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ÇÇÖÑÖçàÖ

 

ê‡Ò¯ËÂÌËÂ ÒÙÂ˚ Ô‡ÍÚË˜ÂÒÍÓ„Ó ËÒÔÓÎ¸ÁÓ‚‡-
ÌËfl ‰ËÌ‡ÏË˜ÂÒÍËı „ÓÎÓ„‡ÏÏ ‚ ÒËÒÚÂÏ‡ı ÔÂÓ·‡-
ÁÓ‚‡ÌËfl Ò‚ÂÚÓ‚˚ı ÔÓÎÂÈ ‚ Â‡Î¸ÌÓÏ ‚ÂÏÂÌË Ë ÓÔ-
ÚË˜ÂÒÍÓÈ Ó·‡·ÓÚÍË ËÌÙÓÏ‡ˆËË Ò‚flÁ‡ÌÓ Ò ÓÔÚË-
ÏËÁ‡ˆËÂÈ ÒıÂÏ „ÓÎÓ„‡ÙË˜ÂÒÍÓÈ Á‡ÔËÒË Ë ÔÓËÒÍÓÏ
ÌÓ‚˚ı ÒÔÓÒÓ·Ó‚ ‰ÓÒÚËÊÂÌËfl ‚˚ÒÓÍËı ÁÌ‡˜ÂÌËÈ ‰Ë-
Ù‡ÍˆËÓÌÌÓÈ ˝ÙÙÂÍÚË‚ÌÓÒÚË. ç‡fl‰Û Ò Ú‡‰ËˆË-
ÓÌÌ˚Ï ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ‰Îfl „ÓÎÓ„‡ÙË˜ÂÒÍÓÈ Á‡-
ÔËÒË ÒÂ‰ Ò ÍÛ·Ë˜ÂÒÍÓÈ ÌÂÎËÌÂÈÌÓÒÚ¸˛ ‚ ÔÓÒÎÂ‰-
ÌÂÂ ‚ÂÏfl ‡Ì‡ÎËÁËÛ˛ÚÒfl ÔÂËÏÛ˘ÂÒÚ‚‡ ÒÂ‰ Ò
ÌÂÎËÌÂÈÌÓÒÚ¸˛ ÔflÚÓ„Ó Ë ·ÓÎÂÂ ‚˚ÒÓÍÓ„Ó ÔÓfl‰Í‡,
ÔÓÁ‚ÓÎfl˛˘Ëı Â‡ÎËÁÓ‚‡Ú¸ ÏÌÓ„Ó‚ÓÎÌÓ‚ÓÂ ÒÏÂ¯Â-
ÌËÂ Ë ÓÒÛ˘ÂÒÚ‚ËÚ¸ ‡ÁÎË˜Ì˚Â ‚Ë‰˚ ÔÂÓ·‡ÁÓ‚‡-
ÌËfl Ò‚ÂÚÓ‚˚ı ÔÛ˜ÍÓ‚ (ÛÔ‡‚ÎÂÌËÂ ÙÓÏÓÈ ‚ÓÎÌÓ-
‚Ó„Ó ÙÓÌÚ‡, ËÁÏÂÌÂÌËÂ Ì‡Ô‡‚ÎÂÌËfl ‡ÒÔÓÒÚ‡-
ÌÂÌËfl, ÔÓÒÚ‡ÌÒÚ‚ÂÌÌ‡fl ÙËÎ¸Ú‡ˆËfl Ë ˜‡ÒÚÓÚÌÓÂ
ÔÂÓ·‡ÁÓ‚‡ÌËÂ ËÁÓ·‡ÊÂÌËÈ, ÔÂÂ‰‡˜‡ ËÌÙÓÏ‡-
ˆËË Ò Ó‰ÌËı ÔÛ˜ÍÓ‚ Ì‡ ‰Û„ËÂ Ë Ú.‰.) [1–3]. é‰Ì‡ÍÓ
Ó·Î‡ÒÚ¸ Ô‡ÍÚË˜ÂÒÍÓ„Ó ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ÏÌÓ„Ó‚ÓÎ-
ÌÓ‚Ó„Ó ÒÏÂ¯ÂÌËfl, Í‡Í Ô‡‚ËÎÓ, Ó„‡ÌË˜ÂÌ‡ ÌÂ‚˚-
ÒÓÍËÏË ÁÌ‡˜ÂÌËflÏË ÌÂÎËÌÂÈÌÓÒÚÂÈ ‚˚Ò¯Ëı ÔÓfl‰-
ÍÓ‚.

