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CpaBHeHUEe pa3JIMYHBIX MaTeMaTU4YeCKUX MOo/ieseit
Ha IIpUMepe pelleHus ypaBHEHUIl JBU>KEHUS
Oosbmx 1IAHET U JIyHBI

A. @. 3Baycaes, M. A. Pomaniox

Camapckuil rocyJapCTBEHHBIH TEXHUIECKUN YHUBEPCUTET,
Poccusi, 443100, Camapa, yin. Mosogorsapaeiickasi, 244.

Annoranus

IIpoBemeno nccmemoBaHme TOTHOCTH PEIIEHNST PA3INIHBIX TudDepeH -
aJIbHBIX YPaBHEHU!, ONUCHIBAIONINX JBH2KeHHEe OOJIbIINX IJIaHeT, JIyHbI u
Comana. Ha uarepsase spemenn ¢ 31 roga no Hameit sposl mo 3969 roa Ha-
el 3pbl IPOBEJEHO YUCIEHHOE NHTEIPUPOBAHNE HbIOTOHOBBIX, PEJISITHBUCT-
ckux auddepeHnraabHbIX YPABHEHUN U yPABHEHMUIA, IOy 9€HHBIX HA OCHOBE
B3aNMO/IEHICTBHS OKPY2KAIONIEro IIPOCTPAHCTBA C ABUKY IIIIMUCST MaTePHATIb-
HBIMU TeJlaMu. BeigBiiena 006/1acTh TPUMEHUMOCTHA PACCMOTPEHHBIX audde-
PEHIMAIBHBIX YPaBHEHUl I HCCelyeMbIXx 00bekToB. Ilyrem cpaBhHenus
KoOpAuHAT JIyHBI, HAliIEHHBIX C IOMOIIBIO PEIleHNs PAa3JIMIHbIX Juddepen-
MaIbHBIX ypaBHeHuit u banka maHHbix DE405, mokazaHno, uTo HanboIbIIast
TOYHOCTH B JIEMEHTaX OpOUT OOBINNX IIAHET U JIyHBI TOCTUTAETCS Iy TEM
pemennst quddepeHnraIbHbIX yPABHEHNH, IOy 9€HHBIX HA OCHOBE B3aMMO-
JIefiCTBUS OKPY2KAIOIIEro MPOCTPAHCTBA C JBIKYIIAMUCH MaTEPUATHHBIMI
Tesramu. Pelrierne pesiATHBUCTCKUAX yPaBHEHH 00eCIIeInBaeT BHICOKYIO TOY-
HOCTB 3JIEMEHTOB opOuT Jijisi MepKypusi U BHEITHUX IIJIAHET Ha, BCEM HUHTEp-
BaJte uaTerpupoBanus. OIHAKO st OCTAILHBIX BHY TPEHHUX ILJIAHET U JIyHbI
TOYHOCTH IJIEMEHTOB OPOUT, MOy Y€HHBIX C IIOMOIIBIO PEIEHUST PEJIATHBUACT-
CKUX yPABHEHMIl, COMMOCTABAMA, ¢ TOYHOCTHIO, MOJyYEHHON IIyTeM DPEeIIeHust
HBIOTOHOBBIX ypasHenwuii. [losaraercs, 4To MCHOIb30BAHIE TAPMOHAYECKON
CHUCTEMBI KOODJIMHAT sIBJIsIeTCs 0OOCHOBAHHBIM JIUIIb i MepKypus ¢ To4-
KU 3PEHUsi CKOPOCTU BEKOBOI'O CMEIIEHUsI JIOJITOTHI €r0 TePUre/insi, OJHAKO
s apyrux BayTpennux mianer (Benepor, 3emyu+Jlyunt u Mapca) ckopo-
CTH BEKOBBIX CMEIEHUI JOJITOT IEPUTEJINEB OKA3BIBAIOTCH 3aBBIMICHHBIMHU.
ITokazano, uro pemenne auddepeHITNAILHBIX YPABHEHNH, Oy YSHHBIX HA
OCHOBE B3aMMOJIENCTBUS OKPY2KAIONIErO IPOCTPAHCTBA C JBUXKYIITUMUCS Ma-
TepHaJIbHBIMU TeJIaMu, obeciiednBaeT 00Jiee BHICOKYI TOYHOCTH 110 CpaBHe-
HUIO C PEIIeHUsIMU HbIOTOHOBBIX U PEJISITUBUCTCKUX YPaBHEHUN IOy YeHUsI
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CpaBHeHHE Pa3/IMYHBIX MATEMaTHIECKUX MOJEJIEH. . .

9JIEMEHTOB OPOUT JJIsT BCEX PACCMATPUBAEMBIX OOBEKTOB HA HMCCJIEIyEeMOM
UHTepBaJle BpeMeHN.

KiroueBble cjioBa: 3j1eMeHThl OpOUT, YUCIEHHOE HHTerpupoBaHue, gudde-
peHIMAJIbHbIE YDABHEHUS JIBUKEHMUS.

IMonyuenue: 6 nekabpa 2018 r. / Ucnpasmenne: 27 despans 2019 . /
IMpunsitue: 4 mapra 2019 r. / Ily6aukanus onnaiin: 15 mapra 2019 r.

[esbro ganHOM pabOTHI SIBJISIETCST CPABHEHNE PA3JIMIHBIX MATEMATHIECKAX MO-
JieJiel, ONMCHIBAOIIUX JIBUYKeHne HebecHbIX Te1 B CosiHevnoit cucreme. K Takum
MOJIEJISIM OTHOCATCs: uddepeHnnaabHble ypaBHEHNs JBUXKEHUSI B HbIOTOHOBOIA
dopme, PeSIATUBUCTCKIE yPABHEHNS JIBU2KEHUS U YPABHEHUS, OCHOBAHHBIE HA, B3a-
UMOJIEICTBUN OKPYZKAIOIIErO IIPOCTPAHCTBA C JIBHKYIIUMUACH MaTePUAIbHBIMA Te-
JIAMU.

Huddepenrnanbuble ypaBHEHUs IBUXKEHUSA B HBIOTOHOBOHI hopMe B 3aj1ade
N TeJI B IPSIMOYTOJIbHBIX KOOP/IMHATAX C HAYAJOM B IIEHTPE MacC BCEHl CUCTEMBI 7
MaTepuaIbHBIX TOYEK UMEIOT caeaytomuii suy [1,2]:

ZkQ (X X>’

62?5 (g, g

e A? = (X; — X2+ (Y; —Y)? + (Z; — 2)% X, Y, Z— 6Gapunenrpuieckue
KOODJIMHATHI BOZMYIIIAEMOTr0 Teja, a My, X;, Y;, Z; — MacChl U OApUIIEHTPUICCKUE
KOOP/IMHATHI BO3MYIIAIONINX TEJI.

Juddepennuaibabie ypaBHEHNs IBUKEHUsT B OapUIIEHTPUIECKON CUCTEME KO-
OpJIMHAT C yYETOM PEJISITUBUCTCKUX WICHOB MPEJICTABISIOTC B Buje |3

n—Z“J ){1_ A4y g~ 261 B (%Y

e C ki Tik C Py Tik C
Vj 2 2(1 + ’y) .. 3 (7”2' — Tj)f“i 2 1 .
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T2 TT,J(W = 1) [(2 + 29)7 — (1 4+ 29)7] (75 — 75)+
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o S it )
2c = T

.,
g#i Y

rie i, T, T; — KOOPJAMHATHI, CKOPOCTH, YCKOPEHUs B DAPUIIEHTPUIECKON CUCTEME
KOODJUHAT %-TOTO TeJa; [lj = k2mj, k% — rpaBuTAIMOHHAS MOCTOSHHAS, mj—
Macca j-TOro Tejla; rj; = |rj — T'j|; PEJIATHBUCTCKIE apaMeTpsl 3 1 7 B 3a[aHHOI
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cucTeMe KOODJIMHAT MPUHUMAIOT cJIejytolue 3nadenust: f = v = 1, v; = |74]; ¢
CKOpPOCTh CBETA.

IIpu Beramciaenun koopaunar JIyHBI HapsAy € PABATAIMOHHLIME U PeJisi-
TUBUCTCKUMHY 3P PEKTaMU YIUTHIBAETCS BJIUSHEE HechepUIHOCTH PUTYp 3eMiIn
u Jlyanl B Maremarudeckoil mogenu. Jduddepennnanbible ypaBHEHUS IJIA yIeTa
yckopenust JIyHbI B reoneHTpudeckoil cucreme koopauuat (£n¢) nmeror Bug [3|

g ni n (’I’L + 1) Pn (Sin ()0)
i | = () 0 +
¢ =T —cos P! (singp)
o[- (n+ 1) P (sin ) [Cpm cosmA + Sy, sin mA|
+ Z <7> Z msec Py (sin ) [~Cpy, sinmA + Sy cosmA] | 5, (3)

ne1 "7 =1 | cos@P.™ (sin @) [Cpm cos mA 4 Sy, sinm]

e och £ HalpaBJIeHa W3 Hadaja KOOpAWHAT B IeHTp JIyHBI; OCh 7) meprieHu-
KyJisipHa ocu £ U HAIIPpaBJIEHA HA, BOCTOK; OCb ( MEPIEHIUKYJISIPHA [LJIOCKOCTU &)
U HAIIPABJIEHA Ha CEBED; (L — I'PABUTAIMOHHAS IOCTOSIHHAST, YMHOXKEHHAsT HA MACCY
3eMJIH; r — PaCcCTOsHUE MEXK/y IIEeHTPAMU Macc JIBYX TeJl; N1 U Ny — MaKCUMaJIb-
HBIE CTEIeHN 30HAJbHBIX U TeCCepaJbHBIX TAPMOHUK HEC(hEPUIHBIX TeJ COOTBET-
crBeHHO; P, (sin ¢) — nosmnom Jlexkanapa crenenn n; P (sin ¢) — npucoe/iuHeH-
HbII TotmHOM JlexkaHpa cTerieHn n u nopsiiKa m; J, — 30HaJbHBIE TAPMOHUKHI
ot Hechepuanoctu Tesa; Cppm, Spm — KOIDOUIUEHTHI TECCEPATBHBIX TAPMOHUK;
(p — HIIPOTa TPUTIATUBAEMOro Tejia B (DUKCUPOBAHHON cucreMe koopiauHat &£nc;
A — BOCTOYHAs JOJIFOTa IPUTATUBAEMOI'O TEJA.

