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Smulsky, 2011b; Smulsky J.J., Smulsky Ya.J., 2012; 

, 2015). 

xyz, 2 ( . 

. 1.5). e, 

i 2, Ω = 0 2, 

γ2 ϕ  = γ2B, B – 

1. 

. 1.6. 1

2 3 .  (Newcomb,

1895) . . . (Simon et al, 1994), : e – 
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2000.0 .; ϕΩ – x

 2000.0 .; ϕp –
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, . 

ϕΩ  1000  30.12.49 . ϕ
. 2 3

. 1.6 , 

.  (Newcomb, 1895) . . . 

(Simon et al, 1994) , . 

, . 

. 1.7.  3 . . 

, . 1.6. m – 

 50 . ; e, i,  – 

, p –  3 . 

;  – 10 . ; kyr – ; 

Myr – 1 . 
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 3 . 

. 1.7. 

1 = 94.5 . 

m = 0.028. , 

Te2 = 413 kyr, 

 = 0.0022  = 0.062. 

= 68.7 . 

= 0.068 . 

. 

 = 68.7 . m = 

0.402 . i  0.36  0.45 

.  5º. 
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,  3 .  147 . . 

. 

. 

, 

S  ( . . 1.5) , 

. . TS = -68.7 . 

. , S  – 

5. i , 

. 1.7. S

M  ( . 1.5), 
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 (1.6) 

 Galactica  100 . 

. 

, . . . 

. 1.8 

50 . . 

es ,  2Te2  850 kyr. 
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Te3 = 2.31 Myr. i . 

1.8 θSs ψS S

M  ( . . 1.5). θSs, 

, S M . 

. 1.8.  50 . 

: es – ; p – 

; ψs – ΘSs – 

S . ϕ ψs , ΘSs –

. 

S M

ΘSmax = 2.94º. : Θ1 = 97.4 kyr, 

Θ2 = 1.16 Myr Θ3 = 2.32 Myr. 

. 1.8. ψS , 

2, , 

M . 

, ψS , 

. , 
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. 1.8, ψS . 

S  -50 . : Tp = 150 . 

, TS = -72.9 . , . 

 -50 .  -100 . 

. 1.8 ( , , 2009). 

 (Smulsky J., Smulsky Ya., 2012; , 2005; , 

, 2007). , 

. 

, , 

, . 

. , 

(Morbidelli, 2002; Laskar et al, 2004b; Laskar, 1994), 

, . 

 (Laskar, 1994),. 

1.5. 

 ( . . 1.9). 

B :  – 1F

 – 2F . -

, 1F 2F

O. 

B,  – . 1F

, 2F , 

mO, . 

: 

= )( kO
O Fm

dt

Kd
,                                       (1.7) 
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OK  – 

x1y1z1, )( kO Fm  – 

, . 

. 1.9.

B: 1 2 – 

, ; 3 – 

B. 

 ( . . 1.5) 

x1y1z1, 

3. 4

θ  3 ψ = 

0 1. 

ϕ N . 

(1.7)  ( , 2007, Smulsky, 2011a) 

: 

{

;)sincos(
sin
cos

)2cos(

))(2sin(5.0
3

sinsin
cos

2

11111

2
1

2
1

1
5

++⋅−

−−−+−=
=

ψψ
θ
θψ

ψ
θ

ωθ
θ
θθψψ

iiiii

ii

n

i xi

zdi

x

Ez

yxzyx

yx
Jr

JEGM

J

J

  (1.8) 

[{
] },)2cos()cossin(2)2sin(cos

sin)2sin(
2

3sin
)2sin(5.0

11111
2

1
22

1

22
1

1
5

2

θψψψψ

ψθθψωθψθ

iiiiiii

i

n

i xi

zd

x

Ez

yxzyxzy

x
Jr

JEGM

J

J

−+−−+

+⋅−−=
=

(1.9)

θψωϕ cos⋅−= E ,                                 (1.10) 

Jx, Jy Jz – 

, ; 

zxzd JJJE /)( −=  - ; 

Eω = const – 

N  ( . . 1.5);
n – , Mi – , x1i, y1i, z1i

– . 
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 (1.8)  (1.9) ψ θ
4

3 ( . . 1.5). 

 (1.8)-( 1.9) θ ψ
4

3. 

(1.6) i

5

2, . 

p 5

4. , p

e . 

. 1.10.

θ ε ( ) 

In

: yr – ; Δθ ≈ ε - 

ε0; ε0 – 

30.12.1949 . Tn2, Tn3, Tn4

θa2, θa3, εa4 – 

ε; 1 – 

; 2 – 

. 

 (Newcomb,

1895) . . (Simon et al, 1994); 3 – 

. . (Laskar et al, 2004a); 4 – 

. . . .  (1969). 

 (1.8)-( 1.9) 

. . 1.10 ε
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In. Tni

 (θai εα4) : Tn2, 

Tn3 Tn4 = 18.6 . 

. ψ
,  –  2 - 3 . 

In = 0.1 

; In = 1 

; In = 10 

 18,6 , In = 100 

. 

In = 100 , 1

ε 2 . 

(Newcomb, 1895) . . (Simon et al, 1994). 

εa4 = 9.2˝ Tn4 = 18.6 
. 

. ψ  
, 

ψ . 

. 1.10,  In = 10 . 

 ( , , 1969; Laskar et al, 2004a) 

 2000 . ε
 ( , , 

1969; Laskar et al, 2004a). 

. 1.11 , , 

ε
, , 

. 

, ε
 16.7º  31º, 

22.26º  24.32º, . .  7 . 

ε 
( , 2013 ).  7 

. 
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 (1.8) - (1.10), ψ, 

, θ. 

, 

, θ,  2-3 . 

ψ , N  ( . . 

1.5) , PN = -

25740 . 

. 

Tp = 147 kyr 

 94.5 kyr, 413 kyr, 

2.31 Myr. 

, . 

. 

. 1.11. ε ( ) 

 200 . : 1 – 

; 2 – 

. . (Laskar et al, 2004a); 3 – 

. . . .  (1969). 

ε. 

S  ( . . 1.5) 

M  3 . TS = 

68.7 kyr. S  97.4 

kyr,  1.16 Myr  2.32 Myr.  ( . 1.5 ) 
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S

.  18.6 . , 

 0.4745 . 

N  ( . . 1.5), , 

 25740 . 

N : , 

 18.6 . , N

 ( . . 1.11) 

. ε
 16.7°  31°,  – 

22.26°  24.32°.  7 

. 

1.6. 
. 1.10 . 1.11 

. . 1.12 1

ε  200 . . 

 ( 2) , 

, . 

, T = 0, 

1, 2, . 

, 

2 . 

1 2 . 

. 

 22.21°  24.43°. 

 14.8°  32.1°. 

 7.8 . 

, 

. 

, 

. 

 65° , 
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N. 

Qs
65N  200 . 

: e, p  ( 1 . 1.12), 

, . . (2004) ( 2). 

, Qs
65N

 65°
 7 , . 

1

2 . , T = 0, 

Qs
65N . 1.12,  4-  - 5-

,  16 

. , 

 31 . . 

  

( . 2 . 1.12)  41.1 . . 

Qs
65N ( 2). 

 (  1), 

1.5 - 2 . 

 7 

. ? 

I, 

. T

, 

0, I = 0. 

. 1.12 I , 

 65° 

 ( 1) . . (Laskar et 

al, 2004a) ( 2). T = 0, I 1

 65° , . .  65° 

. I

 80°  90°. T = -15 . 

 65° , 

, I . 

,  15 . 

,  65° , 
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. 

 65°. 

. 1.12. . , Qs
65N

I  200 . . 1
2 . . 

(Laskar et al, 2004a):  – 
; Qs

65N – / 2

 65°; I – 

 65°. 
. T – .  (kyr)  30.12. 1949 

. 



34 

T = -30 kyr I

 50°, 40°, 30°, . . 

 65° . 

T = -30 kyr , 

65° , . 2

I

. ,  65° I

 30 - 50 . 

 60°  70°. , 

 65° , 

 60°  70°, 

. 

 ( , , 2011). 

. 1.13. ° 

/ 2 T = 31.28 

. : Qs – ; Qw – 

; QT – : 

QT ; ϕ > 0 – ; ϕ < 0 – 

. 
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 65° . 

. . 1.4 

. . 1.13 ° 

Qs, Qw QT

T = -31.28 . .  65° 

 200 .  ( . 

. 1.12).  ( . . 1.4), 

QT – . 

Qw , 

. Qs

, 

 ( . . 1.4). , Qs

. 

. 1.14. ° 

/ 2 T = 46.44 

. . . . 1.13. 

QT T = -31.28 . 

 ( . 1.13),  ( . 1.4). 
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, 

. , 

. Qw T = -31.28 

 ( . 1.4). 

. 1.14 

 200 . T = -46.44 . 

. , , ° = 65°N

Qs = 4.72 / 2

Qs = 7.43 / 2 T = -31.28 . Qs = 5.92 /

T = 0. , QT = 3.58 

/ 2 , QT = 7.43 / 2

T = -31.28 . QT = 5.58 / 2 T = 0. 

Qw

. 

, 

Qs  65°  1.57 . 

QT ,  –  2 . 

,  4 .  = 

45° QT , . . 

Qs

Qw. 

. 

I 19 - 12 . , 

 ( 1 . 1.12), . , -

, 

. 

I 35 - 28 . , 

, 

. - , 

. 

1

2 ( . . 

1.12). 
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. 

. 

. 

, 

, 

. 

1.7. 
, : 

, 

- , 

. , 

 (1.6) 

. . , 

. 

:  – , 

 – , 

. , 

, , . . 

 ( . 3 . 1.5). 

. 

. 

, 

. 

, 

. 

 (1.6) 

, , 

, , 

. 

 (1.8)-(1.10), 

, 

, . 

 (1.8)-(1.9) ψ θ , 
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θψ 2ψ . 

, 

. 1.10.  41 

.  ( . 2 . 1.11 . 1.12) 

. 

 (1.8)-(1.10) 

. 

. , 

,  (

, 2007). 

, 

 ( ., 1990). 

, 

.  (1.8)-(1.10) 

 200 . 

. 

.  7 

. 

. - , 

- . 

. 

.  (1.8)-

(1.10). 

, 

. 

 (1.8)-(1.9). 

, 

. 

 ( . . 1.15), 

, 

. 

, 

. 



39 

. 

 ( ., 2008) , 

.  170 

 2604 , 

TprE = 25740 .  11 , 

. 

. 1.15. . 

: a – 

. 

 (1.6)  Galactica. , 

, 

.  Galactica 

. 

. 1.16  13-

 300 . , ε
 18.6 . ψ

. 

, . . 

 (1.8)-

(1.10). . 

. 1.16 ε ψ. 

, 

. 

. 1.16 ε  100 

. 1.10. 

 3 . . 

 (1.6)  Galactica 
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, 

. . , 

 13.763 . 

25740  14840 . 

. 

. , 

 ( . . 1.15) a

,  0.142 , 

 9.6 . 

,  170 . 

 (1.6) 

1000 . 

. , 

13.763 .  2.13 . 

 200 . , 

, . 

. 1.16. ε ψ
 13  300 . 

 (1.6) 

Galactica.  3 . 

300mε  = - 2.28·10-4

1/cyr = - 0.470 ˝/ .   300mψ  = - 2.42·10-2 1/cyr = - 49.9 ˝/ . 
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, 

3000 

 (1.8)-(1.10) . 

, 

 (1.8)-(1.10), , 

. 

 (1.8)-(1.10), 

-  8-

 ( ., 1990).  DfEqAl1-.for 

-  4-

 ( ., 1988). 

, 

. 

 (1.8)-(1.10) 

 200 . 

. 

ψ θ . 

. , 

ψ θ
, 

. 

DfEqADP8-.for -  (1.8)-(1.10) 

,  200 

. . . 

ψ θ
. , 

, 

. 

. 

 (1.8)-(1.9) 

x1i, y1i, z1i . 
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 (1.6)  Galactica 

xi, yi, zi, 

. x1i, y1i, 

z1i.  (1.8)-(1.9) 

. 

 ( , 2007), 

: x1i, y1i, z1i

: 

. : e, i, , , Rp. . 

, 

 Galactica. 

. , , 

,  Galactica, 

ψ. 

. , 

.  glc3rte2.for 

. 

 Galactica  (1.6), 

-

 (1.8)-(1.10). 

, 

 200 . . 

. 

. 

. 1.12 

. . 1.1 
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Ppr, min max

. 

. , 

. 1.1, Ppr  4-

,  –  5- . 

, , 

. 

. 1.1.

 (1.8)-(1.9)  200 . 

: -4 – -  4- ; -8 – -

 8- - ; Gal – 

,  (1.8)-(1.9) 

 Galactica, -8. 

Ppr, min max

-4 -25774 14.806° 32.073°
-8 -25774 14.806° 32.073°

Gal -25749 14.802° 32.077°

, 

, 

, 

 7 , 

. 

. 

. 1.12, Qs
65N, 

I  ( 1) 

 0 ÷ -50 . 

 ( 2). 

 19 - 12 . . 

 35 - 28 . . 

. . 

(1928-1998 .)  ( , 

1997). ,  «

: 

.  20 - 18 
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. ,  15 - 13  –  11.5 - 

10.4 . ». 

 ( , 1997) : «

 ( ) 

 55 - 50  23 - 22 . 

, , 

-  …». , 

 19 - 12 .  ( . I . 1.12, 

1)  35 - 28 . 

. . . 

. 

, , 

 ( . 2 . 1.12). 

. . 

: . . (2009), Svendsen 

J.I. et al (1999) . 

.

,  100 

. 

, 

.  

1.8. 
, 

. , . , 

. , .  (Hargreaeves, 1896), . 

, 

. 

. , 

. , 
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. 

 (Edvardsson et al, 

2000; Laskar et al, 2004b). 

( , , 2010) 

, 

. , 

. 

 2 

. 

. 

, . 

. 

 2- . 

. , 

 MathCad. 

. 

 200 . . 

. 

. 

, 

. 

2.1. 
, , . . 

, , 
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. 

. 

. 

, 

. 

, ,  ( , 1939). 

. , , , 

, 

. -

. , 

( , , 2011) ,  “

…”. . 

, 

. 

. 

. , 

 ( , 2006). 

, 

. 

( , 2002),  ( ., 2006) 

( , 2008). , , 

, , 

. , 

( , 2008) 

 84.9 / 2

. 

, 
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, , 

. 

.  (1939) 

λ
t

. 

. 

( , 1999; , 2007) 

ϕo λ. 

. 

, 

. 

2.2. 

. 

, 

, 

. 

. 

. 2.1.  (E)  (a) 

 (S)  ( ): γ - 

; PE – ; PS – 

; ϕ  – ; ϕpγ – ; ν = 

∠γEPS – ; λ – ; 

E′, P′E γE

. 
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. 2.1 

.  ( . 

2.1 ) Sγ. 

γ ,  – 

. . γ , 

. 

, γ
( . 2.1 ) . PE

. ϕpγ

γ PE. 

m

,

. 

