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NMpepucnosue

[loyeMy >XU3Hb Ha ILIaHeTe 3eMJId YCTPOEHA TaK, a He uHave?
TMouemy 1terut JTHK cOCTOSIT M3 YeThHIpeX BHUOB 3BEHBEB, a HEIKO-
Bble — u3 ABazuaTu? [loyeMy B KJIeTKaX MCIOJb3YIOTCS UMEHHO
6enku u [IHK, a He Kakue-HUOYZAb Apyrue BelllecTBa? [Tozo0OHbIE
BOIIPOCHI YaCTO BO3HUKAIOT ¥ IKOJILHUKOB U CTYyZIEHTOB, U3y4alo-
ux 6uosoruio. Ho B yue6HMKAaX OTBETOB Ha HUX HET. B pe3yiib-
TaTe CTYJIeHTHI TIPUBBIKAJIM, YTO 33/]aBaTh 3THU BOTIPOCH! Hecroies-
HO. U gake Korza OHU BBIPACTAIN B yYEHBIX ¥ MOIJIU IIONBITATHCSA
Ha HUX OTBETUTHb CaMH, IPUBBIYKA Melllajia UM 3TO CZeIaTh.

Tem BpeMeHeM B 6uosioruu ¢ Havajna XXI Beka MPOUCXOAUT
HaCTOAIIAsA HayYHas peBoJionyA. PazBuTue TeXHOJIOTUN orpese-
JieHus nocnegoBatenbHocTel IHK (cekBeHMpOBaHUS) IPUBEIO
K TOMY, 94TO 6a3bl JaHHBIX TTPOYUTAHHBIX MMOCIEJ0BATENbHOCTEM
pacTyT, KaKk CHeXKHBIY KOM. /Iy aHanM3a 3TOro OrpoOMHOTO KOJU-
YecTBa ZAaHHBIX OMOJIOTH CTaJIU IPUBJIEKATh HAa TIOMOILb CIIEITUATH-
CTOB B MaTeMaTUKe U KOMITbIOTEPHBIX HayKaxX. DTU CIeIUaJUCTHL,
YTOOHI [TPE/ICTABIATH, C YeM OHU PabOTalOT, CTaJIU U3y9aTh OCHOBHI
6uiosoruu. U, ecTeCTBEHHO, U3 HUX MTOCHITTAIUCEH T€ CAMBble TIPOKJIS-
ThIE «[TOYEMY?», CTABAILIME OGUOJOTOB B TYNUK. ABTOP CTOJKHYJICS
€ TAKMMMU BOIIpocaMu nnporpaMmucTtoB B llIkose aHanu3a JaHHBIX,
OpPraHM30BaHHOU KOMIIaHUEH «fIHZeKC» COBMECTHO C PpaKyIbTETOM
6ronHxeHepuy U 6nmonHpopmaTuxku MI'Y.



NMPOUCXOXOAEHUNE XN3HWU. OT TYMAHHOCTW OO KNETKW

TeMm BpeMeHeM HaMeTWICA IIyThb K OTBETaM Ha 3TU BOIPOCHI.
Ycmexuy XMMUKOB IPUBEIU K BOSHUKHOBEHUIO CHHTETUYECKOM O10-
JIOTUY — CO3ZaHUI0 HOBLIX OPraHM3MOB C HOBBIMU, HEBUJLAHHBIMU
cBoticTBaMU. JIOCTIMKEHUA CUHTETUYECKOH GUOIOTHY, HAaTIpUMep
pacliupeHre reHeTUIecKoro asidpapuTa o mecTy OYKB, TIO3BOJIAIOT
CpPaBHUTH pellieHUs, BLIOpaHHbBIE Halllell 3eMHOM JKU3HBIO, C alb-
TepHaTUBHBIMU BapuaHTaMU U BBIACHUTD, 10 KAKUM IpUYUHAM
SBOJIONIMSA MIPEATIOYWIa OfIWH U3 HUX. TOT WK MHOM BEIGOD ObLI cie-
JIaH XKU3HBIO OYEHB J]JaBHO, CKOpee BCEero, 0 MOABIEHUA KJIETOK.
W3y4asa KakAyro aJbTepHATUBY, MBI JIy4llle IOHUMAaeM, KaK BOSHUK-
Jla ’KU3Hb Ha Hallleli IU1aHeTe.

B XXI Beke OypHO pasBuBaach He TOJbKO Ouosorus. Hampu-
Mep, aCTPOHOMBI 3a MOCJAeJHUEe TOAbl OTKPBLIU THICAYM ILJIaHET
y Apyrux 3Be3s (OHM Ha3bIBaIOTCA 9K30IUIaHeTHl). C 3TMMHU JaH-
HBIMU MBI Tellepb MOXeM OLleHUTh, HaCKOJIbKO Hamna CoaHeuyHas
crucTeMa YHUKadbHa WM TUNWYHA A [anaktuku. KocMuyeckue
30H/BI, OTIIPAaBJIEHHBIE K JAJIbHUM IUIAHETAM, KOMeTaM U aCTepOu-
Jam, cobpaii MHOTO HOBOH MHGOpMAIUY O IpeBHeHIIe ncTopyun
CosHewHOI1 cucTeMbl. ['eosory, Boopy:KeHHbIe TOHUYaHIIINMI MeTO-
JlaMUy aHajau3a FOPHBIX IOPOZ U METEOPUTOB, Y3HAIN MHOI'O HOBO-
ro 00 yCJIOBUAX, CyIleCTBOBABIINX HA ApeBHeH 3eMiie B Te BpeMe-
Ha, KOI7Ia *KM3Hb Ha Hell TOJIbKO 3aposK/ianach.

OTa KHUTAa CTajia MOMBITKON 0O0BEeJMHUTE B OJIUH CBA3HBIN pac-
CKa3 JaBUHY Hay4HBIX CTaTel, IPOACHAIIINX pa3Hble MOMEH-
TBI IIPOUCXOXK/EHMA KU3HU U BHIMIEJIINX 3a NocaeiHue 15 jer.
OHa HamucaHa Ha OCHOBe KypCOB JIEKIIUN, KOTOpble aBTOP YUTal
¢ 2010 roza B JleTHel skostorudeckoi mkose v ¢ 2014 roga B MI'Y.
ABTOp YeCTHO ITOCTAPAJICS CAENATh BCe BO3MOXKHOE, YTOOBI KHUTA
6bUTa MOHATHA YUTATENAM, AaJeKuM oT buonoruu. K coxkaneHuro,
Ha nepeiHeM Kpae HayKU He BCerJa ecTb IPOCThble ITyTHU, U HEKO-
TOpBIe IIaBel, HanpuMmep 11-a u 13-4, MOTI'yT OKa3aTbCA CIOXKHBI-
MM /Il HEIOATOTOBJIEHHOI'0 YuTaTessa. TpyAHble MecTa U3 rmas 15
U 16, MOCBAIEHHBIX MOABJIEHNI0 OUOIOTUYECKUX MeEMOpaH U CBS-
3aHHBIX ¢ MEMOpaHaMU SHEPTETUYECKUX CUCTEM, B UTOTE YAAI0Ch
BBIHECTU B OTZAeNbHYI0, 17-10 I1aBy. Tak 4TO He ITyraiiTech, eciu
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NPEAVNCNOBWE

OHa MOKaXKETCSA BaM CJIUIIKOM CJI0KHOM, — ee MaTepuaJ pa3BUBa-
eT U ymyosisiet uzen 15-i u 16-ii miaB, HO U 6e3 Hee BOCIIPUATHE
KHUTH He TIOCTPa/iaeT.

EcTecTBeHHO, B Takoil 6ypHO pasBuBaloIeiicsa obiacTy Hay-
KU MaJIO eJMHBIX YCTOSABIINXCS MHEHUM, pasZieIsieMbIX OOJIbIINH-
CTBOM Y4YeHBIX. ABTOP MOCTapaJscs MoKa3aTh «HAYYHYI0 KyXHIO»:
KaKue aJbTepHaTUBHBIE TUITOTE3bI BBIABUTAIOTCA M KAKMMU DKCITe-
PUMEHTaMU UX MPOBEPSIOT.

