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Ç‚Â‰ÂÌËÂ

Ç ÒÂÌÚfl·Â 2006 „. ‡‚ÚÓ‡Ï ÔÂ‰ÒÚ‡‚ËÎ‡Ò¸ ‚ÓÁ-
ÏÓÊÌÓÒÚ¸ ÔÓ‚ÚÓËÚ¸ ˝ÍÒÔÂËÏÂÌÚ ÔÓ ‡ÍÚË‚ÌÓÏÛ
‚ÓÁ‰ÂÈÒÚ‚Ë˛ Ì‡ ‡ÚÏÓÒÙÂÌÓÂ ˝ÎÂÍÚË˜ÂÒÍÓÂ ÔÓÎÂ
(Äùè) ËÒÍÛÒÒÚ‚ÂÌÌÓ„Ó Ô‡Ó‚Ó‰flÌÓ„Ó Ó·Î‡Í‡
(èÇé), Ó·‡ÁÛ˛˘Â„ÓÒfl ÔË ÓÚÍ˚ÚËË „ÎÛ·ËÌÌÓÈ,
Á‡ÍÓÌÒÂ‚ËÓ‚‡ÌÌÓÈ, „ÂÓÚÂÏ‡Î¸ÌÓÈ ÒÍ‚‡ÊËÌ˚ ‚
ÏÓÏÂÌÚ ÚÂıÌÓÎÓ„Ë˜ÂÒÍÓ„Ó Ò·ÓÒ‡ ÔÂÂ„ÂÚÓ„Ó ‚Ó‰fl-
ÌÓ„Ó Ô‡‡. ÇÓ ‚ÂÏfl ÔÓ‚Â‰ÂÌËfl ÔÂ‚Ó„Ó ˝ÍÒÔÂË-
ÏÂÌÚ‡ (2004 „.) Ì‡ÏË ·˚ÎÓ Ó·Ì‡ÛÊÂÌÓ [1], ̃ ÚÓ ‚ÂÎË-
˜ËÌ‡ Ì‡ÔflÊÂÌÌÓÒÚË Äùè Ö ‚Ó ‚ÂÏfl Ó·‡ÁÓ‚‡ÌËfl
èÇé ÛÏÂÌ¸¯‡Î‡Ò¸: ΔÖ ≈ 100–200 Ç/Ï, ÒÓı‡Ìflfl ÔÓ-
ÎflÌÓÒÚ¸, Ë Á‡ÚÂÏ ‚ÓÒÒÚ‡Ì‡‚ÎË‚‡Î‡Ò¸ ‰Ó ÔÂÊÌÂ„Ó
ÁÌ‡˜ÂÌËfl. Ç ‡·ÓÚÂ [1] Ú‡ÍÊÂ ÓÚÏÂ˜‡ÎÓÒ¸, ˜ÚÓ Ó·‡-
ÁÓ‚‡‚¯ÂÂÒfl ËÒÍÛÒÒÚ‚ÂÌÌÓÂ Ó·Î‡ÍÓ Ó·Î‡‰‡ÂÚ ˝ÎÂÍ-
ÚË˜ÂÒÍËÏ Á‡fl‰ÓÏ, ıÓÚfl ÁÌ‡Í Á‡fl‰‡ Ë ÙËÁËÍ‡ Â„Ó
ÔÓfl‚ÎÂÌËfl ·˚ÎË ÌÂ ÒÓ‚ÒÂÏ flÒÌ˚. ÇÂÏfl Ó‰ÌÓ„Ó ËÁ-
ÏÂÂÌËfl Ì‡ ÒÍ‚‡ÊËÌÂ ‚ ˝ÍÒÔÂËÏÂÌÚÂ 2004 „. ·˚ÎÓ
Ì‡ÏË Á‡‰‡ÌÓ ÌÂ Ó‰ËÌ‡ÍÓ‚Ó: Ì‡ Ó‰ÌÓÈ ÒÍ‚‡ÊËÌÂ ËÁÏÂ-
ÂÌËfl ÓÒÛ˘ÂÒÚ‚ÎflÎËÒ¸ ˜ÛÚ¸ ·ÓÎÂÂ ˜‡Ò‡, ‡ Ì‡ ‰‚Ûı
‰Û„Ëı ÔÓ 10 ÏËÌÛÚ, ˜ÚÓ, Í‡Í ‚˚flÒÌËÎÓÒ¸ ÔË Ó·‡-
·ÓÚÍÂ ‰‡ÌÌ˚ı, ·˚ÎÓ ÌÂ‰ÓÒÚ‡ÚÓ˜ÌÓ. Ç ˝ÍÒÔÂËÏÂÌÚÂ
2004 „. ËÒÔÓÎ¸ÁÓ‚‡ÎÒfl ÎË¯¸ Ó‰ËÌ ‰‡Ú˜ËÍ Äùè, ÍÓÚÓ-
˚È ÔÂÂÌÓÒËÎÒfl Ò ÏÂÒÚ‡ Ì‡ ÏÂÒÚÓ ‚ ÚÂ˜ÂÌËÂ Ì‡·Î˛-
‰ÂÌËfl. ùÚÓ ·˚ÎÓ Ó˜ÂÌ¸ ÌÂÛ‰Ó·ÌÓ Ë ÏÂ¯‡ÎÓ ÔÓÎÛ-
˜ËÚ¸ ÔÓÎÌÛ˛ Í‡ÚËÌÛ fl‚ÎÂÌËfl ‡ÍÚË‚ÌÓ„Ó ‚ÓÁ‰ÂÈ-
ÒÚ‚Ëfl Ì‡ Äùè. ÇÒÂ ˝ÚË ÏÓÏÂÌÚ˚ ·˚ÎË Û˜ÚÂÌ˚ Ì‡ÏË
Ë ÔÓ ‚ÓÁÏÓÊÌÓÒÚË ËÒÔ‡‚ÎÂÌ˚ ÔË ÔÓ‚Â‰ÂÌËË ÔÓ-
‚ÚÓÌ˚ı ËÒÔ˚Ú‡ÌËÈ. 

éÔËÒ‡ÌËÂ ˝ÍÒÔÂËÏÂÌÚ‡

ùÍÒÔÂËÏÂÌÚ˚ 2006 „. ÔÓ‚Ó‰ËÎËÒ¸ ‚ ‡ÈÓÌÂ ‰ÂÈ-
ÒÚ‚Û˛˘ÂÈ åÛÚÌÓ‚ÒÍÓÈ ˝ÎÂÍÚÓÒÚ‡ÌˆËË Ì‡ ‰‚Ûı
ÒÍ‚‡ÊËÌ‡ı ÚÂÔÎÓ˝ÌÂ„ÂÚË˜ÂÒÍËı ‚Ó‰ – Ô‡Ó„Ë‰Ó-

ÚÂÏ, Ì‡ Ó‰ÌÓÈ ËÁ ÍÓÚÓ˚ı (ÔÂ‚ÓÈ) ‚‡Ë‡ˆËË Äùè
ËÁÏÂflÎËÒ¸ ‚ ˝ÍÒÔÂËÏÂÌÚÂ 2004 „Ó‰‡. àÁÏÂÂÌËfl
‚ÂÚËÍ‡Î¸ÌÓÈ ÍÓÏÔÓÌÂÌÚ˚ Äùè Ez ÔÓ‚Ó‰ËÎËÒ¸ Ò
ÔÓÏÓ˘¸˛ ÚÂı ˝ÎÂÍÚË˜ÂÒÍËı ÙÎ˛ÍÒÏÂÚÓ‚ “É‡-
‰ËÂÌÚ å3”, ‰‡Ú˜ËÍ‡ ˝ÎÂÍÚË˜ÂÒÍÓÈ ÔÓ‚Ó‰ËÏÓÒÚË
‚ÓÁ‰Ûı‡ “ùÎÂÍÚÓÔÓ‚Ó‰ÌÓÒÚ¸-2”, ÒËÒÚÂÏ˚ ÓˆËÙ-
Ó‚ÍË Ë Á‡ÔËÒË ÒË„Ì‡Î‡ Ì‡ ˆËÙÓ‚ÓÈ ÌÓÒËÚÂÎ¸. Ñ‡Ú-
˜ËÍ ˝ÎÂÍÚË˜ÂÒÍÓÈ ÔÓ‚Ó‰ËÏÓÒÚË ‚˚ÔÓÎÌÂÌ ‚ ‚Ë‰Â
‰‚ÓÈÌÓ„Ó ‡ÒÔË‡ˆËÓÌÌÓ„Ó ËÁÏÂËÚÂÎ¸ÌÓ„Ó ÍÓÌ‰ÂÌ-
Ò‡ÚÓ‡. Ñ‡Ú˜ËÍ ÒÓÒÚÓËÚ ËÁ ˆËÎËÌ‰Ë˜ÂÒÍÓÈ Ó·ÍÎ‡‰-
ÍË, ‚ÌÛÚÂÌÌÂÈ ÒÓ·Ë‡˛˘ÂÈ Ó·ÍÎ‡‰ÍË, ‚ıÓ‰ÌÓÈ ÚÛ-
·˚ Ë ‡˝ÓÁÓÎ¸ÌÓÈ Á‡˘ËÚ˚. ç‡ Ó·ÍÎ‡‰ÍË ÔÓ‰‡ÂÚÒfl
Ì‡ÔflÊÂÌËÂ Ë ËÁÏÂflÂÚÒfl ÚÓÍ. é‰ËÌ ÍÓÌ‰ÂÌÒ‡ÚÓ
ËÁÏÂflÂÚ ÔÓ‚Ó‰ËÏÓÒÚ¸ ÔÓÎÓÊËÚÂÎ¸Ì˚ı ÎÂ„ÍËı
ËÓÌÓ‚, ‰Û„ÓÈ – ÓÚËˆ‡ÚÂÎ¸Ì˚ı. ÑË‡Ô‡ÁÓÌ ËÁÏÂÂ-
ÌËÈ Í‡Ê‰Ó„Ó ÍÓÌ‰ÂÌÒ‡ÚÓ‡ ÒÓÒÚ‡‚ÎflÂÚ ±25 ÙëÏ Ï–1. 

