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VM3YUEHUE NOUMHAMUKU
COJIHEUHO/ CUCTEMEI
HA OCHOBE HABJIOOEHUM
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[1naH goknana

CoctaB 1 pa3smepbl ConHeYHON CUCTEMDI

Cunbl B3anmogenctema B ConHeyHoU cucteme
OcHoBHble 3agavn auHaMmmkm CoriTHEYHOM CUCTEMBbI
MeToabl HabntogeHnin Ten ConHeYHOW CUCTEMDI

MeToabl nocTtpoeHnst moagenn CornmHeYHOW CUCTEMBI
OcobeHHocTN 3aga4 auHaMmmkm CormHEYHOM CUCTEMBbI
CneunanbHble 3agayn auHaMmmkm ConmHEYHOU CUCTEMBI
CTOYHUKM AaHHbIX 0 ABMXeHun Ten ConHeYHoM CUCTEMBI



CoctaB u pa3mepbl ConHe4YyHOU CUCTEMBI

CocTtaB ConHe4YyHoOW CUCTEMBI:

* ConHue

* nnaHeTbl (8)

* cNyTHUKK nnaHeT (167), JlyHa

* Mmarnble nnaHeTbl (actepounabl) (bonee 380 000)
* kKomeThbl (bonee 1000)

IcKycCcTBEHHble CNYTHUKN 3eMIU:

* meTeoporsiornvyeckme (h=600-1000 km)
* reognHamMmunyeckme (h=6000 km)

* HaBuraumoHHsle (h=20 000 km)

* reoctaumnoHapsl (h=36 000 km)



CoctaB u pa3mepbl ConHe4YyHOU CUCTEMBI

Paamepbl ConHua, nnaHeT u X opoumT:
ConHue  (R=700 000 km)

Mepkypun (R= 2400 km) a= 04 a.e
BeHepa (R= 6000 km) a= 0.7 a.e
3emMns (R= 6400 km) a= 1.0 a.e
Mapc (R= 3400 km) a= 1.5 a.e
FOnunTep (R=70000 km) a= 5.2 a.e
CaTtypH (R=60000 km) a= 9.5 a.e.
YpaH (R=25000 km) a=20 a.e.
HenTyH (R=25000 km) a=30 a.e.

Cambin ganekmm obbekT obHapyXeH Ha PpacCTOSAHUM
97 a.e.
ot ConHua
- KapnukoBags nnaHeTta Ipuaa agnameTpom 2400 Km
nmeeT crnyTHUK ducHomuio gnametpom 300 Km.



CoctaB u pa3mepbl ConHe4YyHOU CUCTEMBI
AcTteponabl U KOMETbI:

[pynna Paawnyc, Cp. pacctosHue Konu4yecTtBo
KM oT ConHua, a.e.

[ MaBHbIN NOSAC < 500 2-35 > 380 000

TposiHUbI < 300 5.2 1200

TpaHcHenTyHHble 100 - 1000 30 - 50 1068

Conuxarmwmecsd <100 0.7-4.0 300

c 3emrneu

KeHTaBpbl <100 5-30 209

(acTepona-komeTa)

KomeTbl ? > 5.2 > 1000

HymepoBaHHbIX Manbix nriaHeT 164612 (Ha 26 ceHT. 2007 r.)



CoctaB u pa3mepbl ConHe4YyHOU CUCTEMBI

INyHa (R=1700 kM), a = 380 000 km

CnyTHUKN nnaHer:

Bcero 167 bnuskne [naBHble [anekne Bcero [Mpum.
CNYTHUKOB

CnyTHukn Mapca - 2 - 2

CnyTHUKM KOnutepa 4 4 o4 62 +1 noTepsH
CnyTHukn CaTtypHa 14 38 38 60 +3 CrycTtka
CnyTHMKKM YpaHa 13 3 9 27

CnyTHUKM HenTyHa 6 1 6 13
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CnyTHuku MNnyToHa

Pagnycbl (max) 2631 km (TaHnmen)



[1naH goknana

Cunbl B3anmogenctemsa B ConHeyHou cucteme
OcHoBHble 3aaavn auHammkm COrTHEYHOM CUCTEMbI
MeToabl HabntogeHnin Ten ConHeYHOW CUCTEMDI

MeToabl nocTpoeHnst mogenu ConHe4YHOM CUCTEMBI
OcobeHHocTU 3aga4v auHaMmukn ConHEYHOMN CUCTEMBI
CneumnanbHble 3agayn gnHammkn ConHEeYHOM CUCTEMBI
ICTOYHUKM AaHHbIX O ABMXeHUn Ten CofHeYHOW CUCTEMBI



Cunbl B3anmogeuncteusa ten ConHeyHou cuctemsbl

[JOMUHUPYIOT CUNbI FpaBMTaLUOHHOW Npupoabl
[dpyrue cunol :

CBETOBOE AaBlieHne TpyaHOCTM y4YeTa : BXOXKAEHUE B TEHb

conpoTueneHue cpedbl TpyOHOCTU y4yeTa :
Henpeacka3dyeMoCTb NMOTHOCTH

BA3KO-yMnpyroe TpyaHocTn yyeTa :
conportuerieHne NOYTN HUYErO HEe 3HaeM
Ten gecopmaumsiv O BHYTPEHHOCTSX HEGECHBIX Ten



Cunbl B3anmogeuncteusa ten ConHeyHou cuctemsbl

Cwunbl rpaBUTaUMOHHOW NpPUPOALI :
Ha npakTtunke 4auie BMecTo pelwieHns ypasHeHnn nona OTO
MCNOSb3YIOT NOCTHLIOTOHOBCKOE NMPUONMXKEHME ...
* 3aKOoH npuUTsKeHna HeloToHa
* + pendaTMBUCTCKNE 3PP EKTLI
(Hanpumep, B pamkax 3agayn Lesapuylwumnbga)

B 6bonbLIMHCTBe 3apayd Noka BNoJsiHe A4OoCTaToO4YHO
3aKoHa nputsaxeHus HoloTOHA

MeTognyeckue npobnemsl peleHnsa ypaBHEHUN:

AHanunTnyeckne Metoabl . YpesBblHanHO rpoMo3gKkue psabl No
CTENeHAM MarsblX NapameTpoB

