A Lt i
NMJTAHETHbIE CTEMbI

OGpasoBaHue 3B€3[ U3 NPOTO3BE3AHOrO rasoNbLIEBOro obyaka co-
HnpoBoXxAaeTcs GOPMUPOBAHHUEM XOJIOAHbIX IIJIAHET, KOTOPbIE OTPAXAIOT
CBET LIEHTPAJIbHOI 3Be3/ibl. 3a NOCJeAHee AecATHIeT e ObLIo 0O6HApyXKe-
HO cBbitie 200 nyiaHeT U LeJIblii P MJIAHETHBIX CHCTEM BOKPYT APYTHX
3BEe31, 1 YUCJIO 3TO ObICTPO YBEJINYNBAETCS

B atoM pasgesie MbI pacCMOTPMM OCHOBHBIE METObI OOHADY KEHHUS
IUIAaHET BOKPYT APYTUX 3Be3]] U BaXKHelille 3aKOHOMEPHOCTY BHECOJI-
HEYHBIX [IJIAHET ¥ MJIaHETHBIX cucTeM. HauHeM ¢ KpaTKOro OnycaHus Ha-
meii CosiHEYHOI CHUCTEMBI.

8.1. CosHeuHad IUIaHETHas! CHCTEMa

CosHeyHasi cucTeMa SIBJISIETCS €IMHCTBEHHOI [EeTajbHO HCCIIeNo-
BaHHOI NJIAHETHOM CUCTEMOI1, XOTA U OCTAETCSA HEU3BECTHBIM, HACKOJIb-
KO €€ CBOMCTBA THIIUYHBI /IS IVIAHETHBIX CHICTEM Y APYTUX 3BE3I.

OcHoBHasi Macca BelllecTBa, okpyxatouiero CoJHIle, 3aKJIl0YeHa B
nmia”erax. Kpynueiimue u3 Hux (B nopsiike BO3pacTaHUA paCCTOSHUA 10
Connua): Mepkypuii, Benepa, 3emis, Mapc, IOnurep, Caryps, ¥Ypas,
Henryn. o 2006 r. k yycity Goblyx IIaHET OTHOCHIIM Takoxe I1myToH.
Otxpaiteiii B 1930 1., oH cunTtascs camoit ganexoii ot CoJHIla NJIaHeTOH
(6ompias nomyock opbutsl paBHa 39.5 a. e.). OnHAKO M3-3a BUNTHY-
HOCTH OpOuTHI OH uHOrAa ObiBaet Gsmxe k Conuny u 3emie, uem Hen-
TYH (TIOCJIEAHUH pa3 3To uMesio MecTo B KoHIle XX Beka). C OTKpBITHEM
y IlnyToHa criyTHMKA BRIACHUIOCH, 4TO [ImyTOH MMeeT HeoXkMIaHHO Ma-
JIEHBKYI0 MacCy, 3HAYMTEJIbHO MEHBIIYIO, YeM Macca o060l Apyroii nia-
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HeTbl — nmpuMepHO B 6 pa3 MeHbllle, yeM Jake Macca JlyHsl IlosnHee,
B KoH1le XX u Havazme XXI Bekos, 3a op6uToit HenryHa G110 OTKpBI-
TO MHOTO MEJIKUX TeJ, OJyYMBLINX HA3BAHUE MPAHCHENMYHOBLIX 065-
exmae (THO). B HEKOTOPBIX CIIyyasix X OPOUTHI CUIIHO BBITAHYTHI, TAK
4TO OHM YXOIAT Ha COTHH a. e. oT CosiHna. Camble KpyNHbIE U3 HUX OKa-
3aJIMCh conocTaBuMbI ¢ IlimyroHoM mo pasmepy (COTHH KIJIOMETPOB) U
Macce. IToaTomy Ha I'enepanbHoit Accambiiee MexayHapoaHoro Actpo-
Homuyeckoro Corosa B aBrycre 2006 r. 65110 IPUHSITO PEIIEHNE OTHECTH
IInyToH 1 HeCKOJIBKO APYTUX TeJl CXOXHOTO pa3Mepa (NpeXxzae BCero, K
HUM OTHOCATCA KpynHeimui acrepous llepepa, HaxoasIuUNCca MexXIy
opburamu Mapca u IOnurepa, n ganexuit THO UB313 uwun Spuga) B
OTZEJIbHYIO KaTerOPUIO KapJIMKOBBIX IIaHeT. VIX muaMeTpel COCTaBIISIOT
oxoso 1000 xm. Kak u 6osbiime miaHeTs, OHH UMEIOT ChepoULaIbHYI0
(opMy MOBEPXHOCTH, CBUAETENHLCTBYIOUIYIO O PelIaloiieil POy rpaBu-
TallUU B yCTaHOBJIEHNM PaBHOBECHO urypst. BaxHo, 4To B oT/IMYKE OT
KapJIMKOBBIX IUIaHET, BOJIM3u opOUT GOJbIIKX TJIAHET OTCYTCTBYIOT Te-
JIa, CONMOCTaBUMbIE€ C HUMM IO Macce. DTO CJIEACTBUE TOTO, YTO KOTAa B
npomnecce (popMUPOBAHUS IUIaHETA MPUOOPETAET AOCTATOYHO 6OJIBLIYIO
Maccy, ee rpaBUTAIMOHHOE NOJIE€ «PACCEUBAET> OpOUTHI OIU3KO MOAXO-
OSIIMX K Hell 6oJiee MeJIKUX TeJl.

