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МЕТОД ФОРМИРОВАНИЯ СИСТЕМЫ
ПОКАЗАТЕЛЕЙ ЖИВУЧЕСТИ

ИНФОРМАЦИОННО-ТЕЛЕКОММУНИКАЦИОННЫХ СЕТЕЙ

А. А. Зацаринный1, Н. Г. Буроменский2, А. И. Гаранин3

�−−®â�æ¨ï: „«ï ®¡ê¥ªâ¨¢−®£® ¨áá«¥¤®¢�−¨ï á¢®©áâ¢ ¦¨¢ãç¥áâ¨ ¨−ä®à¬�æ¨-
®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥© (ˆ’‘) ª�ª á«®¦−ëå â¥å−¨ç¥áª¨å á¨áâ¥¬
−¥®¡å®¤¨¬� ª®«¨ç¥áâ¢¥−−�ï ®æ¥−ª� íâ¨å á¢®©áâ¢. �à¨ íâ®¬ ª�¦¤®¥ á¢®©áâ¢®
ˆ’‘ ¤®«¦−® ¨¬¥âì ª®«¨ç¥áâ¢¥−−ãî å�à�ªâ¥à¨áâ¨ªã, ª®â®à�ï ®¯à¥¤¥«ï¥âáï
á®®â¢¥âáâ¢ãîé¨¬ ¯®ª�§�â¥«¥¬ ¦¨¢ãç¥áâ¨. „«ï ª®«¨ç¥áâ¢¥−−®© å�à�ªâ¥à¨áâ¨-
ª¨ ¯®«−®£® ¯¥à¥ç−ï á¢®©áâ¢ ˆ’‘ −¥®¡å®¤¨¬® áä®à¬¨à®¢�âì á¨áâ¥¬ã ¯®ª�§�â¥-
«¥© ¦¨¢ãç¥áâ¨. ‚ áâ�âì¥ ¯à¥¤«®¦¥−ë ¬¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î
á¨áâ¥¬ë ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ˆ’‘, ®á−®¢�−−ë¥ −� �−�«¨§¥ ãá«®¢¨© ¨å
¯à¨¬¥−¥−¨ï, ®æ¥−ª¥ ä�ªâ®à®¢, ¢«¨ïîé¨å −� ¦¨¢ãç¥áâì á¨áâ¥¬ë, ¨ ®¯à¥¤¥«¥-
−¨¨ á¢®©áâ¢, ª®â®àë¬¨ ¤®«¦−� ®¡«�¤�âì á¨áâ¥¬� ¤«ï ¢ë¯®«−¥−¨ï âà¥¡ã¥¬ëå
äã−ªæ¨©. „«ï ®¯à¥¤¥«¥−¨ï â�ª¨å á¢®©áâ¢ à�áá¬�âà¨¢�¥âáï −¥ª®â®à�ï ª®−-
ä«¨ªâ−�ï á¨âã�æ¨ï, ¢ ª®â®à®© ¤¢¥ ¯à®â¨¢®¡®àáâ¢ãîé¨¥ £àã¯¯¨à®¢ª¨ à¥è�îâ
§�¤�ç¨ ¤®áâ¨¦¥−¨ï ¯à¥¤¯®çâ¨â¥«ì−ëå ¤«ï ª�¦¤®© ¨§ −¨å á®áâ®ï−¨©. �à¨-
−ïâ®, çâ® ¯à¨®à¨â¥â−®© §�¤�ç¥© ª®−ä«¨ªâãîé¥© áâ®à®−ë ï¢«ï¥âáï ¢ë¢¥¤¥−¨¥
¨§ áâà®ï ˆ’‘, äã−ªæ¨®−¨àãîé¥© ¢ á®áâ�¢¥ ªà¨â¨ç¥áª¨ ¢�¦−®© ¨−ä®à¬�æ¨-
®−−®© ¨−äà�áâàãªâãàë ¢ ãá«®¢¨ïå ¯à¥¤−�¬¥à¥−−ëå ¯®à�¦�îé¨å ¤¥©áâ¢¨©.
�à¨ íâ®¬ −¨ª�ª¨å ®£à�−¨ç¥−¨© −� ¯à¨¬¥−ï¥¬ë¥ áà¥¤áâ¢� ¯®à�¦¥−¨ï −¥ −�-
ª«�¤ë¢�¥âáï. ‚ë¯®«−¥− �−�«¨§ ä�ªâ®à®¢, ¢«¨ïîé¨å −� ¦¨¢ãç¥áâì á¨áâ¥¬ë,
®¯à¥¤¥«¥−ë á¢®©áâ¢� ¦¨¢ãç¥áâ¨ ˆ’‘. „«ï ®¯à¥¤¥«¥−¨ï ª®«¨ç¥áâ¢¥−−ëå å�-
à�ªâ¥à¨áâ¨ª á¢®©áâ¢ ¦¨¢ãç¥áâ¨ ¢¢¥¤¥−® ¢¥à®ïâ−®áâ−®¥ ¯à®áâà�−áâ¢® ¨ −� ¥£®
®á−®¢¥ ¯à¥¤«®¦¥−ë ¥¤¨−¨ç−ë¥ ¨ ª®¬¯«¥ªá−ë¥ ¯®ª�§�â¥«¨ ¦¨¢ãç¥áâ¨. „�−ë
à¥ª®¬¥−¤�æ¨¨ ¯® ¨á¯®«ì§®¢�−¨î ¥¤¨−¨ç−ëå ¨ ª®¬¯«¥ªá−ëå ¯®ª�§�â¥«¥© ¯à¨
¯à®¥ªâ¨à®¢�−¨¨, ¯à®¨§¢®¤áâ¢¥ ¨ íªá¯«ã�â�æ¨¨ ˆ’‘.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¥â¨; ãá«®¢¨ï
íªá¯«ã�â�æ¨¨; ¯®à�¦�îé¨¥ ä�ªâ®àë; á«ãç�©−�ï ¢¥«¨ç¨−�; á¢®©áâ¢�; ¦¨¢ã-
ç¥áâì; ¯®ª�§�â¥«¨ ¦¨¢ãç¥áâ¨

DOI: 10.14357/08696527140109

1 Введение

‡�¤�ç� à�§à�¡®âª¨ ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ï¢«ï¥âáï á®áâ�¢−®© ç�áâìî ¬¥â®-
¤®«®£¨¨ �−�«¨§� ¨ á¨−â¥§� ¦¨¢ãç¥áâ¨ á«®¦−ëå â¥å−¨ç¥áª¨å á¨áâ¥¬, ¢ â®¬ ç¨á«¥
¨ ˆ’‘ [1{15]. �â® ®¡êïá−ï¥âáï â¥¬, çâ® ®¡ê¥ªâ¨¢−®¥ ¨áá«¥¤®¢�−¨¥ ¦¨¢ãç¥áâ¨

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, azatsarinny@ipiran.ru
2”¨«¨�« ”ƒŠ“ ú46 –�ˆˆû Œ¨−®¡®à®−ë ÷®áá¨¨, £. Œëâ¨é¨, buromienskii@mail.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, algaranin@mail.ru
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Œ¥â®¤ ä®à¬¨à®¢�−¨ï á¨áâ¥¬ë ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ˆ’‘

á«®¦−ëå â¥å−¨ç¥áª¨å á¨áâ¥¬ −¥¢®§¬®¦−® ¡¥§ ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª¨ ¯®ª�§�â¥«¥©
¦¨¢ãç¥áâ¨. ÷�§−®®¡à�§¨¥ ˆ’‘, ¯à®æ¥áá®¢ ¨å à�§àãè¥−¨ï ¨ ¢®ááâ�−®¢«¥−¨ï
¤¥«�îâ ¯à®¡«¥¬ã à�§à�¡®âª¨ ¬¥â®¤¨ç¥áª¨å ®á−®¢ ä®à¬¨à®¢�−¨ï ¯®ª�§�â¥«¥©
¦¨¢ãç¥áâ¨ ªà�©−¥ ¢®áâà¥¡®¢�−−®©.

‚ ã¯®¬ï−ãâëå ¢ëè¥ ¯ã¡«¨ª�æ¨ïå ¯à¥¤«�£�¥âáï ¡®«ìè®¥ ç¨á«® ¯®ª�§�â¥«¥©
¦¨¢ãç¥áâ¨ á«®¦−ëå á¨áâ¥¬. �à¨ íâ®¬ ¢ −¥ª®â®àëå à�¡®â�å [6, 7, 16] ¤�¥âáï
¤®áâ�â®ç−® á®¤¥à¦�â¥«ì−�ï ª«�áá¨ä¨ª�æ¨ï á¢®©áâ¢ ¨ ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨.
�¤−�ª® ¬¥â®¤¨ª¨ ®¯à¥¤¥«¥−¨ï ¯®ª�§�â¥«¥© ¢ ¯à¨¢¥¤¥−−ëå à�¡®â�å −¥ ¢ ¯®«−®©
¬¥à¥ ãç¨âë¢�îâ ¢«¨ï−¨¥ −� ¦¨¢ãç¥áâì ˆ’‘ ãá«®¢¨© ¯à¨¬¥−¥−¨ï ®¡ê¥ªâ� ¨áá«¥-
¤®¢�−¨ï. ˆ¬¥−−® íâ¨¬ ¨ ®¡êïá−ï¥âáï ¡®«ìè®¥ ç¨á«® ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ¨
®âáãâáâ¢¨¥ ª�ª®©-«¨¡® ¢§�¨¬®á¢ï§¨ ¬¥¦¤ã −¨¬¨. ÷�áá¬®âà¨¬ ªà�âª® í¢®«îæ¨î
¯®−ïâ¨ï ú¦¨¢ãç¥áâìû ¯à¨¬¥−¨â¥«ì−® ª à�§«¨ç−ë¬ á¨áâ¥¬�¬.

‚ ¡®«ìè¨−áâ¢¥ ¯ã¡«¨ª�æ¨© [2,3,5] ¯®¤ ¦¨¢ãç¥áâìî á¥â¨ ¯®−¨¬�îâáï à�§«¨ç-
−ë¥ á¢®©áâ¢� á¨áâ¥¬ ¨ á¥â¥© á¢ï§¨, å�à�ªâ¥à¨§ãîé¨¥ ¨å ãáâ®©ç¨¢®áâì ª ®âª�§�¬
í«¥¬¥−â®¢.

‚ [7] ¯®¤ ¦¨¢ãç¥áâìî á¨áâ¥¬ë á¢ï§¨ ¯®−¨¬�¥âáï úãáâ®©ç¨¢®áâì á¨áâ¥¬ë
á¢ï§¨ ª ¯®¢à¥¦¤¥−¨î í«¥¬¥−â®¢ áâ¨å¨©−ë¬¨ ä�ªâ®à�¬¨ ¨ ¯à¥¤−�¬¥à¥−−ë¬¨
¢®§¤¥©áâ¢¨ï¬¨ ¯à®â¨¢−¨ª�û.

