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, 
( ), :

0 00 0( )t t= + ⋅r r v ,                                                    (1)
      1 10 1( )t t= + ⋅r r v ,                                                    (2)

  00 10,r r -   0 1( ), ( )t tr r -
; 0 1,v v -

; t – , 
  , . 

, 

, 
. 

, 
, δ -

, 
( 4π ). 

, , , 
, 

, -
. 

0t =

, 0t =

, . 

, . 
, 0t =

,   
00r , , 

. 
1tΔ -

, , 

. , , 
10r

0t = . 
0τ -

– . 
2t

. , 2tΔ -
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, 
- 2 2 0t t τΔ = − , 0τ -

. 
1 2 2 0t tτ τ= = Δ + . 

0τ . , 
, , , 

, 
, . , 

, 
, , 

, , , ( )
-

n.  
0ν   

,  
1

0 0nτ ν −= ⋅ . 
n

. 

1τ 0τ , , - , 

2 1 0t τ τΔ = − , , - , 
, 

, 

10
10 1 0v v vΔ = − . 

:
1) ( )

(
);

2)

2tΔ 2t

;
3)

( ) 10vΔ .  

, 
2tΔ

. 

, 
:  
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2 1 2 0 0( ) ( )c t t τ⋅ Δ = −r r ,                                                (3)

1 2 10 1 2( )t t= + ⋅r r v ; 10r -
;

0 0 00 0 0( )τ τ= + ⋅r r v                                                   (4)
-

; 2 1 0 2t tτ τ= = + Δ -
–

, . 
(3)

1 2 0 0 10 1 2 00 0 0 10 00 1 0 0 1 2 0

0 10 0 1 2 0 1 1 2

( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( )

t t t

t t

τ τ τ τ
τ τ

− = + ⋅ − + ⋅ = − + − ⋅ + ⋅ − =
= Δ + Δ ⋅ + ⋅ − = Δ + ⋅Δ

r r r v r v r r v v v

r v v r v

(3) :
2 1 1 2c t t⋅ Δ = Δ + ⋅ Δr v                                               (5)

1 0 10 0τΔ = Δ + Δ ⋅r r v -

0t τ= ; 0 10 00Δ = −r r r -

0t = ; 10 1 0Δ = −v v v -
; 2 2 0t t τΔ = − -

– . 
(5) 2tΔ ,  (5)

, , :
2 2 22

1 2 1 1 2 1( ) 2 ( , ) 0c t t− ⋅ Δ − ⋅ Δ ⋅Δ − Δ =v r v r                                    (6)

1α 1Δr 1v , 
. (3)

:
2 2 22

1 2 1 1 1 2 1( ) 2 cos 0c v t r v t rα− ⋅Δ − ⋅ Δ ⋅ ⋅ ⋅ Δ − Δ = ,                           (7)

1rΔ 1v - . 
, , :

1
2

1 1( , , )

r
t

c v c α±
ΔΔ = ,                                                  (8)

1 1
1 1

( , , )
( , , )

c
c v c

K v c
α

α±

= ,                                             (9)

2 2
1 21 1

1 1 1 122
1

( , , ) (1 ) (cos sin )
v v c

K v c
c c v

α α α−
± = ⋅ − ⋅ ± − .                      (10)

(8) (3)
00 0 2( ) c tτ− = ⋅ Δr r   1 10 1( )t t= + ⋅r r v . 

(8) - (9) , 1
1 1( , , )K v c α−

± -

. 
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, 2tΔ
(8) - (10), , , 
, –

1rΔ 0t τ= –
. 

, (8) - (10) « » (
+):

1) , 1v c , 1
2

r
t

c

ΔΔ = ;

2) 1 0α = - , , 1
2

1

r
t

c v

ΔΔ =
−

-

;
3) 1 2

πα = -

–
2 1

1 1 2
2 2

(1 )
r v

t
c c

−ΔΔ = ⋅ − . 

(9) – (10)

. 

1
1 1( , , )K v c α−

+ , 
, 
1α 83 10c = ⋅ / 5

1 4 10v = ⋅
/ . 

1v

, 
, [1, . 22]. 

, 
, 
, 

, 0,9987 1 0α = 1,0014

1α π= . 
:

1t τ=

0t τ= ( (8))

1 2 1 1( , , )r t c v c αΔ = Δ ⋅ .                                               (11)
, 

. 

1. : . / . . . .- .: , 1993. -288 . 

0 1 2 3
0.998

0.999

1

1.001

1.002

Kp. v1 c, α1, ( ) 1−

α1
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2. 

        
. 

. 
« » . 

. 

, 
[1]. 

, , 
. , 

. 

. 

2.1. 

(
- ) c. 

( i)
( p).  

, , 
. 

. 
, 

, ( – )

0( )i i it t= + ⋅r r v , 

0 1( ) ( )p p pt t t= + ⋅ −r r v , 

0 0p i L− =r r - , , 

0t =

1t L c= .  

iT - , ,  pT -

, , 2t - , 
, 

0( )i i i i iT T= + ⋅r r v , 

0( )p p p p pT T= + ⋅r r v , 
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1 2p it T T t+ = + ,                                                      (1)

0

2

( ) ( )p p i i i p p i iT T T T
t

c c

− Δ + ⋅ − ⋅
= =

r r r v v
,                                   (2)

0 0 0p iΔ = −r r r . 

