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(åÓÒÍ‚‡)

ÇÔÂ‚˚Â ‰ÂÎ‡ÂÚÒfl ÔÓÔ˚ÚÍ‡ Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓÈ ÙÓÏ‡ÎËÁ‡ˆËË ÚÂÓËË ‰ÂÎÓ‚˚ı ˆËÍÎÓ‚ â. òÛÏ-
ÔÂÚÂ‡ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÏÓ‰ÂÎË Ï‡ÍÓ‚ÒÍËı ÒÎÛ˜‡ÈÌ˚ı ÔÓˆÂÒÒÓ‚ ‡ÁÏÌÓÊÂÌËfl Ë „Ë·ÂÎË.
èÓÎÛ˜ÂÌ˚ fl‚Ì˚Â Â¯ÂÌËfl, ÓÔËÒ˚‚‡˛˘ËÂ ‰ËÌ‡ÏËÍÛ ÔÓ‰˙ÂÏÓ‚ Ë ÒÔ‡‰Ó‚ ˝ÍÓÌÓÏË˜ÂÒÍÓÈ ‡Í-
ÚË‚ÌÓÒÚË, ‚˚Á‚‡ÌÌ˚ı ÚÂıÌÓÎÓ„Ë˜ÂÒÍËÏË ¯ÓÍ‡ÏË. èÓÍ‡Á‡Ì‡ ÛÒÚÓÈ˜Ë‚ÓÒÚ¸ ÏÓ‰ÂÎË ‚ ÛÒÎÓ‚Ëflı
‚ÓÁ‰ÂÈÒÚ‚Ëfl ÒÎÛ˜‡ÈÌÓ„Ó ˜ËÒÎ‡ ÒÎÛ˜‡ÈÌ˚ı ¯ÓÍÓ‚ ÔÂ‰ÎÓÊÂÌËfl. èÓÒÚÓÂÌ˚ ÍË‚˚Â ˆËÍÎË˜Â-
ÒÍËı ÍÓÎÂ·‡ÌËÈ ˝ÍÓÌÓÏË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË. 

Ç 1950-ı „Ó‰‡ı ·˚ÎË ÒÓÁ‰‡Ì˚ ËÁfl˘Ì˚Â Ï‡ÚÂÏ‡ÚË˜ÂÒÍËÂ ÏÓ‰ÂÎË Ì‡ ÓÒÌÓ‚Â ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl
ÏÛÎ¸ÚËÔÎËÍ‡ÚÓ‡-‡ÍÒÂÎÂ‡ÚÓ‡, ÍÓÚÓ˚Â ÎÂ„ÎË ‚ ÓÒÌÓ‚Û ÍÂÈÌÒË‡ÌÒÍÓÈ ÚÂÓËË ˝ÍÓÌÓÏË˜ÂÒÍËı
ˆËÍÎÓ‚ (ÄÎÎÂÌ, 1963, „Î. 6, 7). Ç ÚÓÚ ÊÂ ÔÂËÓ‰ ê. ëÓÎÓÛ ‡Á‡·ÓÚ‡Î ÌÂÓÍÎ‡ÒÒË˜ÂÒÍÛ˛ ÏÓ‰ÂÎ¸
˝ÍÓÌÓÏË˜ÂÒÍÓ„Ó ÓÒÚ‡ (Solow, 1956), ÍÓÚÓ‡fl ÒÚ‡Î‡ ÓÚÔ‡‚ÌÓÈ ÚÓ˜ÍÓÈ ‚ÒÂı ÔÓÒÎÂ‰Û˛˘Ëı ËÒÒÎÂ-
‰Ó‚‡ÌËÈ ‰ÓÎ„ÓÒÓ˜ÌÓ„Ó ˝ÍÓÌÓÏË˜ÂÒÍÓ„Ó ‡Á‚ËÚËfl.

é‰Ì‡ÍÓ ÛÊÂ Í ÒÂÂ‰ËÌÂ 1970-ı „Ó‰Ó‚ ÍÂÈÌÒË‡ÌÒÍËÈ ÔÓ‰ıÓ‰ Í ‡Ì‡ÎËÁÛ ‰ÂÎÓ‚˚ı ̂ ËÍÎÓ‚ ÓÍ‡Á‡ÎÒfl
ÌÂÊËÁÌÂÒÔÓÒÓ·Ì˚Ï, ÍÓ„‰‡ ÓÌ ÒÚÓÎÍÌÛÎÒfl Ò ÌÓ‚˚ÏË fl‚ÎÂÌËflÏË ‚ ˝ÍÓÌÓÏËÍÂ. í‡ÍÊÂ ‚˚fl‚ËÎ‡Ò¸
Ó„‡ÌË˜ÂÌÌÓÒÚ¸ Ô‡ÍÚË˜ÂÒÍÓ„Ó ÔËÏÂÌÂÌËfl ÏÓ‰ÂÎË ëÓÎÓÛ, ˜ÚÓ ÔË‚ÂÎÓ Í ÏÌÓ„Ó˜ËÒÎÂÌÌ˚Ï ÔÓ-
Ô˚ÚÍ‡Ï ÛÚÓ˜ÌËÚ¸ Ë ‡Ò¯ËËÚ¸ ÒÙÂÛ ÂÂ ÔËÏÂÌÂÌËfl (íÛÏ‡ÌÓ‚‡, ò‡„‡Ò, 2004, „Î. 9, 10). 

Ç 1980-ı „Ó‰‡ı î. ä˛‰Î‡Ì‰ Ë ù. èÂÒÍÓÚÚ Á‡ÎÓÊËÎË ÓÒÌÓ‚˚ ÌÓ‚ÓÈ ÚÂÓËË Â‡Î¸Ì˚ı ˝ÍÓÌÓÏË-
˜ÂÒÍËı ̂ ËÍÎÓ‚ (Kydland, Prescott, 1982) ÔÛÚÂÏ Ó·˙Â‰ËÌÂÌËfl ÒÚÓı‡ÒÚË˜ÂÒÍÓÈ ‰ËÌ‡ÏË˜ÂÒÍÓÈ ÏÓ‰ÂÎË
Ó·˘Â„Ó ‡‚ÌÓ‚ÂÒËfl ÒÓ ÒÚÓı‡ÒÚË˜ÂÒÍÓÈ ‚ÂÒËÂÈ ÌÂÓÍÎ‡ÒÒË˜ÂÒÍÓÈ ÏÓ‰ÂÎË ÓÒÚ‡ ëÓÎÓÛ. Ñ‡ÌÌ˚È
ÔÓ‰ıÓ‰ fl‚ÎflÂÚÒfl ‡Î¸ÚÂÌ‡ÚË‚Ì˚Ï ÍÂÈÌÒË‡ÌÒÍÓÏÛ; ÓÌ ÌÂ ‰‡ÂÚ, ÔÓ‰Ó·ÌÓ ÍÎ‡ÒÒË˜ÂÒÍËÏ ÍÂÈÌÒË‡Ì-
ÒÍËÏ ÚÂÓËflÏ, fl‚Ì˚ı ‡Ì‡ÎËÚË˜ÂÒÍËı Á‡‚ËÒËÏÓÒÚÂÈ, ÓÔËÒ˚‚‡˛˘Ëı ÍÓÎÂ·‡ÌËfl ˝ÍÓÌÓÏË˜ÂÒÍÓÈ ‡Í-
ÚË‚ÌÓÒÚË, Ë ÏÓÊÂÚ ·˚Ú¸ Â‡ÎËÁÓ‚‡Ì Ì‡ Ô‡ÍÚËÍÂ ËÒÍÎ˛˜ËÚÂÎ¸ÌÓ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ˜ËÒÎÂÌÌ˚ı ÏÂ-
ÚÓ‰Ó‚. ÅÎ‡„Ó‰‡fl ÚÓÏÛ, ˜ÚÓ ÏÓ‰ÂÎ¸ ä˛‰Î‡Ì‰‡ Ë èÂÒÍÓÚÚ‡ ·ÓÎÂÂ ‡‰ÂÍ‚‡ÚÌÓ ÓÔËÒ˚‚‡ÂÚ ÔÓˆÂÒÒ
ˆËÍÎË˜ÂÒÍËı ÍÓÎÂ·‡ÌËÈ ‚ ˝ÍÓÌÓÏËÍÂ, ÓÌ‡ ÒÚ‡Î‡ ÓÒÌÓ‚ÌÓÈ ‚ ÔÓÒÎÂ‰Û˛˘ÂÏ Ï‡ÍÓ˝ÍÓÌÓÏË˜ÂÒÍÓÏ
‡Ì‡ÎËÁÂ ÔÛÚÂÏ ÍÓÏÔ¸˛ÚÂÌÓ„Ó ÏÓ‰ÂÎËÓ‚‡ÌËfl. á‡ ‡Á‡·ÓÚÍÛ ÌÓ‚Ó„Ó ÔÓ‰ıÓ‰‡ Í ˜ËÒÎÂÌÌÓÏÛ ÏÓ‰Â-
ÎËÓ‚‡ÌË˛ ˆËÍÎÓ‚ ‰ÂÎÓ‚ÓÈ ‡ÍÚË‚ÌÓÒÚË Ë Ï‡ÍÓ˝ÍÓÌÓÏË˜ÂÒÍÓÈ ‰ËÌ‡ÏËÍË ‚ÓÓ·˘Â î. ä˛‰Î‡Ì‰ Ë
ù. èÂÒÍÓÚÚ ·˚ÎË Û‰ÓÒÚÓÂÌ˚ çÓ·ÂÎÂ‚ÒÍÓÈ ÔÂÏËË 2004 „. ÔÓ ˝ÍÓÌÓÏËÍÂ. 

Ç ÚÓÚ ÊÂ ÔÂËÓ‰ ê. çÂÎ¸ÒÓÌ Ë ë. ìËÌÚÂ ‡Á‡·ÓÚ‡ÎË ˝‚ÓÎ˛ˆËÓÌÌÛ˛ ÚÂÓË˛ ˝ÍÓÌÓÏË˜ÂÒÍËı
ËÁÏÂÌÂÌËÈ (çÂÎ¸ÒÓÌ, ìËÌÚÂ, 2002, „Î. 2, 9) Ë ÔÓÒÚÓËÎË ˝‚ÓÎ˛ˆËÓÌÌ˚Â ÏÓ‰ÂÎË ‰ÓÎ„ÓÒÓ˜ÌÓ„Ó
˝ÍÓÌÓÏË˜ÂÒÍÓ„Ó ÓÒÚ‡, ÓÒÌÓ‚‡ÌÌ˚Â Ì‡ ¯ÛÏÔÂÚÂÓ‚ÒÍËı ÓÔËÒ‡ÌËflı ÍÓÌÍÛÂÌˆËË ÔÛÚÂÏ ËÌÌÓ‚‡-
ˆËÈ. ÉÎ‡‚ÌÓÂ ÓÚÎË˜ËÂ ˝‚ÓÎ˛ˆËÓÌÌÓÈ ÚÂÓËË ÓÚ ÓÚÓ‰ÓÍÒ‡Î¸Ì˚ı ÚÂÓËÈ, ·‡ÁËÛ˛˘ËıÒfl Ì‡ ÍÎ‡Ò-
ÒË˜ÂÒÍËı ÍÓÌˆÂÔˆËflı Ï‡ÍÒËÏËÁ‡ˆËË Ë ‡‚ÌÓ‚ÂÒËfl, ÒÓÒÚÓËÚ ‚ ÚÓÏ, ̃ ÚÓ ‚ ÔÂ‚ÓÈ ‚ ÔÓÎÌÓÈ ÏÂÂ Û˜Ë-
Ú˚‚‡ÂÚÒfl ÚÓÚ Ù‡ÍÚ, ˜ÚÓ ¯ÛÏÔÂÚÂÓ‚ÒÍ‡fl ÍÓÌÍÛÂÌˆËfl ÔÓÚÂÍ‡ÂÚ ‚ ÛÒÎÓ‚Ëflı ÔÓ‰ÓÎÊËÚÂÎ¸ÌÓ„Ó
ÌÂ‡‚ÌÓ‚ÂÒËfl. ù‚ÓÎ˛ˆËÓÌÌ˚Â ÏÓ‰ÂÎË ÒÓÁ‰‡ÎË ÎÛ˜¯ËÈ ·‡ÁËÒ ‰Îfl ̃ ËÒÎÂÌÌÓ„Ó ÏÓ‰ÂÎËÓ‚‡ÌËfl ̋ ÍÓ-
ÌÓÏË˜ÂÒÍÓ„Ó ÓÒÚ‡, Ó·ÛÒÎÓ‚ÎÂÌÌÓ„Ó ÚÂıÌË˜ÂÒÍËÏ ÔÓ„ÂÒÒÓÏ, ˜ÂÏ ÌÂÓÍÎ‡ÒÒË˜ÂÒÍ‡fl ÏÓ‰ÂÎ¸ ëÓ-
ÎÓÛ Ë ÂÂ ÛÎÛ˜¯ÂÌÌ˚Â ‚‡Ë‡ÌÚ˚. í‡Í ÊÂ, Í‡Í Ë ÒÚÓı‡ÒÚË˜ÂÒÍËÂ ‰ËÌ‡ÏË˜ÂÒÍËÂ ÏÓ‰ÂÎË ä˛‰Î‡Ì‰‡
Ë èÂÒÍÓÚÚ‡, ÓÌË ÚÂ·Û˛Ú ÏÓ˘ÌÓÈ ÍÓÏÔ¸˛ÚÂÌÓÈ ÔÓ‰‰ÂÊÍË.

