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Ç ‡·ÓÚ‡ı [1, 2] ÛÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ ˝ÌÂ„ÂÚË˜ÂÒ-
ÍËÂ ÔÓ‚ÂıÌÓÒÚË Í‚‡ÌÚÓ‚˚ı ÒËÒÚÂÏ ÏÓ„ÛÚ ÔÂÂÒÂ-
Í‡Ú¸Òfl, Ó·‡ÁÛfl ÍÓÌË˜ÂÒÍÛ˛ ÓÒÓ·ÂÌÌÓÒÚ¸, ÍÓÚÓ‡fl
˜‡ÒÚÓ Ì‡Á˚‚‡ÂÚÒfl “‰Ë‡·ÓÎÓ”, ‡ ‚Â¯ËÌ‡ ÍÓÌÛÒ‡ –
“‰Ë‡·ÓÎË˜ÂÒÍÓÈ ÚÓ˜ÍÓÈ” [3]. ë Ï‡ÚÂÏ‡ÚË˜ÂÒÍËı ÔÓ-
ÁËˆËÈ ˝ÌÂ„ÂÚË˜ÂÒÍËÂ ÔÓ‚ÂıÌÓÒÚË ÓÔËÒ˚‚‡˛ÚÒfl
ÒÓ·ÒÚ‚ÂÌÌ˚ÏË ÁÌ‡˜ÂÌËflÏË ‚Â˘ÂÒÚ‚ÂÌÌ˚ı ÒËÏÏÂÚ-
Ë˜ÂÒÍËı Ë ˝ÏËÚÓ‚˚ı ÓÔÂ‡ÚÓÓ‚ („‡ÏËÎ¸ÚÓÌË‡-
ÌÓ‚), Á‡‚ËÒfl˘Ëı ÓÚ ‰‚Ûı Ë ·ÓÎÂÂ Ô‡‡ÏÂÚÓ‚, ‡ ‰Ë-
‡·ÓÎË˜ÂÒÍ‡fl ÚÓ˜Í‡ ı‡‡ÍÚÂËÁÛÂÚÒfl ‰‚ÛÍ‡ÚÌ˚Ï
ÒÓ·ÒÚ‚ÂÌÌ˚Ï ÁÌ‡˜ÂÌËÂÏ Ò ‰‚ÛÏfl ÎËÌÂÈÌÓ ÌÂÁ‡‚Ë-
ÒËÏ˚ÏË ÒÓ·ÒÚ‚ÂÌÌ˚ÏË ‚ÂÍÚÓ‡ÏË. Ç ÍËÒÚ‡ÎÎÓ-
ÓÔÚËÍÂ ‡Ì‡ÎÓ„ÓÏ ‰Ë‡·ÓÎË˜ÂÒÍËı ÚÓ˜ÂÍ fl‚Îfl˛ÚÒfl
ÓÔÚË˜ÂÒÍËÂ ÓÒË, ı‡‡ÍÚÂËÁÛ˛˘ËÂÒfl ÒÓ‚Ô‡‰ÂÌË-
ÂÏ ÍÓ˝ÙÙËˆËÂÌÚÓ‚ ÔÂÎÓÏÎÂÌËfl [4, 5]. Ç ÒÓ‚Â-
ÏÂÌÌ˚ı Á‡‰‡˜‡ı Í‚‡ÌÚÓ‚ÓÈ ÙËÁËÍË, ÙËÁË˜ÂÒÍÓÈ
ıËÏËË, ÍËÒÚ‡ÎÎÓÓÔÚËÍË Ë ‡ÍÛÒÚËÍË ‚‡ÊÌÓ ÁÌ‡Ú¸,
Í‡Í ÍÓÌË˜ÂÒÍ‡fl ÓÒÓ·ÂÌÌÓÒÚ¸ ˝ÌÂ„ÂÚË˜ÂÒÍÓÈ ÔÓ-
‚ÂıÌÓÒÚË ‰ÂÙÓÏËÛÂÚÒfl ÔË ÔÓËÁ‚ÓÎ¸ÌÓÏ
ÍÓÏÔÎÂÍÒÌÓÏ ‚ÓÁÏÛ˘ÂÌËË, ÓÔËÒ˚‚‡˛˘ÂÏ ‰ËÒÒË-
Ô‡ÚË‚Ì˚Â Ë ‰Û„ËÂ ÌÂÍÓÌÒÂ‚‡ÚË‚Ì˚Â ̋ ÙÙÂÍÚ˚, Ò
Ó·‡ÁÓ‚‡ÌËÂÏ ÓÒÓ·ÂÌÌÓÒÚÂÈ, ÓÚ‚Â˜‡˛˘Ëı ÊÓ‰‡-
ÌÓ‚˚Ï ·ÎÓÍ‡Ï [6–9].

Ç Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ËÁÛ˜‡˛ÚÒfl ÓÒÓ·ÂÌÌÓÒÚË
˝ÌÂ„ÂÚË˜ÂÒÍËı ÔÓ‚ÂıÌÓÒÚÂÈ, Ó·‡ÁÓ‚‡ÌÌ˚ı ÒÓ·-
ÒÚ‚ÂÌÌ˚ÏË ÁÌ‡˜ÂÌËflÏË ‚Â˘ÂÒÚ‚ÂÌÌ˚ı ÒËÏÏÂÚË-
˜ÂÒÍËı Ë ˝ÏËÚÓ‚˚ı Ï‡ÚËˆ, Á‡‚ËÒfl˘Ëı ÓÚ Ô‡‡-
ÏÂÚÓ‚, ÔË ÔÓËÁ‚ÓÎ¸ÌÓÏ ÍÓÏÔÎÂÍÒÌÓÏ ‚ÓÁÏÛ-
˘ÂÌËË. ë ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÚÂÓËË ·ËÙÛÍ‡ˆËÈ
ÒÓ·ÒÚ‚ÂÌÌ˚ı ÁÌ‡˜ÂÌËÈ, ‡Á‚ËÚÓÈ ‚ [10], ‚˚‚Â‰ÂÌ˚
Ó·˘ËÂ ‡ÒËÏÔÚÓÚË˜ÂÒÍËÂ ÙÓÏÛÎ˚, ÓÔËÒ˚‚‡˛˘ËÂ
‰ÂÙÓÏ‡ˆË˛ ˝ÌÂ„ÂÚË˜ÂÒÍÓÈ ÔÓ‚ÂıÌÓÒÚË ‚ ÓÍ-
ÂÒÚÌÓÒÚË ÍÓÌË˜ÂÒÍÓÈ ÓÒÓ·ÂÌÌÓÒÚË ‰Îfl ‡ÁÎË˜-
Ì˚ı ÚËÔÓ‚ ÍÓÏÔÎÂÍÒÌ˚ı ‚ÓÁÏÛ˘ÂÌËÈ. éÍ‡Á˚‚‡-
ÂÚÒfl, ˜ÚÓ ‰ÂÙÓÏ‡ˆËfl ÔÓ‚ÂıÌÓÒÚÂÈ ÒÓ·ÒÚ‚ÂÌÌ˚ı
ÁÌ‡˜ÂÌËÈ ÓÔËÒ˚‚‡ÂÚÒfl ÔË ÔÓÏÓ˘Ë ÒÓ·ÒÚ‚ÂÌÌ˚ı
ÁÌ‡˜ÂÌËÈ, ÒÓ·ÒÚ‚ÂÌÌ˚ı ‚ÂÍÚÓÓ‚ Ë ÔÓËÁ‚Ó‰Ì˚ı
„‡ÏËÎ¸ÚÓÌË‡Ì‡ ÔÓ Ô‡‡ÏÂÚ‡Ï, ‚˚˜ËÒÎÂÌÌ˚ı ‚
‰Ë‡·ÓÎË˜ÂÒÍÓÈ ÚÓ˜ÍÂ. Ç Í‡˜ÂÒÚ‚Â ÔËÎÓÊÂÌËfl

