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1.1. BBenenmue.

[Inanersl sIBIASIOTCA TJIABHBIMKA OObekTaMmu Ipu m3ydennu CorHedHO
CHUCTEMBbI. DTO OOOCHOBBIBAETCS HECKOJIBKUMU IPUIUHAMU. Bo-TIepBhIX, T4~
HEThI JABUXKYTCA IO HEOY OTHOCUTEJIbHO 3Be3/. Bo-BTOPBIX, HEKOTOPHIE U3
unx — Mapc, FOmurep n CarypH npuHaajieKaT K CAMBIM SIPKHUM HEOECHBIM
ceeTnaM. B Tperbux, mIaHeTbl M WX CIYTHUKW — 9aCTh PACIIUPSIONIEHCs
cpedbl oOuTaHMWs JOfeil. YiKe cefiuac aBTOMATUYECKHE areHThl YeIOBEKa
paboTaror Ha moBepxHOCTIX Tea CotHedHOM cucTeMbl. B UeTBepThIX, OBU-
’KEHHe ILJIAHET BJIUseT Ha ABU:KeHue JIyHbI, KOTOpOe B CBOIO OYePEIb BIIUSIET
Ha, BpallleHre 3eMJ/Ii. 3JHAHUE TOHKOCTEH BpalleHnsT 3eMI HeOOX0IMMO ISt
peIeHnsi MHOTUX HAYYHBIX U MPAKTUIECKUX 3371a4.

OcHoBOIt BCcex aes1, CBSI3aHHBIX C IIAHETAMM, ABJIAIOTCS MOIETIN WX IBU-
»KeHust mim g emepuabl. Mogenb fBrKeHns IJIaHeT CTPOUTCA Ha OCHOBE 00-
IMUX 3aKOHOB mpupoabl. IIpruMeHsIoTcsI caMble COBEPINIEeHHbIE MaTeMaTude-
CKMe METOJbI 1 MeTOAbI BhrunucaeHuit. Moaens BKIOYaeT B ceOs pu3ndecKkue
IIapaMeTphl, XapaKTepU3yIOIue IJIAHEeTbl U CIIYTHUKH IIJIAHET. Y TOUHEHUe
IIAPAMETPOB JeJIAeTCs IO BCEM MMEIOIINMCS HAOIIOAeHuIM. D deMepuibl siB-
JIFOTCS KOHEUYHBIM PE3YJIbTaTOM HCCJIEJOBAHMI, TaK KaK CO/JepXKaT B cebde
BCe 3HAHUS O JAWHAMUKE ILIAHET M CIIYTHUKOB, BKJ/IOYAs BCE HUMEIOIINeCcs
pe3yJIbTaThl aCTPOHOMHUYECKUX Habogenuii. B To ke BpeMs adeMmepuibl
SIBJISTIOTCsT CPEJICTBOM MCCJIEJOBAHUM, TaK KaK COJeprkKar B cebe Bce 3HAHUS
0 IUHAMWKE TIJIaHeT U CIIyTHUKOB.

[TocTosiHHOE CcTpeMJIeHHe HCCeI0BaTesell — yTOYHEeHne MOIEJIN JIBUKe-
Hus m1aHeT. IIporpecc B 3ToM esie onpeaesnsieTcs IJIaBHbBIM 00pa30M TOYHO-
CTBIO HAOJIIOEHNH, HO TaK>Ke WHTepBaJoM BpeMeHu Habmtomenuii. [losTomy
TIPOJIOJIKEeHNEe HAOIONEHUH TIJIaHeT W UX CIYTHUKOB JlaKe C MpesKHeil ToY-
HOCTBIO BCEra aKTyaJIbHO.

B ObLibie Bpemena, korga He ObLIO B PACIOPS?KEHHH HCCIIEI0BaTe el
MOIITHBIX KOMIIBIOTEPOB, CTPOUJINCH AaHAJIUTUIYECKNE TEOPUHN IBUKEHUS T~
HET MeTOJaMM HeOeCHOMEXAaHWYECKHON TeOpHUH BO3MYINeHWi. AnaauTnde-
CKHE TEOPHUHM M Ceiidac OCTaloTCs BOCTPeOOBAaHHLIMH. OIHAKO IJIs MOJIE-
JINPOBAHMSI JIBUKEHHsI ILJIAHET M BBIYHUCICHHUsT dPeMepu HA He OYeHb OT-
najeHHoe oyayiiee 3 deKkTuBHee pabOTAIOT METOIbI YNCIEHHOIO MHTEerpH-
pOBaHUs YpaBHEHWIT IBUXKEHMsI, XOTSI OHH W TPEOYIOT 3HAYUTEJIbHBIX 3a-
TpaT BpeMeHH paboThl KOMIbIOTEPOB. IlosToMmy a5 Berancaenus sdpeMepu,r
110 IOCTPOEHHOM MOJIEIN ABUKEHUsI OOBIYHO HE BO30OHOBJISIFOT BCAKHI pa3
nHTerpupoBanue audepeHnnaabHbIX YPaBHEHUH, a MOJB3YIOTCSI 3apaHee
3allaCeHHbIMU (paiijIaMu, XPAHAIIUMEA KOI(DDUIIMEHTbI Pa3/I0XKeHUs IIPAMO-
YIOJIbHBIX I'eIHOLEHTPUIECKUX KOOPJAUHAT ILIAHET B PAMbI IO IIOJHMHOMAM



YeObImeBa Ha KarKJIOM U3 HEOOJBITUX MOUHTEPBAJIOB BPEMEHH OTAETBHO.