é‰ËÌ ËÁ ‰‡Ú˜ËÍÓ‚ Äùè “É‡‰ËÂÌÚ å3” ÛÒÚ‡Ì‡‚-
ÎË‚‡ÎÒfl ‚ ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓÈ ·ÎËÁÓÒÚË ÓÚ ÒÓÔÎ‡ ÒÍ‚‡-
ÊËÌ˚ Ì‡ ‚ÂıÌÂÈ ÔÎÓ˘‡‰ÍÂ ÏÂÚ‡ÎÎË˜ÂÒÍÓ„Ó ÍÓÊÛ-
ı‡, ‰Û„ËÂ ‡ÒÔÓÎ‡„‡ÎËÒ¸ Ì‡ ‡ÒÒÚÓflÌËË 20 Ë 40 Ï ÓÚ
ÒÍ‚‡ÊËÌ˚. èË·Ó “ùÎÂÍÚÓÔÓ‚Ó‰ÌÓÒÚ¸-2”, ÒËÒÚÂ-
Ï‡ ÓˆËÙÓ‚ÍË ‰‡ÌÌ˚ı Ë ÍÓÏÔ¸˛ÚÂ ‡ÁÏÂ˘‡ÎËÒ¸ ‚
20 Ï ÓÚ ÒÍ‚‡ÊËÌ˚. í‡ÍËÏ Ó·‡ÁÓÏ, Ì‡Ë·ÓÎ¸¯ÂÂ Û‰‡-
ÎÂÌËÂ ˝ÎÂÍÚÓÏÂÚ‡ ÓÚ ÒÍ‚‡ÊËÌ˚ ‰ÓÒÚË„‡ÎÓ 40 Ï,
˜ÚÓ Ó„‡ÌË˜Ë‚‡ÎÓÒ¸ ‰ÎËÌÓÈ ËÁÏÂËÚÂÎ¸ÌÓ„Ó Í‡·ÂÎfl
(20 Ï). èÂ‰ÔÓÎ‡„‡ÎÓÒ¸, ̃ ÚÓ ̃ ÂÏ ‚˚¯Â ‚˚·ÓÒ Ô‡‡,
ÚÂÏ Ì‡ ·ÓÎ¸¯Ëı ‡ÒÒÚÓflÌËflı ÒÍ‡ÊÂÚÒfl Â„Ó ‚ÎËflÌËÂ
Ì‡ Äùè, ÌÓ ÔË ÓÚÍ˚ÚËË ÒÍ‚‡ÊËÌ˚ ÒÚ‡ÎÓ Ó˜Â‚Ë‰-
Ì˚Ï, ̃ ÚÓ ̋ ÚÓ Û‰‡ÎÂÌËÂ ·˚ÎÓ ‚˚·‡ÌÓ ÌÂ‰ÓÒÚ‡ÚÓ˜ÌÓ.
ÑÂÎÓ ‚ ÚÓÏ, ˜ÚÓ ‚˚·ÓÒ Ô‡‡ ‚ ˝ÍÒÔÂËÏÂÌÚÂ 2006 „.
Ì‡ ÔÂ‚ÓÈ ÒÍ‚‡ÊËÌÂ ·˚Î ÁÌ‡˜ËÚÂÎ¸ÌÓ ÏÓ˘ÌÂÂ, ˜ÂÏ
‚ 2004: ‚˚ÒÓÚ‡ ÒÚÛË ÔÂ‚˚ÒËÎ‡ 150 Ï, ‚ ÚÓ ‚ÂÏfl
Í‡Í ‚ 2004 „. Ì‡ ˝ÚÓÈ ÊÂ ÒÍ‚‡ÊËÌÂ ÓÌ‡ ‰ÓÒÚË„‡Î‡
ÎË¯¸ 30 Ï. ùÚÓ ·˚ÎÓ ÌÂ Â‰ËÌÒÚ‚ÂÌÌÓÂ ÓÚÎË˜ËÂ ı‡-
‡ÍÚÂËÒÚËÍ ÒÍ‚‡ÊËÌ ‚ ̋ ÍÒÔÂËÏÂÌÚÂ 2006 „. åÂÊ‰Û
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äÛÁÌÂˆÓ‚ Ë ‰.

ÔÂ‚ÓÈ Ë ‚ÚÓÓÈ ÒÍ‚‡ÊËÌ‡ÏË ËÏÂÎÓÒ¸ ÒÛ˘ÂÒÚ‚ÂÌÌÓÂ
‡ÁÎË˜ËÂ, ÒÓÒÚÓfl˘ÂÂ ‚ ÚÓÏ, ˜ÚÓ ‡ÒıÓ‰ Ô‡Ó‚Ó‰flÌÓÈ
ÒÏÂÒË Ì‡ ÔÂ‚ÓÈ ÒÍ‚‡ÊËÌÂ ÒÓÒÚ‡‚ËÎ 115 Í„/Ò Ò 22%
ÒÓ‰ÂÊ‡ÌËÂÏ Ô‡‡, ‡ ‡ÒıÓ‰ ‚Ó ‚ÚÓÓÈ ÒÍ‚‡ÊËÌÂ –
14–15 Í„/Ò ̃ ËÒÚÓ„Ó Ô‡‡ (100%), ·ÂÁ ÔËÏÂÒË ‚Ó‰˚. Ç
ÏÓÏÂÌÚ ÓÚÍ˚ÚËfl ÔÂ‚ÓÈ ÒÍ‚‡ÊËÌ˚ ÔÓˆÂÌÚÌÓÂ ÓÚ-
ÌÓ¯ÂÌËÂ Ô‡‡ ‚ ıÓ‰Â ̋ ÍÒÔÂËÏÂÌÚ‡ ÔÓ‚˚¯‡ÎÓÒ¸, Á‡-
ÚÂÏ ÒÍ‚‡ÊËÌ‡ ÂÁÍÓ ‚˚¯Î‡ Ì‡ ÓÒÌÓ‚Ì˚Â Ò‚ÓË ı‡‡Í-
ÚÂËÒÚËÍË, Ë ‡ÒıÓ‰ Ë, ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, ‚Ó‰ÌÓÒÚ¸
ÒÚÛË Ô‡‡ Û‚ÂÎË˜ËÎËÒ¸. Ç ˝ÚÓÚ ÏÓÏÂÌÚ Ì‡ ‡ÔÔ‡‡-
ÚÛÛ Ó·Û¯ËÎ‡Ò¸ Ó„ÓÏÌ‡fl Ï‡ÒÒ‡ ‚Ó‰˚, Ë ˝ÍÒÔÂË-
ÏÂÌÚ ÔË¯ÎÓÒ¸ ÔÂÍ‡ÚËÚ¸. Ç ÒÚ‡Ú¸Â Ï˚ ËÒÔÓÎ¸ÁÛÂÏ
ÚÓÎ¸ÍÓ ÚÛ ̃ ‡ÒÚ¸ Á‡ÔËÒÂÈ, ‚ ÍÓÚÓÓÈ ÍÓÎË˜ÂÒÚ‚Ó ‚Ó‰˚
‚ Ô‡Ó‚Ó‰flÌÓÈ ÒÏÂÒË ÔÓÌËÊ‡ÎÓÒ¸. ëÚÛfl Ô‡‡ ‚Ó ‚ÚÓ-
ÓÈ ÒÍ‚‡ÊËÌÂ ·˚Î‡ Ô‡ÍÚË˜ÂÒÍË ÒÛıÓÈ. ùÚÓ ‰‡ÂÚ
‚ÓÁÏÓÊÌÓÒÚ¸, ‚ ÓÚÎË˜ËÂ ÓÚ ̋ ÍÒÔÂËÏÂÌÚ‡ 2004 „., ÍÓ-
„‰‡ ‚ÒÂ ÚË ÒÍ‚‡ÊËÌ˚ ·˚ÎË “‚Ó‰Ì˚ÏË”, Ò‡‚ÌËÚ¸ Â-
ÁÛÎ¸Ú‡Ú˚ ‚ÓÁ‰ÂÈÒÚ‚Ëfl Ì‡ Äùè Í‡Í ÒÛıÓ„Ó, Ú‡Í Ë
‚Î‡ÊÌÓ„Ó ‚Ó‰flÌÓ„Ó Ô‡‡, ‡ Ú‡Í ÊÂ ÛÒÎÓ‚ÌÓ, ÍÓÌÂ˜ÌÓ,
Ò˜ËÚ‡Ú¸ ̋ ÍÒÔÂËÏÂÌÚ Ò ÒÛıÓÈ ÒÍ‚‡ÊËÌÓÈ Í‡Í ·˚ ÔÓ-
‰ÓÎÊÂÌËÂÏ Ì‡·Î˛‰ÂÌËÈ, ÔÓ‚Â‰ÂÌÌ˚ı Ì‡ ÔÂ‚ÓÈ
ÒÍ‚‡ÊËÌÂ, ÒÓ‰ÂÊ‡˘ÂÈ 78% ‚Ó‰˚.

ÇÓ ‚ÂÏfl ˝ÍÒÔÂËÏÂÌÚÓ‚ ËÁÏÂflÎÒfl ÔÓÚÂÌˆË‡Î
Ì‡ ‚ÂıÌÂÏ ÒÂÁÂ ÏÂÚ‡ÎÎË˜ÂÒÍÓÈ Ó·Ò‡‰ÌÓÈ ÚÛ·˚
ÒÍ‚‡ÊËÌ. Ç Ó·ÓËı ÒÎÛ˜‡flı Ì‡˜‡Î¸Ì˚È ÔÓÚÂÌˆË‡Î ‰Ó
ÓÚÍ˚ÚËfl ÒÍ‚‡ÊËÌ˚ ÒÓÒÚ‡‚ÎflÎ ÔËÏÂÌÓ 300 ÏÇ.
èÓÒÎÂ ÓÚÍ˚ÚËfl ÒÍ‚‡ÊËÌ ÔÓÚÂÌˆË‡Î ÛÏÂÌ¸¯‡ÎÒfl ‚
ÒÂ‰ÌÂÏ Ì‡ 100 ÏÇ. ùÚÓ ÓÁÌ‡˜‡ÂÚ, ˜ÚÓ Ì‡ ÒÂÁÂ ÒÍ‚‡-
ÊËÌ˚ ‚Ó ‚ÂÏfl ÂÂ ‡·ÓÚ˚ ‚ÓÁÌËÍ‡Î ‰ÓÔÓÎÌËÚÂÎ¸-
Ì˚È, ÔÓÎÓÊËÚÂÎ¸Ì˚È ˝ÎÂÍÚË˜ÂÒÍËÈ Á‡fl‰. ç‡‰Ó
ÒÍ‡Á‡Ú¸, ̃ ÚÓ ËÌÓ„‰‡ ‚ ÚÂ˜ÂÌËÂ ‚ÂÏÂÌË ‡·ÓÚ˚ ÒÍ‚‡-
ÊËÌ˚ ÔÓÚÂÌˆË‡Î Ì‡˜ËÌ‡Î ÂÁÍÓ ËÁÏÂÌflÚ¸ ‚ÂÎË˜ËÌÛ
Ë ‰‡ÊÂ ÏÂÌflÚ¸ ÁÌ‡Í. èÓ-‚Ë‰ËÏÓÏÛ, ‚ ̋ ÚÓ ‚ÂÏfl ËÁÏÂ-
ÌflÎËÒ¸ Ô‡‡ÏÂÚ˚ ÒÚÛË Ô‡‡, Ì‡ÔËÏÂ, ËÁÏÂÌfl-
Î‡Ò¸ ÍÓÌˆÂÌÚ‡ˆËfl ‚Ó‰˚ Ë Ú.Ô. éˆÂÌÍ‡ ÔÎÓÚÌÓÒÚË
‰ÓÔÓÎÌËÚÂÎ¸ÌÓ„Ó ˝ÎÂÍÚË˜ÂÒÍÓ„Ó Á‡fl‰‡ ‚ Ó·‡ÁÛ-
˛˘ÂÏÒfl Ó·Î‡ÍÂ, Ò‰ÂÎ‡ÌÌ‡fl Ì‡ÏË ‡ÌÂÂ ÔÓ ËÁÏÂÌÂ-
ÌË˛ ‚ÂÎË˜ËÌ˚ Äùè [1], ÔÓÍ‡Á‡Î‡, ̃ ÚÓ ÔÎÓÚÌÓÒÚ¸ Á‡-
fl‰‡ Ì‡ıÓ‰ËÚÒfl ‚ ËÌÚÂ‚‡ÎÂ 10–9–10–10 äÎ/Ï3. èË
Ó·˙ÂÏÂ Ó·Î‡Í‡ ≈104 Ï3 Â„Ó ˝ÎÂÍÚË˜ÂÒÍËÈ Á‡fl‰ ÒÓ-
ÒÚ‡‚ÎflÂÚ ≈10–6 äÎ. í‡Í Í‡Í ı‡‡ÍÚÂÌÓÂ ‚ÂÏfl Ì‡-
‡ÒÚ‡ÌËfl (Û·˚‚‡ÌËfl) ‚ÂÎË˜ËÌ˚ Ö ‚ ÏÓÏÂÌÚ ÓÚÍ˚-
ÚËfl (Á‡Í˚ÚËfl) ÒÍ‚‡ÊËÌ˚ ‡‚ÌÓ ÔËÏÂÌÓ 5 ÏËÌÛ-
Ú‡Ï, ˝ÎÂÍÚË˜ÂÒÍËÈ ÚÓÍ ÒÍ‚‡ÊËÌ˚ ‚‡¸ËÛÂÚ ‚
ËÌÚÂ‚‡ÎÂ 10–7–10–9 Ä. èÂ‰ÒÚ‡‚ÎflÎÓ ·˚ ÌÂÒÓÏÌÂÌ-