Huddepentunaibible ypaBHEHNS IBUKEHNST, OCHOBAHHBIC HA B3ANMO/IeHCTBUN
OKPY2KAOIIEro IPOCTPAHCTBA € JABUKYIITUMUCST MAaTEPUABHBIMU TeJIaMy B bapu-
HEHTPUYECKOI cucTeMe KOOPIMHAT, UMEIOT CJIeyIonuii Bu [4-7]:

'(127)( _ Xi - X 3&()@'1"21-

dt? Z( A; )A2+A \/Ag_rmi \/ 7«&)27

d*Y Y-V 3agir3;

i =2, )AQMW) °00+¢ — (W
>z _ Z(Z - Z> 3apir};

dt? N A AZ + A \/AS — 75+ \/ - T01)27

e A; — paccrosiHpe OT Hadajaa KOODJAMHAT J0 MATEPHAILHOIO OOBEKTa; T(; —
3 dEKTUBHBLIT PAJIIyC i-TOr0 TeJa; Gp; — COOTBETCTBYIOIEE YCKOPEHHE JIst {~TOT0
Tejla Ha PACCTOSIHUU To; OT IeHTpa Macchl; X, Y, Z — GapuileHTpudecKne Koop-
JUHATHI BO3MYyIaeMoro tena; X;, Y;, Z; —OapuienTpuieckne KOOPIUHATHI BO3-
MY IIAIOMINX TeJI.

B nacrosimee Bpemsi pa3paboTan psij BBICOKOTOUHBIX YUCIEHHBIX TEOPUI JIBH-
yKeHnst 6osbinux 1iaHer [8-17|. Hanbosee n3BecTHON M3 HUX SIBJISIETCS IHCJICH-
Hast Teopus [3], cozmanuas corpygankamu HACA Heioxamom (X. X. Newhall),
Crenmummem (E. M. Standish), Buibamcom (J. G. Williams). Vvu cozgan 6anx
JIAHHBIX KoopauHaT OoJibiux IiaHer, JIyabr u Cosaita — DE405 Ha unHTepBase
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CpaBHeHHE Pa3/IMYHBIX MATEMaTHIECKUX MOJEJIEH. . .

Bpemenu ¢ 2305424.5 J.D. (1599 Dec 9) mo 2525008.5 J.D. (2201 Feb 20). Koop-
IUHATH IJIaHET B OaHKe JAHHBIX XPAHATCS B popMe KOdPPUIINEHTOB ITOINHOMOB
YeoObimeBa, KOTOPBIE 00ECIEINBAIOT JTOCTATOTHO IJIOTHYIO (DOPMY 3AIMCH HA JTUC-
ke. KoopauHaThl 1 CKOPOCTU BHYTPEHHUX ILIAHET, IIOJIYyIeHHBIE C TIOMOIIBIO ODAHKa
nmauubix DE405, coracoBaHbl ¢ paJiMoIOKAITHOHHBIMU HAOJTIOJIEHUSIMU, a BCE ILIa-
HETBI COIJIACOBAHBI C OMTUYICCKUMU HADJIIOIECHUSIMUA.

ITon scdbdexTuBHOCTHIO MaTEMATHYECKON MOJEIN B JlajbHENIIeM HOHUMAET-
cst OBICTPOIEIICTBYAE M TOYHOCTD PE3YJILTATOB PEIIEHUS, [TOJIyYeHHBIX Ha OCHOBE
UCIIOJIL30BAHUS JIAHHON MOJIEJIN.

IIpoBepka abdpeKkTUBHOCTH MaTEMATHIECCKUX MOJIeiell, OonuchiBaeMbIX nudde-
peHIuaIbHbIMI ypaBHeHusiMu (1)—(4), IpoBoaMIACEH IIyTeM CPaBHEHUs Pe3y/IbTa-
TOB BBIYNCJICHUS, TIOJIYIEHHBIX Ha X OCHOBE, ¢ ObaHnKoM mAaHabix DE405.

C 1empio mpoBepKn 3M@MEKTUBHOCTH MATEMATHIECKOW MOJENN, OMUCHIBAIO-
et ppukenne 60Jbmux mwiaxet, JIyaer u CostHia cucreMoil quddepeHnnabHbIX
ypaBHeHuii (4), HaMU IIPOBEJIEHBI UCCIIEOBAHNS JBUYKEHUS STUX OObEKTOB HA UH-
TepBaJsie BpemeHu ¢ 1602 o 2193 rr. u pe3yabTaTbl BBIYUCIEHUN CONOCTABJIEHBI
¢ bankom ganubix DE405. s ucciienoBanus pa3BUTHS MTOI'PENTHOCTEN MaTeMa-
TUYECKUX MOJEel MeTOMOM DBepXapTa MPOBEJIEHO UNCIEHHOE MHTETPUPOBAHIE
YPaBHEHU IBUKEHUsI TAHHBIX 00BEKTOB Ha 00Jiee JITUTE/IbHbIN IePUO/T BPEMEHH,
oxBaTblBaoIuii naTEpBaJt ¢ 7 Mapra 31 r. 10 H.9. o 21 okTsa6pst 3969 . H.3. [18].

BaxkHo 3HATH, HACKOJIBKO PE3YJIBTATHI BRIYUCICHUN KOOPIUHAT U KOMIIOHEHT
ckopocreii mwianet, JIyasl u CoJiHIla, MOJIyYEeHHBIE C TOMOIIBIO OIMUCAHHBIX 3J/1€Ch
MaTeMaTUIeCKUX MOJIEJIeld, CONIacyIOTCS JIPYT C JPYTOM.

Hamnb6osee cmoKubIM 00BEKTOM IJIsT HCCIEIOBAHUS IBUXKEHUsT ABIsTIoTcsa Mep-
Kypuit u JIyHa, mosroMmy n3 paccMaTpUBAEMbIX MATEMATUIECKAX MOJEEH caeayeT
OTJATh MPEAIOUTEHNE MOJE/H, C MOMOIIBI0 KOTOPOH JIydIlle BCErO MPEJCTABIEHO
JIBUYKEHHE 9TUX 0DBHEKTOB.

B Ta6s. 1 na uarepsase Bpemenu ¢ 1602 o 2193 rr. mpejcraBienbl KOOPAUHA-
THI ¥ KOMIIOHEHTHI cKopocTeit Mepkypus. JlaHHbIe KOOPJIUHAT U KOMIIOHEHT CKO-
pocTteit puBeneHbl HA () YaCOB IPUHBUYUCKOIO BPEMEHHM COOTBETCTBYIONIEH TATHI,
IIpU 3TOM B NEPBOil cTpoke — nanubie Oanka DE405, Bo BTOpPOIT cTpoke Tadsu-
1Bl — KOODJIMHATHI 1 KOMIIOHEHTBI CKOPOCTEIH, IOy YeHHbIE IIyTeM PEIeHUs yPaB-
Hennii (4).

B Ta6u1. 2 npuBemeHbl 3eMeHTH opbuT Mepkypusi. 3meck M — cpenHsist aHO-
MaJiust (B rpajiycax), a — 6oJbliast moIyock (B a.e.), € — 9KCIEeHTPUCUTET, W — ap-
ryMeHT nepuresusi (B rpajycax), 2 — g0irora BOCXOsIIero ysia (B rpaiycax),
1 — HakJioHeHue (B rpajycax). B nepsoit ctpoke tabi. 2 — snementsl opbut Mep-
Kypusi, Haiifenuble 110 ganHbiM Oanka DE405, Bo BTOpoil u Tperbeil cTrpokax —
HOJTyYeHHbIe IyTeM perenns ypasaennit (4) u (1).

3 comocraBiieHns 3/ieMeHTOB OpPOUT, HAIEHHBIX C IIOMOIIBIO PEIEHUs YPaB-
Henuit (4) u Ganka janabix DE405, ciejyer, 4To pasimdue B 3JeMeHTaX OpOUT
HaXOJIUTCsT B TIpefiesiax OMMOOK HADJIOICHMIA.

B rabs. 3 upemcrasiiennl ssieMenThl opouT MepKypusi Ha WHTEpBaJe BpeMeHH
4000 jer ¢ 7 maprta 31 1. 1o H.3. 10 21 okTsaOps 3969 r. H.3. B mepsoii, BrOpOit
U TPeThell CTPOKax — 3jieMeHTbl opouT MepKypust, IO/IydIeHHbIe IIyTeM PEIleHus
ypasHenuit (4), (2) u (1) coorBeTCTBEHHO.

