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BD Bucket detector 
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RM Rotating mirror 
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x, y   
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 7.  
,  

Equation Section 6 
 

.  
». , .  

1.  7.1. .  
 (X,d) – ,  

def. T:X X  
S, 0<S<1, x,y X, d(T(x),T(y)) Sd(x,y). 

 S (0, ),  – . 
7.2. . 

 :  Tf f fx x x  T. 
2. .  

(X,d), T – , xf – , . T(xf)=xf, 
T(x) , , 

0 0; lim nn
x X x x ,  xn = T(xn-1). 

:  
2.1. .  T(x)  xf1  xf2. 

  
D(T(xf1),T(xf2))=d(T(xf1),T(xf2)) Sd(xf1,xf2). 

 S<1,  xf1 = xf2. 
2.2. . . 
3. . 

a. . 
 T , , 

.  xf – 
.  T  
,  

T(xn) = T(xf)+(xn–xf)(T’(x)). 
 T(xf)=xf,  

 xn+1=T(xn), : 
xn+1–xn=(xn–xf)T’(xf).  

, :  
–  T’(xf) >1,  xf  – ,  

, ; 
 –  T’(xf) <1,  xf  – ,  

, . 
b.  6.2. . 

1  2 : T(  1)=  2; T(  2)=  1;  1=T(T(  1)) T(2)(  1) 
 7.3  {xn}n=0 ={T(n)(x0)}n=0  

 x0. 
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 7.4. ,  
xn+p=xn; n=0,1,2…  xn+p=xn  

 n n0,  – 
. 

c. ,  
 

. 
i.  T: xn+1=axn(1-xn) ( , 1845) 

ii. xn+1=xn
2+  

iii. xn+1=xn(1+a (1-xn)) 
iv. xn+1=xn exp(a(1-xn)) 

. ,  
 

, .  y(x)=ax+b 
– . 

 T(x)=x2+a. ,  
 x=x2+a, .  

1 (1 1 4 )
2

a  , 1 (1 1 4 )
2

a  

,  1-4 0. 
1/4,  < < , T(- )= . 

 x0 >  x0 <  . 
 I [- , ],  -2 1/4  x0 I,  T(x0) I. ,  

,  
 x0 . 

1.  –3/4<a<1/4, T’( ) = 1-(1-4a)1/2 <1 , 
,  –  x0 I 

 . .7.1.  
  – ,  

.  

 
2. .7.2 ,  

 . 
 

0 20 40 60 80 100
0.8

0.6

0.4

0.2

0

xn 1 100

xn 1 150

xn 1 190

n  
.7.1.   
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)= ^2

x  
.7.2.  

 –3/4<a<1/4 
2. a<–3/4.  T’( ) >1   – .  

 T(2) ,  
 2.  

. 7.3,  T(2) .4.4 

. 7.3.  a<–3/4 . 
)= ^2

x  
.7.4.  

 a<–3/4 
3. a = –5/4 –  –  4. 

0 20 40 60 80 100
2

1

0

1

xn 1 201

xn 1 240

xn 1 310

n
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)= ^2

x  
.7.5.  

 a<–5/4 
4.  < -1.401155… ,  

.  .7.6  
 <a  = –1.401155… ,  
 (  60 ) 

,  
,  

. ,  
. 

.7.6.  < -1.401155…. 
)= ^2

x  
.7.7.  

0 20 40 60 80 100
2

1

0

1

xn 1 360

n
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5.  =-2, =2, I=[-2,2], y=x (n)(x)  2n ,  

 –  n,  
 =2,3.4,…n. 

6.  a =liman=-1.401155….,  an –  
. 

¼<a<a  -  
a <a –  

= –1.7548777… –  3. 
 

1

1

lim 4.669162...n n

n n

a ad
a a

– .   

,  d  
. 

 
d.  7.5. .  (X,d) – . 

