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 Cu I 330.79 
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H
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

5 0.0013 0.0019 0.0031 0.0057 0.0112 0.0218 0.0402 0.0450 0.0570
10 0.0014 0.0031 0.0059 0.0111 0.0223 0.0314 0.0764 0.0904 0.1080
15 0.0016 0.0045 0.0087 0.0166 0.0553 0.0605 0.1207 0.1471 0.1710
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-
:

V=2, n=1,5, r1=20, r2=-20 d=2,
n – , r1 – -

, r2 – , d – -
. :

f0′ = 20,339, a = 10,169, a′ = 40,678, L = 92,169, A = 30,508, HH′ = 0,644.
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, . -
d = yβ, β –

, β = mλ,
d = ymλ. (1)

, , 
β d. d

. ,
′, , -

, . , 
. 

β.
. 2 , 

 = β /λ.

λ/2

β /2

1/

x

d

βc

. 2. 

β  = d/x.
 = d/λx. d  (1), :

 = my/x. (2)
, -

, 
, ,

-
.

. 3 [4]. 
 « ». -

λ1 = 546.07 λ2 = 656.27 . -
, . -

 12,5 . -
x=140 .

, 
,  ( ), -
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.
    1    2          3          4      5                 6              7         8           9

. 3. : 1 – ; 2 – ; 3 – ; 4 – 
; 5 – ; 6 – ;

7 – ; 8 – ; 9 – 

 (
-4) . 

, 
. 

-4 -
, 

 « ».
-

.
-

 ( . 4).
-

.
 (2) , 

y=Mx/m,
M –  (

).

) ;      ) ;          ) 

. 4. 

:
yλ1= Mλ1 x/ m,
yλ2= Mλ2 x/m.

:
∆yλ= yλ1 – yλ2.
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1. . . .- .: , 1933. 102 .
2. ., . . .: -

, 1976, . 5–6.
3. ., . .

.: , 1984. 198 .
4. . 

», . .  7.
(http://aco.ifmo.ru/student/disciplines/opt_mes.html (  – « -
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 – -
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3) .
 23265-78 « » -
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3,2 3 -1.   
. .

. -

.   -
. , 

, ,   . ,
-3 

.
, 

, 
1,34 3. . 1. -

: -
. . 1 , 

[1–4].

nd ne
3

1,523 1,525 2,48 58,5 Corning

-3 1,523  2,4 60   « »
1,6/41 blank  1,600 1,604 2,63 41,2 Corning

-1 1,623  2,6 28 
1,7/35 blank 1,700 1,705 3,21 34,4 Corning
1,7/42 blank 1,700 1,705 3,21 41,4 Corning
1,8/35 blank 1,802 1,807 3,65 34,4 Corning
1,9/31 blank 1,885 1,892 3,99 30,4 Corning

CR-39 1,498 1,500 1,3 58 PPG Industries
ORMA 1,5  1,502 1,32 58 ESSILOR
Trivex 1,532 1,534 1,1 46 PPG Industries
Sola Spectralite 1,537 1,540 1,2 47 Sola
PPG HIP 1,560 1,563 1,2 38 PPG Industries
ORMEX 1,558 1,561 1,23 37 ESSILOR
CLEX 1,56 1,560 1,19 42 Korea Optical

 1,586 1,589 1,2 30 PPG Industries
Hoya Eyas 1,6 1,600 1,603 1,3 42 Hoya
Hoya Teslalid 1,710 1,715 1,4 32 Hoya
CLEX 1,67 1,667 1,35 32 Korea Optical
Nikon 1,74 1,745 1,4 32 Nikon

 1. 

. 
:

• ;
• .

, -
.

-
:

•  – ;
• ;
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•  (  2 ).
 70-

. 
 (  « -

»). , 
.

,  1,56 -
.

 ORMEX -3: -
, -

.

,
.  [5]. , 

.
, -

 ( . 1). 
, , 

. 
 – » [5].

. 
 –  – , 

. 
,    ( , -

) – .

. 1. ,

ds`
''' bpap SSds −=  ,       (1)

S’ap – ’a; S’bp – 
 A’b. -
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−=ν  (6)

ds1  =0,  (3) :

S
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pp

12``
1`
α

= .  (7)

 [5, 6].