Ç Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ‚ÔÂ‚˚Â ‰ÂÎ‡ÂÚÒfl ÔÓÔ˚ÚÍ‡ ÔÓ‚ÂÒÚË Ï‡ÚÂÏ‡ÚË˜ÂÒÍÛ˛ ÙÓÏ‡ÎËÁ‡ˆË˛
ÚÂÓËË ˝ÍÓÌÓÏË˜ÂÒÍËı ˆËÍÎÓ‚ â. òÛÏÔÂÚÂ‡ (òÛÏÔÂÚÂ, 1982, „Î. 6) Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ Ï‡ÚÂÏ‡-
ÚË˜ÂÒÍÓÈ ÏÓ‰ÂÎË Ï‡ÍÓ‚ÒÍËı ÒÎÛ˜‡ÈÌ˚ı ÔÓˆÂÒÒÓ‚ ‡ÁÏÌÓÊÂÌËfl Ë „Ë·ÂÎË, ˜ÚÓ ÔÓÁ‚ÓÎflÂÚ ÔÓÎÛ-
˜ËÚ¸ ‚ fl‚ÌÓÏ ‚Ë‰Â ‡Ì‡ÎËÚË˜ÂÒÍËÂ Á‡‚ËÒËÏÓÒÚË, ÓÔËÒ˚‚‡˛˘ËÂ ˆËÍÎË˜ÂÒÍËÂ ÍÓÎÂ·‡ÌËfl ‚ ˝ÍÓÌÓ-
ÏËÍÂ. èÓÒÎÂ‰ÌËÂ, ‚ Ò‚Ó˛ Ó˜ÂÂ‰¸, Ó·ÎÂ„˜‡˛Ú ËÁÛ˜ÂÌËÂ ‚ÓÔÓÒÓ‚ Í‡Í Í‡˜ÂÒÚ‚ÂÌÌÓ„Ó, Ú‡Í Ë ÍÓÎË-
˜ÂÒÚ‚ÂÌÌÓ„Ó ‡Ì‡ÎËÁ‡ ‰ËÌ‡ÏËÍË ‚˚ÔÛÒÍ‡ Ë ÂÂ ÛÒÚÓÈ˜Ë‚ÓÒÚË. çÂÓ·ıÓ‰ËÏÓ ÓÚÏÂÚËÚ¸, ˜ÚÓ ÚÂÓËfl
ˆËÍÎÓ‚ òÛÏÔÂÚÂ‡ Ë ÒÂ„Ó‰Ìfl ÓÒÚ‡ÂÚÒfl Ó‰ÌÓÈ ËÁ Ì‡Ë·ÓÎÂÂ ÔË‚ÎÂÍ‡ÚÂÎ¸Ì˚ı Ë ‡‰ÂÍ‚‡ÚÌÓ ÓÚ‡Ê‡-
˛˘Ëı ÔËÓ‰Û ˆËÍÎË˜ÂÒÍËı ÍÓÎÂ·‡ÌËÈ. ñËÍÎ˚ Û òÛÏÔÂÚÂ‡ ‡ÒÒÏ‡ÚË‚‡˛ÚÒfl Í‡Í ÓÚÍÎÓÌÂÌËfl
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ÓÚ ÒÓÒÚÓflÌËfl ‡‚ÌÓ‚ÂÒËfl, “Í‡Í ÒÂ¸ÂÁÌ˚Â Ì‡Û¯ÂÌËfl ˝ÍÓÌÓÏË˜ÂÒÍÓ„Ó ÍÛ„ÓÓ·ÓÓÚ‡, ·ÂÁ ÍÓÚÓ-
˚ı ÌÂ ·˚ÎÓ ·˚ ‚ÓÓ·˘Â ˝ÍÓÌÓÏË˜ÂÒÍÓ„Ó ÓÒÚ‡”. 

àÚ‡Í, ‰Îfl ÓÔËÒ‡ÌËfl ‰ÂÎÓ‚Ó„Ó ˆËÍÎ‡ ‚ Í‡˜ÂÒÚ‚Â ˝ÍÓÌÓÏË˜ÂÒÍÓÈ ÏÓ‰ÂÎË ·ÂÂÚÒfl ÏÓ‰ÂÎ¸, ‚˚ÚÂ-
Í‡˛˘‡fl ËÁ ÚÂÓËË ˝ÍÓÌÓÏË˜ÂÒÍËı ˆËÍÎÓ‚ â. òÛÏÔÂÚÂ‡, ÍÓÚÓ˚È ÔÓÎ‡„‡Î, ˜ÚÓ Â‰ËÌÒÚ‚ÂÌÌÓÈ
ÔË˜ËÌÓÈ ÔÓ‰˙ÂÏ‡ ÒÎÛÊËÚ Ï‡ÒÒÓ‚ÓÂ ÔÓfl‚ÎÂÌËÂ ÔÂ‰ÔËÌËÏ‡ÚÂÎÂÈ, ÒÓÁ‰‡˛˘Ëı ËÌÌÓ‚‡ˆËÓÌÌÛ˛
ÔÓ‰ÛÍˆË˛ ÔÛÚÂÏ ÌÓ‚˚ı ÍÓÏ·ËÌ‡ˆËÈ ËÏÂ˛˘ËıÒfl ÂÒÛÒÓ‚ Ë ÔÓËÁ‚Ó‰ËÚÂÎ¸Ì˚ı ÒËÎ. èÂ‰ÔËfl-
ÚËfl, Ì‡ ÍÓÚÓ˚ı ÔÓËÁ‚Ó‰ËÚÒfl ÌÓ‚‡fl ÔÓ‰ÛÍˆËfl, Ú‡ÍÊÂ ÔÓfl‚Îfl˛ÚÒfl Ï‡ÒÒÓ‚Ó Ë, ‚ Ò‚Ó˛ Ó˜ÂÂ‰¸,
ÔÓÓÊ‰‡˛Ú ·ÓÎ¸¯Û˛ ÔÓÍÛÔ‡ÚÂÎ¸ÌÛ˛ ÒËÎÛ, ‡ ÚÂÏ Ò‡Ï˚Ï Ë ı‡‡ÍÚÂÌ˚È ‰Îfl ÔÂËÓ‰Ó‚ ÔÓ‰˙ÂÏ‡
ÓÒÚ ˆÂÌ, Á‡ÍÛÔ‡fl Ó·ÓÛ‰Ó‚‡ÌËÂ, Ò˚¸Â, ÔË‚ÎÂÍ‡fl ‡·Ó˜Û˛ ÒËÎÛ, ÔÓ‚˚¯‡fl Á‡ÔÎ‡ÚÛ Ë Ú.‰. éÌË
ÍÓÌÍÛËÛ˛Ú ÒÓ ÒÚ‡˚ÏË ÔÂ‰ÔËflÚËflÏË Ë Ì‡ Ëı ÛÒÔÂı Ú‡ÍÊÂ ‚ÎËflÂÚ ÛıÛ‰¯ÂÌËÂ ÔÓÎÓÊÂÌËfl ÒÚ‡-
˚ı ÔÂ‰ÔËflÚËÈ, ˜‡ÒÚ¸ ÍÓÚÓ˚ı ÔËÒÔÓÒ‡·ÎË‚‡ÂÚÒfl Í ÌÓ‚˚Ï ÍÓÌÍÛÂÌÚÌ˚Ï ÛÒÎÓ‚ËflÏ, ‡ ˜‡ÒÚ¸
ÔÂÂÒÚ‡ÂÚ ÔÓËÁ‚Ó‰ËÚ¸ Ë ÔÓ„Ë·‡ÂÚ. ùÚÓ ÓÁÌ‡˜‡ÂÚ, ˜ÚÓ Ô‡‡ÎÎÂÎ¸ÌÓ Ò Ï‡ÒÒÓ‚˚Ï ÔÓfl‚ÎÂÌËÂÏ ÌÓ-
‚˚ı ÔÂ‰ÔËflÚËÈ Ë‰ÂÚ ÔÓˆÂÒÒ ·‡ÌÍÓÚÒÚ‚‡ Ë „Ë·ÂÎË ÒÚ‡˚ı, ‡ Ú‡ÍÊÂ ˜‡ÒÚË ÌÓ‚˚ı ÔÂ‰ÔËflÚËÈ. 

èÓ˜ÂÏÛ ˝ÍÓÌÓÏËÍ‡ ‡Á‚Ë‚‡ÂÚÒfl ÌÂ ÔÎ‡‚ÌÓ, ‡ ˚‚Í‡ÏË, ÔÓ˜ÂÏÛ Á‡ ÔÓÒÚÛÔ‡ÚÂÎ¸Ì˚Ï ‰‚ËÊÂÌËÂÏ
ÒÎÂ‰ÛÂÚ ‚ÓÁ‚‡ÚÌÓÂ Ë ÎË¯¸ ÔÓÒÎÂ ÌÂ„Ó ‚ÌÓ‚¸ ‚ÓÁÓ·ÌÓ‚ÎflÂÚÒfl ÔÓÒÚÛÔ‡ÚÂÎ¸ÌÓÂ ‰‚ËÊÂÌËÂ? “ùÚÓ
ÔÓËÒıÓ‰ËÚ ËÒÍÎ˛˜ËÚÂÎ¸ÌÓ ÔÓÚÓÏÛ, – ÛÚ‚ÂÊ‰‡ÂÚ òÛÏÔÂÚÂ, – ˜ÚÓ ÌÓ‚˚Â ÍÓÏ·ËÌ‡ˆËË ‚ÓÁÌËÍ‡-
˛Ú ÌÂ ˜ÂÂÁ ‡‚Ì˚Â ÔÓÏÂÊÛÚÍË ‚ÂÏÂÌË, Í‡Í ˝ÚÓ ÒÎÂ‰Ó‚‡ÎÓ ·˚ ÓÊË‰‡Ú¸ ÒÓ„Î‡ÒÌÓ Ó·˘ËÏ ÔËÌ-
ˆËÔ‡Ï ‚ÂÓflÚÌÓÒÚË. ä‡Í Ô‡‚ËÎÓ, ÌÓ‚˚Â ÍÓÏ·ËÌ‡ˆËË ÔÓfl‚Îfl˛ÚÒfl ‚ ·ÓÎ¸¯ÓÏ ˜ËÒÎÂ”.

ÖÒÎË ‚ ÓÚ‡ÒÎË, „‰Â Ì‡˜ËÌ‡ÂÚÒfl ÔÓ‰˙ÂÏ Ë ÔÓfl‚Îfl˛ÚÒfl ÌÓ‚˚Â ÔÂ‰ÔËÌËÏ‡ÚÂÎË, ÔÓ‰ ‚ÎËflÌËÂÏ
Ëı ÛÒÔÂı‡ ‚ÓÁÌËÍ‡ÂÚ ‰ÓÒÚ‡ÚÓ˜ÌÓ ÏÌÓ„Ó ÌÓ‚˚ı ÔÂ‰ÔËflÚËÈ, ÚÓ ÓÌË, ‡·ÓÚ‡fl Ì‡ ÔÓÎÌÛ˛ ÏÓ˘ÌÓÒÚ¸,
ÒÚ‡ÌÛÚ ÔÓËÁ‚Ó‰ËÚ¸ Ú‡ÍÓÂ ÍÓÎË˜ÂÒÚ‚Ó ÔÓ‰ÛÍˆËË, ÍÓÚÓÓÂ ‚ ÂÁÛÎ¸Ú‡ÚÂ ÔÓÌËÊÂÌËfl ˆÂÌ Ë ÓÒÚ‡
ËÁ‰ÂÊÂÍ ÍÎ‡‰ÂÚ Ì‡˜‡ÎÓ Ó„‡ÌË˜ÂÌË˛ ÔÂ‰ÔËÌËÏ‡ÚÂÎ¸ÒÍÓÈ ÔË·˚ÎË. ë ‰ÓÒÚËÊÂÌËÂÏ ˝ÚÓ„Ó Û-
·ÂÊ‡ ÔÂÂÒÚ‡ÂÚ ‰ÂÈÒÚ‚Ó‚‡Ú¸ Ù‡ÍÚÓ, ÒÚËÏÛÎËÛ˛˘ËÈ ÔÓ‰˙ÂÏ, ÔÓËÒıÓ‰ËÚ ÒÓÍ‡˘ÂÌËÂ ËÌ‚ÂÒÚË-
ˆËÈ, ÓÒÎ‡·ÎÂÌËÂ ÔÂ‰ÔËÌËÏ‡ÚÂÎ¸ÒÍÓÈ ‰ÂflÚÂÎ¸ÌÓÒÚË Ë Í‡Í ÒÎÂ‰ÒÚ‚ËÂ – Ô‡‰ÂÌËÂ ÔÓËÁ‚Ó‰ÒÚ‚‡,
ÔÓÒÎÂ ˜Â„Ó Ì‡ÒÚÛÔ‡ÂÚ Á‡ÒÚÓÈ. í‡ÍËÏ Ó·‡ÁÓÏ, ÔÓ‰˙ÂÏ Ò‡Ï ÔÓ ÒÂ·Â ÒÓÁ‰‡ÂÚ Ó·˙ÂÍÚË‚ÌÛ˛ ÒËÚÛ‡-
ˆË˛, ÍÓÚÓ‡fl ÓÁÌ‡˜‡ÂÚ Â„Ó Á‡‚Â¯ÂÌËÂ Ë ÌÂËÁ·ÂÊÌÓ ‚Â‰ÂÚ Í ÒÔ‡‰Û ÔÓËÁ‚Ó‰ÒÚ‚‡, ‡ Á‡ÚÂÏ Í ‰Â-
ÔÂÒÒËË, ‡ ˜ÂÂÁ ÌÂÂ – Í ÒÓÒÚÓflÌË˛ ‚ÂÏÂÌÌÓ„Ó ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó ‡‚ÌÓ‚ÂÒËfl Ë ÓÚÒÛÚÒÚ‚Ëfl ‡Á‚Ë-
ÚËfl. èÓˆÂÒÒ˚, ÔÓËÒıÓ‰fl˘ËÂ ‚ ÔÂËÓ‰ ‰ÂÔÂÒÒËË, fl‚Îfl˛Ú ÒÓ·ÓÈ Í‡ÚËÌÛ ÌÂÛ‚ÂÂÌÌÓÒÚË Ë ·ÂÒ-
ÔÓfl‰Ó˜ÌÓÈ ‡ÍÚË‚ÌÓÒÚË, ÍÓÚÓ‡fl ı‡‡ÍÚÂÌ‡ ‰Îfl ÔÓËÒÍ‡ ÒÓ„Î‡ÒÓ‚‡ÌËfl ËÌÚÂÂÒÓ‚, ÌÓ ÛÊÂ Ì‡
ÌÓ‚ÓÏ ÛÓ‚ÌÂ. èÓËÁ‚Ó‰ÒÚ‚Ó ‰‡Î¸¯Â ÌÂ ÒÓÍ‡˘‡ÂÚÒfl, ÌÓ Ë ÌÂ ‡ÒÚÂÚ. é‰Ì‡ÍÓ ÚÓ‚‡Ì˚Â ËÁÎË¯ÍË
ÔÓÒÚÂÔÂÌÌÓ ‡ÒÒ‡Ò˚‚‡˛ÚÒfl. ä‡Ê‰˚È ‡Á, ÍÓ„‰‡ ÔÓËÒıÓ‰ËÚ ÔË·ÎËÊÂÌËÂ Í ÒÓÒÚÓflÌË˛ ‡‚ÌÓ‚Â-
ÒËfl Ë ÓÚÒÛÚÒÚ‚Ëfl ‡Á‚ËÚËfl, ÍÓÚÓÓÂ, ÂÒÎË ÓÌÓ ÓÚÌÓÒËÚÂÎ¸ÌÓ Ò·‡Î‡ÌÒËÓ‚‡ÌÓ, ÏÓÊÂÚ ÓÔflÚ¸ ÒÚ‡Ú¸
ÓÚÔ‡‚ÌÓÈ ÚÓ˜ÍÓÈ ‰Îfl ÓÒÛ˘ÂÒÚ‚ÎÂÌËfl ÌÓ‚˚ı ÍÓÏ·ËÌ‡ˆËÈ Ë ÌÓ‚Ó„Ó ‡Á‚ËÚËfl, ‚ ÓÚ‰ÂÎ¸Ì˚ı ÓÚ‡Ò-
Îflı Ì‡Ó‰ÌÓ„Ó ıÓÁflÈÒÚ‚‡ ÔÓfl‚Îfl˛ÚÒfl “ÚÓ˜ÍË ÓÒÚ‡” Ë ÔÓËÒıÓ‰ËÚ ÔÂÂıÓ‰ Í ÓÊË‚ÎÂÌË˛. çÓ‚˚Â
ÔÂ‰ÔËÌËÏ‡ÚÂÎË-ËÌÌÓ‚‡ÚÓ˚ ÒÓÁ‰‡˛Ú ‚ ˝ÚËı ÚÓ˜Í‡ı ÓÒÚ‡ ÌÓ‚˚Â ÔÂ‰ÔËflÚËfl, ÍÓÚÓ˚Â Ì‡˜Ë-
Ì‡˛Ú ‚˚ÔÛÒÍ ÔËÌˆËÔË‡Î¸ÌÓ ÌÓ‚ÓÈ ÔÓ‰ÛÍˆËË. í‡Í Ì‡˜ËÌ‡ÂÚÒfl ÌÓ‚˚È ÔÓ‰˙ÂÏ, ‡ ‚ÏÂÒÚÂ Ò ÌËÏ Ë
ÌÓ‚˚È ‰ÂÎÓ‚ÓÈ ˆËÍÎ. ùÚÓ ·Û‰ÂÚ ËÏÂÌÌÓ ÌÓ‚ÓÂ ‡Á‚ËÚËÂ, ‚ ÌÓ‚ÓÈ ÓÚ‡ÒÎË Ë ‚ ÌÓ‚˚ı ÛÒÎÓ‚Ëflı. 