Ì˚È ËÌÚÂÂÒ ÔÓ‚ÂËÚ¸ ̋ ÚÛ ‚ÂÎË˜ËÌÛ ÚÓÍ‡ ÔflÏ˚ÏË
ËÁÏÂÂÌËflÏË. á‰ÂÒ¸ ‚‡ÊÌ‡ ÌÂ ÚÓÎ¸ÍÓ ‚ÂÎË˜ËÌ‡ ÚÓ-
Í‡, ÌÓ Ë Â„Ó “Ì‡Ô‡‚ÎÂÌËÂ”, ÍÓÚÓÓÂ ‰ÓÎÊÌÓ ·˚ÎÓ
·˚ ÔÓÍ‡Á‡Ú¸ ÁÌ‡Í Á‡fl‰‡. ÖÒÎË ·˚ Û‰‡ÎÓÒ¸ Á‡Â„Ë-
ÒÚËÓ‚‡Ú¸ ÍÓÎÂ·‡ÌËfl Ì‡Ô‡‚ÎÂÌËfl Ë ‚ÂÎË˜ËÌ˚ ÚÓ-
Í‡ ÒÍ‚‡ÊËÌ˚, ÚÓ ˝ÚÓ ÔÓ‰Ú‚Â‰ËÎÓ ·˚ Ì‡¯Â ÔÂ‰ÔÓ-
ÎÓÊÂÌËÂ ÓÚÌÓÒËÚÂÎ¸ÌÓ ËÁÏÂÌÂÌËfl ‚Ó‰ÌÓ„Ó ÂÊËÏ‡
‚˚·ÓÒ‡ Ô‡‡. èÓÍ‡ ÏÓÊÌÓ ÔÓÎ‡„‡Ú¸, ˜ÚÓ ‚ ÏÓÏÂÌÚ
Û‚ÂÎË˜ÂÌËfl ÔÓÎfl Ö Ë ÔÂËÏÛ˘ÂÒÚ‚‡ ÔÓÎÓÊËÚÂÎ¸ÌÓÈ
˝ÎÂÍÚÓÔÓ‚Ó‰ÌÓÒÚË ËÁ ÒÍ‚‡ÊËÌ˚ ‚˚·‡Ò˚‚‡ÂÚÒfl
“ÒÛıÓÈ” Ô‡. ùÚÓ ÓÁÌ‡˜‡ÂÚ, ˜ÚÓ Ì‡ ÒÂÁÂ ÚÛ·˚ ‰ÓÎ-
ÊÂÌ ÔÓfl‚ÎflÚ¸Òfl ÔÓÎÓÊËÚÂÎ¸Ì˚È Á‡fl‰, ˜ÚÓ Ë ÙËÍ-
ÒËÓ‚‡Î Ì‡¯ „‡Î¸‚‡ÌÓÏÂÚ. Ç ÔÓÒÎÂ‰Û˛˘ÂÏ ÔÓÎÓ-
ÊËÚÂÎ¸Ì˚È Á‡fl‰ ÓÚ‚Ó‰ËÎÒfl Ì‡ ÁÂÏÎ˛ ˜ÂÂÁ ÒÚ‡Î¸-
ÌÛ˛ ÚÛ·Û ÒÍ‚‡ÊËÌ˚. 

êÂÁÛÎ¸Ú‡Ú˚

Ñ‡ÌÌ˚Â Ó·ÓËı ˝ÍÒÔÂËÏÂÌÚÓ‚ ÔË‚Â‰ÂÌ˚ Ì‡
ËÒ. 1, Ì‡ ÍÓÚÓÓÏ ÔÂ‰ÒÚ‡‚ÎÂÌÓ ËÁÏÂÌÂÌËÂ ‚Ó ‚Â-
ÏÂÌË: ‚ÂÎË˜ËÌ˚ Äùè Ì‡ ‡ÒÒÚÓflÌËflı 20 Ë 40 Ï Ë
‰‡ÌÌ˚Â ËÁÏÂÂÌËfl ˝ÎÂÍÚÓÔÓ‚Ó‰ÌÓÒÚË Ì‡ ‡ÒÒÚÓfl-
ÌËË 20 Ï ÓÚ ÒÍ‚‡ÊËÌ˚. Ñ‡ÌÌ˚Â Â„ËÒÚ‡ˆËË Äùè,
ÔÓÎÛ˜ÂÌÌ˚Â Ò ‰‡Ú˜ËÍÓ‚, ÛÒÚ‡ÌÓ‚ÎÂÌÌ˚ı ‚ ÌÂÔÓÒÂ‰-
ÒÚ‚ÂÌÌÓÈ ·ÎËÁÓÒÚË ÓÚ ‚˚ıÓ‰ÌÓÈ ÚÛ·˚, ÌÂ ÔË‚Ó-
‰flÚÒfl ËÁ-Á‡ Ëı Ï‡ÎÓÈ ËÌÙÓÏ‡ÚË‚ÌÓÒÚË. ç‡ ËÒ. 1
‚˚‰ÂÎÂÌ˚ ˜ÂÚ˚Â ÒÚ‡‰ËË ÔÂ‚Ó„Ó ˝ÍÒÔÂËÏÂÌÚ‡:
0 – ÔÓ‚Â‰ÂÌËÂ Ô‡‡ÏÂÚÓ‚ Äùè ‰Ó ÓÚÍ˚ÚËfl ÒÍ‚‡-
ÊËÌ˚, Í‡ÎË·Ó‚Í‡ ‰‡Ú˜ËÍÓ‚; I – ÛÏÂÌ¸¯ÂÌËÂ (↓) Ö,
‚ÓÁ‡ÒÚ‡ÌËÂ (↑) λ+ Ë ÛÏÂÌ¸¯ÂÌËÂ λ–, II – Ì‡˜‡ÎÓ ‚ÓÁ-
‡ÒÚ‡ÌËfl Ö, λ+ Ë λ–, III – ÔÓ‰ÓÎÊÂÌËÂ Û‚ÂÎË˜ÂÌËfl Ö
Ë ÛÏÂÌ¸¯ÂÌËÂ λ– Ë λ+. Ç ˝ÚÓÚ ÏÓÏÂÌÚ ˝ÍÒÔÂËÏÂÌÚ
ËÁ-Á‡ ‚ÌÂÁ‡ÔÌÓ„Ó ‚˚·ÓÒ‡ ‚Ó‰˚, Á‡ÎË‚¯ÂÈ ‡ÔÔ‡‡-
ÚÛÛ, ·˚Î ÔÂÍ‡˘ÂÌ. Ç Ô‡‚ÓÈ ˜‡ÒÚË ËÒ. 1 ÔË‚Â-
‰ÂÌ˚ ‰‡ÌÌ˚Â, ÔÓÎÛ˜ÂÌÌ˚Â Ì‡ ‚ÚÓÓÈ, “ÒÛıÓÈ” ÒÍ‚‡-
ÊËÌÂ. ä‡Í ·Û‰ÂÚ ÔÓÍ‡Á‡ÌÓ ÌËÊÂ, Ëı, ‚ ÔËÌˆËÔÂ,
ÏÓÊÌÓ ÛÒÎÓ‚ÌÓ ‡ÒÒÏ‡ÚË‚‡Ú¸ Í‡Í Á‡ÍÎ˛˜ËÚÂÎ¸-
ÌÛ˛ ÒÚ‡‰Ë˛ ˝ÍÒÔÂËÏÂÌÚ‡, Ì‡˜‡ÚÓ„Ó Ò ÔÂ‚ÓÈ ÒÍ‚‡-
ÊËÌÓÈ, ÔÓ˝ÚÓÏÛ ÓÌË Ó·ÓÁÌ‡˜ÂÌ˚ Í‡Í IV ÒÚ‡‰Ëfl ˝ÍÒ-
ÔÂËÏÂÌÚ‡, ‚ ÍÓÚÓÓÈ Äùè ÔÓ‰ÓÎÊ‡ÂÚ ‚ÓÁ‡ÒÚ‡Ú¸
ÔË ÔÓÌËÊÂÌËË λ– Ë Ô‡ÍÚË˜ÂÒÍË ÔÓÒÚÓflÌÌÓÈ ‚ÂÎË-
˜ËÌÂ λ+ (ÒÏ. ËÒ. 1 Ë Ú‡·Î. 1).

àÁÏÂÂÌËÂ ‚ÂÎË˜ËÌ˚ Öz Ì‡ ‰‚Ûı ‰‡Ú˜ËÍ‡ı, ‡ÒÔÓ-
ÎÓÊÂÌÌ˚ı Ì‡ ‡ÒÒÚÓflÌËflı l ‚ 20 Ë 40 Ï ÓÚ ÒÍ‚‡ÊËÌ˚,
ÔÓÁ‚ÓÎfl˛Ú Ò‰ÂÎ‡Ú¸ „Û·Û˛ ÓˆÂÌÍÛ Á‡‚ËÒËÏÓÒÚË E(l).
éÍ‡Á˚‚‡ÂÚÒfl, ˜ÚÓ Ì‡ ÒÛıÓÈ ÒÍ‚‡ÊËÌÂ ÔÓÎÂ ÒÔ‡‰‡ÂÚ:
E ~ l–1 ‚ ÔÂ‚ÓÏ ÒÎÛ˜‡Â Ë E ~ l–1/2 ‚Ó ‚ÚÓÓÏ. è‡‚‰‡,
˝Ú‡ ÓˆÂÌÍ‡ ÒÍÓÂÂ ÔÓÍ‡Á˚‚‡ÂÚ ‡ÒÔÂ‰ÂÎÂÌËÂ Á‡fl-
‰‡ ‚ÌÛÚË ÁÓÌ˚ ‚ÎËflÌËfl Ô‡Ó‚Ó„Ó Ó·Î‡Í‡, ̃ ÂÏ ËÁÏÂ-
ÌÂÌËÂ ÔÓÎfl ‚‰‡ÎË ÓÚ ËÒÚÓ˜ÌËÍ‡ ‚ÓÁÏÛ˘ÂÌËfl Äùè Ë
ÌÂ ËÏÂÂÚ ÓÚÌÓ¯ÂÌËfl Í ı‡‡ÍÚÂÛ ÒÔ‡‰‡ ÔÓÎfl Ez Ò ‡Ò-
ÒÚÓflÌËÂÏ ÓÚ ËÒÚÓ˜ÌËÍ‡ Â„Ó ‚ÓÁÏÛ˘ÂÌËfl. ç‡ÔËÏÂ,
‡ÌÂÂ Ì‡ÏË ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ËÁÏÂÌÂÌËÂ Äùè Ò
‡ÒÒÚÓflÌËÂÏ ÓÚ ˆËÍÎÓÌ‡ r: Ez ~ 1/r2 ËÏÂÂÚ ˜ÂÚÍÓ ‚˚-
‡ÊÂÌÌÛ˛ Í‚‡‰‡ÚË˜ÌÛ˛ Á‡‚ËÒËÏÓÒÚ¸ [2]. 

