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HaymcToB. Cepust MosiBIIIACh Onarogapst COBMecTHOW MHHMIMATHBe "KHMKHBIX MpoekToB JAMuTpust
3umuHa" ¥ oHaa "DBomonua” U U3LAETCSA NMPU UX MOAJEPKKE. DTO MEKU3IATEIbCKUN MPOEKT:
KHUTH cepur OyAyT BBIXOAWTH B Pa3sHBIX M3/IATENIbCTBAX, HO B eIMHOM odopmiieHnd. Ha nanHbIin
MOMEHT B ITPOEKTE yYacTBYIOT JIBa M3JaTeIbCTBA, HAMOOJIee AKTMBHO BBITYCKAIOIIMX HAYYHO-TIOIY-
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IIpeaucaosue

Ilouemy xu3HB Ha IUIaHETE 3eMJIs yCTpoeHa Tak, a He nHaue? [louemy nenu JJTHK cocrosar
U3 YeThIpeX BUJIOB 3BEHbEB, a OeJKOBbIe — U3 ABafuaTu? IloueMy B KJIETKax MUCIOIB3YIOTCS UMEHHO
oenxu u JHK, a He kakume-HuOynp apyrue BerectBa? [TogoOHbIe BONPOCH YacTO BOZHUKAIOT Y
IIKOJIbHUKOB ¥ CTYJICHTOB, U3ydaonmx ouonoruio. Ho B yueOHMKaX OTBETOB Ha HUX HeET. B pe3ysib-
TaTe CTYAEHTHI NPUBBIKAJIM, YTO 3aaBaTh 3TH BOMPOCH Oecrone3Ho. M naxke Korga OHM BbIpacTaiu
B YUYEHBIX ¥ MOIJIM IIOIIBITATLCA HA HUX OTBETUTH CaMH, ITPUBbIUKA MEIIAJIA UM 3TO CHEJIATh.

Tem Bpemenem B Ouonornu ¢ Havyana XXI Beka MPOMCXOOUT HACTOSINAs HAay4Hasl peBOJIO-
uus. Pa3sutue Texnonoruii onpenenenns nociuenosareabHocrerd JIHK (cekBeHnpoBaHus) NpUBENO K
TOMY, 9TO Oa3bl JAHHBIX ITPOYMTAHHBIX MOCJIEIOBATEILHOCTEN PACTYT, KaK CHEKHBIN KOM. [L1st aHa-
JIU3a 3TOT0 OrPOMHOIO KOJIMYECTBA JAHHBIX OMOJIOTY CTAIM MPUBJIEKATh HA MOMOUIb CHELUAINCTOB
B MaTeMaTuKe U KOMIBIOTEPHbIX HayKaX. DTU CHELUAIMCThI, YTOOBI PECTABIATh, C YEM OHU Pado-
TaIOT, CTAJIM U3y4aTh OCHOBBI OMONIOTUH. 1, ecTeCTBEHHO, N3 HUX MOCHINAINChH Te CaMble IPOKJISTHIE
«1I0ueMy ?», CTaBsIIe OMOIOTrOB B TYIUK. ABTOP CTOJIKHYJICS C TAKUMHU BOITPOCAMH ITPOrPaMMHCTOB
B [lIkone aHanu3a JaHHBIX, OPraHM30BAHHOW KOMITaHUEH «SIHIEKC» COBMECTHO ¢ (paKyibTeToM OHo-
uHKeHepyru 1 oronHpopmartuku MI'Y.

Tem BpeMeHeM HaMETUJICA Iy Th K OTBETAM Ha 3TH BOIIPOCHI. YCIIEXU XUMHUKOB IIPUBENIN K BO3-
HUKHOBEHHUIO CUHTETUYECKON OMOJIOTMU — CO3/IaHUI0 HOBBIX OPraHU3MOB C HOBBIMH, HEBUJIAHHBIMU
CBOWCTBaMU. JIOCTHKEHM ST CAHTETHYECKOI OMOJIOTHH, HalIPHMEP PacIiMpeHre FeHeTUIecKoro anda-
BUTA JIO IeCTU OYKB, O3BOJIAIOT CPAaBHUTD PELLIeHNs], BIOpaHHbIE Halllel 3eMHOM XKU3HBIO, C aJIbTep-
HaTUBHBIMU BapUAHTAMU U BBISICHUTD, 110 KAKMM IIPUYMHAM 3BOJIOLMSA IPEANIOWIa OOUH U3 HUX. ToTr
WJTM IHOY BBIOOD OBLT C/IesIaH XKU3HBIO OYEeHb JTaBHO, CKOpPEe BCETo, JI0 MOSIBJICHUS KJIETOK. M3yuas
KaX/1yl0 aJIbTEPHATUBY, MBI JIyUllle [IOHUMAeM, KaK BO3HMKJIA )KA3Hb HA HAILIEW IIJIaHETE.

B XXI Beke OypHO pa3BuBajiach He TOJIBKO Ouonorusi. Hampumep, acTpoHOMBI 3a MoceqHie
rOJbl OTKPBUIM THICSYM TUIAHET Y JPYTUX 3B€3[] (OHM Ha3bIBAIOTCA 9K30IUIaHeThl). C 9TUMU TaHHBIMU
MBI TENEPh MOXKEM OLIEHWTb, HACKOJIBbKO Hamla CojlHeYHask CUCTeMa YHUKaJIbHA WM TUIMYHA JJIS
lanaktukn. KocMuyeckne 30HIBI, OTIPABIECHHBIE K JAJBHUM IUIAHETAM, KOMETaM M acTEpOMJaM,
coOpaim MHOTO HOBOI MH(opMatuu o IpeBHekei ncropun ComHeyHo# cucremsl. [ eonoru, Boopy-
’KEHHblE TOHYAWIIMMU METO/IaMH aHaJIM3a TOPHBIX MOPOJA U METEOPUTOB, Y3HAIM MHOTO HOBOTO 00
YCJIOBUSIX, CYILIECTBOBABILMX Ha JPEBHEN 3eMJIe B T€ BPEMEHA, KOI/ia KHU3Hb Ha HEW TOJIBKO 3apOXk-
JaJiack.

OTa KHUra craja MonbITKOW OObeIUHUTb B OJVH CBA3HBINA paccKa3 JABUHY HAay4yHbIX CTaTei,
ITPOSICHAIONIMX Pa3HbIE MOMEHTHI IIPOUCXOXKIECHUS KU3HU U BBILIEANINX 32 nocneanue 15 ner. Ona
HallMCaHa Ha OCHOBE KypcoB JieKLu#, kotopble aBTop yntai ¢ 2010 rona B JleTHen sKonorndeckon
mkone u ¢ 2014 roga B MI'Y. ABTOp uecTHO mocTapajicsi cefaTh Bce BOZMOXKHOE, YTOObl KHUTA
ObL1a MOHSATHA YUTATENISIM, JaleKuM oT 6uonorun. K cokxaseHuio, Ha iepeiHeM Kpae HayKH He Beera
€CTb IIPOCTBIE IIYTH, U HEKOTOpPbIE IVIaBbl, Hanipumep 11-4 u 13-4, MOryT oKa3aTbcs CJI0KHBIMU 1S
HETOTrOTOBJIEHHOTO unTaress. TpyaHsle MecTa u3 171aB 15 1 16, HOCBAIIEHHBIX MOSIBJIEHUIO OUOJIO-
T'MYECKUX MeMOpaH 1 CBS3aHHBIX C MEMOpaHaMU SHEPTETUYECKUX CUCTEM, B UTOTE yIAJIOCh BRIHECTH
B OTIEJIbHYIO, 17-10 m1aBy. Tak 4To HE IMyrauTech, €CIM OHA MOKAXKETCA BaM CIIUILKOM CIOXKHOU, —
ee Marepuas pa3BUBaeT U yriiyonser uaen 15-it u 16-ii riaB, HO U 6e3 Hee BOCHPUATHE KHUTM HE
MOCTPAJaET.

EcrectBeHHO, B Takoil OypHO pa3BHBAIOIIEHCS OONACTH HAyKH MAJIO €AWHBIX YCTOSIBIIMXCS
MHEHUM, pa3JesseMblX OOJNBIIMHCTBOM yUYEHBIX. ABTOpP MOCTapajcs MOKa3aTh «HAYUHYIO KYXHIO»:
KaKMe aJIbTEPHATUBHBIE TUIIOTE3bI BBIIBUTAIOTCA U KAKMMHU SKCIIEPUMEHTAMU MX IPOBEPAIOT.

B psane maB ecTb Bpe3KH, BbIEIEHHbIE APYTMM IIPUGPTOM. B HUX MOBTOPSAIOTCA KyCOUKH
IIKOJIBHBIX KYPCOB, HEOOXOAMMBIE /ISl MOHMMaHMs I1aBbl. CTapUIEKJIACCHUKA U MEPBOKYPCHUKH
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MOI'YT UX IIPOITYCKaTb, a BOT B3POCJIbLIM YHUTATCIIAM OHU IIPUTOOATCH. YT008B! Mar€pual KHUI'M HE
MoBUCAJI B IYCTOTE, 4 KaAK-TO COOTHOCHJICA C HOBCGHH@BHOﬁ JKU3HDbIO, aBTOP MOCTapajiCA CBA3aTh OITU-
ChIBA€MbI€ BEHIECCTBA U OMOXMMHUYECKHE MMPOUECCHI C XOPOUIO 3HAKOMBIMM BEIIaMU U3 KYJIMHAPUHU,
MCEIULIMHbI U KOCMCTHUKUA.
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baarogapaocrn

DTa KHUra NOSBUJIACH HA CBET OJ1arofapsi MHOTHM JIIOZSIM, | I XO4y MOOJIarolapith UX 3a TO,
4yTO OHU czenany. Havate ee ucTopuio CTouT, noxainyy, ¢ Beimeamend B 1999 rony kauru naneos-
tonora Kupuina EcekoBa «Mcrtopus 3emim 1 xu3HM Ha Her». OHa BO MHOTOM CTaJsla JUIsl aBTOpa
00pa3LoM CTWIISI, CBA3HOCTH U JIOTMYHOCTH M3JIOKEHHSI U TIOBJIUSIA HA MO MHTepec K mpoodieme
BO3HMKHOBeHU ku3HU. Eciu Ob1 He Tpyn Kupusuta FOpseBnya, 3Ta KHUra He ctasa Obl TAKOM, KaKast
OHa €CTb.

Hanee cienyer Gnarogaputs npodeccopa Apmena MynkumpkansiHa. C ero pacckasa o TeOpum
«LIMHKOBOTO MUpa» Ha ceMUHape Haiero nHerutyra B 2008 rogy Hauasicsa MOY IPUCTaJIbHbIA UHTE-
pec K cBexkuM padotaM B oOnmactu mpoucxoxaeHus xusHu. lllecras m msarHaguaras riaBbl 9TON
KHUTHY [TOCTPOEHbl B OCHOBHOM Ha paboTax ApMeHa fIkopiieBrnya. BriosHe BO3MOXKHO, UTO €ro UJesm
B KHUTE yJe/leHO OoJbllle BHUMAHUsI, YeM APYTHM ajlbTepHAaTHBaM, HO 3Ta HEOOBEKTUBHOCTb OCTa-
€TCsl Ha COBECTH aBTOPA.

B ocHOBY KHMI'M JIeT Kypc JIEKLIMI, KOTOPbI aBTOp YMTal IKOJIbHUKaM 10-ro knacca B JletHen
skosornyeckoit mkosne (JISMI). g 6maronapen Beem, ko aenaet JIDII u faet BO3MOXKHOCTH MPeETo-
JaBaTh TaM YHUKaJIbHBIE KYPCBhl YHUKAJIBHBIM IIKOJIbHUKAaM. Mapuna ®puaman, yciisliaB MO JIEK-
uuu B JIDUI, npepyoxuiia 3anucarth UX M M3JaTh LIAKJIOM CTaTed B KypHale «XWMHUS U KU3Hb —
XXI Bek». Teker cran ropaszio Jydiie U ObUT OIyOIMKOBaH Onarojapsi peaakTopy xypHaia Enene
Kremenko.

TOT LUKJI CTAaTeH, BBIIEIIIUI B «XUMHUH U KU3HU» B 2013 romy, ObLT OTMEUEH JIMTEpaTypHOI
npeMuen umeHn Asnekcanzpa benseBa. Ha Bpyuennn npemun aBropa IpUIIEPIN K CTEHE MpeJcTa-
BUTEJM U3/1ATENIbCTB U MOTPEOOBAIH MTHCATh KHUTY.

Knura npeBparuiiach U3 Hay9HOI B XOTs OBl CJIeTKa MOMyJIsIpHyIo Onarogapsi pegaktopam Enene
Haiimapk u Buktopy Cypauny, a Takxke OeTa-unrtaresam: Ajlekcanapy XoxJoBy, Mapune Mamae-
Boi, Haranbe AranoBoii u Jlapuce Byuok. EctecTBeHHO, Gi1arofapHOCTb 3aciTyKUin paboTaBIIve HaJl
KHHUIOM COTPYAHUKH U3JATENbCTBA «AJIbIIMHA HOH-(PUKIIH». M nocneqHen, HO He 10 3HaYMMOCTH, 5
Onarozapio 3ameyvatenbHylo Eneny Kapmanbckyio, KoTopast moaep:kiBajia MeHsl BO BCEM U Harlos-
HslJIa )KU3Hb pajgocThio. JIeHa, s nmpeasaraio Tede pyKy, Cepiie U COAaBTOPCTBO B Clieylollei KHure!
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Yacte 1
ILnaHeThbl, NPUATOHBbIE JIS S KU3HHA

Koeoa nawt mup na mpemo 6vin MeHbULe,
Ha mpemy cuneii u 2opsiueii,

Hozacwiux 36e30 aamasHvlii nenea
Pacuyeen 6 menne uyoicux ayuei. ..

Buxmop Apzonos Project

3emisi — eIMHCTBEHHAs U3BECTHAS HAM TUIAHETa, HA KOTOPOU €CTh KU3Hb. UTOOBI MOHATH, KaK
OHa TMOSIBIJIACh, HAM HaJI0 MIPEJICTaBIIATh ceOe YCIOBHsI, KOTOPbIE CYIIIECTBOBAJIA Ha HaIlleH TUIAHETe B
JpeBHelIe BpeMeHa, — TeMIepaTrypy, COCTaB U JaBlieHre aTMocgepsl, IUIOIAAb MATEPUKOB U OKe-
aHOB, COCTaB MOPCKOW BOJbI 1 MUHEPAJIOB 3eMHOM KOpbl. K coxaienuio, Bce ciiesibl nepBbix 600 MilH
JIeT UCTOpUH 3eMJI ObUIM CTEPTHI MOC/IETYIONTMMHI T€0JIOTMUECKIUMU COOBITUSIMU, TIOTOMY KJTIOUH
K JpeBHe#Iner ucropuy 3eMIIM HaJl0 MCKaTh Ha JAPYTMX HEOECHBIX TejaX, UCTOPHs KOTOPHIX Oblia
6onee criokoitnoit: Jlyne, Mapce, cyTHUKax IJIaHET-TUTAHTOB, KOMETax U actepoujax. EcTp maHc,
YTO MBI HalJeM *u3Hb Ha Mapce wim ciytHukax FOnmrepa u Carypna. Ecim okaxkercsi, 4to oHa
BO3HUKJIA HE3aBUCHMO OT 3€MHOM, TO MbI MOJyYUM YHUKAIbHYIO BOBMOKHOCTb CPAaBHUTD €€ C MPH-
BBIYHOI 36MHOW U Y3HaTh, KAKUE CBOMCTBA KU3HU SIBJISIIOTCS 00513aTe/IbHBIMU, 4 KAKUE MOTYT Pa3iiu-
4yaTbCs y HE3aBUCUMO BO3HMKIIMX JIMHUM KU3HU. ECiv ke Mbl HalieM 3a npejieiaMyd 3eMJY KU3Hb
00IIEero MPOUCXOKACHHS C HAMHU, 9TO Oy/IET PEIaloNIM JI0Ka3aTeJIbCTBOM €€ MEKIUIAHETHOTO Tiepe-
HOCAa U, CKOpee BCero, MpUMepOM TOTO, HACKOJIBKO J1aJIeKO MOTYT Pa30MTHUCh KUBbIe OPraHU3MBbI €11~
HOTO MPOUCXOXKJCHUS 32 MWLUIHAPAbI JIET U30JSALMU B Pa3HBIX YCIOBUAX. Tak WM MHAYe, Mbl HE
MO>KeM IITyOOKO MOHSITh MIPOUCXOKICHUE Y SBOJTIOIMIO KU3HU HA HAIlIeH IJIaHETe B OTPBIBE OT UCTO-
pYM MUHEPAJIbHBIX C10eB 3eMJIM (KOpbl, MAHTUH, spa) U Oe3 yuera Oosee MMPOKOro KOHTEKCTa —
ucropur COJIHEUHOU CUCTEMBI. A €CIM Mbl XOTUM OLIEHUTb, HACKOJIBKO BEPOSITHO BO3HUKHOBEHHE
*13HU BO BeeneHHoi, Ham Hafo cpaBHMBaTh COJTHEYHYIO CUCTEMY C U3BECTHBIMU IK30IUIAHETHBIMU
cucteMamu. [103TOMy MBI HAYHEM C KPAaTKOTO pacckasa 00 ycrporictBe COHEUHOM CUCTEMBI, €€ TIPO-
WCXOX/IEHUU U UICTOPUH, 3aTEM OIUILIEM YCTPOICTBO IUIAHET 3eMHOM Ipyriibl (3emiist, Mapc, Benepa)
Y TOJIBKO TIOCJIE 9TOTO MOJOHIEM K BOIIPOCY O COOCTBEHHO TMOSIBJICHUN KU3HHU.
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I'maBa 1
Ctpoenue CotHEYHOH CHCTEMBbI

Hamra ConneuyHast cuctemMa COCTOMT M3 MHOKeCTBa HeOecHbIX Tesl. KpymHeiive u3 HUX nocie
Connna — vetsipe maHetsl-ruranta: lOnmrep, CarypH, Ypan u HenTyH u 4eThipe Ij1aHETHl 3eM-
Horo tumna: 3emisa, Benepa, Mapc u Mepkypuii. Kpome HUX MMeIOTCS acTepouibl — MeJIKHe 00b-
eKThl, oOparaioryecs: BOKpyr CosHIla B OCHOBHOM Mex 1y opoutamu Mapca u FOmutepa, Xxots1 ecTb
IPYMITBl aCTEPOUIIOB Kak Onrke, Tak U Jasbiine or ComHia. 3a opouToit HentyHa pacnonoxeH nosic
Koiinepa — ckormienue HeOONMBbIMX JeAsIHBIX 00beKTOB. [lepBbiii 00bekT nosica Koiinepa, IlityToH,
ObLT OTKPHIT HAMHOTO PaHbIIIe OCTAIBHBIX U TIO3TOMY JIOJNTO CUUTAJICS AEBATOM ITaHETOM.

Bce 3ti 06bekThl oOpamaTcs Bokpyr ComHila o opoutam, OJ1M3KuUM K KpyroBbeiM. Kpome
HUX B COJTHEYHOM CHCTEMe eCTh MHOKECTBO KOMeT. OHM ABUKYTCS IO BHITSHYTHIM JUTUIITUYECKUM
opOutam u, HarpeBasich BO3u ColHIIa, HAYMHAIOT UcTIapsAThesl. Mcnapenue NpuBOIMT K MOSIBJICHUIO
y KOMEThI BUAMMOTO «XBOCTa». Pazmepbl OpOUT KOMET CUJIbHO Pa3MyaloTcs. Y caMbIX KOPOTKOIIe-
PUOAMYECKUX KOMET OpOWTa IEJMKOM HaXOOUTCsl BHYTpH opouThl FOmuTepa, a Hemepuoanveckue
BBIXOJIAT JIAJIEKO 3a rpaHUIIbl Mosica Kovinepa, o6pa3ys Tak Ha3bpiBaeMoe 0omako Oopra.