IToMuMo BoCbMHM 6ONIBLIINX W HECKOJIBKMX KapJIMKOBBIX IJIAHET B
coctaB CoJIHEYHO! CHCTEMBI BXONST Manble Mena: CNYmHUKY NaaHem,
acmepouodvl u Komemoi.

VI3BECTHbI MHOTHE AECATKH ThICSY acrepouzoB. 1Ix pasmepsl HeBe-
Juku: aimb okoiio 30 acrepouaos gocruraioT B Auamerpe 200 kM. B oc-
HOBHOM, M3BECTHBIE aCTEPOM/bI HAXOAATCS MexAy opbutamu Mapca u.
IOnuTepa, rae ouyn 06pasyIoOT Tak HA3BIBAEMBIN 21ABHYIL NOSLC ACMEPOU-
0dos. TIpumepHO BAECATEPO Aasblie, 3a opbuToit HenTyHa, pacnonaraer-
Cs1 BTOPOIi, 60JIee INMPOKUI U pa3peKeHHbII [0sIC aCTEPOUAOB, Ha3bIBaE-
mblit nosicom Kodinepa (pa3mep Gosbiux nosyoceit opout — 35-56 a.e.).
ITH Tesa, COCTOALIME B OCHOBHOM M30 JIbAa, OTHOCATCA K HauboJee
6smskuM K ConHiy TpaHcHenTyHOBBIM o6bexTaM. HexoTopsie THO mo-
ryT yaansatbest or CoslHIa Ha OTPOMHBIE PACCTOSHUA.

Komers! npeacrassior co6oit TBepAbie U HENPOYHble 0Opa30BaHMUs
M3 BOJSHOTO JibJa U APYTUX CKOHAEHCHPOBABIINXCS Ta30B C MPHMECHIO
e, OCHOBHOE KOJIM4eCTBO KoMeT Takxe orHocutcs kK THO, xor4 cy-
IIECTBYIOT ¥ KOPOTKONEPHOANYECKHE KOMETbI CO CPaBHUTEJIBHO HEGOIb-
MMM pa3MepaMu opOuT. Bosbliasi 4acTh KOMET CyLIECTBYET MUJLIK-
apapl Jjet ganeko or CosHia ¥ miaHeT, (pakTUYeCKH B MEX3BE3XHOM
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Tabauua 8.1. Hexotopbie (pusmueckre XxapakKTepUCTHKUA BOCbMHM ILIaHeT, I1
ToHa u JlyHbl (607BIMIKHCTBO AaHHbIX — 10 KHure 1. de Pater, J. J. Lissauer,
Planetary sciences, Cambridge Univ. Press, 2005)

06bCKT a M p Vese Teyy Bo P coctas H
[¢)) 2 & @ 6 ®, ™ ® O o

Mcpkypuit 0.387 330 54 44 100-725 3-10~3 5.10-% ONa 1395

Benepa  0.723 487 52 104 733 - 92 CO2,N2 16
3emisi 1.00 5974 55 112 288 0.31 1.0 N2,02 85
Mapc 152 642 39 50 215 - 6-1003 COzN2 10
IOnurep 520 18986 1.33 59.5 124 43 - Ho,He 18
Carypn  9.54 5685 0.69 35.5 95 0.22 - Hz,He 35
Ypau 19.19 8683 132 213 59 0.14 - Hz,He 20
Hentyn  30.07 10243 1.64 23.5 59 0.14 - Hz,He 19
HOnyron 3948 013 2 4 =45 - <1075 N? 33
Jlyna 1.00 0.735 334 238 277 - 3.1071%  HeAr 65

Kononku: (1) — HasBanue 06beKTa,

(2) — cpennee paccrosiaue ot ConHIa, a. e.;

(3) — Macca, 1023 kr;

(4) — cpenHsAs NJIOTHOCTD, I/CM>;

(5) — cxopocrtb yberanus /2GM/R, xm/c;

(6) — cpennsia TeMIepaTypa NOBEPXHOCTH (714 IJIaHeT 3eMHOi rpynmbl u ITmy-
ToHa) U 3(deKkTUBHAS TemmepaTypa (AN NJIAHET—-TUTAHTOB), Vi1 MepKypus
OTpPaXXE€Ha CyTOYHas ¥ Ce30HHAas1 Bapuanuy, K;

(7) — MarHuTHas MHAYKIUA Ha MarHUTHOM 3KBaToOpe, raycc;

(8) — maByienue y nosepxHocrH, 6ap;

(9) — ocHOBHbIE ra3nl, COCTapALOmue aTMochepy;

(10) — BrIcoTa arMocdeps! B6JIM3N NOBEPXHOCTH, COOTBETCTBYIOMIAS NaAEHHIO
IIJIOTHOCTH B e pa3, KM.

-

NPOCTPaHCTBE — B TMTAHTCKOM 110 pasmepy (a0 10° a. e.) Tak HasbIBae-
MoM obsiake Oopra, Kotopoe okpyxaer ConHeunyio cucteMy. M Tosbko
HeboJIb1IAs YACTh KOMET B CHJLY CJIYYaifHBIX TPaBUTALlMOHHBIX BO3MYILIE-
HUiA NonagaeT BO BHYTPeHH0I0 061acTb COJIHEYHOM CHCTEMBI, T7e 110 Me-
pe npubikenns k CoHIYy y HUX Pa3BUBAETCsI Ta30MbIIEBOM «XBOCT»,
1 OHM GBbICTPO paspywaoTcs. I1o COBpeMeHHBIM NPEACTABIIEHUSM, KOME-
Thl — 3TO DBHIXJIbIE TeJa, BO3HUKINNE B OKOJIOCOJHEYHOI Cpefe eie A0
06pa30BaHyisi MACCUBHBIX IJIAHET.