Ç Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ÔÓ‡Ì‡ÎËÁËÓ‚‡Ì˚ ÔÛÚË
ÔÓ‚˚¯ÂÌËfl ˝ÙÙÂÍÚË‚ÌÓÒÚË ÔÂÓ·‡ÁÓ‚‡ÌËfl Ò‚Â-
ÚÓ‚˚ı ÔÓÎÂÈ ‰ËÌ‡ÏË˜ÂÒÍËÏË „ÓÎÓ„‡ÏÏ‡ÏË Ò ËÒ-
ÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÒıÂÏ˚ ˜‡ÒÚÓÚÌÓ ÌÂ‚˚ÓÊ‰ÂÌÌÓ„Ó
ÏÌÓ„Ó‚ÓÎÌÓ‚Ó„Ó ÒÏÂ¯ÂÌËfl ‚ ÎËÌÂÈÌÓ ÔÓ„ÎÓ˘‡˛-
˘Ëı ÊË‰ÍÓÒÚflı, ÍÓÚÓ˚Â ‡ÌÂÂ ‡ÒÒÏ‡ÚË‚‡ÎËÒ¸
Í‡Í ÒÂ‰˚ Ò ˜ËÒÚÓ ÍÛ·Ë˜ÂÒÍÓÈ ÌÂÎËÌÂÈÌÓÒÚ¸˛.
éÔÂ‰ÂÎÂÌ˚ ÛÒÎÓ‚Ëfl Ë ÛÒÚ‡ÌÓ‚ÎÂÌ ÏÂı‡ÌËÁÏ ÔÓfl‚-
ÎÂÌËfl ÌÂÎËÌÂÈÌÓÒÚË ÔflÚÓ„Ó ÔÓfl‰Í‡, Ò‚flÁ‡ÌÌ˚È Ò
ÌÂÎËÌÂÈÌÓÒÚ¸˛ ÚÂÏÓÓÔÚË˜ÂÒÍÓ„Ó ÍÓ˝ÙÙËˆËÂÌÚ‡
Ë Á‡‚ËÒËÏÓÒÚ¸˛ ÓÚ ÚÂÏÔÂ‡ÚÛ˚ ÔÎÓÚÌÓÒÚË Ë ÚÂÔ-
ÎÓÂÏÍÓÒÚË Ó„‡ÌË˜ÂÒÍËı ÊË‰ÍÓÒÚÂÈ. 
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ç‡ ‚ÓÁÏÓÊÌÓÒÚ¸ Á‡ÔËÒË ÌÂÎËÌÂÈÌ˚ı ‰ËÌ‡ÏË˜Â-
ÒÍËı „ÓÎÓ„‡ÏÏ ‚ ˜ËÒÚ˚ı Ó„‡ÌË˜ÂÒÍËı ÊË‰ÍÓÒÚflı
‚ÔÂ‚˚Â ·˚ÎÓ Ó·‡˘ÂÌÓ ‚ÌËÏ‡ÌËÂ ‚ [4] ÔË Â‡ÎË-
Á‡ˆËË ¯ÂÒÚË‚ÓÎÌÓ‚Ó„Ó ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl ‚ ˝Ú‡ÌÓÎÂ.
ÑÎfl Ó·˙flÒÌÂÌËfl ÔÂ‰ÎÓÊÂÌÓ Û˜ËÚ˚‚‡Ú¸ Á‡‚ËÒË-
ÏÓÒÚ¸ ÓÚ ÚÂÏÔÂ‡ÚÛ˚ ÚÂÏÓÓÔÚË˜ÂÒÍËı ı‡‡ÍÚÂ-
ËÒÚËÍ, ÍÓÚÓ˚Â, ÔÓ ÏÌÂÌË˛ ‡‚ÚÓÓ‚, ÏÓ„ÛÚ Ó·Û-
ÒÎÓ‚ËÚ¸ Ì‡Ò˚˘‡˛˘ËÈÒfl ı‡‡ÍÚÂ ÚÂÔÎÓ‚ÓÈ ÌÂÎË-
ÌÂÈÌÓÒÚË, ÔÓ ‡Ì‡ÎÓ„ËË Ò ÂÁÓÌ‡ÌÒÌ˚ÏË ÒÂ‰‡ÏË Ò
Ì‡Ò˚˘‡˛˘ËÏÒfl ÔÓ„ÎÓ˘ÂÌËÂÏ. é‰Ì‡ÍÓ Ú‡ÍÓÂ ÙÂ-
ÌÓÏÂÌÓÎÓ„Ë˜ÂÒÍÓÂ ‚‚Â‰ÂÌËÂ ˝ÙÙÂÍÚ‡ Ì‡Ò˚˘ÂÌËfl
Á‡ÚÛ‰ÌflÂÚ ÍÓÎË˜ÂÒÚ‚ÂÌÌÓÂ ÓÔÂ‰ÂÎÂÌËÂ Ô‡‡ÏÂÚ-
‡ ÌÂÎËÌÂÈÌÓÒÚË. 

ÑÎfl ÓÔËÒ‡ÌËfl ÔÓˆÂÒÒ‡ ‰ËÙ‡ÍˆËË Ì‡ ÚÂÔÎÓ‚˚ı
‰ËÌ‡ÏË˜ÂÒÍËı Â¯ÂÚÍ‡ı ‚ ÛÒÎÓ‚Ëflı ÎËÌÂÈÌÓ„Ó ÔÓ-
„ÎÓ˘ÂÌËfl ‚ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ÔÂ‰ÎÓÊÂÌÓ ËÒÔÓÎ¸-
ÁÓ‚‡Ú¸ ‡ÁÎÓÊÂÌËÂ ÙÛÌÍˆËÓÌ‡Î¸ÌÓÈ Á‡‚ËÒËÏÓÒÚË
ÔÓÍ‡Á‡ÚÂÎfl ÔÂÎÓÏÎÂÌËfl ÓÚ ÚÂÏÔÂ‡ÚÛ˚ ‚ fl‰
íÂÈÎÓ‡ ÔÓ ÔÓËÁ‚Ó‰Ì˚Ï ‡ÁÎË˜ÌÓ„Ó ÔÓfl‰Í‡, ‡
Ú‡ÍÊÂ Û˜ËÚ˚‚‡Ú¸ Á‡‚ËÒËÏÓÒÚ¸ ÓÚ ÚÂÏÔÂ‡ÚÛ˚
ÔÎÓÚÌÓÒÚË Ë ÚÂÔÎÓÂÏÍÓÒÚË ËÒÔÓÎ¸ÁÛÂÏÓÈ Ó„‡ÌË-
˜ÂÒÍÓÈ ÊË‰ÍÓÒÚË. Ç ˝ÚÓÏ ÒÎÛ˜‡Â ÚÂÔÎÓ‚ÓÂ ËÁÏÂÌÂ-
ÌËÂ ÔÓÍ‡Á‡ÚÂÎfl ÔÂÎÓÏÎÂÌËfl ÏÓÊÌÓ ÔÂ‰ÒÚ‡‚ËÚ¸ ‚
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ÏÓÒÚ¸ ÚÂÔÎÓÂÏÍÓÒÚË Â‰ËÌËˆ˚ Ó·˙ÂÏ‡ ÓÚ ÚÂÏÔÂ‡-
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èÂ‚ÓÂ ÒÎ‡„‡ÂÏÓÂ ‚˚‡ÊÂÌËfl (1) ÓÔËÒ˚‚‡ÂÚ ÍÛ-
·Ë˜ÂÒÍÛ˛ ÌÂÎËÌÂÈÌÓÒÚ¸

(2)