B psge m1aB ecTh Bpe3KH, BBIJEJIEHHBIE APYTUM HIPHUPTOM.
B HUX TTOBTOPAIOTCA KYCOYKU NIKOJBHBIX KYPCOB, HEOOXOAUMBIE
JUIs TIOHUMaHUsA I71aBbl. CTaplleKJIacCHUKU U TePBOKYPCHUKU
MOTYT WX TIPOIYCKAaThb, a BOT B3POCIBIM YATATENIM OHU TTPUTOAAT-
cs1. UYTOOBI MaTepual KHUTH He TIOBKCAJ B IIyCTOTE, a KaK-TO COOT-
HOCWICS C TOBCEIHEBHOM KU3HBIO, aBTOP ITOCTAPAJICSA CBA3ATh OIH-
ChIBaeMbI€e BelleCTBa K GMOXUMHUYECKHE MTPOIECCHI C XOPOIIIO 3Ha-
KOMBIMHU BeIllaMH M3 KyJTMHAPWUU, MEJUIIUHBI K KOCMETHKH.



bnaropapHocTu

DTa KHMTA MOSBIIACh HA CBET O1aroZiapsi MHOTUM JIFOZSIM, U 1 XOUy
mo6IarojapuTh UX 3a TO, YTO OHU cAenand. HauaTth ee uCTOpHIO
CTOUT, TTOXKAIYH, C BeIIeAIed B 1999 roay KHUTH majeoHToIora
Kupunna EcbkoBa «FcTopua 3emin U )KM3HU Ha Heli». OHa BO MHO-
TOM cTaJja /i aBTopa 06pa3ioM CTHIA, CBA3HOCTU U JIOTHYHOCTH
M3JI0KEHUS U TIOBJIUAMIA Ha MOM UHTepec K mpobemMe BO3HUKHO-
Benwus xusHu. Eciu 661 He Tpya Kupwuta FOpreBuya, sTa KHHUTa
He cTasia Obl TaKOM, KaKasi OHa eCTh.

Hanee cnexgyer 6narozaputh npodeccopa ApmeHa Mymkumka-
HaHa. C ero pacckasa 0 TEOPUU «I[MHKOBOTO MUPa» Ha CEMUHa-
pe Haiero uHctutyTa B 2008 rogy Havajics MON NMPUCTATbHBIN
WHTEpeC K CBEXXHUM paboTaM B 00JIaCTU IIPOUCXOKAEHUS KUIHU.
[lectaa u nATHAAIATasA IVIaBbl TOM KHUTY IIOCTPOEHEI B OCHOBHOM
Ha paboTax ApMeHa AKoBjieBMYa. BIloiHe BO3MOXKHO, UTO €TI0 Ue-
SIM B KHUTE yZieJieHO 00Jibllle BHUMaHWSA, YeM IPYTUM aJbTEPHATH-
BaM, HO 3Ta HeOOBEKTUBHOCTh OCTAETCS HAa COBECTH aBTOpa.

B 0CHOBY KHUTH JIeT KypPC JIEKIIVH, KOTOPBIH aBTOP YUTaJI IIKOJIb-
HukaMm 10-ro kinacca B JleTHel sKoJiormueckou mikose (JIDIID).
A 6narozapeH BceM, KTo AejaeT JIDIII v 1aeT BO3MOXKHOCTb IIPEIIo-
JaBaTh TaM YHUKaJIbHbIE KyPChl YHUKAJIbHBIM IIKOJIbHUKAM. Mapu-
Ha ®puaMaH, ycablas Mou jekiuu B JIDIII, npeamoxuia 3amu-
caThb UX U U3aTh IIUKJIOM CcTaTel B )KypHaje «XUMUA U KU3Hb —
XXI Bek». TeKCT cTaj ropaszo Jydiile 1 Obut omyb/IrMKoBaH b1arozaa-
p4 pezakTopy *kypHaina EneHe KiereHko.
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BNATOOAPHOCTMN

OTOT LIUKJI CTaTel, BhIlLIeMNIN B «XUMUHU U KU3HU» B 2013 rozy,
OBLT OTMEYEH JINTEPATyPHOU IIpeMueli uMeHHu AjlekcaHzapa bess-
eBa. Ha Bpy4ueHUU ripeMuu aBTopa IIPUIIEPIU K CTeHe IIpeCTaBu-
TEeJIV U3JaTeNbCTB U MOTPebOBaIU TUCAThH KHUTY.

KHura npeBpaTwiach U3 Hay4HOH B XOTA ObI cJIerKa IMOMyJsap-
Hyl0 61aroziaps pefiaktopam Enene Hatimapk u Buktopy Cypauny,
a Taxke 6era-uyurarensiMm: Ajekcanapy XoxiaoBy, Mapune Mama-
eBol1, Hatasbe AranoBoii u Jlapuce Byuok. EcTecTBeHHO, 61aro-
APHOCTh 3aCIYXWIN paboTaBIINe HA/l KHUTOUW COTPYAHUKY U3/a-
TeJbCTBA «AJbIIMHA HOH-QUKIITH». U mociesHel, HO He IO 3Ha-
YUMOCTH, A 6rarogapio 3aMevaTenbHyio Eneny KapMmanbckyio,
KOTOpasd NojJepKuBajia MeHA BO BCEM U HAIIOJHANA XKU3HDb pasio-
cThl0. JleHa, g npezsaraio Tebe pyKy, cepzlie U COaBTOPCTBO B CJie-
aytolneit kuure!






HACTD |

MJAHETDI,
MPUTOAOHDLIE ANA XXU3HU

Korza Hamr Myp Ha TpeTb 6bUI MEHBIIIE,
Ha TpeTh cuHel u ropsdei,

TMoraciurx 3Be3/ aIMa3HbIH [ele
PacIiBes B TeIlIe YyKUX JTydeit...

Bukmop Apeorog Project

3eMJid — eIWHCTBEHHAs M3BECTHas HaM IIaHETa, Ha KOTOPOH
€CTb KU3Hb. YTOOHI ITOHATh, KAK OHA ITOSABIIACh, HAM HAJ0 TIpeJ-
CTaBJATH cebe YCIOBUA, KOTOPBIE CYIIECTBOBAIU Ha HaIleH Iuia-
HeTe B /IpeBHEMHINe BpeMeHa, — TeMIlepaTypy, COCTaB U /laBJie-
HUe aTMocdephl, TIOMIab MAaTEPUKOB M OKEaHOB, COCTaB MOP-
CKOU BOZIBI M MUHEPAJIOB 3eMHOM KOpHI. K cojkasieHnIo, Bce Ce/bl
mepBbix 600 MJIH JIET UCTOPUY 3eMJIU OBUIU CTEPTHI TTOCTIEAYIOTT-
MM F€0JIOTMIECKUMU COOBITUSIMH, ITO3TOMY KJIIOUU K APEeBHENIIEH
vcTopuu 3eMI HaZIo UCKATh Ha APYTUX HeOeCHBIX TeaX, NCTOPHUs
KOTOpPHIX ObLIa 60Jiee CrIOKOMHOM: JlyHe, Mapce, CIIyTHUKAaX ILIa-
HET-TUTaHTOB, KOMeTax 1 acTepougax. EcTh ImaHc, 4To MblI Hak-
JleM >KM3Hb Ha Mapce win ciyTHUKax IOnutepa u CatypHa. Eciu
OKa’KeTCs, YTO OHA BO3HHKJIA HE3aBUCUMO OT 36 MHOM, TO MBI ITOJIy-
YUM YHUKAJIbHYIO0 BO3MOKHOCTb CPABHUTh €€ C TIPUBBIYHON 3eM-
HOU ¥ y3HaTh, KaKuWe CBONCTBA KU3HU ABJISAIOTCSI 00A3aTeTbHbI-
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NMPOUCXOXAEHWNE XN3HWU. OT TYMAHHOCTW OO KNETKW