ConHeyHasi CHCTeMa 0611a}.1ae1' pPAnOM BaXXHbIX SGKOHOMepHOCTeH
HepequcnnM HEKOTOpDbIC U3 HUX.
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1. Iogasnsmowmas yacTe noaHON Macchl CONHEYHOI CHUCTEMBI MpU-
Hagnexut CosHy, T. e. ieHTpasbHOMY Tenty. Ha mosmo mnaser u
OCTaJIbHBIX TeJ puxoauTcs 4yTh 6osee 0.1%. Ho npu stom cym-
MapHBIIi MOMEHT MMIIyJbca IIaHeT npuMepHo B 50 pas Gosblie,
4yeM y CosHna. Yoke OHO 3TO TOBOPHUT O TOM, YTO IIJIAHETHI HUKO-
raa He 6b11y 9acTbio CosHIA, 2 BOSHMKIIN U3 BELIECTBa ¢ 60ee BbI-
COKHM YZEeJbHBIM MOMEHTOM MMITYJIbCA.

2. Bce nuanets! obpamaiorcst Bokpyr Coinsiia B oasy cropony. [Ipu
3TOM OpOWTHI IUIAHET U MHOTHX acTePOMAOB OJIM3KKM K OKPYXKHO-
CTSIM U JIEXAT IIOYTH B OJHOH NMJIOCKOCTH. ITO CJEACTBHE TOTO, YTO
TJIaHeTbl BO3HUKJIM U3 BEleCTBa ra30-NbUIEBOTO NPOTOIJIAHETHO-
ro aucka, Bpaiasurerocs Bokpyr Comuna. Haubonsimum Hakio-
HOM K 9KJIMNTHKE (PaBHO KaK X HauOOJIblueil BBITSHYTOCTBIO) 06-
nazaiot opbuts Ilmytona (17°) u Mepkypus (7°). OceBoe Bpaiie-
HUe€ TUIAHEeT OTJIMYaeTCsl 3HAYUTEIbHO GosblnM pasHoobpasueM.
Tak, u3 BocbMy GOJIBIINX IVIAHET BE BPAILAIOTCS B HATPABJIEHUH,
NPOTHBOINOJIOXKHOM opbutasbHOMY nBuxenuio (Benepa, Ypan),
npuyeM Ypas — noytu Ha 6oky. ITocnensee ornocurces u k Ilny-
TOHY. DTO yKasbIBaeT Ha TO, YTO NPU (POPMUPOBAHUY IJIAHET My-
TeM 0ObeANHEHNS] MENKUX TeJI CO CBOMMHM MOMEHTaMM HUMITyJIbCa
6OJIbIIYI0 POJIb UTPAJIH CIIyYaiHbIE IPOLIECCHL.

3. Ilo pasmepam, Macce 1 061IeMy CTpOeHHIO GOJIblIKE TIJIAHETHI e~
JISITCS Ha [iBe TPYNINBL: IJIaHeThl 3eMHO# rpynnsi (Mepkypu#, Be-
Hepa, 3emiis, Mapc), pacrosioXKeHHble BHYTPH TJIaBHOTO MOsACA
acTepoMAOB, U IUIaHeThI-ruraHTel — BHE ero (IOmurep, Catypy,
Ypan, Hentyn). IlnaHeTst 3eMHOM TPYyINIbL 3HAYNTEIBHO MEHbIIE
TUTaHTOB MO Macce u pa3mepam. Ouu obaamaioT Gosbieit cpen-
Hell IJIOTHOCTBIO BELECTBA, CPABHUTEIbHO MEJIEHHBIM BpAlLIEHU-
€M U MaJIbIM YHCJIOM CHYTHHMKOB. IlJIaHETHI-TUTaHTHI B HECATKH
U COTHU pa3 MaccuBHee. OHM HE MMEIOT >KUAKUX MJIM TBEPABIX
KaMEHHUCTHIX TIOBEPXHOCTEH nox obsauyHbiM cioeM. B ocHoBHOM
IUIAHETBI-TUTAHTHI COCTOAT U3 BOAOPOAA U TeJINsl; KOJIS BCEX APY-
X 3JIEMEHTOB B HUX 3HAYUTELHO MEHBIIIE, YEM Y IIJIAHET 3EMHOIA
rpynnbl. Menkue Tesa, obpamamoiuecss BOKPYT IJIaHET-TUTAHTOB
B UX 9KBAaTOPUAJILHOMN IIJIOCKOCTH, 06PasyIoT CHCTEMbI TOHKHX KO-
nen. Hanbosee sspkiMy ¥ NPOTSDKEHHBIMH KOJbLAMM obJamaer

Caryps. )
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Bospact CosnHeyHOM cHCTEMBI OnpenesieH Ha OCHOBaHUM .na6opa'rop-\
HOTO M30TOMHOTO aHajM3a 3eMHBIX CKAJIbHBIX OPOJ, a TaKXKe METEOPU-
TOB ¥ ZOCTaBJIEHHbIX Ha 3eMJII0 KOCMIUYECKUMH amnmnapaTamyu oOpasios
JiyHHOTrO rpyHTa. CunTaeTcs, 4To BCE MJIaHETHl C(HOPMHUPOBAIHCH TIPH-
6/1M3UTENBHO B OZHO M TO K€ BPeMs: 4.5—5 MJIDA. JIET TOMy Ha3af, TO
ecTb UX (popMUpOBaHUe LLJIO BCiex 3a popmuposanueM CoJHia.