ÍÓÚÓ‡fl ÓÔÂ‰ÂÎflÂÚ ˝ÙÙÂÍÚË‚ÌÓÒÚ¸ ˜ÂÚ˚Âı‚ÓÎ-
ÌÓ‚Ó„Ó ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl, ‚ ÚÓ ‚ÂÏfl Í‡Í ‚ÚÓÓÂ ÒÎ‡-
„‡ÂÏÓÂ ÓÚ‚Â˜‡ÂÚ Í‚‡‰‡ÚË˜ÌÓÈ Á‡‚ËÒËÏÓÒÚË ÔÓÍ‡-
Á‡ÚÂÎfl ÔÂÎÓÏÎÂÌËfl ÓÚ ËÌÚÂÌÒË‚ÌÓÒÚË Ë Ó‰ÌÓÁÌ‡˜-
ÌÓ Ò‚flÁ‡ÌÓ Ò ÌÂÎËÌÂÈÌÓÒÚ¸˛ ÔflÚÓ„Ó ÔÓfl‰Í‡ Ë
¯ÂÒÚË‚ÓÎÌÓ‚˚Ï ÒÏÂ¯ÂÌËÂÏ: 

(3)

èÓÎÛ˜ÂÌÌ˚Â ‚˚‡ÊÂÌËfl (1)–(3) ÔÓÁ‚ÓÎfl˛Ú ‡Ò-
Ò˜ËÚ‡Ú¸ ‰ËÙ‡ÍˆËÓÌÌÛ˛ ˝ÙÙÂÍÚË‚ÌÓÒÚ¸ Á‡ÔËÒ‡Ì-
Ì˚ı „ÓÎÓ„‡ÙË˜ÂÒÍËı Â¯ÂÚÓÍ. Ç Á‡‚ËÒËÏÓÒÚË ÓÚ
ÛÒÎÓ‚ËÈ Á‡ÔËÒË (ÒÓÓÚÌÓ¯ÂÌËfl ÚÓÎ˘ËÌ˚ ÒÎÓfl Ë ÔÂ-
ËÓ‰‡ Â¯ÂÚÍË) ‚ ÚÂÓËË ‡Á‰ÂÎfl˛Ú „ÓÎÓ„‡ÏÏ˚
Ì‡ ÚÓÌÍËÂ Ë Ó·˙ÂÏÌ˚Â. èË Á‡ÔËÒË ÚÓÌÍËı Ù‡ÁÓ-
‚˚ı „ÓÎÓ„‡ÏÏ Ëı ‰ËÙ‡ÍˆËÓÌÌ‡fl ˝ÙÙÂÍÚË‚ÌÓÒÚ¸
ÓÔÂ‰ÂÎflÂÚÒfl ËÁ‚ÂÒÚÌÓÈ ÙÓÏÛÎÓÈ [5]
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„‡ÏÏ ˆÂÎÂÒÓÓ·‡ÁÌÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ÙÓÏ‡ÎËÁÏ
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, Ú.Â.
ÍÓ„‰‡ ÔÓfl‰ÓÍ ‰ËÙ‡ÍˆËË ÒÓ‚Ô‡‰‡ÂÚ Ò ÔÓfl‰ÍÓÏ
Í‡ÚÌÓÒÚË ˜‡ÒÚÓÚ˚ Ò˜ËÚ˚‚‡˛˘ÂÈ ‚ÓÎÌ˚, ÛÒÎÓ‚ËÂ
ÒËÌıÓÌËÁÏ‡ Â‡ÎËÁÛÂÚÒfl ÔË ‚ÒÚÂ˜ÌÓÏ Ì‡Ô‡‚-
ÎÂÌËË ‡ÒÔÓÒÚ‡ÌÂÌËfl Ò˜ËÚ˚‚‡˛˘ÂÈ Ë ÓÔÓÌÓÈ
‚ÓÎÌ [7, 8]. 

ÑÎfl ÚÂÓÂÚË˜ÂÒÍÓ„Ó ÓÔËÒ‡ÌËfl ÏÌÓ„Ó‚ÓÎÌÓ‚Ó„Ó
ÒÏÂ¯ÂÌËfl ËÒÔÓÎ¸ÁÛÂÏ ÔË·ÎËÊÂÌËÂ ÏÂ‰ÎÂÌÌÓ ÏÂ-
Ìfl˛˘ËıÒfl ‡ÏÔÎËÚÛ‰, ÔÓÁ‚ÓÎfl˛˘ÂÂ Á‡ÔËÒ‡Ú¸ ÒËÒÚÂ-

Cρ
1–

χ 3( ) cn0
2kτ

16π2Cρ

------------------ ∂n/∂T( ),=

χ 5( ) c2n0
3k2τ2

256π3Cρ
2

--------------------- ∂2n/∂T2( )˝Ù.=

ξ ID/I2 JM
2 2πL∆n/λ( ),= =

ES*

kD

→

k1

→

kS

→

k2

→

ÏÛ ÛÍÓÓ˜ÂÌÌ˚ı ‚ÓÎÌÓ‚˚ı Û‡‚ÌÂÌËÈ ‰Îfl ‚Á‡ËÏÓ-
‰ÂÈÒÚ‚Û˛˘Ëı Ò‚ÂÚÓ‚˚ı ÔÓÎÂÈ [6]: 

(5)

(6)

„‰Â χm – ÍÓÏÔÓÌÂÌÚ˚ ‡ÁÎÓÊÂÌËfl ÌÂÎËÌÂÈÌÓÈ ‚ÓÒ-
ÔËËÏ˜Ë‚ÓÒÚË ÒÂ‰˚ ‚ fl‰ îÛ¸Â ÔÓ ÔÓÒÚ‡Ì-

ÒÚ‚ÂÌÌ˚Ï „‡ÏÓÌËÍ‡Ï ‰ËÌ‡ÏË˜ÂÒÍÓÈ Â¯ÂÚÍË  =

=  – . Ç ÔË·ÎËÊÂÌËË Ï‡ÎÓÈ ‰ËÙ‡ÍˆËÓÌÌÓÈ
˝ÙÙÂÍÚË‚ÌÓÒÚË ËÁ Û‡‚ÌÂÌËfl (6) ËÏÂÂÏ

(7)