ËÁÛ˜ÂÌ˚ ÓÒÓ·ÂÌÌÓÒÚË ÔÓ‚ÂıÌÓÒÚÂÈ ÍÓ˝ÙÙËˆËÂÌ-
ÚÓ‚ ÔÂÎÓÏÎÂÌËfl ‚ ÍËÒÚ‡ÎÎÓÓÔÚËÍÂ. èÓÎÛ˜ÂÌ˚
fl‚Ì˚Â ‚˚‡ÊÂÌËfl ‰Îfl ˝ÚËı ÔÓ‚ÂıÌÓÒÚÂÈ ‚ Á‡‚ËÒË-
ÏÓÒÚË ÓÚ Ò‚ÓÈÒÚ‚ ÍËÒÚ‡ÎÎ‡. ç‡È‰ÂÌ˚ ÒËÌ„ÛÎfl-
Ì˚Â ÓÒË ‰Îfl ÍËÒÚ‡ÎÎÓ‚ ÒÓ ÒÎ‡·˚Ï ÔÓ„ÎÓ˘ÂÌËÂÏ Ë
ÓÔÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚ¸˛. Ç ÚÂÏËÌ‡ı ÍÓÏÔÓÌÂÌÚ
Ó·‡ÚÌÓ„Ó ‰Ë˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÚÂÌÁÓ‡ ‚˚‚Â‰ÂÌÓ
ÌÓ‚ÓÂ ÛÒÎÓ‚ËÂ, ‡ÁÎË˜‡˛˘ÂÂ ÍËÒÚ‡ÎÎ˚ Ò ÔÂÓ·-
Î‡‰‡ÌËÂÏ ÔÓ„ÎÓ˘ÂÌËfl Ë ÍËÒÚ‡ÎÎ˚ Ò ÔÂÓ·Î‡‰‡ÌË-
ÂÏ ÓÔÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË.

1. ê‡ÒÒÏÓÚËÏ Á‡‰‡˜Û Ì‡ ÒÓ·ÒÚ‚ÂÌÌ˚Â ÁÌ‡˜ÂÌËfl
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Ï‡ÚËˆ˚ 

 

A

 

0

 

 = 

 

A

 

(

 

p

 

0

 

) ÔË ÌÂÍÓÚÓÓÏ ÙËÍÒËÓ‚‡Ì-
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. í‡ÍËÏ Ó·‡ÁÓÏ, ÚÓ˜Í‡ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl ‰‚Ûı
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, ÓÔÂ‰ÂÎflÂÏ˚ı ‡ÒËÏÔÚÓÚË˜ÂÒ-
ÍÓÈ ÙÓÏÛÎÓÈ [10]
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Ç ‚˚‡ÊÂÌËË (3) ÓÔÛ˘ÂÌ˚ ÒÎ‡„‡ÂÏ˚Â ÔÓfl‰Í‡
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 =  – ÍÓÏÔÎÂÍÒÌÓ-ÒÓÔflÊÂÌÌ˚Â. ÄÒËÏÔÚÓ-
ÚË˜ÂÒÍËÂ ‚˚‡ÊÂÌËfl, ‰‡˛˘ËÂ ÔË·ÎËÊÂÌËÂ ÌÛÎÂ-
‚Ó„Ó ÔÓfl‰Í‡ ‰Îfl ÒÓ·ÒÚ‚ÂÌÌ˚ı ‚ÂÍÚÓÓ‚ 
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í‡ÍÓ„Ó Ó‰‡ ‚ÓÁÏÛ˘ÂÌËfl ‚ÓÁÌËÍ‡˛Ú ‚ÒÎÂ‰ÒÚ‚ËÂ
ÌÂÍÓÌÒÂ‚‡ÚË‚Ì˚ı ̋ ÙÙÂÍÚÓ‚, Ì‡ÔËÏÂ, ‰ËÒÒËÔ‡-
ˆËË, Ì‡Û¯‡˛˘Ëı ˝ÏËÚÓ‚ÓÒÚ¸ ÌÂ‚ÓÁÏÛ˘ÂÌÌÓÈ
Á‡‰‡˜Ë [9]. èÂ‰ÔÓÎÓÊËÏ, ˜ÚÓ ‚ÂÎË˜ËÌ‡ ‚ÓÁÏÛ˘Â-
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å‡Î‡fl ‚‡Ë‡ˆËfl ÒÂÏÂÈÒÚ‚‡ Ï‡ÚËˆ ‰‡ÂÚ ÔÓÔ‡‚ÍÛ
Í ‡ÒËÏÔÚÓÚË˜ÂÒÍÓÈ ÙÓÏÛÎÂ ‰Îfl ÒÓ·ÒÚ‚ÂÌÌ˚Â

‚ÂÍÚÓÓ‚: u± = u1 + u2, „‰Â

(8)

éÚÏÂÚËÏ, ̃ ÚÓ /  = /  ‚ ÚÓ˜ÍÂ ÒÎËflÌËfl ÒÓ·-
ÒÚ‚ÂÌÌ˚ı ÁÌ‡˜ÂÌËÈ λ+ = λ–. í‡ÍËÏ Ó·‡ÁÓÏ, ‚ ˝ÚÓÈ
ÚÓ˜ÍÂ ÒÓ·ÒÚ‚ÂÌÌ˚Â ‚ÂÍÚÓ˚ u+ = u– ÒÓ‚Ô‡‰‡˛Ú Ë
‚ÓÁÌËÍ‡ÂÚ ÊÓ‰‡ÌÓ‚‡ ÍÎÂÚÍ‡.

2. èÂ‰ÔÓÎÓÊËÏ, ̃ ÚÓ A(p) fl‚ÎflÂÚÒfl n-Ô‡‡ÏÂÚË-
˜ÂÒÍËÏ ÒÂÏÂÈÒÚ‚ÓÏ ‚Â˘ÂÒÚ‚ÂÌÌ˚ı ÒËÏÏÂÚË˜ÂÒÍËı
Ï‡ÚËˆ. Ç ˝ÚÓÏ ÒÎÛ˜‡Â ‚ÂÍÚÓ˚ f11, f22 Ë f12 = f21 – ‚Â-
˘ÂÒÚ‚ÂÌÌ˚Â. íÓ„‰‡ Û‡‚ÌÂÌËÂ (3) ÔËÌËÏ‡ÂÚ ‚Ë‰

(9)

ì‡‚ÌÂÌËÂ (9) ÓÔËÒ˚‚‡ÂÚ ÔÓ‚ÂıÌÓÒÚ¸ ‚ ÔÓÒÚ-
‡ÌÒÚ‚Â (p1, p2, …, pn, λ), ÒÓÒÚÓfl˘Û˛ ËÁ ‰‚Ûı ÎËÒÚÓ‚
λ+(p) Ë λ–(p). ÑÎfl ‰‚ÛıÔ‡‡ÏÂÚË˜ÂÒÍÓÈ Ï‡ÚËˆ˚
A(p1, p2) Û‡‚ÌÂÌËÂ (9) ÓÔÂ‰ÂÎflÂÚ ÍÓÌÛÒ Ò ‚Â¯Ë-
ÌÓÈ ‚ ÚÓ˜ÍÂ (p0, λ0) ‚ ÔÓÒÚ‡ÌÒÚ‚Â (p1, p2, λ) [1, 2].

