ¤«ï ‚ˆ� −� ¡�§¥ F -à�á¯à¥¤¥«¥−¨ï ¨ áâ¥¯¥−−®¬ à�§«®¦¥−¨¨ (38)
®â−®á¨â¥«ì−® á.¢. X:

ϕQ
0 (my, Dty) +Aν2/2 +

ν2
2

[

Aν2/2 −Aν2/2+1 + · · ·+ (ν2 + 2) · · · (ν2 + ν1 − 4)
4 · · · (ν1 − 2)

×

×
∞
∑

j=0

(−1)j
j!

(

ν1
2

− 1
)(

ν1
2

− 2
)

· · ·
(

ν1
2

− j

)

A(ν2/2)+j



 ;

kQ
1 (my, Dy) =

∂ϕQ
0

∂my
(my, Dy) ; k

P
1 (my, Dy) =

∂ϕP
0

∂my
(my, Dy) ;

ϕP
0 (my, Dy) = 1− ϕQ (my, Dy) .

‡¤¥áì An ®¯à¥¤¥«¥−ë ä®à¬ã«�¬¨ (10) ¨ (11).
�−�«®£¨ç−® ¢ëç¨á«ïîâáï ª®íää¨æ¨¥−âë Œ‘‹ ¤«ï áâ¥¯¥−−ëå à�§«®¦¥−¨© (39){(41).

П3. Нелинейность в виде устойчивых вероятностных распределений (14)

�¯à¥¤¥«¥−¨ï

P (Y ) =

Y
∫

0

p(η;α, β)dη =

=
1

απ

∞
∑

k=0

(−1)k •((k + 1)/α)
(k + 1)!

cos

{

kπ

2

[

1 +

(

1 +
1

k

)

2− α

α
β

]

Y k+1

}

;
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Q(Y ) = 1− P (Y ) ;

ϕP
0 (my, Dy) =

1

απ

∞
∑

k=0

(−1)k
(k + 1)!

•((k + 1)/α)×

× cos
{

kπ

2

[

1 +

(

1 +
1

k

)

2− α

α

]}

(my)
k+1

E[(k+1)/2]
∑

l=0

1

(k + 1− 2l)!l!

(

2Dy

m2y

)l

;

kQ
1 (my, Dy) =

∂ϕQ
0

∂my
(my, Dy) ; k

P
1 (my, Dy) =

∂ϕP
0

∂my
(my, Dy) ;

ϕQ (my, Dy) = 1− ϕP (my, Dy) .
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Analytical modeling of normal processes in stochastic systems with IN (III)

ANALYTICAL MODELING OF NORMAL PROCESSES
IN STOCHASTIC SYSTEMS WITH INTEGRAL

NONLINEARITIES (III)

I. N. Sinitsyn
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Control" of the Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119333,
Russian Federation

Abstract: Methodological and algorithmical support for analytical modeling of
normal (Gaussian) processes in differential stochastic systems with probabilistic
integral nonlinearities (IN) based on Pearson distributions (PD) and stable
probabilistic distributions (SPD) is presented. Support is based on the methods of
statistical linearization (MSL) and normal approximation (MNA). Probabilistic
IN were approximated by power expansions. The MSL and MNA coefficients
for probabilistic IN based on PD and SPD are given. The MSL coefficients for
incomplete beta-function and F -distribution are considered. Some SPD types
are described. Test examples with accuracy estimation are given. Results may
be generalized as new types of probabilistic IN (multichannel angular, spherical,
etc.) and various numerical approximations (polynomial, rational, fractional
rational, orthogonal, asymptotic, and iterative).

Keywords: analytical modeling; χ2-distribution; exponential distribution;
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�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¯à®¡«¥¬� ®æ¥−¨¢�−¨ï íää¥ªâ¨¢−®© ¯à®¯ãáª−®©
á¯®á®¡−®áâ¨ (��‘) ¢ëá®ª®®â¢¥âáâ¢¥−−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬ ®¡á«ã¦¨¢�-
−¨ï. ‡−�ç¨â¥«ì−®¥ ¢−¨¬�−¨¥ ã¤¥«ï¥âáï ¯à¨ç¨−�¬ §�¢ëè¥−¨ï (¯¥à¥®æ¥−¨¢�−¨ï)
¢¥«¨ç¨−ë ��‘, ¯®«ãç�¥¬®© −� ®á−®¢¥ à¥£¥−¥à�â¨¢−®£® ¬¥â®¤�. ÷¥§ã«ìâ�âë
ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï ¯®ª�§ë¢�îâ, çâ® ®á−®¢−ë¬ ä�ªâ®à®¬ ¯¥à¥®æ¥−¨-
¢�−¨ï ï¢«ï¥âáï á«ãç�©−®¥ áã¬¬¨à®¢�−¨¥ −�£àã§ª¨ −� æ¨ª«�å à¥£¥−¥à�æ¨¨
á¨áâ¥¬ë. �®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¯®ª�§ë¢�îâ ¯à¥¨¬ãé¥áâ¢® à�−¤®¬¨§�æ¨¨
¢¥«¨ç¨−ë £àã¯¯ë ¤�−−ëå ¯à¨ ®æ¥−ª¥ ��‘ ¢ ¢ëá®ª®®â¢¥âáâ¢¥−−ëå á¨áâ¥¬�å.
‚ â�ª¨å á¨áâ¥¬�å ¯à¥¢ëè¥−¨¥ §�¤�−−®© ¢¥à®ïâ−®áâ¨ ¯®â¥à¨ ¤�−−ëå (¨«¨
¯¥à¥¯®«−¥−¨ï ¡ãä¥à�) ï¢«ï¥âáï −¥¯à¨¥¬«¥¬ë¬ −�àãè¥−¨¥¬ ª�ç¥áâ¢� á¥à¢¨á�
(quality of service, QoS). „«ï ®æ¥−ª¨ ��‘ ¢ â�ª¨å á¨áâ¥¬�å ¯à¥¤«�£�¥â-
áï ¨á¯®«ì§®¢�âì ¬®¤¨ä¨ª�æ¨î ¨§¢¥áâ−®£® ¬¥â®¤� £àã¯¯®¢®£® áà¥¤−¥£®, −®
á à�−¤®¬¨§¨à®¢�−−ë¬ à�§¬¥à®¬ ¡«®ª�.
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1 Введение

‚�¦−®© §�¤�ç¥© ¯à¨ à�§à�¡®âª¥ ¨ ¯®¤¤¥à¦ª¥ á®¢à¥¬¥−−ëå ¨−ä®ª®¬¬ã−¨ª�-
æ¨®−−ëå á¨áâ¥¬ ï¢«ï¥âáï ¢®§¬®¦−®áâì ¢ë¡®à� â�ª¨å à¥¦¨¬®¢ à�¡®âë, ª®â®àë¥
®¡¥á¯¥ç¨¢�îâ ®¯à¥¤¥«¥−−ë¥ âà¥¡®¢�−¨ï ª�ç¥áâ¢� ®¡á«ã¦¨¢�−¨ï (QoS).

�â¨ âà¥¡®¢�−¨ï, ®âà�¦�îé¨¥ ¨−â¥à¥áë ¯®«ì§®¢�â¥«ï, ¤®«¦−ë ¡ëâì á¡�-
«�−á¨à®¢�−ë á ¨−â¥à¥á�¬¨ à�§à�¡®âç¨ª®¢ ¨«¨ ¯à®¢�©¤¥à®¢ ãá«ã£, çâ® ¯à¨¢®¤¨â
ª −¥®¡å®¤¨¬®áâ¨ ¯®áâ�−®¢ª¨ ¨ à¥è¥−¨ï á®®â¢¥âáâ¢ãîé¨å ®¯â¨¬¨§�æ¨®−−ëå §�-
¤�ç. ��¯à¨¬¥à, ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå á¨áâ¥¬ ¢�¦−® ã¬¥âì
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à¥è�âì ¯à®¡«¥¬ã ã¬¥−ìè¥−¨ï í−¥à£®¯®âà¥¡«¥−¨ï, á®åà�−ïï ¯à¨ íâ®¬ âà¥¡ã¥¬ë¥
£�à�−â¨¨ QoS. ‚ ç�áâ−®áâ¨, â�ª¨¬¨ âà¥¡®¢�−¨ï¬¨ ¬®£ãâ ¡ëâì ®£à�−¨ç¥−¨ï −�
áà¥¤−¥¥ ¢à¥¬ï ®¦¨¤�−¨ï ¢ë¯®«−¥−¨ï §�¤�−¨ï ¨«¨ −� ¢¥à®ïâ−®áâì â®£®, çâ® ¢à¥¬ï
®¦¨¤�−¨ï §�¤�−¨ï ¢ ®ç¥à¥¤¨ ¯à¥¢ëá¨â §�¤�−−ë© ¯®à®£ [1].

��à�¬¥âàë QoS ¢ë¡¨à�îâáï ¢ §�¢¨á¨¬®áâ¨ ®â ®á®¡¥−−®áâ¥© á¨áâ¥¬ë ¨ â¥å §�-
¤�ç, ª®â®àë¥ ®−� à¥è�¥â. ‚ â¥®à¨¨ áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬ ®¡á«ã¦¨¢�−¨ï ®¤−¨¬
¨§ ¢�¦−ëå ¯�à�¬¥âà®¢ QoS ï¢«ï¥âáï ¢¥à®ïâ−®áâì ¯à¥¢ëè¥−¨ï áâ�æ¨®−�à−ë¬
¯à®æ¥áá®¬ −¥§�¢¥àè¥−−®© à�¡®âë W −¥ª®â®à®£® §�¤�−−®£® (¢ëá®ª®£®) ãà®¢−ï b.
�â®â ¯�à�¬¥âà QoS ï¢«ï¥âáï ®á−®¢®© à�áç¥â� ¨ ®æ¥−¨¢�−¨ï íää¥ªâ¨¢−®© ¯à®-
¯ãáª−®© á¯®á®¡−®áâ¨ ®¡á«ã¦¨¢�îé¥© á¨áâ¥¬ë (á¬. effective bandwidth ¢ [2{4]).
�®«¥¥ â®ç−®, ¯®¤ ��‘ ¯®−¨¬�¥âáï â�ª®¥ §−�ç¥−¨¥ ¬®é−®áâ¨ C ®¡á«ã¦¨¢�îé¥£®
¯à¨¡®à�, ¯à¨ ª®â®à®¬ ¢¥à®ïâ−®áâì ¯à¥¢ëè¥−¨ï áâ�æ¨®−�à−ë¬ ¯à®æ¥áá®¬ −�-
£àã§ª¨ W §�¤�−−®£® ãà®¢−ï b −¥ ¯à¥¢ëè�¥â âà¥¡ã¥¬®£® (¬�«®£®) §−�ç¥−¨ï •,
â. ¥.

Pb := P(W > b) ≤ • . (1)

ˆ−ä®ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë, ¤«ï ª®â®àëå −�àãè¥−¨¥ âà¥¡®¢�−¨ï (1) ï¢«ï-
¥âáï ªà�©−¥ −¥¦¥«�â¥«ì−ë¬ (¨«¨ −¥¯à¨¥¬«¥¬ë¬), ¡ã¤¥¬ −�§ë¢�âì ¢ëá®ª®®â¢¥â-
áâ¢¥−−ë¬¨ [5]. �à¥¤ë¤ãé¨¥ à¥§ã«ìâ�âë ®æ¥−¨¢�−¨ï ��‘ −� ®á−®¢¥ ¬¥â®¤�
£àã¯¯®¢®£® áà¥¤−¥£® ¨ à¥£¥−¥à�â¨¢−®£® ¬¥â®¤� ¯à¥¤áâ�¢«¥−ë ¢ à�¡®â�å [6{9].
�−¨ ¯®ª�§�«¨, çâ® à¥£¥−¥à�â¨¢−�ï ®æ¥−ª� (á¬. −¨¦¥) £�à�−â¨àã¥â ¢ë¯®«−¥−¨¥
âà¥¡®¢�−¨ï (1), ®¤−�ª® §�¢ëè�¥â âà¥¡ã¥¬ãî ��‘ −� −¥ª®â®àãî ¢¥«¨ç¨−ã –
¯® áà�¢−¥−¨î á ¬¨−¨¬�«ì−®© ��‘, ®¡¥á¯¥ç¨¢�îé¥© (1). ‘ ¤àã£®© áâ®à®−ë,
®æ¥−ª� ¯® ¬¥â®¤ã £àã¯¯®¢®£® áà¥¤−¥£® ¢á¥£¤� −�àãè�¥â âà¥¡®¢�−¨¥ (1). ˆ§ íâ®£®
á«¥¤ã¥â, çâ® ¢ ¢ëá®ª®®â¢¥âáâ¢¥−−ëå á¨áâ¥¬�å à¥£¥−¥à�â¨¢−�ï ®æ¥−ª� ��‘ ¯à¥¤-
¯®çâ¨â¥«ì−¥¥, ®¤−�ª® ¢�¦−® ¨áá«¥¤®¢�âì ¡®«¥¥ ¤¥â�«ì−® ¯à¨ç¨−ë ¨ ¢¥«¨ç¨−ã
¯¥à¥®æ¥−¨¢�−¨ï á æ¥«ìî ¥¥ ¬¨−¨¬¨§�æ¨¨ [6,9,10].

‚ ¤�−−®© áâ�âì¥ ®á−®¢−®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® �−�«¨§ã ¢«¨ï−¨ï á«ãç�©−®£®
áã¬¬¨à®¢�−¨ï (¡®«¥¥ â®ç−®, á«ãç�©−®© ¤«¨−ë æ¨ª«� à¥£¥−¥à�æ¨¨ ¨«¨ ¤«¨−ë
¡«®ª�) ª�ª ®á−®¢−®© ¯à¨ç¨−ë ¯¥à¥®æ¥−¨¢�−¨ï.

Š�ª ¯®ª�§�«® ¨¬¨â�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥, ¢ �æ¨ª«¨ç¥áª®© á¥â¨ ¢¥«¨ç¨−�–
à�áâ¥â ¯à¨ ã¬¥−ìè¥−¨¨ ¢¥à®ïâ−®áâ¨ • [6, 7], � ¢ â�−¤¥¬−®© á¥â¨ | â�ª¦¥ ¯à¨
ã¢¥«¨ç¥−¨¨ ç¨á«� ã§«®¢ [10]. ‚ à�¡®â¥ [6] â�ª¦¥ ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë ç¨á«¥−-
−®© ®æ¥−ª¨ – ¯à¨ ¨á¯®«ì§®¢�−¨¨ à¥£¥−¥à�â¨¢−®£® ¬¥â®¤� ¨ ¬¥â®¤� £àã¯¯®¢®£®
áà¥¤−¥£®.

‚ ¤�−−®© áâ�âì¥ −� ¯à¨¬¥à¥ ¬®¤¥«¨à®¢�−¨ï â�−¤¥¬−®© á¨áâ¥¬ë á ¤¢ã¬ï ã§«�¬¨
¯®ª�§�− ¢¥¤ãé¨© ¢ª«�¤ à�−¤®¬¨§�æ¨¨ ¢ §−�ç¥−¨¥ ¢¥«¨ç¨−ë –. �â®â à¥§ã«ìâ�â
¯®§¢®«ï¥â ¯à¥¤«®¦¨âì ¤«ï ®æ¥−¨¢�−¨ï ��‘ ¢ ¢ëá®ª®®â¢¥âáâ¢¥−−ëå á¨áâ¥¬�å
¬®¤¨ä¨ª�æ¨î ¬¥â®¤� £àã¯¯®¢®£® áà¥¤−¥£® á §�¨¬áâ¢®¢�−−®© ¨§ à¥£¥−¥à�â¨¢−®£®
¬¥â®¤� ¨¤¥¥© à�−¤®¬¨§�æ¨¨ ¢¥«¨ç¨−ë ¡«®ª� £àã¯¯¨àã¥¬ëå ¤�−−ëå.

�®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¬®£ãâ ¡ëâì ¯®«¥§−ë ¯à®¢�©¤¥à�¬ ¨ ¯®«ì§®¢�â¥«ï¬
¢ëá®ª®®â¢¥âáâ¢¥−−ëå á¥â¥© ¯à¨ ®æ¥−¨¢�−¨¨ ¢¥«¨ç¨−ë ��‘, ®¡¥á¯¥ç¨¢�îé¥©
âà¥¡®¢�−¨¥ (1).
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� à�−¤®¬¨§�æ¨¨ ¢ ¬¥â®¤¥ £àã¯¯®¢®£® áà¥¤−¥£® ¯à¨ ®æ¥−¨¢�−¨¨ ��‘ á¨áâ¥¬

�áâ�«ì−�ï ç�áâì áâ�âì¨ ®à£�−¨§®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬. ‚ à�§¤. 2 ¯à¥¤-
áâ�¢«¥−ë ®á−®¢−ë¥ ¬¥â®¤ë ®æ¥−¨¢�−¨ï ��‘ ¨ ¨å ªà�âª¨© áà�¢−¨â¥«ì−ë© �−�«¨§.
‚ ç�áâ−®áâ¨, ¢ ¯®¤à�§¤. 2.2 à�áá¬�âà¨¢�¥âáï â�ª −�§ë¢�¥¬ë© ¤¥«ìâ�-¬¥â®¤ ¤®-
¢¥à¨â¥«ì−®£® ®æ¥−¨¢�−¨ï −¥«¨−¥©−®© äã−ªæ¨¨ ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© ¯�àë
á«ãç�©−ëå ¢¥«¨ç¨− (á.¢.), ¢®§−¨ª�îé¥© ¯à¨ à¥£¥−¥à�â¨¢−®¬ ®æ¥−¨¢�−¨¨. ÷�§-
¤¥« 3 ¯®á¢ïé¥− ç¨á«¥−−®¬ã ¨áá«¥¤®¢�−¨î ¢¥«¨ç¨−ë–. ‚ ç�áâ−®áâ¨, ¨áá«¥¤ãîâáï
−¥§�¢¨á¨¬ë¥ ¨ §�¢¨á¨¬ë¥ ¤�−−ë¥ −� æ¨ª«¥ à¥£¥−¥à�æ¨¨ (¯®¤à�§¤. 3.1). ‚ ¯®¤-
à�§¤. 3.2 ¨§ãç�¥âáï ¢¥«¨ç¨−� ¯¥à¥®æ¥−¨¢�−¨ï ��‘ ¢â®à®£® ã§«� á¥â¨ á ¯®¬®éìî
£àã¯¯ á«ãç�©−®£® à�§¬¥à�, −¥ á¢ï§�−−®£® á à¥£¥−¥à�â¨¢−®© áâàãªâãà®© ¯à®æ¥á-
á� ¢ á¥â¨. ��ª®−¥æ, ¢ ¯®¤à�§¤. 3.3 ¯à¥¤«®¦¥− ¬¥â®¤ £àã¯¯¨à®¢ª¨ ¤�−−ëå,
®¡ê¥¤¨−ïîé¨© ®¡� à�áá¬®âà¥−−ëå ¬¥â®¤�.

2 Методы оценивания эффективной пропускной способности

ˆ§ â¥®à¨¨ ¡®«ìè¨å ãª«®−¥−¨© á«¥¤ã¥â, çâ® (¢ è¨à®ª¨å ãá«®¢¨ïå) âà¥¡ã¥¬�ï
¢¥«¨ç¨−� ��‘ ã¤®¢«¥â¢®àï¥â á®®â−®è¥−¨î:

C :=
˜(θ∗)

θ∗
, (2)

£¤¥ ¯à¥¤¥«ì−�ï «®£�à¨ä¬¨ç¥áª�ï ¯à®¨§¢®¤ïé�ï äã−ªæ¨ï ¬®¬¥−â®¢ ˜ ®¯à¥¤¥«ï-
¥âáï ª�ª

˜(θ∗) = lim
n→∞

1

n
lnE eθ

∗
∑n−1

i=0 vi (3)

(¢ ¯à¥¤¯®«®¦¥−¨¨, çâ® ¯à¥¤¥« áãé¥áâ¢ã¥â), � {vi} ¥áâì ¢å®¤−�ï (á«ãç�©−�ï)
¯®á«¥¤®¢�â¥«ì−®áâì ®¡ê¥¬®¢ à�¡®âë, ¯®áâã¯�îé¥© ¢ á¨áâ¥¬ã −� ¥¤¨−¨ç−ëå ¨−-
â¥à¢�«�å ¢à¥¬¥−¨ [i, i + 1), i ≥ 0 [2, 11, 12]. ��à�¬¥âà θ∗ −�å®¤¨âáï −� ®á−®¢¥
íªá¯®−¥−æ¨�«ì−®© �á¨¬¯â®â¨ª¨ ¢¥à®ïâ−®áâ¨ (1):

Pb = • ∼ e−bθ∗ , b→ ∞

(x ∼ y ®§−�ç�¥â x/y → 1) ¨ ®¯à¥¤¥«ï¥âáï á®®â−®è¥−¨¥¬

θ∗ = − ln •
b

> 0 .

(�®¤à®¡−®¥ ¢¢¥¤¥−¨¥ ¢ â¥®à¨î ��‘ ¬®¦−® −�©â¨ ¢ [3].) �á−®¢−�ï á«®¦−®áâì
¯à¨¬¥−¥−¨ï ä®à¬ã«ë (2) §�ª«îç�¥âáï ¢ ¢ëç¨á«¥−¨¨ ¯à¥¤¥«ì−®© äã−ªæ¨¨ ˜.
Š®£¤� á.¢. {vi} | −¥§�¢¨á¨¬ë¥, ®¤¨−�ª®¢® à�á¯à¥¤¥«¥−−ë¥ (−.®.à.), äã−ªæ¨ï ˜
¯à¨−¨¬�¥â ¢¨¤:

˜(θ∗) = lnE eθ
∗v ,
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£¤¥ á.¢. v ï¢«ï¥âáï áâ®å�áâ¨ç¥áª®© ª®¯¨¥© á.¢. vi. ‚ íâ®¬ á«ãç�¥ �−�«¨â¨ç¥áª®¥
¢ëà�¦¥−¨¥ ¤«ï äã−ªæ¨¨ ˜ ¬®¦−® −�©â¨ ¤«ï −¥ª®â®àëå à�á¯à¥¤¥«¥−¨© [10].
Š®£¤� á.¢. {vi} §�¢¨á¨¬ë, −¥¨§¢¥áâ−®¥ §−�ç¥−¨¥ ˜ §�¬¥−ï¥âáï ¢ ®¡é¥¬ á«ãç�¥
¢ë¡®à®ç−®© ®æ¥−ª®©

˜k(θ) := ln
1

k

k−1
∑

i=0

eθvi (4)

¨, ªà®¬¥ â®£®, ¨á¯®«ì§ãîâáï á¯¥æ¨�«ì−ë¥ ¬¥â®¤ë £àã¯¯¨à®¢ª¨ ¤�−−ëå, ¤«ï
â®£® çâ®¡ë ®¡®©â¨ âàã¤−®áâ¨, á¢ï§�−−ë¥ á §�¢¨á¨¬®áâìî. Šà�âª® ®¯¨è¥¬ ¤¢�
®á−®¢−ëå ¬¥â®¤�, ¨á¯®«ì§®¢�−−ëå ¢ ¯à¥¤ë¤ãé¨å à�¡®â�å (¯®¤à®¡−ë© �−�«¨§
¬®¦−® −�©â¨ ¢ [7{10]).

2.1 Точечные оценки эффективной пропускной способности

„«ï ¢ëç¨á«¥−¨ï äã−ªæ¨¨ (3) ¤«ï §�¢¨á¨¬ëå {vi} ¨á¯®«ì§ã¥¬ ¤¢� ®á−®¢−ëå
¬¥â®¤�.

Œ¥â®¤ £àã¯¯®¢®£® áà¥¤−¥£® (batch-mean method) [6, 7, 10] ï¢«ï¥âáï −�¨¡®-
«¥¥ à�á¯à®áâà�−¥−−ë¬ ¯à¨ ¯®áâà®¥−¨¨ ®æ¥−ª¨ (4), ¯à¨ ª®â®à®¬ ¯®á«¥¤®¢�â¥«ì-
−®áâì {vi} à�§¡¨¢�¥âáï −� ¡«®ª¨ ä¨ªá¨à®¢�−−®© ¤«¨−ë B á«¥¤ãîé¨¬ ®¡à�§®¬:

�Xi :=
iB
∑

j=(i−1)B+1

vj , i > 1 . (5)

�á−®¢−�ï ¨¤¥ï á®áâ®¨â ¢ â®¬, çâ® ¯à¨ ¡®«ìè¨å B ¡«®ª¨ (5) ¬®¦−® áç¨â�âì
(¯à¨¡«¨¦¥−−®) −.®.à. ’®£¤� á®®â¢¥âáâ¢ãîé�ï ¢ë¡®à®ç−�ï ®æ¥−ª� äã−ªæ¨¨ ˜,
¯®áâà®¥−−�ï ¯® k ¡«®ª�¬, ¨¬¥¥â ¢¨¤:

�̃
k(θ,B) =

1

B
ln
1

k

k
∑

i=1

eθ
�Xi ,

� ®æ¥−ª� ��‘ ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

�Cbm(θ
∗, B) =

�̃
k(θ

∗, B)

θ∗
. (6)

‚ à¥£¥−¥à�â¨¢−®¬ ¬¥â®¤¥ ¯®á«¥¤®¢�â¥«ì−®áâì á.¢. {vi} ¯à¥¤¯®«�£�¥âáï à¥-
£¥−¥à�â¨¢−®© á ¬®¬¥−â�¬¨ à¥£¥−¥à�æ¨¨ {βi}, à�§¡¨¢�îé¨¬¨ ¥¥ −� −.®.à. æ¨ª«ë
à¥£¥−¥à�æ¨¨ á áã¬¬�à−®© −�£àã§ª®©, ¯®áâã¯�îé¥© −� i-¬ æ¨ª«¥, à�¢−®©

Xi :=

βi+1−1
∑

j=βi

vj , i ≥ 0 , β0 := 0 .
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�� ®á−®¢¥ ¬¥â®¤®¢ â¥®à¨¨ ¢®ááâ�−®¢«¥−¨ï ¨ â¥®à¨¨ à¥£¥−¥à¨àãîé¨å ¯à®æ¥áá®¢
¬®¦−® ®¦¨¤�âì, çâ® äã−ªæ¨ï ˜ ¢ ¤�−−®¬ á«ãç�¥ ¯à¨¬¥â á«¥¤ãîé¨© ¢¨¤ [6,7,10]:

˜(θ∗) =
lnE eθ

∗X

Eβ
, (7)

çâ®, ¢ á¢®î ®ç¥à¥¤ì, ¢«¥ç¥â â�ª®© ¢¨¤ ¨áª®¬®© ��‘:

lnE eθ
∗X

θ∗ Eβ
. (8)

‚ íâ®¬ á«ãç�¥ ¢ë¡®à®ç−�ï ®æ¥−ª� äã−ªæ¨¨ ˜(θ∗) ¨¬¥¥â ¢¨¤:

�̃ (θ∗, R) :=
k

βk
ln
1

k

k
∑

i=1

eθ
∗Xi , k ≥ 1 ,

� ®æ¥−ª� ��‘ ®¯à¥¤¥«ï¥âáï ª�ª

�CR(θ
∗) :=

�̃(θ∗, R)

θ∗
. (9)

�¤−�ª® à¥§ã«ìâ�âë ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ¢® ¢á¥å á«ãç�ïå ¯®ª�§�«¨, çâ®
¢ëà�¦¥−¨¥ (7) ¤�¥â ¢¥àå−îî £à�−¨æã ��‘ [9,10]. •®âï íâ®â à¥§ã«ìâ�â −¥ ã¤�«®áì
¢ ®¡é¥¬ á«ãç�¥ áâà®£® ¤®ª�§�âì, ¢®á¯à®¨§¢¥¤¥¬ ¥£® ®¡®á−®¢�−¨¥ ¢ [10] ¤«ï á«ãç�ï
−.®.à. {vi}, −¥ §�¢¨áïé¨å ®â ¨−¤¥ªá� áã¬¬¨à®¢�−¨ï β. „¥©áâ¢¨â¥«ì−®, ãç¨âë¢�ï
á¢®©áâ¢® ãá«®¢−®£® ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï, ¨¬¥¥¬:

lnE eθ
∗X = lnE

(

E

(

eθ
∗
∑β

i=1 vi |β
))

= lnE

[

E eθ
∗v
]β

,

� §�â¥¬, ¯à¨¬¥−ïï −¥à�¢¥−áâ¢® ˆ¥−á¥−�, ¯®«ãç�¥¬ ¨§ (8 ) âà¥¡ã¥¬®¥ −¥à�¢¥−áâ¢®:

lnE eθ
∗X

θ∗ Eβ
=
lnE

[

E eθ
∗v
]β

θ∗ Eβ
≥

E ln
[

E eθ
∗v
]β

θ∗ Eβ
=
lnE eθ

∗v

θ∗
= C . (10)

„«ï ¤�«ì−¥©è¥£® �−�«¨§� ¢�¦−® ®¡áã¤¨âì ®â«¨ç¨¥ à�áá¬®âà¥−−ëå ®æ¥−®ª. Œ¥â®¤
£àã¯¯®¢®£® áà¥¤−¥£® ¯à®áâ ¢ à¥�«¨§�æ¨¨, −® ¨£−®à¨àã¥â ¢®§¬®¦−ãî §�¢¨á¨¬®áâì
¤�−−ëå, ¯à¨−�¤«¥¦�é¨å à�§−ë¬ ¡«®ª�¬, ¨, ªà®¬¥ â®£®, à�§¬¥à ¡«®ª� B ¢ë-
¡¨à�¥âáï ¯à®¨§¢®«ì−®. �®áâà®¥−−�ï −� ¥£® ®á−®¢¥ ®æ¥−ª� ��‘ (6) ¢® ¢á¥å
¨áá«¥¤®¢�−−ëå á«ãç�ïå −¥¤®®æ¥−¨¢�¥â âà¥¡ã¥¬ãî ¢¥«¨ç¨−ã ��‘ [6,10]. ˆ−ë¬¨
á«®¢�¬¨, ¨á¯®«ì§®¢�−¨¥ ¤�−−®© ®æ¥−ª¨ ¯à¨¢®¤¨â ª −�àãè¥−¨î ª«îç¥¢®£® âà¥-
¡®¢�−¨ï (1), çâ® −¥¯à¨¥¬«¥¬® ¢ ¢ëá®ª®®â¢¥âáâ¢¥−−ëå á¨áâ¥¬�å. ÷¥£¥−¥à�â¨¢−�ï
¦¥ ®æ¥−ª� ��‘ áâà®¨âáï −� ®á−®¢¥ ¤¥©áâ¢¨â¥«ì−® −¥§�¢¨á¨¬ëå ¡«®ª®¢ (æ¨ª«®¢
à¥£¥−¥à�æ¨¨), −® §�¢ëè�¥â (¯¥à¥®æ¥−¨¢�¥â) §−�ç¥−¨¥ ��‘ −� ¢¥«¨ç¨−ã–. ‚ ¢ë-
á®ª®®â¢¥âáâ¢¥−−ëå á¨áâ¥¬�å ¯®á«¥¤−¥¥ ¯à¥¤¯®çâ¨â¥«ì−¥¥, ®¤−�ª® ¨§¡ëâ®ç−�ï
¬®é−®áâì – á−¨¦�¥â ¤àã£¨¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬ë.
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2.2 Интервальная оценка функции ˜

„«ï ¯®áâà®¥−¨ï ¨−â¥à¢�«ì−®© ®æ¥−ª¨ äã−ªæ¨¨ ˜ ¢ (7) ¡ã¤¥¬ ¨á¯®«ì§®¢�âì
â�ª −�§ë¢�¥¬ë© ¤¥«ìâ�-¬¥â®¤ [13]. ��¯®¬−¨¬, çâ® V ¥áâì (â¨¯¨ç−�ï) áã¬¬�à−�ï
−�£àã§ª� −� æ¨ª«¥ à¥£¥−¥à�æ¨¨, � β | â¨¯¨ç−�ï ¤«¨−� æ¨ª«�. „¥«ìâ�-¬¥â®¤
¯®§¢®«ï¥â ¯®«ãç¨âì ¨−â¥à¢�«ì−ãî ®æ¥−ªã −¥ª®â®à®© (−¥«¨−¥©−®©) äã−ªæ¨¨ f
¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© ¯�àë §�¤�−−ëå á.¢. (X,Y ). ˆ¤¥ï ¬¥â®¤� á®áâ®¨â
¢ à�§«®¦¥−¨¨ äã−ªæ¨¨ f ¢ àï¤ ’¥©«®à� ¤® «¨−¥©−ëå á«�£�¥¬ëå, � §�â¥¬
¢ ¨á¯®«ì§®¢�−¨¨ æ¥−âà�«ì−®© ¯à¥¤¥«ì−®© â¥®à¥¬ë. ‚ à�áá¬�âà¨¢�¥¬®¬ á«ãç�¥
¯®«®¦¨¬ X = eθ

∗V , Y = β. ’�ª¦¥ ®¡®§−�ç¨¬ ¢¥ªâ®à ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨©
M = (EX, EY )T, £¤¥ ¨−¤¥ªá T ®§−�ç�¥â âà�−á¯®−¨à®¢�−¨¥. ‚ ¤�−−®¬ á«ãç�¥,
¢¢¨¤ã (7), âà¥¡ã¥âáï ®æ¥−¨âì äã−ªæ¨î

f(M) :=
lnEX

EY
.

�¡®§−�ç¨¬ ç¥à¥§ (xi, yi) à¥�«¨§�æ¨¨ ¤¢ã¬¥à−®© á.¢. (X, Y ), i = 1, . . . , n,
¨ §�¯¨è¥¬ á®®â¢¥âáâ¢ãîé¨¥ ¢ë¡®à®ç−ë¥ ®æ¥−ª¨:

�X =
1

n

n
∑

i=1

xi ; �Y =
1

n

n
∑

i=1

yi ; �M = ( �X, �Y ) ; f
(

�M
)

=
ln �X

�Y
.

÷�áá¬®âà¨¬ ¤¢ã¬¥à−ãî á.¢. Z = (X, Y )T ¨ á.¢. S = ∇f(M)(Z − M), £¤¥
∇f(M) ®¡®§−�ç�¥â £à�¤¨¥−â, ª®â®àë© ¢ ¤�−−®¬ á«ãç�¥ à�¢¥−

∇f(M) =
(

1

EXEY
, − lnEX

(EY )2

)

.

’®£¤� á.¢. S ¯à¨−¨¬�¥â ¢¨¤:

S = ∇f(M)(Z −M) =

(

1

EXEY
, − lnEX

(EY )2

)

(X − EX, Y − EY )T =

=
X

EXEY
− Y lnEX

(EY )2
− 1− lnEX

EY
.

Š�ª á«¥¤ã¥â ¨§ [13], ¨¬¥¥â ¬¥áâ® áå®¤¨¬®áâì ¯® à�á¯à¥¤¥«¥−¨î ª −®à¬�«ì−®© á.¢.

√
n
(

f
(

�M
)

− f(M)
)

d→ N(0;σ2) , n→ ∞ ,

£¤¥ σ2 ¥áâì ¤¨á¯¥àá¨ï á.¢. S, áâ�−¤�àâ−�ï ¢ë¡®à®ç−�ï ®æ¥−ª� ª®â®à®© à�¢−�

�σ2 =
1

n− 1

n
∑

i=1

(

si − �S
)2

,
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¢ë¡®à®ç−®¥ áà¥¤−¥¥

�S =
1

n

n
∑

i=1

si ,

� à¥�«¨§�æ¨¨ si á.¢. S ®¯à¥¤¥«ïîâáï ª�ª

si =
xi

�X �Y
− yi ln �X

( �Y )2
− 1− ln

�X

�Y
.

‚ à¥§ã«ìâ�â¥ (1 − γ)100%-−ë© ¤®¢¥à¨â¥«ì−ë© ¨−â¥à¢�« ¤«ï ¢¥«¨ç¨−ë ˜(θ∗) =

= f(M) ¯à¨−¨¬�¥â ¢¨¤:
[

f
(

�M
)

± zγ �σ/
√
n
]

, £¤¥ ª¢�−â¨«ì zγ = �
−1(γ/2)

(§¤¥áì �| äã−ªæ¨ï ‹�¯«�á�, � γ | §�¤�−−�ï ¤®¢¥à¨â¥«ì−�ï ¢¥à®ïâ−®áâì).

2.3 Оценивание эффективной пропускной способности
на примере тандемной сети

‚ íâ®¬ ¯®¤à�§¤¥«¥ ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë ¤®¢¥à¨â¥«ì−®£® ®æ¥−¨¢�−¨ï ��‘
¢â®à®£® ã§«� ¤¢ãåã§«®¢®© â�−¤¥¬−®© á¥â¨ −� ®á−®¢¥ ¤¥«ìâ�-¬¥â®¤�, � â�ª¦¥
§−�ç¥−¨ï â®ç¥ç−ëå ®æ¥−®ª (6) ¨ (9).

Эксперимент 1. �� ¯¥à¢ë© ã§¥« ¯®áâã¯�¥â ¯ã�áá®−®¢áª¨© ¯®â®ª §�ï¢®ª
á ¯�à�¬¥âà®¬ λ = 0,4, � ¢à¥¬ï ®¡á«ã¦¨¢�−¨ï à�á¯à¥¤¥«¥−® íªá¯®−¥−æ¨�«ì−®
á ¯�à�¬¥âà®¬ µ = 1. ’à¥¡ã¥âáï −�©â¨ ��‘ ¢â®à®£® ã§«�, ®¡¥á¯¥ç¨¢�îéãî
âà¥¡®¢�−¨¥ (1) ¯à¨ b = 20 ¨ §−�ç¥−¨ïå •, §�¤�−−ëå ¢ â�¡«. 1. Œ®¬¥−â�¬¨
à¥£¥−¥à�æ¨¨ á¥â¨ áç¨â�îâáï ¬®¬¥−âë ¯à¨å®¤� §�ï¢®ª, −¥ ®¦¨¤�îé¨å ¢® ¢â®-
à®¬ ã§«¥. (�®¤à®¡−¥¥ ® ¢®§¬®¦−ëå â¨¯�å à¥£¥−¥à�æ¨¨ á¬. [7, 10].) ‚å®¤−ë¥
¤�−−ë¥ {vi} −� ¢â®à®¬ ã§«¥ á¢ï§�−ë á«¥¤ãîé¥© §�¢¨á¨¬®áâìî (¯à®áâ¥©è¨© ¢¨¤
�¢â®ª®àà¥«ïæ¨¨):

vi = vi−1 + ηi , 1 ≤ i ≤ β , (11)

£¤¥ á.¢. {ηi} −.®.à., á.¢. ηi à�¢−®¬¥à−® à�á¯à¥¤¥«¥−� −� ¨−â¥à¢�«¥
[−vi−1/2; vi−1/2], á.¢. β | ¤«¨−� æ¨ª«� à¥£¥−¥à�æ¨¨, � á.¢. v0 ¨¬¥¥â à�á-
¯à¥¤¥«¥−¨¥ ‚¥©¡ã««� á äã−ªæ¨¥© à�á¯à¥¤¥«¥−¨ï F (x) = 1 − e−x0,4, x ≥ 0.
„«ï ¨áª®¬®© ¢¥«¨ç¨−ë C ¯®áâà®¥−ë à¥£¥−¥à�â¨¢−�ï ®æ¥−ª� �CR, ®æ¥−ª� ¬¥â®¤®¬

’�¡«¨æ� 1 ’®ç¥ç−ë¥ ¨ ¨−â¥à¢�«ì−ë¥ ®æ¥−ª¨ ��‘ ¢â®à®£® ã§«� á¥â¨

• �CBM
�CR

�•BM
�•R ConfInt

10−4 2,528 2,967 9,33 · 10−4 1,53 · 10−5 (2,503; 3,057)
10−5 3,064 3,693 4,51 · 10−4 3,52 · 10−6 (2,856; 3,751)
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£àã¯¯®¢®£® áà¥¤−¥£® �CBM (á à�§¬¥à®¬ ¡«®ª� B = 10) ¨ ¤®¢¥à¨â¥«ì−ë© ¨−â¥à-
¢�« á ãà®¢−¥¬ −�¤¥¦−®áâ¨ γ = 0,90 −� ®á−®¢¥ k = 1000 ¡«®ª®¢/æ¨ª«®¢ (á¬.
â�¡«. 1). ’�¬ ¦¥ ¯à¨¢¥¤¥−ë ®æ¥−ª¨ �•R ¨ �•BM ¢¥à®ïâ−®áâ¨ ¯à¥¢ëè¥−¨ï ãà®¢−ï
b = 20 ¢ á«ãç�¥, ª®£¤� ¢â®à®© ã§¥« à�¡®â�¥â á® áª®à®áâìî C = �CR ¨ �CBM

á®®â¢¥âáâ¢¥−−®. �à¨ ¨á¯®«ì§®¢�−¨¨ �CBM ®æ¥−ª� �•BM > •, â. ¥. −�àãè�¥âáï
âà¥¡®¢�−¨¥ (1), ®æ¥−ª� ¦¥ �CR ¢á¥£¤� ¤�¥â �•R < •, ®¡¥á¯¥ç¨¢�ï âà¥¡®¢�−¨¥ (1).
‚ â�¡«. 1 ¯à¨¢¥¤¥−ë â�ª¦¥ ¤®¢¥à¨â¥«ì−ë¥ ¨−â¥à¢�«ë (ConfInt).

3 Численное исследование величины–

�æ¥−ª� (9) ¨¬¥¥â ®£à�−¨ç¥−¨ï, á¢ï§�−−ë¥ á® á«®¦−®áâìî (� ¨−®£¤� ¨ −¥-
¢®§¬®¦−®áâìî) ¨¤¥−â¨ä¨ª�æ¨¨ à¥£¥−¥à�æ¨¨ ¢ à¥�«ì−ëå á¥âïå. Šà®¬¥ â®£®,
¯®«ãç�¥¬�ï á ¥¥ ¯®¬®éìî ¨§¡ëâ®ç−�ï ¬®é−®áâì – ¢«¥ç¥â ¤®¯®«−¨â¥«ì−ë¥ §�-
âà�âë. �¨¦¥ à�áá¬�âà¨¢�îâáï à�§«¨ç−ë¥ áæ¥−�à¨¨ ¯®áâà®¥−¨ï ®æ¥−ª¨ ��‘
á æ¥«ìî ã¬¥−ìè¥−¨ï –.

3.1 Анализ на основе регенерации

Эксперимент 2. Независимые данные на цикле регенерации. Š�ª á«¥¤ã¥â
¨§ (10), ¤«ï −.®.à. {vi}, −¥ §�¢¨áïé¨å ®â β, à¥£¥−¥à�â¨¢−�ï ®æ¥−ª� ï¢«ï¥âáï ¢¥àå-
−¥© £à�−¨æ¥© ��‘. �®ª�¦¥¬ íâ® −� ¯à¨¬¥à¥ â�−¤¥¬−®© á¥â¨ ¨ ¯®ª�§�â¥«ì−ëå
−.®.à. {vi} á ¯�à�¬¥âà®¬ λ = 2 ¤«ï §−�ç¥−¨© •, ãª�§�−−ëå ¢ â�¡«. 2. „«¨−� æ¨ª«�
à¥£¥−¥à�æ¨¨ β à�¢−� ç¨á«ã ¯à¨å®¤®¢ ¢ ã§¥« 2 §�ï¢®ª, §�áâ�îé¨å ¥£® ¯ãáâë¬.
‘â®£® £®¢®àï, β ¨ {vi} §�¢¨á¨¬ë ¨ β ï¢«ï¥âáï à�−¤®¬¨§¨à®¢�−−ë¬ ¬®¬¥−â®¬
®áâ�−®¢ª¨ ®â−®á¨â¥«ì−® {vi} [14]. (‚ íâ®© á¢ï§¨ á¬. ¯®−ïâ¨¥ ª¢�§¨à¥£¥−¥à�-
æ¨¨ [15].) �¤−�ª® ¡ã¤¥¬ ¨£−®à¨à®¢�âì íâ® ®¡áâ®ïâ¥«ìáâ¢®. ˆá¯®«ì§ãï ®æ¥−ªã (9)
¢ ª�ç¥áâ¢¥ ��‘, â. ¥. ¯®«�£�ï C = �CR, ¯®«ãç¨¬ ®æ¥−ªã �•R ¢¥à®ïâ−®áâ¨ •
¯à¥¢ëè¥−¨ï ãà®¢−ï b = 10. ‡�â¥¬ −�å®¤¨¬ – ¨ ®æ¥−ªã �•–, á®®â¢¥âáâ¢ãîéãî
§−�ç¥−¨î ��‘ C = (1−–) �CR. ’�ª¨¬ ®¡à�§®¬,– := ( �CR−C)/ �CR ¥áâì ú¨§¡ë-
â®ç−�ïû ¤®«ï ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ (ª�ª ¥¥ ¨ ®¯à¥¤¥«ï«¨ à�−¥¥). ‡�¬¥â¨¬, çâ®
ãá«®¢¨¥ (1) −�àãè�¥âáï ¯à¨ C 6 (1−–) �CR ¨ ¢ë¯®«−ï¥âáï ¯à¨ C > (1−–) �CR.
÷¥§ã«ìâ�âë â�¡«. 2 å®à®è® á®£«�áãîâáï á (10): �CR ï¢«ï¥âáï ¢¥àå−¥© £à�−¨æ¥©
��‘.

’�¡«¨æ� 2 �¥§�¢¨á¨¬ë¥ ¤�−−ë¥

• �CR
�•R – �•–

10−4 2,735 8,49 · 10−5 0,06 2,54 · 10−4
10−5 3,429 5,03 · 10−6 0,07 1,63 · 10−5
10−6 3,960 9,66 · 10−7 0,04 1,96 · 10−6
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Эксперимент 3. Зависимые данные на цикле регенерации. „«ï â®© ¦¥
â�−¤¥¬−®© á¨áâ¥¬ë à�áá¬®âà¨¬ §�¢¨á¨¬®áâì ®æ¥−ª¨ ¢¥à®ïâ−®áâ¨ �• ®â ¢¥«¨ç¨-
−ë–, ª®£¤� ¤�−−ë¥ −� æ¨ª«¥ á¢ï§�−ë §�¢¨á¨¬®áâìî (11). „«ï íâ®£® ¢ëç¨á«ï¥âáï
®æ¥−ª� �CR (9), � §�â¥¬ ®æ¥−ª� �• ¯à¨ C = �CR. „«ï ¡®«¥¥ ¤¥â�«ì−®£® �−�«¨§�
¯®áâà®¥− àï¤ §−�ç¥−¨© ��‘:

C1 = �CR ; C2 = 0,97 �CR ; C3 = 0,94 �CR ; . . . ; C6 = 0,85 �CR

¨ ¤«ï i-£® §−�ç¥−¨ï Ci −�©¤¥−�

÷¨á. 1 ’�−¤¥¬−�ï á¥âì, �CR = 2,97: §�¢¨á¨-
¬®áâì �• ®â–

®æ¥−ª� �•i ¯ãâ¥¬ ¬®¤¥«¨à®¢�−¨ï.
(„�−−ë© ¤¨�¯�§®− ¨§¬¥−¥−¨ï C
¢ë¡à�− á ãç¥â®¬ ¯®«ãç¥−−®© à�−¥¥
¢¥«¨ç¨−ë ¯¥à¥®æ¥−¨¢�−¨ï.) ÷¥-
§ã«ìâ�âë íªá¯¥à¨¬¥−â®¢ ¯à¥¤áâ�¢-
«¥−ë −� à¨á. 1. ‚¨¤−®, çâ® ãá«®-
¢¨¥ (1) ¢¯¥à¢ë¥ −�àãè�¥âáï ¯à¨
ã¬¥−ìè¥−¨¨ C ¯à¨¬¥à−® ¤® ¢¥«¨-
ç¨−ë 0,90 �CR, ¯à¨ç¥¬ ¤® íâ®£® ¬®-
¬¥−â� �• à�áâ¥â ¤®áâ�â®ç−® ¬¥¤«¥−-
−®, � ¤�«¥¥ | ®ç¥−ì ¡ëáâà®.

3.2 Зависимость– от рандомизации размера группы

‚ëè¥ ¡ë«� ¨áá«¥¤®¢�−� ¢¥«¨ç¨−�– −� ®á−®¢¥ æ¨ª«®¢ à¥£¥−¥à�æ¨¨ â�−¤¥¬−®©
á¨áâ¥¬ë. „«ï ¯à®¢¥àª¨ ¢ª«�¤� á«ãç�©−®£® áã¬¬¨à®¢�−¨ï ¢ ¢¥«¨ç¨−ã – ®âª�-
¦¥¬áï ®â �−�«¨§� á¨áâ¥¬ë −� æ¨ª«�å à¥£¥−¥à�æ¨¨ ¨ à�áá¬®âà¨¬ ú¨áªãááâ¢¥−−ë¥û
æ¨ª«ë, −¥ á¢ï§�−−ë¥ á á®áâ®ï−¨¥¬ á¨áâ¥¬ë. ˆ−ë¬¨ á«®¢�¬¨, ¡ã¤¥¬ à�áá¬�â-
à¨¢�âì £àã¯¯ë ¤�−−ëå {vi} á«ãç�©−®© ¤«¨−ë β (á §�¤�−−ë¬ à�á¯à¥¤¥«¥−¨¥¬),
−¥ §�¢¨áïé¥© ®â {vi}. ’�ª¨¥ ¨áªãááâ¢¥−−ë¥ æ¨ª«ë −�§®¢¥¬ à�−¤®¬¨§¨à®¢�−−ë-
¬¨ £àã¯¯�¬¨, ¯®áª®«ìªã ®−¨, ¢®®¡é¥ £®¢®àï, ã¦¥ −¥ á¢ï§�−ë á à¥£¥−¥à�â¨¢−®©
áâàãªâãà®© ¯à®æ¥áá®¢ ¢ á¨áâ¥¬¥.

Эксперимент 4. Независимые данные в рандомизированной группе. ÷�á-
á¬®âà¨¬ â�−¤¥¬−ãî á¥âì, ®¯¨á�−−ãî ¢ëè¥, á −¥§�¢¨á¨¬ë¬¨ ¯®ª�§�â¥«ì−ë¬¨ {vi}
á ¯�à�¬¥âà®¬ λ = 2 ¨ ¢¥à®ïâ−®áâìî • = 10−5. �æ¥−ª� ��‘ áâà®¨âáï ¯® �−�«®-
£¨¨ á à¥£¥−¥à�â¨¢−®© ®æ¥−ª®© (9), ®¤−�ª® ¤«¨−� £àã¯¯ë β à�á¯à¥¤¥«¥−� «¨¡® ¯®
§�ª®−ã �ã�áá®−� á ¯�à�¬¥âà®¬ λ (â�¡«. 3), «¨¡® ¯® §�ª®−ã –¨¯ä� (¤¨áªà¥â−ë©
�−�«®£ à�á¯à¥¤¥«¥−¨ï ��à¥â®, â�¡«. 4):

pi =
p0
i
, i = 1, . . . , α , (12)

£¤¥ p0 = (p1 + · · ·+ pα)
−1.
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’�¡«¨æ� 3 �¥§�¢¨á¨¬ë¥ ¤�−−ë¥, £àã¯¯� á«ã-
ç�©−®© ¤«¨−ë, §�ª®− �ã�áá®−�

λ Var �β �•a –a
�•–a

5 5,057 2,24 · 10−6 0,10 1,20 · 10−5
7 7,291 1,65 · 10−6 0,11 2,33 · 10−5

10 9,756 1,07 · 10−7 0,13 1,15 · 10−5

’�¡«¨æ� 4 �¥§�¢¨á¨¬ë¥ ¤�−−ë¥, £àã¯¯� á«ã-
ç�©−®© ¤«¨−ë, §�ª®− –¨¯ä�

α Var �β �•a –a
�•–a

8 4,435 2,31 · 10−6 0,12 1,03 · 10−5
10 7,290 5,07 · 10−6 0,12 2,54 · 10−5
12 9,491 6,22 · 10−7 0,13 2,19 · 10−5

„�«¥¥ −�©¤¥−� ®æ¥−ª� �•a ¢¥à®ïâ−®áâ¨ ¯à¥¢ëè¥−¨ï ãà®¢−ï b = 10, ª®£¤�
C = �Ca. ‡�â¥¬ −� ®á−®¢¥ ¢¥«¨ç¨−ë ¯¥à¥®æ¥−¨¢�−¨ï –a ¢ëç¨á«¥−� ®æ¥−ª�
¢¥à®ïâ−®áâ¨ ¯¥à¥¯®«−¥−¨ï �•–a ¯à¨ C = (1 − –a) �Ca. Š�ª ¯®ª�§ë¢�îâ â�¡«. 3
¨ 4, ¢ íâ®¬ á«ãç�¥ ãá«®¢¨¥ (1) ã¦¥ −�àãè�¥âáï, ¨ ¯®íâ®¬ã ¨áª®¬®¥ §−�ç¥−¨¥ ��‘
ã¤®¢«¥â¢®àï¥â ãá«®¢¨î C > (1−–a) �Ca.

’�¡«¨æë 3 ¨ 4 ¯®ª�§ë¢�îâ, çâ® ®æ¥−ª�, ¯®áâà®¥−−�ï ¯® £àã¯¯�¬ −¥§�¢¨á¨¬ëå
¤�−−ëå á«ãç�©−®© ¤«¨−ë, ¤�¥â ¢¥«¨ç¨−ã –a, áà�¢−¨¬ãî á â®©, çâ® ¢®§−¨ª�¥â
¯à¨ à¥£¥−¥à�â¨¢−®¬ ®æ¥−¨¢�−¨¨. �â® ¯®¤ªà¥¯«ï¥â ¯à¥¤¯®«®¦¥−¨¥ ® â®¬, çâ®
¯¥à¥®æ¥−¨¢�−¨¥ ¢ ®á−®¢−®¬ §�¢¨á¨â ®â á«ãç�©−®£® áã¬¬¨à®¢�−¨ï (à�−¤®¬¨§�æ¨¨)
−�£àã§ª¨.

�® �−�«®£¨¨ á ¨§ãç¥−¨¥¬ æ¨ª«®¢ à¥£¥−¥à�æ¨¨ à�áá¬®âà¨¬ §�¢¨á¨¬ë¥ ¤�−−ë¥
â®«ìª® ¢−ãâà¨ (à�−¤®¬¨§¨à®¢�−−ëå) £àã¯¯, � §�â¥¬ ¨ §�¢¨á¨¬ë¥ £àã¯¯ë.

Эксперимент 5. Независимые группы зависимых данных. ˆ§ãç¨¬ §�¢¨á¨-
¬®áâì ¬¥¦¤ã ¤¨á¯¥àá¨¥© à�§¬¥à� £àã¯¯ë Varβ ¨ ¢¥«¨ç¨−®© ¯¥à¥®æ¥−¨¢�−¨ï –a.
�â®â ¢®¯à®á ¢�¦¥− ¤«ï ¢ë¡®à� à�á¯à¥¤¥«¥−¨ï à�§¬¥à� £àã¯¯ë ¯à¨ ®âª�§¥ ®â
�−�«¨§� à¥�«ì−ëå æ¨ª«®¢ à¥£¥−¥à�æ¨¨. „«ï â®© ¦¥ á¨áâ¥¬ë ¯®áâà®¨¬ ®æ¥−ªã
��‘ �Ca �−�«®£¨ç−® ®æ¥−ª¥ (9), £¤¥ ¤«¨−� æ¨ª«� ¨¬¥¥â à�á¯à¥¤¥«¥−¨¥ �ã�áá®−�
á ¯�à�¬¥âà®¬ λ (â�¡«. 5) «¨¡® à�á¯à¥¤¥«¥−¨¥ –¨¯ä� (12) (§−�ç¥−¨ï ¯�à�¬¥âà� α
¯à¨¢¥¤¥−ë ¢ â�¡«. 6). ‚ëç¨á«¥−� â�ª¦¥ ®æ¥−ª� �•a ¢¥à®ïâ−®áâ¨ ¯à¥¢ëè¥−¨ï
¨ ¢¥«¨ç¨−� ¯¥à¥®æ¥−¨¢�−¨ï –a ¯à¨ C = �Ca, � â�ª¦¥ ®æ¥−ª� �•–a ¯à¨ C = (1 −
−–a) �Ca.

’�¡«¨æë 5 ¨ 6 ¯®ª�§ë¢�îâ, çâ® à®áâ ¤¨á¯¥àá¨¨ à�§¬¥à� £àã¯¯ë Var β
¢ë§ë¢�¥â à®áâ ¨ ¢¥«¨ç¨−ë ¯¥à¥®æ¥−¨¢�−¨ï –a. (‚¥«¨ç¨−� –a §�¢¨á¨â ¨ ®â
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� à�−¤®¬¨§�æ¨¨ ¢ ¬¥â®¤¥ £àã¯¯®¢®£® áà¥¤−¥£® ¯à¨ ®æ¥−¨¢�−¨¨ ��‘ á¨áâ¥¬

’�¡«¨æ� 5 ‡�¢¨á¨¬ë¥ £àã¯¯ë á«ãç�©−®© ¤«¨−ë,
§�ª®− �ã�áá®−�

λ Var �β �•a –a
�•–a

5 5,132 1,54 · 10−6 0,11 2,43 · 10−5
7 7,098 2,33 · 10−6 0,12 1,08 · 10−5

10 9,316 1,68 · 10−7 0,13 1,18 · 10−5

’�¡«¨æ� 6 ‡�¢¨á¨¬ë¥ £àã¯¯ë á«ãç�©−®© ¤«¨-
−ë, §�ª®− –¨¯ä�

α Var �β �•a –a
�•–a

8 4,312 2,44 · 10−6 0,12 1,56 · 10−5
10 7,552 6,91 · 10−6 0,13 1,09 · 10−5
12 9,716 3,15 · 10−7 0,13 1,13 · 10−5

à�á¯à¥¤¥«¥−¨ï β, á¬. â�ª¦¥ [9].) �à¨¢¥¤¥−−ë¥ à¥§ã«ìâ�âë ¯®¤ªà¥¯«ïîâ ¯à¥¤-
¯®«®¦¥−¨¥ ® â®¬, çâ® ®á−®¢−®¥ ¢«¨ï−¨¥ −� ¢¥«¨ç¨−ã – ®ª�§ë¢�¥â à�−¤®¬¨§�æ¨ï
¢¥«¨ç¨−ë £àã¯¯ë.

Эксперимент 6. Зависимые группы. ’�ª¨¬ ®¡à�§®¬, á«ãç�©−®¥ áã¬¬¨à®¢�-
−¨¥ ª�ª ¯® æ¨ª«�¬ à¥£¥−¥à�æ¨¨, â�ª ¨ −¥§�¢¨á¨¬® ®â −¨å ®¡¥á¯¥ç¨¢�¥â âà¥¡ã¥¬®¥
ãá«®¢¨¥ (1) ¢ á«ãç�¥ ª�ª −¥§�¢¨á¨¬ëå, â�ª ¨ §�¢¨á¨¬ëå ¤�−−ëå (¢−ãâà¨ æ¨ª«�
¨«¨ £àã¯¯ë).

�áâ�¥âáï ¨§ãç¨âì ¢«¨ï−¨¥ −� ¢¥«¨ç¨−ã – §�¢¨á¨¬®áâ¨ ¬¥¦¤ã £àã¯¯�¬¨
¤�−−ëå. �ãáâì ¢á¥ á.¢. {vi} á¢ï§�−ë §�¢¨á¨¬®áâìî (11), −¥ ®£à�−¨ç¥−−®©
¯à¥¤¥«�¬¨ ¤�−−®© £àã¯¯ë. �®áâà®¨¬ ®æ¥−ªã �Ca �−�«®£¨ç−® ®æ¥−ª¥ (9), £¤¥
à�§¬¥à £àã¯¯ë à�á¯à¥¤¥«¥− «¨¡® ¯® §�ª®−ã �ã�áá®−� á ¯�à�¬¥âà®¬ λ (â�¡«. 7),
«¨¡® ¯® §�ª®−ã –¨¯ä� (12) (§−�ç¥−¨ï ¯�à�¬¥âà� α ¤�−ë ¢ â�¡«. 8). „«ï C = �Ca

¯à¨¢¥¤¥−ë ®æ¥−ª� �•a, ¢¥«¨ç¨−� –a ¨ ®æ¥−ª� ¢¥à®ïâ−®áâ¨ ¯¥à¥¯®«−¥−¨ï �•–a ¯à¨
C = (1−–a) �Ca.

’�¡«¨æ� 7 ‡�¢¨á¨¬ë¥ £àã¯¯ë á«ãç�©−®© ¤«¨−ë,
§�ª®− �ã�áá®−�

λ Var �β �•a –a
�•–a

5 5,313 1,44 · 10−6 0,12 1,03 · 10−5
7 7,572 2,53 · 10−6 0,12 1,98 · 10−5

10 10,066 5,07 · 10−7 0,13 1,10 · 10−5
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’�¡«¨æ� 8 ‡�¢¨á¨¬ë¥ £àã¯¯ë á«ãç�©−®© ¤«¨−ë,
§�ª®− –¨¯ä�

α Var �β �•a –a
�•–a

8 4,803 5,14 · 10−6 0,11 1,84 · 10−5
10 6,599 2,97 · 10−6 0,13 1,42 · 10−5
12 10,075 4,37 · 10−7 0,14 1,05 · 10−5

’�«¨æë 7 ¨ 8 ¯®ª�§ë¢�îâ, çâ® á à®áâ®¬ ¤¨á¯¥àá¨¨ Var β à�áâ¥â ¨ ¯¥à¥®æ¥−¨-
¢�−¨¥ –a, ®¤−�ª® ®−® ¬¥−ìè¥, ç¥¬ ¢ ¯à¥¤ë¤ãé¨å íªá¯¥à¨¬¥−â�å.

3.3 Рандомизация в методе группового среднего

�à®¢¥¤¥−−ë© �−�«¨§ ¯®§¢®«ï¥â ¯à¥¤«®¦¨âì á«¥¤ãîé¨© ¯®¤å®¤ ª ¯®áâà®¥−¨î
®æ¥−ª¨ ��‘ ¢ ¢ëá®ª®®â¢¥âáâ¢¥−−ëå á¨áâ¥¬�å. �®áª®«ìªã ®æ¥−ª� £àã¯¯®¢®£®
áà¥¤−¥£® −¥¤®®æ¥−¨¢�¥â ��‘, � à�−¤®¬¨§�æ¨ï à�§¬¥à� £àã¯¯ë ¯¥à¥®æ¥−¨¢�¥â ¥¥
(¢−¥ §�¢¨á¨¬®áâ¨ ®â −�«¨ç¨ï à¥£¥−¥à�â¨¢−®© áâàãªâãàë), â® ¥áâ¥áâ¢¥−−® ¬®¤¨ä¨-
æ¨à®¢�âì áâ�−¤�àâ−ë© ¬¥â®¤ £àã¯¯®¢®£® áà¥¤−¥£® ¯ãâ¥¬ à�−¤®¬¨§�æ¨¨ ¢¥«¨ç¨−ë
£àã¯¯ë. —â®¡ë ®¡ê¥¤¨−¨âì ¯à¥¨¬ãé¥áâ¢� ®¡®¨å ¬¥â®¤®¢, ¡ã¤¥¬ ¬®¤¥«¨à®¢�âì
¨áå®¤−ãî â�−¤¥¬−ãî á¥âì, áâà®¨âì ®æ¥−ªã ��‘ ¤«ï ä¨ªá¨à®¢�−−®£® à�§¬¥-
à� £àã¯¯ë, � §�â¥¬ ®æ¥−ªã ¤«ï á®®â¢¥âáâ¢ãîé¨¬ ®¡à�§®¬ à�−¤®¬¨§¨à®¢�−−®©
£àã¯¯ë.

Эксперимент 7. Зависимые данные внутри независимых рандомизирован-
ных групп. ‚ë¡¨à�¥¬ ¯à®¨§¢®«ì−® à�§¬¥à £àã¯¯ë (¢ íªá¯¥à¨¬¥−â¥ B = 10).
‡�â¥¬ à�−¤®¬¨§¨àã¥¬ ¥£®, ¢§ï¢ ¢ ª�ç¥áâ¢¥ β á.¢., à�¢−®¬¥à−® à�á¯à¥¤¥«¥−−ãî
¢ ¨−â¥à¢�«¥ [(1− p)B; (1+ p)B], £¤¥ ¢¥«¨ç¨−� p ¨§¬¥−ï¥âáï ¢ ¤¨�¯�§®−¥ [0; 0,15].
(„�−−ë© ¤¨�¯�§®− á®®â¢¥âáâ¢ã¥â â®¬ã, çâ® ¢¥«¨ç¨−� ¯¥à¥®æ¥−¨¢�−¨ï −¥ ¯à¥-
¢ëè�¥â 15% ¢¥«¨ç¨−ë ��‘.) ‚ â�¡«. 9 ¯à¨¢¥¤¥−� §�¢¨á¨¬®áâì – ®â ®æ¥−ª¨

’�¡«¨æ� 9 ÷�−¤®¬¨§�æ¨ï ¤«¨−ë æ¨ª«®¢ β, • = 10−5

p Varβ Var �β �C �• – �•–

0 0 0 2,7155 9,84 · 10−3 −0,10 3,65 · 10−5
0,03 0,0300 0,0289 2,8612 2,75 · 10−4 −0,08 1,04 · 10−5
0,05 0,0833 0,0804 2,9777 6,03 · 10−4 −0,06 2,73 · 10−5
0,07 0,1633 0,1711 3,0682 5,28 · 10−4 −0,05 4,38 · 10−5
0,10 0,3333 0,3195 3,2431 9,36 · 10−5 0,03 3,66 · 10−5
0,12 0,4800 0,4682 3,4509 3,89 · 10−5 0 1,05 · 10−5
0,15 0,7500 0,7743 3,5461 8,02 · 10−6 0,06 2,90 · 10−5
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� à�−¤®¬¨§�æ¨¨ ¢ ¬¥â®¤¥ £àã¯¯®¢®£® áà¥¤−¥£® ¯à¨ ®æ¥−¨¢�−¨¨ ��‘ á¨áâ¥¬

¤¨á¯¥àá¨¨ Var �β. �à¨ §−�ç¥−¨¨ p = 0,12 ¯¥à¥®æ¥−¨¢�−¨¥ ¯à�ªâ¨ç¥áª¨ à�¢−®
−ã«î, ãª�§ë¢�ï úâ®ç−®¥û §−�ç¥−¨¥ ��‘, à�¢−®¥ 3,451.

’�ª¨¬ ®¡à�§®¬, à�−¤®¬¨§�æ¨ï ¯®§¢®«ï¥â ¯¥à¥©â¨ ®â −¥¤®®®æ¥−¨¢�−¨ï ��‘
ª ¯¥à¥®æ¥−¨¢�−¨î, á ®¡−�àã¦¥−¨¥¬ £à�−¨æë ¬¥¦¤ã íâ¨¬¨ ¤¢ã¬ï áæ¥−�à¨ï¬¨.

Эксперимент 8. Зависимые рандомизированные группы. ÷�cá¬®âà¨¬ ®æ¥−-
ªã ¤«ï â�−¤¥¬−®© á¨áâ¥¬ë ¢ á«ãç�¥, ª®£¤� §�¢¨á¨¬®áâì (11) −¥ ®£à�−¨ç¥−� ®¤−®©
£àã¯¯®©, â. ¥. £àã¯¯ë ®ª�§ë¢�îâáï §�¢¨á¨¬ë¬¨. ÷�−¤®¬¨§¨àã¥¬ à�§¬¥à £àã¯¯ë
á ¯®¬®éìî à�¢−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï −� [(1− p)B; (1 + p)B], p ∈ [0,07; 0,17].
’�ª®© ¢ë¡®à p ®¯¨à�¥âáï −� à¥§ã«ìâ�âë íªá¯¥à¨¬¥−â� 7. �®«ãç¥−−�ï ®æ¥−ª�
��‘ ®¡®§−�ç¥−� �Cd, � á®®â¢¥âáâ¢ãîé�ï ¥© ®æ¥−ª� ¢¥à®ïâ−®áâ¨ ¯à¥¢ëè¥−¨ï |
ç¥à¥§ �•d. ÷¥§ã«ìâ�âë ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 10. „«ï áà�¢−¥−¨ï â�ª¦¥ ¯à¨¢¥¤¥−�
®æ¥−ª� �C ¨ á®®â¢¥âáâ¢ãîé�ï ¥© ®æ¥−ª� ¢¥à®ïâ−®áâ¨ ¯à¥¢ëè¥−¨ï �• ¨§ íªá¯¥à¨-
¬¥−â� 7. ‚¨¤−®, çâ® ¯¥à¥®æ¥−¨¢�−¨¥ ¢ á«ãç�¥ §�¢¨á¨¬ëå £àã¯¯ −�ç¨−�¥âáï ¯à¨
¬¥−ìè¨å §−�ç¥−¨ïå p, ç¥¬ ¢ íªá¯¥à¨¬¥−â¥ 7.

’�¡«¨æ� 10 ‡�¢¨á¨¬®áâì ¢−ãâà¨ £àã¯¯ë ¨ ¬¥¦¤ã £àã¯¯�¬¨, • = 10−5

p �C �Cd
�• �•d – –d

0,07 3,132 3,179 6,72 · 10−4 3,01 · 10−4 −0,05 −0,01
0,10 3,210 3,266 3,97 · 10−4 1,13 · 10−5 −0,03 0,02
0,12 3,472 3,501 1,06 · 10−5 8,91 · 10−6 0 0,05
0,15 3,547 3,862 9,03 · 10−5 4,73 · 10−6 0,06 0,10
0,17 3,628 3,945 2,72 · 10−6 1,33 · 10−6 0,07 0,13

Эксперимент 9. Cà�¢−¨¬ ¢«¨ï−¨¥ −� ¢¥«¨ç¨−ã – á«ãç�©−®£® à�§¬¥à�
£àã¯¯ë á ¢«¨ï−¨¥¬ §�¢¨á¨¬®áâ¨ ¬¥¦¤ã £àã¯¯�¬¨. „«ï íâ®£® áâà®¨âáï ®æ¥−ª� �CR

¯® æ¨ª«�¬ à¥£¥−¥à�æ¨¨ ¨áå®¤−®© â�−¤¥¬−®© á¨áâ¥¬ë (¤�−−ë¥ ¢−ãâà¨ æ¨ª«� §�¢¨-
á¨¬ë, ª�ª ¢ (11)) ¨ ¯�à�««¥«ì−®

÷¨á. 2 ‡�¢¨á¨¬®áâì �• ®â–: 1 | −¥§�¢¨á¨¬ë¥
æ¨ª«ë; 2 | §�¢¨á¨¬ë¥ £àã¯¯ë

áâà®¨âáï ®æ¥−ª� �Ca ¬¥â®¤®¬ £àã¯-
¯®¢®£® áà¥¤−¥£® (¤«ï â®© ¦¥ ¯®-
á«¥¤®¢�â¥«ì−®áâ¨ (11)), ¯à¨ç¥¬
à�§¬¥à £àã¯¯ë á®¢¯�¤�¥â á ¤«¨-
−®© æ¨ª«� à¥£¥−¥à�æ¨¨ á¨áâ¥¬ë.
’�ª¨¬ ®¡à�§®¬, à¥�«ì−�ï à¥£¥−¥-
à�â¨¢−�ï áâàãªâãà� ú−�ª«�¤ë¢�-
¥âáïû −� ¯®á«¥¤®¢�â¥«ì−®áâì §�-
¢¨á¨¬ëå ¤�−−ëå. „«ï §�¤�−−®©
• = 10−4 −� à¨á. 2 ¯à¥¤áâ�¢«¥−�
§�¢¨á¨¬®áâì ¬¥¦¤ã ¢¥«¨ç¨−®© ¯¥-
à¥®æ¥−¨¢�−¨ï – ¨ á®®â¢¥âáâ¢ã-
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Š. �. Š�«¨−¨−�, …. ‚. Œ®à®§®¢

îé¨¬¨ ®æ¥−ª�¬¨ ¢¥à®ïâ−®áâ¨ ¯à¥¢ëè¥−¨ï, ª®£¤� ¢ ª�ç¥áâ¢¥ ��‘ ¨á¯®«ì§ã-
îâáï á®®â¢¥âáâ¢¥−−® ®æ¥−ª¨ �CR = 2,97 ¨ �Ca = 2,78. ‚¨¤−®, çâ® §�¢¨á¨¬®áâì
¬¥¦¤ã £àã¯¯�¬¨ á£«�¤¨«� à®áâ – ¨ ®æ¥−ª� �•a (¯®áâà®¥−−�ï ¯à¨ ¨á¯®«ì§®¢�-
−¨¨ �Ca) ®ª�§ë¢�¥âáï ¡«¨§ª®© ª â®ç−®¬ã §−�ç¥−¨î • ã¦¥ ¯à¨ ã¬¥−ìè¥−¨¨ �Ca ¤®
¢¥«¨ç¨−ë 0,95 �Ca.

�à®¢¥¤¥−−ë¥ íªá¯¥à¨¬¥−âë ¯®ª�§ë¢�îâ, çâ® à�−¤®¬¨§�æ¨ï à�§¬¥à� £àã¯¯ë
(¡«®ª�) ¢ ¬¥â®¤¥ £àã¯¯®¢®£® áà¥¤−¥£® ¬®¦¥â ¡ëâì íää¥ªâ¨¢−ë¬ á¯®á®¡®¬ ®æ¥−ª¨
��‘ ¢ ¢ëá®ª®®â¢¥âáâ¢¥−−ëå ¨−ä®ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬�å.

Заключение

‚ áâ�âì¥ à�áá¬�âà¨¢�¥âáï ®æ¥−¨¢�−¨¥ ��‘ ¢ëá®ª®®â¢¥âáâ¢¥−−®© á¨áâ¥¬ë
á ¯®¬®éìî à¥£¥−¥à�â¨¢−®£® ¬¥â®¤� ¨ ¬¥â®¤� £àã¯¯®¢®£® áà¥¤−¥£®. �á®¡®¥ ¢−¨-
¬�−¨¥ ã¤¥«ï¥âáï à®«¨ á«ãç�©−®£® áã¬¬¨à®¢�−¨ï ¢ ®¡¥á¯¥ç¥−¨¨ âà¥¡ã¥¬®£® QoS.
�à¥¤«®¦¥− ¬¥â®¤ à�−¤®¬¨§�æ¨¨ à�§¬¥à� £àã¯¯ë ¤�−−ëå ¢ ¬¥â®¤¥ £àã¯¯®¢®£®
áà¥¤−¥£®. �â®â ¬¥â®¤ ï¢«ï¥âáï ¥áâ¥áâ¢¥−−®© ª®¬¡¨−�æ¨¥© ¤¢ãå ®¯¨á�−−ëå ¢ëè¥
¬¥â®¤®¢, £¤¥ ¨¤¥ï à�−¤®¬¨§�æ¨¨ ¯®¤áª�§�−� à¥£¥−¥à�â¨¢−ë¬ ¬¥â®¤®¬. ÷¥§ã«ì-
â�âë ¬®¤¥«¨à®¢�−¨ï ¯®ª�§ë¢�îâ, çâ® ¯®áâà®¥−−�ï −� ®á−®¢¥ ¤�−−®£® ¯®¤å®¤�
®æ¥−ª� ��‘ ®¡¥á¯¥ç¨¢�¥â £�à�−â¨î QoS. �ªá¯¥à¨¬¥−âë â�ª¦¥ ¯®§¢®«ïîâ á¤¥-
«�âì −¥ª®â®àë¥ ¢ë¢®¤ë ®â−®á¨â¥«ì−® ª®àà¥ªâ¨à®¢ª¨ ¯®«ãç¥−−®© ®æ¥−ª¨ ��‘
á æ¥«ìî ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ à�¡®âë á¨áâ¥¬ë.
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EFFECTIVE BANDWIDTH ESTIMATION
OF HIGHLY RESPONSIBLE SYSTEMS

BY THE RANDOMIZED BATCH MEAN METHOD

K. A. Kalinina1 and E. V. Morozov1,2

1Institute of Applied Mathematical Research of the Karelian Research Center of the
Russian Academy of Sciences, 11 Pushkinskaya Str., Petrozavodsk 185910, Russian
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2Petrozavodsk State University, 33 Lenina Pr., Petrozavodsk 185910, Russian
Federation

Abstract: The effective bandwidth (EB) estimation of highly responsible systems
is considered. A special attention is paid to the reasons causing overestimation
of the EB obtained by the regenerative method. Simulations show that the
basic reason of the overestimation is the random summation of the input data
over regeneration cycles. Numerical results demonstrate an advantage of the
randomizing for the EB estimation of highly responsible systems. If in such
a system the workload excesses the predetermined threshold (or overloads the
finite buffer), then an unacceptable violation of the QoS (quality of service)
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requirement happens. To estimate the EB in such systems, the modified batch
means method with randomized blocks is proposed.

Keywords: effective bandwidth; regenerative estimation; randomizing; QoS;
highly responsible system; batch means method
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БАЙЕСОВСКАЯ РЕКУРРЕНТНАЯ МОДЕЛЬ РОСТА
НАДЕЖНОСТИ: АПРИОРНЫЕ ПЛОТНОСТИ

ПОЛИНОМИАЛЬНОГО ВИДА∗

А. А. Кудрявцев1, С. И. Палионная2

�−−®â�æ¨ï: „�−−�ï à�¡®â� ¯®á¢ïé¥−� à�áá¬®âà¥−¨î ¡�©¥á®¢áª®© à¥ªãàà¥−â-
−®© ¬®¤¥«¨ à®áâ� −�¤¥¦−®áâ¨ á«®¦−ëå ¬®¤¨ä¨æ¨àã¥¬ëå ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬. �à¥¤¯®«�£�¥âáï, çâ® ®á−®¢−ë¥ ¯�à�¬¥âàë á¨áâ¥¬ë −¥ ï¢«ïîâáï
§�¤�−−ë¬¨, � ¨§¢¥áâ−ë â®«ìª® ¨å �¯à¨®à−ë¥ à�á¯à¥¤¥«¥−¨ï. �à¨¢®¤ïâáï
ä®à¬ã«ë ¤«ï ¢ëç¨á«¥−¨ï ¯«®â−®áâ¨ ¨ ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¯à¥¤¥«ì-
−®© −�¤¥¦−®áâ¨ á¨áâ¥¬ë ¤«ï á«ãç�ï, ª®£¤� �¯à¨®à−ë¥ ¯«®â−®áâ¨ ¯®ª�§�â¥-
«¥© ú¤¥ä¥ªâ¨¢−®áâ¨û ¨ úíää¥ªâ¨¢−®áâ¨û áà¥¤áâ¢�, ¨á¯à�¢«ïîé¥£® ®è¨¡ª¨
¢ á¨áâ¥¬¥, ¨¬¥îâ ¢¨¤ ¯®«¨−®¬�. ‚ ç�áâ−®áâ¨, à�áá¬�âà¨¢�îâáï à�¢−®¬¥à−®¥
¨ ¯�à�¡®«¨ç¥áª®¥ �¯à¨®à−ë¥ à�á¯à¥¤¥«¥−¨ï. ’�ª¦¥ ¯à¨¢®¤ïâáï á®®â−®è¥−¨ï
¤«ï á«ãç�ï, ª®£¤� ®¤¨− ¨§ ¯�à�¬¥âà®¢ ï¢«ï¥âáï ¢ëà®¦¤¥−−ë¬. �−�«¨â¨-
ç¥áª¨¥ ä®à¬ã«ë ¨««îáâà¨àãîâáï ç¨á«¥−−ë¬¨ à¥§ã«ìâ�â�¬¨ ¤«ï ¬®¤¥«ì−ëå
¯à¨¬¥à®¢ ¨ £à�ä¨ª�¬¨.

Š«îç¥¢ë¥ á«®¢�: ¬®¤¨ä¨æ¨àã¥¬ë¥ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë; â¥®à¨ï −�-
¤¥¦−®áâ¨; ¡�©¥á®¢áª¨© ¯®¤å®¤; ¯�à�¡®«¨ç¥áª®¥ à�á¯à¥¤¥«¥−¨¥; à�¢−®¬¥à−®¥
à�á¯à¥¤¥«¥−¨¥; ¯®«¨−®¬¨�«ì−ë¥ ¯«®â−®áâ¨

DOI: 10.14357/08696527170404

1 Введение

Š�ª ¯à�¢¨«®, «î¡�ï á«®¦−�ï ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� −¥ ®¡«�¤�¥â −¥®¡å®¤¨-
¬®© −�¤¥¦−®áâìî. —â®¡ë ã«ãçè¨âì −�¤¥¦−®áâì, á¨áâ¥¬ã ¯®¤¢¥à£�îâ à�§«¨ç−ë¬
¬®¤¨ä¨ª�æ¨ï¬, ¯à¨ç¥¬ ª�¦¤�ï ¬®¤¨ä¨ª�æ¨ï ¬®¦¥â ª�ª ã¢¥«¨ç¨âì −�¤¥¦−®áâì,
â�ª ¨ ¢−¥áâ¨ ¢ á¨áâ¥¬ã −®¢ë¥ ¤¥ä¥ªâë. �à¨ íâ®¬ á®¢à¥¬¥−−ë¥ ¨−ä®à¬�æ¨®−−ë¥
á¨áâ¥¬ë áâ®«ì á«®¦−ë, � ¨å ç¨á«® áâ®«ì ¢¥«¨ª®, çâ® ¯à®¢¥àïâì äã−ªæ¨®−�«ì-
−®áâì ª�¦¤®£® �£à¥£�â� ¯ãâ¥¬ ¤¥â¥à¬¨−¨à®¢�−−ëå â¥áâ®¢ ¯à¥¤áâ�¢«ï¥âáï ¨§«¨è−¥
¤®à®£®áâ®ïé¨¬ ¢ á¬ëá«¥ ä¨−�−á®¢ëå ¨ ¢à¥¬¥−−‚ëå §�âà�â, ¯®íâ®¬ã, ¯® ¢á¥© ¢¨¤¨-
¬®áâ¨, ¥¤¨−áâ¢¥−−ë¬ á¯®á®¡®¬ ¨§ãç¥−¨ï −�¤¥¦−®áâ−ëå ¯®ª�§�â¥«¥© áâ�−®¢¨âáï
¢¥à®ïâ−®áâ−®-áâ�â¨áâ¨ç¥áª¨©.
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��©¥á®¢áª�ï à¥ªãàà¥−â−�ï ¬®¤¥«ì à®áâ� −�¤¥¦−®áâ¨: �¯à¨®à−ë¥ ¯«®â−®áâ¨

‚ ¯à¥¤¯®«®¦¥−¨¨, çâ® −�¤¥¦−®áâì á¨áâ¥¬ë ®áâ�¥âáï ¯®áâ®ï−−®© ¬¥¦¤ã ¬®¤¨-
ä¨ª�æ¨ï¬¨, à�áá¬®âà¨¬ à¥ªãàà¥−â−ãî ¬®¤¥«ì ¨§¬¥−¥−¨ï −�¤¥¦−®áâ¨, ª®â®à�ï
®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬ [1]:

πj+1 = ηj+1πj + θj+1 (1− πj) .

‡¤¥áì {(θj , ηj)}, j ≥ 1, | ¯®á«¥¤®¢�â¥«ì−®áâì −¥§�¢¨á¨¬ëå ®¤¨−�ª®¢® à�á¯à¥¤¥-
«¥−−ëå ¤¢ã¬¥à−ëå á«ãç�©−ëå ¢¥ªâ®à®¢ â�ª¨å, çâ® 0 < η1 < 1, 0 < θ1 < 1 ¯®çâ¨
−�¢¥à−®¥. ��ç�«ì−�ï −�¤¥¦−®áâì π0 áç¨â�¥âáï §�¤�−−®©, á«ãç�©−ë¥ ¢¥«¨ç¨−ë ηj

(¯�à�¬¥âàë ú¤¥ä¥ªâ¨¢−®áâ¨û) ¨ θj (¯�à�¬¥âàë úíää¥ªâ¨¢−®áâ¨û) ®¯¨áë¢�îâ
á®®â¢¥âáâ¢¥−−® ¢®§¬®¦−®¥ á−¨¦¥−¨¥ ¨ ¯®¢ëè¥−¨¥ −�¤¥¦−®áâ¨.

�¡®§−�ç¨¬ λ = 1 − E θj, µ = E ηj. Œ®¦−® ¯®ª�§�âì [1], çâ® ¯à¨ ãá«®¢¨¨
λ+ µ 6= 1

π = lim
j→∞

Eπj =
µ

λ+ µ
.

‚¥«¨ç¨−� π å�à�ªâ¥à¨§ã¥â �á¨¬¯â®â¨ç¥áª®¥ §−�ç¥−¨¥ −�¤¥¦−®áâ¨ á¨áâ¥¬ë ¢ à�¬-
ª�å −¥ª®â®à®© à¥ªãàà¥−â−®© ¬®¤¥«¨, §�¤�¢�¥¬®© −�¡®à®¬ {(θj , ηj)}.

‚ à�¬ª�å ¡�©¥á®¢áª®£® ¯®¤å®¤� ¢ ¯®áâ�−®¢ª¥ §�¤�ç â¥®à¨¨ −�¤¥¦−®áâ¨ [2]
®á−®¢−ë¥ ¯�à�¬¥âàë á¨áâ¥¬ë λ ¨ µ ¯à¥¤¯®«�£�îâáï á«ãç�©−ë¬¨, � −�¨¡®«¥¥
¥áâ¥áâ¢¥−−®© ¨ ã¤®¡−®© ¤«ï ¨§ãç¥−¨ï å�à�ªâ¥à¨áâ¨ª®© ï¢«ï¥âáï ãáà¥¤−¥−−®¥
§−�ç¥−¨¥ ¯à¥¤¥«ì−®© −�¤¥¦−®áâ¨

πáà¥¤ = Eπ = E
µ

λ+ µ
,

£¤¥ ãáà¥¤−¥−¨¥ ¢¥¤¥âáï ¯® á®¢¬¥áâ−®¬ã à�á¯à¥¤¥«¥−¨î á«ãç�©−ëå ¢¥«¨ç¨− λ ¨ µ.
’�ª ª�ª á«ãç�©−ë¥ ¢¥«¨ç¨−ë η1 ¨ θ1 ã¤®¢«¥â¢®àïîâ ®£à�−¨ç¥−¨ï¬ 0 < η1 < 1

¨ 0 < θ1 < 1, áà¥¤−¨¥ §−�ç¥−¨ï λ ¨ µ ¢¥«¨ç¨− 1 − E θj ¨ E ηj á®®â¢¥âáâ¢¥−−®
â�ª¦¥ −�å®¤ïâáï −� ®âà¥§ª¥ [0, 1], ¯®íâ®¬ã ¢ ª�ç¥áâ¢¥ �¯à¨®à−ëå à�á¯à¥¤¥«¥−¨©
¯�à�¬¥âà®¢ λ ¨ µ á«¥¤ã¥â ¢ë¡¨à�âì â®«ìª® à�á¯à¥¤¥«¥−¨ï, á®áà¥¤®â®ç¥−−ë¥
−� [0, 1].

2 Основные результаты

�ãáâì λ ¨ µ | −¥§�¢¨á¨¬ë¥ �¡á®«îâ−® −¥¯à¥àë¢−ë¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë,
¯à¨ç¥¬ P (λ ∈ [aλ, bλ]) = 1, 0 < aλ < bλ, ¨ −¥ áãé¥áâ¢ã¥â ¬−®¦¥áâ¢� S ⊂
⊂ [aλ, bλ] ¯®«®¦¨â¥«ì−®© ¬¥àë ‹¥¡¥£� â�ª®£®, çâ®P (λ ∈ S) = 0, � ¤«ï á«ãç�©−®©
¢¥«¨ç¨−ë µ ¢ë¯®«−¥−ë �−�«®£¨ç−ë¥ âà¥¡®¢�−¨ï á ¯�à�¬¥âà�¬¨ aµ ¨ bµ.

�â¤¥«ì−ë© ¨−â¥à¥á ¢ ª«�áá¥ à�á¯à¥¤¥«¥−¨© á ª®¬¯�ªâ−ë¬ −®á¨â¥«¥¬ (¤«ï −¥-
ª®â®à®© á«ãç�©−®© ¢¥«¨ç¨−ë ξ) ¯à¥¤áâ�¢«ïîâ à�á¯à¥¤¥«¥−¨ï, ¯«®â−®áâ¨ ª®â®àëå
¬®£ãâ ¡ëâì ¯à¥¤áâ�¢«¥−ë ¢ ¢¨¤¥ ¯®«¨−®¬�:

fξ(x) =

nξ
∑

i=0

cξ,ix
i · 11 (x ∈ [aξ, bξ]) . (1)
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Š â�ª¨¬ à�á¯à¥¤¥«¥−¨ï¬, ¢ ç�áâ−®áâ¨, ®â−®áïâáï à�¢−®¬¥à−®¥ (¯à¨ nξ = 0,
cξ,0 = (bξ − aξ)

−1) ¨ ¯�à�¡®«¨ç¥áª®¥ (¯à¨ nξ = 2) à�á¯à¥¤¥«¥−¨ï. „«ï ¯�à�¡®-
«¨ç¥áª®£® à�á¯à¥¤¥«¥−¨ï

cξ,0 = − 6aξbξ

(bξ − aξ)
3 ; cξ,1 =

6(aξ + bξ)

(bξ − aξ)
3 ; cξ,2 = − 6

(bξ − aξ)
3 . (2)

‚ à�¡®â�å [3,4] ¯à¥¤«®¦¥−ë ä®à¬ã«ë ¤«ï ¢ëç¨á«¥−¨ï äã−ªæ¨© à�á¯à¥¤¥«¥-
−¨ï ¨ ¯«®â−®áâ¥© ¢¥«¨ç¨− ρ = λ/µ ¨ π = µ/(λ + µ) ¤«ï �¯à¨®à−ëå �¡á®«îâ−®
−¥¯à¥àë¢−ëå à�á¯à¥¤¥«¥−¨© á ª®¬¯�ªâ−ë¬ −®á¨â¥«¥¬, � ¢ à�¡®â¥ [5] ¡ë«¨ ¯®-
«ãç¥−ë ¯«®â−®áâì ¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¢¥«¨ç¨−ë π ¢ á«ãç�¥, ª®£¤� �¯à¨-
®à−ë¥ à�á¯à¥¤¥«¥−¨ï ï¢«ïîâáï ¯�à�¡®«¨ç¥áª¨¬¨. ‘ª®¬¡¨−¨à®¢�¢ ¨ ®¡®¡é¨¢
¯®«ãç¥−−ë¥ à�−¥¥ à¥§ã«ìâ�âë, «¥£ª® ¯®«ãç¨âì ¢ëà�¦¥−¨ï ¤«ï ¢¥à®ïâ−®áâ−ëå
å�à�ªâ¥à¨áâ¨ª ¯à¥¤¥«ì−®© −�¤¥¦−®áâ¨ π ¤«ï �¯à¨®à−ëå ¯«®â−®áâ¥© ¢¨¤� (1).

‚® ¢á¥å ¯®á«¥¤ãîé¨å ¢ëª«�¤ª�å ¡ã¤¥¬ ¯à¥¤¯®«�£�âì, çâ® x > 0. ‚¢¥¤¥¬
á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï. �ãáâì

L(a, b, x) =

nλ
∑

i=0

nµ
∑

j=0

cλ,icµ,j
bi+j+2 − ai+j+2

i+ j + 2

(1− x)i

xi+2
, (3)

£¤¥ a ¨ b ®¤−®¢à¥¬¥−−® ¯à¨−�¤«¥¦�â ®âà¥§ª�¬ [aµ, bµ] ¨ [aλ/x, bλ/x];

Jξ(d, b) =

nλ
∑

i=0

nµ
∑

j=0

cλ,icµ,j ×

×
lξ
∑

k=0

Ck
lξ
(−1)k

[

11 (k 6= lξ)
bk−lξ

k − lξ
+ 11 (k = lξ) ln b

]

di+j+2

i+ j + 2
, (4)

£¤¥ lξ = i · 11(ξ = λ) + (j + 1) · 11(ξ = µ).
‘¯à�¢¥¤«¨¢® á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.

’¥®à¥¬� 1. �ãáâì áà¥¤−¨© ¯�à�¬¥âà úíää¥ªâ¨¢−®áâ¨û λ ¨ áà¥¤−¨© ¯�à�¬¥âà
ú¤¥ä¥ªâ¨¢−®áâ¨û µ −¥§�¢¨á¨¬ë ¨ ¨¬¥îâ á®®â¢¥âáâ¢¥−−® −®á¨â¥«¨ à�á¯à¥¤¥-
«¥−¨© [aλ, bλ] ¨ [aµ, bµ], 0 < aλ < bλ ≤ 1, 0 < aµ < bµ ≤ 1, ¨ ¯«®â−®áâ¨
fλ(x) ¨ fµ(x) ¢¨¤� (1). ’®£¤� ¯à¥¤¥«ì−�ï −�¤¥¦−®áâì π = µ/(λ+ µ) ¨¬¥¥â
¯«®â−®áâì

fπ(x) = 11

(

aµ

bλ + aµ
< x ≤ min

{

aµ

aλ + aµ
,

bµ
bµ + bλ

})

L

(

aµ,
xbλ
1− x

, x

)

+

+ 11

(

bµ
bλ + bµ

< x ≤ aµ

aλ + aµ

)

L(aµ, bµ, x) +
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+ 11

(

aµ

aλ + aµ
< x ≤ bµ

bλ + bµ

)

L

(

xaλ

1− x
,
xbλ
1− x

, x

)

+

+ 11

(

max

{

aµ

aµ + aλ
,

bµ
bµ + bλ

}

< x ≤ bµ
aλ + bµ

)

L

(

xaλ

1− x
, bµ, x

)

,

£¤¥ ¢¥«¨ç¨−ë L(a, b, x) ®¯à¥¤¥«¥−ë á®®â−®è¥−¨¥¬ (3), ¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨-
¤�−¨¥

πÓÒÅÄ = Jµ

(

bλ,
bλ

bλ + aµ

)

+ Jµ

(

aλ,
aλ

aλ + bµ

)

+ Jλ

(

aµ,
aµ

bλ + aµ

)

+

+ Jλ

(

bµ,
bµ

aλ + bµ

)

− Jλ

(

aµ,
aµ

aλ + aµ

)

− Jλ

(

bµ,
bµ

bλ + bµ

)

−

− Jµ

(

bλ,
bλ

bλ + bµ

)

− Jµ

(

aλ,
aλ

aλ + aµ

)

,

£¤¥ ¢¥«¨ç¨−ë Jλ(d, b) ¨ Jµ(d, b) ®¯à¥¤¥«¥−ë á®®â−®è¥−¨¥¬ (4).
‡�¬¥ç�−¨¥. „�−−�ï â¥®à¥¬� ®¡®¡é�¥â ¯®«ãç¥−−ë¥ à�−¥¥ à¥§ã«ìâ�âë [5, 6] −�
á«ãç�© ®¡é¥£® ¯®«¨−®¬¨�«ì−®£® ¢¨¤� �¯à¨®à−ëå ¯«®â−®áâ¥©.

�¡®§−�ç¨¬ ç¥à¥§ R à�¢−®¬¥à−®¥, � ç¥à¥§ P { ¯�à�¡®«¨ç¥áª®¥ à�á¯à¥¤¥«¥−¨¥.
„«ï ã¤®¡áâ¢� ¨á¯®«ì§®¢�−¨ï ¢ ¯à¨«®¦¥−¨ïå ¯à¨¢¥¤¥¬ ç�áâ−ë¥ ¢¨¤ë ä®à¬ã«ë (3),
¨á¯®«ì§ã¥¬®© ¤«ï −�å®¦¤¥−¨ï ¯«®â−®áâ¨ fπ(x), ¨ ä®à¬ã«ë (4), ¨á¯®«ì§ã¥¬®©
¤«ï −�å®¦¤¥−¨ï áà¥¤−¥© ¯à¥¤¥«ì−®© −�¤¥¦−®áâ¨ πÓÒÅÄ, ¤«ï ª®¬¡¨−�æ¨© ¯¥à¥-
ç¨á«¥−−ëå à�á¯à¥¤¥«¥−¨© ¢ ¢¨¤¥ â�¡«. 1 ¨ 2. �à¥¤¯®«�£�¥âáï, çâ®

∑−1
i=0(·) = 0.

