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.
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.
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.
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. 11 0 tT  A, 

212 ttT  B1, B2, B3  B4, 

323 ttT iC . 1n

nnn xrx 1 , nr  - 

, n . ,

. .

. 2.31. 



143

,

.

. .  1845 

.  ( )

1nx 1n -

n - , nx1

.

)1(1 nnn xrxx  ( r

). , 1nx ,

, 0nx ,  – 

.

,  (

),

, . ,

 S. Grossmann, S. Tomae [190], M. J. Feigenbaum [189], 

r . ,

4.1r  ( . 2.32) 

 0.28, 3r

, r ,

5.3r .

r .

,

r .

1nx r . ,  (

200) . ,

,

.



144

,

 ( . 2.33). 

. 2.32 

kr  - k -  ( . ., 

, k2

 - 12k ).

, krkk rrrr 11 k

 4.6692016... 

. kr )1(1 nnkn xxrx ,

, 569.3R .

r 1nx  (

).



145

. 2.33. 

,

nx1 . p
nx1 ,

10 p p
nx1 , 0p .

,

xF , “ ” xfr , 010 FF

xF  -  {0,1},  [1,2]. 

 R  (“ ” xfr )

. 1r 2r : 121
2

121 1 rrhrhhrrrR ,

272.1h  - .

.



146

2

2
3

xf
xf

xf
xfxfS .

, , nx1 .

p
nx1 , p

nx1 ,

0p . ,

:

xxrxf p
n1 , xxrxf p

n1 ,

xpxrxf p 111 1 , pxprrxf 1 ,

xpxrpxf p 121 2 , 11 pxprpxf ,

xpxprpxf p 1311 3 , 22 1 pxprpxf .

. 2.34 

.

xxrxf p
n1 . xxrxf p

n1 .

. 2.34. 

.



147

.
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p p
nnkn xxrx )1(1 .

p , , 1rR .

)1(1
p

nnkn xxrx .

p , p .

. 2.7. 
p

nnkn xxrx )1(1

p
1r 2r R

0.01 1.054 1.056 1.0567

0.02 1.097 1.101 1.102 

0.04 1.170 1.178 1.181 

0.06 1.236 1.249 1.253 

0.08 1.298 1.316 1.322 

0.1 1.356 1.382 1.388 

0.2 1.62 1.68 1.70 

0.3 1.84 1.94 1.97 

0.4 2.05 2.19 2.23 

0.5 2.24 2.42 2.48 

0.6 2.41 2.65 2.72 

0.7 2.57 2.86 2.94 

0.8 2.72 3.06 3.15 

0.9 2.87 3.27 3.38 

1.0 3.00 3.45 3.57 

. 2.8. 

)1(1
p

nnkn xxrx

p
1r 2r R

0.2 11 13.07 13.63 

0.4 6 7.06 7.35 

0.5 5 5.86 6.09 

0.6 4.33 5.06 5.26 

0.8 3.5 4.06 4.21 

2 2 2.24 2.36 

3 1.67 1.883 1.87 

4 1.5 1.62 1.65 

5 1.4 1.5 1.53 

6 1.33 1.41 1.43 

7 1.28 1.35 1.37 

8 1.25 1.31 1.33 

9 1.22 1.276 1.295 

10 1.20 1.25 1.263 

15 1.13 1.16 1.178 

20 1.10 1.13 1.134 
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 x: 

,
)(2

))cos()(cos(
)(2

))cos()(cos( 1111

A
AAl

A
AAlx nnnnnnnn

 y: 

)(2
))sin()(sin(

)(2
))sin()(sin( 1111

A
AAl

A
AAly nnnnnnnn ,

: 22 yxa .

:

z z hn i
i

n

0
1

x x xn i
i

n

0
1

y y yn i
i

n

0
1

x0, y0 , z0 - .

, ,

,

. ,

. ,

 « » ( )

,

, :

cos)cos()sin()sin(
n

11
n

nnnnnn A
A
A

A
AA

001,0 .