ê‡ÒÒÏÓÚËÏ ‚ÓÁÏÛ˘ÂÌËÂ A(p) + ∆A(p) ‚Â˘ÂÒÚ-
‚ÂÌÌÓ„Ó ÒËÏÏÂÚË˜ÂÒÍÓ„Ó ÒÂÏÂÈÒÚ‚‡ A(p) ‚ ÓÍÂ-
ÒÚÌÓÒÚË ‰Ë‡·ÓÎË˜ÂÒÍÓÈ ÚÓ˜ÍË p0, „‰Â ∆A(p) – ÍÓÏ-
ÔÎÂÍÒÌ‡fl Ï‡ÚËˆ‡ Ò Ï‡ÎÓÈ ÌÓÏÓÈ ε = ||∆A(p0)||.
ê‡Ò˘ÂÔÎÂÌËÂ ‰‚ÛÍ‡ÚÌÓ„Ó ÒÓ·ÒÚ‚ÂÌÌÓ„Ó ÁÌ‡˜ÂÌËfl
λ0 ÔË ËÁÏÂÌÂÌËË ‚ÂÍÚÓ‡ Ô‡‡ÏÂÚÓ‚ ∆p Ë Ï‡ÎÓÏ
ÍÓÏÔÎÂÍÒÌÓÏ ‚ÓÁÏÛ˘ÂÌËË ∆A ÓÔËÒ˚‚‡ÂÚÒfl Û‡‚-
ÌÂÌËÂÏ (6), ÔËÌËÏ‡˛˘ËÏ ‚Ë‰

(10)

Ç Û‡‚ÌÂÌËË (10) ‚ÂÎË˜ËÌ˚ , x Ë y fl‚Îfl˛ÚÒfl ‚Â-
˘ÂÒÚ‚ÂÌÌ˚ÏË:

(11)

ÚÓ„‰‡ Í‡Í Ï‡Î˚Â ÍÓ˝ÙÙËˆËÂÌÚ˚ µ, ξ, η Ë ζ – ÍÓÏ-
ÔÎÂÍÒÌ˚Â:

(12)

α±
ε β±

ε

α±
ε

β±
ε------

f12 ∆p,〈 〉 ε 12+
λ± λ0– f11 ∆p,〈 〉– ε11–
---------------------------------------------------------  ==

=  
λ± λ0– f22 ∆p,〈 〉– ε22–

f21 ∆p,〈 〉 ε 21+
---------------------------------------------------------.

α+
ε β+

ε α–
ε β–

ε

λ± λ0–
f11 f22+ ∆p,〈 〉

2
----------------------------------– 

 
2

–

–
f11 f22– ∆p,〈 〉 2

4
------------------------------------ f12 ∆p,〈 〉 2.=

λ± λ0' µ c, c±+ x ξ+( )2 y η+( )2 ζ2.–+= =

λ0'

λ0' λ0
1
2
--- f11 f22+ ∆p,〈 〉 , x+

1
2
--- f11 f22– ∆p,〈 〉 ,= =

y f12 ∆p,〈 〉 ,=

µ 1
2
--- ε11 ε22+( ), ξ 1

2
--- ε11 ε22–( ),= =

η 1
2
--- ε12 ε21+( ), ζ 1

2
--- ε12 ε21–( ).= =
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àÁ Û‡‚ÌÂÌËÂ (10) Ë (11) ÒÎÂ‰Û˛Ú ‚˚‡ÊÂÌËfl
‰Îfl ‚Â˘ÂÒÚ‚ÂÌÌÓÈ Ë ÏÌËÏÓÈ ˜‡ÒÚÂÈ ‚ÓÁÏÛ˘ÂÌÌ˚ı
ÒÓ·ÒÚ‚ÂÌÌ˚ı ÁÌ‡˜ÂÌËÈ

(13)

(14)

ì‡‚ÌÂÌËfl (13) Ë (14) ÓÔÂ‰ÂÎfl˛Ú ÔÓ‚ÂıÌÓÒÚË
‚ ÔÓÒÚ‡ÌÒÚ‚‡ı (p1, p2, …, pn, Reλ) Ë (p1, p2, …, pn,
Imλ). Ñ‚‡ ÎËÒÚ‡ ÔÓ‚ÂıÌÓÒÚË (13) ÒÓÂ‰ËÌfl˛ÚÒfl
(Reλ+ = Reλ–) ‚ ÚÓ˜Í‡ı, Û‰Ó‚ÎÂÚ‚Ófl˛˘Ëı ÛÒÎÓ‚ËflÏ

(15)

ÚÓ„‰‡ Í‡Í ÎËÒÚ˚ Imλ+(p) Ë Imλ–(p) ÒÓÂ‰ËÌfl˛ÚÒfl ‚
ÚÓ˜Í‡ı ÏÌÓÊÂÒÚ‚‡

(16)

ëÓ·ÒÚ‚ÂÌÌ˚Â ÁÌ‡˜ÂÌËfl ÓÒÚ‡˛ÚÒfl ‰‚ÛÍ‡ÚÌ˚ÏË
ÔË ‚ÓÁÏÛ˘ÂÌËË Ô‡‡ÏÂÚÓ‚ ÔË ÛÒÎÓ‚ËË c = 0,
˜ÚÓ ‰‡ÂÚ ‰‚‡ Û‡‚ÌÂÌËfl Rec = 0 Ë Imc = 0. Ç Á‡‚Ë-
ÒËÏÓÒÚË ÓÚ ÁÌ‡Í‡ ‚ÂÎË˜ËÌ˚

(17)

ÏÓÊÌÓ ‚˚‰ÂÎËÚ¸ ‰‚‡ ÒÎÛ˜‡fl. èË D > 0 Û‡‚ÌÂÌËfl
Rec = 0 Ë Imc = 0 ËÏÂ˛Ú ‰‚‡ Â¯ÂÌËfl (xa, ya) Ë (xb, yb):

(18)

(19)

ùÚË Â¯ÂÌËfl ÓÔÂ‰ÂÎfl˛Ú ÚÓ˜ÍË ‚ ÔÓÒÚ‡ÌÒÚ‚Â
Ô‡‡ÏÂÚÓ‚, „‰Â ÔÓfl‚Îfl˛ÚÒfl ‰‚ÛÍ‡ÚÌ˚Â ÒÓ·ÒÚ-
‚ÂÌÌ˚Â ÁÌ‡˜ÂÌËfl. èË D = 0 Â¯ÂÌËfl ÒÓ‚Ô‡‰‡˛Ú.
èË D < 0 Û Û‡‚ÌÂÌËÈ Rec = 0 Ë Imc = 0 ÌÂÚ ‚Â˘Â-
ÒÚ‚ÂÌÌ˚ı Â¯ÂÌËÈ. Ç ˝ÚÓÏ ÒÎÛ˜‡Â ÒÓ·ÒÚ‚ÂÌÌ˚Â
ÁÌ‡˜ÂÌËfl λ+ Ë λ– ‡ÁÎË˜Ì˚ ÔË ‚ÒÂı ∆p.