èÂ‰‚‡ËÚÂÎ¸Ì˚È ‡Ì‡ÎËÁ ÂÁÛÎ¸Ú‡ÚÓ‚ ˝ÍÒÔÂË-
ÏÂÌÚ‡, ÔÂ‰ÒÚ‡‚ÎÂÌÌ˚ı Ì‡ ËÒ. 1, ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ
ËÁÏÂÌÂÌËfl ̋ ÎÂÍÚÓÔÓ‚Ó‰ÌÓÒÚË λ+ Ë λ– Ô‡ÍÚË˜ÂÒÍË
‚ÒÂ„‰‡ ÒÓ‚Ô‡‰‡˛Ú ÔÓ ‚ÂÏÂÌË Ò ‚‡Ë‡ˆËflÏË ÔÓÎfl Ö,

í‡·ÎËˆ‡  1.

I II III IV

λ+ ↑ ↑ ↓ =

λ– ↓ ↑ ↓ ↓

Ö ↓ ↑ ↑ ↑

èËÏÂ˜‡ÌËÂ: ↑ – Û‚ÂÎË˜ÂÌËÂ ÁÌ‡˜ÂÌËfl, ↓ – ÛÏÂÌ¸¯ÂÌËÂ,
= – ÔÓÒÚÓflÌÒÚ‚Ó.
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ıÓÚfl, Í‡Í ÒÎÂ‰ÛÂÚ ËÁ ËÒ. 1 Ë Ú‡·Î. 1, Ò‚flÁË ˝ÚË ÌÂÓ‰-
ÌÓÁÌ‡˜Ì˚. èÓ ‚ÒÂÈ ‚Ë‰ËÏÓÒÚË, ˝ÚÓ Ó·flÁ‡ÌÓ ÚÂÏ Ó·-
ÒÚÓflÚÂÎ¸ÒÚ‚‡Ï, ˜ÚÓ Ô‡‡ÏÂÚ˚ Äùè ËÁÏÂflÎËÒ¸ ‚
ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓÈ ·ÎËÁÓÒÚË ÓÚ „ÛÌÚ‡, Ú.Â., ËÌ‡˜Â,
‰‡Ú˜ËÍË ‡ÒÔÓÎ‡„‡ÎËÒ¸ Ì‡ ÁÂÏÎÂ, Á‡ ËÒÍÎ˛˜ÂÌËÂÏ
‰‡Ú˜ËÍÓ‚ ÔÓÎfl, ÛÒÚ‡ÌÓ‚ÎÂÌÌ˚ı Ì‡ ‚˚ÒÓÚÂ 7 Ï Ì‡ ıÓ-
Ó¯Ó ÔÓ‚Ó‰fl˘ÂÏ Á‡˘ËÚÌÓÏ ÍÓÊÛıÂ. é‰Ì‡ÍÓ ˝ÚË
‰‡Ú˜ËÍË ‰ÓÔÓÎÌËÚÂÎ¸ÌÓÈ ËÌÙÓÏ‡ˆËË ÌÂ ÌÂÒÎË, Ú.Í.
ÔÓÒÎÂ ÓÚÍ˚ÚËfl ÒÍ‚‡ÊËÌ˚ ‰Ó‚ÓÎ¸ÌÓ ·˚ÒÚÓ Á‡ÎË-
‚‡ÎËÒ¸ ‚Ó‰ÓÈ. á‡ÏÂÚËÏ, ˜ÚÓ ‚ ˝ÍÒÔÂËÏÂÌÚÂ 2004 „.
ËÒÒÎÂ‰Ó‚‡ÎËÒ¸ ÚÓÎ¸ÍÓ ‰‚Â ÔÂ‚˚ı ÒÚ‡‰ËË (I Ë II), ÔÓ-
ÒÎÂ ˜Â„Ó Ì‡·Î˛‰ÂÌËfl ÔÂÍ‡˘‡ÎËÒ¸. Ç ˝ÚËı ˝ÍÒÔÂ-
ËÏÂÌÚ‡ı ÔÓÎÂ Ö ÛÏÂÌ¸¯‡ÎÓÒ¸ ÔÓ˜ÚË ‰Ó ÌÛÎfl, ÌÓ
ÁÌ‡Í ÔÓÎfl ÌÂ ÏÂÌflÎÒfl. 

àÌÚÂÔÂÚ‡ˆËfl ÂÁÛÎ¸Ú‡ÚÓ‚ 

êÂÁÛÎ¸Ú‡Ú˚ ÔÓ ËÁÏÂÂÌË˛ ‚‡Ë‡ˆËÈ Äùè ‚ ÔË-
ÔÓ‚ÂıÌÓÒÚÌÓÈ Ó·Î‡ÒÚË ËÌÚÂÔÂÚËÓ‚‡Ú¸ ÓÒÓ·ÂÌ-
ÌÓ ÒÎÓÊÌÓ, Ú.Í. Á‰ÂÒ¸ ÔÓfl‚Îfl˛ÚÒfl Ú.Ì. ̋ ÎÂÍÚÓ‰Ì˚Â
˝ÙÙÂÍÚ˚ (ùù) [3], Ò‚flÁ‡ÌÌ˚Â Ò ·ÎËÁÓÒÚ¸˛ ËÒÒÎÂ‰ÛÂ-
ÏÓ„Ó ÔÓ‚Ó‰fl˘Â„Ó ÒÎÓfl ‡ÚÏÓÒÙÂ˚ Ò ıÓÓ¯Ó ÔÓ-
‚Ó‰fl˘ËÏ ÒÎÓÂÏ ÁÂÏÎË – “˝ÎÂÍÚÓ‰ÓÏ”. Ç ‰‡Î¸ÌÂÈ-
¯ÂÏ ÔË ËÌÚÂÔÂÚ‡ˆËË ÔÓÎÛ˜ÂÌÌ˚ı ÂÁÛÎ¸Ú‡ÚÓ‚
·Û‰ÂÏ ÔÓÎ¸ÁÓ‚‡Ú¸Òfl ÚÂÓËÂÈ, ‡Á‚ËÚÓÈ ‰Îfl ÓÔËÒ‡ÌËfl
ùù, ÔÓÌËÏ‡fl ÔË ̋ ÚÓÏ, ̃ ÚÓ ËÁÏÂÌÂÌËfl ÔÓÎfl Ë ÔÓ‚Ó-
‰ËÏÓÒÚË, Ì‡·Î˛‰‡ÂÏ˚Â ‚ ˝ÍÒÔÂËÏÂÌÚÂ, Ó·˙flÒÌfl-
˛ÚÒfl ÔÂÊ‰Â ‚ÒÂ„Ó ˝ÙÙÂÍÚ‡ÏË ‡Á‰ÂÎÂÌËfl Á‡fl‰Ó‚
‚ Ô‡Ó‚Ó‰flÌÓÈ ÒÏÂÒË Ë ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂÏ ËÓÌÓ‚ Ò ÂÂ

ÍÓÏÔÓÌÂÌÚ‡ÏË Ë ÎË¯¸ ‚Ó ‚ÚÓÛ˛ Ó˜ÂÂ‰¸ ‚Á‡ËÏÓ-
‰ÂÈÒÚ‚ËÂÏ Ò ÔÓ‚ÂıÌÓÒÚ¸˛ áÂÏÎË (Ú.Â. ÒÓ·ÒÚ‚ÂÌÌÓ
˝ÎÂÍÚÓ‰Ì˚Ï ̋ ÙÙÂÍÚÓÏ). é·˘‡fl ÚÂÓËfl ‡ÚÏÓÒÙÂ-
ÌÓ„Ó ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓÎfl ÌÂ ÒÓÁ‰‡Ì‡, ÔÓ˝ÚÓÏÛ ‰Îfl
ÔÂ‰‚‡ËÚÂÎ¸ÌÓÈ ËÌÚÂÔÂÚ‡ˆËË ÂÁÛÎ¸Ú‡ÚÓ‚ ·Û-
‰ÂÏ ÔË‰ÂÊË‚‡Ú¸Òfl ÚÂÓËË ˝ÎÂÍÚÓ‰Ì˚ı ˝ÙÙÂÍ-
ÚÓ‚. Ç ˝ÚÓÈ ÚÂÓËË ÔËÌflÚÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‚ÏÂÒÚÓ
˝ÎÂÍÚÓÔÓ‚Ó‰ÌÓÒÚË λ+ Ë λ– ÍÓÌˆÂÌÚ‡ˆË˛ ÎÂ„ÍËı
ÔÓÎÓÊËÚÂÎ¸Ì˚ı n1, ÎÂ„ÍËı ÓÚËˆ‡ÚÂÎ¸Ì˚ı n2 ËÓÌÓ‚
Ë ÚflÊÂÎ˚ı ËÓÌÓ‚ N1 Ë N2 ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ:

λ+ = Âu1n1, λ– = Âu2n2, 

„‰Â Â – Á‡fl‰ ˝ÎÂÍÚÓÌ‡, u (ÒÏ2 Ò–1 Ç–1) – ÔÓ‰‚ËÊ-
ÌÓÒÚ¸ ÎÂ„ÍËı ËÓÌÓ‚.

àÁÏÂÌÂÌËfl ÍÓÌˆÂÌÚ‡ˆËË ÎÂ„ÍËı ËÓÌÓ‚ ‚Ó ‚Â-
ÏÂÌË Á‡ÔËÒ˚‚‡˛ÚÒfl Û‡‚ÌÂÌËflÏË [3, 4]: 

dn1/dt = q – αn1n2 – η12n1N2 – η10n1N0,

dn2/dt = q – αn1n2 – η21n2N1 –η10n2N0.

á‰ÂÒ¸ q – ÒÍÓÓÒÚ¸ ËÓÌËÁ‡ˆËË, α – ÍÓ˝ÙÙËˆËÂÌÚ Â-
ÍÓÏ·ËÌ‡ˆËË ÏÂÊ‰Û ÎÂ„ÍËÏË ËÓÌ‡ÏË, η12 – ÒÍÓÓÒÚ¸
ÔËÎËÔ‡ÌËfl ÎÂ„ÍËı ÔÓÎÓÊËÚÂÎ¸Ì˚ı ËÓÌÓ‚ Í ÚflÊÂ-
Î˚Ï, ÓÚËˆ‡ÚÂÎ¸Ì˚Ï, η21 – ÚÓÊÂ ‰Îfl ÎÂ„ÍËı ÓÚËˆ‡-
ÚÂÎ¸Ì˚ı, η10 – ÒÍÓÓÒÚ¸ ÔËÎËÔ‡ÌËfl ÎÂ„ÍËı ÔÓÎÓÊË-
ÚÂÎ¸Ì˚ı ËÓÌÓ‚ Ò ÌÂÈÚ‡Î‡ÏË Ë Ú.Ô. ÇÒÂ ÚË ÒÎ‡„‡Â-
Ï˚ı, ÒÎÂ‰Û˛˘Ëı ‚ Û‡‚ÌÂÌËË ÔÓÒÎÂ q, ÔÓÍ‡Á˚‚‡˛Ú
ÒÍÓÓÒÚ¸ Û·˚‚‡ÌËfl ËÓÌÓ‚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Â„Ó ÁÌ‡Í‡.
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E'z, Ç/Ï
1 ˝ÍÒÔÂËÏÂÌÚ

ÏÓÏÂÌÚ ‚ÍÎ˛˜ÂÌËfl
ÒÍ‚‡ÊËÌ˚ 02:09

l = 20 Ï E'z

E''zl = 40 Ï

λ+

λ–

0 I II III IV

λ–

λ+

E'z, Ç/Ï

l = 20 Ï

E'z

E''z
l = 40 Ï

E''z, Ç/Ï

2 ˝ÍÒÔÂËÏÂÌÚ
ÏÓÏÂÌÚ ‚ÍÎ˛˜ÂÌËfl
ÒÍ‚‡ÊËÌ˚ 04:08

ÏÓÏÂÌÚ ‚˚ÍÎ˛˜ÂÌËfl
ÒÍ‚‡ÊËÌ˚ 04:53

E''z, Ç/Ï

λ+ λ+

λ–
λ–

êËÒ. 1. êÂÁÛÎ¸Ú‡Ú˚ ËÁÏÂÂÌËÈ EZ, λ+ Ë λ– Ì‡ ‰‚Ûı ÚÂÏ‡Î¸Ì˚ı ÒÍ‚‡ÊËÌ‡ı.
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äÛÁÌÂˆÓ‚ Ë ‰.