èÓ‰ “‡Á‚ËÚËÂÏ” òÛÏÔÂÚÂ ÔÓÌËÏ‡ÂÚ ÎË¯¸ Ú‡ÍËÂ ËÁÏÂÌÂÌËfl ıÓÁflÈÒÚ‚ÂÌÌÓ„Ó ÍÛ„ÓÓ·ÓÓÚ‡,
ÍÓÚÓ˚Â ˝ÍÓÌÓÏËÍ‡ Ò‡Ï‡ ÔÓÓÊ‰‡ÂÚ, Ú.Â. ÚÓÎ¸ÍÓ ÒÎÛ˜‡ÈÌ˚Â ËÁÏÂÌÂÌËfl “ÔÂ‰ÓÒÚ‡‚ÎÂÌÌÓ„Ó Ò‡ÏÓ-
ÏÛ ÒÂ·Â”, ‡ ÌÂ ÔË‚Ó‰ËÏÓ„Ó ‚ ‰‚ËÊÂÌËÂ ËÏÔÛÎ¸Ò‡ÏË ËÁ‚ÌÂ Ì‡Ó‰ÌÓ„Ó ıÓÁflÈÒÚ‚‡. éÌÓ ÔÂ‰ÒÚ‡‚Îfl-
ÂÚ ÒÓ·ÓÈ ËÁÏÂÌÂÌËÂ Ú‡ÂÍÚÓËË, ÔÓ ÍÓÚÓÓÈ ÓÒÛ˘ÂÒÚ‚ÎflÂÚÒfl ÍÛ„ÓÓ·ÓÓÚ, ÒÏÂ˘ÂÌËÂ ÒÓÒÚÓflÌËfl
‡‚ÌÓ‚ÂÒËfl, ÒÚËıËÈÌÓ ‚ÓÁÌËÍ¯ÂÂ ‚ ˝ÍÓÌÓÏËÍÂ.

í‡ÍËÏ Ó·‡ÁÓÏ, ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË ÒÓ ‚Á„Îfl‰‡ÏË òÛÏÔÂÚÂ‡, ˝ÍÓÌÓÏË˜ÂÒÍÓÂ ‡Á‚ËÚËÂ ÔÓÓÊ‰‡-
ÂÚÒfl ÔË˜ËÌ‡ÏË ÒÎÛ˜‡ÈÌÓÈ ÔËÓ‰˚. Ç ÓÒÌÓ‚Â ÏÂı‡ÌËÁÏ‡, Ó·˙flÒÌfl˛˘Â„Ó ˆËÍÎË˜ÂÒÍËÂ ÍÓÎÂ·‡-
ÌËfl, Ú‡ÍÊÂ ÎÂÊËÚ ‚ÂÓflÚÌÓÒÚÌ˚È ÔËÌˆËÔ: ÌÂÓÊË‰‡ÌÌÓÂ ÔÓfl‚ÎÂÌËÂ “ÓÂ‚” ÔÂ‰ÔËÌËÏ‡ÚÂÎÂÈ-
ËÌÌÓ‚‡ÚÓÓ‚ ıÓÓ¯Ó ÓÔËÒ˚‚‡ÂÚÒfl ÒÚÓı‡ÒÚË˜ÂÒÍËÏË ÔÓÚÓÍ‡ÏË ÒÓ·˚ÚËÈ. ê‡ÌÂÂ ÏÌÓ˛ ·˚ÎÓ ÔÓÍ‡-
Á‡ÌÓ, ˜ÚÓ ÔÓˆÂÒÒ ÓÊ‰ÂÌËfl, ‚˚ÊË‚‡ÌËfl Ë „Ë·ÂÎË ÌÓ‚ÓÈ ÔÓÔÛÎflˆËË ÔÂ‰ÔËÌËÏ‡ÚÂÎÂÈ (ÔÂ‰ÔË-
flÚËÈ) ÏÓÊÌÓ ‡ÒÒÏ‡ÚË‚‡Ú¸ Í‡Í ÔÛ‡ÒÒÓÌÓ‚ÒÍËÈ ÔÓÚÓÍ ÒÓ·˚ÚËÈ (Akaev, 2001, ch. 4). ÑÓÔÛ˘ÂÌËfl Ó
ÔÛ‡ÒÒÓÌÓ‚ÒÍÓÏ ı‡‡ÍÚÂÂ ÔÓÚÓÍ‡ ÒÓ·˚ÚËÈ ‡ÁÏÌÓÊÂÌËfl Ë „Ë·ÂÎË ÔÂ‰ÔËflÚËÈ ˆÂÌÌ˚ ÚÂÏ, ˜ÚÓ
ÔÓÁ‚ÓÎfl˛Ú Ì‡ Ô‡ÍÚËÍÂ ÔËÏÂÌËÚ¸ ÏÓ˘Ì˚È Ï‡ÚÂÏ‡ÚË˜ÂÒÍËÈ ‡ÔÔ‡‡Ú Ï‡ÍÓ‚ÒÍËı ÔÓˆÂÒÒÓ‚ ‡Á-
ÏÌÓÊÂÌËfl Ë „Ë·ÂÎË Í ‡Ì‡ÎËÁÛ ˝ÍÓÌÓÏË˜ÂÒÍËı ˆËÍÎÓ‚.

îÓÏ‡ÎËÁÛÂÏ ÓÔËÒ‡ÌÌ˚Â ‚˚¯Â ÏÓ‰ÂÎË ˆËÍÎÓ‚ ÍÓÎÂ·‡ÌËÈ ÔÓ òÛÏÔÂÚÂÛ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ
Ï‡ÍÓ‚ÒÍËı ÔÓˆÂÒÒÓ‚ ‡ÁÏÌÓÊÂÌËfl Ë „Ë·ÂÎË Ò ÌÂÔÂ˚‚Ì˚Ï ‚ÂÏÂÌÂÏ. èÛ‡ÒÒÓÌÓ‚ÒÍËÂ ÔÓÚÓÍË
ÒÓ·˚ÚËÈ, ‚Â‰Û˘ËÂ Í ÒÓÁ‰‡ÌË˛ (ÔË‡˘ÂÌËflÏ) ÌÓ‚˚ı ÔÂ‰ÔËflÚËÈ, ·Û‰ÂÏ Ì‡Á˚‚‡Ú¸ ÔÓÚÓÍ‡ÏË
‡ÁÏÌÓÊÂÌËfl, ‡ ÔÓÚÓÍË ÒÓ·˚ÚËÈ, ‚Â‰Û˘ËÂ Í ‚˚ÊË‚‡ÌË˛, ‚ÂÏÂÌÌÓÏÛ ÛıÓ‰Û Ò ˚ÌÍ‡ ËÎË ÔÂÍ‡-
˘ÂÌË˛ ÒÛ˘ÂÒÚ‚Ó‚‡ÌËfl ÒÚ‡˚ı ÔÂ‰ÔËflÚËÈ – ÔÓÚÓÍ‡ÏË „Ë·ÂÎË. 

ÑÓÔÛÒÚËÏ, ˜ÚÓ ËÌÚÂÌÒË‚ÌÓÒÚ¸ ÔÓÚÓÍ‡ ‡ÁÏÌÓÊÂÌËfl ÓÔÂ‰ÂÎflÂÚÒfl ÙÛÌÍˆËÂÈ λ(t). Ç ÍÌË„Â
(Akaev, 2001, . 114) ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ËÌÚÂÌÒË‚ÌÓÒÚ¸ ÔÓÚÓÍ‡ ‡ÁÏÌÓÊÂÌËfl ÌÓ‚˚ı ÔÂ‰ÔËflÚËÈ
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‰ÓÒÚ‡ÚÓ˜ÌÓ ıÓÓ¯Ó ÓÔËÒ˚‚‡ÂÚÒfl Á‡ÍÓÌÓÏ ù-
Î‡Ì„‡ ‚ÚÓÓ„Ó ÔÓfl‰Í‡: 

(1)

ùÚÓ ÓÁÌ‡˜‡ÂÚ, ˜ÚÓ Í‡Ê‰ÓÂ ‚ÚÓÓÂ ÌÓ‚ÓÂ ÔÂ‰-
ÔËflÚËÂ ‚˚ÊË‚‡ÂÚ, ‡‰‡ÔÚËÛÂÚÒfl Í ÌÓ‚˚Ï ÛÒÎÓ-
‚ËflÏ Ë ÒÚ‡ÌÓ‚ËÚÒfl ÍÓÌÍÛÂÌÚÓÒÔÓÒÓ·Ì˚Ï. àÁ
Í‡ÍËı ÒÓÓ·‡ÊÂÌËÈ ÓÔÂ‰ÂÎflÂÚÒfl ÍÓÌÍÂÚÌÓÂ
ÁÌ‡˜ÂÌËÂ λ0? å‡ÍÒËÏ‡Î¸Ì‡fl ÔÎÓÚÌÓÒÚ¸ ÔÓfl‚ÎÂ-
ÌËfl Ì‡ ˚ÌÍÂ ÌÓ‚˚ı ÔÂ‰ÔËflÚËÈ Ì‡ÒÚÛÔ‡ÂÚ ‚

ÏÓÏÂÌÚ ‚ÂÏÂÌË t* =  (ÎÂÚ). ÖÒÎË ÔËÌflÚ¸,
˜ÚÓ ˝ÚÓÚ Ï‡ÍÒËÏÛÏ ‰ÓÒÚË„‡ÂÚÒfl ‚ ÔÂ‚˚È „Ó‰,
ÚÓ„‰‡ λ0 = 1.

λ t( ) λ0
2te

λ0t–
, t 0.>=

λ0
1–

èÂÂÈ‰ÂÏ Í ÛÒÚ‡ÌÓ‚ÎÂÌË˛ Á‡ÍÓÌ‡ ‡ÒÔÂ‰ÂÎÂÌËfl Ë ı‡‡ÍÚÂËÒÚËÍ ÒÎÛ˜‡ÈÌÓ„Ó ÔÓˆÂÒÒ‡ X(t),
ÔÂ‰ÒÚ‡‚Îfl˛˘Â„Ó ÒÓ·ÓÈ ˜ËÒÎÓ Ó‰ÌÓÓ‰Ì˚ı ËÌÌÓ‚‡ˆËÓÌÌ˚ı (Ú.Â. ÌÓ‚˚ı) ÔÂ‰ÔËflÚËÈ, ‰ÂÈÒÚ‚Û˛-
˘Ëı Ì‡ ˚ÌÍÂ. Ç ÚÂÓËË Ï‡ÍÓ‚ÒÍËı ÒÎÛ˜‡ÈÌ˚ı ÔÓˆÂÒÒÓ‚ Ò ‰ËÒÍÂÚÌ˚ÏË ÒÓÒÚÓflÌËflÏË Ë ÌÂÔÂ-
˚‚Ì˚Ï ‚ÂÏÂÌÂÏ ÔÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ ÔÂÂıÓ‰˚ ËÁ Ó‰ÌÓ„Ó ÒÓÒÚÓflÌËfl ‚ ‰Û„ÓÂ ÔÓËÒıÓ‰flÚ ÔÓ‰
‚ÓÁ‰ÂÈÒÚ‚ËÂÏ ÔÛ‡ÒÒÓÌÓ‚ÒÍËı ÔÓÚÓÍÓ‚ ÒÓ·˚ÚËÈ. ÑÎfl ‡Ì‡ÎËÁ‡ Ï‡ÍÓ‚ÒÍËı ÒÎÛ˜‡ÈÌ˚ı ÔÓˆÂÒÒÓ‚
Ú‡ÍÓ„Ó ÍÎ‡ÒÒ‡ Ä.ç. äÓÎÏÓ„ÓÓ‚ ÔÂ‰ÎÓÊËÎ ÒËÒÚÂÏÛ ‰ËÙÙÂÂÌˆË‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ, ÍÓÚÓ˚Â ÒÂ-
„Ó‰Ìfl ËÁ‚ÂÒÚÌ˚ Í‡Í “Û‡‚ÌÂÌËfl äÓÎÏÓ„ÓÓ‚‡” (ÇÂÌÚˆÂÎ¸, é‚˜‡Ó‚, 2003, „Î. 4). á‡ÏÂ˜‡ÚÂÎ¸ÌÓ,
˜ÚÓ ˝ÚË Û‡‚ÌÂÌËfl ÔÓÁ‚ÓÎfl˛Ú ÓÔÂ‰ÂÎËÚ¸ ÌÂ ÚÓÎ¸ÍÓ Á‡ÍÓÌ ‡ÒÔÂ‰ÂÎÂÌËfl ÒÎÛ˜‡ÈÌÓ„Ó ÔÓˆÂÒÒ‡,
ÌÓ Ë Â„Ó ı‡‡ÍÚÂËÒÚËÍË.