ÓÚÍÛ‰‡ ÒÎÂ‰ÛÂÚ ‚˚‡ÊÂÌËÂ ‰Îfl ‰ËÙ‡ÍˆËÓÌÌÓÈ
˝ÙÙÂÍÚË‚ÌÓÒÚË

(8)
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ÑËÙ‡ÍˆËfl Ì‡ ‰ËÌ‡ÏË˜ÂÒÍËı Â¯ÂÚÍ‡ı ‚ ÎËÌÂÈ-
ÌÓÏ ÔÓ„ÎÓÚËÚÂÎÂ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ Â‡ÎËÁÓ‚‡Ì‡
Ì‡ ÔËÏÂÂ ÌÂ‚˚ÓÊ‰ÂÌÌÓ„Ó ÔÓ ̃ ‡ÒÚÓÚÂ ̄ ÂÒÚË‚ÓÎ-
ÌÓ‚Ó„Ó ÒÏÂ¯ÂÌËfl, ÍÓ„‰‡ Á‡ÔËÒ¸ „ÓÎÓ„‡ÏÏ˚ ÓÒÛ-
˘ÂÒÚ‚ÎflÂÚÒfl Ì‡ ÓÒÌÓ‚ÌÓÈ ˜‡ÒÚÓÚÂ „ÂÌÂ‡ˆËË Î‡ÁÂ-
‡ Ì‡ ËÚÚËÈ-‡Î˛ÏËÌËÂ‚ÓÏ „‡Ì‡ÚÂ (λ = 1064 ÌÏ), ‡
Ò˜ËÚ˚‚‡ÌËÂ – Ì‡ ˜‡ÒÚÓÚÂ ‚ÚÓÓÈ „‡ÏÓÌËÍË (λ =
= 532 ÌÏ). ëıÂÏ‡ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓÈ ÛÒÚ‡ÌÓ‚ÍË
ÔÂ‰ÒÚ‡‚ÎÂÌ‡ Ì‡ ËÒ. 1. ÑÎfl ÒÔÂÍÚ‡Î¸ÌÓ„Ó ‡Á‰Â-
ÎÂÌËfl ÔÛ˜ÍÓ‚ ËÒÔÓÎ¸ÁÓ‚‡Ì ÒÔÂÍÚÓ‰ÂÎËÚÂÎ¸ 2. áÂ-
Í‡Î‡ 5, 6 Ë ÎËÌÁ˚ 10 ÙÓÏËÓ‚‡ÎË ÓÔÓÌÛ˛ E1 Ë
ÒË„Ì‡Î¸ÌÛ˛ ES ‚ÓÎÌ˚, Á‡ÔËÒ˚‚‡˛˘ËÂ ‰ËÌ‡ÏË˜Â-
ÒÍÛ˛ Â¯ÂÚÍÛ ‚ ÌÂÎËÌÂÈÌÓÈ ÒÂ‰Â 8 ÔË ‰Ë‡ÏÂÚÂ
ÔÛ˜ÍÓ‚ d = 650 ÏÍÏ. àÌÚÂÌÒË‚ÌÓÒÚ¸ ‚ÓÎÌ ËÁÏÂÌflÎË
Ò ÔÓÏÓ˘¸˛ Ò‚ÂÚÓÙËÎ¸ÚÓ‚ 9. ë ̂ ÂÎ¸˛ ÒËÌıÓÌËÁ‡-
ˆËË ‚ÂÏÂÌË ÔËıÓ‰‡ Á‡ÔËÒ˚‚‡˛˘Ëı „ÓÎÓ„‡ÏÏÛ
Î‡ÁÂÌ˚ı ËÏÔÛÎ¸ÒÓ‚ ËÒÔÓÎ¸ÁÓ‚‡Ì‡ ÎËÌËfl Á‡‰ÂÊ-
ÍË 12. ë˜ËÚ˚‚‡˛˘‡fl ‚ÓÎÌ‡ E2 Ì‡Ô‡‚ÎflÎ‡Ò¸ Ì‡-
‚ÒÚÂ˜Û Á‡ÔËÒ˚‚‡˛˘ËÏ „ÓÎÓ„‡ÏÏÛ ‚ÓÎÌ‡Ï Ò ÔÓ-
ÏÓ˘¸˛ ÁÂÍ‡Î‡ 4, ÔË ˝ÚÓÏ ÎËÌÁ‡ 11 ÒÓÁ‰‡‚‡Î‡ ‚
ÒÂ‰Â ÔÛ˜ÓÍ Ú‡ÍÓ„Ó ÊÂ ‰Ë‡ÏÂÚ‡ d. ÑÎfl ËÁÏÂÂÌËfl
‰ËÙ‡ÍˆËÓÌÌÓÈ ˝ÙÙÂÍÚË‚ÌÓÒÚË ‰ËÌ‡ÏË˜ÂÒÍÓÈ „Ó-
ÎÓ„‡ÏÏ˚ ËÒÔÓÎ¸ÁÓ‚‡Ì‡ Â„ËÒÚËÛ˛˘‡fl ÒËÒÚÂÏ‡
Ì‡ ÓÒÌÓ‚Â ÙÓÚÓ‰ËÓ‰Ó‚ 13 Ë 14. Ç Í‡˜ÂÒÚ‚Â ÎËÌÂÈÌÓ
ÔÓ„ÎÓ˘‡˛˘ÂÈ ÒÂ‰˚ ‚˚·‡Ì ˝Ú‡ÌÓÎ¸Ì˚È ‡ÒÚ‚Ó
ıÎÓË‰‡ ÏÂ‰Ë, ı‡‡ÍÚÂËÁÛ˛˘ËÈÒfl ‚˚ÒÓÍÓÈ ÚÂÔ-
ÎÓ‚ÓÈ ÌÂÎËÌÂÈÌÓÒÚ¸˛. Ö„Ó ÔÂËÏÛ˘ÂÒÚ‚Ó Ò‚flÁ‡ÌÓ
Ò ‚˚ÒÓÍËÏ ÔÓ„ÎÓ˘ÂÌËÂÏ ‚ ·ÎËÊÌÂÈ àä-Ó·Î‡ÒÚË
ÒÔÂÍÚ‡ ÔÓ Ò‡‚ÌÂÌË˛ Ò ‚Ë‰ËÏ˚Ï ‰Ë‡Ô‡ÁÓÌÓÏ (ÍÓ-
˝ÙÙËˆËÂÌÚ˚ ÔÓ„ÎÓ˘ÂÌËfl Ì‡ ‰ÎËÌ‡ı ‚ÓÎÌ 1064 Ë
532 ÌÏ ÓÚÎË˜‡˛ÚÒfl ·ÓÎÂÂ ˜ÂÏ Ì‡ ÔÓfl‰ÓÍ). 