�®à¬¨à®¢®ç−ë¥ ª®−áâ�−âë cξ,i ®¯à¥¤¥«¥−ë ¢ (2).
�®«ì§ãïáì ¨§«®¦¥−−ë¬¨ ¢ [5] ¬¥â®¤�¬¨, ¬®¦−® â�ª¦¥ ¯®«ãç¨âì à¥§ã«ìâ�âë,

�−�«®£¨ç−ë¥ â¥®à¥¬¥ 1, ¤«ï á«ãç�ï, ª®£¤� ®¤−® ¨§ �¯à¨®à−ëå à�á¯à¥¤¥«¥−¨©

’�¡«¨æ� 1 —�áâ−ë© ¢¨¤ L(a, b, x)

λ µ L(a, b, x)

P P

2
∑

i=0

2
∑

j=0

cλ,icµ,j
bi+j+2 − ai+j+2

i+ j + 2

(1 − x)i

xi+2

P R
2
∑

i=0

cλ,i
bi+2 − ai+2

(i+ 2)(bµ − aµ)

(1 − x)i

xi+2

R P
2
∑

j=0

cµ,j
bj+2 − aj+2

(j + 2)(bλ − aλ)

1

x2

R R
b2 − a2

2(bλ − aλ)(bµ − aµ)

1

x2
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’�¡«¨æ� 2 —�áâ−ë© ¢¨¤ Jξ(d, b)

λ µ Jξ(d, b)

P P

2
∑

i=0

2
∑

j=0

cλ,icµ,j
di+j+2

i+ j + 2





lξ−1
∑

k=0

Ck
lξ(−1)k

bk−lξ

k − lξ
+ (−1)lξ ln b



 ,

lλ = i , lµ = j + 1

P R

2
∑

i=0

11(ξ = λ)cλ,id
i+2

(i+ 2)(bµ − aµ)

[

i−1
∑

k=0

Ck
i (−1)k

bk−i

k − i
+ (−1)i ln b

]

−

−
2
∑

i=0

11(ξ = µ)cλ,id
i+2(1/b+ ln b)

(i+ 2)(bµ − aµ)

R P

2
∑

j=0

11(ξ = λ)cµ,jd
j+2 ln b

(j + 2)(bλ − aλ)
+

+

2
∑

j=0

11(ξ = µ)cµ,jd
j+2

(j + 2)(bλ − aλ)

[

j
∑

k=0

Ck
j+1(−1)k

bk−j−1

k − j − 1 + (−1)
j+1 ln b

]

R R
11(ξ = λ)d2 ln b

2(bλ − aλ)(bµ − aµ)
− 11(ξ = µ)d

2(1/b+ ln b)

2(bλ − aλ) (bµ − aµ)

ï¢«ï¥âáï ¢ëà®¦¤¥−−ë¬, çâ®, ¯® áãâ¨, á®®â¢¥âáâ¢ã¥â ¯®áâ�−®¢ª¥ §�¤�ç¨, ¯à¨
ª®â®à®© ª®−æë ®âà¥§ª�, −®á¨â¥«ï à�á¯à¥¤¥«¥−¨ï, áâï£¨¢�îâáï ¢ ®¤−ã â®çªã.

‘¯à�¢¥¤«¨¢ë á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥−¨ï.
’¥®à¥¬� 2. �ãáâì áà¥¤−¨© ¯�à�¬¥âà úíää¥ªâ¨¢−®áâ¨û λ ¨¬¥¥â ¢ëà®¦¤¥−−®¥
à�á¯à¥¤¥«¥−¨¥, � áà¥¤−¨© ¯�à�¬¥âà ú¤¥ä¥ªâ¨¢−®áâ¨û µ ¨¬¥¥â ¯«®â−®áâì
¯®«¨−®¬¨�«ì−®£® ¢¨¤� (1) á ¯�à�¬¥âà�¬¨ 0 ≤ aµ < bµ ≤ 1. ’®£¤� ¯«®â−®áâì
¨ áà¥¤−¥¥ ¯à¥¤¥«ì−®© −�¤¥¦−®áâ¨ π = µ/(λ+ µ) ¨¬¥îâ ¢¨¤:

fπ(x) =

nµ
∑

j=0

cµ,jλ
j+1xj

(1− x)j+2
;

πÓÒÅÄ =

nµ
∑

j=0

cµ,jλ
j+1

[

j
∑

k=0

Ck
j+1(−1)k

(1 + aµ)
j−k+1 − (1 + bµ)j−k+1

k − j − 1 +

+ (−1)j+1 ln 1 + bµ
1 + aµ

]

.

’¥®à¥¬� 3. �ãáâì áà¥¤−¨© ¯�à�¬¥âà úíää¥ªâ¨¢−®áâ¨û λ ¨¬¥¥â ¯«®â−®áâì
¯®«¨−®¬¨�«ì−®£® ¢¨¤� (1) á ¯�à�¬¥âà�¬¨ 0 ≤ aλ < bλ ≤ 1, � áà¥¤−¨© ¯�à�¬¥âà
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ú¤¥ä¥ªâ¨¢−®áâ¨û µ ¨¬¥¥â ¢ëà®¦¤¥−−®¥ à�á¯à¥¤¥«¥−¨¥. ’®£¤� ¯«®â−®áâì
¨ áà¥¤−¥¥ ¯à¥¤¥«ì−®© −�¤¥¦−®áâ¨ π = µ/(λ+ µ) ¨¬¥îâ ¢¨¤:

fπ(x) =

nλ
∑

i=0

cλ,iµ
i+1 (1− x)i

xi+2
;

πÓÒÅÄ =

nλ
∑

i=0

cλ,iµ
i+1

[

i−1
∑

k=0

Ck
i (−1)k

(1 + aλ)
i−k − (1 + bλ)i−k

k − i
+ (−1)i ln 1 + bλ

1 + aλ

]

.

3 Численные результаты

‚ áâ�âì¥ [7] ¡ë« ®¯¨á�− ¯à®£à�¬¬−ë© ª®¬¯«¥ªá, à�§à�¡®â�−−ë© ¤«ï ¢ëç¨á-
«¥−¨ï à�§«¨ç−ëå ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª ¡�©¥á®¢áª¨å á¨áâ¥¬ ¬�áá®¢®£®

’�¡«¨æ� 3 —�áâ−ë¥ §−�ç¥−¨ï πáà¥¤ (λ ∼ P (aλ, bλ), µ ∼ R(aµ, bµ))

aµ; bµaλ; bλ 0,0; 1 0,1; 1 0,2; 1 0,3; 1 0,4; 1 0,5; 1 0,6; 1 0,7; 1 0,8; 1 0,9; 1
0,0; 1 0,48 0,52 0,55 0,58 0,60 0,62 0,63 0,65 0,66 0,67
0,1; 1 0,45 0,49 0,52 0,54 0,57 0,59 0,60 0,62 0,63 0,65
0,2; 1 0,42 0,46 0,49 0,52 0,54 0,56 0,58 0,59 0,61 0,62
0,3; 1 0,40 0,44 0,47 0,49 0,52 0,54 0,56 0,57 0,59 0,60
0,4; 1 0,38 0,42 0,45 0,47 0,50 0,52 0,53 0,55 0,57 0,58
0,5; 1 0,37 0,40 0,43 0,46 0,48 0,50 0,52 0,53 0,55 0,56
0,6; 1 0,35 0,39 0,41 0,44 0,46 0,48 0,50 0,52 0,53 0,54
0,7; 1 0,34 0,37 0,40 0,42 0,45 0,47 0,48 0,50 0,51 0,53
0,8; 1 0,33 0,36 0,39 0,41 0,43 0,45 0,47 0,48 0,50 0,51
0,9; 1 0,32 0,35 0,37 0,40 0,42 0,44 0,45 0,47 0,49 0,50

’�¡«¨æ� 4 —�áâ−ë¥ §−�ç¥−¨ï πáà¥¤ (λ ∼ R(aλ, bλ), µ ∼ P (aµ, bµ))

aµ; bµaλ; bλ 0; 0,1 0; 0,2 0; 0,3 0; 0,4 0; 0,5 0; 0,6 0; 0,7 0; 0,8 0; 0,9 0; 1,0
0; 0,1 0,52 0,66 0,73 0,78 0,81 0,83 0,85 0,87 0,88 0,89
0; 0,2 0,38 0,52 0,60 0,66 0,70 0,73 0,76 0,78 0,80 0,81
0; 0,3 0,31 0,44 0,52 0,58 0,63 0,66 0,69 0,71 0,73 0,75
0; 0,4 0,26 0,38 0,46 0,52 0,57 0,60 0,64 0,66 0,68 0,70
0; 0,5 0,23 0,34 0,42 0,48 0,52 0,56 0,59 0,62 0,64 0,66
0; 0,6 0,21 0,31 0,38 0,44 0,49 0,52 0,55 0,58 0,60 0,63
0; 0,7 0,19 0,28 0,36 0,41 0,45 0,49 0,52 0,55 0,57 0,60
0; 0,8 0,17 0,26 0,33 0,38 0,43 0,46 0,50 0,52 0,55 0,57
0; 0,9 0,16 0,25 0,31 0,36 0,40 0,44 0,47 0,50 0,52 0,54
0; 1,0 0,15 0,23 0,29 0,34 0,38 0,42 0,45 0,48 0,50 0,52
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÷¨á. 1 ‚¨§ã�«¨§�æ¨ï §−�ç¥−¨© πÓÒÅÄ (λ ∼ P (aλ, bλ), µ ∼ R(aµ, bµ)) (á¬. â�¡«. 3)

÷¨á. 2 ‚¨§ã�«¨§�æ¨ï §−�ç¥−¨© πÓÒÅÄ (λ ∼ R(aλ, bλ), µ ∼ P (aµ, bµ)) (á¬. â�¡«. 4)
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®¡á«ã¦¨¢�−¨ï ¨ −�¤¥¦−®áâ¨. �¤¨− ¨§ ¬®¤ã«¥© íâ®£® ª®¬¯«¥ªá� ¯à¥¤−�§−�ç¥−
¤«ï ¢ëç¨á«¥−¨ï ãáà¥¤−¥−−®© ¯à¥¤¥«ì−®© −�¤¥¦−®áâ¨ ¤«ï à�§«¨ç−ëå �¯à¨®à−ëå
à�á¯à¥¤¥«¥−¨© ¯�à�¬¥âà®¢ úíää¥ªâ¨¢−®áâ¨û ¨ ú¤¥ä¥ªâ¨¢−®áâ¨û. �−�«¨â¨-
ç¥áª¨¥ à¥§ã«ìâ�âë, ®¯¨á�−−ë¥ ¢ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥, ¯®§¢®«¨«¨ ¤®¯®«−¨âì
äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨ íâ®£® ¬®¤ã«ï. �à¨¢¥¤¥¬ àï¤ â�¡«¨æ (â�¡«. 3 ¨ 4)
á ç¨á«¥−−ë¬¨ à¥§ã«ìâ�â�¬¨ (á â®ç−®áâìî ¤® á®âëå) ¤«ï −¥ª®â®àëå �¯à¨®à−ëå
à�á¯à¥¤¥«¥−¨©.

�®«ãç¥−−ë¥ ç¨á«¥−−ë¥ à¥§ã«ìâ�âë ¯®§¢®«ïîâ �−�«¨§¨à®¢�âì ¨§¬¥−¥−¨¥ −�-
¤¥¦−®áâ¨ á¨áâ¥¬ë ¢ §�¢¨á¨¬®áâ¨ ®â §−�ç¥−¨© ¯�à�¬¥âà®¢ �¯à¨®à−ëå à�á¯à¥¤¥«¥-
−¨©, ¢ â®¬ ç¨á«¥ ¨ ¯à¨ ¯®¬®é¨ £à�ä¨ª®¢. �� à¨á. 1 ¨ 2 ¨§®¡à�¦¥−ë ¯®¢¥àå−®áâ¨,
á®®â¢¥âáâ¢ãîé¨¥ §−�ç¥−¨ï¬ ãáà¥¤−¥−−®© ¯à¥¤¥«ì−®© −�¤¥¦−®áâ¨, ¯à¨¢¥¤¥−−ë¬
¢ â�¡«. 3 ¨ 4 á®®â¢¥âáâ¢¥−−®.
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СТРАТЕГИИ РАСПРЕДЕЛЕНИЯ РАДИОРЕСУРСОВ
В ГЕТЕРОГЕННЫХ СЕТЯХ С ТРАФИКОМ NARROW-BAND IoT∗

В. О. Бегишев1, А. К. Самуйлов2, Д. А. Молчанов3, К. Е. Самуйлов4

�−−®â�æ¨ï: �ëáâàë© à®áâ ª�ª ®¡ê¥¬®¢, â�ª ¨ ª®«¨ç¥áâ¢� â¨¯®¢ ¤�−−ëå,
ª®â®àë¥ ¤®«¦−ë ¯®¤¤¥à¦¨¢�âìáï ¢ ¡ã¤ãé¨å ¯à¨«®¦¥−¨ïå ˆ−â¥à−¥â� ¢¥é¥©
(Internet of Things, IoT) ï¢«ï¥âáï ®¤−®© ¨§ ª«îç¥¢ëå ®á®¡¥−−®áâ¥© í¢®«î-
æ¨¨ ¬®¡¨«ì−ëå á¥â¥© á¢ï§¨ ®â 4G+ ª 5G. ‚ íâ®© á¢ï§¨ ¯®áâ�¢é¨ª�¬ ãá«ã£
IoT −¥®¡å®¤¨¬® ®¡¥á¯¥ç¨¢�âì ¬�áá®¢ë¥ ¯¥à¥¤�ç¨ ¬ã«ìâ¨¬¥¤¨©−ëå ¤�−−ëå
á®¢¬¥áâ−® á á®®¡é¥−¨ï¬¨ ¬�è¨−−®£® â¨¯�. �¥®¡å®¤¨¬®áâì ®¤−®¢à¥¬¥−−®©
¯®¤¤¥à¦ª¨ −¥áª®«ìª¨å ª�â¥£®à¨© âà�ä¨ª� ¢«¥ç¥â −¥®¤−®à®¤−®áâì á¥â¥© 5G.
„«ï ¯®¤®¡−®£® á«ãç�ï ¯à¥¤«®¦¥− à¥¦¨¬ ¢−ãâà¨¯®«®á−®£® à�§¢¥àâë¢�−¨ï
â¥å−®«®£¨¨ Narrow-Band IoT (NB-IoT), áâ�−¤�àâ¨§¨à®¢�−−®© 3GPP. ‚ à�-
¡®â¥ ¯à¥¤áâ�¢«¥−ë ¢®§¬®¦−ë¥ áâà�â¥£¨¨ á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï à¥áãàá®¢
¬ã«ìâ¨¬¥¤¨©−ë¬¨ ¤�−−ë¬¨ ¨ ¤�−−ë¬¨, ¯®«ãç¥−−ë¬¨ ®â á¥−á®à®¢, ¢ £¨¡à¨¤-
−®© ¡¥á¯à®¢®¤−®© á¥â¨ LTE/NB-IoT. ‚ à�¬ª�å à�§à�¡®â�−−®© ¬¥â®¤®«®£¨¨
¯à®¢¥¤¥−® áà�¢−¥−¨¥ áâà�â¥£¨© ¨ ¤�−ë à¥ª®¬¥−¤�æ¨¨ ¯® ¢ë¡®àã ®¯â¨¬�«ì−®©
áâà�â¥£¨¨.

Š«îç¥¢ë¥ á«®¢�: ˆ−â¥à−¥â ¢¥é¥©; NB-IoT (Narrowband IoT); LTE (Long
Term Evolution); �−�«¨â¨ç¥áª�ï ¬®¤¥«ì; áâà�â¥£¨¨ à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢

DOI: 10.14357/08696527170405

1 Введение

‚ ¨áâ®à¨¨ à�§¢¨â¨ï ¨−ä®à¬�â¨ª¨ ®¡ê¥¬ ¯¥à¥¤�¢�¥¬ëå ¤�−−ëå ¯®áâ®ï−−®
ã¢¥«¨ç¨¢�«áï: ®â 1 �� ¢ 1996 £. ¤® 1 �� ¢ 2000 £. ¨ 1 ‡� ¢ 2016 £. [1]. ‘«¥¤ãï
íâ®© í¢®«îæ¨¨, à¥è¥−¨ï ¯® �¢â®¬�â¨§¨à®¢�−−®© ®¡à�¡®âª¥ ¤�−−ëå §−�ç¨â¥«ì−®
ã«ãçè¨«¨áì: ¢ëç¨á«¨â¥«ì−ë¥ ¬�è¨−ë ¯à®è«ëå «¥â ¯à¥¢à�â¨«¨áì ¢ ¨−â¥««¥ª-
âã�«ì−ë¥ á¨áâ¥¬ë ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¤«ï à�§«¨ç−ëå ®¡«�áâ¥© ¤¥ïâ¥«ì−®áâ¨
ç¥«®¢¥ª� [2, 3]. ‚®§¬®¦−®áâì ®¡à�¡�âë¢�âì ¡®«ìè¨¥ ®¡ê¥¬ë −¥áâàãªâãà¨à®-
¢�−−ëå, à�§−®â¨¯−ëå ¨ ¡ëáâà® ¨§¬¥−ïîé¨åáï ¤�−−ëå −� á¥£®¤−ïè−¨© ¤¥−ì
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‘âà�â¥£¨¨ à�á¯à¥¤¥«¥−¨ï à�¤¨®à¥áãàá®¢ ¢ £¥â¥à®£¥−−ëå á¥âïå á âà�ä¨ª®¬ NB-IoT

¯®§¢®«ï¥â áç¨â�âì ¨−â¥««¥ªâã�«ì−ë¥ á¨áâ¥¬ë ¢�¦−ë¬ ª®¬¯®−¥−â®¬ ¢ ®âà�á«¨
¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨©.

‚ á®®â¢¥âáâ¢¨¨ á à�§¢¨â¨¥¬ ¬¥â®¤®¢ ®¡à�¡®âª¨ ¡®«ìè¨å ¤�−−ëå §−�ç¨â¥«ì-
−® ã«ãçè¨«¨áì â¥å−®«®£¨¨ á¡®à� ¨−ä®à¬�æ¨¨ ¨§ à�á¯à¥¤¥«¥−−ëå ¨áâ®ç−¨ª®¢.
��ç¨−�ï á −¨§ª®ãà®¢−¥¢ëå á¨áâ¥¬ ¤«ï ¯à®¢®¤−ëå á¥−á®à−ëå á¥â¥©, â¥å−®«®£¨¨
¯à¥¢à�â¨«¨áì ¢ è¨à®ª®¬�áèâ�¡−ë¥ áâ�−¤�àâ¨§¨à®¢�−−ë¥ ¡¥á¯à®¢®¤−ë¥ á¥â¨ ¤«ï
à�§−ëå ª�â¥£®à¨© ¤�âç¨ª®¢. ��¨¡®«¥¥ ãá¯¥è−ë¬¨ ¯à¨¬¥à�¬¨ á¨áâ¥¬, ¯à¥¤−�-
§−�ç¥−−ëå ¤«ï ¯¥à¥¤�ç¨ ¤�−−ëå á −¨§ª¨¬¨ ®¡ê¥¬�¬¨, ï¢«ïîâáï GSM, LTE-M,
LoRaWAN, SIGFOX, GPRS/EDGE, � â�ª¦¥ −¥¤�¢−® à�§à�¡®â�−−ë© 3GPP
áâ�−¤�àâ ¡¥á¯à®¢®¤−®© ã§ª®¯®«®á−®© á¥â¨ | NB-IoT [4]. �®á«¥¤−¨¥ âà¨ ¨§
¯¥à¥ç¨á«¥−−ëå â¥å−®«®£¨© å�à�ªâ¥à¨§ãîâáï ¤¨�¯�§®−�¬¨ ®å¢�â� ¢ ¤¥áïâª¨ ª¨«®-
¬¥âà®¢, ¢ëá®ª®© í−¥à£®íää¥ªâ¨¢−®áâìî ¨ −¨§ª®© áâ®¨¬®áâìî ®¡®àã¤®¢�−¨ï. �â¨
á¢®©áâ¢� ¯®§¢®«ïîâ áç¨â�âì ¨å ®á−®¢−ë¬¨ ª�−¤¨¤�â�¬¨ ¤«ï â¥å−®«®£¨¨ á¡®à�
¡®«ìè¨å ¤�−−ëå (Big Data) ¢ ®âà�á«¨ ˆ−â¥à−¥â� ¢¥é¥© [5{7].

‚−¥¤à¥−¨¥ ¨−â¥««¥ªâã�«ì−ëå ãáâà®©áâ¢, â�ª¨å ª�ª á¨áâ¥¬ë ¢¨¤¥®−�¡«î-
¤¥−¨ï [8, 9], ¯à¥¤êï¢«ïîâ ¯à¨−æ¨¯¨�«ì−® −®¢ë¥ âà¥¡®¢�−¨ï ª á¨áâ¥¬�¬ á¡®à�
¨ ¤®áâ�¢ª¨ ¨−ä®à¬�æ¨¨. ‘ãé¥áâ¢ãîé¨¥ ª®¬¬ã−¨ª�æ¨®−−ë¥ à¥è¥−¨ï ¤«ï ¬¥¦-
¬�è¨−−ëå ¢§�¨¬®¤¥©áâ¢¨© −¥ ¯à¨¬¥−¨¬ë ¢ íâ¨å áæ¥−�à¨ïå ¨§-§� ¡®«ìè®© ¥¬-
ª®áâ¨ ¯®â®ª®¢®© ¯¥à¥¤�ç¨ ¢¨¤¥®. ’�ª¨¬ ®¡à�§®¬, ¯à¨¬¥−¥−¨¥ ¢ëá®ª®áª®à®áâ−ëå
(á®â®¢ëå) ¡¥á¯à®¢®¤−ëå à¥è¥−¨© ¤«ï ¯¥à¥¤�ç¨ ¤�−−ëå −� ¡®«ìè¨¥ à�ááâ®ï−¨ï
áâ�−®¢¨âáï ¥¤¨−áâ¢¥−−ë¬ ¢®§¬®¦−ë¬ ¢�à¨�−â®¬.

Š®¬¡¨−�æ¨ï ¤¢ãå ¨«¨ ¡®«¥¥ £¥â¥à®£¥−−ëå á¥â¥© ã¢¥«¨ç¨¢�¥â ¨−â¥««¥ªâã-
�«ì−®áâì ¨ −�¤¥¦−®áâì á¨áâ¥¬ ¯à¨−ïâ¨ï à¥è¥−¨© [10]. ��¯à¨¬¥à, á¨£−�« ®¡
®¡−�àã¦¥−¨¨ çà¥§¢ëç�©−ëå á¨âã�æ¨©, á®®¡é�¥¬ë© £àã¯¯®© ¨−â¥««¥ªâã�«ì−ëå
áç¥âç¨ª®¢, ¬®¦¥â ¡ëâì áà�§ã ¯à®¢¥à¥− ç¥à¥§ ¢¨§ã�«ì−ë© ª�−�«. Šà®¬¥ â®-
£®, ¢ ª®¬¡¨−�æ¨¨ â�ª¨å £¥â¥à®£¥−−ëå á¥â¥© ¨á¯®«ì§ã¥âáï àï¤ §�¤�ç, ¢ ª®â®àëå
−�¤¥¦−®áâì ¤®áâ�¢ª¨ ¯®â®ª®¢ ¤�−−ëå ¨£à�¥â ª«îç¥¢ãî à®«ì [11]. “ç¨âë¢�ï
®£à�−¨ç¥−−ë© ®¡ê¥¬ à�¤¨®à¥áãàá®¢, ¢ë¡®à áâà�â¥£¨¨ à�á¯à¥¤¥«¥−¨ï à�¤¨®à¥-
áãàá®¢ ¬¥¦¤ã ¬¥−ìè¨¬ ç¨á«®¬ ¢ëá®ª®áª®à®áâ−ëå ¢¨¤¥®ª�¬¥à [12] ¨ ¡®«ìè¨¬
ª®«¨ç¥áâ¢®¬ −¨§ª®áª®à®áâ−ëå á¬�àâ-áç¥âç¨ª®¢ [13] ï¢«ï¥âáï ¢�¦−®© §�¤�ç¥© ¤«ï
®¯¥à�â®à®¢ ¡¥á¯à®¢®¤−ëå á¥â¥©. ‚ à�¬ª�å íâ®© §�¤�ç¨ −¥®¡å®¤¨¬® á¡�«�−á¨-
à®¢�âì ¢¥à®ïâ−®áâ−®-¢à¥¬¥−−‚ë¥ å�à�ªâ¥à¨áâ¨ª¨ (‚‚•), â�ª¨¥ ª�ª ¢¥à®ïâ−®áâ¨
¯®â¥à¨ á¥�−á� ¤«ï ®â¤¥«ì−ëå ¯®â®ª®¢ ¤�−−ëå.

‚ ¤�−−®© áâ�âì¥ à�§à�¡®â�−� �−�«¨â¨ç¥áª�ï ¬®¤¥«ì ¤«ï ¨áá«¥¤®¢�−¨ï ‚‚•
®¡à�¡®âª¨ âà�ä¨ª� NB-IoT ¯à¨ −�«¨ç¨¨ ª®−ªãà¨àãîé¥£® âà�ä¨ª� LTE. ˆá-
¯®«ì§ãï à�§à�¡®â�−−ë© ¨−áâàã¬¥−â, �¢â®àë áà�¢−¨¢�îâ âà¨ ¢®§¬®¦−ë¥ áâà�â¥-
£¨¨ à�á¯à¥¤¥«¥−¨ï à�¤¨®à¥áãàá®¢: áâ�â¨ç¥áªãî, ¤¨−�¬¨ç¥áªãî ¨ ¤¨−�¬¨ç¥áªãî
á à¥§¥à¢¨à®¢�−¨¥¬. ‚ ª�ç¥áâ¢¥ íâ�«®−−®© ¬®¤¥«¨ à�áá¬�âà¨¢�¥âáï ¢−ãâà¨¯®-
«®á−ë© à¥¦¨¬, ¯à¥¤áâ�¢«¥−−ë© ¢ LTE Rel. 13 [14{16], £¤¥ à�¤¨®áâ�−æ¨ï LTE
à�§¤¥«ï¥â á¯¥ªâà ç�áâ®â á â¥å−®«®£¨¥© NB-IoT. �â� ª®¬¡¨−�æ¨ï ¡ë«� ¢ë¡à�−�
¢ á¨«ã â®£®, çâ® (1) LTE ¨ NB-IoT | ¥¤¨−áâ¢¥−−ë¥ ¤¢� à¥è¥−¨ï, ª®â®àë¥
¨á¯®«ì§ãîâ ®¤¨− ¨ â®â ¦¥ á¯¥ªâà ç�áâ®â; (2) íâ� ª®¬¡¨−�æ¨ï ¯®«ãç�¥â −�¨-
¡®«ìèãî ¯®¤¤¥à¦ªã á® áâ®à®−ë ®âà�á«¨ ˆ−â¥à−¥â� ¢¥é¥© ¨, ª�ª ®¦¨¤�¥âáï,
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áâ�−¥â ®á−®¢−ë¬ áâ�−¤�àâ®¬ ¤«ï á¡®à� ¡®«ìè¨å ¤�−−ëå ¢ ¬¨à¥ ˆ−â¥à−¥â� ¢¥-
é¥©.

‚ à�§¤. 2 ®¯¨áë¢�¥âáï á¨áâ¥¬−�ï ¬®¤¥«ì á®âë ¡¥á¯à®¢®¤−®© á¥â¨, ®¤−®¢à¥-
¬¥−−® ®¡á«ã¦¨¢�îé¥© NB-IoT ¨ ¢¨¤¥®âà�ä¨ª. �à¥¤«®¦¥−−�ï ¬®¤¥«ì ¯à®¨§¢®-
¤¨â¥«ì−®áâ¨ ä®à¬�«¨§®¢�−� ¢ à�§¤. 3. —¨á«¥−−ë© �−�«¨§ ¯à¥¤áâ�¢«¥− ¢ à�§¤. 4.
‚ë¢®¤ë ¯à¨¢®¤ïâáï ¢ à�§¤. 5.

2 Системная модель

‚ íâ®¬ à�§¤¥«¥ ¢¢®¤¨âáï ¯®−ïâ¨¥ ®¯¥à�â®à�, à¥�«¨§ãîé¥£® á«ã¦¡ã −�¡«î¤¥-
−¨ï, ¨á¯®«ì§ãï ¢®§¬®¦−®áâ¨ â¥å−®«®£¨© LTE ¨ NB-IoT. „�«¥¥ ä®à¬�«¨§ã¥âáï
¬®¤¥«ì LTE-á®âë á ¯®¤¤¥à¦ª®© â¥å−®«®£¨¨ NB-IoT ¨ ¢¢®¤ïâáï áâà�â¥£¨¨ à�á-
¯à¥¤¥«¥−¨ï à¥áãàá®¢.

÷�áá¬®âà¨¬ ú®¯¥à�â®à�û, ª®â®àë© ã¯à�¢«ï¥â á¨áâ¥¬®© §®−�«ì−®£® −�¡«î¤¥-
−¨ï. ‘¨áâ¥¬� ¯à¥¤áâ�¢«ï¥â á®¡®© £¨¡à¨¤−®¥ à¥è¥−¨¥, á®áâ®ïé¥¥ ¨§ (1) −¥ª®â®à®£®
ç¨á«� ¢¨¤¥®ª�¬¥à ¤«ï ¯à®¢¥¤¥−¨ï ¢¨¤¥®¬®−¨â®à¨−£�; (2) ¬−®£®ç¨á«¥−−ëå ¤�âç¨-
ª®¢ ¤«ï ®¡−�àã¦¥−¨ï ¢â®à¦¥−¨©, ¯®¦�à®¢, � â�ª¦¥ ¤«ï ª®−âà®«ï â¥¬¯¥à�âãàë
¨ ¤�¢«¥−¨ï ¢®§¤ãå�; (3) á¨áâ¥¬ë ®¡à�¡®âª¨ ¡®«ìè¨å ®¡ê¥¬®¢ ¤�−−ëå, ¯®«ãç�-
¥¬ëå ª�ª á ¢¨¤¥®ª�¬¥à, â�ª ¨ á® á¬�àâ-¤�âç¨ª®¢.

�®áª®«ìªã ¯à®¢®¤−®¥ ¨ Wi-Fi á®¥¤¨−¥−¨ï −¥ ¢á¥£¤� ¤®áâã¯−ë ¢ à�©®−�å
−�¡«î¤¥−¨ï, ¯¥à¥¤�ç� âà�ä¨ª� ®â ª�¬¥à −�¡«î¤¥−¨ï ¯à®¨§¢®¤¨âáï ¯à¨ ¯®¬®é¨
á®â®¢®© á¥â¨ LTE. �à¥¤¯®«�£�¥âáï, çâ® á¬�àâ-¤�âç¨ª¨ ¯®¤ª«îç¥−ë ¯® NB-IoT,
ª®â®à�ï ï¢«ï¥âáï ®¤−®© ¨§ −�¨¡®«¥¥ ¯¥àá¯¥ªâ¨¢−ëå â¥å−®«®£¨© IoT-®âà�á«¨.
’�ª�ï ª®¬¡¨−�æ¨ï à¥è¥−¨© ¬®¦¥â íää¥ªâ¨¢−® á®áãé¥áâ¢®¢�âì ¢ à�¬ª�å ®¤−®©
á¥â¨. �®áª®«ìªã ®¡� à¥è¥−¨ï à�¡®â�îâ −� «¨æ¥−§¨à®¢�−−ëå ç�áâ®â�å, ¯®áâ�¢é¨ª
ãá«ã£, ®à¨¥−â¨à®¢�−−ë© −� −�¤¥¦−®áâì á¢ï§¨, ¡ã¤¥â ¯à¨®¡à¥â�âì ®¯à¥¤¥«¥−−ë©
ç�áâ®â−ë© à¥áãàá ã ®¯¥à�â®à� á¥â¨ ç¥à¥§ ¬¥å�−¨§¬ úá¥â¥¢®£® áà¥§�û [17]. ’�-
ª®© ¯®¤å®¤ ¬®¦¥â ®¡¥á¯¥ç¨âì ¡¥á¯¥à¥¡®©−®¥ ®¡á«ã¦¨¢�−¨¥ −¥§�¢¨á¨¬® ®â â®£®,
¢ ª�ª®¬ á®áâ®ï−¨¨ −�å®¤ïâáï ®áâ�¢è¨¥áï ç�áâ®â−ë¥ ¯®«®áë ®¯¥à�â®à�.

‘æ¥−�à¨© à�§¢¥àâë¢�−¨ï, ®¯¨á�−−ë© ¢ëè¥, ¯à¥¤¯®«�£�¥â á®¢¬¥áâ−®¥ ¨á¯®«ì-
§®¢�−¨¥ ¯à¥¤®áâ�¢«¥−−ëå à¥áãàá®¢ LTE ¬¥¦¤ã ¤¢ã¬ï â¨¯�¬¨ ª®−¥ç−ëå ã§«®¢:
ª�¬¥à�¬¨ −�¡«î¤¥−¨ï ¨ ¤�âç¨ª�¬¨ NB-IoT, ¯®¤−¨¬�ï ¢®¯à®á ®¡ íää¥ªâ¨¢−®¬
à�á¯à¥¤¥«¥−¨¨ à¥áãàá®¢. ‚ íâ®© á¢ï§¨ å�à�ªâ¥à¨áâ¨ª¨ −�¤¥¦−®áâ¨ ®¡®¨å ¯®â®ª®¢
âà�ä¨ª� ¯à¨®¡à¥â�îâ ¯¥à¢®áâ¥¯¥−−®¥ §−�ç¥−¨¥, ¯®áª®«ìªã á¥à¢¥à ®¡à�¡®âª¨ −¥
á¬®¦¥â ¯à¨−¨¬�âì ®¡®á−®¢�−−ë¥ à¥è¥−¨ï, ¥á«¨ ç�áâì ¯®â®ª� áâ�−¥â ¢à¥¬¥−−®
−¥¤®áâã¯−�. �¤−¨¬ ¨§ ¢®§¬®¦−ëå ¯à¨¬¥à®¢ ¬®¦¥â á«ã¦¨âì á¨áâ¥¬� ®¡−�àã-
¦¥−¨ï ¯®¦�à�, ª®â®à�ï à�§¢¥à−ãâ� ¢ ®¯à¥¤¥«¥−−ëå §®−�å, £¤¥ «î¡®¥ «®¦−®¥
¯à¥¤ã¯à¥¦¤¥−¨¥ ï¢«ï¥âáï çà¥§¢ëç�©−® ¤®à®£®áâ®ïé¨¬ (−�¯à¨¬¥à, ¤«ï ä�¡à¨-
ª¨). ’�ª¨¬ ®¡à�§®¬, ¥á«¨ ¡«®ª ®¡à�¡®âª¨ ¯®«ãç�¥â ¯à¥¤ã¯à¥¦¤¥−¨¥ ® ¯®¦�à¥ ®â
¤�âç¨ª®¢ ¤ë¬�/â¥¬¯¥à�âãàë, ®− á−�ç�«� ¯¥à¥ªà¥áâ−® ¯à®¢¥àï¥â ¥£® á ¯®¬®éìî
¢¨§ã�«ì−®£® ª�−�«� (¢¨¤¥®¯®â®ª ®â ¡«¨¦�©è¥© ª�¬¥àë) ¨ â®«ìª® §�â¥¬ ¯¥à¥¤�¥â
á¨£−�« �¢�à¨©−®© í¢�ªã�æ¨¨.
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„«ï à¥è¥−¨ï ¢ëè¥¯¥à¥ç¨á«¥−−ëå ¢®¯à®á®¢ ¯®¤à®¡−® à�áá¬®âà¨¬ ¬®¤¥«ì
á¨áâ¥¬ë, � §�â¥¬ ¯à¨áâã¯¨¬ ª ä®à¬�«¨§�æ¨¨ áâà�â¥£¨© à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢.

2.1 Модель LTE-соты с поддержкой технологии Narrow-Band IoT

÷�áá¬®âà¨¬ á®âã á¥â¨ LTE á ¡�§®¢®© áâ�−æ¨¥©, à�á¯®«®¦¥−−®© ¢ æ¥−âà¥ á®âë.
��¯®¬−¨¬, çâ® à�¤¨ãá ¯®ªàëâ¨ï ïç¥©ª¨ ¤«ï ãá«ã£ LTE, RL, −�¬−®£® ¬¥−ìè¥ ¯®
áà�¢−¥−¨î á ¯®ªàëâ¨¥¬ â¥å−®«®£¨¨ NB-IoT,RN . ‚¥áì −�¡®à ¤®áâã¯−ëå à¥áãàá®¢
¡ã¤¥¬ ¨§¬¥àïâì ¢ ª�−�«�å NB-IoT. ‚ ¤�«ì−¥©è¥¬ ¡ã¤¥¬ −�§ë¢�âì íâ® ¡�§®¢ë¬
ª�−�«®¬. ‚ −�¯à�¢«¥−¨¨ ¢®áå®¤ïé¥© «¨−¨¨ ¤«ï NB-IoT ¤®áâã¯−ë C ª�−�«®¢,
ª®â®àë¥ ¬®¦−® ¢ëç¨á«¨âì ª�ª C = cS, £¤¥ S | ç¨á«® à¥áãàá−ëå ¡«®ª®¢ (RB);
c | ç¨á«® ¡�§®¢ëå ª�−�«®¢ ¢ ®¤−®¬ RB [18].

‚å®¤ïé¨© ¯®â®ª ®â á¥áá¨© LTE ï¢«ï¥âáï ¯ã�áá®−®¢áª¨¬ á ¨−â¥−á¨¢−®áâìî ν.
‚à¥¬ï ¯à¥¤®áâ�¢«¥−¨ï LTE-ãá«ã£¨ à�á¯à¥¤¥«¥−® ¯® íªá¯®−¥−æ¨�«ì−®¬ã §�ª®−ã
á® áà¥¤−¨¬ 1/µ, � ¬¨−¨¬�«ì−ë© ®¡ê¥¬ à¥áãàá®¢, §�¯à®è¥−−ëå −� ãáâ�−®¢«¥−¨¥
á®¥¤¨−¥−¨ï −� ª�¦¤®¬ ¢à¥¬¥−−‚®¬ ¨−â¥à¢�«¥ ¢®áå®¤ïé¥© «¨−¨¨, á®áâ�¢«ï¥â d ¡�-
§®¢ëå ª�−�«®¢. �ãáâì a = ν/µ | ¯à¥¤«®¦¥−−�ï −�£àã§ª� LTE. ‡�¯à®áë −�
á®¥¤¨−¥−¨¥ ®â NB-IoT ¯®áâã¯�îâ ¢ á®®â¢¥âáâ¢¨¨ á ¯à®æ¥áá®¬ �ã�áá®−� á ¨−-
â¥−á¨¢−®áâìî λ. Š�¦¤®¥ ¯®áâã¯«¥−¨¥ ¤�−−ëå å�à�ªâ¥à¨§ã¥âáï íªá¯®−¥−æ¨�«ì−®
à�á¯à¥¤¥«¥−−ë¬ ¢à¥¬¥−¥¬ ®¡á«ã¦¨¢�−¨ï á ¯�à�¬¥âà®¬ θ. „«ï ª�¦¤®£® á¥�−á�
NB-IoT âà¥¡ã¥âáï b ¡�§®¢ëå ª�−�«®¢. ˆ−â¥−á¨¢−®áâì ¯à¥¤«®¦¥−−®© −�£àã§ª¨ −�
¯¥à¥¤�çã ¡«®ª®¢ ¤�−−ëå ®â NB-IoT ®¡®§−�ç¨¬ ç¥à¥§ ρ = λθ. �−�«®£¨ç−® á¥áá¨ï¬
LTE, ãáâà®©áâ¢� NB-IoT áç¨â�îâáï áâ�â¨ç−ë¬¨ ¢ â¥ç¥−¨¥ ¢á¥© á¥áá¨¨.

2.2 Стратегии распределения ресурсов

÷�áá¬�âà¨¢�¥¬ë¥ áâà�â¥£¨¨ à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢ ¬¥¦¤ã ª�¬¥à�¬¨ LTE
¨ ¨§¬¥à¨â¥«ì−ë¬¨ ¤�âç¨ª�¬¨ NB-IoT ¯®ª�§�−ë −� à¨á. 1. �â¬¥â¨¬, çâ® ¬�ª-
á¨¬�«ì−®¥ ç¨á«® ¡�§®¢ëå ª�−�«®¢, ª®â®àë¥ ¬®£ãâ ¡ëâì ¢ë¤¥«¥−ë ¤«ï NB-IoT
¨ LTE, á®áâ�¢«ï¥âCN = C−RL ¨CL = C−RN á®®â¢¥âáâ¢¥−−®, £¤¥RL ¨RN |
¬¨−¨¬�«ì−®¥ ç¨á«® ª�−�«®¢, ª®â®àë¥ ¢á¥£¤� ¤®áâã¯−ë ¨ §�à¥§¥à¢¨à®¢�−ë ¤«ï
âà�ä¨ª� LTE ¨ NB-IoT á®®â¢¥âáâ¢¥−−®. ’�ª¨¬ ®¡à�§®¬, ¢ à�¡®â¥ ¯à¥¤áâ�¢«¥−®
áà�¢−¥−¨¥ á«¥¤ãîé¨å âà¥å áâà�â¥£¨© à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢:

(1) áâ�â¨ç¥áª�ï áâà�â¥£¨ï (STAT). �â� áâà�â¥£¨ï á®®â¢¥âáâ¢ã¥â á«ãç�î, ª®£¤�
¬¨−¨¬�«ì−®¥ ¨ ¬�ªá¨¬�«ì−®¥ ç¨á«® ¡�§®¢ëå ª�−�«®¢, ¢ë¤¥«¥−−ëå ¤«ï NB-
IoT ¨ LTE, á®¢¯�¤�îâ:RL = CL,RN = CN . „àã£¨¬¨ á«®¢�¬¨, ¢á¥ à¥áãàáë
áâà®£® à�§¤¥«¥−ë ¬¥¦¤ã NB-IoT ¨ LTE;

(2) ¤¨−�¬¨ç¥áª�ï áâà�â¥£¨ï (DYN). ‚ íâ®¬ á«ãç�¥ ¬¨−¨¬�«ì−ë© ®¡ê¥¬ à¥áãà-
á®¢ −¥ −�§−�ç�¥âáï NB-IoT ¨ LTE, â. ¥. RL = RN = 0. �¤−�ª® ¬�ªá¨¬�«ì-
−ë© ®¡ê¥¬ à¥áãàá®¢ ¨ CL = CR = C ¯®«−®áâìî à�§¤¥«¥−ë ¬¥¦¤ã NB-IoT
¨ LTE;

(3) ¤¨−�¬¨ç¥áª�ï áâà�â¥£¨ï á à¥§¥à¢¨à®¢�−¨¥¬ (DYNRES). ‚ íâ®© áâà�â¥-
£¨¨ ¬�ªá¨¬�«ì−ë¥ à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢, ¤®áâã¯−ë¥ ¤«ï NB-IoT ¨ LTE,
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÷¨á. 1 �à¥¤«�£�¥¬ë¥ áâà�â¥£¨¨ à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢: (�) STAT; (¡) DYN;
(¢) DYNRES; 1 | NB-IoT; 2 | LTE; 3 | NB-IoT + LTE

®¯à¥¤¥«¥−ë â�ª, çâ® CN = C − RL > 0 ¨ CL = C − RN . �à¨ íâ®¬
RN > 0 ¨RL > 0 ®¯à¥¤¥«ïîâ ¬¨−¨¬�«ì−ë© ®¡ê¥¬ à¥áãàá®¢, ¯à¥¤−�§−�ç¥−-
−ëå ¤«ï NB-IoT ¨ LTE á®®â¢¥âáâ¢¥−−®. �áâ�«ì−ë¥ à¥áãàáë ¤¨−�¬¨ç¥áª¨
à�á¯à¥¤¥«ïîâáï ¬¥¦¤ã ¤¢ã¬ï â¨¯�¬¨ âà�ä¨ª�.

“−¨ª�«ì−®© ®á®¡¥−−®áâìî à�áá¬�âà¨¢�¥¬®© á¨áâ¥¬ë á ¤¢ã¬ï à�§−®â¨¯−ë¬¨
¢å®¤ïé¨¬¨ ¯®â®ª�¬¨ ï¢«ï¥âáï â®â ä�ªâ, çâ® ¡�§®¢ë¥ ª�−�«ë ¡ã¤ãâ ¯®á«¥¤®-
¢�â¥«ì−® ¢ë¤¥«ïâìáï á ãç¥â®¬ ®á®¡¥−−®áâ¥© ¢−ãâà¨¯®«®á−®© â¥å−®«®£¨¨ NB-
IoT [19].

�à®æ¥áá ã¯à�¢«¥−¨ï à¥áãàá�¬¨ ¯®ª�§�− −� à¨á. 2.
÷�áá¬®âà¨¬ á¨áâ¥¬ã ¡¥§ �ªâ¨¢−ëå á¥áá¨© ¨ ¯à¥¤¯®«®¦¨¬, çâ® ¯®áâã¯�¥â

−®¢�ï á¥áá¨ï ®â NB-IoT. ‚ íâ®¬ á«ãç�¥ RB áâ�−®¢¨âáï ¤®áâã¯−ë¬ ¤«ï NB-IoT,
£¤¥ ª�¦¤ë© §�¯à®á −� ¯à¨−ïâ¨¥ ¤�−−ëå âà¥¡ã¥â à®¢−® b ¡�§®¢ëå ª�−�«®¢ NB-IoT.
’�ª¨¬ ®¡à�§®¬, −®¢�ï á¥áá¨ï NB-IoT §�−¨¬�¥â ¡�§®¢ë¥ ª�−�«ë ¢ íâ®¬ RB. …á«¨
¯à¨ á«¥¤ãîé¥¬ ãáâ�−®¢«¥−¨¨ á¥áá¨¨ NB-IoT ¢á¥ ª�−�«ë ¢ ¤�−−®¬ RB ¡ã¤ãâ ã¦¥
§�−ïâë, â® ¡ã¤¥â ¢ë¤¥«¥− á«¥¤ãîé¨© RB, ¤®áâã¯−ë© ¤«ï ãá«ã£ NB-IoT.
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÷¨á. 2 ‘å¥¬� ¯®á«¥¤®¢�â¥«ì−®£® à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢ á®âë á¥â¨ LTE: 1 |
§�à¥§¥à¢¨à®¢�−−ë¥ à¥áãàáë ¤«ï LTE; 2 | §�à¥§¥à¢¨à®¢�−−ë¥ à¥áãàáë ¤«ï NB-
IoT; 3 | à¥áãàáë, ¨á¯®«ì§ã¥¬ë¥ LTE; 4 | à¥áãàáë, ¨á¯®«ì§ã¥¬ë¥ NB-IoT; 5 |
á¢®¡®¤−ë¥ à¥áãàáë ¤«ï LTE ¨ NB-IoT

3 Модель оценки показателей производительности

‘¨áâ¥¬�, ®¯¨á�−−�ï ¢ à�§¤. 2, ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−� ¢ ¢¨¤¥ á¨áâ¥¬ë
¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï á ¤¢ã¬ï ¢å®¤ïé¨¬¨ ¯®â®ª�¬¨, ¨¬¥îé¨¬¨ à�§−ë¥ ¤¨á-
æ¨¯«¨−ë ®¡á«ã¦¨¢�−¨ï á ¢ë¤¥«¥−¨¥¬ à¥áãàá−ëå ¡«®ª®¢. �â¬¥â¨¬, çâ® á¨áâ¥¬�
¯®§¢®«ï¥â ã¯à�¢«ïâì ¯®â¥àï¬¨ á¥áá¨© ª�ª NB-IoT, â�ª ¨ LTE. �á−®¢−®¥ ®â«¨-
ç¨¥ ¬®¤¥«¨, ¯à¥¤áâ�¢«¥−−®© −¨¦¥, §�ª«îç�¥âáï ¢ ª®¬¯«¥ªá−®© ¯®á«¥¤®¢�â¥«ì−®©
áâà�â¥£¨¨ à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢ −� ®á−®¢¥ ¡«®ª®¢.

�¯à¥¤¥«¨¬ á®áâ®ï−¨¥ á¨áâ¥¬ë. �â¬¥â¨¬, çâ® §�¯à®á −� ®¡á«ã¦¨¢�−¨¥ ®â
LTE ¯à¨−¨¬�¥âáï, ¥á«¨ ¢ ¬®¬¥−â ¥£® ¯®áâã¯«¥−¨ï ¤®áâã¯−® −¥ ¬¥−¥¥ d ¨§
CL = C − RN ª�−�«®¢, â�ª¨¬ ®¡à�§®¬ ã¬¥−ìè�¥âáï ç¨á«® ¤®áâã¯−ëå ¡�§®¢ëå
ª�−�«®¢ −� ¢¥«¨ç¨−ã d ¨ ç¨á«® RB −� ⌈d/c⌉. Š®«¨ç¥áâ¢® á¥áá¨© LTE ⌈d/c⌉
¢á¥£¤� ï¢«ï¥âáï æ¥«ë¬ ç¨á«®¬ ⌈d/c⌉ ≥ 1. …á«¨ ¯à¨ ¯à¨−ïâ¨¨ §�¯à®á®¢ −�
á®¥¤¨−¥−¨¥ ®â NB-IoT ç¨á«® ¡�§®¢ëå ª�−�«®¢ ¢ â¥ªãé¥¬ RB ¢ëè¥, ç¥¬ b, â®
á¥áá¨ï NB-IoT ¯à¨−¨¬�¥âáï ¢ íâ®¬ RB. …á«¨ ç¨á«® ¤®áâã¯−ëå ¡�§®¢ëå ª�−�«®¢
−¨¦¥, ç¥¬ b, ¨ −®¢ë© RB ¤®áâã¯¥− ¤«ï âà�ä¨ª� NB-IoT, â® íâ®â RB ¯à¨−¨¬�¥â
−� ®¡á«ã¦¨¢�−¨¥ ¯®áâã¯¨¢è¨© §�¯à®á ®â NB-IoT, â¥¬ á�¬ë¬ ã¬¥−ìè�ï ç¨á«®
¡�§®¢ëå ª�−�«®¢ ¢ íâ®¬ RB −� b. ‚ ¤àã£¨å á«ãç�ïå á¥áá¨ï NB-IoT â¥àï¥âáï.

�ãáâì m(t) ¨ n(t), t > 0, ®¯à¥¤¥«ïîâ ç¨á«® �ªâ¨¢−ëå á¥áá¨© NB-IoT ¨ LTE
á®®â¢¥âáâ¢¥−−®. ‘«¥¤®¢�â¥«ì−®, á®áâ®ï−¨¥ á¨áâ¥¬ë á®âë á¥â¨ LTE, ®¡á«ã¦¨-
¢�îé¥© âà�ä¨ª NB-IoT ¨ LTE, ¬®¦¥â ¡ëâì ®¯¨á�−® ¤¢ã¬¥à−ë¬ á«ãç�©−ë¬
¯à®æ¥áá®¬ {m(t), n(t), t > 0} á® á«¥¤ãîé¨¬ ¯à®áâà�−áâ¢®¬ á®áâ®ï−¨©:
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X = {m ≥ 0, n ≥ 0 : nd ≤ C −RN , c(m) ≤ C −RL, nd+ c(m) ≤ C} ,
£¤¥ c(m) = c⌈bm/M⌉| ç¨á«® ¡�§®¢ëå ª�−�«®¢, §�−ïâëå á¥áá¨ï¬¨ NB-IoT;M =
= ⌈c/b⌉ | ¬�ªá¨¬�«ì−®¥ ç¨á«® á¥áá¨© ¢ NB-IoT, ª®â®àë¥ ¬®£ãâ ¡ëâì ®¡á«ã¦¥−ë
¢ ®¤−®¬ RB.

‡�¬¥â¨¬, çâ® {m(t), n(t), t > 0} ï¢«ï¥âáï ¬�àª®¢áª¨¬ ¯à®æ¥áá®¬. ‚¢¥¤¥¬
p(m,n)(t), {m,n} ∈ X, | áâ�æ¨®−�à−®¥ à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© m á¥áá¨©
NB-IoT ¨ n á¥áá¨© LTE ¢ á¨áâ¥¬¥ ¢ ¬®¬¥−â ¢à¥¬¥−¨ t:

p(m,n) = lim
t→∞

p(m,n)(t) , {m,n} ∈ X .

—â®¡ë ¯®«ãç¨âì ãà�¢−¥−¨¥ «®ª�«ì−®£® ¡�«�−á�, à�áá¬®âà¨¬ ¯à®¨§¢®«ì−ë©
ª®−âãà ¢ ¤¨�£à�¬¬¥ ¯¥à¥å®¤� á®áâ®ï−¨©. ‘â�æ¨®−�à−®¥ à�á¯à¥¤¥«¥−¨¥ ¢¥à®-
ïâ−®áâ¥© á«ãç�©−®£® ¯à®æ¥áá� {m(t), n(t), t > 0} ã¤®¢«¥â¢®àï¥â á«¥¤ãîé¨¬
ãà�¢−¥−¨ï¬ «®ª�«ì−®£® ¡�«�−á�:

p(m,n)
c(m)

θ
= p(m− 1, n)λ , m > 0, (m,n) ∈ X ;

p(m,n)µn = p(m,n− 1)ν , n > 0 , (m,n) ∈ X ,

¨ ¯à¥¤áâ�¢«ï¥âáï á«¥¤ãîé¨¬ ¢ëà�¦¥−¨¥¬:

p (m,n) = G−1(X)

(

ρ

Mb

)m
(

m
∏

i=1

⌈

i

M

⌉

)−1
an

n!
, (1)

£¤¥ ª®−áâ�−â� G(X) ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:

G(X) =
∑

(m,n)∈X

ρ

Mb

(

m
∏

i=1

⌈

i

M

⌉

)−1
an

n!
. (2)

3.1 Характеристики обслуживания

�®«ãç¥−¨¥ ä®à¬ã« ¢¥à®ïâ−®áâ¥© ¡«®ª¨à®¢®ª á¥áá¨© ï¢«ï¥âáï âàã¤®¥¬ª¨¬
¢ëç¨á«¨â¥«ì−ë¬ ¯à®æ¥áá®¬, â�ª ª�ª ¯à®áâà�−áâ¢® á®áâ®ï−¨© á¨áâ¥¬ë ¤®¢®«ì−®
¢¥«¨ª® ¨ ç¨á«® á®áâ®ï−¨© ¬®¦¥â ¤®áâ¨£�âì −¥áª®«ìª¨å ¤¥áïâª®¢ âëáïç. —â®-
¡ë á−ïâì íâ® ®£à�−¨ç¥−¨¥, ¡ë« à�§à�¡®â�− á¯¥æ¨�«ì−ë© ç¨á«¥−−ë© �«£®à¨â¬,
®á−®¢�−−ë© −� à¥ªãàà¥−â−®© á¢ï§¨ ¬¥¦¤ã −¥−®à¬¨à®¢�−−ë¬¨ ¢¥à®ïâ−®áâï¬¨
¬�ªà®á®áâ®ï−¨©, ª®â®àë© ªà�âª® ®¯¨á�− −¨¦¥.

�¯à¥¤¥«¨¬ à�§¡¨¥−¨¥ ¯à®áâà�−áâ¢� á®áâ®ï−¨© X

X =

S
⋃

s=0

Xs , (3)

£¤¥ Xs = {(m,n) ∈ X : c(m) = sc}.
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÷¨á. 3 ÷�§¡¨¥−¨¥ ¯à®áâà�−áâ¢� X −� ¬�ªà®á®áâ®ï−¨ï

÷�§¡¨¥−¨¥ ¯à®áâà�−áâ¢� á®áâ®ï−¨© −� ¬�ªà®á®áâ®ï−¨ï ¯®ª�§�−® −� à¨á. 3.
‡¤¥áì â�ª¦¥ ¨««îáâà¨àãîâáï ¯®¤¯à®áâà�−áâ¢�, á®®â¢¥âáâ¢ãîé¨¥ á®áâ®ï−¨ï¬
¡«®ª¨à®¢ª¨ á¥áá¨© LTE ¨ NB-IoT. ‡−�ï áâ�æ¨®−�à−®¥ à�á¯à¥¤¥«¥−¨¥ á®áâ®ï−¨©
á¨áâ¥¬ë, ¯à¥¤áâ�¢«¥−−®¥ ¢ (1) ¨ (2) ¨ ¤¥©áâ¢ãîé¥¥ −�¤ (3), ¨áª®¬ë¥ ¢¥à®ïâ-
−®áâ¨ ¡«®ª¨à®¢®ª ¬®¦−® «¥£ª® ¢ë¢¥áâ¨. ‚ ç�áâ−®áâ¨, ¨á¯®«ì§ãï (3), ¯®«ãç¨¬
¢¥à®ïâ−®áâì ¡«®ª¨à®¢ª¨ á¥áá¨© LTE:

pL = p

(

0,

⌊

C −RN

d

⌋)

+

⌊(C−RL)/c⌋
∑

s=1

sM
∑

m=[s−1]M+1

p

(

m,

⌊

C −max[sc, RN ]

d

⌋)

.

�−�«®£¨ç−ë¥ ¢ëç¨á«¥−¨ï ¯à®¢®¤ïâáï ¤«ï ¯®¤¬−®¦¥áâ¢� ¡«®ª¨à®¢®ª á¥áá¨©
NB-IoT, çâ® ¢ ª®−¥ç−®¬ ¨â®£¥ ¤�¥â ¢ëà�¦¥−¨¥ ¤«ï ¢ëç¨á«¥−¨ï ¢¥à®ïâ−®áâ¨
¡«®ª¨à®¢®ª á¥áá¨© NB-IoT ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

pN =

⌊RL/d⌋
∑

n=0

p

(⌊

C −RL

c

⌋

M,n

)

+

⌊(C−RL)/c⌋−1
∑

s=⌊RN/c⌋

⌊(C−max(scRN ))/d⌋
∑

n=⌊(C−(s+1)c)/d⌋+1

p (sM, n) .

‘à¥¤−ïï ¤«¨â¥«ì−®áâì á¥áá¨¨ ¯à¨−¨¬�¥â ¢¨¤:

E[TN ] =

∑⌊(C−RL)/b⌋

m=0

∑⌊(C−max(⌈m/M⌉c, RN ))/d⌋

n=0
⌈m/M⌉p(m,n)

λ (1− pN )
.
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‘à¥¤−¥¥ ç¨á«® ¡�§®¢ëå ª�−�«®¢, §�−ïâëå ®¤−®© á¥áá¨¥© NB-IoT, ¨¬¥¥â ¢¨¤:

E[bN ] =M

⌊(C−RL)/b⌋
∑

m=0

⌊(C−max(⌈m/M⌉c, RN ))/d⌋
∑

n=0

⌈

m

M

⌉

p(m,n) .

‘à¥¤−¥¥ ç¨á«® ª�−�«®¢, §�−ïâëå á¥áá¨ï¬¨ LTE, à�¢−®:

E[bL] = d

⌊(C−RL)/b⌋
∑

m=0

⌊(C−max(⌈m/M⌉c, RN ))/d⌋
∑

n=0

n p(m,n) .

‘à¥¤−¥¥ ç¨á«® ¡�§®¢ëå ª�−�«®¢, §�−ïâëå ®¡®¨¬¨ â¨¯�¬¨ âà�ä¨ª�, ®¯à¥¤¥«ï-
¥âáï ç¥à¥§ E [bNL] = E [bN ] + E [bL].

4 Численный анализ

„«ï ¯®«ãç¥−¨ï ª®«¨ç¥áâ¢¥−−®© ¨ ª�ç¥áâ¢¥−−®© ®æ¥−ª¨ ¯®¢¥¤¥−¨ï à�áá¬�âà¨-
¢�¥¬®© á¨áâ¥¬ë ¢ ¤�−−®¬ à�§¤¥«¥ ¯à®¢®¤¨âáï ç¨á«¥−−ë© �−�«¨§ ¯à¥¤«®¦¥−−ëå
áâà�â¥£¨© à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢. ‚å®¤−ë¥ ¯�à�¬¥âàë ¤«ï ç¨á«¥−−®£® �−�«¨§�
¯à¥¤áâ�¢«¥−ë ¢ â�¡«¨æ¥.

÷�áá¬�âà¨¢�¥âáï à¨á. 4, ¨««îáâà¨àãîé¨© §−�ç¥−¨ï ¢¥à®ïâ−®áâ¨ ¡«®ª¨à®¢ª¨
á¥á¨¨¨ LTE ¢ §�¢¨á¨¬®áâ¨ ®â ®¡é¥£® ç¨á«� ¯®¤ª«îç¥−−ëå ¤�âç¨ª®¢ NB-IoT
¯à¨ ¢ë¡à�−−®¬ áâ�â¨ç¥áª®¬ à�á¯à¥¤¥«¥−¨¨ à¥áãàá®¢ STAT, ¢ ª®â®à®¬ ®¡é¨©
®¡ê¥¬ à�¤¨®à¥áãàá®¢ áâà®£® à�§¤¥«¥− ¬¥¦¤ã ¤¢ã¬ï â¨¯�¬¨ âà�ä¨ª�. „«ï íâ®©
áâà�â¥£¨¨ ¢¢®¤¨âáï ª®íää¨æ¨¥−â à�§¤¥«¥−¨ï à¥áãàá®¢ γ, ª®â®àë© å�à�ªâ¥à¨§ã¥â
®¡ê¥¬ à¥áãàá®¢, §�à¥§¥à¢¨à®¢�−−ëå ¤«ï NB-IoT. ‡�¬¥â¨¬, çâ® ¢á«¥¤áâ¢¨¥ ¦¥áâ-
ª®£® à�§¤¥«¥−¨ï à¥áãàá®¢ ¬¥¦¤ã LTE ¨ NB-IoT å�à�ªâ¥à¨áâ¨ª¨ áâà�â¥£¨¨ STAT
§�¢¨áïâ â®«ìª® ®â ¢ë¡à�−−®£® §−�ç¥−¨ï γ. �à¨ç¨−®© íâ®¬ã ï¢«ï¥âáï â®, çâ®

��à�¬¥âàë á¨áâ¥¬ë ¤«ï ç¨á«¥−−®£® �−�«¨§�

��à�¬¥âà �¯¨á�−¨¥ ‡−�ç¥−¨¥
C —¨á«® ¡�§®¢ëå ª�−�«®¢ ¢ á®â¥ LTE 100
c —¨á«® ¡�§®¢ëå ª�−�«®¢ ¢ RB 4
RN —¨á«® ª�−�«®¢ ¤«ï NB-IoT [0, . . . , 100]
RL —¨á«® ª�−�«®¢ ¤«ï LTE [0, . . . , 100]
b —¨á«® ª�−�«®¢ ¤«ï á¥áá¨© NB-IoT 1
d —¨á«® ª�−�«®¢ ¤«ï LTE-á¥áá¨© 4
θ ‘à¥¤−ïï áª®à®áâì á¥áá¨© NB-IoT 100 ª¡¨â
1/µ ‘à¥¤−ïï ¯à®¤®«¦¨â¥«ì−®áâì LTE-á¥áá¨© 10 á
λ ˆ−â¥−á¨¢−®áâì ¢å®¤ïé¥£® ¯®â®ª� NB-IoT 10/¬¨−
ν ˆ−â¥−á¨¢−®áâì ¢å®¤ïé¥£® ¯®â®ª� LTE 1/¬¨−
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÷¨á. 4 ‚¥à®ïâ−®áâì ¡«®ª¨à®¢ª¨ LTE ¢ §�¢¨á¨¬®áâ¨ ®â ¯à¥¤«®¦¥−−®© −�£àã§ª¨ NB-IoT:
1 | STAT, B = 0,8; 2 | STAT, B = 0,6; 3 | DYNRES, RL = 0,8; 4 | DYNRES,
RL = 0,6; 5 | DYN

áâà�â¥£¨ï STAT á®§¤�¥â ¤¢¥ −¥§�¢¨á¨¬ë¥ ¢¨àâã�«ì−ë¥ ¡¥á¯à®¢®¤−ë¥ á¨áâ¥¬ë:
®¤−ã ¤«ï LTE, ¤àã£ãî ¤«ï NB-IoT. •®âï íâ� áâà�â¥£¨ï ï¢«ï¥âáï á�¬®© ¯à®áâ®©
á â®çª¨ §à¥−¨ï ¥¥ à¥�«¨§�æ¨¨, ¥¥ ¬®¦−® à¥ª®¬¥−¤®¢�âì â®«ìª® ¤«ï â�ª¨å á¨áâ¥¬,
£¤¥ áà¥¤−ïï −�£àã§ª� ®â ¢á¥å ¯�à�««¥«ì−® ¢ë¯®«−ï¥¬ëå ãá«ã£ (1) à¥¤ª® ¨§¬¥−ï-
¥âáï ¢® ¢à¥¬¥−¨, (2) ¨§¢¥áâ−� §�à�−¥¥ ¨«¨ (3) ¬®¦¥â ¡ëâì å®à®è® ¯à¥¤¢¨¤¥−−�.
�®¤®¡−®¥ ¯®¢¥¤¥−¨¥ á¨áâ¥¬ë à¥¤ª® −�¡«î¤�¥âáï −� ¯à�ªâ¨ª¥.

‡−�ç¥−¨ï ¢¥à®ïâ−®áâ¨ ¡«®ª¨à®¢ª¨ ¢ áâà�â¥£¨¨ DYN, £¤¥ ®¡é¨© ®¡ê¥¬ à¥-
áãàá®¢ ¤®áâã¯¥− ¤«ï ®¡®¨å âà�ä¨ª®¢, á¨«ì−® §�¢¨á¨â ®â â¥ªãé¥© −�£àã§ª¨ ¨§
á¥£¬¥−â� NB-IoT. „«ï ¬¥−ìè¨å §−�ç¥−¨© ç¨á«� ¯®¤ª«îç¥−−ëå ãáâà®©áâ¢ NB-IoT
áâà�â¥£¨ï DYN ¯à¥¢®áå®¤¨â STAT, â�ª ª�ª ¯®§¢®«ï¥â ¢áî ¯®«®áã ç�áâ®â ¯¥à¥-
ª«îç¨âì ¢ à¥¦¨¬ ¤®áâã¯−®áâ¨ ¤«ï LTE-ãáâà®©áâ¢ ¢ ®âáãâáâ¢¨¥ âà�ä¨ª� NB-IoT.
÷®áâ âà�ä¨ª� NB-IoT á®¯à®¢®¦¤�¥âáï ã¢¥«¨ç¥−¨¥¬ §−�ç¥−¨© ¢¥à®ïâ−®áâ¨ ¡«®-
ª¨à®¢ª¨ ¤«ï áâà�â¥£¨¨ DYN, ¯®áª®«ìªã âà�ä¨ª NB-IoT −�ç¨−�¥â ª®−ªãà¨à®¢�âì
§� à¥áãàáë á ¯®áâ®ï−−®© −�£àã§ª®©, ¨áå®¤ïé¥© ®â âà�ä¨ª� LTE. ��ª®−¥æ, á ¯®-
áâã¯«¥−¨¥¬ ¡®«ìè®£® ç¨á«� ãáâà®©áâ¢ NB-IoT âà�ä¨ª −�ç¨−�¥â ¤®¬¨−¨à®¢�âì
¢ ®¡é¥¬ ¤¨�¯�§®−¥. ‚ ¨â®£¥ ¢¥à®ïâ−®áâì ¡«®ª¨à®¢ª¨ ¡ã¤¥â ¢ëè¥, ç¥¬ ¢ áâà�â¥£¨¨
STAT, −¥§�¢¨á¨¬® ®â ¢ë¡à�−−®£® §−�ç¥−¨ï ª®íää¨æ¨¥−â� à�á¯à¥¤¥«¥−¨ï à¥áãà-
á®¢. ‘âà�â¥£¨ï à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢ DYN ¬®¦¥â ¡ëâì à¥ª®¬¥−¤®¢�−� ¤«ï
á¨áâ¥¬, £¤¥ áà¥¤−¨¥ −�£àã§ª¨, âà¥¡ã¥¬ë¥ ª�¦¤ë¬ ¯®â®ª®¬ (¨§¬¥à¥−−ë¥ ¢ ƒæ/á),
á®¯®áâ�¢¨¬ë. ‚ â® ¦¥ ¢à¥¬ï áâà�â¥£¨ï DYN ®áâ�¥âáï �¤¥ª¢�â−ë¬ à¥è¥−¨¥¬ ¤«ï
−¥áâ�¡¨«ì−ëå á¨áâ¥¬, £¤¥ −�£àã§ª� ¬®¦¥â á¨«ì−® ¨§¬¥−ïâìáï ¢® ¢à¥¬¥−¨.

�¥à¥©¤¥¬ ª âà¥âì¥© áâà�â¥£¨¨, DYNRES, £¤¥ ®¯à¥¤¥«¥−−ë© ®¡ê¥¬ à¥áãàá®¢
à¥§¥à¢¨àã¥âáï ¤«ï âà�ä¨ª� ª�¦¤®£® â¨¯�, � ®áâ�«ì−ë¥ à¥áãàáë ¤¨−�¬¨ç¥áª¨
à�á¯à¥¤¥«ïîâáï ¬¥¦¤ã −¨¬¨. ‡−�ç¥−¨ï RL ¢ë¡¨à�îâáï íª¢¨¢�«¥−â−ë¬¨ á®®â-
¢¥âáâ¢ãîé¨¬ §−�ç¥−¨ï¬ γ ¢ à�−¥¥ à�áá¬®âà¥−−®© áâà�â¥£¨¨ ¢ë¤¥«¥−¨ï à¥áãàá®¢
STAT, � RN áç¨â�¥âáï −ã«¥¢ë¬. „àã£¨¬¨ á«®¢�¬¨, áà�¢−¨¢�îâáï áâ�â¨ç¥áª¨¥
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¨ ¯®«ã¤¨−�¬¨ç¥áª¨¥ ¢�à¨�−âë à�á¯à¥¤¥«¥−¨ï. ‡�¬¥â¨¬, çâ® ¤«ï ¬¥−ìè¥£® ç¨á«�
ãáâà®©áâ¢ NB-IoT å�à�ªâ¥à¨áâ¨ª¨ áâà�â¥£¨¨ DYNRES ¨¤¥−â¨ç−ë å�à�ªâ¥à¨áâ¨-
ª�¬ áâà�â¥£¨¨ DYN. �¤−�ª® ã¢¥«¨ç¥−¨¥ §−�ç¥−¨© ¢¥à®ïâ−®áâ¨ ¡«®ª¨à®¢®ª ¤«ï
DYNRES à�áâ¥â ¬¥¤«¥−−¥¥, ç¥¬ ¢ á«ãç�¥ DYN. �à¨ç¨−®© íâ®¬ã ï¢«ï¥âáï â®â
ä�ªâ, çâ® ç�áâì à¥áãàá®¢, ª®â®àë¥ ¬®£ ¡ë §�−ïâì LTE-âà�ä¨ª, §�−ïâ� ¤¨−�¬¨ç¥-
áª¨¬ à�§¤¥«¥−¨¥¬. Šà®¬¥ â®£®, ¯à¨ ¡®«¥¥ ¢ëá®ª¨å −�£àã§ª�å âà�ä¨ª� NB-IoT
¢¥à®ïâ−®áâì ¡«®ª¨à®¢ª¨ LTE ¤«ï DYNRES −¨ª®£¤� −¥ ¡ã¤¥â ¯à¥¢ëè�âì á®®â¢¥â-
áâ¢ãîé¥¥ §−�ç¥−¨¥ ¤«ï á¨áâ¥¬ë á® áâà�â¥£¨¥© STAT. „«ï ªà�©−¥ ¡®«ìè®£® ç¨á«�
ãáâà®©áâ¢ NB-IoT ªà¨¢�ï ¤«ï DYNRES �á¨¬¯â®â¨ç¥áª¨ ¯à¨¡«¨¦�¥âáï ª ªà¨¢®©
¤«ï á¨áâ¥¬ë STAT, −® −¥ ¯¥à¥á¥ª�¥â ¥¥.

‘âà�â¥£¨ï DYNRES −¥ åã¦¥, ç¥¬ áâà�â¥£¨¨ STAT ¨ DYN. �¡êïá−ï¥âáï
íâ® â¥¬, çâ® áâà�â¥£¨ï DYNRES ¢ª«îç�¥â ®á−®¢−ë¥ á¢®©áâ¢� ¯¥à¢ëå ¤¢ãå
áå¥¬ à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢. ‘âà�â¥£¨ï DYNRES ¢¥¤¥â á¥¡ï â�ª ¦¥, ª�ª
¨ áâà�â¥£¨ï DYN ¯à¨ −¨§ª¨å −�£àã§ª�å ¨ áâà�â¥£¨ï STAT ¯à¨ ¢ëá®ª¨å −�£àã§ª�å.
‘«¥¤®¢�â¥«ì−®, áâà�â¥£¨ï DYNRES ¬®¦¥â ¡ëâì à¥ª®¬¥−¤®¢�−� ¤«ï ¯®¢ëè¥−¨ï
−�¤¥¦−®áâ¨ á¨áâ¥¬ë.

�à¥¤áâ�¢¨¬ ¢ ®àâ®£®−�«ì−®¬ à�§à¥§¥ à¨á. 5, ª®â®àë© ¯®ª�§ë¢�¥â ¢¥à®ïâ−®áâì
¡«®ª¨à®¢ª¨ á¥�−á� NB-IoT ¢ áà�¢−¥−¨¨ á ®¡é¨¬ ç¨á«®¬ ¯®¤ª«îç¥−−ëå LTE-
ãáâà®©áâ¢. Š�ª ¨ ¢ ¯à¥¤ë¤ãé¥¬ á«ãç�¥, ¡ã¤¥¬ ¯®¤¡¨à�âì ¯�à�¬¥âàë ¤«ï áâà�â¥£¨¨
DYNRES â�ª¨¬ ®¡à�§®¬, çâ®¡ë ®¡ê¥¬ë à¥áãàá®¢, §�à¥§¥à¢¨à®¢�−−ëå ¤«ï NB-
IoT ¢ STAT ¨ DYNRES, ¡ë«¨ à�¢−ë¬¨. ‚�¦−® ®â¬¥â¨âì, çâ® ¢ íâ®¬ á«ãç�¥ RN

à�¢−® (1 − γ) ¢¬¥áâ® γ. ‡−�ç¥−¨ï RL áç¨â�îâáï à�¢−ë¬¨ −ã«î. „«ï â�ª®£®
á¨¬¬¥âà¨ç−®£® á«ãç�ï −�¡«î¤�¥âáï â® ¦¥ ª�ç¥áâ¢¥−−®¥ ¯®¢¥¤¥−¨¥, çâ® ¨ −� à¨á. 4.
’¥¬ −¥ ¬¥−¥¥ ¨¬¥îâáï §�¬¥â−ë¥ ª®«¨ç¥áâ¢¥−−ë¥ à�§«¨ç¨ï ¬¥¦¤ã à¨á. 4 ¨ 5.
‡−�ç¥−¨ï ¢¥à®ïâ−®áâ¨ ¡«®ª¨à®¢ª¨ NB-IoT −� ¯®àï¤®ª −¨¦¥, ç¥¬ ¤«ï LTE. �â®
á¢ï§�−® á ¡®«¥¥ −¨§ª¨¬¨ ¯®âà¥¡−®áâï¬¨ ¢ à¥áãàá�å ®â¤¥«ì−®© á¥áá¨¨ NB-IoT, çâ®,

÷¨á. 5 ‚¥à®ïâ−®áâì ¡«®ª¨à®¢ª¨ NB-IoT ¢ §�¢¨á¨¬®áâ¨ ®â ¯à¥¤«®¦¥−−®© −�£àã§ª¨ LTE:
1 | STAT, B = 0,8; 2 | STAT, B = 0,6; 3 | DYNRES, RL = 0,8; 4 | DYNRES,
RL = 0,6; 5 | DYN
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¢ á¢®î ®ç¥à¥¤ì, ¢¥¤¥â ª ã¢¥«¨ç¥−¨î è�−á®¢ −� ¯à¨¥¬ ®¡á«ã¦¨¢�−¨ï ¤�¦¥ ¢ ¯®çâ¨
¯®«−®áâìî §�£àã¦¥−−®© á¨áâ¥¬¥. Šà®¬¥ â®£®, á¯®á®¡ ¢ë¤¥«¥−¨ï ª�−�«®¢ NB-
IoT ¢® ¢−ãâà¨¯®«®á−®¬ à¥¦¨¬¥ â�ª¦¥ á®®â¢¥âáâ¢ã¥â à¥¦¨¬ã ¤¢¨¦¥−¨ï ¤�âç¨ª�.
‘¥áá¨¨ LTE §�−¨¬�îâ ¢¥áì RB, â®£¤� ª�ª âà�ä¨ª NB-IoT ¯®«ãç�¥â ¯®«−ë© RB,
å®âï ®¤−� á¥áá¨ï ¨ −¥ §�−¨¬�¥â ¥£® ¯®«−®áâìî. �®íâ®¬ã á«¥¤ãîé¨¥ −¥áª®«ìª®
á¥áá¨© NB-IoT £�à�−â¨à®¢�−−® ¡ã¤ãâ ®¡á«ã¦¨¢�âìáï, ¯®áª®«ìªã ®áâ�¢è�ïáï
ç�áâì ã¦¥ ¢ë¤¥«¥−−®£® RB −¥ ¬®¦¥â ¡ëâì §�−ïâ� ª�ª¨¬-«¨¡® ¯®â®ª®¬ LTE.
�¥§�¢¨á¨¬® ®â ª®«¨ç¥áâ¢¥−−ëå §−�ç¥−¨© âà�ä¨ª� LTE á¨áâ¥¬� DYNRES ¢á¥£¤�
−�å®¤¨âáï ¢ ¢ë¨£àëè−®¬ ¯®«®¦¥−¨¨.

5 Заключение

‚ áâ�âì¥ ¯à¥¤áâ�¢«¥−ë ¬¥â®¤ë íää¥ªâ¨¢−®£® á¡®à� à�§−®à®¤−ëå ¤�−−ëå
¡¥á¯à®¢®¤−®© á¥âìî ˆ−â¥à−¥â� ¢¥é¥©. �á−®¢−®¥ ¢−¨¬�−¨¥ á®áà¥¤®â®ç¥−® −�
¯¥à¥¤�ç¥ ¢ëá®ª®áª®à®áâ−ëå ¢¨¤¥®¯®â®ª®¢, ¯®áâã¯�îé¨å ®â ª�¬¥à −�¡«î¤¥−¨ï,
¯®¤ª«îç¥−−ëå ª LTE, ¨ −¨§ª®áª®à®áâ−ëå á¥−á®à−ëå ¤�−−ëå, á®¡¨à�¥¬ëå á ¬−®-
£®ç¨á«¥−−ëå ãáâà®©áâ¢, ¯®¤ª«îç¥−−ëå ª â¥å−®«®£¨¨ NB-IoT (á ãç¥â®¬ ¢−ãâà¨-
¯®«®á−®£® à�§¢¥àâë¢�−¨ï NB-IoT). ÷�§à�¡®â�−� �−�«¨â¨ç¥áª�ï ¬®¤¥«ì ®æ¥−ª¨
íää¥ªâ¨¢−®áâ¨ à�á¯à¥¤¥«¥−¨ï à�¤¨®à¥áãàá®¢. Œ®¤¥«ì ¯®§¢®«ï¥â ¨áá«¥¤®¢�âì
®á®¡¥−−®áâ¨ á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï à¥áãàá®¢ LTE ¨ NB-IoT. ��ª®−¥æ, −�
¯à¨¬¥à¥ ®¯¥à�â®à� −�¡«î¤¥−¨ï, à¥�«¨§ãîé¥£® á¨áâ¥¬ã ¬®−¨â®à¨−£�, ¯à®¢¥¤¥−�
®æ¥−ª� âà¥å �«ìâ¥à−�â¨¢−ëå áâà�â¥£¨© á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï à¥áãàá®¢ á®âë
LTE á ¯®¤¤¥à¦ª®© â¥å−®«®£¨¨ NB-IoT.

�à®¢¥¤¥−−®¥ ç¨á«¥−−®¥ ¨áá«¥¤®¢�−¨¥ ¯®ª�§�«®, çâ® ¯à®áâ¥©è�ï áâà�â¥£¨ï
STAT ®ç¥−ì çã¢áâ¢¨â¥«ì−� ª ¯à¥¤«�£�¥¬®© −�£àã§ª¥ ¨ âà¥¡ã¥â â®ç−®© ¨−ä®à-
¬�æ¨¨ ®¡ ãà®¢−¥ ¯®áâã¯�îé¥© −�£àã§ª¨. ’�ª¦¥ ¯®ª�§�−®, çâ® áâà�â¥£¨ï DYN
á ¯®«−®áâìî ¤¨−�¬¨ç¥áª¨¬ à�á¯à¥¤¥«¥−¨¥¬ àãáãàá®¢ ¯®§¢®«ï¥â ¤®áâ¨çì −�¨¢ëá-
è¥© ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ á¨áâ¥¬ë, −® −¥ ¬®¦¥â £�à�−â¨à®¢�âì âà¥¡ã¥¬ãî
−�¤¥¦−®áâì ®¡á«ã¦¨¢�−¨ï. �à¥¤«®¦¥−−�ï áâà�â¥£¨ï ¤¨−�¬¨ç¥áª®£® à�á¯à¥-
¤¥«¥−¨ï à¥áãàá®¢ á à¥§¥à¢¨à®¢�−¨¥¬, DYNRES, ã¤®¢«¥â¢®àï¥â âà¥¡®¢�−¨ï¬
−�¤¥¦−®áâ¨ ¯à¨ á®åà�−¥−¨¨ ª®íää¨æ¨¥−â� ¨á¯®«ì§®¢�−¨ï à¥áãàá®¢ −� ¢ëá®ª®¬
ãà®¢−¥. ‘âà�â¥£¨ï DYNRES à¥ª®¬¥−¤ã¥âáï ¤«ï ¡ã¤ãé¨å à�§¢¥àâë¢�−¨© IoT
¢ ¬®¡¨«ì−ëå á¥âïå 5G, ¢ â® ¢à¥¬ï ª�ª à�§à�¡®â�−−�ï �−�«¨â¨ç¥áª�ï ¬®¤¥«ì
¬®¦¥â ¯à¨¬¥−ïâìáï ¤«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¡ã¤ãé¨å à¥è¥−¨©.
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Abstract: Growth in volumes and types of data that have to be supported in
future Internet of Things (IoT) applications is one of the key features in mobile
networks transition from 4G+ to 5G. In this regard, IoT service providers have to
ensure the massive multimedia data transfers in conjunction with machine-type
messages. The need for simultaneous support of several categories of traffic
implies the heterogeneity of 5G networks. To cope with this problem, 3GPP
proposed and standardized the in-band deployment of Narrow-Band IoT (NB-
IoT) technology. The paper presents a set of feasible strategies for sharing
resources between multimedia data and data from sensors in a hybrid LTE/NB-
IoT wireless network. Based on the developed analytical framework, the paper
provides a comparison of the proposed strategies, while giving recommendations
on the choice of the optimal one.
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ОПТИМАЛЬНОЕ УПРАВЛЕНИЕ ЗАПАСОМ
НЕПРЕРЫВНОГО ПРОДУКТА В СХЕМЕ РЕГЕНЕРАЦИИ

С ДЕТЕРМИНИРОВАННОЙ ЗАДЕРЖКОЙ ПОСТАВКИ
И ПЕРИОДОМ РЕАЛЬНОГО ПОПОЛНЕНИЯ

П. В. Шнурков1, Е. Ю. Пименова2

�−−®â�æ¨ï: ˆáá«¥¤ã¥âáï §�¤�ç� ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï §�¯�á®¬ ¢ áâ®-
å�áâ¨ç¥áª®© ¬®¤¥«¨ à¥£¥−¥à�æ¨¨. „�−−�ï ¯à®¡«¥¬� ä®à¬�«¨§ã¥âáï ¢ ¢¨¤¥
íªáâà¥¬�«ì−®© §�¤�ç¨ ¤«ï −¥ª®â®à®£® áâ�æ¨®−�à−®£® áâ®¨¬®áâ−®£® ¯®ª�§�â¥-
«ï, §�¢¨áïé¥£® ®â äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï ¢à¥¬¥−¨ ®â ¬®¬¥−â� ®ç¥à¥¤−®£®
¯®¯®«−¥−¨ï §�¯�á� ¤® ¬®¬¥−â� §�ª�§� −� á«¥¤ãîé¥¥ ¯®¯®«−¥−¨¥. ��©¤¥−
ï¢−ë© ¢¨¤ íâ®£® ¯®ª�§�â¥«ï ¢ ä®à¬¥ ¤à®¡−®-«¨−¥©−®£® ¨−â¥£à�«ì−®£® äã−ª-
æ¨®−�«�, ¤«ï ª®â®à®£® ¯®«ãç¥−ë ¯à¥¤áâ�¢«¥−¨ï ¯®¤ë−â¥£à�«ì−ëå äã−ªæ¨©
ç¨á«¨â¥«ï ¨ §−�¬¥−�â¥«ï. �� ®á−®¢�−¨¨ â¥®à¨¨ ®¡ íªáâà¥¬ã¬¥ äã−ªæ¨®−�«�
â�ª®£® ¢¨¤� ãáâ�−®¢«¥−®, çâ® ®¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥ ï¢«ï¥âáï ¤¥â¥à¬¨−¨à®-
¢�−−ë¬ ¨ ®¯à¥¤¥«ï¥âáï â®çª®© ¤®áâ¨¦¥−¨ï £«®¡�«ì−®£® íªáâà¥¬ã¬� äã−ªæ¨¨,
¤«ï ª®â®à®© ¯®«ãç¥−® �−�«¨â¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥. ��©¤¥−ë �−�«¨â¨ç¥-
áª¨¥ ¤®áâ�â®ç−ë¥ ãá«®¢¨ï −� ¨áå®¤−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¬®¤¥«¨, ¯à¨ ª®â®àëå
áãé¥áâ¢ã¥â ®¯â¨¬�«ì−®¥ ¤¥â¥à¬¨−¨à®¢�−−®¥ ã¯à�¢«¥−¨¥.

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

‚ −�áâ®ïé¥© à�¡®â¥ à�áá¬�âà¨¢�¥âáï ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì à�¡®âë −¥ª®â®-
à®© á¨áâ¥¬ë, ¯à¥¤−�§−�ç¥−−®© ¤«ï åà�−¥−¨ï ¨ ¯®áâ�¢ª¨ ¯®âà¥¡¨â¥«î ®¤−®£® ¢¨¤�
¯à®¤ãªâ�. �à®¤ãªâ −�§ë¢�¥âáï −¥¯à¥àë¢−ë¬, ¯®áª®«ìªã ¬−®¦¥áâ¢® ¢®§¬®¦−ëå
§−�ç¥−¨© ¥£® ®¡ê¥¬� ¯à¥¤áâ�¢«ï¥â á®¡®© ®£à�−¨ç¥−−ë© á¢¥àåã ¨−â¥à¢�« ¬−®-
¦¥áâ¢� ¤¥©áâ¢¨â¥«ì−ëå ç¨á¥«. ‚ ª�ç¥áâ¢¥ ¯à®¤ãªâ� ¬®£ãâ ¢ëáâã¯�âì áëàì¥¢ë¥
à¥áãàáë, â�ª¨¥ ª�ª ¢®¤�, −¥äâì, £�§, ¤à¥¢¥á¨−� ¨ â. ¯., � â�ª¦¥ á®¢®ªã¯−®áâì
¡®«ìè®£® ª®«¨ç¥áâ¢� ®¤−®â¨¯−ëå â®¢�à®¢. �á®¡® ¢ë¤¥«¨¬ â�ª −�§ë¢�¥¬ë©
í−¥à£¥â¨ç¥áª¨© à¥áãàá, â. ¥. ®¡ê¥¬ í«¥ªâà¨ç¥áª®£® §�àï¤�, �ªªã¬ã«¨àã¥¬®£®
¢ −¥ª®â®à®¬ ãáâà®©áâ¢¥, ¯à¥¤−�§−�ç¥−−®¬ ¤«ï ¯¨â�−¨ï ª�ª®©-«¨¡® ¬®¡¨«ì−®©

1��æ¨®−�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© ã−¨¢¥àá¨â¥â ú‚ëáè�ï èª®«� íª®−®¬¨ª¨û,
pshnurkov@hse.ru
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�¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥ §�¯�á®¬ −¥¯à¥àë¢−®£® ¯à®¤ãªâ� ¢ áå¥¬¥ à¥£¥−¥à�æ¨¨

â¥å−¨ç¥áª®© á¨áâ¥¬ë. ‚® ¢á¥å á¨áâ¥¬�å ãª�§�−−®£® ¢¨¤� −¥®¡å®¤¨¬® ¯«�−¨-
à®¢�âì ¬®¬¥−â ¢à¥¬¥−¨, ¢ ª®â®àë© ¯à®¨§¢®¤¨âáï §�ª�§ −� ¯®¯®«−¥−¨¥ §�¯�á�.
÷¥è¥−¨¥ §�¤�ç¨ ®¯â¨¬�«ì−®£® ¯«�−¨à®¢�−¨ï ¬®¬¥−â� ¯®¯®«−¥−¨ï ï¢«ï¥âáï �ª-
âã�«ì−ë¬.

��áâ®ïé�ï à�¡®â� ï¢«ï¥âáï ¯à®¤®«¦¥−¨¥¬ æ¨ª«� ¨áá«¥¤®¢�−¨© áâ®å�áâ¨ç¥-
áª¨å ¬®¤¥«¥© ã¯à�¢«¥−¨ï §�¯�á®¬ à¥£¥−¥à�æ¨®−−®£® å�à�ªâ¥à�, −�ç�âë© à�¡®â�-
¬¨ �. ‚. ˜−ãàª®¢� ¨ ÷. ‚. Œ¥«ì−¨ª®¢� [1{3]. ˆáá«¥¤®¢�−−�ï ¢ íâ¨å à�¡®â�å
®¡é�ï ¬®¤¥«ì ã¯à�¢«¥−¨ï §�¯�á®¬ −¥¯à¥àë¢−®£® ¯à®¤ãªâ� ¢ ä®à¬¥ á«ãç�©−®-
£® à¥£¥−¥à¨àãîé¥£® ¯à®æ¥áá� ï¢«ï¥âáï à�§¢¨â¨¥¬ ¨ ãá«®¦−¥−¨¥¬ ª«�áá¨ç¥áª®©
¤¥â¥à¬¨−¨à®¢�−−®© ¬®¤¥«¨ á ¯®¢â®àïîé¨¬¨áï æ¨ª«�¬¨, ¨§«®¦¥−−®© ¢ −�ãç−ëå
¨ ãç¥¡−ëå ¨§¤�−¨ïå, ¯®á¢ïé¥−−ëå â¥®à¨¨ ã¯à�¢«¥−¨ï §�¯�á�¬¨ [4, 5]. �á®¡®¥
−�¯à�¢«¥−¨¥ ¢ â¥®à¨¨ áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬ ã¯à�¢«¥−¨ï §�¯�á®¬ ®¡à�§ãîâ à�-
¡®âë, ¢ ª®â®àëå ¨áá«¥¤ãîâáï ¡®«¥¥ á«®¦−ë¥ ¯®«ã¬�àª®¢áª¨¥ ¬®¤¥«¨ (®â¬¥â¨¬
−¥ª®â®àë¥ ¨áá«¥¤®¢�−¨ï ¯®á«¥¤−¨å «¥â [6{9]). �¤−�ª® ¨áá«¥¤®¢�−¨ï à�§«¨ç-
−ëå ¢�à¨�−â®¢ à¥£¥−¥à�æ¨®−−ëå ¬®¤¥«¥© ¥é¥ ¤�«¥ª¨ ®â §�¢¥àè¥−¨ï, ¨ ¤�−−®¥
−�¯à�¢«¥−¨¥ ¯®-¯à¥¦−¥¬ã ï¢«ï¥âáï �ªâã�«ì−ë¬.

Œ®¤¥«ì ã¯à�¢«¥−¨ï §�¯�á®¬, ¨áá«¥¤ã¥¬�ï ¢ −�áâ®ïé¥© à�¡®â¥, ¨¬¥¥â á¢®¨
®â«¨ç¨â¥«ì−ë¥ ®á®¡¥−−®áâ¨: ¢ ¤�−−®© ¬®¤¥«¨ ¯®¯®«−¥−¨¥ ¯à®¨áå®¤¨â −¥ ¬£−®-
¢¥−−®, � ¢ â¥ç¥−¨¥ −¥ª®â®à®£® ¯à®¬¥¦ãâª� ¢à¥¬¥−¨ (¯¥à¨®¤� −¥¯®áà¥¤áâ¢¥−−®£®
¯®¯®«−¥−¨ï); ¢ ãª�§�−−ë© ¯¥à¨®¤ ¯®¯®«−¥−¨¥ ¯à®¨áå®¤¨â á §�¤�−−®© áª®à®áâìî
λ > 0. –¥«¥¢ë¬ äã−ªæ¨®−�«®¬ ¢ −�áâ®ïé¥© ¬®¤¥«¨ ï¢«ï¥âáï áà¥¤−ïï ã¤¥«ì−�ï
¯à¨¡ë«ì −� ¨−â¥à¢�«¥ à¥£¥−¥à�æ¨¨. ’�ª�ï ¬®¤¥«ì ¡®«¥¥ ¯à¨¡«¨¦¥−� ª à¥�«ì-
−ë¬ ãá«®¢¨ï¬ àë−ª�. ÷�áá¬®âà¥−−�ï −¨¦¥ ¬�â¥¬�â¨ç¥áª�ï ¯à®¡«¥¬� −¥ ¡ë«�
¨áá«¥¤®¢�−� ¢ ã¯®¬ï−ãâëå ¢ëè¥ à�¡®â�å [1{3].

�à®¡«¥¬� ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï §�¯�á®¬, ¨áá«¥¤ã¥¬�ï ¢ −�áâ®ïé¥© à�¡®-
â¥, ¯® á¢®¥© ¬�â¥¬�â¨ç¥áª®© ä®à¬¥ ¯à¥¤áâ�¢«ï¥â á®¡®© §�¤�çã −�å®¦¤¥−¨ï ¡¥§-
ãá«®¢−®£® íªáâà¥¬ã¬� áâ�æ¨®−�à−®£® áâ®¨¬®áâ−®£® ¯®ª�§�â¥«ï ª�ç¥áâ¢� ã¯à�¢«¥-
−¨ï. ‘«ãç�©−ë¬ ¯�à�¬¥âà®¬ ã¯à�¢«¥−¨ï ï¢«ï¥âáï ¢à¥¬ï ®â ¬®¬¥−â� ®ç¥à¥¤−®£®
¯®¯®«−¥−¨ï §�¯�á� ¤® ¬®¬¥−â� §�ª�§� −� á«¥¤ãîé¥¥ ¯®¯®«−¥−¨¥. ‘â�æ¨®−�à−ë©
áâ®¨¬®áâ−ë© ¯®ª�§�â¥«ì §�¢¨á¨â ®â äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï ¯�à�¬¥âà� ã¯à�¢«¥-
−¨ï. ’�ª¨¬ ®¡à�§®¬, −¥®¡å®¤¨¬® à¥è¨âì íªáâà¥¬�«ì−ãî §�¤�çã ¤«ï ãª�§�−−®£®
äã−ªæ¨®−�«� −� −¥ª®â®à®¬ ¬−®¦¥áâ¢¥ äã−ªæ¨© à�á¯à¥¤¥«¥−¨ï.

‘â�æ¨®−�à−ë© áâ®¨¬®áâ−ë© ¯®ª�§�â¥«ì, á¢ï§�−−ë© á ®á−®¢−ë¬ à¥£¥−¥à¨àã-
îé¨¬ ¯à®æ¥áá®¬, ¯à¥¤áâ�¢«ï¥â á®¡®© ¤à®¡−®-«¨−¥©−ë© ¨−â¥£à�«ì−ë© äã−ªæ¨®-
−�«. „«ï à¥è¥−¨ï á®®â¢¥âáâ¢ãîé¥© íªáâà¥¬�«ì−®© §�¤�ç¨ ¨á¯®«ì§ã¥âáï â¥®à¥¬�
®¡ íªáâà¥¬ã¬¥ äã−ªæ¨®−�«� ¤�−−®£® ¢¨¤� [10, 11]. �� ®á−®¢�−¨¨ íâ®© â¥®à¥¬ë
ãáâ�−�¢«¨¢�¥âáï, çâ® à¥è¥−¨¥ ¨áå®¤−®© §�¤�ç¨ ®¯à¥¤¥«ï¥âáï íªáâà¥¬�«ì−ë¬¨
á¢®©áâ¢�¬¨ â�ª −�§ë¢�¥¬®© ®á−®¢−®© äã−ªæ¨¨ ¤à®¡−®-«¨−¥©−®£® ¨−â¥£à�«ì−®-
£® äã−ªæ¨®−�«�, ¯à¥¤áâ�¢«ïîé¥© á®¡®© ®â−®è¥−¨¥ ¯®¤ë−â¥£à�«ì−ëå äã−ªæ¨©
ç¨á«¨â¥«ï ¨ §−�¬¥−�â¥«ï. ‚ à�¡®â¥ ¯®«ãç¥−ë ï¢−ë¥ �−�«¨â¨ç¥áª¨¥ ¯à¥¤áâ�¢«¥-
−¨ï ¤«ï íâ¨å äã−ªæ¨© ç¥à¥§ §�¤�−−ë¥ ¨áå®¤−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¬�â¥¬�â¨ç¥áª®©
¬®¤¥«¨. �à¨ íâ®¬ ¬®¦−® ãâ¢¥à¦¤�âì, çâ® ¥á«¨ ®á−®¢−�ï äã−ªæ¨ï ¤®áâ¨£�-
¥â £«®¡�«ì−®£® íªáâà¥¬ã¬� (¬�ªá¨¬ã¬� ¨«¨ ¬¨−¨¬ã¬�), â® à¥è¥−¨¥ ¨áå®¤−®©
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íªáâà¥¬�«ì−®© §�¤�ç¨ áãé¥áâ¢ã¥â ¨ ¤®áâ¨£�¥âáï −� ¢ëà®¦¤¥−−®¬ ¢¥à®ïâ−®áâ−®¬
à�á¯à¥¤¥«¥−¨¨, á®áà¥¤®â®ç¥−−®¬ ¢ â®çª¥ ¤®áâ¨¦¥−¨ï £«®¡�«ì−®£® íªáâà¥¬ã¬�.
’�ª¨¬ ®¡à�§®¬, ¢ ãª�§�−−®¬ á«ãç�¥ ®¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥ ï¢«ï¥âáï ¤¥â¥à-
¬¨−¨à®¢�−−ë¬ ¨ ®¯à¥¤¥«ï¥âáï â®çª®© £«®¡�«ì−®£® íªáâà¥¬ã¬� −¥ª®â®à®© ï¢−®
§�¤�−−®© äã−ªæ¨¨.