á‡ÏÂÚËÏ, ˜ÚÓ ‚ÂÎË˜ËÌ˚ Imξ Ë Imη ‚˚‡Ê‡˛Ú-

Òfl ˜ÂÂÁ ‡ÌÚË˝ÏËÚÓ‚Û ÍÓÏÔÓÌÂÌÚÛ ∆AN = (∆A –

– ) Ï‡ÚËˆ˚ ∆A:

(20)

Reλ± λ0' Reµ 1
2
--- Rec Re2c Im2c++( ),±+=

Imλ± Imµ 1
2
--- Rec– Re2c Im2c++( ).±=

Rec 0, Imc≤ 0, Reλ± λ0' Reµ,+= =

Rec 0, Imc≥ 0, Imλ± Imµ.= =

D Im2ζ Im2η Im2ζ–+=

xa b, Reξ–
ImξReζ Imζ
Im2ξ Im2η+
------------------------------- ±+=

± Imη Im2ξ Im2η Re2ζ+ +( )D

Im2ξ Im2η+
--------------------------------------------------------------------------,

ya b, Reη–
ImηReζ Imζ
Im2ξ Im2η+
------------------------------- −++=

−+
Imξ Im2ξ Im2η Re2ζ+ +( )D

Im2ξ Im2η+
-------------------------------------------------------------------------.

1
2
---

∆A
T

Imξ
∆AN p0( )u1 u1,( ) ∆AN p0( )u2 u2,( )–

2i
----------------------------------------------------------------------------------------,=

Imη
∆AN p0( )u1 u2,( ) ∆AN p0( )u2 u1,( )+

2i
----------------------------------------------------------------------------------------,=

ÚÓ„‰‡ Í‡Í Imζ Á‡‚ËÒËÚ ÓÚ ˝ÏËÚÓ‚ÓÈ ÍÓÏÔÓÌÂÌÚ˚

∆AH = (∆A + ):

(21)

Ç ÒÎÛ˜‡Â D > 0 ÏÓÊÌÓ ÒÍ‡Á‡Ú¸, ˜ÚÓ ‚ÎËflÌËÂ ‡ÌÚË˝-
ÏËÚÓ‚ÓÈ ˜‡ÒÚË ‚ÓÁÏÛ˘ÂÌËfl ∆A ÒËÎ¸ÌÂÂ, ˜ÂÏ ˝ÏË-
ÚÓ‚ÓÈ ˜‡ÒÚË. ÖÒÎË ˝ÏËÚÓ‚‡ ˜‡ÒÚ¸ ÔÂ‚‡ÎËÛÂÚ ‚
‚ÓÁÏÛ˘ÂÌËË ∆A, ÚÓ D < 0. Ç ̃ ‡ÒÚÌÓÒÚË, D = –Im2ζ < 0
‰Îfl ˜ËÒÚÓ ˝ÏËÚÓ‚Ó„Ó ‚ÓÁÏÛ˘ÂÌËfl ∆A.

èÂ‰ÔÓÎÓÊËÏ, ˜ÚÓ ‚ÂÍÚÓ p ÒÓÒÚÓËÚ ÎË¯¸ ËÁ
‰‚Ûı ÍÓÏÔÓÌÂÌÚ p1 Ë p2, Ë ‡ÒÒÏÓÚËÏ ÔÓ‚ÂıÌÓÒÚË
(13) Ë (14) ‰Îfl ‡ÁÎË˜Ì˚ı ÚËÔÓ‚ ‚ÓÁÏÛ˘ÂÌËfl
∆A(p). ëÌ‡˜‡Î‡ ‡ÒÒÏÓÚËÏ ÒÎÛ˜‡È D < 0. íÓ„‰‡
ÔÓ‚ÂıÌÓÒÚË ÒÓ·ÒÚ‚ÂÌÌ˚ı ÁÌ‡˜ÂÌËÈ Reλ+(p) Ë
Reλ–(p) ÌÂ ÔÂÂÒÂÍ‡˛ÚÒfl (ËÒ. 1‡). ì‡‚ÌÂÌËÂ
Imc = 0 ÓÔÂ‰ÂÎflÂÚ ÎËÌË˛ Ì‡ ÔÎÓÒÍÓÒÚË Ô‡‡ÏÂÚ-
Ó‚. Ç ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ÛÒÎÓ‚ËflÏË (16) ÎËÒÚ˚ Imλ+(p)
Ë Imλ–(p) ÔÓ‚ÂıÌÓÒÚÂÈ ÒÓ·ÒÚ‚ÂÌÌ˚ı ÁÌ‡˜ÂÌËÈ (14)
ÔÂÂÒÂÍ‡˛ÚÒfl ‚‰ÓÎ¸ ÎËÌËË

(22)

Ç ÒÎÛ˜‡Â D > 0 Ì‡ ÎËÌËË Imc = 0 ÒÛ˘ÂÒÚ‚Û˛Ú
ÚÓ˜ÍË pa Ë pb, „‰Â ÒÓ·ÒÚ‚ÂÌÌ˚Â ‚ÂÍÚÓ˚ ÒÓ‚Ô‡‰‡-
˛Ú. äÓÓ‰ËÌ‡Ú˚ ˝ÚËı ÚÓ˜ÂÍ Ì‡ıÓ‰flÚÒfl ËÁ Û‡‚ÌÂ-
ÌËÈ (11), „‰Â x = xa, b Ë y = ya, b ÓÔÂ‰ÂÎfl˛ÚÒfl ‚˚‡-
ÊÂÌËflÏË (18) Ë (19). Ç ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ÛÒÎÓ‚ËflÏË
(15) ÎËÒÚ˚ ‚Â˘ÂÒÚ‚ÂÌÌ˚ı ˜‡ÒÚÂÈ ÒÓ·ÒÚ‚ÂÌÌ˚ı
ÁÌ‡˜ÂÌËÈ Reλ+(p) Ë Reλ–(p) ÒÓÂ‰ËÌfl˛ÚÒfl ‚‰ÓÎ¸ ËÌ-
ÚÂ‚‡Î‡ [pa, pb] ÎËÌËË

(23)

