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1.1. BBenenmue.

V3yyenne nuHAMHUKH ILIQHET M CIIyTHHKOB JI€JIA€TCsS Ha OCHOBE aCTPO-
MeTpHUYIeCKNX HaOoaeHnii. Takne HaOII0IeHUsT ITPOBOASITCA C MOMOIITBIO Ha-
3eMHBIX TEJIECKOITOB, TEJIECKOIIOB Pa3MeIIEeHHbIX HA HCKYCCTBEHHBIX CITY THH-
KaxX 3eMJIH, & TaK:Ke C IIOMOIIbI0 KOCMUYECKHUX aIlllapaTOB, HAIIPABJISAEMbIX
K ApyruMm aneram. M3secTHo, 4To HaboOJIee TOYHAS MO/ OPOUTAIHHOIO
JIBUYKEHUS TLIAHETHhl WJIW CIYTHUKA TOJYyYaeTcs W3 HaOJIOAeHUH, BBITOJ-
HEHHBIX Ha OOJILIINX MHTEePBaJaX BpeMeHn. KocMudecKkue ammmnapaThbl, JBH-
JKymuecs BOIM3U APYruX ILIaHeT PabOTal0T OTHOCHUTEJIHLHO KOPOTKOE Bpe-
M4d. HOSTOMy POJIb Ha,6JIIOrZLeHI/II>'I, HOJIyquHbIX Ha KOCMHUYECKUX allllapaTaX,
ObIBaeT HE3HAUYMTEIbHON JlazKe MPU MX BBICOKOH TouHOCTHU. [ToaTomMy HeoO-
XOJMMBI peryispHble HaOmwoaeHns Tea COJTHEeYHON CHCTEMBI C ITOMOIIBIO
HA3EMHBIX TEJIEeCKOIIOB.

Oanm n3 Hanbosree MHTEPECHBIX 0OBEKTOB, HAOIIOIAEMBIX C 3eMJIHU, TB-
nsieTcst Oonbinas mianera CaTypH BMeCTe CO CBOMMU CITYTHUKAMU U KOJIb-
oM. CarypH oOpammaerca mo cBoeii opbure BOKpyr COJIHIIA € HEPHOIOM
0kK0J10 28 jer. 111ocKkocTh KOIbIa OCTAeTCA IIOYTH HEM3MEHHOH B IIPOCTPAaH-
CTBe, MMesT HeDOJBITION HAKJOH K TJIOCKOCTH OpOMTHI TTaHeThl. IlosTomy
pa3 B 14 jeT nanpapJjenue ot 1rentTpa CarypHa B cropony CoJHIIA U B CTO-
poHy 3eMJIu OKa3bIBAeTCs BOJIM3HU IIJIOCKOCTH KOJIbIIA. DTH MOMEHTBI HMe-
10T O0JIBITIOE 3HAYEeHNE 1 HabaoaeHnit cucreMbl CaTypHa 10 HECKOJIBKUM
npuyunHaM. Bo-miepBbIX, KOJIBIIO B 9TH MOMEHTHI PACIojiaraeTcsa K HaM peo-
poMm H, Oyaydu BecbMa TOHKHUM, CTAHOBHUTCS HEBUAMMBbIM. KaxKyieecs uc-
Ye3HOBEHHE KOJIbIIA [I03BOJIsieT HAOIIOAATh ¢ 3eMJIM MAJible CIIyTHHKH, KO-
TOphIE ABUKYTCs BOM3M KOJbIla. B Apyrue MOMeHTHI 3TU CITyTHUKH 3aMe-
TUTH HEJb3s, TaK KaK WX M300paKeHne 3aCBEUNBAETCS OPEOJIOM OT SPKOTO
KOJIbIIa. BO-BTOPBIX, IMJIOCKOCTH KOJIBIA, COBIIAIAET C IJIOCKOCTHIO IKBATOPA
ILIAHEThI, & B 9TOM K€ ILJIOCKOCTH PACIIOJIAraf0Tcs OPOUTHI BOCHBMU IJIAB-
HbIX cnyTHUKOB CarypHa. IlocKObKY B TeueHMe HECKOJbKHUX MeCSIeB 10
1 TIOCJIe MCUYE3HOBEHUsSI KOJIbIA OPOMTHI PACIOJIATAIOTCSI PeOpoOM K 3emJie
n K CoOJIHILy, IPOUCXOAAT sIBJIEHUsI BUAMMBIX B3AaMMHBIX HOKPBITUM M B3a-
HMHBIX 3aTMeHHil I1aBHBIX ciyTHUKOB CarypHa. JIMCKY CIIyTHHKOB M TEHHU
OT HUX HEpa3JIUuYuMbl MPU HAOJIOJEHUSIX B Ha3eMHble Tejeckonbl. OmgHa-
KO M3MEHEHUEe sIPKOCTH Tap CIIYTHUKOB, YIACTBYIOIINX B KaXKJIOM SIBJIEHUU,
JIETKO m3Mepsercs ¢ nmoMompio ¢poromerpos win I13C-kamep. Cran spko-
CTHn CHYTHI/IKOB HEeIoCpeACTBEHHO 3aBUCUT OT UX B3aMMHOI'O PaCIIOJIO2KEHHN A,
KOTOpOE, B CBOIO OYE€pe/Ih, 3aBUCUT OT mapamMerpoB opout. Takum obpaz3om,
13 0b6paborku (POTOMETPHUU CIIYyTHHUKOB BO BPEMsi UX B3aUMHBIX HOKPBITHM
1 3aTMEHU 01y 9al0TCA BRICOKOTOYHBIE ACTPOMETPHUIECKHE JAHHbBIE, YTOY-