‚ [10, 11, 13{15] ¯®¤ ¦¨¢ãç¥áâìî (ª�â�áâà®ä®ãáâ®©ç¨¢®áâìî) á¨áâ¥¬ë ¯®−¨-
¬�¥âáï úá¯®á®¡−®áâì á¨áâ¥¬ë á®åà�−ïâì ªà¨â¨ç¥áª¨ ¢�¦−ë¥ ¨−ä®à¬�æ¨®−−ë¥
¨ ¯à®£à�¬¬−ë¥ à¥áãàáë ¨ ¯à®¤®«¦�âì ¢ë¯®«−¥−¨¥ á¢®¨å äã−ªæ¨© ¢ ãá«®¢¨ïå
¤¥£à�¤�æ¨¨ �àå¨â¥ªâãàë á¨áâ¥¬ë ¢ à¥§ã«ìâ�â¥ áâ¨å¨©−ëå ¡¥¤áâ¢¨©, â¥å−®£¥−−ëå
�¢�à¨© ¨ ª�â�áâà®ä, æ¥«¥−�¯à�¢«¥−−®£® ¢®§¤¥©áâ¢¨ï «î¤¥©û.

‚ [1] ú¯®¤ ¦¨¢ãç¥áâìî á¨áâ¥¬ë ¯®−¨¬�¥âáï ¥¥ á¯®á®¡−®áâì ¤«¨â¥«ì−®¥ ¢à¥¬ï,
á ãç¥â®¬ ¢¥à®ïâ−®áâ¥© á®áâ®ï−¨© á¨áâ¥¬ë, ¯à¨ ª®â®àëå ®−� ¥é¥ ®áâ�¥âáï à�¡®-
â®á¯®á®¡−®©, á®åà�−ïâì á¢®¨ å�à�ªâ¥à¨áâ¨ª¨ ¨ ®¡¥á¯¥ç¨¢�âì ¢ë¯®«−¥−¨¥ á¢®¨å
äã−ªæ¨© ¯à¨ ®¯à¥¤¥«¥−−ëå ¬¥â®¤�å ¨ ãá«®¢¨ïå ¥¥ íªá¯«ã�â�æ¨¨û.

‚ [6] ¯®¤ ¦¨¢ãç¥áâìî ¯®−¨¬�¥âáï úá¢®©áâ¢® á¨áâ¥¬ë á¢ï§¨ á®åà�−ïâì ¨ ¢®á-
áâ�−�¢«¨¢�âì á¯®á®¡−®áâì ª ¢ë¯®«−¥−¨î ®á−®¢−ëå äã−ªæ¨© ¢ §�¤�−−®¬ ®¡ê¥¬¥ ¨
¢ â¥ç¥−¨¥ §�¤�−−®© −�à�¡®âª¨ ¯à¨ ¨§¬¥−¥−¨¨ áâàãªâãàë á¨áâ¥¬ë ¨ (¨«¨) �«£®à¨â-
¬®¢ ¨ ãá«®¢¨© ¥¥ äã−ªæ¨®−¨à®¢�−¨ï ¢á«¥¤áâ¢¨¥ −¥¡«�£®¯à¨ïâ−ëå ¢®§¤¥©áâ¢¨©û.

ˆ, −�ª®−¥æ, ¢ [12] ¤�−® ®¯à¥¤¥«¥−¨¥ ¦¨¢ãç¥áâ¨ ¯à¨¬¥−¨â¥«ì−® ª á¨áâ¥¬¥
¢®¥−−®© á¢ï§¨: ú‘¯®á®¡−®áâì á¨áâ¥¬ë ¢®¥−−®© á¢ï§¨ ®¡¥á¯¥ç¨¢�âì ã¯à�¢«¥−¨¥
¢®©áª�¬¨, á¨«�¬¨ ¨ ®àã¦¨¥¬ ¢ ãá«®¢¨ïå ¢®§¤¥©áâ¢¨ï ®¡ëç−®£® ¨ ï¤¥à−®£® ®àã¦¨ï
¯à®â¨¢−¨ª�û.

�à¨ �−�«¨§¥ ¢ëè¥¯à¨¢¥¤¥−−ëå ®¯à¥¤¥«¥−¨© ®¡à�â¨¬ ¢−¨¬�−¨¥ −� á«¥¤ã-
îé¥¥. ‚®-¯¥à¢ëå, ¦¨¢ãç¥áâì à�áá¬�âà¨¢�¥âáï ¯à¨¬¥−¨â¥«ì−® ª á«®¦−ë¬ â¥å−¨-
ç¥áª¨¬ á¨áâ¥¬�¬ [1,6,10,13], á¨áâ¥¬�¬ ¨ á¥âï¬ á¢ï§¨ [4,5,7,8]. ‚®-¢â®àëå, ¦¨-
¢ãç¥áâì à�áá¬�âà¨¢�¥âáï ª�ª ¢−ãâà¥−−¥¥ á¢®©áâ¢® á¨áâ¥¬ë, ª®â®àë¬ ®−� ®¡«�¤�¥â
−¥§�¢¨á¨¬® ®â ãá«®¢¨© ¯à¨¬¥−¥−¨ï ¨ ¯à®ï¢«ï¥âáï â®«ìª® ¯à¨ ¢®§¤¥©áâ¢¨¨ −¥-
¡«�£®¯à¨ïâ−ëå ¢−¥è−¨å ä�ªâ®à®¢ (�‚) ¨ ¯®à�¦�îé¨å ä�ªâ®à®¢ (�”) ®àã¦¨ï.
ˆ, −�ª®−¥æ, ¢-âà¥âì¨å, ¦¨¢ãç¥áâì ®¯à¥¤¥«ï¥âáï ª�ª á¢®©áâ¢® á«®¦−®© á¨áâ¥¬ë
á®åà�−ïâì (¢®ááâ�−�¢«¨¢�âì) á¯®á®¡−®áâì ª ¢ë¯®«−¥−¨î ®á−®¢−ëå äã−ªæ¨©.
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�. �. ‡�æ�à¨−−ë©, �. ƒ. �ãà®¬¥−áª¨©, �. ˆ. ƒ�à�−¨−

‘ ãç¥â®¬ ¢ëè¥¨§«®¦¥−−®£® ¦¨¢ãç¥áâì ˆ’‘ ®¯à¥¤¥«¨¬ ª�ª á¢®©áâ¢®, ®¡¥á¯¥-
ç¨¢�îé¥¥ ¥¥ ãáâ®©ç¨¢®áâì ª −¥¡«�£®¯à¨ïâ−ë¬ ¢−¥è−¨¬ ¢®§¤¥©áâ¢¨ï¬, ä�ªâ®à�¬
®¡ëç−®£® ¨ á¯¥æ¨�«ì−®£® ®àã¦¨ï, � â�ª¦¥ á¯®á®¡−®áâì ¯®«−®£® ¨«¨ ¬¨−¨¬�«ì−®
−¥®¡å®¤¨¬®£® ¢®ááâ�−®¢«¥−¨ï ®á−®¢−ëå äã−ªæ¨© ¢ §�¤�−−ëå ãá«®¢¨ïå ¯à¨¬¥−¥-
−¨ï.

‚ áâ�âì¥ ¯à¥¤«�£�îâáï ¬¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ª ®¯à¥¤¥«¥−¨î ¯®ª�§�â¥«¥©
¦¨¢ãç¥áâ¨ ˆ’‘.

2 Основные факторы, влияющие на устойчивость функционирования
информационно-телекоммуникационных сетей

�®¢à¥¦¤¥−¨ï ¨ à�§àãè¥−¨ï ˆ’‘ ¯à®¨áå®¤ïâ ¢ à¥§ã«ìâ�â¥ ¢®§¤¥©áâ¢¨ï �”
®¡ëç−®£®, á¯¥æ¨�«ì−®£® ®àã¦¨ï ¨ �‚. �®¤ ®¡ëç−ë¬ ®àã¦¨¥¬ ¡ã¤¥¬ ¯®−¨-
¬�âì áà¥¤áâ¢� ¯®à�¦¥−¨ï (‘÷�), ¯à¨¬¥−ïîé¨¥ à�§«¨ç−ë¥ ¢¨¤ë ¡®¥¯à¨¯�á®¢ ¢
®¡ëç−®¬ á−�àï¦¥−¨¨.

Š á¯¥æ¨�«ì−®¬ã ®àã¦¨î ®â−®á¨âáï ï¤¥à−®¥ ®àã¦¨¥ ¨ â�ª −�§ë¢�¥¬®¥ ®àã-
¦¨¥ äã−ªæ¨®−�«ì−®£® ¢®§¤¥©áâ¢¨ï −� ˆ’‘, ®áãé¥áâ¢«ï¥¬®£® á ¨á¯®«ì§®¢�−¨¥¬
¬®é−ëå ¨¬¯ã«ìá®¢ í«¥ªâà®¬�£−¨â−ëå ¨§«ãç¥−¨© (ˆ�ˆ).

Ÿ¤¥à−®¥ ®àã¦¨¥ ¯à¥¤áâ�¢«ï¥â á®¡®© −�¨¡®«¥¥ à�§àãè¨â¥«ì−ë© ¢¨¤ ®àã¦¨ï
á è¨à®ª¨¬ −�¡®à®¬ �”, ®á−®¢−ë¬¨ ¨§ ª®â®àëå ï¢«ïîâáï ¢®§¤ãè−�ï ã¤�à−�ï
¢®«−�, á¢¥â®¢®¥ ¨§«ãç¥−¨¥, ¯à®−¨ª�îé�ï à�¤¨�æ¨ï ¨ à�¤¨®�ªâ¨¢−®¥ §�à�¦¥−¨¥
¬¥áâ−®áâ¨ [17{19].

—â® ª�á�¥âáï ®àã¦¨ï äã−ªæ¨®−�«ì−®£® ¢®§¤¥©áâ¢¨ï, â® �” ï¢«ïîâáï ¨−-
â¥−á¨¢−®áâì ¯®«ï ¨§«ãç¥−¨ï −� í«¥¬¥−â�å ˆ’‘ ¨ á¯¥ªâà�«ì−ë© á®áâ�¢ ¯®â®ª�
¨§«ãç¥−¨ï. ˆ¬¯ã«ìáë í«¥ªâà®¬�£−¨â−ëå ¨§«ãç¥−¨© ®ª�§ë¢�îâ ª®¬¯«¥ªá−®¥
¢®§¤¥©áâ¢¨¥ −� ˆ’‘ §� áç¥â ¢ëá®ª®© ¯à®−¨ª�îé¥© á¯®á®¡−®áâ¨ ç¥à¥§ �−â¥−−®-
ä¨¤¥à−ë¥ ãáâà®©áâ¢�. �â® ¢ë§ë¢�¥â à�§«¨ç−ë¥ äã−ªæ¨®−�«ì−ë¥ ¯®¢à¥¦¤¥−¨ï ¢
à�¤¨®¯à¨¥¬−ëå, à�¤¨®¯¥à¥¤�îé¨å ãáâà®©áâ¢�å ¨ ¢ á¨áâ¥¬¥ í«¥ªâà®á−�¡¦¥−¨ï.