Šà®¬¥ â®£®, ¢ ¤�−−®© à�¡®â¥ ¤®ª�§�−® ãâ¢¥à¦¤¥−¨¥ ® áãé¥áâ¢®¢�−¨¨ ®¯â¨-
¬�«ì−®£® ¤¥â¥à¬¨−¨à®¢�−−®£® ã¯à�¢«¥−¨ï, ª®â®à®¥ ¯®§¢®«ï¥â ãª�§�âì �−�«¨â¨-
ç¥áª¨¥ ãá«®¢¨ï −� ¨áå®¤−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¬®¤¥«¨, ¯à¨ ¢ë¯®«−¥−¨¨ ª®â®àëå
®¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥ áãé¥áâ¢ã¥â.

2 Описание модели и задание основных характеристик

�ª®−®¬¨ç¥áª�ï á¨áâ¥¬�, à�áá¬�âà¨¢�¥¬�ï ¢ −�áâ®ïé¥© à�¡®â¥, ¯à¥¤áâ�¢«ï¥â
á®¡®© ®â¤¥«ì−ë© (¨§®«¨à®¢�−−ë©) áª«�¤, ¢ ª®â®à®¬ åà�−¨âáï ®¤¨− ¢¨¤ ¯à®¤ãªâ�.
�¡ê¥¬ §�¯�á� ¤�−−®£® ¯à®¤ãªâ� −� áª«�¤¥ ¢ ¬®¬¥−â ¢à¥¬¥−¨ t ¡ã¤¥¬ ®¡®§−�ç�âì
ç¥à¥§ x(t). �â®â ¯�à�¬¥âà ¬®¦¥â ¯à¨−¨¬�âì §−�ç¥−¨ï ¨§ ¬−®¦¥áâ¢� ¢¥é¥áâ¢¥−−ëå
ç¨á¥« (−∞; τ ], £¤¥ τ > 0 | §�¤�−−�ï ¢¥«¨ç¨−� (¬�ªá¨¬�«ì−�ï ¢¬¥áâ¨¬®áâì
áª«�¤�).

�à¨¢¥¤¥¬ ®¡é¥¥ ®¯¨á�−¨¥ ¯à®æ¥¤ãàë ¯®âà¥¡«¥−¨ï ¨ ¯®¯®«−¥−¨ï §�¯�á� ¯à®-
¤ãªâ� ¢ ¤�−−®© ¬®¤¥«¨. ‘¯à®á −� â®¢�à ï¢«ï¥âáï ¤¥â¥à¬¨−¨à®¢�−−®© ¢¥«¨ç¨−®©.
‘ª®à®áâì ¯®âà¥¡«¥−¨ï ¯à®¤ãªæ¨¨ ®¯à¥¤¥«ï¥âáï ¯®áâ®ï−−ë¬ ¯�à�¬¥âà®¬ α, α >
> 0. ‚ ¬®¬¥−â −�ç�«� äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë «¨¡® ¢ ®ç¥à¥¤−®© ¬®¬¥−â
¯®¯®«−¥−¨ï §�¯�á� ®¯à¥¤¥«ï¥âáï ¬®¬¥−â ¢à¥¬¥−¨, ª®£¤� ¡ã¤¥â ¯à®¨§¢®¤¨âìáï
á«¥¤ãîé¨© §�ª�§ −� ¯®¯®«−¥−¨¥ §�¯�á�. ‘«ãç�©−�ï ¤«¨â¥«ì−®áâì ¯¥à¨®¤� ¢à¥¬¥-
−¨ ¤® ¬®¬¥−â� §�ª�§� η ¨£à�¥â à®«ì ¯�à�¬¥âà� ã¯à�¢«¥−¨ï. Š®−ªà¥â−®¥ §−�ç¥−¨¥
ã¯à�¢«¥−¨ï (à¥è¥−¨ï) ®¯à¥¤¥«ï¥âáï ª�ª à¥�«¨§�æ¨ï á«ãç�©−®© ¢¥«¨ç¨−ë η.
”ã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï G(u) = P(η < u) −�§ë¢�¥âáï ã¯à�¢«ïîé¨¬ ¢¥à®ïâ-
−®áâ−ë¬ à�á¯à¥¤¥«¥−¨¥¬. �®áâ�¢ª� ¯à®¤ãªæ¨¨ −� áª«�¤ ¯®¯®«−ï¥â ãà®¢¥−ì
§�¯�á� ¤® ãà®¢−ï τ , τ > 0, τ ∈ R. ‚ ¬®¬¥−â §�ª�§� −�ç¨−�¥âáï â�ª −�§ë¢�¥¬ë©
¯¥à¨®¤ §�¤¥à¦ª¨ ¯®áâ�¢ª¨, â. ¥. ¢à¥¬ï, ¢ â¥ç¥−¨¥ ª®â®à®£® ¢ë¯®«−ï¥âáï §�ª�§
−� ¯®¯®«−¥−¨¥ §�¯�á�. �¥à¨®¤ §�¤¥à¦ª¨ ï¢«ï¥âáï §�¤�−−®© ¤¥â¥à¬¨−¨à®¢�−−®©
¢¥«¨ç¨−®© –0. ‚ íâ®â ¯¥à¨®¤ ¯®âà¥¡«¥−¨¥ ¯à®¤ãªâ� ¯à®¤®«¦�¥âáï á â®© ¦¥
§�¤�−−®© áª®à®áâìî α > 0.

‚ ¬®¬¥−â ®ª®−ç�−¨ï ¯¥à¨®¤� §�¤¥à¦ª¨ ¯®áâã¯�¥â §�ª�§�−−�ï ¯�àâ¨ï ¯à®¤ãªâ�
¨ −�ç¨−�¥âáï â�ª −�§ë¢�¥¬ë© ¯¥à¨®¤ −¥¯®áà¥¤áâ¢¥−−®£® ¯®¯®«−¥−¨ï. ‚ íâ®â
¯¥à¨®¤ ¯®âà¥¡«¥−¨¥ ¯à¥ªà�é�¥âáï, � ¯®¯®«−¥−¨¥ ¯à®¨§¢®¤¨âáï á® áª®à®áâìî
λ > 0.

�¥âàã¤−® §�¬¥â¨âì, çâ® ¥á«¨ ¢à¥¬ï ¤® ¬®¬¥−â� §�ª�§� à�¢−® u, � ¤«¨â¥«ì-
−®áâì ¯¥à¨®¤� §�¤¥à¦ª¨ à�¢−� –0, â® ¤«¨â¥«ì−®áâì ¯¥à¨®¤� −¥¯®áà¥¤áâ¢¥−−®£®
¯®¯®«−¥−¨ï §�¯�á� à�¢−� ¢¥«¨ç¨−¥

–1 =
α

λ
(u+–0) .
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�¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥ §�¯�á®¬ −¥¯à¥àë¢−®£® ¯à®¤ãªâ� ¢ áå¥¬¥ à¥£¥−¥à�æ¨¨

‚ ¬®¬¥−â ®ª®−ç�−¨ï ¯¥à¨®¤� −¥-

’à�¥ªâ®à¨ï á«ãç�©−®£® ¯à®æ¥áá� x(t)

¯®áà¥¤áâ¢¥−−®£® ¯®¯®«−¥−¨ï §�¯�á
¯à®¤ãªâ� ¢ á¨áâ¥¬¥ ¯à¨−¨¬�¥â §−�ç¥-
−¨¥ τ . �®á«¥ íâ®£® ¢−®¢ì ¯«�−¨àã¥âáï
¬®¬¥−â á«¥¤ãîé¥£® §�ª�§� −� ¯®¯®«-
−¥−¨¥. �¢®«îæ¨ï á¨áâ¥¬ë ¯®á«¥ ¯®-
¯®«−¥−¨ï ¨ ¤®áâ¨¦¥−¨ï ãà®¢−ï τ ¯à®-
¨áå®¤¨â −¥§�¢¨á¨¬® ®â ¯à®è«®£® ¨ ¯®
â¥¬ ¦¥ á�¬ë¬ §�ª®−®¬¥à−®áâï¬.

�¡é¨© å�à�ªâ¥à ¯®¢¥¤¥−¨ï ¯à®-
æ¥áá� x(t) ¯®ª�§�− −� à¨áã−ª¥.

„�¤¨¬ ä®à¬�«ì−®¥ ®¯¨á�−¨¥ ®á−®¢−®£® á«ãç�©−®£® ¯à®æ¥áá�.
�ãáâì x(t)| ®¡ê¥¬ §�¯�á� ¢ á¨áâ¥¬¥ ¢ ¬®¬¥−â ¢à¥¬¥−¨ t. �¡®§−�ç¨¬ ç¥à¥§ tn,

n = 0, 1, 2, . . ., t0 = 0, ¬®¬¥−âë ¯®¯®«−¥−¨ï §�¯�á� ¢ á¨áâ¥¬¥ ¤® ¬�ªá¨¬�«ì−®-
£® ãà®¢−ï τ . ‡�ä¨ªá¨àã¥¬ ¬®¬¥−â tn. �¡®§−�ç¨¬ â�ª¦¥ ç¥à¥§ ηn á«ãç�©−®¥
¢à¥¬ï ®â ¬®¬¥−â� ¯®¯®«−¥−¨ï tn ¤® ¬®¬¥−â� á«¥¤ãîé¥£® §�ª�§� −� ¯®¯®«−¥−¨¥.
‘«ãç�©−ë¥ ¢¥«¨ç¨−ë ηn, n = 0, 1, 2, . . ., −¥§�¢¨á¨¬ë ¨ ¨¬¥îâ à�á¯à¥¤¥«¥−¨¥
G(u) = P(ηn < u).

’®£¤� ¢ë¯®«−ïîâáï á«¥¤ãîé¨¥ à�¢¥−áâ¢�:

t′n = tn + ηn | ¬®¬¥−â á«¥¤ãîé¥£® §�ª�§�;

t∗n = tn + ηn +–0 | ¬®¬¥−â −�ç�«� −¥¯®áà¥¤áâ¢¥−−®£® ¯®¯®«−¥−¨ï;

tn+1 = tn + ηn +–0 +–1 | ¬®¬¥−â á«¥¤ãîé¥£® ¯®¯®«−¥−¨ï §�¯�á�.

’à�¥ªâ®à¨ï á«ãç�©−®£® ¯à®æ¥áá� x(t) ®¯à¥¤¥«ï¥âáï á®®â−®è¥−¨ï¬¨:

x(t) = x (tn)− α (t− tn) , tn ≤ t ≤ tn + ηn +–0 = t
∗
n ;

x(t) = x (t∗n) + λ (t− t∗n) , t
∗
n ≤ t ≤ t∗n +–1 = tn+1 .

�ã¤¥¬ ¯à¥¤¯®«�£�âì, çâ® ¯®á«¥ ª�¦¤®£® ¬®¬¥−â� ¯®¯®«−¥−¨ï §�¯�á� tn í¢®-
«îæ¨ï ¯à®æ¥áá� x(t) ¯à®¤®«¦�¥âáï −¥§�¢¨á¨¬® ®â ¯à®è«®£® ¨ ¯® ®¤−¨¬ ¨ â¥¬
¦¥ §�ª®−®¬¥à−®áâï¬, ®¯¨á�−−ë¬ ¢ëè¥. ’®£¤� á«ãç�©−ë© ¯à®æ¥áá x(t) ï¢«ï¥âáï
à¥£¥−¥à¨àãîé¨¬, � ¬®¬¥−âë ¯®¯®«−¥−¨ï §�¯�á� ¤® ¬�ªá¨¬�«ì−®£® ãà®¢−ï τ , â. ¥.
á«ãç�©−ë¥ ¬®¬¥−âë tn, ¯à¥¤áâ�¢«ïîâ á®¡®© ¬®¬¥−âë à¥£¥−¥à�æ¨¨ íâ®£® ¯à®æ¥áá�.
ˆ−â¥à¢�«ë ¢à¥¬¥−¨ ¬¥¦¤ã ¯®á«¥¤®¢�â¥«ì−ë¬¨ ¬®¬¥−â�¬¨ à¥£¥−¥à�æ¨¨ [tn; tn+1)
−�§ë¢�îâáï ¯¥à¨®¤�¬¨ à¥£¥−¥à�æ¨¨.

�¡é¥¥ ¯®−ïâ¨¥ ¨ ®á−®¢ë â¥®à¨¨ áâ®å�áâ¨ç¥áª®© à¥£¥−¥à�æ¨¨ ¨¬¥îâáï ¢ äã−-
¤�¬¥−â�«ì−®© ª−¨£¥ �. �. �®à®¢ª®¢� [12]. �®«¥¥ ¯®¤à®¡−®¥ ¨§«®¦¥−¨¥ â¥®à¨¨
à¥£¥−¥à¨àãîé¨å ¯à®æ¥áá®¢ á®¤¥à¦¨âáï ¢ ª−¨£¥ ƒ. �. Š«¨¬®¢� [13], � â�ª¦¥
¢ à�¡®â¥ ‚. ‚. ÷ëª®¢� ¨ „. ‚. Š®§ëà¥¢� [14].

’¥¯¥àì ¯¥à¥©¤¥¬ ª ®¯¨á�−¨î ã¯à�¢«¥−¨ï ¢ ¬®¤¥«¨ à¥£¥−¥à�æ¨¨.
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÷¥è¥−¨¥ ¨«¨ ã¯à�¢«¥−¨¥ ®¯à¥¤¥«ï¥âáï −� ª�¦¤®¬ ¯¥à¨®¤¥ à¥£¥−¥à�æ¨¨
[tn; tn+1) ¢ ¬®¬¥−â ¢à¥¬¥−¨ tn, −¥¯®áà¥¤áâ¢¥−−® ¯®á«¥ §�¢¥àè¥−¨ï ¯à¥¤ë¤ã-
é¥£® ¯®¯®«−¥−¨ï. ‘�¬® ã¯à�¢«¥−¨¥ un ¯à¥¤áâ�¢«ï¥â á®¡®© á«ãç�©−ãî ¢¥«¨ç¨−ã,
¯à¨−¨¬�îéãî §−�ç¥−¨ï ¢® ¬−®¦¥áâ¢¥ ¤®¯ãáâ¨¬ëå ã¯à�¢«¥−¨© U = [0,∞],
â. ¥. ¢ à�áè¨à¥−−®¬ ¬−®¦¥áâ¢¥ ¢¥é¥áâ¢¥−−ëå ç¨á¥«. �® á®¤¥à¦�−¨î ¢¥«¨ç¨-
−� un ¯à¥¤áâ�¢«ï¥â á®¡®© ¢à¥¬ï ®â ¬®¬¥−â� tn ¤® ¯«�−¨àã¥¬®£® á«¥¤ãîé¥£®
¬®¬¥−â� §�ª�§� −� ¯®¯®«−¥−¨¥ §�¯�á�, â. ¥. ä®à¬�«ì−® á®¢¯�¤�¥â á ¢¥«¨ç¨-
−®© ηn.

�â¬¥â¨¬, çâ® ¢®§¬®¦−®¥ §−�ç¥−¨ï ã¯à�¢«¥−¨ï u = ∞ á®®â¢¥âáâ¢ã¥â â�ª®¬ã
à¥è¥−¨î, ¯à¨ ª®â®à®¬ ¯®¯®«−¥−¨¥ §�¯�á� ¢®®¡é¥ −¥ ¯«�−¨àã¥âáï. Š®−ªà¥â−®¥
à¥è¥−¨¥ −� −¥ª®â®à®¬ ¯¥à¨®¤¥ à¥£¥−¥à�æ¨¨ [tn; tn+1) ¯à¥¤áâ�¢«ï¥â á®¡®© à¥�-
«¨§�æ¨î á«ãç�©−®© ¢¥«¨ç¨−ë un, ¨¬¥îé¥© à�á¯à¥¤¥«¥−¨¥ G(u), ª®â®à®¥ ¡ã¤¥â
−�§ë¢�âìáï ã¯à�¢«ïîé¨¬ ¢¥à®ïâ−®áâ−ë¬ à�á¯à¥¤¥«¥−¨¥¬.

�¡®§−�ç¨¬ ç¥à¥§ • ¬−®¦¥áâ¢® ¢á¥å ¢®§¬®¦−ëå ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥-
−¨©, §�¤�−−ëå −� à�áè¨à¥−−®¬ ¬−®¦¥áâ¢¥ ¢¥é¥áâ¢¥−−ëå ç¨á¥« U = [0,∞],
â. ¥. −� ¬−®¦¥áâ¢¥ ¤®¯ãáâ¨¬ëå ã¯à�¢«¥−¨©. �à¥¤¯®«®¦¨¬, çâ® §�¤�− −¥ª®â®àë©
äã−ªæ¨®−�« I : • → R. „�−−ë© äã−ªæ¨®−�« ¡ã¤¥â ¯à¥¤áâ�¢«ïâì á®¡®© ¯®ª�§�-
â¥«ì ª�ç¥áâ¢� ã¯à�¢«¥−¨ï ¢ ¨áá«¥¤ã¥¬®© áâ®å�áâ¨ç¥áª®© ¬®¤¥«¨. ’®£¤� ¯à®¡«¥¬�
®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï à¥£¥−¥à¨àãîé¨¬ ¯à®æ¥áá®¬ x(t) ¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥
íªáâà¥¬�«ì−®© §�¤�ç¨:

I(G) →
G∈•
extr . (1)

�¯â¨¬�«ì−�ï áâà�â¥£¨ï ã¯à�¢«¥−¨ï §�¯�á®¬ ¡ã¤¥â ®¯à¥¤¥«ïâìáï äã−ªæ¨¥©
à�á¯à¥¤¥«¥−¨ïG∗(u) ∈ •, ª®â®à�ï ï¢«ï¥âáï à¥è¥−¨¥¬ §�¤�ç¨ (1), â. ¥. ¤®áâ�¢«ï¥â
£«®¡�«ì−ë© íªáâà¥¬ã¬ äã−ªæ¨®−�«ã I(G).

‚ ¤�«ì−¥©è¥¬ ¢ à®«¨ I(G) ¡ã¤¥â ä¨£ãà¨à®¢�âì áâ�æ¨®−�à−ë© áâ®¨¬®áâ−ë©
¯®ª�§�â¥«ì, ¨¬¥îé¨© á¬ëá« áà¥¤−¥© ã¤¥«ì−®© ¯à¨¡ë«¨. „�−−ë© ¯®ª�§�â¥«ì
¡ã¤¥â ®¯à¥¤¥«ïâìáï ¨áå®¤−ë¬¨ áâ®¨¬®áâ−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ ¬®¤¥«¨. ‚¢¥¤¥¬
íâ¨ å�à�ªâ¥à¨áâ¨ª¨.

�¡®§−�ç¨¬:

c1(x) | §�âà�âë, á¢ï§�−−ë¥ á åà�−¥−¨¥¬ à¥�«ì−®£® §�¯�á� ®¡ê¥¬®¬ x, x > 0,
¢ ¥¤¨−¨æã ¢à¥¬¥−¨; c1(x) = 0, x ≤ 0;

c2(x) | èâà�äë (¯®â¥à¨), á¢ï§�−−ë¥ á ¤¥ä¨æ¨â®¬ ¯à®¤ãªâ� ®¡ê¥¬� x, x < 0,
¢ ¥¤¨−¨æã ¢à¥¬¥−¨; c2(x) = 0, x ≥ 0;

c3(α(u +–0))| ä¨ªá¨à®¢�−−�ï ¯«�â� ¯®áâ�¢é¨ªã §� ¯®áâ�¢ªã ¯à®¤ãªâ� ®¡ê-
¥¬� α(u +–0), â. ¥. ¯«�â� §� ¯®¯®«−¥−¨¥ §�¯�á�;

d1(x)| æ¥−� ¯®áâ�¢ª¨ ¯®âà¥¡¨â¥«î ¥¤¨−¨æë ¯à®¤ãªâ� ¢ ¥¤¨−¨æã ¢à¥¬¥−¨ ¯à¨
ãá«®¢¨¨, çâ® ®¡ê¥¬ ¨¬¥îé¥£®áï §�¯�á� à�¢¥− x > 0;

d2(x)| æ¥−� ¯®áâ�¢ª¨ ¯®âà¥¡¨â¥«î ¥¤¨−¨æë ¯à®¤ãªâ� ¢ ¥¤¨−¨æã ¢à¥¬¥−¨ ¯à¨
ãá«®¢¨¨, çâ® ¢ á¨áâ¥¬¥ ¨¬¥¥âáï ¤¥ä¨æ¨â ®¡ê¥¬� x, x < 0.
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�¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥ §�¯�á®¬ −¥¯à¥àë¢−®£® ¯à®¤ãªâ� ¢ áå¥¬¥ à¥£¥−¥à�æ¨¨

”ã−ªæ¨¨ ¯à¥¤¯®«�£�îâáï §�¤�−−ë¬¨. ‚ ¤�«ì−¥©è¥¬ íâ¨ äã−ªæ¨¨ ¡ã¤ãâ
¢å®¤¨âì ¢ ¯à¥¤áâ�¢«¥−¨¥ ¤«ï æ¥«¥¢®£® äã−ªæ¨®−�«� | ¯®ª�§�â¥«ï ª�ç¥áâ¢�
ã¯à�¢«¥−¨ï ¢ à�áá¬�âà¨¢�¥¬®© ¬®¤¥«¨.

3 Основное утверждение о представлении стационарного
стоимостного показателя

�¤−¨¬ ¨§ ®á−®¢−ëå à¥§ã«ìâ�â®¢ ¤�−−®£® ¨áá«¥¤®¢�−¨ï ï¢«ï¥âáï ãâ¢¥à¦¤¥−¨¥
® ¯à¥¤áâ�¢«¥−¨¨ áâ�æ¨®−�à−®£® ¯®ª�§�â¥«ï I(G) ¢ ä®à¬¥ ¤à®¡−®-«¨−¥©−®£®
¨−â¥£à�«ì−®£® äã−ªæ¨®−�«�.
’¥®à¥¬� 1. ‚ à�áá¬�âà¨¢�¥¬®© áâ®å�áâ¨ç¥áª®© ¬®¤¥«¨ à¥£¥−¥à�æ¨¨ áâ�æ¨®−�à-
−ë© ¯®ª�§�â¥«ì ª�ç¥áâ¢� ã¯à�¢«¥−¨ï ¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥ ¤à®¡−®-«¨−¥©−®£®
¨−â¥£à�«ì−®£® äã−ªæ¨®−�«�

I(G) =

∫ ∞

0
A(u) dG(u)

∫ ∞

0
B(u) dG(u)

, (2)

£¤¥ ¯®¤ë−â¥£à�«ì−ë¥ äã−ªæ¨¨ ç¨á«¨â¥«ï ¨ §−�¬¥−�â¥«ï §�¤�îâáï á«¥¤ãîé¨¬¨
ä®à¬ã«�¬¨:

{ ¯à¨ –0 < τ/α:

A(u) =



























































































































u+–0
∫

0

[αd1(τ − αt)− c1(τ − αt)] dt −

− c1 (τ − α (u+–0))
α

λ
(u+–0)− c3 (α (u+–0)) ,

0 ≤ u <
τ

α
−–0 ;

τ/α
∫

0

[αd1(τ − αt)− c1(τ − αt)] dt+

+

u+–0
∫

τ/α

[αd2(τ − αt)− c2(τ − αt)] dt −

− c2 (τ − α (u+–0))
α

λ
(u+–0)− c3 (α (u+–0)) ,

u >
τ

α
−–0 ;

(3)
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{ ¯à¨ –0 > τ/α:

A(u) =

τ/α
∫

0

[αd1(τ − αt)− c1(τ − αt)] dt+

u+–0
∫

τ/α

[αd2(τ − αt)− c2(τ − αt)] dt−

− c2 (τ − α (u+–0))
α

λ
(u+–0)− c3 (α (u+–0)) , u ≥ 0 . (4)

�à¨ íâ®¬ ¢® ¢á¥å ¢�à¨�−â�å äã−ªæ¨ï B(u) ¨¬¥¥â ¢¨¤:

B(u) = u+–0 +
α

λ
(u+–0) = (u+–0)

(

1 +
α

λ

)

. (5)

ˆáå®¤−ë¬ ¯ã−ªâ®¬ ¤®ª�§�â¥«ìáâ¢� â¥®à¥¬ë 1 ï¢«ï¥âáï ¨§¢¥áâ−®¥ ãâ¢¥à¦¤¥-
−¨¥ ® â®¬, çâ® ¤«ï à¥£¥−¥à¨àãîé¨å ¯à®æ¥áá®¢ á ã¯à�¢«¥−¨¥¬ áâ�æ¨®−�à−ë© ¯®ª�-
§�â¥«ì ª�ç¥áâ¢� ã¯à�¢«¥−¨ï ¯à¥¤áâ�¢‚̈¬ ¢ ¢¨¤¥ ¤à®¡−®-«¨−¥©−®£® ¨−â¥£à�«ì−®£®
äã−ªæ¨®−�«�, ¨¬¥îé¥£® �−�«¨â¨ç¥áªãî ä®à¬ã (2), £¤¥ G(·) | ¢¥à®ïâ−®áâ−®¥
à�á¯à¥¤¥«¥−¨¥, ®¯à¥¤¥«ïîé¥¥ ¢ë¡¨à�¥¬®¥ ã¯à�¢«¥−¨¥ [15, 16]. ’�ª¨¬ ®¡à�-
§®¬, ¤«ï ¤®ª�§�â¥«ìáâ¢� â¥®à¥¬ë ¤®áâ�â®ç−® ¯®«ãç¨âì ï¢−ë¥ ¯à¥¤áâ�¢«¥−¨ï ¤«ï
¯®¤ë−â¥£à�«ì−ëå äã−ªæ¨© A(u) ¨B(u). �® á¢®¥¬ã â¥®à¥â¨ç¥áª®¬ã á®¤¥à¦�−¨î
íâ¨ äã−ªæ¨¨ ¯à¥¤áâ�¢«ïîâ á®¡®© ãá«®¢−ë¥ ¬�â¥¬�â¨ç¥áª¨¥ ®¦¨¤�−¨ï ¯à¨¡ë«¨,
¯®«ãç¥−−®© −� ®¤−®¬ ¯¥à¨®¤¥ à¥£¥−¥à�æ¨¨, ¨ ¤«¨â¥«ì−®áâ¨ ¯¥à¨®¤� à¥£¥−¥à�æ¨¨
á®®â¢¥âáâ¢¥−−®, ®¯à¥¤¥«ï¥¬ë¥ ¯à¨ ãá«®¢¨¨, çâ® ¢ −�ç�«ì−ë© ¬®¬¥−â ¤�−−®£®
¯¥à¨®¤� ¡ë«® ¯à¨−ïâ® à¥è¥−¨¥ u.

�®«−®¥ ¤®ª�§�â¥«ìáâ¢® â¥®à¥¬ë 1 ¯à¨¢¥¤¥−® ¢ ¯à¨«®¦¥−¨¨ ª −�áâ®ïé¥©
à�¡®â¥ [17].

ˆ§ ãâ¢¥à¦¤¥−¨ï â¥®à¥¬ë 1 á«¥¤ã¥â, çâ® äã−ªæ¨¨ A(u) ¨ B(u) ®¯à¥¤¥«¥-
−ë �−�«¨â¨ç¥áª¨ ¯à¨ ¢á¥å §−�ç¥−¨ïå �à£ã¬¥−â� u ≥ 0 ¨ §�¤�−−ëå §−�ç¥−¨ïå
¨áå®¤−ëå ¯�à�¬¥âà®¢. ‘®®â¢¥âáâ¢¥−−®, ¯®«−®áâìî ®¯à¥¤¥«¥−� äã−ªæ¨ï C(u) =
= A(u)/B(u), ª®â®à�ï ¡ã¤¥â ¢ ¤�«ì−¥©è¥¬ −�§ë¢�âìáï ®á−®¢−®© ¤«ï à�áá¬�âà¨-
¢�¥¬®£® ¤à®¡−®-«¨−¥©−®£® ¨−â¥£à�«ì−®£® äã−ªæ¨®−�«� (2).

4 Решение проблемы оптимального управления запасом

ˆá¯®«ì§ãï ãâ¢¥à¦¤¥−¨¥ â¥®à¥¬ë 1, ¯®«ãç�¥¬, çâ® ¯à®¡«¥¬� ®¯â¨¬�«ì−®£®
ã¯à�¢«¥−¨ï §�¯�á®¬ ¢ à�áá¬�âà¨¢�¥¬®© ¬®¤¥«¨ à¥£¥−¥à�æ¨¨, ª®â®à�ï ä®à¬�«ì−®
¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥ íªáâà¥¬�«ì−®© §�¤�ç¨ (1), ¯à¨−¨¬�¥â ¢¨¤ §�¤�ç¨ ¡¥§-
ãá«®¢−®£® íªáâà¥¬ã¬� ¤«ï ¤à®¡−®-«¨−¥©−®£® ¨−â¥£à�«ì−®£® äã−ªæ¨®−�«� (2),
¯®¤ë−â¥£à�«ì−ë¥ äã−ªæ¨¨ ç¨á«¨â¥«ï ¨ §−�¬¥−�â¥«ï ª®â®à®£® §�¤�−ë ï¢−ë¬¨
ä®à¬ã«�¬¨ (3){(5).

�à®¡«¥¬� ¡¥§ãá«®¢−®£® íªáâà¥¬ã¬� ¤à®¡−®-«¨−¥©−®£® äã−ªæ¨®−�«� ¡ë«� ¨á-
á«¥¤®¢�−� ¢ à�¡®â�å [15; 16, £«. 10]. ‚ ¤�−−®¬ ¨áá«¥¤®¢�−¨¨ ¡ã¤¥â ¨á¯®«ì§®¢�âìáï
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�¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥ §�¯�á®¬ −¥¯à¥àë¢−®£® ¯à®¤ãªâ� ¢ áå¥¬¥ à¥£¥−¥à�æ¨¨

−®¢�ï, ®¡®¡é¥−−�ï ¨ ãá¨«¥−−�ï ä®à¬� â¥®à¥¬ë ® ¡¥§ãá«®¢−®¬ íªáâà¥¬ã¬¥ ¤à®¡−®-
«¨−¥©−®£® ¨−â¥£à�«ì−®£® äã−ªæ¨®−�«�, ¤®ª�§�−−�ï �. ‚. ˜−ãàª®¢ë¬ [10, 11].
�à¨¢¥¤¥¬ ä®à¬ã«¨à®¢ªã íâ®© â¥®à¥¬ë, á«¥¤ãï à�¡®â¥ [10]. �à¨ íâ®¬ ®£à�−¨ç¨¬-
áï â®«ìª® ¯¥à¢ë¬ ãâ¢¥à¦¤¥−¨¥¬ ãª�§�−−®© â¥®à¥¬ë, ª®â®à®¥ −¥¯®áà¥¤áâ¢¥−−®
¨á¯®«ì§ã¥âáï ¢ ¤�«ì−¥©è¨å à�ááã¦¤¥−¨ïå.
’¥®à¥¬� 2. ÷�áá¬®âà¨¬ íªáâà¥¬�«ì−ãî §�¤�çã (1) ¤«ï ¤à®¡−®-«¨−¥©−®£® ¨−â¥-
£à�«ì−®£® äã−ªæ¨®−�«� (2). �à¥¤¯®«®¦¨¬, çâ® ¤«ï íâ®© §�¤�ç¨ ¢ë¯®«−ïîâáï
¯à¥¤¢�à¨â¥«ì−ë¥ ãá«®¢¨ï, ¯à¨¢¥¤¥−−ë¥ ¢ à�¡®â¥ [10]. �à¥¤¯®«®¦¨¬ â�ª¦¥, çâ®
äã−ªæ¨ï B(u) ®¡«�¤�¥â á¢®©áâ¢®¬ áâà®£®© §−�ª®¯®áâ®ï−−®áâ¨, â. ¥. ã¤®¢«¥-
â¢®àï¥â ®¤−®¬ã ¨§ ãá«®¢¨©: «¨¡® B(u) > 0, u ∈ U , «¨¡® B(u) < 0, u ∈ U .
’®£¤� á¯à�¢¥¤«¨¢ë á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥−¨ï.

…á«¨ äã−ªæ¨ï C(u) = A(u)/B(u) ®£à�−¨ç¥−� á¢¥àåã ¨«¨ á−¨§ã ¨ ¤®áâ¨-
£�¥â £«®¡�«ì−®£® íªáâà¥¬ã¬� −� ¬−®¦¥áâ¢¥ U (¬�ªá¨¬ã¬� ¨«¨ ¬¨−¨¬ã¬�),
â® á®®â¢¥âáâ¢ãîé¨© íªáâà¥¬ã¬ ¤à®¡−®-«¨−¥©−®£® ¨−â¥£à�«ì−®£® äã−ªæ¨®−�«�
I(ā) −� ¬−®¦¥áâ¢¥ • áãé¥áâ¢ã¥â ¨ ¤®áâ¨£�¥âáï −� ¢ëà®¦¤¥−−®© ¢¥à®ïâ-
−®áâ−®© ¬¥à¥, á®áà¥¤®â®ç¥−−®© ¢ â®çª¥, ¢ ª®â®à®© äã−ªæ¨ï C(u) ¤®áâ¨£�¥â
á®®â¢¥âáâ¢ãîé¥£® íªáâà¥¬ã¬�, ¯à¨ç¥¬ ¢ë¯®«−ïîâáï á®®â−®è¥−¨ï:

max
ā∈•

I(ā) = max
ā∗∈•∗

I(ā∗) = max
u∈U

A(u)

B(u)
;

min
ā∈•

I(ā) = min
ā∗∈•∗

I(ā∗) = min
u∈U

A(u)

B(u)
.

�à¨ íâ®¬ áä®à¬ã«¨à®¢�−−ë¥ ¢ëè¥ ãâ¢¥à¦¤¥−¨ï ¬®£ãâ ¢ë¯®«−ïâìáï ª�ª
¯® ®â¤¥«ì−®áâ¨ ¤«ï ®¤−®£® ¨§ ¢¨¤®¢ íªáâà¥¬ã¬�, â�ª ¨ á®¢¬¥áâ−® ¤«ï ®¡®¨å
¢¨¤®¢ íªáâà¥¬ã¬�.

�à®¢¥à¨¬ ¢ë¯®«−¥−¨¥ ãá«®¢¨© â¥®à¥¬ë 2. ‚ à�áá¬�âà¨¢�¥¬®© §�¤�ç¥ • ¥áâì
¬−®¦¥áâ¢® äã−ªæ¨© à�á¯à¥¤¥«¥−¨ï á«ãç�©−ëå ¢¥«¨ç¨−, ¯à¨−¨¬�îé¨å §−�ç¥−¨ï
¢® ¬−®¦¥áâ¢¥ ¤®¯ãáâ¨¬ëå ã¯à�¢«¥−¨© U = [0,∞]. �� íâ®¬ ¬−®¦¥áâ¢¥ äã−ª-
æ¨®−�« I(G), G ∈ •, ®¯à¥¤¥«¥−, â. ¥. ¨−â¥£à�«ë ¢ ç¨á«¨â¥«¥ ¨ §−�¬¥−�â¥«¥
ãª�§�−−®£® äã−ªæ¨®−�«� ï¢«ïîâáï áå®¤ïé¨¬¨áï. Šà®¬¥ â®£®, ¯®¤ë−â¥£à�«ì−�ï
äã−ªæ¨ï §−�¬¥−�â¥«ï B(u), §�¤�¢�¥¬�ï ä®à¬ã«®© (5), ï¢«ï¥âáï áâà®£® ¯®«®¦¨-
â¥«ì−®© ¯à¨ ¢á¥å §−�ç¥−¨ïå �à£ã¬¥−â� u ∈ U . ’�ª¨¬ ®¡à�§®¬, ãâ¢¥à¦¤¥−¨ï
â¥®à¥¬ë á¯à�¢¥¤«¨¢ë ¨ à¥è¥−¨¥ §�¤�ç¨ ¡¥§ãá«®¢−®£® íªáâà¥¬ã¬� ¤«ï ¤�−−®-
£® äã−ªæ¨®−�«� ¯®«−®áâìî ®¯à¥¤¥«ï¥âáï íªáâà¥¬�«ì−ë¬¨ á¢®©áâ¢�¬¨ ®á−®¢−®©
äã−ªæ¨¨ A(u)/B(u), ¤«ï ª®â®à®© ¨§¢¥áâ−® ï¢−®¥ �−�«¨â¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥.

÷�áá¬®âà¨¬ ¢�à¨�−â, ª®£¤� ®á−®¢−�ï äã−ªæ¨ï A(u)/B(u) ¤®áâ¨£�¥â £«®-
¡�«ì−®£® (�¡á®«îâ−®£®) ¬�ªá¨¬ã¬� −� ¬−®¦¥áâ¢¥ ¤®¯ãáâ¨¬ëå ã¯à�¢«¥−¨© u ∈
∈ U ¢ −¥ª®â®à®© â®çª¥ u∗. ’®£¤�, á®£«�á−® ¯¥à¢®¬ã ãâ¢¥à¦¤¥−¨î â¥®à¥¬ë 2,
à¥è¥−¨¥ ¨áå®¤−®© íªáâà¥¬�«ì−®© §�¤�ç¨ ¤«ï ¤à®¡−®-«¨−¥©−®£® ¨−â¥£à�«ì−®£®
äã−ªæ¨®−�«� I(G) áãé¥áâ¢ã¥â ¨ ¤®áâ¨£�¥âáï −� ¢ëà®¦¤¥−−®¬ ¢¥à®ïâ−®áâ−®¬
à�á¯à¥¤¥«¥−¨¨ Gu∗

(u), á®áà¥¤®â®ç¥−−®¬ ¢ â®çª¥ u∗:
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Gu∗
(u) =

{

0 , u ≤ u∗ ;

1 , u > u∗ .
(6)

Šà®¬¥ â®£®, ¨¬¥¥â ¬¥áâ® á®®â−®è¥−¨¥:

max
G∈•

I(G) = max
G∈•∗

I(G) = max
u∈U

A(u)

B(u)
,

£¤¥ •∗ | ¬−®¦¥áâ¢® ¢ëà®¦¤¥−−ëå à�á¯à¥¤¥«¥−¨© ¢¨¤� (7) ¤«ï ¢á¥å ¢®§¬®¦−ëå
â®ç¥ª u∗ ∈ U .

’�ª¨¬ ®¡à�§®¬, −¥®¡å®¤¨¬® ¨áá«¥¤®¢�âì −� £«®¡�«ì−ë© íªáâà¥¬ã¬ ®á−®¢−ãî
äã−ªæ¨î à�áá¬�âà¨¢�¥¬®£® ¤à®¡−®-«¨−¥©−®£® äã−ªæ¨®−�«�, â. ¥. −�©â¨ à¥è¥−¨¥
íªáâà¥¬�«ì−®© §�¤�ç¨

A(u)

B(u)
→ max

u∈U
. (7)

…á«¨ ã¤�áâáï −�©â¨ â®çªã u∗ ∈ U , ¢ ª®â®à®© ¤®áâ¨£�¥âáï £«®¡�«ì−ë© ¬�ª-
á¨¬ã¬ ®á−®¢−®© äã−ªæ¨¨ A(u)/B(u), â. ¥. à¥è¥−¨¥ §�¤�ç¨ (7), â® ¨§ ¯¥à¢®£®
ãâ¢¥à¦¤¥−¨ï â¥®à¥¬ë 2 −¥¯®áà¥¤áâ¢¥−−® ¡ã¤¥â á«¥¤®¢�âì, çâ® à¥è¥−¨¥ ¨áå®¤−®©
§�¤�ç¨ áãé¥áâ¢ã¥â ¨ ¤®áâ¨£�¥âáï −� ¢ëà®¦¤¥−−®¬ ¢¥à®ïâ−®áâ−®¬ à�á¯à¥¤¥«¥−¨¨
¢¨¤� (6). ’®çª� u = u∗ ∈ U ®¯à¥¤¥«ï¥â ®¯â¨¬�«ì−®¥ ¤¥â¥à¬¨−¨à®¢�−−®¥ §−�ç¥−¨¥
¯�à�¬¥âà� ã¯à�¢«¥−¨ï.

5 Достаточные условия непрерывности основной функции
и существование детерминированного оптимального управления

‚ ¤�−−®¬ à�§¤¥«¥ ¡ã¤ãâ ¯®«ãç¥−ë �−�«¨â¨ç¥áª¨¥ ãá«®¢¨ï −� ¨áå®¤−ë¥ å�à�ª-
â¥à¨áâ¨ª¨ à�áá¬�âà¨¢�¥¬®© ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨, ¯à¨ ¢ë¯®«−¥−¨¨ ª®â®àëå
¬®¦−® ãâ¢¥à¦¤�âì, çâ® ®á−®¢−�ï äã−ªæ¨ï C(u) = A(u)/B(u) ¤à®¡−®-«¨−¥©-
−®£® ¨−â¥£à�«ì−®£® äã−ªæ¨®−�«� I(G) ¤®áâ¨£�¥â £«®¡�«ì−®£® íªáâà¥¬ã¬� −�
¬−®¦¥áâ¢¥ ¢®§¬®¦−ëå §−�ç¥−¨© ¯�à�¬¥âà� ã¯à�¢«¥−¨ï.

„®ª�¦¥¬ á−�ç�«� ¢á¯®¬®£�â¥«ì−®¥ ãâ¢¥à¦¤¥−¨¥ ® −¥¯à¥àë¢−®áâ¨ äã−ªæ¨¨
A(u), å�à�ªâ¥à¨§ãîé¥© ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¯à¨¡ë«¨, ¯®«ãç¥−−®© −�
¯¥à¨®¤¥ à¥£¥−¥à�æ¨¨.
‹¥¬¬� 1. �à¥¤¯®«®¦¨¬, çâ® ¢ë¯®«−ïîâáï á«¥¤ãîé¨¥ ãá«®¢¨ï:

(1) äã−ªæ¨ï c1(x) −¥¯à¥àë¢−� ¯à¨ «î¡ëå §−�ç¥−¨ïå �à£ã¬¥−â� x ≥ 0;
(2) äã−ªæ¨ï c2(x) −¥¯à¥àë¢−� ¯à¨ «î¡ëå §−�ç¥−¨ïå �à£ã¬¥−â� x ≤ 0;
(3) äã−ªæ¨ï c3(y) −¥¯à¥àë¢−� ¯à¨ «î¡ëå §−�ç¥−¨ïå �à£ã¬¥−â� y ≥ α–0.

’®£¤� äã−ªæ¨ï A(u) −¥¯à¥àë¢−� ¯à¨ ¢á¥å §−�ç¥−¨ïå u ≥ 0.
‚ ¤®ª�§�â¥«ìáâ¢¥ «¥¬¬ë 1 ¨á¯®«ì§ãîâáï à¥§ã«ìâ�âë ª«�áá¨ç¥áª®£® �−�«¨§�.

�®«−®áâìî ®−® ¯à¨¢¥¤¥−® ¢ ¯à¨«®¦¥−¨¨ ª à�¡®â¥ [17].
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�¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥ §�¯�á®¬ −¥¯à¥àë¢−®£® ¯à®¤ãªâ� ¢ áå¥¬¥ à¥£¥−¥à�æ¨¨

�á−®¢ë¢�ïáì −� ãâ¢¥à¦¤¥−¨¨ «¥¬¬ë, ¬®¦−® ¤®ª�§�âì á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥-
−¨¥ ®â−®á¨â¥«ì−® á¢®©áâ¢ ®á−®¢−®© äã−ªæ¨¨ ¤�−−®£® ¤à®¡−®-«¨−¥©−®£® äã−ªæ¨-
®−�«�.

’¥®à¥¬� 3. �à¥¤¯®«®¦¨¬, çâ® ¢ë¯®«−¥−ë á«¥¤ãîé¨¥ ãá«®¢¨ï, á¢ï§�−−ë¥ á®
áâ®¨¬®áâ−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ ¬®¤¥«¨:

(1) äã−ªæ¨ï c1(x) −¥¯à¥àë¢−� ¯à¨ «î¡ëå §−�ç¥−¨ïå �à£ã¬¥−â� x ≥ 0;
(2) äã−ªæ¨ï c2(x) −¥¯à¥àë¢−� ¯à¨ «î¡ëå §−�ç¥−¨ïå �à£ã¬¥−â� x ≤ 0;
(3) äã−ªæ¨ï c3(y) −¥¯à¥àë¢−� ¯à¨ «î¡ëå §−�ç¥−¨ïå y ≥ α–0;

(4) áãé¥áâ¢ã¥â ¯à¥¤¥« limz→−∞[αd2(z)− c2(z)] = γ2 <∞;

(5) áãé¥áâ¢ã¥â ¯à¥¤¥« limz→−∞ c2(z) = c
(−)
1 <∞;

(6) áãé¥áâ¢ã¥â ¯à¥¤¥« limz→∞ c3(z)/z = c
(+)
3 <∞.

’®£¤� ®á−®¢−�ï äã−ªæ¨ï à�áá¬�âà¨¢�¥¬®£® ¤à®¡−®-«¨−¥©−®£® ¨−â¥£à�«ì−®£®
äã−ªæ¨®−�«� (2), â. ¥. äã−ªæ¨ï A(u)/B(u), ®¯à¥¤¥«ï¥¬�ï á®®â−®è¥−¨ï¬¨ (3)
¨ (4), ï¢«ï¥âáï −¥¯à¥àë¢−®© ¯à¨ ¢á¥å ª®−¥ç−ëå §−�ç¥−¨ïå �à£ã¬¥−â� u ≥ 0
¨ áãé¥áâ¢ã¥â ª®−¥ç−ë© ¯à¥¤¥«

lim
u→∞

A(u)

B(u)
<∞ .

„®ª�§�â¥«ìáâ¢® â¥®à¥¬ë 3 ®á−®¢�−® −� «¥¬¬¥ 1 ¨ à¥§ã«ìâ�â�å ª«�áá¨ç¥áª®£®
�−�«¨§� ¨ ¯à¨¢¥¤¥−® ¢ ¯à¨«®¦¥−¨¨ ª −�áâ®ïé¥© à�¡®â¥ [17].

ˆá¯®«ì§ãï ãâ¢¥à¦¤¥−¨¥ â¥®à¥¬ë 3, ¬®¦−® ãª�§�âì �−�«¨â¨ç¥áª¨¥ ãá«®¢¨ï −�
å�à�ªâ¥à¨áâ¨ª¨ ¬®¤¥«¨, ¯à¨ ¢ë¯®«−¥−¨¨ ª®â®àëå áãé¥áâ¢ã¥â à¥è¥−¨¥ ¨áå®¤−®©
§�¤�ç¨ ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï.

’¥®à¥¬� 4. �ãáâì ¢ë¯®«−¥−ë ãá«®¢¨ï â¥®à¥¬ë 3. ’®£¤� à¥è¥−¨¥ §�¤�ç¨ ®¯â¨-
¬�«ì−®£® ã¯à�¢«¥−¨ï §�¯�á®¬ áãé¥áâ¢ã¥â ¨ ¤®áâ¨£�¥âáï −� ¤¥â¥à¬¨−¨à®¢�−−®¬

ã¯à�¢«¥−¨¨ u∗ ∈ U , ª®â®à®¥ ¯à¥¤áâ�¢«ï¥â á®¡®© â®çªã £«®¡�«ì−®£® ¬�ªá¨¬ã¬�

äã−ªæ¨¨ A(u)/B(u) −� ¬−®¦¥áâ¢¥ U = [0;∞].
„ ® ª � § � â ¥ « ì á â ¢ ® . ˆâ�ª, ¯ãáâì ¢ë¯®«−¥−ë ãá«®¢¨ï â¥®à¥¬ë 3. ’®£¤� á®£«�á-
−® ãâ¢¥à¦¤¥−¨î íâ®© â¥®à¥¬ë ®á−®¢−�ï äã−ªæ¨ï ¤à®¡−®-«¨−¥©−®£® äã−ªæ¨®−�-
«� (2) −¥¯à¥àë¢−� ¯à¨ ¢á¥å ª®−¥ç−ëå §−�ç¥−¨ïå u ≥ 0 ¨ áãé¥áâ¢ã¥â ª®−¥ç−ë©
¯à¥¤¥«

�C = lim
u→∞

A(u)

B(u)
<∞ .

�âáî¤� á«¥¤ã¥â, çâ® äã−ªæ¨ï C(u) = A(u)/B(u) ï¢«ï¥âáï −¥¯à¥àë¢−®© −�
¬−®¦¥áâ¢¥ U = [0;∞], â. ¥. −� à�áè¨à¥−−®© ¢¥é¥áâ¢¥−−®© ¯àï¬®©, ¢ª«îç�îé¥©
¤®¯®«−¨â¥«ì−ë© í«¥¬¥−â (+∞).

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 4 2017 89



�. ‚. ˜−ãàª®¢, …. ā. �¨¬¥−®¢�

„¥©áâ¢¨â¥«ì−®, ¥á«¨ ¤®®¯à¥¤¥«¨âì äã−ªæ¨î C(u) = A(u)/B(u) ¢ â®çª¥
u = +∞ ¯à¨ ¯®¬®é¨ á®®â−®è¥−¨ï C(∞) = limu→∞A(u)/B(u) = �C, â®
®¯à¥¤¥«¥−¨¥ −¥¯à¥àë¢−®áâ¨ ¢ë¯®«−ï¥âáï â�ª¦¥ ¨ ¢ â®çª¥ u = +∞.

‚ â® ¦¥ ¢à¥¬ï ¬−®¦¥áâ¢® U = [0;∞] ï¢«ï¥âáï ª®¬¯�ªâ®¬ (¢ ª«�áá¨ç¥áª®©
ª−¨£¥ �. ‘. �«¥ªá�−¤à®¢� [18] ¤«ï ®¡®§−�ç¥−¨ï íâ®£® ¯®−ïâ¨ï ¨á¯®«ì§ã¥âáï â¥à-
¬¨− ú¡¨ª®¬¯�ªâû). ‚ ç�áâ−®áâ¨, ¨§¢¥áâ−®, çâ® áãé¥áâ¢ã¥â ¢§�¨¬−® ®¤−®§−�ç−®¥
¨ ¢§�¨¬−® −¥¯à¥àë¢−®¥ ®â®¡à�¦¥−¨¥ ¤�−−®£® ¬−®¦¥áâ¢� ¨ §�¬ª−ãâ®£® ª®−¥ç−®£®
®âà¥§ª� [0, a], £¤¥ a > 0 | ¯à®¨§¢®«ì−®¥ ¢¥é¥áâ¢¥−−®¥ ç¨á«®. ‚ â�ª®¬ á«ãç�¥
¬−®¦¥áâ¢® U ï¢«ï¥âáï ¡¨ª®¬¯�ªâ®¬ [18].

’�ª¨¬ ®¡à�§®¬, äã−ªæ¨ï C(u) = A(u)/B(u) ï¢«ï¥âáï −¥¯à¥àë¢−®© −� ª®¬-
¯�ªâ¥ (¡¨ª®¬¯�ªâ¥) U = [0;∞]. ’®£¤� ¬®¦−® ¯à¨¬¥−¨âì ¨§¢¥áâ−ãî â¥®à¥¬ã
‚¥©¥àèâà�áá� ® ¤®áâ¨¦¥−¨¨ äã−ªæ¨¥© C(u) á¢®¥£® ¬¨−¨¬�«ì−®£® ¨ ¬�ªá¨¬�«ì-
−®£® §−�ç¥−¨© [18,19].

‘«¥¤®¢�â¥«ì−®, ®á−®¢−�ï äã−ªæ¨ï C(u) = A(u)/B(u) à�áá¬�âà¨¢�¥¬®£®
¤à®¡−®-«¨−¥©−®£® ¨−â¥£à�«ì−®£® äã−ªæ¨®−�«� ¤®áâ¨£�¥â £«®¡�«ì−®£® ¬�ªá¨¬ã-
¬� ¢ −¥ª®â®à®© â®çª¥ u∗ ∈ U = [0;∞]. �® â®£¤�, ª�ª á«¥¤ã¥â ¨§ ãâ¢¥à¦¤¥−¨ï
â¥®à¥¬ë 2, à¥è¥−¨¥ ¨áå®¤−®© §�¤�ç¨ ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï áãé¥áâ¢ã¥â ¨ ¤®-
áâ¨£�¥âáï −� ¢ëà®¦¤¥−−®¬ à�á¯à¥¤¥«¥−¨¨, á®áà¥¤®â®ç¥−−®¬ ¢ â®çª¥ u∗, â. ¥.
®¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥ ï¢«ï¥âáï ¤¥â¥à¬¨−¨à®¢�−−ë¬ ¨ ®¯à¥¤¥«ï¥âáï ãª�§�−-
−®© â®çª®© u∗ ∈ U . ’¥®à¥¬� 4 ¤®ª�§�−�.

6 Заключение

‚ −�áâ®ïé¥© à�¡®â¥ ¯à®¢¥¤¥−® ¨áá«¥¤®¢�−¨¥ ®¤−®£® ¨§ ¢�à¨�−â®¢ à¥£¥−¥-
à�æ¨®−−ëå ¬®¤¥«¥© ã¯à�¢«¥−¨ï §�¯�á®¬ −¥¯à¥àë¢−®£® ¯à®¤ãªâ�. �á−®¢−®©
®á®¡¥−−®áâìî íâ®£® ¨áá«¥¤®¢�−¨ï ï¢«ï¥âáï ¥£® â¥®à¥â¨ç¥áª�ï §�¢¥àè¥−−®áâì.
“áâ�−®¢«¥−®, çâ® ®¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥ ¢ à�áá¬�âà¨¢�¥¬®© ¬®¤¥«¨ ï¢«ï¥âáï
¤¥â¥à¬¨−¨à®¢�−−ë¬ ¨ ®¯à¥¤¥«ï¥âáï â®çª®© £«®¡�«ì−®£® íªáâà¥¬ã¬� (¬�ªá¨¬ã¬�)
®á−®¢−®© äã−ªæ¨¨ ¤à®¡−®-«¨−¥©−®£® ¨−â¥£à�«ì−®£® äã−ªæ¨®−�«� | ¯®ª�§�â¥«ï
ª�ç¥áâ¢� ã¯à�¢«¥−¨ï. �à¨ íâ®¬ ¤«ï ã¯®¬ï−ãâ®© ®á−®¢−®© äã−ªæ¨¨ ¯®«ãç¥−®
ï¢−®¥ �−�«¨â¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥ ç¥à¥§ ¨áå®¤−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¬®¤¥«¨.

‚ àï¤¥ ¨áá«¥¤®¢�−¨© ¯® ¬�â¥¬�â¨ç¥áª®© â¥®à¨¨ −�¤¥¦−®áâ¨ ¨ â¥®à¨¨ ®¯â¨-
¬�«ì−®£® ®¡á«ã¦¨¢�−¨ï [15, 16] ¡ë«® ãáâ�−®¢«¥−®, çâ® ®¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥
à¥£¥−¥à¨àãîé¨¬ ¯à®æ¥áá®¬ ¯à¨ ¯à¨−ïâ¨¨ à¥è¥−¨ï ¢ ¬®¬¥−â à¥£¥−¥à�æ¨¨ ï¢«ï-
¥âáï ¤¥â¥à¬¨−¨à®¢�−−ë¬. �−�«®£¨ç−ë© ®¡é¨© à¥§ã«ìâ�â ¨§¢¥áâ¥− â�ª¦¥ ¢ ª«�á-
á¨ç¥áª®© â¥®à¨¨ ã¯à�¢«¥−¨ï ¯®«ã¬�àª®¢áª¨¬ ¯à®æ¥áá®¬ á ª®−¥ç−ë¬ ¬−®¦¥áâ¢®¬
á®áâ®ï−¨© [20]. �®«¥¥ â®£®, íâ®â à¥§ã«ìâ�â ®áâ�¥âáï á¯à�¢¥¤«¨¢ë¬ ¤«ï á�¬ëå
á«®¦−ëå ¯®«ã¬�àª®¢áª¨å ¬®¤¥«¥© ã¯à�¢«¥−¨ï, ¢ ª®â®àëå ¬−®¦¥áâ¢� á®áâ®ï−¨©
¨ ã¯à�¢«¥−¨© ¨¬¥îâ ¢¥áì¬� ®¡éãî áâàãªâãàã [21, 22]. �¤−�ª® ¨á¯®«ì§®¢�-
−¨¥ ¯à¨ à¥è¥−¨¨ §�¤�ç¨ ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï à¥§ã«ìâ�â� ®¡ íªáâà¥¬ã¬¥
¤à®¡−®-«¨−¥©−®£® ¨−â¥£à�«ì−®£® äã−ªæ¨®−�«� ¢ ¢¨¤¥ â¥®à¥¬ë 2 ¨¬¥¥â áãé¥-
áâ¢¥−−ë¥ ¯à¥¨¬ãé¥áâ¢�. “ª�§�−−ë© à¥§ã«ìâ�â ¯®§¢®«ï¥â −¥ â®«ìª® ãáâ�−®¢¨âì

90 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 4 2017



�¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥ §�¯�á®¬ −¥¯à¥àë¢−®£® ¯à®¤ãªâ� ¢ áå¥¬¥ à¥£¥−¥à�æ¨¨

áãé¥áâ¢®¢�−¨¥ ®¯â¨¬�«ì−®£® ¤¥â¥à¬¨−¨à®¢�−−®£® ã¯à�¢«¥−¨ï, −® ¨ ¤®ª�§�âì,
çâ® −�å®¦¤¥−¨¥ íâ®£® ã¯à�¢«¥−¨ï á¢®¤¨âáï ª ª«�áá¨ç¥áª®© §�¤�ç¥ ®¯à¥¤¥«¥−¨ï
£«®¡�«ì−®£® íªáâà¥¬ã¬� §�¤�−−®© äã−ªæ¨¨ ®¤−®£® ¤¥©áâ¢¨â¥«ì−®£® ¯¥à¥¬¥−−®£®.
‚ ¯à¨−ïâ®© â¥à¬¨−®«®£¨¨ íâ� äã−ªæ¨ï −�§ë¢�¥âáï ®á−®¢−®© ¤«ï à�áá¬�âà¨¢�-
¥¬®£® ¤à®¡−®-«¨−¥©−®£® ¨−â¥£à�«ì−®£® äã−ªæ¨®−�«�.

Šà®¬¥ â®£®, ¢ å®¤¥ ¯à®¢¥¤¥−−®£® ¨áá«¥¤®¢�−¨ï ãáâ�−®¢«¥−®, çâ® ¯à¨ ¤®-
áâ�â®ç−® ¥áâ¥áâ¢¥−−ëå �−�«¨â¨ç¥áª¨å ãá«®¢¨ïå −� ¨áå®¤−ë¥ å�à�ªâ¥à¨áâ¨ª¨
¬®¤¥«¨ £«®¡�«ì−ë© íªáâà¥¬ã¬ ®á−®¢−®© äã−ªæ¨¨ ¤®áâ¨£�¥âáï ¢ −¥ª®â®à®© ª®−-
ªà¥â−®© â®çª¥, ¯à¨−�¤«¥¦�é¥© ¬−®¦¥áâ¢ã ¤®¯ãáâ¨¬ëå ã¯à�¢«¥−¨© (â¥®à¥¬� 4).
’�ª¨¬ ®¡à�§®¬, ¢ −�áâ®ïé¥© à�¡®â¥ à¥�«¨§®¢�− ®¡é¨© ¬¥â®¤ à¥è¥−¨ï §�¤�ç
®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï ¢ áâ®å�áâ¨ç¥áª¨å ¬®¤¥«ïå à¥£¥−¥à�æ¨¨, ¯à¨¬¥−¥−−ë©
ª ª®−ªà¥â−®© ¬®¤¥«¨ ã¯à�¢«¥−¨ï §�¯�á®¬.
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OPTIMAL INVENTORY CONTROL OF CONTINUOUS PRODUCT
IN REGENERATION THEORY WITH DETERMINATE DELAY

OF THE DELIVERY AND THE PERIOD OF REAL REPLENISHMENT

P. V. Shnurkov and E. Yu. Pimenova

National Research University Higher School of Economics, 34 Tallinskaya Str.,
Moscow 123458, Russian Federation

Abstract: The problem of inventory control in the stochastic model of regenera-
tion is investigated. The purpose is to find a theoretical solution of the optimal
control problem. To solve the problem, the authors have found the distribution
function of a random time from the replenishment moment till the next order
which determines the optimal replenishing product plan. It is proved that the
initial problem solution exists and it is attained on the degenerate probability
distribution. In addition, the optimal deterministic value of the control parameter
is the global extreme point of a function which was expressed in an analytical
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representation. The existence of deterministic optimal control assertion was
proved. The authors have specified the analytical conditions on the initial model
characteristics under which the optimal control exists.

Keywords: optimal control in stochastic systems; inventory management;
controlled regenerating process
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ИНТЕЛЛЕКТУАЛЬНЫХ СИСТЕМ С ГЕТЕРОГЕННЫМ
ВИЗУАЛЬНЫМ ПОЛЕМ∗

А. В. Колесников1, С. В. Листопад2

�−−®â�æ¨ï: ƒ¨¡à¨¤−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ á¨áâ¥¬ë (ƒ¨ˆ‘) ¨−â¥£à�æ¨¨ ¬®-
¤¥«¥© §−�−¨© íªá¯¥àâ®¢ à¥è�îâ −¥®¤−®à®¤−ë¥ §�¤�ç¨ (¯à®¡«¥¬ë). �à¨ íâ®¬
í«¥¬¥−âë ƒ¨ˆ‘ ¢§�¨¬®¤¥©áâ¢ãîâ −� ®á−®¢¥ á¨¬¢®«ì−®-«®£¨ç¥áª¨å ¬®¤¥«¥©
§−�−¨©, çâ® áãé¥áâ¢¥−−® ®£à�−¨ç¨¢�¥â ¨å ¢®§¬®¦−®áâ¨ ¯® áà�¢−¥−¨î á ª®«-
«¥ªâ¨¢�¬¨ íªá¯¥àâ®¢, ãá¯¥è−® à�ááã¦¤�îé¨å ª�ª «®£¨ç¥áª¨, â�ª ¨ ®¡à�§−®.
�à¥¤«�£�¥âáï â¨¯®¢�ï �àå¨â¥ªâãà� ƒ¨ˆ‘, á¨−â¥§¨àãîé¨å ¨−â¥£à¨à®¢�−−ë¥
¬¥â®¤ë à¥è¥−¨ï ¯à®¡«¥¬ −�¤ £¥â¥à®£¥−−ë¬ ¢¨§ã�«ì−ë¬ ¯®«¥¬, ¨ �àå¨â¥ªâãà�
¨−áâàã¬¥−â�«ì−®£® áà¥¤áâ¢� à�§à�¡®âª¨ â�ª¨å á¨áâ¥¬. ƒ¨¡à¨¤−ë¥ ¨−â¥««¥ª-
âã�«ì−ë¥ á¨áâ¥¬ë á £¥â¥à®£¥−−ë¬ ¢¨§ã�«ì−ë¬ ¯®«¥¬ ¯®¯¥à¥¬¥−−® ¬®¤¥«¨àã-
îâ ª®««¥ªâ¨¢−ë¥ ¢¥à¡�«ì−®-á¨¬¢®«ì−ë¥ ¨ ¢¨§ã�«ì−®-®¡à�§−ë¥ à�ááã¦¤¥−¨ï
¢ §�¢¨á¨¬®áâ¨ ®â −¥®¯à¥¤¥«¥−−®áâ¨ á¨âã�æ¨¨ ¯à¨−ïâ¨ï à¥è¥−¨©. �«�£®¤�àï
¢¨§ã�«ì−®-®¡à�§−ë¬ à�ááã¦¤¥−¨ï¬ á¨áâ¥¬� ú¢¨¤¨âû ¯à¨¡«¨¦¥−−®¥ à¥è¥−¨¥
¯à®¡«¥¬ë, ª®â®à®¥ ¢¯®á«¥¤áâ¢¨¨ ¬®¦¥â ¡ëâì ãâ®ç−¥−® ¬¥â®¤�¬¨ ¢¥à¡�«ì−®-
á¨¬¢®«ì−ëå à�ááã¦¤¥−¨©.
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ˆáá«¥¤®¢�−¨ï £¨¡à¨¤¨§�æ¨¨ ¢ ¨áªãááâ¢¥−−®¬ ¨−â¥««¥ªâ¥ á«¥¤ãîâ á®æ¨�«ì−®©
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¨¬ãé¥áâ¢�¬¨, â�ª ¨ −¥¤®áâ�âª�¬¨ ¨ â®«ìª® ¢ ¯à®¤ã¬�−−®© ª®¬¡¨−�æ¨¨ ¬¥â®¤®¢
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¤®¯®«−¨â¥«ì−®áâì ¨ á®âàã¤−¨ç¥áâ¢® á¢¥¤ãâ ª ¬¨−¨¬ã¬ã ç�áâ−ë¥ −¥¤®áâ�âª¨ �¢â®-
¬�â¨§¨à®¢�−−®£® à¥è¥−¨ï á«®¦−ëå §�¤�ç ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¨ ã¯à�¢«¥−¨ï.
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�. ‚. Š®«¥á−¨ª®¢, ‘. ‚. ‹¨áâ®¯�¤

÷�§¢¨â¨¥¬ â¥à¬¨−®«®£¨¨, â¥®à¨¨, ¬¥â®¤®«®£¨¨ ¨ â¥å−®«®£¨¨ £¨¡à¨¤−ëå ¨ á¨-
−¥à£¥â¨ç¥áª¨å á¨áâ¥¬ §�−¨¬�«¨áì “. “¨âá¥−å�ãá¥−, �. �. �ãá«¥−ª®, ‹. ’�¢¥à-
−¨−¨, �. �¥à®¤, “. Š®−, Œ. „. ‹¥¬¬®−, �. �íª, ÷. “. �à®ª¥ââ, �. �ãà�©,
�. ‚�à�©ï, „¦. “®«è. �� àã¡¥¦¥ XX ¨ XXI ¢¢. §−�−¨ï ¨§ãç¥−ë, ®¡®¡é¥-
−ë ¨ ®¯ã¡«¨ª®¢�−ë ¢ à�¡®â�å �. �. �®à¨á®¢�, ‚. �. ‚�£¨−�, �. ‚. ƒ�¢à¨«®¢�,
�. �. …à¥¬¥¥¢�, ˆ. �. Š¨à¨ª®¢�, �. ‚. Š®«¥á−¨ª®¢�, ƒ. ‘. �á¨¯®¢�, „. �. �®-
á¯¥«®¢�, ƒ. ‚. ÷ë¡¨−®©, ‚. �. ’�à�á®¢�, ˆ. �. ”®¬¨−ëå, �. ƒ. Ÿàãèª¨−®©,
‘. ƒã−íâ¨«í©ª�, ‘. Šå¥¡¡�«�, ‹. Œ¥¤áª¥à�.

‘ãé¥áâ¢¥−−ë© −¥¤®áâ�â®ª ƒ¨ˆ‘ | ¬®¤¥«¨à®¢�−¨¥ ¯à¥¨¬ãé¥áâ¢¥−−® «®£¨-
ç¥áª®£® ¬ëè«¥−¨ï ¨ �¡áâà�ªâ−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥© æ¥¯®ç¥ª á¨¬¢®«®¢ á¥¬�−-
â¨ç¥áª¨å ¨ ¯à�£¬�â¨ç¥áª¨å ¯à¥¤áâ�¢«¥−¨©. �¥á¬®âàï −� à�§¢¨â®áâì ¢¥à¡�«ì−ëå
ª®¬¬ã−¨ª�æ¨©, ®−¨ §�−¨¬�îâ ¢ ç¥«®¢¥ç¥áª®¬ ®¡é¥−¨¨ −¥ ¡®«¥¥ 10% [1]. �ªá¯¥à-
âë ®¡¬¥−¨¢�îâáï ¢¨§ã�«ì−®© ¨−ä®à¬�æ¨¥© ¢ à¨áã−ª�å, áå¥¬�å, ¤¨�£à�¬¬�å, çâ®
ãáª®àï¥â ¯®áâà®¥−¨¥ ®¡é¥£®, ¨−â¥£à¨à®¢�−−®£® à¥è¥−¨ï, ¯®§¢®«ïï ãç�áâ−¨ª�¬
®¡áã¦¤¥−¨ï úã¢¨¤¥âì à¥è¥−¨¥û. ‚¨§ã�«ì−®¥ ¬ëè«¥−¨¥, à�¡®â� á ¯à¥¤áâ�¢«¥−¨ï-
¬¨ ¬¨à� ª�ª ª�àâ¨−ª¨ íää¥ªâ¨¢−¥¥ «®£¨ç¥áª®£® ¬ëè«¥−¨ï ¨ ¯à¥¤áâ�¢«¥−¨© ¬¨à�
ª�ª â¥ªáâ� [2{4]. �ªâã�«ì−® ¢¨§ã�«ì−®¥ ¬ëè«¥−¨¥ ¨ ¢ ¢¨àâã�«ì−ëå £¥â¥à®£¥−−ëå
ª®««¥ªâ¨¢�å (‚ƒŠ) [5], ª®£¤� à¥�«ì−ë¥ íªá¯¥àâë ¨ ¨áªãááâ¢¥−−ë¥ í«¥¬¥−âë-
�¢�â�àë ¢ ¥¤¨−®¬ ª®««¥ªâ¨¢¥ ¢§�¨¬®¤¥©áâ¢ãîâ −� ®¤−®¬ ¯®−ïâ−®¬ ï§ëª¥. „«ï
‚ƒŠ ¢¨§ã�«ì−®£® ã¯à�¢«¥−¨ï ¯à¥¤«�£�¥âáï à�§à�¡®â�âì −®¢ë© ª«�áá ¨−â¥««¥ªâã-
�«ì−ëå á¨áâ¥¬ | äã−ªæ¨®−�«ì−ë¥ ƒ¨ˆ‘ (”ƒ¨ˆ‘) á £¥â¥à®£¥−−ë¬ ¢¨§ã�«ì−ë¬
¯®«¥¬, á¯®á®¡−ë¥ ¤¨−�¬¨ç¥áª¨ ª®−áâàã¨à®¢�âì −�¤ −¨¬ ¬¥â®¤ à¥è¥−¨ï á«®¦-
−ëå §�¤�ç, ¡¥áè®¢−® ª®¬¡¨−¨àãï á¨¬¢®«ì−®-«®£¨ç¥áª¨¥ ¨ ¢¨§ã�«ì−®-®¡à�§−ë¥
¬¥â®¤ë à�ááã¦¤¥−¨©.

2 Интеграция знаний в гибридных интеллектуальных системах

ƒ¨¡à¨¤−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ á¨áâ¥¬ë ¡ë«¨ �−®−á¨à®¢�−ë ¢ 1994{1995 ££.
‹. Œ¥¤áª¥à®¬ [6]. ‡� ¡®«¥¥ ç¥¬ ¤¢�¤æ�â¨«¥â−îî ¨áâ®à¨î à�§¢¨â¨ï ¤�−−®£®
−�¯à�¢«¥−¨ï ¨áá«¥¤®¢�−¨© à�§à�¡®â�−® ¬−®¦¥áâ¢® ¯®¤®¡−ëå á¨áâ¥¬ ¨ ¨å ª«�áá¨-
ä¨ª�æ¨© [6{13]. ‚ áâ�âì¥ à¥çì ¨¤¥â ® ”ƒ¨ˆ‘, ®â®¡à�¦�îé¨å ¢ ¯à¥¤áâ�¢«¥−¨ïå
¤�−−ëå ¨ §−�−¨©, ¯à®£à�¬¬−ëå áà¥¤áâ¢�å ¨å ¯®¤¤¥à¦ª¨ á®áâ�¢, áâàãªâãàã, á¢®©-
áâ¢� á¨áâ¥¬−®áâ¨, −¥®¤−®à®¤−®áâ¨, ¤¨−�¬¨ç−®áâ¨ ¨ ¯®«¨ï§ëª®¢®£® å�à�ªâ¥à�
§�¤�ç¨-á¨áâ¥¬ë ¤«ï ¬®¤¥«¨à®¢�−¨ï ¢ �¢â®¬�â¨§¨à®¢�−−®¬ à¥¦¨¬¥ ª®««¥ªâ¨¢−®©
à�¡®âë −�¤ ¯à®¡«¥¬−ë¬¨ á¨âã�æ¨ï¬¨, à¥è¥−¨ï á«®¦−ëå §�¤�ç (¯à®¡«¥¬).

‚ ¯à®¡«¥¬−®-áâàãªâãà−®© (�‘) ¬¥â®¤®«®£¨¨ ƒ¨ˆ‘ [14] ¤«ï à¥è¥−¨ï á«®¦-
−ëå §�¤�ç, à¥«¥¢�−â−ëå ¬®¤¥«¨ ú−¥®¤−®à®¤−�ï §�¤�ç�û, ¨á¯®«ì§ã¥âáï ¯®¤å®¤,
−�§¢�−−ë© ¢ [15] ú¨§¬¥−¥−¨¥ ¯à¥¤áâ�¢«¥−¨ï ¯à®¡«¥¬ë ¢ å®¤¥ à¥è¥−¨ïû: ¯à®¡-
«¥¬� ¯à¥®¤®«¥¢�¥âáï ª®««¥ªâ¨¢−ë¬ ¯à¥®¡à�§®¢�−¨¥¬, à¥áâàãªâãà¨à®¢�−¨¥¬ ¥¥
à¥¯à¥§¥−â�æ¨¨, ¢ å®¤¥ ª®â®à®£® ¯à®¡«¥¬� §�¬¥é�¥âáï áã¡ê¥ªâ¨¢−ë¬ �−�«®£®¬ |
¯à¥¤áâ�¢«¥−¨¥¬ (¬®¤¥«ìî) ¯à®¡«¥¬−®© á¨âã�æ¨¨ ¢ ¢¨¤¥ ®á¬ëá«¥−−®©, ãáâ®©ç¨¢®©
¬ëá«¨â¥«ì−®© ª®−áâàãªæ¨¨, −�¯à�¢«ïîé¥© ¨ ã¯®àï¤®ç¨¢�îé¥© ¯à®æ¥áá à¥è¥-
−¨ï [16]. ‚ à�¬ª�å â�ª®© ¬®¤¥«¨ á®¢¬¥é�¥âáï à�§−®®¡à�§¨¥ ®¡ê¥ªâ®¢ ¢−¥è−¥£®
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�àå¨â¥ªâãà� ¨−áâàã¬¥−â�«ì−®£® áà¥¤áâ¢� à�§à�¡®âª¨ äã−ªæ¨®−�«ì−ëå ƒ¨ˆ‘

¬¨à�: à¥áãàá®¢, ï¢«¥−¨© ¨ ¢à¥¬¥−¨ | ¨ ®¡ê¥ªâ®¢ ¢−ãâà¥−−¥£® ¬¨à�: æ¥«¥©,
§�¤�ç, à¥è¥−¨©, ¯«�−®¢, ®æ¥−®ª, ¢®§¬®¦−®áâ¥©, £¨¯®â¥§, í¬®æ¨©, ã¡¥¦¤¥−¨©,
æ¥−−®áâ¥©, ªà�á®âë ¨ ä�−â�§¨¨, | á®áâ�¢«ïîé¨å ¯à®¡«¥¬−ãî á¨âã�æ¨î, ¢ −¥©
�ªæ¥−â¨àãîâáï ®¤−¨ �á¯¥ªâë ¨ ®âä¨«ìâà®¢ë¢�îâáï ¤àã£¨¥. ‚® ¢−ãâà¥−−¥¬
¬¨à¥ íªá¯¥àâ®¢ ¯à¥¤áâ�¢«¥−¨¥ ¯à®¡«¥¬ë ª�ª æ¥«®£® à¥¤ãæ¨à®¢�−® ¢ ¤¥ª®¬¯®-
§¨æ¨î, á¨áâ¥¬ã §�¤�ç (ç�áâ¥© æ¥«®£®) | ä®à¬ã ¨¥à�àå¨¨ ¢§�¨¬®ã¢ï§�−−ëå
§�¤�ç, ¯à¥¤¯®«�£�îé¨å áà¥¤áâ¢�, ¨−áâàã¬¥−âë ¨ ¬¥â®¤ë à¥è¥−¨ï. Š�ç¥áâ¢®
ª®««¥ªâ¨¢−®£® à¥è¥−¨ï §�¢¨á¨â ®â ª�ç¥áâ¢� á¨áâ¥¬ë §�¤�ç, ¢ ª®â®àãî ¯à®¡«¥-
¬ã ã¤�¥âáï, à�¡®â�ï ¢¬¥áâ¥, ¯à¥¢à�â¨âì, çâ® −�¯àï¬ãî §�¢¨á¨â ®â á¯®á®¡−®áâ¨
¯®−¨¬�âì ¨ íää¥ªâ¨¢−® ¢§�¨¬®¤¥©áâ¢®¢�âì á ¤àã£¨¬¨ íªá¯¥àâ�¬¨, úª�ç¥áâ¢�û
¬¥¦«¨ç−®áâ−®£® ¨−â¥««¥ªâ� íªá¯¥àâ®¢ ¨ «¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï (‹�÷),
¯® ƒ. ƒ�à¤−¥àã.

’à�¤¨æ¨®−−® −�¤ ¯à®¡«¥¬�¬¨ à�¡®â�îâ ¢ £®à¨§®−â�«ì−ëå áâàãªâãà�å ú‹�÷{
íªá¯¥àâëû. ˆå à�¡®âã ãá«®¢−® ¬®¦−® à�§¡¨âì −� −¥áª®«ìª® íâ�¯®¢.

�¥à¢ë© | à¥¤ãªæ¨ï ¯à®¡«¥¬ë ¢ ¤¥ª®¬¯®§¨æ¨î ¯® äã−ªæ¨®−�«ì−®¬ã ¯à¨-
§−�ªã ¤«ï ®â®¡à�¦¥−¨ï ®¡«�áâ¥© ®¤−®à®¤−ëå ¯�à�¬¥âà®¢ ¨ ä®à¬ã«¨à®¢�−¨ï
(¯®áâ�−®¢ª¨) ¢ íâ¨å ®¡«�áâïå ®¤−®�á¯¥ªâ−ëå §�¤�ç (ã¤®¢«¥â¢®àïîé¨å ¬®¤¥«¨
ú®¤−®à®¤−�ï §�¤�ç�û [14]), � â�ª¦¥ ®â−®è¥−¨© −� ¬−®¦¥áâ¢¥ §�¤�ç, â. ¥. ª®−áâàã¨-
à®¢�−¨¥ ¬¥−â�«ì−®£® ª®««¥ªâ¨¢−®£® ®¡à�§� | á¨áâ¥¬ë ®¡á«ã¦¨¢�îé¨å ¯à®¡«¥¬ã
§�¤�ç [15]. ‘«¥¤áâ¢¨¥ à¥¤ãªæ¨¨ | à�á¯à¥¤¥«¥−¨¥, §�ªà¥¯«¥−¨¥ §�¤�ç §� ¯à¨-
£«�è¥−−ë¬¨ íªá¯¥àâ�¬¨, çâ® ¯à¨¬¥−¨â¥«ì−® ª �¢â®¬�â¨§¨à®¢�−−®¬ã à¥è¥−¨î
¯à®¡«¥¬ë ¯® �‘-¬¥â®¤®«®£¨¨ ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª ¢ë¡®à áà¥¤áâ¢�, ¬¥â®¤�
à¥è¥−¨ï §�¤�ç¨, ¢ª«îç¥−−®© ¢ ¤¥ª®¬¯®§¨æ¨î. ‡�¢¥àè�¥âáï ¯¥à¢ë© íâ�¯ á®§¤�-
−¨¥¬ ¢�à¨�−â� ¤¥ª®¬¯®§¨æ¨¨ ¯à®¡«¥¬ë, á¨¬¢®«¨§¨àãîé¥£® ¤®áâ¨¦¥−¨¥ ª®««¥ª-
â¨¢®¬ á®¢¬¥áâ−®£® ¯®−¨¬�−¨ï ¯à®¡«¥¬ë, ª®â®à®¥ ¯®§¦¥ ¬®¦¥â ¨§¬¥−ïâìáï.

‚â®à®© íâ�¯ | ª®®à¤¨−¨àã¥¬�ï ‹�÷ à�¡®â� íªá¯¥àâ®¢ −�¤ ç�áâï¬¨ ¯à®¡«¥-
¬ë | §�¤�ç�¬¨. ‚ á®®â¢¥âáâ¢¨¨ á ¢§£«ï¤�¬¨ „¦. �àã−¥à� ¨ ƒ. ƒ�à¤−¥à�, ¥áâì
âà¨ ®á−®¢−ë¥ ä®à¬ë ¯à¥¤áâ�¢«¥−¨ï à¥�«ì−®áâ¨ ç¥«®¢¥ª®¬: ¤¥©áâ¢¨¥ (¤¢¨£�â¥«ì-
−ë¥ §�¤�ç¨ ¨ â¥«¥á−®-ª¨−¥áâ¥â¨ç¥áª¨© ¨−â¥««¥ªâ, á¯®á®¡−®áâì ¬�−¨¯ã«¨à®¢�âì
ä¨§¨ç¥áª¨¬¨ ®¡ê¥ªâ�¬¨ ¨ ¨á¯®«ì§®¢�âì ä¨§¨®«®£¨ç¥áª¨¥ −�¢ëª¨, ú£®«®á®¢�âì
−®£�¬¨û | «�â. pedibus in sententiam ire), ®¡à�§ (£à�ä¨ç¥áª¨¥, ®¡à�§−ë¥ §�¤�ç¨,
¯à®áâà�−áâ¢¥−−ë© ¨−â¥««¥ªâ, á¯®á®¡−®áâì ¬ëá«¨âì ¢ âà¥å ¨§¬¥à¥−¨ïå, «¥£ª® ¯®-
−¨¬�âì, ¢ë¯®«−ïâì ¨ ®¡é�âìáï à¨áã−ª�¬¨ ¨ áå¥¬�¬¨, ú¢¨¤¥âì à¥è¥−¨ïû, ¨−á�©â)
¨ §−�ª (¢¥à¡�«ì−ë¥ §�¤�ç¨, «¨−£¢¨áâ¨ç¥áª¨© ¨−â¥««¥ªâ, á¯®á®¡−®áâì ¨−â¥à¯à¥-
â¨à®¢�âì ¬ëá«¨ ¢ ¯®−ïâ−ë¥ ¢á¥¬ á«®¢� ¨ «®£¨ª®-¬�â¥¬�â¨ç¥áª¨© ¨−â¥««¥ªâ:
áç¥â, �−�«¨§, æ¥¯®çª¨ «®£¨ç¥áª¨å ã¬®§�ª«îç¥−¨©, ¯®¨áª ú«®£¨ç−ëå à¥è¥−¨©û).
�� íâ®¬ íâ�¯¥ ¢�¦−®, çâ®¡ë ª®««¥ªâ¨¢ ¬ëá«¨« ¤¨¢¥à£¥−â−®. �à¨¬¥−¨â¥«ì−®
ª �¢â®¬�â¨§¨à®¢�−−®¬ã à¥è¥−¨î ¯à®¡«¥¬ë ¯® �‘-¬¥â®¤®«®£¨¨ á®¤¥à¦�−¨¥ íâ�-
¯� á®®â¢¥âáâ¢ã¥â ä®à¬¨à®¢�−¨î −¥®¤−®à®¤−®£® (£¥â¥à®£¥−−®£®) ¬®¤¥«ì−®£® ¯®«ï
(ƒŒ�), à¥«¥¢�−â−®£® à�§−®®¡à�§¨î §−�−¨© ¨ ¨−â¥««¥ªâ� íªá¯¥àâ®¢ ¤«ï à¥è¥−¨ï
§�¤�ç ¨§ á®áâ�¢� ¤¥ª®¬¯®§¨æ¨¨ ¯à®¡«¥¬ë.

’à¥â¨© íâ�¯ | ®æ¥−ª� à¥§ã«ìâ�â®¢ à¥è¥−¨ï §�¤�ç íªá¯¥àâ�¬¨ ¨ á¨−â¥§¨àã-
îé�ï, �£à¥£¨àãîé�ï, ¨−â¥£à¨àãîé�ï ¤¥ïâ¥«ì−®áâì ‹�÷ ¯® ®¡é¥¬ã ¤«ï ª®««¥ª-
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â¨¢� à¥è¥−¨î ¯à®¡«¥¬ë. Š�ç¥áâ¢® íâ®© ¤¥ïâ¥«ì−®áâ¨ ®¯à¥¤¥«ï¥âáï á¯®á®¡−®áâìî
‹�÷ ª ª®−¢¥à£¥−â−®¬ã ¬ëè«¥−¨î. ÷�áá¬®âà¥−¨¥ á®¢¬¥áâ−® ¤®¯®«−ïîé¨å ¤àã£
¤àã£� à¥§ã«ìâ�â®¢ ª�¦¤®© «¨−¨¨ à�ááã¦¤¥−¨© íªá¯¥àâ®¢ | ª«îç¥¢®¥ ãá«®¢¨¥
¢®§−¨ª−®¢¥−¨ï á¨−¥à£¥â¨ç¥áª¨å íää¥ªâ®¢ ¢ ª®««¥ªâ¨¢¥, ª®£¤� ®¡é¥¥ ¬−¥−¨¥
«ãçè¥ «î¡®£® ç�áâ−®£®, ®¤−®�á¯¥ªâ−®£® à¥§ã«ìâ�â� íªá¯¥àâ�. �à¨¬¥−¨â¥«ì−®
ª à¥è¥−¨î ¯à®¡«¥¬ë ¯® �‘-¬¥â®¤®«®£¨¨ á®¤¥à¦�−¨¥ íâ�¯� á®®â¢¥âáâ¢ã¥â á¨−â¥-
§ã ¨−â¥£à¨à®¢�−−®£® ¬¥â®¤� à¥è¥−¨ï ¯à®¡«¥¬ë, ¯à¥¤áâ�¢«¥−−®£® �àå¨â¥ªâãà®©
”ƒ¨ˆ‘ −�¤ ƒŒ�. �â®â ¬¥â®¤ áãé¥áâ¢ã¥â â®«ìª® −� ¢à¥¬ï à�¡®âë ”ƒ¨ˆ‘
¨ à¥«¥¢�−â¥− á«®¦¨¢è¥©áï −� â¥ªãé¨© ¬®¬¥−â ¯à®¡«¥¬−®© á¨âã�æ¨¨. ˆ−ë¬¨
á«®¢�¬¨, ¢�à¨�−â ¤¥ª®¬¯®§¨æ¨¨ ¯à®¡«¥¬ë �«£®à¨â¬¨ç¥áª¨ âà�−áä®à¬¨àã¥âáï
¢ á¨¬¢®«ì−ãî áâàãªâãàã | §−�ª ”ƒ¨ˆ‘, ª®¬¯ìîâ¥à−�ï ¨−â¥à¯à¥â�æ¨ï ª®â®à®-
£® −� −¥ª®â®à®¬ ¨−ä®à¬�æ¨®−−®¬ ï§ëª¥ ¤�¥â ®â¢¥â-ª®−áã«ìâ�æ¨î, ª�ª ¯à¥®¤®«¥âì
¯à®¡«¥¬ã. ‚ §−�ª¥ ”ƒ¨ˆ‘ ®â−®è¥−¨ï ¨§ ¤¥ª®¬¯®§¨æ¨¨ §�¬¥−¥−ë −� ®â−®è¥−¨ï
¨−â¥£à�æ¨¨ §−�−¨© íªá¯¥àâ®¢.

�ç¥¢¨¤−®, ¤«ï à¥è¥−¨ï ¯à®¡«¥¬ë ª®««¥ªâ¨¢ã ¯®−�¤®¡¨âáï ¡®«¥¥ ®¤−®£® ¯®-
á«¥¤®¢�â¥«ì−®£® ¢ë¯®«−¥−¨ï âà¥åíâ�¯−ëå ¤¥©áâ¢¨© ¯® £¨¡à¨¤¨§�æ¨¨ úà¥¤ãªæ¨ï{
¤¨¢¥à£¥−æ¨ï{ª®−¢¥à£¥−æ¨ïû ¤® ¤®áâ¨¦¥−¨ï ¦¥«�¥¬®£® ª�ç¥áâ¢� ®¡á«ã¦¨¢�îé¥©
¯à®¡«¥¬ã á¨áâ¥¬ë §�¤�ç.

‚ë¯®«−ïï £¨¡à¨¤¨§�æ¨î ¯® �‘-¬¥â®¤®«®£¨¨, à�§à�¡®âç¨ª¨ á«¥¤ãîâ à�á-
á¬®âà¥−−®© áå¥¬¥ à¥è¥−¨ï ¯à®¡«¥¬ë ª®««¥ªâ¨¢®¬ ¨ ¨¬¥îâ ¤¥«® á âà¥¬ï
®á−®¢−ë¬¨ áã¡ê¥ªâ¨¢−ë¬¨ áãé−®áâï¬¨ ¢−ãâà¥−−¥£® ¬¨à�: ¬®¤¥«ìî ¯à®¡«¥¬ë
(®¡ê¥ªâ®¬-®à¨£¨−�«®¬), ¬®¤¥«ï¬¨ −¥áª®«ìª¨å ¬¥â®¤®¢ à¥è¥−¨ï §�¤�ç (®¡ê¥ª-
â�¬¨-¯à®â®â¨¯�¬¨), ¬®¤¥«ìî ”ƒ¨ˆ‘ (®¡ê¥ªâ®¬-à¥§ã«ìâ�â®¬). �¥à¢ë¥ ¤¢�
®¡ê¥ªâ� | ¨áâ®ç−¨ª¨ ¨−ä®à¬�æ¨¨ ¤«ï £¨¡à¨¤¨§�æ¨¨, � ¯®á«¥¤−¨© | ®á−®¢�
−�¯à�¢«¥−−®£® ä®à¬®®¡à�§®¢�−¨ï, ¨§−�ç�«ì−® ¯à®£à�¬¬¨àãîé�ï â®, çâ® ¤®«¦-
−® ¯®ï¢¨âìáï ¢ à¥§ã«ìâ�â¥ âà�−áä®à¬�æ¨¨ ¨−ä®à¬�æ¨¨.

�¡ê¥ªâë-¯à®â®â¨¯ë ¨¬¥îâ á¨«ì−ë¥ ¨ á«�¡ë¥ áâ®à®−ë, −�á«¥¤ã¥¬ë¥ ¬®-
¤¥«ï¬¨ à¥è¥−¨ï §�¤�ç-í«¥¬¥−â®¢. Œ¥â®¤ë (¬®¤¥«¨) ¤®«¦−ë ¡ëâì â�ª áª®¬-
¡¨−¨à®¢�−ë ¢ ®¡ê¥ªâ¥-à¥§ã«ìâ�â¥, çâ®¡ë ¤®¡¨âìáï à¥§®−�−á−®£®, á¨−¥à£¥â¨ç¥-
áª®£® ãá¨«¥−¨ï ¢®§¬®¦−®áâ¥© í«¥¬¥−â®¢ (ç�áâ¥©, §−�ª®¢) ”ƒ¨ˆ‘ ¯® à¥è¥−¨î
§�¤�ç. �à®¡«¥¬−®-áâàãªâãà−�ï ¬¥â®¤®«®£¨ï ¨á¯®«ì§ã¥â ¤¢¥ ¬®¤¥«¨ ®¡ê¥ªâ®¢-
¯à®â®â¨¯®¢: ¬�ªà®ãà®¢−¥¢ãî §�¯¨áì á¢®©áâ¢�¬¨ ¨ ¬¨ªà®ãà®¢−¥¢®¥ ¯à¥¤áâ�¢«¥−¨¥
¬¥â®¤� ª�ª á®áâ�¢−®£® ®¡ê¥ªâ�, çâ® ¯®§¢®«ï¥â ã¯à�¢«ïâì £¨¡à¨¤¨§�æ¨¥© ¯® ¬¥à¥
−�ª®¯«¥−¨ï à�§à�¡®âç¨ª®¬ ®¯ëâ� à¥è¥−¨ï ®¤−®à®¤−ëå §�¤�ç ¨§ ¤¥ª®¬¯®§¨æ¨¨
¯à®¡«¥¬ë.

�¡ê¥ªâë-à¥§ã«ìâ�âë, §−�ª¨ ”ƒ¨ˆ‘ á¯¥æ¨ä¨æ¨à®¢�−ë ¢ �‘-¬¥â®¤®«®-
£¨¨ ç¥à¥§ á®áâ�¢−ë¥ ç�áâ¨-í«¥¬¥−âë, ª®¬¡¨−¨àã¥¬ë¥ ®â−®è¥−¨ï¬¨ ¨−â¥£à�-
æ¨¨ [11], � â�ª¦¥ á¢®©áâ¢�¬¨ ú¢å®¤û, ú¢ëå®¤û, úá®áâ®ï−¨¥û ¨ ú£¨¡à¨¤−�ï
áâà�â¥£¨ïû. �âáî¤� §−�ª ”ƒ¨ˆ‘ ¯®¢â®àï¥â, −�á«¥¤ã¥â äã−ªæ¨®−�«ì−ãî áâàãª-
âãàã ®¡ê¥ªâ�-®à¨£¨−�«�, ¯à®¡«¥¬ë, ç¥¬ ¨ ®¯à¥¤¥«ï¥âáï á¯¥æ¨ä¨ª� ¤�−−®£®
ª«�áá� ƒ¨ˆ‘. ‚ íâ®© á¢ï§¨ �ªâã�«¥− ¢¨§ã�«ì−ë© ®¡à�§ ¯à®¡«¥¬ë, çâ®¡ë,
¯à¥¦¤¥ ¢á¥£®, à�§à�¡®âç¨ª¨ ”ƒ¨ˆ‘ úã¢¨¤¥«¨û ¥¥ ¢−ãâà¥−−îî áâàãªâãàã,
¢§�¨¬®á¢ï§¨ ç�áâ¥© | ®¡á«ã¦¨¢�îé¨å §�¤�ç, çâ® ¯®§¢®«¨â ¢¨§ã�«ì−® ¬®¤¥-
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�àå¨â¥ªâãà� ¨−áâàã¬¥−â�«ì−®£® áà¥¤áâ¢� à�§à�¡®âª¨ äã−ªæ¨®−�«ì−ëå ƒ¨ˆ‘

«¨à®¢�âì ®¡ê¥ªâë ¢−ãâà¥−−¥£® ¬¨à� ç¥«®¢¥ª� ¢ æ¥«ïå ¢¨§ã�«ì−®£® ã¯à�¢«¥-
−¨ï.

�¤−� ¨§ ®á−®¢−ëå ¯à®¡«¥¬ ”ƒ¨ˆ‘ | ®âáãâáâ¢¨¥ ¨−áâàã¬¥−â�«ì−ëå áà¥¤áâ¢,
¯®¤¤¥à¦¨¢�îé¨å ¨å à�§à�¡®âªã ¢ á®®â¢¥âáâ¢¨¨ á �‘-¬¥â®¤®«®£¨¥©.

3 Инструментальное средство синтеза функциональных гибридных
интеллектуальных систем

�á−®¢−ë¥ ¢®§¬®¦−®áâ¨ á®§¤�¢�¥¬®£® ¨−áâàã¬¥−â�«ì−®£® áà¥¤áâ¢� â¨¯¨ç−ë
¤«ï áà¥¤áâ¢ à�§à�¡®âª¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï: ¯à®¥ªâ¨à®¢�−¨¥ á®áâ�¢�
¨ áâàãªâãàë á¨áâ¥¬ë, ¢ ¤�−−®¬ á«ãç�¥ | §−�ª� ”ƒ¨ˆ‘ ¢ á®®â¢¥âáâ¢¨¨ á �‘-
¬¥â®¤®«®£¨¥© [11], à�§à�¡®âª� ¥¥ ¯à®£à�¬¬−®£® ª®¤�, ®â«�¤ª� ¨ â¥áâ¨à®¢�−¨¥.
ˆ−áâàã¬¥−â�«ì−®¥ áà¥¤áâ¢® á®§¤�¥âáï ª�ª à�áè¨à¥−¨¥ áà¥¤ë MS Visual Studio,
çâ® ¯®§¢®«ï¥â, à�§à�¡®â�¢ ¤®¯®«−¨â¥«ì−ë¥ ¢¨§ã�«ì−ë¥ áà¥¤áâ¢� ¯à®¥ªâ¨à®¢�-
−¨ï ”ƒ¨ˆ‘, �¢â®¬�â¨ç¥áª¨ £¥−¥à¨à®¢�âì ¡®«ìèãî ç�áâì ¯à®£à�¬¬−®£® ª®¤�,
®¡é¥£® ¤«ï «î¡®© ”ƒ¨ˆ‘. “−¨ª�«ì−ë© ª®¤ á®§¤�¥âáï èâ�â−ë¬¨ áà¥¤áâ¢�¬¨
MS Visual Studio −� «î¡®¬ ¨§ ï§ëª®¢ ¬−®£®ï§ëª®¢®© áà¥¤ë à�§à�¡®âª¨ ¯à¨-
«®¦¥−¨© Common Language Runtime. ‚¨§ã�«¨§�æ¨ï ¯à®¥ªâ¨à®¢�−¨ï ”ƒ¨ˆ‘
á®ªà�â¨â âàã¤®§�âà�âë, ã«ãçè¨â ¥¥ ¢®á¯à¨ïâ¨¥ à�§à�¡®âç¨ª�¬¨, ¯®§¢®«¨â ¢®-
¢«¥ª�âì ¢ à�¡®âã íªá¯¥àâ®¢ ¨§ ¯à¥¤¬¥â−®© ®¡«�áâ¨, −¥ ®¡«�¤�îé¨å −�¢ëª�¬¨
¯à®£à�¬¬¨à®¢�−¨ï, � ª®««¥ªâ¨¢ã à�§à�¡®âç¨ª®¢ | á®áà¥¤®â®ç¨âìáï −� á®áâ�¢¥
¨ áâàãªâãà¥ á¨áâ¥¬ë, � −¥ −� −�¯¨á�−¨¨ ¯à®£à�¬¬−®£® ª®¤�.

