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BBeneHue

3ayem HyxHO u3ydampe CoriHeYHyro cucmemy?
e YOooOBNEeTBOpEeHue nbonbITCTBA Nogeun
 PacwuupeHune cpenbl oOUTaHUSA YenoBeKa

e 3alMTa OT ONACHOCTEWN CO CTOPOHDI
ConHeYyHOU cUCTEMDI



BBeneHHue

MemoobI HebecHoOU mexaHUKU

 Knaccuyeckasa HebecHasa mexaHUKa
- 3agava Tpex ten (He pewaeTtcs)
- yctonuyuBoctb ConHe4yHoOU cuctembl
(JTarpanx, Jlannac, [NlyaccoH — 3agava
TakK U He peLleHa)



BBeneHUue

MemoObI HebecHOU MexaHUKU
« CoBpemMmeHHaA HebecHasa MexaHUuKa
- pacuwupeHue cpeodbl obumaHus

- yCrneuwHo pewaemcs.
Hawu MocriaHHUKU, KOCcMu4ecKue aririapameal

cHyrom rio eceu CosiHe4YHou cucmeme.
- 3aWjuma om ornacHocmeu co CMOopPOHbI
CoriHe4yHOU cucmeMbl
- pewaemcs ¢ MIoMoWwbro
cospeMeHHoU HebecHoU MexaHUKU



BBeneHHue

OcobeHHocmMu memooos HebecHoOU MexaHUKU
 lpyrne paspgenbl aCTPOHOMUN
- yauoemsb U 06BbACHUMb
* HebecHas MexaHuka
- ysuodemb HesUOUMOEe U rnpucrnocobums
OJ14 XKU3HU U rpoapecca
[ Oe nexxam memoObl HebeCHoU MexaHUKuU?
- y4ebHUKU, 8blqUCIUMETIbHbIE Po2paMMabl,
ba3bl OaHHbIX, cepsepbl aghemepuo



[1naH goknana

CocTtaB 1 paamepbl ConHe4yHon CcUCTEMBI

Cunbl B3anmogenctsusg B ConHe4YHoM cucteme
OcHoBHble 3aga4n anHaMmmkm ConmHEYHOM CUCTEMDI
MeTtoabl HabnwoaeHun ten ConHeYHoOM CUCTEMBI

MeTtoabl noctpoeHusa mogenun CormHeEYHOWU CUCTEMBI
OcobeHHocTn 3agay anHamukn ConHEeYHON CUCTEMBI
CneunanbHble 3agayun guHaMmukm CornHevYHon CUCTEMBI
ICTOMHUKM OaHHbIX O ABMXeHUn Ten CormHe4YHOM CUCTEMBI



CocTtaB u pasamepbl ConHe4YHON CUCTEMBI

CoctaB ConHe4yHon cUCTEMBI:

e ConHue

* NnaHeTbl (8)

e CNyTHUKM nnaHet (209), JlyHa

e Manble nnaHeTsbl (actepounabl) (958 600 Ha 20 anpena 2020 r.)
» KOMeThbI (boriee 5000)

ICKycCTBEHHbIE CNYTHUKU 3eMIU:

e MeTeopornormndeckne (Boicota =600-1000 Km)
e reognHammnyeckue (Bbicota =6000 km)

e HaBuUraunoHHble (Bbicota =20 000 km)

* reocTtaumnoHapsbl (Bbicota =36 000 Km)



CocTtaB u pasamepbl ConHe4YHON CUCTEMBI

Paamepbl ConHua, nnaHeT n ux opouT:
ConHue  (R=700 000 km)

Mepkypun (R= 2400 km) a= 04 a.e.
BeHepa (R= 6000 km) a= 0.7 a.e.
3eMns (R= 6400 km) a= 1.0 a.e.
Mapc (R= 3400 km) a= 1.5 a.e.
HOnuTep (R=70000 km) a= 5.2 a.e.
CartypH (R=60000 km) a= 9.5 a.e.
YpaH (R=25000 km) a=20 a.e.
HenTtyH (R=25000 km) a=30 a.e.

Cambin ganekmn obbekT obHapy»XeH Ha PpacCTOAHMN
97 a.e.
oT ConHua
- KapnukoBag nnaHeta Apuaa anametTpom 2400 Km
nmeet cnyTHUK ucHomuio gnametpom 300 Km.



Acteponabl U KOMETbI:

CocTtaB u pasamepbl ConHe4YHON CUCTEMBI

[pynna Paguyc, Cp. pacctosHue | Konnyectso
KM ot ConHua, a.e.

[ NaBHbIX NOSAC < 500 2-3.5 > 550 000

TposHUbI < 300 5.2 1200

TpaHcHenTyHHble | 100 - 1000 30 - 50 1068

ConuxatroLwmecs <100 0.7-4.0 300

c 3emneu

KeHTaBpbl <100 5-30 209

(acTepoung-komeTa)

KomeTbl ? > 5.2 > 5000




CocTtaB u pasamepbl ConHe4YHON CUCTEMBI

JNlyna (R=1700 km) , a = 380 000 Kkm

CnyTHUKKN NNaHer:

Bcero 209 bnnskne |[nasHble | [Hanekne |Bcero [Mprm.
CNYTHUKOB

CnyTHUKN Mapca - 2 - 2

CnyTtHunku KOnntepa 4 4 71 79

CnyTHukn CaTtypHa 16 8 58 82 +3 cryctka
CnyTHUKKM YpaHa 13 5 9 27

CnyTHunkn HenTtyHa 14 1 6 14

CnyTHuku MNnyToHa - 1 4 5

Paguycbl (max) 2631 km ([laHuMmen)




[1naH goknana

Cunbl B3aumopgencrteua B ConHe4yHon cucreme
OcHoBHble 3aga4n anHaMmmkm ConmHEYHOM CUCTEMDI
MeTtoabl HabnwoaeHun ten ConHeYHoOM CUCTEMBI

MeTtoabl noctpoeHusa mogenun CormHeEYHOWU CUCTEMBI
OcobeHHoCcTN 3agay auHaMmukm ConHeYyHom CUCTEMBbI
CneunanbHble 3agayun guHaMmukm CornHevYHon CUCTEMBI
ICTOMHUKM OaHHbIX O ABMXeHUn Ten CormHe4YHOM CUCTEMBI



Cunbl B3anmogencteusa ten ConHe4yHOU cuctemMbl

[JOMUHMPYIOT CUMbl rpaBUTaLMOHHON NpUpOoaLI

Opyrue cunbl :

CBETOBOE AaBlrieHne pr,EI,HOCTI/I yy€eTa . BXOXOEHNE B TEHb

conportuerieHne cpenbl pr,EI,HOCTI/I YyeTa .
HenpeackalyeMocCTb NMMOTHOCTH

BA3KO-ynpyroe TpyoHocTH yyera :
conpotuerieHne NOYTU HNYENO HE 3HAEM
Ten aeopmMaumam O BHYTPEHHOCTAX HEDECHbIX Tes



