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ONrmTeKa

Bbl cMOrnm ckavaTtb 3Ty KHUTY 6ecniaTtHo 1 neranbHoO 6naroaaps npoexkTy
«fuzumeka». [lrnteka — 370 LMPPOBast KONNEKLUSA NYULLNX HAYHHO-MOMYNSPHbIX
KHWUM MO CaMbIM BaXXHbIM TEMaM — O TOM, Kak YCTPOEHbI Mbl CaMU 1 OKPY>KatoLL T
Hac MUp. urnteka co3saeTcst KOMaHAOM HayYHO-NPOCBETUTENLCKOM MPOrpaMMbl
«BceHayka». YTobbl caenaTb YMHble KHUMM 6ecnaaTHbIMU, JOCTOMHO BO3HArpaans
aBTOPOB W n3aateneli, BceHayka opraHn3oBana BCeHapOAHbIi c6op cpeacTs.

Mbl OT BCero cepaua 61arogapum Bcex, KTo MOMOr 0CBO60AUTL NyYllie Hay4YHO-
nonynsipHble KHUTM U3 OKOB pbiHKa! Halla ocobas 6narogapHoCcTb — TeM, KTO
cenan caMmble 3HaYMUTENbHbIE MOXEPTBOBAHMSA (MMeHa yKa3aHbl B Mopsijke
NOCTYMN/JeHNA BKNAJO0B):

AMUTpUiA 3MNH
EkaTeprHa BacunbeBa
3nHanga CtanHa
ViBaH [NoHOMapeB
AnekcaHpap boes
Hukona KoukmH
Ceprei BssbMuH
Ceprew NMNonos

AnvnHa ®egocoBa
PobepT MimaHrynos
Anekcein Bonkos
AHOHVIMHBbIV XXepTBOBaTe/b
Knpnnn Kpoxmanes
PycnaH KyHzaenbckuin
AHapein CaBueHKO
Bnaanmmnp BaneHTuHacos
MNaBsen JopoxKnH
EsreHuvin LLieBenes
lNaBen Mep3nakos
AnekcaHgpa lNpyToBa
Naaa CbiveBa


https://vsenauka.ru/knigi/vsenauchnyie-knigi/#form=W3sidmFsdWUiOjB9XQ==
https://vsenauka.ru/

Makcnm Kysbmuy
AHacTacma KopocteneBa

Mbl Takxe 0T MIMeHW Bcex YnTaTteneli bnarogapym 3a prHaHCOBYHO NMOMOLLb
HerocyapCTBEHHbI MHCTUTYT pa3BUTUS «MHHOMpPaKTVKa» 1 DOHA NOALEPXKKN
KyNbTYPHbIX 1 06pa3oBaTe/IbHbIX MPOEKTOB «PyCCKM rnobycs.

3mom 3k3eMnasp KHU2U NPedHA3Ha4YeH MoseKo 0415 IUYHO20 UCN06308aGHUS. E20
pacnpocmpaHeHue, 8 mMoMm Yucse 015 U3eneyeHus KOMMepYyeckol 8bl200bl, He

donyckaemcs.
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B xHure mpezcTaBieHbl pa3BepHYTHIE U OTPEJAKTUPOBAHHBIE 3ANKCH JIEKIHH,
IIPOYUTAHHBIX B [IOC/IEIHHE TOJbI CTYAEHTAM Pa3/INyYHbIX clelanbHoCTel. ba-
300 [/ HUX cran MexdakyabreTckuil kypc MIY «OcHOBBI acTpoHOMUM». OTH
JIeKLIMM MOKHO HCIIONb30BaTh KaK BBOJHBINM KypC /sl CTYAEHTOB ecTeCcTBeH-
HO-HayuyHbIX (aKyapTeToB (PU3KMKOB, XMMHKOB, OHOIOrOB, reorpadoB U reo-
JIOTOB), @ TaK)Ke MaTeMaTHMKOB ¥ WH)KEHEepOB, KOTOpPble paHee CHUCTeMaTHye-
CKHU He M3y4alu aCTpOHOMHUIO, HO B CBOei paboTe MOTyT C Heil CONPUKOCHYThb-
cst. Jlexupn OynyT HebecronesHsl U it pUIONOroB, 0OCOOEHHO At IIePeBoj-
YUKOB U PeJJaKTOPOB, OCKOJIbKY 3HAKOMSIT C COBPEMEHHOU aCTPOHOMUYECKON
TEPMUHOJIOTHEN U BOKHEHMIIUMU MMOHATUSMU U3 00/1aCTH KOCMUUYECKUX HayK.
Ipenpinyiee usnanue Kuvru Beiwio B 2018 . B Hacrosuiee usganue 1o6as-
JIEHBI [IBE IJIaBbl: O IJIaHeTax-TUraHTax ¥ Majbix Tenax COMHeYHON CUCTEMBL

YIK 52(15)
BBK 22.6

Ha o6noxcke: ranaktuka UGC 1810, cyiiecTBEHHO «OMOJIOAUBIIASICS» B PE3Y/IbTa-
Te B3aUMO/eNCTBUS C HeOOIbIIO} cocenHelt ranakTikoi. POTO KOCMUYECKOTO Te-
neckorna «Xab6m» (NASA).

Ha nepednem ¢op3aye: [JBoiiHOe 3Be31HOe cKorieHue B co3Be3auu [lepceii (do-
to Roth Ritter).

Ha 3adHem ¢opsaue: obnacts 38e3noobpasosanus S106. Credit: NASA, ESA, Hub-
ble Legacy Archive.

B odopmnennn TUTYIBHOTO 1HCTAa MCIOMb30BAH PUCYHOK A-pa QH3.-MaT. HayK
Y. B. HoBoxxunoBa.

@)

ISBN 978-5-4439-2823-4 © Cypmun B.T,, 2019



[lpegncnoBme

[lHeM, Ipy COTHEUHOM CBETE, Mbl BUJUM
TobKO 3emo. Houbio MBI BUZIUM Bech MUP.

Bnadumup Knasduesuu Apcenves,
nymewecmeeHHUK, 2e02pagp, nucame’iv

1932 r. acTpoHOMMS BOlIIA B HIKOJIBHYIO IPOrpaMMy Kak CaMOCTOSI-

TeJIbHbIN ITpefiMeT — 1 yac B Hefleso B 7 Kjiacce U 2 yaca B HeJleJlio
B 9 knacce. C 1935 r. ona npenogasanach B 10 kiacce B 00beme 72 yaca.
B 1936 r. mpousomo ciusHUe actpoHomuu ¢ ¢usukoit. C 1937 r. actpo-
HOMHSI CHOBA CTasla CaMOCTOSITE/IbHBIM IIPEAMETOM, HO ee 06beM yMeHb-
muscs fo 36 yacos. C 1993 r. acTpoHOMMS Hauana ucye3aTb U3 IIKOJb-
HOI nporpamMmel. Ee npenojaBaHne COXpaHWIOCh B KauecTBe IpeaMeTa
10 BbIOOPY U (aKyIbTaTHUBA, T. €. OCTAJIOCh JIMIID B 3JIUTAPHBIX LIKO/AX.
IToatomy 1 6e3 TOro cMyTHOe Ipe/icTaBlIeHNe Y MOTIOJeX U 06 OKpy Karo-
1IeM MHUpe CTasI0 BCe CUIbHee BbITeCHSITbCS MUA(AMU U OKOJIOHAyUHbIMU
cercauusMu. Ho B cuy ectecTBeHHO# /110003HATENBHOCTH LIKOIbHUKA
Y CTYAEHThI TAHYTCSA K 3HaHUAM O KOCMOCe, a pyKOBOJAUTE/TH NpOCBelle-
HUSI [IOHUMAIOT He0OX0AMMOCTD 3THX 3HAHUH /151 OYAYILIMX YIEHbIX U UH-
KeHepoB. BoT nouemy 3a mocsiejHHe HECKOIBKO JIeT Haubosiee CUIbHbIE
YHHUBepCUTeThl Poccuu BBenu B Nporpammy (QU3NYecKUX (aKyIbTeTOB
6a3oBbie Kypcbl acTpoHoMuu, a MI'Y um. M. B. JlomoHoCOBa Jake opraHu-
30Baj MeK(paKyIbTeTCKUH U AUCTaHIIMOHHBIM KypChl OCHOB aCTPOHOMMUM.
Hakowrer, ¢ 1 centsi6ps 2017 r. aCTpOHOMUS BEPHY/IACh B LIKOIbHYIO ITPO-
rpaMmy Kak obs3atenbHelit mpeamert s 10 wiu 11 kaaccos.

3a Te rojipl, UTO aCTPOHOMMUS CHCTeMaTU4YecK! IpernosiaBanach y Hac
JIMIIb HEMHOTOYMC/IEHHBIM OyAYIIMM CreluanuctaM HeOecHO# Hayky,
MHOTO€ U3MeHWI0Ch. VIHTepHeT czenan 3HaHust 0011e0CTYTHbIMY, U OH
’Ke TTOPOJWJI <KJIUIOBBI» popmar coobiuenuit. Terepb 0T yyeOHOTO Kyp-
ca /i7is1 IIMPOKOY ayAUTOpUK TpebyeTcs He CUCTeMaTHUeCKOe U3/I0KeHHe
HOJHOTO 06'beMa MHPOPMALMH 110 IIPeJIMETY, a AEMOHCTPALYS €0 CBSI3H
C JPYTMMH HayKaMH ¥ 00/1acTsIMU XKU3HH, pa3bsCHEHNE «TOHKUX MECT»,
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ucrpasseHye abeppalyii, pOXAeHHbIX HenpodeccroHaIbHbIMU co001e-
Husmu B MHTepHeTe. U r71aBHOe, 4TO TpebyeTcs OT IeKTOpa, — 3a)Keub UH-
Tepec K IpeAMeTY U )KeJlaHHe YepIiaTh A0NOTHUTe/IbHbIe 3HaHUS U3 OKPY-
KAIOLIMX MOTOKOB MHOpMauuu. YToObl JOOUTHCS ITOrO, HY)KHO HCIIBI-
TaTb pasHble MO/IXO/b]; OIVH U3 HUX — Iepesi BaMH.

JTa KHUTA TOATOTOBIEHA Ha OCHOBe JIeKIWH, TpouuTaHHbIX B 2013—
2018 rr. 8 MI'Y um. M. B. JTomoHOCOBa 1 B ero 6akuHcKoM dunuane, Ha Gu-
3uveckoM akynprere HOBOCHOMPCKOro rocyjapcTBEHHOTO YHUBEPCHUTE-
Ta, Ha online-Kkypcax nopTtanos «Jlekropruym» 1 «OTKpbITOE 0Opa30BaHIe»
Y B HEKOTOPBIX MMyOINUHBIX JTEKTOPHSIX, KMybax U cpenHux mkonax Poc-
cun. YacTUYHO MaTeprasioM [/s Hee TOCayxui Kype «Ofias acTpoHo-
MHU$1», KOTOPBIH 51 UUTAI0 Ha aCTPOHOMUYECKOM OT/e/IeHUH (PU3NIEeCKOro
daxynpreta MI'Y. Kakaplit 13 yIIOMIHYTBIX KYPCOB COMPOBOX/AICT 60-
raTo WIIIOCTPUPOBAaHHBIMU Ipe3eHTalUsIMU. [IpofeMOHCTpUpOBaTh MX
BCe Ha CTpaHMI[aX KHUTY HEBO3MOJKHO, HO Bbl MOXKETe BBIMTH Ha HUX Ue-
pe3 Mmoo crpanuly B MHTepHere: http://Infml.sai.msu.ru/~surdin. Tam
JKe eCTb CChIIKM Ha KHHUTH, BUZIEOIeKIMH U online-KypchL.

[lepBoe M3aaHye KHUTH BCTPETUIO 6/1ar0CKIOHHOEe BHUMaHHe YUTa-
Tesel, U THpaxk ObUT BecbMa OBICTPO paclipoiaH. BeposTHo, aToMy crio-
coOCTBOBAJIO TO, YTO ACTPOHOMUS BHOBB, IIOC/IE [IBYX AECSITHIIETHII 3a0-
BEeHUs], cTasa 00s13aTe/IbHBIM IIKOIBHBIM NpeaMeToM. [loaTomy s roTo-
BU/I KHUTY KaK pa3 [/is TOro, 4TOObl AaTh B PYKH YUMTENO U 10003Ha-
TeJIbHOMY Y4YEeHHKY COBpeMeHHble U HedopMasbHble 3HaHUA O BceneH-
HO. B HOBOM M3[aHMK HCIpaBieHbl OMIMOKK U OlleYaTKH [epBOro; MX
CIIMCOK TIOJJiepKMBAEeTCsl Ha WHTepHeT-cTpaHuue http://Infml.saimsu.
ru/~surdin/Astro_pop-lect_proof.htm. Kpome toro, mob6asnems! aBe rna-
BBI: O [UIaHETax-TUr'aHTaX, X CIYTHUKAaxX U KOJbLIAX, & TAK)Ke O IJIaHeTaxX-
KapJIMKax U Masblx Terax ColMHeYHON CUCTEMBI — acTePOH/aX M KOMeTax.
Haperocs, aTa KHura caenaet 6o/iee MHTEPECHBIM, YBIEKATEIbHBIM U T10-
JIe3HBIM PETYISPHBIA KypC aCTPOHOMHUM.

MHor1e WUTIOCTpaLUH /A7st IEKLUI ¥ KHUTH ObUIH B3SITBI C OTKPBITBIX
caiiToB NASA, ESA, ESO u npyrux HayIHbIX OpraHU3aliii, 3a UTo s UM ITy-
6oxo 6rmaromapen. Cpeit MOMX KOJUTET U Ipy3el, cBoeit paboToit criocob-
CTBOBABILUX ITOJATOTOBKE 3THX JIEKIHUH, 51 OTAENIbHO X0uy 100/1aroAapuTh
C. W. Biunnukosa u C. A. Jlam3uHa, a Takske 0co60 0TMETUTDb TIpodecco-
pa Cauxr-IletepOyprckoro yauBepcurera Koncrantuna BragucinaBosu-
ya Xo/IeBHUKOBA, BHUMATeIbHO IPOYMTABIIEro YacTb TeKCTa U Cle/as-
IIero psifi BXKHbIX 3aMevyaHdil. A TeM pakToM, UTO KHUTY NPUSITHO Jep-
’KaTh B pyKax, Mbl 00513aHbl aBTOPY MakeTa ¥ MHOrux pucyHkos H. J1. Ba-

CUJIbEBOH.
B. I CypduH, uronv 2018 e.



Bungnmoe v NCTMHHOE
NBVXXeHe HebeCHbIX Tes

Hayvasia Mbl 06Cy,E[I/IM BHOVIMbIe OIBUXXEHHW I HE6€CH}JIX TeJI, B TOM YHCJie
NPUBOJAAILME K COJTHEYHbIM U JIYHHBIM 3aTMeHUAM. [0BOps 0 BUAH-
MOM /[IBM)KEHUU CBETHJI, Mbl UMeeM B BUly M3MeHeHHe UX B3aUMHOTO0 I10-
JI0)KeHMst Ha HebOeCHOU cdepe, He BK/IIOUAs CIOfia KaKyllieecs BpaleHue
camoii HebecHO#t cdepbl, 00yCI0BIEHHOE CYTOUHBIM BpalljeHHeM 3eMJIH.

®dazbl n iMbpauum JyHbl

Camoe NpUBBIYHOE U HAITISIHOE U3 BUAMMBIX U3MeHeHUil Ha Hebe —
aT0 cMeHa ¢a3 JIyubl. Mbl ¢ ieTcTBa 3HaeM, 4to 06pas JIyHbl exemMecsy-
HO IPOXOJUT 4Yepe3 HEeCKOIbKO XapaKTepHbIX (a3 HOBOJIyHHUE, IIepBYIO
4YeTBEpPTh, IOJIHOJYHUE U TOC/Ie[HION YeTBepTb. OfHAKO yKa3aTb IPUUU-
HY 3TOrO IPUBBIYHOIO SBJICHUS MOXKET JaneKo He KakAplid. Ha auax mo-
eil Ma/leHbKO BHyUKe MOAAapU/IN KHUTY, OT UTeHHUs KOTOPOH y MeHs BO-
JIOCBI BCTa/IX JIBIOOM, ITOCKOJIbKY €€ aBTOp IPeACTaBUI CMeHY JYHHbIX
a3 Kak exeMecsYHOe 3aTMeHHe JTYHHOIO JUcKa TeHbio 3eMnu. Exeme-
CSIYHOE JIYHHOE 3aTMeHMe — TaKOro HauBHOTO MpefCTaB/IeHus 06 acTpo-
HOMHYECKUX COOBITHSX s ellle He BCTpeuaa U [Jake He OXKHJal ero OT

Puc. 1.1. MonHonyHue (cnesa) u nepeas 4eTBepTb.

Ddasbl U AMbpauMn JlyHbl 5



Puc.1.2. Tak npoucxoput

( ‘ ‘ ‘ ‘ ‘ ) ) ) cmeHa das lybl. B CesepHom
nonywapum — cnpasa Haneso.

COBPEeMEHHOIO0 4esioBeKa. [10aTomy, Aymalo, ¢ IpUYMHON CMeHBbI JTYHHBIX
¢$a3 Hy)KHO TT03HAaKOMHUTHCS B NIEPBYIO OYepe/ib.

[Ipu onvcanvy BHemHero Buza JIyHBI WM TUIAHETHI MBI Ha3bIBAEM
¢da3oii onpefeneHHyI0 CTaAUIO B IEpUOAUYECKOM U3MEeHeHUH BUAUMOM
¢dopmbl ocBerienHoro ComnHieM nonyuapus aTux Tesl. ConHie Bceraa oc-
BelllaeT O/{HO To/yLiapre HeGecHOro Tena, a ¢pasa — 3TO MOHATHE, CBS-
3aHHOe ¢ HabmopareneM. Pa3a uamepsieTcst TeM, Kakyio 4acTb OCBEI[eH-
Horo CosHieM nonyuiapust BuguT Habmozatens. Cvena ¢as JIyHe — sB-
neHve HarsaaHoe. Kaxaplil cieyromuii 1eHb Mbl HaO/I01aeM TOT CITyT-
HUK 3eM/u B HOBOM BUje. B TeueHue 29,5 cyTOK, IpakTUUeCKU OFHOrO
Mecs1a, TPOMCXOAUT T0/Has cMeHa ¢a3 — NMPOXOAUT TaK Ha3blBaeMblii
CUHOJMYECKUI TYHHBbIA MecsLl,

Me1 Haxomumceda Ha 3emste, JlyHa [BM)KeTCS BOKDYT HAc, COBeplIad
3a Mecs1l osHbi 060poT. CoMHIle B 9TOi IIKase BpEMEHH IIOUTH Hemo-
ABWKHO (3a Mecsn cMemieHre ComHIa OTHOCUTENIBHO 3eM/IM MPOMCXO-
JIAT BCero /b Ha 1/12 yacTb OKpykHOCTH). Y JIYHHOTO IIapa Beeraa oc-
BellleHO nosyiapue, oopaiieHHoe K CosHILy, a Mbl Hab/II0/jaeM JIYHHBIH
Imap ¢ pa3HbIX CTOPOH I10 OTHOLIEHHUIO K HanpasieHuio Ha CosnHlle, 110-
3TOMY MHOI/Ia BUJUM ero MOTHOCTBIO OCBEIeHHYIO [T0JIOBUHKY, NHOTAA —
4acTh, a MHOT/AA (B HOBOJIYHME) K HaM oOpaliieHa MMOHOCThIO 3aTeMHEH-
Hasl CTOPOHA JYHHOTO Iapa. JTO U eCTb NpUYMHa cMeHbI ¢a3. To ecTb y
JlyHbl Bcerga ocBelljeHa OfiHa IOJIOBUHA U BCer/a B TeHU Jpyras, HO Ha-
Il1a TOYKa 3peHusl Ha 3TH [10JIOBUHKHU B TeUeHUe Mecsilia MeHseTcs.

Tem He MeHee, XOTS B TeueHHe MecCsLia Mbl BUJUM U CBET/VIO, U TeM-
HYIO CTOpPOHBI JIyHBI, U3 3TOrO He CIeJyeT, 4TO C 3eM/IN Mbl MOXKEM YBH-
[eTb BCIO JIYHHYIO TIOBEPXHOCTD: K 3eMJie MOCTOSIHHO obpaiiieHa ogHa —
«BuiuMasi» — cropoHa JlyHel [louemy Tak mpoucxoguT? A 1MOTOMY, UTO
ABa BroKeHust JIYHbI CHHXPOHHBI: OMH 000pOT 0 opbuTe BOKpYT 3eM-
71 ¥ OZIVH [I0OBOPOT BOKPYT cBoeil ocu JIyHa coBepIliaeT 3a OJHO U TO ke
BpeMs — 3a Mecsll.

HasBanus ¢a3 JIyHbl Ha PyCCKOM sI3bIKe He OueHb Pa3HOOOpa3HbI, UX
B XOZly YeTBbIPe: HOBOJIyHUe, Nepeast 4emeepmn, NONTHOJYHUE Y NOCNEOHSS
uemeepme. Kcraty, BbI HE 3ayMbIBA/IMCh, TIOUEMY MBI FOBOPHM <«4eT-
BepTb», KOIZA OCBellleHa MOJI0BUHA JTYHHOrO AMCKa? A MOTOMY, YTO OT
HOBOJIYHMS IIpOIIJIa YeTBepTasl YacTb Ilepruofia — JIYHHOTO Mecsla.

6 1. BUavMoe 1 NCTUHHOE [BMXEeHMEe HebeCHbIX Te



Puc. 1.3. ®asbl JlyHbl
lMoka3saHo ee pABWXeHue
no op6ute Bokpyr 3emnu.
Bupa co ctopoHbl CeBepHo-
ro nontoca. JlyHa fBuxer-
csl NPOTUB YacoBOW CTpen-
kn. Pagom c op6wuroii no-
KasaH BHeLwHui Bup JlyHbl
NS 3eMHoro Habmoparte-
na B CeBepHom nonyuwa-
puM B COOTBETCTBYHOLLME
MOMEHTbI CUHOLUYECKOTO
Mecaua.
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B HEKOTOPBIX APYTUX S3bIKAX CYLIECTBYIOT O0siee pa3HOOOpa3Hble Ba-
pHaHTbI Ha3BaHUH TyHHbBIX (a3. Hanpumep, B aHIINUICKOM MeX /1y HOBOJTY-
HUEeM U T1epPBOi YeTBepThIO BBIENAIOT a3y «pactyliero cepna» (waxing
crescent), a Mex /1y I1epBO YeTBEPTbIO U IIOJHOJIYHUEM ellle eCThb «PacTy-
1jas JIyHa», WK «pacTyiuii Mecsay» (waxing gibbous). CooTBeTCTBYyIOLIMIE
¢asbl mocsie MOMHOMYHYS HAa3bIBAIOTCS «yObIBaroIas nyHa» (waning gib-
bous) u «yObIBaroImii cepr» (waning crescent). [lymato, y HEKOTOPBIX KO-
pEHHBIX HAPOJIOB, 1 KOTOPBIX JIyHa U ee HOYHOU CBET ropaszio BakHee,
ueM Ji71s1 Hac, TOPOJCKUX JKUTeeld, ecTb U Ipyrye Ha3BaHUs TyHHbIX (a3,
KOTOpble ApoOsT Mecsi| Ha Gonee Mesnkue neprossl. Hampumep, y acku-
MOCOB €CTb JjBa [IeCTKa C/I0B Il XapaKTEePUCTHUKY 1IBETA U COCTOSIHUS
CHera, I0TOMY YTO Il HUX OH Ou€eHb aKTyaseH. Tak u ¢ JIyHoii, BepOosTHO.

B anrnumiickoM s3bike ecTb BoipaxkeHue «on the dark side of the Moony,
ecTb 1 Taxas necHs. Ho 3To BbIpaskeHHe HEBEPHO, TIOCKO/IBKY B HEM MO/~
pasymeBaeTcs1, uTo cTopoHa JIyHsl, o koropoit noet Pink Floyd, Bcerga
TeMHas], a oOpalleHHas K HaM — Bcerja cBerias. [IpaBubHO 6bUI0 Obl
roBopurthb «on the far side of the Moon» — «una ganpHeli cropoHe JIyHbI».
A 6mrxHIOI0 K 3eMJIe Ha3bIBalOT «near side», TOCKOIbKY Ha 3eMJTI0 CMOT-
pUT BCerza OAHO Y TO Ke IOJyllapue, a Apyroe Bcerna OT HAc OTBep-
HYTO, ¥ [I0 [I0JIeTOB KOCMUYECKHX aIlllapaToB Mbl HUKOIZA HE BHU[ENH
JANbHIO CTOPOHY. BipoueM, 3HaTOKM aHITIMHACKOTO $13bIKA TOBOPSIT, UTO
y csoBa dark ecTb U pyrue 3HaueHUsl — «CKpBIThbIM, HeBUAUMBIi». B Ta-
KOM c/yuae BbipakeHue «on the dark side of the Moon» MoskHO 66110 bl
onpaszaatbh. Ho Bo u3bexaHue Hefopa3yMeHHIl aCTPOHOMBI IpeANoYH-

®a3bl 1 AMbpauyn JlyHbl 7



TalOT Ha3bIBaTb BUAUMYIO U HEBUIU-
MyI0 ¢ 3eMIu cTOpoHbI JIyHbI «near
side» u «far side».

YucneHHbIM 3HaueHueM (asbl
Ha3bIBaIOT OCBEIIEHHYI [0/ Aua-
MeTpa jucka JIyHbl (MM TUIaHETSI),
NepeHANKYISIPHOrO JUHUY, COeu-

A B ¢ HSIIOLEN KOHIbl CepIa, UM, YTO TO
. Q D O O O O O JKe caMmoe, — OTHOIIeHUEe IIIOIaau
00 05 10 05 OCBeIlleHHOH YaCTH BUAUMOTIO JYCKa
Puc. 1.4. ®aza JlyHbl unu nnaHeTbl BoIpa- ko BCEH ero wiomanu. CriefoBaresns-
e o e P 0, s npenenercs wncron o
0 1 — OTHOIIEHEM MaKCUMa/IbHOTO
pa3Mepa OCBellleHHO! YacTH AKCKa K II0JIHOMY inaMeTpy aucka. Ho us-3a
toro, uto ¢asa 0,5 COOTBETCTBYET U MEPBOH, U TTOC/IeIHEH YeTBepTH, He3
IOTMOMHUTEIBHOTO YKa3aHUs TPYAHO pa3oOparhesl, 0 KAKOH UMEHHO ¢a-
3€ UJeT peub, — TYT y aCTPOHOMOB HegopaboTtka. KTo mobut matemaTu-
Ky, JIOKa)XeT IPOCTYIO TEOPEMY O TOM, UTO OTHOILIeHHe d/D paBHO OTHO-
IIIEHHUIO OCBEILIeHHOH IIJIOIAaAM AYCKA K €ro IOJTHOM IJIOMIaau.

['panunia Mexy OCBelleHHON U HeOoCBelleHHOH 4acTsIMM JKCKa Ha-
3bIBAETCSA MEPMUHAMOPOM, U § apoobpa3Horo HeGECHOro Tena OHA
umMeeT GOPMY MOTIOBUHBI HJIUIUIICA, «Pa3pe3aHHOr0» BO/Ib OOJIBIION OCH.

JlyHa ABMIKETCsT BOKPYT 3eM/IM 110 /UTUIITUYECKOM opOuTe, mpudem
3aMeTUTb 3TO JJOBOJIbHO JIETKO, TPOCTO U3MePsisl BUAUMBIM uameTp JyH-
HOTO JiicKa. B TeueHue Mecsia oH MeHsaeTcs: Korja JIyHa K HaM O/vbKe
(6mxaiimasg K 3emse TOYKa OpPOMTHI HA3BIBAETCS Nepuzeem), JTYHHbIN
[IVICK BBIMVISITUT HEMHOTO KPYITHEE 0OBIYHOTO, @ KOT/Ia OHA JJa/iblile BCETO,
B anozee, — HeMHOT0 MeHblle. Bripouem, HertpodeccroHanbHbIN I71a3 MO-

TepmuHartop
\.
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Puc. 1.5. Jlyna Ha muHu-
MafibHOM ¥ MaKCUMa/bHOM
paccrosHusx ot 3emnu.

lMepureid Anoreit
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Puc. 1.6. Jlu6paumm lyHbl no gonrote u wuporte. x MoxkHO 3ameTuTb, 06paTne BHUMaHne
Ha Kpatepbl U Mopsi B6nM3n numba (kpas) nyHHoro aucka. Kpome 31oro, 3ameTHo MeHsieT-
csl 1 yrnosoii pasmep aucka JlyHbl.

KeT 3TOr0 U He 3aMeTUTb, IOCKO/IbKY MaKCHMaslbHas PasHULia COCTaBIIsSeT
okoro 14%. Pagymeercs, aTa pasHuiia GpocaeTcs B 171a3a, KOrja CMOTPHILb
Ha [OMellleHHble psAAoM cHUMKH JIyHbI B anoree u nepuree (puc. 1.5). Ho
IpM B3I/Is1AaX Ha HeOO ¢ MHTepBaJOM B JIBe HeZle/lu 9Ta pasHUIa COBep-
meHHO He3ameTHa. OfIHAKO B IOC/IeIHUE TOAbl KYPHATUCTBI PeryispHo
HAIlOMUHAIOT HaM O «CYIepIyHUW», yTBepXaas, uto JlyHa GyzneT orpom-
Hast. He qymaro, 4To camut OHU CIIOCOOHBI 3aMETHUTh 3Ty pasHuLly B 14%.

JIBroxeHre JIyHBI [0 3/UTMOTHYECKONH OpOKTe BBI3BIBAET OJHO JIer-
KO0 HabmoaeMoe siB/ieHre, 0 KOTOPOM MaJio KTO 3Haer. 1 UMelo B BUAY
nmubpaiyy, T. e. BUIVMbIE TI0KaYMBaHUs JYHHOrO 1apa (ot nat. libratio
packaurBaHue). B TeueHre aHOMaJUCTUYECKOrO Mecslia JHOpauuu o
JOroTe JOCTUTAIOT N0YTH +8°. BT nokaurBaHus JIyHbl «BIIpaBO-BIEBO»
Ha3bIBAIOT MUOpaLyedt Mo JOIroTe, a OKAYMBAHUS «C HOT Ha TOIOBY» —
nmbpanueit no mupote. OTAenpHble MOMEHTBI 3TOTO JBIDKEHHs [T0Ka3a-
Hbl Ha puc. 1.6. CMeHa nyHHBIX (a3 He IT0Ka3aHa, IOCKOJIbKY 3TO He Mps-
Mble CHUMKH C 3eM/IM, a KOMIIbIOTepHasl 3MYJSLUs Ha OCHOBE TeOpUU
JBrkeHud JlyHel u ¢oTorpaduii ee MOBepXHOCTH, llepefaHHbIX KOCMU-
yeckuM 30H7A0M Clementine (NASA). B quHaMuke 3TO MOXXHO YBUIETb
Ha crpaHuue Bukunemuu https://ru.wikipedia.org/wiki//Tu6pauus. Ce-
pust psMbix otorpaduii mubpauuit JIyHsl ecTs Ha caiite http://www.
pixheaven.net/photo_us? nom=0505-070.

Kax 06sicHuTS 310 siBeHre? OKa3blBaeTCs, ero Nprupoyia YncCTo reo-
MeTpuueckas. [IpuurHa nokauuBaHuii no dosnzome — Gopma JIyHHOU Op-
OUTBL: Belb OHA HE KPyroBas, a 3/UIMITHYECKasl, ¥ 3TO 3acTasnseT Jly-
HY JIBUTATbCs1 BOKPYT 3eM/IU C IIepeMeHHOM yITIOBOM CKOpPOCThbIO. ACTpO-
HOMBI Ha3bIBalOT 3TO BTOPbIM 3akoHOM Kemsepa, a ¢pusnuecky 3To mpo-
CTOe MPOsIB/IEHHEe 3aKOHA COXPaHEeHHs! OpOUTaTbHOTO MOMEHTa MMITY/Ib-
ca. B To >xe Bpems BOKpyr cBoeil ocu JlyHa, KOHEUHO, BpallaeTcs C I110-
CTOSIHHOM ckopocTbio. Cl1o)keHNe 3THX ABYX ABUKeHUI — paBHOMEpPHOIo
Y HEpaBHOMEPHOI'0 — IIPUBOJUT K TOMY, uTo JIyHa MHOT/AA TOKa3blBaeT
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- Puc. 1.7. MpuunHa nnbpaumit Jlynel no

b = b—\ ~< fONroTe — B €e HepaBHOMEPHOM ABM-
, s AN XKeHUn no annuntuyeckoin opbure. Tou-
/ \\\ ka A — anoreit, P — nepureii. Kaxxabiit us
// \ yeTblpex opbuTanbHbIX cekTopoB JlyHa
b \c NPOXOAUT 33 O{HO U TO XKE BpeMSi.
3emns a

HaM uyTb GOJIbIIIe CBOEr0 BOCTOYHOTrO MOTYINAPKS, & MHOT/A — 3arla/{Ho-
ro (puc. 1.7). B TeyeHre aHOMa/IMCTHUECKOTO Mecsia IMOpaluy Mo J0/-
roTe JOCTUTAIOT MOYTH *+8°. DTH NOKauMBaHMUS AOBOJBHO JIerko oOHapy-
JKHTb; O HUX, BEPOSTHO, 3Ha/IX ellle 10 u3obpeTeHus Teneckomna. [[lupom-
Hble TOKaunBaHUs JIyHbl MPOUCXOAST B TeUeHUe APAaKOHUYeCKOro Mecs-
113, 0CTUATas OYTH +7°, M3-3a TOro, YTO OCb €e BpallleHHs He MepIIeH-
OVKY/ISpHA [UI0CKOCTH ee opbuTh! (puc. 1.8). Y 3emiu ochb BpaieHus To-
JKe HaK/JIOHeHa, M03TOMY IIO/rofia Halla IjlaHeTa MokasbiBaeT COMHLY
B OOsbILeli CTENeHN OJHO CBOE IOJylIapyue, BTOPbIe TI0roja — APYroe.
A npu Habmonenun JlyHbl Mbl Ha 3emie BeicTynaeM «B poau ConmHia»:
JlyHa monmecsina rokassiBaeT HaM 4yThb OOJIbLIIE CBOE CEBEPHOE II0/yLIa-
pHe, a BTOpbIe Io/IMecsLa — I0XKHOoe.

Kpome yroMsiHyThIX Bbllle IMOpALIii, BHI3BAHHBIX ABHKEHHEM JIyHbI
110 opOuTe U OTOMY NMPOUCXOASAIINX C IIEPHOJOM B Mecsl], Habozaer-
cs ¥ Hebosblas cyTouHast TMbparnysi, BO3HUKAoIas BCIeCTBYE 0/130-
ctu JIynbl k 3emite. [1o cyTy, 3T0 3ddeKT CyTOUHOro napasiakca, BoI3BaH-
HbI /IBMDKEHHEM caMord Habiiofaresst BMeCTe C MOBEPXHOCTBIO Bpallja-
romieiica 3emu. Habmogareny, Haxoagmnpecs B POTHUBOIIOIOKHBIX TOY-
Kax 3eMHOr0 3KBaTOpa, B OJUH U TOT K€ MOMEHT BUJSIT HECKOJIbKO pas-
JMYHble 00/1aCTH JIYHHOM MOBEPXHOCTH. A KaXK/(blii KOHKPETHbIM Hab/IH0-
Jaresb B Te4eHHe HOUM [lepeMelljaeTcsl Ha pacCTOsiHUe Iopsiika paguyca

5
Q
S Puc. 1.8. HaknoH nyHHoro skBaro-
83°20" HnocKocs pa k op6ute (cpepnuii — 6°41’, me-

- B AmrSrr —— Hsietcs o1 6°31" o 6°51°).
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3eM/u 1 MO3TOMY TOKe BUAUT Jly-
HY C HEMHOTO Pas3/IM4HbIX HaIpas-
nenuit. C Jlynsl paguyc 3emnu BU-
JieH TI0 YI7IOM 57; ero Ha3bIBaloT
20pU3OHMATIBHBIM — NAPATJIAKCOM
Jlynbl. TakuM 06paszoM, cyTOYHas
nubpauys JIyHBl MOXeT JOCTH-
ratb (Ui JkuTenell 9KBaTOpPHAsIb-
HbIX cTpaH) moutu *1°. bnaropa-
pa mubparysM BCex TUIOB HaOTio-
narerio 3a 3emiie JOCTYIHO Goree
rosioBuHbI (0K010 59%) mtomanu
JIYHHOTO IIapa. Puc. 1.9. lopusoHTanbHblii napannakc.

Boobiie nBmxenvie JIyHbI He
TakK-TO MPOCTO ONKCAThb MaTeMaTudecKd. B mepByo ouepeb OHO 3aBU-
cut ot nputsbkeHus K ConHIy M K Hawell ruiaderte (cM. miaBy 3, pas-
nen «Tpaextopus JlyHbl»). YuecTb npuTshkeHue K COMHILY JOBOIBHO JIer-
KO, ITOCKOJIbKY ero ¢popma oueHb O/113Ka K 111apooOpasHOit: MOMSPHBIN 1
JKBaTOpUanbHbIM paguycel ConHua pasnuuatorcs auib Ha 0,001%. Ho
0 Halleil IIaHeTe TOTO He CKaKelllb. A ITOCKO/bKY 3eM/s — He Iuap,
a CIUTIOCHYTBIN 3JUTUICOU (M 3TO TOJBKO B IepBOM IpubikeHun!), ee
rpaBUTALMOHHOE IOo7ie He cepuuecKyd CUMMEeTPUUYHOe, 8 3HaUUTEe/IbHO
6ornee cnoxkHoe. ITO BbIHYXAaeT JIyHY JBUTAThCS 110 HEMPOCTON OpOu-
te. Ecnii 661 HUuero, kpome 3emny, psgoMm c JIyHO# He 6bi10, pobiema
ObL1a OBl He TaKOil CI0XKHOM; HO ecTb ere CONHIlE, U OHO TOXKE BIIMSIET
Ha /IBIDKeHUe Halllero CIyTHHUKa. A ellle Ha Hee /IefCTByeT MPUTsDKeHue
6onpumx maaHet. Tak yTo M3yveHue gBrKeHNs JIyHbI — OJjHA U3 CaMBbIX
C/IOXKHBIX 3a7a4 HeOeCHOU MeXaHHUKU.

Korpa roBopat o Teopuu ABrxeHus JIyHbl, IOApasyMeBalOT HEKYIO
SIBHYIO (YHKIHMIO BpeMeHH — OObIYHO B BuAe psja (T. e. CyMMbI) Mpo-
CTBIX (PYHKIUI, — Jarollylo MOoJ0)KeHHe U CKOpocThb JIyHbI B IPOLIIOM
u OynyiieM. Vxe B Hauane XX B. aHaTUTUYECKass TeOpus ABrKeHUs JIy-
Hbl cofepxkana 1400 uneHoB. A ceropHs, Korja MeTOZbl JIa3epHOMN JI0Ka-
LMY [I03BOJISIOT U3MEPSITh PACCTOSIHKE [0 HAIIETO CITYTHUKA C OMIHMOKO#
He 6ojiee HECKOJIbKUX MU/IIMMETPOB, KOMIbIOTEPHbIE MPOrPaMMbI JIBH-
keHus1 JIyHbI COJIEPIKAT IECATKH ThICAY 4ieHOB. [lonarao, uto He Gosee
COTHU M3 HUX NOHSTHBI C TOUKH 3peHusl Gpu3uKu. B nmepom npubmmxe-
HUM 3eM/s — IIap, UMeIOInil TPOCcToe rpaBUTAllMOHHOE I10JIe C [IOTEeH-
nuanoMm GM/R. Bo Bropom npubirxeHun 3eMist — CIUTIOCHYTBIH CyTOY-
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HBIM BpallleHHeM 37/TUIICOU/, U TYT Mbl 110/Ty4aeM /I0NOTHUTe/IbHbIe rap-
MOHHKH IPaBUTALOHHOrO 1075, TpeTbe mpubmKeHue: 3eMyst — TPex-
OCHBII 3/IJTUIICOU/, Y KOTOPOT'O 5KBAaTOP — HE OKPYXKHOCTB, @ 3JIIUIIC, OT-
Yero cutyals eme 6onbiue ycaoxHasercs. K aTomy Mbl fo6aBnseM 3Ha-
ynTenbHO Oosee cumbHOe BrusiHue COJHI, @ Tak)Ke BIIOJIHE OL{YTHMOE
BnusgHue lOnuTepa, Benepsl... [lanblile UAYT YlIeHb, CMBICJI KOTOPBIX MbI
B 1LleJIOM TIOHMMaeM, HO TOYHOe MX 3HauyeHue BbIBOJUM JIMILIb MyTeM CO-
IJIaCOBaHUsA Teopuu ¢ HabmozxeHnsamy. CoBpeMeHHast TeOpHUsl ABHKEHH S
JIyHbI BIIO/IHE Y0B/IETBOPSIET [IPaKTUYeCKre TOTPEOHOCTH KOCMOHABTHU-
KU U pacyeTa JIyHHBIX U COJTHEYHBIX 3aTMEHMUH, HO HercrpaB1uMas o060-
3HATeNbHOCTb YesioBeKa TpebyeT Bcé Gosiee BBICOKOM TOYHOCTH, ITOITO-
My TeOpHs [0 CHX MOp pa3pabaThIBaeTCsI U YTOUHSETCS.

3aTMeHunA

Mg, skuTeM 3eMiIH, BpeMst OT BpeMeHH Ha0JiofiaeM CO/THEUHbIe U
JIyHHBbIE 3aTMeHHs. Ham HeBeposATHO TOBe3/I0, YTO BUAUMbIE Pa3Mephl
JIYHHOTO JJUICKa B TOYHOCTH COOTBETCTBYIOT pa3MepaM COJHEYHOro. JTo
YAUBUTENBHO, TOTOMY 4TO JIyHa, BOOOIIEe rOBOPSI, TOHEMHOTY yAA/ISETCs
ot 3emin. Ho oueMy-To MMEHHO B Hallly 30Xy OHA HAXOAMUTCS Ha Ta-
KOM PacCTOSIHMM OT Hac, YTO ee Hab/I0jaeMblil pa3Mep HeanbHO COOT-
BeTCTBYeT BUAuMoMy pasMmepy Connua. J/Iyna npumepso B 400 pa3 MeHb-
e Conaia mo dusuyeckomy pasmepy, Ho u B 400 pas 6mxe Kk 3emie,
yem ConHue. [103TOMY yI7I0BbIE [UaMeTphl X AUCKOB COBIA/JAIOT.

B acTpoHOMUY ecTb TpPY Pa3HbIX TEPMUHA, ONMCHIBAIOLINX CUTYALHIO,
Kor/ia 7Ba 00beKTa B IPOEKLMK COBMeIIatoTcst Ha Hebe. Mbl UCII0/Ib3yeM
TOT WM WHOM M3 3TUX TEPMUHOB B 3aBHCH-
MOCTH OT TOrO, KAKOB OTHOCHUTEJIbHBIN YI/IO-
BO pasmep 3Tux 00bekTOB. Ecu ux yrio-
Bble pa3Mepsbl OJIM3KH JPYT K APYTY, Mbl Ha3bl-
BaeM 3TO 3ammeHueMm; ecii Oosiee KpyIHbIi
[ TTITTE  0ObeKT TepeKphiBaeT coboii boee MemKuid,
SELELEUN 70 9TO NnOKpbIMUE; KOTZIA 3Ke MeJKHUil 06beKT
IIPOXOAUT Ha GOHE KPYITHOTO — 3TO NPOXOXHC-
Mpoxowaenme derue, unu mpansum (puc. 1.10). Tenepp na-
T BaiiTe pa3bepemcs, UeM 3TH SIBJIEHHs MOTYT
OBITB [10/I€3HBI HaM, UeM OHU HHTEPEeCHBL.
Puc. 1.10. 3aretme, nokpbi- TToKpbITHSA — OYeHb YA0OHbIM Cr10COD 13-
THe W npoxoxaesme. Temubiii MEPATD PasMep MaleHbKNX HeOeCHbIX 00beK-

auck 6nmwke k Habniopatento.  TOB. [[uaMeTphbl 3Be3[] Mbl BOoOOIIIe He pasnu-

3aTtmeHue
Eclipse
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Puc. 1.11. Cneea: nokpbitue JlyHoii FOnutepa (BupHel cnytHuku KOnutepa Uo u EBpona).

Cnpasa: nokpbitue JlyHoit BeHepbl (3pech coBMelLeHbl iBa CHUMKA: CBETNas Touka cnpa-

Ba, y HOYHOTO NIMMba — BeHepa nepep HauanoM MOKPbITUS, TOUKA CEBA, Y JHEBHOI YacTH
numba — BeHepa cpasy nocne OKOHYAHUSA NOKPbITUA).

yaeM JAake B JIyulllle TeJeCKOIbl: OHU CJIMIIKOM MaJibl, HAMHOTO MeHb-
1e ofiHO# yrmoBoit cekyHzbl. Ho ecnu JlyHa, nBurasach mo HeOy, cBOUM
KpaeM 3aKpbIBaeT KaKyi-HUOY/Ib 3BE3[]0UKY, Ta MEPKHET, HO €e TIOTEM-
HEeHHe IIPOUCXOJUT He MOMEHTAJIbHO, & B COOTBETCTBUM C TeOpHel [u-
(dpaxnum: Korga UCTOYHMK CBeTa 3aKpbIBAlOT KpaeM IJIOCKOrO 3KpaHa,
€ro APKOCTb //Isl YaJIeHHOTO HAb/I0aTe sk UCIBITIBAET HECKOIBKO KO-
nebGaHUit U Wb 3aTeM OKOHUYAaTeNbHO 0OHynsercs. Habmonasa mokpsl-
THe 3Be3/Ibl TEMHBIM KpaeM JIYHHOTO JTUCKA, MOXKHO T10/100paTh TEOPETH-
YECKYI0 KPUBYIO, TOAXOAINIYIO K U3MEPEHHBIM KO/IeOaHUsIM SIPKOCTH 3Be-
3/1bI, ¥ BBIBECTH U3 3TOTO YIJIOBO# pa3mep obbekrta. B TocynapcTBeHHOM
acTpoHOMMUYecKoM UHCTUTYTe uM. [1. K. [lIrepu6epra (TAUIL MI'Y), rie g
paboTaro, MOM KOJUIErH 3TUM 3aHUMAIOTCS U MOMYYaloT IPYU U3MepPEeHUH

12 o
* Pesynbratbl U3MepeHmii
ﬂpO[ZlO!'I)KVITeJ'IbHOCTbIO
2'mMc

Puc. 1.12. KpuBas nokpbitus
3ge3abl 61 Tenbua TemMHbIM
kpaem JlyHbl. MonyueHa 2 map-
ta 1982 r. Ha 0,5-m Teneckone
B TsaHb-lllaHckoit BbicoKorop-
Hoi akcneguumu (TAULL MTY).
Yrnosoit suametp 3Be3pbl CoO-
crasnser 0,003”. YpoBeHb cur-
Hana nocne NoKpbITUs onpepe-
nsieTcs paccesHHbIM CBETOM
JlyHbl.

—— TeopeTnYecKkas Kpusas
M3MeHeHns bnecka
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Puc. 1.13. Atmocepa NnyTtoHa. Cnpasa ycuneH koHtpact. ®oto: «New Horizons».

pa3MepoB 3Be3/HbIX AuCcKoB pasperienue o 0,003 yrinoBoii cekyHAbL JTO
OY€Hb BbICOKasi TOUHOCTb, KOTOPOUM KaKUM-TUO0 APYruM CriocoO0M He J10-
crrub. K coxkanenwio, JIyHa XofuT He 110 BceMy HeOy, T03TOMY U3MepUTb
pasMephbl Bcex 3Be3fl MeTO[J0M ITOKPBITHH Mbl He MoxkeM. JIyHa JBIKeTCs
BOJIM3M IUIOCKOCTH SKJIUITTUKY, IPUMEPHO B [Ipe/ieiax +5° OT Hee, 1 UMEeH-
HO B 3TOH [10JI0Ce YITIOBble Pa3Mepbl 3B€3[] XOPOIIO U3MEePEHBL

B HbIHelIHeM BeKe Mbl MOXKEM HE TOJIbKO HAOJIIO/IaTh 3a MOBE/IEHHU-
eM 3emsu u JIYHBI, HO ¥ BU/IETh 3aTMEHHUSA-MIOKPBITUS THOOBIX 00'BEKTOB
Conneunoii cuctemsl. Hanpumep, B 2015 . Mumo [lnyToHa nposnetan nep-
BbIl KocMuueckuii armapat — «New Horizons» (NASA). On chororpadu-
pOBaJI IVIAaHETY C HOYHOM CTOPOHBI, M MBI BIIEPBbIE YBU/e/NN aTMocdepy
[Tnyrona. B atom nonoxxennu auck [nyToHa 3akpeiBaer coboii ConHile,
HO COJIHEYHBbIe JIyUX BbICBEUMBAIOT MO KpasM IIaHeTHOTO JAUCKa IUIyTO-
HUAHCKYI0 aTMocdepy, Tpo CBOMCTBA KOTOPOM MbI ITIOUTH HUYEro He 3Ha-
. Ecny oBBICUTb KOHTpPACT, TO B atMocdepe Aake BUAHBI cou. U aTo
O4YeHb MHOTOe TOBOPUT HaM O TOM, 13 Uero COCTOUT U KaK yCTpOoeHa raso-
Bast 000JI0UKa 3TOM Ja/eKoi KaparKoBo# riaHeTsl. Okasanock, yto [y-
TOH — MaJIeHbKasi, HO OueHb MHTepecHas IuiaHeta. HepaBHO B xypHane
Nature mosiBUKCH [iBe CTATbH, B KOTOPBIX BecbMa yOequTeIbHO MOKa3a-
HO, UTO TI0/] JIe[ITHOM KOpo# [TryToHa ecTb KUK BOAHbIN OKeaH. AGco-
JIIOTHO HeoKuflaHHas Bemlb! Mbl peAnonarany, 4YTo MOJIeAHbIN OKeaH
ecTb y criyTHUKOB IOnuTepa u CartypHa, Ho [I1yTOH — OH Tak Janeko oT
ConHIja, TaM Tak XOIOAHO U PSJIOM C HUM HeT IMI'aHTCKOH IJIaHeThl, KO-
TOpas MorJa Obl ero corpeTs. TaM Bce LO/IKHO ObUIO 3aMep3HYTh JaBHO U
Hascerga. Ho okasanock, ecTb NpU3HAKU TOTO, UTO 1OA Kopoii [TnyToHa —

14 1. BUavMoe 1 NCTUHHOE [BMXEeHMEe HebeCHbIX Te



Puc. 1.14. Bgepxy: CaTypH B NpsMOM OCBELLEHUMU CONTHEYHBIMU Ny4amu, KaKUM Mbl BU-
AWM €ro 0T 3eMnK C NOMOLLbI0 KocMuueckoro Teneckona «Xa66n» (NASA). Brusy: CatypH
B KOHTpoBOM ocBeleHuy (T. e. ConHue pacnonaraetcs 3a MCKOM nnaHeTbl), cpoTorpadu-
poBaHHblii 30HA0M «Kaccunu» (NASA). Ha HmxHem $OTO KOHTPACT M APKOCTb YCUIEHDI,
uT06b1 Nyuwwe 6binn BUAHLI BHewHue konbua G u E. B nenenun Kaccuuu (temuoii «wenm»
MeXAy ABYMS sipKUMM Konbuamm A u B, BuaumbivMu ¢ 3emnn) 1 BHYTpU sipkoro konbua B
ABWXKYTCS MENIKNE U 10BO/bHO TeMHbIE 4aCTHLLbI, KOTOPbIE NIOXO OTPaXKAIOT CBET, HO XOPO-
LLIO paccenBaloT ero Brepes, N03TOMY OHU BUAHbI TONIbKO B KOHTPOBOM OCBELLLEHUM U OCTa-
10TCS He3aMeTHbIMU Npu HabnroaeHun co cTopotbl Contua n 3emnu.

oxeaH. OH He COBCeM IIPUTOZIeH /7S )KM3HU; BePOSITHO, TaM MHOTO aMMHU-
aKa, HO BCe Ke 9TO OKeaH — U 9TO OYeHb UHTEpPEeCHO.

A BOT eme oguH 3ameuaresbHblil TpuMep — nokpeitie ConmHoa Ca-
typHOM (puc. 1.14). O6pr4HO Mbl BuinM CaTypH Tak, Kak B BepXHel 4acTh
KapTUHKY, Korja oH BO/M3u mpotuBoctosiHus ¢ Comuuem. Jlyun ConH-
I1a OCBELIAIOT [a/leKylo IUIaHeTy «B 100», ¥ Mbl BUAUM ee aHdpac. Mbl
[aBHO 3HaIM O CYLIeCTBOBAHMM 3TOTO KpacuBoro oboaxa — kompua Ca-
TypHa — Y BCerja AyMasy, 4YTo MeXAy HUM U IUIaHeTOH MmycToTa — HHU-
uero HeT. Korma mepBblif McKyccTBeHHBIM criyTHUK CaTypHa «Kaccuuu»
(NASA) 3aneten 3a HOYHYIO CTOPOHY IUIAHETHI, Mbl YBU/E/H, UTO MEX-
Ay BHYTPEHHUM KpaeM Hab/0/iaeMoro ¢ 3eMJIH KO/iblia U I/IaHeTOH, Ha-
MIPOTHUB, J0BOJILHO MHOTO BelllecTBa U YTO OHO TSHETCS [0 caMoii aTMoc-
¢depsl. To, 4TO 3TO BelleCTBO HE3aMeTHO B OTPaKEHHOM CBeTe, HO BUIHO
B pacCessHHOM CBeTe IIPY KOHTPOBOM OCBellleHHH, CBU/IeTaTbCTBET, UTO
3TO O4YeHb MEeJIKMe YaCTHULbL, pa3Mep KOTOPbIX CPABHUM C JJIMHOH BOJIHBI
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cBera. Takue 4acTULIbl, KAK U3BECTHO, IVIOXO OTPAXKAIOT CBET, HO 3 dek-
TUBHO PacCerBaIOT ero BIiepes, 10 X0y MaJaollero Ha HUX U3/TyJIeHud,
Y HEMHOTO B CTOpOHY. [103TOMY B OTpa)KEHHOM CBeTe OHU [TOYTH He BU/-
HbI, @ TP KOHTPOBOM OCBELIEHUH OTUYET/IUBO IPOSIBIISIOTCS.

[Toxa HEMOHATHO, KAKUM 00pa30M B KOJIbLie IPOMCXOUT Cenaparus
YacTHI] BellecTBa [0 MX pa3Mepy ¥ I0YeMy MeJIKHe YaCTHIbI OKa3a-
nuch 6rvke K riaHete. [Ipoctas ¢usnueckast JIOTWKa I0CKa3bIBaEeT, 4To
NOJHKHO ObITh HA0OOPOT: BOMM3U TPAHUIIBI aTMOCHEPHI T/IAHEThI JTYUIIe
COXPaHSIIOTCSI KPYIHbIE YAaCTHUIIBL, TOCKOJIbKY Y HUX OTHOLIEHHE IIIO0IIa-
[V CeueHMsl K Macce MEHBIIIE, a 3HAYMT, OHH c/1abee TOPMO3STCS B BEpX-
HHUX C7105IX aTMocdepsl. B pupoze ke Bce 0Ka3anoch He Tax.

9Ty HOBYIO MH(OpMALHIO 0 KosbLiax CaTypHa Mbl IIOTTyIMIN UIMEHHO
6rarogapst TOMy, YTO KCIIOIb30BaIM CUTYALMIO0 3aTMeHHs (TOKPBITHS)
Kak npubop a1st uccnefoBaHus. KOHTpoBOe OcBelljeHre BBIIBUIO MHOTO
HOBBIX JIeTaseil B CTPYKType KOoJelLl,

JlyHHbIE 3amMeHus

Tenepb MbI BepHeMCS K JTYHHBIM U COJTHEYHBIM 3aTMeHusM. Kaxgoe
HebecHoe Tesno, ocBemienHoe CosHIleM, 0TOPACHIBAET CYKAMOIIUICA KO-
HYC TE€HHU U PaCIIMPSIOLMIACS KOHYC onyTeHu. TeHb — 3TO 0671aCThb Mpo-
CTPaHCTBa, MOMazasi B KOTOPYIO HaOIOAaTeNnb He BUAUT MOBEPXHOCTDb

ConHue |

Puc. 1.15. Cxema
COJIHEYHOTO U NYHHO-
ro 3atmeHuit. [lpuH-

JlyHa

B HOBONYHUU A

Monoca nonHoro
3aTMeHus
Ha NoBEPXHOCTY

uunuanbHas pasHuua
MeXxay HUMU CoCToUT
B TOM, 4TO JlyHHaA

; . . 3emnm TeHb MOKpbIBAaeT Mma-
HHas op6u1Ta BOKPYr 3eMau o
y P /_Jiy\ Nyl 4acTb 3eMHOW

! \\\ ~

\ DN KoHyc 3emHoii Tehn  MOBEPXHOCTH, a 3eM-

AN o A/VHOM OKONo Has TeHb NOJIHOCTbIO

N o~ 1,3 MAH kM
ConHue N AN ckpbiaet Jlyny ot
.
AN = COJIHEYHOrO CBeTa.
\\
N,
\.
\,
N
N\
N\
N\
N\,
SNy Jlyna B anoxy
AN NOMHONYHUS
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Conuua;, B 0ob6nacTv MOMyTEHU
OH BHJUT YaCTb MOBEPXHOCTH
ConHua. B coorBeTcTBUU € 3TUM
JIYHHBIE 3aTMEHUS [IeJIST Ha Te-
HeBblEe U TIONyTeHeBble. B mep- NyHa
BOM C/Ty4yae XOTsS Obl YacTb JIyH- YacTHoe TeHesoe
HOTO [IMICKa MPOXOAIUT uepe3 06-
JIaCTh 3eMHOI TEeHH, BO BTOPOM
cnyyae — 4epe3 o6i1acTb HOMy-
Tern. B o6oux ciayuasx 3aTe- Puc. 1.16. JlyHHble 3aTMeHMA.
HUe MOXXeT ObITb IOJHbIM WM YaCTHBIM, B 3aBUCUMOCTHU OT TOTO, I10JI-
HBIH uck JIyHBI CKpbIBaeTCsl B 3€MHOM TeHHU (IIOyTE€HU) WIN TOJBKO
ero uacte. To e u ¢ ConmHuem: ecnu HabmOaTeNb TIONAAAET B TeHb JIy-
HBI, OH BU/IUT [IOJIHOE COJIHEUHOE 3aTMEHUe, eC/IU B ITOTyTEHb — YaCTHOE.
[TonHoe 3aTmenre CosHIIA HE 3aMETUTDb HEJIb3s: JHEM Ha HECKOIbKO MHU-
HYT HAaCTymnaeT MOYTH HOYHas TeMHOTa. Ho HernmybGokoe yacTHOe 3aTMe-
Hue CosHLIa, ec/iy 3apaHee O HEM He 3HAaTh, BIIOJIHE MOYKHO He 3aMeTHTh.
To >xe ¥ c TYHHBIMU 3aTMEHHUsIMU: TeHeBOe 3aTMeHue JIyHbI BBITTISIIAT
3bdeKTHO, a ToyTeHeBOe — HEB3PAYHO U [TOYTU HE3aMETHO.

JIMMTeNnbHOCTb TYHHOTO 3aTMEHUS 3aBUCUT OT TOTO, HACKOJIBKO I/Ty-
60KO B 3eMHYIO TeHb NpoHUKaeT JlyHa. Camble [yIUTe/IbHbIE 3aTMEHUsT —
LleHTpasibHble, Korza JlyHa ITpOXOoAUT 4epe3 IIeHTP 3eMHOH TeHU. [Ipu
3TOM ITIOJTHOE TeHeBOe 3aTMeHMe MPOJ0/IKAETCsI OKOJIO 2 YacoB.

Wraxk, TeHeBoe 3aTMeHHe JIyHBI ITPOMCXOJWT, KOIJja OHA MOMa/iaeT
B T€Hb, 0TOpOLIeHHYI0 3emieil. JyHa monagana Obl Ty[a Kask/Iblid Mecsil
B MOMEHT IIOJTHONYHUS, €C/i Obl TJIOCKOCTH JIYHHOU U 3eMHOM OpOUT
COBIIAJa/Ii, HO OHU He cOBMazaioT. [lnockocTs opbuts! JIyHe! Goree yem
Ha 5° HaKJIOHeHa K JK/IUITHKe (CpefiHee 3HaUeHYe 3Toro yria 5,15 u oH
konebnercs ot 4,99° o 5,30°). LieHTp 3eMHO#M TEHU JIEKUT Ha SKJIUIMTH-
Ke, a YITIOBOI paiyc 3TOM TeHH /1 HabojaTesns Ha 3eMiie COCTaBIsieT
okoso 0,7°. YrinoBo#i paguyc nyHHOro aucka — okosno 0,25°. CrnenoBaresnp-
HO, ecnu JIyHa yaangeTcs OT SKIMITHKY Hosee yeM Ha 1°, oHa He rorma-

TeHb 3emnn
MonHoe

TeHeBoe

[MonyteHeBoe

YacTHoe nonyteHesoe

MnockocTb 3eMHOM 0pOUTLI

N
7"

Puc. 1.17. BsaumHoe pacnono-
JKEHUE NNOCKOCTN NYHHON 0p6UTDI
1 nnockoctn op6utel 3emnu. Tou-
Kn A u B — y3nbl nyHHO## 0p6UTBL.
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MonyTeHb

MonyteHb

Puc. 1.18. JlyHHoe 3aTmeHme.

JaeT B TeHb 3eM/Iu. ViIMeHHO nostomy JlyHa yalie IpOoXOAUT MUMO 3€M-
HOM TeHU, HeXKeJlu TIoTaflaeT B Hee.

3armenus kak JlyHbl, Tak 1 ConHLAa IPOUCXOAMAT JIUILb B T€ MOMEH-
Thl, KOraa JlyHa MpoXOAUT BOMU3HU y3/108 CBOeM OpOUTEL, T. €. epeceye-
HU ee OpOUTATBHOMN TUIOCKOCTH C TUIOCKOCTBIO SKIMIITUKY (B KOTOPOI
Bcera Haxomutcst Comuire). B6/mm3u y370B JIyHa MPOXOUT IBAK/IBI B Me-
CsIL, HO /1711 3aTMEHUS HY)KHO, UTOOBI B 3TH )ke MOMeHTHI U COJHIIE TOXe
0Ka3asioCh BO/IM3K OTHOTO U3 Y3JI0B: €C/IH TOTO e Y3714, rae JIyHa, To Ha-
6/r01aeTCs COMTHEYHOE 3aTMEHHE, a C/TH IIPOTUBOIIOIOKHOTO, TO JIYHHOE.
[TporicxomUT 3TO He TaK Y 4acTo: MakCUMasabHOEe KOJIMYEeCTBO JTYHHBIX
3aTMEeHUI BCeX TUIIOB 3a rof — 4 (Harmpumep, ato npousoiiger B 2020 u
2038 ropax), MuHUManbHOE — 7iBa B roji. ColHeuHble 3aTMEHUS IIPOUCXO0-
OSIT IPUOIM3UTENBHO C TAKOM YK€ YacTOTOM, OHAKO IIAHC YBUAETD I0JI-
HOe JIyHHOe 3aTMeHMe HaMHOTO Bblllle, 4yeM IOJIHOe COMHeuHoe. [leno B
TOM, YTO [PY HATMYKH SICHOTO HeOa TyHHOe 3aTMEHHE BUAST BCE XKUTEN
HOYHOTO TO/Tylapus 3eM/H, a COTHeYHOe — TOJIBKO Te SKUTeNIN JHEeBHO-
TO MOyLIapys, KOMY [10CYaCTAUBUIOCH IIOMACTb B Y3KYIO TIOIOCY, IO KO-
TOopoi mpoberaet ManeHbkas (250—270 kM) TyHHAsE TEHB.

B mponecce monHoro TeHeBoro 3arMeHus JIyHBI Halll CIYTHUK CHa-
yajia rnornagaeT B 00/1acTb MOMYTEHH M YyTh-UyTh MEPKHET, a 3aTeM I10-
rpy’kaeTcs B KOHYC 3eMHOU TeHu. Kasasoch Obl, COTHEUHBIN CBET B T€Hb
He NpPOHHMKAaeT, PYrMX UCTOYHUKOB CBeTa TaM HeT, 3HauuT, JIyHa, nepe-
ceKas 3eMHYIO TeHb (a 9TO AIMTCS HECKOIBKO YacoB), JOMKHA CTaTh ab-
CO/IOTHO HEeBUAMMOI. Ho 3TOro He MpOMCXOOUT: OHA BCe >Ke HEMHOMX-
KO BU/IHA B TeMHO-0ArpoBbIX TOHAX. /Ie/I0 B TOM, UTO €€ OCBEIIA0T COJl-
HEeyYHble JIy4Hd, paccesiBLUIMecs U NpeJoMUBILMECS B 3eMHON aTMocdepe.
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52° Jlyna B dase
HOBOMYHUSI
<> 3emns

JlyHa B ase
MONHONYHNSA

Puc. 1.19. ConHeyHble 1 NTyHHbIE 3aTMEHUsI TPOMCXOAAT TONLKO B MOMEHTbI HOBONTYHUS 1
nonHonynus cooteercteenHo. Kpome atoro, JlyHa omxHa pacnonararbcs B61m3m ysnos
cBoei op6uTbI, MHaue (KaK Ha ITOM PUCYHKE) TEHU MPOXOAAT MUMO LLENu.

Tony6as yacTh MX CEKTPa CU/IbHO PACCEMBAETCS B BO3AYXE U MOITOMY
MOUTH He Tonaznaer Ha JIyHy, a KpacHble JIyud PacCeMBAKOTCA B BO3MY-
Xe 3HAYUTENIbHO cabee U, MPEIOMUBIIKCh U3-3a aTMOC(EpHO pedpak-
[IUH, HANIPAB/IAIOTCS B 00/1aCTh FEOMETPUUECKOM 36MHOM TEHH U OCBEIIa-
0T JIYHHYIO NT0BEPXHOCTD.

[TockonbKy T0yTeHeBoe 3arMenue JIyHbl 3aMETUTh I71a30M OUTH
HEBO3MOYKHO — HACTOJIBKO €/1a00 YMEHbIIAETC APKOCTb JIYHHOTO JAUC-
Ka, — 9TO ABJIEHUE PEIKO NpUBJIEKaeT BHUMaHue Habmopareneil. A BoT
TI0/IHbIE TeHEeBble 3aTMeHHUs JIyHbI B POIIJIOM aKTUBHO UCII0/Ib30BA/IUCH
AJ1d HayKI/I. [[eno B TOM, UTO B MOMEHT 3aTMEHU:, B cepe/:[I/IHe HYHHO-
ro gus, Co/mHIle Ha HECKOJIbKO YacOB PE3KO «BBIK/IIOUAETCs» U TepecTa-
€T OCBELIaTh JIYHHYIO MMOBEPXHOCTb, KOTOPAsl HAYMHAET TIOHEMHOTY OX-
naxpatbes. [1o ToMy, Kak GbICTPO MPOMCXOAUT OXJIAXKIEHUE JIYHHOM T10-
BEPXHOCTH, MOKHO TOHATh, Kakas y Hee cTpyKTypa. Eciu 6b1 JlyHa co-
CTOS/Ia U3 YUCTOTO MeTalna — CKakeM, Obuia Obl TJIOTHBIM aJllOMHUHUe-
BBIM IIIaPOM, — TO €€ TMOBEPXHOCTh OCThIBA/IA ObI OUEHb MEJIEHHO (13-
3a BbICOKOf/‘I TEHHOHpOBOﬂHOCTI/I BelllecTBa CHI/I3y IIOCTOAHHO IIOAOXOOu-
710 6bI HOBOE Teru1o). A ecu Obl JlyHa Obl1a c/ie/1aHa U3 IeM3bl WIN CHH-
TeIIOHa, TEHHOHpOBOﬂHOCTb KOTOprX I104TU HyJ'IEBaH, TeMnepaTypa I10-
BEPXHOCTHU Majana 6bl GeicTpo. HabmogeHus mokasamu, uTo B Xofe 3a-
TMEHWUsI IOBEPXHOCTD OX/1axkaaeTca ObicTpo. CieoBaTe/IbHO, OHA CKOpee
«H13 I1eM3bl UJIN HOpOHOHa», YyeM «M3 MeJu UJIN aJIlOMUHUS». A ecimm Cepb-
€3HO, TO IJIAHETOJIOTH C MOMOIIBI0 3aTMEHUH elle 0 101eToB Ha JIyHy
POBOTOB U JII0/Iel TIOHSJIY, UTO e MUHEPa/ibHas MOBEPXHOCTh OPUCTAs
U TIOKPBITA TbIIE0OPA3HBIM BELIECTBOM, KOTOPOE Mbl HAa3bIBAEM Pe20/lu-
mom. Tlo3xe Tyna npuneTeny poOOTH U JIIOAU U MOATBEPAUIH, UTO O~
BEPXHOCTb JIEMCTBUTEILHO MOKPBITA TbUIbIO, PHIXJIOW HABEPXY U CIIEK-
weiicsa B myoune. Tak JyHHbIE 3aTMEHMs TIOMOIJIA aCTPOHABTAaM 3apa-
Hee y3HaTb, 10 KaKOW MOBEPXHOCTU UM NPEACTOUT XOJUTb.
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Co/iHe4YHble 3amMeHUs

FEie 6osee 3aMeuaresnbHOe gBjeHne — 3arMenus Conuua. Panbiine
TOJIBKO OHM II03BOJISUIM HaM YBUZETb CaMyl0 BHEIIHIO 007acTb COJ-
HeuHO# atMocepsl — kopoHy ConHija. OU3HKY UCTIBITATN HACTOSIIHIA
IIOK, Korzia B cepeauHe XX B. Obuta U3MepeHa Temieparypa 3Toi oba-

Puc. 1.20. ConHeuHoe 3atmenue 29 mapta 2006 r. CesepHbiit KaBkas, Kucnosopackas con-
HeuHas ctaHums FAO PAH. Cnesa — 3nb6pyc. Doto: M. Jlucakos, A. KOdepes, E. Kazakos.
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cTH, 00 pe3y/bTaThl OKA3aJIMCh COBEPLIEHHO HEOXKUAaHHBIMU. YTO HaM
rOBOPUT HOpMasibHas pusuka? Uto 1o Mepe ynaneHHs OT UCTOYHHKA Te-
IUIa TeMIleparypa rasa 0/DKHa MOHMKaThCsl. Mbl BUJUM TaKye IPUMepbI
cruiowb U psfoM. MctouHuk Tera Ha 3emyie — ee TIOBEPXHOCTDb, Harpe-
Tas COMHEYHBbIMU JIyuyaMH, II03TOMY, IOIHUMAsICh Ha camoJieTe, Mbl Ha-
OrrofiaeM, KaK OKPY)KaIOI[MH BO3AyX CTAHOBUTCS BCE XOJIO[HEe; Ha BbI-
core 10 kM Temneparypa coctasnser —50 °C. Bcé noruuso.

Oneprus ConHia pojkaaeTcs B ero siape U 3aTeM IpocayuBaeTcs Ha-
PYKy, @ 3HAUUT, CHAPY>KU TeMIlepaTypa [AO/DKHA ObITh HIDKe: [1efCTBU-
TenbHO, B LeHTpe Comnua — okono 15000000 K, a Ha moBepxHOCTH —
6000 K: temnepatypa nagaet. M Bapyr B 0671aCTH KOPOHBI OHA OIISITh Ha-
YUHaeT CTPeMUTeNbHO pacTu — A0 2 MJH KenbBUHOB. C Kakoil ctatu?
[ne ncrounuk sHeprun? B KopoHe upe3BbIUaitHO pa3pekeHHbIH ras, Hu-
Kakue s/iepHble PeakLuy TaM He IporcxoAdaT. 3aaua Obia HempocTasi,
Y pelniy ee He cpasy. Bipouew, u ceifuac ele Hemb3s CKasaTb, UTO OHA
pellleHa 0 KOHLA. bosbIyio posb B UCC/IeA0BaHUM COTTHEYHONH KOPOHbBI
cuirpas pabotsl coBeTckoro actpodusuka Y. C. IlIkmoBckoro. A Hauu-
HaJl OH C HaO/IO/IeHNs] COMTHEYHBIX 3aTMEHUI.

CTpykTypa KOpOHBI, KaK BUAWTE, HAlIOMUHAaeT KapTUHY PacloJoxke-
HUS JKeJIe3HBbIX OIWJIOK, PAacChIIaHHbIX HaJ| ABYXIIOJIOCHBIM MarHWTOM.
SBHO BuaHO, uTo y CoNHIIA eCcTb OAWH MarHMWTHBIN [IOJIIOC CBEpXY U /Y-
roil cHu3y, a o O6OKaM — 3aMKHYTble CTPYKTYPbl (MHOTAA AWIOJbHBIE,
MHOTZ@ MHOTOIIO/IIOCHBIE).

Brnarogapst 3aTMeHMsIM He TO/IbKO ObUIM OTKPBITHI M KCC/I€{OBAHBI
COJTHEeYHas1 KOPOHA U JIeXKAIUil mo/| Hekt 6oJiee TUIOTHBIN ¥ MPOX/IaHbIH
c/oit — xpomocdepa, HO COCTOSINIUCh U Apyrue BakKHble OTKPBITUS U Ha-
6moaenus. B 1868 r. B criekTpe xpoMocdepbl 00HapYKUIUCh TUHUK He-
M3BECTHOrO B Ty MOPYy Ha 3eMjie XUMUYEeCKOro 3/7ieMeHTa — UM OKasall-
cst renvid. B criekTpe KOpOoHbI TOXKe 0OHAPYKUINCh HEM3BECTHbIE JTUHUH,
KOTOpble MCC/e/J0BaTeIu OTOPONWINCh NIPUMKCATh ellle OAHOMY Heus-
BECTHOMY 3/IeMEHTY, Ha3BaB ero KopoHueM. Ho 3To okasanuch TMHUU
Kesesa Ipy KpaiiHe BBICOKOI cTelleH! MOHU3alWy, HeOCTKUMOM B TY
nopy B 1aboparopuu. B 1918 . 3aTMeHue TOMOITIO IOATBEPAUTD OJMH U3
BBIBO/JIOB 0011[eli TeOpUH OTHOCUTEbHOCTH DIHILITEHA: CMelleHre 130-
OpakeHui 3Be3[] BOIM3KM COMHEYHOrO JUCKA MPOJEMOHCTPUPOBAIO HC-
KpUBJIeHUe Jy4ell cBeTa B rpaBUTAllMOHHOM IIOJIe.

B 06bIuHOE BpeMs, MeX/ly 3aTMEeHHSIMH, Mbl He BUAUM KOpoHY CosH-
113, IOTOMY YTO ee SIPKOCTb HAMHOTO MeHbIIle SIPKOCTH AHEBHOro Heba
psiioM C conHeyHbIM AMCKOM. OZHAKO B KOCMOCE 3TOU MpOO/IeMbl HET.
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Puc. 1.21. 3Tn pBa MOMeHTa NOMHOTO 3aTMEHUs pa3fieNieHbl BO BpEMEHU BCEr0 HECKOIb-
Kummn MuHyTamu. Ha nesom ¢poto BuaHa BocTouHas yacTb xpomocdepbl (310 TOHKUIA cnoi
armocepbl ConHua mexxay ¢otocdepoit u KOpoHoit), a Ha NPaBoM — ee 3anajHas 4acTb.

Teneckornbl HEKOTOPBIX KOCMUUECKUX obcepBaTopuit (Harnpumep, SOHO)
cHaGKeHbI CIEHATbHBIM 3KPAHOM, KOTOPBHIM MOXXHO 3aKpPbITh M300pa-
JKEHMe COJIHEYHOTO AMCKA U YBUZETb OKOJIOCOTHEeUHble OKPEeCTHOCTH —
KOPOHY, NPOTyOepaHIibl, IVIOTHbIE OTOKU COJHEYHOIO BETPa, a TAKXKe
HeOOsIbIIie KOMEThI, KOTOPbIE CTAHOBATCS 3aMETHBIMH, TOJBKO KOTZa
MpOJIeTal0T BIUIOTHYIO K COMHIYY, U O CYLeCTBOBAaHUM KOTOPBIX MBI pa-
Hee Jla)ke He JI0ra/ibIBa/IlCh.

[na Habmiogarens Ha 3eMiie JTYHHBIN AUCK TaK TOUYHO COBMA/AET 110
YIJIOBOMY pa3Mepy C COTHEUHBIM, UYTO CTOUT JIyHE YyTb-UyTb CMECTUTHCS,
Y OHa Yy>Ke OTKpbIBaeT HaM NosocKy ¢poTtocdepsl ComHLa, T. €. ero BUJU-
moro aucka (puc. 1.21). Byap JlyHa 4yTh MeHblue — XOTs Obl Ha 2% — WK
pacriosiaraiicsl OHa 4yTh AaJbllie OT Hac, CBOMM JJMCKOM OHA y>Ke He CMO-
r71a ObI 3aKPBITh GoTOChEpY, U Mbl ObI HUKOTZIA HE YBU/IEIH C 3eM/IH COJI-
HEYHYI0 KOPOHY: CTOUT IOSIBUTHCS MaZleHbKOMY KYCOYKY COJTHEYHOTO JIU-
CKa, KaK ero CBeT, PaCCesHHbIN B aTMOchepe, ienaeT He6o IPKO-TOTyObIM,
Y HUKakKas KOpOHa y>ke He BUHA. JTU CHUMKHU § II0Ka3bIBalo C Y[,0BOJIb-
CTBHEM, [TIOTOMY YTO OHH C/e/IaHbl COBPEMEHHBIMU TIOOUTEIAMU acTpO-
HomuH. Kro xopomro Brageer ¢porokamepoit 1 DoTOIIONOM, MOKET YBH-
[eTh TO, UTO PaHble Heslb3st ObUIO 3aMETUTD [JA’Ke C TEeeCKOIIOM.

OnouH U3 I7aBHBIX BOIPOCOB, BCTAIOUIMX Ilepel; aCTPOHOMOM IIpH
MO/ITOTOBKE K HABIIOIEHNI0 KaKOro-TO HeOGeCHOTo AB/IeHHUs, B JAHHOM
c/yuae 3aTMEHHMs: Ky/ia exaTh, UTOObI C HanbOsIbIel BEPOSTHOCTHIO TI0-
JIY4XTh JKenaeMbld pe3ynbraT? OakTopoB MHOIO: ¥ KOJIMUECTBO SICHOTO
nHeBHOTO HebGa B Ce30H HAOIONEHUs, U MPOJO/DKUTEIbHOCTD SIB/IEHMUS,
Y ero BbICOTA HaJi TOPU30HTOM, U CTOMMOCTb TI0€3[KHU, U MONIUTHYecKas
cTabUIbHOCTh B PETHOHE, U ellle MHOTO JPYruX (pakTOpOB.
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JlyHHasn TeHb

Puc. 1.22. O6cTosTenbcTea nonHoro conHeuHoro 3armenuns 29 mapra 2006 r. Myto

NYHHOWN TeHW, ABNXKYLLeACA € 3anafa Ha BOCTOK, NOKa3aH uepHoii nonocoii. Mapan-

NenbHbIMK €if MHUAMW OTMeuveHbl 06N1acTU YACTHOTO 3aTMeHMs, AOCTUraloLLEro
MakcumanbHoit ¢pasel 0,9, 0,8 ... no mepe yaaneHus oT nonockl NOMHOIO 3aTMEHHUSI.

Ha Bceit 3emie B roi MOXKHO HaO/MIOAATD OT BYX 0 IISITH COMHEYHBIX
3aTMEHHU1, U3 KOTOPbIX He GoJiee ABYX — IOJIHbIE WK KOJIbLie0OpasHbIe.
B cpennem 3a 100 net npoucxoauT 237 COMHEUHbIX 3aTMEHUI, U3 KOTO-
poix 160 — yacTHble, 63 — monHble, 14 — KonbLeoOpasHbie. Yepes opHy
U TY Ke TOUKY 3eMHOIi MOBEPXHOCTH JIYHHASI TEHb IIPOXOAUT B CPEIHEM
pa3 B 300 net. To ecTb ecny He TOHATHCA IO IUIAHETE 3a IOJHBIMU COJI-
HEYHbIMU 3aTMEHHAMH, a )KUTb Ha OJHOM MecCTe, TO IIIaHC YBI/I,E[eTb CBO-
VMM I71a3aMU COTTHEYHYIO KOPOHY HEBEJIHK.

TToCKONbKY 2/3 MOBEPXHOCTH 3EMHOTO I1apa MOKPBITHI OKEaHOM, IyTh
JIYHHOM T€HU MPOXOJUT B OCHOBHOM IO TIOBEPXHOCTU Bofbl. Ho HUKTO
He Hab/II0aeT 3aTMEHHS C [UIABAIOIIEro CY/IHA, TaK KakK /I ONTUYECKUX
npubopoB Tpebyercs ycToituuBas onopa. Beerna BeiGrpatot o61actb Ha
cylle, HO ¥ 3[eCh y aCTPOHOMAa MHOTO CBOMX TpeOOBaHHil: HE [JOKHO
OBITb I'YCTOM PacTUTEIbHOCTH, CUIBHOTO BETPa, BBICOKUX TOp, 3aKpbIBa-
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Puc. 1.23. ®oto nyHHoii Tehu,
6Geryweii no o6nakam, B MOMEHT
w MOMHOTO CONHEYHOrO 3aTMEHMs.
CHMMOK U3 KocMoca.

IOIIMX TOPU3OHT... Hampumep, Kyzma Obl BbI moexasu, uToObl HAOMOAATh
3armenue, cinyuusiieecs 29 mapra 2006 r.? [TocMoTpuTe Ha KapTy ¢ 00-
CTOSITE/IbCTBAMU 3aTMEHHUS U BbIOepuTe Hauboee MpUBIEKaTeIbHOE Me-
cto... [IpaBunbho, B Typuuto. [loroga tam, kak mpaBuso, Xopouias, repe-
net u3 Poccun Hepopor, ConHlle B MOMEHT 3aTMEHHUS BbICOKO HaJ| FOPU-
30HTOM, [IPO/IO/DKUTEILHOCTD MOTHOM (asbl 3aTMeHUsT O/IM3Ka K MaKCH-
MaJsbHOM, ITOCKO/IbKY MECTO pacloyIoKeHO HeJjaleKo OT CepelUHbI Tpa-
eKTOPUM JIYHHOU TeHH. [103TOMY MHOTHe [T0eXanu UMEHHO TY/a, YTOObI
HabI07aTh 3TO IIOJIHOE 3aTMEHUE, — U He OLIUOJINCD.

JTr060MBITHO, UTO HECKOJIbKO JIECSTHUIETUN Ha3a/, B OJIMH U3 TIPEJIbl-
OYLIMX capocoB (T. e. IEPHUOAOB BPeMeHH, Yepe3 KOTOpbIe MOUTH B TOY-
HOCTH TOBTOPSIIOTCSI 0OCTOSITE/IbCTBA 3aTMEHHUH), HEKOTOPbIE IKCIIeH-
upy BblOpany Erumet, rae BepOATHOCTb XOPOIleld TTOro/bl U SICHOTO He-
6a eme Boiie, ueM B Typiuu. [ledcTBUTENIbHO, B MOMEHT 3aTMeHus (4 110,
u mocse Hero) He60 6bUTI0 6e300/1auHbIM, HO 110 9TOM MPUYMHE CITyUM-
noch aBe Gezipl. OT BBICOKOM TeMIlepaTyphl OCTPajaia CBETONPHEMHAs
anrnaparypa, pesxze BCero sMy/bcusl (OTONIACTHHOK, Ha KOTOPBIE B TY
3Noxy Benoch ¢poTorpadrpoBaHue, a M3-3a BeTpa U NbUIM NPUILIOCh Ha-
KpbIBaTh ONTHUYECKYIO annapaTypy MOIUITUIEHOBOH IJIEHKOH, KOTOPYIO
OBICTPO ChEJI MECTHbIE OTOJIO/ABIIKE KO3bI, U MbUIb IOBPE/IH/IA OTHKY.

Ecmu BbI B MOMEHT 3aTMEHMS [TOCMOTPHUTE Ha 3eMJII0 U3 KocMmoca
(puc. 1.23), To cpa3y noiimMerte, ¢ KAKUMU TPYAHOCTSIMHU CTAJIKUBAIOTCS ac-
TPOHOMBI: JIyHHAs TeHb OeXXUT 1o 3eM/ie, HO OHA )K€ JIOXKUTCS Ha 0b6na-
Ka, ¥ aCTPOHOMBI, HAXOASIIHECS B 9TOT MOMEHT 107 06/1aKaMu, He BUASAT
Conaia. [ls mpeojionieHus 3TUX NpoO/IeM CYLIeCTBYeT HafleXKHbIii Bapy-
aHT — HY)KHO BecTu HabsofieHus ¢ 6opTa camoseTa, JeTAIEero Haa 00-
JlaKaMU B CTOPOHY IIBMYKEHUS JYHHOU TeHU. B aTOM criyuyae 06/1auHOCTb
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Puc. 1.24. KonbLeobpasHoe
COMHeYHoe 3aTmeHue 3 OKTS-
6ps 2005+

y’Ke TOYHO He CTpalllHa — BCE YBUJUTE, XOTS MyTelleCTBUe 3TO JOPOroe.
A ecnu y Bac elrle ¥ 0YeHb ObICTPBIN CAMOJIET, TO BbI MOXKETE TPOIUTD
VAOBOJIbCTBUE OT CO3€pLIaHUs U U3yUeHUs COTHeYHOI KOPOHBL: B BallleM
pacrnopspkenun OymyT He MHUHYTHI, a yachl Korma mosBuics rpakaaH-
CKWM CBepX3BYKOBOM camorneT «KoHKopz», OOUH U3 IEPBBIX €ro peiicoB
ObI/I HATIPaB/IEH UMEHHO B TOTOHIO 3a JIYHHOU TeHbi0. CBEpPX3BYKOBOI
camoriet criocobeH ee JorHath. Beap JIyHa, a 3HAUUT, U ee TEHb [IBHIKET-
Cst 10 OpOUTE CO CKOPOCTHIO OKO/IO 1 KM/C, @ 3eM/Is BpaIaeTcs B Ty Ke
CTOPOHY, IPUYEM Ha IKBATOPE CO CKOPOCThI0 0Kos0 500 M/c. 3HauwrT, o
TIOBEPXHOCTU 3eMJTH JIYHHAs TeHb OEKUT CO CKOPOCThIO OT 1 KM/c (B 110-
nspHbix obnactax) no 0,5 kM/c (Ha axBatope). [IOCKONbKY [UaMeTp JTyH-
HO#t TeHu y 3eM/M 00buHO He npeBbimaet 280 KM, TPOJO/IKUTENIBHOCTD
MOTHOM (pas3bl 3aTMEHUS [ HEMOBMYKHOTO Hab/oaTesNs, KaK mpaBu-
710, coctaisieT He 6oiee 7 MUHYT. A CBEPX3BYKOBOW CaMOJIET, e TSI
co cxopocteio 1,5 M (T. e. okono 500 M/c), B paiioHe 3KBaTopa MOXKET CO-
IIPOBOXKZAThb TYHHYIO TeHb B TeUeHHe HeCKOIbKUX 4acos!

WHorpa JlyHa Hac MoABOAUT. DTO IPOMCXOJUT B clydyae, eciu 3aTMe-
Hue Habmogaercy, Korja JlyHa HaXO[UTCS B arioree CBOel OpOUTHI U He
criocobHa MepeKphITh COMHEYUHbIN TUCK IeTMKOM. Tor/ia ee TeHb He JI0TS-
TUBAETCH 10 TIOBEPXHOCTH 3eMJIM — MbI BUUM KOJIblieoOpasHoe (MHora
TOBOPSIT «KOJIbLIEBOE») COTHEUHOE 3aTMeHUe. JTO sB/IeHHe TTOUTH Decro-
7Ie3Hoe: B TeYeHUe BCero 3aTMeHUsI OCTaeTcs BUIeH SIPKUi Kpail moBepx-
HocTH (poTocdepsr) ConHII, T03TOMY KOPOHA OCTaeTcsl He3aMeTHOiL. Ho
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Puc. 1.25. ConneuHas kopoHa. 1 aerycra 2008 r. ®oto: M. Druckmiiller, P. Aniol, V. Rusin.
CHMMOK nonyqu I'IyTeM COBMeELLEHNa MHOIuUxX M306pa)|(eum7|, KOHTpaCT ycvmeH KOMMNbHKO-
TepHoit 06paboTKoii.

1107132 OT KOJIbLIe0OPa3HOro 3aTMeHHst BCe-TaKu eCTb. MOXXHO JIeTKO OT-
C/IeANTb MOMEHTBI KacaHWsl BUAUMOTO AxckKa JIyHbI ¢ BUAVMBIM AUCKOM
ConHIla — BCero yeTbIpe KacaHus. ITH YeTblpe MOMEHTa BPEMEHU peru-
CTPUPYIOT C BBICOKOW TOYHOCTBIO (0 1/1000 cexyHppI), 4TO 1mO3BOMISIET
IPOBEPSATb TOYHOCTb TEOPUH ABIKEHHS JIyHbI U BpalleHUsT 3eMIIH.

