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åÓÒÍÓÈ ÔËÔ‡È fl‚ÎflÂÚÒfl ÌÂÔÓ‰‚ËÊÌ˚Ï Ó·‡-
ÁÓ‚‡ÌËÂÏ Î¸‰‡, ÍÓÚÓ˚È ÒÓ‚ÏÂÒÚÌÓ ÒÓ Î¸‰‡ÏË ÓÚ-
Í˚ÚÓ„Ó ÏÓfl ÒÓÒÚ‡‚ÎflÂÚ ÎÂ‰flÌÓÈ ÔÓÍÓ‚ (ãè) ‚
‡ÈÓÌ‡ı ÔË·ÂÊÌÓÈ ÁÓÌ˚. ÄÍÚÛ‡Î¸ÌÓÒÚ¸ Â„Ó ËÁÛ-
˜ÂÌËfl Ë ÔÓÒÚÓÂÌËfl ÏÓ‰ÂÎË Â„Ó ̋ ‚ÓÎ˛ˆËË Ó·ÛÒÎÓ‚-
ÎÂÌ‡ ÔÓÚÂ·ÌÓÒÚflÏË ÒÓÒÚ‡‚ÎÂÌËfl Ì‡Û˜ÌÓ Ó·ÓÒÌÓ-
‚‡ÌÌÓ„Ó ÔÓ„ÌÓÁ‡, ÍÓÚÓ˚È ÚÂ·ÛÂÚÒfl ‰Îfl Ó·ÂÒÔÂ-
˜ÂÌËfl ·ÂÁÓÔ‡ÒÌÓÒÚË ÊËÁÌÂ‰ÂflÚÂÎ¸ÌÓÒÚË Ì‡ÒÂÎÂÌËfl
Ë ÔÓ‚Â‰ÂÌËfl ‰Ó·˚˜Ë ÔÓÎÂÁÌ˚ı ÔËÓ‰Ì˚ı ËÒÍÓ-
Ô‡ÂÏ˚ı Ì‡ ¯ÂÎ¸ÙÂ Á‡ÏÂÁ‡˛˘Ëı ÏÓÂÈ, ‡ Ú‡ÍÊÂ
‰Îfl ÒÚÓËÚÂÎ¸ÒÚ‚‡ „Ë‰ÓÚÂıÌË˜ÂÒÍËı ÒÓÓÛÊÂÌËÈ
Ë ÒÛ‰ÓıÓ‰ÒÚ‚‡.

éÒÓ·ÂÌÌÓÒÚ¸ ËÒÔÓÎ¸ÁÛÂÏÓ„Ó Á‰ÂÒ¸ ÔÓ‰ıÓ‰‡ ÒÓ-
ÒÚÓËÚ ‚ ÚÓÏ, ˜ÚÓ ÙÓÏ‡ÎËÁ‡ˆËfl ‡ÒÒÏ‡ÚË‚‡ÂÏ˚ı
ÏÓ‰ÂÎÂÈ ‚˚ÔÓÎÌflÂÚÒfl Ì‡ ÓÒÌÓ‚‡ÌËË ÒÚ‡ÚËÒÚË˜ÂÒÍÓ-
„Ó ÔÓ‰ıÓ‰‡. èÓÎ‡„‡ÂÚÒfl, ˜ÚÓ ÒÓ‚ÓÍÛÔÌÓÒÚ¸ ÓÚ‰ÂÎ¸-
Ì˚ı Î¸‰ËÌ Ì‡ ‡Í‚‡ÚÓËË ÏÓfl ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ‡Ì-
Ò‡Ï·Î˛ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Û˛˘Ëı ÏÂÊ‰Û ÒÓ·ÓÈ ˜‡ÒÚËˆ
‡ÁÎË˜Ì˚ı ‡ÁÏÂÓ‚ ÔÎÓ˘‡‰ÂÈ Ë ÚÓÎ˘ËÌ. Ç ̋ ÚÓÈ ÒË-
ÚÛ‡ˆËË ÓÍ‡Á˚‚‡ÂÚÒfl ‚ÓÁÏÓÊÌ˚Ï ÒÓ‚ÏÂÒÚÌ˚È Û˜ÂÚ
ÚÂÏË˜ÂÒÍÓ„Ó Ë ‚ÂÚÓ‚Ó„Ó ‚ÌÂ¯ÌÂ„Ó ‡ÚÏÓÒÙÂÌÓ„Ó
‚ÓÁ‰ÂÈÒÚ‚Ëfl Ì‡ ãè, ‡„Â„‡ˆËË Ë ‰Ó·ÎÂÌËfl Î¸‰ËÌ,
ÔÓˆÂÒÒÓ‚ Â„Ó ÚÓÓ¯ÂÌËfl. Ç ÔË·ÂÊÌ˚ı ‡ÈÓÌ‡ı
ÏÓfl Û˜ËÚ˚‚‡˛ÚÒfl ÔÂÂıÓ‰˚ Î¸‰Ó‚ ÓÚÍ˚Ú˚ı
Û˜‡ÒÚÍÓ‚ ÏÓfl ‚Ó Î¸‰˚ ÔËÔ‡fl ÔË ÓÒÂÌÌÂÏ ÙÓÏË-
Ó‚‡ÌËË ãè Ë Ó·‡ÚÌ˚Â ÔÂÂıÓ‰˚ ÔË Ú‡flÌËË Î¸‰‡.
ì˜ËÚ˚‚‡˛ÚÒfl Ú‡ÍÊÂ ‚ÓÁ‰ÂÈÒÚ‚Ëfl Ì‡ ãè ÚÂı Ù‡ÍÚÓ-
Ó‚, ÒÓ˜ÂÚ‡ÌËÂ ÍÓÚÓ˚ı ‚ ÂÒÚÂÒÚ‚ÂÌÌ˚ı ÛÒÎÓ‚Ëflı
ÔË‚Ó‰ËÚ Í ÒÚ‡·ËÎËÁ‡ˆËË ÚÓÎ˘ËÌ˚ ãè.

î‡ÍÚË˜ÂÒÍËÂ Ï‡ÚÂË‡Î˚ ÔÂ‰ÓÒÚ‡‚ÎÂÌ˚
Ç.Ç. èÎÓÚÌËÍÓ‚˚Ï Ë Ç.è. íÛÌÂ„ÓÎÓ‚ˆÓÏ (íËıÓ-
ÓÍÂ‡ÌÒÍËÈ ÓÍÂ‡ÌÓÎÓ„Ë˜ÂÒÍËÈ ËÌÒÚËÚÛÚ ÑÇé êÄç).
Ç.Ç. èÎÓÚÌËÍÓ‚ ÔÂ‰ÓÒÚ‡‚ËÎ ‚˚·ÓÍÛ ‡ÒÔÂ‰ÂÎÂ-
ÌËÈ ı‡‡ÍÚÂËÒÚËÍ ãè üÔÓÌÒÍÓ„Ó ÏÓfl Á‡ 1961–
1989 „„., ‡ Ç.è. íÛÌÂ„ÓÎÓ‚Âˆ – ‚˚·ÓÍÛ ‡ÒÔÂ‰ÂÎÂ-
ÌËÈ ÚÂÏÔÂ‡ÚÛ˚ Ë ÒÍÓÓÒÚÂÈ ‚ÂÚ‡ Á‡ 1960–2001 „„.

 

èêàèÄâ üèéçëäéÉé åéêü

 

ãè üÔÓÌÒÍÓ„Ó ÏÓfl ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ „ÂÚÂÓ-
„ÂÌÌÛ˛ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ-‚ÂÏÂÌÌÛ˛ ÒËÒÚÂÏÛ. èÓ-
˝ÚÓÏÛ ËÁÛ˜ÂÌËÂ ÓÒÓ·ÂÌÌÓÒÚÂÈ Â„Ó ÙÓÏËÓ‚‡ÌËfl,
ÁÂÎÓ„Ó ÒÓÒÚÓflÌËfl Ë Ú‡flÌËfl ÔËÔ‡fl ÒÚ‡ÌÓ‚ËÚÒfl ‚ÓÁ-
ÏÓÊÌ˚Ï ÚÓÎ¸ÍÓ ÔË ‰ÂÚ‡Î¸ÌÓÏ ‡ÒÒÏÓÚÂÌËË ‰ËÌ‡-
ÏËÍË ı‡‡ÍÚÂËÒÚËÍ ÔËÔ‡fl ‚ ÓÚ‰ÂÎ¸Ì˚ı ÔË·ÂÊ-
Ì˚ı ‡ÈÓÌ‡ı ‡Í‚‡ÚÓËË. á‰ÂÒ¸ ‡ÒÒÏ‡ÚË‚‡˛ÚÒfl ãè
ÄÏÛÒÍÓ„Ó Á‡Î. Ë ãè ‡ÈÓÌ‡ ÒÂ‚ÂÌÓÈ ˜‡ÒÚË í‡Ú‡-
ÒÍÓ„Ó ÔÓÎ. Ç˚·Ó ËÏÂÌÌÓ ˝ÚËı ‡ÈÓÌÓ‚ Ó·ÛÒÎÓ‚-
ÎÂÌ Ëı ‚‡ÊÌ˚Ï ÒÚ‡ÚÂ„Ë˜ÂÒÍËÏ ÔÓÎÓÊÂÌËÂÏ Ë ‚˚-
‡ÊÂÌÌ˚ÏË ÒÚ‡‰ËflÏË ˝‚ÓÎ˛ˆËË. äÓÏÂ ÚÓ„Ó,
ÄÏÛÒÍËÈ Á‡Î. ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ÓÚÌÓÒËÚÂÎ¸ÌÓ
Á‡Í˚Ú˚È ‰Îfl ÔÓÒÚÛÔÎÂÌËfl ‚ ÌÂ„Ó Ó·‡ÁÓ‚‡ÌËÈ Î¸‰‡
‡ÈÓÌ ÏÓfl. èÓ˝ÚÓÏÛ ‰Îfl Ô‡‡ÏÂÚËÁ‡ˆËË ÏÂı‡ÌËÁ-
Ï‡ ‡ÒÔÂ‰ÂÎÂÌËfl ı‡‡ÍÚÂËÒÚËÍ ÒÓÒÚÓflÌËÈ ãè ‚
ÓÚ‰ÂÎ¸Ì˚ı ‡ÈÓÌ‡ı ÓÌ ÔÂ‰ÒÚ‡‚ÎflÂÚ ÓÒÓ·˚È ËÌÚÂ-
ÂÒ. ç‡ ËÒ. 1 ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÒÂ‰ÌÂ‰ÂÍ‡‰Ì˚Â ‡Ò-
ÔÂ‰ÂÎÂÌËfl ÔÎÓ˘‡‰ÂÈ Ë ÚÓÎ˘ËÌ ãè Ì‡ ‡Í‚‡ÚÓËflı
ÄÏÛÒÍÓ„Ó Á‡Î. (ËÒ. 1, ‡–·) Ë ‡ÈÓÌ‡ ÒÂ‚ÂÌÓÈ ̃ ‡ÒÚË
í‡Ú‡ÒÍÓ„Ó ÔÓÎ. (ËÒ. 1, ‚–„), „‰Â ÔÓÏÂ˜ÂÌÌ˚Â Í‚‡‰-
‡ÚËÍ‡ÏË ÍË‚˚Â ı‡‡ÍÚÂËÁÛ˛Ú Î¸‰˚ ÓÚÍ˚Ú˚ı
Û˜‡ÒÚÍÓ‚ ‡ÈÓÌÓ‚, ‡ ÍÛÊÍ‡ÏË – ÔËÔ‡fl. á‰ÂÒ¸ Ë
‚ÂÁ‰Â ‰‡ÎÂÂ ËÒÔÓÎ¸ÁÛ˛ÚÒfl ÛÒÂ‰ÌÂÌÌ˚Â Á‡ ÏÌÓ„Ó-
ÎÂÚÌËÈ ÔÂËÓ‰ Ì‡·Î˛‰ÂÌËÈ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ‚˚-
·ÓÓ˜Ì˚Â ‡ÒÔÂ‰ÂÎÂÌËfl. äÓÏÂ ÚÓ„Ó, ÔÎÓ˘‡‰Ë
‡ÈÓÌÓ‚ ‡Í‚‡ÚÓËË ‚˚‡ÊÂÌ˚ ‚ Â‰ËÌËˆ‡ı ÔÎÓ˘‡‰Ë
ÓÚÍ˚ÚÓ„Ó ‡ÈÓÌ‡ ÏÓfl.

ç‡ ‡Í‚‡ÚÓËË ÄÏÛÒÍÓ„Ó Á‡Î. ÔÂ‚Ë˜Ì˚Â ÙÓ-
Ï˚ ÙÓÏËÛ˛ÚÒfl ‚ ÔÓÏÂÊÛÚÍÂ ÏÂÊ‰Û 33-È Ë 34-È
‰ÂÍ‡‰‡ÏË. èË˜ÂÏ ‚ ̋ ÚËı ‰ÂÍ‡‰‡ı ~4% ÔÎÓ˘‡‰Ë ÓÚ-
Í˚ÚÓ„Ó ‡ÈÓÌ‡ ÏÓfl ÔÓÍ˚ÚÓ Î¸‰ÓÏ ÔÂ‚˚ı „‡-
‰‡ˆËÈ ÚÓÎ˘ËÌ (‰Ó 0.15 Ï). á‡ÚÂÏ ÒÎÂ‰ÛÂÚ ÂÂ ·˚ÒÚ-
˚È ÓÒÚ Ë ÛÊÂ Í Ì‡˜‡ÎÛ ‚ÚÓÓÈ ‰ÂÍ‡‰˚ Î¸‰ÓÏ ÔÓ-
Í˚ÚÓ 29% ÔÎÓ˘‡‰Ë ÓÚÍ˚ÚÓ„Ó ‡ÈÓÌ‡ ÏÓfl.
ç‡˜‡ÎÓ ‡ÁÛ¯ÂÌËfl ãè ÔËıÓ‰ËÚÒfl Ì‡ ‚ÓÒ¸ÏÛ˛
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Ç ‡ÏÍ‡ı ÏÓ‰ÂÎË ˝‚ÓÎ˛ˆËË ÏÓÒÍÓ„Ó ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡ ‡ÒÒÏÓÚÂÌ˚ Á‡‰‡˜Ë Ô‡‡ÏÂÚË˜ÂÒÍÓ„Ó ÔÂ‰-
ÒÚ‡‚ÎÂÌËfl ÔÂ‚ÓÌ‡˜‡Î¸ÌÓ„Ó ÙÓÏËÓ‚‡ÌËfl Ë ÔÓÒÎÂ‰Û˛˘ÂÈ ̋ ‚ÓÎ˛ˆËË ÔËÔ‡fl Á‡ÏÂÁ‡˛˘Ëı ÏÓÂÈ. èË
Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓÈ Á‡ÔËÒË ̋ ÚÓ„Ó ÔÂ‰ÒÚ‡‚ÎÂÌËfl Û˜ÚÂÌ˚ ÔÓˆÂÒÒ˚ Ú‡ÌÒÙÓÏ‡ˆËË Ó·‡ÁÓ‚‡ÌËÈ ÏÓÒÍÓ„Ó
Î¸‰‡ Ì‡ ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍ‡ı ‡Í‚‡ÚÓËË ÔË·ÂÊÌ˚ı ‡ÈÓÌÓ‚ ‚Ó Î¸‰˚ ÔËÔ‡fl ÔË Â„Ó ÙÓÏËÓ‚‡ÌËË Ë
Ó·‡ÚÌ˚Â ÔÓˆÂÒÒ˚ Ì‡ ÒÚ‡‰ËË Â„Ó ‡ÁÛ¯ÂÌËfl. è‡‡ÏÂÚË˜ÂÒÍ‡fl Ë‰ÂÌÚËÙËÍ‡ˆËfl ÏÓ‰ÂÎË ·˚Î‡ ‚˚ÔÓÎ-
ÌÂÌ‡ Ì‡ ÓÒÌÓ‚‡ÌËË ‚˚·ÓÓÍ ÏÌÓ„ÓÎÂÚÌËı ‡ÒÔÂ‰ÂÎÂÌËÈ ı‡‡ÍÚÂËÒÚËÍ ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡ üÔÓÌÒÍÓ„Ó
ÏÓfl, ‡ÒÔÂ‰ÂÎÂÌËÈ ÚÂÏÔÂ‡ÚÛ ‚ÓÁ‰Ûı‡ Ë ÒÍÓÓÒÚÂÈ ‚ÂÚ‡ Ì‡‰ ‡Í‚‡ÚÓËÂÈ ÏÓfl. åÓ‰ÂÎ¸ ÏÓÊÌÓ ËÒ-
ÔÓÎ¸ÁÓ‚‡Ú¸ ‰Îfl ÔÓ„ÌÓÁ‡ ÒÓÒÚÓflÌËÈ ÔËÔ‡fl ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡ üÔÓÌÒÍÓ„Ó ÏÓfl.
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‰ÂÍ‡‰Û. Ñ‡ÎÂÂ Á‡ ÔÓÒÎÂ‰Û˛˘ËÂ ‰‚Â ‰ÂÍ‡‰˚ Â„Ó ÔÎÓ-
˘‡‰¸ Ô‡‰‡ÂÚ Ò 30 ‰Ó 7% ÔÎÓ˘‡‰Ë ÓÚÍ˚ÚÓ„Ó ‡ÈÓÌ‡
ÏÓfl. ÄÌ‡ÎËÁ ËÒ. 1‡ ÔÓÍ‡Á¸¯‡ÂÚ Ì‡ÎË˜ËÂ ÓÔÂ‰Â-
ÎÂÌÌ˚ı “ÍÓÌÍÛÂÌÚÌ˚ı” ÓÚÌÓ¯ÂÌËÈ ÏÂÊ‰Û ÔÎÓ-
˘‡‰flÏË Î¸‰‡ ÔËÔ‡fl Ë Î¸‰‡ÏË ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍÓ‚
ÔË·ÂÊÌÓ„Ó ‡ÈÓÌ‡: Á‡ ËÒÍÎ˛˜ÂÌËÂÏ ‰ÂÍ‡‰ Ì‡-
˜‡Î¸ÌÓ„Ó ÙÓÏËÓ‚‡ÌËfl Ë ‰ÂÍ‡‰˚ ÓÍÓÌ˜‡ÚÂÎ¸ÌÓ„Ó
‡ÁÛ¯ÂÌËfl ÓÚÒÛÚÒÚ‚Û˛Ú ÔÂËÓ‰˚ Í‡ÍÓ„Ó-ÎË·Ó Ëı
ÒÓ‚ÏÂÒÚÌÓ„Ó ÏÓÌÓÚÓÌÌÓ„Ó ÓÒÚ‡ ËÎË Ô‡‰ÂÌËfl. ÅÓ-
ÎÂÂ ÚÓ„Ó, ÓÒÚ ÔÎÓ˘‡‰Ë ÔËÔ‡fl ÒÓÔÓ‚ÓÊ‰‡ÂÚÒfl Ô‡-
‰ÂÌËÂÏ ÔÎÓ˘‡‰Ë Î¸‰‡ ‚ ÓÚÍ˚ÚÓÈ ˜‡ÒÚË ‡Í‚‡ÚÓËË
‡ÈÓÌ‡. Ä ÔË ‡ÁÛ¯ÂÌËË ÔËÔ‡fl ËÏÂÂÚ ÏÂÒÚÓ Ó·-
‡ÚÌ‡fl ÚÂÌ‰ÂÌˆËfl ÓÒÚ‡ ÔÎÓ˘‡‰Ë Î¸‰‡ ‚ ÓÚÍ˚ÚÓÏ
ÏÓÂ Ë Û·˚‚‡ÌËÂ ÔÎÓ˘‡‰Ë ÔËÔ‡fl. Ñ‡ÌÌ˚È Ù‡ÍÚ
Ò‡Ï ÔÓ ÒÂ·Â Ó˜Â‚Ë‰ÂÌ – ÔË ‡ÁÎÓÏÂ ÔËÔ‡fl Â„Ó ÓÚ-
‰ÂÎ¸Ì˚Â Ù‡„ÏÂÌÚ˚ ÔÂÂıÓ‰flÚ ‚ Í‡ÚÂ„ÓË˛ Î¸‰Ó‚
ÓÚÍ˚ÚÓ„Ó ÏÓfl. ç‡ ÔÓÚflÊÂÌËË ·ÓÎ¸¯ÂÈ ˜‡ÒÚË
ˆËÍÎ‡ ˝‚ÓÎ˛ˆËË ãè ÔË·ÂÊÌÓ„Ó ‡ÈÓÌ‡ Î¸‰˚
Â„Ó ÔËÔ‡fl ‰ÓÏËÌËÛ˛Ú Ì‡‰Ó Î¸‰‡ÏË ÓÚÍ˚Ú˚ı
Û˜‡ÒÚÍÓ‚. ç‡ ‡Í‚‡ÚÓËË ‡ÈÓÌ‡ ÒÂ‚ÂÌÓÈ ̃ ‡ÒÚË í‡-
Ú‡ÒÍÓ„Ó ÔÓÎ. ËÌÚÂÌÒË‚ÌÓÒÚ¸ ÙÓÏËÓ‚‡ÌËfl Ë
‡ÁÛ¯ÂÌËfl ÔÓÍÓ‚‡ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ‚˚¯Â. ä‡Í Ë ‚
ÔÂ‰˚‰Û˘ÂÏ ÒÎÛ˜‡Â, ÏÂÊ‰Û ÔËÔ‡ÂÏ Ë Î¸‰‡ÏË ÓÚ-
Í˚ÚÓÈ ˜‡ÒÚË ‡Í‚‡ÚÓËË ‡ÈÓÌ‡ ÓÚÏÂ˜‡˛ÚÒfl ÛÍ‡-
Á‡ÌÌ˚Â ÒÓÓÚÌÓ¯ÂÌËfl.