Cunbl B3anmogencteusa ten ConHe4yHOU cuctemMbl

Cwurnbl rpaBUTaLMOHHON NpPMpPOab! -
Ha npakTtuke 4yaule BMecCTo pelueHuns ypasHeHuun nonga OTO
NCMOJSIb3YHOT MOCTHBEIOTOHOBCKOE NPUDIMXKEHME ...
e 3aKOH NpuUTsKeHnsa HbloToHa
e + penAaTUBUCTCKME 3P PEKTbI
(Hanpumep, B paMkax 3agayn Lsapuwmnnsaa)

B 6onbLMHCTBe 3a4a4 NoKa BNosiHe AOCTaTO4YHO
3aKoHa npuTsxeHnsa HboToHa

MeTtogunyeckme npobnemMbl pelleHns YypaBHEHNN:

AHanunTn4yeckme metobl : L-Ipe3BbIL-IaI\/JIHO rpomMmosgKkmne pdAanbl no
crteneHdamM MarlibiX napamMeTpoB

MeToabl YACNEHHOro MHTENPUPOBAHNS : 3arpyKatoT
HenoMepHOU 3ada4vyen gaxxe CoBpeMeHHble CYynepKoMMNbIOTEPbI



[1naH npoknaaa

CocTtaB 1 pasamepbl ConHeYHON CUCTEMBI

Cunbl B3anmogenctsusg B ConHe4YHoM cucteme

OcHoBHble 3apayu aAMHaMuku ten CormiHe4YHOU CUCTEMbI
MeTtoabl HabnwoaeHun ten ConHeYHoOM CUCTEMBI

MeTtoabl noctpoeHusa mogenun CormHeEYHOWU CUCTEMBI
OcobeHHocTn 3agay anHamukn ConHEeYHON CUCTEMBI
CneunanbHble 3agayun guHaMmukm CornHevYHon CUCTEMBI
ICTOMHUKM OaHHbIX O ABMXeHUn Ten CormHe4YHOM CUCTEMBI



OcHoBHbIe 3aaaun auHaMmuku ConHe4YyHoOU cucTemMbl

Bo Bce BpemeHa OCHOBHbIMU 3aJa4aMmn HEDECHON MeXaHUKK
Obinu :

rECOE3NA WU HABUTALUA

[ TaBHbIN B MUPE MHCTUTYT HEBECHOU MexaHuKu B Napuxke
B TeueHme 200 net (oo 1998 roga) HasbiBanca bropo gonror.
JlagpaHx, Jlannac, lyaHkape, TuccepaH, Jlesepbe, bpemaHboH






Knaccukm HebecHOM mexaHUKM Ha
Inderneson dallHe




OcHoOBHbIe 3agaum aguHaMukm ConHe4YyHoOu CUCTeMbl

rEOOMHAMUKA WU HABUIALUA

OT ceKkCTaHTa U OKYINsIpHOro MMKpPOMETpa
no GPS n rMOHACC




OcHoBHbIe 3agaun auHaMmuku ConHe4yHoOU cucTemMsbl

HoBaga 3agaya HebeCHOU MexaHUKH,
BO3HUKLLAsA BO BTopoun nornosuHe 20-ro Beka, --
MeXnJrfiaHeTHaA HaBuUrauus.

OcHoBHas npobnema - B JOCTaTO4YHO XOPOLLEM
3HAHWUWN OBUXXEHUS MIaHeET,
CNYTHWKOB U aCTEpPOUAOB U APYrMxX ManbIX Ten
COnHEeYHON CUCTEMBI.
- Y106bI NOMEHBbLLE NOTPATUTb rOPHOYEro,

HY>XHO NMOTOYHEE NonacTb

3agadva cosnana ¢ Be4Hon npobnemon
4yeriloBeYeCTBa -- U3y4YeHue cpeabl OouTaHus.

N3yyeHune ctpoeHus n anHammkm ten ConHe4YHon CUCTEMBI
SIBMAETCHA BAXXHOW YaCTbl0 aCTPOHOMUMN.

PewaeTtca aTa 3agadya metogamMmy He6ecHO MexXaHUKu Ha
OCHOBE aCTPOMETPUYECKMX HAONIOAEHUMN.



[1naH npoknaaa

CocTtaB 1 pasamepbl ConHeYHON CUCTEMBI

Cunbl B3anmogenctsusg B ConHe4YHoM cucteme
OcHoBHble 3aga4n anHammkm ConmHEYHOM CUCTEMDI
MeToabl HabnroaeHnn ten ConHe4YyHoOU cUCTeMbl
MeTtoabl noctpoeHusa mogenun CormHeEYHOWU CUCTEMBI
OcobeHHocTn 3agay anHamukn ConHEeYHON CUCTEMBI
CneunanbHble 3agayun guHaMmukm CornHevYHon CUCTEMBI
ICTOMHUKM OaHHbIX O ABMXeHUn Ten CormHe4YHOM CUCTEMBI



MeToabl HabnogeHun Tten ConHe4YHOU CUCTEMbI

N\cTOuYHUKOM Bcex 3HaHunm o ConHe4yHou cucteme
ABMNAOTCA HAabnaeHnsa

Hukakue ngen unm teopumn
He MOryT ObITb UICTOYHUKOM 3HaHWUN,
ITO TONMbKO MEeToAb!.



MeToabl HabnogeHun Tten ConHe4YHOU CUCTEMbI

Bo yTo rmsgaT actTpoHoOMbI ?

B 19-m Beke acTpoHOMbI rNsaaenn B TenecKkonobl
B 20-m Beke acTpOHOMbI Msaaeny B MUKPOCKOMbI
B 21-M Beke acTpOHOMbI MSAAAT ... B KOMMbIOTEPDI

Mbl roBOpUM «HabnogeHnsay,
nogpasymeBaeM «MU3MEPEHUSI»




ITO He HabnwaeHusa, a NnoAroToBka K HabnaeHUsaM
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JTO He HabnwaeHusa, a NoAroToska K HabNMOEHUAM
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MeToabl HabnogeHun Tten ConHe4YHOU CUCTEMbI
HaseMHble 1 KocMunyeckme acTpomMmeTpuyeckmne HabnogeHus.
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MeToabl HabnogeHun Tten ConHe4YHOU CUCTEMbI
JlaszepHble 1 pagnoTeXHNYECKne ganbHOMEPHbIE N3MEPEHMUS.

¢ = A T (Bpema «cTapT-BO3BpaT» UMNyrbca)



MeToabl HabnogeHun Tten ConHe4YHOU CUCTEMbI
PagmnotexHnyeckue gonnnepoBckue HabnogeHus.

& = A f (caBur yacToTbl NPYHMMaeEMoro curHana)



MeToabl HabnoaeHnu ten CoriHEYHOU CUCTEMDbI
PagnonHtepdepomeTpusi co cBepxasiMHHOU 6a3on.