HAOTCS MapaMeTpbl OPOUT CIYTHUKOB M YJIYUIIAIOTCA UX ddeMepHu/Ibl.

JIF0OOIBITHO, YTO HOCJIe H00ABJIEHHUsI K IIOJIHOM 0a3e JaHHBIX HAOJII0Ie-
HUM IJIaBHBIX CIyTHUKOB CarypHa acTpOMETPUYECKUX pe3y/abTaroB (oTo-
METPHUU CITYTHUKOB BO BpeMdA WX B3aWMHBIX NMOKPBITUNA 1 3aTMennii B 2009
rojy ObLIM omnpenesieHbl KO3(MPUITMEHTbI KB IPATUYIHBIX 110 BPEMEHU W3-
MEHEHHI JIOJITOT CIIyTHHUKOB. DTU MU3MEHEHUs O0yCJIOBJIEHbI TOJIBKO JIUCCHU-
nanuein MexaHn4eCKOW IHepPruu, BbI3BAHHOW IPUJMBHBIM TPEHUEM B TeJiaX
JIAHEeTHI U cIyTHUKOB. (OKa3ajaoch, B 9aCTHOCTH, UTO cuyTHUK CarypHa
DHIIEIa/T TIOJIYYaeT OT MPUJIUBHOIO TPEHUS B JIECATH pa3 OOJIbIIE TEIJI0BOM
SHEPIUH, YeM CUUTAJIOCH PaHee. ITO U3MEHUIO HEKOTOPbIE BHIBOIbI ILIAHE-
TOJIOTUH.

B cuny Bcero cka3zaHHOTO CTAHOBUTCS OYUEBUIHBIM, YTO MOMEHTHI, KOTIA
KoJIbI10 CaTypHa CTAHOBUTCS K HAM peOPOM, OKa3bIBAIOTCSA BECHMa BAXKHbI-
vu. KpymabiMu 3deMepuabIMu CIyKO0aMu MHUPa 9TU MOMEHTbHI IPEJIBbI-
YUCASIOTCA U MyosmmKytorces. OTHAKO TTOJE3HO YMETh JIeJIaTh He3aBUCUMBIE
MPEIBBIYUCTIEHNUST OOCTOATEIHCTB PACCMATPUBAEMOr0 siBJeHUsA. B mporiecce
perenns 3Toi 3aa9u MOKHO MHOTOMY HAyYIHUTHCH.

1.2. IlocTaHOoBKa 3aJaavn.

[Ipu Habmonenunsx ¢ 3eman CarypHa u €ro CILyTHHKOB BazKHO 3HATDH HA,
JTF000#T MOMEHT BpeMeHU OPUEHTAITHIO KOJbIIA, TI0 OTHOIIEHWIO K Kap TUHHOM
IJIOCKOCTH, TO €CTh K ILIOCKOCTH, NMEPHEHAUKYIAPHON TOMOIEHTPUIECKOMY
nanpapieano Ha CarypH. Heobxomumo 3Harh yroom Pp MexXay mpoekmuei
OCH KOJIhIIA HA KAPTUHHYIO IJIOCKOCTHh W HAIIPABJIEHUEM U3 IIEHTPA TJIAHEThI
B TIOJTIOC MUPAa. I1o0KUM, ITO 3TOT yTroJ, aHAJOTUIHO TO3UITUOHHOMY yT-
7y, OyIeT MOJIOKUTEIbHBIM, KOT/Ia ceBepHbIi moaoc CaTypHa HAKJIOHEH OT
HalIpaBJIeHUsl HA CEBEPHBIN II0JII0C MUPa B CTOPOHY BocTOKa. Heobxomumo
3HATh TaKKe yroJi (), KOTOpbIit obpasyer och Koublia CaTypHa ¢ KapTUHHOM
TJIOCKOCTBIO, ¥ OY/IEM CHUTATH €0 TOJOXKUTETHLHBIM, €CJIU CEBEPHBIN TTOJTIOC
CarypHa HaKJIOHEH B CTOPOHY HAOJIIOIATEJIs.