èÓ‰Ó·Ì‡fl ÒËÚÛ‡ˆËfl Ú‡ÍÊÂ ËÏÂÂÚ ÏÂÒÚÓ Ë ‰Îfl
‡ÒÔÂ‰ÂÎÂÌËÈ ÒÂ‰ÌËı ÚÓÎ˘ËÌ ÔÓÍÓ‚‡. ç‡ÎË˜ËÂ
ÚÓÎÒÚÓ„Ó Î¸‰‡ Ì‡ Á‡ÍÎ˛˜ËÚÂÎ¸ÌÓÈ ÒÚ‡‰ËË ˝‚ÓÎ˛-
ˆËË ãè Ó·ÛÒÎÓ‚ÎÂÌÓ ÒÎÂ‰Û˛˘ËÏ. Ç Ì‡ÒÚÓfl˘ÂÏ
ÒÎÛ˜‡Â ‡ÒÒÏ‡ÚË‚‡˛ÚÒfl ÌÂ ÒÂ‰ÌËÂ ÚÓÎ˘ËÌ˚ Î¸‰‡
Ì‡ ‡Í‚‡ÚÓËË ‡ÈÓÌÓ‚ (ÔÎÓ˘‡‰Ë Ë ÚÓÎ˘ËÌ˚ “‡Á-
Ï‡Á˚‚‡˛ÚÒfl” Ó‰ÌÓÓ‰Ì˚Ï ÒÎÓÂÏ ÔÓ ‡Í‚‡ÚÓËË
‡ÈÓÌÓ‚), ‡ ÛÒÂ‰ÌÂÌÌ˚Â Á‡ ÔÂËÓ‰ Ì‡·Î˛‰ÂÌËÈ ‰Îfl
‰‡ÌÌÓÈ ‰ÂÍ‡‰˚ ÚÓÎ˘ËÌ˚ ËÏÂÌÌÓ Â‡Î¸Ì˚ı Ó·‡ÁÓ-
‚‡ÌËÈ Î¸‰‡

„‰Â 

 

r

 

 – ÌÓÏÂ ‡ÈÓÌ‡ ‡Í‚‡ÚÓËË; 

 

Y

 

 – „Ó‰ Ì‡·Î˛‰Â-
ÌËfl; 

 

d

 

 – ‰ÂÍ‡‰‡ „Ó‰‡; 

 

h

 

rY

 

(

 

d

 

) Ë 

 

A

 

rY

 

(

 

d

 

) – Ì‡·Î˛‰‡ÂÏ˚Â
‚ ‰ÂÍ‡‰Â 

 

d

 

 ÁÌ‡˜ÂÌËfl ÚÓÎ˘ËÌ˚ Ë ÔÎÓ˘‡‰Ë ãè ‚ ‡È-
ÓÌÂ 

 

r

 

 ‚ „Ó‰Û 

 

Y

 

. èÓÒÍÓÎ¸ÍÛ ÚÂÏÔ˚ ÚÂÏË˜ÂÒÍÓ„Ó ‡Á-
Û¯ÂÌËfl ÔÎÓ˘‡‰Ë ãè ÒÛ˘ÂÒÚ‚ÂÌÌÓ ‚˚¯Â ÚÂÏÔ‡
ÚÂÏË˜ÂÒÍÓ„Ó ÛÏÂÌ¸¯ÂÌËfl ÚÓÎ˘ËÌ˚, ÚÓ Ì‡ Á‡ÍÎ˛-
˜ËÚÂÎ¸ÌÓÈ ÒÚ‡‰ËË Ú‡flÌËfl ËÏÂÂÚ ÏÂÒÚÓ ÔËÒÛÚÒÚ‚ËÂ
ÚÓÎÒÚÓ„Ó Î¸‰‡ Ï‡ÎÓÈ ÔÎÓ˘‡‰Ë.

àÌÚÂÂÒÌ˚Ï ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl ‚ÓÔÓÒ Ó ÒÓÓÚÌÓ-
¯ÂÌËË ÏÂÊ‰Û ÒÛÏÏ‡ÌÓÈ ÔÎÓ˘‡‰¸˛ ÔËÔ‡fl Ë ÒÛÏ-
Ï‡ÌÓÈ ÔÎÓ˘‡‰¸˛ ãè ÓÚÍ˚ÚÓ„Ó ÏÓfl. ç‡ ËÒ. 2
ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÒÂ‰ÌÂ‰ÂÍ‡‰Ì˚Â ‡ÒÔÂ‰ÂÎÂÌËfl ÎÂ-

hr d( ) hrY d( )ArY d( )/ ArY d( ),
Y 1961=

1989

∑
Y 1961=

1989

∑=

 

A

 

/

 

A

 

S

 

*

 

0

0.1

0.2

0.3

0.4

31 36 5 10
0

0.5

1.0

15

0

0.5

1.0

31 36 5 10
0

0.5

1.0

15

 

1
2

A

 

/

 

A

 

S

 

*

 

(a) (·)

(‚) („)

 

h, Ï

h, Ï

 

êËÒ. 1.

 

 ëÂ‰ÌÂ‰ÂÍ‡‰Ì˚Â ‡ÒÔÂ‰ÂÎÂÌËfl ÔÎÓ˘‡‰ÂÈ 

 

Ä

 

 Ë ÚÓÎ˘ËÌ Ó·‡ÁÓ‚‡ÌËÈ Î¸‰‡ 

 

h

 

 ÔËÔ‡fl Ë ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍÓ‚ Ì‡ ‡Í-
‚‡ÚÓËflı ÄÏÛÒÍÓ„Ó Á‡Î. (‡, ·) Ë ÒÂ‚ÂÌÓÈ ̃ ‡ÒÚË í‡Ú‡ÒÍÓ„Ó ÔÓÎ. (‚, „). á‰ÂÒ¸ Ë Ì‡ ËÒ. 2, 5 

 

1

 

, 

 

2

 

 – Î¸‰˚ ÔËÔ‡fl Ë ÓÚÍ˚-
ÚÓ„Ó ÏÓfl ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ (ÓÒ¸ ‡·ÒˆËÒÒ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ‰ÂÍ‡‰‡Ï „Ó‰‡; ÔÎÓ˘‡‰Ë ÌÓÏËÓ‚‡Ì˚ Ì‡ ÔÎÓ˘‡‰¸ ‡ÈÓÌ‡ ÓÚÍ˚-
ÚÓ„Ó ).As*
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åéÑÖãàêéÇÄçàÖ îéêåàêéÇÄçàü à êÄáêìòÖçàü èêàèÄü

 

419

 

‰Ó‚ËÚÓÒÚË (‚˚‡ÊÂÌÌÓÂ ‚ ÔÓˆÂÌÚ‡ı ÓÚÌÓ¯ÂÌËÂ
ÒÛÏÏ‡ÌÓÈ ÔÎÓ˘‡‰Ë Î¸‰‡ Ì‡ ‡Í‚‡ÚÓËË ÏÓfl Í ÔÎÓ-
˘‡‰Ë Ò‡ÏÓÈ ‡Í‚‡ÚÓËË) Ë Ó·˙ÂÏÓ‚ Î¸‰‡ Ì‡ ‡Í‚‡ÚÓ-
ËË üÔÓÌÒÍÓ„Ó ÏÓfl, „‰Â ÔÓÏÂ˜ÂÌÌ˚Â Í‚‡‰‡ÚËÍ‡-
ÏË ÍË‚˚Â ı‡‡ÍÚÂËÁÛ˛Ú Î¸‰˚ ÓÚÍ˚Ú˚ı Û˜‡ÒÚ-
ÍÓ‚ ‡ÈÓÌÓ‚, ‡ ÍÛÊÍ‡ÏË – ÔËÔ‡fl. íÓÚ Ù‡ÍÚ, ˜ÚÓ
‚ÏÂÒÚÓ ÒÂ‰ÌÂÈ ÚÓÎ˘ËÌ˚ ãè Ì‡ ‡Í‚‡ÚÓËË ÏÓfl
‡ÒÒÏ‡ÚË‚‡ÂÚÒfl Ó·˙ÂÏ Î¸‰‡, Ó·ÛÒÎÓ‚ÎÂÌ ÙËÍÚË‚-
Ì˚Ï ı‡‡ÍÚÂÓÏ ÔÂ‚ÓÈ ‚ÂÎË˜ËÌ˚: ‚ ÏÓÏÂÌÚ ÛÊÂ
ÁÂÎÓ„Ó ÒÓÒÚÓflÌËfl ãè ‚ ÒÂ‚ÂÌ˚ı ‡ÈÓÌ‡ı ÏÓfl, ‚
Â„Ó ˛ÊÌÓÈ ˜‡ÒÚË ÎÂ‰ Â˘Â ÏÓÊÂÚ ÓÚÒÛÚÒÚ‚Ó‚‡Ú¸.
í‡Í ‚ ÒÂ‚ÂÌÓÈ ˜‡ÒÚË ÏÓfl ÔÓ‰ÓÎÊËÚÂÎ¸ÌÓÒÚ¸
˝‚ÓÎ˛ˆËÓÌÌÓ„Ó ˆËÍÎ‡ ‚‡¸ËÛÂÚ ÓÚ 18 ‰Ó 22, ÚÓ„‰‡
Í‡Í ‚ ˛ÊÌÓÈ ˜‡ÒÚË – ÓÚ 10 ‰Ó 14 ‰ÂÍ‡‰. åÂÊ‰Û ÚÂÏ,
ÔË ÛÒÂ‰ÌÂÌËË ı‡‡ÍÚÂËÒÚËÍ ãè ÔÓ ÔÎÓ˘‡‰Ë ÓÌË
‡‚ÌÓÏÂÌÓ ‡ÒÔÂ‰ÂÎfl˛ÚÒfl ÔÓ ‚ÒÂÈ ‡Í‚‡ÚÓËË
ÏÓfl. èÓ˝ÚÓÏÛ ÒÂ‰Ìflfl ÚÓÎ˘ËÌ‡ ãè ÏÓfl fl‚ÎflÂÚÒfl
ÒÍÓÂÂ ÙËÍÚË‚ÌÓÈ, ÌÂÊÂÎË Â‡Î¸ÌÓÈ, Â„Ó ı‡‡ÍÚÂ-
ËÒÚËÍÓÈ. é·˙ÂÏ˚ Î¸‰‡ fl‚Îfl˛ÚÒfl Â‡Î¸Ì˚ÏË ‚ÂÎË-
˜ËÌ‡ÏË.

ëÓ„Î‡ÒÌÓ ‡Ò˜ÂÚ‡Ï Ì‡Ë·ÓÎ¸¯‡fl ÔÎÓ˘‡‰¸ ÔËÔ‡fl
ÔËıÓ‰ËÚÒfl Ì‡ ‰ÂÍ‡‰Û Ì‡Ë·ÓÎ¸¯Â„Ó ÁÌ‡˜ÂÌËfl ÎÂ‰Ó-
‚ËÚÓÒÚË üÔÓÌÒÍÓ„Ó ÏÓfl. èË ÔÓÒÚÓÂÌËË ÍË‚˚ı
Û˜ËÚ˚‚‡ÎËÒ¸ ÔÎÓ˘‡‰Ë ÓÚ‰ÂÎ¸Ì˚ı ‡ÈÓÌÓ‚, ÍÓÚÓ-
˚Â, ÒÓ„Î‡ÒÌÓ ÔËÌflÚÓÈ ‚ Ô‡ÍÚËÍÂ ËÁÛ˜ÂÌËfl ÏÓ-
ÒÍÓ„Ó ãè, ‚˚‡ÊÂÌ˚ ‚ ÛÒÎÓ‚Ì˚ı Â‰ËÌËˆ‡ı ÔÎÓ˘‡‰Ë
ÓÚÍ˚ÚÓ„Ó ‡ÈÓÌ‡ ÏÓfl. ëËÌıÓÌÌÓÒÚ¸ ËÁÏÂÌÂÌËfl

ÔÎÓ˘‡‰Ë ÔËÔ‡fl Ë ÎÂ‰Ó‚ËÚÓÒÚË Ú‡ÍÊÂ ÔÓ‰Ú‚ÂÊ‰‡-
ÂÚÒfl ‚˚ÒÓÍËÏ ÁÌ‡˜ÂÌËÂÏ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Â„Ó ÍÓ˝Ù-
ÙËˆËÂÌÚ‡ ÍÓÂÎflˆËË, ‡‚Ì˚Ï 0.879 (‰Îfl ÒÛÏÏ‡-
Ì˚ı Ó·˙ÂÏÓ‚ Î¸‰‡ ˝ÚÓÚ ÍÓ˝ÙÙËˆËÂÌÚ ‡‚ÂÌ 0.981).
éÚÏÂ˜ÂÌÌ‡fl Á‡ÍÓÌÓÏÂÌÓÒÚ¸ Ó·ÛÒÎÓ‚ÎÂÌ‡ ÚÂÏ, ˜ÚÓ
‚ÒÎÂ‰ÒÚ‚ËÂ Â„ËÓÌ‡Î¸ÌÓÈ ÒÔÂˆËÙËÍË ÎÂ‰Ó‚Ó„Ó Â-
ÊËÏ‡ üÔÓÌÒÍÓ„Ó ÏÓfl ÒÚ‡‰Ëfl ÁÂÎÓ„Ó ÒÓÒÚÓflÌËfl Â„Ó
ÔËÔ‡fl ÒÓ‚Ô‡‰‡ÂÚ ÒÓ ÒÚ‡‰ËÂÈ ÁÂÎÓ„Ó ÒÓÒÚÓflÌËfl
Î¸‰Ó‚ ÓÚÍ˚ÚÓ„Ó ÏÓfl. èÓ˝ÚÓÏÛ ÒÓÒÚÓflÌËÂ ÔËÔ‡fl
‚Ó ÏÌÓ„ÓÏ ÓÔÂ‰ÂÎflÂÚ ÒÓÒÚÓflÌËÂ ãè ‚ ÓÚÍ˚ÚÓÈ ̃ ‡-
ÒÚË ÏÓfl Ë Ì‡Ó·ÓÓÚ. à ˝ÚÓ ËÏÂÂÚ ÏÂÒÚÓ ‰‡ÊÂ ÌÂ-
ÒÏÓÚfl Ì‡ ÒÛ˘ÂÒÚ‚ÂÌÌ˚Â ‡ÁÎË˜Ëfl ÁÌ‡˜ÂÌËÈ ÔÎÓ˘‡-
‰ÂÈ ÔËÔ‡ÈÌ˚ı Î¸‰Ó‚ Ë Î¸‰Ó‚ ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍÓ‚
ÏÓfl. èÓ‰Ó·Ì˚Â ÒÓÓÚÌÓ¯ÂÌËfl Ú‡ÍÊÂ ËÏÂ˛Ú ÏÂÒÚÓ
Ë ‰Îfl fl‰‡ ‰Û„Ëı ı‡‡ÍÚÂËÒÚËÍ ãè ÏÓfl, ‚ ̃ ‡ÒÚÌÓ-
ÒÚË, ÒÛÏÏ‡Ì˚ı Ó·˙ÂÏÓ‚ Î¸‰‡.