[MomMuMoO TUIaHET, acTepPOUJIOB, KOUIIEPOBCKUX OOBEKTOB M KOMET €CTh CITyTHUKH, OOpallam-
IMecsi BOKPYT BCeX IUIaHeT, Kpome Mepkypust 1 Benepsl. 3emiist uMeeT OOUH KPYIHbINA CITyTHHUK —
Jlyny, Mapc — nBa manenbkux, ®obdoc u Jlefimoc, a y IIaHeT-TUTaHTOB eCTh JECATKU CITyTHUKOB.
Cpeny CIiyTHUKOB TUIAHET-TUTAHTOB BBIIEIISIOTCS PeryisipHble U HeperyisipHbie. [1710ckocTh OpOUTHI
PEryJISIpHBIX CIYTHMKOB OJM3Ka K IJIOCKOCTH 9KBaTOpa IUIAHETHI, a (hopMa OpOUTHI — K KPYTOBOIA.
VY HeperyJsipHbIX CITyTHHUKOB OpPOMTHI, KaK MPABIJIO, CUIBHO BBITSHYTHI U MOTYT HAXOOWTHCS TIOM
MOOBIM YIJIOM K 9KBATOPY TUIAHETHI, 1 OHM OOBIYHO OOPAINAIOTCS JANbIIe OT TUIAHETHI, YeM pery-
nsipHble. KpynHeiiiue CryTHUKY TUIaHeT-TUraHToB, ['anuven u TutaH, 1o pasmepy B mojtopa pasza
Oonplie Hameil JIyHbl 1 MPaKTUYecKu paBHbI MepKypHIoO.

OpourajbHass MexaHuKa

CaMmo CJIOBO «IIIAHETa» TPOMCXOOUT OT APEBHErPEYECKOTO TTAOVITIG — «Oyxkaaromas» . Eciu
Kak/1yl0 HOUb HAOMIONATh MONOKEHHE TIJIaHET Ha HeOe 1 3aIiChIBaTh HAOMIONEHU S, TO OKAXKETCs, 4TO
TUIAHEThI AIBUKYTCS OTHOCUTENBHO 3Be3]1 1o npuuyaarsomy mytH. IlonooHo Jlyne n ConHily, oHM
BCEIZla HaXOIATCSA B MOJIOCE 30/IMaKaIbHBIX CO3Be3AnM, HO ecau JIyHa u ConHue IBUXKYTCS MPaKTH-
YECKM PAaBHOMEPHO B OJIHY CTOPOHY, TO IJIAHEThI OCTAHABIMBAIOTCS U MEHSIOT HallpaBJIeHUE JBUXKe-
HU S, OIMCHIBAS CJIOKHBIE MET/IN. B reorieHTprueckoil cucteme Myupa, TocoCTBOBABILEH B JpEeBHEN U
CpeIHEBEKOBOW aCTPOHOMMUH, 1Sl OMMCAHUS ITOTO JIBUKEHUs1 BBOAUIMCH JOIOJHUTEbHBIE OKPYX-
HOCTU: TI0 OKPYKHOCTH BOKPYI 3eMiM (AedepeHTy) paBHOMEPHO OOpalaercsi HeBUAUMas TOYKa
(cpemHsIs TJ1aHeTa), BOKPYT KOTOPOW IO BTOPOU OKPYKHOCTH (SMHITUKITY) PABHOMEPHO 00paIaercs
WCTHHHAs IJIaHeTa.

C nepexooM K IeJIMOLIEHTPUYECKON CUCTEME MUpaA CTaJIO MIOHATHO, YTO BUIMMOE JBUKEHUE
IUIAHET CKJIaJbIBaeTCs U3 ABYX: oOpauieHus 3emun Bokpyr CosHIa 1 oOpallieHus HabmogaeMon 1ia-
HETHI BOKPYT Hero ke. [loHayamy qymanu, 4To miaHeTsl oOpamaiorest BOokpyr CoiHIa Toxe 1o Kpy-
TOBBIM AebepeHTaM | SMUIMKIIaM, HO Oosnee TouHble m3Mmepenust Tuxo bpare B X VI Beke nokasanm,
YTO 3Ta MOZENb He coracyercs ¢ HaOmoneHussmu. Morann Kemuep, ananusupys 3anucu Bpare B
Hauyasie X VII Beka, cdopMynrupoBas Tpy SMIMPUIYECKUX 3aKOHA JABUXEHUSA IU1aHeT BOKpyr ConHia
(puc. 1.1).

Ilepsbiii 3akoH Keriepa: opOuta ruiaHetsl uMeer ¢dopmy ssuturca, a ConHile HaXonuTcs B
OJIHOM M3 €ro (pOKYCOB.
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Bropoii 3akon Keruiepa: yriioBasi CKOpOCTb JBHKEHHMSI TUIAHETHI B pa3HBIX MECTax €e OpOUTHI
00paTHO MPOIOPLMOHAJIbHA paccTostHuio 10 CoJHIIa.

Tperwnii 3akoH Keriepa: kBaaparsl eprUoioB 0OpaIlieHU s ABYX IJTAHET COOTHOCATCS KaK KyObl
OOJBIINX MOITYOCe UX OPOMT.

MnaHeTa -
. 2
o A
- Dokyc :
CroBoaHbIW Y N 4
doryc '\* a5
: ] |
| + = v A A |
ConHue .
“ ConHue
O~ JKcUueHTpHMcuTeT: e =c [ a
a
Puc. 1.1 lepeuiv 1 BTOpOW nepa. 3NNUnct

UYro Takoe a5umIc u rae y Hero (okyc? Kak n3BecTHO, OKpPYKHOCTh MOKHO HApHCOBATh IIUP-
KyJIeM, TIOTOMY YTO BCE €€ TOYKM HAXOASTCS Ha paBHOM PACCTOSIHUM OT LieHTpa. [is anmrica cro-
co0 pucoBanus Oyaet cioxHee. i Bcex TOUeK IUIUICA CYMMA PACCTOSTHUMN JI0 IBYX (DOKYCOB OIU-
HakoBa. EciiM MBI BOTKHEM JIBE KaHLEJSIPCKUE KHOMKU Y MPUBSIKEM K HAM HUTKY TaK, 4TOOBI ee
IJIMHA ObLJIa 3aMETHO OOJIbIIIEe PACCTOSIHUSI MEXy KHOIKAMH, OTTSIHEM HUTKY B CTOPOHY KapaH[a-
oM U OyJeM BOIUTh MM BJOJb HUTKU TaK, YTOObI OHAa BCEe BpeMs OblIa HATSHYTa, Mbl HApPHCYeM
9JUIMIIC, & KHOMKH OyayT B ero ¢okycax. OKpyKHOCTb XapaKTepU3yeTCsl OIHON BEJTMUMHON — paii-
ycoM. Y 3JUIUIICA eCTh OOJIbIIast MOTYOCh (aHAJIOT pajInyca) M SKCIIEHTPUCUTET — OTHOIIEHHE K OO0JTh-
1101 1oTyocH. Eciu sKclieHTpucuTeT OIM30K K HYJTIO, TO (DOKYCHI JUTUIICA HAXOASATCS COBCEM PSIOM,
1 3uIc OJM30K K OKPYXKHOCTU. Eciu sKclieHTpUcHTET OOJBIION, TO JUTAIIC UMEET CHJIBHO BBITSI-
HyTYyI0 popmy. OpOuUTHI TUIAHET UMEIOT HeOObIION KcueHTpucuteT (0,2 — 1151 Mepkypusi U MeHee
0,1 — 17151 OCTTBHBIX TJIAHET), & OPOUTHI KOMET OTIIMYAIOTCS OOJIBIINM SKCLIIEHTPUCUTETOM, OJTU3KUM
K e/IMHHMLIE.

B nanpneiiiem Ncaak HploToH cpopmympoBasl 3aKOH BCEMUPHOTO TATOTEHHUSI, U3 KOTOPOTO
BBIBOZISITCSL BCe TPHM 3akoHa Keruiepa, ecnu mpeHeOpeds BAMSHHUEM IUIaHET Opyr Ha Apyra U Ha
ConHue.

MexaHrka OpOUTAJBHOTO JBIIKEHHMS BO MHOTOM HENpPUBBIYHA Ui HecreuuaaucToB. Ha
opOute, YTOOBI YBEJTMUUTh CKOPOCTh ABWXKEHHUS, HAJJO TOPMO3UTD, & YTOOBI €€ YMEHBIIHTh, — Pa3ro-
HAThCsA! [IponsumiocTpupyem 3To Ha pUMepe BHIBEJEHUS CITyTHUKOB Ha T€OCTAIIMOHAPHYIO OPOUTY.
Ora OKoJI03eMHasi OpOUTa, JiexkaIasi B IJIOCKOCTH IKBATOPA, C MepUoaoM ooOparierus 23 yaca 56
MUHYT, OUYeHb YI0OHA JIIs CITyTHUKOB CBSI3U, TOTOMY UTO CITyTHHMK Ha HEl BCe BpeMsl HAXOAUTCS Hajl
OJIHO¥M TOYKOM 3eMJTH ¥ Ha3eMHYIO0 aHTEHHY Ha HEro MOJKHO HABECTH OJJVIH pa3 1 OOJIbIle HE IBUTATh.
['eocraimonapHas opouTa ¥MeeT BHICOTY 35 786 KM HaJl TIOBEPXHOCTHIO 3eMJIH, U CITYTHHK Ha Hew
aBuskercs co ckopoctbio 3,07 km/c. [Ipu BeIBeIeHNH pakeTa-HOCUTENb CHaYasla JOCTABISAET CITyTHUK
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Ha HU3KYIO OKOJIO3EMHYI0 OpOHTY, Mpoxoasityio nmpumepHo B 200 KM HaJl IOBEPXHOCTHIO 3eMJIH.
CkopocTh Ha Hell paBHA MEPBOM KOCMUYECKOM CKOPOCTH, OKOJIO 8 KM/C. 3aTeM CITyTHUK BKJIIOYAET
JBUTaTeslb U pasroHsieTCs ellle Ha 2 KM/C, MOC/e Yero OKa3blBAaeTCsl Ha TaK Ha3bIBA€MOM reorepe-
XOIHOW opOuTe. DTO MIMNTHYECKass OpOUTA ¢ OOJBIIAM SKCHEHTPUCUTETOM, KOTOpasi B HUKHEH
TOYKE KacaeTcsl HU3KOW OKOJIO3eMHOM, a B BEPXHEH — reocTariioHapHoi opOuThL. [1o BropoMy 3aKoHY
Kernepa ckopocTb CITyTHHKA B BEPXHEH TOUKE OKa3bIBACTCS HAMHOTO HUKE, YeM B HUKHEH, — OKOJIO
1,7 xm/c. Coepims 1oioOopoTa Mo reornepexonaHol opouTe, B BEpXHEH TOUKE CITyTHUK BKJIIOYAET
JBUTaTellb BO BTOPOH pa3 U pasroHsercs eie npumepHo Ha 1,3 km/c. [Ipu a3ToM OH oka3biBaeTcs Ha
reocraryoHapHoi opoute. HecMoTpst Ha iBa pasroHa, ero ckopocth yrnana ¢ 8 mo 3,07 km/c. Kune-
THUECKasi SHEPrys JIETSIIEro CIyTHUKA TPH 9TOM He Mcyesia 6eccieiHO, a iepeluia B TOTeHIIUaIb-
HYIO — OH MOJHSJICS. HAMHOTO BBIIIIE HaJ 3eMIIel.

I'paBuTanmonnas nud ¢epennuanmsi

Korma B XVIII Beke BriepBble yIaloch U3MEPUTh Maccy 3€MJIM, OKa3aJoCh, YTO €€ CPeAHss
TJIOTHOCTD COCTABJIAET 5,5 r/cm>. OHAKO MIOTHOCTh TOPHBIX TIOPOJ HA TIOBEPXHOCTH 3eMIIU TIOUTH
BJIBOE MeHblIIIe — 0KoIo 3 r/cm®. Clie1oBaTebHO, BHYTPH 3eMIIH I0JIKHO ObITh G0JIee IIOTHOE Bellle-
ctBo. Ilo JaHHBIM reosoruu, B HEHTpe 3eMJIM U APYTUX IUIAHET 36MHOTIO TUIIA HAXOOUTCA SAAPO U3
Kesle3a ¢ MPUMECAMH HUKeJIs M APYTUX MeTAIUIoB, CO cpefHeil miotHocThio 10 r/em?. SIapo okpy-
KaeT MOTYKUIKAs CWIMKATHASI MAHTHS, MTOKPBITas CBEPXY TBEPHAOM CHIIMKATHOM KOPOU C IJIOTHO-
CTBIO OKOJIO 3 T/eM’.

ITpu oOpa3oBaHMM IJIAHET COCTABJIAIOIIME UX CUJIMKATHI U METasUlbl ObUIM IepeMellaHbl. B
JAJIBHENIIEM IUIAHETHl PAcCIauBAJIUCh: JKEJIE30 TAHYJIO K LEHTPY 3eMJIM U (pOPMHUPOBAJIO AIpO, a
CUJIMKATBI BCIUIBIBAJIM HaBEPX, 00pa3ysl MAaHTHUIO U KODPY.

B nporiecce paccioenus B TIyOMHaX TUIAHETHI BBIIETISAETCS TEIUIO, MOIEPKUBAIOIIEe SIpO 1
MaHTHUIO B PAaCIUIABJIEHHOM COCTOSIHUM. [IpyrMM HMCTOYHMKOM SHEPIrMM BHYTPH IUIAHETHI SBJIAETCSA
PaIMOAKTUBHBIN pacna HeCTaOWIIBHBIX 271eMeHTOB. [ paBuTalionHas qud depeHmays noIepxKu-
BaeT KOHBEKTUBHBIE TE€UECHUs B MAaHTUH, a B CIydae 3eMJIM — €ILE U ABUKEHUE TUIUT 3€MHOM KOPBI
OTHOCHUTEJILHO JIPYT JApyra.

[Tpr ”HOM XMMHIUYECKOM COCTaBe HEOECHOTO Tesla OHO pasfesseTcs Ha Apyrue cion. Hanpumep,
KPYIIHBIE CITyTHUKY UIAHET-TUTAHTOB UMEIOT CUJIMKATHOE PO, MAHTHIO U3 KUIKON BOJIBI U JIEISTHYIO
kopy. Ha EBpone u DHuenazne ects Jaxe aHaJIOry BYJIKaHW3Ma M JIBUKEHUSA JTUTOC(EPHBIX IUIUT —
MHOTOKHJIOMETPOBBIE (DOHTaHBI BOJBI U IBMKEHUE JIEASTHBIX OIOKOB KOpbl. CaMy MJTaHeThI-TUTaHThI
pazaensioTcsl Ha MPOTSDKEHHYI0 atMocdepy U3 BOAOpOAA M Tenusi, Oonee TSKEbIH CIOW JKUIKUX
MeTaHa, aMMHAKa U BOJBI M CUJIMKATHO-XKEJIE3HOE SAAPO. BoMblIylo 4acTh UX AMameTpa COCTaBIISET
MaccuBHas IUIOTHas arMocgepa.

HpI/IJII/IBHI)Ie ABJICHUA

3akonbl Keriepa mogpasymeBaioT, YTo OpOUTH IJIAHET U CITYTHUKOB HEM3MEHHBI U BEYHBI.
OI[HE].KO 9TH 3aKOHBI BLITIOJIHAIOTCA B TOYHOCTH, TOJILKO €CJIN Pa3MEPLI TEJI HUYTOKHO MaJIbl 11O CpaB-
HEHUIO C PACCTOSIHUSAMHU MEXIy HUMH, a BIMSHHWEM IUIAHeT APYTr Ha Apyra MOXHO TpeHeOpedb.
HOCKOJIbe PE€aTbHBIC INTAHETHI U CITYTHUKH UMCEIOT 3aMCTHBIC PaA3MEPLI, CUJIa ITPUTAKCHUA IICfICTByeT
Ha UX ONMVKHUE K JpYyr OPYyry YacTd CUJIbHEe, YeM Ha JajibHue. 3a CUeT 3TOW pa3HUIlbl HeOecHbIe
TeJla HeMHOTO JehOpMUPYIOTCs, UX (pOpMa CTAHOBHUTCS CJIerKa BBITSHYTOU, MOJOOHO AbiHe. B city-
yae 3eMJIM ee OKeaHsbl Jierye rnoaaaoTcs AedopMalun, YeM 3eMHast Kopa, 1 U3MEHEHUsI UX YPOBHS
10 IIefICTBHeM TATOTEHUA HYHLI BBI3bIBAIOT IIPUJIUBBI, 6J1ar011ap51 YEMY 3TU CHJIBI MMOJYYUJIN CBOC
Ha3BaHUeE.
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[TpunvBHBIE cUITBI OBICTPEE YMEHBIIAIOTCS C PACCTOSTHUEM, YeM cuia TshkecTH. [Ipu yBennye-
HUM PACCTOSIHUSA B [IBA pa3a MPUTSDKEHUE MEK/Ty TelamMH ocialnisieTcs B YeThIpe pasa, a MPUIMBHBIC
BJIMSIHUS — B BOceMb pa3. [loatomy Ha 3emiie mpuivBHBIE CUITBI, BbI3BaHHBIE JIyHOH, peobnaiaoT
Haj1 npwivBHbBIMU cuiamu CosHiia, xotst ColHile ropa3ao MaccuBHee JIyHbI.

JIBMKeHre Macc BOJIbI, HATHIKAIOIIUXCS HA KOHTUHEHTHI, U TPeHUE B AepOpMUpPyeMOi 3eMHOI
KOpEe MPHUBOIAT K BBIIETICHHIO Teruia. ICTOUHUKOM 3TOM TEIJIOBOM SHEPIUH sIBJISIETCS BpallleHHe Tia-
HETBI, ¥ OHO TIOCTETICHHO 3aMeIsIeTCsI TIO] IeMCTBUEM MPUIMBOB. Kpome Toro, moxosxe, 4To MpHITB-
Hoe aericTtBue JIyHbl HarpaBiisieT Iperd MaTepUKOBBIX IJIMT 36MHOW KOPBI — UX JBUKEHUE 3aMETHO
HECMMMETPUYHO B HarpaBjieHuu 3amnaja — BocTok (Riguzzi et al., 2010).

Bnarogapsi mpuIMBHBIM CHJIaM BO3MOKHO B3aMMOJICHCTBHE MEXAY BpaIleHUEM IUIAHETHl U
OpOUTAITLHBIM JIBUKEHHEM ee CITyTHUKOB. B cucteme 3emins — JIyHa BparieHre 3eMii BOKPYT CBOei
OCH Topazfo ObicTpee, 4eM opOuTaIbHOE JBHKeHHe JIyHbI, TOSTOMY NMPUIMBHBIN «ropO» Ha 3emiie
HemHoro oOronsier JIyny. Ilputsokenune JIyHbl K 3TOMY rOpOy NMPUBOOWT K TOMY, YTO BpAIlCHUE
3eMn TIOCTETIEHHO 3aMelIsieTcs], a KWHeTHuecKasi sHeprusi nepenaercs Jlyne. Ilpu stom pamuyc
JIYHHOW OpPOMTHI pacTeT, TaKKe pacTeT U nepuoj oOparieHus JIyHsl BOKpYT 3eMiin.

Bonee kpymHblii U3 cnyTHUKOB Mapca, ®oboc, coBepinaeT 000pOT BOKPYT TUIAHETHI BCETO 3a
6 JacoB, Torga Kak meprof BpaiieHuss Mapca BOKpyr cBoell ocu — 24,5 4Jaca, 4yTh OOJbIIe, YeM Y
3emuu. [Tosromy B cucteme Mapc — Podoc mporcxoauT nepenaya KUHETUIECKON SHEPruu B 00paT-
HYIO CTOPOHY — OT CITyTHHKA K IJ1aHeTe. PoO0C HeyKJIOHHO Mpudmmkaercs: K Mapcey u B Onvokaiime
15-20 MutH JIeT JOCTUTHET Tak Ha3blBaeMoro npejena Poria, rie npuiimBHbIE CHIIBI CPaBHSIOTCS C
TsaroreHreM PoOoca, CKPEIUISIONUM ero B einHoe Tesio. JJocTurayB storo npefena, @odoc paspy-
IIATCS, ¥ BOKPYT Mapca NOsIBUTCS KOJIBIIO U3 KaMHEH | TbUIH, Mo100Hoe KombliaM CaTypHa.