(1) (2) 2t , 

pT , 
– , – :

2
22

2
2p i i i

L L L
T a b T d d e T f T

c c c
= ⋅ ⋅ − ⋅ + ⋅ + ⋅ ⋅ ⋅ + ⋅                            (3)

12

2
1 pv

a
c

−

= − ;   
2

1 cosi p
ip

v v
b

c
θ

⋅
= − ⋅ ;    1 cosp

p

v
d

c
θ= − ⋅ ;

2

2 2
1 cos 1 1 cos 1 cosp p i pi

i p ip

v v v vv
e

c c c c
θ θ θ

⋅
= − ⋅ ⋅ − − − ⋅ ⋅ − ⋅ ;

2 2 2

2 2 2
1 cos 1 1ii p p

ip

vv v v
f

c c c
θ

⋅
= − ⋅ − − ⋅ − ;

,i pv v - ; ,i pθ θ -

0Δr ,i pv v ; ipθ -

,i pv v . 
(3)

, ( ) :
1

iv pv iθ pθ ipθ pT

1 0 0 - - - p iT T=

2 v v θ θ 0 p iT T=

3 iv pv 0 0 0 1

1
i

p i
p

v c
T T

v c

−= ⋅
−

4 iv pv π 0 π 1

1
i

p i
p

v c
T T

v c

+= ⋅
−

5 iv pv 0 π π 1

1
i

p i
p

v c
T T

v c

−= ⋅
+

6 iv pv π π 0 1

1
i

p i
p

v c
T T

v c

+= ⋅
+

7 iv 0 iθ - - 2 21
2 ( ) cos ( )p i i i i i i

L
T T L L v T v T

c c
θ= − + ⋅ − ⋅ ⋅ ⋅ ⋅ + ⋅

7 iv 0 0 - - (1 )p i iT v c T= − ⋅

7 iv 0 π - - (1 )p i iT v c T= + ⋅

7 iv 0
2

π - - 2
2 2 2

2

1
( )

2
i

ip i i i i i

vL c
T T L v T T T

c c L c
= − + ⋅ + ⋅ ≈ + ⋅ ⋅

⋅
,   i iL v T⋅
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7 iv 0 iθ - - (1 cos )i
p i i

v
T T

c
θ= − ⋅ ⋅ ,   2 2( )i iL v T⋅

8 0 pv - pθ - 22
2

2
2 cos p p p

p i p i i

v v vL L L
T a T d d T T

c c c c c c
θ= ⋅ − ⋅ + ⋅ + ⋅ − ⋅ ⋅ ⋅ + ⋅

8 0 pv - 0 - 1

1p i
p

T T
v c

= ⋅
−

8 0 pv - π - 1

1p i
p

T T
v c

= ⋅
+

8 0 pv -
2

π - 2 22
2

2
2 p p

p i i i

v vL L L
T a T T T

c c c c c
= ⋅ − + − ⋅ ⋅ ⋅ + ⋅

8 0 pv - pθ -
cos

1 1 cos
1 cos

p
p

p p
p i p i

p
p

v
v vcT a T a T

v c c
c

θ
θ

θ

−
≈ ⋅ + ⋅ ⋅ ≈ ⋅ + ⋅ ⋅

− ⋅
, i iL v T⋅

  
(3), 

, 
, 

1. ( 3-6, 7 -7 , 8 -
8 ), 

, ;
2.

, 7 , 8 , , 
;

3.
, 

L , 
L → ∞ p iT T→ ;

4. 0pv = , 2iθ π= ( . 7 ), 0iv = , 2pθ π= ( . 8 )
;

5.
, (3), «
» « », 

( 3 – 6 ). 

, 
.  
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2.2. 

( )
, , :

, , 
, 

  . , 

. –
. 

(« ») – « »
:

( )i i iv dv dtτ = ( )p p pv dv dtτ =

iT , pT L cτ , L - , 

, , . 
(3)

,   iv pv

. 
, 

–
x, 

:

( ) ( ) ( )( )

2
0

2 2 2
0 0 0 0 0

2 ( )

2 2

p i i i
p

p p p p i i i p i

c v T a T
T

c v a L c v a L c v T a a T

⋅ − ⋅ − ⋅
=

− − ⋅ ⋅ + − − ⋅ ⋅ + − ⋅ + ⋅ ⋅
        (4)

0iv , 0pv - , 0L -

0t = , ia , pa - . 

, 0i pa a= = (4)

( 3 – 6 ). 

- « »
« » ( ).  

1. . - .  . – .:
, 1962, 484 . 
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3. 
-

        , « » -
. 

– (1881 .), 
-

[1,2], 
, 

, 
. 

, 
. 

, 
[3], [4,5]. 

( , 
, 

), , 
. 

. 
, 

, , 400 / , 
310− . , 

, 
, 

. , 

, , , 

[2]. , 
, 
, . 

. 
, , 

, 
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, . 
. 

, , , , 
-

, « »
« » . 

, 
, 

, 
, . 

, . 

. 1 . s - , A - , 
45°

1sA , 
. 1L

, 2L - . 
B C . 

, 
, : -

A 1A , x

,   y - , z -
( , )x y . 