MeToabl YACNEHHOIO UHTErPUPOBAHNS : 3arpyaroT
HenoMepHOU 3agadvyen gaxe CoBpeMeHHble CYynepKoMMNbIOTEpPbI



[1naH npoknaaa

CocTtaB 1 paamepbl COrmMHEYHON CUCTEMDI

Cunbl B3anmogenctesus B CornHe4YHon cucteme

OcHoBHbIe 3apgaun guHaMmukum ten ConHe4YHoOUn CUCTEeMbI
MeToabl HabntogeHnin Ten ConHeYHOW CUCTEMDI

MeToabl nocTtpoeHnst moagenn CornmHeYHOW CUCTEMBI
OcobeHHocTK 3aga4 auHamMmukn ConmHEYHOM CUCTEMBI
CneuymnanbHble 3agayun gnHammkn ConHe4YHoOM CUCTEMBI
ICTOYHUKM AaHHbIX O ABMXeHUn Ten CofHeYHOW CUCTEMBI



OcHoOBHbIe 3agaun aguHaMukm ConHe4yHOU cucTembl

Bo Bce BpemeHa OCHOBHbIMW 3aJa4aMmn HEOECHOW MeXaHUKMN
Obinn :

rEOCAe3nNd W HABUIAUUA

[ NaBHbLIN B MUPE UHCTUTYT HEOeCHOW MexaHuKu B [apuxe
B TedeHue 200 net (go 1998 roga) HasbiBancs bropo AonrorT.
JlacpaHx, Jlannac, NyaHkape, TuccepaH, Jlesepbe, bpemaHbOH
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ot-deCalcul des Ephémaride:



Knaccunkm HebecHo mexaHUKN Ha
InderneBon dallHe




OcHoBHbIe 3agaun auHaMmuku ConHe4YyHOU cucTemMbl

rEOOMHAMUKA WU HABUIALUA

OT ceKkcTaHTa 1 OKyNnsApHOro MUKpoMeTpa
no GPS n IrMOHACC

Bextant, p. 1932,




OcHoOBHbIe 3agaun aguHaMukm ConHe4yHOU cucTembl

YctonunBoctb ConHeYyHOU CUCTEMbI

Tpucta net yrnopHon paboTbl Tak U HE
YBEHYaNMCb XXenaHHbIM pPe3ynbTaTOM.

ConHe4vHas cmcrtemMa MOXeET BbITb YCTONYMBA,
a MOXeT ObITb N HeT. Ho ecnu oHa 1 HeycTon4mMBa,
TO pacnagaeTcd Ypes3Bbl4anHO Meas1eHHO
(JlarpaHx, I'lyaccoH, Meddpya).
B3anMHble HaKIMOHbl OpOUT DOrbLUKX NaHeT
N X SKCLUEHTPUCUTETHLI UBMEHAIOTCHA Maro n MeaneHHo, ecrnu
Maro U3MeHarTca bonbLime nonyocun opout (Jlannac).

B pe3oHaHC HebecHble Tena MoryT rnonacTtb

TOSIbKO B UTOre A0Sron 3BONOUNK NIaHETHLIX CUCTEM.
[To 6nmn3ocTn opOUTLI K PE30HAHCHOW
MO>XHO OLIEHUTb BO3pacT HebecHoro Tena.



OcHoOBHbIe 3agaun aguHaMukm ConHe4yHOU cucTembl

HoBaga 3agaya HeEOEeCHON MeXaHUKW,
BO3HMKLLAA BO BTOpou nonosuHe 20-ro Beka, --
MeXnnaHeTHasa HaBurauus.

OcHoBHas npobriema - B 4OCTAaTO4YHO XOPOLUEM
3HaHUK OBWXEHUSA NNaHeT,

CNYTHUKOB U aCTepOUAOB U APYrMX ManbiX Ten
CoSfIHEYHOU CUCTEMBI.

3agadva coBnana ¢ Be4HOW Nnpobriemon
4yernoBe4yecTBa -- U3y4YeHune cpeabl OOUTaHUA.

N3y4eHune ctpoeHusa n anHammkm ten ConHeYHou CUCTEMBI

SIBNAETCS Ba)XHOW YaCTbO aCTPOHOMUMN.
PelwaeTtca oTa 3agadya MmetogamMmm He6ecHOM MeXaHUKU Ha
OCHOBE aCTPpOMETPUYECKNX HADSIOOEHUMN.



[1naH npoknaaa

CocTtaB 1 paamepbl COrmMHEYHON CUCTEMDI

Cunbl B3anmogenctesus B CornHe4YHon cucteme
OcHoBHble 3aga4n auHaMmumnkm CormHEYHOM CUCTEMbI
MeTtoabl HabnoaeHnn ten ConHe4YHOU CUCTEMbI
MeToabl nocTtpoeHnst moagenn CornmHeYHOW CUCTEMBI
OcobeHHoCcTK 3aga4 AMHaMmkm CofmHEYHON CUCTEMBI
CneunanbHble 3agayn ganHaMmmkm ConHEeYHOU CUCTEMBI
CTOYHUKM AaHHbIX 0 ABMXeHun Ten ConHeYHoM CUCTEMBI



MeToabl HabnwaeHnn ten ConHe4YyHOU cucTeMbl

Bo 4uto rnagaT acTpoHOMbI 7

B 19-M Beke acTpoOHOMbI rMsAenu B Teneckons.l
B 20-m Beke acTpOHOMbI Ms4en B MMKPOCKOMb
B 21-M Beke acTpOHOMbI MSAAAT ... B KOMMbIOTEPDI

Mbl roBOpUM «HabnogeHns»,

nogpasymeBaemM «NM3MepPeHnA»




JTO He HabnwaeHus, a NnoaroToBka K HabnaeHUsaIMm

o

3TO - HAONaAeHUs




MeToabl HabnwaeHnn ten ConHe4YyHOU cucTeMbl

[Ons auHaMukn HEBECHbIX TEN HYXXKHbI X KoopAUHaTLl X, Y, Z
N KOMMNOHEHTbI ckopocTn VX, Vy, Vz

[Tpn HabnaeHUAX HUKorga He N3MepPSsItTCS
KOOpAuHaThblI.
KoopauHaTtbl - 3TO adbCTpaKTHbIe BENTUYNHBI.