éÒÓ·ÂÌÌÓÒÚ¸ ÔÓ‚ÂıÌÓÒÚË ‚Â˘ÂÒÚ‚ÂÌÌ˚ı ˜‡ÒÚÂÈ
ÒÓ·ÒÚ‚ÂÌÌ˚ı ÁÌ‡˜ÂÌËÈ, ÓÔËÒ˚‚‡ÂÏ‡fl Û‡‚ÌÂÌËÂÏ
(13) ÔË D > 0, Ì‡Á˚‚‡ÂÚÒfl “ÍÓÙÂÈÌ˚Ï ÙËÎ¸ÚÓÏ”
[8]. ÑÂÙÓÏ‡ˆËfl ÍÓÌË˜ÂÒÍÓÈ ÓÒÓ·ÂÌÌÓÒÚË ‚ ÍÓ-
ÙÂÈÌ˚È ÙËÎ¸Ú ÔÓÍ‡Á‡Ì‡ Ì‡ ËÒ. 1·. á‡ÏÂÚËÏ, ˜ÚÓ
‚ ÓÔÚËÍÂ Ë ‡ÍÛÒÚËÍÂ ÍËÒÚ‡ÎÎÓ‚ ËÌÚÂ‚‡Î [pa, pb]
Ì‡Á˚‚‡ÂÚÒfl ÓÚÂÁÍÓÏ ‚ÂÚ‚ÎÂÌËfl, ‡ ÚÓ˜ÍË pa, pb ÓÔ-
Â‰ÂÎfl˛Ú “ÒËÌ„ÛÎflÌ˚Â ÓÒË”, ÔÓÒÍÓÎ¸ÍÛ ‚ ÒÓÓÚ‚ÂÚ-
ÒÚ‚ËË Ò Û‡‚ÌÂÌËÂÏ (8) ‰‚ÛÍ‡ÚÌ˚Â ÒÓ·ÒÚ‚ÂÌÌ˚Â
ÁÌ‡˜ÂÌËfl ‚ ˝ÚËı ÚÓ˜Í‡ı ËÏÂ˛Ú ÎË¯¸ ÔÓ Ó‰ÌÓÏÛ
ÒÓ·ÒÚ‚ÂÌÌÓÏÛ ‚ÂÍÚÓÛ [4, 5, 7].

3. éÔÚË˜ÂÒÍËÂ Ò‚ÓÈÒÚ‚‡ ÌÂÏ‡„ÌËÚÌÓ„Ó ÍËÒÚ‡Î-
Î‡ ı‡‡ÍÚÂËÁÛ˛ÚÒfl Ó·‡ÚÌ˚Ï ‰Ë˝ÎÂÍÚË˜ÂÒÍËÏ
ÚÂÌÁÓÓÏ h, Ò‚flÁ˚‚‡˛˘ËÏ ‚ÂÍÚÓ˚ Ì‡ÔflÊÂÌÌÓÒ-
ÚË ˝ÎÂÍÚË˜ÂÒÍÓ„Ó ÔÓÎfl E Ë ËÌ‰ÛÍˆËË D [4]

(24)

1
2
--- ∆A

T

Imζ
∆AH p0( )u1 u2,( ) ∆AH p0( )u2 u1,( )–

2i
----------------------------------------------------------------------------------------.=

1
2
---Imc x Reξ+( )Imξ y Reη+( )Imη –+=

– Reζ Imζ 0, Imλ± Imµ.= =

1
2
---Imc x Reξ+( )Imξ y Reη+( )Imη –+=

– Reζ Imζ 0, Imλ± λ0' Reµ.+= =

E hD.=



4

ÑéäãÄÑõ ÄäÄÑÖåàà çÄìä      ÚÓÏ 405      ‹ 3    2005

äËËÎÎÓ‚ Ë ‰.

Ç ÒÎÛ˜‡Â ÏÓÌÓıÓÏ‡ÚË˜ÂÒÍÓÈ ÔÎÓÒÍÓÈ ‚ÓÎÌ˚ Ò
˜‡ÒÚÓÚÓÈ ω, ‡ÒÔÓÒÚ‡Ìfl˛˘ÂÈÒfl ‚ Ì‡Ô‡‚ÎÂÌËË
s = (s1, s2, s3), ||s|| = 1, ËÏÂÂÏ

(25)

„‰Â n(s) – ÔÓÍ‡Á‡ÚÂÎ¸ ÔÂÎÓÏÎÂÌËfl, ‡ r – ‚Â˘ÂÒÚ‚ÂÌ-
Ì˚È ‚ÂÍÚÓ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌ˚ı ÍÓÓ‰ËÌ‡Ú. ë Û˜Â-
ÚÓÏ ‚˚‡ÊÂÌËfl ‰Îfl ‚ÓÎÌ˚ (25) Ë ÒÓÓÚÌÓ¯ÂÌËfl
(24) Û‡‚ÌÂÌËfl å‡ÍÒ‚ÂÎÎ‡ ÔÂÓ·‡ÁÛ˛ÚÒfl Í ‚Ë‰Û

(26)

ìÏÌÓÊ‡fl Û‡‚ÌÂÌËÂ (26) ÒÎÂ‚‡ Ì‡ ‚ÂÍÚÓ sT, Ì‡È-
‰ÂÏ, ˜ÚÓ ‰Îfl ÔÎÓÒÍÓÈ ‚ÓÎÌ˚ ‚ÂÍÚÓ D ‚ÒÂ„‰‡ ÓÚÓ-
„ÓÌ‡ÎÂÌ ‚ÂÍÚÓÛ Ì‡Ô‡‚ÎÂÌËfl s, Ú.Â. sTD(s) = 0. àÒ-
ÔÓÎ¸ÁÛfl ˝ÚÓ ÛÒÎÓ‚ËÂ, Á‡ÔË¯ÂÏ Û‡‚ÌÂÌËÂ (26) ‚
ÙÓÏÂ Á‡‰‡˜Ë Ì‡ ÒÓ·ÒÚ‚ÂÌÌ˚Â ÁÌ‡˜ÂÌËfl

(27)

„‰Â λ = n–2, u = D, ‡ I – Â‰ËÌË˜Ì‡fl Ï‡ÚËˆ‡. èÓÒÍÓÎ¸-
ÍÛ I – ssT – ÓÒÓ·‡fl Ï‡ÚËˆ‡, Ó‰ÌÓ ËÁ ÒÓ·ÒÚ‚ÂÌÌ˚ı ÁÌ‡-
˜ÂÌËÈ ‚ÒÂ„‰‡ ÌÛÎÂ‚ÓÂ. é·ÓÁÌ‡˜ËÏ ÓÒÚ‡Î¸Ì˚Â ‰‚‡
ÒÓ·ÒÚ‚ÂÌÌ˚Â ÁÌ‡˜ÂÌËfl λ+ Ë λ–. ùÚË ÒÓ·ÒÚ‚ÂÌÌ˚Â ÁÌ‡-
˜ÂÌËfl ÓÔÂ‰ÂÎfl˛Ú ÔÓÍ‡Á‡ÚÂÎ¸ ÔÂÎÓÏÎÂÌËfl n, ‡ ÒÓ-
ÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ÒÓ·ÒÚ‚ÂÌÌ˚Â ‚ÂÍÚÓ˚ – ÔÓÎflËÁ‡-
ˆË˛ [4].