.  
–

V . 
-

( , , ) (sin cos sin sin cos )V VΘ Φ = ⋅ Θ⋅ Φ ⋅ + Θ⋅ Φ ⋅ + Θ⋅V i j k , V - , Θ
Φ -   , , ,i j k -

. 
B C   

2L 1L

, –

. 
. 1

.  
, 1, 

1t ,  1A , 

. 1
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1L C 2L

B . 
, 2, 

2t , 
( 2B B 2C C ). , 

, – . 
, , , 3, 

, , B C , 
A 3B 3C .  

1A , 2A , 3A

« »
A 1t , 2t , 3t -

, . 
, ( . 1):

- , 
« »

( ), –
;

- , , 
:

1L 1 2 3AC A , 2L 1 2 3BA B A ;
- , : 1L

3 3CA A , 2L 3 3BA A ;
- , 

A , 
, ;

- , 
, , 

, , , 
. 

, , 
( ),x y , x ϕ (

( ),x y

), :
1( ) cos sinϕ ϕ ϕ= ⋅ + ⋅L i j ,                                            (1 )

2 ( ) sin cosϕ ϕ ϕ= − ⋅ + ⋅L i j .                                          (1 )
V

( ),i i i= ⋅V V L L , 
, , 

( )1 sin cosV V ϕ= ⋅ Θ⋅ Φ − ,                                           (2 )

( )2 sin sinV V ϕ= ⋅ Θ⋅ Φ − .                                           (2 )
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0L - , 

1 2A Cτ   
1 2A Bτ 1A 2C 2B , :

( )
1 2

1

0 11A C L c V cτ −
= ⋅ − ,                                             (3 )

( )
1 2

1

0 21A B L c V cτ −
= ⋅ − ,                                            (3 )

- 1 2AC 1 2A B -  

( )
1 2

1

0 11A CL L V c
−

= ⋅ − ,                                             (4 )

( )
1 2

1

0 21A BL L V c
−

= ⋅ − ,                                             (4 )

c – . 
C B

A C B . 
« » « » 2C

2B , 
1 2A CL

1 2A BL . 

, C . 
« » Aαβ

A 3t , 
. 

A 3A , 

1 2 2
( )A C C Aαβ
τ τ⋅ +V

, 
2C Aαβ

τ - 2C Aαβ . 

. , An , 
, 

A

cos sin
4 4A

π πϕ ϕ= + ⋅ + + ⋅n i j ,                                       (5)

– k . α
An , β -

k . 

2C Aαβ
τ -

2C Aαβ . 
, 

2 1 1 2 1C A A A A CL
αβ αβ

= − ⋅L L L ,                                             (6)

1 1 2 2
( )A A A C C A Aαβ αβ
τ τ α β= ⋅ + + ⋅ + ⋅L V n k ,                               (6.1)

2C Aαβ
L

1A Aαβ
L - , 2C , Aαβ 1A , Aαβ . 

(6) , , 
2 2C A C Ac

αβ αβ
τ= ⋅L , 

2
( , , )C Aαβ

τ ϕ α β . 
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2
( , , )B Aαβ

τ ϕ α β . 

:

1 2 2
( , , ) ( ) ( , , )ACA A C C Aαβ

τ ϕ α β τ ϕ τ ϕ α β= + ,                                   (7 )

1 2 2
( , , ) ( ) ( , , )ABA A B B Aαβ

τ ϕ α β τ ϕ τ ϕ α β= + .                                  (7 )                 

. 
0α β= =

2
( , , )C Aαβ

τ ϕ α β AC :

1 2 1 2

2 1 2 1 2 1 2 1 2

22 2
1 1 2 2 2

12 2 2 2 2
1 2A C A C

C A A C A C A C A C

V L V V Vc
L L V V

c V c V cαβ

τ
τ τ τ

⋅ − ⋅ −
= + ⋅ − ⋅ − ⋅ ⋅ ⋅ + ⋅

− −
    (8)

(7 )
1 2A Cτ , 

2
( ,0,0)C Aαβ

τ ϕ , 
1 2A CL , 

, :

( ) 12 2
0( ,0,0) 2 1ACA L c V cτ ϕ

−
= ⋅ ⋅ − .                                      (9)

, 
, , 

, , 
, 

, 
:

. 
(9), , , , 

, 

. 

« ». 

, . . 0α ≠ , 0β ≠ , 
: 370000V = / , 5 6πΘ = , 7 6πΦ = , 0 31L = , 

83 10c = ⋅ / ,  

( ) 12 2 7
0 02 1 2,067 10L c V cτ

− −= ⋅ ⋅ − = ⋅ . 

2
( ) 0( , , ) ( , , ) ( , , )BC ACA ABAτ ϕ α β τ ϕ α β τ ϕ α β τΔ = −

, 
:

0 2 4 6
6− 10

8−×

4− 10
8−×

2− 10
8−×

0

2 10
8−×

4 10
8−×

6 10
8−×

. 2

Δτ BC φ 0, 0, ( )

Δτ BC φ 0.001, 0, ( )

Δτ BC φ 0.002, 0, ( )

Δτ BC φ 0.005, 0, ( )

φ
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( 0, 0)α β= = , , 1, 2 5
. 

, ( ,0,0) 0BCτ ϕΔ ≡ . 

0,001α =
, 

. 
(6.1), 

β

. . 3

. 

β
, z

. 0,002α = , 
. 