”®à¬�«¨§ã¥¬ ãá«®¢¨ï ¯à¨¬¥−¥−¨ï (“�) ˆ’‘. „«ï íâ®£® ¢¢¥¤¥¬ á«¥¤ãîé¨¥
®¡®§−�ç¥−¨ï:

e0 ∈ E0 | ¬−®¦¥áâ¢® ¢−¥è−¨å ¢®§¤¥©áâ¢ãîé¨å ä�ªâ®à®¢ (‚‚”);
eðæ ∈ Eðæ | ¬−®¦¥áâ¢® �”.
’®£¤� E = E0 ∪ Eðæ | ãá«®¢¨ï ¯à¨¬¥−¥−¨ï ˆ’‘.
„�«¥¥ ¢ à�¡®â¥ à�áá¬�âà¨¢�îâáï “�, á¢ï§�−−ë¥ â®«ìª® á ¢®§¤¥©áâ¢¨¥¬ �”,

â. ¥. eðæ, eðæ ∈ Eðæ.

3 Основные свойства информационно-телекоммуникационных сетей

��¨¡®«¥¥ ®¡é¨¬ á¢®©áâ¢®¬ á¨áâ¥¬ë á¢ï§¨, ®âà�¦�îé¨¬ ¢«¨ï−¨¥ ¢á¥å ä�ª-
â®à®¢, ¯à¨¢®¤ïé¨å ª ®âª�§�¬ á¨áâ¥¬ë, ï¢«ï¥âáï ãáâ®©ç¨¢®áâì.

“áâ®©ç¨¢®áâì | á¢®©áâ¢® á¨áâ¥¬ë á¢ï§¨, §�ª«îç�îé¥¥áï ¢ ¥¥ á¯®á®¡−®áâ¨
®áãé¥áâ¢«ïâì á¢®¥¢à¥¬¥−−ãî ¯¥à¥¤�çã ¨−ä®à¬�æ¨¨ ¢ −¥®¡å®¤¨¬®¬ ®¡ê¥¬¥ ¨ á
ª�ç¥áâ¢®¬, −¥ åã¦¥ §�¤�−−®£® ¯à¨ ®¯à¥¤¥«¥−−ëå ãá«®¢¨ïå äã−ªæ¨®−¨à®¢�−¨ï.
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Œ¥â®¤ ä®à¬¨à®¢�−¨ï á¨áâ¥¬ë ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ˆ’‘

‚ §�¢¨á¨¬®áâ¨ ®â ãá«®¢¨© äã−ªæ¨®−¨à®¢�−¨ï ˆ’‘ ¬®¦−® ¢ë¤¥«¨âì á«¥¤ã-
îé¨¥ á¢®©áâ¢�:

{ áâàãªâãà� | á¢®©áâ¢® á¨áâ¥¬ë, ®¡ãá«®¢«¥−−®¥ −�«¨ç¨¥¬ á®¢®ªã¯−®áâ¨ í«¥-
¬¥−â®¢ ¨ ãáâ®©ç¨¢®© ¢§�¨¬®á¢ï§ìî ¬¥¦¤ã −¨¬¨;

{ áâ®©ª®áâì í«¥¬¥−â®¢ ª �” | á¢®©áâ¢® í«¥¬¥−â®¢, ®¡¥á¯¥ç¨¢�îé¥¥ ¨å áâ®©-
ª®áâì ª ¢®§¤¥©áâ¢¨î �”;

{ ¢®ááâ�−�¢«¨¢�¥¬®áâì | á¢®©áâ¢® á¨áâ¥¬ë, ®¡ãá«®¢«¥−−®¥ ¢®§¬®¦−®áâìî
ãáâà�−¥−¨ï ¯®¢à¥¦¤¥−¨© ¨ ¢®ááâ�−®¢«¥−¨ï ¥¥ à�¡®â®á¯®á®¡−®áâ¨;

{ ã¯à�¢«ï¥¬®áâì | á¢®©áâ¢® á¨áâ¥¬ë, ®¡¥á¯¥ç¨¢�îé¥¥ á®åà�−¥−¨¥ âà¥¡ã¥¬®-
£® ãà®¢−ï à�¡®â®á¯®á®¡−®áâ¨ §� áç¥â ã¯à�¢«¥−¨ï ¬�àèàãâ¨§�æ¨¥© ®¡¬¥−�
¨−ä®à¬�æ¨¥© ¬¥¦¤ã �¡®−¥−â�¬¨ á¥â¨ ¨«¨ ¥¥ à¥ª®−ä¨£ãà�æ¨¨;

{ à�§¢¥¤§�é¨é¥−−®áâì | á¢®©áâ¢® á¨áâ¥¬ë, ®¡¥á¯¥ç¨¢�îé¥¥ −¥¢®§¬®¦−®áâì
¨¤¥−â¨ä¨ª�æ¨¨ ¥¥ í«¥¬¥−â®¢ áà¥¤áâ¢�¬¨ à�§¢¥¤ª¨ ¯à®â¨¢−¨ª�.

�� à¨áã−ª¥ ¯à¨¢¥¤¥−� ª«�áá¨ä¨ª�æ¨ï (¤¥à¥¢®) á¢®©áâ¢, ®¯à¥¤¥«ïîé¨å ¦¨-
¢ãç¥áâì ˆ’‘.

Š«�áá¨ä¨ª�æ¨ï (¤¥à¥¢®) á¢®©áâ¢, ®¯à¥¤¥«ïîé¨å ¦¨¢ãç¥áâì ˆ’‘

�¥à¥ç¨á«¥−−ë¥ ¢ëè¥ á¢®©áâ¢� ®¡ãá«®¢«¨¢�îâ á®®â¢¥âáâ¢ãîé¨¥ ¥¤¨−¨ç−ë¥
¯®ª�§�â¥«¨ ¦¨¢ãç¥áâ¨ ˆ’‘.

‘âàãªâãà−�ï ¦¨¢ãç¥áâì | á¢®©áâ¢® á¨áâ¥¬ë á®åà�−ïâì ¢ë¯®«−¥−¨¥ á¢®¨å
äã−ªæ¨© å®âï ¡ë −� ¬¨−¨¬�«ì−® ¤®¯ãáâ¨¬®¬ ãà®¢−¥ ¢ â¥ç¥−¨¥ âà¥¡ã¥¬®£®
¢à¥¬¥−¨ ¯à¨ ¯�áá¨¢−®¬ ¯à®â¨¢®¤¥©áâ¢¨¨ ¯®¢à¥¦¤¥−¨ï¬ í«¥¬¥−â®¢ á¨áâ¥¬ë.

”ã−ªæ¨®−�«ì−�ï ¦¨¢ãç¥áâì | á¢®©áâ¢® á¨áâ¥¬ë á®åà�−ïâì âà¥¡ã¥¬ë© ãà®-
¢¥−ì à�¡®â®á¯®á®¡−®áâ¨ §� áç¥â ¯à¨−ïâ®£® �«£®à¨â¬� ã¯à�¢«¥−¨ï ¬�àèàãâ¨§�æ¨¥©
®¡¬¥−� ¨−ä®à¬�æ¨¥© ¬¥¦¤ã �¡®−¥−â�¬¨ á¨áâ¥¬ë ¨«¨ ¥¥ à¥ª®−ä¨£ãà�æ¨¨.

’¥å−¨ç¥áª�ï ¦¨¢ãç¥áâì | á¢®©áâ¢® á¨áâ¥¬ë á®åà�−ïâì ¢ë¯®«−¥−¨¥ á¢®¨å
äã−ªæ¨© §� áç¥â ¢®ááâ�−®¢«¥−¨ï à�¡®â®á¯®á®¡−®áâ¨ ¥¥ í«¥¬¥−â®¢.

�«¥¬¥−â−�ï ¦¨¢ãç¥áâì | á¢®©áâ¢® í«¥¬¥−â®¢ ˆ’‘, å�à�ªâ¥à¨§ãîé¥¥ ¨å
áâ®©ª®áâì ª ¢®§¤¥©áâ¢¨î �” ¨ á¯®á®¡−®áâì ¢®ááâ�−�¢«¨¢�âì à�¡®â®á¯®á®¡−®áâì.

÷�§¢¥¤§�é¨é¥−−®áâì ¢ ¤�−−®¬ á«ãç�¥ â�ª¦¥ ï¢«ï¥âáï ®¤−¨¬ ¨§ ¥¤¨−¨ç−ëå
á¢®©áâ¢ ¦¨¢ãç¥áâ¨ ˆ’‘.

�â¬¥â¨¬, çâ® −�¡®à á¢®©áâ¢, ¯à¥¤áâ�¢«¥−−ëå −� à¨áã−ª¥, −¥ ï¢«ï¥âáï §�-
¬ª−ãâë¬, ¥£® ¬®¦−® à�áè¨à¨âì ¨«¨ áã§¨âì. �â® ®¯à¥¤¥«ï¥âáï á¨áâ¥¬®© ¢§£«ï¤®¢
(¯à¨−æ¨¯®¢) −� ®¡¥á¯¥ç¥−¨¥ ¦¨¢ãç¥áâ¨ ˆ’‘.
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4 Пространство элементарных событий

�®¤ ¯à®áâà�−áâ¢®¬ í«¥¬¥−â�à−ëå á®¡ëâ¨© ¢ ¤�−−®¬ á«ãç�¥ ¯®−¨¬�¥âáï á®¢®-
ªã¯−®áâì á«ãç�©−ëå á®¡ëâ¨©, ®¯à¥¤¥«ïîé¨å ãáâ®©ç¨¢®áâì äã−ªæ¨®−¨à®¢�−¨ï
ˆ’‘ ¢ ãá«®¢¨ïå ¯à¨¬¥−¥−¨ï.

�á−®¢®© ¤«ï ¯®áâà®¥−¨ï ¯à®áâà�−áâ¢� í«¥¬¥−â�à−ëå á®¡ëâ¨© ¨ á¨áâ¥¬ë
¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ˆ’‘ ï¢«ï¥âáï ¯à¨¢¥¤¥−−®¥ ¢ëè¥ ¤¥à¥¢® á¢®©áâ¢ ¨ ¨å
¢®§¬®¦−ë¥ ¢�à¨�−âë ¯à®ï¢«¥−¨ï ¢ “�.