B npouecce HabnoaeHnn N3MepsitoTCs

peanbHble «U3MepPAeMble BENMUYUHbI» &
- HeKoTopble YHKLUWN, 3aBUCALLME OT KOopauHaT
N KOMIMOHEHT CKOPOCTM.

X, Y, Z Monene |
VX, Vy,Vz (c oumBrammn) &_.




MeToabl HabnwaeHnn ten ConHe4YyHOU cucTeMbl
Has3eMHble N KocMU4Yeckme acTpomMmeTpuyeckme HabnogeHus.
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N3mepsaroTcs
Pa3HOCTHU
NPAMOYroSibHbIX
KOOpAUHAT HEBECHbIX
TEn

(B MuUnnumeTpax

Unn B NMKcenax)

Hanpumep,
N3MepATCA
KoopaAWHaTbI
actepouva
OTHOCUTESTbHO
3Be3q

¢ =1{X, Y}



MeToabl HabnwaeHnn ten ConHe4YyHOU cucTeMbl
JTasepHble U pagnoTexHnveckme aarnbHOMEpPHbIE U3MEPEHUS.

& = AT (Bpemsa «cTapT-BO3BpaT» UMMNYbCca)



MeToabl HabnwaeHnn ten ConHe4YyHOU cucTeMbl
PagnotexHuyeckme gonnrepoBckne HabnoageHus.

& = A f (cosur yacToTbl NpMHMMaemoro curHana)



MeToabl HabnwaeHnn ten ConHe4YyHOU cucTeMbl
PagnonHtepdepomMeTpusa co cBepxasIMHHON 6a3on.

& = A T (caBur curHana no BpeMeHu)



MeToabl HabnwaeHnn ten ConHe4YyHOU cucTeMbl

KocBeHHble HabnageHus nonoXXeHnm HebecHbIX Ten.
B3auMHbIe NOKpPbITUSA
N 3aTMEHUA CNYyTHUKOB 1 —
nnaHer Flux

1.0 —
0.9 —
0.8 —
0.7 —
0.6 —

0.5 —

0.4 —

0.3
| | |

130 140 150 160
TT, min

¢ = A m (cnag 3Be3aHOW BESTUYMHDI)



[1naH npoknaaa

CocTtaB 1 paamepbl COrmMHEYHON CUCTEMDI

Cunbl B3anmogenctesus B CornHe4YHon cucteme
OcHoBHble 3aga4n auHaMmumnkm CormHEYHOM CUCTEMbI
MeToabl HabnwoaeHun ten ConHeYHoOM cucTemsbl

MeToabl noctpoeHnsa moaenun ConHe4yHoON CUCTEMBI
OcobeHHocTn 3aga4y anHamMmukn CofmTHEYHOU CUCTEMBI
CneuuanbHble 3agaym AMHaMukmu ConHe4YHoOM CUCTEMBI
CTOYHNKN gaHHbIX 0 ABW>XeHun Ten ConMHEeYHON CUCTEMBI



MeToabl noctpoeHna mopenu ConHe4yHOU CUCTEMBI

Mopgenb gBmxeHus HebecHoro Tena -- 3To npoueaypa,
no3posnistowiada Ha nobon 3agaHHbI MOMEHT BPEMEHM
onpegennTb KoopauHaTbl HE6ECHOro Tena nnn NonNyYnTb
3HayeHne Kakon-nmbdo Benn4nHbl, N3AMepsseMon

B rnpouecce HabnogeHun.

MoMeHT MomeHT
BpeMeHU HabnoaeHusa
P = Mopgenb A = Mopenb
NBMXEHUA ABMXEeHNA
v v
KoopAUHaThI n3mepsaemMasn BennynHa

UmeHHO Mmoaenb ABUXEHUNA KOHUEHTPUpyeT BCE HAllu
3HaHMA O AMHaAMUKe HebeCHOoro TeJla, BKJ1ilo4as BCe

uMmerowmecst HabnroaeHus,
U UMEHHO MoJerlb HYXXHa B NMPaKTU4YeCKUX NPUSTOXKEHUSAX.



MeToabl nocTtpoeHuss mogenu ConHe4yHOM cUCTEMbI

OTkpLITA | CocTaB CUCTEMbI Tl 1
_—./3aKOHbI B3auMog encTBng —>1 Y PaBHEHNST ABUKEHNS
%(Dmsmqecme napameTpbl IVIeTo,qﬁl peLleHns
[TlapameTpbl ABWKEHNA YPaBHEHUMN OBIKEHNS
" l
Y V

PesynbTrarbl
MomeHT o
Mopaenb ABMWKEHUA =—— HabNAeHUN

Namepaemasn
BENUUMHA

MeToabl yTOYHEHUS
napameTpoB

=




[1naH npoknaaa

CocTtaB 1 paamepbl COrmMHEYHON CUCTEMDI

Cunbl B3anmogenctesus B CornHe4YHon cucteme
OcHoBHble 3aga4vn agMHamMmukm ConHeYHoM CUCTEMBI
MeToabl HabnwaeHun ten ConHeYyHon cucTemol

MeToabl noctpoeHnst moaenn CornHe4YHOU CUCTEMBI
OcobeHHOCTU 3apga4 aAMHaMunku CoriHe4YHOUN CUCTEMbI
CneunanbHble 3agayn gnHaMmmkm ConHEYHOU CUCTEMDI
NCTOYHMKN OaHHbIX 0 ABvXeHun Ten ConHeYHoOU CUCTEMDI



OcobeHHOCTU 3apgay aguHaMukn ConHe4YyHOU cucTembl

CBsA3b MHTepBarna HabnageHun n owmnbkn apemepuabl

flonroTa
no opoure

t t

b

FAlEy) = 95 (tr—t2) = : (ty —t2).

2 — 1



OcobeHHOCTU 3apay AMHAMUKN CONTHEYHOU CUCTEMBbI
CBs3b MHTEpBana HabngeHnn n ownbkn adbemepubl

flonroTa
no opoure

t’l t2 tf t

25
IX(ts) = i (tr—t2) = t—g % (tr — t2).



OcobeHHOCTU 3apgay aguHaMukn ConHe4YyHOU cucTembl

CBoucTBa HabnwaeHUM HebeCHbIX Ten And 3agay HebecHOM MexXaHUKMU.