èÛÒÚ¸ λ(t) – ËÌÚÂÌÒË‚ÌÓÒÚ¸ ÔÛ‡ÒÒÓÌÓ‚ÒÍÓ„Ó ÔÓÚÓÍ‡ ‡ÁÏÌÓÊÂÌËfl ÌÓ‚˚ı ÔÂ‰ÔËflÚËÈ, µ(t) – ËÌ-
ÚÂÌÒË‚ÌÓÒÚ¸ ÔÛ‡ÒÒÓÌÓ‚ÒÍÓ„Ó ÔÓÚÓÍ‡ „Ë·ÂÎË ÔÂ‰ÔËflÚËÈ, ÚÓ„‰‡ ‰ËÙÙÂÂÌˆË‡Î¸ÌÓÂ Û‡‚ÌÂÌËÂ
äÓÎÏÓ„ÓÓ‚‡ ‰Îfl ÓÔÂ‰ÂÎÂÌËfl ÙÛÌÍˆËË Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓ„Ó ÓÊË‰‡ÌËfl mx(t) ÒÎÛ˜‡ÈÌÓ„Ó ÔÓˆÂÒÒ‡
X(t) ËÏÂÂÚ ‚Ë‰ (ÇÂÌÚˆÂÎ¸, é‚˜‡Ó‚, 2003, „Î. 4):

(2)

‡ Ó·˘ÂÂ Â¯ÂÌËÂ ‰‡ÌÌÓ„Ó Û‡‚ÌÂÌËfl ÓÔÂ‰ÂÎflÂÚÒfl ÔÓ ÙÓÏÛÎÂ:

(3)

ÑÎfl ÔÓÒÚÓÚ˚ ‰‡Î¸ÌÂÈ¯Â„Ó ËÁÎÓÊÂÌËfl ÔÓÎÓÊËÏ µ(θ) = µ0 = const (˝ÚÓ Ì‡Ë·ÓÎÂÂ ˜‡ÒÚÓ ‚ÒÚÂ˜‡˛-
˘ËÈÒfl ÒÎÛ˜‡È ‚ Ô‡ÍÚË˜ÂÒÍËı ÔËÎÓÊÂÌËflı), ‡ Ú‡ÍÊÂ Û˜ÚÂÏ, ˜ÚÓ ËÏÂÂÚ ÏÂÒÚÓ ÌÛÎÂ‚ÓÂ Ì‡˜‡Î¸ÌÓÂ
ÛÒÎÓ‚ËÂ, Ú.Â. mx(0) = 0. íÓ„‰‡ (3) ÔËÏÂÚ ‚Ë‰:

(4)

èÓ‰ÒÚ‡‚Îflfl ‚ (4) ‚˚‡ÊÂÌËÂ (1) Ë ËÌÚÂ„ËÛfl ˝ÚÓ ‚˚‡ÊÂÌËÂ, ÔÓÎÛ˜‡ÂÏ ÙÛÌÍˆË˛, ÓÔËÒ˚‚‡˛-
˘Û˛ Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓÂ ÓÊË‰‡ÌËÂ ÒÎÛ˜‡ÈÌÓ„Ó ÔÓˆÂÒÒ‡ X(t) – ˜ËÒÎÓ ÌÓ‚˚ı ÔÂ‰ÔËflÚËÈ, ‰ÂÈÒÚ‚Û˛-
˘Ëı Ì‡ ˚ÌÍÂ ‚ Î˛·ÓÈ ÏÓÏÂÌÚ ‚ÂÏÂÌË t > 0: 

(5)

É‡ÙËÍË ÙÛÌÍˆËÈ λ(t) Ë mx(t) ÔÓÍ‡Á‡Ì˚ Ì‡ ËÒ. 1. 

ä‡Ê‰ÓÂ ÌÓ‚ÓÂ ÔÓËÁ‚Ó‰ÒÚ‚ÂÌÌÓÂ ÔÂ‰ÔËflÚËÂ ‚˚ÔÛÒÍ‡ÂÚ η Â‰ËÌËˆ ËÌÌÓ‚‡ˆËÓÌÌÓÈ ÔÓ‰ÛÍ-
ˆËË. é·ÓÁÌ‡˜ËÏ ˜ÂÂÁ Y(t) ÒÎÛ˜‡ÈÌ˚È ÔÓˆÂÒÒ, ÔÂ‰ÒÚ‡‚Îfl˛˘ËÈ ÒÓ·ÓÈ ÔÓÚÓÍ ÌÓ‚ÓÈ ÔÓ‰ÛÍˆËË
˝ÚËı ÔÂ‰ÔËflÚËÈ. Ç Ó·˘ÂÏ ÒÎÛ˜‡Â ̋ ÚÓ – ÔÓÚÓÍ ÔÓÚÂ·ËÚÂÎ¸ÒÍËı ·Î‡„ ÌÓ‚Ó„Ó Í‡˜ÂÒÚ‚‡. ÅÛ‰ÂÏ ÔÓ-
Î‡„‡Ú¸ ÔË ˝ÚÓÏ, ˜ÚÓ ÒÂ‰Ìflfl ËÌÚÂÌÒË‚ÌÓÒÚ¸ ‚˚ÔÛÒÍ‡ ÔÓˆÂÒÒ‡ Y(t) Ó‰ËÌ‡ÍÓ‚‡fl ‰Îfl ‚ÒÂı Â‰ËÌËˆ
ÔÓˆÂÒÒ‡ X(t) Ë ‡‚Ì‡ λY(t), ÔË˜ÂÏ Ó„‡ÌË˜ÂÌËÈ Ì‡ Ó·˘ÂÂ ̃ ËÒÎÓ ÒÓÒÚÓflÌËÈ Y(t) ÌÂÚ. Ç ̋ ÚÓÏ ÒÎÛ˜‡Â

dmx t( )/dt λ t( ) µ t( )mx t( ), t– 0,>=

mx t( ) e λ τ( )e τd

0

t

∫ mx 0( )+ .=
µ θ( ) θd
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t
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0

τ

∫
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λ τ( )e
µ0τ

τ .d
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t

∫=
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e
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– λ0 µ0–( )te
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–[ ] .=

0.7
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λ (t), λ0 = 1
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êËÒ. 1. äË‚˚Â Á‡‚ËÒËÏÓÒÚÂÈ λ(t) Ë mx(t).
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ÄÍ‡Â‚

·ÂÁÛÒÎÓ‚Ì‡fl ËÌÚÂÌÒË‚ÌÓÒÚ¸ ÔÓÚÓÍ‡ ‡ÁÏÌÓÊÂÌËfl ÓÔÂ‰ÂÎflÂÚÒfl ÔÓ ÙÓÏÛÎÂ (ÇÂÌÚˆÂÎ¸, é‚˜‡Ó‚,
2003, „Î. 6.2):

(6)

‡ ÒÛÏÏ‡Ì˚È ÔÓÚÓÍ ‚˚ÔÛÒÍ‡ Y(t) Ô‡ÍÚË˜ÂÒÍË ÛÊÂ ÔË mx(t) > 5 fl‚ÎflÂÚÒfl ÔÛ‡ÒÒÓÌÓ‚ÒÍËÏ. èÓÎ‡„‡fl
‚ (6) η(t) = η0 = const Ë ÔÓ‰ÒÚ‡‚Îflfl mx(t) ËÁ (5), ÔÓÎÛ˜‡ÂÏ:

(7)

èÛÒÚ¸ ‰‡ÎÂÂ ‚ÂÒ¸ ÔÓËÁ‚Â‰ÂÌÌ˚È ‚˚ÔÛÒÍ Â‡ÎËÁÛÂÚÒfl Ò ËÌÚÂÌÒË‚ÌÓÒÚ¸˛ v(t), ÍÓÚÓÛ˛ Ú‡ÍÊÂ ÔË-
ÏÂÏ ÔÓÒÚÓflÌÌÓÈ ν = ν0 = const, ˜ÚÓ ı‡‡ÍÚÂËÁÛÂÚ ÔÓˆÂÒÒ Í‡Í Á‡ÚÛı‡˛˘ËÈ. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ‰Îfl
ÒÎÛ˜‡ÈÌÓ„Ó ÔÓˆÂÒÒ‡ ‚˚ÔÛÒÍ‡ Ë Â‡ÎËÁ‡ˆËË ÌÓ‚ÓÈ ÔÓ‰ÛÍˆËË Y(t) Ú‡ÍÊÂ ÒÔ‡‚Â‰ÎË‚Ó Û‡‚ÌÂÌËÂ
äÓÎÏÓ„ÓÓ‚‡, ÔÓ‰Ó·ÌÓÂ (2), Ë ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÂ Â¯ÂÌËÂ, ÔÓ‰Ó·ÌÓÂ (4) Ò λY(t), ÓÔÂ‰ÂÎflÂÏ˚Ï ËÁ
(7). ùÚÓ Â¯ÂÌËÂ Á‡ÔË¯ÂÚÒfl ‚ ‚Ë‰Â: 

(8)

ÖÒÎË ν0 = µ0 ËÎË λ0 = ν0, ÚÓ ‚ ÙÓÏÛÎÂ (8) ‚ÓÁÌËÍ‡˛Ú ÌÂÓÔÂ‰ÂÎÂÌÌÓÒÚË ÚËÔ‡ , ÍÓÚÓ˚Â ÎÂ„-

ÍÓ ‡ÒÍ˚‚‡˛ÚÒfl Ò ÔÓÏÓ˘¸˛ Ô‡‚ËÎ‡ ãÓÔËÚ‡Îfl. Ç ÒÎÛ˜‡Â, ÍÓ„‰‡ ν0 = µ0, ËÏÂÂÏ:

(8a)

‡ ÂÒÎË λ0 = ν0, ÚÓ

(8·)

ç‡ ËÒ. 2 ÔÂ‰ÒÚ‡‚ÎÂÌ˚ „‡ÙËÍË ÙÛÌÍˆËË mY(t), fl‚Îfl˛˘ÂÈÒfl Ï‡ÚÂÏ‡ÚË˜ÂÒÍËÏ ÓÊË‰‡ÌËÂÏ ‚˚-
ÔÛÒÍ‡ – Â‡ÎËÁ‡ˆËË ÔÓ‰ÛÍˆËË ÔË ‡ÁÎË˜Ì˚ı ÁÌ‡˜ÂÌËflı ν0, Ú.Â. ÔË ‡ÁÎË˜Ì˚ı ËÌÚÂÌÒË‚ÌÓÒÚflı
Â‡ÎËÁ‡ˆËË ÔÓ‰ÛÍˆËË. ç‡ÁÓ‚ÂÏ ̋ ÚË ÍË‚˚Â “ËÌÌÓ‚‡ˆËÓÌÌ˚ÏË ‚ÓÎÌ‡ÏË òÛÏÔÂÚÂ‡”, ÔÓÒÍÓÎ¸ÍÛ
ÓÌË ‚ÍÎ˛˜‡˛Ú Ù‡Á˚ ÔÓ‰˙ÂÏ‡, ÒÔ‡‰‡ Ë ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ÒÎÂ‰Û˛Ú ËÁ ÏÓ‰ÂÎË òÛÏÔÂÚÂ‡. 

λY t( ) η t( )mx t( ),=

λY t( ) η e
µ0t–

e
λ0t–

– λ0 µ0–( )te
λ0t–
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mY t( ) ηe
ν0t–
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e
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mY t( ) η 1
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---------------- e
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e
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λ0t–
– 0.5 λ0 µ0–( )t2e

λ0t–
– .=

èÂ‰ÎÓÊÂÌÌ‡fl ÏÓ‰ÂÎ¸ Û‰Ó·Ì‡ ‰Îfl ËÁÛ˜ÂÌËfl
‚ÎËflÌËfl ‡ÁÎË˜Ì˚ı ¯ÓÍÓ‚, ÔÓÒÍÓÎ¸ÍÛ ‰‡ÂÚ fl‚-
Ì˚Â ‡Ì‡ÎËÚË˜ÂÒÍËÂ Â¯ÂÌËfl, ‚ÓÁÏÛ˘ÂÌÌ˚Â ‚ Â-
ÁÛÎ¸Ú‡ÚÂ ‰ÂÈÒÚ‚Ëfl ̄ ÓÍÓ‚˚ı ËÏÔÛÎ¸ÒÓ‚. ê‡ÒÒÏÓÚ-
ËÏ ‚ÎËflÌËÂ ¯ÓÍÓ‚ ÔÂ‰ÎÓÊÂÌËfl. ÑÎfl ˝ÚÓ„Ó ‚
ÙÓÏÛÎÂ (6) ÔÓÎÓÊËÏ

(9)

„‰Â δ(t – t0) – ‰ÂÎ¸Ú‡-ÙÛÌÍˆËfl ÑË‡Í‡, ÓÁÌ‡˜‡˛-
˘‡fl ÔÓfl‚ÎÂÌËÂ ‚ ÏÓÏÂÌÚ ‚ÂÏÂÌË t = t0 ¯ÓÍÓ‚Ó„Ó
ËÏÔÛÎ¸Ò‡ ÒÓ ÒÚÓÓÌ˚ ÔÂ‰ÎÓÊÂÌËfl (Ì‡ÔËÏÂ, ‚
ÂÁÛÎ¸Ú‡ÚÂ Ï„ÌÓ‚ÂÌÌÓ„Ó ÒÍ‡˜Í‡ ˆÂÌ); εη – ÔÓÒÚÓ-
flÌÌ˚È ÍÓ˝ÙÙËˆËÂÌÚ, ı‡‡ÍÚÂËÁÛ˛˘ËÈ ‚ÂÎË˜Ë-
ÌÛ ˝ÚÓ„Ó ËÏÔÛÎ¸Ò‡. èÓ‰ÒÚ‡‚Îflfl η(t) ‚ ‚Ë‰Â (9) ‚
(6), ‡ Á‡ÚÂÏ, Â¯‡fl ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÂ Û‡‚ÌÂÌËÂ
äÓÎÏÓ„ÓÓ‚‡ ÚËÔ‡ (2), ÔÓÎÛ˜‡ÂÏ:

η t( ) η0 1 εηδ t t0–( )+[ ] ,=

0 15

5

1413121110987654321
tλ0 = 1, µ = 0.2, v0 = 0.2
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λ0 = 1, µ = 0.2, v0 = 0.5

λ0 = 1, µ = 0.2, v0 = 1

êËÒ. 2. äË‚˚Â Á‡‚ËÒËÏÓÒÚË mY(t). 
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(10)

„‰Â 1(t – t0) – Â‰ËÌË˜Ì‡fl ÙÛÌÍˆËfl, ‡‚Ì‡fl Â‰ËÌËˆÂ ÔË t ≥ t0 Ë ÌÛÎ˛ ÔË t < t0. É‡ÙËÍË ‚ÓÁÏÛ˘ÂÌ-
ÌÓ„Ó Â¯ÂÌËfl ÏÓ‰ÂÎË mY(t) ÔÂ‰ÒÚ‡‚ÎÂÌ˚ Ì‡ ËÒ. 3. ÇÓÁÏÛ˘ÂÌÌ˚Â ÍË‚˚Â flÒÌÓ ‰ÂÏÓÌÒÚËÛ˛Ú
Ò„Î‡ÊË‚‡˛˘ËÈ ˝ÙÙÂÍÚ ÏÓ‰ÂÎË, Ò‚Ó‰fl˘ËÈ ‚ÓÁÌËÍ‡˛˘ËÂ ËÏÔÛÎ¸Ò˚ ÔÂ‰ÎÓÊÂÌËfl Ì‡ ÌÂÚ. 