�à¥¤«�£�¥¬ë© ¯®¤å®¤ ¡�§¨àã¥âáï −� áâà¥¬«¥−¨¨ á®¢¬¥áâ¨âì áã¡ê¥ªâ¨¢−ë¥
¯à¥¤áâ�¢«¥−¨ï ® ¦¨¢ãç¥áâ¨ ˆ’‘ á ¤®áâ�â®ç−®© áâ¥¯¥−ìî ®¡ê¥ªâ¨¢−®áâ¨ ¥¥
®æ¥−ª¨.

„«ï ®æ¥−ª¨ ¦¨¢ãç¥áâ¨, � á®®â¢¥âáâ¢¥−−®, ¨ á¢®¥¢à¥¬¥−−®áâ¨ ¯à¥¤®áâ�¢«¥−¨ï
âà¥¡ã¥¬ëå ãá«ã£ ¯®«ì§®¢�â¥«î ¯à¥¤«�£�îâáï á«¥¤ãîé¨¥ áâ®å�áâ¨ç¥áª¨¥ ¯�à�-
¬¥âàë:

1. ‘«ãç�©−�ï ¢¥«¨ç¨−� (‘‚) ξÖÉ×(e, t), å�à�ªâ¥à¨§ãîé�ï á®áâ®ï−¨¥ à�¡®â®á¯®-
á®¡−®áâ¨ ˆ’‘, ª®â®à®¥ ®â®¦¤¥áâ¢«ï¥âáï á ¦¨¢ãç¥áâìî, ¢ ª�ç¥áâ¢¥ ¢®§¬®¦−ëå
í«¥¬¥−â�à−ëå á®¡ëâ¨© ¯à¨−¨¬�¥â ®¤−® ¨§ âà¥å §−�ç¥−¨©:

(�) úˆ’‘ −�å®¤¨âáï ¢ ¨á¯à�¢−®¬ á®áâ®ï−¨¨û, ¥á«¨ ¢ ¯à®æ¥áá¥ ¨−ä®à¬�æ¨-
®−−®£® ®¡¬¥−�, −�ç�¢è¥£®áï ¢ ¬®¬¥−â t ¨ ¯à®â¥ª�îé¥£® ¢ ãá«®¢¨ïå e,
e ∈ E, ˆ’‘ ®¡¥á¯¥ç¨¢�¥â ¯®«ì§®¢�â¥«î ¢®§¬®¦−®áâì à¥è¥−¨ï ¢á¥å §�¤�ç
¯® ã¯à�¢«¥−¨î ®¡ê¥ªâ�¬¨ £àã¯¯¨à®¢ª¨;

(¡) úˆ’‘ −�å®¤¨âáï ¢ −¥¨á¯à�¢−®¬, −® à�¡®â®á¯®á®¡−®¬ á®áâ®ï−¨¨û, ¥á«¨
¤«ï ¨−ä®à¬�æ¨®−−®£® ®¡¬¥−�, −�ç�¢è¥£®áï ¢ ¬®¬¥−â t ¢ ãá«®¢¨ïå e,
e ∈ E, ˆ’‘ ¨¬¥¥â ¯®¢à¥¦¤¥−¨ï ¨/¨«¨ −�å®¤¨âáï ¢ á®áâ®ï−¨¨ ¢®ááâ�-
−®¢«¥−¨ï ¯à¨ ¡ëáâà®© à¥�ªæ¨¨ á¨áâ¥¬ë â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï (‘’�)
ˆ’‘ ¨ ¯®«ì§®¢�â¥«î ®¡¥á¯¥ç¨¢�¥âáï ®£à�−¨ç¥−−�ï (−� ãà®¢−¥ −¥ −¨¦¥
¬¨−¨¬�«ì−® ¤®¯ãáâ¨¬®£®) ¢®§¬®¦−®áâì à¥è¥−¨ï §�¤�ç ¯® ã¯à�¢«¥−¨î
®¡ê¥ªâ�¬¨ £àã¯¯¨à®¢ª¨;

(¢) úˆ’‘ −�å®¤¨âáï ¢ −¥à�¡®â®á¯®á®¡−®¬ á®áâ®ï−¨¨û, ¥á«¨ ¤«ï ¨−ä®à¬�-
æ¨®−−®£® ®¡¬¥−�, −�ç�¢è¥£®áï ¢ ¬®¬¥−â t ¢ ãá«®¢¨ïå e, e ∈ E, ˆ’‘
¨¬¥¥â ¯®¢à¥¦¤¥−¨ï, −¥ ¯®§¢®«ïîé¨¥ ¯®«ì§®¢�â¥«î à¥è�âì §�¤�ç¨ ¯®
ã¯à�¢«¥−¨î ®¡ê¥ªâ�¬¨, ¤�¦¥ −� ¬¨−¨¬�«ì−® ¤®¯ãáâ¨¬®¬ ãà®¢−¥ á ãç¥â®¬
¢®§¬®¦−®áâ¥© ‘’� ˆ’‘ ¯® ¥¥ ¢®ááâ�−®¢«¥−¨î.

�¥®¡å®¤¨¬® ¯®¤ç¥àª−ãâì, çâ® ¥á«¨ í«¥¬¥−âë ˆ’‘ ¨¬¥îâ áªàëâë¥ ¤¥ä¥ªâë ¨
¢ à¥�«ì−®áâ¨ á¨áâ¥¬� äã−ªæ¨®−¨àã¥â −¥−®à¬�«ì−® ¢á«¥¤áâ¢¨¥ −�«¨ç¨ï áªàëâ-
−ëå ¤¥ä¥ªâ®¢ (¢®§¬®¦¥−, −�¯à¨¬¥à, úá¡®© ¢ à�¡®â¥ ®ª®−¥ç−ëå ãáâà®©áâ¢û),
−® ¯®«ì§®¢�â¥«ì −¥ ¯®¤®§à¥¢�¥â ® á¡®ïå ¢ à�¡®â¥, ¢á¥ à�¢−® â�ª®¥ á®áâ®ï−¨¥
ˆ’‘ ¡ã¤¥¬ ®â−®á¨âì ª §−�ç¥−¨î úˆ’‘ −�å®¤¨âáï ¢ ¨á¯à�¢−®¬ á®áâ®ï−¨¨û.

2. ‘«ãç�©−�ï ¢¥«¨ç¨−� ξÓÔÒ(e, t), å�à�ªâ¥à¨§ãîé�ï ¢«¨ï−¨¥ áâàãªâãàë −� ¦¨-
¢ãç¥áâì (áâàãªâãà−�ï ¦¨¢ãç¥áâì) ˆ’‘ ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t,
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Œ¥â®¤ ä®à¬¨à®¢�−¨ï á¨áâ¥¬ë ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ˆ’‘

t ∈ Tð, ¯à¨ ®£à�−¨ç¥−¨ïå −� ¢®ááâ�−®¢«¥−¨¥ ¨ ¦¨¢ãç¥áâì í«¥¬¥−â®¢, ¯à¨−¨-
¬�¥â ®¤−® ¨§ âà¥å §−�ç¥−¨©:

(�) ú‘âàãªâãà−�ï ¦¨¢ãç¥áâì ˆ’‘ ¢ëá®ª�ïû, ¥á«¨ ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥
¢à¥¬¥−¨ t, t ∈ Tð, ®¡¥á¯¥ç¨¢�¥âáï á¢ï§−®áâì á¨áâ¥¬ë −� ãà®¢−¥, ¤®áâ�-
â®ç−®¬ ¤«ï à¥è¥−¨ï ¢á¥å §�¤�ç ¯® ã¯à�¢«¥−¨î ®¡ê¥ªâ�¬¨ £àã¯¯¨à®¢ª¨;

(¡) ú‘âàãªâãà−�ï ¦¨¢ãç¥áâì ˆ’‘ ¤®¯ãáâ¨¬®£® ãà®¢−ïû, ¥á«¨ ¢ “� e, e ∈
∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t, t ∈ Tð, ®¡¥á¯¥ç¨¢�¥âáï á¢ï§−®áâì −� ãà®¢−¥,
®¡¥á¯¥ç¨¢�îé¥¬ à¥è¥−¨¥ ¬¨−¨¬�«ì−® −¥®¡å®¤¨¬®£® ®¡ê¥¬� §�¤�ç ¯®
ã¯à�¢«¥−¨î ®¡ê¥ªâ�¬¨ £àã¯¯¨à®¢ª¨;

(¢) ú‘âàãªâãà−�ï ¦¨¢ãç¥áâì ˆ’‘ −¨§ª�ïû, ¥á«¨ ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥
¢à¥¬¥−¨ t, t ∈ Tð, á¢ï§−®áâì á¨áâ¥¬ë −¥ ®¡¥á¯¥ç¨¢�¥â à¥è¥−¨¥ §�¤�ç ¤�¦¥
¢ ¬¨−¨¬�«ì−® −¥®¡å®¤¨¬®¬ ®¡ê¥¬¥.

3. ‘«ãç�©−�ï ¢¥«¨ç¨−� ξÔÖ(e, t), å�à�ªâ¥à¨§ãîé�ï ¢®ááâ�−®¢«¥−¨¥ à�¡®â®á¯®-
á®¡−®áâ¨ ˆ’‘ (â¥å−¨ç¥áª�ï ¦¨¢ãç¥áâì), ¯à¨−¨¬�¥â ®¤−® ¨§ âà¥å §−�ç¥−¨©:

(�) ú�¡¥á¯¥ç¨¢�¥âáï ¢®ááâ�−®¢«¥−¨¥ ˆ’‘ ¯à¨ ¡ëáâà®© à¥�ªæ¨¨ ‘’� ˆ’‘û,
¥á«¨ ¢à¥¬ï τ ãáâà�−¥−¨ï ¯®¢à¥¦¤¥−¨©, −�ç�¢è¥£®áï ¢ ¬®¬¥−â t, −¥
¯à¥¢ëè�¥â τÚÁÄ ¨ ξÖÉ×(e, t) = úˆ’‘ −�å®¤¨âáï ¢ ¨á¯à�¢−®¬ á®áâ®ï−¨¨û;

(¡) ú�¡¥á¯¥ç¨¢�¥âáï ¢®ááâ�−®¢«¥−¨¥ ˆ’‘ ¯à¨ ¬¥¤«¥−−®© à¥�ªæ¨¨ ‘’�
ˆ’‘û, ¥á«¨ t× ≤ t× ÄÏÐ (£¤¥ t× ÄÏÐ | ¤®¯ãáâ¨¬®¥ ¢à¥¬ï ¢®ááâ�−®¢«¥-
−¨ï) ¨ ξÖÉ×(e, t) = úˆ’‘ −�å®¤¨âáï ¢ −¥¨á¯à�¢−®¬, −® à�¡®â®á¯®á®¡−®¬
á®áâ®ï−¨¨û;

(¢) ú‚®ááâ�−®¢«¥−¨¥ ˆ’‘ −¥ ®¡¥á¯¥ç¨¢�¥âáïû, ¥á«¨ t× > t× ÄÏÐ ¯à¨ ¬¥¤«¥−−®©
à¥�ªæ¨¨ ‘’� ˆ’‘ ¨ ξÖÉ×(e, t) = úˆ’‘ −�å®¤¨âáï ¢ −¥à�¡®â®á¯®á®¡−®¬
á®áâ®ï−¨¨.