[na nocTpoeHna moaenu ABMKeHUs noboro HebecHoro Tena Bceraa
cTapalrTcs UCcnonb3oBaTbh HAOOP BCeX CYLLECTBYOLWMX B MUPe HAbMNaeHUN,
Ha4yMHas ¢ MOMEHTa OTKPbITUSA 3TOro HebecHoro Tena.

npOD,OJ'DKeHI/Ie HabnoaeHnn HeBGECHbIX Ter (B TOM 4ucre HaSGMHbIX) Aaxe
I'IpG)KHGVI TOYHOCTbIO OKa3bIiBae€TCA MNOJIE3HbIM.

npeI/IMyLLl,eCTBa oaHuX HabnaeHun rno CpaBHEHNIO C APYTMMU onpenendarTcd
HE TONbKO NX TOYHOCTbLIO, HO TaKXe AJIMHOMN UHTEpPBAlia BpeMEHU, Ha KOTOPOM
OHW BbIMNMOJIHEHDbI.

Niobble HoBbIe HabNaeHUd, fae bonee ToYHble, MoYTU BCeraa
MCNONb3YITCA TONMBKO Kak JOMNOMHEHNE K YXKe cyLlecTByoLeln 6ase gaHHbIX.



[1lnaH goknaga

CocTtaB 1 paamepbl COrmMHEYHON CUCTEMDI

Cunbl B3anmogenctesus B CornHe4YHon cucteme

OcHoBHble 3aga4vn gnHamMmmkn ConHeYHOU CUCTEMBI
MeToabl HabnwaeHun ten ConHeYyHon cucTemol

MeToabl noctpoeHnst moaenn CornHe4YHOU CUCTEMBI
OcobeHHocTn 3agad AgmHamuku CornHeYHoW CUCTEMBbI
CneuunanbHble 3apaun oguHaMukm ConHe4YHOU CUCTEeMbl
NCTOYHMKN OaHHbIX 0 ABvXeHun Ten ConHeYHoOU CUCTEMDI



CneumanbHble 3agaun guHamukm ConHe4yHoOU cucTembl

KOOpAMHaTHO-BpeMeHHOG obecrneyvyeHue Ha3eMHbIX U KOCMUYECKUX
HaBUIraulnoHHbLIX cny>|<6.

Moaenun gBumxeHus ﬂyHbI U ninaHeT, Modesib BpalleHUA 3emMnm
crny>xaTt OCHOBOW A5 KOOpPANHATHO-BPEMEHHOIO obecneveHus
HaBUIAUMNOHHbIX CJ'Iy>K6 N HEKOTOPbLIX NMPON3BOACTBEHHbLIX MPOLECCOB.

[1o |/|3o6peTeH|/|$| aTOMHbIX YacoB HebecHaa MexaHuka
obecneynBana egMHCTBEHHbIN HAOEXHbIM cNOCob oTcyeTa BpEMEHN.

KoopanHaTHO-BpeMeHHOEe obecnevyeHne HaBUrauMoHHbIX CIyXX0
HanpsiMyto 3aBMCUT OT Moaenu asmxeHus ten CosiHeYHOM CUCTEMBI.

CBA3b LKA BpeEMEHN 3aBNCUT OT PacCloJiIOKEHUA TEI B ConHe4vyHon
CUCTEME, CBOUCTB NUX OBUXEHUS.



CneuumanbHble 3agaun guHamukm ConHe4YyHoOU cucTemMbl
Aicnornb3oBaHWE UCKYCCTBEHHbIX CMYTHUKOB 3eMIn

NC3 — HocuTenun npndopoB ansa HabnaeHnn 3eMHON NOBEPXHOCTMN,
a Takke HOCUTENN YCTPOUCTB, obecnevnBaroLmx rnodbansHy0 pagnocBs3b.

Ha ocHoBe Teopuun asmxeHunsa MC3 paboTatloT CryTHUKOBbIE
HaBuraymoHHble cuctembl GPS, n NMOHACC.

" MapameTpsl .
P P HonnnepoBcknn curdan NC3

=1 [paBUT. NONS

- 3emnu ‘ Y

f ‘ OAellb KoopauHaThl
.|KoopanHaThl TIBUKEHUS %[ Yok

(ONOPHbIX NYHKTOB 1C3
fl'lapamepré HabnwaeHus

e L ) C ONOPHbIX

Mopgenb 3eMHbIX NYHKTOB

NpUNNBOB \ /

—<—{ YTOUHeHue | [KOOp,EI,IAHaTbI nyHKTa X}




CneuumanbHble 3agaun guHamukm ConHe4YyHoOU cucTemMbl
Aicnornb3oBaHWE UCKYCCTBEHHbIX CMYTHUKOB 3eMIn

Mogenb TopMOXeHne B BEPXHUX CIOAX
OBVDKEHUS aTMocepbl.

NC3 [lpobnema B TOM, 4YTO

- nNpoGnemsi : NSIOTHOCTb aTMOCepbl 3aBUCUT OT

KoopAuHaT U OT BPEMEHUN COBEPLLUEHHO
HenpeackasyemblM obpasom.

[NaBneHune ceeta ot ConHua. Hy>XHO 3HaTb OpuUeHTaumio
CNyTHUKA.

[Tpobrnema BO3HMKAET B MOMEHTbI, KOraa CrnyTHUK
BbIXOAUT N3 TeHN. Cuctema opmeHTaumm HauynHaeT
"cyoopoxHo" uckatb CorHue. B 3T MOMEHTDI
OpueHTauUnsa cnyTHMKa, oceelleHHOro ConHuem,
Henpeackasyema.



CneuumanbHble 3agaun guHamukm ConHe4YyHoOU cucTemMbl
[loBegeHne ConHevyHoW CUCTEMbI Ha AecAaTKax MUMJSIMOHOB NeT.

NNannac, JlarpaHX : 9KCUEHTPUCUTETbI U HAKNMOHbI OPOUT
NCNbITbIBAOT NULLb HEDONbLUKE KOoNedbaHua ¢ nepunogamm oT
NECATKOB TbICAY A0 2 MIH reT.