. 4.1 

.

,

: ,



201

 ( ),

 ( ),

( ). ,

 (  1, 2, 3) 

 2-3 .

,

,

,

,

, .

. 4.1. 

 5317 .



202

4.2

.

, .

, ,

.

 - 

 [13, 170]. ,

.

,

( ). , ,

,

. ,

 (

),  (

x y z

, ) [13].  

. 4.2  ABC (

)

 A  ( xy ).  NN

 N (

,

 A ).  ( z ) ,

. ,

 A, B  C. x y dx dy

z dz .



203

. 4.2. 

 ( ).

x , y , z .  -  

 A, B  C. ,

( ) ,

.

 (  ABC). 

,

.

,

,

.

.



204

 ( )

.

,

,  ( )

.  ( )

.

.

, ,

, .

 ( ),

 ( ). , ,

. ,

.

,

, , ,

. ,

, ,

, , ,

, ,

.

. :

 ( , f ). ,

cbyaxz

),( yxzz

, , ,

z



205

 ( , , ).

,

,

, .

. 4.2  LN 

.

.

, , . .  [39]. ,

( , ) .

.

),( yxz .

 ABC ( . 4.2). V ,

.

U .

V xy ,

,

A x ,

 (

z ).

.

, .

.

, .

, ),( yxz ,



206

,  ( )

x y .

 ( ),( yxz )

 ( )

 ( )

j
y
zi

x
zzyxgradz , ,

, ,

.

,

 (

).

A

,

y x  ( . 4.2), 

x
z

y
zarctg

dx
dyarctgA .

0x 0y

.

,

0x , 0y 0)()()( 000 zzcyybxxa .

 – , 0zz .

222
cos

cba
cU .



207

x
za ,

y
zb , 1c , , ,

1

1cos
22

y
z

x
z

U .

, ),( yxz ,

,

,Utg
y
z

x
z

,Atg
x
z

y
z

2
22

     (4.1) 

,

UtgA
x
z cos UtgA

y
z sin

,  (

).

:

.)sin(cos jAiAUtgz .

),( yxz . ),( yxz ,

 ( )

.

. 4.3 

,



208

,

,

. ,

;
y
z

yx
z

x
z

2

22

2

2

2

 D (  A )

.

. 4.3. 

.

,

,

:

dxdy
x
z

yx
z

x
z

D

2

2

22

2

2

2 .

, ,

 – 



209

02

22

2

2

tsrqpz F
y

F
yx

F
x

F
y

F
x

F .

F  – .

z , p , r , s t

z ,2

2

x
zr ,2

2

y
zt ,

2

yx
zs ,

y
zq ,

x
zp

:

,Fz 0 ,
y
zFt 4

4

2 ,
yx
zFs 22

4

4 ,Fp 0 .Fq 0

, ),( yxz , ,

02 4

4

22

4

4

4

y
z

yx
z

x
z

,

0z .

, ),( yxz , ,

.

,

. ,

,

,

. p ,

))()(Re(0 pppz ,

- ,

,

,  D; 



210

p p -  ( iyxp

iyxp );

Re - .

.

,

 [54, 93, 132]. 

.

,

. yKxKez 21  ( 1K

2K ,

011 2
2

2
2

2
1

2
1 KKKK ).

10

1

i

i
i yxaz , 4 . .

,

.

.

 1 1x , 1y , 1z

1U 1A .

z ,

ia :

,zaayaxayxyaxa jjjjj

i

i

i
ji

i

i

i
ji 010987

6

4

7
3

1

4

j .

 ( (4.1) 



211

,0cossin
,,

j
yyxx

j
yyxx

A
y
zA

x
z

jjjj

:

,ayaxayxai
x
z

jjj

i

i

i
ji

yy,xx jj

987

3

1

3 24 ,

,ayaxaxyai
y
z

jjj

i

i

i
ji

yy,xx jj

987

6

4

6 27 ,

. ,

,

. ,

0
,,

j
yyxxyyxx

A
x
z

y
zarctg

jjjj

,

. ,

),( yxz ,

, ,

, :

.Utg
y
z

x
z

j
yy,xxyy,xx jjjj

2

22

9a

.