�à¨ íâ®¬ ¡ëáâà�ï à¥�ªæ¨ï ‘’� ˆ’‘ ®§−�ç�¥â −� ¯à�ªâ¨ª¥ ãáâà�−¥−¨¥ ¯®-
¢à¥¦¤¥−¨© ˆ’‘ §� ãáâ�−®¢«¥−−®¥ ¢à¥¬ï. ‚®ááâ�−®¢«¥−¨¥ ¯à¨ ¬¥¤«¥−−®©
à¥�ªæ¨¨ ‘’� ˆ’‘ ®§−�ç�¥â ãáâà�−¥−¨¥ ¯®¢à¥¦¤¥−¨© ˆ’‘ §� ¬¨−¨¬�«ì−®
¤®¯ãáâ¨¬®¥ ¢à¥¬ï, ¯à¨ ¯à¥¢ëè¥−¨¨ ª®â®à®£® ¬®¦¥â ¢®§−¨ª−ãâì ã£à®§� −¥-
¢ë¯®«−¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨. Œ¥â®¤¨ç¥áª¨¥ ¢®¯à®áë ¯®áâà®¥−¨ï ‘’�
ˆ’‘, ®¡¥á¯¥ç¨¢�îé¨¥ ¢®ááâ�−®¢«¥−¨¥ í«¥¬¥−â®¢ á¨áâ¥¬ë §� âà¥¡ã¥¬®¥ ¢à¥-
¬ï, ¯à¨¢¥¤¥−ë ¢ à�¡®â¥ [20].

4. „«ï ®æ¥−ª¨ äã−ªæ¨®−�«ì−®© ¦¨¢ãç¥áâ¨ ˆ’‘ ¯à¥¤«�£�¥âáï áâ®å�áâ¨ç¥áª¨©
¯�à�¬¥âà ξÆÖ(e, t). ‘«ãç�©−�ï ¢¥«¨ç¨−� ξÆÖ(e, t) å�à�ªâ¥à¨§ã¥â áâ¥¯¥−ì
ã¯à�¢«ï¥¬®áâ¨ ˆ’‘ ¨ ¯à¨−¨¬�¥â ®¤−® ¨§ âà¥å §−�ç¥−¨©:

(�) ú�¡¥á¯¥ç¨¢�¥âáï ã¯à�¢«¥−¨¥ ˆ’‘ ¯à¨ ¡ëáâà®© à¥�ªæ¨¨ �‘“û, ¥á«¨
¢à¥¬ï tÕ ¯à¥¤®áâ�¢«¥−¨ï ¯®«ì§®¢�â¥«î ãá«ã£ ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t, t ∈ Tð,
¢ “� e, e ∈ E, −¥ ¯à¥¢ëè�¥â §�¤�−−®£®, tÕ ≤ tÕ ÚÁÄ Â, ¨ ξÖÉ×(e, t) = úˆ’‘
−�å®¤¨âáï ¢ ¨á¯à�¢−®¬ á®áâ®ï−¨¨û;

(¡) ú�¡¥á¯¥ç¨¢�¥âáï ã¯à�¢«¥−¨¥ ˆ’‘ ¯à¨ ¬¥¤«¥−−®© à¥�ªæ¨¨ �‘“û, ¥á«¨
¢à¥¬ï tÕ ¯à¥¤®áâ�¢«¥−¨ï ¯®«ì§®¢�â¥«î ãá«ã£ −¥ ¯à¥¢ëè�¥â §�¤�−−®£®,

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 1 2014 143



�. �. ‡�æ�à¨−−ë©, �. ƒ. �ãà®¬¥−áª¨©, �. ˆ. ƒ�à�−¨−

tÕ ≤ tÕ ÚÁÄÍ (£¤¥ tÕ ÚÁÄÍ ¨ tÕ ÚÁÄ Â | §�¤�¢�¥¬ë¥ ®£à�−¨ç¥−¨ï −� ¢à¥¬ï
¯à¥¤®áâ�¢«¥−¨ï �‘“ ãá«ã£ | ¢¥àå−ïï ¨ −¨¦−ïï £à�−¨æë), −¥á¬®âàï −�
â® çâ® ξÖÉ×(e, t) = úˆ’‘ −�å®¤¨âáï ¢ −¥¨á¯à�¢−®¬ á®áâ®ï−¨¨û;

(¢) ú“¯à�¢«¥−¨¥ ˆ’‘ −¥ ®¡¥á¯¥ç¨¢�¥âáïû, ξÖÉ× = úˆ’‘ −�å®¤¨âáï ¢ −¥¨á-
¯à�¢−®¬ á®áâ®ï−¨¨û.

5. ‘«ãç�©−�ï ¢¥«¨ç¨−� ξÜÖ(e, t) | å�à�ªâ¥à¨§ã¥â ¦¨¢ãç¥áâì í«¥¬¥−â� ˆ’‘ ¨
¯à¨−¨¬�¥â ®¤−® ¨§ á«¥¤ãîé¨å §−�ç¥−¨©:

(�) ú�«¥¬¥−â−�ï ¦¨¢ãç¥áâì ¢ëá®ª�ïû, ¥á«¨ §� ¢à¥¬ï t, t ≥ TÂÄ, ¢ ãá«®¢¨ïå e,
e ∈ E, ®¡¥á¯¥ç¨¢�¥âáï áâ®©ª®áâì ª ¢®§¤¥©áâ¢¨î �”;

(¡) ú�«¥¬¥−â−�ï ¦¨¢ãç¥áâì −� ¤®¯ãáâ¨¬®¬ ãà®¢−¥û, ¥á«¨ §� ¢à¥¬ï t, t ≥
≥ Tð, ¢ ãá«®¢¨ïå e, e ∈ E, áâ®©ª®áâì í«¥¬¥−â®¢ ª �” ®¡¥á¯¥ç¨¢�¥âáï −�
¤®¯ãáâ¨¬®¬ ãà®¢−¥;

(¢) ú�«¥¬¥−â−�ï ¦¨¢ãç¥áâì −¥ ®¡¥á¯¥ç¨¢�¥âáïû, ¥á«¨ §� ¢à¥¬ï t, t ≥ Tð, ¢
ãá«®¢¨ïå e, e ∈ E, áâ®©ª®áâì í«¥¬¥−â®¢ ª �” −¥ ®¡¥á¯¥ç¨¢�¥âáï.

6. ‘«ãç�©−�ï ¢¥«¨ç¨−� ξÒÚ×(e, t), å�à�ªâ¥à¨§ãîé�ï à�§¢¥¤§�é¨é¥−−®áâì ˆ’‘,
¯à¨−¨¬�¥â ®¤−® ¨§ âà¥å §−�ç¥−¨©:

(�) ú÷�§¢¥¤§�é¨é¥−−®áâì í«¥¬¥−â®¢ ˆ’‘ ®¡¥á¯¥ç¨¢�¥âáïû, ¥á«¨ §� ¢à¥¬ï t,
t ≥ TÂÄ, ¢ ãá«®¢¨ïå e, e ∈ E, áà¥¤áâ¢�¬¨ à�§¢¥¤ª¨ ¯à®â¨¢−¨ª� −¥ ¬®£ãâ
¡ëâì ¨¤¥−â¨ä¨æ¨à®¢�−ë í«¥¬¥−âë ‘‚‘;

(¡) ú÷�§¢¥¤§�é¨é¥−−®áâì í«¥¬¥−â®¢ ˆ’‘ −� ¤®¯ãáâ¨¬®¬ ãà®¢−¥û, ¥á«¨ §�
¢à¥¬ï t, t ≥ TÂÄ, ¢ “� e, e ∈ E, áà¥¤áâ¢�¬¨ à�§¢¥¤ª¨ ¯à®â¨¢−¨ª�
¨¤¥−â¨ä¨æ¨à®¢�−® ¤®¯ãáâ¨¬®¥ ç¨á«® í«¥¬¥−â®¢ ˆ’‘;

(¢) ú÷�§¢¥¤§�é¨é¥−−®áâì í«¥¬¥−â®¢ ˆ’‘ −¥ ®¡¥á¯¥ç¨¢�¥âáïû, ¥á«¨ §� ¢à¥-
¬ï t, t ≥ TÂÄ, ¢ “�� e, e ∈ E, áà¥¤áâ¢�¬¨ à�§¢¥¤ª¨ ¯à®â¨¢−¨ª�
¨¤¥−â¨ä¨æ¨à®¢�−® ç¨á«® í«¥¬¥−â®¢ ˆ’‘ ¡®«ìè¥ ¤®¯ãáâ¨¬®£®.

�à¨ −¥®¡å®¤¨¬®áâ¨ ãç¥â� ¤àã£¨å ä�ªâ®à®¢, ¢«¨ïîé¨å −� ¦¨¢ãç¥áâì ˆ’‘,
−�¯à¨¬¥à §� áç¥â ¡¥§®¯�á−®áâ¨ á¢ï§¨, ¢¥à®ïâ−®áâ−®¥ ¯à®áâà�−áâ¢® ¦¨¢ãç¥áâ¨
ˆ’‘ ¬®¦¥â ¡ëâì à�áè¨à¥−® ¨ ¯à¥¤áâ�¢«¥−® ¢ ¢¨¤¥

ξÂÓ(e, t) = ϕ(ξ×ÉÒ(e, t), ξÕÍÙÛÌ(e, t)) ,

£¤¥ ξÂÓ(e, t), ξ×ÉÒ(e, t) ¨ ξÕÍÙÛÌ(e, t) | á«ãç�©−ë¥ ¢¥«¨ç¨−ë, å�à�ªâ¥à¨§ãîé¨¥
á®®â¢¥âáâ¢¥−−® ¡¥§®¯�á−®áâì á¢ï§¨, −�«¨ç¨¥ ¨«¨ ®âáãâáâ¢¨¥ áªàëâëå ¢¨àãá−ëå
¨áª�¦¥−¨©, ã¬ëè«¥−−ë¥ ¤¥©áâ¢¨ï ¯à®â¨¢−¨ª� ¯® ¨áª�¦¥−¨î ¨−ä®à¬�æ¨¨; ϕ |
−¥¨§¢¥áâ−�ï äã−ªæ¨ï.