1 . . ,  .  
/ .: . . , . . . 

( .): . — .:
, 1989, . 512 – 523. 

2. . .  . –
: . / . . . . . . –

: , 1935, . 9 – 15.  
3. .  .  , . IV. . — .: , 

2005. - 792 . 
4. H o l g e r M u l l e r e t a l ., Phys. Rev. Lett. 91, 020401 (2003). 
5. : . / . . . . - .: , 

1993. - 288 . 

0 2 10
3−× 4 10

3−×
206.66222 10

9−×

206.66223 10
9−×

206.66224 10
9−×

206.66225 10
9−×

206.66226 10
9−×

206.66227 10
9−×

. 3

τ A1C2A
π

4
0.002, β, 

τ A1B2A
π

4
0.002, β, 

β
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4. :
  ( ),x t

        
( ), 

. , 
, « - »

« »  - . 

- , -
, , 

. , , - , 
, , -

, , –
. 

4.1. 

, , 
, 

« » - - « »
« » / . 

, « » - , 

( ), , 
, 

« » . 
, , 

( – ) –
. 

4- -
( , )ctr , , tr , c -

. 
( ), , , –

. ( )
– ( , –

, 
). 

, ( , )ctr , 

[1]. (
[2, . 141])

. 
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ct , , 
. - , , 

, 1± ( )tg( 4)π± , - , 
, 

V , x , 
tg V cα = ,                                                       (1)

α - . 
( , )A AA x ct ( , )B BB x ct ( . 1)

- , 
c

x - , 1 2
, 1V 2V

. 1 1 1( , )A AA x ct , 2 2 2( , )A AA x ct -
  

, 
( , )A AA x ct , 1 1 1( , )B BB x ct , 2 2 2( , )B BB x ct -

, 
( , )B BB x ct .  

, 
- , 

, 
c . 

: B Adx x x= −
( – ), ( ) B Ad ct ct ct= − , 

, 1 1 1B Adx x x= − , 1 1 1( ) B Ad ct ct ct= − , 
– 2 2 2B Adx x x= − , 2 2 2( ) B Ad ct ct ct= − . 

. 
, 

, A
- , 

A ( 1 2AA A ) 1Act ct≤ , B

- , 
B ( 1 2BB B ) 1Bct ct≤ . 

-
- –

–
, 

/ . 
, 

, 
, 

. 1
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– - –
, 

. 
, 

–
. 

-   ( –
, 

. 1 )
, , , 

Ax , 
( , )A AA x ct

( , )A AA x ct ′′ . 
, 

, 

, (
), - (

). , . 1, 
, -

  ( , )A AA x ct , 
, 1A 2A

( . 2). . 2, 1 2 . 1, 
2′ 3. 2′

- , 2, 
. 

-   , 
.  

4.2. V c<

0dt ( . 2), 

, -
1 1 1 1( , )ds dx cdt= , 2

– 2 2 2( , )ds dx cdt= ,  2′ – 2 2 2( , )ds dx cdt′ = − , 
3 – 3 3 3( , )ds dx cdt= ,   , - , 

[1]. , 
, ids . :

idx , icdt - , i -
, . 

, 
. 

. 2
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, , , 

dx cdt= ,                                                         (2)
, 

0dt , , 

0dx cdt cdt= − .                                                     (3)
i -

( )idx V c cdt= ,                                                     (4)
, , i - , 

( ) 1

01i icdt V c cdt
−= − ⋅ ,                                               (5)

( ) 1

0( ) ( ) 1i i i i i i idx Vdt V c cdt V c V c cdt
−= = ⋅ = − ⋅ .                              (6)

: -
–

0x = 0x dx= – . . 3. 
, , 

- . 
0t =

0x = 0x dx= . , 
, 0t =

0x dx= i -
. 

, 
, 

, 

0dx , 
, 

iV . 
. 

0x dx= , 0x = 0cdt dx= ( . 
. 3). , 

, , 
. . 0icdt cdt dx= − . 

, , 
, 0dx , .

, , 
0x = ix dx= . , , 0idx dx−

. 
, (2)-(6), , 

( ) 1

01i idx V c dx
−= − ,                                                 (7)

( ) 1

0( ) 1i i icdt V c V c dx
−= − .                                             (8)

. 3
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–
( (5)-(6)) ( (7)-(8))

–
:

0

0

( )i
i

i

dx dx
A V

cdt cdt
= ,                                                 (9)

( ) ( )( )
( )( ) ( )

1 1

1 1

1 1
( )

1 1

i i i
i

i i i

V c V c V c
A V

V c V c V c

− −

− −

− −
=

− −
.                           (10)

–
, ( , )dx cdt (

0 0 0 0( , ) (0, ) ( ,0)dx cdt cdt dx= + ) , 
0 0i idx icdtdx dx dx= + , 

0 0i idx icdtdt dt dt= + , 0dx 0cdt

. , 
0( ,0)dx

– 0(0, )dx− , 
. 

( )A V (10) 0 0( , )dx cdt . 
1.   ( )A V ( ),V c∈ −∞ . 

2. (0)A E= , E - , . 
3. ( )A V , . . ( ) ( )TA V A V= . 
4. 1( ) ( )A V A V−− = -

. ( ),V c∈ − ∞ .  

5. ( ) ( )det ( ) 1 1A V V c V c= + − . 