ORMEX -3. :
R1= 62,25 , n=1;
d= 8 , n=1,558;
R2= –399,88 , n=1;
 ( )= 37, =1/n=0,64,

,  ORMEX.
 (2), k hk.

S =∞, α1=0. 
h1 . h1=10 .

 (2) :
α1=0; h1=10 ;
α2=0+10⋅0.558 / (1.558⋅62.25)= 0.0575;
h2=10–0.0575*8=9.539 ;
α3=1.558/1⋅0.0575+9.539 ⋅ (–0.558) / (1.558⋅ (–399.88))= 0.1029.

 S1 , -
. 2.

 (7) :

545.2)028.0(
)103.0(1

1' 2 −=−⋅
⋅

=sD

Ds’=0,003 .
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αk ∆α1 µk ∆µk αk/µk 1-µk (1-µk)/νk Ck hk Ck hk

0 0.057 1 -0.36 0.057 0 0 -0.0016 10 -0.016
0.057 0.046 0.642 0.36 -0.159 0.358 0.01 -0.0012 9.54 -0.012
0.103  1  0.103 0 0  S = -0.028

 2. 

:
R1= 62,25 , n=1;
d= 8 , n=1,523;
R2= –662,45 , n=1;
 ( )= 60, =1/n=0,657,

, -3.
:

α1=0; h1=10 ;
α2=0+10⋅0.523 / (1.523⋅62.25)= 0.055;
h2=10-0.055⋅8=9.558 ;
α3=1.523/1⋅0.055+9.558⋅ (–0.523) / (1.523⋅ (–662,45))= 0.092.

S1 . 3.
αk ∆α1 µk ∆µk αk/µk 1-µk (1-µk)/νk Ck hk Ck hk

0 0.055 1 -0.343 0.055 0 0 -0.009 10 -0.009
0.055 0.037 0.657 0.343 -0.139 0.343 0.002 -0.006 9.558 -0.006
0.092  1  0.092 0 0  S = -0.015

 3. 

 (7) :

Ds 788.1)015.0(
)092.0(1

1' 2 −=−⋅
⋅

=

Ds’= 0,002 .
, : -

 ORMEX (n=1,558) ds’=0,003 , 
-3 (n=1,523) ds’= 0,002 .

-
:
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D e

ee
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; ne –  ( =546,1 ).

 n -
,  (8) -

,  8 , -

''
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' 11
'

1
CF

CF
S DD

SSds
D −=−== .  (9)
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. R1 R2  ne De’ nf DF’ nc Dc’ Ds’

1 62,25 662,45 60 1,523 8,0 1,5157 7,885 1,5243 8,021 -0,136
2 62,25 399,88 37 1,558 8,0 1,5589 7,849 1,5478 8,014 -0,165
3 62,25 200,10 32 1,67 8,0 1,6666 7,958 1,6875 8,219 -0,261
4 62,25 794,27 59,58 1,5148 8,0 1,5101 7,925 1,5187 8,062 -0,138

 4. 
=546,1  ( ), =486,1  (  F),  =656,3  ( )

-
, 

 F  C  [7] -
. . 4 , -

: –0,136  –0,165 . -

-3.
   ORMEX (ne=1,558) -

 e  F  0,151 ,  e  –
0,014 . -3
(ne=1,523)  e  F  0,115 ,  e  C – 0,021 .

ne=1,67 
=32,  –0,261 , 

 0,096 .
8 -

 F . -
 –0,138 .

. 5 -
 +8 . 

, -
. -

.
. R1 R2 ne Ds’

.
(1- )

Ds’
.

(2- )
1 62,25 662,45 60 1,523 0,002 -0,136
2 62,25 399,88 37 1,558 0,003 -0,165
3 62,25 200,10 32 1,67 -0,261
4 62,25 794,27 59,58 1,5148 -0,138

 5. 

-
,  23265-78,  51044-97 

,   ISO 8980 (2004-02-01) -
.

 23265-78 [8]  ISO 8980 (2004-02-01) [9]
. 6  7, .



149

, .
-

 0,50 .
. 0,50  6,0 .