�−�«®£¨ç−ë¬ ®¡à�§®¬ ¯à®áâà�−áâ¢® í«¥¬¥−â�à−ëå á®¡ëâ¨© ¤«ï ¢¢¥¤¥−−ëå
¯�à�¬¥âà®¢ ¬®¦¥â ¡ëâì áã¦¥−®. Š ¯à¨¬¥àã, ¤«ï ξÔÖ(e, t) ¢®§¬®¦−® ®áâ�¢¨âì
¢¬¥áâ® âà¥å á®¡ëâ¨© ¤¢�: ú�¡¥á¯¥ç¨¢�¥âáï ¢®ááâ�−®¢«¥−¨¥ ˆ’‘û (®¡ê¥¤¨−ïîé¥¥
¯¥à¢ë¥ ¤¢�) ¨ ú‚®ááâ�−®¢«¥−¨¥ ˆ’‘ −¥ ®¡¥á¯¥ç¨¢�¥âáïû.

144 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 1 2014



Œ¥â®¤ ä®à¬¨à®¢�−¨ï á¨áâ¥¬ë ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ˆ’‘

‚á¥ ¬−®¦¥áâ¢® á«ãç�©−ëå ¢¥«¨ç¨−, å�à�ªâ¥à¨§ãîé¨å ¦¨¢ãç¥áâì ˆ’‘, à�§-
¤¥«¨¬ −� âà¨ ¯®¤¬−®¦¥áâ¢�, ¤�îé¨å ¢®§¬®¦−®áâì ®æ¥−¨âì ¢ æ¥«®¬ ãà®¢¥−ì ¥¥
¦¨¢ãç¥áâ¨.

†¨¢ãç¥áâì ˆ’‘ ¯à¥¤«�£�¥âáï å�à�ªâ¥à¨§®¢�âì áâ®å�áâ¨ç¥áª¨¬ ¯�à�¬¥âà®¬
ξÖÉ×(e, t):

{ ú†¨¢ãç¥áâì ˆ’‘ ¢ëá®ª�ïû, ¥á«¨:
ξÓÔÒ(e, t) = ú‘âàãªâãà−�ï ¦¨¢ãç¥áâì ˆ’‘ ¢ëá®ª�ïû;
ξÔÖ(e, t) = ú�¡¥á¯¥ç¨¢�¥âáï ¢®ááâ�−®¢«¥−¨¥ ˆ’‘ ¯à¨ ¡ëáâà®© à¥�ªæ¨¨ ‘’�
ˆ’‘û;
ξÜÖ(e, t) = ú†¨¢ãç¥áâì í«¥¬¥−â®¢ ˆ’‘ ¢ëá®ª�ïû;
ξÆÖ(e, t) = ú�¡¥á¯¥ç¨¢�¥âáï ã¯à�¢«¥−¨¥ ˆ’‘ ¯à¨ ¡ëáâà®© à¥�ªæ¨¨ �‘“û;
ξÒÚ×(e, t) = ú÷�§¢¥¤§�é¨é¥−−®áâì ¢ëá®ª�ïû;

{ ú†¨¢ãç¥áâì ˆ’‘ ¤®¯ãáâ¨¬®£® ãà®¢−ïû, ¥á«¨:
ξÓÔÒ(e, t) = ú‘âàãªâãà−�ï ¦¨¢ãç¥áâì ˆ’‘ ¤®¯ãáâ¨¬®£® ãà®¢−ïû;
ξÔÖ(e, t) = ú�¡¥á¯¥ç¨¢�¥âáï ¢®ááâ�−®¢«¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨ ˆ’‘ ¯à¨
¬¥¤«¥−−®© à¥�ªæ¨¨ ‘’�û;
ξÜÖ(e, t) = ú†¨¢ãç¥áâì í«¥¬¥−â®¢ ˆ’‘ −� ¤®¯ãáâ¨¬®¬ ãà®¢−¥û;
ξÆÖ(e, t) = ú�¡¥á¯¥ç¨¢�¥âáï ã¯à�¢«¥−¨¥ ˆ’‘ ¯à¨ ¬¥¤«¥−−®© à¥�ªæ¨¨
�‘“û;
ξÒÚ×(e, t) = ú÷�§¢¥¤§�é¨é¥−−®áâì −� ¤®¯ãáâ¨¬®¬ ãà®¢−¥û;

{ ú†¨¢ãç¥áâì ˆ’‘ −¨§ª®£® ãà®¢−ïû, ¥á«¨:
ξÓÔÒ(e, t) = ú‘âàãªâãà−�ï ¦¨¢ãç¥áâì ˆ’‘ −¨§ª�ïû;
ξÔÖ(e, t) = ú‚®ááâ�−®¢«¥−¨¥ ˆ’‘ −¥ ®¡¥á¯¥ç¨¢�¥âáïû;
ξÜÖ(e, t) = ú†¨¢ãç¥áâì í«¥¬¥−â®¢ ˆ’‘ −¨§ª�ïû;
ξÆÖ(e, t) = ú“¯à�¢«¥−¨¥ ˆ’‘ −¥ ®¡¥á¯¥ç¨¢�¥âáïû;
ξÒÚ×(e, t) = ú÷�§¢¥¤§�é¨é¥−−®áâì −� −¨§ª®¬ ãà®¢−¥û;

{ ú†¨¢ãç¥áâì ˆ’‘ á®¬−¨â¥«ì−®£® ãà®¢−ïû ¯à¨ ¢á¥å ®áâ�«ì−ëå á®ç¥â�−¨ïå
¯�à�¬¥âà®¢ ξÓÔÒ(e, t), ξÔÖ(e, t), ξÜÖ(e, t), ξÆÖ(e, t) ¨ ξÒÚ×(e, t).

5 Система показателей живучести
информационно-телекоммуникационных систем

�� ®á−®¢¥ à�§à�¡®â�−−®£® ¢ëè¥ ¢¥à®ïâ−®áâ−®£® ¯à®áâà�−áâ¢� ¯à¥¤«®¦¨¬
á¨áâ¥¬ã ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ˆ’‘.

�ãáâì ª�¦¤®¥ ¨§ ¯à¨¢¥¤¥−−ëå ¢ëè¥ á¢®©áâ¢ ¢ “� ¯à®ï¢«ï¥âáï á«ãç�©−ë¬
®¡à�§®¬. ’�ª®¥ ¯à¥¤¯®«®¦¥−¨¥ ¢¯®«−¥ ¥áâ¥áâ¢¥−−® ¨ −¥ âà¥¡ã¥â ¯®ïá−¥−¨©.

’®£¤� ‘‚ ξÖÉ×(e, t), å�à�ªâ¥à¨§ãîéãî á¯®á®¡−®áâì ˆ’‘ ®¡¥á¯¥ç¨¢�âì
ã¯à�¢«¥−¨¥ ®¡ê¥ªâ�¬¨ £àã¯¯¨à®¢ª¨ ¢ “�, ¯à¥¤áâ�¢¨¬ ¢ ¢¨¤¥ ¬−®¦¥áâ¢�, ¢ª«î-
ç�îé¥£® á«¥¤ãîé¨¥ í«¥¬¥−â�à−ë¥ á®¡ëâ¨ï:

ξÖÉ×(e, t) = {ξÓÔÒ(e, t), ξÔÖ(e, t), ξÚÖ(e, t), ξÆÖ(e, t), ξÒÚ×(e, t)} , (1)
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£¤¥ ξÓÔÒ(e, t) | ‘‚, å�à�ªâ¥à¨§ãîé�ï ¢«¨ï−¨¥ áâàãªâãàë −� ¦¨¢ãç¥áâì ˆ’‘ ¢
“� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t, t ∈ Tð; ξÔÖ(e, t) | ‘‚, å�à�ªâ¥à¨§ãîé�ï
¢®ááâ�−®¢«¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨ ˆ’‘; ξÜÖ(e, t)| ‘‚, å�à�ªâ¥à¨§ãîé�ï ¦¨-
¢ãç¥áâì í«¥¬¥−â� ˆ’‘; ξÆÖ(e, t)| ‘‚, å�à�ªâ¥à¨§ãîé�ï áâ¥¯¥−ì ã¯à�¢«ï¥¬®áâ¨
ˆ’‘; ξÒÚ×(e, t)| ‘‚, å�à�ªâ¥à¨§ãîé�ï à�§¢¥¤§�é¨é¥−−®áâì ˆ’‘.

�� ®á−®¢¥ ¯®«ãç¥−−®£® ¢¥à®ïâ−®áâ−®£® ¯à®áâà�−áâ¢� ¯à¥¤«®¦¨¬ á¨áâ¥¬ã
¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ˆ’‘. ”®à¬¨à®¢�−¨¥ á¨áâ¥¬ë ¯®ª�§�â¥«¥© ¯à®¨§¢¥¤¥¬ á
¨á¯®«ì§®¢�−¨¥¬ á«¥¤ãîé¨å ¬¥â®¤¨ç¥áª¨å ¯®«®¦¥−¨©.

‚¢¥¤¥¬ ¢¥à®ïâ−®áâ−®¥ ¯à®áâà�−áâ¢® (Q,S, P ), £¤¥ Q | ª®−¥ç−®¥ ¯à®áâà�−-
áâ¢® í«¥¬¥−â�à−ëå á®¡ëâ¨©, ¢¢¥¤¥−−®¥ ¢ëè¥; S | ª«�áá ¢á¥å ¯®¤¬−®¦¥áâ¢
¬−®¦¥áâ¢� Q, ã¤®¢«¥â¢®àïîé¨© á¢®©áâ¢�¬ σ-�«£¥¡àë ¤«ï áä®à¬¨à®¢�−−®£®
¯à®áâà�−áâ¢� ‘‚; P | ¢¥à®ïâ−®áâ−�ï ¬¥à� −� ¯à®áâà�−áâ¢¥ í«¥¬¥−â�à−ëå á®¡ë-
â¨©. �à¨ íâ®¬, ¯®áª®«ìªã Ÿ = (ωk) ª®−¥ç−®, ¤®áâ�â®ç−® ãáâ�−®¢¨âì ®â®¡à�¦¥−¨¥
ωk → pk = P (ωk) â�ª®¥, çâ® pk ≥ 0 ¨

∑
k

pk = 1. ’�ª®¥ á®®â¢¥âáâ¢¨¥ ¯à¥¤«�£�¥âáï

−� ®á−®¢¥ ä®à¬�«¨§�æ¨¨ ¯à®æ¥áá®¢ ®¡¥á¯¥ç¥−¨ï ¦¨¢ãç¥áâ¨ ˆ’‘ ¯ãâ¥¬ ¯à¨¬¥-
−¥−¨ï ¯à¥¤¥«ì−®© â¥®à¥¬ë ¤«ï à¥£¥−¥à¨àãîé¨å ¯à®æ¥áá®¢ ¨ ¨á¯®«ì§®¢�−¨ï
à¥§ã«ìâ�â®¢ �−�«¨§� ®¤−®- ¨ ¬−®£®«¨−¥©−ëå á¨áâ¥¬ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï [4].
‚ë¤¥«¨¬ ¯à¨ íâ®¬ á¨áâ¥¬ã ¥¤¨−¨ç−ëå ¨ ª®¬¯«¥ªá−ëå ¯®ª�§�â¥«¥©.