( , 1999):  

312

2

r

r

t

r α=
d
d

,                                          (2.1) 

pRrr =  – 

; 

t  = t·vp/Rp – ; 

( )2
11 ppRμα =  – ; 

μ1 = −G(M+m) – ; 

G – ; 

pR  – ;  

vp – . 

r , t , 

(2.1), α1. 

, e, 

: e = - (1 + α1)/α1. 

( , 1999) α1

,  “ ” . 

α1, 

e. 
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 (2.1) 

)( or ϕ t(r) 

r

( , 1999). 

 (r, ϕ ) 

( ) 11 cos1 αϕα −+
=

o

pR
r ,                                   (2.2) 

ϕ  – , 

r = SPE = pR  ( . . 2.1 ). 

 (2.2) α1 = -1 ,  -1 < 

α1 < -0.5 – , α1 = -0.5 – ,  -0.5 < α1 < 0 – 

, α1 = 0 – . , 

α1

PR aR

: 

( )aap RRR 2)(1 +−=α . 

, pR  = aR α1 = 

-1, ∞→aR α1 = - 0.5. 

( , 2007) 

( ) 2/3
1

1

12

2

−−
−=

α
πα

Sd

p

P

R
v

p
,                                          (2.3) 

Psd – . 

.  – 

( ). Psd = 

365.25636042 . Psd

. , 

 ( , , 2009; Smulsky J., Smulsky 

Ya., 2012), 

Psd . 

. 
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t(r)  ( , 2007) 

r(ϕo)  (2.2).  ( . . 

2.1 ) PE E ϕo

tfp = tfp′ ϕo ≤ π tfp = 2⋅ta - tfp′ π < ϕo ≤ 2⋅π,            (2.4) 

−−

−
−+

−+

+
−++

+
⋅=

2/3
1

11

11
1

111

1

)12(

]2/
cos)1(

cos1
[arcsin

]cos)1)[(12(

sin)1(

α

π
αϕα

ϕααα

αϕαα
ϕα

o

o

o

o

p

p
fp v

R
t' . 

, 

(2.4), ϕo = π

2/3
1

1

)12( −−
−⋅=
α

πα
p

p
a v

R
t .                              (2.5) 

vp  (2.3)  (2.5) ta = 0.5⋅Psd. 

ta

 0.5⋅Psd. 

. Psd ta

. , , 

. 

2.3. 
S M

 1 ( . . 1.1). . 

. 1

HH′. HH′
1 Z. S

, 

EE′. 

λ γ. 

AA′, 
. 
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. 

M, HH′
NZE′A′H′ NM, 

. . 

, , 

HH′
SrMdSs AA′. Sr

HH′, Md , Ss

. ω
Md. SrMd

MdSs , ω0. 

 -ω0 ≤ ω≤ ω0. 

ωd = 2ω0, ωn = 24 - ωd. 

ω . , 

. 

. 1.1 M

S ωd ωn. 

S E′ . 

. S

E . 

. S γ γ′
AA′. 

HH′ , 

, . . 

. 

M . 1.1 

, . . HN , SMd

HH′. M

. S′
. E

HH′. 
M . 

AA′ EE′
, γ

 50″.25641. 
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, 

EE′ , λ, 

γ. 

, . . Ptr = 365.24219879 , 

Psd. , 

, . 

. 

2.4. 

, 

r a

4πr2dWn(r)/dt = 4πa2dWn(a)/dt,                           (2.6) 

dWn(r)/dt – 

r ; a – 

, . . a = 0.5 (Rp + Ra), Ra – 

. 

, a, 

J0

J0 = dWn(a)/dt.                                          (2.7) 

. J0 = 2 

/( 2⋅ ). : J0 = 

83.736 /( 2⋅ ) = 1395.6 / 2. 

.  1907 . -

 (Fröhlich and 

Finsterle, 2005)],  1971 . 

.  1996 . 

 (World Radiometric Reference – 

WRR)  J = 1366.784 / 2.  1978 . 

 – . 

, 

. 
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1358 / 2  1375 / 2 (Willson and Mordvinov, 2003). 

 (SARR) 

J = 1366.22 / 2 

(Crommelynck et al, 1995). 

, . J0 = 83.736 

/( 2⋅ ). 

 (2.6)  (2.7) 

dWn(r)/dt = J0⋅a2/r2. 

r , 

, : 

2
0

ρ
J

dt

dWn = ,                                       (2.8) 

 = r/a – . 

MZ ( . . 1.1) 

. 

z, . M

z
dt

dW

dt

dW n cos⋅= .                                 (2.9) 

z . 

S. NZS ∠ N = 

NZ = π/2 - ϕ NS =π/2- -δ. ZS

, z ( . . 

1.1), . . z = ZS. 

( . 30 ( , 1976)) 

cos z = cos(ZS) = cos(π/2-δ)·cos(π/2-ϕ) + sin(π/2-δ)·sin(π/2-ϕ)·cos ω.(2.10) 

 (2.8)  (2.10)  (2.9) . 

M ϕ δ ω

)coscoscossin(sin
2
0 ωϕδϕδ

ρ
⋅⋅+⋅⋅=

J

dt

dW
.               (2.11) 

, M

ϕ
. 

RE. 
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RE/a = 4.3⋅10-5. 

 2. . 

z

ZM ( . . 1.1), 

. 

M . 

 (2.10). 

, J0 . 

, . 

, , , 

. 

, , 

. 

2.5. 
z  (2.10), , , 

 (2.11) ϕ M δ
, 

. 

dW/dt ,  – 

,  – . 

, z . 

1.1 . 

 (-90°) , 

 (+90°) – .  cos z = 0 

 (2.10) dW/dt = 0  (2.11) 

ϕ M

δ
0 = arcos(-tg ϕ ⋅ tg δ).                                (2.12) 

,  SrMd  MdSs . 1.1 ω0, 

 -ω0 ≤ ω ≤ ω0. 

, , . . 

. M, 

 (2.11) . 

t : 
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ω
ω

ω

ω

d
d

dt

dt

dW
W ⋅=

−

0

0

.                                  (2.13) 

W – , 

1 2 . M. 

, τ = 24⋅60 = 1440 . 

ω = 2π , . . 

dt/d  = τ/2π. dt/d

 (2.11)  (2.13) 

ωωϕδϕδ
πρ

τ ω

ω

d
J

W
−

⋅⋅+⋅⋅=
0

0

)coscoscossin(sin
2 2

0 .         (2.14) 

 (2.14) 

M

. δ
( . . 1.1) ′. 

. . 

, δ
. 

(2.14)  cos . 

 (2.14) 

: 

)sincoscossinsin( 002
0 ωϕδϕδω
ρπ
τ

⋅⋅+⋅⋅⋅
⋅

⋅
=

J
W ,         (2.15) 

0  (2.12). 

δ
γSB ( . . 1.1), B

, ∠γ = ε, γS λ, . . λ = γS. 

: sin δ/sin ε = sin λ/ sin π/2 

δ = arcsin (sin ε ⋅ sin λ).                                  (2.16) 

 (2.15) 

.  (2.2) 
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r = ⋅a ϕo, 

. 

ϕpγ

γ. PS ( . . 2.1 ) 

P′E, 

ν = ϕpγ + π.                                       (2.17) 

λ ν ( . . 2.1 ) 

, γ, 

ϕo = λ - ν = λ - ϕpγ - π.                            (2.18) 

ϕo

,  0  2π. 

ϕpγ γ

. ν
 0  2π. 

λ  (2.18) ϕo

 0  2π. 

. 

, r  (2.2)  (2.18) λ. 

W  (2.15) 

λ ϕ . . λ
, 

 1 . , 

W  (2.15), e

1, ε ϕpγ. 

2.6. 
, , 

,  – . 

, 

, . . 

. tfp ϕo

 (2.4).  (2.18) ϕo
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λ.  (2.4) 

tfp , , 

. 

. 

λ0i = λ0i-1 + Δλ0, i = 1, 2 … 365,                            (2.19) 

λ00 = 0; Δλ0 = 2π /365. 

 (2.18) ϕo,i

.  (2.4) 

tfp,1,i,  (2.19). 

tfp,1,i/ed, ed = 24⋅3600 – 

, 

Tdi = 1, 2, … 365. 

365...2,1,00;
00

11
0,1,10,1,

010
010 =⋅

−
−

+=
+

+
+ ied

tt ifpifp

ii
ii

λλ
λλ ,             (2.20) 

λ10 = 0. 

λ1i ϕo,1,i

(2.18),  (2.4) – tfp,2,i. 

tfp,2,i+1 - tfp,2,i

ed. 

λ1i

ededttt ifpifpifp /])[( ,2,1,2,,1, −−= +δ ,                        (2.21) 

=

=
365

1
,1,,1, 365/

i
ifpmfp tt δδ .                             (2.22) 

δtfp,1,m

, . 

, 

 (2.20), 

λ2i, λ3i, λ4i . . 

, 

δtfp,1,m = 7.09⋅10-4, δtfp,2,m = 3.43⋅10-5

δtfp,3,m = 7.15⋅10-7.  10-5
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÷ 10-7 . 

. 

λ365

, 365- . 

 2 π Psd, 

 365 Δdsd = Psd - 365.  365-

λ365

364365

365 1)2(

λλ
λπ
−

⋅−
=Δ

d
d sdc ,                                  (2.23) 

 1d – 1 , Δdsdc . 

Δdsd

λ365 , . . Δλ365

= Δdsdc - Δdsd. δλ365 = 

Δλ365/Δdsd. 

: Δλ365 = -0.2 ; -161 ; -11 ; δλ365 = -

0.8; -0.0073; -4.97⋅10-4. , 

. 

2.7. 
 (2.15) , 

δ λ  (2.16). 

λ  (2.20) - 

(2.22) .  (2.15) 

))sin(sincos(arcsinsincossinsinsin( 002
0 λεωϕϕλεω
ρπ
τ

⋅⋅⋅+⋅⋅⋅⋅
⋅

⋅
=

J
W ,  

(2.24) 

 (2.12) : 

ω0 = arcos{-tg[arcsin(sin ε ⋅ sin λ)]⋅tg ϕ}.                      (2.25) 

 (2.24)  = r/a, 

r  (2.2). 

( , 1999, , 2007) Rp/a = (2 1 + 1)/ 1, 

 (2.18) ϕo
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11

11

)cos()1(

/)12(

απϕλα
ααρ
γ −−−+

+
=

p

,                         (2.26) 

, , 1

: 1 = -1/(1 + e). 

,  (2.24) - (2.26) 

ϕ
, λ. 

λi, i = 1…365, 

, . .  22  21 

. 

. 2.2.

W

/ 2

ϕ  + 

90°  - 90°. Td

 22 

(  1950 .). 

, 

Wmax Wmin

/ 2: 

NP – ; Eq

– ; SP – 

. 

, 

, 

. , 

, 
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Ptr

. 

. 

 (2.24) λ
W ,  (2.24) - (2.26) 

ε, fpγ, α1 e

. . 2.2 

Td

ϕ = 90° ϕ = - 90°
. 

22 . 

W Wmax

 – Wmin. 

. 

Wmin = 0, . . . 

 (ϕ = 0°) . 

, . . ,  – 

. 

, , 

, , 

Wmax = 46.4 / 2, Wmax = 49.6 / 2. 

Wmax = 38.8 / 2. Wmin

= 34.1 / 2 . , 

, . 2.2, 

. 

Wmax Wmin , 

, , 

. , 

. 

2.8. 
,  365 

. Δdtr = Ptr - 365. 

QT

: 
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=

Δ⋅+=
365

1
365

i
triT dWWQ ,                                  (2.27) 

Wi –  (2.24) 

λi, W365 – 

. 

. 

, , , , 

. . 

. 

. , 

, 

dW/dt,  (2.11), 

. 

. 

dW/dt . 

 (2.4) . 

, 

. 

(2.24). 

. 

 (2.27) . 

,  (1939), 

. 

1.1 λ:  – λ = 0 ÷ 90°;  – λ = 90° ÷ 180°;  – λ = 

180° ÷ 270°;  – λ = 270° ÷ 360°;  – λ = 0° ÷ 180°; 

 – λ = 180° ÷ 360°. 

 (2.24) 

. , 

λ, , 

. . . 
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, 

 ( . . 5.2 ( , 1999)) 

. λ t

 ( . (2.34) ( , 

1939)): 

22 1
2

1
e

Pdt

d

sd

−= πλρ .                                (2.28) 

 (2.28) . 

. ,  ( , 

1999) 

: , , 

.  (2.4) 

ϕo

λ . ,  (2.4) 

(2.28) 

. . 

. . 

. 

. 

. 

. 

2.9. 

. 

. 

. 

.  (1939), 

, W

. 

, Ptr

γ. Ptr  365. 
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 182  ( . . 2.3). 

Ptr, . 

. 

Wmax  ( . . 2.3) Kmax. 

Kstp = Kmax - 91 - ΔKstp,                                        (2.29) 

ΔKstp = 2  |ϕ| ≥ 45°; ΔKstp = 5  25° < |ϕ| < 45°; ΔKstp = 

70  |ϕ| ≤ 25°. 

ΔKstp

. 

. 2.3. : 1 – 

; 2 – ; W – 

, Td – . 

, 

Vi2, i2 = 1, 2… 730, 

Wi : 

Vi = Wi; Vi+365 = Wi.                                     (2.30) 

Vi2 , 

 ( . . 2.3) 

. 

, jS = Kstp…Kstp + 

2ΔKstp. 

 182 : 
+

+
+=

182

3
3

jS

jjS
jjSjS VVS ,                                       (2.31) 
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j3 = 0, 1…181; js = js j3 = j3, . . -

 – . 

VSjS jp0

. 

: 

Qs = max(VSjS) + 0.5⋅(1 + Δdtr)⋅Vjp0+182.                           (2.32) 

 (2.32)  0.5⋅(1 + Δdtr)⋅Vjp0+182

 2⋅182 = 364 . 

, 

   182 . 

jS

, 

, . 

, 

. 

Qw = QT - Qs.                                      (2.33) 

 1 . 1.4 ϕ°
Qs, Qw  2 QT

. QT

.  2.4 , 

. Qw

, . 

Qs  (ϕ = ± ε°
= ± 23.4°) . 

Qs , 

. 1.4, , . 

 1.04 , . 

2.10. 
, 

, . 

, 

.  (1939) 
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. T Qs

ϕ , T0 ϕ0, 

I = ϕ0. 

I ϕ
, . 

. 1.4 Qs  1950 . 

. 

Qs,n,i3 ϕn,i3, n – , i3 – 

. , 

Qs,n,i3(ϕn,i3). 

, Qs T

Qs,n T0, 

ϕn,i3(Qs,n,i3). , . . Qs,n, 

. 1.4, , 

ϕn,i3(Qs,n,i3) . 

. , 

Qs,n,min ϕ = 

87.5° imin Qs,n,max ϕ = ε°
imax.

ϕn,i3 (Qs,n,i3) 

, 

Qs

I = AiQ-1⋅Q2
s + BiQ-1⋅Qs + CiQ-1;                          (2.34) 

iQ – . 