[Tpu ABMKEHUU CITyTHUKA IO ITUITUYECKO OpOUTE ero CKOPOCTh MaKCHMMallbHa B OJvKaui-
I1eHl K IJIaHeTe YacTh OpOUTHI M TaM K€ MaKCUMaJIbHO MPHJIMBHOE B3aumopericteue. [loatomy npu-
JIMBBI MOTYT U3MEHATH (POpMY OpOMTHI CITyTHUKA. Tak, opouTa JIyHbl CTAHOBUTCS ©0JIee BBHITSHYTOM
TO]1 ISVCTBUEM TIPUJIMBOB, a Y OpOUT ciyTHUKOB FOnuTepa, HA000POT, BHITSHYTOCTh YMEHBIIIASTCS].

OpoOuranbHble pe30HAHCHI

Ectb 1 apyras npuunHa, o KOTOPO# ABMKEHUE TUIAHET HEMHOTO OTKJIOHSETCS OT OIIMCAHHOTO
B 3aKkoHax Keruiepa. 9To rpaBUTAllMOHHOE B3aMMOJAEHCTBUE MEXKAY IUIAaHETAMU. XOTSA OHO ropasjo
cinabee, 4yeM ux nputspkenrne COJHIIEM, 32 MIJUTHOHBI JIET €r0 BJIMSIHUE MOXET HaKaruIMBaThCs U
CUJIbHO U3MEHATh OpOuTHL. [IpUTskeHue ABYX IUIAHET APYT K JIPyry MaKCHMAaJIbHO B MEPUOJ MPo-
TUBOCTOSIHUSI — KOTJa PACCTOSIHME MEXy HUMU MUHMMabHO. [I09TOMY BiMsiHUME pa3HBIX IUIAHET
Ha JBIKeHUe JIpyr Ipyra BOKpyr COJHIa 3aBUCUT OT OTHOIIEHUS UX MeprofoB oopamenus. Ecim
3TU NEPUOJIBl He 00Pa3yIoT MPOCTOro COOTHOMEeHUs Tina 1:2, 2:3 wiu 2:5, TO IPOTUBOCTOSTHUS ITPO-
UCXOJAT B PasHbIX y4acTKax opOUT Oe3 CTpOroi 3aKOHOMEPHOCTH, a U3MEHEHHMs] OpOMUT Ha OOJIb-
[IMX TPOMEXKYTKaX BPEMEHH CTpeMATcs K Hy/mo. Eci nepronpl oOpallieHrs IIaHeT OTHOCATCSA Kak
HEOOJIbIIINE EJTbIe YKCIIa, TO TOBOPSIT, YTO MX OPOUTHI HAXOIATCS B pe3oHaHce. B aTom ciyuae mpo-
THBOCTOSIHUSI TIPOMCXOJIAT B OHUX M TeX e MeCTaX OpOUTHI, HeOObIIINe N3MEHEHHsI OPOUT TOoCTe-
NIEHHO HAKAIUTMBAIOTCSI, ¥ CO BPEMEHEM OpPOUTHI MOTYT CHJIbHO U3MEHSATHCS .

IocnencTBrsi OpOMTAIBHOIO PE30HAHCA 3aBHUCAT OT HECKOJIBKHMX (DAKTOPOB: COOTHOILLEHHUS
Macc TeJl, OTHOILIEHHUsI MX MEPUOJI0B OOpAIEHHs U SKCLIEHTPUCUTETOB OpOUT. Takue pe3oHaHChl, Kak
1:2, 1:3, 5:2, 3:7, kak npaBuJIO, MPUBOAAT K OBICTPOMY M3MeHeHHI0 opOuT. Ecii Macchl Tes1 CHIIbHO
oTMyaioTesl (HanpuMmep, Onmrep u actepoun), To opOMTa acTeponsia CTAHOBUTCSI CUIIBHO BBITSIHY-
TOM, 1 OH BbIOpaceiBaercs: u3 ConHeuHow cucteMbl. PesoHancel 2:3, 3:4, 4:5, HanpoTUB, MOTYT CTa-

! Harnsamoe Npe/cTaBiIeHNe 00 YCTOMYMBOCTH TUIAHETHBIX OPOMT MOKHO TOJNy4uTh B OHJIaiH-urpe Super Planet Crash (http:/
www.stefanom.org/spc/). — 3decv u danee npum. asm.
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Onm3upoBath OpOUTHL. Tak, acTepOUIBl TPYMITBl XMIbAbI HAXOIATCS B yCTOWYMBOM pe3oHaHce 2:3
¢ IOmurepom, a Ilnyron — ¢ HenryHoM.

OcobeHHO ObICTpbIe M3MEHEHMsI TIPOUCXOAT MPU pe3oHaHce 1:2 — Torma raHeThl BCTpeva-
I0TCSI B OJJHOW M TOM K€ YacTW OpPOMTHI, U UX MPHUTSHKEHUE BHITATUBACT MX OPOUTHI B JUIUICH. B
TaKOM OpOUTAJIBHOM pe30HaHce HaxoasaTcs cyTHUKM IO0nutepa, Mo, EBporna u ['anumen, ux nepu-
ofbl oOparteHust oTHocsATCs Kak 1:2:4. OqHaKko MPWIMBHbBIE CHITBI TPOTUBOCTOST BHITATMBAHHIO UX
OpOUT, IOITOMY KOHEUHBIM Pe3yJIbTaTOM OOPbObI OPOUTAIILHOTO pe30HAHCA C MPUIMBOM OKa3biBa-
eTcsl paccesiHie KMHETUYECKON SHEPrur OpOUTATIBHOTO OOpaIlleH!sI CIIyTHUKOB B HArPEB MX HEJIp U
nocrernieHHoe npuomkenue Kk I0nmrepy. biarogapsi TakoMy UCTOUHHKY Heprun Ha Mo mporcxoauT
CaMblil aKTUBHBIN ByIKaHU3M B COTHEYHOM cucTeMe, (DOHTaHBI PACIIABIIEHHOM cepbl OBIOT Ha COTHIO
KHJIOMETPOB OT €€ MOBEPXHOCTH.

Jlpyroe ciencTBrue OpOUTATIBHBIX PE30HAHCOB — TaK HasbiBaeMble mpoOesbl KupkByna B nosice
actepouioB. Pa3Hble acTepou/ibl UMEIOT camble pa3HbIe MEPUO/Ibl 0OpaIlIeHHs], HO TAKMX aCTEPOU/IOB,
KOTOpBIe Obl HAXOIMJIUCH OMM3KO K pe3oHaHcaMm 2:1, 3:1, 5:2 u 7:3 ¢ IOnurepom, Het. Masnbie Tena,
KOTOpbIE MOIJIM OBITh HA 3THX OpOUTaX, HEM30EKHO MEPellId HA TUIITHYECKUE OpOUTHI, OJIU3KO
noxxoasimye K Onurepy, u ObUTH BHIOPOIIEHBI UM U3 T0sICA ACTEPOUIOB.

[Mnanerst ColHEUHOH CHCTEMBI B HACTOsIIIIEe BpeMsl He 00pa3yloT OpOMTAIBHBIX PE30HAHCOB
MeX1y cOO0i. ACTPOHOMBI APEBHOCTH MPWJIOKWIA MHOTO YCHJIMIA, YTOOBI HAUTH MPOCTYIO M Kpa-
CHUBYI0O MaTeMaTHUECKYyI0 3aKOHOMEPHOCTb B Tiepuoaax oOparieHus riaHeT Bokpyr ConHia uim B
paauycax ux opourt, Ho 6e3ycnentHo. Ternepb Mbl 3HaeM, uto COTHEYHAsI CUCTEMA C POCTBIMH COOT-
HOIIIEHUSIMUA MEX[y MepuofaMy oOpalieHus IaHeT OKas3bIBaeTcsl HeycTonunBa. Ha s3bike aHTHY-
HOUM aCTPOHOMHUHM MOXHO CKa3aTh, YTO My3blKa cpep COCOOHA 3By4YaTh BEUHO, TOJIBKO €CITH B HE
HET FapMOHUYHBIX CO3BYUMIA, UHAYE OHA HAYHET ObICTPO MeHAThCs. B npeBHelt ncroprn ConHevHOM
CHUCTEMBI, TIO-BUAUMOMY, OBUTH MEPUOIB OPOUTATIBHBIX PE3OHAHCOB MEk/1y TJIAaHETaMU, U OHU OCTa-
BWJIM CBOH CJIEJIbl B €€ COBPEMEHHOM YCTPOWCTBE.

Ils1a"eThl 3¢ MHOI rPyNIIbI

Yersipe BHyTpeHHuUE I1aHeTel ConHeuHou cucteMbl — Mepkypuii, Benepa, 3eminsa u Mapc —
00BEUHSIOTCS B 3eMHYI0 Tpyriy. OHU COCTOAT U3 METAUTMYECKOro Siipa M CUJIMKATHBIX MAaHTUH
Y KOpbl, B OTJIMYME OT IJIAHET-TUraHToB. JIyHa, XOTS U He ABJsAETCA IUIAHETOW, M0 XMMUYECKOMY
COCTaBy Tak:ke OJIM3Ka K IJIaHeTaM 3eMHOM rpymisl (puc. 1.2).

14



M. Huxknrus. «IIponcxoxnenue xnu3HA. OT TYMAaHHOCTH J0 KJIETKH»

Teépaoe BHYTpeHHER
A8po

HMuaokoe BHEWLHeS
anpo

MEPKYPWUH# BEHEPA

KOPA

MAHTHA

A0PO
eﬂnpo?

JNIYHA MAPC

OpnHaKo Mo JIpyrvM TMapamMeTpaM TH TUIAHEThI CUIIBHO Pa3IMJaloTcsl Mexay coooit (tadu. 1.1).
Tak, 3eMJ1s1 IMeeT a30THO-KUCJIOPOIHYIO aTMOchepy YMEPEHHOMH IJIOTHOCTU U OOJIBITIOE KOJTMYECTBO
’KMJIKOU BOJIbI HA TIOBEPXHOCTU. BeHepa MmoKpbiTa CBEpXIJIOTHOM aTMOC(hepoit U3 YIJIeKUCIIOro rasa,
KOTOpasi CO3[AeT CUJIbHEHIINI MapHUKOBBI 3((EKT M MOBBIIIAET TEMIIEpaTypy Ha MOBEPXHOCTU
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rtaneTs 10 460 °C. Boapl Ha Benepe HeT HU B )KUMKOM BUJIE, HU B BUE apoB B aTMocdepe. ATMO-
chepa Mapca Takke COCTOUT B OCHOBHOM U3 YIJIEKUCIIOTO ra3a, Ho ee ToTHOCTh B 5000 pa3 MeHblie
TUIOTHOCTH aTMocepbl Benepbl. Mapc oTiMyaeTcst XOJIOAHBIM KJIMMATOM, U HEOOJIbIIIOe KOJTMYECTBO
BOJIbI, COXpaHUBITIeeCsT HA HEM, HAaXOAUTCS B TBEPIOM BUJIE B MOJISIPHBIX IIANKAX M B TOJIIIIE IPYHTA B
cpenHMX mupoTax. MepKypuil He MMeeT aTMocgepbl BOBCe, TeMIIepaTypa ero NoBepXHOCTH Komeo-
nercs ot —170 Ha HouHoM 10 400 °C Ha THEBHOU cTOpoHE. 3eMiisl 00JIaIaeT TOCTATOYHO CHJIBbHBIM
MarHUTHBIM T10JIeM, MarHuTHBIe 1ot Mapca u Mepkypust nipuvepro B 100 pa3 cnabee u He 3aiu-
0T TH IJIAHETHI OT COTHEYHOTO BeTpa (MOTOKA 3apsKeHHBIX YACTHIl U3 COTHEUHON KOPOHBI), Ha
Benepe maruutHoe nose He 0OHapykeHO. 3eMyst 1 Mapc coBepIaloT OAuH 000POT BOKPYT CBOEH
ocy MpUMEpHO 3a 24 yaca, Torga kak Mepkypuii u Benepa — 3a 59 u 243 cyTOKk COOTBETCTBEHHO.
Bce niianeTsl BpaaloTcs BOKPYT CBOEH OCH IIPOTUB YaCOBOM CTPEJIKH, €ClIi cMOTpeTh ¢ CeBEepHOTO
ToJTI0ca, ¥ ToJIbKo Benepa — 1o 4acoBo# cTpeike.

IL1aHeThI-rUra’lThl

IOnurep sBnsercs kpynHeiei u3 niadet ConHevHo# cucteMsl. Ero macca npeBsbliiaeT mMaccy
BCEX APYTUX IUIAHET, CIyTHUKOB, aCTEPOUAOB M KOMET BMecTe B3AThIX. CpeaHss mioTHocTh FOnu-
Tepa cocTapisieT 1,3 r/cm®, 4o 03HauaeT NpeobaiaHme TerkUX MEMEHTOB — BOAOPOIA U Ie/us — B
cocraBe IulaHeTsl. Buaumas nosepxHocts Onurepa, cyas no HepaBHOMEPHBIM ABUKEHUSAM OT/IEIb-
HBIX YacTeld, sIBJIeTCS IUIOTHBIM CJI0EM O0JIaKOB, a HE MOBEPXHOCTBIO KUAKOCTU WM TBEPAOTO Tea.
Momnoe MarauTHOe nosie KomuTepa codupaet 3apsukeHHbIE YaCTUIIBI COTHEYHOTO BETPa C OOJIBIIOTO
oObeMa, UX MaJIeHNe Ha MOJTI0ca IUIAHETHI BHI3BIBAET MOIIHBIE TIOJISIPHBIE CUSTHHSL.

Cucrema ciytHrKOB FOrmutepa Ob1a MogpoOHO U3yYeHa Mpy MOMOIIM Ha3eMHBIX TEJIECKOIOB,
OpOUTATILHOTO Telleckona «Xa00m», mponeTHeix 30HI0B «[InoHep-10, — 11», «Bosmxkep-1, — 2»,
«¥Ynuce», «Kaccuam», «HoBble TOPU3OHTBI» U OCOOEHHO MOAPOOHO — UCKYCCTBEHHBIM CITYyTHUKOM
Onurepa «["anuneo».

Yersipe kpynHenmmx cnytHuka Omurepa — Mo, Epona, I'anumen n Kammicro — Obuti
oTkpsIThl ['anmuneem B 1610 rogy npu nomoruy nepeoro B Mupe teseckona (puc. 1.3).

Pazmeps! Ko NprumepHO paeHbl pazmepam JlyHsl

Nx muametpsr — ot 3100 km (EBpona) go 5200 km (I'aHmmen), 4ToO CpaBHUMO C pa3Mepamu
Hamew JIyHsl 1 1axe rutadeTsl Mepkypuid. [Teprons! ux odpartenust BOKpyr KOnurepa cocTaBisior ot
1,77 cytok (Mo) mo 16,7 cyrok (Kamnucro). I3mepenust IIIOTHOCTH MOKa3bIBaoT, yTo Mo coctouT u3
CKaJIbHBIX TTopoj, EBporia uMeeT BOTHYIO MaHTHIO 1 JIETHYI0 KOpY 00Iel TouHON okoso 100 kM,
a 'annmen u Kammucro cocrosit n3o apaa Ha 70-80 %. Kpome yeThipex KpYyIHBIX CITyTHUKOB BOKPYT
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IOnuTepa obparmaiores emie yeTsipe Maibix CyTHUKA: MeTtnaa, Anpacres, AManbresi u Teba. Bee
OHU oOparaiTcs BHyTpu opouTsl Mo, ux pazMepsl He mpeBbimanT 250 KM, a IeprojIsl 0OpaIieHus
cocTasAoT oT 7 10 16 yacoB. Emie Onmrtep umeer 59 HeperynsipHbIX CIIyTHUKOB pa3MEpOM B €4-
HUIIBI UK JeCATKYM KIJIOMETPOB, ¢ miepriogamu ooparienus ot 130 no 1077 cyTok.

Bropas no Besmunse rianera ComHeuHon cuctemsl — CatypH. [Toqo6Ho FOmuTepy, ol coctout
MPEUMYILECTBEHHO U3 BOIOPO/IA U TeJIusl, TpUIeM J0Jis1 Bonopoaa OoJblie, yeM B coctaBe lO0mmrepa.
ITnotHOCT, CaTypHa MUHMMAIIBLHA Cpe Beex TianeT COHeUHo# chcTeMBl, Beero okono 0,69 r/cm?,
MO3TOMY €ro Macca Mo4TH BTpoe MeHblIe Macchl FOmuTepa mpy conocTaBUMBIX pa3Mepax.

Puc. 1.4, | THIAKA |

Cucrema cnnytHMKOB CaTypHa CTOJIb € MHOTOYHMCIIEHHA, Kak U cuctema IOnurepa (puc. 1.4).
Kpynuennmii ciytHuk Carypna, Turtal, ceouM auamerpoMm (5150 Km) JMIIb HEMHOIO YCTyIaeT
I'annmeny. Eme yetsipe criytHuka — Tedus, [Juona, Pea u fAner — umetor pasmepst 1000-1500 km,
nBa Omkaimumx K rmianere, Mumac u Duuenan, — 400 u 500 kM, ocTayibHble CIYTHUKH HE TPEBbI-
maioT B AyMHy 260 kM. Beero Bokpyr CarypHa oOparaercst 24 peryiasipHbIX CIyTHUKA U 38 Hepe-
TYJISIPHBIX.
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ey
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, __H?.__)r.

Puc. 1.5. Kapta ceepHoro

No JaHHBIM PafapHbIX CheMc

TuTaH yHUKaJIeH Cpe/i BCeX CITyTHUKOB T€M, UTO OH UMEET IUIOTHYI0 atmocdepy. Kpome Toro,
Turan — enuHCTBEHHOE Kpome 3eMiiH Tesio COIHEYHOM CUCTEMBI C 03€paMHU U PEKaMU Ha TIOBEPXHO-
cru (puc. 1.5). IIpaBna, npu remneparype —170 °C 3T 03epa U peKu COCTOAT U3 KUIKUX YITIEBOIO-
POIOB (MeTaHa M 3TaHa) M TEKYT IO CKaJlaM U3 BOJSHOIO Jibaa. ATMocdepa Tutana cocTouT U3 a3ota c
npumecsio Metasa. [lox neficTBueM yipTpacduonera B BEpXHUX CIIOIX aTMOC(hepbl 00pa3yIoTCs CII0XK-
HbIE YIJIEBOAOPO/Ibl, KOTOPBIE CO3JAI0T KEJTYIO JbIMKY, CKPbIBAIOIILYI0 IOBEPXHOCTh CITyTHHKA.

OcranbHble KpynHble cITyTHUKM CaTypHa COCTOAT U3 BOJAHO-aMMHAYHOIO JIbJa C IPUMECAMU
cuIMKaTHBIX MuHepasioB. [ToBepxHocTh fAnera, [uonsl u Pen nenmmres Ha nepenHee (1o Xomy opou-
TaJILHOTO JBHMIKEHMS) U 3a/IHee MOTyIIapysi, KOTOpbIe Pa3IMyaloTcs IBETOM U peibepoM; MepeHue
nonyuiapus [noHsl U Pen 3ameTHO cBeTsiee 3a/iHUX, a y flnera, HanpoTUB, NepeiHee MoJyIIapue
YEepHOE KaK KOIOTh, a 3a/IHee SPKOE, KaK CBEKHIA CHET.

DHIIesa/] HAXOIUTCS B OpOUTATIBHOM pe3oHaHce 2:1 ¢ Oonee maccuBHOM [uonoii. Couyeranue
OpOMTAILHOTO PEe30HAHCA U MPUJIMBHBIX BO3JeicTBUII CaTypHa NPUBOAUT K Pa3orpeBy HeAp CIyT-
HUKa U POXJCHUIO Tei3epoB: U3 Pa3jiOMOB JibJa B palloHe I0:KHOTo Moioca DHuenaaaa ObloT (poH-
TaHbl BOBI, KOTOPBIE ITPEOJOJIEBAIOT €TI0 TATOTEHUE. 3aMeEP3IINE KPUCTAUIMKHU JIb1A OKa3bIBAIOTCS
Ha opoute Bokpyr CaTypHa n 0Opa3yloT ero camoe BHellIHee paccestHHoe Koiblo (komblo E). Mo
naHHbIM 30H1a «Kaccunu», BeIOpachiBaeMast BOJa COIEPXKUT YITIEKHUCIIBIN Ta3, aMMHUAK, CHHUJIBHYIO
KHCJIOTY U CJIOKHBIE YIJIEBOIOPO/IBI.
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Konpbua CarypHa — camas 3ameTHast yactb ero cucreMsl (puc. 1.6.). Ceiluac kosblia M3BECTHBI
y BCEX UYETHIPEX IUIAHET-TMIAHTOB, HO TOJIBKO Yy CaTypHa OHM IIJIOTHBI M OTPAXAOT MOYTH CTOJIBKO
e CBETa, CKOJILKO cama Iu1aHeTa. Kosblia cocToAT U3 JIEASHBIX YacTULl pa3MEpOM OT MUJUIMMETPOB
10 JIECSATKOB METPOB.