Hoctyn K acpemepuaamM MOXKET OCYIIECTBIIATHCS HECKOJILKUMU CIIOCO0a-
mu. OObr9HO 3heMepuIbl IAHET UCIOIb3YIOTCH B KAKON-HUOY/Ib BHIYHUC/IU-
TeJbHOI TporpaMMe, PeraoIeil Ty WiId NHYI0 HAYIHYIO UJIU TPAKTUIECKYIO
3aja4dy. K 1ot mporpaMmme 100aBAdI0OT HEKOTOPBIM CTaHIAPTHBINA OJIOK, KO-
TOPBI BEIUHUCISET KOOPAMHATHI ILIAHET C IOMOIIBIO IIOJHHOMOB UebbIiesa,
IIOCTOSTHHO YuTasi AJist 3TOro (baiti ¢ kKoaduimeHTraMu pas3IoXKeHus: KOOpP-
auHAT. B HEKOTOPBIX CAyYasx BBIYUCIUTEbHAS MPOrpPaMMa MOJTb30BaTE s
aeMeprIaMu cama oopaIIaeTcsa 3a TAKUMHI BBIYUCACHASIMEI Uepe3 HHTEPHET
Ha, KAKOI-TO IPYTOil KOMIIBIOTED B MUPE, HA KOTOPOM HMMEETCsI HEOOXOANMAST
JIJIST STOTO TIporpaMMa, u (paiiabl TaHHBIX.

B mporiecce HaydHBIX HMCCIIEIOBAHWM, CBSI3aHHBIX C TIJIAHETAMU, JaCTO
BO3HUKAET HEOOXOAMMOCTDH MHOJydeHus dPeMepus B BuAe TAOJIHIL KOOPIH-
HAT HA P 33JaHHBIX MOMEHTOB BpemeHu. OObIIHO MAHUIIYIUPYIOT TabIH-
1amMu 3eMepua, 3aIiCaHHbBIMIA B BUJIE TTPOCTBIX TEKCTOBBIX daitnoB. UTo-
OBbI TIOJIYYUTH TaKue TaOJIMIIbI, HET HEeOOXOAUMOCTH 00JajaTh aitmamMu c
KO3 purmenTaMu paziokKeHnsd KOOPAUHAT IIJIAHET W COOTBETCTBYIOMIMMHU
BBIUNCIUTEIbHBIMA IIpOorpaMMamMu. s 3Toit menm B Mupe ciayzkar sde-
MEpHUIHBbIE CEPBEPhI, pa3padaTbiBaeMble B KPYIHBIX HAYYHBIX IEHTPaX Ha
OCHOBE MaKCHMMyMa 3HAHWI O JBMXKeHWM IuiaHeT. JlocTynm K yciayram Ta-
KHX 3(OeMepUIHbIX CIy2KO OCYIIEeCTBISETCsS Yepe3 HHTEPHET C IIOMOIIBIO
WHTEepHEeT-HABUTATOPOB myu "Opaysepos'. Baka3z ademepus memaercs Ha
CTpaHUIle MHTEPHETA, a Pe3yJbTaT TMOJYYaeTcs Ha KOMITbIOTEepe Ha TaKWUX
JK€ CTPAHUIAX.

PazpaboTka BBICOKOTOYHBIX MOEEH ABUKEHN ILIAHET Ha, OCHOBE BCEX
UMEIONIUXCA B MUpe HaOJIIOeHUil BeJeTcs JIUIh B HECKOJTbKUX HAyYHBIX
IEHTPaX, KOTOPbIe W OCYIIECTBJIAIOT JOCTYI K CBOUM 3QeMepujiaM depes
CTPAHMIIBI WHTEPHETA. JTO BECHbMA BECbMa, CJIOKHOE U TPYJA0EMKOe JIeJI0.
Mexkay TaKuMu HAyIHBIMH IIEHTPAMK YCTAHABJIMBAETCSI HEKOTOPAs COCTS-
3aTeTbHOCTh. COPEBHYIOTCS OHU MEXKIy cODOM B OCHOBHOM T10 KOJIMYECTBY U
TOYHOCTHU MCIIOJIb3yEeMbIX HAOII0AeHMIT, HO TaK>Ke 10 IOJHOTEe yueTa 3 deK-
TOB, BIMSIOMMUX HA IBUXKEeHHE IL1aHer. TpyaHee BCero maerTcs ydeT IIPUTs-
JKEeHUsI acTepouaI0B Ha Apuxkenue Mapca. 9T0 m3-3a TOro, 9T0 acCTEPOUI0B
O0YeHb MHOT'O, & MaCChI 3TUX Oy K AaromuX B COTHEUHOM cucTeMe MaJIbIX TeJl
W3BECTHBI C JOBOJIbHO HU3KON TOYHOCTHIO. J[JIT OOJBITUHCTBA acTEPOUIOB
MacChl BOOOIIE HEU3BECTHEI.