�à®¥ªâ¨à®¢�−¨¥ ”ƒ¨ˆ‘ ¯® �‘-¬¥â®¤®«®£¨¨ | á«®¦−ë© ¯à®æ¥áá ª®««¥ª-
â¨¢−®£® ¬®¤¥«¨à®¢�−¨ï ®¡ê¥ªâ�-®à¨£¨−�«�, ®¡ê¥ªâ®¢-¯à®â®â¨¯®¢ ¨ ®¡ê¥ªâ�-à¥-
§ã«ìâ�â�. “ªàã¯−¥−−® ¥£® ¬®¦−® ¯à¥¤áâ�¢¨âì á«¥¤ãîé¨¬ ®¡à�§®¬: ¬®¤¥«¨à®-
¢�−¨¥ ¯à®¡«¥¬ë ª�ª −¥®¤−®à®¤−®© §�¤�ç¨, â. ¥. ¥¥ ¨¤¥−â¨ä¨ª�æ¨ï, à¥¤ãªæ¨ï
¢ ¤¥ª®¬¯®§¨æ¨î, á¯¥æ¨ä¨ª�æ¨ï ®¤−®à®¤−ëå ®¡á«ã¦¨¢�îé¨å §�¤�ç ¨ á¢ï§¥©
¬¥¦¤ã −¨¬¨; ª®−áâàã¨à®¢�−¨¥ ¬¥â®¤� à¥è¥−¨ï ¯à®¡«¥¬ë, â. ¥. ¢ë¡®à ¬¥â®¤®¢
à¥è¥−¨ï §�¤�ç, à�§à�¡®âª� ƒŒ�, í«¥¬¥−â®¢ ”ƒ¨ˆ‘ ¨ ¬¥¦¬®¤¥«ì−ëå ¨−ä®à-
¬�æ¨®−−ëå ¨−â¥àä¥©á®¢, ¢ë¡®à áâà�â¥£¨¨ ¨§ â�¡«¨æë £¨¡à¨¤−ëå áâà�â¥£¨©;
¨−¨æ¨�«¨§�æ¨ï §−�ª� ”ƒ¨ˆ‘ ¨ ¥¥ −�áâà®©ª�.

„«ï ã¤®¢«¥â¢®à¥−¨ï ¯¥à¥ç¨á«¥−−ëå âà¥¡®¢�−¨© ¨−áâàã¬¥−â�«ì−®¥ áà¥¤áâ¢®
á¨−â¥§� ”ƒ¨ˆ‘ à¥�«¨§ã¥âáï ¢ á®®â¢¥âáâ¢¨¨ á �àå¨â¥ªâãà®©, ¯à¥¤áâ�¢«¥−−®© −�
à¨á. 1, £¤¥ ¢ë¤¥«¥−ë ç¥âëà¥ ¡«®ª� ¯®¤á¨áâ¥¬, ®¡¢¥¤¥−−ëå èâà¨å®¢ë¬¨ «¨−¨ï¬¨:
¬®¤¥«¨à®¢�−¨¥ ¯à®¡«¥¬ë, ¬®¤¥«¨à®¢�−¨¥ ¬¥â®¤�, ¢¨§ã�«¨§�æ¨ï ¨ ®à£�−¨§�æ¨ï
íªá¯¥à¨¬¥−â®¢.

�«®ª ¬®¤¥«¨à®¢�−¨ï ¯à®¡«¥¬ë ¯à¥¤−�§−�ç¥− ¤«ï à�§à�¡®âª¨ ®¯¨á�−¨ï ¬®-
¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ¯à®¡«¥¬ë, ¥¥ §�¤�ç ¨ á¢ï§¥© ¬¥¦¤ã −¨¬¨. ‚ −¥£®
¢å®¤ïâ ¯®¤á¨áâ¥¬ë ¨¤¥−â¨ä¨ª�æ¨¨ ¯à®¡«¥¬ë, ¥¥ à¥¤ãªæ¨¨ ¨ á¯¥æ¨ä¨ª�æ¨¨
®¤−®à®¤−ëå §�¤�ç. ‚ ¯®¤á¨áâ¥¬¥ ¨¤¥−â¨ä¨ª�æ¨¨ ¯à®¡«¥¬ë ¯® áå¥¬¥ à®«¥¢ëå
ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥© [11] ®¯à¥¤¥«ïîâáï æ¥«ì, ¨áå®¤−ë¥ ¤�−−ë¥ ¤«ï à¥è¥−¨ï,
¨¤¥−â¨ä¨ª�â®à ¨ á¯¥æ¨ä¨ª�â®à. ‚ ¯®¤á¨áâ¥¬¥ à¥¤ãªæ¨¨ ¯à®¡«¥¬ë ¯à®¤®«¦�îâ-
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÷¨á. 1 �àå¨â¥ªâãà� ¨−áâàã¬¥−â�«ì−®£® áà¥¤áâ¢� á¨−â¥§� ”ƒ¨ˆ‘ á £¥â¥à®£¥−−ë¬
¢¨§ã�«ì−ë¬ ¯®«¥¬: 1 | ®â−®è¥−¨¥ á«¥¤®¢�−¨ï; 2 | ®â−®è¥−¨¥ ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨

áï à�¡®âë ¯® ¥¥ á¨áâ¥¬−®¬ã �−�«¨§ã, −® �ªæ¥−âë ¯à¨ íâ®¬ á¬¥é�îâáï −� á®áâ�¢
¨ áâàãªâãàã. ˆáå®¤−�ï ¯à®¡«¥¬� à¥¤ãæ¨àã¥âáï à�§à�¡®âç¨ª�¬¨ ¢ ¢�à¨�−â á¨áâ¥-
¬ë ®¡á«ã¦¨¢�îé¨å ®¤−®à®¤−ëå §�¤�ç (¤¥ª®¬¯®§¨æ¨¨), ¯à¥¤áâ�¢«ï¥âáï −� ï§ëª¥
áå¥¬�â¨§¨à®¢�−−ëå ¨§®¡à�¦¥−¨© á ¯®á«¥¤ãîé¨¬ �¢â®¬�â¨ç¥áª¨¬ ¯¥à¥¢®¤®¬ −�
ï§ëª OWL. �®¤á¨áâ¥¬� á¯¥æ¨ä¨ª�æ¨¨ §�¤�ç ¯à¥¤−�§−�ç¥−� ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨
®¤−®à®¤−ëå §�¤�ç ¯® áå¥¬¥ à®«¥¢ëå ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥© [11]. �¯à¥¤¥«ïîâáï
æ¥«ì, ¨áå®¤−ë¥ ¤�−−ë¥, ª«�áá¨ä¨ª�â®à, á¯¥æ¨ä¨ª�â®à, � â�ª¦¥ ¯à¥¤¢�à¨â¥«ì−®
¢ë¡¨à�îâáï ¬¥â®¤ë à¥è¥−¨ï §�¤�ç. �® á¯¥æ¨ä¨ª�æ¨¨ §�¤�ç ¯à®¢¥àï¥âáï −¥®¤−®-
à®¤−®áâì, çâ®¡ë ¯®¢ëá¨âì ã ¬®¤¥«ì¥à� áâ¥¯¥−ì ã¢¥à¥−−®áâ¨ ¢ â®¬, çâ® ¯à®¡«¥¬�
ã¤®¢«¥â¢®àï¥â ¬®¤¥«¨ ú−¥®¤−®à®¤−�ï §�¤�ç�û [11]. �â® ®¯à�¢¤ë¢�¥â ¤�«ì−¥©è¨¥
à�¡®âë ¯® £¨¡à¨¤¨§�æ¨¨ ¨ á¨−â¥§ã ¬¥â®¤� à¥è¥−¨ï ¯à®¡«¥¬ë. ÷¥§ã«ìâ�â à�¡®âë
ª®««¥ªâ¨¢� à�§à�¡®âç¨ª®¢ á ¯®¤á¨áâ¥¬�¬¨ ¤�−−®£® ¡«®ª� | ¬®¤¥«ì ¯à¥¤¬¥â−®©
®¡«�áâ¨, ¯à¥¤áâ�¢«¥−−�ï £à�ä¨ç¥áª¨-®¡à�§−® ¨ ¢¥à¡�«ì−®-á¨¬¢®«ì−® −� ï§ëª¥
OWL, ¢ª«îç�îé�ï ¬�ªà®¬®¤¥«ì ¯à®¡«¥¬ë, ¬−®¦¥áâ¢® ¥¥ ¤¥ª®¬¯®§¨æ¨© (¬®¦¥â
¡ëâì, ¨ ®¤−®í«¥¬¥−â−®¥) ¨ ¬®¤¥«¨ ®¤−®à®¤−ëå ®¡á«ã¦¨¢�îé¨å §�¤�ç.
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�àå¨â¥ªâãà� ¨−áâàã¬¥−â�«ì−®£® áà¥¤áâ¢� à�§à�¡®âª¨ äã−ªæ¨®−�«ì−ëå ƒ¨ˆ‘

�«®ª ¬®¤¥«¨à®¢�−¨ï ¬¥â®¤� ¯à¥¤−�§−�ç¥− ¤«ï ª®−áâàã¨à®¢�−¨ï ¨−â¥£à¨à®-
¢�−−®£® ¬¥â®¤� à¥è¥−¨ï ¯à®¡«¥¬ë | §−�ª� ”ƒ¨ˆ‘ | ¨ §−�ª®¢ í«¥¬¥−â®¢
”ƒ¨ˆ‘ ¨ ¢ª«îç�¥â ¯®¤á¨áâ¥¬ë à�§à�¡®âª¨ �¢â®−®¬−ëå ¬®¤¥«¥©, ¨å ¨−â¥à-
ä¥©á®¢ ¨ �«£®à¨â¬� á¨−â¥§� §−�ª� ”ƒ¨ˆ‘. �®¤á¨áâ¥¬� à�§à�¡®âª¨ �¢â®−®¬−ëå
¬®¤¥«¥© ¯à¥¤−�§−�ç¥−� ¤«ï ¬®¤¥«¨à®¢�−¨ï í«¥¬¥−â®¢ ”ƒ¨ˆ‘ ¨ á®§¤�−¨ï ¨å
¯à®£à�¬¬−®£® ª®¤� ¤«ï à¥è¥−¨ï ®¤−®à®¤−ëå §�¤�ç ¨§ ¤¥ª®¬¯®§¨æ¨¨ ¯à®¡«¥¬ë.
�«¥¬¥−âë ¢ª«îç�îâáï ¢ ƒŒ� −�àï¤ã á á®§¤�−−ë¬¨ à�−¥¥ ¬®¤¥«ï¬¨. ÷�¡®âë
íâ®£® íâ�¯� ¤®«¦−ë á®®â¢¥âáâ¢®¢�âì ¬¥â®¤®«®£¨ï¬ �¢â®−®¬−®£® ¬®¤¥«¨à®¢�−¨ï,
¡ëâì ¨â¥à�æ¨®−−ë, � ª�ç¥áâ¢® ƒŒ� §�¢¨á¨â ®â ®¯ëâ� ¨á¯®«ì§®¢�−¨ï ¡�§¨á−ëå
¬�â¥¬�â¨ç¥áª¨å ¨ í¢à¨áâ¨ç¥áª¨å áà¥¤áâ¢ ¨ ¨−áâàã¬¥−â�à¨ï. ˆ−â¥àä¥©áë �¢-
â®−®¬−ëå ¬®¤¥«¥© ¯à¥®¤®«¥¢�îâ à�§«¨ç¨ï ï§ëª®¢ ®¯¨á�−¨ï ¢ áå¥¬�å à®«¥¢ëå
ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥© ¡�§¨á−ëå ¬¥â®¤®¢ ¨ ãáâ�−�¢«¨¢�îâ ®â−®è¥−¨ï ¨−â¥£à�-
æ¨¨ −� í«¥¬¥−â�å ƒŒ�. �®¤á¨áâ¥¬� à�§à�¡®âª¨ �«£®à¨â¬� á¨−â¥§� ¯®¤¤¥à¦¨¢�¥â
ª®−áâàã¨à®¢�−¨¥ �«£®à¨â¬� ¨−¨æ¨�«¨§�æ¨¨ ”ƒ¨ˆ‘, ¯®àï¤ª� ¢ë¡®à� áâà�â¥£¨¨
¨§ ¡�§ë §−�−¨© £¨¡à¨¤−ëå áâà�â¥£¨©, à�§à�¡�âë¢�¥¬ëå ¢ ¡«®ª¥ ®à£�−¨§�æ¨¨
íªá¯¥à¨¬¥−â®¢, ¨ −¥¯®áà¥¤áâ¢¥−−® £¥−¥à�æ¨î §−�ª� ”ƒ¨ˆ‘ ¯® ¢ë¡à�−−®© áâà�-
â¥£¨¨, ¨−â¥à¯à¥â�æ¨ï ª®â®à®£® à�áá¬�âà¨¢�¥âáï ª�ª ¬¥â®¤ à¥è¥−¨ï ¯à®¡«¥¬ë.
÷¥§ã«ìâ�â à�¡®âë | ƒŒ� ¨ ¨−â¥£à¨à®¢�−−ë© ¬¥â®¤ à¥è¥−¨ï ¯à®¡«¥¬ë, ¯®-
áâà®¥−−ë© −�¤ −¨¬, à¥«¥¢�−â−ë© á«®¦¨¢è¥©áï −� â¥ªãé¨© ¬®¬¥−â ¢à¥¬¥−¨
¯à®¡«¥¬−®© á¨âã�æ¨¨.

‚ ¡«®ª¥ ®à£�−¨§�æ¨¨ íªá¯¥à¨¬¥−â®¢ â¥áâ¨àã¥âáï ƒŒ� ¨ ¨−â¥£à¨à®¢�−−ë©
¬¥â®¤, ®æ¥−¨¢�¥âáï ¨å íää¥ªâ¨¢−®áâì, ¯®á«¥ ç¥£® à¥§ã«ìâ�âë ¯¥à¥¤�îâáï ¢ ¡«®ª
¬®¤¥«¨à®¢�−¨ï ¬¥â®¤�. ‚ ¯®¤á¨áâ¥¬¥ à�§à�¡®âª¨ £¨¡à¨¤−ëå áâà�â¥£¨© à�§-
à�¡®âç¨ª¨ §�¬¥−ïîâ ®â−®è¥−¨ï ¤¥ª®¬¯®§¨æ¨¨ ¬¥¦¤ã §�¤�ç�¬¨ −� ®â−®è¥−¨ï
¨−â¥£à�æ¨¨ ¨ ãáâ�−�¢«¨¢�îâ ®â−®è¥−¨ï á®®â¢¥âáâ¢¨ï ¬¥¦¤ã ¨áå®¤−ë¬¨ ¤�−−ë-
¬¨ ¨ æ¥«ï¬¨ ¯à®¡«¥¬ë, � â�ª¦¥ ¨áå®¤−ë¬¨ ¤�−−ë¬¨ ¨ æ¥«ï¬¨ ®¤−®à®¤−ëå §�¤�ç
á®®â¢¥âáâ¢¥−−®. ÷�¡®âë §�ª�−ç¨¢�îâáï ¯®áâà®¥−¨¥¬ â�¡«¨æë £¨¡à¨¤−ëå áâà�â¥-
£¨©, ®â®¡à�¦�îé¥© ¯¥à¥ç¨á«¥−−ë¥ ¢ëè¥ á¢ï§¨ ¬¥¦¤ã ®¤−®à®¤−ë¬¨ §�¤�ç�¬¨.
‡−�−¨ï ¤«ï â�¡«¨æë ¬®£ãâ ¡ëâì ¯®«ãç¥−ë ¢ à¥§ã«ìâ�â¥ â¥áâ¨à®¢�−¨ï �¢â®−®¬-
−ëå ¬¥â®¤®¢ ¨ ¨å ª®¬¡¨−�æ¨© á ¨á¯®«ì§®¢�−¨¥¬ á®®â¢¥âáâ¢ãîé¥© ¯®¤á¨áâ¥¬ë.
�æ¥−ª¨ ª�¦¤®£® ¬¥â®¤� ¨ ª�¦¤®© ª®¬¡¨−�æ¨¨ ¬¥â®¤®¢, ¯®«ãç¥−−ë¥ ¯à¨ ¨á-
¯®«ì§®¢�−¨¨ ¯®¤á¨áâ¥¬ë â¥áâ¨à®¢�−¨ï �¢â®−®¬−ëå ¬¥â®¤®¢, ¢¬¥áâ¥ á â�¡«¨æ¥©
£¨¡à¨¤−ëå áâà�â¥£¨© §�−®áïâáï ¢ ¡�§ã §−�−¨© £¨¡à¨¤−ëå áâà�â¥£¨©, ª®â®à�ï ¢¯®-
á«¥¤áâ¢¨¨ ¨á¯®«ì§ã¥âáï ¤«ï á¨−â¥§� ¨−â¥£à¨à®¢�−−®£® ¬¥â®¤� à¥è¥−¨ï ¯à®¡«¥¬ë.
÷�§à�¡®âª� íâ®£® �«£®à¨â¬� ¢ë¯®«−ï¥âáï ¢ á®®â¢¥âáâ¢ãîé¥© ¯®¤á¨áâ¥¬¥ ¡«®ª�
¬®¤¥«¨à®¢�−¨ï ¬¥â®¤�, ¯®á«¥ ç¥£® ¢ ¯®¤á¨áâ¥¬¥ â¥áâ¨à®¢�−¨ï §−�ª� ”ƒ¨ˆ‘
¬®¦¥â ¡ëâì ¯®«ãç¥−� ¥£® ®æ¥−ª�, ª®â®à�ï ¢¬¥áâ¥ á á�¬¨¬ §−�ª®¬ §�−®á¨âáï ¢ ¡�§ã
§−�−¨© £¨¡à¨¤−ëå áâà�â¥£¨©. …á«¨ ®æ¥−ª� −¥ ãáâà�¨¢�¥â à�§à�¡®âç¨ª�, −�ç¨−�-
¥âáï ¨â¥à�æ¨®−−ë© ¯à®æ¥áá ª®àà¥ªâ¨à®¢ª¨ �«£®à¨â¬� á¨−â¥§� ¨ ¥£® ®æ¥−ª¨, çâ®
¯®ª�§�−® −� à¨á. 1 ¤¢ã−�¯à�¢«¥−−®© áâà¥«ª®©. �®«ãç¥−−ë© �«£®à¨â¬ á¨−â¥§�
¢áâà�¨¢�¥âáï ¢ í«¥¬¥−â, ¬®¤¥«¨àãîé¨© à�¡®âã ‹�÷, ¤«ï ãç¥â� ¤¨−�¬¨ç¥áª®£®
å�à�ªâ¥à� ¯à®¡«¥¬ ¨ á¨−â¥§� §−�ª� ”ƒ¨ˆ‘, à¥«¥¢�−â−®£® ¯à®¡«¥¬¥ −� ¬®¬¥−â
¥¥ à¥è¥−¨ï.
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�®àï¤®ª à�¡®âë ¯®¤á¨áâ¥¬ ãª�§�− −� à¨á. 1 á¯«®è−ë¬¨ áâà¥«ª�¬¨. ‚ á«ãç�¥
®¡−�àã¦¥−¨ï ®è¨¡®ª ¨«¨ −¥â®ç−®áâ¨ −� «î¡®¬ ¨§ íâ�¯®¢ ¢®§¢à�é�îâáï −�
¯à¥¤ë¤ãé¨© á ª®àà¥ªâ¨à®¢ª®© à¥§ã«ìâ�â®¢ ¥£® à�¡®âë.

�®¤á¨áâ¥¬ë ¡«®ª� ¢¨§ã�«¨§�æ¨¨ §�¯ãáª�îâáï ¯® ®ª®−ç�−¨¨ à�¡®âë ¯®¤á¨áâ¥¬
á®®â¢¥âáâ¢ãîé¥£® ¨¬ ¡«®ª�, çâ® ¯®ª�§�−® á¯«®è−ë¬¨ áâà¥«ª�¬¨. �«®ª ¢¨§ã�«¨-
§�æ¨¨ ¯à¥¤−�§−�ç¥− ¤«ï ¢¨§ã�«ì−®£® ¬®¤¥«¨à®¢�−¨ï ®¡ê¥ªâ®¢ ¢−ãâà¥−−¥£® ¬¨à�
¯®«ì§®¢�â¥«¥© ”ƒ¨ˆ‘ ¬¥â®¤�¬¨ ¢¨§ã�«ì−®£® ã¯à�¢«¥−¨ï. �− á®¤¥à¦¨â âà¨
¯®¤á¨áâ¥¬ë: à�§à�¡®âª¨ ª®£−¨â¨¢−®£® ®¡à�§� ®¡ê¥ªâ�, à�§à�¡®âª¨ ª®£−¨â¨¢−®£®
®¡à�§� áã¡ê¥ªâ� ¨ ¢¨§ã�«¨§�æ¨¨ à¥§ã«ìâ�â®¢ íªá¯¥à¨¬¥−â®¢. �−¨ ãáâ�−�¢«¨¢�îâ
á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã ¬®¤¥«ìî ¯à¥¤¬¥â−®© ®¡«�áâ¨, ¨−â¥£à¨à®¢�−−ë¬ ¬¥â®¤®¬ à¥-
è¥−¨ï ¯à®¡«¥¬ë, à¥§ã«ìâ�â�¬¨ â¥áâ¨à®¢�−¨ï ƒŒ� ¨ ¨−â¥£à¨à®¢�−−®£® ¬¥â®¤�
¨ ¨å ¢¨§ã�«ì−ë¬¨ ¯à¥¤áâ�¢«¥−¨ï¬¨, ¯®−ïâ−ë¬¨ ª®−¥ç−®¬ã ¯®«ì§®¢�â¥«î. ÷¥-
§ã«ìâ�â ¢¨§ã�«¨§�æ¨¨ | £¥â¥à®£¥−−®¥ ¢¨§ã�«ì−®¥ ¯®«¥, ¨á¯®«ì§ã¥¬®¥ ª�ª ¤«ï
à�§¢¨â¨ï ã ¯®«ì§®¢�â¥«ï ®¡à�§−ëå ¯à¥¤áâ�¢«¥−¨© ® ¯à®¡«¥¬¥, ¬¥â®¤�å ¨ à¥-
§ã«ìâ�â�å ¥¥ à¥è¥−¨ï, â�ª ¨ ¤«ï ª®¬¬ã−¨ª�æ¨¨ ¢¨§ã�«ì−®© ¨−ä®à¬�æ¨¥© ¬¥¦¤ã
í«¥¬¥−â�¬¨ ”ƒ¨ˆ‘, à�á¯®§−�îé¨¬¨ ¨ £¥−¥à¨àãîé¨¬¨ ¢¨§ã�«ì−ë¥ ®¡à�§ë.

�à¨¬¥−¥−¨¥ ¨−áâàã¬¥−â�«ì−®£® áà¥¤áâ¢� á¨−â¥§� ”ƒ¨ˆ‘ á £¥â¥à®£¥−−ë¬
¢¨§ã�«ì−ë¬ ¯®«¥¬ �¢â®¬�â¨§¨àã¥â ¢á¥ íâ�¯ë ¯à®¥ªâ¨à®¢�−¨ï ¯® �‘-¬¥â®¤®«®-
£¨¨ [11]. �®¤á¨áâ¥¬ë ¤�−−®£® ¨−áâàã¬¥−â�«ì−®£® áà¥¤áâ¢�, §� ¨áª«îç¥−¨¥¬ ¡«®-
ª� ¬®¤¥«¨à®¢�−¨ï ¬¥â®¤�, | ¢¨§ã�«ì−ë¥ ª®−áâàãªâ®àë, ¯à¨¬¥−ïîé¨¥ ¬¥â®¤ë
¢¨§ã�«ì−®£® ã¯à�¢«¥−¨ï ¤«ï ¯à¨¢«¥ç¥−¨ï ª à�§à�¡®âª¥ ”ƒ¨ˆ‘ á¯¥æ¨�«¨áâ®¢,
−¥ ¢«�¤¥îé¨å −�¢ëª�¬¨ ¯à®£à�¬¬¨à®¢�−¨ï. �®¤á¨áâ¥¬ë ¡«®ª� ¬®¤¥«¨à®¢�-
−¨ï ¬¥â®¤� −�àï¤ã á ¢¨§ã�«ì−ë¬ ª®−áâàã¨à®¢�−¨¥¬ ¯à¥¤¯®«�£�îâ −�¯¨á�−¨¥
¯à®£à�¬¬−®£® ª®¤� ¨ ¢àãç−ãî.

‚ à¥§ã«ìâ�â¥ ¬−®£®íâ�¯−®£® ¯à®¥ªâ¨à®¢�−¨ï £¥−¥à¨àã¥âáï §−�ª ”ƒ¨ˆ‘ á £¥-
â¥à®£¥−−ë¬ ¢¨§ã�«ì−ë¬ ¯®«¥¬. …¥ �àå¨â¥ªâãà� à¥«¥¢�−â−� áâàãªâãà¥ ¯à®¡«¥¬ë,
¤«ï à¥è¥−¨ï ª®â®à®© ®−� ¯à¥¤−�§−�ç¥−�. �à¨ íâ®¬ áãé¥áâ¢ã¥â −�¡®à ¡�§®¢ëå
í«¥¬¥−â®¢, ª®â®àë¥ ¤®«¦−ë ¯à¨áãâáâ¢®¢�âì ¢ â�ª¨å ”ƒ¨ˆ‘.

4 Типовая архитектура функциональной гибридной интеллектуальной
системы с гетерогенным визуальным полем

’¨¯®¢�ï �àå¨â¥ªâãà� ”ƒ¨ˆ‘ á £¥â¥à®£¥−−ë¬ ¢¨§ã�«ì−ë¬ ¯®«¥¬ (à¨á. 2) á®-
áâ®¨â ¨§ ¨−â¥àä¥©á−®£® â¥å−®«®£¨ç¥áª®£® í«¥¬¥−â�, ª®®à¤¨−¨àãîé¥£® í«¥¬¥−â�,
¨¬¨â¨àãîé¥£® ¤¥ïâ¥«ì−®áâì ‹�÷, äã−ªæ¨®−�«ì−ëå í«¥¬¥−â®¢, ¬®¤¥«¨àãîé¨å
§−�−¨ï íªá¯¥àâ®¢, â¥å−®«®£¨ç¥áª®£® í«¥¬¥−â� ú÷�¡®ç�ï ®¡«�áâìû, ¬®¤¥«¨ ¯à¥¤-
¬¥â−®© ®¡«�áâ¨ ¢ £¥â¥à®£¥−−®¬ ¢¨§ã�«ì−®¬ ¯®«¥, � â�ª¦¥ ¬−®¦¥áâ¢� ¢á¯®¬®£�-
â¥«ì−ëå â¥å−®«®£¨ç¥áª¨å í«¥¬¥−â®¢.

ˆ−â¥àä¥©á−ë© í«¥¬¥−â ®¡¥á¯¥ç¨¢�¥â ¢§�¨¬®¤¥©áâ¢¨¥ ¯®«ì§®¢�â¥«ï
á ”ƒ¨ˆ‘, ¯®«ãç¥−¨¥ ®â −¥£® ¨áå®¤−ëå ¤�−−ëå ¤«ï à¥è¥−¨ï ¯à®¡«¥¬ë, ¢ë-
¤�çã à¥§ã«ìâ�â®¢ à¥è¥−¨ï, � â�ª¦¥ ¢¨§ã�«¨§�æ¨î ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨,
¯à®æ¥áá� ¨ à¥§ã«ìâ�â� à¥è¥−¨ï.
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÷¨á. 2 ’¨¯®¢�ï �àå¨â¥ªâãà� ”ƒ¨ˆ‘ á £¥â¥à®£¥−−ë¬ ¢¨§ã�«ì−ë¬ ¯®«¥¬: 1 | ®â−®è¥−¨¥
¢§�¨¬®¤¥©áâ¢¨ï í«¥¬¥−â®¢ ¬¥¦¤ã á®¡®©; 2 | ®â−®è¥−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï í«¥¬¥−â®¢
¨ ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¢ £¥â¥à®£¥−−®¬ ¢¨§ã�«ì−®¬ ¯®«¥

Š®®à¤¨−¨àãîé¨© â¥å−®«®£¨ç¥áª¨© í«¥¬¥−â ¬®¤¥«¨àã¥â à�¡®âã ‹�÷ ¯® à¥-
¤ãªæ¨¨ ¯à®¡«¥¬ë, à�á¯à¥¤¥«¥−¨î ®¡á«ã¦¨¢�îé¨å §�¤�ç ¯® í«¥¬¥−â�¬-íªá¯¥à-
â�¬ ¢ á®®â¢¥âáâ¢¨¨ á ¨å ¢®§¬®¦−®áâï¬¨, ª®®à¤¨−�æ¨¨ ¨ ¨−â¥£à�æ¨¨ ç�áâ−ëå
à¥è¥−¨© í«¥¬¥−â®¢-íªá¯¥àâ®¢, � â�ª¦¥ ¢ë¡®àã à¥«¥¢�−â−ëå �¢â®−®¬−ëå ¬¥â®¤®¢
à¥è¥−¨ï §�¤�ç ¤«ï à¥�«¨§�æ¨¨ í«¥¬¥−â�¬¨ ¢ á®®â¢¥âáâ¢¨¨ á �«£®à¨â¬®¬ á¨−â¥§�
”ƒ¨ˆ‘. �®á«¥¤−¨© á¨−â¥§¨àã¥â §−�ª ”ƒ¨ˆ‘ ¢áïª¨© à�§ ¯à¨ à¥è¥−¨¨ ¯à®¡-
«¥¬ë, ®¡¥á¯¥ç¨¢�ï à¥«¥¢�−â−®áâì ¬¥â®¤� ¥¥ ¨§¬¥−ç¨¢ë¬ ãá«®¢¨ï¬ ¨ áâàãªâãà¥.
�à¨ ¢ë¡®à¥ ¬®¤¥«¥© ãç¨âë¢�îâáï −¥ â®«ìª® íªá¯¥àâ−ë¥ ®æ¥−ª¨ ¨å ª�ç¥áâ¢� ¨ à¥-
«¥¢�−â−®áâ¨ §�¤�ç�¬, −® ¨ íää¥ªâ¨¢−®áâì á®¢¬¥áâ−®© à�¡®âë, â. ¥. §−�ª ”ƒ¨ˆ‘
á¨−â¥§¨àã¥âáï ª�ª æ¥«®áâ−�ï á¨áâ¥¬�.

Œ®¤¥«ì ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¢ £¥â¥à®£¥−−®¬ ¢¨§ã�«ì−®¬ ¯®«¥ | ®á−®¢� ¤«ï
á¨−â¥§� §−�ª� ”ƒ¨ˆ‘, ¯®§¢®«ïîé�ï ª®¬¡¨−¨à®¢�âì à�ááã¦¤¥−¨ï −� ¢¥à¡�«ì−®-
á¨¬¢®«ì−ëå ¨ ¢¨§ã�«ì−®-®¡à�§−ëå ï§ëª�å, ¯à¨¬¥−ïï â¨¯ à�ááã¦¤¥−¨©, à¥«¥-
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�. ‚. Š®«¥á−¨ª®¢, ‘. ‚. ‹¨áâ®¯�¤

¢�−â−ë© ¯à®¡«¥¬¥ ¢ á«®¦¨¢è¨åáï ãá«®¢¨ïå, ¨ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¨§¬¥−ïâì ¥£®
¢® ¢à¥¬ï à¥è¥−¨ï.

”ã−ªæ¨®−�«ì−ë¥ í«¥¬¥−âë | ª®¬¯ìîâ¥à−ë¥ ¬®¤¥«¨ íªá¯¥àâ−ëå §−�−¨©,
ª®â®àë¥, ¢ ®â«¨ç¨¥ ®â í«¥¬¥−â®¢ ª«�áá¨ç¥áª¨å ƒ¨ˆ‘ [14], ¬®£ãâ ®¡¬¥−¨¢�âìáï
¢¨§ã�«ì−®© ¨−ä®à¬�æ¨¥©. ‚ íâ®¬ á«ãç�¥ ¢ á®áâ�¢ í«¥¬¥−â� ”ƒ¨ˆ‘ ¤®«¦-
−ë ¡ëâì ¢ª«îç¥−ë ¬®¤ã«¨ ¢®á¯à¨ïâ¨ï ¨ £¥−¥à�æ¨¨ ¢¨§ã�«ì−®© ¨−ä®à¬�æ¨¨.
�¥à¢ë© à�á¯®§−�¥â ¢å®¤ïé¨© ¢¨§ã�«ì−ë© ®¡à�§. …á«¨ ¤«ï ¬®¤¥«¨à®¢�−¨ï à�á-
áã¦¤¥−¨© í«¥¬¥−âã âà¥¡ãîâáï ¤�−−ë¥ ¢ á¨¬¢®«ì−®¬ ¢¨¤¥, ¢¨§ã�«ì−ë¥ ®¡à�§ë
¬®£ãâ ¡ëâì ¯à¥®¡à�§®¢�−ë ¢ −¨å −� ®á−®¢¥ á¥¬�−â¨ç¥áª¨å ¯à�¢¨« [17], ¨−�ç¥
¯®¤á¨áâ¥¬� à�ááã¦¤¥−¨© ¯à®¤®«¦�¥â à�¡®â�âì á £à�ä¨ç¥áª¨¬ ¯à¥¤áâ�¢«¥−¨¥¬
¨−ä®à¬�æ¨¨. ÷¥§ã«ìâ�â à�ááã¦¤¥−¨© ¯®áâã¯�¥â ¢ ¬®¤ã«ì £¥−¥à�æ¨¨ ¢¨§ã�«ì−®©
¨−ä®à¬�æ¨¨, ®¡à�é�îé¨©áï ª £¥â¥à®£¥−−®¬ã ¢¨§ã�«ì−®¬ã ¯®«î [17] ¤«ï ¯à¥¤-
áâ�¢«¥−¨ï à¥è¥−¨ï. ‡�â¥¬ £¥−¥à¨àã¥âáï ¢¨§ã�«ì−ë© ®¡à�§ ¨ ¯¥à¥¤�¥âáï ¤àã£¨¬
í«¥¬¥−â�¬ ”ƒ¨ˆ‘.

�«¥¬¥−âë ”ƒ¨ˆ‘ ¢§�¨¬®¤¥©áâ¢ãîâ ¨ ®¡¬¥−¨¢�îâáï ¨−ä®à¬�æ¨¥©, ¢ â®¬
ç¨á«¥ ¢¨§ã�«ì−®©, ª�ª −�¯àï¬ãî, â�ª ¨ ç¥à¥§ â¥å−®«®£¨ç¥áª¨© í«¥¬¥−â ú÷�¡®ç�ï
®¡«�áâìû | ¤®áâã¯−ãî ¢á¥¬ ®¡éãî ®¡«�áâì ¯�¬ïâ¨, �−�«®£ ú¤®áª¨ ®¡êï¢«¥−¨©û.
‚ë¢¥è¨¢�ï −� −¥¥ ç�áâ−ë¥ à¥è¥−¨ï ¢ £à�ä¨ç¥áª®¬, ¢¥à¡�«ì−®-á¨¬¢®«ì−®¬ ¨«¨
ª®¬¡¨−¨à®¢�−−®¬ ¢¨¤¥, í«¥¬¥−âë ”ƒ¨ˆ‘ ¬®¤¨ä¨æ¨àãîâ ¨§−�ç�«ì−ë© ¢�à¨�−â
¤¥ª®¬¯®§¨æ¨¨ ¯à®¡«¥¬ë, ¬¥−ïîâ ¥¥ ¢®á¯à¨ïâ¨¥ ¤àã£¨¬¨ í«¥¬¥−â�¬¨, ª®−áâàã¨-
àãîâ ®¡é¥¥, ¨−â¥£à¨à®¢�−−®¥ à¥è¥−¨¥.

‚á¯®¬®£�â¥«ì−ë¥ â¥å−®«®£¨ç¥áª¨¥ í«¥¬¥−âë à¥�«¨§ãîâ á«ã¦¥¡−ë¥ äã−ªæ¨¨
¯® ã¯à�¢«¥−¨î ”ƒ¨ˆ‘, −¥ á¢ï§�−−ë¥ á ¬®¤¥«¨à®¢�−¨¥¬ §−�−¨© íªá¯¥àâ®¢.

’�ª¨¬ ®¡à�§®¬, ¤�−−�ï �àå¨â¥ªâãà� ”ƒ¨ˆ‘ ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥â ¨−â¥-
£à¨à®¢�−−ãî ¬®¤¥«ì ¨ ¬¥â®¤ −�¤ £¥â¥à®£¥−−ë¬¨ ¬®¤¥«ì−ë¬ ¨ ¢¨§ã�«ì−ë¬ ¯®«ï-
¬¨, ¨¬¨â¨àã¥â á®âàã¤−¨ç¥áâ¢®, ®â−®á¨â¥«ì−®áâì, ¤®¯®«−¨â¥«ì−®áâì ¤«ï ¢ëà�¡®â-
ª¨ ª®−áã«ìâ�â¨¢−ëå à¥è¥−¨© −� ¢¥à¡�«ì−®-á¨¬¢®«ì−ëå ¨ ¢¨§ã�«ì−®-®¡à�§−ëå
ï§ëª�å, � â�ª¦¥ á®ç¥â�¥â �−�«¨§, «®£¨ç¥áª¨¥, «¥¢®áâ®à®−−¨¥ à�ááã¦¤¥−¨ï á ª®−-
áâàãªâ¨¢−ë¬ á¨−â¥§®¬, æ¥«®áâ−ë¬, ¯à�¢®áâ®à®−−¨¬, ¢¨§ã�«ì−ë¬ ¬ëè«¥−¨¥¬,
çâ® ®¡¥á¯¥ç¨¢�¥â à¥«¥¢�−â−®áâì ¯à®æ¥áá�¬ ¨ ï¢«¥−¨ï¬ ª®««¥ªâ¨¢−®£® ¨−â¥««¥ªâ�,
¯à¨−¨¬�îé¥£® à¥è¥−¨ï ¢ æ¥−âà�«¨§®¢�−−®¬ ¢¨§ã�«ì−®¬ ã¯à�¢«¥−¨¨ [18].

5 Заключение

�à¥¤«®¦¥−� �àå¨â¥ªâãà� ¨−áâàã¬¥−â�«ì−®£® áà¥¤áâ¢� à�§à�¡®âª¨ ”ƒ¨ˆ‘
á £¥â¥à®£¥−−ë¬ ¢¨§ã�«ì−ë¬ ¯®«¥¬, � â�ª¦¥ â¨¯®¢�ï �àå¨â¥ªâãà� â�ª®© ”ƒ¨ˆ‘,
á®¤¥à¦�é�ï ¡�§®¢ë© −�¡®à í«¥¬¥−â®¢ ¤«ï ®à£�−¨§�æ¨¨ ¢¥à¡�«ì−®-á¨¬¢®«ì−ëå
¨ ¢¨§ã�«ì−®-®¡à�§−ëå à�ááã¦¤¥−¨©. �®«ìè¨−áâ¢® ¯®¤á¨áâ¥¬ ¨−áâàã¬¥−â�«ì−®£®
áà¥¤áâ¢� | ª®−áâàãªâ®àë, ¯à¨¬¥−ïîé¨¥ ¬¥â®¤ë ¢¨§ã�«ì−®£® ã¯à�¢«¥−¨ï ¤«ï
¬®¤¥«¨à®¢�−¨ï à�§à�¡®âç¨ª�¬¨ ¢−ãâà¥−−¥© áâàãªâãàë ¯à®¡«¥¬ë ¨ ¬¥â®¤� ¥¥
à¥è¥−¨ï.

÷¥�«¨§�æ¨ï ¯à¥¤«®¦¥−−ëå �àå¨â¥ªâãà ¯®§¢®«¨â �¢â®¬�â¨§¨à®¢�âì ¯à®¥ªâ¨-
à®¢�−¨¥ ”ƒ¨ˆ‘ á £¥â¥à®£¥−−ë¬ ¢¨§ã�«ì−ë¬ ¯®«¥¬ ¢ á®®â¢¥âáâ¢¨¨ á �‘-¬¥â®¤®-
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�àå¨â¥ªâãà� ¨−áâàã¬¥−â�«ì−®£® áà¥¤áâ¢� à�§à�¡®âª¨ äã−ªæ¨®−�«ì−ëå ƒ¨ˆ‘

«®£¨¥©. �à¥¤«®¦¥−−�ï â¨¯®¢�ï �àå¨â¥ªâãà� ”ƒ¨ˆ‘ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−�
¯à¨ à�§à�¡®âª¥ ®¡ê¥ªâ�-à¥§ã«ìâ�â�, −�¯à�¢«ïîé¥£® ¤¥ïâ¥«ì−®áâì ª®««¥ªâ¨¢�
à�§à�¡®âç¨ª®¢. ��«¨ç¨¥ ¢ á®áâ�¢¥ ”ƒ¨ˆ‘ �«£®à¨â¬� á¨−â¥§� ¥¥ §−�ª� ¯®§¢®«ï¥â
á¨−â¥§¨à®¢�âì −�¤ £¥â¥à®£¥−−ë¬ ¢¨§ã�«ì−ë¬ ¯®«¥¬ à¥«¥¢�−â−ë¥ ¬¥â®¤ë ¢ ¬®-
¬¥−â à¥è¥−¨ï ¯à®¡«¥¬ ¤«ï ãç¥â� ¨å ¤¨−�¬¨ç¥áª®£® å�à�ªâ¥à�. ”ã−ªæ¨®−�«ì−�ï
ƒ¨ˆ‘ á £¥â¥à®£¥−−ë¬ ¢¨§ã�«ì−ë¬ ¯®«¥¬ ¬®¦¥â ¯à¨¬¥−ïâìáï ¢ ‚ƒŠ ¢¨§ã�«ì-
−®£® ã¯à�¢«¥−¨ï, çâ®¡ë á ¯®¬®éìî à¥�«¨§®¢�−−ëå ¢ −¥© ¬¥â®¤®¢ ¢¨§ã�«¨§�æ¨¨
�ªâ¨¢¨à®¢�âì â¢®àç¥áª®¥, ¯à�¢®¯®«ãè�à−®¥ ¬ëè«¥−¨¥ íªá¯¥àâ®¢, ¯®§¢®«¨¢ ¨¬
úã¢¨¤¥âìû à¥è¥−¨¥ ¯à®¡«¥¬ë.
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ARCHITECTURE OF THE TOOL FOR DEVELOPING
THE FUNCTIONAL HYBRID INTELLIGENT SYSTEMS

WITH A HETEROGENEOUS VISUAL FIELD

A. V. Kolesnikov1,2 and S. V. Listopad2

1Immanuel Kant Baltic Federal University, 14 A. Nevskogo Str., Kaliningrad
236041, Russian Federation
2Kaliningrad Branch of the Federal Research Center \Computer Science and
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Abstract: Hybrid intelligent systems integrating experts' knowledge models
solve heterogeneous tasks (problems). At the same time, elements of hybrid
intelligent systems interact using symbolic-logical models of knowledge, which
significantly limit their capabilities in comparison with teams of experts who
successfully argue both logically and figuratively. A typical architecture of hybrid
intelligent systems that synthesize integrated methods for solving problems over
a heterogeneous visual field and an architecture of the tool for developing such
systems are proposed. Hybrid intelligent systems with a heterogeneous visual field
alternately simulate collective verbal-symbolic and visual-figurative reasoning
depending on the uncertainty of the decision-making situation. Visual-figurative
reasoning allows the system to \see" an approximate solution of the problem
which can be refined later by the methods of verbal-symbolic reasoning.

Keywords: hybrid intelligent system; heterogeneous visual field; visual reason-
ing; visual management
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ЭФФЕКТИВНОЕ ИСПОЛЬЗОВАНИЕ ПРОГРАММИРУЕМЫХ
ГРАФИЧЕСКИХ ПРОЦЕССОРОВ В ЗАДАЧАХ

МОЛЕКУЛЯРНО-ДИНАМИЧЕСКОГО МОДЕЛИРОВАНИЯ∗

С. А. Семенов1, Д. Л. Ревизников2

�−−®â�æ¨ï: ˆá¯®«ì§®¢�−¨¥ £à�ä¨ç¥áª¨å ¯à®æ¥áá®à®¢ (GPU) ¯®§¢®«ï¥â áã-
é¥áâ¢¥−−® à�áè¨à¨âì ¢®§¬®¦−®áâ¨ ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬. ÷�áá¬�âà¨¢�-
îâáï ¢®¯à®áë ¯à¨¬¥−¥−¨ï £à�ä¨ç¥áª¨å ¯à®æ¥áá®à®¢ ¢ §�¤�ç�å ¬®«¥ªã«ïà-
−®-¤¨−�¬¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï á® á«®¦−ë¬ ¯®â¥−æ¨�«®¬ ¬¥¦ç�áâ¨ç−®£®
¢§�¨¬®¤¥©áâ¢¨ï. ‘ æ¥«ìî ¯®¢ëè¥−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¢ëç¨á«¥−¨© −�
GPU à¥�«¨§®¢�−ë á«¥¤ãîé¨¥ ¬¥â®¤ë: á®ªà�é¥−¨¥ ç¨á«� §�¯à®á®¢ ¢ £«®-
¡�«ì−ãî ¯�¬ïâì, á®ªà�é¥−¨¥ ç¨á«� ¢¥â¢«¥−¨©, ¯®¤¡®à ®¯â¨¬�«ì−®© §�£àã§ª¨
¬ã«ìâ¨¯à®æ¥áá®à®¢, ¨á¯®«ì§®¢�−¨¥ íª¢¨¢�«¥−â−ëå ¬�â¥¬�â¨ç¥áª¨å ¢ëà�¦¥-
−¨© ¤«ï ¡®«¥¥ ¡ëáâà®£® ¢ë¯®«−¥−¨ï ¯à®£à�¬¬−®£® ª®¤�. ��à�««¥«ì−®¥
¨á¯®«−¥−¨¥ ¯à®£à�¬¬ë à¥�«¨§ã¥âáï §� áç¥â à�§¡¨¥−¨ï ¯à®áâà�−áâ¢� ¬®¤¥«¨-
à®¢�−¨ï −� ïç¥©ª¨, á®áâ�¢«¥−¨ï ¨ ®¡−®¢«¥−¨ï á¯¨áª� á®á¥¤−¨å �â®¬®¢ á æ¥«ìî
¬¨−¨¬¨§�æ¨¨ ª®««¨§¨© ¯�¬ïâ¨, à�á¯à¥¤¥«¥−¨ï ®¯¥à�æ¨© ¯® ¢ëç¨á«¨â¥«ì−ë¬
¯®â®ª�¬ ¨ ¢ë¤¥«¥−¨ï ¤®¯®«−¨â¥«ì−®© ¯�¬ïâ¨ ¤«ï á®§¤�−¨ï ª®¯¨© ª®®à¤¨−�â
¢§�¨¬®¤¥©áâ¢ãîé¨å �â®¬®¢.

Š«îç¥¢ë¥ á«®¢�: ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¥ ¢ëç¨á«¥−¨ï; £à�ä¨ç¥áª¨¥ ¯à®-
æ¥áá®àë; à�§¤¥«ï¥¬�ï ¯�¬ïâì; ¬®«¥ªã«ïà−®-¤¨−�¬¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥;
−�−®¬�â¥à¨�«ë

DOI: 10.14357/08696527170408

1 Введение. Методы молекулярно-динамического моделирования

‚ ¬¥â®¤¥ ¬®«¥ªã«ïà−®© ¤¨−�¬¨ª¨ á¨áâ¥¬� à�áá¬�âà¨¢�¥âáï ª�ª á®¢®ªã¯−®áâì
¢§�¨¬®¤¥©áâ¢ãîé¨å ç�áâ¨æ (�â®¬®¢, ¬®«¥ªã«, ª«�áâ¥à®¢), ¤¢¨¦¥−¨¥ ª®â®àëå
®¯¨áë¢�¥âáï §�ª®−�¬¨ ª«�áá¨ç¥áª®© ¬¥å�−¨ª¨. ‘ãé¥áâ¢¥−−ë¬ ï¢«ï¥âáï â®, çâ®
®− ¤®¯ãáª�¥â à�á¯�à�««¥«¨¢�−¨¥ ¯à®æ¥áá®¢, ¯à®¨áå®¤ïé¨å ¢ à�§−ëå ®¡«�áâïå
¯à®áâà�−áâ¢�, çâ® ¯®§¢®«ï¥â íää¥ªâ¨¢−® ¯à¨¬¥−ïâì ¥£® −� ¬−®£®¯à®æ¥áá®à−ëå
¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬�å, ¯®«−®áâìî à¥�«¨§ãï ¨å ¢®§¬®¦−®áâ¨ ¯® ã¢¥«¨ç¥−¨î
¡ëáâà®¤¥©áâ¢¨ï ¨ ®¡à�¡®âª¨ ¡®«ìè¨å ®¡ê¥¬®¢ ¤�−−ëå. ˆ−â¥−á¨¢−ë© à®áâ ¯à®-
¨§¢®¤¨â¥«ì−®áâ¨ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨, ¨ ¯à¥¦¤¥ ¢á¥£® ¬−®£®¯à®æ¥áá®à−ëå

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 15-08-06262�).
1Œ®áª®¢áª¨© �¢¨�æ¨®−−ë© ¨−áâ¨âãâ (−�æ¨®−�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© ã−¨¢¥àá¨â¥â),

greyss@mai.ru
2Œ®áª®¢áª¨© �¢¨�æ¨®−−ë© ¨−áâ¨âãâ (−�æ¨®−�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© ã−¨¢¥àá¨â¥â); ‚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, reviznikov@inbox.ru
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¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬, ¤¥«�¥â ¢®§¬®¦−ë¬ ¢ −�áâ®ïé¥¥ ¢à¥¬ï íää¥ªâ¨¢−® ¬®-
¤¥«¨à®¢�âì áâàãªâãàë, á®áâ®ïé¨¥ ¨§ á®â¥− ¬¨««¨®−®¢ áâàãªâãà−ëå í«¥¬¥−â®¢.
„�−−ë© ¬¥â®¤ ¯à¥¤®áâ�¢«ï¥â ¬®é−ë© â¥®à¥â¨ç¥áª¨© ¨−áâàã¬¥−â ¤«ï ¨áá«¥¤®¢�-
−¨ï á¢®©áâ¢ −�−®¬�â¥à¨�«®¢.

Œ®«¥ªã«ïà−®-¤¨−�¬¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ®á−®¢�−® −� à¥è¥−¨¨ ãà�¢−¥−¨©
¤¨−�¬¨ª¨ áâàãªâãà−ëå í«¥¬¥−â®¢ (ç�áâ¨æ) [1]:

mi
d2ri

dt2
= Fi = −∇iE (r1, r2, . . . , rN ) , (1)

£¤¥ t | ¢à¥¬ï; mi ¨ ri | ¬�áá� ¨ à�¤¨ãá-¢¥ªâ®à i-© ç�áâ¨æë; N | ç¨á«® ç�áâ¨æ
¢ á¨áâ¥¬¥; Fi | á¨«�, ¤¥©áâ¢ãîé�ï −� i-î ç�áâ¨æã; ∇iE(r1, r2, . . . , rN ) |
£à�¤¨¥−â ¯®â¥−æ¨�«ì−®© í−¥à£¨¨.

‚ −�áâ®ïé¥© à�¡®â¥ ãà�¢−¥−¨¥ (1) �¯¯à®ªá¨¬¨àã¥âáï ª®−¥ç−®-à�§−®áâ−®©
áå¥¬®© áª®à®áâ¥© ‚¥à«¥ ¢â®à®£® ¯®àï¤ª� â®ç−®áâ¨ [2]:

ri(t+–t) = ri(t) + –t · vi(t) +
1

2
–t2ai(t) ;

ai(t+–t) =
Fi

mi
;

vi(t+–t) = vi(t) +
1

2
–t (ai(t) + ai(t+–t)) ,

£¤¥ vi | áª®à®áâì i-© ç�áâ¨æë; ai | ãáª®à¥−¨¥.
�à¥¤áª�§�â¥«ì−®© ¢®§¬®¦−®áâ¨ ¯à®áâëå ¯®â¥−æ¨�«®¢ §�ç�áâãî −¥¤®áâ�â®ç-

−® ¤«ï �¤¥ª¢�â−®£® ¢®á¯à®¨§¢¥¤¥−¨ï è¨à®ª®£® á¯¥ªâà� á¢®©áâ¢ ¬®«¥ªã«ïà−ëå
áâàãªâãà. �¥®¡å®¤¨¬® ¨á¯®«ì§®¢�âì ¯®â¥−æ¨�«ë, ®âà�¦�îé¨¥ à¥�«ì−ë¥ á¢®©-
áâ¢� ¬¥¦�â®¬−ëå á¢ï§¥©. ‚ ª�ç¥áâ¢¥ â�ª®£® ¯®â¥−æ¨�«� ¢á¥ ¡®«ìè¥¥ à�á¯à®áâà�-
−¥−¨¥ ¯®«ãç�¥â ¯®â¥−æ¨�« �à¥−−¥à� [3], ª®â®àë© á®áâ®¨â ¨§ ¯à¨âï£¨¢�îé¥© |
V A(rij)| ¨ ®ââ�«ª¨¢�îé¥© | V R(rij)| ª®¬¯®−¥−â, � â�ª¦¥ äã−ªæ¨¨ ¯®àï¤ª�
á¢ï§¨ | bij:

EB =
∑

i

∑

j>i

(

V R(rij)− bijV
A(rij)

)

; (2)

VA (rij) = f
c(rij)

∑

n=1,3

Bne
−βnrij ;

V R(rij) = f
c(rij)

(

1 +
O

rij

)

Ae−αrij ;

bij =
1

2

(

bσ-π
ij + bσ-π

ji

)

+ πRC
ij + b

DH
ij . (3)
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‡¤¥áì rij = |ri − rj | | à�ááâ®ï−¨¥ ¬¥¦¤ã i-¬ ¨ j-¬ �â®¬�¬¨; bσ-π
ij | ¯®ª�§�â¥«ì

¢§�¨¬−®£® à�á¯®«®¦¥−¨ï âà¥å �â®¬®¢:

bσ-π
ij =



1 +
∑

k 6=i,j

f c
ik (rik)Gc (cos (θijk)) e

λijk + Pij

(

NC
i , N

H
i

)





−1/2

, (4)

£¤¥ Gc(cos(θijk)) | äã−ªæ¨ï ã£«�, ®¡à�§®¢�−−®£® âà¥¬ï �â®¬�¬¨; πRC
ij |

ª®àà¥ªâ¨àãîé¨© ¯®ª�§�â¥«ì ¬�â¥à¨�«�:

πRC
ij = Fij

(

N l
i , N

l
j , N

conj
ij

)

; (5)

bDH
ij | ¯®ª�§�â¥«ì ¢§�¨¬−®£® à�á¯®«®¦¥−¨ï ç¥âëà¥å �â®¬®¢:

bDH
ij = Tij

(

N l
i , N

l
j , N

conj
ij

)





∑

k 6=i,j

∑

l 6=i,j

(

1− cos2 (—ijkl)
)

f c
ik(rik)f

c
jl(rjl)



 . (6)

‚ (4){(6) Pij(N
C
i , N

H
i ), Fij(N

l
i , N

l
j , N

conj
ij ) ¨ Tij(N

l
i , N

l
j, N

conj
ij ) | äã−ªæ¨¨,

¨−â¥à¯®«¨àãîé¨¥ íªá¯¥à¨¬¥−â�«ì−ë¥ ¤�−−ë¥.
‚ ¯®á«¥¤−¥¥ ¢à¥¬ï ¢á¥ ¡®«ìè¨© ¨−â¥à¥á ¢ë§ë¢�¥â à�á¯�à�««¥«¨¢�−¨¥ ¢ë-

ç¨á«¥−¨© −� £à�ä¨ç¥áª¨å ¯à®æ¥áá®à�å. ˆ§¢¥áâ¥− æ¥«ë© àï¤ íää¥ªâ¨¢−ëå
à¥�«¨§�æ¨© ¤«ï áà�¢−¨â¥«ì−® ¯à®áâëå ¯®â¥−æ¨�«®¢ ¬¥¦ç�áâ¨ç−®£® ¢§�¨¬®¤¥©-
áâ¢¨ï. ‚ íâ®© á¢ï§¨ ®â¬¥â¨¬ â�ª¨¥ ¯à®£à�¬¬−ë¥ ª®¬¯«¥ªáë, ª�ª HOOMD [4],
AMBER [5], LAMMPS [6{8], GROMACS [9], NAMD [10, 11], CHARMM [12],
ACEMD [13], Desmond [14], Espresso [15], Folding@Home [12]. ‚á¥ ®−¨ ¨á¯®«ì-
§ãîâ GPU ¤«ï ãáª®à¥−¨ï ¬®«¥ªã«ïà−®-¤¨−�¬¨ç¥áª¨å à�áç¥â®¢. ‚ à�−−¨å à�-
¡®â�å ¯® à�á¯�à�««¥«¨¢�−¨î ¬®«¥ªã«ïà−®-¤¨−�¬¨ç¥áª¨å à�áç¥â®¢ −� GPU [16]
−¥ ãç¨âë¢�«áï ¬−®£®ç�áâ¨ç−ë© å�à�ªâ¥à ¯®â¥−æ¨�«� ¨ −�«¨ç¨¥ ®£à�−¨ç¨¢�-
îé¨å äã−ªæ¨©. ÷¥�«¨§�æ¨ï ¯®â¥−æ¨�«� �à¥−−¥à� −� £à�ä¨ç¥áª¨å ¯à®æ¥áá®à�å
¢ë§ë¢�¥â ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯®¢ëè¥−−ë© ¨−â¥à¥á [17]. �â® ®¡ãá«®¢«¨¢�¥â �ª-
âã�«ì−®áâì à�§à�¡®âª¨ á¯¥æ¨�«ì−ëå ¯�à�««¥«ì−ëå �«£®à¨â¬®¢ ¨ ¯à®£à�¬¬−®©
à¥�«¨§�æ¨¨ −� GPU, �¤�¯â¨à®¢�−−ëå ª á¯¥æ¨ä¨ª¥ â�ª¨å ¯®â¥−æ¨�«®¢. „�−−®¬ã
¢®¯à®áã ¯®á¢ïé¥−� −�áâ®ïé�ï à�¡®â�.

2 Программная модель вычислений на графических процессорах

„«ï ¯à®£à�¬¬¨à®¢�−¨ï −� GPU ¯à®¨§¢®¤áâ¢� NVIDIA ¨á¯®«ì§ã¥âáï â¥å−®-
«®£¨ï CUDA (Compute Unified Device Architecture) [18]. ‘®£«�á−® �àå¨â¥ªâãà¥
CUDA ¢ëç¨á«¨â¥«ì−ë¥ ¯®â®ª¨ ®à£�−¨§®¢�−ë ¢ ¡«®ª¨.
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Š�¦¤ë© ¡«®ª ¨¬¥¥â −¥ ¬¥−¥¥ 32 ¯®â®ª®¢. ‚á¥ ¯®â®ª¨ ¢ ¡«®ª¥ ¢ë¯®«−ïîâ ®¤¨-
−�ª®¢ë© −�¡®à ¨−áâàãªæ¨©, ®¤−�ª® ¢¥â¢«¥−¨ï ¢−ãâà¨ ¯à®£à�¬¬ë ¬®£ãâ −�àãè�âì
á¨−åà®−−®áâì ¨á¯®«−¥−¨ï.

�á®¡¥−−®áâìî ¯à®£à�¬¬¨à®¢�−¨ï −� GPU ï¢«ï¥âáï ¤®áâã¯ ª ¯�¬ïâ¨. “áâà®©-
áâ¢� ¨¬¥îâ ¡®«ìèãî ¯à®¯ãáª−ãî á¯®á®¡−®áâì ¯�¬ïâ¨, −® ¨ ¡®«ìèãî §�¤¥à¦ªã
¯à¨ ®¡à�é¥−¨¨ ¯® §�¤�−−®¬ã �¤à¥áã. ‚® ¢à¥¬ï ®¡à�é¥−¨ï ª ¯�¬ïâ¨ ¬®¦¥â
ä®à¬¨à®¢�âìáï ¬−®¦¥áâ¢® §�¯à®á®¢. …á«¨ ¯®â®ª¨ ¨§ ¢ëç¨á«¨â¥«ì−®£® ¡«®ª�
®¡à�é�îâáï ª ¡«¨§ª¨¬ �¤à¥á�¬ ¯�¬ïâ¨, â® −¥áª®«ìª® §�¯à®á®¢ ¬®£ãâ ¡ëâì á£àã¯-
¯¨à®¢�−ë ¢ ®¤¨− ¨ ¨á¯®«−¥−ë ¯�à�««¥«ì−®. �â® á¢®©áâ¢® ¨á¯®«ì§ã¥âáï ¤«ï
¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá� ¢ §�¤�ç�å ¬®«¥ªã«ïà−®©
¤¨−�¬¨ª¨.

’¥ªáâãà−�ï ¯�¬ïâì ¨¬¥¥â �¯¯�à�â−ãî ¯®¤¤¥à¦ªã ¨−â¥à¯®«ïæ¨¨ â�¡«¨ç−ëå
¤�−−ëå, çâ® ¯®§¢®«ï¥â íää¥ªâ¨¢−® ¢ëç¨á«ïâì §−�ç¥−¨ï äã−ªæ¨© Pij(N

C
i , N

H
i ),

Fij(N
l
i , N

l
j , N

conj
ij ) ¨ Tij(N

l
i , N

l
j , N

conj
ij ), ¢å®¤ïé¨å ¢ ¯®â¥−æ¨�« �à¥−−¥à�.

�¤¨− è�£ ¬®«¥ªã«ïà−®-¤¨−�¬¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï á®áâ®¨â ¨§ ®¡−®¢«¥−¨ï
ª®®à¤¨−�â, áª®à®áâ¥©, ¢ëç¨á«¥−¨ï å¥è-äã−ªæ¨©, á®àâ¨à®¢ª¨, ä®à¬¨à®¢�−¨ï
á¯¨áª� á®á¥¤−¨å �â®¬®¢, ¢ëç¨á«¥−¨ï ¤¥©áâ¢ãîé¨å −� �â®¬ë á¨« ¨ ãáª®à¥−¨©.

�ää¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï ¯à®£à�¬¬¨àã¥¬ëå £à�ä¨ç¥áª¨å ¯à®æ¥áá®à®¢
¢ ¬®«¥ªã«ïà−®-¤¨−�¬¨ç¥áª®¬ ¬®¤¥«¨à®¢�−¨¨ ¤®áâ¨£�¥âáï §� áç¥â á«¥¤ãîé¨å
¯®¤å®¤®¢.

1. �«£®à¨â¬ à�§¡¨¢�¥âáï −� è�£¨ á ®¤¨−�ª®¢ë¬¨ ¡«®ª�¬¨ ¢ëç¨á«¥−¨©.

2. �®¤¡¨à�îâáï ®¯â¨¬�«ì−ë¥ ¯�à�¬¥âàë ª®−ä¨£ãà�æ¨¨ §�¯ãáª� ¯à®æ¥¤ãà −�
£à�ä¨ç¥áª¨å ¯à®æ¥áá®à�å.

3. ‚¢®¤¨âáï å¥è-äã−ªæ¨ï ¤«ï ®¯à¥¤¥«¥−¨ï ¯à®áâà�−áâ¢¥−−®© ¡«¨§®áâ¨ �â®¬®¢.

4. �áãé¥áâ¢«ï¥âáï á®àâ¨à®¢ª� ¬�áá¨¢� ª®®à¤¨−�â �â®¬®¢.

5. �®â¥−æ¨�« ¢§�¨¬®¤¥©áâ¢¨ï à�§¡¨¢�¥âáï −� á®áâ�¢−ë¥ ç�áâ¨ â�ª, çâ®¡ë ª�¦-
¤ë© ¢ëç¨á«¨â¥«ì−ë© ¯®â®ª ¬®£ ¢ë¯®«−ïâìáï −¥§�¢¨á¨¬®.

�à¨ íâ®¬ ¤«ï ®£à�−¨ç¥−¨ï à�ááâ®ï−¨© ¢§�¨¬®¤¥©áâ¢¨ï �â®¬®¢ ¨á¯®«ì§ã¥âáï
äã−ªæ¨ï ãá¥ç¥−¨ï. �� ®âá®àâ¨à®¢�−−®¬ ¬�áá¨¢¥ ª®®à¤¨−�â á®áâ�¢«ï¥âáï á¯¨-
á®ª á®á¥¤−¨å �â®¬®¢. ‚ë¤¥«ï¥âáï ¯�¬ïâì, ¢ ª®â®àãî ª®¯¨àãîâáï ª®®à¤¨−�âë
á®á¥¤−¨å �â®¬®¢. ‚ëç¨á«¥−−ë¥ ¯® ä®à¬ã«¥ (3) ª®íää¨æ¨¥−âë ¯®â¥−æ¨�«� §�-
¯¨áë¢�îâáï ¢ ¤®¯®«−¨â¥«ì−ãî ¯�¬ïâì. ‘®åà�−¥−−ë¥ §−�ç¥−¨ï bij ¨á¯®«ì§ãîâáï
¤�«¥¥ ¤«ï à�áç¥â� á¨«, ¤¥©áâ¢ãîé¨å −� �â®¬.

�� à¨á. 1 ¯®ª�§�−® ¢§�¨¬®¤¥©áâ¢¨¥ äã−ªæ¨© ¢ à�¬ª�å ¯à¥¤«�£�¥¬®£® ¯®¤å®-
¤� [19]. ˆ−¨æ¨�«¨§�æ¨ï ¯�à�¬¥âà®¢ ¨ §�¯ãáª ¢ëç¨á«¥−¨© −� GPU ¢ë¯®«−ï¥âáï
æ¥−âà�«ì−ë¬ ¯à®æ¥áá®à®¬. ‚á¥ à�áç¥âë ¯à®¢®¤ïâáï ¢ £à�ä¨ç¥áª®© ¯�¬ïâ¨ ¨ −�
ï¤à�å £à�ä¨ç¥áª®£® ¯à®æ¥áá®à�. „�−−ë¥ ¢ ¯à®£à�¬¬−®¬ ª®¬¯«¥ªá¥ ú�à¨¬ãáû
®à£�−¨§®¢�−ë ¢ ®¡ê¥¤¨−¥−−ëå ¯¥à¥¬¥−−ëå, á®áâ®ïé¨å ¨§ ç¥âëà¥å ª®¬¯®−¥−â®¢:
âà¨ ¯à®áâà�−áâ¢¥−−ëå á®áâ�¢«ïîé¨å ¨ ¬�áá� �â®¬�, âà¨ ª®¬¯®−¥−âë áª®à®áâ¨
¨ §−�ç¥−¨¥ â¥¬¯¥à�âãàë, âà¨ ª®¬¯®−¥−âë ãáª®à¥−¨ï ¨ §−�ç¥−¨¥ ¯®â¥−æ¨�«ì−®©
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÷¨á. 1 �â�¯ë ¬®«¥ªã«ïà−®-¤¨−�¬¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï

í−¥à£¨¨. ’�ª�ï ®à£�−¨§�æ¨ï ¯¥à¥¬¥−−ëå á®®â¢¥âáâ¢ã¥â �àå¨â¥ªâãà¥ £à�ä¨ç¥áª¨å
ª�àâ ¨ á®¢¬¥áâ−®¬ã §�¯à®áã ¯�¬ïâ¨.

Š�ª ¯®ª�§�−® −� à¨á. 1, −� æ¥−âà�«ì−®¬ ¯à®æ¥áá®à¥ ¢ë¯®«−ïîâáï â®«ìª®
¯®á«¥¤®¢�â¥«ì−ë¥ ç�áâ¨ ¨ ¢ë§®¢ë ¯à®æ¥¤ãà, ¯®¤£®â®¢ª� ¨ ª®¯¨à®¢�−¨¥ ¤�−−ëå
−� ãáâà®©áâ¢®, §�¤�−¨¥ ª®−ä¨£ãà�æ¨¨ ¢ëç¨á«¥−¨© −� GPU ¨ ¥£® §�¯ãáª.

‘¯à�¢� −� à¨á. 1 ¯®ª�§�−® ¨á¯®«ì§®¢�−¨¥ ¯�¬ïâ¨ ¢ ¯à®æ¥¤ãà�å, � â�ª¦¥ ¨å
¢ëç¨á«¨â¥«ì−�ï á«®¦−®áâì.

÷�áç¥â−�ï ®¡«�áâì ®¯¨áë¢�¥âáï ïç¥¨áâ®© ¬®¤¥«ìî. ‡� áç¥â ¨á¯®«ì§®¢�−¨ï
®£à�−¨ç¨¢�îé¥© äã−ªæ¨¨ ¤«ï �â®¬®¢, −�å®¤ïé¨åáï ¢ −¥ª®â®à®© ïç¥©ª¥, ¬®¦−®
ãç¨âë¢�âì â®«ìª® ¢§�¨¬®¤¥©áâ¢¨¥ á ç�áâ¨æ�¬¨ ¨§ á®á¥¤−¨å ïç¥¥ª. „«ï ®¯à¥¤¥-
«¥−¨ï á®®â¢¥âáâ¢¨ï ç�áâ¨æë ®¯à¥¤¥«¥−−®© ïç¥©ª¥ ¨á¯®«ì§ãîâáï −¥ âà¥å¬¥à−ë¥
ª®®à¤¨−�âë, � å¥è-äã−ªæ¨ï:

hashi = ziSy · Sx + yiSx + xi ,

£¤¥ xi, yi ¨ zi | ª®¬¯®−¥−âë à�¤¨ãá-¢¥ªâ®à� ri = ri(x, y, z) i-© ç�áâ¨æë; Sx
¨ Sy| ç¨á«® ïç¥¥ª.
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�á−®¢−®© §�¤�ç¥© à�§à�¡®âª¨ �«£®à¨â¬� ¢ëç¨á«¥−¨ï ¯®â¥−æ¨�«� �à¥−−¥à� −�
GPU ï¢«ï¥âáï ®¡¥á¯¥ç¥−¨¥ −�¨¡®«¥¥ íää¥ªâ¨¢−®£® ¤®áâã¯� ª ¯�¬ïâ¨. ‚ �¢â®à-
áª®¬ ¯à®£à�¬¬−®¬ ª®¬¯«¥ªá¥ ú�à¨¬ãáû ¤«ï íâ®£® ¢ë¤¥«ï¥âáï ¤®¯®«−¨â¥«ì−�ï
¯�¬ïâì ¨ ¯¥à¥¬¥−−ë¥, ª®â®àë¥ åà�−ïâ ª®¯¨¨ ª®®à¤¨−�â ¤® 8 á®á¥¤−¨å �â®¬®¢. ˆ§
äã−ªæ¨¨ ¢ëç¨á«¥−¨ï á¨« ¢ë−®á¨âáï à�áç¥â ª®íää¨æ¨¥−â®¢, â�ª çâ® ¢ëç¨á«¨-
â¥«ì−® á«®¦−�ï ç�áâì ®¯¥à�æ¨© ¯¥à¥−¥á¥−� ¢ á¯¥æ¨�«ì−ãî äã−ªæ¨î. ‡�âà�â−�ï
¯® ¢à¥¬¥−¨ äã−ªæ¨ï á®áâ�¢«¥−¨ï á¯¨áª� á®á¥¤−¨å �â®¬®¢ ®¯¥à¨àã¥â §−�ç¥−¨ï¬¨
å¥è-äã−ªæ¨¨ ¨ ¤®¯®«−¨â¥«ì−®© ¯�¬ïâìî, ¯®á«¥ ¯®áâà®¥−¨ï á¯¨áª� à�á¯®«®-
¦¥−¨¥ ª®®à¤¨−�â �â®¬®¢ ®ª�§ë¢�¥âáï ¢ëà®¢−¥−−ë¬ ¢ ¯�¬ïâ¨, ¨ −¥ ¢®§−¨ª�¥â
¯¥à¥ªà¥áâ−®£® ¤®áâã¯� −� á«¥¤ãîé¨å íâ�¯�å.

’�ª®© ¯®¤å®¤ ®¡¥á¯¥ç¨¢�¥â ¢ëç¨á«¨â¥«ì−ãî á«®¦−®áâì −�¨¡®«¥¥ §�âà�â−ëå
íâ�¯®¢ ä®à¬¨à®¢�−¨ï á¯¨áª� á®á¥¤−¨å �â®¬®¢ ¨ à�áç¥â� �â®¬−ëå á¨« −� ãà®¢−¥
O(N/P ), £¤¥ P | ç¨á«® ï¤¥à £à�ä¨ç¥áª®£® ¯à®æ¥áá®à�. �®«¥¥ â®ç−® ¬®¦−®
¤�âì á«¥¤ãîéãî ®æ¥−ªã ¤«ï ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨: (s3 + sm)N/P , £¤¥
s | ç¨á«® ª®¢�«¥−â−ëå á¢ï§¥©; m | ç¨á«® ¤®¯®«−¨â¥«ì−ëå ïç¥¥ª ¨á¯®«ì§ã-
¥¬®© ¯�¬ïâ¨. �®ª�¦¥¬ íâ®. ‘®£«�á−® ¯à¥¤«�£�¥¬®¬ã �«£®à¨â¬ã ç¨á«® ¯®â®ª®¢
ãáâ�−�¢«¨¢�¥âáï à�¢−ë¬ ç¨á«ã í«¥¬¥−â®¢ N . �à¨ ¢ëç¨á«¥−¨ïå −� GPU ¨¬¥¥â
¬¥áâ® ¯à®¯®àæ¨®−�«ì−�ï §�¢¨á¨¬®áâì §�âà�â ¢à¥¬¥−¨ ®â §�£àã¦¥−−®áâ¨ ¯�¬ïâ¨.
ˆá¯®«ì§®¢�−¨¥ ®£à�−¨ç¨¢�îé¥© äã−ªæ¨¨ ¯à¨¢®¤¨â ª ã¢¥«¨ç¥−¨î ¯�¬ïâ¨ ¢ ä¨ª-
á¨à®¢�−−®¥ ç¨á«® à�§, §�¢¨áïé¥¥ â®«ìª® ®â s| ç¨á«� ª®¢�«¥−â−ëå á¢ï§¥© | ¨ −¥
§�¢¨áïé¥¥ ®â ª®«¨ç¥áâ¢� �â®¬®¢ ¢ á¨áâ¥¬¥. “ç¨âë¢�ï ¢¢¥¤¥−¨¥ ¤®¯®«−¨â¥«ì−®©
¯�¬ïâ¨ ¢ ª®«¨ç¥áâ¢¥ m ïç¥¥ª, ¢ëç¨á«¥−¨ï ¯® ä®à¬ã«¥ (2) á ¨§¢¥áâ−ë¬¨ §−�ç¥−¨-
ï¬¨ bij ¯®âà¥¡ãîâ smN ãá«®¢−ëå ¥¤¨−¨æ ¢à¥¬¥−¨. ‚ëç¨á«¥−¨ï ¯® ä®à¬ã«¥ (3)
§� áç¥â äã−ªæ¨¨ ®£à�−¨ç¥−¨ï ¯®âà¥¡ãîâ s3N â�ªâ®¢. �¡é¥¥ ç¨á«® ãá«®¢−ëå
¥¤¨−¨æ ¢à¥¬¥−¨ á®áâ�¢¨â s3N + smN . ‡� áç¥â à¥�«¨§®¢�−−ëå ¬¥â®¤®¢ ã ª�¦¤®£®
¯®â®ª� ¢ëç¨á«¥−¨© ¥áâì −�¡®à ¤�−−ëå ¨ ¨−áâàãªæ¨©, ®¤−®¬ã ¯®â®ªã ¢ëç¨á«¥−¨©
−¥â −¥®¡å®¤¨¬®áâ¨ ®¦¨¤�âì, ¯®ª� ¤àã£®© ¯®â®ª ¯®¤£®â®¢¨â ¤�−−ë¥ ¤«ï à�áç¥â�,
N ¯®â®ª®¢ ¢ë¯®«−ïîâáï −� P ¯à®æ¥áá®à�å, çâ® ¤�¥â á«®¦−®áâì (s3 + sm)N/P
ãá«®¢−ëå ¥¤¨−¨æ ¢à¥¬¥−¨.

3 Вычислительные эксперименты

‚ ¤�−−®¬ à�§¤¥«¥ ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ¬®«¥ªã«ïà−®-¤¨−�¬¨ç¥áª®£® ¬®-
¤¥«¨à®¢�−¨ï −� �¯¯�à�â−®¬ ®¡¥á¯¥ç¥−¨¨ Intel Core i5-4200U, 1,6 ƒƒæ, 2 ï¤à�,
12 ƒ¡ RAM, nVidia GeForce 840M (384 ï¤à�) ¯®¤ ã¯à�¢«¥−¨¥¬ �‘ Windows 8.1.
Œ�ªá¨¬�«ì−ë¥ §−�ç¥−¨ï ç¨á«� ¢ëç¨á«¨â¥«ì−ëå ¯®â®ª®¢ ¢ ¡«®ª¥: [1024, 1024,
64].

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� à�áá¬�âà¨¢�¥âáï ¬�â¥à¨�« £à�ä¥− [20], ª®â®àë© −�å®¤¨â
¢á¥ ¡®«ìè¥¥ ¯à¨¬¥−¥−¨¥ ¢ à�§«¨ç−ëå ®âà�á«ïå á®¢à¥¬¥−−®© ¨−¤ãáâà¨¨. Œ®-
¤¥«¨à®¢�−¨¥ ¯®§¢®«ï¥â ¯®¤¡¨à�âì −¥®¡å®¤¨¬ë¥ à�§¬¥àë «¨áâ®¢ ¨ áâàãªâãàã,
¯®¤å®¤ïéãî ¤«ï ¯à¨ª«�¤−ëå §�¤�ç ¨ á¨−â¥§¨à®¢�−¨ï ¢ «�¡®à�â®à¨ïå.

„«ï ª�¦¤®© äã−ªæ¨¨ ãáâ�−�¢«¨¢�îâáï −¥§�¢¨á¨¬ë¥ ¯�à�¬¥âàë ª®−ä¨£ãà�-
æ¨¨. ‡−�ç¥−¨ï ª®−ä¨£ãà�æ¨¨ á®®â¢¥âáâ¢ãîâ «®£¨ç¥áª®¬ã ¯à¥¤áâ�¢«¥−¨î ¢ë-
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�ää¥ªâ¨¢−®¥ ¨á¯®«ì§®¢�−¨¥ ¯à®£à�¬¬¨àã¥¬ëå £à�ä¨ç¥áª¨å ¯à®æ¥áá®à®¢

ç¨á«¨â¥«ì−ëå ¯®â®ª®¢ ¢ ¡«®ª¥. ÷¥�«¨§®¢�−−ë¥ ¬¥â®¤ë ¢ëà�¢−¨¢�−¨ï ¯�¬ïâ¨
¨ ¨á¯®«ì§®¢�−¨¥ ®¡ê¥¤¨−¥−−ëå ¯¥à¥¬¥−−ëå ¯®§¢®«ïîâ §�¤�¢�âì ®¤−®¬¥à−ãî
ª®−ä¨£ãà�æ¨î ¡«®ª®¢, çâ® ®¡¥á¯¥ç¨¢�¥â ¡®«¥¥ ¯à®áâ®¥ «®£¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥
¤�−−ëå.

�¡é¨© ¯à¨à®áâ ãáª®à¥−¨ï ¯à¨ ®¯â¨¬�«ì−®¬ ¢ë¡®à¥ ç¨á«� ¢ëç¨á«¨â¥«ì−ëå
¯®â®ª®¢ ¤®áâ¨£�¥â 17% ¤«ï ®¡à�§æ� ¨§ 6720 �â®¬®¢. �â¬¥ç¥−®, çâ® 91% ¢à¥-
¬¥−¨ âà¥¡ã¥âáï ¤«ï à�áç¥â� ¯®â¥−æ¨�«� ¨ ®¡−®¢«¥−¨ï á¯¨áª� á®á¥¤−¨å �â®¬®¢.
�à¨ íâ®¬ íâ�¯ á®àâ¨à®¢ª¨ ¨¬¥¥â ¢ëç¨á«¨â¥«ì−ãî á«®¦−®áâì αN logN , −® ¤�¥â
−¥§−�ç¨â¥«ì−ë© ¢ª«�¤ ¢ ®¡é¥¥ ¢à¥¬ï ¢ëç¨á«¥−¨©.

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à�, ¯®§¢®«ïîé¥£® ¯à®¤¥¬®−áâà¨à®¢�âì ¬¥â®¤ë à�¡®âë á ¯�-
¬ïâìî, à�áá¬®âà¨¬ ¬®¤¥«¨à®¢�−¨¥ äã««¥à¥−�. ‚ äã««¥à¥−¥ ª�¦¤ë© �â®¬ ¨¬¥¥â
âà¨ á®á¥¤−¨å; â�ª¨¬ ®¡à�§®¬, §�¤¥©áâ¢®¢�−ë ¢á¥ ¯�à�¬¥âàë ¯®â¥−æ¨�«�, â�ª¨¥
ª�ª ã£«®¢�ï äã−ªæ¨ï, ¤¢ã£à�−−ë¥ ã£«ë, ª®àà¥ªâ¨àãîé¨¥ §−�ç¥−¨ï á¢ï§−®áâ¨.
‚ ®â«¨ç¨¥ ®â ¯à®áâà�−áâ¢¥−−®-¢ëâï−ãâ®£® «¨áâ� £à�ä¥−� â�ª�ï áâàãªâãà� ¨¬¥¥â
ª®¬¯�ªâ−®¥ à�á¯®«®¦¥−¨¥ �â®¬®¢.

�à¨¬¥−¥−¨¥ å¥è-äã−ªæ¨¨ ¨ á®àâ¨à®¢ª¨ ¯à¨ ãá«®¢¨¨ ¨á¯®«ì§®¢�−¨ï 16 ¢ë-
ç¨á«¨â¥«ì−ëå ¯®â®ª®¢ ¢ ¡«®ª¥ ¨ 64 ïç¥¥ª ¯�¬ïâ¨ ¯®§¢®«¨«® ã¬¥−ìè¨âì ç¨á«®
¯¥à¥ªà¥áâ−ëå §�¯à®á®¢ ª ¯�¬ïâ¨ −� 13%.

„«ï ®¯à¥¤¥«¥−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� ú�à¨¬ãáû
à�áá¬�âà¨¢�¥âáï �ªâã�«ì−�ï §�¤�ç� ¬®¤¥«¨à®¢�−¨ï â¥¯«®¯¥à¥−®á� ¢ ã£«¥à®¤−ëå
áâàãªâãà�å. ‚�¦−ë¬ í«¥¬¥−â®¬ §¤¥áì ï¢«ï¥âáï ®¯à¥¤¥«¥−¨¥ ª®íää¨æ¨¥−â� â¥¯-
«®¯à®¢®¤−®áâ¨. ‘ íâ®© æ¥«ìî ª æ¥−âàã ®¡à�§æ� ¯®¤¢®¤¨âáï â¥¯«®¢®© ¨¬¯ã«ìá.
‡�¬¥àï¥âáï áª®à®áâì à�á¯à®áâà�−¥−¨ï â¥¯«®¢®£® ¨¬¯ã«ìá� á â¥ç¥−¨¥¬ ¢à¥¬¥−¨.
�® å�à�ªâ¥àã à�á¯à®áâà�−¥−¨ï ¨ áª®à®áâ¨ ®¯à¥¤¥«ï¥âáï ª®íää¨æ¨¥−â â¥¯«®¯à®-
¢®¤−®áâ¨.

‚ −�áâ®ïé¥© à�¡®â¥ à�áá¬�âà¨¢�¥âáï «¨áâ £à�ä¥−� â¨¯� úªà¥á«®û. ‚ â¥ç¥-
−¨¥ 1000 è�£®¢ «¨áâ ¤®¢®¤¨âáï ¤® áà¥¤−¥© â¥¬¯¥à�âãàë 16,3 Š. �®á«¥ áâ�¡¨«¨§�-
æ¨¨ �â®¬�¬ ¯® æ¥−âàã ¢ ¯®«®áª¥ è¨à¨−®© 20 �A ¯à¨¤�¥âáï â¥¯«®¢®© ¨¬¯ã«ìá 600 Š.
�áà¥¤−¥−¨¥ ¯à®¢®¤¨âáï ¯® 1000 ¢à¥¬¥−−ëå è�£®¢ ¯® ®¡«�áâ¨ ¤«¨−®© 20 �A. ˜�£
¬®¤¥«¨à®¢�−¨ï | 1 äá. �à®¢®¤¨âáï 10 000 è�£®¢ ¬®¤¥«¨à®¢�−¨ï. ‚ë¤¥à¦¨¢�-
¥âáï ¬¨ªà®ª�−®−¨ç¥áª¨© �−á�¬¡«ì.

Œ®«¥ªã«ïà−®-¤¨−�¬¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ¯à®¢®¤¨«®áì −� �¯¯�à�â−®¬
®¡¥á¯¥ç¥−¨¨ Intel Xeon CPU E5-2650, 2,00 ƒƒæ, 32 ï¤à� ¢ �‘, 128 ƒ¡ RAM,
nVidia Tesla M2075 (448 ï¤¥à), nVidia Quadro 4000 (256 ï¤¥à) ¯®¤ ã¯à�¢«¥−¨¥¬
�‘ Centos 6.2. Œ�ªá¨¬�«ì−ë¥ §−�ç¥−¨ï ç¨á«� ¢ëç¨á«¨â¥«ì−ëå ¯®â®ª®¢ ¢ ¡«®-
ª¥: [1024, 1024, 64]. ‚ â�¡«¨æ¥ ¯®ª�§�−® ¢à¥¬ï, −¥®¡å®¤¨¬®¥ ª®¬¯ìîâ¥àã ¤«ï
¬®¤¥«¨à®¢�−¨ï ®¡à�§æ®¢ à�§«¨ç−®£® à�§¬¥à�.

�à¥¤áâ�¢«¥−ë ¤�−−ë¥, ¯®«ãç¥−−ë¥ á ¯®¬®éìî à�§à�¡®â�−−®£® �¢â®à�¬¨
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¨ á ¨á¯®«ì§®¢�−¨¥¬ ¨§¢¥áâ−®£® ¯�ª¥â� ¬®«¥ªã«ïà−®-
¤¨−�¬¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï LAMMPS.

‚¨¤−®, çâ® à�§à�¡®â�−−ë© ¯®¤å®¤ ¯®§¢®«ï¥â áãé¥áâ¢¥−−® ¯®¢ëá¨âì ¯à®¨§-
¢®¤¨â¥«ì−®áâì ¨ ¢®§¬®¦−®áâ¨ ¬®¤¥«¨à®¢�−¨ï (á¬. â�¡«¨æã ¨ à¨á. 2). �â¬¥â¨¬,
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“áª®à¥−¨¥, ¤®áâ¨£−ãâ®¥ −� GPU ¢ §�¤�ç¥ â¥¯«®¯¥à¥−®á�

„«¨−�
®¡à�§-
æ�, −¬

—¨á«®
�â®¬®¢

LAMMPS (1 ï¤à®)
�à®£à�¬¬� �¢â®à®¢

(Tesla M2075,
448 ï¤¥à) “áª®-

à¥−¨¥,
à�§

�à®£à�¬¬� �¢â®à®¢
(Quadro 4000,

256 ï¤¥à)
‚à¥¬ï

à�áç¥â�,
á

‡�âà�âë
¯�¬ïâ¨,

Œ�

‚à¥¬ï
à�áç¥â�,

á

‡�âà�âë
¯�¬ïâ¨,

Œ�

‚à¥¬ï
à�áç¥â�,

á

‡�âà�âë
¯�¬ïâ¨,

Œ�
12,6 960 47,1 3,5 14,8 56,0 3,2 22,3 37,0
25 1 920 99,9 5,5 25,6 58,0 3,9 28,9 38,0
50 3 840 198,6 20,3 27,3 73,0 7,3 33,6 53,0

100 7 680 407,4 134,1 37,6 72,0 10,8 58,8 54,0
200 15 360 797,1 1026,9 62,8 189,0 12,0 113,0 170,0
400 30 720 1661,9 1168,9 131,2 195,0 12,7 224,8 176,0
800 61 440 3086,8 1230,1 276,3 207,0 11,2 524,1 188,0

1600 122 880 9666,7 1389,8 524,0 1129,0 11,5 1002,4 1110,0

÷¨á. 2 ‡�¢¨á¨¬®áâì ¢à¥¬¥−¨ à�áç¥â� ®â ç¨á«� ç�áâ¨æ: 1 ¨ 2 | ¢à¥¬ï ¢ ¯à®£à�¬¬¥
�¢â®à®¢ (1 | Tesla M2075; 2 | Quadro 4000); 3{6 | ¢à¥¬ï LAMMPS (3 | 1 ï¤à®;
4 | 2 ï¤à�; 5 | 4 ï¤à�; 6 | 30 ï¤¥à)

çâ® §� áç¥â ¨á¯®«ì§®¢�−¨ï ¯�¬ïâ¨ ¢¨¤¥®ª�àâë ¯à®æ¥áá ¬®¤¥«¨à®¢�−¨ï ¬®¦¥â
®â®¡à�¦�âìáï −� íªà�−¥ ¢ à¥¦¨¬¥ ¯®áâã¯«¥−¨ï ¤�−−ëå.

4 Выводы

�à¥¤áâ�¢«¥−� íää¥ªâ¨¢−�ï à¥�«¨§�æ¨ï ¬®«¥ªã«ïà−®-¤¨−�¬¨ç¥áª®£® ¬®¤¥-
«¨à®¢�−¨ï á® á«®¦−ë¬ ¯®â¥−æ¨�«®¬ ¬¥¦ç�áâ¨ç−®£® ¢§�¨¬®¤¥©áâ¢¨ï −� ¢¨¤¥®-
ª�àâ�å.
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�ää¥ªâ¨¢−®¥ ¨á¯®«ì§®¢�−¨¥ ¯à®£à�¬¬¨àã¥¬ëå £à�ä¨ç¥áª¨å ¯à®æ¥áá®à®¢

‘å¥¬� áª®à®áâ¥© ‚¥à«¥ à�§¡¨¢�¥âáï −� ¤¢¥ ç�áâ¨: ¢ë¯®«−¥−¨¥ ®¯¥à�æ¨©
®¡−®¢«¥−¨ï ª®®à¤¨−�â ¨ áª®à®áâ¥©, ¢ëç¨á«¥−¨ï á¨«, ¤¥©áâ¢ãîé¨å −� �â®¬ë,
¨ ãáª®à¥−¨©. „«ï ¯à®æ¥¤ãàë ®¡−®¢«¥−¨ï ª®®à¤¨−�â ¯®¤¡¨à�¥âáï ¬�ªá¨¬�«ì−®¥
ç¨á«® ¢ëç¨á«¨â¥«ì−ëå ¯®â®ª®¢ ¢ ¡«®ª¥. �®¤¡®à ®¯â¨¬�«ì−®£® à�§¬¥à� í«¥-
¬¥−â�à−®£® ¡«®ª� ¢ëç¨á«¥−¨© ¤«ï ª�¦¤®© ¯à®æ¥¤ãàë, á®áâ�¢«ïîé¥© ®¤¨− íâ�¯
¬®¤¥«¨à®¢�−¨ï, ¯®§¢®«ï¥â ãáª®à¨âì ¢ë¯®«−¥−¨¥ ¯à®£à�¬¬ë −� 17%.

„®áâã¯ ª ¯�¬ïâ¨ ã«ãçè�¥âáï §� áç¥â á®àâ¨à®¢ª¨ í«¥¬¥−â®¢. ‚ëç¨á«¨â¥«ì−ë¥
¯®â®ª¨ §�¯¨áë¢�îâ à¥§ã«ìâ�âë ¢ ®¤¨− ¬�áá¨¢ ®¤−®¢à¥¬¥−−®, ¯à¨ á«¥¤ãîé¥¬
®¡à�é¥−¨¨ ª ¯�¬ïâ¨ ®−¨ ¨á¯®«ì§ãîâ ¢¥áì ¬�áá¨¢ −¥®¡å®¤¨¬ëå §−�ç¥−¨©.

‚ëç¨á«¥−¨¥ á¨« à�§¡¨¢�¥âáï −� ¤¢� íâ�¯�: ¢ëç¨á«¥−¨¥ á«®¦−ëå ª®íää¨æ¨¥−-
â®¢ ¯®â¥−æ¨�«� ¬¥¦�â®¬−®£® ¢§�¨¬®¤¥©áâ¢¨ï á ¨å á®åà�−¥−¨¥¬ ¢ ¤®¯®«−¨â¥«ì−ãî
¯�¬ïâì ¨ ¨á¯®«ì§®¢�−¨¥ £®â®¢ëå ª®íää¨æ¨¥−â®¢ ¤«ï áã¬¬¨à®¢�−¨ï á¨« á® áâ®-
à®−ë ¢á¥å �â®¬®¢. ’�ª®© ¯®¤å®¤ ¯®§¢®«ï¥â ¨§¡¥¦�âì ¡«®ª¨à®¢�−¨ï ¤®áâã¯�
ª ¯�¬ïâ¨ ¤«ï ¯�à�««¥«ì−ëå ¯®â®ª®¢ ¢ëç¨á«¥−¨©.
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Effective use of programmable GRUs in problems of molecular dynamics simulation
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Abstract: Graphics processing units (GPU) make it possible to expand signif-
icantly the capabilities of computing systems. The article discusses the use of
graphics processors in problems of molecular dynamics modeling with a complex
particle interaction potential. In order to improve the performance of calculations
on the GPU, the following methods are implemented: reduction of the number of
requests to the global memory; reduction of the number of branches; selection of
the optimal load of multiprocessors; and use of equivalent mathematical expres-
sions that perform functions for faster code execution. Parallel execution of the
program is realized by partitioning the space into cells, compiling and updating
the list of neighboring atoms in order to minimize memory collisions, distribution
of operations over computational flows, and allocation of additional memory
for creating copies of the coordinates of interacting atoms. Several examples
illustrating the computational complexity of the algorithms are considered.
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ОСОБЕННОСТИ ПОДГОТОВКИ
ИНФОРМАЦИОННО-АНАЛИТИЧЕСКОГО ПРОДУКТА

СРЕДСТВАМИ СЕГМЕНТИРОВАННОГО
СИТУАЦИОННОГО ЦЕНТРА

А. А. Зацаринный1, В. И. Королёв2

�−−®â�æ¨ï: ‘¨âã�æ¨®−−ë© æ¥−âà (‘–) ¯à¥¤áâ�¢«¥− ª�ª ®¡ê¥ªâ ¢ §�é¨-
é¥−−®¬ ¨á¯®«−¥−¨¨, ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì ª®â®à®£® ®¡¥á¯¥ç¨¢�¥âáï
á¥£¬¥−â¨à®¢�−¨¥¬ à¥áãàá®¢ ¯® ¯à¨§−�ªã ¢ë¤¥«¥−¨ï ª®−âãà®¢ ¡¥§®¯�á−®áâ¨ ¨−-
ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª®© (ˆ’) ¨−äà�áâàãªâãàë. ÷�áá¬®âà¥−ë ¢®¯à®áë
¨−â¥£à¨à®¢�−¨ï ¨ ª®−á®«¨¤�æ¨¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ (ˆ÷) ‘– ¤«ï
á®§¤�−¨ï ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®£® ¯à®¤ãªâ� (ˆ��). „�−® ¯à¥¤áâ�¢-
«¥−¨¥ ˆ’-«�−¤è�äâ� ‘– ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨. �à¥¤«®¦¥− �«£®à¨â¬
¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï ¯à¨ á®§¤�−¨¨ ˆ�� á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï
¢ ˆ’-¨−äà�áâàãªâãà¥ á ¢ë¤¥«¥−−ë¬¨ ª®−âãà�¬¨ ¡¥§®¯�á−®áâ¨.

Š«îç¥¢ë¥ á«®¢�: á¨âã�æ¨®−−ë© æ¥−âà; ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; ¨−-
ä®à¬�æ¨®−−ë¥ à¥áãàáë; ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª�ï ¨−äà�áâàãªâãà�;
¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨© ¯à®¤ãªâ

DOI: 10.14357/08696527170409

1 Особенности ситуационного центра как системы
в защищенном исполнении

‘¨âã�æ¨®−−ë© æ¥−âà ª�ª á�¬®áâ®ïâ¥«ì−ë© ®¡ê¥ªâ ¨−ä®à¬�æ¨®−−®© ¨−¤ã-
áâà¨¨ | á«®¦−�ï �¢â®¬�â¨§¨à®¢�−−�ï á¨áâ¥¬� (�‘), ª®â®à�ï ï¢«ï¥âáï ç�áâìî
á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®¡ê¥ªâ®¬ (®à£�−¨§�æ¨ï/¯à¥¤¯à¨ïâ¨¥ ª�ª ®¡ê¥ªâ ã¯à�¢«¥-
−¨ï | ¤�«¥¥ ®à£�−¨§�æ¨®−−�ï á¨áâ¥¬�) ¨ ¯à¥¤áâ�¢«ï¥â á®¡®©, ¯® áãé¥áâ¢ã, ¯®¤-
á¨áâ¥¬ã ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© ¨ â¥å−®«®£¨ç¥áª®© ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï
à¥è¥−¨© ¢ á®áâ�¢¥ ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë. ‘¨âã�æ¨®−−ë© æ¥−âà ª®−æ¥−âà¨àã-
¥â ¨−ä®à¬�æ¨î ®¡ ®¡ê¥ªâ¥ ã¯à�¢«¥−¨ï ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨®−−®-
â¥å−®«®£¨ç¥áª®£® ¯à®áâà�−áâ¢� ®¡ê¥ªâ�, ®¡¥á¯¥ç¨¢�¥â á¨âã�æ¨®−−®¥ ã¯à�¢«¥−¨¥
®¡ê¥ªâ®¬ ¨ ¯à¨−ïâ¨¥ ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨© á è¨à®ª¨¬ ¨á¯®«ì§®¢�−¨¥¬ ¨−-
ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, ¬®¤¥«¥© ¨ ¬¥â®¤®¢ á¨âã�æ¨®−−®£® �−�«¨§� [1, 2].