Xak Jlackap (Mapux) : PeweHne (MeTogamm YnCcreHHOro
NHTErpupoBaHMNS) COBMECTHOMN CUCTEMbI YPaBHEHUI
opbuTanbLHOro 1 BpallaTeNlbHOro ABUMXEHUS NiaHEeT C y4eTOM UX
doopMbl U BA3KO-YNPYrMx CBOUCTB Ha nHTepBane spemMmeHu o 100
MIH NeT B NPOoLUSIoe.

Pe3ynbTaTbl: QKCLUEHTPUCUTETLI OPOUT UCMbITbIBAOT HEDONbLUME
konebaHns OTHOCUTENBHO UX HbIHELLHUX 3HAYEHUN.

[Ona 3emnu nony4aeTcsa yanButTenbHas cTabunbHOCTb yrna
HaKoHa OCcu BpaLLEeHUs K NIIOCKOCTU opbunTbl BOMN3K 3HAaYEHUS
23 rpag.



CneuumanbHble 3agaun guHamukm ConHe4YyHoOU cucTemMbl
[NoBeneHne ConHevyHoOU CUCTEMbI Ha AeCATKax MUMJSIMOHOB feT.

‘®opma | [Oonrouus

Teonorua}—¥ BA3KOCTL | OpOUTSI U A[MHCOJ'IFILI,VIFI
3eMnu HaKMoHa ocH
B Npowsnom | |k opbute

[Ona Mapca nsmeHeHus yrna HakfioHa ocy BpaLleHNs! K NiTOCKOCTH
OpOUTBI UMEIOT MOYTU XaOTUYECKUI XapaKTep B OONbLUNX

npenenax. CoBepLUEHHO Cy4YanHO B HACTOsILLEE BPEMSI OH UMEET
3HayeHune 25 rpag.

XKak Jlackap noctpoun moaenbs BpalleHus 3emMnun ans criyyas,
ecnu Obl y Hee He bbIfo cnyTHUKA, J1yHbl.

Pe3ynbTtaT - yrosi HakrioHa ocu BpaLleHns 3eMnu K rnnoCKOCTU
opobuTbl HA nHTepBane 30 MIH NeT N3MEHSANCS TakKXke XaoTUYHO U
B OonbLnX npegenax, kak u' y Mapca.

CyuiecTBoBaHME XU3HU HA 3emne 00s3aHOo NpucyTCcTBuUto J1yHbl !
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CneuumanbHble 3agaun guHamukm ConHe4YyHoOU cucTemMbl
0npe.qeneHV|e MaccC actepounaoB

3a4yeM 3TO HYXKHO :

. Maccbl acTepongoB, KaK YacTb MH(popmaLumn
O npoucxoxaeHuun v asonouun ConHe4YHOU CUCTEMDbI
To4yHOCTb Teopun aABmxeHusa Mapca orpaHMuuBaeTcs
HeonpeneneHHOCTbLIO Macc actTepomaoB

Y10 umeem :

* [lepBoOe onpeaeneHne Mmaccobl actepouaa Becta B 1968 r.
 Tonbko ana 20-Tn actepounaoB onpeaesieHbl MacCbl K HACTOSLLEMY BPEeMEHU

Kak onpenenAaATb MaccChbl .

Mo HabnoaeHUAM ABUXKEHUSA CMYTHUKOB acTepounoB
— 3MO 803MOXXHO MOJILKO 011 HECKOJIbKUX Hebonbuwux
acmepoudoe, umMerowux crymHuKu.

Mo HabnoaeHUAM OTKITIOHEHUN TPAEKTOPUN acTeponaoB n3-3a
UX B3aUMHOIO NPUTSXKEeHUN

— Oonee nepcneKkTuBHO.



CneuumanbHble 3agaun guHamukm ConHe4YyHoOU cucTemMbl
0npe.qeneHV|e MaccC actepounaoB

B yeM npobGnemsi :

* HyXxHbI HabngeHnsa ¢ ToyHocTbio 0.05 cek.ayrm

o AhheKT B3aMMHbIX BO3MYLLEHUU OOIMKEeH HaKOMUTLCA.
CneancrBus:

-- He06X0ANMMO UCMNONb30BaTh CTapble HAGNAeHNA (MeHee TOUYHbIe)
-- HY>KHO NpoAofmKaTb HabNAEHUA KaK MOXHO AOoNbLue

OuyeBUOgHbLIE OCOBEHHOCTMH
* HyXxHbl HabnaeHNA onpeaerieHHbIX acTeponaoB B onpeaesieHHble OTPEe3KU
BpeMeHU NPOAOIIKUTENIbHOCTLIO OKoNno 1 mecsaua.

o 3TU 3NOXM HAbONOAEeHUN ONA KaXaoro actepovaa pasgeneHbl BpeMeHeM B
HecKonbko net ( 3 — 20 nerT).

 Yem OonbLlie NOSIHbIN MHTEPBasn HabnaeHUn, TeM nyylue.

« KocMunueckue Teneckonbl He MO2ym oxeamumb 6OJNblUNE UHTEpPBanbI
BPeMeHM.




CneuumanbHble 3agaun guHamukm ConHe4YyHoOU cucTemMbl
0npe.qeneHV|e MaccC actepounaoB

BbiBOAbI :
 HyXHO 0b0s3aTeriIbHO KOMOMHUPOBATb BbICOKOTOYHbLIE KOCMUYECKune
HabnraeHnsa ¢ Ha3eMHbIMU HAONIAEHUAMM:
— BbICOKYK TOYHOCTb KOCMMYE€CKMUX HabnoaeHnmn
— ¢ 60oNbWKUM MHTEPBANOM Ha3eMHbIX HabnaeHN

* HyxHbl achemepuabl : B KAKON MecCsl KaKkme actepouabl Habnaatb

 HyxHa MmexayHapoaHasa nporpamma HabnogeHumn



CneuumanbHble 3agaun guHamukm ConHe4YyHoOU cucTemMbl

NMonck ABOMHbLIX acTeponaos

3a4YeM 3TO HYXKHO :
* 3TO NOMOXET B MOHMMaHUU NPOUCXOXAEHUA CEMEeNCTB acTepouaos

* 3TO NOMOXET B MOHUMAHUUN BIIUAHUSA
CTOJIKHOBUTESIbHbIX 3(PeKTOB Ha 3BOSNOLMUIO acTeponaoB

* 3TO AacT HOBble 3HaHUA Mmopdonornm n puanveckKknx
XapaKTepucTuUK actepomaoB, B YaCTHOCTU, UX MacCbl, NJIOTHOCTb
n (pu3n4eckumn cocrtan

Cnocobbl AeTeKTUPOBaHNA ABOUCTBEHHOCTH
. no HaGnwAeHNAM KpUBbIX Onecka — MasioeeposimHo!
. no HabnraAeHNAM NOKPbLITUM 3Be3a acTepoungamm — pedko!
. Nno HaGNAEHNAM C KOCMMYECKUX annapaTtoB — dopoeo!