∂E1 S,
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Ç ˝ÍÒÔÂËÏÂÌÚÂ ‡Ì‡ÎËÁËÓ‚‡ÎË ‰ËÙ‡ÍˆË˛ Ì‡
ÔÓÔÛÒÍ‡˛˘Ëı Â¯ÂÚÍ‡ı ‡ÁÎË˜ÌÓ„Ó ÔÂËÓ‰‡ Λ
(ÓÚ 6 ‰Ó 20 ÏÍÏ), ̃ ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚Ó‚‡ÎÓ ÛÏÂÌ¸¯ÂÌË˛
Ô‡‡ÏÂÚ‡ äÎÂÈÌ‡ Q = 2πλd/nΛ2 Ì‡ ÔÓfl‰ÓÍ (ÓÚ 40
‰Ó 4). ëÎÛ˜‡È Q = 40 ÓÚ‚Â˜‡ÂÚ ÍËÚÂË˛ Ó·˙ÂÏÌÓÈ
Â¯ÂÚÍË, ‡ Q = 4 – ÔÓÏÂÊÛÚÓ˜ÌÓÏÛ ÒÎÛ˜‡˛, ÍÓ„‰‡
‰ÓÎÊÌ˚ ÔÓfl‚ÎflÚ¸Òfl Ò‚ÓÈÒÚ‚‡ Í‡Í ÔÎÓÒÍÓÈ, Ú‡Í Ë

Ó·˙ÂÏÌÓÈ „ÓÎÓ„‡ÙË˜ÂÒÍÓÈ Á‡ÔËÒË. é‰Ì‡ÍÓ ‚Ó
‚ÒÂı ÒÎÛ˜‡flı Ì‡·Î˛‰‡ÎÓÒ¸ ÌÂÒÍÓÎ¸ÍÓ ÔÓfl‰ÍÓ‚ ‰Ë-
Ù‡ÍˆËË, ÒıÂÏ‡ÚË˜ÌÓ ÔÂ‰ÒÚ‡‚ÎÂÌÌ˚ı Ì‡ ËÒ. 1,
ÍÓÚÓ˚Â Á‡ÏÂÚÌÓ ‡ÁÎË˜‡ÎËÒ¸ ÔÓ ËÌÚÂÌÒË‚ÌÓÒÚË
‰ËÙ‡„ËÓ‚‡ÌÌÓÈ ‚ÓÎÌ˚. 

ç‡ ËÒ. 2 Ë 3 ÔÂ‰ÒÚ‡‚ÎÂÌ˚ Á‡‚ËÒËÏÓÒÚË ‰Ë-
Ù‡ÍˆËÓÌÌÓÈ ˝ÙÙÂÍÚË‚ÌÓÒÚË ξ ÓÚ ËÌÚÂÌÒË‚ÌÓÒÚË

1 2 3
532 ÌÏ

4

14

532 ÌÏ

E2ED–1

E1

ED11064 ÌÏ
ED2

ES
1064 ÌÏ

ED

532 ÌÏ

13

11 E2812

7
10

E1

ES
6

5

1064 ÌÏ

9

êËÒ. 1. ëıÂÏ‡ ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓÈ ÛÒÚ‡ÌÓ‚ÍË: 1 – Î‡ÁÂ Ì‡ ‡Î˛ÏÓËÚÚËÂ‚ÓÏ „‡Ì‡ÚÂ, 2 – ÒÔÂÍÚÓ‰ÂÎËÚÂÎ¸, 3, 9 – Ò‚ÂÚÓ-
ÙËÎ¸Ú˚, 4 – 7 – ÁÂÍ‡Î‡, 8 – ÌÂÎËÌÂÈÌ‡fl ÒÂ‰‡, 10, 11 – ÎËÌÁ˚, 12 – ÓÔÚË˜ÂÒÍ‡fl ÎËÌËfl Á‡‰ÂÊÍË, 13, 14 – ÒËÒÚÂÏ˚ Â„Ë-
ÒÚ‡ˆËË. ç‡ ‚ÒÚ‡‚ÍÂ ÔÂ‰ÒÚ‡‚ÎÂÌ‡ ÒıÂÏ‡ ‰ËÙ‡ÍˆËË ‚ÓÎÌ˚ E2 Ì‡ Â¯ÂÚÍÂ, Á‡ÔËÒ‡ÌÌÓÈ ‚ÓÎÌ‡ÏË E1 Ë ES.
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I, åÇÚ · ÒÏ–2

êËÒ. 2. á‡‚ËÒËÏÓÒÚ¸ ‰ËÙ‡ÍˆËÓÌÌÓÈ ˝ÙÙÂÍÚË‚ÌÓÒÚË ξ
ÓÚ ËÌÚÂÌÒË‚ÌÓÒÚË Á‡ÔËÒ˚‚‡˛˘Ëı „ÓÎÓ„‡ÏÏÛ ‚ÓÎÌ I =
= I1 = IS ‰Îfl +1 (1) Ë –1 (2) ÔÓfl‰ÍÓ‚ ‰ËÙ‡ÍˆËË Ì‡ Â-
¯ÂÚÍ‡ı Ò ÔÂËÓ‰ÓÏ Λ = 20 (‡) Ë 6 ÏÍÏ (·) ÔË ÓÔÚË˜Â-
ÒÍÓÈ ÚÓÎ˘ËÌÂ ÒÂ‰˚ kL = 1.
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η

0.15

0.10

kL

êËÒ. 3. á‡‚ËÒËÏÓÒÚ¸ ˝ÙÙÂÍÚË‚ÌÓÒÚË ‰ËÙ‡ÍˆËË ξ ‚Ó ‚ÚÓ-
ÓÈ ÔÓfl‰ÓÍ ÓÚ ËÌÚÂÌÒË‚ÌÓÒÚË Á‡ÔËÒ˚‚‡˛˘Ëı „ÓÎÓ„‡Ï-
ÏÛ ‚ÓÎÌ I = I1 = IS ÔË kL = 1 (‡) Ë ÓÚ ÓÔÚË˜ÂÒÍÓÈ ÚÓÎ˘ËÌ˚
ÒÂ‰˚ kL ÔË I = 50 åÇÚ · ÒÏ–2 (·) ‰Îfl Â¯ÂÚÍË Ò ÔÂËÓ‰ÓÏ
Λ = 6 (1) Ë 20 ÏÍÏ (2). òÚËıÔÛÌÍÚËÌÓÈ ÎËÌËÂÈ (3) ÔÂ‰-
ÒÚ‡‚ÎÂÌÓ ÓÚÌÓ¯ÂÌËÂ ‰ËÙ‡ÍˆËÓÌÌÓÈ ˝ÙÙÂÍÚË‚ÌÓÒÚË
‰Îfl Ó·ÂËı Â¯ÂÚÓÍ η = ξ(Λ = 20 ÏÍÏ)/ξ(Λ = 6 ÏÍÏ).
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‡„Ë¯Â‚, ÚÓÎÒÚËÍ

