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ATNIPOKCUMATUBHBIA METO/ PELLIEHUS 3a1a4UU
MHOTHX TeJl

B pafoTe npegnaraeTcq anroputMm NpUONUWXEHHONO aHanuTUHECKOro pelueHus
334441 MHOTUX Ten, OCHOBAHHbIN Ha KBaAPaTUMHOW annpoKCUMayuWn CUNoBOW
OYHKUUMA,

Cunoeaa cyHkyus 3agaum n+1-ro Tena, paccmarpveaemoil B cucteme abco-
MOTHBIX NPAMOYIONbHbIX KOOPAWUHAT, UMEET BUA

n m:m -
v=2r 3 2L (™)

L,j=0 ¥y

J#i
rae f - rpaBUTaLMOHHARA NOCTOAHHARA

7=,

mi
m, (i = 0,1,...,;1) — MacCbl rPaBUTMPYIOLLMX Terl,

R R ) R ORI

B3anMHble PaccTosHUA Mexay Toukamn M, u M .

1
Onuwwem npexae BCerQ war annpokcuMaun. MHOXUTENb — MOXHO npencTa-

,
BUTb KaK
1 1 )
L L)
r
W, CNeAoBaTenNbHO, eCnM Mbl HalaeM koadPdUUMEHTD! a,, g,
2 2
go(r )z ar-+a,, (2)
TO 3aMeHa
1 N2 .. .. ..
—=a, (z,j)r,.j +a0(z,]) (1,] =0,1,.,mi= _1) (3)

i
MPUMBOAUT CUNOBYIO (DYHKUUIO K CYMME KBagpaThiHbiX PYHKUWA, a CUCTEMY HENu-
HedHbIX AudrbepeHLnanbHblX YpaBHEHMA
. ou, . ey, . ou, .
mi; = my = mi = (j=0,1,..,n) (4)

Ox | dy, tooz
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K COOTBETCTBYIOLEA NMHERHOW CUCTEME € NOCTOSHHBIMU KO3 dUuLneHTamMu.

B kauectBe cnocofa annpokCUMauMu NpuMeHUM Haunydiuee npubnukeHuve B
yebblLesckon meTpuxe {1, 2].

Nemma 1. MNyctb g > 0, 0 <e <1,

2 2
a(l-ef <s<a®(i+e),
TOFA@ NONVHOM Hannyytuero NpUBnuxeHns Ana yHKUAK

1
f,’o S)=—=
()=
SBAAETCA NOMUHOM
P(s)=as+a,, (5)
rae
1 1 3+e’

alzmiaozﬁm(lu-ez)i (l—e2)§+3 | v

VUMEET CNeRyoLni BuA:

-

ho = 1 3+e° 3| 7

max 1 2

4a(]~—e2)3 (I-ezﬁ
Mpusenem Yucnosow npumep. B acTpoHOMUYECKOR cucTeme eauHul (cpeaHee
pacctosHme 3emnu ot ConHua, macca ConHua=1, cpegHue COMHEYHble CYTKW)
OUEeHKa NOrpelHOCTH & CvAOBOA DyHKUMKM ans cucTembl Ten: ConHue, 3ewm-

ns+flyHa, FOnutep - coctasnser

Mpv 5TOM OLEeHKa NorpeLuHocTH A,

X

(1(1.6.)2 - (lmaccq)
5 :

5 =99051-10", [5]=

cym.
[lanee B KayecTse cnnoBON PyHKUKUYU BepeTcs PYHKUMA
~ ] . SN
U= Eme,mJ [al(z,j ,.J.Z + ao(z,j)] (l,_] = 0,1,...,n), (8)
[y

i%)
a cooTBeTCTBylow|an cucTeMa auddepeHymanbHbix ypasHeHu# [3] NpuBoAKUTCA K
BUAY:

mi, =% m, =Y mz =Y (k=0l,..n). (9)
Xy Yy oz,
B passepHyTOW hopme nonyuaem, 4yto

4

%, =2f ijb,g)x,, -2f> mbx,, (10.1)
\ =k J j=k
/ \

Ve=2f| D mby v, —2f> mb,y,, (10.2)
\ Sk J J#k
( \

£,=2f] D mb, |z, -2/ > m,b,z, . (10.3)
\ =k jek

Takum 00pas3oM, CUCTeEMa HenuHelHbix auddepeHLnanbHblx ypasHeHnn (4)
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nocne annpokcumauuun pacnagaetcs Ha 3 nogcuctembl (10.1)—(10.3), kaxgas u3
KOTOPbIX UMeeT OAHY U Ty Xe MaTpully koagguunenTtos D, rae

m.
D), =b, =-— L 11
( )kk ke fZ a3 il_ezj ( )