MU, a KaKye MOTYT pa3/JndaThCs Y He3aBUCUMO BO3HUKIINX IMHUHI
*KU3HU. Ecin ske MBI HalizleM 3a npezieslaMu 3eMJIN KU3Hb 00I11ero
MIPOMCXOXK/IEHUS C HAMU, 3TO OyZeT pelaoIiuM J0Ka3aTeIbCTBOM
ee MEeXIUIAHETHOI'O IlepeHoca U, CKopee BCero, NpuMepoM TOTO,
HAaCKOJIBKO JJajIeKO0 MOTYT Pa3oNTHCh XKUBble OPTaHU3MBbI €JUHOTO
MIPOMCXOX/JEHUA 38 MUUINAPABI JIeT U30JALUU B PA3HBIX YCIOBU-
Ax. Tak WIK WHa4Ye, MBI HE MOKEM [TyOOKO IOHATD MIPOUCXOXK/E-
HUe€ U 5BOJIIOLMIO XKM3HU Ha Halllell IUIaHeTe B OTPhIBE OT UCTOPUU
MHHepaIbHEIX cj0eB 3eMun (KOPHI, MaHTUH, s7pa) U be3 ydera
6osiee UIMPOKOT0 KOHTEKCTa — HcTOpuM COMHEYHOH CHCTEeMBI.
A ecnu MBI XOTUM OLI€HUTH, HACKOIBKO BepOATHO BOSBHUKHOBEHUE
’KU3HU BO BeesieHHOM, HaM HaZ0 cpaBHUBATH COTHEYHYIO CICTEMY
C M3BECTHBIMM 5K30IIaHETHBIMU cricTeMaMu. [lo3ToMy MBI HayHEM
C KpaTKOro pacckasa o6 ycrpoiictse COTHEYHOH CHCTEMEL, ee Ipo-
HCXOX/IeHVUH U UCTOPHY, 3aTeM ONUILIeM YCTPONCTBO IUIaHeT 3eM-
Ho rpymsl (3emiiss, Mapc, BeHepa) U TOJIBKO MOCJIe 3TOTO OI0U-
ZleM K BOIIPOCYy O COOCTBEHHO ITOSIBJIEeHUU KU3HU.



rMABA 1

CrpoeHune ConHe4yHOMN CUCTEMDI

Hama CosHeyHas cucTeMa COCTOUT M3 MHOXKEeCTBA HeGECHBIX TeJl.
Kpymnneiimne us Hux nocje CoiHIIA — YeThIpe IUIaHeThI-TUTaH-
ta: IOnuTep, CatypH, YpaH u HenTyH u 4eTwIpe IIaHETHI 3€MHO-
ro tuna: 3emss, BeHepa, Mapc u Mepkypuii. Kpome HuxX nuMmeroTcs
acTepouJsl — MeJIKMe 00beKTHI, obpamaroniuecs Bokpyr ComHIa
B OCHOBHOM Mexay opburamu Mapca u FOnurepa, XoTs eCTb IPyII-
IIbI aCTEPOM/OB KaK O/rKe, TaK U gajbiie oT ComHIa. 3a OpOUTOH
Henryna pacnosoxkeH nosic Kolimepa — ckoruieHre HeGOIbIINX
JIeITHBIX 00'beKTOB. [TepBhiii 06heKT mosica Kotinepa, ILryToH, 6bUT
OTKPBIT HAMHOT'O PaHbllle OCTAJIbHBIX U IIO3TOMY Z0JIT'0 CUUTAJICH
JEBATOU IUIAHETOM.

Bce aTtu 06BeKTH OOpamaTcs BOKpyr CosHIA 1Mo opbuTam,
6JU3KUM K KpyroBeiM. Kpome Hux B COJMHEYHOH CHCTeMeE eCcThb
MHOKeCTBO KoMeT. OHU ABUKYTCA MO BBITAHYTHIM S/UIMIITUYECKUM
opbuTaM M, HarpeBasch BOM3u COHIIA, HAYMHAIOT UCIaPSThCA.
HcnapeHue NpUBOAUT K ITOABJIEHUIO Y KOMETHI BUAUMOI'O «XBOCTa».
Pa3Mepsl OpOUT KOMET CHJIBHO Pa3IMYaloTCsA. Y CAMbIX KOPOTKOIIe-
PUOJNYECKUX KOMET OPOUTA LIETUKOM HAaXOAUTCS BHYTPU OPOUTEI
IOnuTepa, a HemepuoANYeCcKre BEIXOAAT AaeKO 3a TPaHULIEI [Tosca
Koiinepa, o6pa3sys Tak HazpiBaeMoe 06sako Qopra.

I[ToMUMO TIaHET, acTEPOUZOB, KOUIMEPOBCKUX OOBEKTOB
Y KOMET eCTh CITyTHUKH, obpalaminuecs BOKPYT BCeX IUIAHET,
KpoMme Mepkypus U BeHepbl. 3eMJId UMeeT OfIMH KPYITHBIN CIyT-
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HuK — JIyHy, Mapc — aBa ManeHbkux, ®oboc u Jleiimoc, a y mwia-
HET-TUTAHTOB eCTh JE€CATKH CITyTHUKOB. Cpeivi CITyTHUKOB TIaHeT-
TUTAaHTOB BHIIEJIAIOTCA pery/spHble U HeperyadapHble. [110cKoCTh
OpOUTHI PETYAAPHBIX CIIYTHUKOB OJIM3Ka K MJIOCKOCTH DKBaTOpa
IUTaHeThl, a popMa OpOUTHl — K KPYTOBOM. Y Hepery/IsapHBIX CITyT-
HUKOB OpOUTHI, KaK MPaBWIO, CUJIBHO BRITAHYTHI U MOTYT HaXoO-
JAUTHCS MOZ, JIIOOBIM YIVIOM K 9KBaTOPY IUIAHETHI, 1 OHU OOBIYHO
obparatoTes Aabllle OT ITAaHETH, YeM peryasapHble. KpymHetimive
CITyTHUKU IUIaHeT-TUraHToB, [aHuMe u TUTaH, o pa3Mepy B HOJI-
Topa pa3sa 60s1blile Halleli JIyHbI ¥ TPaKTUYeCKH paBHBI MepKypHIo.

Op6uTtanbHas mexaHMKa

CaMoO CJI0BO «IUIaHETa» MPOUCXOAUT OT APEBHErpPedecKoro
AV ING — «OIyKaatormas». Eciu Kask/yio Houb HabJIoaTh IO0JIo-
JKeHUe TUTaHeT Ha Hebe UM 3amMChIBaTh HAOMIOZEHUS, TO OKaXKEeT-
€A, 4TO IUIaHeTHl JBUKYTCA OTHOCUTEIBHO 3Be3/] 110 IPUYyAJIUBO-
My nyTu. [Tozio6Ho JIyHe u COHITY, OHU BCeT/Ia HaXO/SATCA B TOJIOCE
30/IMaKaJIbHBIX CO3Be3u, HO ecu JIyHa u COHIIE ABKYTCSA IIPaK-
TUYECKU PAaBHOMEPHO B OZIHY CTOPOHY, TO IUIaHETHI OCTAHABIHUBA-
IOTCS U MEHSIIOT HalpaBJieHHe ABWKEeHU, ONUCHIBAs CJIOXKHBIE TTeT-
sy, B reorieHTprUYECcKOM crcTeMe MUPA, TOCIIOICTBOBABIIIEH B ZIPEB-
Hell ¥ cpefIHeBEKOBOM aCTPOHOMHUU, JJI1 OITUCAHUA 3TOTO IBIDKEHNA
BBOJWIVCh JOTIOJTHUTEIbHBIE OKPY>KHOCTH: II0 OKPY>KHOCTU BOKPYT
3emu (medepeHTy) paBHOMEPHO 0OpallaeTcs HEBUAMMAS TOYKA
(cpezHAA MaHeTa), BOKPYT KOTOPOI 110 BTOPOU OKPYKHOCTHU (3ITH-
ITUKJTY) paBHOMEPHO obpaIaeTcs UCTUHHAS TUIaHeTa.

C epexo/ioM K I'eJIMOIIeHTPUYECKOY crcTeMe MUPa CTasIOo TOHAT-
HO, YTO BUJUMOE JIBIKEHUE TUTAaHET CKJIabIBAETCA U3 IBYX: 0bpa-
meHusa 3emyir BOKpyT CostHIIa 1 obparteHus HabmoaaeMol iaHe-
THI BOKPYT Hero ke. [loHavasy gAymanu, 4To IUTAaHETH 0OpaIiaroT-
cs1 BokpyT COJTHITA TOXKE I10 KPYTOBBIM JlehepeHTaM U SMUIKIIAM,
HO 60jiee TouHble u3MepeHus Tuxo bpare B XVI Beke IOKa3aiu,
YTO 3Ta MOJIeJIb He coriacyeTcs ¢ HabmogeHuamu. MoranH Kerep,
aHayM3upys 3anvcu Bpare B Hauase XVII Beka, chopmymrupoBa Tpu
SMITUPUYECKUX 3aKOHA JIBIDKeHNA TuiaHeT BOKpyT ComHia (puc. 1.1).
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IepBoiii 3aKkoH Kerutepa: opbrTa riiaHeTh UMeeT GOpMY 3JLITHII-
ca, a CoJHIle HaXOAUTCA B OHOM U3 €ro (OKYCOB.