Heusmennasi opuenramnuga ocu kKosbia CarypHa, COBIAIAIOIIAS C OCHIO
Bparnienuss CarypHa, 3a7aeTcsl SKBATOPHATLHBIMU HEOECHBIMU KOOPIMHATA-
MHU: TPSIMBIM BOCXOXKJIEHUEM (g U CKJOHEHWEM 0y CEeBEPHOrO IMOJIIOCA ITjIa-
Herol. Ha camom meste n3BecTHa He3HAUUTEIbHAs IIperneccus 3Toi ocu. s
VIIPOIIEHUs 33/1a491 Mbl IIPpeHeOpeKeM IIpereccueil 1 BO3bMeM KOOP/IUHAThI
Qo 1 0g TAKUMHK, KaK OHU 33IaHBI Ha 310Xy 12 gacos 1 suBaps 2000 roza.
DTH 3HAYEHNSI MOKHO HANTH B COOTBETCTBYIOIIEH CIIPABOYHOI JIUTEpATyPe.
[IepBOMCTOYHHUKOM 3TUX JAHHBIX MOXKHO CUHTATh IIyOJIMKYeMblii pa3 B TpuU



rosa JokJaaa Pabodeit rpynmbl Mo KapTOrpuaecKuM KOOPAUHATAM U dJIe-
MeHTaM Bpainenus MexKIyHapoaHOro acTpOHOMHUYECKOro coro3a. llocies-
HUil Takoi JokJa onybaukoBad B Buje crarbu (Archnal et al., 2011). Bor
9THW 3HadeHus, 3a7JaHuble B cucreMe KoopauHat ICREF:

ap = 40.589 rpas.,

0o = 83.537 rpau.

Yrobb! onpeaenTs UCKOMbIE yrjibl P u (), Hy?KHO 3HATH OPUEHTAIUIO
KapTUHHOM TJIOCKOCTH B TOM Ke cucteMe koopanuat ICRF. 9ta miockocThb
OTIpeIeSIAETCS TOMOINEHTPUIECKUMU TPSAMBIM BOCXOXK/IEHHEM (v U CKJIOHE-
nueMm 0 nenarpa CarypHa, 3agaHHbIME Ha MoMmeHT HaOmozenuss B ICRE.
Jlnst ymporenust 3agaqu OyaeM TpeHeOperaTh OTIWYUSIMHU TOIMOIEHTPHYIe-
CKUX KOOPJMHAT OT TEeONEHTPUYIECKNX. JHAUEHUsT MeOIEeHTPUIECKUX KOOp-
muaar CarypHa o 1 6 Ha MOMEHT HAOIIOIEHNsT MOXKHO OIPEIEIUTDH C IIOMO-
11610 deMepuIHbIX CiIy2K0 B uHTepHeTe. OgHa 13 TaAKUX CIIy2KO HA3hIBAETCS
MULTI-SAT (Emel’yanov, Arlot, 2008). Ee anpec B untepHere:
http://www.sai.msu.ru/neb/nss/indexr.htm
B pycckosizpranom Bapuante Ciry2KObl €CTECTBEHHBIX CIIyTHHKOB ILJIAHET
crnemyer BeiOpaTh "Ddemepuap". dasee "Sdemepuabl ¢ HOCTOSHHHBIM IIa-
rom 1o Bpemenu" qyst Carypua. B cnucke ciyTunkoB Hy)kHO HaiiTu "[lenTp
mranetbl Catypu". OctajabHble TapaMeTpbl MOYKHO B3dTh TaKUMU, KaKHe
3a/aHbI HA CTPAHHUIIE 110 yMoa4daHuo. B okHe mocse ciioB ""Beeaure Hada b
HBI MOMEHT'"HY2KHO BBecTH Hary (roj, Mecsil, JeHb) U BpeMms (4ac, MUH,
CeK) B 3aJ[aHHON HA CTpAHUIE MKajge Bpemenu. [Ipn HakaTnm Ha IKPAHHYIO
KHONKY '"Bbrancanrs'"ogBiasiercss HOBasi CTPAHUIIA, HA KOTOPOII B IIEPBOIA
CTpOKe TabuIbl 3eMepu/I, JaI0TCsd HCKOMbIe KoopauHaTbl CarypHa o u 9.

Ha sTom 3tame OymayT M3BECTHBI BCe HEOOXOTMMBIE MCXOMHBIE TAHHBIE
3a,1aN.

1.3. Cucrembl KOOpAWHAT, TPUMEHsAeMbIEe B 3a/a4e.

B mnporecce ucnonab3oBanus HAOJIOOEHIUN HEOECHBIX TeJI PACCMATPHUBA-
I0TCsI pa3/IM4dHble cucTeMbl KoopamHaT. OmHON M3 HUX SBJSIETCS CHCTEMA
MPSAMOYTONBHBIX KOOPJAWHAT C HAYAJOM B IEHTpe HaOJII0JAeMOTO Tejla U
OCHOBHOM IIJIOCKOCTBIO, ITEPIIEHINKYIAPHON TOMOIEHTPUIECKOMY HaIlpaBJIe-
HHIO Ha 3TO Tejo. TaKyio IJI0CKOCTbh HA3bIBAIOT KAPTUHHOM ILJIOCKOCTBIO.