CpaBHeHMEe KOOPIMHAT W 3JIEMEHTOB opouT MepKypusi, MOJy9IeHHBIX ¢ TIOMO-
mpio perrennst ypasuenuii (2) un (4) (cm. tabia. 1-3), ykasplBaeT Ha y/IOBIETBO-
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Tabmuma 1

Koopaunarsl u kommonenTsl ckopocreit Mepkypus, Borauciennbie 10 DE405 u ¢ moMorpio penienus ypasaenuii (4)

[Coordintes and velocity components of the Mercury calculated by the DE405 and the Egs. (4)]

Data sources

Current date (calculated by) X (in au) Y (in au) Z (in au) X (in au/day) | Y (in au/day) | Z (in au/day)
1602 08 11 by the DE405 | —0.0198081 0.4068445 | —0.2148856 0.0224551 0.0007397 —0.0019606
JD 2306400.5 | by the Egs. (4) | —0.0198088 0.4068449 | —0.2148857 0.0224551 0.0007397 —0.0019606
1701 03 05 | by the DE405 0.3366723 | —0.1437933 | —0.1127282 0.0074835 0.0235400 0.0117803
JD 2342400.5 | by the Eqs. (4) 0.3366719 | —0.1437940 | —0.1127284 0.0074835 0.0235400 0.0117803
1799 09 27 | by the DE405 0.0472475 0.2651303 0.1373714 | —0.0334593 0.0033352 0.0052703
JD 2378400.5 | by the Eqs. (4) 0.0472477 0.2651301 0.1373713 | —0.0334593 0.0033352 0.0052703
1898 04 21 by the DE405 —0.3878790 | —0.0595675 0.0087525 | —0.0020408 —0.023652 —0.0012419
JD 2414400.5 | by the Egs. (4) | —0.3878791 | —0.0595675 0.0087525 | —0.0020408 —0.023652 —0.0012419
1996 11 13 | by the DE405 | —0.1550256 | —0.3899433 | —0.1932507 0.0209929 —0.0059767 —0.0053699
JD 2450400.5 | by the Egs. (4) | —0.1550256 | —0.3899433 | —0.1932507 0.0209929 —0.0059767 —0.0053699
2095 06 07 | by the DE405 0.2786154 | —0.2713622 | —0.1732480 0.0153830 0.0183374 0.0082076
JD 2486400.5 | by the Eqs. (4) 0.2786156 | —0.2713622 | —0.1732480 0.0153830 0.0183374 0.0082076
2193 06 07 | by the DE405 0.2222982 0.2095351 0.0892206 | —0.0258345 0.0173614 0.0119439
JD 2522400.5 | by the Eqs. (4) 0.2222987 0.2095352 0.0892205 | —0.0258345 0.0173614 0.0119439
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3aycaeB A. @., Pomanwok M. A.

Duementol opbur Mepkypus, nosaydenasie no gopmyaam (4), (2) u (1)
[The elements of the orbits of the Mercury calculated by the Egs. (4), (2), and (1)]

Tabauma 3

Data sources

Current date (calculated by) M (in degrees) | a (in au) e w (in degrees) | Q (in degrees) | ¢ (in degrees)
_3103 07 by the Egs. (4) 228.2249 0.3870983 | 0.2052108 23.3831 50.8434 7.1258
ID 17098005 by the Egs. (2) 228.2258 0.3870976 | 0.2052109 23.3827 50.8434 7.1258
| by the Eqgs. (1) 228.3007 0.3870977 | 0.2052109 23.6205 50.8449 7.1258
969 04 26 by the Egs. (4) 78.0028 0.3870983 | 0.2054204 26.2004 49.6146 7.0664
ID 2075100.5 by the Egs. (2) 78.0032 0.3870982 | 0.2054204 26.2002 49.6146 7.0664
" | by the Egs. (1) 78.0408 0.3870983 | 0.2054204 26.3194 49.6149 7.0664
2969 08 24 by the Egs. (4) 137.5432 0.3871001 | 0.2058252 31.8915 47.1066 6.9473
1D 28057005 by the Egs. (2) 137.5432 0.3871001 | 0.2058253 31.8916 47.1066 6.9473
" | by the Egs. (1) 137.5050 0.3871001 | 0.2058252 31.7719 47.1070 6.9473
3969 10 21 by the Egs. (4) 347.3278 0.3870987 | 0.2060198 34.7546 45.8246 6.8884
ID 3171000.5 by the Egs. (2) 347.3276 0.3870987 | 0.2060196 34.7549 45.8246 6.8884
| by the Eqgs. (1) 347.2510 0.3870988 | 0.2060202 34.5150 45.8261 6.8884
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CpaBHeHHE Pa3/IMYHBIX MATEMaTHIECKUX MOJEJIEH. . .

PHUTEJLHOE COrJIACUE KOODJMHAT U 3JIEMEHTOB OPOUT Ha BCEM PACCMATPUBAEMOM
UHTEpBaJjie WHTerPUPOBAHS.

Hawnbombmne pacxoxaenns B ajeMenTax opout Mepkypust umeer MmecTo 7 Map-
ta 31 r. 10 H.3. B cpenneit anomanun ono cocrasisier 0.0009° (rpajycos), uro
coorsercrayet 3" (cekymmam jyru); B 6osbmoii nosyocu — 0.0000007 a.e., 9o co-
oreercrByer 104.7 ¥M; B aprymente nepureaus — 0.0004°, uro coorsercrByer 1”;
OCTaJIbHBIE JIEMEHTBI OPOUT IPAKTHYECKU COBIAIAI0T. HeBsizka BEKOBOrO CMerie-
HUsl JIOJITOTHI Tlepuresusi MepKypusi, HalijleHHast IlyTeM pelleHus ypaBHenuii (4)
u (1) cocrapusier 42.92” a npu pemennn ypasaennii (2) u (1) 42.99”. TonoGubre
PACXOXKJICHHUs B 3JIEMEHTaX OPOUT U B BEKOBOM CMeEIeHUH Tiepureus MepKypus,
HOJIyYeHHBIX npu pernennn auddepernuanbabix ypasuenuii (4) u (2), ne moryr
OBITH BBISIBJIEHBI C TIOMOIIBIO HAOJIOJIEHN, TOSTOMY WX MOYKHO CUHUTATh BIOJIHE
YJIOBJIETBOPUTETHHBIMHU.

To4HOCTH pelIeHns PEeJSTUBUCTCKIX YPABHEHUI CyIIeCTBEHHBIM 06pa3oM 3a-
BHUCUT OT BBIOOpA CHCTEMBbI KOODJAUHAT. JIJIsi peIATUBUCTCKUX ypaBHEHUI 4acTo
UCIIOJIB3YETCs TApMOHUYECKasi CUCTeMa KOOPJMHAT, KOTopasl siBJisieTcsi HanboJiee
MOJIXOISAIIEH JIJIsi COTJIACOBAHUSI BEKOBOI'O CMEIEHUsI JIOJINOTHI mepuresus Mep-
Kypust [19-25]. Kak noka3blBaloT NPOBEJIEHHBIE UCCJIEI0BAHSI, PEIIEHNe PeJIsITH-
BUCTCKUX ypaBHeHuit (2) 1yist Mepkypust corsiacyercst ¢ peleHneM ypapaenuii (4)
HA BCEM HUCCJIelyeMOM HMHTepBaje BpeMenu ¢ 31 r. jio H.3. 1o 3969 r. H.3. (oM.
tabs. 1-3). ITomobuoro coBuajennst perrennii ypasrenuii (2) n (4) ciemoBaso
oxkuaTh u jyid wianer Benepor, 3emun+Jlynsr u Mapca, mockosibKy ux opOu-
TBI sABJISIOTCA Oojiee ymajeHHbIMU oT CousHia, dem opbura Mepkypusi. OmHako
9TOr0 HE MPOUCXOIUT O MPUIMHE 3aBLIIEHHBIX CKOPOCTEH CMEIeHNs JOJTOT e-
pUre/IieB 3TUX IJIAHET, TIOJIyIeHHbIX HA OCHOBAHWU DEIleHusl ypaBHeHui (2) 1o
CPABHEHUIO CO CKOPOCTSIMH, TI0JIy Y€HHBIMU HA OCHOBAHUY PEIlleHusl ypaBHeHuit (4).

B 1abn. 4-9 ma untepsase Bpemenu ¢ 31 r o H.3. o 3969 r H.3. mpecTaB-
JIEHBI 9JIEMEHTBI OPOUT U PACXOXKIEHUsI B djeMeHTax s Benepol, S3emim+JIyHbr
u Mapca, HaiijleHHbIe ¢ HCIIOJIB30BaHNeM ypaBHeHuii (4), ypasHenuit (2), myrem
COBMECTHOIO pelenust ypasuenuii (2) u (3) u ypasuenuii (1) Ha deTblpe MOMeEHTa
BpEMEeHHu.

Kak ciiejtyer u3 nmpoBejileHHbIX BbIYUCAeHU T (cM. Tabit. 4-9), pacxoxKIeHus Be-
KOBBIX cMemienuii gosror nepurennes Benepot, 3emum+JIyaer 1 Mapca, moyden-
HBIX C MOMOIIBIO permenust ypasaennit (4) n (1), cocrasmsmor 2.14”, 0.53”, 0.07”.
Pacxoxkienust, HaiiJleHHBIE € TIOMOIIIBIO perterus ypasaenuii (2) u (1), cocrapisiror
8.58”, 3.87", 1.33" coorBercrBenHo.