äÓÎË˜ÂÒÚ‚ÂÌÌ˚Â ÔÂ‰ÒÚ‡‚ÎÂÌËfl ÛÍ‡Á‡ÌÌ˚ı
Ò‚ÓÈÒÚ‚ ÏÓ„ÛÚ ·˚Ú¸ ‚˚‡ÊÂÌ˚ ÎËÌÂÈÌ˚ÏË Â„ÂÒ-
ÒËÓÌÌ˚ÏË Û‡‚ÌÂÌËflÏË

(1)

„‰Â 

 

L

 

S

 

, 

 

L

 

F

 

 – ÎÂ‰Ó‚ËÚÓÒÚË ÓÚÍ˚ÚÓ„Ó ÏÓfl Ë ÔËÔ‡fl,

 

a

 

 

 

V

 

S

 

, 

 

V

 

F

 

 – ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ÒÛÏÏ‡Ì˚Â Ó·˙ÂÏ˚

LS kL
1( ) kL

2( )LF+=

VS kV
1( ) kV

2( )VF+=
,

 

L

 

31 36 5 10 15
0

4

8

12

 

V, 

 

Ï

 

3

 

 

 

×

 

 10

 

10

 

31 36 5 10 15
0

3

7

9

1

5

(a) (·)

 

êËÒ. 2.

 

 ëÂ‰ÌÂ‰ÂÍ‡‰Ì˚Â ‡ÒÔÂ‰ÂÎÂÌËfl ÎÂ‰Ó‚ËÚÓÒÚË Ë Ó·˙ÂÏÓ‚ Î¸‰‡ Ì‡ ‡Í‚‡ÚÓËË üÔÓÌÒÍÓ„Ó ÏÓfl (ÒÔÎÓ¯Ì˚Â ÎËÌËË – Â-
ÁÛÎ¸ÚËÛ˛˘ËÂ ‡ÒÔÂ‰ÂÎÂÌËfl).

 

3*
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óÂÚ˚·ÓˆÍËÈ

 

Î¸‰‡;    Ë  – ÍÓ˝ÙÙËˆËÂÌÚ˚ ÎËÌËÈ
Â„ÂÒÒËË, „‰Â Á‡‚ËÒËÏ˚ÏË ÔÂÂÏÂÌÌ˚ÏË fl‚Îfl˛Ú-
Òfl ı‡‡ÍÚÂËÒÚËÍË ãè ÓÚÍ˚ÚÓ„Ó ÏÓfl, ‡ ÌÂÁ‡‚Ë-
ÒËÏ˚ÏË – ÔËÔ‡fl. äÓ˝ÙÙËˆËÂÌÚ˚ (1) ÓˆÂÌË‚‡˛ÚÒfl
Ì‡ ÓÒÌÓ‚‡ÌËË ËÒÔÓÎ¸ÁÛÂÏ˚ı Á‰ÂÒ¸ ÛÒÂ‰ÌÂÌÌ˚ı Á‡
ÏÌÓ„ÓÎÂÚÌËÈ ÔÂËÓ‰ ‚˚·ÓÓ˜Ì˚ı ‡ÒÔÂ‰ÂÎÂÌËÈ:

 = –0.46791 

 

±

 

 0.31403,  = 2.08184 

 

±

 

 0.13634,

 = –(2.77353 

 

±

 

 1.99746) 10

 

9

 

,  = 1.80438 

 

±
±

 

 

 

0.11339. áÌ‡˜ÂÌËfl ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ÍÓ˝ÙÙËˆË-
ÂÌÚÓ‚ ‰ÂÚÂÏËÌ‡ˆËË ÎËÌËÈ Â„ÂÒÒËË (1) 0.773 Ë
0.795 Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Û˛Ú Ó ‚˚ÒÓÍÓÈ ÒÚÂÔÂÌË ÎËÌÂÈÌÓÈ
Ò‚flÁË ÏÂÊ‰Û Ì‡·Î˛‰‡ÂÏ˚ÏË Ë ‡ÒÒ˜ËÚ‡ÌÌ˚ÏË ÔÓ
Û‡‚ÌÂÌËflÏ (1) ÁÌ‡˜ÂÌËflÏË Á‡‚ËÒËÏ˚ı ÔÂÂÏÂÌÌ˚ı
(ÍÓ˝ÙÙËˆËÂÌÚ ‰ÂÚÂÏËÌ‡ˆËË ı‡‡ÍÚÂËÁÛÂÚ ÚÛ ‰Ó-
Î˛ Ó·˘ÂÈ ‚‡Ë‡ˆËË Á‡‚ËÒËÏÓÈ ÔÂÂÏÂÌÌÓÈ, ÍÓÚÓ-
Û˛ Ó·˙flÒÌflÂÚ Â„ÂÒÒËfl). ÑÓ‚ÂËÚÂÎ¸Ì˚Â Ó·Î‡ÒÚË
ÁÌ‡˜ÂÌËÈ Ô‡‡ÏÂÚÓ‚ ÔÓÍ‡Á˚‚‡˛Ú ÒÚ‡ÚËÒÚË˜ÂÒÍË
ÁÌ‡˜ËÏÓÂ Ëı ÓÚÎË˜ËÂ ÓÚ ÌÛÎfl. çÂ ÒÏÓÚfl Ì‡ ‚˚ÒÓ-

ÍÛ˛ ÔÓ„Â¯ÌÓÒÚ¸ Ëı ÓˆÂÌÓÍ  Ë  ÓÚËˆ‡ÚÂÎ¸-
Ì˚Â ÁÌ‡˜ÂÌËfl fl‚ÌÓ ÔÓ‰Ú‚ÂÊ‰‡˛Ú ‰ÓÒÚÓ‚ÂÌÓÒÚ¸
ÚÓ„Ó, ˜ÚÓ ‚ Ï‡Ò¯Ú‡·‡ı ÏÓfl ÔÂ‚ÓÌ‡˜‡Î¸ÌÓÏÛ ÔÓfl‚-
ÎÂÌË˛ Î¸‰‡ ‚ ÓÚÍ˚ÚÓÏ ÏÓÂ ÔÂ‰¯ÂÒÚ‚ÛÂÚ ÔÓfl‚ÎÂ-
ÌËÂ ÔËÔ‡fl. ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ, ÎÂ‰Ó‚ËÚÓÒÚË Ë Ó·˙ÂÏ˚
Î¸‰‡ ‚ ÓÚÍ˚ÚÓÏ ÏÓÂ ÔÓÎÓÊËÚÂÎ¸Ì˚Â ÚÓÎ¸ÍÓ ‚
ÒÎÛ˜‡flı ÔÂ‚˚¯ÂÌËfl ÛÍ‡Á‡ÌÌ˚ı ı‡‡ÍÚÂËÒÚËÍ
ÔËÔ‡fl ÓÔÂ‰ÂÎÂÌÌ˚ı ÁÌ‡˜ÂÌËÈ.

 

äàçÖíàóÖëäÄü åéÑÖãú ùÇéãûñàà 
åéêëäéÉé ãÖÑüçéÉé èéäêéÇÄ

 

Ç˚ÔÓÎÌÂÌÌ˚È ‚ [10] ‡Ì‡ÎËÁ ÒÓ‚ÏÂÒÚÌ˚ı ‚˚·Ó-
Ó˜Ì˚ı ‡ÒÔÂ‰ÂÎÂÌËÈ ÔÎÓ˘‡‰ÂÈ ÓÚ‰ÂÎ¸Ì˚ı Î¸‰ËÌ 

 

‡

 

Ë Ëı ÚÓÎ˘ËÌ 

 

h

 

 ÛÍ‡Á˚‚‡ÂÚ Ì‡ Ëı ÒÚ‡ÚËÒÚË˜ÂÒÍÛ˛ ÌÂÁ‡-
‚ËÒËÏÓÒÚ¸. èÓ˝ÚÓÏÛ ÒÓ‚ÓÍÛÔÌÓÒÚ¸ ÓÚ‰ÂÎ¸Ì˚ı Ó·‡-
ÁÓ‚‡ÌËÈ ÏÓÒÍÓ„Ó Î¸‰‡ (Î¸‰ËÌ Ë ÚÓÓÒÓ‚) Ì‡ ‡Í‚‡ÚÓ-
ËË Í‡Ê‰Ó„Ó ‡ÈÓÌ‡ ÏÓfl ÏÓÊÌÓ ÛÔÓfl‰Ó˜ËÚ¸ Ì‡ ÓÒ-
ÌÓ‚‡ÌËË Ú‡·ÎËˆ˚ 

 

Ω

 

 = {(

 

a

 

, 

 

h

 

): 0 < 

 

‡

 

 

 

≤

 

 

 

Ä

 

*, 0 < 

 

h

 

 

 

≤

 

 

 

H

 

*}
‡ÁÏÂÓ‚ 

 

‡

 

 Ë 

 

h

 

. á‰ÂÒ¸ 

 

Ä

 

* – Ó·˘‡fl ÔÎÓ˘‡‰¸ ‡Í‚‡ÚÓËË
ÓÚ‰ÂÎ¸ÌÓ„Ó ‡ÈÓÌ‡ (Í‡Í Ô‡‚ËÎÓ, ÔÎÓ˘‡‰Ë ÔË·ÂÊ-
Ì˚ı ‡ÈÓÌÓ‚ ÏÂÌ¸¯Â ÔÎÓ˘‡‰Ë ÓÚÍ˚ÚÓ„Ó ‡ÈÓÌ‡
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ç

 

* – Ï‡ÍÒËÏ‡Î¸Ì‡fl ÚÓÎ˘ËÌ‡ ãè (ÓˆÂÌË‚‡ÂÚÒfl
Ì‡ ÓÒÌÓ‚‡ÌËË ÏÌÓ„ÓÎÂÚÌËı Ì‡·Î˛‰ÂÌËÈ); 

 

‡

 

1

 

 – ÏËÌË-
Ï‡Î¸Ì‡fl ÔÎÓ˘‡‰¸ Î¸‰ËÌ˚ (ÏËÌËÏ‡Î¸Ì˚È ‡ÁÏÂ
ÔÎÓ˘‡‰Ë Ú‡ÍÓ„Ó Ó·‡ÁÓ‚‡ÌËfl Î¸‰‡, ÍÓÚÓÓÂ ÓÚÎË˜‡-
ÂÚ Â„Ó ÓÚ ÔÓÒÚÓ„Ó ÒÍÓÔÎÂÌËfl Á‡Ó‰˚¯ÂÈ Î¸‰‡). ëÓ-
„Î‡ÒÌÓ ˝ÚÓÏÛ ‰ÓÔÛ˘ÂÌË˛ ÂÁÛÎ¸Ú‡Ú ÍÓÌÚ‡ÍÚÌÓ„Ó
‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl ÓÚ‰ÂÎ¸Ì˚ı Î¸‰ËÌ ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ-
·ÓÈ ˝ÎÂÏÂÌÚ ˝ÚÓÈ Ú‡·ÎËˆ˚. èËÌËÏ‡˛ÚÒfl Ú‡ÍÊÂ
ÒÎÂ‰Û˛˘ËÂ ‰ÓÔÛ˘ÂÌËfl: ËÏÂÂÚ ÏÂÒÚÓ Ï‡ÒÒÓ‚˚È
‰ÂÈÙ Î¸‰‡; ÚÂÏË˜ÂÒÍËÈ ÂÊËÏ ‡ÚÏÓÒÙÂ˚ Ó·Û-
ÒÎÓ‚ÎË‚‡ÂÚ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸Ì˚È ÔÂÂıÓ‰ Î¸‰ËÌ ËÁ Ó‰-
ÌËı Ëı ‡ÁÏÂÓ‚ 
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 Ë 

 

h

 

 ‚ ‰Û„ËÂ ‡ÁÏÂ˚; ÚÂÏË˜ÂÒÍËÈ
ÂÊËÏ ÓÔÂ‰ÂÎflÂÚ ÔÂ‚Ë˜Ì˚Â Ë ÔÓÒÎÂ‰Û˛˘ËÂ Ó·‡-
ÁÓ‚‡ÌËfl Î¸‰ËÌ, ‡ Ú‡ÍÊÂ Ëı Ú‡flÌËÂ; ÔË ÙÓÏËÓ‚‡-
ÌËË ÔÓÍÓ‚‡ ‚ ÔË·ÂÊÌ˚ı ‡ÈÓÌ‡ı Î¸‰˚ ÓÚÍ˚Ú˚ı
Û˜‡ÒÚÍÓ‚ ÔÂÂıÓ‰flÚ ‚Ó Î¸‰˚ ÔËÔ‡fl, ‡ ÔË Ú‡flÌËË
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ÔÓËÒıÓ‰ËÚ Ó·‡ÚÌ˚È ÔÓˆÂÒÒ; ÚÓÓ¯ÂÌËÂ ÔË‚Ó‰ËÚ
Í ÛÏÂÌ¸¯ÂÌË˛ ÔÎÓ˘‡‰ÂÈ ÚÓÌÍËı Î¸‰Ó‚ Ë ÓÒÚÛ ÔÎÓ-
˘‡‰ÂÈ ÚÓÎÒÚÓ„Ó Î¸‰‡; ËÏÂ˛Ú ÏÂÒÚÓ ÔÓˆÂÒÒ˚ ‡„Â„‡-
ˆËË Ë ‰Ó·ÎÂÌËfl ÓÚ‰ÂÎ¸Ì˚ı Î¸‰ËÌ. é·ÓÒÌÓ‚‡ÌÌÓÒÚ¸
‰ÓÔÛ˘ÂÌËÈ ÒÎÂ‰ÛÂÚ ËÁ ‡Ì‡ÎËÁ‡ Ì‡·Î˛‰ÂÌËÈ Ë ÔËÌfl-
Ú˚ı ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ-‚ÂÏÂÌÌ˚ı Ï‡Ò¯Ú‡·Ó‚.

èË ÔÓÒÚÓÂÌËË ÍËÌÂÚË˜ÂÒÍÓÈ ÏÓ‰ÂÎË ‰ËÌ‡ÏË-
˜ÂÒÍÓÈ ÔÂÂÏÂÌÌÓÈ fl‚ÎflÂÚÒfl ÔÎÓÚÌÓÒÚ¸ ‡ÒÔÂ‰ÂÎÂ-
ÌËfl ÔÓ (a, h) ˜ËÒÎ‡ Î¸‰ËÌ ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍÓ‚ ‡ÈÓÌ‡
n ≡ n(x, t, a, h) Ë Î¸‰ËÌ ÔËÔ‡fl n(F) ≡ n(F)(x, t, a, h) (‰Îfl
‡ÈÓÌÓ‚ ÓÚÍ˚ÚÓ„Ó ÏÓfl n(F) ≡ 0), „‰Â ı = (ı1, ı2) –
ÔÓÒÚ‡ÌÒÚ‚ÂÌÌ˚Â ÍÓÓ‰ËÌ‡Ú˚. Ç ÒÎÛ˜‡Â ÔËÌflÚËfl
ÛÍ‡Á‡ÌÌ˚ı ‰ÓÔÛ˘ÂÌËÈ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ-‚ÂÏÂÌÌ‡fl
‰ËÌ‡ÏËÍ‡ Î¸‰ËÌ ‚ ÓÚÍ˚ÚÓÈ ˜‡ÒÚË ‡Í‚‡ÚÓËË ‡ÈÓ-
ÌÓ‚ ÓÔÂ‰ÂÎflÂÚÒfl ·‡Î‡ÌÒÓ‚˚Ï ÒÓÓÚÌÓ¯ÂÌËÂÏ

(2)

„‰Â u = (u1, u2) – ÒÍÓÓÒÚ¸ ‰ÂÈÙ‡ Î¸‰‡;  ≡ da/dt,  ≡
≡ dh/dt – ËÁÏÂÌÂÌËfl ‡ Ë h, ÍÓÚÓ˚Â Ó·ÛÒÎÓ‚ÎÂÌ˚ ÚÂ-
ÏË˜ÂÒÍËÏ ÂÊËÏÓÏ; fah ≡ fah(x, t, a, h) – ÒÍÓÓÒÚ¸ ÔÓ-
fl‚ÎÂÌËfl (‚˚·˚‚‡ÌËfl) Î¸‰ËÌ ÔÎÓ˘‡‰Ë ‡ Ë ÚÓÎ˘ËÌ˚ h
ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ËÁ ÏÓÒÍÓÈ ‚Ó‰˚ (‚ ÏÓÒÍÛ˛ ‚Ó‰Û),
ÏËÌÛfl ÒÚ‡‰ËË Ëı Ú‡ÌÒÙÓÏ‡ˆËÈ ËÁ Ó‰ÌËı ‡ÁÏÂÓ‚
Ëı ÔÎÓ˘‡‰ÂÈ Ë ÚÓÎ˘ËÌ ‚ ‰Û„ËÂ ‡ÁÏÂ˚; bah ≡ bah(x,
t, ‡, h) – ËÁÏÂÌÂÌËÂ n Ì‡ ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍ‡ı ‡Í‚‡ÚÓ-
ËË ÔË·ÂÊÌÓ„Ó ‡ÈÓÌ‡ ‚ Â‰ËÌËˆÛ ‚ÂÏÂÌË, ÍÓÚÓ-
ÓÂ Ì‡ ÒÚ‡‰ËË ÓÒÂÌÌÂ„Ó ÙÓÏËÓ‚‡ÌËfl ãè Ó·ÛÒÎÓ‚-
ÎÂÌÓ ÔÂÂıÓ‰ÓÏ Î¸‰ËÌ ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍÓ‚ ‚ Î¸‰˚
ÔËÔ‡fl Ë Ó·‡ÚÌ˚È ÔÂÂıÓ‰ Ù‡„ÏÂÌÚÓ‚ Î¸‰Ó‚ ÔË-
Ô‡fl ‚Ó Î¸‰˚ ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍÓ‚ ÔË Â„Ó ‚ÂÒÂÌÌÂÏ
Ú‡flÌËË Ë ‡ÁÛ¯ÂÌËË (bah ≥ 0 ÚÓÎ¸ÍÓ ‚ ÔË·ÂÊÌ˚ı
‡ÈÓÌ‡ı); Ψah ≡ Ψah(x, t, ‡, h) – ı‡‡ÍÚÂËÁÛÂÚ ËÁÏÂÌÂ-
ÌËÂ n ‚ÒÎÂ‰ÒÚ‚ËÂ ÚÓÓ¯ÂÌËfl Î¸‰‡; Qah ≡ Qah(x, t, a, h),
Rah ≡ Rah(x, t, ‡, h) – ı‡‡ÍÚÂËÁÛ˛Ú ‰ËÌ‡ÏËÍÛ ‡„Â„‡-
ˆËË Ë ‰Ó·ÎÂÌËfl Î¸‰ËÌ Á‡ Â‰ËÌËˆÛ ‚ÂÏÂÌË. éÚÍÎÓ-
ÌÂÌËfl ‰ÂÈÙ‡ ÓÚ‰ÂÎ¸Ì˚ı Î¸‰ËÌ ÌÂ ÔÂ‚˚¯‡˛Ú 5%
ÓÚ Ëı ÓÒÂ‰ÌÂÌÌÓ„Ó ‰‚ËÊÂÌËfl [4]. èÓ˝ÚÓÏÛ ÔË Á‡-
ÔËÒË (2) ÔÂ‰ÔÓÎ‡„‡ÂÚÒfl ÌÂÁ‡‚ËÒËÏÓÒÚ¸ n ÓÚ ‡Á·Ó-
Ò‡ ÒÍÓÓÒÚÂÈ.