Btopotii 3akoH Kemiepa: yryioBas CKOpPOCTh ABHXKEeHUA IJIaHETHI
B pa3HBIX MeCTax ee OpOUTHI 06PATHO MPOMTOPIMOHATBHA PACCTO-
AHuto Ao CosHIA.

Tpetuii 3akoH Keltepa: KBaZipaThl IEPUO/OB 00pallleHUs ABYX
IUTAaHET COOTHOCSTCS KaK KyObl OOJBIINX MTOIyOCeH UX OPOUT.

Mnaneta — 71—

®dokyc
CBo60HbIN
II,.’ $okyc \ \
4 '!- \
. ‘ & .1 :
\ ConHue Connue /
|
|
c~— -
—¢< | SKcueHTpucutetT:e=c/a
. a

Puc. 1.1. [NepBsbir 1 BTOPOW 3akoHbl Kennepa. SAA1MACh.
a — 60/blas NoONYoOCh 2AAMNCA, C — GOKaNbHbIM NapameTp (MoNoBMHa
PaCCTOAHNSA Mexay GOKyCamm)

YTo Takoe 3JUIUIIC U IZe Y Hero gpokyc? Kak n3BecTHO, OKpyX-
HOCTh MOXXHO HapHWCOBaTh IUPKYJIEeM, TOTOMY YTO BCE ee TOYKH
HaxXO/SITCA Ha PaBHOM PacCTOSHUU OT IleHTpa. [Jist 3JUTHIIca Criocoo
pHcOoBaHUs OyzeT cioxkHee. JIIs1 BceX ToueK JUTUIICA CYMMA PacCTo-
STHUH /10 IBYX GOKYCOB OfMHAKOBA. EC/IM MbI BOTKHEM /IBE KaHIIEJIsAP-
CKYe KHOITKH U MIPUBSDKEM K HUM HUTKY TaK, YTOOBI ee yTiHa ObLia
3aMeTHO 6OoJIbIlle PACCTOTHUSA MEXAY KHOTTKAMH, OTTIHEM HUTKY
B CTOPOHY KapaH/aIliom u 6yzieM BOUTh UM BIOJh HUTKH TakK, YTO-
OBI OHA BCe BpeMs ObUIA HATAHYTA, MBIl HAPUCYEM 3JUIUIIC, 8 KHOIIKU
6yayT B ero dpokycax. OKpY)KHOCTb XapaKTepU3yeTCs OJHOM BETMYIH-
HOM — paZiycoM. Y 3JUTUIICa eCThb OOIbIIast MOIyoch (aHaIOT pasiu-
yca) U dKCIIEHTPHUCUTET — OTHOIIEHWE MOJIOBUHBI MeX(OKYCHO-
r'O PACTOSHUA K OOJIBIION MmoyocH. ECi aKCIIEHTPUCUTET OIM30K
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K HyJTI0, TO GOKYCHI SJUTUTICA HAXOASITCS COBCEM PSIZIOM, Y SJUTHTIC OJ1U-
30K K OKPYKHOCTH. EC/TH 3KCIIEHTPUCUTET OOJBIIIOMH, TO SJUIUIIC UMe-
€T CWJIBHO BHITAHYTYIO hopMy. OpOUTHI TUIAHET UMEIOT HeOOITBITOM
axcueHTpucuret (0,2 — a1 Mepkypusa u MmeHee 0,1 — 7151 ocTasb-
HBIX TUIAHET), 2 OPOUTH KOMET OTIMYAIOTCA OOJIBITUM KCIEHTPU-
CUTETOM, OJIM3KUM K eTUHUIIE.

B nanpHeitmeM Vcaak Hpr0TOH chOpMyIHpOBas 3aKOH BCEMUP-
HOT'0 TATOTEHU, U3 KOTOPOTO BEIBOAATCSA BCe TPU 3aKkoHa Kemiepa,
ecJIi IpeHeOpeyYb BIUAHUEM IUIAHET APYT Ha Apyra U Ha ConHIe.

MexaHUKa OpOUTATBHOTO IBIKEHUS BO MHOTOM HEIIPUBBIYHA
[T HecTtelTnanrcToB. Ha opbuTe, 4TOOB yBETUYIHUTEL CKOPOCTD ZIBH-
YKEHUS, HaZIl0 TOPMO3UTh, a YTOOHI ee YMEHBIIUTh, — PA3TOHATHCS !
[IpounmnocTpUupyeM 5TO Ha NpUMepe BbIBEJEHUS CIYTHUKOB
Ha reocTallOHApHYI0 opbUTy. 3Ta OKOJI03eMHas opOuTa, Jiexa-
I1ast B INIOCKOCTH 3KBaTOpa, ¢ IeproAoM obpaiienus 23 yaca 56
MWHYT, O4eHb yZ06HA /IS CITyTHUKOB CBA3H, IIOTOMY YTO CIIyT-
HUK Ha Hell Bce BpeMf HaXOAUTCA HaJ OAHOU TOYKoU 3eM-
JI1 U Ha3eMHYI0 aHTeHHY Ha Hero MOXXHO HaBeCTHU OAUH pas
u Oosbllle He ABUTATh. [eocTanioHapHas opOUTa UMeET BBHICOTY
35786 kM Ha/Zi TOBEPXHOCTBHIO 3eMJIU, U CIIYTHUK Ha HEU JIBUXKET-
ca co ckopocTbio 3,07 kM /c. IIpu BbIBeIeHUM pakeTa-HOCHUTENb
CHavasa ZIoCTaBIsAET CIIyTHUK HAa HU3KYI OKOJIO3EMHYIO OpOU-
Ty, IPOXOAAILLYI0 IprUMepHO B 200 KM HaZ IOBEPXHOCTBIO 3E€MIIU.
CKOpOCTh Ha Hell paBHA IePBOM KOCMHYECKON CKOPOCTH, OKO-
JI0 8 KM/ C. 3aTeM CIyTHUK BKJIIOYAECT JBUTATE/b U Pa3TOHACTCA
ellle Ha 2 KM/ ¢, [T0CJIe 4Yero oKa3blBaeTcd Ha TaK Ha3bIBaeMoii reo-
IepexofHOM opbuTe. JTO A/UIUIITHYECKasa OpOUTa ¢ OOIBIINM 3KC-
LIEHTPUCUTETOM, KOTOpas B HIXKHEH Touke KacaeTcsi HU3KOM OKO-
JIO3€MHOMM, a B BepXHel — reocTalOHapHOU opbuTsl. ITo BTO-
poMy 3akoHy Kemepa cKOpoCTh CIYTHUKA B BepxXHel TOUYKe
OKa3blBaeTcd HAMHOTO HIKe, YeM B HUKHel, — oKoso 1,7 kM /c.
CoBepIiuB mosiobopoTa 1Mo reonepexofHoi opbuTe, B BepxHel
TOUYKe CITyTHUK BKJIIOUaEeT ABUTATENb BO BTOPOU pa3 U pasroHseT-
cd eme npuMepHo Ha 1,3 kM /c. [Ipy 3TOM OH OKa3bIBaeTCs Ha reo-
CTaIlMOHapHOU op6uTe. HecMOTps Ha /Ba pa3roHa, ero CKOpoCTh
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ymazna ¢ 8 go 3,07 km/c. Kunetuueckas sHeprus jeTAIero CiyT-
HUKa IIPY 3TOM He Hc4e3a 6ecciieIHO, a epelia B IOTeHI[ab-
HYI0 — OH NOJHAJICA HAMHOTO BHIIIEe HaJ, 3eMIe.