é·‡ÚÌ˚Â ‰Ë˝ÎÂÍÚË˜ÂÒÍËÈ ÚÂÌÁÓ ÓÔËÒ˚‚‡-
ÂÚÒfl ÍÓÏÔÎÂÍÒÌÓÈ ÌÂ˝ÏËÚÓ‚ÓÈ Ï‡ÚËˆÂÈ h =
= htransp + hdichroic + hchiral. ëËÏÏÂÚË˜ÂÒÍ‡fl ˜‡ÒÚ¸
Ï‡ÚËˆ˚ h, ÒÓÒÚÓfl˘‡fl ËÁ ‚Â˘ÂÒÚ‚ÂÌÌÓÈ Ï‡ÚËˆ˚

D r t,( ) D s( ) iω n s( )
c

----------sTr t– 
  ,exp=

hD s( ) ssThD s( )–
1

n2 s( )
------------D s( ).=

I ssT–( )η I ssT–( )[ ] u λu,=

htransp Ë ÏÌËÏÓÈ Ï‡ÚËˆ˚ hdichroic, Ó·‡ÁÛÂÚ ÚÂÌÁÓ
‡ÌËÁÓÚÓÔËË, ÓÔËÒ˚‚‡˛˘ËÈ ‰‚ÓÈÌÓÂ ÎÛ˜ÂÔÂÎÓÏ-
ÎÂÌËÂ ÍËÒÚ‡ÎÎ‡. ÑÎfl ÔÓÁ‡˜ÌÓ„Ó ÍËÒÚ‡ÎÎ‡ ÚÂÌ-
ÁÓ ‡ÌËÁÓÚÓÔËË ‚Â˘ÂÒÚ‚ÂÌÌ˚È Ë ÒÓÒÚÓËÚ ÎË¯¸ ËÁ
Ï‡ÚËˆ˚ htransp. ÑÎfl ÍËÒÚ‡ÎÎ‡ Ò ÎËÌÂÈÌ˚Ï ‰ËıÓ-
ËÁÏÓÏ ˝ÚÓÚ ÚÂÌÁÓ ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl ÍÓÏÔÎÂÍÒÌÓÈ
Ï‡ÚËˆÂÈ. Ç˚·Ë‡fl ÍÓÓ‰ËÌ‡ÚÌ˚Â ÓÒË ‚‰ÓÎ¸ „Î‡‚-
Ì˚ı ÓÒÂÈ htransp, ÔÓÎÛ˜ËÏ htransp = diag(η1, η2, η3). å‡-
ÚËˆ‡

(28)

ÓÔËÒ˚‚‡ÂÚ ÎËÌÂÈÌ˚È ‰ËıÓËÁÏ (ÔÓ„ÎÓ˘ÂÌËÂ). å‡-
ÚËˆ‡ hchiral ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ‡ÌÚËÒËÏÏÂÚË˜ÂÒ-
ÍÛ˛ ˜‡ÒÚ¸ h. éÌ‡ ÓÔÂ‰ÂÎflÂÚÒfl ‚ÂÍÚÓÓÏ ÓÔÚË˜ÂÒ-
ÍÓÈ ‡ÍÚË‚ÌÓÒÚË ÍËÒÚ‡ÎÎ‡ g = (g1, g2, g3), ÍÓÚÓ˚È
ÎËÌÂÈÌÓ Á‡‚ËÒËÚ ÓÚ s:

(29)

hdishroic i

η11
d η12

d η13
d

η12
d η22

d η23
d

η13
d η23

d η33
d

 
 
 
 
 
 

=

hchiral i
0 g3– g2

g3 0 g1–

g2– g1 0 
 
 
 
 

,=

g gs
γ11 γ12 γ13

γ12 γ22 γ23

γ13 γ23 γ33 
 
 
 
  s1

s2

s3 
 
 
 
 

,= =

Reλ

Reλ0

p1 p2
p0

0

p1 p2
p0

0

Imλ

Reλ

Reλ0

Imλ

0

0
p1

p1 p2

p2

p0

p0

pbpa

D < 0

D > 0

(‡)

(·)

pbpa

êËÒ. 1. ê‡ÒÔ‡‰ ÍÓÌË˜ÂÒÍÓÈ ÓÒÓ·ÂÌÌÓÒÚË ÔË ÍÓÏÔÎÂÍÒÌÓÏ ‚ÓÁÏÛ˘ÂÌËË.
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„‰Â g – ÒËÏÏÂÚË˜ÂÒÍËÈ ÚÂÌÁÓ ÓÔÚË˜ÂÒÍÓÈ ‡ÍÚË‚-
ÌÓÒÚË [4, 5].

ê‡ÒÒÏÓÚËÏ ÒÌ‡˜‡Î‡ ÔÓÁ‡˜Ì˚È ÍËÒÚ‡ÎÎ‡,
ÍÓ„‰‡ hdichroic = 0 Ë g = 0. íÓ„‰‡ Ï‡ÚËˆ‡

(30)

fl‚ÎflÂÚÒfl ‚Â˘ÂÒÚ‚ÂÌÌÓÈ ÒËÏÏÂÚË˜ÂÒÍÓÈ Ë Á‡‚Ë-
ÒËÚ ÓÚ ‚ÂÍÚÓ‡ ‰‚Ûı Ô‡‡ÏÂÚÓ‚ p = (s1, s2). íÂÚ¸fl
ÍÓÏÔÓÌÂÌÚ‡ ‚ÂÍÚÓ‡ s ‚˚‡Ê‡ÂÚÒfl Í‡Í s3 =

= ± , „‰Â ÒÎÛ˜‡Ë ‰‚Ûı ‡ÁÎË˜Ì˚ı ÁÌ‡ÍÓ‚
‰ÓÎÊÌ˚ ·˚Ú¸ ‡ÒÒÏÓÚÂÌ˚ ÔÓ ÓÚ‰ÂÎ¸ÌÓÒÚË. çË-
ÊÂ ÔÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ η1 > η2 > η3. ùÚÓ ÒÓÓÚ‚ÂÚ-
ÒÚ‚ÛÂÚ ‰‚ÛıÓÒÌÓÏÛ ÍËÒÚ‡ÎÎÛ.

çÂÌÛÎÂ‚˚Â ÒÓ·ÒÚ‚ÂÌÌ˚Â ÁÌ‡˜ÂÌËfl λ± Ï‡ÚËˆ˚
A(p) Ì‡ıÓ‰flÚÒfl fl‚ÌÓ Ë fl‚Îfl˛ÚÒfl Ó‰ËÌ‡ÍÓ‚˚ÏË ‰Îfl
ÔÓÚË‚ÓÔÓÎÓÊÌ˚ı Ì‡Ô‡‚ÎÂÌËÈ s Ë –s. ëÓ·ÒÚ‚ÂÌ-
Ì˚Â ÁÌ‡˜ÂÌËfl λ+ Ë λ– ÒÓ‚Ô‡‰‡˛Ú ‚ ÚÓ˜Í‡ı

(31)

ÍÓÚÓ˚Â ÓÔÂ‰ÂÎfl˛Ú ˜ÂÚ˚Â ‰Ë‡·ÓÎË˜ÂÒÍËÂ ÚÓ˜-
ÍË (‰Îfl ‰‚Ûı ÁÌ‡ÍÓ‚ S1 Ë S3), Ì‡Á˚‚‡ÂÏ˚Â Ú‡ÍÊÂ ÓÔ-
ÚË˜ÂÒÍËÏË ÓÒflÏË [4, 5]. Ñ‚ÛÍ‡ÚÌÓÂ ÒÓ·ÒÚ‚ÂÌÌÓÂ
ÁÌ‡˜ÂÌËÂ λ0 = η2 Ï‡ÚËˆ˚ A0 = A(p0), p0 = (S1, 0)
ËÏÂÂÚ ‰‚‡ ÒÓ·ÒÚ‚ÂÌÌ˚Â ‚ÂÍÚÓ‡