, ),( yxz

.



212

,0

,0

,0

1
2

2

,

2

,

1
,,

110181711

6

4

7
1

3

1

4
1

1111

1111

Utg
y
z

x
z

A
x
z

y
zarctg

zayaxayxyaxa

yyxxyyxx

yyxxyyxx

i

i

i
i

i

i

i
i

                 (4.2) 

.

, z

.

.  45 .

.

.

.

 ( .  4.4, 4.5,  4.6) 

.

, xy  50

z  45 .

.

 ( .  4.7, 4.8, 4.9). 

,

.



213

, .

.

.

. 4.4. 

:

x=0, y=0, A=225 ; x=1, y=0, A=315 ; x=0, y=1, A=135 ;

: yyxxz 7,07,07,07,0 22 .

. 4.5.

:

x=0, y=0, A=225 ; x=1, y=0, A=337,5 ; x=0, y=1, A=112,5 ;

:
222323 3,03,07,05,02,07,05,02,0 xyyxyyyxxxz .



214

. 4.6.

:

x=0, y=0, A=225 ;  x=1, y=0, A=0 ;  x=0, y=1, A=90 ;

:
222323 7,07,07,04,03,07,04,03,0 xyyxyyyxxxz .

. 4.7.

 ( .  4.4) 

.

. 4.8. 

 ( . 4.5) 

.



215

. 4.9. 

 ( .  4.6) 

.

. 4.10. 

 ( . 4.11) 

.

,

.  4.6  4.11, 

. :

 (  { 0x , 1y }  { 1x , 0y }).

( . 4.10 -  –0,05). 

 ( . 4.12) 

.

 (

)

, .

,  ( . 4.11, 4.12  4.13) ,

.



216

. 4.11. 

:

x=0, y=0, A=225 ; x=1, y=0, A=135 ; x=0, y=1, A=315 ;

:
222323 4,14,17,01,24,17,01,24,1 xyyxyyyxxxz .

. 4.12. 

:

x=0, y=0, A=225 ; x=1, y=0, A=180 ; x=0, y=1, A=270 ;

:
222323 7,07,07,04,27,17,04,27,1 xyyxyyyxxxz .



217

. 4.13. 

:

x=0, y=0, A=225 ; x=1, y=0, A=225 ; x=0, y=1, A=225 ;

:

yyyxxxz 7,01,24,17,01,24,1 2323 .

. 4.14. 

 ( . 4.12) 

.

. 4.15. 

 ( . 4.13) 

.



218

. 4.16. 

:

x=0, y=0, A=135 ;  x=1, y=0, A=225 ;  x=0, y=1, A=45 ;

:
222323 4,14,17,01,24,17,01,24,1 xyyxyyyxxxz .

 « »

,  (

), ,

 ( . 4.17  4.20).  ( .  4.19  4.21) 

. ,

.

.

. 4.17. 

:

x=0, y=0, A=135 ; x=1, y=0, A=247,5 ; x=0, y=1, A=22,5 ;

:
222323 6,16,17,08,11,17,08,11,1 xyyxyyyxxxz .



219

. 4.18. 

 ( . 4.16) 

.

. 4.19. 

 ( . 4.17) 

.

. 4.13, 4.21  4.22 

,

,  225, 135,  180 .

.

: ,

, . . 4.15,  4.18  4.22 

« » (  0). 

“ ” .

. - ,

 (

)

. - ,

 (  – ,

 – )

.



220

. ,

.

. 4.20. 

:

x=0, y=0, A=135 ; x=1, y=0, A=135 ; x=0, y=1, A=135 ;

:

yyyxxxz 7,01,24,17,01,24,1 2323 .

. 4.21. 