& = A T (caBur curHana no BpeMeHW)



MeToabl HabnogeHun Tten ConHe4YHOU CUCTEMbI

KocBeHHble HabnoaeHs NoNoXeHUn HebeCHbIX Ter.
B3anMHble NOKPbITUA
N 3aTMEeHNA CNYTHUKOB
nnaHeTt

1.0, —
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[1naH npoknaaa

CocTtaB 1 pasamepbl ConHeYHON CUCTEMBI

Cunbl B3anmogenctsusg B ConHe4YHoM cucteme
OcHoBHble 3aga4n anHammkm ConmHEYHOM CUCTEMDI
MeTtoabl HabnaeHun Ten ConHEeYHON CUCTEMBI

MeTtoabl noctpoeHuns mogenn ConHe4YHOU CUCTEMDI
OcobeHHocTn 3agay anHamukn ConHEeYHON CUCTEMBI
CneumnanbHble 3agadn auHammkmn ConHe4yHon CUCTEMBI
ICTOMHUKM OaHHbIX O ABMXeHUn Ten CormHe4YHOM CUCTEMBI



MeToabl nocTpoeHna moaenn ConHe4YHOU CUCTEMbI

Mopenb aBmxeHnst HebecHoro Tena -- 3To nNpoLeaypa,
no3ponstoLwiast Ha Nbon 3agaHHbIN MOMEHT BPEMEHM
onpegennuTb KoopamnHaTbl HEGEeCHOro Tena Unu NonyYnTb
3Ha4YeHne Kakon-nmbdo BerMYnHbI, U3MepAEeMON

B rnpouecce HabntoaeHun.

MomeHT MomeHT
BpeMeEHU HabnwaeHus
P - Moaenb A = Mopgenb
OBMXEeHNA OBMXEeHNA
V/ V/
KoopANHaThI namepsemasa BenmynHa

MmeHHO Mogenb ABUXEHUA KOHUEeHTPpUpyeT BCe Halln
3HaHUA 0 AMHaAMUKe HebecHoro Terna, BKr4asa BCe

uMmerowmecs HabnaeHus,
N UMEHHO MoAerib HY)XXHa B NMPaKTU4YeCKNX NPUIIoXXeHUsAX.



MeToabl nocTpoeHna moaenn ConHe4YHOU CUCTEMbI

Npes:
1. Ctpoum moaenb ABUXKEHUSA

2. Obecne4vnBaemM ee MakcumarnbHy0 ONM30CTb K
OEeNCTBUTENTbHOCTU (HabntogeHnam)

3. lMonb3yemcs Mmoaoenbto ANs peLleHns
HayYHbIX U MPaKTUYECKMX 3aaad

AJ'IbTepHaTl/IBbI HET, Mbl BbIHYXXOEHbI TaK AelaTb.



MeToabl nocTpoeHna moaenn ConHe4YHOU CUCTEMbI

OTKpbITUA
Kperma | CocTaB CUCTEMbI TEn 1
_=.3aK0oHbl B3aumMmoaencTems —= Y PaBHEHNA ABUKEHUS
vV
%(Dmmqecme napameTpbl MeToAb! peLleHus
[TapameTpbl ABWKEHNA ypaBHEHUN OBWKEHNA
/\

v VY T PesynbTaTbl
Mopenb ABmwKeHNa =<=—— HabnwoaeHuin

Namepaemasn
BENMUMHa

MeToabl yTOUYHEHUS
napameTpoB

=




[1naH npoknaaa

CocTtaB 1 paamepbl ConHe4yHon CUCTEMBI

Cwunbl B3anmoaenctesma B ConHe4yHou cucteme
OcHoBHble 3aga4vn auHamMmukm CornHe4YHOW CUCTEMDI
MeTtoabl HabnwaeHun ten ConHe4YyHom CUCTEMBI

MeTtoabl noctpoeHusa moaenn ConHe4yHon CUCTEMBI
OcobeHHOCTU 3aa4a4 aguHaMunkn ConHe4YHOU CUCTEMbI
CneunanbHble 3agayun guHaMmukm CornHevYHon CUCTEMBI
ICTOMHUKM OaHHbIX O ABMXeHUn Ten CormHe4YHOM CUCTEMBI



OcobeHHOCTU 3ap4a4 AMHaAMUKN CormiHe4YHOU cucTeMbl

CBsA3b MHTEpPBana HabnogeHun n owmnbkn apemepubl

IlonroTa
no opdbure




OcobeHHOCTU 3ap4a4 AMHaAMUKN CormiHe4YHOU cucTeMbl

CBs3b MHTEpPBana HabntogeHuin n ownbdkmn acdbemepunabl

IlonroTa
no opdbure

g
Xk = 95 (tf —t2) = —— (t5 —t2).



Heobxoanmo noBbILLEHNE TOYHOCTU HAabnaeHun |
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Heobxoanmo yBennyeHne nHTepsana sBpemMeHn HabnogeHumn !
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[1lnaH goknaga

CocTtaB 1 paamepbl ConHe4yHon CUCTEMBI

Cwunbl B3anmoaenctesma B ConHe4yHou cucteme

OcHoBHble 3aga4n auHamMmukm CornHeYHoW CUCTEMDI
MeTtoabl HabnwaeHun ten ConHe4YyHom CUCTEMBI

MeTtoabl noctpoeHusa moaenn ConHe4yHon CUCTEMBI
OcobeHHocTU 3aaady aAnHamMmmkm ConHeYHou CUCTEMBbI
CneuunanbHble 3apga4u aAMHaMuUkKm CornHe4yHoOu CUCTEeMbl
ICTOMHMKN OaHHbIX 0 ABWXeHun Ten ConHeYHOU CUCTEMBI



CneuunanbHble 3aaaum guHaMunkm CornHe4YyHoOu cUctTeMbl

KoopanHatHO-BpeMeHHOe obecnevyeHue Ha3eMHbIX U KOCMUYEeCKUX
HaBUraLMOHHbIX CNYyX0.

Mogenu aswxeHus JlyHbl 1 NNaHET, Moaenb BpalleHust 3eMnnm
cny>kaT OCHOBOW ANt KOOPAWHATHO-BPEMEHHOro obecneveHus
HaBUrALMOHHbIX CIY>X0 1 HEKOTOPbIX MPON3BOACTBEHHbIX MPOLIECCOB.

[10 N300peTeHns1 aTOMHbIX YacoB HeDecHas MexaHuKa
obecne4ynBarna eaUHCTBEHHbIN HaAEXHbIM cnocob oTcyeTa BPEMEHMN.

KoopanHaTtHO-BpeMeHHOe obecrnevyeHne HaBUraumMoHHbIX Cry»x0
HanpPAMY 3aBUCUT OT Moaenu asmxeHns ten CoriHeYHOM CUCTEMBI.

CBs3b LWWKan BPEMEHM 3aBUCUT OT pacnonoxeHus ten B ConHe4YyHou
cuctemMe, CBOUCTB UX OABUMKEHUS.



CneuuanbHble 3agayun aAuHaMmukm ConHe4YyHoOU cuctemMbl
icnonb3oBaHME NCKYCCTBEHHbIX CIYTHUKOB 3eMNU

NC3 — HocuTenu npmnbopos Anst HabrnogeHnn 3eMHOU NOBEPXHOCTM,
a Takxe HOCUTenn yCTponcTB, obecnevnBaroLLmnx rnodanbHyo pagnocBasb.