CaMbIMU TIPOJIBUHYTHIMHU B JIeJIe CO3JaHNS BHICOKOTOUYHBIX MOJIeIeil TBU-
JKeHUs 1 deMepu/I IJIaHeT SBASI0TCS TPU HAYyYHBIX IEHTPA.

Onun w3 Hux — 3710 Jlaboparopus peakTUBHOrO JaBukenus (Jet propulsi-



on laboratory, JPL) B Coenunennnix mrarax AcMepuku, paboTaromasi mos
npucmorpoM areacrsa NASA. CokpallleHHO 9TOT HAYIHBIA IEHTP 0003Ha-
qaror Tak: JPL. 9demepuasr mnaner u JIyHbl, IpeaocrapisieMble STUM HH-
crutytom nmetor obozradenne DEXXX /LEXXX, rie XXX o3nagaer HoMep
Bepcum dpemMepu.

Jpyroii nepBoucToOYHUK 3ddemepui IJIaHeT — 3TO Hapukckuii MucTu-
TyT HEOEeCHOW MexaHuKu W Bbraucienusi spemepus (Institut de mecanique
celeste et de calcul des ephemerides), cokpamentno IMCCE. 9Tor nnctutyT
nMeeT Ooraryo HayuHyIo uctoputo. O mox HazBauueM "Bropo moaror"obLr
ocHoBaH B 1795 romy. B mem paborasm Jlarpanxk u Jlamnac, Ilyankape u
Twuccepan, JleBepbe u Laito. I[IpocnaBunacsa nactutyt Bropo monror ceonMm
MOCTHKEHUSIMU B HEOECHON MexaHuke. AHAIUTHUYIeCKasT TeOPHUs TBUKEHUsI
IUTAHET, co3/annas Y poenoM JleBepbe, U pa3BuBaOIIAACAd JO HACTOSIIETO
BpPEMEHHU B Te4YeHHUe II0JIyTOPa BEKOB ObLIA €IUHCTBEHHBIM MCTOYHUKOM Ca-
MBIX TOYHBIX 3demepun maaner. B nmociaeauue roast B8 IMCCE meTonamum
YUCJIEHHOIO MHTerpupoBanus AudhepeHnaabHbIX YPaBHEHUN [IBUKEHUS
Ha OCHOBE BCEX MMEIOIUXCd Hab/I0/IeHni pa3paboTana HOBas, OJHA U3 Ca-
MbBIX TOYHBIX Moaesei ppuzkenus mianer. IMCCE npenocrapiisier coorBer-
cTBytOINTHE 3hemepnab, KoTopble nMeoT obo3nadenne INPOPXX, rme XX
O03HAYAET HOMEP BEPCUU.

HezaBucumo or amepukaHCKUX U (PPAHILY3CKUX CIIEIUAJIMCTOB pa3paba-
THIBAET BHICOKOTOYHBIE 3(peMepHIbl IJIAHET PYCCKAs XKEHIINHA, COTPYIHATIA
Uncruryra npukaaanoit acrponovun PAH (UIIM PAH) 8 C.-Iletepbypre
Enena Bnamumuposna IIntheBa. B mociiemgnne roabl oHa CO371aJ1a MOIEb
JIBUKEHU IJIaHeT U JIyHbI 10 TOYHOCTH KOHKYPHUPYIOIIYIO C aMEPUKAHCKH-
MU u ppaHiy3ckuMu ddemMepuasamu. CBOIO MOAETb JBUKEHUS TJIaHET U
JIyaer E.B.IlutbeBa nazBama EPM-YYYY, rme YYYY — 310 roa, K KoTo-
POMY IPHUIUCHIBAETCA OYepeIHas Bepcud. B Momesb ABUKEHUSA BKJIIOYEHDI
BCe BO3MYIAIe PakKTopbl, HEOOXOIUMbIE JIjisi 00eCIeYeHnd HAUBbBICIIEH
TOYHOCTH 3emepua. Ero mcnoab3oBaH OOMHUPHBIN HAOIIOIATEIbHBIN MaTe-
pUaJi, BKJIIOYasA COBPEMEHHbIe HAOJIONEHUS, CACTaHHbIE C IMOMOIIHLI0 MEXK-
ILJIAHETHBIX KOCMHYECKUX AIIIapaTOB.

Kaxxkaprit 13 yka3aHHBIX 3/1€Ch HHCTUTYTOB ITPEIOCTABIISET CBOU eme-
puabl B BuJe PaitjioB JAHHBIX C MPUJIAraeMoil K HUM TPOTPAMMOii, HAIH-
CAHHOI Ha HECKOJILKUX CaMbBIX PACIIPOCTPAHEHHBIX SA3BIKAX MPOrPaAMMUPO-
BaHud. IIporpamMma MozKeT ObITH BCTaBJIEHA B IIPOI'PAMMY pPeIllleHUs 3a1a49n
noab3oBaresnd. s BeraucieHus: 3deMepus IporpamMmMa Mo Mepe HeoOXo-
JUMOCTHU dnuTaeT Paitsbl JaHHbIX. Paiiibl 1 TEKCTHI TPOTPAMM PA3MEIEHbI
JIJId CBOOOTHOTO 3aMMCTBOBAHUS Ha, CATaX UHCTUTYTOB.