JEk Yy

(D), =b, =1 = (j = k). (12)
f 7

3aech
1
a, =§(r,q.mx +r,q.m)— (13)
cpeaHee paccTosHue mexay Tenom M, v Tenom M, ,

g =k _ (14)
Yy max F ¥y min
BEfMYMHA, KOTOPAA UrpaeT ponb B3AUMHOFO 3KCLIEHTPpUCUTETa Mexay Tenamu M,
nM;.
Cpenaem criepyoine oBo3HaYeHUs: (0,0) — CKanApHoe Npou3Be[eHne BEKTO-

pog, ','] — BEeKTOpHOe npon3speaeHue peKkiopoes,

Cnpaeeanuea Teopema o népBbtx uHTerpanax cucremel (10.1)—(10.3).
Teopema 1. Mmerom mecmo cnedyoujue paseHcmea

1 & . n

—dmr =0, m=Y m, (15)
my-o - k=0
1 1.
— >y mr, =—a, (16)
1 & 1 -
— > mr = at+lb, (17)
M -0 m
e dnb - B8EKMOPHBIE KOHCMaHMBL.
(U U  dU) & o=\ o
Z Xy —+ Ve —+z,= ]:Z(rk,mkrk)=2U, (18)
k=0 axk ayk Oz)c/ k=0
,I .
Z[rk,mkrk]: G, (19)
k=0
20e ¢ — NOCMORHHSIT 86KMOp,
1 : i . r~
TEEka(x,f+y,f+z,f)=U+c, (20)
k=0

20e ¢ — nocMosHHAaA.
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OB6o3Hraumns

Xo D'o 2y
- x] = .}/‘I -~ __ Zl
Fo=l [ h=" [ h=
__xn ] _yﬂ _ _Z” "
3anvLem OCHOBHYH cucTemy AudihepeHLNanbHbIX YPaBHEHUA B BEKTOPHOM BUaE:
F.=DrF; ¥, =DF,; ¥, =DF,. (21)

K cucteme (21) MOXHO NPUMEHSNTB KaK YUCNEHHbIE, TaK U aHanuTuyeckue meTo-
Abl PELUEHNs ¥ aHanu3a NoBeAEHUS pellieHnid 3aaa4u Kowv nimn Kpaesblix 3aaa.

B oTHOCUTENbHON NPAMOYFONEHON CUCTEME KOOPAWHAT C LIeHTPOM B Tovke M,
cucTeMa andcpepeHyuansHbix ypasHeHW (21) Oynet nmeTs sua:

%, =213\ (mg +m, by, + ijb,g. X, + ij (b(,j by i, ¢ (22.1)
Jir e
Ve =2/ (mo +m, )b(;k + ijbkj Vi t+ ij(bo; —b]g)y; v (22.2)
i oy |
£, =2f 1 (g + oy + 3 m by |2, + 3 m, (B, ~ B, ), | (22.3)
s |
(k=12,...,n)
rae
1 1

b, =——- . 23
Y 2 a,fjil-e,;.i (3)

Hanpumep, gns ConHeuHon cucTembt ypasHeHne (22.1) Dyaer soirnageTs cne-
AyownM oBpasomM:

- ) i 23

X, =-7.131210 13 xJ(6 +1.3327 10 ;z x2(H +3.0000 10 19 X326 +1.2263 1|J25 x4()
211778 10’20 xS5(H-8533210 " x&H - 1.4071 10'23 X7 -9697010 7 x8(H
- 6.8036 10'26 x%8)