B pabore [23] ormeuaercst, 4To OMMOKN PENATUBUCTCKUX MONPABOK B BEKO-
BOM JIBUZKEHUHU [epHUresineB BeHepbl u 3eMJid BEJIMKU U COCTABJIAIOT Jjisi Bene-
put £5.28” nna 3emumm +1.79”, na Mapca £0.025”. Pacxoxkienus B cMeIneHun
[epHUIe/INeB STHX IUIAHET, Haii/[eHHbIe ¢ IOMOIIBIO peleHust ypasHeruii (2) u (4),
cocrapsior 6.44” 3.34"”,1.26” coorsercrienno. Kax cieyer u3 pesyibTaToB Bbl-
YUCIEHNH, BEKOBbIE CMEIEHHsl I0JITOT repureses Benepor, 3emym+JIyasr u Map-
ca, HafileHHBIX IyTeM perienus ypasaenuil (4) u (2), pasmuuaiorcs na 6.44",
3.34"”, 1.26"” coorBercTBennO. XOTS 3TH Pa3JIN4usa HE3HAUYNTEILHBIC U HA OIPAHH-
YEHHBIX MHTEPBAJIaX BPEMEHHU B IPEJIesIaX CTOJIETHS UX TPYIHO OOHAPYZKUTD C I10-
MOIIBIO HAOJIIOACHUIT, ¢ TeUeHIEM BPEMEHH B CHIIy BEKOBOT'O XapaKTepa ABUKEHUsI
nepuresmes Benepsl, 3emin—+JIyusl 1 Mapca, UMeIOT MeCTO 3aMeTHbIE Pa3JInIus
9JIEMEHTOB OPOUT, Hall/IEHHBIX C TOMOIIBIO pentenuil ypasuenuii (4) n (2).
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3aycaeB A. @., Pomanwok M. A.

DuieMeHTHI 0pOUT BeHeprl, IOy YeHHbIE ¢ IOMOMIBIO PA3IMYHBIX METOJO0B BBIYUCJICHUS
[The elements of the orbits of the Venus obtained using various calculation methods]

Tabsuna 4

Current date Aﬁwwmﬂwmwmﬁwv M (in degrees) | a (in au) e w (in degrees) | Q2 (in degrees) |7 (in degrees)
by the Egs. (4) 39.5049  10.7233359 |0.0077807 | 48.7763 82.2686 3.3985
—3103 07 |by the Egs. (2) 39.5016  |0.7233359 | 0.0077805 48.7421 82.2686 3.3985
JD 1709800.5 | by the Egs. (2), (3) 39.5016  0.7233359 | 0.0077805 48.7421 82.2686 3.3985
by the Egs. (1) 39.5072  10.7233359 | 0.0077805 48.7905 82.2685 3.3985
by the Egs. (4) 297.1664 |0.7233352|0.0072777|  52.0940 79.5320 3.4001
969 04 26 |by the Eqgs. (2) 297.1648 ]0.7233351|0.0072777| 52.0770 79.5320 3.4001
JD 2075100.5 | by the Egs. (2), (3) 297.1648 ]0.7233351|0.0072777| 52.0770 79.5320 3.4001
by the Egs. (1) 297.1679 ]0.7233352 |0.0072777 52.1007 79.5320 3.4001
by the Egs. (4) 93.6422  0.7233264 | 0.0063359 57.6692 73.9732 3.3834
2969 08 24 | by the Egs. (2) 93.6434 0.7233263 | 0.0063359 57.6867 73.9732 3.3834
JD 2805700.5 | by the Eqgs. (2), (3) 93.6434  0.7233263 |0.0063359 57.6867 73.9732 3.3834
by the Egs. (1) 93.6398  0.7233264 | 0.0063358 57.6634 73.9732 3.3834
by the Egs. (4) 352.6807 |0.7233292|0.0058937 |  59.7003 71.1451 3.3653
3969 10 21 | by the Egs. (2) 352.6810 | 0.7233291 | 0.0058935 59.7376 71.1452 3.3653
JD 3171000.5 | by the Egs. (2), (3) 352.6810 | 0.7233291 | 0.0058935 59.7376 71.1452 3.3653
by the Egs. (1) 352.6745 | 0.7233292 | 0.0058935 59.6907 71.1451 3.3653
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3aycaeB A. @., Pomanwok M. A.

DuteMeHTHI 0pOUT Mapca, 1oJIydeHHbIe ¢ IOMOIIBIO PA3JIMYHBIX METOI0B BHIYHCIICHUS
[The elements of the orbits of the Mars obtained using various calculation methods|

Tabsuna 6

Current date AWWMMMMMMMQMWV M (in degrees) | a (in au) e w (in degrees) | Q2 (in degrees) |7 (in degrees)
by the Egs. (4) 130.0035 1.5237190|0.0914539 | 271.6744 55.2973 2.0061
—3103 07 |by the Egs. (2) 130.0053  [1.5237190|0.0914512| 271.6673 55.2973 2.0061
JD 1709800.5 | by the Egs. (2), (3) 130.0050  [1.5237190|0.0914538| 271.6673 55.2973 2.0061
by the Egs. (1) 130.0057  [1.5237190|0.0914539| 271.6748 55.2973 2.0061
by the Egs. (4) 34.7303 |1.5236170|0.0933231| 278.8837 52.5377 1.9314
969 04 26 |by the Eqgs. (2) 34.7300 |1.5236170|0.0933231| 278.8802 52.5377 1.9314
JD 2075100.5 | by the Egs. (2), (3) 34.7300 1.5236170(0.0933231| 278.8801 52.5377 1.9314
by the Egs. (1) 34.7304 1.5236170|0.0933231| 278.8839 52.5377 1.9314
by the Egs. (4) 204.1224 | 1.5236338(0.0942530| 293.7593 46.6349 1.7685
2969 08 24 | by the Egs. (2) 204.1226 | 1.5236337|0.0942542 | 293.7627 46.6348 1.7685
JD 2805700.5 | by the Eqgs. (2), (3) 204.1227 | 1.5236337[0.0942530| 293.7628 46.6349 1.7685
by the Egs. (1) 204.1223 |1.5236338|0.0942530| 293.7591 46.6349 1.7685
by the Egs. (4) 109.0052 1.5236700|0.0951984 | 301.2539 43.4829 1.6802
3969 10 21 | by the Egs. (2) 109.0058  [1.5236700 | 0.0952007 | 301.2607 43.4829 1.6802
JD 3171000.5 | by the Egs. (2), (3) 109.0058  [1.5236700|0.0951983| 301.2609 43.4829 1.6802
by the Egs. (1) 109.0050  [1.5236700 |0.0951984 | 301.2535 43.4829 1.6802
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3aycaeB A. @., Pomanwok M. A.

Tabnuma 8

Pacxoxnenuns: B astementax opbur 3emiin+JIyHbI IpU 9MCIEHHOM WHTEIPUPOBAHUN yDABHEHUI NBUKEHUS, [TOJIYIE€HHBIX C I10-

MOIIBIO PA3JIMYHBIX METOJOB BBIYKMCJIEHHs], OT HANIEHHDBIX C [IOMOINBIO pelleHus ypaBHeHuii (4)

[Discrepancies in the elements of the orbits of the Earth & the Moon in the numerical integration of the equations of motion
obtained using various calculation methods from those found by solving Eqgs. (4)]

Data sources

Current date (calculated by) AM (in degrees) | Aa (in au) Ae Aw (in degrees) | AQ (in degrees) | Ai (in degrees)
_310307 |Dv the Egs. (2) 0.0017 0 0.0000001 —0.0183 0.0005 0
ID 1709800.5 | PY the Eas. (2), (3) 0.0018 0 0.0000001 —0.0179 0 0
2| by the Eqgs. (1) 0.0010 0 0 0.0031 —0.0002 0
969 04 26 | PV the Eas. (2) 0.0010 —0.0000001 | 0.0000001 —0.0095 0.0004 0
ID 2075100.5 | PY the Eas. (2), (3) 0.0011 —0.0000001| 0.0000001|  —0.0091 0 0
2| by the Eqgs. (1) 0.0004 0 0 0.0016 —0.0002 0
2969 08 24 | PV the Eas. (2) —0.0014 —0.0000001 0 0.0091 0.0004 0
ID 28057005 | Y the Eas. (2), (3) —0.0015 —0.0000001 0 0.0095 0 0
2| by the Eqgs. (1) —0.0005 0 0 —0.0015 0.0001 0
3969 10 21 | Py the Eqs. (2) —0.0030 —0.0000001 0 0.0188 0.0004 0
ID 31710005 | PY the Eas. (2), (3) —0.0031 —0.0000001 0 0.0192 0 0
2| by the Eqgs. (1) —0.0009 0 —0.0000001 —0.0032 0.0002 0
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3aycaeB A. @., Pomanwok M. A.

Haubosbiine orkjioHeHusT HAOJIIOAIOTCS B CPEJHUX AHOMAJIUSX U apTyMEeH-
Tax nepuresmeB. Kak MoOKa3bIBAIOT pe3yibTaThl BhAucaeHnil (cm. tabmi. 4-6 u 7—
9), pacxoxaenus B cpenHeit anomasnnu y Benepsr, Semusn-+JIyner u Mapca co-
craBJsoT, coorsercTienno, AM = 12" 6" u 6", a B aprymenTax nepuresmes —
Aw = —0.0342°, —0.0183° u —0.0071° B 31 r. mo u.3. B 3969 r. pacxoxeHus B
cpenueit anomasun y Benepoi, S3emn+JIyuasr u Mapca mocturayt Aw = 0.0373°,
0.0188° u 0.0068° coorBercTBenno. C yBejmYeHreM MHTEPBaJa UHTEIPUPOBAHUS
TH OTKJIOHEHUs OY/IyT yBEJIMYUBATHCS, YTO HEIIOCPEICTBEHHO OTPA3UTCS Ha PAC-
XOXKJIEHUHU SJIEMEHTOB OPOWT ILIAHET, HANIEHHBIX C ITOMOIIBIO PEIeHus] ypaBHe-
uuii (4) u (2).