O6o3naunM 4epe3 x,Y, 2 OCH I'€039KBATOPUAIBHON CHCTEMbBI KOOPIMHAT
HEKOTOPO# 31moxu, HanpuMmep, smnoxu J2000, ¢ HayaaoM B 1eHTpe HabJIo1a-
€MOr0 TeJIa.

Byaem mosararh, 9TO TOIOLEHTPUYECKOE HallpaBIeHHe Ha HADJII0IaeMOe



TEJIO 33JJAHO MPAMBIM BOCXOXKJICHAEM (v M CKJIOHEHWEM O B TOINOICHTpUYe-
CKOIl cHCTEeMe KOOPJMHAT C OCAMM, NaPaJICIbHBIMU OCAM I, 1, 2.

Hapany ¢ KapTHHHOHR ILIOCKOCTBI) PACCMOTPHM ILIOCKOCTb, IIPOXOJIs-
Y0 Yepe3 TOMOIEHTPUIECKHUN PaJInyCc-BeKTOP HAOII0IAEMOr0 Teja U OCh
z. HanpasuMm ock 4" mo quHnm nepecedeHunss 3TUX IJIOCKOCTEH TaK, YTOOBI
ocu z u Yy obpasosbiBanu yrou, He npesbinaromyii 90 rpagycos. Ocw x”
PACIOJIOKNM B KAPTUHHOMN IIJIOCKOCTH B HAIIPABJICHUN YBEJIUYCHHUS IPAMbIX
BocxokJIenuii. Och 2 Oyner JONOaHATH CUCTEeMY KOODJIMHAT JIO TMPaBOi H
OKazKeTCs HAIIPABJICHHON BJIOJIb TOMOIEHTPAIECKOTO BEKTOPa HAOJII0IaeMO-
ro Teja.

O6o3naunM yepe3 R TOMOLEHTPUUECKOE PACCTOSHIE HADII0IAeMOro Te-
na. Torma amsa a000# TOYKHM, PACIOIOXKEHHON B KAPTUHHON IJIOCKOCTU U
UMEIOIIIIEeH B 9TOi IIOCKOoCTH KoopauHaThl &'/, 4", MOXKHO ompeneaurs ee
TaK HA3bIBAEMbBIC MAHZEHUUAADHLE OMHOCUMEALHBLE MONOUECHMPUUECKUE

KOOPOUHAMDL
1/ 1/

x y
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CoOTBETCTBEHHO OINPEIENAETCA MAH2EHUUAALHBLT NO3UYUOHHBLT Y2on Py

TOYKH N3 COOTHOIIICHNA '

X

TanrenuuaabHbI O3UIIMOHHBIN yroa F; orcunThiBaeTcad B KapTUHHOI
ILJIOCKOCTHU OT HallpaBJE€HUs HA ceBep K BOCTOKY OT 0 ;10 360 rpaaycos.

[TycTh OTHOBpEMEHHO C IEPBBIM HEOECHBIM TEJIOM, JJIS KOTOPOTO OTpeie-
JIeHA, KAPpTUHHA IIJIOCKOCTh, HAO/II01aeTcst BTOpoe HebecHoe Tes10. TomoreH-
TPUYIECKHII BEKTOP BTOPOIO TeJia IIepecevdeT KApTUHHYIO IJIOCKOCTh IEPBOTO
TejIa B HEKOTOPOI Touke ¢ koopauaaramu x',y"” . Takum o6pa3om TaHreH-
IUAJIbHBIE OTHOCUTEIbHBIE TOMOIEHTPUYECKNEe KOOPAUHATHI X¢, Y; M COOT-
BETCTBYIOIIUI TAHM€HIINAJIbHbIN ITO3UIITMOHHBIN yroJ P; 331ai0T IMOJIOXKEeH!e
BTOPOI'O TeJia OTHOCUTEIbHO MEPBOIO.

Kax ObI710 yKazaHO BBINIE, TOMOIEHTPUYIECKOE HAPAaBIIEHNE KaXKJIOTO
Tesa 3aJaeTCs TeOdKBATOPHAJbHBIMU KoopauHaramu. (QOo3HaUMM depes
o U 0 IPAMOEe BOCXOXKJEHWE W CKJIOHEHHe mepBoro reja. llycrs coorBer-
CTBYIOIIME KOOPIUHATHI BTOPOrO Teja 33aHbl BhIpaxKeHusMu o + Aa, 6 +
A¢. Torma TaHTeHIIMAIBLHBIE OTHOCATEIHLHBIE TOMOIEHTPUIECKHE KOOPINHA-
bl X¢, Yy, Py MoxkHO BbrumcauThb 1o ¢gopmynam (Introduction aux éphémé-
rides astronomiques, 1997)