èË Á‡ÔËÒË  ËÒÔÓÎ¸ÁÛ˛ÚÒfl ÔËÌflÚ˚Â ‚ ÒËÒÚÂ-
Ï‡ı ÂÒÛÒ-ÔÓÚÂ·ËÚÂÎ¸ ÔÓÎÓÊÂÌËfl [5]. èÓÎ‡„‡ÂÚÒfl,
˜ÚÓ Î¸‰ËÌ˚ ÒÓ„Î‡ÒÓ‚‡ÌÌÓ “‡Á‰ÂÎfl˛Ú” Ëı Ó·˘ËÈ
“ÂÒÛÒ” Ò‚Ó·Ó‰Ì˚ı ÓÚÓ Î¸‰‡ Û˜‡ÒÚÍÓ‚ ˜ËÒÚÓÈ ‚Ó‰˚

A* – AI ≡ A* – 

(3)

„‰Â   – ÌÂÓÚËˆ‡ÚÂÎ¸Ì˚Â ÍÓ˝ÙÙËˆËÂÌÚ˚
(‚ÂıÌËÈ ËÌ‰ÂÍÒ ÛÍ‡Á˚‚‡ÂÚ ˝Ú‡Ô ˝‚ÓÎ˛ˆËË: ÓÒÂÌ-
ÌËÈ (Ä) Ë ‚ÂÒÂÌÌËÈ (S)); Θ(z) – ÙÛÌÍˆËfl ïÂ‚ËÒ‡È‰‡;
T* – ÚÂÏÔÂ‡ÚÛ‡ ‚ÓÁ‰Ûı‡, ÔË ÍÓÚÓÓÈ ÙÓÏËÛ-
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˛ÚÒfl ÔÂ‚Ë˜Ì˚Â Î¸‰ËÌ˚ Ë ËÏÂÂÚ ÏÂÒÚÓ Ì‡˜‡Î¸ÌÓÂ
Ú‡flÌËÂ Î¸‰‡. ëÚ‡ÚËÒÚË˜ÂÒÍËÈ ‡Ì‡ÎËÁ ‚˚·ÓÓ˜Ì˚ı
‡ÒÔÂ‰ÂÎÂÌËÈ ÚÂÏÔÂ‡ÚÛ˚ ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ ‰Îfl
ãè üÔÓÌÒÍÓ„Ó ÏÓfl ËÏÂÂÚ ÏÂÒÚÓ ÒÚ‡ÚËÒÚË˜ÂÒÍË
ÁÌ‡˜ËÏÓÂ ÒÓ‚Ô‡‰ÂÌËÂ ÚÂÏÔÂ‡ÚÛ ‚ÓÁ‰Ûı‡ ÔË Ì‡-
˜‡Î¸ÌÓÏ ÙÓÏËÓ‚‡ÌËË ãè Ë ÔË Â„Ó Ì‡˜‡Î¸ÌÓÏ
Ú‡flÌËË [7]. é˜Â‚Ë‰ÌÓ ÓÚÎË˜ËÂ í* ÓÚ ÚÂÏÔÂ‡ÚÛ˚
Ì‡˜‡Î¸ÌÓ„Ó ÙÓÏËÓ‚‡ÌËfl ÔËÔ‡fl Ë Â„Ó Ú‡flÌËfl

 ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ, ‚ ÔË·ÂÊÌ˚ı ‡ÈÓÌ‡ı ‚Ó‰˚
Û˜‡ÒÚÍÓ‚ ‡ÒÔÓÎÓÊÂÌËfl ÔËÔ‡fl fl‚Îfl˛ÚÒfl ÓÚÌÓÒË-
ÚÂÎ¸ÌÓ ÌÂ„ÎÛ·ÓÍËÏË Ë ·ÓÎÂÂ ÔÂÒÌ˚ÏË ‚ÒÎÂ‰-
ÒÚ‚ËÂ ÓÔÂÒÌÂÌËfl Ëı Â˜Ì˚ÏË ‚Ó‰‡ÏË Ë ÒÚÓÍ‡ÏË
ÔÓÏ˚¯ÎÂÌÌ˚ı ÔÂ‰ÔËflÚËÈ. èÓ˝ÚÓÏÛ ÎÂ‰ÓÓ·-
‡ÁÓ‚‡ÌËÂ ‚ ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍ‡ı ÏÓfl Ì‡˜ËÌ‡ÂÚÒfl
ÔË ·ÓÎÂÂ ÌËÁÍËı ÚÂÏÔÂ‡ÚÛ‡ı ‡ÚÏÓÒÙÂ˚, ̃ ÂÏ ‚
Û˜‡ÒÚÍ‡ı ‡ÒÔÓÎÓÊÂÌËfl ÔËÔ‡fl. í‡flÌËÂ Î¸‰‡ Ì‡
ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍ‡ı Ì‡˜ËÌ‡ÂÚÒfl ÔË ·ÓÎÂÂ ÌËÁÍËı
ÚÂÏÔÂ‡ÚÛ‡ı: ‚ ˝ÚÓÚ ÔÂËÓ‰ ‡ÍÚË‚ÌÓ ÔÓfl‚ÎflÂÚ
ÒÂ·fl ÒÓ˜ÂÚ‡ÌËÂ ‚ÓÁ‰ÂÈÒÚ‚Ëfl ÒÓÎÌÂ˜ÌÓÈ ‡‰Ë‡ˆËË
Ë ÚÂÔÎ˚ı ÚÂ˜ÂÌËÈ ÏÓfl [11].

ÑÎfl ÚÓÎ˘ËÌ˚ “ÂÒÛÒÓÏ” fl‚ÎflÂÚÒfl ‰ÓÒÚÛÔÌ˚È
‰Îfl ÌÂÂ H* – h ÒÎÓÈ ÏÓÒÍÓÈ ‚Ó‰˚ [9]. èË Û˜ÂÚÂ Ó·-
‡ÁÓ‚‡ÌËfl ‚ ÚÓÎ˘Â ãè Ú‡ÎÓÈ ‚ÓÎ˚ (‚Ó‰˚ ÒÌÂÊÌËˆ Ë
‚Ó‰˚, ÍÓÚÓ‡fl Ó·‡ÁÛÂÚÒfl ‚ ÂÁÛÎ¸Ú‡ÚÂ Ú‡flÌËfl Ò‡ÏÓ-

„Ó Î¸‰‡) ‡ÔÔÓÍÒËÏ‡ˆËfl  ÔËÌËÏ‡ÂÚ ‚Ë‰

(4)

„‰Â   αWh, αhW, βW – ÌÂÓÚËˆ‡ÚÂÎ¸Ì˚Â ÍÓ˝Ù-
ÙËˆËÂÌÚ˚; hW – ÒÎÓÈ Ú‡ÎÓÈ ‚Ó‰˚ ‚ ÚÓÎ˘Â ãè. èË
Á‡ÔËÒË (4) ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ ÙÓÏËÓ‚‡ÌËÂ Ú‡ÎÓÈ ‚Ó-
‰˚ ËÏÂÂÚ ÏÂÒÚÓ ÚÓÎ¸ÍÓ Ì‡ ÒÚ‡‰ËË Ú‡flÌËfl ãè. èÓ-
ÒÍÓÎ¸ÍÛ ‡Î¸·Â‰Ó ‚Ó‰˚ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÌËÊÂ ‡Î¸·Â‰Ó
Î¸‰‡ (‚ÒÎÂ‰ÒÚ‚ËÂ ˜Â„Ó Ó·˙ÂÏ˚ Ú‡ÎÓÈ ‚Ó‰˚ ÚÂÔÎÂÂ
Ó·˙ÂÏÓ‚ Î¸‰‡), ÚÓ Ó·˙ÂÏ˚ Ú‡ÎÓÈ ‚Ó‰˚ Ì‡ ÙÓÌÂ ÂÒÚÂ-
ÒÚ‚ÂÌÌÓ„Ó ‰Îfl ‚ÂÒÌ˚ ÔÓ„Â‚‡ ‚ÓÁ‰Ûı‡ Ó·ÛÒÎÓ‚ÎË‚‡-
˛Ú ‰ÓÔÓÎÌËÚÂÎ¸ÌÓÂ Ú‡flÌËÂ ãè (˜ÎÂÌ αWhhW ‚ Û‡‚ÌÂ-

ÌËË ‰Îfl ). èÓÎ‡„‡ÂÚÒfl Ú‡ÍÊÂ, ˜ÚÓ  ~ h Ë ËÏÂÂÚ
ÏÂÒÚÓ ÒÚÓÍ Ú‡ÎÓÈ ‚Ó‰˚ ̃ ÂÂÁ ÚÓÎ˘Û ãè (˜ÎÂÌ βWhhW).

ÑÎfl Á‡ÔËÒË fah ËÒÔÓÎ¸ÁÛÂÚÒfl ÛÒÎÓ‚ËÂ: I ≡

≡  ÔË ÙÓÏËÓ‚‡ÌËË ÔÓÍÓ‚‡ ÂÒÚ¸

ÒÛÏÏ‡ÌÓÂ ˜ËÒÎÓ ÔÓfl‚Ë‚¯ËıÒfl ‚ Â‰ËÌËˆÛ ‚ÂÏÂÌË
Î¸‰ËÌ, ‡ ÔË Ú‡flÌËË – ˜ËÒÎÓ ‡ÒÚ‡fl‚¯Ëı Î¸‰ËÌ. Ç
ÔÂ‚ÓÏ ÒÎÛ˜‡Â ‡ÁÛÏÌÓ ÔÓÎ‡„‡Ú¸ ÔÓÔÓˆËÓÌ‡Î¸-
ÌÓÒÚ¸ I ‰ÓÒÚÛÔÌÓÏÛ ‰Îfl Î¸‰‡ Â„Ó ÂÒÛÒÛ Ä* – AI, ‡
‚Ó ‚ÚÓÓÏ ÒÎÛ˜‡Â – ÚÂÍÛ˘ÂÈ ÔÎÓ˘‡‰Ë Î¸‰‡ AI. Ç
Ó·ÓËı ÒÎÛ˜‡flı ËÌÚÂÌÒË‚ÌÓÒÚ¸ ÔÓˆÂÒÒÓ‚ ÓÔÂ‰ÂÎfl-

TF*.
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S( )Θ T T*–( ) ] H* h– hW–( )h αWhhW },+
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⎪
⎧
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, αhh
S( )
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ḣ ḣW

f ah ad hd
0

A*∫0

H*∫

ÂÚÒfl ‡ÁÌÓÒÚ¸˛ í* – í. èÂ‰ÒÚ‡‚ÎflÂÚÒfl ÂÒÚÂÒÚ‚ÂÌ-
ÌÓÈ Á‡ÔËÒ¸ fah ‚ ‚Ë‰Â

(5)

„‰Â (a), (h), (a) Ë (h) – ·˚ÒÚÓ Û·˚‚‡-
˛˘ËÂ ÙÛÌÍˆËË Ò‚ÓËı ‡„ÛÏÂÌÚÓ‚;

Ah(x, t, h) ≡ (x, t, a, h)da – Ó·˘‡fl ÔÎÓ˘‡‰¸ ãè

ÚÓÎ˘ËÌ˚ h Ì‡ ‡Í‚‡ÚÓËË ‡ÈÓÌ‡. ê‡ÌÂÂ ÔÓÎ‡„‡ÎÓÒ¸,
˜ÚÓ ‚ Â‰ËÌËˆÛ ‚ÂÏÂÌË ÔÓfl‚Îfl˛ÚÒfl/‚˚·˚‚‡˛Ú
ÚÓÎ¸ÍÓ Î¸‰ËÌ˚ Ì‡˜‡Î¸ÌÓÈ „‡‰‡ˆËË ÚÓÎ˘ËÌ˚ [7, 8].
ñÂÎÂÒÓÓ·‡ÁÌÓÒÚ¸ ÊÂ ‡ÒÒÏÓÚÂÌËfl ÔÓfl‚ÎÂÌËfl/‚˚-
·˚‚‡ÌËfl ‚ Â‰ËÌËˆÛ ‚ÂÏÂÌË Î¸‰ËÌ ÔÓËÁ‚ÓÎ¸Ì˚ı
‡ÁÏÂÓ‚ Ó·ÛÒÎÓ‚ÎÂÌ‡ Á‡‚ËÒËÏÓÒÚ¸˛ fah ÓÚ ÔÓ‰ÓÎ-
ÊËÚÂÎ¸ÌÓÒÚË ‚ÂÏÂÌÌÓ„Ó ¯‡„‡ ÏÓ‰ÂÎË Ë ‡ÁÌÓÒÚË
í* – í ÚÂÏÔÂ‡ÚÛ, Ú.Í. ÔË Û‚ÂÎË˜ÂÌËË ‚ÂÏÂÌÌÓ„Ó
¯‡„‡ ÏÓ‰ÂÎË ÚÓÎ˘ËÌ‡ ÔÂ‚Ë˜Ì˚ı Î¸‰ËÌ ÏÓÊÂÚ ÔÂ-
‚˚ÒËÚ¸ ÚÓÎ˘ËÌÛ Ëı Ì‡˜‡Î¸ÌÓÈ „‡‰‡ˆËË.

ÑÎfl Ô‡‡ÏÂÚË˜ÂÒÍÓ„Ó ÔÂ‰ÒÚ‡‚ÎÂÌËfl ‰ËÌ‡ÏËÍË
ÔÂÂıÓ‰Ó‚ Î¸‰Ó‚ ÓÚÍ˚ÚÓ„Ó ÏÓfl ‚Ó Î¸‰˚ ÔËÔ‡fl Ì‡
ÒÚ‡‰ËË ÙÓÏËÓ‚‡ÌËfl ãè Ë Ó·‡ÚÌ˚ı ÔÂÂıÓ‰Ó‚ Ì‡
ÒÚ‡‰ËË Ú‡flÌËfl ÔËÔ‡fl bah Á‰ÂÒ¸ ËÒÔÓÎ¸ÁÛÂÚÒfl ÏÓ‰Ë-
ÙËÍ‡ˆËfl ÔËÌflÚ˚ı ‚ [7–10] ÒÓÓÚÌÓ¯ÂÌËÈ

(6)

„‰Â      

 – ÌÂÓÚËˆ‡ÚÂÎ¸Ì˚Â ÍÓ˝ÙÙËˆËÂÌÚ˚; W =

= (W1, W2) – ÒÍÓÓÒÚ¸ ‚ÂÚ‡;  – ÌÓÏ‡Î¸ Í ÎËÌËË

·ÂÂ„‡; (T, u)n(a, h) ı‡‡ÍÚÂËÁÛÂÚ Ú‡ÌÒÙÓ-
Ï‡ˆË˛ Î¸‰ËÌ ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍÓ‚ ÔË·ÂÊÌ˚ı
‡ÈÓÌÓ‚ ‚Ó Î¸‰˚ ÔËÔ‡fl ÔË ÙÓÏËÓ‚‡ÌËË ÔÓÍÓ-

‚‡, a (T, h, W)n(F)(a, h)(A* – A1) – Ú‡ÌÒÙÓÏ‡ˆË˛
Î¸‰Ó‚ ÔËÔ‡fl ‚ Î¸‰ËÌ˚ ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍÓ‚ Ì‡ ̋ Ú‡ÔÂ
Â„Ó Ú‡flÌËfl Ë ÚÂÏË˜ÂÒÍÓ„Ó ‡ÁÛ¯ÂÌËfl. Ç ÔÓÒÎÂ‰-
ÌÂÏ ‚˚‡ÊÂÌËË ÔÓÒÂ‰ÒÚ‚ÓÏ ÒÓÏÌÓÊËÚÂÎfl Ä* – Ä1
Û˜ËÚ˚‚‡ÂÚÒfl ÚÓÚ Ù‡ÍÚ, ˜ÚÓ ‰Îfl ‡ÁÛ¯ÂÌËfl ÔËÔ‡fl
Ë ÔËÒÓÂ‰ËÌÂÌËfl Â„Ó Ù‡„ÏÂÌÚÓ‚ ÍÓ Î¸‰‡Ï ÓÚÍ˚-
Ú˚ı Û˜‡ÒÚÍÓ‚ ÚÂ·ÛÂÚÒfl ÓÚÍ˚Ú‡fl ‚Ó‰‡. èË ˝ÚÓÏ,
˜ÂÏ ·ÓÎ¸¯Â ÓÚÍ˚ÚÓÈ ‚Ó‰˚, ÚÂÏ ‚˚¯Â ‰‡ÌÌ˚È
ÔÓˆÂÒÒ. Ç (6) Ú‡ÍÊÂ Û˜ËÚ˚‚‡ÂÚÒfl ÚÓÚ Ù‡ÍÚ, ̃ ÚÓ ËÌ-
ÚÂÌÒË‚ÌÓÒÚ¸ ‡ÁÛ¯ÂÌËfl Î¸‰Ó‚ ÔËÔ‡fl ÂÒÚ¸ Û·˚‚‡-

f ah  =

=  T* T–( ) A* AI–( ) f a
A( )

a( ) f h
A( )

h( )Θ T* T–( ) +[

+ Ah f a
S( ) a( ) f h

S( ) h( )Θ T T*–( ) ],

f a
A( )

f h
A( )

f a
S( )

f h
S( )

an
0

A*∫

bah T a h, ,( ) –ba
A( ) T u,( )n a h,( )Θ T* T–( ) +=

+ ba
S( ) T h W, ,( )n F( ) a h,( ) A* AI–( )Θ T TF

*–( ),

ba
A( ) T u,( ) ba

A 0,( )+ T* T–( )ba
A T,( ) +[=

+ ba
A u,( )n°u ],

ba
S( ) T h W, ,( ) ba

S 0,( ) T TF
*–( )ba

S T,( ) –+[=

– ba
S h,( )h ba

S W,( )n°W ],–

ba
A 0,( ), ba

A T,( ), ba
A u,( ), ba

S 0,( ), ba
S T,( ), ba

S h,( ),

ba
S W,( ),

n

–ba
A( )

ba
S( )
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˛˘‡fl ÙÛÌÍˆËfl Â„Ó ÚÓÎ˘ËÌ˚ h. Ç (6) Û˜ËÚ˚‚‡˛ÚÒfl

ÚÓÎ¸ÍÓ ÎËÌÂÈÌ˚Â ˜ÎÂÌ˚ ‡ÔÔÓÍÒËÏ‡ˆËÈ (T, u)

Ë (T, h, W).