6. 0 0( ) ( )dx V cdt V dx cdt inv− = − = . 

7. ( )( )2 2 2 2 2 2
0 0 det ( ) ( ) ( )dx c dt A V dx V c dt V− = −

8.

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

2

2

1

1 1 1 1
( ) ( )

1

1 1 1 1

i j i j

i j i j

i j

i j i j

i j i j

VV c V c V c

V c V c V c V c
A V A V

V c V c VV c

V c V c V c V c

+ +
− − − −

=
+ +

− − − −

. 

( )21 i jVV c+ , ( ) ( )i jA V A V

(10), . . ( ) ( ) ( )i j ijA V A V A V= , 

( ) ( )21ij i j i jV V V VV c= + +                                     (10 )

- « », 
– . 
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9. , , 
( –

), , 
(10) V c< . 

10. L< , <
, 

. 

11. , ( ) ( ) det ( )TA V gA V A V g= , 
1 0

0 1
g =

−
. 

g

( ),dx cdt . ( )A V

, - « ». 
12. (10)   

( ) ( )1 1V c V c+ − , 

, , . 
, 

–
-

( )
2 2 2 2

2 2 2 2

1

1 1

1

1 1

V c

V c V c
L V

V c

V c V c

− −
=

− −

.                                    (11)

, :
• -

- [3,4];
• –

[5]. 
•

- –
, 

. « »
. 

–

(10) (11). 

, 
( , )x t

, 
. 
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4.3. ( ) ( ), ,W c c∈ −∞ − ∪ +∞

- ( ) ( ) ( ), , ,V c c c c∈ − = −∞ ∩ − +∞ . 
, (10) (11)

( ) - . 

( ) ( ), ,W c c∈ −∞ − ∪ +∞ .   

. 4. 
, , – , 

- , 1 2

, , 

. , 
– . 

0dt -
, 

, 0dx -
, 

, , (9), (10), , 
, iW c> ( ( )0 ,0dx ( )00, dx− )

0

0

( )i
i

i

dx dx
B W

cdt cdt
= ,                                               (12)

( ) ( )( )
( ) ( ) ( )

1 1

1 1

1 1
( )

1 1

i i i
i

i i i

c W c W c W
B W

c W c W c W

− −

− −

− −
=

− −
.                         (13)

( )A V ( )B W . 
1. ( )A V , 

( ),V c c∈ − , ( )B W

( ) ( ), ,W c c∈ −∞ − ∞ . 

2.   ( )A V

0V = , , 
( )B W , 

« » lim ( )
W

B W E±→±∞
= . 

( lim
W

W
→±∞

= ∞ ) –

( ) ( ) { }, ,W c c∈ −∞ − ∞ ∪ ∞ , 

– ( )B E∞ = . 

. 4
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3. ( )B W , ( )A V , 
, . . ( ) ( )TB W B W= . 

4. 1( ) ( )B W B W−− = . 
5. ( ) ( )det ( ) 1 1B W c W c W= + − . 

6. 0 0( ) ( )dx W cdt W dx cdt inv− = − = . 

7. ( )( )2 2 2 2 2 2
0 0 det ( ) ( ) ( )dx c dt B W dx W c dt W− = −

8. , ( ) ( ) ( )i j ijB W B W B W= , 

( )( ) 12
ij i j i jW WW c W W

−
= + + .                                     (13 )

9. ( ) ( ) det ( )TB W gB W B W g= , 
1 0

0 1
g =

−
. , 

, – , 
(13), 

(10). 
10. (13)   

( ) ( )det ( ) 1 1B W c W c W= + − , 

2 2 2 2

2 2 2 2

1

1 1

1

1 1

c W

c W c W

c W

c W c W

− −

− −

.                                         (14)

, ( )A V ( )B W

. 
( )B W (13), , 

L> , > , 
. 

4.4.   ( )A V ( L< )

( )L V (11) (10). 
( )iL V (11) -

  -
- , 

iV . 
, ( )jL V

( )iL V -
, 

jV . 



31

( ) ( ) ( )ij j iL V L V L V=

-
, . 

, - , :
( )iL V , ( )jL V , ( )ijL V

- , 
iV , jV , ijV , 

.  . . 
( ) ( ) ( )ij j iL V L V L V= :

0( ) :i iL V ds ds→ , ( ) :j i jL V ds ds→ , 0( ) :ij jL V ds ds→ , ( ) ( )21ij i j i jV V V VV c= + + , , 

0ds , ids , jds – , iV , jV , ijV -
. 

( )iA V (10), 
( )L V ( )L V< . 

, (10 ), ,  

(10):
(10) iV jV   ( )0 0,dx cdt

, (10), 
( ) ( )21ij i j i jV V V VV c= + + :

0 0

0 0

( ) ( ) ( )ij

ij j i
ij

dx dx dx
A V A V A V

cdt cdt cdt
= = .                               (15)                 

( )A V (10) , 

- – , 
– . . . 

– iV jV , ijV

, . , 

ijV , ( ),ij ijdx cdt (17)

(3), 
(4). 

« » , 
–
( )1A V ( )2A V , 

1 2, 1V 2V . . 5 –  
. 