B cos(d + Af) sin Ax 3)
"7 sin(6 4+ Ad) sin b + cos(d + Ad) cos b cos Aar’




sin(0 + Ad) cos § — cos(d + Ad) sin é cos A

b sin(d + Ad) sin d + cos(d + Ad) cos § cos Aar’ )
Y

Beenennas 3mech cuctema koopaunar 'y 2" npumenserca rakike s

OIMCAHMS BUAWMOI OPHMEHTAIMA OCH BpaleHus IiaHerbl. OcobeHHO Ha-
IJIsITHO OCh BpAIEHHs ILJIaHEThI IIpejcTaBiieHa m3obpakernueMm kKostenr Ca-
TypHa. OCh CUMMETPHUHU KOJIEI C BBICOKOW TOYHOCTHIO COBMIAJAET C OChIO
BpAaIlleHUs [1JIaHEThI.

N3o06pazkenne koser CarypHa u3MeHsieTcs co BpeMmeneM. KoJibiia BpemMe-
HaMu OosbIre "packpbIThl' K HADIIOAATETIO, B IPYTUE MOMEHTHI OHU BHUIHBI
OYeHb y3KOW MOJIOCKOU, & WHOTIa COBCEM MCYE3al0T, TAK KaK BUJAHBI K HAM
¢ pebpa. TomamuHa KoJjel CTOJIb MaJja, YTO OHU CTAHOBATCA HMPAKTHYIECKU
HEBHUIUMbBIMH.

BuauMyro opueHTAIMio OCU BpaIlleHWs TIJIAHEThl MOYKHO OTHCATDH JBY-
MsI YIJIAMHU: TAHTEHITMAJIbHBIM TTO3UIIMOHHBIM YIJIOM CEBEPHOIO HaIpaBJIe-
HHAsI OCH P m yryioM HaKJI0HA K KapTuHHOHN miaockoctu () . Ilpu sTom mo-
JIOXKHATEJIbHBIA HAKJIOH () OymeT cOOTBETCTBOBATH OTKJIOHEHHEM CEBEPHOIO
HaIpaBJIeHUsT OCU BPAIEHUS TIJIaHEeThl B CTOPOHY HaDJII0IaTe 4.

B cayuae nzobpaxkennii Koster CaTypHa Py MOJIOKUTETBHBIX P KOJIBIIA
OyIyT IIOBEPHYTHI IIPOTUB YACOBOH CTPEJIKHU, a IPH MOJOKHUTEIbHBIX () MBI
YBHUJIUM KOJIbIIa CO CTOPOHBI CEBEPHOIO IIOJIFOCA, ILIAHETHI.

OpuenTanuio ocu BpallleHUs MJIaHEeThl B MPOCTPAHCTBE OOBIYHO 33,/1ai0T
MIPSAMBIM BOCXOXKIEHHUEM () U CKJIOHEHHEM 0j CEBEPHOrO IO OTHOIIEHUIO K
SKJIMITHUKE HallpaBjeHusi ocu. PaccMoTpuM B KadecTBe BTOPOrO HaOJIIOIA-
eMoro o0ObeKTa HEKOTOPYI0 TOYKY Ha OCH BPAINEHUS ILJIAHETHI, PaCIOJIO-
JKeHHYIO Ha, eTUHIYHOM PAaCCTOSTHUU OT ee meHTpa. Koopauuarer P, () 3T0i
TOYKH, a, CJIEJOBATEIbHO U KOOPJAMHATHI OCH BPAIEHUs OTHOCUTEJIbHO Kap-
TUHHOI ILJIOCKOCTH MOXKHO TOIJIA OIIPEIeJIUTb U3 CJSIYIONINX COOTHOIIEHMIA:

To = €os dg COos ),
Yo = cos dp sin ay, (6)
zp = sin dg,

T’ = —xgsina + yg cos «,
y" = —xqsind cos a — yg sin d sin o + 2q €os 6, (7)
2" = xgcosdcosa+ ygcosdsina + zgsind,

i 1!

X —XZ
tgpt = ?7 th:

/$"2 n y//2 '

(8)



3aMeTnM, 9TO yroJ () B TOYHOCTH PaBeH ILJIaHETOINEHTPUIECKOHN TIIaHe-
TO3KBATOPHUAJIBLHON IIUPOTE HAOJIIONATEISI, B YaCTHOCTH, IEHTPA 3EMJIH.

Boison, dopmya (7) man B [lpuioxkerm.

B HekoTOphIX 3a/adax HEOOXOMUM OOPATHBIM TepeXoJl OT KOOPAWMHAT
", y", 2" x koopaunaram x,y,z . B 3TOM caydae MOXKHO BOCIOIL30BATHCS
dopmystamu

x=—x"sina —y"” sind cosa + z” cos d cos a,
y= a"cosa—y"sindsina+ 2" cosdsina, (9)
z=19" cosd + 2" sin é.