-13 -2 - 22
%, = -1.0469 ik x2(H - 78208 10 Unmn_zzas 10 1813’(2} +6.0620 10 " x4(5)
) .23 2 26
9995410 x6(AH-29882 10 xHH-1.1716 10 4:3@ .3.2028 10 X%
<1203 m‘m X368
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1 2 2

. - - -20 -21
X, =-3963210 4 x3(f) - 9.4306 10 . xIH-55602 10 x2(H+22516 10 x4(%)-
-22 -23 -24 -26
-80026 10 x&H-1417510  x7(H-1.083710 x&H-67646 10  xHH

.6.0732 10'21 x5(8)

1 ? xI(f - 22512 10'19 x2(6) - 6.4746 10'19 X3

25 .26
® Y70 - 53978 10> x50 - 6.6412 1072 x9(0)

4 x4(f) - 1.0026 10'1
2

X, =-1.1299 10

22 -

-39256 10 x&H - 1.1136 10
166161072 x5(H

X, = 28206 10‘161xsm -10124 10'192x.rm . 2.5638 10‘192x2m -1.1925 10‘18x3m
- 224 " -

+478323 10 221 x&H +38508 10 x7(f - 13460 10 4 x&6H - 1028410 » XD

-3.5556 10 x4(p

.. -17 - -19 -12
X = -45246 10 x#H-1.0187 10 9 xH6H-2514410  22(6H-1199610  x3(H

-19 .2 24 226
-20082 10 x5(8 +7.3962 10 3x?(f)+9.08?0 107 x8)-46938 10 29
- 3.6382 10'21 x4(H)
18

1 1

X, =-5501010 " xAH-1018810 ? xI(f-2575210 ? x2(f) - 1.2007 i® 230
26350107 x5(8) - 1.0826 152 x&f + 5.4032 104 x8(f) +9.7388 1’ x50

-21
-3.6506 10  x¢(f)

-18 -19 -19 ~-18
Xy =-1.454410  x8(H- 1018810  xI{(H-2575210  x2(H-1200810  x3{H
-19 -20 -22 -25
- 2676410 : x5(0-1243910  x&H-1349710  x7ZH+25460 10 x4

- 36518 10’21 246

-1 -19 - -18
X, =-6.9710 10 ? x5 - 1.0188 10 1 xI{f-2.5754 10 19 x2(H-1200910  x3(5
-26832 10 2’1 x5(8) - 1.2746 T x6f) - 21240 107 x%6) +3.9008 10 80
-3652210° x4(f) (24)
KoadadhuumenTbl nonyyeHbl B cucteme egunny CGS.
Cuctemy gudidepeHumaneHbIX ypaBHeHUn (24) MOXHO pelsate U UCCNeaoBaTh
pasnuuHbiMK MeTodamu. OAnH M3 METOLOB COCTOUT B HAXOXAEHUM COBCTBEHHbIX

YKucen n CoOBCTBEHHbIX BEKTOPOB MaTpulbl M ko3dduuMeHToB cincTemsl (24),
Ecnv 0603HauuTh cobCTBEHHRIE 3HaYeHns Matpuubl M B nopsake ux Bospac-

TaHus Yepes A, , To 06o3HaunB
1
w, =2, (k=12,...9)
nonyyaem
- -7 .
M = 2.4443 10 ?w; =32356 10 9003 =1.9908 10
g = 6.7266 ll:]'gmy =1.2060 10° my = 23645 10'90:9 = %3492 10

7 3

my = 1.0630 10'7035 =1679410
-10
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[na HaxoxaeHUA pelleHna ARYXTOMEUHOW Kpaeeoi 3asayn Heobxoaumo HanTu
KOIPMUUMEHTBI C|,C, ..., C,y s dy,d,y .y d, U3 CUCTEMBI NNHERHBIX YPABHEHWA