Kpowme nipenocrasienus acpemepu 1 aaHeT B BUAe ¢aiiaa JaHHbIX U TPU-
JlaraeMoii K HEMY IIPOrpaMMbl HEKOTOpbIe n3 ddeMepu JOCTYIIHbI 10 3a-
IIPOCY HA CTPAHUIAX MHTEPHETA.

Ha caitre JPL mast storo cayxwut marepaktuBHas cpema HORIZONS
Web-Interface. BoritTu Ha Hee MOYXKHO IO apecy:
hitp : //ssd.jpl.nasa.gov/horizons.cgi
B cpene HORIZONS moxxuHO oy unTh adpemepu sl miianer, JIyHbl, ciiyTHH-
KOB IIJIAHET, & TaK»Ke OOJIBITMHCTBA U3BECTHBIX aCTEPONIOB. 3aIpoc ddemMe-
pu, GOpMyIUpPYeTCs 3aMOJHEHNEM IOJIeH BBO/A HA CTPAHUIAX. MOMEHTHI
adeMepn 33,1a0TCsk HA9aIbHBIM MOMEHTOM, KOHEIHBIM MOMEHTOM M IIIArOM
o BpeMenu. VMmeeTcst BO3MOXKHOCTh BBECTH 10 15 MPOM3BOIBHBIX MOMEH-
TOB OJHOBPEMEHHO M MOJYYINUTh JJs1 HuX ddemepuant. IIpeqocrapisierca Ha
BBIOOP MHOKECTBO PA3JIMYHBIX THIIOB KOOPJAWHAT, IIKAJI BpeMeHu u popMma-
TOB BbIAAa4H. UTO Kacaercs Bepcuu PeMepui, TO BCEraa AOCTYIIHA TOJIb-
KO OJTHa, caMasl TOCJIeTHSS Bepcus. B HacTosmee BpeMst 3TO 3deMepuIbl
DE431/LE431.

Opanmy3ckue 3demepunnpl, caenanabie B IMCCE, Toxke mOCTYIHBI Ha,
CTPAHHUIIAX MHTEPHETA IIyTeM 3aKa3a TAaOJIMIl KOOPAWHAT ILJIAHET i PAIA
MOMEHTOB BPEMEHM C TOCTOSHHBIM maroMm. CTpaHuia ajs 3akKasa ddgeme-
pPUI, UMeeT ajipec
hitp : | Jwww.imcce. fr/en/ephemerides/ formulaire/ form _ephepos.php
MozkHO noy4duTh 3dpemepu bl 000 O0JIBINON MIaHeThl, JIyHbI, HEKOTO-
PBIX CIYTHUKOB ILIAHET, a TaKrKe OOJBIIMHCTBA M3BECTHBIX ACTEPOMUIOB.
IIpenocraBisitoTcsd Ha BbIOOP HECKOJIBKO THUIIOB KOOPIWHAT, IIKAJ BPEMEHU
1 (popMaTOB BBLIAUH.

st spemepun maaner u Jlyasr E.B.IIutseBoit (EPM-YYYY) ner co-
OTBETCTBYIOIINX CTpaHuI] B nHTepHere Ha caiite NIIA PAH.

Kpowme mepednciieHHbIX BBIIIE CPEJACTB J0CTYIa K ddeMepuaam Cylie-
cTByeT 0ocoObIil cepBep ademepu, padpadorannbiii H.B. EMenbsHOBbIM 01-
HoBpeMeHHO B mapurkckom uHcTUTyTe IMCCE 1m B I'ocymapcTBeHHOM acT-
ponomuydeckoM mHcTuTyTe mMenu I1.K. IIrepudbepra MockoBckoro rocysap-
crBeHHOrO yHHBepcurera uMmenn M.B. JlomoHOocoBa. 9TOT cepBep, UMEIOIIIIA
naszBanne MULTI-SAT, obnamaer ciaeayommumMu OCOOEHHOCTSIMHA.

Cay:x06a acpemepnns MULTI-SAT npennasnadeHa s morydeHnst 3gde-
MEepH CIIyTHUKOB IIJIAHET W CAMUX ILIAHET, UMEIOIINX CIYTHUKH, TO €CTh
Mapca, FOmurepa, Carypua, Ypana, Henryna u Ilayrona. MomenTsr Bpe-
MEHM MOXKHO 33aBaTh HAYAJIBHBIM MOMEHTOM, ITAaroM IO BPEMEHW W KO-
JIMYIECTBOM MOMEHTOB C 3TUM 33JIaHHBIM Iarom. Kpowme Toro, mMmeercst uc-
KJoaInTeIbHO TOJBKO B cepBepe MULTI-SAT BO3MOXKHOCTL BBOAUTH Iie-