Hapsany ¢ TaHreHmuaabHBIMA OTHOCUTEILHBIMY TOITOIIEHTPUIECKUMHI KO-
opauHatamu X, Y;, P paccMmarpuBaoTcsa du@@eperyuarbrvie 0mHOCU-
MEALHBLE MONOUEHMPUYECKUE KOOPIUHAMDL , KOTOPHIE OTIPEIESIIOTCS Ce-
aytormM oopasoM. IlycTh TomomenTprieckKoe HampaBaeHne mepBoro HAOI0-
1aeMOT0 OOBEKTA 33,IaHO IIPSIMBIM BOCXOXKIEHHEM (v U CKJI0HeHneM ¢ . IlycTh
OJTHOBPEMEHHO HAOJIFOJAETCs BTOpOe HeDeCHOEe TeJI0, HMEIee IIPsIMOe BOC-
xoxkaenne « + Aa u cknonenne d + Ad . Iuddepentmaababie OTHOCUTETh-
HbIE TOIOIEHTPUYIECKHe KOOPAUHATHI X, Y BTOPOIro TeJjIa, ONPEeIeasiiOTCs CO-
OTHOIIEHUAMU

X = Aa cosd, Y =A6. (10)

PaccmoTpum Ha HEOecHOI cdepe OOJBITTOI KPYT, TPOXOAAIINAN Yepes mep-
BOE€ M BTOpOe HebecHble Teja. YIoJ Ha HeOecHOU cdepe Me:KIy KPyrom
CKJIOHEHHUI IIEPBOrO TejJa U YKA3aHHBIM OOJIBIIAM KPYI'OM HA3BIBAIOT IIO-
3UMMOHHBIM yrIoM P. OH OTCYNTHIBAETCS OT CEBEPHOTO HATIPABJIEHUS KPY-
ra CKJIOHEHHWi MMepBOro Tejla B BOCTOYHOM HAIPABJIEHWUH, TO €CTh MPOTUB
qacoBoil crpeniku, or 0 1o 360 rpaaycos. PaccmarpuBaeTca TaKKe TOMO-
IeHTpu4eCKoe YFJIOBOQ pacCrodHue s Me)KrZ[y ABYyMA TEJIaMU. OHO ABJIAETCA
JIyToit DOJIBITIOTO KpyTa Ha HebecHOi cdepe.

Ecnu 3amanbl mpsMoe BOCXOXKIEHWE (v M CKJIOHEHHE 0 MEepBOro Teja, a
TaKzKe MpsMoe BocxoxkaeHne o + Aa u ckiaonenue 0 + Ad BTOporo rea,
TO TO3UIMOHHBIA yroa P u yrioBoe paccTOsHWE S MOYKHO BBIYHUCINTD W3
CJICJIYIOIIUX COOTHOIIIEHUI:

cos(d + Ad) sin Ax

sin A + 2 cos(§ + Ad) sin § sin® &2

tg P = (11)



@y, = 2cosdsin 6 sin a cos Ad sin? %4—
+ cos? § sin asin AJ—
— cos 0 sin 0 cos a cos Ad sin Aa+ (12)
+ sin? § sin o sin A§ cos Aa+
+sin? & cos asin Ad sin Aa,

sy = —2cos dsin d cos acos Ad sin? AL —

— cos? § cos asin Ad— :

— cos 0 sin d sin a cos Ad sin Aa— (13)
— 8in? § cos arsin Ad cos Aa+

+ sin? § sin asin Ad sin Aa,

Agy = cosd cos(d + Ad) sin Aq, (14)

byy» = cos(6 + Ad) cos(a + Acwr) cos § cos a+
+ cos(d + Ad) sin(a + Aa) cos § sin a+ (15)
+sin(d + Ad) sin d,

2 2 2
\/ayz + A + a’xy

bxyz

tg s = (16)
JIJ1s1 OTHO3HAYHOTO OTpE/IeIeHUsl TO3UITMOHHOTO yryia P U3 COOTHOIIeHMsT
(11) cmeayer ydecTb, 9TO 3HAK oS P paBeH 3HAKy 3HAMEHATE s B MIPABOIA
yactu coorHorienus (11). @opmysnr (11)-(16) BeBOAATCS U3 dDopmyn che-
pudeckoit rpuronomerpun (CrpaBodHOE PYKOBOJICTBO 110 HEOECHOIN MeXaHM-
Ke U acTpofanHamuke, 1976).

1.4. ]._.[Opf[,Z[OK BbIdMHNCJI€eHNA MCKOMDbIX Be€JIMYHNH.

Nrak, HaM M3BECTHLI KOOPAMHATHI ceBepHoro momoca Carypra ag u do
(cm. Berme). C nomorpio cepsepa ademepus MULTI-SAT mbr Hamiu Takxke
TononenTpudeckne Koopauaarsl Carypna a u d. Tenepb MCKOMbBIE apaMeT-
pbI opueHTaru ocu Kosrer; Catypua HaiimyTes mo dopmymnam (6), (7), (8).