[paBuTaunoHHas auddepeHumaumns

Korza B XVIII Beke BIiepBBIE YaI0Ch U3SMEPUTH Maccy 3eMJIU, OKa3a-
JIOCh, YTO ee CPeAHssA IUVIOTHOCTD COCTaB/sAeT 5,5 r/cm®. OfHAKO IUIOT-
HOCTb 'OPHBIX II0PO/, Ha TIOBEPXHOCTU 3€MJ/IU IOYTU BBOE MEHbD-
1ie — okoJio 3 r/cm®. Cie1oBaTebHO, BHYTPU 3€MJIU JO/IKHO OBITh
6ostee TWIOTHOE BelecTBO. [10 JaHHBIM Ie0JIOTHH, B IIeHTpe 3eMIN
Y IpyTUX IUTaHEeT 3€MHOTI'0 TUIIa HAXOAUTCA AAPO U3 XKeJjle3a ¢ IpuMe-
CSIMY HUKeJIA U IPYTHX MeTaJUIOB, cO cpefiHel IIoTHOCThIo 10 r/cm®.
SApo OKpyXaeT NOMyKUJKas CWIMKAaTHAasA MaHTHsA, IOKPHITasA CBEPXY
TBepZOH CWINKATHOM KOPOI € IVIOTHOCTBIO OKOJIO 3 T'/cM>.

ITpy 06pa3oBaHMH IUTAHET COCTABJIIONIVE MX CHJIMKATHI U METaJ-
JIBI OBUTH TlepeMelaHbl. B gampHelmeM IaHeTsl paccaanBavCh:
KeJle30 TAHYIO K IeHTPY 3eMIy ¥ GOpMUPOBAJIO PO, a CUINKATHI
BCIUIBIBAJIM HaBepX, 006pa3ys MaHTHIO U KOPY.

B mpouecce paccioeHys B TyOHMHAX IUIAHETHI BBIIEIAETCS TEIl-
JI0, TIOJepKUBAloOLee AP0 U MaHTHIO B PAaCIUIaBJIEHHOM COCTO-
AHUU. [IpyTUM UCTOYHUKOM DHEPIUU BHYTPHU IUIAHETHl ABIAETCA
PaZMOAKTUBHBIN pacia/i HecTaOWIbHBIX 3/IeMeHTOB. I'paBUTany-
oHHas AuddepeHInaNA NOAAEPKUBAET KOHBEKTUBHBIE TeUeHM
B MaHTUH, a B ciIy4yae 3eMIU — ellle U ABIKeHHe IUTUT 3eMHOU
KOPBI OTHOCUTEJIBHO APYT ApyTa.

[Ipyu MHOM XMMHMYECKOM cOocTaBe HeOeCHOTO Tesla OHO pasze-
JIAeTCs Ha Apyrye clou. HanpuMep, KpymnHble CIIyTHUKU ILIaHET-
TUTaHTOB UMEIOT CWJIMKATHOE AP0, MAHTUIO U3 XKUAKOU BOJBI
u sejaHyro kopy. Ha EBponie n DH1jesaZie ecTh Ja)ke aHalIOry BYJI-
KaHM3Ma U IBYDKEeHNA TUTOCHEPHBIX IUTUT — MHOTOKIIOMETPOBBIE
$OoHTaHBI BOABI U IBIDKEHNE JIeJsIHbIX OI0KOB KOpEl. CaMH ILIaHe-
TBHI-TUTAHTHI Pa3JesIAloTca Ha IPOTAKeHHYI0 aTMocdepy U3 BOZO-
poza u renusd, 6osee TSKENBIM CION XUAKUX MeTaHa, aMMHUakKa
U BOZBI U CWIMKATHO-XKeJIe3HOoe AApo. bosblyo yacTh UX AuaMme-
TPa COCTaBJIAET MAacCUBHAA IUIOTHAA aTMocdepa.

21



MAAHETHI, NMPUTOAOHBIE ANA XWU3HWN

an/IJ'II/IBHbIe aB1eHnd

3akoHbl Kerutepa mo/ipa3yMeBaroT, YTO OPOUTHI IUIAHET U CITyTHU-
KOB HeM3MeHHHI U BeUHbl. OJHAKO 5TU 3aKOHHI BBHITIOIHSOTCSA B TOY-
HOCTH, TOJIBKO €CJIM pa3MephI TeJl HUYTOXKHO MaJIbl 110 CpaBHEHUIO
C pacCTOSHUAMU MEeXJY HUMU, a BIUSHUEM IUIaHET APYT Ha JApy-
ra MOXHO npeHebpeyb. [I0CKONBKY peajibHbIE IIAHETHI U CITYT-
HUKU MMEIOT 3aMeTHbIe pa3Mephl, CHIa MPUTHKEHUA JeNCTBY-
eT Ha UX OIDKHUE K APYT APYTY YacTU CUJIbHee, YeM Ha JjalbHUe.
3a cYeT 3TOl pa3HUIlbl HeOeCHBIE Tela HEMHOTO eOpPMUPYIOTCS,
ux popMa CTaHOBUTCA CJIETKa BHITIHYTOMH, ITOZI0OHO bIHe. B cirydae
3eMJTH ee OKeaHbl JIerde NoAAalTesA AepopMalyy, yeM 3eMHast Kopa,
Y U3MEHEeHUs UX yPOBHSA IO/ AeUCTBUEM TATOTEHUA JIYHbI BEI3bIBA-
10T TIPYWIUBHI, Oy1arofiaps YeMy 3TH CHUTHI TIOTYYMJTH CBOE Ha3BaHUE.

[IpunuBHBIE CUIBI OBICTPEE YMEHBIIAIOTCS C PACCTOSHUEM,
yeM cuia TsoKecTU. [Ipy yBeTMdeHUH pacCTOSHUA B [Ba pa3a MpU-
TsDKEHUE MEX/Y TeIaMH 0CIabJIsgeTcs B YETHIPE pasa, a MPUINBHbBIE
BJIUAHUA — B BoceMb pas. [losToMy Ha 3eMiie IPWINBHBIE CUIIBI,
BEI3BaHHBIE JIyHOH, Tpe0bs1aZaroT Ha/l IPWIMBHBIMY cryiaMy CosH-
1a, xota CoJyHIle ropas3zno MmaccuBHee JIyHBI.

JIBrKeHUe Macc BOJbl, HATBIKAIOIIUXCA Ha KOHTUHEHTHI, U Tpe-
HUe B IehopMUPyeMOU 3eMHOM KOpPe IIPUBOJAT K BhIZIEJIEHUIO TeTUIA.
VlcTouyHHUKOM 5TOM TEILIOBOY S9HEPTUU ABJISIETCS BpallleHNe IUIaHeTHl,
Y OHO IIOCTENeHHO 3aMe/IAeTcs Mo AelcTBrUeM IpuInBoB. Kpome
TOrO, TMIOXOXKe, YTO IIPUIMBHOE ZleficTBUe JIyHBI HaMpaBisdeT Apeid
MaTEePUKOBBIX IUIUT 36 MHOM KOPHI — UX JABWKEHUE 3aMeTHO HeCUM-
MEeTPUYHO B HAaTIpaBJIeHUH 3ama/i-BocTok (Riguzzi et al., 2010).

Biarozaps NpUIUBHBIM CUJaM BO3MOXKHO B3auUMO7elicTBUe
MeXXy BpallleHueM IUTaHETHl ¥ OpOUTAIBHBIM JBI)KEHUEM €€ CITyT-
HUKOB. B cucteme 3emst — JIyHa BpaujeHUe 3eMId BOKPYT CBoel
ocH ropaszio OeICTpee, YeM opOUTaNbHOE ABMKEeHUE JIYHBI, IT03TO-
My NIPWIVBHBIH «rop6» Ha 3eMsie HeMHOT0 o6roHseT JlyHy. IIputa-
»keHwue JIyHBI K 3TOMY ropOy MPUBOJUT K TOMY, UTO BpallleHue 3eM-
JIA TIOCTETIEHHO 3aMe/IjIfeTcs, a KUHeTHYecKas SHEPTU IepeiaeT-
csa Jlyre. [Ipu 5TOM paguyc JyHHOM OpOUTHI pacTeT, TAKKe pacTeT
1 iepuoz obpatenust JIyHbI BOKPYT 3eMJIH.
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Bonee kpymHbIii 13 ciiyTHUKOB Mapca, ®oboc, coBepimaeT 060-
POT BOKPYT IUIAHETHI BCETO 3a 6 4acOB, TOIZIa KaK IepHoJ BpallleHHs
Mapca BOKpyT cBoelt ocu — 24,5 4aca, 4yThb 60J1blile, 4eM Y 3eMIIH.
IToaTromy B cucteme Mapc — ®o60cC POUCKXOANT Iepeiada KUHETH-
YeCKOU dHeprur B 06paTHYIO CTOPOHY — OT CITyTHHKA K IUTAHETe.
®ob60oc HeyKIOHHO NMpubmKaeTcs K Mapcy U B omkaiiime 15-20
MUJTH JIET JOCTUTHET TaK Ha3bIBaeMoro npezeina Poma, rae nmprims-
HbIe CHJIBI CPaBHSIOTCA ¢ TaroteHreM ©oboca, CKPEIUIAIOINIAM ero
B eIMHOE Teso. JlocTUrHyB 3TOro mpegena, Poboc paspymurces,
Y BOKpyT Mapca mosBUTCS KOJIbIIO U3 KAMHEN U MbLUTH, TOA06HO0E
kosbliaM CarypHa.