Ha ¢otorpacdun 3armenus 2008 r. (puc. 1.25) MbI BUZUM COMTHEYHYIO
KOpOHY. BuziHO, UTO Ha caMOM /iesie KOPOHA HUI/e He KOHYAeTCs — 3TO
feckoHeuHble [IOTOKK ra3a, KOTOpble yXoAaT ¢ mosepxHocty ComHua U

Puc. 1.26. ConHeuHoe 3art-
menue 11 uona 2010 r. Xo-
powo 3aMeTHbl AeTanu
nyHHo#t nosepxHocTu. Po-
10: M. Druckmiiller, M. Diet-
zel, Sh. Habbal, V. Rusin.
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y>Ke He BO3BpaIaioTcs K Heil. Co CKOpPOCTBIO 3ByKa U fiaxke ObICTpee OHU
HecyTcs BO Bce cTopoHbl oT ComHua, B ToM uncie U K 3emie. Ho obparu-
Te BHUMaHue: JIyHa Toxe BU/HA, XOTS NPSIMble COJTHEeYHbIE JIy4d Ha Hee
He nonajarT. YTo ke nojacBeurBaeT TeMHYIO CTOPOHY JIyHbBI? JTO cBeT
ot 3emsu! B MomeHT 3aTmenus obpaienHoe K JlyHe nonymapue 3emin
IIOUTH IOJHOCTBIO OcBelleHO COJHIIEM, 38 MCK/IIOUeHHeM HeOOsIbIIOoro
nsATauka JyHHOH TeHU. OTpakeHHbIH OT 3eM/M CBeT YXOJUT B CTOPOHY
JlyHbl, ¥ MBI BUOUM ee HOYHOe nonymapue (puc. 1.26). Bipouewm, u BHe
3aTMEHUIi 3TO sIBJIEHUE JIErKO MO)XHO HaO/II0/aTh: €C/M Bbl MOCMOTPH-
Te Ha MOJIOAOM Mecsl cpasy Nocae HOBOIYHMS, TO YBUAUTE, UTO TEeM-
Hasl yacTb JIYHHOTO JMCKa BCe-TaKy BU/HA KaK OyieHO-cepasi; Ha3blBaeT-
Csl 3TO SIBJIEHHE nenesbHolm céemom JIyHel. VI B aTOM cilydae oTpakeH-
HBII OT 3eM/IM CBeT MOZICBEYMBAET TeMHYIO cTOpoHY JIyHbl [TosToMy Ha
BUIUMO# cTOpoHe JIyHbI, HA ee MOJyIIAPKHY, OCTOSIHHO 0OpaleHHOM
B CTOPOHY 3eM/Iy, HUKOrJa He ObIBaeT MOAHON HO4M. TaM ObIBAIOT sp-
KMI COJIHEUHbIY [IeHb U [T0JIyTeMHAsA HOUb, KOTOPYIO YCJIOBHO MOKHO Ha-
3BaTb «3eMHOM HOUbIO». Hal 3eMHOM ap AOBOMBHO ApKO ocsewaer JIy-
Hy. 37ecb, Ha 3eMJle, B ITOJIHOJIYHHE MbI MOXKeM T'yIATb Oe3 ¢poHaps HO-
Ybl0 U Jlake yUTaTh NpU JIyHe KPYMHBINA TeKCT. A 3eMsis Ha TIYHHOM He-
6e 3anuMaet B 13 pa3 6O/bIIYIO I/IOLIAAb U OTPAXKAET COMHEYHbIH CBET
B HECKOJIbKO Pas JIyulle TYHHON IOBEePXHOCTHU. Tak UTO «3eMHOM HOUBbIO»
MOBEpXHOCTb BUAMMOrO Nosymapus JIyHbl OCBelleHa Tak e SIPKOo, Kak
ecnu Obl HA Hee CBETH/IM HECKOJIbKO [IeCITKOB MOHbIX JIyH. Byayipm
uccnenosaressiM JIyHbl He PUAETCS 3a60TUTHCSA O HOUHOM OCBEI[EHHH,
HoKa OHM OynyT paboraTh Ha BUAMMOM CTOPOHe. 3aTo Ha 0OPaTHOM CTO-
poHe 3eMsIsl He BU/JiHA, U HOYM TaM O4YeHb TeMHBbIe.

[Ipo ycnoBus HacTyIuleHUs1 3aTMEHHS BKpATLe YK€ TOBOPUJIOCH.
Ham Ba)kHO MOHATbH, yTO pa3 opbuta JIyHbl HAKJIOHEHA Ha 5 C JHIIHAM
TpajycoB K 3K/IMIITHKE, & pasMep BUAUMOro aucka — scero 0,5°, To JIyH-
Hasl TeHb, KaK IPaBUIO, IPOXOAUT MUMO 3eMJIu. M TolbKo Korja Tpu Te-
na — Connue, /lyna u 3emssg — pacnosaratoTcsl Ha OfHOMN IIPSIMOH, TyH-
Hasl TeHb nonajaeT Ha 3emmo. To jxe camoe ¢ 3aTMeHUSAMU JIyHBL: 3eM-
Hast TeHb MPOXOAUT KOO0 Bbille, TMOO0 HrbKe JIYHBI U TULIb U3PEZIKA T10-
nazaet Ha Hee. [[pyyrHa 3TOro0 — HECOBMA/ieHKE II/IOCKOCTeH OpOUT.

MpoxoxxaeHus nnaaHeT no ConHuy

A elle acTpOHOMBI OUYeHb [JOPOXKAT HAOJIOAEHUSAMU MPOXOXKAEHHUS
IUIaHeT Ha (OHe COJHEYHOro AMCKA. [leso TyT BOT B 4eM. YKe OueHb
JlaBHO aCTPOHOMBI Hay4YM/JIMCb U3MepPSITb OTHOCUTE/bHbIE pasMepbl Op-
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Puc. 1.27. xxepemn Xoppokc 3a
HabniopeHnem npoxoxpexus Be-
Hepbl no aucky ConHua. ®parmeHt
KapTUHbI aHINMIACKOTO XY[L0XKHUKA
B. llaBeHpepa (1903).

6ut riaxet. Mi3mMepuTh, BO CKOJIBKO pa3 Juametp opOuThl BeHepbl MeHb-
1Ie 3eMHO OpOUTBI, — IpocTasi reoMeTpuueckas 3aiava. Ho peasnbHo-
ro maciiraba pa3mepoB op6uT CONHEYHO! CHCTEeMbI Mbl [OTO He 3Ha-
. PazymeeTcs, Bcé 6b1710 b1 HAMHOTO TIPOIIE, €C/TH ObI Pa/IHOTIOKAITHIO
n3ob6penu et Ha 300 panbire, HO y actpoHomoB XVII-XVIII BB. He 6bL10
TAKOr0 METO/d, a 3HAYMT, OCTABA/ICS eAUHCTBEHHbIH crocob — Habmo-
[aTh MPOXOXKAEHUE TIaHeT Ha (OHe COMHEYHOrO JKCKa, YTOObI M3Me-
pUTh UX napasiakc. JIuimb ABe nnaHeTsl — Benepa u MepKkypuil — Bpe-
Ms OT BpeMeHH mpoxofaT Ha ¢one ConHia, npuyeM BeHepa npusnexa-
TeJIbHee, IOCKOJIbKY OHa O/rke K 3emie, M3-3a Yero ee rnapauiakc 60/b-
111e ¥ U3MEPUTBH ero JIerye.

CRABTREE WALCHING THE TRANSIT OF VENUS -A-D-1639

Puc. 1.28. Yunbam Kpabtpu c cembeit Habnropaer npoxoxaenmne Bexepbl no ancky
ConHua — Bnepeble B uctopun yenosevectsa (ppecka ®. U. bpayHa, XIX 8.).
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[TyTb Benepbl,
BUOMMbIN 13 TOUkM B

= [ytb Benepbl,
BUAVMbIN
13 TOYkM A

Conxue

Puc. 1.29. YTo4HeHMe acCTPOHOMUYECKOI e[MHNULLbI NyTEM U3MepeHUs Napannakca
BeHepb! Ha ¢poHe ConHua.

Cryuaetcst Takoe siBlieHHe pesKo. [I1ockocTb BeHepraHCKo OpOUTHI
Y TUIOCKOCTDb 3€MHOU (3KUIITUKA) He coBrasatoT. Habmonars Benepy Ha
¢one ConHila MOXKHO TOJIBKO TOTZQ, Korjaa 3emMs v Benepa HaxonsTcs B
paiioHe mepeceyeHus JBYX [UIOCKOCTEN — B y3/1ax BEHEPUAHCKOU OpOu-
Tbl. BriepBble 3TO siBleHHe HabmoganM U onuvcany ero B cepenute XVII
B. [IBa aHIIMUaHuHa — [Ixepemu XOppoKc u ero apyr Yumbam Kpadtpu.

9To HebecHOe siBlIEHHE [0 BO3MOYXHOCTb M3MEPUTh PACCTOSIHHE
Mexay 3emreil u Benepoil, a 3HauuT, 1 Mexxay 3emeil u ConHuewm, a 3a-
TeM BbIYMCIUTb PACCTOSIHUS MEX/y BCeMH IIJlaHeTaMy, IpUYeM He B OT-
HOCHTe/IbHBbIX eAMHUIIAX, @ B KWIOMeTpax. Tak acTpOHOMBI BbIYMCIUIN
Bce pacctossHUS B ConHeYHOH cucteMe. 9TO CTal0 OUYeHb Ba)KHBIM JI0-

Tpansum

Tpanzum

Puc. 1.30. TpaH3utbl BeHepel, T. €. ee npoxoxaeHusi Ha GpOHe CONMHEYHOTO ANUCKA, MOXKHO
Habntoparb, korpa Benepa u 3emnsa HaxopsaTcs B61M3M y3nos opbutel BeHepbl.
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Dr. HALLEY's
DISSERTATION
D the Mirmsis of Dcirmsning the
PARALLAX of the SUN
T Tue
TRANSIT of VENUS, June 6 1761,
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Puc. 1.31. [luccepraumns Iamonpaa lannes c pacuetamu, no3BonstoLLUMIN BbIYUCTUTD
paccrosiHue mexpay 3emneit u ConHuem no HabnogeHusam TpaHsuTa Bexepol.

crikerrem. GakTUUECKH paccTosHre 0T 3eMsiu 10 BeHepsl 6b110 U3Me-
PEHO METO/IOM CYTOYHOTO Mapasuiakca. JTOT METO, MPeIJIOKIIT DIMOH/
Tasuteii, oH 3aK/0YasCs B U3MEpPEeHUH MPOAOIKUTENIBHOCTYA MPOXOKe-
uust Berepo! no aucky CosnHija npu HabMOMEHNU U3 Pa3IMYHbIX TOYEK

Puc. 1.32. M. B. JlomoHocoe Ha6ntopaet 3a npoxoxaexuem Benepnl no aucky Connua
26 masn 1761 r. u3 ceoeii netep6yprckoii keaptupbl. Cnpasa — unntoctpaumu JlomoHocosa
B ero pykonucu «fisnexune Benepobl Ha ConHue...» (1761).
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Puc. 1.33. {snenue JlomoHocoBa,
cdotorpadupoBaHHoe € MoMOLLbIO
1-metposoro LlBeackoro BakyymHo-
r0 CO/IHEYHOTO TENIecKona Ha 0CTpoBe
Na-Manbma (Kanapckue o-Ba).

Jemny, pasHeceHHbIX 1o mMpore. Tak kak Benepa mpoxogut He uepes
LIEHTP COTHEYHOTO AAUCKA, TO 110 BpeMeH! NPOX0/IeHHUS MOKHO YCTaHO-
BUTb [UIMHY XOPZAbl BUJUMOIO IyTU IUIAHETbI, & M0 Pa3/IN4{I0 3THUX Be-
JIMYMH, U3MEPEHHBIX B Pa3HbIX TOUKaX 3eMJ/IH, OIPeJe/IUTh YITIOBOE CMe-
IleHYe IJIaHeTbl OTHOCUTENbHO Aucka ComHIa — ee napasiakc, a 3Hauur,
U pacCTOsiHKE /10 TUIaHeThL. [Ipu 9TOM HabMoeHus ObUTH JOCTATOYHO
IPOCTBI, [yIs1 UX NIPOBe/ieHUs] TPeOOBaIMCh TOIBKO TEIECKOI U IIPOCThIe
4acel, YTOOBI U3MEPUTh HEOOIbIINE IPOMEKYTKH BPEMEHH.

B 1761 r. mpu HabmiOqeHUU MPOXOXK/(eHNsT BeHephbl HeOoXUJaHHOe
OTKpBITHE CHenal, KaK yTBep:JaeT MCTOPHUS, Hall COOTeYeCTBEHHUK
M. B. JlomonocoB. B ToT roz s HabmogeHus Tpausuta Beneper, uro-
Obl M3MEPUTD ee MapalIaKC, BO BCe YaCTH CBETAa OTIIPABU/IMCh MHOTOUH-
C/IeHHble aKafileMU4ecKue 3KCIeJUIUN C CaMbIMU KBalIW(UIUPOBAHHbI-
MU acTpoHOMaMu. JIOMOHOCOBY B TOT MOMEHT ObIJIO yike 0koso 50 serT,

Puc. 1.34. Mpoxoxaenue Benepnbi no ancky Conuua. Cneea — doto 6 pexabps 1882 .,
cnpasa — 8 nions 2004 r.

MpoxoxaeHusa naaHeT no ConHuy 31



oH 6oresn, II0X0 BUJE U HUKY/JA He Moexal — ocTaucs Habmoaath sB-
JleHVe B IIPOCTeHbKUH TeslecKor M3 OKHa cBoero foma B CaHkrt-llerep-
Oypre. V1 oH eAMHCTBEHHbIN U3 Bcex Hab/oaTenell He TOMbKO 3aMeTHII
Y ONHKCAaJ, HO U MOHSUI 3TO YAUBUTE/IbHOE SIBJIEHUE.

Korna temHbIil guck BeHepsl moaXoAna K Kpar COTHEUHOTO WCKA,
iepe]; HUM BBIPOC, KaK Hamucan JIOMOHOCOB, «IyIbIPb», SIPKUil 060OK.
910 6bLTO TIpeTOMIIEHHE COMHEUHBIX Tyueil B atMocdepe Benepsl. Jlomo-
HOCOB COBEpIIeHHO BepHO MHTePIIpeTHPOBa YBUEHHOE, TOI/ja OH U Ha-
nucas, 4to y BeHepsl «3HaTHas atMocdepar. 3arajka B TOM, KaK, yUUTbI-
Bas BCe YC/I0BUsI, OH MOT YBUAETb TO, UTO Cefyac MOXKHO YBU/ETb OTUET-
JIMBO TOJIBKO IpY MOMOIIM CYIIepCOBPEMEHHOr0 BaKyyMHOIO TelecKoma.
Buznumo, cpaborana MHTYHIMS — BCe-TaKU BeTUKUIN YM.

Ecmu 6p1 Hanuuve y Benepel atMocgeps! He MOATBEPANUIOCh — HU-
Yero cTpauHoro, JIoMOHOCOB He yTpaTu/ ObI CBOErO CTAaTyca B HAyYHOM
mupe. Ho armocdepa y BeHepnl ecTb, U 3HaueHue reHus JIomoHOcCOBa
craso ere Hosee BeCOMbIM. JTO sIB/IEHHE BO BCEM MUpe Ha3bIBAETCS «SIB-
nenvieM JIOMOHOCOBa», U Mbl UCIIONb3yeM €ro, KOTa U3ydaeM jajneKue
IIaHeThbl — 3K30IUIaHeTbl, HaXOAALMecs: y APYTUX 3Be3[.

NcTUHHOE ABUXKEHUe NaHeT

Buznumoe [BM)KeHVE IUIAHEThI CKJIA[bIBAETCS U3 [BMIKEHHUS B MPO-
cTpaHcTBe Hab/IIOAATes U caMoii aHeTsl. Bot mocMorpure, kak B 2007
u 2008 rr. Mapc «rynsn» Ha GoHe 3Be3nHOr0 Heba: exas-exas, OCTaHo-
BUWJICS, TIOEXasl Ha3aJl, BHOBb OCTAHOBUJICS, @ 3aTeM IIPOJIOJIKHII JIBHKe-
Hue Briepes. Kak-To ctpaHHO OH ce0s BefieT, He mpaBja au? A HUYEro
CTPaHHOTO B 3TOM HET, eC/IM BCIIOMHUTb, YTO MbI Hab/II0jaeM ero ¢ [ABH-
JKYIIeNca 3eMIn.

Mapc obpariaercs 1o cBoeit opOoUTe B OZHOM HAITPAB/IEHUHU, HE MEHsIs
ero. Mel BMecTe ¢ 3emreit obparaemcst BOKpyr CosHIIA B TOM jKe Harpas-
JIEHUH, HO IBM>KeHHe 3eMJIM IIPOUCXOAUT ObIcTpee U 110 6oriee KOPOTKOM
op6ure. [Ipu 3TOM OHO CK/Ia/ibIBaeTCsl ¢ Ooee Me/ITIEHHBIM [BH)KEHUEM
Mapca o 6onee AnuHHOM opbuTte. BOT 1 mony4yarTcs B CyMMe Takue
«KpeH[ie/s», KOTOpble CHJIBHO 033[auyvBald APEBHUX acTPOHOMOB. Bed
rpaHro3Has KapTHUHA 3BE3JHOr0 Heba JABIKETCS HUIeaTbHO paBHOMEp-
HO, a I/1aHeTs! Ha GoHe 3Be3n 6y /aaoT TyAa-cloa. HysxHo 66110 Kak-To
OOBSICHUTD TaKoe NOBeJieHNe IUIaHeT U HayuUThCsl ero IPOrHO3UPOBaTh,
CO37aB Il 9TOr0 MaTeMaTH4ecKylo TeopHio. Y co3pany, B3sB 3a OCHO-
BY [IPOCTYIO MeXaHUYEeCKYI0 Moziesb. [InaHeTa paBHOMepHO obpariaercs
10 Masioi OKPYXKHOCTH (3MHULMK/Y), LIEHTP KOTOPOU ABMXKETCS 10 60JTb-
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Puc. 1.35. [ismxenne Mapca no Heby ¢ utons 2007 r. no uronb 2008 1.

IO OKPY)KHOCTH (iedepeHTy), B LIEHTpe KOTOPOil — KTO ObI COMHEBaAsI-
cs1! — pacnonaraercsl HenoaBkHasg 3emist. CkinazabiBas ABa paBHOMep-
HbIX KPYTOBBIX [IBIDKEHUS, IOTy4aeM C TOUKHU 3PeHHs 3eMHOT0 Habo/ja-
Tesls meTvieoOpas3HyIo TpaeKTopHIo riaHeTsl. [IpocTas u kpacusas uzes!

OxkoHuaTenbHbIM BUJ 9TOM Teopuu npusan Bo Il Beke H. 3. rpevyeckuit
MareMaruK, acTpoHoM U reorpad Knasnuii [ITonemeli B cBoeM reHuanb-
HOM «AnbMmarecte». OH [0Bel 3Ty MOJENb [0 BEJIHUKOJIENHOr0 COCTOSI-
Hus. [ITonemell moHMMas, UTO BUAUMOE ABWKEHUE NJIaHeT 3HaUUTe/IbHO
C/I0)KHEe, YeM MOYKHO M300pa3uTh C MOMOIIBI0 OZHOTO SMHIMKIIA, «<Haca-
KEHHOTO0» Ha ieepeHT. 3HAuUT, 3Ty HeDECHYIO «KOPOOKY Mepefau» HyX-
HO 6bUTO yC1oKHUTD. Ha mepBbrit anwmiuks [ITonemelt «mocagui» BTOPOi
3MULUKI C UHBIM IIepHOZIOM, Pa3MepoM U HaK/I0HOM; Ha Hero — TpeTHi...
Yro 3To BaM HanomuHaet? Hy koneuno e, psag Oypee! Jlroboe nykiu-
YecKoe JIBMYKeHNe MOXXHO Pas/ioKUTb Ha CYMMY IIPOCTBbIX CUHYCOUJAJb-
HbIX KosebGanuil. [Itonemeit He 3Han Qypbe-aHanu3a, HO OH UHTYHUTHB-
HO TIpe/ICTaB/IsUl CTI0KHOE ABW)KeHUe TUIaHeT B BUZle CepUU NPOCTHIX CHU-
HYCOMJA/IbHBIX (rapMOHMYECKHX) KonebaHuil. Bce 3TO M3/10)keHO B KHU-
re Knasnus Iltonemes «AnbMarect, unu MaTemMatryeckoe COUMHEHHUE B
TpPUHAALATU TOMax». B mepeBoje ¢ ApeBHerpeueckoro Ha pycckuil oHa
BriepBble Oblna n3zfana B 1998 r. Xorure 3apaboTaTh KOMIIIEKC HEMOTHO-
LIEHHOCTH — MONPOOYITE ee IPOUUTATb.

Teopueii [ITonemes: yueHble NOMb30BAIUCH NTOJTOPBI THICSUU JIET, 10
anoxu KomepHuka, — 3aBUAHOe [0AroeTve i 0ol HayuyHOU Teo-
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Puc. 1.36. Knaspguir [ro-
newmeii (Il Bek H. 3.) ¢ acTpo-
HOMMYECKUM MOCOXOM B pY-
Ke. YCNOBHbIi NOPTET U3 KHU-
rm XVl B. ActpoHomMuueckuii
nocox (radius astronomicus),
unu «nocox flkoea», — mnpo-
cTeitumit npubop Ans usme-
peHusl YINOBbIX pacCTosiHUiA
Ha HebecHoit cdepe. Mo oc-
HOBHOI rpajiyupoBaHHON -
Hellke  CKOMb3UT  MOABMXK-
Has nuHelika C puonTpamm
Ha KoHuax. Mnaga ot ocHosa-
HUA TNaBHOI NMHENKKN, Manyto
nepemeLLaoT Tak, 4tobbl Au-
onTpbl coBnanu ¢ o6bekTamu
U3MepeHus, HanpumMep fByMs
3Be3/,aMu1 N FTOPU3OHTOM U
CBETUIIOM.

pun. Ho KonepHuk 3ajancs BompocoM, IOYeMy Y pasHbIX IUIaHET MHO-
rO OAVHAKOBBIX 3MUIMKIOB C OOUHAKOBBIMU Iepuopamu. OH mpepsio-
JKWJI TIOMECTUTD B IIeHTP cucTeMbl He 3emso, a ConHIle, TOCKOBKY I0-
HUMaJI, YTO Ha CaMOM Jie/ie Mbl HabII04aTe/IM U Mbl JBHXKEMCS, TI03TO-
MY U IUIaHEeTbl Nepef] HAlIUMHU [71a3aMU CUHXPOHHO ONHKCBIBAIOT MeT/IH.
Konepnuk nomectusn B neHTp CorHIle, HO He CMOT OTKa3aTbCsl OT KPYro-
BbIX OpOuT. [103TOMY B €ro crucreme MUpa y MIAHET COXPAHUINCH HEKO-
TOpBIe SMULUKIIBL

Mnaneta Tpaektopua nnaxeTbl

Annupmkn

&Y

~— - 4e¢epe\-\"
Puc. 1.36. Cuctema anuumknos no Mronemeto.
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REVOLVTIONYVYM LIB L 8
30 anno fiam complet circuitam. Pait hune lepiter duodecenall
fevelutione mobeis. Deinde Mars , qui biennio ciruit. Quariwm
# di Lt

i locum obrimet , in g0 termm Cum orbe

Yanas icyel ineri dixi Quinro loco Venos
BA00 menfe reducitur, Sexruen denique locum Merounius tenct,
Obagim dierum fpacio circumeurrens. In medio vero omukin
Tefider Sel. Cruie et ' Toborr b pad b
indiavd : und fiswul pofic il-
} id lueernam mundi, alij men-
A bl , Sophoctiy
i i profedto tanguam in felio regali Sol
C3 rellens

fem, aliy

Puc. 1.37. Hukonaii KonepHuk u ctpanuua ero kuuru <O BpauweHnmn HebecHbix cdep».

Teopus Konepuuka 6pi1a mporie teopuu [Itonemest. [Touemy e oHa
He Cpasy 3aBoeBaja NpU3HaHMWe ydeHbIx? [loTOMy 4TO OHa IPOTUBO-
peunsa HeKOTOpbIM HabmoaartensHbM ¢axtaM. Eciu 3emis cosepira-
eT [epro/iMyecKoe JBIIKeHNe [0 OpOUTe, TO [AO/KHBI HAbIIOAaThCs He
TOJIbKO IeT/IM Ha TPAaeKTOpUSX IUIaHeT, HO U pery/spHoe IapailakTu-
YyecKoe CMellleHue 3Be3, a ero B Ty 3I0Xy 3aMeTHUTb He yjaBanock. Bo
BTOpO# monosuHe XVI B. TOYHOCTh aCTPOHOMHUYECKUX HabOMIOAeHUN He
npesblana | MUHYTBI IyTH, @ MapasyIaKkChl 3Be37l, KaK Mbl Tellepb 3HaeM,
He MPeBbILIAIOT | YIJIOBOM CeKyH/bl. ACTPOHOMaM MOHAJ00MI0Ch TPH C
II0JIOBUHOM CTO/ETHS, YTOOBI N300pPECTH TeecKOIl, YCOBEpIIeHCTBOBATh
MeTo/bl HaO/I0ieHNs U TIOBBICUTh UX TOYHOCTb B 100 pas, mpexze uem
OHU HAJIEXHO 3aUKCUPOBAIM Mapaiakchl Omkaimmx 3se3n. Ho kto
MOr 3HaTh B 310Xy KonepHuka, 4To 3Be3/bl OT Hac Tak JaneKu!

He 3Han atoro u Tuxo bpare — nyummii actpoHoMm snoxu Komep-
Hyka. OH GbUT yBepeH B HeNpPeB30iJeHHON TOYHOCTH CBOMX Habmofe-
HUIi, 0AHAKO 3Be3[HbIX 1apa//IaKCOB 3aMETUThb He CMOT, & IOTOMY peLlIu,
4TO 3eMJIs CTOMT Ha MecTe. M Be/ib B paMKax HayyHOrO METOZA OH Obln
abcomotHO TipaB. CerofiHs, UCIOMb3ys OPOUTANBHOE [BIKEHHE 3eMIIH,
MBI M3MEPAEM pacCTOSHHWE [0 3Be3[, MMEHHO IO MX NapanakTH4ecKo-
My cMeleHHIo. Ho KTo MOr 3HaTh B Ty 3IOXY, YTO OHO TaKOe Ma/eHbKoe?
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Puc. 1.38. Tuxo bpare. Pwuc. 1.39. Noranu Kennep.

Onupasich Ha Habmomenus, Tuxo Bpare He mosBonumn 3emie caBU-
HYTBbCSl C MecTa, HO U Teopusi KonepHuka emy Toke HpaBU/Iach CBOEH
aneraHTHocTbO. [loaTomy Trxo co3fan cBOO, 9KIEKTUUECKYI0, MOenb
mupa (puc. 1.40): 3emna mokoutcsa B 1eHTpe, JlyHa u Conuie obpararoT-

Puc. 1.40. Cxema
ConHeuHoit cuctembl
no Tuxo bpare.
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OkpyKHOCTb

Anaunc

Mapa6ona

Tvnep6ona

Puc. 1.41. Ceuenus annmnca — BO3MOXXHble Op6uTbI HeGecHbIX Ten.

sl BOKPYT Hee, a BCe OCTa/IbHble I1aHeThl — BOKpyTr ComnHua. B Ty amoxy
3TO OblIa BIIOJIHE Hay4Hasl Teopusl, 0ObsICHABIIAS BCce HAOMOAAaTebHbIe
¢daxTbl. Ho npocymectBoBana oHa Hefonaro. Monozoit cotpyaHuk Tuxo
Bpare Hemenkuii maTemaTuk MoranH Kemnnep nepeBepHy/ CBOMMM pac-
yeTamMu BCIO HeOECHYI0 MEXaHUKY.

K konuy »xwusHu Tuxo bpare moHsi1, 4TO OH XOTb U NEPBOK/IACCHBIN
Hab/o/1aTeNlb, HO MaTeMaTHK C1a0bli, a MOTOMY i1 00pabOTKK CBOMX
MHOTO/IETHUX HabmopeHuit npurnacun Voranna Kerepa — npexpacHo-
r0 MaTeMaTHKa C IJIOXUM 3peHHeM, yeloBeKa, KOTOPbII HU pasy B JKU3-
HU He CMOTpen B Tesleckoll. Keruiep, B3sB 3a 0CHOBY TeopHio KomepHuka,
Haresn 1y opout Gopmy, KoTopas HauTydIumM 06pazoM o6bACHAIA UX
BUJIUMOE JBIIKEHUE (3//IMIIC), U BbIBEJ IMITMPUUECKUE 3aKOHBI [IBIKE-
HUs [I7IaHeT: NIepBblii, BTOPOH 1 TpeTuil 3akoHbl Keriepa.

[lepBbie [1Ba 3aKOHA OMUCBHIBAIOT OPOUTY IUIAHETBHI ¥ XapaKTep [BHU-
KEHUsI 110 Hell, a TpeTHil 3aKOH CBs3bIBAET MeX/y co00i OpOUTanbHbIe
napamMeTphbl [IBYX pa3HbIX IJIaHeT OAHOM cucTeMbl. BOT 3TH 3aKOHBL

1. Kaxxnas rmanera obpariaet-
Csl MO 3JUIUICY, B OJHOM U3 QOKY-
coB KoToporo HaxoauTcs: ConHile. A

2. Kaxxmag mnaHeta [JBUIKET-
cs1 B IIJIOCKOCTH, IPOXOAsileil de-
pes nenTp ConHla, MpUyeM 3a pas-
Hble NPOMEXYTKU BpeMeHU pajiu-

erm I'E/IM,;

yc-BeKTop, coeauHsomuil ComH- Anmnc
Il ¥ IUVTAaHETY, ONKMChIBAET PaBHbIE Puc. 1.42. Tepsblit 1 BTOpOIA
I/I0LIAaH. 3akoHbl Kennepa.
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3. KBagpats! nepuonos obpauenus ninaset (T) Bokpyr ConHija OTHO-
CATCS KaK KyObl OOJBINNX TTOyoceil opouT rianer (a).

OTu sMmupuyecKkre 3aKOHbI ABIDKEHMs IUIaHET NoMorid Mcaaky
HeioTony cdopmynupoBaTh 3akOH BceMupHOro tsarotexus: (F~1/R%) u
camy MONYYM/IN TeopeTHueckoe 00OCHOBaHHE B pamMKax HbOTOHOBOM
MexaHUKU. HbIOTOH yTO4yHMI M pacmupun 3akoHbl Kertepa. OH foka-
3aJl, YTO KPOMeE 3JUIMNTHYECKUX OPOUT, XapaKTepHBIX A IpaBUTaLH-
OHHO CBSI3aHHBIX CHCTEM, BO3MOXXHO JBIIKEHHEe U 10 JPYIUM KOHMYe-
CKUM CeveHHsIM — mapabose u runep0boiam, ONKCHIBAIOIMM OJHOKPAT-
Hoe cOmKeHre (TIpoJieT) ABYX IPABUTALIMOHHO He CBSI3aHHBIX TEJl.

Bropoii 3akon Kennepa okasasics 4aCTHbIM caydaeM QpyHaMeHTallb-
HOTO 3aKOHa IPUPOABI O COXpPaHEeHWH MOMEeHTa UMIIyJIbca B U30/IMPOBaH-
HOMU cucreMe. A TpeTuii 3akoH, cpopMynrpoBaHHbii Keriepom fs1s 1Byx
Ma/ioMacCuBHbIX Tes (maaHeTsl 1 v 2), 06pananIiurxcs BOKPYT OJHOTO
MaCCHBHOrO (3Be3/a):

2 3
I _a

27 30
Ty  a
HbtoTon 0606mmmn Ha cayyaii ABYX pasHbX MBONHBIX cucteM (1 u 2) ¢
MIPOU3BOJIbHBIMU MaccaMu KOMIIOHEHTOB (M|, m, u M,, m,):

TiM+m) _af

T (My+m,) a3’
ACTPOHOMBI C YCIIEXOM IPUMEHWIA 3Ty pOPMY/Ty HE TOMBKO K CITyT-
HUKOBBIM CHCTEMaM pasHbIX TiaHeT CONHEeUHON CHCTEMBI, HO U K [JBOI-

HbIM 3B€31aM, I10JIy4YrB BO3MOXXHOCTDb OIIpEAE/IATh X MaCChL. 31O caoena-
JIO 3aKOH IrpaBUTalU HeioTona mouctune BCEMMPHBIM.



OCHOBbI HebecHoM
MeXaHWKMN

3yueHre GU3MKU OOBIYHO HAUMHAIOT C KJIACCHYECKOW MEXaHWKU.

CratucTryeckyro GpU3MKYy WIM KBAaHTOBYIO MEXaHUKY MHTYUTHUBHO
MOHSATDb TPYJHO, & KJaccuyeckas MexaHdKa — 3TO TO, UTO y Hac IOCTOSIH-
HO IIPOMCXOJUT Nepes I71a3aMu: KUPIUYY 1aaloT, MSIUMUKY J1IeTaloT. 3aKo-
HbI MEXaHUKU MBI OLIyIaeM Ha YPOBHE WHTYHIMH, IOTOMY UTO C HaMH,
JIFO[IBMH, ITPOMCXOJIUT TO XK€ CaMoe: BPeMSI OT BpeMEeHH MBI [1aJJaéM, UHOT-
Ja faxe yneraeM. Tak uTo HebecHas MexaHuKa, camas U3sliHas yacTh ac-
TPOHOMUH, /71t GU3KKA JOKHA ObITb TOXKE UHTYUTUBHO TIOHSATHOM.

3a ofiHy JIEKIMIO U3y4YNTh HEOECHYIO MEXaHUKY — [Ie/I0 HepeasbHOe,
MO3TOMY 3HAKOMUThCS C Heit Mbl OymeMm Gerso. CoBeTyio BaM MPOUM-
TaTh 3aMeuaTesbHyI0 KHIKKY «OuepKu 0 OBM)KeHUU KOCMHUUYeCKUX Tem»
Bnagumupa BacunbeBuua Benenxoro — 3To OfuH U3 HalIWX CU/IbHEMN-
X HebeCcHbIX MexaHUKOB. KapTHHKY TaM mpeKpacHble, pOpMYJIbI TOXKE,
¥ BOOOIIe OT ee UTeHUs TI0/IyJyaellb HaCTaXIeHNe.

WUtak, ceropts Mbl Oy/ieM 3HAKOMUTBCS TOJIBKO C OCHOBHBIMU HJIesi-
MU U npocreiiumMu popmynamu. Ectb, k npumepy, y Hac riaHeta (Wiu
nmoboe ipyroe HebecHoe Tesno). OHA BYKETCS U pasBUBAETCS MO eid-
CTBUEM KaKuX-TO cuj (puc. 2.1): rpaBUTAIMOHHBIX ¥ HETPABUTAIIMOHHBIX
(cBeTOBOTrO naBieHUs, MPSIMBIX yAApOB Apyrux Tem). EcTh Takke BHY-
TpPEeHHHe CUJIbl, KOTOpPble BbI3BIBAIOT JIeATENbHOCTb BYJIKAHOB, JIBHIKE-
Huie MaTepuKoB. Ho cerofiisi Mbl GyzieM rOBOPUTH TOJIBKO O TPABUTALHH.
Y Temy rpaBUTalMU MBI [10/I€/IUM IIOTI0/IAM.

[lepBas yacTb mpeACTaB/IseT CaMblil IPOCTOM MOAXOM K HU3yUeHUIO
nBrOKeHUs1 HeOecHbIX Tesl. [TockombKy Gosbinve HeOecHbIe Tea MpaKTH-
YyecKu 1apooOpasHbl (0 MPUYMHAX ITOTO s CKAXKY HIDKE), UX PUTSDKE-
HHUe Jpyr K JPYry MOXHO ONKCAaTb MPUTSDKEHHWEM MaTepuasbHBIX TO-
YeK, PaCIIOJIOKEHHBIX B LIEHTPAX Tel U COZieprKallluX BCIO MX Maccy (3To
MbI TOXKe CerofiHs oKakeMm). B aToMm ciyyae Heruioxo paboOTaeT OueHb
IIPOCTOM, U3BECTHBIN Jlake MKOAbHUKaM 3akoH HeroToHa. [IpaBza, oH He
BIIOJTHE MpaBusieH, obmmas teopus otHocurenbHocT (OTO) KoppekTHee
OIKCBIBAET IPaBUTALIMIO, HO JJ1S1 HAC 3TO MOKA HEeCyLeCTBEHHO.
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BHeluHue cuibl

HebecHas mexaHuka 3 dekTbl NpUNNBOB
_ GMm da . GM
F= R? dR =2 R3

M3nyueHune

Ynapbl

BHyTpeHHUe cuibl
Bbipenenve Ttenna KoHBekuusa MaruutHoe none

Puc. 2.1. PaznuyHbie cunbl, BO3AENCTBYIOLLME HA NAHETY.

Ectb 6onee Tonkuit moaxo, OH YUMTBIBAET, UTO TeJIa SIBISIOTCS MPO-
TSDKEHHBIMM M YTO BC€ MX KOHKpEeTHble TOUKM HaXOAsTCS Ha pasHbIX
PacCTOSIHUAX OT COCEJHEro Tesa. 3HAUUT, B 00IIeM CIy4yae Hesb3sl MOf-
CTaB/IATb OJHO U TO K€ PAaCCTOsiHUE B mepByio popmyny (puc. 2.1), Hago
YUUTBIBATh 3aBUCUMOCTb I'PaBUTAL[MOHHON CHJIbI OT pacCTOSIHUS [0 IpU-
TATUBAIOIEro Tesa (BTopas dpopmyna). ITo yke BTOpOe mpubImKeHre
K WCTWHE, U Ha3bIBAETCS OHO meopueli npuaugos. Ipumisbl — BooOIIe
IITyKa UHTEpecHasl ¥ OueHb Ba)kHasl, HO 00 3TOM — B OJHOU U3 CIIeAyI0-
IMX JIEKLHiA. A ceroziHs GyZieM rOBOPUTh TOIBKO O HEOECHOU MeXaHHUKE.

CaMasn cnabasa cuna

[aBaiiTe MOCMOTPUM Ha 3alMCb 3aKOHA BCEMHUPHOIO TATOTEHUS
Hb10TOHA, CBA3BIBAIOILIErO CUIy NPUTSDKEHUS F Mexay AByMS MaTepu-
anbHBIMM TOYKaMM, B KOTOPBIX COCpelOTOuYeHbl Maccel M u m, pasfe-
nsemble paccrosHueM R: F=GMm/R?, — W 0CO3H4eM OfiHy HENpHST-
HYIO Belllb. A MMEHHO: 3HaueHHe Ko3(dPUIMeHTa MPONOPLHOHATbHO-
ctu G=6,672-10"""H-M?/kr?, Ha3bIBAEMOTO TIPABUTAIMOHHOM MOCTOSH-
HOU, OueHb Masad B 3HAKOMBIX HaM e[UHUIIAX U3MepeHus (MeTpbl, KUIO0-
rpaMMbl, HBIOTOHBI). Ec/iu cTO rpaMMOB (CTO/IBKO BECHUT IOJICTAKAHA BO-
[IbI) TIOJIOXKUTD Ha JIAJOMIKY — 3TO OyAeT CH/Ia TSHKECTH B OJUH HbIOTOH.

[IpukuneM, KakoBbl rpaBUTaLMOHHbIE CUIBL [IycTh Kaskaplid U3 Bac
BECHUT MOPS/IKA CTa KUIOTPAMMOB (He X04y HUKOTO 00K/IEeTh, a JIUIIb OKPY-
IJISIIO J/IsI IPOCTOTHI BEIUKMCIIEHUH) U BbI HAXOJUTECh B ayAUTOPHUU HA pac-
crosiHuu 1 MmeTpa Apyr ot apyra. [loacrasngem atu 3HaueHus: B Gopmyny
Y HaXOJMM CH/Iy B3aUMHOro nputspkenus: F~10719-100-100/12 = 10° H,
3TO OfiHa MW/TMOHHAs OT cusbl B 100 rpammoB, wn 1/10 MunnurpamMma.
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JTO NpUTSLKEHWe APYT K APYTy Bbl He OLIyILaeTe, XOTs 3aKOH TOBOPUT,
4TO OHO ecTb. To ecTh rpaBUTALMs — camasi caadast U3 BCeX MPUPOIHBIX
CWJI, OHa NPaKTU4YeCKHU HeollyTuMa. [loueMy ke Mbl UyBCTBYeM, UTO HaC
MIPUTSATUBAET K CUJIEHBIO?

OueHp Masioe 3HaueHHe TPABUTALIMOHHOIO KO3(pPHULEeHTa TOBOPUT
0 TOM, YTO TOJIKO GO/IbIIIME MAaCChl MOTYT OLIyTHMO B3aUMO/IeHCTBOBATh
npyr ¢ apyrom. Hanpumep, Macca Bceit 3emn — Gonbluas, I03TOMY MBI
ollyliaeM MpUTsDKeHUe K Hell. A cujs psoM pyT C APYroM, fake U He
JlorajiplBaeMcsl, YTO CYIIeCTBYeT CU/la TPaBUTALIUN.

Ecte u apyras ocobeHHocTs. Ecnu cpaBHUTH 3HaueHue 3Toit ¢u-
3U4YeCKOM KOHCTaHTbl C [JPYIMMH, HalpuMep 3aps/ioM 37eKTpOHa
e=1,60217739-107"° Kn, uto cpasy 6pocaercs B rnaza? OrpomHas pas-
HUIIA B KOJTMUECTBe 3Havammux qudp. EcrecTBeHHO 3aaTh BONPOC: 371eK-
TPOHOM, 3Ha4UT, GU3UKKU UHTEPeCyITCs, U3MEepUIN ero 3apsz 10 Aecs-
TH 3Hauallyx Uudp, a rpaBUTALUI0 I0YeMy-TO IpourHopuposanu? Ilo-
yeMy OHU He XOTAT U3MEepPUTh ee TOYHO?

OTHIOZb HET — XOTAT, HO He MOryT. Beab B Gopmyny Hapany ¢ G Bxo-
JUT BelIW4MHA M, HO OTKyZa Mbl MOKeM 3HaTb Maccy 3eMIu — KTO-TO
ee B3BelMBa? Ee Beab Ha BeChbl He TOJIOKHUIIb. YCKOpeHHe CBOOOAHOrO
nazfienus a=F/m, a 3Hauur, u npousBenenue G-M Mbl MOXXEM U3MEPUTD
TouHO. HO uTOGBI OTAENUTD UX APYT OT APYra, HaJ0 JeliCTBOBAaTh KaK-TO
no-Apyromy. Hanpumep, MoHO cHauana B3BeCUThb TeJI0 Ha Becax, a Io-
TOM IIOCMOTPETh, KAK OHO NMPUTATUBAET cocefeid. [l 3Toro «IpeBHui»
aHrmiickuit usuk [Hx. Muuenn (1793) mpugyman KpyTUIbHBIE BeChl
(puc. 2.2, 2.3) — oueHb YYBCTBUTEIbHBIN MPUOOP, C MTOMOIIBI0 KOTOPOTO
apyroit aHrnmuiickuit Gusuk, I KaBenaum (1798), BriepBble U3MepUs CU-

Puc. 2.2. Cxema kpy-
TUNbHbIX BECOB, Ha KO-
Topbix lenpu KaBenpguw
u3mepan rpaBuTaLMoH-
Hyl0 cuny.
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Puc. 2.3. MpuHumnmu-
anbHas cxema KpyTusnb-
HbIX BECOB.

Iy TPaBUTALMOHHOTO MPUTSDKEHUs [ABYX J1aDOpaTOpPHBIX TelT U Ompese-
JIWJ 3HaYeHHe TPaBUTALMOHHON NTOCTOIHHOM HbloToHa. B Hamem nHCTH-
tyte (locymapcrBenHbli actpoHoMuyeckuil UHCTUTYT uM. [1. K. LlTepH-
6epra, MI'Y) cenanu Takyo e ¥ IOTOM OUYeHb [0JIT0 MYUH/IUCh, YTOObI
PEeLINTh THUIHYHYIO 111 GU3UKOB NPOO/IeMy: OTAEIUTh OT M3y4yaeMoro
SIBJICHUS BCe MapasuTHbIe 3QP(PEeKThL.

CHauasia B 3TOM KOHCTaHTe OblIa yBEpEeHHO M3MepeHa TOIbKO OfiHaA
3Hauammas nudpa, B XIX Beke y3Hanu BTOpYIO, B cepeArHe XX Beka IO-
SBWJICSI TPETUM 3HaK, COBCEM HeJlaBHO — 4eTBepTbld. [I9ThIi elme moka
IBITAIOTCS BBISICHUTD: [j@XKe IPU UCIIO/Ib30BaHUM CaMbIX JTYYIIUX METO-
[IOB OH Y BCEX OMpeJe/sieTcs I0-pa3HoMy, O0/IbIIeil TOYHOCTH JOCTHYb
He T0/Iy4aeTcsl.

ABu>KeHue AByx Ten

EnuHcTBEHHOE Teso B abCOMIOTHOM yCTOTE OYAET /IeTETH 110 IPSIMOiA,
MIOTOMY YTO HUKaKMe BHEIIHHe CH/Ibl Ha Hero He AeHCTBYIOT, — 3TO CIIy-
yaii TPUBUAIbHBIA U HEMHTEPECHBIN. A mpocTeiiieit 3amaueil HeOeCcHO
MEXaHUKU CUMTAEeTCS 33[jaua JBYX IPaBUTALIMOHHO B3aUMO/IEHCTBYIOILUX
Tes1. Ho ee MOKHO elle yIpoOCTUTb, €C/IU B3Th OJHO TeJI0 OYeHb MacCUB-
HOE, a Ipyroe O4YeHb MajleHbKoe. Masnoe Teno ABMXeTcs MOJ, BIUSIHUEM
LIEHTPOCTPEMHUTEIBHOTO YCKOPeHH:s], a 60/1bIIoMy 6e3pasnyHo, YTO TaM
BOKPYT Hero 6Geraet, GakTHUYECKH OHO HE «dyBCTBYET» YYKOTO PHUCYTCT-
BUS U [T09TOMY HETO/IBIKHO. JTa CUTYalUs HasblBaeTcs 3afaueil ofjHO-

Puc. 2.4. 3apava aByx Ten HaumHaeTcs
C 3a/1a4M O ABMXKEHWUM OAHOIO TENa B LiEH-
TpanbHoOM none.
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Puc. 2.5. Jlerkuit cnyTHUK Ha Kpyroeoi op6ute 4
oueHb GonbLioro paguyca.

ro Teja B I[EHTPaJbHOM TPaBUTAIU-
OHHOM T1071e (puc. 2.4).

Ecmu Havaso cucteMbl KOOpAHU-
HaT COBMECTUTb C MAaCCHUBHBIM Te-
JIOM, TO BCJIEACTBUE €r0 HEeMOJBIK- R
HOCTH TaKasg CHUCTEMa KOOP/WHAT
Oynmer nHepLuanpHOU. M 910 MOXKeT
0KasaThCs OUeHb MMoJe3HbIM. Harpu-
Mep, /Ui KOCMHYECKOro armapara
Mbl MOYKEM 3aIliCaTh, YTO JEUCTBY-
I0Ilee HAa HEro IeHTPOCTPEMHUTEIIb-
HOe YCKOpeHI/Ie paBHO OTHOILIEHUIO CUJIbI I‘paBI/ITaL[I/IOHHOFO HpI/ITFDKe-
HUA K ero Macce:

o =

a=_—_.
m
Ecnu o obpariiaeTcs Ha OCTATOYHO [asibHel KpyroBoit opoure (puc. 2.5),
TO, BBIMOJIHUB MPOCTOE TpeobpasoBaHme ITON (OPMYIIBI, MOKHO OJTHO-
3HAUHO CBA3aTh OPOUTABHBIN [TEPUOJ C MACCOM MPUTATUBAIOIIETO TEJIA.
Co6CTBEHHO TOBOPS, 9TO €TUHCTBEHHBIN HA/IEKHBIM METOJL [IsS OTpe/e-

JIEHUd MacCChI I1J/TaHEeThI:
V2 GM

R3

M=Geane

Ho 3ajaua cTaHOBHUTCS CI0XKHEe, KOT/ia CIYTHUK HaXOAUTCST O/IM3KO
K [UIaHEeTe: TIPU 3TOM YiKe Helb3s ipeHebperaTs ee pazamepoM 1 GopMoit
(puc. 2.6). Kasanoce 6bl, 3T0 3aa4a OU€Hb CI0KHAS, TOTOMY UTO [JISI pe-
LIeHUs] HaZl0 BbIYMC/IUTD [IPUTSDKEHME CITYyTHHKA K KaXK/I04 TOUKe IUIaHe-
ThI ¥ CJIOKUTD BEKTOPBI crl. Ta sxe npobiema y reopusrka, KOTOPBIi HH-
TepecyeTcsi BHYTPEHHOCTDBIO IUIAHEThl U XOUeT Y3HaTb, KAKOBA IPaBUTA-
1151 HA HY)KHOU ITyOuHE: eMy Hazio Obl BBIUMC/IUTD IPUTSHKEHHE KO BCEM
TOUKaM BHEIIHel 4acTU U KO BCeM TOYKaM BHyTpeHHel uacTu. K cua-
cThbIO, elle HpI0TOH f0Kas3an /iBe MpoOCThble, HO OUeHb IOJIe3Hble Teope-
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Puc. 2.6. Jlerkuit cnyTHUK Ha Kpyro-
BOW op6uTe manoro paguyca.

Mbl, 3HAUATEbHO 0OJerdaro-
1€ BbIYMCJ/IEHU, — U 3ad 3TO
emy criacu6o.
[lepBas Teopema roBOpuT
0 TOM, YTO €C/IH Y Bac ecTb Of-
HOpOJHas 10 IJIOTHOCTHU cde-
puueckass 060/104YKa, TO BHY-
TPA Hee TpaBUTALUS OTCYT-
CTByeT U YCKOpeHHe Be3[e
‘ paBHO Hymo. [loKa3aTerbCT-
BO MOYXHO POJIEMOHCTPUPO-
BaTh Ha MasbLax. [/i1 3TOro MoMewaeM B IPOU3BOJIbHOE MECTO [OJIOCTH
IPOOHBII MAPUK ¥ CMOTPUM, KaKU€ CHJIbI Ha HEro JeHCTBYIOT CO CTOPO-
HBI IBYX JUaMETPAJIbHO TIPOTUBOIOJIOKHBIX OECKOHEUHO MaJIbIX CerMeH-
TOB (pHcC. 2.7, I/ie CerMeHTbI [1s1 HAM/ISAHOCTH [OKa3aHb! OOJIbIINMMU):

S~R?%

[Tomw@amy 1 Maccsl 060MX CErMEHTOB MPAMO TPOIOPIUOHAIbHBI KBa-
[paTy paccTOsSHMS, a Cuia 06paTHO MPOMOPIMOHAIbHA KBaZ[paTy PaccTo-
SIHYSL, 3HAUMT, 002 OKa3bIBAIOT Ha 3Ty TOUKY OAMHAKOBOE I10 BETUUMHE,

HO TIPOTUBOITOIOKHO HaTpaBJIeH-

HOe B/IMSIHUE, TO €CTh CHJIbI YpaB-

d HoBelnBaroTCcst. TakuM 06paszom,

e Obl HM HaXOJU/I0Ch TEO0 BHY-

Tpu 060JIOUKH, OHO TIPEOBIBAET B

R>M R, s, cocrosHun Hesecomoctu. Bornee
TOrO: KOIZa Bbl CBOOOAHO Iajae-

Te 6e3 OIOpBI, Bbl TOXKE HCIBITHI-

BaeTe HEBECOMOCTh B TeYEHHE KO-

b POTKOrO BpeMeHH, TI0Ka He YIIaju,
a B IOJIOCTH BOOOIIE HET IpaBH-

Puc. 2.7. Teopema Hbtotona o rpasutayun | ALWIOHHOU CHJIBL, W «1a[IaTh> TaM
BHYTPU OfHOPOAHON Cepbl. MOKHO OeCKOHEYHO [{0JIrO.
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Puc. 2.8. Teopema di
HbloToHa o rpasuTa-
LMK BHE O[LHOPOJHOM
ccepol (B Touke A).

Terepp M3 MOC/IEOBATENBHOCTH TaKUX 00OTIOUEK MBI MOXKEM CO-
Opartb BCIO [UIAHETY LIEJIMKOM U TIOHSTb, YTO J/IS1 BBIUMC/IEHUS YCKOPEHHS]
CBOOOHOTO MafieHus B KaKO-TO BHYTPEHHEN TOUKe JOCTAaTOYHO YUUThI-
BaTh TOJbKO Oosiee riybOKUe C/I0U. A IPUHUMATh BO BHUMaHUE HapyK-
Hble 110 OTHOLIEHMIO K PacCMaTpHUBaeMOIl TOUKe CJIOH, KOTOpbIe JIeXar
HIOBepX Hee, T. e. O/MKe K NTOBEPXHOCTH, HET HEOOXOAUMOCTH, IOTOMY
YTO OHM HHKAaKOrO BMSHMS He OKa3blBAIOT. B 4acTHOCTH, 3TO mpHbIM-
JKeHHe BepHO 7151 3eMJIH, Y KOTOPOH IVIOTHOCTb K LIEHTPY pacTeT, Ipu
3TOM Ha KaXK/0¥ BbIOpaHHOM r1yOHHe OHa IO JF000M TOYKOM MOBEpX-
HOCTH MOYTH OJMHAKOBa. [e0pU3uKu «MONATCS» Ha 3Ty TeopeMy HbroTo-
Ha, IOTOMY YTO OHa I03BO/SeT UM JIerKO BBbIUMC/IATh IPaBUTALMOHHOE
T0JIe BHYTPY IIApOBU/HBIX (chepruecKkr cCHMMeTPHUYHBIX) KOCMUYECKHUX
tesn. Ho ans ten gpyroit GpopMbl 3TO yKe He CIIpaBefJivBO.

Bropas Teopema HbloTOHa KacaeTcsl MPUTSDKEHUsT OAHOPOIHON ce-
prveckoil 060I0UKOM Tesa, pacloaoKeHHOro cHapyxu. OKasbiBaeTcs,
B 9TOM C/1yyae 000/I0UKa JeHCTBYeT Ha BHEIIHee TeIO TaK e, KaK U Ma-
TepuanbHas TOYKa C TOH >ke Maccoi B LieHTpe cdepsl. [ goKasaTerb-
CTBa HY)>XHO BBIUMCJIUTb IPaBUTALMOHHYIO [IOTEHLMA/TIbHYIO SHEPTUI0 TO-
YeyHOoro Tesa eIMHUYHON Macchl B 3aBUCUMOCTH OT PAaCCTOSIHUS OT 3TOH
TOUKH 10 KOJIbLIa, BbIpe3aHHoro B cdepe (puc. 2.8). [Ipu atom Huvero 60-
JIee CJI0XKHOTO, UeM TeopeMa KOCHHYCOB, He TpeOyeTcsl.

[lycTb y cdepsl eqrHUYHAS TOBEPXHOCTHAS IIJIOTHOCTD. Torja rnoteH-
L[Ma/TbHas 9Heprus B [0JIe IIapoBOro Nosica onpeenseTcs Tak:

_G2nR’sing do
l ’
I>=R*+ r?-2rRcos o;

du =

Idl = rRsin @ deo.
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dU = - 2anR dl;

Al =2R.
[loTennuanbHas 3Heprus B 1ose Bceil cdepol:

g _AnCR __GM.
I r

YckopeHue B TOuke A:

_dU _GM
o T

W3 cepun cheprueckux 060109eK MOXKHO coOpaTh MacCHBHYIO Ia-
POBU/IHYIO [UIaHETY WM 3Be3/ly, a 3HAUMT, B ee I10JIe TATOTEHUS JBUKe-
HU€ BCEX MasbiX 0OEKTOB — KaK CIYTHUKOB, TaK U TeJl, IPOIETAOLINX
MHMO, — MO’KHO PacCYMThIBaTh B IPHO/IMKEHUH, OYATO BCs Macca 1apa
cocpefoTOueHa B LIEHTPAIbHON TOUKe. JTOT QaKT OueHb BaXKeH AJIS ac-
TPOHOMOB, IIOTOMY YTO BCe AOCTaTOYHO KPYIHbIe KOCMUUeCKHe TeJa Io-
YTH cepUdHBl, €C/IM OHU He OUeHb OBICTPO BpallarTcs (MHavYe OHH CTa-
HOBSTCS 3/UTUIICOMJAMU U 3T TeOpPEMBI [lepecTaroT paboTarh).

Terneps naBaiite npecraBuM cebe MUP, B KOTOPOM IPaBUTALHSI YCTPO-
eHa He 110 HptoToHy. C MOMOILbIO TPOCTEHbKON KOMIIbIOTEpHOM porpam-
MBI HHTETPUPOBAHUS YPABHEHUI BHKEHHSI [IONPOOYeM «[IOUTpaTh» C 3a-
KOHOM I'paBUTAalLlMK, MeHss [T0Ka3aTe/b CTelleH! m IPU pPacCTOSHUU R B
dopmyne HeroroHa (puc. 2.9). B knaccuyeckom cinyuae m= 2. 3amnyckaeMm
poGHOe TeI0 BOKPYT TOUEYHOMH MACCHI U [I0JTyUaeM OXKH/IaeMBIi Pe3yiib-
Tat: MpobHOe Tes10 OeraeT o OAHOMY U TOMY )K€ 3JUIHIICY.

Ecnmu cienaeM 3aBHCHMOCTb TPaBUTALMM OT pacCTOSIHUS Oornee
JKeCTKOM, yBe/IMUMB T0Ka3aTe/lb CTeNeHU 4YyTb-4yThb, Bcero Ha 10%, To
TIOJTy4YMTCS BOT YTO: Bpo/e Obl ABHKEHME IIPOMCXOAUT TOXKE I10 3JUIHIICY,
HO OH He OCTaeTcs Hel3MeHHO OpPHeHTHPOBAHHBLIM, er0 OCb IOHEMHOTY
[I0BOpauMBaeTcsl — MPOUCXOAUT Ipelieccust ocy. Terepb BO3bMeM 3aBU-

F=1/R? F=1/R15 F=1/R%?

Puc. 2.9. [IBn)keHune 4acTuLbl B pasHbIX CUIOBbIX MONSX.

46 2. OCHOBbI HeHECHOW MEXaHUKM



cumocTh F(R) HEMHOrO Msrue HbBIOTOHOBOH, yMeHbIIUB m Ha 25%. [Ipu
TaKoOM 3aKOHe TO)Ke BBIPHCOBBIBAETCSI IIOXOXKUH 3JTUIIC, TOMBKO Bpalla-
IOLMICS B MPOTUBOIIO/IOKHOM HallpaBieHuu. VIHTepecHo, 4YTO eciu 3a-
[aTh COBCEM YK HeBooOpasumblii Bapuant m =1 (t. e. F~1/R), To yrio-
Bas CKOPOCTb MPEeLIeCCUM OCU CTAHOBUTCS OJIM3KOM K YITIOBOM CKOPOCTH
obpartieHus CIyTHHUKA.

HecMmoTps Ha TO UTO [ABMIKEHUE Ka)KeTCsl XaOTUUHBIM, MOJKHO 3aMe-
THUTB, UTO BO BCEX PACCMOTPEHHBIX CyYasaX eCTh IPAHULIbI ABM)KEeHNs, 3a
KOTOpbIe TeJI0 HUKOIZA He BblaeTaeT. MexaHUKM Ha3blBalOT TaKOE [IBU-
)KeHre GUHHUTHBIM, TO eCTb OrpaHUYEHHbIM B IpocTpaHcTBe. Eciu Obl y
Hac, Harpumep, B 3akoHe KynoHa nokasaresb CTeleHy MpU pacCTOSIHUU
BJIPYT «IIOIUIbUT», TO SJIEKTPOH I10 KpaiiHeit Mepe He yOexxan Obl OT sapa
U He yran Obl Ha HEro: HY, ABUrascs Obl HEMHOTO H0Jiee «<XUTPO», UeEM B
HAIlleM MUpE, HO C 9TUM YKUTh MOXXHO. [JTaBHOE — UTO aTOM OCTascs Obl
crabuseH, He pacrasncs OblL

OTu YMC/IeHHbIE SKCIIEPUMEHTHI — BOBCE He O/1aXb. [Ie/I0 B TOM, UTO
HbIOTOHOB 3aKOH [EHCTBUTENIEH TOIBKO B CIa0bIX IPABUTAIMOHHBIX I10-
JISIX; OH SIBJIIETCS], TAK CKA3aTh, JIMIIb [IEPBBIM MPUOIMKEHHEM K peajb-
HOCTH. A ec/u Bbl BO3bMETE ypaBHEHHs 00IIeil TeOPUU OTHOCUTETBHO-
CTH U Ha WX OCHOBE MOTbITAETECh TTOTYUHUTh HbIOTOHOBCKOE MPHUOIIIKe-
HUE, TO K OCHOBHOMY KOMIOHeHTY GM/R? no6aBsTcs NONpaBKU — cjara-
eMble, pacTylIye C yBeJnueHreM NOTeHI1ana rpaBUTalMoOHHOro nos. To
ecTb B 00I1el TeOpHY OTHOCHTEIbHOCTH IpaBUTalMs 60Jiee KPyTo 3aBHU-
CHT OT PaccTosHUS, 4eM B Teopuu HprotoHa. [ToaTOMy ecTh 0COOEHHOCTD
npubxeHrs K 06beKTaM oueHb OOJbIION MacChl, HO MajIoro pasMepa.

15f

Puc. 2.10. [euxeHue Tena
B61m3n yepHoii Abipbl. Pac-
CTOSIHUSA MO OCSIM YKa3aHbl B
rpaBUTALMOHHbIX paguycax —15
yepHoit Abipbi (r).

1
/g
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F=1/R? F=1/R3 Bot kak 3amMbIc/10BaTo 6y;[yT
KPY>XUTb 00bEKTHI B OKPECTHOCTH
yepHoit fpipel (puc. 2.10): Ha Ka-
)aoM obopoTe (OT anoueHTpa 10
aroLeHTpa) 3JUIUIIC Pa3BOpauU-
Baercs Ha 180°. [Ipu satom npouc-

Puc. 2.11. iwxenue 8 none F~R3 npunuyn- XOAUT HE MeIJIEHHBI npei¢ ocy,

NMUaJIbHO OT/IMYAEeTCA OT KenJiepoBCKOro. KdK B paHee paCCMOTPEHHbIX C/Iy-

yasix, a IPbDKKY cpa3y Ha 1on06o-

pota. Tak 4TO HaIX «UrPBl» C 3aKOHOM IIPUTSDKEHNS UMEIOT CMBIC/: OHU

TI03BOJISIIOT MO/IE/TPOBATh PeasibHOe rPaBUTALMOHHOE 1101e BOINU3U Mac-
CHBHBIX, [IJIOTHBIX 0O'bEKTOB: HEUTPOHHBIX 3B€3/] U YE€PHBIX JIBIP.

A BOT Temnepp S yBeJMYWII IIOKa3aresab HA LEAyI0 eguHuny (m=3),
cleniaB 3aBUCHUMOCTD elle 0osiee JKeCTKOW M0 CPaBHEHWIO C HbIOTOHO-
BOU: F~1/R® UTo Mbl BUIUM: [IBVIKEHHE CTAHOBUTCSA WHMUHUTHBIM, TO
€CTb MPOCTPAHCTBEHHO HeorpaHuyeHHbIM (puc. 2.11). Koneuno, B mpuH-
I[MITe MOYKHO HAMTHU ISl YaCTULIBI, HAXO/sIIelcsl Ha HEKOTOPOM PacCTo-
SIHUM OT TATOTEIOIIero LIeHTPa, TaKylo CKOPOCTb, IPX KOTOPOH YacTuLa
noieT mo Kpyrooit opbute. Ho aTo ABMKeHMEe OyaeT HEYCTOWUHBBIM:
CTOUT Ha KaKyl0-TO MU3epHYIO [0JII0 U3MEeHUTb 3Ty CKOPOCTb, U YaCTH-
113, JBUTASICh 110 COMPAH, 1100 yIazeT Ha LeHTP NPUTSDKeHus, MO0 Ha-
BCerza yijeT oT Hero. A B pealbHOCTUA KakKue-TO CaydaiiHble QuyKTya-
1M Beerga ectb. CreoBaTenbHO, B TAKOM ITOTEHIMAIBHOM I10J1€ HU aTo-
MOB, HY IIJTAHETHBIX CHCTEM CYIIeCTBOBATb HE MOJKET.

Jloka3zaHo (3TO KOBOJIBHO JIETKO CllesaTh), UTO B 3aKOHAX, ONKChIBA-
IOI[MX CUJIOBBIe I10JIs, TOKa3aTeslb CTelIeH! m CBsI3aH C FeOMeTPUYecKoil
pasMepHOCTbIO0 GU3NYECKOro IPOCTPAHCTBA: OH BO BCEX C/Tyvasix Ha eJu-
HUIy MeHbIlle, YeM pa3MepHOCTb IpocTpaHcTaa. OTCIofa CleyeT, uTo U3
3anucu ¢paKTHIecKux 3aKoHOB KynoHna u HproToHa MbI MOXeM CKa3aTb,
YTO Hallle IPOCTPAHCTBO TPEXMEPHOe U UTO YeTBEPTOr0o NIPOCTPaHCTBEH-
HOTO U3MepEeHUs Y Hac HeT, Ha4e BCe AaBHO M0Teps/Io Obl yCTOHUMBOCTS,
IIOTOMY YTO aTOMbI Pa3Ba/IU/INCh ObL.

OpbuTasbHblie NapameTpbl

Korna HebecHble MEXaHUKU UHTEPECYIOTCS [IBH)KEHHUEM TeJl, OHU UC-
MO/IB3YIOT CIIENMANbHYI0 CUCTEMY KOOPAMHAT. B MpUHIMITE, MOXXHO Obl-
710 ObI HUUEro He U300peTaTh U B3ATb JIEKAPTOBBI KOOPAUHATHL UTO Ham
HY)KHO 3a/aTbh [JIs1 YaCTHULIbI, YTOOBI [TOTOM PACCUUTHIBATD JBUYKEHUE TI0
opburte? HauasbHOE MPOCTPAHCTBEHHOE TIOJIOYKEHHME YaCTUIBI U ee Ha-
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YaIbHYI0 CKOPOCTb. JTO BEeKTOPHbIE BeJIMUMHBI B IIPOCTPAHCTBE, T. €. Ka-
JKas UX HUX UMeeT TPU KOMIIOHEHTA. MITOro miecTb Yuces MOJHOCTBIO
ONUCBHIBAIOT COCTOSIHME YacTULbl B IPOCTpaHcTBe. bosblie HUYero He
Tpebyetcs, y HaC ecth GoOpMysa A/st BHIUMC/IEHHUS TPaBUTALMOHHOM CH-
JIbL, IEUCTBYIOIIEH Ha HeOGeCHOe Teso, M 3aKOHbI MEXaHUKHU [03BOJISIOT
HAaM pacCYMTaTh, KAK OHA OYy/eT [BUraThcs, T. €. MOJI0XKEHNEe U CKOPOCThb
B 060 MOMEHT BpeMeHH.

Ho peanbHo a1a HeGeCHOM MeXaHUKK TAKOW TMO/IXOJL Yallle BCero He
peanu3yeTcs: OH CJIMIIKOM C/10)KeH. Beaib ecsiu y Hac ecTb TOJIBKO OAMH
TATOTEIOIINIA LIeHTP, TO /M00ast OTHylLleHHas Ha CBOOOAY YacTula, Ka-
Kyi0 Obl CKOPOCTb MBI €if MepBOHAYA/IbHO HU 3a/la/y, MOf [JelCTBHEM
rpaBUTaluK OyJeT /eTaTb B IUIOCKOCTU U HUKYAA U3 9TON IIOCKOCTH
He BbiiifieT. IHbIMU CI0BaMHu, y 000t 4aCTHIIbl €CTh CBOSI OpOUTaIbHAS
IUTOCKOCTh. BOT ¢ Helt u mobaT paboTarh HeGeCHbIE MEXAHUKY, TOTOMY
YTO OHA Cpa3y yMeHbIIaeT KOJMYEeCTBO IPOCTPaHCTBeHHbIX U3MepeHUH.
[To xpaiiHeil Mepe Ha OJHO: €C/IM Mbl 3HaeM, UTO TeJI0 ABMXKETCS B IIJI0-
CKOCTH, TO NepHeHUKYISPHYI el KOMIIOHEHTY CKOPOCTH U paccTosi-
HIe MOXHO OTOPOCHTD. A UeM MeHbllle YpaBHEeHUH, TeM Jierde pelarh.

Ho napmo 3agath, kak opbuTtanbHas MI0CKOCTh PacCMaTpPUBAEMOTO
obbekTa pacronaraetca B npoctpanctse (puc. 2.12). [lng aToro, ecrect-
BEHHO, CHauasia BbiOMpaercsa 6a30Basg KOOPAUHATHAS MIOCKOCTh, OT KO-
TOpO#t BefeTcs oTcueT (0OBIUHO ITO TIOCKOCTh IKIUNTUKU COTHEUHON
cuctembl). YToOBI OMmUcaTh, KaKk B MPOCTPAHCTBE pacriosiaraetcsi opou-
Ta/bHasl TJIOCKOCTh OTHOCUTE/IbHO Oa30BOM, HafI0 ONPeeUTb YroJl, O/
KOTOPBIM OHU IIepeceKaloTcsl. DTOT YT/l Ha3bIBAETCS HAKJIOHEHUEM.

Ba)kHO He 3amyTaThCs B TEPMUHAX, [TOTOMY UTO aCTPOHOMBI YIIOTPeO-
JISIIOT 1Ba IOXOXKHX C/IOBA: «HAKJIOHEHWe» U «HaKJIOH», KOTOpble 03Haya-
10T BOBCE He OJHO U TO ’XKe. B oT/imume oT HaKJI0HEHUS, HAK/I0HOM Ha3bl-

Puc 2.12. 3nemeHTbl 0pbuThI: 1
n U — socxoaawmii U HUCXoAS-
WM y3nbl Op6UTLI; i — HaKNOHe-
Hue; Q — ponrota Bocxognsiie-
ro y3na (13 10)KHOro nonyluapus B
CEBEPHOE); W — YINOBOE paccTos-
HUE OT BOCXOASLLEro y3na Ao ne-
puvueHTpa.

[T10CKOCTb
opbmTH!
iaHers!
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BAIOT yTOJT MEX/y OCbI0 COOCTBEHHOTO BpallleH!sI T/IaHeThI U IepIeH/H-
KY/IIPOM K ee OpOUTaNbHOM IUIOCKOCTH (HampyMep, HaKJIOH 3eMHOM OCH
paBeH 23,4°). Ilepeceuenrie opbuTanbHON U 6A30BOI MJIOCKOCTEM Ha3bl-
BaeTCAd JuHUell y37106. ITa NpaMad NPOXOJUT depe3 /iBa y3/1a: BOCXOA-
Ui U HUCXOAAIuU. Bocxodauuil y3en — TOUKa, T/ie IIaHeTa U3 H0XKHOM
nonycdeps! Heba IEPEXOAUT B CEBEPHYIO, & HUCX00AWULL — T/ie TIIaHeTa
«HBIpSIET» U3 CEBEPHOTO MONMyIIapus B 10xkHoe. O603HAYAIOTCSI OHU COOT-
BETCTBEHHO CUMBOJIAMU §1 U U.

Bropoii mapameTp, KOTOpbIil HaJ0 yKasaTb /st HeOECHbIX KOOPAU-
HaT, Onpeze/seT OpUeHTAlMIO JTMHUM Y3/10B B MPOCTpaHcTBe. bazosoe
HanpaB/eH’e Mbl MOKeM 33/laTh Ha TOUKY BeCEHHero paBHOJEHCTBHS,
ComHIe MPOXOAUT Uepe3 Hee Kax/blil rofl. Yron () Mexay I1Huel y3nos
1 6a30BbIM HanpaB/IeHWeM Ha3blBaeTcs 007120moti 80cx00AwWe20 y3/a.

Wtak, opOUTaIbHYIO I7IOCKOCTD, HAKJIOHEHWE ¥ OPUEHTALIUIO MBI OIl-
penenunu. Terepb Haf0 ONpeieITh XapaKTep ABUKEHU S [I7IaHeThl B 9TOU
IJIOCKOCTH. B pocTeiieM cyuae, KOrAa cucTeMa COCTOUT U3 OHOM 3Be-
3/1bl ¥ OIHOM NJIaHeTbl, OHa ABMKeTCs 110 3/UIUIICY, & Y 3JUINIICA eCTb JIUILb
[iBe XapaKTepUCTUKK: pa3mep U dopma. Pasmep — 3T0 aamHa GOMBLION
ocy, a popMy MOXKHO OIPEJe/IUTh Uepes apaMeTp sKCUeHmpucumem.

YeTblpe napameTpa y Hac ecTb — Bpojie Obl ocratouHo? AH Het! Kak
OpHEHTHPOBaH B OpOUTANbHON IJIOCKOCTH caM annunc? Hamo ykasatb
yTOJ1 ero OpUeHTaLuy — HallpUMep, MeX/ly JINHUEH y3710B U HallpaBJieH!U-
eM Ha nepueHTp [1 (Touky opOUTEIL, 6IMKANIIYIO K LIEHTPY MPUTSKEHNUS).

HMrak, naTh napamMeTpoB yKaszaad; MOXKeM JIU Mbl HaKOHel] TPOH3Bec-
TH pacueT /IBMIKeHUs IUIaHeThl B Oyayiiee u B npourioe? Het, HaM Hazio
3HATD, I[je IIJIaHeTa Ha 3TOM 3JIJIMIICE HAaXOAWUTCS B Haya/JbHbIA MOMEHT
BpeMeHH, uToObI HauaThb BbIUKMC/IeHus. Hanprmep, MOXXHO 33/1aTb MOMEHT
BpeMeHH, KOT/ia OHa IIPOXOAUT uepe3 NepULIeHTp, allOLeHTP WK KaKyIo-
TO IPYTYIO ONpefieNgeMyl0 TOUKY, — 3TO y»Ke LIecTOoi mapameTp.

TakuM 06pa3oM, LIECTh BEJIUUKMH 3a/JAI0T MOITHbIA HAOOP HaYaIbHbIX
YCIIOBHIA, POBHO CTO/IBKO MX OBUIO U B [JeKapTOBbIX KoopauHaTax. Ho ma-
pameTpsl B HeOECHBIX KOOPAMHATAX [O3BOJISIOT MPOLe pelaTh 3agauy,
3TO MOXKHO CAe/aTh JaXke aHaTUTUUECKU.

Kak neTaroT CnyTHUKU

Eci HaM HaJ0 paccMaTpuBaTh JBHKEHHE WCKYCCTBEHHBIX CITyTHH-
KOB 3eMJIY, TO Ompe/essaTh 0a30BYI0 IIOCKOCTb Yepe3 3K/IMITHKY, T. €.
Opatb B KauecTBe 6a30BO# IVIOCKOCTb OPOUTHI Halllell 1aHeTbl, 0c060ro
CMbICTIa HeT. Befib CIyTHUKY Bcerza 1eTAalOT He OUeHb AaneKko OT 3eMiy,
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UM HeT HUKAaKOro Jiefia 0 TOro, KaK OHa cama JBrKeTcs BOKpyr CosmHua.
[ToaToMy Hak/IOHEHHE TIOCKOCTH OPOUTBI CIIyTHUKOB OOBIYHO OTCUHTHI-
BaroT OT 3eMHoOro (OH e — HebecHbIi) 3xBaTopa (puc. 2.13). [lnockocTsb
3eMHOT0 9KBaTOpa B 3TOM OTHOIIEHHWH OYeHb I10/Ie3Ha, IOTOMY YTO Ija-
HeTa y Hac JOBOJIbHO CHMMeTpPHYHA OTHOCHUTE/IbHO 3KBATOPa, YTO YIPO-
maeT MareMaThdeckue pacueTbl. OcTasbHbIe ITapaMeTpbl ONpezessioT
aHaJIOTMYHO: HAIpUMeP, HallpaBJeHHe JIMHUM Y37I0B OTCUMTBIBAIOT, KaK
BCerZa, OT TOUKY BeCEHHEro paBHOZEHCTBHSL

Tenepr maBaiiTe MOCMOTPUM, KaK MOTYT ABUIAThCS CITYTHUKU I1OCTIE
3anycka. [logBemmBaeM Teno Haj 3eMseil U coobijaeM eMy UMITY/IbC.
Harmpumep, o Kakoi JIMHUY ABMKETCSI KaMeHb, OPOLIEHHbIH MO/ YI/IOM
K ropusonTy? LlIKombHBIM yueOHUK yTBEP)KAAeT, uTo o napadone. Ho
TaK /i1 3707

[lo TOit KpUBOI Tena ABMXKYTCS B OLHOPOAHOM II0JIe TPaBUTALVY,
KOI/ia yCKOpeHHe CBOOOJHOTO Ia/ieHHsl HalpaB/IeHO Be3fle OAMHAKOBO
Ho naia 3emsist — He IJI0CKOCTh OECKOHEYHOM MPOTSHKEHHOCTH (KaK ee
B PEBHOCTH IPeJCTABIS/IY, JeXallell Ha C/IOHaX U KUTax), a Iiap, T. €.
OHA MPUTATUBAET K CBOEMY LIEHTPY KaK TOYKA (BbIlIE Mbl TOBOPUJ/IY, UTO
3TO CrIefyeT U3 BTOpoii TeopeMbl HbioToHa). [ToaTomy, kak ObI MbI HM KH-
HYJIU TeJI0, OHO IIOJIETUT 110 37IMIcy. EC/ii ¢ MaJIeHbKOH CKOPOCTBIO, TO
OHO yIaJieT, HO Bce PaBHO IPH 3TOM OyZeT JBUraThCsl 110 AyTe 3JUIUIICA.

NaBaiite Terepb Gymem GpocaTh TeIO TOPU3OHTATBHO CO BCE 0OJb-
weii ¥ Gosbieit ckopocTeio. CHauama oHO OyeT yAapsAThCs O MOBEpPX-
HOCTb 3eM/{, 3aKaH4YMBasl CBOe 3/UIMITHYECKOe ABK)KEeHHe, IIPU 3TOM

n
Puc. 2.13. TeouenTpuyeckas S ,TKJC Mnpa

JKBaTOpMasbHas cucTemMa
KOOpAMHAT.

CnyTHuk

Touka
BECEHHEro
paBHOAEHCTBUA
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Puc. 2.14. Napame-
Tpbl 0pOUTBI UCKYC-
CTBEHHOIO0 CNyTHUKa
3emnu.

&
“,
"Tnyeckasn O°

TOuKa crapta OymeT amoieHTpoM (Haubosee yaaaeHHas OT IEHTpa TOU-
Ka anurca). [Ipy HeKOTOPOii CKOPOCTH MbI B KOHIIE KOHIIOB JO0OUBaeMc,
4TOOBI TEJIO JIeTa/I0 [0 KPYroBoi opbuTe. A eciv puaaTh eltje OOIbLIYI0
HayvaJbHYI0 CKOPOCTb, TO OHO TaK)e ITOJIETUT II0 3JUIMICY, TOTbKO Te-
Iepb TOYKA CTapTa CTaHeT He aro-, a IepULIEHTPOM.

Kcrary, B coobuienusx TACC u apyrux CMU Bam HUKOTZA He CKa-
JKYT, KAKOBO PAcCTOSIHYE OT TMepUIeHTPa WK arolleHTpa OopOUThI TOTO
WK WHOTO CITYTHHKA 10 1eHTpa 3eMsin. Y HUX CBOS 0COOEHHOCTH SI3bl-
Ka, OHU TOBOPSAT B APYTUX TEPMHUHAX: «BbICOTA I10/IETa KOCMUUYECKOTO Te-
7a» — 3TO paccTosiHUe OT noBepxHocTu. Ha puc. 2.14 noka3ana B3aumoc-
BsI3b 3TUX BesuurH. Ho a1 du3nka BayKHO 3HATh MCTHHHBIE TapaMeTphI
9/UTUIICA — PACCTOSIHUE OT LIeHTpA TATOTEHUS, a 3HAYUT, HaZlo He 3a0bl-
BaTb BCeryia MpubaBIaTh paguyc 3emin.

A uto Gyger, ecnu eme 6osbllle HApaANMBaTh CKOPOCTh (puc. 2.15)?
[Tpy HEKOTOPO# CKOPOCTH MbI TTOYUHM TapaboInyecKoe BYKEHHE: Te-
JI0 TIPH 3TOM OTPBIBAETCS, YXOAUT B OECKOHEYHOCTh U TaM 3aMHpaeT, 110-
TOMY UYTO B Ipefese Ha OECKOHEUHOM PAcCTOSIHMU CKOPOCTb OyaeT Hy-
7IeBOM. A ecnu 3aath emle OObIIYIO

—
<LT Ha4a/IbHYI0 CKOpPOCTh, TO OHO YVJeTa-

[es) m

—

g er 1o runepbose 1 Ha 6eCKOHEYHOCTH
Ur Va\ oM IIPOJ0/KAeT ABUIaTbCH, ITOTOMY UTO
Un ” y Hero ecTb 3amac 3Hepruu. U, Hako-
Hell, eC/I1 Mbl METHYJIH 3TO TeJIo ¢ Oec-
KOHEYHO OOJIBIION CKOPOCTBIO, TO OHO
yUIeT 0 TIPSIMO# TUHKY, BOODIIIE «He
oulyIas» rpaBUTaLUN.
Tenepp nozpcumTaeM, ¢ Kakoi CKoO-
Puc. 2.15. Kocmunueckue ckopoct.  POCTBIO HAJIO 3alyCTUTh TEJIO, YTOOBI

%)
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OHO BBIIIO HAa KPYroBylo op6uTty. Eciiu Teno ABrKeTcs 1o Kpyry, TO Ha-
[0 IPUPAaBHATh LIEHTPOCTPEMUTENBHOE YCKOPEHHEe K OTHOLIEHHIO CHJIBI
rpaBUTALMM K Macce Tesna:

mV?  GMm

R R?

U3 atoro ypaBHEHUS MMOTyyaeM BbIpaXKEHHUe [isk CKOPOCTH, KOTopas Ha-
3bIBaeTcs nepsoti kocmuueckoti (V,):

BaykHO MOJUEpPKHYTh, UTO ITO BEKTOPHASI BEIUUMHA, T. €. 3Ty CKOPOCTh
HazIo COOOIIUTD CITYTHUKY 00513aTeIbHO B HY)KHOM HarpaB/IeHNH.

OfHako B TejepenopTaxke Mbl BUAMM, YTO paKeTa CTapTyeT ¢ KOCMO-
IpoMa Bcer/ja BepTHUKa/IbHO BBEPX, a IOTOM FOBOPSIT, YTO paKeTa Habpasa
IIepBYI0 KOCMUYECKYIO CKOPOCTh U BBILIA HA KPYTOBYIO OPOUTY BOKPYT
3emu. Yto 6bU10 ObI Jasblile, eciy Obl OHA Habpasia MepByI0 KOCMUYe-
CKYIO B BEPTHKAaJbHOM HarpaB/ieHuu? Beiia Gbl OHA Ha KPYTrOBYIO Op-
6uty? KoneuHo, HeT — oHa ymana 6b1 06paTHO.

KcraTy, moHsaTHe nepBoii KOCMUUECKOoil CKOPOCTH (Ha3bIBaeMO# Tak-
’Ke KPYroBO# CKOPOCTBIO) v, OIPEeISIIOT He TOJIbKO Y IIOBEPXHOCTH II/Ia-
HeThl, I09TOMY BCerza HaJlo YTOUHSATb — B KakoM MecTe. B ¢popmyny
BXOJUT PACCTOSIHUE /10 LIEHTpa IUIAHEThI; MOACTAB/IANTE CIOfia Apyrue
3HAYeHWss — U Bbl IOJIyYWTe pas3Hble 3HaUe-
HUA TIepPBOM KOCMHYECKOM CKOpPOCTHU. Y IIO-
BEPXHOCTH 3eM/IM WM Ha HeDOOJbIIOH BBICO-
te (150-200 xm), rie yXe IOUTH HET BO3AY-
Xa, OHa COCTaBJIsIeT OKOJIO 8 KM/, HO TIpH yra-
JIeHUU OT 3eMJ/IM yMeHblaeTcsi 00paTHO Mpo-
MOPLMOHAIHO KOPHIO U3 PACCTOSTHUSI.

WUtak, ecrmd Mbl MPUAATH Teay IMEPBYIO
KOCMHMYECKYI0 CKOPOCTb TOYHO B Harpase-
HUY, TepIeHUKY/ISIPHOM BEKTOPY paccTo-
SIHYsL, TO OHO BBINIET Ha KPYrOBYIO OpOUTY
(puc. 2.16). Ho ecnu BbI ommbiuchk ¢ Hampas-
JIleHMeM, TO IIOJTyYUTe BOBCE He KPyT, a a/umunc, Pwc.2.16. 3asucumocts dop-
XOTS MOJy/Tb CKOPOCTH U OBbUT MpaBUIbHBIM! o opBuTs OT Hanpasnexus

HauanbHoi ckopoctu (npw
Bto ouenb Gonbuias mpo6reMa I MHXKEHE- vonyne, pasHoM KpyroBoil
POB, KOTOpBIE IVIAHUPYIOT KOCMUYECKHe 3aIy- CcKOpoCTH).

~
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CKU: MaJieiilliee OTK/IOHEHWE — U HACMApKY BCe TPYIbL: CIYTHUK MOXXeT
naxe BOUTH B atMocdepy 3emiu u cropetb. Obpartute BHUMaHKe, KOT/[a
3aMyCK KOCMHUUYECKOM paKeThbl JOJITO MOKAa3bIBAIOT: CHAYa/sa OHAa BEPTH-
KaJbHO YXOAUT B cTpaTocdepy, a MOTOM MOCTENeHHO TTI0BOPaYrBaeT, Mo-
BOpauMBaeT, TOBOPauMBaeT — U Ha BbicoTe 5070 KM HauMHAeT JBUraTh-
Cs yiKe MapauiesibHO MOBEPXHOCTH 3eMIi, ¥ eil Hafo HabpaTh COOTBET-
CTBYIOIIYIO BBICOTE MEPBYI0 KOCMHUYECKYIO CKOPOCTh, MHAUE OHA YIajeT
06paTHO Ha TUIAHETY.

[lns1 Tena, paBHOMEPHO JIBIIKYIIErocs 110 KPYroBoil opOrTe, MOKHO
JIErKO 3aIMUCaTh BBIPAKEHUS [I/IS1 er0 KUHETUUECKOW U MOTeHIUAaTbHON
(rpaBUTAIMOHHO) SHEPTHU:

E_kaZ_GMm. E__GMm'
ko2 2R ¢ R’
GMm

[loTeHuManbHasl sHeprusl OTPULIATE/IbHA, IOTOMY YTO 3TO 3HEPrus
cBsi3u AByX Tes. [lonHasa sHeprus Tena, ABMOKYILETOCS C epBOY KOCMHU-
YeCKOH CKOPOCTbIO, B TOYHOCTU paBHA KUHETHMYECKOH 10 MOAY/0, HO
OHU MMEIOT pa3Hble 3HaKU. Mbl BbIBeX 3Ty GOPMY/Y TOMBKO A/l Kpy-
TOBOTO ABM)KEHHs, HO OKa3blBaeTCsl, YTO MIPU yYCPeHEHUU [0 BpeMeHU
OHa CrIpaBeINBa /i7Isl ABIKEHHS 110 /TUITHYECKOH opbuTte (1Ipu 3TOM
HY’>KHO 3aMeHUTh R Ha a) ¥ 7151 CTALIOHAPHOM CUCTEMBI IPaBUTALOHHO
B3aUMOZeMCTBYIOIINX TOUEK, — 3TO Ha3bIBAIOT Meopemoll supuand. 3To
OY€Hb Ba)KHasl TeopeMa, OCOOEHHO AJIsl TeX, KTO 3aHUMAeTCs] U3YUeHH-
€M OJJHOBPEMEHHOTO JBM>)KEeHHsI MHOTUX Tell — CKa)KeM, B 3BE3[JHOM CKO-
IUIEHUH, COAieprKallleM MU/IIMOHBI 3Be3fl. [IpocunTarh UX ABU)KEHHEe T0
OT/Ze/IbHOCTU HEBO3MOXKHO, pasBe YTO Ha cynepkommbioTepax. Ho gaxe
He 3Hasl UH/MBU/YaJbHbIX TPAEKTOPUI U CKOPOCTEH, MBI BCEr/la MOKEM
OBITb YBEPEHBI, UTO MOJHAs U KUHeTHYecKast SJHepruu 3TOM Ky4u 3Be3]]
paBHbI 10 MOAYIIO.

Pa3 y>x peub 3a1sia 0 KOCMOHABTHKeE, 51 HATIOC/Ie[JOK pacCKa)xy OfHY
VMHTEpeCcHYIO Belllb O TOM, KaKHUX TPY[OB CTOUT pa3BUTb IepBYI0 KOCMU-
YecKylo CKOpoCTb. BOT KocMuyueckuiit kopabiib, Ha KOTOPOM JIETAIOT HAIIH
KOCMOHaBTHI (puc. 2.17). Bec ero 7 TOHH, TaM CUJAT TPY Ue/IOBEKA — U UX
HaJIo pa3orHath 0 ckopocTd 8 kM/c. Tak BOT, YTOOBI 3TO CZe/aTh, IpH-
XOJJUTCS CTPOMTb KOCMUYECKUH anmnapar /s OAHOPa30BOro MCI0/Ib30Ba-
Hug BecoM Oonee 300 TOHH, ¥ BCA 3Ta MAIlIMHA — TOJILKO /ISl TOTO, YTOOBI
MaJIeHbKHI KOCMUYECKH# armapaT JOCTUT YCTOMYUBOM OpOUTHL A COCTO-
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Puc. 2.17. CooTtHoweHue
Macc pakeTbl-HoCUTens U
ee nonesHoii Harpy3ku. Pa-
keta secom 6onee 300 TOHH
C03AaeTca TONbKO Ans TO-
ro, 4To6bl ManeHbKuil Koc-
MMYECKUWiA annapar AoCcTUr
yCcTOiMuMBOM Op6UTLI.

Macca kopabns «Coto3» —
0KONo 7 TOHH

50 m

CrapToBas macca
pakeTbl-HocuTens «Cotos» —
0k0/10 308 ToHH,

13 HUX 274 TOHHbI —

3TO TONUBO.

Cyxoii Bec pakertbl

(6e3 kopabns) —

26,5 ToHH

it K2

WT paKeTa U3 MeTa/UINYecKOoi KOHCTPYKIMH U ToIuMBa. VX cooTHoIIeHne
TaKoe: CyXoii BeC pakeTbl — 26 TOHH, a 3aJIUTOTO B HEE TOIIMBA — IOYTH
280 TouH. Takum o6pasom, 90% Beca pakeTsl Ha CTapTe — 3TO ee TOIJIU-
Bo! JIerkoBoit aBTOMOOMIIb, HATTPUMED, BECUT OKOJIO 1,5 T, & TOTIUBA B €TI0
Hake 0k0710 50 KT, T. €. TOIJIMBO COCTABJISAeT BCEro JIUIIb 3% Beca aBTOMO-
6una. [Ipu 3TOM pakeTa He TOJIbKO HeceT B cebe KOIOCCaIbHbIA 00beM
B3PBIBOOIACHOTO BEIECTBA, HO U paboTaeT B ropasao Oosiee HAPSKEH-
HBIX YCIIOBUSIX, YeM aBTOMOOM/Ib. PAZIOM C COTHSIMHU TOHH €e «B3DPbIBUaT-
K> [IbITAeT TUTAaHTCKUN (paKes1 peaKTUBHBIX IBUraTeseil. A Ha BepIIvHe
3TOM «OOUKH C TIOPOXOM» CH/ISIT OTBa)KHbIE JIFO/IU, YKEAOLHe TIOKUHYTh
miaHety. M uM aTo, Kak npasuso, yaaercs. OAHUM C/I0BOM, COBpeMeHHas
KOCMUUECKasl pakeTa — yIMBUTe/bHOe TBOPeHHe UHXKeHepHO! MbIC/IH.