Tonumza kosen He npesblaeT 1 kM. Cuuraercs, 4To KOJbLa BO3HUKJIY IIPU Pacnaie OAHOTO
WJIA HECKOJIBKUX CITyTHHUKOB, 3aTOPMO3MBILIMXCS 3a CYET IIPUIMBHOTO B3auMozaencteus ¢ CarypHoM
u nepecekux npenes Poma. CTpykTypa Kosel NoAJepKUBAeTCs 3a CUeT B3aUMOIEMCTBUA CO CIyT-
Hukamu. Tak, mens Kaccunu, pasnensionias konblia A u B, noaaepxkuBaercss opOUTAIbHBIM Pe30-
HaHcoM 2:1 ¢ MuMacom, BEIOpachBAIOIMM YacTHULIBI U3 3TOH 1ieu. HecKobKo MeIKUX CITyTHUKOB
oOparaTcst BOJIM3M BHELITHEro Kpasi KoJiel U Jlaxe cpeau Kosel: 310 Amiac, [Ipomereit, ITannopa,
ITan, SAnyc u Snumereil. OHM HA3BIBAIOTCS «CITYTHUKAMU-TIACTYXaMU», TaK KaK UX BO3/IEHCTBUE yIep-
’KMBAeT YaCTULIBI KOJEl] OT nepexosa Ha apyrue opoutel. Hanpumep, ATiac noiepxuBaeT 4YeTKuUil
BHELIHUI Kpail Komblia A. SIHyc 1 DnumeTeit IBUKYTCS IO OYeHb OJIM3KUM OpOMTaM, paauyc KOTo-
pbIX paszauuaercs Bcero Ha 50 KM, U IEpUOINYECKH MEHSAIOTCS MECTAMU.

JIBe BHemHue iaHeTsl ConHevHon cucteMbl, Ypad u HentyH, oTHOCATCSA K JIEISIHBIM TMTaH-
taMm. MUx auametp — okoso 50 000 kM (B yeThipe pa3a Oosbliie 3eMJIU M MIOYTH B TP pa3a MEHbIIE
Onutepa), a cpeansis moTHOCTH coctapisieT okono 1,3 (Vpan) u 1,6 (Hentyn) r/cm®. OHH COCTOAT
B OCHOBHOM U3 BOJbl, METAaHA U aMMMAaKa B KHMJIKOM M TBEPAOM COCTOSIHMSAX, a Ha JI0JII0 BOIOPOAA
u renus npuxogurcst Menee 10 %. Atmocdepsl HenTyna u ocoGeHHO YpaHa 3HAUMTEIBHO CIO-
KOIHee, 4YeM armocgepa ra3oBbIX I'MIAHTOB; YCTOMUYMBBIE BUXPU 3aMeTHbI peako. Ochb BpalleHus
VpaHa HakJI0HeHa Ha 97 rpa/lycoB OTHOCUTENBHO IJIOCKOCTU OPOUTHI, IO9TOMY CMEHA BPEMEH roia
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Ha HEM MPOUCXOAUT COBCEM HE TakK, KaKk Ha JIPyrux IUIaHeTax, a MOJca MOIyyaloT B CPeJHEM 3a
rof OoJIbIle TETUIa, YeM SKBaTOpUasibHble paioHbl. YpaH u HenTyH 001aal0T MOIIHBIM MarHUTHBIM
MoJIeM, OJJHAKO B OTJIMYUE OT JPYruX IJIAHET UX MarHUTHBIE TOMIOCA JaJieKW OT reorpapuyuecKux.
MarnuTHast och YpaHa HakJIOHeHa Ha 59 rpajycoB OTHOCUTENILHO Ocu BpatieHusi, Hentyna — na 47
rpagycoB. Ecim MarHMTHOE 1oJie ra30BbIX TMIAHTOB U TUIAHET 36MHOM T'PYMIbl MOPOKAAETCS KOH-
BEKTUBHBIMU IMOTOKAMU B sIJIpe, TO AJIsI JIEISTHBIX TUT'AHTOB MPEJIosiaraéMblii ICTOYHUK MarHUTHOTO
TOJIS — KUJKAsA BOMHO-aMMUAYHAs TTPOCIONKa OJMKe K MOBEPXHOCTH.

Puc. 1./. KpynHenwre cnNyTHWKKM YpaHa. Cnega Hanpaeo. MupaHaa, Apns

N3BectHo 27 cnytHukoB Ypana u 14 cnyrHukoB HentyHna. Ilate cnyTHukoB Ypana —
Mupanna, Apuanb, YMOpuanb, Tutanus 1 O6epoH — JOCTATOYHO BEJIMKH, YTOOBI UMETh (hOopMY I1apa
(puc. 1.7.). Inamerp Mupannsl — 470 kM, yeTsipe ocTaibHbIX JocTuraior pasmepon 1000—1500 kwm,
COCTOSIT M30 JIbJJa M HEOOBIIIOro KaMeHHOTo siapa. Bee oHn, ocodenHo Mupania 1 Apuasb, UMEIOT
CJIe/1bl TEKTOHUYECKOW aKTUBHOCTY M OOHOBJIEHHSI TOBEPXHOCTH. 13 BHYTPEHHHX CITyTHUKOB YpaHa —
Mmesnkue, 10 130 kM, Bpamaonpecs cpeay Kojel YpaHa M UCIBITHIBAIOIINE 3aMETHOE IPUJIMBHOE
TopMmoskeHre. Co BpeMeHeM MX KIyT pacrajl v MpeBpallieHrue B HOBbIE KOJbIIA MO0 CTOJKHOBEHHE
C IUIAHETOMU.
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Puc. 1.8, Tow

B cucreme HentyHa ects oguH KpynHbii criyTHUK — TputoH (puc. 1.8.) quamerpom 2700 km
(HecKOJbKO MeHblI1Ie JIyHBI), CeMb MEJIKMX BHYTPEHHHX CITyTHUKOB, OUeHb OJTM3KHUX K IIJIaHETE, U MTh
yIAJIEHHBIX OT TUTAHEThl MEJIKUX HEepery/IsipHbIX CIyTHUKOB. TpuToH obOparaercsi BoKpyr HenryHa
B 0OpaTHOM HAIpaBJIeHUH, KaK HEPETYJISIPHBIN CITyTHUK, XOTsI €ro OpOHTa MPAKTUIECKU KPyroBasi u
HAKJIOHEHA JIIIb Ha 24 rpayca OTHOCHTENLHO 9KBATOpa IlaHeThl. Ero miotHocts 2,07 r/m? cBuje-
TEJIbCTBYET O OOJIBILION J0JIe KAMEHHBIX TIOPOJ TI0 CPABHEHHMIO C APYTUMHU CITyTHUKaMH YpaHa 1 Hen-
tyHa. CoctaB TpuTOHa M XapaKTep ero OpOUTHI 3aCTABJISIIOT TPEATIONOKUTH, YTO paHbIlie TPUTOH ObLT
CaMOCTOSITEJILHOW KapJIMKOBOM I1aHeTo!, Bpoae IliyToHa, u Obut 3axBaueH Henrynom npu cOnmxe-
HuM. Ha nosepxHoct TprTOHA 3aMETHBI Ciiebl TEKTOHMYECKOW aKTUBHOCTHU M Tei3ephl, U3BEpraio-
e a30T. AKTMBHOCTb 3TUX I'ef3epOB MOAJIEPKUBAET Pa3pekKEHHYI0 a30THYI0 aTMOc(epy, ee AaB-
nenue pumepHo B 50 000 pa3 Huke aaBiaeHus: atMocepsl 3eMu.
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AncHomuA
HUIT2  Kep6ep

L
CTHKe
' . XapoH

Twapa
Spupa MnyToH Makemake

2007 OR,,

3a HenTyHoM HaxoguTcs Tak HasbiBaemblid nosic Koiinepa (puc. 1.9). OH coctout u3 HeOoIb-
KX JIeJsHbIX 00beKTOB. IlepBbiil OTKpbITHI 00BeKT nosica Koinepa, [TnyToH, nonroe Bpems cuu-
Tasics AeBsATou raHeror ComHeuHol cuctembl. Koraa Obu1 yTouneH ero auamertp (2400 km, B moj-
TOpa pa3a MeHblle JIyHbl), 1 OCOOEHHO MOCJe OTKPBITUS JPYrUX MOXOXKHUX 00BEKTOB, [LIyTOH cTan
NIepBbIM B HOBOW KaTeropuu KapiMKOBBHIX IUIaHET. K HUM OTHOCAT OOBEKTHI JOCTATOYHO KPYIIHBIE,
YTOOBI IPUHATD IAPOOOPa3HYI0 (POPMY, HO HEJOCTATOYHO TSKEJIbIe, YTOObl OUMCTUTh OKPECTHOCTU
cBOeil opOuTHl OT Ipyrux Tena. B 3Ty kareropuio kpome IliyToHa nmonaau KpynHEHIIMiA acTepous
Iepepa u Tpu kpynHeIX Tesa nosica Konepa: 9puaa, Makemake u Xaymea.

Tena nosica Koinepa coctoAT B OCHOBHOM U3 BOJSHOI'O, METAHOBOTO ¥ aMMMAYHOT'O JIbJIA.

MHorue U3 HUX UMEIT KOPUYHEBYI WJIM KPAaCHYI0 MOBEPXHOCTb. DTOT LIBET UM IpUIAET
TOJIMH — CJIOKHAsl CMOJIONOAOOHAs] CMECh OPraHMYECKUX BeILECTB, KOTopasi oOpasyercsi noj Aeu-
CTBHMEM paJuallii Ha METAaHOBBIM M aMMuUauHbli Jief. [lnyTon u Dpuna c auamerpom okosio 2400 km
OCTalOTCsl CaMbIMU KPYITHbIMU Tes1amu nosica Koiinepa. Beero ke ux ceituac u3BecTHO 0oJiee ThICAUM.
V¥ mHorux Tten nosica Koiinepa ects CIyTHUKM, MHOTJA JOBOJIBHO KpPYIIHBIE. XapOH, KPYIMHEUIINN
cnyTHUK [1nyToHa, no macce b B 9 pas ycrynaer Inytony.

Op6urtsl Ten nosica Koiinepa pasHooOpa3Hbl. BONBIIMHCTBO U3 HUX («XOJIOHOE HAce/leHue
nosica Koiinepa») uMeloT opOUTHI, OJM3KUE K KPYTOBBIM U MIOUTH B TOM K€ IJIOCKOCTH, YTO OPOUTHI
rianeT. Onu fenaot o0opot Bokpyr Connua 3a 270-310 net. K Hum otHocuTes, Hanpumep, Kasap.
Hpyrue, Takue kak Makemake u Xaymea («ropsiuee HacesleHue» ), pyu TeX ke Mepuoaax ooparieHus
OTJIMYAIOTCS1 OOJIBIIMM HaKJIOHEHHEM opOuThl, 10 30 rpagycos.

[Tnyton Haxoautcs Ommke Kk ConHiy, nepecekaer opouty HenrtyHa, HO oracHbIX COMMKEHUI
HE MPOUCXOAUT, MOTOMY UYTO €ro opOMTa HAaKJIOHEHa Ha 15 rpaaycoB K Iiockoctd opoutsl Hen-
TyHa. U3BecTtHO 6osee 100 06beKTOB ¢ MOX0KUMHU opOuTamu (Hanpumep, OpK) — OHU Ha3bIBAIOTCS
«IUTyTUHO» W JBUXKYTCS B OpOMTaIbHOM pe3oHaHce 2:3 ¢ Hentynom (nmepuon obpamienus — 240
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net). HakoHell, ecTh Tak Ha3biBaeMble 000COOICHHbIE OOBEKTHI, KOTOPhIE HAXOMATCS AAJIbIIie BCETO
ot Conania. K HuM otHOcsiTCS, Hapumep, Dpuaa (epuon odpamenus — 561 rom) u CenHa (ieprion
oOpartenus — okoyo 11 400 ner).
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I'naBa 2
IIpoucxoxaenne CojiHEeUHON CHCTEMbI. JK30IJIAHEThI

IIpoTonianeTHble AUCKHU

dopmupoBaHue 3Be3[1, HAOMIOJAEMOE U B HACTOsIILEe BpPEMs, IIPOUCXOJUT B ra30BO-IbUIEBBIX
obOmakax. Takue o0maka 1mojg coOCTBEHHO! TSUKECTHIO CKMMAIOTCS M pacriafalotcst Ha (pparmeHTsI. [1o
Mepe CKaTusl OTAEIbHBIX (pparMeHTOB HEOOJBILIOE CTyYaiiHOe BpallleH!e, KOTOpPoe MMeJIO 00JIaKo /10
CKATHsl, YCUIIMBAETCS — 10 3aKOHY COXPAaHEHUs1 MOMEHTa UMITYJIbCA €CJIM BpalAIoIIMecs Tesia Mpy-
OMMXKaI0TCA K LEHTPY BpallleHus, TO CKOPOCTh BPAIlEHU s I0JKHA BO3PACTH (TaK (DUTYPUCTHI Ha JIbLY
NPYKMMAIOT PYKH K Telly, YTOOBl YCKOPUTH CBOE BpallieHue). B ciydae razoBoro oonaka B3anMoyieii-
CTBUE BpAILEHUSA U CUJIbl TSKECTH MPUBOAUT K TOMY, 4TO 00JIaKO MpUHKUMaeT opMmy aucka. Bromb
OCH BpAILEHUsI CKaTUe MPOMCXOAUT OECIpPensATCTBEHHO, a B IUIOCKOCTU AWCKA ra3 W IbLIb MOTYT
najgarh K HEHTPY, TOJIBKO MOTEPSB MO KAKOW-IMOO0 MPUYKMHE CKOPOCTh BpallieHus. LienTpanbHoe cry-
IIeHHe CKUMaroierocs oparMeHTa oosaka — poTo3Be3/1a — o0pa3yercs ele 10 TOro, Kak (pparMeHT
COXXMeTCs B TUCK. [ paBUTALIMOHHAS SHEPrys MaJAloIIero B MPOTO3BE3/ly Ia3a pa3orpeBaeT ee, U elle
[0 Hayasja TepMOsIIEPHBIX PEAKLIMil CBETUMOCTb MPOTO3BE3/Ibl MOKET B COTHM pa3 IpPEBBIIIATH €€
OyIyILyI0 CBETUMOCTb B KauecTBe OOBIYHOM 3Be3[bl. [IpuMepHO uepe3 MUJUIMOH JIET ra3 U3 JHCKa
B OCHOBHOM IIOMAJIa€T B 3B€3/ly, U CBETUMOCTb €€ MOJJIePKUBAETCS ykKe TOJIbKO TEPMOSAECPHBIMU
peakuAMU. M3BECTHBIM TPUMEPOM 3BE3/1bl HA 9TOU cTaauu 3Bomonmu asnsgercsa T Tensua. OcraTok
AMCKa, umerouii Maccy nopsaka 10 mace FOnurepa, nocreneHHo odpasyer miaHeTsl (puc. 2.1).

2 Bonblas yacth uH(pOpMaLK B 3TOHM IIaBe B3siTa M3 AByX 0030poB: Montmerle, Augereau, Chaussidon, Gounelle, Marty,
Morbidelli, 2006. Earth, Moon and Planets 98, doi: 10.1007/s11038-006-9087-5; Crida, 2009, http://arxiv.org/abs/0903.3008.
Jpyrue NCTOYHMKY yKa3aHbl B TEKCTE.
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Puc. 2.1. [NpoTonnaHeTHbIWM AWMCK B TyMaHHOCTKM OpuoHa. CHUMOK
KOCMUYECKOro Teneckona «Xabbn»

JpeBHENIINI N3BECTHBIM TBEPAbI MaTepHaJl, MONABIIUK B PYKU YUYEHBIX, — TaK Ha3bIBa€MbIe
JOCOJIHEUHblE 3epHa (presolar grains). 9T YacTULBl MUKPOHHBIX pa3MepOB, HAaWJEHHBIE BHYTpU
METEOPUTOB, COCTOAT U3 TYTOIUIABKMX MHUHEPAJIOB — KapOua KpeMHUs, aiMa3a, OKCUIOB aJIIOMU-
HUS ¥ TUTaHA, OJIMBUHA U NIMPOKceHa. JJocoHeyHble 3epHa OTIIMYAIOTCS 110 U30TOITHOMY COCTaBY OT
octasibHOTO BemiecTBa CollHeuHOU cuctemMbl. Hampumep, OHM 4acTo CHJTBHO OOOTAIlleHbl TSKEIbIM

m3oTonoM Kanbiust +*Ca. drot nzoron MOJTy4YaeTcsl U3 PaJUOAKTUBHOIO THUTAaHA i ¢ MIEPUOIOM
nonypacnaga 60 Jier, KOTOphId, B CBOI0 OYepe/ib, BO3HUKAET B OOJIBIINX KOJUYECTBAX MPU BCIbIII-
Kax cBepxHOBbIX. CJieIoBaTesIbHO, JOCOMHEYHbIE 3¢pHa 0Opa30BAIMCh B KOHIIE JKU3HU Pa3IMYHbIX
3Be3]1 B Ipoliecce cOpoca uX 000JI0YeK — KaK TUXOTO (3BE3/IHBIN BETEP), TAK U B3PHIBHOTO (BCIIBIIIKH
CBEPXHOBBIX ).

Cawmble npeBHue TBepable Tena COTHEYHOU CHCTeMbl, KabIU-aTIOMUHUEBbIE BKIIOUEHMS,
TOXE BXOIAT B COCTAaB METEOPUTOB, HO OHU KpYITHee, 10 MUJUTUMETPa B pa3Mepe, U B UX COCTaBe
€CTb U MEeHee TYTOIUIaBK1e MaTepuaibl. Bo3pacT Beex Kasbluil-aIOMUHUEBBIX BKIIIOYEHUH, OTpe/ie-
JIEHHBIN C BHICOKOW TOYHOCTBIO YPaH-CBUHIIOBBIM METO/IOM, OIMHAKOB U COCTaBsieT 4568 MIIH JieT.
MomeHT 0O0pa3oBaHUsI KaJIbIIUA-aTIOMUHUEBBIX BKJIIOUCHUI TIPUHAMAETCS 32 TOUKY OTCUETa CYIIle-
crBoBanusi CoJTHeYHOM cucteMsbl (Taoi. 2.1).
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KaﬂbHHﬁ—aﬂIOMHHHCBLIG BKJIIOYCHU A TOKE HECYT B ceOe U30TOMHbBIE CJIEAbI BCIIBIICK CBEPXHO-

BBIX B BHJIE M30BITKA 26Mg u ®ONi — MPOAYKTOB pacnaga paaruoOHYKIUIO0B 26A1 1 ®Fe ¢ NepUOAAMU
noypacraga 730 000 jret u 2,6 MuTH JieT cooTBeTcTBeHHO. ClietoBatesibHO, 00pa3oBanue CoTHEYHOM
CHCTEMBI POU3O0IILIIO BCKOPE MOCIIE BCIIBIIIKY CBEPXHOBOM B 3TOM pailoHe KocMoca. YapHas BOJIHA
OT BCIIBIIIIKMA CBEPXHOBOM MOIJIA CTaTh TOMYKOM, 3aITyCTUBIINM CKaThe O0JIaKa.

[Toka He oueHb MOHSTHO, KAK COOTHOCUTCS U30TOIHASI XPOHOJIOTUs TBepAbIX Tesl ColnHeuHOn
cuctembl ¥ Bo3pact ConHia. Hanbosee BeposiTHO, UTO KaJbIMA-aTIOMIUHUEBbIE BKIIIOYEHUST CKOH-
JEHCUPOBAJIHCH, Koraa [IpoTocomHIle BHICBETHIIO OOJBINYIO YacTh IPABUTAIIMOHHON SHEPIHU U TEM-
neparypa BHyTpeHHHUX Jacteid qucka ynasa Hoke 1500 °C. DToT MOMEHT HaCTYMIJT PUMEPHO Yepes
200 000-300 000 ner moce Hayama odpazoBanust CosHIIA.