IIpoBeieHHbIE HCCTIETOBAHNTS IOKA3BIBAIOT, UYTO PEIIEHNE PEJIATUBUCTCKUAX YPAB-
HEeHMil He obecriednBaeT OJMHAKOBON TOYHOCTH I BeeX 00beKToB. 1o sToit mpu-
JrHEe IPOrHO3UpPOBaHue ABrxKeHuit Bernepsr, 3emin+Jlyasr u Mapca myrem perie-
HUsI ypaBHeHUil (2) He sIBJIsieTCsl TaKUM K€ TOYHBIME, Kak it Mepkypust. st
0060CHOBAHUS JIAHHOTO IIPEIITOJIOKEHNST HEOOXO0IMMO TOKA3aTh TPEUMYIIECTBO UC-
[OJIb30BaHUsl ypaBHeHuii (4) 1o CpaBHEHUIO ¢ yPABHEHUSIMU (2) TIPU UCCIIeIOBAHIN
JIBUYKEeHUST 9TuX HebecHbIX Teil. [yt cpaBHeHUs 3M@EKTUBHOCTH UCIIOJIb30BAHUS
ypasrenuii (4) u (2) mHanbosree TOIXOAAIMM OOBEKTOM JJIsl NCCACIOBAHUST SIBJIsI-
ercsa Jlyna.

[eornenTpraeckne KOOPAMHATHI U KOMIIOHEHTBI CKOpocTeil JIyHbI, HailleHHbIe
myTeMm pelrieHusi ypaBHeruit (4) u ¢ momomipio 6anka ganabix DE405, npusejeHb
B Tabsr. 10.

Crenyer oTMETUTD, YTO JIJIsi COIVIACOBAHUS IEOIEHTPUIECKUX Koopauuat Jly-
HbI ¢ HabmoneHnsiMu ipu co3uannn DE405 ee aBropsl Hapsiy ¢ ypasHeHusiMu (2)
PEIIatoT COBMECTHO ypaBHEHWUsI, yuuThiBatoiue (opmy JIyHBI n 3eMitn, a Takxke
3eMHbIe puuBbI. [10/100HbIH ipreM, yuanThiBatouit Gopmy HEOECHBIX TEJI U IIPHU-
JINBHBIE B3aUMO/IEHCTBUS, HE ABJISETCA CTPOTO ODOCHOBAHHBIM, T.K. 3TU YPaBHEHUSI
[IOJIyYeHbl Ha OCHOBE HBIOTOHOBOI Teopuu. Kpome Toro, jlanHble ypaBHEHUS CO-
Jep2KaT MHOT'O CBOOO/IHBIX ITApPaMeTPOB, 3HAYEHUS KOTOPBIX OIPEJIEJIEHBI C HEBbI-
COKOIf TOYHOCTBIO. [Ipu corylacoBaHMM YUCJEHHON TEOPUU IBUMKEHUST OOJIBIITHX
wranet u JIyasr DE405 ¢ HabIoieHus MU ITPOUCXO/IUT CYIIECTBEHHOE YCIOXKHEHUE
PEJIITUBUCTCKON MOJIEN JIBUZKEHUsT HEOECHBIX TeJI 110 CPABHEHUIO ¢ HbIOTOHOBOIA
MO/IEJIBIO.

W3 pe3ynbTaToB BhIYUC/IEHUH, IPEJICTABIEHHBIX B TabJ1. 10, ciie/lyeT, 9T0 KOOpP-
JIMHATHL U CKOpOCcTH JIyHBI, TI0JIyYeHHbIe IIyTeM DellleHus ypaBHeHuii (4), B ocHOBe
KOTOPBIX JIEXKUT HMPUHIIUAI B3aUMOJIEHCTBHUSI OKPYKAIOIIEro TPOCTPAHCTBA C J[BU-
JKYIIUMCST MATEPUATBLHBIM TEJIOM, OTJIMIaoTCs OT naHHbix DE405 HecymecTBeHHO
Ha wHTepBaJse BpeMeHn +100 seT oT HAYaJILHOTO MOMeEHTa WHTerprupoBanus. Ha-
npumep (eMm. tabs. 10), 21 ampesst 1898 1. u 13 HosiGps 1996 r. MakcuMaabHOE
OTKJIOHEHHE B KOOPIUHATAX, HAMAEHHBIX ¢ moMoIbio DE405 u mo/ydeHHbIX ¢ 1Mo-
MOIIbIO perierusi ypasaenuii (4), cocrasisier 0.0000003 a.e., 9T0 COOTBETCTBYET
45 kM. OTKJIOHEHNE KOMIIOHEHT CKOPOCTel TaK»Ke He3HAUUTEIhHOE, He TIPEBHIIa-
tommee 0.0000001 a.e./cyr. mmm 1.7 - 1074 xn/cex. MakcnmaabHOe PacxorKieHue
JIByX METOJIOB JIJIsi TeolleHTpuieckux koopaunat JIynsr nmeer mecto 11 aBrycra
1602 r. IIpu sTOM pa3juydus B BBIYUCIEHUSIX COCTABJIAIOT CJIEIYIONINE BEJIMINHDL:
AX = 0.0000003 a.e., AY = 0.0000006 a.e. AZ = —0.0000021 a.e., 970 COOT-
BercrByer AX = 45 km, AY = 90 xm u AZ = —314 kM. MakcumasibHOe pac-
X0z JieHrne KoMmioHeHT ckopocreii — 0.0000002 a.e./cyT. Ilosyuennbie oTKIIOHEHUST
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B T'€OIEHTPUUECKUX KOOD/IMHATAX U KOMIIOHEHTaX cKopocreil JIyHbI HaxoiadaTcs
B IIpejiesiaX OIMMOOK KaK ONTUYECKUX, TAK U PAJMOJOKAIMOHHBIX HAOJIIO/IEHUA,
[IO9TOMY MOXKHO CKa3aTh, YTO IPHU OIPEJIEJIEHUH TeOIEHTPUICCKUX KOOPIIMHAT
U KOMIIOHEHT ckopocteil JIyubl ¢ momorbio banka manubix DE405 u myTem pere-
HUs ypaBHeHuii (4) pe3y/IbTaThl Ha BCEM MHTEPBaJIe HHTErPUPOBAHUST TIOJLY Ya0TCs
MIPAKTUYIECKHU C OJIUHAKOBOM TOYHOCTBHIO.

B Tabs. 11 npuBejieHbl reoreHTpUYecKne KOOPAUHATHI U CKOPOCTHU JIyHBI, BbI-
YUCJIEHHBIE C YYETOM PEJIATUBUCTCKUX 3(PHEKTOB U HHIOTOHOBBIX ypaBHEHU, HO
0e3 ydera purypbl 3eMJjiH, T.e. HOJyUIeHBI IIyTeM pelneHust TuddepeHnaabHbIX
ypaBHenuii nsuxkenust (2) u ypasaenwuii (1). ConocrasjieHue JaHHBIX, TPUBEIECH-
vbIX B Tabs. 10 u 11, nokasbiBaet, uro Ha uHTepBaJjie Bpemenu +100 Jier ot Ha-
9aJIbHOTO MOMEHTA, MHTEIPUPOBAHUS PACXOXKIEHUs] KOOD/IMHAT, HAMJIEHHBIX Iy TEM
perienust ypaBaenuii (2) u ¢ nomoinpio 6anka ganubix DE405, 3HauurebHo npe-
BBIMIAIOT PACXOXKJIEHNUS KOOPJMHAT, OJIYIEHHBIX C IIOMOIILIO PEIIeHus ypaBHe-
uuit (4) n 6anka ganaeix DE405. Tak, Ha moment 21 anpesst 1898 r. makcumasib-
HOe OTKJIOHEHUE B KOODJMHATAX, HANIEHHBIX ¢ moMoIbio DE405 u monydeHHbIX
¢ mOMOINBIO perennst ypasraenuii (2), cocrasiser 0.0000035 a.e., 9To cooTBer-
crByeT 554 kM. OTKJIOHEHIE KOMIIOHEHT CKOPOCTEl TaK»Ke 3HAUUTEIbHOE U PABHO
0.0000008 a.e./cyt., mmm 6.9 - 1074 km/cex.

M3 cpaBHuenust JaHHBIX, IPUBEJIEHHBIX B Ta0J. 12 u 13, ciemyeT, 9T0 HAnbOJIb-
IIMe PACXOXKICHNsI KOODJMHAT, HaliICHHBIX [IyTEeM DellleHusl ypaBHeHuit (2) u ¢ mo-
MoIipio Oanka ganabix DE405, nmeror mecto 11 aBrycra 1602 r. m coCTaBJIsIIOT
AX = —0.000019 a.e., AY = 0.0000128 a.e. u AZ = 0.0000012 a.e., 4T0 COOT-
BercTByeT AX = —2887 kv, AY = 1915 xm u AZ = 180 kM. AHATOTHIHBIE Pac-
XOZKJIEHHsI KOOD/IMHAT, HAlJIEHHBIX ¢ MOMOINbIO perenus ypapaenunit (1) u DE405
(cm. Tabut. 12 u 13), cocrasisitor AX = —0.0000267 a.e., AY = —0.0000174 a.e.
u AZ = —0.0000023 a.e., uro coorsercrByer AX = —3994 kM, AY = 2603 kM
u AZ = 344 xm.