Ha ocHoBe Teopuun asmxeHusa MC3 paboTtatoT CnyTHUKOBbLIE
HaBuraumoHHble cuctembl GPS, n NMOHACC.

" MapameTphbl _
P P HonnnepoBcknn curHan NC3

=1 rpaBuUT. Nons

- 3emnu ‘ Y

f | OAEIb KoopauHaThl
!KOODJJ.MHEITI:I NIBUKEHNS %{ e

(OMOPHBIX MYHKTOB NC3
fl'lapamepré HabnwaeHus

BpalleHnsa 3emu A"

Mopenb 3eMHbIX NyHKTOB

NPUI1BOB \ )

‘ éNYTqueHme || [Koop,u,wHaTbl NyHKTa X]




CneuuanbHble 3agayun aAuHaMmukm ConHe4YyHoOU cuctemMbl
[loBegeHne ConHevYyHon cuctemMbl Ha gecsaTkax MUNIMOHOB NeT.

(dopma | [OBonwoums

Feonorus|—¥ BA3KOCTL | OpOUTEI U A[I/IHCOJ'IFILI,VIFI
3emnu HaKMoHa ocH
B NpoLWnoM | |k opbuTe

[1na Mapca nameHeHunsa yrna HaknoHa ocu BpaLleHUA K MoCKOCTU
opOUTBI MMEIOT NOYTU XaOTUYECKUIN XapaKTep B OONbLLINX
npenenax. CoBepLlleHHO cnyyYyanHo B HaAcToslLLee BpeMA OH UMeEET
3Ha4yeHue 25 rpag.

Kak Jlackap noctpoun mogens BpalweHna 3eMnum ana cnyyas,
ecnu 6bl y Hee He BbIfio cnyTHUKA, J1yHbI.

Peaynbrar - yron HakrnoHa ocu BpalleHusa 3eMnn K NioCKOCTH
opobuTbl Ha nHTepBane 30 MNH NEeT U3MEHANCHA TakKe XaoTUYHO U
B bonblUMX Npegenax, kak n' y Mapca.

CyliectBoBaHME XN3HU Ha 3emrie 0b6a3aHo npucyTcTButo JlyHbl !
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CneuuanbHble 3agayun aAuHaMmukm ConHe4YyHoOU cuctemMbl
OnpepneneHne macc ganeknx CNyTHUKOB NraHeT

A3 HabnogeHn - TONbKO SAPKOCTb
N3 apkocTu + rmnoTre3a 06 anbbeno - pasmep
N3 pasmepa + rmnoTtesa o NnnoTHOCTU — Macca
[ paBUTALUMOHHbLIN NAapaMeTp
Mmanuum (cnyTHuk KOnutepa) Gm = 0.45 km?3/c?

[1lo acTpoMeTpn4ecKum
HabngeHnam gpyrnx CrnyTHUKOB
C Y4EeTOM NpUTAXKeHNA mmanuen
Gm = 0.28 £0.04 km3/c?
(EmenbsaHos, 2005)

BnepBble caenaHo ans ganeknx
CMYTHMKOB NNaHeT




CneuuanbHble 3agayun aAuHaMmukm ConHe4YyHoOU cuctemMbl

3aragka opo6utanbHoOro yckopeHus cnytHuubl KOnutepa Uo
Tena nnaHeT 1 CNYTHUKOB ABMNSAKTCHA BA3KO-YNPYrMMMU.

B npouecce BpalleHusa n opobutanbHOro ABMKEHUS NPUIBbI
crnerka 3anasabiBaloT OT NUHUWN NNaHeTa-CNyTHUK Unn

crierka onepexatroT OT NMMHUI0 NNaHeTa-CrnyTHUK.

%) o)

an/IJ'II/IBbI yBEINMNYNBAOT SHEPTIUNIKO |_|pI/IJ'II/IBbI YMEHbLUAaKT SHEPINIO
CMyTHUKA, CMyTHUKA,
pa3mMep Op6I/ITbI YBEINMNYNBAETCA, pa3mMep Op6I/ITbI YMEHbLUAaETCH,

yrnoBasd CKOpPOCTb YMEHbLUAETCA. yrnoBasd CKOPOCTb YBEJIINYMNBAETCA.



CneumanbHble 3agayuv guHaMmukm CofiHe4YHOU cUucTeMbl
3aragka opoutanbHOro yckopeHus cnytHuubl FOnutepa Uo

=

Tenaryg
B npol
Clerke
Clerke

IOnuTtep Bpallaetca oObicTpee, Yem Ho, J
opbutaneHas yrnosasi ckopocTtb Vo gonxHa

YMEHbLIATbLCA.
Ho oHa yBennuuBaeTtca !

) )

rlpI/IJ'II/IBbI yBEINMNYNBAOT SHEPTIUNIKO

CMyTHUKA,

pasmep opbuTkl yBenmymBaeTcs,
yrnoBasi CKOPOCTb YMEHbLUAETCS.

[MpnnNuBbI YMEHbLLAKT 3HEPIUIO
CMyTHWKA,

pasmep opbuTbl yMeHbLLIAETCS,
yrnoBasi CKOPOCTb yBENNYNBAETCS.



CneuuanbHble 3agayun aAuHaMmukm ConHe4YyHoOU cuctemMbl
Ono3paHue NpomeTtesn

[MpomeTen Obi1 oTKpbIT B 1980 r. (Bosimxep-1) n 6bin BuaeH ¢ 3emnu.

[MpomeTen aBuxetcs BoKpyr CaTypHa no Kparo ero Kosnbua,

BuaeH oH ¢ 3emMnu TonbKO B KOPOTKME nepuodsl (aBe-Tpu Hedenn), Korga KosbLo
CaTypHa opueHTupyetca kK Ham pebpom. B 1990 r. 6bina onpeneneHa opbuTa.

Korpa cnyctsa rogbl BO BpeMsa BUAMMOro ncyesHoBeHus Konbua B 1995 roay
NMpomeTen yBuagenu ¢ 3emnu, ero nnaHeToLeHTPUYeCcKasa Aonrorta okasanacb Ha
19 rpagycoB MeHblLUe npeaBblYucneHHon. OgHako cpeaHee ABMXXeHMe OCTarioCb
NPEeXHUM. NMpomeTen «onospan».

A

[TpomeTeun

@




CneuuanbHble 3agayun aAuHaMmukm ConHe4YyHoOU cuctemMbl

B3anMHble MNOKPbITUA U 3aTMEHUA CNYTHUKOB MNJiaHeT






















CneumanbHble 3agayuv guHaMmukm CofiHe4YHOU cUucTeMbl

B3aunmHoe NOKPbITUE CNYTHUKOB MNJiaHeT

Buanmoe
npoxoXxgeHue
amncka ogHoro
CnyTHUKA

No AUCKY Opyroro

—

Cnapg cymmapHoro
CBETOBOIO NOTOKa
- 3aBUCUT OT KoopauHat

/ CI'IyTHI/IKOB
Flux

Orlpep,en;leM OTHOCUTESJIbHbIE
KOoOpAMnHaTbl CMMYTHUKOB.