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@ipiran.ru

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; ��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ï¤¥à−ë© ã−¨¢¥àá¨â¥â
Œˆ”ˆ; ”¨−�−á®¢ë© ã−¨¢¥àá¨â¥â ¯à¨ �à�¢¨â¥«ìáâ¢¥ ÷”, vkorolev@ipiran.ru
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�á®¡¥−−®áâ¨ ¯®¤£®â®¢ª¨ ˆ�� áà¥¤áâ¢�¬¨ á¥£¬¥−â¨à®¢�−−®£® ‘–

��§®¢®© à¥�«¨§�æ¨®−−®© äã−ªæ¨¥© ‘– ï¢«ï¥âáï ä®à¬¨à®¢�−¨¥ ¨ ¢¥¤¥−¨¥
ˆ÷. Š®−â¥−â ˆ÷ ‘–, ª�ª ¯à�¢¨«®, ï¢«ï¥âáï à�§−®à®¤−ë¬: â¥ªáâë, ¨§®¡à�¦¥−¨ï
(£à�ä¨ª�), �ã¤¨®- ¨ ¢¨¤¥®ä�©«ë, æ¨äà®¢ë¥ ¤�−−ë¥ ¨ â. ¤. �à¨ íâ®¬ ®¤−¨¬
¨§ £«�¢−ëå å�à�ªâ¥à¨áâ¨ç¥áª¨å ä�ªâ®à®¢ ï¢«ï¥âáï −¥®¡å®¤¨¬®áâì ®â−¥á¥−¨ï
íâ¨å ¢¨¤®¢ à�§−®à®¤−®© ¨−ä®à¬�æ¨¨ ª à�§«¨ç−®© ª�â¥£®à¨¨ ¤®áâã¯� (¨−ä®à¬�-
æ¨ï ®£à�−¨ç¥−−®£® ¤®áâã¯� [3]) ¨, ª�ª á«¥¤áâ¢¨¥, ®¡¥á¯¥ç¥−¨¥ á®®â¢¥âáâ¢ãîé¨å
ú¯ã¡«¨ç−ëå, £à�¦¤�−áª¨å ¨ ¨−ëå ¯à�¢®¢ëå ®â−®è¥−¨©û.

�¤−¨¬ ¨§ ¤®¢¥à¥−−ëå ¬¥å�−¨§¬®¢ §�é¨âë ˆ÷ ‘– á ¡®«ìè¨¬¨ ®¡ê¥¬�¬¨
à�§−®à®¤−®© ¯®áâã¯�îé¥© ¨−ä®à¬�æ¨¨ ï¢«ï¥âáï á¥£¬¥−â¨à®¢�−¨¥ §�é¨é�¥¬ëå
à¥áãàá®¢ (¨−ä®à¬�æ¨®−−ëå, â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© ¨ ¯à®£à�¬¬−®-â¥å−¨ç¥áª®©
áà¥¤ë) ¯® ¯à¨§−�ªã ¢ë¤¥«¥−¨ï ª®−âãà®¢ ¡¥§®¯�á−®áâ¨ ˆ’-¨−äà�áâàãªâãàë ¢ á®-
®â¢¥âáâ¢¨¨ á ª�â¥£®à¨¥© ®¡à�¡�âë¢�¥¬®© ¨−ä®à¬�æ¨¨. �â®â ¢�à¨�−â �àå¨â¥ª-
âãà−®£® ¯®áâà®¥−¨ï ˆ’-¨−äà�áâàãªâãàë ‘– ¤®áâ�â®ç−® ¯®¤à®¡−® à�áá¬®âà¥−
�¢â®à�¬¨ ¢ à�¡®â¥ [3].

�àå¨â¥ªâãà� ¯®áâà®¥−¨ï ˆ’-¨−äà�áâàãªâãàë ‘– ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨
á ¢ë¤¥«¥−¨¥¬ ª®−âãà®¢ ¡¥§®¯�á−®áâ¨ ¨¬¥¥â ª�ª ¯à¥¨¬ãé¥áâ¢�, â�ª ¨ −¥¤®áâ�âª¨.
‚ ¤�−−®© à�¡®â¥ �¢â®àë à�áá¬�âà¨¢�îâ â¥å−®«®£¨ç¥áª¨¥ �á¯¥ªâë äã−ªæ¨®−�«ì-
−®© à¥�«¨§�æ¨¨ §�¤�ç ‘– á â�ª®© ®à£�−¨§�æ¨¥© ˆ÷.

�¡é¨© ¯®¤å®¤ ª �àå¨â¥ªâãà¥ á¥£¬¥−â¨à®¢�−¨ï §�é¨é�¥¬ëå à¥áãàá®¢ ‘–
¬®¦¥â ¡ëâì ®å�à�ªâ¥à¨§®¢�− á«¥¤ãîé¨¬¨ ®á−®¢−ë¬¨ ¯®«®¦¥−¨ï¬¨ [3].

‘®§¤�îâáï ˆ’ ª®−âãàë ¡¥§®¯�á−®áâ¨: á¥ªà¥â−ë© ú‘û, ª®−ä¨¤¥−æ¨�«ì-
−ë© úŠû ¨ ®âªàëâë© (¯ã¡«¨ç−ë©) ú�û. �â® ®¡¥á¯¥ç¨¢�¥â ¡�«�−á âà¥¡®¢�−¨©
®âªàëâ®áâ¨ ¨−ä®à¬�æ¨¨ ¨ ¥¥ §�é¨âë.

Š�¦¤ë© ª®−âãà ¡¥§®¯�á−®áâ¨ ï¢«ï¥âáï «®ª�«ì−®© á¨áâ¥¬®© −� ¡�§¥ «®ª�«ì−®©
¢ëç¨á«¨â¥«ì−®© á¥â¨ (‹‚‘), ¢ ª®â®à®© ¢áï ¨−ä®à¬�æ¨ï −�ª�¯«¨¢�¥âáï ¢ á¢®¥¬
¡�−ª¥ ¤�−−ëå (�„) ¨ ®¡à�¡�âë¢�¥âáï ¢ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢�−¨ï¬¨ −�¨¢ëáè¥©
ª�â¥£®à¨¨.

ˆ−â¥£à�æ¨ï ¨−ä®à¬�æ¨¨, ¯®«ãç¥−¨¥ ª®−á®«¨¤¨à®¢�−−®£® ˆ�� ¨§ ˆ÷ ¢á¥å
á¥£¬¥−â®¢ ®¡¥á¯¥ç¨¢�îâáï ®¤−®−�¯à�¢«¥−−ë¬¨ ª�−�«�¬¨ ¨−ä®à¬�æ¨®−−ëå ¯®-
â®ª®¢ ç¥à¥§ è«î§ë ¯® ¢¥ªâ®àã: ª®−âãà ú�û → ª®−âãà úŠû → ª®−âãà ú‘û.

„«ï ¢á¥£® á®®¡é¥áâ¢� ¯®«ì§®¢�â¥«¥© ‘– ¢ë¤¥«¥−¨¥ ª®−âãà®¢ ¡¥§®¯�á−®áâ¨
�¢â®¬�â¨ç¥áª¨ ®¡¥á¯¥ç¨¢�¥â à¥�«¨§�æ¨î ¬�−¤�â−®© ¬®¤¥«¨ à�§£à�−¨ç¥−¨ï ¤®áâã-
¯� ª à¥áãàá�¬. ‚−ãâà¨ ª®−âãà®¢ ¢®§¬®¦−® ¤¨ää¥à¥−æ¨à®¢�−¨¥ à�§£à�−¨ç¥−¨ï
¤®áâã¯� ¯® ¤¨áªà¥æ¨®−−®© ¬®¤¥«¨. �� ‘– ¢ë¤¥«ï¥âáï ¯à¨¢¨«¥£¨à®¢�−−�ï £àã¯-
¯� ¯®«ì§®¢�â¥«¥© | �−�«¨â¨ª¨, ¨¬¥îé¨¥ ®¯à¥¤¥«¥−−ë¥ ¯à�¢� à�¡®â�âì ¢® ¢á¥å
á¥£¬¥−â�å, ®á−®¢−�ï äã−ªæ¨ï ª®â®àëå | ¯®¤£®â®¢ª� ˆ�� ¯® ª®−ªà¥â−®© á¨âã�-
æ¨¨. �à�¢� ¨ ¬¥å�−¨§¬ë ¨å ¤®áâã¯� ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥−ë ¯® à®«¥¢®© ¬®¤¥«¨
à�§£à�−¨ç¥−¨ï ¤®áâã¯�. ’�ª®© ¯®¤å®¤ ¯®§¢®«ï¥â ¯®áâà®¨âì ¤®áâ�â®ç−® £¨¡ªãî
¯®«¨â¨ªã à�§£à�−¨ç¥−¨ï ¤®áâã¯� −� ‘–.

‚¬¥áâ¥ á â¥¬ ¯à¨ íâ®¬ ¢®§−¨ª�¥â −¥¯à®áâ�ï ¯à®¡«¥¬� äã−ªæ¨®−�«ì−®-æ¥«¥-
¢®© ¨−â¥£à�æ¨¨ ¨−ä®à¬�æ¨¨ ¨§ ¢á¥© á®¢®ªã¯−®áâ¨ ˆ÷ ¨ ¥¥ ª®−á®«¨¤¨à®¢�−−®£®
¯à¥¤áâ�¢«¥−¨ï ¢ á®®â¢¥âáâ¢¨¨ á ®¯à¥¤¥«¥−−ë¬ áæ¥−�à¨¥¬ ¯à¨ à�áá¬®âà¥−¨¨
ª®−ªà¥â−®© á¨âã�æ¨¨ ¢ ¡¨§−¥á-¯à®æ¥áá�å ã¯à�¢«¥−¨ï ®¡ê¥ªâ®¬. „«ï à�§à¥è¥−¨ï
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íâ®© ¯à®¡«¥¬ë −¥®¡å®¤¨¬ë ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨, ®à¨¥−â¨à®¢�−−ë¥ −�
¯®¤£®â®¢ªã ˆ�� ¯® ¢®§−¨ª�îé¨¬ á¨âã�æ¨ï¬ á ¨á¯®«ì§®¢�−¨¥¬ ¤�−−ëå ¨§ �„
à�§«¨ç−ëå ª®−âãà®¢ ‘–, ¯®«ãç¥−¨¥¬ ¨−ä®à¬�æ¨¨ ¨§ á¨áâ¥¬ ¨ ®â ®¡ê¥ªâ®¢,
á ª®â®àë¬¨ ®¡¥á¯¥ç¨¢�¥âáï ¨−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¢ ®¯à¥¤¥«¥−−ëå
à¥£«�¬¥−â�å.

�®¤ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨¬ ¯à®¤ãªâ®¬ ¡ã¤¥¬ ¯®−¨¬�âì à¥§ã«ìâ�â
�−�«¨â¨ç¥áª®© à�¡®âë ¯® à�áá¬®âà¥−¨î á¨âã�æ¨¨, ¢ë¯®«−¥−−®© á ãç¥â®¬ ®−â®«®-
£¨¨ á¨âã�æ¨¨, ¢ á®®â¢¥âáâ¢¨¨ á æ¥«¥¢ë¬¨ ãáâ�−®¢ª�¬¨ ¨ ¨¬¥îé¨¬¨áï �−�«¨â¨ç¥-
áª¨¬¨ ¬®¤¥«ï¬¨ ¨ ¬¥â®¤¨ª�¬¨ −� ®á−®¢¥ á®¢®ªã¯−®© ¨−ä®à¬�æ¨¨, −�ª®¯«¥−−®©
¢ �„ ‘–, ¯à¥¤®áâ�¢«ï¥¬®© ‘– ¢ à�¬ª�å ®¯à¥¤¥«¥−−®£® à¥£«�¬¥−â� ¨«¨ §�¯à�-
è¨¢�¥¬®© ª®−ªà¥â−® ¯®¤ á¨âã�æ¨î. ˆ−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨© ¯à®¤ãªâ
ï¢«ï¥âáï ¨áå®¤−®© ¨−ä®à¬�æ¨®−−®© ¯«�âä®à¬®© ¤«ï ä®à¬¨à®¢�−¨ï áæ¥−�à¨ï
¨ â¥å−®«®£¨¨ ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¢ å®¤¥ ¯à®æ¥áá� ¯à¨−ïâ¨ï à¥è¥−¨© «¨æ�¬¨,
¯à¨−¨¬�îé¨¬¨ à¥è¥−¨ï (‹�÷).

ˆ−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨© ¯à®¤ãªâ ï¢«ï¥âáï à¥§ã«ìâ�â®¬ ¯à®æ¥áá®¢,
®¯à¥¤¥«ïîé¨å áãé−®áâì �−�«¨â¨ª¨. Š ç¨á«ã −�¨¡®«¥¥ §−�ç¨¬ëå ¯à®æ¥áá®¢
�−�«¨â¨ç¥áª®© à�¡®âë ¬®¦−® ®â−¥áâ¨ á«¥¤ãîé¨¥ ¯à®æ¥ááë [4,5]:

{ �−�«¨§ æ¥«¥© ã¯à�¢«¥−¨ï ¨ ä®à¬ã«¨à®¢�−¨¥ §�¤�ç¨ ¨−ä®à¬�æ¨®−−®-�−�«¨-
â¨ç¥áª®© à�¡®âë;

{ ã¯à�¢«¥−¨¥ á¡®à®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−â¥à¥á�å à¥è¥−¨ï ã¯à�¢«¥−ç¥áª¨å §�¤�ç
¢ ãá«®¢¨ïå ¬¥−ïîé¥©áï á¨âã�æ¨¨;

{ �−�«¨§ ¨ ®æ¥−¨¢�−¨¥ ¯®«ãç¥−−®© ¨−ä®à¬�æ¨¨ ¢ ª®−â¥ªáâ¥ æ¥«¥© ã¯à�¢«¥−¨ï,
¢ëï¢«¥−¨ï áãé−®áâ¨ −�¡«î¤�¥¬ëå ¯à®æ¥áá®¢ ¨ ï¢«¥−¨©;

{ á¨−â¥§ −®¢®£® §−�−¨ï (à¥è¥−¨¥ äã−ªæ¨®−�«ì−ëå §�¤�ç ‘–, ¨−â¥à¯à¥â�æ¨ï
à¥§ã«ìâ�â®¢, ¯à®£−®§¨à®¢�−¨¥ ¨ â. ¯.), −¥®¡å®¤¨¬®£® ¤«ï à¥è¥−¨ï §�¤�ç
ã¯à�¢«¥−¨ï;

{ ¤®¢¥¤¥−¨¥ à¥§ã«ìâ�â®¢ �−�«¨â¨ç¥áª®© à�¡®âë (−®¢®£® §−�−¨ï) ¤® áã¡ê¥ªâ�
ã¯à�¢«¥−¨ï (áâàãªâãàë ¨«¨ «¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨¥).

2 Особенности обработки информационных ресурсов
в ситуационном центре в защищенном исполнении

÷�¡®â� á ˆ÷ ¢ ‘– ¨¬¥¥â á¢®î á¯¥æ¨ä¨ªã, ª®â®à�ï ¯à¥¦¤¥ ¢á¥£® ®¡ãá«®¢«¥−�
æ¥«¥¢ë¬ −�§−�ç¥−¨¥¬ ‘– ª�ª ®¡ê¥ªâ®¬ ¨−ä®à¬�æ¨®−−®© ¨−¤ãáâà¨¨, ®áãé¥-
áâ¢«ïîé¨¬ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áªãî ¯®¤¤¥à¦ªã ã¯à�¢«¥−¨ï.

�¡ê¥ªâ®¬ ã¯à�¢«¥−¨ï ¬®¦¥â ¡ëâì «î¡®© ®¡ê¥ªâ, á¢ï§�−−ë© á ®¯à¥¤¥«¥−−ë¬
¢¨¤®¬ ¤¥ïâ¥«ì−®áâ¨. ˆ−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª®¥ ¯à®áâà�−áâ¢® ®¡ê¥ªâ�
ã¯à�¢«¥−¨ï | á®¢®ªã¯−®áâì ˆ÷, ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ áà¥¤áâ¢ ¨å à¥�-
«¨§�æ¨¨, ®¡à�§ãîé¨å ¨ ®¡¥á¯¥ç¨¢�îé¨å ¯®¤¤¥à¦ªã ¤®«¦−®© äã−ªæ¨®−�«ì−®áâ¨
¨ ¦¨¢ãç¥áâ¨ ®¡ê¥ªâ�.
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�á®¡¥−−®áâ¨ ¯®¤£®â®¢ª¨ ˆ�� áà¥¤áâ¢�¬¨ á¥£¬¥−â¨à®¢�−−®£® ‘–

÷¨á. 1 ‘å¥¬� ˆ’-«�−¤è�äâ� ‘– (ˆ�‘ | ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï á¨áâ¥¬�;
ˆ�„ | ¨−â¥£à¨à®¢�−−ë© �„)

•�à�ªâ¥à ¨ â¥å−®«®£¨¨ à�¡®âë á ˆ÷ ®¡ãá«®¢«¨¢�îâáï ˆ’-«�−¤è�äâ®¬. ‚ ®¡-
é¥¬ á«ãç�¥ ˆ’-«�−¤è�äâ ®¡ê¥ªâ� ¨−ä®à¬�â¨§�æ¨¨ ®¡¥á¯¥ç¨¢�¥â ¯à¥¤áâ�¢«¥−¨¥
ˆ’-á¥à¢¨á®¢ ¤«ï ¡¨§−¥á-¯à®æ¥áá®¢ ¢ á®ç¥â�−¨¨ á à�§¢¥àâë¢�−¨¥¬ ¨−¦¥−¥à−®©,
á¥â¥¢®©, ¢ëç¨á«¨â¥«ì−®© ¨−äà�áâàãªâãà, á¨áâ¥¬ à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï ¨ ¢®á-
áâ�−®¢«¥−¨ï, ã¯à�¢«¥−¨ï ¨ �¤¬¨−¨áâà¨à®¢�−¨ï (á«®¨ ˆ’-«�−¤è�äâ�), ú−�ªàë-
¢�¥âû ¢áî á®¢®ªã¯−®áâì �‘, ï¢«ïïáì äã−¤�¬¥−â�«ì−®© ®á−®¢®© �¢â®¬�â¨§�æ¨¨
¡¨§−¥á-¯à®æ¥áá®¢ ¨ ¯®áâà®¥−¨ï á¢ï§−®© ¨−äà�áâàãªâãàë [6].

ˆ−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª¨© «�−¤è�äâ ‘– á¢ï§�− á §®−�¬¨ à¥è¥−¨ï
á¨áâ¥¬−ëå ®¡¥á¯¥ç¨¢�îé¨å §�¤�ç á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï (à¨á. 1), á ¨å ˆ’-
á¥à¢¨á�¬¨. �� áå¥¬¥ ˆ’-«�−¤è�äâ� ‘– ¢ë¤¥«¥−ë á¨áâ¥¬−ë¥ â¥å−®«®£¨ç¥áª¨¥
§®−ë: ¬®−¨â®à¨−£� ¨ ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨¨, á¡®à� ¨−ä®à¬�æ¨¨ ¨ ¢¥¤¥−¨ï ˆ÷,
�−�«¨§� ¨ áæ¥−�à−®£® á¨−â¥§�, ¬ã«ìâ¨¬¥¤¨� ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¨ áæ¥−�à¨¥¢
á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï, ¯à¨−ïâ¨ï à¥è¥−¨©. ��§®¢ë¥ ¨−ä®à¬�æ¨®−−ë¥ ¯®â®-
ª¨ ¯®á«¥¤®¢�â¥«ì−® à¥�«¨§ãîâáï ¬¥¦¤ã §®−�¬¨ ®â §®−ë ¬®−¨â®à¨−£� ¨ ¨áâ®ç−¨ª®¢
¨−ä®à¬�æ¨¨ (®¡ê¥ªâë ¨ ®¡«�áâ¨ ã¯à�¢«¥−¨ï) ¤® §®−ë ¯à¨−ïâ¨ï à¥è¥−¨© (‹�÷ |
«¨æ�, áâàãªâãàë, ®à£�−ë ¯à¨−ïâ¨ï à¥è¥−¨©). �¤−�ª® −¥ ¨áª«îç�¥âáï ¯®«ãç¥−¨¥
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¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¨ ®¯¥à�â¨¢−®£® å�à�ªâ¥à� −¥¯®áà¥¤áâ¢¥−−® ¢ ª�¦¤ãî
¨§ §®−.

ˆ−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª¨¥ á¥à¢¨áë à¥�«¨§ãîâáï â¥å−®«®£¨ç¥áª¨¬¨
ª®¬¯«¥ªá�¬¨ à�¡®âë á ˆ÷ ¢ §®−�å ‘–, ª®−ä¨£ãà�æ¨ï ª®â®àëå ®¯à¥¤¥«ï¥âáï
å�à�ªâ¥à¨áâ¨ª�¬¨ ¬−®£¨å ª®¬¯®−¥−â®¢: ¨áâ®ç−¨ª�¬¨ áâ�æ¨®−�à−®© ¨ ¬®−¨â®-
à¨−£®¢®© ¨−ä®à¬�æ¨¨, ¨−ä®à¬�æ¨®−−ë¬¨ ¯®â®ª�¬¨ ¨ à¥£«�¬¥−â�¬¨ ¯®áâã¯-
«¥−¨ï ¨−ä®à¬�æ¨¨, ¡�§�¬¨ ¤�−−ëå ¨ ¨å ¢§�¨¬®¤¥©áâ¢¨¥¬ ¢ ®¡à�¡�âë¢�îé¥©
¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© áà¥¤¥, äã−ªæ¨®−�«ì−ë¬¨ §�¤�ç�¬¨ ‘– ¨ �¯¯�à�â®¬ ¨å
à¥è¥−¨ï, ¯®«¨â¨ª®© ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨, ¤àã£¨¬¨ á®áâ�¢«ïîé¨¬¨.

•�à�ªâ¥à¨áâ¨ª¨ ª®¬¯®−¥−â®¢ §�¢¨áïâ ¯à¥¦¤¥ ¢á¥£® ®â å�à�ªâ¥à� á�¬®© ®¡à�-
¡�âë¢�¥¬®© ¨−ä®à¬�æ¨¨ ¨ ®â ¨−äà�áâàãªâãà−ëå à¥è¥−¨© ¯® ®¡à�¡®âª¥ ¨−ä®à-
¬�æ¨¨.

“ç¨âë¢�ï −®à¬�â¨¢−ë¥ ¯®«®¦¥−¨ï ¯® ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨, å�à�ª-
â¥à¨áâ¨ª¨ ª®¬¯®−¥−â®¢ áãé¥áâ¢¥−−® §�¢¨áïâ ®â ¢®§¬®¦−®áâ¥©, ¯à�¢ ¨ âà¥¡®¢�−¨©
¯® à�á¯®àï¦¥−¨î ¨−ä®à¬�æ¨¥©. ‚ á®®â¢¥âáâ¢¨¨ á ãáâ�−®¢«¥−−ë¬ ¢ ®â¥ç¥áâ¢¥−-
−®© ¯à�ªâ¨ª¥ §�ª®−®¤�â¥«ìáâ¢®¬ [7] à�á¯®àï¦¥−¨¥ ¨−ä®à¬�æ¨¥© áã¡ê¥ªâ�¬¨,
ãç�áâ¢ãîé¨¬¨ ¢ ¨−ä®à¬�æ¨®−−ëå ¯à®æ¥áá�å, −¥®¡å®¤¨¬® à�áá¬�âà¨¢�âì á â®ç-
ª¨ §à¥−¨ï ¯à�¢ ú®¡«�¤�â¥«ïû ¨−ä®à¬�æ¨¨. �âáî¤� á«¥¤ãîâ, ¯® ªà�©−¥© ¬¥à¥,
¤¢� �á¯¥ªâ� ®â−®è¥−¨ï ª ¨á¯®«ì§ã¥¬ë¬ ¢ ‘– ˆ÷: ˆ÷ ¨ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®-
«®£¨¨ ¢å®¤ïâ −¥¯®áà¥¤áâ¢¥−−® ¢ ¯¥à¨¬¥âà ª®¬¯¥â¥−æ¨¨ à�á¯®àï¦¥−¨ï ®¡ê¥ªâ�
¨−ä®à¬�â¨§�æ¨¨ ¨«¨ ®−¨ −�å®¤ïâáï ¢−¥ íâ®£® ¯¥à¨¬¥âà�, −® −¥®¡å®¤¨¬ë ¤«ï
ã¯à�¢«¥−¨ï ®¡ê¥ªâ®¬ ¨ äã−ªæ¨®−¨à®¢�−¨ï ‘–. ‚ ¯®á«¥¤−¥¬ á«ãç�¥ à¥£«�-
¬¥−â ¯à¥¤®áâ�¢«¥−¨ï íâ®© ¨−ä®à¬�æ¨¨ ¨ £à�−¨æë à�á¯®àï¦¥−¨ï ®¯à¥¤¥«ïîâáï
¤®£®¢®à−ë¬¨ ãá«®¢¨ï¬¨ ¨«¨ ¯®«−®¬®ç−ë¬¨ �¤¬¨−¨áâà�â¨¢−ë¬¨ à¥è¥−¨ï¬¨ á®-
®â¢¥âáâ¢ãîé¥£® ãà®¢−ï.

ˆ−äà�áâàãªâãà� ®¡à�¡�âë¢�îé¥© áà¥¤ë ‘–, á®®â¢¥âáâ¢ãîé�ï ¯à¨−ïâë¬
�àå¨â¥ªâãà−ë¬ ¨ â¥å−¨ç¥áª¨¬ à¥è¥−¨ï¬¨ ¥¥ ¯®áâà®¥−¨ï, â�ª¦¥ ¢«¨ï¥â, � ¯®
áãé¥áâ¢ã, ®¯à¥¤¥«ï¥â â¥å−®«®£¨î à�¡®âë á ˆ÷ ¨ ¤®«¦−� ®â¢¥ç�âì âà¥¡®¢�−¨ï¬
¯®«¨â¨ª¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ −� ‘– ¨ ®¡ê¥ªâ¥ ¨−ä®à¬�â¨§�æ¨¨ ¢ æ¥-
«®¬. ‚ ¤�−−®¬ á«ãç�¥ | �àå¨â¥ªâãà−ë¥ à¥è¥−¨ï á¢ï§�−ë á á¥£¬¥−â¨à®¢�−¨¥¬
à¥áãàá®¢ ‘– ¯® ª®−âãà�¬ ¡¥§®¯�á−®áâ¨ ª�ª á¯®á®¡®¬ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−-
−®© ¡¥§®¯�á−®áâ¨ [3].

‚ á®®â¢¥âáâ¢¨¨ á ¯®áâ�¢«¥−−®© §�¤�ç¥© ®¡¥á¯¥ç¥−¨ï â¥å−®«®£¨ç¥áª®£® á¥à-
¢¨á� ¯®¤£®â®¢ª¨ ˆ�� ¤�«¥¥ à�áá¬®âà¨¬ ¢ ®á−®¢−®¬ ¯à®æ¥ááë á¡®à�, ¨−â¥£à�-
æ¨¨ ¨ ¯à¥¤®áâ�¢«¥−¨ï ¨−ä®à¬�æ¨¨ ¤«ï −¥¯®áà¥¤áâ¢¥−−® ¢ë¯®«−¥−¨ï �−�«¨â¨ª¨
¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ ãá«®¢¨ïå á¥£¬¥−â¨à®¢�−¨ï à¥áãàá®¢ ‘– ¯® ¯à¨§−�ª�¬
ª®−âãà®¢ ¡¥§®¯�á−®áâ¨.

3 Алгоритм технологического процесса информационного
обеспечения подготовки информационно-аналитического продукта

‘ä®à¬ã«¨àã¥¬ ®á−®¢−ë¥ ¯®«®¦¥−¨ï, ®¯à¥¤¥«ïîé¨¥ á ¯®§¨æ¨© ¨−ä®à¬�æ¨-
®−−®© ¡¥§®¯�á−®áâ¨ ª®−ä¨£ãà�æ¨î â¥å−®«®£¨ç¥áª®£® ª®¬¯«¥ªá� à�¡®âë á ˆ÷
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�á®¡¥−−®áâ¨ ¯®¤£®â®¢ª¨ ˆ�� áà¥¤áâ¢�¬¨ á¥£¬¥−â¨à®¢�−−®£® ‘–

¢ ¯à®æ¥áá�å á¡®à�, ¨−â¥£à�æ¨¨ ¨ ¯à¥¤®áâ�¢«¥−¨ï ¨−ä®à¬�æ¨¨ ¤«ï ¢ë¯®«−¥−¨ï
�−�«¨â¨ª¨ ¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ ãá«®¢¨ïå á¥£¬¥−â¨à®¢�−¨ï à¥áãàá®¢ ‘–.

‚áï ¨−ä®à¬�æ¨ï ¯®áâã¯�¥â ¢ ‘– ¯® ®â¤¥«ì−ë¬ ª�−�«�¬, −�ª�¯«¨¢�¥âáï
¨ ®¡à�¡�âë¢�¥âáï ¢ á®®â¢¥âáâ¢¨¨ á ª®−ä¨¤¥−æ¨�«ì−®áâìî (¬¥âª� ª®−ä¨¤¥−æ¨�«ì-
−®áâ¨ | ú�û, úŠû, ú‘û, â. ¥. ¢ á®®â¢¥âáâ¢ãîé¥¬ ª®−âãà¥ ¡¥§®¯�á−®áâ¨; ª®−âãà
¡¥§®¯�á−®áâ¨ ¯à¥¤áâ�¢«ï¥â á®¡®© ‹‚‘.

‚ ª®−âãà�å ¡¥§®¯�á−®áâ¨ á®§¤�îâáï ¡�§ë ¤�−−ëå á®®â¢¥âáâ¢ãîé¥£® ãà®¢−ï
ª®−ä¨¤¥−æ¨�«ì−®áâ¨.

‚ æ¥«ïå ¨−â¥£à�æ¨¨ ¨−ä®à¬�æ¨¨ ¯® à¥«¥¢�−â−ë¬ ¯à¨§−�ª�¬ à�áá¬�âà¨¢�-
¥¬®© á¨âã�æ¨¨, ª®−á®«¨¤�æ¨¨ ¥¥ ¤«ï ¢ëà�¡®âª¨ à¥è¥−¨© ®¡¥á¯¥ç¨¢�¥âáï ¯®¤ê¥¬
¨−ä®à¬�æ¨¨ ¢ −�¯à�¢«¥−¨¨ ¯®¢ëè¥−¨ï ª®−ä¨¤¥−æ¨�«ì−®áâ¨.

„«ï ¢á¥å ¯®«ì§®¢�â¥«¥© | ¯®áâ�¢é¨ª®¢ ¨−ä®à¬�æ¨¨, � â�ª¦¥ ¢−¥è−¨å
¯®«ì§®¢�â¥«¥©, ¥á«¨ â�ª®¢ë¥ ¨¬¥îâáï, à¥�«¨§ã¥âáï â®«ìª® ¬�−¤�â−ë© ¤®áâã¯
ª ¨−ä®à¬�æ¨¨ á ¢ë¤¥«¥−−ëå ã¤�«¥−−ëå �¢â®¬�â¨§¨à®¢�−−ëå à�¡®ç¨å ¬¥áâ.

�®«ì§®¢�â¥«¨-�−�«¨â¨ª¨, ®¡¥á¯¥ç¨¢�îé¨¥ ¯®¤£®â®¢ªã ˆ��, � â�ª¦¥ ®¯à¥-
¤¥«¥−−ë¥ £àã¯¯ë ®¯¥à�â®à®¢, ®¡¥á¯¥ç¨¢�îé¨å ¢ á®®â¢¥âáâ¢¨¨ á® áæ¥−�à¨ï¬¨
¨−ä®à¬�æ¨®−−®¥ á®¯à®¢®¦¤¥−¨¥ ¯à®æ¥áá®¢ ¯à¨−ïâ¨ï à¥è¥−¨© ‹�÷, −�¤¥«ïîâ-
áï ¯à�¢�¬¨ ¤®áâã¯� ª® ¢á¥¬ ª®−âãà�¬ ¡¥§®¯�á−®áâ¨ ¯® à®«¥¢®© ¬®¤¥«¨ ¤®áâã¯�
¢ à�¬ª�å á¢®¨å äã−ªæ¨®−�«ì−ëå ®¡ï§�−−®áâ¥©.

‘å¥¬� �«£®à¨â¬� à¥�«¨§�æ¨¨ â¥å−®«®£¨ç¥áª®£® ¯à®æ¥áá� ¨−ä®à¬�æ¨®−−®£®
®¡¥á¯¥ç¥−¨ï ¤«ï á®§¤�−¨ï ˆ��, á®®â¢¥âáâ¢ãîé¥£® áä®à¬ã«¨à®¢�−−ë¬ ¯®«®¦¥-
−¨ï¬, ¯à¥¤áâ�¢«¥−� −� à¨á. 2.

�à¨−æ¨¯¨�«ì−ë¬¨ §�¤�ç�¬¨ ¨−â¥£à�æ¨¨ ¨áå®¤−®© ¨−ä®à¬�æ¨¨ ¨ íää¥ª-
â¨¢−®© ¥¥ ª®−á®«¨¤�æ¨¨ ¤«ï ¯®¤£®â®¢ª¨ ˆ�� ï¢«ïîâáï ®¡¥á¯¥ç¥−¨¥ ¯®«−®âë
¨ �ªâã�«ì−®áâ¨ ˆ÷, ¨§¢«¥ç¥−−®£® ¨§ ˆ÷ ‘– ¢ á®®â¢¥âáâ¢¨¨ á §�¤�−−ë¬¨ ¯®-
ª�§�â¥«ï¬¨ à¥«¥¢�−â−®áâ¨ ¨−ä®à¬�æ¨¨ ¯® á¨âã�æ¨¨. „«ï íâ®£® −¥®¡å®¤¨¬®, ¯®
ªà�©−¥© ¬¥à¥, ®áãé¥áâ¢¨âì ¯®¨áª â�ª®© ¨−ä®à¬�æ¨¨ ¢® ¢á¥å ª®−âãà�å ¡¥§®¯�á-
−®áâ¨. �¥®¡å®¤¨¬ë¥ ¤®¯®«−¨â¥«ì−ë¥ ¤�−−ë¥ ¡ã¤ãâ ¯®áâã¯�âì ¯® §�¯à®áã ¨«¨
¢ á®®â¢¥âáâ¢¨¨ á à¥£«�¬¥−â�¬¨ â�ª¦¥ ç¥à¥§ ‹‚‘ ¨ �„ ª®−âãà®¢. „�−−�ï
â¥å−®«®£¨ï ®âà�¦¥−� −� áå¥¬¥ �«£®à¨â¬�.

�à¨−æ¨¯¨�«ì−® ¢�¦−ë¬ á â®çª¨ §à¥−¨ï äã−ªæ¨®−�«ì−®áâ¨ ¨á¯®«ì§®¢�−¨ï
ˆ�� ¯® áæ¥−�à¨î ¨ ®¡¥á¯¥ç¥−¨ï ¯à¨ íâ®¬ ¡¥§®¯�á−®áâ¨ ï¢«ï¥âáï â¥å−®«®£¨ç¥áª®¥
à¥è¥−¨¥, ¢ ª�ª®© áâ¥¯¥−¨ ¨−â¥£à�æ¨¨ ¯à¥¤áâ�¢«ïâì ª®−¥ç−ë© ˆ��. ‚®§¬®¦−ë
¤¢� ¢�à¨�−â�:

(1) ˆ�� ¯à¥¤áâ�¢«ï¥âáï ª�ª ¥¤¨−ë© ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨© ®¡ê¥ªâ
−�¨¢ëáè¥£® ãà®¢−ï ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ¨ à�§¬¥é�¥âáï ¢ á®®â¢¥âáâ¢ãîé¥¬
ª®−âãà¥ ¡¥§®¯�á−®áâ¨;

(2) äà�£¬¥−âë ˆ�� ®¯à¥¤¥«¥−−®£® ãà®¢−ï ª®−ä¨¤¥−æ¨�«ì−®áâ¨ à�§¬¥é�îâáï
¢ á®®â¢¥âáâ¢ãîé¨å ª®−âãà�å ¡¥§®¯�á−®áâ¨.

„�−−ë¥ à¥è¥−¨ï ¯à¨−¨¬�îâáï áã¡ê¥ªâ®¬ �−�«¨â¨ª¨ (¯®¤à�§¤¥«¥−¨¥ ‘–,
¤®«¦−®áâ−®¥ «¨æ® | � úAû) ¢ á®®â¢¥âáâ¢¨¨ á® áæ¥−�à¨¥¬ ¨−ä®à¬�æ¨®−−®-�−�-
«¨â¨ç¥áª®© ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨ï ¨ ¯®«¨â¨ª¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á-
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�. �. ‡�æ�à¨−−ë©, ‚. ˆ. Š®à®«ñ¢

÷¨á. 2 ‘å¥¬� �«£®à¨â¬� ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï ¯à¨ á®§¤�−¨¨ ˆ�� ‘–
(’Š‘ | â¥«¥ª®¬¬ã−¨ª�æ¨®−−�ï á¨áâ¥¬�; �„‘ˆ, �„Šˆ ¨ �„�ˆ | �„ á¥ªà¥â−®©,
ª®−ä¨¤¥−æ¨�«ì−®© ¨ ®âªàëâ®© ¨−ä®à¬�æ¨¨)

−®áâ¨. ˆ¬ ¦¥ ¤�¥âáï à�§à¥è¥−¨¥ −� ¯®¤ê¥¬ ¨−ä®à¬�æ¨¨ ¯® ª®−ªà¥â−®© á¨âã�æ¨¨
¤«ï ¯®¤£®â®¢ª¨ ˆ�� ¨§ ª®−âãà®¢ ¡¥§®¯�á−®áâ¨ ç¥à¥§ ®¤−®−�¯à�¢«¥−−ë¥ è«î§ë.

…á«¨ ˆ�� ¯à¥¤áâ�¢«ï¥âáï ª�ª ¥¤¨−ë© ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨© ®¡ê-
¥ªâ −�¨¢ëáè¥£® ãà®¢−ï ª®−ä¨¤¥−æ¨�«ì−®áâ¨, â® §�é¨â� ¥£® ®áãé¥áâ¢«ï¥âáï ¯®
âà¥¡®¢�−¨ï¬ íâ®£® −�¨¢ëáè¥£® ãà®¢−ï ª®−ä¨¤¥−æ¨�«ì−®áâ¨, −® ¢ ç�áâ¨ ¤®áâã¯-
−®áâ¨ ®− ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª ¨−â¥£à¨à®¢�−−ë© ®¡ê¥ªâ à�§£à�−¨ç¥−¨ï
¤®áâã¯�, ¢ª«îç�îé¨© à�§¤¥«ë à�§«¨ç−®£® ãà®¢−ï ª®−ä¨¤¥−æ¨�«ì−®áâ¨. ’®-
£¤� ¤®áâã¯ ª íâ¨¬ à�§¤¥«�¬ ¬®¦¥â ®áãé¥áâ¢«ïâìáï ¯® ¬®¤¥«¨ ¬�−¤�â−®£® ¨«¨
à®«¥¢®£® ¤®áâã¯�.

4 Заключение

ˆáá«¥¤®¢�−¨¥ â¥å−®«®£¨© à�¡®âë á ˆ÷ ¢ á®¢à¥¬¥−−ëå ª®¬¯ìîâ¥à−ëå á¨áâ¥-
¬�å ¯®¤â¢¥à¦¤�¥â ®ç¥¢¨¤−ë© ¢ë¢®¤ ® â®¬, çâ® §�¤�ç¨ á®§¤�−¨ï ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬ ¨ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ áâ�−®¢ïâáï −¥à�§àë¢−®
¢§�¨¬®á¢ï§�−−ë¬¨ ¨ âà¥¡ãîâ ¥¤¨−®£® á¨áâ¥¬−®£® ¯®¤å®¤� ¢ á®®â¢¥âáâ¢¨¨ á ¯®«®-
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�á®¡¥−−®áâ¨ ¯®¤£®â®¢ª¨ ˆ�� áà¥¤áâ¢�¬¨ á¥£¬¥−â¨à®¢�−−®£® ‘–

¦¥−¨ï¬¨ á¨áâ¥¬−®© ¨−¦¥−¥à¨¨ ¨ �àå¨â¥ªâãà−ë¬ ¯®¤å®¤®¬ ¢ ¯à®¥ªâ¨à®¢�−¨¨ [8].
‚ áâ�âì¥ ¯à¥¤«®¦¥−ë ¬¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ¨ â¥å−®«®£¨ç¥áª¨¥ à¥è¥−¨ï ¯®
®¡¥á¯¥ç¥−¨î ¯®¤£®â®¢ª¨ �−�«¨â¨ç¥áª®£® ¯à®¤ãªâ� ¯à¨ äã−ªæ¨®−¨à®¢�−¨¨ ‘–
ª�ª −�¨¡®«¥¥ �ªâã�«ì−®£® ¢¨¤� ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, äã−ªæ¨®−¨à®¢�−¨¥
ª®â®à®£® ®¡¥á¯¥ç¨¢�¥âáï ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨ ¯ãâ¥¬ á¥£¬¥−â¨à®¢�−¨ï §�-
é¨é�¥¬ëå à¥áãàá®¢ ¢ à�¬ª�å ª®−âãà®¢ ¡¥§®¯�á−®áâ¨.
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Abstract: The situational center is presented as an object in the protected
execution, where the information security is supported by segmentation of the
resources on the basis of information-technology (IT) infrastructure security
contour. The article considers the matters of integration and consolidation of
information resources to create an information-analytical product. It provides
general description of the IT-landscape of the situational center. It proposes the
algorithm of information support to make the information-analytical product of
situational management in IT-infrastructure with dedicated security contour.
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КЛАССИФИКАЦИЯ УЯЗВИМОСТЕЙ
ИНТЕГРИРОВАННЫХ СИСТЕМ УПРАВЛЕНИЯ
НА РАННИХ СТАДИЯХ ЖИЗНЕННОГО ЦИКЛА

А. П. Сучков1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¯à®¡«¥¬−ë¥ ¢®¯à®áë á®§¤�−¨ï ¨−â¥£à¨à®¢�−-
−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï (ˆ‘“) −� ®á−®¢¥ ®¡ê¥¤¨−¥−¨ï áãé¥áâ¢ãîé¨å ¨ ¯¥à-
á¯¥ªâ¨¢−ëå à�§−®à®¤−ëå �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï (�‘“).
�®«ìè®¥ ª®«¨ç¥áâ¢® ¨ à�§−®®¡à�§¨¥ ¨−â¥£à¨àã¥¬ëå á¨áâ¥¬ ã¢¥«¨ç¨¢�¥â ®¯�á-
−®áâì à¥�«¨§�æ¨¨ ã£à®§ ¢ ®â−®è¥−¨¨ á®§¤�¢�¥¬ëå ˆ‘“ −� à�−−¨å áâ�¤¨ïå
¨å ¦¨§−¥−−®£® æ¨ª«� (†–). �ªâã�«ì−ë¬ ¯à¥¤áâ�¢«ï¥âáï ¢ëï¢«¥−¨¥ ¨ �−�«¨§
¯®â¥−æ¨�«ì−ëå ãï§¢¨¬®áâ¥© ¢ à�¬ª�å ®áãé¥áâ¢«¥−¨ï ãª�§�−−ëå ¯à®æ¥áá®¢.
‘¨áâ¥¬�â¨§�æ¨ï ã£à®§ ¨ ãï§¢¨¬®áâ¥© −� ®á−®¢¥ ¨å £à�¬®â−®© ª«�áá¨ä¨ª�æ¨¨
¯®§¢®«¨â ¯®«ãç¨âì ¯®«−ãî ¨ æ¥«ì−ãî ª�àâ¨−ã áª«�¤ë¢�îé¥©áï ®¡áâ�−®¢ª¨
¢ ¡®«ìè®¬ ®¡ê¥¬¥ §�¯«�−¨à®¢�−−ëå −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å ¨ ®¯ëâ−®-
ª®−áâàãªâ®àáª¨å à�¡®â (�ˆ�Š÷). ‚ ¤�−−®© áâ�âì¥ ¯à¥¤¯à¨−ïâ� ¯®¯ëâª�
á®§¤�−¨ï â�ª®© ª«�áá¨ä¨ª�æ¨¨.

Š«îç¥¢ë¥ á«®¢�: ¨−â¥£à¨à®¢�−−�ï á¨áâ¥¬� ã¯à�¢«¥−¨ï; áâ�¤¨¨ ¦¨§−¥−−®£®
æ¨ª«�; ã£à®§ë; ãï§¢¨¬®áâì; ª«�áá¨ä¨ª�æ¨ï
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1 Введение

‘®§¤�−¨¥ ˆ‘“ ï¢«ï¥âáï ¢¥ï−¨¥¬ ¢à¥¬¥−¨, â�ª ª�ª −�à�¡®â�−−ë© ª®¬¯«¥ªá
à�§−®®¡à�§−ëå ¨ à�§−®à®¤−ëå �‘“ ¢ à�§«¨ç−ëå ¤®¬¥−�å ¨−äà�áâàãªâãàë
®¡é¥áâ¢�, � â�ª¦¥ ¢−ãâà¨ ®â¤¥«ì−ëå ®âà�á«¥© −�à®¤−®£® å®§ï©áâ¢�, ï¢«ïïáì
¢® ¬−®£®¬ à�§à®§−¥−−ë¬ ª®−£«®¬¥à�â®¬ �¢â®¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬ (�ˆ‘), âà¥¡ã¥â ¨−â¥£à�æ¨¨, çâ® ¤®«¦−® ¯®§¢®«¨âì ¯®«ãç¨âì −®¢®¥ ª�ç¥-
áâ¢® ¢ ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢�.

�®«¥¥ â®£®, ¢®§à®á«� �ªâã�«ì−®áâì §�¤�ç ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï
à�§«¨ç−ëå ®à£�−¨§�æ¨®−−ëå á¨áâ¥¬ ¬¥¦¤ã á®¡®© −� ®á−®¢¥ ¥¤¨−ëå à¥£«�¬¥−â®¢
¢§�¨¬®¤¥©áâ¢¨ï. ’�ª¨¥ §�¤�ç¨ ¯®áâ�¢«¥−ë ¢ à�¬ª�å á®§¤�−¨ï ‘¨áâ¥¬ë à�á¯à¥-
¤¥«¥−−ëå á¨âã�æ¨®−−ëå æ¥−âà®¢ [1].

�®«ìè®¥ ª®«¨ç¥áâ¢® ¨−â¥£à¨àã¥¬ëå á¨áâ¥¬ ®¡®áâàï¥â á¨âã�æ¨î á ¢®§¬®¦−®©
à¥�«¨§�æ¨¥© ã£à®§ ¢ ®â−®è¥−¨¨ á®§¤�¢�¥¬ëå ˆ‘“ −� à�−−¨å áâ�¤¨ïå ¨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, ASuchkov@ipiran.ru
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�ªâã�«ì−ë¬ ¯à¥¤áâ�¢«ï¥âáï ¢ëï¢«¥−¨¥ ¨ �−�«¨§ ¯®â¥−æ¨�«ì−ëå ãï§¢¨¬®áâ¥©
¢ à�¬ª�å ®áãé¥áâ¢«¥−¨ï ãª�§�−−ëå ¯à®æ¥áá®¢. ‘¨áâ¥¬�â¨§�æ¨ï ã£à®§ ¨ ãï§¢¨¬®-
áâ¥© −� ®á−®¢¥ ¨å £à�¬®â−®© ª«�áá¨ä¨ª�æ¨¨ ¯®§¢®«¨â ¯®«ãç¨âì ¯®«−ãî ¨ æ¥«ì-
−ãî ª�àâ¨−ã áª«�¤ë¢�îé¥©áï ®¡áâ�−®¢ª¨ ¢ ¡®«ìè®¬ ®¡ê¥¬¥ §�¯«�−¨à®¢�−−ëå
�ˆ�Š÷. ‚ ¤�−−®© áâ�âì¥ ¯à¥¤¯à¨−ïâ� ¯®¯ëâª� á®§¤�−¨ï â�ª®© ª«�áá¨ä¨ª�æ¨¨.

2 Критерии классификации уязвимостей

“ï§¢¨¬®áâì | á¢®©áâ¢® à�áá¬�âà¨¢�¥¬®© á¨áâ¥¬ë | ®¡ê¥ªâ� ã£à®§ë, ¢ ¤�−-
−®¬ á«ãç�¥ ˆ‘“, â¥àïâì á¯®á®¡−®áâì ª ¢ë¯®«−¥−¨î á¢®¨å äã−ªæ¨© ¢ à¥§ã«ìâ�â¥
−¥£�â¨¢−ëå ¢®§¤¥©áâ¢¨©. “ï§¢¨¬®áâ¨ −¥à�§àë¢−® á¢ï§�−ë á ã£à®§�¬¨, â�ª ª�ª
ãï§¢¨¬®áâ¨ ¢ëï¢«ïîâáï «¨èì ¯à¨ �−�«¨§¥ «¨¡® à¥�«¨§®¢�−−ëå ã£à®§, «¨¡®
¯®â¥−æ¨�«ì−® ¢®§¬®¦−ëå ã£à®§ (¯®á«¥¤−¥¥, ®ç¥¢¨¤−®, ¯à¥¤¯®çâ¨â¥«ì−¥¥). „«ï
�−�«¨§� −¥®¡å®¤¨¬® ¨¬¥âì �¤¥ª¢�â−ãî ¬®¤¥«ì áâàãªâãàë ã£à®§, ¯®§¢®«ïîéãî
ãç¥áâì ¢«¨ï−¨¥ ®â¤¥«ì−ëå ª®¬¯®−¥−â®¢ ã£à®§ë −� ãï§¢¨¬®áâ¨ ¢ ¯à®æ¥áá¥ à�§¢¨â¨ï
ã£à®§ë.

…á«¨ à�áá¬�âà¨¢�âì ã£à®§ã ª�ª á«®¦−ãî ¤¨−�¬¨ç¥áªãî á¨áâ¥¬ã [2], â® ¢ ®¡-
é¥¬ ¢¨¤¥ ®−� ¢ ª�¦¤ë© ¬®¬¥−â á¢®¥£® áãé¥áâ¢®¢�−¨ï å�à�ªâ¥à¨§ã¥âáï àï¤®¬
¡�§®¢ëå áãé−®áâ¥©: ®¡ê¥ªâ ã£à®§ë (ç�é¥ ¢á¥£® â®çª®© −¥£�â¨¢−®£® ¢®§¤¥©áâ¢¨ï
ï¢«ï¥âáï −¥ª®â®à�ï ãï§¢¨¬®áâì ®¡ê¥ªâ� ã£à®§ë | áãé¥áâ¢ãîé�ï ¨«¨ ¯®â¥−æ¨-
�«ì−�ï); áã¡ê¥ªâ ã£à®§ë (®à£�−¨§�æ¨®−−�ï á¨áâ¥¬�, ¢ª«îç�îé�ï ®à£�−¨§®¢�−-
−ë¥ ¨«¨ −¥®à£�−¨§®¢�−−ë¥ £àã¯¯ë «î¤¥©, ®¡«�¤�îé¨¥ à¥áãàá�¬¨ ¤«ï á®§¤�−¨ï
¯à¥¤¯®áë«®ª ¨ ¤«ï à¥�«¨§�æ¨¨ ã£à®§ë); áà¥¤áâ¢� ¨ á¯®á®¡ë à¥�«¨§�æ¨¨ ã£à®§ë
(â¥å−®«®£¨¨ ¨ ¬�â¥à¨�«ì−ë¥ à¥áãàáë ¤«ï à¥�«¨§�æ¨¨ ã£à®§ë); ãé¥à¡ ®¡ê¥ªâã
ã£à®§ë (à¥�«ì−ë© ¨«¨ ¢®§¬®¦−ë©); á¨«ë ¨ áà¥¤áâ¢� −¥©âà�«¨§�æ¨¨ ã£à®§ë.

�¥£�â¨¢−ë¥ ¢®§¤¥©áâ¢¨ï −� ãï§¢¨¬®áâ¨ ˆ‘“ −� ¢á¥å áâ�¤¨ïå †– ¬®£ãâ
®ª�§ë¢�âì ª�ª ¢−¥è−¨¥, â�ª ¨ ¢−ãâà¥−−¨¥ ä�ªâ®àë. �� à¨á. 1 (�¤�¯â¨à®¢�−−®¥
¯à¥¤áâ�¢«¥−¨¥ ƒ�‘’ ÷ ˆ‘�/Œ�Š15408-2002 ¤«ï ¯à¨¢¥¤¥−−®© áâàãªâãàë
ã£à®§) ¯à®¨««îáâà¨à®¢�−® ¢«¨ï−¨¥ ¢−¥è−¨å ¨ ¢−ãâà¥−−¨å ¨áâ®ç−¨ª®¢ ã£à®§ −�
ãï§¢¨¬®áâ¨, à¨áª¨ ¨ ãé¥à¡ ®¡ê¥ªâ� ã£à®§ë.

’�ª¨¬ ®¡à�§®¬, ¢ ª�ç¥áâ¢¥ ¯¥à¢®£® ªà¨â¥à¨ï ª«�áá¨ä¨ª�æ¨¨ ãï§¢¨¬®áâ¥©
¬®¦−® ¢ë¤¥«¨âì −¥£�â¨¢−®¥ ¢®§¤¥©áâ¢¨¥ ¢−¥è−¨å ¨ ¢−ãâà¥−−¨å ä�ªâ®à®¢.

‚â®à®© ªà¨â¥à¨© ª«�áá¨ä¨ª�æ¨¨ ãï§¢¨¬®áâ¥© ®¯à¥¤¥«ï¥â à�§¤¥«¥−¨¥ ¨å ¯®
áâ�¤¨ï¬ ¨ ¯à®æ¥áá�¬ †–. ‚ á®®â¢¥âáâ¢¨¨ á ƒ�‘’ ˆ‘�/Œ�Š/̂ ˆ÷� 24748-1
â¨¯¨ç−ë¥ áâ�¤¨¨ †– á¨áâ¥¬ë ¢ª«îç�îâ §�¬ëá¥«, à�§à�¡®âªã, ¯à®¨§¢®¤áâ¢®,
¯à¨¬¥−¥−¨¥, ¯®¤¤¥à¦ªã ¨ ¢ë¢¥¤¥−¨¥ ¨§ íªá¯«ã�â�æ¨¨, ª®â®àë¥ à¥�«¨§ãîâáï
à¥£«�¬¥−â¨à®¢�−−ë¬¨ ¯à®æ¥áá�¬¨ †–. ÷�áá¬�âà¨¢�ï à�−−¨¥ áâ�¤¨¨ †– ˆ‘“,
®â−¥á¥¬ ª −¨¬ §�¬ëá¥«, à�§à�¡®âªã, ¯à®¨§¢®¤áâ¢®, ª®â®àë¥ ¢ª«îç�îâ ¢ á¥¡ï àï¤
¯à®æ¥áá®¢, ¯®¤«¥¦�é¨å �−�«¨§ã á â®çª¨ §à¥−¨ï ¢ëï¢«¥−¨ï ãï§¢¨¬®áâ¥©.

’à¥â¨© ªà¨â¥à¨© ¯®¤à�§¤¥«ï¥â ãï§¢¨¬®áâ¨ −� ®¡é¨¥ ¤«ï ¢á¥å �‘“ ¨ ç�áâ−ë¥
ãï§¢¨¬®áâ¨ ¤«ï ˆ‘“. ’�ª ª�ª ˆ‘“ ï¢«ï¥âáï ç�áâ−ë¬ á«ãç�¥¬ �‘“, â® ®−�
¯®¤¢¥à¦¥−� â¥¬ ¦¥ ã£à®§�¬, à¨áª�¬ ¨ ãï§¢¨¬®áâï¬ −� à�−−¨å áâ�¤¨ïå †–, çâ®
¨ �‘“ ¢®®¡é¥. ‘ ¤àã£®© áâ®à®−ë, ˆ‘“ á¢®©áâ¢¥−−ë å�à�ªâ¥à−ë¥ ®á®¡¥−−®áâ¨,
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÷¨á. 1 ‚®§¤¥©áâ¢¨¥ ¢−ãâà¥−−¨å ¨ ¢−¥è−¨å ä�ªâ®à®¢ −� ãï§¢¨¬®áâì

¢ ®á−®¢−®¬ á¢ï§�−−ë¥ á ¨−â¥£à�æ¨¥© áãé¥áâ¢ãîé¨å á¨áâ¥¬ ã¯à�¢«¥−¨ï ¨ â¥¬¨
¯à®¡«¥¬�¬¨ â¥å−¨ç¥áª®£®, ¨−ä®à¬�æ¨®−−®£® ¨ ®à£�−¨§�æ¨®−−®£® ¢§�¨¬®¤¥©-
áâ¢¨ï à�§−®à®¤−ëå ¨, §�ç�áâãî, ¯à¨−�¤«¥¦�é¨å à�§«¨ç−ë¬ ®à£�−¨§�æ¨®−−ë¬
á¨áâ¥¬�¬ �ˆ‘, �‘“ ¨ â. ¯.

—¥â¢¥àâë© ªà¨â¥à¨© ®¡¥á¯¥ç¨¢�¥â ¤¨ää¥à¥−æ¨�æ¨î ãï§¢¨¬®áâ¥© ¯® áâ¥¯¥−¨
®¯�á−®áâ¨ ¨å ¢®§¬®¦−®£® ¢®§¤¥©áâ¢¨ï −� ˆ‘“ ¨ ¯®§¢®«ï¥â ¢ë¤¥«¨âì ¨§ ¡®«ìè®£®
¬−®¦¥áâ¢� áãé¥áâ¢ãîé¨å ãï§¢¨¬®áâ¥© −�¨¡®«¥¥ áãé¥áâ¢¥−−ë¥. Œ®¦−® ¢ë¤¥«¨âì
âà¨ áâ¥¯¥−¨ ®¯�á−®áâ¨ ã£à®§: ¢ëá®ª�ï, áà¥¤−ïï ¨ ã¬¥à¥−−�ï. ‚ëá®ª�ï ®¯�á−®áâì:
ãï§¢¨¬®áâ¨, ã£à®¦�îé¨¥ áãé¥áâ¢®¢�−¨î á¨áâ¥¬ë, ãï§¢¨¬®áâ¨ −� áâ�¤¨¨ §�-
¬ëá«� á¨áâ¥¬ë, äã−ªæ¨®−�«ì−® ªà¨â¨ç−ë¥ ¤«ï á¨áâ¥¬ë ãï§¢¨¬®áâ¨. ‘à¥¤−ïï
®¯�á−®áâì | ãï§¢¨¬®áâ¨, ãáâà�−¨¬ë¥ ¢ë¤¥«¥−¨¥¬ ¤®¯®«−¨â¥«ì−ëå à¥áãàá®¢.
“¬¥à¥−−�ï ®¯�á−®áâì | ãï§¢¨¬®áâ¨, ãáâà�−¨¬ë¥ ®à£�−¨§�æ¨®−−ë¬¨ ¬¥à�¬¨.

3 Классификатор уязвимостей интегрированных систем управления

Š«�áá¨ä¨ª�â®à áä®à¬¨à®¢�− −� ®á−®¢¥ ¯à¨¢¥¤¥−−ëå ¢ëè¥ ªà¨â¥à¨¥¢ ¨ ¯®-
«®¦¥−¨© ƒ�‘’ ˆ‘�/Œ�Š/ˆˆ÷� 24748 ¨ á¢¥¤¥− ¢ ¥¤¨−ãî â�¡«¨æã.

�á−®¢−ë¥ ãï§¢¨¬®áâ¨ −� áâ�¤¨¨ §�¬ëá«� ˆ‘“ ¬®£ãâ ¡ëâì ®¡ãá«®¢«¥−ë ª®−-
ä«¨ªâ®¬ ¨−â¥à¥á®¢ áâ®à®−, −¥ª®¬¯¥â¥−â−®áâìî §�ª�§ç¨ª� ¨ ¨á¯®«−¨â¥«ï ¨ ª®à-
àã¯æ¨®−−®© á®áâ�¢«ïîé¥©. �¥à¢®¥ ¢®§−¨ª�¥â ¢ ¯à®æ¥áá¥ ä®à¬¨à®¢�−¨ï ª®−æ¥¯-
æ¨¨ ˆ‘“, ¯à¨ íâ®¬ §�ª�§ç¨ª «¨¡® á�¬®áâ®ïâ¥«ì−® à�§à�¡�âë¢�¥â âà¥¡®¢�−¨ï,
«¨¡® −�−¨¬�¥â ¯®áâ�¢é¨ª�, çâ®¡ë ¨å áä®à¬¨à®¢�âì. …á«¨ ¤«ï ä®à¬¨à®¢�−¨ï
ª®−ªà¥â−ëå âà¥¡®¢�−¨© −�−¨¬�¥âáï ª�ª®©-«¨¡® ¯®áâ�¢é¨ª, §�ª�§ç¨ª ¨ ¢ëè¥-
áâ®ïé�ï ®à£�−¨§�æ¨ï á®åà�−ïîâ á¨«ã á®£«�á®¢�−¨ï âà¥¡®¢�−¨©, à�§à�¡®â�−−ëå
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Š«�áá¨ä¨ª�â®à ãï§¢¨¬®áâ¥© ˆ‘“ −� à�−−¨å áâ�¤¨ïå †–

Šà¨â¥-
à¨¨

ª«�áá¨-
ä¨ª�æ¨¨

‘â�¤¨¨
¨ ¯à®-
æ¥ááë∗

‚−ãâà¥−−¨¥ −¥£�â¨¢−ë¥
ä�ªâ®àë

‚−¥è−¨¥ −¥£�â¨¢−ë¥
ä�ªâ®àë

†– “£à®§ë “ï§¢¨¬®áâ¨ “£à®§ë “ï§¢¨¬®áâ¨
‘â�¤¨ï §�¬ëá«� (¯à®æ¥ááë)

�¡é¨¥
ä�ªâ®àë
¤«ï �‘“

�¯à¥¤¥«¥-
−¨¥ á¨áâ¥¬-
−ëå âà¥¡®-
¢�−¨©

’¥å−¨ç¥áª®¥
§�¤�−¨¥ |
−¥¢¥à−ë¥
âà¥¡®¢�−¨ï
ª §�¬ëá«ã
á¨áâ¥¬ë

�¥ª®¬¯¥â¥−â-
−®áâì §�ª�§ç¨-
ª� (1)∗∗

’¥å−¨ç¥áª®¥
§�¤�−¨¥ |
−¥¢¥à−ë¥
âà¥¡®¢�−¨ï
ª §�¬ëá«ã
á¨áâ¥¬ë

�âáãâáâ¢¨¥
−¥§�¢¨á¨¬®£®
ª®−âà®«ï (1)

�¯à¥¤¥«¥-
−¨¥ ¯®âà¥¡-
−®áâ¥©
¨ âà¥¡®¢�-
−¨© §�¨−â¥-
à¥á®¢�−−®©
áâ®à®−ë

�¥á®£«�á®-
¢�−¨¥ âà¥¡®-
¢�−¨©
ª §�¬ëá«ã
á¨áâ¥¬ë

Š®−ä«¨ªâ
¨−â¥à¥á®¢
áâ®à®− (1)

�¥á®£«�á®-
¢�−¨¥ âà¥¡®-
¢�−¨©
ª §�¬ëá«ã
á¨áâ¥¬ë

Š®−ä«¨ªâ
¨−â¥à¥á®¢
®¤−®© ¨§ áâ®-
à®− ª á¨áâ¥¬¥
¢ æ¥«®¬ (1)

�à¨®¡à¥â¥-
−¨¥

{ �¥¢¥à−ë©
¢ë¡®à
¨á¯®«−¨â¥«ï
{ ‘àë¢ ¯«�-
−®¢ëå ¯®ª�-
§�â¥«¥©
(áà®ª¨,
ä¨−�−á¨à®-
¢�−¨¥)

{ Š®ààã¯æ¨ï (1)
{ �¥ª®¬¯¥â¥−â-
−®áâì §�ª�§ç¨-
ª� (1)
{ �¥ª®¬¯¥â¥−â-
−®áâì ¨á¯®«−¨-
â¥«ï (1)

{ �¥¢¥à−ë©
¢ë¡®à ¨á-
¯®«−¨â¥«ï
{ ‘àë¢ ¯«�-
−®¢ëå ¯®ª�-
§�â¥«¥©
(áà®ª¨,
ä¨−�−á¨à®-
¢�−¨¥)

�âáãâáâ¢¨¥
−¥§�¢¨á¨¬®£®
ª®−âà®«ï (1)

‚¥à¨ä¨-
ª�æ¨ï,
¢�«¨¤�æ¨ï
¨ ¯à¨¥¬ª�

�¥ª�ç¥áâ-
¢¥−−�ï ¢¥-
à¨ä¨ª�æ¨ï,
¢�«¨¤�æ¨ï
¨ ¯à¨¥¬ª�

{ Š®ààã¯æ¨ï (1)
{ �¥ª®¬¯¥â¥−â-
−®áâì §�ª�§ç¨-
ª� (1)
{ �¥ª®¬¯¥â¥−â-
−®áâì ¨á¯®«−¨-
â¥«ï (1)

�¥ª�ç¥áâ-
¢¥−−�ï ¢¥-
à¨ä¨ª�æ¨ï,
¢�«¨¤�æ¨ï
¨ ¯à¨¥¬ª�

�âáãâáâ¢¨¥
−¥§�¢¨á¨¬®£®
ª®−âà®«ï (1)

�à®¤®«¦¥−¨¥ â�¡«¨æë −� á. 136

¯®áâ�¢é¨ª®¬. “ï§¢¨¬®áâì úª®−ä«¨ªâ ¨−â¥à¥á®¢û ¬®¦¥â ¯à¨¢¥áâ¨ ª ¯à®â¨¢®à¥-
ç¨ï¬ ¯® ä®à¬¨à®¢�−¨î ¨ áàë¢ã á®£«�á®¢�−¨ï âà¥¡®¢�−¨© ª ˆ‘“. “ï§¢¨¬®áâ¨
ú−¥ª®¬¯¥â¥−â−®áâì §�ª�§ç¨ª�û ¨«¨ úª®ààã¯æ¨ïû, � â�ª¦¥ ú®âáãâáâ¢¨¥ −¥§�-
¢¨á¨¬®£® ª®−âà®«ïû ¬®£ãâ ¯à¨¢¥áâ¨ ª ä®à¬¨à®¢�−¨î ¨«¨ §�¤�−¨î −¥¢¥à−ëå
âà¥¡®¢�−¨© ª §�¬ëá«ã á¨áâ¥¬ë, −¥¢¥à−®¬ã ¢ë¡®àã ¨á¯®«−¨â¥«ï, −¥ª�ç¥áâ¢¥−−®©
¢¥à¨ä¨ª�æ¨¨, ¢�«¨¤�æ¨¨ ¨ ¯à¨¥¬ª¥ ª®−æ¥¯æ¨¨ ¨ §�¬ëá«�.

�¥ª®¬¯¥â¥−â−®áâì ¨á¯®«−¨â¥«ï ã£à®¦�¥â áàë¢®¬ ¯«�−®¢ëå ¯®ª�§�â¥«¥©
(áà®ª¨, ä¨−�−á¨à®¢�−¨¥) ¨ ª ¯®áâ�¢ª¥ ª®−æ¥¯æ¨¨ ¨ §�¬ëá«� −¥−�¤«¥¦�é¥£®
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Š«�áá¨ä¨ª�â®à ãï§¢¨¬®áâ¥© ˆ‘“ −� à�−−¨å áâ�¤¨ïå †– (¯à®¤®«¦¥−¨¥)

Šà¨â¥-
à¨¨

ª«�áá¨-
ä¨ª�æ¨¨

‘â�¤¨¨
¨ ¯à®-
æ¥ááë∗

‚−ãâà¥−−¨¥ −¥£�â¨¢−ë¥
ä�ªâ®àë

‚−¥è−¨¥ −¥£�â¨¢−ë¥
ä�ªâ®àë

†– “£à®§ë “ï§¢¨¬®áâ¨ “£à®§ë “ï§¢¨¬®áâ¨
‘â�¤¨ï §�¬ëá«� (¯à®æ¥ááë)

�¯à¥¤¥«¥-
−¨¥ á¨áâ¥¬-
−ëå âà¥¡®-
¢�−¨©

’¥å−¨ç¥áª®¥
§�¤�−¨¥ |
−¥¢¥à−ë¥
âà¥¡®¢�−¨ï
ª à�§à�¡�-
âë¢�¥¬®©
á¨áâ¥¬¥

�¥ª®¬¯¥â¥−â-
−®áâì §�ª�§ç¨-
ª� (3)

’¥å−¨ç¥áª®¥
§�¤�−¨¥ |
−¥¢¥à−ë¥
âà¥¡®¢�−¨ï
ª à�§à�¡�-
âë¢�¥¬®©
á¨áâ¥¬¥

�âáãâáâ¢¨¥
−¥§�¢¨á¨¬®£®
ª®−âà®«ï (3)

�¯à¥¤¥«¥-
−¨¥ ¯®âà¥¡-
−®áâ¥©
¨ âà¥¡®¢�-
−¨© §�¨−â¥-
à¥á®¢�−−®©
áâ®à®−ë

�¥á®£«�á®-
¢�−¨¥ âà¥¡®-
¢�−¨©
ª à�§à�¡�âë-
¢�¥¬®©
á¨áâ¥¬¥

Š®−ä«¨ªâ
¨−â¥à¥á®¢
áâ®à®− (3)

�¥á®£«�á®-
¢�−¨¥ âà¥¡®-
¢�−¨©
ª à�§à�¡�âë-
¢�¥¬®©
á¨áâ¥¬¥

Š®−ä«¨ªâ
¨−â¥à¥á®¢
®¤−®© ¨§ áâ®-
à®− ª á¨áâ¥¬¥
¢ æ¥«®¬ (3)

�à¨®¡à¥-
â¥−¨¥

{ �¥¢¥à−ë©
¢ë¡®à ¨á-
¯®«−¨â¥«ï
{ ‘àë¢ ¯«�-
−®¢ëå ¯®ª�-
§�â¥«¥©
(áà®ª¨,
ä¨−�−á¨à®-
¢�−¨¥)

{ Š®ààã¯æ¨ï (3)
{ �¥ª®¬¯¥â¥−â-
−®áâì §�ª�§ç¨-
ª� (3)
{ �¥ª®¬¯¥â¥−â-
−®áâì ¨á¯®«−¨-
â¥«ï (3)

{ �¥¢¥à−ë©
¢ë¡®à ¨á-
¯®«−¨â¥«ï
{ ‘àë¢ ¯«�-
−®¢ëå ¯®ª�-
§�â¥«¥©
(áà®ª¨,
ä¨−�−á¨à®-
¢�−¨¥)

�âáãâáâ¢¨¥
−¥§�¢¨á¨¬®£®
ª®−âà®«ï (3)

“¯à�¢«¥-
−¨¥ à¥è¥-
−¨ï¬¨

{ �¥¢¥à−ë¥
â¥å−®«®£¨ç¥-
áª¨¥ à¥è¥-
−¨ï
{ �¥¢®§¬®¦-
−®áâì à¥�«¨-
§�æ¨¨ âà¥¡®-
¢�−¨©

{ �¥ª®¬¯¥â¥−â-
−®áâì ¨á¯®«−¨-
â¥«ï (3)
{ �¥à¥è¥−−ë¥
−�ãç−®-â¥å−¨-
ç¥áª¨¥ ¯à®¡«¥-
¬ë (2)

{ ‘�−ªæ¨¨
{ �¥¤®áâã¯-
−®áâì −�ãç-
−®-â¥å−¨ç¥-
áª®©
¨−ä®à¬�æ¨¨

{ ’¥å−®«®£¨-
ç¥áª®¥ ®âáâ�-
¢�−¨¥ (2)
{ ��ãç−®-
â¥å−¨ç¥áª®¥
®âáâ�¢�-
−¨¥ (2)

‚¥à¨ä¨-
ª�æ¨ï,
¢�«¨¤�æ¨ï
¨ ¯à¨¥¬ª�

�¥ª�ç¥áâ-
¢¥−−�ï ¢¥-
à¨ä¨ª�æ¨ï,
¢�«¨¤�æ¨ï
¨ ¯à¨¥¬ª�

{ Š®ààã¯æ¨ï (3)
{ �¥ª®¬¯¥â¥−â-
−®áâì §�ª�§ç¨-
ª� (3)
{ �¥ª®¬¯¥â¥−â-
−®áâì ¨á¯®«−¨-
â¥«ï (3)

�¥ª�ç¥áâ-
¢¥−−�ï ¢¥-
à¨ä¨ª�æ¨ï,
¢�«¨¤�æ¨ï
¨ ¯à¨¥¬ª�

�âáãâáâ¢¨¥
−¥§�¢¨á¨¬®£®
ª®−âà®«ï (3)
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Š«�áá¨ä¨ª�æ¨ï ãï§¢¨¬®áâ¥© ˆ‘“ −� à�−−¨å áâ�¤¨ïå ¦¨§−¥−−®£® æ¨ª«�

Š«�áá¨ä¨ª�â®à ãï§¢¨¬®áâ¥© ˆ‘“ −� à�−−¨å áâ�¤¨ïå †– (®ª®−ç�−¨¥)

Šà¨â¥-
à¨¨

ª«�áá¨-
ä¨ª�æ¨¨

‘â�¤¨¨
¨ ¯à®-
æ¥ááë∗

‚−ãâà¥−−¨¥ −¥£�â¨¢−ë¥
ä�ªâ®àë

‚−¥è−¨¥ −¥£�â¨¢−ë¥
ä�ªâ®àë

†– “£à®§ë “ï§¢¨¬®áâ¨ “£à®§ë “ï§¢¨¬®áâ¨
‘â�¤¨ï §�¬ëá«� (¯à®æ¥ááë)

�à¨®¡à¥-
â¥−¨¥

{ �¥¢¥à−ë©
¢ë¡®à ¨á-
¯®«−¨â¥«ï
{ ‘àë¢ ¯«�-
−®¢ëå ¯®ª�-
§�â¥«¥©
(áà®ª¨,
ä¨−�−á¨à®-
¢�−¨¥)

{ Š®ààã¯æ¨ï (3)
{�¥ª®¬¯¥â¥−â-
−®áâì §�ª�§ç¨-
ª� (3)
{ �¥ª®¬¯¥â¥−â-
−®áâì ¨á¯®«−¨-
â¥«ï (3)

{ �¥¢¥à−ë©
¢ë¡®à ¨á-
¯®«−¨â¥«ï
{ ‘àë¢ ¯«�-
−®¢ëå ¯®ª�-
§�â¥«¥©
(áà®ª¨,
ä¨−�−á¨à®-
¢�−¨¥)

�âáãâáâ¢¨¥
−¥§�¢¨á¨¬®£®
ª®−âà®«ï (3)

‚¥à¨ä¨-
ª�æ¨ï,
¢�«¨¤�æ¨ï
¨ ¯à¨¥¬ª�

�¥ª�ç¥áâ-
¢¥−−�ï ¢¥-
à¨ä¨ª�æ¨ï,
¢�«¨¤�æ¨ï
¨ ¯à¨¥¬ª�

{ Š®ààã¯æ¨ï (3)
{ �¥ª®¬¯¥â¥−â-
−®áâì §�ª�§ç¨-
ª� (3)
{ �¥ª®¬¯¥â¥−â-
−®áâì ¨á¯®«−¨-
â¥«ï (3)

�¥ª�ç¥áâ-
¢¥−−�ï ¢¥-
à¨ä¨ª�æ¨ï,
¢�«¨¤�æ¨ï
¨ ¯à¨¥¬ª�

�âáãâáâ¢¨¥
−¥§�¢¨á¨¬®£®
ª®−âà®«ï (3)

‘â�¤¨ï à�§à�¡®âª¨ (¯à®æ¥ááë)
—�áâ−ë¥
ä�ªâ®àë
¤«ï
ˆ‘“

“¯à�¢«¥-
−¨¥ à¥è¥-
−¨ï¬¨

{ �¥¢®§¬®¦-
−®áâì ¨−ä®à-
¬�æ¨®−−®©
¨−â¥£à�æ¨¨
¤�−−ëå
{ �¥¢®§¬®¦-
−®áâì â¥«¥-
ª®¬¬ã−¨-
ª�æ¨®−−®©
¨−â¥£à�æ¨¨
á¨áâ¥¬

{ �âáãâáâ¢¨¥
¥¤¨−®© ¨−ä®à-
¬�æ¨®−−®© ¬®-
¤¥«¨ ¤�−−ëå (2)
{ �®«ìè¨¥ ®¡ê-
¥¬ë −¥áâàãª-
âãà¨à®¢�−−ëå
¤�−−ëå (2)
{ �âáãâáâ¢¨¥
á¢ï§¨, âà¥¡ã-
¥¬®£® ª�ç¥áâ-
¢� (2)

�¥¢®§¬®¦-
−®áâì ¨−â¥£-
à�æ¨¨ á¨áâ¥¬

’¥å−®«®£¨-
ç¥áª®¥ ®âáâ�-
¢�−¨¥ (2)

∗��¨¬¥−®¢�−¨ï ¨ á®¤¥à¦�−¨¥ ¯à®æ¥áá®¢ ¯® ƒ�‘’ ÷ ˆ‘�/Œ�Š/ˆˆ�÷ 15288.
∗∗�æ¥−ª� áâ¥¯¥−¨ ®¯�á−®áâ¨ ãï§¢¨¬®áâ¨: 1 | ¢ëá®ª�ï; 2 | áà¥¤−ïï; 3 | ã¬¥à¥−−�ï.

ª�ç¥áâ¢�. ‘â¥¯¥−ì ®¯�á−®áâ¨ ãï§¢¨¬®áâ¥© −� ¤�−−®© áâ�¤¨¨ †– | ¢ëá®ª�ï,
â�ª ª�ª ã£à®¦�¥â áãé¥áâ¢®¢�−¨î á¨áâ¥¬ë ¨ ¬®¦¥â ¯à¨¢¥áâ¨ ª äã−ªæ¨®−�«ì−®
ªà¨â¨ç−ë¬ ¤«ï á¨áâ¥¬ë −¥¤®áâ�âª�¬.

�á−®¢−ë¥ ãï§¢¨¬®áâ¨ −� áâ�¤¨¨ à�§à�¡®âª¨ ˆ‘“ ¢® ¬−®£®¬ á®¢¯�¤�îâ
á® áâ�¤¨¥© §�¬ëá«� §� á«¥¤ãîé¨¬¨ ¨áª«îç¥−¨ï¬¨. ‚ ¯à®æ¥áá¥ ã¯à�¢«¥−¨ï
â¥å−¨ç¥áª¨¬¨ à¥è¥−¨ï¬¨ ¬®¦¥â ¢ëïá−¨âìáï −¥¢®§¬®¦−®áâì à¥�«¨§�æ¨¨ ¢�¦−¥©-
è¨å äã−ªæ¨®−�«ì−ëå âà¥¡®¢�−¨© ª ˆ‘“ ¢ á¨«ã −¥¢®§¬®¦−®áâ¨ ¯à¨®¡à¥â¥−¨ï
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§�àã¡¥¦−ëå â¥å−®«®£¨©, −�¯à¨¬¥à ¨§-§� á�−ªæ¨©, ¨ ®âáãâáâ¢¨ï ®â¥ç¥áâ¢¥−−ëå
�−�«®£®¢ (à¥�«¨§ã¥âáï ãï§¢¨¬®áâì úâ¥å−®«®£¨ç¥áª®¥ ®âáâ�¢�−¨¥û) ¨«¨ ¢ á¨«ã
áãé¥áâ¢®¢�−¨ï −¥à¥è¥−−ëå −�ãç−®-â¥å−¨ç¥áª¨å ¯à®¡«¥¬, ª®â®à®¥ ¬®¦¥â ¡ëâì
®¡ãá«®¢«¥−® ¨«¨ −�«¨ç¨¥¬ ®¡é¥−�ãç−®© ¯à®¡«¥¬ë, ¨«¨ −�ãç−®-â¥å−¨ç¥áª¨¬
®âáâ�¢�−¨¥¬. Šà®¬¥ â®£®, −� ¤�−−®© áâ�¤¨¨ †– ˆ‘“ ¯®−¨¦�¥âáï áâ¥¯¥−ì
®¯�á−®áâ¨ ãï§¢¨¬®áâ¥© ¤® áà¥¤−¥© ¨ ã¬¥à¥−−®©, â�ª ª�ª ¡®«ìè¨−áâ¢® ¨§ −¨å
ãáâà�−ïîâáï ¢ë¤¥«¥−¨¥¬ ¤®¯®«−¨â¥«ì−ëå à¥áãàá®¢ ¨«¨ ®à£�−¨§�æ¨®−−ë¬¨ ¬¥-
à�¬¨.

‚�¦−¥©è¥© ãï§¢¨¬®áâìî ¤«ï ¢á¥å áâ�¤¨© †– ï¢«ï¥âáï ®âáãâáâ¢¨¥ −¥-
§�¢¨á¨¬®£® ª®−âà®«ï, −¥ ¯®§¢®«ïîé¥¥ ®áãé¥áâ¢«ïâì ®¡ê¥ªâ¨¢−ãî ®æ¥−ªã ª�ª
âà¥¡®¢�−¨© ª à�§à�¡�âë¢�¥¬ë¬ á¨áâ¥¬�¬, â�ª ¨ à¥§ã«ìâ�â®¢ à�¡®âë ¯®áâ�¢é¨ª®¢
(¨á¯®«−¨â¥«¥©).

�á−®¢−ë¥ ãï§¢¨¬®áâ¨ −� áâ�¤¨¨ ¯à®¨§¢®¤áâ¢� ˆ‘“ ®¡ãá«®¢«¥−ë ã£à®§�¬¨
áàë¢� ¯«�−®¢ëå ¯®ª�§�â¥«¥© (−¥ª®¬¯¥â¥−â−®áâì ¨á¯®«−¨â¥«ï) ¨ −¥−�¤«¥¦�é¥©
¢¥à¨ä¨ª�æ¨¨, ¢�«¨¤�æ¨¨ ¨ ¯à¨¥¬ª¨ (−¥ª®¬¯¥â¥−â−®áâì §�ª�§ç¨ª� ¨ ®âáãâáâ¢¨¥
−¥§�¢¨á¨¬®£® ª®−âà®«ï).

—�áâ−ë¥ ä�ªâ®àë, å�à�ªâ¥à¨§ãîé¨¥ ãï§¢¨¬®áâ¨ ¤«ï ˆ‘“, ®¡ãá«®¢«¥−ë
−¥®¡å®¤¨¬®áâìî ¨−â¥£à�æ¨¨ ª�ª áãé¥áâ¢ãîé¨å, â�ª ¨ ¯¥àá¯¥ªâ¨¢−ëå á¨áâ¥¬
ã¯à�¢«¥−¨ï ¨ á¢ï§�−−ë¥ á íâ¨¬ ¯à®¡«¥¬ë ¬¥¦¢¥¤®¬áâ¢¥−−®£® ¨ ¢−ãâà¨¢¥¤®¬-
áâ¢¥−−®£® ¢§�¨¬®¤¥©áâ¢¨ï, á®áâ®ï−¨ï á¨áâ¥¬ ¨ áà¥¤áâ¢ á¢ï§¨. �á−®¢−ë¥ ãï§¢¨-
¬®áâ¨ §¤¥áì | ®âáãâáâ¢¨¥ ¥¤¨−®© ¯®«¨â¨ª¨ ¯à®¥ªâ¨à®¢�−¨ï ¨ à�§à�¡®âª¨ á¨áâ¥¬
ã¯à�¢«¥−¨ï ¢ ç�áâ¨ ¨−ä®à¬�æ¨®−−®© á®¢¬¥áâ¨¬®áâ¨, ®¯¥à¨à®¢�−¨¥ ¡®«ìè¨¬¨
®¡ê¥¬�¬¨ −¥áâàãªâãà¨à®¢�−−ëå ¤�−−ëå, −¥¤®áâ�â®ç−ë¬ ®å¢�â®¬ á®¢à¥¬¥−−ë-
¬¨ áà¥¤áâ¢�¬¨ §�é¨é¥−−®© á¢ï§¨ â¥àà¨â®à¨¨ áâà�−ë ¨ ¯à®¡«¥¬�¬¨ ú¯®á«¥¤−¥©
¬¨«¨û. Š á®¦�«¥−¨î, ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¡®«ìè¨−áâ¢® à�§à�¡®â®ª ¢ ®¡«�áâ¨
¯à¨ª«�¤−®© ¨−ä®à¬�â¨ª¨ ¢ −�è¥© áâà�−¥ á®¯à®¢®¦¤�¥âáï á®§¤�−¨¥¬ ¢á¥ −®¢ëå,
§�ç�áâãî ¤ã¡«¨àãîé¨å ¤àã£ ¤àã£� ¨ −¥á®¢¬¥áâ¨¬ëå ¨−ä®à¬�æ¨®−−ëå ¬®¤¥«¥©
¤�−−ëå. „àã£�ï ¯à®¡«¥¬�, á¢ï§�−−�ï á ¯¥à¢®©, | −¥®¡å®¤¨¬®áâì ä®à¬�«¨§�æ¨¨
¡®«ìè¨å ®¡ê¥¬®¢ −¥áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨î. ‘â¥¯¥−ì ®¯�á−®áâ¨ íâ¨å
ãï§¢¨¬®áâ¥© áà¥¤−ïï, â�ª ª�ª ¨å ãáâà�−¥−¨¥ á¢ï§�−® á −¥®¡å®¤¨¬®áâìî ¯à®ï¢«¥-
−¨ï ¯®«¨â¨ç¥áª®© ¢®«¨ ¨ ¢ë¤¥«¥−¨ï áà¥¤áâ¢ ¤«ï á®§¤�−¨ï ¥¤¨−®© ¨−ä®à¬�æ¨-
®−−®© ¬®¤¥«¨ ¤�−−ëå à�§«¨ç−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥©, ¢−¥¤à¥−¨ï á®¢à¥¬¥−−ëå
â¥å−®«®£¨© ®¡à�¡®âª¨ −¥áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨¨ ¨ á®§¤�−¨ï �¤¥ª¢�â−®©
¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© ¨−äà�áâàãªâãàë.

÷�áá¬®âà¨¬ ¯®¤à®¡−¥¥ ¯ãâ¨ á−¨¦¥−¨ï ãï§¢¨¬®áâ¥©, á¢ï§�−−ë¥ á ¯à¨¬¥−¥−¨¥¬
®¯à¥¤¥«¥−−ëå −�ãç−®-â¥å−¨ç¥áª¨å §�¤¥«®¢, ¯®«ãç¥−−ëå ¢ ”ˆ– ˆ“ ÷��.

4 Нейтрализация уязвимостей

�ãâ¨ ®á«�¡«¥−¨ï ¨ −¥©âà�«¨§�æ¨¨ ãï§¢¨¬®áâ¥© ˆ‘“ −� à�−−¨å áâ�¤¨ïå †–
¬®¦−® à�§¡¨âì −� ¤¢¥ £àã¯¯ë. Š ¯¥à¢®© £àã¯¯¥ ®â−®áïâáï ãï§¢¨¬®áâ¨, ãáâà�−¥−¨¥
ª®â®àëå á¢ï§�−® á ¯à¨¬¥−¥−¨¥¬ ®à£�−¨§�æ¨®−−ëå ¬¥à. Š â�ª¨¬ ãï§¢¨¬®áâï¬
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®â−®áïâáï: ª®−ä«¨ªâ ¨−â¥à¥á®¢, ª®ààã¯æ¨ï, −¥ª®¬¯¥â¥−â−®áâì §�ª�§ç¨ª�, −¥ª®¬-
¯¥â¥−â−®áâì ¨á¯®«−¨â¥«ï, ®âáãâáâ¢¨¥ −¥§�¢¨á¨¬®£® ª®−âà®«ï. Š® ¢â®à®© £àã¯¯¥
®â−®áïâáï ãï§¢¨¬®áâ¨, −¥©âà�«¨§�æ¨ï ª®â®àëå á¢ï§�−� á ¢ë¤¥«¥−¨¥¬ ¤®¯®«−¨-
â¥«ì−ëå à¥áãàá®¢, −�¯à¨¬¥à â¥å−®«®£¨ç¥áª®¥ ®âáâ�¢�−¨¥ ¨ ¨¬¯®àâ®§�¬¥é¥−¨¥,
à¥è¥−¨¥ ¯à®¡«¥¬ ¨−â¥£à�æ¨¨ á¨áâ¥¬ ã¯à�¢«¥−¨ï.

�¥à¢�ï £àã¯¯� ãï§¢¨¬®áâ¥© «¥¦¨â, ¢ ®á−®¢−®¬, ¢−¥ áä¥àë à¥�«¨§�æ¨¨ −�ãç-
−®-â¥å−¨ç¥áª¨å ¤®áâ¨¦¥−¨©, â®£¤� ª�ª ¢â®à�ï £àã¯¯� ®å¢�âë¢�¥â è¨à®ª¨© ªàã£
¯à®¡«¥¬, à¥è¥−¨¥ ª®â®àëå ¬®¦¥â ¡ëâì ®áãé¥áâ¢«¥−® ¯ãâ¥¬ ¯à®¢¥¤¥−¨ï ª®¬-
¯«¥ªá� −�ãç−®-¯®¨áª®¢ëå ¨ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å à�¡®â −� ®á−®¢�−¨¨ áãé¥-
áâ¢ãîé¨å §�¤¥«®¢ �ª�¤¥¬¨ç¥áª¨å ¨ ®âà�á«¥¢ëå −�ãç−ëå ®à£�−¨§�æ¨©. Š â�ª¨¬
§�¤�ç�¬ ®â−®á¨âáï −¥©âà�«¨§�æ¨ï á«¥¤ãîé¨å ãï§¢¨¬®áâ¥©:

(1) ®âáãâáâ¢¨¥ ¥¤¨−®© −�ãç−®-®¡®á−®¢�−−®© ¨ ã§�ª®−¥−−®© ¬¥â®¤®«®£¨¨ ä®à-
¬¨à®¢�−¨ï â¨¯®¢ëå äã−ªæ¨®−�«ì−ëå âà¥¡®¢�−¨© −� à�§à�¡®âªã §�¬ëá«�,
¯à®¥ªâ¨à®¢�−¨ï ¨ ¯à®¨§¢®¤áâ¢� ˆ‘“ ¨ ¥¥ ª®¬¯®−¥−â®¢;

(2) −¥¢®§¬®¦−®áâì ¨−â¥£à�æ¨¨ á¨áâ¥¬ ã¯à�¢«¥−¨ï ¢¢¨¤ã ®âáãâáâ¢¨ï ¥¤¨−®©
¬®¤¥«¨ ¤�−−ëå ˆ‘“, ¬¥â®¤¨ª ¥¥ ¯à¨¬¥−¥−¨ï ¨ ¢¥¤¥−¨ï;

(3) −¥¢®§¬®¦−®áâì ¨−â¥£à�æ¨¨ á¨áâ¥¬ ã¯à�¢«¥−¨ï ¢¢¨¤ã −�«¨ç¨ï ¡®«ìè¨å ®¡ê-
¥¬®¢ −¥áâàãªâãà¨à®¢�−−ëå ¤�−−ëå, ¯à¥¯ïâáâ¢ãîé¨å à¥�«¨§�æ¨¨ ¥¤¨−ëå
ä®à¬�â®¢ ®¡¬¥−� ¤�−−ë¬¨;

(4) −�«¨ç¨¥ −¥à¥è¥−−ëå −�ãç−®-â¥å−¨ç¥áª¨å ¯à®¡«¥¬.

�à®æ¥áá áâ�−¤�àâ¨§�æ¨¨ äã−ªæ¨®−�«ì−ëå âà¥¡®¢�−¨© ª à�§à�¡�âë¢�¥¬ë¬
¤«ï á�¬ëå à�§−®®¡à�§−ëå ¨ ¬−®£®ç¨á«¥−−ëå ¯à¨«®¦¥−¨© �‘“ ï¢«ï¥âáï �ªâã-
�«ì−¥©è¥© ¯à®¡«¥¬®©, à¥è¥−¨¥ ª®â®à®© ¯®§¢®«¨â á−¨§¨âì ª¢�«¨ä¨ª�æ¨®−−ë¥
âà¥¡®¢�−¨ï ª §�ª�§ë¢�îé¨¬ ®à£�−¨§�æ¨ï¬ ¨ ®¡¥á¯¥ç¨âì ¤®áâ�â®ç−®¥ ª�ç¥áâ¢®
¨ ã−¨ä¨ª�æ¨î §�¬ëá«®¢, â¥å−¨ç¥áª¨å à¥è¥−¨© ¨ ¯à®¨§¢®¤áâ¢� �‘“ à�§«¨ç-
−®£® −�§−�ç¥−¨ï. ”®à¬¨à®¢�−¨¥ äã−ªæ¨®−�«ì−ëå âà¥¡®¢�−¨© ª ˆ‘“ ¤®«¦−®
®¯¨à�âìáï −� ¨¬¥îé¨©áï §�àã¡¥¦−ë© ¨ ®â¥ç¥áâ¢¥−−ë© ®¯ëâ á®§¤�−¨ï â�ª®£®
à®¤� á¨áâ¥¬ á ãç¥â®¬ â®£®, çâ® á®§¤�«®áì −�è¥ ï¢−®¥ â¥å−®«®£¨ç¥áª®¥ ®âáâ�¢�−¨¥
¢ íâ®© ®¡«�áâ¨, á ®¤−®© áâ®à®−ë, −® ¨¬¥¥âáï ¡®£�âë© −�ãç−®-â¥å−¨ç¥áª¨© §�¤¥«
¢ ®¡«�áâ¨ äã−¤�¬¥−â�«ì−ëå ¨ −�ãç−®-¯à¨ª«�¤−ëå ¨áá«¥¤®¢�−¨© ¯® á®§¤�−¨î
á¨áâ¥¬ ã¯à�¢«¥−¨ï, á ¤àã£®© áâ®à®−ë.

‚ [3{9] ®¡®á−®¢�−� ¯à®æ¥áá−�ï ¯ïâ¨áâ�¤¨©−�ï äã−ªæ¨®−�«ì−�ï ¬®¤¥«ì ®¡®¡-
é¥−−®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï, ª®â®à�ï �¯à®¡¨à®¢�−� ¢ àï¤¥ ¯à¨«®¦¥−¨© [10]. ‘ãâì
¤�−−®© ¬®¤¥«¨ á®áâ®¨â ¢ ¯à¥¤áâ�¢«¥−¨¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¢ ¢¨¤¥ ¯ïâ¨ £àã¯¯
¯à®æ¥áá®¢, ¢§�¨¬®¤¥©áâ¢ãîé¨å á ¢−¥è−¥© áà¥¤®© ¨ ¬¥¦¤ã á®¡®©: æ¥«¥¯®«�£�−¨¥,
¬®−¨â®à¨−£, �−�«¨§, à¥è¥−¨¥ ¨ ¤¥©áâ¢¨¥. �à¨ íâ®¬, ª�ª ¯®ª�§�−® −� à¨á. 2, ¢ë-
å®¤ ª�¦¤®£® ¯à®æ¥áá� ï¢«ï¥âáï ¢å®¤®¬ ¤àã£®£®, çâ® ®¡¥á¯¥ç¨¢�¥â −¥¯à¥àë¢−®áâì
ã¯à�¢«¥−¨ï. „�−−�ï ¬®¤¥«ì ¤�¥â æ¥«®áâ−ãî, ¯®«−®äã−ªæ¨®−�«ì−ãî ª�àâ¨−ã
¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï ¤«ï à�§«¨ç−ëå ¯à¨«®¦¥−¨© ¨ ¯®íâ®¬ã ¬®¦¥â áâ�âì ®á−®-
¢®© ¬¥â®¤¨ª¨, ¢¥¤®¬áâ¢¥−−®£®, ®âà�á«¥¢®£® ¨«¨ £®áã¤�àáâ¢¥−−®£® áâ�−¤�àâ� ¯®
ä®à¬¨à®¢�−¨î âà¥¡®¢�−¨© ¯® à�§à�¡®âª¥ ˆ‘“.
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÷¨á. 2 ”ã−ªæ¨®−�«ì−�ï ¬®¤¥«ì á¨âã�æ¨®−−®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï

ˆ§ ®¯ëâ� ”ˆ– ˆ“ ÷�� á«¥¤ã¥â, çâ® ®¤−� ¨§ ªà¨â¨ç−ëå ¨ âàã¤−®à�§à¥è¨-
¬ëå ¯à®¡«¥¬ á®§¤�−¨ï ¨−â¥£à¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ | ®¡¥á¯¥ç¥−¨¥
¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï áãé¥áâ¢ãîé¨å ¨ ¢−®¢ì á®§¤�¢�¥¬ëå �‘“,
�ˆ‘ ¨ â. ¯. �âáãâáâ¢¨¥ ¥¤¨−ëå ¨−ä®à¬�æ¨®−−ëå ¬®¤¥«¥© ¤�−−ëå ¢ à�§«¨ç−ëå
¤®¬¥−�å ¯à¥¤¬¥â−ëå ®¡«�áâ¥© ¨ ¥¤¨−®© ¬¥â®¤®«®£¨¨ ¨å ¯à¨¬¥−¥−¨ï ¨ ¢¥¤¥−¨ï
¯à¨¢®¤¨â ª â®¬ã, çâ® ã¯à�¢«ïîé¨¥ á¨áâ¥¬ë, á®§¤�−−ë¥ ¯®¤ âà¥¡®¢�−¨ï ª®−ªà¥â-
−®£® §�ª�§ç¨ª�, ¯à¨ ¯®¯ëâª¥ ¨−â¥£à�æ¨¨ âà¥¡ãîâ ¤®à�¡®â®ª, ¨−®£¤� áà�¢−¨¬ëå
¯® §�âà�â�¬ −� á®§¤�−¨¥ −®¢®© á¨áâ¥¬ë, çâ® ¯à¥¤áâ�¢«ï¥â áãé¥áâ¢¥−−ãî ãï§¢¨-
¬®áâì ˆ‘“.