 (2.34) Ai3, Bi3 Ci3

i3 : 

3,,23,,

3,,13,,

3,13,

13,,23,,

13,23,

3
inSinS

inSinS

inin

inSinS

inin

i QQ

QQQQ
A

−
−
−

−
−
−

=
+

+

+

++

++ ϕϕϕϕ

;                       (2.35) 

( )13,,23,,3
13,,23,,

13,23,
3 ++

++

++ +⋅−
−
−

= inSinSi
inSinS

inin
i QQA

QQ
B

ϕϕ
;                 (2.36) 

( ) 13,,3
2

13,,313,3 +++ ⋅−⋅−= inSiinSiini QBQAC ϕ ,                      (2.37) 

i3 = imx … imin-2. 
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iQ  (2.34) , 

T Qs

Qs,n,iQ-1 Qs,n,iQ. 

 2.1. Qs,n

/ 2  (  1950 .) 

 A, B, C J0 = 83.736 

/( 2⋅ ). 

i3 ϕ°n Qs,n A B C 
1 25 7198511 -1.586825E-08 0.22787858 -818091.62
2 27.5 7193482.5 -1.305063E-09 0.018607205 -66291.062
3 30 7176406.7 -3.5779392E-10 0.0050386608 -17702.802
4 32.5 7147447 -1.4359084E-10 0.0019853727 -6822.3648
5 35 7106727.9 -7.3370248E-11 0.00099094642 -3301.7795
6 37.5 7054735.1 -4.192297E-11 0.00054922519 -1750.6619
7 40 6991670.4 -2.6076644E-11 0.00032880899 -984.20762
8 42.5 6917939.3 -1.7191908E-11 0.00020662631 -564.15994
9 45 6834036.5 -1.1777458E-11 0.00013312729 -314.74172

10 47.5 6740568.2 -8.226025E-12 8.5613197E-5 -155.83001
11 50 6638283.5 -5.7080254E-12 5.2460194E-5 -46.711181
12 52.5 6528122.1 -3.7293019E-12 2.6856673E-5 36.105695 
13 55 6411290.4 -1.9029696E-12 3.6610174E-6 109.74904 
14 57.5 6289386.7 2.8443607E-13 -2.3580964E-5 194.55854 
15 60 6164627.4 4.2047288E-12 -7.1427882E-5 340.53552 
16 62.5 6040307.7 2.0009759E-11 -0.00026049237 905.89164 
17 65 5921990.6 6.0889024E-11 -0.00074065184 2315.7568 
18 67.5 5823804.4 8.5878878E-11 -0.0010299741 3153.1396 
19 70 5753783.9 1.3723453E-10 -0.0016181826 4837.383 
20 72.5 5699845.5 2.3455868E-10 -0.0027235597 7975.9714 
21 75 5657840 4.9616553E-10 -0.0056753239 16302.244 
22 77.5 5625366.5 1.1992349E-09 -0.013568618 38456.459 
23 80 5601538.9 4.3162616E-09 -0.048438005 135975 
24 82.5 5585207.6 4.5065099E-08 -0.50323412 1404964.3 
25 85 5575751.7 4.5065099E-08 -0.50323412 1404964.3 
26 87.5 5572727.9 4.5065099E-08 -0.50323412 1404964.3 

, Qs / 2

T I

 (2.34) - (2.37) 

Qs,n(ϕn)  1950 . Qs

. 1.4. 

 25°≤ϕ≤87.5° . 2.1 

A, B, C. 
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. 

W, QT, 

Qs, Qw , 

I  MathCad 

Insl2bd.mcd ( , 2013 ). 

: T, e, ϕpγ ε. 

, , INSO_LA2004.txt 

OrAl1c_8.prn ( , 2013 ). I

 InsCvSNJ.prn : i,

Qs,n, ϕn, A, B  C . 2.1. 

, 

. 

2.11. 
. . 14 ( , 1939) 

 1800 . , 

. . KKn = 10-

5⋅Ptr⋅ed⋅J0/60 = 440 / 2. 

 1800 . 

. 

. . 

 0.1%, , , 

, . 14 

( , 1939). 

. 1.4,  1950 . 

Qs Qw, 

. . , 

 1950 .  1800 ., 

. 

 0.6% ϕ = 80°. 

. 

. 

. . 
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, , 

. 

. 2.4. , 

:  (1)  (2). 

 1 

. (Laskar et al, 2004a; Laskar, 

2004), 2 – 

(1969). 

. 

(1969) 

. 

. 

. (2004). 

 ( . ( , 2013 )) 

INSO_LA2004.txt 

 21 . . 

 (Laskar, 2004). , 

I  200 . 

. . 2.4 

. , . 

: . (2004) 

 (1969), 

. 
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, 

. . 

2.12. 
, 

. 

 ( , 

2013 )  Ins12bd.mcd , 

 2000.0 . (Simon et al, 1994) 

e0 = 0.01670863;  ε0 = 0.4090926;  ϕpγ0 = 1.7965956;  JDp0 = 2451548.541, 

(2.38) 

JDp0 – 

; 

 05.01.2000 .  1:30:00 . 

e0, ε0 ϕpγ0

, 

 “ ”  “ ” 

.  2000.0 . JD0 = 

2451545  01.01.2000  12:00:00 . 

. 6 ,  (2.15), 

W

. 

, j = 0. jp, 

, 

λp. JDd

, , kd, 

JDp, 

JDd = JDp + kd.                                       (2.39) 

, , kd < 0. 

JDd  ( ., , (

, 2004)). 

 (2.4) λ
= 0. . 4 

tpγd, . . kd = tpγd = 76.84. 
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 (2.39) 

JDγ0 = 2451625.6.  22  2000 . 

 02:24 . 

. 5 λi

, , 

:  0° < λ < 90°,  90° < λ <

180°,  180° < λ < 270°  270° < λ < 360°; 

 0° < λ < 180°
 – 180° < λ < 360°. 

. 

. 8  ( , 2013 ) 

. 

,  1950 .  1800 . 

. , 

, 

e0, ε0, ϕpγ0 JDp0

 100 . 

, , . , 

, . 

. 2.5  100 . 

Galactica (Smulsky, 2012b)  (Smulsky, 

2011a) , 

. 

, 

 – . 

ε
ϕpγ, 

. 

ε, ϕpγ

e. 

 1 , 

. 
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, , , 

 18.6 . , 

. 

 2.2.

100  30.12.1949 . JD49 = 2433280.5; T – 

; JD – ; e – ; ε
– , ϕpγ – 

. JDP – 

. 

T JD e ε ϕpγ JDP

0 2433280.50 0.0167422014 0.409161631 1.78714172 2433284.74
0.05 2435106.78 0.0167256656 0.409187968 1.78143682 2435109.81
0.1 2436933.06 0.0167622759 0.409225726 1.78822045 2436936.97

0.15 2438759.35 0.0167386767 0.409164294 1.78862923 2438764.13
0.2 2440585.63 0.0167310511 0.40911332 1.80085158 2440591 

0.25 2442411.91 0.0167123115 0.409164413 1.79743172 2442415.09
0.3 2444238.19 0.0167299004 0.409175989 1.78223551 2444242.1 

0.35 2446064.47 0.0167603179 0.409100185 1.79322747 2446069.26
0.4 2447890.75 0.0166988222 0.409079414 1.79479947 2447894.37

0.45 2449717.04 0.0167305244 0.409133233 1.78764147 2449721.53
0.5 2451543.32 0.0167228374 0.409116449 1.80823455 2451548.54

0.55 2453369.60 0.0167151188 0.409040281 1.80500562 2453372.49
0.6 2455195.88 0.016694945 0.409051238 1.80324639 2455199.5 

0.65 2457022.16 0.0167016826 0.409100237 1.80102983 2457026.8 
0.7 2458848.45 0.0167511152 0.409051795 1.80777182 2458853.82

0.75 2460674.73 0.0166978168 0.40898764 1.79191833 2460678.93
0.8 2462501.01 0.0167186095 0.409025985 1.80865919 2462506.09

0.85 2464327.29 0.0166958742 0.409054181 1.82294606 2464332.81
0.9 2466153.57 0.0166939075 0.408987667 1.7997294 2466157.04

0.95 2467979.85 0.0167128834 0.408947346 1.80474251 2467984.06
1 2469806.14 0.0166721961 0.408999599 1.80859477 2469809.46

ε, ϕpγ e

Insl2bd.mcd . . 2.2 

 5 . . 2.2 

JD

JDp.  Insl2bd.mcd 

 OrAl1c_8.prn. , 

 OrAl1c_8.prn  InsCvSNJ.prn, 

Insl2bd.mcd  ( , 2013 ). 
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QT  80°
 ( . . 2.5)  18.6 

. 

: 

. 

532 / 2. QT

 31 / 2, -

. 

Qs

80°  18.6 

. 

Qw. 

ϕp  2.75  11.86 , 

e  3.98  11.86 . 

, 

 18.6 . 

 80° : QT, Qs Qw

. 

ε . 

. 2.5 ϕ = 65°, 45°, 25°
0° .  65°

Qs

.  45°
Qs Qw . 

. 

, 

. 

 25°  0°
QT,  –  25°  – 

0°. 

. 

 2.75  3.98 ,  18.6 

ε
QT. 
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. 2.5.  100 ,  30.12.1949 ., 

. . . 1.4. 
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. 2.5 

. 

. 

, , 

-

QT, Qs Qw. - , 

, , 

, . 

, 

, 

. 

, 

. , 

, 

. 

, 

, 

. 

. , 

. 2.5, , 

, 

, . - , 

. 

. 

,  ( , , 

2008)  

, 

. 

, 

. 

80°  18.6 

532 / 2,  0.5 

 20 . 
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-

, . 

.  ( , , 

2008) 

, 

. 

-  300 . 

 84.9 / 2 ( 2). 

J0 = 1395.6 / 2. 

, 

. 

, 

. 

, -

. 

, 

,  18.6  532 / 2

. 

. 

, . . 

.  ( , 2013 ), 

, 

. 

, 

. 

, 

, 

. 
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, 

, . 

2.13. 

. . 

, - , 

. 

. - , 

. 

, , 

. 

. 

 2-

.  ( , 2007) , 

, 

. 

, M

. 

. , 

, , -

. 

. 

, , -

, . 

, , 

, 

. 

δ λ
 (2.15) . 

, . . 

, . , 
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, ,  (2.15) 

, λ δ. 

, 

. 

. 

, 

, 

. 

J0  (2.24). 

. 

. 

. . , 

, , 

. . 

10 . . . . 

 3 

, 

, - . : 

. , 

, 

,  7-8 . 

, 

. 

 200 . . , 

, , 

, . 
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. 

3.1. 
 20  (1939) 

. 

: e , 

p

. 

, 

. 

. 

 ( , 1958; , 

, 1969; Berger, Loutre, 1991; Edvardsson et al, 2002; Laskar et 

al, 2004). , 

. 

, , 

. 

. , 

 ( , 1999; 

Smulsky J., Smulsky Ya., 2012). - , 

 (Smulsky, 2011a; Smulsky, 2012a; 

Smulsky, 2012b). , - , 

, 

(Smulsky and Krotov, 2014; , 2014; Smulsky, 2016) 

 (Smulsky, 2012 ). 

 ( , , 2009; Smulsky and Krotov, 

2014).  – : 

-

 ( , 2013 ; , 2014; Smulsky, 2016). 

, 

. 

65°, . 
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3.2.  65°°°°

 1. 

. . 1.12 1 ε  

 200 . . ε
, 

2000  (Laskar et 

al, 2004a; , , 1969). 

ε  (Laskar et al, 

2004a; , , 1969). 

 ( 2)  7-8 

. 

, T = 0, 1, 2, 

. 

, 2

. 

1 2 . 

. 

 22.21°  24.43°. 

 14.8°
 32.1°. 

 200 .  ( , 2013 ). 

 41.1 . . 

Qs
65N ( 2). 

(  1)  1.5 - 2 

. 

Qs
65N  200 . 

: e, p  ( 1

. 1.12), , . 

. (Laskar et al, 2004a) ( 2). , 

Qs
65N  65°

 7-8 
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, . 

1 2

. , T = 0, Qs
65N . 1.12, 

 4-  - 5- , 

 16 . 

, 

 31 . . 

,  7-8 

. ? 

. 

. 1.12 I , 

 65° 

 ( 1), . . (Laskar 

et al, 2004a) ( 2). T = 0, I

1  65° , . . 

65° . I

 80°  90°. T = -15.88 . 

 65° , 

, I . 

,  12 - 19 . , 

 65° , . 

 65°. 

T = -30 . 

I  50°, 40°, 30°, 

. .  65° . 

 28 - 34 . , 

 65° , . 

2 I

. ,  65° I

 50 . 

 60°  70°.  2 . 2.4 , 

 (1969). 

,  65°
,  60°  70°, 
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. 

 ( , , 2011). 

. 

I 19 - 12 . , 

 ( 1 . 1.12), . 

I 34 - 28 . 

, , 

. 

3.3. 

 65° . 

. . 1.13 

° Qs, Qw

QT T = -31.28 . 

.  65° 

 200 . Qs ( . . 1.12). 

QT ( . 1.13) 

 (  = 0º). QT = 7.43 

/ 2 – QT = 12.98 / 2

Qs

.  (  = 0º) , 

 – . 

, .  = 

32.1º . 1.12 T = -31.28 . . 

. 1.13, Qs  90º 

60º , 

. Qw

, . 

. 1.14 

 200 . T = -46.44 . 

. QT, , 

: : 

 – QT = 3.58 / 2,  – QT = 

13.79 / 2. , , 
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, 

. 

Qs ( . 1.14) 

, . 1.12  = 14.8º. 

, 

, . 

Qw : 

. 

Qw . 

T = -46.44 . Qw

Qs : 

. T = -31.28 . 

. 

. 3.1. Qs : 1 – 

; 2 – ; 3 – . 

. 3.1 Qs

:  (1),  (2) 

 (3). 

, , Qs

. 

. 2
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,  3, . . 

, . 

. 3.1 , . 

 65º 

. 

Qs
65 = 4.72 / 2 Qs

65 = 7.43 / 2

 1.57 . 

Qw, . 3.2, 

. Qw = 0. 

, 

 – . 

, . , 

,  – . 

. 3.2. Qw : 1 – 

; 2 – ; 3 – . 

QT, . 3.3, 

:  (  > 45º), 

 (  < 45º). 

QT , . , 
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 – . 

: QT

, . 

: , . 

. 3.3. QT : 1 – 

; 2 – ; 3 – . 

. 3.3, , 

:  200 . . 

 200 .  ( , 2013 )  QT

T = 93.6 . T = 109.1 . 

. QT

, . 3.3, 

QT  = 45º. 

 ±200 

. . 

. 3.1 – . 3.3, 

 ( . 3.1). 

, 

. QT ( . 3.3) 
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, . . 

. 

. 

3.4. 
. 1.12 Qs

 65º. , 

. . 3.4 

 200 . QT, Qs Qw

 80º, 65º, 45º, 25º  0º .  65º 

 Qs QT

. Qw

: . , 

 65º QT Qs , 

Qw – . 

 80º  45º.  25º QT

Qw. , 

Qw . 

Qs QT

. . 

 0º QT Qs

Qw. 

, 

 45º  – ,  – 

.  < 45 

. 

 80º  45º 

.  45º . 