W3-3a TOrO, 4TO BHYTPEHHSS 00/1aCTh IPOTOMNJIAHETHOTO IUCKA CHJTb-
Hee HarpesBasach CosiHIIEM, IIJIOTHOCTD, TEMIIEPATYPa U XUMUYECKHUIT CO-
CTaB MPOTOINJIAHETHOTO BEINECTBA ObLIN Pa3JNYHBIMU BO BHELIHMX, [a-
siekux oT CoJiHIIa, ¥ BHYTPEHHNX, 6JIM3KUX K HEMY, 4aCTAX AUCKA. DTO M
HPUBEJIO K CUJILHOMY PasinYuIio Mexay Gonee 6m3kumu u Gosiee nae-
kumiu ot Cosena nianeramu. B CosHeuHoI! ciicTeMe HET OXOXUX APYT
Ha Apyra IUiaHeT, jobast o6nafaer cnenupru4ecKUMU OCOGEHHOCTAMH.
Tak, ocHOBHast 0COGEHHOCTh 3eMJIM 3aKJII0YaeTCa B HAJIMYMK 6OJIbLIO-
r0O KOJIMYEeCTBa XKHU/IKOH BOIbI Ha TOBEPXHOCTH ¥ BBICOKOM COAEPXKaHUU
KHCJIOpOZa B aTMochepe — 3TH YCJIOBUSA CAENATN BOSMOXKHBIMU Pa3BU-
THe ¥ NoAiep>)KaHUe BLICOKOOPraHU30BaHHOI XKU3HU.

Uccnenosanue dpusnyeckux cCBONCTB IaHeT U Apyrux e Cosxey-
HOW CHCTEMBI NIPOBOAVTCS TEMM ke acTPO(PU3UYECKIMI METOJAMH, YTO
¥ 3Be3J MJIK MEX3BE3IHON Cpexbl: C MOMOIIbBIO CIEKTPAIbHBIX U (OTO-
METPHYECKNX U3MEPeHHii B CAaMbIX Pa3JIMYHBIX 00JIACTAX CHEKTpA — OT
paxyio 10 ramma. JIuine aBa MeTozxa SIBIAIOTCA crnenudUIeCKUMH. ITO
pazuosIoKays MJIAHeT, a TaKXe HeNOCPeICTBEHHbI aHamu3 aTMocde-
PBI WM BeLIeCTBa Ha MOBEPXHOCTH C MOMOLIBI0O KOCMMYECKHX ammapa-
TOB, paboTarouux BOIN3K NIaHEThI (aCTEpOKAa, KOMETDI) UJIM Ha €To 110~
BepxHocTH. K 3TOMY Hato 106aBUTh TaKXKe BO3MOKHOCTD HCCIE0BAHKS
OTZeNBHBIX 00JacTelt IIaHeT, 0COOEHHOCTEl UX NIOBEPXHOCTEN MM 06-
JIAYHOT'O MTOKPOBA, YTO JJIA IIJIAHET 3eMHOMU I'PYIIIbI ¥ CIYTHUKOB IIJIAHET
NO3BOJISIET MICMIOJIb30BATh Te K€ NOAXOAbI, KAKHE NCIOJIb3YIOTCS B re0JIo-
ruu 1 pusnke atMocdeps A5 uccnenoBanus 3emin. Tak, u3yueHue at-
Mochep Beneprr 1 Mapca, npoBeeHHbI€ HA3€MHBIMA ¥ KOCMUYECKUMHU
MeTOoJaMH, O3BOJIUJIN HE TOJIbKO OLIEHNTh X XMMUYECKUIi COCTaB, HO U
paccyuTaTh BePTHKaJIbHBIE TPO(HIIU MIJIOTHOCTU U TEMIIEPATYPbI Ha Pa3-
JIMYHBIX MIMPOTaX, KCCJIENOBATh ONTUYECKKE CBOMUCTBA adpo3oJielt, obpa-
3yoIMx 06J1aKa, U3yYNTh TEYEHUS B aTMOCGEPAX, a TAKXKE CYTOYHBIE U
roAWYHbIE BapUAllUU CBOICTB aTMocep.

CaoiicTBa KaXkZ[0if MJIAHETHI 3aBUCAT OT TPEX BaKHEHIIMX NapaMeT-
poB: Macchel, paccrositus ot CosIHIAa U XMMHYECKOro cocrtaBa. Macca
onpezeseT CUILY TSXKECTH Ha NOBEPXHOCTH IJIAHEThbI, OT MAacChl, TEM-
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nepaTypel ¥ XUMHYECKOTO COCTaBa 3aBMCUT IUIOTHOCTb aTMOC(EpHI U
CKOPOCTb ee HCTIapeHUsl B OKpYy:Kalolilee IPOCTPaHCTBO. PaccTosinue oT
CouHna oTpakaeTcsi Ipex/ie BCero Ha TeMIepaType IJIaHETHI 1 €€ XMMU-
4eCKOM COCTaBe, a, CJIE0BAaTeJNbHO, OT TOTO, B KAKOM COCTOSIHUM HaXo-
IVTCS BEUIECTBO Ha MOBEPXHOCTH WiHu B atMocdepe. Temneparypa Tax-
JKe 3aBMCHUT OT IUIOTHOCTH M cocTaBa aTMocdepsl. Hanmuuue atmocde-
PbI MOXKET KaK CIJIaKMBaTh CyTOYHBIE TeMIiepaTypHble Bapuanuu (Bene-
pa), Tak ¥ NPeNnsATCTBOBATh HarpeBy, OTPaXkasi 3HAYUTEJIbHYIO YaCTh U3-
nyyenus Comuua (3emiis), uiau, Hao60poT, yaepxKuBas Temo, 6iaroaa-
ps napHuKoBOMY 3 dexry (Benepa).