 T:X X , : 
i. ,  

: (X,d), x X, U – , x U,  >0 n>0 
 ( )y U,  d(T(n)(x),T(n)y))> ; 

ii. , .  U,V –  n 0 , 
 T(n)(U) V ; 

iii. , .   
 

, , . 
 – . ,  (1) ,  

 2  3. 
 7.6.  n  

 x T x ,  ,0nx x t t , : 
.  0 ,  

x t ,  0 ,  0t  
  t , . , 0d x t  t ,  00x ,  d – 

 x  , , inf yd x x y ; 
.  . 

 7.7. ,  
, , . 

 7.8. ,  
. 

 
 –  
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. , ,  
. 

,  – , 
 –  

 
. 

 7.9.  1: nx ,  
 0  T 0 ,  0t  

T , ,0 T , Tt t ,  T ,x t t x t . 
 

)= (1- )

x  
.7.7.  «  

» 
 

 7.6  7.7 ,  
, 

, ,  
,  

: ,  
, . 

 
, . ,  

,  
. ,  

,  –  
 

,  
.  

,  
,  

.  
. 
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.  
, 
 

. 
 

.  
,  «  

», .7.8,  
 

, .7.9. 

 
.7.8.  «  

»;  
 PCM1  PCM2 ), 

,  
 

0 5 10 15
0

5

10

15

20

25

  U= 6 V
  U= 8 V
  U=16 V

, %

IW, W/cm2

 
. 7.9.  

 –  (  = 22 mm-1,  
).  

,  
, ,  

Out 

PC PCL1 L2 H SM 
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.7.10. ,  
 «4-f  

»  
 

 – , .7.9. 
 

 
.7.10. , 

, .7.8 
 

.7.11.  
Laurent Larger, Eric Genin, Jean-Pier Codgebuer and Vladimir Udaltsov  
Laboratoire d'Optique P.M. Duffieux  

,  
,  12 GHz  LiNbO3  [3]. 

 

.7.11.  
 

 
, 

 LiNbO3,  
 1,25 .  
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.  
,  

. ,  
,  

.  
,  

.  
 

, 
. 

 
,  

, 
,  

. ,  
, ,  

. ,  ( )  
, 

. ,  
 

,  
.  

.   
, ,  

.  
 

.  
 ( ) , 

,  
,  

. ,  
 

–  
.  

 [7-9].  
 ia  

 N  
,  
.  n 

,  
n; -

 ia .  
,  
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ia  
. , , 

,  –  
. 

 –  
 ia .  

 – ,  
,  

, , ,  
. ,  

 –  ( ),  
),  ( ),  

 –  
,  

. ,  
. 

 
.  –  

 
. ,  – .  

, : 
...
...

abc dxyfrt
cde kxyzvk

 

 n=2,  
 xy .  

 xy ,  
, .  

...
...

abc d frt
cde k zvk

. 

,  n=2 
.  

,  
.  L 

 ~L2 . 
, ,  

,  
,  

 [10]. 
,  

 –  
. ,  
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 –  
, .  

 
.  –  

,  
,  

. 
, ,  

, , ,  
,  

.  
 ( ) ,  

, . .  
,  

. 
.  [10] 

 
.  [11,12] 

 
. 

 OGY,  
 [13], , 

, . 
 

1.  
.  ASCII 

 [0,255]. 
 

,  
1NN P , 

 NN  -  ,    P  - ,  
. ,  

 
. ,  

, ,  
 

, . 
, , 

, .  
,  

 –  
. , , 

,  
 – . 
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, ,  
,  

.  
.  

,  
,  

. , ,  
, . 

 
, .  

,  
,  –  

 ASCII. 
2. , ,  

.  
. 

2.1.  
 [14]: 

1.  
, , ; 

2.  
 (  

); 
3.  

 (  
).  «+»,  «-». ,  

 
.  – ; 

4. ; 
5.  (  

). ,  
 - 

, , ),  
, : 

5.1. ; 
5.2.  