QT
g . 3.4 : QT

g = 2.5; 1.5; 

0.05; 0.4; 0.5 / 2  = 80º; 65º; 45º; 25º; 0º, . 

, , 

. 

,  45º 

. 
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. 3.4.

200 . 

: Qs

– 

; Qw – 

; 

QT – . 

. 3.5 

I

: 80º; 65º; 45º; 

25º;-25; -45º; -65º; -80º 

. , 

, 

I. 

, 

T

T = 0. 

, , , 

. 

 65º ( . 3.5) , 

T = -31.28 T = -110.8 .  5 

.  80º  45º I
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. ,  80º 

T = -

75 . .  45º 

, . 

, 

, 

, 

. 

. 3.5.

I

200 . 

: 

, 

I. 

 25º 

,  45º 

. I

 45º. ,  25º 

,  45º. 

 = -25º ( . 3.5) 

,  = 25º 

. , , 

.  = -65º 

, . 

. 

 = -65º  = -80º  = -45º 
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, :  = -80º 

,  = -45º 

. 

I  = -80º 

.  = -45º 

, .  

, Qs
65N  = 65° 

 > 45º , 

. QT

Qs, Qw – . 

 3 

Qs.  45º . 

 45º , 

. 

. 

3.5. 

3.5.1. 

. 3.1 

.  (max), 

 –  (min). 

( , 2009; Svendsen et al, 1999). 

. 

, . 3.1, 15.88 

 ( . . .)  46.44 . . . 

, 

.  (2009), 

, 

2.3 - 2.5 . ., -

 ( ) . 

, 

, . 
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. 

 3.1. : max – 

; min – . 

T, . . . 4.16 15.88 31.28 46.44 110.8
 max min max min max 

Qs
65N, / 2 5.97 5.36 7.43 4.72 7.38 

, 

(Svendsen et al, 1999), 

, , 

, 

 56º, 

.  (Svendsen et al, 1999) , 

. - , 

, 

, 

.  Svendsen et al (1999), 

 (2009) 

, 

 50º, 

. , 

-

. 

 ( , 2009). 

. 

,  ( , , 

1978; ., 1969), 

- . 



90 

. 

, , . 

: , -

, . . 

. 

. 

, -

, , 

 – . 

, 

 ( ), , , 

. 

, , 

 ( ). 

. 

( ). 

. 

, 

. 

. 

, 

, 

. 

. 

. , 

, 

 – , . . 

. 

 ( ., 1980; , 2000). 

,  65.5º  67º . ., 
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. 

. 

. 

. 

 ( ) , 

. , 

, 

( . 1980; , 2000), . 

-  50 .  (Svendsen et al, 

1999). 

 40 . . . . 3.1, 

 46.44 . . . 

Qs
65N = 4.72 / 2 – 

 200 . . 

3.5.2. 

 ( . 1980; , 2000). 

, 

 65.5º - 67º . . 

. 

-

 68º . . -

. , 

. 

. . 3.1,  15.88 . . . 

Qs
65N = 5.36 / 2  12%. 

. 

, 

 (Svendsen et al, 1999). 

 17 . . . 

 –  16 . . . 

 14.4 - 12.9 . . . 



92 

 18 - 7.5 . . . 

 – 

10.7 . . .  (1997) 

 23 - 10 . . . 

: - , . 

-

 ( , 2009). ,  470 

- , -

 12.9 . . . 

–10 . . . .  13 . . . 

 10 . . . 

 20 - 10 . . . ( , 1997; 

, 2005). 

, . 

, 

 18 . . . ( , 2005). 

 55 ., 

,  12.8 - 10.6 

. . . ( , 1997). -

( ., 1983), 

.  12.26 ± 0.17 . . . 

 60 - 70 

16.4  11.7 . . . 

 (1997) 

, ., 

-

. 

,  220 - 240 , 

 – 140 - 120 .,  – 100 - 80 . 

. 

 17.6 - 10.4 . . . ( , 1993; , 

1979; , 1997). 
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, 

 15.88 . . . 

3.5.3. 

46.44 . . .  15.88 . . . 

 31.28 . . . : 

, -

 25  40 . . . 

( , 2009). 

- , 

 25  40 - 50 . . . ( . 1983). 

-

 24  38 . . . ( , 2009). 

 (Svendsen et al, 1999), 

-  40 . . . 

.  (1997) 

( . - , ) 

. . , . 

.  33 - 31 . . . . 

, 

 33 - 32 . . . , -

. 

 70 - 

75 . . -

( , 2013). , 

,  31.78  32.77 . . . 

, . 

. 

 (  15 . ). 

- , 

27.5 . . .  36.3 . . . ( , 2006). 

 37  (25 . ) 

 27.8 . . . ( , 1983). 

,  15 - 20 , 

 8 - 10 . 
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28 - 29 . . . ( ., 1980). -  « », 

, -

 27.3  29.5 . . . ( , 2009). 

, T = 31.28 . . . . 3.1 

. 

3.6. 
. 3.1, T = 4.16 . . . 

 (10 . . . ÷ 0). 

, 

. 

 9 – 3.3 . . . ( , 1982; 

, 1989). 

, 

( , 1989). , 

. . 8 . . . ÷ 5 . . ., , 

,  5 . . .  ( , 

1966). , 

 ( , 1966; , 1953). 

 – 4.125 . . ., 

, .  – 4.770 . . . 

 ( , 1959; , 1990), 

 ( )  5 - 6 

. . . 

 3 . . . 

( , , 1970; . 1990). 

, T = 4.16 . . . 

 65ºN ( . . 3.1). 

, 

 5 . . . 

3.6 QT, Qs Qw

80º, 65º, 45º, 25º  0º . 

 1 .  65ºN , QT Qs
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. 

: Qs – 

4.16 . . ., 

QT – 3 . . . 

Qw

 5 

. 

. 3.6.

 5 . 

: Qs – 

; Qw – 

; QT – 

; 

 – . 

 80º 

QT

Qs

, Qw T = 
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0.499 . . . .  45º 

 65º Qs

T = 0, Qw

. 

 25º QT

T = 2.8 . . ., T = 0.7 

. . . Qw T = 0.5 

. . . QT Qw

T = 2.5 ÷ 2.8 . . . Qs

 (T = 3 . . .)  (T = 1.5 . . .). 

, 

 200 . . .,  80º  45º . 

QT

 = 80º; 65º; 45º; 25º  0º :  QT = 0.06; 0.023; 

0.0015; 0.008  0.012 / 2, . 

. 2.12 . 2.5 ( .  (Smulsky and 

Krotov, 2014)), : 

, , 2.75 , 3.58 , 11.86  18.6 . 

. 

 18.6 

.  = 80ºN

QT  18.6  532 / 2,  0.5  – 

31 / 2. 

QT  5.8 106 / 2 – 

. . 3.6  18.6 

Qs Qw  = 0º. , 

. 3.6  1 , 

 18.6 

. 

, , 

 Insl2bd.mcd, 

 ( , 2013 ). 

 (Smulsky  Krotov, 2014), 

 5 . . . 
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 OrAl-5kyr.prn,  200 . . . –  OrAl-

200ky.prn. 

3.7. 
 50 . . ., , 

. . 3.7 

, , 1I

12I. T = 4.16 . . ., 

, OI. 

. -

. , 

Qs
65N  65º 

 > 45º, 

, . 

. 

Qs
65N

. , 

, QT
65N

Qs
80N

. 

, 

, QT Qw, , 

. 

, , 

 65º 

, . 

, 

Qs
65N. 

, Qs
65N. 

. 

. 

 (2009) 

, 

, :  ( . .), 

 ( .)  ( . .). 
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Qs
65N

 20 

. : Qsmax = 7.581 / 2 T = -9.2475 . Qsmin = 4.505 

/ 2 T = -18.95 . . 

: 

Qsm = 0.5·(Qsmax + Qsmin) = 6.043 / 2.                  (3.1) 

: 

Qs = (Qsmax – Qsmin)/6 = 0.5127 / 2.                     (3.2) 

: 

Qsc,k = Qsm – k· Qs, k = 1, 2, 3,                          (3.3) 

: 

Qst,k = Qsm + k· Qs, k = 1, 2, 3.                             (3.4) 

, 

 20.369 .  Qsm20.369 = 6.055 

/ 2. Qsm, 

 200 . ,  6.075 / 2, . . 

(3.1).  Qsm20.369

. ,  (3.1) 

 200 . 

Qsm20.369. 

T = 0 Qs,0
65N = 5.922 

/ 2, . .  6.043 / 2. 

. 

Tb

Qs,0
65N . 

Tb Tf

Qsm. 

. 3.7 Qsm 1, 

1t 2t, 

 – 1c  2c.  3.2 

: Tb Tf , Qs,ex
65N

Tex. 

, 

 ( , 1987). 
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, -

. 

. 3.7. OI, 1I, 2I,… 12I  200 . . . 

: 1 – Qsm; 1t 2t – 

; 1c  2c – ; 

. ., ., . . – ; . ., ., . . – . 

3.8. 

, 1I, 2I 3I

( . . 3.7 . 3.2)  50 . . . 

: 

. 

, 

. 

. 

 (1997) 

. -

, , . 

 ( , 1991; 

.,1995). . 3.7,  50 , 

 3I . 

60.8 . . . (4I)  83.16 . . . (6I). , - , 

,  65 . . .  80 . . . 

( , 1997). 

 100 . . . . 3.7,  96 . . . 
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 7I. 

. , 

, -

 120 . . . ( , 1997). 

 8I, 

110.8 . . . 

 3.2.

200 . . T – .  30.12.1949 . Tb – , 

Tf – , Tex – , Qs
65N – 

 65º ; 

: . – ; . – ; . – ; . – . 

  
Tb - Tf 

. . . 

-

-Tex 

. . . 
Qs

65N

/ 2 

OI 6.86-0 4.16 5.973 . . 

1I 22.08-6.86 15.88 5.364 . 
(I ) 

2I 39.5-22.08 31.28 7.4316 . .   

3I 53.8-39.5 46.44 4.7174 . . 

(II )
4I 69.1-53.8 60.8 6.929 . 
5I 76.96-69.1 72.8 5.7946 . . 
6I 88.52-76.96 83.4 6.5197 . . 

7I 102.56-88.52 95.92 4.9187 . . 
(III 

) 
8I 120.08-102.56 110.8 7.3757 . . 
9I 137-120.08 127.56 5.1832 . 
10I 161.08-137 144.8 6.4903 . . 
11I 180.24-161.08 171.08 5.4419 . ? 
12I 200.6-180.24 190.36 6.6781 . ? 

 4I - 12I

 3I
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. , , 

. , 

, 

. 

, , . 3.7, 

, 

. 

. 3.2 

. OI . 1I

. ,  Svendsen et al 

(1999),  (1982) 

: , , 

. 

2I . 

, . 

3I

. , 

, . 

 4I, 5I, 6I, - , 

. , 

, - .  7I

,  8I, 9I, 

10I – , , -

, . 

 4I - 10I

: 

, . 

, 

. - , 

, 

. 



102 

. , 

. 

. 

. , 
18O  5.3 . , , 

LR4  Lisiecki and Raymo (2005) , 

 57 . 

,  21  65° . 

 LR4  500 . . . 

-1 ÷ -13. 

. , 

 (Imbrie et al, 2011). 

, , 

, , . 

,  – . 

 – . 

. 

. 

. 

 200 . .  6 

 20 . . 

, 

18O, . 

 4 

,  7-8 
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.  50 . 

 4  46.4, 31.3, 15.9  4.2 . . 

, , , 

, , 

. 

, 

. 

-  50 . , 

, 

, - . 

. 

, 

, 

, . . 

. 

4.1. 

 ( , , 2015). 

, .  (1939). 

: 1) 

; 2) 

; 3) 

, . . , 

: e ; 

; p

. . 

. 

, 

. ,  20-30 

. 

.  20-

, . 

. 
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. 

. 

 20-

( , 1999). -

 ( , , 2009). 

. 

, 

.   

 ( , 2013; 

Smulsky and Krotov, 2014). 

, 

. 

:  16.7°  31° ( , 

2013 ; , 2014; Smulsky, 2016), 

 22.26°  24.32°. , 

, 

,  18.6 . 

. 

( , 2014; Smulsky, 2016). 

. 

 ( , 2014; Smulsky, 

2016), 

. 

, 

 ( , 2015; Smulsky, 2015). 

. , 
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 6 

200 .  4  –  100 . . 

. 

. 

. , 

. 

4.2. 
, , 

, . . 

. , 

, , , , 

. 

, .  3 

. 

. . 3.1 

Qs : 

1, 2 3  200 . . . 

, , Qs . 

. 

2

, 3. 

Qw, . 3.2, 

. Qw = 0. 

, 

 – . 2

, 3. , 

,  – . 

. 4.1, . 3.3, 

QT , , 

. 

:  (  > 45º),  (  < 45º). 

QT

, . ,  – 
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. : 

QT , . 

: , 

. 

, 

 1 2. 

. , 

Q . 

. Qrsv, 

, Q. , 

Qrsv/Q Q

. 

. 4.1. QT : 3 – 

; 2 4 – ; 1  5 – . 
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 200 .  ( , 2013 ) 

QT T = 93.6 . T = 109.1 . 

. 

 ±200 . . 

. 3.1 - . 3.2 . 4.1, 

 ( . 3.1). 

, 

. QT ( . 4.1) 

, . . 

. 

. 

4.3. 
 3  200 . 

, 

( , 2014; Smulsky, 2016). . 3.4 

QT, Qs Qw

. 

 80º, 65º  45º.  65º  Qs

QT . 

Qw , . . 

. ,  65º QT

Qs , Qw – 

. 

 80º  45º. 

,  45º  – 

,  – . 

 80º  45º 

. 

. 3.4 QT
g

: QT
g = 2.5; 1.5; 0.05 / 2  = 80º; 65º; 45, 

. 

, 

. 
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,  45º 

. 

. 3.5 I

. 

: 80º; 65º  45º 

. 

, T

T = 0. 

, 

.

 65º ( . 3.5) , 

T = -31.28 T = -110.8 

.  5 .  80º  45º I

. ,  80º 

T = -75 . .  45º 

, . 

, , 

, . 

, Qs
65N  = 65 

. QT

Qs, Qw – . 

 3 

Qs. 

,  45º . 

, , . 

4.4. 
, . 

Qs
65N  65°. 

, 

. 

. . 4.1 

Qs
65N  50 

 ( , 2015; Smulsky, 2015). 
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 (max),  –  (min). 

 4.72 / 2

7.43 / 2.  3 . 3.7 

Qs
65N

. 1I, 2I, 3I . . 

OI. 

Qs
65N. 

 4.1. Qs
65N

 50 . 

T, . . . 4.16 15.88 31.28 46.44 
max min max min 

Qs
65N, / 2 5.97 5.36 7.43 4.72 

OI 1I 2I 3I

, . . .
0-6.86 6.86-22.08 22.08-39.5 39.5-53.8

 ( , 2009; Svendsen et al., 

1999). . 

, 

. , 

. . . . (2012) , , 

, 

. . . (2009), 

,  2.3 

- 2.5 , -

. 

, 

, . 