Bce miaHeTs! U KpyIHbIe COYTHUKM 06J1aaloT atMocdepoii, HO ee
TUIOTHOCTb MOXeT OBbITh CIIMLUIKOM MaJjia /IS IPSMbIX MaMepeHuit. Jaxe
€CJIY TeJIO MOJHOCTBIO JIMIIUTL aTMOChepEI, pa3pexeHHas! cpefa «BOC-
CTaHOBUTCS» Osarogapsi HempephBHON GOMOapAMpPOBKE MOBEPXHOCTH
HWOHaM# COJIHEYHOIO BeTpa WIM MMKDOMETEODHTaMH, peXXe — BCJEd-
CTBHE CTOJIKHOBEHMIA C KoMeTaMu. J[pyruMHU MCTOYHMKAMH aTMOC(heEpHI
MOryT GBITb MEIJIEHHOE BHICBOOOXK/IEHE FA30B M3 TBEPAbIX OPO/ U BYJI-
kaHuyeckas gesteabHocTb (Mo, ciyrauk IOnurepa) ninu refizeps! (Tpu-
TOH, cnyTHUK CaTypHa).

He6osnpinas moss yacTyll B pa3pekeHHO# arMocdepe Bcerna MMeeT
CKOPOCTb, CONOCTABUMYIO CO CKOPOCTbIO yOeraHus (BCJIEACTBUE TEMJIO-
BOTO ABVKEHMS YaCTHL, ZUCCOLMAIIMY MOJIEKYJI MJIX IOHM3aIMK Ta30B).
ITo sT0it npryKHe BCe JIaHETHI MEAJIEHHO TEPAIOT CBOU aTMOCGEDHI, TaK
YTO TeNia MAJTBIX MACC MPAKTHYECKH HX JIMiIeHsl. B nepByio ouepens Te-
PSIIOTCS JIETKHe ra3bl, I0O3TOMY B HACTOsAIIee BPEMsI OHM COXPAaHMJIUCD B .
60JIbIIOM KOJIMYECTBE TOJIBKO Y IVIAHET-THTaHTOB.

BHyTpeHHee CTpoeHue IJIaHET PACCYUTHIBAETCA MTyTeM CO3TaHUS CO-
OTBETCTBYIOLIMX MOZeJiel, YIUTHIBAIOIIUX MJIOTHOCTb IVIAaHETHI, ee COo-
cTaB 1 (pM3MYECKHE CBOMCTBA IIOPOJ WJIH ra30B NpK O4€Hb 6OJIBLINX AaB-
snenusx. [IynaneTsl 3eMHOI rpyNNbl JOJDKHBI COAEPXKATD JKeJie3Hble WU
JKeJIe30-HUKeJIeBble sapa. B miaHerax-ruraHtax BoZopoA Ha 60JblIOi
riay6iHe MepexoAuT B METAJUIN3MPOBaHHOE COCTOSIHUE, & B CAMOM SIIpe
MOKHO OXKMJATh YyJOBHUIIHO CKaThble PACIJIaBbl TAXKEJIbIX HOPOZ.

XOTs1 MICTOYHHNKOM SHEPruM IUIAHETHBIX TeJl SIBJIAETCS MpeXxie Bce-
ro HOTJIOIaeMOe MU COJIHEYHOE U3JIy4eHHe, Y HUX eCTb U CBOU HCTOY-
HuKu Terwia. s Gonbiux MIaHeT BHYTPEHHHE HCTOYHIKY SHEPTHU CO-
MOCTaBUMBI ¢ 3Hepruei, mosxydaemoii ot CosHna. BeposarThee Bcero, oHu
CBsA3aHBI C MPOLECCOM MeMJIeHHOro cxatus. [{nsa cnytaukos IOnuTepa
Mo n EBpornbl MOIIHBIM HCTOYHMKOM HarpeBa fBJIIeTCS JeHCTBHE NpH-
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JIMBHBIX CHJI CO CTOPOHBI 60JIbLION MTaHEeThI. J[pyriMu MCTOYHHKAMHU Ha-
rpeBa IJIaHET MOryT OBITh PaAMOAKTUBHBIN pacnaj 3J€MEHTOB C 60Jb-
muM BpeMeHeM nosypacnana 23°U, 238U, 232Th i 40K (ans nnaser sem-
HOI rpynmnsl), a B ciayyae cnytHukoB IOnuTepa — eue u Harpes 3jiek-
TPUYECKMMU TOKaMU, KOTOPble HHAYIMPYIOTCS MPU UX ABUXEHUU B Mar-
HUTHOM noJie twiaHeTsl. J{ya IOnurepa, CarypHa u HentyHa Hammune
HECOJIHEYHBIX HCTOYHUKOB (NPEXAE BCETO, IPABUTAIIOHHBIX ) TPUBOAUT
K 3aMeTHO 6oJiee BHICOKOI TeMIiepaType aTMoChepbl, Y4eM 03KHAAIOCH OB
TOJIbKO OT HarpeBa CosHiieM. B npoisiomM, Ha sTane popMupoBaHus MJia-
HeT, GoJIbLIYI0 POJIb B TEMJIOBOM OajiaHce, NO-BUAMMOMY, UTpajla SHEP-
THsl, BbIAEJIAIONIASICS IPY TAJEHUH MEJIKHX TeJl, HenpepbiBHO 6oMbapau-
POBaBIIUX MOJIOZAbIE MJIAHETHI.