±0,06
±0,12 0,25

. 6,0  12,00 .
. 12,00  15,00 .
. 15,00  20,00 .

±0,18
±0,25
±0,25

0,5

 6.  23265-78
, .

-

0,250,00 3,00
3,00 6,00
6,00 9,00
9,00 12,00
12,00 20,00

±0,12
±0,12
±0,12
±0,18
±0,25

0,5

 7.  ISO 8980

 +8 . , -
 ±0,18 ,  ISO ±0,12 .

, 
 (9), .

 ( . 4, 5) 
. -

. , 
, 

. -
.

: 
 (6°);  (30°  22° ); 

 ( ) [10, 11]. 
, , 

, . -
: 37° , 53° , 46° , 44° . 

, .   
 2,5 ,  – 13,86 . -

 (53° ), 
 31,85 .   .  

, -
. .

. , , 
,   .

, , ,
, .    (

) , , 
.
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-
. . (25 )     

–8 :
•  – ;
•  –  (  – 

,  – ),  ( ).
. (20 )  +8 -

 12 : , .
ne=1,523

=60, ne=1,558, -
=37. ne=1,67 -
=32 . 

, -
, 

. .

, .
, -

. , -
-

  -
.

1.  «OPTICAL GLASSES FOR PRESCRIPTION AND SUN LENSES», Corning
S.A. – Optical Division. 1998.

2.  « OPTICAL material» , Korea optical. 2003.
3.  « TARIF EXPORT – Semi-Finished Lenses». ESSILOR DDS. 2005.
4.  «RXP II +Automated information system»  Coburn Optical Industries, Inc.

1987.
5. . .  2 . . 2. 1956. 432 .
6. .   . . 1937. 672 .
7. . . . . 1963.
8.  23265- 78 , .
9. ISO 8980 (2004-02-01) Rx OPTICAL & GEOMETRICAL TOLERANCES.
10. . . / .   5 . . IV. -

. 2002. 520 .
11. . . .: . 1945. 532 .
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 1  2 1, 2), 
B;  ( )  3,

4;  5 );  ( 1, 2)
. 1 ).  ( ) 6 , 

,  ( ), -
.

. 1. : ;
, ; B , ;

Z0 , ; XYZ 
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. -
. 

, , 
. 

-
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 « » 
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) 

 ( ).
, 

1, x 2. -
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 « » 

.
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:
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-

1 2, 
B  B=300 ), Z0
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 « » , – 0.05 . 
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. 3, -
. Z=7000 

 1 , Z=2000 
 0.1 . ,  y 1,

2 . Y .
. 4 , 

, -
. -

-
. ,  y 1,

2 . Y
Z; -

 ( . 5).

. 5. 
, 1, y 2

, Z0, B , , 

. Z0=7000 , -
, 

=17 B=300 . -
Z0 .

, 
 B -

:
constBf =⋅′ .  (1)

 B,  (1) 
. 1, 2 

, . 
, -

.
 MathCad 2001i Professional.

-
. -
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: B, 
, Z0 . -

constBf =⋅′ , .
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.

1. ., ., ., . 
. / 

. . : , 1998. 238 .
2. . . .: ,

, , 1988. 200 .
3. ., . -

-
. //  «  2003» 20-23 

2003 ., . : , 2003. 300 .
4. . . .: -

, 1971. 176 .
5. . . .: -

, 1989. 245 .
6. ., . -

, 
. // . . 1986.  9. . 62–69.
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−ω= StiAStiAu ,     (2)

πνω 2= , ν – ; 21, AA  – 
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)cos(2 2121

2
2

2
1 ϕ−ϕ++== ∗ AAAAuuI .       (3)
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, , -
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4
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2
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1
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)cos1(
2
1

0 SII ϕ∆+= .           (4)

. 2 π± , -
πΩ± :

LD
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2
λ

=πΩ  .            (5)

. 2. 
, 

, -
 [1]:

S
Sd

dI
I

ϕ∆=







ϕ








sin

2
11

0

.          (6)

,
:

)cos(1[)( 0 BSS PP ϕ+ϕ∆+=ϕ∆  ,        (7)

Bϕ  – . Bϕ , 
. Bϕ

, 
 ( . 3).
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. 3. 