àÁÏÂÌÂÌËÂ ÔÓÎfl Ö ÔÓ ‚˚ÒÓÚÂ (z) Ë ‚Ó ‚ÂÏÂÌË (t)
‚ Ó·Î‡ÒÚË ùù ÓÔËÒ˚‚‡ÂÚÒfl Û‡‚ÌÂÌËflÏË:

dE/dz = e/ε0(n1 – n2 + N1 – N2),

dE/dt = ze/ε0(dn1/dt – dn2/dt + dN1/dt – dN2/dt)
= he/ε0(dN1/dt + η21n2N1 – dN2/dt – η12n1N2).

éÚÒ˛‰‡ ÒÎÂ‰ÛÂÚ (Á‡ÏÂÌflfl h Ì‡ z), ˜ÚÓ ÍÓ„‰‡ n2 Ë N1

Û‚ÂÎË˜Ë‚‡˛ÚÒfl, Äùè ‚ÓÁ‡ÒÚ‡ÂÚ Ë Ì‡Ó·ÓÓÚ. èÓÎÂ
Ö ‚ÓÁ‡ÒÚ‡ÂÚ ÔË ÔÓfl‚ÎÂÌËË ‚ ‡ÚÏÓÒÙÂÂ ÒÛıÓ„Ó Ô‡-
‡, Ó·Î‡‰‡˛˘Â„Ó ÔÓÎÓÊËÚÂÎ¸Ì˚Ï Á‡fl‰ÓÏ, Ë Û·˚‚‡-
ÂÚ ÔË ÔÓfl‚ÎÂÌËË ÓÚËˆ‡ÚÂÎ¸ÌÓ Á‡flÊÂÌÌ˚ı Í‡ÔÂÎ¸
‚Ó‰˚. ùÚÓÚ ‚˚‚Ó‰ ÔÓÎÛ˜ËÎ ÔÓ‰Ú‚ÂÊ‰ÂÌËÂ, ıÓÚfl ÌÂ-
Ó·ıÓ‰ËÏÓ Û˜ËÚ˚‚‡Ú¸, ˜ÚÓ ‚ Ì‡¯Ëı ˝ÍÒÔÂËÏÂÌÚ‡ı
‡ÔÔ‡‡ÚÛ‡ ÔÓÁ‚ÓÎflÎ‡ ËÁÏÂflÚ¸ ÔÓ‚Ó‰ËÏÓÒÚ¸ ÚÓÎ¸-
ÍÓ ÎÂ„ÍËı ËÓÌÓ‚. äÓÏÂ ̋ ÚÓ„Ó, ÔÓ ÛÒÎÓ‚ËflÏ ̋ ÍÒÔÂË-
ÏÂÌÚ‡ Ï˚ Â„ËÒÚËÓ‚‡ÎË ÚÓÎ¸ÍÓ ËÁÏÂÌÂÌËfl Ô‡‡-
ÏÂÚÓ‚ Äùè ‚Ó ‚ÂÏÂÌË Ë ÌÂ ËÏÂÎË ‚ÓÁÏÓÊÌÓÒÚË
ËÁÛ˜ËÚ¸ Ëı ËÁÏÂÌÂÌËfl ÔÓ ‚˚ÒÓÚÂ. ÅÓÎÂÂ ÚÓ„Ó, Ó˜Â-
‚Ë‰ÌÓ, ˜ÚÓ Ú‡Í‡fl Á‡ÏÂÌ‡ ÒÔ‡‚Â‰ÎË‚‡ ÚÓÎ¸ÍÓ ÔË
ÛÒÎÓ‚ËË Ó‰ÌÓÓ‰ÌÓÒÚË ÍÓÌˆÂÌÚ‡ˆËÈ ‚ ÔÓÒÚ‡Ì-
ÒÚ‚Â. íÂÓËfl ̋ ÎÂÍÚÓ‰Ì˚ı ̋ ÙÙÂÍÚÓ‚ ‡ÒÒÏ‡ÚË‚‡ÂÚ
ËÁÏÂÌÂÌËÂ Ô‡‡ÏÂÚÓ‚ Ö, n1 Ë n2 Ò ‚˚ÒÓÚÓÈ. ÇÓÒ-
ÔÓÎ¸ÁÛÂÏÒfl ÙÓÏÛÎÓÈ ‰Îfl dE/dt. ùÚÓ ÔÓÁ‚ÓÎflÂÚ Ì‡Ï
ËÌÚÂÔÂÚËÓ‚‡Ú¸ ÂÁÛÎ¸Ú‡Ú˚ ËÁÏÂÌÂÌËfl Ô‡‡ÏÂÚ-
Ó‚ Äùè ‚Ó ‚ÂÏÂÌË ÔÓÒÂ‰ÒÚ‚ÓÏ ËÒÔÓÎ¸ÁÓ‚‡ÌËfl
ÏÓ‰ÂÎË ùù ‚ ‚Ë‰Â dE/dz [3, 4].

ç‡ ËÒ. 2 (0) ÔË‚Â‰ÂÌÓ ÚËÔË˜ÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ
Ô‡‡ÏÂÚÓ‚ Ö, n1 Ë n2, ı‡‡ÍÚÂÌ˚ı ‰Îfl ùù [3]. èË-
ÌflÚÓ Ò˜ËÚ‡Ú¸ [3, 4], ˜ÚÓ Ó·Î‡ÒÚ¸ ùù, ËÎË, ËÌ‡˜Â, ‡ÌÓ-
Ï‡Î¸ÌÓ„Ó ÔÓ‚Â‰ÂÌËfl Ô‡‡ÏÂÚÓ‚ Äùè, Ó„‡ÌË˜Ë‚‡-
ÂÚÒfl ‚˚ÒÓÚÓÈ 3 Ï, Í‡Í ˝ÚÓ ÔÓÍ‡Á‡ÌÓ Ì‡ ËÒ. 2 (0). ç‡
ËÒ. 2 ËÁÓ·‡ÊÂÌ˚ ‚ÓÁÏÓÊÌ˚Â ÒÚ‡ÚË˜ÂÒÍËÂ ÒËÚÛ‡-
ˆËË, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ‰ËÌ‡ÏË˜ÂÒÍÓÏÛ ‡Á‚ËÚË˛
ÔÓˆÂÒÒ‡ ‚ÓÁ‰ÂÈÒÚ‚Ëfl èÇé Ì‡ Ô‡‡ÏÂÚ˚ Äùè ‚
ÁÓÌÂ ùù, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ‚˚‰ÂÎÂÌÌ˚Ï ‚Â-
ÏÂÌÌ Ï ËÌÚÂ‚‡Î‡Ï (I–IV).

ëËÚÛ‡ˆËfl I: n1~ ↑, n2 ~ ↓ = Ö(↓)  (n1 + N1) <
< (n2 + N2)   N1↓, N2↑. êÓÒÚ ÍÓÌˆÂÌÚ‡ˆËË ÚflÊÂ-

 =

˚́

Î˚ı ÓÚËˆ‡ÚÂÎ¸Ì˚ı ËÓÌÓ‚ Ë ÛÏÂÌ¸¯ÂÌËÂ ÍÓÌˆÂÌ-
Ú‡ˆËË ÚflÊÂÎ˚ı ÔÓÎÓÊËÚÂÎ¸Ì˚ı ËÓÌÓ‚. ùÚÓ fl‚ÎÂ-
ÌËÂ Ó·flÁ‡ÌÓ ‚˚·ÓÒÛ ·ÓÎ¸¯Ó„Ó ÍÓÎË˜ÂÒÚ‚‡ ‚Ó‰˚,
ÍÓÚÓ˚È Á‡ Ò˜ÂÚ ‰Ó·ÎÂÌËfl ‚Ó‰˚ (Ú.Ì. ·‡ÎÎÓ˝ÎÂÍ-
ÚË˜ÂÒÍÓ„Ó ˝ÙÙÂÍÚ‡), ÔË‚ÌÓÒËÚ ‚ ‚ÓÁ‰Ûı ÓÚËˆ‡-
ÚÂÎ¸Ì˚È Á‡fl‰. ëËÚÛ‡ˆËfl, ‡Ì‡ÎÓ„Ë˜Ì‡fl Ì‡¯ÂÈ, Â„Ë-
ÒÚËÛÂÚÒfl ‚·ÎËÁË ‚Ó‰ÓÔ‡‰Ó‚, Ì‡ÔËÏÂ, Û ‚Ó‰ÓÔ‡‰‡
ÇËÍÚÓËfl. á‡ Ò˜ÂÚ ‰Ó·ÎÂÌËfl ‚Ó‰˚ ‚ÓÁÌËÍ‡ÂÚ ˝ÎÂÍ-
ÚË˜ÂÒÍÓÂ ÔÓÎÂ Ó·‡ÚÌÓ„Ó ÁÌ‡Í‡ Ë Ì‡ÔflÊÂÌÌÓÒÚ¸˛
‰Ó 25 ÍÇ/Ï (http://class-fizika.narod.ru/w21.htm). Ç Ì‡-
¯Ëı ˝ÍÒÔÂËÏÂÌÚ‡ı ÔÓÎÂ Ö Ú‡Í ÊÂ ËÁÏÂÌflÎÓ ÁÌ‡Í Ë
‰ÓÒÚË„‡ÎÓ – (1.5–2) ÍÇ/Ï.

ëËÚÛ‡ˆËfl II: n1 ~ ↑, n2 ~ ↑ = Ö(↑)  (n1 + N1) >
> (n2 + N2)   N1↑, N2↑. ÇÂÎË˜ËÌ‡ ÔÓÎfl ‚ÓÁ‡ÒÚ‡Î‡,
ËÁ Ó·Î‡ÒÚË ÓÚËˆ‡ÚÂÎ¸Ì˚ı ‚ÂÎË˜ËÌ Ö ÔÂÂıÓ‰ËÎÓ ‚
Ó·Î‡ÒÚ¸ ÔÓÎÓÊËÚÂÎ¸Ì˚ı ÁÌ‡˜ÂÌËÈ. ùÚÓ Ò‚flÁ‡ÌÓ, ÔÓ-
‚Ë‰ËÏÓÏÛ, Ò ÚÂÏ, ̃ ÚÓ ‚ÓÁ‡ÒÚ‡Î‡ ÓÚÌÓÒËÚÂÎ¸Ì‡fl ÍÓÌ-
ˆÂÌÚ‡ˆËfl ÔÓÎÓÊËÚÂÎ¸Ì˚ı ËÓÌÓ‚ Í‡Í ÎÂ„ÍËı, Ú‡Í Ë
ÚflÊÂÎ˚ı. ëËÚÛ‡ˆËfl II ÒÚ‡ÌÓ‚ËÚÒfl ÔÓıÓÊÂÈ Ì‡ Ì‡-
˜‡Î¸ÌÛ˛ – (0), Ó‰Ì‡ÍÓ ‚ÂÎË˜ËÌ˚ Ô‡‡ÏÂÚÓ‚ Äùè
ÓÍ‡Á˚‚‡˛ÚÒfl ‚˚¯Â. èÓÎÂ Ö ‰ÓÒÚË„‡ÂÚ ‚ÂÎË˜ËÌ˚
+1500 Ç/Ï.