; 
5.3. ; 
5.4. ; 

6.  
; 

7. ; 
8.  

; 



17 
 

9. . 
 

. : 
1. ; 
2. ; 
3.  

. 
: 

4. ; 
5. ; 
6. ; 
7. ; 
8. ; 

 ( )  
)  

 
». 

 X t  'X t .  
 

 ' 0X t X t  t  , 
.  

 ( )  
,    

 ( )  
, .   X t  'X t  

, ,  'X t X t  
 [14]. 

,  
.  

,  
, , « »  

. ,  
 

: 
1. , 

, « » ; 
2.  « » 

. 
, ,  

 
. 
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 –  

.  
  

dU f U
dt

, 

 U –  nU R . 
,  (  

, , )  V  W 
,U V W , 

 

,

,

dV g V W
dt
dW h V W
dt

,  

  

1 2 3

1 2 3

1 2 3

1 2 3

, , ,...

, , ,...

, , ,...

, , ,...

m

m m m n

m

m m m n

V U U U U

W U U U U

g f U f U f U f U

h f U f U f U f U

. 

,  
.7.12. , 

 
, . 

 
.7.12. . 

, , 
, V, , .7.13.  

 V1  W2,  
 1 2 0V t W t  t . ,  

. 

U 

V 

W 

W V 



19 
 

,  
1

1 1

1
1 1

2
2 2

2
2 2

,

,

,

,

dV g V W
dt

dW h V W
dt

dV g V W
dt

dW h V W
dt

 (7.1.) 

 V1 –  
, . 

 
.7.13.  

 U2 . U1 –  
,  U2 – . 

 
: 

1.  
1 1 2 2, ,V W V W ; 

2.  
,  

, . 
 

 (1). , ,  
 (7.1). 

 
(2).  

V2 

W2 

W2 V1 

V1 

W1 

W1 

U1 U2 
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 0  
.  

,  
. ,  0  

, , ,  
,  

, .  
 «on-off » -  

.  
 

 
.7.14.  

, ,  
, . 

 
.7.14.  

1 2 –  
, , 1 2 – ,  – 

,  – . 
 (7.1).  

 1 1,V W  2 2,V W . 
, : 

1 1 2 2, , ,V W V W V W ,  (7.2) 
 (6.1),  (6.2)  2 2,V W . 

 
, 0V W .  

 , 0V W  
 , 0V W  

 

1 2 2 2 

2 2 2  

K 

M 

N 
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1 1

,
, , ,

,
d g h

V W V W M V W
d V W

, (7.3) 

 – ,  1 1,V W . , 
 

,  (6.1)  
,  

. 
 

,  (  
)  

. : 
x mf z x

y x z
z y z

, (7.4) 

 – , 
, m – ,  f(z) –  

 

 1 1 1 11 1
2 2 2 2

f z z z z z . 

 z  
 

, ,
, ,

x mf z x y x z z y z
u mf z u v u w w v w

 (7.5) 

 m=4,8,  
 =1 =2,  

 

1 0 0

1 0 1
0 1

M  

.  
1=-0.5,  2,3 0.05 0.9987i . .  

. 
 

. 
1.  –  

.  
.6.15.  

S  x,  
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 w.  S’ 
 

.  

 
.6.15. : x – 

; S – ; S’ –  
; W – . 

 
: 

a. .  , 
 
 
 

 35–65 . [14].  
,  

,  
.  

,  
. 

b.  
; 

c. ; 
d. . 

 S’  
 S : 

1. ; 
2. . 

 
2. .  

.6.16.  
, ,  

S 

V2 

W2 

W2 V1 

V1 

W1 

W1 

U1 
U2 

 
+ 

x 

 - 

x 

 
+ 

S+
x w

S+x+w 

S’ 
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.  
. , ,  

,  
.  

,  
, . 

 
, , 

 
 « »  « » . 