IInanersr He TosbKO OTpakaroT cBeT Cosnnna. Kak Harpersie Tea,
OHM MMEIOT cOOCTBEHHOE M3JTyYeHie, SHepris KOTOPOro 3aKJI0YeHa, B
OCHOBHOM, B cpenHeit u ganexoit UK obaactu (5-50 mxm). Y miaser ¢
CUJIbHBIM MarHMTHBIM [I0JIEM PETHCTPUPYETCS TaKkxKe caboe Ua/ydeHne
B paayofuanasoHe (CMHXPOTPOHHOe uaiydeHue). OCHOBHOI IOTOK pa-
JIVOBOJIH OT 3€MJI IMEET UCKYCCTBEHHOE POMCXOXKAEHHUE.

VIHTEeHCHBHOCTb TEMJIOBOTO M3JIy4Y€HMs IJIaHETHl XapaKTepU3yeTcs
abdexTUBHON TemnepaTypoil T, s, ONpenensaeMoil ypaBHEHNEM TeIJIO-
goro basanca:

4moTy; s R? = R?[(1 — A)Fo + Fine] ,

3mech 0 — nocrosHHasAs Credana—DBosbimana, R — paguyc mjiaHeTH,
(1 — A) — mons cosHeyHoI 9HEPruy, norjouaeMoi nianeroi, Fy — no-
ToK usnydeHus or CosHIa B MOACONHEYHOH TouKe, Fip; — 4JIEH, y4Yu-
TBHIBAIOWMI BKJIaZl BHYTPEHHUX MCTOYHMKOB TeIuia (CyLIeCTBEHEH JIUIIb
nas muiaHer-ruraHtoB). ITockonbky R BxoauT B 00€ 4acTH ypaBHEHW,
utorosas oneHKa Tes ¢ He 3aBUCUT OT paguyca maHeTbl. OuYeBUIHO, YTO
CpeZnHsisl TeMIepaTypa Ha OCBEILEHHOI CTOpOHe IiaHeThl Gosiblie, a Ha
HOYHOH — MeHble, 4eM Tesy.

BasxHoit XxapakTepUCTHUKOH IJIaHEeT sABJIsieTCsl MarHUTHOE nojie. OHO
obHapyxeHO y Bcex miaHeT kpoMe Benepnt 1 Mapca (y Mepkypus —
Kpaiise c1a60). CaMo HayiM9¥ie MAaTHUTHOTO IOJISI CBSI3bIBAIOT C KOHBEK-
THUBHBIMU TTOTOKaM¥ NPOBOJSAIIETO BEIIECTBA B Hexpax miaHeThl. Ha-
JIMYMe TOJI MEHsSeT XapaKTep B3aMMOAEHCTBUS IUIaHETHI C ITOTOKAMU
HMOHM30BaHHOTO ra3a, HenpepbiBHO uayuMu or CoslHIa — COITHEYHbIM
BeTpoM. B ciryuae ten 6e3 maruutHOrO noJist (Hanpumep, JIyHbl) yacTu-
I1bI COJIHEYHOTO BETPa HEMOCPEACTBEHHO OIOT 0 MOBEPXHOCTH U 3aCTpe-
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BaiOT B Heil. EciM y milaHeTH! CyliecTByeT MarHUTHOE MoJjie, OHO B3au-
MOZENCTBYET C 3JIeKTPONPOBOAILEH N71a3MOIi COJIHEYHOTO BeTpa, U, OT-
KJIOHSS YaCTHIB], He NPOMYCKaeT UX BHYTPb MarHUTOC(hEPHI — NOJIOCTH,
«KOHTDOJIMpyeMoii» MarHUTHbIM noJyieM nia”etsl. Co croponsr CouH-
11a NOTOK BeTpa CXKMMaeT MarHUTHOE I10JIe IO YCTaHOBJIEHUS IPHMEPHO-
rO PaBHOBECHS MEXIY JaBJieHHEM Haberaiouiero moToka co CKOPOCThIO
v ¥ []aBJleHueM MarHuTHOTO noast: pv?> ~ B?/8m. Ha Tom paccTosnum
OT IUIaHETHI, TIe JOCTUTAEeTCs 3TO paBeHCTBO (A 3emnu — 310 10-15
paanycoB IJIAHETHI), B3aUMOJENHCTBHE COJTHEYHOTO BETPA C MATHUTHBIM
HOJIEM BBI3bIBAET YAAPHYIO BOJIHY B IIOTOKE COJIHEYHOTO BETPA, TOPMO-
3AIIYI0 JieTAye YacTiubl. [JoTOK 4acTHUII CTAHOBUTCS HO3BYKOBBIM, U
OH «0bTeKaeT» MarHuTochepy Kak MpensATcTBre, 00pasyst AIMHHBIM Mar-
HUTHBIA XBOCT aHeTsl. CaMoe CUIbHOE MarHuTHOe noJie Habogaercs
Ha IOnutepe (~ 10 I'c — 6osee YeM Ha NOPSAAOK CHIIBHEE 3EMHOIO); 110~
TOK COJIHEYHOTO BETPa OHO OCTaHABJIMBAET Ha paccTossHUM 0KoJ1o 40 pa-
IMYCOB IUIAHETHI.

YacTp 9HEPrUYHBIX COJIHEYHBIX YaCTHIl (ITPOTOHBI, 3JIEKTPOHBI) 3a-
XBaTbIBAETCS MaCHUTHBIM I0JIEM IIAHETHI, 00pa3ysi paguaLiOHHbIE 110-
sica BOKpyT Hee. Hebosbinasi 107151 OHICTPEIX 3apsyKEHHBIX YaCTHII, ABHU-
rasich BAOJIb JIMHUII MaTHUTHON MHAYKIIVH, TEPSIET SHEPTHIO B BEDXHUX
ca0six aTMOocGepbl, BJIETasi B Hee B 00/1aCTH MarHUTHBIX MOJIIOCOB. ITOT
TIPOLIECC BO30OYXKAAET aTOMbI U BBI3bIBAET CBEYEHUE aTMOC(HEPHBIX ra30B
(nonspusble cusinus). Taxkue cusiuusa HabmogaloTcs Ha 3emie, IOnuTepe
u Carypse.