IIpu ABMKEHWH CITyTHUKA TI0 SJUTUIITUIECKOH OpOUTe ero cKo-
pPOCTh MakKCHMajbHA B OMIDKauIedl K IUIaHeTe YacTH OpPOUTHI
Y TaM Ke MaKCUMaJIbHO IIPWIMBHOE B3auMozelicTre. [ToaToMy pu-
JIBBI MOTYT U3MEHATH pOPMY OpOUTHI CIIyTHHKA. Tak, opouTta JIyHbI
CTaHOBUTCS 6oJiee BBITAHYTOMU IO ZIeCTBHEM MPHINBOB, a ¥ OPOUT
CIyTHUKOB FOmmuTepa, Ha060POT, BEITSHYTOCTh YMEHBIIAETCH.

Op6uTanbHble pe30OHaHChI

EcTp u Apyrasg npudmnHa, 110 KOTOPOH ABIKeHHe IIaHeT HeMHO-
r'0 OTKJIOHAETCA OT OIIMCAHHOIO B 3aKOoHax Keruiepa. JTO rpasu-
TallMOHHOE B3aUMOJZEHCTBIE MeXY IIaHeTaMU. XOTA OHO ropas-
Zo cinabee, yeM UX nputsokeHre COMHIIEM, 32 MUAJUTUOHBI JIET €70
BJIMSTHYIE MOXKeT HaKaIUIUBAThCA U CHIBHO U3MeHATh opOuTeL. [Ipu-
TsDKEHUE ABYX IUIAHeT APYT K APYry MakCUMaabHO B [IEPUOZ IIPO-
TUBOCTOSIHUA — KOI'Zla PaCCTOAHUE MEXAY HUMU MUHUMAJIBHO.
[loaToMy BAMAHME Pa3HBIX IJIAHET Ha JABU:KEHUE Jpyr Apyra
BOKpYT COJHIA 3aBUCUT OT OTHOIIEHUS UX TIEPHUOAOB OOpallleHUs.
Ecsi 5TM meprozibl He 06pa3yloT MPOCTOTO COOTHOMEHUS THTa 1:2,
2:3 win 2:5, TO IPOTUBOCTOAHUSA MPOUCXOAAT B PAa3HBIX YYACTKAX
opouT 6€e3 CTPOroi 3aKOHOMEPHOCTH, & U3MEHEHU OPOUT Ha 60JIb-
IIMX IPOMEXYTKaX BpeMEHU CTpeMATCA K Hyio. Eciu neprogst
obpaillleHus TIaHeT OTHOCATCA KaK HeboJblliMe Iiejble YKCia,
TO TOBOPST, YTO MX OPOUTHI HAXOAATCS B pe30HaHce. B aTom ciry-
Yyae MPOTUBOCTOSHUS TIPOUCXOAAT B OHUX U TEX YK€ MeCTaX Opou-
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ThI, HEOOJIBINIME U3MEHEHUA OPOUT TOCTENMEHHO HAKAILTUBAIOTCS,
U CO BpeMeHeM OPOUTHI MOTYT CHJIbHO U3MEHSIThCS .

IMocneAcTBYUS OPOUTATHFHOTO pe30HAHCa 3aBUCAT OT HECKOJIb-
KUX (aKTOPOB: COOTHOIIEHUS MacCC TeJ, OTHOIIEHUS UX MEPUO-
[I0B oOpaleHus U dKCIIEHTPHUCUTETOB OpOUT. Takre pe3oHaHCHI,
kak 1:2, 1:3, 5:2, 3:7, KaK IpaBWIO, TPUBOJAT K OBICTPOMY H3Me-
HeHUIO opbuT. Ec/ii Macchl Tesl CUIbHO OTINYAIOTCA (HalpuMep,
HOmuTep u actepousn), To opbUTa acTEPOU/Ia CTAHOBUTCSA CHITBHO
BBITSHYTOM, U OH BhIOpackiBaeTcs u3 COMTHEYHOM CUCTEMBI. Pe3o-
HaHch 2:3, 3:4, 4:5, HAIPOTUB, MOTYT CTAOUIN3UPOBATH OPOUTHI.
Tak, acTeponbl I'PYIIIbl XWUIbAbl HAXOAATCA B YCTOMYMBOM pe30-
HaHce 2:3 ¢ [OnuTepowm, a IlnyToH — ¢ HenryHOM.

Oco6eHHO GBICTPBIE U3MEHEHU MPOUCXOJAT IIPU PE30HAHCE
1:2 — Tor7a MIaHeTH BCTPEYAIOTCS B OAHOM U TOWM JKe YacTh 0pOu-
ThI, I UX PUTSDKEHYE BBITATUBAET UX OPOUTHI B 3JUTUIICHL. B TakoM
opbuTaIbHOM pe3oHaHce HaxoAATcA cyTHuUKU IOmutepa, Ko,
EBpora u l'aHuMe I, X TepUoAbl 00pallleHus OTHOCATCA Kak 1:2:4.
OAHaKo TIPUINBHBIE CHJIBI TPOTUBOCTOSIT BHITATUBAHUIO UX OPOUT,
MIO3TOMY KOHEIHBIM Pe3yIETaTOM O0pbOBI OPOUTATBEHOIO PE30HAH-
ca C IpWJIUBOM OKa3bIBaeTCsI paccessHue KMHETUYEeCKOU SHepIruu
0opOUTaABHOTO OOpaIeHUs CITyTHUKOB B HAaTPEB X HEAP U MTOCTE-
meHHOe npubmmKeHue K IOnuTepy. biarogaps TakoMy UCTOYHUKY
sHepruu Ha /o MpoucXoauT caMblii aKTUBHLIN ByJIKaHHU3M B CoJl-
HEYHOU crcTeMe, OHTAHbI pACILIaBJIEHHOU cephbl ObIOT Ha COTHIO
KWJIOMETPOB OT €€ TOBEPXHOCTH.

Jlpyroe cieacTBre OpOUTANIBHBIX PE30HAHCOB — TaK Ha3bIBae-
Mble Tipobesbl KMpKByia B IOsice acTepOU/I0B. PasHble acTepouibl
WMEIOT CaMble pa3HbIe IEPHUOBI 00paIEHNsT, HO TAKHUX aCTEPOU/IOB,
KOTOpBIe OBl HAXOAWIHMCH OIM3KO K pe3oHaHcam 2:1, 3:1, 5:2 u 7:3
c FOmutepowm, HeT. Masbie Tea, KOTOpble MOT/IM OBITH Ha 3TUX OpOU-
Tax, HeNM30eKHO MepPENUTH Ha JJUTUIITHYECKUEe OPOUTHI, OIM3KO MOJ-
xozsye K FOmuTepy, v GbUTH BBIOPOIIIEHBI MM U3 T05ICA aCTEPOUIOB.