 
, . .  

[14],  
, . 

,  
. 

,  
,  

, , . 
 

 
.6.16.  

.  
 

3. . 
 

.  
 

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

 
 1 

 

 
 1 

 
 2 -

-

 
 2 
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.6.17.  

. 
 

 « » ,  
,  
. 

 –  
.  

 
. ,  

. 
,  

, ,  
. , , 

.  
, ,  
. ,  

, ,  
 

 « ».  
,  

,  
. 

. 
,  

. 
 

, .  
 –  

, . 
 
 

S 
V2 

W2 

W2 V1 

V1 

W1 

W1 

U1 U2 

 + 

x 
 - 

S’ 
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 8.  
  Equation Section 8 

,  
, –  

 « » , 
.  

,  
 « » ,  

 XIX ,  ( , )  
, 

.  
,  

,  
:  
,  

, .  
, . 

 
8.1.  
8.1.1.  

,  ( )  
.  

 
, .  

),  
, . 

 
 

. . ,  
 

, , .  
 [1-4].  

, . 
 8.1.  ,D, , , ,X O U , 

 X  – , ,   
  ( ), , D  
,  

, O  U – ,  
 X . ,  ,O U   

,  , 
. , ,  

 
 ,   ,  ,  
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(« »  « », ), .  
,D, , , ,X O U .  

 8.2.  
,  [5,6]  

: 
 :X X ,  (8.1)       

  – , X  – 
,  x ,  – 

,  
0,1 .  

,  – 
. ,  O  U 

 O(x)  U(x),  ,   
 o  u. 

 8.3.  D,  
,  

: 
 D:  , ,O U O U  , (8.2) 

 
D

D

O U

U O
  (8.3) 

 , ;  D DA B X A B A B  . (8.4) 
   

 , ;  D DA O U A A , (8.5) 
 D – . 

 8.4. ,  
 2V :  , ,O U O U  

 E ( , ,  
E(x) –  X ,  e – ), . 

 , ;  V , V ,A O U A E E A A   (8.6) 
,  E U ,  V,  

 V  V ;  E O ,   V 
–  V  
V . ,  8.3, 

 
.  (8.1)  

,  – . 
,  
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D D D

, ; 
D D D

A B A B
A B X

A B A B
.  (8.7) 

 D –  (7.5),  

 
D D D

, ; 
D D D

A B A B
A B X

A B A B
 . (8.8) 

 8.5.  ,D, , , , ,TX O U , 
 T – ,  

 P  L T: P L . 
 0,1L , ,  0,1L , ,  
 L X , .  

 
8.1.2.  1:  

 
: ,  

.  
 . 

 
 D,  

 ( ).  
,  
:  

, , .  
(Exps)  (8.2 – 

8.4) :  
 : 0,1 0,1Exps  , (8.9) 

 
0 =1

1 =0
 , (8.10) 

 , 0,1a b a b a b;  . (8.11) 
,  (8.9)  (8.10)  

 [Expsmin, Expsmax],  
,  Expsmax  

 Expsmin .  
 (8.9 – 8.11)  N, . 

 
 0,1 :  Na a a .  

 (8.7)  
 ( )  

 1, 0,1 ;   N N Na b a b a b ,  (8.12) 
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 N-1 – , .  
 Na a ,  

, ,  
.  

, . N 1a a a ,  
 N N 1 1a a a a ,  

 1 1 1a b a b a b ab a b  , (8.13) 
. .  

,  
, . 

, . 8.1.  
 

,  8.5 –  
. 

 
T1 R(x) L 1 T2 L 2 Out 

2f 2f 2f 2f 

 
. 8.1. . R(x) – 

, 1, 2 – ,  
, L1, L2 – , Out –  

,   
 
8.1.3. ,  

 – .  
.  

, , ,  
. ,  – 

. , ,  
, ,  

 [7-9],  
. 