A
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3 KOCMOHAaBTMKA

K aHTMnoAaM: Ha CNyTHUKE WJIM Ha MeTpo?

EcTb ogHa uHTEpecHas 3a/ia4a, KOTOPYIO 51 TPaAULIMOHHO IIpe/iaralo
Ha 9k3aMeHe. [IycTb Ham TpebyeTcs MOC/IaTh IPy3 MM NACCAXKUPOB U3
OZIHOM TOYKM 3eM/IM B TOUKY, el IIPOTHUBOIIOIOKHYIO (T. €. K aHTHUIIOZAM,
MIOTOMY UTO C Halllel TOYKHU 3peHHd BCe TaM XOJAT BBepX HOTaMH, pH-
TArMBAsACh K 1eHTpy 3emnn). Kak ato caenats GbicTpee?

Kazanoce 6bl, camblif GbICTPBIF CrIOCOO — /IeTeTh MO KPYroBOM Op-
bute cnytHrKa. C mepBOil KOCMHUYECKOH CKOPOCTBIO CIYTHHK 0bsera-
eT 3eMJII0 3a [O/ITOpa Yaca, 3HauuT, Mbl MOXKeM IIPU/IEeTETb K aHTUIIOAAM
yepe3 45 MUHYT IUTIOC BpeMsl Ha pas3roH U TOpMO)KeHHe. buicTpee He 110-
JIyIUTCS: €CTU Mbl J0OABHUM CIYTHUKY CKOPOCTH, OH TTOW/IET 110 AabHel
opbute u neteTb OyneT nosblie. K ToMy e /151 pean3aliy 3TOro Cro-
coba moTpebyeTcss MHOTO ieHer: HaJj0 KaKABbIil pa3 COOpPY)KaTb OrPOM-
HYIO paKeTy, TPaTUTb OUYeHb MHOTO 9Hepruu Ha 3aIlycK.

A BoT mpesicTaBbTe cebe, UTO MbI MPOCBEPIMIN 3EMITI0 HACKBO3b U
6e3 HayalbHOM CKOPOCTU NMPOCTO OTHYCTWIM cHapsiA. OH HauHeT yCKo-

PeHHO NajaTh K LEHTPY 3eMJIH, 3aTeM,

Chapaa %Cnymu« HabpaB CKOPOCTb, 10 MHEPLUH MpoJe-

0 TUT uepe3 LIeHTP U BBIIPBITHET Kak pa3

B aHTUIOJAJbHONM TOUKe — OCTaHeT-

} Cs1 TO/IBKO €ro BOBpeMs mNoimarb. Ta-

I KO} KaHan moTpebyercs cAenaTh TOJb-

| KO OZIVH pa3, 0TKauaTb U3 HEro BO3AYX,

I uToOBI He 3aMef/sl ABMIXKeHUe, a I10-

} TOM COBEpILIEHHO OeCIIaTHO 3arycKaThb

} KabWHY C JII0JbMU Ha Ty CTOPOHY 3€M-

| Horo mapa u obpatHo. Bompoc 3aga-

v YM: Kakoe IIyTeIlecTBhe 3aliMeT MeHb-

? < 1le BpeMEeHM — II0 HU3KOM OKOJI03eM-

Puc. 3.1. Cxema «mMeTpo» CKBO3b HOM Op6I/IT€ MCKYCCTBEHHOI'O CIIyTHUKA
3eMHOi wap. WY yepes IeHTp 3eMu?

3emnsa
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FeocTauMoHapHasa opbuTa u KocMuyeckuim nneT

Cpenu Bcex KpyroBbIx OpOUT 0COOEHHO MHTEepeCHa reoCTaliOHapHast
opbuTa, Ha KOTOPOW OPOUTAIBHBIN TIEPUO] IJTUTCS CTOIBKO 5KE, CKOJTBKO
060poT 3em/iu BOKPYT CBOel ocH, T. €. 23 yaca 56 MUHYT 1 IpUMepHO 4 ce-
KyH/bL. EC/IM BBI 3aNyCTH/IM CIIYTHUK Ha KPYTOBYIO OPOUTY, JIEXKALIyI0 B
9KBATOPUAIbHOH IVIOCKOCTH 3eM/IM HA PACCTOSIHUM IPUMEPHO 36 ThIC. KM
OT 3eMHOU TIOBEpXHOCTH (OT IIeHTpa IJIAHEeThI 3TO OyeT 42 ThIC. KM), TO,
JBUTasiCh B IVIOCKOCTH 9KBATOPa C MEPHUOJOM B O/IHH 3Be3/IHbIE CYTKH, OH
Bcer/a OyzeT BUCETDb HaJl OZHO# U TOM JKe TOUKOM 3eMHOro 1uapa (puc. 3.2).
Taxkux CIyTHUKOB JIETAIOT COTHU. A 3a4eM OHU HY)KHBI?

9T0, HaNpUMep, CIYTHUKU IPSMOTO TeJeBU3MOHHOTO BeIaHHs, UX
CHeL[albHO 3allyCTWIN Ha TeoCTaliOHapHYI0 opOuTy, 4TOOBl HaM He
MIPUXOAN/IOCh B TeYeHHE CYTOK KPYTUTb NOMAIIHIOI aHTeHHY Tyja-Clo-
Ja. Mbl ofyH pa3 HaleJMBaeM CBOIO CIYTHHUKOBYIO «TapesKy» Ha TaKoi
CIIYTHHK ¥ YBepeHbl, YTO OH Bceraa Oyaer B OJHOW U TO JKe TOuKe He-
6a 1 HUKy/a He JeHEeTCsL.

MHTepecHO, UTO 3Ta 0COOEHHOCTb Te0CTALOHAPHON OPOUTBI OTKPHI-
BaeT HaM COBepLIeHHO QaHTaCTHYeCKHe MepCrIeKTHUBEI /11 KOCMOHABTH-
ku. C TaKoro CIyTHHKA MOXKHO NPOTSIHYTh Ha 3eMJIIO TPOC, U OH He OyzneT
HaMaTbIBaThCs Ha 3eMJII0, IIOTOMY YTO CIIYTHHUK OTHOCHUTE/IBHO 3€MHOM
MIOBEPXHOCTH He JBIIKETCS. B/1o/b 3TOrO IMIHYpa My KaHaTta MOXKHO Op-
raHM30BaTh KOCMUYeCcKUil TUQT. 3amMeTbTe: He pakeTy, kotTopas 98% cso-
el Maccel BIOpachIBaeT, 4ToObI OTIIPABUTD B MOJIET OCTaBLIKecs 2% Mac-
CBbI B BU/Ie KOCMUYECKOTr0 KOopabJis, a MpocTo anekTpudeckuit muert. [1pu-
KUHbTE, CKOJIbKO B 3TOM C/Ty4yae KU/Io-

BaTT-4aCOB 3/IEKTPO3HEPIUU IMOTpe- ~~_
Oyetcst, 4TOOBI MOAHSATBHCS B KOCMOC: S 3 km/c
CTOUTBD 3TO OyJeT CUUTaHbIE KOTIEUKH.

Ectb, nmpaBaa, ogHa HemnpuUsATHas S
0COOEHHOCTb TAKOTO CITyTHHKA: BOT N
3aIyCTUIM Mbl €ro Ha TeocTalyo- & \
HapHYIO OpOUTY, IPOTSAHY/IN KaHATHK, ) \
HO BZPYT Kakas-TO CiaydaiiHas He- \
Ope)XHOCTh 3acTaBH/Ia CIYTHUK He-
MHOTO ONYCTUThCS. UTO TOrza Ipou-
3oiiaer? CiyTHUK OKaskeTcs: BrmKe K
LeHTPY 3em/u, ero opbuTabHbiii me- Puc. 3.2. [eoctaunonapHas opbura.

PUOA CTaHET KOpO4Ye, T. €. CIYTHUK  CnyTHuk BUAEH B 0QHOI 1 TOW XKe TOUKe
HAYHEeT OMepeXkaTb Ty TOUKY MOBEPX- He6a.

\
42 164 km |
|
|
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Puc. 3.3. Ecnu npuBs3saH-
HbI K MOBEPXHOCTU CMyT-
HUK ONyCTU/ICA HUXKe reo-
CTauMOHapHOIi 0p6uTLI, TO
3emns HauHeT OTCTaBartb,
HamoTtaeT Ha cebs Ka-
HaT, 3aTOPMO3UT CNYTHUK
elle cunbHee, M OH yna-
AeT. A uto cnyuntcs, ecnun
CMYTHUK MOAHUMETCS Bbl-
Lue reocTauuoHapa?

leocTaymoHapHas
op6uta

HOCTH, K KOTOPOU NPUBS3aH, KaHaT Oy/eT HaMaTbIBaTbCs Ha 3eMJIIO U Tsl-
HYTb CIIYTHUK BHM3. TOT HAYHET KPYTUThCS ellle ObICTpee — U MOHATHO,
YTO 3aKOHUMTCS 3TO Hexopoio (puc. 3.3). Ec/im npuBsa3aHHbIi K MOBEpX-
HOCTH CIIYTHHK OIYCTU/ICSI HIDKe TeOCTalMOHApHON OpOUThI, TO 3emiis
HAYHEeT OTCTaBaTh, HAMOTAET Ha ce0s KaHaTt, 3aTOPMO3UT CIYTHUK erlle
CU/IbHEe, U OH CBaIUTCA C Hebec.

A UTO CITyYUTCS, €CIM CIYTHUK TIOJJHUMETCS BbIllle re0CcTaluoHapa’?
Ec/iii HEMHOTO MOATONKHYTh CIIYTHUK BBEPX, OH HAUHET OTCTaBaTh OT I10-
BEPXHOCTH 3em/u: ueM OoJiblile PacCTOSIHHE, TEM MEHbIIIE CKOPOCTb 00-
paieHus 1 TeM Gosblie opbuTabHbIN nepuon. Ho Gyzer au ato ABU-
JKEHUe YCTOMYMBBIM, HE CTaHeT v 3eM/ss HaMaTblBaTh KaHaT B oOpart-
HYIO CTOpPOHY? JTO mpocTas MexaHuuecKas 3afava, KOTOPYIO [O/KeH
ObITb criocoOeH pemmTh /11000i GU3KK. BbruncieHus MoKas3biBalOT Ta-
KO€ pasBUTHE COObITHIA: €C/I MPUBA3aHHbINA CITYTHUK OK&KETCS Ha YyTh
GoJblIell BBICOTE, UEM Ie0CTallMoHapHas OpouTa, i HaYHET OTCTaBaTh OT

St

Puc. 3.4. Tak 6yner meHaTtbcs co
BpPEMEHeM BbICOTa NPUBA3AHHOTO K
3emne cnyTHuKa Ha opbute, 6nus-
KOW K reocTaumoHapHoi (r,).

PaccrosHue ot LeHTpa 3emnm
[y

o

[w=)

v
-]
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Puc. 3.5. 0nHa U3 MHOTOUYMCNEHHDIX XY/10)KECTBEHHBIX UIINIOCTPALIMIA, AEMOHCTPUPYHOLLUX
BO3MOXXHYH0 KOHCTPYKLIMIO KOCMUYeCKoro nudra.

3€M}'II/I, OHa CHayda/ia 3a KaHaTUK HEMHOTI'O IIOATAHET €ro BIIEPE[, a IIOTOM
OH CHOBA OTOH/IET Ha UCXOJHOE PaCcCTOsIHME OT rnoBepxHocTu. Ho mocre
3TOTO CITYTHUK YK€ He OTCTaHeT OT BpalleHus: 3eMJIH, IOTOMY 4TO Haps-
Iy ¢ rpaBUTaLMel n0OaBseTCs CUIa, KOTOpast TSHET ero BIepe[, B CyM-
Me OHU CO3/al0T HoJiee CUIbHOE [IEHTPOCTPEMUTENTBHOE YCKOPEHHE, UeM
OfIHA TOJIbKO IpaBUTAIS, U 3Ta HOJee BhICOKAass OpOUTA CTAHOBUTCS T€0-
CTaLOHAPHOM.

Tak uTo uzmes KocMUYecKoro udTa MOXKeT OBITh IPEKPACHO peas-
3oBana. OcTasoch TONMBKO HAWTK MaTepHas [/is KaHaTa, 4Tobbl 36-ThiCs-
YeKWIOMETPOBBIN TPOC BbIZiepKUBa/ CBOM Bec IJIIOC BeC MOJHUMAaeMo-
ro rpysa (>kesieso A/ 9TOro He TOAUTCS, a BOT HAHOYITIEPOAHbIe TPYO-
KU MOTYT 6bITb MNEePCIIEKTUBHBIMU! IIVIOTHOCTb UX MEHbIIE, d IIPOYHOCTDb
Gorble), — ¥ TOIA K&KAOMY YeJIOBEKY MOXKHO OyIeT IIOAHSAThCS Ha reo-
CTaLMOHAPHYI0 OPOUTY 3a HECKOJbKO ThICAY pyOIieif; Mo [JeHbraM 3To
BCE PaBHO YTO CJIETaTh B COCEJHUI ropoj Ha camosnete. M 3To cpasy us-
MEHUT Hallly KOCMOHaBTUKY.

K apyrum mupam

WTak, 4ToOBl OTOPBATHCS OT MOBEPXHOCTH 3€MJ/IM U BBIATH B OKOJIO-
3eMHOe NPOCTPAHCTBO, HaJj0 HabpaTh IEPBYI0 KOCMUUYECKYIO CKOPOCTb.
Cnenyromas 3agava KOCMOHaBTUKMA — y/IeTeTb OT IJaHeThl. [l1g 3Toro
HeoOX0AUMO [OCTHYb CKOPOCTH, KOTOpasi Ha3bIBA€TCSI BTOPOH KOCMU-
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yeckoit (o6osnauaerca V,, wmu V,, wiu V,, wiu V). Utobel paccunuratsb
3Ty BEJIMUMHY, UCIIO/Ib3yeM 3aKOH COXPaHeHUs SHEePIUU: KUHeTHUeCKYI0
SHEpruI0 Tena NpUPAaBHMUBAEM K IPAaBUTALIMOHHOM SHEPIUU €ro CBSI3U C
[IJIaHEeTOM M HaXO¥M OTCIO/ia 3HaUeHre BTOPO KOCMUYECKON CKOPOCTH:

mV?*  GMm
2 R

2GM
‘/2: T:

2V
Kax BuMM, OHA BCEro JMIIb B V2 pas Gosiblile TIEPBOI KOCMUYECKO, T. €.
y IOBEPXHOCTH 3eM/IM HEMHOTUM IpeBbiiaet 11 km/c.

KuneTtnueckast sHeprus — BelIM4MHA CKa/lsipHas, OHa He 3aBUCUT OT
TOTO, Ky/ja HalpaB/ieH BEKTOpP CKOPOCTH, T. €., TI0JIeTeB B JIIOOYIO CTOPO-
HY C TaKOW HavaJbHOW CKOPOCTHIO, MBI TIOKWHEM IIIaHeTy 10 mapabosiu-
4eCKOH TPaeKTOPUU.

Ecmu Mbl y)ke Ha OKOJI03eMHOM 0opOuTe, a HAM HA/[0 MPUBECTU KO-
pabmb Ha Mapc nnu Ha 60/1ee JaIbHIOK TTAHETY, MBI €0 TPOCTO «ITHHAEM»,
T. €. J0OaB/IsieM eMy TaKoi UMITYJIbC, YTOOBI KOpab/ib ¢ KPYTroBoi OpOUTHI
3emiu Bokpyr CosHIIA BBILIEN HA 3/UTMIITUYECKYI0 OpPOUTY, B aloLieHTpe
KOTOPO# KOCHYJICS Obl OPOUTHI II/IAHETHI Ha3HaueHus1. Eciu Mbl paBusib-
HO pacCuMTaau BpeMsl CTapTa, IJlaHeTa IPUXOJUT B Ty JKe TOUKY OJHO-
BpeMeHHO ¢ HaiumM anmnapatoM (puc. 3.7). Ho BcTpeuatoTcst OHU € pasHbI-
MU CKOPOCTSIMU: TI/IaHETa JBIKETCS] ObICTpee, ¥ eCd HUYero He Tpef-
IIPUHSTH, TO KOCMHUYECKHi KOpabiib TYT jKe OTCTaHeT OT Hee. 3HAYMT, Ha-
70 ellle pa3 BK/IIOUUTD ABUTATeNN U YPaBHATb CKOPOCTb. TakuM 06pas3oM,
HaZlo MpUAATh BCErO [Ba UMIY/IbCa — U Bbl OKA3aJMUCh y COCEAHEN II/a-
HeTbl. Takas TpaeKToOpHUsl MeX-
Ay NaHeTaMy HasblBaeTcs I10-
nysnnuncoM lomana—Llannepa
(mo MMeHaM HWH)KEHEepOB, pac-
CUYMTABILIMX 3Ty OPOUTY).

Kaszanoce 6bI, 3Ta mpo-
crasg Kjaccuyeckas opburta
IO/DKHA ObITh 9HEpreTHYecKu
ONTHMMAaJIbHOW, T. €. HauIyu-
1Ield ¢ TOYKU 3PEHUs TOro, Kak
MeHblIe TOIUIUBA IOTPATUTb U
IIPU 3TOM IIOAA/bIIE YJIETeTb.

i, N v

Puc. 3.6. Bropas
KocMUyecKas
CKOpOCTb.
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Ho — yaouBuTenbHOe feno — okxa-
3a710Ch, YTO ecTb 0OoJiee 9KOHO-
MuuHble 0pOuThL. OTKPBUT UX ApH
[lltepadenva, KOTOpbIN yBUIET,

YTO MHOTZA BbITO/IHEE COBEPLIUTD
TPEXVMMITY/IbCHBIN IIepesieT: CHa-
yajia yeTeTb jAasblie TOH opbu- V2
ThI, Ky/Ia cCOOMpaeMcs momnacTb, 3a-
TEM ellle HEMHOTO 100aBUTb U CITy-
CTUTBCS K Hell U IOTOM YXKe ypaB-
HATb ckopocTb (puc. 3.8). Tpaek-
TOpUS, HECOMHEHHO, 60TIee C/IoX-
Hasg. Ho B cymMMe aTH TpU UMITY/Ib-
ca (a 3HauWT, U 3aTpaThl TOIJIU-
Ba) WHOIZIA OKAa3bIBAIOTCS MEHb-
e, YeM Te /Ba IS IPOCTOU TO-
JyaIMnTHYecKoit  opbutel.  Op-
6utel [ltepudenbaa nydiie, yem
nonysanuncel  [omana—llangepa, Vs
JIAIIIL TIPY GOJBIIIOM OTHOIIEHUN
pajrycoB OpOUT IIaHeT crapTa 1
e/, [1719 GOMbITHHCTBA MEKILIa-
HeTHbIX NepeneToB B ComHeuHOMH
CHCTEME OHI HE TOATCA, HO OKA- pyc 38 Tpaekropus nepenera Llltepu-
3bIBAIOTCSA 3KOHOMUYHBIMU [JI1  ¢denbpa. Utobbl fonetetb € 3eMHOIM 0p6UTDI
I10JIeTOB Ha HYHy C OKOJIO3eMHOIi A0 0pbuTbI BOKPYr AanbHei nnaHeTbl, 4OCTa-
0p6I/ITbI W [UISl «[IaJIeHUsD» C 3eM- TOYHO B HY>XHbl€é MOMEHTbI COO6UJ,MTI> Kopa6-
HOP OpOUTBHI B OKOJIOCOTHEUHYIO It0 TPM IPABHTBHBIX UMMy IbCa.
06macte. JTO yAUBUTENbHOE OTKpbITHE B HebOecHOU MmexaHuke LllTepH-
dbenbn cpenan, cuzs y cebst moma: 9To BooOie 6bUT 0YeHb WHTEPEeCHBIN
YeJI0BeK U reHUa/IbHbIM KOCMAYeCKUN NHKEeHeP.

Puc. 3.7. Monyannunc fomana—Llanpepa.
MokasaHbl TOUKN NPUNOXKEHUS UMITYNIbCOB.

Op6K1TbI CNYTHUKOB

Paccys/eHus 06 3/UTMITHYECKOM OpOUTEe CITYTHUKOB XOPOLIM, HO
IIpUpO/ia Ha CaMOM Jie/ie yCTpOeHa C/I0JKHee: Ta jke 3eMJsl — He hjeasb-
HBII 11ap, a CIVIIOCHYTHIH, T. €. 3/UIMIICOU/, BpalleHus. M3-3a aToro cuna
rpaButauuy B6/M3u 3eMan 00paTHO MPOMOPLMOHAIbHA OTHIOZD HE I
a boree CI0XKHON 3aBHCHMOCTH OT . 3HAUUT, €C/IM MbI 3aMyCTUIIH CITyT-
HUK Ha TOJsIpHYy0 opbuty (mpoxoasiuyto Haz l0xxHbIM 1 CeBepHBbIM 1O-
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Puc. 3.9. U3-3a cnntochyToit hopmbl 3emnu nonsipHas opbuta cnyTHuka
OTNYAETCSH OT SNIMNTUYECKON.

7IocaMu), TO B TAKOM CHJIOBOM TI07Ie, KaK MBI yKe BUZEIH B IIPe/IbIy-
1Ieil JIEKIUH, 3//IUIIC OPOUTHI TIOCTENIEHHO MOBOPAYMBAETCS: MPOUCKO-
IWT TIPeLleccHsi ero 0CU BOKPYT LieHTpa TsaroTeHus (puc. 3.9).

Ecrn op6utanbHas IIOCKOCTb PACMONOKeHa MO KOCBIM YITIOM K
3KBAaTOPUA/bHOM IJIOCKOCTH 3eMJIH, TO peasbHble TPaeKTOPUM CITyTHHU-
KOB II0JTy4YalOTCsl HAMHOTO 6oJtee CII0)KHBIMU. Poccust 06BIYHO 3amycKaeT
CIIYTHUKM Ha OPOUTY CO CpEHUM HaKJIOHOM K 3KBaTOpy okoso 60° (Ha-
IpUMep, CIYTHUK TeleBU3MOHHOrO Bemanus «Monuus»). [Ipu stom ca-
Ma opOUTa/IbHAS IJIOCKOCTh TOXKE IPELIECCHPYET, T. €. I0BOPAuHBaeTCs

T

T e S
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Puc. 3.10. Creea — op6uta UC3 «Monuus» (cnytHuk cesasu). HaknoH nnockocti op6utel

K 9KBaTOpy — 0Kono 63°. [pn TakoM HaK/OHe OTCYTCTBYET MOBOPOT IMHUM aNCUA, N03TOMY

CMYTHUK Ha BbICOKOIMIUMTUYECKOI OpbUTE BCerfa «<BUCUT» Haf O[HUM nonywapuem 3em-

nu (B AaHHOM cnyyae — Haf cesepHbiM). Op6uTanbHas NIOCKOCTb NOBOPAYNBAETCS BOKPYT

nonsipHoii ocu. Cnpaea — opbuta TunuuHoro NC3. PaccTosiins Mexay BUTKaMu Ha pUCYH-
Kax yBenMueHbl ANs HarNAAHOCTH.
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BOKpYT 3eMHO# ocH. [T TOUHOTrO pacueta UX OpOMTBI MIPUXOAUTCS OT-
KasbIBaTbCsl OT TeopeM HbioTOHA U Bce BpeMsl yUUThLIBATh HerzleaabHYI0
(opMy NIaHeThL

JABU)XeHue ABONHbIX 3Be3],

3aKoHbl HeOECHOM MEeXaHWKM OMMUCHIBAIOT [BMYKEHNE He TOJIbKO II/1a-
HET ¥ WX CITyTHUKOB. 3a/1auya [IBYX TeJ TaK)Ke MOXKeT ObITh IpHMeHeHa
K TBOMHBIM 3Be3/[aM, KOTOPbIX Ha Hebe 0ueHb MHOTO, OOJIbIIe, UeM OJU-
HOuHbIX. COMHIIE Cpeay HUX SIBJIIETCS CKOpee MCKIIoueHueM. brvokaii-
masg K Ham 3Be3za, Anbda KenraBpa, Toxe IBOMHAL.

Hab6mopas aBoiinyio 3se3ny (puc. 3.11) B reuenue 12 net: 1908, 1915,
1920 rr, — MbI BUAUM, KaK TPOUCXOAUT OopOUTanbHOe obparenue: 0ba
KOMITOHEHTA [ABWXYTCS OTHOCUTENBHO APYT APYTa.

Puc. 3.11. i3meHeHue B3aUMHOTO pacnonoXeHnst KOMNOHEHTOB ABOMHOI 3Be3/bl
Kptorep 60 (ssepxy cnesa) c 1908 no 1920 rr. doro: Mepkcckas o6cepsatopus, CLLIA.

ACTpOHOMBI BCera U3MepSIOT MOJIOKeHHs! OIU3KUX JPYT K APYry
3B€3Jl He B KaKOK-TO eUHOM CHCTeMe KOOPAHHAT, 8 POCTO JPYT OTHO-
CHTENIPHO JIpyra — Tak IoJydaeTtcs Ipolle U TouHee. HaBenu Teneckormn
Ha OJHY 3Be3fly, OoJsiee SIPKYIO, TEIEph OHA y HAC BCErAa B LIEHTPE OT-
cuera (B Haua/e KOOP/MHAT), & BTOpast KPy>KUTCs 1o opbure (puc. 3.12).
Ho Ha camoMm-TO fiesie oHu 006e «GerarT» BOKPYT
00111ero IeHTpa Macc, KOTOPbI HEBUIUM U TI0-
3TOMY HABECTUCh HA HETO HEBO3MOYKHO. 3HAUUT,
HaM HaJ|0 MOAMGUILMPOBaTh ypaBHeHUs Hebec-
HOM MEXaHWKH, U3 UHEepLUaJbHON CUCTEMBI OT-
cyeta MepeBeCTH B HEMHepLHUAIbHYIO, CBs3aH-
HYIO C OJJHUM MacCHBHBIM KOMIIOHEHTOM. B3s-
JTY BBIP@XKEHHU [1/1s1 BEKTOPOB 00enx CKOpOCTeit Puc.3.12. flawskenme Kom-
¥ HAllUIA MX PASHALLY, T. €. OTHOCUTENIBHYIO CKO-  poue e ® o om oo sos
pOCTb, — ¥ 0Ka3a/0Ch, YTO OHA TOUHO TaK JK€ pgbi; HEBUAMMBI LEHTp
3aBHCHT OT BCeX MAapaMeTPOB, KAK M B 3aKO-  MAcc OTMeYeH KpecTom.
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Op6uta aBoiiHoi 3Be3abI

B MIOCKOCTU Heba B NIOCKOCTU ABUXKEHUA

e
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Puc. 3.13. XapakTepucTUKN ABWXXEHUS [BOMHbIX 3B€3/. 6 — MO3MLIMOHHDII
yron; p — paspenenue (paccrosHue). Beepxy cneea — otHocutenbHas opbuta

OfiHOIi U3 3Be3p ABoIiHON cuctembl Anbga Kentaspa B cucteme otcuéra ppy-
rov 3se3sfbl.

He HploTOHa: 06paTHO IPONOPLMOHAIbHA KBaZIpaTy PAcCTOSIHUS, TOJIb-
KO Tellepb B KauecTBe I1apaMeTpa Macchbl GUIypHpyeT CyMMa MacC 3THX

IBYX 00BEKTOB:

m m,—=
U dt r2 T

dV,-V) _ G(m+my)
=— r
dt r

v GM
dt 9 "

Takum 06pa3oM, Py MEPEHOCe CUCTEMbI KOOPJMHAT B OHO U3 TeJ
IPaBUTAIMOHHO CBA3aHHOMN IMapbl BCe 3aKOHbI HEOECHOM MEeXaHUKH CO-
XPaHSIOTCSA U [PEKPACHO paboTaroT, HO TOJIBKO MPHU OMYIIEHNH, YTO B
3TOM TeJle COCPeNoToYeHa CyMMapHas Macca 000X TeJl, ¥ UMEHHO 3Ty
CYMMAapHYIO BeJIMUMHY MbI U3 HaOJTIOIEHUI MOYKEM PacCumMTaTh 110 hpopme

3. KOCMOHaBTMKa
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Puc. 3.14. [isvxenne tenam, _,
OTHOCHUTENbHO M, B HEUHEPLM- y
aNbHOM CUCTEMe OTcuyeTa npo-
MCXOAMT TaK Xe, Kak B MHepLM-
aNbHOIA, NPU YC/IOBUM, YTO NO-

ne Co3AaeT HenopBUXKHOE Te-
noM=m;+m,.

VIHemeaanaﬂ cnucrtema

W

/

OTHOCHUTE/IbHOM OPOUTBL DTO HE OUeHb YIO0OHO: XOTeNI0Ch Obl «B3BECHUTH»
Ka)X[j0e U3 Tesl Mapbl OTAEIbHO OT Apyroro. Penko, HO MHOIAA 3TO MOX-
HO CJesaTh, €C/IU YAAeTC IPOCIeIUTh, KaK Ka)K0€e U3 HUX BbIIUCHIBAET
CBOIO TpaeKTopuIo Ha Hebe. Hanpumep, n3BectHas 3Be3za Cupuyc — Toxe
[BOIHas, y Hee ecTb sSIpKuil kKoMroHeHT (Cupryc A) U TYCKJIBIN CITyTHUK
(Cupuyc B). ActpoHOMBI OTC/IEANN Ha HeOe X TPaeKTOPUU OTHOCHUTETb-
HO LIEHTPA Macc, KOTOPbIX ABUXKETCSI MPaKTUUecKy 1o npsamoi. [To coort-
HOILIEHUIO PaCCTOSHUM 3Be3 OT LIeHTpa MacC HETPYAHO BbIYUC/IUTD, UTO
MeHbIIui KoMoHeHT Cupuyca BaBoe Jierde 601ee MacCUBHOTO.

Bort ere nHTepecHas npobieMa /st pa3MBbILIIEHNS U XOpoLIast 3a-
Jauka A GU3MKOB: IpefcTaBuM, uTo B ConHeuHoM cucTeMe BAPYT MIPO-
nasn LeHTpanbHblil 00bekT, ConHile. YO6exaTb OHO, KOHEUHO, HE MOXKET,

'/ Cupnyc B

Cupuyc A ————‘

OnTtuueckuit
[AnanasoH Msrkuit peHTreH

Puc. 3.15. Tpaektopun fBuxkeHus 060mux KomnoHeHToB 3Be3abl Cupuyc Ha HebocknoHe.
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B Op6utanbHbiii Tpernii 3akon Kenepa
nepvop Tg (2apmoruueckuii)
2 3
Th _ Ry
TS RS

Tpernii 3akon Kemtepa
(ymounerHuvLii HolomoHom)

T: M+m, _ R}
Op6uTanbHblit T? M+m, R}

nepvop T

Puc. 3.16. Tpetuii 3akon Kennepa cea3biBaeT 0THOCUTENbHbIN Op6UTanbHbIit nepuop, 06-
paLlLeHusa nnaHeT ¢ OTHOCUTENTbHbIM pacCTOgHUEM A0 LeHTpa NPpUTSXEHUA.

TII03TOMY TIPEAIOJIOKUM, UYTO OHO B30pBanoch (BooOiue-To B3pbiB COmH-
I1a Ma/JIOBEPOSITEH, HO OTHIOAb HE HUCKJIIOUeH) ¥ MOMEHTA/IbHO pacKuja-
JI0 CBOIO Maccy BO BCe CTOPOHBI JaneKo-Aanexo. Bompoc: a coxpanurcs
mu ConHewHas cucrema? My naHeTsl pas3neTsTcs Ha BCe YeTbIpe CTO-
POHBI?

HebecHas Tpouua

Jlo 3TOro MbI TOBOPUJIM TOJIBKO IIPO /IBA B3aUMO/I€HCTBYIOLIUX Tea,
a rerepb meperu K 6ornee crnokHO#M mpobreme: Tpu Tena. Hy u, kasa-
710ch Obl, UTO TYT TAKOTO OCOOEHHOrO, UTO MOXKET u3MeHuUThcsi? Ho He-
GecHble MEXaHUKH HECKOJIbKO CTOJNEeTH# paboTasd Haf TeM, 4ToObI Co-
371aTh aHAJIMTUYECKYIO TEOPHUIO [B)KEHHUS Tpex TelL... PaboTanu-pabora-
I — U JJOKa3asay, 4YTO 9TO HEBO3MOXKHO. AHa/IMTHYecKas: Teoprs — 3TO
KOMILJIEKC YpaBHEHUH, B KOTOpbIe BbI IIOZICTAB/sIeTe CBOU IapaMeTphl U
MOMEHT BpeMeHH, KaKoi Bac MHTepecyeT, U BbIYMCIEHUs 110 HUM BblJa-
IOT BaM KOOPZAMHATHI, TJle BaIllK Tejla HaXOASTCS U C KaKUMHU CKOPOCTS-
MU OHHM JIBYDKYTCSL.

Ho nawencsa uenosek, Kapn 3yHaMaH, KOTOpbIM co3fan-Taku 3Ty
teopuio. Kazanocsb 6b1, ypa — HobeneBckyio npemuto emy Hazmo aats! On-
HAKo He Aanu, u BOT nmouemy. OH 3amucan 3TH ypaBHEHUS B Buje Oecko-
HEYHBIX PA/IOB, KOTOPBIE CXOATCS TaK MEIEHHO, YTO /ISl TOTO, YTOObI
paccuurtaThb nonokenwust Jiyuer, 3emu v ConHia XoTst Obl Ha TOJ BIIEPE,
Hazo mpocymmupoBarsb 10%°°°% yrenos. [IpencraBere, uTo 3TO 3a daH-
TACTUYECKOEe UMCIIO: BCEM KOMITbIOTEpAaM MUpA He T0[ ciay obpaborarh
TaKoe KOJIMYEeCTBO [JAHHbIX, [IOTOMY YTO B JOCTYIHOM Haiiemy Habso-
nenuto Becenennoii npumepHo 10% npoToHOB, a 37ech B OKa3aTese cTe-
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Puc. 3.17. CywiecTByioT cTalMoHapHble Op6UTLI, O KOTOPLIM TPU TeNna pasHoi
Macchbl MOTyT ABUraTbcsl 6ECKOHEUHO 010 BOKPYT 06LLEro LeHTpa macc.

neHy MwIIHOHB!! Tak UTO XOTh TEOpHs U eCTb, I10JIb30BaThCS €10 COBep-
IIIEHHO HEBO3MOJKHO.

Boo01me-To MOXHO HalTH KOH(QUTypaLuu 13 TpeX TeJl, 3BOJIOLUIO
KOTOPBIX MOYKHO TIpeJiCKa3aTh: HalpuMep, CO3/aThb MCKYCCTBEHHO TPO-
WIly, KOTOpasi COBepIlaeT Ieproandeckoe JBrkeHue (puc. 3.17, 3.18).
U Toraa mocMoOTpesn Ha OUH MepHoj — ¥ MOTOM KOmupyit ero Ha bec-
KOHEUHOe KOJIMYeCTBO IOC/eAyIomuX nepuofoB. HenaBHo npuaymanu
Ou€eHb U3SALIHYI0 KOHPUTYPAIMIO U3 TPEX TeJl OAUHAKOBOU MacChl, KOTO-
pble OyayT J1eTaTh PYT 3a APYroM 1o «BocbMepke» (puc. 3.18). @opmasb-
HO BO BCEX 3TUX C/Iyyasx Tesna OyayT 6eCKOHEUHO [J0/Ir0 TOBTOPSITh CBOM
LUK/INYEeCKUI MyTh, HO IBWYKEHUE 3TO OYeHb HEYCTOMUMBO: CTOUT UYTh-
YyTb, HA MU3EPHYIO BEJIMYMHY, er0 HapyIIUTb — U CUCTeMa HauHeT pas-

B S T ma
1k 1k
Yy, v L
vol /| .
_1_ —
1k |
1 1 1 i i i
-1 0 1 -2 1 0 1 2

Puc. 3.18. [iBmxxeHue Tpex Ten ofMHaKoBOI Macchl N0 eUHOI «xopeorpaduyeckoii»
opbure (cneea). Ho 310 ABMKEHUE HEYCTOMYMBO, YTO AEMOHCTPUPYET pe3ynbTar 4u-
CneHHoro pacyera (cnpasa).
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Mepuopuueckue xopeorpaduueckue cuctemol N ten Puc. 3.19. Mepuoauueckoe asuxe-
(><) HWe Ten KonmuecTeom 6onbLue ABYX
<><:><> C><) (Alain Chenciner, 2007). JsuxeHue

cuctembl Tpex u Gonee Ten cpas-

Q@ HMMOI Maccbl B COBCTBEHHOM rpa-

BWUTALMOHHOM MONe BCErAa Heyc-

TOMYMBO: Maneiiliee BO3MYLIEHUE

NPUBOAMT K HEOTPAHUYEHHOMY pas-
6anTbIBaHUIO CUCTEMBI.

Mepuopnueckue Hexopeorpaduueckue cuctembl N ten

& &G
=

GanThIBATbCS U IPHUIET K XaOTHUECKOMY COCTSHHMIO. [Jaske OUIMOKH KOM-
IBIOTEPHOTO CyYeTa MPUBOASAT K TOMY, YTO TPAEKTOPUH HAUMHAIOT PacXo-
IWTbCS U Yepe3 HEeCKOJIbKO IepHO/IOB 0OpalleHus] CHCTeMa pacChlllaer-
cs. A YCTOWYMBOIO MEPUOUUYECKOTO JIBMIKEHHsI TeJl, KOTMYeCTBO KOTO-
pbix Oosblile IBYX, He ObIBAeT.

B obmiem ciyyae peanusyeTcs Takasi CUTyalus: 6epeM TPU MacCHB-
HBIX TeJIa U OTIyCKaeM HaBcTpeuy Apyr Apyry. COmKasch, OHM, ecTecT-
BEHHO, CUJIbHEe TIPUTATUBAIOTCS IPYT K APYry U B HEOOJIBIION OKPECTHO-
cti OYPHO B3aUMO/IEHCTBYIOT. B 6O/IBIIMHCTBe C/IyuaeB PH 3TOM /iBa Te-
na 06'beJUHAIOTCS B JBOMHYIO CHCTEMY M HAUMHAIOT JIeTaTh 10 CTaOM/Ib-
HBIM 3JUTHIITUUECKUM OpOuTamMm OECKOHEUHO JI0/Ir0, & TPEThE TeI0 YHO-
CUT M30OBITOK 3HEPTHH: [IBa Tejla CBSI3a/IUCh,  IIOTEHIMalIbHas SHEPTrUs
CBSI3M Mepella B BUJie KUHETHUECKO! K TPeTbeMy Teny, KOTOpOe, KaK 13
IYIIKY, BblleTaeT 13 cucteMbl (puc. 3.20). DTo 0OBIYHbINM pe3y/bTaT rpa-
BUTAlMOHHOTO B3aUMO/IEMCTBUS TPEX TeJl.

XoTs Bce cHUCTEMBI U3 TPEX TeJl paHO WM TI03/JHO paclafialoTcs, Bpe-
M3 MX J)KU3HM OY€Hb CHJIBHO 3aBHCHUT OT Haua/lbHOUN KoHpurypauuu. Ha-
IprMep, ecIy ABa Teaa 00pas3yioT TECHYIO JBOMHYIO CUCTEMY, & TPETbE
obparraercss Ha GOMBIIOM PACCTOSTHUU OT HUX, TO OHO «BOCIIPUHHUMAET»
IBOMHYIO CUCTEMY TIPAKTUYECKH KaK TOUEUHYI0 MAcCy U IBUXKETCS BECh-
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Puc. 3.20 Ecnu sctpevatot- \ 1%
sl BMecTe TPU Tena, To NuLlb 3

ABa U3 HUX MOryT o6pasoBatb \_
yCTONUMBYIO CUCTEMY, nepe- ~
AaB JHEprulo CBOeil CBA3M
TpeTbemy.

Ma yCTOMYMBO [OYTH 10 KeIJIepOBCKOi opbuTe. B cBOIO 0uepesp, Ha ABU-
JKE€HMe TeJl B TeCHOW ABOWHOI CHCTeMe Halhuue JaleKOro TPeTbero Te-
J1a IOYTH He BiivisteT. TpoiiHble 1 6ojiee CI0KHbIE CHCTeMbI TAKOro THIIA
Ha3blBaOT Uepapxu4eckumu, B OTIIMYME OT XAOMUYECKUX CHUCTEM, B KO-
TOPBIX PaCCTOSIHUS MEX/ly BCEMU KOMIIOHEHTaMU OJHOro nopsiaxa. [pu
CpPaBHUMOU Macce Tesl Nepexo/ K hepapxuyecKkoMy CTPOEHHUIO IIPOUCXO-
JUT, KOTZla XapaKTepHOe pacCTOsIHUe MeKJy KOMIIOHEHTaMU COCeJHMX
ypoBHeli paznuuaercs B 5+10 pas. [Ipumep ueTbIpexKpaTHOI Mepapxu-
YecKOW cucTeMbl faeT DNCuIoH JIMpbl, B KOTOPOI YeThIpe 3Be3/bl 00be-
IVHEHbI B [IBe TeCHbIE CHCTeMbl, 0Opalljaoliecss BOKPYT 00IIero 1eHT-
pa macc.

[Touemy 3ajaua Tpex TeJ OueHb BakHA? JTO 3ajada >KU3HEHHas:
¢ 3eMJI IPOZOJDKAIOT 3aIlyCcKaTbh KOCMUUecKye anmaparsl Ha JIyHy (Ha-
npumep, pororpadrposarb 00paTHYO CTOPOHY JIyHbI), ¥ HaZO Paccuu-
ThIBaTh TPAEKTOPHIO I0JIeTd TAKOr0 KOCMMUECKOro ammnapara. Pemaror

Wepapxuueckas

Xaotuueckas

. /‘ [BoitHas

Puc. 3.21. TpoiiHble cucTembl: XaoTuyeckas u nepapxuyeckas (ycnoBHo ycroitumsas).
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MeHee ycroitunsas bonee ycroitumsas OueHb ycToitunsas

Puc. 3.22. Nepapxuyeckue YeTbipexKpaTHble CUCTEMbI pa3HOii CTENEHN YCTOWYMBOCTU.

ee TOJIbKO YMC/IEHHO, Ha KOMIIbIOTepax, Liar 3a maroM. [Ipasza, oueHs ya-
CTO MOKHO C/ie/IaTh YIpoLiamolye mpeAnonoxenus. Hanpumep, pasym-
HO IIPeAIONIOKUTh, YTO CPey 3THX TPEX Tesl TOJbKO [Ba MaCCHUBHBIE,
a TpeTbe II0 CPaBHEHUIO C HUMU HEBECOMOE, T. €. OHU ero IPUTITUBAIOT,
a OHO Ha HUX He BiusieT. Bropoe ynpoleHue: ycTb Bce OHU ABIKYTCS B
O[IHO#1 MIOCKOCTH, TO €CThb JIETKOE TeJIO JIeTaeT B OPOUTAIbHOM II0CKO-
CTH INIEPBBIX [BYX. TpeTbe yIpolleHre: NyCTb MacCUBHbIE Te/la OTHOCH-
TeJIbHO CBOEro LIeHTpa Macchl ABIKYTCS 110 KPyroBbIM opbutam. U Bot

®otorpaduposaHrmne

lMepepaua
$OTOCHUMKOB

Puc. 3.23. B 3apauu kocmuueckoro annapara «J/lyHa-3» exoauno ¢otorpaduposanue
JlyHbI € op6uTLI M NOCneaytowwas nepefaya GOTOCHUMKOB Ha 3emito.
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CrabunbHa ¥ |

Puc. 3.24. Matb Touek JlarpaHxa B cucteme «3emns—Jlyna».

KOrja Mbl IPMHMMaeM BO BHHMaHMe BCe 3TH YIPOLeHHs, MoaydaeTcs
3ajaua, KOTOPYIO y>Ke MOXKHO pellaTb aHaJUTHYeCKH; OHa Ha3blBaeTCs
OrpaHUYEeHHOU KpyroBo# 3afaueil Tpex Tes. Torga MOXHO NepeiTH B CU-
CTeMY KOOpAMHAT, CBSI3aHHYIO C BpallleHHeM /IByX MAacCUBHBIX TeJl, YTO-
ObI OHH B 3TOH CHCTeMe OCTaBa/IMCh HA MECTe, a BCsI ocTanbHast BeeneH-
Hasl KpyTU/Iachb BOKPYT HUX.

Ho ecnu BpamaeTcs cuctema KOOpAKHAT, TO B Hell MOSBIIAIOTCA LieH-
TpoOeXHast ¥ KOPHUOIUCOBA CUJIBL, UX HA/I0 BBECTH B 3Ty CHCTEMY COOT-
BETCTBYIOIIMMHU CJlaraeMbIMU B ypaBHeHHsX. V1 okasplBaeTcs, YTO B Ta-
KOM crcTeMe ecTb 5 TOUEK, Iie TpeTbe — JIerkoe — TeJI0 MOYKeT 0CTaBaTh-
s HEMIOZIBM)KHBIM OTHOCHUTEJIBHO [JBYX MACCHUBHBIX (3TO O3HAUAEeT, UTo B
00OBIYHOM cHCTEMe KOOpAMHAT OHO OyzeT ofpaiathCsi BOKPYT LEHTpa
MacC CHHXPOHHO € HUMM). TpH M3 9THX TOUEK — Ha COeJUHSIONeH Mac-
CHBHBIE TeJla IMHUM — OOHapYXuUJI ele Jitiep, a iBe Apyrue — npu Bep-
IMYHaX paBHOCTOPOHHUX TPEeYrolbHUKOB — JlarpaH, HO Bce MX Ha3blBa-
10T Toukamu Jlarpamka u o6o3Havaror OykBoii L (puc. 3.24).

Ecnu HaHecTH Ha IUIOCKOCTD JIMHUY PABHOTO MOTeHUMana (rpaBuTa-
LIMOHHOTO IITIOC LIeHTPOOEXXHOr0), TO Ha TaKoW KapTHHE MbI Cpasy yBU-
AuM 061aCTH KOHTPOJIsE TPAaBUTALMK OJHOTO U APYTrOro Tesa, 06/1acTb Ux
COBMECTHOTO «KOHTPOJIsI», @ TAaK)Ke 00/1acTH BCex MATH Tovek JlarpaHika.
Jlyuiie cMOTpeTh Ha 3TO B 00BEMHOM 3CKHU3€: /I 3TOTO HA/I0 TOCTPO-
UTh 9KBUIIOTEHLMAbHYIO I0OBEPXHOCTD, B KOTOPOi OyneT [Be rpaBHTa-
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Puc. 3.25. HanpaBnenus peiicTBytloLmx cun B OKpecTHOCTM Touek Jlarpamxa cuctembl
ConHue—3emns. Bo BTopoii Touke Jitnepa—Jlarpanxxa kocmMu4ecKuit annapar NOCTOSIHHO
BU/IEH C HOYHOTO NonyLwapus 3emnu.

LIOHHBIE SIMbI, BOKPYT KOTOPBIX [IEHTPOOEIKHBIN MOTEHL[MA AAeT CKAT
[0 BCeM HalpaBJeHUsM, IOTOMY YTO €C/U Bbl OTAAJIMUIUCH OT MACCHUB-
HBIX TeJI, TO LleHTPOOe)XHast CH/Ia BBIKMHET Bac U3 3TOi cucTeMbl. Touku
JlarpaH)xa — 9TO TOUKM paBHOBeCHs, HO OHO He Bcerza ycToiuuso. B nu-
HeiHbIX TOYKax L, L, 1 L, oHO BOOOIle HEyCTOWYMBO: UyTh OTK/IOHHII-
Cs1 — U y’Ke He BepHeIIbCsl. A B OKPeCTHOCTU TPEYTrOJIbHbIX TOYeK L, u L,
cnabast yCTOWYHMBOCTD €CTh JIUIIb PHU OOBIIOM OTHOLIEHUH Macc ABYX
I7IaBHBIX 00bEKTOB — He MeHee 25: 1.

Tem He MeHee B IIpUpofie, a U B TeXHUKe TOXe, BCe NSITb TOUEK
JlarpaHka [IOBOTIPHO YacTO WIpalOT OOJbIIyI0 posb. JIyHa ABHKETCS

Op6uTanbHast n1ocKoCTb
NEXNT B NNOCKOCTH
pucyHKa

A““

<

Lg°

Ly

&)

L

Puc. 3.26. MoeepxHocTn HyneBoil CKOPOCTH (IKBUMOTEHLMANbHBIE) B MAOCKOIA KPYro-
BOW orpaHuyeHHoit (m; << m, u m,) 3apave Tpex Ten.
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BHYTPU 00671aCTU TPaBUTALUOHHO-

r0 KOHTpO/SI 3eMJIH, HO He O4YeHb //3ewns
JaJIeK0 OT IOTPAHUYHON JIMHUU

(puc. 3.26), Tak uto ycroitumBocTh || | BuTok
JlyHBI HE C/IMILKOM BeJIMKa, OHa He

OueHb CUIbHO MpPUBS3aHa K 3eM-

ne. C opyroit CTOpPOHBI, KOCMUUe- V BuToK
CKHUe armaparbl 4acTo 3amyCKaloT

B pasHble TOUKM Jlarpamsa, MoTo- pyc, 3.27. Tpaektopus KoCMMHECKoro an-
My YTO TaM OY€Hb YOOHO «[IOfIBE- napaTa B HeMHepLManbHOl cUCTeMe oTCue-
cuTh> anmapar. Tak, B Touke L, oH  Ta, B KOTOPOii ABa MacCUBHbIX HebecHbIx Te-
6ymer Bcerga cMotperb Ha CoH- 712 HETIOABIKHE!.

1le, & aHTEHHA /71 CBSI3W C 3eMJieil TIPU 9TOM IIOCTOSIHHO OyeT Hampas-
neHa Ha 3emsiio, B Touke L, OH ofiHOBpeMeHHO Oymer Bujets u CoJHIle,
u 3eMmo ¢ JIyHO! U B TO e BpeMsl HaXOAUTbCS NOAasbIle OT HUX, T. €.
pasHble TOUKU UrpaoT pasHyo posnb. Touka L, — eqUHCTBEHHas, KOTO-
pasl moka He HCIO/b3YyeTCs, XOTSl OHAa OUeHb UHTepecHa: ecau Tyja Io-
MECTUTDb CITYTHHK, TO OH OymeT Habmomath Ty monycdepy ComHia, Ko-
Topyio ¢ 3emMnu He BuAHo. Ho Kak ¢ HUM cBa3bIBaTbesl? PanyocurHan
cxBo3b CoJTHIlE HE TIPOXO/UT, IIOITOMY Hazio Oy/IeT 3amycKaTh elle u OT-
Jle/IbHbII1 PETPaHC/IATOP.

DKBUIIOTEHI[MA/IbHASI [TOBEPXHOCTb CHUCTEMBI [IByX MaCCUBHBIX Tel,
[POXO/ALIAs Yepe3 TOUKY L,, orpaHnuuBaeT aBe 061acTy IPOCTPAHCTBA,
KOHTpOJIMpyeMble COOTBETCTBYIOIIMM LIEHTPOM NpUTsKeHus. Mx Haswbl-
BalOT nosnocmsamu Powa, no umeHu (paHIy3CKOro MaTeMmarTuKa, KOTO-
Ppblif BBITIOTHU/ pacyeTsl. EC/TH Jlerkoe Teno nmpubarmKaeTcss K OKPeCTHO-
CTH 3TOM TOYKH, TO OHO OyZeT ABUraThCs MO JOBOIBHO 3aMbIC/IOBATOMN
Tpaektopuu (puc. 3.27). Hanpumep, Mbl 3anmycTH/IN CYTHUK K JIyHe, OH
nepeckakuBaer B 00/1acTb KOHTPOJIs JIyHbI, [ieflaeT TaM HECKOIbKO MH-
PY3TOB, a 3aTeM CHOBA OKasblBaeTcs cIyTHUKOM 3emnd. Ho 3a rpasu-
I[bl 9KBUIIOTEHIIMAIbHON IOBEPXHOCTU OH BBIUTU He MOKET, IOTOMY UTO
SHEepryuy emy JJs 3TOTO He XBaTaeT, OH 3alepT B COBMECTHOM IpaBUTa-
LMOHHOM I10JI€ ABYX Te/l.

B Hamed rmmaHeTHOM cucTeMe [Ba CaMbIX MacCUBHBIX Tena — ComH-
ue u lOnutep. B Toukax JlaHrpaH:xa 3TOi napsl peasi3oBanach UHTepec-
Hasl CUTyalus: B HUX CKOIIWJIOCh OYeHb MHOTO acTepoufos. [lonagas B
3Ty 06/1aCTh OTHOCUTEBHON YCTOMUHUBOCTH, aCTEPOU/IBI OCTAIOTCS TaM
HaZI0/Iro, Ha MUJUIMOHBI JIET, @ YXOAAT OTTY/Aa OUeHb MeJJIEHHO, I03TOMY
MX KOHIIeHTpaLys TaM BecbMa BbICOKa. JTH /IBE IPYIIIbI aCTEPOU/I0B 110C-
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Touka Narparxa Ls \ /

25 TposHus! Uit TposHupl

Puc. 3.28. Bnepeau 1 nozaau HOnutepa no ero op6ute netar acteponsbl, HaKONUBLLUMECS
B oKpecTHOCTM Touek Jlarparxa L, m L.

TOSIHHO COMPOBOXKAAIOT HOmuTep Ha ero opbuTe, [0Ka3biBas, uTo Jlarpamx
MPaBU/IbHO CZIe/IajT CBOU BBIYKC/IEHUS: OfIHA IpyIia (YC/I0BHO Ha3BaHHAs
«I'pexw») nBrkercs Ha 60° Biepenu I0mutepa, apyras («<TposHUb») — Ha
60° mo3aau Hero, U B KaK[0H 110 HECKOJIbKY ThICSY acTepouzioB (puc. 3.28).

MpaBUTaALMOHHAA NpaLLA

EcTb eme ogHa BaykHas Belllb, CBsI3aHHAS C 3aauell Tpex Tell: rpaBU-
TallMOHHBIN MaHeBD, KOTOPBIM 4acTO UCIIO/Ib3YIOT /1 A0PasroHa KOCMU-
JecKux amnmaparos. Harpumep, uToObl 3a6pOCUTb 30H[ K Aa/IbHUM II/IaHe-
tam — Henrtyny, Ypany, [InyToRy 1 fasiblie, — UCIIO/Ib3YIOT IPaBUTALIMOH-
HOe NPUTSKEHNe BCTPevarollelics 1o MyTH IIJIaHeThl. B npuHnume uaes
Ta )K€, YTO U B OOBIYHOI MeXaHHUKe: eCJIM Bbl KATHETE MaJIeHbKUH MSIYMK
HaBCTpeUy KaTSAIIeMyCs TSHKEI0MY, IPH OTCKOKe CKOPOCTb MaleHbKOro
YBEJIMUUTCA — 3TO C/IeICTBHAE 3aKOHA COXpaHeHUs uMnysbca. To ke ca-
MoOe C/Ty4aeTcs], KOr/ia IIaHeTa JIETUT BIiepe/, a 30H/, TPUO/IKasich K e,
obreTaeT ee U MpU ITOM IPUOOPETAET [JOMOTHUTEIbHBIM UMITY/IbC. UTO-
OBl 0CO3HATH IPUUMHY ITOTO, MOYKHO PACCy/JaTh TaK: HAXO/ACh Ha ITOM
I/IaHeTe, Mbl YBUAMM, UTO 30HJ IPUOIMIKAeTCsl K HaM Ha OOJIbIIO OTHO-
CUTENIBHON CKOpPOCTH (PaBHOI CyMMe CKOpOCTell MJIaHEeThl U 30H/AA), 10-
TOM OH Pa3BOPAauMBAET CBOW BEKTOP CKODOCTH M Y[AISeTC C TAKAM Ke
MOZly/IeM OTHOCHUTE/IbHOMN cKOpocTU. Ho B HemoABMXHOH crcTeMe Koop-
AVHAT I0JTyYaeTcs, YTO CKOPOCTb I/IaHeThI 00aBH/Iach K HeMy /iBa pasa:
CHauasla Ha BCTPEYHOM KypCe, IIOTOM Ha yXO/SIIEM.
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Puc. 3.29. Koc-
MUYeckue anna-
patbl «Bosipxep».
Pucynok: NASA.

3Ha4UT, IpU pa3yMHOM IIJIaHUPOBAaHUU TPAeKTOPUM MOXKHO yBesH-
YUTb CKOPOCTb 30HZA B IIpeJiesie Ha YABOEHHYI0 OPOUTAaTIbHYIO CKOPOCTh
II7IaHeThbl, XOTs yAaeTcs Takoe pefko. Tak, B 1977 r. 3anycTunau gBa Koc-
MUYecKUx anmnapara, «Bosmxep-1» n «Bosgxep-2», — OueHb KpacUBbII
6b11 9KCcnepuMeHT. O6a 30HAa obnetenu IOnutep u CaTypH, HOTYYUB OT
3THX IUIaHeT TaKue TOMYKH (M, KCTaTH, MOAXOA]IINe HANPaB/IeHUsI CKO-
pocTH), 9TO U TOT U Jpyroii Beinetesnu u3 ConHeuHOH cucTeMbl Pakera
VX TaK pasorHaTb He MOIJIa, UMeHHO BnusgHue lOnurtepa u CaTypHa mno-
3BOJIWJIO OIHOMY Cpa3y MOKHHYTb CONHEUHYI0 CUCTeMy, a Jpyromy Io
nyTu ewte nocetuts Ypan u Hentyn (puc. 3.30). Bot Takoii rpaHiu03HbIHA
TYp OHH COBEpIIMIA — a Bce 6rarogapsi TOUHOMY pacueTy TPaeKTOPHUU
nonera. Keraty, nepBbiit 3017 3amycTuny 6e3 HafexX /bl Ha TOYHbINA pac-
yeT, oH nocetun Tonbko [0nurep u CatypHl, HO Kk Ypany u Henrtyny He
nomnas. A co BTOPBIM YK€ CTajlo SICHO, YTO MO)KHO PUCKHYTB, IIPOCTO ero
Hazo ObUIO KpyYe 3aBepHYTb. UTOOBI CH/IbHEE TOBEPHYTh BEKTOP CKOPO-
CTH, Hafio TposieTeThb 6/vKe K ruiaHeTe (deM Oosiblie PUCKyelllb, TpubIn-
’KasiChb Ha OMACHOEe PacCTOsIHUE K I/1aHeTe, TeM Oosbliie prbaBKa B CKO-
pOCTH NP YAAYHOM IPABUTALMOHHOM MaHeBpe). Y uToObl OHA cHjbHEe
NPUTATHBANA, KyAa, Bbl JyMaeTe, ero 3anycTuin? Ero Hanpasuiu B 1ienb
Me)X[y BHyTPeHHUM KosbLioM CaTypHa 1 TOBEPXHOCTbIO IIaHeThl. Toraa
ellje He 3HaJIM, YTO 3TO MeCTO TOKe 3aIl0/IHEeHO BellleCTBOM, LyMaJld, UTo
TaM MMyCTOTA. A TeTeph Mbl IOHUMAEM, UTO PUCK ObI/T OTPOMHBII: OH TaM
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Pwuc. 3.30. TpaekTopuu annaparos «Bospxep-1» u «Bospxep-2»
8 ConHeyHol cucTeme C OTMETKaMHU Aar.

3anpocto Mor 060 uTo-HUOYAL CTYKHYThCsA. Ho 30HAY mOBe3sno, oH Gec-
NpernAaATCTBEHHO ITPOCKOYUII B 3Ty LIeJjib, II0 LLEI‘/)ICTBI/IGM IJIaHeTbl pa3o-
THAJICS, CUJIbHO TIOBEPHY/I — U JaJiblie [OJIeTes Ky/aa Ha/o.

TpaekTopusa JlyHbl

O6b1uHO B yuebHHKax roBopurcs: JlyHa obpariaeTcst BOKpPYr 3eMm-
11, a 3emsist — BoKpyr CosHia, M03TOMy TpaeKTopus JIyHbI BAOIb 0pOU-
Thl 3eMJIM BBIIJIIAUT Tak — U PUCYIOT Lukaouay. HaumHaromumii actpo-
HOM HUMEHHO Tak u300pasun 6bl TpaekTopuio JIyHbI, KAK OHA XOAUT BO-
Kpyr 3eM/1y 1 HaBopauuBaert netesnsky (puc. 3.31, 3.32). Ho na camom fe-
JIe 3TO HEBEPHO, U MbI MOYKEM JIETKO OIIPOBEPTHYTh MOA00HYIO KapTHHY,
czienaB IIPOCTOM pacuer.

Jl711 GU3MKOB He JOKHO ObITh COMHEHHI B TOM, UTO TPAEKTOPHS JII0-
6oro Tesa Bcera BOTHYTA TY/a, Ky/ia €ro TSHeT paBHO/ieicTByoIas (CyM-
MapHbII BEKTOP) BeeX cul. [laBaiiTe IPOBEPUM, UTO CUIbHEE IPUTSTUBAET
Jlyny — 3emns unu ComnHue. 9TO OUueHb IPOCTO: CpaBHUBAEM /IBe IPaBUTA-
IIIOHHBIE CHJIBI, OHM PaBHbI OTHOIIEHUIO MacChl K KBaJpaTy pPacCTOSHUS
(cm. mpeppiAyIyto nekuio). Jlyna mpumepso B 390 pas Gmmke k 3emie,
yeM K Conuity. A otHouienue macc 3emu 1 ConHia — okono 3-107% T e,
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3ema B 333 Thic. pa3 nerue ConHua.
[loncraBnsgem B popmyny — U IO-
JIyJaeM, 4To cusa npuTsokenus Jly-
Hbl K ConHIly BiBOe 0osiblile, YeM K
3emie. DakT HEOKUAHHBIN: Beb
ecnv CosHIIe TPUTSTUBAET CUJIbHEE,
yeMm 3emsid, T0 JIyHa A0/DKHA OBITH
cnytHukoM ConHla, a He 3emuiy,
pasBse He Tak? OTuero ke TOrAa oHa
«beraet» BOKpyr Hac, ecmu ConHige
ee TpUTATHMBaeT BABOE CU/IbHee?
C aTum Hazo pa3obpaTbes.

Ecin Mbl moctpoum rpaduk  Pume. 3.31. Ha nepebint B3rnsa, Tak Ronx-
JIBHKEHUS BEMIII/I u HyHbI B pe_ Ha BbIrNaAeTb TpaeKTopus nyHbI, HO 3TO
albHOM Macuitabe, TO YBUIUM, 4TO HEMPABHABHO.
3HAK KPUBU3HBI TPaeKTopuu JIyHbI HUKOTJA He MEHseTCs: KpUBasi BCeraa
BOTHYTa BHYTPB, IIOCKOJIBKY PaBHO/IEMCTBYIONAs CHjIa BCErja HarpasJe-
Ha BHYTpb 0pOuUTHI, T. €. B cropony Conuua. [Touemy sxe JlyHa He OTpbI-
BaeTcs OT 3eMJIM U He CTaHOBUTCS criyTHUKOM ComnHia? /la motoMy, uTo
u 3emsns, u Jlyna nputsaruBaroTcs COHLIEM MOUTH OJUHAKOBO, HO UTO-
661 OHO ObITIO crIOCOOHO oTOpBath JIyHY OT 3eM/M, HYXKHO, 4TOOBI pas-
HULA MeXay yckoperusamu 3emnu v Jlyuel k Conuuy 6bu1a 6osblire, 4em
yckopenue JIynbl k 3emsie. Bot eciu Obl paguyc ayHHOM OpOUTHI ObL,
CK&)XeM, BCErO JIMIIIb BUETBEPO MEHbIIIE, UeM PafUyC OpOUTHI 3eMITH, TO
JlyHa [eiicTBUTENbHO BBIMKCHIBAIA Obl «IIKOMbHBIE» TIMPYITHL A Koraa
Mbl HAYMHAEM YBEIMYMBATb pasMepbl 3eMHOU opOuThl, yaanath ComH-
1e, IpUOIMKas OTHOIIEHHE MapaMeTPOB K MCTUHHBIM, JIE/I0 TOCTEIEeH-
HO IIPUXOAUT K TOMY, UTO OpOUTHI JIyHBI ¥ 3eM/IM CTAHOBATCS TIPAKTH-
YeCKU HepasmMuuMbIMU — 00e oHM crnyTHUKK ConHia. U nuib notomy,
YTO OHM HaXOAATCA OM3KO APYT K Apyry, 3emM/ist He OTIyCKaeT OT cebs

3emHas opbuta  JlyHHas
op6uta

MyTb JlyHbl Bokpyr ConHua

Puc. 3.32. Tpaektopusi JlyHbl, KaK ee 4acTo HeBEPHO U306paKaloT.
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L, Puc. 3.33. Bomywaiowee
gnusume ConHua Ha opbu-
L, TanbHoe ABwkeHue  JlyHbl.
— JlyHy cunbHee npuTArMBaeTt

ConHue, uem 3emns.

Ly

Jlyny; o6e atu nnanets! (/lyHa — To)Xe I/IaHETa, TOUYHee, I/IAHETA-CIIyT-
HUK) IPAaKTHYEeCKH OIMHAKOBO «1ajaloT» Ha COJHIIE, T. e. TI0YTH C OJHHa-
KOBBIM yCKOpEHHEeM JBI)KyTCs OTHOcUTenbHO COMHIA, a pasHMLA 3THUX
YCKOpeHHMii Tak Masia, 4To 3eMsst criocobHa KOHTPOIMPOBATh MOJIOXKEHUEe

JlyHet pamoMm c coboit:

R,
R =3

F, _ MyR3 333000 23
F, RXM, 390° 777

B 3akmouyeHre pacckasa Xouy I10COBETOBAaTb BaM KHUTHU ISl 1OIIONI-
HUTEIbHOro uTeHus. Camble NPOCTbIe [J1s1 MOHUMaHus — 3T0 «[lapaiok-
Cbl KOCMOHaBTHKW» BbleynoMsAHyToro A. A. lltepudenvaa u «enu u ny-
TH IoKopeHus kocmocar P. I [lepenbmana (He fkoBa Vicumoposuua, KoTo-
pbIif Hamcan «3aHUMaTe/IbHyI0 QU3UKY», U He [puropud fkosneBuua —
3HaMEeHUTOro MaTeMaTHKa, a Apyroro [lepenbmana, Pomana ['puropbesu-
ya, uHKeHepa). Creyrommas napa KHUT — yKe ¢ MareMaTU4ecKUMHU dop-
Mynamu: 310 «MexaHuka KocMuAveckoro nosnera» B. Y. JleeaHToBCKOro u
«OcHoBbI KOcMOHaBTHKK» M. @epTperta. [lanee UAyT cepbe3Hble CIIPaBOY-
HUKH 110 HeOeCHOU MexaHuKe — «BBeaeHre B acTpoHaBTHKY» [. Pymme u
«KocmonaBsTuka» E. B. TapacoBa. Y, HakoHel, BbIllIeANINi B ABYX U3AaHU-

| I |
50 0
Puc. 3.34. Yactb op6utbi 3emnn u JlyHbl B HaTypanbHoM macwtabe.

| | |
200 150 100
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s1x 6ectcennep «O4epKY O ABHYKEHHN KOCMUYECKHX TeJl», aBTOP KOTOPOTO,
Bnagumup BacunbeBuu benenkuii, — coBeplleHHO YAUBUTE/bHBIN ueso-
Bek U daHTacTHueckuit 1ektop. OH abCOMIOTHO I/IYXO#, HO, BIIEepBbIE 10~
ObIBaB Ha €ro JIEKINY, 51 00 ITOM Jiake He [JOra/jasics, HACTOJIBKO XOPOIIO
OH pacckasblBasl. M KHUTy Hamucasl MOTPSICAIONIYI0 — HU O Kakoii Goree
3axBaTbIBaIOLIEH PO HEOECHYIO MEXaHUKY MHE He U3BECTHO.

&



[11aHeTbl 3eMHOM
rpynnbil

HyTpeHHsist 06/1acTh COMHeYHOl crcTeMbl HaceleHa pa3HO0Opa3HbI-

MU TellaMU: KPYIMHbIMU IUIaHeTaMU, UX CIIyTHUKaMH, a TaKKe MaJbl-
MU TenaMu — acrepouiamu U komeramu. C 2006 r. B rpymiie miaHeT BBe-
[leHa HOBas MOATPYINa — IUIaHeThl-Kapauku (dwarf planet), obnanao-
IIMe BHYTPEHHUMH KauecTBaMH IutaHet (cdepounpanpHas Gopma, reono-
rUYecKasl akTUBHOCTD), HO B CUJTy MasIOif Macchl He CIIOCOOHbIe JIOMUHH-
poBaTh B OKPECTHOCTH CBOeil opOuThL. Terepb 8 caMbIX MacCHUBHBIX I171a-
HeT — oT Mepkypus 10 HenTyHa — pelieHo Ha3bIBaTh IPOCTO T/IaHETaMU
(planet), xoTs1 B pasroBope acCTPOHOMBI JJI1 ONHO3HAYHOCTH 4acTO Ha3bl-
BAIOT UX «OO0/IbIIMMHU II/TaHeTaMM», YTOObI OT/IMYATh OT I/IAHET-Kap/IMKOB.
TepmuH «Manas riaHeTa», KOTOPBIA MHOTHE T'O/ibl IPUMEHSJICS K acTepo-
UjaM, Telepb He PEKOMEH/IOBaHO HCIIONb30BaTh BO U30exaHue MyTaHu-
IIbI C Kap/IMKOBBIMU IVIaHEeTaMU.

B obnmactu 6GonbIIKMX MIaHET Mbl BUAWM YeTKOe [e/leHHe Ha [Be
TPYIIIBI 1O 4 IUIaHeThl B Ka)KAOW: BHELIHIO 4acTb 3TOM 001acTd 3a-
HUMAIOT IUIaHEeTbI-TUTaHThl, @ BHYTPEHHIOI — 3HaYMTebHO MeHee Mac-
CHBHbBIE II/IAHEThI 3eMHOU TPYIIIbL. [PyNIy TUraHTOB Takke 0OBIYHO Jie-
14T nonosaM: rasosble ruranTsl (IOmurep u CaTypH) U nefsHble TUraH-
ol (YpaH u Hentyn). B rpynne nianer 3eMHOro tuma To)ke Hamedaet-
cs feneHue nononaM: BeHepa u 3ems upe3BbluaiiHO MOXO0XKHU JPYT Ha
Jpyra 1o MHorum (¢pusnueckuM rnapamerpaM, a Mepkypuii u Mapc ycry-
[AIOT UM II0 Macce Ha IOPSJOK U IOYTH JIMLIeHbl aTMocepsl (faxe y
Mapca oHa B COTHHM pa3 MeHbllle 3eMHOH, a Y MepKypus IIpakTU4YecKu
OTCYTCTBYET).

CnenyeT OTMETHTD, YTO CPeJH ABYX COTEH CIYTHUKOB IUIAHET MOX-
HO BbIJeUTb He MeHee 16 Tes, 06/1a1ai011X BHYTPEHHUMH CBOHCTBaMU
MIOJTHOLIEHHBIX I1aHeT. Hepeko OHM IIpeBOCXOASAT CBOMMHU pasMepamu
Y MaccaMM IJIaHeTbl-Kap/IUKY, HO TIPU 3TOM HaXOASTCS I0J, KOHTPOJIEM
rpaBUTaLMK 3HAUMTEIBHO Ooslee MacCcUBHBIX Tesl. Peub uzet o Jlyue, Tu-
TaHe, raJIwieeBbIX CyTHUKAX IOmuTepa u UM nofo6HbIX. [ToaToMy 66110
OBl ecTeCTBEHHO BBEeCTH B HOMeHKIAaTypy COMHEYHOi cHCTeMbl HOBYIO

80 4. TINaHeTbl 3eMHOW rpynMbl



Mnauetbi (6onbluMe NnaHeTbl) Mnawetbi-

Kapnuku
|7 MnaHeTbli-ruraHTbl
Mnaxetbl [a30Bble TMraHTbl Nepsnbie
3eMHOro TUna ( eraHTbI—|

&

tOnuTep Carypx

9]
a
<

=

=
=
o
=
=
o
)

=

|— Manbie tena ConHeuHoii cucremol —|

Actepougbl
\ )

Komersl .

Puc. 4.1. Knaccudukaums ten ConHeuHoii cuctembl.

TPYIINY A/ TAKUX «[I0AYMHEHHBIX» 00BEKTOB I/IAHETHOTO THUIIA, Ha3BaB
UX «IJIaHeTaMH-CITyTHUKame». Ho moka aTta ujest B ctagquu 00CyKAeHHSI.

Bepnemcs k mnaHeraMm 3eMHOro Ttumna. [lo cpaBHeHMIO ¢ TMraHTaMu
OHU IIpWBJIEKaTe/bHbl TeM, YTO MMeIOT TBEepAYI0 I10BEpPXHOCTb, Ha KO-
TOPYI0O MOTYT OCYILIECTB/ISATh [IOCAAKy KOCMUYecKue 30HAbL Haunnasg
¢ 1970-x rr. aBTOMaTUUecKue CTaHUMU U camoxojHble anmnaparbsl CCCP
u CIIA HeoZHOKpaTHO cafUIMCh Ha MoBepxHOCTb Benepnl 1 Mapca u
ycrenHo tam paboramu. [Tocagok Ha MepKypuit oka He ObUIO, TOCKOIb-
Ky moseTsl B okpecTHocTu CoJHIIA U [TOCaJKa HA MaccuBHOe Ge3aTrmoc-
(epHOE Te/I0 TeXHUYEeCKH BecbMa CI0XKHBL.

WM3yuas miaHeThl 3eMHOTO THIIA, aCTPOHOMBI He 3a0bIBAIOT U caMy
3emstr0. AHa/IM3 CHUMKOB M3 KOCMOCA IT03BOJIM/I MHOTOE ITOHSTh B AWHA-
MHKe 3eMHOH arMocdepsl, B CTPOEHNY ee BEPXHUX CJI0eB (Kyza He Mof-
HUMAIOTCSI CaMOJIEThI U [Ia’Ke a3pOCTaThl), B IPOIleccax, MPOUCXOASIINX B
ee maruuTochepe. CpaBHHBag MeXxay coboit cTpoenne armocdep 3emiie-
TO/TOOHBIX TJIAHET, MOKHO MHOTOE TIOHATh B UX MCTOPUM M TOUHEE MpO-
THO3UPOBATh UX OymyIee. A MOCKOIBKY BCE BBICIIIME PACTEHMS U JKUBOT-
Hble OOUTAIOT Ha TIOBEPXHOCTH Hamlel (MM He TOJIBKO HAIel?) MIaHeTsl,
0COOEHHO BaskKHbI JI/Isl HAC XapaKTEPUCTUKY HUKHHX CI0€B aTMOC(hEpBL.
DTa JIeKUMS IOCBAINEeHa IJIaHeTaM 3eMHOI'0 THII4, B OCHOBHOM HX BHeEIII-
HEMY BUZIy U YC/IOBUSIM Ha TIOBEPXHOCTH.
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AApKOCTb NnaHeTbl. Anbbeno

[naps Ha IaHeTy U3faneka, Mbl JIETKO pas/indaeM Tesa ¢ atmocde-
poii u 6e3 Hee. [IpucytcTBre aTMocdepsl, @ TOUHee Haluuue B Heil 00-
JIaKOB, /le/laeT BHEIIHOCTb [JIaHeThl U3MEHUMBOM U CyLIEeCTBEHHO IOBBI-
11aeT SIpKOCTb ee JUCKa. JTO SICHO BU/IHO, €C/IM PACIIONIOXKUTD IIIaHeThl B
psia oT coBepleHHO 6e3061auHbIX (6e3aTMOoCcdepHbIX) 10 TOTHOCTBIO 3a-
KpbITbIX 0Omakamu: Mepkypuii, Mapc, 3emis, Benepa. Kamenucreie 6e3-
aTMocepHble Tesa [IOX0XU APYr Ha Apyra [0 IOYTH [I0JHOM Hepasiu-
YUMOCTH: CPaBHHTE, HalpHMep, KpyrmHOMacIuTaOHble CHUMKH JIyHBI U
Mepkypusi. [laxke OTBITHBIH 7143 C TPYAOM pasanyaeT Mexay coboi mo-
BEPXHOCTU 3TUX TEMHBIX TeJl, 'YCTO IOKPBIThIX MeTEOPUTHBIMU KpaTepa-
mu. 3aTo aTMocdepa npuaaeT moboit niaHeTe HEIIOBTOPHUMBIN BUJI.

HannuneM unu oTCyTCTBUEM arMocdepbl y IJIaHeThbl YIpaBisioT
Tpu (paxTopa: TemrepaTypa, TpaBUTAlMOHHBIN TOTEHIMaA y I0BEpXHO-
¢t U rnobabHOe MarHUTHOe 1oje. Takoe IoJie ecTh TOJMBKO Y 3eMIIH,
Y OHO CYIIeCTBEHHO 3alllMIlaeT Hauly arMocdepy OT IOTOKOB COJHeu-
HO¥t miasmel. JlyHa motepsiia atMocdepy (ecmu BooOiie ee uMesna) us-
3a HU3KOM KPUTUUYECKOM CKOPOCTH Y IIOBEpXHOCTH, a MepKkypuil — u3-3a
BBICOKO} TeMIlepaTypbl X MOIIIHOTO CO/IHEUHOTO BeTpa. Mapc npu NMouTH
TOM jKe IpaBUTALMY, YTO Y MepKypus, CMOI' COXPaHUTb OCTaTKU aTMOC-
(deprl, MOCKONbKY U3-3a yAaneHHOCTH oT COMHLA OH XOJNOAEH U He Tak
MHTEHCHUBHO 00/1yBaeTCsl COJTHEYHBIM BETPOM.

Io cBouM ¢usnyecknum napamerpam Benepa u 3emsst — noutu 6;1u3-
Hellbl. Y HUX BecbMa CXOXKM pa3Mep, Macca, a 3HauuT, U CpPefHss IJIOT-
HOCTb. VIX BHYTpEHHSS CTPYKTypa — KOpa, MaHTHs, JKe/le3Hoe SApo —
TaK)Ke JJO/DKHA OBbITh CXO/IHOM, XOTSI YBEPEHHOCTH B 3TOM IIOKa HeT, I10-
CKOJIbKY CeliCMHuYecKre U IIpoYre reojorhyecKre JaHHble 0 Hepapax Be-
Hepbl OTCYTCTBYIOT. Pagymeercs, 1 B Hezipa 3eM/iu Mbl [IyOOKO He mpo-
HUKa/Iu: B OO/MBIIMHCTBE MECT — Ha 3—4 KM, B OT/[e/IbHbIX TOYKaX — Ha
7-9 kM 1 nuib B ofHON — Ha 12 kM. Jto MeHee 0,2% paguyca 3emnu. Ho
celicMUYecKre, TpaBUMeTpUUecKre U Jpyrue u3MepeHus Mo3BOJSIOT Cy-
IOUTb O 3eMHBIX Heflpax BecbMa JeTasbHO, a A/ APYTUX IUIaHeT TaKux
JAaHHBIX [IOUTH HeT. [leTasbHble KapTbl TPABUTALIMOHHOIO MO MOIy4e-
Hbl TO/IBKO 71 JIyHBI; IOTOKU TeIlla U3 HeAp U3MepeHbl TOMbKO Ha Jly-
He; celiCMOMeTpBI T0Ka paboTanu Toxe Juiib Ha JIyHe U (He OueHb UyB-
CTBUTEJIBHBIN) HAa Mapce.

O BHYTpeHHe1 )KU3HH IIJIaHeT re0JI0TH 10 CUX 0P CYAAT [0 0COOeHHO-
CTSIM MX TBepz0ii noBepxHocTy. Hamprmep, oTCyTCTBYE IPU3HAKOB JIUTO-
cepHBIX IIUT y BeHepsl CyleCTBEHHO OT/IMYaeT ee OT 3eMJIU, B 3BOJIIO-
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Puc. 4.2. NosepxHocTt Mepkypus (cnesa) u Jlynbl (nokasaHa ee Heuaumas ¢ 3emnm cro-
poHa). OueBupaHO, 4T OHYM O4eHb noxoxxu. Doto Mepkypus: cnyTHuk «Messenger» (NASA).
®orto Jlynbr: cnytHuk LRO (NASA).

I[MY TTIOBEPXHOCTH KOTOPOU TEKTOHUYECKIE MTPOIECCHI (apeiid KOHTHHEH-
TOB, CIIPE/IVHI, CyOYKIMS U T. [1.) UTPAIOT ONpe/e/soIyio pob. B To xe
BpeMsI HEKOTOpbIe KOCBEHHbIE IaHHbIE YKA3bIBAIOT Ha BO3MOXKHOCTD TeK-
TOHHMKH IUIUT Ha Mapce B IPOIIJIOM, a TaK)Ke TEKTOHUKHY JIE[ISTHBIX TT0/Ied
Ha EBpone, ciiytauke OnuTepa. Takum 06pa3oM, BHEIIIHEe CXO/CTBO IU1a-
uer (Benepa — 3emsist) He rapaHTHUPYeT CXOZCTBA UX BHYTPEHHErO CTPO-
€HMA U [IPOLECCOB B UX HEeApax. A IIJIaHEThbI, HE ITIOX0XKHe ,E[pyl" Ha npyra,
MOTYT IEMOHCTPUPOBATh CXO/HbIE T€0/IOTYECKUe SIBIEHMUS.

BepHemcs K TOMY, YTO JOCTYIIHO aCTPOHOMAaM M MPOUYKM CITIeL{HaIn-
CTaM [Jid IIpAMOro M3y4deHus, d UMEHHO — K IIOBEPXHOCTU IIJIAHET WJIN
ux 0071a4HOr0 €105, B mpuHIMIIe HEnpo3pauHOCTh aTMOChEpbI B OITH-
YeCKOM [Mara3oHe He SB/ISeTCS HEeIPeOoOIMMbIM MpEMSTCTBUEM /I
W3y4eHUs] TBEpJOY NMOBEpPXHOCTU IUIaHeTbl. Paguonokauusa ¢ 3eMnu U
¢ 60pTa KOCMHUUYECKUX 30HZOB M03BO/IW/IA U3YYUTh [OBEPXHOCTH Bene-
pot 1 TuTaHa CKBO3b UX HeMpo3payHble [is cBeta atMocepsl. OgHaKO
3TH pabOoThbl HOCAT IMU30JUUECKUN XapaKTep, a CUCTEMATHUECKHEe KC-
C/Ie[I0BaHMUSI TUIAHET 10 CHUX MOP [TPOBOZSTCS ONTHYECKMMH MPUOOpaMHL.
U uto ere Gosee BaXKHO: ONTHYECKOe uzayuenre COMHIIA CTY>KUT I/IaB-
HbIM MCTOYHHKOM 3Hepruu A/s OompuivHCTBa IaHeT. [03ToMy crnoco6-
HOCTb aTMOc(depbl OTpaXkaTh, paCCEUBATh U IOIVIOMIATh 3TO U3TydYeHUe
pAMO BJ/IMAET Ha KJInUMar y TIOBEPXHOCTH IIJIAaHEThL.

SIpKOCTb TIOBEPXHOCTH TI/TAHETHI 3aBUCHUT OT ee paccTosiHus oT ComH-
113, & TAK)Ke OT HAJIMUUA U CBOMCTB ee arMocdepsl. Obnaynas arMocde-
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pa Benepn! oTpaskaer cBeT B 2-3
pasa syuiie, 4YeM YaCTUYHO 00-
nauHast atMocgepa 3emn, a 6es-
arMocdepHasi NoBepxHOCTb Jly-
Hbl — BTpOe Xy»e 3eMHOH aTtMmoc-
(pepnl. fpuaiiniee cBeTHU10 HA HOY-
HoM Hebe, He cuuTas Jlyny, — Be-
Hepa. OHa oueHb sIpKast He TOJIbKO
13-32 OTHOCUTE/IbHOM O/IM30CTH K
ConHIy, HO ¥ U3-3a IJIOTHOTO 00-
JIQUHOTO CJ10S1 U3 Kalesb KOHIeH-
TPUPOBAaHHOM CEpPHOM KHUCJIOTHI,
IPeKpacHO OTpaKaloIL[ero CBeT.
Hama 3emsns Toxe He C/IMIIKOM
TeMHas, Nockonbky 30-40% 3em-
HOW aTMocdepbl 3alogHeHbl BO-
OSIHBIMK OO/aKaMH, a OHH TOXe
XOpOIIIO PacCenBalOT U OTpaXkatoT cBeT. Bot ¢pororpadus (puc. 4.3), rae B
KaJp OfiHOBpeMeHHO Iomnanu 3emss u JIlyHa. DTOT CHUMOK c/ieial KOCMU-
yeckuii 30H[ «[anuneo», nponeras MuMo 3eMiu 1o nyty K I0nurepy. Ilo-
CMOTpHTE, HACKOJIbKO JIyHa TeMHee 3emM/tu ¥ BOODIIle TeMHee JII000# T1a-
HeThl ¢ aTMocepoit. ITo 06Iasg 3aKOHOMEPHOCTh: GezaTMochepHbIe Te-
71a OYeHb TeMHbIe. [lesio B TOM, UTO MOJ, BO3/eliCTBMEM KOCMUYeCKoil pa-
auanuy r000e TBEpZOe BEIeCTBO MOCTENEHHO TEMHEET.

YTBepik/ieHue, UTO IIOBepPXHOCTb JIyHBI TEMHAs, 00BIYHO BBI3bIBAET He-
IOyMeHHe: Ha [epBblii B3I/ IYHHbIN AMCK BBIVIAAUT OU€Hb SIPKUM, Oe3-
006/1a4HO# HOUBIO OH Jia)ke ocienisteT Hac. Ho 3To /uiib Mo KOHTpacTy ¢
etiie 60Jiee TeMHBIM HOUHBIM HeOOM. []/151 XapaKTepPUCTUKY OTPaXKaoLIeit
CrIoco6GHOCTH JIF0O0T0 Tela UCIIO/b3YIOT BETMUKMHY M0/ Ha3BaHHEM a/lbOe-
0o. DTo cTeneHb OeMU3HbI, TO eCTb KOAPPUIMEHT OTPaXKeHUS CBeTa. Alb-
6eno, paBHOe Hy/0, — abCOMIOTHAS YepHOTA, TIOJIHOE IOIVIOLIeHNe CBe-
ta. Anbbe/o, paBHOe efuHMUIle, — TIOHOEe OTpakeHue. Y (U3MKOB U ac-
TPOHOMOB €CTb HECKOJIbKO Pa3/IMYHbIX TOAXO0/I0B K ONpe/ie/IeHHI0 anbde-
J0. SICHO, YTO SIPKOCTb OCBEILEHHOM TOBEPXHOCTH 3aBUCUT He TOJIbKO OT
THUIIA MaTepuasa, HO U OT €ro CTPYKTYpPbl U OPUEeHTaLii OTHOCUTEIbHO
HCTOYHHUKA CBeTa U Habmogarens. Hampumep, MyIIMCTbIi CBe)KeBbINaB-
KT CHeT UMeeT OfIHO 3HaueHNe K03 UIlMeHTa OTPayKeHHs, a CHer, B KO-
TOPBIH BBl HACTYIIMIM OOTHHKOM, — COBCEM Zpyroe. A 3aBUCHMOCTb OT
OpHMeHTalll{ JIerko MPOJeMOHCTPHUPOBaTh 3epKasblieM, IyCKash COMHeY-

Puc. 4.3. ®oto 3emnu u JlyHol, nonyyeHHoe
3onpgom «fanuneo» (NASA).
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Puc. 4.4. Anbbeno — f,0na CONHEYHOTrO CBETa, OTPAXKEHHAA NOBEPXHOCTbIO. [TokasaH aua-
Na3oH 3HaueHnit anb6efo TMMMYHBIX NOBEpXHOCTel Ha 3emne, a Takxke anbbeno boxpa He-
KOTOPbIX KOCMUYECKHUX Ten.

HbIX 3aiiurkoB. TouHOe ompezenenye anbOef0 Pas3IMYHOrO THUIA JAHO B
raBe «Kpartkuit cripaBouHuK» (c. 325). 3HaKOMble MOBEPXHOCTH C pas-
HbIM anbbesio — 6eToH 1 acdanpt. OcBeleHHble OANHAKOBBIMHU TOTOKAMU
CBeTa, OHU [IeMOHCTPUPYIOT PasHyI0 BU3Ya/lbHYIO SPKOCTb: Y CBEKEeBbI-
MbITOro acdarera ansbeno okono 10%, a y urcroro 6eroHa — 0koso 50%.

Becb uanasoH BO3MOXKHBIX 3HaueHHil anbOeo MepeKphIT U3BECT-
HBIMU KOCMUUecKuMu oO0bekTamu. CkaxeMm, 3emsis oTpaskaeT 0koso 30%
COJIHEUHBIX JTyueli, B OCHOBHOM 6iarojapst obakam, a CIuIomHou obiau-
HbI TIOKPOB Beneps! otpaxaet 77% csera. Hama Jlyna — ojHO U3 caMbIxX
TeMHBIX TeJl, B CpefiHeM OTpaskaroljee okono 11% cBera, a ee BUAUMOe
HOJTyLIapye U3-3a HAIMUYKsl OOIIMPHBIX TEMHBIX «<MOpe» OTpaXKaeT CBET
emle xy)xe — MeHee 7%. Ho Bctpeuatorcs u emrie 6osiee TeMHbIE 0OBEKTBI —
Hampumep, actepous 253 Matuib/a c ero ansbeso B 4%. C gpyroit cTopo-
HBbI, eCTb YAUBUTE/IBHO CBeT/Ible Tena: cnyTHUK CaTypHa JHLenaz oTpa-
xaet 81% BUANMOrO CBeTa, a ero reoMeTpuyeckoe aabbeso mpocto dax-
tactuueckoe — 138%, T. e. OH sipue KzeanbHO HEIoro IUCKa TAKOTO JKe ce-
yeHus. [laxke TPyAHO MOHATD, KaK €My 3TO yAaeTcs. YucThiil cHer Ha 3eM-
JIe ¥ TO Xy’Ke OTpa)kaeT CBeT; KaKOH ke CHer JIeKUT Ha T0BepXHOCTH Ma-
JIEHbKOTO U CUMIIATUYHOI0 DHIIeana’?
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Tennosou 6anaHc

Temnepatypa no6oro Tena onpeesnsercs 6alraHCOM MEXAY IPUTO-
KOM K HeMy TeIl/la U ero notepsiMu. V3BecTHbl Tpu MexaHu3Ma oOMe-
Ha TeIUIOM: M3Jy4eHHe, TeIIONPOBOJHOCTh M KOHBeKIMA. [IBa mocmen-
HHX Tporiecca TpeOyIOT MPsSIMOro KOHTAKTa C OKpPY’Kaloleil cpesioi, mo-
3TOMY B KOCMHUYECKOM BaKyyMe Ba)KHEHIINM U, 10 CYyTH, eAUHCTBEHHbIM
CTaHOBHUTCS NIEPBbIM MeXaHU3M — H3/lydeHue. [/l KOHCTPYKTOPOB KOC-
MUYECKOW TeXHHKH 3TO CO37aeT HeMmasble npobieMsl. VM mpuxogurcs
YUUTHIBaTh HECKOJIbKO MCTOYHMKOB Teruia: ConHie, miaHety (ocobeH-
HO Ha HU3KKUX OpOMTax) ¥ BHYTPEHHHUE arperatbl CaMOr0 KOCMHUYECKOr0O
armapara. A i1 copoca Teria ecTb JIMIIb OJUH CII0C00 — U3TyueHue ¢
II0BEPXHOCTH armapara. [l71s1 noajepxaHus 6asaHca TelvIoBbIX TOTOKOB
KOHCTPYKTOPbl KOCMUYeCKO TeXHUKM DeryaupyroT 3pQPeKTUBHOe allb-
6eno anmapara ¢ MOMOLIBIO 9KPAaHHO-BaKYYMHOM H30/ISLMY U paguaTo-
pos. Korga takas cucrema jaet c6oif, ycI0BUsI B KOCMUYECKOM Kopabiie
MOTYT CTaTh BeCbMa HEKOM(QOPTHBIMH, O UEM HAIIOMUHAET HaM HCTOPUS
aKcneauIuy «Anosios-13» k JlyHe.