(32)

Û‰Ó‚ÎÂÚ‚Ófl˛˘Ëı ÛÒÎÓ‚ËflÏ ÌÓÏËÓ‚ÍË (2). àÒ-
ÔÓÎ¸ÁÛfl ‚˚‡ÊÂÌËfl (30) Ë (32), Ì‡È‰ÂÏ ‚ÂÍÚÓ˚ fij

Ò ÍÓÏÔÓÌÂÌÚ‡ÏË (4) ‰Îfl ÓÔÚË˜ÂÒÍËı ÓÒÂÈ. èÓ‰-
ÒÚ‡‚Îflfl Ëı ‚ (9), ÔÓÎÛ˜ËÏ ÎÓÍ‡Î¸Ì˚Â ‡ÒËÏÔÚÓÚË-
˜ÂÒÍËÂ ‚˚‡ÊÂÌËfl ‰Îfl ÍÓÌË˜ÂÒÍËı ÓÒÓ·ÂÌÌÓÒÚÂÈ
‚ ÔÓÒÚ‡ÌÒÚ‚Â (s1, s2, λ), ÒÔ‡‚Â‰ÎË‚˚Â ‰Îfl Í‡Ê-
‰ÓÈ ËÁ ˜ÂÚ˚Âı ÓÔÚË˜ÂÒÍËı ÓÒÂÈ (31),

(33)

íÂÔÂ¸ ÔÂ‰ÔÓÎÓÊËÏ, ˜ÚÓ ÍËÒÚ‡ÎÎ Ó·Î‡‰‡ÂÚ ÔÓ-
„ÎÓ˘ÂÌËÂÏ Ë ÓÔÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚ¸˛. íÓ„‰‡
ÏÓÊÌÓ Ò˜ËÚ‡Ú¸, ˜ÚÓ ÒÂÏÂÈÒÚ‚Ó Ï‡ÚËˆ (30) ÔÓ‰‚Â-
„‡ÂÚÒfl ÍÓÏÔÎÂÍÒÌÓÏÛ ‚ÓÁÏÛ˘ÂÌË˛ A(p) + ∆A(p),
„‰Â

(34)

èÂ‰ÔÓÎÓÊËÏ, ˜ÚÓ ÔÓ„ÎÓ˘ÂÌËÂ Ë ÓÔÚË˜ÂÒÍ‡fl ‡Í-
ÚË‚ÌÓÒÚ¸ fl‚Îfl˛ÚÒfl ÒÎ‡·˚ÏË, Ú.Â. ‚ÂÎË˜ËÌ‡ ε =
= ||hdichroic|| + ||hchiral|| Ï‡Î‡. íÓ„‰‡ ÏÓÊÌÓ ËÒÔÓÎ¸ÁÓ-
‚‡Ú¸ ÔÓÎÛ˜ÂÌÌ˚Â ‚˚¯Â Ó·˘ËÂ ‡ÒËÏÔÚÓÚË˜ÂÒÍËÂ
ÙÓÏÛÎ˚ ‰Îfl ÓÔËÒ‡ÌËfl ÔÂÂÒÚÓÈÍË ÍÓÌË˜ÂÒÍÓÈ
ÓÒÓ·ÂÌÌÓÒÚË ÔÓ‚ÂıÌÓÒÚÂÈ ÒÓ·ÒÚ‚ÂÌÌ˚ı ÁÌ‡˜Â-
ÌËÈ. ÑÎfl ˝ÚÓ„Ó ÌÂÓ·ıÓ‰ËÏÓ ÁÌ‡Ú¸ ÎË¯¸ ÁÌ‡˜ÂÌËÂ
‚ÓÁÏÛ˘ÂÌËfl ∆A Ì‡ ÓÔÚË˜ÂÒÍÓÈ ÓÒË s0 ÔÓÁ‡˜ÌÓ„Ó

A p( ) I ssT–( )htransp I ssT–( )=

1 s1
2– s2

2–

s0 S1 0 S3, ,( )T , λ0 η2;= =

S1
η1 η2–
η1 η3–
-----------------, S3± 1 S1

2– ,±= =

u1 0 1 0, ,( )T , u2 S3 0 S1–, ,( )T ,= =

λ η 2– η3 η1–( )S1 s1 S1–( )–( )2  =

=  η3 η1–( )2S1
2 s1 S1–( )2 S3

2s2
2+( ).

∆A p( ) I ssT–( ) ηdichroic ηchiral+( ) I ssT–( ).=

ÍËÒÚ‡ÎÎ‡. èÓ‰ÒÚ‡‚Îflfl Ï‡ÚËˆÛ (34), ‚˚˜ËÒÎÂÌ-
ÌÛ˛ Ì‡ ÓÔÚË˜ÂÒÍÓÈ ÓÒË (31), ‚ Û‡‚ÌÂÌËÂ (7) Ë Á‡-
ÚÂÏ ËÒÔÓÎ¸ÁÛfl ÙÓÏÛÎ˚ (12), Ì‡È‰ÂÏ

(35)

á‡ÏÂÚËÏ, ˜ÚÓ µ, ξ Ë η – ˜ËÒÚÓ ÏÌËÏ˚Â ‚ÂÎË˜ËÌ˚,
Á‡‚ËÒfl˘ËÂ ÚÓÎ¸ÍÓ ÓÚ ÔÓ„ÎÓ˘ÂÌËfl, ‡ ‚ÂÎË˜ËÌ‡ ζ –
ÓÚ ÓÔÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË ÍËÒÚ‡ÎÎ‡.

éÒÓ·ÂÌÌÓÒÚË ‚ ÍËÒÚ‡ÎÎ‡ı ÒÓ ÒÎ‡·˚ÏË ÔÓ„ÎÓ-
˘ÂÌËÂÏ Ë ÓÔÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚ¸˛ ËÁÛ˜‡ÎË ‚ ‡-
·ÓÚÂ [5]. Å˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ÓÒÓ·ÂÌÌÓÒÚ¸ “ÍÓÙÂÈ-
Ì˚È ÙËÎ¸Ú” ‚ÓÁÌËÍ‡ÂÚ ‚ ÍËÒÚ‡ÎÎ‡ı Ò ÔÂÓ·Î‡‰‡-
ÌËÂÏ ÔÓ„ÎÓ˘ÂÌËfl, ‡ ‚ ÍËÒÚ‡ÎÎ‡ı Ò ‰ÓÏËÌËÛ˛˘ÂÈ
ÓÔÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚ¸˛ ÔÓ‚ÂıÌÓÒÚË ‚Â˘ÂÒÚ‚ÂÌ-
Ì˚ı ˜‡ÒÚÂÈ ÒÓ·ÒÚ‚ÂÌÌ˚ı ÁÌ‡˜ÂÌËÈ ÌÂ ÔÂÂÒÂÍ‡˛Ú-
Òfl. àÁ ÔÓÎÛ˜ÂÌÌ˚ı ‚˚¯Â Ó·˘Ëı ÂÁÛÎ¸Ú‡ÚÓ‚ ÒÎÂ‰Û-
ÂÚ, ˜ÚÓ ‰‚ÛÏ ˝ÚËÏ ÒÎÛ˜‡flÏ ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú ÛÒÎÓ‚Ëfl
D > 0 Ë D < 0, „‰Â D ÓÔÂ‰ÂÎÂÌ‡ ‚˚‡ÊÂÌËÂÏ (17). 