JIYIO TAOJIAILYy PE3YIbTATOB HAOIOMEHUN U TIOJyYaTh JJIs 9TUX HAOJIOIeHUH
Pa3HOCTY HAOJIIOACHHBIX M BLIYUCJECHHBIX 110 3eMepugaM 3HaYEeHUN KOOp-
auHaT. MoMeHThl HAOIIOAEHN MOI'YT CJIeI0BaTh B IIPOU3BOJILHOM IIOPSIIKE,
a IHMCJIO HAOJIIOIeHWi He orpaHmdeHo. BmecTo HAOIIOIEHNT MOYXKHO BBECTH
TaOJIUITY TTPOU3BOJILHBIX MOMEHTOB BPEMEHU JIIOOO# JIJIUHBI, U deMepPUu/Ibl
Oy/yT BBIYMCJIEHBI Cpa3y ik BCeil TabJuilbl MOMEHTOB. MOXKHO 3aKa3aTh
PA3HOCTU KOOPAWHAT TLJIAHETHI M €€ CIIyTHUKA WM PA3HOCTH KOOPIMHAT
JBYX CITyTHUKOB. lIpemnocraBisgioTcs Ha BBIOOPp HECKOJIBKO BEpPCHil amMepu-
kaHckux 3demepun DEXXX, HecKOJIBKO Bepcuii (DpaHIly3CKUX IIJIAHETHBIX
adpemepus INPOPXX, a rakake minanerasre apemepuapl EPM-YYYY, pas-
paborannbie B UITTA PAH E.B. ITutsesoii. Biaromnaps Takomy BbIOOPY MOXK-
HO CPaBHUBATHL MeXK]Iy cOD0Oi pa3Hble TIaHETHBbIE 3dheMepuabl Hermocpei-
CTBEHHO B TOIOIECHTPUYECKUX KOOpPAMHATAX. MOXKHO TOJYYUTH PAa3HOCTH
ademepui u3 Ja000ro BHEIIIHEI'0 HCTOYHUKA U 3demepu /i, JOCTYIIHbIX B cep-
Bepe MULTI-SAT. /Ias1 aTor0 3chbeMepuabl 13 BHEITHETO NCTOYHUKA CIIETYET
BBecTH B (pbopme Habmogennii. B cepsepe MULTI-SAT umeercs memnniit psim
JIOTIOJTHUTEJIbHBIX BO3MOYKHOCTEH, OTCYTCTBYIOIIUX B JAPYIUX TAKUX Cpe-
crBax. B gacTHOCTH, CTpAHUIIBI HHTEPHETA IIPEIOCTAB/ISIOTCA HA BHIOOP HA
OJTHOM M3 TPeX sI3bIKOB: Ha aHTJINHCKOM, Ha (PPAHILY3CKOM MU HA PYCCKOM.
Anpeca caittoB ciyxk6b1 3pemepun MULTI-SAT caenyrorrue:
Ha web-ceppepe AN MI'Y
hitp : [ Jwww.sai.msu.ru/neb/nss/indexr.htm
Ha web-ceppepe IMCCE
hitp : | Jwww.imcce. fr/hosted__sites/saimirror /nssephe.php

Kak y2ke yKa3bIBaJIOCh BbIIle, 3(heMepu bl ILJIAHEeT, 101y IaeMble U3 pa3-
HBIX MCTOYHWKOB, PAa3aNdaloTcs Mexk Iy coOoit. Hemb3sa ckazaTh, Kakue n3
HUX Haubosiee TouHble. OaHAKO, CpaBHUBAS dpeMepuabl U3 Pa3HbIX UCTOY-
HUKOB MEXKJIy CO0O#, MOYKHO IMOJIyYUTh HEKOTOPYIO BHEIIHIOIO OIEHKY WX
TOYHOCTH.

3a/1at1a CIenmpakTUKyMa COCTOUT B CpaBHEHUN 3deMepu ] TiIaHeT, TToJy-
YEeHHBIX U3 Pa3HbIX UCTOYHUKOB, UCHIOJIb3Ysd BO3MOXKHOCTHU CJIY2KObI 3heme-
pug MULTI-SAT. [lenbio 6yaer Hay4IuTh IIOJIB30BATHCS PA3INIHBIMHU CPEI-
CTBaM® TOJIyueHusi deMepu/i MIaHeT B WHTEPHeTe.

1.2. IlocTaHOBKa 3agavun.

B mpenmaraemoii 3amade HeT MCXOOHBIX MaHHBIX. VX Tpebyercst mosry-
YATH C IOMOIIBIO CIY2KO 3eMepr I IJIaHeT U CIIy THUKOB, JOCTYIIHBIX Yepe3
uarepHer. IIpennaraerca ucnosb3oBarb ciayxk0y 3demepuma MULTI-SAT



(CAUIIT MTY, IMCCE) u unrepakrusnyio cpeay HORIZONS (JPL). An-
peca 3TUX CPEJCTB YKA3AHBI BbIIIIE.

3amaua craBuTCs caemyiommuMm obpasom. Beibepem HebecHOe TesIo - ILIa-
HETY WM CIOYTHUK OOJBINON TIIaHeThl. 3aJaJIuM WHTEPBAT BPEMEHW JIJIsI
sdeMepnI; HaYaIbHBIM MOMEHT, KOHEYHBI MOMEHT M Iar TaOJHIIbI IO Bpe-
MeHM. B HEKOTOPBIX CIydasX BMECTO KOHEYHOI'O MOMEHTA BPEMEHH CJIELYeT
33,1aTh KOJIMYECTBO CTPOK BbLIAYHU, TO €CTh KOJIUYECTBO MOMEHTOB BPEMEH!,
NIJIST KOTOPBIX HY>KHO BBIYUCINATH 3deMmepuabl. HeoOXoaumo mosryduTs Ko-
OPAMHATHI BLIOPAHHOTO HEOECHOTO TeJa, C IIOMOIIBIO ABYX PA3HBIX TEOPHU
WM PA3HBIX MOJEJIEH JBUKEHUS U BBIYUCIUTH PA3HOCTUA 3TUX KOOPIMHAT
NI KaykKJI0r0 MOMeHTa BpeMeHu. IIpu 3ToM BBIYHUTAHME KOOPJIUHAT CITEIIH-
AJLHO MOYKHO HE JIe1aTh, HY>KHO BOCIIOJIBE30BATHCS CPEICTBOM BBIUNTAHUS
ademMepn,, 3a10:KeHHbIM B ci1yzKbOe ademepnny MULTI-SAT.