OcHoBHO#M cuJIOi, ynpasJsomeil aBikenreM Tea CosHevyHOH cu-
CTeMbl, ABJIsieTcs rpaBuTanus. Ho 1719 MasibIx Tes1 cylecTBeHHEI ¥ Herpa-
BUTALMIOHHbIE B3aUMOZENUCTBUA. TaxK, 11 MbUIMHOK MUKPOHHBIX pasMe-
POB B MEXIJIAHETHOM IPOCTPAHCTBE [JIABHON CUJIOi SBJISE€TCS OTTAJIKU-
BaIOIL[asi CHJIA aBJIEHUS COJTHEYHOTO CBETA:

P LoS
rad ~ ancD? : Qa
rae D — paccrosuue 1o Comnnua, S — a¢dekTUBHAsA NJIOIALb CEYeHU
MBUIMHKY, a Q) — K03 PHILEHT, yYIUTHIBAIOIIMIT €€ OTPaXKaTelbHYIO CIO-
cobHOCTh (Q = 1 ANs1.a6COMIOTHO YEPHOTO TeMa U @ = 2 IJIs 3epKaJib-
HOro orpaxkeHus1). QueBHAHO, YTO OTHOLIEHHE IPABUTALMOHHON CHJIbI
NPUTSKEHUSI ¥ CUJIBI OTTAJIKMBAHUA He MeHseTcs ¢ paccrosHueM D, u
Te NbIJIMHKY, /11 KOTOPBIX AaBJieHHE CBeTa npeobiagaer, BBIMETAIOTCA
u3 CoJIHEYHOM CHCTEMBIL.
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s 6omee KpyNHBIX Tesl (MMUIMMETPOBBIX M CAHTUMETPOBBIX pas-
MEPOB) CYIIIECTBEHHOI MOXKET 0Ka3aThCsl TOPMO3SIIIask CUJIa, CBA3aHHASA
¢ Tak HasbiBaeMbIM addextom IoitnTunra—Pobeprcona. OH 3axsioyaet-
sl B TOM, 4TO TeJIO, IBUTAIOIIEECH 110 OPOUTE C a3UMYTAIHHON CKOPOCTBIO
Vi, MEJIEHHO TEPSIET CBOM OPOMTAIBHBIN MOMEHT UMMy Ibca M, D, mo-
TJIOIIasi ¥ U30TPOIHO Mepeusityyast CoJIHeuHbIi cBeT. IIpupoaa atoro ag-
(eKTa CTAHOBUTCS OYEBUIHON, €CJIM PacCMaTpUBaTh Npolecc NorJoue-
HUS CBETA B CUCTEME OTCYETA, IBUXKYILIEICS BMECTE C TEJIOM 110 KPYTOBOM
opbute co CKOpOCThIO v. F13-32 KOHEYHOCTH CKOPOCTH CBETa B 3TOH CHU-
CTeMe OTCYETa HanpaBJieHHe Ha UCTOYHUK cBeTa — CoJHIe — U3MEeHHUT-
cs Ha yroJ nopsiaka v/ c (abeppauus ceera). [IoaToMy HMITYJIbChI IPHXO-
naumx GotoHoB 6yayT conepKaTh KOMIOHEHTY

hv v
n=R-—--—,
C C
HanpaBJIEHHYIO IPOTHUBOIOJIOXKHO BEKTOPY CKOpocTH Tesa. Beaencrsue
3TOrO, IPY MOIJIOLIEHUHN CBETa BO3HUKAET CHJIa TOPMOXeHUs dp; /dt, ko-
TOpast NPUBOAUT K TOMY, YTO MeJIKHE TeJla HAYMHAIOT BUraThCs 110 CITH-
pasu, nocrenenHo npubsuxasics k Conuuy. B nesnowm, neiictsue Herpa-
BUTAI[IOHHBIX CWJI NMPUBOAMUT K TOMY, YTO 32 HECKOJIbKO COTEH ThICAY
JIeT TIBLJIEBOE COAEPIKaHNE MEXIIAHETHON CPEb! OJLKHO OOHOBIIAThCS
(110-BUANMOMY, 3TO OOHOBJIEHME IPOMCXOANUT B PE3yJIbTaTe Pa3pyLIeHUs
MEJIKUX aCTEPOUIOB ¥ KOMET).

JleficTBUS KaK rpaBUTALIMOHHBIX, TaK U HETPAaBUTALMOHHBIX CHJI TIpe-
KPaCHO WIJIIOCTPUPYIOT IIPOLECCH], HabiofaeMbie B KoMeTax. 11X XBOCThI
BCeTZla HanpasJIeHbl B CTOPOHY, MPOTHBONOJI0XKHYI0 Cosiry. Cyiiel cBe-
TOBOTO JaBJIEHUs, AEACTBYIONINE HA MEJIKUE NbUIMHKH, BHIODOLIEHHbIE
SIIPOM KOMETbI, YaCTHYHO MJIU NOJTHOCTBIO KOMIIEHCUPYIOT CUJLY COJTHEY-
HOI rpaButauuu. B pesysbraTe aToro meumHkM ABUXKyTCA oT CosHia
(OTHOCHTENIBHO KOMETbI), 00pa3yeTcst MCKPMBJIEHHBII MbIIEBOM XBOCT.