Ho BrniepBbie ¢ 3TOi MpO6IEMOii CTOMKHY/IMCD €l B IIepBON TPeTu
XX B. co3pareny BbICOTHBIX a3pOCTaTOB — TakK Ha3blBaeMbIX CTpATOCTa-
TOB. B Te rozp! elre He yMenu co3/aBaTh C/I0KHbIE CUCTEMbl TePMOpery-
JIMPOBaHUS TrepMEeTUYHOM OH/I0IbI, TO3TOMY OrPaHUYHBAaIKCh TPOCTHIM
non6opoM anbOesio ee BHeIIHeil MOBePXHOCTH. HacKkobKo uyBCTBUTE -
Ha TeMIlepaTypa Teja K ero aib0esi0, TOBOPUT HCTOPHS MePBBIX II0TIETOB
B ctpatocdepy. llIeitnapen Orioct [lnkap mokpacun roHony CBOEro
crpatoctara FNRS-1 ¢ ofHO# cTOpoHBI B G€JIbIi, a ¢ JPYroil — B UepHBIi
useT. [Ipennonaranock perynupoBaTh TeMIepaTypy B FOHZOJe, TI0BOpa-
umuBas cpepy TOH win UHOU cTOpoHOMU K CoNHIY: /711 3TOM Lielu CHapy-

Puc. 4.5. Orioct lMukap rotosutcs
K nonety Ha ctpatoctate FNRS-1
(1931r)
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Puc. 4.6. 3kunax ctparocrara «Explorer 11» (1935 r.)

KU yCTaHOBU/IM mporeniep. Ho ycTpoiicTBo He 3apaboTaso, CoMHIie CBe-
THJIO C «YEPHOW» CTOPOHBI, ¥ BHYTPEHHSISI TEMIIepaTypa B IIepBOM IOJIe-
Te nopHsnach 1o +38 °C. B cienyromiem nosere BCIO Karcy/y MPOCTO IO-
Kb cepeOpsIHOI KpacKo#i 7St OTpaskeHHsl COJTHEYHBIX JTy4eil. BHyTpH
crano munyc 16 °C.
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Puc. 4.7. JHuenap — cnyt-
uuk CarypHa, obnapto-
WMIA Ype3BbIYaliHO BbICO-
kum anbbeno. Doto 30Hpa
«Kaccuun» (NASA).

AMepuKaHCKHe KOHCTPYKTOpBI cTpartocrara «Explorer» yumu ombIT
[lukapa ¥ NPUHSIM KOMIIPOMUCCHBIA BAapUAHT: MMOKPACUIN BEPXHIOK
4acTh Karcy/bl B Oeblif, a HY)KHIOI — B YepHbIi 1BeT. Vies cocrosia
B TOM, UTO BEpXHSs MOJIOBUHA Cdepbl OyAeT OTpaXkaTb COMTHEYHOE W3-
JydeHre, a HIDKHSS — IOMIONATh TeIUIo OT 3eM/IU. DTOT BapUaHT OKa-
3aJICsl HEIUIOXUM, HO TOXKe He HJieasbHbIM: BO BpeMsl MOJIETOB B Karicy-
ne 6p110 +5 °C.

CoBeTcKkue cTpaTOHaBTbI IPOCTO TEIJIOU30/IMPOBAaIU alIOMUHLEBbIe
KarCy/ibl C710eM Boitioka. Kak mokasana mpakTrKa, TAKOe pelleHue Obu1o
caMbIM yAauHbIM. BHyTpeHHero Tersia, B OCHOBHOM BbI/Ie/ISIEMOTO 3KU-
maXkeM, OKas3aoCh JOCTATOUHO IS TOAZep)KaHus CTaOMIbHON TeMile-
paTyphL

Ho ecnu niaHera He UMeeT COOCTBEHHBIX MOLIHBIX UCTOYHUKOB Te-
13, TO 3HaYeHue anbheI0 OYeHb BaKHO /I ee KauMarta. Hampumep, Ha-
mia riadeta noroiiaeT 70% magaroliero Ha Hee COJTHEUHOTO CBeTa, Ie-
pepabateiBas ero B coO6CTBeHHOe UH(PAKPACHOE U3TyUYeHHe, TI0/IePIKU-
Bas 3a CueT Hero KpyroBOpOT BOZbI B IIPUPO/ie, 3amacasi ero B pe3ysbTa-
te poTocunTesa B 6ruomacce, Hedry, yrie, rase. JIlyHa moriomaeT mouTu
BECh COJIHEYHbIH CBeT, «Ge3japHo» MPEBpAIas ero B BHICOKO3HTPOMHIA-
HOe MH(PaKpacHOe U3Ty4yeHre U 3a CYeT 3TOro MOJepKUuBasi CBOIO J0-
BOJIbHO BBICOKYIO TeMIlepatypy. 3aTo DHLenas CBOeil uaeanbHO 6Oenoit
[IOBEPXHOCTBIO TOPZI0 OTTAJIKUBAET OT Ce0s MOUTH BECh COJTHEUHBIH CBET,
3a YTO U pacIulayMBaeTCsl YY[OBUIIHO HU3KOM TeMIlepaTypoil IOBepx-
Hoctu: B cpenHeM okono —200 °C, a mecramu 10 —240 °C. Bipouewm, atot
CIIyTHHK — «BeChb B Oe/I0M» — HE CHJIbHO CTPaZiaeT OT Hapy»KHOTO XO/I0/a,

88 4. TINaHeTbl 3eMHOW rpynMbl



MIOCKOJIbKY Y HETro eCTb a/JbTePHATUBHBINA NCTOUHUK 9HEPTUU — IIPUIUB-
HOE rpaBUTALMOHHOe BiHsIHUE cocena-CarypHa (r1aBa 6), mopnep)kusa-
IOIllee ero IoJIefHbI OKeaH B JKUAKOM cocTOosiHUM. Ho y miaHeT 3em-
HO#1 TPYIINBl BHYTPEHHUE UCTOYHUKY TeIla OUeHb C1albl, I03TOMY TeM-
reparypa UX TBep/ioi MOBEPXHOCTH B 3HAYUTE/IBbHON CTETIeHU 3aBUCUT
OT CBO#CTB aTMocepbl — OT ee CIIOCOOHOCTH, C OJHOM CTOPOHBI, OTpa-
’KaTb YacThb COJTHEYHBIX JIyueil 00paTHO B KOCMOC, a C IPyroil — yAepKu-
BaTb 9HEPTHUIO U3/TyYeHHs, MPOLIe/IIero CKBO3b aTMocdepy K I0BepXHO-
CTHU IUIAHETBL

MapHukoBbIf 3¢ PeKT U KAUMAT NJIaHeTbl

B 3aBucumocTy ot TOro, kak Aanexo ot CosHIa HaXOAUTCS IIaHeTa
Y KaKylo JJO/II0 COJIHEYHOTO CBeTa OHa IOIJIoIaeT, GOPMUPYIOTCS TeM-
nepaTypHble YCI0BUS Ha IIOBEPXHOCTH IUIaHEThl, ee kauMar. Kak BeIris-
IUT CIEKTP /F000ro caMOCBETSIIErocs Tesa, Hanpumep 3Be3abl? B 6071b-
IIMHCTBE C/Iy4aeB CIEKTD 3Be3[bl — 3TO «OAHOropbOas», MOYTH TIAHKOB-
CKasl KpHBas, y KOTOPOH MOJI0XKeHHe MaKCUMyMa 3aBUCUT OT TeMIlepaTy-
pbI IOBEPXHOCTH 3Be3/bl. B 0T/iMuMe oT 3Be3ibl, y CleKTpa IIaHeThl JBa
«ropba»: 4acTh 3BE3HOTO CBETA OHA OTPAXKAET B ONTUYECKOM [Mara3o-
He, a JIPyI'yIo 4acTb IOIVIOLIaeT U IlepersIyyaeT B MH(paKpacHOM Jua-
nasone. OTHOCHUTE/bHAS T/IOLIA/b IO ATUMHU JBYMs ropbamu Kak pas u
OTpe/ie/isieTCsl CTENEeHbI0 OTPAYKEHHsI CBETa, TO eCTh aabOes1o.

[TocmoTpuM Ha ABe OrvpKaiiiive K HaM I/1aHeTbl — MepKypuii u Be-
Hepy. Ha nepBblit B3Iz cutyaius napajokcanbHas. BeHepa oTpaxaet
nouty 80% conmHevyHOro cBeTa U Juib okoso 20% morsomaet, a Mepky-
pHUH [OUTH HUUETO He OTpakaet, a BCé norowmaet. K Tomy ke Benepa
nanbie ot ConHua, yeM MepKypuil; Ha eAUHHUIY ee 00aYHOM MOBepX-
HOCTH najaet B 3,4 pasa MeHblile COTHEeUHOro cBeTa. C yueToM pasHHUIIbI
B anp0e/10 KaXK/Iblil KBaJpaTHbIN METP TBepZOi T0BePXHOCTH MepKypus
H0JTy4YaeT MovTtH B 16 pa3 Gosblie COMHEYHOro TeIlia, YeM TaKOH XKe yua-
cTok Ha Benepe. I TeM He MeHee Ha Bceil TBepZoii TOBEPXHOCTU BeHe-
pBI 8/iCKHe YC/IOBUSI — OrPOMHas TeMIiepaTypa (0710BO U CBUHEL] I/IaBAT-
ca!), a Mepkypuit mpoxnaanee! Ha nontocax TaMm aHTapKTUYeCKUid X0JIOZ,
a Ha skBaTope cpefHasa Temneparypa +67 °C. KoHeuHo, fHeM moBepx-
HocTb Mepkypus HarpeBaeTcs o 430 °C, a Houbto ocThiBaeT 10 —170 °C.
Ho yxe nHa rnybune 1,5-2 MeTpoB cyTOYHble KOneOaHUs CIIa)KUBAIOT-
Cs1, ¥ MBI MOKEM T'OBOPUTH O CpefiHell TeMIiepaType rnoBepxHocTH +67 °C.
JKapkoBaro, KOHEYHO, HO KUTb MOXKHO. A B CpeIHMX UPOTax Mepkypus
BOOOIIle KOMHATHAs! TeMIIepaTypa.
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ConHeuHoe u3ny4yeHwue, on,qﬂmee B KOCMOC TenioBoe

[OCTUralolLee NOBEPXHOCTU 3emn n3nyyenue (nponyckaxne 15-30%)
(nponyckanme 70-75%)
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Puc. 4.8. CnekTpbl oTpa)keHHOro atTMocdepoii 1 NOINOLLEHHOT0 3eMHOI NOBEpPXHO-
CTbO COTHEYHOTO U3/Ty4EeHNs 1 BKNaJ, OTAENbHbIX KOMNOHEHTOB aTMocdepbl B NOrN0-
LieHue.

B uem xe aeno? [louemy 6:m3kuit k COMHIY ¥ OXOTHO IOIJIOIIA0-
mui ero s1yun MepKypuil HarpeT 10 KOMHaTHOI TeMneparypsl, a BeHe-
pa, 6onee nanexast ot ComHI[A U aKTUBHO OTPAXKAIOLast €ro Jy4H, packa-
neHa Kax neub? Kak o6bsacHUT 910 Pusnka?

AtMocdepa 3emMnu moyTy npospavyHa: oHa nponyckaet 80% mpuxo-
OSIIIEr0 COJTHEYHOTO cBeTa. «YOexaTb» B KOCMOC B Pe3y/ibTaTe KOHBEK-
LIUM BO3/IyX HE MOXKeT — I/IaHeTa He OTIYCKaeT ero. 3Ha4UUT, OX/IaXK/AaTh-
Cs1 OHa MO>KeT TOJIbKO B BU/Jie UH(paKpacHoro usnyuenus. A eciu MK-us-
JIydeHHe OCTaeTCs 3allepThIM, TO OHO HarpeBaeT Te CJION aTMocdephl, KO-
TOpbIE €r0 He BBITYCKAIOT. OTH CJI0M CaMM CTaHOBSITCS MCTOUHHUKOM Te-
I/Ia ¥ YaCTUYHO HANpaB/ISIOT ero oOpaTHO K IoBepxHOCTU. HexoTopas
4yacTb U3/Iy4eHUs YXOAUT B KOCMOC, HO OCHOBHAs ero 4yacTb BO3BpalllaeT-
sl K IIOBEpXHOCTH 3eMJIM U TpeeT ee [I0 TeX I0p, [TI0Ka He YCTaHOBUTCS
TEepPMOIHAMUUECKOe paBHOBeCcHe. A Kak OHO yCTaHABIMBAETCS?
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340 Br/m2

168 Bt/m?

ConHeuHas 3Heprua nornowiaercsa
3eMHOM NOBEpXHOCTbIO U HarpeeaeT ee

Puc. 4.9. MNotoku Tenna y 3emnu. YkasaHbl CpefiHUe NOTOKM Ny4YMCTOrO Tenna Ha eAuHu-
Lly MOBEPXHOCTH.

TemmepaTypa pacTeT, 1 MaKCUMYM B CIIeKTpe cMelaerca (3akoH Bu-
Ha) [I0 TexX Iop, MOKa He HalzeT B aTMocdepe «OKHO MPO3PayHOCTH»,
cKkBO3b KoTOpoe MK-nyum yiinyT B kocMoc. banaHc TennoBbIX NOTOKOB
yCTaHaB/IUBAETCS, HO TIpU OoJiee BBICOKOI TeMIlepaType, ueM MOITIO Obl
OBITb TP OTCYTCTBUU aTMOCepBL ITO U €CTb TAPHUKOBBIN 3DDEKT.

B cBoeil >kx13HU MBI OBOJIHO YaCTO CTAJIKWBaEeMCsl C MaPHUKOBBIM
addektom. U He TOMBKO B BUfle Ca[jOBOTO MAPHUKA WK TOJICTOU IIYOBI,

Jlyna Mapc
n Mepkypuit

-

Puc. 4.10. Bnusuue napuukosoro 3a¢pdekra (AT, K) Ha cpepHioto Temneparypy
NOBEPXHOCTU NIaHEeT.
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Puc. 4.11. Hecmotps Ha oTHocuTenbHyto yaaneHHocTb ot ConHua u Bbicokoe anbbepo,
Temnepartypa nosepxHocTi Benepbl B pesynbTate napHUKoBoro 3¢ pekTa 3HaunNTeNbHO Bbl-
Le cpeaHeii Temnepatypbl nosepxHoctn Mepkypus.

KOTOpYIO HafIeBalOT B MOPO3HBIi ZIEHb, YTOOBI COrpeThCs (XOTs cama Iy-
6a He BbIieJIsIeT, a JIMIIb yAep)KUBaeT Tersio). Kak pas st mpuMmeps! He
JeMOHCTPHPYIOT YUCTbIN TAPHUKOBBIN 3Q(EKT, TOCKOIbKY B HUX YMEHb-
11aeTcs KaK JYYHCTBIH, TaK ¥ KOHBEKTUBHBII 0TBOA Teruia. [opasno 6/u-
JKe K ONMCcaHHOMY 3QQeKTy mnpumMep scHoil MoposHoi Houu. Ilpu cy-
XOM Bo3ayxe 1 6e306;1a4uHOM Hebe (HarnpuMep, B yCTBIHE) OC/IEe 3aX0Aa
COMHLA 3eMJIs1 OBICTPO OCTBIBAET, & B/IAXKHBIM BO3AYX U 00/1aKa CI/IaKH-
BAIOT CyTOYHbIe KojebaHus Temneparypsl K coxanenuto, aTot adpdekt
XOpOIIIO 3HAKOM acTPOHOMAaM: SICHbIe 3Be3/iHble HOUYM ObIBAIOT 0COOEH-
HO XOJIOZHBIMH, UTO Jie/IaeT paboTy y TerecKona BecbMa HeKOM(pOPTHOIA.
BepuyBumcsh K puc. 4.8, Mbl yBUAMM IIPUUYMHY: UIMEHHO Iapkl BOABI B aT-
Mocdepe cyKaT [7IaBHBIM IIPersTCTBUEM A7s yHocsuero Terno MK-m3-
JTy4eHusl.

Y Jlynel HeT atMocdepbl, a 3HaUUT, HET U MapHUKOBOTO 3P QeKTa.
Ha ee moBepxHOCTM TepMOAMHAMUYeCKOe PaBHOBECHE YCTAaHAB/IMBAET-
s B SIBHOM BHJie, HUKAKOrO OOMeHa M3/yueHHeM Mexnay atMocdepoii
U TBepZoil IOBEPXHOCTbIO HeT. Y Mapca pa3pe)keHHass aTMocdepa, HO
BCe-TaKy ee MapHUKOBbIA 3ddekT nodasnser ceou 8 °C. A 3emsie oH 10-
6aBnser mouru 40 °C. Eciu 6bl y Hauteil riaHeTsl He ObLIO TaKOM IUIOT-
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HOU armocdepsl, Temrneparypa 3emnu 6buta 661 Ha 40° Hroke. CerogHs
OHA COCTABJISET M0 BCEMY 3eMHOMY Imapy B cpegHeM +15°C, a 6b1u10 6bI
-25°C. Bce okeaHbl 3amMep3/u Obl, TOBEPXHOCTb 3eMJIH OT CHera cTaja Obl
Gesnoii, anpbe0 MOBBICUIOCH, U TeMIlepaTypa yrana Obl ee Hibke. B 06-
meM — CTpaluHoe fieno! Xopollo, 4To NapHUKOBBIN 3QQeKT B Hallei aT-
Mocdepe pabotaer u rpeer Hac. U eie ropasgo cuipHee oH paboTaer
Ha Benepe — 6onee uem Ha 500 °C mogHUMAET CPEHIO BEHEPUAHCKYIO
TeMIeparypy.

MoBepXHOCTb MJ1AHET

Jlo cux mop Mbl He NIPUCTYNAHU K [JeTaTbHOMY U3Y4eHUIO UHbIX I71a-
HeT, B OCHOBHOM OIpaHHYMBAsCh HAOJIOZEHNEM MX MOBEPXHOCTH. A Ha-
CKOJIbKO Ba)KHa [l HayKU MHPOpMaI|s 0 BHellIHeM Bu/je IaHeTsl? Uto
LIeHHOTO MOXKeT [I0BeJiaTh HaM U300pakeHue ee moBepxHOCTH? Eciu 310
rasosas Iu1aHeTa, kKak CatypH unu IOnuTep, unu ke TBepas, HO MOKphI-
Tas IJIOTHBIM C/I0eM 0071aKOB, Kak BeHepa, TO Mbl BUAUM JIMIIb BEpX-
HUI 00/auHbIN CJI0M U, C/Ie[0BATEe/IbHO, TIOYTH HUKAKOM HH(OpMAaIuu
0 camoit naHete He uMeeM. O6nauHast atMocgepa, Kak TOBOPST reosio-
T, —3TO CYIIePMOJIO/iasi TIOBEPXHOCTD: CErO/IHs OHA TaKas, a 3aBTpa Oyner
WHO# (1M He 3aBTpa, a uepe3 1000 s1et, YTO JIUIIb MUT B )KU3HU IUIAHETHI).

Bonbmoe Kpacuoe IlatHo Ha lOnuTepe unu ABa IlaHeTapHBIX LU-
K/I0Ha Ha Benepe nabmogaiTcs yxxe 300 JieT, HO TOBOPAT HAaM JIMIIb O
HEKOTOpbIX OOIIMX CBOMCTBaX COBPEMEHHON AMHAMHUKU KX atMocdep.
Hamy notomky, r71s111 Ha 9TH T/1aHeTsl, OyAyT BUETh COBCEM HHYIO Kap-
THHY, @ KaKyl0 KapTUHY MOITIM BUJeTb HallM ITPeJKH, Mbl HUKOT/IA He y3-
HaeM. TakuM 06pa3om, I/t CO CTOPOHBI Ha M/IaHeThI C IVIOTHOM aTMOC-
¢bepoit, Mbl He MOXKeM CYAUTb 00 KX MPOLLIOM, TOCKOJIbKY BUUM JIHIIIb
M3MeHuMBbIi obnauneiii cioit. CoBceM spyroe geno — JlyHa i Mep-
KYpHii, TOBEPXHOCTH KOTOPBIX XPaHAT CJIe[ibl METEOPUTHBIX Gombapau-
POBOK U re0JIOTHYeCKUX MIPOLecCOoB, IPOUCXOAUBILNX B TeUeHUe [10C/Ie-
HUX MUJJIMAp/IOB JIeT.

A mnopo6Hble GOMOApAMPOBKY IUIAHET-TUTAHTOB NMPAKTHYECKH He
octaBsioT ceoB. OfHO U3 TaKKX COOBITUI TPOM30IITIO B KOoHIe XX Be-
Ka IIpsIMO Ha I71a3ax acTpOHOMOB. Peub nnet o komere Lllymeiikepos—/le-
Bu-9. B 1993 r. Heganeko ot FOnurepa Gbuta 3amMeueHa CTpaHHAs LIEIIOY-
Ka 13 [IBYX JeCITKOB HeOobIux KoMeT. PacueT mmokasas, uTo 3To ¢par-
MEHTBI OHOI KOMeTsl, ITposietasiieil psagom c lOmurepom B 1992 1. u pa-
30pBaHHOH Ha YaCTH NPUIMBHBIM 3PQPEKTOM ero MOIJHOTO IpaBUTaLU-
oHHoro nons. Cam snu3of pacnajga KOMeTbl aCTPOHOMBI He BUZe/H, a 3a-
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Puc. 4.12. ®parmentbl komeTb! LLiymeiikepos—/leu-9 (maii 1994 r.). ®oTto KocMUyecko-
ro Teneckona «Xa66s» (NASA).

CTa/Id JIWIIIb TOT MOMEHT, KOT/Ia IIel0YKa KOMETHBIX OCKOJIKOB «[1apOBO-
3uKOM» yaansuiack ot lOmutepa. Eciu Gbl He MPOM301IUIO paciasa, To KO-
Merta, nogsieteB K HOmurepy mo runep6omMUecKoil TpaeKTOPUH, 110 BTO-
poii BeTBU rurepOosbl yiia Obl BAA/b U, CKOpee BCero, 6oblie HUKOra
He cbmusunack 661 ¢ IOnurepom. Ho Teso KoMeThl He BbIZEPIKAIO TIPH-
JIMBHOTO HANpsDKEHWs W Pa3pylinuIoCh, a 3aTpara SHepruu Ha gedopma-
LIMIO ¥ Pa3pbIB Te/la KOMEThl YMEHBIIN/Ia KUHETHUECKYIO0 SHEPIUIO ee Op-
OUTAIHOTO [BYYKEHUS, TIEPEBEIS OCKOJIKU C TUIIEepOOIHUecKoi OpOUThI
Ha /UTUNITHYECKYIO, 3aMKHYTYIO0 BOKpyr HOnuTepa. PaccrosHue opOUThI
B TIEPUIIEHTPE OKa3asoch MeHblie paauyca lOnurepa, u B 1994 . ockor-
KU BPe3a/IMCh B [UVIAHETY OJIUH 3a IPYTUM.

OTKpbITHE
24 mapta 1993 r.

MakcumanbHoe
yAanexue ot lOnutepa
16 wiona 1993 r.

Pacnan

9 miona 1992 r. e et
. CronkHoBeHus

& 16-22 wiona 1994 r.

Puc. 4.13. Tpaekrtopus komertb! LLiymeiikepoB— JleBu-9
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Puc. 4.14. Cnepbi Ha no-
BEpPXHOCTU  aTmocdepbl
lOnutepa otr cTonKHO-
BEHMS C KomeTol 6binu
3aMeTHbl B TEYEHUEe He-
cKonbkux Mecsaues. Ha-
6niopenne 3a nocnep-
CTBMSIMM  3TOTO  peAKo-
ro KOCMMYecKoro cobbi-
WS BENM MHOTME Ha3em-
Hblé U KOCMMUYeCKue wuc-
cnegoBaTteNbckue  CTaH-
umu. Cepus CHUMKOB cpie-
naHa KOCMMYECKUM Tene-
ckonom «Xa66n» (nocne-
[0BaTeNbHOCTb KafpoB —
cripaBa HaneBo).

[powucirectBre 6110 rpaHAn03HOe. KaXk/aplil «0CKOI0UEK» KOMETHO-
rO sifipa — 3TO nefAsHas rabiba pasmepom 1+1,5 kM. OHU [0 OUepean Biie-
Tanu B arMocdepy MraHTCKOHN IIaHeThl co ckopocteio 60 km/c (BTO-
past KocMuuecKkass cKopocTb i HOmuTepa), obnazfast yaenbHOU KuHe-
TUueckoi auepruedd, B (60/11)*~30 pa3s Gosnbiieit, ueM ecu Obl 3TO ObI-
710 CTONKHOBeHMe ¢ 3eMiIeil. ACTpOHOMBI ¢ GOJIBIINM HHTEPecoM, Haxo-
nsicb B GesomacHOCTH Ha 3emse, HabMIOAAIM KOCMUYECKYIO KaTacTpo-
¢y na Omurepe. K coxanenuto, ockonku komeTsl 6unu B FOnuTep ¢ Toit
CTOPOHBI, KOTOPYIO He ObIJIO B 3TOT MOMEHT BUHO ¢ 3emu. K cuacTsio,
Kak pa3 B 3TO BpeMs Ha nyTu K lOnurepy 611 KocMuueckuii 3017 «[anu-
71e0», OH YBUZEN 3TU 3MU30/bI U TI0Ka3a/ UX HaMm. 3a cyeT ObICTPOro cy-
TOuHOro BpauieHus l0murepa 0671aCTH CTONKHOBEHMsI yepe3 HeCKOIbKO
YacoB CTAHOBUJ/IMCh JIOCTYITHbI U HA3€MHbBIM TeJIeCKOIaM, 1, YTO 0COOeH-
HO I[eHHO, OKOJIO3€MHBIM, TAKUM KaK KOCMUYECKUil Teneckor «Xab6:».
910 6BUIO OUEHD TT0/IE3HO, TIOCKOJbKY KasK/iast IIbi0a, Bpe3asch B aTMOC-
¢depy [Onurepa, BeI3bIBa/Ia KOTOCCATBHBIM B3DPbIB, pa3pyLIAOMIN BepX-
HUI 00/1aUHbII C/I0M U CO3/AI0INIMI HA HEKOTOPOE BPEMSI OKHO BHUIUMO-
ctH Briybb ronuTepuanckoi armocdepsl. Tak 6arogaps KOMeTHOH 6oM-
GapAMpPOBKE Mbl HEHA/IO/ITO CMOI/I TyZA 3ar/IIHyTh. Ho mporuio aBa me-
cAlla — ¥ HUKaKUX C/1e/[0B Ha 00/1auHON MOBEPXHOCTH He 0CTanoch: 00-
JlaKa 3aTSHY/IU BCe OKHA, KaK OYITO HMYero He MPOU3OIIIO.
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Puc. 4.15. ApusoHckuii meTeopuTHbIiit kpatep. ®oto: Stephen Alvarez.

MHoe neno — 3emns. Ha Hamell naHeTe MeTEOPUTHBIE LIpaMbl OCTa-
10TCa Hafonro. [lepes BaMu caMblii TONY/ISPHBIA METEOPUTHBIN KpaTep
nuameTpoM okorno 1 kM u Bo3pactoM okoso 50 Teic. et (puc. 4.15). On
BCe ellje xopouo BuaeH. Ho kparepsl, o6pasoBaBuivecs 6onee 200 miH
JIeT Hasa/l, MOXKHO HalTH /UMb C IIOMOIbI0 TOHKUX '€0/IOTMYeCcKUX Me-
TozioB. CBepxy X He BUHO.

Kcrary, ecTb 10BO/IBHO Ha/ie)KHOE COOTHOLIEHHE Mex/1y pasMepoM
yIaBlLIero Ha 3eM/II0 KPYIIHOrO MeTeopuTa M AuaMeTpoM o0pasoBaH-
Horo uM kparepa — 1:20. Kparep kunomeTpoBoro guameTpa B Apr3oHe
o6pa3oBajcs OT yaapa MaJeHbKOro acTepouja JuaMeTpoM okomo 50 m.
A B anekue BpeMeHa 110 3eMJie yaapsiii U Oosiee KPyIHbIe «CHAPSIAb —
Y KWJIOMETDPOBblE, U AaXke [JecSITHKUIOMeTpOoBble. Mbl 3HaeM CEerofHs
okoro 200 KpyIHBIX KpaTepoB; MX Ha3bIBAIOT acmpobremamu («Hebec-
HBIMU paHaMM») U K&X[IbIi rofi 0O0Hapy)KMBAIOT HECKOJIbKO HOBBIX. Ha
TeppuTopuu Poccun kpynHeimuii kpatep — Ilonurait B fAxytuy, nuame-
tpoM 100 kM. Vi3BecTHbI 1 Go/1ee KpymHble acTpo6/eMbl, HATIPUMeED K-
HoadpukaHckuit kpatep Bpepedopt auamerpom oxono 300 kM 1 Bo3pa-
CTOM OKOJIO 2 MJIPJ, JIeT WM ellle He W3y4eHHBIH KpaTep 3eMin YHTIK-
ca TOJ JIefsHBbIM MKUTOM AHTapKTH[BL, AUaMeTp KOTOPOTo OLieHHBAaeT-
cs B 500 kM. OH BbIsIB/IEH 110 AAHHBIM PaJUO0JIOKALUN U I'PaBUMeTpHYe-
CKUX U3MEPEeHUH.
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Ha noBepxnoctu JIyHBI, I7je HET HU BeTpa, HU JOXAS, i€ OTCYTCT-
BYIOT TEKTOHHUYECKHEe MPOLIeCChl, METEOPUTHBIE KpaTepbl COXPAHSIOTCS
MuIMapael et [7sas Ha JIyHy B TeecKoll, Mbl YNTaeM HCTOPHIO KOC-
Muyeckoit 6ombapaupoBku. Ha obpaTHoit ctopone — ere 6osee moses-
Hast Ui HayKu KapTuHa. [ToxoKe, 4To Ty/a 10 KaKOi-TO PUYKHE HUKOT-
[a He majanao 0coOeHHO KPYIHbIX Tes 100, najast, OHK He MOIJIH Ipo-
OUTB TYHHYIO KOPY, KOTOpast Ha 06paTHOM CTOPOHE BABOE TOJIIE, UeM Ha
BUAMMOIL. [103TOMY BbITeKaBIlIas /1aBa He 3aIl0/IHsAIA KPYIHbIE KpaTepbl
U He CKpbIBa/lia UCTOpHUecKue feraau. Ha mo6oM Ki1o4ke TyHHOU IO-
BEPXHOCTH €CTb METEOPUTHBII KpaTep, OOJIBIION HU/IN MaleHbKHiA, U UX
TaK MHOTO, 4TO 60J/iee MOJIO/{ble Pa3pyLIAIOT T€, YTO 0OPA30BAIUCH PaHb-
we. [Ipousomio Haceiuenve: JlyHa yxke He MOXeT cTaTb Ooree Kpare-
HMPOBAHHOM, YeM OHa eCTb; Be3fle KpaTepsl. M 3To 3ameuaresnbHas 1eTo-
nvch ucropuu COMHEYHOM CHCTEMBI: 110 Heil BbIe/IeHO HECKOIbKO 3IH-
3010B aKTUBHOTO KpaTepooOpa30BaHMUs, B TOM UHC/IE 3M0Xa TSKEIOH
MeTeopuTHOH Gombapauposku (4,1+3,8 Mpp et Haszaj), OCTaBUBIIAS
C/Ieibl Ha MOBEPXHOCTH BCEX IUIAHET 3€MHOr0 THIIA U MHOTHX CITyTHH-
KOB. [ToueMy OTOKM MeTeOpUTOB 0OPYIIMBAIMCh HA IUIAHETHI B TY 3I10-
XY, HaM ellle PeJICTOUT MOHATh. Hy)KHbI HOBbIE JaHHBIE O CTPOEHUH JTyH-

+ 430 °C

Puc. 4.16. Temneparypa Ha Mepkypun. [lanHble 30Haa «Meccenpxep» (NASA), 2008 r.
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HBbIX HEJIp U COCTaBe BellecTBa Ha pa3Hoi IyOvHe, a He TOJBKO Ha I10-
BEPXHOCTH, C KOTOPOU /10 CUX TOp ObuTi coOpaHbl 06pasiibL.

Mepkypuii BHelllHe NOX0X Ha JIyHY, IOCKO/IbKY, KaK U OH4, JIULIEeH
atMocdepbl. Ero kameHucTass noBepxXHOCTb, He TIOABEpKeHHas ra3oBoi
Y BOJHOM 3p03uH, JNUTeNbHOE BpeMs COXpaHsieT Cre[bl MeTeOPUTHOMN
6ombapaupoBku. Cpesy IaHeT 3eMHOro Tuma MepKypuii XpaHHT ca-
Mble cTapble reoJIorTuUecKue c1efibl Bo3pacToM okoso 4 mipp net. Ho Ha
[IOBEPXHOCTU MepKypHs HeT KPYIIHbIX MOpeH, 3all0JTHEHHbIX TEMHOU 3a-
CTBIBIIEH JIaBOM U IOXOXKUX Ha JIYHHbIE MOPSI, XOTSl KPYIHBIX Y/apPHBIX
KpaTepoB TaM He MeHbllle, 4yeM Ha JlyHe.

Pasmepom Mepkypuit mpuMepHO B monTopa pasa 6osbiie JIyHb, HO
cBoei Maccoit oH npeBocxoaut JIyHy B 4,5 pasa. [lenio B ToM, uto JlyHa —
MOYTH 1IeJIMKOM KaMeHHUCTOe Teslo, Torja Kak y MepKypusi UMeeTcs Or-
pOMHOE MeTa/UIM4ecKoe sIpo, COCTOsIlee, MO-BUJUMOMY, B OCHOBHOM
13 Kese3a U HUKess. Pajuyc s7pa coctassieT 0Komo 75% pajanyca Ia-
Hetbl (y 3emmn — nunib 55%), 06beM — 45% obbema mianeTst (y 3em-
m — 17%). [loatomy cpenHsas miaoTHocTs Mepkypus (5,4 r/cm®) moutu
paBHa cpeqHeil mrotHocty 3emnu (5,5 r/cM®) U cyliecTBeHHO MpeBoC-
XO[IUT CpeAHIO II0THOCTH JIyHbI (3,3 r/cm®). ViMes Gosblioe MeTaniu-
yeckoe gapo, Mepkypuii Mor Obl CBOEM CpefiHEe# TIOTHOCThIO MPEBOC-
XOUTh 3eMJIi0, ec/ii Obl He Masasi Cu/la TsDHKEeCTH Ha ero MOBEepXHOCTH.
MNmes maccy Bcero 5,5% 3eMHOi1, OH 00/71aaeT IOUTH BTPOe MEHbIIIel CH-
JIOW TSKECTH, KOTOpask He B COCTOSIHUM TaK YIJIOTHUTb ero Hezpa, Kak
YIUIOTHWINCh HeJpa 3eMH, y KOTOPOH Aake CUIMKaTHAas MaHTHUS MMe-
eT IJIOTHOCTb OKOJIO 5 r/cMm?.

Mepkypuil TPyAHO MCCI€0BaTh, IIOCKOIBKY OH JBMIKETCS OIH3KO
k ConHiy. Uto6bl 3amycTUTh K HEMY MeXXIUIaHETHBIH anmnapar ¢ 3emiy,
€r0 HY>KHO CUJIbHO 3aTOPMO3UTD, T. €. Pa30rHaTh B HANPaB/IeHUH, IPOTHU-
BOTIOJIOXKHOM OpOMTA/IbHOMY [BM)KEHHI0 3€MJIM: TOJIBKO TOT/A OH Hay-
HeT «najfaTbh» B cropoHy ComHua. CaenaTb 3TO cpasy C IMOMOILBIO paKe-
Tbl HEBO3MOKHO. [103TOMY B ABYX /[0 CHUX MOp OCYILECTBJEHHbIX IOJe-
Tax K MepKypuIo ObIIM HCII0/Ib30BAHbI IPABUTALIOHHBIE MAHEBPHI B I10-
ne 3emny, Beneprl u camoro Mepkypus A/ TOPMOXKEHHS] KOCMUYECKO-
ro 30H/a U TIepeBo/ia ero Ha opouty Mepkypusi.

Briepeble k Mepkyputo otnpasuics B 1973 r. «<Mapunep-10» (NASA).
OH crauana c6nusuics ¢ BeHepoit, mpUTOPMO3KI B ee rPaBUTALIIOHHOM
oJsie U 3aTeM TPYDK/bI mpomien BOmm3u Mepkypust B 1974-1975 rr. Ilo-
CKOJIbKY BCE TP BCTPEUM IIPOUCXOAMIN B OJHON U TOii e obsactu op-
OUTBI [IAHETEI, @ ee CYTOYHOE BpallleHHe CUHXPOHHU30BaHO C OpOHUTalIb-
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Puc. 4.17. Tpaektopus nonerta 3oHpa «MapuHep-10» ¢ rpaBUTaLMOHHLIM MaHEBPOM
okono BeHepbl.

HBIM, BCe TPM pa3a 30HJ (oTorpadupoBal OJHO U TO Ke MojyLlapue
Mepxkypus, ocewjeHHoe ConHIEM.

B TedeHue cnefyoIMX HECKOIbKUX AeCATUIETUH MoneToB K Mep-
Kypuio He 6buT0. Y TONbKO B 2004 T. ymanoch 3amyCcTUTh BTOPOU arima-
par — MESSENGER (Mercury Surface, Space Environment, Geochemis-
try, and Ranging; NASA). Ocy1uiecTBUB HECKOJIbKO IPaBUTALIMOHHBIX Ma-
HeBpoB BO/m3u 3emiu, Beneps! (qBask/p1) 1 Mepkypust (TprKbl), 30HA
B 2011 r. BbIIIEsT HA opbuTy BOKpyr Mepkypus U 4 roja Bes UCCIe/[0Ba-
HUSI TI7IaHEeThIL.

Pabora B6/M3K MepKypusi OCTIOXKHSIETCS TEM, UTO IUIaHeTa B CPeJi-
HeM B 2,6 paza 6mmxe K CorHIly, uemM 3emsis, TI03TOMY MTOTOK COTHEUHbBIX
nydeii TaM nouty B 7 pa3 Gosnbiue. be3 crernyanbHOro «COTHEYHOTO 30H-
THKa» 37IEKTPOHHAsI HauMHKa 30H/a neperpenach Obl. Ceifyac roTOBUTCS
TpeTbs 3KcheanuLus k Mepkyputo nos HasBaHueM BepiColombo, B Heit
YUaCTBYIOT eBpOIeilibl U AMOHLBL 3anyck HameueH Ha oceHb 2018 r. [lo-
JIETSAT Ccpasy [Ba 30H/a, KOTOPbIE BBIHAYT HAa OpOUTY BOKPYT MepKypus B
koHue 2025 r. mocse nponeta BO1u3u 3eMiy, IBYX MpoJeToB BOM3K Be-
Hepbl ¥ 1ecTy BO/m3u Mepkypus. Kpome neranbHOro ncciefoBaHust mMo-
BEPXHOCTH IUIAHETBI 1 ee IPABUTALIMOHHOTO 107151, HAMeYeHO ogpoOHOoe
n3ydyeHre MarHuTocdepbl ¥ MarHUTHOrO noss Mepkypus, npezacTaBis-
IOLIEro J71s1 YUeHbIX 3arajky. XoTss MepKypuil BpaljaeTcss O4eHb MeJJIeH-
HO, @ ero MeTa//InYecKoe Sipo [O/DKHO ObIJIO ABHO OCTBHITh U 3aTBep-
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Puc. 4.18. 3oHp «MecceHpyxep» BO Bpems OQHOTO U3 Ha3eMHbIX UCMIbITAHU.

JieTb, TUIaHETa UMeeT JUI0/TbHOe MarHUTHOEe I0Jjle, YCTyIarollee 3eMHO-
My 1o HanpspkeHHocTH B 100 pas, HO Bce e MoAAep KHUBarolee BOKPYT
m1aHeTbl MarHuTocdepy. CoBpeMeHHas Teopusi reHepalii MarHUTHO-
ro 1oss y HeGecHbIX TeJ, TaK Ha3plBaeMasi TEOpHs TYpOYJIEeHTHOro [u-
HaMmo, TpebyeT HalINUKs B Hepax IIaHeThI CI0sI KU/KOTO TIPOBOJHUKA
anextpuuecTsa (y 3eM/IM 9TO BHEIIHSIS YacTb >KeJIe3HOTO s/pa) U Cpas-
HUTEbHO ObICTPOro Bpauenwust. [1o kakoi mpuuune s1po Mepkypust 10
CHX IIOP OCTaeTCsl )KUAKUM, IIOKa He SICHO.

Y Mepkypust ecTb yAUBUTEIbHAsE 0COOEHHOCTDb, KOTOPOIi HET Oosblite
HU Y OJHOU maHeTsl. [[BrkeHre Mepkypus o opbure Bokpyr ConHia
Y ero BpallleHue BOKPYT CBOeH OCH YeTKO CMHXPOHM30BaHbI APYT C ApY-
rOM: 33 BpeMs JIByX OpOUTa/IbHbIX [IEPUOZIOB OH COBEpIIaeT Tpu 000po-
Ta BOKPYT OCH. BooObIiie roBops, ¢ CHHXPOHHBIM [IBH)KEHHUEM aCTPOHOMbI
ObUTM 3HAKOMBI [JaBHO: Haa JIyHa CHHXPOHHO BpalljaeTcsl BOKPYT OCH U
obparaercst BOKpYr 3eMIy, IePUO/IbI 3THUX ABYX JBIIKEHUI OJJHAKOBBI,
T. €. OHM HaxoA4Tcs B cooTHoweHuu 1:1. M y Apyrux nnaHeT HeKOTOpbIe
CIIyTHHUKY IEMOHCTPHUPYIOT TY )K€ 0COOEHHOCTD. DTO Pe3y/IbTaT AeiCTBUS
npuIuBHOTO 3ddexTa.
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Puc. 4.19. 3onp «Messenger» Ha opbute Bokpyr Mepkkypusi. Pucyrok: NASA.

Yro6el mpocenuThb 3a JBrkeHreM MepKypus, TOCTaBUM Ha €ro I0-
BEPXHOCTHU cTpenouky (puc. 4.20). BugHo, uto 3a ofuH 000pOT BOKPYT
ConHug, T. €. 32 OJUH MEPKYPUAHCKUI rof, I/IaHeTa NOBepHY/Iach BOKPYT
0CH POBHO MOATOpA pasa. 3a 3T0 BpeMsl ieHb B paiioHe CTPETKU CMEHUIICS
HOUbIO, MPOIIIA OJIOBMHA COTHEYHBIX CYTOK. Ellle ofiMH roguyHblii 060-
pOT — U B palioHe CTPesIKU BHOBb HACTYIAeT AeHb, UCTEK/IM OIHU COTHeY-
Hble cyTKU. TakuM 06pa3om, Ha MepKypUH COTHEUHbIE CYTKHU AJISATCS ABA
MepKypPHaHCKUX TO/ia.

[Togpo6HO TrOBOPUTH O IIpHU-
nvBax Mbl Oymem B riaBe 6. MmeH-

HO B pe3y/bTare MPUIUBHOIO BIIH-

siHUS co cTopoHbl 3emu JIyHa cHH-

XpOHM30Baja /iIBA CBOMX JIBHIKe-

HUs — OCeBOe BpallleHHe U opOu-

TanbHOe obOparieHue. 3eM/s O4YeHb

CH/IBHO BUAET Ha JIyHY: BHITAHYNA Puc. 4.20. Cxema opbuTanbHOro u cyrou-
ee urypy, crabumsuposana Bpa- Horo aBuxeHnii Mepkypus.
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) . ] v WAL 1 | o 2
Puc. 4.21. Yuactku nosepxHoct MepKypus, Ha KOTOpbIX BUAHbI YCTYMbl. 3TU «MOPLUN-
Hbl» BO3HUK/M OT B3aUMHOTO Ha/IBUraHMsi CNI0EB KOPbI NNaHEeTbI NPU OCTbIBAHUM U OKATUK
ee Hepp. Doto: NASA.

weHue. [Tockonbky op6uta JIyHsl 671M3Ka K KpyroBoH, JlyHa ABIDKeTCS
10 HEeH C MOYTH NOCTOSTHHOM CKOPOCTBIO Ha MOYTH MOCTOSHHOM PacCTo-
sHUU OT 3eMsiH (CTereHb 3TOTO «IIOYTH» MbI 00Cyskaanu B rase 1). [Toa-
TOMY TIPUIUBHBIN 3¢ deKT MeHseTcs cnabo U KOHTPOIMpPYET BpallieHre
JlyHbl BIOb Beelt OpOUTHI, MPUBO/AA K pe3oHaHcy 1:1.

B ormuune ot Jlynsl, Mepkypuii aBmxercss Bokpyr ComHIia o cyue-
CTBEHHO 3//IMITUYHOM OpOUTE, TO MPUOIIIKASICh K CBETHIY, TO YAA/ISAACH
or uero. Korga on pmaneko, B paiione adenvst opOUTHI, IPUIUBHOE BITH-
sare ConHia ocnabeBaert, MOCKOBKY OHO 3aBHCHUT OT PACCTOSIHMS Kak
1/R®. Korna Mepkypwuii npubnikaercss k CosHIly, IPUIUBBL JeHCTBYIOT
HaMHOTO CHJIbHee, T03TOMY JIULIb B obractu nepurenust Mepkypuit a¢-
(bEeKTUBHO CHHXPOHH3YeT /1B CBOMX ABM)KEHUS] — CYTOYHOE U OpOUTab-
Hoe. Bropoii 3akon Keriepa racur, 4to yrioBast CKOPOCTb OpOUTaIbHO-
ro [BWKEHHS MaKCHMa/bHa B TOUKe Nepurennd. FIMeHHO TaM Ipoucxo-
OAT «IPUIMBHBIM 3axBaT» U CUHXPOHM3aLMs YIVIOBBIX CKOpocTeill Mep-
KypHsl — CyTOUHOU M OpOUTANbHOM. B TOUKe mepurenns oHU B TOYHO-
CTU paBHbI APYT Apyry. [IBurasch fanblie, MepKypuii IouTu nepecraet
OlIyLIaTh NpUIKBHOe BausHUe COoMHIIA U COXpaHseT CBOIO YITIOBYIO CKO-
pOCTb BpallleHHs], OCTENEHHO CHIKAsl YIJIOBYIO CKOPOCTb OpOUTaIbHO-
ro aBrkeHust. [103TOMy 3a OAMH OpOUTA/IBHBII [IEPHOJ OH YCIIEBAET CAe-
J1aTh MOTOPA CYTOYHBIX 000POTa M BHOBb IOIAJAET «B JAMbl» MPH/INB-
Horo addexTa. OueHb npocTtas U Kpacupas Qpuanka.

[ToBepxHOCT, Mepkypusi IOUTH HeOT/IMUMMa OT JIyHHOH. [lake mpo-
(deccroHanbHble acCTPOHOMBI, KOIJja MOSBUINCH IepBble [eTalbHble
CHUMKHM MepKypus, MOKasblBa/ld UX APYT APYTY U CIpalIUBad: «A Hy-
Ka yragai, JlyHa 3To um Mepkypuii?». Yragath AeHACTBUTENIBbHO TPYAHO:
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Puc.4.22. Penbe Mepkypus. LiBeTa ycnoBHble (MoKa3biBatoT BLICOTY 3/eMEHTOB penbeda).

U TaM U TaM u30uTas MeTeopuTaMu MoBepxHOCTb. Ho ocobeHHOCTH, KO-
HEeYHO, ecTb. XOTS KpYIHbIe 1aBOBble MOpsl Ha MepKypuu OTCYTCTBYIOT,
€ro IMOBEPXHOCTh HEOJHOPOJHA: ecTb 0bnacTu Oosee crapele u Gosee
Mosozple (OCHOBaHUEM [/l 3TOTO CIYIKUT [OCYET METEOPUTHBIX Kpare-
poB). Ot JlyHel Mepkypuii OTIMYaeTCs U HaTWYMEM XapaKTePHBIX YCTY-
MIOB U CK/JI3/I0K Ha TIOBEPXHOCTH, BO3HUKILIKX B pe3y/bTaTe CKaThs Iia-
HeTbI IPU OCTbIBAHUM €€ OTPOMHOTO MeTa/UIN4ecKoro sApa.

[lepenaapl TemmepaTypbl Ha IIOBePXHOCTH MepKypus Oosblile, yeM
Ha JlyHe: B AHeBHble uyachl Ha akBarope +430°C, a Houbto —173°C. Ho
TPYHT MepKypus CyXUT XOPOIIUM TeIJIOU30/1TOPOM, I03TOMY Ha I/Ty-
Gune 0k0/10 1 M cyTOYHbIe (MU JBYXTOAMYHbIE?) IIepenajibl TeMIepary-
PBI y3Ke He YyBCTBYIOTCS. Tak uTo eciu Bbl IpueTuTe Ha MepKypuii, To
nepBoe, YTO HY>KHO CJie/1aTbh, — BBIPBITb 3eM/ISHKY. B Heil Ha skBaTope
6ynet oxosno +70 °C: sxapkosato. Ho B paiioHe reorpaduueckux momocoB
B 3emgHKe OymeT okono —70°C. Tak yto 6e3 Tpyma MOXKHO HANUTU reo-
rpaUuecKylo MUPOTY, Ha KOTOPOH B 3eMJISIHKE OKaXKeTCs1 KOM(POPTHO.

Camble HU3KHe TeMIlepaTypbl HAOIIOAAIOTCS Ha [HE TOISPHBIX Kpa-
TEepOB, Ky/la HUKOI/ia He MOIMa/ialoT COMHEeYHble Tyur. VIMeHHO Tam oOHa-
PY’KHIIMCh 3a/1eXK1 BOJSHOTO JIb/Ia, KOTOPbIe Hpex/e ObUIH «HallymaHbD
pazronokaropamu ¢ 3eMIiy, a 3aTeM MOATBEPIKAEHbI IPHOOpaMK KOCMU-
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Puc. 4.23. Mepypwii npy1 NOBbILLIEHHOM LIBETOBOM KOHTpacTe. XoTsl NOBEPXHOCTb MIAHEThI
BbIrNaaunT TeMHO-CePOﬁ, B ﬂeﬁCTBMTEHbHOCTM OHa UMeeT LBETOBbIE OTTEHKW.

yeckoro 3oHaa MESSENGER. [Ipoucxox/eHre 3TOro jbaa MokKa 00CyK-
naetcs. Ero uctouHrkamMu MOryT ObITh KaK KOMETBI, TAK U BBIXOJSALINE
Y3 HeJp IJIaHeTHI TTapEl BOJBL

LiBeT y Mepkypus ecTb, XOTSI Ha I[71a3 OH BBINJIAAUT TeMHO-cepbIM. Ho
€C/IM MOBBICUTH LIBETOBOM KOHTpAcT (Kak Ha puc. 4.23), To riaHeTa Ipu-
obpeTaeT KpacHBbIN 1 TAHCTBEHHBIH BU,

Ha Mepkypuu ecTb OAMH M3 caMbiX OOJBIIMX YAAPHBIX KPaTepoB
B Conneunoii cucteme — PaBuuna JKaper (Caloris Basin) auamerpom
1550 kM. Dto crnen ot ymapa acrepouja auamerpoM He meHee 100 km,
YyTb HE PAaCKOJIOBILETO Ma/eHbKYI0 mNiaHeTy. Clyumnoch 3TO OKOJO
3,8 MIIpA 71eT Hasaj, B IEPUO/] TaK HAa3bIBAEMOH «II03/IHeH TshKernol 6oM-
6apauposku» (Late Heavy Bombardment), koryia o He [0 KOHIIA MOHAT-
HBbIM [IPUYMHAM YBEIUYHIOCh YKC/IO acCTePOMIOB U KOMET Ha OpOuTax,
TiepeceKaroIinux OpOUTHI IaHET 3eMHOM TPYIIIbL

Korga B 1974 r. <Mapunep-10» cdotorpaduposan Pasuuny Kapsl,
MBI ellle He 3Ha/lHd, UTO M0JYYU/I0Ch Ha MPOTHUBOIO/IOXKHOM cTOpoHe Mep-
Kypusl II0CjIe 3TOr0 CTpAIIHOro yjapa. SIcHO, UTO ecld MO IIapy CTyK-
HY/IM, TO BO30Y)K/IAIOTCsI 3BYKOBbIE M [OBEPXHOCTHBIE BOJIHBI, KOTOPbIE
pacrpoCTPaHSIOTCS CUMMETPUYHO, IPOXOJAT uepe3 «IKBaTop» U COOH-
paroTCs B aHTUIIOAHOM TOYKe, [MaMeTPaIbHO IIPOTHUBOIOTIOKHON TOUKe
ynapa. BosmymeHve Tam cTaruBaeTcsl B TOUKY, U aMIUIATyAa ceficMuye-
CKUX KojebaHuil CTpeMHUTEbHO Bo3pacTaeT. DTO MIOX0Ke Ha TO, Kak I10-
TOHIIMKY CKOTA IIe/KAl0T CBOMM KHYTOM: SHEprusi U MMITY/IbC BOJIHBI
MIPaKTUYeCKH COXPAaHSIOTCS, a TOJIMHA KHyTa CTPEMUTCS K HYJIIO, I10-
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29 cenTabpa 2009 r.

Puc. 4.24. Kparep PaxmanuHos Ha Mepkypun.

3TOMY CKOPOCTb KO/eGaHWsl YBelTUUMBAeTCs U CTAHOBUTCS CBEPX3BYKO-
Boi. Oxkupanoch, uto B obnactd MepKypwus, IPOTHBOIIONOXKHOMN bacceit-
Hy Caloris, Oyzet kapTHHA HEBepOSITHOTO paspyliueHus. B obmeM, moutu
TaK ¥ OKa3aloCh: TaM OOHApyXu1ach OOIIMPHAs XOIMUCTasl 00/1acThb C
priieHOl TTOBEPXHOCTBIO, XOTS 1 OXKU/A/, YTO TaM OyZAeT KpaTep-aHTH-
noz. MHe npesiCcTaBsAI0Ch, UTO MIPU CXJIONBIBAHUM CeHCMUYECKOM BOTHBI
[POU30M/IET SIB/IEHUE, «3epKabHOE» MafleHuIo actepoua. Mer Habmoga-
€M 3TO IIpPH Na/IeHUM KaIlIi Ha CIIOKOKMHYIO IIOBEPXHOCTb BOABL: CHauana
OHa CcO3/[aeT MaJieHbKOe yIyb/ieHye, a 3aTeM Boja yCTpem/sieTcst obpar-
HO ¥ BBIKM/IbIBA€T HEDOOJBIIYI0 HOBYIO KaIuiio BBepx. Ha Mepkypuu ato-
TO He CJIyYW/I0Ch, U Mbl Tellepb IIOHMMaeM [10UeMy: ero HeJpa OKa3alnchb
HEOJHOPOAHBIMY, U TOUHON POKYCUPOBKHU BOJH He IIPOU30LILIO.

B niesiom penbed Mepkypust 6omee raaxuid, yem y Jlyusl. Hanpumep,
CTeHKM MepKypHaHCKHX KpaTepoB He Takue BblcOkue. OCHOBHas NPUYH-
Ha 3TOr0, BEPOSITHO, B OOJIbLIIE} CUJIe TSPKECTH U O0JIee TeIIbIX U MATKUX
Heznpax Mepkypus. K Tomy »xe Ha Mepkypuu 6071ee HHTEHCUBHOM 107K~
Ha ObITh METEOPUTHAS 3PO3Hsl, IOCKOJIbKY IIPOCTPAHCTBEHHAS! IVIOTHOCTD
Y CKOPOCTb IBWYKEHHSI METeOPOU/0B B OKPeCTHOCTH MepKypusd CyIecT-
BEHHO Bbl1lle, ueM BO/M3H JIyHbL B pe3yibTaTe yaapHOro UcliapeHns Mex-
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Puc. 4.25. O6nauHbiii nokpos
atmocéepbl Benepbl. OcHoBoi
ANs 3TOF0 CUHTETUYECKOro U30-
6paxkeHus cranu cHumku «Ma-
putepa-10» (NASA), nonyueh-
Hble B ONTUYECKOM U ynbTpadu-
0/1eTOBOM AWanasoHax Cnek-
Tpa. OnTnyeckuint pan pacnpe-
AeneHue uBeta, a ynbtpaduo-
NeTOoBbliA NO3BO/UA MOBbICUTbL
KOHTpAcT 1 Gonee YeTKo Bbige-
nutb petanu. O6paborka: Mat-
tias Malmer.

IJIAHETHBIX IIBUIMHOK U 60Jiee KPYIHBIX METEOPOUIHBIX YaCTHL], Hempe-
PBIBHO Na/]al0LIMX Ha [I0OBEPXHOCTb MepKypus, ero kpaiiHe pa3pe)xeHHas
sk30cdepa ITOCTOSHHO IOIOIHAeTCS ra3aMy U TapaMy MeTaslIoB.

Benepa — BTopas nyianeta ot ConHLa 1 camasi 3arajjouHasi u3 riaHeT
3eMHOM rpynmsl. HesCHO, KakOBO IIPOMCXOK/eHHe ee OUeHb IVIOTHOM art-
Mocdepbl, TOYTH LIeJIMKOM COCTOsIIIEeH U3 yraexucioro rasa (96,5%) u aso-
ta (3,5%) 1 obecneurBaromiell MOIIHbIM MapHUKOBbIH 3 dekT. Hemoust-
HO, moyeMy BeHepa Tak Me/ileHHO BpaljaeTcsl BOKpyr ocd — B 244 pasa
Me/i7leHHee 3eMJIH, U K TOMY JKe B IIpOTHBOIIOI0KHOM HarpasieHud. [Ipu
3TOM MaccuBHas atMocgepa Benepsl, a TouHee ee 06mauHblii C/I0M, 3a
YeTBepo 3eMHBIX CYTOK 001eTaeT BOKPYT [UIaHeTbl. DTO sIB/IeHIe Ha3blBa-
10T cyneppomayueii armocepsl. [Ipu aTom atMocdepa TpeTtcst 0 oBepx-
HOCTb II/IaHETBI U JaBHO [0/DKHA ObL1a OB IPUTOPMO3UTHCS, BE/lb HE MO-
JKeT OHa JI0/IT0 ABUTaThCsl BOKPYT IIaHeThbl, TBEpJ0e Tesl0 KOTOpOoit npa-
KTHYeCKU CTOUT Ha MecTe. Ho atmMocdepa BpaiaeTcs, /ja ellje 1 B Harpas-
JIeHUH, IPOTHBOII0/IOKHOM BpAaIlleHHI0 caMoi MaHeTsl. [IoOHATHO, YTo OT
TPEeHHUsI O IOBEPXHOCTb 3Heprusi arMocdepbl PaCCeUBaAEeTCs, & €€ MOMEHT
VIMITy/IbCa NIepe/iaeTcsl TeMy IUIaHeThl. 3HAUMT, eCTh IPUTOK 3HEPruu (oue-
BU/IHO — COJIHEYHOI1), 3@ CUeT KOTOpOil paboTaeT TerioBas MaiuHa. Bo-
Ipoc: Kak peann3oBaHa 3Ta MamrHa? Kax sneprus ConHua TpancopMu-
pyeTcs B ABID)KeHUe BeHepUaHCKoN aTMocdepbl?

M3-3a MepaneHHOro BpaleHs: BeHepbl KOPUOIMCOBBI CUMBI HA Hell
cnabee, ueM Ha 3emie, TIOITOMY aTMOC(EepHbIe LIUK/IOHBI TaM MEHee KOM-
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Puc. 4.26. Cnyckaemblii annapar cepum «Benepa»

nakTHsl [1o cyTH, UX Bcero ABa: OAKUH B CEBEPHOM I10JyIIApUHU, APYTOii B
10)KHOM. Kark/iplit M3 HUX «HamaTblBaeTcsi» OT 3KBaTOpa Ha CBOM IOJIOC.
BepxHue €104 BeHePUAHCKOH aTMOCQepbl JeTaJbHO HCCAe[0BalId
HposieTHbIe (B Mpoliecce PaBUTALIOHHOTO MaHeBpa) U OpOUTasbHbIE
30H/Ibl — aMepUKaHCKUe, COBeTCKUe, eBPONeCKUi U arnoHCckuil. Annapa-
ThI cepuu «BeHepa» B TeueHue HeCKONbKUX AeCITUIeTUI 3arycKaau Tyaa
COBETCKYe MHKeHepbl, ¥ 3T0 ObUT CaMblil YCIIeNIHbIN HALll IPOPBIB B 061a-
CTH MCC/Ie[JOBaHKs IUIaHeT. [71aBHOM 3a/jaueli ObUIO TOCAJUTh Ha IIOBEPX-
HOCTb CITyCKaeMblii armapat, 4YToObl IOCMOTPETb, YTO TaM 110/ 00/1aKaMu.
KoHCTpyKTOpBI epBbIX 30H/0B, KaK U aBTOPbI HayYHO-(paHTacTude-
CKUX MTPOM3BEJIeHUH TeX JieT, OpUeHTUPOBA/INCh Ha Pe3y/IbTaThbl ONTUYE-
CKUX ¥ pPaJr0aCTPOHOMHUYECKMX HAOJIO/IEHHUH, U3 KOTOPBIX C/IeL0BAIIO,
uto BeHnepa — 3T0 Gosiee TerUbli aHAIOT Halle riaHeTbl. IMeHHO moa-
ToMy B cepenuHe XX B. Bce daHTacTel — OT bensiea, Kasaunnena u Ctpy-
raukux 70 Jlema, Bpan6epu u XaitHnaitHa — mpejcTaBassid BeHepy Kak
HEroCTENPUUMHBIHN (MKapKUii, GOTIOTHUCTBIH, C AMOBUTON arMocdepoit), HO
B 11€JI0M MO06HbIHM 3emse Mup. [1o 3To# e MpUUKHe MepBbie M0Ca0U-
Hble annapaTbl BeHepHaHCKUX 30HJOB JleJlald He OUeHb IIPOYHBbIMH, He
CHOCOGHBIMU COTIPOTUBIATBCS GonblIoMy JaBreHuto. U onu rubny, cy-
cKascb B aTMocdepe, OAKH 3a JPyrUM. 3aTeM UX KopIlyca CTalu JenaTb
MIOKperye, ¢ pacueToM Ha jJaBieHue B 20 arMocdep, HO U 3TOr0 OKasa-
nocb Maino. Toraa KOHCTPYKTOPB, «3aKYCUB YAW/Ia», CO3[4a11 TUTaHOBBIN
30H/, Bbiep)KuBatoLIyii naBnenue B 180 atM. U oH 671aronosnyuHo cen Ha
noBepxHOCTh («BeHepa-7», 1970). 3ameTum, UTO [aneKo He KaxKaas Moj-
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Puc. 4.27. Chumku nosepxHocTu BeHepbl, caenanHble annapatom «Benepa-14».

BOJIHAsI JIOZIKA BbIJIEP)KUBAET TaKoe JaBJIeHue, lapsiiee Ha ITyOHHe OKO-
710 2 KM B OKeaHe. BbIsICHU/IOCD, UTO y NOBEPXHOCTH BeHeprl fnaBieHue
He omyckaetcst Huke 92 atm (9,3 MIla, 93 6ap), a Temneparypa cocras-
nsert 464 °C.

C meuToit 0 roctenpuuMHOIl BeHepe, oxoskeit Ha 3eM/II0 KAMEHHO-
YTOJIBHOTO TIepUO/a, ObI/I0 OKOHYATebHO MOKOHYeHO MeHHO B 1970 r.
BriepBble anmapar, paccuMTaHHBIA Ha Takue ajckue yciosus («Bene-
pa-8»), ycrelHo onyctuics ¥ paboran Ha noBepxHocTd B 1972 1. C 3T0-
rO MOMEHTa I0CaIKU Ha MOBEPXHOCTb BeHephl cTanu pyTUHHOM onepa-
LMeit, OZIHAKO JI0/r0 mopaboTaTh TaM He yjaaercs: uepe3 1-2 yaca BHYT-
PEeHHOCTD amnrapaTa HarpeBaeTcs U 3/71eKTPOHHUKA BBIXOAUT U3 CTPOSL.

[lepBble HMCKycCTBeHHbIE CIYTHUKU MOSBWINCH y Benepel B 1975 .
(«Benepa-9 u -10»). B 1iesiom upe3BbIUaiiHO yaa4yHOM Oka3anach pabora
Ha II0BepxXHOCTY BeHepsl criyckaeMbIx anmapaToB «Benepa-9...-14» (1975-
1981 rr.), u3yuuBLIKX KaK aTMOC(epy, TaK U IIOBEPXHOCTD IIJIAHEThI B Me-
CTe MOCaKH, CYMEBIINX AK€ B3Th IIPOOBI TPYHTA U OMPEIETUTD €r0 XU-
MUYECKUI COCTaB U MexaHuueckue cBoiicTBa. Ho Haubonbumit apdext
cpesy MOKJIOHHUKOB aCTPOHOMHUHM M KOCMOHABTHKH BbI3Ba/IMU Iepe/aH-
Hble UMM (OTONAaHOpPaMBbI MECT MOCA/IKY, CHauaua 4epHo-Oerble, a 1mo3-
ke — 11BeTHbIe. Keraty, BeHepraHcKoe HeOO0 TpH B3IIsIie C IOBEPXHOCTH
opamxkeBoe. Kpacuso! [lo cux mop (2017 1.) 3T CHUMKU OCTAIOTCS €/IMH-
CTBEHHBIMHU U BBI3bIBAIOT Y [IAHETOIOTOB GO/IbIION HHTEpec. VX mpoaos-
»KarT 00pabaThiBaTh U BpEMs OT BpEMEHH HaXO/IST Ha HUX HOBBIE [IETallH.

CymiecTBeHHbIH BK/Iafl B U3y4yeHue BeHepnl B Te oAbl BHEC/Ia U aMe-
pUKaHCKass KOCMOHaBTHKa. [IposeTHble ammapatbl «MapuHep-5 u -10»
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Puc. 4.28. N3obpaxenus, nepepantbie «Benepoii-13» 1 mapra 1982 r. (cnesa) u «Bene-
poii-14» 5 mapta 1982 r. CnycTs fecaTKn neT yaanocb UCNPaBUTb UCKAXKEHHYHO Nepcnek-
TUBY 1 CMArYMTb KOHTpAcT. Ho cnepyet yuecTb, 4To 3T1 306 paXeHnsi MO3anuHbI: HIKHSS
yacTb Kafpa B3sTa U3 CepefiMHbl NAaHOPaMbl, @ AaNbHSAS YacTb, AE BUAEH TOPU3OHT — C Kpa-
eB. 310 pabota [lona Mutuenna (Don P. Mitchell), mentallandscape.com/V_Venus.htm.

v3yuany BepxHHe ciou atmocoepsl «[luonep-Benepa-1» (1978 1) cran
NepBbIM aMepUKaHCKUM CITyTHUKOM BeHepbl U IpoBesn pafuosoKaiu-
oHHble u3MepeHus. A «[InoHep-Benepa-2» (1978 r.) mocnan B atMocdepy
I1aHeThl 4 CIyCKaeMbIX armapara: oguH Oosbiioii (315 Kr) ¢ mapario-
TOM B 3KBaTOPHA/IbHYIO 00/1aCTh JTHEBHOTO MOJTYIIAPUS U TPU MasbIX (110
90 kr) 6e3 mapauioToB — B CpefiHKe LIMPOTHI U Ha CeBEP JHEBHOTO IO/Y-
mapus, a Takke Ha HOUHOe nonymapue. Hu onun 13 Hux He co3nasancs
I/1s1 paboThl HAa MOBEPXHOCTH, OHAKO OJMH M3 MasbIX ammnaparos Oma-
roronyuHo npusemancs (6e3 naparuioral) ¥ npopaboran Ha MOBEpPXHO-
ctu bonee yaca. TOT cyyail MO3BOMISET MOYYBCTBOBATh, HACKOIBKO Be-
JIMKa IJIOTHOCTb aTMocdepsl y noBepxHocTH BeHnepbl. ATMocdepa Bene-
pbl noutu B 100 pa3 maccuBHee 3eMHOH, a ee IVIOTHOCTb y TOBEPXHOCTH
coctasnseT 67 kr/mM% uTo B 55 pa3 IJIOTHee 3eMHOTO BO3/yXa U JIMIIb B
15 pa3 ycTynaeT IJIOTHOCTH XKUJIKOM BOJIBL.

BecbMa HenpocTo ObUIO CO3AaTh IPOYHBIE HAYYHbIE 30H/bl, KOTOpbIE
BBbIJIEP’KMBAIOT [laB/ieHle BeHepUaHCKOM atMocdephl, Takoe ke, KaKk Ha
KWJIOMeTPOBOH IyOrHe B 3eMHbIX OKeaHax. Ho erie cioskHee ObU10 3acTa-
BUTb UX IIPOTUBOCTOSITh OKpY»Karoliell remneparype (+464 °C) mpu cromb
IJIOTHOM Bo3pyxe. [IoTok Temsia CKBO3b KOPIyC KONOCCATbHbIH, O3TOMY
JlaKe camble HafleXKHbIe armaparsl pabotany He 607ee IBYX yacoB. YToObI
CKOpee OIyCTUThCSI Ha MMOBEPXHOCTb ¥ NMPOAJIUTh TaM paboTy, «BeHepoi»
B XO/i€ TI0Ca/IKK cOpachIBa/IM MAPAIIOT U MPOAO/IKAIM CITYCK, TOPMO3SICh
JIAIIb HEOOJTBIINM IIMTKOM Ha CBOEM KOpITyce. Yaap O IIOBEPXHOCTD CMSIT-
Yaso crenyanbHoe JeMn@upyoliee yCTPOMCTBO — MocafoyHas ornopa.
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Puc. 4.29. Cxema npoekra «Bela».

KoHcTpykuus okasanach HaCTOMBKO yaa4yHOH, uto «Benepa-9» 6e3 mpo-
671eM cesla Ha CKJIOH C HaK/IOHOM 35° ¥ HOpMasbHO paborasa.

Taxve maHopamsl Benepe! (puc. 4.27) nmy6nuKoBanuch cpasy IHocie
WX TOTy4YeHus. 3/1eCb MOXKHO 3aMeTUTh J00O0MbITHOE coObiTHe. Bo Bpe-
Ms CITyCKa KaX[IyI0 Kamepy 3allilasna MoIuypeTaHoBas KPhIIIKa, KOTO-
past mocsie Mmocajiki OTCTpenuBasaach U nafana BHU3. Ha BepxHeM CHUM-
Ke 9Ta Oenast MOMYKpyI/ias KpPhIIIKa BUHA Y [T0CAJJ0UHOM OIOPBL A rjie
OHa Ha HWXHeM cHUMKe? JlexxuT neBee LeHTpa. ViMeHHO B Hee, pac-
IPAMJISISICh, BOH3H/I CBOM MPOOHUMK MPHOOD /s U3MepeHus: MexaHuue-
CKUX CBOMCTB rpyHTa. iamepuB ee TBepAOCTb, OH NOJATBEPUI, YTO 3TO
nonuyperad. [Ipubop, Tak ckazarh, ObIT UCIIBITAH B MTOJIEBBIX YC/IOBHUSAX.
BeposTHOCTB 3TOr0 MevanbHOro COObITUS Obla GIM3KA K HY/TIO0, HO OHO
npousomo!
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YunTbiBas BBICOKOE asbOesno
BeHepbl 1M KOJIOCCaJbHYIO IIJIOT-
HOCTb ee aTMocQepbl, y4yeHble
COMHEBA/INCh, YTO Y IOBEPXHO-
cti OyeT JOCTaTOYHO COMHEYHO-
ro cBera /151 pororpadupoBaHusl.
K Tomy xe y AHa rasoBoro oke-
aHa Benepnl BIO/THE MOT BHUCETb
IVIOTHBIA TyMaH, pacCerBalOLIMi
COJIHEYHBIM CBET W He IO3BOJIAIO-
LIUH [OJIyYATb KOHTPAaCTHOE HU30-
Opaxkerue. [loaToMy Ha MepBbIX
MOCaIoUHbIX annaparax CTaBU/IN
rajloreHHble PTYTHbIE JIaMIIbl JJIs
OCBELIEeHUS IOYBbl U CO3[AHUS
cBeToBOro koHrpacra. Ho oxasa-
JIOCh, UTO EeCTEeCTBEHHOTO CBeTa
TaM BIIOJIHE AOCTaTO4HO: Ha Be-
Hepe CBeT/0, KaKk B MacMYpHBbIH
feHb Ha 3emie. M KoHTpacT mpu Puc. 4.30. Aspocrat B aTmocepe Benepbl.
eCTeCTBEHHOM OCBEeIlleHUU TOXe Pucynox: ESA.

BIIOJTHE NTPHEeMJIEMBIH.

B okrsabpe 1975 r. mocagounble ammapatel «Benepa-9 u -10» ue-
pe3 cBou opbuTanbHble GI0KM Iepefaayd Ha 3eMI0 IepBble B HCTO-
pUH CHMMKH NTOBEPXHOCTH JIPYroil IJIaHeThl (ecnu He OpaTh B pacyer
Jlyny). Ha nepBblii B3M/1s] MepCIeKTHBA Ha 3TUX ITaHOpPaMax BBIMIAIAT
CTPaHHO MCKa)XEHHOW: IPUUMHON CTYXKUT MOBOPOT HANPaB/IEHUSI CheM-
K{. DTU CHHUMKH IOJy4eHbl TenepOoTOMETPOM (ONTHKO-MeXaHUUECKHUM
CKaHEepOM), «B3IJIsI» KOTOPOrO MeZJIeHHO MepeMelancss OT TOPU30HTa
TNIOZI, «<HOTW» ITOCA/I0YHOTrO anmnapara 1 3aTteM K ApYroMy TOpU30HTY: MONy-
yanach pa3Beptka Ha 180°. [IBa TenedoroMeTpa Ha IPOTUBOIMOIOMKHBIX
6oprax amnmapara JOJDKHbI ObIIHM [aTh MOJHYIO MaHopamy. Ho KpbIIIKu
Ha 00bEeKTHBAaX OTKPBIBAIMCH He Beerna. Hanpumep, Ha «Benepe-11 u -12»
He OTKPbLIaCh HU OJ{HA U3 YeTbIpex.

OpnuH 13 Hanboee KPacUBbIX HKCIIEPUMEHTOB 10 UCC/Ie0BaHUIO Be-
Hepbl ObUT IIPOJIE/IaH € MOMOIIbI0 30H0B «Bela-1 u -2» (1985 r.). Vx Ha-
3BaHue pacmn@poBbiBaeTcs Kak «BeHepa—Ilanneil», MOCKOIbKY IOCe
OTZe/IeHHs CIyCKaeMbIX allapaToB, HallpaBIeHHBbIX K IIOBEPXHOCTU Be-
HEPbI, [10JIETHbIE YaCTH 30H/0B YIIIU UCCIIeA0BaTh AP0 KOMeThl [annes
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Puc. 4.31. Paguokapra Benepsbi (<Marennan», NASA). lony6bim nokasaHbl HI3MEHHOCTH,
3€/1EHOBATO-)KENTbIM — CPeHNIA ypOBEHb, KpacHoe 1 (ocobeHHo) Genoe — ropeil.

U BIIepBbIE YCIIEIIHO 3TO cAenanu. [locasouHble ammapaTsl ObUTH TOXeE
He COBCeM OOBIUHBIMM: [JIaBHAs YacTh almapara CaJuiach Ha MOBepX-
HOCTb, a IIPY CITyCKe OT Hee OT/eNs/ICSd adpocTar, U3rOTOB/IeHHbIH ppaH-
IIy3CKUMU MH)KeHepaMU, KOTOpBbIf OKOJIO ABYX CYTOK JIeTal B aTMocde-
pe Beneprr Ha BricoTe 53—-55 KM, IepesiaBas Ha 3eMJIIO IaHHBIE O TeM-
nieparype, JaB/aeHNUY, OCBEIeHHOCTH U BUAUMOCTY B obnakax. Braroga-
ps1 MOLIIHOMY BETpY, AYIOLIEMY Ha 3TOH BbICOTE CO CKOPOCThIO 250 KM/u,
aspocTarhl yCrenu 001eTeTb 3HAYUTEbHYI0 YacThb ITAHEThL

Ha doTtorpadusx ¢ MecT ocaaky BUJHBI HUIIb HeOOIbIIINE YUaCTKN
BeHepHaHCKO I0BEepXHOCTU. A MOXKHO /11 YBU/ETb BClO BeHepy ckBO3b
obnaka? Moxxno! Pagronokarop BuauT ckBo3b obnaxa. K Benepe neranu
[IBa COBETCKHX CITyTHHKA C paJHo/IoKaTopaMu GOKOBOro 0630pa U O1H
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Puc. 4.32. Ha stom yuacr-
Ke paanokapTbl Benepbl
BU/IEH BY/IKaH.

amepuKaHCKui. [1o ux HabIIOeHUIM COCTaBJIeHbl PafuoKapThl Bene-
pbI C BeCcbMa BBICOKUM paspelieHreM. Ha obiieil kapTe ero TpyiHo mpo-
NIEMOHCTPUPOBATh, HO Ha OT/JE/IbHbIX (parMeHTax KapTbl OHO SICHO BU[I-
Ho. IBeTOM Ha pajroKapTax MoKa3aHbl YPOBHU: rony00it U CUHUH — 3TO
Hu3MeHHOCTH; Oy/p Ha BeHepe Boza, 310 Obiin Obl OKeanbl. Ho sxukas
BOfia Ha BeHepe cyiecTBOBaTh HE MOXKET, [Ia ¥ ra3000pasHoii BOZIbI Tam
[PAKTUYECKH HET. 3eJIeHOBaThble U JKeITOBaThle 00/1aCTH — 3TO KOHTH-
HeHThI (Ha30BeM ux Tak). KpacHoe u Gesioe — cambie BHICOKHE TOUKH Ha

BerHFIFI rpaxHuua obnakos

PacnnaenenHoe
XENEe3HO-HUKENeBoe

ALPO

Buaumas ¢ 3emnu ¥
BHELUHAS NOBEPXHOCTb \
atmocdepl

Puc. 4.33. Crpoenune Benepbl. Hap noBepxHOCTbIO NnaHeTbl NpoCTMpaeTcs nnoTHas 06-

nayHas atmocdepa, BepxHsist rpaHnua 061akoB NpoxoauT Ha Bbicote 65—70 km. BewHss

BUAMMAs C 3eMAN «NOBEPXHOCTL» aTMocdepbl xapakTepusyetcs Hanbonee peskumu Tem-
neparypHbiMu Konebannamu.
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Teepnoe aapo (mMeTannbi) Puc.4.34. CrpoeHue 3emnu.
KoHBeKTUBHbIE NOTOKM B pac-
Kunkoe snpo NNaBNeHHOM BeLeCcTBe MaH-
(metannbt)
TMM 06ecneunBaoT MarHUTHoe
nose nnaHeTbl.

Teeppas
Kopa

lMnactnyHas
MaHTUA

Benepe, 310 BenepuaHckuii «Tubet» — camoe BBICOKOE IIaTo. Bricouaii-
11asl BepiirHa Ha HeM — ropa MakcBessn — Bo3BbIlaeTcst Ha 11 k.

BeHepa By/KaHMUeCKU aKTHBHA, aKTHBHee, YeM CErOJHSIIHSSA 3eM-
7151, DTO He coBceM MoHATHO. B HoBocbupcke paboTaeT n3BeCTHBbIH reo-
nor, akageMuk Hukonait JleoutbeBuu J[0OpEIOB, y HETO UMEETCS UHTe-
pecHast Teopys 1o oBoAy 3Boounu 3emau U Beneper (https://scfh.ru/
papers/venera-vozmozhnoe-budushchee-zemli/).

O Hezpax BeHepsl, 0 ee BHyTpeHHEM CTPOEHUU HafleKHbIX (PaKTOB
HEeT, IOCKOJIbKY CceliCMUUYecKre MCCIeloBaHUs TaM /10 CUX IOp He Mpo-
BoAuIMCh. K TOMy ke MeJyIeHHOe BpallleHHe IIJIaHeThl He [T03BOJIsIeT U3-
MepUTb ee MOMEHT MHEPLIMY, KOTOPbIi Mor Obl pacckas3arb O pacupeje-
JIEHUU IUIOTHOCTH € TyOrHO#. [Toka TeopeTryeckye mpejcraBaeHus 6a-
3UpYIOTCS Ha cxozicTBe BeHepsl ¢ 3emsieii, a BUAMMOe OTCYTCTBHE TEKTO-
HUKU [UTUT Ha BeHepe 00bsICHsIETCST OTCYTCTBHEM Ha Hell BO/ibl, KOTOpast
Ha 3emJie CYXXUT «CMasKO0ii», MO3BO/ISIS IUVIUTaM CKOJIb3UTh U TIOAHBIPU-
BaThb APYT NOA Apyra. Bkyme ¢ BbICOKOH TeMIepaTypoi IOBEPXHOCTH 3TO
NPUBOAUT K 3aMeJIeHUIO WU JiaXke IIOJTHOMY OTCYTCTBUIO KOHBEKLMU
B Tesle BeHepsl, CHI)KaeT CKOPOCTb OXJIAXK/IEHUS ee HeJlp U MOXKET 00b-
SICHUTb OTCYTCTBHE y Hee MarHUTHOTO 1107151. Bce 3TO BBIITISIAUT JIOTUYHO,
HO TpeOyeT 3KCIeprMeHTalbHON TPOBEPKH.

Kcraty, o 3emie. [TogpobHo 06cyxaath TpeTbio oT ConmHIa IUIaHeTy
He Gy/y, TOCKO/BKY 1 He reosior. K ToMy jke Kask/iblii U3 Hac nmeer obiiee
IpezicTaB/lIeHre 0 3eMJle Jake Ha OCHOBe LIKO/bHbIX 3HaHUiL. Ho B cBs-
31 C U3y4eHHeM JIPyTUX IUIaHeT 3aMevy, UTO U Hefipa CBOeH I1aHeTbl HaM
MIOHATHBI He [0 KOHIA. [109TH Ka)kbIi roj] TPOMCXOAST KPYIIHbIe OTKPbI-
THsI B T€0JIOTHH, OO 0OHAPY)KUBAIOT [Ja’ke HOBbIE C/IOU B Hepax 3eM-
JIY, OJHAKO MBI 10 CUX IOP TOYHO He 3HaeM TeMIepaTypy B sfpe CBoeil

114 4. MnaHeTbl 3eMHOW rpynmbl



riaHeTsl. [TocMoTpuTe CBeXre 0630pPbl: HEKOTOPbIE ABTOPI CUUTAIOT, UTO
TemIlepaTypa Ha rpaHuie BHyTpeHHero szpa oxono 5000 K, a gpyrue —
yto 6omee 6300 K. DTo pe3sy/bTaThl TEOPETHYECKUX PACUETOB, B KOTOPBIX
(UTypUPYIOT He BIIOJIHe HaJieXXHble IapaMeTpbl, ONMCbIBAIOIIKEe CBOMUCT-
Ba BelllecTBa IIpY TeMIlepaType B ThICSIUM KeJbBUHOB U JJaBlIeHU! B MUJI-
nmoHbl 6ap. [Toka aTu cBocTBa He OyAyT HaZleXKHO U3yUeHbl B 1aboparo-
PUH, TOUHBIX 3HAHUH 0 Hepax 3eMJIu Mbl He TTOTyUrM.

YHUKaIBHOCTh 3eMJTH CPeMIU MOO0OHBIX eif TTaHeT COCTOUT B HaIH-
YUY MarHATHOTO I10JIs1 ¥ XKU/KOY BOZIbI Ha IOBEPXHOCTH, IIPUUEM BTOPOE,
M0-BUAVMOMY, SIB/ISIETCS C/IeAICTBHEM I1epBOro: Maruutocdepa 3emu 3a-
IMIaeT OT IOTOKOB COJIHEYHOIO BeTpa Hally atMocdepy U, Onocpeso-
BaHHO, ruaipocdepy. [1/1s1 reHepaliiy MarHUTHOTO OIS, Kak ceifuac mpes-
CTaBJIseTCs, B HEJ[paXx [IaHeThl JOKHBI ObITh KUIKUHN 3JIEKTPOIPOBO/IA-
K C/IOH, OXBAueHHbIM KOHBEKTUBHBIM [IBWXKEHUEM, U OBICTPOE CyTOY-
HOe BpallleHre, obecreurBaoliee KOPUOIUCcoBy cuy. TOMbKO MpU 3THUX
YCIOBUSIX BKJIOYAeTCs AUHAMO-MEXaHU3M, YCWIMBAIOMUKA MarHUTHOE
nosne. BeHepa mpakTHuecku He BpallaeTcsl, IO3TOMY y Hee HeT MarHurT-
Horo nosnis. JKenesHoe s4po y ManeHbKOro Mapca JaBHO OCTBIJIO U OTBep-
JleJ10, TO3TOMY OH TaK»Ke JIMIIeH MarHuTHOro mosst. Mepkypuii, kazanoch
6bI, OUeHb MEJIJIEHHO BpalaeTcs ¥ JO/KeH OblT OCTHITh paHbiite Mapca,
HO BIIOJIHE OLIyTHMOE JUIIOJIbHOE MarHUTHOE I0JIe C HalpsKeHHOCThIO
pa3 B 100 ciabee 3emHoro y Hero ectb. [Tapagokc! OTBETCTBEHHBIM 32 IO/
Jlep>KaHue jKe/le3Horo spa MepKypus B paciijiaBJIeHHOM COCTOSIHUU Ceid-
yac cuuTaetcs npuirBHoe BausHue ConHua. [IpoiinyT Munnuapasl ser,
OCTBIHET U 3aTBEP/IEET XKesle3Hoe
A1po 3eMuy, JIMIIUB Hamly I/1a-
HEeTy MarHUTHOM 3aIlUThI OT COJI-
HEYHOro BeTpa. Ml equHCTBEHHOM!
TBEP/OM IJIaHETOU C MaTHUTHBIM
Mo/IeM OCTaHeTcsl, KaKk 3TO HU
CTpaHHO, Mepkypuii.

A rereps obpatumcs k Map-
cy. Ero BHemHuii Buz cpasy xe
IpUBJIeKaeT Hac MO [ABYM MpU-
YyyHaM: Jake Ha Qororpadusx,
MOSTyYeHHbIX U3Jja/ieKa, BUAHBI
Gesble MOMSPHbIE IIANKK U TI0-

nynpospayHas atMocdepa. DTO  Ppyc, 4.35. Mapc. DoTo KocMUuecKoro Tene-
porHuT Mapc ¢ 3emuiei: monsip- ckona «Xa66n», pespans 1996 .
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Mapc

— lMepurenuit

Puc. 4.36. MpotusoctosiHua Mapca.

Hble IIANKY{ POXK/AIOT MBIC/Ib O HaJIMYMU BOABL, a atMocdepa — O BO3-
MOXXHOCTH AbixaHudA. M xoTa Ha Mapce ¢ Bofol U BO34yXOM He BCE Tak
6/1ar0MoyYHO, KaK Ka)XeTCs Ha TepBbIi B3IJIsA, 9Ta IUIaHeTa AaBHO MpH-
BJIeKaeT uccrefoBaTesneil.

Panbllie acTpoHOMBI U3y4yanu Mapc B Teseckol U MO3TOMY C HeTep-
MIeHHeM O)KMJjali MOMEHTOB, Ha3bIBaeMbIX npomusocmosaHusmu Mapca.
YT0 %€ 4yeMy B 3TU MOMEHTbI IPOTUBOCTOUT?

C TOYKY 3peHust 3eMHOT0 HAOJIIOAATeNsI B MOMEHT IPOTUBOCTOSIHHUS
Mapc oxa3biBaeTcs 110 OJHY CTOPOHY 0T 3emy, a ConHile — Mo Jpyrylo.
[ToHATHO, YTO UIMEHHO B 3TH MOMEHTHI 3eMJ1sl 1 Mapc cOMmxaroTes Ha MU-
HUMaJIbHOe paccTosiHue, Mapc Bu/eH Ha Hebe BCIO HOYb 1 XOPOIIIO OCBe-
eH ComnHuem. 3emiis fenaet cBoit o6opot Bokpyr CosHila 3a rog, a Mapc —
3a 1,88 rona, N03TOMY CpefiHMI MPOMEXYTOK BPEMEHU MeXAy MPOTUBO-
CTOSTHUSAMU 3aHMMaeT HeMHOruM Gosee JByx JsieT. [loceaHee MPOTHUBO-
crosiaue Mapca Habmopanocek B 2016 r, mpasaa, OHO 6bUIO0 He 0COOEHHO
6muskum. Opbuta y Mapca 3aMeTHO 3/UTUIITHYECKas, T03TOMY MaKCH-
MaJIbHbIe COMMKEHHsI ¢ HUM 3eMJTH CTy4aloTcs, Kora Mapc HaxouTcs B
paiioHe nepurenus cBoeit opbutel. Ha 3emite (B Hally 31oxy) 3TO KOHeI
aBrycTa. [103TOMy aBryCTOBCKME U CEHTsIOPbCKIE IPOTUBOCTOSIHUSI HA3bl-
BalOT «BEJIMKMMM»; B 3TH MOMEHTBI, HacTymnawmye pa3 B 15-17 nert, Ha-
1M TU1aHeThbl cOMmmKkaroTes Menee yeM Ha 60 mid kM. Takoe 66010 B 2018 1.
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A cymepTecHoe IIPOTHMBOCTOS-
uue cocroanock B 2003 r.: Torga
1o Mapca 6b110 Beero 55,8 MH
KM. B cBsI3U ¢ 3TUM poausics Ho-
BBl TEpMUH — «Be/JuMYauIne
MIPOTUBOCTOSIHUS Mapca»: Taku-
MU Telepb CUUTAIOT COMDKEHUS
MeHee uyeM Ha 56 mMiaH kM. OHH
npoucxoasaT 1-2 pasa B cTONe-
THE, OJHAKO B HBIHENIHEM Be-
Ke Ux OyJeT Aaxe TpU — XKIAUTe
2050 u 2082 rr.