! HammagHoe mipezicTaBieHNe 00 YCTOHYMBOCTH IVTAHETHBIX OPOUT MOXKHO TTOJIyYUTh

B oHyaiiH-urpe Super Planet Crash (http://www.stefanom.org/spc/). — 3decb u danee
npum. agm.
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CTPOEHWE CONHEYHOW CUCTEMBI

[Lnanetsl COTHEYHOM CUCTEMBI B HACTOSAIIEe BpeMst He 06pa3y-
10T OpOUTABLHBIX PE30HAHCOB MEXAY CO00i1. ACTPOHOMBI ZIPEBHO-
CTH TIPWIOXKWIN MHOTO YCHJINH, YTOOBI HAMTH MPOCTYIO U KPacu-
BYIO MaTeMaTHYECKYI0 3aKOHOMEPHOCTDb B Tleprojax obparneHus
wiaHeT BOKpyT COJIHIIA WX B Parycax UX OPOUT, HO Oe3yCIIeIIHO.
Tenepb MBI 3HaeM, 4yTo CoTHEYHASA CUCTEMA C MTPOCTBIMU COOTHO-
MIEHUAMY MeXJy IeprofaMu obpamieHus IVIaHET OKa3bIBAeTCs
HeycToMumnBa. Ha A3bIKe aHTUYHON aCTPOHOMHU MOXKHO CKa3aTh,
YTO My3bIKa cep criocobHa 3BydaTh BEUHO, TOJBKO €CJIN B HEH HET
rapMOHUYHBIX CO3BYYHU, NHAUYe OHA HAYHET OBICTPO MEHATHCA.
B apeBneti vcropuy COTHEYHOM CHCTEMBI, TIO-BUAUMOMY, OBUIH
MepruoAbl OPOUTANTBHBIX PE30HAHCOB MEX/Y IUIaHeTaMU, U OHU
OCTaBWJIM CBOU CJIEJBI B €€ COBPEMEHHOM YCTPOMCTBE.

[MnaHeTbl 3eMHOW rpynnbl

YeTripe BHyTpeHHME TUIaHeTH COTHEYHOM crcTeMbl — MepKypui,
Benepa, 3emsa u Mapc — 00beJUHAIOTCA B 3eMHYI0 Tpytiy. OHU
COCTOSAT U3 MeTaJUTUYeCKOro f/ipa U CUJIMKATHBIX MAHTUU U KOPHL,
B OTJINYHE OT IUIAHET-TUTAHTOB. JIyHa, XOTA U He ABJISAETC IUIaHe-
TOH, TI0 XUMHUYECKOMY COCTaBY Tak:Ke OJIM3Ka K IUTaHeTaM 3€MHOM
rpynnet (puc. 1.2).

OpHako 1o pyruM fapaMeTpam 3TH IUIaHeThl CWIBHO pasjnya-
I0TCA MeXAy coboit (taba. 1.1). Tak, 3eM/It UMeeT a30THO-KHUCIO-
POoAHYI0 aTMOochepPy YMEPEHHOH IVIOTHOCTU U 6OJIBIIIOE KOTUIECTBO
KUJKOM BOJBI Ha MOBEPXHOCTU. BeHepa MOKphITa CBEPXILIOTHOM
arMocdepoii U3 yIJIEKHUCIOTOo ra3a, KOTopas CO37aeT CHIbHENTIINH
MApPHUKOBHINA 3QPeKT U MOBHIIIAET TEMIIEPATyPy HAa IOBEPXHO-
CTHU IIaHeTHl 70 460 °C. Bogsl Ha BeHepe HeT HU B XKUAKOM BU/JE,
HU B BU/le TapoB B aTMocdepe. ATMochepa Mapca Takke COCTO-
UT B OCHOBHOM M3 YTJIEKUCJIOTO rasa, HO ee oTHOCTh B 5000 pa3
MeHbIIle IVIOTHOCTU aTMocdepsl BeHeprl. Mapc ominyaeTcs X0J0z-
HBIM KJIUMaTOM, U HEGOJIbIIOE KOJUYECTBO BOJBI, COXPAHUBIIEECS
Ha HEM, HaXOJIUTCS B TBEP/IOM BH/IE B TIOJIIPHBIX [IATTKAX U B TOJIIIIE
T'PYHTA B CPeJHUX MIMpoTax. MepKypuii He uMeeT aTMochepHI BOBCE,
TEeMIIepaTypa ero IOBepXHOCTH KosebieTcs oT —170 Ha HOYHOM
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Teépaoe BHYTpPeHHee
Anpo
Huagkoe BHelWwHee
fAApo

MEPKYPWIA BEHEPA

KOPA
MAHTWA
A0PO

Puc. 1.2. OTHOCKTENbHbIE Pa3Mepsl
N BHYTPEHHEE CTPOEHME MIaHET 3eMHOM rpy bl

Ta6bnuua 1.1. CpaBHeHUWe NnaHeT 3eMHOM rpynnbl

ILtanera Ana- Macca | Cpepuss | Ilepuoa Haxjion Ilepuop
merp | (oTHOCH- IJIOT- 0OCeBO- | OCH Bpallie- opou-

(xM) TeJIbHO HOCTb ro Bpa- HUs Tejla | TaJbHOTO

3eMIn) (r/cm3) | menwsa K IUIOCKO- oGpaiue-

(cyTkm) | cTtu eroxe | Hus (cyT-

OpOUTHI KH)
(rpazycsr)

Mepkypuii | 4880 0,055 5,43 58,7 0,01 88,0
Benepa 12100 0,815 5,24 243 177,3 225
3ema 12750 1 5,51 1 23,5 365
Mapc 6750 0,107 3,93 1,05 25,2 687
Jlyna 3470 0,012 3,35 28 6,7 27,3
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1o 400 °C Ha IHEBHOIT cTOpOHe. 3eMJist 06/1alaeT JOCTATOYHO CHUIThb-
HBIM MarHUTHBIM IT10JIeM, MarHuTHeIe mosist Mapca u Mepkypus
npuMepHo B 100 pa3 ciabee v He 3aIIUIMIAIOT 3TU TUIAHETHI OT COJI-
HEYHOTO BeTpa (TTOTOKA 3apsKeHHBIX YaCTULL U3 COTHEYHON KOpO-
HBI), Ha BeHepe MarHuTHoOe I10Jjie He 0OHApyKeHo. 3eMiisa U Mapc
COBEPIIAIOT OZIMH 060POT BOKPYT CBOEH OCH IPUMEPHO 3a 24 Jaca,
Torza kak Mepkypuit u Benepa — 3a 59 u 243 cyTOK COOTBETCTBEH-
HO. Bce muraneTs BpamaoTesa BOKPYT CBOEH OCH ITPOTUB YacOBOU
CTPEJIKH, eI CMOTpeTh ¢ CeBepHOTo MOJI0ca, ¥ TONbKO BeHepa —
T10 YaCOBOU CTpEJIKe.

lNMnaHeTbI-TuraHTbl

IOnuTep ABnsercs KpymnHeiei u3 mwiaHeT CoMHEYHOUN cucTe-
Mbl. Ero Macca mpeBbIllIaeT Maccy BcexX APYTUX IUIAHET, CITyTHU-
KOB, aCTEPOUZOB M KOMET BMecTe B3AThIX. CpeAHAA IJIOTHOCTH
IOmutepa coctaBmser 1,3 r/cm®, yTo o3HavaeT mpeobiiaZaHue
JIETKUX 2JIEMEHTOB — BOZOPO/A U I'ejius — B COCTaBe IUIAHETHI.
Buaumasa nosepxHocTh OnuTepa, CyAsa 10 HEpaBHOMEPHBIM /IBU-
JKEHUAM OTAETbHBIX YacTel, ABIIETCA IVIOTHBIM CI0EM OOJIaKOB,
a He MOBEPXHOCTHIO KUAKOCTHU WIHN TBepZoro Tesaa. MoiHoe mar-
HUTHOe Tiosie OmuTepa cobrpaeT 3apsiKeHHbIE YaCTUIIBI COTHEY-
HOTO BeTpa ¢ 60JIbIIOro 06'beMa, UX Ma/[eHNE Ha IOJI0CA TIaHETh
BBI3BIBACT MOIIIHBIE IOJIAPHBIE CUAHUA.

Cucrema cnyTHuUKOB lOnwurtepa Obplia nozpobHO u3yde-
Ha TIpY TIOMOIIYA HA3eMHBIX TEeJIeCKOIIOB, OPOUTAIBLHOIO Teje-
ckota «Xab6i», TposeTHBIX 30HA0B «ITnoHep-10, — 11», «Bosia-
Kep-1, — 2», «Ymuce», «Kaccuaun», «HoBbIe TOPU30HTHI» M 0COOEH-
HO TIOAAPOOHO — UCKYCCTBEHHBIM CITyTHUKOM FOmuTepa «'amuieo».

YeTslpe kpynHeimux cunyTHuka lOnutepa — Mo, EBpona,
Taunumez u Kawircto — 6bUIH OTKPBITHL [anieeM B 1610 roay
[IpY IOMOIIIM IepBOr'0 B MUpe Teseckomna (puc. 1.3).