�á−®¢−ë¬¨ à�§¤¥«�¬¨ â�ª®© ¬®¤¥«¨, ¢ ®¡é¥¬ á«ãç�¥ ¯à¥¤áâ�¢«ïîé¥© á®¡®©
á¥¬�−â¨ç¥áªãî á¥âì, ¬®£ãâ ï¢«ïâìáï: ª«�ááë áãé−®áâ¥©, ¯®§¢®«ïîé¨¥ ä®à¬¨-
à®¢�âì ¨¥à�àå¨ç¥áª¨¥ áâàãªâãàë (®¡¥á¯¥ç¨¢�îé¨¥ −�á«¥¤®¢�−¨¥ á¢®©áâ¢ ¢ ¨¥-
à�àå¨¨); áãé−®áâ¨ | ¢−¥è−¨¥ ®¡ê¥ªâë ¬®−¨â®à¨−£�, ¢−ãâà¥−−¨¥ ®¡ê¥ªâë ¬®−¨-
â®à¨−£�, ¯à®â¨¢®¤¥©áâ¢ãîé¨¥ à¥áãàáë, í«¥¬¥−âë ®ªàã¦�îé¥© áà¥¤ë, á¨áâ¥¬ë
ª®¬�−¤ ¨ á¨£−�«®¢, ¨−ä®à¬�æ¨®−−®-«¨−£¢¨áâ¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ (ª«�áá¨ä¨ª�-
â®àë, á¯à�¢®ç−¨ª¨, á«®¢�à¨ â¥à¬¨−®¢), á¨áâ¥¬� á«ã¦¥¡−®© ¤®ªã¬¥−â�æ¨¨.

�á−®¢ã ¯à®æ¥áá� ¨§¢«¥ç¥−¨ï áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨¨ ¨§ −¥áâàãª-
âãà¨à®¢�−−®£® â¥ªáâ� á®áâ�¢«ï¥â ®¯à¥¤¥«¥−¨¥ ¨ ¨¤¥−â¨ä¨ª�æ¨ï áãé−®áâ¥© ¨§
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Š«�áá¨ä¨ª�æ¨ï ãï§¢¨¬®áâ¥© ˆ‘“ −� à�−−¨å áâ�¤¨ïå ¦¨§−¥−−®£® æ¨ª«�

â¥ªáâ� −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥ ¨ ¢ëï¢«¥−¨¥ á¢ï§¥© ¬¥¦¤ã íâ¨¬¨ áãé−®áâï¬¨. Š�ª
¯à�¢¨«®, â�ª¨¥ ¬¥â®¤ë �−�«¨§� ®¯¨à�îâáï −� ä®à¬�«¨§®¢�−−ë¥ ¢ â®¬ ¨«¨ ¨−®¬
¢¨¤¥ §−�−¨ï ® ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ á¯¥æ¨�«¨§¨à®¢�−−ë¥ ¬¥â®¤ë ®¡à�¡®âª¨ ¨−-
ä®à¬�æ¨¨, à¥�«¨§®¢�−−ë¥ ¢ ¢¨¤¥ −�ãª®¥¬ª®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ®¯ëâ
á®§¤�−¨ï ¨ ¯à�ªâ¨ç¥áª®£® ¯à¨¬¥−¥−¨ï ª®â®à®£® −�ª®¯«¥− ¢ ”ˆ– [11, 12].

�¥à¥è¥−−ë¥ −�ãç−®-â¥å−¨ç¥áª¨¥ ¯à®¡«¥¬ë, ï¢«ïïáì ã£à®§®© ¤«ï à¥�«¨§�æ¨¨
®â¤¥«ì−ëå ªà¨â¨ç−ëå âà¥¡®¢�−¨© ª ˆ‘“, ¯®¤à�§¤¥«ïîâáï −� ¬�â¥¬�â¨ç¥áª¨¥,
¨−ä®à¬�æ¨®−−ë¥, â¥å−®«®£¨ç¥áª¨¥ ¨ â¥å−¨ç¥áª¨¥.

Š�ª ¯à¨¬¥à, ¬®¦−® ¯à¨¢¥áâ¨ ®á−®¢−ë¥ ¯à¥¯ïâáâ¢¨ï −� ¯ãâ¨ à�§¢¨â¨ï �‘“
¢®¥−−®£® −�§−�ç¥−¨ï ��’� â�ªâ¨ç¥áª®£® §¢¥−� ¨§ ª«�áá� ‘2 ¢ ª«�ááë ‘3 ¨ ‘4.
�® ¬−¥−¨î íªá¯¥àâ®¢ [3,5], â�ª®¢ë¬¨ ï¢«ïîâáï á«¥¤ãîé¨¥ −¥à¥è¥−−ë¥ −�ãç−®-
â¥å−¨ç¥áª¨¥ ¯à®¡«¥¬ë:

(1) ®âáãâáâ¢¨¥ ¬�â¥¬�â¨ç¥áª¨ ª®àà¥ªâ−ëå �«£®à¨â¬®¢ ®¯â¨¬¨§�æ¨¨ ¤¥©áâ¢¨©
¯®¤à�§¤¥«¥−¨© −� â�ªâ¨ç¥áª®¬ ãà®¢−¥ ¢¢¨¤ã ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨
¯à®æ¥áá®¢ ¨ ®£à®¬−®£® à�§−®®¡à�§¨ï ¯à¨¬¥−ï¥¬ëå á¯®á®¡®¢ ¨ ¯à¨¥¬®¢
¢ë¯®«−¥−¨ï ¡®¥¢ëå §�¤�ç;

(2) á«®¦−®áâì ¨§¢«¥ç¥−¨ï, ®¡à�¡®âª¨ ¨ �−�«¨§� ¤�−−ëå â�ªâ¨ç¥áª®© ®¡áâ�−®¢-
ª¨, ä®à¬�«¨§ã¥¬ëå ¢ ¢¨¤¥ ¡ëáâà® ¨§¬¥−ïîé¨åáï ¤¨−�¬¨ç¥áª¨å á¥¬�−â¨-
ç¥áª¨å á¥â¥© ¡®«ìè®£® ®¡ê¥¬�;

(3) −¥®¡å®¤¨¬®áâì ®¡à�¡®âª¨ ®â−®á¨â¥«ì−® ¡®«ìè®£® ª®«¨ç¥áâ¢� ¤�−−ëå ¢ ¥¤¨-
−¨æã ¢à¥¬¥−¨, ª®â®àë¥ ¯® á¢®¨¬ ®¡ê¥¬�¬ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯à¥¢ëè�îâ
¢®§¬®¦−®áâ¨ ¬�è¨−−®£® ®¡¥á¯¥ç¥−¨ï, ¨á¯®«ì§ã¥¬®£® ¢ â�ªâ¨ç¥áª®¬ §¢¥−¥
ã¯à�¢«¥−¨ï;

(4) á«®¦−®áâì á®§¤�−¨ï á�¬®®à£�−¨§ãîé¨åáï á¥â¥© á¢ï§¨ ¨ −�¤¥¦−ëå «®ª�«ì-
−ëå á¥â¥© (á¨áâ¥¬ ¯¥à¥¤�ç¨ ¤�−−ëå) ¬¥¦¤ã ¡®«ìè¨¬ ç¨á«®¬ ¢ëá®ª®¬®¡¨«ì-
−ëå ®¡ê¥ªâ®¢ ã¯à�¢«¥−¨ï, çâ® ï¢«ï¥âáï ª®¬¯«¥ªá−®© â¥å−¨ç¥áª®© ¨ â¥å−®-
«®£¨ç¥áª®© ¯à®¡«¥¬®©.

�®«ìè�ï ç�áâì íâ¨å ¯à®¡«¥¬ ¨¬¥¥â â¥®à¥â¨ç¥áª®¥ à¥è¥−¨¥ [10], ¨ áãé¥áâ¢ãîâ
¬�ª¥â−ë¥ ¢�à¨�−âë ¨å ¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨, ª®â®àë¥ âà¥¡ãîâ ¯®áâ�−®¢ª¨
á®®â¢¥âáâ¢ãîé¨å �Š÷.
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Abstract: The article deals with problematic issues of creating integrated man-
agement systems by combining the existing and future heterogeneous automated
control systems. It is important to identify and analyze potential vulnerabilities
in the implementation of these processes. Systematization of the threats and
vulnerabilities based on their proper classification will provide a complete and
coherent picture of the emerging situation in a large volume of work scheduled.
The article describes an attempt to create such a classification.
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ЗАПРЕТЫ ВЕРОЯТНОСТНЫХ МЕР
В ЗАДАЧЕ ПОИСКА ИНСАЙДЕРА

Е. А. Мартьянов1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¬®¤¥«ì ¤�−−ëå, á ª®â®àë¬¨ à�¡®â�¥â ª®−¥ç−®¥
¬−®¦¥áâ¢® �−�«¨â¨ª®¢. ‘à¥¤¨ �−�«¨â¨ª®¢ ¬®¦¥â ¡ëâì ¨−á�©¤¥à, ª®â®àë© §�
áç¥â ¤®áâã¯� ª §�¯à¥é¥−−ë¬ ¤«ï −¥£® ¤�−−ë¬ ¬®¦¥â −�−¥áâ¨ ãé¥à¡ ®à£�−¨§�-
æ¨¨. ÷�¡®â� ª�¦¤®£® �−�«¨â¨ª� ®¯¨áë¢�¥âáï á«ãç�©−®© ¯®á«¥¤®¢�â¥«ì−®áâìî
¢ë¡®à®ª ¤®¯ãáâ¨¬ëå ¤«ï −¥£® ¤�−−ëå. �¡à�é¥−¨¥ ª §�¯à¥é¥−−ë¬ ¤�−−ë¬
®¯¨áë¢�¥âáï §�¯à¥â�¬¨ ¢¥à®ïâ−®áâ−ëå ¬¥à, ®¯¨áë¢�îé¨å ç¥áâ−ãî à�¡®âã
�−�«¨â¨ª®¢. �à¥¤«®¦¥− ¬¥â®¤ ¯®áâà®¥−¨ï á«ãç�©−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥©
á §�¤�−−ë¬ ¬−®¦¥áâ¢®¬ §�¯à¥â®¢, ¯®§¢®«ïîé¨© ª®àà¥ªâ−® ¨á¯®«ì§®¢�âì â¥®-
à¨î §�¯à¥â®¢ ¨ ®¤−®§−�ç−® ¨¤¥−â¨ä¨æ¨à®¢�âì ¨−á�©¤¥à� §� ª®−¥ç−®¥ ç¨á«®
−�¡«î¤¥−¨© §� à�¡®â®© �−�«¨â¨ª®¢.

Š«îç¥¢ë¥ á«®¢�: ¨−á�©¤¥à; ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; â¥®à¨ï §�¯à¥â®¢
¢¥à®ïâ−®áâ−ëå ¬¥à; ¬�â¥¬�â¨ç¥áª�ï áâ�â¨áâ¨ª�

DOI: 10.14357/08696527170411

1 Введение

‚ à�¡®â¥ [1] à�áá¬�âà¨¢�¥âáï ¬®¤¥«ì áâ�â¨áâ¨ç¥áª®£® ¢ëï¢«¥−¨ï ¨−á�©¤¥à�
áà¥¤¨ ª®−¥ç−®£® ¬−®¦¥áâ¢� �−�«¨â¨ª®¢ §� áç¥â à�áè¨à¥−¨ï ¬−®¦¥áâ¢� �âà¨¡ãâ®¢
¨−ä®à¬�æ¨¨, ¨á¯®«ì§ã¥¬®© ¨−á�©¤¥à®¬.

‚ à�áá¬®âà¥−−®© ¬®¤¥«¨ [1] −¥ ¨á¯®«ì§®¢�«¨áì ¤�−−ë¥ ® á®¤¥à¦�−¨¨ ¨−ä®à-
¬�æ¨¨, ª®â®àãî ¯®«ãç�¥â �−�«¨â¨ª ¤«ï á¢®¥© à�¡®âë. ‚¬¥áâ¥ á â¥¬ á®¤¥à¦�−¨¥
−¥ª®â®àëå ¤�−−ëå ¬®¦¥â ¡ëâì §�¯à¥é¥−® ¤«ï ¤®áâã¯� �−�«¨â¨ª� ¤�¦¥ ¢ â¥å
�âà¨¡ãâ�å, ª®â®àë¥ ¤«ï −¥£® à�§à¥è¥−ë.

‚ ¤�−−®© à�¡®â¥ ®¡®¡é�¥âáï ¬®¤¥«ì à�¡®âë [1] ¢¢¥¤¥−¨¥¬ ¤®¯®«−¨â¥«ì−ëå
®£à�−¨ç¥−¨© −� ¤®áâã¯ ª á®¤¥à¦�−¨î ®¯à¥¤¥«¥−−ëå ¤�−−ëå, ¯à¨ íâ®¬ ¬−®¦¥-
áâ¢® ¤�−−ëå, ¢ ®â«¨ç¨¥ ®â ¬−®¦¥áâ¢� �âà¨¡ãâ®¢, ¬®¦¥â à�áè¨àïâìáï. �¥á¬®âàï
−� §−�ç¨â¥«ì−®¥ ãá«®¦−¥−¨¥ ®¯¨á�−¨ï ¢®§¬®¦−®áâ¥© ¨−á�©¤¥à�, ¯®áâà®¥− ª«�áá
¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨©, á®®â¢¥âáâ¢ãîé¨å à�¡®â¥ ç¥áâ−ëå �−�«¨â¨ª®¢.
÷�¡®â� ¨−á�©¤¥à� å�à�ªâ¥à¨§ã¥âáï §�¯à¥â�¬¨ ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨©,
®¯¨áë¢�îé¨å à�¡®âã ç¥áâ−ëå �−�«¨â¨ª®¢. ˆá¯®«ì§ãï à¥§ã«ìâ�âë â¥®à¨¨ §�-
¯à¥â®¢ ¢¥à®ïâ−®áâ−ëå ¬¥à, ¢ à�áá¬�âà¨¢�¥¬®© ®¡®¡é¥−−®© ¬®¤¥«¨ â�ª¦¥ ã¤�¥âáï
¤®ª�§�âì ¢®§¬®¦−®áâì ¢ëï¢«¥−¨ï ¨−á�©¤¥à�.

1Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. Œ. ‚. ‹®¬®−®á®¢�, ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®©
¬�â¥¬�â¨¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨, zhenya388@yandex.ru
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‡�¯à¥âë ¢¥à®ïâ−®áâ−ëå ¬¥à ¢ §�¤�ç¥ ¯®¨áª� ¨−á�©¤¥à�

2 Использование запретов вероятностных мер
для выявления инсайдера

�ãáâì A = {a1, . . . , am} | ¬−®¦¥áâ¢® �âà¨¡ãâ®¢ ¤�−−ëå, á®¡¨à�¥¬ëå ¢ åà�-
−¨«¨é¥. �¡®§−�ç¨¬ ç¥à¥§ ℜ | ¬−®¦¥áâ¢® ¢á¥å ¯®¤¬−®¦¥áâ¢ ¬−®¦¥áâ¢� A.
”ã−ªæ¨®−�«ì−ë¥ ®¡ï§�−−®áâ¨ �−�«¨â¨ª� U å�à�ªâ¥à¨§ãîâáï ¬−®¦¥áâ¢®¬ X =
= {X1, . . . ,Xk}, Xi ⊆ ℜ. �ã¤¥¬ áç¨â�âì, çâ® ¯®¤¬−®¦¥áâ¢� ¨§ X á®¤¥à¦�â
−¥ â®«ìª® �âà¨¡ãâë, ª®â®àë¥ ®¡ëç−® ¨á¯®«ì§ã¥â �−�«¨â¨ª U , −® ¨ ¢®§¬®¦-
−ë¥ ¤®¯®«−¨â¥«ì−ë¥ �âà¨¡ãâë, ª®â®àë¥ ¬®£ãâ ¯®âà¥¡®¢�âìáï ¯à¨ à¥è¥−¨¨ ¥£®

¯à®ä¥áá¨®−�«ì−®© §�¤�ç¨, ¨
k∪

i=1
Xi = B ⊂ A.

„�−−ë¥, −�ª�¯«¨¢�¥¬ë¥ ¢ ¡�§¥ ¤�−−ëå, ¯à¥¤áâ�¢«ïîâ á®¡®© ¬−®¦¥áâ¢®
áâà®ª, í«¥¬¥−â�¬¨ ª®â®àëå ï¢«ïîâáï §−�ç¥−¨ï á®®â¢¥âáâ¢ãîé¨å �âà¨¡ãâ®¢. �â®
¬−®¦¥áâ¢® áâà®ª ã¢¥«¨ç¨¢�¥âáï ¢ á®®â¢¥âáâ¢¨¨ á ¤¨áªà¥â−ë¬ ¢à¥¬¥−¥¬, ª®â®à®¥
¯à¨−¨¬�¥â §−�ç¥−¨ï ¢® ¬−®¦¥áâ¢¥ −�âãà�«ì−ëå ç¨á¥«. ’�ª¨¬ ®¡à�§®¬, ¢ ª�¦¤ë©
¬®¬¥−â ¢à¥¬¥−¨ n, n = 1, 2, . . ., ¤�−−ë¥ ¤«ï �−�«¨â¨ª®¢ ¯à¥¤áâ�¢«ïîâ á®¡®©
¬�âà¨æã (â�¡«¨æã) Mn. �−�«¨â¨ª U ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ n, n = 1, 2, . . .,
¢ë¡¨à�¥â −�¡®à �âà¨¡ãâ®¢ ¨§ X ¨ á®®â¢¥âáâ¢ãîé¨¥ ¨¬ ¤�−−ë¥ ¨§ ¬−®¦¥áâ¢�
T ∈ ℑn, £¤¥ ℑn | ¬−®¦¥áâ¢® ¢á¥å ¯®¤¬−®¦¥áâ¢ áâà®ª ¬�âà¨æë Mn.

‚¢¥¤¥−−ë¥ ¤«ï �−�«¨â¨ª� U ®£à�−¨ç¥−¨ï ¯® ¢ë¡®àã �âà¨¡ãâ®¢ ¤®¯®«−¨¬
®£à�−¨ç¥−¨ï¬¨ ¯® ¢ë¡®àã ¤�−−ëå ¨§ ¬�âà¨æë Mn. „«ï �−�«¨â¨ª� U ¢ ª�¦¤ë©
¬®¬¥−â ¢à¥¬¥−¨ n ¬®¦¥â ¡ëâì ¤®áâã¯−® ¬−®¦¥áâ¢® ¯®¤¬�âà¨æ Yn ¬�âà¨æë Mn.

�¡®§−�ç¨¬ ¬−®¦¥áâ¢® ¢á¥å ¯®¤¬�âà¨æ ¬�âà¨æë Mn ç¥à¥§ ℵn, ℵn = ℜ ×
× ℑn. �¯à¥¤¥«¨¬ ¤¥ª�àâ®¢® ¯à®¨§¢¥¤¥−¨¥ ℵn =

∏n
j=1 ℵj, ℵ∞ | ¬−®¦¥áâ¢®

¯®á«¥¤®¢�â¥«ì−®áâ¥© á í«¥¬¥−â�¬¨ ¨§ ℵn.
�¯à¥¤¥«¨¬ A ª�ª σ-�«£¥¡àã −� ℵ∞, ¯®à®¦¤¥−−ãî æ¨«¨−¤à¨ç¥áª¨¬¨ ¬−®-

¦¥áâ¢�¬¨. A â�ª¦¥ ï¢«ï¥âáï ¡®à¥«¥¢áª®© σ-�«£¥¡à®© ¢ â¨å®−®¢áª®¬ ¯à®¨§¢¥¤¥-
−¨¨ ℵ∞, £¤¥ ª�¦¤®¥ ℵn ¨¬¥¥â ¤¨áªà¥â−ãî â®¯®«®£¨î [2, 3].

÷�¡®âã �−�«¨â¨ª� ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ í«¥¬¥−-
â®¢ yn, n = 1, 2, . . ., ¬−®¦¥áâ¢ Yn. �ãáâì ¤«ï ª�¦¤®£® n ®¯à¥¤¥«¥−� ¢¥à®ïâ−®áâ-
−�ï ¬¥à� Pn −� ª®−¥ç−®¬ ¬−®¦¥áâ¢¥ ℵn. �ã¤¥¬ ¯à¥¤¯®«�£�âì, çâ® ¤«ï ¢á¥å n
¨ (y1, . . . , yn) ∈ ℵn ¬¥àë Pn ã¤®¢«¥â¢®àïîâ á®®â−®è¥−¨ï¬:

Pn (y1, . . . , yn) = Pn+1 (y1, . . . , yn,ℵn+1)

¨ Pn (y1, . . . , yn) = 0, ª®£¤� (y1, . . . , yn) /∈
∏n

i=1 Yi.
’®£¤� −� ¯à®áâà�−áâ¢¥ (ℵ∞,A) ®¯à¥¤¥«¥−� ¢¥à®ïâ−®áâ−�ï ¬¥à� P . �à¨ íâ®¬

¤«ï «î¡®£® n = 1, 2, . . . ¢¥à®ïâ−®áâ−®¥ à�á¯à¥¤¥«¥−¨¥ Pn ¥áâì ¯à®¥ªæ¨ï ¬¥àë P
−� ¯¥à¢ë¥ n ª®®à¤¨−�â á«ãç�©−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨§ ℵ∞. Ÿá−®, çâ® ¤«ï
«î¡®£® Cn ⊆ ℵn

Pn (Cn) = P (Cn × ℵ(n)) , (1)

£¤¥ ℵ(n) =∏∞
j=n+1 ℵj.
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�ãáâì Dn(P )| −®á¨â¥«ì ¬¥àë Pn [3]:

Dn(P ) = {ωn ∈ ℵn, Pn (ωn) > 0} .

�¯à¥¤¥«¨¬ æ¨«¨−¤à¨ç¥áª®¥ ¬−®¦¥áâ¢® –n(P ) á«¥¤ãîé¨¬ ®¡à�§®¬:

–n(P ) = Dn(P )× ℵ(n) .

�®á«¥¤®¢�â¥«ì−®áâì æ¨«¨−¤à¨ç¥áª¨å ¬−®¦¥áâ¢ –n(P ), n = 1, 2, . . ., | −¥-
¢®§à�áâ�îé�ï ¯®á«¥¤®¢�â¥«ì−®áâì [3], ¨

–(P ) = lim
n→∞

–n(P ) =
∞
⋂

n=1

–n(P ) .

–(P ) ï¢«ï¥âáï §�¬ª−ãâë¬ ¬−®¦¥áâ¢®¬ ¢ â¨å®−®¢áª®¬ ¯à®¨§¢¥¤¥−¨¨ ¨ ï¢«ï¥âáï
−®á¨â¥«¥¬ ¬¥àë P [3]. „«ï ç¥áâ−®£® �−�«¨â¨ª� –(P ) ⊆∏∞

i=1 Yi.
�ãáâì ωs ∈ ℵs ¨ “ωs−1 ¯®«ãç¥− ¨§ ωs ®â¡à�áë¢�−¨¥¬ ¯®á«¥¤−¥© ª®®à¤¨−�âë.

�¯à¥¤¥«¥−¨¥ 1. ‡�¯à¥â®¬ ¬¥àë Pn [4, 5] −�§ë¢�¥âáï ¢¥ªâ®à ωs ∈ ℵs, s ≤ n,
â�ª®© çâ®

Pn



ωs ×
n
∏

j=s+1

ℵj



 = 0 .

�¯à¥¤¥«¥−¨¥ 2. ‡�¯à¥âωs ¬¥àëPs ï¢«ï¥âáï −�¨¬¥−ìè¨¬ §�¯à¥â®¬ ¬¥àëP [4,5],
¥á«¨

Ps−1 (“ωs−1) > 0 .

�®ïá−¨¬ ¯®−ïâ¨¥ §�¯à¥â� ¢ à�áá¬�âà¨¢�¥¬®© áå¥¬¥. „«ï ª�¦¤®£® n ¢ ¬�â-
à¨æ¥ Mn ®¯à¥¤¥«¥− àï¤ áâ®«¡æ®¢ (�âà¨¡ãâ®¢), ï¢«ïîé¨åáï §�¯à¥é¥−−ë¬¨ ¤«ï
�−�«¨â¨ª� U , ¨ àï¤ ¯®¤áâà®ª (§−�ç¥−¨© à�§à¥è¥−−ëå ¤«ï ¤®áâã¯� �âà¨¡ãâ®¢),
¢ë§®¢ ª®â®àëå §�¯à¥é¥− ¤«ï �−�«¨â¨ª� U . ‹î¡®© ¢ë§®¢ ¤�−−ëå, á®¤¥à¦�é¨å
§�¯à¥é¥−−ë¥ �âà¨¡ãâë /̈̈ «¨ §−�ç¥−¨ï, ï¢«ï¥âáï −�àãè¥−¨¥¬ ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨ ¨ ®¯à¥¤¥«ï¥â §�¯à¥â −� è�£¥ n à�¡®âë �−�«¨â¨ª�. ’®£¤� §�¯à¥â
¢ ¬¥à¥ Pn | íâ® «î¡®© ¢¥ªâ®à, ª®â®àë© ¢ å®âï ¡ë ®¤−®© ª®®à¤¨−�â¥ k, k =
= 1, . . . , n, á®¤¥à¦¨â §�¯à¥â ¨§ á®®â¢¥âáâ¢ãîé¥© ¬�âà¨æë Mk.

…á«¨ ωs | §�¯à¥â ¬¥àë Pn, â®£¤� ¤«ï ¢á¥å s ≤ l ≤ n ¨ ¢á¥å ¯®á«¥¤®¢�â¥«ì-
−®áâ¥© ωl, −�ç¨−�îé¨åáï á ¯®á«¥¤®¢�â¥«ì−®áâ¨ ωs, ¨¬¥¥¬:

Pl (ωl) = 0 .

„¥©áâ¢¨â¥«ì−® [1], ¥á«¨ Ps(ωs) = 0, â® ¨§ (1) á«¥¤ã¥â, çâ®

P (ωs × ℵ(s)) = 0
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¨

P



ωs ×
l
∏

j=s+1

ℵj × ℵ(l)



 = 0 .

‘«¥¤®¢�â¥«ì−®,

Pl (ωl) = P (ωl × ℵ(l)) ≤ P



ωs ×
l
∏

j=s+1

ℵj × ℵ(l)



 = 0 .

…á«¨ áãé¥áâ¢ã¥â ¢¥ªâ®à ω ∈ ℵn â�ª®©, çâ® Pn(ω) = 0, â®£¤� áãé¥áâ¢ã-
¥â −�¨¬¥−ìè¨© §�¯à¥â, ª®â®àë© ®¯à¥¤¥«ï¥âáï §−�ç¥−¨ï¬¨ ¯¥à¢ëå ª®®à¤¨−�â
¢¥ªâ®à� ωn.

�® ®¯à¥¤¥«¥−¨î ¨−á�©¤¥à� ¢ «î¡®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¥£® ¤¥©áâ¢¨© ¤®«¦−®
¡ëâì ®¡à�é¥−¨¥ ª §�¯à¥é¥−−®© ¨−ä®à¬�æ¨¨. �â® ®§−�ç�¥â, çâ® ¢ «î¡®© ¯®á«¥¤®-
¢�â¥«ì−®áâ¨ ¤¥©áâ¢¨© ¨−á�©¤¥à� −�©¤¥âáï å®âï ¡ë ®¤¨− §�¯à¥â. �âáî¤� á«¥¤ã¥â,
çâ® ª�ª®¢� ¡ë −¨ ¡ë«� ¬¥à� Q, ®¯à¥¤¥«ïîé�ï ¯®á«¥¤®¢�â¥«ì−®áâì ¤¥©áâ¢¨©
¨−á�©¤¥à�, –(Q) ∩∏∞

i=1 Yi = ∅ ¨ â¥¬ ¡®«¥¥ –(Q) ∩ –(P ) = ∅, £¤¥ –(Q) |
−®á¨â¥«ì ¢¥à®ïâ−®áâ−®© ¬¥àë Q.

�âáî¤�, ¯à®¢¥àïï ¯®á«¥¤®¢�â¥«ì−®áâì £¨¯®â¥§ H0,n : Pn ¯à®â¨¢ �«ìâ¥à−�â¨¢
H1,n : Qn, n = 1, 2, . . ., ªà¨â¥à¨ï¬¨, ®á−®¢�−−ë¬¨ −� §�¯à¥â�å, ¨§ à�¡®âë [6]
á«¥¤ã¥â, çâ® ¢ëï¢«¥−¨¥ ¨−á�©¤¥à� ¯à®¨áå®¤¨â −� ª®−¥ç−®¬ è�£¥ á ¢¥à®ïâ−®áâìî 1,
¯à¨ íâ®¬ ¢¥à®ïâ−®áâì «®¦−®© âà¥¢®£¨ (¨¤¥−â¨ä¨ª�æ¨ï ç¥áâ−®£® �−�«¨â¨ª� ª�ª
¨−á�©¤¥à�) à�¢−� 0.

3 Заключение

�á−®¢−ë¬ à¥§ã«ìâ�â®¬ à�¡®âë ï¢«ï¥âáï ¯®áâà®¥−¨¥ ¬−®¦¥áâ¢� §�¯à¥â®¢ ¢ ¬®-
¤¥«¨ ¯®¢¥¤¥−¨ï ¨−á�©¤¥à�, ãç¨âë¢�îé¥¥ á«®¦−ë¥ ®£à�−¨ç¥−¨ï −� ¤¥ïâ¥«ì−®áâì
ç¥áâ−ëå �−�«¨â¨ª®¢.

„«ï à¥è¥−¨ï §�¤�ç¨ ¢ëï¢«¥−¨ï ¨−á�©¤¥à� áà¥¤¨ ¬−®¦¥áâ¢� �−�«¨â¨ª®¢ ¬®¦-
−® ¯à¨¬¥−ïâì áâ�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë, ®á−®¢�−−ë¥ −� §�¯à¥â�å. �à¨ íâ®¬ §�¯à¥âë
¬®£ãâ ®¯à¥¤¥«ïâìáï −¥ â®«ìª® ¬−®¦¥áâ¢�¬¨ ¤®¯ãáâ¨¬ëå �âà¨¡ãâ®¢ [1], −® â�ª¦¥
®£à�−¨ç¥−¨ï¬¨ −� ¢ë¡®à ¤�−−ëå ¨§ à�§à¥è¥−−ëå �âà¨¡ãâ®¢. ÷�§¬¥à ¨á¯®«ì§ã-
¥¬ëå ¤�−−ëå −� ª�¦¤®¬ è�£¥ ¬®¦¥â ã¢¥«¨ç¨¢�âìáï.
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Abstract: A data model for a common work of a finite set of analysts is considered.
Among analysts, there can be an insider who due to access to forbidden data
can cause damage to the organization. Operation of each analyst is described by
a random series of samples of data, admissible for him. The process of addressing
the forbidden data is described by bans of probability measures defining honest
operation of analysts. The method of definition of the set of bans which allows
to use the theory of bans correctly is constructed. It helps to identify the insider
by a finite number of observations over operations of analysts.
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ВЛИЯНИЕ ОШИБОК ПОЛЬЗОВАТЕЛЕЙ
НА ДИНАМИКУ КАЧЕСТВА СЕМАНТИЧЕСКОЙ СЕТИ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ®¯¨á�−¨î ¨ ®¡®á−®¢�−¨î ¯®¤å®¤� ª ¬®¤¥«¨à®-
¢�−¨î ®è¨¡®ª −¥§�¢¨á¨¬ëå ¯®«ì§®¢�â¥«¥© ¯à¨ ä®à¬¨à®¢�−¨¨ á¥¬�−â¨ç¥áª®©
á¥â¨, «¥¦�é¥© ¢ ®á−®¢¥ à�á¯à¥¤¥«¥−−®© â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨á-
â®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, ¨ ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª¥ áâ¥¯¥−¨ ¢«¨ï−¨ï ¤�−−ëå
®è¨¡®ª −� áâàãªâãàã á¥â¨. �à¥¤«®¦¥−−ë© ¯®¤å®¤ §�ª«îç�¥âáï ¢ à�§¢¨â¨¨
¬®¤¥«¨ á¥¬�−â¨ç¥áª®© á¥â¨, ¯®áâà®¥−−®© á ®¯®à®© −� ¯à¨−æ¨¯ë £à�ä®¤¨−�-
¬¨ª¨ ¨ −� ¬®¤¥«ì ��à�¡�è¨{�«ì¡¥àâ, §� áç¥â ¢ª«îç¥−¨ï ¢ −¥¥ ¬¥å�−¨§¬®¢
¯�à�««¥«ì−®© ä¨ªá�æ¨¨ ®è¨¡®ç−ëå ¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ ¡¥§®è¨¡®ç−ëå
(¨¤¥�«ì−ëå) ¤¥©áâ¢¨© ¯®«ì§®¢�â¥«¥©, � â�ª¦¥ ¬¥å�−¨§¬� ¨¬¨â�æ¨¨ ¯®¨áª®¢ëå
§�¯à®á®¢, ¢ë¯®«−ï¥¬ëå ¯�à�««¥«ì−® ¢ ¨áª�¦¥−−®© ¨ −¥¨áª�¦¥−−®© ¯®¤á¥-
âïå. ‚ à�¬ª�å íâ®£® ¯®¤å®¤� â�ª¦¥ ¡ë«� ¯à®¢¥¤¥−� ª«�áá¨ä¨ª�æ¨ï ®è¨¡®ª,
¢«¨ïîé¨å −� áâàãªâãàã á¥â¨, ¨ à�§à�¡®â�− ¨−â¥£à�«ì−ë© ¯®ª�§�â¥«ì ª�ç¥áâ¢�
á¥â¨. ‘ ¯®¬®éìî ¤�−−®© ¬®¤¥«¨ ¡ë«¨ ¯à®¢¥¤¥−ë íªá¯¥à¨¬¥−â�«ì−ë¥ ¯à®¢¥à-
ª¨ ¢«¨ï−¨ï ®è¨¡®ª ¯®«ì§®¢�â¥«¥© −� ª�ç¥áâ¢® á¥¬�−â¨ç¥áª®© á¥â¨ ¢ ¤¨−�¬¨ª¥.

Š«îç¥¢ë¥ á«®¢�: á¥¬�−â¨ç¥áª�ï á¥âì; ¬®¤¥«ì; ®è¨¡ª¨ ¯®«ì§®¢�â¥«¥©; ¯®¨á-
ª®¢ë© §�¯à®á; ª�ç¥áâ¢® á¥â¨
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1 Введение

‚ áâ�âì¥ [1] ¡ë«� ®¯¨á�−� −®¢�ï à�á¯à¥¤¥«¥−−�ï â¥å−®«®£¨ï ¯®¤¤¥à¦ª¨ ¨á-
â®à¨ª®-¡¨®£à�ä¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, ¤«ï ª®â®à®© ¡ë«� ®¡®á−®¢�−� ä®à¬� ®à-
£�−¨§�æ¨¨ ¨−ä®à¬�æ¨¨ ¢ ¢¨¤¥ á¥¬�−â¨ç¥áª®© á¥â¨. ‚ áâ�âì¥ [2] ¡ë«� ¯®áâ�¢«¥−�
¨ ®¡®á−®¢�−� §�¤�ç� ®æ¥−ª¨ ª�ç¥áâ¢� íâ®© á¥¬�−â¨ç¥áª®© á¥â¨, ä®à¬¨àã¥¬®©
®¤−®¢à¥¬¥−−® ¬−®¦¥áâ¢®¬ −¥ á¢ï§�−−ëå ¬¥¦¤ã á®¡®© ¨áá«¥¤®¢�â¥«¥©. �ë«�
®¯¨á�−� ¬®¤¥«ì, á ¯®¬®éìî ª®â®à®© ¬®¦−® ¢ ¤¨−�¬¨ª¥ ¨§ãç¨âì á¢®©áâ¢� ¨−-
ä®à¬�æ¨¨, ®à£�−¨§®¢�−−®© ¢ ä®à¬¥ á¥¬�−â¨ç¥áª®© á¥â¨. Œ®¤¥«ì áâà®¨âáï −�
¡�§¥ á®ç¥â�−¨ï ¯à¨−æ¨¯®¢ £à�ä®¤¨−�¬¨ª¨ [3] á ¯à¨−æ¨¯®¬ ¯à¥¤¯®çâ¨â¥«ì−®£®
¯à¨á®¥¤¨−¥−¨ï, «¥¦�é¨¬ ¢ ®á−®¢¥ ¬®¤¥«¨ ��à�¡�è¨{�«ì¡¥àâ, | �«£®à¨â¬®¬ £¥-
−¥à�æ¨¨ á«ãç�©−ëå ¡¥§¬�áèâ�¡−ëå á¥â¥© [4]. �ë«® ¯®ª�§�−® á®®â¢¥âáâ¢¨¥ ¬®¤¥«¨

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

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, Volkov@amsd.com
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¯à¨§−�ª�¬ ª®£−¨â¨¢−®© á¥â¨ [5] ¨, á«¥¤®¢�â¥«ì−®, ¥¥ ¯à¨£®¤−®áâì ¤«ï à¥è¥−¨ï
¯®áâ�¢«¥−−®© §�¤�ç¨ | ¨§ãç¥−¨ï ¯®¢¥¤¥−¨ï á¥¬�−â¨ç¥áª®© á¥â¨ ¢ ¤¨−�¬¨ª¥. �®-
áª®«ìªã ®á−®¢−�ï §�¤�ç� á¨áâ¥¬ë | ®¡á«ã¦¨¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå §�¯à®á®¢,
¤«ï ®æ¥−ª¨ ª�ç¥áâ¢� á¥â¨ ¬®¤¥«ì ¡ë«� ¤®¯®«−¥−� ¬¥å�−¨§¬®¬ ¨¬¨â�æ¨¨ ®è¨¡®ª
¯®«ì§®¢�â¥«¥©, ¬¥å�−¨§¬®¬ ¯�à�««¥«ì−®£® åà�−¥−¨ï ¨áª�¦¥−−®© ¨ −¥¨áª�¦¥−-
−®© ¨−ä®à¬�æ¨¨ ¨ ¬¥å�−¨§¬®¬ ¨¬¨â�æ¨¨ ¯®«ì§®¢�â¥«ìáª¨å ¨−ä®à¬�æ¨®−−ëå
§�¯à®á®¢.

–¥«ìî −�áâ®ïé¥© áâ�âì¨ ï¢«ï¥âáï ®¡®á−®¢�−¨¥ ¨ ®¯¨á�−¨¥ á®®â¢¥âáâ¢ãîé¥©
¬®¤¨ä¨ª�æ¨¨ ¬®¤¥«¨, ¢ëà�¡®âª� ªà¨â¥à¨ï ª�ç¥áâ¢� á¥â¨ ¨ ¯à®¢¥¤¥−¨¥ ¯à®¢¥à®ª
¨§¬¥−¥−¨ï ¯®¨áª®¢®© ¤®áâã¯−®áâ¨ ¨−ä®à¬�æ¨¨ ¢ ¤¨−�¬¨ª¥.

‚ ¤�−−®© áâ�âì¥ ¨á¯®«ì§ãîâáï ¯®−ïâ¨ï ¨ â¥à¬¨−ë ¢ á®®â¢¥âáâ¢¨¨ á [2].

2 Ошибки пользователей

�à¨ ¬®¤¥«¨à®¢�−¨¨ ®è¨¡®ç−®£® ¯®¢¥¤¥−¨ï ¯®«ì§®¢�â¥«¥© −¥®¡å®¤¨¬® ®£à�-
−¨ç¨âì ªàã£ à�áá¬�âà¨¢�¥¬ëå ®è¨¡®ª. ‚ íªá¯¥à¨¬¥−â�«ì−®© ¯á¨å®«®£¨¨ à�§-
«¨ç�îâ á«¥¤ãîé¨¥ ¢¨¤ë ®è¨¡®ª: ®è¨¡ª¨ ¢®á¯à¨ïâ¨ï, ®è¨¡ª¨ ¯�¬ïâ¨, ®è¨¡ª¨
¬ëè«¥−¨ï ¨ ®è¨¡ª¨ ¢−¨¬�−¨ï [6]. �è¨¡ª¨ ¯�¬ïâ¨, ¬ëè«¥−¨ï ¨ ¢−¨¬�−¨ï ï¢«ï-
îâáï á«ãç�©−ë¬¨, ¢®§¬®¦−ë ¯à¨ à�¡®â¥ ¯®«ì§®¢�â¥«ï ¢ «î¡®© á¨áâ¥¬¥ ¨ ¯à¨
«î¡®© ¥¥ ®à£�−¨§�æ¨¨ ¨ ®¯à¥¤¥«ïîâáï ¨áª«îç¨â¥«ì−® ¯á¨å®«®£¨¥© ¯®«ì§®¢�â¥«ï.
�®áª®«ìªã ¯à®æ¥−â â�ª¨å ®è¨¡®ª ªà�©−¥ ¬�« [7], ¯à¥¤áâ�¢«ï¥âáï æ¥«¥á®®¡à�§−ë¬
®£à�−¨ç¨âìáï à�áá¬®âà¥−¨¥¬ â®«ìª® ®è¨¡®ª ¢®á¯à¨ïâ¨ï, ¯®áª®«ìªã ®−¨ ¬®£ãâ
¯à®¢®æ¨à®¢�âìáï áâàãªâãà®© ¤�−−ëå.

�è¨¡ª¨, ¢«¨ïîé¨¥ −� áâàãªâãàã ¤�−−ëå (�‘„), | íâ® ¯à¥¦¤¥ ¢á¥£® ®è¨¡ª¨
ä®à¬¨à®¢�−¨ï ¯®¤á¥â¨ ¯®−ïâ¨©. �è¨¡ª¨ ä®à¬¨à®¢�−¨ï íª§¥¬¯«ïà� ¬®£ãâ ¯à¨-
¢¥áâ¨ ª §�âàã¤−¥−¨î ª®àà¥ªâ−®£® ¯®¨áª� â®«ìª® íâ®£® íª§¥¬¯«ïà� ¨ −¥ ï¢«ïîâáï
�‘„, §� ¨áª«îç¥−¨¥¬ ®è¨¡®ª á¢ï§¥© â¨¯� úç�áâìû.

�®¬¨¬® �‘„ ¯®¤«¥¦�â ¨§ãç¥−¨î ®è¨¡ª¨, ¢«¨ïîé¨¥ −� ä®à¬¨à®¢�−¨¥
¨−ä®à¬�æ¨®−−®£® §�¯à®á�, ¯®áª®«ìªã ®−¨, ª�ª ¨ �‘„, ¢«¨ïîâ −� ¢®§¬®¦−®áâì
¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨ ®â á¥¬�−â¨ç¥áª®© á¥â¨.

‘�¬�ï £«�¢−�ï ¯à¨ç¨−� ¨áª�¦¥−¨ï áâàãªâãàë ¤�−−ëå | íâ® â�ª®¥ ¯à®ï¢«¥-
−¨¥ ®è¨¡ª¨ ¢®á¯à¨ïâ¨ï, ª�ª ®è¨¡ª� ¢ë¡®à�, ¢®§−¨ª�îé�ï ¯à¨ −¥®¡å®¤¨¬®áâ¨
¢ë¡®à� í«¥¬¥−â� ¨§ ¬−®¦¥áâ¢� ®¤−®â¨¯−ëå. ’�ª�ï ®è¨¡ª� ¬®¦¥â ¯à¨¢¥áâ¨ ª�ª
ª ®è¨¡®ç−®¬ã ¤ã¡«¨à®¢�−¨î −¥−�©¤¥−−®£® í«¥¬¥−â�, â�ª ¨, ¢ á«ãç�¥ ¯®áâà®¥−¨ï
âà�¥ªâ®à¨¨ ¢ á¥â¨ ¯®−ïâ¨©, ª ®è¨¡®ç−®¬ã ®¡àë¢ã âà�¥ªâ®à¨¨. ‚¥à®ïâ−®áâì
®è¨¡ª¨ ¢ë¡®à� §�¢¨á¨â ®â à�§¬¥à� ¬−®¦¥áâ¢�. �ã¤¥¬ áç¨â�âì, çâ®, ª®£¤� ª®«¨-
ç¥áâ¢® í«¥¬¥−â®¢ −¥¢¥«¨ª® (¢ ¯à¥¤¥«�å ®¡ê¥¬� ¢−¨¬�−¨ï Vattn [8]), ¢¥à®ïâ−®áâì
®è¨¡ª¨ −¥§−�ç¨â¥«ì−� (¬¥−¥¥ 0,0001) ¨ ¬®¦¥â −¥ ãç¨âë¢�âìáï ¢ ¬®¤¥«¨, � ¯®
¬¥à¥ à®áâ� ç¨á«� í«¥¬¥−â®¢ ¯«�¢−® ¯à¨¡«¨¦�¥âáï ª −¥ª®â®à®¬ã ¯à¥¤¥«ì−®¬ã
§−�ç¥−¨î, ª®â®à®¥ ¬®¦¥â ¡ëâì ®æ¥−¥−® ª�ª 0,01 [9].

�â«¨ç¨â¥«ì−®© ç¥àâ®© ®è¨¡ª¨ ¢ë¡®à� ï¢«ï¥âáï −�«¨ç¨¥ ¥¥ ï¢−®© �«ìâ¥à−�-
â¨¢ë. �â® −¥ â�ª ¤«ï á«¥¤ãîé¥© ª�â¥£®à¨¨ ®è¨¡®ª: ®è¨¡®ª ¨¥à�àå¨¨ ¯®−ïâ¨©,
ä®à¬¨àã¥¬®© á ¯®¬®éìî «®£¨ç¥áª®© ®¯¥à�æ¨¨ ¤¥«¥−¨ï ¯®−ïâ¨©. „¥«¥−¨¥ ¤®«¦−®
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¯à®¢®¤¨âìáï ¯® ®¤−®¬ã ®á−®¢�−¨î, ¤¥«¥−¨¥ ¤®«¦−® ¡ëâì ¯®«−ë¬, ¯®á«¥¤®¢�-
â¥«ì−ë¬ ¨ à¥§ã«ìâ�âë ¤¥«¥−¨ï −¥ ¤®«¦−ë ¯¥à¥á¥ª�âìáï [10]. ��àãè¥−¨¥ íâ¨å
¯à¨−æ¨¯®¢ (ªà®¬¥ âà¥¡®¢�−¨ï ¯®«−®âë) ¯à¨¢®¤¨â ª ®è¨¡ª¥, §�âàã¤−ïîé¥© ¯®¨áª
¨−ä®à¬�æ¨¨. �à¨ íâ®¬ ï¢−�ï �«ìâ¥à−�â¨¢� ®è¨¡®ç−®¬ã ¤¥©áâ¢¨î ®âáãâáâ¢ã¥â.

3 Определения и обозначения

�âà¨¡ãâ, ¨¬¥îé¨© ¯®¤ á®¡®© ¤¥à¥¢® ¯®¤¯®−ïâ¨©, ¡ã¤¥¬ −�§ë¢�âì „-�âà¨-
¡ãâ®¬, â¥à¬¨−�«ì−ë© �âà¨¡ãâ | ’-�âà¨¡ãâ®¬, �âà¨¡ãâ á® á¢ï§ìî ú§−�ç¥−¨¥û
(‡-á¢ï§ì) | ‡-�âà¨¡ãâ®¬. ‘¢ï§ì â¨¯� ú¯®¤¯®−ïâ¨¥û ¡ã¤¥¬ −�§ë¢�âì �-á¢ï§ìî,
á¢ï§ì â¨¯� úç�áâìû | —-á¢ï§ìî. ’¨¯ ã§«� ‘ ®¡®§−�ç¨¬ ª�ª Type(‘), â¨¯
á¢ï§¨ β | ª�ª Type(β).

“§¥«, ¨¬¥îé¨© ¢å®¤ïéãî �-á¢ï§ì, ¡ã¤¥¬ −�§ë¢�âì ¨¥à�àå¨ç¥áª¨¬. Œ−®-
¦¥áâ¢® ¨¥à�àå¨ç¥áª¨å ã§«®¢ ¨ ª®à−¥© ¨¥à�àå¨¨ ¡ã¤¥¬ ®¡®§−�ç�âì ª�ª �Y . …á«¨
A ∈ �Y , â® ç¥à¥§ D(A) ¡ã¤¥¬ ®¡®§−�ç�âì ¯®¤¤¥à¥¢® ¨¥à�àå¨¨ á ª®à−¥¬ ¢ A.

‘¢ï§ì α ®â ã§«� A ª ã§«ã B ¡ã¤¥¬ ®¡®§−�ç�âì ª�ª α(A → B). „®¯®«-
−¨â¥«ì−® ¢¢¥¤¥¬ −®¢ë© â¨¯ á¢ï§¨ ProtoOf, á¢ï§ë¢�îé¨© ®è¨¡®ç−® á®§¤�−−ë©
−¥¨¥à�àå¨ç¥áª¨© ã§¥« B á −¥¨¥à�àå¨ç¥áª¨¬ ã§«®¬ A, ª®â®àë© ¤®«¦¥− ¡ë« ¡ë
¨á¯®«ì§®¢�âìáï ¢¬¥áâ® −¥£®, ¥á«¨ ¡ë ®è¨¡ª¨ −¥ ¡ë«®. ‚ íâ®¬ á«ãç�¥ ¡ã¤¥¬
−�§ë¢�âì ã§¥« A ¯à®â®â¨¯®¬ ã§«� B.

“ ®è¨¡®ç−® á®§¤�−−®£® ¨¥à�àå¨ç¥áª®£® ã§«� −¥ ¬®¦¥â ¡ëâì ¯à®â®â¨¯�,
¯®íâ®¬ã ¤®¯®«−¨â¥«ì−® ¢¢®¤¨âáï á¢ï§ì â¨¯� ProtoTrace, ª®â®à�ï á«ã¦¨â ¤«ï
á¢ï§¨ íª§¥¬¯«ïà� �-¯®−ïâ¨ï á ®â¤¥«ì−ë¬¨ ã§«�¬¨ ¨å ¤¥à¥¢ì¥¢, ª®â®àë¥ ¤®«¦−ë
¡ë«¨ ¡ë ¯à¨−�¤«¥¦�âì íª§¥¬¯«ïàã, ¥á«¨ ¡ë ®è¨¡ª¨ −¥ ¡ë«®.

“ «î¡®£® ®¡ê¥ªâ� (ã§«� ¨«¨ á¢ï§¨) ¥áâì �âà¨¡ãâ Rank, ¯à¨−¨¬�îé¨© §−�ç¥-
−¨ï R (à¥�«ì−ë©), I (¨¤¥�«ì−ë©) ¨ RI (à¥�«ì−ë© ¨ ¨¤¥�«ì−ë©). �ª§¥¬¯«ïàë ¨ ¨å
á¢ï§¨ (ªà®¬¥ —-á¢ï§¥©) −�á«¥¤ãîâ Rank ¨§ á¥â¨ ¯®−ïâ¨©.

…á«¨ A | �-¯®−ïâ¨¥ ¨«¨ �-¯®−ïâ¨¥, â® Rank(A) 6= I.
‹î¡®© −¥¨¥à�àå¨ç¥áª¨© ã§¥« A á Rank(A) = R ¤®«¦¥− ¨¬¥âì á¢ï§ì ProtoOf

á® á¢®¨¬ ¯à®â®â¨¯®¬ B: Rank (B) ∈ {I,RI}. �ã¤¥¬ £®¢®à¨âì B = Proto (A).
…á«¨ Rank (A) ∈ {I,RI}, â® A = Proto (A). …á«¨ M = {Bi} | ¬−®¦¥áâ¢®
ã§«®¢, â® ¯®¤ Proto(M) ¡ã¤¥¬ ¯®−¨¬�âì ¬−®¦¥áâ¢® {Proto (Bi)}.

„«ï «î¡®£® −¥¨¥à�àå¨ç¥áª®£® ã§«� A áãé¥áâ¢ã¥â ¬−®¦¥áâ¢® ã§«®¢

{Ai : Proto (Ai) = Proto (A)} .

�¡®§−�ç¨¬ íâ® ¬−®¦¥áâ¢® ª�ª Gr (A).
�¯à¥¤¥«¨¬ ®¯¥à�æ¨î ãáâ�−®¢«¥−¨ï á¢ï§¨ α (Type (α) = t 6= ProtoOf) ®â

−¥¨¥à�àå¨ç¥áª®£® ã§«� A ª −¥¨¥à�àå¨ç¥áª®¬ã ã§«ã B: Set : α(t, A→ B).

1. …á«¨ Rank (A) = Rank (B) = RI, â® ãáâ�−�¢«¨¢�¥âáï α(A → B),
Rank (α) = RI.
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2. …á«¨ Rank (A) = R ¨«¨ Rank (B) = R, â® ãáâ�−�¢«¨¢�îâáï á¢ï§¨ α(A →
→ B) ¨ α1(Proto (A) → Proto (B)), £¤¥ Rank (α) = R, Rank (α1) = I,
Type (α1) = Type (α).

�−�«®£¨ç−® ®¯à¥¤¥«¨¬ ®¯¥à�æ¨î ã¤�«¥−¨ï á¢ï§¨ Rem : α.
…á«¨ A ∈ �Y (â. ¥. A ï¢«ï¥âáï ã§«®¬ −¥ª®â®à®£® ¤¥à¥¢� D), â® ã§«®¬ ¡¨äãàª�-

æ¨¨ ¤«ï A ¡ã¤¥¬ −�§ë¢�âì ¡«¨¦�©è¨© ª −¥¬ã ¢ëè¥«¥¦�é¨© ã§¥« AD ¤¥à¥¢� D,
ã¤®¢«¥â¢®àïîé¨© ®¤−®¬ã ¨§ á«¥¤ãîé¨å ãá«®¢¨©:

{ AD ¨¬¥¥â ¨áå®¤ïé¨¥ �-á¢ï§¨ −� ã§«ë á à�§«¨ç−ë¬ Rank;

{ AD | ª®à−¥¢®© ã§¥« D ¨ Proto (AD) = AD1 6= AD;

{ AD | „-�âà¨¡ãâ, Proto (AD) = AD1 | ‡-�âà¨¡ãâ, á¢ï§�−−ë© á �-¯®−ï-
â¨¥¬.

�¡®§−�ç¨¬ ã§¥« ¡¨äãàª�æ¨¨ ¤«ï ã§«� A ª�ª Fork (A). ‘®¢®ªã¯−®áâì ¢á¥å
ã§«®¢ ¡¨äãàª�æ¨¨ ¤«ï ã§«®¢ −¥ª®â®à®£® ¤¥à¥¢� D ®¡®§−�ç¨¬ ª�ª Fork (D).
�¥ ¤«ï ª�¦¤®£® ã§«� D áãé¥áâ¢ã¥â ã§¥« ¡¨äãàª�æ¨¨, ¨ ¢ −¥ª®â®àëå á«ãç�ïå
Fork (D) ¬®¦¥â ¡ëâì ¯ãáâ®.

�¯à¥¤¥«¨¬ ã§¥« Fork′(A), á®¯àï¦¥−−ë© á Fork (A):

(1) ¥á«¨ Fork (A) ¨¬¥¥â ¨áå®¤ïé¨¥ �-á¢ï§¨ −� ã§«ë á à�§«¨ç−ë¬ Rank, â®
Fork′(A) = Fork (A);

(2) ¥á«¨ Fork (A) | ª®à−¥¢®© ã§¥« D ¨ Proto (Fork (A)) 6= Fork (A), â®
Fork′(A) = Proto (Fork (A));

(3) ¥á«¨ Fork (A) | „-�âà¨¡ãâ, Proto (Fork (A)) | ‡-�âà¨¡ãâ, á¢ï§�−−ë©
‡-á¢ï§ìî á �-¯®−ïâ¨¥¬ AZ, â® Fork′(A) = AZ.

…á«¨ A ∈ �Y , â® ®¡®§−�ç¨¬ ª�ª DI(A) ¯®¤¤¥à¥¢® ¨§ ¢á¥å −¨¦¥«¥¦�é¨å ¤«ï
ã§«� A ã§«®¢, ¨¬¥îé¨å Rank = RI (Rank I ¤«ï ¨¥à�àå¨ç¥áª¨å ã§«®¢ −¥¢®§¬®-
¦¥−). �−�«®£¨ç−® ®¡®§−�ç¨¬ ç¥à¥§ DR(A) ¯®¤¤¥à¥¢® ¨§ ¢á¥å −¨¦¥«¥¦�é¨å ¤«ï
ã§«� A ã§«®¢, ¨¬¥îé¨å Rank = R ¨«¨ RI.

4 Новые операции над семантической сетью модели

4.1 Дублирование понятия

‚¢¥¤¥¬ ¯à®æ¥¤ãàã ¤ã¡«¨à®¢�−¨ï �-¯®−ïâ¨ï A ¢ á®®â¢¥âáâ¢¨¨ á® á«¥¤ãîé¨¬
�«£®à¨â¬®¬.

1. ‘®§¤�¥âáï −®¢®¥ �-¯®−ïâ¨¥ B: Rank(B) = R, á¢ï§ë¢�¥âáï á¢ï§ìî ProtoOf
á Proto (A), â. ¥. Proto (A) = Proto(B).

2. ‘à¥¤¨ �âà¨¡ãâ®¢ Proto (A) ¢ë¡¨à�¥âáï á«ãç�©−®¥ ¯®¤¬−®¦¥áâ¢® M .

3. „«ï ª�¦¤®£® �âà¨¡ãâ� OAi ∈ M á®§¤�¥âáï �âà¨¡ãâ OBi ¯®−ïâ¨ï B:
Rank(OBi) = R, Proto(OAi) = Proto(OBi). ‚ §�¢¨á¨¬®áâ¨ ®â â¨¯� OAi

¤�«¥¥ −�¤ OBi ¢ë¯®«−ïîâáï á«¥¤ãîé¨¥ ¤¥©áâ¢¨ï:
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4. …á«¨ Type (OAi) = ú’û, â® ¤�«ì−¥©è¨¥ ¤¥©áâ¢¨ï −�¤ OBi −¥ âà¥¡ãîâáï.

5. …á«¨ Type (OAi) = ú„û, â® ª OBi ¯à¨á®¥¤¨−ï¥âáï á«ãç�©−®¥ ¤¥à¥¢® D =
= {Dj}: Rank (Dj) = R.

6. …á«¨ Type (OAi) = ú‡û ¨ ¥á«¨ ¯à¨ íâ®¬ OAi ¨¬¥¥â ®¤−ã ‡-á¢ï§ì α á ¯®-
−ïâ¨¥¬ ZA (Rank (α) = RI), â® OBi â�ª¦¥ á¢ï§ë¢�¥âáï á ZA ‡-á¢ï§ìî β:
Rank (β) = R. � ¥á«¨ OAi ¨¬¥¥â ¤¢¥ ‡-á¢ï§¨: α1 á ¯®−ïâ¨¥¬ ZA1
(Rank (α1) = R) ¨ α2 á ¯®−ïâ¨¥¬ ZA2 (Rank (α2) = I), â® OBi á¢ï§ë¢�¥âáï
á ZA1 ‡-á¢ï§ìî β: Rank (β) = R.

‚¢¥¤¥¬ ¯à®æ¥¤ãàã ¤ã¡«¨à®¢�−¨ï �-¯®−ïâ¨ï A ¢ á®®â¢¥âáâ¢¨¨ á® á«¥¤ãîé¨¬
�«£®à¨â¬®¬:

1. ‘®§¤�¥âáï −®¢®¥ �-¯®−ïâ¨¥ B: Rank (B) = R, Proto (A) = Proto (B).

2. Š B ¯à¨á®¥¤¨−ï¥âáï á«ãç�©−®¥ ¤¥à¥¢® D = {Dj} : Rank(Dj) = R.

�à®æ¥¤ãàã ¤ã¡«¨à®¢�−¨ï ¯®−ïâ¨ï ¡ã¤¥¬ ®¡®§−�ç�âì B = Dub (A).

4.2 Добавление нового атрибута данного типа к Н-понятию

…á«¨A| �-¯®−ïâ¨¥, OA | ¤®¡�¢«ï¥¬ë© �âà¨¡ãâ (á ¤¥à¥¢®¬D, ¥á«¨ OA |
„-�âà¨¡ãâ ¨ á ‡-á¢ï§ìî β −� ¯®−ïâ¨¥ ZA, ¥á«¨ OA | ‡-�âà¨¡ãâ) ¨:

(1) ¥á«¨ A = Proto (A), â® Rank (OA) = Rank (A);

(2) ¥á«¨ Proto (A) = A1 6= A, â® ¯ãáâì k1 | ç¨á«® �âà¨¡ãâ®¢ íâ®£® â¨¯� ã A1,
� k | ç¨á«® �âà¨¡ãâ®¢ íâ®£® ¦¥ â¨¯� ã A (¢á¥ ®−¨ á¢ï§�−ë á á®®â¢¥âáâ¢ãî-
é¨¬¨ �âà¨¡ãâ�¬¨ A1 á¢ï§ï¬¨ ProtoOf). �¯à¥¤¥«¨¬ ¢¥à®ïâ−®áâì v:

v =







1 , k1 = 0 ;
k

k1
, k1 6= 0 .

‘ ¢¥à®ïâ−®áâìî v ¤®¡�¢¨¬ −®¢ë© �âà¨¡ãâ OA1 â®£® ¦¥ â¨¯� ª A1 (á ¤¥à¥-
¢®¬ D1, ¥á«¨ OA | „-�âà¨¡ãâ, ¨ á ‡-á¢ï§ìî −� ¯®−ïâ¨¥ Proto (ZA), ¥á«¨
�� | ‡-�âà¨¡ãâ).Rank (OA1) = I. �«ìâ¥à−�â¨¢�: áà¥¤¨ �âà¨¡ãâ®¢A1 â®£®
¦¥ â¨¯�, ¤«ï ª®â®àëå −¥ áãé¥áâ¢ã¥â �âà¨¡ãâ� A, á¢ï§�−−®£® á −¨¬ á¢ï§ìî
ProtoOf, ¢ë¡¨à�¥¬ á«ãç�©−ë¬ ®¡à�§®¬ �âà¨¡ãâ ��1.
Š A ¤®¡�¢«ï¥âáï �âà¨¡ãâ OA. Rank (OA) = Rank (A). �âà¨¡ãâë ��
¨ ��1 á®¥¤¨−ïîâáï á¢ï§ìî ProtoOf (OA1 = Proto(OA));

(3) ¥á«¨ �� | ‡-�âà¨¡ãâ, ¢ë¯®«−ï¥âáï Set : β(ú‡û,OA → ZA). �¯¥à�æ¨î
¤®¡�¢«¥−¨ï �âà¨¡ãâ� ®¡®§−�ç¨¬ ª�ª OA ⇒ A ¨«¨ OA( ) ⇒ A ¤«ï ’-�âà¨-
¡ãâ�, OA(D)⇒ A ¤«ï „-�âà¨¡ãâ� ¨ OA(β,ZA)⇒ A ¤«ï ‡-�âà¨¡ãâ�.
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4.3 Добавление поддерева к дереву Д-атрибута или А-понятия

�ãáâì A | „-�âà¨¡ãâ ¨«¨ �-¯®−ïâ¨¥, D0 = D(A). �¡®§−�ç�âì ®¯¥à�æ¨î
¯à¨á®¥¤¨−¥−¨ï á«ãç�©−®£® ¯®¤¤¥à¥¢� D ª D0 ¡ã¤¥¬ ª�ª D ⇒ D0.

‚ DR(A) ¢ë¡¨à�¥âáï á«ãç�©−ë© ã§¥« D ¯® ¯à¨−æ¨¯ã ¯à¥¨¬ãé¥áâ¢¥−−®-
£® ¯à¨á®¥¤¨−¥−¨ï: ¢¥à®ïâ−®áâì ¯à¨á®¥¤¨−¥−¨ï ª ã§«ã ¯à®¯®àæ¨®−�«ì−� ç¨á«ã
�-á¢ï§¥© ã§«�.

�à¨ ¯à¨á®¥¤¨−¥−¨¨ Rank ã§«®¢ D −�á«¥¤ã¥âáï ®â DA.

4.4 Построение траектории в дереве

�â ¨¥à�àå¨ç¥áª®© áâàãªâãàë ¯®−ïâ¨© íª§¥¬¯«ïà −�á«¥¤ã¥â ®¤−® á®®â¢¥âáâ¢ã-
îé¥¥ ¥¬ã ¯®−ïâ¨¥, ª®â®à®¥ §�¤�¥âáï âà�¥ªâ®à¨¥© ®â ª®à−¥¢®£® ¯®−ïâ¨ï ª −�á«¥-
¤ã¥¬®¬ã. ’�ª, ®¯¥à�æ¨î ¯®áâà®¥−¨ï á«ãç�©−®© âà�¥ªâ®à¨¨ T ¢ ¤¥à¥¢¥ D ¡ã¤¥¬
®¡®§−�ç�âì ª�ª T = Trace (D). Š®−¥ç−ë© ã§¥« âà�¥ªâ®à¨¨ ®¡®§−�ç¨¬ End (T ).
—¨á«® ã§«®¢ ¢ ¤¥à¥¢¥D ®¡®§−�ç¨¬ ª�ª η(D), � ç¨á«® íª§¥¬¯«ïà®¢, á¢ï§�−−ëå (−¥
á¢ï§ï¬¨ â¨¯� ProtoTrace) á ã§«�¬¨ D ®¡®§−�ç¨¬ ª�ª ξ(D). —¨á«® íª§¥¬¯«ïà®¢,
á¢ï§�−−ëå á¢ï§ï¬¨ â¨¯� ProtoTrace á ã§«�¬¨ D, ®¡®§−�ç¨¬ ª�ª µ(D).

�®áâà®¥−¨¥ âà�¥ªâ®à¨¨ ®áãé¥áâ¢«ï¥âáï ¯® á«¥¤ãîé¥¬ã �«£®à¨â¬ã: âà�¥ª-
â®à¨ï áâà®¨âáï ¯®á«¥¤®¢�â¥«ì−® ®â ª®à−¥¢®£® ã§«� DRoot, â. ¥. ¨§−�ç�«ì−®
End (T ) = DRoot. �� ª�¦¤®¬ è�£¥ ¯à¨−¨¬�¥âáï à¥è¥−¨¥ ® ¯à®¤®«¦¥−¨¨
âà�¥ªâ®à¨¨. ÷¥è¥−¨¥ ® ¯à®¤®«¦¥−¨¨ ¯à¨−¨¬�¥âáï á ¢¥à®ïâ−®áâìî, ¯à®¯®àæ¨®-
−�«ì−®© ç¨á«ã ã§«®¢ ¤¥à¥¢� −¨¦¥ ª®−æ� âà�¥ªâ®à¨¨ ¨ à�¢−®© (η(D(End (T ))) −
− 1)/(η(D) − 1).

…á«¨ ¯à¨−ïâ® à¥è¥−¨¥ ® ¯à®¤®«¦¥−¨¨, â® ¢ë¡®à ¢¥â¢¨ ®áãé¥áâ¢«ï¥âáï á«ã-
ç�©−® ¢ á®®â¢¥âáâ¢¨¨ á ¯à¨−æ¨¯®¬ ¯à¥¨¬ãé¥áâ¢¥−−®£® ¯à¨á®¥¤¨−¥−¨ï.

�ãáâì {Ti|i = 1, . . . , n} | ¬−®¦¥áâ¢® ¤®ç¥à−¨å ª End (T ) ã§«®¢ ¤¥à¥¢� D.
’®£¤� ¢¥à®ïâ−®áâì ¯à¨á®¥¤¨−¥−¨ï Ai ª âà�¥ªâ®à¨¨ T à�ááç¨â�¥¬ ¯® ä®à¬ã«¥:
(ξ (D(Ai)) + 1)/(

∑n
i=1 ξ (D(Ai)) + n).

5 Изменения структуры сети и связанные с ними ошибки

5.1. „®¡�¢«¥−¨¥ −®¢®£® �-¯®−ïâ¨ï A á® á«ãç�©−ë¬ ¤¥à¥¢®¬ ¯®¤¯®−ïâ¨© D.
�è¨¡ª¨, ¢«¨ïîé¨¥ −� áâàãªâãàã ¤�−−ëå, −¥¢®§¬®¦−ë, ¯®áª®«ìªã |D| ≤ Vattn.
5.2. „®¡�¢«¥−¨¥ −®¢®£® �-¯®−ïâ¨ï O á® á«ãç�©−ë¬ −�¡®à®¬ â¥à¬¨−�«ì−ëå
�âà¨¡ãâ®¢ {OAi}. �è¨¡ª¨, ¢«¨ïîé¨¥ −� áâàãªâãàã ¤�−−ëå, −¥¢®§¬®¦−ë,
¯®áª®«ìªã |{OAi}| ≤ Vattn.
5.3. „®¡�¢«¥−¨¥ −®¢®£® �-¯®−ïâ¨ï O á �âà¨¡ãâ®¬ OA, ¨¬¥îé¨¬ ¯®¤ á®¡®©
á«ãç�©−®¥ ¤¥à¥¢® D ¯®¤¯®−ïâ¨©. �è¨¡ª¨, ¢«¨ïîé¨¥ −� áâàãªâãàã ¤�−−ëå,
−¥¢®§¬®¦−ë, ¯®áª®«ìªã |D| ≤ Vattn.
5.4. „®¡�¢«¥−¨¥ −®¢®£® �-¯®−ïâ¨ï O á �âà¨¡ãâ®¬ á ¨áå®¤ïé¥© ‡-á¢ï§ìî β −�
�-¯®−ïâ¨¥ A. ‚ë¯®«−ï¥âáï Set : β(ú‡û,OA → A). ‚®§¬®¦−�ï �‘„: −¥ ¡ë«
−�©¤¥− A. ‚ë¯®«−ï¥âáï B = Dub (A), Set : β(ú‡û,OA→ B).
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5.5. „®¡�¢«¥−¨¥ −®¢®£® �-¯®−ïâ¨ï O á �âà¨¡ãâ®¬ OA á ¨áå®¤ïé¥© ‡-á¢ï§ìî β
−� A-¯®−ïâ¨¥ A. ‚ë¯®«−ï¥âáï Set : β(ú‡û,OA→ A). ‚®§¬®¦−�ï �‘„: −¥ ¡ë«
−�©¤¥− A ¨ OA ¯®«ãç¨« â¨¯ ú„û ¢¬¥áâ® ú‡û, â. ¥. −¥ª®â®à®¥ á«ãç�©−®¥ ¤¥à¥¢®D
¡ë«® ¯à¨á®¥¤¨−¥−® ª OA. ‚ë¯®«−ï¥âáï: OA(D) ⇒ O, OA1(β,Proto (A)) ⇒
⇒ O: Rank (OA) = R, Rank (OA1) = I, OA1 = ProtoOf (OA), Rank (D) = R,
Rank(β) = I.
5.6. „®¡�¢«¥−¨¥ −®¢®£® �-¯®−ïâ¨ï O á �âà¨¡ãâ®¬ OA á ¨áå®¤ïé¥© ‡-á¢ï§ìî β
−� −®¢®¥ N-¯®−ïâ¨¥ A. �è¨¡ª¨, ¢«¨ïîé¨¥ −� áâàãªâãàã ¤�−−ëå, −¥¢®§¬®¦−ë.
5.7. „®¡�¢«¥−¨¥ −®¢®£® â¥à¬¨−�«ì−®£® �âà¨¡ãâ� OA ª �-¯®−ïâ¨î A. ‚ë¯®«−ï-
¥âáï OA ⇒ A. ‚®§¬®¦−�ï �‘„: −¥ ¡ë« −�©¤¥− A ¨ ¢¬¥áâ® −¥£® á®§¤�− −®¢ë©
ã§¥« B = Dub (A). ‚ë¯®«−ï¥âáï OA⇒ B.
5.8. „®¡�¢«¥−¨¥ −®¢®£® „-�âà¨¡ãâ� OA, ¨¬¥îé¥£® ¯®¤ á®¡®© á«ãç�©−®¥ ¤¥à¥¢®
¯®¤¯®−ïâ¨© D, ª �-¯®−ïâ¨î A. ‚ë¯®«−ï¥âáï OA(D) ⇒ A. ‚®§¬®¦−�ï �‘„:
−¥ ¡ë« −�©¤¥− A. ‚ë¯®«−ï¥âáï B = Dub(A), OA⇒ B.
5.9. „®¡�¢«¥−¨¥ −®¢®£® ‡-�âà¨¡ãâ� OA á ¨áå®¤ïé¥© ‡-á¢ï§ìî β −� �-¯®−ï-
â¨¥ ZA ª �-¯®−ïâ¨î A. ‚ë¯®«−ï¥âáï OA(β,ZA) ⇒ A. �è¨¡ª¨, ¢«¨ïîé¨¥ −�
áâàãªâãàã ¤�−−ëå, ¢®§¬®¦−ë:

{ −¥ ¡ë« −�©¤¥− A. ‚ë¯®«−ï¥âáï B = Dub(A), OA(β,ZA)⇒ B;

{ −¥ ¡ë« −�©¤¥− ZA. ‚ë¯®«−ï¥âáï Z÷ = Dub(ZA), OA(β,ZB)⇒ A.

5.10. „®¡�¢«¥−¨¥ −®¢®£® ‡-�âà¨¡ãâ� OA á ¨áå®¤ïé¥© ‡-á¢ï§ìî β −� �-¯®−ï-
â¨¥ ZA (Rank (ZA) 6= I), ¨¬¥îé¥¥ ¯®¤ á®¡®© á«ãç�©−®¥ ¤¥à¥¢® ¯®¤¯®−ïâ¨© D,
ª �-¯®−ïâ¨î A (Rank (A) 6= I). OA(β,ZA)⇒ A. ‚®§¬®¦−ë¥ �‘„:

{ −¥ ¡ë« −�©¤¥− A. ‚ë¯®«−ï¥âáï B = Dub (A), OA(β,ZA)⇒ B;

{ −¥ ¡ë« −�©¤¥− ZA ¨ ¢¬¥áâ® ‡-�âà¨¡ãâ� ¤®¡�¢«ï¥âáï −®¢ë© „-�âà¨¡ãâ OB á®
á«ãç�©−ë¬ ¤¥à¥¢®¬ D. ‚ë¯®«−ï¥âáï: OB(D) ⇒ A, OA(β,Proto (ZA)) ⇒
⇒ A: Rank (OB) = R, Rank (OA) = I, OA = ProtoOf (OB), Rank (D) =
= R, Rank (β) = I.

5.11. „®¡�¢«¥−¨¥ −®¢®£® ‡-�âà¨¡ãâ� OA á ¨áå®¤ïé¥© ‡-á¢ï§ìî β −� −®¢®¥
�-¯®−ïâ¨¥ ZA ª �-¯®−ïâ¨î A. OA(β,ZA) ⇒ A. ‚®§¬®¦−�ï �‘„: −¥ ¡ë«
−�©¤¥− ZA. ‚ë¯®«−ï¥âáï Z÷ = Dub (ZA), OA(β,ZB)⇒ A.
5.12. „®¡�¢«¥−¨¥ á«ãç�©−®£® ¯®¤¤¥à¥¢� (¢¥â¢¨)D ª ¤¥à¥¢ã ¯®¤¯®−ïâ¨©D0, ¨áå®-
¤ïé¥£® ®â �-¯®−ïâ¨ï ¨«¨ „-�âà¨¡ãâ� A (Rank (A) 6= I). D ⇒ D0. �ãáâì BD |
ã§¥« D, ª ª®â®à®¬ã ¢ë¯®«−ï¥âáï ¯à¨á®¥¤¨−¥−¨¥ ¯®¤¤¥à¥¢�. ‚®§¬®¦−�ï �‘„:
¥á«¨ Rank (BD) = RI ¨ −� ãà®¢−¥ ¨¥à�àå¨¨, ª ª®â®à®¬ã ®áãé¥áâ¢«ï¥âáï ¯à¨á®-
¥¤¨−¥−¨¥, ¨¬¥¥âáï á«¨èª®¬ ¬−®£® ã§«®¢, â® ¢®§¬®¦−� ®è¨¡ª� á¬¥−ë ®á−®¢�−¨ï
¤¥«¥−¨ï: ã§«ë D −¥ −�á«¥¤ãîâ Rank ®â BD, � ¯®«ãç�îâ Rank = R.
5.13. „®¡�¢«¥−¨¥ −®¢®£® íª§¥¬¯«ïà� EA �-¯®−ïâ¨ïA (Rank (A) 6= I) á® á«ãç�©-
−ë¬ ¯®¤−�¡®à®¬ �âà¨¡ãâ®¢ {Ai} ¨§ −�¡®à� �âà¨¡ãâ®¢ ¯®−ïâ¨ï A (Rank (Ai) 6= I).
Rank EA −�á«¥¤ã¥âáï ®â A.

…á«¨ Ai | „-�âà¨¡ãâ, â® ®â DR(Ai) −�á«¥¤ã¥âáï â®«ìª® ®¤−� âà�¥ªâ®à¨ï
T = Trace (DR(Ai)) ®â Ai ¤® −¥ª®â®à®£® ã§«� End (T ) = DTi ∈ DR(Ai).
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…á«¨ áãé¥áâ¢ã¥â Fork (DTi), â® áâà®¨âáï (−® −¥ −�á«¥¤ã¥âáï ¢ á¥â¨ íª§¥¬¯«ïà®¢)
âà�¥ªâ®à¨ï T1 = Trace (DI(Fork

′(DTi)). „«ï End (T1) á®§¤�¥âáï íª§¥¬¯«ïà
EDSi ¨ EA á®¥¤¨−ï¥âáï á¢ï§ìî â¨¯� ProtoTrace á EDSi. …á«¨ Fork (DTi) −¥
áãé¥áâ¢ã¥â, â® EA á®¥¤¨−ï¥âáï á¢ï§ìî â¨¯� ProtoTrace á íª§¥¬¯«ïà®¬ DTi,
á®§¤�−−ë¬ ¯à¨ −�á«¥¤®¢�−¨¨ âà�¥ªâ®à¨¨ T .

…á«¨ Ai | ‡-�âà¨¡ãâ á® á¢ï§ìî −� �-¯®−ïâ¨¥ OA, â® á®§¤�îâáï íª§¥¬¯«ï-
àëAi, OA ¨ á¢ï§ë¢�îâáï íª§¥¬¯«ïà®¬ ‡-á¢ï§¨. �âDR(OA) −�á«¥¤ã¥âáï â®«ìª®
®¤−� âà�¥ªâ®à¨ï T = Trace (DR(OA)) ®â OA ¤® −¥ª®â®à®£® ã§«� End (T ) =
= DTi ∈ DR(OA). …á«¨ áãé¥áâ¢ã¥â Fork (DTi), â® áâà®¨âáï (−® −¥ −�á«¥¤ã¥âáï
¢ á¥â¨ íª§¥¬¯«ïà®¢) âà�¥ªâ®à¨ï T1 = Trace (DI(Fork

′(DTi)). „«ï End (T1)
á®§¤�¥âáï íª§¥¬¯«ïà EDSi ¨ EA á®¥¤¨−ï¥âáï á¢ï§ìî â¨¯� ProtoTrace á EDSi.
…á«¨ Fork (DTi) −¥ áãé¥áâ¢ã¥â, â® EA á®¥¤¨−ï¥âáï á¢ï§ìî â¨¯� ProtoTrace
á íª§¥¬¯«ïà®¬ DTi, á®§¤�−−ë¬ ¯à¨ −�á«¥¤®¢�−¨¨ âà�¥ªâ®à¨¨ T .
5.14. „®¡�¢«¥−¨¥ íª§¥¬¯«ïà� EOA −®¢®£® �âà¨¡ãâ� OA ¨§ −�¡®à� �âà¨¡ãâ®¢
�-¯®−ïâ¨ï A ª íª§¥¬¯«ïàã EA �-¯®−ïâ¨ï A. �à�¢¨«� −�á«¥¤®¢�−¨ï �¡á®«îâ−®
�−�«®£¨ç−ë ¢ëè¥®¯¨á�−−ë¬.
5.15. “áâ�−®¢«¥−¨¥ —-á¢ï§¥© ¯à¨ á®§¤�−¨¨ −®¢®£® íª§¥¬¯«ïà� …á«¨ −®¢ë©
íª§¥¬¯«ïà A áâ�−®¢¨âáï ç�áâìî íª§¥¬¯«ïà� A0 (Rank (A0) 6= I), ¢ë¯®«−ï¥âáï
Set : β(ú—û, A → A0). ‚®§¬®¦−�ï �‘„: −¥ãáâ�−®¢«¥−¨¥ —-á¢ï§¨ β(A → A0).
‚ íâ®¬ á«ãç�¥ ãáâ�−�¢«¨¢�¥âáï â®«ìª® —-á¢ï§ì β1(Proto (A) → Proto (A0)).
Rank (β1) = I.

…á«¨ −®¢ë© íª§¥¬¯«ïà A áâ�−®¢¨âáï —-¯®¤å�¡®¬, â. ¥. á«ãç�©−®¥ ¯®¤¬−®¦¥-
áâ¢® M ç�áâ¥© {Bi} ª�ª®£®-â® —-å�¡� A0 (Rank (A0) 6= I) áâ�−ãâ ç�áâï¬¨ −®¢®£®
íª§¥¬¯«ïà�, � á�¬ ®− áâ�−¥â ç�áâìî A0, â® ®è¨¡ª¨ —-á¢ï§¥© ¢®§¬®¦−ë:

(1) −¥ −�©¤¥− —-å�¡ A0. ‚ íâ®¬ á«ãç�¥ −¨ª�ª¨¥ —-á¢ï§¨ A0 −¥ ¨§¬¥−ïîâáï;

(2) ¤«ï á«ãç�©−®£® ¯®¤¬−®¦¥áâ¢� RM ⊂ OM ¨§¬¥−¥−¨¥ á¢ï§¥© −¥ ¯à®¨§-
¢®¤¨âáï. �ãáâì OA0 = Proto (A0), {OBi} | ¬−®¦¥áâ¢® ç�áâ¥© OA0,
OM ⊂ {OBi}. �ãáâì M ⊂ {Bi}: ∀ i Bi ∈ M ⇒ Proto (Bi) ∈ OM.
‚ë¯®«−ïîâáï:

{ ∀ i : Bi ∈ M , Proto (Bi) /∈ RM | Rem : αi(Bi → A0), Set :
βi(ú—û, Bi → A);

{ ∀ j : OBj ∈ OM\Proto (M), Proto (Bi) /∈ RM —-á¢ï§ì αj(OBj →
→ OA0) §�¬¥−ï¥âáï −� βj(OBj → A0). Rank (αj) = Rank(βj) = I;

{ Set : β(ú—û, A→ A0).

…á«¨ −®¢ë© íª§¥¬¯«ïà A áâ�−®¢¨âáï —-å�¡®¬, â. ¥. −¥áª®«ìª® íª§¥¬¯«ïà®¢
{Bi}, −¥ ¨¬¥îé¨å ¢å®¤ïé¨å —-á¢ï§¥©, áâ�−ãâ ¥£® ç�áâï¬¨, â® ¢ë¯®«−ï¥âáï
∀ i Set : αi(ú—û, Bi → A). ‚®§¬®¦−�ï �‘„: −¥ãáâ�−®¢«¥−¨¥ —-á¢ï§¥© ¤«ï
á«ãç�©−®£® ¯®¤¬−®¦¥áâ¢� M ⊂ {Bi}. ‚ë¯®«−ï¥âáï:

{ ∀ i : Bi /∈M | Set : αi(ú—û, Bi → A);

{ ∀ i : Bi ∈M | Set : βi(ú—û,Proto (Bi)→ Proto (A)), Rank (βi) = I.
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6 Поисковые запросы пользователей

‡�¯à®á ¬®¤¥«¨àã¥âáï íª§¥¬¯«ïà®¬ �-¯®−ïâ¨ï (¨«¨ −¥áª®«ìª¨¬¨ íª§¥¬¯«ï-
à�¬¨, á¢ï§�−−ë¬¨ ‡-á¢ï§ï¬¨), ª®â®àë© ¨á¯®«ì§ã¥âáï ª�ª è�¡«®− ¤«ï ¯®¨áª�
á®¢¯�¤�îé¨å á −¨¬ íª§¥¬¯«ïà®¢. �à¨ íâ®¬ §�¯à®á Q ¤®«¦¥− ¨¬¥âì ¤¢� ¯à¥¤-
áâ�¢«¥−¨ï: ®¤−® | QR | ¤«ï ¨¬¨â�æ¨¨ ¯®¨áª� ¢ à¥�«ì−®© á¥¬�−â¨ç¥áª®© á¥â¨,
á®¤¥à¦�é¥© �‘„, � ¢â®à®¥ | QI | ¤«ï ¨¬¨â�æ¨¨ ¯®¨áª� ¢ ¨¤¥�«ì−®© á¥¬�−-
â¨ç¥áª®© á¥â¨. �à¨ áà�¢−¥−¨¨ à¥§ã«ìâ�â®¢ ¢ë¯®«−¥−¨ï ®¡®¨å ¯à¥¤áâ�¢«¥−¨©
§�¯à®á� ¬®¦−® áã¤¨âì ® áâ¥¯¥−¨ ¤¥£à�¤�æ¨¨ á¥â¨.

„«ï ¯®áâà®¥−¨ï QR ¢ë¡¨à�¥âáï á«ãç�©−®¥ �-¯®−ïâ¨¥ A ¨ áâà®¨âáï ¥£®
íª§¥¬¯«ïà ¯® ®¡ëç−ë¬ ¯à�¢¨«�¬ §� á«¥¤ãîé¨¬¨ ¨áª«îç¥−¨ï¬¨:

(1) −¥ ä®à¬¨àãîâáï á¢ï§¨ ProtoTrace;

(2) ¥á«¨ ã �âà¨¡ãâ� A ¨¬¥¥âáï ‡-á¢ï§ì −� �-¯®−ïâ¨¥ B, â® â�ª¦¥ ¯® â¥¬ ¦¥
¯à�¢¨«�¬ áâà®¨âáï íª§¥¬¯«ïà B ¨ ¤®¡�¢«ï¥âáï ¢ QR. „�−−�ï ®¯¥à�æ¨ï ¯à¨
−¥®¡å®¤¨¬®áâ¨ ¯à®¢®¤¨âáï à¥ªãàá¨¢−®;

(3) ¯à¨ ¯®áâà®¥−¨¨ âà�¥ªâ®à¨¨ ®â „-�âà¨¡ãâ� ¨«¨ �-¯®−ïâ¨ï ¢®§¬®¦−� ®è¨¡ª�
§�¯à®á�: ¥á«¨ −� ¤�−−®¬ ãà®¢−¥ ¨¥à�àå¨¨ ¨¬¥¥âáï á«¨èª®¬ ¬−®£® ã§«®¢, â®
á ¢¥à®ïâ−®áâìî ¢ë¡®à� âà�¥ªâ®à¨ï ®¡àã¡�¥âáï.

‚ QI áâà®¨âáï ª®¯¨ï QR á® á«¥¤ãîé¨¬¨ ¨§¬¥−¥−¨ï¬¨:

(1) ¢¬¥áâ® −¥¨¥à�àå¨ç¥áª®£® ã§«� ¨«¨ á¢ï§¨ ¢ QI ¯¥à¥−®á¨âáï ¨å ¯à®â®â¨¯;

(2) ¤«ï ¨¥à�àå¨ç¥áª¨å ã§«®¢ ¤¥à¥¢� á ª®à−¥¬ ¢ ã§«¥ A („-�âà¨¡ãâ¥ ¨«¨ �-¯®-
−ïâ¨¨) à�áá¬�âà¨¢�¥âáï ¯®«−�ï (−¥ ®¡®à¢�−−�ï) âà�¥ªâ®à¨ï T :

{ ¥á«¨ Rank (End (T )) = RI, â® ¢ QI ¯¥à¥−®á¨âáï ª®¯¨ï T ;

{ ¥á«¨ Rank (End (T )) = R, â® ¢ QI á®§¤�¥âáï −®¢�ï á«ãç�©−�ï âà�¥ª-
â®à¨ï T1 ¢ DI(A), ¯à¨ç¥¬ ¥á«¨ ∃ Fork (End (T )), â® ¢ T ∩ DI(A) T1
¤®«¦−� á®¢¯�¤�âì á T .

�à¨ íâ®¬ ¢ QI ª�¦¤®© âà�¥ªâ®à¨¨ T á −�ç�«®¬ ¢ ã§«¥ A á®¯®áâ�¢«ï¥âáï
¢¥à®ïâ−®áâì ω, ®¯à¥¤¥«ï¥¬�ï ä®à¬ã«®©:

ω(T ) =







µ(DI(End (T )))

µ(DI(A))
, µ(DI(A)) 6= 0 ;

1 , µ(DI(A)) = 0 .

�®¨áª ¯® QR ¨ QI ¯à®¨§¢®¤¨âáï −¥§�¢¨á¨¬®.
�à¨ ¯®¨áª¥ ¯® QI ®áãé¥áâ¢«ï¥âáï ®â¡®à −¥ â®«ìª® íª§¥¬¯«ïà®¢ ¯®¨áª®¢®£®

¯®−ïâ¨ï, −® ¨ ¢á¥å �-¯®−ïâ¨©, ¯à¨−�¤«¥¦�é¨å Gr (A) á Rank 6= I. …á«¨ T |
âà�¥ªâ®à¨ï ¢ ¤¥à¥¢¥ D, á¢ï§�−−®¬ á �-¯®−ïâ¨¥¬ Ai, ¨ Rank (End (T )) = R,
â® íâ® ®§−�ç�¥â, çâ® ®¤¨− ¨§ �âà¨¡ãâ®¢ Ai ®è¨¡®ç−® ®âª«�áá¨ä¨æ¨à®¢�−, −®
¨§ íâ®£® −¥ á«¥¤ã¥â, çâ® Ai −¥ ¯®¤å®¤¨â ¯®¤ ªà¨â¥à¨¨ ®â¡®à�. ‚ íâ®¬ á«ãç�¥

158 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 4 2017



‚«¨ï−¨¥ ®è¨¡®ª ¯®«ì§®¢�â¥«¥© −� ¤¨−�¬¨ªã ª�ç¥áâ¢� á¥¬�−â¨ç¥áª®© á¥â¨

á ¢¥à®ïâ−®áâìî ω(T0) T0 áç¨â�¥âáï ã¤®¢«¥â¢®àïîé¨¬ ãá«®¢¨î. �®áª®«ìªã
à¥§ã«ìâ�âë §�¯à®á®¢ ãáà¥¤−ïîâáï, â�ª®¥ ¤®¯ãé¥−¨¥ ï¢«ï¥âáï ®¯à�¢¤�−−ë¬.

÷¥§ã«ìâ�â®¬ ¢ë¯®«−¥−¨ï §�¯à®á� ¢ëáâã¯�îâ ¤¢� ¬−®¦¥áâ¢� íª§¥¬¯«ïà®¢
�-¯®−ïâ¨©: ¯à®è¥¤è¨å ®â¡®à ¯® QR ¨ ¯à®è¥¤è¨å ®â¡®à ¯® QI. �¡®§−�ç¨¬ ¨å
ª�ª ResR ¨ ResI á®®â¢¥âáâ¢¥−−®.

7 Показатель деградации семантической сети

�®áª®«ìªã ª®−¥ç−�ï æ¥«ì ¬®¤¥«¨àã¥¬®© á¥¬�−â¨ç¥áª®© á¥â¨ | ã¤®¢«¥â¢®à¥-
−¨¥ ¨−ä®à¬�æ¨®−−ëå ¯®âà¥¡−®áâ¥© ¯®«ì§®¢�â¥«¥©, ¯®¤ ¤¥£à�¤�æ¨¥© á¥â¨ ¡ã¤¥¬
¯®−¨¬�âì á−¨¦¥−¨¥ ¥¥ ¯®¨áª®¢®© ¤®áâã¯−®áâ¨ [11].

‚ á®®â¢¥âáâ¢¨¨ á [12], ¡®«ìè¨−áâ¢® ¬¥âà¨ª, ¯à¨¬¥−ï¥¬ëå ¢ á®¢à¥¬¥−−®©
®æ¥−ª¥ â¥ªáâ®¢®£® ¯®¨áª�, ®á−®¢ë¢�îâáï −� ®â−®è¥−¨¨ à¥«¥¢�−â−®áâ¨ (¯à¨−�¤-
«¥¦−®áâ¨) ¤®ªã¬¥−â� §�¯à®áã. �®¤ à¥«¥¢�−â−ë¬¨ ¤®ªã¬¥−â�¬¨ ¡ã¤¥¬ ¯®−¨¬�âì
ResI, ¯®¤ −�©¤¥−−ë¬¨ á¨áâ¥¬®© | ResR. „�−−ë¥ ¬¥âà¨ª¨ ®á−®¢ë¢�îâáï −�
¬�âà¨æ¥ ª«�áá¨ä¨ª�æ¨¨:

“á«®¢¨¥ ÷¥«¥¢�−â−ë �¥ à¥«¥¢�−â−ë
��©¤¥−® á¨áâ¥¬®© a = |ResI ∩ ResR| b = |ResR\ResI|
�¥ −�©¤¥−® á¨áâ¥¬®© c = |ResI\ResR| d

�æ¥−ª� íää¥ªâ¨¢−®áâ¨ ¯®¨áª� ¡�§¨àã¥âáï −� á«¥¤ãîé¨å ®á−®¢−ëå ¯®ª�§�-
â¥«ïå:

(1) ¯®«−®â� (recall), å�à�ªâ¥à¨§ãîé�ï á¯®á®¡−®áâì á¨áâ¥¬ë −�å®¤¨âì −ã¦−ë¥
¯®«ì§®¢�â¥«î ¤®ªã¬¥−âë: r = a/(a+ c);

(2) â®ç−®áâì (precision), å�à�ªâ¥à¨§ãîé�ï á¯®á®¡−®áâì á¨áâ¥¬ë ¢ë¤�¢�âì
¢ á¯¨áª¥ à¥§ã«ìâ�â®¢ â®«ìª® à¥«¥¢�−â−ë¥ ¤®ªã¬¥−âë: p = a/(a+ b);

(3) ¥¤¨−�ï ¬¥âà¨ª� F-¬¥à� (F-measure), ¢ëç¨á«ï¥¬�ï ª�ª áà¥¤−¥¥ £�à¬®−¨ç¥áª®¥
â®ç−®áâ¨ ¨ ¯®«−®âë.

�¯à¥¤¥«¨¬ áâ¥¯¥−ì ¤¥£à�¤�æ¨¨ S ∈ [0,+∞) ª�ª ®¡à�â−®¥ ª ãáà¥¤−¥−−®©
F-¬¥à¥ ¬¨−ãá 1. Œ�«ë¥ §−�ç¥−¨ï S ®§−�ç�îâ −¥§−�ç¨â¥«ì−®¥ ¢«¨ï−¨¥ �‘„
−� à¥§ã«ìâ�â, � ¢ëá®ª¨¥ | −¥¤®áâ®¢¥à−®áâì à¥§ã«ìâ�â®¢ ¨ −¥¢®§¬®¦−®áâì ¨á-
¯®«ì§®¢�−¨ï ¯®áâà®¥−−®© á¥¬�−â¨ç¥áª®© á¥â¨ ¡¥§ ¯à¨¬¥−¥−¨ï ª�ª¨å-«¨¡® ¬¥à,
¯à¥¯ïâáâ¢ãîé¨å ¤¥£à�¤�æ¨¨.