Ho nake B MOMEHTHI Beu-
KUX MPOTUBOCTOSIHUN B TEJ€-  Pyc. 4.37. Pucynok Mapca npu Habniopesmm
ckor ¢ 3emMnu Ha Mapce mano B Tenieckon ¢ 3emnu.
yTo BUAHO. Bor (puc. 4.37) pucy-

HOK aCTpPOHOMa, KOTOpbI CMOTPUT Ha Mapc B Teneckorn. Henogrorosnen-
HbIU YeI0BEK ITOCMOTPUT M pa3ouapyercst — BOOOIIe HUYEro He YBUIMT,
JIVIIb MajIeHbKYI0 PO30BYIO «KarlesbKy», HO OIBITHBINA I71a3 acCTPOHOMA

gtoPoil o1 Tty
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Puc. 4.38. bonbuioii 3kBatopnan BawmHrroHckoit 06cepBaTopum, C NOMOLLbBIO KOTOPOTO
Gbinu oTKpbITLI cyTHUKK Mapca, u pucyHok u3 kiuru Acaga Xonna (1877) .
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Puc. 4.40. 3apucoeku kaHanos Ha Mapce,
BbinonHeHHble [Hk. Ckuanapennu.
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Puc. 4.39. [xxosanun Ckuanapennu.

B TOT )K€ CaMblii TeJ1eCKON BUAUT
6ornbiie. [TongpHyIO MANKy acTpo-
HOMBI 3aMeTW/IU [JaBHO, ellle CTO-
neTys Ha3aj,. A TaKk)ke — TeMHbIe U
ceeT/ible obnactu. TeMHbIe 1O Tpa-
JULIMMA Has3Bald MOPSIMM, a CBeT-
Jible — KOHTHHEHTaM!.
[ToBbiieHHbIN MHTEPEC K Map-
Cy BO3HUK B 3I10XYy BETMKOrO Ipo-
TUBOCTOSIHUSA 1877 I.: K TOMY Bpe-
MeHHU y>Ke ObUIH [TOCTPOEHbI XOPO-
1K€ TeJIeCKOIbl U aCTPOHOMBI C/ie-
Jlalld HeCKOJIbKO BaXKHBIX OTKPbI-
TANA. AMEpUKAaHCKUI aCTpOHOM
Acad Xomn oOHApYKWMI CIyTHU-
ku Mapca @oboc u [leiimoc, a uta-
JIbSIHCKUM acTpoHOM [[>)KOBaHHU
Cknamnapennu 3apucoBan 3arafod-
Hble TMHUW Ha [OBEPXHOCTH IUIa-
HeTbl — MapcuaHcKye KaHanbl Ko-
HeyHo, Ckuanapesnu He ObUT Iep-
BbIM, KTO YBHU/Ie/T KaHasIbl: HEKOTO-
pble U3 HUX 3aMeyald U /10 Hero
(nampumep, Aumxeno Cekku). Ho
nocne Ckuanapennu 3Ta Tema Ha
MHOTHe TOjpl CTaja AOMUHUPYIO-
el B usyueHuu Mapca.
Habmomenus fertaneil  1mo-
BEPXHOCTH Mapca, Takux Kak «Ka-
Ha/lbl» U «MOpS», NOJOXKUIM Ha-
4yaji0 HOBOMY 3Tally B HU3y4eHUU
3Tol nnaHeTsl. Ckuanapennu cuu-
Taj, 4To «Mops» Mapca neincTsu-
TEeJIbHO MOTYT OBbITb BOZOEMaMH.
[lockonbKy COeAUHSIOMNM UX JIU-
HUSM HYXKHO OBLIIO 1aTh Ha3BaHMUE,
Ckuanapennu Has3Bal UX «KaHala-
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Puc. 4.41. MNepcuansb Jlo-
BE//, aMEepUKaHKuii 6u3-
HeCMeH, Aunnomart, nyTe-
LIECTBEHHUK W JKYPHANNUCT,
B[IOXHOB/IEHHbI Uaeen o
MapCMaHCKUX KaHanax, no-
CTpOMN NEepBOKNACCHYIO 06-
cepBaTopuio Ans U3y4eHus
Mapca.

mu» (canali), mogpasymeBasi o 3TUM MOPCKHE TPOJIMBBI, & OTHIOb HE
PYKOTBOpHbIE cOOpyskeHus. OH To/aras, uyTo Mo 9TUM KaHaiaM B TIPUIIO-
]'IHprIX O6HaCTHX B HepI/IO,[[ TadHUA l'[OJ'IHprIX IIaIIoOK ,HEIZCTBHTEHBHO Te-
yeT Bopa. [locsie oTkpeiTHa Ha Mapce «kaHa/noB» HEKOTOPbIE YYEeHbIe Bbl-
CKasav TPeAooKeHrne 00 UX UCKYCCTBEHHOMN MPUPO/E, UTO TIOCTYIKH-
JI0 OCHOBAHKEM JI/Is THIIOTE3 O CYLIeCTBOBAHMM HAa Mapce pasyMHbIX Cy-
mects. Ho cam Ckuamapesuii He CYMTas 3Ty TMIIOTE3y HAyYHO 0OOCHO-
BAHHOI, XOTS U He UCK/II0Ya/l HaIMuKa Ha Mapce sKM3HH, BO3MOXKHO, [a-
K€ pa3yMHOH.

o,E[HaKO MBICJ/Ib 06 HCKYCCTBEHHOI;'I cucreme OpOCI/ITEHbeIX KaHaJ/IOB
Ha Mapce crana yKpemiaTbCs B ApYrux crpanax. OT4act 3TOMy CIIO-
COOCTBOBAJIO TO, UTO UTANBSHCKOE canali ObUIO Mpe/CTaB/IeHO Ha aH-
IJIMHACKOM Kak canal (DyKOTBOpHAs BOJHAsI MarucTpasb), a He Kak chan-
nel (MpUPOAHBIA MOPCKOH MposuB). [la ¥ Ha PyCCKOM CJIOBO «KaHasl» MOfI-
pasyMeBaeT MCKYCCTBEHHOE COOpYy»KeHue. Vmes o MapcuaHax yBieksia
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Puc. 4.42. Kapta Mapca c kaHanamu (no ®nammapuoHy u AHTOHWaAM) U3 SHUMKIONEAU-
yeckoro cnosapsi bpokraysa u Edpona (1910-e rr.).

TOT/la MHOTHX, ¥ HE TOJIbKO mucareseii (BcriomuuM lepbepra Yamica c
ero «BoitHoit Mmupos», 1897), Ho u uccienosareneil. CaMbIM U3BECTHBIM
n3 Hux cran [lepcuBanb JloBenn. DTOT amepuKaHel NOTY4YWI IpeKpac-
Hoe oOpasoBaHnue B [apBapyie, B paBHOM CTeIeHN OBJIaJieB MaTEMATHKOM,
acTpPOHOMMEHN U ryMaHUTapHbBIMU IpeaMeTaMu. Ho, Kak OTHpBICK pojo-
BUTOTO CEMENCTBA, OH CKopee cTasl Obl TUMIOMATOM, [IMCATEIEM WU ITy-
TEIIeCTBEHHUKOM, ueM acTpoHoMoM. OpiHako, npounTtaB paboTsr Ckua-

Puc. 4.43. Monspxbie wanku Mapca, 1905 r. PucyHku uz kuuru I1. Jlosenna «Mapc kak
npubexuuue xusuu» (P. Lowell, «<Mars as the abode of life», 1908).
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Puc. 4.44. Tno6yc Mapca, caenanHbiii Ha ocHoBe KapT XX B, U COBpPEMEHHbIE CHUMKM TeX
Ke nonywapuii nnaHeTbl (KocMuueckuii Teneckon «Xa66m»)

napeyuid 0 KaHajax, OH yB/eKcss MapcoM U MOBEpUT B CYLIECTBOBAHUE
KM3HU U LMBU/IM3ALMK HA HeM. B obieM, oH 3abpocus Bce mpoyue fie-
n1a v 3aHsuIca usyueHneM KpacHoit rmiaHeTsl.

Ha nenbru cBoero 6oraroro cemeiicta JloBest mocTpoun obcepsa-
TOPUIO ¥ HaYaJl PUCOBATh KaHaIbL 3aMeTHM, uTo ¢ororpadus toraa Obl-
J1a B 3a4aTOYHOM COCTOSIHMH, a I71a3 OIbITHOrO Had/ozarens crocobeH
3aMeTHUTh MeJIbuaiilliie eTaln B YCIOBHUIX aTMOCchepHOit TypOyIeHTHO-
CTH, MCKaXKaromei n3obpaskeHust ganekux o0bexToB. KapTel mMapcuaH-
CKHX KaHaJIOB, CO3/1aHHble B JIOBE/UIOBCKOM 00CepBaTOpHH, ObUIM CaMbl-
MU JeTanbHbIMU. K TOMY JKe, Oyyuu XOpOIIUM auTepaTopom, JloBesn
HaIycaa HeCKOJIbKO 3aHMMaTeNbHeHnx KHur — «Mars and its canals»
(1906), «Mars as the abode of life» (1908) u ap. Tonbko ofHa U3 HUX ObI-
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714 IlepeBefieHa Ha PYCCKUI fI3bIK elle O peBomonyu: «<Mapc U JKHU3Hb
Ha Hem» (Opmecca: Maresuc, 1912). DTu KHUTH YBJIEK/IU 1Ie7I0€ MOKOJIE-
HUe HaJle)X[0i BCTPeTUTh MapcuaH. 3uMa — MHOMspHas LIanKa OrpoM-
Has, a KaHa/IOB He BU/JHO. /leTo — mIanka pacrasiia, Bojia IOTeK/1a, KaHa-
bl osiBUIKCh. OHU CTa/M BU/IHBI M3/IaJI€Ka, TOCKOJIbKY 10 Oeperam Ka-
HaJIOB 3a3eJIeHeNH pacTeHusl. YoeauTenbHO?

CrenyeT npu3HaTh, UTO UCTOPUS C MapCHAHCKUMH KaHa/laMH Tak U
He I10/TyYK/Ia MCcUepIbIBatoiero oopsicHenus. ECTb crapble pUCYHKH C Ka-
HajlaMu U coBpeMeHHble potorpaduu — 6e3 Hux (puc. 4.44). Tne kaHanbI?

Uro 3T0 6bUTO? 3aroBop acTpoHOMOB? MaccoBoe MOMeIIaTenbCTo?
CamoBHymenue? TpyAHO yNpeKHYTb B 3TOM y4Y€HbIX, OTAABLINX YKU3Hb
Hayke. Bo3aM0oyXHO, pa3ra/ika 3Toi UCTOpUH XK/IET HAC BIIEpe/Iu.

A cerogHs Mbl M3y4aeM Mapc, Kak IIpaBuJIo, He B TeJIECKOI, a IIPH I10-
MOIIY MEXXIUIAHETHBIX 30H/IOB (XOTSI M TEJIECKOIIBI JIO CHUX IIOp KCIIOJIb-
3yI0TCA [J1s1 3TOTO U IIOPOY NPUHOCAT Ba)kKHbIE pe3y/bTarhl). [loneT 30H-
J0B K Mapcy ocylecTBisgercss o caMOi SHepreTUuecKy BbITOJHON IO-
JIya7IUNTUYecKoi Tpaektopuu (cm. puc. 3.7 Ha c. 61). C momouipio Tpe-
Thero 3aKoHa Keriepa /1erko BBIUMC/IUTD JUIMTEbHOCTb TAKOTO Ieperie-
Ta. M3-3a GO/IBIIOrO KCLEHTPUCUTETAa MapCUAHCKON OpOUTHI BpeMs Iie-
pesera 3aBHCHUT OT ce30Ha 3arycka. B cpennem nosner ¢ 3emu Ha Mapc
amuteda 8—9 mecanes.

Mo>XHO /TM OTIIpaBUTb NMUIOTUPYEMYIO 3KcHeauLyo Ha Mapc? 9to
Gonbiuas U uHTepecHas Tema. Kaszamock Obl, A71s1 3TOTO HY)KHBI JIMIIb
MOIIHAs paKeTa-HOCUTENIb U YAOOHBIA KocMuYecKuil kopabsb. [locra-
TOYHO MOII[HBIX HOCHUTEJIel IT0Ka HU Y KOTO HeT, HO HaJ{ HUMHU paboTaioT
amMeprKaHCKIe, POCCUICKYE U KUTalCKue HH)KeHepbl. MO)KHO He COMHe-
BaThCsl, YTO TaKasl pakera B OGirbkaiiive roapl OygeT co3gaHa rocyaap-
CTBEHHBIMU MPeANpUATUAMY (HampuMep, Hallla HOBast pakeTa «AHrapa»
B CBOEM CaMOM MOIIIHOM BapHaHTe) WX YacTHBIMU KomnaHusmu (Vnon
Mack — nouemy 6bl U HeT).

A cymectByeT 1 KopabJib, B KOTOPOM KOCMOHABTBI IIPOBEJYT MHO-
rue Mecsupl 1o myty kK Mapey? [Toka takoro Het. Bce cymiecTByromue
(«Coro3», «llanpwkoy») U Jake mpoxondauue ucrbitanus (Dragon V2,
CST-100, Orion) — oueHb TecHbIE U IPUTOAHBI JIUIIb /15 1T071eTa Ha JIyny,
KyZa Bcero Tpu s rmyTu. [IpaBa, ecTb uzes mocsie B3jeta HaoyBaTb /10-
nosiHUTebHbIE TToMeleHust. Ocenbro 2016 1. HayBHOU MOAY/Ib ObUT HC-
neitad Ha MKC 1 Heroxo cebst nokasai.

TakuM 06pa3oM, TeEXHUUECKast BO3MOXKHOCTD IlepesieTa Ha Mapc CKo-
po nosiBuTcs. Tak B ueM ke pobnema? B uenoseke! Ha puc. 4.45 ykasa-
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Puc. 4.45. Toposble A03bl 06n1y4eHus (B 63p), KOTOPbIE NONYUUT YENOBEK HA PA3NIUHHOM
paccTosiHuu ot 3emnn.

Ha rofioBag 03a 00MyueHus venoBeka (HOHOBOU pafuanyeil B pasHbIX
MecTax — Ha ypoBHe Mopsi, B cTparocdepe, Ha OKOIO3eMHOi opOuTe U
B OTKpBITOM KocMoce. Enununa nsmepenuss — 6ap (6uonornveckuit sx-
BUBA/IEHT peHTreHa). Mbl MOCTOSIHHO MOfIBepraeMcst 00/IyUeHHI0 ecTecT-
BEHHO! pa/il0aKTUBHOCTBIO 3eMHbBIX IIOPOJI, TOTOKaMU KOCMUYECKUX ua-
CTULl WM HUCKYCCTBEHHO CO3[laHHOM pafiOaKTUBHOCTbIO. Y MOBEpPXHO-
ctu 3emsu GoH c1ab: Hac 3alMILAIOT, IPUKPbIBAs HIDKHIO nonycdepy,
Maruutocdepa 1 atMocdepa I1aHeThl, a Takxe ee Teso. Ha Hu3koi oko-
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Puc. 4.46. BoamoxxHo, Tak Gypert Bbirnsaetb kopabnb ans nonera va Mapc
(npoexT «Inspiration Mars»).

7103eMHoii opbuTe, rae paborarot kocmonasTel MKC, armocdepa yixe He
MIOMOTaeT, I03TOMY paAualMOHHbINA (HOH BO3pacTaeT B COTHU pa3. B or-
KpBITOM KOCMOCE OH ellle B HEeCKO/IbKO pa3 Bblle. JTO CYILeCTBEHHO Or-
paHUYMBaeT [UIUTENbHOCTh Oe30IacHOro NpeOblBaHMS YeloBeKa B KOC-
Moce. OTMeTHM, 4TO pabOTHUKAM aTOMHO ITPOMBIIIJIEHHOCTH 3arpela-
eTcs B Toj| 110/1y4aThb Oosblie 5 63p — 3TO MouTH Ge30macHo A/ 30po-
Bbsl. KocMoHaBTam B roi paspemaroT noayuats 10 10 63p (mpuemsieMbiit
YPOBEHb OHaCHOCTI/I), YTO U OTpaHUYMUBACT NJIUTEIbHOCTb UX pa6OTbI Ha
MKC opxuM rozfom. A nosner Ha Mapc ¢ Bo3BpallleHreM Ha 3eMJI0 B /Ty4-
meM caydae (ecu He IIPOM30MET MOLIHBIX Benblek Ha ConHIle) npu-
BefeT K 1o3e B 80 63p, uTo 00yCIOBUT OOMBLIYIO BEPOSTHOCTb OHKOJIO-
T4yecKoro 3860]’[6BaHI/IH. IMeHHO 3TO U ecTh I/IaBHOE NpenAaTcTBsue A4
noJsieta yesoBeka Ha Mapc.

MOo>KHO nM 3alIMTUTh aCTPOHABTOB OT paguanuu? TeopeTUUecKu —
MoxHO. Ha 3emute Hac 3aumiiaer atmocdepa, TOIIMHA KOTOPOH MO KO-
JMYecTBY BellecTBa Ha 1 cM? 9kBUBaseHTHA 10-MeTPOBOMY CJIOIO BOJBL
Jlerkue aToOMBbI /y4llle pacCeMBalOT HEpPrui0 KOCMUYeCKHX 4acTHLl, Io-
ITOMY BaH.[HTHbeI C/I0M KOCMUYECKOTO KOpa6]IH MOXET MMETb TOJIINHY
5 metpoB. Ho faxe B TecHOM Kopabrie Macca 3Toi 3auuThl OyzeT u3Me-
pATbCs cOTHAMM TOHH. OTIIPaBUTh Takoi Kopabip kK Mapcy He 1oj, cuny
COBpEMEeHHOM U Jla)ke NepCIeKTUBHON paKeTe.
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HEKOTOPbIe BApUAaHTHI 3alIUThI OT pagualluy B MEKIUVIAaHETHOM I10JIeTe

BemectBo XapakTepucTuKu

TpebyeTcs coit TommuHO#M 5 M. Macca pe3sepsyapa co-

Boza H,0 craBut 0Koso 500 T.

Coneprxanvie Boopoza Bbiire. Pesepsyap He TpebGyert-

[Nonusrunen (CH,),
¢4, HO Macca BemectBa — He MeHee 400 T.

Yucteiit Bogopon H, | Jlerkuit. Tpebyercs MacCUBHBINA repMeTHYHbIN Hak.

Hy xoporuo, fomycTuM, HaluTuCh 10OPOBOJIBLIBL, TOTOBbIE PUCKHYTh
CBOMM 3[I0POBbEM U OTIIPABUTbCA HA Mapc B ofiHY cTOpoHy 6e3 paaua-
[IMOHHOH 3a1uThl. CMOTYT /I OHU [TOC/TE TIOCA/IKY TaM paboTtaTs? MOXKHO
JIX pacCUMTBHIBATh, YTO OHU BBIIOJHAT 3aJaHue? BCcrioMHKTe, Kak KOCMO-
HaBTbI, TpoBe/is mosrozia Ha MKC, uyBcTBYIOT ce6s cpasy 1mocsie IocagKu
Ha 3eMJII0: UX BBIHOCST Ha PYKax, K1aJyT Ha HOCUJIKY, U iBe-TPU HeZleu
OHU PeabUIMTUPYIOTCS, BOCCTAHAB/IMBASI KPEIOCTh KOCTEN U CHITY MBIIIIIL
A Ha Mapce Ux HUKTO Ha pyKax He BbiHeceT. TaM HY>KHO OyzieT caMoCTo-
SITE/TbHO BBIXOAUTH U PAb0TaTh B TSXKENBIX MYCTOTHBIX CKadaHapax, Kak
Ha Jlyne: Befb faBneHue arMocgepbl Ha Mapce NpakTUYeCcKu HyJIEBOeE.
Cxadanap oueHb Tsokenbiit. Ha JlyHe gBuratbcst B HeM ObUIO OTHOCHTETb-
HO JIETKO, [TOCKOJIBKY CHJIa TSDKECTU TaM COCTaB/AeT 1/p 3eMHOl4, a 3a Tpu
nHs noseta K JIyHe MbIIbl He ycrneBaroT ocnabuyTs. Ha Mapce e koc-
MOHABTbI IPUOYAYT, MPOBE/S MHOTHE MECSIbI B YCIOBUSIX HEBECOMOCTH
U pajiMaliiy, a Cuia TshkecTu Ha Mapce B 2,5 pasa Gosbiiie nyHHO. K TO-
My JKe 1 Ha caMO} IoBepxHOCTH Mapca pajguanysi IOUTH Takas e, Kak B
OTKPBITOM KOCMOCEe: MarHUTHOTO 1011 y Mapca HeT, 1 atMocdepa y Hero
C/IMIIKOM pa3pexeHHas], YTOObI CTY)KUTh 3aUTOM. Tak YTO KUHODUIBM
«Mapcuanun» — 3T0 paHTaCTHKa, OUeHb KpacruBas, HO HepeasbHasl.

Kak mbI cebe paHblie TpeACTaB/Is/id MapcUaHcKyio 6asy? [Npunere-
Y1, TIOCTaBH/IM Ha [TOBEPXHOCTH /1ab0paTOpHbIE MO/Y/TH, )KUBEM B HUX U
paboTaeM. A Terepb BOT Kak: [IPUJIETEJH, OKONAIKCh, COOPYAUIN ybe-
KUIA Ha I7yOrHE MUHUMYM 2-3 MeTpa (3TO JOCTATOYHO HaJexXHas 3a-
IIMTA OT PafiMalliK) U CTapaeMcsl Mopeke U HeHaJ0/IT0 BBIXOJUTD HA 110-
BEPXHOCTb. B OCHOBHOM CH/IUM MOZ TPYHTOM M yIIpaBisieM paboToi map-
coxozoB. Hy Tak Besib UMU U ¢ 3eMJIM MOKHO YIIPaBJIsITh, Jaxe ele 3g-
dexTrBHEE, femeBne U 6e3 pucka A9 3M0pOBba. UTO U [1enaeTcs yxe
HECKOJIbKO JIeCSITUIeTUH.

O ToMm, uto y3Hanu 0 Mapce poOOTEL, — B C/eAYIOLIei JIEKLHH.
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cTtopmsa OTKPbITUN
Ha Mapce

amyCKy KOCMHYeCKUX amnmnaparoB kK Mapcy Hawanuch ¢ 1962 r. Ho

b B 1965 1. MBI yBuenu nepBele GOTOCHUMKYM MapCUaHCKOH Mo-
BEPXHOCTH ¢ 6/IM3KOr0 pacCTOsIHNMS, TepejaHHble annaparoM «Mariner-4»
(NASA), nponereBiinm MuMo. M Tex, KTo oxuan, uto Mapc — 6aromnpu-
ATHOE 151 )KU3HU MECTO, 3T U300pakeHUs] «<HEMHOTO» pPa304apoBaily:
IIOBEPXHOCTDb Ha MEePBbIi B3I/IS/] HATIOMUHAET JIVHHYIO U He o0eljaeT HUl-
KaKUX NepcreKkTuB. MeTeOpUTHBIX KpaTepoB Ha Mapce 0oka3anoch MHO-
ro no aAByMm npuunHam. OfHa U3 HUX — ciabas 3po3us, IOTOMY UTO JI0-
el TaM Mmoc/eJHUN MUIIMapy, et He OblIo, BeTep He 0COOEHHO CUJIb-
HbIH, TaK UTO KpaTepbl COXPaHATCs A0/T0. [la 1 MeTeopyTh NafaloT ya-
Ile, MOTOMy YTO Mapc HaxoAUTCs Ha BHYTpPeHHeM Kpaio [71aBHOro mos-
ca acTepou/ioB.

[Ipomnio eme HecKo/IbKO JIeT, U 'y Mapca nosiBU/ICS MepBblii UCKYC-
CTBEHHBIN cyTHUK — «Mariner-9» (puc. 5.1). OH BbIuien Ha OpOUTY, cTaT
JeTaTb BOKPYT IJIaHeThl, clies1al HeCKObKO Thicsau ¢goTtorpaduii, coro-
rpadupoBasn MOYTH BCIO MOBEPXHOCTb — U Mbl BIlepBble yBUAenu Mapc
nenukoM. OH OKasascsl I0BOJIBHO MHTepeceH, 110 MeHblilell Mepe [is
reos10roB. Tak 4To Ha/l0 OBIIO caXkaTh Ty/Ja amapar.

Puc. 5.1. «<Mapunep-9», nepBbliit uckyccteeHHblii cnyTHuk Mapca (NASA).
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Puc.5.2. OgHa us nepebix ¢po-
Torpaduit MapcuaHckoi mno-
BepxHocTM ¢ 6nuskoro pac-
crosiiusa (NASA).

3HauuT, crefiyomui mar — rnocajxa Ha IaHety. Kak n3BecTHo, oTe-
YecTBEHHas 3/IeKTPOHMKA He O4YeHb HaJie)KHa: COBETCKUe amnaparsl 10
IyTH MOPTUIUCh U J0 Mapca He ponetanu. Torga pemnau pasoM 3amy-
CKaTb II0 HECKOJIbKY aIllapaToB, YTOObI f0/eTes XOTsl Obl OMH U3 HUX.
U Bot B 1971 1. HalIa cTpaHa 3anycTuia cpasdy Tpu TaKUX 30H/a, 0 KOH-
CTPYKLIMM He OYeHb YAAYHBIX, HO B UX COCTaBe ObII I0CAJOYHbIN arma-
par, Karcyna a4 nocagky Ha Mape (puc. 5.3). M onuH 13 30HI0B Taku
noneren — u pgaxe cen! Tak 4yto mepBas nocazka 6bia Ha Mapc 6buia
Hallla, OTe4eCTBeHHasl, NH)XXeHepbl 3J0pOBO IocTapanuch. KoHCTpyKIus
y 10CaZi0uHOro anmnapara 6pu1a npoyvHast, Ha 60pTy y Hero ObuT IepBblii B
WCTOPUH MapCoXo/[i; MeXaHW4ecKas jarka MATKO OIycKasa ero Ha IPYHT,
U OH [I0/DKeH ObLT XOWUTh 10 MOBEPXHOCTH Mapca — He e3auTb Ha KO-
necax, a UIMEHHO XOAUTbh, KaK Ilararoluii skckaBatop. bioTycos 1 Baii-
¢daeB B Ty nopy He 6bU10, €BsA3b ¢ 6a30BOI cTaHLMel Obuia 1O MPOBO-
Iy — T. €. MapCoXo/i JO/KEH ObLI XOUTD, NIpYBSI3aHHBIN Ha IPOBO/JE, TaK
YTO Ja7ieKko Obl OH B M060M ciayuae He yuresr. Ho HACKO/MbKO /1a/eKo OH
yuie/g — HUKTO HE 3HdeT, IIOTOMY 4YTO II0CJI€ BbIITyCKA aHTEHH CTaHLUA
npopaboTana Bcero 10 cekyH[, IOTOM CHUTHA/ [0 HEU3BECTHOW MPUUKHe

Puc. 5.3. «<Mapc-3» (CCCP), nepsbliit an-
napart, COBepLUMBLUMI MSATKYIO MOCAaAKY
Ha Mapc.
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Puc. 5.4. lonunbl Mapunepa. CHumok npepctasnset coboit mosauky u3 102 kappos, no-
ny4eHHbIX op6uTanbHbimM annaparom «Bukunr-1» (NASA, 1980).

MOCTYNAaTh repecTas. Tak YTO HUKAaKUX HAyYHBIX IaHHBIX C TOBEPXHOCTH
MBI TOT/Ia He MOy YN,

C tex nop mHorue ctpansl, mpexzae Bcero CCCP u CLIA, cranu 3amy-
cKaTh POOOTOB. VIAUuHbIX IKCIIEAUIUN ObIZIO HEMHOTO: TTOJIOBUHA aBTO-
MaTUYeCKUX alllapaToB He [ojeTena (fa)ke B OUH KOHEII), TaK UTO [ie-
JI0 3TO HempocToe. AMepUKaHCKUe W eBporeiickue 30H1bl Obi Gosee
yaaunbiMu. HepaBHO k Mapcy npuneTesn MHAMMCKUE annapar — U Befb
paboTaer [0 CUX TIOp, YK€ TPeTHil rofi, XOTS TEXHWKA CTPAaH TpeTbe-
ro MUpa HaM Kasanach 4YeM-TO BTOPOpa3psaHbIM. TeM He MeHee MHIUIA-
IIbI TIEPBBIN Pa3 3allyCTUIM MeXIJIaHeTHBIHM anmapar, ¥ UM 3TO Y/aioch.
A gamoHIaM — He yJas10Ch, X KOCMUYECKu#t 301/ fobpascs 10 Mapca, Ho
3aTOPMO3UTh HE CMOT U Ha OPOUTY He BBILIE.
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Puc. 5.5. O6naka B at-
Mocdepe U nonsipHble
wanku Mapca (koc-
MUYECKMIA  Teneckon
«Xa66n», NASA, ESA).

Wrak, s reonoroB Mapc okasarncs oueHb MHTepecHbIM. [InaHera
HebosbInag, cuaa TSHKECTH TaM MOYTH BTPOE MeHbIlle, YeM Ha 3eMile.
Benpb cuna Ts)KeCTU BbIPaBHUBAET ITOBEPXHOCTD (M0 3aKOHY Apxume[a),
U KOrja rpaBuTanus crabas, pasHUIA BHICOT MOXKET ObITh BeChMa 3Ha-
ynTenbHOH. [109TOMY Ha ManbIX IJIaHeTax M rOpbl MOTYT BbIPACTaTb BbI-
1e, 1 KaHbOHbI 00pa3oBbIBaThCs ITyOke. Tak, Ha 3emiie MaKCHUMasTbHAs
BbICOTA rop — OK0/I0 9 KM, a Ha Mapce — 26 KM, XOTsI IIJIOTHOCTb U TBep-
JOCTb TIOPOJI TPUMEPHO oiMHaKoBa. Ha Hatieit rianete 60osiee BbICOKHX
rOp He MOCTPOUTH: Jake eC/IM Ha DBepecT HaJOXXUTh KUPIUUeH, BbIIlIe
OH He CTaHeT — U30bITOYHON MaCCOoii ropa MPOJABUT CBOE OCHOBAHHUE.

MapcuaHcKie KaHbOHBI TOXe OoueHb rmyOoku, 1o 10 kM (puc. 5.4).
OavH 13 cambix ryboKux HasBaau JonuHamu «MapuHepa» — TOTO ca-
MOT'0, KOTOPBII BIIEPBbIE Cesan ero CHUMOK. [InHoi oH okoso 4000 kw,
mupuna — noutu 800 kM, rybuna — okono 7 kM. [Ipasaa, Ha 3emite ca-
Moe rybokoe mMecto — MapuaHcKag BafuHa — MPUMEPHO TaKO# ke
r1yOUHBL, HO 3TO 6/1arofiapsi TOMY, YTO OHA 3aI0JIHEHa BOZOM.

Kak u y Hawmell nna”ersl, y Mapca ecTb [Be MOJSIPHbIE IIANKA
(puc. 5.5). Becnoit conubimiko npurpesaet (1o —80 °C), mossgpHas manka
TIOZI, ero JiyyaMy HauWHAaeT NHTEHCHBHO TasITh, TAK KaK OHA B OCHOBHOM
COCTOUT U3 JByoKucH yriepona. OH ucnapsiercs: B atmocdepy U 3amep-
3aeT Ha APYroM II0JII0ce, KOTOPBI B TeHU. B pe3ynbraTe orpoMHOe KOU-
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Puc. 5.6. [1sa chumka Mapca, nonyuentbie B 2001 r. annaparom «Mars Global Surveyor».
Cnesa — ¢oT0, cienaHHoe B KOHLLE UIOHSA (YeTKO BUAHA NOBEPXHOCTb NNaHeTbl), cnpaBa —
B nione, koraa Mapc 6bin okyTaH nbinesoit 6ypeit (NASA/JPL/MSSS).

yectBo CO, ycTpemiisieTcs uepes BCIO IJIAHETY 110 MEPUUAHaM U3 OJJHO-
ro MONyLIapys B APYroe, 3TOT BeTep [IOAHUMAET Maccy IbUIM U TeM Ca-
MbIM BbI3BIBAET TBIIEBYIO Oypro: X0Tst atMocdepa Mapca paspexeHHast
Y CH/Ia TSDKECTH Ha ero MOBEPXHOCTH Hebosblias, Aaxe Takas arMocde-
pa MOXKET CO3/1aTh MOIIHBIN BO3YIIHbIMA IOTOK, KOTOPBI CIOCOGEH Mof-
HATb TbUIb (puc. 5.6). Y Tak moBTOpsieTcs ABaXKABI B roj] (MapcUaHCKUH,
KOTOPBIN TIOUTH B[BOE JAJMHHEE 3eMHOro). «<MapuHepy-9» B 3TOM OTHO-
IIEHNY He TI0Be3JI0: OH IoAJeTes, Hayaa GpoTorpadupoBaThb a TYT BAPYT
6ax — mpiieBas Oyps. [1porio Muib MOATOpa MecsLa ¢ Hauaia BeCHbI —
U TbLIb, TIOJHATAsE BETPOM, 3aBOJIOK/IA BCIO TIOBEPXHOCTh. YeThipe 3eM-
HbIX Mecsla 30H/ [0KMIAJICS OKOHUAHHWSA TbUIEBOM OypH, uTOOBI Mpo-
DOJDKUTH CBOIO pabory.

Ceromust BOKpyr Mapca paboraet MHOTO 30H/10B. Camblil coBepIIeH-
HbI 13 HUX — amepukaHckas (NASA) mexruiaHeTHas cranius Mars Re-
connaissance Orbiter (MRO, puc. 5.7). Y Hee MowiHbIi poTOrpaduyeckuit
KOMIUTEKC C GOJBIINM Te1e0OBEKTHBOM, KOTOPBIH MO3BOJISIET MOMYYaTh
($OTOCHUMKM MOBEPXHOCTU IUIAHETHI C JIMHEHHBIM pa3pelleHHeM B YeT-
BepTh MeTpa (T. e. IETAT TAKOTO pasMepa MOTYT ObITh Pa3/IMUYMMBbI): Ha-
IpUMep, Ha ero CHUMKAax BUJIHBI CJIeflbl KOJIeC Mapcoxo/oB. Jra opou-
TaJbHAsl CTAHLMA 110 paJUOKaHaIy rnepefaeT MHPOpMaUMIo Ha 3eMIIio,
IpUYeM He TOIbKO COOCTBEHHYIO, HO TaKXKe PEeTPAHCIUPYET C II0OBEPXHO-
CTH MJIAHEThbl CUTHA/IBI MAPCOXO/I0B, KOT/IA IIPO/IeTaeT Haj, HUMHU.

Kaptbl MapcuaHckoro penbeda Ha ceropHs 0osee [eTalbHbl, UeM
KapThl 3eMHOU moBepxHOCTH. Ha Hareil mianerte MmernaiotT obiaka, Beu-
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Puc. 5.7. MexxnnanetHas craHuus Mars Reconnaissance Orbiter. PucyHok NASA.

HO3eJleHble Tponuyeckue seca. Kpome Toro, ABe TpeTu NOBEPXHOCTU Ha-
el MaaHeTbl OKPBIThl BOZAOH, CKBO3b KOTOPYK HE BUJHO HUYEro Ha
nHe. A Ha Mapce Bozbl HeT, 06/1aKOB MaJio, 3€JIeHH HET, TI09TOMY €ro
BHEIIHUI BUJ Mbl 3HaeM HjeanbHO. M naxe BHYTpPU Koe-uTO IpoIyIa-
. @usuKaM HU3BECTHO, UTO /100asg BOMHA MTPOHUKAET BHYTPh Tesa Ha
pacctosiHMe nopsiika AnuHbl 3ToM BomHbL. MRO nMeer B pacnopsoke-
HUM PaJU0TIOKATOPbl, B TOM UMC/Ie U JJIMHHOBOJHOBBIE (IIOPSI/IKA KUIIO-
meTpa). U ero cuumky Mapca mokasblBalOT MHOTO UHTEPECHBIX IeTaei.

Puc. 5.8. Mapcu-
AHCKUM NeJHUK

B poLecce TasHus
(NASA).
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Puc. 5.9. Youeu-
TeNbHbIV MapcnaH-
ckuit penbed. Pas-
Mep u306pakeHus
no AuaroHann —
okono 1 km.

Kax mpaBuo, 3Tu Jetany y3HaBaeMbl U UMEIOT aHA/IOTH B 3eMHOM peJlb-
ede. Hanpumep, BOT crezipl TagHUs MOSPHOM mwamnku (puc. 5.8); Ha nef-
HUKax JmbOpyca TOUHO TaKWe JKe CJI0U, [JIs1 Te0/IOTOB OY€Hb 3HAKOMBbIE
CTPYKTYPBL

Kazanocp 6b1, @ uto MOXeT ObITh HAa Mapce He Takoe, Kak Ha 3emsie?
Ho Bor ara kaprtuHa (puc. 5.9) — He oueHb 3HaKOMasi: IOXOXKe Ha Yellyo
WIM yepenulyy. VIHTepecHO, 4TO CKaXKyT CIELMaTNCThI-T€0IOTH: eCTh JIU
takoe y Hac? Vnu Bot (puc. 5.10) — nmecuaHble [JIOHbL: BeTep AYeT, IECOK
nepeHocuTcsl. Ho TyT CBET/IbIi MeCOK OTAENUIICS OT TEMHOTO: [JIOHBI U3
YEpHOro MecKa, a MOACTU/IAIONAas OBepXHOCTh — U3 Gosee cBetioro. Ha
CITyTHUKOBBIX CHUMKaxX 3eM/IM TAKOTO COUeTaHUsI MHE BU/IETh HE IIPUXO0-
IWTIOCh, XOTs1 YePHBI NeCOK ecTb Ha KaHapcKUX 0CTpPOBax, 3TO BY/IKaHU-

Puc. 5.10. [lioHbl 3 yepHoro
6asanbTOBOrO nMecka B Map-
cuaHckom Kkpatepe [lpokTop
(NASA).
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Puc. 5.11. TemHbie onon3uu Ha Mapce, cBepXy HanoMUHaloLLMe XNBbIE PaCTEHUS.

YecKoe BELIeCTBO: JIEXKHIIb Ha IUIsKe — Thl Oenblif, a OH yepHslil. Eme
npuMep KOCMUYECKOU CheMKH ¢ opOuthl (puc. 5.11): U3 KpacHOBaTOro
recka Bpojie Obl TOPUYAT KYCTHUKH.

Mapc BaBoe MeHbllle 3eM/d, HO BCe PaBHO IUIOLIA/lb [TOBEPXHOCTH
IJIAHEThI OTPOMHA, & MapCOXO/bl M3/1a3U/IH B CYMME JIUIIb 0K0/I0 10 KM?
Y HUUero nojo06HOro He 0OHAPYKUBAIIH.

MapcuaHckas Boaa

B nonspHoit manke Bosia, KOHEUHO, €CTb, HO II0 TOMY, KaK HHTEHCUB-
HO IIamKa TaeT II0f, COJIHIIEM, MbI IOHMMaeM, YTO ee TaM OYeHb MaJlo,
B OCHOBHOM BeIIIECTBO IIANIKK — 3TO JIBYOKHCH yITIepofa, KOTopasi IpH
HU3KOM MapcuaHCKOM fAasieHuu ucnapsetcs npu —120°C. OgHaxko Mbl
BU/IUM C/Iefibl BOJHBIX IIOTOKOB, SIBHbIe PeYHBbIE PYCJIa, CeTb IIPUTOKOB,
pasMbIThle oBparu (puc. 5.12): uto-To Tam Bce ke Tekno! Cyzs 1o Bcemy,
Ha Mapce 6b1710 aXke MOpe, Lie/Iblil OKeaH: B CeBEPHOM IIO/yLIAPUH IU1a-
HETBbI ITI0BEPXHOCTb OUY€Hb POBHAS, BCS BBIITIA)KEHA, KAK y HAC MOPCKOe
JIHO, ¥ OHa HIDKe CpeJJHero YpoBHS BBICOTHI MeTPOB Ha Tpucrta. Ho kyna
BCS 3Ta BOofa fAenach? HaBepHoe, yacTh 3amep3na, a 4acTb UCIIApPU/IACh.
Ho He Bcs xe? Wnu Bes?
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Wrak, cnemoB TeyeHWs MHOTO, HO >KU/JKOM BOJbI HUIJE HE BHUIHO.
A 71e710 B TOM, UTO YMCTOM KUIKOM BOMBI HA MOBEPXHOCTH Mapca ObITh
He MOXeT. B mpouuiom faBneHue MapCHaHCKOM atMocdepsl, 0-BUAU-
MOMY, OBUIO [IOBOJIbHO BBICOKMM, HO B HAILy 310Xy B CPEJHEM OHO B
160 pa3 menbure 3emHoro — okoso 0,006 arm (Ha BepurHe ropsl OnuMn
0,003 atm, a B jonmuue 9nnaga 0,016 atm). A nockonbky atmocdepa Map-
ca B OCHOBHOM COCTOWT K3 YIJIEKMC/IOrO rasa, IapluanbHOe [aBieHue
BOJISTHOTO T1apa B Heil ellle 3HAUMTE/IbHO MEeHbIIIE, T. €. CYIIeCTBEHHO HU-
JKe J1aBJIeHUs], OIPeJesIsoero Tak Ha3blBaeMyl0 TPOMHYIO TOUKY Ha ¢a-
30BOM [yarpaMMe BOJpbl, B KOTOPOU CXOASTCS JIMHUY II7IaB/IeHUsI /ibAa U
HcnapeHus >KUAKOK BOAbL [Ipu naBneHuu HUKe, yeM y TPOMHON TOYKH,
ypcTasg BOAA MpU 000U TeMIiepaType MOXKET YCTOMUMBO MpeObIBaTh
JIMIIb B JIBYX arperaTHbIX COCTOSIHUSIX — Jibfla U napa. Jleq Mbl BUAUM B
MOJISIPHBIX IIANKaX, [ap TOXKe ecTb — O ero MPUCYTCTBUU B atMocdepe
roBopsaT obnaka. A skukoit Bosiel HeT. [IpaB/a, Ha CHUMKax ¢ OpOUTHI Ha
HEKOTOPBIX CKJIOHAX FOp U OBParoB BU/HbI ClIe/bl «py4eiikoB». Boamox-
HO, MHOTZAA MOJ Ty4aMM BeCeHHero COJIHIIA M3 CJI0€B BEUHOU Meps3Jio-
Thl BBITEKAIOT KpeIKHe paccosbl IepxJopaToB, TeMlepaTrypa 3aMep3a-
HUS1 KOTOPBIX CYIIIeCTBEHHO HIXKe, UeM Y UKMCTON BOABL BOT UX C/Iefibl U

Puc. 5.12. Cnepbi BogHo# 3po3un Ha Mapce. BeposiTHo, BecHoit nep, TaeT v Bofa cTeKaeT
no cknoHy, 6bicTpo ucnapsscoy. Mcrounnk: NASA/JPL-Caltech/Univ. of Arizona.
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Puc. 5.13. BeposTHo, N0 BecHe BOfa OTTauBAET U3 0GHAXKMBLLETOCS NEAHUKA U CTEKAET
B MOMeHTanbHO 3amep3atolLee 03epuo (uctounmnk: Malin Space Science Systems, MGS,
JPL,NASA).
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obHapy»keHbl. Ho MOCTOSHHBIX BOAHBIX TIOTOKOB HeT. 3HAUKT, 4aCTh BO/bI
3aMep3/ia U JIeKUT B BeYHBIX MOJISPHBIX IIANKaX U CI0SIX BEYHOH Mep3-
JIOTBI, @ ipyrasl 4yacThb MCIIapuach U ynerena B kocMoc. Ho mouemy oHa
ynerena? Beapb ¢ 3eMIu-TO BOJa IPaKTUUECKH He yreTaeT!

Y Hamiel nnaHeTsl €CTh MarHUTHOE I1071e, KOTOPOE [0BOJIbHO HaJlexXK-
HO 3aluIaeT Hac OT IMOTOKOB COJHEYHOW Iuta3Mbl. M3-3a MarHUTHO-
TO MOJISl 9TOT COJIHEYHBIH BeTep ¢ aTMocdepoil 3eMu NpakTUUecKu He
B3aMMO/IEMCTBYET: 3apsSHKEHHBbIE UYACTHUIIbI TUIa3Mbl 0OJETAIOT 3eMITIO
BJO/Tb CUJIOBBIX JIMHUH TI0JIS ¥ YXOAAT BAaib. A y Mapca HeT MarHUTHOTO
mons: apo Mapca 3acThUIo, M B HEM HEeT KOHBEKTUBHBIX IIOTOKOB 3JIeK-
TPOIPOBO/ASAILErO MaTepuana, KOTOpble CO3/aBay Obl MarHUTHOE MOJIE.
W conHeuHbl#l BeTep MOCTeNneHHO cHocut atMocdepy Mapca (u Bozmy B
Heif) 3a cOOOH, TaK UTO K HACTOSIIEMY BPEMEHHU OHA YK€ TIOUTH MOJTHO-
cTeio norepsiHa. ConHue Beicynmio Mapc.

Ho ectp Hagexpa, 4To He Bcsg Boja Bbicox/ia. YacTb 3amepsna U
ocTazach IOJ MOBEPXHOCTBIO. PaHbllle Mbl MOIJIM JIMIIb JIOTa/IbIBATHCS
006 3TOM, a Temepb ecTh HAIMIAAHBIE CBU/ETENLCTBA. BOT Kpall KaHboHA
(puc. 5.13): BUAHBI KaKKe-TO CTPYHKH, HOTOKH. MOXKeT ObITb, 3TO BOASHO
J7iefl U3 CJI0eB Mep37I0ThI TAeT 1o BecHe? Vi, MOXKeT ObIThb, 3TO CTPYUKU
necka? Ho miecok oceinasncs Obl U ¢ TIOBEPXHOCTH, @ TYT OOPO3/IKY HAUM-
HaoTCsa ¢ TyOouHbl okomo 100 M. 3HAUMT, CKOpee BCEro, 3TO OTTAaUBAET
c/oit Mep3soThl. [1o BecHe pydeliKy CKaTbIBAIOTCS BHU3 — U YTO MBI TYT
BumuM? Besze moBepxHOCTh Imiepbaras, a 37ech abCOMOTHO pPOBHAS, 3a-
CTBIBILIASI, KAK KaTOK. Ec/y, Kak BbISICHM/IOCH, KaHAIOB MapcuaHe He Jiena-
0T, TO BOT TaKue BaHHbI /i cOOpa BECEHHUX PYUbeB OHH, BUMMO, BCe-
TaKW CTPOSAT — MHAUe KTO )Ke cziesan aToT 6opTuk? Ero mocrpouna cama
pUpOJA: BOJA, 3aMep3as, HafiCTpauBaeT Takue cTeHku. [loxoxee sBie-
Hue ecTb B [lamykkane (Typrus): korga Boja McnapsieTcs, COIM U3 pac-
COJIa BBIMA/AI0T B 3TOM MECTe U MOCTENeHHO 00pa3yioT TaKue CTeHKU.

Puc. 5.14. Xumuueckoe
pasHoo6pasve Mmapcuan-
cKkoii nosepxHocTu. OT-
TEHKU LiBETa COOTBETCTBY-
10T pasHOMY MUHEpasbHO-
my coctasy. @oro: NASA.
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Puc. 5.15. B mapcuaHckoi nonsipHoi Wanke pa3nnumMbl iBa CJI051: BOKPYF BHYTPEHHel Ya-
CTM U3 BEYHOTO BOASAHOIO /1bfia 3UMOi1 06pasyeTcs KONbLLO U3 3aTBEP/EBLUEH YINEKUCOTbI
(rpannua oTmMeueHa cTpenkamu).

AwmepukaHipl B 0KTss6pe 2015 T. Buzie ¢ opOUTHI TOXKe JHIIb Clle-
Ibl Tekilero paccona. Ha ¢ororpadun, momydyeHHoil 3oHAOM «Mars
Reconnaissance Orbiter» (puc. 5.14), pasHbiM 11BeTOM 00603HaYeH pas-
HbI{ XMMHUYeCKHUi COCTaB; BAOJIb «py4YeiiKoB» 0OHapyKeHbl IepX/I0PaThL.
Cxopee Bcero, 3TO C/1efibl BOJBL, KOTOpasi cofiepasa pacCTBOPUMbIE COTU
xnopHo#i kucnotel. CMY Ham mpenofgHecn 3To OTKpbITHE B Ayxe «Ypal
Tam ecTp BoAa, JO/DKHA ObITh XU3Hb» Ho mopgymaiite, Morna v B Ta-
KOU Bozie ObITb XKM3Hb? Befib COMM OKUCIIEHHOTO X/I0pa — 3TO Mep3Kas
Belllb, yOuiicTBeHHas /7151 OeNKOBOM KU3HU. VMM yHUTA3bl YUCTAT B Iie-
75X Ae3nHQeKLMH, I0OTOMY UTO OHU Bcé pasbenaloT. [ne-to B Kanudop-
HUM eCTb S/I0BUTOE 03epo C II0XOKUM XMMHUYEeCKHUM COCTaBOM, U MUKPO-
OBl TaM MPUCIIOCOOMIHMCH, HO OHO JI€JI0 HPHUCIOCOOUTHCS, a Apyroe —
3apoXk/ieHHe KU3HU B Takoi cpefe. JInuHO y MeHA 3Ta MHPOpMaLus 9H-
Ty3Ma3Ma He BbI3bIBaeT.

3ameps3iuas BoJa, CKoOpee BCEro, ocesa B MosIpHOI wmanke. Ha ¢oTto
(puc. 5.15) BuziHA ueTKas IpaHUIA MeX/y BHELIHeH 1 BHyTpeHHel 4Ya-
cTsaMy wanky. [lo BecHe BHeIIHsIS TaeT, 8 BHYTPEeHHss Ha IPOTsHKeHUH
BCEro jieTta coxpaHseTcs. BeposaTHee Bcero, Hapy»KHOe KOJbLIO — YIJIe-
KUCJIOTa, & BO BHYTPEHHEM KpyTe JIeKUT BOZla B BUJle BEUHOIO JIbJa, KO-
TOpBII He TaeT U He BO3TOHAETCS, IIOTOMY YTO TaM KDY/ IO HU3-

MapcraHckas Boa 137



Puc. 5.16. AmepukaHckuii 30Hp Phoenix 6bin nocaxxeH BHYTpY 06n1acTvt 3MMHeit nonsipHoii
wanku (pucyHok NASA).

Kas Temreparypa. Utobsl ato npoBeputs, B 2009 . NASA 3abpocuso Ty-
na 3ou7 «Phoenix» (puc. 5.16), OH cen Ha BHEIIIHEee KOJbIIO JIETOM, T. €. BO
BpeMsI MOJIIPHOTO [Hsl, T0/Iroja paboTas, a Kak TOIbKO COJTHIIE 3aII0 —
3amep3. Ho xoe-uto nosnesHoe cienaTth OH ycnesn. BoT BHelIHUH BU[ 110-
napHO# obnacTu Mapca B cpaBHeHUU ¢ KaHa[CKOU TyH/Ipoit (puc. 5.17):

Puc. 5.17. Mpu HeopHOKpaTHOM OTTaMBaHMM W NOCNEAYIOLLEM 3aMep3aHUN MONSIPHOTO
rpyHTa Ha Mapce (cneea) u Ha 3emne (cnpasa) 06pa3ytoTCs NOXOXKME CTPYKTYPbI.
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Puc. 5.18. Manenb conHeuHom
6aTapem 1 KOBLL «3KCKaBaTopa»
3oHaa Phoenix, pacnonoxen-
Hblii Ha Po6OTU3MPOBAHHOIA py-
Ke-MaHunynsTope  annapara.
Wctounuk: NASA/JPL-Caltech/
University of Arizona/Texas
A&M University.

Pa3nMYMi TIOYTH HET, CTPYKTYpa MOBEPXHOCTH OAMHAKOBA, [IOTOMY YTO
JIETOM IPYHT OTTaWBAEeT, 3MMOU 3aMep3aeT — ¥ BO3HUKAIOIINE TIPYU 3TOM
KOHBEKTUBHbIE TIOTOKM BEIECTBA MPUBOIAT K (OPMUPOBAHUIO TTOJIUIO-
HaAJIbHBIX CprKTyp Hal'[OI[O6I/Ie ITYe/INHBbIX COT.

Y 30n71a «Phoenix» ObIT MAHUITYIATOP, YTOOBI KOIIATh AMKH (puc. 5.18),
Y KOe-YTO WHTEPEeCHOE OH /IS HAC HaKoMasl. BbIKomaa KOBIIMKOM KaHaB-
Ky, @ TaM — 4TO-TO 6e/ioe: MOXKeT ObITh, COJIb, MOXKET ObITh, BOZIA, MOXKET
6b1Th, CO,. Ho uepe3 HECKOMBKO [IHEl, B TeUeHre KOTOPBIX COJTHIIE TIPH-
rpeBaso KaHaBKY, KApTHHA CTajaa MHOM: COBCEM HEMHOro Gesoro Berie-
ctBa ucnapunaock (puc. 5.19). 3nauut, nen? Ckopee Bcero, Tak. [loromy
YTO YIJIEKHUCIIOTA UCIIApUIach Obl MOTHOCTBIO, & COJb OCTaMach Obl BCSL.
Takum o6pasom, Ha rryGuHe Bcero 10 ¢M JOKOMaIMCh 10 BOJSHOTO JIb/a.
Jlnga Gyayimux KOCMOHABTOB 3TO BeCbMa MPUSATHOE OTKPBITHE: EC/IH MY-
YKT XKaXK/Ia, TO B3sUT JIONATY, KOMHY/ — U BOT Tebe Boja. Pacromun ee —
U e, ecout He GOUIIbCA repxiopatoB. Ho B mospHeIx paifioHax ux, CKO-

Puc. 5.19. B mapcuaHckom rpyHTe nop
pacTasBlueit IeTOM MONSPHOIA LANKon
6bino obHapyxeHo Genoe BelecTBo.
Yepes HECKOMbKO 3eMHbIX AHEN O4eHb
He6onbLuas ero yacTb pacrasna.
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Puc. 5.20. Mapcoxon Sojourner
onpeaensieT XUMMYECKWiAi cocTas
MapCMaHCKOro KaMHsi Ip1 NOMOLLM
anbda-cnektpometpa. ®oto cpe-
NaHo C MOCafoyHol nnatopmbl
PathFinder.

pee Bcero, HeT, IOTOMY YTO OHM OCa)KAAI0TCsI, KOTZIa BOZA BBICBIXAeT, a Ha
TI0/TE0CA JIETUT BOJSHON map 6e3 coseit, Ipy KOH/AEHCALMH KOTOPOro T10-
JIyYaeTcsl YMCTHIMA Jiefl, MPAKTUUECKH JUCTU/UISAT, TOA00HO TOMY KaK y
Hac JJOXK/IeBasi BOZJa COBCEM IpeCHasl.

Wrak, Boga Ha Mapce ecTb, HO Ha BONPOC O HATUUUU >KU3HU OTBE-
TUTB TOPAa3[0 CJI0XKHEee. [le10 He TOMBKO B XMMUU: Ha [TOBEPXHOCTH IUIa-
HEThbI OYeHb MOIIHAS PaJUALs, a )KU3HDb ee «He JIIOOUT.

Jlns reonoruueckoro uccnefosanys Mapca Ha Hero B 1997 . onyctus-
csa mapcoxop «PathFinder» (NASA) ¢ He6osbiM MapcoxoioM «Sojourner»
(puc. 5.20). Konecuku y Hero GbUTH MasleHbKKE, TaK UTO JAIeKO YUTH 110
nepeceyeHHOM MECTHOCTH OH He MOT, HO U B JIOCTYIIHOM eMy OKpecTHO-
ctu xoporuo nopaboTtan. OH nprKUMas CBou pudops! (anbda- 1 ramma-
CIIEKTPOMETPbI) K KaMelllKaM ¥ aHaIM3UPOBa/l XUMUUYECKUI COCTAaB TOp-
HBIX TIOPOZ.

Jlpyrue fBa reonoruyeckux mapcoxopa — «Spirit» u «Opportunity»
(puc. 5.21). TepBbiit 3 HUX MpopaboTas 6 JIET, MOTOM YBSI3 B MECUAHBIX

Puc.5.21.Teonornueckue
mapcoxopbl Spirit u Op-
portunity 6binu ortnpas-
neHbl Ha Mapc B 2003 r.
(pncyHok NASA).
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Puc. 5.22. MapcuaHckuii «BHe-
nopoxuuk»  Curiosity, pa6o-
TaloWuUit Ha SAEPHOM TOMAUBE.
«ABTOnopTpeT» annaparta, CHs-
Thlil €70 CO6CTBEHHOI Kamepoit
(wraHra kamepb! He BUAHa 6na-
rofaps KOMOGMHaLWM HECKOMb-
KUX Kaf\poB).

[IOHAaX U BBILIEN U3 CTPOsI, @ BTOPOit paboTaet yxe 12 et 6e3 peMoHTa,
XOTsI Ha CTO/Ib JIOJITUI CPOK HUKTO HE HafIesyiCs — XOTS ObI TOTOMY, YTO
MUTAeTCS OH UCK/IIOUUTENbHO COMHEYHOU JHepruieid, u mblieBble OYpH
JOJDKHBI OBUTH 3aChINaTh COJTHEUHbIE TIAHE/IH, JIUIIKB arapar 3J1eKTpH-
yecTBa. Tak OHO U NTPOM30LUIO — HO IOTOM JIYHYJ/ CHUJIbHBIN BeTep, 0YM-
CTU/ POTO37IEMEHThI OT MbIIY, U OHU CHOBA Hauaau (QPyHKIMOHUPOBATb.
U Tak cnydanoch y)ke HECKOJIBKO pas, Tak 4To BeTep Ha Mapce oxasza-
CsI OUeHb I0JIe3HBIM.

Camoe nyumiee, uto Mbl (Tounee, NASA) umeem cerogus Ha Mapce, —
orpomMHas Mamuna «Curiosity» (puc. 5.22), nocaxxenHas B 2012 r. Buepo-
POKHUK C 21-10MOBBIMU KOJIeCaMy, BECOM IIOUTH B TOHHY (Ha 3emie),
C BEJIMKOJIENTHbIM CTOYHUKOM [IUTAHUS: Y HETO HET COTHEeYHbIX baTapei,
3aTo ecTb si/lepHbIN peakTop, B KOTOPOM IUTyTOHUI-238, pacnajasce, rpe-
eT TepMO3JIeMeHThl, U OHU B pe3ysbraTe sdgdekra [lenbTbe faOT 3nek-
TPUUECTBO. ITOTO SIZIEPHOTO UCTOUHMKA SHEPTUY XBAaTUT Ha JIeCSTKU JIeT.
Jlng orbopa 06pasioB y anmapaTa ecTh MAHUIYIATOP — INTAHTa [IBYX-
MeTpoBoOii JyinHbL Ho 3TO He npeziesn paccTosiHKS, HA KOTOPOM OH MOJKET
aHa/lM3UpOBaTb Marepuasbl. Y Hero ecTb YHUKasbHAas LITyKa — UHPpa-

MapcmraHckasa Boa 141



Puc. 5.23. B atmo-
Buigenexue cdepe Mapca 06-
MeTaHa: Hapy>XeH MeTaH
CeBepHoe neTo B KOHLLEHTpauuu
no 0,003 %.

KoHueHTpaums met:

10 20
Yacreit va 1000 000

KpacHbIH /1a3ep, KOTOPBIN «CTpessieT» MHOTOPKOY/IeBBIMU UMITY/IbCaMY,
ucnapss nopoay. Packanenusiii map (Tounee, 0671a4K0 TU1a3Mbl) U3/TyYa-
€T, TeIeCKOIl COOMpaeT 3TO U3/yuyeHHe, CIIEKTPOMETD ero aHalu3Upyer.
TakuM 00pa3om, 3TOT anmapar MOXKET U3[aai CKAaHUPOBAThb CBOMM «Iy-
YeBbIM OpY)KMeM» BEPTHUKa/IbHYIO CTEHKY B TeX MeCTaX, Ky/a «pyka» He
JOTATUBAeTCs.

B ero apcenane umeeTcs U OJUH POCCUNCKUI MPUOOD, CAeTaHHbIM
B MHcTuTyTe KOCMuueckux uccnegoBaHuii (MockBa). DTO HeUTpOH-
HBIIl IeTeKTop [/1s IOoMCKa BOJbI IOJ MOoBepxXHOCTbI0 Mapca. Berpoen-
HBbI B HErO MUCTOYHHUK HCIYCKAeT IIOTOK HEUTPOHOB, KOTOPBIA IIPOHUKA-
eT B TPYHT Ha r1yOuHy 6osee meTpa. Ec/ii HEWTPOHBI BCTPeYaroT Ha Iy-
TH aTOMBI BO/I0po/a (KOTOpbIe BXOJSAT B COCTAB MOJIEKYJIBI BO/IBI), TO OHU
UMY PaCCeUBAIOTCS U 00PaTHO He «OTCKAKUBAIOT». Eciu yke JIerkux szep
TaM HeT, TO HEHTPOHBI YaCTUYHO OTPA’KAIOTCS Ha3a[l.

Camoe MHTepecHOe OTKpbITHE B IOMCKax >KM3HM Ha Mapce — To,
yto B 2009 r. Ha3eMHbIe TeIeCKOMbl 00HAPYKU/IU B aTMOChepe MIaHeThl
CrieKTpasibHble TMHUK MeTaHa (puc. 5.23). MeTan — 3TO MPOAYKT /160
BY/IKAHMYECKUX M3BepIKeHuit, b0 JKU3HeesITeIbHOCTH KaKUX-TO Opra-
HU3MOB (Y Hac, HAaTpUMep, KPYIHbIIM POraThiii CKOT ero BeifieiseT B 60/b-
mux o6bemax). Ho MapcraHcKuie BY/IKaHbI IABHO 3aMep3/Ii U HUUEro U3
cebst y>xe He BIOpACHIBAIOT. 3HAUMT, OCTAETCSI €IUHCTBEHHOI BTOpas TU-
nore3a. [IpaBaa, Hu oAHOM KOpoBbI Ha Mapce Moka He 3aMeuyeHo, HO 3TO
MOTyT ObITh MUKPOOPTaHWU3MbI, pas3jararliie OpraHnuecKue MaTepua-
JIbI, — CKOp€e BCEro, MUKpPOObI, KOTOPbIE 3apbUTKCh I/TyOOKO B IPYHT, YTO-
6b1 paguanug ux He youna. Ha Hateif miaHeTe OT COMHEYHOU U KOCMU-
YecKoU pafmaruu 3amuniaet arMocdepa, IoaTomy, uTobbl C/Ie1aTh mpo-
CTYIO OLIeHKY IJTyOMHBI, HA KOTOPOM JOCTHraeTcsl XOpoluas 3aliyTa OT

142 5. VicTopwmst OTKpbITUIN Ha Mapce



Puc. 5.24. MouTtu Kpyrnible 0TBEpCTUS B MapCUaHCKOI NoBepxXHOCTH, Anametpom ot 100 ao

250 m, coTorpadpmposanHbie opbutanbHbiMu annapatramu Mars Odyssey u Mars Global

Surveyor (NASA). Cbemku B MH$pakpacHoM AnanasoHe, nokasbiBaloLne pasHoOCTb AHEB-

HbIX M HOYHBIX TEMMEPATYp, NOATBEPKAAIOT NPEANONOKEHHUE, YTO OHN MOTYT BbITb BXOAA-
mu B noa3semHble nonoctu. Mctounnk: NASA/JPL-Caltech/ASU/USGS.

pazuanyy, MOXHO MBICJIEHHO CXKaTb BCIO TOJIIY 3€MHOM arMocdepsl 0
IUIOTHOCTH IPYHTA — MOJYYUTCS] HECKOJIBKO METPOB, MEHBIIIe TSTH.

U Beap ¢ MCKYCCTBEHHBIX CIYTHUKOB Mapca y)ke 0OHapy)KeHbl BXO-
Jibl B MapcruaHckue mneieps! (puc. 5.24, 5.25). 9Ty IbIpKU-IIaxXThl, BEPTHU-
KaJIbHble KOJIOALIB, JOBOJIbHO HIMPOKKE, Pa3MepoM CO CTaJHOH, Ha JIbAY
BBIJIEJISIOTCS OYeHb KOHTPAcCTHO. [1o-BUMMOMY, OHM UMEIOT KapCTOBOe
MIPOUCXOK/IEHUE.

Puc. 5.25. OauH u3 nposanos B
MapCUaHCKOM TpYHTe, BO3MOXHO,
kapctosoii npupoabl (NASA/ Jet
Propulsion Laboratory /University
of Arizona).
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Puc. 5.26. KapcToBsbiit npoBan
B 3eMHOM rpyHTe ([Batemana,
2010r.).

Ha Hameit niaHeTe To)ke BCTPEYalOTCS TaKKe BXOAbI B MOJ3eMebe
(puc. 5.26); He#maBHO Takyl0 BOPOHKY OOHapyxwuiu Ha Taiimeipe. Kap-
CTOBBIe SIBJIEHUS Ha 3eMJsie — 3TO KOIJja BOZA BbIMBIBAET B ITTyOMHHOM
c710e TpyHT, 00pa3yeTcs CeTh Iellep, IOTOM I/ie-TO 00BaIMBAETCS «KPbI-
a» ¥ TakuM 00pa3oM IosydaeTcs: BXoj B meluepy. Bynkanuueckas na-
Ba TOKe MOIJIa IIPOIUIaBUTb BHYTPEHHUE TOPU30HTHL A B Ieliepax yc-
7I0BUS /IS KU3HU 04eHb xopoure. EcTb ogHa Takas nemepa Bo Opan-
1y (puc. 5.27): Ha HOBEPXHOCTH XKU3HU IIOYTH HET — OZIHU TYPHUCTBL, HO
BHYTPY JXM3Hb IIPOCTO OYHCTBYeT, IOTOMY YTO TaM U BI&XXHOCTb BbI-
e, ¥ TeMreparypa crabuibHee (HET CYTOYHBIX [EpPenajioB), U pajua-
U4 elle MeHblle, yeM HaBepxy. OTBepcTue AuaMmerpoM MeTpos 60 cHa-
yajia yXOAUT BepPTUKAIbHO BHU3 [0 ryOuHbl 70 M, IOTOM XOf CTaHOBHUT-
Cs1 TOPU30HTA/IbHBIM. DTO OOBIUHBIN KAPCTOBbINA KOPUIOP, B KOTOPOM 00-
Banuics noronok. EcTb Hagexxaa, uTo 1 Ha Mapce sBeHue TO ke caMoe,
T. €. TI0/] TPYHTOM MMEIOTCsI ITyCThIe IPOCTPAHCTBA, U OHU Haubosnee Gna-
TONIPUSITHBI [/ pa3BUTHS XU3HU. Ho M3yuuTb X He NpefcTaB/seTcs
BO3MO)XKHBIM, [IOTOMY YTO POOOTOB-CIIE/IE0/IOTOB IT0Ka He Co3/anu: pobo-
ThI MOT'YT JIMIIb OeraTh 110 IIOBEPXHOCTH U JIeTaTh B aTMocepe.

KoneuHo, /191 CylecTBOBaHMS XKU3HH ITellepbl He 00s13aTe bHBL, XKHU-
Bble OpraHu3Mbl MOT'yT 0OUTaTh U B rpyHTe. Tak, BCe MPOCTPaHCTBO 3eM-

Bxop

Puc. 5.27. CxematnuHblii npoponbHbii paspes newiepbl Gouffre de Padirac (®panuus).
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Puc. 5.28. Kapcrosas newepa Gouffre de Padirac (®panuus). Ha cteHax konogua 6yict-
ByeT u3Hb. ®oto B. I. Cypauna.

Puc. 5.29. BuyTpu newepbl. [luameTp 310ro KoNoALLA NPUMEPHO COOTBETCTBYET MapCHUaH-
ckum. Ho ux nponcxosxaenne MoxeT 6biTb pasHbiM: Ha 3emne «pabotaer» Boaa, a Ha Map-
ce Morna fieiicTBoBaTb BynKaHuyeckas nasa. ®oto B. I. Cypauna.
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Puc. 5.30. Ha 3toM cHuMKe, caenaH-
Hom mapcoxogom «Curiosity», oT-
YeTAMBO BUAHbI CNeAbl AeNcTBUs
BoAbl. Mapcoxop HaxoauTCs Ha AHe
6biBLLErO BOJ0EMA.

HOI KOpBI 10 TyOuHbI B 3 KM HaceneHo MuUKpobamu (rmybske Temiepa-
Typa craHoBuTcs Bbie 100 °C u 3akunaer Boza). [1o oreHkam crerya-
JTUCTOB, TI0/IHas GroMacca MUKPOOOB I10/] IIOBEPXHOCTDIO 3eM/IN [O/DKHA
HaMHOTI'O ITPEBBIIIATD MACCY BCEX CYIIECTB HA [TOBEPXHOCTU (Ha cyme 1 B
BOJie) — BKJIIOYast KUTOB, C/IOHOB, JIIOfie 1 ip. MOXXHO CKasarb, UTO 3eM-
Has )KU3Hb (KaK U MapCUaHCKasi, eC/IM OHA eCTb) COCPE0TOUeHa B OCHOB-
HOM B [7IyOKHE [UIOTHOTO IPYHTA.

B pamkax muccuu mapcoxoza «Curiosity» 6bU1 3a5yMaH 3ameyarerib-
HBIH OMOIOrMYeCKrl SKCIIEPUMEHT: anmapar [A0/DKeH OblT BBIKAIbIBATD
C FJ'Iy6I/IHbI II€COK, 3acChbIllaTb €ro B 68H0‘1Ky, 3a/IMBAThb MUTATE/JIbHbIM pac-
TBOPOM U [jajiee CMOTPETb, HACKOJIbKO aKTMBHO MapCHaHCKHE MUKPO-
6b1 OynyT TaM pa3MHOXKaTbCs. Ho, K COXKaseHHIo, eMKOCTb C 3TUM pac-
TBOPOM pasbuiach mpwu mocazKe. To ObUI eAUHCTBEHHBII 9KCIIEPUMEHT
cpeau 3ariaHUpoBaHHbIX ig «Curiosity», KOTOPBIA He yAaIoCh BBIION-

Puc. 5.31. Nanopama ropei LLlapn — uenun uccneposanuii mapcoxopa Curiosity. ®oto cae-
naHo kamepoii mapcoxopa (NASA).
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Puc.5.32. Mapcoxop,
no npoekty  ExoMars

(ESA/Pockocmoc),  npea- :
HasHaueHHbIN ana 6uoxumm-

4ecKoro mccnepoBaHus noa-
NOBEPXHOCTHOTO FPYHTa.

HUTb. VTaK, )XU3HeesATeIbHOCTb MUKPOOOB OH YBUETb HE CMOXET, HO
y Hero ectb [eHCTBYIOLMI Macc-CrieKTporpad, KOTopelil crocobeH 06-
Hapy)XMBaThb B Mpobax rpyHTa OMOMOJIEKY/Ibl HYK/IEMHOBBIX KHC/IOT U
6esIKOB, XOTs1 3TO AACT JIMIIb KOCBEHHOE MO/TBEPK/IeHIe BO3MO)KHOCTH
’KM3HU Ha IUIaHeTe.

Ho moxa «Curiosity» 3anumaertcs nuuib reonorueil. [locagunu ero
BHYTpPY OOLIMPHOTO METEOPUTHOIO KpaTepa 0Koj10 60/bIo#i (5 KM BbICO-
TOI) LeHTpanbHO# ropsl (puc. 5.31). OHa crnoXkeHa 0caJOYHbIMU OPO/A-
MH, KOTOpble Hac/JauBa/IMCh BeK 32 BEKOM, U 3Ty «I€0JIOTHYECKYIO JIeTO-
nmck» Mapca 3a rmocnefHye napy MWIJIMAap/i0B JIET Te0I0TH MeUTaloT U3y-
unTh. Cefiyac Mapcoxo/ y)ke MoAbexan K MOAHOXHIO 3TO ropsl, U 6/1u-
JKaiilas ero 3ajauya — IIOAHUMaTbCs Ha Hee, I0Ka CMO’KeT. 9TO HellpoCTo:
MapCHaHCKHe KaMeIlK{ OKa3asuCh BeCbMa OCTPLIMU U OCTaBJISIOT JIbIp-
KU B a/IIOMUHUEBBIX Kojecax poboTa. VI3-3a monyueHHbIX OBPEeX/AEHHU
IBYDKETCS] OH HEOBICTPO, TeM OoJiee UTO BEAyT €ro He IO MPsIMOiA, a B 00-
XOJl KAMHEH, TaK uTo 100epeTcs /i1 OH 0 CAMOM BEPIIMHBI — HEU3BECTHO.

KocmonaBTel Ha Mapc ecnu 1 IoneTaTt Koraa-HuOyb, TO He CKOpO,
TaK 4TO IOKa OyzeM ucciaenoBatb ero poboramu. OuepeHON POEKT 110
uccnenosanuio Mapca, «ExoMars», U3HaualbHO 33yMbIBasICS KaK eBpo-
nelicKo-aMeprKaHcKui, HO B 2013 r. amepuKaHLbl OTKa3alIuch OT HEro 1
npekpatuau GuHaHcupoBaHue, esporneiinam (ESA) nna ero mpopmomxke-
HUS CBOWIX [IeHeT He XBaTW/IO, U OHU IIPeJUIOKMIN yuacTBoBaTh Poccum.
CornacHo mpoekTy, PockocMoc mpenocTaBisieT pakeTbl, M0CAaA0YHYI0
mathopMy U HekoTopble mpubopsl, @ ESA cospaer cnyTHuHK, criycka-
emblil anmapar «Ckuanapesnn» 1 Mapcoxof, [lepasi yacTb porpaMmbl
yxe peanusosaHa. Pakera «[IpotoH-M» ¢ pasroHHbIM 6710k0M «Bpu3-M»
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14 mapta 2016 r. orpaBuia k Mapcey akcneauiumio, kotopas 19 okTabps
2016 r. mpubsuta Kk KpacHoit ninanere. [Tocaaka «Ckuanapesiv» nporuia
HeyzauHo — anmapar pasbucs. Cniytauk «Trace Gas Orbiter» Bbien Ha
opOUTYy U HOpMalbHO paboTaeT, U3yuass Masble KOMIIOHEHTbI MapCHaH-
ckoit aTMocdeps! (0cobblii MHTEpeC Mpe/CTaBIsgeT MeTaH).

B xonne 2018 r. Ha Mapc fo/mKeH ONyCTUTLCS CTALMOHAPHBIM anmna-
par «InSight» (NASA), BHelHe noxoxwuit Ha «Phoenix» (cm. c. 138), Ho ¢
6oee nHTEpeCHBIM HAabOpPOM MPUOOPOB. B uacTHOCTH, OH [TO/KEH yCTa-
HOBHUTb Ha I'PYHTe CeCMOMeTp U, IPOCBEep/IMB I'PYHT, ONYCTUTb Ha I7y-
OMHY OKOJIO 5 M IaTUMK A7 U3MepeHHUsI TeIIOBOro II0TOKa U3 Hefip I/ia-
HETBL

Bropas uacTtb poccuiicko-eBponerckoi skcneanunu «ExoMars» nina-
HupoBanachk Ha 2018 r, Ho Ternepsb nepeHeceHa Ha 2020 r. Poccuiickas no-
cajo4Has naargopMa A0/KHA JOCTaBUTh Ha IIOBEPXHOCTD LIeCTUKOIIeC-
HbI Mapcoxoz Maccoit 270 Kr, 000pyJOBaHHbINA OypPHUILHBIM CTaHKOM,
croco6HBIM 00bITh IPYHT € rybuHbl 1,5-2,0 M. Ha mMapcoxoze Gyzmer
KOMIUIEKT NMPUOOPOB /11 MUHEPAIbHOrO0 M XMMHYECKOro aHaIM3a 3To-
ro rpyHra. CrierianbHble MeTOAb! OYAYT MCIIONb30BaHbI 111 0OHApYKe-
HUs1 GMOMapKepoB.

Tak 4uTO ’K[1eM HOBBIX OTKPBITHI.



[1naHeTbl-TMraHTbl,
X KOJ1bLiA
N NAAHETbI-CNYTHUKN

FMraHTckue njaHeTbl — Kakue oHu?

Hama Conneuynad cructeMa, eC/id UMeTb B BUJY €€ BeIeCTBO, COCTO-
ut u3 ConHIa ¥ JeThbIpex IJIaHeT-TUTAHTOB, a elle npoue — u3 ConHua
u [0murepa, mockonbky mMacca lOnuTepa 6osble, YeM BCeX MPOYMX OKO-
JIOCOJTHEYHBIX 00EKTOB — II/IaHET, KOMET, aCTEPOU/I0B — BMECTe B3SIThIX.
QakTHuecKku Mbl KMBeM B [BoHHOM cucteMe ConHue—lOnutep, a Bcs
OCTasIbHasi «MeJI0ub» II0O{YNHSETCS UX IPaBUTALUM.

Carypn BueTBepo Menblle IOnurepa mo macce, HO IO COCTaBy IO-
XO0K Ha HEro: OH TOXXe B OCHOBHOM COCTOUT U3 JIETKUX 3JIEMEHTOB — BO-
J0pofa U reaus B OTHomeHuM 9:1 mo KommdecTBy aToMoB. YpaH u Hen-
TYH ellle MeHee MAacCHBHBI 1 110 cOCTaBy Goradye 6Gosiee TSDKETbIMU lie-
MeHTaMHu — YITIepoJiOM, KUCIOpOofAoM, a3oToM. [loaToMy rpymnny us ye-
ThIPEX TMTaHTOB OOBIYHO Je/IAT I0IoIaM, Ha /iBe moAarpymmsr IO0nuTep
u CaTypH Ha3bIBalOT ra30BbIMM TMraHTamy, a YpaH u Henrtyn — nend-
HbIMU rurantamu. [leso B ToM, uto Ypad u HentyH 06/1aal0T HE O4€Hb
To/cTON armMocdepoit, a 6dbIuas yacTh X 06beMa — 3TO JieAsHast MaH-
THS, T. €. JOBOJIbHO TBepAoe BelllecTso, a y l0nurepa u CaTypHa no4tu
Bechb 00beM 3aHAT ra3000pa3HOil U KUAKOM «aTMocdepoii». [Ipu aTom
BCe TMTaHThl UMEIOT JKelle3HO-KaMeHHbIe S7ipa, NpeBbllIalomiye 110 Mac-
ce Hally 3emIo.

Ha mepBbIii B3M14/[, MIaHETbI-TUTAHThl IPUMUATUBHBI, 8 MaJeHbKHUe
I/IaHeThl 3eMHOTO THIIa HAaMHOTO MHTepecHee. Ho, MOXeT 6bITb, 3TO IpO-
CTO IIOTOMY, UTO MBI [10Ka IJIOXO 3HaeM NPUPO/Y 3TUX YeTblpeX T'UTaHTOB.
Hanpumep, k AByM neAsHbIM ruraHtaM — Ypany u HenTyHy — 3a Bcio
HCTOPHIO acTPOHOMUU TIPUOIIKancs muiib 30H7 «Bosgmkep-2» (NASA),
Jia ¥ TO MpoJieTes, He OCTaHaBIUBAasACh, MUMO HUX: B 1986 r. — mumo Ypa-
Ha 1 B 1989 . — mumo Henryna. MHOro /11 0H MOT yBUZIETb U U3MEPUTh?
Mo:xHO cKasaTb, UTO K MCC/I[O0BAHUIO JIEASHBIX TUTAHTOB MBI elle I0-
HaCTOSIeMy He IPUCTYTalH.
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Puc. 6.1. OtHocuTenbHble pasmepbl nnaHeT ConHeuHol cucTembl.

[a3oBble ruraHTbl M3yueHbl HAMHOIO JeTasbHee, [IOCKOJIbKY Kpo-
Me nposeTHbix annaparos («[Tuonep-10 u 11», «Bosmxep-1 u 2», «Ynuce»,
«Kaccunw», «<HoBbie ropusonTsy, NASA u ESA) psgom ¢ HUMU [yIUTENTb-
HO paboTtanu ucKyccTBeHHble cryTHUKM: «[anmmneo» (NASA, 1995-2003)
u «[xyHo» (NASA, c 2016 r.) uccneposanu Onutep, a «Kaccunn» (NASA
u ESA, 2004-2017) usygan CarypH.

Haubonee rnyb6oko 6bl1 mccnenoBaH lOmurep, mpuueM B HpsSIMOM
cMmbicie: B ero armocoepy ¢ 6opra «[anuneo» 6pU1 cOPOILIEH 30H/, KOTO-
pbIi BIeTEN TyAa CO CKOPOCThbIO 48 KM/C, pacKpbUI IapalloT ¥ 3a 1 yac
onycTuics Ha 156 KM HibKe BepxHedl KPOMKM 00J1aKOB, I7ie TIPY BHEII-
HeM /iaBieHud 23 at™ u temrieparype 153 °C npekpaTui nepesiaBaTh J1aH-
Hble — M10-BUJJUMOMY, U3-3a Ieperpesa. Ha TpaekTopuu crrycka oH usMme-
pWJI MHOTHe IapameTpbl aTMocdepsbl, BK/IOYas Jjaxke ee U30TONHBIN COo-
craB. TO 3aMeTHO 060raTHUIO He TObKO MIAHETOIOTHIO, HO U KOCMOJIO-
rui0. Be/ib TUTaHTCKYE TITAHEThI HE OTITYCKAIOT OT ce0s BEIecTBO, OHU Ha-
BEYHO COXPaHSIOT TO, U3 Uero POAUINCE; 0COOeHHO 310 KacaeTcs lOmure-
pa. Y ero 06;1a4HOM IOBEPXHOCTH BTOPast KOCMUYECKast CKOPOCTb COCTaB-
nsiet 60 KM/c: SICHO, UTO HU OZHOM MOJIEKYJIe OTTYZA HUKOrAa He yiTH. [1o-
3TOMY MbI IyMaeM, YTO M30TONHbIH coctas IOnuTepa, oco6eHHO cocTaB
BOJIOPO/1a, XapaKTepeH /1JIs1 CaMbIX IIePBbIX 3TAI0B »U3HU CONMHeYHOi cu-
CTEMBI, @ MOXET ObITh, M BcesleHHOM. U 3TO 0UueHb Ba)KHO: COOTHOLIEHUE
TSDKEJIOrO U JIETKOT0 M30TOINOB BOAOPO/a [T0Ka3blBaeT, KaKk B IIepBble MU-
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Puc. 6.2. Cnyckaembiit annapar c 3oHpa «fanuneo» B atmocgepe KOnutepa. PucyHok: Ken
Hodges (NASA)

HYTBI 3BOJIIOLIMM Hallel BceleHHOHN NMpOoTeKan CHHTe3 XMMUUYeCKUX 3J1e-
MEHTOB, KaKkre GU3HUYeCKHe yCI0BUS TOr/aa ObUIH.

IOmurep GvicTpo Bpainaercs — ¢ mepuogoM okono 10 yacos, a mo-
CKOJIbKY Cpe/IHsIsl IUIOTHOCTh I1aHeThl HeBenuKa (1,3 r/cm?), rieHTpobesx-
Hasl cuia 3aMeTHO JedopMupoBana ee Teno. HeBoopy>keHHBIM I71a30M
BHUJIHO, YTO I/IAHETA CKaTa BAOJb MOAsApHOH ocu. Ctenenpb cxarus HOmu-
Tepa, T. €. OTHOCUTE/IbHAS PA3HUIA MEX/IYy ero SKBaTOPHUAIbHBIM U IO-
nspHBIM paguycamy, coctasnster (R, .—R. )/R,.. = 0,065. ImenHo cpen-
HAS [UIOTHOCTD T1aHeTsl (poc M/R®) u cyrounbiit iepuos Bparenus (T)
orpenensioT Gpopmy ee Tena. Kak n3BecTHO, IJ1aHeTa — 3TO KOCMUYECKOoe
TEJI0 B COCTOSIHUM TM/IPOCTATUUECKOro paBHOBecus. Ha momoce mefict-
BYeT TO/bKO cuna Tarotenus (GM/R?), a Ha sKBaTope el IPOTUBOJENUCT-
Byet ueHtpobexnas cuna (V2/R=4n?R?/RT?). x OTHOLIEHWEM U OIpe-
nensercsa Gopma TIaHEeTbl, TOCKOIbKY /JaB/IeHNe B 1[EHTPe MIaHeThbl He
NIOJHKHO 3aBUCETh OT HAMpPaB/IeHMs: 9KBATOPHUAIbHAS KOJIOHKA BEIeCTBa
BECUT CTOJIBKO JKe, CKOJIbKO TosisipHast. OTHOIIIEHUE 3TUX CHUIT:

41’R/T? 1 1
o< o ——.
GM/R? T°M/R® ~ pT?
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CarypH
Crkartme 0,098

Onurep
Cxatue 0,065

Puc. 6.3. ®opma auckoe Carypha n FOnutepa B cpaBHeHMM € NpaBUIbHBIMK
OKPY>XXHOCTAMM.

Wrtak, yeM MeHblIe NJIOTHOCTb U MPOAOKUTENbHOCTb CYTOK, TeM
cuJIbHee CxaTa IulaHeTa. [IpoBepum: cpepHss miaotHocTb CaTypHa co-
crasnget 0,7 r/cm®, mepuop ero Bpaienus — 11 yac, IOYTH TaKOU Ke,
kak y [OnuTepa, a cxxatue — 0,098. CatypH cxxaT B IoaTopa pasa CUJib-
Hee HOnwmTepa, ¥ 9TO JIETKO 3aMETUTh MPY HAOIIOIEHNH [UIaHeT B Tesle-
ckorr: cxarve CaTypHa Opocaercs B r1asa.

BricTpoe BpallleHue N71aHeT-TUTaHTOB ONpeJeseT He TOIbKO (POpPMy
WX T€JIa, a 3HAUMT, U POpPMY UX HAbII0IAEMOro IUCKA, HO U €er0 BHEIIHHU
BU/: 00/1a4Hast MOBEPXHOCTh [UIAHET-TUTAHTOB UMEEeT 30Ha/IbHYIO CTPYK-
TYpY C [10JI0OCAMH Pa3HOTO 11BeTa, BLITSIHYTBIMU B/I0JIb 9KBaTOpa. [loToKM
rasa JIBIXKYTCs OBICTPO, CO CKOPOCTSMU BO MHOTHME COTHU KMJIOMETPOB
B yac; UX B3aUMHOE CMellleHre BbI3bIBaeT CIBUTOBYIO HEYCTOWUYMBOCTD
Y COBMeCTHO ¢ cuioi Kopronuca nmopox/iaer ruranTckue Buxpu. Msna-
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Puc. 6.4. Buxpu B armocdepe HOnutepa. ®oto 3oHAa «Juno» (NASA). Kontpact nckyccr-
BEHHO YCUNeH.

neka 3ameTHbl bonbuioe KpacHoe [1aTHO Ha I0nuTepe, bonbimoit benbrit
Osan Ha CarypHe, Bonbioe TemHoe ITsatHo Ha Herryne. Oco6eHHO 3Ha-
MeHUT aHTUIMKIOH bonbioe KpacHoe [satao (BKII) Ha HOmutepe. Kor-
na-to BKIT 6110 BBOE H0sIbIlIe HBIHEITHETO, €0 BU/IENH €llle COBpEMEH-
Huky [anunes B cBou cnabenbkue teneckomnbl. Ceromusi BKIT mobnen-
HEJI0, HO BCe-TakW 3TOT BUXPb yke nouty 400 seT >kuBeT B atMocde-
pe IOnuTepa, MOCKONbKY COAEPKUT TMIAaHTCKYIO0 Maccy rasa. Ero pasmep
6orble 3eMHOTO mapa. Takas Macca rasa, eJUHOKIbl 3aKPYTUBILKCh, HE
CKOpO ocTaHoBUTCA. Ha Harlleil niaHeTe LIUK/IOHBI )KUBYT IPUMEpPHO He-
JieJlio, a TaM — CTOJIeTHSL.

B moboM [BM)XEHHM pacceMBaeTCsl SHEPrus, a 3HAuWT, TpeOyeTcs
ee nctouHuk. Kaxxnas rianera obagaer JByMs rpyIrnaMyd UCTOUYHHUKOB
9HEepruy — BHYTPeHHUMHU U BHeITHUMU. VI3BHe Ha I/1aHeTy JIbeTcs IOTOK
COJIHEYHOTO M37y4YeHUs U MafialoT MeTeOpOU/ibl, U3HYTPU ee TperoT pac-
naji pafivoaKTHUBHbBIX 3/IeMEHTOB U IPaBUTALMOHHOe C)KaTue caMoil mia-
HeTsl (MexaHu3M KenbBrHa—Ienbmronbua). Cpeny BHEITHUX HCTOUHHUKOB
sHeprun CosHLe BHE KOHKYpeHLUHU. XOTS Mbl yXKe BUfeny, kak Ha I0nu-
Tep MaJaloT KPYIHble 00bEKTHI, BbI3bIBAIOIIE MOIHbIE B3PbIBbI (KOMe-
ta [lymeiikepoB—JleBu 9), OLEHKM YacTOThI MX MafeHHs MOKAa3bIBaloT,
YTO CpeJHUM MOTOK MPUHOCUMON MMU 3HEepruu CyIleCTBEHHO MeHbIIe,
yeM NPUHOCUT CONHeuHbIH cBeT. C Apyroil CTOPOHBI, PO/Ib BHYTPEHHUX
VICTOYHUKOB Hepruy HeoJHO3HauHa. Y IJIaHeT 3eMHOI TPYIIIbI, COCTOS-
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KX U3 TSDKENbIX TYTOIUTAaBKUX 3JIEMEHTOB, eJUHCTBEHHBIM BHYTPEHHUM
WCTOUHHUKOM TeIUIa CIYXUT PaJUOaKTUBHBINM pachaji, HO BKJIaf ero HU-
UYTOXXEH 10 CPABHEHUIO C TEIJIOM OT CO}'IHLIa.

Y nnaHeT-TUTaHTOB A0J19 TAXKEJbIX 3JIEMEHTOB CYLIECTBEHHO HUIKE,
3aTO OHU MacCHBHEE U JIerye CKUMAIOTCs], UTO Jie/IaeT Bblie/IeHre IPaBy-
TAllOHHOW 3HEepPruy WX IVIaBHBIM HCTOYHUKOM Tera. A IOCKOJIbKY TH-
raHThl yganeHbl oT CONHIA, BHYTPEHHUH UCTOYHUK CTAHOBUTCSI KOHKY-
PEHTOM BHEIIHEMY: TIOPOY cama IJIaHeTa TpeeT cebst CUIbHee, YeM ee
HarpeBaet Connue. laxxe Omurep, 6vokaiimmii k COMHIY TUraHT, U3/y-
vaert (B uHpakpacHoit obnactu criektpa) Ha 60% 6GoJbIe SHEPTUY, UeM
nonyuyaet ot ComHua. A 3Heprus, KOTopylo usnydaer B kocmoc CaTypH,
B 2,5 pasa 6orbliie TOM, KOTOPYIO I1aHeTa nony4aet ot ComHIa.