Nx nuameTrprer — oT 3100 kM (EBpoma) Ao 5200km (Fanumen),
YTO CPaBHUMO C pa3MepaMu Haieli JIyHBI U Jaxke IaHeTsl Mep-
Kypuii. [leprozbl ux obpaieHus BOKpyr lOmurepa cOCTaBIsAIOT
ot 1,77 cyrox (Mo) mo 16,7 cyrok (Kayumcto). MismMepeHUA TUIOT-
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Puc. 1.3. YeTbipe KpynHeMwmx cnyTH1ka Konmtepa.
Cnesa Hanpago: Mo, Espona, faHnmMen, Kannmcro.
Pa3mepsbl Mo npriMepHO paBHbl pasmepam J1yHbl

HOCTHU IIOKa3bIBAIOT, YTO 110 COCTOUT U3 CKaJbHBIX IOPO/, EBpoma
HMMeeT BOZHYIO MaHTHUIO U JIeZIHyI0 KOpy oOIeil TOJMIIWHON OKO-
g0 100kmMm, a 'anumea u Kamnucro coctoAT u30 apAa Ha 70-80%.
KpoMme deThIpex KpYIHBIX CIIyTHUKOB BOKPYT HOmuTepa obparia-
IOTCA €llle YeThlpe MajblxX cliyTHUKa: Mertnza, Agpacreda, AMaib-
Tes u Teba. Bce onu obparuatores BHyTpu opbuTet Mo, ux pa3me-
PEI He npeBBImaT 250 KM, a IeproAsl o6palleHus COCTaBIAIOT
oT 7 1o 16 4acos. Emie IOnuTep umeeT 59 HeperyaapHBIX CIIyTHU-
KOB pasMepoOM B eAMHUIIBI WIN AeCATKN KWIOMETPOB, C IepruojgaMu
obpamenusa ot 130 1o 1077 cyToK.

Bropas no BennuuHe 1aHeTta ComHedHOH cucteMbl — CaTypH.
[Mogo6Ho IOmuTepy, OH COCTOMUT IPEVMMYIEeCTBEHHO U3 BOJO-
polia U reivs, MpUYeM /0Js BOAopoZa OoJbllle, YeEM B COCTaBe
Onurepa. [totHOCTE CaTypHa MUHHMAaJIbHA Cpeu BeeX IvtaHeT Coll-
HEYHOMH cucTeMsl, Bcero okoso 0,69 r/cM?®, ToaToMy ero Macca ouTH
BTpO€ MeHbllle Macchl FOnuTepa IIpu CONOCTaBUMBIX pa3Mepax.

Cucrtema cnyTHUKOB CaTypHa CTOJIb K€ MHOTOYUCJIEHHA,
kak u cucreMa Onmrepa (puc. 1.4). KpynHeimuii ciiyTHUK CaTyp-
Ha, Tutan, cBouM guameTrpoM (5150 kM) JUIIL HEMHOTO YCTY-
naeT Fanumeny. Eie deTwipe cryTHuka — Tedus, /luona, Pes
u Anet — umeroT pazmeps! 1000-1500 kM, ABa OIVKANIINX K IUIA-
Hete, Mumac u JHuenaz, — 400 u 500 kM, ocTasbHbBIE CIIyTHUKUA
He TIpeBHIIIAIOT B AnuHy 260 kM. Becero Bokpyr CarypHa obparia-
eTcsl 24 Pery/sspHbIX CIIyTHUKA U 38 HEPETyIApHBIX.

28



CTPOEHWE CONHEYHOWM CUCTEMBI

Puc. 1.4. KpynHele cnyTHWKK CaTypHa.
BepxHui psa, cneea Hanpaso: Mumac, SHuenan, Tedus, InoHa, Pes, TuTaH.
HikHuin paa; funepuoH, Anet, ®eba

TuTaH yHUKajleH cpeJyd BceX CIIyTHUKOB T€M, 9YTO OH UMeeT
IWI0THYIO atMochepy. Kpome Toro, TuTaH — eAMHCTBEHHOE KPOMeE
3emutu Tesro CoTHEYHOM CUCTEMBI C 0O3epaM¥ U PeKaMU Ha ITIOBEPX-
Hoctu (puc. 1.5). IlpaBga, npu Temnepatype —170 °C aTu o3e-
Pa U PEKU COCTOAT U3 XKUAKUX YITIEBOAOPOJAOB (MeTaHa M dTaHa)
Y TEKYT IO CKaJaM U3 BOAAHOTO Jbja. ATMocdepa TuraHa cocTo-
WUT U3 a30Ta C MpuMechbio MeTaHa. 1oz fAelicTBUEM yabTpaduore-
Ta B BEPXHUX CJIOSAX aTMOCPeEPBI 06Pa3yIOTCs CIOXKHBIE YITIEBOZO-
POZBI, KOTOPBIE CO3AAI0T KEJTYI0 AIMKY, CKPBIBAIOIIYIO IIOBEPX-
HOCTB CITyTHHUKA.

OcTanbHble KPYIHBIE CIIyTHUKU CaTypHa COCTOSIT M3 BOJHO-
aMMUAYHOTO JibJa C IPUMECSIMU CWIMKATHBIX MUHepasioB. [loBepx-
HocTh fneta, /luonel 1 Pen genutcs Ha nepeguee (1o xoay opou-
TaJIBHOTO ABW)KEHU) U 3a//Hee MOyIIapysa, KOTOPbIe pa3InyaoTcs
LIBETOM U pesibedoM; NepeHre Moayinapvs JJMoHb 1 Per 3aMeTHO
CBeT/ee 3a/IHUX, a y fAeTa, HAIPOTUB, Ilepe/iHee MoJylIapue yep-
HOe KaK KOIIOTb, a 3aJJHee ApKoe, KaK CBEeXKUH CHeT.

DHIlesnaZ HAaXOAUTCSA B OpOUTaAIbHOM pe3oHaHce 2:1 ¢ 6oiee
MaccuBHOM JlnoHo. CoueTaHue OpOUTATIBHOTO PE3OHAHCA U IIPU-
JIUBHBIX BO3JelicTBuil CaTypHa IPUBOAUT K Pa3orpeBy HEAP CIIyT-
HUKa U POXKJEHUIO reif3epoB: U3 pasjioMOB JibZia B patioHe 10KHO-
ro IoJiroca DHilesnaaa 6b10T GOHTAHbI BOABI, KOTOPBIE ITPEOI0JIEBa-
IOT ero TATOTeHue. 3aMep3lIre KPUCTAUIUKU JIba OKa3bIBAIOTCSA
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Puc. 1.5. KapTa cesepHoro nonywapvs TntaHa
No AaHHbIM pafapHbIX CbeMok «KaccrHm» (NASA)

Ha opbuTe Bokpyr CaTypHa 1 06pa3yioT ero caMoe BHEIIHee pac-
cesTHHOE KoJIb110 (K0J1bIi0 E). ITo zaHHEIM 30HAa «KaccuHu», BEIOpa-
cbIBaeMasi BOZa COZEPXUT yIVIEKUC/BIN r'a3, aMMUaK, CUHUIBHYIO
KHCJIOTY U CJIOXKHBIE YITIEBOJOPO/HI.

Konpma CaTypHa — camas 3aMeTHas 4acThb €ro CUCTEMBEI
(puc. 1.6.). Ceffuac KoJyiblla U3BECTHBI Y BCEX YETHIPEX IUIAHET-
TUTAHTOB, HO TOJbKO ¥ CaTypHa OHU IUIOTHBHI U OTPa’KalOT MOYTHU
CTOJIBKO K€ CBeTa, CKOJIbKO caMa IutaHeTa. Koiblia cocToAT U3 efsa-
HBIX YaCTUI] pa3MepoM OT MIWUIMMETPOB JI0 1eCATKOB METPOB.

TonmyHa Kosen He npesblaeT 1 kM. CuyuTaeTca, 9YTO KOJIb-
1la BO3HUKJIY IIPU pacnaje OJHOTO WIN HECKOJbKUX CIYTHUKOB,
3aTOPMO3HUBIINXCA 3a cUeT IPWINBHOTO B3auMozeiicteus ¢ CaTyp-
HOM U TlepeceKnx npezei Poma. CTpyKTypa KoJsell moAAep:KruBa-
eTcsd 3a CYeT B3auMo/IeicTBHS co ciryTHUKaMu. Tak, menb Kaccrnu,
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