Á‡ÔËÒ˚‚‡˛˘Ëı „ÓÎÓ„‡ÏÏÛ ‚ÓÎÌ I = I1 = IS Ë ÓÔÚË-
˜ÂÒÍÓÈ ÚÓÎ˘ËÌ˚ ÒÂ‰˚ kL, ÔÓÎÛ˜ÂÌÌ˚Â ÔË ‰Ë-
Ù‡ÍˆËË ‚ ±1-Â Ë 2-È ÔÓfl‰ÍË Ì‡ Â¯ÂÚÍ‡ı Ò ‡ÁÌ˚-
ÏË ÔÂËÓ‰‡ÏË. ä‡Í Ë ÒÎÂ‰Ó‚‡ÎÓ ÓÊË‰‡Ú¸, ÔË Û‚Â-
ÎË˜ÂÌËË Ô‡‡ÏÂÚ‡ äÎÂÈÌ‡ Q Ë ÔÂÂıÓ‰Â ÓÚ
Â¯ÂÚÍË Ò ÔÂËÓ‰ÓÏ Λ = 20 ÏÍÏ (ËÒ. 2‡) Í Â¯ÂÚÍÂ
Ò Λ = 6 ÏÍÏ (ËÒ. 2·) ˝ÙÙÂÍÚË‚ÌÓÒÚ¸ ‰ËÙ‡ÍˆËË ‚
±1-Â ÔÓfl‰ÍË ÛÏÂÌ¸¯‡ÂÚÒfl. èË ˝ÚÓÏ Û‚ÂÎË˜Ë‚‡-
˛ÚÒfl ‡ÁÎË˜Ëfl ‰Îfl +1-Ó„Ó Ë –1-Ó„Ó ÔÓfl‰ÍÓ‚, ˜ÚÓ
Ò‚flÁ‡ÌÓ Ò Ì‡ıÓÊ‰ÂÌËÂÏ +1-Ó„Ó ÔÓfl‰Í‡ ·ÎËÊÂ Í Ì‡-
Ô‡‚ÎÂÌË˛ ‡ÒÔÓÒÚ‡ÌÂÌËfl ‰ËÙ‡„ËÓ‚‡ÌÌÓÈ
‚ÓÎÌ˚ ED2, ÓÚ‚Â˜‡˛˘ÂÈ ÛÒÎÓ‚Ë˛ Å˝„„‡. ÅÓÎÂÂ
ËÌÚÂÂÒÌ˚È ÏÓÏÂÌÚ Á‡ÍÎ˛˜‡ÂÚÒfl ‚ ÒÛ˘ÂÒÚ‚Ó‚‡ÌËË
‰Ë‡Ô‡ÁÓÌ‡ ËÌÚÂÌÒË‚ÌÓÒÚÂÈ, ‚ ÍÓÚÓÓÏ ‰ËÙ‡ÍˆËfl
‚Ó ‚ÚÓÓÈ ÔÓfl‰ÓÍ ‚˚¯Â Ì‡ Â¯ÂÚÍÂ Ò ÏÂÌ¸¯ËÏ
ÁÌ‡˜ÂÌËÂÏ Ô‡‡ÏÂÚ‡ Q (I < 50 åÇÚ · ÒÏ–2, ËÒ. 3‡).
í‡ÍÛ˛ ÒËÚÛ‡ˆË˛ ÏÓÊÌÓ Ó·˙flÒÌËÚ¸ ‡ÁÎË˜Ì˚ÏË
‡ÒËÏÔÚÓÚËÍ‡ÏË Á‡‚ËÒËÏÓÒÚÂÈ ‰ËÙ‡ÍˆËÓÌÌÓÈ ˝Ù-
ÙÂÍÚË‚ÌÓÒÚË ÓÚ ËÌÚÂÌÒË‚ÌÓÒÚË ‰Îfl Ó·ÂËı Â¯Â-
ÚÓÍ. ÑËÙ‡ÍˆËÓÌÌ‡fl ˝ÙÙÂÍÚË‚ÌÓÒÚ¸ ‰Îfl Â¯ÂÚÍË
Ò ·ÓÎ¸¯ËÏ ÔÂËÓ‰ÓÏ (Λ = 20 ÏÍÏ, Q = 4) ıÓÓ¯Ó
ÓÔËÒ˚‚‡ÂÚÒfl Í‚‡‰‡ÚË˜ÌÓÈ ÙÛÌÍˆËÂÈ (¯ÚËıÓ‚‡fl
ÎËÌËfl Ì‡ ËÒ. 3‡), ‡ ‰Îfl Â¯ÂÚÍË Ò Λ = 6 ÏÍÏ (Q = 40) –
Ô‡‡·ÓÎÓÈ ˜ÂÚ‚ÂÚÓÈ ÒÚÂÔÂÌË (ÒÔÎÓ¯Ì‡fl ÎËÌËfl). 