-
, . gτ∆

. , 
, gτ∆ =Ln/ , 

L – , n – ,  – -
. )(tmφ∆ :

)()()( gmmm ttt τ∆−φ−φ=φ∆ ,         (8)
:
))](cos(1[)( 0 tPP mSS ϕ∆+ϕ∆+=ϕ∆ .        (9)

-
)2/()( Bm t φ±=φ , gτ∆  ( -

)2/(1 gPf τ∆= , ). -

Bm φ±=φ∆  [2]. 
 ( . 4):

)cos1(),0(),0( 0 BBB PPP φ+=φ=φ− .       (10)

. 4.  

-

)(tm

gτ
)()( gmmm tt τ∆−−=∆
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)]cos(1[),( 0 BSBS PP φ+ϕ∆+=φϕ∆ ,        (11)
)]cos(1[),( 0 BSBS PP φ−ϕ∆+=φ−ϕ∆ .

)]cos()[cos(),( 0 BSBSBS PP φ+ϕ∆−φ−ϕ∆=φϕ∆∆ ,
)sin()sin(2),( 0 SBBS PP ϕ∆φ=φϕ∆∆ .       (12)

 « » P∆ -
. -

2/π=ϕB , 1sin =ϕB .

 cos (sin)
)2cos()( tft mBm πφ=φ∆ [3]. 

mf :
))]2cos(cos(1[)( 0 tfPP mBSS πφ+ϕ∆+=ϕ∆ ,       (14)

))]2cos(sin()sin())2cos(cos()cos(1[)( 0 tftfPP mBSmBSS πφϕ∆−πφϕ∆+=ϕ∆ .  (15)
, :

....])6sin()(2)2sin()(2)[sin(

...])4cos()(2)()[cos()(

310

2000

+πφ+πφϕ∆+
+πφ+φϕ∆+=ϕ∆

tfJtfJP
tfJJPPP

mBmBS

mBBSS     (16)

)cos( Sφ∆ , -
)sin( Sφ∆ , 3210 ,,, JJJJ  – 

. 
, 

. :
)sin()(2)( 101 SBS JPP ϕ∆φ=ϕ∆ .        (17)

-
 ( . 5).

. 5. 
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-
 ( . 6).

. 6. 

, , 
, ,  (17), 

)sin( Sϕ∆ , , 
. -

,  [4]. -
B 8.1≈ϕ  ( 57.12/ ≈π

) 53.0)8.1(1 =J .

. , -
, , , -

.  0.3–1.0 .

1. . . .: , 1987.
152 .

2. Lefevre H.C. Fiber-Optic Gyroscope. ArtTech House, Boston, London, 1993. 313 p.
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. 1 , 
.
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m k/β k/β∆
0 1.5892
1 1.5868 0.0023
2 1.5829 0.0040
3 1.5773 0.0055
4 1.5702 0.0071
5 1.5615 0.0087
6 1.5511 0.0100
7 1.5392 0.0120
8 1.5283 0.0130

 1. k/β k/β∆
constzn =)(

m k/β k/β∆
0 1.57464
1 1.56261 0.0120
2 1.55377 0.0088
3 1.54670 0.0071
4 1.54083 0.0059
5 1.53588 0.0050
 6 1.53166 0.0042
7 1.52804 0.0036
8 1.52494 0.0031
 9 1.52229 0.0027
10 1.52003 0.0022
11 1.51814 0.0019
12 1.51656 0.0016
13 1.51528 0.0013
14 1.51427 0.0010
15 1.51350 0.0007

 2. k/β k/β∆

)/exp()()( 0 dznnnzn ss −⋅−+=

m k/β k/β∆
0 1.58326
1 1.57389 0.0094
2 1.56488 0.0090
3 1.55634 0.0085
4 1.54832 0.0080
5 1.54088 0.0074
 6 1.53408 0.0068
7 1.52797 0.0061
8 1.52264 0.0053
 9 1.51819 0.0045
10 1.51478 0.0034

 3. k/β k/β∆

)/exp()()( 22
0 dznnnzn ss −⋅−+=
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m k/β k/β∆
0 1.58213
1 1.57159 0.0110
2 1.56101 0.0110
3 1.55038 0.0110
4 1.53971 0.0110
5 1.52899 0.0110
6 1.51823 0.0110