['paBUTaAlMIOHHAS SHEPTHUS BBIESIETCS] KaK MPU CXKATHUU TUIAHEThI B
L[eJIOM, TaK U Ipu AudPepeHLInanuy ee Heap, T. €. IPYU OMYCKaHUHU K LIEeH-
TPy 60]'[66 IIJIOTHOT'O BELIECTBA U BbITECHEHUHN OTTyd 60]16‘6 «I17IaBy4Eero».
BepositHo, paboTatot oba apdexra. Hanpumep, IOmurep B Haury amoxy
yMeHbIIAeTCsl MPUOIU3UTEIBHO Ha 2 CM B TOAL. A cpasy moc/ie GopMHUpo-
BaHUSA OH UMeJT BABOe OOJbIIKI pa3Mep, CKUMasics ObicTpee u ObUT 3Ha-
YHUTENbHO Teruiee. B CBOMX OKPECTHOCTSIX TOT/IA OH UTPajl POJib MajeHb-
KOO COJIHI[3, HA YTO YKa3bIBAIOT CBOMCTBA €ro rajuieeBbiX CIyTHUKOB:
yeMm 6]II/I)Ke CIIYTHUK K IUIaHETE, TEM OH IUVIOTHEE W TEM MEHbIIE COAEp-
JKUT JIETYYUX IJIEMEHTOB. B LeJIOM TaKyIo )K€ 3aBUCUMOCTb JEMOHCTPUPY-
10T U camH I1aHeTsl CotHeuHoi cucteMbl 1o Mepe yaaneHus ot ConHua.

Kpome c)xatusi miaHeTsl Kak 1IeI0ro, BAYKHYIO POJIb B TPaBUTALMIOH-
HOM HMCTOYHUKE 3Hepruu urpaet auddepeniuanys Heap. Bemectso pas-
JieisleTCsl Ha TUIOTHOE U IUIaBydee, B Pe3yJ/bTaTe Yero IVIOTHOE BellecT-
BO TOHET, BblZi€/IfAA CBOIO IIOTEHUUA/IbHYIO I'PABUTALMOHHYIO SHEPTHIO B
BHUfie Terna. BeposTHO, y MaHeT-TUraHTOB TeIUIO BBIJE/ISETCS B IEPBYIO
o4epesib B pe3y/bTaTe KOH/IEHCAK 1 TOC/Ie/IYIOIIEro MajieHus Karesb
re/ivist CKBO3b BCIUIBIBAIOIIYE CJIOU BOJIOPO/A, a TAKKe NMpHY (a3oBbIX Ie-
pexomax camoro Bogopoja. Ho MoryT ObITh SIBMIE€HMs U MOUHTEpPEeCHee:
HalpUMep, KPUCTAIM3alUsl yIepoAa — JOX/Ab u3 anMasos (!), mpas-
aa, BbI,ELe]'IHIOLLU/Iﬁ HE OU€Hb MHOTO 3HEPI'UY, [IOCKOJIbKY YyI/IEPOAa Maslo.

YTO TaM BHyTpHU?

BHyTpeHHee CTpoeHHe IIJIaHET-TUTAHTOB II0KA M3Yy4aeTcs TOJIbKO
TeopeTHdecku. Ha mpsiMoe MpOHUKHOBEHKE B UX HeJpa y Hac Maso IlaH-
COB, @ METO/IbI CEIICMOJIOTHY, T. €. aKyCTUYeCKOro 30HJUPOBaHNsI, K HUIM
TI0Ka He IPUMeHsIHCh. BO3MOXHO, Korga-HuOYqb Mbl HAyYHUMCS IPOCBe-
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Mertanno-
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«/lbabir:  ugkuit meTananyeckmil armocgepa

cunukathoe B0A3, BOAOPOA : 0,69 Moap

aapo  aMMMaK,

o | Muaxuit monekynspHsiii 6500 K

BOAOPOA
. ‘ - Buauman noBepxHoCTS
obnaunoro cnos
{
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45 Mbap,

10 000
13 r/emd

YyuBaTb

K, : | i YPAH,
%00, . HEMTYH

Metanno-
cunukaTHoe  MaHTHs

3EMAA aipo) 1 minony

B uentpe
7-8 Méap, ,
7500 K,
10 r/cm3

Mantua Jlutocdepa

Puc. 6.5. Ctpykrypa nnaHet ConHeuHoi cucTembl.

MX C IIOMOIIBI0 HEUTPUHO, HO [0 3TOrO elle aaneko. K cuacrero,

B na6opaTopr1x YCIOBUAX YK€ HEIJIOXO M3Y4Y€HO IMOBEAEHNE BEIleCTBa
Ipy T€X AaBJIEHUAX U TeMIIepaTypaX, KOTOPbIE HAPAT B HeJpaX IJIaHEeT-
TUTaHTOB, UTO HAdeT MaTepuaa AJ/id MaTeMaTU4YeCKOIro MOAe/MpOBaHUA
UX HeAp. Ha puc. 6.5 roka3zaHO Hallle HbIHeIllHee IpeacrabBleHre O BHY-
TPEHHEM CTPOEHUU IVIAaHET-TUTaHTOB U, /i1 CpaBHEHU, 3emnu. Y 3em-
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7, KaK BUAWTE, Temileparypa B 1ieHTpe pocruraetr 6000 K (pa3ubie mo-
nemu naot ot 5700 go 6300 K). [Tonyyaercs, uto B 1ieHTpe 3eMU Takas
JKe TeMmIlepaTypa, kak Ha nosepxHocty ConmHua. Ho B Hegpax ruraHtoB
OHa ellle Bbllle: TeMneparypa B saape I0nurtepa — ot 20 go 35 Teic. K (1o
pa3HbIM MOJIEJISIM), T. €. TaKas JKe, KaK Ha MOBEPXHOCTH CaMbIX TOPSUUX
3Be3/] crieKTpanbHoro kiaacca O.

[t KOHTpPO/IS afleKBaTHOCTU Mofiesiell BHYTpeHHero CTPOeHUs Iia-
HeT ecTb MeTofpl. [IBa pu3nuecKkux Nojs — MarHUTHOE U IPaBUTALMOH-
HOe, NICTOYHUKY KOTOPBIX HAXOASTCS B HeApax, BBIXOJAT B OKPYIKaroIee
IJIAHETY [IPOCTPAHCTBO, IJje UX MOXXHO U3MepsITh prbOpaMu KOCMHUUe-
CKUX 30H/IOB.

Ha cTpykTypy MarHUTHOTrO I0Jsl eHCTBYeT MHOTO MCKaXKaroLIUX
¢dakTopoB (oKoONIaHeTHAs I1a3Ma, COJTHEYHBIN BeTep), 3aTO rPaBUTa-
I[MOHHOE I10JIe 3aBUCUT TOJIKO OT paclipefie/ieHys IJIOTHOCTH BHYTPHU
IUTaHeThl. YeM Cu/IbHee TeJIO IUIaHeThbl OT/INYAeTCsl OT chepruuecKy CUM-
METPUYHOTO0, TEM CJIO)KHEE €€ IPAaBUTAIMOHHOE TI0JIe, TeM OOJIbIIE B HEM
rapMOHUK, OT/IMYAIOIINX €ro OT IPOCTOr0 HbioTOHOBa GM/R2

[TpubopoM 151 u3MepeHus TPaBUTALIMOHHOTO MOJIs JA/IEKUX [UIAHET,
Kak IIPaBUJIO, CAYXKUT caM KOCMHUUeCKUN 30H], TOUHee, ero ABW)KeHUe B
rosie IiaHeTol. YeM fasbllie 30HA OT IIJIAHETHI, TeM cabee B ero [IBU-
JKEHUH TPOSIBIISIIOTCS MeJIKMe OT/IMYHWS IO/ TUIaHETHI 0T chepruyecKu
CHMMETPUYHOTO0, TI03TOMY HEOOXOAMMO 3aIyCKaTh amnmapar Kak MOKHO
6mxe k mwianete (em. . 3, puc. 3.9 u 3.10). C aroit nenbio ¢ 2016 r. ps-
nom c fOmrepom pabotaer HOBbIi 30H7 Juno (NASA). OH netaet 1o no-
NIpHO# opbuTe, uero paubine He 6bUT0. Ha monspHoii opbute Bhiciive
rapMOHUKU TPaBUTALMOHHOTO MOJISl MPOSIBISAIOTCS 3aMeTHee, MOCKOJIb-
Ky [UIaHeTa C)KaTa, a 30H[ BPeMst OT BPEMEHHU MOJXOJUT O4YeHb OIM3KO
K ITOBEPXHOCTHU. VIMEHHO 3TO AaeT BO3MOKHOCTb U3MEPUTD BBICIIHE Tap-
MOHUKHM Pa3/I0KeHUs TPaBUTALIMOHHOTO 1o/, Ho mo aToii sxe mpuuvHe
30H/I JOBOJIbHO CKOPO 3aKOHYUT CBOIO PabOTy: OH MpOJIeTaeT yepe3 Ha-
ubosnee WIOTHBIE 00/ACTH pAJUALMOHHBIX TT0scoB OmuTepa, u ero am-
maparypa OT 3TOr0 CHUJIbHO CTpafiaer.

Paguaronnsie mogca Omutepa xomoccanbhbl [Ipu 601bIIOM [18B-
JIeHWW BOJOPOJ B HeApax IUIaHEeThl MeTa/IM3UPYEeTCs: ero 37eKTPOHEI
0000611at0TCS, TEPAIOT CBA3b C AAPAMHU, U KUIKUIM BOJOPOJ CTAHOBHUT-
cs1 TIPOBOIHMKOM 3nexkTpryectBa. OrpoMHas mMacca CBepXIpOBOAsIIeit
cpefbl, ObICTPOE BpallleHHe W MOIIHAs KOHBEKI[US — 3T TpU (paxkTopa
CIIocO6CTBYIOT TeHepaly MarHUTHOTO TIOJIS 3@ CUeT AuHaMOo-3hdeKTa.
B kosoccasbHOM MarHMTHOM II0J1e, 3axBaTbiBaioiieM Jetamue or CosH-
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Wo Espona lanumen, Kannucro

Konbua ‘ 0

18 000 3600 540

MpepensHo ponyctumas aosa ana yenoseka ~0,014
NetanbHas gosa ans venoseka ~450

Puc. 6.6. [lozbl paguauum B cucteme cnytiukos KOnutepa (63p/cyTkn).

Lja 3apshKeHHble 4acTULbl, POPMUPYIOTCS Uy[JOBUIIHbIE pafUaLMOHHbIE
nosca. B ux Hauboree rI0THON yacTu 1eXaT OpOUTHI BHYTPEHHUX Talu-
7eeBbIX CIyTHUKOB. [loaTOMY Ha noBepxHOCTH EBpONbI YesoBek He Mpo-
un 6b 1 AHs, a Ha Vlo — u yaca. [laxke KOCMUYeCKOMY pOOOTY HeTerko
TaM HaxoauTtbcs. bonee ynanenHsle ot IOnurepa l'annmen u Kanmucro
B 9TOM CMBbIC/IE 3HAYMTEBHO Oe30TacHee i UCC/IeIOBAHMsI, TI0ITOMY
uMeHHo Tyza Pockocmoc cobupaercs B 6yayiem mocaats 30HA. [IpaBaa,
EBpomna c ee moyieiHbIM 0OKeaHoM Oblyia ObI HAMHOTO WHTEPECHEE,
JlepsiHble ruranThl YpaH v HenTyH BBIIIAAAT IPOMEXXYTOYHBIMU MeK-
[ly Ta30BbIMU TMTaHTaMH{ U IIJIaHETaMy 3eMHOro tumna. [lo cpaBHeHuIo ¢
IOnurepoM n CaTypHOM y HHX MeHblle pasMep, Macca U LieHTpa/lbHoe
JlaB/ieHye, HO IIPU 3TOM MX OTHOCHUTE/IbHO BbICOKAs CpeJHss IIJIOTHOCTD
yKaspiBaeT Ha Oosbiryio foso anemeHToB rpymel CNO. [IpoTsbkeHHas U
MaccuBHas armocdepa YpaHa u HenTyHa B OCHOBHOM BOJOpOJHO-TeH-
eBas. [loz Hell — BojHas ¢ MpYMeChl0 aMMUaKa U MeTaHa MaHTHsl, KOTO-
PYIO IPUHATO Ha3bIBaTh JiefissHON. Ho niaHeTonory noppasymeBatoT o
«IbJaMK» caMy xuMuueckre aneMeHThl rpynnbl CNO 1 ux coenvHeHud
(H,0,NH,, CH, 1 T.11.), a He arperaTHOe COCTOSIHHE, TaK YTO MaHTHs B 00JIb-
II€# CTEereHu MOXKET OBITh JKUIKOM. A TI0/] HElt JIEXKUT CPABHUTENIBHO He-
6orbII0e JKee3HO-KaMeHHOoe /1po. [I0CKO/IbKY KOHI[eHTpaLUs yI/ieposia
B Hefipax YpaHa u HemntyHa Bhiite, uem y CatypHa u lOnurepa, B ocHOBa-
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HUU VX JIeITHOM MaHTUU MOXKEeT JIeXKaTb C/IOU >KUJKOTO YI/IepPOAa, B KOTO-
POM KOHJI€HCHUPYIOTCSI KPUCTAJI/IbL, T. €. aIMa3bl, OCeaollre BHU3.

[TonuepkHy, 4TO BHyTpeHHee CTpPOeHHUe IIJIaHeT-TUTaHTOB aKTUBHO
o06CysKaeTcs, 1 KOHKYPUPYIOIIMX MOJIe/ieil MoKa JOBOJIbHO MHOro. Ka-
JK[I0e HOBOe M3MepeHHe ¢ GOpTa KOCMHUYECKOTO 30H[Ja UM KaKAbIH HO-
BB pe3ynbTaT 1abopaToOpHOrO0 MO/ETMPOBAaHUS B YCTAHOBKAX BBICO-
KOTO [aBJIeHUs1 IPUBOJAT K IepecMOTpy 3TUX Mogeneil. HanoMHro, uto
IpsIMOe U3MepeHHe [TapaMeTpPoOB BeCbMa HEryOOKUX C/10eB aTMOChEpHI,
na u To TombKo y HOmuTepa, GbUIO BBIMOTHEHO /UMb OJHAXKIBI 30HI0M,
C6p0HJ€HHbIM ¢ «famuneo» (NASA). A Bcé octazibHOE — KOCBEHHbBIE M3Me-
peHUs U TeopeTUYecKue MOZesu.

MaruwuTHble ong Ypaua u HenrtyHa ciabee, ueM y Ta30BbIX TUTAHTOB,
HO CUIbHee, yeM y 3emuin. X0T$ y NoBepxHOCTH YpaHa u HenryHna unayk-
LMis TI0J1s1 TPUMEPHO TaKas ke, Kak y OBEPXHOCTH 3eMJH (fonu raycea),
HO 00'beM, & 3HAUMUT, 1 MarHUTHBIM MOMEHT HaMHOTO Oosbiire. [eomeTpust
MarHuTHOTO I10JIS JIe[iTHbIX TMUTaHTOB OYeHb C/IOKHA U Jjajleka OT Ipo-
CTOH aumonbHOI GopMbl, XxapakTepHoit Ansa 3emuy, Onurepa u Caryp-
Ha. BeposiTHag npuyrHa — B TOM, UTO MarHuTHoe 1osie YpaHa u HerrryHa
TeHePUPYETCSI B OTHOCUTE/IbHO TOHKOM 37IeKTPONPOBOASAIIEM CI0€ MaH-
THH, I7ie KOHBEKLIMOHHbIE TIOTOKU He 00J1a/Jal0T BBICOKOW CTEINeHbIO CHUM-
MeTpuH (IIOCKO/BbKY TOJIIIMHA C/10S1 MHOTO MeHbIIIe ero paanyca).

[Ipu BHerHeM cxozcTBe YpaH u HentyH Henb3st HasBaTh Onu3Hela-
MU: Y HUX pasHasi Cpe/Hsist IIIOTHOCTD (cooTBeTcTBeHHO 1,27 1 1,64 r/cm?)
Y pa3Has UHTEHCUBHOCTD BbI/IeJIeHUs Tellla B Hesipax. XOTs YpaH B I10JI-
topa pasa Omwke k ConHiuy, yeM HenTyH, ¥ 103TOMy Mony4yaeT OT He-
ro B 2,5 pasa Gosblire Teria, oH xonopHee Henrywa. [leno B Tom, uto He-
ITYH BbIJE/sIeT B CBOUX HeApax Aake OOJbIIE TerUia, YeM IOaydaeT OT
ConHua, a YpaH He BbifenseT oYty HUuero. [1oTok Teria u3 Hesip YpaHa
BO/M3u ero moBepxHocTy coctasnset Bcero 0,042 +0,047 Br/m? — MeHb-
e, uem y 3emsu (0,075 Br/m?). Ypan — camas xonosuas rianera B Cor-
HEYHOH cucteme, XOTs U He camas Aanekas ot Connua. CBga3aHo 11 3TO
C ero CTpaHHbIM BpallleHHneM «Ha 60Ky»? He nck/oueHo.

Tenepb moOroBopyM 0 KOJ/bLiaX IJIAHET.

Konbua nsaHeT-ruraHToB

Bce 3HaW0T, 4TO «OKO/MbLOBaHHAA NaHeTa» — 3T0 CaTypH. Ho mpu
BHUMaTe/IbHOM Ha0O/I0[IeHNH BBISICHSIETCS], YTO KOJIbL[a eCTh Y BCEX IIjIa-
HeT-Tura"ToB. C 3eM/u UX 3aMeTUTb c10kHO. Hampumep, konbio H0mu-
Tepa Mbl He BUAAUM B TeJIeCKOI, HO 3aMedyaeM ero B KOHTPOBOM OCBellle-
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Puc. 6.7. FOnutep. ®oTo 30H-
na «fanuneo» (NASA)

HUM, KOIJ]Ja KOCMUYECKUI 30H]] CMOTPUT Ha IJIAHETY C ee HOUHOW CTOPO-
Hbl (puc. 6.7). DTO KOMBIO COCTOUT M3 TEMHbIX U OU€Hb MEJKUX YaCTHI],
pasMep KOTOPbIX CPABHUM C [UIMHHOM BO/HBI cBeTa. OHU IPaKTUUECKU
He OTPa)KAaIOT CBET, HO XOPOILO PACCEeUBAIOT €ro BIepes.

Tonkumu konbriaMu okpysxeHsl Ypad u HentyH (puc. 6.8 u 6.9). Bel-
TAHYTbIe W300paKEHUS 3Be3[] YKAa3bIBAIOT, UTO IKCIIO3UIUA Oblna -
TEJIbHOM, MO3TOMY JIMCK IJIAHEThI TIOTYYH/ICS C IIEePe/IEPIKKOIL U ero Ipu-
IIJIOCh 3aKPBITh. TOJIBKO TaK yan0Ch 3aCHATh Kosbla. Ho Bce sxe oHM 3a-

Puc. 6.8. Ha atom ¢oto konbua YpaHa cHatel B UK-pnanazone. CHUMKM nonyyeHbl Ha
10-meTpoBom Teneckone «Kek» ¢ ucnonb3oBaHMeM CUCTEMbI afianTUBHON ONTUKM.
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METHDI B IIPAMOM CBETE, @ HE B KOHTPOBOM, T. €. UX YdCTHIbI HEIIJIOXO OT-

paxaroT CBET.

XapakTrepuctuku Koser maHetr ComHeYHOH cHCTeMBbI

[TapameTp [Onurep | CarypH Ypau Hentyn
Pa3mep B papuycax miaHeTbl 1,8 2,4 2,2 2,5
Anbbeno 0,02 0,6 0,03 0,03
Pasmep uacturg 1073 cm OT CAaHTUMETPOB /10 METPOB
Tonmmuna 30-300 km | 10-100 m | 10-100 m |10-100 m
[lnameTp acTepousia 9KBUBa- 0,2 200 4 1
JIEHTHO Macchl, KM

Kak BuauMm, Komblia cOBeplIeHHO pasHble. Pasmep ux wyacTul — OT
METPOB 10 MUKPOMETPOB; TOBEPXHOCTb UacTull — ot cBeioi (A=0,6) no
oueHb TeMHO# (A=0,02); ToMIMHA KOJel| — OT AeCATKOB METPOB 0 CO-
TeH KWJIOMEeTPOB, a Macca BellleCcTBa B HUX pa3/InyaeTcs B Muinuapy pas!
EnvHcTBEeHHOE, UTO 00beAMHSET KOJbLA, — UX PaAUYChl OTHOCHUTEIBHO
panuyca cBoeit manetsl (R). BHemnuit paguyc konbua B (2+2,5)R ompe-
JenseTcs: BAUSHUEM MPUIMBHBIX CUI. JTO pasMep Tak Ha3blBaeMOH 30-
HbI Poma — paccrosiHue OT IeHTpa IJIaHEeTHl, Ha KOTOPOM MSITKO€e Teso
€ee JKe IJIOTHOCTH pa3pyliaeTcs o/ AeliCTBUEeM PUINBHBIX CHII.

3ameTuTh Kakyl-1uO0 B3aMMOCBSI3b MeX/y lapameTpamy Kouiely
IOBOJIbHO C/I0XKHO. MaTtepuan koser; CatypHa Gesnblii Kak cHer (anbbeo
60%), a ocranpHble Konbla yepHee yris (A=2-3%). Bce komnblia TOHKUE,
a y lOnuTepa foBonbHO TonCTOE. Bee u3 «OybDKHUKOBY, a y OnuTepa —

. Hlaccen

— Apamc

—Ilanne

Puc. 6.9. Konbua HentyHa. ®oto 30Haa «Bospxep-2» (NASA), caenanHoe npu nponete
B6nu3n Hentyna g 1989 1.
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***** paccToaHKne, Ha KOTOpoM 0p6VITa!'IbeIﬁ nepuop paBeH nepuoay BpalleHns niaHeTbl,
T. €. NOJIOXeHne CMHXpOHHOﬁ 0p6MTbI

rrrrrrrrrrrrrrrrrrr npenen Polwa Ans )uakux Ten nioTHoCTbio 1 r/cM®; Ha MeHbLIeM paccTosHum
OT NNaHeTbl NPUANBHbIA IGQEKT paspyLuaeT 311 Tena

Puc. 6.10. Konbua n BHyTpeHHMe CNYTHUKM NnaHeT-ruraHToB. Bce paccrosuus mac-
wrabrpoBaHbl K 3KBaTOpUaNbHOMY PaanyCy COOTBETCTBYIOLLE MIAHETDI.

U3 MbUIMHOK. CTPYKTypa KOJIell ToXKe pasHasi: OAHM HAallOMHHAIOT IpaM-
ModoHHYI0 m1actiHKY (CaTypH), Apyrve — MaTpemKooOpasHyl Kyuy
o6pyueii (YpaH), TpeTbu — pasmbiThle, AudysHble (HOmuTep), a KombLa
HenTyHa BooO1Iie He 3aMKHYTbI U TOXOXKH Ha apKU.

B ronose He yk/iazibpIBaeTCs OTHOCHTE/IBHO Masasl TOJIIMHA KOJeLl:
NPU JUaMeTpe B COTHU ThICAY KWJIOMETPOB UX TOJIILMHA U3MepPSIeTCs Je-
CATKaMy MeTpOB. Mbl HUKOI/IA He Jiep>Kali B PyKax CTOJIb TOHKUE IIpeji-
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MeTbl. Eciu cpaBHUTH KOZBIIO
Carypua c nucToM mmicueit Oy-
Mary, TO IIPU €ro M3BEeCTHOU
TOJIIUHE pa3Mep rcTa Obi Obl
¢ ¢yrbonbHOE mose!

B myTKy MOHO CKa3aTb, UTO
1y 3eMJI1 eCTb KOJIbL0 — UCKYC-
crBeHHOoe. OHO COCTOUT U3 He-
CKOJIbKMX COTEH CIYTHUKOB, Bbl-
: Be/IeHHBIX Ha Fe0CTaLOHAPHYIO
Puc. 6.11. CnyTHUKM Ha reocTauMoHapHbIX Op- opbury (puc. 6.11). 3pecp mo-

6utax 06pasyloT «konbLIO» BOKPYr 3eMnu.  KasaHbl HE TOJIbKO Te0CTalluo-
HapHble CITyTHUKY, HO U Te, UTO
HAXO/ATCsl HAa HU3KKUX OpOMTAX, @ TAK)Ke Ha BBICOKUX 3/UTMIITHYECKUX Op-
fuTax, HO reoCTallMOHAPHOE KOJIbLIO BbIIE/IETCS Ha UX (GOHe BIIOJHE 3a-
MeTHO. Bripouem, 3T0 puUCyHOK, a He ¢poTo. ChororpadupoBaTb UCKYCCT-
BEHHOe KOJIbI10 3eM/I1 [T0Ka HUKOMY He Y/asI0Ch, Be[ib €ro Mo/Has Macca
HeBeJ/IMKa, a CBeTOOTpaskarolllasi IOBePXHOCTb HUUTOXHA. EaBa nu cym-
MapHas Macca CIyTHUKOB B Kosiblle cocTaBUT 1000 TOHH, UTO 9KBHUBa/IEHT-
HO actepousy pasmepoMm 10 M. CpaBHHUTE 3TO € TapaMeTpaMu Kosiell Iia-
HeT-TUT'aHTOB.

[T10cKkoCTD KOTblLIa COBIAAAET C 9KBATOPOM IUTaHeThl. VIHOTO ¥ ObITh

HEe MOJKET, ITOCKOJIbKY y CUMMEeTPUUHON CIUIIOUIEHHOM IIaHeTbl BAO/b

Puc. 6.12. MocneposatennbHble chumku CatypHa, caenantbie B 2004-2009 rr. (cHusy
BBepx).®oto: Alan Friedman.
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Puc. 6.13. Pesynbrar pacueta Toro, Kak MeHsieTcs BHelLHuii Bup, CatypHa ans 3emHoro Ha-

6ntoparens 3a nepuog e 28 net. Becbma 6naronpusitHbiMu Anst HabnropeHus konbua 6yayT

2018-2020 rr. Tak uTo, ecnu Bbl X0TUTE NontoGoBarbcs Konbuom CarypHa, noToponuTech —
Aaxe B cnabblil TENECKON Bbl CMOXXETE YBUAETb 3TO 3aMe4aTeNbHOe TBOPEHUE NPUPOAbI.

9KBaTopa B I'PABUTALMOHHOM IOJie — IOTeHIuanbHas sMa. Ha cepuu
CHUMKOB, ronyueHHbIx ¢ 2004 mo 2009 rr. (puc. 6.13), mbl Bupium CaTypH
Y ero KO/bL0 B pa3HbIX paKypcax, MOCKOIbKy 3kBarop CaTypHa Hakio-
HEH K TUIOCKOCTH ero opOuThI Ha 27°, a 3emMsis BCeria HelaneKko OT Toi
miockocty. B 2009 . MbI TOUHO OKa3aauch B IJIOCKOCTH Koser, CaMu 110-
HUMaeTe: P TOJIIIKMHEe HeCKOJIBKO JIeCSITKOB METPOB caMOrd KOJblia Mbl
He BUAUM. TeM He MeHee uepHas I10JI0CKa Ha JIMCKe IUIaHeThl 3aMeTHa —
3TO TeHb KoJblla Ha o6akax. OHa BUHA HaM, TIOCKOJIbKY 3ems u ComH-
e cMoTpAT Ha CaTypH ¢ pa3HbIX HApaBJIeHUN: Mbl HAXOIUMCS TOYHO B
IVIOCKOCTH KonbLa, HO ConHile ocBemaer CaTypH HEMHOTO IO APYTUM
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Puc. 6.14. Creea: chnmok CaTtypHa c 04HOKPATHOM 3KCNO3uULMeN B n6UTenbCkuin Tene-
ckon. MpumepHo Tak e OH BUAEH Npu HabnogeHuu B Teneckon rasom. Cnpaea: nyuiee
u3 4800 n3obpaxkeHuin, nonyueHHbIX ¢ npodeccuoHanbHbiM Teneckonom (B. Combs). Ho n
Ha HEM Y KO/bLia eLue He BUAHO NOYTH HUKAKOM CTPYKTYpbI. [laBHo 6bina 3ameyeHa TeMHas
«wenb» — paspbie Kaccunm, kotopoiii 6onee 300 net Ha3ap OTKPbIT UTANbSHCKUIA acTpo-
Hom JlxoBaHHu Kaccunu. Kaxercs, uTo B pa3pbiBe HUYEro HeT.
YIJIOM, ¥ TeHb KOJIbI[A JIOXKUTCS Ha 00/MauHbIil C/I0M miaHeTsl. Pa3 ecTh
TE€Hb, 3HaYUT, B KOJIbl[€ — JOBOJIPHO IJIOTHO «yIIaKOBaHHOE» BEIECTBO.
Tenb kosnblla MCcue3aeT TOMbKO B IHU PaBHOAEHCTBUS Ha CaTypHe, Koraa
COIIHLIe OKa3bIBA€TCA TOYHO B €ro IVIOCKOCTH, U ITO €Ile OAHO YKa3aHue
Ha Ma/Iyl0 TOJIIIMHY KOJIbLd.

Puc. 6.15. Ha 3ToM cHuMKe 0cobeHHO XOpOLLO BUAHA TEeHb KOMbLA Ha 06nauHoit nosepx-

Hoctu CatypHa u, pasymeetcsi, TeHb CamMOW MaHeTbl Ha KonbLie. B paHHom cnyyae Mbl BU-

AWM HOYHYIO CTOPOHY KO/IbLia, HEAOCTYMHYIO ANS Habniopenus c 3emnu. Barnaa Ha nro6oii

npeameT ¢ ApYroii CTOpPOHbI BCerpa noneseH. Tam, rae B NpsMOM CBETEe Mbl BUAENHU YEPHO-

Ty, «<NpOBa» B KOJbLie, 34,€Cb Mbl BUAMM BELLECTBO; MPOCTO OHO A PYroro TMna, no-Apyro-
MY OTpa)kaeT U pacceuBaeT CBeT.
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Puc. 6.16. C HouHoi1 cTopoHbl CaTypHa cpa3y nosenstoTcs Te cnabo BuaMMbIE YacTv Konel,
KoTopble B npsAMoM cBeTe He BUAHO. Poto 3oHAa «Kaccuuu» (NASA).

Konpiy Carypna mocBsiieHo mHoro pabort. xeitmce Knepk Mak-
CBeJUI, TOT CaMblii, YTO NPOCIABUIICS CBOMMHU YpaBHEHUSIMU 27IeKTpoMar-
HUTHOTO I0JI51, UCCe0Ba/l (PU3UKY KOJIbLiA U MOKa3as, YTO OHO He MO-
KeT OBbITb eJUHBIM TBEP/bIM IIPEAMETOM, a [IO/DKHO COCTOSITh M3 MEKUX
YacTHL], MHaYe LeHTpoOeXXHas cuia pasopsana 6bl ero. Kaxxpas yactuia
JIETUT TI0 CBO€it opbuTe — ueM O/rKe K I/IaHeTe, TeM ObICTpee.

Korpa xocMuyeckre 30Hbl IpUCIaIi CHUMKY Koblia CaTypHa, Hac
rmopasusia ero ToHkKas ctpykrypa. Ognaxo erme B XIX B Bblaromuecs Ha-
6mogarenu Ha obcepBatopuu [Tuk-mr0-Muau Bo @paHiid UMEHHO 3Ty
CTPYKTYPY BUZEIHU I[71a30M, HO UM TOI[d HUKTO OCOOEHHO He MOBEpHI,
[IOTOMY YTO HUKTO, KDOME HUX, IIOJ0OHBIX TOHKOCTeH He 3ameyasn. Ho
0Ka3azoch, YTO Kosblo CaTypHa uMeHHO Takoe. OObsiCHEHUe 3TOH TOH-
KOM paguanbHOM CTPYKType Kojblia CHeLUaluCThbl 110 3Be3fHON AuHa-
MHKe HIYT B paMKaX Pe30HaHCHOTO B3aUMO/I€HCTBHSI YacTHUL] KOJbLA C
MacCUBHbIMU cIyTHUMKaMu CaTypHa BHe KO/bLid U MEJIKUMU CITYTHUKA-
MU BHYTPH KOJbLia. B 1ie710M Teopus BOJH IJIOTHOCTH CIPABJISIETCS C 3a-
Aadeii, HO 10 0O'bSICHEHHSI BCEX AeTaell elle JajeKo.

Puc. 6.17. PucyHok,
BbIMOIHEHHbIN HA
o6cepsaropum Muk-
a-Muan (Ppan-
uus) 8 XIX 8.
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Puc. 6.18. Beepxy — nHeBHas ctopoHa konew, CatypHa. 30HA nponetaeT yepes ux nio-

CKOCTb, ¥ Ha HUXKHEM CHUMKE OHU MOBEPHYTbI K HAM HOYHOI CTOPOHOIA: BELL,ECTBO B Aerne-

Huu Kaccuum ctano BnonHe 3aMeTHO, a ipKUe KOmbLia, MNOTHbIE U HEMpOo3payHble, Hanpo-

TUB, NOTEMHeNN. 3TO CBA3AHO C TEM, YTO MEJIKME YaCTULIbl He OTPaXKaloT CBET, a paccenBa-

10T ero Bnepef. CHUMKM NOKa3sbIBaIOT, YTO BELLLECTBO €CTb BE3/ie, HO €r0 YaCTULbl — PasHo-

ro pasmepa 1 CTPYKTypbl. 410 3acTaBnseT 3T YacTULbl pasfensTbCs, NOKa He O4EeHb SICHO.
Ha BepxHem ¢oTo BuaeH AHyc — oaun u3 cnytHukos CatypHa.

Hamo ckasaTk, uTO, XOTS KOCMUYECKWe ammaparhl MpoJseTany Oms-
Ko oT konel CaTypHa, HU ONHOMY M3 HUX He yAaaoCh YBUJETb peaslb-
Hble YaCTHIIbl, COCTAB/IAIONINE KOJbLA, Mbl BUIUM JHIIb 00Iiee UxX pac-
npenenenve. OTaebHbIe TIBIOBI HE BU/IHbI — HMCCIIEI0BATEN HE PUCKY-
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Puc. 6.19. 310 He HacTOALWMIA LBETHOW CHUMOK: LiBETaMU 3[€Cb MOKa3aH XapaKTepHbIi
pasmep 4acTuL, COCTABAAOWMX Ty UK UHYIO obnacTb. KpacHbie — menkue yactuupl, 6u-
ptozoBbie — 6onee kpynHbie. Doto 30Hpa «Kaccuum» (NASA)

Puc. 6.20. lpasutaumonHbie Bo3mylieHus koney CartypHa, cosgasaembie He6onbmMMm
cnytHukom [ladpHucom. doto 3oHaa «Kaccuum» (NASA).
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fenenve DHenexue B atom mecte 3oHpa «KaccuHm»
Kaccunm Juke (MMan) nepecek NNOCKOCTb Konew

Mumac

IHuenad Tedus

F (Mpomemeii, Mandopa)

Puc. 6.21. Konbua u HekoTopble cnyTHuku CaTypHa (HaBaHUsi CMYTHUKOB laHbl KypCUBOM).

I0T 3allyCcKaTh ammaparel BHYTpb Kosel. Ho korma-HuOyzAp 3TO mpuzeT-
cs cenarh.

Korna xosnbiio pasBopauriBaetcs pebpom Kk COJHILY, TEHH OT KPYITHBIX
HEOZIHOPOJHOCTEH JI0KaTCs Ha IVIOCKOCTh Kosblia (puc. 6.22, 6.23). Camas
JJIMHHAsI TEHb 371eChb — OT CIyTHUKA MuMac, a MHOTOUYKCIIEHHbIE MeJIK/e
MIMKY, KOTOPbIe B YBEJIMYEHHOM M300paykeHnM MOKa3aHbl HA BPE3Ke, Ofl-
HO3HAYHOTO 00'BSICHEHHS TIOKA He MOTYUWIN. 38 HUX OTBETCTBEHHbI BbI-

Puc. 6.22. MNuku 1 TeHn ot Hux B KonbLe B CatypHa. ®oTo 30Haa «Kaccuum» (NASA).
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Puc. 6.23. Tenu Ha nosepxHocTu Konew, CatypHa. @oto 30HAa «Kaccuum» (NASA).

CTYTIbI KWJIOMETPOBOTO pasmepa. He MCK/II0ueHo, 4TO HEKOTOPBIE U3 HUX —
3TO TeHU OT Hanbosee KPYIHbIX KaMHeil. Ho KBasupery/spHas CTpyKTY-
pa TeHeii 60/1ee COOTBETCTBYET BPEMEHHBIM CKOIIEHUSIM YaCTHL], BO3HHU-
KaloLMM B pe3y/bTaTe rpaBUTalliOHHON HeYCTOWYMBOCTH.

Bronb HEKOTOPBIX KoJIel] JIeTaloT CIYTHUKH, TaK Ha3blBaeMble «CTO-
pOXKeBbIE IIChI» WM «[IACTYIIbU COOAKM», KOTOPbIe CBOEH rpaBUTALMei
yOEep;KABAIOT OT Pa3MBITUS HEKOTOpbIe Ko/bLa. [Ipyuuem camu ciyTHUKA
JOBOJIbHO MHTEPEeCHBI: O/IUH U3 JIBYX ABWKETCS BHYTPU TOHKOTO KOJIBIIA,
Apyroit cHapyxu (Hanpumep, SIHyc u dnumereit). Vx opburtanbHble Ie-
PHOJBI UyTh-UyTh PA3JIMYHBL: BHYTPEHHUI O/IMDKe K IIaHeTe U, CefioBa-
Te/IbHO, ObIcTpee 00/eTaeT ee, JOTOHSET HAPY)KHBIM CIYTHUK U 3@ CUET
B3aMMHOTIO NPUTSKEHUSA MEHAET CBOI0 3HEPIUIO: HapY KHBINA [IPUTOpPMa-
JKMBAEeTCsl, BHYTPEHHUII YCKOPSIETCsI, U OHU MEHSIOTCs OpOUTaMK — TOT,
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YTO 3aTOPMO3WJI, EPEXOAUT Ha HU3KYI0 OpOUTY, a TOT, YTO YCKOPHII-
Cs1, — Ha BBICOKYIO. Tak OHH JIe/1al0T HECKOJIBKO ThICSY 000POTOB, a 3aTeM
BHOBb MEHSIOTCSI MeCTaMU. YIIOMSIHYThIE Bblllle fHyC 1 BnuMeTeil MeHs-
I0TCS1 MecTaMu pas B 4 roza.

Heckonbko et Hasaj OTKPbIIM caMoe fanekoe Kombro CaTypHa,
0 KOTOpPOM B0001IIe He 0/{03peBaIi. JTO KOJIBLO CBSI3aHO CO CITyTHUKOM
deba, c TOBEPXHOCTH KOTOPOTO yJIeTaeT IbUIb, 3aM0JHsIsST 00/1aCTh BOJb
op6uThl cnyTHUKA. [1710CKOCTh BpallleHHsl 3TOTO KOJbLA, KaK U CaMOro
CIITHHKA, He CBsI3aHa C 9KBATOPOM IIJIAHETHI, IOCKOJIbKY 13-3a OOIBIIO-
ro pacctossHus rpasutanus CaTypHa BOCIPUHHUMAETCS Kak 10J1e To4eu-
HOTro 00bEKTa.

CnyTHUKM

Y KaX[o¥ I'MraHTCKOM IJIaHeThl ecTb ceMelCTBO CHyTHUKOB. Oco-
6enno Goratel umu HOmmrep u Catypu. Ha ceropusamuuii genp y HOmu-
Tepa ux usBectHO 79, a y CarypHa — 62, 1 peryaspHO 00HapyKUBAIOTCS
HoBble. HIKHAS rpaHMLia Macchl M pasMmepa /s CIyTHUKOB (pOpMasbHO
He YCTaHOBJIeHa, 103ToMy /iist CaTypHa 3TO YKC/IO YCIOBHOE: ec BO/H-
3u MIaHeThl 0OHapykuBaeTcss 00beKT pasmepom 20-30 MeTpOB, TO UTO
3TO — CITyTHUK IIJIaHEThl WX YaCTULA ee KOo/blia?

B m060M MHOrouMc/IeHHOM CeMeiCTBe KOCMHYECKHUX Tesl METKHX
Bcerga Oosblie, yeM KpynHbIX. CIIYTHUKY TIaHET — HE HCK/IIOYEHHUE.
Meskue CIyTHUKY — 3TO, KaK MPABUIIO, ITIbIObI HETPABUIBHON (HOPMBI,
B OCHOBHOM cOCTOsIHe 130 bzaa. Mmes pasmep meree 500 kM, OHU He
B COCTOSIHMM CBOe rpaButauuet nmpuaath cebe chepounganbuyo dop-
My. BHelllHe OHU O4eHb ITOX0KU Ha acTepouzbl U spa KoMeT. BeposiTHO,

Tutan

. [Ouona

Tétbwa

2 ®

' Mumac SHuenan

Puc. 6.24. Kpynneiiwme cnytiuku CatypHa (He B macwra6e).
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Puc. 6.25. ®oboc. Doto 30Hpa Mars Reconaissance Orbiter (NASA)

MHOTHE M3 HUX TAKOBBIMHU W SIBJISIOTCS, TIOCKO/IbKY ABMIKYTCS BAAIU OT
I/IaHeThI 110 BeCbMa XaOTUYeCKUM opbutam. [11aHeTa Moria 3axBaTUTb
UX, @ Uepe3 HeKOTOPOe BPeMst MOXKET [IOTePSTh.

C manbiMu aCTepOI/I,HOHOL[O6HbIMI/I CIIyTHUKAaM#M Mbl TIOKa 3HAKO-
Mbl HE O4Y€Hb 6]'[1/131(0. HETaHbHee APYTHUX HUCCIEN0BaHbI TaKue 06']361(-
Tl y Mapca — jBa ero HeGonbiuux crnytHrka, ®oboc u [eiimoc. Oco-
GeHHO TpuCTanbHOE BHUMaHUe 6bUT0 TpuBiedeHo Kk Pobocy; Ha ero mo-
BEPXHOCTD JjayKe XOTe/IM OTIIPABUTh 30H[, HO [OKa He MOIyYuIoch. YeM
BHUMarTe/IbHee [IPUCMaTPUBAELIbCs K IF0O0MY KOCMHUUECKOMY TeJTy, TeM
Gonbure B HeM 3aragok. ®oboc — He nckmoyeHue. [locMoTpuTe, Kakue
CTpaHHbI€ CTPYKTYPbI UAYT BAOJIb €T0 [IOBEPXHOCTHU. DTU TUHUU U3 MeJI-
KUX MPOBAIOB U OOPO3/ MOX0XH Ha MepuauaHbl. CyILiecTByeT y)xe He-
CKOJIbKO (DU3MYECKUX TEOPHH, MbITAINIUXCA OOBACHUTh MX 0OpasoBa-
HYe, HO [I0Ka HUKTO He MPe/I0KHU/I HCUEPIIbIBAOLIEH.

Bce menkue CITyTHUKM HecyT Ha cebGe MHOTOUMC/IeHHbIe C/Iefbl yia-
poB. Bpemst OT BpeMeHM OHH CTa/JKMBAIOTCS APYT C JPYTOM U C [IPUXO-
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Kannucro

Puc. 6.26. Hanbonee kpyntble cnyTHuku nnaHet ConHeyHoi cMcTeMbl B OAHOM MacluTa-
6e ¢ 3emneit 1 Mepkypuem. Onn Huuem He ycrynarot Mepkyputio, a no ceoeii npupoge no-
poit aaxe 6onee MHTEpECHL.

IAIMMUA U3/aieKa Teamu, IpobaTcs Ha OTIe/bHble YacTH, a MOTYT U
00beUHATBCSI, [I03TOMY BOCCTAHOBHUTh MX [a/eKOe MPOLUIOe U IPOKC-
xokzeHue OyzneT Hemerko. Ho cpefu CyTHUKOB €CTh U Te, UTO TeHEeTH-
YeCcKH CBSI3aHbl C IUIAHETOMN, IOCKOJIBKY JIBMXKYTCS PSIZIOM C Hell B IUIO-
CKOCTH ee 9KBaTopa M, CKOpee BCEro, UMerT obiiee ¢ Hell MPOUCXOXK-
JleHue.
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Ocobbiit UHTEpeC MPeCTaBIAI0T KPYIHbIE T/IaHETOMOA00HbIE CITYT-
HuKY. Y HOnuTepa UxX 4eThbIpe; 3TO TaK Ha3bIBAEMbIE «Ta/IUJIEeBbl» CIYT-
Huku — Mo, EBpona, l'anumen u Kanmucro. ¥ CaTtypHa BbiAensercs CBO-
UM pasMepoM U maccoil moryunii TutaH. OTU CIYTHUKU 110 CBOUM BHY-
TPEHHUM IapaMeTpaM MOYTH HeOTJMUMMBbl OT NjaHeT. [IpocTo ux ABU-
xeHrie BOKpyr CosHIIa KOHTpOnUpyeTcs elje Gosiee MacCUBHBIMU TeJa-
MU — MaTepPUHCKUMU IUIaHeTaMu.

Bot nepex Hamu 3emis u JlyHa, a psaoMm B MaciuTabe cnytHuk Ca-
TypHa TuTaH. 3ameuaresnbHas MaseHbKas IUIaHeTa C IJIOTHOM aTMocC-
bepoit, ¢ KUIKAMU OOJBIIUMU «MOPSMH» W3 METaHa, 9TaHa U Ipomna-
Ha Ha I0BEPXHOCTU. Mops 13 CXKM)KeHHOT0 rasa, KOTOpbli IIpY TemIiepa-
type noBepxHocty TutaHa (—180 °C) HaxoguTcs B sxuakoM Buje. OueHb
MpUBJ/IEKaTebHAs [IaHeTa, TIOTOMY UTO Ha Hel OyJeT erko u nHTepec-
HO paboTath — aTMocdepa MI0THAs, Ha/IE)KHO 3alIUIIAeT OT KOCMUUe-
CKUX JTy4el ¥ 110 cocTaBy 6/113Ka K 3eMHOM aTMoCcdepe, TOCKOTIbKY TOXe
B OCHOBHOM COCTOMT M3 a30Ta, XOTS U JIMIIeHa KUCIopoja. BakyyMHble
ckadaHApbl TaM He HY>KHBI, IOCKOJIbKY aTMoc(epHOoe [aB/ieHue I04TH
Kak Ha 3emsie, jake uyTh Oosbiie. Terio ofenuch, 6a/UIOHUKMK C KHUCTIO-
pOMIOM 3a CITUHY — U BbI JIerko OyaeTe pabotath Ha Tutane. Kcraty, aTo
eIMHCTBEHHBIN (Kpome JIyHBI) CITYTHUK, HA [TIOBEPXHOCTh KOTOPOTO y/a-
JIOCh TTOCAIUTh KOCMUUECKUH ammapar. 9To 6but «[toireHc», 10CTaBIeH-
Hbll Tyna Ha 6opty «Kaccunw» (NASA, ESA), u nocazka 6buia JOBO/Ib-
HO yJIa4HOM.

BOoT eAMHCTBEeHHBIM CHUMOK, CHelaHHbIi Ha noBepxHOCTH TuTana
(puc. 6.28). TemnepaTypa HU3Kast, IO3TOMY T/IbIOBI — 3TO OUEHb XOJIOf-

Puc. 6.27. CHumok noepxHocTn Tuta-
Ha, caenaHHblii 3oHaom «lolreHc» ¢
BbICOTbI HECKOMbKMX KUIIOMETPOB Npu
cnycke Ha napawtote 14 auBaps 2005 .
BupHbI pycno peku u fHo 03epa, B KO-
Topoe BnpajaeT peKa, B HacTOsLMI
MOMEHT CyXMe, HO €Llle HeflaBHO B HUX
6b1na KMAKOCTb — BEPOATHO, METaH.
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Puc. 6.28. MosepxHocTb TutaHa. CHUMOK 30H-
na «[olreHc».

HBbI1 BOJASHOHN sef. Mbl B 3TOM yBe-
peHbl, moToMy uto TuTtad BooObie 1mo
OOJIbIIIel YaCTH COCTOUT U3 BOJASHOIO
nbja. llBeT KpacHOBaTO-pbLKeBaTbIN;
OH eCTEeCTBEHHBIH U CBSI3aH C TEM, UTO
B armMocdepe TuTtaHa nos feicTBrEeM
COJIHEYHOro yiabTpaduonera CHUHTe-
3UPYIOTCSl ZIOBOJIBHO C/IOXKHbIE Opra-
HUYECKMe BellecTBa IMoj OOIMM Ha-
3BAHUEM <«TOJIMHbI». [IBIMKA W3 3THUX
BEIIeCTB MpPONYyCKaeT K I0BEPXHO-
CTU B OCHOBHOM OpaH)XeBbI{ U Kpac-
HBIN 1IBET, JOBOJILHO CUJIBHO €ro pac-
ceusasl. [loaTomMy u3yuarb U3 Kocmoca
reorpaduio TWTaHa [JOBOJBHO CJIOX-
Ho. [lomoraet paguonokauus. B aTom
CMBIC/IE CUTYalusl HanoMUHaeT BeHe-
py. Kcrary, n uupkynaqusa atMocde-
pbl Ha TUTaHe TOXXe BeHEPUAHCKOIO TUIA: 110 OTHOMY MOIIHOMY IIUKJIO-
HY B K&XX/IOM U3 N0TyLIapui.

CnyTHUKY APYTHX TUIAHET-TUTAHTOB TOXKe OpUrvHambHbL Mo, 61u-
Kalmuil cnyTHUK lOnuTepa, HAaXOAUTCS HA TAKOM JKe PaCCTOSIHUU OT
wiaHeTsl, 4yTo U JlyHa or 3emny, HO IOnuTep — ruraHTt, a 3HAuwuT, Jei-
CTBYeT Ha CBO¥ CITyTHUK O4eHb CU/bHO. [IpunuBHOe BaugHue [OnuTepa
pacniaBwiIo Hejpa CIyTHHKA, U Mbl BUAUM Ha HEM MHOXECTBO AeiCT-
BYIOIIMX BY/JIKAHOB, KOTOPbIE BBIMISAT KaK UepHble TOUKU. BuaHo, uto
BbIOPOCHI BOKPYT BYJIKAHOB JIOYKATCS 10 Oa/TUCTHYECKUM TPAEKTOPHSIM.
Benmp TaMm mpakTUUECKHd HeT arMocdepbl, T03ITOMY TO, YTO BbIOPOIIEHO
U3 BYJIKaHa, JIeTUT 10 napabone (wau no anuncy?). Manas cuna Tsbxe-
cTH Ha noBepxHocTH Mo co3pmaeT ycioBus /1S BBICOKKX BBIOPOCOB: 250~
300 xM BBepx, a TO ¥ MpsIMO B Kocmoc!

Bropoii ot IOnuTepa cnyTHHK, EBpormia, MOKpBIT eAsSHON KOPOH, Kak
Hama AHrtapkruza. [lof Kopoii, TonmmuHa KOTOpoi oleHuBaeTcs B 25—
30 kM, — okeaH XUJIKOH Bozpl JlensgHas MOBepXHOCTb [TOKPBITA MHOTO-
YMC/IeHHbIMU [peBHUMM TpemrHaMmu. [lof BAusiHMEM IMOZJ/IeJHOIO OKe-
aHa IJIacThl JbJja MeJJIeHHO IepeMellaloTcs], HalloMUHas 3TUM Apeid
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3eMHbBIX MaTepPUKOB. TPELMHbI BO JIbAy BPEMS OT BPEMEHU OTKPBIBAKOT-
cs, ¥ OTTy/a (OHTAHAMU BBIPBIBAETCS BOAA. Terepb Mbl 3TO 3HAEM TOU-
HO, [TOCKOJIbKY BU/e/IM (DOHTAHBI C TIOMOIIBI0 KOCMUYECKOTO TeIeCcKora
«Xab65». ITO OTKpBIBAET MeEPCIEeKTUBY uccienosath Boay Espormbl Koe-
YTO O Hell MbI y)Ke 3HaeM: 3TO COJIeHast BO/d, XOPOLINii TPOBOJHUK 3JIEK-
TPUYECTBA, HA YTO yKasblBaeT MarHuTHoe mose. Ee Temmeparypa, Bepo-
ATHO, 6/IM3Ka K KOMHATHOIA, HO O ee GMOJIOrMYecKoM COCTaBe MbI [OKa
HUUEro He 3HaeM. XOTenoch Obl 3a4EpPIHYTh U POAHATU3UPOBATD ITY
BoAy. M skcnegunuy ¢ 3TOM LeJIbI0 yyKe TOTOBSTCSL

Jlpyrue KpynHble COYTHUKM IUIaHeT, BKIO4Yad Hauy JIyHy, He Me-
Hee UHTepecHbL. [10 CyTH, OHM NPE/CTABIISAIOT CaMOCTOSITEIBHYIO IPYII-
Iy T/IaHET-CITy THUKOB.

&



[11aHeTbI-KapIMKK,
acTepovibl M KOMETb!

MnaHeTbl, KOTOPble He MELLAKT XXUTb ApYyrumM

Kpome 6onbiivx TIaHET € MX KOJbIAMHU U crnyTHUKamu, B ComHey-
HOH cHCTeMe eCTb CeMeMCTBO IIaHeT-Kapiukos (dwarf planets), yape-
JK/IeHHOe pelleHHeM MeX/lyHapo[HOTO acTPOHOMHUECKOIro COm03a B
2006 r. Toka ux Bcero msath: [lnyToH, dpuna, Makemaxe, Xaymess U ObIB-
W KpynHeHmuii acrepouy Llepepa — ero Toke BBeIU B 3Ty IPYIILY,
MIOCKO/IbKY TI0 CBOMM (PM3WYECKUM CBOWCTBAM OH OTBEYAET OIpefese-
HUIO Kap/IMKOBOM [UIaHETHI, T. €. UMEeT HaCTOIbKO OOJIBINYI0 Maccy, YTo-
6B IO/ IeficTBIEM COOCTBEHHOM rpaBuTaluu npuobpectu cheporasb-
Hyio ¢popmy. [Tpu atom mMacca Llepeps! He HACTOIBKO BEJIMKA, YTOOBI OHA
Obl1a CII0COOHA CBOVMM TIPUTSKEHHWEM PACUUCTUTh OKPECTHOCTH CBOEH
opOUTBI OT COCeTHMX Tesl. B 3TOM U 3aK/i0uaeTcst BTOpOe BakHeidlee
CBOWMCTBO /F000# KapIUKOBOH MJIAHETHI.

3a uckmouenreMm Llepepsl, Bce TIaHEThI-KapIUKU IBHXKYTCS BHE 00-
nactu opbut GOMBINKMX MIaHeT, B OCHOBHOM — B mosice Koiimepa (ot 30
no 50 a. e.). [lpaBna, [TnyToH 13-3a GOBIIOrO IKCIIEHTPUCUTETA CBOEH
opOUTHI MHOT/A 3aX0AUT B rpeziesibl opbutel Hernrrywa: ¢ 1979 o 1999 rr.
[TnyTon 6611 6/xe k Conuiy, uem Hentys. Opuja Toxe 4acTh BpeMeHU
IIPOBOAMT 3a Tpesienamu nosica Koiinepa, yaanssch 3a ero GopmasabHY0
BHeNIHIO rpaHuy Ha 98 a. e. ot ConHua. [Toka 13 nsTH U3BECTHBIX Kap-
JIMKOBBIX [IAHET MbI GIM3KO 3HAKOMBI JIUIIb C ABYMs — C [I1yTOHOM U
I[lepepoii, psIOM ¢ KOTOPBIMU ITOOBIBAIA MEKIITAHETHBIE POOOTBL

Kocmuueckwuii 3017 «PaccBer» (Dawn, NASA) Beien Ha opOUTy BO-
kpyr Llepepsr B mapre 2015 . B ucTopuu KOCMOHaBTHUKM 3TO CTaIO IIep-
BbIM IOCellleHeM OKpecTHOCTel miaHeThl-Kkapauka. B 2018 r. 3ouf ere
GYHKIMOHUPYET; KOTZIa ero Pecypchbl UCTOLIATCS, OH OCTAaHETCs] BEYHBIM
cryTHUKOM LlepepsL

Ilepepa 6Gbi1a mepBBIM OTKPBITEIM acTepourom (1801 ), u B TeueHve
IBYX CTOJIETHH ee M3yJasy B TEIeCKOIIbl, HO TOJTbKO KOCMUYEeCKUH Tese-
ckor «Xab6/1» cMOr pasr/iseTb KpyIHeHIre JeTamy ee IOBEPXHOCTU U
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Puc.7.1. ®oto Liepepsl, caenatHoe 3oHp0m «PaccBeT» ¢ BbicoTbl 385 kM. B ueHTpe — Kpa-
Tep Okkarop (Occator), umetowmii koopanHatsl 20° c. w., 239° B. . Paspewenue 140 m/pix.

3aMeTUTh Ha Hell cTpaHHbIe SpKue NaTHA. Temepp Ha [€TaJbHBIX CHUM-
Kax 30H7a «PaccBeT» MbI BUIIUM, UTO 3TO CBEXKMeE BBIXOZbI BOJISTHOTO JIba
WY OT/IOXKEHUs COJeld, BbIHeCeHHbIX U3 He/lp MOoToKaMu BoAbl Cyas no
cpenneit miotHoctu Lepeper (2,16 r/cm?), oHa MeeT KaMeHHOE AP0 U
TOJICTYIO JIefsTHYI0 MaHTUIO. [l0BEpXHOCTh CWJIBHO KpaTepUpOBaHHAS U
oueHb TeMHas (anbbeno 9%), kak y JlyHbl XoTs BepxHuii coii Llepepsr
10 TPaJWLIMY Ha3blBalOT PETOIUTOM, OH OT/IMYAEeTCs OT JIYHHOTO pPeroyiu-
Ta O6O/BIIMM cofepKkaHueM Bogbl. [10-BuguMomy, oBepxHOCTb Llepepsr
npe/icTaB/isieT coO0M IIMHUCTBIA MaTephas ¢ MopaMH, 3ar0/THEHHbIMU
BOZSHBIM /1bZ0M (0k0710 10%).

ITockonbKy Hak/IOH 3KBatopa Llepepsl K OpOUTAIBHOM TIOCKOCTH
COCTaB/IseT BCEro 4° B ee MOMAPHBIX 00/1ACTAX MHOTO KPaTepoB, B KOTO-
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Puc. 7.2. Kpatep Okkatop auametpom 80 km. Ha ero sHe BUAHbI OTNOXKEHUS Nbfa UK €O-
neit. 3T0 camoe ipKoe U3 CBET/IbIX NATEH, 3aMeyeHHbIX «Xab66nom».

pble HUKOTZA He nonafatoT ayur ConHua. B 3TUX «X0MOAHBIX JTOBYIIKAX»
3ameued Jsief, Eme 6osbie pga B rybune Llepeper. Hampumep, Ha aHe
KpaTepa OKKaTop BU/HBI OT/IOKEHUS JIbia UK cosell. BipoueMm, nouTtu
HaBepHSKa 3TO UMEHHO Jiefl, TOCKO/IbKY Llepepa okyTaHa KkpaliHe paspe-
JKEHHOU arMocdepoil 13 BOASHOTrO rnapa, KOTOpPbIi, 0ueBHU/IHO, 0OpasyerT-
Cst IpH CyOIUMalUK JIb/ia.

Hanuuue BoAsiHOTrO /bJja MOJ MOBEPXHOCTBIO AenaeT llepepy B reo-
JIOTUYEeCcKOM cMbIcie Gosiee KUBbIM TesoM, yeM JIyHa, xoTs Llepepa Ha-
MHOro MeHblue JIyHbl. KcTaTy, 1 MeTeOPUTHBIX KpaTepoB Ha IOBEpPXHO-
ctu Llepeprl He Tak MHOrO, KaK OKHZA/lI0Ch, YTO TOBOPUT O [EeUCTBUU
IIPOLECCOB 3PO3UH, BO3MOXKHO, CBSI3aHHBIX C aKTUBHOCTBIO HEIP.

OauH 13 caMblIX MHTEPEeCHbIX 00BEKTOB Ha MoBepxHOCTH Llepepbr —
nengHas ropa AxyHa (Ahuna). 3To KpUOBY/IKaH, pe3y/bTaT UCTeYeHUs
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Puc. 7.3. NlepsiHas ropa Axysa 6nu3 skearopa Liepepbl. BbicoTa 310ro KpuoBynkaHu4ecko-
ro Kynona — HemHorum 6onee 4 kM, guametp y ocHoBanus — okono 20 km. Cieea — ¢poTo
C 0p6uUTLI, CNPasa — KOMMbIOTEPHAs MOAENb, CO3A,aHHAs M0 CHUMKAM B PasHbIX paKypcax.

BOJIbl U3 HeZIp U ee HaMmep3aHUs Ha ckjoHaX. CpenHss TeMmeparypa Io-
BepxHocTu Llepeps! y axBaTopa — okono —118 °C, a MakcumanbHas He
npesbimiaer —40 °C. Ho u npu artoit Temneparype sex obnamaer onpese-
JIEHHOM BSI3KOCTBIO, TaK YTO [O/TO TaKOW OOBEKT CyIecTBOBaTh HE MO-
xerT. M pacueTsl, 1 Manoe KOJIMYeCTBO METeOPUTHBIX KpaTepoB Ha CKIIO-
Hax TOBOPSAT O TOM, YTO BO3pacT AXyHbI — He Go/ee HECKOIbKUX COTEH
MUWITTHOHOB JIET.

He nckmodeHo, 4To KpUOBY/IKaHU3M Ha Llepepe B Hally amoxy CTU-
MYJIMpYyeTCcsl BHELIHUMU yaapaMu. Hampumep, nefsHas ropa AxyHa Jie-
XKUT HeJa/leKo OT aHTUIIOJHOW TOYKM KDYIIHEHIed yJapHOH CTPYKTY-
per Ha Llepepe — 280-kunomerposoro Hacceiina Kepsau (Kerwan). Yacts
9HepPruM MOIIHOIO yAapa MepeHOCUTCS CeHCMUYecKON BOMHON M KOH-
LIEHTPUPYeTCs B [MaMeTpabHO MPOTHUBOIMONIOXHON 00/1acTH IUIaHEeTHI,
B3/71aMblBasl KOPy U pacTarivBas JIefisHYI0 MacCy Ioj Hel, 0COOeHHO
€CJIM Ta HachllleHa consaMu. KeraTy, ck10HbI AXYHBI IeHICTBUTEIBHO Ha-
CBILI[EHbI HATPUEBOM COJIbIO YTOIBHOW KUC/IOTEL, T. €. KApPOOHATOM HATpPHS
(Na,CO,). ITogo6HbIe CTPYKTYpbI-AHTUIIOABI BCTPEYAIOTCS U HA APYTHX
HesarmMocdepHbIX I1aHeTax, HarpuMep Ha Mepkypuu u Ha Jlyne. Kpro-
BYJIKaHbl — TO)Ke He PeAKOoCTb. HO YHUKaIbHOCTb AXYHBI B TOM, UTO 3TO
6moxaiimuit K CONMHIY KPUOBYIIKAH.

Kak Bugum, llepepa okasanacb O4eHb UHTEPECHBIM M CPaBHUTEIb-
HO JIerKO JIOCTYIHBIM Te/IoM. Ee Macca cocTaB/igeT IO4TH TPeTh MOTHOM
Maccel [71aBHOro mosica acTepovioB U MPH 3TOM Jullb okono 1,3% ot
Maccel JIyHbI (U3 Yero ciefyet, 4To Becb I0SIC aCTEPOUIOB B 25 pas3 sier-
ye Jlynsl!) [lepuop cyTouHoro Bpauienus Llepepsl — 9 uacos. YckopeHue
CUJIbI TSDKECTU Ha ee TIOBePXHOCTU — Bcero 28 cm/c? T. e. B 35 pa3 MeHb-
1Ie 3eMHOro. Bropas kocMuueckas ckopoctb y nosepxHoctd — 0,5 km/c.
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AucHomus Hukra |

Crukc

¢

«[wapa Makemake
MnyTon

Hamaka €

ctu Ipupbl, Makemake n Xaymeun npupymaH Xy0)KHUKOM: Mbl MOKa 3HaeM JINLUbL UX pas-
mep n popmy.

JTO OTKphIBaeT XOPOIIYIO0 NepCHeKTUBY /s 0CaJKM 30H/a Ha IIOBepX-
HocTb Llepepr! 1 focTaBKY Ha 3eMJIIO ee BellecTBa.

OpOuUTBI OCTANPHBIX YETBIPEX KAPIMKOBBIX I/IAHET LIEeJUKOM WJIH Ya-
cTU4HO Jexar B nosce Kolinepa. Bce onu 3ameTHO KpyriHee Llepepbl u
Bce 00/1a/1a10T CIYTHUKAMH, YTO [JaeT BO3MOXXHOCTD ONPEAENATh UX Mac-
cy. larpuapx» atoit rpynmsl — [TnyToH. OH camblit 60/bLION 110 pa3Me-
py ¥ BTOpO# no Macce (rmocie 9puapl) U3 U3BECTHBIX KapJIMKOBBIX I1/1a-
Het. Kak u gpyrue 06bekThl mosica Koitnepa, [T1yTOH COCTOUT 130 Nbaa U
kamHs. [To Macce oH B 6 pas, a mo o6bemy B 3 pasza Menbiite JIyubL Y [Ty-
TOHA eCTb KPYIHbIA CIIyTHUK — XapoH, OTKPbITHIHA ¢ 3emnu B 1978 1. [lu-
aMeTpOM OH JIMLIb BABOe, @ Maccoil B 8 pa3 MeHbllle caMOii I/1aHeThl. Xa-
POH [IBIDKETCs [I0 KPYroBoii opbuTe ¢ meproom 6,4 CyT Ha pacCTOSTHUM
oxorno 20 teic. kM oT [1nyToHa. [lockonbpky 1ieHTp Macc cuctemsl [1myToH—
XapoH /1eXXUT B IPOCTPAHCTBe MeX/y HUMMU, BHE IIpe/ie/IoB UX Tell, 3Ty
Iapy HepeJKO Ha3blBalOT ABOMHON KapJIMKOBOW IuiaHeToi. Bokpyr I1ny-
TOHa 1 XapoHa obpararoTca ueTbipe ManeHbKux cytauka (Kepbep, Hu-
kta, ['vapa u Ctukc) quamerpamu ot 6 10 50 kM.
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Puc. 7.5. Haunyuwme nsobpaxenus MnytoHa, nonyyeHHsle uspganexa (ot 3emnu). Cre-
8a: u306paxxeHne BOCCTAHOBNEHO MaTeEMaTU4ECKUM METOA0M MO pe3y/bTaTaM Ha3eMHbIX
u3MeHeHui spkocTu MNnyToHa B nepuopa npoxoxxaenus nepep Hum Xapowa (1985-1990).
Cnpasa: n3o6paxeHne BOCCTAHOBNEHO NO BapuaLMsM APKOCTH, BbISBAHHBIM CYTOUHbIM
BpaweHuem MnyToHa n HabnoAABILIMMCS KOCMUYECKUM Teneckonom «Xa66:m».

Ilo creueHHMI0 0OCTOSATENBCTB MEPBBI KOCMUYECKUIT 30H mobpas-
cs no IlnyToHa nuIlb HAa HECKOJIBKO MecslieB 103xe, ueM 1o Llepeper, —
B utone 2015 r. ro 6bi1 «New Horizons» (NASA), mponetesinuit B6U-
3u [InyToHa M ero CIyTHUKOB U IepeJaBIINi JieTajbHble CHUMKH HX
noBepxHocTeil. OcylecTBIeHre 3TOr0 MpOeKTa 3aHsuio Oosnee 26 net:
14 ner norpe6oBanock, 4TobbI IPOpaboTaTh MPOEKT U JOOUThCS ero Gu-
HaHCUPOBaHu, elle 4 roga — 4TOObI TOCTPOUTH U 3aANYCTUTh KOCMUYeE-
CKUil anmapart, u 3ateM Gosee 9 seT, yToObI OH mposeten yepe3 ConHeu-
HYIO CHUCTEMYy K caMO¥l Janekoil miaHere (B JeHb 3amycka, 19 gHBaps
2006 r., [TnyToH ere GpopManbHO BXOAWI B KATETOPHIO OOMBIINX [UIAHET).
ITocne BcTpeun c [nyToHOM nepenava Ha 3eMuTio Bcex COOPAHHBIX 0 HEM
Y ero CBUTe JaHHbIX [TPOJI0/DKaach OKOJIO MOIyTopa feT. Mx fAeTanbHoe
M3y4eHre Hauanoch TOMbKO B KoHIe 2016 T.

Jlo atoro momenTta o IlnyToHE GBIZIO U3BECTHO OYeHb Mao. Jaxe
KOCMHUUECKUii Teneckor «Xab6/m» IHIb ¢ TPYAOM pasinyas ero JUCK ¢
HECKOJIbBKUMU KPYIHBIMHU JleTansamMu anbbeno Ha HeM. [IpaBaa, UMEHHO
«Xab6m», 1 TonbKO OH, cMor B 2011-2012 rr. 06Hapy»XUTb 4 MasbIX CIYT-
HuKa [lnyrona. Ho B pesynbrare skcriegunuu «New Horizons» Mbl y3Ha-
nu o IlnyToHe, XapoHe U UX CITyTHUKAX ropaszio O0/blle HHTEPECHOro 1
HeOXXHIAaHHOTO, UeM CMOIJIM [aTh Bce HAaOMIOeHNs U3 /iaeKa.

HeranbHbple cHUMKHY [I1yTOHA MOpaswIu HAac TeM, YTO 3Ta MasleHb-
Kad IIaHeTa OKa3alach B F€0/IOTUYEeCKOM CMBIC/IE JKUBBIM Te/IOM. XOTH
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Puc. 7.6. NnytoH. Kontpacr ugeta ycuneu. ®@oro: «New Horizons» (NASA).

66mbIuas yactb nMoBepxHOCTU [11yTOHA, CyAs 110 MHOXKECTBY METEOPHT-
HBIX KpaTepoB Ha Hell, BecbMa /IpeBHIs, BCe JKe 3HauuTesbHas O I0-
BEPXHOCTH 3aJIUTa CBEXUM JIbJIOM, T. €. Te0JIOTHUeCKH MOJIOJA.

B nenom nosepxHocThb [171yTOHA NOKpBITA JIETYUYUMH JIBAAMU — 3a-
Mep3IIUMY a30TOM, MeTaHOM, MOHOOKCH/IOM YIVIepoja U 3TaHoM. [1pu
TeMIlepaType U AaBJaeHuy, Lapsuux Ha [1yToHe, a30T, MeTaH 1 MOHOOK-
Cyu yriepona ABIAI0TCA JIETYUMMU U MOT'YT II€pEMENaTbCa yTeM Cy6-
MMaluuK ¥ KoHJeHcauun. Camoe jeTydee BellecTBO U3 HUX — as3oT, [o-
aTOMYy KpaiiHe paspexxenHas atmocdepa [Lryrona 6osee yem Ha 99% co-
CTOMT UMEHHO U3 Hero. Ha moBepXHOCTH a30T ¥ MeTaH He 00pa3yloT 4u-
CTBIX JIB/IOB, & COCTABJISIIOT TBEPABIN PAacTBOP APYT B [pyre, IPUYeM Irie-
TO B HeM npeob/afaeT as3oT, a rae-To MetaH. MOHOOKCH] yIiiepoja Tak-
JK€ paCTBOPEH B JIETYYUX JIbJAX.
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Puc. 7.7. PaBHuHa CnyTtHuka. KonTtpact ugeta ycuneHn. ®oto: «<New Horizons» (NASA).

Ha nonymapun I[lnyTtoHa, feranbHO cdororpadprpoBaHHOM 30H-
oM «New Horizons» B MOMeHT Haunbosbluero cOMMXeHUs C IUIaHeTON
(puc. 7.7), Beinenserca obmupHag ceetnas O6nacts Tombo (Tombaugh
Regio), HasBaHHas B uecTb [1ePBOOTKpbIBaTeIs ianeTsl Knaitna Tomoo,
u ocobeHHO ee nieBas yactb — PaBuHuHa CiytHrka (Sputnik Planitia), Ha-
3BaHHas B YeCTb Halllero rnepsoro cnyTHuka 1957 roga. Ho geno, pasyme-
eTcs, He B Ha3BaHUY, a B TOM, UTO Jief, TOKpbIBatomuit PaBunny CriyTHU-
Ka, MpaKTUYeCcKU I0JHOCThIO JIMIIEH METeOPUTHBIX KpaTepoB, C/iefloBa-
TEJIbHO, OH HeJIaBHO 00pa3oBasiCcs B 9TOM YacTH IUIaHeThl. Bo3pacT aToit
noBepxHocT — He Gosee 10 MJH s1eT.

PaBuuHa CriytHHKA — 3TO fenpeccus pasmepom 1400+750 kM u ry-
GuHOM 3—4 KM, 3ar0/IHEHHas! JIbAMK a30Ta, METaHA U MOHOOKCH/IA yIJie-
pona. Ee moBepxHOCTD 110CKas, riaakas v Oenas. C 3anajga ee oKaumIs-
IOT TOpBI U3 BoAstHOrO Jbaa (puc. 7.8). Vx ¢opma, coctaB U pacrnonoxe-
HUMEe OCTaB/AIOT BIIEYAT/IEHWe, YTO ITO OIIOKM JefsHOM Kopbl [11yToHa,
BCIUIBbIBLIVE B ©0JI€€ IUIOTHOM M IJIACTUYHOM a30THOM JIbJY.

PaBuuna CriyTHHKA pacrosioykeHa B 9KBATOpUaIbHOM obnactu [lny-
TOH&, KOTOPYIO PeryyspHO — MOJOBUHY Ka)/IbIX IUTyTOHUAHCKUX CYTOK —
ocsemtaet ConHile. B pesynbTraTe Bce neTyure nbJbl OTTYAA UCIIAPUIIKC,
0OHa)XUB TEMHO-KPACHBIN C/I0M TOMUHOB — CMECU OPraHUUYECKHX COIO-
IMMEPOB, 00pasyIoNMxcsa B arMocdepe MIaHeThl U3 MPOCThIX OpraHnye-
CKUI COeIMHEHUH, TaKUX KaK MeTaH U 3TaH, 0] AelCTBUEeM YIbTpaduo-
netoBoro uanyueHus: ConHua. B 3ToM 0OBOJIBHO TEMHOM 3KBaTOpHasb-
HoM nosice [InyroHa PaBuuHa CniyTHUKA BbIJe/IsIeTCs CBOell SpKOCTbIO U
6e/IbIM LIBETOM, YTO OBbIJIO 3aMeueHO elle 110 HabMI[EeHUsIM ¢ KocMUJe-
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Puc. 7.8. MoeepxHocTb PaBHUHBI CNyTHMKA € NpU3HAKamMu KPUOBY/IKAHUYECKOI aKTUBHO-
ctn. ®oto: «New Horizons» (NASA).

CKUM TesiecKoroM «Xab6s». [I0BepXHOCTh paBHUHBI pa3buTa Ha OI0KK
CKpPYI/IEHHO-MHOTOYTO/IbHOM (OpPMBI, KOTOpbIE SIBHO MOJBIKHBI U HAIO-
MHHAIOT I[JIETYEpB], T. €. JIEAHUKH. BeposTHO, 3TO BEpIIMHBI KOHBEKTHB-
HBIX sueeK. VICTOUHUK 3Hepruy, NojAep:KUBatoINi KOHBEKIIMIO0 MATKUX
JIBJI0B, IIOKA He sICeH. DTO MOKeT ObITh pacnaj paJuOaKTUBHBIX d7IeMeH-
TOB B Hezipax [1/1yTOHa MK OCTAaTOYHOE TEIUIO OT ITaJieHHs] KPYIHOrO Me-
TeopuTa. He HCK/II04eHO Takke, UTO MajfieHHe METEOpUTa [IPOU30LIIO B
[AuaMeTpasbHO MPOTHUBONONOXKHOM TOouKe [I1yTOHA, TZie BUEH OrpoM-
HBI} KpaTep, a ceficMUYeCcKie BOIHBI CKOHLIEHTPHPOBAIMCh U BbIEIHIH
Terio B palioHe PaBHuHbI CIlyTHUKA.
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Slpkas mMonopas noBepxHocTb PaBHuHBI CnyTHHKa 00s13aHa CBOEi
YVHUKaJIbHOCTBIO [IBYyM 3(ddekraMm. Bo-nepBblX, MeieHHOE KOHBEKTUB-
HOE JIBIDKEeHHeE JIb/I0B NOCTOSIHHO OOHOBJISIET 3Ty MOBEPXHOCTD C Xapak-
TepHBIM BpeMeHeM MeHee 1 MiH sieT. Bo-BTOpBIX, BbICOKOe anbbeo ef-
HUKa CHIKAeT ero TeMIepaTypy U CO3[aeT Ha ero MOBepPXHOCTH XOJIO[-
HYIO JIOBYILKY: aTMOC(epHble rasbl KOH/EeHCUPYIOTCS NPeuMYLecTBeH-
HO Ha PaBHuHe CryTHUKA, TOKPbIBAsi €e CBeXUMH JbJaMU U MOAepikKU-
Bas B CTAaOWM/IPHOM COCTOSIHMM Ha Maciutabax BpeMeHH B JIeCITKU MHJI-
JIMOHOB JIET.

Ha 3anmagHoM kpato nosyimapus, Haz KoTopbeiM nposeten «New Ho-
rizons», nexxut 3emns Beru (Vega Terra), Ha3BaHHAs B UeCTb COBETCKUX
KOCMHUYECKUX 30HI0B «Bera-1 u -2». Dta obnactb oT/iMyaeTcst obuareM
yOapHbIX KpaTepoB C TeMHBIM JAHOM M CBET/ION KaiiMOif U3 MeTaHOBOIO
CHera. bbu1o HesCHO, MOYeMy MeTaHOBBIHM Jiefl JIeKUT TOJIBKO Ha KpOM-
Kax KpaTepoB U [1oueMy 3TOT 3(pPeKT He MPOsBIISIeTC sl Ha OCTAIbHOM 10-
BepxHOCTU [I1yTOHA. BhIsICHUIOCH, OAHAKO, UTO TeMIeparypa atMocde-
pr [Inyrona Bo3pacrtaer ¢ BbicOTOM. Ha moBepxHOCTH B HU3MHAX MOTYT
KOHJIeHCUPOBATbhCs U a30T, U MeTaH, HO, IOCKOJ/IbKY [I07Is1 a30Ta B aTMOC-
depe [Inyrona npesbiniaer 99%, 06pas3yoOLMIiCcsS HHEH COCTOUT B OCHOB-
HOM U3 a3ora. B ropax ke Ha 60/bIIION BBICOTE M HA KPOMKaX KpaTepoB
TeMmIeparypa OKa3blBaeTCs CJIMIIKOM BbICOKOM /11 KOHJEHCaLUHU a30Ta,
Y TaM KOHJIeHCUPYeTCsI OJUH MEeTaH.

C 1989 r. [InyToHn, npoiiasa nepurenuii, yaansercsa ot ConHua, U, Ka-
3a/0chb Obl, ero atMocdepa JO/KHA TIOCTENEHHO 3aMep3aTh Ha ero Io-
BEPXHOCTH, a aTMocdepHoe faBieHHe — nagarb. Ho HabmogeHus mo-
kpbiTui [lnyTOHOM 3Be3n u panHble 30HAa «New Horizons» mokasbiBa-
10T, uTo ¢ 1988 mo 2015 r. aTMocdepHOe faBieHNe BBIPOCIO IIPUMepPHO
BTpoOe. BeposTHO, 3TO cBsi3aHO ¢ TeM, uTo B 1987 . ceBepHbIii nosntoc [1ny-
TOHA BIIepBble 3a 124 rofa BhIIIE U3 TEHH, UTO CIIOCOBCTBOBAIO HCTape-
HUIO a30Ta U3 ero MoJspHOM MIanKy. A I0XHBIHM T0I0C, HarpeBaBIIUIC
Ji0 3TOTO COJIHEUHBIMU /Ty4aMHy, ellle He YCIeq OCThITb HaCTO/NbKO, YTO-
OBl B €r0 OKPECTHOCTH MOT KOH/IEHCHPOBAThCS a30T. BriosHe BO3MOXKHO,
yto arMocdepa [l1yToHa ocTaeTcss ra3oo06pa3HOil Jaxke B paiioHe ade-
JIUS, KOrja IlaHeTa MakCuMasibHO yaansgercs oT ComHua.

M3-3a Manoil cuibl TSDKeCTH IUIOTHOCTb atMocdepsl Ha [lnyTone
MeZI/IEHHO MeHseTcsl ¢ BbIcOoTOM. OCOOEHHO 3TO 3aMeTHO Ha OOJbIINX
BBICOTAX, I7Ie C BBICOTOH pacteT TeMmeparypa. [IoaToMy MOKHO 6b110 ObI
0XXMJATh, YTO B pe3y/bTare JUCCUNALUH (T. e. BbUIeTa aTOMOB U3 aTMOC-
¢eps! B kocmoc) [Tnyton 6bicTpo Tepsier atMocepHslit ras. Ho, kak mo-
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Puc. 7.9. XapoH. Kontpacr ueta ycunen. ®oto: «New Horizons» (NASA).

kasanu Habmopenus ¢ 6opra «New Horizons», yreuka azora u3 aTmoc-
¢depnl B kocMoc B 10 ThIC. pa3 MeHbIlle, YeM OXKHU/anoCh. A pacueTsl ro-
BOPSIT, YTO TIPY CPAaBHUTEIBHO HEOOIBIIOM POCTE TeMIIepaTyphl 0BEPX-
HOCTH faBieHue armocgepsl [I1yToHa MOKeT BO3pacTU HACTOJIbKO, UTO
IpeB30ii/ieT AaB/leHre MapCUaHCKOM aTMoc(ephl ¥ MO3BOIUT CYLECTBO-
BaTh Ha OBEPXHOCTH IVIAHETbI )KUJKOMY a30Ty. KocBeHHBIM ykaszaHueM
Ha 3TO C/IYKUT JieTanb penbeda [InyToHa — JonMHa MeXay Top ¢ OueHb
POBHOI IIOBEPXHOCTBIO, TI0X0XKasl Ha 3aMepa3lliee 03epo. BeposdTHo, aTo
CBUJIETEJIBCTBO TOM 3moxy, Koraa [1nyToH uMen Gosee IIOTHYIO aTMOC-
depy U Ha ero MOBepXHOCTH MOIJIA CYILeCTBOBATh KUIKOCTb.
«Mnapumii 6pat» [TnyToHa — XapoH — ToKe 0Kas3ascsi OUeHb HHTepec-
HbIM H€6€CHIJIM tesioM. Ero CpeHAA IJ/IOTHOCTb HEMHOTO MEHbIIIE, YeM Y
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[lnyToHa, T. e. B cocTaBe XapoHa Go/blle JIbJJOB ¥ MeHbIIIe KAMEHHCTHIX
nopoz. B ortnure ot noBepxHoctu [1nyToHa, KOTOpast COCTOUT U3 a30T-
HOTO ¥ METaHOBOIO /1b/Jja, Ha NIOBEPXHOCTU XapOHAa AOMUHUPYET MeHee
JIETYy4Uid BOASHOU Jef.

Anpbeno moBepxHOCTH XapoHa MeHsieTCsl B 3aBUCHMOCTH OT IIMPO-
Thl — OT CBET/IONO 9KBATOpA K TEMHBIM IostocaM (y GobIIMHCTBA IU1a-
HeT — HaobopoT!). B ceBepHOii monsapHoOit 061acTu XapoHa ecTb Gosbiiias
TeMHasi 0071aCTh, KOTOpYIO HayuHast komaHzaa «New Horizons» Heoduuu-
anpHO HasBana «Mopmopom». Pasuuiia B 1Bete 0OBSACHSAETCS, KaK MO-
JIararoT, KOH/JeHcaryel ra3oB u3 armocdeps [lnyrona. M3-3a 6ombio-
ro Hak/o0Ha ocu BpameHus [Inyrona u XapoHa K IJIOCKOCTH UX OKOJIO-
conHeyHOW op6uThl (60° Ge3 yueta HarpaB/eHUs BpaIeHUs) B UX OKO-
JIOTIONISIPHBIX 0O/ACTSAX MPOUCXOAAT OOLIMpPHBIE U JUIUTENIbHBIE TOJSP-
Hble THU U HOYM. 3UMO}H, T. €. IIOJIIPHOM HOUbBIO, TeMIlepaTypa OIycKa-
ercs 1o —258 °C, u rasel (a30T, MOHOOKCHUJ, YIJIEPOJA U METaH) KOHJeH-
CUPYIOTCSl Ha NOBEPXHOCTH; 3aTeM IOJ [eHCTBUEeM COJHEeuHOW pajua-
LMK OHU BCTYIAIOT B XUMUYECKYIO Peakiuio ¢ 00pa3oBaH1eM TOTMHOB —
TeMHBbIX KpacHOBaThIX coeguHeHUi. [1o3ke, korna NoBepxXHOCTb CIYTHHU-
Ka cHoBa HarpeBaetcs Co/nHIleM, TeMIepaTypa Ha [10/i0ce IToJHUMaeTcs
J0 —213 °C, ra3sl yleTyunBaIOTCS, ¥ Ha IOBEPXHOCTH OCTAIOTCS TOJIMHBL
M3-3a Gonee Bbicokoro anbbeno IInyToH xomopHee, M HA HEM 3TOT 3¢-
(PeKT BbIPa)KEH He TaK 3aMeTHO.

[ToBepxHOCTb XapOoHa AEeMOHCTPUPYeT MOIIHbIE C/Iefibl Ieosoruye-
CKOH aKTUBHOCTH, U He MCK/IIOUEHO, YTO er0 BHYTPeHHee CTPOeHNe SIB/IS-
eTca aAuddepeHpoBaHHbIM. COracHO HEKOTOPLIM MOJeNsM, Mo, T10-
BEPXHOCTDBIO 3TOI'0 CITYTHUKA MOXKET COJIEePXKaTbCs XKUJKOCTb.

Manble Tena CoIHeYHOM CUCTEeMbl — acTepounabl U KOMETbl

TepmuH «mainoe Teno ComHeuynoit cucrembl» (small Solar system body,
SSSB) npunaT MexayHapoAHBIM acTpOHOMHUYecKuM coto3oM B 2006 T.
nns o6o3HaueHust Bcex 06bekTOB COTHEUHOM CHUCTEMBI, He SIBJISIOIHX-
€ K1accuyeckuMu IuaHetamu (o1 Mepkypus no Henryna) wnu niane-
tamu-Kaprukamu ([Inyton u ap.). Takum ob6pasom, B rpymny SSSB moma-
7 BCe KOMEThI, BCe acTepouzbl BHYyTpu opbuthl IOmuTepa (3a mckio-
yeHneM llepeprl, OTHECEHHOH K I/IaHeTaM-KapJMKaM), BCe «KeHTaBpbl»
(centaur), nBrXyIIMecss Mexay opOUTaMU IUIaHET-TMUTaHTOB, BCE «TPO-
SHLIBD», IBMDKYIIMECS 110 OpOUTaM IUIaHEeT CMHXPOHHO C HHUMH, a TaKxKe
nouTy Bce 00beKThI 3a opbuTtoit Henryna (trans-Neptunian object, TNO),
kpoMme [1nyrona, Makemake, Xaymen 1 DpuAibl, OTHECEHHDIX K IIJIaHeTaM-
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kapnvkam. CIyTHUKY TUTaHeT He BXOJAT B UKUC/I0 Masbix Tesn ConMHeuHoi
CUCTEMBI.

TpaUIIMOHHO aCTPOHOMBI HA3bIBAIOT acTEPOUIAMU HeHOMbIIHE Ka-
MeHHbIE Teqla, a KoMeTaMu — HeOosbliue JefisiHble 00beKThl. Pazymeet-
cs, B COCTaB U TeX W JPYTUX BXOAWUT U MHUHEDPAIbHOE BEIECTBO (BKIIO-
yas MeTalibl), U 3amMep3iire rasbl (Jibbl), IPOCTO Y aCTEPOUIOB MPeod-
7la[iaeT TYrOIUIaBKOE BEIECTBO, a Y KOMEeT — jieTyuee. B aToM cMbicie fe-
JIeHWe MasIbIX TeJl Ha acTepOu/ibl U KOMEeThl HAallOMUHAET [le/IeHre I1a-
HET Ha 3eMJIeroI00HbIe 1 Ta30BO-JIE/ISIHBIE, XOTS MTOPO# TPYIHO OTHECTH
KOHKpeTHOE TeJI0 K TOMY WM UHOMY THITY.

A uto o3HauaeT «HeOO/bIIKe Tena»? DTO 3HAYMT, YTO CBOE IpaBH-
Tanyel OHM He COCOOHBI PEO0eTh COOCTBEHHYIO JKECTKOCTh U MPU-
naTth CBOeMy Tesy Oosiee Wiu MeHee chepouanbHyio Gopmy, T. €. IpUBe-
CTH CBOU HeJ[pa B COCTOSIHUE THUIPOCTATUYECKOTO paBHOBecHs. PacueTsl
IIOKa3bIBAIOT, YTO JIe/ITHBIE Tejla IPUHUMAIOT OKPYIyI0 GOpMy Ipu Ju-
ameTtpe 6oree 400 KM, a IbAUCTO-KaMeHKCThIE Tesa Thna Llepepsr — mpu
nvamerpe Gomee 900 kM. HabmiomeHus MOATBEPKOAIOT 3TO: IUIaHeTa-
kapuk Lepepa nuamerpom 946 kM mapoo6pasHa mpu HeGOJbIIOM I10-
JIIPHOM C)KaTHH, BhI3BAHHOM OCEBBIM BpallleHHeM, a KpYIHekve acTe-
pousbl Becra (573x557x446 km), [Mannaga (550x516x476 kM) u [ures
(530x407x370 kM) 3aMETHO YIJIOBAThL

Acmepouosbi

Pa3mMepsl acTepou/I0B HAMHOTO MeEHbIIle, UeM OOBIUHBIX I/IaHET, 110-
3TOMY paHblile acTepOou/ibl Ha3bIBaIM MasbIMU I/IaHeTaMU. B mocnenHee
BpeMS TEDMUH «MaJlble I/IaHeTbl» YIOTPeOIATh He PEKOMEHYEeTCs, YTO-
OBl He BO3HMKA/IO ITyTAHULBI C OPUIHAIBHO IIPUHSATHIM TEPMUHOM «I1/1a-
HeTbI-Kap/IMKW», IPOTOTUIIOM KOTOPbIX cTas [I1yTOH 1 B UMC/I0 KOTOPBIX
nonas KpynHenmuii acrepous — Llepepa. Ilocne Bbienenns nnaneT-kap-
JIMKOB B CaMOCTOSITe/IbHYIO TPYIITy CpPefy acTepouJoB AeiiCTBUTEIbHO
OCTaJICh TOJIbKO TBEP/IbIe TeJIa, BEIIECTBO KOTOPBIX CIIOCOOHO COIPOTHB-
NATbCSA TPaBUTALIMOHHOMY CkaTHIO. [10 9TOM npruKHe acTeponsbl MeHee
NOZIBep>KeHbI BHYTPEHHEH 3BOJIIOLIMY, UeM IIJTaHeThl: HallpuMep, 715 Heip
acTepou/IOB He XapaKTepHa, XOTs1 ¥ BO3MOJKHa, FpaBUTaLMOHHasa udde-
peHryanus BemlectBa. Kpome Toro, oHu cnabee COMPOTHBISIOTCS BHeII-
HUM paKkTopaM — yapHOii nepepaboTKe NOBEPXHOCTH U 3BOJIIOLMU Op-
6uTeL. B 3TOM CMbIC/IE TIOCTIE BBIZIENIEHHS TUIAHET-KapJIMKOB K/Iacc acre-
pouyioB craz 6osee ofHOPOHBIM. OJHAKO NIPY ONMCAHUU ACTEPOU/IOB 10
CHX IIOp HepeIKO YIOMMHAIOT U Llepepy — Kak B Culy TpafuLMHY, TaK U MO
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Puc. 7.10. JlyHa, nnaHeta-kapnuk Llepepa u kpynHeiimii acteponp Becta B oguHom mac-
wrabe. ®oto Bectbi n Liepepbl nonyueHbl kocmuueckum 3onpom «Dawn» (NASA) cooteet-
cteHHo B 20111 2015 .