åÓÊÌÓ Ú‡ÍÊÂ ‡ÒÒÏÓÚÂÚ¸ ‚ÎËflÌËÂ ¯ÓÍÓ‚˚ı ËÏÔÛÎ¸ÒÓ‚ ÒÓ ÒÚÓÓÌ˚ ÔÓˆÂÒÒ‡ „Ë·ÂÎË: 

àÌÚÂÂÒÌÓ, ˜ÚÓ ÔË ˝ÚÓÏ ÔÂ‚ÓÌ‡˜‡Î¸ÌÓÂ Â¯ÂÌËÂ (8) ÓÒÚ‡ÂÚÒfl ‚ ÌÂËÁÏÂÌÌÓÏ ‚Ë‰Â, Ú.Â. ÏÓ‰ÂÎ¸
ÌÂ Â‡„ËÛÂÚ Ì‡ ¯ÓÍË ÒÓ ÒÚÓÓÌ˚ ÔÓˆÂÒÒ‡ „Ë·ÂÎË. ÇÒÂ ˝ÚÓ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó· ÛÒÚÓÈ˜Ë‚ÓÒÚË ÏÓ-
‰ÂÎË ‚ ÓÚÌÓ¯ÂÌËË ˝Ì‰Ó„ÂÌÌ˚ı ¯ÓÍÓ‚ Í‡Í ÒÎÂ‰ÒÚ‚ËÂ ÛÒÚÓÈ˜Ë‚ÓÒÚË ÏÂı‡ÌËÁÏÓ‚, ÓÔÂ‰ÂÎfl˛˘Ëı
ˆËÍÎË˜ÂÒÍËÂ ÍÓÎÂ·‡ÌËfl ‚ Ò‡ÏÓÈ ÚÂÓËË òÛÏÔÂÚÂ‡.

àÁ‚ÂÒÚÌÓ (ÒÏ. (ÇÂÌÚˆÂÎ¸, é‚˜‡Ó‚, 2003, „Î. 5.4, 6.2)), ̃ ÚÓ Ò‡Ï Á‡ÍÓÌ ‡ÒÔÂ‰ÂÎÂÌËfl ÒÎÛ˜‡ÈÌÓ„Ó
ÔÓˆÂÒÒ‡ Y(t) Í‡Í ÔË ÔÓÒÚÓflÌÌ˚ı, Ú‡Í Ë ÔË ÔÂÂÏÂÌÌ˚ı ËÌÚÂÌÒË‚ÌÓÒÚflı λY(t) Ë v(t) fl‚ÎflÂÚÒfl Á‡-
ÍÓÌÓÏ èÛ‡ÒÒÓÌ‡ Ò ÔÓÎÛ˜ÂÌÌÓÈ ‚˚¯Â ÙÛÌÍˆËÂÈ Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓ„Ó ÓÊË‰‡ÌËfl, Ú.Â. mY(t) = DY(t); pn =

= [mY(t)]n /n!, „‰Â DY(t) – ‰ËÒÔÂÒËfl; pn = P{Y(t) = n}, n = 1, …, k, … – fl‰ ‡ÒÔÂ‰ÂÎÂÌËfl. èË
‰ÓÒÚ‡ÚÓ˜ÌÓ ·ÓÎ¸¯ÓÏ ÁÌ‡˜ÂÌËË mY(t) (mY(t) > 20) Á‡ÍÓÌ ‡ÒÔÂ‰ÂÎÂÌËfl ÒÎÛ˜‡ÈÌÓ„Ó ÔÓˆÂÒÒ‡ Y(t)
ÏÓÊÌÓ ÔË·ÎËÊÂÌÌÓ Ò˜ËÚ‡Ú¸ ÌÓÏ‡Î¸Ì˚Ï Ò Ô‡‡ÏÂÚ‡ÏË mY(t) Ë DY(t). 

ùÚÓ Ó·ÒÚÓflÚÂÎ¸ÒÚ‚Ó ÔÓÁ‚ÓÎflÂÚ ÎÂ„ÍÓ ‡ÒÒ˜ËÚ˚‚‡Ú¸ ÔÓ„ÌÓÁÌ˚Â ÓˆÂÌÍË Ì‡Ë·ÓÎÂÂ ‚ÂÓflÚÌÓ„Ó
Ó·˙ÂÏ‡ ‚˚ÔÛÒÍ‡ ‚ ËÌÚÂÂÒÛ˛˘ËÈ ÏÓÏÂÌÚ ‚ÂÏÂÌË t = t1 ËÎË ‚ÂÓflÚÌ˚È Ó·˙ÂÏ ‚˚ÔÛÒÍ‡ ‚ ÔÂËÓ‰
‚ÂÏÂÌË Ò t1 ‰Ó t2 Ë Ú‡Í ‰‡ÎÂÂ. ç‡ÔËÏÂ, ‚ÂÓflÚÌÓÒÚ¸ ÔÂ‚˚¯ÂÌËfl Ó·˙ÂÏ‡ ‚˚ÔÛÒÍ‡ ‚ ÏÓÏÂÌÚ ‚ÂÏÂÌË
t = t2 Á‡‰‡ÌÌÓ„Ó ÔÓÓ„Ó‚Ó„Ó ÁÌ‡˜ÂÌËfl N ÏÓÊÂÚ ·˚Ú¸ Ì‡È‰ÂÌ‡ ÔÓ ÙÓÏÛÎÂ P{Y(t2) > N} = 0.5 – Φ{(N –

− mY(t2))/ }, „‰Â Φ(x) = ( )–1 dt – ÙÛÌÍˆËfl ã‡ÔÎ‡Ò‡ ËÎË “ËÌÚÂ„‡Î ‚ÂÓflÚÌÓÒÚÂÈ”

(ÇÂÌÚˆÂÎ¸, é‚˜‡Ó‚, 2003, „Î. 6.3), ‰Îfl ÍÓÚÓÓÈ ËÏÂ˛ÚÒfl Ó·¯ËÌ˚Â Ú‡·ÎËˆ˚ ˜ËÒÎÂÌÌ˚ı ÁÌ‡˜Â-
ÌËÈ.

àÒÔÓÎ¸ÁÛfl Ô‡‚ËÎÓ “ÚÂı ÒË„Ï”, ÏÓÊÌÓ Á‡ÍÎ˛˜ËÚ¸, ˜ÚÓ ‚ÓÁÏÓÊÌ˚Â ÁÌ‡˜ÂÌËfl ˜ËÒÎ‡ Â‰ËÌËˆ

‚˚ÔÛÒÍ‡ ÔÓ‰ÛÍˆËË ·Û‰ÛÚ Ì‡ıÓ‰ËÚ¸Òfl ‚ ÔÂ‰ÂÎ‡ı mY(t) ± 3  = mY(t) ± 3 . éÚÒ˛‰‡ ‚˚-
ÚÂÍ‡ÂÚ, ˜ÚÓ ÔË Ï‡Î˚ı Ó·˙ÂÏ‡ı ÔÓËÁ‚Ó‰ÒÚ‚‡ Ë ÌÂ‰ÓÒÚ‡ÚÓ˜ÌÓÏ ÒÔÓÒÂ ˝ÍÓÌÓÏË˜ÂÒÍ‡fl ÍÓÌ˙˛ÌÍÚÛ‡
ÌÂÒÚ‡·ËÎ¸Ì‡ Ë ÔÓ‰‚ÂÊÂÌ‡ ÒÎÛ˜‡ÈÌ˚Ï ‚ÓÁ‰ÂÈÒÚ‚ËflÏ (ÔÓÒÍÓÎ¸ÍÛ ‰ËÒÔÂÒËfl ‡‚Ì‡ Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓÏÛ
ÓÊË‰‡ÌË˛) Ë ÚÓÎ¸ÍÓ ÔË ¯ËÓÍÓÏ‡Ò¯Ú‡·ÌÓÏ ÔÓËÁ‚Ó‰ÒÚ‚Â ‰ÓÒÚË„‡ÂÚÒfl ÛÒÚÓÈ˜Ë‚ÓÒÚ¸, ÔÓÒÍÓÎ¸ÍÛ

±3  ÒÚ‡ÌÓ‚ËÚÒfl ÓÚÌÓÒËÚÂÎ¸ÌÓ Ï‡Î˚Ï ‚ Ò‡‚ÌÂÌËË Ò Ï‡ÚÂÏ‡ÚË˜ÂÒÍËÏ ÓÊË‰‡ÌËÂÏ mY(t).

Ä ÚÂÔÂ¸ ‚ÂÌÂÏÒfl Í „Î‡‚ÌÓÏÛ ‚ÓÔÓÒÛ: Í‡Í Ò ÔÓÏÓ˘¸˛ ‰‡ÌÌÓÈ ÏÓ‰ÂÎË ÓÔËÒ‡Ú¸ ˆËÍÎË˜ÂÒÍËÂ
ÍÓÎÂ·‡ÌËfl ‚ ˝ÍÓÌÓÏËÍÂ? ÑÎfl ˝ÚÓ„Ó ÌÂÓ·ıÓ‰ËÏÓ Ó·‡ÁÓ‚‡Ú¸ ÒÛÔÂÔÓÁËˆË˛ ÒÎÛ˜‡ÈÌ˚ı ÔÓˆÂÒÒÓ‚
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DY t( ) mY t( )

mY t( )

‡ÁÏÌÓÊÂÌËfl Ë „Ë·ÂÎË Yi(t – ti), ÍÓÚÓ˚Â ÔÓ-
ÓÊ‰‡˛ÚÒfl ÚÂıÌÓÎÓ„Ë˜ÂÒÍËÏË ¯ÓÍ‡ÏË ‚ ÒÎÛ-
˜‡ÈÌ˚Â ÏÓÏÂÌÚ˚ ‚ÂÏÂÌË ti:

(11)

„‰Â 1(t – ti) – Â‰ËÌË˜Ì‡fl ÙÛÌÍˆËfl. ç‡Ë·ÓÎÂÂ
ÔÓ‰ıÓ‰fl˘ÂÈ ÙÛÌÍˆËÂÈ ‡ÒÔÂ‰ÂÎÂÌËfl ‰Îfl ‚˚-
·Ó‡ ÒÎÛ˜‡ÈÌ˚ı ÏÓÏÂÌÚÓ‚ ‚ÂÏÂÌË ti, ı‡‡ÍÚÂ-
ËÁÛ˛˘Ëı Ì‡˜‡ÎÓ Ó˜ÂÂ‰ÌÓ„Ó ËÌÌÓ‚‡ˆËÓÌÌÓ-
„Ó ÚÓÎ˜Í‡, ÏÓÊÂÚ ÒÎÛÊËÚ¸ ÔÓÍ‡Á‡ÚÂÎ¸ÌÓÂ ‡Ò-
ÔÂ‰ÂÎÂÌËÂ f (t) = ξe–ξt, t > 0, ‰Îfl ÍÓÚÓÓ„Ó mt =
= 1/ξ, Dt = 1/ξ2. èË˜ÂÏ ˝ÚÓÚ Á‡ÍÓÌ ÓÔËÒ˚‚‡ÂÚ

Ỹ t( ) Yi t ti–( )1 t ti–( ),
i 0=

n

∑=

15

0 15

10

1413121110987654321

λ0 = 1, µ = 0.2, v0 = 0.5

5

m
Y
^ (t), εη = 1.0

m
Y
^ (t), εη = 0.5

m
Y
^(t), εη = 0.1

êËÒ. 3. äË‚˚Â Á‡‚ËÒËÏÓÒÚÂÈ mY(t) Ë (t).m
Ŷ
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ÄÍ‡Â‚

ËÌÚÂ‚‡Î ‚ÂÏÂÌË Ti ÏÂÊ‰Û ‰‚ÛÏfl ÒÓÒÂ‰ÌËÏË ÁÌ‡˜ÂÌËflÏË ti, ti + 1. ä‡Ê‰˚È ÔÓˆÂÒÒ Yi(t – ti) ËÏÂÂÚ
Ò‚ÓË ÍÓÌÍÂÚÌ˚Â Ô‡‡ÏÂÚ˚ λi, µi, νi, ηi, Ó·ÛÒÎÓ‚ÎÂÌÌ˚Â ı‡‡ÍÚÂÓÏ ÚÂıÌÓÎÓ„Ë˜ÂÒÍËı ËÌÌÓ‚‡-
ˆËÈ, ‚˚Á‚‡‚¯Ëı ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÈ ˆËÍÎ.

ÑÎfl Ô‡ÍÚË˜ÂÒÍËı ÔËÎÓÊÂÌËÈ ÓÚ ÒÛÔÂÔÓÁËˆËË ÒÎÛ˜‡ÈÌ˚ı ÙÛÌÍˆËÈ (11) ÌÂÓ·ıÓ‰ËÏÓ ÔÂÂÈ-
ÚË Í ÒÛÔÂÔÓÁËˆËË ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı Ï‡ÚÂÏ‡ÚË˜ÂÒÍËı ÓÊË‰‡ÌËÈ:

á‰ÂÒ¸ (t – ti) ÎÂ„ÍÓ ÔÓÎÛ˜‡ÂÚÒfl ËÁ (8). Ç ËÚÓ„Â ÔËıÓ‰ËÏ Í ÙÓÏÛÎÂ, ÍÓÚÓ‡fl ÓÔËÒ˚‚‡ÂÚ ÍË-
‚Û˛ ˆËÍÎË˜ÂÒÍËı ÍÓÎÂ·‡ÌËÈ ‚ ˝ÍÓÌÓÏËÍÂ: 

(12)

mỸ t( ) mY
i( ) t ti–( )1 t ti–( ).

i 0=

n

∑=

mY
i( )

mỸ t( ) η i

λ i

λ i µi–
--------------- 

 
2 e

µi t ti–( )–
e

νi t ti–( )–
–

ν i µi–
------------------------------------------ –





i 0–

n

∑=

–
2λ i ν i– µi–

λ i ν i–( )2
---------------------------- e

νi t ti–( )–
e

λ i t ti–( )–
–[ ]

λ i µi–
λ i ν i–
--------------- t ti–( )e

λ i t ti–( )–
+





1 t ti–( ).