 4. k/β k/β∆

2
00 )/()()( dznnnzn s ⋅−−=

m k/β k/β∆
0 1.57381
1 1.55959 0.0140
2 1.54796 0.0120
3 1.53768 0.0100
4 1.52830 0.0094
5 1.51962 0.0087

 5. k/β k/β∆

d
znnnzn s ⋅−−= )()( 00

. 1. , : ) ,
) , ) 

, ) 
, ) 
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m k/β ,
 [8]

k/β , -
-

k/β k/β ,
[7]

k/β , k/β

0 2.5082 2.5080 0.0002 1.9647 1.9647 0.0000
1 2.4951 2.4949 0.0002 1.9389 1.9392 0.0003
2 2.4866 2.4863 0.0003 1.8954 1.8961 0.0007
3 2.4805 2.4802 0.0003 1.8332 1.8344 0.0012
4 2.4760 2.4759 0.0001 1.7510 1.7529 0.0019
5 2.4731 2.4730 0.0001 1.6473 1.6501 0.0028
6 2.4711 2.4711 0.0000 1.5249 1.5283 0.0034
7 2.4701 2.4701 0.0000 --------- -------- ---------

 6. k/β , 
 [8] 3LiNbO

 [7] ZnO ,
, 

. 1–5 . 1,  ( -
)(/ mfk =β ) -

. , -
, . constk =β∆ / . 

k/β∆ , -
, k/β∆

m. 
,

.
, -

, -
 – ZnO  [6] ( 06328=λ ,

9732.12 =n , 5127.13 =n , 5881.1=d ) 3LiNbO
 [7] ( 06328=λ ,

5298.2)0( =n , 4698.23 =n , 27.6=d ) k/β ,
. .

6, , 

310− .

n -
z, 

.  (4). -

 –  – 
2
π

4
π ,

. ,  (4)  [1]

( )∫
−

=−
λ

mz

m
mdznzn

0

22

8
141 , m = 1, 2, … ,  (5)
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−
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1
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, , 
 MathCad 13.0. -

, -
, -

km /β . 1–5. 
-

. 2.
. 7 0n -

d , . -
0n∆ d∆ n

d , .

- 0n d , 0n∆ d∆ , 

- 1.5905 6.016 0.0005 0.016

1.5915 6.096 0.0015 0.096
1.5910 6.185 0.0010 0.185
1.5895 5.993 0.0005 0.007
1.5896 6.180 0.0004 0.180

 7. 

0n d , 0n∆ d∆ , 

3LiNbO -
-

 ( 0n =
2.5298, sn = 2.4698, d = 6.27

) [8]

2.5260 5.78 0.0038 0.49

-
33 LiTaOLiNbO − -

-
 ( 0n =

2.2757, sn = 2.177, d = 2.23
) [5]

2.273 2.236 0.0027 0.006

 8. 
0n d  [5, 8]

. 7 . 2 , -

. , 
, , 3LiNbO

33 LiTaOLiNbO − , -
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,  [8]  [5]. -
0n

d . 8. 
, 

, . 3.

)                                                              )
. 3.  ( n ) 

( z ).  ( )  ( ): ) 
3LiNbO  [8], ) 33 LiTaOLiNbO − [5]

, . 8, . 2 ,
-

310− , ,
, 

, -
.

-
,

.
, , 

k/β , n d
 ~ 310− .

-
 « » -

 «
». , 

. 
-
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-
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 (1, 2) -
 9  [4]:

.
det

det

,
det
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,
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det

det
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,
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,
det
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det

det

,
det
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,
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, 
RGB,  XYZ  [4]:









⋅+⋅+⋅=
⋅+⋅+⋅=
⋅+⋅+⋅=

BcGcRcZ
BbGbRbY
BGRaX

. (3)

, , 
1=++ zyx














++
=

++
=

++
=

ZYX
Zz

ZYX
Yy

ZYX
Xx

.

-
 [5].

, -
, -

18  ( ), 104 ., , -

. , , -
, 

,  XYZ, -
.

,  – ,
, .