:

x=0, y=0, A=180 ; x=1, y=0, A=180 ; x=0, y=1, A=180 ;

:

xxxz 23 32 .



221

 ( .4.20)

.

 ( . 4.21) 

.

. 4.22. 

4.3

.

,

,

 – .

,

.

,

« »

.

K .

,

Ki
i yxz ,  ( i



222

).

jjiij yxzz , , ( j = 1, 2, 3 - 

i - ).

 [39] 

.
Ki

iii ayaxa 321 .

,  ( )

,

.

 [64, 65  59] 

:

Ki

m

m
im yxa

10

1
, 4 .

, yxzz ,

02z

.

 « »

 ( ,

? ,

),

.

.

,

.

,  (4.2), 

 [64] 



223

,

.

.

,

 « ».

: jma  (

j - ), .

0CByAx .

,

. ,

,

,  4 .

, ,

 [59]. 

, :

, , ,

),( yxz , ,

)(rf r  - ;

)(rf  – ,

,

 ( . 4.23). 

, , ,



224

,

;

.

,

 (

).

. 4.23. 

N .

,

.

 ( . 4.2  4.23)  A, B, C 

z  (

U A ).



225

,

,

. z

drdz ,

:

,23

,

,23

,

1

0

312
2

11

1413
2

12
3

11

302
2

01

0403
2

02
3

01

r

r

dr
dzbrbrb

zbrbrbrb
dr
dzbrbrb

zbrbrbrb

, r

 0  1, Rrr  ( R  - 

). ,

:

.23

,

,

,

1

0

321

14321

3

04

r

r

dr
dzbbb

zbbbb
dr
dzb

zb

,

.

)(rz , tgtkdrdz

: costgUtgt  (  – 

,

z , k  – ,

).



226

,

z

( rzAB ,

)

0ABz  , 1ABz ,
0dr

dzAB
1dr

dzAB  . z

N  ( . 4.23) 

APBA , z AP BCz ,

B C .

N , AP ,

BP CP . z

N : Bz Cz . 3)( CBA zzzNz .

.

 ( . 4.2  4.23) 

, ,

:

A : Ax , Ay , Az , AU , AA ;

B : Bx , By , Bz , BU , BA ;

C : Cx , Cy , Cz , CU , CA .

.

.

AB :

ABABABABAB brbrbrbz 43
2

2
3

1 ,

22, AA yyxxyxr , BRrr , 10 r ,

22
BABAAB yyxxR .



227

:

31
2coscos

AB

BAABABAAABBB
AB R

zzRAAtgUAAtgUb ,

22
coscos23

AB

ABBAABABABBA
AB R

AAtgUAAtgURzzb ,

ABBBAB AAtgUb cos3 ,

BAB zb4 ,

ABA  - AB .

 (

)

BC CA .

. NN yxN ,  – 

ABC . BP  ( . 4.23) 

AC , B N .

:

NBNNBN xxyyyyxx

CACCAC xxyyyyxx .

, BP :

BNCABNCA

BNNBNNCACAACAABN
P YXXY

XyYxXXyYxXx
B ,

BNCABNCA

BNNBNNCACAACAABN
P YXXY

XyYxYXyYxYy
B .

:

NBBN xxX , NBBN yyY , ACCA xxX ACCA yyY .



228

BNCABNCA YXXY N

B  ( BN zz ) .

22
BPBPCP yyxxR

BBB

BP

:

CA

CP
CACP R
R

HHHH B

B ,

AH CH

x : tgUAx
z cos A C

, y : tgUAy
z sin  [64, 65]. 

BP

x
z

y
ztgA 11cos

22

y
z

x
zU ,

 « ». BBP

N B
Nz .

A
Nz

C
Nz ,

A C .

:

3C
N

B
N

A
NN zzzz .

.

. ,

,



229

. z

U  45 .

.

.  x, y,  z 

.  x=0  y=0 

.  x ,  y ,

.  « »  (

, )

.

. 4.24. 