Z [h;'k ¢, cos(w,t, )+ hyd, sin(w,4, )] =X, (t),
=

Z[hjkck cos(.:‘o,‘rl )+ hj,‘dk sin(wklr1 )]= X, (t] ),
k=]

rae h, (j=l,2,,..,n;k=1,2,...,n) - j-A koopamHata k-ro COBCTBEHHOFO

BEKTOpA.
MaTpuuy koacbduuneHTos cuctembl (25) MOHO NpeacTaBuTL B BMAE NpousBse-

AeHus aByx MaTpuy HB | rpe matpuust H v B vnmetoT Bua:

(25)

hy 0 M 0 Ay - h, 0
By 0 hy O hy - By, O
by, 0 Ay 0 Ay - Ay O
H=\h, 0 h, 0 h, h, 0
0O A, 0 h, O 0 h,
0O h, 0 hy, O 0 h,
0 A, O A, O 0 A, |
"cosdwt,) sin(wt,) 0 0 0 0 |
coslwt,) sin(wyt,) 0 0 0 0
0 0 codla,t,) sin(w,t, ) 0 0
B= 0 0 cos{wztn) sin(a)z to) 0 0
0 0 0 0 cos(a),,to) sin(a),,to)
0 0 0 0 co:{w,,t,) sin(a),,tl)<

Hanpumep, ana ConHeuHoW CUCTEMB! Takasi Marpuua UMeeT BUa:
BI& = [[0.65594, -75481,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0],
[-0.045632, 0.99896,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,
[0,0,-22368, -97466,0,0,0,0,0,0,0,0,0,0,0,0, 0,0,
[0,0,0.012481,099952,0,0,0,0,0,0,0,0,0,0,0,0, 0, 0,
[0,0,0,0,-92830,0.37184,0,0,0,0,0,0,0,0,0,0,0,0],
[0,0,0,0,0.11208, -.$9370,0,0,0,0,0,0,0,0,0, 0,0, 0],
[0,0,0,0,0,0,0.096546, 099533, 0,0,0,0,0,0,0,0,0, 0,
[0,0,0,0,0,0, 284438, 0.53575,0,0,0,0,0,0,0,0,0, 0],
[0,0,0,0,0,0,0,0, 097301, 0.23072,0,0,0,0,0,0,0, 0],
[0,0,0,0,0,0,0,0,051831, 039526, 0,0,0,0,0,0,0, 0],
[0,0,0,0,0,0,0,0,0,0,099565, 0.093143,0,0,0,0,0, 0],
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[0,0,0,0,0,0,0,0,0,0, 058674, 0.16230, 0,0, 0, 0, 0, 0],

[0,0,0,0,0,0,0,0,0,0,0,0, 099986, 0.016723,0,0,0, (],
[0,0,0,0,0,0,0,0,0,0,0,0,0.99957, 0.029223,0,0,0,0],
0,0,0,0,0,0,0,0,0,0,0,0,0,0, 059946, 0032783, 0, 0],
[0,0,0,0,0,0,0,0,0,0,0,0,0,0, 099836, 0.057273, 0, 01,
[0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0, 099993, 0.011578],
[0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.99980, 0.020233]]

BekTop Hen3BecTHbIX HaxoguTcs no dopmMyne

CJ -xl (to )-

d, X3 (to)

c, :

d, |=B"H™ x,(t,)]. (26)

; X (tl)

c, 5
I__dn__ _x”(f] )_|

Matpuubl H n B nerko oBpatuMel n, Takum oBpa3om, NONyYaKTCs YCROBUS
OQHO3HAYHOW paspeLLMMOoCTI OBYXTOHEMHOW KpaeBoi 3agayuv.
Teopema 2. Tycms

sin(w, #, )cos(w, ¢, ) — cos(w, ¢, )sin(w,t, ) = sin[w, (¢, —1,)] = 0(k =1.2,...,n).(27)
mozda dsyxmoyeyHas Kpaesas 3adava
xj(r0)=xjo,xj(t,)=xﬂ(j=l,2,...,n) {28)

08HO3HaYHO paspewuma rnpu mobom Habope 3nHaveHuld (28).
Petennem Takoin kpaeso# 3agaum SBNAOTCA PYHKUUK

n
X; ()= Z [hjkc.,‘ cos(w,t)+ hd, sin(a)kt)] (j=1.2,..n).
k=1
AHanornyHbiv BUg UMEOT DyHKLUK

yj(;),zj.(t) (j=1,2,...,n).