ëËÚÛ‡ˆËfl III: n1 ~ ↓, n2 ~ ↓ = Ö(↑)  (n1 + N1) >
> (n2 + N2)   N1↑, N2↓. èÓÎÂ Ö Ì‡˜ËÌ‡ÂÚ ÔÓÒÚÂÔÂÌ-
ÌÓ ÒÌËÊ‡Ú¸Òfl, ÓÒÚ‡‚‡flÒ¸ ÔÓÎÓÊËÚÂÎ¸Ì˚Ï Ë ‰ÓÒÚ‡-
ÚÓ˜ÌÓ ·ÓÎ¸¯ËÏ. èÓ‚Ó‰ËÏÓÒÚË, Í‡Í ÔÓÎÓÊËÚÂÎ¸-
Ì‡fl, Ú‡Í Ë ÓÚËˆ‡ÚÂÎ¸Ì‡fl, ÛÏÂÌ¸¯‡˛Ú Ò‚ÓË ‚ÂÎË˜Ë-
Ì˚, ÍÓÚÓ˚Â ÒÚÂÏflÚÒfl ÔËÌflÚ¸ Ò‚ÓË Ì‡˜‡Î¸Ì˚Â
ÁÌ‡˜ÂÌËfl. 

ëËÚÛ‡ˆËfl IV: n1 ~ =, n2 ~ ↓ = Ö(↑)  (n1 + N1) �
� (n2 + N2)  N1↑, N2↓. èÓÎÂ Ö ÓÒÚ‡ÂÚÒfl ‰ÓÒÚ‡ÚÓ˜-
ÌÓ ·ÓÎ¸¯ËÏ Ë ÔÓÎÓÊËÚÂÎ¸Ì˚Ï, ÍÓÌˆÂÌÚ‡ˆËfl n2 ~
ÔÓÌËÊ‡ÂÚÒfl, ÔÓ ‚ÒÂÈ ‚Ë‰ËÏÓÒÚË, Á‡ Ò˜ÂÚ ÂÍÓÏ·ËÌ‡-
ˆËË Ò ÔÓÎÓÊËÚÂÎ¸Ì˚ÏË ÎÂ„ÍËÏË ËÓÌ‡ÏË, ÍÓÌˆÂÌ-
Ú‡ˆËfl ÍÓÚÓ˚ı, Ú‡Í ÊÂ Í‡Í Ë ÚflÊÂÎ˚ı (N1), ‚ÓÁ‡Ò-
Ú‡ÂÚ, ‰ÓÒÚË„‡fl Ì‡Ò˚˘ÂÌËfl Ò˜ÂÚ˜ËÍ‡ ÔÓÎÓÊËÚÂÎ¸-
Ì˚ı ËÓÌÓ‚. ùÚ‡ ÒËÚÛ‡ˆËfl Ú‡Í ÊÂ ÔÓ‚ÚÓflÂÚ
Ì‡˜‡Î¸ÌÛ˛, ÌÓ ÔË ÛÒÎÓ‚ËË, ˜ÚÓ Ë ÔÓÎÂ Ö, Ë ÍÓÌˆÂÌ-
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êËÒ. 2. ê‡ÒÔÂ‰ÂÎÂÌËÂ ÔÓ ‚˚ÒÓÚÂ Äùè (Ö), ÍÓÌˆÂÌÚ‡ˆËÈ ÎÂ„ÍËı ËÓÌÓ‚: ÔÓÎÓÊËÚÂÎ¸Ì˚ı (n1) Ë ÓÚËˆ‡ÚÂÎ¸Ì˚ı (n2), ‰Îfl

˜ÂÚ˚Âı ÒËÚÛ‡ˆËÈ: Ì‡˜‡Î¸ÌÓÈ (0), ÒËÚÛ‡ˆËË (I , II), ËÁÓ·‡ÊÂÌÌ˚ı Ì‡ ËÒ. 2 ‰Îfl 1-„Ó ˝ÍÒÔÂËÏÂÌÚ‡ Ë Á‡ÍÎ˛˜ËÚÂÎ¸ÌÓÈ
ÒÚ‡‰ËË (IV) – 2-„Ó ˝ÍÒÔÂËÏÂÌÚ‡. íÂÏÌ‡fl ÔÓÎÓÒÍ‡ ÔÓÍ‡Á˚‚‡ÂÚ Ó·Î‡ÒÚ¸ ‚˚ÒÓÚ, Ì‡ ÍÓÚÓ˚ı ÔÓfl‚ÎflÂÚÒfl ˝ÎÂÍÚÓ‰Ì˚È
˝ÙÙÂÍÚ Ë Ì‡ ÍÓÚÓ˚ı ÔÓ‚Ó‰ËÎËÒ¸ ËÁÏÂÂÌËfl. íÓ˜ÍË Ì‡ ÒËÚÛ‡ˆËË (0) – Ì‡˜‡Î¸Ì˚Â Ô‡‡ÏÂÚ˚ Äùè.
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Ú‡ˆËfl ÔÓÎÓÊËÚÂÎ¸Ì˚ı ËÓÌÓ‚ ·ÓÎ¸¯Â, ˜ÂÏ ‚ Ò‚Ó-
·Ó‰ÌÓÈ ‡ÚÏÓÒÙÂÂ. èÓ-‚Ë‰ËÏÓÏÛ, ˝ÚÓ ÏÓÊÂÚ ÓÁÌ‡-
˜‡Ú¸, ˜ÚÓ ÒÛıÓÈ Ô‡ ÒÓÒÚÓËÚ ËÁ ÁÌ‡˜ËÚÂÎ¸ÌÓ„Ó ÍÓÎË-
˜ÂÒÚ‚‡ ÚflÊÂÎ˚ı ÔÓÎÓÊËÚÂÎ¸Ì˚ı ËÓÌÓ‚. èÓfl‚ÎÂÌËÂ
‰ÓÔÓÎÌËÚÂÎ¸ÌÓ„Ó ÔÓÎÓÊËÚÂÎ¸ÌÓ„Ó Á‡fl‰‡ ÓÚ ÒÚÛË
Ò ÒÛıËÏ Ô‡ÓÏ ÔË‚Ó‰ËÚ Í Û‚ÂÎË˜ÂÌË˛ ÔÓÎfl Ö Ë
dE/dz = e/ε0(n1 – n2 + N1 – N2).

í‡ÍËÏ Ó·‡ÁÓÏ, ÔÓfl‚ÎÂÌËÂ ‚ ‡ÚÏÓÒÙÂÂ ‰ÓÔÓÎÌË-
ÚÂÎ¸ÌÓ„Ó ÔÓÎÓÊËÚÂÎ¸ÌÓ„Ó Á‡fl‰‡ ÓÚ ÒÚÛË Ò ÒÛıËÏ
Ô‡ÓÏ ÔË‚Ó‰ËÚ Í Û‚ÂÎË˜ÂÌË˛ Äùè, ˜ÚÓ ÔÓÁ‚ÓÎflÂÚ
ÔÓ-ÌÓ‚ÓÏÛ ‚Á„ÎflÌÛÚ¸ Ì‡ ÏÓ‰ÂÎ¸ Äùè. ÖÒÎË ‰ÓÔÛ-
ÒÚËÚ¸, ˜ÚÓ ÔË ÛÏÂÌ¸¯ÂÌËË ÍÓÌˆÂÌÚ‡ˆËË ÔÓÎÓÊË-
ÚÂÎ¸Ì˚ı ËÓÌÓ‚ (n1 + N1) ÛÏÂÌ¸¯‡ÚÒfl ‚ÂÎË˜ËÌ‡ ÔÓÎfl Ö
Ú‡ÍËÏ Ó·‡ÁÓÏ, ˜ÚÓ ÍÓ„‰‡ ÍÓÌˆÂÌÚ‡ˆËfl (n + N1)
ÓÍ‡ÊÂÚÒfl ‡‚ÌÓÈ ÌÂ‚ÓÁÏÛ˘ÂÌÌÓÈ ÍÓÌˆÂÌÚ‡ˆËË
ËÓÌÓ‚ ‡ÚÏÓÒÙÂ˚, ‚ÂÎË˜ËÌ‡ Ö ÔËÏÂÚ ÌÂ‚ÓÁÏÛ˘ÂÌ-
ÌÓÂ ÁÌ‡˜ÂÌËÂ. éÚÒ˛‰‡ ÒÎÂ‰ÛÂÚ, ˜ÚÓ Äùè ÙÓÏËÛ-
ÂÚÒfl ÌÂ ÚÓÎ¸ÍÓ Ë ÌÂ ÒÚÓÎ¸ÍÓ Á‡ Ò˜ÂÚ ‡Áfl‰Ó‚ ÏÓÎ-
ÌËÈ, Í‡Í ˝ÚÓ ·˚ÎÓ ÌÂ‰‡‚ÌÓ Û·Â‰ËÚÂÎ¸ÌÓ ÔÓÍ‡Á‡ÌÓ ‚
[5] ÌÓ ‚ ÓÒÌÓ‚ÌÓÏ Á‡ Ò˜ÂÚ ‚ÓÁÌËÍÌÓ‚ÂÌËfl Ë ‡Á‰ÂÎÂ-
ÌËfl Á‡fl‰Ó‚ ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ‚ Ò‡ÏÓÈ ‡ÚÏÓÒÙÂÂ.
ùÚÓÚ ‚˚‚Ó‰ ÔÓ‰Ú‚ÂÊ‰‡ÂÚ ÓÒÌÓ‚ÌÛ˛ Ë‰Â˛ ÔËÌˆË-
ÔË‡Î¸ÌÓ ÌÓ‚ÓÈ ÏÓ‰ÂÎË Äùè [6], ÓÒÌÓ‚‡ÌÌÓÈ Ì‡ ËÒ-
ÔÓÎ¸ÁÓ‚‡ÌËË ËÁ‚ÂÒÚÌÓÈ ÏÓ‰ÂÎË îÂÌÍÂÎfl Ó ‡Á‰ÂÎÂ-
ÌËË ‚ ÔÓÎÂ Úfl„ÓÚÂÌËfl ˝ÎÂÍÚË˜ÂÒÍËı Á‡fl‰Ó‚: ÚflÊÂ-
Î˚ı ÓÚËˆ‡ÚÂÎ¸Ì˚ı Ë ÎÂ„ÍËı ÔÓÎÓÊËÚÂÎ¸Ì˚ı [7].