-
:
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1.  [1, 3] -
 XYZ -

λτ λx -

λs :

( )

( )

( ) 












++
=

++
=

++
=















⋅⋅=

⋅⋅=

⋅⋅=

∑

∑

∑

ZYX
Zz

ZYX
Yy

ZYX
Xx

szZ

syY

sxX

,
780

360

780

360

780

360

λλλ

λλλ

λλλ

τ

τ

τ

.

, -
, . 

 ( . 1).

 X  Y  x y
06-12-75 28.997 15.544 0.620 0.332
06-09-75 25.446 30.324 0.417 0.497
06-08-75 12.895 15.835 0.300 0.368

 1.  2°, 

2. -
 ( ) , : -

 10° 65 ( . 2).

 X 65 Y 65 x 65 y 65
06-12-75 16.857 11.224 0.485 0.323
06-09-75 22.731 31.013 0.341 0.466
06-08-75 16.492 20.665 0.204 0.256

 2.  10°, 
65

3. -
 (3)  XYZ ,

. 1,  XYZ , -
. 2:









⋅+⋅⋅=
⋅+⋅+⋅=

⋅+⋅+⋅=

.3.1872990.20196-0.095183
,0.375591.195563-0.28265

,0.4096730.3961740.337553

65

65

65

AAAD

AAAD

AAAD

ZZZZ
YYYY

XXXX
(4)

4.  06-13-75 
, 

 [1, 3]  2- : , -
 2º (  1, . 3) 65,  10º ( -

 2, . 3). , , 
 (  3, . 3), 

 (4).  2-  3-
 4, . 3).



200

X Y Z X y z
06-13-75  2º 10.305 8.526 4.470 0.442 0.366 0.192
06-13-75 65 10º 9.570 8.505 15.455 0.285 0.254 0.461
06-13-75 65 10º 8.688 8.959 13.506 0.279 0.287 0.434

. 0.882 -0.454 1.949 0.006 -0.033 0.027

 3. 

. 3 : 
 Z  1.95,  [6]; 

 0.03.
, -

. , -
, 

. -

, , 
. 

-
.

 XYZ , 
, 

. , -
, , 

.

1.  13088-67. . , .
2.  7721-89. . . -

. .
3. CIE Publication 15:2004 «Colorimetry».
4. . . , , 1989, 256 .
5. .  ( ). : ,

2000. 399 .
6.  8.205-90. -

.
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. , , , 
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 [1].
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• ;
• N.

, ,  ( ).
, ,  ( -

). . -
:

 = 1 ). (1)

:
n = 2 ). (2)

, -
:

t = 3 (N). (3)
.
-

.  – -
,  [2].

-
. .

-
. , -
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, , 
, . -

, , 
0,5–1 , -

 [5].
:

P  (t) = P  exp[-t2/(2 2
0)], (4)

 2 2
0 – .

, -
 InGaA3P  1 , -

, 
 (30 )  8,5 .

,  [7], . 1. 
, -

. 

, .

. 1. 
 [7]: 1 – ; 2 – ; 3 – 

InGaA3P; 4 – : 5, 10, 11 – ; 6 – ;
7 – ; 8 – ; 9 – 

 1 ,  100 
 1 , 

 (10–30 ) , -
 (< 10 ), 

 (< 1 ).  (170 ) -
, 

, -

pnL2/2λ=λ∆ , (5)
n – , Lp – .

 = 10,6 )  10 
(L = 100 ) 

 1,1  1,7  [8]. -
, -

, . 2. -
-

, 
.



203

. 2. 
 [8]: 1 – : Nd- ; 2 – 

; 3 – ; 4 – ;
5 – -23; 6 –  LiTa03: 7 – ; 8 – ;

9 –  PAR-162; 10 – ; 11 – 
; 12 – -2

,
. -

, 

, 
.

-
 (  = 1,15 )  [9]. -

. 3. :  0,5 , 
 83,6 ,  40 ,  5'.

,  2 
.

. 3. 
-Ne -  (1,15 ) 

 [9]: 1 – ;
2 – -2; 3 – -1; 4 – 

; 5 – ; 6 – -306

-
 1,08–1,52 ρ−δ 22

, -
, 42 22 p−δ  (  = 1,15 ), .
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, 
, . -

, -

 [6]. 
 G( ) 

G ) = |G )|exp[j )], (6)
) – ,  2  1 . -

-
, , -

, -
, : t0 nL/c.