MIPUUMHE ee IOIPaHUYHOTO I0/1I0)KeHN 1, TO3BOJISIIOIIero CYMTaTh 3TO Tel0
NepexoAHbIM MeX/ly acTepouiaMu U IJIaHeTaMU-Kap/IuKaMHU.

Jlo nosiBneHus coBpeMeHHbIX TeneckonoBs ¢ [13C-kamepamu acrepo-
U/Ibl OTKPBIBA/IM B OCHOBHOM B ITPOCTPAHCTBE MEXAy opbutamu Mapca 1
IOnutepa, nonyuusiieM Ha3BaHue «[7aBHbINA MosIC actepouzos». Ilocre-
MIEHHO, TI0 Meépe COBEepLIeHCTBOBAHUS dCTPOHOMUYECKON TeXHWKH, Kpo-
Me KJIaCCHYeCKHX acTeporzoB [naBHOro mosica Habmoaarenu cramu 00-
Hapy>KUBaThb Bce Oosblile 00beKTOB BHYTpU opOUTHI Mapca U Jaxke BHY-
TpU OpOUTBHI 3eMiH, @ Takke 3a opbuToii I0nurepa u naxe CatypHa. Tem
He MeHee B IIpefiesiax OpOUT OOJIbIIKX IUIAHET, T. €. 10 paccTosiHus 40 a. e.
ot ConHua, nojaBsAIAs O/ acCTePOUIOB BCe Ke HacessleT UMEHHO
[naBHbI# nOsic Mexay opbutamu Mapca u IOnuTepa.
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Jlyna

1000 km

1 2 3 4 5 6 7 8 9 10
Ceres Pallas Juno Vesta  Astraea Hebes Iris  Flora Metis  Hygiea
Llepepa Mannaga  lOHoHa Becta  Actpes [leba MWpuga Onopa Metuga lures

Puc. 7.11. CpasnutenbHbie pasmepsbi JyHbl 1 nepebix (B nopsake o6HapyxeHus) fe-
caTh actepoupos. Kpynneiwnii ns nnux — Llepepa — Tenepb 0THOCMTCS K CeMeNCTBY
nnaHeT-KapinKoB.

[oBopUTb O fAeTajbHOM H3yueHWU [aleKHUX acTepouzioB IOKa He
IPUXOAUTCS, HO BHYTpU 0pOuThl OnuTepa oHu usyyeHs! Herioxo. Kpym-
HBIX TeJI Cpefy HUX Maso: TonbKo y 30 M3 HUX [uaMeTp IIpeBbIIIaeT
200 xmM, emte okoso 170 ten umerot Auametps! oT 200 go 100 kM; konu-
YeCcTBO acTepouzioB ¢ quamerpamu 6onee 10 kM orenuBaercs B 10 000,
a ¢ ruameTpom Oonee 1 km — mopszaka 750 000. [ToaToMy He UCKITIOYEHO,
YTO CKOPO OYYT «MHBEHTapU30BaHbl» BCE aCTEPOU/IBI IMAMETPOM Oostee
1 KM, KOTOpbIE MOTYT IIPE/ICTAB/ATD YIPO3Y [Isl 3eMHO Grocdepsl B Lie-
nom. [lo onenkam, B ComHe4YHON crucTeMe CYIIeCTBYIOT MUJIJIMOHBI acTe-
POUIOB Pa3MepOM C KPYIHbIN OYIbDKHUK.

B 2018 r. monHOe 4YMCIO 3aperuCTPUPOBAHHBIX aCTEPOMAOB Ilepe-
Bamwio 3a 780 000; xonuuecTBO acTEPOMOB C HaJ(€XKHO BbIUKC/IEHHbI-
MU OpOUTaMH, MONYYMBLIMX OPSAKOBBIE HOMEPA, BIIOTHYIO MPHOIIH-
3unoch K 524 000, a coOcTBeHHBbIE MMeHA TPUCBOEHbI yiKe MpUOIn3u-
TesJbHO 22 ThICAYaM acTepOUfOB. TeKyllyIo CTaTUCTHUKY acTepOUJOB U
KOMeT MOXXHO HalTu 3z;ech: https://www.minorplanetcenternet/mpc/
summary, a CIIMCOK COOCTBEHHBIX MMEH acTepPOW/IOB — 37ech: https://
www.minorplanetcenter.net/iau/lists/MPNames.html.

O6cyxaas Llepepy, Mbl yke BBISICHH/IM, YTO MOJIHAs Macca BelecT-
Ba B [71aBHOM Mosice acTeporzIOB HEBeJIMKa: ceifyac OHa OLleHHWBAaeTCs B
3-10% kr (1. e. 4% macce! JlyHbl) ¥ B OyayIieM CyIeCTBEHHO HE BO3pa-
CTeT, IOCKOJIbKY OCHOBHOE BEI[ECTBO COCPEJOTOYEHO B CAMBIX KPYITHBIX
tenax. Hampumep, B yeTbipex kpynHeimmx u3 Hux (Llepepa, Becra, [lan-
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nana, l'urest) B cymme conepxkutcs 51% maccet [maBHoro nosica. C ymeHs-
[IeHWeM pas3Mepa M MacChl aCTEPOU[IOB MX UUCIO BO3PACTAeT, HO He
oueHb OpIcTpo. [laxke ecy GYAYT OTKPBITHI elle COTHU THICSY MEIKUX
TeJI, 3TO He3HAUMTeIbHO N3MEHHT NOIHYI0 Maccy [71aBHOro nosca. 3a op-
6urtoii [Inyrona — B nosice Koiinepa u nanee — BelecTBa MOXXET ObITh
cyiiecTBeHHO Gorblue, ueM B [71aBHOM mosice actepouoB. Ho manexvie
obnactit COTHEUHOMN CUCTeMbI U3yUeHbI TOKa HeJOCTATOUHO.

Bce acrepoupipl, Kak ¥ BooOIe Bce KOCMUUYECKHE 0OBEKThI, Bpalla-
I0TCSI BOKPYT cBoell ocu. [laHHble O BpallleHMH HeCKOTbKHUX M3 HUX I10-
JIy4YeHbl ITyTeM MPsIMbIX HAO/IIOEHNI UX TIOBEPXHOCTH ¢ HOpTa MeXKIia-
HETHBIX 30H/0B. [{1151 n3y4eHus: GOpMbl U CKOPOCTH BpAIleHUs aCTEPOU-
JI0B, COMMKAIOIUXCS C 3eMJIel, UCIIOb3yeTCs: paJuoIOKalysl, a O Bpa-
meHUH U (POpMe OCTaJbHBIX ACTEPOUIIOB CBUETENBCTBYET IE€peMeH-
HOCTb WX ONTUYECKOTO 6riecKa: Mepuoji TepeMeHHOCTH COOTBETCTBYET
Meprojy BpalleHus, a aMIUVIUTy/a [1epeMeHHOCTH yKasblBaeT Ha OT/IM-
yre GopMbl Tesa OT cdepbl C OAHOPOIHON MOBEPXHOCTHI0. ITUM METO-
JIOM HICC/IEIOBAHO YKe OKOJIO 16 ThIC. acTepOH/IOB.

[leprogpl BpalieHWsl acTepOU[OB 3aK/IIOUEHbl B OUEHb IIHMPOKUX
npesienax — OT [{07Ielf MUHYTHI [0 ABYX MecsileB. Ho y GonmbiinHCTBa U3
HUX Teprop coctasisgeT oT 2 A0 20 uac. [[eHTpoOeXHbIM CUIaM, CBS-
3aHHBIM C BpAleHUEeM U CTPEMSIINMCS pa30pBaTh TEIO0 acTepou/a, Ipe-
[STCTBYIOT IIPOYHOCTb €ro BElecTBa U camorpaBuTaiyist. Y HeOOIbIINX
TeJ OCHOBHYIO POJIb UIPAaeT MPOYHOCTh, y KPYIHBIX — rpaBuTanys. Ca-
Mble MeJIJIeHHO Bpalaronpecs: acrepousl — 310 846 Lipperta (nepuopn
1641 yac = 68,4 cyt), 912 Maritima (1332 uac) u 9165 Raup (1320 uac).
Bce onu kpynHble, auameTtpoM ot 4,6 1o 82 km. C apyroii cTOpoHbI, Bce
GBICTPO BpAIIAIOIIUECS ACTEPOU/IBI OUEHb MaJIEHbKUE, IUaMeTPOM II0-
psanka 10 M. Vix mepuopl HaurHaOTCS OT 16 ceK, XOTs KaMeHHbI MOHO-
JIUT TAKOTO pasMepa MOT Obl BPaIaThCs 3HAUUTEILHO ObIcTpee. JTO To-
BOPUT O PBIXJION CTPYKTYpe aCTepOU/IHBIX TeJL

MHorue acTepousibl UMeOT GOPMY 3eMJISTHOTO Opexa WU TaHTelH,
4TO ¢ GOBINION BEPOATHOCTHIO YKA3bIBAET HA MSITKOE CTONKHOBEHUE U
C/IMIIaHKe OTAEe/bHBIX TeJ B MPOILIOM. SIpkuii mpumep — actepoup Uto-
KaBa, [IBe TIOJIOBUHKY KOTOPOTO 10 CBOEN CpeHel IJIOTHOCTH pas/nua-
fotes B 1,6 pasa (puc. 7.12). O6HapykeHO HEMaso ABOWHBIX acTepOU/I0B
Y Ia)Ke TPOUHbIE, y KOTOPBIX OT/e/IbHbIE YaCTU HE HaXOASATCS B IIPSIMOM
KOHTaKTe JIpyr ¢ JPYroM, a 00paIaroTcss BOKPYT 0OIIero IeHTpa Macc.
Y MHOrMX acTepou/IOB KUJIOMETPOBBIX Pa3MepOB €CTh MajJleHbKUE CIyT-
HUKM pa3MepoM B JIECATKA U COTHU METPOB, obparnaronpecs Ha pac-
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2850 kr/m3

1750 kr/m3

Puc. 7.12. Beepxy: actepoup Ntokasa (25143 Itokawa) pasmepom 535x294x209 m (¢poro:
MeXnnaHeTHbIN 30HA «Xasbyca», inonus). BHuzy: cxematudeckoe nsobpakeHnue actepou-
a, Ha KOTOPOM yKa3aHa CpefiHsif INOTHOCTb ABYX €ro YacTei.

CTOSIHMM OT e/IMHUI] 0 ThICSY KUJIOMETPOB OT I7aBHOro Tesna. [Ipoucxo-
XKJIeHVe TaKUX acTepPOMIHBIX CHCTEM MOXKeT OBbITh CBS3aHO KaK C IIeHT-
pOGEKHBIM Pa3pbIBOM OZIHOTO TeJIa, TaK U CO CTOJIKHOBEHHEM [IBYX TeIl.
Knaccudukanuus acteporioB OCHOBbIBAeTCsI Ha NapaMeTpax MX op-
OUT U CrIeKTpax COJTHEYHOTO CBETA, OTPA’KEHHOTO U MOMIOLIEHHOTrO, a 3a-
TeM MNepen3/TyueHHOr0 MX MOBEepXHOCTbIO. [l MoAaB/AoIIero 4ucsia
acTepoU/I0B TIOKa U3MEpPeHb JIMIIb 3TH UX XapakTepucTuku. Mccnenosa-
HUSI aCTEPOUOB C O/IM3KOr0 pacCTOSHMUS C TIOMOIIBI0 KOCMUYECKHX 30H-
JIOB IIOKa NPOABUHY/INCh He CIUIIKOM Janeko: k cepenune 2018 r. mex-
I/IaHeTHbIe anmapartsl 9 pa3 mposeranu BOIM3W acTepOM[OB, TPHIK/bI
BBIXOAW/IN Ha OpOUTY BOKPYT HUX (3TO ObLIM Jpoc, MTokasa u Becra) u
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Puc. 7.13 (ssepxy). Actepoup 243 ipa u ee ManeHbKuit
cnytHuka laktunb. @oto caenaHo 3oHAom «fanuneo»
(NASA) B 1993 . ¢ paccTosinns 10 500 km. inuHa bl —
58 kM, a ee ocb BpaLLeHUst OpUEHTUPOBaHa BEPTUKANbHO
€ He6ONbLIMM HAKIOHOM BNpPaEBo.

Puc. 7.14. llaktunb — cnyTtHuk 243 Upbl. Pasmepbl [ak-
na 1,2x14x16 kM. HenseecTHo, aBngeTca oH ocKon-
koM Wbl unu 6bin 3axBaueH e U3 4yucna camocTos-
TenbHbIx actepoupoB. CHuMOK cpenan 28 asrycra
1993 r. 3onpom «lanuneo» ¢ paccrosHus okono 4000 km,
3a 4 MuHyTbI [0 ero Haubonee TecHoro c6nuxenms
c actepoupom Mpa.

JOBAKIbI KACAIHCh UX MOBepxHOCTU (Jpoc, Mtokasa). [Ipu aTom mnuiib ¢
noBepxHOCTH VITOKaBbI ObUTH IOCTAB/IEHbI HA 3eMITI0 HECKOIBKO KPYIIHIL
BemtectBa. JIo cux mop He ObUIO HU OJHOM YCIEIIHOM MOCaAKU Ha IO0-
BEPXHOCTb aCTepOUIOB U UCC/IeI0BaHUS UX Heap.

ITo mapameTpam opOUT acTepou/bl IPUHATO AEIUTb Ha 2PyNnnbl U ce-
Meticmea.

'pymiel acTeporjoB — 3TO OTHOCUTEIBHO CBOOO/HbIE 00pa30BaHMS,
CBsI3aHHBbIE KAKUM-I0O0 OHUM MapaMeTpoM OpOHTHI; IpUMep — IpyIl-
a acTepou/OB, llepecekanux opbuty Mepkypus (wim Benepsl, win
3emsn...). Emme mprumep — rpymma acTeporzioB, ABMIKYIIHUXCS CHHXPOH-
HO C KaKOW-7100 I/1aHeToi BAO/b ee OPOUTHI B OKPECTHOCTH TOYEK JIU-
6paumu L, u L. Takue acrepoujpl Ha3bIBAIOT TPOSHLIAMY JIaHHOH IU1a-
HeTbl; 0c00eHHO MHOro TposiHIeB y lOnurepa. Hepeznko rpynmbl fenst-
Cs1 Ha MOArpymIbl, uiu Tunsl. Hanpumep, TpostHip! I0nutepa coctost u3
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Puc. 7.15. Acteponabl «rpeku» n «TposiHLbI» Ha opbuTe KOnuTepa B paiioe Touek Jlarpan-
wa L, u L (pucyHok)

ABYX MOATPYIII, OHA U3 KOTOPBIX oTcTaet oT lOmuTepa BAo/b ero opbu-
TbI Ha 60° (3TO COOCTBEHHO TPOSIHIIB), & IPyTasi ONEPeKaeT ero Ha Te e
60° (ato rpekwm).

OO6BIYHO TpyIITa UK HOATPYIIA [0TyYaeT Ha3BaHUe 110 UMEHHU Iep-
BOTO aCTepou/ia, KOTOPhIi ObUT 0OHApy)XeH Ha OpOUTe AaHHOTO THIIA.
Hanpumep, rpymnna acreporios, nepeceKarmiyx opouty 3emiy, cocTo-
WT U3 [IByX noArpynn — AroHa u AnosnoHa. VY acteponJoB Tuma ATo-
Ha (2062 Aten) 6osnbiias monyoch OpOUTEI MeHbIlle, YeM y 3eMJIH, HO
paccrosiHue B adenny O0Jblile epUreTMIHOrO PacCTOSHUS 3eMITH; 3TH
acTepouzibl B OCHOBHOM [BIDKYTCSI BHYTPU OpOUTHI 3eM/IU U TOJBKO B
OKDPeCTHOCTH adenrs MOTyT ee nepeceydb. Y acTepor0B TUMa ANo//IOHa
(1862 Apollo) mepurenuiiHoe paccTosiHie MeHblle, ueM adenuitHoe pac-
cTosiHMe 3eMJIH, II03TOMYy OHM MOTYT IIPOHHMKATh BHYTPb 3eMHON OpOu-
ThI ¥ TIPU 9TOM IlepeceKarb ee.

Boree 00MMpHYIO TPYNIy COCTaB/ISIOT aCTEPOU/BI, COMMIKAOLMe-
ca c 3emneii (Near-Earth Asteroids = NEA), nepurenuiiHele paccTosHUS
KOTOpBIX He npeBbinanT 1,3 a. e. Kpome moarpynn AtoHa u AMosuIoHa,
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K HUM OTHOCSATCs actepou/ipl Tuna Amypa (1221 Amor) u Atupsi (163693
Atira). [lepBble ABMKYTCS BHe OpOUTHI 3eM/M, a BTOpble — BHYTPH Hee.
AcTepoupibl 3TUX YeTbIpex TUIOB — ATOHa, Anos/uioHa, AMypa U ATUpsl —
vHorza HaspiBaloT AAAA-acreporjamu. M3 ux uucria BbIEe/NSIOT OTEH-
IanbHO omnacHele actepouan! (Potentially Hazardous Asteroids = PHA),
opOUTHI KOTOPBIX COMMKaOTCS ¢ opbuToit 3emn Meree uem Ha 0,05 a. e.
(oxono 75 mmu kM). B cepenune 2018 1. 66110 usBectHo 18 433 NEA u
1922 PHA.

[eHeTHYeCKOIl CBSI3M MeX/ly acTepON/iaMH, BXOASIIUMHY B OJHY IPYII-
Iy WK MOArpyIny, 00biuHO HeT. [Tof AeficTBrEM IrpaBUTALIOHHBIX BO3-
MYIIEHUH CO CTOPOHBI MaCCUBHBIX TJIAaHET aCTepPOU/bI HEPEAKO MEHSIIOT
CBOY OPOUTBI ¥ TI03TOMY MOTYT IIEPEXOAUTD U3 OFHOH IPYIIIBI B PYTYIO.

NHoe geno — cemeiicTBa acTepouioB. B cMbiciie ocobeHHOCTEH 1BU-
)KEHHUS UX YIEHOB 3TO OoJiee OfHOPOZHbIE KOIEKTUBBI, OJIM3KHUE ApYT
K JIpyTy 10 HeCKOJbKUM opOuTanbHbIM mapamerpam. B 1915-1918 rr.
smoHckuit actpoHoM Kubioryny Xupasma (1874-1943) BriepBrie BbLie/TNI
5 cemeticTtB actepouznos: Omopel, ®emuapl, Doc, Kopouuasr u Mapuu, Ko-
TOpble 0OBIYHO Ha3bIBAIOT ceMelicTBaMu Xupasimbl. OH 0OHAPYIKUII, UTO
Y/IeHbl Ka)X[0r0 TaKOT0 JUHAMHUeCKOro ceMelicTBa MMelOT CXOJHbIe Op-
OuTanpHbIE 371EMEHTHI — OOJIBIIYIO M0YOCh, IKCLIEHTPUCUTET U HAKJIO-
HeHKe OpOUTbI, — UTO, BEPOSTHO, YKa3blBaeT HA UX eHeTHYeCKoe poj-
cTBO. BO3MOXHO, 3TO OCKOJIKM OIHOTO POAMTENILCKOTO Tesa, PaspylleH-
HOTO cTONKHOBeHHeM. Celiyac, OTKPBIB COTHH ThICSY HOBBIX aCTEpOU/IOB,
acTpOHOMBI BbIesOT cpefu Hux 20+30 rycToHacesneHHbIX ceMelCTB U
OKOJIO COTHU MasioHacesneHHbIX. [loutu 35% actepounos [maBHoro nosca
BXOJAT B cocTaB ceMeficTB. OO1as TouKa 3peHus MO-IPeKHEMY COCTOUT
B TOM, 4TO ceMeiicTBa 06pa30Ba/vCh IPY pa3pyLIeHHH KPYITHBIX acTepo-
UJI0B OT CTOJIKHOBEHHUii ¢ cebe MOoJ00HbIMIL.

@usnyeckas knaccudukanus acTeporzioB (GaKTHYeCKd OCHOBBIBA-
eTCS Ha ONTHYECKMX CBOMCTBAaxX WX IMOBEPXHOCTU. M3mepsiorcs anbbe-
J0 B BUAVMOM JHanasoHe CIeKTpa, LIBeT U CNeKTP MHPPaKpacHOro us-
7y4yeHust. BelcOKMM reomeTpuueckuM anbOeno obragaer TONMbKO Becra
(A=0,42) u ee «pPOJICTBEHHUKI» — BEPOSITHbIE OCKOJIKH. Y GOJBIINHCTBA
Ke acTeporzioB moBepxHocTh TeMHas (A=0,05+0,2).

VcxonmHas criekTpanbHas KiaccuduKaius acTepouioB Obuia OueHb
IpOCTOi: B Hell BbiAensiu Beero Tpu Tuna — C, Su U.

K tuny C (ot carbonaceous) oTHOCUIM OOBEKTBI C OUEHb TEMHOM
(A=0,03+0,10) yrnepomucroii noBepxHOCThI0. K 3T0i1 rpymnme nmpuHazse-
»KaT 75% BceX M3BECTHBIX aCTEPOU/IOB.
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K tuny S (ot silicaceous) otHocunu 06bekTel ¢ Gonee CBETION
(A = 0,10+0,22) cunukaTHOM, <kaMeHHOMN» TOBepXHOCThIO. K aToii rpymme
npuHaiexxar 17% acrepornoB. Cpeay HUX HeOO/bIIYIO TIOATPYIITY CO-
CTaB/SOT acteporbl M-tumna (ot metal), B ClieKTpe KOTOPBIX 0OHAPYKHU-
BAIOTCSI TIPU3HAKK CBOOOTHOTO MeTasa.

K tuny U (ot unclassified) otHocumu octasuivecs: 8% Ter, He MOAA-
BaBlIMeCs IPOCTON K1acCUPUKAIUU.

Hoine, 6maromapst usmepenusm B Ommxnem VMK-nuanasone, criekt-
pasnbHas K1accuUKalys acTepor0B 3HAYUTEIbHO paclIMpeHa U J1eTa-
MU3MpoBaHa. B Hell BbIIEJIEHO MHOKECTBO HOBBIX U MEPEXOIHBIX TUIIOB
Y MO THUIIOB.

Kak oxasamocb, opOuTalbHBIE U CIIEKTPa/bHbE XapaKTEePUCTHU-
KU acTepoM/I0B CTATUCTUYECKU B3aMMOCBs3aHbl. Bo BHYTpeHHel uacTu
[nmaBHOrO mosica acrepouzios, T. e. 6mwke K Comuily, mpeobiagaoT Te-
na S-tuma, a BO BHeIIHeH ero yacty, ganbine ot Connna, — Tena C-Tu-
na. Pacuetsl HeGeCHBIX MEXaHUKOB MMOKA3a/IH, UTO acTepousibl [1aBHOro
rosica JBMDKYTCS 110 YCTOMUMBBIM OpOUTaM, 1ab0 IKCLEHTPUYHBIM HITH
61u3KUM K KpyroBbiM. OHM HAxOAATCs B «O€30MacHON» 30He, I71e MUHU-
MaJTbHO TPABUTAI[MIOHHOE BAMSIHUE HA HUX OOJBIINX I[UIAHET, B [IEPBYIO
ouepenp OmuTepa. [ToaTomMy cumTaeTcs, UTO MIPOCTPAHCTBEHHOE pasfie-
JIeHVe acTEePOUZOB C PA3HBIM THUIIOM IOBEPXHOCTH, T. €. COCTOSIIUX U3
BeIIleCTBA Pa3HOr0 TUIA, OTPAXKAET UCXOJHOe cocTossHue COMHEUHO cu-
cTreMbl, GaKTUUECKH CTPYKTYPY NPOTOIIAHETHOTO AKCKA.

XoTs ob1pie 3aKOHOMEPHOCTH pacrpe/ie/ieHus aCTEPOU/I0B KaXKYTCs
MOHATHBIMU, TIPU TTOAPOOHOM H3yUYEHUU OT/IENbHBIX MAJTbIX TEN BbISACHS-
eTCS, UTO KaK/I0e M3 HUX YHUKAJIbHO U UMEeT CBOI0 COOCTBEHHYIO, NHOT-
Jla BecbMa ZipaMaTHUiecKyio UCTopuio. Hampumep, wieHbl AUHAMUYECKUX
cemeiicts acrepousioB (Pemuspt, Drnopsl, [unbabl, Joc U Ap.), OUEBUAHO
umeronpe obIee TPOUCXOXK/IEHHE, 3aMETHO Pas/IMUaroTCA 0 ONTHYe-
CKHM XapaKTEePUCTHKaM, YTO YKa3bIBAET HA KaKHe-TO UX 0COOEHHOCTH.

Kak 310 uacto 6biBaer B m000# 0671aCTU HAYKH, UeM JieTalbHee uc-
creayercss 0ObEKT, TEM C/IOXKHEE ero KIacCUPUIMPOBATh U OTHECTH K
KaKoi-11ubo yxe cyiiectByoueli rpymnne. Hanpumep, kpynHendmmit 13
acTepousioB — BecTy — Hemnb3s CUMTATh TUIMYHBIM UMEHHO IIOTOMY, UTO
OH ObUT KCCIE[0BaH 3HAUMTEbHO JieTa/lbHee JPYTHX, KOraa Ha opOu-
Te BOKpyr Hero B 2011-2012 rr. paboran KocMuueckuit 30H7 «Dawn.
[ToBepxHOCTbH BecThl HEOAHOPOHA: OZIHO ee Monyiiapre 6oee CBETIO.,
a mpyroe — 6oree TeMHOE, TIPUUEM TaM BCTPEYAIOTCS YUaCTKU C aHo-
MajIbHO HU3KUM anbOeno. Cunraercs, uto 6osee TeMHble 00/1aCTH COOT-
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Puc. 7.16. Actepoup Becra. ®oto caenaHo 3ongom «Dawn» (NASA) 8 2012+

BETCTBYIOT 6a3a/IbTOBBIM PaBHUHAM THIIA JTYHHBIX MOpel, a 6osee cBet-
Jble — CHIBPHO KpaTepHpOBaHHBIM BO3BBIIIEHHOCTIM. Becra 3ameTHO
ioTHee 6/M3KOro K Heil Mo pasmepam acrepoupa [lannazna (coorBert-
creenHo 3,5 u 3,0 r/cm®). PacueTsl MOKa3bIBaIOT, UTO BCKOpe mocsie $hop-
MupoBaHust Bectsl Hauanace guddepeHuuarys ee Heip: 06pa3oBaInch
Kerle30-HHUKesIleBOe Si[p0 M KaMeHHas MaHTHs. 3a cyeT Telsla OT pacla-
Ja pagvoaKTHBHBIX M30TOIOB SPO M 3HAYMUTE/bHAsl 4acTb MaHTUU Be-
CTBI pacIUIaBWIKCh. B 1ocienyomye s1oxy MpOMCXOAKIIO IIOCTEIIEHHOe
OCTBbIBaHME U KPUCTA/UIM3aLMs [IOPOJ MAaHTHUH U KOPBI, YTO U IIPUBEJIO K
Ype3BbIYAHHOMY pa3HO0Opa3nio MUHEPaIoB, COCTAB/SIONMX BecTy.

B nenom ¢urypa Bects! BrionHe mapoo6pasHa, eciu He CUuTaTh 00-
IIMPHOH Jelpeccuy B paioHe I0KHOTO Iosoca. VIMeHHO 3To He M03BO-
JsleT BK/IIOUUTD ee B IPYIITY IJIaHEeT-Kap/IuKoB. BeposiTHO, Mu/uIap/ibl
net Hasaj Becra ucnbitaza CUIBHBIN yAap B 0071aCTh I0)KHOTO IMOJIIOCA,
U OTTyZa OTKOJI0JIAch 3aMeTHas [oJisl Macchl acrepouga. Ha gpororpadu-
SIX BUAHBI C/Ieibl 3TOTO yAapa — CKJIaJK{ BAOJIb 3kBaTOpa BecTobl. Bepo-
SITHO, 3TO Pe3y/IbTaT CXKaTHsl, BBI3BAHHOTO yaapoM. MHorve Menkue acre-
poussl B [1aBHOM mosice — 3T0 06710MKH BecTbl, pasiereBuinecs mnocie
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Puc. 7.17. KOxHbiit no-
noc Bectbl. KoHuenTpu-
yeckue  KonbLeobpas-
Hble CTPYKTYpbl MOryT
6bITb CnepcTBuem yaap-
HOTO BO34ENCTBUS UK
pe3ynbTaTtoM BHYTPEH-
HUX reoNorn4Yeckux npo-
LLeCCoB.

TOTO TPaHJMO03HOIO CTOJIKHOBEHHS]; UX JIETKO Y3HATh M0 BBICOKOMY allb-
6eno. U cpenn magamomyx Ha 3eM/II0 METEOPUTOB TOXKe HEPEKO Iora-
JAIOTCS ee OCKOJIKU.

Ha mamaTe 06 3TOM CTOJKHOBEHHH OCTajIach ¥ camasl 3aMeTHasl fie-
Ta/lb Ha IOBEPXHOCTU BecTbl — OrpoMHbIi yapHbIit Kpatep Pescunbeus
muamerpoM 500 kM B paitoHe I0)KHOTO Iosoca. Paamep kparepa noutu
paBeH fuaMeTpy camoro actepor/a. JIIo6OmbITHO, YTO MO3)Ke IpaKTHYe-
CKHU Ty/a jKe TPHILEsCs ellle OANUH yaap, OCTABUBLINI mocie cebst Kpa-
tep nuametrpoM okoso 400 km. OcraeTcs 3araakoi, kak Becrta cmorna me-
PEXXUTb CTO/b Uy[OBUILHbIE KaTakIW3Mbl. CIeKTpanbHbI aHaIu3 MoKa-
3BIBAET, YTO 3TH y/apbl 0OHaXWIM HECKOJIbKO CI0eB KOpbI BecThl 1 ua-
CTHYHO — ee MaHTHIO. KpaTep PesacunbBus — OUH U3 caMbIX [TyOOKHX
B ConHeyHoi1 cucteMe. [lo mepumeTpy ero oKpyskaeT Basl C BBICOTOH cTe-
HOK 0T 4 710 12 KM, a IHO KpaTepa JIexXUT Ha 13 KM r1yGxe cocenHeii 1mo-
BEPXHOCTHU. B LleHTpa/lbHOM YacTu Kparepa BO3BbILIAeTCS ToOpa BbICOTOM
OT IIOJHOXUS 0KOJo 22 kM U auameTpoM 180 KM; 5TO ofjHA U3 BbICcOUaii-
myx BepiivH B COlHeYHOH crucTeMe.

B XX Bexe usydeHue acTepouJ0B B OCHOBHOM CTUMY/IMPOBAsIOCh 3a-
[ayamMy KOCMOTOHHH: X M3y4yaaud KaK CTPOUTe/bHbIe OI0KU, OCTaBIINe-
cst HeBocTpeboBaHHbIMU TT0C/e popmupoBanus mianet. B XXI Beke cra-
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JI1 aKTyasbHbI [jBAa HOBBIX HAalpaB/IeHUS: 3alUTa 3eM/IU OT CTOJIKHOBE-
HUA C aCTepOUJaMU M UCII0/Ib30BaHUE BEIeCTBa aCTePOMOB JJIs CTPO-
WTebCTBA U NPOM3BOACTBA B KocMmoce. [lepBoe U3 3TuX HanpasieHUH
B OCHOBHOM pa3BHMBAaeTCsl I'OCYAAPCTBEHHBIMU YCHIUAMU (XOTS CBOH
BKJIa/{ BHOCAT U JIOOUTEN acCTPOHOMUM), & BTOPOE B HEMAJIOi CTelleH!
NpUBJIeKaeT YaCTHBIN KanuTall. B 11e/10M n3ydyeHue acTepon/j0oB CUATAEeT-
c4 ceiiyac OYeHb BYKHOM 3aaueil aCTpPOHOMUU U KOCMOHABTHUKU.

Komemsbi

OO6bIUHO MBI TIpeficTaBasieM cebe KOMeThl 9TAKUMU XBOCTAThIMHU CBe-
tunamu. Ho xBoctaTbiMu OHM ObIBAIOT pefiko u Hemonro. Komera, kopor-
KO TOBOPSI, — 3TO MPOCTO OOJIbINAd JIe/isiHad IIbi0a, KOTopast, IBUrasich 1o
BBITSIHYTOM opbuTe, Baanu ot COMHIA 0CTaeTCsl XOJIOAHOM U He uchapsi-
€TC4, a KOIja IofyieTaeT K UICTOUHUKY Tell/la, HAYMHaeT HarpeBaTbCs U UC-
napaTbcs. BoKpyr TBepOro si/ipa KOMeThl BO3HMKAET OOIIMpHas BpeMeH-
Hasg atMocdepa — Komd, paccerBarollas U [lepensiyydaroliast CoTHeuUHbI
CBET, IO3TOMY KOMETa CTAHOBUTCS BUIHA HA HOYHOM Hebe, HEpeIKO /ia-
Ke HeBOOpY»KeHHbIM In1a3oM. Ho, yaansscs ot ConHua, OHa BHOBDb 3aMep-
3aeT ¥ CTAHOBUTCS NPAKTUYECKH HeBUAUMOM.

ITo mepe npubmxerust Kometsl K COMHIYY Y Hee 0ObIYHO «BbIpACTa-
€T XBOCT». [[pUUMHA B TOM, UTO BBIOPOIIIEHHbIE U3 S/IpA KOMEThI aTOMBI,
MOJIeKY/Ibl ¥ NBUIMHKY OLIYINAIOT AaBlIeHue COJIHeYHOIrO CBeTa, T. €. I0-
TOKa KBAaHTOB, UCIyIIeHHbIX CONMHIIEM, a TaK)Ke JaBleHHe COTHEUHOIrO
BeTpa, T. €. 3aMarHu4eHHOH m1a3Mmyl, jetsmeld ot ConHua.

[TbUIMHKM — 3TO MeJIKUe TBepJble yacTulipl. [laBieHue Ha HUX COJ-
HEYHOI'O CBETA 0TYAaCTHA KOMIIEHCHUPYET I'PaBUTALIMOHHOE IIPUTSKEHUE K
CosnHily, TI09TOMY KpHBHM3HA OPOUT MBUIMHOK YMEHbBIIAETCS, OHU Hauu-
HalOT YAaIATbCsl OT TPAeKTOPUU Sipa KOMeThl U OTCTaBaTh OT Hero. 3a
KOMETO 06pasyercs MbisIeBO XBOCT. A 3aTIO/THAIOIINE KOMY MOJIEKY/IbI
rasa 1oz feficTBUeM >KeCTKOrO COJTHEYHOIO M3JlyueHus — yabTpaduorne-
TOBOTO ¥ PEHTT€HOBCKOTO — PacnafarTcs Ha aTOMBI U TePSIOT 371eKTPO-
HBL: IPOMCXOJUT AMCCOLMALMsl U UOHU3alUs ra3a. apshKeHHble 4acTH-
Ll ra3a akTUBHO B3aMMOZEMCTBYIOT C IOTOKaMH COJTHEYHOTO BeTpa, AaB-
JieHre KOToporo 6aroapst «<BMOPOXKeHHOMY» B HETO MarHUTHOMY T10JTIO
HaMHOTO0 IpeBocxoauT rpaBuTauuio Conxna. [loaToMy ras3oBsi, a o cy-
TH IUIa3MEHHBbIM XBOCT KOMEThI BCErZa HampasieH B CTOpoHYy OT ComH-
na. [lo Mepe yaanenus oT royoBbl KOMeTHI NIbIJIEBOY U IIa3MEHHBIH XBO-
CThI paspensiotes. [103ToMy 06BIUHO Y KOMET [Ba XBOCTA: TOMyO0BaThIN
[Ia3MEHHbIA U KenToBaTo-0enblil mblieBod. Ho ObIBaIOT W BapHaHTHI.
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Puc. 7.18. Komera Xeitna—bonna (C/1995 01) 8 mapTe 1997 r.

K Tomy ke CTpyKTypa KaXk[Oro U3 XBOCTOB TIOPOI0 BeChbMa CI0XKHA U 3a-
BUCHUT OT TIOPBIBOB COJTHEUHOI'O BETPA U TIOBeJeHUS ra30BbiX (POHTAHOB
Ha S7ipe KOMETBL

Tak uTO XBOCTBI KOMET, IOMUMO TOTO, UTO OHU OUYeHb KPACHBBI, ellle U
BecbMa WH(pOPMATUBHBL, MO0 PACCKA3bIBAIOT HAM, KaK S/TPO KOMETHI Bpa-
I[AeTCS U YTO MPOUCXOMUT HA €ro MOBEPXHOCTH. DTO BU/HO IO HEO/HO-
poaHOCTH TblIEBOro XBocta. B 2007 1. Habmofanach 3aMevaresbHas Ko-
meta Makuora (C/2006 P1), unu Bonbinag komera 2007 roga. OcobenHo
XOpomIo oHa 6buTa BuAHA HA 10kHOM Hebe (puc. 7.19). HeogHopoaHocTb
ee XBOCTa [TOKa3bIBajIa, UTo S/PO BpaIaeTcsa u 06/1acTb Ha HEM, aKTUBHO
BhIOpachIBaoIas ras, To HarpeBaercs COMHIIEM, TO OCTBIBAET.

XBOCTBI TaKOrO THIIA, KaK y KOMeTbl MakHOTa, HAOMUHAIOT CHJIb-
HO M30THYTHIM KOHYC, OTK/IOHEHHbIN Ha3ad, OHv 00pa30BaHbl MbUTMHKA-
MU Pa3HOU BeTMUYMHbI, BEIOPOIIEHHBIMU U3 /pa. B Takux XBocTax 4acTo
HaOJTI0JAI0TCS TOJIOCKU — TaK Ha3biBaeMble CUHXPOHbL. OHU BO3HUKAIOT
IPU eTUHOBPEMEHHOM (CMHXPOHHOM) BBIOpOCE U3 s/[pa KOMETHI I€JI0-
ro ob1aKa 4acTuIl, KOTOPbIE 3aTE€M JBYXKYTCS C PA3/IMYHBIM YCKOPEHUEM,
MIOCKOJIbKY CBETOBOE [aBJ/ieHUe AeHCTBYeT M0-pa3HOMY Ha IblIeBble Ya-
CTHUIIBI PA3HOTO pasmepa.
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Puc. 7.19. Kometa Maknora (C/2006 P1 McNaught), cdotorpaduposanHas 19 ausaps
2007 r. c ropbi Cbeppo-Tapanan (EBoneiickas toxHas obcepsaropus, Yunm). B xeocre Ko-
MeTbl OTYET/IMBO BUAHBI CUHXPOHbI. DoTo: ESO.

BHemnHre c10M KOMETHBIX Siiep MOTYT 3aMeTHO OT/IMYaThCs MO CBO-
MM CBOWCTBaM OT BelllecTBa B IryOuHe s/1pa. X0Ts1 BOASHO JIefi COCTaBIs-
eT 3HAUMTE/IbHYIO J0JTI0 KOMETHOTO BelllecTBa, HabmoneHus komer (Fas-
nes, Xapru-2, YyptomoBa—I[epacrMeHKo U Aip.) OKA3bIBAIOT, UTO MOBEPX-
HOCTb S/Iep OU€Hb TEMHas, cyxas u Horaras HeJleTyueil OpraHuKoif.

TBepzple siipa KOMET HeBEJIMKY 110 pa3Mepy: IUaMeTphl TeX, YTO Obl-
7 U3yueHbl KOCMUYECKUMHU 30HaMU C OJIM3KOr0 pacCTOSIHMUS, COCTaB-
nstoT ot 1 go 10 kM. HecMoTps Ha TO, UTO $IAPO KOMEThI B OCHOBHOM Jle-
JSTHOe, ero MoBepxHOCTb BecbMa TeMHas (A~ 0,03+0,05), moaromy c pac-
CTOSIHUS B HECKOJIbKO aCTPOHOMMYECKUX eJMHUIl TAKOH 00BEKT yiKe He
BUJIeH [ia)kKe B XOPOLUMI TeslecKoll. BugumMocTb koMeTe MpUAaiOT JTUIIb
WCTIapsIIOLIMecs] C ee TIOBEPXHOCTH ra3bl M YHeCEHHbIe UMU MeJIKHe TBep-
[ible YaCTUIBl — MBUTMHKU. XBOCTbl KOMET [JJOCTUTAIOT BUAUMBIX pa3Me-
POB BO MHOTHE MWITMOHBI KWJIOMETPOB, U, XOTSI OHU OU€Hb IPO3PayuHb,
paccesiHHBIN UMY COIHEYHBIM CBET /le/laeT KOMeTy 3aMeTHOM fake s
HEBOOPYKeHHOT0 I71a3a.

Op6uThl abCOMOTHOTO GOMBIIMHCTBA HAOTIOABIINXCS KOMET CHITb-
HO BBITSIHYTBI, TIOPOi 6/113KK K napabonnyeckuM. HOro u ObITh HE MO-
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[a30BbIN XBOCT

Mbineeoi xsoct

-

Puc. 7.20. Cxema ¢popmMupoBaH1si XBOCTOB KOMETBI.

xet. Ha opbure, 6513Ko0ii K KpyroBo#, komera B6/m3u ComHIa ObICTPO
ucrnapunack 6bl, a Branu ot ConHua He Ucnapsiiach Obl COBCEM U OCTaBa-
nach HeBUAUMOIA. [ToaToMy Mbl Hab/I0/JaeM TOBKO T€ KOMETbI, KOTOpbIe
Ha KOpoTKoe BpeMs mojxoasT k ConmHIy, a 3aTeM Hafoiro yaaasioTcs
OT Hero, COXpaHss CBOe Jie[iiHoe Tes0. 3a BCI0 UCTOPUIO0 aCTPOHOMUYe-
ckux Habmopenuii k cepenune 2018 r. GbIIO 3aperMCTPUPOBAHO HEMHO-
ruM 6o7ee 4000 komeT. TeKyIyi0 CTAaTUCTHKY MOXKHO HaiTH Ha https://
www.minorplanetcenter.net/mpc/summary.

CoBpeMeHHbIEe MOJie/I <«HOBBIX» KOMET IIPE/CTABISIOT SIAPO Kak
O4YeHb pbIXI0e 00pa3oBaHMe, THUIA TMTAHTCKOTO CHEeXXHOro Koma. [locie
MHOTOKPATHBIX POXOXKAeHuit 6113 ConHia «<HOBask» KOMEeTa CTapeer, ee
PO YMEHbIIAEeTCs 3@ CUeT NOTepy OOoJbIell YaCcTH JIeTYUHX BEILeCTB U3
MIOBEPXHOCTHOIO C/I0s1 ¥ ITOKPbIBAETCS TEMHOM KOPKOH 13 HesleTy4Hx Co-
eTUHEHUH, KaK MapTOBCKUIA Cyrpob B TOpOfIe.

CrnoxHast CTPYKTypa KOMETHBIX XBOCTOB UM ra30Bble CTPYH, NCTEKaB-
1K€ C OBEPXHOCTH Hab/oAaBIIMXCsl BOMM3U KOMETHBIX sifiep, YKa3blBa-
IOT Ha TO, UTO CTPYKTypa IOBEPXHOCTU sApa KpaliHe HeoAHOpoAHa. Be-
POSITHO, B TIOBEPXHOCTHOH TeNI0M30/IUPYIOIeil KOpKe HMelOTCs AbIPHI,
TPELIVHbI WU Ipyrie 0OHa)KeHHUs OJKOPKOBOTO BELIECTBA C BHICOKUM
coziep)KaHUeM JIeTYYMX COeAWHEHHH, M3 KOTOPBIX IPOMCXOAUT WHTEH-
CHBHas CyOIMMaLys 3THX BEILeCTB, BIVIOTh [I0 MCTEUEHHs MOIIHBIX ra-
30BBIX CTPYH, CIIOCOOHBIX BBI3bIBATH PEAKTUBHOE YCKOPEHHE KOMETHOTO
siApa, 3aMeTHO MeHSIoIee ero opouTy.
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™

# 103P/Hartley
67P/ (Hartley 2)

81P/Wild (Wild 2)  yyponds i

5,5%4,0%3,3 km Fepacumenko

Stardust, 2004 5x3 km
Rosetta, 2014

Deep Impact /
EPOXI, 2010

1P/Halley
16%8x8 km
Vega 2, 1986

19P/Borrelly
8x4 km
Deep Space, 2001

9P/Tempel (Tempel 1)

76%4,9 km
Deep Impact 2005

Puc. 7.21. KomeTbl, K KOTOpbIM OCYLLECTBASNNCL MUCCUM aBTOMATUYECKUX 30HA0B. DoTo-
rpacdum sapep komet npepoctasnenbl PAH, NASA, ESA.

CunbHoe BHeuaT/ieHHE OCTAaB/SIOT CHUMKU siipa KoMeTobl Uypromo-
Ba—[epacrMeHKo, nepefaHHbie OpOUTATBHBIM arnmapaToM «PoserTa» EB-
pOMECKOro KOCMUYECKOro areHTcTBa. Mbl BuguM (puc. 7.23), Kak rasbl ¢
ee NMOBePXHOCTH aKTUBHO YXOJST B IIyCTOTY CO CKOPOCTBIO 3BYKa U Jjaxe
6eicTpee. CKOPOCTD MOJIETA YaCTHUI] OKONO 1 KM/C — 3TO CBEPX3BYKOBAs
CKOpocTb. BuHO, UTO KOMeTa HeOJHOPOAHO M3BepraeT BelecTBo. Heko-
TOpble 00/1aCTH ee TIOBEPXHOCTH aKTUBHBL, a IpyTHe CIIOKOWHbL Beposrt-
HO, BBIOPOCHI Ta3a U TbIIA MTPOMCXOIAT TaM, T/I€ COMHEYHOEe TErIo Mpo-
HUKaeT CKBO3b TEMHYIO U [IOBOJIBHO ITPOYHYIO KOPY KOMETH], HarpeBaet
JleXkallyie Mo Hell JIb/Ibl ¥ BbI3bIBAET UX HclapeHue (BO3roHKYy). [laBie-

Puc. 7.22. flinpo kometbl Xaptam 2 (103P/
Hartley) pasmepom 2,2+0,5 km, umetowiee
upe3sBblyaliHO TEMHYH MOBEPXHOCTb C asb-
6eno A=0,028 n dpopmy, HanomuHaloLLytO
He4To CpeAHee MexAy Kerneii ans 6oynux-
ra u orypuom (¢poTo: KoCMUYECKUii 30H[,
«Deep Impact», NASA, 4 Hosi6ps 2010).
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Puc. 7.23. lppo kometnbl YypromoBa—lepacumeHKo ¢ NOTOKaMu MCNApSAIOLLETOCs BeLecT-
Ba. ®oto 30Hpa «Pozerta» (ESA, NASA), 2014 .

HIe TIOBBIIIAETCs], Ta3 TPOPbIBAETCS Yepe3 KOPY U BbIOpAChIBAETCS HAPY-
Ky BMeCTe C IbIIbIO.

Maccel sep KOMeT, BepOsITHO, Jie)KaT B IIpefiesiax OT HEeCKOJIbKUX
TOHH (MMHH-KOMeTbI paamepoM B MeTpsl) 7o 1010 T («aficbepru» pas-
MepOM B [IeCATKU KWIOMeTPOB). MI3aMepuTh Maccy TOUHO yAAeTCs JIULIb B
TOM C/Iy4ae, ec/ii KOCMUYECKH 30H/] IBHYKETCS 110 OpOUTe BOKPYT /pa,
a 9TO 10 CUX MOp ObLIO JIMIIb OJHAXKIbI — Korza 30H/ «Rosetta» (ESA) B
2014-2016 rr. usyyan komery YypromoBa—Iepacumenko (67P/C-G). [1pu
pasmepe ee gzpa nmpuMepHo 5x3 kM ero macca coctasuna 10'° 1, a cpen-
Hag wiotHocts — 0,53 r/cm?, TIposneTsl 30H10B BOMM3Y IPYTUX Aaep Ko-
mert (1P/Halley, 9P/Tempel, 19P/Borrelly, 81P/Wild, 103P/Hartley) Taxxe
YKa3bIBAIOT HAa UX HU3KYIO oTHOCTB: OT 0,3 1o 0,6 r/cm?. YuuTsiBag, 4To
BEII[eCTBO KOMEThI — 3TO TPSI3HbII JIe[l C IVIOTHOCThIO 0KO/O 1 r/cM?, Ml
IIPUXO/IMM K BBIBOJY O BBICOKOI IOPHUCTOCTH 3TOrO BeliecTsa. [Ipumep-
HO TI0/I0OBMHA 0O0beMa KOMETHOTO sfjpa — 3T0 mycrora. Ho urto ato: mern-
KUe MOpbl WM KPYIHble KaBepHbl U MellepHble JaOUPUHTbI, — MBI I10-
Ka He 3HaeM.
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KakoBa npo/i0/>KUTeIbHOCTD KU3HM KOMEThI? DTO 3aBUCHUT OT ee Op-
6utel. Eciu nepurenuii op6uts! mpesbinaer 10+15 a. e, komeTa ucnaps-
€TCsl OUeHb MeJJIEHHO, a eC/IM IIPU 3TOM ee OpOWTAsIbHBINA IIEPUO CO-
CTaB/sIeT COTHU TBICSY W/IM MHJUTHOHBI JIET, TO OHA BOOOIIE IpaKTuye-
CKM HEe MEHSIETCS U CIY)KUT «BeYHBIM XOJIOJWIBHUKOM» MPOTOIJIAHeT-
Horo BelectBa. Ho KopoTKoneproandeckye KOMeTBI, II0[JIeTaoNe K
Conuiy Ha 1+3 a. e., 9BOJIOLMOHUPYIOT OU€Hb OBICTPO U, COOTBETCTBEH-
HO, )XUBYT Hezmonro. Hanpumep, komera 103P/Hartley umeer opburass-
HBIU Tepuof 6,5 rona, adenuii oxosno 6 a. e. ¥ mepurenuii okoso 1 a. e, To
ecTb «wKuBeT» Mexay opburamu IOnutepa u 3emiu. [Ipu cobcTBeHHOM
macce 0k0s10 300 M/TH TOHH MpY KakaoM comxennn ¢ CoHIEM OHa Te-
psieT oKo/Io 1 MJIH TOHH BeIl|eCcTBa, CeZloBaTeslbHO, el CYX/eHO I10/THO-
CTBIO MCIIAPUTHCS Uepe3 HeCKOJIbKO COTeH 000pOTOB, T. €. IPUMEpPHO Ye-
pes3 ThICAYY JIeT.

Eme onun npumep. Sapo xomers [ames (1P/Halley) nmeer xapTo-
deneobpasuyio popmy, AMKMHY O0KOIO 15 KM U mUpPUHY OKomo 8 kM. Ee
opbuTtanbHblil mepuop 75,3 roaa, adenuit 35 a. e. u nepurenuii 0,586 a. e.
B MOMEHT NpOXOKAeHUs Nepuress KoMeTa KaXAYyI0 CEeKYHIy TepsieT
oKko7o 45 T razoo0pasHbIX COeVHEeHWH U 5+8 T mbuad. JIerko mopcyu-
TaTh, YTO 3aIACOB JIETy4ero BellecTBa KoMete [asies JO/DKHO XBaTUTh
Ha COTHIO TBICSY JIET. 3@ 9TO BpPeMsl OHa MOXKeT COBEPIINTb €Ille OKOJIO0
1300 o6opoTtoB Bokpyr CoJHIIg, a 3aTeM MMOTHOCThIO «BBICOXHET» U, BEPO-
ATHO, MIOMOJIHUT YKC/IO BBIMEPIINX KOMET. DTO ObIBIIIME KOMETHBIE SI/pa,
KOTOpbIE y)Ke He MPOSIBISIOT [IPU3HAKOB aKTHBHOCTH U IO Habsmojae-
MBIM XapaKTepyCTHKaM HUYeM He OTIMYal0TCsl OT acTepOU/IOB.

Puc. 7.24. ippo kometb! Fannes v ucnapsiowieecs c Hero sewectso. PoTo KOCMUYECKOTo

30HAa «[xoTtTo», 1986 1.
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B nocnegHue gecsaTuieTys aCTpPOHOMBL MHOTO CIIOPWJIM O POJIU acTe-
pOUZIOB U KOMET B 00OecrieueHny I0HOW 3eM/I1 BOZIOW M OpraHHUYeCKUMH
BeIeCTBAMH, HEOOXOIMMBIMU [T 3aPOKIEHUS U PA3BUTHUS JKU3HU. Bbi-
SICHUTDb, OTKy/la Ha 3emJie BOAia, IoMoraeT ee U30TONHbIN coctas. Cpeau
Mosteky/1 00bruHOM Bozbl H,O u3peka momagarTcst MOIEKY/IbI TSKEOMH
Bozbl D,0 u monytsxenoit Boasl HDO, B KOTOpPBIX aTOM JIeTKOTO BOZO-
poza (H) 3ameHeH NMOMHOCTBIO UM YACTUYHO €ro TSDKeJbIM U30TOINOM —
neiitepuem (D). B xumMuyeckoMm cMbIC/Ie 3TO Ta K€ BOJA, IO3TOMY HHKa-
KY€ peakL11 He MOI'yT U3MEHUTh COOTHOLeHHe u3oronoB D/H, koropoe
y 3eMHO¥ BOZIBI uyThb Gosble, ueM 1074

Kak nokasbiBaeT aHa/lu3 M30TOMHOIO COOTHOIIEHHUSI MOJIEKY/T BOABI
3eMHBIX OKeaHOB, acTepOU/I0B U KOMeT, CKOpee BCero, Bofia Ha 3eMJIio
6bi1a mMpuHeceHa actepougamu [naBHOro mosica, a He komeramu. Oxa-
3aJ10Ch, UTO B BellecTBe KoMeT oTHoiieHue D/H B 2+3 pasa Bbliile, uem
B 3€MHOH BOJIe, 3aTO y aCTepOM/I0B OHO MOYTH TaKoe ke, Kak Ha 3eMile.
Bripouewm, He UCK/IIOUEHO, YTO MIMEHHO KOMEThI CHaOAM/IN HaIly [/IaHeTy
OpraHMYecKUMHU BellleCTBAMU BIIJIOTb [I0 aMUHOKHCIOT — «KUPIUUHKOB»,
U3 KOTOPBIX COCTOAT OE/IKM 3€MHbIX OpPraHU3MOB.

[lepBple HaMeKU Ha HalUuMe B COCTaBe KOMET IJIMLMHA — IIPOCTeii-
el aMUHOKHUC/IOThI — Obuty moyuensl B 2006 T, korza Ha 3eMIiio Bep-
Hy/ach Karcyna 3ou7a «Stardust» (NASA) ¢ o6pasuamu BerecTBa KoMme-
T Wild-2. Ho Torpa Hasmmyve rviuHa CIiMCcaIy Ha 3eMHOe 3arpsi3HeHue.
Opnnako «Po3eTta» 0OHAPYKU/IA TIULUH HETOCPECTBEHHO Ha MecTe — B
KoMe KoMeThl YypromoBa—IepacumeHko.

Eme ogHuM BaXKHBIM OTKpbITHEM «Po3eTTbl» ctan gocdop — ane-
MeHT, abCOMIOTHO HEOOXOAMMBIN [IjIsi BCEX JKUBBIX OPraHU3MOB 3eM-
. ®ocdop BxomuT B coctaB /IHK, KOMIIOHEHTOB KJIETOYHBIX MEMOpaH,
a takxe ageHosuHTpudocdara (ATD) — yHHBepcaTbHOTO HMCTOYHUKA
SHEPTUU /ISl BCeX OMOXUMUUECKUX MPOIECCOB, TPOTEKAIOIIUX B JKUBBIX
cucremax. MHOrOYKC/IEHHbIE OPraHMYeCKre MOJIEKY/IbI, 0OHAPY>KEHHbIE
«Po3eTToil» B BelllecTBe KOMETHI, BKJIIOUAs IMIMIMH U coequHeHUs ¢oc-
dopa, MOATBEPK/IAIOT U/IEI0, YTO KOMEThI MOTYT OBbITh MOCTABIIMKAMU
K/TIOUEBBIX MOJIEKY/T /7151 IPe0MOTUUECKON XUMUH.

Mopapku OT KOMET U acTeponaoB

M3yueHre acTepouiOB ¥ KOMET «Ha MeCTe» C MOMOIIbI0 KOCMUYe-
CKMX 30H/IOB — JIeJI0 OUeHb UHTEPECHOE, HO Upe3BbIvyaiiHo noporoe. Oco-
OEHHO CJIOKHO [OCTAaBUTh UX BELIEeCTBO HA 3eMJ/II0 /I [JeTalbHOrO M3-
y4yeHHs. 3a BCIO UCTOPUIO KOCMOHABTHKU A0 cux nop (2018 r.) nuub ox-
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Puc. 7.25. flpkuit meteop — 6onup Hap nyctbiveit Moxase (Kanugophus). 2009 .

Ha>X bl y,uanocr, ,Z[O6bITb MI/IKpOCKOHI/I‘{ECKI/Ie YaCTULbI C HOBEpXHOCTI/I
acrepouza (25143 Itokawa, 3ouz «Hayabusa», Anonus, 2010) 1 u3 xBocta
komerth! (81P/Wild, 3oz «Stardust», NASA, 2006). [loaToMy acTpOHOMBI
OYeHb JOPOXKAT TEM KOCMUYECKUM BEIeCTBOM, KOTOPOe CaMo IMOMajaeTr
Ha 3eMJTi0, OCTaB/AA C/efibl B aTMocdepe B BUfle METEOPOB WM T1a/ast
Ha [TOBEPXHOCTh [IAHETHI B BUZIE METEOPUTOB.

[Toka TBep/as yacTuIila JIeTaeT B KOCMOCE, Mbl Ha3bIBAEM €€ Memeo-
poudom. Korna oHa ¢ 60/bIION CKOPOCTBIO BrieTesna B atmocdepy 3em-
JIX ¥, PACKa/IMBILKICh U UCMIAPSIACH OT YAapPOB MOJIEKY/ BO3yXa, ABUKET-
cs, OCTaB/As 3a co00# CBeTAIIMiCS /Ia3MeHHbIN Criel, — 3TO Memeop.
A ecnu OHa He /10 KOHIIA pa3pylIniIach U €e OCTATOK YIaa Ha 3eMJTI0 —
3TO Memeopum.

BerbIimky 0OBIYHBIX METEOPOB, MO SIPKOCTH COTMOCTABUMbBIE CO 3Be-
3[aMH, TIPOM3BO/IST YACTUILIBI MACCOM B COThIE [I0JI rPaMMa U pa3MepoM
He Oonee MunMerpa. OHM MOTTHOCTHIO PA3PYIIAIOTCST HA BBICOTAX OKO-
710 80 KM U 10 IOBEPXHOCTH He I0/IETAIOT. YBU/IETh METEOD MOXKHO B JTIO-
60e BpeMs rofia, HO OBIBAIOT CE30HBI, KOT/Ia YaCTOTa UX BCIIBIIIEK 3HAUK-
TeJbHO Bo3pacTtaeT. HabmoieHys TOKasbIBaIOT, UTO B 9TU CE30HBI METEO-
pOI/I/:[bI HaJ/IeTaloT Ha BEMH}O B OCHOBHOM C OOHOTO HaHpaBHeHI/IH, d 3Ha-
YUT, ABUKYTCSL B IPOCTPAHCTBE MOYUTH 10 OJHOM U TOM ke opbute. DTO
MeTEOprIe IIOTOKU. /X BBI3BIBAIOT MEJIKUEe YaCTHULIbI, HOTepHHHbIe on-
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MeTteopoungHblii poi

MeTeopHblit noTok

Crapas komeTa

Puc. 7.26. Tepsis TBepAble YacTULbl, KOMETa NOCTENEHHO 3anoJHAET OKPECTHOCTU CBOEN
0p6UTbI MENKMMU METEOpPOMAAMM, KOTOpbIE, Monagas B atMochepy 3emnu, Bbi3biBatoT
MeTeopHble NOTOKM.

HOY U3 KoMeT. [Ipu pasmepax B 101U MUJJIMMETPOB TaKKe YaCTULIBI 110-
YTU He NOAJAKTCS [AB/JICHUI0 COTHEYHOTO CBETa M COJTHEYHOTO BEeTpa,
[I03TOMY OHH JIO/I'O JBMXKYTCSI B OKPECTHOCTH KOMETHOM OpOUTHL
Kasxkaplit MeTeopHBIN NOTOK CBSI3aH C TOM WJIM MHOM KomeToil. Te-
psisl YaCTHULBL, KOMeTa [IOCTEeNeHHO 3aMo/HsIeT UMHA OKPeCTHOCTH CBOeil
opb6uTsl. Ecnu 3eMHas opbuta nepecekaeTr B OQHOM, a MHOIZA U B ABYX
MecTax TpaeKTOPHIO KOMeThl, TO Mbl IOIajlaeM Ha HEeCcKOJbKO [Heil B
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/'
Touka
Apobnenns

prI'IHbIe OCKOJIKM

Puc. 7.27. Cxema pacceuBaHu1si OCKO/IKOB MeTOpUTa.

obnacTb, HOraTyro MeIKMMU METEOPOU/aMH, U Hab/IOIaeM MeTeOpHbI
notok. Hampumep, 3HaKOMbIii MHOTMM aBT'yCTOBCKUM METEOPHbBIN [TOTOK
[lepcennpr gaput Ham kometa 109P/CBudra—Tytns. A komera lamies
Iaxe BaXK/IbI IepeceKaeTcs: C 3eMHOM OPOMTOM, U MbI [IO/Ty4aeM OT Hee
JiIBA MeTeOpHbIX [OTOKA B pa3Hble Ce30HbI roja: N-AKBapuibl B Mae U
OpuoHUBI B OKTSIOpE.

XOoTs MesKue 4acTHUI[bl KOMeT 10 3eMJIM He [I0JIeTaloT, U3ydas CIekK-
TPBI UX BCIBILIEK B aTMocdepe, T. e. METEOpbl, MOXKHO y3HaTb KOe-UTo 0
XMMUUYECKOM COCTaBe TBepAoro BelllecTBa KomeTbl. CaMy KOMEeTbI WU
UX KpynHble (pparMeHThl Bpe3aloTcss B 3eMIII0 HeyacTo (UTO MPUATHO —
BeromuuTe 0 TyHrycckom coObitin 1908 rofa), moaToMy AeTaabHO U3y-
YUTb 3TU SBJIEHUS IO CHUX IIOp He y[aBajochb. B mpuHIune oT momaja-
HYS B 3eMITI0 HEOOBIIMX KOMET MOT'YT OCTaBaThCsl METEOPUTDI, HO €C/TU
OHU JIefisiHble, TO J,OT0 He coxpaHsaTcs. Hy passe uTo B AHTapkTuzAe Uau
B [pennanpuu...

Bneras B atMocdepy 3eMau U BUTasch BHU3, MeTEOPOU/], TIONaAa-
eT Bo Bce 6ostee II0THBIE c1ou aTMocdepbl. Ero ckopocTb BevKa, mioT-
HOCTb BO3/yXa, KOTOPBbII Ha Hero HajeTaeT, pacTeT, U BellecTBO Hauu-
HAeT paspyIaThcs, APOOUTHCA HA OCKOMKU pasHOro pasmepa. Kpymmbie
(dbparMeHTbl TOPMO3SATCA JIONT0, MeJNKUe — ObICTPO, U B PE3y/bTare Ha
3emiie 06pasyeTcst «3JUTUIC PacCerBaHUSA» — 30Ha, «IOChITAHHAs» OCKOJI-
KaMU. TU 3//TAIICH] OBIBAIOT BecbMa Oombmmmu — 2—15 kM. Tak 4To na-
K€ eC/IM Bbl TOUHO BBIYMC/IWIM MeCTO Ia/ileHUsl MeTeopuTa, He Tak IIpo-
CTO cobpaThb BCE €ro OCKOJIKU.

Mofapkn OT KOMeT W acTepouaoB 209



Jlonro coxpaHSIOTCS Ha MOBEPXHOCTH 3eM/IM KaMeHHble U jKeses-
Hble METEOPUTDI, KOTOpbIe CUMUTAKOTCS OCKOIKaMu acTepoujos. MHorga
10 TPAeKTOPUHU IoseTa B atMocdepe yiaeTcsl BOCCTAHOBUTb UCXOAHYIO
OpOUTY COOTBETCTBYIOIIErO METeOpOKMJa U MOHSTh, U3 KaKOW 0071acTh
ConHeuHO#1 crucTeMbl OH Npuiles. XUMUUeCKUN 1 MUHepa/bHbIN COCTaB
CaMOro METeOpPUTa B HEKOTOPBIX C/Iy4yasx IIOMOraeT BbISICHUTD, OT KaKO-
rO acTepouzid OH OTKOJIOJCS. A HEKOTOPbIE MEeTEOPUThI HaJIeKHO OIlpe-
JeNSI0TCS KaK OCKOJIKM JIYHHOM M MapCHUaHCKOM noBepxHOCTH. [loaTo-
MYy METEOPHUThbI — GecrieHHbIN nap 1y vccnenosareneit ConmHeuHoi cu-
cTeMbL VIM MbI [IOCBSITUM OT/E/IbHYIO [71aBy B OYAYIUX U3AAHUSX ITHUX
Jlekiuii.

X



[lpnavBbl M OTAMBLI
B MOpsax 1 B CO/THEYHOW
cmcreme

POJO/DKUM Pa3roBOp O CHJIAX, AEMCTBYIOIIMX Ha HeOecHble Tena,

Y BO3HUKAaIOIUX NpU 3TOM 3ddexTtax. B aToil nekuum 1 paccka-
Ky O IPUJIMBAaX U HerpaBUTALIMOHHBIX BO3MYIIEHUSIX. UTO 3TO 3HAUUT —
«HerpaBUTALIOHHbIe BO3MYILEHUsI»? Bo3aMylieHnssMu 0ObIYHO Ha3bIBAIOT
MaJible TTOMIPABKU K OGOJIBIIOM, 1aBHO#M cuite. TakuM 06pa3oM, pedb Moii-
IeT 0 KaKMX-TO CH/IAX, BAUSHUE KOTOPBIX Ha 00'bEKT 3HAUMTETBHO MEHb-
11e rpaBUTALlMOHHBIX.

Kaxue B prpo/ie ObIBAIOT CHJIBbL, KpoMe rpaBuTalun? CHjbHbIE U Cl1a-
Oble siiepHble B3aUMOIEHCTBYS OCTaBUM B CTOPOHE, OHU UMEIOT JIOKaJlb-
HBIF XapakTep (OelCTBYIOT Ha KpaiiHe MaJblX PACCTOSIHUSX). A BOT 371eK-
TpPOMarHeTu3M, Kak M3BeCTHO, HAMHOTO CHJIbHee IpaBUTalMU U paclpo-
cTpaHsieTcsl Tak Jxe janeko — becnpenensHo. Ho MocKonbKy anekTpuye-
CKYe 3apsi/ibl TPOTHUBOIOIOXKHBIX 3HAKOB 00BIYHO YPABHOBELLIEHE],  Ipa-
BUTALIOHHBIH «3aps[» (ero posb Urpaet Macca) BCeraa OfHOTO 3Haka, TO
[PH JOCTATOYHO OOJBIIMX MaCCax, KOHEUHO K€, TPABUTALMsI BHIXOAUT Ha
nepBblIii I71aH. Tak YyTo peasbHO MbI Oy/ieM TOBOPUTD O BO3MYIL[EHUSIX [{BU-
KeHHs1 HeOeCHBIX TeJl IO/ 1eliCTBIEM 3IEKTPOMAarHUTHOTrO 1osist. Bosbiie
BapUaHTOB HeT, XOT$ eCTb ellle TeMHasi 9Heprus, HO OHa JIeHCTBYeT IUIIb
Ha KOCMOJIOTUYECKUX (T. €. OUeHb OOJIBIINNX) PACCTOSHHUSIX.

Kak 51 pacckasbiBan B OHOU 13 NpeAbIAYIINX JEKLUH, IPOCTON HbO-

TOHOB 3aKOH TATOTEHUS
_ GMm

RZ

OYeHb yZAOOHO KCIIOb30BaTh B ACTPOHOMHHM, TOTOMY UTO OOJIBIIMHCT-
BO TeJl UMEIOT O/M3KYI0 K cheprdeckoil GOopMy U JOCTATOUYHO Y/aIeHbl
JPYT OT pyra, TaK UTO IIPU pacueTe UX MOKHO 3aMEeHUTb TOYKaMHu — TO-
YeyHbIMU 00'bEKTaMH, COfIepKaIlMMK BCIO MX Maccy. Ho Teso KoHeuHo-
ro pasMepa, CPaBHUMOTO C PaCCTOSIHUEM MeKy COCeJHUMU TelaMHy, Bce-
TaK UCIHbITHIBAET pPa3HOe CHUI0BOE BIUSHUE B Pa3HbIX CBOMX YaCTSX, MO-
TOMY YTO 3TH YaCTU MO-Pa3HOMY yAaleHbl OT UCTOYHUKOB IPaBUTALIUY,
Y 3TO HY>KHO YUUTbIBATD.

F
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MpuUTA>KEeHUe NIOWNUT U pa3aupaer

YTo6bI OITYTUTD TPUIKMBHBIN 3 dEKT, Tpo/ieIaeM MonyIapHbIi y pu-
3MKOB MBIC/IEHHBIN 3KCIIEPUMEHT: IpefcTaBuM cebsi B cBOOOJHO maja-
omem mudre (puc. 8.1). OTpesaeM BepeBOUKY, YAePIKUBAIOIIYIO KaOUHY,
Y HayMHaeM najaTh. [loka He yrmaau, MoXKeM CMOTpPETbh, YTO BOKPYT HAC
npoucxozurt. [loaBemmBaeM cBoOO/HbIE Macchl U HaO/MOfaeM, KaK OHU
cebst moBexyT. CHavyasIa OHU MaJlAal0T CUHXPOHHO, ¥ MBI TOBOPHM, YTO 3TO
HEeBECOMOCTb, [IOTOMY UTO Bce 0OBEKTHI B 3TOi KabKHe U OHA cama OlLy-
I[AIOT IPUMEPHO OJMHAKOBOe yCKopeHue cBobopHoro mazgenus. Ho co
BpeMeHeM Hallld MaTepuasbHble TOYKM HAuHyT Me-
"N t, HATb CBOIO KOH(UIYpaLUIO, TOTOMY UYTO HMXKHAS U3

¢ HUX BHauasie Obu1a uyTh O/KE K LEHTPY MPUTSIKe-
HUSI, YeM BepXHsIsl, I03TOMY HIDKHSIS, IPUTSATUBAsACh
CH/IbHEe, HAUMHAET OIepeXkaTb BepxHIOK. A GOKo-
BbI€ TOUKH BCEIZIa OCTAIOTCS Ha OJMHAKOBOM pacCTo-

. SIHUU OT LIEHTPA TArOTEeHHs], HO 10 Mepe mpubmxe-
¢ |t HUS K HEMY OHHM HaYMHAIOT COMMKATBCS APYT C ApY-
. rOM, IIOCKOJIBKY PaBHBIE II0 MOJYJIIO YCKOPEHUS He

napasienbHbL. B pesysbTate cucTeMa HecBsS3aHHbIX
06beKTOB JedopMUpyeTcs. DTO U HA3bIBAIOT MPH-
Puc.8.1. flepopmauns  jiypHbIM 3pdeKToM.
:z::iM:;M"i‘;?g:::;z C Touku 3peHus HabIOaTesns, KOTOPBIA pac-
R ChITiaz BOKPYT ce6s KPymy U CMOTPHT, KaK Tepeme-
AKOTCS OT/e/bHble KPYIMHKH, OKA BCS CHCTeMa
TmajiaeT Ha MacCHBHbIH 0GBEKT, MOKHO BBECTH TaKoe TOHATHe, KaK Nno-
J1e npunueHwix cus. OTpefeNuM 3T CHJIBI B KaXK/I0H TOUKe KaK BeKTOp-
HYIO Pa3HUIly IPABUTALMOHHOIO YCKOPEHUS B 9TON TOUKE U YCKOPEHUS
HaB/TIO/IaTe s WK [IeHTpa Mace, ¥ ec/i 6paTh TONbKO MepBbIi WIeH pas-
noxenus B psz Teinopa Mo OTHOCHTEIBHOMY PACCTOSHHUIO, TO TIOTYUHT-
cs cUMMeTpuYHas KapTuHa (puc. 8.2): 6/IKHHe KPYIMHKY GYAyT omepe-
| )aTh HabmozaTens, JaqbHUe — OTCTaBaTh

OT Hero, T. e. cucreMa OyfeT pacTsruBaThb-

l C4 BJIO/Ib OCH, HAllpaB/IEHHOM Ha TATOTE0-

= YA === wwii 00beKT, a BOO/Ib IePIEeHANKYISPHbIX

m T eil HampaB/IeHUI YacTHIBl OYAYT MPIIKHU-

! MaTbCAq K Ha6f[l'0ﬂaTef[IO.
Puc. 8.2. BextopHoe none npu- Kak BbI AyMmaeTre, 4To 6y,£[eT IPOUCX0-
NIMBHBIX cUn B Touke A nop aevict- AUTb IIpU 3aTATMBAHWU I1IJIAHETHI B YEPHYIO
BMeM 06beKTa Maccoii m. npipy? Tem, KTO He ciymian JeKUui 1o ac-
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Puc. 8.3. XynoxHuk, He cny- YepHas
WIaBLWIMIA NEKUUiA no acTpo- Ablpa
HOMMM, HapUCOBan, Kak pas-
pywanocb 6bl KpynHoe He- .
6ecHoe Teno npu 3acacbiBa-

HUW B YepHYO AbIpy. B uem

ero owmbka?

TPOHOMMH, OOBIYHO Ka)KETCsl, UTO uepHas JbIpa OyLeT CphIBaTh BeIeCT-
BO TOJIBKO ¢ 0OpalieHHO! K Heil moBepxHOcTU. OHU He 3HAOT, YTO OYTH
CTOJIb YK€ CUJIbHBINM 3P HEKT MPOSBISeTCs Ha 06paTHOM CTOpOHE CBOOOI-
HO MaJAI0IIero Te/a, T. €. OHO PaspbIBAeTCs B ABYX JUAMETPAIBHO MPO-
THBOIIO/IO)KHBIX HAMPAB/IEHUSIX, @ OTHIO/b HE B O/JHOM.

OnacHOCTU OTKPbITOr0O KOCMOCA

Yro6b! ITOKA3aTh, HACKOIBKO BAYKHO YUMTHIBATD MPUIUBHBIN 3P PEKT,
BO3bMeM Mex/lyHapOJHYI0 KOCMUUEeCKYI0 cTaHIuo0. OHa, Kak U Bce CIyT-
HUKY 3eMy, CBOOOZHO NajiaeT B IPaBUTALIOHHOM I1071€e (eC/IU He BKIIIO-
YeHbI BUTaTeNN). Y 10/1e NpHIMBHBIX CUJI BOKPYT HEe — 3TO BIIOJIHE OLY-
THMas Belllb, [I09TOMY KOCMOHABT, KOIZja paboTaeT Ha BHELIHel [OBepx-
HOCTH CTaHLUH, 00513aTe/IbHO PUBSI3bIBAET ce0s K Held, mpruyeM, Kak mpa-
BUJIO, ABYMA TPOCHMKAMM — Ha BCAKUM C/Ty4dai, MaJo 1 4TO MOXKET CJIy-
ynthes (puc. 8.5). OkaXkuch OH HENMPUBSI3aHHBIM B TOM MeCTe, /i€ IPUIUB-
Hble CU/IbI OTTSATUBAIOT €0 OT LIeHTPa CTaHLIMK, OH 3alIPOCTO MOXKET IOoTe-
pSATb C Hell KOHTAKT. Takoe yacTo GbIBAET C HHCTPYMEHTaMH, Be/ib BCE HX

1&‘. - * i - 1- - e _—

Puc. 8.4. MexxayHapogHasa KocMuU4eckas CTaHuus B ceobogHoM nonete Hag 3emnei.
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Puc. 8.5. CornacHo MHCTpyKLmM, npu paboTe B OTKPbITOM KOocMoce 06s3atenbHa
ABOIHas CTpaxoBKa.

He IpuBshKelllb. Eciu mpegMeT Bbllan y KOCMOHABTa U3 PYK, TO OH yXO-
AUT KY,E[a-TO BAOa/Ib 1 CTAHOBUTCS CaAMOCTOATE/IbHbIM CHYTHI/IKOM 38MJ’II/I.

[nan pabor Ha MKC BK/IIOYaeT MCIBITAHUS B OTKPHITOM KOCMOCE
VH/IMBU/IyaJIbHOTO PEaKTUBHOTO paHIja. M Korja ero jBUratesb OTKa3bl-
BaeT, IPWIMBHbBIE CUJIBI YHOCST KOCMOHABTA, ¥ MBI €r0 TepsieM; MMeHa
npomnaBnMx 6e3 BeCTH 3aCEKPEeYMBAIOTCS. DTO, KOHEUHO, IIyTKa: 0100-
HOTO TIPOMCINECTBUS TMOKa ellle, K cuacThio, He 6buto. Ho Takoe BmonHe
Morio 6b mpousoiTu! U, BO3MOXKHO, KOrga-HUOY/ (b CTYUUTCSL.

MnaHeTa-okeaH

Bepuemcsa k 3emsie. DTO CaMblil MHTEPECHBIH /I HAC OOBEKT, U JIeit-
CTBYIOLL[ME Ha HEro IMPUIMBHbIE CUJIBbI OLIYILAIOTCS BIOMHE 3aMeTHO. Co
CTOPOHBI KaKUX HeOeCHbIX TeJl OHU JedCcTBYIOT? [11aBHOe M3 HHUX — 3TO
Jlyna, motomy uto oHa 6:m3ko. Crenyomniee o Macitaby Bo3aeHdcTBrs —
ConHile, mOTOMY YTO OHO MaccuBHOe. OcTanbHble TIAaHEThl TOXKe OKa3bl-
BaIOT HEKOTOpOe BIMSIHUE Ha 3eM/II0, HO OHO ejBa OIIyTUMO.

[lns aHany3a BHeIIHero rpaBUTALMOHHOrO BO3/elCTBUS Ha 3eMIII0
I/1aHeTy 0ObIYHO MPE/ICTABISIOT B BU/IE TBEPAOTO LI1APa, TOKPBITOTO KU/ -
KO 060s0uKkoii (puc. 8.7). DTo Herutoxast MOJiE/Tb, TIOCKO/IbKY Y Halleit
IUTaHEeThI IeACTBUTE/IbHO €CTh IIOABUXKHAs 000/10UKa B BUZIE OKeaHa U art-
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Mocdepsl, @ Bce 0CTalbHOe [0-
BOJIbHO TBepAoe. XOTs 3eMHas
KOpa U BHYTPEHHUE CJIOU UMe-
I0T OTPaHUYEHHYIO0 KeCTKOCTb
1 HEeMHOro IOAJAITCS IpU-
JIMBHOMY BJIMSIHUIO, UX YIPY-
roii feopmanyieil MO>XHO IIpe-
Hebpeub Tpu pacuerax apdek-
Ta, IPOU3BOIMMOr0O Ha OKEaH.

Ecnu B cucreme 1eHTpa
Macc 3emMJId HapuCOBaTb BeK-
TOpbI TPUIUBHBIX CUJ, TO IIO-
JIy4UM BOT Takyl KapTHUHY:
Tojie TIPUIMBHBIX CUJI BBITSTHU-
BaeT OKeaH BM0JIb OCH «3eMisg—
JlyHa», a B nepneHUKy/ISpHON el MJIOCKOCTH MPUKKMMAaeT ero K LeHT-
py 3emu (puc. 8.8). Takum 06pa3om, iaHeTa (Bo BCSIKOM ClTydae, ee Io-
IBI>KHAs 00607104YKa) CTPEMHUTCS IPUHATh GopMy amtunconsa. [lpu atom
BO3HMKAIOT [[Be BBITYKJIOCTH (MX Ha3bIBAIOT NPUIMBHBIMU ropbamu) Ha
IPOTHBOIIOJIOKHBIX CTOPOHAX 3eMHOro Liapa: ofHa obpauieHa k JIyHe,
apyrast — ot JIyHbl, a B I0/10Ce MeKJy HUMH, COOTBETCTBEHHO, BO3HUKA-
eT BIajuHa.

Bonee uHTepecHas Belllb IPOMCXOAUT B IPOMEXYTKe — TaM, Ife
BEKTOP MPUIMBHOM CHJIbI IBITAETCSI CMECTUTD XKUKYI0 000/I0UKY BOJIb
3eMHOI noBepxHOCTU. 1 3TO ecTecTBEHHO: ecii B OZIHOM MeCTe Bbl XOTH-
Te TPUIIOJHATb MOpE, a B IPYIOM MecTe — ONyCTUTb, TO BaM HaJ0 Iepe-
MEeCTUTb BOAY OTTYyAA CroAa. Ml Mexxy HUMU IPUMBHbIE CUJIbI IEPEeroHs-
I0T BOAY B «IIOJUIyHHYIO TOUKY» U B «QHTUTYHHYIO TOUKY».

Puc. 8.6. Mnaneta 3emns, Bug usganeka.

_WT £wc

Puc. 8.7. Mopensb pns usyyenus npu-
NMBHBIX CUA: CMNOLUHAS YKNAKas 060-
noyka Ha abcontoTHo TBepAOIt Nnawere.
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Puc. 8.8. Creea — npunueHbie cunbl Ha NOBEPXHOCTH Cepbl, BbI3BaHHbIE BANUSIHUEM MaC-

cbl M; B pazHbix TouKax cepbl OKasaHbl HANPaB/eHNsl BEKTOPOB CHIbI U yKa3aHa ux ab-

COMNIOTHAs BE/IMYMHA B OTHOCUTENbHBIX epnHuuax (u3 kauru [hk. . NlapeuHa «[punusbl n

poncTBeHHble UM siBnenus B ConHeuwoii cucteme», M.: Hayka, 1965); cnpasa — nedopma-
LMA OKeaHa nof rpaBUTaLMOHHBIM BANSHUEM JTyHbL.

KonnuectBeHHO paccuuTaTh NPWIMBHBIA 3¢Q(EKT oueHb IpOCTO.
C onmHOI CTOpOHBI, TpaBUTALMSA 3eM/IM CTapaeTcs cAenaTh OKeaH IIapo-
06pasHbIM, C APYroil — NPUIMBHASL YacTb JIYHHOTO U COJHEYHOTO BIIUS-
HUS CTPEMHUTCS BBITSIHYTb ero BAonib ocu. Eciu ocraBuTh 3emsito B I10-
KO€ U [1aTh eil BO3MO)XKHOCTb CBOOOJHO MazaTh Ha JIyHY, TO BbICOTA BbI-
IYK/JIOCTH JOCTHUI/IA Obl IPUMEPHO MONTYMETPa, T. €. OKeaH MPHUIIOAHUMA-
eTCsI Ha/i CBOMM CPEe/IHUM YPOBHEM BCEr0o-TO Ha IonMeTpa. Ecim Bel mbl-
BeTe Ha [1apOX0/ie 110 OTKPhITOMY MOPIO U/ OKeaHy, II0/IMeTpa — 3TO He-
OLIYTHMO. DTO Ha3bIBAIOT CMAMU4ECKUM NPUTUGOM.

Ho uT006BI CO3AaTh B MOATYHHON TOYKE TIOTyMETPOBYIO BHITYKJIOCTH,
HY’KHO IIeperHaTh Tyja 00/blIoe KOIMYeCcTBO BOJbL A Be/lb IOBEPXHOCTh
3eM/u He ocTaeTcsl HEMOABIKHOM, OHA 10 OTHOLIEHHUIO K HalpaBIeHuIo
Ha Jlyny u Ha ConHue GbICTPO BpalaeTcs, Aeast IOJHbIH 000pOT 3a CyT-
k¥ (a JlyHa 1o opbuTe UzieT MeasIeHHO — Off1H 060pPOT BOKPYT 3eM/IX I10-
uTH 3a Mecsw). [103ToMy MpUIKBHBIA TOp6 MOCTOSHHO «Oeraet» MO IO-
BEPXHOCTH OKeaHa, TaK UTO TBep/asl II0BEpPXHOCTb 3eMJIM 3a CYTKHU JBa
pasa okasbIBaeTcs IO/ IPUIMBHOM BBINYK/IOCTBIO U /IBA pa3a — IOf OT-
JIUBHBIM IIOHM)KEHHEeM ypoBHS okeaHa. [Ipukunem: 40 TbICSY KUIOMe-
TPOB (A/MHA 3eMHOr0 9KBaTOpa) B CyTKU — 310 500 METPOB B CEKYHLY.
3HauuT, 9Ta IOJTyMETPOBAsE BOJIHA, TUIA MUHK-IyHAMHU, HaberaeTt Ha BOC-
TOUHbIE T0OepeKbsi KOHTHHEHTOB B PaiioOHe 9KBAaTOpPa CO CBEPX3BYKOBOI
ckopoctelo. Ha Hamux mmmporax ckopocts gocruraet 250-300 m/c — To-
Ke JI0OBOJIbHO MHOTO: XOTb BOJIHA U He O4YeHb BBICOKasd, 3a CUeT MHepIuu
OHa MOXXET CO3/1aTh OOJBIIOM IDDEKT.

[Toutn Ha KaXX[OM 3K3aMeHe MHe IOMNaJaeTcs CTYEHT, KOTOPbIHA
YBEPEHHO YTBEPIK/AEeT, UTO MPU/IMB IPOUCXO/IUT TOJMBKO Ha OJHOH CTO-
poHe 3emn — Ha TOH, KoTopas obpaiena k Jlyxe. Kak npasuso, Takoe
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Puc. 8.9. BbicoTa npunuBoB MeHsieTcs C NepMOAOM B [1BE HefleNu.

roBOpPUT AieByliKa. Ho ObIBaeT, XOTS U pexke, UTO U I0HOLIN B 3TOM BOIIPO-
ce 3abnyxnaarorcs. [Ipu 3TOM B Lie/IOM 3HaHUS acTpOHOMHH Oornee riy-
6okue y neByiek. JI060MbITHO GbLIO ObI BBISICHUTD IIPUYMHY 3TON «IIPH-
JIMBHO-TeH/IePHOM» aCUMMeTpPHUH.

Bropoit o6bext mo macurraby BnusHus Ha 3emao — 310 CornHile.
Ono B 400 pa3 panbuie oT Hac, yeM JIyHa, HO B 27 MJIH pa3 MacCUBHee.
[Toatomy addekTs! oT JIyHs! u oT ConHIa OMYYaIOTCSI CPABHUMBIMU 110
BelIMuMHe, X0Ts JlyHa Bce ke AelCTByeT UyTb CUJIbHee: IpaBUTALMOH-
HbI TpuuBHbIN 3ddekT ot ComHIIa MPUMePHO BIIOTIOBUHY c1adee, YeM
ot JlyHbl. MIHOTA@ UX BAMSHYUE CKIaAbIBAETCS: 3TO IPOUCXOJUT B HOBOJTY-
Hue, koraa Jlyna npoxogut Ha ¢oHe ConHLa, ¥ B MOHONIYHUE — KOIJa
JlyHa HaxoAUTCS C MPOTUBOIO0KHON OT CoMHLA CTOPOHBL B 3T HU —
korga 3ems, JlyHa u ConHile BbICTpauBalOTCS B JIMHUIO, @ IPOUCXOAUT
3TO KaK[ple [Be HeJle/IM — CyMMapHbIM NPWINBHBINA 3Q(eKT rnonydaer-
cs B IosiTopa pasa 6osblie, ueM ToIbKO OT JIyHbL A yepe3 Hezernto JyHa
[POXOJUT UETBEPTb CBOEH opOMThHI U OKasbiBaeTcsi ¢ ComHLEeM B KBaj-
patype (mpsMOii yros MexAy HalpaBIeHUs MU Ha HUX), U TOTZA UX BIIH-
SIHUS 0Cabng0T APYT Apyra. B cpeaHeM BbICOTA IPUIMBOB B OTKPBITOM
Mope MeHseTcs oT 25 10 75 cMm.

MopsikaM NpUIMBBI M3BECTHBI 1aBHO. YUTO [enaeT KamnuTaH, KOraa
Kopab/b cen Ha Menb? Ecu BBl yMTaIM MOPCKYE MPUK/II0OUYEHUECKHEe PO-
MaHbl, TO 3HaeTe, UTO OH Cpa3y CMOTPUT, B Kakoi ¢ase JlyHa, u xzaer,
Korza Oymer Gmvpkaiiuiee MoaHOMYHKME MUO0 HOBOMyHUeE. Toraa Makcu-
MaJIbHbIN IPUJIUB MOXKET TIOJHATH KOPaO/Ib U CHATh €ro C MeJu.
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BeperoBble Npo6aeMbl 1 0C06eHHOCTH

[TpuBeEl 0COOEHHO BasKHBI /1151 TIOPTOBBIX PAOOTHUKOB U /i7IsI MOPSI-
KOB, KOTOpble COOMPAIOTCst BBECTH CBOM KOpabipb B MOPT 1100 BbIBECTH
u3 nopra. Kak npasusio, mpo6sieMa MesIKOBO/ibst BO3HUKaeT BO/M3u bepe-
roB, ¥ 4TOOBI OHA He Mellasna ABMKEHHUIO CYIO0B, /IS BXo/a B OYXTy mpo-
PBIBAIOT [TO/{BO/JHBIE KaHA/Ibl — UCKYCCTBeHHbIe ¢apBaTepsl Mx raybuua
JO/KHA YUUTBIBATh BbICOTY MakCHMa/IbHOTO OT/IMBA.