AcTpomeTpusa c
NOMOLLIbIO OTOMETPUNK

Time



CneumanbHble 3agayuv guHaMmukm CofiHe4YHOU cUucTeMbl

B3anMHble MNOKPbITUA U 3aTMEHUA CNYTHUKOB MNJiaHeT

1.1 —

Elux 5 . To4HOCTb
10 - s e aCTPOMETPUYECKNX
U HabnaeHnn
60 — 120 mas
0.8 —
[1poxoxxaeHune
0.7 — o TOYHOCTb
Hepes3 TEHb OT no qDOTOMeTpl/II/I
06 EBponk) B3aVMHbIX
30 gek. 2002 . -
0.5 — (nyj-u{ogo) ABJ1IEeHNI
10 — 40 mas
0.4 —
0.3 | | |
130 140 150 160

TT, min



CneuuanbHble 3agayun aAuHaMmukm ConHe4YyHoOU cuctemMbl
B3aMHbIe NOKPLITUA U 3aTMEHUA CNYTHUKOB MNJlaHeT

[lepuogbl ABNEHNN ONIUTENBHOCTLIO B 6 — 9 MecsLeB
NOBTOPAKOTCA Yepesd non-obopoTta nnaHeTbl BOKpyr CosHua.
CnytHukm HOnutepa : 1997, 2003, 2009, ...

CnytHukn CarypHa: 1995, 2009, ...

CnyTHukn YpaHna : 1965, 2007, ...

[OnutenbHOCTb KaXaoro asneHna 5 — 20 MUHYT.

[Mponcxogat ot 1 go 10 aBneHnn B Heageno.

Kaxkgoe aiBrneHne Habrnogaemo Tonbko Ha 30% obcepBaTopun.

PerynspHo npoBogaTcsa MexayHapoAHble KaMnaHum
choTomeTpnUyeCcKMx HabnrOeHNN B3aUMHbIX SABFIEHUMN.

ObpaboTka pe3ynsraTtoB (Nofy4YyeHne aCTPOMETPUYECKNX OaHHbIX)
1995 r. — AKcHec (Hopeerus), Hyaanb (®panuusa), EMenbaHoB,

1997 r. — BasyHaxapa (Mnaous), EMenbsaHoB

2003 r. — EmenbgaHos, 2009 r. — EMenbsHOB,

2015 . — EmenbsaHoB



[1lnaH goknaga

CocTtaB 1 paamepbl CoOnMHEYHON CUCTEMDI

Cwunbl B3anmoaenctesma B ConHe4yHou cucteme

OcHoBHble 3aga4n anHammkn ConHEYHON CUCTEMDI
MeTtoabl HabnwaeHun ten ConHe4YyHom CUCTEMBI

MeTtoabl noctpoeHusa moaenn ConHe4yHon CUCTEMBI
OcobeHHocTN 3agay anHamMmukm ConHeYyHom CUCTEMBI
CneunanbHble 3agayun guHaMmukm CornHevYHon CUCTEMBI
HoBble oaHHble 0 aoBuxeHun ten ConHe4yHoOn cUCcTeMbl
[ ne HanTu gaHHble 0 ABMXXeHun Ten CornHe4YHou CUcTeMbl



HoBble gaHHbIe 0 ABXeHuun ten ConHe4YyHOU cUcTeMbl

e Co3paHa To4Hasa moaenb ABUXEeHUA OonbLUMX nnaHeT
e 3aKaTanormampoBaHbl Bce Habnoaaswmneca ¢ ConHe4yHoOU
cucteme Tena, bonee 900 000, acTeponabl U CNYTHUKU
nnaHet (onpeaeneHbl OpoOUTHLI, caeriaH NPOrHo3 ABMXEHUS)
* YTOYHEeHbl Maccbl O0nbLUNX NNaHeT U psaaa ManbiX Ten
 OnpepeneHa chopma 60NbLLUIKX NIAHET U pAAa ManbIX Ten
(cnyTHMKOB U acteponaoB)
 OnpeaeneHbl NnapamMmeTpbl BA3KOCTU OOMbLUUX NiaHeT
* OTKpPbITO CBONCTBO BA3KOCTU TeJ&1 HEKOTOPbLIX CNYTHUKOB
e Co3aaH KaTanor tern, onacHo conuxatrwmxcsa ¢ 3emMmrnen,
Ha nepuop 6onee 100 neT, caenaH NPOrHO3 ABUMXEHUS.
* [locTpoeHbl moaenu BpalweHus 3emMrnu m JlyHbl
 OnpepeneHsbl NnapaMeTpbl rPaBUTaLMOHHOIO Nnonsa 3emMnu
* I3yyeHbl 3aragku B ConHe4yHOU cucrteme
— Tenepb 3aragok HeT
 CNpoeKkTMpoBaHbl HOBble KOCMMUYECKNEe MUCCUMN.
 [loTepsaHbl 12 cnyTHukoB KOnuTepa, paHee OTKPbITbIE.



[1lnaH goknaga

CocTtaB 1 paamepbl CoOnMHEYHON CUCTEMDI

Cwunbl B3anmoaenctesma B ConHe4yHou cucteme

OcHoBHble 3aaa4n anHamMmukmu CornHeYyHom CUCTEMbI

MeTtoabl HabnwaeHun ten ConHe4YyHom CUCTEMBI

MeTtoabl noctpoeHusa moaenn ConHe4yHon CUCTEMBI
OcobeHHocTK 3agay agnHammkn ConHeYHon cucTeMsl
CneumnanbHble 3agayn aguHammkmn ConHeYHom cUcTeMmsl
HoBble gaHHble o0 ABmXeHun Ten ConHe4yHom CUcTemsl

oe HanTU paHHbIe 0 ABMXXeHun ten ConHe4YHoOu CUCTEMBI



Fne HaUTU gaHHbIEe 0 ABMXeHuu Ten ConHe4YyHoOU cucTemMbl

OcHoBHble Hay4Hble LeHTpbI Mo pa3pabdboTke mooeneu
aABmxxeHna ten ConHe4yHoOM cuctemsbl U achemepua

Jet Propulsion Laboratory (NASA, USA)

- NNaHETbI, acTepoubl, KOMETbI, CMTYTHUKN NNAHET, BpaLlleHne
3emnu un J1yHbl

(http://www.jpl.nasa.gov/)

Institut de Mécanique Ceéleste et de Calcul des Ephémérides
(Paris, France) — nnaHeTbl, CNyTHUKX NNaHeT
(www.imcce.fr)

Minor Planet Center (USA) - acTtepouabl, KOMETHI,
[TonHbIM HAbOp cBeaeHun, BKNo4vas adpemepuabl
(http://www.minorplanetcenter.net/iau/mpc.htmil)

UHCcTuTyT npuknagHoun actpoHomuu (C.-MetepOypr)
— nnaHeTbl, BpaleHue JlyHbl
(http://iaaras.ru/)



UCTOYHUKM fAaHHbIX 0 ABMXeHuun ten ConHe4yHOU cUCTEMBI

[ocynapcTBeHHbIN aCTPOHOMMUYECKUU UHCTUTYT

um. MN.K.LUtepHbepra MI'y
OT1oen HebecHoOU MexaHuKu

NMocTpoeHbl opurMHanbHble Moaenu asuxeHus scex (107)

Aanekux cnytHukoB nnaHet (EmenbsaHos, 2004)

— YUCNEHHOEe NHTEerpupoBaHmne ypaBHEHUN OBUXKEHUSA

— YTOYHEHNe napamMeTpoB ABMXKEHNS Ha OCHOBE BCEX
onybrinkoBaHHbIX B MUPEe HabsoaeHnN

— adhemepuabl, npegocTtaendembole Ha web-cTpaHuuax
4yepes3 NUHTEPHET.