èË Á‡ÔËÒË ÔÂ‰ÒÚ‡‚ÎÂÌËfl Ψah ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ
ÒÓ‚ÓÍÛÔÌÓÒÚ¸ Ó·‡ÁÓ‚‡ÌËÈ ÏÓÒÍÓ„Ó Î¸‰‡ Ω = {(a,
h) : 0 < a ≤ A*, 0 < h ≤ H*} fl‚ÎflÂÚÒfl Á‡ÏÍÌÛÚÓÈ ÓÚÌÓ-
ÒËÚÂÎ¸ÌÓ ÔÓˆÂÒÒÓ‚ ÚÓÓ¯ÂÌËfl ÒËÒÚÂÏÓÈ (‡ÁÎË˜-
ÌÓ„Ó Ó‰‡ ÔÓ‰ÒÓ‚˚ Ó‰ÌËı Î¸‰ËÌ ÔÓ‰ ‰Û„ËÂ Ï˚ ÓÚÌÓ-
ÒËÏ Í ÔÓˆÂÒÒÛ ÚÓÓ¯ÂÌËfl Î¸‰ËÌ). àÌ˚ÏË ÒÎÓ‚‡ÏË,
ÂÁÛÎ¸Ú‡ÚÓÏ ÚÓÓ¯ÂÌËfl Î¸‰ËÌ (˝ÎÂÏÂÌÚÓ‚ Ω) Ú‡ÍÊÂ
fl‚ÎflÂÚÒfl Î¸‰ËÌ‡ ÓÔÂ‰ÂÎÂÌÌ˚ı ‡ÁÏÂÓ‚ (˝ÎÂÏÂÌÚ
Ω). àÁ Ì‡·Î˛‰ÂÌËÈ Ë ÔÓÒÚ˚ı ‡ÒÒÛÊ‰ÂÌËÈ ÒÎÂ‰ÛÂÚ,
˜ÚÓ ÔË ÚÓÓ¯ÂÌËË ÔÎÓ˘‡‰Ë ÚÓÌÍËı Î¸‰Ó‚ ÒÓÍ‡-
˘‡˛ÚÒfl, ‡ ÚÓÎÒÚ˚ı – Û‚ÂÎË˜Ë‚‡˛ÚÒfl; ˜‡ÒÚË Î¸‰ËÌ
ÓÚ‰ÂÎ¸Ì˚ı „‡‰‡ˆËÈ ÚÓÎ˘ËÌ ÔÂÂıÓ‰flÚ ‚ Î¸‰ËÌ˚ Ëı
ÔÓÒÎÂ‰Û˛˘Ëı „‡‰‡ˆËÈ; ÒÛÏÏ‡Ì˚È Ó·˙ÂÏ Î¸‰‡ ÒÓ-
ı‡ÌflÂÚÒfl (‰Îfl ‡ÒÒÏ‡ÚË‚‡ÂÏ˚ı ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓ-
‚ÂÏÂÌÌ˚ı Ï‡Ò¯Ú‡·Ó‚ ÔÓÚÂflÏË Ó·˙ÂÏÓ‚ Î¸‰‡
‚ÒÎÂ‰ÒÚ‚ËÂ Ëı ÒÊ‡ÚËfl ÔË ÍÓÌÚ‡ÍÚÂ ÏÓÊÌÓ ÔÂÌÂ-
·Â˜¸). èÓ˝ÚÓÏÛ ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl ÂÒÚÂÒÚ‚ÂÌÌÓÈ Á‡-
ÔËÒ¸ Ψah ËÁ (2) (Ì‡ÔÓÏÌËÏ, ˜ÚÓ ˝ÚÓÚ ˜ÎÂÌ ı‡‡ÍÚÂ-
ËÁÛÂÚ ËÁÏÂÌÂÌËÂ ÔÎÓ˘‡‰ÂÈ Î¸‰ËÌ ‚ÒÎÂ‰ÒÚ‚ËÂ Ëı
ÚÓÓ¯ÂÌËfl) ‚ ‚Ë‰Â

(7)

„‰Â   – ÌÂÓÚËˆ‡ÚÂÎ¸Ì˚Â ÍÓ˝ÙÙËˆËÂÌÚ˚;
∆h – Á‡‰‡ÌÌ˚È ¯‡„ ÔÓ h; wah(h, z) ≥ 0 – ÙÛÌÍˆËfl, ÔÓ-
ÒÂ‰ÒÚ‚ÓÏ ÍÓÚÓÓÈ ÙÓÏÛÎËÛÂÚÒfl ÔÂÂ‡ÒÔÂ‰Â-
ÎÂÌËÂ ‚ÒÎÂ‰ÒÚ‚ËÂ ÚÓÓ¯ÂÌËfl ÔÎÓ˘‡‰ÂÈ Î¸‰‡ ÚÓÎ˘Ë-
Ì˚ h ‚ Î¸‰ËÌ˚ ÚÓÎ˘ËÌ˚ z (h < z ≤ ç*). èË Á‡ÔËÒË
Ψah ÔÓÎ‡„‡ÂÏ, ˜ÚÓ ÔË ÚÓÓ¯ÂÌËË Û·˚‚‡ÌËÂ ‚ Â‰Ë-
ÌËˆÛ ‚ÂÏÂÌË Ô ÔÓÔÓˆËÓÌ‡Î¸ÌÓ Â„Ó ÚÂÍÛ˘ÂÏÛ
ÁÌ‡˜ÂÌË˛; ̃ ÂÏ ·ÓÎ¸¯Â ÚÓÎ˘ËÌ‡ Î¸‰‡, Ú.Â. ̃ ÂÏ ÏÂÌ¸-
¯Â ç* – h, ÚÂÏ ÏÂÌ¸¯Â ÓÌ ÚÓÓÒËÚÒfl (ÒÓ„Î‡ÒÌÓ ̃ ÂÏÛ,
ÔË ÚÓÓ¯ÂÌËË ÓÚÒÛÚÒÚ‚Û˛Ú ÔÓÚÂË ÔÎÓ˘‡‰ÂÈ Ò‡-
ÏÓ„Ó ÚÓÎÒÚÓ„Ó Î¸‰‡); ÔËÓÒÚ n Ó·ÛÒÎÓ‚ÎÂÌ ÔÂÂıÓ-
‰‡ÏË ‚ ̋ ÚÛ „‡‰‡ˆË˛ ÔÎÓ˘‡‰ÂÈ Î¸‰‡ ËÁ ÔÂ‰¸˘Û˘Ëı
„‡‰‡ˆËÈ ÚÓÎ˘ËÌ (‚ÚÓÓÈ ˜ÎÂÌ ‚ ÙË„ÛÌ˚ı ÒÍÓ·-
Í‡ı). èÓÌflÚÌÓ, ̃ ÚÓ ̃ ÂÏ ‚˚¯Â Ì‡ ‡Í‚‡ÚÓËË ÚÂÍÛ˘‡fl
ÒÛÏÏ‡Ì‡fl ÔÎÓ˘‡‰¸ Î¸‰‡ Ah ÚÓÎ˘ËÌ˚ h, ÚÂÏ ‚˚¯Â
ËÌÚÂÌÒË‚ÌÓÒÚ¸ Â„Ó ÚÓÓ¯ÂÌËfl. èÓ˝ÚÓÏÛ ‚ ÔÓ‰˚ÌÚÂ-
„‡Î¸ÌÓÏ ‚˚‡ÊÂÌËË ÔËÒÛÚÒÚ‚Û˛Ú ÔÎÓ˘‡‰Ë
Î¸‰ËÌ, ‡ ÌÂ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ÔÎÓÚÌÓÒÚË. ëÓ„Î‡ÒÌÓ

ba
A( )

ba
S( )

Ψah ν1
A( )Θ T* T–( ) +[–=

+ ν1
S( )Θ T T*–( ) ] H* h–( )n –{

– χ H* z–( )Azwah h z,( ) z },d

0

h ∆h–

∫

χ H* h–( )hAh h/ h ×
0

H*

∫d

0

H*

∫=

× H* z–( )Azwah h z,( ) zd h,d

0

h ∆h–

∫

ν1
A( )

, ν1
S( )

Á‡ÔËÒË χ, ÔË ÚÓÓ¯ÂÌËË Ó·˙ÂÏ˚ Î¸‰Ó‚ ÌÂ ËÁÏÂÌfl-
˛ÚÒfl (ÛÒÎÓ‚ËÂ Á‡‚Â‰ÓÏÓ ‚˚ÔÓÎÌflÂÚÒfl, ÂÒÎË ÔÂÌÂ-
·Â˜¸ ÒÊËÏ‡ÂÏÓÒÚ¸˛ Î¸‰‡). ÑÎfl ÔÂ‰ÒÚ‡‚ÎÂÌËfl
wah(h, z) ÔÓÎ‡„‡ÂÏ ÂÒÚÂÒÚ‚ÂÌÌÓÈ ÒÎÂ‰Û˛˘Û˛ ÒıÂÏÛ:
ÔË ÚÓÓ¯ÂÌËË Ì‡Ë·ÓÎ¸¯ËÈ ÔÓÓÒÚ ÔÎÓ˘‡‰Ë ÓÚ-
ÏÂ˜‡ÂÚÒfl ÚÓÎ¸ÍÓ ‰Îfl ÒÏÂÊÌÓÈ Ò ËÒıÓ‰ÌÓÈ „‡‰‡-
ˆËË ÚÓÎ˘ËÌ˚, ‡ ‰‡ÎÂÂ ÔÓÓÒÚ˚ ÔÎÓ˘‡‰ÂÈ Û·˚‚‡˛Ú
‚ Á‡‚ËÒËÏÓÒÚË ÓÚ z – h. íÓ„‰‡ Á‡ÔËÒ¸ ‡ÔÔÓÍÒËÏ‡ˆËfl
wah(h, z) ÔËÌËÏ‡ÂÚ ‚Ë‰

(8)

„‰Â   – ÌÂÓÚËˆ‡ÚÂÎ¸Ì˚Â ÍÓ˝ÙÙËˆËÂÌÚ˚.
ë‚ÓÈÒÚ‚‡ ÏÓ‰ÂÎË (7) ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ÒÎÂ‰Û˛Ú ËÁ ÂÂ
Ô‡‡ÏÂÚË˜ÂÒÍÓ„Ó ÔÂ‰ÒÚ‡‚ÎÂÌËfl: ÔË ÚÓÓ¯ÂÌËË
Ï‡ÍÒËÏ‡Î¸Ì˚Â ÔÓÚÂË ‚ÂÎË˜ËÌ˚ n ÓÚÏÂ˜‡˛ÚÒfl ‰Îfl
Ò‡Ï˚ı ÚÓÌÍËı Î¸‰ËÌ. äÓÏÂ ÚÓ„Ó, ÂÒÎË Ì‡ ‡Í‚‡ÚÓËË
ÔËÒÛÚÒÚ‚Û˛Ú Î¸‰˚ ÚÓÎ¸ÍÓ ÔÓÒÎÂ‰ÌÂÈ „‡‰‡ˆËË ÚÓÎ-
˘ËÌ˚ H* (Ò‡Ï˚Â ÚÓÎÒÚ˚Â Î¸‰˚), ÚÓ ‚ÚÓÓÈ Ë ÚÂÚËÈ
˜ÎÂÌ˚ ‚ Í‚‡‰‡ÚÌ˚ı ÒÍÓ·Í‡ı ÔÂ‚Ó„Ó ÒÓÓÚÌÓ¯ÂÌËfl
Ó·‡˘‡˛ÚÒfl ‚ ÌÛÎ¸ Ë ÔÓ˝ÚÓÏÛ ÓÚÒÛÚÒÚ‚ÛÂÚ ÚÓÓ¯Â-
ÌËÂ Î¸‰‡.

èÓÌËÊÂÌËÂ ÚÂÏÔÂ‡ÚÛ˚ ‚ÓÁ‰Ûı‡ ÔË‚Ó‰ËÚ Í
ÒÏÂÁ‡ÌË˛ Ï‡Î˚ı ÙÓÏ Î¸‰‡. èÓ˝ÚÓÏÛ ‡„Â„‡ˆËfl
ÒÛ˘ÂÒÚ‚ÂÌÌ‡ ÚÓÎ¸ÍÓ ‰Îfl Ì‡˜‡Î¸ÌÓ„Ó ̋ Ú‡Ô‡ ÙÓÏËÓ-
‚‡ÌËfl ÔÓÍÓ‚‡, ÍÓ„‰‡ ÒÓ‚ÓÍÛÔÌÓÒÚ¸ Î¸‰ËÌ Ì‡ ‡Í‚‡ÚÓ-
ËË Ì‡ÒÚÓÎ¸ÍÓ ‡ÁÂÊÂÌÌ‡, ˜ÚÓ ÏÓÊÌÓ ‡ÒÒÏ‡ÚË-
‚‡Ú¸ ÎË¯¸ Ëı Ô‡Ì˚Â ÒÚÓÎÍÌÓ‚ÂÌËfl (ÒÚÓÎÍÌÓ‚ÂÌËfl-
ÏË ·ÓÎÂÂ ‚˚ÒÓÍËı ÔÓfl‰ÍÓ‚ ÏÓÊÌÓ ÔÂÌÂ·Â˜¸). ç‡
˝ÚÓÏ ̋ Ú‡ÔÂ ‰Îfl Á‡ÔËÒË Qah ≡ Q(a, h) ‰ÓÔÛÒÚËÏ˚Ï ÔÂ‰-
ÒÚ‡‚ÎflÂÚÒfl ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ ÏÓ‰Ë-
ÙËÍ‡ˆËË ËÁ [8]. ÖÒÎË ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ ÂÁÛÎ¸Ú‡Ú
‰Ó·ÎÂÌËfl Î¸‰ËÌ ËÏÂÂÚ ÚÓÎ˘ËÌÛ ËÒıÓ‰ÌÓÈ Î¸‰ËÌ˚,
ÚÓ ÙÓÏ‡ Á‡ÔËÒË Rah ËÁ (2) ÓÔÂ‰ÂÎflÂÚÒfl ËÒÔÓÎ¸ÁÛÂ-
Ï˚ÏË ‚ [2, 7, 8, 10] ÒÓÓÚÌÓ¯ÂÌËflÏË.

ç‡˜‡Î¸ÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ ÔÓÎ‡„‡ÂÚÒfl ‡‚Ì˚Ï
ÌÛÎ˛. É‡ÌË˜Ì˚Â ÛÒÎÓ‚Ëfl ‰Îfl (2) ÂÒÚÂÒÚ‚ÂÌÌ˚Ï
Ó·‡ÁÓÏ ÒÎÂ‰Û˛Ú ËÁ (3)–(8): ÓÚÒÛÚÒÚ‚ËÂ ÒÓÓÚ‚ÂÚ-
ÒÚ‚Û˛˘Ëı ÔÓÚÓÍÓ‚ Ì‡ „‡ÌËˆ‡ı ‰Ë‡Ô‡ÁÓÌÓ‚ ËÁÏÂ-
ÌÂÌËÈ ‡ Ë h.

êÄëèêÖÑÖãÖçàÖ íéãôàç ãÖÑüçéÉé 
èéäêéÇÄ

ì‡‚ÌÂÌËfl ÏÓ‰ÂÎË ÔÓÎÛ˜‡˛ÚÒfl ÛÏÌÓÊÂÌËÂÏ
(2) Ì‡ ‡ Ë ËÌÚÂ„ËÓ‚‡ÌËÂÏ Ò Û˜ÂÚÓÏ (3)–(8) ÔÓÎÛ-
˜ÂÌÌÓ„Ó ÂÁÛÎ¸Ú‡Ú‡ ÔÓ ˝ÚÓÈ ÔÂÂÏÂÌÌÓÈ

(9)

w h z,( ) const ν2
A( )Θ T* T–( ) +[–{exp⋅=

+ ν2
S( )Θ T T*–( ) ] z h–( ) },

ν2
A( ), ν2

S( )

∂Ah/∂t ∂uiAh/∂xi ∂ḣAh/∂h  =+ +

=  T* T–( ) f A Ah T*,( ) bh ΨA Ah T*,( ),+ +

∂Ah
F( )/∂t ∂ḣAh

F( )/∂h+ TF* T–( ) f A Ah
F( ) TF*,( ) –=

– bh ΨA Ah
F( ) TF*,( ),+⎩

⎪
⎪
⎨
⎪
⎪
⎧
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„‰Â A(W)(x, t) ≡ Ä* – (x, t, h) + (x, t, h)]dh –

ÔÎÓ˘‡‰¸ ÓÚÍ˚ÚÓÈ ‚Ó‰˚ Ì‡ ‡Í‚‡ÚÓËË ÔË·ÂÊÌÓ-

„Ó ‡ÈÓÌ‡; bh = (T, u)AhΘ(T* – T) + (T, h,

W) A(W)Θ(T – )}; fΑ(A, ) = [ A + fA,h(h,

 )]A(W)Θ(  – Τ) + [  A(W) + fA,h(h, 

)]AΘ( Τ – ); ΨA(Ah, ) = –[ν(A)Θ(  – T) + ν(S)Θ(T –

– )][(H* – h)Ah – – χ Azwah(h, z)dz];

(T, u) Ë (T, h, W) ÓÔÂ‰ÂÎfl˛ÚÒfl ÒÓÓÚÌÓ¯ÂÌË-
flÏË (6), ‡ χ ~ ËÁ (7); wah(h, z) ~ ËÁ (8); fA, h(h, β1, β2) =

= β1exp(–β2h); β1 = (a, h)da. èË Á‡ÔËÒË ‡Ò-

ÔÂ‰ÂÎÂÌËfl ÚÓÎ˘ËÌ ÔËÔ‡fl

(x, t, h) ≡ (x, t, a, h)da Û˜ËÚ˚‚‡ÂÚÒfl

ÒÎÂ‰Û˛˘ÂÂ. èËÔ‡È ÏÓÊÌÓ ÙÓÏ‡Î¸ÌÓ ÔÂ‰ÒÚ‡‚ËÚ¸
ÔÎÓÚÌÓÒÚ¸˛ n(F)(x, t, a, h), „‰Â ˜ËÒÎÓ Î¸‰ËÌ Í‡Ê‰ÓÈ
„‡‰‡ˆËË ‡ Ë h ‡‚ÌÓ 0 ËÎË 1. íÓ„‰‡ (2) ÓÔÂ‰ÂÎflÂÚ
Ú‡ÍÊÂ Ë ̋ ‚ÓÎ˛ˆË˛ ÔÎÓÚÌÓÒÚË ‡ÒÔÂ‰ÂÎÂÌËfl n(F)(x, t,
a, h) ÒÓÒÚ‡‚Îfl˛˘Ëı ÔËÔ‡È Î¸‰ËÌ, ÂÒÎË ‚ Â„Ó ÎÂ‚ÓÈ
˜‡ÒÚË ÔÓÎÓÊËÚ¸ ‡‚ÌÓÈ ÌÛÎ˛ ÒÍÓÓÒÚ¸ ‰ÂÈÙ‡ Î¸‰‡.