á‡ÏÂÚËÏ, ˜ÚÓ Á‡‚ËÒËÏÓÒÚ¸ ‰ËÙ‡ÍˆËÓÌÌÓÈ ˝Ù-
ÙÂÍÚË‚ÌÓÒÚË ÓÚ ÓÔÚË˜ÂÒÍÓÈ ÚÓÎ˘ËÌ˚ ÒÂ‰˚ kL
ÔË ÌÂ·ÓÎ¸¯Ëı ÁÌ‡˜ÂÌËflı ‰ËÙ‡ÍˆËÓÌÌÓÈ ˝ÙÙÂÍ-
ÚË‚ÌÓÒÚË ξ ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò Û‡‚ÌÂÌËÂÏ (8) ÓÔËÒ˚-
‚‡ÂÚÒfl Í‚‡‰‡ÚË˜ÌÓÈ Ô‡‡·ÓÎÓÈ (ËÒ. 3·). êÓÒÚ ‰Ë-
Ù‡ÍˆËÓÌÌÓÈ ˝ÙÙÂÍÚË‚ÌÓÒÚË Ì‡˜ËÌ‡ÂÚ Ì‡Ò˚˘‡Ú¸Òfl
ÔË ÓÔÚË˜ÂÒÍÓÈ ÚÓÎ˘ËÌÂ kL = 1, ÓÚ‚Â˜‡˛˘ÂÈ ÁÌ‡˜Â-
ÌË˛ ξ ≈ 10% ‰Îfl Ó·˙ÂÏÌÓÈ Â¯ÂÚÍË. å‡ÍÒËÏ‡Î¸ÌÓ
‰ÓÒÚË„ÌÛÚÓÂ ÁÌ‡˜ÂÌËÂ ‰ËÙ‡ÍˆËÓÌÌÓÈ ˝ÙÙÂÍÚË‚-
ÌÓÒÚË ÒÓÒÚ‡‚ËÎÓ 20%, ˜ÚÓ Ì‡ ÌÂÒÍÓÎ¸ÍÓ ÔÓfl‰ÍÓ‚
ÔÂ‚˚¯‡ÂÚ ‰‡ÌÌ˚Â ËÁ‚ÂÒÚÌ˚ı ‡ÌÂÂ ˝ÍÒÔÂËÏÂÌ-
Ú‡Î¸Ì˚ı ‡·ÓÚ ÔÓ ˜‡ÒÚÓÚÌÓ ÌÂ‚˚ÓÊ‰ÂÌÌÓÏÛ ¯Â-
ÒÚË‚ÓÎÌÓ‚ÓÏÛ ÒÏÂ¯ÂÌË˛ ÔË ËÒÔÓÎ¸ÁÓ‚‡ÌËË ‰‚Ûı-
ÙÓÚÓÌÌÓ„Ó ÔÓ„ÎÓ˘ÂÌËfl ‚ ÔÓÎËÏÂ‡ı [9], Ì‡Ò˚˘‡-
˛˘Â„ÓÒfl ÔÓ„ÎÓ˘ÂÌËfl ‚ ‡ÒÚ‚Ó‡ı Ó„‡ÌË˜ÂÒÍËı
Í‡ÒËÚÂÎÂÈ [6] ËÎË ÚÂÔÎÓ‚ÓÈ ÌÂÎËÌÂÈÌÓÒÚË ˜ËÒÚ˚ı
Ó„‡ÌË˜ÂÒÍËı ÊË‰ÍÓÒÚÂÈ [4]. ÑÎfl Ò‡‚ÌÂÌËfl ÓÚÏÂ-
ÚËÏ, ˜ÚÓ ‚ ÒıÂÏÂ ˜ÂÚ˚Âı‚ÓÎÌÓ‚Ó„Ó ‚Á‡ËÏÓ‰ÂÈ-
ÒÚ‚Ëfl ‚ ˝Ú‡ÌÓÎ¸ÌÓÏ ‡ÒÚ‚ÓÂ ıÎÓË‰‡ ÏÂ‰Ë Ì‡ÏË
Â‡ÎËÁÓ‚‡Ì‡ Á‡ÔËÒ¸ ÔÓÔÛÒÍ‡˛˘Ëı Ù‡ÁÓ‚˚ı „ÓÎÓ-
„‡ÏÏ Ò Ï‡ÍÒËÏ‡Î¸ÌÓÈ ‰ËÙ‡ÍˆËÓÌÌÓÈ ˝ÙÙÂÍÚË‚-
ÌÓÒÚ¸˛ 60%.

éÚ‰ÂÎ¸ÌÓ Á‡ÏÂÚËÏ, ˜ÚÓ ‡‰ÂÍ‚‡ÚÌÓÒÚ¸ ÔÂ‰ÎÓ-
ÊÂÌÌÓ„Ó ÔÓ‰ıÓ‰‡ ‰Îfl ÓÔËÒ‡ÌËfl ‰ËÌ‡ÏË˜ÂÒÍËı „ÓÎÓ-
„‡ÏÏ ‚ ÎËÌÂÈÌ˚ı ÔÓ„ÎÓÚËÚÂÎflı ÔÓ‰Ú‚ÂÊ‰ÂÌ‡ ÒÓ-
ÔÓÒÚ‡‚ÎÂÌËÂÏ ÔÓÎÛ˜ÂÌÌ˚ı ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı
ÂÁÛÎ¸Ú‡ÚÓ‚ Ò ÚÂÓÂÚË˜ÂÒÍËÏË ‡Ò˜ÂÚ‡ÏË. Ç ˜‡ÒÚ-
ÌÓÒÚË, ‰‡ÌÌ˚Â ˝ÍÒÔÂËÏÂÌÚ‡ ÔÓÁ‚ÓÎËÎË ÔÓ ËÁÏÂ-
ÂÌÌÓÈ ‰ËÙ‡ÍˆËÓÌÌÓÈ ˝ÙÙÂÍÚË‚ÌÓÒÚË Ò ËÒÔÓÎ¸-