Ta3pl KOMEThI, MHTEHCHBHO BbIZEJISIIOLIMECS B pe3yJbTaTe Harpesa
anpa U BbiOpacbiBaeMble M3 si[pa MO BCEM HaNpaBJIEHUSIM, 00pa3yioT
XBOCT 110 MHOI npuyuHe. VI3-3a Npo3payHOCTH pa3pekeHHOTOo rasa cu-
JIbl OTTAJIKMBaHMA CBETa Ha HETro NoyTH He AeiictByioT. Ho rassl nonn-
3YIOTCS COIHEYHbIM Y D H3ydeHueM, 4TO HIPUBOAUT K MOSABJIEHUIO BO-
KPYT siipa KOMETHI 3JIEKTPONPOBOAALIEH Cpenbl. ITa pa3pexeHHas: cpea
HauMHAeT B3aUMOZIENCTBOBATH CO CJIa0ObIM (HECKOJIBKO AECATKOB MUKPO-
raycc) MarHUTHBIM I10JIEM COJIHEYHOTO BETPa, «004yBaloIM» KOMETY.
JIuauy vHAYKOUY N0Jst 1eOPMUPYIOTCS, BOSHUKAET MarHUTHOE JiaBJiie-
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Hue nopsiaxa B2 /8, npuiioxkeHHOE K KOMETHOI Tiasme. B utore ras xo-
MeTbl 06pa3yeT rMraHTCKHUi [1JIa3MEHHbII XBOCT HUYTOXHOM IJIOTHOCTH,
He COBNAJALINII C MBIIEBbIM, AJIMHA KOTOPOTO MOXKET M3MEPATHCS fe-
CATKaMM MIUIMOHOB KUJIOMETPOB.

Jlpyras HerpaBuTalMOHHAsI CUJIA, AEHCTBYIOLIast HA KOMETY B LIEJIOM,
KOTOpast MOXXeT MeZJIEHHO M3MEHSITh [TapaMeTpbl e OpOUTHI — 3TO peak-
THBHasI CHJIa, CBAI3aHHAs C HEM30TPOMHBIM BHIOPOCOM BEIIECTBa SAAPOM
KOMETBI TIPH €r0 Harpese Wi Pa3pyLIeHuH. DTa CHJIa MOXKET TakxKe U3-
MEHATb CKOPOCTb BpaLEHUs A/ep KOMeT.

TakuM 06pasoM, nsydenrie CoTHEYHOI CHCTEMBI NO3BOJISET UCCIIE-
Z0BaTh KOMILTIEKC CJIOXKHbIX (PU3NIECKUX SBJIEHUH, IPUBOAAIIUX K Mel-
JIEHHOM 9BOJIIOLIMY KaK IJIaHET, Tak 6oJiee MeJIKUX TeJl B OKOJIO3BE3THOM
MPOCTPAHCTBe.

8.2. Merozapl 0O6Hapy KeHUs IUIAHET BOKPYT 3BE3/(

A) Tnnamuyecknif Meton. OCHOBaH Ha U3MEPEHUN TEPUOTMYECKUX
BapHalHuii JIyuyeBoil CKOPOCTH 3Be3/Ibl 110 IONJIEPOBCKOMY CMELIEHUIO JIU-
HUH B ee CHEKTpPe NpH ABKEHUH BOKPYT IIEeHTpa Macc IJIaHETHO cucTe-
MBI ITO ucropuyecky nepsbiit (1995 r., cucrema 51 Peg) u naubonee
NPOAYKTUBHBI MeTOZ 0OHAPY KEeHWsI IIJIAHET BOKPYT 3BE3I.

PaccmoTpuM nuianeTy Maccoit M, Ha KpyroBoit opbuTe BOKpYT lieH-
TpaJIbHOI 3Be3zbI Maccoit M,. Ilepron obpamenus ianets P = 27 /w,
noJIyoch opbUTHI a, HakJIoHEHHe OPOUTHI 1. PaccTosHYE NJIAHETHI [0 11eH-
TpaMacc ap = aM, /(M,+ M,), a3Be3nbl — a. = aMyp/(Mp + M,). AM-
MJINTY/IA JIy4eBOH CKOPOCTH 3BE3/bl, CBA3aHHAS C €€ JBUKEHNEM BOKPYT
IIEHTPa Macc, paBHa

K, =w-a,sini = (GM,,w)l/3 (%p) sini, 8.1)
*

37eCch MBI BOCIIOJIb30BAJIMCh ycIoBUeM M, > M), 1 BBIPa3ujIM NOIyOCh
opbuThI Yepes nepuoz ¢ noMolibio 3-ro sakoHa Kerepa. Miamepenue no-
JIOXKeHMi 60IbIIOro YKcIa JMHUIMA NOTJIOEHHs B ONITUYECKUX CIEKTPax
3Be3 no3auux kiaccoB (GKM) no3sossieT BBIABAATL UX Bapualluy C
TOYHOCTBIO 10 AN/ ~ 1078, T. e. M3MePSATH U3MEHEHUS TyYEBBIX CKOPO-
CcTeii 3Be311 10 HECKOJIbKUX MeTpoB B cekyHay (1) 13 npusenenHoii Bbiie
(opmy bl ciiemyer, 4TO U3MepeHyie Bapyualuii JIyyeBbIX CKOPOCTeH 3Be3Jt
C TOYHOCTBIO 10 1 M/C NO3BOJIMT BHIABJIATH HAIMYME BOKPYT 3Be3/] TUINA

o

i R R R e

S B Y 8 A

et Moy RN N

232 Tnasa 8. MnaHeTHble cncTeMs!