N3 1poBeieHHOrO COMMOCTABIEHUST CAEYeT, ITO PACXOXKIeHNs KoopauHat JIy-
HBI, ITOJIyYeHHbIe Ha ocHoBe banka maHubix DE405 u nyTtem perenus guddepen-
[UAJIBHBIX ypaBHeHuil nBrkenus (1) u (2), npesbimator Gojee 4eM Ha IIOPSIOK
aHAJIOTUYHBIE PACXOXKJeHUs KoopauHat JIyHbr, mosyuenubie ¢ momoribio DE405
U Ha OCHOBaHMH perieHus ypauenunii (4). [Iposenennbie nccienoBannst ykasbiBa-
10T Ha ONPAHMYEHHYIO BO3MOYKHOCTH HBIOTOHOBBIX U PEJISITUBUCTCKUX YDaBHEHUI
6e3 COBMECTHOIO DeIlleHNUs] JIONOTHAUTENbHBIX yPaBHEeHU (3) JIsl MCCIIe/[OBAHUST
nBuKeHus JIyHBI HA MHTEpBaJje BPEMEHU MOPSIKA HECKOJIbKUX CTOJIETHU.

B rTabs. 14 upuBelieHbI eONEHTPUYECKHE KOOPJAUHATHI JIYHBI, TOJIyUeHHBIE
¢ moMmoIpio perternst MuddepeHIuaaIbHbIX ypaBHeHuii (4) u myTeM COBMECTHO-
ro perrenns ypasaenuii (2) u (3), a takxke ypasaenuii (2) u (1). B mepsoit crpoke
Tabs1. 14 HAXOIATCS KOOPAUHATEI JIyHbBI, HAIEHHbBIE C IIOMOIIBIO COBMECTHOTO pe-
nienusi ypapuenuit (2) u (3), Bo BTOpPOii, TpeTbeil U 4eTBepTOil — KOOPJUHATHI,
HOJIyYeHHBIE C IIOMOINBIO perenus ypasuenuii (4), (2) u (1).

B Tabs. 15 u 16 npencraBieHbl PACXOXK/IEHUsT T'€ONEHTPUIECKUX KOOPIUHAT
U KOMIIOHEHT CKOpOcTell JIyHbI, HOJyYeHHBIX C ITOMOINbI0 MATEMATHIECKUX MO-
neseit (4), (2) u (1), or KOOpAMHAT, HANHJIEHHBIX [IyT€M COBMECTHOIO peIleHHsI
ypaBrenuii (2) u (3). B nepsoii crpoke Tabi. 15 n 16 HAXOAATCS PACXOXKIEHUS
KoopuHAT JIyHbI, HANEHHBIX C IOMOIIBIO COBMECTHOIO PellleHus ypaBHeHuil (2)
u (3), BO BTOPOIi CTPOKE — KOOP/IMHAT, [OJIy Y€HHBIX C OMOIILIO perienust audde-
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Tabmmra 12

Pacxox nennst TeoneHTpuIecKnX KOOPANHAT U KOMIIOHEHT CKOPOCTei JIyHBI, MOy IeHHBIX ¢ IIOMOIIBIO PA3JIMIHBIX METOJI0B BBIUUC-
JieHus, oT HaiizeHHbIX ¢ nomomnisio DE405 [Discrepancies in the geocentric coordinates and the components of velocities of Moon

3aycaeB A. @., Pomanwok M. A.

obtained using various calculation methods from those found by the DE405]

Current date AMWMM_MMMMoMMV AX (in au) | AY (in au) AZ (in au) | AX (in au/day) | AY (in au/day) | AZ (in au/day)
1602 08 11 by the Egs. (4) 0.0000003 0.0000006 | —0.0000021 0 0.0000001 —0.0000001
ID 2306400 5 by the Egs. (2) | —0.000019 0.0000128 0.0000012 —0.0000038 —0.0000043 —0.0000022
| by the Egs. (1) | —0.0000267 0.0000174 0.0000023 —0.0000042 —0.0000059 —0.0000030
1701 03 05 by the Egs. (4) | —0.0000005 0.0000002 | —0.0000016 0 —0.0000001 —0.0000002
ID 2342400 5 by the Egs. (2) 0.0000153 0.0000081 0.0000003 —0.0000016 0.0000033 0.0000010
" | by the Egs. (1) 0.0000211 0.0000107 0.0000010 —0.0000022 0.0000044 0.0000014
1799 09 27 by the Egs. (4) 0.0000003 0.0000007 | —0.0000002 —0.0000002 0.0000001 —0.0000002
ID 2378400 5 by the Egs. (2) 0.0000045 | —0.0000087 | —0.0000047 0.0000024 —0.0000008 —0.0000008
| by the Egs. (1) 0.0000062 | —0.0000124 | —0.0000065 0.0000033 —0.0000012 —0.0000011
1898 04 21 by the Egs. (4) 0.0000001 | —0.0000002 | —0.0000002 0 0.0000001 —0.0000001
ID 2414400 5 by the Egs. (2) | —0.0000026 0.0000037 0.0000015 0.0000008 —0.0000004 —0.0000004
" | by the Egs. (1) | —0.0000035 0.0000049 0.0000019 0.0000012 —0.0000006 —0.0000005
1996 11 13 by the Egs. (4) 0.0000001 0 0.0000003 0.0000001 0 0.0000001
ID 24504005 by the Egs. (2) | —0.0000016 0.0000005 | —0.0000001 0 —0.0000004 —0.0000001
| by the Egs. (1) | —0.0000024 0.0000007 | —0.0000001 —0.0000001 —0.0000006 —0.0000001
2095 06 07 | Py the Eas. (4) 0 0.0000001 | —0.0000005 0 0 0.0000001
ID 2486400 5 by the Egs. (2) 0.0000066 0.0000057 0.0000014 0.0000012 0.0000013 0.0000008
| by the Egs. (1) 0.0000089 0.0000075 0.0000020 0.0000017 0.0000017 0.0000011
2193 06 07 by the Egs. (4) 0 —0.0000002 | —0.0000017 0.0000002 —0.0000001 0.0000001
ID 2522400.5 by the Egs. (2) | —0.0000024 | —0.0000122 | —0.0000083 0.0000036 —0.0000006 0
| by the Egs. (1) | —0.0000032 | —0.0000171 | —0.0000108 0.0000047 —0.0000008 0
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3aycaeB A. @., Pomanwok M. A.

Tabsmma 14
leonenTpryeckue KOOPAMHATHI U KOMIIOHEHTBI CKOpOCTeil JIyHBI, TOJlyYeHHbIe C [IOMOIIBI0 PA3JIMIHBIX METO/OB BBHIUUC/IEHS

[Geocentric coordintes and velocity components of Moon obtained using various calculation methods|

Data sources

Current date (calculated by) X (in au) Y (in au) Z (inau) | X (in au/day) | Y (in au/day) | Z (in au/day)
by the Egs. (2), (3) 0.0025162 | 0.0004578 | 0.0002045 | —0.0000901 0.0005577 0.0001852

—31 03 07 by the Egs. (4) 0.0025079 | 0.0005171 | 0.0002114 | —0.0001032 0.0005550 0.0001841
JD 1709800.5 | by the Egs. (2) 0.0024611 | 0.0006867 | 0.0002674 | —0.0001440 0.0005469 0.0001807
by the Egs. (1) 0.0024349 | 0.0007785 | 0.0002978 | —0.0001656 0.0005404 0.0001782

by the Egs. (2), (3) | —0.0016082 | 0.0020328 | 0.0007352 | —0.0004377 —0.0003023 —0.0001768

969 04 26 by the Egs. (4) —0.0016153 | 0.0020295 | 0.0007272 | —0.0004364 —0.0003044 —0.0001767
JD 2075100.5 | by the Egs. (2) —0.0016878 | 0.0019784 | 0.0006977 | —0.0004238 —0.0003190 —0.0001819
by the Egs. (1) —0.0017232 | 0.0019512 | 0.0006823 | —0.0004171 —0.0003267 —0.0001845

by the Egs. (2), (3) 0.0023278 | 0.0010745 | 0.0002601 | —0.0002101 0.0004922 0.0002423

2969 08 24 by the Egs. (4) 0.0023195 | 0.0010938 | 0.0002653 | —0.0002146 0.0004907 0.0002407
JD 2805700.5 | by the Eqs. (2) 0.0023550 | 0.0010163 | 0.0002272 | —0.0001950 0.0004989 0.0002425
by the Egs. (1) 0.0023709 | 0.0009740 | 0.0002068 | —0.0001845 0.0005034 0.0002435

by the Egs. (2), (3) | —0.0019659 | 0.0016886 | 0.0006167 | —0.0003674 —0.0004171 —0.0001256

3969 10 21 by the Egs. (4) —0.0020106 | 0.0016415 | 0.0005903 | —0.0003561 —0.0004263 —0.0001300
JD 3171000.5 | by the Egs. (2) —0.0018832 | 0.0017749 | 0.0006306 | —0.0003863 —0.0004009 —0.0001209
by the Egs. (1) —0.0018170 | 0.0018413 | 0.0006506 | —0.0004009 —0.0003863 —0.0001157
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Tabsmma 16

PacxoxKaeHus TeOeHTPIIECKIX KOOPANHAT M KOMIIOHEHT CKOPOCTel JIyHBI, IOy IeHHBIX ¢ HOMONIBIO PA3JIMIHBIX METOIOB BBITHC-
JIeHWsl, OT HANJIEHHBIX C IOMOINBIO pemenust ypasaenuii (2) u (3) [Discrepancies in the geocentric coordinates and the components
of the velocities of the Moon obtained using various calculation methods from those found by solving Eqgs. (2), and (3)]