CrnenyrommMm nokosieHreM TBepabix Tesl COTHEYHON CUCTEMbI CTalId XOHAPBL. DTO CUIIMKAT-
Hbl€ IIAPUKHU Pa3MEPOM JI0 HECKOJbKMX MUJUIMMETPOB, COCTABJISAIONIME OCHOBHYIO YacTh MaTepH-
aJla cCaMbIX OOBIYHBIX METEOPUTOB — XOHJPUTOB. XOHIPHI COCTOSIT U3 TAKUX MUHEPAJIOB, KaK OJIH-
BuH (MgFeSiOy), mupokcen (Mg, Fe, Ca) Si;Og), nonesont mmar ((K, Na) AlSi3Og), a takxe
UMeEIOT puMecH (pocaToB Kaiblys, Cylbpuia xkene3a, CaMOPOAHBIX Kkene3a U HuKels. CTpyKkTypa
XOHJIP YKa3bIBaeT Ha MX 00pa3oBaHUe MPH ObICTPOM (He Oojlee MUHYTHI) HarpPEeBaHUU JI0 TIPUMEPHO
1000 °C u TakoM ke OBICTPOM OXJIaKAeHUH. UTO MOTIIO OBITh PMUNHOM TAKOTO KPATKOBPEMEHHOTO
HarpeBa — HENOHATHO. PaccMaTpuBaloTcs Bepcur KOPOTKMX BCTIbIIIEK Mosoforo CosHia, CTOJKHO-
BEHHI METEOPUTOB U YIAPHBIX BOJIH B MMPOTOIJIAHETHOM JIMCKE. DIoxa 00pa30BaHUs XOHAP HAYAIIACH
C MOMEHTA MMOSIBJIEHU S KaJIbLIMA-aTIOMUHUEBBIX BKJIIOYEHUI U MTPOIOJIKAIACh IPUMEPHO 2 MJIH JIET.
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MeTteopuTtsl 110 MUHEPATIbHOMY COCTaBY AEJISTCS HA TPU OCHOBHBIX KJIACCA — JKeJIe3HbIE, KaMeH-
HBIC aXOHAPUTHI M KAMEHHbIe XOHAPUTHI (prC. 2.2). XOHAPUTH HANOO0JIee MHOTOUUCIICHHBI U COCTOSIT
13 XOH/P, HEOOBINON JOMM KaJIbIIUHA-ATIOMUHUCBBIX BKJIIOUSHWA W MEJTKO3EPHUCTOIO MAaTPHUKCA,
COEUHSIONIEr0 KPYIHbIe 3epHa. B cocTaB MaTpukca 4acTo BXOAST BOJA M OPraHUYECKUe COeuHe-
HUsl. B HEKOTOpbIX XOHApUTaX 107151 opranuku gocrturaet 30 %. JKesne3Hble METEOPUTHI U KAMEHHbIE
aXOH/IPUTHI OOJIee OHOPOIHBI U UMEIOT CJie/ibl TIONMHOTO pacruiaBieHns. Ckopee Bcero, ejie3Hbie
METEOPUTHl U KaMeHHbIC aXOHJIPUTHI SIBJISIOTCS OCKOJIKAMU KPYIHBIX, qramerpoM Oosee 100 kM,
actepousioB, auddepeHInpoBaBIIMXCS Ha KeJe3HOe SIIPO UM CHJIMKATHYI0 MAHTHUIO, & XOHJPUTHI
HUKOI/Ia HE BXOAWIM B COCTaB KPYITHBIX TEJI U COXPAHSIOT JpeBHeuIre MuHepayisl COHEUHOM
CUCTEMBbl B HEM3MEHHOM Bujie. JKene3Hble METeOPUThl U KaMEHHbIe aXOHAPUTH B cpelHeM Ha |-
2 MJIH JIET MOJIOKE XOH/PUTOB, HO CaMble JIPEBHUE U3 HUX — POBECHUKH JIPEBHEUIIIUX XOHAPUTOB U
KaJIBLIAI-aJTIOMAHUEBLIX BKJIIOUEHU.

A

A — KaMeHHBIM XOHADK

pay g

Puc. 2.2. Cnunel MeTecpu

— W=

I B — kameHHBIA

T
=
"

OoOpa3zoBaHue mIaHeTe3nMaJeil

Pazmep nepBbix TBepAbIX yacTuil COTHEUHOM CUCTEMBbI, KaJIbIIUNA-ATIOMUHUEBBIX BKJIIOUEHUHN 1
XOH/Ip He mpeBbiai 1 cM. [Ijis Toro 4To6sl 00pa30BaIUCh ACTEPOUIBI U TUIAHETHI, MEJIKHE YaCTHUIIbI
JOJKHBI OBUTH CTAIKMBATHCS MEXK Ly cOOOH U crumnathbes. st gactur pasmepom 10 10 cM OCHOBHYIO
POJIb B CIMIAHUM UTPAIOT JIEKTPOCTATHYECKHE B3aMMOIEHCTBUA. Tea KIJIOMETPOBBIX pa3MepoB
(MIaHeTe3uMan) yaepKUBaOTCSI BMeCTe CBoel rpaButanueii. [lonroe BpeMs ObUIO HEOOBSICHUMO,
KaK MOIJI 00pa30BaThCsl KWIOMETPOBBIE TeJa, OTOMY YTO B pa3MEPHOM KJIAcCe METPOB-IECATKOB
METPOB CTOJIKHOBEHHS TI0 BCEM MOJEJISM JIOJDKHBI IIPUBOIUTH K PA3PYIICHUIO TeJ, & HE K X POCTY.
TouHee, METPOBBIE TeJIa MOTYT YBEJIMUMBATHCS 3d CUET CTOJIKHOBEHHMS C MEJIKOM TBUIBIO, HO MOJIe-
JIMPOBAHUE TIOKA3bIBAET, YTO POCT 32 CYET IMbUIA OTCTAET OT Pa3pyIlIeHHUs 32 CYET CTOIKHOBEHUIA
MEX/1y TeJlaMU CPaBHUMBIX pa3MepoB. [IpyrumM ciabbiM MecTOM HeOyJIsIpHOW TeOpUH 0Opa30BaHUS
ComnHeuHOH crcTeMbl ObUIO B3aUMOJEHCTBHIE TBLIH C Ta30M. ['a3 B MPOTOIUIAHETHOM JIVICKE JBUKETCS
M0 OKPYKHOCTH CO CKOPOCTBIO MEHbIIIe OPOUTAJIBHOM, TaK KaK €ro JOTOMHUTEIbHO MOAJePKIUBACT
JaBJieHre HIDKENeKAlUX CloeB ra3a. [IbUIMHKa B TaKMX YCJIOBHSIX JOJDKHA TOPMO3HUTHLCS B rasze W
nagars Ha COJHIIE B TeUeHHUE HECKOJIBKUX THICSY JIET.

O6e 3Tux mpoOJIeMsl PelaTCs, eClI ra3oBasi 4acTh MPOTOIUIAHETHOTO AMCKa Obuta TypOy-
JIEHTHA ¥ B HEeW KPYTHJIOCh MHOXECTBO YCTOMYMBBIX BUXpei. B 3TOM cilyyae MbUIMHKM MaJaloT He
Ha ConHIile, a K HeHTpy Ommkaiiero BUXpsl. B LeHTpe BUXpPs. CKOPOCTH CTOJIKHOBEHHMSI TMBITMHOK
CUJIbHO YMEHBIIIAIOTCS, & UX IJIOTHOCTh BO3PACTAET, YTO MO3BOJISIET METPOBBIM YaCTHIIAM CIIUMATHCS
B KujioMeTpoBble. OOpa3oBaHue IJTaHEeTe3MMaId B BUXpe 3aHumaeT He Oonee 10 000 yiet, HO Kak
JOJITO MOT TPOJIOJIKATHCS TIEPUOJ] MACCOBOTO POKJIEHUsI IJTaHeTe3NMaliel, He oyeHb sicHo. [o pas-
HBIM OLleHKaM, oH Mor coctasiaTs ot 100 go 500 000 ner.
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[Nocne Toro Kak 3HaYMTENbHAS YaCTh MbLUIM cOOpasiach B TUIAHETE3UMAJIHM, HAYMHAETCS POCT
IJIAHETHBIX 3apOJIBbILIEH, B KOTOPOM OCHOBHYIO POJIb UTPAIOT UX I'PAaBUTALIIOHHBIE B3aUMOJICHCTBUS.
Bonee kpynHbie Tena pactyT ObicTpee. Korna mosiBistioTcsi epBble TUIAHETHBIE 3apOJIBIIIN pa3Me-
pom 10 1000 KM, X TpaBUTAIIMOHHOE BO3/ICHCTBUE UCKAXKAET OPOUTHI MEJIKHX TUIAHETE3UMAJICH, UTO
TMIOBBIIIIAET CKOPOCTh UX CTOJIKHOBEHUH. B 9THX yCIOBUSX MeJKHe TIaHEeTe3UMAITH YKe HE MOTYT 00b-
eUHATHCS IPYT C JAPYTOM, @ MOTYT TOJIBKO MPUCOSTUHATHCS K O0Jiee KPYITHBIM. DTOT MepHo[, Hasbl-
BaeTCs «CTaANeN OIMrapXxuueckoro pocra». B Teuenue 1-2 MITH J1eT olMrapxuueckuil pocT NpuBOJUT
K 00beTMHEHHIO OOJIBIIIEH YacTH TBEPIOTo BEIIECTBA B palloHe ITaHEeT 3eMHOM TPYIIIBI M TT0sica acTe-
POUI0B MPUMEPHO B COTHIO IJIAHETHBIX 3apoapiieit pasmepoM 3000—-6000 kM 1 Maccoi, cocTaBis-
tomeir 1-10 % maccol 3emun (B mpoMekyTKe Mexay Maccamu JIyHbl 1 Mapca). HeGonbIast yactb
TUIaHeTe3UMAaJIe COXPaHWIIACh O HAIIMX JHEeW KaK acTepOU/IBI.

OoOpa3oBaHue IJIAHET-TUTAHTOB

[TnaneTbl-ruranTel 0Opa3oBaiuch Aanbie oT CoNHLA, 3a «JIMHUEH JbAa», IIe KOHAEHCalUs
BO/IbI B JIe/IsTHbIE MBIMHKY PE3KO YBEJIMYMIIA MacCy MaTeprasia, JOCTYITHOTO 1J1sl HOCTPOEHU I IUIAHeT.
Macca FOmrepa B 314 pa3 6onbine macesl 3emin, CarypHa — B 94, Ypana — B 14 u Hentyna — B
17 pa3. IOnurep u CarypH cOCTOAT B OCHOBHOM M3 BOAOPOJA U I'eJvs, Ha JOMIO TSKENIBIX JIEMEHTOB
IIPUXOJUTCS, TIO0 pa3HbIM oleHKaM, 15-30 macc 3emum B cocraBe FOmurepa u 10-20 — Carypha.
Vpan u HenTyH ciio:xeHbl B OCHOBHOM BOJIOM, METAaHOM M aMMHAKOM, J10J1s1 BOJOPO/A U Ie/lvsl B HUX
COCTaBJISIET NIOPSIKA OOJHOM MacChl 3€MJIM.

3apofpllK IUIAHET-TUTAaHTOB 00PA30BAJIUCh TaK ke, KaK M 3apOJbIILIN TUIAHET 36MHOU T'PYIIbI,
HO Onaroziapsi IOCTYITHOCTH JIb[a MX Macca ObUta HaMHOTo Oosblie, nopsiaka 10 macc 3emumn. Tlocie
3TOr0 OHM HAa4YaJIM HAaKaIUIMBaTh a3 MMPOTOIUIAHETHOTO AUCKA, U MO JOCTHKEHUH TPUMEPHO 25 Macc
3eMJIH MOIJIoIIEHME ra3a CTaJlo JJABUHOOOPa3HO HapacTath. bosbinas yacTs raza Obuta HaOpana Omm-
tepom u CarypHoMm B Teuerue Bcero 10 000 ser. HauanbHble craguy pocTa, OOHAKO, JOJDKHBI ObLIN
3aHATh OT 3 10 10 MJIH JIeT, MHave rpaBUTaloHHOe BiMsHUe FOnuTepa momenano 661 00pa3oBaHU0
TUIAHETHBIX 3apofpllieil Bo BHyTpeHHHX oOnactsax ConHeuHol cucteMsl. YpaH u HentyH, ckopee
BCET0, POCIIH eIlie JIONbIIe U He YCTIe HabpaTh JOCTATOYHO OOJIBIIYI0O MacCy K MOMEHTY paccesiHus
MPOTOILIAHETHOTO JTUCKA.

OoOpa3oBaHue MJIAHET 3€MHOM IPyNIibI

[Tocne Toro kak Bo BHyTpeHHel yacTi CoHeuHoM cucteMbl octaercs: okojo 100 riaHeTHbIX
3apoJbIIIIei, X JaTbHEHIINNA POCT 3aMeJISIETCS], TAK KaK U3-3a UX MAJIOTO YUC/Ia BEPOSTHOCTh CTOJTK-
HOBEHUI CUJIbHO CHIXKaeTcsl. [locTerneHHo B3auMHOe MPUTSDKEHUE 3apObIIIel UCKaXaeT X OpOUTHI,
Y CTOJIKHOBEHHMSI BCe ke Tpoucxonsat. HecMoTpsi Ha GoJbIie CKOPOCTH CTOJIKHOBEHHM S, TTPEBBIIIAIO-
mue 10 km/c, 3apoapiim 00beAUHSIOTCS Onaronapsi rpaBuTaliiy. Bo BceX YMCIEHHBIX MOJIEIISIX TOTO
niporiecca B TedueHre 50—100 MJTH JieT U3 3apojibliiei 00pa3yloTcsi OT TPeX JIO MATH TUIAHET C pa3Me-
pamu ot Mapca 10 3eMiI ¥ yCTOMYMBBIMU OPOUTAMU.

B paiioHe mosica acTepouioB MCXOIHO HAXOAATCS TUIAHETHBIE 3apOABIIIM OOIIeH Maccou /10
ABYX Macc 3eMJd, OAHAKO (POPMHUPOBAHUS TUIAHET U3 HUX HE TIPOUCXOOUT U3-3a BiusiHus lO0mumrepa.
Te 3apoppliy, KOTOphe OKa3aJIMCh C HUM B OPOMTAJIBHOM pE30HAHCEe, OBICTPO MEePEeXOoisiT Ha BCe
OoJiee BHITSHYThIE JUTUNTUYECKHE OPOUTHI 1 JTMOO Bpe3atoTcsi B (hOpMUpPYIOIIMeCs BHYTPEHHHE T11a-
HETHI, MO0 npoxonat BOmu3u Onurepa u BHIOPackIBAIOTCS €r0 TATOTEHUEM 3a npesesbl ConHeuHO
cuctembl. [T0oCKOTBbKY OpOUTHI 3apOMBIIIIEH IOCTOSHHO MEHSIIOTCS M3-32 B3aUMOJICHCTBHSI APYT C JIpY-
rom, B pe3oHaHce ¢ IOnutepoM paHo WM MO3AHO OKa3bIBaeTCsl OONBIIMHCTBO U3 HUX. Kpome Toro,
13-32 BBITSHYTON (hOPMBI OPOUT CTOJTKHOBEHH S TUTAHETHBIX 3aPOJIBIIIEeH B 3TOM PaliOHE MPOUCXOMIST
Ha OYeHb OOJBIIUX CKOPOCTSIX, U 00pa3yeTcsi MHOTO MeJKUX 001oMKoB. B utore 3a 100 MitH siet B
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paiioHe Tosica aCTePOUIOB OCTaeTCst OKOJO 1 % MCXOMHOW Macchl B BUjIe HEOOBIIMX TEJT Ha JUTUII-
THUYECKUX op61/1Tax, 3aMETHO HAKJIOHEHHBIX K IIJIOCKOCTH SKJIUIITUKU.

IIpoucxoxaenue Jlynol u cnyrHukoB Mapca

Teopus npoucxoxaenust JIyHbl 10KHA OOBSCHITH HECKOJIBKO KITIOUEBBIX (pakToB. Bo-1iepBbIX,
cucreMa 3emJist — JlyHa o6aiaet GOJIBIIIM MOMEHTOM UMITYJIbCa, M3 KOTOPOTO OCHOBHASI YacTh IPH-
XOAUTCS Ha opouTasibHoe JBrkeHue JIyHsl. Bo-BTOpBIX, mopoab! JIyHBI 10 XMMHUYECKOMY COCTaBY
MIOXOKM Ha 3eMHYI0O MaHTHIO, HO B HUX IPAKTUYECKH HET BOJBI, a30Ta, MHEPTHBIX Ia30B U JPYrUX
neryunx Bemects. CogepxaHue YMEPEHHO JIETYYHX JIEMEHTOB, TaKMX KaK Cepa, XJIOp, HAaTpUH U
CBMHEL (OHM NEPEXOAAT U3 MUHEPaIoB B ra3 npu temneparypax 500-700 °C), B nopogax JlyHs! B
HECKOJIBKO pa3 HUXe IO cpaBHEHUIO ¢ 3emien. JKenesHoe Aapo JIyHel O4eHb MaJlo U COCTaBIISIET
okoisio 1 % ee macchl (Ha siapo 3emiu npuxoautcs 6onee 30 % maccel TUIaHeThl). B-TpeTbux, n3o-
TOITHBIM COCTaB BCEX JIEMEHTOB B JIYHHOM I'DYHTE TOYHO TAKOH XK€, KaKk Ha 3emile. ITO OYE€Hb BaXKHO,
IIOTOMY 4TO 10 COOTHOLIEHUIM MU30TOIOB KMCJIOPOJa, KpEMHMA 1 TUTaHa 3eMiiss, Mapc u Bce cemen-
CTBA METEOPUTOB YETKO OTIIMYAIOTCSA IpYT OT Apyra. MiHaue roBops, cy/si 0 U30TOIHOMY U XMMUYe-
CKOMY COCTaBY, 10Xoxe, 4To JIyHa — 370 BbIpBaHHBII KYCOK 36MHOI MaHTUU C HEOOJIBIION PUMECHIO
XKeJie3a, KOTOPBI NOcsie OTAEIeHH s ObLT IOTHOCTBIO PACTIIABJIEH M JIMIIUIICS BCEX JIETYUYMX BELIECTB.

K cepemnae XX Beka, moka coctaB JIyHbl He ObLT M3BECTEH, B ACTPOHOMHUH KOHKYPHPOBAIIH
TPU I'UIOTE3bl ee poucxoxkaeHus. I1o oqnoit u3 Hux JlyHa korga-To Oblla CAMOCTOSITENIBHOW Kapiiu-
KOBOH I1aHeToM, 3axBaueHHOM 3emuieid. [1o apyroit ona oOpa3oBasach OTHOBpPEMEHHO ¢ 3eMuleil pu
pocTe MocyeHel B LIEHTpe BUXPsS B a30BO-MbUIEBOM AUCKE (3Ta IMIOTe3a ceivac MOATBEPKAeHA
U151 CITy THUKOB TIJTaHET-TUTaHTOB). [1o TpeThbeli IIeHTpoOeskHas cujla Ha OBICTPO Bpallalonieiicst MoJo-
1o 3emiie NpUBeJIa K OTPbIBY (pparMeHTa 3eMHOM KOPbl U MAHTHU Y BBIXOAY €0 Ha OKOJIO3EMHYIO
opoury.