:

x=0, y=0, A=225º;  x=1, y=0, A=315º;  x=0, y=1, A=135º; 

, .  4.4. 

 ( .  4.4 – 4.24, 4.13 – 4.25, 4.16 – 4.28, 4.17 - 

4.29)  ( .  4.7 – 4.26, 4.15 – 4.27,  4.18 – 4.30,  

4.19 - 4.31) ,



230

( ).

.

( ), , .

. 4.25. 

:

x=0, y=0, A=225º;  x=1, y=0, A=225º;  x=0, y=1, A=225º; 

, . 4.13. 

. 4.26. 

 ( . 4.24) 

 ( . .  4.7). 

. 4.27. 

 ( . 4.25) 

 ( . . 4.15). 



231

. 4.28. 

:

x=0, y=0, A=135º;  x=1, y=0, A=225º;  x=0, y=1, A=45º; 

, . 4.16. 

. 4.29. 

:

x=0, y=0, A=135º;  x=1, y=0, A=247,5º;  x=0, y=1, A=22,5º; 

, . 4.17. 



232

. 4.30. 

 ( . 4.28) 

 ( . .  4.18). 

. 4.31. 

 ( .4.29)

 ( . .  4.19).

.

 ( )

 « »

.

,

.

,

-

,

, .

,

.

,

, ,

 – , . .



233

.

,

.

 ( )

.

,

.

 ( ).

-

.

4.4

.

.

- .

 1975 .

,

, .

 II ,

- .

-

 –  II- ,

,



234

 I- ,

- -

 14 .

 2- .

, 2,

.  – 

.

 62884 

.  70000 .

 32 .

 6-

, ,

,

.

,

.

.

, .

,

-

. ,

,

.



235

 6 ,

.

 6- -  8- -

 36 

.

. 4.1.

. 4.1. 

 6. 

 X Y Z U A 

12040 100223.4 10617.7 94.3 3 225 

12041 100243.0 10641.7 94.5 3 180 

12043 100272.5 10678.3 94.5 3 20 

12045 100293.3 10703.9 95.0 4 45 

12047 100319.1 10735.8 92.5 4 5 

12049 100343.1 10765.3 90.8 3 315 

12051 100366.3 10794.0 91.6 3 290 

12054 100395.3 10829.8 94.2 4 270 

12056 100414.8 10853.9 95.1 3 270 

12058 100439.7 10884.5 94.8 2 290 

12060 100466.4 10917.6 94.5 1 300 

12062 100492.9 10950.2 94.7 4 10 

12064 100514.0 10976.2 94.1 4 355 

12065 100533.8 11000.7 93.9 4 345 

12067 100554.9 11026.7 93.4 4 320 

12070 100577.6 11054.7 94.4 4 290 
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. 4.1. 

 X Y Z U A 

12073 100601.2 11083.8 99.4 5 135 

12077 100625.1 11113.4 95.2 4 0 

12080 100644.6 11137.4 94.1 4 15 

12084 100673.6 11173.2 94.8 3 330 

12001 100359.3 10609.1 94.5 5 45 

12004 100411.6 10673.6 90.8 3 90 

12006 100439.9 10708.5 89.8 2 160 

12008 100511.0 10796.3 91.2 2 310 

12010 100533.7 10824.3 89.8 3 315 

12011 100555.7 10851.5 90.8 3 270 

12012 100591.0 10895.0 92.8 3 80 

12014 100629.4 10942.4 91.0 4 130 

12014 100629.4 10942.4 91 4 130 

12018 100673.4 10996.8 92.2 4 210 

12020 100696.1 11024.8 95.8 5 315 

12023 100723.2 11058.2 92.7 4 345 

12025 100745.8 11086.2 90.7 4 330 

12028 100769.1 11114.9 91.9 2 315 

12030 100793.7 11145.2 91.1 4 300 

12036 100812.6 11168.5 92.3 4 280 
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 ( . 4.34). 
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 (M ) ( 2M )
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