[IpumMmepbl HEOECHBIX TeJI MOXKHO BBIOMpaTh camMocTosreabHo. IIpemo-
YTUTEILHO BBIOMpATH OOJIBINMHE TIAHETHI, UMEOINe CITYyTHUKU WIN CAMU
CyTHUKH T1ameT (kpome JIyHbr).

1.3. Ilopsmok pernieHud 3ajlauv U IPUMeEPHI.

PaccmorpuM HECKOJIBKO 3a/1a4 CpaBHEHUA dPeMepu.

3agauya 1. CpaBaum ddeMepuabl ILJIAHEThI Y PAH, BbIYHUCISIEMbIE C II0-
MOIITBIO OJTHOM W3 TOCJIEeTHUX TIJTAHETHBIX Teopwuit, pa3paboraHubx B JPL,
¢ mocyeaHeil Bepeueit apemepu; miaaner, pazpadorannoit B IMCCE. Ilyctn
o10 OyayT mozenu DE421 (JPL) u INPOP10 (IMCCE). [dns pemienns 3a-
JIa97 HET HEOOXOAMMOCTH MOJIydaTh 3demepuabt ¥ pana Ha caiire JPL. 9tn
apemepusr qoctymHbl B caykbe MULTI-SAT. Bynem cpaBauBath 3heme-
PHUJIBI B F€OIEHTPUIECKUX IKBATOPUAJIBHBIX KOOPANHATAX - TIPSIMOM BOCXOK-
JIeHud U CKJIoHeHuHu. B ciyxk0e ecrecTBeHHbIX cnyTHUKOB ItaneT MULTI-
SAT B pazmene "Ddemepnuanpl ¢ TOCTOSHHBIM IIATOM TI0 BpeMeHHu "BhIOmpa-
eM 1IaHery YpaH. Jlajee B ciMcKe CIyTHUKOB (B KOHIIE CIKCKA) BHIOMpAEM
"HenTp mnanersr Ypan". Beibepem B crernuasibHoM MeHIO "OTHOCHTEIHLHO
reodkBaropa u Touku BecHbl". Ko obcepBaTopuu u 310Xy 9KBATOPA U PaB-
HOJIEHCTBUS OCTABUM TaK, KaK 3TO yxke cTouT mo ymomdanuio: 500 u ICRF,
COOTBETCTBEHHO. B crmucke Bepcuil miaHeTHOM Teopum BbiOMpaem DE421.
BBomauMm B cernrasibHoe 1moJie HadaabHbIi MoMeHT B (hopme "T'ox mecsrr geHb
4ac MUH CeK C JOJISIMU HAIIPUMED,
2013 1212 12 12 12
IIpoBepsiem, mpaBuIbHO Ji BHIOpaH (popMar BBOJIA HAYAJILHOTO MOMEHTA.
Bribupaem u3 menro "en. mara'eauauity: aenb. BBogum B crienmuasbHbIE TI0-



JIT BEIUIUHY TT1ara, HampuMep, 1 u gaucyo maros, HanpuMmep, 20. Haxxkumaem
9KpaHHy0 KHONKY "Borauciuts". [losydaem B 0TI/ IbHOM OKHE 3ar0JI0BOY-
HbIe CTPOKH U TaO/IUILy BUIA

2013 12 12 12 12 12.00 0 31 58.308674 2 41 23.733353

2013 12 13 12 12 12.00 0 31 57.361481 2 41 20.197449

2013 12 14 12 12 12.00 0 31 56.602276 2 41 17.877171

2013 12 15 12 12 12.00 0 31 56.031403 2 41 16.775036

Tenepnb BbLIesieM (MBIIIKOI) B OKHE TOJIBKO CTPOKM TabJIUIIBI U 3aI10-
MHHAaEM UX B IIalIKe OOMEHA.

Hanee BxoanMm B oKHO cayxkObl 3demepuns MULTI-SAT "Sdemepuant
st tabauiel MoMenToB u (O-C) ans wabmogerwit". st 3T0ro MOXKHO
BEPHYTBHCA B OKHO, I'/Ie MbI 3aKa3bIBAJIM 3deMepuabl ¥ paHa, U, Aep:Ka Ha-
»KaToil KHOIKY “‘ctr]” , HakaTh MBIMIKON HA CJIOBA “DdeMepubl 1/ Tabm-
1161 MOMeHTOB 1 (O-C) mist HabmoaeHni”, HAXOSAINECST BBEPXY CTPAHUIIHI.
ITosBuTCS HOBOE OKHO 3aka3za pasuocrteit “O-C” , B HaImeM caydae pasHo-
creit apemepun. Ha 3Toii crpanuiie B crincke ciryTHUKOB BbiOupaem '[lenTp
ILIaHeThl Y paH''u ocrapisieM BBHIOPAHHYIO [0 YMOJTYAHHUIO ILIAHETHYIO TEO-
puto INPOP10. B okHO BBO/1a BHU3Y CTPaHUIIBI KOMTUPYEM U3 MAITKU 0OMeHa
3aroMHeHHbIe TaM 3demepuibl. [[poBepsieM BHIOOD OCTAJBHBIX TapaMeTPOB
Ha cTpanuiie (B JAHHOM IIPUMEpPEe BCE OCTAETCS BRIOPAHHBIM 110 YMOTIAHUIO)
u HaxkuMaeMm KHONKY "Borauciuts". B orgenbHOM OKHE 11O1ydaeM Tab InILy
BUIA,