CneuumanbHble 3agaun guHamukm ConHe4YyHoOU cucTemMbl

NMonck ABOMHbLIX acTeponaos
MNMpennoXxeH HOBbIN CMOCOO AeTEeKTUPOBaHUA CMYTHUKA y acTtepounaa (Thuillot W. 2003)

MeToa ocHOBaH Ha adpdekTe
KonebaHun n3obpaxeHus
bonbLiero Tena ns-3a opouTanbHoOro

I''rarHoOe ABUXEHUA CINYyTHUNKA

CnyTHMK HeBUAUM (CNULLKOM Man)

FnaBHOe Teno Koneo6nercs (ApPOXUT)

I'Ipe,qno»(eHMe — NPUMEHUTDb CﬂeKTpaﬂbelﬁ aHalin3 3aBUCUMOCTHU
KoopAMMHAT OT BPEMEHM!, YTOObI AeTeKTupoBaTtb 3TOT CUIHATS.



CneuumanbHble 3agaun guHamukm ConHe4YyHoOU cucTemMbl

NMonck ABOMHbLIX acTeponaos

Ona 3TOro HyXHo:
B Xxopowee OTHOLWEHMEe curHan / wym

H Xxopolee Ka4yecTBO aCTPpOMeTPUYeCKMX HabnroaeHnn
H Xxopoliee NoKpbITUE ABJIEHUA HabNaAeHUAMU NO BPEMEHU

Kak aTo genartb:
UckaTb nepuoanyecknm curHan B BennyunHax “0O-C” ®dypbe aHanusom.

Heobxoaumo BoBrevyeHune donbLiero Yyncna oocepsatopumn ons

obecne4yeHus dornee NpPoAOIMKUTENbHbLIX U Oosiee NMOTHbIX MO
BpeMeHU HabnaeHun.

HyxHa paboTa mo MexmyHapogHOM nporpamme !



CneuumanbHble 3agaun guHamukm ConHe4YyHoOU cucTemMbl
OnpepeneHne mMacc Aganeknx CNyTHUKOB NraHeT

3 HabnogeHnn - TONbKO APKOCTb
N3 apkocTn + rmnoTe3a 06 anbbeno - pasmep
3 pasmepa + runotesa o NJIOTHOCTN — Macca
[ paBUTALIMOHHBLIN NapaMeTpP
['Mmanum (cnyTHUK KOnntepa) Gm = 0.45 km?3/c?

[1lo acTpomeTpunyecknm
HabnaeHnsaM apyrnx CnyTHUKOB
C YYETOM NpUTSXKeHUA [ umanunen
Gm = 0.28 £0.04 km3/c?
(EmenbsiHOB, 2005)

BrnepBbie caenaHo ansg ganekux
CNYTHMKOB NNaHeT

KOnuTtep




CneuumanbHble 3agaun guHamukm ConHe4YyHoOU cucTemMbl
3aragka opouTtanbHoOro yckopeHus cnytHuubl FOnutepa Uo

Ty

Tena iy
B npol
chnerke
chnerke

FOnuTtep BpalwaeTca oObicTpee, yem Ko, )
opouTanbHaga yrnosas ckopocTb Vo gonxHa

YMEHbLIATbLCA.
Ho oHa yBenuuusaeTca |

S) )

MpununBbI YBENNYMBAIOT 3HEPTUIO

CMyTHUKA,

pa3mep opbuTbl yBennumBaeTcs,
yrnoBasi CKOpOCTb YMEHbLLAETCH.

[MpynmBLl YMEHbLUAKOT 3HEPTULO
CNyTHUKA,

pasmMep opobuTbl yMeHbLLIAETCH,
yrroBas CKOpOCTb YBENUYNBAETCS.



CneuumanbHble 3agaun guHamukm ConHe4YyHoOU cucTemMbl
Ono3paHue lNpomeTesn

[MpomeTen Obin oTKpbIT B 1980 r. (Bossioxep-1) n Obin BuaeH ¢ 3emnu.

[MpomeTen apmxeTca BOKpYr CaTypHa rno Kpak ero Konbua,

BuaeH oH ¢ 3emMrnun TOSMbKO B KOPOTKME NMepuoabl (OBe-Tpu Hedenu), Kkorga KonbLo
CaTtypHa opuneHTupyeTcs K Ham pedbpom. B 1990 r. beina onpeaeneHa opouTta.

Korpa cnycTtsa roabl BO BpeMsA BUAMMOro uc4yesHoBeHus konbua B 1995 rogy
NMpomeTen yBuaenu c 3eMnu, ero nnaHeToueHTpUYecKas AOSIrota okasanacb Ha
19 rpagycoB MeHbLIe npeaBbIYMcneHHoOU. OgHako cpeaHee ABUXeHMe OCTanocChb
MPEeXHUM. NMpomeTen «onosgany».