, , 
, 

- ( ); , 1, 1′ , 
2, 2′ (12)  ( (21))
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. 1 1′ ,   2 2′

1V 2V . 
« » , 

0dt . i -
, – , 

( ) ( ) ( )( ), ,i i i idx cdt dx V cdt V= ( . . 5). 

, ( )00,cdt

, 
, 

( )1 1,dx cdt , – ( )2 2,dx cdt . 

, ( )00,cdt

, 
1V , 

( )10,cdt

( )1,0dx , ( )1 1,dx cdt , 
. 

, 
, 

, , 
12V , (10 )

1V 2V , 1 2. 
, , 

( )12 12,dx cdt , 

( )00,cdt , 1 2, 

« »
, ( )00,cdt . 

, . 
, ( )10,cdt

( )1,0dx ( )

( )1 0cdt cdt− . 

, ( )10,cdt , 

, ( )00,cdt . 
, -

- , , 
( )1,0dx , , 

( )1 0cdt cdt− , ( )1 0 1cdt cdt dx− = ( 5

( )A V ). , 2 ( –

2′) ( )1,0dx , 

. 5
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( )( ) ( )1 1 0 1 1, ,dx cdt cdt dx dx− − = − . 

( )10,cdt , , 

( ( )00,cdt ), 

( )12 12,dx cdt . 

, , 12V , 
, ( )12 12,dx cdt -

. 5. 
, ( )1 1,dx cdt , 

( )1 0 1c dt dt dx− =

0dx ( . . 3). 
, . 5
( )1 1,dx cdt   ( ) ( ) ( ) ( )( )2 2 12 12 1 1 12 1 12 1, , , ,dx cdt dx cdt dx cdt dx dx c dt dt= − = − − , 

. 
12V (10 ) 1V 2V

12 21V V= ,  12 21( ) ( )A V A V= . . 5, 
2, 

1′ -  1. 
, , « »

. « » -

, 
. 

4.5. ( )A V ( L< ) ( )B W ( L> )

-

( )iA V (10)

( )jB W (13). 

- , 
, 

, – . 

( ) ( ) ( ) ( ) ( )
( ) ( )

( ) ( )

1 1

1 1

1 1

1 1

ij ij ij

ij i j j i

ij ij ij

U c U c U c
D U A V B W B W A V

U c U c U c

− −

− −

− −
= = =

− −
,    (16)

( ) ( ) ( )2, 1ij i j i j i jU V W V c W V W= + + .                                  (16 )
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– (16)
–

2 2 2 2

2 2 2 2

1

1 1

1

1 1

ij ij

ij ij

ij

ij

U c

U c U c

U c

U c U c

− −

− −

. 

4.6. 

-
–

( ) – , 
V , –

( ). 

x -
, 0 0cos( )t k xω − , ω - ; t -

; 0 02k π λ= - ; 0 0cTλ = - ; c -
; 0T - . 0λ

0T – . 
, 

-

:
( , 

V )
. , 

  ( ) 0 0,x t t k xϕ ω= −

, ( ),t xφ
« »

( )0 0, kω ( ),t x : ( ) ( ) ( ), , ,
T

t x t x g kφ ω= ⋅ ⋅ , , 
, T

, ( )1, 1g = − -

. 
( ),x t

( . 6). :  ( ),t x Cφ = , 

C - . , , 2nC C nπ= = , 
0, 1, 2,...n = ± ± . ( ),x ct , 

( ), 2t x nφ π= 1, 

. 6
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V x
, 

0x ct nλ= − ,                                                     (17)

1V
x ct

c
= .                                                      (18)

, , 
(10), (10 ), 

( )1 1 0 0
1 1

1 1

1 1

c
T T V T

V c V c
λ= = =

− −
,                                     (19)

( ) 1 1
1 1 0 0

1 11 1

V V c
V T

V c V c
λ λ λ= = =

− −
                                     (20)

- 1T 1λ , 
1. 

, (19), (20)
1V c , 1V c= . , 

1V c< 1T 1λ , 1V c> 1T

1λ , 1V c=
. 

, 
. 

  , 
( 2), 

(19), (20)

( )2 2 0 0
2 2

1 1

1 1

c
T T V T

V c V c
λ= = =

+ +
,                (21)

( ) 2 2
2 2 0 0

2 21 1

V V c
V T

V c V c
λ λ λ= = =

+ +
.              (22)

(19), 
(20) (21), (22)

(10), (10 ). 
( . 

7)
. . 7

– « », 
, , 

. 
, , 

1, 

( ) 0
1 1

1

T T V
V

λ= = ,                              (23)

, , 
0λ –

. 

. 7
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( ),x t - [6]. 

4.7. 

( ),x t

, 
. 

  . 
« »

( ),ds dx ct= ( , 
) . 

, 
- . , 

( , 
)

(
- ), 
, , 

« ». :

2 2 . 
, 

-

, . 

1. . .  . – .: « », 1977, 384 . 
2. . - .  . – .:

, 1962, 484 . 
3. .  , 

, . – : . /
. . . – .: , 1973 ., . 67 – 87. 

4. .  . – : . 
/ . . . – .: , 1973 ., . 90 – 93. 

5. .  . –
: . / . . . – .: , 1973 ., . 97

– 117. 
6. . .  ( , )x t - . 

. . 15, 2004 . 187-193. 
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530.12

. . 

5. -
  

        , 
-

, , , , 
- -

. 
. 

– -
- , 

« »
- . 