2013 12 12 12 12 12.00 -0.0829 -0.1184
2013 12 13 12 12 12.00 -0.0828 -0.1183
2013 12 14 12 12 12.00 -0.0828 -0.1182
2013 12 15 12 12 12.00 -0.0827 -0.1181

Kak BuJIHO U3 JaHHOTO IIpuMepa, deMepu/Ibl JIBYX CPABHUBAEMbBIX ILIa-
HETHBIX TEeOPU# OTIUYAIOTCSA O MPSAMOMY BOCXOXKJIEHUS W CKJIOHEHWI0 Ha
BeJIMYUHBI, opsaaka 0.1 ceKyHabl AyTH.

Jlanee MOXKHO ITOBTOPHUTH MPONEAYPY 1d APYyrux gaT 3dpemepun. Mox-
HO BBIOpATh TaKyI0 HAYAJIBHYIO JATY:

195011111

B sToM caydae Hy>KHO yUUTBHIBATh Cjeayoliee obcrodarenbcTrBo. Ha crpanu-
1e /i TJIaBHBIX ciiyTHUKOB 1tanersl Y pad (Ul - Ub) mo ymordanuto orme-
veHa Teopus V.Lainey. 91a Teopus maet 3eMepuabl TOIBKO HA WHTEPBAJIE
Bpemenn (1995/01/01.0-2015/04/15.7). Hecmotpst Ha TO, 9TO MBI BBIOpasm
He CIyTHUK, & IEHTD IJIAaHEeThI Y PaH, cepBUC He OyAeT BbIIABATH ddeMepu-



TIbI, TIOCKOJIBKY Hamma fgata (1950 rom) He BXOIUT B 9TOT MHTEPBAJI. 1Ipo-
o1ema pemaerca Tak. HykHo g conyrHukoB BbiOparh Bepcuio GUSTSG,
KOoTOpas padboraer Ajid J0bIX JaT, IIOCKOJIbKY 3TO aHAJIUTUIECKAs TEOPUs
JIBUKEHUS CIYTHUKOB. /lajlee mocTymaeM aHAJOTUYHO TIPEIbIAYIIEMY TTpH-
Mepy. Hy>KHO TOJIbKO He 3a0bITh HA CTPAHUIE CPABHEHUA dpeMepu 1 TakKe
ormeruThb Bepcuio GUST86 myia cuyraukos Y pana. [lonyaum rabauily Buga
1950 1111 1.00 -0.0361 -0.0278
19501211 1.00 -0.0361 -0.0278
1950 1 311 1.00 -0.0361 -0.0277
19501411 1.00 -0.0360 -0.0277

Kak BuHO U3 moryueHHO# Tabmuiib /118 1950 roga pasmuyans agpemeput
110 CPABHUBAEMBIM TEOPUAM OKA3BIBAIOTCA CYIIECTBEHHO MEHBIITUMH, UM
ansa 2013 roza.

3agauya 2. Cpapaum s3cdemepunns [aauneesa cnyrauka FOnurepa o,
noJiygaeMblie ¢ nomoibio ceppepa ademepus HORIZONS JPL, ¢ ademepu-
JaM¥ 9TOTO CIIyTHUKA, pa3paboranubivu V.Lainey B IMCCE (Bepcus V2.0).
Jling sroro BeraaaumM Tabauiy 3demepun ¢ nomombio HORIZONS, BBenem
ee B kKauectBe HaOmoaeruit B MULTI-SAT u monyuum pasunoctn adpemepn
kak pasnoctu "O-C".

Ha cepsepe HORIZONS Hny»kHO BbIOparh B KadecrBe obbekta (Target

Body) cnyrauk FOmurepa No. Chenyer 3agars va crpanunax HORIZONS:
Ephemeris Type: OBSERVER
Observer Location: Geocentric [500]
Time Span: Start=2013-1-1, Stop=2014-1-20, Step=1 d
Table Settings: QUANTITIES=1; date/time format—=JD;
extra precision=YES

[Tony4dennyio TabJmily 3demepus B,
2456293.500000000 04 23 34.7371 +20 52 29.580
2456294.500000000 04 23 16.1117 +20 51 46.136
2456295.500000000 04 22 55.7040 +20 51 26.126

CJIeJIyeT 3allOMHUTH B NAIKe OOMEHA U BBECTHU €€ 3aTeM B COOTBETCTBYIOIIEe
okHuo B cepBepe MULTI-SAT.