ä‡Í ÓÚÏÂ˜‡ÎÓÒ¸ ‚˚¯Â, ÓÚÍ˚ÚËÂ ÒÍ‚‡ÊËÌ˚ ÒÓ-
ÔÓ‚ÓÊ‰‡ÂÚÒfl ÛÏÂÌ¸¯ÂÌËÂÏ ÓÚËˆ‡ÚÂÎ¸ÌÓ„Ó ÔÓÚÂÌ-
ˆË‡Î‡ (ΔU) ÔËÏÂÌÓ Ì‡ 100–150 ÏÇ (ΔU = +100 ÏÇ):
‰Ó ÓÚÍ˚ÚËfl ÔË·Ó ÙËÍÒËÓ‚‡Î – (300–350) ÏÇ, ÍÓ-
ÚÓ˚Â ÛÏÂÌ¸¯‡˛ÚÒfl ‰Ó – 200 ÏÇ. ùÚÓ ÓÁÌ‡˜‡ÂÚ, ˜ÚÓ
ÒÚÛfl Ô‡‡ ÌÂÒÂÚ ÔÓÎÓÊËÚÂÎ¸Ì˚È Á‡fl‰. íÓ, ̃ ÚÓ ÔË
ÓÚÍ˚ÚËË ÒÍ‚‡ÊËÌ˚ ‚ ‡ÚÏÓÒÙÂÂ „ÂÌÂËÛÂÚÒfl ÓÚ-
Ëˆ‡ÚÂÎ¸Ì˚È Á‡fl‰, ÌÂ ÔÓÚË‚ÓÂ˜ËÚ ˝ÚÓÏÛ ÛÚ‚Â-
Ê‰ÂÌË˛, Ú.Í. ‚ÂÓflÚÌÂÂ ‚ÒÂ„Ó ÓÚËˆ‡ÚÂÎ¸Ì˚È Á‡fl‰
‚ÓÁÌËÍ‡ÂÚ ÛÊÂ ‚ÌÂ ÒÍ‚‡ÊËÌ˚ ÔË ‡Á·˚Á„Ë‚‡ÌËË
‚Ó‰˚ Ì‡ ÏÂÎÍËÂ Í‡ÔÎË. èË ÓÚÍ˚ÚËË ÒÍ‚‡ÊËÌ˚ ‚Â-
ÎË˜ËÌ‡ ΔU = + 100 ÏÇ ÒÓı‡ÌflÂÚÒfl Ô‡ÍÚË˜ÂÒÍË ÔÓ-
ÒÚÓflÌÌÓÈ ‚Ó ‚ÂÏfl ÔÓ‚Â‰ÂÌËfl ˝ÍÒÔÂËÏÂÌÚ‡. èË
˝ÚÓÏ, ÔÓ ‚ÒÂÈ ‚Ë‰ËÏÓÒÚË, Ì‡ ‚˚ıÓ‰Â ËÁ ÚÛ·˚ ‚ÓÁÌË-
Í‡ÂÚ ‡Á‰ÂÎÂÌËÂ Á‡fl‰Ó‚, ˜ÚÓ ÒÓÔÓ‚ÓÊ‰‡ÂÚÒfl ‚ÓÁ-
ÌËÍÌÓ‚ÂÌËÂÏ ÔÓÎfl Ö* ≈ ΔU/R, „‰Â R – ÔÓÔÂÂ˜Ì˚È
‡ÁÏÂ ÚÛ·˚ (R = 0.3 Ï), Ò‚flÁ‡ÌÌÓ„Ó Ò ‡Á‰ÂÎÂÌËÂÏ
Á‡fl‰‡: Q = ε0R2E* = ε0R3ΔU. èÓ‰ÒÚ‡‚Îflfl ËÁ‚ÂÒÚÌ˚Â
‚ÂÎË˜ËÌ˚, ÔÓÎÛ˜‡ÂÏ: dQ = 3 × 10–13 äÎ. ùÚÓÚ Á‡fl‰
‚˚ÌÓÒËÚÒfl ËÁ ÚÛ·˚ ÒÓ ÒÍÓÓÒÚ¸˛ ËÒÚÂ˜ÂÌËfl Ô‡‡
v ≈ 100 Ï/Ò, ËÎË, ËÌ‡˜Â, Ô‡ Ó·˙ÂÏÓÏ ≈ R3 ‚˚·‡Ò˚-
‚‡ÂÚÒfl ‚ ‡ÚÏÓÒÙÂÛ Á‡ ‚ÂÏfl t = R/v = 3 × 10–3 c, ˜ÚÓ
˝Í‚Ë‚‡ÎÂÌÚÌÓ ÚÓÍÛ i = dQ/dt = 10–10 Ä.

éˆÂÌËÏ ÒÍÓÓÒÚ¸ Ó·‡ÁÓ‚‡ÌËfl ËÓÌÓ‚ dQ/dt,
ÔËÌfl‚ ‚ÂÎË˜ËÌÛ ÔÎÓÚÌÓÒÚË Á‡fl‰Ó‚ èÇé [1] N =
= 2 × 109 Ï–3. ÇÓÒÔÓÎ¸ÁÛÂÏÒfl ‡‚ÂÌÒÚ‚ÓÏ: dN/dt =
= αN2, ÔÓÎÓÊËÏ, ˜ÚÓ N+ = N–, ÚÓ„‰‡, ÁÌ‡fl ÍÓ˝ÙÙËˆË-
ÂÌÚ ÂÍÓÏ·ËÌ‡ˆËË ËÓÌÓ‚ α, ÏÓÊÌÓ ÓˆÂÌËÚ¸ ÒÍÓ-
ÓÒÚ¸ Ó·‡ÁÓ‚‡ÌËfl Á‡fl‰Ó‚ ‚ ‡ÚÏÓÒÙÂÂ dN/dt.
èÓ‰ÒÚ‡‚Ë‚ ‚ ÙÓÏÛÎÛ ‚ÂÎË˜ËÌÛ ˝ÎÂÏÂÌÚ‡ÌÓ„Ó Á‡-
fl‰‡ Â, ÔÓÎÛ˜ËÏ ÒÍÓÓÒÚ¸ Ì‡ÍÓÔÎÂÌËfl Á‡fl‰Ó‚:
dQ/dt = ÂV dN/dt, „‰Â V – Ó·˙ÂÏ èÇé (~5 × 104 Ï3, ‡

N2 = 4 × 1018 Ï–3). éÚÒ˛‰‡ ‚ÂÎË˜ËÌ‡: dQ/dt ≈ α × 4 ×
× 104 äÎ/Ò. í‡ÍËÏ Ó·‡ÁÓÏ, ÂÒÎË ÔËÌflÚ¸ ÒÍÓÓÒÚ¸
ÂÍÓÏ·ËÌ‡ˆËË α ≈ 2.5 × 10–16 (Ï3 Ò–1), ÚÓ dQ/dt =
= 10–11 Ä. éÍ‡Á˚‚‡ÂÚÒfl, ˜ÚÓ Ë ‚ÚÓ‡fl ÓˆÂÌÍ‡ ‰‡ÂÚ
ÔËÏÂÌÓ ÚÛ ÊÂ ‚ÂÎË˜ËÌÛ ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÚÓÍ‡
(dQ/dt) ˜ÂÂÁ ÒÂÁ ÚÛ·˚. 

ë‡‚ÌËÏ ÔÓÎÛ˜ÂÌÌ˚Â ‚ ‡·ÓÚÂ ÂÁÛÎ¸Ú‡Ú˚ Ò ‰‡Ì-
Ì˚ÏË ÔÓ ËÁÛ˜ÂÌË˛ ÓÒÓ·ÂÌÌÓÒÚÂÈ Äùè ‰Û„Ëı ‡‚ÚÓ-
Ó‚ [8, 9]. Ç˚flÒÌËÏ, ËÏÂ˛ÚÒfl ÎË ‰‡ÌÌ˚Â, ÔÓ‰Ú‚Â-
Ê‰‡˛˘ËÂ ÓÒÌÓ‚ÌÓÈ ‚˚‚Ó‰ Ì‡¯ÂÈ ‡·ÓÚ˚, ÒÓÒÚÓfl-
˘ËÈ ‚ ÚÓÏ, ˜ÚÓ ÒÛıÓÈ Ô‡ ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÓ ÌÂÒÂÚ
ÔÓÎÓÊËÚÂÎ¸Ì˚È Á‡fl‰, ‡ ‚Ó‰Ì˚È ‡˝ÓÁÓÎ¸ – ÓÚËˆ‡-
ÚÂÎ¸Ì˚È. é·‡ÚËÏÒfl Í ‡·ÓÚÂ [8], „‰Â ÔË‚Â‰ÂÌ˚ Â-
ÁÛÎ¸Ú‡Ú˚ ËÁÏÂÂÌËÈ ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓÎfl ‚ ÚÛÏ‡ÌÂ.
èÓÍ‡Á‡ÌÓ, ̃ ÚÓ Ì‡ÎË˜ËÂ ÚÛÏ‡Ì‡ ÔË‚Ó‰ËÚ Í ÛÏÂÌ¸¯Â-
ÌË˛ ÔÎÓÚÌÓÒÚË ÚÓÍ‡ Ë ‚ÂÎË˜ËÌ˚ ÔÓÎfl, Í‡Í Ô‡‚ËÎÓ,
ÒÓ ÒÏÂÌÓÈ ÁÌ‡Í‡. ìÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ ‚ ÛÒÎÓ‚Ëflı ÚÛÏ‡-
Ì‡ ‚ÓÁ‡ÒÚ‡ÂÚ ‡ÏÔÎËÚÛ‰‡ ÔÛÎ¸Ò‡ˆËÈ Äùè. íÛÏ‡Ì ‚
ÁÌ‡˜ËÚÂÎ¸ÌÓÈ ÒÚÂÔÂÌË ÒÓÒÚÓËÚ ËÁ ‚Ó‰Ì˚ı ‡˝ÓÁÓÎÂÈ
(ÔÓ ‚ÒÂÈ ‚Ë‰ËÏÓÒÚË, ÌÂÒÛ˘Ëı ÓÚËˆ‡ÚÂÎ¸Ì˚È Á‡fl‰).
Ä‚ÚÓ˚ ÔÓÍ‡Á‡ÎË, ˜ÚÓ ÚÛ·ÛÎÂÌÚÌÓÒÚ¸ ÚÛÏ‡Ì‡ Ë„‡-
ÂÚ Ó„ÓÏÌÛ˛ ÓÎ¸ ‚ ÙÓÏËÓ‚‡ÌËÂ Äùè. 