Kak TopK0 Ha KOpaOIIsiIX «ATOJIOH» M COBETCKMX aBTOMaTHUECKUX 30HAaX «JIyHa» Ha 3eMitio
ObLIM JIOCTaBJIEHbl 0Opas3Libl JIYHHOTO IPYHTa, €r0 aHaIN3 MOKa3all, YTo 3aXBaT OTAEIBHO C(hOpMHU-
poBaHHOM JIyHBI MCKJIIOUAETCA U3-3a €€ TOYHOI'O COBMAAEHUA ¢ 3eMJIeH 10 U30TOITHOMY COCTaBY.
Poct JlyHbl B ra30BO-IIBIIEBOM BUXPE BMECTE ¢ 3eMJIEM TOXKE MCKIIIOYAETCA, IIOTOMY 4TO IO rag-
HUH-BOJI(PpAaMOBBIM U30TOIHBIM YacaM OHa chopmupoBaiach yepe3 S0 MiH Jiet ot Havasta ConHeu-
HOI CHCTEeMBI, KOT/1a ra3 1aBHO paccesiicsi. OTpbIB (pparmMeHTa 3emMit u3-3a ObICTPOTO BpallleH!s He
OOBSICHSIET MOJTHOE paciiiaBieHue JIyHsl 1 TpeOyeT HepeaTuCTUYHO BHICOKOW CKOPOCTH BPAILEHHS —
OKOJIO JBYX 4yacoB Ha 000poT. ITo coBpemeHHBIM IpefcTaBieHusM, JIyHa nosiBuIach B pe3ysbTaTe
MacIITabHOTO CTOJIKHOBEHMsI 3eMJIM C PYroil MPOTOIUIAHETON M3 BHIOPOIIEHHBIX HA OKOJIO3EMHYIO
OpOWTY pacIIaBIeHHBIX OOJIOMKOB.

Kak onmcano Bble, oOpa3oBaHUe IUIAHET 3eMHOW IPYIITH BKJIIOYATIO HECKOJBKO JECSTKOB
KPYIHBIX CTOJIKHOBEHMI. MHOTIHe U3 HUX MPOXOIMIM MO KacaTeJbHOM, YTO MPUBOAMIIO K BBIOpOCY
B KOCMOC 00JIbII0N Macchl 0010MKOB. CornacHO M30TONHBIM yacaMm, JIyHa Ha 50 MJIH JIeT MOJIoxe
CoHEYHO! CUCTEMBI, T. €. y/ap, MOPOAMBIIMI ee, ObLT OAHUM U3 TIOCIIEAHUX B UCTOPUH (POPMHPO-
BaHUA 3eMJIM.

YucneHHoe MOJEIMPOBaHUE yaapa, IpuBoasero k oopazosanuio Jlynst (Canup, Asphaug,
2001), mokasaso, 4To Macca CTOJIKHYBIIErocs Tejla (OHO TMOMy4nsIo Ha3BaHue Teiis1) MoymKHa OBbITh
npuMepHO paBHa Macce Mapca (B 10 pa3 Mensiie maccsl 3eMin); yroi yaapa — ot 30 no 50 rpagycos
B 3aBUCHMOCTHU OT IPEAIIECTBYIOIIEro BpalieHus: 3eMJi; BhIOPOLIEHHBI B KOCMOC MaTepual Ipo-
WCXOIUT B OCHOBHOM M3 MaHTUM 3emud U Telu, 4To COOTBETCTBYET MAJIOMy COICPKaHUIO Keye3a
B JlyHe. DHeprus ymapa pa3orpeBaeT 3eMIII0 HACTOJIBKO, YTO BCA €€ IOBEPXHOCTb NPEICTABIISAET
coOO¥ OKeaH Marmbl, OKyTaHHBIW TUIOTHOW M MPOTSDKEHHOW aTMocdepor cHIMKaTHbIX mapoB, CO;
Y BOJAHOrO Iapa. biarogaps ston atMmocgepe U30TONHbIA cocTaB 3eMIM U JIyHbl BRIpaBHUBAETCA.
OO0JIOMKH Ha OKOJIO3eMHOI opOuTe codupaiotcsi B JIyHy B TeueHHE BCEro HECKOJIBKHX JIET, Hayaslb-
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Hasi BeicOTa ee opOuThI coctarisieT 25 000-30 000 kM (mpumepHO B 15 pa3 MeHbIIle COBPEMEHHOM ).
Uepes 1-2 MJIH J1€T TOBEPXHOCTh 3€MJIN OXJIAXKJAETCS JOCTATOUHO 151 MOSIBJIEHUS] IEPBBIX TBEPIBIX
MOPOJ1 36MHOU KOPBI.

Cnytauku Mapca — ®oboc u [leiiMoc — 0ueHb MaJibl M paHee CUMTAINCh 3aXBaYeHHBIMU acTe-
pounamu. OHaKo psiMoe n3MepeHne Maccbl PoOoca 1o BIUSHHIO Ha OpOUTH KOCMUYECKUX 30H/I0B
TIOKA3aJ10, YTO ero MmioTHocTh (1,8 r/cm’) HeoOsyHO Mana 11s actepounos. 10 JTaHHBIM CTIEKTpPAITb-
HOT'O aHaJM3a, MoBepxHOCTh Poboca cliokeHa (PUIIOCUITUKATAMU — PHIXJIBIMU CJIOMCTHIMU MHUHEpa-
JlamM#, OOBIYHBIMU Ha MMOBEPXHOCTH Mapca. DTu JaHHbIe 03HavYaloT, 4To PoO0C CIOKEH MaTepraIamMH,
BBIOPOIIIEHHBIMHU ¢ Mapca 1pH yaapax METeOpUTOB, U B OTIM4Me OT JIyHbI €ro MOBepXHOCTh HUKO-
raa He ObUIa TOJHOCTBIO paciuiaBieHa. Bospact ®obdoca moka HEM3BECTEH, HE UCKIIIOUEHO, YTO OH
HaKaruBaJ BeiOpacbiBaeMble ¢ Mapca 00JIOMKYM Ha MPOTSHKEHUN MUJLTUAPIIOB JIeT.

Apogwonusa cucreMbl 3emis — Jlyna

Pammyc snyHHOW OpOWTHI yBENMUYMBASTCS M3-32 TNPHJIMBHOTO B3aMMOJEWCTBHS C 3emiiel.
MowmenT nmnyiasca 3emin nepeaaercs Jlyne, npu stom JlyHa otonsuraercs ot 3eMid, a BpalleHUe
3emim 3ameiserca. YacTb sHEpruy BpallleHUs MPU 3TOM paccenBaercs B Temo. CKopocTh nepe-
Jauu BpaeHus JlyHe CMIIBHO 3aBUCHUT OT NPUJIMBHOTO TPEHUS — MEPBI COIPOTUBJIEHUS 3EMIIN ITPU-
JIMBHBIM JBMKEHHUSM OKeaHa U MaHTHU.

CoBpeMeHHbIE U3MEPEHN ITPU TTOMOLIM JIA3EPHBIX JaJIbHOMEPOB NIOKa3aJIu, 4To JIyHa otnans-
eTcs OT 3eMJIM CO CKOPOCTBIO OKOJIO 3,5 ¢M B rofl. PaccuntaHHOe U3 3THUX JaHHBIX IPUIMBHOE TPEHKE
OKa3bIBaeTCsl JJOBOJILHO OOJIBIINM, U MOJTyYaeTcs, 4To Bo3pacT JIyHbl He MokeT npeBblath 1,5 Mipa
JIET, YTO MPOTUBOPEYUT N30TOITHBIM JIATHPOBKAM U JPYTMM JaHHBIM. B pacnopsikeHnu yueHbIX ecTh
TaKKe JaHHBIE O CKOPOCTH BpallleHHs1 3eMJM 3a nocaegaue 600 MIIH JIET, OJIyYEHHBIE ITyTEM U3yYe-
HUS CYTOYHBIX M TOIOBBIX KOJIEL] TPUPOCTa MCKOMAEMbIX KOPAJIJIOB, a TAKKE MOJCYETA CJIOEB PUTMHU-
TOB — OTJIOKEHUHM MOPCKHUX OCAJIKOB, OCTaBJIEHHBIX ITPUIMBHO-OTIIMBHBIMU TEYEHUSAMU. DTU JaHHbIE
MIOKa3bIBAIOT, YTO TEMIIBI 3aMe/IJIEHHS BpallleH!s1 3eMJIM K0J1e0aIuch, OTJIMYASACh B HECKOJIBKO pa3 B
pasHble snoxu. KoneGanus cBs3aHbl ¢ U3MEHEHHEM PAaCIIONOKEHUSI MAaTEPUKOB U OKEaHOB. Melko-
BOJHBIE MOPsI TOPMO3AIT IPWJIMBHYIO BOJIHY CHJIbHEE, YeM ITyOoKHe okeaHbl. COBpEMEHHOE pacrioso-
JKEHHE MaTEPUKOB, NIEPEK PHIBAIOIIMX SKBATOP B TPEX MECTaX, TOPMO3UT MPUIUBHYIO BOJIHY IOpas/io
Ooblie, yeM ObLI0, HaIpUMeEp, B NajeoreHe — ¢ okeaHoM Tetuc mexay EBpasueit u Adpuxoit u 6e3
[Tanamckoro neperenka.

Camas nonHas 1ociaeaoBaTeIbHOCTh PUTMHUTOB, OTIaraBlasacs B TeueHue 60 JIeT B MO3HEM
nporepo3oe (620 MuIH JIeT Ha3aj), u3BecTHa U3 popmauuy PeliHenna m DmatnHa B ABCTpaiuu
(Williams, 2000). OHa nokasbIBaeT, 4To B Ty 3MOXY IPOJOJIKUTENBHOCTh CYTOK cocTasisia 21,8
Jaca, a painyc JIyHHO! opOuTHI ObUT Ha 6 % MeHbllle coBpeMeHHOro. 1151 Gonee ApeBHUX MOX TaKHe
OTJIOKEHUS, K COKAJICHUIO, HEU3BECTHBI.

Hponcxomneﬂne CIIYTHUKOB IIAHECT-TUT'AHTOB

IOnmrep, CatypH u YpaH 00:1a1a10T CHCTEMON U3 HECKOJIBKUX PErYJISPHBIX CITyTHUKOB, 00pa-
IIAIOIIMXCS B TUIOCKOCTH 9KBaTopa miaHeTsl. Y lOnmrepa u Ypana ecth 1Mo YeThipe KPYITHbBIX CITyT-
HHKa MTPUMEPHO paBHOM Macchl, a y CarypHa — oguH Oonbinoi (Tutan), yetsipe nomensiie (Tedus,
HuoHa, Pes, fAner), 6onee 20 coBceM MeJKUX CIYTHHKOB U KOJblIa. Kakye 3akOHOMEepPHOCTH OIpe-
AENSIIOT KOJIMYECTBO, pa3Mepbl U OPOUTHI PETYJISIPHBIX CITyTHUKOB?

Oo111eit 4epToi BCeX CHCTEM PETyJIsIPHBIX CITyTHUKOB SIBJISIETCS] X Macca. [ Kaxkaoi 13 mia-
HET-TUTAaHTOB BCE €€ CITyTHUKU, BMeCTe B3sThie, cOCTaBsoT okoso 0,02 % maccel tuianetsl. bosee
Toro, /i HentyHa, OTepsIBIIIEr0 CBOM peryisipHble CIYTHUKH Mocie 3axBata TpuUTOHa, 3TO COOT-
HolleHue Toxe BepHo: Macca TpuroHa cocrasnsier 0,025 % maccsl Hentyna. Macca perynsipHbix
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CITyTHUKOB ObUIa MEHBIIIE STOro 3HaYeHUs1, MHaue TPUTOH, 3aXBaUYCHHBIN HA PETPOrpaaHyI0 OpOUTY,
MIPY B3aUMOJICUICTBUY C PETYJISIPHBIMU CITyTHUKAMU TIOTEPsLT Obl CKOPOCTh ¥ YNl Ha TUIAHETY. DTO
O/IMHAKOBOE OTHOIIIEHHWE MAcC CIYTHUKOB M TUIAHETHl HEOXKUAAHHO, TIOTOMY YTO IJIAHETHI-TMTaHThI
MMEIOT pa3Hbli COCTaB U pasHylo ucropuio pocta. CarypH u FOnurep nporum craauio JaBUHOOOpa3-
HOTO TOTJIOIIEHHUSI Ta3a C YBeJIMYeHHeM Macchl TiaHeTsl B 5—10 pa3 3a 1 MutH sieT, a B ucTopun YpaHa
1 HentyHa Takoro He ObLJIO.

[epBoe ycrnemniHoe YMCAEHHOE MOIETMPOBAHME POCTA CIYTHUKOB, B KOTOPOM MOJYYHJIHCH
CHCTEMBI, OUYeHb OJIU3KHE K peasibHbiM, ObLT0 onyomukoBado B 2006 roxy (Canup & Ward, 2006). B
MOJIEJIMPOBAHUHM TIOTYYHMIICS] TAKOW CLICHAPUIA: BOKPYT PACTYILEro TMTaHTa BO3HUKAET ra30BO-TIbLIe-
BOU JIUCK, OoJiee TUIOTHBIH, YeM OOJBINON TUCK, Bparawiyiics Bokpyr ComnHia. a3 B 3ToM quicke
najgaeT Ha IUIaHeTy M HeceT ¢ coOou mblib. OMHAKO BBICOKAsl TUIOTHOCTH IMBUIM M HAJIMYUE B OKO-
JIOCOJTHEYHOM [IMCKE TUIAaHEeTe3UMaJlell TIPUBOIAT K TOMY, YTO B OKOJIOIUIAHETHOM THCKE HAYMHAIOT
PacTu CITyTHUKH. YKe MMPU pa3Mepax B HECKOJIBKO KMJIOMETPOB TOPMOKEHHE CITyTHUKOB Ta30M CTa-
HOBUTCSI He3aMeTHBIM. 1o Mepe pocTa Gosiee KpyIrHble CITyTHUKU TMOTJIONIAIOT WA BHIOPACHIBAIOT B
TUIAHETY MEJIKUX COOpaTheB, M B AUCKE OCTAETCSI OT YEThIPEX 0 MSTH CITyTHUKOB MPUMEPHO OJMHA-
KOBBIX pa3mepoB. OJHAKO, KOTAa CIIyTHUKHU BHIPACTAIOT O4YeHb CUIbHO, 10 0,01 % macchl miaHeThl,
UX TPUTSDKEHNUE BBI3BIBAET CMMPAJIbHBIE BOJHBI IJIOTHOCTU B Fa30BOM JIMCKE, U B3aHMOJCHCTBHE C
STUMH BOJTHAMH TIPUBOAUT K TOMY, UTO CITyTHUKH OISITh HAYMHAIOT TEPATh OPOUTATBbHBIA MOMEHT
¥ puOIMKaThCs K miaHete. YeM KpymnHee CIyTHHK, TeM ObicTpee 3To nmpoucxoauTt. [lostomy nep-
BOE TIOKOJIEHHE CITyTHUKOB TI0 OY€pe/iv, HAuMHas ¢ OKaiIero, najaeT B IUIaHeTy, M KOrJa U3 HUX
OCTaeTCsl OINH, HAUMHAETCS POCT CJIAYIONIETO TOKOJIEHUs. DTOT MEXaHU3M MPUBOAMT K OrpaHuve-
HUIO Ha Maccy cucteMsl ciyTHUKOB B 0,02 % macchl 11aneTsl. [Toka uaet norioiieHue ra3a, Bce BO3-
HUKAIOIIME CITYTHUKY HEM30€XKHO MOTJIOIAIOTCS MJTAHETOM. 3a 9TO BpeMsi MOXET POAUTHCS U IMTOTH0-
HYTb OOJIbIIIE IECATH MOKOJIEHUH CITyTHUKOB. JIUIIIb KOT/Ia ra3 B OKOJIOCOJTHEYHOM JIMICKE KOHUYAeTCs,
TOPMOXEHHUE CITyTHUKOB MPEKPAIAETCs], U T€ CITyTHUKH, YTO JOKHUIIH JIO STOTO MOMEHTa, OCTAIOTCS
C TUTAHETOW Ha MIJUIMApMH! JieT. ITOroBBIi BUI CHCTEMBI 3aBHCUT OT TOTO, B KAKOW MOMEHT LIMKJIa
pocTa CITyTHUKOB KOHYMJICS Ta3. Eciu 3To Mpor30111I10 B MOMEHT pacliBeTa MOKOJIEHHS! CITyTHUKOB,
TO UX OyIeT OT YeThIpeX JO0 MITU MPUMEPHO paBHOW Macchl, Kak y lOnurtepa u Ypana. Ecmu xe
POCT OCTaHOBHWJICSI B TOT MOMEHT, KOI/Ia OCTAJICS TIOCJISJHUIM CITyTHUK OHOTO MOKOJIEHHS M HAYaJIo
pactu crenyiomiee, To noiydaercs cuctema CaTypHa ¢ OrpoMHbIM TUTaHOM U HECKOJBKMMU Ooliee
MEJIKUMM CITyTHUKaMHU (BCe OcTajibHble CIIyTHUKM CaTypHa, BMecTe B3Tble, B 15 pa3 sierye Tutana).

Ortcrona cnenyer, uto eciu Obl pocT FOmuTepa ocTaHOBMIICS UyTh paHbIlle HITH TIO3Ke, TO Y HEro
MOT' BO3HUKHYTb KPYIIHBII CITyTHUK, B TPU-YEThIpe pa3a MaccuBHee ['anumena u TutaHa 1 HEMHOTO
HEe JOTATUBAIOIINI 10 Macchl Mapca. B Ipyrux 3Be3IHBIX CUCTEMax M3BECTHBI O0JIee TsKEIble ra30-
Bble TUTaHThl, BIUIOTH 10 10 macc FOmuTepa. Y Takux rMraHTOB BO3MOXKHO TOSIBJIEHHE CITyTHUKOB
Maccoy MOYTH ¢ 3eMITIO, a €CJIM OHU HAXOSATCS Ha MOAXOMSIIEM PACCTOSHUM OT 3B€3/Ibl, TO HA TAKOM
cryTHHUKe Oynet *uakas Boga u atMocepa. Tak uto mMacca ruianeTs [lannopa u3 ¢guibma «ABa-
Tap», OOMUTAeMOTO CITyTHHMKA Ta30BOro ruranta (72 % ot 3eMHOI), HAXOOUTCS Y BEPXHETo Ipezesa
Macc CIIyTHUKOB, a [Tonmrgem, BOKpyr KOTOpOro oHa oOpaiaercs, 10KeH ObITh TOpa3/io MacCHBHEe
Onurepa.

Jlasipilie aBTOpBI PACIIUPWIIA CBOIO MOJIENb U BBIUMCIMINA TMPOUCXOXkIeHue Koserl CarypHa
(Canup, 2010). BoabIIMHCTBO CITYTHUKOB TUIAHET-TUTAHTOB UMEIOT CMEIIaHHbI CUITMKATHO-JIE/ISTHOM
cocTas, ¥ B HUX cofepkutcs 10 30-50 % ckanbHbIX opoa. OpHako kosblia CaTypHa NpakTHYeCKU
YKCTO JIe/IsTHBIe, M HECKOJIBKO ero Ommkaimmx cnyTHUKOB (Tedus, DHienan, Mumac u Bce Mellkue
BHYTPEHHHUE CITyTHUKH) — Toxe. Mbl moMHUM, 4TO Y THTaHa ObM «OpaThsi» — IBa-TPH CITyTHUKA
CPaBHUMOTO pa3Mepa, KOTOpble HAYaJId PACTH OIHOBPEMEHHO C HUM, HO Omke K CaTypHy, U ObLIH
UM co BpemeHeM norionieHsl. Koraa onn npuomkamics k CatypHy U niepexoaniy npejen Pora, stu
CITyTHUKM HAUMHAIM pa3pymiaTbesi. CHaYama OT HUX OTPHIBAMCh MEHee TUIOTHbIE BHEITHUE CJION —
JeisiHasE Kopa U TMOJJIeTHbI OKeaH. boree MIoTHOe CKajibHOE SIAPO JIEPKAIOCh JOJIBIIE U M0
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B CaTypH 1IeJIMKOM, a BOKPYT IJIAHETHI OCTABAJIOCH JIeAHOE KOJbIO. [109TOMY NMpaKTHYECKH OHO U
COCTOUT U3 YHUCTOTO JIbJA.