1.5. Meroanyeckoe ykazanme o (HopMyJUPOBKE 3ajlaun Ka>K-
JOMY CTyOd€eHTY

PopMyIMPOBKA 3aIa491 AJI KaXKJIOT0 CTYAEeHTa 3aKJII09aeTCsI B 3aJaHUN
JTATHI © MOMEHTA BPEMEHHU, I KOTOPOTO TpedyeTcs Onmpeae/nTh BUIUMYIO
opuenTtaruio Kouabila CarypHa. lajee MOXHO NPEaI0XKUTh CTYIEHTY IIPO-
BECTH BBIYUCJICHUSA /I Psid MOMEHTOB, BbIOMpast MX CAMOCTOSTEJIHLHO, C



IEJTbI0 TIOMBITATHCA MTPOCTHIM TIepebOPOM MOMEHTOB HAWTH MOMEHTBHI Ka-
JKyIIerocst ucuesHoBenud Kovibia. B 2009 romy 3To mpousonnio 4 ceHTaops
rmpuMepHO B 13 4. 42 muH. 11 ¢. 110 110 IIKaJ1e BCEeMIPHOTO KOOPAUHUPOBAHHO-
ro Bpemerun UTC. Crnemxyer nckarh aHAJOTUYHBI MOMEHT Yepe3 MOJIOBUHY
epuo/ia OPTUTAITBLHOTO JBUXKeHus CarypHa, T. €. IpuMepHo depe3 14 jieT.

Jns peanu3anuy MeTOa U BBIIOJHEHUA IMPAKTUKYMa MOXKHO ITPEIJIO-
JKUTh CTYJAEHTY COCTABJIEHUE BbIYUC/IUTEIBHOM TPOrpaMMbl Ha, JIIOOOM $i3bI-
K€ TTPOTPaMMHUPOBAHUSA.

1.6. ®Popma oTyera MO 3ajla¥e MPAKTUKYyMa.

KaxX1oMy CTYIeHTYy MpeiaraeTcs OJWH BapPUAHT HMCXOAHBIX JIAHHBIX.
[Tocne pemrenust 3aja4u CTYIEHT AOJIKEH MOJTOTOBATH IMTUCHMEHHBIN OTYeT
110 CJIEAYIIEMY TLIAHY:
1. Beenenne (O gem wmaer peun? Ilouemy BO3HHMKAIOT pPACCMATPUBAEMBIE
npobsieMbl? 3a9eM 3TO HYXKHO?).
2. ITocranoska 3amaqu (Ilenb uccnenoanus. Yro gano? Yro onpenenurs?).
3. Onmcanme mMocyie0BATEILHOCTH BBIYUCIEHUH C IPUBEIEHUEM TTPUMeEHIe-
MBIX (DOPMY.I.
4. 3ajanne UCXOAHBIX TAHHBIX.
5. Ilony4denuble pe3y/ibTaThl.

B menom Takoit oT9eT MOXKeT UMeTh 00beM 2-3 CTPAHUIIBI.



1.7. Ilpumepbl BBIYNCJIEHMIA.

Psan nmpumepoB BbramcieHuit cojepKutcd B Tabauiie. CMbICT duces B
KOJIOHKaX TaOJIUIIbI CJIe Y FOIITNIA:
Hara (rom, mecsil, JeHb), MOMEHT (4ac, MUH, CeK), « (4ac, MUH, CeK), O
(rpaa, muH, cex), P (rpan), @ (rpan).
MowmenTs! 3a1aub! B mkaje UTC.

2008 1 01 0 0 0.00 10 42 21.409887 10 00 51.724476 -5.63 -6.74
2008 1 31 0 0 0.00 10 37 12.161049 10 38 26.785379 -5.71 -7.49
2008 3 01 0 0 0.00 10 28 32.794739 11 32 55.170956 -5.85 -8.61
2008 3 31 0 0 0.00 10 20 33.877827 12 18 34.226566 -5.96 -9.56
2008 4 30 0 0 0.00 10 16 57.931107 12 35 56.704300 -6.01 -9.94
2008 5 30 0 0 0.00 10 19 14.983314 12 19 11.838789 -5.98 -9.61
2008 6 29 0 0 0.00 10 26 54.132931 11 32 13.264709 -5.87 -8.64
2008 7 29 0 0 0.00 10 38 25.820280 10 23 01.163529 -5.69 -7.20
2008 8 28 0 0 0.00 10 52 05.292632 09 01 05.754706 -5.48 -5.52
2008 9 27 0 0 0.00 11 06 06.911490 07 37 00.758286 -5.24 -3.80

10



JIuteparypa

CupaBo4HOe PYKOBOJICTBO 110 HeOecHO! MexaHuke u acrpoauaamuke / Ilox
pen. I'H.lybommnua. — M.: Hayxka, 1976, 862 c.