Ç Á‡ÔËÒË J(h) ≡ (a, h)da ÒÛÏÏ‡ÌÓÈ ÔÎÓ-

˘‡‰Ë ÔÓfl‚Ë‚¯ËıÒfl/‚˚·˚‚¯Ëı Î¸‰ËÌ ÚÓÎ˘ËÌ˚ h ‚
Â‰ËÌËˆÛ ‚ÂÏÂÌË ÔÓÎ‡„‡ÂÏ ‚˚ÔÓÎÌÂÌËÂ ÒÎÂ‰Û˛-
˘Ëı ‰ÓÔÛ˘ÂÌËÈ. ÇÓ-ÔÂ‚˚ı, ·˚ÒÚÓ Û·˚‚‡˛˘Û˛
ÙÛÌÍˆË˛ fh(h) ‚ (5) ÔÂ‰ÒÚ‡‚ÎflÂÏ ÔÓÒÂ‰ÒÚ‚ÓÏ
Û‰Ó·ÌÓÈ ‰Îfl ‚˚˜ËÒÎÂÌËÈ Á‡ÔËÒ¸˛ fh{h, β1, β2) =
= β1exp(–β2h), „‰Â β1, β2 – ÌÂÓÚËˆ‡ÚÂÎ¸Ì˚Â ÍÓ˝ÙÙË-
ˆËÂÌÚ˚. ÇÓ-‚ÚÓ˚ı, ÔË Á‡ÔËÒË J(h) ÔÓÎ‡„‡ÂÏ, ̃ ÚÓ Ì‡
ÒÚ‡‰ËË ÙÓÏËÓ‚‡ÌËfl ÔÓÍÓ‚‡ ÒÛÏÏ‡Ì‡fl ÔÎÓ˘‡‰¸
ÔÓfl‚Ë‚¯ËıÒfl Î¸‰ËÌ ÚÓÎ˘ËÌ˚ h ÔÓÔÓˆËÓÌ‡Î¸Ì‡
ÔÎÓ˘‡‰Ë ÓÚÍ˚ÚÓÈ ‚Ó‰˚, ‡ Ì‡ ÒÚ‡‰ËË Ú‡flÌËfl – ÒÓÓÚ-
‚ÂÚÒÚ‚Û˛˘ÂÈ ˝ÚÓÈ ÚÓÎ˘ËÌÂ ÒÛÏÏ‡ÌÓÈ ÔÎÓ˘‡‰Ë.

íÓ„‰‡ ÂÒÎË    Ë  ÁÌ‡˜ÂÌËfl ÒÓÓÚ‚ÂÚ-
ÒÚ‚Û˛˘Ëı ÍÓ˝ÙÙËˆËÂÌÚÓ‚ ‰Îfl ÒÚ‡‰ËÈ ÙÓÏËÓ‚‡-
ÌËfl Ë Ú‡flÌËfl, ÚÓ

èË Á‡ÔËÒË (9) Ï˚ Û˜ËÚ˚‚‡ÂÏ ÚÓÚ Ù‡ÍÚ, ̃ ÚÓ ‚ ‡Ï-
Í‡ı ÓÚ‰ÂÎ¸Ì˚ı ÚÓÎ˘ËÌ ÔÂÂ‡ÒÔÂ‰ÂÎÂÌËÂ Î¸‰‡

(‡„Â„‡ˆËfl Ë ‰Ó·ÎÂÌËÂ) ÌÂ ËÁÏÂÌflÂÚ Ëı Ó·˘Û˛

ÔÎÓ˘‡‰¸ da = 0 Ë da = 0.

ç‡˜‡Î¸Ì˚Â Ë „‡ÌË˜Ì˚Â ÛÒÎÓ‚Ëfl ‰Îfl Ah Ë 
ÒÎÂ‰Û˛Ú ËÁ (3)–(7)

(10)

ä‡˜ÂÒÚ‚ÂÌÌ˚È ‡Ì‡ÎËÁ Û‡‚ÌÂÌËÈ (9) ÔÓÍ‡Á˚‚‡ÂÚ,
˜ÚÓ ÔË ÔÓÎÓÊËÚÂÎ¸ÌÓÏ ÁÌ‡ÍÂ í* – í ÒËÒÚÂÏ‡ ËÏÂÂÚ
Ó‰ÌÓ ÒÚ‡ˆËÓÌ‡ÌÓÂ ÔÓÎÓÊÂÌËÂ, ÍÓÚÓÓÂ ÒÓÓÚ‚ÂÚ-
ÒÚ‚ÛÂÚ ÁÂÎÓÏÛ ÒÓÒÚÓflÌË˛ ÔÓÍÓ‚‡ ÔË Â„Ó ÔÓÎÓÊË-
ÚÂÎ¸ÌÓÏ ÁÌ‡ÍÂ (Á‡ÍÎ˛˜ËÚÂÎ¸Ì˚È ˝Ú‡Ô ÙÓÏËÓ‚‡-
ÌËfl ÔÓÍÓ‚‡, ÍÓ„‰‡ Ì‡ ‡Í‚‡ÚÓËË ÔËÒÛÚÒÚ‚ÛÂÚ ÚÓÎ¸-
ÍÓ ÚÓÎÒÚ˚È ÎÂ‰), ‡ ÔË ÓÚËˆ‡ÚÂÎ¸ÌÓÏ ÁÌ‡ÍÂ –
ÓÚÒÛÚÒÚ‚Ë˛ Ì‡ ‡Í‚‡ÚÓËË Î¸‰‡ (Á‡ÍÎ˛˜ËÚÂÎ¸Ì˚È
˝Ú‡Ô ˆËÍÎ‡ ˝‚ÓÎ˛ˆËË ãè).

àÌÚÂ„ËÓ‚‡ÌËÂ ÔÓ h ÒËÒÚÂÏ˚ (9) ÔË‚Ó‰ËÚ Í
Û‡‚ÌÂÌËflÏ ‰Îfl ÒÛÏÏ‡ÌÓÈ ÔÎÓ˘‡‰Ë ãè Ì‡ ‡Í‚‡ÚÓ-
ËË ‡ÈÓÌ‡. ÖÒÎË ãè ÔË·ÂÊÌÓ„Ó ‡ÈÓÌ‡ ÒÓÒÚ‡‚-
Îfl˛Ú ÚÓÎ¸ÍÓ Î¸‰˚ ÔËÔ‡fl (ÓÚÌÓÒËÚÂÎ¸ÌÓ Á‡Í˚Ú˚Â
‡ÈÓÌ˚ ‡Í‚‡ÚÓËË ÏÓfl) Ë ÌÂ Û˜ËÚ˚‚‡ÂÚÒfl ÚÓÓ¯Â-
ÌËÂ, ÚÓ ÒÛÏÏ‡Ì‡fl ÔÎÓ˘‡‰¸ ÔËÔ‡fl Ì‡ ‡Í‚‡ÚÓËË
‡ÈÓÌ‡ A(F)(t) ÓÔÂ‰ÂÎflÂÚÒfl Û‡‚ÌÂÌËÂÏ

 = (  – T){( A(F) + )(Ä* – Ä(F))Θ(  –

– í) + [ (Ä* – Ä(F)) + ]A(F)(T – )}, „‰Â  ≈

≈ /  Ë  ≈ /  èË Á‡ÔËÒË ˝ÚÓ„Ó
ÒÓÓÚÌÓ¯ÂÌËfl ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ Ì‡˜‡Î¸Ì‡fl „‡‰‡ˆËfl

ÚÓÎ˘ËÌ˚ Ì‡ÒÚÓÎ¸ÍÓ Ï‡Î‡, ˜ÚÓ Âı(– h1) ≈ 1 Ë

Âı(– h1) ≈ 1; ÁÌ‡˜ÂÌËfl ‚ÂÎË˜ËÌ H* Ë H*
Ú‡ÍÓ‚˚, ˜ÚÓ ˝ÍÒÔÓÌÂÌÚ‡ÏË Ò Ëı ÓÚËˆ‡ÚÂÎ¸Ì˚ÏË
ÁÌ‡˜ÂÌËflÏË ÏÓÊÌÓ ÔÂÌÂ·Â˜¸. ÖÒÎË ‚˚ÔÓÎÌfl˛ÚÒfl
ÔËÌflÚ˚Â ÔË ‚˚‚Ó‰Â ˝ÚÓ„Ó Û‡‚ÌÂÌËfl ‰ÓÔÛ˘ÂÌËfl
(ÔËÔ‡È ÒÓÒÚ‡‚ÎflÂÚ ÓÒÌÓ‚ÌÛ˛ ˜‡ÒÚ¸ ãè ÔË·ÂÊÌÓ-
„Ó ‡ÈÓÌ‡), ÚÓ ı‡‡ÍÚÂ ËÁÏÂÌÂÌËfl ÔÎÓ˘‡‰Ë ÔËÔ‡fl
ÓÔÂ‰ÂÎflÂÚÒfl ÚÂÏÔÂ‡ÚÛÌ˚Ï ÂÊËÏÓÏ Ë ÔÎÓ˘‡‰¸˛
Ä* ‡Í‚‡ÚÓËË 

(11)

Ah[
0

H*∫ Ah
F( )

ba
A( )–{ ba

S( )

Ah
F( ) TF* T̃ αa

A( )

β1
A( ), β2

A( ) T̃ αa
S( ) β1

S( ),

β2
S( ) T̃ T̃ T̃

T̃ H* z–( )
0

h ∆h–∫
ba

A( ) ba
S( )

f a0

A*∫

Ah
F( ) an F( )

0

A*∫

a f ah0

A*∫

β1
A( ), β2

A( ), β1
S( ) β2

S( )

J h( ) T* T–( ) f h h β1
A( ) β2

A( ), ,( )A W( )Θ T* T–( ) +[≡

+ f h h β1
S( ) β2

S( ), ,( )AΘ T T*–( ) ].

aQah0

A*∫ aRah0

A*∫
Ah

F( )

Ah x t0 h, ,( ) Ah
F( ) x t0 h, ,( ) 0= =

Ë ḣAh h 0 H*,=
ḣAh

F( )
h 0 H*,=

0.= =

Ȧ
F( )

TF* αa
A( ) αA

A( ) TF*

αa
S( ) αA

S( ) TF* αA
A( )

β1
A( ) β2

A( ) αa
S( ) β1

S( ) β2
S( ).

β2
A( )

β2
S( ) β2

A( ) β2
S( )

A F( ) t( ) A A F,( ) t( )Θ TF* T–( ) +=

+ A S F,( ) t( )Θ T TF*–( ),

A A F,( ) t( ) A* 1
αA

A( ) αa
A( )+

αA
A( ) αa

A( )A* αA
A( )+( ) TF* T

A( )
–( ) t t0

A( )–( )[ ] αa
A( )+exp

-----------------------------------------------------------------------------------------------------------------------------
⎭
⎬
⎫

,–
⎩
⎨
⎧

=

A S F,( ) t( )
αa

S( )A* αA
S( )+

αa
S( )------------------------------- 1 1

αa
S( )CA

S( ) αa
S( )A* αA

S( )+( ) TF* T
S( )

–( ) t t0
S( )–( )[ ] 1+exp

-----------------------------------------------------------------------------------------------------------------------------–
⎩ ⎭
⎨ ⎬
⎧ ⎫

,=
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„‰Â   – ÏÓÏÂÌÚ˚ ‚ÂÏÂÌË, ÍÓÚÓ˚Â ÒÓÓÚ‚ÂÚ-
ÒÚ‚Û˛Ú Ì‡˜‡Î¸ÌÓÈ ÒÚ‡‰ËË ÙÓÏËÓ‚‡ÌËfl ãè Ë Ì‡-

˜‡Î¸ÌÓÈ ÒÚ‡‰ËË Â„Ó Ú‡flÌËfl; (t) =  Ë

(t) =  – ÒÂ‰ÌËÂ ÚÂÏÔÂ‡ÚÛ˚ ‚ÓÁ-

‰Ûı‡ ÓÚ ÏÓÏÂÌÚ‡ Ì‡˜‡Î¸ÌÓ„Ó ÙÓÏËÓ‚‡ÌËfl/Ú‡flÌËfl
ãè ‰Ó ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Â„Ó ÚÂÍÛ˘Â„Ó ÏÓÏÂÌÚ‡ ‚ÂÏÂ-

ÌË. Ç ÔÂ‚ÓÏ ÒÎÛ˜‡Â A(F)( ) = 0, ‡ ‚Ó ‚ÚÓÓÏ ÒÎÛ˜‡Â

A(F)( ) – ÔÎÓ˘‡‰¸ ÔËÔ‡fl ‚ Ì‡˜‡Î¸Ì˚È ÏÓÏÂÌÚ Â„Ó

ÒÚ‡‰ËË Ú‡flÌËfl Ë  = A(F)( )/[ A* +  –

A(F)( )].

ÄÌ‡ÎËÁ ˝‚ÓÎ˛ˆËË ÒÛÏÏ‡ÌÓÈ ÔÎÓ˘‡‰Ë ÔËÔ‡fl
Ì‡ ̋ Ú‡ÔÂ Â„Ó ÙÓÏËÓ‚‡ÌËfl ÔÓÍ‡Á˚‚‡ÂÚ ÒÎÂ‰Û˛˘ÂÂ.

åÓÏÂÌÚ ‚ÂÏÂÌË t =  ÔÂÂ„Ë·‡ ÍË‚ÓÈ A(A, F)(t)

ÓÔÂ‰ÂÎflÂÚÒfl Â¯ÂÌËÂÏ Û‡‚ÌÂÌËfl  = 0, Ú.Â.

„‰Â  < t <  Ç ÂÒÚÂÒÚ‚ÂÌÌ˚ı ‰Îfl ÙÓÏËÓ‚‡ÌËfl

ÔËÔ‡fl ÛÒÎÓ‚Ëflı ÔÓÌËÊÂÌËÂ ÚÂÏÔÂ‡ÚÛ˚ – (t) fl‚-
ÎflÂÚÒfl ÌÂÓÚËˆ‡ÚÂÎ¸ÌÓÈ ‚ÂÎË˜ËÌÓÈ. íÓ„‰‡ ÍË‚‡fl
ÔÎÓ˘‡‰Ë ÔËÔ‡fl ËÏÂÂÚ ÚÓ˜ÍÛ ÔÂÂ„Ë·‡, ÂÒÎË ‚˚ÔÓÎ-

Ìfl˛ÚÒfl ÒÎÂ‰Û˛˘ËÂ Ó„‡ÌË˜ÂÌËfl: A(A, F)( ) > 0 ËÎË

 < A* – /(  – T)2; A(A, F)( ) < A* ËÎË

– /(  – T)2 < A* +  ÑÎfl ÔÂ‰ÏÂÚÌÓÈ
ËÌÚÂÔÂÚ‡ˆËË ÌÂ‡‚ÂÌÒÚ‚ ‡ÒÒÏÓÚËÏ ÒÎÛ˜‡È –

( ) = 0 íÓ„‰‡ ÔÂÂ„Ë· ÍË‚ÓÈ ÓÚÒÛÚÒÚ‚ÛÂÚ, ÂÒÎË

ÔË Ó‰ÌÓÈ Ë ÚÓÈ ÊÂ ÚÂÏÔÂ‡ÚÛÂ í <  ‚ÓÁ‰Ûı‡ ‡Í-
‚‡ÚÓËfl ÌÂ·ÓÎ¸¯Ó„Ó ‚Ó‰ÓÂÏ‡ ·˚ÒÚÓ ÔÓÍ˚‚‡ÂÚÒfl
ÔÎÂÌÍÓÈ Î¸‰‡. Ñ‡ÊÂ ÔË ‚˚ÔÓÎÌÂÌËË ÔÂ‚Ó„Ó ÌÂ‡-
‚ÂÌÒÚ‚‡ ÍË‚‡fl ÔÎÓ˘‡‰Ë ÔËÔ‡fl ÏÓÊÂÚ ÌÂ ËÏÂÚ¸
ÚÓ˜ÍÛ ÂÂ ÔÂÂ„Ë·‡: ‰Îfl ˝ÚÓ„Ó ‰ÓÎÊÂÌ ËÏÂÚ¸ ÏÂÒÚÓ
ÓÔÂ‰ÂÎÂÌÌ˚È ÂÊËÏ ÓıÎ‡Ê‰ÂÌËfl ‚ÓÁ‰Ûı‡ (‚ÚÓÓÂ
ÌÂ‡‚ÂÌÒÚ‚Ó), Ì‡ÔËÏÂ, Â„Ó ÂÁÍÓÂ ÓıÎ‡Ê‰ÂÌËÂ.

ÑÎfl ÒÚ‡‰ËË Ú‡flÌËfl ÔËÔ‡fl ÁÌ‡˜ÂÌËÂ – (t) ÂÒÚ¸ ÓÚË-
ˆ‡ÚÂÎ¸Ì‡fl ‚ÂÎË˜ËÌ‡. èÓ˝ÚÓÏÛ ‚ÚÓÓÂ ÌÂ‡‚ÂÌÒÚ‚Ó
‚˚ÔÓÎÌflÂÚÒfl ÔË Î˛·˚ı ÌÂÓÚËˆ‡ÚÂÎ¸Ì˚ı Ô‡‡ÏÂÚ-
‡ı, ‡ ÔÂ‚ÓÂ ÌÂ‡‚ÂÌÒÚ‚Ó ‚˚ÔÓÎÌflÂÚÒfl ÚÓÎ¸ÍÓ ÚÓ-
„‰‡, ÍÓ„‰‡ ËÏÂÂÚ ÏÂÒÚÓ ÓÔÂ‰ÂÎÂÌÌ˚È ÚÂÏË˜ÂÒÍËÈ
ÂÊËÏ ÔÓ‚˚¯ÂÌËfl ÚÂÏÔÂ‡ÚÛ˚ ‚ÓÁ‰Ûı‡.