— perynsipHoe obHOBIIEHME N0 Mepe NOABNEHUSA HOBbIX
HaOnNOeHUN U OTKPbITUA HOBbIX CMYTHUKOB



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

raflw MTLY MockoBcKH YHHEEpPCHTET
Sternberg Astronomical Instutute Moscow University
Insitut d'Astronomie Sternherg 2 Universite Moscou
Cnyxba | Cnyxba eCcTeCTEEHHbIX Service de satellites MNatural satellites
ecTeCTBeHHbIX CNYTHHKOB NAaHeT naturels service
CHYTHUKOE NNaHeT Pyvcockmi Russian Russe En francais In English
J[loMauiHuKe Ga3bl AaHHbIX Bases de données (NSDC) Data bases (NSDC)
CTPpaHMLIbI IAU/IMCCE/TAMLL MY |UAI/IMCCE/SAI IAL/IMCCE/SAI
English Francais Sdcdemepuabl Ephémeérides Ephemerides
FAMLL MMY/IMCCE IMCCE/SAI IMCCE/SAI

Hebecuan
HEeXaHHKa 17
Cnyxba noglepHMESSTCA WM CONPOBOMASSTCA COBMBCTHD

Fm: 5 # MHCTUTYTOM HebacHON MexXaHWMKKM W BeMucneHua 3demepng (IMCCE], MNapux, ©paHumMa
"-'_l'E k 1
¢ Otaenom HebecHol MexaHren FTAWL MY

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

* Institut de Mecanigque Celeste et de Calcul des Ephemerides (IMCCE), Paris, France

Mockoackui * Institut d'Astronomie Sternberg (SAILY, Université Moscou, Russie
YHHBEEDCHTET
Service is maintainad in collaboration by ¢
# Institut de Mécanigque Céleste et de Calcul des Ephémeérides (IMCCE), Paris, France
ﬂp‘fr“& * Sternberg Astronomical Institute (SAI), Moscou University, Russia
CTpPpaHHLU bl
EE'F'”E'HT B ne caiATS Service de satellites Natural satellites
ACTDOHOMHYSCHOE HETWTYTS HEDEtHoN naturels service
p— MEXSHWHEM W BEIHUCISHWS _ :
duzdara MY zhemapua (IMCCE], En francais In English
MNapux, paHuWAa -
Dz thascwnbrer 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  Meécanigue - - . .
o = Celeste et de Calcul des Ephémérides Ephemerides
PoccrMCHEN OH . -
Ephémérides (IMCCE) IMCCE/SAL IMCCE/SAL

DVHAAMEHTENbHbDIX T

MCCNeqoBaHA

PoccHiCKaRA _aKageMus CM. Takxe CnpaBodMHHUK N0 eCTECTEEHHbIM CNYTHMKAM NNaHeT Ypansckoi B.C.
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FrAanil Mry
Starnharg Astronomical Instutute

Insitut d'Astronomie Sternbhery

eCTeCTEeHHbIX
CNYTHHHOEB NMA4aHEeT

NoMmauwiHue
CTPAdHHLUbI
English Francais

rm: ac_rE
I.IJTE HEE ra

MockoBCHAH
YHHBEDCHTET

Hebecunan

HMEexXxaHWHES

Apyrune
CTpPaHMLIbI

ACTDOHOMHYECHDE
OTOENEeHHE
PTuzdaka MY

e
My

PococHAc KA droun

NbTaT

i! HOSMEHTaENbBHDIX

HCCN e00 88 HHA

[

PoccuAckan SaKaneMHA

i il |

MockoBocKH YHHUEe pCHTET
Moscow University
Universite Moscou

Nobpo noxanoBaTh
B LleHTp JaHHbIX eCTeCTBEHHbIX CNYTHHUKOB NNaHeT
Welcome to the Natural Satellites Data Center service

Cnyxba obecneunBaeT 4aHHbIMK N0 BCEM CNYTHHKAM nnaHeT (KpoMe JTyHbl)
This service provides data on Natural Planetary Satellites {except the Moon)

Frangais | English

o= MpegnaratoTes cneayowme 6a3sl JaHHBIX ¢

« HabnwoaoeHws
« EBubnuorpadwua
s DUIMYECKWe NapaMeTphl

| MpeacTaensHKWe | CnWcaHKWe

ABTOpbI

- CH. Takxe IOEMEPKOL

CCeinkM Ha Apyrue EEI::1TI:|I.- CEAZ@HHHBEIZ C 2CTeCTEEHHEIMHW CAYTHHEaSMH NA3HET |

® IaU Working Group on Matural Planetary Satellites
® [AU Commission 20
® ALl MPC

Apyrve calThl

Copyright

</
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rrAanid Mry MocKoBcKHA YHHBepCHTET

Sternberg Astronomical Instutute : . Moscow University
Insitut d'Astronomie Sternberq 2 Universite Moscou

Cn ba . Habnwneuus Sdeneprakl Eunbnworpadma NapaMeTpbl Cobln KW B HHTEQDHETE
eCTeCTBEHHbIX

CNYTHHHEOB NMNaHEeT

Cnyw6a ecTeCTBEHHBIX CNYTHUKOB NnaHeT. ddemepuabl MULTI-SAT.

NoMmauwiHue Francais | English Bazbl gauHbix
CTpPaHMLbI
s SEss Sdemepuabl C NOCTOAHHHLIM WWATOM N0 BPEMEHH
Hebecuan Mapc | (Knutep;i | Knuteps | Catypn ' | ¥pan | Hentyn ' | [nytoH |
HMaXaHHK3

[oc. acTpou. Jthemepuabl onA Tabnuubl MoMeHToB M (O-C) onA HabnwaoeHuA

— — Mapc | (Knutepi (Knutepg | Catyph ) ( ¥pan | ( HentyH | ( [nytoH |

Wrepubepra

MocKoBCHAH

S pp— KapTMHKa BHOHMOH KOHUIypaLHK CHCTEMbBI CNYTHHKOB

Mapc | (Knutep;i | Knuteps | Catypn ' | ¥pan | Hentyn ' | [nytoH |

Opyrne
CTPaHMULbI + [OMCK MOMEHTOB MAaKCHMaJibHOW 3MOHTalUMH CNYTHHKOB

ACTpOHOMHY ECHDE + [lOMCH B2aHMMHbIX I'IDI-CI}IJI'I'Hﬁ W 3aTMEHWH CNYyTHHKDB H JATMEHHWH NNAaHETOoH

OTHEeneHne
dnzdaxa MIY

duznvecknn dawynoTeT
My

| Yro 310 Takoe? | | MAcTpyrumi | | HomeHknaTypa cNyTHUEGCE | ABTOpDI

CneymnanoHble 3chemepuabl :
Pocoudcrmn OH

dvHoaMeHTANbDHBIX L
S =N R * SdeMeprikl EZ3HMMHEX NOKDEITHA M Z3TMeHWHA CNyTHUECE Knuteps , CaTtypHa
M ¥paHa (e 2006-2010