Archinal B. A., A’Hearn M. F., Bowell E., Conrad A., Consolmagno G. J.,
Courtin R., Fukushima T., Hestroffer D., Hilton J.L., Krasinsky G.A.,
and 7 coauthors. Report of the AU Working Group on Cartographic
Coordinates and Rotational Elements: 2009. Celestial Mechanics and
Dynamical Astronomy. 2011. V. 109. P. 101-135.

Emel’yanov N. V., Arlot J.-E. The natural satellites ephemerides facility
MULTI-SAT. Astronomy and Astrophysics. 2008. V. 487. P. 759-765.

Introduction aux éphémérides astronomiques. Supplément explicatif a la
connaissance des temps. (eds. Simon J.-L., Chapront-Touzé M., Moran-
do B., Thuillot W.). 1997, Paris: BDL, 450 c.

11



Puc. 1: O6beKToneHTpUIeCKIEe CHCTEMbI KOOPIMHAT.

IIpnaoxeune. BeiBoa dbopmydt AJist BBIYUCJIEHAS KOOPJANHAT B Kap-
TUHHOM MJIOCKOCTH.

BriBenem 31ech OPMYIIBI CBA3U MEXK Iy OOBHEKTOIECHTPUYECKON TeOIK-
BATOPHUAJIBHOU CHCTEMOU KOOPAMHAT U CUCTEMON KOOPIWHAT, CBA3AHHOU C
KapPTUHHON TIJIOCKOCTBIO.

Ocu 3Tux cucTeM KOOPAMHAT U TMPOMEXKYTOUHOM CHCTEMbl KOOPIMHAT
n3obpaxkenbl Ha Puc. 1. Hauajio cucreM KOOpAuHAT PACIOJIOXKEHO B IICH-
Tpe obbekTa Habmogenuit O. B cucreme xoopmunar O, x,y,z IliockocTs
X,y TapaJijaenbHa TJIOCKOCTH SKBATOPa 3EMJIH, TOITOMY OyJdeM Ha3bIBATh
cucremy Koopauuar O, x,y, 2 TE0IKBATOPUATBHHOIA.

PaccMoTpuM HEKOTOPYIO BCIIOMOTATEJIBLHYIO IMTPOMEXKYTOUYHYIO CUCTEMY
koopmuuar O, x*,y*, z* Takyto, 9ro ocu x*,y* JjIe2KaT B ILJIOCKOCTHU X, ¥, IPH
9TOM OCh T* PaCIOJIOKEHA, B TIITOCKOCTH, 00pa3yeMoit OChI0 2 U BEKTOPOM TO-
MIOIEHTPUYECKOTO HAITpaBJIeHUA 00beKTa HaboaeHuii. B aTom ciaydae, Kak
9TO BUIHO Ha JieBoil yactu Puc. 1, koopaunarer =, y*, 2* u x, Yy, 2 CBA3aHbI
COOTHOIIIEHUSIMU

¥ = xcosa+ ysina,
y* = —xsina + ycos a, (17)
2¥=z.

OmnpenennM CBS3b KOOPAMHAT ITOH MPOMEKYTOUHON CHCTEMBI ¢ BBEICH-
HLIME BbIme Koopauaaramu x, v, 2z, Ha npasoii wactu Puc. 1 uzobpa-
>KEHbI OCH KOOP/IMHAT B ILJIOCKOCTH, 0Opa3yeMoil 0cbio 2™, COBIIaAaloMIeil C
OCBIO Z, ¥ BEKTOPOM TOIIOLEHTPUYECKOrO HAIIPABJICHAA OObeKTa HabJIroIe-
unii. Ock 2’ 1o onpenenenno HAIIpaBJIeHa 110 TOMOIEHTPUYECKOMY HAITPaB-
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JIeHNIO0 00BbeKTa, och ¥y HampaBjieHa O JIMHUW TepecedeHusl KapTUHHOMN
IIJIOCKOCTU M ILJIOCKOCTH, OOPa3yeMOil OChbI0 2 M BEKTOPOM TOIOUEHTPUYE-
CKOI'O HallpaBJieHus 0ObeKTa Hab ogaenuii. HamomauM, 9T0o och £* j1€2KuT B
TeO3KBATOPUAIBLHOM MIOCKOCTH. Temmepb BUIHO, 9TO YIOJI MEXKAY OCAMH I
u 2" pasen cknonenmio oObekTa. OgeBnmHO Takxke, 9o ocum y* m ' coB-
nagaior. Orcroga caegyer, 9ro koopmuHarel ¥, y*, 2* u x”,y", 2" ceasann
COOTHOIICHUAMU

2 =y,

y" = —x*sind + z* cos 4, (18)

2= x*cosd + z*sind .

Tenepnb, moactasmss (17) B dopmysst (18). momyunm coorHorenus (7).
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