�®¤ ¥¤¨−¨ç−ë¬¨ ¯®ª�§�â¥«ï¬¨ ¡ã¤¥¬ ¯®−¨¬�âì ¢¥à®ïâ−®áâì á¢¥àè¥−¨ï ª�¦-
¤®£® í«¥¬¥−â�à−®£® á®¡ëâ¨ï à�áá¬®âà¥−−®£® ¢ëè¥ ¯à®áâà�−áâ¢�.

PÓÔÒ(e, t) | ¢¥à®ïâ−®áâì â®£®, çâ® ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t,
t ∈ Tð, ®¡¥á¯¥ç¨¢�¥âáï à�¡®â®á¯®á®¡−®áâì ˆ’‘ −� ãà®¢−¥, ¤®áâ�â®ç−®¬ ¤«ï
à¥è¥−¨ï âà¥¡ã¥¬®£® ®¡ê¥¬� §�¤�ç ¯® ã¯à�¢«¥−¨î ®¡ê¥ªâ�¬¨ ®¡®à®−−®£® ¨ −�à®¤-
−®å®§ï©áâ¢¥−−®£® −�§−�ç¥−¨ï ¡¥§ ãç¥â� ¢®ááâ�−®¢«¥−¨ï (¢¥à®ïâ−®áâì â®£®, çâ®
ξÓÔÒ(e, t) = ú‘âàãªâãà−�ï ¦¨¢ãç¥áâì ¢ëá®ª�ïû).
“PÓÔÒ.Ä(e, t) | ¢¥à®ïâ−®áâì â®£®, çâ® ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥-

−¨ t, t ∈ Tð, ®¡¥á¯¥ç¨¢�¥âáï à�¡®â®á¯®á®¡−®áâì ˆ’‘ −� ãà®¢−¥, ¯®§¢®«ïîé¥¬
à¥è�âì ¬¨−¨¬�«ì−® −¥®¡å®¤¨¬ë© (¤®¯ãáâ¨¬ë©) ®¡ê¥¬ §�¤�ç ¯® ã¯à�¢«¥−¨î ®¡ê-
¥ªâ�¬¨ ®¡®à®−−®£® ¨ −�à®¤−®å®§ï©áâ¢¥−−®£® −�§−�ç¥−¨ï (¢¥à®ïâ−®áâì â®£®, çâ®
ξÓÔÒ(e, t) = ú‘âàãªâãà−�ï ¦¨¢ãç¥áâì ˆ’‘ −� ¤®¯ãáâ¨¬®¬ ãà®¢−¥û).

P ÓÔÒ.Î(e, t)| ¢¥à®ïâ−®áâì â®£®, çâ® à�¡®â®á¯®á®¡−®áâì ˆ’‘ −¥ ®¡¥á¯¥ç¨¢�¥â
à¥è¥−¨ï §�¤�ç ¯® ã¯à�¢«¥−¨î ®¡ê¥ªâ�¬¨ ®¡®à®−−®£® ¨ −�à®¤−®å®§ï©áâ¢¥−−®£®
−�§−�ç¥−¨ï ¤�¦¥ −� ¬¨−¨¬�«ì−® ¤®¯ãáâ¨¬®¬ ãà®¢−¥ ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥
¢à¥¬¥−¨ t, t ∈ Tð (¢¥à®ïâ−®áâì â®£®, çâ® ú‘âàãªâãà−�ï ¦¨¢ãç¥áâì ˆ’‘ −¨§ª�ïû).

PÖÆ(e, t)| ¢¥à®ïâ−®áâì â®£®, çâ® ¢à¥¬ï ¯à¥¤®áâ�¢«¥−¨ï ãá«ã£ ¤®«¦−®áâ−®¬ã
«¨æã ¤«ï ®¡¥á¯¥ç¥−¨ï ã¯à�¢«¥−¨ï ®¡ê¥ªâ�¬¨ ®¡®à®−−®£® ¨ −�à®¤−®å®§ï©áâ¢¥−-
−®£® −�§−�ç¥−¨ï ¢ “� e, e ∈ E, −¥ ¯à¥¢ëá¨â §�¤�−−®£® t, t ∈ Tð (¢¥à®ïâ−®áâì
â®£®, çâ® ξÕÐÒ(e, t) = ú�¡¥á¯¥ç¨¢�¥âáï ã¯à�¢«¥−¨¥ ˆ’‘ ¯à¨ ¡ëáâà®© à¥�ªæ¨¨
�‘“û).
“PÕÆ(e, t)| ¢¥à®ïâ−®áâì â®£®, çâ® ¢à¥¬ï ¯à¥¤®áâ�¢«¥−¨ï ¤®«¦−®áâ−®¬ã «¨æã

ãá«ã£ ¤«ï à¥è¥−¨ï §�¤�ç ã¯à�¢«¥−¨ï ®¡ê¥ªâ�¬¨ ®¡®à®−−®£® ¨ −�à®¤−®å®§ï©áâ¢¥−-
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−®£® −�§−�ç¥−¨ï ¢ “� e, e ∈ E, −¥ ¯à¥¢ëè�¥â ¤®¯ãáâ¨¬®£® t, t ∈ Tð (¢¥à®ïâ−®áâì
â®£®, çâ® ξcÆÖ(e, t) = ú�¡¥á¯¥ç¨¢�¥âáï �¢â®¬�â¨§¨à®¢�−−®¥ ã¯à�¢«¥−¨¥ ˆ’‘ ¯à¨
¬¥¤«¥−−®© à¥�ªæ¨¨ �‘“û).

PÆÖ(e, t)| ¢¥à®ïâ−®áâì â®£®, çâ® ¢à¥¬ï ¯à¥¤®áâ�¢«¥−¨ï ¤®«¦−®áâ−®¬ã «¨æã
ãá«ã£ −¥ ®¡¥á¯¥ç¨¢�¥â ã¯à�¢«¥−¨¥ ®¡ê¥ªâ�¬¨ ®¡®à®−−®£® ¨ −�à®¤−®å®§ï©áâ¢¥−-
−®£® −�§−�ç¥−¨ï ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t, t ∈ Tð (¢¥à®ïâ−®áâì â®£®,
çâ® ξÕÐÒ(e, t) = ú�¢â®¬�â¨§¨à®¢�−−®¥ ã¯à�¢«¥−¨¥ á¨áâ¥¬®© −¥ ®¡¥á¯¥ç¨¢�¥âáïû).

PÔÖ(e, t)| ¢¥à®ïâ−®áâì â®£®, çâ® ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï §�¤�−−®£® ãà®¢−ï à�-
¡®â®á¯®á®¡−®áâ¨ ˆ’‘ á¨áâ¥¬®© â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ˆ’‘ §� ãáâ�−®¢«¥−−®¥
¢à¥¬ï t× ¢ “� e, e ∈ E, −¥ ¯à¥¢ëè�¥â ¤®¯ãáâ¨¬®£® tÄÏÐ (¢¥à®ïâ−®áâì â®£®, çâ®
ξ(e, t) = ú�¡¥á¯¥ç¨¢�¥âáï ¢®ááâ�−®¢«¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨ ˆ’‘ ¯à¨ ¡ëáâà®©
à¥�ªæ¨¨ ‘’� ˆ’‘û).
“PÔÖ(e, t) | ¢¥à®ïâ−®áâì â®£®, çâ® ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï t× à�¡®â®á¯®á®¡−®-

áâ¨ ˆ’‘ á¨áâ¥¬®© â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ˆ’‘ ¯à¥¢ëè�¥â ¤®¯ãáâ¨¬®¥, −®
¬¥−ìè¥ Tð ¢ “� e, e ∈ E (¢¥à®ïâ−®áâì â®£®, çâ® ξ(e, t) = ú�¡¥á¯¥ç¨¢�¥âáï
¢®ááâ�−®¢«¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨ ˆ’‘ ¯à¨ ¬¥¤«¥−−®© à¥�ªæ¨¨ ‘’� ˆ’‘û).

P ÔÖ(e, t) | ¢¥à®ïâ−®áâì â®£®, çâ® ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï à�¡®â®á¯®á®¡−®áâ¨
ˆ’‘ ¢ “� e, e ∈ E, ¯à¥¢ëè�¥â ¢à¥¬ï Tð (¢¥à®ïâ−®áâì â®£®, çâ® ξ(e, t) = ú‚®á-
áâ�−®¢«¥−¨¥ ˆ’‘ −¥ ®¡¥á¯¥ç¨¢�¥âáïû).

PÒÚ×(e, t) | ¢¥à®ïâ−®áâì â®£®, çâ® áà¥¤áâ¢�¬¨ ®¡−�àã¦¥−¨ï ¨ à�§¢¥¤ª¨ ¯à®-
â¨¢−¨ª� ¢ “�� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t, t ∈ TÂÄ, −¥ ¡ã¤ãâ ¨¤¥−â¨ä¨æ¨à®-
¢�−ë í«¥¬¥−âë ‘‚‘ (¢¥à®ïâ−®áâì â®£®, çâ® ξ(e, t) = ú÷�§¢¥¤§�é¨é¥−−®áâì ‘‚‘
®¡¥á¯¥ç¨¢�¥âáïû).
“PÒÚ×(e, t) | ¢¥à®ïâ−®áâì â®£®, çâ® áà¥¤áâ¢�¬¨ ®¡−�àã¦¥−¨ï ¨ à�§¢¥¤ª¨ ¯à®-

â¨¢−¨ª� ¢ “�� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t, t ∈ TÂÄ, ç¨á«® ¢áªàëâëå í«¥¬¥−â®¢
‘‚‘ ¡ã¤¥â −� ¤®¯ãáâ¨¬®¬ ãà®¢−¥ (¢¥à®ïâ−®áâì â®£®, çâ® ξ(e, t) = ú÷�§¢¥¤§�é¨-
é¥−−®áâì ‘‚‘ −� ¤®¯ãáâ¨¬®¬ ãà®¢−¥û).

P ÒÚ×(e, t)| ¢¥à®ïâ−®áâì â®£®, çâ® ç¨á«® ¢áªàëâëå áà¥¤áâ¢�¬¨ ®¡−�àã¦¥−¨ï
¨ à�§¢¥¤ª¨ ¯à®â¨¢−¨ª� í«¥¬¥−â®¢ ‘‚‘ “�� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t,
t ∈ TÂÄ, ¯à¥¢ëá¨â ¤®¯ãáâ¨¬®¥ §−�ç¥−¨¥ (¢¥à®ïâ−®áâì â®£®, çâ® ξ(e, t) = ú÷�§¢¥¤-
§�é¨é¥−−®áâì ‘‚‘ −¥ ®¡¥á¯¥ç¨¢�¥âáïû).

