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, -
, -

, 

-
, , -

,
, 

, 
, -

-
, .

, . 1 - 
, , . 2  - -

ω ϕ , . 2  - -
ω' ϕ, . 2  - ε ϕ, 

. 2  - ϕ  t -
, . 3 - 

. 1).
:

1. :  OXYZ  O1X1Y1Z1,
 ( ) ( . 1). 

, . .
. -

 X1 , , ∆α = αi+1-αi. -
∆α = 2π/15 = 360°/15 = 24° ( . 1).

2.  r  2L -
 2h. ,  X  X1 .

3. , ωmax -
ω = ω'⋅ϕ, ω' = dω/dϕ ≈ ∆ω/∆ϕ. ω' = const = ωmax/2πNP. -

ω ϕ. ω = f(ϕ), 
ω = f(t). ω  = 0 

αi ϕ, .  X1(X). -
ϕ ,  Np, ,
. ϕp = 2πNp. , 

 Nε=0 ε, . ϕω=const = 2π⋅Nε=0 , ,
, -

ϕ  = 2π⋅N ,  N  - , -
ω . , ϕi - 

ωi -
∆α, ω = ω'⋅αi. -

ϕi , 

αi, . '
d
d

dt
d

ii ω⋅ω=
ϕ
ϕ

⋅
ω

=ε . , ∆α ( ) -

∆ϕ ( ) , ω' = dω/dϕ ≈ ∆ω/∆ϕ -
ϕi αi  2π.

ω = f(ϕ) ε = f(ϕ) . 2 , 2  2 .  t
ϕ . 2 . ∆ϕ -

:
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∑
=

π ∆=
15

1i
i2 )t(t .

-
, ε=0 ,

.  =  + ε=0 + . 
.

4.  RA
x, RA

y  RB
x, RB

y

ϕi αi, -
 2π  Np, Nε=0, N , ε=0, .

5. ϕi -
αi. , 

. 1 . 
 [3] . 738  741 

 OXYZ  ( . . 1):













=ε+ω++−

=ε+ω−−

=−+

=+

0JJhRhR

0JJhRhR
0PRR

0RR

yzxz
2x

B
x
A

xzyz
2y

B
y
A

y
B

y
A

x
B

x
A

. (1)

-
 Z1, . . 1 .  Y1Z1

 X(X1) β.  OX1Y1Z1 -
, . .

 OXYZ, 
. β

.  (1) -
.  OXYZ . 

 OX1Y1Z1  OXYZ  OX1Y1Z1

 OX1 β  [3] . 744 
Jxy = 0; Jzx = 0; Jyz  0. (2)

 (2)  (1) 













=ε++−

=ω−−

=−+

=+

)a~(0JhRhR

)a(0JhRhR
)(0PRR

)(0RR

yz
x
B

x
A

yz
2y

B
y
A

y
B

y
A

x
B

x
A

á
à

. (3)

 3  3 ,  3  3 :




























 ω
−=










 ω
+=

ε
−=

ε
=

)(
hP2

J
1

2
PR

)(
hP2

J
1

2
PR

)(
2

JR

)(
2

JR

2
yzy

B

2
yzy

A

yz
x
B

yz
x
A

. (4)
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ω = const, . ε = 0,
 (3) :













=+−

=ω−−

=−+

=+

)a~(0hRhR

)a(0JhRhR
)(0PRR
)(0RR

x
B

x
A

yz
2y

B
y
A

y
B

y
A

x
B

x
A

á
à

. (5)

 (5) ω = const, . ε = 0 :


























 ω
−=










 ω
+=

==

)(
hP2

J
1

2
PR

)(
hP2

J
1

2
PR

)(0RR

2
yzy

B

2
yzy

A

x
B

x
A

. (6)

 (4) 

β⋅







−= 2sin

4
r

3
l

g2
PJ

22

yz :




















β















−

ω
−=

β















−

ω
+=

β







−

ε
−=

β







−

ε
=

)a~(2sin
4
r

3
l

hg2
1

2
P)R(

)a(2sin
4
r

3
l

hg2
1

2
P)R(

(2sin
4
r

3
l

g4
P)R(

)a(2sin
4
r

3
l

g4
P)R(

222
y
B

222
y
A

22
x
B

22
x
A

Ò

Ò

Ò

Ò

á)

. (7)

6.  (RA
x) , (RA

y)  (RB
x) , (RB

y)

. 2 ∆ϕi ∆αi. 
, -

ϕi αi.
7.  (7) β β . 

 (7) :













β=

β=

β=

β=

)(2sinD)R(
)(2sinC)R(

)(2sinB)R(
)a(2sinA)R(

B
Y
B

A
Y
A

B
X
B

A
X
A

. (8)
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 (7)  (8)




































−

ω
−=

















−

ω
+=









−

ε
−=









−

ε
=

)a~(
4
r

3
l

hg2
1

2
PD

)a(
4
r

3
l

hg2
1

2
PC

(
4
r

3
l

g4
PB

)a(
4
r

3
l

g4
PA

222

222

22

22

á)

. (9)

 (8) :

. (10)

 (10)  (RA
x) , (RA

y)  (RB
x) , (RB

y)
:










+
=β

+
=β

22

2
B2

B

22

2
A2

A

DB
)R(arcsin2

CA
)R(arcsin2

. (11)

β β -
β,  (7).

 (10) , -
. , 

 ( , , -
.) -

. . 3 , 
 RA  RB

).
8.  rA

K  rB
K  mA  mB

 L1  L2,  ( . . 3):







β+=

β+=

B1
K
B

A1
K
A

tg)LL(r

tg)LL(r
. (12)

9. K
AR K

BR , -
 mA  mB -

 [3] . 736:





ε−ω=
ε+ω=

)yx(mR
)yx(mR

mBmB
2

B
K
B

mAmA
2

A
K
A , (13)

xmA, ymA, xmB, ymB -  ( . . 3).
10. -

 (12):
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











αβ+=α=

αβ+=α=

αβ+=α=

αβ+=α=

sin]tg)LL[(sinry

cos]tg)LL[(cosrx

sin]tg)LL[(sinry

cos]tg)LL[(cosrx

B1
K
Bm

B1
K
Bm

A1
K
Am

A1
K
Am

B

B

A

A

(14)

11.  (13):











ε+ω
=

ε+ω
=

BB

AA

mm
2

K
BT

B

mm
2

K
AT

A

xy
Rm

yx
Rm

(15)

 (RA)  (RB)  ( . -
 (10)),  (15) :











ε+ω
≈

ε+ω
≈

BB

AA

mm
2

B
B

mm
2

A
A

xy
)R(m

yx
)R(m

(16)

12.  (16)  (14) α
0  2π ∆αi ( . . 1).

13. T
Am T

Bm , Am Bm -
, , -

.
14.  ( . 3) -

, -
.

15. -
.

16. , 
-

.
, :

1. ,  - -
 ( ).

2.  ( ) 
.

3. , -
, 

, 
.

4. . 
 -  ( ) 

-
, , -

.
, , -

:  ( ) 
, , -
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