Poccwickan akagemns
------- * SdeMepabl CNEUWankHelx HabnmasHWA CoopbMTaNEHbLIX CAYTHHKCE CaTypHa

E HHEEEEI{EECHDM CEEeTE [ Ha aHrMWACKOM AZake |




—
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Cnacunbo 3a BHUMaHue




JdononHuTenbHble cBeaAeHUus

OcHoBHble Hay4Hble LeHTpbI MO pa3pabdboTke moaenewu
aBvxkeHusa ten ConHe4yHou cuctemsl u acpemepuna

Jet Propulsion Laboratory (NASA, USA)
- NN1aHETbI, acTepoubl, KOMETbI, CMYTHUKN MNaHeT

Institut de Mécanique Ceéleste et de Calcul des Ephémérides
(Paris, France) — nnaHeTbl, CNYTHUKX NNAHET

Minor Planet Center (USA) - actepouabl, KOMETbI

UHcTuTyT npuknagHoun actpoHomuu (C.-MetepOypr)
— NNaHeThbI

locypapcTBEeHHbIN aCTPOHOMMUYECKUN UHCTUTYT
um. MN.K.LUtepH6epra MI'Y — cnyTHUKK nnaHeT



OcHoBHbIe 3agaun auHaMmuku ConHe4yHoOU cucTemMsbl

YctonumBoctb COnNHEe4YHOU CUCTeMbl

TpucTta net ynopHon paboTbl Tak U He
yBEHYanuch XenaHHbIM pe3ynsTaToM.

ConHe4yHas cuctema MOXeT bbITb YCTONYMBA,
a MOXeT bbITb U HET. HO ecnun OHa K HeyCcToM4nBa,
TO pacrnagaeTtcs Ypes3Bbl4anHO MeaSIEHHO
(JlarpaHx, I'NyaccoH, Meddpya).
B3anMHble HaknoHbl OpoOnT BoNbLUMX NMNAHET
N UX BKCLUEHTPUCUTETbI UBMEHAKOTCA Masrio U Meas1IEHHO, eCNu
Marno n3MeHsTcsa bonblune nosyocmn opout (Jlannac).

B pe3oHaHCc HeDeCHbIe Tera MOryT rnonacTtb
TONBLKO B UTOre OOSIrON 3BONOLMN NITAHETHBIX CUCTEM.

[To 6rin3ocTn opdUThl K PE3OHAHCHOM
MOXHO OLIEHUTb BO3pacT HebecHoro Tena.



MeToabl HabnogeHun Tten ConHe4YHOU CUCTEMbI

[Ona guHamMnkm HEBGECHLIX TS HYXXHbl UX KoopauHaTtbl X, Y, Z
N KOMMNOHEHTbI ckopocTn VX, VY, Vz

[Tpn HabnMoOAeHNAX HUKOrQa HE U3MEPSIIOTCS
KoopAuHaThbl.
KoopauHaTthbl - 3TO abCTpaKTHbIe BENTUYNHBI.

B npouecce HabntoaeHnn n3amMepsaroTcs

peanbHble «M3MeEPSEMbIE BENUUYNHBI» &
- HEKOTOpble (PyHKUUK, 3aBUCALLME OT KoopanHaT
M KOMMOHEHT CKOPOCTMU.

X, Y, Z Mopenb
Vx,Vy,Vz (c oLumBkamm) &-'




OcobeHHOCTU 3aaay AMHaAMuUkKm ConiHe4YHOU cCUCTeMbl

CBoucTBa HabnoaeHUN HebeCcHbIX Ten Ans 3aaady HedbecHou MexXaHUKM.

[ns nocTpoeHus Mmoaenu aBmxeHust ntoboro HebecHoro Tena Bcerga
cTapaloTcs UCnonb30oBaTb HAOOP BCEX CYLLECTBYOLIMX B MUpe HabnoaeHun,
Ha4yMHas C MOMeHTa OTKPbITUSA 3TOoro HebecHoro Tena.

[TpogomkeHne HabnogeHn HebecCHbIX Tes (B TOM YNUCIie Ha3eMHbIX) Aaxe
MPeXHen TOYHOCTbK OKa3blBAE€TCHA NOS1E3HbIM.

[MpenmyuiecTBa ogHNX HAONIOAEHWIA MO CPAaBHEHUIO C APYrMMU ONpeaensoTcs
He TONMbKO MX TOYHOCTbLIO, HO TaKKe ONMMHON MHTepBana BPEMEHU, Ha KOTOPOM
OHW BbIMNOMHEHbI.

JTtobble HOBbIE HAabNAeHUA, Oa)xe boree ToYHble, NOYTU Bceraa
NCMOSb3YKTCS TONLKO KakK AOMOMHEHUE K yXKe CylecTByoLwen 6a3ze aaHHbIX.



CneuuanbHble 3agayun aAuHaMmukm ConHe4YyHoOU cuctemMbl
ichonb3oBaHMe NCKYCCTBEHHbIX CIYTHUKOB 3eMNK

Monenb TopMoXXeHne B BEPXHUX CNOAX
[BVKEHUS aTmocepb!.

NC3 [lpobnema B TOM, 4YTO

- npo6nembi : NSIOTHOCTb aTtMocdepbl 3aBUCUT OT

KOOpAMHAaT U OT BPEMEHWN COBEPLLEHHO
HernpeackasyemMbiM 0Opasom.

[aeneHne ceeta ot ConHua. Hy>HO 3HaTb OpUeHTaLUIo
CNYTHUKA.

[Tlpobriema BO3HMKAET B MOMEHTbI, KOrga CnyTHUK
BbIXOAUT U3 TeHN. Cnctema opneHTaumum HauymHaeT
"cynopoxHo" uckatb ConHue. B 3T MOMEHTBI
opueHTauua crnyTHuKa, oceelleHHoro CosHuem,
Henpeackasyema.



CneuuanbHble 3agayun aAuHaMmukm ConHe4YyHoOU cuctemMbl
[loBeaeHmne ConHeYyHou cuctemMbl Ha OecATKax MUMNIMOHOB neT.

INannac, JlarpaHx ;. 3KCUEHTPUCUTETbLI U HAKIMOHbI OpOUT
MCMbITbIBAIOT NULLL HEBONbLUME KONebaHua ¢ nepuogamMmun ot
NECATKOB TbICAY OO0 2 MITH NeT.

Xak Jlackap ([Mapux) : PewweHne (MeTtogamm YMCNEHHOIO
MHTErpupoBaHnUAa) COBMECTHON CUCTEMbI YpaBHEHWUN
opbuTanbHOro 1 BpawaTensHOro ABUXEHUS NnaHeT C Y4EeTOM UX
doopMbl 1 BA3KO-YyNpYrux CBOMCTB Ha MHTepBane spemeHn go 100
MJTH NET B NPOLLUJIOE.