ç‡ ËÒ. 4‡ ÔÂ‰ÒÚ‡‚ÎÂÌ‡ ÍË‚‡fl (t), ÔÓÎÛ-
˜ÂÌÌ‡fl ÔÛÚÂÏ ÒÛÔÂÔÓÁËˆËË ˜ÂÚ˚Âı ËÌÌÓ‚‡-
ˆËÓÌÌ˚ı ‚ÓÎÌ òÛÏÔÂÚÂ‡ Ò ÔÓÒÚÓflÌÌ˚Ï ËÌ-
ÚÂ‚‡ÎÓÏ ‚ÂÏÂÌË ÏÂÊ‰Û ÌËÏË Tm = 7 ÎÂÚ. Ñ‡Ì-
Ì‡fl ÍË‚‡fl Ì‡ÔÓÏËÌ‡ÂÚ ı‡‡ÍÚÂÌÓÂ ‰Îfl
ˆËÍÎË˜ÂÒÍËı ÍÓÎÂ·‡ÌËÈ ‚ÓÎÌÓÓ·‡ÁÌÓÂ ‰‚ËÊÂ-
ÌËÂ Ó·˘Â„Ó ‚˚ÔÛÒÍ‡, ÔÓÒÚÓflÌÌÓ ÔÓ‚ÚÓfl˛˘ÂÂ-
Òfl Ë ÌÂÂ„ÛÎflÌÓÂ ‰‡ÊÂ ÔË ÔÓÒÚÓflÌÌÓÏ Tm.
àÚ‡Í, ̂ ËÍÎË˜ÂÒÍËÂ ÍÓÎÂ·‡ÌËfl ‚ ‰‡ÌÌÓÈ ÏÓ‰ÂÎË
‚ÓÁÌËÍ‡˛Ú Í‡Í ÂÒÚÂÒÚ‚ÂÌÌÓÂ ÒÎÂ‰ÒÚ‚ËÂ ÒÛÔÂ-
ÔÓÁËˆËË ËÌÌÓ‚‡ˆËÓÌÌ˚ı ‚ÓÎÌ òÛÏÔÂÚÂ‡.

ÖÒÎË Û‚ÂÎË˜ËÚ¸ ËÌÚÂ‚‡Î ‚ÂÏÂÌË ÏÂÊ‰Û ËÌ-
ÌÓ‚‡ˆËÓÌÌ˚ÏË ÚÓÎ˜Í‡ÏË, ‚˚Á˚‚‡˛˘ËÏË ÔÓ‰˙-
ÂÏ, ÚÓ ̂ ËÍÎË˜ÂÒÍËÂ ÍÓÎÂ·‡ÌËfl ÒÚ‡ÌÓ‚flÚÒfl ·ÓÎÂÂ
ÂÎ¸ÂÙÌ˚ÏË (ËÒ. 4·, Tm = 10 ÎÂÚ), ÔÓ‰˙ÂÏ˚ Ë
ÒÔ‡‰˚ – ·ÓÎÂÂ „ÎÛ·ÓÍËÏË, Ë ÔÓËÒıÓ‰ËÚ Ô‡‰Â-
ÌËÂ ‰ÓÎ„ÓÒÓ˜Ì˚ı ÚÂÏÔÓ‚ ÓÒÚ‡ ‚˚ÔÛÒÍ‡. 

ÖÒÎË ÔÂ‰ÂÎ¸ÌÓ ÛÏÂÌ¸¯ËÚ¸ ËÌÚÂ‚‡Î ‚ÂÏÂ-
ÌË ÏÂÊ‰Û ËÌÌÓ‚‡ˆËÓÌÌ˚ÏË ÚÓÎ˜Í‡ÏË (‰Ó 4–
5 ÎÂÚ), ÚÓ ÔÓÎÛ˜‡ÂÏ ˆËÍÎË˜ÂÒÍËÂ ÍÓÎÂ·‡ÌËfl Ò
ÌÂÁÌ‡˜ËÚÂÎ¸ÌÓÈ ‡ÏÔÎËÚÛ‰ÓÈ (Ì‡ ËÒ. 4‚ Tm =
= 5 ÎÂÚ). èË˜ÂÏ ÚÂÏÔ ‰ÓÎ„ÓÒÓ˜ÌÓ„Ó ÓÒÚ‡
ÂÁÍÓ Û‚ÂÎË˜Ë‚‡ÂÚÒfl, ‡ Ò‡Ï ÓÒÚ ÒÚ‡ÌÓ‚ËÚÒfl
·ÓÎÂÂ ‡‚ÌÓÏÂÌ˚Ï. éÚÒ˛‰‡ Ì‡Ô‡¯Ë‚‡ÂÚÒfl
‚˚‚Ó‰ Ó ÚÓÏ, ̃ ÚÓ ̋ ÍÓÌÓÏË˜ÂÒÍ‡fl ÔÓÎËÚËÍ‡ „ÓÒÛ-
‰‡ÒÚ‚‡ ‰ÓÎÊÌ‡ ·˚Ú¸ Ì‡Ô‡‚ÎÂÌ‡ Ì‡ Ï‡ÍÒËÏ‡Î¸-
ÌÓÂ ·Î‡„ÓÔËflÚÒÚ‚Ó‚‡ÌËÂ ‡Á‚ËÚË˛ ÔÂ‰ÔËÌË-
Ï‡ÚÂÎ¸ÒÚ‚‡, Ï‡Î˚ı Ë ÒÂ‰ÌËı ÔÂ‰ÔËflÚËÈ,
‚ÓÒÔËËÏ˜Ë‚˚ı Í Ô‡ÍÚË˜ÂÒÍÓÈ Â‡ÎËÁ‡ˆËË
ÚÂıÌÓÎÓ„Ë˜ÂÒÍËı ÌÓ‚¯ÂÒÚ‚ Ë ËÌÌÓ‚‡ˆËÈ.

äË‚‡fl ‰ÓÎ„ÓÒÓ˜ÌÓ„Ó ÛÒÚÓÈ˜Ë‚Ó„Ó ‡Á‚Ë-
ÚËfl, ÔÂ‰ÒÚ‡‚ÎÂÌÌ‡fl Ì‡ ËÒ.4‚, Ì‡ÔÓÏËÌ‡ÂÚ ‰Ë-
Ì‡ÏËÍÛ ˝ÍÓÌÓÏË˜ÂÒÍÓ„Ó ‡Á‚ËÚËfl äËÚ‡fl ‚ ÔÓ-
ÒÎÂ‰ÌËÂ 25–30 ÎÂÚ, „‰Â ÔÓËÒıÓ‰ËÎ‡ ÌÂÔÂ-
˚‚Ì‡fl ËÌÌÓ‚‡ˆËÓÌÌ‡fl ‰ÂflÚÂÎ¸ÌÓÒÚ¸ ‚Ó ‚ÒÂı
ÒÙÂ‡ı ÊËÁÌË Ó·˘ÂÒÚ‚‡ Ë ˜ÂÂÁ Í‡Ê‰˚Â 4–
5 ÎÂÚ Ì‡˜ËÌ‡Î‡Ò¸ ¯ËÓÍÓÏ‡Ò¯Ú‡·Ì‡fl ÚÂıÌÓ-
ÎÓ„Ë˜ÂÒÍ‡fl ÏÓ‰ÂÌËÁ‡ˆËfl Ó˜ÂÂ‰ÌÓÈ ·‡ÁÓ‚ÓÈ

mỸ

êËÒ. 4. ‡) ÍË‚‡fl ‰ÂÎÓ‚˚ı ˆËÍÎÓ‚ (Tm = 7); ·) ÍË‚‡fl
‰ÂÎÓ‚˚ı ˆËÍÎÓ‚ (Tm = 10); ‚) ÍË‚‡fl ‰ÂÎÓ‚˚ı ˆËÍ-
ÎÓ‚ (Tm = 5).
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ÓÚ‡ÒÎË ËÎË „ÛÔÔ˚ ÓÚ‡ÒÎÂÈ ˝ÍÓÌÓÏËÍË. èÓ‰Ó·Ì˚È ÔÓˆÂÒÒ ·˚Î Ì‡Á‚‡Ì “˝ÙÙÂÍÚÓÏ ÒÍÓÓÒÚË”.
Ö„Ó ÒÛÚ¸ ÒÓÒÚÓËÚ ‚ ÚÓÏ, ˜ÚÓ ÔË ÛÒÍÓÂÌËË ÚÂıÌË˜ÂÒÍÓ„Ó ÔÓ„ÂÒÒ‡, ‡ Ú‡ÍÊÂ ËÁÏÂÌÂÌËÈ ‚ ÓÚ‡Ò-
ÎÂ‚ÓÈ ÒÚÛÍÚÛÂ ÔÓËÁ‚Ó‰ÒÚ‚‡ Ë Ó„‡ÌËÁ‡ˆËË ˝ÍÓÌÓÏËÍË ‚ÓÁÌËÍ‡ÂÚ ˝ÙÙÂÍÚ ‰ÓÎ„Ó‚ÂÏÂÌÌÓ„Ó
ÓÒÚ‡. àÏÂÌÌÓ ˝ÚËÏ “˝ÙÙÂÍÚ ÒÍÓÓÒÚË” ÓÚÎË˜‡ÂÚÒfl ÓÚ ıÓÓ¯Ó ËÁ‚ÂÒÚÌÓ„Ó “˝ÙÙÂÍÚ‡ ÛÓ‚Ìfl”,
ÔÓ‰ ÍÓÚÓ˚Ï ÔÓÌËÏ‡ÂÚÒfl ÓÒÚ ÓÚ ‚ÎÓÊÂÌËfl ËÌ‚ÂÒÚËˆËÈ ÔË ÌÂËÁÏÂÌÌ˚ı ÛÒÎÓ‚Ëflı ÚÂıÌÓÎÓ„Ë˜Â-
ÒÍÓ„Ó ÔÓ„ÂÒÒ‡ Ë ÒÚÛÍÚÛ˚ ÔÓËÁ‚Ó‰ÒÚ‚‡. çÓ ˝ÚÓÚ ˝ÙÙÂÍÚ ËÏÂÂÚ, Í‡Í Ô‡‚ËÎÓ, Í‡ÚÍÓ‚ÂÏÂÌ-
Ì˚È ı‡‡ÍÚÂ Ë ÓÍ‡Á˚‚‡ÂÚ ‚ÎËflÌËÂ ÌÂÔÓ‰ÓÎÊËÚÂÎ¸ÌÓÂ ‚ÂÏfl. í‡ÍËÏ Ó·‡ÁÓÏ, ‰Îfl ‰ÓÎ„Ó‚ÂÏÂÌ-
ÌÓ„Ó ˝ÍÓÌÓÏË˜ÂÒÍÓ„Ó ÓÒÚ‡ ÓÚ‰ÂÎ¸ÌÓÈ ÒÚ‡Ì˚ „Î‡‚ÌÛ˛ ÓÎ¸ Ë„‡˛Ú “˝ÙÙÂÍÚ˚ ÒÍÓÓÒÚË”.
“ìÒÚÓÈ˜Ë‚˚È ÓÒÚ ÍËÚ‡ÈÒÍÓÈ ˝ÍÓÌÓÏËÍË, – ÔË¯ÂÚ ïÛ ÄÌ¸˜‡Ì, – ‚ ÚÂ˜ÂÌËÂ ‰ÎËÚÂÎ¸ÌÓ„Ó ‚ÂÏÂÌË
ÔÓÒÎÂ Ì‡˜‡Î‡ ÂÙÓÏ Í‡Í ‡Á Ó·˙flÒÌflÂÚÒfl "˝ÙÙÂÍÚ‡ÏË ÒÍÓÓÒÚË” (ïÛ ÄÌ¸˜‡Ì, 2005, Ò. 34–57).

ÑÎfl ‚˚‰ÂÎÂÌËfl Ë ÓÔËÒ‡ÌËfl ÍË‚ÓÈ ÚÂÌ‰‡, ı‡‡ÍÚÂËÁÛ˛˘Â„Ó ‰ÓÎ„ÓÒÓ˜Ì˚È ˝ÍÓÌÓÏË˜ÂÒÍËÈ
ÓÒÚ, ‚ÓÁ¸ÏÂÏ ÔÓËÁ‚Ó‰ÒÚ‚ÂÌÌÛ˛ ÙÛÌÍˆË˛ äÓ··‡–ÑÛ„Î‡Ò‡ ‚ ÔÓÒÚÂÈ¯ÂÏ ‚Ë‰Â:

(13)

„‰Â K – Á‡Ú‡Ú˚ Í‡ÔËÚ‡Î‡, L – Á‡Ú‡Ú˚ ÚÛ‰‡, α – ˝Î‡ÒÚË˜ÌÓÒÚ¸ ‚˚ÔÛÒÍ‡ ÔÓ Í‡ÔËÚ‡ÎÛ, k – Í‡ÔËÚ‡-
ÎÓ‚ÓÓÛÊÂÌÌÓÒÚ¸ Ó‰ÌÓ„Ó ‡·ÓÚÌËÍ‡, y – ÔÓËÁ‚Ó‰ËÚÂÎ¸ÌÓÒÚ¸ Ó‰ÌÓ„Ó ‡·ÓÚÌËÍ‡. 

ì‡‚ÌÂÌËÂ ËÌ‚ÂÒÚËˆËÈ, ı‡‡ÍÚÂËÁÛ˛˘ÂÂ „Ó‰Ó‚ÓÂ ËÁÏÂÌÂÌËÂ Í‡ÔËÚ‡Î‡, ÔËÏÂÚ ‚Ë‰: 

(14)

„‰Â i(t) = I(t)/L – ‰‚ËÊÂÌËÂ ËÌ‚ÂÒÚËˆËÈ ‚ ‡Ò˜ÂÚÂ Ì‡ Ó‰ÌÓ„Ó ‡·ÓÚÌËÍ‡, δ – ÌÓÏ‡ ‚˚·˚ÚËfl Í‡ÔË-
Ú‡Î‡, ‡ Â¯ÂÌËÂ Û‡‚ÌÂÌËfl (14) –

(15)

èÓÎ‡„‡fl, ˜ÚÓ ËÌ‚ÂÒÚËˆËË ‡ÒÚÛÚ ÔÓ ÎËÌÂÈÌÓÏÛ Á‡ÍÓÌÛ i(t) = i0 + γt, ÔÓ‰ÒÚ‡‚ËÏ ‰‡ÌÌÓÂ ‚˚‡ÊÂÌËÂ
‚ (15) Ë, ÔÓËÌÚÂ„ËÓ‚‡‚, ÔÓÎÛ˜‡ÂÏ:

(16)

èÓÒÍÓÎ¸ÍÛ ‚ ÏÓ‰ÂÎË òÛÏÔÂÚÂ‡ Â˜¸ Ë‰ÂÚ Ó ÔÓËÁ‚Ó‰ÒÚ‚ÂÌÌ˚ı ËÌ‚ÂÒÚËˆËflı ‚ ÌÓ‚˚Â ÔÂ‰ÔËfl-
ÚËfl, ÏÓÊÌÓ ÔÓÎ‡„‡Ú¸ k0 = 0. èËÏÂÏ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ, ˜ÚÓ i0 = γ/δ. èË ˝ÚËı ÛÒÎÓ‚Ëflı ÔÓÎÛ˜‡ÂÏ ËÁ
(16) Ë (13):

(17)