5.1. -

[1, . 31, 38]

x x vt′ = + ,                                                        (1)
t t′ = .                                                            (2)

(1), (2)
;

;
. 

(1), (2) [2]?
, 

. 
, , 

( ) , – . 
, , , 

, 
. 

iV - i -
- .   , 

, 
0dx 0 0c dt i -

, 0c , 
.  

0dx i - :
, 
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, , 
, , 

0dx . 

0 0c dt i - :
, 

, , , 
, 0dt . 

, 
i - , idx 0 ic dt . 

, 0idx dx= ( )0 0idt dt= = , 

0 0c dt   ( )0 0 0i idx V c c dt= . 

, , 0idt dt= .  

( , –
–

)

( ) 0

0 0 0

i
i

i

dx dx
G V

c dt c dt
= ,                                               (3)

( ) 01

0 1
i

i

V c
G V = ,  

, ( )G V

. ( ) ( ) ( )ij i jG V G V G V=

–
ij i jV V V= + .                                                     (3 )

, (1) (2)
- : –

, . . ., 

. 
, 

. 
, 

: , 

. 
, 

- , 
. 
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5.2. -

-
. 

, 
, , , , 

( ). 
, , 

, : , , (?). 
, 

. :
, 

, , 
t , «

», . 
, , 

, 
.   

- , 
, ( )0( ), ( ), ( ), ( )x y z c tτ τ τ τ , τ ∈ , -

, . 
, 

, , 
( )x τ , ( )y τ , ( )z τ - ( , 

, ), , 
[3, . 

521], ( )t τ - . ,  ( )t τ -
, ( )x t , ( )y t , ( )z t -

, , 
. 

, , 
( )tτ τ= ( ( ))x tτ , ( ( ))y tτ , ( ( ))z tτ . 

– , 
. 

-
0( )t t= +r r V ,                                                     (4)

  0r - 0t = ;  ( )tr -
t ; V -

  ( ); t -
. 

, , d dt=r V dr V . 
, x -



40

V , 
x :

0 0
0

tg
V

d Vdt c dt c dt
c

α= = = ,                                           (5)

0c - , 
, α - 0c

(4) [4]. 

-
- , 

0c

. 
( , , 

)
. 

0c , , V

, 0c . 0c « »
« » ( )0,x c t , . . 4α π= . 

, , -
[5]. 

0( , )i ix t -   –  (
– ). ijds i -   j -

( )0,ij ij ijds dx dt= , ij i jdx x x= − , ij i jdt t t= − . 

- , i -   j -
2 2 2

0ij ij ij ijds ds dx dt= = +

, 2 2 2 2 2
ij ij ij ijds ds dx dt= = + , 

( )2 ,ij ij ijds ds ds= ijds , 

( ),⋅ ⋅ - . , 
(

)
( )

. 
, , - , 

, -
, . 

. 
K . 

K i - iV . 

tg idx cdtα= ,                                                      (6)
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0tg i iV cα = ,                                                    (6 )

iα - K

, 2 2 2
0i ids dx c dt= + - (« »

- , i -
dt ) i -

[3]. 

-
- , , 

( ), 
2 2

00 1i i id ds c dt V cτ = = + , 

. 
K idτ « »

  i - , « » . 
. 

, 
K , , 

. 
i - . 

K , 
, (6). 

i - , , « »
( , ), 

K (6). 
, 

. , K
(6), 

(6), 
( . [6,7]). 

-
- , 

- , 
, -   

( ) kV , 
, . . ( )0arctgk kV cα = .

(6), (6 ) j -
K

tg jdx cdtα= ,                                                      (7)

0
tg j jV cα = .                                                  (7 )

, i - j -
K iV jV . j -
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i - ( j -
i - )

i - j -
( ) K , iV jV

ji j iα α α= − ,                                                       (8)

jiV

(8):

( )
1

2
0

1 i j
ji j i

V V
V V V

c

−⋅
= − + .                                            (9)

i - iV

j - i -

jiV , j - , 
  i -

j i jiα α α= +                                                    (10)

( )
1

2
0

1 i ji
j i ji

V V
V V V

c

−
⋅

= + − ,                                         (11)

jiα - . 

-
-

. -

, . 
- , (9), 

i - j - , 

iV jV . 

– iα i -

iV   
( , )

, iV , 

- ( )0arctgi iV cα = . 

. 1. 0( , )x c t

( )K , 

, i ( iV )   j

( jV ). 
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dt K , 
K iV jV , 

( ),i idx ds   ( ),j jdx ds . 

:
i -

j - 0i id ds cτ =

0j jd ds cτ = - ( )0, ids   ( )0, jds -

( ) ( )( )0,i i idx V c dt V

( ) ( )( )0,j j jdx V c dt V K . 

, 
( )0, jds j -

( ),j jdx cdt′ ′

i - –
0( , )x c t′ ′ : j ji jdx V dt′ ′= , jiV -

j - i -
. 

, , « » . 
, 

i - iV

cdt ( )constcdt = K . 
( . . 1)

( ) ( )( )2 2 2 2
0 i i i ic dt dx V ds V= − − .                                        (12)

(12) – ( , )i idx ds . 
(12)   

( ) ( )0shi i idx V cdt V c= ,                                          (13 )

( ) ( )0chi i ids V cdt V c= .                                          (13 )
, [2], 

, 
!