Hanpumep, ans CONHEYHOW CUCTEMbI KoopAuHaTa xs(z)s x3t —~ 3TO KOOpAM-
Hata x anA SapuueHTpa 3emna+/lyHa,

¥it= 97948 107 cos(8 4449 107 1. 6.2832 floor(1 3440 10 f)
10096 10" sin(8. 4449 107 ¢. 62832 Sloor(1.3440 107’ )
+0.0000014688 cos(3.2356 10" ¢- 6283 floor(5.1496 107 £)
5776910 sin(3.2356 107 1. 62832 foor(5.1496 107 )
+0.73456 cos(1 9508 107 6282 Aoor(3.1685 167 )
+0.65786 sin(1 9908 107 4. 6.2832 floor(3.1635 107 )
1207010 cos(1.0630 107 ¢- 62832 floor{1 6918 10 1)
182534107 sin(1.0630 107 ¢ 62832 Sfoor(l 6913 10° )
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- - -9
-5.2679 10 7 cos(1.6794 10 ? f-6.2832 floor(26728 10 )

+6050610° sin{1.6794 10°¢. 6283 Aloor(2.6728 10 )
+10099 107 cos(6.7266 10‘g £ - 6.2832 floor(1.0706 10'9 3]
+16399 107 sin{6.7266 107 ¢. 6283 Hoor(1 0706 10”7 £
+53619 107 cos(1.2060 107 . 6.2832 Sfloor(1.9194 5 £)
82236 107 sin{1.2060 107 ¢- 62832 floor(1 9194 107t £)
r2472410" cos(2 3645 107 ¢ 62832 Aloor(3.7631 o7 )
25054107 ° sin(2 3645 107 4. 6.28%2 Aoor(3.7631 197" )
+a5083 107 cos(8.3492 100 62832 Aloor(1.3283 o710 )

- - -10
-2.5396 10 11 s 3492 10 10 f-6.2832 floor(1.3222 10 9)
3aeck Bbinn MCNONb3IOBAHbI AaHHbIE;

7 7 - 33 26
0= 13867 10 22'% =2423510 fzgﬁ 672010 8mg =1988010 m;:=2.3401 10
30
2 = 48905107 pry = 6.024210° y, = 64264 10°C s = 1.8981 10
2 2 29 26

mg = 5679110 my =86929 10" mg = 10293107 mg = 6 6266 10
1 7 12
@) = 1.4960 10 3 x1(1.386710 ) :=-51791 10 x2(1.3867 107) =41207 10
7 11
x3(1 386?10) 6.5417 1012 x4(1.3367 10°) = -6.4822 10

7 13
x3(1.336710 ) =3.6383 10 16(1 3867 10 ) =.0222510

12

~J

14

x7(1.3867 10?) =.2.1848 10 x&ﬁl 3867 lﬂ?) =.1281710
11

x¥1.3867 107) =-42730 1014 x1(2.423510 ) :=-51356 10
7 7 12

x2(2.4235 10 ) :=-2.8278 1U .7.‘3(2.4235 10 ) =-85478 10
(24235 10 ) = 20048 ml 1504235 10’ ) =23827 10113
$624235107) = -9.9903 10 x?(z 423510’ )=atdi21s
v¥2.4235 10 = 1 2280 10" 924235 10)) = 42533 10"

~), ~J

~J

MOXHO NPUBECTY 3HAMEHUR KOOPANKHATEL X B FENUOLIEHTPUMECKOH CUCTEME KO-
opAuHaT ANA nRaseTkt [nyTox Ans HEKOTOpbIX aat 1960 roga v cpaBHUTL MX C
TabnuyHbIMK®

X960 = 28565 x9180.=-28543 x9200:=-28521 x9240.=-28417
x9230 = _28.432 x9300 =-28411 x$320:=-28388 x9340.=-25366

29300 = -28.343 -17.680 -17.641
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SUMMARY
The article represents the solution to the problem of three and many celestial
bodies (many-body problem).

Hocmynuna 8 peoaxyuro 1.10.2007
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