Ç Ì‡ÒÚÓfl˘ÂÏ ÒÎÛ˜‡Â ÁÌ‡˜ÂÌËÂ ‚ÂÏÂÌÌó„Ó ¯‡„‡
ÔÓÎ‡„‡ÂÚÒfl ‡‚Ì˚Ï 1 ÒÛÚÍ‡Ï, ˜ÚÓ Ó·ÛÒÎÓ‚ÎÂÌÓ ‰ËÒ-
ÍÂÚÌÓÒÚ¸˛ ÔÂ‰ÒÚ‡‚ÎÂÌËÈ ‚˚·ÓÓ˜Ì˚ı ‡ÒÔÂ‰Â-
ÎÂÌËÈ ÚÂÏÔÂ‡ÚÛ˚ Ë ÒÍÓÓÒÚË ‚ÂÚ‡. àÁ Ì‡·Î˛‰Â-
ÌËÈ Ë ‡Ì‡ÎËÁ‡ ÔÓfl‰Í‡ ˜ÎÂÌÓ‚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı
Û‡‚ÌÂÌËÈ ÒÎÂ‰ÛÂÚ, ˜ÚÓ ‰Îfl ˝ÚÓ„Ó ‚ÂÏÂÌÌó„Ó ¯‡„‡
ÒÍÓÓÒÚ¸ ‰ÂÈÙ‡ ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡ (‡ ÌÂ ÓÚ‰ÂÎ¸Ì˚ı
Î¸‰ËÌ) ËÏÂÂÚ Í‚‡ÁËÒÚ‡ˆËÓÌ‡Ì˚È ı‡‡ÍÚÂ Ë ÓÔÂ-
‰ÂÎflÂÚÒfl ÔÓÒÚ˚ÏË ÒÓÓÚÌÓ¯ÂÌËflÏË [6]. ç‡ ËÒ. 3

ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‡ÒÔÂ‰ÂÎÂÌËfl ÚÓÎ˘ËÌ Î¸‰‡  Ë Ah

‡ÁÎË˜Ì˚ı ÚÓÎ˘ËÌ Ì‡ ‡Í‚‡ÚÓËË, ÄÏÛÒÍÓ„Ó Á‡Î.
(ËÒ. 3 ‡–‚) Ë ‡ÈÓÌ‡ ÒÂ‚ÂÌÓÈ ˜‡ÒÚË í‡Ú‡ÒÍÓ„Ó

t0
A( ), t0

S( )

T
A( ) 1

t t0
A( )–

--------------- T td
t0

A( )

t∫
T

S( ) 1

t t0
S( )–

-------------- T td
t0

S( )

t∫

t0
A( )

t0
S( )

CA
S( ) t0

S( ) αa
S( ) αa

S( )

αa
S( ) t0

S( )

tA
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Ȧ̇
A F,( )

Ṫ t( )/ TF* T t( )–[ ]2
– αa

A( )A* αA
A( )––+

–2αa
A( )A A F,( ) t( ) 0,=

t0
A( ) t0

S( ).

Ṫ

tA
A( )

αA
A( ) αa

A( ) Ṫ TF* tA
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Ṫ tA
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Ṫ
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êËÒ. 3. ê‡ÒÔÂ‰ÂÎÂÌËÂ ÚÓÎ˘ËÌ ãè Ì‡ ‡Í‚‡ÚÓËË ÄÏÛÒÍÓ„Ó Á‡Î. (‡, ‚) Ë ÒÂ‚ÂÌÓÈ ˜‡ÒÚË í‡Ú‡ÒÍÓ„Ó ÔÓÎ. (·, „), (‡, · –
ãè ÔËÔ‡fl Ë ‚, „ – Û˜‡ÒÚÍÓ‚ ÓÚÍ˚ÚÓÈ ‚Ó‰˚).
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ÔÓÎ. (ËÒ. 3 ·–„). ÑÎfl Û‰Ó·ÒÚ‚‡ Â„Ó ‡Ì‡ÎËÁ‡ ‡ÒÔÂ-
‰ÂÎÂÌËfl ãè ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍÓ‚ ÔË‚Â‰ÂÌ˚ ÔÓ‰ ‡Ò-
ÔÂ‰ÂÎÂÌËÂÏ Î¸‰Ó‚ ÔËÔ‡fl. ÄÌ‡ÎËÁ ÓÚ‰ÂÎ¸Ì˚ı ÒÎÛ-
˜‡Â‚ ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ Ì‡ ÒÚ‡‰ËË ‚ÂÒÂÌÌÂ„Ó ‡ÁÛ¯Â-
ÌËfl Ë Ú‡flÌËfl ÔËÔ‡fl ËÏÂÂÚ ÏÂÒÚÓ ÓÒÚ ÔÎÓ˘‡‰ÂÈ ãè
ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍÓ‚, ̃ ÚÓ fl‚ÎflÂÚÒfl ÒÎÂ‰ÒÚ‚ËÂÏ ‚˚ÌÓ-
Ò‡ Ò˛‰‡ Î¸‰Ó‚ ÔËÔ‡fl.

ÑÎfl ‚˚fl‚ÎÂÌËfl ÔË˜ËÌ Ú‡ÌÒÙÓÏ‡ˆËË Î¸‰Ó‚
ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍÓ‚ ‚Ó Î¸‰˚ ÔËÔ‡fl Ë Ó·‡ÚÌÓÈ
Ú‡ÌÒÙÓÏ‡ˆËË ‚ ˝ÚËı ‡ÈÓÌ‡ı ‡ÒÒÏÓÚËÏ ÔÂ‰-
ÒÚ‡‚ÎÂÌÌ˚Â Ì‡ ËÒ. 4 ‡ÒÔÂ‰ÂÎÂÌËfl ÓÚ‰ÂÎ¸Ì˚ı ÒÓ-
ÒÚ‡‚Îfl˛˘Ëı ‚ (6). ëÓÔÓÒÚ‡‚ÎÂÌËÂ ÒÎÛ˜‡Â‚ (‡) Ë (·)
ÛÍ‡Á˚‚‡ÂÚ ‡ÁÎË˜Ëfl ˝‚ÓÎ˛ˆËË ÔËÔ‡fl ‚ ‡ÒÒÏ‡Ú-
Ë‚‡ÂÏ˚ı ‡ÈÓÌ‡ı. í‡Í, ‚ ÔÂ‚ÓÏ ÒÎÛ˜‡Â ÚÂÏË˜Â-

ÒÍËÈ (2-È ˜ÎÂÌ ‚ (T, u)) Ë ‚ÂÚÓ‚ÓÈ (3-È ˜ÎÂÌ ‚

(T, u)) ÂÊËÏ˚ ÓÚÍ˚Ú˚ı Û˜‡ÒÚÍÓ‚ ‡Í‚‡ÚÓËË
ÌÂ ÓÍ‡Á˚‚‡˛Ú Á‡ÏÂÚÌÓ„Ó ‚ÎËflÌËfl Ì‡ ÙÓÏËÓ‚‡-
ÌËÂ ÔËÔ‡fl. ç‡ ÒÚ‡‰ËË Ú‡flÌËfl ãè ˝ÚÓ„Ó ‡ÈÓÌ‡
ËÏÂÌÌÓ ÚÂÔÎÓ‚ÓÂ ‚ÓÁ‰ÂÈÒÚ‚ËÂ Ó·ÛÒÎÓ‚ÎË‚‡ÂÚ ‡Á-
Û¯ÂÌËÂ ÔËÔ‡fl, Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÓÏ ̃ Â„Ó fl‚ÎflÂÚÒfl ÔÂ-
‚˚¯ÂÌËÂ ÁÌ‡˜ÂÌËÈ ÚÂÏË˜ÂÒÍÓÈ ÒÓÒÚ‡‚Îfl˛˘ÂÈ

(T* – í) Θ(í* – í) dh + (í –

− ) Θ(  – T)A(W) dh Ì‡‰ ‚ÂÚÓ‚ÓÈ ÒÓ-

ÒÚ‡‚Îfl˛˘ÂÈ Θ(í* – í) dh +

ba
A( )

ba
A( )

ba
A T,( ) Ah0

H*∫
TF* ba

Ṡ T,( ) TF* Ah0

H*∫
ba

A u,( ) n°u Ah0

H*∫

+ Θ(  – T)A(W) dh. ç‡ ÒÚ‡‰ËË

ÙÓÏËÓ‚‡ÌËfl ÔËÔ‡fl ‚ ÒÂ‚ÂÌÓÈ ˜‡ÒÚË í‡Ú‡ÒÍÓ„Ó

ÔÓÎ. ËÏÂÂÚ ÏÂÒÚÓ ÓÚÊËÏÌÓÈ ‰ÂÈÙ Î¸‰‡  < 0.
èË ˝ÚÓÏ ÚÂÏË˜ÂÒÍ‡fl Ë ‚ÂÚÓ‚‡fl ÒÓÒÚ‡‚Îfl˛˘ËÂ
Ô‡‚ÓÈ ˜‡ÒÚË (6) ÌÂÁÌ‡˜ËÚÂÎ¸ÌÓ ‡ÁÎË˜‡˛ÚÒfl ÏÂÊ‰Û
ÒÓ·ÓÈ. ç‡ ÒÚ‡‰ËË Ú‡flÌËfl ÚÂÏË˜ÂÒÍ‡fl ÒÓÒÚ‡‚Îfl˛˘‡fl
‚¸¯ÓÎÌflÂÚ ÓÔÂ‰ÂÎfl˛˘Û˛ ÓÎ¸ ‚ ÔÓˆÂÒÒÂ ‡ÁÛ-
¯ÂÌËfl ÔËÔ‡fl. ìÍ‡Á‡ÌÌ‡fl ÒËÚÛ‡ˆËfl fl‚ÎflÂÚÒfl ÔÓÚË-
‚ÓÔÓÎÓÊÌÓÈ Í‡ÚËÌÂ ‡ÁÛ¯ÂÌËfl ÔËÔ‡fl îËÌÒÍÓ„Ó
Á‡ÎË‚‡, „‰Â ÒÓ„Î‡ÒÌÓ ÔÓÎÓÊÂÌËflÏ á.å. ÉÛ‰ÍÓ‚Ë˜‡ Ë
ë.Ç. äÎfl˜ÍËÌ‡ ËÏÂÌÌÓ ‚ÂÚÓ‚‡fl ÒÓÒÚ‡‚Îfl˛˘‡fl Ó·Û-
ÒÎÓ‚ÎË‚‡ÂÚ ‚ÁÎÓÏ ˝ÚÓ„Ó ÔËÔ‡fl [3]. é‰Ì‡ÍÓ ÌÂÔÓ-
ÒÂ‰ÒÚ‚ÂÌÌ˚Â Ì‡·Î˛‰ÂÌËfl ÔÓÍ‡Á˚‚‡˛Ú, ˜ÚÓ ‚ÁÎÓÏ
ÔËÔ‡fl ‚ üÔÓÌÒÍÓÏ ÏÓÂ ËÏÂÂÚ ÏÂÒÚÓ Ë ·ÂÁ ÓÚÊËÏ-
ÌÓ„Ó ‚ÂÚ‡: ‚ ·ÂÁ‚ÂÚÂÌÌ˚È Ë flÒÌ˚È ‚ÂÒÂÌÌËÈ ‰ÂÌ¸
ÔÓËÒıÓ‰ËÚ Ó·Û¯ÂÌËÂ ÔÂÂ‰ÌÂÈ ÍÓÏÍË ÔËÔ‡fl Ë
Â„Ó ‡ÁÛ¯ÂÌËÂ. èÓ˝ÚÓÏÛ ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl, ˜ÚÓ ÏÂı‡-
ÌËÁÏ (6) ‚ ·ÓÎ¸¯ÂÈ ÒÚÂÔÂÌË ÓÚ‡Ê‡ÂÚ ‚ÁÎÓÏ ÔËÔ‡fl.

èÄêÄåÖíêàóÖëäÄü àÑÖçíàîàäÄñàü 

è‡‡ÏÂÚË˜ÂÒÍ‡fl Ë‰ÂÌÚËÙËÍ‡ˆËfl ÏÓ‰ÂÎË (9)–
(10) ‚˚ÔÓÎÌflÂÚÒfl Ì‡ ÓÒÌÓ‚‡ÌËË ÛÒÂ‰ÌÂÌÌÓÈ Á‡ ÔÂ-
ËÓ‰ Ì‡·Î˛‰ÂÌËÈ ‚˚·ÓÍË ÔÎÓ˘‡‰ÂÈ Î¸‰‡ ‡ÁÎË˜-

Ì˚ı ÚÓÎ˘ËÌ. ùÎÂÏÂÌÚ  ‚˚·ÓÍË ÓÔÂ‰ÂÎflÂÚ
ÔÎÓ˘‡‰¸ g-È „‡‰‡ˆËË ÚÓÎ˘ËÌ˚ Î¸‰‡ ‚ d-È ‰ÂÍ‡‰Â r-
„Ó ‡ÈÓÌ‡ (ËÏÂÂÚÒfl 6-Ú¸ ÌÂ‡‚ÌÓÏÂÌ˚ı „‡‰‡ˆËÈ

ba
Ṡ W,( ) n°W TF* Ah

F( )
0

H*∫
n°u

Ar d g, ,
D( )

b 
(x

1,
 x

2,
 t)
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ÒÛÚ
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(‚) („)
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b h
(x
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 x
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 t)

x 10–3
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0

b h
(x

1,
 x

2,
 t)

x 10–3

hh

êËÒ. 4. ê‡ÒÔÂ‰ÂÎÂÌËfl bh (x1, x2, t) = (x1, x2, t)dh ‰Îfl ãè ÄÏÛÒÍÓ„Ó Á‡Î. (‡, ‚) Ë ÒÂ‚ÂÌÓÈ ˜‡ÒÚË í‡Ú‡ÒÍÓ„Ó ÔÓÎ.

(·, „), ÍÛÊÍ‡ÏË Ó·ÓÁÌ‡˜ÂÌ˚ ‡ÒÔÂ‰ÂÎÂÌËfl ÚÂÏË˜ÂÒÍÓÈ Ë ÚÓ˜Í‡ÏË ‚ÂÚÓ‚ÓÈ ÒÓÒÚ‡‚Îfl˛˘Ëı ÔÓˆÂÒÒ‡ ÙÓÏËÓ‚‡-
ÌËfl–‡ÁÛ¯ÂÌËfl ÔËÔ‡fl ‚ ˝ÚËı ‡ÈÓÌ‡ı (ÒÔÎÓ¯Ì‡fl ÎËÌËfl – ÂÁÛÎ¸ÚËÛ˛˘‡fl ÔÓˆÂÒÒ‡).

bh0
H*∫
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ÚÓÎ˘ËÌ). ùÎÂÏÂÌÚÛ  ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ (p) =

= 0.1 (xr, t, hj, p) + A(F)(xr, t, hj, p)],

„‰Â Ì‡·Ó Ô‡‡ÏÂÚÓ‚ ÓÔÂ‰ÂÎflÂÚÒfl p = (  

 αWh, αhW, βW,     

       

   ) Ë Ì‡Ò˜ËÚ˚‚‡ÂÚ k = 23
˝ÎÂÏÂÌÚ‡ Ë ∆h = 0.15 Ï; J(g) – ÌÓÏÂ‡ ËÌÚÂ‚‡ÎÓ‚ ‡‚-
ÌÓÏÂÌÓ„Ó ‡Á·ËÂÌËfl (0, H*], ÍÓÚÓ˚Â ÔÓÍ¸‚‡˛Ú
g-È ËÌÚÂ‚‡Î „‡‰‡ˆËË ÚÓÎ˘ËÌ r = 1 � 114 Ë g = 1 � 6.
éˆÂÌÍË ËÒÍÓÏ˚ı Ô‡‡ÏÂÚÓ‚ ÓÔÂ‰ÂÎfl˛ÚÒfl ÔÓËÒ-
ÍÓÏ ÏËÌËÏÛÏ‡ î()

î() = ÂT()Â(), (12)

„‰Â eµ(p) =  – fµ(p) – ÓÒÚ‡ÚÍË ÓˆÂÌË‚‡ÌËfl Ô‡‡ÏÂÚ-

Ó‚ ÏÓ‰ÂÎË; µ = 6{ (r') – d0(r')] + d – d0(r) +
+ r – 1} + g; d0(r) Ë d1(r) – Ì‡˜‡Î¸Ì‡fl Ë ÍÓÌÂ˜Ì‡fl ‰ÂÍ‡-
‰˚ ˝‚ÓÎ˛ˆËË ‚ r ‡ÈÓÌÂ; fµ(p) =

= 0.1 (xr, 10(d – 1) + d', hj, p). èË

Á‡ÔËÒË fµ(p) Û˜ËÚ˚‚‡ÂÚÒfl Â˘Â ÚÓÚ Ù‡ÍÚ, ˜ÚÓ  Ë

(xr, 10(d – 1) + d', hj, p) ËÏÂ˛Ú ‡ÁÎË˜Ì˚Â

‚ÂÏÂÌÌ Â Ï‡Ò¯Ú‡·˚: ÔÂ‚‡fl ı‡‡ÍÚÂËÁÛÂÚ ‰Â-
Í‡‰ÌÓÂ ÁÌ‡˜ÂÌËÂ ÔÎÓ˘‡‰Ë, ‡ ‚ÚÓ‡fl – ÂÂ ÒÛÚÓ˜ÌÓÂ
ÁÌ‡˜ÂÌËÂ. ç‡˜‡Î¸ÌÓÂ ÔË·ÎËÊÂÌËÂ ‰Îfl Â¯ÂÌËfl Á‡-
‰‡˜Ë  ÓÔÂ‰ÂÎflÂÚÒfl ËÁ [7–10]. êÂ¯ÂÌËÂ

˝ÚÓÈ Á‡‰‡˜Ë ÔË‚Ó‰ËÚ Í ÒÎÂ‰Û˛˘ËÏ ÓˆÂÌÍ‡Ï:

í* = –7.6 ± 0.8;  = –6.3 ± 0.7;  = (3.25213 ±

± 1.41234)10–3;  = (2.00313 ± 0.87690)10–3;

 = (6.75000 ± 3.54372)10–3; αhW = (2.53844 ±
± 2.40695)10–3; αWh = 2.81969 ± 0.68741; βW =

= 4.74062 ± 0.54146;  = (7.06250 ± 2.23817)10–4;

 = (6.75114 ± 0.86412)10–3;  =  =

= 21.09382 ± 2.41643;  = (2.68750 ±

± 0.86265)10–2;  = (l.93750 ± 0.59215)10–2;

 = 15.71884 ± 4.38921;  = (5.53125 ±

± 1.24344)10–2;  = (1.49062 ± 0.63352)10–2;

 = (5.94063 ± 1.93126)10–2;  = (5.53125 ±

± 1.47089)10–2;  = (7.75108 ± 2.09674)10–2;

 = 15.71884 ± 4.38921;  = (3.74941 ±

± 1.20877)10–2;  = (1.75017 ± 0.93516)10–2;

 = (2.04688 ± 0.64427)10–2;  = (7.05313 ±
± 1.85319)10–3.