, 

,  ( , 2000; 

., 1980). 
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-  50 .  (Svendsen et 

al., 1999). . 4.1,  46.44 . . . 

3I  53.8 - 39.5 . . . 

 (Svendsen et al., 1999). 

. 4.2.

Svendsen et al (1999) ( 1b, 2b, 3b) 

 52.9 . . . 

; 

I(T) ϕ = 70º 

1 , I = 80º. 

 Svendsen et al (1999). 

 1:5000000. 

 40 . . . (Svendsen et al., 1999). 

: , 

-

25  40 . . . ( , 2009). 
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-

,  25  40 - 50 . . . ( , 1997). 

. , 

 31.28 . . . 2I  39.5- 

22.08 . . . . 

 17 . . . 

–  16 . . . (Svendsen et al., 1999). 

 18 - 7.5 . . . .A.  (1997) 

 23 - 

10 . . . ,  15.88 . . . 

1I  22.08 – 6.86 . . . 

. 

 ( , 1959), ( ., 1990), 

 ( )  5 - 6 

. . . 

 3 . . . 

( ., 1990; , , 1970). 

. , 

 4.16 . . . OI

 6.86 - 0 . . . . 

 (Svendsen et al., 1999) ( . . 4.2). 

1b , 

 (Svendsen et al., 1999). 

, . .  (2009), 

. 

2b. -

, , 

Svendsen et al (1999) 2b. 

. .  (2009) 

, 

3b. 3b  (Svendsen et al., 
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1999) , 

, . 

. 

4.5. 

 50 . . . 

, 

. 

 76°, 

 1000 .  80° 

, , 

. , 

,  80° 

. 

 80°. 

. 

 70°. . 

, 

. 

1. I = 

80º, . 

2. 

I = 80º, 

. 

3. I = 70º 

, . 

4. -

. 

5. 

. 

6. -

. 

7. 

, . 



113 

8. 

. 

4.6. 

. 4.1, 3I, 

,  53.8 . . .  900 

52.9 . . .  70° 

I = 80º. , 

, 

 ( . 4.2). 

. 4.3.  52.6 . . . 

, 

. I(T) 

ϕ = 67.5º 1 , I = 

80º. 

 52.6 . . ., 

I = 80º  67.5º, 

 ( . 4.3). , 
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, 

( , 2009). . 

. 4.4.  46.4 . . . 

ϕ = 53.4° I = 80º, . . 

. I(T) 

. 

 46.4 . . . 

I = 80º  53.4°. 

I(T) . 4.4 . 

 53.4° , 

. 

, . 

. . 

(2009)   Svendsen J.I. . (1999) ( . . 4.2). . 4.4 

. 

, . 

- , 
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. , 

. 

. 

 46.4 . . . . 4.4 

-  68-

69 .  (58° . 

.),  – ,  – , 

 – ,  – . 

. 

 ( , , 1978; 

., 1969). -

, 

. 

 46.4 . . . 

 40.3 . . .,  70º 

I = 80º ( . . 2 I(T) . 4.2).  40.1 . . . 

I = 70º 

 67.5º ( . 4.5).  3 

. 

- . 

. 

-

. 

. . 4.5 

, 

«Google Earth». 

. 

, 

-

, , 

– . 
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. 4.5.  40.1 . . . 

I(T) 1 , 

I = 70º. 

-

. , ( . ) . 

( , 2013). 

 22-25 . . 4.5, 

100-107  122 .  70-90 

, . . 

 30-40 ( , 2013).  40 . . 

. 

, , , ., 

. 

. ,  75 - 77.5 

 25 . 
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 28800 ( , 2009).  3-

- ,  15-

. 

. ,  75 , 

 34  19140 . 

 55 - 60 . 

, , , 

 10 800  11 600 . . ( , 2009). 

,  40 . . . 

 50 . , - , - , 

-

( , 2009), 

. , - , -

. 

. 

. 4.5, , 

, -

 122 . 

-

, - . 

. ,  15-20 

, ,  115  8-

10- , 

 28-29 . . . (

., 1980). -

 125  ( , , 1978), ( ., 1969). 

, -

- . 

, 

- . . . 

 (1986),  120-130 , 

,  140  ( , 1986). 

 «Google Earth» 

( . 4.6)  ( . 4.7), 

. . 4.6, 
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,  2226 , 

, 

122 . . . 

 107  70 

. 

. 4.6.

. 

. 4.7. -

. 

, -

- , 
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. 

, 

 70-100 . 

, 

, , , 

( , 2000; ., 1980). . .  (2015) 

. -

, 

, 

. 

, 

, 

 1 – 2 

 ( , 2015). 

4.7. 
. 4.1,  39.5 . . . 

, . 4.1 

2I  22.08 . . . 

Qs
65N = 7.43 / 2  200 . . ., 

 31.28 . . . 

. 

I = 70º  76º, 

.  3 

. , 

-  ( . 4.8). 

. 

 1.5  ( , 

1978), 

I = 70º . 

. 

 52.9 . . ., 

I = 80º  70º ( . . 4.2). 

 40.3 . . ., 

I = 80º. , 
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 12.6 . . , 

, . . 

 27.7 . . . 

. 4.8.

 39.5 . . . 

I(T) ϕ = 76º 

, I = 70º. 

 80º ( , 2009), (Svendsen et al., 1999). 

I = 70º  39.3 . . . 

 39.3 . . . . 

 39.3 . . .  27.7 

. . .,  33.5 

. . .  6.8 . . , 

, 

. . ( , 1978),  9 . . 

, 

- . 
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, , 

 ( ). 

 (1997)  ( . 

- , ) 

. . , . 

.  33 - 31 . . . . 

, 

 33 - 32 . . , -

. 

. 4.9.  31.28 

. . . Qs
65N

. 

 31.2 . . . 

. 

. 

 ( . 4.9). 

. 

, -

 24  38 . . . 

( , 2009). 
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 22.08 . . . 

. , 

. 

4.8. 
. 4.1, 1I, 

,  22.08 . . . 

,  20.8 . . . ( . . 3

I(T) . 4.2) 

I = 80º ϕ = 70°, 

. 

,  52.9 . . . . 4.2. 

 500  20.3 . . . 

 ( . . 2 . 4.3) I = 80º 

67.5° . 

,  52.6 . . . 

. 4.3. 

, , . 

. 

Qs
65N = 5.36 / 2

 15.88 . . .  12%. 

I = 80º 

 61.5°,  = 53.4° 

 46.4 . . . , 

 61.5° , 

. - , , 

Svendsen J.I. . (1999)  65.5º. 

, 

 65.5º - 67º . . 

 ( , 2000; ., 1980). 

-  68º . . 

- . 

, . 

 ( , 2000; ., 1980). 
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. 

. 

. . (2015) , 

.  15000 

, 

, , 

,  12000 . 

 67.5º 

I = 80º  9.8. . . . 

( . . 3 I(T) . 4.3). . 4.10 

- . 

.  7.76 . . . I = 70º, 

. 

. . (1978) ,  15 

. . .  6 . . . 

: , - , . 

-

 ( , 2009). ,  470 

- , 

-  12.9 . . . 

 – 10 . . . . 

 13 . . .  10 . . . ( , 2009). 

, . 

, 

. 

 ( . . 4.10) . 

 ( , 1997; , 2005) 

20 - 10 . . . , . 

,  18 . . . ( , 

2005). 
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. 4.10.  9.8 . . . 

Qs / 2  67.5º 

. 

 55 ., 

,  12.8 - 10.6 

. . . ( , 1997). -

( .,1983), 

.  12.26 ± 0.17 . . . 

 60 - 70 

 16.4  11.7 . . . 

 ( , 1997) 

, ., 

-

. , 

 220 - 240 ,  – 140 

- 120 .,  – 100 - 80 . 

. 

17.6 - 10.4 . . . ( , 1997; , 1993; , 1979). 
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4.9. 
. 4.1, OI, 

,  6.86 . . . 

. T = 4.16 . . . 

. 

( , 2015). ,  15.88 . . . 

. 

, 

. 

 ( , 1982; , 1989) 

 9 – 3.3 . . . 

,  ( , 

1989). , . . 8 

. . . ÷ 5 . . ., , , 

 5 . . .  ( , 1966). 

, 

( , 1966; , 1953). 

4.10. 

 50 . , 

. 

, . , 

, -

- , 

. 

-

. 

. -

, 

. , 

-
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. , 

, , , , , 

. 

. 

. 

. , 

. , 

, 

. 

. 

. , 

. 

. 

, , 

. 

- . 

. 

, -

. 

, 

, 

- . 

. 

. 

- . 

, 

, 

. 
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, 

. 

, . 

. 

, 

, 

. 

, 

. , 

.  ( , 2000; 

…, 1985; , 1997), 

 +27 -

- . 

3I - 2I ( . . 4.5 . 4.10). 

, 

. . 

- . 

( . . 4.9).  27 , 

. 

 ( , 

1983).  15-12 . 

,  ( , 2000; 

…, 1985; , 1997), 

, , 

. 

, 

- - . 

, . . 

- , 

, 
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. 

 5 

, 

.  1 , 

 14.8° 

 32.1°. , 

. 

, , 

, , 

, , 

, 

 MathCad. 

 4  50 . 

. 

. 

5.1. 

 ( , 2007; Smulsky, 2011a) , 

 ( , 

2013 ; , 2014; Smulsky, 2016). 

 1. . 1.12 1 , 

 (

)  14.8°  32.1° 

 23.4°. ,  (Laskar 

et al, 2004a) ( . . 1.12, 2)  22.21° 

24.43°. . 1.12 
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200 . .  ( . 

. 1.11)  200 .  ( , 

2013 ). , 

 7-8 , 

. 

. 

 ( , 2014; 

Smulsky, 2016). . , 

, , 

. 

. 1.12, 1

2 , 

. 

( , 2013 ; , 2014). 

 50 . 

 ( , 2015), 

:  46 . 

,  31 . , 

 16 .  4 . . 

, 

, . , . . 

 (2003) . 

,  19-20°  32-

33°.  65 . . . . 

 (2002) , - , . 

. 

, . 

. 

, , 

. 

. 

. .  (2003) 

, . . 

. 
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,  (Chippindale, 

1983)   Ales Stones  (Mörner, Lind, 2012). 

, , 

. 

. 

 ( , 2003) , 

, 

, 

. , 

 ( , 1989), 

, , 

. 

. 

, 

. 

, 

. 

. 

. 

. 

, 

. 

. 

, 

. , 

SunPhnmen.mcd  MathCad. 
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. 

 50 .  ( . . 1.12): T = 

2.8; 15.32; 31  46.44 . . 

5.2. 

5.2.1. 

. 1.1 

 1  3. 

, S 

. 5.1. 

. 1

HH′. HH′
1 Z. S

, 

EE′. 
λ

γ. 

AA′, . 

, . 

,  2, Psd

.  2 

j1, j1 = 1, 2, …, 365, Td,,j1 = 1, 

2,…, 365. 

, 

. . j1 = 0 . 

 (r, ϕo), r – , ϕo – 

. tfp

PE ( . 2.1 ) 

E ϕo  (2.4). 

: 

pR  – ;  
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vp – . 

( )2
11 ppRμα =  – ; 

μ1 = - G(M+m) – ; 

G – ; 

M – ; 

m – ; 

. 5.1.

S

M

. 

 1: 

AA′ - 

; ′ - 

, ε - AA′ ′; N - 

; ′: NrdN = ϕ – 

M ; Z – 

M; Nrd, Est, Sth Wst – , , , 

, ′. 
′: δ = SB – ; 

λ = γS – ; γ, ′, γ′  – 

, , 

, ; SS1 – 

. 

SrMdSsMn: Sr, Md, Ss Mn

, , , 

; z = ∠ ZMS – ;  = ∠ ZNS – 

, . 
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at  – ; 

e = - (1 + α1)/α1 – . 

, 

. , , 

. 

 Insl2bd.mcd  MathCad j1

( , 2013 ). j1

 3-5  SunPhnmen.mcd , 

. 

,  (2.4) 

PE ( . . 5.1). 

γ pγ. 

, 

PS  180°, . .  = pγ + . 

λ, γ ( . 

. 5.1), o  (2.4) 

λ : 

o = λ −  = λ − pγ −                                      (5.1) 

,  (2.4)  (5.1) 

, . . EE', 

λ. 

e, pγ

. 

 1 

. 

 MathCad 

T, , ,  OrAl-200.prn –  200 

 ( . . .). 

S ( . 5.1) EE'

t. SB

, . .  c , 

δ = arcsin (sin ε ⋅ sin λ).                                   (5.2) 
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 (5.2)  2  (2.16). 

. 

- , 

. 

 (5.2)  = j1, 

δj1 . , 

, j1 . 

δ . 

γB ( . 5.1) 

AA′, 
S. S, , 

. 

γSB

: B = /2;  = : γS = , BS = . 

, , 

(1.1.013)  ( , 1976) 

γB = S: 

sin S = tg ·ctg . 

 (5.2) 

: 

20 )sin(sin1
sincosarcsin

λε
λεα

⋅−
⋅=S ;      S = S0  0.5 ; 

(5.3) 

S =  − S0  0.5  < 1.5 ;     S = 2  + S0  > 1.5 . 

 (5.3) ,  0 

2 .  arcsin , , 

/2, 

. 

AA′ EE′
, γ

 50″.25641. 

, 

EE′ , 

λ, γ. 
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, . . Ptr = 365.24219879 , 

Psd. , 

, . 

S EE' ( . . 5.1) 

. γ (λ = 0), 

. E' (λ = /2), 

. γ' (λ = ), 

. E (λ = 3 /2). . 8 

SunPhnmen.mcd 

Tdsm, Tdau Tdwn. , 

, Tdsp = 0. λj1

Td,j1, 

. 

: , , 

, : 

Tdsp = Tdsm − Tdsp;    Tdsm = Tdau − Tdsm; 

Tdau = Tdwn − Tdau;     Tdwn = Ptr − Tdwn.                     5.4) 

,  (5.4), . 5.1 . 

, 

. . 5.1 

 0.25841  0.55875 ,  14.8°  32.1° 

.  (T = 0) 

 ( Tdsm= 93.654 ),  –  ( Tdwn = 88.981 

). T = 2.8 . . , 

 – . T = 15.32 . .

,  – . 

. 

 6 . 

. 5.1 

. , 

,  – . , 

. 5.1 

(T = 0) . 
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 5.1.

T

ε: T – .  30.12.1949 . 

T εεεε Tdsm Tdau Tdwn Tdsp Tdsm Tdau Tdwn

1 0 0.40916 92.770 186.425 276.261 92.770 93.654 89.837 88.981
2 -2.8 0.41343 94.226 186.029 274.484 94.226 91.803 88.454 90.759
3 -15.3 0.33237 88.484 181.276 275.458 88.484 92.792 94.183 89.784
4 -31 0.55875 91.191 179.887 271.280 91.191 88.697 91.393 93.962
5 -46.4 0.25841 92.806 185.831 275.649 92.806 93.026 89.818 89.593

5.2.2. 

M ( . . 5.1), 

HH′ NZE′MdA′
MN, Eω . 

. , 

, HH′
SrMdSs AA′. Sr

HH′, Md , 

Ss , Mn . 