Data sources

Current date (calculated by) AX (inkm) | AY (inkm) | AZ (inkm) | AX (in km/s) | AY (inkm/s) | AZ (in km/s)
3103 07 by the Egs. (4) —1242 8871 1032 —0.023 —0.005 —0.002
ID 17008005 | by the Eas. (2) —8243 44715 9410 —0.09 —0.01 —0.008
: by the Eqgs. (1) —12162 47976 13957 —0.13 —0.03 —0.012
969 04 26 by the Eqgs. (4) —1062 —494 —1197 0.002 —0.004 —0.0002
ID 2075100.5 | Py the Eas. (2) —11908 —8138 —5670 0.017 —0.029 —0.009
: by the Egs. (1) —17204 —12207 —7914 0.036 —0.042 —0.013
9069 08 24 by the Egs. (4) —1242 2887 778 —0.008 —0.003 —0.003
ID 28057005 | Py the Eas. (2) 4069 —8707 —4922 —0.026 0.012 0.0003
: by the Egs. (1) 6448 —15035 —7974 0.044 0.019 0.002
3969 10 21 by the Egs. (4) —6687 —7046 —3949 0.02 —0.016 —0.008
ID 31710005 | by the Eas. (2) 12337 12910 2079 0.032 0.028 0.008
: by the Eqgs. (1) 22275 22844 5071 0.058 0.05 0.017
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CpaBHeHHE Pa3/IMYHBIX MATEMaTHIECKUX MOJEJIEH. . .

PEHIMAJIBHBIX ypaBHEHHUI (4), B TpeTbeil 1 4eTBepTOoil — PACXOXKJICHHs KOOD/IUHAT,
MOJIYIEHHBIX C TIOMOIIBIO pellieHus ypaBHeHuit (2) u ypasuennii (1).

Ha xonmax nnrepBajia HHTErpupOBaHus pa3aindus B KoopiauHatax X, Y u Z
Ha naty 7 maprta 31 I. 10 H.3., OJYYEHHBIX C IIOMOIIBIO perrenus auddepeHIu-
AJbHBIX ypaBHeHUi (4) 1 HANHJEHHBIX C IOMOIIBIO COBMECTHOI'O PEIIEHUsI yPABHE-
uuit (2) n (3), cocrapisior AX = 1242 kv, AY = —8871 xm u AZ = 1032 kM
cooTBeTcTBeHHO. [lo/Tydennble pa3/iuynsi B NeONEHTPUYECKUX KoopauHarax JIy-
HbBI, HaliJIEHHBIX C IIOMOIIBIO COBMECTHOIO pelieHusi ypasHeHuiil (2) u (3) u myrem
periieHnst ypaBHeHuii (4), siBJISIFOTCS CJI€JCTBUEM Pa3JIMYHBIX BEKOBBIX CMeIeHNUIt
nepureaneB 3eMan-+JIyHbl, HARJEHHBIX ¢ TIOMOIIBIO PEIIEHNsT STHX YPaBHEHUN.

Pacxoxjiennsi reoneHTpuYecKnx KoopauHaT JIyHbI, HANJEHHBIX [IyTeM perie-
HUs ypaBHeHuii (2), 0T KOOpAUHAT, HANHIEHHBIX C TOMOIILIO COBMECTHOIO DEIeHUST
ypasaenuit (2) u (3) va gary 7 mapra 31 1. 10 H.3., eme GoJlee 3HAYUTEIIBHBI 110
CPaBHEHUIO C IIPEJBIIYIIINM CIydaeM, T.K. 10 KoopauaaraM X, Y u Z OTKJIOHEHUS
cocTaBagioT Munyc 8243 km, 44715 kM u 9410 KM COOTBETCTBEHHO.

ITockosIbKY TOYHOCTD T'€OIEHTPUIECKUX KOOPAUHAT JIyHBI, HAHJEHHBIX IIyTEM
perrieHust ypaBHeHuil (4), 3HAYNTEIBHO MPEBBINAET TOYHOCTb KoopauHat JIyHbI,
HallJICHHBIX C MOMOINBIO PEIIeHnsT ypaBHEHHH (2), 9TO yKa3bIBAeT HA TO, YTO pPe-
menne ypasaenuii (4) obecriednBaer 60Jiee BBICOKYIO TOUHOCTD [IPU UCCIIE0BAHUN
JIBUKEHUsT OOJIBIIKX TJIaHeT U JIyHBbI 10 CDABHEHUIO ¢ PEIeHUusIMU ypaBHeHuit (2).

Kak BuHO U3 maHHBIX, IPEICTABIEHHBIX B TabJI. 4—9, CKOPOCTH BEKOBBIX CMe-
IeHnit JoaroT nepurenunes Benepsl, 3emun—+Jlyusr 1 Mapca, nosydennble ¢ momo-
MIBbIO PEIeHNs ypaBHenuii (2) u HaliZieHHbIC [IyTeM COBMECTHOTO DEIICHUsI ypaB-
uenuii (2) u (3), IPAKTUIECKN COBIAAIOT.

[TpuaUMAast BO BHUMaHME, 9TO 371eMeHThl opouT Benepsnl, 3emin+Jlyusr u Map-
ca TOJLyYeHbl [IyTeM pellleHus: ypasHeHuii (4), Tounee — perieHuil ypasuenuii (2),
MOXKHO CJIEJIATh CJIEJIYIONINE BBIBOJIBI:

a) peleHre PeISITUBICTCKAX ypaBHeHuit (2) He IPUBOANUT K IIOBBIIIEHUIO TOY-
HOCTHU KOODJIMHAT U 3JieMeHTOB opout Benepsr, 3emin+JIyrasr 1 Mapca 1o
CpaBHEHUIO ¢ perieHusiMu ypasaernii (1);

6) Ha uHTepBaje BpeMmeHu nopsjaka +100 jier or HAYaJIBHONO MOMEHTA WHTE-
rpupoBanus 3jieMeHThl opbuT Benepsr, 3emiu+-Jlyasr u Mapca, HaiiieHHbBIE
¢ moMotIpIo perternsi ypasuenuii (1), (2) u (4), ormaatorest Ipyr oT Ipyra
B IIPE/IEIaX IOIPEINTHOCTU ONTHYECKUX HAOJIIO/IEHUIT;

B) C yBeJMYeHHEM MHTepBaJla MHTEIPUPOBAHUS Pa3jIndusi B KoopjuHaTax Be-
uepbl, 3emsn+JIyasr, Mapca u JIyHbl, HARJEHHBIX C TIOMOIIBIO PEIIEHUST
ypaBHeHuii (4) u myTemM COBMECTHOrO MHTerpupoBaHust ypasaenuit (2) u (3),
YUIUTBIBAIOIINX PEIATUBUCTCKHAE 3(PDEKTHI U OTKJIOHEHUE (PUTYPBI 3eMJIH
ot cdeponia, BO3PACTAIOT; 9TO YKA3bIBAET Ha OrPAHUYEHHbBIE BO3MOXKHOCTH
MPUMEHEHHUsT COBPEMEHHBIX MATEMATUICCKUX MOJIETICH, OTIIMCHIBAEMBIX YPaB-
Henusivu (1), (2) u (3), ayist uccseoBanust sBosonuu opobut Benepsor, 3emiin,
Mapca u Jlynbr Ha 60sbmux uHTEepBajiax BpeMeHu mopsinka 1000 u Gosee
JIET;

r) B pe3yiabTaTe YUCJICHHOIO MHTErPUPOBaHUs ypaBHeHHi (2) u (4) pasmudms
B sjeMenTax opobut Mepkypus na mmrepBaje Bpemeru ¢ 31 T. 10 H.9. 1O
3969 r. H.3. HAXOISATCA B Ipejiesax OIMNOOK HAOJIFOIeHMI.
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DaemenTsl opbur FOmmrepa, mosryueHHbIE ¢ TOMOIIBIO PA3IUIHBIX METO/IOB BBIUUCICHUS

[The elements of the orbits of the Jupiter obtained using various calculation methods]

Tabauma 17

Data sources

Current date (calculated by) M (in degrees) | a (in au) e w (in degrees) | Q2 (in degrees) |7 (in degrees)
~3103 07 by the Egs. (4) 312.8228 | 5.2074821|0.0453923 | 272.1519 97.2532 1.3562
ID 1709800.5 by the Egs. (2), (3) 312.8231 5.2074820|0.0453923 | 272.1516 97.2532 1.3562
| by the Egs. (1) 312.8228 | 5.2074821|0.0453923 | 272.1519 97.2532 1.3562
969 04 26 by the Egs. (4) 61.5105 |5.2081435|0.0479516 | 275.0554 98.7440 1.3279
ID 20751005 by the Egs. (2), (3) 61.5107  |5.2081434|0.0479516| 275.0552 98.7440 1.3279
" | by the Egs. (1) 61.5106 |5.2081434|0.0479516| 275.0554 98.7440 1.3279
2969 08 24 by the Egs. (4) 284.8327 | 5.2075551|0.0498764 | 274.3641 102.2956 1.2881
ID 2805700.5 by the Egs. (2), (3) 284.8325 |5.2075551|0.0498764 | 274.3643 102.2956 1.2881
| by the Egs. (1) 284.8327 |5.2075551 |0.0498764 | 274.3641 102.2956 1.2881
3969 10 21 by the Egs. (4) 35.6250  [5.2076037|0.0521614 | 274.6955 104.2705 1.2777
ID 31710005 by the Egs. (2), (3) 35.6247  15.2076036 | 0.0521614 | 274.6960 104.2705 1.2777
| by the Egs. (1) 35.6250  |5.2076037|0.0521614 | 274.6955 104.2705 1.2777
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OJeMeHTHI OpOUT YpaHa, MOTydeHHBIe C IIOMOMIBIO PA3INTIHLIX METOIOB BEIIHCICHH
[The elements of the orbits of the Uranus obtained using various calculation methods]