A

[TpomeTel

@




CneuumanbHble 3agaun guHamukm ConHe4YyHoOU cucTemMbl

B3anMHble NOKPbITUA N 3aTMEeHUA CNYTHUKOB MNJiaHeT






















CneuumanbHble 3agaun guHamukm ConHe4YyHoOU cucTemMbl

B3anmMHoOe NoKpbITUE CNYTHUKOB NnaHeT

Bugumoe

npoxoXxaeHue
-Dy anckKka ogHoro
CMyTHUKA

No OWUCKY ApYroro

Flux

Cnag cymmapHoro
CBETOBOIo NOTOKA

- 3aBMCUT OT KoopauHaTt
CMYTHMKOB

Time



CneuumanbHble 3agaun guHamukm ConHe4YyHoOU cucTemMbl

B3anMHble NOKPbITUA N 3aTMEeHUA CNYTHUKOB MNJiaHeT

11 ] *

Flux e TOYHOCTb
R - aCTPOMETPUYECKMX
oo o HaonaeHun
60 — 120 mas
0.8 —
[1poxoxxaeHune
. o TOYHOCTb
vepes TeHb OT no CbOTOMeTpI/II/I
0.6 — EBponebl
30 gek. 2002 . B3aVIMHbIX
&8 = (MynkoBo) ABNeHnun
10 — 40 mas
0.4 —
0.3 | ‘ |
130 140 150 160

TT, min



CneuumanbHble 3agaun guHamukm ConHe4YyHoOU cucTemMbl

B3auMHbIe NOKPbITUA U 3aTMEHNA CNYTHUKOB MNriaHeT
[leprnoabl ABNeHUN ANUTENbLHOCTLIO B 6 — 9 MecsLeB
NOBTOPAKTCA Yepes non-odbopoTta nnaHeTbl BOKpYr ConHua.
CnyTtHukun KOnutepa : 1997, 2003, 2009, ...

CnyTHuku CatypHa: 1995, 20009, ...

CnyTHuKM YpaHa : 1965, 2007, ...

OnuTenbHOCTb Kaxaoro asneHna 5 — 20 MUHYT.
[Mponcxogat ot 1 oo 10 aBneHnn B Hegento.

Kaxkgoe siBneHne Habntogaemo Tonbko Ha 30% obcepBaTopun.

PerynsapHo npoBoaAaTcA MeXAayHapoaHble KaMnaHuun
doTomMeTpUYECKNX HaAbNIOAEHUN B3aUMHbIX ABJIEHUMN.

ObpaboTka pe3ynbTaTtoB (NOSly4eHNE acTPOMETPUHECKNX
OaHHbIX) BbINOMHASNCD :

1995 r. — AkcHec (Hopserus), Hyaanb (®paHuus), EMenbsaHOB,
1997 r. — BasyHaxapa (MHauvs), EMenbaHoB

2003 r. — EmenbsHoB



[1lnaH goknaga

CoctaB 1 pa3smepbl ConHeYHON CUCTEMDI

Cunbl B3anmogenctema B ConHeyHoU cucrteme

OcHoBHble 3aga4n auHamMmumkm CornHEeEYHOM CUCTEMbI

MeToabl HabntogeHnin ten ConHeYHOW CUCTEMBI

MeToabl noctpoeHnst moaenn CornHe4YHOU CUCTEMBI
OcobeHHoCcTU 3aga4v anHammkm CornHeEYHOM CUCTEMbI
CneumnanbHble 3agayn gnuHammkn ConHEeYHOM CUCTEMBI
UCcTOYHMKKN gaHHbIX O ABMXeHuun ten CoriHe4YHON CUCTeMbI



UCTOYHUKM fAaHHbIX 0 ABMXeHuu ten ConHe4YyHoOn CUCTEMBI

OcHoBHbIe Hay4Hble LeHTpbI Mo pa3paboTke moaeneu
aBmxeHusn ten ConHe4yHon cuctemsbl U achemepug

Jet Propulsion Laboratory (NASA, USA)
- NNaHeTbl, acTeponabl, KOMETbI, CMYTHUKN MNaHeT

Institut de Mécanique Céleste et de Calcul des Ephémeérides
(Paris, France) — nnaHeTbl, CyTHUKM NiaHeT

Minor Planet Center (USA) - actepounabl, KOMEThI

UHCcTuTYT npuknagHoun actpoHomuu (C.-leTtepObypr)
— NIaHeTbl

[ocypapcTBEeHHbIN aCTPOHOMMYECKUN UHCTUTYT
um. MN.K.LUtepHGepra MI'Y — cnyTHMKM nnaHeT



UCTOYHUKM fAaHHbIX 0 ABMXeHuu ten ConHe4YyHoOn CUCTEMBI

[ocynapCTBEHHbIN aCTPOHOMUYECKUN UHCTUTYT

um. MN.K.LUtepH6epra MI'y
OTtoen HebecHOM MexaHUKu

[MocTpoeHbl opurMHanobHble Mmoaenu aAsmxeHus Bcex (107)

Aanekux cnytHukoB nnaHeTt (EmenbsaHos, 2004)

— YMCNEHHOe NHTEerpupoBaHne ypaBHEHUN OBMXKEHUS

— YTOYHEHME NapaMeTpoB OBUKEHNA HA OCHOBE BCEX
onyofInkoBaHHbIX B MUpe HabnogeHnn

— apemepunabl, NnpegocTaBrigsemMblie Ha web-cTpaHuuax
yepes3 MHTEPHET.

— perynapHoe obHOBMNEHME MO Mepe NOABMEHUS HOBbIX
HabMOEHNN N OTKPbITUA HOBbIX CIYTHUKOB



www.sai.msu.ru/neb/nss/index.htm

: raAail Mry Mockoeckuit YHHEe pcHTET
Sternberg Astronomical Instutute Moscow University
Insitut d'Astronomie Sternherg 2 Universite Moscou
Cnyxba | Cnyxba ecreCcTBeHHbIX Service de satellites MNatural satellites
eCTeCTBeHHbIX CNYTHUKOB NNaHeT naturels service
CRYTHUKOR NNaHer Pycckmida Russian Russe En francais In English
JomMmawHue Bazbl NaHHbIX Bases de données (NSDC) |Data bases (NSDC)
CTpPaHMLbI IAU/IMCCE/TAMLL MY |UAI/IMCCE/SAI IAU/IMCCE/SAI
English Francais JemMepubl Ephémeérides Ephemerides
FANLL MMy /IMCCE IMCCE/SAI IMCCE/SAI

Hebecuan
HEeX3 HHKS i'7!
Cnyxba NnoflepHMESSTCA W CONPOBOKASSTLR COBMEBCTHO!