èÓÒÎÂ‰ÌÂÂ ‚˚‡ÊÂÌËÂ Ë ÂÒÚ¸ ÙÛÌÍˆËfl, ÓÔËÒ˚‚‡˛˘‡fl ÍË‚Û˛ ÚÂÌ‰‡. 
éÔÂ‰ÂÎflfl ÔÓÒÚÓflÌÌ˚Â Ô‡‡ÏÂÚ˚ A Ë α ‚ (17) ÏÂÚÓ‰ÓÏ Ì‡ËÏÂÌ¸¯Ëı Í‚‡‰‡ÚÓ‚ Ë ËÒıÓ‰fl ËÁ ÍËÚÂ-

Ëfl  – y)2dt = min, „‰Â  =  ËÁ (12), ÔÓÎÛ˜‡ÂÏ ‰Îfl ‡ÒÒÏÓÚÂÌÌ˚ı ‚˚¯Â ÒÎÛ˜‡Â‚ Tm = 5, 7 Ë 10

ÎÂÚ ÒÎÂ‰Û˛˘ËÂ ÁÌ‡˜ÂÌËfl A Ë α: 
‡) Tm = 5 ÎÂÚ; A1 = 4.45; α1 = 0.57;
·) Tm = 7 ÎÂÚ; A2 = 5.18; α2 = 0.38;
‚) Tm = 10 ÎÂÚ; A3 = 5.19; α3 = 0.25.
äË‚˚Â ÚÂÌ‰‡, ÓÔËÒ˚‚‡ÂÏ˚Â ÔÓËÁ‚Ó‰ÒÚ‚ÂÌÌÓÈ ÙÛÌÍˆËÂÈ (17) ÔË ‰‡ÌÌ˚ı ÁÌ‡˜ÂÌËflı Ô‡‡ÏÂÚ-

Ó‚ A Ë α, ÔÂ‰ÒÚ‡‚ÎÂÌ˚ Ì‡ ËÒ. 4 (‡, ·, ‚). ç‡·Î˛‰‡ÂÚÒfl ÒÓ„Î‡ÒÓ‚‡ÌËÂ ÏÂÊ‰Û ÍË‚˚ÏË ̂ ËÍÎË˜ÂÒÍËı
ÍÓÎÂ·‡ÌËÈ Ë ÚÂÌ‰ÓÏ. í‡ÍËÏ Ó·‡ÁÓÏ, ÔÓÎÛ˜‡ÂÚ ÔÓ‰Ú‚ÂÊ‰ÂÌËÂ ¯ËÓÍÓ ËÁ‚ÂÒÚÌ‡fl „ËÔÓÚÂÁ‡ Ó ÚÓÏ,
˜ÚÓ ˆËÍÎ˚ – ˝ÚÓ ÍÓÎÂ·‡ÌËfl, ÔÓËÒıÓ‰fl˘ËÂ ‚ÓÍÛ„ ÚÂÌ‰Ó‚ÓÈ Ú‡ÂÍÚÓËË ˝ÍÓÌÓÏË˜ÂÒÍÓ„Ó ÓÒÚ‡,
ÔË˜ÂÏ ÓÌË ÔÓËÒıÓ‰flÚ ÌÂÁ‡‚ËÒËÏÓ ÓÚ ÔÓÒÎÂ‰ÌÂ„Ó. á‡ÏÂ˜‡ÚÂÎ¸ÌÓ, ˜ÚÓ ÍË‚‡fl ÚÂÌ‰‡, Í‡Í Ë ÔÂ‰-
ÔÓÎ‡„‡ÎÓÒ¸, ÓÔËÒ˚‚‡ÂÚÒfl Ó·˚˜ÌÓÈ ÔÓËÁ‚Ó‰ÒÚ‚ÂÌÌÓÈ ÙÛÌÍˆËÂÈ äÓ··‡–ÑÛ„Î‡Ò‡.

ÇÂÌÂÏÒfl Í ‚ÓÔÓÒÛ Ó· ÛÒÚÓÈ˜Ë‚ÓÒÚË ÏÓ‰ÂÎË Ë ‡ÒÒÏÓÚËÏ Ó·˘ËÈ ÒÎÛ˜‡È ‚ÓÁÏÛ˘‡˛˘Â„Ó ‚ÎË-
flÌËfl ÒÂËË ÒÎÛ˜‡ÈÌ˚ı ¯ÓÍÓ‚ ÔÂ‰ÎÓÊÂÌËfl, ÔÓÒÍÓÎ¸ÍÛ ˜ÂÁ‚˚˜‡ÈÌÓ ‚‡ÊÌÓÈ fl‚ÎflÂÚÒfl ÒÚ‡·ËÎ¸-
ÌÓÒÚ¸ ÓÒÚ‡. ÑÓıÓ‰˚ ·Â‰Ì˚ı „Ó‡Á‰Ó ̃ Û‚ÒÚ‚ËÚÂÎ¸ÌÂÂ Í ̂ ËÍÎË˜Ì˚Ï fl‚ÎÂÌËflÏ Ë ÍËÁËÒ‡Ï, ÓÒÓ·ÂÌ-
ÌÓ ÔÓÚÓÏÛ, ̃ ÚÓ ·Â‰Ì˚Â ÌÂ ‡ÒÔÓÎ‡„‡˛Ú ‰ÓÒÚ‡ÚÓ˜Ì˚ÏË Ò·ÂÂÊÂÌËflÏË, ÍÓÚÓ˚Â ÔÓÁ‚ÓÎËÎË ·˚ ‚˚-
Ó‚ÌflÚ¸ ÔÓÚÂ·ÎÂÌËÂ ‚ ÚÛ‰Ì˚Â ÔÂËÓ‰˚. èÓ˝ÚÓÏÛ ÒÚ‡·ËÎ¸Ì˚Â ÚÂÏÔ˚ ÓÒÚ‡ ÔÂ‰ÒÚ‡‚Îfl˛ÚÒfl
·ÓÎÂÂ ÔÂ‰ÔÓ˜ÚËÚÂÎ¸Ì˚ÏË ÔÓ Ò‡‚ÌÂÌË˛ Ò ÓÒÚÓÏ, ÍÓÚÓ˚È ËÏÂÂÚ “‚‡Ì˚È” ËÚÏ, ÍÓ„‰‡ ÓÒÚ ÌÂ-
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ÒÚ‡·ËÎÂÌ Ë ÌÂÛÒÚÓÈ˜Ë‚. èÂ‰ÔËflÚËfl ‚ ÔÓ‰Ó·Ì˚ı ÒËÚÛ‡ˆËflı ·˚‚‡˛Ú Ï‡ÎÓ ‡ÒÔÓÎÓÊÂÌ˚ Í ËÌ‚Â-
ÒÚËˆËflÏ Ë ‡Á‚ËÚË˛ ÔÓËÁ‚Ó‰ÒÚ‚‡.

á‡ÔË¯ÂÏ ‚ÓÁÏÛ˘ÂÌÌÓÂ Â¯ÂÌËÂ ÏÓ‰ÂÎË (t) (10) ‚ ÛÔÓ˘ÂÌÌÓÏ ‚Ë‰Â: 

(18)

„‰Â mx0 = (λ0/(λ0 – µ0))2[  –  – (λ0 – µ0)t0 ]. á‰ÂÒ¸ ÔÂ‚˚È ˜ÎÂÌ ÒÓ‚Ô‡‰‡ÂÚ Ò ÓÒÌÓ‚Ì˚Ï ÌÂ-
‚ÓÁÏÛ˘ÂÌÌ˚Ï Â¯ÂÌËÂÏ ÏÓ‰ÂÎË (8), ‡ ‰ÓÔÓÎÌËÚÂÎ¸Ì˚È ‚ÚÓÓÈ ˜ÎÂÌ, ÓÔËÒ˚‚‡˛˘ËÈ ‚ÍÎ‡‰ ¯ÓÍ‡
ÔÂ‰ÎÓÊÂÌËfl ‚ ÒÛÏÏ‡Ì˚È ‚˚ÔÛÒÍ, Û·˚‚‡ÂÚ Ò ˝ÍÒÔÓÌÂÌˆË‡Î¸ÌÓÈ ÒÍÓÓÒÚ¸˛, ˜ÚÓ ı‡‡ÍÚÂËÁÛÂÚ
ÛÒÚÓÈ˜Ë‚ÓÒÚ¸ ÏÓ‰ÂÎË ÔÓ ÓÚÌÓ¯ÂÌË˛ Í Â‰ËÌË˜Ì˚Ï ̄ ÓÍÓ‚˚Ï ‚ÓÁ‰ÂÈÒÚ‚ËflÏ. çÂÓ·ıÓ‰ËÏÓ ‚˚flÒÌËÚ¸,
Í‡Í Ó·ÒÚÓËÚ ‰ÂÎÓ ‚ Ó·˘ÂÏ ÒÎÛ˜‡Â, ÍÓ„‰‡ ËÏÂÂÚ ÏÂÒÚÓ ÒÂËfl ÒÎÛ˜‡ÈÌ˚ı ¯ÓÍÓ‚˚ı ‚ÓÁ‰ÂÈÒÚ‚ËÈ.

ÑÎfl ‰‡Î¸ÌÂÈ¯Â„Ó ‡Ì‡ÎËÁ‡ ‡ÒÒÏÓÚËÏ ‚ÎËflÌËÂ ¯ÓÍ‡ ÔÂ‰ÎÓÊÂÌËfl, ‚ÓÁÌËÍ¯Â„Ó ‚ ÒÎÛ˜‡ÈÌ˚È
ÏÓÏÂÌÚ ‚ÂÏÂÌË ti. ÇÓÁÏÛ˘ÂÌÌÓÂ Â¯ÂÌËÂ ÏÓ‰ÂÎË ÏÓÊÌÓ ÔÓ ‡Ì‡ÎÓ„ËË Ò (18) Á‡ÔËÒ‡Ú¸ ‚ ‚Ë‰Â:

(19)

ê‡ÁÛÏÂÂÚÒfl, εηi ÏÓÊÂÚ ·˚Ú¸ Í‡Í ÔÓÎÓÊËÚÂÎ¸ÌÓÈ, Ú‡Í Ë ÓÚËˆ‡ÚÂÎ¸ÌÓÈ ‚ÂÎË˜ËÌÓÈ, Ú.Â. ¯ÓÍ ÔÂ‰-
ÎÓÊÂÌËfl ÏÓÊÂÚ ·˚Ú¸ Í‡Í ÔÓÎÓÊËÚÂÎ¸Ì˚Ï, Ú‡Í Ë ÓÚËˆ‡ÚÂÎ¸Ì˚Ï, ‡ Ò‡ÏÓÂ „Î‡‚ÌÓÂ – ÒÎÛ˜‡ÈÌ˚Ï
ÔÓ ‚ÂÎË˜ËÌÂ. Ç‚Â‰ÂÏ ÒÎÛ˜‡ÈÌÛ˛ ‚ÂÎË˜ËÌÛ  = εηimxi. èÓÎÓÊËÏ, ˜ÚÓ  – ÒÎÛ˜‡ÈÌ‡fl ‚ÂÎË˜ËÌ‡,
ËÏÂ˛˘‡fl Á‡‰‡ÌÌ˚Â ˜ËÒÎÓ‚˚Â ı‡‡ÍÚÂËÒÚËÍË:

(20)

ç‡Ë·ÓÎÂÂ ÔÓ‰ıÓ‰fl˘ËÏ Á‡ÍÓÌÓÏ ‡ÒÔÂ‰ÂÎÂÌËfl ‰Îfl ÒÎÛ˜‡ÈÌÓÈ ‚ÂÎË˜ËÌ˚ εηi ÏÓÊÌÓ Ò˜ËÚ‡Ú¸ ÒÏÂ-

˘ÂÌÌ˚È Á‡ÍÓÌ ã‡ÔÎ‡Ò‡:  f(y) = 0.5ψ  Ò Ï‡ÚÂÏ‡ÚË˜ÂÒÍËÏ ÓÊË‰‡ÌËÂÏ  mε Ë ‰ËÒÔÂÒËÂÈ Dε =

= 2/ψ2. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ,  = mεmxi;  = 2 /ψ2.

èÓÎÓÊËÏ, ˜ÚÓ Í ÏÓÏÂÌÚÛ ‚ÂÏÂÌË t > 0 ÔÓËÁÓ¯ÎÓ ÒÎÛ˜‡ÈÌÓÂ ˜ËÒÎÓ (Z) ¯ÓÍÓ‚ ÔÂ‰ÎÓÊÂÌËfl,
‡ÒÔÂ‰ÂÎÂÌÌÓÂ ÔÓ Á‡ÍÓÌÛ èÛ‡ÒÒÓÌ‡ Ò Ô‡‡ÏÂÚÓÏ χt. íÓ„‰‡ ‚˚‡ÊÂÌËÂ (9) ‰Îfl ËÌÚÂÌÒË‚ÌÓÒÚË
‚˚ÔÛÒÍ‡ Í‡Ê‰Ó„Ó ÔÂ‰ÔËflÚËfl Á‡ÔË¯ÂÚÒfl ‚ ‚Ë‰Â:

(21)

èÓ‰ÒÚ‡‚Ë‚ (21) ‚ (6), ÔÓÎÛ˜‡ÂÏ ‚˚‡ÊÂÌËÂ ‰Îfl ËÌÚÂÌÒË‚ÌÓÒÚË ÒÛÏÏ‡ÌÓ„Ó ÔÓÚÓÍ‡ ‚˚ÔÛÒÍ‡ ÔÓ-
‰ÛÍˆËË (t), ÍÓÚÓÓÂ, ‚ Ò‚Ó˛ Ó˜ÂÂ‰¸, ÔÓ‰ÒÚ‡‚ÎflÂÏ ‚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÂ Â¯ÂÌËÂ Û‡‚ÌÂÌËfl äÓÎ-
ÏÓ„ÓÓ‚‡, ÔÓ‰Ó·ÌÓÂ (4), Ë, ËÌÚÂ„ËÛfl Â„Ó, ÔÓÎÛ˜‡ÂÏ: 

(22)

àÁ‚ÂÒÚÌÓ, ˜ÚÓ ÔÛ‡ÒÒÓÌÓ‚ÒÍËÈ ÔÓÚÓÍ ÒÓ·˚ÚËÈ Ì‡ ËÌÚÂ‚‡ÎÂ (0, t) ÏÓÊÌÓ Ò ‰ÓÒÚ‡ÚÓ˜ÌÓÈ ÚÓ˜ÌÓÒÚ¸˛
ÔÂ‰ÒÚ‡‚ËÚ¸ Í‡Í ÒÓ‚ÓÍÛÔÌÓÒÚ¸ ÚÓ˜ÂÍ Ì‡ ˝ÚÓÏ ËÌÚÂ‚‡ÎÂ, ÍÓÓ‰ËÌ‡Ú‡ Í‡Ê‰ÓÈ θi ∈  (0, t) ‡ÒÔÂ‰Â-
ÎÂÌ‡ ‡‚ÌÓÏÂÌÓ ‚ ˝ÚÓÏ ËÌÚÂ‚‡ÎÂ Ë ÌÂ Á‡‚ËÒËÚ ÓÚ ÍÓÓ‰ËÌ‡Ú ‰Û„Ëı ÚÓ˜ÂÍ. Ç Ò‚flÁË Ò ˝ÚËÏ ‚˚‡-
ÊÂÌËÂ (22) ÏÓÊÌÓ Á‡ÔËÒ‡Ú¸ ‚ ÒÎÂ‰Û˛˘ÂÏ ‚Ë‰Â, ÓÔÛÒÍ‡fl Â‰ËÌË˜Ì˚Â ÙÛÌÍˆËË:

(23)

á‰ÂÒ¸: t > 0, 0 < θi < t. ëÎÛ˜‡ÈÌ˚Â ‚ÂÎË˜ËÌ˚ Z, θi Ë εηi ‚Á‡ËÏÌÓ ÌÂÁ‡‚ËÒËÏ˚. ÖÒÎË ‚‚ÂÒÚË Ó·ÓÁÌ‡-

˜ÂÌËfl Xi =  = X1iX2i, „‰Â X1i =  Ë X2i = , ÚÓ„‰‡ (23) ÔËÏÂÚ Ì‡Ë·ÓÎÂÂ ÔÓÒÚÓÈ ‚Ë‰: 

(24)

„‰Â Xi Ë Xj – ‚Á‡ËÏÌÓ ÌÂÁ‡‚ËÒËÏ˚.

mŶ
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óËÒÎÓ‚˚Â ı‡‡ÍÚÂËÒÚËÍË ÒÛÏÏ˚ ÒÎÛ˜‡ÈÌÓ„Ó ˜ËÒÎ‡ Ó‰ËÌ‡ÍÓ‚Ó ‡ÒÔÂ‰ÂÎÂÌÌ˚ı Ë ÌÂÍÓÂÎË-
Ó‚‡ÌÌ˚ı (‚Á‡ËÏÌÓ ÌÂÁ‡‚ËÒËÏ˚ı) ÒÎÛ˜‡ÈÌ˚ı ÒÎ‡„‡ÂÏ˚ı Xi ÓÔÂ‰ÂÎfl˛ÚÒfl ÔÓÒÚ˚ÏË ÙÓÏÛÎ‡ÏË
(ÇÂÌÚˆÂÎ¸, é‚˜‡Ó‚, 2003, „Î. 8.5): 

(25)

Ç˚˜ËÒÎflfl Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓÂ ÓÊË‰‡ÌËÂ (t) ÔÓ ÙÓÏÛÎÂ (24) Ò ÔÓÏÓ˘¸˛ (25), ÔÓÎÛ˜‡ÂÏ:

(26)

èÓÒÍÓÎ¸ÍÛ ÒÎÛ˜‡ÈÌ‡fl ‚ÂÎË˜ËÌ‡ Z ËÏÂÂÚ ÔÛ‡ÒÒÓÌÓ‚ÒÍÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ Ò Ô‡‡ÏÂÚÓÏ χt, ÚÓ M[Z] =
= χt, ‡ M[ ] =  (ÒÏ. (20)). Ç˚¯Â ·˚ÎÓ ÛÍ‡Á‡ÌÓ, ˜ÚÓ θi ‡‚ÌÓÏÂÌÓ ‡ÒÔÂ‰ÂÎÂÌ‡ ‚ ËÌÚÂ‚‡ÎÂ (0, t),
ÓÚÒ˛‰‡ ÒÎÂ‰ÛÂÚ, ˜ÚÓ

èÓ‰ÒÚ‡‚Îflfl ÍÓÌÍÂÚÌ˚Â ‚˚‡ÊÂÌËfl ‰Îfl ÓÚ‰ÂÎ¸Ì˚ı Ï‡ÚÂÏ‡ÚË˜ÂÒÍËı ÓÊË‰‡ÌËÈ ‚ (26), ÔÓÎÛ˜‡ÂÏ

ÓÍÓÌ˜‡ÚÂÎ¸ÌÓÂ ‚˚‡ÊÂÌËÂ ‰Îfl Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓ„Ó ÓÊË‰‡ÌËfl (t):

(27)

Ç˚‚Â‰ÂÏ ÙÓÏÛÎÛ ‰Îfl ‰ËÒÔÂÒËË, ÔËÏÂÌflfl (25) Í ÒÎÛ˜‡ÈÌÓÈ ÙÛÌÍˆËË (24):

(28)

á‰ÂÒ¸ Û˜ÚÂÌÓ, ˜ÚÓ M[Z] = D[Z] = χt. ÑËÒÔÂÒËfl ÔÓËÁ‚Â‰ÂÌËfl ‰‚Ûı ÌÂÁ‡‚ËÒËÏ˚ı ÒÎÛ˜‡ÈÌ˚ı ‚ÂÎË-

˜ËÌ X1 Ë X2 ‚˚‡Ê‡ÂÚÒfl ÙÓÏÛÎÓÈ D[X1X2] = D1D2 + D1  + D2  (ÒÏ. (ÇÂÌÚˆÂÎ¸, é‚˜‡Ó‚, 2003,
Ò. 249)). ëÓ„Î‡ÒÌÓ ‰‡ÌÌÓÈ ÙÓÏÛÎÂ, ÔÂÓ·‡ÁÛÂÏ (28) Í ÒÎÂ‰Û˛˘ÂÏÛ ‚Ë‰Û:

(29)

ÑÎfl ‚˚˜ËÒÎÂÌËfl D[ ] ‚ÓÒÔÓÎ¸ÁÛÂÏÒfl ¯ËÓÍÓ ÔËÏÂÌflÂÏÓÈ ÙÓÏÛÎÓÈ, ‚˚‡Ê‡˛˘ÂÈ ‰ËÒ-
ÔÂÒË˛ ÒÎÛ˜‡ÈÌÓÈ ‚ÂÎË˜ËÌ˚ X1 ˜ÂÂÁ ÂÂ ‚ÚÓÓÈ Ì‡˜‡Î¸Ì˚È ÏÓÏÂÌÚ:

ÓÚÒ˛‰‡ ÔÓÎÛ˜‡ÂÏ:

(30)

èÓ‰ÒÚ‡‚Îflfl (30) ‚ (29) Ë ÒÓÍ‡˘‡fl ÔÓ‰Ó·Ì˚Â ˜ÎÂÌ˚, ÔÓÎÛ˜‡ÂÏ ÓÍÓÌ˜‡ÚÂÎ¸ÌÓÂ ‚˚‡ÊÂÌËÂ ‰Îfl
‰ËÒÔÂÒËË:

(31)
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ÇÓÁÏÓÊÌ˚È ‰Ë‡Ô‡ÁÓÌ ÒÛÏÏ‡ÌÓ„Ó ‚˚ÔÛÒÍ‡, ‚ ÒÎÛ˜‡Â ÒÂËË ÒÎÛ˜‡ÈÌ˚ı ̄ ÓÍÓ‚ ÔÂ‰ÎÓÊÂÌËfl, ÏÓÊ-
ÌÓ Ì‡ÈÚË ÔÓ Ô‡‚ËÎÛ “ÚÂı ÒË„Ï”:

(32)

ê‡ÒÒÏÓÚËÏ ÔÂ‰ÂÎ¸ÌÓÂ ÔÓ‚Â‰ÂÌËÂ ‚˚ÔÛÒÍ‡ (t) ÔË t  ∞, Ú.Â. ÔÓ‚Â‰ÂÌËÂ ̃ ËÒÎÓ‚˚ı ı‡‡ÍÚÂË-
ÒÚËÍ (27) Ë (31):

äÓÏÂ ÚÓ„Ó, ÏÓÊÌÓ ÔÓÍ‡Á‡Ú¸, ˜ÚÓ ÍÓÂÎflˆËÓÌÌ‡fl ÙÛÌÍˆËfl ÔË t  ∞ Ú‡ÍÊÂ ÂÒÚ¸ ÙÛÌÍˆËfl
Ò‰‚Ë„‡ ÏÂÊ‰Û ‡„ÛÏÂÌÚ‡ÏË, Ú.Â. ÙÛÌÍˆËfl Ó‰ÌÓ„Ó ‡„ÛÏÂÌÚ‡. èÓÒÍÓÎ¸ÍÛ Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓÂ ÓÊË‰‡-

ÌËÂ Ë ‰ËÒÔÂÒËfl ÔÓÒÚÓflÌÌ˚, ÒÎÛ˜‡ÈÌ˚È ÔÓˆÂÒÒ (t) ÔË t  ∞ ·Û‰ÂÚ ÒÚ‡ˆËÓÌ‡Ì˚Ï Ë ˝„Ó‰Ë-
˜ÂÒÍËÏ. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ÏÓ‰ÂÎ¸ ÛÒÚÓÈ˜Ë‚‡ Ë ‚ Ó·˘ÂÏ ÒÎÛ˜‡Â, Ú.Â. ‚ ÓÚÌÓ¯ÂÌËË ÒÎÛ˜‡ÈÌÓ„Ó ˜ËÒÎ‡
ÒÎÛ˜‡ÈÌ˚ı ¯ÓÍÓ‚ ÔÂ‰ÎÓÊÂÌËfl.

àÚ‡Í, ‰Îfl ÒÚ‡·ËÎËÁ‡ˆËË ‚˚ÔÛÒÍ‡, ‰Îfl ÛÏÂÌ¸¯ÂÌËfl ‰Ë‡Ô‡ÁÓÌ‡ ‡Á·ÓÒ‡ Ù‡ÍÚË˜ÂÒÍËı ÁÌ‡˜ÂÌËÈ
‚˚ÔÛÒÍ‡ (32) ÌÂÓ·ıÓ‰ËÏÓ ÔËÌflÚ¸ ‚ÒÂ ÏÂ˚ ÔÓ ÏËÌËÏËÁ‡ˆËË Í‡Í ‰ËÒÔÂÒËË , Ú‡Í Ë Ï‡ÚÂÏ‡ÚË-

˜ÂÒÍÓ„Ó ÓÊË‰‡ÌËfl  ‚ÓÁÏÓÊÌ˚ı ¯ÓÍÓ‚ ÔÂ‰ÎÓÊÂÌËfl, Ú.Â. ˜ÚÓ·˚ ÓÌË Ó·‡˘‡ÎË ‚ ÏËÌËÏÛÏ ‚ÚÓ-
ÓÈ Ì‡˜‡Î¸Ì˚È ÏÓÏÂÌÚ:

èÓÒÍÓÎ¸ÍÛ ·ÓÎ¸¯ËÌÒÚ‚Ó ̄ ÓÍÓ‚ ÔÂ‰ÎÓÊÂÌËfl ‚ÓÁÌËÍ‡ÂÚ ‚ÒÎÂ‰ÒÚ‚ËÂ ̂ ÂÌÓ‚˚ı ‚ÒÔÎÂÒÍÓ‚, ÌÂÓ·-
ıÓ‰ËÏÓ, ÔÂÊ‰Â ‚ÒÂ„Ó, ÊÂÒÚÍÓ ÍÓÌÚÓÎËÓ‚‡Ú¸ ËÌÙÎflˆË˛. ÑÎfl ÛÒÚÓÈ˜Ë‚Ó„Ó ˝ÍÓÌÓÏË˜ÂÒÍÓ„Ó
‡Á‚ËÚËfl ÌÂÓ·ıÓ‰ËÏ‡ ÌËÁÍ‡fl ËÌÙÎflˆËfl Ë ÒÚ‡·ËÎ¸Ì‡fl ‚‡Î˛Ú‡. 

ç‡ÒÂÎÂÌËÂ ÔÂ‰ÔÓ˜ËÚ‡ÂÚ ‚Ë‰ÂÚ¸ ÒÚ‡·ËÎ¸Ì˚È, ‡ ÌÂ ÒÍ‡˜ÍÓÓ·‡ÁÌ˚È ÓÒÚ Ò‚ÓËı ‰ÓıÓ‰Ó‚, ‰‡ÊÂ
‚ ÚÓÏ ÒÎÛ˜‡Â, ÂÒÎË ‚ ÍÓÌÂ˜ÌÓÏ Ò˜ÂÚÂ ÒÂ‰ÌËÈ ÓÒÚ ·Û‰ÂÚ ÌÂÒÍÓÎ¸ÍÓ ·ÓÎ¸¯ËÏ ÔÓ Ò‡‚ÌÂÌË˛ Ò ÚÂÏ,
Í‡ÍËÏ ÓÌ ÏÓ„ ·˚ ·˚Ú¸ ÔË ÒÍ‡˜ÍÓÓ·‡ÁÌÓÏ ÔÓ‰˙ÂÏÂ. èÓ˝ÚÓÏÛ ˝ÍÓÌÓÏË˜ÂÒÍ‡fl ÔÓÎËÚËÍ‡ Ô‡‚Ë-
ÚÂÎ¸ÒÚ‚‡ ‰ÓÎÊÌ‡ ·˚Ú¸ Ì‡Ô‡‚ÎÂÌ‡ Ì‡ ÚÓ, ˜ÚÓ·˚ Ó·ÂÒÔÂ˜ËÚ¸ ÒÚ‡·ËÎ¸Ì˚È Ë ÛÒÚÓÈ˜Ë‚˚È ˝ÍÓÌÓÏË-
˜ÂÒÍËÈ ÔÓ‰˙ÂÏ.

Ç Á‡ÍÎ˛˜ÂÌËÂ ÓÚÏÂÚËÏ, ˜ÚÓ ÛÒÚ‡ÌÓ‚ÎÂÌËÂ Ò‚flÁÂÈ Ô‡‡ÏÂÚÓ‚ ËÁÎÓÊÂÌÌÓÈ ‚˚¯Â ÒÚÓı‡ÒÚË˜Â-
ÒÍÓÈ ‰ËÌ‡ÏË˜ÂÒÍÓÈ ÏÓ‰ÂÎË Ò ÔË‚˚˜Ì˚ÏË Ô‡‡ÏÂÚ‡ÏË, ı‡‡ÍÚÂËÁÛ˛˘ËÏË ÔÓÚÓÍË ËÌ‚ÂÒÚËˆËÈ,
ÔÓÚÂ·ÎÂÌËfl, Á‡‡·ÓÚÌÓÈ ÔÎ‡Ú˚ Ë Ú.Ô., fl‚ÎflÂÚÒfl ÓÚ‰ÂÎ¸ÌÓÈ Ë Ò‡ÏÓÒÚÓflÚÂÎ¸ÌÓÈ Á‡‰‡˜ÂÈ.
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Analysis of Economic Cycles Using the Mathematical Model

of the Flow of Random Events

Ä. Ä. Akayev

The first attempt to give mathematic interpretation to the theory of business cycles was made by
Y. Schumpeter using Markov’s model of random processes related to reproduction and death. Evident
solutions were received, as they describe the dynamics of development and recession of economic ac-
tivities caused by technological shocks. The model’s stability was shown when a random number of ca-
sual shocks influenced the proposal. Curves of cyclic variations of economic activities were built. 