Ç ‡·ÓÚÂ [9] ‡‚ÚÓ˚ ËÁÛ˜‡ÎË ‡ÒÔÂ‰ÂÎÂÌËÂ
˝ÎÂÍÚË˜ÂÒÍËı Á‡fl‰Ó‚ ‚ ‚ÛÎÍ‡ÌË˜ÂÒÍÓÏ ÔÎ˛ÏÂ ‚
ÏÓÏÂÌÚ ËÁ‚ÂÊÂÌËfl ‚ÛÎÍ‡Ì‡ Sakurajima 28 Ë 29 ÓÍ-
Úfl·fl 1995. èÎ˛Ï ÔÂ‰ÒÚ‡‚ÎflÎ ÒÓ·ÓÈ Ó·Î‡ÍÓ, ‚ ÍÓ-
ÚÓÓÏ Ì‡ıÓ‰ËÎËÒ¸ ̃ ‡ÒÚËˆ˚ ÔÂÔÎ‡ ‡ÁÎË˜Ì˚ı ‡ÁÏÂ-
Ó‚, ‚Ó‰Ì˚È ‡˝ÓÁÓÎ¸ Ë Ô‡˚ ‚Ó‰˚. àÁÏÂÂÌËfl ÔÓ-
‚Ó‰ËÎËÒ¸ ‚ ÚÂ˜ÂÌËÂ ‰‚Ûı ‰ÌÂÈ Ó‰ÌÓ‚ÂÏÂÌÌÓ ‚ ÔflÚË
‡ÁÎË˜Ì˚ı ÚÓ˜Í‡ı Û‰‡ÎÂÌÌ˚ı ÓÚ ÊÂÎ‡ ‚ÛÎÍ‡Ì‡ Ì‡
3–5 ÍÏ. ùÎÂÍÚË˜ÂÒÍËÂ Á‡fl‰˚ ‚ Ó·Î‡ÍÂ ÔÓ ‚˚ÒÓÚÂ
·˚ÎË ‡ÒÔÂ‰ÂÎÂÌ˚ ÌÂ‡‚ÌÓÏÂÌÓ: ‚ ‚ÂıÌÂÈ ˜‡ÒÚË
Ó·Î‡Í‡ – ÔÓÎÓÊËÚÂÎ¸Ì˚È, ‚ ÒÂ‰ÌÂÈ – ÓÚËˆ‡ÚÂÎ¸-
Ì˚È Ë ‚ ÌËÊÌÂÈ – ÒÌÓ‚‡ ÔÓÎÓÊËÚÂÎ¸Ì˚È. Ç ‚ÂıÌÂÈ
˜‡ÒÚË ‚ÛÎÍ‡ÌË˜ÂÒÍÓ„Ó Ó·Î‡Í‡ ÔËÒÛÚÒÚ‚ÛÂÚ ‚Ó‰flÌÓÈ
Ô‡ Ë ÒÓÒÂ‰ÓÚÓ˜ÂÌ ÔÓÎÓÊËÚÂÎ¸Ì˚È Á‡fl‰. Ç ÒÂ‰-
ÌÂÈ ˜‡ÒÚË Ó·Î‡Í‡ Ì‡ıÓ‰flÚÒfl Ó˜ÂÌ¸ ÏÂÎÍËÂ ˜‡ÒÚËˆ˚
ÔÂÔÎ‡, ÍÓÚÓ˚Â ÌÂÒÛÚ ÓÚËˆ‡ÚÂÎ¸Ì˚È Á‡fl‰, ‡ ‚
ÌËÊÌÂÈ – ÍÛÔÌ˚Â ÔÓÎÓÊËÚÂÎ¸ÌÓ Á‡flÊÂÌÌ˚Â ˜‡-
ÒÚËˆ˚ ÔÂÔÎ‡.

ê‡ÁÏÂ “Ì‡¯Â„Ó” Ó·Î‡Í‡, Í‡Í ÓÚÏÂ˜‡ÎÓÒ¸ ‚˚¯Â,
≈104 Ï3, ‡ Â„Ó Á‡fl‰ ≈10–5 äÎ. ë‡‚ÌËÏ ˝ÚÓÚ ÂÁÛÎ¸-
Ú‡Ú Ò ‰Û„ËÏË ÓˆÂÌÍ‡ÏË. ä‡Í ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ ‚ [2],
Á‡fl‰ ˆËÍÎÓÌ‡ ÏÓ„ ‰ÓÒÚË„‡Ú¸ 50000 äÎ, ÂÒÎË Û˜ÂÒÚ¸
Â„Ó ‡ÁÏÂ ≈100 × 100 × 10 ÍÏ3 = 1014 Ï3, ÚÓ Ó·˙ÂÏÌ‡fl
ÔÎÓÚÌÓÒÚ¸ ̋ ÎÂÍÚË˜ÂÒÍËı Á‡fl‰Ó‚ ≈5 × 10–10 äÎ/Ï3. Ç
‡·ÓÚÂ [9] ËÁÏÂflÎ‡Ò¸ ‚ÂÎË˜ËÌ‡ Äùè ‚ ÏÓÏÂÌÚ ËÁ-
‚ÂÊÂÌËfl ‚ÛÎÍ‡Ì‡ Sakurajima. Ä‚ÚÓ˚ ÓˆÂÌËÎË ‚Â-
ÎË˜ËÌÛ ÓÚËˆ‡ÚÂÎ¸ÌÓ„Ó Á‡fl‰‡ ‚ÛÎÍ‡ÌË˜ÂÒÍÓ„Ó Ó·-
Î‡Í‡, ÒÓÒÚÓfl˘Â„Ó ËÁ ‚Ó‰flÌÓ„Ó Ô‡‡ Ë ÔÂÔÎ‡ ~0.1 äÎ.
ê‡ÁÏÂ Ó·Î‡Í‡ ÒÓÒÚ‡‚ÎflÎ (ÒÛ‰fl ÔÓ ÔË‚Â‰ÂÌÌ˚Ï Í‡-
ÚËÌÍ‡Ï), ≈1 ÍÏ3, ÚÓ„‰‡ ÔÎÓÚÌÓÒÚ¸ Á‡fl‰‡ ≈10–10 äÎ/Ï3.
ùÚÓ Ò‡‚ÌÂÌËÂ ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ Ì‡¯Ë ÓˆÂÌÍ‡ ‚ÂÎË-
˜ËÌ˚ Á‡fl‰‡ ‚ÔÓÎÌÂ Ô‡‚‰ÓÔÓ‰Ó·Ì˚.

éÒÚ‡ÂÚÒfl ‚˚flÒÌËÚ¸ ‚ÓÔÓÒ, ‚ ˜ÂÏ ÒÓÒÚÓËÚ ÔË˜Ë-
Ì‡ ÔÓÎÓÊËÚÂÎ¸ÌÓ„Ó Á‡fl‰‡ ‚Ó‰flÌÓ„Ó Ô‡‡? ä‡Í ÔÓ-
Í‡Á‡ÌÓ ‚ [10], ÌÓÒËÚÂÎÂÏ ÔÓÎÓÊËÚÂÎ¸ÌÓ„Ó Á‡fl‰‡ ‚

‚Ó‰flÌÓÏ Ô‡Â fl‚Îfl˛ÚÒfl ‚Ó‰Ì˚Â ÍÎ‡ÒÚÂ˚ ç5  ËO2
+
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äÛÁÌÂˆÓ‚ Ë ‰.

ç3é
+ (ËÓÌ˚ „Ë‰ÓÍÒÓÌËfl), ÍÓÚÓ˚Â Â‡Î¸ÌÓ ÒÛ˘Â-

ÒÚ‚Û˛Ú ‚ ‡ÚÏÓÒÙÂÂ ‚ÔÎÓÚ¸ ‰Ó ‚˚ÒÓÚ˚ 80 ÍÏ. 

á‡ÍÎ˛˜ÂÌËÂ

ç‡ Ì‡¯ ‚Á„Îfl‰, ÂÁÛÎ¸Ú‡Ú˚ ˝ÍÒÔÂËÏÂÌÚ‡ ÒÎÛ-

Ê‡Ú ÔÓ‰Ú‚ÂÊ‰ÂÌËÂÏ ÏÓ‰ÂÎË, ËÁÎÓÊÂÌÌÓÈ ‚ [6] Ë ÓÒ-

ÌÓ‚‡ÌÌÓÈ Ì‡ ËÒÔÓÎ¸ÁÓ‚‡ÌËË ÏÓ‰ÂÎË îÂÌÍÂÎfl [7]

ÔË ËÒÔÓÎ¸ÁÓ‚‡ÌËË ÂÂ ‚ Ò‚Ó·Ó‰ÌÓÈ ‡ÚÏÓÒÙÂÂ. Ç Á‡-

ÍÎ˛˜ÂÌËÂ ÓÚÏÂÚËÏ, ̃ ÚÓ ‡ÍÚË‚Ì˚Â ̋ ÍÒÔÂËÏÂÌÚ˚ ÔÓ

‚ÓÁ‰ÂÈÒÚ‚Ë˛ Ì‡ ‡ÚÏÓÒÙÂÌÓÂ ˝ÎÂÍÚË˜ÂÒÍÓÂ ÔÓÎÂ

ÒÚÛË Ô‡‡-‚Ó‰flÌÓÈ ÒÏÂÒË ËÁ ÚÂÏ‡Î¸ÌÓÈ ÒÍ‚‡ÊËÌ˚

‚ ‡ÈÓÌÂ åÛÚÌÓ‚ÒÍÓÈ „Ë‰ÓÚÂÏ‡Î¸ÌÓÈ ˝ÎÂÍÚÓ-

ÒÚ‡ÌˆËË ä‡Ï˜‡ÚÍË ÔË‚Ó‰flÚ Í Á‡ÏÂÚÌ˚Ï ËÁÏÂÌÂÌË-

flÏ Äùè. ëÛıÓÈ ‚Ó‰Ì˚È Ô‡, ‚˚·Ó¯ÂÌÌ˚È ‚ ‡ÚÏÓ-

ÒÙÂÛ, ÔË‚Ó‰ËÚ Í ‚ÓÁ‡ÒÚ‡ÌË˛ ‚ÂÎË˜ËÌ˚ ÔÓÎfl Ö.

Ç ÚÓ ‚ÂÏfl Í‡Í ‚˚·ÓÒ ‚Ó‰˚ ‚ ‡ÚÏÓÒÙÂÛ Ë ÔÓÒÎÂ‰Û-

˛˘ÂÂ ÂÂ ‰Ó·ÎÂÌËÂ ÔË‚ÌÓÒflÚ ÓÚËˆ‡ÚÂÎ¸Ì˚È Á‡-

fl‰, ˜ÚÓ ÔË‚Ó‰ËÚ Í ÛÏÂÌ¸¯ÂÌË˛ ÔÓÎfl Ö Ë ‰‡ÊÂ Í

ËÁÏÂÌÂÌË˛ Â„Ó ÔÓÎflÌÓÒÚË. 

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÔÓ‰‰ÂÊÍÂ „‡ÌÚ‡ ÔÓ ÔÓ-

„‡ÏÏÂ ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ èÂÁË‰ËÛ-

Ï‡ êÄç ‹ 16. ó‡ÒÚ¸ 3. èÓÂÍÚ 19.2 Ë „‡ÌÚ‡ ÑÇé

êÄç, ÔÓ ‡Á‰ÂÎÛ ë07. Ä‚ÚÓ˚ ·Î‡„Ó‰‡flÚ

à.à. óÂÌÂ‚‡ Á‡ ÔÓÏÓ˘¸ ‚ ÔÓ‚Â‰ÂÌËË ˝ÍÒÔÂËÏÂÌ-

Ú‡ Ë ÔÓÙ. Å.å. òÂ‚ˆÓ‚‡ Á‡ ËÌÚÂÂÒ Í ̋ ÚÓÈ ‡·ÓÚÂ Ë

ÔÓ‰‰ÂÊÍÛ ËÒÒÎÂ‰Ó‚‡ÌËÈ Äùè Ì‡ ä‡Ï˜‡ÚÍÂ.
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Abstract—We present the results of experiments dealing with a study of the effect of artificial vapor-water

cloud (VWC) on the atmospheric electric field (AEF). The experiments were performed on September 19,

2006, at Kamchatka heat-and-power water field in the region of the operational Mutnovskaya power plant. We

had simultaneously measured the AEF intensity (by three sensors), air electroconductivity, the electric potential

of drill hole, and the meteorological parameters in the immediate vicinity of geothermal drill holes, which were

opened and closed for duration of the observations. It is found that the dependence of the intensity of the electric

filed on the liquid water content in the vapor–water mixture of the drill hole varies throughout the duration of

the VWC persistence. Models are proposed and the results of the experiment are discussed.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