„¨ää¥à¥−æ¨�«ì−®¥ ¢ëà�¦¥−¨¥ ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ˆ’‘ ¯à¥¤áâ�¢«ï¥â
á®¡®© à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© á®áâ®ï−¨© ˆ’‘ ¨ ¨¬¥¥â ¢¨¤:

{(PÓÔÒ(e, t), “PÓÔÒ(e, t), P ÓÔÒ(e, t)); (PÆÖ(e, t), “PÆÖ(e, t), P ÆÖ(e, t));

(PÔÖ(e, t), “PÔÖ(e, t), P ÔÖ(e, t)); (PÜÖ(e, t), “PÜÖ(e, t), P ÜÖ(e, t));

(PÒÚ×(e, t), “PÒÚ×(e, t), P ÒÚ×(e, t))} .
ˆ−â¥£à�«ì−�ï ®æ¥−ª� ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ¯à¥¤áâ�¢«ï¥â á®¡®© à�á¯à¥¤¥-

«¥−¨¥ ¬¥à ¦¨¢ãç¥áâ¨ ¯® ®¡®¡é¥−−ë¬ á®áâ®ï−¨ï¬ ˆ’‘:

PÖÉ×(e, t) = {PÖÉ×.×(e, t), PÖÉ×.Ä(e, t), PÖÉ×.Î(e, t)} ,
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�. �. ‡�æ�à¨−−ë©, �. ƒ. �ãà®¬¥−áª¨©, �. ˆ. ƒ�à�−¨−

ª®â®à�ï ®âà�¦�¥â à�á¯à¥¤¥«¥−¨¥ ¦¨¢ãç¥áâ¨ ˆ’‘ ¯à¨ à¥è¥−¨¨ §�¤�ç ¯® ã¯à�-
¢«¥−¨î ®¡ê¥ªâ�¬¨ £àã¯¯¨à®¢ª¨ ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t, t ∈ Tð.
‡¤¥áì:

PÖÉ×.×(e, t) | ¢¥à®ïâ−®áâì â®£®, çâ® ˆ’‘ á¯®á®¡−� ®¡¥á¯¥ç¨âì ¯®«ì§®¢�â¥«î
¢ «î¡®© ¬®¬¥−â t, t ∈ Tð, ¢á¥ ¯à¥¤ãá¬®âà¥−−ë¥ ãá«ã£¨ ¯® ã¯à�¢«¥−¨î
®¡ê¥ªâ�¬¨ £àã¯¯¨à®¢ª¨ ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t, t ∈ Tð
(¢¥à®ïâ−®áâì â®£®, çâ® ξ(e, t) = ú†¨¢ãç¥áâì ˆ’‘ ¢ëá®ª�ïû);

PÖÉ×.Ä(e, t) | ¢¥à®ïâ−®áâì â®£®, çâ® á¨áâ¥¬� á¯®á®¡−� ¢ë¯®«−ïâì §�¤�ç¨ ¯®
ã¯à�¢«¥−¨î ®¡ê¥ªâ�¬¨ £àã¯¯¨à®¢ª¨ ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥-
−¨ t, t ∈ Tð, −� ¬¨−¨¬�«ì−® ¤®¯ãáâ¨¬®¬ ãà®¢−¥ (¢¥à®ïâ−®áâì â®£®, çâ®
ξ(e, t) = ú†¨¢ãç¥áâì ˆ’‘ −� ¤®¯ãáâ¨¬®¬ ãà®¢−¥û);

PÖÉ×.Î(e, t)| ¢¥à®ïâ−®áâì â®£®, çâ® á¨áâ¥¬� −¥ ®¡¥á¯¥ç¨¢�¥â ¢ë¯®«−¥−¨¥ §�¤�ç
¯® ã¯à�¢«¥−¨î ®¡ê¥ªâ�¬¨ £àã¯¯¨à®¢ª¨ ¢ “� e, e ∈ E, ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ t,
t ∈ Tð (¢¥à®ïâ−®áâì â®£®, çâ® ξ(e, t) = ú†¨¢ãç¥áâì ˆ’‘ −¨§ª�ïû).

’�ª¨¬ ®¡à�§®¬, ¯®áâà®¥−® ¯à®áâà�−áâ¢® í«¥¬¥−â�à−ëå á®¡ëâ¨© ¨ ¯à¥¤«®¦¥−�
á¨áâ¥¬� ¯®ª�§�â¥«¥© ¤«ï ®æ¥−ª¨ ¨ �−�«¨§� ¦¨¢ãç¥áâ¨ ˆ’‘.

‚¢¥¤¥−¨¥ ¤¨ää¥à¥−æ¨�«ì−®£® ¨ ¨−â¥£à�«ì−®£® ¢ëà�¦¥−¨© ¤«ï ª®¬¯«¥ªá−®©
®æ¥−ª¨ ¦¨¢ãç¥áâ¨ ˆ’‘ ®¡ãá«®¢«¥−® −�«¨ç¨¥¬ à�§«¨ç−ëå á¯®á®¡®¢ ¤�«ì−¥©è¥£®
¯à¨¬¥−¥−¨ï, à�§à�¡�âë¢�¥¬ëå ¬¥â®¤®¢ ®æ¥−ª¨ ¦¨¢ãç¥áâ¨. ’�ª, ¤«ï ¡®«¥¥ £«ã¡®-
ª®£® ¯à¥¤áâ�¢«¥−¨ï ® à�§«¨ç−ëå á¢®©áâ¢�å ˆ’‘, ¢ë¡®à� ¬¥−¥¥ ¤®à®£®áâ®ïé¨å
¯ãâ¥© ¯®¢ëè¥−¨ï ¦¨¢ãç¥áâ¨, � â�ª¦¥ ¢ëï¢«¥−¨ï ã§ª¨å ¬¥áâ ¯à¨ ¯à¨¬¥−¥−¨¨
ˆ’‘ æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì ¤¨ää¥à¥−æ¨�«ì−®¥ ¢ëà�¦¥−¨¥ ¯®ª�§�â¥«¥©
¦¨¢ãç¥áâ¨. ‚ â® ¦¥ ¢à¥¬ï, ¥á«¨ ¯à¥¤áâ®¨â áà�¢−¥−¨¥ −¥áª®«ìª¨å ˆ’‘ ¨«¨ ¯à¥¤-
«�£�¥¬ëå (à¥�«¨§®¢�−−ëå) á¯®á®¡®¢ §�é¨âë, â® §�ç�áâãî â®«ìª® ¨−â¥£à�«ì−ë¥
¢ëà�¦¥−¨ï ¯®ª�§�â¥«¥© ¯®§¢®«ïîâ á¤¥«�âì ®ª®−ç�â¥«ì−ë© ¢ë¡®à.

6 Заключение

‚ à�¡®â¥ ¯à®¢¥¤¥− �−�«¨§ ä�ªâ®à®¢, ¢«¨ïîé¨å −� ¦¨¢ãç¥áâì á¨áâ¥¬ë. �à®-
¢¥¤¥−� ª«�áá¨ä¨ª�æ¨ï ®á−®¢−ëå á¢®©áâ¢ ˆ’‘. ÷�§à�¡®â�− ¬¥â®¤ ä®à¬¨à®¢�−¨ï
¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ˆ’‘ á ãç¥â®¬ ¢«¨ï−¨ï ãá«®¢¨© ¯à¨¬¥−¥−¨ï ˆ’‘.

�à¥¤«®¦¥− ¬¥â®¤¨ç¥áª¨© ¯®¤å®¤ ª ä®à¬¨à®¢�−¨î á¨áâ¥¬ë ¯®ª�§�â¥«¥© ¦¨-
¢ãç¥áâ¨ ˆ’‘, ®á−®¢�−−ë© −� �−�«¨§¥ ãá«®¢¨© ¨å ¯à¨¬¥−¥−¨ï, ®æ¥−ª¥ ä�ªâ®à®¢,
¢«¨ïîé¨å −� ¦¨¢ãç¥áâì á¨áâ¥¬ë, ¨ ®¯à¥¤¥«¥−¨¨ á¢®©áâ¢, ª®â®àë¬¨ ¤®«¦−�
®¡«�¤�âì á¨áâ¥¬� ¤«ï ¢ë¯®«−¥−¨ï âà¥¡ã¥¬ëå äã−ªæ¨©.

„«ï ®¯à¥¤¥«¥−¨ï ª®«¨ç¥áâ¢¥−−ëå å�à�ªâ¥à¨áâ¨ª á¢®©áâ¢ ¦¨¢ãç¥áâ¨ ¯à¥¤-
«®¦¥−ë ¥¤¨−¨ç−ë¥ ¨ ª®¬¯«¥ªá−ë¥ ¯®ª�§�â¥«¨ ¦¨¢ãç¥áâ¨. „�−ë à¥ª®¬¥−¤�æ¨¨
¯® ¨á¯®«ì§®¢�−¨î ¥¤¨−¨ç−ëå ¨ ª®¬¯«¥ªá−ëå ¯®ª�§�â¥«¥© ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨,
¯à®¨§¢®¤áâ¢¥ ¨ íªá¯«ã�â�æ¨¨ ˆ’‘.
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METHOD OF FORMING THE SYSTEM OF INDICATORS
OF INFORMATION AND TELECOMMUNICATION SYSTEMS

VITALITY

A. A. Zatsarinnyy1, N. G. Buromensky2, and A. I. Garanin1

1Institute of Informatics Problems, Russian Academy of Sciences, 44-2 Vavilov
Str., Moscow 119333, Russian Federation
2Branch of the Federal State Government Institution \46 Central Research Institute
of Defence Ministry of Russia," Mytishchi 141006, Moscow Region, Russian
Federation

Abstract: For objective investigation of the properties of survivability of
information and telecommunication systems (ITS) as complex technical systems,
a qualitative assessment of these properties is needed. Each property of ITS should
have a quantitative characteristic, which is determined by the respective indicator
of vitality. For quantitative characterization of the full list of properties of ITS,
it is necessary to create a system of indicators of vitality. The article suggests
methodical approaches used to form a system of indicators of survivability of ITS
based on the analysis of the conditions of their application, evaluation of factors
influencing survivability of the system, and definition of the properties that a
system should have in order to perform the required functions. To determine these
properties, the paper consideres some conflict situation in which two opposing
factions solve the task of achieving a preference for each of them. It was decided
that the priority for each of the conflicting sides is the disabling of its functioning
in the critical information infrastructure in conditions of intentional damaging
effects. No limitation on the means used for defeat is imposed. The analysis
of factors affecting vitality of the system defined the properties survivability
ITS. To determine the quantitative characteristics of survivability properties,
the paper introduces a probability area and on its basis single and comprehensive
measures of survivability are offered. The paper provides recommendations for
using single and complex indices to design, manufacture, and operate ITS.

Keywords: information and telecommunication systems; operating conditions;
affecting factors; random variable; property; survivability; indicators of surviv-
ability
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