L = 1 , n = 1,5  0  1  0
 2 -5000 . , -

 (  1–10 ) 
. -

, -
 ( , -

-
, ), 

. 
-

 [3].

-
, 

. -
.

, , 
Y (Y«l), , -

n
tKAdtda ⋅=/ ,           (7)

2/1
1 aYK ⋅⋅σ= ,           (8)

n – , -
. 1

K , 
= 0,789 -3/2). , -

t, 

( ) dttBSS
t

nn
f

n ⋅σ=⋅− ∫−−

0

2
1

2
11 )( ,          (9)

( ) 2
1

2 2/2 −−⋅⋅= n
cKnYAB ,          (10)

2/11
11

−− ⋅⋅= aYKS c            (11)
– , S11, S1f – S1 [4].
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 ( . 4) . -
 GaAs , 
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 – c/n1, , L, -

 2Ln1/  c .
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, , . , 
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•  2 ;
• , -

 [9].

. 5. 

, -
-

22440Lf τ−τ=∆ ,         (12)

 – -
.

. 6, -
. 

.

. 6. 

. -
. -

γLff L /∆=∆ , (13)

Lf∆ –  -3 ; L – -
, ; g – , 

0,5<g<1,0.

-
, 

, 
. , 
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. 1 
, ϕ1, ϕ2  ϕ3 – , 
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ϕ1 ϕ2, S S′ – ϕ3, 

S
S ′   β .

. 1. 1f ′ , 2f ′  – 1ϕ 2ϕ ,
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β -
-

. β
β , (1)
 – ,  – .

, , -
, -

β . , -
 1/4″, 1/3″, 1/2″, 2/3″, 1″ ., 

 – 4 , 5,3 , 8 , 11 , 16 . -
 8  23,3  [1].  25

, 
, -

. β
β .

β , =8 =12, 15,
18, 20. ,  (1), β =0,67; 0,53;
0,44  0,4.

, , , -
, 

 – . , -
 1-  2-  [2].

, 
)(0 fG , -

 – , -
. , -

 [4]. 
, ,  [5] . -

 – , 
 ( . . 2).

-
 – 

. 

x
A

∆≥
′

λ 2
2

, (2)

λ – , ′ – 
, ∆  – .

 (2) -
.

, -
,  ( ),
. , 

,  ( ) . -
,  ( ) , -

, , -
.

 – β  – -
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G0 )
11

1
32

b

c
d

e

g

k
n

m

G0 )

 0  2

. 2. 1, 2 –  G0 ),  – ,
 – , 3 – ,  a, b, c, d, n, e  a, g, c,

k, n, m 

, ,  (2), ,
-

.  [6] ρ′ -
∆ .

:

ρ′ x
A

∆≥
′

λ
=

2
22,1 . (3)

 (2) , ,
.

, .
,

, β , 1ρ′

2ρ′ , , ,  (2)  (3).

β ′ 1ρ′ aβρρ 11 ′=′′ 2ρ′ aβρρ 22 ′=′′ 01β 02β
5 0,1 0,02 6,825 4,6-2,7 16,653 11,2-6,7 1,03 0,42

10 0,3 0,03 4,55 3,1-1,8 11,102 7,4-4,4 1,54 0,63
20 0,4 0,02 6,825 4,6-2,7 16,653 11,2-6,7 1,03 0,42
40 0,65 0,016 8,374 5,6-3,4 20,433 13,7-8,2 0,84 0,34
100 0,9 0,009 15,167 10,2-6,1 37,007 24,8-14,8 0,46 0,19

. 

′ ρ′ ′ ∆

β ′
′= , (4)

β – β . ∆ =7 ′
1A =0,19,

′
2A =0,048. β 01, β 02 – β ,  (4) 
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, ρ1′′ ρ2′′ β =0,67–0,4, -
 (4) =12–20.

, ρ1′′ ρ2′′ -
ρ′′ x∆= 2 , , β -

-

. , β 01 β =100× -
β , β 02 β =5×, 10×  20×. , β  01 -
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