Pe3ynbratbl: OKCLUEHTPUCUTETLI OPOUT UCMLITbIBAOT HEDONbLLUNE
KornebaHnss OTHOCUTESNbHO UX HbIHELLHUX 3HAYEHUN.

Ona 3emnu nony4vaetcs yauBuTernbHas cTabuUbHOCTb yrna
HaKIloHa OCU BpaLleHUs K NITIOCKOCTN OpoOuThl BONM3K 3Ha4YEHUS
23 rpag.



CneuuanbHble 3agayun aAuHaMmukm ConHe4YyHoOU cuctemMbl
Onpep,eneHMe MacCcC actepounagoB

3ayeM 3TO HYXKHO

o Macchbl acTteponaoB, Kak 4acTb UHcpopmMmauummn
O npoucxoxaeHun v asonounmm ConHe4YHOU CUCTEMDI
o TouyHOCTb Teopuu aBmxeHusa Mapca orpaHuyuBaeTca
HeonpeAerneHHOCTbLIO Macc acTepomaoB

Y10 numeem :

o [lepBOe onpepeneHne maccbl actepomnaa Becta B 1968 r.
e TonbKo gnsa 20-Tn acteponaoB onpeaerieHbl MacChbl K HAaCTosILLEMY BPEMEHMU

Kak onpegenstb macchbl ;

e [lo HabnaeHNAM ABUXKEHNSA CNYTHUKOB acTeponaos
— 3MO 803MOXXHO MOJILKO OJis1 HECKOJIbKUX Hebonbuwux
acmepoudoe, uMeruw,ux CrymHuKu.

e [lo HaOnNAEHNAM OTKNOHEHUW TPAeKTOpMM acTeponaoB U3-3a
UX B3aUMHOIO NPUTAXKEeHUS

— Oonee NnepcneKTUBHO.



CneuuanbHble 3agayun aAuHaMmukm ConHe4YyHoOU cuctemMbl
Onpep,eneHMe MacCcC actepounagoB

B yem npobnemsi :

e HyXXHbI HabnwaeHnsa ¢ TouHocTbio 0.05 cek.ayrm

e AhheKT B3aMHbIX BO3MYLLEHUN AOIMKEeH HaKONUTbLCA.
CneacrtBus:
-- HeOOXOAMMO UCMNOSIb30BaTh CTapble HabnaeHUsa (MeHee ToOYHbIe)
-- HYXXHO NpoAofmKaTb HabNAeHUA KaKk MOXHO Aofiblue

O4yeBUAHbLIE OCOOEHHOCTMU :

e HyXxHbl HabnoaeHna onpeaeneHHbIX acTeponaoB B onpeaeneHHble OTPe3Ku
BPEMEHM NPOAOIKUTENbHOCTLIO OKoro 1 mecsua.

e DTN 3INOXU HAONIOAEHUUN ONA KaXXAO0ro actepovaa pasgernieHbl BpeMeHeM B
HecKonbKo net ( 3 — 20 ner).

e Yem Gonblue NOfnHbIN UHTEpPBan HabnaeHUn, TeM nyudlue.

e Kocmunyeckune teneckonbl He Mo2ym oxeamumb OonbLUNEe UHTEpBanbl
BPEeMEeHM.




CneuuanbHble 3agayun aAuHaMmukm ConHe4YyHoOU cuctemMbl
Onpep,eneHMe MacCcC actepounagoB

BbiBOAbI :

e HyxHO 00a3aTeNIbHO KOMOMHUPOBATb BbICOKOTOUYHbLIE KOCMUYECKUe
HabnaeHus ¢ HaseMHbIMU HaONAeHUAMMU:

— BbICOKYHK TOYHOCTb KOCMUYE€CKUX HabnoaeHUn

— ¢ OonbLIMM UHTEpPBasioM Ha3eMHbIX HabnaeHUn

e HyXHbl achemepuabl : B KAKON MecsiL, KaKue actepouabl HabnwgaTb

e HyXxHa MexayHapoaHas nporpamma HabnoaeHun



CneuuanbHble 3agayun aAuHaMmukm ConHe4YyHoOU cuctemMbl

NMonck oBOUHbLIX acTeponaoB

3a4eM 3TO HYXHO :
e 3TO MOMOXET B MOHMMaHUM NMPONCXOXKAEHNA CEMEUCTB acTepouaoB
e 3TO MOMOXET B MOHMMaHUUN BIINUAHUSA
CTONKHOBUTESbHbIX 3¢pdeKTOB Ha 3BOMOLUNIO acTeponaos
e 3TO AACT HOBble 3HaHUA Mopdronorun n pnanvyecKknx
XapaKkTepucTuK actepouaoB, B YaCTHOCTU, UX MaccCbl, NIIOTHOCTb
n ouanyeckumn coctas

CnocoObl AeTEKTUPOBAHNA ABOMCTBEHHOCTHU
o Nno HabnaeHUsAM KpUBbIX briecka — MasioeeposimHo!
o no HaGnwaeHUAM NOKPbLITUN 3Be3 acTeponaamm — pedko!
o no HaGNAEeHNAM C KOCMUYECKUX annapatoB — dopoeo!




CneuuanbHble 3agayun aAuHaMmukm ConHe4YyHoOU cuctemMbl

NMonck oBOUHbLIX acTeponaoB
NMpennoxeH HOBLIM CNOCOO AeTEeKTUPOBAHMUA CNYTHUKA Y acTepouaa (Thuillot W. 2003)

MeTton ocHoBaH Ha adhdekTe
KonebaHum nsobpaxxeHus

bonbLiero Tena ns-3a opbutanbHOro
I''TagHOe ABWXKEHUA CMYTHUKA

CnyTHUK HeBMAUM (CIULLKOM Man)

maBHOe Teno koneodnetcsa (APOXUT)

I'Ipe.qnox(eHMe — NMPUMEHUTDb CI'IeKTpaHbeIﬁ aHalin3 3aBUCUMMOCTU
KoOopAUHAT OT BPeMEeHM, YTOObI AeTeKTUupoBatb 3TOT CUIHAT.



CneuuanbHble 3agayun aAuHaMmukm ConHe4YyHoOU cuctemMbl

NMonck oBOUHbLIX acTeponaoB

Ona 3TOro HyXHO:
B Xxopowee OTHOWEeHUue curHan / wym
H Xxopolee Ka4eCTBO aCTPOMETPUYECKUX HabnroageHun
B Xxopolwee NOKpbITUE ABJIeHNUA HabNAeHUAMUN MO BPEMEHU

Kak 3To genarthb:.
UckaTtb nepunoanyvecknm curHan B BennymHax “ O-C” dypbe aHann3om.

Heobxoanmo BoBne4vyeHune 6onbLiero ymcna oocepsatopuun ans
obecne4vyeHus 6onee NPoAOIMKNUTESbHbLIX U Gonee NIIOTHLIX MO
BpeMeHU HabnaeHnn.

HyxHa paboTa no MexmyHapoOmHOM nporpammMe !
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