8 Результаты

�ë«¨ ¯à®¢¥¤¥−ë íªá¯¥à¨¬¥−â�«ì−ë¥ ¯à®¢¥àª¨ ¬®¤¥«¨ ¢ è¨à®ª®¬ ¤¨�¯�§®−¥
¯�à�¬¥âà®¢ ¨ á ¢¥à®ïâ−®áâìî ®è¨¡ª¨ ¯®«ì§®¢�â¥«ï, ¯à¥¢ëè�îé¥© ®¯à¥¤¥«¥−-
−®¥ ¢ëè¥ ¯à¥¤¥«ì−®¥ §−�ç¥−¨¥. �à¥¤¬¥â®¬ ¨§ãç¥−¨ï ¯à¨ ¯à®¢¥àª¥ ¡ë«¨ â�ª¨¥
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ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

ˆ§¬¥−¥−¨¥ áâ¥¯¥−¨ ¤¥£à�¤�æ¨¨ (1), ¯®«−®âë (2) ¨ â®ç−®áâ¨ (3) ¯® ¬¥à¥ à®áâ� á¥â¨

å�à�ªâ¥à¨áâ¨ª¨ ¬®¤¥«¨, ª�ª â®ç−®áâì (r), ¯®«−®â� (p) ¨ áâ¥¯¥−ì ¤¥£à�¤�æ¨¨ (S)
¢ ¤¨−�¬¨ª¥. �� ª�ç¥áâ¢¥−−®¬ ãà®¢−¥ æ¥«ì ¯à®¢¥à®ª á®áâ®ï«� ¢ ®¯à¥¤¥«¥−¨¨
¢®§¬®¦−®áâ¨ ¨á¯®«ì§®¢�âì ¨áá«¥¤ã¥¬ãî á¥¬�−â¨ç¥áªãî á¥âì ¢ à¥�«ì−ëå §�¤�ç�å
¯®¤¤¥à¦ª¨ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ¡¥§ ®à£�−¨§�æ¨¨ ¤®¯®«−¨-
â¥«ì−ëå ¬¥à ¯®¨áª� ¨ ¨á¯à�¢«¥−¨ï ®è¨¡®ª ¨ ¢ ®¯à¥¤¥«¥−¨¨ ä�ªâ� ¢®§¬®¦−®£®
¢§�¨¬®¢«¨ï−¨ï ®è¨¡®ª, ¯à¨¢®¤ïé¥£® ª −¥®£à�−¨ç¥−−®¬ã à®áâã áâ¥¯¥−¨ ¤¥£à�¤�-
æ¨¨ ¯® ¬¥à¥ ¨å −�ª®¯«¥−¨ï. ’¨¯¨ç−ë© à¥§ã«ìâ�â ¯à¨¢¥¤¥− −� à¨áã−ª¥ (¢à¥¬ï
¢ëà�¦¥−® ¢ è�£�å ¬®¤¥«¨à®¢�−¨ï).

�à®¢¥àª� ¯®ª�§�«�, çâ® ¢«¨ï−¨¥ �‘„ −� ¯®¨áª®¢ãî ¤®áâã¯−®áâì ï¢«ï¥â-
áï −¥¡®«ìè¨¬ ¨ áà¥¤−¨¥ §−�ç¥−¨ï â®ç−®áâ¨ (r) ¨ ¯®«−®âë (p) −¥ ®¯ãáª�îâáï
−¨¦¥ 95% ¤�¦¥ ¯à¨ −¥¯à�¢¤®¯®¤®¡−® ¢ëá®ª®¬ §−�ç¥−¨¨ ¯à¥¤¥«ì−®© ¢¥à®ïâ−®-
áâ¨ ®è¨¡ª¨. ‘à¥¤−¥¥ §−�ç¥−¨¥ áâ¥¯¥−¨ ¤¥£à�¤�æ¨¨ (S) −¥ ¯à¥¢®áå®¤¨â 0,06,
¨ −¥ª®−âà®«¨àã¥¬®£® à®áâ� íâ®£® ¯®ª�§�â¥«ï −¥ ¯à®¨áå®¤¨â. �à¨ íâ®¬ ä�ªâ
¢§�¨¬®¢«¨ï−¨ï ®è¨¡®ª ¯à¨ ¨å −�ª®¯«¥−¨¨ −�¡«î¤�¥âáï. ’�ª, ¯à¨¬¥à−® ¯®á«¥
2200-£® è�£� ¬®¤¥«¨à®¢�−¨ï −�¡«î¤�¥âáï ¯�¤¥−¨¥ áà¥¤−¥£® §−�ç¥−¨ï p á 99%{
98% ¤® 95%, � áà¥¤−¥£® §−�ç¥−¨ï r | á 97% ¤® 95%, ¯®á«¥ ç¥£® §−�ç¥−¨ï ®¯ïâì
áâ�¡¨«¨§¨àãîâáï. �à¨ íâ®¬ S ¯®¢ëè�¥âáï á 0,02 ¤® 0,06, ¯®á«¥ ç¥£® â�ª¦¥
áâ�¡¨«¨§¨àã¥âáï.

9 Выводы

‚ëá®ª¨¥ §−�ç¥−¨ï ¯®«−®âë ¨ â®ç−®áâ¨, � â�ª¦¥ ®âáãâáâ¢¨¥ −¥®£à�−¨ç¥−−®£®
à®áâ� áâ¥¯¥−¨ ¤¥£à�¤�æ¨¨ ¯®§¢®«ïîâ ãâ¢¥à¦¤�âì, çâ® ¬®¤¥«¨àã¥¬�ï á¥¬�−â¨-
ç¥áª�ï á¥âì ¢ ¯à¨−æ¨¯¥ ¬®¦¥â ¨á¯®«ì§®¢�âìáï ¢ à¥�«ì−ëå §�¤�ç�å ¯®¤¤¥à¦ª¨
¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ¡¥§ ®à£�−¨§�æ¨¨ ¤®¯®«−¨â¥«ì−ëå ¬¥à
¯®¨áª� ¨ ¨á¯à�¢«¥−¨ï ®è¨¡®ª.
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‚«¨ï−¨¥ ®è¨¡®ª ¯®«ì§®¢�â¥«¥© −� ¤¨−�¬¨ªã ª�ç¥áâ¢� á¥¬�−â¨ç¥áª®© á¥â¨

�® ¨§ ä�ªâ� −�«¨ç¨ï ¢§�¨¬®¢«¨ï−¨ï ®è¨¡®ª ¯à¨ ¨å −�ª®¯«¥−¨¨ ¢ëâ¥ª�¥â
¦¥«�â¥«ì−®áâì à�§à�¡®âª¨ â�ª¨å ¬¥à. �à®¢¥àª� íää¥ªâ¨¢−®áâ¨ íâ¨å ¬¥à ¬®¦¥â
¡ëâì â�ª¦¥ ®áãé¥áâ¢«¥−� ¯à¨ ¯®¬®é¨ à�áá¬�âà¨¢�¥¬®© ¬®¤¥«¨.

Литература

1. �¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. ’¥å−®«®£¨ï à�á¯à¥¤¥«¥−−®£® �¢â®¬�â¨§¨à®¢�−−®£®
�−�«¨§� ¨áâ®à¨ç¥áª¨å â¥ªáâ®¢ // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2016. ’. 26.
ü 3. ‘. 148{161.

2. �¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. �¡ ®¤−®¬ ¯®¤å®¤¥ ª ¬®¤¥«¨à®¢�−¨î ¯à®æ¥áá�
à�§¢¨â¨ï á¥¬�−â¨ç¥áª®© á¥â¨ // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2017. ’. 27.
ü 2. ‘. 143{154.

3. ā¤¨æª¨© ‘. �. ƒà�ä®¤¨−�¬¨ç¥áª®¥ ¨¬¨â�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥ à�§¢¨â¨ï á¥â¥¢ëå
áâàãªâãà // “¯à�¢«¥−¨¥ ¡®«ìè¨¬¨ á¨áâ¥¬�¬¨, 2011. ‚ë¯. 33. ‘. 21{34.

4. ��¤àë§«®¢ ‚. �. �à¨−æ¨¯ë £¥−¥à�æ¨¨ á«ãç�©−ëå £à�ä®¢ ¤«ï ¬®¤¥«¨à®¢�−¨ï á¥â¨
ˆ−â¥à−¥â // �¬áª¨© −�ãç−ë© ¢¥áâ−¨ª, 2014. ü 3(133). ‘. 204{208.

5. …¢¨− ˆ. �., Š®¡«ïª®¢ �. �., ‘�¢à¨ª®¢ „. ‚., ˜ã¢�«®¢ �. „. Š®£−¨â¨¢−ë¥ á¥â¨ //
Š®¬¯ìîâ¥à−ë¥ ¨áá«¥¤®¢�−¨ï ¨ ¬®¤¥«¨à®¢�−¨¥, 2011. ’. 3. ü 3. ‘. 231{239.

6. �àï¦−¨ª®¢ �. ‘., �àï¦−¨ª®¢� …. ā. �á¨å®«®£¨ï âàã¤� ¨ ç¥«®¢¥ç¥áª®£® ¤®áâ®¨−-
áâ¢�. | Œ.: �ª�¤¥¬¨ï, 2003. 480 á.

7. �£¥¥¢ Œ. ‘., „®¡à®¢ �. ‚., ‹ãª�è¥¢¨ç �. ‚. �¢â®¬�â¨ç¥áª�ï àã¡à¨ª�æ¨ï â¥ªáâ®¢:
¬¥â®¤ë ¨ ¯à®¡«¥¬ë // “ç¥−ë¥ §�¯¨áª¨ Š�§�−áª®£® ã−-â�. ‘¥à.: ”¨§¨ª®-¬�â¥¬�-
â¨ç¥áª¨¥ −�ãª¨, 2008. ’. 150. Š−. 4. ‘. 25{40.

8. Š®¬�à®¢� ’. Š. �á¨å®«®£¨ï ¢−¨¬�−¨ï. | ƒà®¤−®: ƒàƒ“, 2002. 124 á.
9. �¥«®¢ ‘. ‚., ˆ«ì−¨æª�ï �. ‚., Š®§ìïª®¢ �. ”. ¨ ¤à. �¥§®¯�á−®áâì ¦¨§−¥¤¥ïâ¥«ì-

−®áâ¨ / �®¤ ®¡é. à¥¤. ‘. ‚. �¥«®¢�. | 6-¥ ¨§¤. | Œ.: ‚ëáè�ï èª®«�, 2006.
616 á.

10. ƒãá¥¢ „. �. Šà�âª¨© ªãàá «®£¨ª¨: ˆáªãááâ¢® ¯à�¢¨«ì−®£® ¬ëè«¥−¨ï. | Œ.: �–
���‘, 2003. 190 á.

11. Œ®à¢¨«ì �. ’®â�«ì−�ï ¢¨¤¨¬®áâì / �¥à. á �−£«. | ‘�¡.: ‘¨¬¢®«-�«îá, 2008.
272 á. (Morville P. Ambient findability. | Beijing: O'Reilly Media, 2005. 208 p.)

12. �£¥¥¢ Œ. ‘., Šãà�«¥−®ª ˆ. …., �¥ªà¥áâìï−®¢ ˆ. ‘. �ä¨æ¨�«ì−ë¥ ¬¥âà¨ª¨
÷�Œˆ�'2010 // ÷®áá¨©áª¨© á¥¬¨−�à ¯® ®æ¥−ª¥ ¬¥â®¤®¢ ¨−ä®à¬�æ¨®−−®£® ¯®¨á-
ª�: ’àã¤ë ÷�Œˆ�'2010. | Š�§�−ì, 2010. C. 172{187.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 03.07.17

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 4 2017 161



I. M. Adamovich and O. I. Volkov

THE INFLUENCE OF USER ERRORS
ON SEMANTIC NET QUALITY DYNAMICS

I. M. Adamovich and O. I. Volkov
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Russian Federation

Abstract: The article is devoted to the description and rationale of the approach
to the modeling of errors of independent users in forming of a semantic net which
is the basis for the distributed technology of concrete historical investigation
support and to the quantitative assessment of degree of influence of these errors
over the net structure. The proposed approach is to expand the semantic net
model which is based on the concepts of graphodynamics and the Barabasi{Albert
model by including of the new mechanism of parallel fixation of mistaken and
appropriate nonmistaken (ideal) user actions and also the mechanism of imitation
of search queries which perform parallely in distorted and nondistorted subnets.
Within this approach, the classification of errors affecting the net structure was
made and the integral index of semantic net quality was also developed. The
experimental studies of user errors impact on semantic net quality dynamics have
been undertaken using this model.

Keywords: semantic net; model; user errors; search query; net quality
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Œ¥â®¤ë �−�«¨§� ç�áâ®â−®áâ¨ ¬®¤¥«¥© ¯¥à¥¢®¤� ª®−−¥ªâ®à®¢

1 Введение

�¤−� ¨§ �ªâã�«ì−ëå §�¤�ç ª®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨ª¨ á®áâ®¨â ¢ �−−®â¨à®-
¢�−¨¨ ª®−−¥ªâ®à®¢ ¨ ¬®¤¥«¥© ¨å ¯¥à¥¢®¤�. ”ã−ªæ¨ï ª®−−¥ªâ®à®¢ §�ª«îç�¥âáï
¢ ®¡¥á¯¥ç¥−¨¨ á¢ï§−®áâ¨ â¥ªáâ� −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥. �à¨ íâ®¬ ª®−−¥ªâ®àë
¬®£ãâ ¢ëà�¦�âì è¨à®ª¨© á¯¥ªâà «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© (‹‘�) ¬¥¦¤ã
®â¤¥«ì−ë¬¨ äà�£¬¥−â�¬¨ â¥ªáâ� [1, 2]. �−−®â¨àã¥¬ë© ª®−−¥ªâ®à ¬®¦¥â á®áâ®ïâì
¨§ ®¤−®£® (å®âï, ¯à¨â®¬, ªáâ�â¨) ¨ ¡®«ìè¥£® ç¨á«� á«®¢ (−¥ â®«ìª®. . ., −® ¨. . .;
áª®à¥¥. . ., ç¥¬. . .); ¯¥à¢ë¥ ï¢«ïîâáï ¯® á¢®¥¬ã á®áâ�¢ã ®¤−®ª®¬¯®−¥−â−ë¬¨,
¢â®àë¥ | ¬−®£®ª®¬¯®−¥−â−ë¬¨ [3]. �®«ãç¥−¨¥ áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå ® ª®−-
−¥ªâ®à�å àãááª®£® ï§ëª� ¨ ¬®¤¥«ïå ¨å ¯¥à¥¢®¤� ï¢«ï¥âáï ®¤−®© ¨§ §�¤�ç ¯à®¥ªâ�
¯® £à�−âã ÷””ˆ ú‘âàãªâãà� ¬−®£®ª®¬¯®−¥−â−ëå ª®−−¥ªâ®à®¢ àãááª®£® ï§ë-
ª� ¨ ¯à¨−æ¨¯ë ¥¥ ¯à¥¤áâ�¢«¥−¨ï ¢ «¨−£¢¨áâ¨ç¥áª¨å ¡�§�å ¤�−−ëåû, ª®â®àë©
¢ −�áâ®ïé¥¥ ¢à¥¬ï ¢ë¯®«−ï¥âáï ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”ˆ– ˆ“
÷��.

‚ íâ®¬ ¯à®¥ªâ¥ ¯à¥¤¬¥â®¬ ¬−®£®�á¯¥ªâ−®£® áâ�â¨áâ¨ç¥áª®£® �−�«¨§� ï¢«ïîâáï
¯àï¬ë¥ ¨ à¥¢¥àá¨¢−ë¥ ¤¢ãï§ëç−ë¥ �−−®â�æ¨¨ ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ª®−−¥ª-
â®à®¢ ¨ ¬®¤¥«¥© ¨å ¯¥à¥¢®¤� −� äà�−æã§áª¨© ï§ëª. �−−®â�æ¨¨ ä®à¬¨àãîâáï
«¨−£¢¨áâ�¬¨ ¢ ��„ ¢ ¯à®æ¥áá¥ ª®−âà�áâ¨¢−®£® �−�«¨§� ¯�à�««¥«ì−ëå â¥ªáâ®¢
−� àãááª®¬ ¨ äà�−æã§áª®¬ ï§ëª�å [4{6]. �àï¬ë¥ �−−®â�æ¨¨ ä®à¬¨àãîâáï ¢ ¯à®-
æ¥áá¥ á®¯®áâ�¢«¥−¨ï â¥ªáâ®¢ −� àãááª®¬ ï§ëª¥ ¨ ¨å ¯¥à¥¢®¤®¢ −� äà�−æã§áª¨©
ï§ëª, � à¥¢¥àá¨¢−ë¥ �−−®â�æ¨¨ | â¥ªáâ®¢ −� äà�−æã§áª®¬ ï§ëª¥ ¨ ¨å ¯¥à¥¢®¤®¢
−� àãááª¨© ï§ëª. �à¨¬¥àë ¤¢ãï§ëç−ëå �−−®â�æ¨© ¯à¨¢¥¤¥−ë ¢ [7].

‚ ¯à®æ¥áá¥ á®¯®áâ�¢«¥−¨ï ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¯à¨ ä®à¬¨à®¢�−¨¨ ¯àï¬®©
�−−®â�æ¨¨ ª®−−¥ªâ®àã àãááª®£® ï§ëª� áâ�¢¨âáï ¢ á®®â¢¥âáâ¢¨¥ äã−ªæ¨®−�«ì−®
íª¢¨¢�«¥−â−ë© äà�£¬¥−â (”�” | â¥à¬¨− „. „®¡à®¢®«ìáª®£® [8]) ¨§ â¥ªáâ�
¯¥à¥¢®¤�. �à¨ ä®à¬¨à®¢�−¨¨ à¥¢¥àá¨¢−®© �−−®â�æ¨¨ ¢ ¯¥à¥¢®¤¥ −� àãááª¨©
ï§ëª ¨é¥âáï ¨áá«¥¤ã¥¬ë© ª®−−¥ªâ®à. ‡�â¥¬ ¤«ï −¥£® ®¯à¥¤¥«ï¥âáï ”�”
¨§ ®à¨£¨−�«ì−®£® â¥ªáâ� −� ¨−®áâà�−−®¬ ï§ëª¥, ª®â®àë© ï¢«ï¥âáï áâ¨¬ã«®¬
¯®ï¢«¥−¨ï íâ®£® ª®−−¥ªâ®à� ¢ ¯¥à¥¢®¤¥ −� àãááª¨© ï§ëª. �¯¨á�−¨¥ ¯®−ïâ¨ï
úáâ¨¬ã«û ¢ ª®−â¥ªáâ¥ ¨áá«¥¤®¢�−¨ï ¬®¤¥«¥© ¯¥à¥¢®¤� ¤�−® ¢ [9, 10].

�â«¨ç¨â¥«ì−®© ç¥àâ®© ¢á¥å ¬®¤¥«¥© ¯¥à¥¢®¤� ï¢«ï¥âáï ®¡à�â¨¬®áâì ¯à®-
æ¥áá� ¨å ä®à¬¨à®¢�−¨ï ¢ ��„, â. ¥. ¢®§¬®¦−®áâì ®¡à�â−®£® ¯¥à¥å®¤� ª® ¢á¥¬
�−−®â�æ¨ï¬ ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©, ¢ à¥§ã«ìâ�â¥ ®¡®¡é¥−¨ï ª®â®àëå ¡ë«�
áä®à¬¨à®¢�−� ª�¦¤�ï ¨§ ¬®¤¥«¥©. �¡ëç−® ¢ ¯à®æ¥áá¥ ¬®¤¥«¨à®¢�−¨ï â¥ªáâ®¢
¨ ¨å ï§ëª®¢ëå ¥¤¨−¨æ á®åà�−ïîâáï â®«ìª® ®¡é¨¥ ç¥àâë ®¡®¡é�¥¬ëå ®¡ê¥ªâ®¢
¡¥§ ¢®§¬®¦−®áâ¨ ®¡à�â−®£® ª −¨¬ ¯¥à¥å®¤� [11].

–¥«ìî áâ�âì¨ ï¢«ï¥âáï ®¯¨á�−¨¥ ¬¥â®¤®¢ ¨ äã−ªæ¨© áâ�â¨áâ¨ç¥áª®£® �−�«¨§�
ç�áâ®â−®áâ¨ �−−®â�æ¨© ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ª®−−¥ªâ®à®¢ àãááª®£® ï§ëª�
¨ ¬®¤¥«¥© ¨å ¯¥à¥¢®¤� −� äà�−æã§áª¨© ï§ëª, à¥�«¨§®¢�−−ëå ¢ ��„, ¢ª«îç�ï â¥
¨§ −¨å, ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ ®¡à�â¨¬®áâì ¯à®æ¥áá� ¢ëç¨á«¥−¨ï áâ�â¨áâ¨ç¥áª¨å
¤�−−ëå ® £¥−¥à�«¨§�æ¨¨ �−−®â�æ¨© ¢ ��„.
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2 Формирование статистических данных

‚ ��„ ª®−−¥ªâ®à®¢ à¥�«¨§®¢�−ë ç¥âëà¥ ¬¥â®¤� ¨ §�¯à®£à�¬¬¨à®¢�−ë ç¥âë-
à¥ á®®â¢¥âáâ¢ãîé¨¥ äã−ªæ¨¨ ¤«ï ä®à¬¨à®¢�−¨ï áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå. �¥à¢�ï
äã−ªæ¨ï ¯®§¢®«ï¥â ¯®«ãç�âì à�á¯à¥¤¥«¥−¨¥ �¡á®«îâ−®© ¨ ®â−®á¨â¥«ì−®© ç�áâ®â-
−®áâ¥© â¥å ª®−−¥ªâ®à®¢ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å ��„, ¤«ï ª®â®àëå «¨−£¢¨áâ�¬¨
áä®à¬¨à®¢�−ë �−−®â�æ¨¨ ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©. ‚â®à�ï äã−ªæ¨ï á«ã¦¨â
¤«ï ¯®«ãç¥−¨ï ¥¤¨−¨ç−ëå áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå, ¯®«ãç�¥¬ëå ¢ ¯à®æ¥áá¥ ¢ë-
¯®«−¥−¨ï ¯®¨áª®¢ëå §�¯à®á®¢ ¢ ��„. ’à¥âìï äã−ªæ¨ï ¯à¥¤áâ�¢«ï¥â á®¡®©
à�á¯à¥¤¥«¥−¨¥ ç�áâ®â−®áâ¨ ¬®¤¥«¥© ¯¥à¥¢®¤� ¨áá«¥¤ã¥¬ëå ª®−−¥ªâ®à®¢. —¥â-
¢¥àâ�ï äã−ªæ¨ï ¯®§¢®«ï¥â ¯®«ãç¨âì áâ�â¨áâ¨ç¥áª¨¥ â�¡«¨æë, ä®à¬¨àã¥¬ë¥ −�
®á−®¢¥ SQL-§�¯à®á®¢ ¯®«ì§®¢�â¥«¥©-«¨−£¢¨áâ®¢.

2.1 Распределение частотности коннекторов и их блоков

�à¨¬¥à à¥§ã«ìâ�â� ¢ë¯®«−¥−¨ï ¯¥à¢®© äã−ªæ¨¨ ¯à¨¢¥¤¥− ¢ â�¡«. 1, ª®â®-
à�ï ®âà�¦�¥â à�á¯à¥¤¥«¥−¨¥ ª®−−¥ªâ®à®¢, ¢ª«îç�îé¨å á«®¢® úâ®«ìª®û. ‚ íâã

’�¡«¨æ� 1 ÷�á¯à¥¤¥«¥−¨¥ ¯® ã¡ë¢�−¨î �¡á®«îâ−®© áã¬¬�à−®© ç�áâ®â−®áâ¨ ª®−−¥ªâ®-
à®¢ ¨ ¨å ¡«®ª®¢ ¢ �−−®â�æ¨ïå, áä®à¬¨à®¢�−−ëå ¢ ��„

÷¥ç¥¢ë¥ à¥�«¨§�æ¨¨ ‚ â®¬ ç¨á«¥
ª®−−¥ªâ®à®¢ › à-äà. �−−. à-äà. �−−. äà-à. �−−. äà-à. �−−.

á® á«®¢®¬ â®«ìª® (â¨¯ 1) (â¨¯ 2) (â¨¯ 1) (â¨¯ 2)
1 −¥ â®«ìª® 299 16 268 6 9
2 â®«ìª® 139 134 5 0 0
3 −¥ â®«ìª®‖−® ¨ 124 112 0 12 0
4 ª�ª â®«ìª® 82 45 23 14 0
5 «¨èì â®«ìª® 60 47 13 0 0
6 −¥ â®«ìª®‖−® ¤�¦¥ 32 31 0 1 0
7 −¥ â®«ìª®‖−® 21 21 0 0 0
8 ¥á«¨ â®«ìª® 20 17 1 2 0
9 −¥ â®«ìª®‖∅ 19 16 0 3 0

10 ¢®â â®«ìª® 16 16 0 0 0
11 −¥ â®«ìª®‖¨ 10 10 0 0 0
12 −¥ â®«ìª®‖¤�¦¥ 9 9 0 0 0
13 −¥ â®«ìª®‖−® ¤�¦¥ ¨ 8 8 0 0 0
14 −¥ â®«ìª®‖−®‖¨ 8 8 0 0 0
15 −¥‖â®«ìª® 8 8 0 0 0
16 â®«ìª® çâ® 8 8 0 0 0
17 ¥á«¨ ¡ â®«ìª® 6 5 1 0 0
18 −¥ â®«ìª®‖� 6 6 0 0 0
19 ª�ª â®«ìª®‖â®âç�á ¦¥ 6 5 0 1 0
20 ¥á«¨ ¡ë â®«ìª® 5 1 4 0 0
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’�¡«¨æ� 2 ÷ãááª®-äà�−æã§áª¨¥ �−−®â�æ¨¨

Š®−â¥ªáâ
¢ ®à¨£¨−�«¥

Š®−−¥ªâ®à
¨«¨ ¥£® ¡«®ª
¢ ®à¨£¨−�«¥

¨ ¨å àã¡à¨ª¨

Š®−â¥ªáâ
¢ ¯¥à¥¢®¤¥

�¥à¥¢®¤
ª®−−¥ªâ®à�

¨«¨ ¥£® ¡«®ª�
¨ ¨å àã¡à¨ª¨

| �å, ‹î¤�, ï −¥
å®çã, çâ®¡ë âë ¡ë-
«� ¬®«®¤� ¨ ªà�-
á¨¢�, ï ®¤−®£® å®-
çã, çâ®¡ë ã â¥¡ï
¡ë«® ¤®¡à®¥ á¥à¤æ¥
−¥ â®«ìª® ª ª®èª�¬
¨ á®¡�ª�¬.

−¥ â®«ìª®
〈®â−®è¥−¨¥
−¥¥¤¨−áâ¢¥−−®áâ¨〉
〈Š®−â�ªâ〉

Mon Dieu, Liouda,
je ne d‚esire pas que
tu sois jeune et belle,
je ne voudrais qu'une
seule chose, que tu
sois bonne à l'‚egard
des hommes comme
tu l'es à l'‚egard des
animaux.

comme
〈áà�¢−¨â¥«ì−ë¥〉
〈á ¯à¥¤¨ª�æ¨¥©〉
〈−�ç�«ì−�ï〉
〈p CNT q〉
〈CNT〉
〈SubCNT〉

�®¦¥ á®åà�−¨, çâ®¡
®− ¯®áâ�¢¨« ¤àã-
£®£® ª�ª®£®-−¨¡ã¤ì
¡�à¨−� −¥ â®«ìª®
¢ëè¥, ¤�¦¥ −�à�¢−¥
á á¢®¨¬!

−¥ â®«ìª®
〈á ¯à¥¤¨ª�æ¨¥©〉
〈−¥−�ç�«ì−�ï〉
〈Part〉
〈Š®−â�ªâ〉

Dieu le pr‚eserve
de placer un autre
ma��tre non seule-
ment au-dessus, mais
m�eme à ‚egalit‚e du
sien!

non seulement
〈á ¯à¥¤¨ª�æ¨¥©〉
〈−¥−�ç�«ì−�ï〉
〈Part〉
〈Š®−â�ªâ〉

â�¡«¨æã ¢ª«îç¥−ë ¯¥à¢ë¥ 20 (¯® ã¡ë¢�−¨î ç�áâ®â−®áâ¨) â�ª¨å ª®−−¥ªâ®à®¢,
ª®â®àë¥ ¢áâà¥ç�îâáï ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å ��„ 5 ¨ ¡®«¥¥ à�§. ‘�¬ë¬ ç�áâ®â-
−ë¬ ï¢«ï¥âáï ª®−−¥ªâ®à ú−¥ â®«ìª®û (299 à�§). ‚á¥£® ª®−−¥ªâ®à®¢, ¢ª«îç�îé¨å
á«®¢® úâ®«ìª®û, §�à¥£¨áâà¨à®¢�−® ¢ ��„ 195. ‚ â�¡«. 1 ¯®¬¨¬® �¡á®«îâ−ëå
ç�áâ®â−®áâ¥© ª®−−¥ªâ®à®¢, ®¡®§−�ç¥−−ëå á¨¬¢®«®¬ ›, ¤«ï ª�¦¤®£® ¨§ −¨å ãª�-
§�−ë §−�ç¥−¨ï ¥é¥ ç¥âëà¥å �¡á®«îâ−ëå ç�áâ−ëå ç�áâ®â−®áâ¥© ¤«ï á«¥¤ãîé¨å
¢¨¤®¢ �−−®â�æ¨© ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©, ®¯à¥¤¥«¥−−ëå ¢ [6]:

{ àãááª®-äà�−æã§áª�ï �−−®â�æ¨ï ¤«ï ª®−−¥ªâ®à� (â�¡«. 2), ª®â®àãî ®¡®§−�ç¨¬
ª�ª úà-äà. �−−. (â¨¯ 1)û (âà¥âìï ª®«®−ª� ¢ â�¡«. 1);

{ äà�−æã§áª®-àãááª�ï �−−®â�æ¨ï ¤«ï ª®−−¥ªâ®à� (â�¡«. 3), ª®â®àãî ®¡®§−�ç¨¬
ª�ª úäà-à. �−−. (â¨¯ 1)û (¯ïâ�ï ª®«®−ª� ¢ â�¡«. 1);

{ àãááª®-äà�−æã§áª�ï �−−®â�æ¨ï ¤«ï ª®¬¯®−¥−â� (¡«®ª�) ª®−−¥ªâ®à� (á¬.
â�¡«. 2), á®áâ®ïé¥£® ¨§ ¤¢ãå ¨ ¡®«¥¥ í«¥¬¥−â®¢, ª®â®àãî ®¡®§−�ç¨¬ ª�ª
úà-äà. �−−. (â¨¯ 2)û (ç¥â¢¥àâ�ï ª®«®−ª� ¢ â�¡«. 1);

{ äà�−æã§áª®-àãááª�ï �−−®â�æ¨ï ¤«ï ª®¬¯®−¥−â� (¡«®ª�) ª®−−¥ªâ®à�, á®áâ®ï-
é¥£® ¨§ ¤¢ãå ¨ ¡®«¥¥ í«¥¬¥−â®¢ (á¬. â�¡«. 3), ª®â®àãî ®¡®§−�ç¨¬ ª�ª úäà-à.
�−−. (â¨¯ 2)û (è¥áâ�ï ª®«®−ª� ¢ â�¡«. 1).

‚�¦−® ®â¬¥â¨âì, çâ® â�¡«. 1 á®¤¥à¦¨â ¤�−−ë¥ ® ç¨á«¥ ª®−−¥ªâ®à®¢ ¢ �−−®â�-
æ¨ïå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©. „àã£¨¥ áâ�â¨áâ¨ç¥áª¨¥ â�¡«¨æë (á¬., −�¯à¨¬¥à,
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’�¡«¨æ� 3 ”à�−æã§áª®-àãááª¨¥ �−−®â�æ¨¨

Š®−â¥ªáâ
¢ ®à¨£¨−�«¥

Š®−−¥ªâ®à
¨«¨ ¥£® ¡«®ª
¢ ®à¨£¨−�«¥

¨ ¨å àã¡à¨ª¨

Š®−â¥ªáâ
¢ ¯¥à¥¢®¤¥

�¥à¥¢®¤
ª®−−¥ªâ®à�

¨«¨ ¥£® ¡«®ª�
¨ ¨å àã¡à¨ª¨

Je sais que vous
n'allez pas me
croire mais je
n'ai pas choisice
m‚etier seulement
pour l'argent.
J'aime imaginer
des phrases.

ne|pas|seulement
〈−¥¥¤¨−áâ¢¥−−®áâ¨〉
〈á ¯à¥¤¨ª�æ¨¥©〉
〈−¥−�ç�«ì−�ï〉
〈CNT q p〉
〈CNT〉
〈„¨áâ�−â〉

‡−�î, ¢ë ¬−¥ −¥ ¯®-
¢¥à¨â¥, −® íâã ¯à®-
ä¥áá¨î ï ¢ë¡à�« −¥
â®«ìª® ¨§-§� ¤¥−¥£.
Ÿ «î¡«î ¨§®¡à¥-
â�âì äà�§ë.

−¥ â®«ìª®
〈−¥¥¤¨−áâ¢¥−−®áâ¨〉
〈¡¥§ ¯à¥¤¨ª�æ¨¨〉
〈−¥−�ç�«ì−�ï〉
〈CNT q p〉
〈CNT〉
〈Š®−â�ªâ〉

Ils vont enfin
savoir ce que les
consommateurs re-
gardent et‚ecoutent
chez eux, mais
pas seulement
devant la t‚el‚e, en
voiture aussi, dans
l'hypermarch‚e,
partout!

pas seulement
〈¡¥§ ¯à¥¤¨ª�æ¨¨〉
〈−�ç�«ì−�ï〉
〈Part〉
〈Neg〉
〈Š®−â�ªâ〉

��ª®−¥æ-â® ®−¨
¢ëïá−ïâ, çâ® ¯®-
âà¥¡¨â¥«¨ á¬®âàïâ
¨ á«ãè�îâ, ¯à¨ç¥¬
−¥ â®«ìª® ¤®¬�,
¯¥à¥¤ â¥«¥¢¨§®à®¬,
−® ¨ ¢ ¬�è¨−¥,
¨ ¢ áã¯¥à¬�àª¥-
â¥ | á«®¢®¬, ¢¥§¤¥
¨ ¢áî¤ã!

−¥ â®«ìª®
〈¡¥§ ¯à¥¤¨ª�æ¨¨〉
〈−�ç�«ì−�ï〉
〈Part〉
〈Neg〉
〈Š®−â�ªâ〉

â�¡«. 6) ¬®£ãâ á®¤¥à¦�âì ¤�−−ë¥ ® á�¬¨å ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨ïå. ÷�§−¨æ�
¬¥¦¤ã ç¨á«®¬ ª®−−¥ªâ®à®¢ á® á«®¢®¬ úâ®«ìª®û ¨ ç¨á«®¬ ¯¥à¥¢®¤−ëå á®®â¢¥â-
áâ¢¨©, ¢ª«îç�îé¨å ¢ á¥¡ï íâ¨ ª®−−¥ªâ®àë, ¢®§−¨ª�¥â §� áç¥â â®£®, çâ® ¤«ï
àï¤� ¯à®¨§¢¥¤¥−¨© ¢ ��„ ¢ª«îç¥−® −¥áª®«ìª® ¢�à¨�−â®¢ ¯¥à¥¢®¤� −� äà�−æã§-
áª¨© ï§ëª (¢ íâ®¬ á«ãç�¥ ¯¥à¥¢®¤−ë¥ á®®â¢¥âáâ¢¨ï ä®à¬¨àãîâáï ¤«ï ª�¦¤®£®
¯¥à¥¢®¤�).

÷�á¯à¥¤¥«¥−¨¥ ç�áâ®â−®áâ¨ ª®−−¥ªâ®à®¢ ¨ ¨å ¡«®ª®¢ á®§¤�¥âáï ¯à®£à�¬-
¬−®. ‚ ¯à®æ¥áá¥ ä®à¬¨à®¢�−¨ï −®¢ëå �−−®â�æ¨© à�á¯à¥¤¥«¥−¨¥ �¢â®¬�â¨ç¥áª¨
¯¥à¥áç¨âë¢�¥âáï.

‚ â�¡«. 2 ¯à¨¢¥¤¥−ë ¤¢¥ �−−®â�æ¨¨ ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©: ®¤−� ¨§ 16 àãá-
áª®-äà�−æã§áª¨å �−−®â�æ¨©, ¢ª«îç�îé¨å ¢ á¥¡ï ú−¥ â®«ìª®û ¢ äã−ªæ¨¨ ª®−-
−¥ªâ®à�, ¨ ®¤−� ¨§ 268 àãááª®-äà�−æã§áª¨å �−−®â�æ¨©, ¢ª«îç�îé¨å ¢ á¥¡ï ú−¥
â®«ìª®û ¢ äã−ªæ¨¨ ¡«®ª� ª®−−¥ªâ®à� ú−¥ â®«ìª®‖¤�¦¥û.

‚ â�¡«. 3 â�ª¦¥ ¯à¨¢¥¤¥−ë ¤¢¥ �−−®â�æ¨¨ ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©: ®¤−�
¨§ 6 äà�−æã§áª®-àãááª¨å, ¯®áâà®¥−−ëå ¤«ï áâ¨¬ã«� ¯®ï¢«¥−¨ï ª®−−¥ªâ®à� ú−¥
â®«ìª®û ¢ ¯¥à¥¢®¤¥ −� àãááª¨© ï§ëª ¨ ®¤−� ¨§ 9 äà�−æã§áª®-àãááª¨å �−−®â�æ¨©,
¯®áâà®¥−−ëå ¤«ï áâ¨¬ã«� ¯®ï¢«¥−¨ï ¡«®ª� ú−¥ â®«ìª®û, ¢å®¤ïé¥£® ¢ á®áâ�¢
ª®−−¥ªâ®à� ú−¥ â®«ìª®‖−®‖¨û ¢ ¯¥à¥¢®¤¥.
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2.2 Единичные статистические данные

‚â®à�ï äã−ªæ¨ï ®¡¥á¯¥ç¨¢�¥â ¯®«ãç¥−¨¥ ¥¤¨−¨ç−ëå áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå
¢ à¥§ã«ìâ�â¥ ¢ë¯®«−¥−¨ï ¯®¨áª®¢ëå §�¯à®á®¢ ¢ ��„. „«ï §�¤�−¨ï ¯�à�¬¥âà®¢
§�¯à®á� ¨á¯®«ì§ã¥âáï ¯®¨áª®¢ë© è�¡«®− ¢ ¢¨¤¥ â�¡«¨æë (á¬. à¨á. 2 ¢ à�¡®-
â¥ [12]), ª®â®à�ï ¢ª«îç�¥â 20 ¯®«¥©, £¤¥ ¯®«ì§®¢�â¥«ì ¬®¦¥â §�¤�¢�âì ¨áª®¬ë¥
§−�ç¥−¨ï ¨ «®£¨ç¥áª¨¥ ¢ëà�¦¥−¨ï. ‚ à¥§ã«ìâ�â¥ ¯®¨áª� ¯®«ì§®¢�â¥«ì ¯®«ãç�¥â
−¥ â®«ìª® ª®«¨ç¥áâ¢® �−−®â�æ¨© ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© §�¤�−−ë¬ ¯®¨áª®¢ë¬
¯�à�¬¥âà�¬, −® ¨ á¯¨á®ª �−−®â�æ¨© ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©, ª®â®àë¥ §�â¥¬
¬®£ãâ ¨á¯®«ì§®¢�âìáï ¤«ï ¤�«ì−¥©è¥£® «¨−£¢¨áâ¨ç¥áª®£® �−�«¨§�.

÷�áá¬®âà¨¬ ¯®«ï ¯®¨áª®¢®£® è�¡«®−� −� à¨á. 2 ¨§ à�¡®âë [12] ¡®«¥¥ ¯®¤à®¡−®.
‚ ¯¥à¢®¬ ¯®«¥ ¯¥à¢®© áâà®ª¨ §�¤�¥âáï ¯¥à¥ç¥−ì ª−¨£ (§�¤�−® 6 ª−¨£). …á«¨
¢ ��„ åà�−ïâáï −¥áª®«ìª® ¯¥à¥¢®¤®¢ ª−¨£¨, â® ¢® ¢â®à®¬ ¯®«¥ ¬®¦−® ãª�§�âì ¥¥
¯¥à¥¢®¤(ë). ‚ ¯¥à¢®¬ ¯®«¥ ¢â®à®© áâà®ª¨ §�¤�¥âáï ¢¨¤ ¨áª®¬®© �−−®â�æ¨¨ (¤«ï
ª®−−¥ªâ®à� ¢ æ¥«®¬, ¥£® ¡«®ª®¢ ¨«¨ ¥£® −¥¤¥«¨¬ëå í«¥¬¥−â®¢). ‚¨¤ë �−−®â�æ¨©
®¯à¥¤¥«¥−ë ¢ [6]. ‚ íâ®¬ ¯®«¥ §�¤�−® §−�ç¥−¨¥ úŠ®àâ¥¦ 1, Type 1û. �â® ®§−�ç�¥â,
çâ® ¯à¨ ¯®¨áª¥ ¡ã¤ãâ ®â¡¨à�âìáï �−−®â�æ¨¨, áä®à¬¨à®¢�−−ë¥ ¤«ï ª®−−¥ªâ®à®¢
¢ æ¥«®¬. ‚® ¢â®à®¬ ¯®«¥ ãª�§ë¢�îâáï ¤�â� ¨ ¨−â¥à¢�« ¢à¥¬¥−¨ ä®à¬¨à®¢�−¨ï
¤«ï ¨áª®¬ëå �−−®â�æ¨©.

‚ âà¥âì¥¬ ¯®«¥ ¢â®à®© áâà®ª¨ úŠ«�áâ¥à à¥ç¥¢ëå à¥�«¨§�æ¨© (÷÷) ¢ ®à¨£¨−�-
«¥û ãª�§�− ª«�áâ¥à â®«ìª®. �â® ®§−�ç�¥â, çâ® ¯à¨ ¯®¨áª¥ ¡ã¤ãâ ®â®¡à�−ë àãá-
áª®-äà�−æã§áª¨¥ �−−®â�æ¨¨ á à¥ç¥¢ë¬¨ à¥�«¨§�æ¨ï¬¨ ª®−−¥ªâ®à®¢, ª®â®àë¥
¢ª«îç�îâ á«®¢® úâ®«ìª®û. �à¨ íâ®¬ àãááª®-äà�−æã§áª¨¥ �−−®â�æ¨¨ ¡«®ª®¢
ª®−−¥ªâ®à®¢ á íâ¨¬ á«®¢®¬ ®â¡¨à�âìáï −¥ ¡ã¤ãâ, â�ª ª�ª ¢ ¯¥à¢®¬ ¯®«¥ ¢â®à®©
áâà®ª¨ §�¤�¥âáï ¯®¨áª â®«ìª® ª®−−¥ªâ®à®¢ ¢ æ¥«®¬, ¯à¨¬¥àë ª®â®àëå ¯à¨¢¥¤¥−ë
¢ â�¡«. 1.

Šà®¬¥ â®£®, ¢ íâ®¬ ¯®¨áª®¢®¬ è�¡«®−¥ §�¤�−ë ¥é¥ ¤¢� ¯�à�¬¥âà� ¯®¨áª�:

(1) ª®−−¥ªâ®à ¢ëà�¦�¥â ¢à¥¬¥−−‚ë¥ ®â−®è¥−¨ï;

(2) ¬�àª¨àã¥â ç�áâì ¯à¥¤«®¦¥−¨ï á ¯à¥¤¨ª�æ¨¥©; ¨−ë¬¨ á«®¢�¬¨, ¢¢®¤¨¬ë©
ª®−−¥ªâ®à®¬ äà�£¬¥−â â¥ªáâ� ¨¬¥¥â ¯à¥¤¨ª�â¨¢−ãî áâàãªâãàã.

—¨á«® �−−®â�æ¨©, ª®â®àë¥ ¡ë«¨ −�©¤¥−ë ¯® á®áâ�¢«¥−−®¬ã ¯®¨áª®¢®¬ã
è�¡«®−ã 20.08.2017, à�¢−® 54. ‚ â�¡«. 4 ¯à¨¢¥¤¥−ë âà¨ ¨§ −¨å.

2.3 Распределение частотности моделей перевода

’à¥âìï áâ�â¨áâ¨ç¥áª�ï äã−ªæ¨ï ¯®§¢®«ï¥â ¯®«ãç¨âì ¤�−−ë¥ ®â−®á¨â¥«ì−®
à�á¯à¥¤¥«¥−¨ï �−−®â�æ¨© ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¯® ¬®¤¥«ï¬ ¯¥à¥¢®¤� ¨áá«¥-
¤ã¥¬ëå ª®−−¥ªâ®à®¢, çâ® ¯®§¢®«ï¥â áã¤¨âì ® ç�áâ®â−®áâ¨ â®© ¨«¨ ¨−®© ¬®¤¥«¨
¯¥à¥¢®¤� ¢ ��„.

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� à�áá¬®âà¨¬ ¬®¤¥«¨ ¯¥à¥¢®¤� à¥ç¥¢®© à¥�«¨§�æ¨¨ ú−¥
â®«ìª®û −� äà�−æã§áª¨© ï§ëª. ‚á¥£® ¢ ��„ ¤«ï −¥£® §�à¥£¨áâà¨à®¢�−® 29 ¬®¤¥-
«¥© ¯¥à¥¢®¤�, ¢ª«îç�ï unknown (ª®£¤� á¬ëá« ¢ ¯¥à¥¢®¤¥ ¢ æ¥«®¬ ¯¥à¥¤�− ¢¥à−®,
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’�¡«¨æ� 4 ’à¨ ¯à¨¬¥à� −�©¤¥−−ëå �−−®â�æ¨©

Š®−â¥ªáâ
¢ ®à¨£¨−�«¥

Š®−−¥ªâ®à
¨«¨ ¥£® ¡«®ª
¢ ®à¨£¨−�«¥

¨ ¨å àã¡à¨ª¨

Š®−â¥ªáâ
¢ ¯¥à¥¢®¤¥

�¥à¥¢®¤
ª®−−¥ªâ®à�

¨«¨ ¥£® ¡«®ª�
¨ ¨å àã¡à¨ª¨

’®£¤�, «¨èì
â®«ìª® ¯à®æ¥áá¨ï
¢ëè«� −� á�¬ë©
¢¥àå §� æ¥¯ì,
®− ¨ ¯®ï¢¨«áï
¢¯¥à¢ë¥ ¨ ¯à¨â®¬
ª�ª ç¥«®¢¥ª ï¢−®
®¯®§¤�¢è¨©.

«¨èì â®«ìª®
〈¢à¥¬¥−−ë¥〉
〈á ¯à¥¤¨ª�æ¨¥©〉
〈−¥−�ç�«ì−�ï〉
〈CNT q p〉
〈CNT〉
〈Š®−â�ªâ〉

Au moment pr‚ecis,
en effet, où le
cortège franchissait
le deuxième cordon
de l‚egionnaires et at-
teignait le sommet, il
fut le premier à sor-
tir de la foule et à se
pr‚ecipiter en avant,
comme s'il redoutait
d'arriver trop tard.

au moment pr‚ecis|où
〈¢à¥¬¥−−ë¥〉
〈−�ç�«ì−�ï〉
〈CNT q p〉
〈CNT〉
〈Š®−â�ªâ〉
〈á«®¦−®¥
¯à¥¤«®¦¥−¨¥〉
〈SubCNT〉

�®íâ ¡à®á¨«áï ¡¥-
¦�âì ª âãà−¨ª¥âã,
ª�ª â®«ìª® ãá«ë-
å�« ¯¥à¢ë© ¢®¯«ì,

ª�ª â®«ìª®
〈¢à¥¬¥−−ë¥〉
〈á ¯à¥¤¨ª�æ¨¥©〉
〈−�ç�«ì−�ï〉
〈p CNT q〉
〈CNT〉
〈Š®−â�ªâ〉

C'est au moment
pr‚ecis où il avait
entendu le pre-
mier hurlement que
le poète s'‚etait
pr‚ecipit‚e vers le
tourniquet.

au moment pr‚ecis où
〈¢à¥¬¥−−ë¥〉
〈á ¯à¥¤¨ª�æ¨¥©〉
〈−¥−�ç�«ì−�ï〉
〈CNT q p〉
〈CNT〉
〈SubCNT〉
〈Š®−â�ªâ〉

¯®â®¬ã çâ® ¯ã¡-
«¨ª� ¯àï¬® ¢�«®¬
¯®è«�, «¨èì
â®«ìª® ã¢¨¤¥«�
¤®¯®«−¨â¥«ì−ãî
�ä¨èã.

«¨èì â®«ìª®
〈¢à¥¬¥−−ë¥〉
〈á ¯à¥¤¨ª�æ¨¥©〉
〈−�ç�«ì−�ï〉
〈p CNT q〉
〈CNT〉
〈SubCNT〉
〈Š®−â�ªâ〉

Parce que le pub-
lic ‚etait venu en
foule dès qu'on avait
coll‚e les affiches
suppl‚ementaires.

dès que
〈¢à¥¬¥−−ë¥〉
〈á ¯à¥¤¨ª�æ¨¥©〉
〈−�ç�«ì−�ï〉
〈p CNT q〉
〈CNT〉
〈SubCNT〉
〈Š®−â�ªâ〉

−® −¥¢®§¬®¦−® ¢ë¤¥«¨âì í«¥¬¥−â ¨«¨ ª®−áâàãªæ¨î, ®â¢¥ç�îé¨¥ §� íâ®) ¨ zero,
â. ¥. ®âáãâáâ¢¨¥ ¯¥à¥¢®¤−®£® íª¢¨¢�«¥−â� ¢ ¯¥à¥¢®¤¥. „«ï íâ¨å 29 ¬®¤¥«¥© áä®à-
¬¨à®¢�−® 312 àãááª®-äà�−æã§áª¨å �−−®â�æ¨© ¤«ï á«ãç�¥¢, ª®£¤� ú−¥ â®«ìª®û
ï¢«ï¥âáï ¡«®ª®¬ −¥ª®â®à®£® ª®−−¥ªâ®à�.

‚ â�¡«. 5 ¯à¨¢¥¤¥−ë ¤�−−ë¥ ¤«ï á¥¬¨ −�¨¡®«¥¥ ç�áâ®â−ëå ¢�à¨�−â®¢ ¯¥-
à¥¢®¤�: únon seulementû, unknown, úne|pas seulementû, zero, úpas seulementû,
úne|pas|seulementû, úloin deû. ‘ã¬¬�à−�ï áâ�â¨áâ¨ª� ® ç�áâ®â−®áâ¨ ¤«ï ®áâ�«ì-
−ëå 22 ¬®¤¥«¥© ¯¥à¥¢®¤� ¯à¨¢¥¤¥−� ¢ ¯à¥¤¯®á«¥¤−¥© áâà®ª¥ â�¡«¨æë.

�®¤ç¥àª−¥¬, çâ® ¯à¨ à�¡®â¥ á ��„ ç¨á«�, ãª�§�−−ë¥ ¢ âà¥âì¥© ª®«®−ª¥
â�¡«. 5, ï¢«ïîâáï £¨¯¥àááë«ª�¬¨, çâ® ®¡¥á¯¥ç¨¢�¥â ®¡à�â¨¬®áâì ¯à®æ¥áá� ¯®«ã-
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’�¡«¨æ� 5 ÷�á¯à¥¤¥«¥−¨¥ ç�áâ®â−®áâ¨ ¬®¤¥«¥© ¯¥à¥¢®¤� ú−¥ â®«ìª®û

‘«®¢�,
¢ë¯®«−ïîé¨¥

äã−ªæ¨î
ª®−−¥ªâ®à�

‘®®â¢¥âáâ¢ãîé�ï ¨¬
¬®¤¥«ì ¯¥à¥¢®¤�

¢® äà�−æã§áª®¬ ï§ëª¥

�¡á®«îâ−�ï
ç�áâ®â−®áâì

á®®â¢¥âáâ¢ãîé¥©
¬®¤¥«¨ ¯¥à¥¢®¤�

¢ ��„

�â−®á¨â¥«ì−�ï
ç�áâ®â−®áâì

á®®â¢¥âáâ¢ãîé¥©
¬®¤¥«¨ ¯¥à¥¢®¤�,

%

−¥ â®«ìª®

non seulement 177 56,73
unknown 42 13,46

ne|pas seulement 34 10,90
zero 16 5,13

pas seulement 6 1,92
ne|pas|seulement 4 1,28

loin de 3 0,96
�áâ�«ì−ë¥ 22 ¢�à¨�−â� ¯¥à¥¢®¤� 30 10,58
—¨á«® �−−®â�æ¨© 312 100

ç¥−¨ï áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå. „àã£¨¬¨ á«®¢�¬¨, §−�ç¥−¨¥ ç�áâ®â−®áâ¨ ï¢«ï¥âáï
ááë«ª®© ª á¯¨áªã �−−®â�æ¨© ¢á¥å á«ãç�¥¢ ã¯®âà¥¡«¥−¨ï á®®â¢¥âáâ¢ãîé¥© ¬®¤¥«¨
¯¥à¥¢®¤� ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å ��„. ��«¨ç¨¥ £¨¯¥àááë«®ª ¤¥«�¥â áâ�â¨áâ¨ªã
−�£«ï¤−®© ¨ ¢¥à¨ä¨æ¨àã¥¬®©, � â�ª¦¥ ¯à¥¤®áâ�¢«ï¥â ¢®§¬®¦−®áâì ¯à®�−�«¨§¨-
à®¢�âì �−−®â�æ¨¨ ¯®á«¥ ¯®«ãç¥−¨ï áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå. �â® ï¢«ï¥âáï ¢�¦−ë¬
®â«¨ç¨¥¬ ��„ ª®−−¥ªâ®à®¢ ¢ áà�¢−¥−¨¨ á ¤àã£¨¬¨ í«¥ªâà®−−ë¬¨ «¨−£¢¨áâ¨ç¥-
áª¨¬¨ à¥áãàá�¬¨.

�®«ãç¥−−ë¥ áâ�â¨áâ¨ç¥áª¨¥ ¤�−−ë¥ ¯®ª�§ë¢�îâ, çâ® −�¨¡®«¥¥ ç�áâ®â−ë¬
á®®â¢¥âáâ¢¨¥¬ ¤«ï ú−¥ â®«ìª®û ï¢«ï¥âáï únon seulementû, −� ¤®«î ª®â®à®£®
¯à¨å®¤¨âáï 177 �−−®â�æ¨©.

2.4 Таблицы, формируемые на основе SQL-запросов

—¥â¢¥àâ�ï áâ�â¨áâ¨ç¥áª�ï äã−ªæ¨ï ®¡¥á¯¥ç¨¢�¥â ¯®«ì§®¢�â¥«¥©-«¨−£¢¨áâ®¢
è¨à®ª¨¬ á¯¥ªâà®¬ áâ�â¨áâ¨ç¥áª¨å â�¡«¨æ, ä®à¬¨àã¥¬ëå −� ®á−®¢¥ SQL-§�¯à®-
á®¢. Š�¦¤ë© ãç�áâ−¨ª ¯à®¥ªâ� ¬®¦¥â ®¯¨á�âì −ã¦−ãî ¥¬ã áâ�â¨áâ¨ªã, ¤«ï
ª®â®à®© á®§¤�¥âáï SQL-§�¯à®á. ‘¯¨á®ª á®§¤�−−ëå §�¯à®á®¢ åà�−¨âáï ¢ ��„
¨ ¤®áâã¯¥− ¤«ï ¨å ¨á¯®«−¥−¨ï.

‚ â�¡«. 6 ¯à¥¤áâ�¢«¥− à¥§ã«ìâ�â SQL-§�¯à®á�, ª®â®àë© ¢ëç¨á«ï¥â ª®«¨-
ç¥áâ¢® ÷÷ ª®−−¥ªâ®à� á® á«®¢®¬ úâ®«ìª®û, ¯®¬¥ç¥−−ëå àã¡à¨ª�¬¨ ä�á¥â−®©
ª«�áá¨ä¨ª�æ¨¨, ª®â®àë¥ ®¯¨á�−ë ¢ à�¡®â¥ [6]. ‚ ¤�−−®¬ §�¯à®á¥ ãç¨âë¢�îâáï
â®«ìª® ÷÷, ¤«ï ª®â®àëå áä®à¬¨à®¢�−ë ¯¥à¥¢®¤−ë¥ á®®â¢¥âáâ¢¨ï, ®¡®§−�ç¥−−ë¥
ª�ª â¨¯ 1 (á¬. â�¡«. 1).

’�¡«¨æ� 6 −�£«ï¤−® ¨««îáâà¨àã¥â ¢®§¬®¦−ë¥ �á¯¥ªâë áâ�â¨áâ¨ç¥áª®£® ®¯¨-
á�−¨ï ¬−®£®ª®¬¯®−¥−â−ëå ª®−−¥ªâ®à®¢ ¢ ��„ á ¯®¬®éìî SQL-§�¯à®á®¢. ��-
¯à¨¬¥à, 15 àã¡à¨ª ä�á¥â� ú�â−®è¥−¨ïû £®¢®àïâ ® è¨à®ª®¬ á¯¥ªâà¥ ‹‘�,
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’�¡«¨æ� 6 ÷�á¯à¥¤¥«¥−¨¥ ÷÷ ª®−−¥ªâ®à®¢ á® á«®¢®¬ úâ®«ìª®û ¯® àã¡à¨ª�¬ ä�á¥â−®©
ª«�áá¨ä¨ª�æ¨¨

”�á¥â ÷ã¡à¨ª¨ ä�á¥â�
—¨á«® ÷÷
¢ �−−®â�-

æ¨ïå

�â−®è¥−¨ï

−¥¥¤¨−áâ¢¥−−®áâ¨ 301
¢à¥¬¥−−‚ë¥ 150
TBD | to be defined 84
ãá«®¢−ë¥ 32
¨áª«îç¥−¨¥ 15
£¥−¥à�«¨§�æ¨ï 7
ª®àà¥ªæ¨ï 6
á®¥¤¨−¨â¥«ì−ë¥ 6
íªáâ¥−á¨®−�«ì−�ï £¥−¥à�«¨§�æ¨ï 6
ª®−âà�áâ 4
á¯¥æ¨ä¨ª�æ¨ï 1
ãáâã¯¨â¥«ì−ë¥ 1
¯à¨ç¨−� 1
¯à®â¨¢¨â¥«ì−ë¥ 1
¯à®â¨¢®¯®áâ�¢«¥−¨¥ 1
¨−â¥−á¨®−�«ì−�ï £¥−¥à�«¨§�æ¨ï 1

�®§¨æ¨ï
−�ç�«ì−�ï 189
−¥−�ç�«ì−�ï 12
CNT p CNT q 359
p CNT q 132
CNT q p 68

�®àï¤®ª CNT p CNT q [= CNT r, CNT s,. . . ] 14
CNT p [= CNT r, CNT s,. . . ] CNT q 6
CNT q [= CNT r, CNT s,. . . ] p 3
CNT p [= CNT r, CNT s,. . . ] CNT q [= CNT t, CNT u,. . . ] 1

÷�á¯®«®- „¨áâ�−â 380
¦¥−¨¥ Š®−â�ªâ 212

‘â�âãá

CNT 573
SubCNT 146
SuperCNT 26
Neg 5

‘âàãªâãà�

á ¯à¥¤¨ª�æ¨¥© 122
¯®¢¥áâ¢®¢�â¥«ì−®¥ 32
¡¥§ ¯à¥¤¨ª�æ¨¨ 19
¢áâ�¢ª� 18
¢®¯à®á¨â¥«ì−®¥ 6
¢®áª«¨æ�â¥«ì−®¥ 3
á«®¦−®¥ ¯à¥¤«®¦¥−¨¥ 1
‘”… | ¬�àª¨àã¥â á¢¥àåäà�§®¢®¥ ¥¤¨−áâ¢® 1
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¢ëà�¦�¥¬ëå ª®−−¥ªâ®à�¬¨ á® á«®¢®¬ úâ®«ìª®û, � â�ª¦¥ ®¡ �¡á®«îâ−®© ç�áâ®â-
−®áâ¨ ª�¦¤®£® ¨§ íâ¨å 15 ‹‘�. ��¨¡®«¥¥ ç�áâ®â−ë¬¨ ï¢«ïîâáï ®â−®è¥−¨ï
−¥¥¤¨−áâ¢¥−−®áâ¨ ¨ ¢à¥¬¥−−‚ë¥ ®â−®è¥−¨ï. �� âà¥âì¥¬ ¬¥áâ¥ ¯® ç�áâ®â−®áâ¨ áâ®-
¨â á¯¥æ¨�«ì−�ï 16-ï àã¡à¨ª� TBD, ª®â®à�ï ¯à®áâ�¢«ï¥âáï ¢ â¥å á«ãç�ïå, ª®£¤�
−¥ ã¤�¥âáï ®¯à¥¤¥«¨âì ¢¨¤ ‹‘�. Šà®¬¥ àã¡à¨ª ä�á¥â� ú�â−®è¥−¨ïû ¢ â�¡«. 6
¢ª«îç¥−ë àã¡à¨ª¨ ¥é¥ ¯ïâ¨ ä�á¥â®¢: ú�®§¨æ¨ïû, ú�®àï¤®ªû, ú÷�á¯®«®¦¥-
−¨¥û, ú‘â�âãáû ¨ ú‘âàãªâãà�û [6], | ¤«ï ª�¦¤®© ¨§ ª®â®àëå â�ª¦¥ ãª�§�−�
�¡á®«îâ−�ï ç�áâ®â−®áâì ÷÷ ª®−−¥ªâ®à®¢ á® á«®¢®¬ úâ®«ìª®û.

3 Заключение

��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå ª®−−¥ªâ®à®¢ ¯à¥¤®áâ�¢«ï¥â ¯®«ì§®¢�â¥«î-«¨−£-
¢¨áâã è¨à®ª¨¥ ¢®§¬®¦−®áâ¨ ¤«ï ¯®«ãç¥−¨ï áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå ® á¢®©áâ¢�å
ª®−−¥ªâ®à®¢, ¨áå®¤ï ¨§ æ¥«¥© ¨ §�¤�ç «¨−£¢¨áâ¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï. �á−®¢-
−ë¬¨ ¯à¥¨¬ãé¥áâ¢�¬¨ íâ¨å áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå ï¢«ïîâáï ¨å −�£«ï¤−®áâì
¨ ¢¥à¨ä¨æ¨àã¥¬®áâì, çâ® ®¡¥á¯¥ç¨¢�¥âáï §� áç¥â £¨¯¥àááë«®ª, ¢¥¤ãé¨å ª �−−®â�-
æ¨ï¬, çâ® â�ª¦¥ ®¡¥á¯¥ç¨¢�¥â ¨ ®¡à�â¨¬®áâì ¯à®æ¥áá� ¯®«ãç¥−¨ï áâ�â¨áâ¨ç¥áª¨å
¤�−−ëå.

‘®£«�á−® à�¡®â¥ [12], ¢ ®â«¨ç¨¥ ®â ¡®«ìè¨−áâ¢� áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå,
¯à¥¤®áâ�¢«ï¥¬ëå ¤àã£¨¬¨ í«¥ªâà®−−ë¬¨ «¨−£¢¨áâ¨ç¥áª¨¬¨ à¥áãàá�¬¨, ¯®«ãç�-
¥¬�ï á ¯®¬®éìî ��„ áâ�â¨áâ¨ª� å�à�ªâ¥à¨§ã¥â ¢ ¯¥à¢ãî ®ç¥à¥¤ì á�¬¨ �−�«¨-
§¨àã¥¬ë¥ ï§ëª®¢ë¥ ¥¤¨−¨æë, � −¥ á®¤¥à¦�é¨¥ ¨å â¥ªáâë. ’�ª, áâ�â¨áâ¨ç¥áª¨¥
¤�−−ë¥ ¢ â�¡«. 6 ¯® àã¡à¨ª�¬ ä�á¥â� ú�â−®è¥−¨ïû ¯®§¢®«ïîâ ®¯à¥¤¥«¨âì ¤«ï
¯®«¨á¥¬¨ç−ëå ª®−−¥ªâ®à®¢, ª�ª®¥ ¨§ ®â−®è¥−¨© ï¢«ï¥âáï ¤«ï ª�¦¤®£® ¨§ −¨å
−�¨¡®«¥¥ ç�áâ®â−ë¬.

‘â�â¨áâ¨ç¥áª¨¥ ¤�−−ë¥, ª®â®àë¥ ®¡¥á¯¥ç¨¢�¥â ��„, áâ�−®¢ïâáï, â�ª¨¬ ®¡à�-
§®¬, ¢�¦−®© á®áâ�¢«ïîé¥© «¨−£¢¨áâ¨ç¥áª®£® �−�«¨§� ¬−®£®ª®¬¯®−¥−â−ëå ª®−-
−¥ªâ®à®¢, ¤®¯®«−ïï ¥£® ¨ ï¢«ïïáì áà¥¤áâ¢®¬ ¥£® ¢¥à¨ä¨ª�æ¨¨. �à¨ íâ®¬ ®¡à�¡®â-
ª� ¨ �−�«¨§ áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå ®âªàë¢�îâ −®¢ë¥ ¯¥àá¯¥ªâ¨¢ë ¨áá«¥¤®¢�−¨ï
¨ ¤�îâ «¨−£¢¨áâ�¬ ¢®§¬®¦−®áâì ®â¢¥â¨âì −� ¬−®£¨¥ ¯®ª� −¥ à¥è¥−−ë¥ ¢®¯à®áë.

Литература

1. Prasad R., Bunt H. Semantic relations in discourse: The current state of ISO
24617-8 // 11th Joint ACL-ISO Workshop on Interoperable Semantic Annotation
Proceedings. | Tilburg: Tilburg University, 2015. P. 80{92.

2. Bunt H., Prasad R. ISO-DR-Core (ISO 24617-8): Core concepts for the an-
notation of discourse relations // 12th Joint ACL-ISO Workshop on Inter-
operable Semantic Annotation Proceedings, 2016. P. 45{54. http://www.lrec-
conf.org/proceedings/lrec2016/LREC2016 Proceedings.zip.

3. ‡�æ¬�− ˆ. Œ., ˆ−ìª®¢� �. ā., Šàã¦ª®¢ Œ. ƒ., �®¯ª®¢� �. �. �à¥¤áâ�¢«¥−¨¥
ªà®ááï§ëª®¢ëå §−�−¨© ® ª®−−¥ªâ®à�å ¢ −�¤ª®à¯ãá−ëå ¡�§�å ¤�−−ëå // ˆ−ä®à¬�-
â¨ª� ¨ ¥ñ ¯à¨¬¥−¥−¨ï, 2016. ’. 10. ‚ë¯. 1. ‘. 106{118.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 4 2017 173



I. M. Zatsman, M. G. Kruzhkov, and E. Ju. Loshchilova

4. ˆ−ìª®¢�-Œ�−§®ââ¨ �. ā. Š®−−¥ªâ®àë ¯à®â¨¢®¯®áâ�¢«¥−¨ï ¢® äà�−æã§áª®¬ ¨ àãá-
áª®¬ ï§ëª�å. ‘®¯®áâ�¢¨â¥«ì−®¥ ¨áá«¥¤®¢�−¨¥. | Œ.: ˆ−ä®à¬í«¥ªâà®, 2001. 432 á.

5. ‡�«¨§−ïª �−−� �., ‡�æ¬�− ˆ. Œ., ˆ−ìª®¢� �. ā., Šàã¦ª®¢ Œ. ƒ. ��¤ª®à¯ãá−ë¥
¡�§ë ¤�−−ëå ª�ª «¨−£¢¨áâ¨ç¥áª¨© à¥áãàá // Š®à¯ãá−�ï «¨−£¢¨áâ¨ª� | 2015: ’à.
7-© Œ¥¦¤ã−�à. ª®−ä. | ‘�¡.: ‘�¡ƒ“, 2015. ‘. 211{218.

6. ‡�«¨§−ïª �−−� �., ‡�æ¬�− ˆ. Œ., ˆ−ìª®¢� �. ā. ��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå
ª®−−¥ªâ®à®¢: ¯®áâà®¥−¨¥ á¨áâ¥¬ë â¥à¬¨−®¢ // ˆ−ä®à¬�â¨ª� ¨ ¥ñ ¯à¨¬¥−¥−¨ï,
2017. ’. 11. ‚ë¯. 1. ‘. 100{108.

7. ‡�æ¬�− ˆ. Œ., Œ�¬®−®¢� �. ‘., ™ãà®¢� �. ā. �¡à�â¨¬®áâì ¨ �«ìâ¥à−�â¨¢−®áâì
£¥−¥à�«¨§�æ¨¨ ¬®¤¥«¥© ¯¥à¥¢®¤� ª®−−¥ªâ®à®¢ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å // ‘¨áâ¥¬ë
¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2017. ’. 27. ü 2. ‘. 125{142.

8. „®¡à®¢®«ìáª¨© „. �., Šà¥â®¢ �. �., ˜�à®¢ ‘. �. Š®à¯ãá ¯�à�««¥«ì−ëå â¥ªáâ®¢:
�àå¨â¥ªâãà� ¨ ¢®§¬®¦−®áâ¨ ¨á¯®«ì§®¢�−¨ï // ��æ¨®−�«ì−ë© ª®à¯ãá àãááª®£®
ï§ëª�: 2003{2005. | Œ.: ˆ−¤à¨ª, 2005. ‘. 263{296.

9. Loiseau S., Sitchinava D. V., Zalizniak Anna A., Zatsman I. M. Information tech-
nologies for creating the database of equivalent verbal forms in the Russian{French
multivariant parallel corpus // ˆ−ä®à¬�â¨ª� ¨ ¥ñ ¯à¨¬¥−¥−¨ï, 2013. ’. 7. ‚ë¯. 2.
‘. 100{109.

10. ‘¨ç¨−�¢� „. ‚. ˆá¯®«ì§®¢�−¨¥ ¯�à�««¥«ì−®£® ª®à¯ãá� ¤«ï ª®«¨ç¥áâ¢¥−−®£® ¨§ãç¥-
−¨ï «¨−£¢®á¯¥æ¨ä¨ç−®© «¥ªá¨ª¨ // Ÿ§ëª, «¨â¥à�âãà�, ªã«ìâãà�: �ªâã�«ì−ë¥ ¯à®¡-
«¥¬ë ¨§ãç¥−¨ï ¨ ¯à¥¯®¤�¢�−¨ï. | Œ.: Œ�Š‘ �à¥áá, 2014. ‚ë¯. 10. ‘. 37{44.

11. �ª® “. �âªàëâ®¥ ¯à®¨§¢¥¤¥−¨¥ / �¥à. á ¨â�«. | ‘�¡.: �ª�¤¥¬¨ç¥áª¨© ¯à®¥ªâ,
2004. 384 á. (Eco U. Opera aperta. | Milano: Bompiani, 1967. 286 p.)

12. In'kova O. Yu., Popkova N. A. Statistical data as information source for linguistic
analysis of Russian connectors // ˆ−ä®à¬�â¨ª� ¨ ¥ñ ¯à¨¬¥−¥−¨ï, 2017. ’. 11.
‚ë¯. 3. ‘. 123{131.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 15.09.17

METHODS OF FREQUENCY ANALYSIS
OF CONNECTIVES TRANSLATIONS AND REVERSIBILITY

OF STATISTICAL DATA GENERALIZATION

I. M. Zatsman, M. G. Kruzhkov, and E. Ju. Loshchilova

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

Abstract: The methods of Russian connectives frequency analysis are examined,
including analysis of their translation models in Russian{French parallel texts.
The parallel texts are integrated into a supracorpora database (SCDB) which also
includes bilingual annotations of translation correspondences. The annotations
include properties of the examined linguistic items (Russian connectives) and,
at the same time, properties of the corresponding linguistic items found in
the translation. These properties are organized as a faceted classification in
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Methods of frequency analysis of connectives translations

the SCDB describing the translation models found in the SCDB from various
perspectives. A characteristic feature of the connectives translations frequency
analysis methods implemented in the SCDB is the reversibility of the calculated
statistical data, meaning that the calculated frequency values act as hyperlinks to
the lists of the annotations those values are based on, which represent occurrences
of the corresponding connectives in the parallel texts of the SCDB. The use
of faceted classifications in the SCDB allows for multidimensional statistical
analysis of the annotated connectives and translation models. The calculated
statistical data are verifiable because they allow tracing the given values directly
to the annotations they are based on. The main goal of this paper is to describe
methods of frequency analysis of connectives translation models, including those
that support the reversibility of the calculated statistical data on different
generalization levels.

Keywords: supracorpora database; translation models; annotation of translation
models; faceted classifications; corpus linguistics; generalization; reversibility of
generalization process
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ОСОБЕННОСТИ РЕАЛИЗАЦИИ СЕРВИСА
«ПЕРСОНАЛЬНАЯ ТЕЛЕМЕДИЦИНА»

Г. Я. Илюшин1, В. И. Лиманский2

�−−®â�æ¨ï: ÷�áá¬®âà¥−� ¢®§¬®¦−®áâì ¯à¨¬¥−¥−¨ï ¬®¡¨«ì−ëå â¥«¥¬¥¤¨æ¨−-
áª¨å ª®¬¯«¥ªá®¢ (Œ’Š) ¨ á¥à¢¨á®¢ ¯¥àá®−�«ì−®© â¥«¥¬¥¤¨æ¨−ë (�’Œ) ¤«ï
¯®¢ëè¥−¨ï ¤®áâã¯−®áâ¨ ¨ ã«ãçè¥−¨ï ª�ç¥áâ¢� ¬¥¤¨æ¨−áª®© ¯®¬®é¨, ¯à¥¤®-
áâ�¢«ï¥¬®© ¦¨â¥«ï¬ âàã¤−®¤®áâã¯−ëå ¨ ã¤�«¥−−ëå −�á¥«¥−−ëå ¯ã−ªâ®¢ ÷”.
�¯¨á�−® −�§−�ç¥−¨¥ ¨ ®á−®¢−ë¥ äã−ªæ¨¨ á¥à¢¨á� �’Œ, ¯à¨¬¥−¥−¨¥ ª®â®à®£®
¯®§¢®«ï¥â ®à£�−¨§®¢�âì ã¤�«¥−−ë© ¬®−¨â®à¨−£ á®áâ®ï−¨ï §¤®à®¢ìï ¯�æ¨¥−â®¢
¨ á®ªà�â¨âì ç¨á«® ¯®á¥é¥−¨© ¯�æ¨¥−â�¬¨ ¢à�ç¥© «¥ç¥¡−®-¯à®ä¨«�ªâ¨ç¥áª¨å
ãçà¥¦¤¥−¨© (‹�“) ¢ ¯à®æ¥áá¥ ¯à®å®¦¤¥−¨ï ¯�æ¨¥−â�¬¨ ªãàá� �¬¡ã«�â®à−®£®
¨«¨ ¢®ááâ�−®¢¨â¥«ì−®£® «¥ç¥−¨ï. �¯à¥¤¥«¥−ë ¯®¤å®¤ë ª à¥�«¨§�æ¨¨ á¥à¢¨á�
�’Œ −� ¡�§¥ á¥à¢¨á®¢ ¨ ¯à¨«®¦¥−¨© «¨ç−®£® ª�¡¨−¥â� ¯�æ¨¥−â� (‹Š�).
�à¥¤áâ�¢«¥−� ¢®§¬®¦−�ï áå¥¬� ®à£�−¨§�æ¨¨ ¯à®æ¥áá� ¯à¥¤®áâ�¢«¥−¨ï ¬¥¤¨-
æ¨−áª¨å ãá«ã£ −�á¥«¥−¨î ã¤�«¥−−ëå ¨ âàã¤−®¤®áâã¯−ëå −�á¥«¥−−ëå ¯ã−ªâ®¢
á ¨á¯®«ì§®¢�−¨¥¬ Œ’Š ¨ á¥à¢¨á®¢ �’Œ.

Š«îç¥¢ë¥ á«®¢�: â¥«¥¬¥¤¨æ¨−áª¨¥ æ¥−âàë; ¬®¡¨«ì−ë¥ â¥«¥¬¥¤¨æ¨−áª¨¥
ª®¬¯«¥ªáë (Œ’Š); �¬¡ã«�â®à−ë¥ ‹�“; â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë© æ¥−âà Œ’Š;
«¨ç−ë© ª�¡¨−¥â ¯�æ¨¥−â� (‹Š�)

DOI: 10.14357/08696527170414

1 Введение

‚�¦−®© §�¤�ç¥©, áâ®ïé¥© ¯¥à¥¤ á¨áâ¥¬®© §¤à�¢®®åà�−¥−¨ï ÷”, ï¢«ï¥âáï
¯®¢ëè¥−¨¥ ª�ç¥áâ¢� ¨ ¤®áâã¯−®áâ¨ ¬¥¤¨æ¨−áª®© ¯®¬®é¨ −�á¥«¥−¨î. �á®¡¥−−®
�ªâã�«ì−® ¤�−−ë© ¢®¯à®á áâ®¨â ¤«ï ¦¨â¥«¥© ã¤�«¥−−ëå ¨ âàã¤−®¤®áâã¯−ëå −�-
á¥«¥−−ëå ¯ã−ªâ®¢, � â�ª¦¥ ¤«ï £àã¯¯ −�á¥«¥−¨ï, ª®â®àë¥ ¢ á¨«ã ®á®¡¥−−®áâ¥©
¨å ¯à®ä¥áá¨®−�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¤«¨â¥«ì−®¥ ¢à¥¬ï −�å®¤ïâáï −� â¥àà¨â®à¨ïå,
−¥ ®å¢�ç¥−−ëå á¥âìî áâ�æ¨®−�à−ëå ¬¥¤¨æ¨−áª¨å ãçà¥¦¤¥−¨©. Š â�ª¨¬ £àã¯¯�¬
®â−®áïâáï «î¤¨, §�−¨¬�îé¨¥áï ®â£®−−ë¬ áª®â®¢®¤áâ¢®¬, à�¡®â−¨ª¨ ¢�åâ®¢ëå
¡à¨£�¤ −� áâà®¨â¥«ìáâ¢¥ ¤®à®£, «¨−¨© í«¥ªâà®¯¥à¥¤�ç¨, âàã¡®¯à®¢®¤®¢ ¨ â. ¯.
‚® ¢á¥å íâ¨å á«ãç�ïå «î¤ï¬ ¯® ¬¥áâã ¨å ¦¨â¥«ìáâ¢� ¨«¨ ¢à¥¬¥−−®£® ¯à¥¡ë¢�-
−¨ï ¤®«¦¥− ¯à¥¤®áâ�¢«ïâìáï −¥®¡å®¤¨¬ë© á¯¥ªâà ¬¥¤¨æ¨−áª¨å ãá«ã£, ¢ª«îç�ï
«¥ç¥−¨¥, ¤¨�£−®áâ¨ªã, ¯à®ä¨«�ªâ¨ç¥áª¨¥ ¨ ¤¨á¯�−á¥à−ë¥ ®¡á«¥¤®¢�−¨ï.

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

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

�¤−¨¬ ¨§ á¯®á®¡®¢ à¥è¥−¨ï ãª�§�−−®© §�¤�ç¨ ï¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥
Œ’Š [1] ¤«ï ®ª�§�−¨ï ¬¥¤¨æ¨−áª¨å ãá«ã£ ¯¥à¥ç¨á«¥−−ë¬ £àã¯¯�¬ −�á¥«¥−¨ï.
Œ®¡¨«ì−ë¥ â¥«¥¬¥¤¨æ¨−áª¨¥ ª®¬¯«¥ªáë ¯à¥¤áâ�¢«ïîâ á®¡®© �¢â®−®¬−ë¥ ¯¥à¥-
¤¢¨¦−ë¥ â¥«¥¬¥¤¨æ¨−áª¨¥ «�¡®à�â®à−®-¤¨�£−®áâ¨ç¥áª¨¥ ª®¬¯«¥ªáë à�§«¨ç−®©
á¯¥æ¨�«¨§�æ¨¨, á¬®−â¨à®¢�−−ë¥ −� à�§−ëå ¯«�âä®à¬�å ¤®áâ�¢ª¨ (�¢â®¬®¡¨-
«¨, ¯®¥§¤�, à¥ç−ë¥, ¬®àáª¨¥ ¨ ¢®§¤ãè−ë¥ áã¤�). ’�ª¨¥ ª®¬¯«¥ªáë á−�¡¦¥-
−ë áà¥¤áâ¢�¬¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¢ï§¨, �¢â®−®¬−ë¬¨ í−¥à£®ãáâ�−®¢ª�¬¨,
ãª®¬¯«¥ªâ®¢�−ë à�§«¨ç−ë¬ ¤¨�£−®áâ¨ç¥áª¨¬ ¨ «�¡®à�â®à−ë¬ ®¡®àã¤®¢�−¨¥¬
¨ ®¡á«ã¦¨¢�îâáï ¬¥¤¨æ¨−áª¨¬¨ ¡à¨£�¤�¬¨ à�§−®© á¯¥æ¨�«¨§�æ¨¨. Œ®¡¨«ì−ë¥
â¥«¥¬¥¤¨æ¨−áª¨¥ ª®¬¯«¥ªáë ¬®£ãâ ®¯¥à�â¨¢−® ¯à¨¡ë¢�âì ¢ «î¡ãî â®çªã ¤«ï
®ª�§�−¨ï −�á¥«¥−¨î −¥®¡å®¤¨¬®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨.

‚ à�¡®â¥ [2] ¯à¥¤áâ�¢«¥−� âà¥åá¥£¬¥−â−�ï ¬®¤¥«ì ¯®áâà®¥−¨ï â¥«¥¬¥¤¨æ¨−áª®©
á¨áâ¥¬ë (’Œ‘), ¢ ª®â®à®© ®ª�§�−¨¥ ¬¥¤¨æ¨−áª¨å ãá«ã£ −�á¥«¥−¨î á ¨á¯®«ì§®¢�-
−¨¥¬ Œ’Š ãª«�¤ë¢�¥âáï ¢ à�¬ª¨ ¤¥©áâ¢ãîé¥£® §�ª®−®¤�â¥«ìáâ¢� ¨ −®à¬�â¨¢−ëå
�ªâ®¢ ®¡ ®ª�§�−¨¨ ¬¥¤¨æ¨−áª®© ¯®¬®é¨ −�á¥«¥−¨î ¢ á¨áâ¥¬¥ ®¡ï§�â¥«ì−®£® ¬¥-
¤¨æ¨−áª®£® áâà�å®¢�−¨ï.

�à¨ ®ª�§�−¨¨ ¯«�−®¢®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨ ¡à¨£�¤ë Œ’Š ¢ë¥§¦�îâ ¢ ã¤�-
«¥−−ë¥ ¨«¨ âàã¤−®¤®áâã¯−ë¥ −�á¥«¥−−ë¥ ¯ã−ªâë ¤«ï ®ª�§�−¨ï ¨å ¦¨â¥«ï¬
−¥®¡å®¤¨¬®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨. ‚á¥ ¯®«ãç¥−−ë¥ ¢ ¯à®æ¥áá¥ ®¡á«¥¤®¢�−¨ï
−�á¥«¥−¨ï à¥§ã«ìâ�âë (¯¥à¢¨ç−ë¥ ¤�−−ë¥ «�¡®à�â®à−ëå ¨ ¨−áâàã¬¥−â�«ì−ëå
¨áá«¥¤®¢�−¨©, §�ª«îç¥−¨ï ¢à�ç¥© ®¡é¥© ¯à�ªâ¨ª¨ ¨ ã§ª®¯à®ä¨«ì−ëå á¯¥æ¨�-
«¨áâ®¢) ¯¥à¥¤�îâáï ¯® â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¬ «¨−¨ï¬ á¢ï§¨ ¢ ‹�“ ¯® ¬¥áâã
¯à¨ªà¥¯«¥−¨ï ¯�æ¨¥−â®¢. ��æ¨¥−âë, −ã¦¤�îé¨¥áï ¢ «¥ç¥−¨¨, −�¯à�¢«ïîâ-
áï ¢ �¬¡ã«�â®à−ë¥ ‹�“ ¤«ï ¤®¯®«−¨â¥«ì−®£® ®¡á«¥¤®¢�−¨ï, ¯® à¥§ã«ìâ�â�¬
ª®â®à®£® ¨¬ −�§−�ç�¥âáï �¬¡ã«�â®à−®¥ «¥ç¥−¨¥, � ¢ á«ãç�¥ −¥®¡å®¤¨¬®áâ¨ −�-
¯à�¢«ïîâáï ¤«ï «¥ç¥−¨ï ¢ áâ�æ¨®−�àë ¬¥áâ−®£® ¯®¤ç¨−¥−¨ï ¨«¨ â¥«¥¬¥¤¨æ¨−áª¨¥
æ¥−âàë.

��æ¨¥−âë, ¯®«ãç¨¢è¨¥ ¢ à�¬ª�å áâ�æ¨®−�à®¢ ¨«¨ �¬¡ã«�â®à−ëå ‹�“ −¥-
®¡å®¤¨¬ãî ¬¥¤¨æ¨−áªãî ¯®¬®éì, ®â¯à�¢«ïîâáï ¤«ï ¯à®å®¦¤¥−¨ï −�§−�ç¥−−®£®
�¬¡ã«�â®à−®£®, ¢®ááâ�−®¢¨â¥«ì−®£® ¨«¨ ¯®á«¥®¯¥à�æ¨®−−®£® ªãàá� «¥ç¥−¨ï ¯®
¬¥áâã á¢®¥£® ¦¨â¥«ìáâ¢�. ‚ ãá«®¢¨ïå ¡«¨§ª®© â¥àà¨â®à¨�«ì−®© ¤®áâã¯−®áâ¨
‹�“ â�ª¨¥ ¯�æ¨¥−âë −�å®¤ïâáï ¢ ¯¥à¨®¤ «¥ç¥−¨ï ¯®¤ −�¡«î¤¥−¨¥¬ ¢à�ç¥©,
¯¥à¨®¤¨ç¥áª¨ ¯®á¥é�ï á®®â¢¥âáâ¢ãîé¨¥ ‹�“ ¤«ï ª®−âà®«ï å®¤� «¥ç¥−¨ï. ‚à�-
ç¨, −�¡«î¤�îé¨¥ ¯�æ¨¥−â®¢, ¬®£ãâ ¯® à¥§ã«ìâ�â�¬ �−�«¨§� á®áâ®ï−¨ï §¤®à®¢ìï
¯�æ¨¥−â®¢ á¢®¥¢à¥¬¥−−® áª®àà¥ªâ¨à®¢�âì å®¤ «¥ç¥−¨ï ¨«¨ −�¯à�¢¨âì ¨å −� ¤®-
¯®«−¨â¥«ì−ë¥ ®¡á«¥¤®¢�−¨ï.

“ª�§�−−ë© á¯®á®¡ ¯à®å®¦¤¥−¨ï �¬¡ã«�â®à−®£® ¨«¨ ¢®ááâ�−®¢¨â¥«ì−®£® «¥-
ç¥−¨ï ¤«ï ¦¨â¥«¥© ã¤�«¥−−ëå ¨ âàã¤−®¤®áâã¯−ëå −�á¥«¥−−ëå ¯ã−ªâ®¢ −¥ ¢á¥£¤�
ã¤®¡¥−, � ¢ −¥ª®â®àëå á«ãç�ïå ¯à�ªâ¨ç¥áª¨ −¥¢®§¬®¦¥−. ‘−¨§¨âì ¯®âà¥¡−®áâì
¯�æ¨¥−â®¢ ¢ ç�áâëå ¯®á¥é¥−¨ïå �¬¡ã«�â®à−ëå ‹�“ ¢ ¯¥à¨®¤ ¯à®å®¦¤¥−¨ï ªãà-
á� «¥ç¥−¨ï ¬®¦−® ¯ãâ¥¬ ¯à¨¬¥−¥−¨ï á¯¥æ¨�«¨§¨à®¢�−−ëå ¯à®£à�¬¬−ëå áà¥¤áâ¢
¤«ï ®à£�−¨§�æ¨¨ ã¤�«¥−−®£® ¬®−¨â®à¨−£� á®áâ®ï−¨ï §¤®à®¢ìï ¯�æ¨¥−â®¢, ®á−®-
¢�−−ëå −� ¯à¨¬¥−¥−¨¨ á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−ëå â¥å-
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�á®¡¥−−®áâ¨ à¥�«¨§�æ¨¨ á¥à¢¨á� ú�¥àá®−�«ì−�ï â¥«¥¬¥¤¨æ¨−�û

−®«®£¨©. ‚ �àå¨â¥ªâãà¥ ’Œ‘ à¥�«¨§�æ¨ï ãª�§�−−ëå äã−ªæ¨© ¢®§«�£�¥âáï −�
ª®¬¯®−¥−âã ¯®¤ −�§¢�−¨¥¬ ú�¥àá®−�«ì−�ï ¨«¨ ¤®¬�è−ïï ¬¥¤¨æ¨−�û.

2 Назначение и функции сервиса «Персональная телемедицина»

�á−®¢−®¥ −�§−�ç¥−¨¥ á¥à¢¨á� ú�¥àá®−�«ì−�ï â¥«¥¬¥¤¨æ¨−�û §�ª«îç�¥âáï
¢ ¯à¥¤®áâ�¢«¥−¨¨ ¢à�ç�¬ −¥®¡å®¤¨¬ëå áà¥¤áâ¢ ¤«ï ã¤�«¥−−®£® ¬®−¨â®à¨−£�
á®áâ®ï−¨ï §¤®à®¢ìï ¯�æ¨¥−â®¢ ¨ ¤«ï ¯à®¢¥¤¥−¨ï ¤¨áâ�−æ¨®−−ëå ª®−áã«ìâ�æ¨©.
�¡ï§�â¥«ì−ë¬ ãá«®¢¨¥¬ ¤«ï ãá¯¥è−®£® ¯à¨¬¥−¥−¨ï ãª�§�−−ëå áà¥¤áâ¢ ï¢«ï¥âáï
−�«¨ç¨¥ ¢ à�á¯®àï¦¥−¨¨ ¯�æ¨¥−â� ª®¬¯ìîâ¥à� ¨«¨ ¯«�−è¥â� á ¤®áâã¯®¬ ª á¥â¨
ˆ−â¥à−¥â ¨§ −�á¥«¥−−®£® ¯ã−ªâ� ¯® ¬¥áâã ¦¨â¥«ìáâ¢� íâ®£® ¯�æ¨¥−â�.

‘ãâì ã¤�«¥−−®£® ¬®−¨â®à¨−£� §�ª«îç�¥âáï ¢ á«¥¤ãîé¥¬. ��æ¨¥−â á�¬®áâ®-
ïâ¥«ì−® ®áãé¥áâ¢«ï¥â ª®−âà®«ì ¯®ª�§�â¥«¥© á®áâ®ï−¨ï á¢®¥£® §¤®à®¢ìï ¨ á ¯®-
¬®éìî ¯à®£à�¬¬−ëå áà¥¤áâ¢ ¯à¨«®¦¥−¨ï �’Œ, ãáâ�−®¢«¥−−ëå −� ¯¥àá®−�«ì-
−ë© ª®¬¯ìîâ¥à ¨«¨ ¯«�−è¥â, §�−®á¨â á®¡à�−−ë¥ ¨¬ ¤�−−ë¥ ¢ í«¥ªâà®−−ë©
¤−¥¢−¨ª ¯�æ¨¥−â�. ‚ íâ®â ¤−¥¢−¨ª ¯�æ¨¥−â ¨«¨ «¨æ®, ®áãé¥áâ¢«ïîé¥¥ ãå®¤
§� ¡®«ì−ë¬, §�−®á¨â â�ª¦¥ ¤�−−ë¥ ® ¢ë¯®«−¥−¨¨ −�§−�ç¥−¨© ¢à�ç�, ¦�«®¡ë
¯�æ¨¥−â� ¨ ¤àã£¨¥ á¢¥¤¥−¨ï ® ¥£® á�¬®çã¢áâ¢¨¨. �®¤£®â®¢«¥−−ë¥ ¯�æ¨¥−â®¬
¤�−−ë¥ ¯¥à¨®¤¨ç¥áª¨ ¯¥à¥¤�îâáï ¯® ª�−�«�¬ ˆ−â¥à−¥â −� á¥à¢¥à ’Œ‘, £¤¥
−�ª�¯«¨¢�îâáï ¨ åà�−ïâáï.

‚à�ç ¢ ã¤®¡−®¥ ¤«ï −¥£® ¢à¥¬ï á ¯®¬®éìî á¯¥æ¨�«ì−®© ¯à®£à�¬¬−®© ª®¬¯®-
−¥−âë (¤¨áâ�−æ¨®−−�ï ¯à¨¥¬−�ï ¢à�ç�, „�‚) §�¯à�è¨¢�¥â íâ¨ ¤�−−ë¥ á á¥à¢¥à�
’Œ‘. �� ®á−®¢�−¨¨ ¯®«ãç¥−−ëå ¤�−−ëå ¢à�ç ®áãé¥áâ¢«ï¥â ã¤�«¥−−®¥ −�¡«î-
¤¥−¨¥ §� á®áâ®ï−¨¥¬ §¤®à®¢ìï ¯�æ¨¥−â�. �à¨ −¥®¡å®¤¨¬®áâ¨ ¢à�ç ¢ à¥¦¨¬¥
¯à®¢¥¤¥−¨ï ¤¨áâ�−æ¨®−−®© ª®−áã«ìâ�æ¨¨ ¯¥à¥¤�¥â ¯�æ¨¥−âã −¥®¡å®¤¨¬ë¥ ãª�§�-
−¨ï ¯® ª®àà¥ªæ¨¨ å®¤� «¥ç¥−¨ï ¨ ¬®¦¥â á¢®¥¢à¥¬¥−−® ¯à¨−ïâì −¥®¡å®¤¨¬ë¥ ¬¥àë
¯à¨ ¢®§−¨ª−®¢¥−¨¨ ªà¨â¨ç¥áª¨å á¨âã�æ¨©. „¨áâ�−æ¨®−−ë¥ ª®−áã«ìâ�æ¨¨ â�ª¦¥
¢ë¯®«−ïîâáï ¢ ®â«®¦¥−−®¬ à¥¦¨¬¥, ª®£¤� áä®à¬¨à®¢�−−ë¥ ¢à�ç®¬ ¢ å®¤¥ ª®−-
áã«ìâ�æ¨¨ ¤�−−ë¥ ¯¥à¥¤�îâáï −� á¥à¢¥à ’Œ‘, � ¯�æ¨¥−â, ¯®«ãç¨¢ ®¯®¢¥é¥−¨¥,
¬®¦¥â ®§−�ª®¬¨âìáï á ¢ë¤�−−ë¬¨ ¥¬ã −�§−�ç¥−¨ï¬¨ ¨ à¥ª®¬¥−¤�æ¨ï¬¨.

„−¥¢−¨ª ¯�æ¨¥−â� ¬®¦¥â ¯à¥¤áâ�¢«ïâì á®¡®© ã¯®àï¤®ç¥−−ãî ¯® ¢à¥¬¥−¨
¯®á«¥¤®¢�â¥«ì−®áâì §�¯¨á¥© à�§«¨ç−®£® ¢¨¤�, á®¤¥à¦�é¨å ¤�−−ë¥ ® á®áâ®ï−¨¨
§¤®à®¢ìï ¯�æ¨¥−â�. �à¨¬¥à−ë© ¯¥à¥ç¥−ì à¥£¨áâà¨àã¥¬ëå ¢ ¤−¥¢−¨ª¥ ¯�æ¨¥−â�
¯�à�¬¥âà®¢ ¯à¨¢¥¤¥− −¨¦¥:

1. ’¥¬¯¥à�âãà�: £à�¤ãáë, ª®¬¬¥−â�à¨©.

2. �ã«ìá: ç�áâ®â� á¥à¤¥ç−ëå á®ªà�é¥−¨©, �à¨â¬¨ï, ª®¬¬¥−â�à¨©.
3. „�¢«¥−¨¥: á¨áâ®«¨ç¥áª®¥ (¢¥àå−¥¥), ¤¨�áâ®«¨ç¥áª®¥ (−¨¦−¥¥), ª®¬¬¥−â�à¨©.
4. ƒ«îª®§�: ãà®¢¥−ì (¬¬®«ì/«), ª®¬¬¥−â�à¨©.
5. ‚¥á: ª£, ª®¬¬¥−â�à¨©.

6. �à¨¥¬ «¥ª�àáâ¢: «¥ª�àáâ¢®, ¤®§�, ª®¬¬¥−â�à¨©.
7. ÷¥§ã«ìâ�âë �−�«¨§®¢: ®¯¨á�−¨¥, ä�©«.
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8. ÷¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨©: ®¯¨á�−¨¥, ä�©«.

9. ‘®áâ®ï−¨¥ ¨ ¦�«®¡ë: ®¯¨á�−¨¥.

‚ ª�¦¤®¬ ¯ã−ªâ¥ ¯®á«¥ ¤¢®¥â®ç¨ï ¯¥à¥ç¨á«¥−ë à¥£¨áâà¨àã¥¬ë¥ ¯�à�¬¥âàë /̈̈ «¨
¥¤¨−¨æë ¨§¬¥à¥−¨ï. ��æ¨¥−â ¬®¦¥â ¢¢¥áâ¨ ¯à®¨§¢®«ì−®¥ ç¨á«® §�¯¨á¥© «î¡®£®
¢¨¤�. „−¥¢−¨ª ¯�æ¨¥−â� ¯à¥¤−�§−�ç¥− ¤«ï á�¬®ª®−âà®«ï ¨ ï¢«ï¥âáï ®á−®¢−ë¬
¨áâ®ç−¨ª®¬ ¤�−−ëå ¤«ï ¢à�ç�, ®áãé¥áâ¢«ïîé¥£® ¤¨áâ�−æ¨®−−ë© ¬®−¨â®à¨−£
á®áâ®ï−¨ï §¤®à®¢ìï ¯�æ¨¥−â�.