Ar d g, ,
D( ) Ar d g, ,

M( )

A[
j J g( )∈∑t 10d 9–=

10d∑
αh

A( ), αh
S( ),

αhh
S( ), αa

A( )AS*, αa
S( )AS*, ν1

A( ), ν2
A( ), ν1

S( ),

ν2
S( ), β1

A( ), β2
A( ), β1

S( ), β2
A( ), ba

A 0,( ), ba
A T,( ), ba

A u,( ),

ba
S 0,( ), ba

S T,( ), ba
S h,( ), ba

S W,( ),

Ardg
D( )

d1[
r' 1=
r 1–∑

A
j Jg∈∑d' 1=

10∑
Ardg

D( )

A
j Jg∈∑

˚́

Φ p( )
p

min

TF* αh
A( )

αh
S( )

αhh
S( )

β1
A( )

β1
S( ) β2

A( ) β1
A( )

αa
A( )AS*

αa
S( )AS*

ν2
A( ) ba

A 0,( )

ba
A T,( )

ba
A u,( ) ba

S 0,( )

ba
S T,( )

ν2
S( ) ba

S h,( )

ba
S W,( )

ν1
A( ) ν1

S( )

áÌ‡˜ÂÌËfl Ì‡È‰ÂÌÌ˚ı ÓˆÂÌÓÍ Ô‡‡ÏÂÚÓ‚ ÒÓÓÚ-
‚ÂÚÒÚ‚Û˛Ú Í‡˜ÂÒÚ‚ÂÌÌ˚Ï ÔÂ‰ÒÚ‡‚ÎÂÌËflÏ Ó ı‡-
‡ÍÚÂÂ Ë ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ˝Ú‡ÔÓ‚ ˝‚ÓÎ˛ˆËË
ÎÂ‰flÌÓ„Ó ÔÓÍÓ‚‡ üÔÓÌÒÍÓ„Ó ÏÓfl. íÓÚ Ù‡ÍÚ, ˜ÚÓ

 <  Ë  >  ÓÚ‚Â˜‡ÂÚ ÒÎÂ‰Û˛˘ÂÈ ÒËÚÛ-
‡ˆËË. Ç ÂÁÛÎ¸Ú‡ÚÂ ÔÓÌËÍÌÓ‚ÂÌËfl ÍÓÓÚÍÓ‚ÓÎ-
ÌÓ‚ÓÈ ‡‰Ë‡ˆËË ‚ ÎÂ‰ Â„Ó Ú‡flÌËÂ ÔÓËÒıÓ‰ËÚ ÌÂ
ÚÓÎ¸ÍÓ Ò ‚ÂıÌÂÈ ÔÓ‚ÂıÌÓÒÚË (ÔË ÓÚÒÛÚÒÚ‚ËË
‡Á‚Ó‰¸Â‚ ‚ÂÎË˜ËÌ‡ ÒÚ‡Ë‚‡ÌËfl Ò‚ÂıÛ ÏÓÊÂÚ ‚ 5–6
‡Á ·˚Ú¸ ‚˚¯Â, ˜ÂÏ ÒÌËÁÛ), ÌÓ Ú‡ÍÊÂ Ò ·ÓÍÓ‚, ÒÌË-
ÁÛ Ë ‚ Ò‡ÏÓÈ ÚÓÎ˘Â Î¸‰‡ (‚ÌÛÚÂÌÌÂÂ Ú‡flÌËÂ) [1].
à ÔÓ˝ÚÓÏÛ ËÌÚÂÌÒË‚ÌÓÒÚ¸ Ú‡flÌËfl ÔÓÍÓ‚‡ ÔÂ‚ÓÒ-
ıÓ‰ËÚ ËÌÚÂÌÒË‚ÌÓÒÚ¸ Â„Ó ÙÓÏËÓ‚‡ÌËfl ‰‡ÊÂ ‚
ÒÎÛ˜‡Â ÒËÏÏÂÚËË ‡ÒÔÂ‰ÂÎÂÌËfl ÚÂÏÔÂ‡ÚÛ˚
‡ÚÏÓÒÙÂ˚, ÍÓ„‰‡ í* – í ‰Îfl ˝Ú‡Ô‡ ÓÒÂÌÌÂ„Ó ÙÓ-
ÏËÓ‚‡ÌËfl Ë í – í* ‰Îfl ˝Ú‡Ô‡ ‚ÂÒÂÌÌÂ„Ó ‡ÁÛ¯Â-
ÌËfl ÒÓ‚Ô‡‰‡˛Ú. í‡Í, ËÁ‚ÂÒÚÌÓ, ̃ ÚÓ ÔË Ó‰ÌÓÈ Ë ÚÓÈ
ÊÂ ÚÂÏÔÂ‡ÚÛÂ ‡ÚÏÓÒÙÂ˚ ‚ flÒÌ˚Â ‰ÌË ËÌÚÂÌ-
ÒË‚ÌÓÒÚ¸ Ú‡flÌËfl Î¸‰‡ ‚˚¯Â, ˜ÂÏ ‚ ÓÒÚ‡Î¸Ì˚Â ‰ÌË.
èÓÒÍÓÎ¸ÍÛ ÒÍÓÓÒÚË ‚ÂÚ‡ Ì‡ ˝Ú‡ÔÂ ÙÓÏËÓ‚‡-
ÌËfl ÔÓÍÓ‚‡ ÔÂ‚˚¯‡˛Ú Ëı ÁÌ‡˜ÂÌËfl ‰Îfl ˝Ú‡Ô‡
Ú‡flÌËfl ÔÓÍÓ‚‡, ÚÓ ËÌÚÂÌÒË‚ÌÓÒÚ¸ ÓÒÂÌÌÂ„Ó ÚÓÓ-
¯ÂÌËfl ν(A) ÔÂ‚˚¯‡ÂÚ ËÌÚÂÌÒË‚ÌÓÒÚ¸ ν(S) ‚ÂÒÂÌÌÂ-
„Ó ÚÓÓ¯ÂÌËfl. 

ê‡ÒÒ˜ËÚ‡ÌÌ˚Â Ì‡ ÓÒÌÓ‚‡ÌËË ˝ÚÓÈ ÏÓ‰ÂÎË „‡-
ÙËÍË ÎÂ‰Ó‚ËÚÓÒÚÂÈ Ë ÒÛÏÏ‡Ì˚ı Ó·˙ÂÏÓ‚ Î¸‰‡ Ì‡
‡Í‚‡ÚÓËË üÔÓÌÒÍÓ„Ó ÏÓfl ÔË‚Â‰ÂÌ˚ Ì‡ ËÒ. 5.
ê‡ÒÔÂ‰ÂÎÂÌËfl ı‡‡ÍÚÂËÒÚËÍ ãè ‰Îfl ÓÚÍ˚Ú˚ı
Û˜‡ÒÚÍÓ‚ ÏÓfl Ë ÔËÔ‡fl ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÓÚ‰ÂÎ¸Ì˚ÏË
ÍË‚˚ÏË. ëÓÔÓÒÚ‡‚ÎÂÌËÂ ÍË‚˚ı ÎÂ‰Ó‚ËÚÓÒÚÂÈ

ÔËÔ‡fl  Ë Û˜‡ÒÚÍÓ‚ ÓÚÍ˚ÚÓ„Ó ÏÓfl  ÔÓÍ‡-
Á˚‚‡ÂÚ, ˜ÚÓ ‚ ÔÂËÓ‰ ÓÒÂÌÌÂ„Ó ÙÓÏËÓ‚‡ÌËfl ãè (Ò
31-È ÔÓ 36-Û˛ ‰ÂÍ‡‰Û) ÔÎÓ˘‡‰Ë ÔËÔ‡fl ÔÂ‚‡ÎËÛ˛Ú
Ì‡‰ ÔÎÓ˘‡‰flÏË Î¸‰‡ ÓÚÍ˚ÚÓ„Ó ÏÓfl. Ñ‡ÌÌ‡fl ÒËÚÛ‡-
ˆËfl Ó·ÛÒÎÓ‚ÎÂÌ‡ ÔÂ‚˚¯ÂÌËÂÏ ÚÂÏÔÂ‡ÚÛ˚ 
Ì‡‰ ÚÂÏÔÂ‡ÚÛÓÈ í*. äÓÎË˜ÂÒÚ‚ÂÌÌÓÂ ÒÓÓÚÌÓ¯ÂÌËÂ
ÏÂÊ‰Û ÛÍ‡Á‡ÌÌ˚ÏË ËÌÚÂ„‡Î¸Ì˚ÏË ÔÓÍ‡Á‡ÚÂÎflÏË
ãè üÔÓÌÒÍÓ„Ó ÏÓfl ÓÔÂ‰ÂÎfl˛ÚÒfl ÎËÌËflÏË Â-
„ÂÒÒËÈ

„‰Â   – ÎÂ‰Ó‚ËÚÓÒÚË ÓÚÍ˚ÚÓ„Ó ÏÓfl Ë ÔË-

Ô‡fl, a   – Ëı ÒÛÏÏ‡Ì˚Â Ó·˙ÂÏ˚ Î¸‰‡; 

  Ë  – ÍÓ˝ÙÙËˆËÂÌÚ˚ ÎËÌËÈ Â„ÂÒÒËË.
á‰ÂÒ¸ Á‡‚ËÒËÏ˚ÏË ÔÂÂÏÂÌÌ˚ÏË fl‚Îfl˛ÚÒfl ı‡‡ÍÚÂ-
ËÒÚËÍË ãè ÓÚÍ˚ÚÓ„Ó ÏÓfl, ‡ ÌÂÁ‡‚ËÒËÏ˚ÏË –

ı‡‡ÍÚÂËÒÚËÍË ÔËÔ‡fl:  = –0.51138 ± 0.10505,

 = 1.39653 ± 0.13634,  = (–2.45990 ±

± 0.65276)109,  = 1.25366 ± 0.03028. áÌ‡˜ÂÌËfl ÍÓ-
˝ÙÙËˆËÂÌÚÓ‚ ‰ÂÚÂÏËÌ‡ˆËË ˝ÚËı ÎËÌËÈ Â„ÂÒÒËË
0.975 Ë 0.968 Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Û˛Ú Ó ‚˚ÒÓÍÓÈ ÒÚÂÔÂÌË
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ÎËÌÂÈÌÓÈ Ò‚flÁË ÏÂÊ‰Û Ì‡·Î˛‰‡ÂÏ˚ÏË Ë ‡ÒÒ˜Ë-
Ú‡ÌÌ˚ÏË ÔÓ Û‡‚ÌÂÌËflÏ (1) ÁÌ‡˜ÂÌËflÏË Á‡‚ËÒËÏ˚ı
ÔÂÂÏÂÌÌ˚ı. ÑÓ‚ÂËÚÂÎ¸Ì˚Â Ó·Î‡ÒÚË ÁÌ‡˜ÂÌËÈ
Ô‡‡ÏÂÚÓ‚ ÛÍ‡Á˚‚‡˛Ú Ì‡ Ëı ÒÚ‡ÚËÒÚË˜ÂÒÍË ÁÌ‡˜Ë-
Ï˚Â ÓÚÎË˜Ëfl ÓÚ ÌÛÎfl. ë‚Ó·Ó‰Ì˚Â ˜ÎÂÌ˚ ‚ ˝ÚËı

Û‡‚ÌÂÌËflı  Ë  ÓÚËˆ‡ÚÂÎ¸Ì˚Â, ˜ÚÓ fl‚ÌÓ
ÔÓ‰Ú‚ÂÊ‰‡ÂÚ ‰ÓÒÚÓ‚ÂÌÓÒÚ¸ ÒÎÂ‰Û˛˘Â„Ó ‰ÓÔÛ˘Â-
ÌËfl: ‚ Ï‡Ò¯Ú‡·‡ı ÏÓfl ÔÂ‚ÓÌ‡˜‡Î¸ÌÓÏÛ ÔÓfl‚ÎÂ-
ÌË˛ Î¸‰‡ ‚ ÓÚÍ˚ÚÓÏ ÏÓÂ ÔÂ‰¯ÂÒÚ‚ÛÂÚ ÔÓfl‚ÎÂ-
ÌËÂ ÔËÔ‡fl. ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ, ÎÂ‰Ó‚ËÚÓÒÚË Ë Ó·˙ÂÏ˚
Î¸‰‡ ‚ ÓÚÍ˚ÚÓÏ ÏÓÂ ÔÓÎÓÊËÚÂÎ¸Ì˚Â ÚÓÎ¸ÍÓ ‚
ÒÎÛ˜‡flı ÔÂ‚˚¯ÂÌËfl ˝ÚËÏË ı‡‡ÍÚÂËÒÚËÍ‡ÏË
ÔËÔ‡fl ÓÔÂ‰ÂÎÂÌÌ˚ı ÁÌ‡˜ÂÌËÈ.

ÇõÇéÑõ

èÓÎÛ˜ÂÌÌ˚Â ÂÁÛÎ¸Ú‡Ú˚ ÓÒÌÓ‚˚‚‡˛ÚÒfl Ì‡ ÚÓÏ,
˜ÚÓ ÙÓÏ‡ÎËÁ‡ˆË˛ ÏÓ‰ÂÎÂÈ ÚÂÏË˜ÂÒÍÓÈ ̋ ‚ÓÎ˛ˆËË
ãè ÏÓÊÌÓ ‚˚ÔÓÎÌËÚ¸ Ì‡ ÓÒÌÓ‚‡ÌËË ÔÓÎÓÊÂÌËÈ ÒË-
ÒÚÂÏ˚ ÂÒÛÒ–ÔÓÚÂ·ËÚÂÎ¸, „‰Â ËÌÚÂÌÒË‚ÌÓÒÚ¸ ‚Á‡Ë-
ÏÓ‰ÂÈÒÚ‚Ëfl ı‡‡ÍÚÂËÁÛÂÚÒfl ÚÂÏÔÂ‡ÚÛÓÈ ‚ÓÁ‰Ûı‡.
Ç ‡ÏÍ‡ı ˝ÚËı ÏÓ‰ÂÎÂÈ ÏÓ„ÛÚ ·˚Ú¸ Ó·˙flÒÌÂÌ˚ Ì‡-
·Î˛‰‡ÂÏ˚Â ÓÒÓ·ÂÌÌÓÒÚË ˝‚ÓÎ˛ˆËË ÏÓÒÍÓ„Ó Î¸‰‡.

cL
1( ) cV

1( )

åÓ‰ÂÎ¸ ÙÓÏËÓ‚‡ÌËfl Ë ‡ÁÛ¯ÂÌËfl ÔËÔ‡fl
ÓÒÌÓ‚‡Ì‡ Ì‡ Â„Ó ‡ÒÒÏÓÚÂÌËË ÔÓÒÂ‰ÒÚ‚ÓÏ Ó‰ÌÓÈ
Î¸‰ËÌ˚, ̋ ‚ÓÎ˛ˆËfl ÍÓÚÓÓÈ ÓÔÂ‰ÂÎflÂÚÒfl ÚÂÏÔÂ‡-
ÚÛÓÈ ‡ÚÏÓÒÙÂ˚. èË ‚ÂÒÂÌÌÂÏ Ú‡flÌËË ÔËÔ‡È
‡ÒÔ‡‰‡ÂÚÒfl Ì‡ ÓÚ‰ÂÎ¸Ì˚Â Ù‡„ÏÂÌÚ˚ ÒÓ„Î‡ÒÌÓ
ÔÓˆÂÒÒ‡Ï Â„Ó ‰Ó·ÎÂÌËfl. ÖÒÎË ‡ÒÒÏÓÚÂÌËÂ ‚˚-
ÔÓÎÌflÂÚÒfl ‚ ÚÂÏËÌ‡ı ÔÎÓ˘‡‰ÂÈ Ë ÚÓÎ˘ËÌ Î¸‰‡, ÚÓ
ÔËÔ‡È ÙÓÏ‡ÎËÁÛÂÚÒfl ÔÓÒÂ‰ÒÚ‚ÓÏ ÒÓ‚ÓÍÛÔÌÓÒÚË
‚Á‡ËÏÓ‰ÂÈÒÚ‚Û˛˘Ëı ÏÂÊ‰Û ÒÓ·ÓÈ Î¸‰ËÌ ‡ÁÎË˜Ì˚ı
ÚÓÎ˘ËÌ. èË Ú‡flÌËË ÔËÔ‡fl Ú‡ÍÊÂ Û˜ËÚ˚‚‡ÂÚÒfl
‰Ó·ÎÂÌËÂ ÔÎÓ˘‡‰ÂÈ Ì‡ ÓÚ‰ÂÎ¸Ì˚Â ÒÓÒÚ‡‚Îfl˛˘ËÂ,
ÍÓÚÓ˚Â ÔÂÂıÓ‰flÚ ‚ Í‡ÚÂ„ÓË˛ Î¸‰Ó‚ ÓÚÍ˚ÚÓ„Ó
ÏÓfl. ê‡Á‡·ÓÚ‡Ì‡ ÏÓ‰ÂÎ¸ ‰ËÌ‡ÏËÍË Ú‡ÎÓÈ ‚Ó‰˚,
ÍÓÚÓ‡fl ÙÓÏËÛÂÚÒfl ‚ ÚÓÎ˘Â ãè. êÂÁÛÎ¸Ú‡Ú˚ ̃ ËÒ-
ÎÂÌÌÓ„Ó ÏÓ‰ÂÎËÓ‚‡ÌËfl ˝‚ÓÎ˛ˆËË ÔÓÍÓ‚‡ ÔÓÍ‡Á¸-
¯‡˛Ú ‚¸¯ÓÎÌÂÌËÂ ÔËÌflÚ˚ı ÔË ‡Á‡·ÓÚÍÂ ÏÓ‰Â-
ÎÂÈ ‰ÓÔÛ˘ÂÌËÈ.
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