ÁÓ‚‡ÌËÂÏ Û‡‚ÌÂÌËÈ (3), (8) ÓˆÂÌËÚ¸ ˝ÙÙÂÍÚË‚Ì˚È
ÚÂÏÓÓÔÚË˜ÂÒÍËÈ ÍÓ˝ÙÙËˆËÂÌÚ ‚ÚÓÓ„Ó ÔÓfl‰Í‡
(∂2n/∂T2)˝Ù ≈ 10–6 ä–2. Ç ÚÓ ÊÂ ‚ÂÏfl ËÁ Ú‡·ÎË˜Ì˚ı
‰‡ÌÌ˚ı [10] ÒÎÂ‰Û˛Ú ÁÌ‡˜ÂÌËfl ÚÂÔÎÓÂÏÍÓÒÚË Â‰Ë-
ÌËˆ˚ Ó·˙ÂÏ‡ ˝Ú‡ÌÓÎ‡ Cρ = 1.92 ÑÊ/ä · ÒÏ3, ÂÂ ÔÓ-
ËÁ‚Ó‰ÌÓÈ ∂Cρ/∂T ≈ 5 · 10–3 ÑÊ/ä2 · ÒÏ3 Ë ÚÂÏÓÓÔÚË-
˜ÂÒÍÓ„Ó ÍÓ˝ÙÙËˆËÂÌÚ‡ ∂n/∂T = –4 · 10–4 ä–1, ‡ ËÒ-
ÔÓÎ¸ÁÓ‚‡ÌËÂ ÙÓÏÛÎ˚ ãÓÂÌÚˆ–ãÓÂÌˆ‡ ÔÓÁ‚Ó-
ÎflÂÚ ÓˆÂÌËÚ¸ ÚÂÏÓÓÔÚË˜ÂÒÍËÈ ÍÓ˝ÙÙËˆËÂÌÚ ‚ÚÓ-
Ó„Ó ÔÓfl‰Í‡ ∂2n/∂T2 ≈ –10–7 ä–2. Ç ËÚÓ„Â ËÁ ËÁ‚ÂÒÚ-
Ì˚ı ‰‡ÌÌ˚ı ÒÎÂ‰ÛÂÚ ÓˆÂÌÍ‡ ˝ÙÙÂÍÚË‚ÌÓ„Ó ÚÂÏÓ-
ÓÔÚË˜ÂÒÍÓ„Ó ÍÓ˝ÙÙËˆËÂÌÚ‡ (∂2n/∂T2)˝Ù = ∂2n/∂T2 –

– (∂Cρ/∂T)(∂n/∂T) , ·ÎËÁÍ‡fl Í ÔÓÎÛ˜ÂÌÌÓÈ ˝ÍÒÔÂ-
ËÏÂÌÚ‡Î¸ÌÓ. 

áÄäãûóÖçàÖ

èÓ‰ÂÏÓÌÒÚËÓ‚‡Ì‡ ÔÂÒÔÂÍÚË‚ÌÓÒÚ¸ ËÒÔÓÎ¸ÁÓ-
‚‡ÌËfl ÎËÌÂÈÌÓ ÔÓ„ÎÓ˘‡˛˘Ëı ÓÍ‡¯ÂÌÌ˚ı Ó„‡ÌË-
˜ÂÒÍËı ÊË‰ÍÓÒÚÂÈ ‰Îfl Â‡ÎËÁ‡ˆËË ‚˚ÒÓÍÓ˝ÙÙÂÍÚË‚-
ÌÓ„Ó ̄ ÂÒÚË‚ÓÎÌÓ‚Ó„Ó ÒÏÂ¯ÂÌËfl Ì‡ ÌÂÎËÌÂÈÌÓÒÚË Ôfl-
ÚÓ„Ó ÔÓfl‰Í‡. ìÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ ÓÔÂ‰ÂÎfl˛˘ËÈ
‚ÍÎ‡‰ ‚ ÔÓˆÂÒÒ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl ‚ÌÓÒËÚ ÚÂÔÎÓ‚‡fl ÌÂ-
ÎËÌÂÈÌÓÒÚ¸, Ó·ÛÒÎÓ‚ÎÂÌÌ‡fl Á‡‚ËÒËÏÓÒÚ¸˛ ÓÚ ÚÂÏ-
ÔÂ‡ÚÛ˚ ÔÎÓÚÌÓÒÚË Ë ÚÂÔÎÓÂÏÍÓÒÚË ‡ÒÚ‚ÓË-
ÚÂÎfl. ÑÎfl Û˜ÂÚ‡ ÛÍ‡Á‡ÌÌ˚ı Á‡‚ËÒËÏÓÒÚÂÈ ‚‚Â‰Â-
ÌÓ ÔÓÌflÚËÂ ˝ÙÙÂÍÚË‚ÌÓ„Ó ÚÂÏÓÓÔÚË˜ÂÒÍÓ„Ó
ÍÓ˝ÙÙËˆËÂÌÚ‡ ‚ÚÓÓ„Ó ÔÓfl‰Í‡, ÔÓÁ‚ÓÎË‚¯ÂÂ ÔÓ-
ÒÚÓËÚ¸ ‡‰ÂÍ‚‡ÚÌÛ˛ ÚÂÓÂÚË˜ÂÒÍÛ˛ ÏÓ‰ÂÎ¸.

ëèàëéä ãàíÖêÄíìêõ

1. Merkel K.D., Cole Z., Babbitt W.R. // J. Luminescence.
2000. V. 86. P. 375. 

2. Astinov V., Kubarych K.J., Milne C.J., Miller R.J.D. //
Opt. Lett. 2000. V. 25. ‹ 11. P. 853.

3. Ormachea O., Romanov O.G., Tolstik A.L. et al. // Opt.
Express. 2006. V. 14. ‹ 18. P. 8298. 

4. éÏ‡˜Â‡ é., íÓÎÒÚËÍ Ä.ã. // àÁ‚. êÄç. ëÂ. ÙËÁ.
2007. í. 71. ‹ 1. ë. 131.

5. åËÎÎÂ å. ÉÓÎÓ„‡ÙËfl. ã.: å‡¯ËÌÓÒÚÓÂÌËÂ.
1979. 207 Ò.

6. Rubanov A.S., Tolstik A.L., Karpuk S.M., Orma-
chea O. // Opt. Commun. 2000. V. 181. ‹ 1–3. P. 183.

7. à‚‡ıÌËÍ Ç.Ç., çËÍÓÌÓ‚ Ç.à. // éÔÚËÍ‡ Ë ÒÔÂÍÚÓ-
ÒÍÓÔËfl. 1993. í. 75. ‹ 2. ë. 385.

8. ä‡ÔÛÍ ë.å., êÛ·‡ÌÓ‚ Ä.ë., íÓÎÒÚËÍ Ä.ã., ó‡-
ÎÂÈ Ä.Ç. // èËÒ¸Ï‡ ‚ Üíî. 1994. í. 20. ‹ 12. ë. 4.

9. Charra F., Nunzi J.-M. // J. Opt. Soc. Amer. B. 1991.
V. 8. ‹ 3. P. 570.

10. ëÚ‡·ÌËÍÓ‚ Ç.à., êÓÈÚÂ à.å., èÓˆ˛Í í.Å. ùÚË-
ÎÓ‚˚È ÒÔËÚ. å.: èË˘. ÔÓÏ-ÒÚ¸, 1976. 272 Ò. 

Cρ
1–



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