„¨áâ�−æ¨®−−�ï ¯à¨¥¬−�ï ¢à�ç� à¥�«¨§ã¥â äã−ªæ¨¨ §�¯à®á� á¢¥¤¥−¨© ¨§
åà�−ïé¥£®áï −� á¥à¢¥à¥ ’Œ‘ ¤−¥¢−¨ª� ¯�æ¨¥−â�, � â�ª¦¥ ¯¥à¥¤�ç¨ ¯�æ¨¥−âã
¤¨áâ�−æ¨®−−ëå ª®−áã«ìâ�æ¨©. „¨áâ�−æ¨®−−�ï ¯à¨¥¬−�ï ¢à�ç� ¬®¦¥â ¡ëâì
à¥�«¨§®¢�−� ¢ ¢¨¤¥ ®â¤¥«ì−®© ¯à®£à�¬¬−®© ª®¬¯®−¥−âë «¨¡® ¥¥ äã−ªæ¨®−�«
¬®¦¥â ¡ëâì ¢áâà®¥− ¢ ¬¥¤¨æ¨−áªãî ¨−ä®à¬�æ¨®−−ãî á¨áâ¥¬ã (Œˆ‘) ‹�“.

“ç¨âë¢�ï á«®¦−®áâì ®à£�−¨§�æ¨¨ «¨ç−ëå ª®−â�ªâ®¢ ¢à�ç� ¨ ¯�æ¨¥−â� −� â¥à-
à¨â®à¨¨ ‹�“, äã−ªæ¨®−�« ¯à¨«®¦¥−¨ï �’Œ ¯®¬¨¬® áà¥¤áâ¢ ¢¥¤¥−¨ï ¤−¥¢−¨ª�
¨ ®à£�−¨§�æ¨¨ ¤¨áâ�−æ¨®−−ëå ª®−áã«ìâ�æ¨© ¤®«¦¥− ®¡¥á¯¥ç¨¢�âì ¢®§¬®¦−®áâì
¯àï¬®£® ®¡é¥−¨ï ¢à�ç� ¨ ¯�æ¨¥−â� ¯®áà¥¤áâ¢®¬ ¢¨¤¥®- ¨«¨ �ã¤¨®á¢ï§¨. ˆ−¨-
æ¨�â®à®¬ á¥�−á� ¢¨¤¥®á¢ï§¨ ¬®¦¥â ¢ëáâã¯�âì ¢à�ç ¨«¨ ¯�æ¨¥−â. ��æ¨¥−â ¯à¨
−¥®¡å®¤¨¬®áâ¨ ä®à¬¨àã¥â §�ï¢ªã −� ¯à®¢¥¤¥−¨¥ á¥�−á� á¢ï§¨ á ¢à�ç®¬, ãª�§ë¢�ï
¯à¨ç¨−ã ¢ë§®¢�, ¦¥«�â¥«ì−ãî ¤�âã ¨ ¢à¥¬ï á¥�−á� (¯à¨¥¬«¥¬ë© ¤«ï ¯�æ¨¥−â�
¤¨�¯�§®− ãª�§�−−ëå ¯�à�¬¥âà®¢). ‘¨£−�« ® ¯®áâã¯«¥−¨¨ §�ï¢ª¨ ¯¥à¥¤�¥âáï ¢à�çã
¢ ¢¨¤¥ á®®â¢¥âáâ¢ãîé¥£® ®¯®¢¥é¥−¨ï ¯® ‘Œ‘ ¨«¨ ¨−ë¬ á¯®á®¡®¬.

‚à�ç ¢ ®â¢¥â −� §�ï¢ªã ¯�æ¨¥−â� ® −¥®¡å®¤¨¬®áâ¨ ª®−â�ªâ� ¨«¨ ¯® á®¡áâ¢¥−−®©
¨−¨æ¨�â¨¢¥ ®â¯à�¢«ï¥â ¯�æ¨¥−âã ã¢¥¤®¬«¥−¨¥ ® ¤�â¥ ¨ ¢à¥¬¥−¨ ¯à®¢¥¤¥−¨ï á¥-
�−á� ¢¨¤¥®á¢ï§¨, ª®â®à®¥ ¤ã¡«¨àã¥âáï ¯�æ¨¥−âã á®®â¢¥âáâ¢ãîé¨¬ ®¯®¢¥é¥−¨¥¬.
‚ −�§−�ç¥−−®¥ ¢à¥¬ï ¢à�ç ¨ ¯�æ¨¥−â, ¨á¯®«ì§ãï á®®â¢¥âáâ¢ãîé¨© äã−ªæ¨®−�«
¯à¨«®¦¥−¨ï �’Œ, ãáâ�−�¢«¨¢�îâ §�¯«�−¨à®¢�−−ë© á¥�−á á¢ï§¨.

3 Пути реализации сервиса «Персональная телемедицина»

’à¥åá¥£¬¥−â−�ï ¬®¤¥«ì ¯®áâà®¥−¨ï ’Œ‘ [2] ¢ª«îç�¥â ¢ á¥¡ï âà¨ ®á−®¢-
−ëå äã−ªæ¨®−�«ì−ëå á¥£¬¥−â� (áâ�æ¨®−�à−ë¥ â¥«¥¬¥¤¨æ¨−áª¨¥ æ¥−âàë, Œ’Š
¨ �¬¡ã«�â®à−ë¥ ‹�“) ¨ ¤¢� â¥å−®«®£¨ç¥áª¨å ª®¬¯®−¥−â� á¨áâ¥¬ë | áâ�−æ¨¨
Œ’Š ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë© æ¥−âà. ‘â�−æ¨¨ Œ’Š ®¡¥á¯¥ç�â íªá¯«ã�â�æ¨î
¨ ®¯¥à�â¨¢−®¥ ã¯à�¢«¥−¨¥ ¬®¡¨«ì−ë¬¨ ª®¬¯«¥ªá�¬¨, � â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë©
æ¥−âà ’Œ‘ ¯à¥¤−�§−�ç¥− ¤«ï ®à£�−¨§�æ¨¨ ¯à®æ¥áá®¢ ®¡¬¥−� ¨−ä®à¬�æ¨¥© ¬¥¦-
¤ã ®¡ê¥ªâ�¬¨ ®á−®¢−ëå äã−ªæ¨®−�«ì−ëå ª®¬¯®−¥−â®¢ á¨áâ¥¬ë ¯à¨ ¯à®¢¥¤¥−¨¨
®¡á«¥¤®¢�−¨ï −�á¥«¥−¨ï á ¯®¬®éìî Œ’Š ¨ −�¯à�¢«¥−¨ï ¯�æ¨¥−â®¢ −� «¥ç¥−¨¥
¢ áâ�æ¨®−�à−ë¥ â¥«¥¬¥¤¨æ¨−áª¨¥ æ¥−âàë.

’¥«¥ª®¬¬ã−¨ª�æ¨®−−ë© æ¥−âà ’Œ‘ ¬®¦¥â ¡ëâì â�ª¦¥ ¨á¯®«ì§®¢�− ¤«ï à�§-
¬¥é¥−¨ï −� ¥£® ¯«®é�¤ª¥ ¯à®£à�¬¬−ëå á¥à¢¨á®¢, ®à£�−¨§ãîé¨å ¢§�¨¬®¤¥©áâ¢¨¥
¯à¨«®¦¥−¨© �’Œ ¨ à�§¬¥é¥−−ëå ¢ ‹�“ ¯à¨«®¦¥−¨© „�‚. �®¬¨¬® íâ®£®
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−� ¯«®é�¤ª¥ â¥«¥ª®¬¬ã−¨ª�æ¨®−−®£® æ¥−âà� ¬®¦¥â ¡ëâì à�§¬¥é¥− ¢¨¤¥®á¥à¢¥à,
®¡¥á¯¥ç¨¢�îé¨© ¯à®¢¥¤¥−¨¥ á¥�−á®¢ ¢¨¤¥®á¢ï§¨ ¢à�ç� ¨ ¯�æ¨¥−â�.

‚ áâ�âì¥ [3] ¯à¨¢¥¤¥−® ®¯¨á�−¨¥ ‹Š� −� ¡�§¥ ¨−â¥£à�æ¨®−−®© ¯«�âä®à¬ë
à¥£¨®−�«ì−®£® ãà®¢−ï. ”ã−ªæ¨®−�« ‹Š� ¢ª«îç�¥â áà¥¤áâ¢� ã¤�«¥−−®£® ¬®-
−¨â®à¨−£�, �−�«®£¨ç−ë¥ ¨§«®¦¥−−ë¬ ¢ ¤�−−®© áâ�âì¥. �®¬¨¬® íâ®£® ¢ ‹Š�
à¥�«¨§®¢�−ë ¤¢� ¡«®ª� í«¥ªâà®−−ëå ãá«ã£ ¤«ï ¯�æ¨¥−â®¢:

(1) §�¯¨áì ¯�æ¨¥−â®¢ −� ¯à¨¥¬ ª ¢à�çã, −� ¯à®¢¥¤¥−¨¥ «�¡®à�â®à−ëå ¨«¨
¨−áâàã¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© ¢ à¥¦¨¬¥ á�¬®§�¯¨á¨ ¨«¨ ¯® í«¥ªâà®−−ë¬
−�¯à�¢«¥−¨ï¬;

(2) §�¯à®á à¥§ã«ìâ�â®¢ ãá«ã£, ¯à¥¤®áâ�¢«¥−−ëå ¯�æ¨¥−â�¬, ¢ â®¬ ç¨á«¥ à¥§ã«ì-
â�â®¢ ¢ë¯®«−¥−−ëå «�¡®à�â®à−ëå ¨ ¨−áâàã¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨©.

�¥à¥ç¨á«¥−−ë¥ ãá«ã£¨ â�ª¦¥ ¬®£ãâ ®ª�§�âìáï ¯®«¥§−ë¬¨ ¯®«ì§®¢�â¥«ï¬ á¥à-
¢¨á� �’Œ, ¯®áª®«ìªã ¢ ¯à®æ¥áá¥ ã¤�«¥−−®£® ¬®−¨â®à¨−£� ã ¢à�ç� ¬®¦¥â ¢®§-
−¨ª−ãâì −¥®¡å®¤¨¬®áâì −�¯à�¢¨âì ¯�æ¨¥−â� −� ¤®¯®«−¨â¥«ì−ë¥ ª®−áã«ìâ�æ¨¨
ª á¯¥æ¨�«¨áâ�¬ ¨«¨ −� ¯à®¢¥¤¥−¨¥ −®¢ëå ¨áá«¥¤®¢�−¨©. ˆáå®¤ï ¨§ áª�§�−−®£®,
æ¥«¥á®®¡à�§−® ¢§ïâì §� ®á−®¢ã á¥à¢¨á� �’Œ äã−ªæ¨®−�« ¨ ¯à®£à�¬¬−ë¥ á¥à-
¢¨áë, à�§à�¡®â�−−ë¥ ¤«ï ‹Š� [4, 5], ¨ ¤®¯®«−¨âì ¨å áà¥¤áâ¢�¬¨ ®à£�−¨§�æ¨¨
¨ ¯à®¢¥¤¥−¨ï á¥�−á®¢ ¢¨¤¥®á¢ï§¨.

�à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ á¥à¢¨á� �’Œ ¢ª«îç�¥â ¢ á¥¡ï ç¥âëà¥ ®á−®¢−ëå
ª®¬¯®−¥−âë:

1. �à¨«®¦¥−¨¥ �’Œ à¥�«¨§ã¥â äã−ªæ¨¨ ¢¥¤¥−¨ï ¤−¥¢−¨ª� ¯�æ¨¥−â�, ¯®«ã-
ç¥−¨ï ¤¨áâ�−æ¨®−−ëå ª®−áã«ìâ�æ¨©, â�«®−®¢ ¨ −�¯à�¢«¥−¨© ¤«ï ¯®á¥é¥−¨ï
á¯¥æ¨�«¨áâ®¢ ¢ ‹�“, � â�ª¦¥ ãáâ�−®¢«¥−¨ï ¨ ¢¥¤¥−¨ï á¥�−á®¢ ¢¨¤¥®á¢ï§¨
¯�æ¨¥−â� ¨ ¢à�ç�. „�−−�ï ª®¬¯®−¥−â� ãáâ�−�¢«¨¢�¥âáï −� ª®¬¯ìîâ¥à¥ ¨«¨
¬®¡¨«ì−®¬ ãáâà®©áâ¢¥ ¯�æ¨¥−â�.

2. „¨áâ�−æ¨®−−�ï ¯à¨¥¬−�ï ¢à�ç� à¥�«¨§ã¥â äã−ªæ¨¨ ¤®áâã¯� ¢à�ç� ª á¢¥¤¥-
−¨ï¬ ¨§ ¤−¥¢−¨ª� ¯�æ¨¥−â�, ¢ë¤�ç¨ ¯�æ¨¥−âã ¤¨áâ�−æ¨®−−ëå ª®−áã«ìâ�æ¨©
¨ −�¯à�¢«¥−¨©, ãáâ�−®¢«¥−¨ï ¨ ¢¥¤¥−¨ï á¥�−á®¢ ¢¨¤¥®á¢ï§¨ á ¯�æ¨¥−â®¬.
„�−−�ï ª®¬¯®−¥−â� ¬®¦¥â ¡ëâì à¥�«¨§®¢�−� ¢ á®áâ�¢¥ à�¡®ç¥£® ¬¥áâ� ¢à�ç�
Œˆ‘ ¨«¨ ¢ ¢¨¤¥ ®â¤¥«ì−®£® á¯¥æ¨�«¨§¨à®¢�−−®£® ¯à¨«®¦¥−¨ï. „¥©áâ¢¨ï
¢à�ç�, ¢ë¯®«−ï¥¬ë¥ ¢ å®¤¥ ¤¨áâ�−æ¨®−−ëå ª®−áã«ìâ�æ¨©, ¤®«¦−ë ï¢«ïâìáï
ç�áâìî ¯à®æ¥áá� ¢¥¤¥−¨ï í«¥ªâà®−−®© ¬¥¤¨æ¨−áª®© ª�àâë ¯�æ¨¥−â�, ¯®íâ®¬ã
à¥�«¨§�æ¨ï äã−ªæ¨®−�«� „�‚ ¢ á®áâ�¢¥ à�¡®ç¥£® ¬¥áâ� Œˆ‘ −�¨¡®«¥¥
¯à¥¤¯®çâ¨â¥«ì−�.

3. �à®£à�¬¬−ë¥ á¥à¢¨áë �’Œ ¨ „�‚ ¯à¥¤−�§−�ç¥−ë ¤«ï ®à£�−¨§�æ¨¨ ®¡¬¥−�
¤�−−ë¬¨ ¬¥¦¤ã ¯à¨«®¦¥−¨ï¬¨ �’Œ ¨ „�‚. ‚ −�¯à�¢«¥−¨¨ ®â ¯�æ¨¥−â�
ª ¢à�çã ãª�§�−−ë¥ á¥à¢¨áë à¥�«¨§ãîâ −¥®¡å®¤¨¬ë¥ ¨−â¥àä¥©áë ¤«ï ¯¥-
à¥¤�ç¨ ®â ¯à¨«®¦¥−¨© �’Œ −� á¥à¢¥à ’Œ‘ §�¯¨á¥© ¤−¥¢−¨ª� ¯�æ¨¥−â�,
á®åà�−¥−¨ï íâ¨å á¢¥¤¥−¨© ¢ ¡�§�å ¤�−−ëå á¥à¢¨á� á æ¥«ìî ¨å ¯®á«¥¤ãîé¥©
¯¥à¥¤�ç¨ ¯à¨«®¦¥−¨î „�‚ ¯® §�¯à®á�¬ ¢à�ç¥©. ‚ −�¯à�¢«¥−¨¨ ®â ¢à�ç�
ª ¯�æ¨¥−âã íâ¨ á¥à¢¨áë à¥�«¨§ãîâ −¥®¡å®¤¨¬ë¥ ¨−â¥àä¥©áë ¤«ï ¯¥à¥¤�ç¨ ®â

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 4 2017 181



ƒ. Ÿ. ˆ«îè¨−, ‚. ˆ. ‹¨¬�−áª¨©

÷¨á. 1 ˆ−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ª®¬¯®−¥−â®¢ á¥à¢¨á� �’Œ: 1 | ¯¥à¥¤�ç�
¤�−−ëå ¤−¥¢−¨ª� ¯�æ¨¥−â�; 2 | ¯®«ãç¥−¨¥ ¤�−−ëå ¤−¥¢−¨ª� ¯�æ¨¥−â�; 3 | ¯¥à¥¤�ç�
¤¨áâ�−æ¨®−−ëå ª®−áã«ìâ�æ¨©; 4 | ¯®«ãç¥−¨¥ ¤¨áâ�−æ¨®−−ëå ª®−áã«ìâ�æ¨©; 5 |
®à£�−¨§�æ¨ï ¢¨¤¥®á¢ï§¨

¢à�ç� −� á¥à¢¥à ’Œ‘ ¤¨áâ�−æ¨®−−ëå ª®−áã«ìâ�æ¨©, á®åà�−¥−¨ï íâ¨å á¢¥¤¥-
−¨© ¢ ¡�§�å ¤�−−ëå á¥à¢¨á� á æ¥«ìî ¨å ¯®á«¥¤ãîé¥© ¯¥à¥¤�ç¨ ¯à¨«®¦¥−¨î
�’Œ ¯® §�¯à®á�¬ ¯�æ¨¥−â�. ‘¥à¢¨áë �’Œ ¨ „�‚ ãáâ�−�¢«¨¢�îâáï −�
á¥à¢¥à�å â¥«¥ª®¬¬ã−¨ª�æ¨®−−®£® á¥à¢¥à� ’Œ‘ [2].

4. ‘¥à¢¨áë ®à£�−¨§�æ¨¨ á¥�−á®¢ ¢¨¤¥®á¢ï§¨ ¬¥¦¤ã ¯�æ¨¥−â®¬ (¯à¨«®¦¥−¨¥¬
�’Œ) ¨ ¢à�ç®¬ (¯à¨«®¦¥−¨¥¬ „�‚) à¥�«¨§ãîâ ¨−â¥àä¥©áë, −¥®¡å®¤¨¬ë¥
¤«ï ¨å ¯®¤£®â®¢ª¨ ¨ ¯à®¢¥¤¥−¨ï. “ª�§�−−ë¥ á¥à¢¨áë ¢¬¥áâ¥ á ¢¨¤¥®á¥à¢¥à®¬
â�ª¦¥ ¤®«¦−ë ãáâ�−�¢«¨¢�âìáï −� á¥à¢¥à�å â¥«¥ª®¬¬ã−¨ª�æ¨®−−®£® á¥à¢¥à�
’Œ‘.

‘å¥¬� ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¯à¨«®¦¥−¨© �’Œ ¨ „�‚ á ¨á¯®«ì-
§®¢�−¨¥¬ á®®â¢¥âáâ¢ãîé¨å ¯à®£à�¬¬−ëå á¥à¢¨á®¢, à�§¬¥é¥−−ëå −� ¯«®é�¤ª¥
â¥«¥ª®¬¬ã−¨ª�æ¨®−−®£® á¥à¢¥à� ’Œ‘, ¯®ª�§�−� −� à¨á. 1.

4 Организация оказания медицинской помощи населению
с использованием мобильных телемедицинских комплексов
и сервисов персональной телемедицины

�� à¨á. 2 ¯à¥¤áâ�¢«¥−� áå¥¬� ®à£�−¨§�æ¨¨ ¯à®æ¥áá� ¯à¥¤®áâ�¢«¥−¨ï ¬¥¤¨-
æ¨−áª¨å ãá«ã£ −�á¥«¥−¨î ã¤�«¥−−ëå ¨ âàã¤−®¤®áâã¯−ëå −�á¥«¥−−ëå ¯ã−ªâ®¢
á ¨á¯®«ì§®¢�−¨¥¬ Œ’Š ¨ á¥à¢¨á� �’Œ. �® §�ï¢ª¥ �¬¡ã«�â®à−®£® ‹�“, ¢ §®−¥
®¡á«ã¦¨¢�−¨ï ª®â®à®£® −�å®¤ïâáï ã¤�«¥−−ë¥ ¨ âàã¤−®¤®áâã¯−ë¥ −�á¥«¥−−ë¥
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÷¨á. 2 �à®æ¥áá ®ª�§�−¨ï ¬¥¤¨æ¨−áª®© ¯®¬®é¨ −�á¥«¥−¨î á ¨á¯®«ì§®¢�−¨¥¬ Œ’Š
¨ �’Œ

¯ã−ªâë, −� áâ�−æ¨¨ Œ’Š ¯®¤¡¨à�¥âáï ®¤¨− ¨«¨ −¥áª®«ìª® Œ’Š, ãª®¬¯«¥ª-
â®¢�−−ëå «�¡®à�â®à−ë¬ ¨ ¤¨�£−®áâ¨ç¥áª¨¬ ®¡®àã¤®¢�−¨¥¬, ã¤®¢«¥â¢®àïîé¨¬
âà¥¡®¢�−¨ï¬ §�ï¢ª¨ ¨ à�§¬¥é¥−−®¬ −� áà¥¤áâ¢�å ¤®áâ�¢ª¨, á¯®á®¡−ëå ¤®áâ¨çì
ãª�§�−−ëå ¢ §�ï¢ª¥ −�á¥«¥−−ëå ¯ã−ªâ®¢. „«ï ®¡á«ã¦¨¢�−¨ï Œ’Š ¨§ ç¨á«�
à�¡®â−¨ª®¢ áâ�−æ¨¨ /̈̈ «¨ á®âàã¤−¨ª®¢ ‹�“ ä®à¬¨àã¥âáï ¬¥¤¨æ¨−áª�ï ¡à¨£�¤�
¤«ï ¢ë¯®«−¥−¨ï ãª�§�−−ëå ¢ §�ï¢ª¥ à�¡®â.

‘ä®à¬¨à®¢�−−�ï −� áâ�−æ¨¨ Œ’Š ¬¥¤¨æ¨−áª�ï ¡à¨£�¤� ¢ë¤¢¨£�¥âáï ¢ á®®â-
¢¥âáâ¢ãîé¨© −�á¥«¥−−ë© ¯ã−ªâ ¨ ¯à¥¤®áâ�¢«ï¥â ¨å ¦¨â¥«ï¬ ãª�§�−−ë¥ ¢ §�ï¢ª�å
¬¥¤¨æ¨−áª¨¥ ãá«ã£¨. ‚á¥ ¯¥à¢¨ç−ë¥ à¥§ã«ìâ�âë «�¡®à�â®à−ëå ¨ ¨−áâàã¬¥−-
â�«ì−ëå ¨áá«¥¤®¢�−¨©, ¯®«ãç¥−−ë¥ ¢ ¯à®æ¥áá¥ ®¡á«¥¤®¢�−¨ï −�á¥«¥−¨ï, ¢¬¥áâ¥
á §�ª«îç¥−¨ï¬¨ ¢å®¤ïé¨å ¢ ¡à¨£�¤ã ¢à�ç¥© ¯¥à¥¤�îâáï ¢ ‹�“ ¯® ¬¥áâã ¯à¨ªà¥¯-
«¥−¨ï ¯�æ¨¥−â®¢. ‚ ‹�“ ¯®«ãç¥−−ë¥ ®â Œ’Š ¤�−−ë¥ §�−®áïâáï ¢ �¬¡ã«�â®à−ë¥
ª�àâë ¯�æ¨¥−â®¢ ¨ −�¯à�¢«ïîâáï ¤«ï �−�«¨§� á¯¥æ¨�«¨áâ�¬ á®®â¢¥âáâ¢ãîé¨å
¯à®ä¨«¥©.

�® à¥§ã«ìâ�â�¬ �−�«¨§� ¢à�ç�¬¨ ‹�“ ¬®£ãâ ¡ëâì ¢ëï¢«¥−ë ¯�æ¨¥−âë,
−ã¦¤�îé¨¥áï ¢ «¥ç¥−¨¨ ¨«¨ ¤®¯®«−¨â¥«ì−ëå ®¡á«¥¤®¢�−¨ïå. ’�ª¨¥ ¯�æ¨¥−âë
¢ë§ë¢�îâáï ¢ ‹�“ ¤«ï ®ç−ëå ª®−áã«ìâ�æ¨©, ¯® à¥§ã«ìâ�â�¬ ª®â®àëå ®−¨ ¬®£ãâ
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¡ëâì −�¯à�¢«¥−ë −� «¥ç¥−¨¥ ¢ áâ�æ¨®−�àë ¨«¨ ¦¥ ¨¬ ¬®¦¥â ¡ëâì −�§−�ç¥− ªãàá
�¬¡ã«�â®à−®£® «¥ç¥−¨ï. �®á«¥ ¯à®å®¦¤¥−¨ï «¥ç¥−¨ï ¢ áâ�æ¨®−�à�å ¨−ä®à¬�-
æ¨ï ® ¯à®¢¥¤¥−−®¬ «¥ç¥−¨¨ ¨ à¥ª®¬¥−¤�æ¨¨ ® −¥®¡å®¤¨¬®¬ ¢®ááâ�−®¢¨â¥«ì−®¬
«¥ç¥−¨¨ ¯�æ¨¥−â®¢ ¯¥à¥¤�¥âáï ¢ �¬¡ã«�â®à−ë¥ ‹�“ ¯® ¬¥áâã ¯à¨ªà¥¯«¥−¨ï
¯�æ¨¥−â®¢, £¤¥ ¨¬ −�§−�ç�¥âáï á®®â¢¥âáâ¢ãîé¨© ªãàá �¬¡ã«�â®à−®£® «¥ç¥−¨ï.

��æ¨¥−âë, ¯®«ãç¨¢è¨¥ −�§−�ç¥−¨ï ¤«ï ¯à®å®¦¤¥−¨ï �¬¡ã«�â®à−®£® «¥ç¥-
−¨ï, ®â¯à�¢«ïîâáï ¯® ¬¥áâã ¦¨â¥«ìáâ¢�. ‚à�ç¨, −�§−�ç¨¢è¨¥ ¯�æ¨¥−â�¬ ªãàá
«¥ç¥−¨ï, −�¡«î¤�îâ §� å®¤®¬ «¥ç¥−¨ï á¢®¨å ¯�æ¨¥−â®¢ ¢ à¥¦¨¬¥ ã¤�«¥−−®£®
¬®−¨â®à¨−£� ¨ ¢ë¯®«−ïîâ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ª®àà¥ªæ¨î ªãàá� «¥ç¥−¨ï á ¯®-
¬®éìî ¤¨áâ�−æ¨®−−ëå ª®−áã«ìâ�æ¨©. �® à¥§ã«ìâ�â�¬ ã¤�«¥−−®£® ¬®−¨â®à¨−£�
¯�æ¨¥−â ¬®¦¥â ¡ëâì ¢ë§¢�− ¤«ï ¤®¯®«−¨â¥«ì−ëå ®¡á«¥¤®¢�−¨© ¢ ‹�“ ¨«¨ ¢à�ç
¬®¦¥â ¯à¨§−�âì ¯à®¢¥¤¥−−®¥ «¥ç¥−¨¥ ãá¯¥è−ë¬ ¨ §�¢¥àè¨âì ¤�−−ë© í¯¨§®¤
�¬¡ã«�â®à−®£® «¥ç¥−¨ï.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯®¯ëâª¨ à¥�«¨§�æ¨¨ á¥à¢¨á®¢ â¥«¥¬¥¤¨æ¨−ë ¢ ¨−â¥à¥-
á�å ¯�æ¨¥−â®¢ ¢ §�àã¡¥¦−ëå ¯¨«®â−ëå ¯à®¥ªâ�å ®áãé¥áâ¢«ï«¨áì −¥®¤−®ªà�â−®,
¯à�¢¤� ¡¥§ ¨á¯®«ì§®¢�−¨ï Œ’Š. �à¨¬¥àë â�ª¨å ¯®¯ëâ®ª ¨§«®¦¥−ë, −�¯à¨¬¥à,
¢ à�¡®â�å [6, 7].

5 Заключение

÷�áá¬®âà¥−® ¯à¨¬¥−¥−¨¥ Œ’Š ¨ á¥à¢¨á®¢ �’Œ ¤«ï ¯®¢ëè¥−¨ï ¤®áâã¯−®áâ¨
¨ ã«ãçè¥−¨ï ª�ç¥áâ¢� ¬¥¤¨æ¨−áª®© ¯®¬®é¨, ¯à¥¤®áâ�¢«ï¥¬®© ¦¨â¥«ï¬ ã¤�«¥−-
−ëå ¨ âàã¤−®¤®áâã¯−ëå −�á¥«¥−−ëå ¯ã−ªâ®¢. �¯à¥¤¥«¥−® −�§−�ç¥−¨¥ ¨ ®á−®¢−ë¥
äã−ªæ¨¨ á¥à¢¨á� �’Œ, ®¯¨á�−� ¥£® áâàãªâãà�, ®á−®¢−ë¥ ª®¬¯®−¥−âë ¨ ¯à¨¢¥¤¥-
−� áå¥¬� ¨å ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï. ˆ§«®¦¥−ë ¯®¤å®¤ë ª à¥�«¨§�æ¨¨
á¥à¢¨á� �’Œ −� ¡�§¥ á¥à¢¨á� ¨ ¯à¨«®¦¥−¨© ‹Š� ¯ãâ¥¬ ¢ª«îç¥−¨ï ¢ ç¨á«® ¥£®
äã−ªæ¨© áà¥¤áâ¢ ®à£�−¨§�æ¨¨ ¨ ¢¥¤¥−¨ï ¢¨¤¥®á¢ï§¨ ¢à�ç� ¨ ¯�æ¨¥−â�. �à¨¢¥-
¤¥−� áå¥¬� ®à£�−¨§�æ¨¨ ¯à®æ¥áá� ¯à¥¤®áâ�¢«¥−¨ï ¬¥¤¨æ¨−áª¨å ãá«ã£ −�á¥«¥−¨î
ã¤�«¥−−ëå ¨ âàã¤−®¤®áâã¯−ëå −�á¥«¥−−ëå ¯ã−ªâ®¢ á ¨á¯®«ì§®¢�−¨¥¬ Œ’Š
¨ á¥à¢¨á� �’Œ, ®¯à¥¤¥«¥−ë ®á−®¢−ë¥ ¯®â®ª¨ ¤�−−ëå ¬¥¦¤ã äã−ªæ¨®−�«ì−ë¬¨
ª®¬¯®−¥−â�¬¨ ’Œ‘.
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of outpatient treatment. The approaches to realization of the PTM service on
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СИТУАЦИОННАЯ ИНФОРМАТИЗАЦИЯ
ЖИЗНЕДЕЯТЕЛЬНОСТИ: МОДЕЛЬ ОБЪЕКТА

А. В. Ильин1, В. Д. Ильин2

�−−®â�æ¨ï: �à¥¤áâ�¢«¥−� ¬®¤¥«ì ®¡ê¥ªâ� á¨âã�æ¨®−−®© ¨−ä®à¬�â¨§�æ¨¨
¦¨§−¥¤¥ïâ¥«ì−®áâ¨ −�á¥«¥−¨ï, à�áá¬�âà¨¢�¥¬®© ª�ª á®¢®ªã¯−®áâì ®¡à�§®¢�-
â¥«ì−ëå, ¯à®¨§¢®¤áâ¢¥−−ëå ¨ ¤àã£¨å ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨. Œ®¤¥«ì ¯à¥¤-
áâ�¢«¥−� ¯à¥¤®¯à¥¤¥«¥−−ë¬ −�¡®à®¬ ¯à®áâà�−áâ¢ á®áâ®ï−¨© ª®¬¯®−¥−â ¦¨§-
−¥¤¥ïâ¥«ì−®áâ¨, à¥£ã«¨àã¥¬ëå £®áã¤�àáâ¢®¬ (−�§¢�−−ëå £®á¯à®áâà�−áâ¢�¬¨).
‘®¢¥àè¥−áâ¢®¢�−¨¥ ®¡ê¥ªâ� ¯®áà¥¤áâ¢®¬ ¨−ä®à¬�â¨§�æ¨¨ ¨§ãç�¥âáï ª�ª ¯®-
íâ�¯−ë© ¯à®æ¥áá ¯«�−¨àã¥¬ëå ¯¥à¥å®¤®¢ ®â ®â¯à�¢−®© á¨âã�æ¨¨ ª æ¥«¥¢®©.
�æ¥−ª� á®áâ®ï−¨ï ®¡ê¥ªâ� ®áãé¥áâ¢«ï¥âáï ¯ãâ¥¬ á®¯®áâ�¢«¥−¨ï ¯®àâà¥â®¢ ¤®-
áâ¨£−ãâ®© ¨ æ¥«¥¢®© á¨âã�æ¨¨. ˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨, à�§à�¡®â�−−ë¥
−� ®á−®¢¥ ¬¥â®¤®«®£¨¨ á¨âã�æ¨®−−®© ¨−ä®à¬�â¨§�æ¨¨, à¥�«¨§ãîâáï ¢ ç¥«®-
¢¥ª®-¬�è¨−−®© áà¥¤¥ à¥è¥−¨ï §�¤�ç (−�§¢�−−®© s-áà¥¤®©), ª®â®à�ï á«ã¦¨â
¨−äà�áâàãªâãà−ë¬ ®á−®¢�−¨¥¬ ®−«�©−-á¥à¢¨á®¢ (¡�−ª®¢áª¨å, «®£¨áâ¨ç¥áª¨å
¨ ¤à.). Š®−æ¥¯æ¨ï ¨ ¬¥â®¤®«®£¨ï á¨âã�æ¨®−−®© ¨−ä®à¬�â¨§�æ¨¨ à�áá¬�âà¨¢�-
îâáï ª�ª ¢ª«�¤ ¢ ¬¥â®¤®«®£¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ à¥�«¨§�æ¨¨ £®áã¤�àáâ¢¥−−®©
¯à®£à�¬¬ë ú–¨äà®¢�ï íª®−®¬¨ª� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨û.

Š«îç¥¢ë¥ á«®¢�: á¨âã�æ¨®−−�ï ¨−ä®à¬�â¨§�æ¨ï; ç¥«®¢¥ª®-¬�è¨−−�ï áà¥-
¤� à¥è¥−¨ï §�¤�ç; ¯à®áâà�−áâ¢� á®áâ®ï−¨© ¦¨§−¥¤¥ïâ¥«ì−®áâ¨; ¯®â¥−æ¨�«
áâà�−ë; æ¨äà®¢�ï íª®−®¬¨ª�

DOI: 10.14357/08696527170415

1 Введение

‚ −�è¨ ¤−¨ à�áâ¥â �£à¥áá¨¢−®áâì ¯®¯ëâ®ª ¯à¥®¡à�§®¢�−¨ï £®áã¤�àáâ¢¥−−ëå
¨ íª®−®¬¨ç¥áª¨å ¬¥å�−¨§¬®¢ áâà�− ¢ ¨−áâàã¬¥−âë ¨−â¥à−�æ¨®−�«ì−ëå íª®−®¬¨-
ç¥áª¨å í«¨â. ‚ áà¥¤¥ í−âã§¨�áâ®¢ ª®¬¯ìîâ¥à−ëå â¥å−®«®£¨© è¨à¨âáï ¤¢¨¦¥−¨¥,
æ¥«ìî ª®â®à®£® ï¢«ï¥âáï á®§¤�−¨¥ æ¨äà®¢ëå ªà¨¯â®¢�«îâ ¨ ¯«�â¥¦−ëå á¨á-
â¥¬, −¥¯®¤ª®−âà®«ì−ëå £®áã¤�àáâ¢�¬ ¨ ¡�−ª�¬. ‚á¥ íâ¨ ú¯à¥®¡à�§®¢�â¥«¨
¨ í−âã§¨�áâëû ï¢«ïîâáï áâ®à®−−¨ª�¬¨ ú−�¤−�æ¨®−�«ì−®©û ®à£�−¨§�æ¨¨ ¬¨à�
¨ íª®−®¬¨ç¥áª®© ¬®¤¥«¨ íªáâ¥àà¨â®à¨�«ì−®© ¢ë£®¤ë.

�á®¡®© ¯®¯ã«ïà−®áâìî (−¥ â®«ìª® áà¥¤¨ úáâ®à®−−¨ª®¢û) ¯®«ì§ãîâáï à�ááª�-
§ë ® çã¤¥á−ëå ªà¨¯â®¢�«îâ�å ¨ à®áâ¥ ç¨á«� ú¬�©−¨−£®¢ëå ä¥à¬û ¤«ï ¤®¡ëâç¨-
ª®¢ úæ¨äà®¢®£® §®«®â�û. ‚®â æ¨â�â� ¨§ â�ª®£® à�ááª�§�: úThe notion of a new

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, avilyin@ipiran.ru

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vdilyin@ipiran.ru
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currency, maintained by the computers of users around the world, has been the butt
of many jokes, but that has not stopped it from growing into a technology worth
billions of dollars, supported by the hordes of followers who have come to view it
as the most important new idea since the creation of the Internet. Believers from
Beijing to Buenos Aires see the potential for a financial system free from banks
and governments. More than just a tech industry fad, Bitcoin has threatened to
decentralize some of society's most basic institutionsû [1].

�¡¬¥− −�æ¨®−�«ì−ëå ¢�«îâ −� −ë−¥è−¨¥ ªà¨¯â®¢�«îâë ¨ ¯à¨¬¥−¥−¨¥
¯®á«¥¤−¨å ¢ ª�ç¥áâ¢¥ ¯«�â¥¦−ëå áà¥¤áâ¢ | ¯à®â¨¢®§�ª®−−ë¥ ¤¥©áâ¢¨ï, −�-
¯à�¢«¥−−ë¥ −� ¤¥£à�¤�æ¨î ãáâ�−®¢«¥−−ëå §�ª®−®¬ á¨áâ¥¬ â®¢�à−®-¤¥−¥¦−®£®
®¡à�é¥−¨ï. �� ¢®«−¥ úæ¨äà®¢¨§�æ¨¨ íª®−®¬¨ª¨û [2{6] â�ª¨¥ ¤¥©áâ¢¨ï ¤�-
¦¥ ®â¢¥âáâ¢¥−−ë¬¨ £®áã¤�àáâ¢¥−−ë¬¨ ç¨−®¢−¨ª�¬¨ −¥ áà�§ã à�á¯®§−�îâáï ª�ª
ªà¨¬¨−�«ì−ë¥.

1.1 Научно-исследовательская работа, результаты которой представлены
в статье

‘¨âã�æ¨®−−�ï ¨−ä®à¬�â¨§�æ¨ï, ç¥«®¢¥ª®-¬�è¨−−�ï áà¥¤� à¥è¥−¨ï §�-
¤�ç, ¯à®áâà�−áâ¢� á®áâ®ï−¨© ¦¨§−¥¤¥ïâ¥«ì−®áâ¨, ¯®â¥−æ¨�« áâà�−ë, â¥å−®«®-
£¨¨ â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï −®à¬�«¨§®¢�−−®£® íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬�
(��Œ) | íâ¨ ¨ ¤àã£¨¥ áãé−®áâ¨, à�áá¬�âà¨¢�¥¬ë¥ ¢ áâ�âì¥, ¨áá«¥¤ãîâáï
¢ à�¬ª�å −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®© à�¡®âë, ¯®á¢ïé¥−−®© á®§¤�−¨î ¬¥â®¤®«®-
£¨¨ ¨−ä®à¬�â¨§�æ¨¨ ��Œ ¨ ¯à®£à�¬¬−®© à¥�«¨§�æ¨¨ ª®¬¯«¥ªá� íªá¯¥àâ−®£®
¯«�−¨à®¢�−¨ï à¥áãàá®¢ −� ®á−®¢¥ ¨−â¥à−¥â-á¥à¢¨á®¢. ��ãç−®-¨áá«¥¤®¢�â¥«ìáª�ï
à�¡®â� ¢ë¯®«−ï¥âáï ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥-
¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
¢ á®®â¢¥âáâ¢¨¨ á £®áã¤�àáâ¢¥−−ë¬ §�¤�−¨¥¬, ¯®«ãç¥−−ë¬ ¢ á®áâ�¢¥ −�ãç−®£®
¯à®¥ªâ� ú”ã−¤�¬¥−â�«ì−ë¥ −�ãç−ë¥ ¨áá«¥¤®¢�−¨ï ¢ á®®â¢¥âáâ¢¨¨ á �à®£à�¬-
¬®© äã−¤�¬¥−â�«ì−ëå −�ãç−ëå ¨áá«¥¤®¢�−¨© £®áã¤�àáâ¢¥−−ëå �ª�¤¥¬¨© −�ãª
−� 2013{2020 £®¤ëû [7{21].

„�−−�ï áâ�âìï ï¢«ï¥âáï â¥¬�â¨ç¥áª¨¬ ¯à®¤®«¦¥−¨¥¬ áâ�âì¨ [19].

1.2 Выделение фрагментов текста

„«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 ¢−¨¬�−¨¥.
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2 Потенциал страны

� �®â¥−æ¨�« áâà�−ë ®¯à¥¤¥«ï¥âáï å�à�ªâ¥à¨áâ¨ª�¬¨ −�á¥«¥−¨ï, ¥áâ¥áâ¢¥−-
−®© áà¥¤ë ®¡¨â�−¨ï ¨ á¨áâ¥¬ ®à£�−¨§�æ¨¨ ¨ ®¡¥á¯¥ç¥−¨ï ¦¨§−¨. �

ˆ§¬¥−¥−¨¥ ¯®â¥−æ¨�«� áâà�−ë ¯®§¢®«ï¥â áã¤¨âì ® á®áâ®ï−¨¨ ®¡ê¥ªâ� £®áã-
¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï. �à¨®à¨â¥â−ë© á¯¨á®ª ¯®ª�§�â¥«¥© ãà®¢−ï à�§¢¨â¨ï
¯®â¥−æ¨�«� áâà�−ë ¨ ¨å ¨áâ®«ª®¢�−¨¥ (¢ª«îç�îé¥¥ á¯®á®¡ë ®æ¥−ª¨ ¨ áâ¨¬ã-
«¨à®¢�−¨ï ¨§¬¥−¥−¨©) á®áâ�¢«ïîâ ®á−®¢ã ¯«�−¨à®¢�−¨ï ¯à®æ¥áá� ã¯à�¢«¥−¨ï
¦¨§−¥¤¥ïâ¥«ì−®áâìî −�á¥«¥−¨ï.

� –¥«ì £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï | §�é¨â� ¯®â¥−æ¨�«� áâà�−ë ¨ ¥£® à�§-
¢¨â¨¥ ¯®áà¥¤áâ¢®¬ ¯à�¢®¢®£® à¥£ã«¨à®¢�−¨ï ¯à®æ¥áá®¢ áâ�âãá−®© ª®−ªãà¥−æ¨¨
¬¥¦¤ã ä¨§¨ç¥áª¨¬¨ ¨ îà¨¤¨ç¥áª¨¬¨ «¨æ�¬¨ [19]. �

2.1 Население

��á¥«¥−¨¥ å�à�ªâ¥à¨§ã¥âáï (¯®¬¥â� – ®§−�ç�¥â á«�¡ãî ã¯à�¢«ï¥¬®áâì ¨«¨
−¥ã¯à�¢«ï¥¬®áâì ¯®áà¥¤áâ¢®¬ £®áã¤�àáâ¢¥−−ëå ¢®§¤¥©áâ¢¨©; ¯®¬¥â� ◦ | ¯®â¥−-
æ¨�«ì−ãî ã¯à�¢«ï¥¬®áâì):

– ç¨á«¥−−®áâìî, ¯®«®¢®© ¨ ¢®§à�áâ−®© áâàãªâãà®©, à®¦¤�¥¬®áâìî ¨ á¬¥àâ−®-
áâìî, ¯«®â−®áâìî −� â¥àà¨â®à¨¨ áâà�−ë;

– ãà®¢−¥¬ §¤®à®¢ìï;
– ãà®¢−¥¬ ªã«ìâãàë, ª®â®àë© å�à�ªâ¥à¨§ã¥â ®â−®è¥−¨¥ −�á¥«¥−¨ï ª £¥−®ä®−-

¤�¬ á¥¬ì¨, −�æ¨¨ ¨ ¡¨®áä¥àë (®¯à¥¤¥«ï¥¬®¥ ®¡à�§®¬ ¦¨§−¨ | ¨ ¯à¥¦¤¥
¢á¥£® áâà¥¬«¥−¨¥¬ ª á®åà�−¥−¨î ®ªàã¦�îé¥© áà¥¤ë ¨ ãªà¥¯«¥−¨î á¥¬ì¨,
ª�ç¥áâ¢®¬ ¯¨â�−¨ï, ¦¨«ìï ¨ ®â¤ëå�, ¨−â¥««¥ªâã�«ì−®© ¨ ä¨§¨ç¥áª®© �ª-
â¨¢−®áâìî, áâ¥¯¥−ìî à�á¯à®áâà�−¥−−®áâ¨ ¯®«¥§−ëå £¨£¨¥−¨ç¥áª¨å ¯à¨¢ë-
ç¥ª ¨ à�§àãè�îé¨å £¥−®ä®−¤ë ¢à¥¤−ëå ¯à¨¢ëç¥ª); ®â−®è¥−¨¥ ª âàã¤ã,
®¡à�§®¢�−¨î, â¢®àç¥áâ¢ã (¢ ç�áâ−®áâ¨, ª ¨áªãááâ¢ã), á®åà�−¥−¨î âà�¤¨æ¨©,
ãªà¥¯«ïîé¨å á¥¬ìî ¨ −�à®¤;

– ãà®¢−¥¬ ¨§®¡à¥â�â¥«ì−®áâ¨ (®¯à¥¤¥«ï¥âáï ç¨á«®¬ ¨ §−�ç¨¬®áâìî ®âªàëâ¨©,
¨§®¡à¥â¥−¨©, à�æ¨®−�«¨§�æ¨©; ª®«¨ç¥áâ¢®¬ ¨ ãà®¢−¥¬ á®§¤�¢�¥¬ëå ¨ ¯à¨¬¥-
−ï¥¬ëå áà¥¤áâ¢ ¨ â¥å−®«®£¨©);

◦ ¯à®ä¥áá¨®−�«ì−®© ¨ ª¢�«¨ä¨ª�æ¨®−−®© áâàãªâãà�¬¨ âàã¤®á¯®á®¡−®© ç�áâ¨
−�á¥«¥−¨ï.

2.2 Среда обитания

‘à¥¤� ®¡¨â�−¨ï −�á¥«¥−¨ï å�à�ªâ¥à¨§ã¥âáï:

– à�§¬¥à®¬ ¨ £¥®£à�ä¨ç¥áª¨¬ ¯®«®¦¥−¨¥¬ â¥àà¨â®à¨¨ áâà�−ë, à�áâ¨â¥«ì-
−®áâìî ¨ ¦¨¢®â−ë¬ ¬¨à®¬ (¨å ¯à®¬ëá«®¢ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨), à¥«ì¥ä®¬,
ª«¨¬�â¨ç¥áª¨¬¨ ãá«®¢¨ï¬¨ ¨ ¯®¤¢¥à¦¥−−®áâìî áâ¨å¨©−ë¬ ¡¥¤áâ¢¨ï¬ (§¥¬-
«¥âàïá¥−¨ï¬ ¨ −�¢®¤−¥−¨ï¬);
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◦ §�¯�á�¬¨ ¯¨âì¥¢®© ¢®¤ë ¨ ¢®¤ë ¤«ï å®§ï©áâ¢¥−−ëå −ã¦¤;

◦ à�§¬¥à�¬¨ ¨ ¯«®¤®à®¤¨¥¬ §¥¬¥«ì;

– ¯®«¥§−ë¬¨ ¨áª®¯�¥¬ë¬¨ (®á®¡¥−−® ¨áâ®ç−¨ª�¬¨ áëàìï ¤«ï ¯à®¨§¢®¤áâ¢�
í−¥à£¨¨ ¨ −¥®¡å®¤¨¬ëå ¯à®¤ãªâ®¢);

– à¥ª�¬¨, ®§¥à�¬¨ ¨ ¬®àï¬¨ (¨å ¯à¨£®¤−®áâìî ¤«ï ¯à®¬ëá«� ¨ áã¤®å®¤áâ¢�).

2.3 Системы организации и обеспечения жизни

‘¨áâ¥¬ë ®à£�−¨§�æ¨¨ ¨ ®¡¥á¯¥ç¥−¨ï ¦¨§−¨, ¢ª«îç�îé¨¥ á¨áâ¥¬ã £®áã¤�à-
áâ¢¥−−®£® ã¯à�¢«¥−¨ï [7] ¨ íª®−®¬¨ç¥áª¨© ¬¥å�−¨§¬ áâà�−ë [8{10,14], å�à�ªâ¥-
à¨§ãîâáï:

◦ ãà®¢−¥¬ ã¤®¢«¥â¢®à¥−¨ï á¯à®á� −� ¢®¤ã, í−¥à£¨î, ¯à®¤ãªâë ¯¨â�−¨ï, ¦¨«ì¥,
®¤¥¦¤ã; ®¡à�§®¢�−¨¥ ¨ ¬¥¤¨æ¨−áª®¥ ®¡á«ã¦¨¢�−¨¥, á®æ¨�«ì−®¥ ®¡¥á¯¥ç¥−¨¥;

◦ ãà®¢−¥¬ ã¤®¢«¥â¢®à¥−¨ï á¯à®á� −� ¯à®¨§¢®¤áâ¢¥−−®¥ áëàì¥;

◦ ãà®¢−¥¬ �¤¥ª¢�â−®áâ¨ íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬�;

◦ ãà®¢−¥¬ ®åà�−ë ®ªàã¦�îé¥© áà¥¤ë;

◦ ãà®¢−¥¬ ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï (®¯à¥¤¥«ï¥âáï à�á¯à®áâà�−¥−−®áâìî
¨ á®¢¥àè¥−áâ¢®¬ í«¥ªâà®−−ëå á¥à¢¨á®¢, ¤®áâã¯−ëå −�á¥«¥−¨î ¢ ®¡à�§®¢�-
â¥«ì−ëå, −�ãç−ëå, ¯à®¨§¢®¤áâ¢¥−−ëå ¨ ¤àã£¨å ¯à®æ¥áá�å, á¢ï§�−−ëå á ¯®-
áâà®¥−¨¥¬ ¨ ¯à¨¬¥−¥−¨¥¬ s-¬®¤¥«¥© á¨áâ¥¬ ¯®−ïâ¨© ¨ á¨áâ¥¬ §−�−¨© [20]);

◦ ãà®¢−¥¬ ®¡¥á¯¥ç¥−¨ï ª®¬¬ã−¨ª�æ¨®−−ë¬¨ áà¥¤áâ¢�¬¨ (á¢ï§¨ ¨ âà�−á¯®àâ�);

◦ ãà®¢−¥¬ §�é¨âë −�á¥«¥−¨ï ¨ áà¥¤ë ®¡¨â�−¨ï ®â í¯¨¤¥¬¨©, áâ¨å¨©−ëå ¡¥¤-
áâ¢¨© ¨ â¥å−®£¥−−ëå ª�â�áâà®ä;

◦ à�§¬¥à®¬ á®§¤�−−®£® −�æ¨®−�«ì−®£® ¡®£�âáâ¢�, ®¯à¥¤¥«ï¥¬®£®:

{ ª®«¨ç¥áâ¢®¬ ¨ ª�ç¥áâ¢®¬ ¤¥©áâ¢ãîé¨å á¨áâ¥¬ ®¡¥á¯¥ç¥−¨ï í−¥à£¨¥©,
¢®¤®©, ¯à®¤®¢®«ìáâ¢¨¥¬;

{ −�æ¨®−�«ì−ë¬ (¯à¥¤áâ�¢«¥−−ë¬ −� £®áã¤�àáâ¢¥−−®¬ ï§ëª¥) �àá¥−�«®¬
s-¬®¤¥«¥© á¨áâ¥¬ ¯®−ïâ¨© ¨ á¨áâ¥¬ §−�−¨© [20];

{ ª®¬¬ã−¨ª�æ¨®−−ë¬¨ áà¥¤áâ¢�¬¨ (á¢ï§ì, âà�−á¯®àâ);

{ ª®«¨ç¥áâ¢®¬ ¨ ª�ç¥áâ¢®¬ ¦¨«¨é, á®®àã¦¥−¨© å®§ï©áâ¢¥−−®£®, ®¡à�-
§®¢�â¥«ì−®£®, −�ãç−®£®, ®§¤®à®¢¨â¥«ì−®£®, ®¡®à®−−®£® ¨ ªã«ìâãà−®£®
−�§−�ç¥−¨ï;

{ ª®«¨ç¥áâ¢®¬ ¨ ª�ç¥áâ¢®¬ áà¥¤áâ¢ ¯à®¨§¢®¤áâ¢� ¨ áà¥¤áâ¢ ¤«ï ®¡à�§®¢�-
â¥«ì−®©, −�ãç−®©, ®§¤®à®¢¨â¥«ì−®©, ®¡®à®−−®© ¨ ªã«ìâãà−®© ¤¥ïâ¥«ì-
−®áâ¨;

{ ª®«¨ç¥áâ¢®¬ ¨ ª�ç¥áâ¢®¬ áà¥¤áâ¢ §�é¨âë −�á¥«¥−¨ï ¨ áà¥¤ë ®¡¨â�−¨ï ®â
í¯¨¤¥¬¨©, áâ¨å¨©−ëå ¡¥¤áâ¢¨© ¨ ª�â�áâà®ä;
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{ ®¡−®¢«ï¥¬ë¬¨ §�¯�á�¬¨ −¥®¡å®¤¨¬ëå áà¥¤áâ¢ ¦¨§−¥®¡¥á¯¥ç¥−¨ï −�á¥«¥-
−¨ï;

{ §�¯�á®¬ ¤à�£®æ¥−−ëå ¬¨−¥à�«®¢ ¨ ¬¥â�««®¢;

◦ ãà®¢−¥¬ ¯à�¢®¢®£® ®¡¥á¯¥ç¥−¨ï [®¯à¥¤¥«ï¥âáï á®áâ�¢®¬ ¨ ª�ç¥áâ¢®¬ ¤¥©áâ¢ã-
îé¨å §�ª®−®¢ (ª�ç¥áâ¢® §�ª®−� ®¯à¥¤¥«ï¥âáï áâ¥¯¥−ìî á®®â¢¥âáâ¢¨ï à¥£ã«¨-
àã¥¬®¬ã íâ¨¬ §�ª®−®¬ à�§¤¥«ã ¯à®æ¥áá®¢ áâ�âãá−®© ª®−ªãà¥−æ¨¨)];

◦ ãà®¢−¥¬ ¯à�¢®®åà�−¨â¥«ì−®£® ®¡¥á¯¥ç¥−¨ï (®¯à¥¤¥«ï¥âáï ¯à¥¤®â¢à�é¥−¨¥¬
¨ à�áªàë¢�¥¬®áâìî −�àãè¥−¨© §�ª®−®¢ ¨ −¥®â¢à�â¨¬®áâìî áã¤¥¡−®© ®â¢¥â-
áâ¢¥−−®áâ¨);

◦ ãà®¢−¥¬ ®¡®à®−®á¯®á®¡−®áâ¨;

◦ ãà®¢−¥¬ ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ (®¯à¥¤¥«ï¥âáï ãà®¢−¥¬ £®-
â®¢−®áâ¨ ª ®¡−�àã¦¥−¨î ¨ ¯à¥á¥ç¥−¨î ¯®áï£�â¥«ìáâ¢ −� á¢®¡®¤ë ¨ ¯à�¢�
£à�¦¤�−, ¯®â¥−æ¨�« ¨ £®áã¤�àáâ¢¥−−ë¥ ¨−áâ¨âãâë áâà�−ë).

÷ï¤ á®áâ�¢«ïîé¨å ¯®â¥−æ¨�«� áâà�−ë ¨¬¥¥â âàã¤−®¯à¥¤áª�§ã¥¬®¥ ¨§¬¥−¥-
−¨¥ ¢® ¢à¥¬¥−¨. �â® ®â−®á¨âáï ¯à¥¦¤¥ ¢á¥£® ª å�à�ªâ¥à¨áâ¨ª�¬ −�á¥«¥−¨ï
¨ áà¥¤ë ®¡¨â�−¨ï. �à¨ç¨−�¬¨ âàã¤−®© ¯à¥¤áª�§ã¥¬®áâ¨ á«ã¦�â áãé¥áâ¢¥−-
−�ï −¥áâ�æ¨®−�à−®áâì, á«�¡�ï −�¡«î¤�¥¬®áâì, á«�¡®®æ¥−¨¢�¥¬�ï ¨−¥àæ¨®−−®áâì.
�®â¥−æ¨�« áâà�−ë ¨§¬¥−ï¥âáï ¯à¥¦¤¥ ¢á¥£® ¢ à¥§ã«ìâ�â¥ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì-
−®áâ¨ −�á¥«¥−¨ï áâà�−ë. Š«îç¥¢®© á®áâ�¢«ïîé¥© ¯®â¥−æ¨�«� áâà�−ë ï¢«ï¥âáï
¥¥ âàã¤®á¯®á®¡−®¥ −�á¥«¥−¨¥. �«�£®¯®«ãç¨¥ ¨ ¡¥§®¯�á−®áâì áâà�−ë §�¢¨áïâ ®â ¥£®
¨§®¡à¥â�â¥«ì−®áâ¨, âàã¤®«î¡¨ï, £®â®¢−®áâ¨ §�é¨é�âì áâà�−ã, ®â ¥£® ®â−®è¥−¨ï
ª á¥¬ì¥ ¨ áâà�−¥ (¢ª«îç�ï ¥¥ à¥áãàáë). —â®¡ë £®áã¤�àáâ¢¥−−ë¥ ã¯à�¢«ïîé¨¥ ¢®§-
¤¥©áâ¢¨ï −�¯à�¢«ï«¨ ¯®¢¥¤¥−¨¥ −�á¥«¥−¨ï −� íää¥ªâ¨¢−®¥ à�§¢¨â¨¥ ¯®â¥−æ¨�«�
áâà�−ë, −¥®¡å®¤¨¬® ¨¬¥âì ®¯¥à�â¨¢−ë¥ á¢¥¤¥−¨ï ®¡ ¨§¬¥−¥−¨ïå ¥£® ª®−âà®«¨àã-
¥¬ëå á®áâ�¢«ïîé¨å [19].

�¥á®®â¢¥âáâ¢¨¥ ¦¨§−¥¤¥ïâ¥«ì−®áâ¨ −�á¥«¥−¨ï §�¤�ç�¬ §�é¨âë ¨ à�§¢¨â¨ï
¯®â¥−æ¨�«� áâà�−ë ¯à¨¢®¤¨â ¢ ¨â®£¥ ª ®¤−®¬ã ¨§ ¤¢ãå ¨áå®¤®¢:

(1) ¯à®¨§¢®¤ïâáï ¯«�−®¢ë¥ ¨§¬¥−¥−¨ï á¨áâ¥¬ ®à£�−¨§�æ¨¨ ¨ ã¯à�¢«¥−¨ï ¦¨§-
−¥¤¥ïâ¥«ì−®áâìî ¨ ¯à�¢¨« ¯®¢¥¤¥−¨ï ãç�áâ−¨ª®¢ (£à�¦¤�−, ª®à¯®à�æ¨©
¨ £®áã¤�àáâ¢¥−−ëå ãçà¥¦¤¥−¨©);

(2) ãª�§�−−®¥ ¢ ¯. 1 −¥ à¥�«¨§ã¥âáï, ¨ â®£¤� −¥ãª«®−−® ®á«�¡«ï¥âáï ¯®â¥−æ¨�«
áâà�−ë.

‚â®à®© ¨áå®¤ ¤¥«�¥â ¢¥áì¬� ¢¥à®ïâ−ë¬ ¨â®£®¢®¥ (¢ ¨áâ®à¨ç¥áª®¬ ¬�áèâ�¡¥
¢à¥¬¥−¨) ¨áç¥§−®¢¥−¨¥ â�ª ãáâà®¥−−®© £®áã¤�àáâ¢¥−−®© á¨áâ¥¬ë.

�à¥¤«®¦¥−¨ï ¯® ãá®¢¥àè¥−áâ¢®¢�−¨î áâàãªâãàë ¨ á¥à¢¨á®¢ ®à£�−®¢ £®áã-
¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï, ¨å ®¡®á−®¢�−¨¥ ¨ á¯®á®¡ë à¥�«¨§�æ¨¨ ®âà�¦�¥â ¬¥â®-
¤®«®£¨ï á¨âã�æ¨®−−®© ¨−ä®à¬�â¨§�æ¨¨ ¦¨§−¥¤¥ïâ¥«ì−®áâ¨, ¢ª«îç�îé�ï:

{ ®¯à¥¤¥«¥−¨¥ ¥¥ æ¥«¨, ¯à¥¤áâ�¢«¥−−®© ª®¬¯«¥ªá®¬ §�¤�ç á®¢¥àè¥−áâ¢®¢�−¨ï
®¡ê¥ªâ�;
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{ ®¯¨á�−¨¥ ¯®−ïâ¨©−®£® �¯¯�à�â�, ¯à¥¤áâ�¢«¥−−®£® á¨áâ¥¬�¬¨ æ¥«¥¢ëå, à¥�«¨-
§�æ¨®−−ëå ¨ ä®à¬�«¨§ãîé¨å ¯®−ïâ¨©;

{ ®¯¨á�−¨¥ ¯®áâ�−®¢®ª ¨ ¬¥â®¤®¢ à¥è¥−¨ï §�¤�ç, ®¯à¥¤¥«ïîé¨å ®â−®è¥−¨ï
á¢ï§¨ ¬¥¦¤ã ¯®−ïâ¨ï¬¨.

Š ®á−®¢−ë¬ ®â−®áïâáï §�¤�ç¨ ä®à¬¨à®¢�−¨ï ¯®àâà¥â®¢ á¨âã�æ¨© (−� ®á−®-
¢�−¨¨ −�¡«î¤¥−¨© ¯à®áâà�−áâ¢ á®áâ®ï−¨©), �−�«¨§� á¨âã�æ¨©, ¯à®¥ªâ¨à®¢�−¨ï
à¥áãàá−®-®¡®á−®¢�−−ëå ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨©, ¯à¨−ïâ¨ï à¥è¥−¨© ¨ ª®−-
âà®«ï ¨å ¨á¯®«−¥−¨ï. “¯à�¢«ïîé¨¥ ¢®§¤¥©áâ¢¨ï ¯à®¥ªâ¨àãîâáï â�ª, çâ®¡ë ¯à¨
§�¤�−−ëå à¥áãàá−ëå ®£à�−¨ç¥−¨ïå á¤¥«�âì ¢®§¬®¦−ë¬ ¯¥à¥¬¥é¥−¨¥ ¨§ ®â¯à�¢-
−®© á¨âã�æ¨¨ ¢ §�¤�−−ãî ®ªà¥áâ−®áâì æ¥«¥¢®© á¨âã�æ¨¨ [7, 19].

3 Жизнедеятельность населения страны

� ƒ®á¯à®áâà�−áâ¢® | ª®−ªà¥â¨§¨à®¢�−−®¥ s-¯à¥¤áâ�¢«¥−¨¥ [20] §�¤�−−®©
ç�áâ¨ ¦¨§−¥¤¥ïâ¥«ì−®áâ¨ −�á¥«¥−¨ï áâà�−ë. ‘®¢®ªã¯−®áâì £®á¯à®áâà�−áâ¢ |
s-¯à¥¤áâ�¢«¥−¨¥ §�¤�−−ëå ç�áâ¥© ®¡ê¥ªâ�, ¨á¯®«ì§ã¥¬®¥ ¤«ï ä®à¬¨à®¢�−¨ï ¯®à-
âà¥â� £®áã¤�àáâ¢¥−−®© á¨âã�æ¨¨.

Š�¦¤®¥ £®á¯à®áâà�−áâ¢® å�à�ªâ¥à¨§ã¥âáï −�§¢�−¨¥¬ ¨ �âà¨¡ãâ�¬¨ [⊚ â¨¯�¬¨
¨§¬¥−¥−¨© á®áâ®ï−¨ï, ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨© ¨ à¥áãàá®¢, −¥®¡å®¤¨¬ëå ¤«ï
¨å à¥�«¨§�æ¨¨ (®¡¥á¯¥ç¨¢�îé¨å à¥áãàá®¢) ⊚].

ƒ®á¯à®áâà�−áâ¢® ®¯à¥¤¥«¥−®, ¥á«¨ §�¤�−ë: −�§¢�−¨¥ (⊚ ®¡®à®−−®¥ ⊚); â¨¯ë
¨§¬¥−¥−¨© á®áâ®ï−¨ï; ¤®¯ãáâ¨¬ë¥ ã¯à�¢«ïîé¨¥ ¢®§¤¥©áâ¢¨ï; ®¡¥á¯¥ç¨¢�îé¨¥
à¥áãàáë; á¨áâ¥¬ë ®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å ¯à�¢¨« [14], ãáâ�−�¢«¨-
¢�îé¨¥ á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã ¨§¬¥−¥−¨ï¬¨ á®áâ®ï−¨ï ¨ ã¯à�¢«ïîé¨¬¨ ¢®§¤¥©-
áâ¢¨ï¬¨, ¬¥¦¤ã ã¯à�¢«ïîé¨¬¨ ¢®§¤¥©áâ¢¨ï¬¨ ¨ ®¡¥á¯¥ç¨¢�îé¨¬¨ à¥áãàá�¬¨;
¯à�¢¨«� ä®à¬¨à®¢�−¨ï ®¡¥á¯¥ç¨¢�îé¨å à¥áãàá®¢ [12,17,21]. �

‘®áâ�¢ £®á¯à®áâà�−áâ¢ ä®à¬¨àã¥âáï íªá¯¥àâ�¬¨ ¢ á®®â¢¥âáâ¢¨¨ á® á¯¨áª®¬
å�à�ªâ¥à¨áâ¨ª −�á¥«¥−¨ï, áà¥¤ë ®¡¨â�−¨ï ¨ á¨áâ¥¬ ®à£�−¨§�æ¨¨ ¨ ®¡¥á¯¥ç¥−¨ï
¦¨§−¨ (á¬. ¯®¤à�§¤. 2.1{2.3). Š�¦¤®¬ã íâ�¯ã à�§¢¨â¨ï ¯®â¥−æ¨�«� áâà�−ë á®®â-
¢¥âáâ¢ã¥â ¯à¨®à¨â¥â−ë© á¯¨á®ª £®á¯à®áâà�−áâ¢ (¯à¨®à¨â¥â ®¯à¥¤¥«ï¥â à¥áãàá−ãî
®¡¥á¯¥ç¥−−®áâì ¬®−¨â®à¨−£� ¨ £®áã¤�àáâ¢¥−−ëå à¥£ã«¨àãîé¨å ¢®§¤¥©áâ¢¨©).

Œ®−¨â®à¨−£ á®áâ®ï−¨ï ®¡ê¥ªâ� ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî ¯®àâà¥â®¢ á¨âã-
�æ¨©, ä®à¬¨àã¥¬ëå ¯® à¥§ã«ìâ�â�¬ −�¡«î¤¥−¨ï á®¢®ªã¯−®áâ¨ £®á¯à®áâà�−áâ¢
(®¡à�§®¢�â¥«ì−®£®, ª®¬¬ã−¨ª�æ¨®−−®£® ¨ ¤à.) [7].

4 Заключение

1. –¥«ìî á¨âã�æ¨®−−®© ¨−ä®à¬�â¨§�æ¨¨ ¦¨§−¥¤¥ïâ¥«ì−®áâ¨ ï¢«ï¥âáï ®à£�-
−¨§�æ¨®−−®-â¥å−®«®£¨ç¥áª®¥ á®¢¥àè¥−áâ¢®¢�−¨¥ ®¡ê¥ªâ�, −�¯à�¢«¥−−®¥ −�
¯®¢ëè¥−¨¥ §�é¨é¥−−®áâ¨ ¨ à®áâ ¯®â¥−æ¨�«� áâà�−ë, ã¢¥«¨ç¥−¨¥ ª®−ªãà¥−-
â®á¯®á®¡−®áâ¨ £à�¦¤�−, ®¡à�§®¢�â¥«ì−ëå ¨ −�ãç−ëå ãçà¥¦¤¥−¨©, ¯à®¨§¢®¤-
áâ¢¥−−ëå ¯à¥¤¯à¨ïâ¨© ¨ ¤àã£¨å ®à£�−¨§�æ¨©.
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2. •�à�ªâ¥à¨áâ¨ª¨ á®áâ�¢«ïîé¨å ¯®â¥−æ¨�«� áâà�−ë ¨á¯®«ì§ãîâáï ¯à¨ ä®à-
¬¨à®¢�−¨¨ ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï.

3. ‘®áâ�¢«ïîé¨¥ ¦¨§−¥¤¥ïâ¥«ì−®áâ¨ −�á¥«¥−¨ï ª�ª ®¡ê¥ªâ� á¨âã�æ¨®−−®© ¨−-
ä®à¬�â¨§�æ¨¨ ¯à¥¤áâ�¢«¥−ë ¯à®áâà�−áâ¢�¬¨ á®áâ®ï−¨©, −�§¢�−−ëå £®á¯à®-
áâà�−áâ¢�¬¨.

4. �à¥¤«®¦¥−−ë© ¯®¤å®¤ ª á¨âã�æ¨®−−®© ¨−ä®à¬�â¨§�æ¨¨ ¦¨§−¥¤¥ïâ¥«ì-
−®áâ¨, ¯à¥¤áâ�¢«¥−−ë© ¢ [19] ¨ ¢ ¤�−−®© áâ�âì¥, ï¢«ï¥âáï ®¡®¡é�îé¨¬ à�§-
¢¨â¨¥¬ ¯®¤å®¤� ª á¨âã�æ¨®−−®© ¨−ä®à¬�â¨§�æ¨¨ £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥-
−¨ï ÷®áá¨¨ [7] ¨ à�áá¬�âà¨¢�¥âáï ª�ª ¢ª«�¤ ¢ ¬¥â®¤®«®£¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥
à¥�«¨§�æ¨¨ £®áã¤�àáâ¢¥−−®© ¯à®£à�¬¬ë ú–¨äà®¢�ï íª®−®¬¨ª� ÷®áá¨©áª®©
”¥¤¥à�æ¨¨û.

Литература

1. Popper N. Digital gold: The untold story of bitcoin. | Allen Lane, 2015. 416 p.
2. Tapscott D. The digital economy: Promise and peril in the age of networked intelli-

gence. | New York, NY, USA: McGraw-Hill, 1996. 342 p.
3. Christensen C. M. The innovator`s dilemma: When new technologies cause great firms

to fail. | Boston, MA, USA: Harvard Business School Press, 1997. http://www.hbs.
edu/faculty/Pages/item.aspx?num=46.

4. Oxford economics. The new digital economy: How it will transform business. 2015.
http://www.pwc.com/mt/en/publications/assets/the-new-digital-economy.pdf.

5. G20 digital economy development and cooperation initiative // G20 Summit, Septem-
ber 5, 2016. http://en.kremlin.ru/supplement/5111.

6. –¨äà®¢�ï íª®−®¬¨ª� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨: �à®£à�¬¬�, ãâ¢¥à¦¤¥−−�ï à�á¯®àï-
¦¥−¨¥¬ �à�¢¨â¥«ìáâ¢� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®â 28 ¨î«ï 2017 £. ü 1632-à. 87 á.
http://d-russia.ru/wp-content/uploads/2017/07/programma-tsifrov-econ.pdf.

7. ˆ«ì¨− ‚. „. �á−®¢�−¨ï á¨âã�æ¨®−−®© ¨−ä®à¬�â¨§�æ¨¨. | Œ.: ��ãª�, ”¨§¬�â«¨â,
1996. 180 á.

8. ˆ«ì¨− ‚. „. Œ®¤¥«ì −®à¬�«¨§®¢�−−®© íª®−®¬¨ª¨ (��ª-¬®¤¥«ì): ®á−®¢ë ª®−æ¥¯-
æ¨¨ // “¯à�¢«¥−¨¥ ¡®«ìè¨¬¨ á¨áâ¥¬�¬¨, 2009. ‚ë¯. 25. ‘. 116{138.

9. ˆ«ì¨− �. ‚., ˆ«ì¨− ‚. „. S-íª®−®¬¨ª�: ¬¥å�−¨§¬ å®§ï©áâ¢®¢�−¨ï ¢ í¯®åã ˆ−â¥à-
−¥â�. | Œ.: ˆ�ˆ ÷��, 2011. 105 á.

10. Ilyin V. D. S-economics. | Moscow: Institute of Informatics Problems of the Russian
Academy of Sciences, 2012. 54 p.

11. Ilyin A. V., Ilyin V. D. Towards a normalized economic mechanism based on
E-services // Agris on-line Papers in Economics and Informatics, 2014. Vol. 6.
No. 3. P. 39{49.

12. ˆ«ì¨− �. ‚. ˆ−â¥à−¥â-á¥à¢¨á ¯«�−¨à®¢�−¨ï à�áå®¤®¢ // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢�
¨−ä®à¬�â¨ª¨, 2015. ’. 25. ü 2. ‘. 111{122.

13. Ilyin A. V., Ilyin V. D. E-trade with direct lending and normalized money // Agris
on-line Papers in Economics and Informatics, 2015. Vol. 7. No. 4. P. 57{64.

14. ˆ«ì¨− �. ‚., ˆ«ì¨− ‚. „. ˆ−ä®à¬�â¨§�æ¨ï íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬�. | Œ.:
ˆ�ˆ ÷��, 2015. 130 á.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 4 2017 193



A. V. Ilyin and V. D. Ilyin

15. ˆ«ì¨− ‚. „. �®à¬�«¨§®¢�−−ë¥ ¤¥−ì£¨ ¢ á¨áâ¥¬¥ ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢ // ‘¨á-
â¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2015. ’. 25. ü 3. ‘. 206{217.

16. ˆ«ì¨− ‚. „. �®à¬�«¨§�æ¨ï ¡�−ª®¢áª¨å ®−«�©−-á¥à¢¨á®¢ // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢�
¨−ä®à¬�â¨ª¨, 2016. ’. 26. ü 2. ‘. 147{157.

17. ˆ«ì¨− �. ‚., ˆ«ì¨− ‚. „. ‘®§¤�−¨¥ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë à¥è¥−¨ï §�¤�ç //
‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2016. ’. 26. ü 4. ‘. 149{161.

18. Ilyin A. V., Ilyin V. D. Variational online budgeting taking into account the priorities
of expense items // Agris on-line Papers in Economics and Informatics, 2016. Vol. 8.
No. 3. P. 51{56.

19. ˆ«ì¨− �. ‚., ˆ«ì¨− ‚. „. �á−®¢ë ª®−æ¥¯æ¨¨ á¨âã�æ¨®−−®© ¨−ä®à¬�â¨§�æ¨¨ ¦¨§-
−¥¤¥ïâ¥«ì−®áâ¨ // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2017. ’. 27. ü 3. ‘. 188{201.

20. ˆ«ì¨− ‚. „. ‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ // �®«ìè�ï ÷®áá¨©áª�ï í−æ¨ª«®¯¥-
¤¨ï. �«¥ªâà®−−�ï ¢¥àá¨ï, 2017. https://bigenc.ru/technology and technique/text/
4010980.

21. ˆ«ì¨− �. ‚. ˆ−â¥à−¥â-á¥à¢¨áë ¯«�−¨à®¢�−¨ï à¥áãàá®¢, 2017. https://www.res-
plan.com.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 15.09.17

SITUATIONAL INFORMATIZATION OF POPULATION
ACTIVITIES: THE MODEL OF THE OBJECT

A. V. Ilyin and V. D. Ilyin

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

Abstract: The article describes the model of the population activities considered
as an aggregate of education, production, and other kinds of activity. The model
is represented by the predefined set of \state spaces" describing the components
of population activities regulated by state. Improvement of the object through
informatization is studied as a phased process of planned transitions from the
starting situation to the target one. The object state is assessed by comparing
the portraits of the target and achieved situations. Information technologies,
based on the situational informatization methodology, are implemented in the
human{machine environment for problem solving (\s-environment"), which
serves as an infrastructural base of online services (banking, logistics, etc.). The
concept and the methodology of situational informatization are considered as
contribution to implementation of the state program \Digital Economy of the
Russian Federation."

Keywords: situational informatization; human{machine environment for prob-
lem solving; spaces of statuses of the population activities; country's potential;
digital economy

DOI: 10.14357/08696527170415

194 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2017 vol 27 no 4



Situational informatization of population activities: The model of the object

References

1. Popper, N. 2015. Digital gold: The untold story of bitcoin. Allen Lane. 416 p.
2. Tapscott, D. 1996. The digital economy: Promise and peril in the age of networked

intelligence. New York, NY: McGraw-Hill. 342 p.
3. Christensen, C. M. 1997. The innovator`s dilemma: When new technologies cause

great firms to fail. Boston, MA: Harvard Business School Press. Available at:
http://www.hbs.edu/faculty/Pages/item.aspx?num=46 (accessed November 7, 2017).

4. Oxford economics. 2015. The new digital economy: How it will transform business.
2015. Available at: http://www.pwc.com/mt/en/publications/assets/the-new-digital-
economy.pdf (accessed November 7, 2017).

5. G20 Summit. 2016. G20 digital economy development and cooperation initiative.
Available at: http://en.kremlin.ru/supplement/5111 (accessed November 7, 2017).

6. Russian Government. July 28, 2017. Programma \Tsifrovaya ekonomika Rossiyskoy
Federatsii" utverzhdennoy rasporyazheniem No.1632-r [The program \Digital Economy
of the Russian Federation" approved by Government Order No. 1632-r]. 87 p. Avail-
able at: http://d-russia.ru/wp-content/uploads/2017/07/programma-tsifrov-econ.pdf
(accessed November 7, 2017).

7. Ilyin, V. D. 1996. Osnovaniya situatsionnoi informatizatsii [Fundamentals of situa-
tional informatization]. Moscow: Nauka, Fizmatlit. 180 p.

8. Ilyin, V. D. 2009. Model' normalizovannoy ekonomiki (NEk-model'): osnovy kontsep-
tsii [The model of normalized economics (NEc-model): Basics of framework]. Upravlenie
bol'shimi sistemami [Large-scale Systems Control] 25:116{138.

9. Ilyin, A. V., and V. D. Ilyin. 2011. S-ekonomika: mekhanizm khozyaystvovaniya
v epokhu Interneta [S-economics: Mechanism of management in the Internet epoch].
Moscow: Institute of Informatics Problems of the Russian Academy of Sciences. 105 p.

10. Ilyin, V. D. 2012. S-economics. Moscow: Institute of Informatics Problems of the
Russian Academy of Sciences. 54 p.

11. Ilyin, A. V., and V. D. Ilyin. 2014. Towards a normalized economic mechanism based
on E-services. Agris on-line Papers in Economics and Informatics 6(3):39{49.

12. Ilyin, A. V. 2015. Internet-servis planirovaniya raskhodov [The online service for cost
planning]. Sistemy i Sredstva Informatiki | Systems and Means of Informatics
25(2):111{122.

13. Ilyin, A. V., and V. D. Ilyin. 2015. E-trade with direct lending and normalized money.
Agris on-line Papers in Economics and Informatics 7(4):57{64.

14. Ilyin, A. V., and V. D. Ilyin. 2015. Informatizatsiya ekonomicheskogo mekhanizma [In-
formatization of the economic mechanism]. Mpscow: Institute of Informatics Problems
of the Russian Academy of Sciences. 130 p.

15. Ilyin, V. D. 2015. Normalizovannye den'gi v sisteme imushchestvennykh statusov [Nor-
malized money in the system of property statuses]. Sistemy i Sredstva Informatiki |
Systems and Means of Informatics 25(3):206{217.

16. Ilyin, V. D. 2016. Normalizatsiya bankovskikh onlayn-servisov [Normalization of online
banking services]. Sistemy i Sredstva Informatiki | Systems and Means of Informatics
26(2):147{157.

17. Ilyin, A. V., and V. D. Ilyin. 2016. Sozdanie cheloveko-mashinnoy sredy resheniya
zadach [Creation of a human{machine environment for problem solving]. Sistemy
i Sredstva Informatiki | Systems and Means of Informatics 26(4):149{161.

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2017 vol 27 no 4 195



A. V. Ilyin and V. D. Ilyin

18. Ilyin, A. V., and V. D. Ilyin. 2016. Variational online budgeting taking into account
the priorities of expense items. Agris on-line Papers in Economics and Informatics
8(3):51{56.

19. Ilyin, A. V., and V. D. Ilyin. 2017. Osnovy kontseptsii situatsionnoy informatizatsii
zhiznedeyatel'nosti [Basics of the concept of situational informatization of population
activities]. Sistemy i Sredstva Informatiki | Systems and Means of Informatics
27(3):188{201.

20. Ilyin, V. D. 2017. Simvol'noe modelirovanie [Simbolic modeling]. Bol'shaya
Rossiyskaya entsiklopediya. Elektronnaya versiya [The Great Russian encyclopedia.
Electronic version]. Available at: https://bigenc.ru/technology and technique/text/
4010980 (accessed November 7, 2017).

21. Ilyin, A. V. 2017. Online resource planning services. Available at: https://www.res-
plan.com (accessed November 7, 2017).

Received September 15, 2017

Contributors

Ilyin Alexander V. (b. 1975) | Candidate of Science (PhD) in technology, senior
scientist, Institute of Informatics Problems, Federal Research Center \Computer
Science and Control" of the Russian Academy of Sciences, 44-2 Vavilov Str.,
Moscow 119333, Russian Federation; avilyin@ipiran.ru
Ilyin Vladimir D. (b. 1937) | Doctor of Science in technology, professor, Head of
Laboratory, Institute of Informatics Problems, Federal Research Center \Computer
Science and Control" of the Russian Academy of Sciences, 44-2 Vavilova Str.,
Moscow 119333, Russian Federation; vdilyin@ipiran.ru

196 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2017 vol 27 no 4



� � � ‚ ’ � ÷ � •

�¤�¬®¢¨ç ˆ£®àì Œ¨å�©«®¢¨ç (à. 1934) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, §�¢¥¤ã-
îé¨© ®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ì-
áª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

�¥£¨è¥¢ ‚ïç¥á«�¢ �«¥£®¢¨ç (à. 1988) | �á¯¨à�−â ª�ä¥¤àë ¯à¨ª«�¤−®© ¨−-
ä®à¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢

‚®«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

‡�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

‡�æ¬�− ˆ£®àì Œ®¨á¥¥¢¨ç (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, §�¢¥¤ãîé¨©
®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

ˆ«ì¨− �«¥ªá�−¤à ‚«�¤¨¬¨à®¢¨ç (à. 1975) | 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

ˆ«ì¨− ‚«�¤¨¬¨à „¬¨âà¨¥¢¨ç (à. 1937) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥á-
á®à, §�¢¥¤ãîé¨© «�¡®à�â®à¨¥© ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

ˆ«îè¨− ƒ¥−−�¤¨© Ÿª®¢«¥¢¨ç (à. 1947) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, §�¢¥¤ã-
îé¨© «�¡®à�â®à¨¥© ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š�«¨−¨−� Šá¥−¨ï �«¥ªá¥¥¢−� (à. 1990) | �á¯¨à�−â ˆ−áâ¨âãâ� ¯à¨ª«�¤−ëå ¬�-
â¥¬�â¨ç¥áª¨å ¨áá«¥¤®¢�−¨© Š�à¥«ìáª®£® −�ãç−®£® æ¥−âà� ÷®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 ª�ä¥¤àë â¥«¥ª®¬¬ã−¨ª�æ¨© ��«â¨©áª®£® ä¥¤¥à�«ì−®£® ã−¨¢¥àá¨â¥â�
¨¬¥−¨ ˆ¬¬�−ã¨«� Š�−â�; áâ�àè¨© −�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
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�¡ �¢â®à�å

Š®−®¢�«®¢ Œ¨å�¨« ƒà¨£®àì¥¢¨ç (à. 1950) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, £«�¢−ë©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š®à®«ñ¢ ‚�¤¨¬ ˆ¢�−®¢¨ç (à. 1943) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥-
¬¨¨ −�ãª; ¯à®ä¥áá®à ��æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ï¤¥à−®£® ã−¨¢¥àá¨â¥â�
úŒˆ”ˆû ¨ ”¨−�−á®¢®£® ã−¨¢¥àá¨â¥â� ¯à¨ �à�¢¨â¥«ìáâ¢¥ ÷®áá¨©áª®© ”¥¤¥-
à�æ¨¨

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 (à. 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®¢�

‹¨¬�−áª¨© ‚�«¥à¨© ˆ¢�−®¢¨ç (à. 1952) | 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

‹¨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

‹®é¨«®¢� …«¥−� āàì¥¢−� (à. 1960) | −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Œ�àâìï−®¢ …¢£¥−¨© �«¥ªá�−¤à®¢¨ç (à. 1991) | �á¯¨à�−â ä�ªã«ìâ¥â� ¢ëç¨á«¨-
â¥«ì−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�
¨¬. Œ. ‚. ‹®¬®−®á®¢�

Œ®«ç�−®¢ „¬¨âà¨© �«¥ªá�−¤à®¢¨ç (à. 1978) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
¤®æ¥−â ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢

Œ®à®§®¢ …¢á¥© ‚¨ªâ®à®¢¨ç (p. 1947) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, ¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à¨ª«�¤−ëå ¬�â¥¬�â¨ç¥-
áª¨å ¨áá«¥¤®¢�−¨© Š�à¥«ìáª®£® −�ãç−®£® æ¥−âà� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª;
¯à®ä¥áá®à �¥âà®§�¢®¤áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�

��«¨®−−�ï ‘®ä¨ï ˆ£®à¥¢−� (à. 1995) | áâã¤¥−âª� 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®¢�

�¨¬¥−®¢� …ª�â¥à¨−� āàì¥¢−� (à. 1993) | ¢ë¯ãáª−¨ª ¬�£¨áâà�âãàë ��æ¨®-
−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â� ú‚ëáè�ï èª®«� íª®−®¬¨ª¨û
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�¡ �¢â®à�å

÷�§ã¬ç¨ª ÷®áâ¨á«�¢ ‚�«¥àì¥¢¨ç (à. 1984) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨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¥−â ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢
÷¥¢¨§−¨ª®¢ „¬¨âà¨© ‹¥®−¨¤®¢¨ç (à. 1961) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¯à®ä¥áá®à Œ®áª®¢áª®£® �¢¨�æ¨®−−®£® ¨−áâ¨âãâ� (−�æ¨®−�«ì−®£® ¨áá«¥¤®-
¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â�), ¢¥¤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 ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘�¬ã©«®¢ �−¤à¥© Š®−áâ�−â¨−®¢¨ç (à. 1988) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥-
áª¨å −�ãª, ¤®æ¥−â ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢
‘�¬ã©«®¢ Š®−áâ�−â¨− …¢£¥−ì¥¢¨ç (à. 1955) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®-
ä¥áá®à, §�¢¥¤ãîé¨© ª�ä¥¤à®© ¯à¨ª«�¤−®© ¨−ä®à¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥©
÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢; áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨-
âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à-
¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘¥¬¥−®¢ ‘¥à£¥© �«¥ªá�−¤à®¢¨ç (à. 1986) | ¨−¦¥−¥à Œ®áª®¢áª®£® �¢¨�æ¨®−-
−®£® ¨−áâ¨âãâ� (−�æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â�)
‘¨−¨æë− ˆ£®àì �¨ª®«�¥¢¨ç (à. 1940) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
§�á«ã¦¥−−ë© ¤¥ïâ¥«ì −�ãª¨ ÷”, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘ãçª®¢ �«¥ªá�−¤à ��¢«®¢¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
˜−ãàª®¢ �¥âà ‚¨ªâ®à®¢¨ç (à. 1953) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¤®æ¥−â ��æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â� ú‚ëáè�ï èª®«�
íª®−®¬¨ª¨û
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� ‚ ’ � ÷ ‘ Š ˆ ‰ “ Š � ‡ � ’ … ‹ œ ‡ � 2 0 1 7 £.

ü ‘âà.

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. ‚«¨ï−¨¥ ®è¨¡®ª ¯®«ì§®¢�â¥«¥©
−� ¤¨−�¬¨ªã ª�ç¥áâ¢� á¥¬�−â¨ç¥áª®© á¥â¨ 4 150{163

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. �¡ ®¤−®¬ ¯®¤å®¤¥ ª ¬®¤¥«¨à®-
¢�−¨î ¯à®æ¥áá� à�§¢¨â¨ï á¥¬�−â¨ç¥áª®© á¥â¨ 2 143{154

�«¨¥¢ �. �. á¬. ÷§�¥¢ ÷. ÷.
�¥£¨è¥¢ ‚. �., ‘�¬ã©«®¢ �. Š., Œ®«ç�−®¢ „. �., ‘�¬ã©-

«®¢ Š. …. ‘âà�â¥£¨¨ à�á¯à¥¤¥«¥−¨ï à�¤¨®à¥áãàá®¢ ¢ £¥â¥-
à®£¥−−ëå á¥âïå á âà�ä¨ª®¬ narrow-band IoT 4 64{79

�®çª�à¥¢ �. Œ., ‘®äà®−®¢ ˆ. ‹., ‘âà¨¦®¢ ‚. ‚. �®à®¦¤¥−¨¥
íªá¯¥àâ−®-¨−â¥à¯à¥â¨àã¥¬ëå ¬®¤¥«¥© ¤«ï ¯à®£−®§� ¯à®−¨-
æ�¥¬®áâ¨ £®à−®© ¯®à®¤ë 3 74{87

‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«®¢¨ç Š. ˆ., ‡�æ�à¨−−ë© �. �., Š®−¤à�è¥¢ ‚. �., ˜�¡�-

−®¢ �. �. � −¥ª®â®àëå ¯®¤å®¤�å ª ¯à¥¤áâ�¢«¥−¨î −�ãç−ëå
¨áá«¥¤®¢�−¨© ª�ª ®¡«�ç−®£® á¥à¢¨á� 1 73{84

ƒ«ãé¥−ª® …. ˆ. á¬. ‘�å¨¡£�à¥¥¢� Œ. ‚.
ƒ®«®¢¨− ‘. �., ‡�æ�à¨−−ë© �. �., Š®§«®¢ ‘. ‚. ��ãç−®-¬¥â®-

¤¨ç¥áª¨¥ ¯®¤å®¤ë ª á®¢¥àè¥−áâ¢®¢�−¨î −®à¬�â¨¢−®© ¡�§ë
¤«ï á®§¤�−¨ï ¨ à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨-
®−−ëå á¨áâ¥¬ 2 98{112

ƒ®àè¥−¨− �. Š., „�−¨«®¢¨ç …. ‘., •à®¬®¢ „. ÷. ‘¨áâ¥¬�
ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬ ELIS. �àå¨â¥ªâãà−ë¥ à¥è¥−¨ï 2 60{69

ƒ®àè¥−¨− �. Š., „�−¨«®¢¨ç …. ‘., •à®¬®¢ „. ÷. ‘¨áâ¥¬�
ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬ ELIS. �®«ì§®¢�â¥«ìáª¨© ¨−â¥àä¥©á
¨ äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨ 2 70{84

ƒ®àè¥−¨− �. Š., Šã§ì¬¨− ‚. ā. �®àâ�« MSM Tools ª�ª £¥â¥-
à®£¥−−ë© ¢ëç¨á«¨â¥«ì−ë© á¥à¢¨á 1 60{72

ƒàãè® �. �., ‡�¡¥¦�©«® Œ. ˆ., ‡�æ�à¨−−ë© �. �., �¨ª®-
«�¥¢ �. ‚., �¨áª®¢áª¨© ‚. �., ’¨¬®−¨−� …. …. Š«�áá¨-
ä¨ª�æ¨ï ®è¨¡®ç−ëå á®áâ®ï−¨© ¢ à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¨-
â¥«ì−ëå á¨áâ¥¬�å ¨ ¨áâ®ç−¨ª¨ ¨å ¢®§−¨ª−®¢¥−¨ï 2 29{40

ƒàãè® �. �., ‡�¡¥¦�©«® Œ. ˆ., ‘¬¨à−®¢ „. ‚., ’¨¬®−¨-
−� …. …. � ª®¬¯«¥ªá−®© �ãâ¥−â¨ä¨ª�æ¨¨ 3 4{11

ƒàãè® �. �., ’¥àñå¨−� ˆ. ā. �−�«¨§ −¥¯à®â¨¢®à¥ç¨¢®áâ¨
à¥ª®−ä¨£ãà�æ¨¨ ¯à®£à�¬¬−®-ª®−ä¨£ãà¨àã¥¬®© á¥â¨ 3 12{22

ƒã¡�©¤ã««¨− ˆ. Œ. á¬. …−¨ª¥¥¢ Œ. ÷.
„�−¨«®¢¨ç …. ‘. á¬. ƒ®àè¥−¨− �. Š.
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�‚’�÷‘Šˆ‰ “Š�‡�’…‹œ ‡� 2017 £.

ü ‘âà.

„�−¨«®¢¨ç …. ‘. á¬. ƒ®àè¥−¨− �. Š.
„ã«¨− ‘. Š., „ã«¨−� �. ƒ., Š®á�à¨ª ‚. ‚., �¨ª¨è¨− „. �.

Œ�ª¥â ¨−â¥à®¯¥à�¡¥«ì−®© ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®©
á¨áâ¥¬ë ¤«ï ®¡¥á¯¥ç¥−¨ï ¯à®áâà�−áâ¢¥−−®£® ¨ á¥¬�−â¨ç¥-
áª®£® ¯®¨áª� ¨ �−�«¨§� £¥®¤�−−ëå 1 46{59

„ã«¨− ‘. Š., „ã«¨−� �. ƒ., Ÿªãè¥¢ „. �. ƒ¥®¨−ä®à¬�æ¨-
®−−ë© á¨−â¥§ ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå ¨−äà�áâàãªâãàë
¦¥«¥§−®¤®à®¦−®£® âà�−á¯®àâ� 3 126{144

„ã«¨−� �. ƒ. á¬. „ã«¨− ‘. Š.
„ã«¨−� �. ƒ. á¬. „ã«¨− ‘. Š.
…£®à®¢ ‚. �. �¥ª®â®àë¥ −¥ï¢−ë¥ ¢®¯à®áë á¥â¥¢®© ¢¨àâã�«¨§�-

æ¨¨ 3 88{98
…£®à®¢ ‚. �. ‘¯®á®¡ ®à£�−¨§�æ¨¨ ®¡à�¡®âª¨ ¯�ª¥â®¢ ¢ ¨−â¥£à¨-

à®¢�−−ëå á¥â¥¢ëå ¯à®æ¥áá®à�å 1 108{121
…−¨ª¥¥¢ Œ. ÷., ƒã¡�©¤ã««¨− ˆ. Œ., Œ�«¥¥¢� Œ. �. ˆ−ä®à-

¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−�ï �−�«¨â¨ç¥áª�ï á¨áâ¥¬� ¤«ï ®æ¥−-
ª¨ ¨ ¯à®£−®§¨à®¢�−¨ï ª®àà®§¨®−−ëå ¯à®æ¥áá®¢ −� ¯®¢¥àå-
−®áâ¨ áâ�«¨ ¨ �«î¬¨−¨ï 3 155{170

…−¨ª¥¥¢� ‹. ‚. á¬. ‘�å¨¡£�à¥¥¢� Œ. ‚.
‡�¡¥¦�©«® Œ. ˆ. á¬. ƒàãè® �. �.
‡�¡¥¦�©«® Œ. ˆ. á¬. ƒàãè® �. �.
‡�å�à®¢� ’. ‚., ‘«¨¢ª¨−� �. ‚. �à®£−®§¨à®¢�−¨¥ à�§¢¨â¨ï

¯®§¤−¨å ¯®á«¥®¯¥à�æ¨®−−ëå ®á«®¦−¥−¨© ¯® à¥§ã«ìâ�â�¬
¤¨áªà¨¬¨−�−â−®£® ¨ ª®àà¥«ïæ¨®−−®£® �−�«¨§� å�à�ªâ¥à¨-
áâ¨ª £«¨ª¥¬¨¨ ¢ à�−−¥¬ ¯®á«¥®¯¥à�æ¨®−−®¬ ¯¥à¨®¤¥ 3 63{73

‡�æ�à¨−−ë© �. �., Š®à®«ñ¢ ‚. ˆ. �á®¡¥−−®áâ¨ ¯®¤£®â®¢ª¨
¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®£® ¯à®¤ãªâ� áà¥¤áâ¢�¬¨ á¥£-
¬¥−â¨à®¢�−−®£® á¨âã�æ¨®−−®£® æ¥−âà� 4 122{131

‡�æ�à¨−−ë© �. �. á¬. ‚®«®¢¨ç Š. ˆ.
‡�æ�à¨−−ë© �. �. á¬. ƒ®«®¢¨− ‘. �.
‡�æ�à¨−−ë© �. �. á¬. ƒàãè® �. �.
‡�æ¬�− ˆ. Œ., Šàã¦ª®¢ Œ. ƒ., ‹®é¨«®¢� …. ā. Œ¥â®¤ë

�−�«¨§� ç�áâ®â−®áâ¨ ¬®¤¥«¥© ¯¥à¥¢®¤� ª®−−¥ªâ®à®¢ ¨ ®¡à�-
â¨¬®áâì £¥−¥à�«¨§�æ¨¨ áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå 4 164{176

‡�æ¬�− ˆ. Œ., Œ�¬®−®¢� �. ‘., ™ãà®¢� �. ā. �¡à�â¨-
¬®áâì ¨ �«ìâ¥à−�â¨¢−®áâì £¥−¥à�«¨§�æ¨¨ ¬®¤¥«¥© ¯¥à¥¢®¤�
ª®−−¥ªâ®à®¢ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å 2 125{142

‡�æ¬�− ˆ. Œ. á¬. Œ¨−¨− ‚. �.
‡¥©ä¬�− �. ˆ., Š®à®âëè¥¢� �. ‚., ‘�â¨− Ÿ. �., Š¨á¥«¥-
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