Ç Í‡˜ÂÒÚ‚Â ˜ËÒÎÂÌÌÓ„Ó ÔËÏÂ‡ ‡ÒÒÏÓÚËÏ
ÍËÒÚ‡ÎÎ ÒÓ ÒÎ‡·˚ÏË ÔÓ„ÎÓ˘ÂÌËÂÏ Ë ÓÔÚË˜ÂÒÍÓÈ
‡ÍÚË‚ÌÓÒÚ¸˛, ÓÔËÒ˚‚‡ÂÏ˚È ÚÂÌÁÓ‡ÏË (28), (29),
ÍÓÚÓ˚Â ËÏÂ˛Ú ‚Ë‰

(36)

ëÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÈ ÔÓÁ‡˜Ì˚È ÍËÒÚ‡ÎÎ ı‡‡Í-
ÚÂËÁÛÂÚÒfl ‚ÂÎË˜ËÌ‡ÏË η1 = 0.5, η2 = 0.4, η3 = 0.1,
Ë Â„Ó ÔÓ‚ÂıÌÓÒÚË ÒÓ·ÒÚ‚ÂÌÌ˚ı ÁÌ‡˜ÂÌËÈ Ò ‰‚ÛÏfl
ÓÔÚË˜ÂÒÍËÏË ÓÒflÏË ÔÓÍ‡Á‡Ì˚ Ì‡ ËÒ. 2 ‚ÏÂÒÚÂ Ò
ÍÓÌË˜ÂÒÍËÏË ÔÓ‚ÂıÌÓÒÚflÏË (33). Ñ‚Â ÓÔÚË˜ÂÒÍËÂ

µ i
2
--- η22

d η11
d S3

2 2η13
d S1S3– η33

d S1
2+ +( ),=

ξ i
2
--- η22

d η11
d S3

2– 2η13
d S1S3 η33

d S1
2–+( ),=

η i η12
d S3 η23

d S1–( ),=

ζ i γ11S1
2 2γ13S1S3 γ33S3

2+ +( ).–=

hdichroic
i

200
---------

3 2 0

2 3 1

0 1 3 
 
 
 
 

, γ 1
200
---------

3 1 2

1 3 1

2 1 3 
 
 
 
 

.= =

0.5

0.4

0.3

0.2
1

0
–1 –1 10 S1

S2

λ

êËÒ. 2. äÓÌË˜ÂÒÍËÂ ÓÒÓ·ÂÌÌÓÒÚË Ì‡ ÓÔÚË˜ÂÒÍËı ÓÒflı Ë
Ëı ÎÓÍ‡Î¸Ì˚Â ‡ÔÔÓÍÒËÏ‡ˆËË.
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äËËÎÎÓ‚ Ë ‰.

ÓÒË, ÔÓÍ‡Á‡ÌÌ˚Â Ì‡ ËÒ. 2, ËÏÂ˛Ú ÍÓÓ‰ËÌ‡Ú˚ s0 =

= , 0,  Ë ÓÚ‚Â˜‡˛Ú ‰‚ÛÍ‡ÚÌÓÏÛ ÒÓ·ÒÚ‚ÂÌ-

ÌÓÏÛ ÁÌ‡˜ÂÌË˛ λ0 = . àÒÔÓÎ¸ÁÛfl ‚˚‡ÊÂÌËfl (36)

‚ Û‡‚ÌÂÌËË (35), Ì‡È‰ÂÏ, ˜ÚÓ ÛÒÎÓ‚ËÂ D =

= (4  – 5) > 0 Û‰Ó‚ÎÂÚ‚ÓflÂÚÒfl ‰Îfl ÎÂ‚ÓÈ

ÓÔÚË˜ÂÒÍÓÈ ÓÒË s0 = , 0, . ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ,

ÍÓÌË˜ÂÒÍ‡fl ÓÒÓ·ÂÌÌÓÒÚ¸ Ú‡ÌÒÙÓÏËÛÂÚÒfl ‚
“ÍÓÙÂÈÌ˚È ÙËÎ¸Ú” Ò ‰‚ÛÏfl ÒËÌ„ÛÎflÌ˚ÏË ÓÒfl-
ÏË. ãÓÍ‡Î¸Ì‡fl ‡ÔÔÓÍÒËÏ‡ˆËfl ˝ÚËı ÔÓ‚ÂıÌÓÒÚÂÈ
‰‡ÂÚÒfl Û‡‚ÌÂÌËflÏË (13), (14). ç‡ Ô‡‚ÓÈ ÓÔÚË˜ÂÒ-

ÍÓÈ ÓÒË s0 = , 0,  Û‰Ó‚ÎÂÚ‚ÓflÂÚÒfl ÛÒÎÓ‚ËÂ

D = – (4  + 5) < 0. í‡ÍËÏ Ó·‡ÁÓÏ, ‚Â˘Â-

ÒÚ‚ÂÌÌ˚Â ˜‡ÒÚË ÒÓ·ÒÚ‚ÂÌÌ˚ı ÁÌ‡˜ÂÌËÈ ÌÂ ÔÂÂÒÂ-
Í‡˛ÚÒfl ÔË ‚ÓÁÏÛ˘ÂÌËË Ô‡‚ÓÈ ÓÔÚË˜ÂÒÍÓÈ ÓÒË.
èË·ÎËÊÂÌÌ˚Â Ë ÚÓ˜Ì˚Â ÔÓ‚ÂıÌÓÒÚË ÒÓ·ÒÚ‚ÂÌ-
Ì˚ı ÁÌ‡˜ÂÌËÈ ÔÓÍ‡Á‡Ì˚ Ì‡ ËÒ. 3, „‰Â ‚Ë‰ÌÓ, ˜ÚÓ
‡ÒËÏÔÚÓÚË˜ÂÒÍËÂ ÙÓÏÛÎ˚ ıÓÓ¯Ó ÓÔËÒ˚‚‡˛Ú

1
2
---±

 3
2

-------


2
5
---

7
160 000
------------------ 3

1
2
---–

 3
2

-------


1
2
---

 3
2

-------


7
160 000
------------------ 3

ÓÒÓ·ÂÌÌÓÒÚË ÔÓ‚ÂıÌÓÒÚÂÈ ÔÓÍ‡Á‡ÚÂÎÂÈ ÔÂÎÓÏ-
ÎÂÌËfl ÍËÒÚ‡ÎÎÓ‚ ÒÓ ÒÎ‡·˚ÏË ÔÓ„ÎÓ˘ÂÌËÂÏ Ë ÓÔ-
ÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚ¸˛.
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