S NZE′MdA′, 
Md. 

A′B AA′. Z

ZS = z, z . 

z  2. 

, . 

NZS : NZ = 

/2 – ; NS = /2 – N = . 

 ( , 1976) cos ZS = cos NZ·cos NS + 

sin NZ·sin  NS·cos N  (

, 2013; Smulsky and Krotov, 2014): 

cos z = sin ·sin + cos ·cos ·cos .                             (5.5) 

z Z 

. Sr : z = − /2, 

Ss z = /2.  (5.5) 

. 

0 = arcos(-tg ·tg ).                                      (5.6) 
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. 5.1 M

S . 

S E′
. , - , 

. 

Z, . 

S E . 

. S

γ γ′
AA′. HH′

, 

, . . . 

M . 5.1 

, . . NrdN , SMd

HH′. M

. S′
. E

HH′. 
M . 

5.3. 
Tsd

Md ( . 5.1). Tsd

S EE′ S1

s1 = B1,  (5.3). 

sd0 < 2 0 = 

S1 − S, . . 

s 0 = 2  − 0.                                      (5.7) 

 (5.3) 0,j1

j1 . j1

: -

-

. - SS1

EE′ BB1

AA′. 
: 
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0,j1 = s,j1 − s,j1−1.

=

Δ
=Δ

365

11

1,0

365j

j
m

α
α .                                        (5.8) 

m

 = 0 – m

sd = 2  – ( 0 − m).                                  (5.9) 

: 

),2(12
2
24 1,0

1 π
αα

ωπ
mj

sdjsdT
Δ−Δ

−==                      (5.10) 

 24/2  – , 

, . 

, 

,  (5.10), Tsdm = 24 . 

Tsd = 60(Tsd − 24).                                   (5.11) 

 2015 . 

j1 = 1 Tsd = 

0.297 , Tsd = 0.358 j1 = 181, 

j1 = 278: Tsd = -0.497 . 

m

Tsdm.  24 , 1  60 

,  –  60 . Tsd

Tsdm 0

. 

0,j1 = 0,j1−1 + Tsd,j1−1.                             (5.12) 

365/)(
365

1
1,00

1

=
=j

jm ηη .                                 (5.13) 

m0η

. 

j1 = 0,j1 – om.                                      (5.14) 
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. 

ma

m : 

ma = m+ ,                                           (5.15) 

m – . 

. 9  SunPhnmen.mcd. 

(Td) . 5.2. 

j1 = 1  = -7.47 , 

mn = -14.25 j1 = 329, mx = 

16.43 j1 = 229. 

 ( , 2004). 

Td : 

1 , . 5.2 – . 

, 

Tsd,j1 = j1+1 – j1.                               (5.16) 

. 5. 2.  30.12.1949 .:  – 

; Td – . 

 (1998) . 

, 

Tsd = 0.297 . 

, 

 10 

.  (1985) 



140 

, 

. 

, 

. 

,  (5.10), 

j1 – j1−1 Tsdm = 24 . 

,j1

Tsd,j1  (5.7) – 

(5.14). 

Tsdc Tsd  0.092 j1 = 278. 

 0.3%.  (5.7) – (5.14) 

Tsd . 

. 5.3 Tsd

 (T = 0) 

. Tsd

 (Td  0 Td  180) 

 (Td  90 Td  280). 

 -0.5 

0.35  24 . 

. 5.3. Tsd T

: Tsd – ; T – . 

 30.12.1949 . 

. 5.2 , 

. 5.2  (T = 0), 

. 

0m,  (5.13), . 5.2 
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:  -4.7  31 . . .  7.8 

. mx mn

 2-3 . 

m ,  (5.8), 

m = 0.0172. 

. 

 5.2. T: T 

– .  30.12.1949 . 

T, 
kyr

0m mx mn m

0 7.80093 16.4349 -14.2489 0.0172030
-2.8 7.21693 12.1048 -18.0700 0.0172034

-15.32 -2.54582 11.8227 -14.7360 0.0172024
-31 -4.69624 26.1632 -19.2286 0.0172042

-46.44 6.45078 9.00746 -8.54319 0.0172025

. 5.1 

Eω . 

 (Smulsky, 2011a; , 2014; Smulsky, 

2016), 

. 

. 

5.4. 

5.4.1. 

, D0

 ( . . 5.1) 0

 (5.6): 

D0 = (24/2 )·2 0 =(24/ )· 0.                                     (5.17) 

0 , 

D0 HH′
. 

. , -

 ( ) , 

90 . 

90 z = 90°, , 
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, . 

 ( , 2004) 

90 = 34' = 9.8902 10-3 . 

. 5.1 z

Z M, . 

 (5.5) z . p, 

 M , 

. p

 (5.5) . 

p  8''.8 ( , 2004). 

 230 90, 

. 

. 5.4. ob

Sob M

v

S. 

 ( . . 5.4), 

M S v . 

. 

S

. 

 (Smulsky, 

2014). v, 

c

 = ·sin ob,                                         (5.18) 

 = v/c

S

Sob . , 

( , 2004), 

M vrt

 (vor) . 

vrt  0 . ,  (5.18), 
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. 

vor /2. 

, 

. 

. 

. 

 20'' ( , 2004). 

 100 90, 

90. 

. 

, 

vor vor

. , 

, 

MSob ( . 5.4). 

 (Smulsky, 2014). 

. 

. 5.5 

GK = 90 HH′ . 

KSs1  ( , 2004) : 

,106599.418".961 3

1 ρρ
−⋅==sKS                           (5.19) 

 – , a

. 

(2.26) λ ( , 1999; , 

2007). 

. 5.5. GK = 90

: HH′ – 

; Ss1 – 

. 

 (5.19) GSs1

)6599.48902.9(10 3
1 ρ+⋅= −

sGS .                            (5.20) 
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GSs1 , 

Z ( . 5.1), 

, . . z = GSs1. 

z0a = /2 + GSs1.                                       (5.21) 

z

(5.5), 

: 

ϕδ
ϕδω

coscos
sinsincos

cos 0
0 ⋅

⋅−
= a

a

z
.                               (5.22) 

 1, 

 (5.22) : 

0a = arcos(Fn),                                         (5.23) 

Fn

ϕδ
ϕδ

coscos
sinsincos

0 0

⋅
⋅−

= az
Fn                                  (5.24) 

: 

Fn = Fn0  -1 Fn0  1;    Fn = -1 Fn0 < -1; 

Fn = 1 Fn0 >1.                                    (5.25) 

. 5.1, 

z0ra = - /2 -GSs1, . . , 

z0a. 

 (5.23). 

 2 0a, : 

D = 24· 0 / .                                       (5.26) 

. 10  SunPhnmen.mcd. 

. 5.6 D

. ,  = 60° 

 (Td = 1) D = 12.31 , 

18.87 . 

D = 12.26 , D = 5.87 

. 

D  12.1 

(  = 0°). 
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. 5.6.  ( ) 

 30.12.1949 . 

 > 60° 

 24 . 

(  = 90° − °) ,  31 . 

. 

D = 2.17 

. . 

. 5.6 

 ( , 2004). 

5.4.2. : 

. 

. , 

( ) Dd = 24 , Dn = 0 . 

 (5.26) 0ad = 

 – 0an = 0.  (5.23) 0a

, Fnd = -1 Fnn = 1 

. Fn  (5.24). 

: 

cosz0a − sin ·sin  = Fn·cos ·cos . 

 sin ,  (5.2), 

.cossinsin1sinsinsincos 22
0 ϕλεϕλε ⋅⋅−=⋅⋅− na Fz           (5.27)
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 (5.27) 

, Fn2 = 1,  sin

.0
sin

coscos
sin

sin

cossin
2sin

2
0

22
02 =−−⋅⋅−

ε
ϕλ

ε
ϕλ aa zz

             (5.28) 

,  «+»  «−» 

. : 

sin  = Fn01; Fn02,                                       (5.29) 

 «+» : 

.sin/]cossincoscos)cos(sin[ 00
222

0 εϕϕϕ aaa zzzFn01 ⋅+−+⋅=  (5.30) 

Fn02  «−». 

 1 

Fn1 = Fn01  1 Fn01  −1;     Fn1 = 1  Fn01 > 1;         (5.31) 

Fn2 = Fn02  1 Fn02  −1;     Fn2 = −1  Fn02 <− 1.      (5.32) 

 0 <  < , 

–  <  <2 . Fn1 > 0, 

, Fn2 – . 

 (5.29) pd = 

arcsin(Fn1). : pd

pd1. . 5.6 

,  – . 

: 

pd = arcsin(Fn1);           pd1 =  − arcsin(Fn1).                   (5.33) 

: 

pn = 2  + arcsin(Fn2);                pn1 =  − arcsin(Fn2).          (5.34) 

Td, 

pd, pd1, pn, pn1, j1

. : Tdd Tdd1 – 

, Tdn Tdn1 – 

. . 11 

SunFhnm.mcd , . 5.7 

. 
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I Td = 90 

. 

 5 . II

 90 < Td < 180 

Td . 

 180 < Td < 270 Td > 270  (III) 

(IV) . 

. 5.7. Td  (I, III)  (II, IV) 

 (I, II)  (III, IV) 

 50 . . . 

, T = 0  = 70° Td = 

56.88 

. Td = 128.82 . 

Td = 250.05 Td = 302.39 . 

, 

. 

Td = 92.8 , 

Td = 275.5 . 

, 

66.56°. 

, 

. 5.7, , 
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. 

. ,  31 . . . 

 56°  58°, , 

 46.44 . . . –  74°  76° . 

,  ( , 2002)  31 

. . . .  (  = 

57.15°) . 

 15.32 . . . 

. 

Tdd = 

Tdd1 − Tdd Tdn = Tdn1 − Tdn; , 

. 1 . 

, 

. EA

 ( , 2004). 

EA  1 . 

 2 . . 1 . 

. 5.7 . 1

. 

5.4.3. 

. , 

s = /2,  – 

w = 1.5 . ,  (5.2), 

s = w = − , . 

s  (5.24) 

(5.23)-( 5.27) : 

0sa = arcos(Fns);                                      (5.35) 

ϕε
ϕε

coscos
sinsincos

0 10

⋅
⋅−= a

s

z
Fn ;                              (5.36) 

Fns = Fn0s  -1 Fn0s  1;    Fns = -1 Fn0s < -1; 

Fns = 1 Fn0s > 1.                                  (5.37) 



149 

 (5.28) z0a1, 

,  (5.20), -

= 1. 

w = −  (5.24) 

 (5.35)-( 5.39) : 

0wa = arcos(Fnw);                                        (5.38) 

ϕε
ϕε

coscos
sinsincos

0 10

⋅
⋅+= a

w

z
Fn ;                             (5.39) 

Fnw= Fn0w  -1 Fn0w  1;    Fnw = -1 Fn0w < -1; 

Fnw = 1 Fn0w > 1.                                  (5.40) 

, , : 

Ds = 24· 0s / ;    Dw = 24· 0w / .                     (5.41) 

 (5.35) – (5.41) . 12 

SunPhenmn.mcd, . 5.8 

. D

. 

D 12 I, 

– II. 

, . 5.8,  50° 

 8 ,  – 16.37 . 

 12 . 

 12 . 

. , 

 24 . 

, D( ).

,  31 . . . 

,  46.44 . . . – . 

. 2

 (Ds)  (Dw) . 

 2°, .   
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,  (Ds = 24 ) 

 (Dw = 0 ). 

. 5.8. D

(I)  (II) ° 

T  50 . . .: T – 

.  30.12.1949 .; D – . 

5.5. 

5.5.1. 

AS HH' ( . 

5.1) Nrd . D

AS = NrdSth + SthD = 2  − DNrd.                             (5.42) 

NrdZD, NrdZ ZD

/2, DNrd Z. NZS

: NS = /2 - ZS = z, N = . 

sinZ/sinNS = sinN/sinZS, 

sinZ = sin ·cos /sinz,                             (5.43) 

z  (5.5) 

: 

z = arcos(sin ·sin  + cos ·cos ·cos ).                      (5.44) 

 (5.43)  (5.42) AS = 2  – Z 

: 
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AS,rad = 2  – arcsin(sin ·cos /sinz).                        (5.45) 

 arcsin  (5.45) 

/2 , 

. 

Fn03 = arcsin(sin ·cos /sinz).                              (5.46) 

mxFn Fn03

mnFn. 

− in9, 

mnFn, in10, mxFn. 

k k

Fn3 : 

Fn3 = Fn03  ind9  k  in10; Fn3 = −  − Fn03  k < in9; 

Fn3 =  − Fn03  k > in10.                           (5.47) 

 (5.46)  = 0, , Fn03

 0 . . 5.1 Fn03 = NrdD = . 

 (5.46) – (5.47) 

 (5.45) : 

AS = 180° + (180°/ )·Fn3.                              (5.48) 

, 

Fn03 . 

AS

 0.5·  1.5· . 

: 

Fn3 = Fn03  ind9 < k < in10;   Fn3 = −  − Fn03  k  in9; 

Fn3 =  − Fn03  k  in10.

. 13  SunPhenmn.mcd. 

. 5.9 

. 1

. 

= -12  (  -6 ) 

90°. :  (  = 0 ) 

 180°  (  = 12 )  360°. 

. 

:  ( 2)  ( 3) 

, 

. , 
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, 

. AS , 

, 

. . 5.9 

. 1 AS

, 

. 

 ( , 

1998). 

. 5.9. AS  (ϕ° = 55.7522°) 

 (1),  (2) 

 (3)  30.12.1949 . 

 (  < 0) 

 (  > 0). 4

. 

 (5.47) 

. 

, . .  –  < 0. 

z  (  =0)  (5.5) 
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zn =  – .                                       (5.49) 

, , 

zns =  –                                        (5.50) 

 (  = . . 5.1) 

znw =  +                                        (5.51) 

 (  = − ).  (5.50) , 

zns , 

. . M ( . . 5.1) 

.  (  = 0) ASn = 0, 

, . , 

M

, 

, . 

zn,  (5.49), 

, . 

, zn < 0. 

: 

ASt = (180/ )·Fn03    zn < 0.                            (5.52) 

. 5.10.  (ϕ° = 20°) 

1, 2

3  30.12.1949 . 

2  180° ( . 

). 

(  < 0)  (  > 0).  
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. 13 

 SunPhenmn.mcd . . 5.10 

 = 20°. 

1 3

 180°  (  = -12 ) 

.  3 

,  – . 

 180°, . . 

. 

 (AS = 180°). 

 ( 2, ) 

 (AS = 0°), 

 (AS < 90°).  (  1 ) 

 (AS = 0°). 

 (AS  -70°). 

 (AS = 0°). 

, 

 0  360°, -180°  180°. 

 -12  +12 . 

M, . . AS = 0÷2 . 

:  ( 2) , 

, , ( 1 3) – 

. 

5.5.2. 

. S ( . 5.1) 

HH' z AS, 

NrdSrSthD. 

M: NS – 

Nrd ES – Est. 

: 
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NS = sinz·cosAS;      ES = sinz·cosAS,                         (5.53) 

AS – . 

 (5.53) NS, ES

, z AS

. . 5.11 

: 

. 