B cepsepe MULTI-SAT HyKHO BBI3BATH CTPAHUILY
“Ephemerides and (O-C) for a file of dates and positions”
JIJTsT TIaBHBIX 1 Om3Kkux crmyTHrKOB FOmmrepa. Ha 3Toit crpanunie Bee ycra-
HOBKHU MOYKHO B3$ITh TI0 YMOJTYAHUIO, 38 MCKJIIOUEHUEM TTOJIS
Choose planet theory version:



JIJIsT KOTOPOTO HYKHO BbIOpaTh BapuanT DE431
u noJisg choose format of the moment
IIJIsi KOTOPOro Hy»KHO BeiOparh Bapuant JD (Julian Day).

lamee MOXKHO HaxKaTh 3KpanHyio kKHONKY Calculate n mogyuuTs B HOBOM
OKHE Ha dKPaHe KOMIIbIOTepPa TAOJIUILy BUIA
2456293.500000 0.0014 -0.0002
2456294.500000 -0.0083 0.0002
2456295.500000 0.0038 -0.0027

Bropas u Tperbs KOJTOHKM 9TOH TaOIUIIbI TOKA3BIBAIOT PA3HOCTH ddeMme-
PHUJ B 9KBATOPUAJIBbHBIX IE€OINEHTPUIECKUX KOOPAMHATAX (IIPSIMOE BOCXOZK-
TeHe U CKJIOHEHNE), BhIPAYKEHHBIE B CEKYHIAaX IyTH.

Samerum, uTo B 3pemepuaaom ceppepe HORIZONS B HacTosIee Bpems
ucnosb3yercs miaanerHas 3demepuga DE431. B cepepe MULTI-SAT wmbr
TakzKe BbIOpaJin 3Ty ItaneTHyio 3demepuiy. CienoBaresibHO Oy Y€HHbBIE
pa3HOCTH heMepusr 00yCIOBIEHBI TOJTHKO PA3TUINIMA B TEOPUAX JTBUKE-
Hus cnytHuka FOnurepa Mo B aByx caykbax ademepu.

1.4. MeTtoamyieckoe ykKa3zaume o (popMyJIUPOBKE WHIUBUAIYATThb-
HBIX 3a/TaHUN Ka*X/IOMY CTYJAE€HTY

K nauany BbimoHeHHsi paboOTbl IO JAHHOHN 33/a4e IPAKTHKYyMa CTY-
JIEHTHI JIOJI?KHBI YMETh ONEepPHUpPOBaTh CPEeJICTBAMU MEHIO W TIoJeil BBO/A Ha
cTpaHuiax uHTepHeTa. HeoOXoanMo MMeTh MpPEACTaBJICHUE O COCTaBe TeJ
Cosaeunoit cucrembl. Hy»KHO 3HATH OCHOBBI aCTPOMETDPHH, B UaCTHOCTH,
IMKaJIbl BPEMEHHN U 3II0XH CHUCTEM IKBATOPHUAJIbHbBIX KOOPAHUHAT.

B kagecTBEe TpUMEpPOB MOXKHO BBIOMPATH OOJIBINNE TLIAHETHI U CITYTHUKHN
13 Tex, KOTopble mokas3anbl B ceppepe MULTI-SAT.

DopMyIMPOBKA 33JaHUS I KAXKIO0r0 CTYIEHTA 3aK/IIYAeTCSI B 33/a-
HUUM HEOECHOTO TeJla, HauaJabHON JaThl 3heMepu I, 1mara mo BpeMeH’ U YHUCIa
cTpouek Tabuiibl 3emepur. Moxuo BapbupoBats mkaibl Bpemenu (UTC,
TT), BeIOMpPaATH TOMOIEHTP B PA3HBIX 00CEPBATOPUSX, JEMOHCTPUDYS BJIHSI-
HHE CyTOIHOI'O MaPAJIIAKCA HA 3HAYEHHSI BIUUCISEMbIX TONONEHTPUIECKHIX
KOOpIMHAT HeOeCHBIX Tea. MOXKHO MoKa3aTh, Ha CKOJIBKO Pa3IMIaroTcs dde-
MEePU/Ibl, BLIYUCIEHHBIE B PA3HBIX CHUCTEMaX KOOPIUHAT.

1.5. Popma oTvyeTa MO MHANBAAYATHHOMY 3a/IaHUIO NPaAKTUKY -
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Ma.

Kax/ioMy CTyaeHTy mpeiaraercs OJUH BAPUAHT UCXOIHBIX JIAHHDBIX.
[Toce periernst 33141 CTYJAEHT JOJIKEH TOATOTOBUTH MHChMEHHBIN OTIeT
1O CJIeAYIONEMY TIJIaHy:

1. Beemenue (O dem uzger peun? 3adeM 3TO HYKHO?).

2. Tlocranoska 3agaau (Ilesb ncciemoBanusi).

3. Onucanne TOCTEI0BATETFHOCTH WCIOIB30BAHNST OKOH MpU paboTe B WH-
TEepHETE.

4. 3ajanue HavaJIbHBIX AT U MIAra 10 BpeMeHH [1jid dbeMepu.

5. ITostyueHHbie PE3yIbTATHI C YKA3AHUEM BCEX HCIOJIb30BAHHBIX TapaMer-
poB 3emepuI.

B 1esiom Takoit oTdeT MOXKeT UMeTh 00beM 2-3 CTPAHUIIBI.
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