Fm: 5 # MHCTUTYTOM HebecHON MeXaHMKKM KW BeMHoneHua 3demepug (IMCCE], MNapux, ©paHumMa
"-'_l'E F 1
* OTaenom HebecHol MexaHukn TAWML MY

I.IJTE HEE ra ) )
Cette service est entretenu en collaboration par

# Institut de Mécanigue Céleste et de Calcul des Ephémeérides (IMCCE), Paris, France

Mockoacwwi ¢ Institut d'Astronomie Sternberg [(SAI), Université Moscou, Russie

YHHBEDCHTET

Service is maintained in collaboration by ¢
# Institut de Mécanigque Céleste et de Calcul des Ephémeérides (IMCCE), Paris, France

.[Ip'fr“& # Sternberg Astronomical Institute (SAI), Moscou University, Russia
CTPpaHHLU bl
Bapuaur caywbu "= caiTe Service de satellites MNatural satellites
ACTDOHOMHYSCHOE E:;HHTH’T; " Eh:i;;:a: naturels service
q}!;‘:::ﬁry aemapua (IMCCE], En francais In English
MNapux, paHuWA -
B Version sur le site de / Bases de données (NSDC) |Data bases (NSDC)
MY Variante on the site of : UAI/IMCCE/SAI [IAU/IMCCE/SAI
— Institut de  Mécanigue T h id
Poconborms o Céleste et de Calcul des Ephemerides Ephemerides
Ephémérides [IMCCE) IMCCE/SAI IMCCE/SAI

i! HOaMMeHTa.N bHDIX T

MCCneqoBaHA

PoCCHACHERA _aKaneMus CM. Takxe CNpaBoyMHHUK N0 eCTECTEEHHbIM CNYTHMKAM NNaHeT Ypaneckoi B.C.
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: ramil Mry
' Sternberg Astronomical Instutute

Insitut d'Astronomie Sternhery

Cnyxcba
eCTeCTEEeHHbIX

CNYTHHKOEB NMAaHeT

NoMaulHHe
CTpPaHHL bl
English Francais

lNoc. iu:_r|:_|
|.uTE HEE ra

MocKoBCKHA
YHHBEDCHTET

Hebecuan
MEXaHHKS

Apyrue
CTpPaHMLbI

ACTDOHOMHYECHKOE
oTAEenNeHHE
Puztawa MIY

PuznYecKnld da
My

NbTeT

PoccHicrrr oug
iyHaaMeHTaNbHDIXE -

MCCNeqosa HHA

(LTI F]

il it |

MockoBcKHA YHUEBEe pCHTET
Moscow University
Universite Moscou

Nobpo noxanoBaTb
B LleHTp AaHHbIX eCTeCTBEHHbIX CNYTHHKOB NaHeT
Welcome to the Natural Satellites Data Center service

Cnyxba obecneydBaeT AaHHbLIMH N0 BCEM CNYTHMKAM nnaHeT (KkpoMe JyHbl)
This service provides data on Natural Planetary Satellites {except the Moon)

Francais | English

.= MpeanarakoToA cnedyrolme Basel AaHHBIX

« HabBnwoneHws
« Bubnuorpadma
e DUIMYECKWME NapaMeTphl

| MpeacTaensHWe | COnrcaHme

ABpTOpDI

- CH. Takxe ITEMEPWMOLI

CCeINKK HE apyrve EEI:1ThI.- CEAZaHHHBIZ2 C 2CTeCTEEHHBIMH CAOYTHHWEaMK NASHET |

# IAU Working Group on Matural Planetary Satellites
& [AU Commission 20
* [al MPC

Apyrve canTel

Copyright

</l



Insitut d'Astronomie Sternbherg

www.sai.msu.ru/neb/nss/index.htm

rAami Mry

1 Stﬂrnhﬂrg Astronomical Instutute

Moscow Universi

MockoBcKHT VHHEe pCHTET

ty

Universite Moscou

Cnyxcba
ECTECTEEHHbIX

CNYTHHKOEB NMA4aHeT

NoMauwlHHe
CTpPAHHLUbI
English Francais

Moc. acTpo
ﬂL
Wrepubepra

HebecHan
MEeXaHWKE

i

MockoBCHAH
YHHUBEDCHTET

Apyrune
CTPaHHLIbI

ACTpOHOMHYECHOS
OTOENEHHE
Puzdawa MIY

DHIHYECKHA
My

=] NbTaT

PoccHACKHA

i! HOSMEHTaMbBHDIX

MCCN e00838HHA

OH

Poccwickan SKanarMHuA

e

Eubnwnorpadms

Habnmwgenns Sdbemeprasl MapameTpo

Francais | English

3deMepuabl C NOCTOAHHHBIM LWATOM NO BPpeMeHH

Cooinkw B HAHTEpHaTS

Cny0a ecTeCTBeHHbIX CNYTHUKOB NnaHeT. g emepuabl MULTI-SAT.

Eazbl gaHHDIX

Mapc [ Knurep;i | Hnutepy | Carypu (. ¥pan | Hentyn | | [lnyton |
SdeMepuabl onA Tabnuubl MoMedToB M (O-C) gna HabnwgeHWid

Mapc [ Knurep;i | Hnutepy | Carypu (. ¥pan | Hentyn | | [lnyton |
KapTMHKa BMOWMOH KOHHUIYPaUHH CHCTEMbI CNYTHHKOB

Mapc [ Knurep;i | Hnutepy | Carypu (. ¥pan | Hentyn | | [lnyton |

s+ MNOMCK MOMEHTOB MAaKCHMaNbHOH INOHNrauyMM CNYyTHHKOB

+ [MOMCK B3aWMHbIX NOKPbITHA M 3aTMEHHHA CNYTHMKOB M 3aTMEHHMA NNaHeToH

| Yto zTo Taxkoe? | | MHCTRY UMK | | HoMeHknaTYRPa cNyTHHECE |

CneyWanbHble 3deMepuabl :

ABsTOopbl

SdeMeprdsl EZaMMHBIR NOHKPEITHA M Z3TMEHWA COYTHHUKCE KJnuTepa , CaTtypHa

M ¥pada (e 2006-2010]

SdeMepuarl cneuraneHex HabnwdeHi coopBUTaneHER CAYTHUKCOE CaTypHa

B HH@EEI{EECHDM reeTe (Ha aHrmuHCKEoM qza ke |
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Cnacunbo 3a BHUMaHume
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