. 

. 

. 2

. , 

, . 

. 5.11.

 (ϕ = 55.7522°)  30.12.1949 .: 1 – 

; 2 – 3 – 

. NS  (Nrd), ES – 

(Est).  (M) 

. 

 ( )  ( ). 

3

. 
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, , , 

. 

, 

1  2 3

 (Chippindale, 1983; 

Mörner, Lind, 2012). . 15 

SunPhnmen.mcd .

5.5.3. 

. . 5.1 . 5.5, 

G

HH′  
AGs = NrdEstSthWst + WstSs+SsG,                           (5.54) 

Est Wst – . 

NrdEstSthWst  1.5  ( . . 5.1). Ss

N SsF, 

AA', . . F = 0.5 . SsF . 

SsFWst Wst = /2 − . WstSs

WstSs = arcsin(sin /cos ).                             (5.55) 

GSs GSs1Ss. ( . 

. 5.5), Ss = Wst = /2 − . 

, 

RE·GSs1 RE·GSs, RE – . Ss

: tg( /2 − ) = RE·GSs1/(RE·GSs). : 

GSs = GSs1·tg .                                     (5.56) 

 (5.54) 

: 

AGs = (180/ )·(1.5  + arcsin(sin /cos ) + GSs1·tg ).          (5.57) 

,  sin /cos  1, 

: 

Fn04 = sin /cos                                            (5.58) 

: 

Fn4 = Fn04  -1 Fn04  1;    Fn4 = -1 Fn04 < -1; 

Fn4 = 1 Fn04 > 1.                              (5.59) 
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: 

AGs = (180/ )·(1.5  + arcsin(Fn4) + GSs1·tg ).                   (5.60) 

, Sr1

MnSr ( . 5.1 

). HH′ Sr1Sr

Ss1Ss ( . . 5.5), . . Sr1Sr = Ss1Ss. 

Gs Nrd

SrG1 = SsG. Gs

: 

AGr = NrdEst− EstSr − SrGr,                             (5.61) 

Est HH′
AA', NrdEst = /2. EstSr = WstSs. 

(5.61) 

(5.58)-( 5.61) : 

AGr = (180/ )·(0.5  - arcsin(Fn4) - GSs1·tg ).                  (5.62) 

 (5.60)  (5.62) 

AGs + AGr = 360°.                                        (5.63) 

AGs + AGr  360°, 

. 

MNrd  ( . 5.1). 

. 14  SunPhenmn.mcd. 

. 5.12 

AGr . ,  = 60° 

 (Td = 1) AGr = 87.76°, 

 35.84° . 

AGr = 88.23°, AGr = 

141.27° . 

AGr

 (  = 0°)  66.56° 

 113.44° . 

 > 60° 

AGr  0°, . . 

.  (  = 90° − °) 

. 
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 (Td = 276) AGr  180° 

 (  = 90° − °), . . . 

. 

. 5.12.

 30.12.1949 . ° 

: AGr – . 

, . 5.12 

. 5.6, 

AGr = 90°. 

AGs,  (5.63), AGs = 360° - AGr, 

. 5.6. 

5.5.4. 

s = 

/2. s = 1.5

:  – , 

 – . 

(5.62) : 

AGrsm = (180/ ) (0.5  − arcsin(sin /cos ) – 

 -(9.8902·10-3 + 4.6599·10-3/ s)·tg )                      (5.64) 

: 

AGrwn = (180/ ) (0.5  + arcsin(sin /cos ) – 

-(9.8902·10-3 + 4.6599·10-3/ w)·tg ).                     (5.65) 

 (5.60) 

.  (5.64)-( 5.67) 
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,  |sin /cos | > 1 

( . . 14 ). 

 (5.64) - (5.65) 

. 5.13. AGr

. 

AGr 90° I, 

 – II. 

, . 5.13,  50° 

AGr  50.77°, 

 – 127.24°. 

 66.56° . 

 113.44°. AGr

. 

. 

AGr

 180° . 

. 5.13.

 (I)  (II) ° 

T  50 . . .: 

T – .  30.12.1949 .; AGr – 

. 
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AGr

, 

AGr( ) . ,  31 . . . 

, 

46.44 . . . – . 

, . 5.13 

D . 5.8, 

I II . , 

, AGss,  (5.63), 

AGss = 360° - AGrsm. AGssm AGswn

. 5.8. 

. 3

 (AGrsm)  (AGrwn) 

.  2°, . 

, 

 (AGrsm = 0°)  (AGrwn = 180°). 

5.6. 

5.6.1. 

ó  ( .- . γν μων – ) , 

. . 5.14 lsh

 lg, . 

lsh z

S.  (5.19) S

KSs1 . 5.5. . 5.14, 

: 

lsh1 = lsh/lg = tg(z – S) = tg(z – 4.6599 10-3/ ),              (5.66) 

z  (5.44). 

. 5.14. lsh  lg

S. 
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lsh1 : 

Fn06 = z – 4.6599 10-3/ ;                                 (5.67) 

Fn6 = Fn06  -0.5 Fn0  0.5 ;    Fn6 = -0.5 Fn06 < -0.5 ; 

Fn6 = 0.5 Fn06 > 0.5 ;                               (5.68) 

lsh10 = tg(Fn6);      lsh1 = lsh10   lsh10 > 0;       lsh1 = 0   lsh10 < 0.(5.69) 

5.6.2. 

 (5.67)-(5.69) 

lsh1

. .  ( . 5.15). 

,  – . 

, lsh1

, 

lsh1

. 

. 5.15.

1, 2

3  (ϕ° = 55.7522°) 

 30.12.1949 . 4 – 

15  2015 .  (ϕ° = 57.301575°) 5 – 

. 

 (  < 0)  (  > 0). 
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. 5.15,  (

1) lsh1  (  < 0) 

 (  = 0) lsh1 = 1.433. 

 (  > 0). 

 ( 2) 

lsh1 = 0.626,  ( 3) 

lsh1 = 5.108. , 

. 

5.108 lsh1  0.626. 

. 5.16.

Nsh(Esh) 1, 

2 3  (ϕ° = 

55.7522°)  30.12.1949 . 4 – 

 15  2015 .  (ϕ° = 57.301575°) 

5 – . Nsh , Esh

– . 

. 

Nsh, Esh, Nsh , Esh – 

. Ash Nsh
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: Ash = AS + 180°. 

: 

Nsh = lsh1·cosAsh = − lsh1·cosAS;          Esh =− lsh1 ·sinAS.               (72) 

. 5.16 

. 

. . 

. . 

 ( 1)  (Esh < 

0) . 

.  (

2) -

- . , ±2 , 

.  3 , 

. 

5.6.3. 

, 

. , 

. . 5.17 

: , , 

, , , 

.  15.08.2015 ., 

Td = 148  21 . 

. 

AshM NM, 

. 

. 5.18 

lsh1 . tm. 

, lsh1 tm  12 . 

. 5.15 5

 (5.67)-( 5.71) 4 lsh1( ). 

 (  = 0)  12 . 44 . 

Td = 148 

 (5.48) AS . . 

5.9 AS( ). 

ASM
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ASM = AshM − 180°. ASM

A = 14.47059° 

AS, . . ASM < AS. , 

A

. 

. 5.17.  15  2015 . 

 (ϕ° = 57.301575°) : , 

, ,  6  – , 

. 

. 5.18.

lsh1

tm .  15 

2015 . ϕ° = 57.301575°. 

 (5.70) 

. . 5.16 5. , 

5 4. 

5 4

. 
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, 

. , 

 12 . 44 

A . 

, 

, . 5.18. 

. 

5.6.4. 

. 5.15,  (

= 0). zn

 (5.49),  (5.66) 

ls1n = tg(  –  – 4.6599·10-3/ ).                                     (5.71) 

. 5.19.

ls1n Td

30.12.1949 . ° : a – 

; b – ls1n  2 . 

. 17.3 

 SunPhnmen.mcd 

tg. 

. 5.19. 

 = 1. . 5.19,  = 60° 
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 (Td = 0) 

ls1n = 1.687. 

 0.734. 

 8.351 

. 

,  – 

.  (  < ) ls1n( ) 

. 

: . ls1n

. 

5.6.5. 

, 

,  = ± . 

(5.71)  = 1 

ls1s = tg(  –  – 4.6599·10-3);         ls1w = tg(  + - 4.6599·10-3),     (5.72) 

, . 

 tg . 17.3 

 SunPhnmen.mcd. 

. 5.20. 

ls1s , 

ls1w – . , . 

5.20 T = 0,  (  = 0) 

ls1s = 0.428.  0, 

ls1s = 

2.277  = 90°. 

, 

.  = 

: ls1s = 0. 

 (T = 0) 

 (  = 0) ls1w = 0.428, . . , 

. 

 = 90° − ° , 

. 
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 0.259 (T = 46.44 . . .)  0.618 (T = 31 . . .). 

, 

 (90° – °). 

. 5.20.

 (ls1s)  (ls1w) 

° T  50 

. . .: T – .  30.12.1949 .; ls1w ls1s – 

 4 . 

. 4

 (ls1s)  (ls1w) . 

 2°, 

80°.  1.6e+16 

. 

5.7. 
. 

M ( . . 

5.1), . . , e , 

, 

p

(Smulsky, 2016). 

, 
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 6 ,  ( . . 

5.3). 

Td, . 

Tdsp = 0, 

Tdsm,  – 

Tdau  – Tdwn. 

Td, , 

 (5.4) Td. 

 = 0; /2; ; 3 /2. (Td), 

Td . 

, e, p . 

 5.3.

/
0 /2 3 /2

1 Td,  0 Tdsm Tdau Tdwn

2 
Tdd,n, − Tdd − Tdn 

3 zn znsp znsm znau znwn

4 D, − Ds − Dw

5 

c

AGr AGrsp AGrsm AGrau AGrwn

6 ls1n ls1sp ls1s ls1au ls1w

, , – 

 ( Tdd)  ( Tdn). 
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. 

pd pn ( .  (5.33)- (5.34)), 

(Td). 

. 

, 

. 

zn

. , , 

, : 

znsp = , znsm =  - , znau = znwn =  + .                      (5.73) 

, 

l . 

: 

l = /2 - zn.                                        (5.74) 

 – 

 Ds Dw. 

. 

. , 

. 

 (5.41). 

 – 

. 

- . 

 (5.64),  – (5.65).  =0, 

 (5.58)  (5.62) : 

AGrsp = AGrau = 90° [1 − (9.8902·10-3 + 4.6599·10-3)·tg /0.5 ].    (5.75) 

 – . 

:  (ls1s)  (ls1w) 

(5.72),  =0,  (5.71), 

: 

ls1sp = ls1au = tg(  – 4.6599·10-3).                            (5.76) 

, . 
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. 

 (5.72)  (5.76). 

5.8. 

. 

. 

, . . 

 ( , 2003). 

. 

z,  (5.73), 

znsp = . ls1sp

 (5.75) . 

: 

 = znsp         = arctg(ls1sp + 4.6599 10-3).                (5.77) 

AA’ ( . 5.1). 

, . 

.  (5.75) 

AGrsp

. -

AEapa = 90°,  (5.75) : 

AEapa = AG1sp + 90° (9.8902·10-3 + 4.6599·10-3)·tg /0.5 .           (5.78) 

- : 

ANpa = AEapa – 90° = AG1spa – 90° [1 - (9.8902·10-3 + 4.6599·10-3)·tg /0.5 ], 

(5.79) 

AG1spa – 

. 

-

, 

. 

ANpa. 
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.  (  = /2, 1.5 ) 

z ,  (5.73), , 

(5.72),  –  + . 

: 

=  - znsm;  = -(  - znsm);  =  - arctg(ls1sm) - 4.66·10-3; 

= -[  - arctg(ls1wn)] - 4.66·10-3.                          (5.80) 

 (5.80) 

. 

,  (5.80) 

, . 

 (5.64)  (5.65), . 

 (5.65)  (5.64) : 

 = arcsin[sin( · Asr/360)·cos ],                         (5.81) 

Asr = AGrwn – AGrsm – 

. 

Ass . , 

Ass Asr , 

.  (5.81) , 

. , 

, 

. 

. 

 (5.41).  (5.35) – (5.38) 

D = Ds - Dw

⋅
⋅−

−
⋅

⋅−
=Δ ϕε

ϕε
ϕε

ϕε
π coscos

sinsincos
arccos

coscos
sinsincos

arccos
24 1010 aa zz

D .  

(5.82) 

 (5.82), , . . 

 (5.21) z0a1 = /2. : 

[ ],)tgarccos(tg)tgtgarccos(24 εϕεϕπ ⋅−⋅−=ΔD          (5.83) 
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 (5.83) : 

 = arctg{[sin(0.5 · Dud)]/tg },                       (5.84) 

Dud = D/24 −                               (5.85) 

− , 

. 

 (5.84) 

. 

,  (5.84) , 
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 1 .  ( Tdd) 

( Tdn) T ° : T – 

.  30.12.1949 .; Tdd Tdn – 

, 

, ; Tdd Tdn

– ; EA – 

 ( , 2004). 

°

T, kyr 
0 -2.8 

Tdd Tdd
Tdd

EA 
Tdn Tdn

Tdd

EA 
Tdd Tdd Tdn Tdn

90 -2.11 190.7 191 188.6 174.6 175 -2.15 190.2 188.1 175.0
88 2.955 180.5 182 193.7 164.4 165 3.008 180.1 193.0 164.9
86 8.052 170.2 171 198.9 154.1 155 8.196 167.0 198.0 154.7
84 13.22 159.8 161 204.1 143.7 145 13.45 159.7 203.1 144.4
82 18.49 149.2 150 209.5 133.1 134 18.81 149.2 208.3 133.9
80 23.93 138.2 140 215.0 122.1 123 24.31 138.4 213.6 123.0
78 29.57 126.9 128 220.8 110.6 112 30.02 127.1 219.2 111.7
76 35.52 114.9 116 226.9 98.47 100 36.02 115.4 225.1 99.69
74 41.89 102.1 103 233.5 85.26 86 42.41 102.8 231.5 86.69
72 48.88 88.02 89 241.0 70.37 72 49.4 89.01 238.7 72.11
70 56.88 71.94 73 250.1 52.34 54 57.31 73.39 247.3 54.67
68 66.82 51.99 53 263.8 25.01 26 66.97 54.27 259.7 29.57
66 83.8 17.95 19 276.3 0 0 81.98 24.44 274.5 0 
64 92.77 0 0 276.3 0 0 94.23 0 274.5 0 

 1 . 