, K
. 

(13) 0(0, )ds c dt=
K - ( )0,i i ids dx c dτ= -

K idx « » idτ
, iV K

dt . 
  K iK . 

. 1
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, K

0( , )ds dx c dt= , iK

:
( )i ids G V ds= , 

( ) ( ) ( )
( ) ( )

0 0

0 0

ch sh

sh ch
i i

i
i i

V c V c
G V

V c V c
=

- , ( )0 0arcthi iV c V c→

. 
( ) ( ) ( )ij j iG V G V G V= , 

, , 
ij i jV V V= + - – «

» ( ). 
( ) ( ) ( ), ,i j ijG V G V G V , [2], 

K iK , K jK K ijK . 

5.3. 

-
– - –

-
. 

, , 
, - . 

–
, 

. 
, , [2], -

- –
. 

, 
« », , , 

« »
- . 

, 
, - , 

. 
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, 1969. –  305 . 



45
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6.1. 

–
, 
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, 

. 
, 

, , –
( ), 

( ). 
, , 

( ) { }0xyz . 

( ), ,x y z , , – -

x y z= + +r i j k , , ,i j k - . 
( )

, 
. 

N , 
. , ( )

, ( , 
– ) { }, ,i i i ix y z=r

, 

( ) 2 2 2,i i i i i i ir x y z= = = + +r r r , 

ji j i= −r r r , ji jir = r , 

. ( ). , . -

, , 1, 2,3, ... ,i j N= . 
, 

, 
, b , 
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, , i i′ = Λ +r r b , Λ -
.  

- i -
, « »

, , , . 
, 

. 
i - iC , 

{ }0xyz , { }( ) ( ), ( ), ( )i i i i i i i is x s y s z s=r , 

( ), ( ), ( )i i i i i ix s y s z s , ( ) 0i i id s ds ≠r

[ ]1 2,i i is s s∈ , . . iC - , 

, 1is 2is −∞ +∞ [1, .521]. 
, –

is . , 

{ }( ) ( ), ( ), ( )i i i i i i i ix y zτ τ τ τ=r , 

( )i i isτ τ= , , 

[ ]1 2,i is s , 1 1( )i i is sτ= 2 2( )i i is sτ= . 
, N

. 

. , 
, 

– , , 
, 

« ». 
(

, – )
. , 

« », – « » . 
, . 

, 
, iC « »
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RELICT RADIATION, RELATIVITY, DYNAMICS, SPIN
ALTERNATIVE SPECIAL RELATIVITY

A brief review of the articles

In the article "Anisotropy of the relict radiation and observant astrophysics"

coming from that an electromagnetic radiation is an ordinary wave process, a

condition is set forth sensing of ranges to the luminous astronomic objects by means

of the spectroscopy measuring. 

In the article "Non-relativistic Doppler’s effect for a point source" is got

generalization of many special cases. 

In "Some remarks to the mathematical model of the Michelson-Morley’s

experiment" it is shown, that a negative result of the experiment is a kinematical

effect, and the Fitzgerald – Lorentz’s hypothesis is surplus for his explanation. 

In "Signal with eventual speed: the kinematics of relativity on the Euclidean

plane" it is shown, that the Lorentz’s Pseudo-Euclidean rotations of the space-time

are an aspect of the "absolute" and Euclidean space - time. 

In the article "Geometry of the space-time and the kinematics of an inertial

reference frames" are shown an alternative to the paradigm of the special theory of

the relativity: the "rotations" of the space-time can be presented by the hyperbolic

functions. 

In the article "Space, time, motion, relativity" conception of the relativity is

considered "from the first principles". As a result is a “relativistic compositions”. 

In the work "Relativity in Euclidean space-time. A relativistic kinematics of the

particles." kinematics relations of the space - time is widespread on the kinematics of

the particles. This step appeared formally non conflicting and physically rich in this

content. In particular, the "defect of a mass" is interpreted as a kinetic energy of a

relative motion of the particles. 

In "Relativistic dynamics of point particles in Euclidean space-time" is got

relativistic generalization of the Newton’s world gravitation and the Coulomb’s laws. 

It is set forth the relativistic dynamics of the point particles in terms of the direct

inter-particle interaction. 

In the article "Relativistic dynamics of a particle in the power field" is set forth

relativistic dynamics of anhistous particle in the power field. 
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In the article "Relativistic Kepler’s problem in Euclidean space-time" on the

example of the task about the perihelion of the Mercury a technique of the application

of the author’s formalism is shown. 

In the article "The Coulomb’s law and interaction of the currents" it is shown

that the well-known interaction of the parallel conductors with a current by means of

magnetic-field is approaching of a relativistic coulomb interaction of charges, which

constituent conductors. It is shown also, that because of a relativistic effects the

interaction of the massive electric neutral bodies can take place. 

In the article "Relativistic dynamics of the orientable point particle", coming

from a natural generalization are a allotting of the particle in her own frame of

reference except mass and charge yet and by property to be orientable, the relativistic

Kepler’s problem task and are considered about a particle in the magnetic field. Some

analogy of the vector of orientation is seen with the spin of particle. However a

complete clarity in a relation to interpretation of the vector of orientation while is not

present. 

The short retrospective view of becoming of the special theory of relativity is

presented in Appendix. 
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