Tabauma 19

Data sources

Current date (calculated by) M (in degrees) | a (in au) e w (in degrees) | Q2 (in degrees) |7 (in degrees)
~31 0307 by the Egs. (4) 78.0027  19.2364366 | 0.0443000| 103.0330 72.6239 0.8089
ID 1709800.5 by the Egs. (2), (3) 78.0027  19.2364362 |0.0443000| 103.0329 72.6239 0.8089
| by the Egs. (1) 78.0027  19.2364366 | 0.0443000| 103.0330 72.6239 0.8089
969 04 26 by the Egs. (4) 50.3013 19.1365856 | 0.0438437 93.8913 73.2938 0.7899
ID 20751005 by the Egs. (2), (3) 50.3013  19.1365855 | 0.0438437 93.8913 73.2938 0.7899
| by the Egs. (1) 50.3013  |19.1365857 | 0.0438437 93.8914 73.2938 0.7899
2969 08 24 by the Egs. (4) 332.0219 | 19.1286124 |0.0463700| 102.2850 74.6454 0.7578
ID 2805700.5 by the Egs. (2), (3) 332.0218 | 19.1286122|0.0463700| 102.2850 74.6454 0.7578
| by the Egs. (1) 332.0219 19.1286126 | 0.0463700 | 102.2850 74.6454 0.7578
3969 10 21 by the Egs. (4) 302.5293 19.2618769| 0.0452229 96.3033 75.6454 0.7407
by the Egs. (2), (3 302.5292 19.2618770| 0.0452229 96.3034 75.6454 0.7407

JD 3171000.5

) | by the Egs. (1) 302.5293 | 19.2618766 | 0.0452229 96.3033 75.6454 0.7407
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OnementTsl opbut IlayToHa, MOTyYeHHBIE C IOMONIBIO PA3JIMYHBIX METOOB BBIYACJICHH
[The elements of the orbits of the Pluto obtained using various calculation methods]

Tabumra 21

Current date AMWMMMMMMMoMMV M (in degrees) | a (in au) e w (in degrees) | Q2 (in degrees) |7 (in degrees)
~31 0307 by the Egs. (4) 300.4961 39.245202710.2467257 | 114.5391 110.5062 17.1696
ID 1709800.5 by the Egs. (2), (3) 300.4961 39.2452034 1 0.2467257 | 114.5391 110.5062 17.1696
| by the Egs. (1) 300.4961  |39.2452021|0.2467257 | 114.5391 110.5062 17.1696
969 04 26 by the Egs. (4) 317.4043 | 39.4957303|0.2469954 | 113.2307 110.3002 17.1190
ID 20751005 by the Egs. (2), (3) 317.4043 | 39.4957298|0.2469954 | 113.2307 110.3002 17.1190
| by the Egs. (1) 317.4043 | 39.4957305|0.2469955| 113.2307 110.3002 17.1190
2969 08 24 by the Egs. (4) 341.2172 | 39.5085346 | 0.2500633 | 114.2570 110.3268 17.1474
ID 2805700.5 by the Egs. (2), (3) 341.2172 | 39.5085338 | 0.2500633 | 114.2570 110.3268 17.1474
| by the Egs. (1) 341.2172 | 39.5085349|0.2500633 | 114.2570 110.3268 17.1474
3969 10 21 by the Egs. (4) 350.7798 | 30.31018810.2452006 | 113.9625 110.0744 17.1527
D 3171000.5 by the Egs. (2), (3) 350.7798 | 30.31018920.2452006 | 113.9625 110.0744 17.1527
) | by the Egs. (1) 350.7798 | 30.31018700.2452005| 113.9625 110.0744 17.1527
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CpaBHeHHE Pa3/IMYHBIX MATEMaTHIECKUX MOJEJIEH. . .

Hecmorpst Ha orpaHnyeHHBIE BO3MOXKHOCTHU IIpUMeHeHust TuddepeHnmaabHbIX
ypaBrenuii aprmkenus (1) u (2) K BbleyKasaHHBIM OOBEKTaM, JaHHbIC ypaBHE-
HUsT IPUMEHUMBI K HCCJIEI0OBAHUIO SBOJIONNN OpOUT BHemHUX Iiaer FOmmrep—
[Tnyron ma untepnaJse Bpemenu 4 000 jset. B taba. 17-21 npencraBaeHbl 371€MEHTEI
opbut Onurepa—Ilnyrona va naTepBase Bpemenu ¢ 7 mapra 31 . 710 H.3. 110 21 0Ok-
1s16pst 3969 1. H.5. Kak mokaspiBaroT pesysibrarhl Beraucjaenuii (em. tabm. 17-21),
JUIS. UCCJIEIIOBAHUS IBOJIIOIUU OPOUT JTAHHBIX OOBHLEKTOB HA MHTEPBAJIE BPEMEHU
nopsiaka 1000 Jjier MOXKHO WCIOJIB30BATh Hapsiy C ypaBHenusimu (4) ypasHe-
uus (1) u (2).

B omymdne oT HBIOTOHOBBIX U PEJIATUBUCTCKUX yPABHEHWI, pellleHne ypaBHe-
HUii (4) MO3BOJISIET TOJIyYUTh KOOPAMHATHI HOJIbIINX IIaHeT u JIyHbl HA UHTEP-
Basie 600 srer (1600-2200 rr.), HOTHOCTBIO COIVIACOBAHHBIE ¢ HAOIONEHNSIME Oe3
[IPUBJIEYEHNS] TOMOTHUTEIbHBIX yPABHEHNN.

B saksrouenne ciejyer orMeTuTh, 9To Juddepennuaibable ypaBaenus (4)
CBODOJIHBI OT HEJIOCTATKOB, CBONCTBEHHBIX ypaBHEHUsIM (2), T.K. UX HCIOJIb30Ba-
HUe JIJIsi PEIIeHUsT PACCMOTPEHHBIX paHee 3aJ1a4d MPUBOJUT K COKPAIIECHUIO Pabo-
Tero BpeMeHN! IIPOrpaMMBbl YMCJIEHHOTO HHTETPUPOBAHNS U TOBBLIIIEHNIO TOTHOCTH
KOHEYHBIX Pe3yJ/IbTATOB 00Jiee 9eM Ha MOPsIoK. Kpome Toro, onn MoryT ObITH 3¢-
bEKTUBHO UCIIOIBb30BAHBI /I UCCACIOBAHUS IBOJIIONUU OPOUT OOJIBIIUX ILJIAHET
u JIyHBI Ha JJIUTEIbHBIX HHTEpBajax Bpemenu mopsaka 1000 u 6ostee Jiet.

Koukypupyroriiue nHTepechI. 3asBJIsieM, 9TO B OTHOIIEHUN aBTOPCTBA U Iy O IUKaIn
9TOl cTaThbu KOHMJIINKTA NHTEPECOB HE UMEEM.

ABTOpCKUT BKJIAJT 1 OTBETCTBEHHOCTDb. Bce aBTOpPHI IpUHUMAJIN yYacTHe B pa3pa-
6OTKe KOHIIEIIUU CTAThU U B HAIUCAHUY PYKOIMUCH. ABTOPBI HECYT MOJIHYIO OTBETCTBEH-
HOCTH 3a IPEJIOCTABJIEHNE OKOHYATEJIbHOM pyKonucy B medarh. OKOHYATEbHAS BEpCHUs
pyxomucu 6bL1a 0100peHa BCceMru aBTOPaMU.

q)I/IHaHCI/IpOBaHI/Ie. HCC.HGAOB&HI/IG BBITIOJIHSIIOCH Oe3 (bI/IHa,HCI/IpOBaHI/IH.
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Comparison of various mathematical models on the example
of solving the equations of the movement of large planets
and the Moon
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244, Molodogvardeyskaya st., Samara, 443100, Russian Federation.

Abstract

In this paper, we study the accuracy of solving various differential equa-
tions describing the motion of large planets, the Moon and Sun. On the
time interval from 31 years BC to 3969 AD, the numerical integration of
Newtonian, relativistic differential equations, and equations obtained on the
basis of the interaction of the surrounding space with moving material bod-
ies was carried out. The range of applicability of the considered differential
equations for the investigated objects is revealed. By comparing of the co-
ordinates of the Moon, found by solving various differential equations and
the DE405 data bank, it is shown that the greatest accuracy in the elements
of the orbits of large planets is achieved by solving differential equations ob-
tained on the basis of the interaction of the surrounding space with moving
material bodies. The solution of relativistic equations provides high accu-
racy of the orbit elements for Mercury and the outer planets throughout
the integration interval. However, for the remaining inner planets and the
Moon, the accuracy of the orbital elements obtained by solving relativis-
tic equations is comparable to the accuracy obtained by solving Newton
equations. It is believed that the use of the harmonic coordinate system is
justified only for Mercury from the point of view of the velocity of the secular
longitude displacement of its perihelion, but for other internal planets (the
Venus, Earth & Moon, and Mars) the velocities of secular displacements of
the longitude of the perihelion’s are overstated. It is shown that the solu-
tion of differential equations obtained on the basis of the interaction of the
surrounding space with moving material bodies ensures a high accuracy of
obtaining orbital elements for all objects under consideration on the time
interval under study.
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