°
T, kyr 

-15.32 -31 
Tdd Tdd Tdn Tdn Tdd Tdd Tdn Tdn

90 -2.4971 186.46 183.97 178.79 -1.6301 183.08 181.45 182.18 
88 3.4938 174.02 190.46 166.27 2.2802 175.42 185.2 174.5 
86 9.516 161.51 197.05 153.55 6.1923 167.77 188.98 166.78 
84 15.637 148.8 203.83 140.47 10.117 160.08 192.8 158.98 
82 21.937 135.75 210.88 126.82 14.068 152.35 196.66 151.08 
80 28.52 122.12 218.36 112.33 18.058 144.53 200.59 143.05 
78 35.537 107.63 226.49 96.531 22.105 136.6 204.61 134.85 
76 43.235 91.789 235.71 78.555 26.226 128.52 208.74 126.43 
74 52.094 73.627 247.08 56.264 30.445 120.24 213 117.73 
72 63.385 50.606 266.87 17.132 34.792 111.7 217.45 108.68 
70 88.484 0 275.46 0 39.307 102.83 222.13 99.159 
68 88.484 0 275.46 0 44.044 93.507 227.12 89.012 
66 88.484 0 275.46 0 49.087 83.573 232.56 77.981 
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64 88.484 0 275.46 0 54.567 72.76 238.67 65.61 
62 88.484 0 275.46 0 60.729 60.583 245.94 50.919 
60 88.484 0 275.46 0 68.117 45.949 255.96 30.722 
58 88.484 0 275.46 0 78.759 24.804 271.28 0 
56 88.484 0 275.46 0 91.191 0 271.28 0 

 1 . 
T, kyr 

-46.44 -46.44 
° Tdd Tdd Tdn Tdn ° Tdd Tdd Tdn Tdn

90 -3.305 192.45 189.15 172.81 80 39.399 106.90 233.43 84.391
88 4.6306 176.55 197.14 156.86 78 50.457 84.751 246.35 58.565
86 12.676 160.43 205.31 140.55 76 64.733 56.169 275.65 0 
84 20.993 143.77 213.85 123.5 74 92.806 0 275.65 0 
82 29.791 126.14 223.04 105.13 72 92.806 0 275.65 0 

 2 .  (Ds) 

 (Dw) T °

: T – .  30.12.1949 . 

°
T, kyr 

0 -2.8 -15.32 -31 -46.44 
Ds Dw Ds Dw Ds Dw Ds Dw Ds Dw

0 12.12 12.12 12.12 12.12 12.12 12.12 12.13 12.13 12.12 12.12
2 12.24 12.01 12.24 12.00 12.21 12.03 12.3 11.96 12.19 12.05
4 12.35 11.89 12.36 11.89 12.30 11.93 12.47 11.80 12.26 11.97
6 12.47 11.77 12.48 11.77 12.4 11.84 12.64 11.63 12.33 11.90
8 12.59 11.66 12.6 11.65 12.49 11.75 12.81 11.46 12.4 11.83
10 12.71 11.54 12.72 11.53 12.59 11.65 12.98 11.29 12.47 11.76
12 12.83 11.41 12.84 11.41 12.68 11.56 13.15 11.12 12.55 11.69
14 12.95 11.3 12.96 11.29 12.78 11.46 13.33 10.94 12.62 11.62
16 13.08 11.18 13.09 11.16 12.88 11.37 13.52 10.76 12.7 11.54
18 13.21 11.05 13.22 11.04 12.98 11.27 13.70 10.58 12.78 11.46
20 13.34 10.92 13.36 10.91 13.09 11.16 13.9 10.39 12.86 11.39
22 13.48 10.79 13.5 10.78 13.2 11.06 14.1 10.2 12.94 11.31
24 13.62 10.65 13.64 10.63 13.31 10.95 14.31 9.99 13.03 11.23
26 13.77 10.51 13.79 10.49 13.43 10.84 14.53 9.79 13.12 11.14
28 13.92 10.36 13.94 10.34 13.55 10.73 14.75 9.57 13.21 11.06
30 14.08 10.21 14.10 10.19 13.68 10.61 14.99 9.34 13.31 10.96
32 14.25 10.05 14.27 10.03 13.8 10.48 15.24 9.10 13.4 10.87
34 14.42 9.88 14.45 9.86 13.94 10.35 15.5 8.85 13.51 10.77
36 14.6 9.71 14.64 9.68 14.09 10.21 15.79 8.58 13.62 10.67
38 14.8 9.52 14.84 9.491 14.24 10.07 16.09 8.29 13.74 10.56
40 15.02 9.32 15.05 9.29 14.41 9.92 16.42 7.98 13.86 10.45
42 15.24 9.11 15.28 9.08 14.58 9.75 16.78 7.64 14 10.32
44 15.49 8.88 15.53 8.84 14.77 9.58 17.18 7.27 14.14 10.19
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46 15.75 8.64 15.8 8.6 14.97 9.39 17.63 6.87 14.29 10.05
48 16.05 8.37 16.1 8.32 15.2 9.18 18.14 6.40 14.46 9.9 
50 16.37 8.07 16.43 8.02 15.44 8.96 18.74 5.88 14.64 9.74 
52 16.73 7.74 16.8 7.68 15.71 8.72 19.45 5.26 14.84 9.56 
54 17.15 7.37 17.22 7.30 16.01 8.44 20.38 4.5 15.06 9.36 
56 17.62 6.94 17.7 6.87 16.35 8.14 21.77 3.51 15.3 9.14 
58 18.18 6.45 18.28 6.37 16.74 7.79 24 1.93 15.58 8.9 
60 18.87 5.87 18.98 5.77 17.19 7.4 24 0 15.89 8.62 
62 19.75 5.14 19.89 5.03 17.73 6.93 24 0 16.26 8.3 
64 21.02 4.2 21.25 4.04 18.4 6.36 24 0 16.69 7.93 
66 24 2.77 24 2.51 19.25 5.7 24 0 17.21 7.49 
68 24 0 24 0 20.48 4.75 24 0 17.86 6.95 
70 24 0 24 0 23.12 3.39 24 0 18.72 6.26 
72 24 0 24 0 24 0 24 0 19.94 5.35 
74 24 0 24 0 24 0 24 0 22.34 3.98 
76 24 0 24 0 24 0 24 0 24 0.49 
78 24 0 24 0 24 0 24 0 24 0 
80 24 0 24 0 24 0 24 0 24 0 

 3 . 

T ° : 

T – .  30.12.1949 .; AGrsm AGrwn– 

, 

; AGssm = 360° - 

AGrsm AGswn = 360° - AGrwn , 

. 

°
T, kyr 

0 -2.8 -15.32 -31 -46.44 
AGrsm AGrwn AGrsm AGrwn AGrsm AGrwn AGrsm AGrwn AGrsm AGrwn

0 66.6 113.4 66.3 113.7 71.0 109.0 58.0 122.0 75.2 104.8 
2 66.5 113.4 66.3 113.7 70.9 109.0 57.9 122.0 75.2 104.8 
4 66.4 113.5 66.2 113.7 70.9 109.0 57.8 122.0 75.1 104.8 
6 66.3 113.5 66.1 113.7 70.8 109.1 57.7 122.1 75.0 104.8 
8 66.2 113.6 66.0 113.8 70.7 109.1 57.5 122.3 74.9 104.8 

10 66.0 113.7 65.8 113.9 70.5 109.2 57.3 122.4 74.8 104.9 
12 65.8 113.8 65.6 114.1 70.3 109.3 57.0 122.6 74.7 105.0 
14 65.6 114.0 65.3 114.3 70.1 109.4 56.7 122.9 74.5 105.1 
16 65.3 114.2 65.1 114.5 69.9 109.6 56.3 123.2 74.3 105.2 
18 65.0 114.4 64.7 114.7 69.7 109.8 55.9 123.6 74.1 105.3 
20 64.7 114.7 64.4 115.0 69.4 110.0 55.4 124.0 73.9 105.5 
22 64.3 115.1 64.0 115.3 69.1 110.3 54.8 124.5 73.7 105.7 
24 63.81 115.5 63.5 115.7 68.7 110.6 54.2 125.1 73.4 105.9 
26 63.32 115.9 63.0 116.1 68.3 110.9 53.5 125.7 73.1 106.1 
28 62.78 116.3 62.5 116.6 67.9 111.2 52.7 126.5 72.7 106.4 
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30 62.17 116.9 61.9 117.2 67.4 111.7 51.8 127.3 72.4 106.7 
32 61.5 117.5 61.2 117.8 66.9 112.1 50.8 128.2 71.9 107.0 
34 60.76 118.1 60.5 118.4 66.3 112.6 49.7 129.2 71.5 107.4 
36 59.94 118.9 59.6 119.2 65.6 113.2 48.5 130.3 71.0 107.8 
38 59.03 119.7 58.7 120.0 64.9 113.8 47.0 131.6 70.4 108.3 
40 58.01 120.6 57.7 120.9 64.1 114.5 45.5 133.0 69.8 108.8 
42 56.88 121.6 56.5 122.0 63.2 115.3 43.7 134.8 69.1 109.4 
44 55.62 122.8 55.2 123.2 62.2 116.2 41.7 136.7 68.4 110.0 
46 54.2 124.1 53.8 124.5 61.1 117.2 39.4 138.9 67.6 110.7 
48 52.59 125.6 52.2 126.0 59.9 118.3 36.7 141.5 66.6 111.5 
50 50.77 127.2 50.3 127.7 58.5 119.5 33.5 144.6 65.6 112.4 
52 48.68 129.2 48.2 129.7 56.9 120.9 29.5 148.4 64.4 113.5 
54 46.26 131.5 45.7 132.0 55.1 122.6 24.5 153.3 63.1 114.6 
56 43.41 134.1 42.8 134.7 53.0 124.5 17.3 160.2 61.6 116.0 
58 40.01 137.3 39.4 138.0 50.7 126.7 -1.33 178.7 59.8 117.5 
60 35.84 141.3 35.1 142.0 47.8 129.3   57.8 119.3 
62 30.5 146.4 29.6 147.3 44.4 132.5   55.5 121.4 
64 23.12 153.5 21.9 154.7 40.2 136.4   52.6 124.0 
66 10.13 166.1 7.1 169.2 34.8 141.5   49.2 127.0 
68 -2.06 177.9 -2.1 178.0 27.4 148.5   44.9 131.0 
70     15.2 160.3   39.4 136.1 
72     -2.6 177.4   31.7 143.2 
74         19.1 155.1 
76         -3.34 176.7 

 4 . 

(ls1s)  (ls1w) T ° 

: T – .  30.12.1949 . 

 1.6e+16. 

° T, kyr 
 0 -2.8 -15.32 -31 
 ls1s ls1w ls1s ls1w ls1s ls1w ls1s ls1w

0 0.4281 0.4281 0.4332 0.4332 0.34 0.34 0.6187 0.6187
2 0.3874 0.47 0.3923 0.4753 0.3015 0.3794 0.5715 0.6681
4 0.3478 0.5134 0.3526 0.5188 0.2638 0.4199 0.526 0.7198
6 0.3091 0.5583 0.3138 0.564 0.2268 0.4616 0.4823 0.7742
8 0.2713 0.6051 0.2758 0.611 0.1903 0.5046 0.4399 0.8316

10 0.2341 0.6538 0.2386 0.66 0.1544 0.5492 0.3989 0.8924
12 0.1976 0.7048 0.202 0.7112 0.1188 0.5956 0.359 0.9572
14 0.1615 0.7584 0.1659 0.7651 0.0836 0.6439 0.32 1.0264
16 0.1259 0.8149 0.1302 0.822 0.0485 0.6944 0.282 1.1008
18 0.0906 0.8747 0.0949 0.8823 0.0136 0.7475 0.2446 1.1811
20 0.0555 0.9383 0.0598 0.9464 0.012 0.8033 0.2079 1.2683
22 0.0205 1.0062 0.0248 1.0148 0.047 0.8625 0.1718 1.3637
24 0.0051 1.079 0.0008 1.0883 0.082 0.9252 0.136 1.4685
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26 0.04 1.1575 0.0357 1.1676 0.1173 0.9922 0.1006 1.5847
28 0.075 1.2427 0.0707 1.2536 0.1528 1.064 0.0655 1.7145
30 0.1102 1.3356 0.106 1.3475 0.1888 1.1413 0.0305 1.8608
32 0.1457 1.4375 0.1414 1.4507 0.2252 1.2251 0 2.0275
34 0.1816 1.5503 0.1771 1.5649 0.2622 1.3163 0.03 2.2196
36 0.2179 1.6759 0.2134 1.6923 0.2998 1.4163 0.065 2.4439
38 0.2547 1.8172 0.2502 1.8357 0.3383 1.5268 0.1002 2.7101
40 0.2922 1.9776 0.2876 1.9988 0.3777 1.6496 0.1356 3.032 
42 0.3305 2.1618 0.3258 2.1863 0.4181 1.7875 0.1713 3.4301
44 0.3697 2.3761 0.3649 2.4048 0.4597 1.9438 0.2074 3.9366
46 0.4099 2.6292 0.405 2.6634 0.5027 2.1228 0.2441 4.6045
48 0.4513 2.9335 0.4462 2.975 0.5473 2.3305 0.2815 5.5283
50 0.494 3.3072 0.4887 3.3589 0.5935 2.575 0.3195 6.8941
52 0.5382 3.7785 0.5327 3.8448 0.6417 2.8678 0.3584 9.1261
54 0.5841 4.3931 0.5784 4.4813 0.6922 3.2257 0.3983 13.446
56 0.6319 5.2304 0.626 5.3541 0.7451 3.6746 0.4394 25.415
58 0.6819 6.4419 0.6757 6.6284 0.8009 4.2556 0.4817 226.22
60 0.7343 8.3567 0.7278 8.6702 0.8599 5.0394 0.5254 
62 0.7895 11.85 0.7826 12.485 0.9225 6.158 0.5708 
64 0.8478 20.27 0.8405 22.199 0.9892 7.8894 0.6181 
66 0.9096 69.55 0.9019 98.901 1.0608 10.938 0.6674 
68 0.9755  0.9672  1.1379 17.754 0.7191 
70 1.0461  1.0372  1.2213 46.81 0.7734 
72 1.122  1.1124  1.3122  0.8308 
74 1.2041  1.1937  1.4118  0.8916 
76 1.2934  1.282  1.5218  0.9563 
78 1.3911  1.3787  1.6441  1.0254 
80 1.4989  1.4851  1.7812  1.0997 

 4 . 
T, kyr 

-46.44 -46.44 -46.44 
° ls1s ls1w ° ls1s ls1w ° ls1s ls1w

0 0.25934 0.25934 28 0.22953 0.91759 56 0.86705 2.83 
2 0.22241 0.29695 30 0.26658 0.98404 58 0.93014 3.1791
4 0.18604 0.33535 32 0.30434 1.0552 60 0.99745 3.6154
6 0.15015 0.37466 34 0.3429 1.1318 62 1.0696 4.1778
8 0.11463 0.41501 36 0.3824 1.2148 64 1.1474 4.9324

10 0.079387 0.45655 38 0.42297 1.3051 66 1.2317 6.0009
12 0.044344 0.49943 40 0.46476 1.404 68 1.3235 7.636 
14 0.0094083 0.54384 42 0.50792 1.5131 70 1.4243 10.46 
16 0.01618 0.58996 44 0.55264 1.6344 72 1.5356 16.535
18 0.05113 0.63803 46 0.59913 1.7703 74 1.6595 39.209
20 0.086204 0.68828 48 0.6476 1.9242 76 1.7986 
22 0.12149 0.74102 50 0.69831 2.1002 78 1.9564 
24 0.15708 0.79655 52 0.75156 2.3041 80 2.1374 
26 0.19306 0.85526 54 0.80768 2.5437    
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