INoka ra3 U3 OKOJIOCOMHEYHOro JUCKa MOCTynal, ero najaeHue B CarypH ObICTPO yTaCKHUBAJIO
TyJa ke oopasymomuecs Koiblia. Ho korga mputok rasa mpekparuicsi M yrposa najenus B CarypH
MHUHOBaJIa, KOJIBLIO OT MOCJIEJHETO PACTIABILIETOCs] CITyTHUKA OCTAIOCh HA OPOUTE HA MUJUIMAPIBI JIeT.
Ero macca 6bima B 100-300 pa3 Oosnbliie coBpeMeHHOW. B3ammopeiicTBie JacTuIl KOJbIIa MeXLy
co00ii MPUBOIIIIA K Pa3MbIBAHUIO I'PAHUI] KOJbI[A: YacTh OOJOMKOB MpuOImkanack kK CaTypHy U B
UTOTE Tajiajia B HEro, a JIpyrue OTAATsUIMCh U BRIXOAWHM 3a nipenen Poma. Tam oHn coOupanuch B
HOBBIE CITyTHUKH, COCTOSIIME TIOYTH U3 YUCTOTO Jibjaa. [Janee npuamBHOe B3anmMoeicTre ¢ Caryp-
HOM TTOJJHUMAJIO UX OpOWTHI, U OHU OCBOOOK/IATIM MECTO y BHEIIHEro Kpasi KOJblIa IJIsl TIOSIBICHUS
ClIeIyIoNMX cnyTHUKOB. [To Mepe paccenBaHusi KOJIbIIA KX /Iblid HOBBIM CITYTHUK TOTYy4aJiCsl MEHbIIIe
npensiaymiero. [lostomy cHavana kosbiio nopoauso 1000-kunomerpoByio Tedwuto, morom DHienan
1 Mumac ¢ tuamerpamu 500 u 400 kM, a 3aTeMm elnie Oosiee MeJIKue CITyTHUKYA. Melbuaiiime U3 3Tux
CIyTHUKOB, 20-KuomeTpoBbii [1an u 7-kunomerpossiit JadHuc, MOryT ObITh COBCEM MOJIOABIMU —
MX BO3PACT MOXKET COCTaBIsAThH MeHee 10 MJIH JIeT.

HepeIIICHHbIe BOIIPOCHI B MOJA€JAX NMIPOUCXOKACHNN IVIAHET

XoTs MHOTMe 0co0eHHOCTU cTpoeHus1 COIHEYHOW CUCTEMbI XOPOILIO OMUCHIBAIOTCS MOJESAMU
MIPOMCXOXIEHHSI, KOTOpble ObLITM KPAaTKO PacCCMOTPEHBI BBIIIIE, €CTh U HECKOJIBKO CEpbe3HbIX Hepe-
IIIEHHBIX BOIPOCOB. BOT OCHOBHBIE U3 HUX:

* Ipy 0OPA30BAHMH TUIAHET 3€MHO I'PYIIIBI U3 3aPOABIIIIEH OPOUTHI TUIAHET B MOZAEISX IOy~
yaroTcs Oosiee BHITAHYTBIMU U HAKJIOHHBIMH, YEM B PEAJIbHOCTH;

* Mapc B MoJiesisIX OKa3blBaeTCsl KPyIHee, YeM B pealbHOCTH, YaCTO — CAaMOW KPYITHOM IJIaHe-
TOW 36MHOM T'pYyMIIbI;

* OCEBOE BpAIlEHUE TUIAHET 3€MHOW I'PYIIbl ONpeiesisieTcsl CyYaiHbIMU COOBITUSIMU CTOJIK-
HOBEHHUS TUIAHETHBIX 3apOJBIIIEH, U B MOZIEJISIX OCH BpPAIlEHUs TUIAaHET OPUEHTUPOBAHbI CIyYailHO.
B peanbHOCTH OcH BpailieHuss Mepkypus 1 BeHepsl pakTUUecKU NMEpHIEeHANKYISPHBI K IIOCKOCTH
op6wuThl, a 3eMin 1 Mapca — OTKJIOHSIIOTCS OT NeprieHuKyIsipa He 6osee yeM Ha 30 rpagycoB. Kpome
TOro, peajibHOe oceBoe BpaleHue Mepkypust U BeHepbl HEOOBACHMMO Me/IJIEHHOE;

* Ipy 00Pa30BAHUM IJIAHET-TUTAHTOB HAYaJI0 MOIIOLIEHHS Tra3a (KOTOPBIA, Kak Mbl IOMHUM,
BpaIllaeTcsi CO CKOPOCTHIO MEHBIIIE OPOUTATIBHON ) IOTKHO MTPUBOIUTH K OBICTPOMY (B TEUEHHUE THICSY
J1eT) NpuOIMKeHuIo My1aHeTsl K COJHILY, KOTOPOE MOXET OCTAaHOBUTHCS TOJIBKO B CBOOOJHOM OT rasa
OmxkHer okpectHocTy CoJHIIA, T. €. BHYTpH OpOouThl MepKypus;

* B paiione opoutsl HertyHa He JOMIKHO OBbLIO OBITH JOCTATOYHO MaTeprana 1ist (hopMUpOBa-
HU IUIAHEThl TAKOW MAacCCHl.

I[MepBoe 3aTpyaHEHUE CBA3aHO C OrPAaHUYEHUSIMHU YMCIIEHHOTO MOAEIMPOBaHMUs1. YTOOBI BHIUNC-
JIHU s 3aHSUTM Pa3yMHOE BPeMsl, IPUXOAUTCS] YMEHBIIIATh YMCIIO MOZISTMPYEMbBIX OOBEKTOB, IPU STOM
U3 PaCCMOTPEHUS BHINAAI0T MEJIKUE MJTaHETe3UMaIi U 00JIOMKH, 00pa3yIolyecs pH CTOJIKHOBE-
HUM IJTAHETHBIX 3apofpiiieid. Macca 3TUX MEJKUX Tell XOTSA U MEeHbIe, YeM Macca MOJIETUPYEMBbIX
TUIAHETHBIX 3apOJIbIIIEH, HO CpaBHUMA (pa3jInuue, 10 Pa3HbIM OLIEHKaM, COCTABJISAET OT ABYX 10 MATH
pa3). BzaumopeiictBue pacTylyx IUIaHET C MEJKUMM TeJlaMU B CPEIHEM MPUBOIUT K CKPYIJIEHUIO
Y YMEHBIIECHUIO HAKJIOHEHUS OPOMT IUIAHET, a MEJIKKE Tesla IPH 9TOM BIOPachIBAIOTCS B MOSIC acTe-
POMJIOB.

[Tpuunnb pazmumnsa Maccsl Mapca Mexay MOZIENISIMU U PeaIbHOCTBIO ITOKA HENOHATHBI. VcTo-
PUIO OCEBOTO BpAIlEHUs TUIAaHET Mbl BCKOPE PACCMOTPUM. A JBa MOCJEIHUX PACXOKAEHUS MEKIY
MozesnsiMi (hOPMUPOBAHMS TUIAHET U PeaIbHOCTBIO MOy YHIIN ONecTsiiee 0ObsSCHEHNE B paMKax Tak
Ha3bIBaeMO¥ Moyien U3 Hutiiipl, Ha3BaHHO¥ 10 MecTy paOOTHI €€ aBTOPOB, OMyOJIMKOBAaHHOM B TPEX
cratbsAx B xypHase Nature (Gomes et al., 2005; Tsiganis et al., 2005; Morbidelli et al., 2005). 9ta
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Moyiesib OOBSICHSIET U JIpyrie ocoOeHHOCTH CONHEYHOM CHCTEMBI — KOJIMYECTBO U TTapaMeTpbl OpOUT
HeperyJsIpHbIX CIyTHUKOB IUIAHET-TUTAHTOB, OPOMTHI 00beKTOB mosica Koiinepa, koMer, actepou-
JOB-TPOSTHIIEB, & TAKXKE «TIO3THION TSHKETyI0 00MOapIUpOBKY» Yepe3 pe30HaHCHBIE B3aUMOJIEHCTBUS
IOnutepa u CarypHa B niepBbiii MUUTAAP, JIET cyliecTBOBaHUsI COTHEYHON CUCTEMBI.

OceBoe BpaleHne MJIaHeT 3eMHOH IPYNIIbI
u ocooenHoctu Beneposl u Mepkypus

BpaiieHre 1ulaHeT-rUraHTOB MMEET OfIHO3HAuHOE MPOUCXOKJIEHHE: OHO OIpejensercs B
OCHOBHOM BpaIlleHMEM MaJIaBIIero B HUX raza B MEPUOJ JIABUHOOOPA3HOTO HAKOIUIEHHsI, KOTOpOe,
B CBOIO OUYEPE/b, CBA3AHO C UCXOAHBIM BpPALEHUEM IIPOTOILIAHETHOTO aucka. ITostomy IOmurep n
CarypH Bpalalorcsi B OIHy CTOPOHY ¢ neprogom okosio 10 yacos. Ilepuoasl BpalieHus: OONbIINH-
CTBa KPYIHBIX aCTEPOUJIOB TOXe OMM3KM K STOMY 3HAYEHMIO, M IIPOUCXOXKIECHUE STOTO BpalleHHs
aHAJIOTMYHOE — U3 Ta30BOI0 BUXps, B LIEHTPE KOTOpPOro pocia ruiaHeresumais (Pravec, Harris u
Michalowski, 2002). I11n0xo NOHATHO NpOUCXOXIeHNE BpalieHus YpaHa u Hentyna — ux nepuonsl
IIPAKTUYECKU PaBHBI M COCTABJIAIOT OKOJIO 16 4acoB, HO OCh BpallleHUs YpaHa JIEKHUT IOYTH B I1JI0C-
KOCTH ero opOuThl. BpailieHue riaHeT 3eMHOM TpyIbl IPU MX 0Opa30BaHUU U3 IJIaHETe3MMalleit
Y TUIAHETHBIX 3apOJbIIIEi JI0KHO ObUIO CHIIBHO U HENIPEACKa3yeMO M3MEHUThCS MPU KOCBIX CTOJK-
HOBEHUSIX TUIAHETHBIX 3apopbimeii. HakioHsl ocell BpaiieHus IJIaHeT B UTOTe TOJUKHBI ObUTH CTaTh
CJIy4aiiHbIMU, NIEPUO/IbI BpALLIEHUS — TOXE, B IIPEAEaxX OT HECKOJIbKHMX YacOB JJO HECKOJIBKUX CYTOK,
CO CpeJHMM 3HaueHHeM NpUMepHO Tex ke 10 yacoB. OHAKO U3 YEThIpEX IUIAHET 36MHOW I'PYIIIBI
ase (3emia 1 Mapc) umeror HakJIOHHl B nipesienax 30 rpagycoB U IEPUOIBI BpalEHUs OKOJIO 23—
25 yvacoB, a Benepa u Mepkypuil — Majible HAaKJIOHBI M OTPOMHBIE TIEpHOAbl BpauieHusa 243 u 59
cyTok. Xyxke Toro, Benepa Bparaercsi B o0parHyio cropony. Teoperndecku Benepa moriia moixyuutsb
oOpaTHOe BpallleHHe 32 CUeT YAaYHbIX HAIIPaBJICHUI CKOJB3SIIMX yIapoB B Ipoliecce 00pa3oBaHus,
HO OCh BpallleHHs Torja Oblia Obl HalpaBJieHa Kyja Monaso.

B ciyyae 3emim Ha OCHOBE 3aKOHA COXPAaHEHHS] MOMEHTA UMILYJIbCa MOKHO PACcCUUTATh, YTO
cpasy mnocie oopasoBanusi JIyHsl Ha opoute BbicoToit 25 000-30 000 kM neprion BparieHus: 3eMiIn
IOJIKEH OBbUT OBITh OKOJIO HIECTH YaCcOB. DTO JIyUIlle COIIACYETCsI CO «CPEIHUM I10 cuctemMe» 10-yaco-
BBIM IIEpHOJOM BpallieHus. Y Mapca nogoOHbIX TOPMO3SIIIMX CITyTHUKOB HeT, P000c HEMHOIO YCKO-
psieT oceBoe BpallieHue Mapca, Ho ero BiausiHUe rpeHeOpexumo maso. C Benepoit 1 Mepkypuem xe
CUTYaLMs1 COBEPILEHHO HEMOHATHAS.

Bo3MokHO, MX MeJIeHHOE BpallleHHe — 3TO pe3yJIbTaT NpuiIMBHOro TopMoxenus? Ho obe a-
HEThl He UMEIOT CITyTHUKOB, a MPHIMBHOEe TopMoxeHre CoHIa Bpore Obl HEIOCTATOYHO CHIIBHO.
Ects, onHako, crapas, eme XIX Beka, runore3a, yto MepKypuil Koraa-To B JpeBHOCTH ObLT CITYT-
HUKOM Benepnl. Tak kak ero macca B nsTh pa3 OoJblie Macchl JIyHbI, TO U NPUIMBHBIE 3(PDEKTHI
IOJKHBI OBITH MolTHee. YncieHHoe MoaenupoBaHue cuctemMbl Benepa — Mepkypuii (Van Flandern,
Harrington, 1976) nokasbiBaeT, 4TO NpU CPAaBHUMOM C 3eMJIEU ITPUIMBHOM TOPMOXEHUU BeHepel
Mepkypuii nomken 6bu1 3a 0,5-1,5 mupn net otaanuTbest oT Benepsl Ha paccrostHue okoso 450
000 kM U mepeiTH Ha UMNTHYECKyI0 opouTy Bokpyr ComHna. IIpu 3TOM mepmon oceBoro Bpa-
meHuss MepKkypusi K MOMEHTY paccTaBaHMs ¢ BeHepoll omkeH Obl1 cocTaBiATh 0Koso 40 CyToK,
nieproy BpauieHust Benepsl — MeHblne, opsaka 20 cytok. OnacHeIx cOmpkenuii Mepkypusi ¢ Bene-
poil B gasibHelIeM He nporcxoaut. [Tocieayomee 3ameieHre BpatieHnss MepKypusi v CKpyIJleHue
OpOUTHl 00BSCHAETCS MPWJIMBHBIM B3aumopencTsueM ¢ CoJHLEM, OJHAKO SKCLIEHTPUCHUTET (Mepa
BBITSIHYTOCTH) €r0 OPOUTHI OCTAETCs1 CaMOM OOJBILION U3 BCEX TUIAHET.

I'mmore3a o Mepkypuu Kak o ObIBILIEM CIyTHHKE BeHepbl 0OBsCHSET CHIIbHYIO IOTEPIO Bpallie-
HUSI STUMU [UIAHETAMHU U BBITSIHYTOCTh OpOUTH MepKypHsi, HO BBI3BIBAET IPYTUe CJIOKHBIE BOIPOCHL.
Hanpumep, opouta Mepkypus rocie paccraBanusi ¢ Benepoii oka3piBaeTcsi ropasnao Oosnblie, 4eM B
PEabHOCTH, U HET HUKAKUX MPUYMH U1l yMEHbIIEHUs ee pa3MepoB. HemoHATHO, kak Mornia oOpa-
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30Barhcs cucteMa Benepa — Mepkypuil. MepKypuii CIMIIKOM BEJIUK M, TJIABHOE, CJMIIKOM Oorat
&Keje30M, 4ToOsl, ogooHo JIyHe, chopMupoBaThcs U3 0OJIOMKOB, BEIOPOIIIEHHBIX TIPU KOCOM CTOJIK-
HOBEHMH TIJIAHETHOTO 3apofpiiia ¢ Benepoil. Bo3aMokHO, ecii yaap OblT COBCEM CKOJB3SIIMM, TO
TUIAHETHBIN 3apOBIII MOJIETeN Jasiblile, OCTaBUB Ha BeHepe 4acTh CBOeH CHIIMKAaTHON MaHTHH, HO B
TaKOM CJTy4ae OH JOJKeH ObUT Obl YIIACTh Ha TJIAHETY OKOHYATEJIbHO Ha ClIeyIoneM o0opoTe. Yciio-
BUsI JIJIS1 3aXBaTa CITyTHUKA TPU CKOJIB3SIIIEM CTOJTKHOBEHHUH MOKa He YIaJIOCh MO100paTh.

Jlpyroe Bo3MOXHOE 00BbSICHEHHE N3MEHEHHsI OCEel BpAIlIeHUsI TUIAHET — UX CJ1a0ble PUIIMBHBIC
B3aMMOJIEUCTBUSA YT ¢ Ipyrom. Pacuetst sTux B3aumoneiicteuii (Laskar u Robutel, 1993) nokasbi-
BAIOT, YTO B IIMPOKOM JIMAIa3oHe MeproaoB Bpatenus (mpuonusutesnsio ot 100 go 400 yacoB s
Mepkypus u ot 20 go 100 yacos a1 BeHepsl) 1ookeHne ocu BpallleHr sl UCIIBITHIBAET XaOTUYECKHE
KoJIe0aHMs Ha MPOMEKYTKAaX BPEMEHH B MUJUIMOHBI JIET, TP STOM HAKJIOH OCH MOKET U3MEHSThCS
ot 0 1o 90 rpagycoB. CreioBatesbHO, KOIjia epuozsl BpailieHus: Mepkypus u Beneps! npoxonuiu
9TU JMATa30Hbl, OIOKEHNE UX OCEH M3MEHMIJIOCH M CTEPIIO BCe ClieIbl ICXOAHOTOo nooxenust. Koraa
npwimBHoe Tpenue COJHIIa 3aTOPMO3UJIO MX BpallleHHe CHJIbHEe M BBIBEJIO M3 AMara3oHa HeYCTOM-
YMBOCTH, HAKJIOHBI oceil MepKypusi 1 BeHepsl nepectany N3MEeHSThCS M 3aCThIJIM HA COBPEMEHHBIX
3HAUCHUSIX.

Jlns Mapca aHaJlornyablie XaoTHUecKue Konebanus HakyioHeHus ot 0 1o mpumepHo 60 rpajy-
COB JJOJKHBI TPOUCXOIUTD U TP €T0 COBPEMEHHOM Tepuofie BpaieHus (24,5 yaca), 1 Mbl He BUIUM
MX TOJILKO M3-3a OOJIBION JUIMTEIBHOCTH. BripoueM, cBUAeTeNhCTBA ITUX KOJeOaHWA MOTYT OBITh
HaiIeHbl TIPY U3YyUYEHUH Te0JIOTHH M KiIrMaTta Mapca. 3emiist (pOpMasIbHO TOKE HAXOAUTCS B 30HE
HEYCTOMYMBOCTH, HO Hajmure JIyHbI ogaBisieT KoineOaHusi HaKJIOHA 3eMHOW OCH, Oarogapsi Yemy
KJIUMaT 3eMJIM Ha IPOTSHKEHUH MIJUTAAPIIOB JIET ObLT O0Jiee YCTOMUYMB, YeM KJIMMAT IPOUYMX TUIAHET.

UpesBbluaitHO MeJIeHHOe 00paTHOE BpallleHne BeHepsl oka He HalllIo OKOHYATeIbHOTO 00b-
sicHeHUs1. He MCKITIoUueHo, YTO MPUUYMHON €ro MOCTYKHJIO B3aUMOJCHCTBUE IPABUTALIMOHHBIX U TeIl-
JIOBBIX MPUJIMBOB, AEUCTBYIOIMX cO cTopoHbl COMHIA Ha OUeHb MacCUBHYI0 atMocdepy Benepsi.

Ilo3aHsAA TsKeIast 600MOapAUMPOBKA H MUT'PalMs IJIAHET-TUTaHTOB

ITosepxHocTb JlyHbl, MepkypHs 1 B MeHblIIel creneHr Mapca OKpbITa yJapHbIMU KpaTepaMu.
V3mepeHure Bo3pacTa JyHHbIX KpaTepoB MOKa3alo, 4To OOJBIIMHCTBO U3 HUX MOSBUJIMCH ITPAKTHYe-
CKM OJIHOBPEMEHHO, 3,9 MJIp[ JIeT Ha3a/1 — IpUMepHO Yepe3 650 MJIH JieT rociie Havyasia 00pa3oBaHus
Comnneuno# cuctemsl. Ha 3emite cieipl 910l 60MOapaMpOBKH ObUIN CTEPTHI MOC/IEAYOIIEH re0Iort-
YeCKOl aKTMBHOCTHIO. PacnipeniesieHne pa3mMepoB KpaTepoB MOKa3bIBAET, YTO OOJbIAst YaCTh MACChl
BBINAIABIIHX TeJI IPUXOAUTCS Ha OOBEKTHI pasMepoM oT 1 10 50 K, T. €. TUlaHeTe3UMaIbHOTO pas-
MEPHOT0 KJjacca. [IpuurHbI TAKOro Pe3KOro MOBbILEHNS KOJIMYECTBA CTOJIKHOBEHNH Yepe3 500 MitH
JIET 1OcjIe OKOHYaHUs1 (POPMUPOBaAHUS IIJIAHET 3€MHOM I'PyNIbl M CTaOMJIN3AlMK T0sica aCTEPOU/IOB
Aoaroe Bpems ObUIM HEMIOHATHBI.