, , 
 [10].  

 g  ,O U   : 
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 : ,g O U  , (8.14) 

 
0g O

g U G
 , (8.15) 

 , , : A B O U A B g A g B ,  (8.16)  
 , , :  g gA B O U A B A B g A g B ,  (8.17) 

  – , .   – 
 +, .  

, ,  
 .  
, : 

 : , 0,O U  , (8.18) 

 
0O

U
 , (8.19) 

 , , : A B O U A B A B  , (8.20) 
 , , : A B O U A B A B  . (8.21) 

 : 
 * A B A B  , (8.22) 

 *  – ,  
 1 :  

 
* 1

*

0,A U A A

A U A U
 . (8.23) 

,  
 , .  

 
 , : A O U A A U  . (8.24) 

, , 
.  (8.24)   

 , : A O U A A O .  (8.25) 
, , . 

,  
,  

 
 

. , .8.1  
, .  (8.17)  

 g A A g A g A g U G  . 
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 – ,  

 ( .8.1). 
 O=0  G=1, .  

 1g A g A  . 

 g A A  Ng A A . ,  N(A) –  

  

 
N 0 1
N 1 0

 , 

. ,  
, .   

 
N N 1 1

g A g A g A g A G

A A A A
 . 

. 
1. ,  

,  –  
 *N 1A A .  (8.26) 

, , 
, ,  

,  
 ( , ,  

,  
, ). 

2. , , , 
 ( ).  

  
8.1.4.  

 
,  8.1.2.  
, . A A .  

 *N 1 1A A A . (8.27) 
,  

,  –  
, . :  

 
g A g B g A g B

g A B g A B g A g B
. (8.28) 

,  
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),  –  .  
 

 0,1 ;  1A A A A A A A , (8.29) 

,  10,1 :  1
1

AA A
A

, . , 

 
, , .  A=0, 

. .  
 

.  
, 

 0,1 ;  N 1 1 1A A A A A A A ,  (8.30) 
,  A=0  A=1. 

 
 0,1 ; N 1 0A A A A A   (8.31) 

 A=0  A=1. 
,  – , 

, ,  
. 

 
8.1.5. ,  

–   
 – ,  
,  

,  (8.2) – (8.5)?  
 – ? 

 (8.3)  
 

 0 0

0 0

R exp 2

R exp 2

x j x

j x x

F

F
 , (8.32) 

 ,  R –  
.  

 
O

R U
 . (8.33) 

 (8.4).  

 –  
2

2
0

exp
2

xg x
x

, 

 x0 – ,  0.606  
.  g x GF  
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2 2

2 2
0 0

exp exp 2 exp 2
2 2

x xG j x dx j x dx
x x

. 

: 

 
22 2

2 2 2
2 2
0 0 0

2 2
2 2 2
x x xj x j x z z z z
x x x

 , 

 02
2

j xz  .  
02

xy z
x

 

 
2 2

0 2 0 2
0

2 2
exp exp 2 exp exp

2 2
x x

G y dy x y dy . 

 2exp y dy . ,  

 –  [11] 

 
2 2

0
0 0 2

0

2
2 exp 2 exp

2 2
x

G x x  , (8.34) 

 

 0
0

1
2 x

 . (8.35) 

 (7.35)  
 (8.4).  

 (  1), 
 (8.4)  
 – ,  

,  (8.35),  
. ,  

, – ,  
,  

» . 
,  

 – ,  F( )  

 
2 2

Re ImAmplF F F    

 
Im

arctg
RePhase

F
F

F
.  

, , ,  
 « »  

 – ,  
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, 
,  

. ,  
 

. 
. 

 – ,  
,  

 (1.14).  (8.4) 
 ( )  

 ( ) : 
, : A x B x X

A x B x A x A x B x B xF F
 , (8.36) 

   – . ,  (8.36) 
 ( )  [O,U]: 

, ; A x B x X A x B x A x A x B x B x . (8.37) 
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