Monenu (opMHpPOBaHUS IUIAHET-TUTAHTOB YKa3bIBAIOT Ha HEU30EKHOCTb MX MHIPALMU K
Comnuiy ripu OblcTpoM HakorieHnu rasa. B 2000-e roapl yxe ObLIO MOHSATHO, YTO 3TO He (haHTa3us
TEOPETUKOB, — OBUIM OTKPBITHI MHOTOUHMCIIEHHbIE «ropsune FOnuTepbl» y aApyrux 3se3a. Temmepa-
Typa 3TuX IutaHetT Moxet npesbiiats 2000 °C, a nepuoa oOpallieHst BOKPYT 3BE3/bl — U3MEPATHCS
YacaMH.

Murpanys IiaHeTbl-TUraHTa MpPUBOJUT K PAcCeMBAHMIO IJIaHETE3MMaslell U He IMO3BOJISET
00pa3oBaThCs IJIaHETaM 3eMHOTO THIa. Bripoyem, ecim Murparys mpoucxoauT B TeueHne Mernee 10
000 5ier, TO 3aMeTHAsA YaCTh CKAJIBHBIX IUIAHETE3UMAJIEN OCTAETCS BO BHYTPEHHEN YaCTU CUCTEMBI, U
K HAM JI00aBJISIIOTCS Jie[sTHbIe TUTAaHEeTe3UMai U3 BHEITHUX oOJacted. B aToM ciydae B 30He JKM3HU
BO3MOXHO 00pa30BaHUE BOISHBIX [JIAHET C MACCOM OT OIHOH /10 MATH Macc 3eMJIU U MOKPBITHIX OKe-
aHOM TOJIIIMHOW B COTHU KMJIOMETPOB. Takue IIaHeThl Takke ObUTH OOHAPYKEHBI y APYTHUX 3BE3I.
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CrnenoBateibHO, MO M (POPMUPOBAHUS IIAHET-TUTAHTOB BEPHBI XOTsI OB /IS YACTH TUIAaHeT-
HBIX CHCTeM, a JjIsl onucaHusl Hameid COMHEeYHOH CHCTeMBbl HaJl0 BBOAUTD JIOTIONHUTENIbHBIE MeXa-
HU3MBI, TPEI0TBpaTHUBIIMEe MUTpanuio tianeT K Connily. OfHa U3 MOACKA30K ToXke Oblia MoTyveHa
Y3 UCCJIEIOBAaHUN IK30IUIaHeT — «ropsure FOnurepb» 4acto SBSIOTCS €IMHCTBEHHON MMIaHTCKOM
TUIAHETOH B cucTeMe, a y Hamiero CoHIIa TUIaHeT-TUTAaHTOB YeThipe. Bo3MOXHO, €10 B MX B3aUMO-
neurcTBumn?

PacueTtsl mokazam, 4To HECKOJBKO IJTAHET-TUTAHTOB JEUCTBUTEIBHO MOTYT YIepKUBATh JPYT
apyra ot nagenust Kk Comnaily. OfHaKO A7 9TOr0 HEOOXOOMMO, YTOOBI MX OpPOMTHI ObLIMA TOpa3yio
Omke JIpYT K ApYyry, 4eM B peasibHOCTH. B aToM ciyyae FOmurep u CarypH B mporiecce ObICTpOro
HAKOIUJICHUSI ra3a MPOJESIbIBAIOT B FA30BOM AMCKe 0Olee pa3pekeHHoe Komibllo. CaTypH He MHUTpH-
PYyeT BHYTpPb, TaK KaK BHYTpPH Hero ra3 yxe norioiieH FOmurepom, a murpanus FOnurepa ocranasiu-
BAaeTCs, KOIJIa OH OKa3bIBaeTcsi B OpOuTanbHOM pe3oHance 3:2 ¢ CarypHoM. [Ijisi cUCTEMBI U3 YeThI-
pex IUIAaHeT-TMI'aHTOB MUTPAIMsl TOXKE OCTAHABIMBAETCS, €CIM OPOUTHI IJIaHET ObUTH OJIM3KHU IpyT
K Jpyry. MozaenupoBaHue MOKa3ajao HAIMYME IEeCTH YCTOMYMBBIX KOH(UTYpaIHid, OOIIel YepToil
KOTOPBIX SIBJISIETCS] OpOUTATBbHBIN pe3oHaHc 3:2 mexay KOnmurepom u CatypHoM.

ABTOpBH «Mozeny u3 Hulpl» Havaiu C MOMBITKM OOBSCHUTH cTpoeHue mosica Koiinepa,
TMIO3HIO TSIKENYI0 OOMOAPAMPOBKY M COIVIACOBATh YCTOMUMBbBIE KOH(PUTYpALIUK TIAHET-TUTaHTOB
¢ HaOmomaeMol B peasbHOCTH, Taie KOnutep n CaTypH OMM3KHM K pe3oHaHCy 5:2 U BCe pacCTOSTHUS
MEX/1y TUIAHETaMHU-TUTaHTaMK Topasio OOJIbIIe, YeM B YCTOMYMBBIX KOH(pUrypauusx (puc. 2.3).
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Bo Bcex 3Tux KOH(pUrypamusix paguyc OpOUThl BHEIITHEW TUIAHEThI-TUTaHTa He MpeBbImaet 17
a. e. (actpoHOMMUecKHX equHuIl, 1 a. e. = 150 MutH KM — paguyc opOuTsl 3emun). 1751 cpaBHEHUS:
coBpeMeHHas opouta Henryna npoxomur B paiione 30 a. e. ot Conaia. [TpuunHO# n3mMeHeHns: opoUT
TUIAHeT B «Mojienu u3 Hutipl» siBisiercst o0 pHBIH, IUIOTHBIN ApeBHUE nosic Koinepa, cocTosimuii
U3 JIeJSHBIX TIaHeTe3nMastelt ooIel Maccoi mpuMepHo 35 Macc 3emutu. Bimskue mpoxopl MiaHe-
Te3uMaJieid OKoJio YpaHa u HerntyHa nmepeBonsT riaHeTe3nMau Ha 6osee Onuskrie k ComHiry u Oosee
BBITSIHYThIE OPOUTHI, & OPOUTHI TUIAHET, HAMPOTHB, OTAANAITCA OoT ComHila. 3a0poleHHbe BHYTPb
TUIAaHeTe3UMAaITH Jlasiee mpoxoasT BOmm3u CartypHa, pacmmpsisi U ero opouty. bimskue BcTpeuu
OnuTepom MpuBOAAT K IPyrvM MOCTEACTBUSM — IJIAHETE3UMAaJIM OKA3bIBAIOTCSI BHIOPOIIIEHHBIMU U3
ConHeuHOH cucTeMBbl MO0 MEPEeXOAsiT Ha OUeHb BBHITSHYTHIE JUIMITUYECKUE OPOUTHI C OTPOMHBIMU
nepuoiaMu ooparieHus1, repexoas B oomako Oopra. YacTh ruiaHeTe3UMalield momnagaeT Ha OpOUTHI,
npoxopsiye 61m3ko K CoHILy, TAe CTaTKUBAETCs C TUIAHETaMU 3eMHOM rpynibl. OOMeH UMITYJILCOM
Mesxay KOnurepom 1 BEIOPOIIIEHHBIMHU TUIAHETE3UMAIISIMU TPUBOAUT K TOMY, uTo FOmutep, B oTiinuune
OT JPYI¥X IJIaHET-TUTaHTOB, HeMHOro npuommkaercsa k Comxiry. Hakonerr, mpumepro yepe3 5S00—
600 muH net cMmenienue CarypHa Hapyxky 1 FOnurepa BHYTph IPUBOAUT K TOMY, UTO OHH ITONAAAI0T
B Jectadmmmsupyommi pe3oHanc 1:2. Opoutsl FOmmrepa u CatypHa CTAaHOBATCS JUTUNTAYSCKUMU
Y TIPUBOIAT K OMM3KUM poxogaM CaTypHa M JBYX BHEIIHUX IUTaHeT. MIX opOUTHI, B CBOIO OUYepeb,
TOXE BBITATUBAIOTCA. HenTyH ObICTpO HauMHAET MPOXOAUTH B IYCTOHACETIEHHOM vacTy mosica Koit-
niepa, ¥ MOTOK TUIaHeTe3uMaield BO BHyTpeHHHe o0nacT COTHEYHON CHCTEMbI BO3PACTAET ThiCSUe-
KparHo. Ha riaHeTax 3eMHO# IpyNIibl B 3TO BpeMsl IIPOUCXOAMT MO3IHSS TsKesast 0oMOapIupoBKa.
Hunamuueckoe TpeHre Hentyna B nosice Koiinepa nmpuBoguT K ToMy, YTO €ro opouTa ONsiTh CKPYT-
JIsieTcsi, HO Ha ropaszio OosnbineM pacctosiauu ot ConHia. Paguyc opoutel CatypHa TOXe pacTeT, U
OH yxomuT oT pe3oHaHca 1:2. Mosic Koiiriepa paspymiaercs, ero jeasHsle 00BEKThHl 9aCThI0 BHIOPO-
meHbl U3 COMHEYHOU CHCTEMBI, YacThi0 CTOJKHYJIUChH C IJIaHETAMU M CITyTHUKaMH, 4acThio Tepe-
IIUTM Ha BHITSIHYThIe KOMETHBIE OpOuTHI 1K B 001ako Oopra. B nosice Koiinepa ocraercst okono 1 %
ero nepBoHaYaJIbHON Macchl. B mpoiiecce murparuu FOnurepa BHyTph 1 BO Bpemsi pe3oHaHca 2:1 ¢
CarypHOM NOSIC aCTEPOUJIOB OIISITh AECTAOMIIN3UPYETCs], ACTEPOUIIBI PACCEUBAIOTCS ONMKe U JasibIIe
Kk COJHITLy ¥ TOXe BHOCAT BKJIAJI B TIO3JIHIOK TsIKEIyI0 OOMOApAMPOBKY BHYTPEHHUX ILIaHET. DTO
BTOpasi CTaausi 0OeTHEHHs TI0sica aCTEPOUJIOB, B IIPOLIECCE KOTOPOTrO €ro Macca MajaeT MPUMEPHO C
1 10 0,1 % macce 3emuin.

«Mogenb n3 Humiiel» npeackaspiBaet, uto HenTyH 10 MOMeHTa MO3qHeN Tspkeaon domoOap-
JIVPOBKU ¢ OOJBIIION BepOATHOCTHIO ObLT Onmke K ConHIly, 4eM YpaH, 4To corjiacyercs u ¢ 00Jb-
meit maccoii Henryna. [IpenckaspiBaemble OIM3KHE POXOXKIEHUS TUIAHET-TUTAHTOB OOBSICHSIIOT MTPO-
MCXOXKJICHE HEePETYJISIPHBIX CITyTHUKOB — 3TO ObLIM MPOJIETABIINE MUMO TUIAHETE3UMAIU, KOTOpPbIE
ObLIM 3aXBaYEeHBl HA OPOUTHI CITYTHUKOB IPU MPOXOKAECHUM OKOJIO JIBYX ITaHeT. Ele onHa ctpaHHas
netayib COTHEYHOUM CHUCTEMBI, MOTyJaloas OObsICHEHHe B paMKaxX 3TON MOJIENH, — aCTePOUIbI-TPO-
SIHITBL. DTO MeJIKHe OOBEKTHI, KOTOpBIe MBUXYTCs 1o opoute IOnmrepa Ha 60 rpamycoB OKpykKHO-
CTU BIIEPEAM U MO3aJU TUIAHETHI, B TaK HasbiBaeMbIX Jlarpanxkesbix Toukax L4 u LS. B Hacrosmee
BpeMsl OHM HaXOIATCS B YCTOMUMBOM PAaBHOBECHH: TPOSHIIBI HE MOTYT MOKMHYTh CBOM OPOUTHI MO
BO3/ICHICTBHEM APYTUX IJIAHET, HO U HOBBIE TeJla He MOTYT TOMacTh B MX psiibl. OTHAKO B MOMEHT
pe3onanca 1:2 Carypna u lOnmrepa o0bekTsI B Toukax L4 u L5 Obimn HeycToiumBbl. Murpupyoime
TUIAaHETe3UMAaJT MOTJIM BXOIUTh M BBIXOIUTD B 3TH TOUKH, HO Tociie Bbixoza FOnurepa u3 pesoHanca
¢ CaTypHOM OCTaBIIMECs] aCTEPOH bl ObLTH 3aMepThl TaM HA MUJUTAAPIbI JIET.

Ipeiraromuit OnmTep

[Tpu Bcex moctomHcTBaX «Mojaenu u3 Hulliipl», o0bscHsOIEH oueHb MHOTUe cBocTBa Coi-
HEYHOI cUCTeMBbl, B Hell ecTb K uemy npuaparbes. [Ipexnae Bcero, B npouecce murpauuu fOmu-
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Tepa OH MPOXOJUT OpOUTANIbHBIE pe30HaHCH ¢ Mapcom. XOTs 9TO He OYECHb OIACHBbIE PE30HAHCHI,
Takue Kak 1:7, HO MX JOCTaTOYHO, YTOOB OpOMTa Mapca BHITSIHY/IACH U CTajia 3aXOAUTh B MOSIC acTe-
pouoB. Huuero nomgo6Horo B CollHEUHOM crcTeMe Mbl He BUJIMM. BTOPO# HEOCTaTOK OTHOCHTCS
K cynbOe HeperyIsipHbIX CITyTHUKOB. Mojiesib XOpOIIO MpeacKa3biBacT 3aXxBar IJlaHeTe3nuMased Ha
OpOUTHI HEperyIApHBIX CIyTHUKOB CaTypHa, YpaHa u HenTyHa, HO cucTeMa HeperyaspHbIX CITyTHH-
koB fOnuTtepa ycTpoeHa TOYHO Tak ke U, BUAUMO, JOKHA UMETh TAKOE Ke MPOUCXOKACHUE — IyTeM
3axBara IUIaHeTe3uMaJielt py OJM3KUX MTPOXOIax JABYX IIAHET-TUTaHTOB. B Klaccrueckol «mojienu
u3 Hurer» Omuskux Berped Onurepa ¢ apyrumu mimaneramu He 66u10. OHako B 10-20 % 3amyckoB
MOJIeJTMPOBAHUS TTPOUCXOMIIN Or3Kue rmpoxoabl Ypana wim Herrryna mumo IOmutepa, otdero ero
opOuTa M3MeHsIaCh CKAYKOOOPa3HO, MPOIyCcKasi ONMacHbId pe3oHaHc ¢ MapcoM, a JIeqssHON TUraHT
(T. e. Ypan wim HentyH) monagast Ha ynayieHHyo ot COTHIIa OpOUTY MJTH OKa3bIBAJICS BBIOPOITIEHHBIM
13 crcTeMbl. B masnpHelieM aBTopsl «Moaean u3 Huliliel», n3ydast CTpyKTypy OpOUT acTepOHJIOB,
MOKa3aju, YTo «mpeiraomuid lOnurep» fyuiiie COOTBETCTBYET pealbHOCTH, YeM TJIaBHOE U3MEHEHHE
opout B ricxogaou monenu (Morbidelli et al., 2010). Bonee Toro, ciieHapuii, B KOTOPOM JIesTHOW
ruranT BeiOpaceiBaeTcsl u3 CONHEUHON CHUCTEMBI, TOXKE BO3MOXEH: He MCKIIIOUEHO, UYTO UCXOTHO B
Helt ObUI ellle OJIMH JIeASTHON TMraHT, MogoOHb Ypany u HentyHy. Takue BHIOPOIIICHHBIE TTAHETHI,
CBOOO/IHO TUIABAIOIIHE B MEK3BE3THOM IMPOCTPAHCTBE, B MOCTIEAHUE TO/IbI OBUTH OOHAPYKEHBI aCTPO-
HOMaMH.

CoaHeuHasi cucTeMa — HOpMa WM UCKJIIOYeHne ?

Ha ceronHs y4eHbIM U3BECTHBI THICSYM PA3IMYHBIX SK30IUIAHET, U MOXKHO IOIBITaThCS CPaB-
HUTb UX C IU1aHeTaMu COJIHEYHOM CUCTEMBI M OLIEHUTb, HACKOJIBKO YCTPOMCTBO HAILIEW CHCTEMBI
TUIUYHO B FAJIAKTUKE. BOJBIIMHCTBO OTKPHITHIX HA CETO/IHS 9K30IIaHET OOHAPYKEHbI JIMOO METOAOM
JIy4eBBIX CKOPOCTEH, TMOO METOIOM TPAaH3UTOB. YeM Onike IIaHeTa K 3Be3/e, TeM OOJIbIle MIAHCOB
ee OOHapyKeHUsI STUMH METO/IaMH, IOTOMY YTO U 3aTMEHUE, U U3MEHEHHE CKOPOCTHU 3BE3/1bl IIPOUC-
XOUT C MEPUOANYHOCTBIO B OIMH OOOPOT IJIAHETHI.

Kpome Toro, mMaccuBHbIE TUTAHETHI TP JIOOOM CIIOCOOE MOWCKA HAWTHU Jierde, 4YeM Majible.
[ToaToMy He yIMBHTENIBHO, YTO B Hayasle MOMCKA K30IUIaHET OBUIO OTKPHITO MHOXKECTBO «TOpS-
yux FOmmurepoB», oueHs OM3KMX K 3Be3ae. C nosiBieHreM 6ojee YyBCTBUTEIBHBIX IPHOOPOB ObLIN
OTKPbITHI TAK)KE JIETKME IK3OIJIAHETHI C MAacCOM MOPsIIKA 3eMHOM U Jaxke MeHblle. Ho B 1iesiom Haim
3HAHUS O JPYTUX 3BE3IHBIX CHCTEMax OYeHb OTphIBOUHBL. Hampumep, ecim 661 Mbl HaOmogam Con-
HEYHYI0 cucteMy ¢ paccrostHus B 100 CBETOBBIX JIET HALITMMH COBPEMEHHBIMH IIPHOOpaMH, TO OOHa-
pyxum Obl ToNbKO Benepy u 3emutio.

Jlaxxe 1Mo TakMM OTPbIBOYHBIM JAHHBIM MOHSTHO, YTO B FAJIAKTUKE €CTh MHOKECTBO 3BE3JHBIX
cucreM, He noxoxux Ha Conreunyto. Hanpumep, B cicreme HD 80606 rutaneta-ruranT ooparaercst
TI0 CHJTbHO BHITSIHYTOH SJUTMIITHYECKON OpOUTE, M PacCTOsTHUE OT Hee /10 3Be3/bl MeHsieTcs B 30 pas.
EcTb cuctembl, B KOTOpHIX OIHA U3 IJTAHET 0OpaIaeTcst BOKPYT 3B€3/1bl HE B TY CTOPOHY, YTO OCTAJIb-
Hble. DTU U Ipyrue CUTyaluu, KCTaTH, HaOMOJAIMCh BO BPeMsl HEKOTOPBIX 3aIlyCKOB «MOJIENH U3
Hunipsr». B nepuon HecTaOMIIbBHOCTH OYEeHb MaJjlble OTIIMYMS Ha4aIbHBIX YCIIOBUI MOTYT IPHBECTH K
COBEPILEHHO Pa3HBIM pe3y/IbTaTaM, Tak 4To cyapOa Haieil ColMHeuHO# CUCTeMbl MOIJIa ObITh COBCEM
JOpYyTOM.

B CosnHeuHoOM cucTeMe eCThb YETKOE paslesieHHe IJIAHET 10 Maccam: camasl TsKenas CUJIH-
KaTHO-KeJle3Has IulaHera (3emuis) ¥ camas JIeTKas U3 TMraHToB (YpaH) omMyalTcs 1o macce B
14 pa3. Cpeau 3K30IUIaHET OYEHb MHOTHE MUMEIOT MAcCy B IPOMEXKYTKE MEXAYy MaccaMu 3eMJIU U
Vpana. YueHbIM yanoch U3MEPUTh JUAMETP Y PaCCUMTATh IUIOTHOCTh YACTH TaKMX IUIaHeT. OKasa-
JIOCh, YTO CPE/IM HUX €CTh U «MUHU-HenTyHbl» ¢ MaJIol IVIOTHOCTBIO, M «CYNEP3EMJIN» C TNIOTHOCTBIO
IIPUMEPHO KaK y 3eMIIN.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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