Ecnu Mbl NOCMOTPUM B KakON-TO MOMEHT BpeMeHU Ha BBICOTY IpH-
JIMBOB U IIPOBeZlEM Ha KapTe JIMHUW PaBHOM BBICOTHI BOAE! (puc. 8.11), To
MOTy4aTCsl KOHLIEHTPHUYECKHe OKPY>KHOCTU C LIEHTPaMH B AIBYX TOYKaX
(B IOA/TYHHO# ¥ aHTU/IYHHOM), B KOTOPBIX PU/IMB MakcuMasieH. Eciu Obr
opbuTtanbHast MI0CKOCTh JIyHbI COBMajana C IUIOCKOCTbIO 3€MHOTO 3K-
BaTOpa, TO 3TH TOYKHU Bcerja Obl IepeMelanuch 0 3KBAaTOPy U 3a CYT-
K (Tounee — 3a 24" 50™ 28%) menanu 6b1 onHbIA 060poT. OgHAKO JTyHa
XO[IUT He B 3TOU IVIOCKOCTH, a 6713 IJIOCKOCTH 3K/IUITHKHY, [10 OTHOLIIE-
HUIO K KOTOPOI 5KBaTOp Hak/J10HeH Ha 23,4°. [loaToMy nojanyHHas TOUYKa
«Ty/sIeT» TaKXKe U Mo mupote. TakuM 06pasoM, B OJHOM U TOM JKe I10p-
Ty (T. e. HA OOHOM U TOH >Xe LIMPOTe) BBICOTA MaKCHUMa/IbHOTO IIPHIINBA,
IIPOMCXOASIIEro uepe3 Kaxkable 12,5 yacoB, B TeueHHe CYTOK MeHseTCs
B 3aBUCUMOCTH OT OpHeHTaluuu JIyHbl OTHOCHTEIbHO 3eMHOI0 3KBATOpa.

Jra «Me/oub» BaXKHA [/ TeOpPUU NPUIUBOB. [locMOTpUM elle pas:
3emJ1s1 BpalaeTcst BOKPYT CBOeW OCH, a IUVIOCKOCTb JIYHHOM OpOUTHI Ha-

Puc. 8.10. U3-3a Bpawenus 3em-
nu Touka A nopsepraertcs nepwo-
AMYECKN MEHSIOWMMCS  NPUINB-
HbIM cunam. CTpenkamu nokasaHa
rOpU3oHTaNnbHas NpoeKuus npu-
nueoo6pasytoueit cunbl. U3 kHuru
k. T. Napeuna «[punuebl u pop-
cTBeHHble UM siBneHus B ConHeu-
Hoi cucteme», M.: Hayka, 1965.
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Puc. 8.11. V3onuHum ctatnyeckoro npunuea, koraa JlyHa HaxoauUTCS B 3€HUTE Ha LLMpOTe
15°. U3 knuru k. I. Napeuna «[punuebl u poacTBeHHbIe UM siBeHus B ConHeuHoii cucre-
me», M.: Hayka, 1965.

K/IOHeHa K Helt. [109ToMy KaK/[blif MOPCKOIi MIOPT B TEUEHUE CYTOK «0be-
raeT» BOKpYT ostoca 3eM/d, OAMH pa3 monazas B 061acTb MaKCUMalib-
HO BBICOKOTO TIPU/IUBA, a Yepe3 12,5 yacoB — omaTh B 06/1aCTh IPU/IKBA,
HO MeHee BBbICOKOTO, T. €. /IBa IPU/IMBA B TeUeHHe CYTOK He PaBHOLIEHHBI
o BbicoTe. OuH Beerna 6oblile JPYroro, MOTOMY YTO IJIOCKOCTb JIVH-
HO OPOUTEHI HE JIEXKUT B IVIOCKOCTH 3€MHOTO 3KBaTOpa.

Jlng xureneit mobepexnbs aTOT 3pPeKT Ku3HeHHO BakeH. Harmpu-
Mep, Bo OpaHIyy ecTb MHTEPeCHbIH OCTPOB, KOTOPBIN COeAMHEH C Ma-
TEPUKOM ac(ajbTOBOM AOPOroii, MpoJMOKeHHON Mo AHy nponuBa. Ha
OCTpPOBE >KMBET MHOTO JIIO[Iel, HO OHM He MOTYT I0JIb30BaThCs 3TOH A0-
poroii, Toka ypoBeHb Mops Bbicokwuii (puc. 8.12). [To aroii mopore Mox-
HO TIpoexaTb TO/MbKO [Ba pasa B CYTKU. JIIoou MogbesKaloT U KAYT OT-
JIMBa, KOTJja YPOBEeHb BOZbI IOHU3UTCS U JOpOra CTaHeT JOCTYNHOMH. JKu-
Te/u e344T Ha nobepe)xbe Ha paboTy U ¢ pabOTBI, MO/b3YSICh ClELUalb-
HO#t TabiuLel MPUIMBOB, KOTOpas My6IMKyeTCs A7 KaXK/J0ro HaceseH-
HOTO ITYHKTa nobepexxbst. Ec/ii He yunThIBaTh 3TO sIBIEHHe, BOAA 110 My-
TH MOXKET 3aX/IECTHYTb aBTOMOOU/Ib. TYPHUCTBI IPOCTO NPHE3KAIOT TyAA
U TYJISIOT, 4TOOBI IOCMOTPETh Ha THO MOpS, Koraa HeT Bozsl (puc. 8.13),
a MeCTHbI€ XKUTeJIM YTO-TO IIPH 3TOM COOMPAIOT CO HA, NHOTAA JaKe [JIs
MPOMUTAHUS, T. €. 10 CYyTH 3TOT 3PPEKT KOPMHUT MOJEH.

JKusHb BbIlIa U3 OKeaHa 671arofapsi UMEHHO NPWIMBAM U OT/IMBaM.
HekoTopble prbperkHble )KMBOTHbIE B Pe3y/IbTaTe OT/IMBA OKa3bIBa/IHCh
Ha TeCKe ¥ BBIHY)KIEHb! ObUIM HAy4MTbCS [BIIIATbH KHUCIOPOLAOM HEIo-
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Puc. 8.12. MopeopHas popora c octposa HyapmyTbe Ha MaTepuk Bo Bpemsi npunuea
n otnmea. ®oro B. I. Cypauna.

cpezcTBeHHO 13 aTMocdepsl. Ecin 661 He 6610 JIYHBL, TO JKM3Hb, MOXKET
ObITh, HE TaK aKTUBHO BBIXOZIM/IA ObI M3 OKeaHa, IOTOMY YTO TaM BO BCEX
OTHOIIIEHUSIX XOpOIIO — TepMOCTaTUpOBaHHas cpesa, HeBecoMoCTb. Ho
€C/IU ThI BAPYT I0Mal Ha Geper, TO HaZio KaK-TO BbDKUBATb.

[To6epexxbe, 0COGEHHO ec/u OHO IIOCKOe, BO BPeMsI OT/IMBA CU/IBHO
oOHaXKaeTcs, U HA HEKOTOPOE BPEMsI JIFOAU TEPSIFOT BO3MOXKHOCTb I0JTb-
30BaThCsl CBOMMH II/IaBCPECTBAMH, OECIIOMOIIHO JIeXKAIUMH, KaK KUTHI,
Ha Gepery. Ho B 3TOM eCTb KOe-uTO I10JIe3HOe, IOTOMY UTO II€PHOJ OT/IH-
Ba MO’KHO MCII0/Ib30BaTh /151 PEMOHTA CY/J0B, 0COOEHHO B KaKOW-HUOY/b
6yxrouxe. Harpumep, ects 3anuB @anau Ha BocTouHOM nobepexne Ka-
Ha/ibl, B KOTOPOM, TOBOPSIT, CAaMble BBICOKHE B MHUPE IIPU/IMBLL I1€pernas
YPOBHSI BO/IbI MOXKET JIOXOAUTH /10 16 MeTpOB, UTO CUUTAETCS PEKOP/IOM
IJ1S. MOPCKOTO NpurBa Ha 3emsie. MOpsKY K 3TOMY CBOKCTBY IIPHCIIO-
coOMIKCh: BO BpeMsi IIPU/IMBA OHU HOJBOAST CYAHO K Gepery, yKpernsis-
IOT €ro, a KOIZia BOfla YXOZMUT, CYJHO ITOBUCAET, U My MOKHO ITO/IKOHO-
MaTUTh JHO.

Jlrony v3faBHA CTaly ClIeJUTb M PETY/ISIPHO 3allMCbIBaTh MOMEHTHI
Y XapaKTEePUCTUKU BBICOKUX MPUIMBOB, YTOObI HAyUMThCSI MPOTHO3M-

Puc. 8.13. lopora c octpoBa HyapmyTbe Bo Bpems otnusa. ®oto B. I. Cypauna.
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Puc. 8.14. Mopckue npunuBbl B y3KNX 3a/IMBaX 3HAYUTENbHO BbILLE, Y€M B OTKPbITOM MOpE.
Mpunue u otnue B kKaHapckom 3anuee MaHpu.

poBarthb 3TO sAB/IEHKe. Bckope usobpenu mapeozpagp — npubop, B KOTO-
POM IOIUIaBOK XOJUT BBepX-BHU3 B 3aBUCUMOCTH OT YPOBHS MOD4, a I10-
Ka3aHWS aBTOMaTMYEeCKH BbIUEPUYMBAIOTCA Ha Oymare B Buje rpaduxa
(puc. 8.16). Kcrary, cpencrBa u3MepeHHs IIOYTH HE U3MEHH/IHCh C MO-
MEHTa IepBbIX Ha0MIONe U U [0 HALIUX AHEMH.

Puc. 8.15. Jlogku Bo dpaHuy3ckoit GyxTe Bo Bpems 0TuBa.
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Bpewms B uacax

Puc. 8.16. Ickus mapeorpada Jlexxe n Hapu-
COBaHHas UM KpuBas YpOBHS Mops B MOpTY
Bombes ot nonyaHs 22 anpens 40 NONyAHS
30 anpens 1884 r.

Ha ocHoBe 6osnbiioro komuuecTBa 3amuceil rugporpados marema-
THK{ CTapaloTCsl CO3/1aTh TEOPHUIO MPUIMBOB. EC/M MMeeTcs MHOroser-
HSIS 3aIMCh NTePUOIMUECKOr0 MPOLiecca, ero MOXKHO pas3/IOKUThb Ha aJe-
MeHTapHble TaDMOHMKH — CHHYCOM/IbI PAa3HOM aMIUIUTYABI C KPAaTHBIMU
nepuogamy (puc. 8.17) 1 noToM, orpezenyB apaMeTpbl FTapMOHUK, IPO-
OIUTh CyMMapHYIO KPUBYIO B Oyayliiee ¥ Ha 3TON OCHOBE COCTaBUTh Ta0-
nuupl npunuBoB. Ceityac Takuve TabMULbl OMyOIMKOBAHBI I KaXKIOTO
nopTa Ha 3emsie, ¥ 1000 KanuTaH, COOMPAIONIUIACS BOMTH B KOHKpET-
HbIi 11OpT, Gepet /11 Hero Tab/IKIly ¥ CMOTPHUT, KOrzia TaM OyzieT KocTa-
TOUHBIH [/l er0 KopabJisl ypOBEHb BOJBL.

0 4 8 12 16 20 24

Puc. 8.17. MNpumep rapmonu-
Yeckoro aHanusa konebawuit
YPOBHSI MOpSi, B KOTOPOM Bpe-
MeHHas KpuBasi 4 pasnoxeHa
Ha TPU KOMMOHeHTa, 06ycnos-
neHHble Tpems pakTopamu: 1 —
NYHHbIA NpUNUB; 2 — CONHeY-
Hblit npunuB; 3 — cO6CTBEHHbIN
nepuop konebauuii.
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Puc. 8.18. MexaHuueckas BbIMMCANTENbHAS MALLMHA A5 NPOTHO3a NPUAMBHBIX KO-

ne6anuii ypoeHsa mops. OHa paboTana Ha ocHose Dypbe-aHanu3a MHOTONETHUX

3anuceii ypoBHA BOAbI, UMUTUPYS FAPMOHUYECKME YNleHbl BPEMEHHOTO psaa Bpa-
weHnem 6apabaHos.

Camas W3BecTHas MCTOpPUS, CBSI3aHHAS C MPOTHOCTHMYECKUMHU pac-
yeTamy, Ipousouna Bo Bropyio muposyio BoitHy. B 1944 r, xorga Ha-
M COIO3HMKY, aHITIMYaHe M aMepHKaHI[bl, COOMPAaIMCh OTKPBITH BTO-
poit PpOHT MPOTHUB IUTIEPOBCKON [epMaHuM, UM HYKHO ObIIO BbICA-
IouThcsl Ha QpaniysckoM nobepexxbe. CeBepHoe mobeperxbe DpaHimn
OYeHb HeymoOHO 151 BhicaiKu: Oeper 0OPBIBUCTBIM, BbicOTOM 25-30 Me-
TPOB, a r1y0rHA OKeaHa HeBEJMKA, TaK YTO KOpabiu MOTyT MOJOMTH K
Oepery TO/IbKO B MOMEHTBI MaKCUMaJIbHbIX NpUIUBOB. Ec/iit Ob1 OHU Cce-
JI1 Ha MeJb, UX Obl MPOCTO PacCTpessii u3 myiiek. YroOsl aToro usbe-
)KaTh, Obl/Ia CO3/laHa CrielranbHas MexaHnJyecKas (3MeKTPOHHBIX TOrga
eme He ObUIO) BhiUMCUTENbHAS MaruHa (puc. 8.18, 8.19). Ona ucrnosns-
3oBasia Dypbe-aHannu3 BpeMeHHEBIX Ps/IOB MOPCKOTO YPOBHS C ITOMOIIIBIO
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Puc. 8.19. YcraHoBKa napameTpoB Ha
BbIYMCNIUTENBHON MaLUKHE.

BpaIIAOIIMXCA C pasIUYHON
CKOpoCThlo OapabaHoB, ue-
pe3 KOTopble TPOXOAUT Me-
TQ/UINYeCKU TPOC, CYMMHU-
pyoluii Bce uneHsl psga dy-
pbe, a CBsI3aHHOE C TPOCOM
TIEPBIIIKO BBITUCHIBATIO Oyay-
IIyI0 BBICOTY IpUIMBA B 3a-
BUCHMOCTH OT BpeMeHH. JTO
ObL1a COBEPILIEHHO CEeKpeTHast
pabota, KOTOpasi CUJIbHO IPO-
OBUHY/JA TEOPUIO IIPUIMBOB,
IIOTOMY YTO OKas3aJoch BO3-
MOYXHBIM C JJOCTaTOYHOH TOY-
HOCTBIO TIpe/icKa3aTb MOMEHT
Haurbosiee BHICOKOTO TIPUITUBA,
Grarofapsi yemy TsDKe/ble BOEHHbIE TPAHCIIOPTHbIE KOpabiu MpOLUTH
Jla-MaHI 1 BbICAIUTK [IecaHT Ha nobepexbe. Tak MaTeMaTuKy U reodu-
3WKM COXPAHWIN KU3Hb MHOTHM JIFOJISIM.

Hekoropble MaTeMaTHKy cTapaioTcst 0600IIUTh JaHHbIe B MaciiTabe
BCell MIaHeThbl, CTPeMsICh CO3AaTh eJUHYI0 TeOPUIO NPUIMBOB, HO CpaB-
HUBATh 3allKCH, Clie/laHHble B pa3HbIX MecTax, TPYAHO, IOTOMY UTO 3eM-
Jis1 OU€eHb HelpaBWIbHasl. DTO JIMIIb B HYJIEBOM IPUOIMKEHUN e[MHbIN
OKeaH ITOKpbIBaeT BCIO IIOBEPXHOCTD IIJIAaHETEHl, @ Ha CAMOM fieJie eCTb Ma-
TEPUKHU U HECKOJIbKO €/1a00 CBSA3aHHBIX MEK/Y OO0 OKeaHOB, TPUUEM Y
Ka)XZI0r0 OKeaHa CBOS 4aCTOTa COOCTBEHHBIX KOIeOaHMUIA.

[penpinyipe paccyxieHns: 0 KomebaHUsAX YPOBHS MOpsI MOJ [eid-
crueM JlyHe! 1 ConHIla Kacanauch OTKPBITBIX OKeaHCKUX ITPOCTOPOB, Ifie
IPUIMBHOE YCKOPEHKEe OYeHb CUJIBHO MEHSIeTCSl OT OJHOro bepera K apy-
romy. A B JIOKa/JbHBIX BOJI0EMaxX — HaIIpUMep, B 03epax — MOXKeT JIU IIPH-
NMB co3/aTh 3amMeTHbIN 3ddexT? Kasamoch 6bl, 3TOT0 HE MOMHKHO OBITH,
Be/lb BO BCEX TOUKAX 03epa MPWIMBHOE YCKOPEHHe IPUMEPHO OJJHAKO-
BO, pa3Hulia MasneHbkas. Hanpumep, B ieHTpe EBponb! ecTs KeHeBckoe
03epo, OHO Bcero okoso 70 KM B JI/IMHY U HUKAK He CBsI3aHO C OKeaHaMH,
HO JIIO/IM JIaBHO 3aMeTW/IH, YTO TaM IIPOMCXOJST CYIleCTBeHHbIE CYyTOY-
Hble KosebaHus Bofpl. [loueMy OHU BO3HHMKAIOT?
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Puc. 8.20. BoctouHbiit 6eper XKeHesckoro o3epa y r. MonTpé (LLseiinapus).

Jla, npunuBHas cuaa ypesBblyaiiHO Mana. Ho rmaBHoe — oHa pery-
JISIpHA, T. e. JeficTByeT nepuoguyecku. Bece pusrku 3HaoT apdeKT, KoTo-
PbIH TIpU MeproANYecKoM AeHCTBUM CHJIbl MHOTZA BbI3bIBAeT YBeIUUeH-
HYIO aMIUIUTYAy KonebGaHuit. Hanpumep, B cT0/I0BOI Bbl GepeTe Ha pas-
Jiaue TapesKy Cymna 1 CIOKOWHO UAeTe K CBOeMy CTOJy, HO BAPYT CYII Ha-
YMHAeT M3 TapesIKU BbINIPBITMBATh: 3TO 3HAYMT, UTO YacTOTa BalllWX Ila-
rOB I0M1a71a B Pe30HAHC C COOCTBEHHBIMU KOTeOaHUSIMU XKUIKOCTH B Ta-
penke. 3aMeTHB 3TO, Mbl Pe3KO MEHsIEM TEMII XO/[bObl — U CYII «yCIIOKa-
uBaetcs». CBos1 6a30Bas pe30HaHCHAs YacTOTa eCTh Y KaXK/I0r0 BOJOEMA.
1 uem Gorbliie pa3Mep BOZOEMA, TEM HHKE YacTOTa COOCTBEHHBIX KOJe-
Ganuit sxuakocty B HeM. Tak BOT, y JKeHeBckoro osepa coOGcTBeHHast pe-
30HaHCHAs 4acTOTa 0Ka3aJoCh KpaTHOM yacTOTe MPUIMBHOM CUJIBL, U Ma-
JI0€e TIPU/IMBHOE BIIMsIHYE «pa30anThiBaeT» 3TO 03epo TakK, uTo Ha ero bepe-
rax ypOBEHb MEHSIETCS BIIOJIHE OLYTUMO. ITH CTOSTUKE BOJIHBI OOJIBIIOTO
NepUOoAa, BO3HUKAIOIIKE B 3aMKHYTBIX BOJ0EMaX, Ha3bIBAIOTCS CEUUAMU.

SHeprusa npuanBoB

B Hawe BpeMs1 OJUH U3 a/JbTePHATUBHBIX UCTOYHUKOB 3HEPTUU IIbl-
TAlOTCS CBS3aTh C NPUIUBHBIM 3ppexToM. Kak 51 y>xe roBopul, I1aBHbIM
3¢ QexT NpUINBOB He B TOM, UTO BOJia IIOAHUMAETCS U onyckaeTcs. [1as-
HBIN 3QPeKT — 3TO NPUIMBHOE TeYeHHe, KOTOPOe 3a CYTKU MeperoHser
BOJly BOKDYT BCell I/IaHeThL
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B nerny6okux Mectax atoT addekT oueHb BakeH. B paitone Ho-
BOIl 3enaHAnY yepe3 HEKOTOpble ITPOJMBBI KallUTaHbl JlaXke He PUCKY-
I0T TIPOBOAUTh Kopabnu. [lapycHukam Tam BooOle HUKOIZA He y/iaBa-
7I0Ch TIPOUTH, [1a ¥ COBpEMeHHbIe KOpab/u MPOXOJAT C TPYAOM, TOTOMY
YTO JJHO MEJIKOE U NPUIMBHbIE TEUYEHHsI UMEIOT KOJIOCCATbHYIO CKOPOCTb.

Ho pa3 Bona Teuer, 3Ty KMHETUYECKYI0 SHEepPrui0 MOXHO HCI0/Ib30-
Bath. M yxe moctpoens! anektpocTaHiuu (puc. 8.21-8.24), Ha KOTOPBIX
TypOMHBI BpAILIAIOTCS TyAa-CIoJa 3a CYeT MPWJIMBHOIO U OT/IMBHOTO Te-
yenus1. OHu BriosHe paborocrocobHsl. [lepBast npunrMBHAS 37IEKTPOCTaH-
st (I19C) momHocTbio 240 MBT Gbia mocTpoena Bo ®paniyu, oHa 10
He/laBHUX I10p Obl1a caMoii KpymHo#t B Mupe. [To cpaBHeHuto ¢ ['OC — He
axTH, KOHEYHO, HO GrbKaiiiiue cenbCcKre paidoHbl OHA 00C/TY)KUBAET.

Yem Onrke K IOJIOCY, TEM MeEHbIe CKOPOCTb IPUIMBHOW BOJIHBL,
noatomy B Poccun moGeperxui, y KOTOPbIX ObllM Obl OYEHb MOIIHBIE
IPUIMBBL, HeT. Y Hac BoOOIe BBIXOZOB K MOPIO HEMHOTO, a To0Oepexbe
CeBepHoro JlemoBUTOro OkeaHa [Jisl MCIOIb30BaHUS MPUIUBHON 3HEP-
rMyi He 0COOEHHO BBITOAHO €llle U MOTOMY, YTO MPH/IMB FOHWUT BOAY C
BOCTOKa Ha 3amnaj. Ho Bce-taxu nogxopsamue Ans [19C mecta ecTb, Ha-
npumep ryba Kucnas (puc. 8.24). [lenio B TOM, 4TO B 3a/7MBaXx MPHUINB CO-
3naet Bcerga Gonbiunii 3¢ dext: BonHa Haberaet, ycTpeMIsieTcsl B 3a-
JIUB, @ OH Cy)KaeTcsl — M aMIUIUTyAa Hapacrtaer. [loxoxkuii mpouecc npo-

HCXO[AUT, €C/IM IIEJIKHYTb KHYTOM: CHava/a AJIMHHAaA BOJIHA MEIJIEHHO

Puc. 8.21. MpoeKT aneKTpocTaHLmm B HEry6oKOM NpoNnBe, UCMOMb3YHOLLEN SHEPTUIO NPU-
NMBHOTO TEYEHMS.
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Pwuc. 8.22. MpunueHas anektpoctaHums «/1a Panc» B ycTbe pekn Panc 86nnsun ropoga
Cen-Mano (bpetaHb, ®paHuus).

WJIET 10 KHYTY, HO IIOTOM Macca BOB/IEYeHHO! B [IBIKEHHE YacTH KHyTa
yMeEHBIIAeTcs, I03TOMY CKOpPOCTb yBenn4yuBaeTcsl (my coxpansercs!) u,
MOAXO/s K Y3KOMY KOHILy, JOCTUraeT CBepX3BYKOBOH, B pe3y/bTaTe ye-
TO MBI C/IBIIIMM IIIeTUOK.

Puc. 8.23. Maxet Typ6unHoro 3ana anektpoctanuum «/a Pauc».
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! n-o8 Puibaunii ,7) Puc. 8.24. Kucnorybckas M3C — epun-
Bt cTBeHHas B Poccun npunusHas anektpo-
craHums. Pacnonoxena B 27 km ot Myp-
maHcka, B rybe Kucnas bapeHuesa mo-
ps, rAe BbICOTa NPUAMBOB AOCTUraeT 5 m.
CTaHuus COCTOMT U3 iBYX YacTeil: cTapoi,
1968 r., ¢ ¢ppaHuy3CckMM ruppoarperatom
mMouwHocTbto 0,2 MBT, u Hosoi, 2006 r.,
: € oTe4ecTBeHHbIM arperatom Ha 1,5 MBT.
Haxoautcs Ha rocypapctBeHHOM yuete
KaK NamsaTHUK HayKu U TEXHUKMW.

o «Cesepomopck
Cadoroso

CospaBas akcrepumeHTanbuyio Kucmoryoekyio I1DC Hebosmbioi
MOIIIHOCTH, 9HEPreTUKU NbITaTUCh IOHATb, HACKOIbKO 3P (HEKTUBHO MOXK-
HO HCII0/Ib30BaTh MTPU/MBLI HA OKOJIOMOISIPHBIX MIMPOTaX /1l IPOU3BOJ-
cTBa anekTposHepruu. OcobOro 3KOHOMHUYECKOrO CMbIC/IA OHA HE MEeT.
OpHako ceffuac ecTh MPOEKT O4YeHb MOIHOM poccuiickoit [19C (Me3eH-
CKOH) — Ha 8 rurasarT. UYTOOBI JOCTUYD 3TON KOJIOCCA/IbHOM MOILHOCTHY,
HY>KHO I1eperopoinTh Gosblioi 3anuB, oTaenuB benoe Mope ot BapeH-
nesa. [IpaB/ja, BecbMa COMHHUTEJIBHO, YTO 3TO OyZeT CesaHo, [oKa y Hac
eCcTb He(Tb U ras.
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Mpownoe u 6yaywee npuianBoB

KcraTtu roBops, u3 uero yepriaercst sHeprust npuanBoB? TypOuHa
KPYTHUTCS, 37IeKTPOIHEPTUs BbIpabaThiBaeTcst, a Kakoil 0OBEKT TepsieT
IIpYU 5TOM HEPrUI0?

[TockOnbKY UCTOUHMKOM 3HEPIUY MPUIMBA CTYKUT BpallieHre 3eMIy,
a Mbl UyepriaeM U3 Hero, 3Ha4yMT, BpalleHue JO/KHO 3amennarecs. Kasa-
70ch Obl, y 3eM/IM ecTb BHYTPEHHYE UCTOUHUKY 9HEPTUHU (TEII0 U3 Hesip
uzet 6arogaps reOXMMHUYECKUM ITPOLieccaM U paciajy pafnoaKTHBHBIX
3/IEMEHTOB), €CTh YeM KOMIIEHCHPOBATh [10TEPU KUHETUYECKOH SHepruu.
JTO Tak, HO SHEPreTUUeCKUH MOTOK, pacIpOCTPaHAACh B CPeAHEM IIpa-
KTUYeCKH PaBHOMEPHO I10 BCeM HallpaB/eHUsM, e/lBa JI MOKET CYIIecT-
BEHHO [TOB/IUATb HA MOMEHT UMITy/IbCa U U3MEHUTD BpallleHUe.

Ecmu 6p1 3emist He Bpauianach, MpUIMBHBIE TOpObI CMOTpenu Obl
TOYHO B HampasiaeHuu JIyHbl U eMy IpoTHUBONOIOXHOM. Ho, Bpama-
SICb, TEJI0 3eMJIM CHOCUT UX BIepef 10 HalpaB/IeHUI0 CBOETO BPALleHUS
(puc. 8.25) — v BO3HUKAET MOCTOSIHHOE PACXOXK/I€HKE MTPUIUBHOTO TTHUKA
U TIO/TyHHO# Touku B 3-4°. K uemy arto npuBoaut? [op6, KoTopsIit 611-
xe k JlyHe, npuTArMBaeTcs K Heli cuibHee. JTa CU/la IPUTSHKEHUS CTpe-
MMUTCSI 3aTOPMO3UTh BpaljeHre 3eM/d. A IPOTUBOIIONOXKHBIIH ropb Aab-
e ot JIyHbl, OH CcTapaeTcsl yCKOPUTDb BpallleHre, HO IPUTSTUBaeTcs cia-
Gee, MOTOMY PaBHOJEHCTBYIOIMI MOMEHT CH/ OKa3blBaeT Ha Bpallle-
HHUe 3eM/Ii TOpMO3slliee eHCTBHE.

Mrak, Hawa naHeTa Bce BpeMsl yMeHbIIdeT CKOPOCTb CBOEro Bpa-
menHus (paBa, He COBCEM PETYISPHO, CKAUKaMH, UTO CBSI3aHO C OCO-
GeHHOCTSAIMU MaccollepeHoca B OKeaHax M atMocdepe). A Kakoe BIHS-
HHUe OKa3blBalOT 3eMHble NIpUIMBLI Ha JIyHy? BivkHsS npunuBHas Bbl-
nykJa0cTh TssHeT JIyHy 3a co0oii, AanpHsss — HAaIpOTUB, 3amezseT. [lep-
Bast cuna Oosblue, B pesysbrare JIyHa yckopsietcs. Terepb BCIIOMHMTe
13 eKuuu N° 3, 4TO MPOMCXOAUT CO CIYTHUKOM, KOTOPBIM NpUHYANUTEb-
HO TSIHYT BIlepe[ Mo JABMKeHHIO. [ockonbKy ero sHeprusi yBe/JnuMBaeT-

Puc. 8.25. Cuna Bazkoro Tpenus n
MHEepLMs TAHYT NPUIUBHYLO BOJHY
B HanpaeneHuu BpalLeHus 3emnu
(T. e. Ha BOCTOK), B pe3ynbTare 4ero
OHa NPUXOAUT YYTb N03)KE MOMEH-
Ta KynbMuHauum JyHbl.
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Csl, OH OTJa/seTcsl OT IJIaHeTHl, & ero yIJI0Basi CKOPOCTb IIPY 3TOM Iajaer,
IIOTOMY YTO pacTeT paguyc opouTel. Kcraty, yBenuueHue nepuosa obpa-
weHus1 JIyHel BOKpYT 3eM/u ObIIO 3aMeueHO ellje BO BpeMeHa HbroToHa.

Ecnu roBoputs o nudpax, To JlyHa otganseTcs OT Hac IpUMepHO Ha
3,8 cM B rofi, a [UIMTEe/IbHOCTD 3€MHBIX CYTOK KaKZble CTO JieT BO3pacTaeT
Ha COTYIO [IOJII0 CeKYH/IBL Bpozie Gbl epyH/a, HO BCIIOMHHUTE, YTO 3eMIs
CYIIeCTBYeT MUJIMAP/bI JIeT. JIerko nojcuurarh, 4TO BO BpEMeHa JAMHO-
3aBpOB B CyTKax ObI/IO OKO/IO 18 4acoB (HBIHELIHMX YacOB, Pa3yMeeTcsl).

[Tockoneky JlyHa oTnangercs, NPUIMBHbIE CU/IBI CTAHOBATCS MEHb-
e. Ho Beib OHa yzansiiach BCerza, ¥ eCy Mbl 00paTUM B3IV B IIPOLI-
70e, TO yBUAMM, 4TO paHblue JlyHa Obuia Omke K 3emie, a 3HAYMT,
¥l TIPUJIMBBI ObUTN Bbllle. MOjKeTe OLieHUTb, HAalIPHMeD, YTO B apXeiCKylo
apy, 3 MJIDA JIeT Ha3aj, NPUIUBbI OBUTM KMJIOMETPOBOH BBICOTEL.

Mpuausbl 1 3eMHaA 0Cb

O tom, uTo 3emsig 3aMe[IsieT CBOe BpallleHue, Bbl yyKe 3HaeTe. A oCb
BpaleHust 3eM/IM Kak-HUOyIb pearvpyeT Ha MPUIMBHOE BO3ZEHCTBUE
co croponbl JIyHbl 1 ConHua? /1o HeKOTOPBIX MOP JIIOAU AYMaHy, 4YTO 0Cb
BpallleHus: 3eM/IM [IPOYHO «IpubuTta» K HeOy: ofuH mosioc nof [lomsp-
HOM 3Be3[104, APYroi — II0/ COOTBETCTBYIOIIeN I0)KHOM 3Be3/0H, U Ta-
KOe TOJIOYKEeHUe Jlell COXpaHseTcs Ha IPOTsKeHWH Bceil 9BOJIOIUY T1/1a-

HeTbl. Ho 3TO OKa3anock He Tak: opueHTa-
,;/Q LM 3eMHOM OCU MeHsSeTCs IO, JeiCTBU-
’ eM MPUIUBHOrO 3 dexTa.

[louemy BiMSIHWE IUIaHET BBI3bIBA-
eT M3MeHeHUe OpUeHTAalMu OCH Bpalle-
HusA? [leno B ToM, uyTO 3emMssg — He Iap,
a anmurcons. Ho 3To He u3-3a IpUIMBHOM
nedopmanuu 3emnd, BeTMYMHa KOTOPOH
cocTaBsisieT BCero InosiMerpa. 3emss CTa-
J1a 3JUTUIICOM/IOM MOTOMY, YTO OHA OBICT-
PO KPYTHUTCS U ee PacTsHy/a [eHTPOOesK-
Has cuja: TIoNepeK dKBaTopa Halla Iuia-
HeTra Ha 20 KM TO/IIIle, YeM B[OJb IOJISIP-
Py HOI O0CH. 3eMJTI0 MOXKHO TTPE/ICTaBUTDb KaK
Puc.8.26.Mpuunnanpeueccunoc  yekyii cuMMeTpPUYHBINA AP, HAa KOTOPbIIA
:E::*S::}";:;:ﬁ;‘:&;xsczc:::)“sz: HaMOXeH JKBATOPUAJIbHBIA «I10SIC» WK

«0bpyy» — yTOJIEHHe BO/Ib 3KBATOPA,

Hbl HebecHoro Tena L Ha 3KBaTopu-
anbHoOE «B3AYyTUE» MJIAHETbI. B KOTOpPOM COCp€EAOTOYEH M30bITOK Mac-

s
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Puc. 8.27. MowmeHT npunus-
HbIX CUN, [ieCTBYIOWMX HA 3K-
BaTopuanbHoe B3AyTHE Bpa-
LaloLLeCcs NNaHeTbl, COXpaHs-
eT CBOE Harpas/ieHue npu nio-
Gom nonoxeHun cnyThuka Ha
opbure. N

CnyTHuk

o

[naHeta

cbl. BivkHAS ero yacTb cuibHee nputsaruBaetca K JIyue, eciu JlyHa He
B nosroce (a OHa TaM HUKOrZa He ObIBAeT), AaMbHAsA — crnabee. DTU CHIbI
Pa3HOU BeMMYMHBI B pa3HBIX HAaNPaBIeHUSIX OTHOCUTENBHO IIeHTpa Macc
IECTBYIOT Ha BPAIAIOLIYIOCS 3eMITI0, U MX PasHHMIla CTapaeTcs Tak I10-
BEPHYTb 3eMJII0, YTOOBI MOCTABUTD OCh €€ BPAIEHVs TIePIEHANKYIAPHO
nyHHOU op6uTe. KoHeuHo, aTo He yraercs: Jlyna crabosara. OfHako oHa
06X0UT 3eMJTIO 110 KPYTY, T0TOMY K GOJIbIIOMY MOMEHTY MMITYJ/IbCa [10-
GaBigercs HeGO IO, IeWCTBYIOIIHIA B [TONIEPEYHOM HANPABIEHUH. DTO
3aCcTaB/geT OCh BpAIIEHUSA 3eMJIM TOHEMHOTY IPEleCCUPOBaTh: 3eMHas
0Cb «XOJIUT» 110 KOHYCY, HO yTroJ

ee HAaK/JIOHA K IUIOCKOCTH OpOU-  MMonspwas 3sesna
ol He MeHsercs (puc. 8.28). To (cospeverias)
)Ke camMoe MPOMCXOJUT Yy 3Ha-

K cesepHomy
noniocy
IKNNNTUKN

Bera

KOMOTO BCeM BOJIUKA, €C/IU ero Cymosroe (6bina nonspHoi

PacKpyTUTb: CHJIA TSDKECTU CTa- epauerie 14000 ner vasan),
]

paeTcsl ONPOKMHYTb €ro Ha 107,
T. €. MOJIOKUTb OCb BpallleHUs
TOPU30HTANbHO, @ MOMEHT 3TOU
CU/IBl HAlpaB/ieH MepHeHVKY-
JIIPHO OCU U TepHeHJUKYIsIp-
HO MOMEHTY uMIysibca (KOTO-
pBIii Bcerpa HampasiieH BOJb
ocu Bparenus). M3-3a mocTosis-
HO J[eHCTBYIOLLIErO IOIepeYHo-
TO MOMEHTa CUJI IPOUCXOJUT 13-
MeHeHUe HallpaB/ieH!s BeKTopa
MOMEHTa UMIyJibca (pu coxpa-

HEHHUU €ro MOJJIsA), B PE3Y/IbTa-  pyc, 8.28. Mpeueccus 3eMHo 0CK € MENKUMM
Te OCb BOTYKA XOJUT IO KOHYCY. HYTaUMOHHBIMK KonebaHnamu.

HymayuoHHbie
Konebarus

lpeyeccus
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0 5 10 15 20 25° Puc. 8.29. Mpeueccus
CeBepHoro nontoca Mu-
pa BOKpYr 0CH 3KAMNTK-
KU, NepneHAnKyNsipHoOM
opbutanbHoi nnockoc-
™ 3emnun. MyHKTUpHas
CTpenka B LieHTpe MoKa-
3bIBaeT MnepemelleHne
nontoca SKIUNTUKU.

-6000 4000

Ob6paruTe BHUMaHUe: TpeLecCHsl BOIUKA IIPOUCKOHUT B Ty )K€ CTO-
pOHY, Ky/ia OH Bparaercs, a y 3eM/11 — Ha060pOT, B IIPOTHUBOIOJIOKHYIO.
[Touemy? ['paBuUTaNMs CTApAeTCs MOMIOKUTh BOTYOK IUIAIIMS, & MOMEHT
CUJI, AeHCTBYIOMIMX CO CTOPOHBI JIyHEI, cTapaeTcs IOCTaBUTh OCh Bpallle-
HUS TIepIIeHANKY/ISPHO TJIOCKOCTH OPOUTBI, T. €. MOMEHTBI CUJT [eHCTBY-
0T B pa3HbIX HAIllpaBJ/IEHUAX.

Kaxk nmposBnseTrcs npereccrs ocu BpalleHus: Ha 3emse? OueHb Ipo-
CTO — IIOJIIOCHI HAIIIEro MUpa «T'Y/ISI0T» 110 HeOy ¢ TIepHo0M 0K0JIO 26 ThIC.

Puc. 8.30. lMepuop obeit npe-
LLeCCUM 3eMHON OCU COCTaB-
nsetr 25770 ner. Jlyda u Con-
HUE CABMraloT TOYKY BeCEHHe-
/nockocrs | 1o bagnopencTeus K 3amapy:
opburs
By Nyna — Ha 34,5"/rop, Convue —
Ha 15,9”/ron. Bnusuue nnauer,
NPUBOASALLEE K HAKNOHY 3KAMN-
TUKM, YMEHbLUIAET BENUUNHY 06-
e npeueccun Ha 0,105”.
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7eT. MBI ¢ BaMM 3TOTO He 3aMeyvaeM: KOIZia Mbl ObUTM Ma/eHbKUMHU, HaM
ckaszany, uto [lonspHas 3Be3na (Anbda co3Besaus Manoit Megsenutib)
BCer/Ja Ha ceBepe, 1 Mbl B 3TOM yOexaaemcs. Haum getu toxxe 6yayT ay-
MaTb, UTO OChb 3€MJIM CMOTPHUT Ha 3Ty 3BE37Y, HO yIKe IIparparnparnpaBHy-
KU 0OHapY»Kart, 4TO HeT — YyThb B CTOPOHY. [lasibiiie OHa Oy/eT mpoJo/nKaTh
TYJIATh U uepe3 14 TbIC. 1eT oKa)keTcs psioM ¢ Anbdoii Jlupel, n3BeCTHOM
BCeM 3Be3[0i1 1ozl Ha3BaHueM Bera. U s Tex, KTo Oyaer XKuUTh Ha 3eM-
ne uepes 14 ThIC. JIET, MOSPHOM 3Be3/10i OY/IET CIY)KUTh OYeHb ApKast T0-
}'Iy6OBaTaH Bera. [loTrom och IpofoO/MKUT CBOE ABMKeHUe U yepe3 26 ThIC.
JleT BepHeTCs K HbIHellHell HeB3payHoii [TonapHoii 3Be3ze (puc. 8.28, 8.29).

JTO IpoLecc NHTepeceH /sl HCTOPUKOB, KOTOPble PEKOHCTPYUPYIOT
co0ObITHS IIPOLUIOro. B yacTHOCTH, 06CY’KAAICS BOIPOC, KAK CTPOUTEIAM
nupamuy Erunra ygaBasoch MX OpUEHTHPOBATb YETbIpe ThICS4YeNeTHs
Hazag, Ho c Toro BpemeHu 3eMHast ocb Ha poHe 26 ThbICSY JIeT onucana
3aMeTHYIO AYTY, U HY>KHO YYHUTBIBaTb, YTO BO BpeMeHa JIpeBHUX erUITsIH
0603peBaemMoe C TO# ke TOYKM 3eMJTH 3Be3qHOe HeOO ObII0 COBCEM HE
TaKUM, KaK CerofHsi: HeOeCHbIil CBOZ ObUT OBEPHYT I10-JPYrOMY, ¥ CTO-
POHBI CBeTa CMOTpEeJIU Ha Apyrue CO3Be3Ausl.

Ecnu BHHMaTenbHO OCMOTpeTh Ha KPUBYIO, BBIIMCBIBAEMYIO Ha He-
6e 3eMHOI OCbIO, TO Mbl YBU[WM, UTO HA HEe HANIOXKEH MEeJKUN Tpe-
mop (puc. 8.28, 8.31): gBurasch Mo KOHYCYy, OCb 3eMJIM HEMHOTO IOKa-
YMBAETCS. JTO Ha3blBAETCSl HYTALMOHHBbIM JBI>KeHHeM. OHO CBS3aHO C
TEeM, YTO I10J] IPWIMBHBIM BIIMSHU- L ey,
em ConHIa NI0CKOCTb TYHHOM Op- o
OUTBI «Iy/IsieT» OTHOCUTENBHO IUI0-
CKOCTH SKJIUNTHUKU, BEKTOD AeHCT-
BYIOILIETO Ha 3eMJII0 MOMEHTa CUJI
C/lerKa MEHsIeTCSl M OCb 3eMJId U3- CesepHblii
3a 9TOr0 NIOKauMBaEeTCSl. 2340 I

Bpemst oT BpeMeHU B JXypHa-
JIMCTCKUX TyOMMKanMsAX IIpOcKa-
KUBAeT «CeHCalusl»: KaKoe-TO 3eM-
JIeTpsiCeHre WM LyHaMW T/e-HU-
Oynp B SIMOHMM TPHUBENO K TOMY,

YTO CABUHYyJIACh 3eMHasl ocb. Kak HyTaumoHHbii
[PABUJIO, 3TO HEBEPOSTHOE BPAHbE. snmnc. 7" Kmeglm‘:%m‘g
Onuaxo TaKod sgoexr — capur Puc. 8.31. CnoxHoe nenxeHne 3emMmHoi

OCH BpalleHUS OTHOCUTE/IBHO I10-  gci MOXKHO NPepCTaBuTb KaK CyMMy npe-
BEPXHOCTH IIJIAHETHI — PEAIbHO CY- Lieccum u HyTaumm.
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+0407 +0307 +020" +010" -x 010" 020" 030" 040" Puc. 8.32. [lsu-
— T T T T T T T [ Tt T T T T T T 1 YKeHUe CeBepHo-

T 1952,0-19574 1% 1o reorpaduue-
i i CKOFo nontoca
B 570 17030 no NOBEpPXHOCTU
r 7 3emnu B 1952—
L -1-0,20" 1957 rr.
- 19520 - CropoHa kBap-
- ’ --010" para—28m.
i 56,0 ]

+y -y
i 55,0 530 007
B 19574 54,0 -+0,20”
L -1+0,30”
L —+0,40”

+X

mecTByeT. [lo cUX Op Mbl TOBOPW/IM O TIOBOPOTaX OCH BpallleHusl OTHO-
CHUTENbHO HeOEeCHBIX TeJl, @ 3TO BO3MOXKHO, TOBKO €C/IM eCTh BHEIIHUI
WCTOYHUK MOMeHTa cu/l. Ho faxke ecu BOKpYTr HUYero HeT M OCb CTPO-
ro co6/I0/jaeT CBO OPHUEHTALMIO B IPOCTPAHCTBE, B Tesie 3eM/IM 3Ta 0Ch
MOJKET KOJIbIXaTbCs U3-32 HEPAaBHOMEPHOTO paclipefie/IeHHs1 Macchl U Te-
YeHHs BellleCTBa BHYTPU IIJIaHeTbl. JTO IPOCTOM MexaHU4ecKuil 3pPexT,
Ha3blBaeMbIil C80600HbLIMU KONIEOAHUSMU mena HA OCU 8pAUjeHUs, U B
cayyae 3eMsv OH oueHb c1ab. KoopauHaThl HCTUHHOTO reorpaduyecKo-
TO CEeBEpHOro MoJoca — Touky, rae B CeBepHoM JleOBUTOM OKeaHe OCb
BpalleHust 3eM/Ii [TpOOUBAeT JIe[THOM KYIIOI U BBIXOAUT B He6O, — Ioc-
TOSTHHO MEHSIIOTCS: IOJIIOC «Hape3aeT KPYyTrh» OKOJIO CpefiHel TOYKU Ha
paccrosiHnu nopsizka 10 metpos (puc. 8.32).

MpunuBHbIe ABNIEHUSA HA APYIUX NJ1aHEeTaX

Pasymeercs, B cucTeMax APyrux naaHeT CO CITyTHUKAaMU IPOUCXOAST
Takue ke geieHud. IOnurep, HanpuMmep, — O4YeHb MacCUBHAs IIAHETA,
y KOTOpOii 60s1b11I0e urcio ciyTHUKOB (Ha 2017 r. ux uszBectHo 79). YeTsi-
pe ero KpynHeHIIuX CIIYTHUKA (X HAa3bIBAIOT ra/IM/IeeBbIMMU, IOTOMY UTO
Tanuneii nx 0GHAPY’KUIT) IO/IBEPraloTCsS BIUSHUIO CO cTOpOoHbI OnuTepa
BIIO/IHE OLyTUMO. brbkaiimmii u3 Hux, 1o, BeCb OKPBIT ByJIKaHAMH, Cpe-
[Y1 KOTOPBIX O0J1€e [0TyCOTHU AECTBYIOLINX, IPHYEM OHU BEIOPACHIBAIOT
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Kannucto

Puc. 8.33. lOnutep u ero kpynHeiiume cnythukn. Konnax us ¢otorpaduin NASA.

«riHee» BerectBo Ha 250-300 kM BBepX. ITO OTKpBITHE OBUIO BEChbMa
HEO)XMJaHHBIM: Ha 3eM/le TaKUX MOIIHBIX BYJIKAHOB HET, a TYT MaJleHb-
KOe TeJsi0 pazmepoM c JIyHy, KOTOpOe J0/KHO Ob110 ObI OCTBITD YK€ JABHO,
a BMECTO 3TOr0 OHO IIBILIET XKapoM CO Bcex cTOpoH (puc. 8.34). I'me ucrou-
HUK 3TOU SHEPrUu?

Bynkanuueckast akTUBHOCTb Vo Obuia CIOPIIpHM30M He /1S BCex: 3a
HOJITOA [0 TOTrO, Kak IepBbIi 30HA mopsnerten K lOmurepy, nBa amepu-
KaHCKHUX reopusuka onybnuKoBaad paboTy, B KOTOPOW OHHM pacCumTa-
1Y IpusMBHOe BiusiHUe HOmuTepa Ha 3TOT cnyTHUK. OHO OKa3aloch Ha-
CTOJIBKO BEJIMKO, YTO CIIOCOOHO ehOPMHUPOBATh TEIO CIYTHHUKA. A MpU
nedbopmanuu Bceraa Boiensiercs Terio. Korga Mbl 6epeM Kycok XOTOf-
HOTO IUIACTW/IMHA U HAUMHAeM MAThb ero B PyKax, OH CTAaHOBUTCS HOC/Ie
HECKOJIbKHX CXKAaTHH MSATKMM, [IOAATIUBBIM. JTO [IPOUCXOJUT HE IIOTOMY,
YTO pyKa Harpesia ero CBOMM TEI/JIOM (TOYHO TakK Ke IIOTYUUTCS, eC/IH ero
IUTIOLIMTD B XOJIOAHBIX TUCKAX), @ IIOTOMY, YTO AedOopMaLys BIOXKUIA B
Hero MexaHHUecKyIo SHeprHo, KOTopast Ipeobpa3oBaiach B TEIUIOBYIO.
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Puc. 8.34. UNo, cnythuk KOnutepa, xapaktepusyercs 06unmem akTueHbIX BynkaHos. Cnpasa:
Ha 3aiHem nnaHe npoucxoaut ussepxenue. ®oto: NASA.

Ho nouemy ¢opma criyTHHKA MeHsSIETCS 110/ eliCTBYEM ITPUIMBOB CO
cropowns! I0nuTepa? Kasanoch Obl, CTa OUH pas 3/ITUIICOUIOM, IBUTAsICh
T10 KPYrOBO#1 OpOKTE 1 CHHXPOHHO BpAIasch, Kak Haua JIyHa, — 1 HeT 110-
BOJia [/l TTOC/IeAYIONIUX UcKaxkeHUH ¢opmel. OfHako psigoM ¢ Mo ecTs u
NPYTHe CIIYTHUKY, ¥ BCE OHU 3aCTABISIOT ee OPOUTY HEMHOTO CMEIAThCs
tyna-cioaa: Vo to npubnmwkaercs k I0nutepy, To ynangercs. 3Ha4uT, Ipu-
JIMBHOE BMSIHUE TO Oc/1abeBa-
eT, TO ycunuBaercs, U Gopma
TeJsa Bce BPeMs MEHSIeTCSL.

Panbllle Mbl He yIOMMHA-
7 O MIPUJIMBAX B TBEPJOM Te-
Jie 3eMJIH, HO OHU, KOHEYHO, TO-
JK€ ecTb, IPaB/ia, He OUeHb BbI-
cokue — nopsigka 10 cm. Ecnu
BbI TIOCU/IUTE YACOB LIECTb HA
CBOMX MecTax, TO Onarogaps
IpUIMBaM CAHTUMETPOB Ha
[OBallaTh <«IIOTYJIsIeTe» OTHO-
CUTE/IbHO LieHTpa 3eM/u. JTOo
KonebaHue [/ 4el0BeKa, KO-
HEYHO, HeOlyTUMO, HO reodu-
3uvecKkre npubopbl ero perd-
CTPUPVIOT.

Puc. 8.35. Espona, cnytHuk HOnute-
pa: 06wwmit BUA U TPeLMHbI B Neas-
Hoii kope. ®oTo: NASA.
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Puc. 8.36. Jlepsubie Topocs! Ha EBpone.

B oTnuume OT 3eMHOM TBepAu, NOBepXHOCTb Mo 3a Kaxablil op-
OuTanpHBIN Tepuoy KomebreTcs ¢ MHOTOKMIOMETPOBOM aMIUIUTYAOM.
Bonbluas sHeprus gedopManuy paccerBaeTcsl B BUZe Telljla U Harpesa-
eT Hegpa. Ha moBepxHOCTH, KCTaTH, HE BUJHO METEOPUTHBIX KpaTepoB,
[IOTOMY UTO BYJ/IKaHbI [IOCTOSIHHO 3a0pachIBAalOT BCIO MOBEPXHOCTh CBe-
kUM BellecTBOM. CTOMT yapHOMY KpaTepy o0pa3oBaThCs, KaK JIeT ye-
pe3 CTO ero 3achINarT MPOAYKThI U3BEPKEHUS COCeHUX BYJIKaHOB. Pa-
6OTalOT OHM HENpEepBIBHO M OYeHb MOIIHO, K 3TOMY /00aB/IsIOTCS pas-
JIOMBI B KOp€ IUIaHEeThl, Yepe3 KOTOPbIe U3 HeZlp BbITEKAeT pasHoe Belle-
CTBO, B OCHOBHOM cepa. [Ipu BbICOKO# TemnepaType OHa TEMHeeT, I03TO-
My CTpysl U3 KpaTepa BBIIJISIIUT YepHOU. A CBET/Iblil 000/I0K By/IKaHa —
OCTBHIBIIIEE BEIIeCTBO, KOTOpOe onafaeT BOKPYTL. Ha Hamreil niaHeTe BbI-
OpolleHHOe 13 By/IKaHa BEIeCTBO 0OBIYHO TOPMO3UTCS BO3LYXOM U Ia-
naet 61M3KO K Kepiy, 00pa3ys KoHyc, a Ha Mo aTMocdeps! HeT, U1 OHO
JIETUT N0 GaNIMCTUYECKOI TPAaeKTOPUM [Ja/IeKO BO BCe CTOPOHEL. [loxa-
JIyH, 9TO NpUMeEP CaMOro MOIIHOrO NpUIKUBHOrO 3¢g¢ekra B ComHeuHoU
CHCTEMeE.

Bropoii cnyrauk [Onutepa, EBpona, Bech BBIIIAANT Kak Hamlla AHTapK-
TU/IA: OH IIOKPBIT CIIJIOLIHOM JIe[ITHOM KOPKOH, Koe-I/ie IIOTpecKaBIIeincs
(puc. 8.35, 8.36), Tak Kak ee TOXXe UTO-TO MOCTOSIHHO Jedopmupyert. [1o-
CKOJIbKY 3TOT CIIyTHUK NOAiasblile oT OmuTepa, IpuauBHbIM 3P PeKT 3/1ech
He TaK CUJIeH, HO TO)Ke BIIOJIHE Oy TUM. [1of 3TOH nesHoN KOpoi — xKup-
KM OKeaH: Ha OT/e/IbHbIX CHUMKaX BHUHO, KaK U3 HEKOTOPbIX pa3olles-
IIUXCS TpeluH ObioT GoHTaHbl 1o [eliCTBHeM MPUIUBHBIX CH/I OKeaH
OypruT, a Ha ero MOBEPXHOCTH I/IaBAIOT U CTATKUBAIOTCS JIefisIHbIE [0,
nouTH Kak y Hac B CeBepHOM JleJOBUTOM OKeaHe U y 6eperoB AHTapKTH-
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bl VI3MepeHHas 371eKTPOIPOBOAHOCTb KUKOCTH OKeaHa EBporiel cBujie-
TEJIbCTBYET O TOM, YTO 3TO coseHas Boja. [louemy Obl TaM He OBITH KU3-
HU? 3aMaHuKnBO 6bUIO OBl OMYCTUTD B OAHY M3 TPELINH IPUOOP U ITOCMO-
TPETh, KTO TaM JKUBET.

Ha camoMm nene He /i Bcex IUIaHET KOHIBI C KOHLIAMH CXOZSTCS.
Hampuwmep, y OHiienana, ciyTHuka CaTypHa, ToXe ecTb JefissHast Kopa U
OKeaH 1107 Heil. Ho pacueTsl oKa3pIBalOT, YTO SHEPrUH NIPUIMBOB HEJ0-
CTaTOYHO, YTOOBI MOAIZEPXKUBATh MOATIEAHbI OKeaH B YKUIKOM COCTOSI-
Huy. KoHevHo, KpoMe NpUIMBOB y 060r0 HeGeCHOro Tesa ecTb U Jpy-
rve NCTOYHWKY SHEPrUM — HalpuMep, paciaj paJlOoaKTUBHBIX 371e€MeH-
TOB (ypaHa, Topusl, Ka/vsi), HO Ha Ma/bIX [UIAHETaX OHU €/[Ba JIU MOTYT
Urpath 3HaUMMYIO POJib. 3HAUUT, YETO-TO MBI II0KA He TIOHUMAaeM.

[MpunuBHbli 3G deKT upe3BbIyaliHO BakeH /i 3Be3/. [louemy — 06
3TOM B CJIeAYIOLIei JIeKLHH.



[IpnnnBbI B MMpe 3Be3/
M FaNaKTUK

Kak o6pasyeTcs ABOiHas 3Be3aa

[TpunuBHeIil 3 GbEKT ABIsSEeTCS YHUBEPCATBHBIM U paboTaeT BCerya,
KOT/Ia eCTh /iBa B/IMSIOIIMX APYT Ha Apyra oobekTa. EcTecTBeHHO, meiicT-
ByeT OH He TO/bKO B CONIHEYHOH cucTeMe, HO U 3a ee IpefesaMy, B MUpe
3Be3[] U rajJiakTuk. [[71s1 3Be37 aToT 3 PeKT upe3BbluaiiHO Ba’keH, a UHOT-
Jia OKa3blBaeTcsl (paTalbHbIM.

YTo npoucXoauT Npu cOMMKEHNH B IIPOCTPAHCTBE ABYX 3Be3a? [1po-
cras HebecHast MexaHHKa FOBOPHUT HaM, YTO KOrza K 6oee MacCBHOMY
Tesy U3 6eCKOHeYHOCTH TI0JJIeTaeT 3Be3/ia, TO OHa OribaeT 3TO TeJo U CO
CKOpOCTbIO GOJIblIIe BTOPOM KOCMHUYECKO# 1o runepbosne yxonout B bec-
KOHEUHOCTb. Ec/tut ObI 3B€3/1b1 ObITM a0COTIOTHO SKECTKUMHU IITAPUKAMH, TO
OHU [IeACTBUTEbHO TIPOsIeTany Obl OZIHA MUMO JPYTrOM ¥ HaBCeraa pac-
craBamuch (puc. 9.1, a). CormacHo 3akoHaM HeGeCHOI MeXaHUKH, COMKe-
HUeE JIBYX JKECTKUX 11ap000pa3HbIX TeJl He O/DKHO IPUBOAUTH K 06pa3o-
BaHUIO IPABUTALIMOHHO CBsI3aHHOM crcTeMbl. Ho B )KM3HU Tak He ObIBaeT.

Conkasich, 3Be3/ibl HAUMHAKIOT [eOPMUPOBATECS: MeHee MacCHB-
Hasl BBITATUBAETCS B SJUIMIICOM[, OOJbIIAS OCh KOTOPOTO CHaJasa Ha-
npap/eHa Ha LEHTDP rPaBUTALMH, HO 10 Mepe Habopa CKOPOCTH 3JUIMII-
COM/I M3-3a MHepLUU He yClleBaeT pa3BOpauuBaThCs. bvkHAS yacTb a71-
JIMTICOMAA TIPUTSATMBAETCs] CUIbHee U TOPMO3UT €ro — B IpeAblaylieit
JIEKLIMY MBI paccMaTpUBaIu Takou ke 3pQeKT, B pe3yabTaTe KOTOPOIo
Jlyna 3amepseT BpauieHde 3emiu. V3-3a moTepyu KUHETUUECKOU 3Hep-
TUU JIETKOE TEJIO C TUIepOOIMYecKoi TPaeKTOPUH TIEPEXOAUT Ha 3JUIHII-
THYecKyo opbuty. Ha BTopom mpoxoge pasmep opOUTHI yMeHbIIAeTCH,
Ha TPeTbeM CTAHOBHUTCS ellle MeHblIle, a II0C/Ie HECKOIBKUX 000pOTOB BO-
KpYT CBOEro IapTHepa TeJ0 BBIXOJUT Ha NMPAKTHUYECKH KPYToByIO0 OpOu-
Ty (puc. 9.1, 6). DTO TUNIMYHBIA Pe3y/IbTAT B3aUMOZENHCTBUA IBYX 3BE3I.
A Kyza fenach sHeprus JBrKeHHs 9TUX Tesn? Ha 6ecKOHeYHOCTH y Masio-
ro Tena ObuUIa MOIOXKKUTEIbHAS SHEPIHUs, Telephb JKe OHO MOMaso Ha CBs-
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Puc. 9.1. ®opmuposatue aBoi-

HOIi cMCTeMbI B pesynbTaTe nNpu-
O a NUBHOTO 3axBaTa: K MacCUBHOM
3Be3fle noasetaeT ManeHbKoe
MsrKoe Teno, NpuIMB ero pac-
TATMBAET U TOPMO3MUT, B pe3ynb-
TaTe Yero OHO CTAHOBUTCA CMYT-
HUKOM 3Be3abl. BTopoe, 6onee
MaccuBHOe, TeNo Ans npocTo-
Tbl HAPNCOBAHO 3/1€Ch XKECTKUM.
Ha camom pene, pasymeercs,
nedopmupyeTcs U OHO, OTHero
3¢ PeKT NULLb yCNmBaeTcs.

3aHHYIO OPOUTY, 3HAUUT, [IOJIHAA DHEPIUs CTala OTPULATebHOM. Kro ke
«Cbes» pa3HUIly?

Bo-mepBbix, porcxoauT AedopMaliys, B X0fie KOTOPOM 3Be3ja Ha-
rpeBaetcs. MHoraa addexT GbiBaeT HACTOMBKO OOMBIIMM, YTO OT U30bI-
TOYHOTO Teryia OHa pa3byxaet, HO MOTOM PacCerBaeT SHEPrUi0 B BUIE
W3JIy4eHUs U OCTBIBAET [I0 UCXOAHOHN TeMIeparypbl. OTO XOPOILIO JeMOH-
CTPUPYET YKC/IEHHAs] MOJIE/Ib TECHOTO COMMKEHUA ABYX 3Be3z. MoMeHT
UMITYJ/IbCa, B OT/IMUKME OT SHEPTHH, B 9TON KOHCEPBATUBHOW CHUCTEME, €C-
TECTBEHHO, COXPaHsIeTCs W HUKy[a He paccerBaercs. MaccuBHOE Teno
TIOI7IOMIAET YacTh OPOUTATIBHOTO MOMEHTA UMITYJ/IbCa MaJIEHbKOTO TeJla 1
CUJ/IbHEE PACKPY4YMBAETCs. 3HAYUT, KaKas-TO YacTh KMHETHUECKON 3HEp-
TMM MaJIoro Teja IOTPATH/IACh HA YBEIMYEeHHe CKOPOCTH OCEBOrO Bpa-
1IeHMs OO0JIbIIONO TeJla U CBOeH COOCTBEHHO.

Taxoii e 3axBaT BIIOJIHE MOKET NPOUCXOAUTb — U B [EACTBUTEIb-
HOCTH TIPOMCXOJUT — IIPU B3aUMOJENUCTBUU [BYX IUIAHET WM [BYX Ta-
JIAKTHK, U TOT/Ia 9TH 06BEKThI OYAYT JTUTEIbHOE BPEMSI KPY)KUTb BOKPYT
00111ero 1eHTpa Macc.

MocnepcTBna HEPaBHONPABHOrO NapTHEPCTBA

Korzma Mbl roBopunu o 3amade Tpex Ten (raBa 3, paspen «HebecHas
TPOMILIA»), B KOTOPOI OJJHO TEJIO JIETKOe, a APYTHE /1B MACCHUBHEIE, 51 pac-
CKas3bIBa/ PO MOiocTH Poiria, orpaHUyYUBaioIie 001aCTH TPaBUTAIN-
OHHOTO KOHTPOJs MaccuBHbIX Ten (puc. 9.2). [Ipu ux B3aumopeicTBUu
HepeJKO BO3HMKAeT CUTyalus, KOTAa OJHO M3 TeJsl 3aloJHseT CBOI I10-
noctb Pomna, mprwxumas K ee rpaHulie CBOX NMOBEPXHOCTb. B Touke co-
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Opburanshas
MA0CKOCTb

Puc. 9.2. B cucreme apyx 38e3p, 06patuarownxcs B TECHOM KOHTaKTe BOKPYr 06LLero LieHT-

pa Macc, NpUMBHOE BMSIHWE NPUBOAMT K TOMY, YTO MEHee MaccuBHas 3se3aa npuobpera-

€T 3aMEeTHO aCUMMETpUUHYI0 Gpopmy: 06paTuTe BHUMAHUE Ha Pa3HULLY MEXAY 6IKHUM 1

AanbHUM NpUAnBHEIMKM ropbamu. Pesynbrar rugpocratuueckoro mogenuposatus. Creea —

NpoeKUUM Ha MEPUAMOHANBHYIO M 3KBATOpUasbHYIO nnockocT. MeHbluas 3se3fa uenu-
KOM 3ano/H1na CBOK NonocTb.

MIPUKOCHOBEHUS MosiocTeit (3T0 Touka paBHOBecus Jlarpamka L,) momas-
Wi Tyaa 0OBEKT CTAHOBUTCS PAaBHOIPABHO IMPUHAIEXAIMM 000UM
TesaM. Mbl Hab/110jaeM OBOJIbHO MHOTO TAKUX TECHBIX JBOMHBIX 3BE3/I-
HBIX CHCTEM, Y KOTOPBIX OJjHA U3 3Be3/] B KOHLIe )KU3HU pacliupseTcs, 3a-
IIOJIHSIET CBOIO 10J10CTh Porna u kacaercs monoctu Poma cocenaero 06b-
€KTa — KOMIIAKTHOM, HO OueHb MAaCCUBHO 3Be3/ibl (HalpuMep, HEUTPOH-
HOI 3Be37bl) ¢ 60bIIoN monocThio Poma. A xorna Yy paspe>KeHHOH 3Be-
3[bl CBOS MOJIOCTb 3aIlOJIHEHa, Kyza [eBaTbcs BellecTBy? OHO «iepenu-
BaeTcs» yepe3 Kpail MOTEHLMAJbHOro Oapbepa M HAYMHAET TeUb TYAQ,
Kygaa ero npurtsrusaert (puc. 9.3).

Ecni 6b1 06€ 3Be3/1bl BUCE/U B IPOCTPAHCTBe G€3 BpallleHus, TO CTe-
KaHVe BeIecTBa MPOUCXOANIO Obl TOYHO MO MPAMOI K IIEHTPY TUIOTHO-
ro KomronenTta. Ho B IBOMHOH cricTeme Bcerya ecTb OpOUTATBHOE [[BU-
>KeHVe KOMIIOHEHTOB BOKPYT OOIIero [eHTpa Macc, U BeIecTBO, COXpa-
HsIs1 OpOUTA/IbHBIM MOMEHT MMITY/IbCa, BBIXOJUT HAa PABHOBECHYIO OpOU-
Ty, 00pasys aKKpeIMOHHBIH IUCK BOKPYT MacCUBHOTrO Tesa. ViHora 3ana-
10T BOMPOC: TIOUeMY MCK, a He miap? [[e0 B TOM, UTO [[eHTpOoOeKHast CH-
71a eCTBYET TObKO B IUTOCKOCTH OPOUTEL, & B[O/ OCH BPAIIIEHVsI €€ HET.

BcriomHuM, uTo ueM GrKe K LEHTPY TATOTEHHs], TeM 3a Oosiee KO-
pOTKO€ BpeMsi MPOUCXOJUT 00OPOT, T. €. TEM BbIIIE YIJIOBAst CKOPOCTb.
Mexny cocefHUMU CIOSIMM JMCKa BO3HMKAaeT B3auMHOE CMelleHue,
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Puc. 9.3. BewectBo pbixnioit 38e3bl ABOMHOI CUCTEMbI 3anonHUNO0 nonocTb Pola u ye-
pes okpecTHocTH Touku JlarpaHka yTekaeT K KOMNaKTHOMN 3Be3fe-HanapHuky. PucyHok.

a C/efloBaTe/IbHO — TPEHUeE, B Pe3y/IbTaTe uero OpOUTA/IbHBI MOMEHT
NIepeHOCUTCS Hapy»Ky. BellecTBo mpy sTOM He OCTaeTcd Ha KpPYroBOH
op6uTe, OHO TOPMO3UTCS U 110 CIHPAIH ABMKETCS K LIEHTPY, IOHEMHOT'Y
BbIIaiasl HAa IOBEPXHOCTb MACCUBHOTO 0O'bEKTA.

TpeHue B aKKpeLIMOHHOM [JMCKe IPOM3BOAUT 3amedaTesbHblil 3¢-
dexkT, 6r1arogapst KOTOPOMY MbI U OTKPBUIH CYIIIECTBOBAHME UEPHBIX JIbIP.
Cama apipa abCOMIOTHO HEBHUAMMA, IOTOMY YTO He H3aydyaeT (KBAaHTO-
Boe ucnapeHre — 3p¢PeKT XOKUMHra — y UYepHBIX Jblp 3Be3/HON Mac-
CbI upe3BbIYaiiHo c1abo). Ho koraa yepHas apipa (1M HeMTpOHHAs 3Be-
3/1a) OKasbIBaeTCs B COCTaBe TeCHOM JBOMHOM cucTeMbl, BTOPOH KOMIIO-
HEHT KOTOpOH pasfy/cs U Hayaj TepsiTb CBOE BeIleCTBO, TPEHUE BO Bpa-
IIAK0IEMCs C OTPOMHOM CKOPOCTBIO aKKPELIMOHHOM JUCKe BOKDYT dep-
HOM JpIPbI IPUBOJMT K Pa3orpeBy rasa [0 COTEH ThICAY IPajyCcoB U HC-
MYCKaHMUIO MOIIHOTO MOTOKa y/IbTPadHONeTOBOTO CBETa U PEHTTeHOB-
ckux syueid. [lepBeie jke 0630pbl HeOa B PEHTreHOBCKHX Jydyax MOKa3a-
711 HaM HEeBEpOSITHO MOIIHbIE MCTOUHMKU M3JIy4eHUs, CBsI3aHHbIe C Ta-
KHMMHU CHCTeMaMHu.

Kpome ToOro, pasorpes NpuBOAUT K PACIIMPEHUIO ras3d, 4acTb KOTO-
poro BeITankuBaercs u3 gucka. Ho kyma? IIpobutbcst HapyXy CKBO3b
AVCK TPYAHO, a NePIeHIUKY/ISIPHO ero MOBEepXHOCTH (T. e. apasuiesIbHO
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Puc. 9.4. 3Be3pa TMna «KpacHbIil TMraHT», KOTOPYIO 3acacbiBaeT ee CoceiKa— YepHas Abl-
pa. MepeTekatowee BEWECTBO rMraHTa 06pasyeT BOKPYr HEe aKKPELMOHHbIN AUCK, U3 LieH-
TpanbHOMN YaCTU KOTOPOTO BbIPbIBAOTCA [iBE CTPYM CBeTsLLerocs rasa. PucyHok.

OCH BpallleHHsI) NOBOJIBHO JIETKO, AWCK CPaBHUTENbHO TOHKUM. [loaro-
My M3 TaKOrO aKKpEL[IOHHOTO JMCKa BJOJb OCH €ro BpalleHUs] 0ObIYHO
OBIOT B IYCTOTY /iBa AMaMETPasIbHO IPOTHUBOIOIOKHBIX (POHTaHA — KX
Ha3bIBAIOT Oxcemamu, Uy CTPysIMU. B MecTe, rje BXOAAIMI IIOTOK yha-
psietcst 00 aKKPELMOHHBIM [JUCK, TOXKe Hab/oaeTcst ropsiuas Touka. [1o
CKOPOCTH ee 00OpallleHHs] MOXKHO [I0BOJIBHO TOYHO OIpEefeNUTh rapame-
TpbI 060UX 00BEKTOB — U 3BE3/Ibl, U UEPHOM [IBIPHL.

C aTuM sBIeHUEM CBsI3aH MHTepecHbIil BONPOC: OT Yero 3aBUCUT
yron pactpyb6a crpyii? Kasamoch 6bl, U3 caMbIX NPUMUTHBHBIX cO0Opa-
KEHUI yron fo/mKeH ObITb HEMasbIM, NOPsIAKA pajuaHa, a B AeiCTBHU-
TeJbHOCTH MHOIZA OH He IpeBblllaeT rpagyca. UTo okasbiBaeT QpOKyCU-
pylolliee AeliCTBUE Ha 5TH TOHKHEe CTPyH, aCTPO(U3UKYU IOKA He MOHU-
MaioT. [IpyymMaHo MHOTO pa3HbIX MOJe/ell YCKOPeHuUs AKeTOB — TeIlIo-
Bble, MarHUTOTUIPOAXHAMUYECKHe, HO HU O/lHA U3 HUX He MOJKeT MOJHO-
CTbIO OOBSICHUTD SIBTIEHUE.

Hakoner, ecnu 3Be3fia IOAeTaeT K 4YepHON [blpe H3[aneKa, TO
OHa He mpocTto AedopMUpyeTcs, a BOOOIe TepsieT CBS3HOCTb: IPUIUB-
Hblll 9 EeKT mpOCTO paspyuiaeT ee mpu COMMKEHUU C YEPHOM JbIPOit
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Pwuc. 9.5. Paspywenue 38e3gbl, nognetesiueit 6nmsko K yepHoii gbipe. Bewectso Gbisleit
38e3/bl 06pa3yeT AUCK BOKPYT YepHOIi Abipbl. PUCyHOK.

(puc. 9.5). Kaxkapiii mposieT 3Be3bl PSAZAOM C YEPHOU IbIPOH COMpPOBO-
JKJAeTCsl CPHIBOM DOJIBIIIOrO KOJIMYECTBA BEIIECTBA C ee 000I0UKH, U 110~
C7le TOro, KaKk ee HEeCKONbKO pa3 TakuM 00pa3oM «pasfieHyT», OT 3Be-
31l TIPAKTUYECKM HUYEro He ocTaHeTcs. [10 XapaKTepHBIM BCIIBIIIKAM
PEHTreHOBCKOr0 M raMMa-u3jydeHus U3 Tex obracTeld, rie 1moao3pesa-
eTCs Ha/IMuMe MacCCHBHBIX UEpHBIX JIBIP B SIAPAX TaJaKTHK, Mbl TIOHUMa-
€M, YTO 3TO KaK pa3 MPOMCXOASAT CTaJUM 3axXBaTa 3Be37Ibl, BEIECTBO KO-
TOpO#1 pa3mMasbiBaeTCs B aKKPELMOHHbBIM AUCK ¥ MOCTENeHHO IMOIIOoNa-
€TCS1 YePHOM JbIpOA.

CKBO3b AbIPKY B MPOCTPAHCTBE

C npunuBamMHy CBsI3aHa ellle U Takas Mony(aHTacTU4ecKast HCTOPHUSI.
[lesio B TOM, UTO BHYTPU FOPU30HTA COOBITHI UEPHOM ABIPBI IPOCTPAH-
CTBO-BpeMsI HaCTOJIBKO CUJIbHO JiepOpMHUpPYeTCs, 9TO 3TO MOKET IIPUBO-
IUTh K BO3HUKHOBEHHIO IIPOCTPAHCTBEHHO-BPEMEHHBIX KaHasIoB. [lo-aH-
IIMACKYM WX HasblBalOT wormhole, popManbHbIil N1EPeBOsl — «UepBOTO-
YKHa», HO Mbl 0OBIYHO FOBOPUM «KpPOTOBasi Hopa»r. Heckomnbko mecstuse-
THH Ha3a/| MOSBUIACh UJies], UTO 3TU TYHHEJH IPOCTPAaHCTBa U BPEMEHU
MOTYT CBSI3bIBATh KOPOTKUM IyTeM JiBe y/iajeHHble (B HOpMaJbHOM 3B-
KIMJ0BOM npocTpaHcTBe) Touku. Hanpumep, mexxay ConHieM u Beroit
(ecnu neTeThb IO NPSMOM B KOCMHUYECKOM IIPOCTPAHCTBE) OKOJIO 26 cBe-
TOBBIX JIET, HO ec/y psAfoM ¢ ConHLEeM NTOMEeCTUTh OfHY YepHYIO JbIDY,
a psiaom ¢ Beroit — pyryio, ToO MeXay HUMU, MOXKET OBITb, OMYUUTCS
KaHaJl, KOTOPBIA COKPaTUT 3TOT MyThb. DTa Hzest OObIrPHIBAETCS B pOMa-
He Kapna Carana «KoHTaKT», 10 KOTOPOMY CHAT OYeHb XOPOLIN QU/IbM,
IIOJTYYMBIINH, K COXKa/IEHUIO, BecbMa Helpo(deCcCHOHa/IbHBIM IlepeBoy B
HauleM Ipokare. Hampumep, rnaBHas repouHs, KOrzia Haio pa3BepHYTh
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3emns Hawwa Bcenennas

————————————————— 26 CcBETOBbIX NET ~~ _

lMnepnpocTpaHcTBO

[MnepnpocTpaHcTBo

Puc. 9.6. [leymepHas cxema 4epBOTOUMHBI B TMNEPNPOCTPAHCTBE: KOPOTKUIA TYHHENb

MOXXET COeAUHSATb ABE pa3HEeCeHHble B 00bIYHOM NpocTpaHcTBe o6nactu BeenenHoit

UnM faxe ABe pasHble BceneHHble. OTkpbiTa MaTematuiyeckum nytem B 1916 r. /lropeu-
rom ®naMmom Kak pelueHue ypaBHeHUs nonst IWHWITEAHa.

papuoTeneckorn, komaHayet: «Right ascension... Declination...»; atu aH-
[JIMHACKHE TePMUHBI 03HAYAIOT «IIPSIMOE BOCXOX/IEHUE» U «CKIOHEHHe» —
[IBa yI/1a B 9KBaTOPHAJIbHOM crcTeMe HeOeCHbIX KOOpPAUHAT. A TepeBo/-
YUK TPEJCTABH/I 3TO KaK «[IOJbEM CIIpaBa» M «OTKIOHeHHe». M momo6-
HbIX JIATIOB TaM HeMaso. YBepeH, Bbl Oy/ieTe MepeBOUTh aCTPOHOMHUYE-
CKHe TEeKCTBI JIyullle.

Boobre roBops, uges o6pa3oBaHUs YepPBOTOUMH B MPOCTPAHCTBE
oueHb ctapas. Korpa cto seT Haszazs DUHILTENHH TOJIBKO-TOMBKO CO3[asl
CBOIO TEOPUIO OTHOCUTELHOCTH, ObLT CAe/IaH pacyeT, II0Ka3aBIIkii, YTO
Takue sBIeHUs1 MOryT ObiTh. HO mcmosnb3oBaHMEM MPOCTPaHCTBEHHO-
BpEMEHHBIX TYHHesell [Jid IepeMeleHys o/iell BIlepBble 3auHTepeco-
Basncsa Kapn Caran, 3HaMeHUTBIN acTpoU3UK U NOMYISpU3aTOp acTpo-
Homuu. OH 3aX0TeJT UCIO0/b30BaTh 3TOT 3P deKT B dpabyne pomaHa, uTo-
OBl repouHsa Kyaa-To IepeHecsaach, ¥, YTOObI He MOMacTb BIIPOCAK, 03a-
[a4nl 3TUM BOIIPOCOM CaMOrO M3BECTHOTO HBbIHE CIeluanucra B obma-
ctu rpaButaipn — Kuma Topua. Tot B otBet Ha mpoch0y Carana cHaua-
JIa JIUIIb Y/IBIOHYIICS, HO 3aTeM CTall [Ie/laTh PacueTbl — U YBHUJIEJ, YTO
MOJKHO CO3/JaTh TaKyl KOHUrypaluuo, 4ToObl apa YepHbIX Jblp Oblia
CBSI3aHa TaKUM CTPaHHbIM TyHHeseM. KcraTy, o4eHb COBETYIO ero usy-
MUTE/IbHYIO0 KHWXKKY «YepHble JbIpbl»: B HEH OU€Hb MHOTO MHTEPECHOTO
He TOJIbKO NP0 aMepUKaHCKYI0 (PU3UKY, HO U NP0 Hallly, 0TeUeCTBEHHYIO,
Beab Kun TopH B AHM cBOell MOJIOAOCTU MPOBE MHOTO BpeMeHU B Mo-
CKBe, B rpymnne akagemuka f. b. 3enpgosuua.

OpnHako He Gynem 3a0biBaTh O MpUIUBHOM 3 dekre. Eci Mbl 3ax0-
THM HBIPHYTb B OfIHY [bIPY U BbIHBIPHYTb U3 APYTOH, TO 3TO MOXKET I1JI0-
X0 KOHYUTBCS: KOT/a MbI TPUOIU3UMCS K YepHO# JbIpe, IPUINBHBIN 3¢-
ekt GymeT HACTO/IBKO CHJIEH, YTO HAc pacTsHeT B crareTtd. Ho u ca-
My UepBOTOUMHY NPUJIMBHBINA 3QQeKT aenaeT HEYCTOWUYMBOM, a rpaBu-
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TalIOHHAs. HEYCTOWYMBOCTb BCErJa MbITAETCSA MOJIOMATh JIFOOYI0 KOH-
crpykuuio. OfHAKO B TIOC/IE/IHEE BPEMsl BO3HUKIIA U/IES O TOM, UTO MOXK-
HO cTabM/IM3MPOBaTh Y€PBOTOUMHY, €C/IU B PUPO/IE CYIIECTBYET MATAs
crJia, KOTOPYIO HAa3bIBAIOT «TeMHOM SHeprueil». B kocMosoruu ato cerof-
HSI OfIHA U3 IVIaBHBIX TeM. [10 CyTH 3TO aHTUrpaBHUTALKS, PACTATKUBAIO-
1[as MacCHBHbIe 00BEKThI, U OHA MOXKET CTAOM/IM3UPOBATh IPOCTPAHCT-
BEHHO-BPEMEHHOM TYHHEJIb, CIe/IaTh €r0 YCTOUYMBBIM — U TOT/A IYCTh
He YeJIOBeK, a Ji/Is Havasa XoTs Obl KaKoM-HUOYIb MeX3Be3/HbIA pOOOT
CMOXKET Yepe3 Hero IPOUTH.

MpunvBHbIE ABNEHUSA B raJlakTMKax

B macmrabax raqakTUK IPUIMBBI UTPAIOT TOpaszfo OOMBLIYIO POJIb
XOTs1 ObI TIOTOMY, UTO T'aJIaKTUKKM — 00'beKTHI KpaiiHe ManomoTHele. OHU
IIPEAICTaB/ISIIOT COOOM CKOIMIIe 3Be3[] U ra3a Mex/y HUMU C KOHIIeHTpa-
Lyell B [1apy aTOMOB Ha KyOMYeCKuil CAaHTUMETP, 110 CYyTH — «BHAUMOE
HUUTO». EC/lM MOCMOTpeTh Ha OKPeCTHOCTH raakTUku M31, Ha3biBaeMoi
TymanHocTbi0 AHApPOMess! (puc. 9.7), 1 obpatuTh BHUMaHUe Ha GopMy
ee TraJlakTUK-CITyTHUKOB, TO MOXKHO JIa)Ke HEBOOPY)KEeHHBIM I71a30M YBU-
JeThb MOC/IeACTBUs MpuanBHOro addekra: ogHa us Hux (NGC 205) cuiib-

Puc. 9.7. TymanHocTb AHgpomepbl, 6nxKaiiuas K HaM KpynHas ranakTUKa, MMeeT HeCKOo/b-
KO ManeHbKUX ranakTUK-CnyTHUKOB.
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Puc. 9.8. Ceetnbie konbua Bokpyr ranaktukn NGC 5907 — a1o He pedekt potorpadum,

a NoTOK 3Be3/l, B KOTOpbIii NPEBPATUICA OUH U3 CMYTHUKOB 3TON ranakTuku. MoHavany

370 6b1710 HeGObLLIOE CAMOCTOATENBHOE 3BE34HOE CKOM/EHNE, HO NPUNNBOM €r0 BbITAHY/O
BA0/Ib OPGUTBI M pa3masano no Heii.

HO JeopMUpOBaack, ¢ ee BHeIIHeil 0000YKM CPBIBAIOTCS C1aboCBs-
3aHHbIe 3Be3/bl, IOTOK KOTOPBbIX yTeKaeT B CTOPOHY, K OTPOMHOM Maxu-
He M31: Tak oHa ee «pasneBaet». A apyras Menkas ranaktuka (M32) yxxe
«paszeTar: MOM pacueThl II0Ka3bIBAIOT, UTO PaHblile OHA ObLIa aneKo OT
TymanHOCTH AHZPOME/IBI, JBUTANach BOKPYT Hee 10 opbuTte U — IaB-
Hoe — OblTa 3HauMTenpHO KpymnHee. Ho ceftuac ona npubmmkaercs K
M31 no cnupany, BHEIIHYMe C/IOU C Hee y»Ke COpBaso, HO SIAPO elle COo-
nportusnsercs. [IpaBaa, octanoch eMy He[l0ro: yepe3 HECKONbKO MHUI-
NMap/IOB JIET OHO IIPOCTO YTOHET B siape OObIIO# raakTUKY, lepecTa-
HeT CYLIeCTBOBAaTh KaK OT/e/bHasl 3Be3/Has cucTeMa — U He Oyger Ma-
JIEHBKOTO CITyTHHKA.

VHorzaa, ecv rasiakTrKa pacrosiokeHa K Ham pebpoM U ee JUCK He
MelaeT HaM 0003peBaTh OKPECTHOCTH, MOXKHO Pa3I/IsfieTb HHTEpEeCHbIe
BellY: «pa3Ma3blBaHre» MUHU-TaTaKTHKU B Y3KYIO II0JIOCY BJO/Ib OpOU-
ThI BCJIEICTBYE MPUIUBHOrO paspyuienus (puc. 9.8). OtnenpHble 3Be3/bl
¥ HEMHOTO rasa Ipu 3TOM MPOJO/DKAIOT KPYXKUTbCS, HO CKOPO pasMa-
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Puc. 9.9. Bzaumopeiicteytowme ranaktukn NGC 4676, unm «Mbiwku». @oTto Kocmuyecko-
ro Teneckona «Xa66n», Advanced Camera for Surveys (NASA).

JKYTCSI OKOHYATelbHO, U OpOuTa IepecTaHeT ObITh BUAMMOMN. BoT Ha-
CKOJIbKO CE€pbe3HOe BJIMSHUE OKa3blBAIOT MaCCHUBHbIE F/JIAKTUKU Ha CBO-
VX MaJIbIX COCeJeM.

BrIBalOT Tax)ke BCTPEYM THUIIA «KUTA CO CIOHOM», KOIJla HEMOHSTHO,
KTO Koro nepebopet. Ecu iBe 0qvHAKOBbIE raTaKTUKU BCTPETHUIIUCH, TO
006e oueHb cubHO AehopMupyroTcesa. JIroOUTenIM acCTpOHOMUH U3BECTHA
Takasl napa — MUX Ha3bplBalOT «MBIIIKW», IOTOMY YTO Y HUX TOpYaT JAHH-
Hble XBOCTHUKH, BBITSIHYThbIE MPUIUBHBIM 3ddextom (puc. 9.9). Uto oxu-
JaeT ux B ganpHeimem? Ckopee BCero, OHM Hapy pa3 MOKYBbIPKAIOT-
Cs1 IPYT BOKPYT Jpyra U 3aTeM COJbIOTCSI B €JMHbIN KOHIJIOMepar: BMe-
CTO ABYX MPOCTO GOJIBIIMX Ta/laKTHUK OyeT ogHa oyeHb Oosbinas. Bepo-
ATHO, 3TO cyApba MOYTH BCEX map W IPYII TeCHbIX ranakTvk. Hama ra-
naktuka Mneusbiii [lyTb — He HCK/IIOYEHHE: CO CKOPOCTbIO NPHMMEpHO
110 xM/c oHa HeceTcsl HaBcTpeuy TymanHoCTH AHApOMenbl. BmecTe oHM
SIBJIAIOTCS IBOMHOM CHCTEeMOW M 00paluaroTcst BOKPYr 0OIero neHTpa
macc, moHemHory commkasce. He myraiitecs, 10 BcTpeun ere panexo. Ho
npuMepHO uyepe3 4 mpg net TyMaHHOCTb AHpOMe/ibl TOAOKHET OUYEHb
6/11M3K0 K Hallleil ra/JlakTHKe, OHU Ha CKOPOCTH COIPHKOCHYTCS, HEMHO-
ro pa3oiayTcs, yepe3 MUJUIUAP], JIET ONATb COMU3ATCS U YUPKHYT APYT
IO JIPYTY, @ Ha TPETbel BCTpede COMBbIOTCS B OZIHY OOJBIIYIO Ta/TaKTHKY.
Kak oHa OGyzmeT BbII/IAZETh, HUKTO He 3HAET, HO B TOM, UTO 3TO IPOHM30ii-
JeT, HUKaKUX COMHEHUH ye HeT.

4 coseTyro 1 fanbHeHINEro M3ydeHus JUTeparypy IO TeMe INpU-
JMBOB. Jlyuiyo, no>kanyy, KHWKKy Hanucal B KoHue XIX B. 3aMmeuaTesib-
Hblil reopusuk [Hxopax [lapBuH, cblH BceM M3BecTHoro Yapnbsa [ap-
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Puc. 9.10. Tak, BeposHo, 6yaet BbirnaaeTb ¢ 3emnu cnmaHue Hawweil ranaktmku ¢ Tymau-
HocTbto AHppomepbl. Konnax: NASA; ESA; Z. Levay and R. van der Marel, STScl; T. Hallas;
and A. Mellinger.

BHHA, Y KOTOPOTO U Jiefi, ¥ OTel] ObUIM BEIMKUMH YUEHBIMH, a ChIH, BHYK
Y NIpaBHYK TO)Ke CTa/u BeCcbMa M3BeCTHBIMU B Hayke moabMu. OHa yau-
BUTEJIbHA TeM, YTO GOPMY/ TaM HeT, HO «Ha MasbliaX» BCe 3aMeuaTe/bHO
Y OYeHb KOJIOPUTHO paccKas3aHo. f ee ¢ yAOBOIbLCTBUEM NPOUYUTAN U 110-
TOM, paboTas B 3TOi 061acTH, caM Hamucas JBe OPOIIIOPKU: B HUX yiKe
ecTb GOPMYJIBI U JPyTHe MOAPOOHOCTH, O KOTOPBIX B 3TOM JIEKIMH He T0-
BOPU/IOCh. A COBpEMEHHOe COCTOsIHME HeOeCHOM MeXaHHKH OIMCAHO B
¢yHaameHTanbHON KHUTe Mioppes u [lepmorTa «[luHamuka ConmHeuHoM
CHUCTEMbI», 10 KOTOPOH y4aTcs CleLUaaiCThl.

HerpaBUTauLMOHHbIE BO3MYLLEHUA U UX NOCNeACTBUA

HO CUX TI0P MbI TOBOPUJ/IX TOJIBKO O I'PaBUTALIVY, a TEIIEPb BCIIOMHUM,
YTO KpOMe rpaBUTAlUU €1lle eCTb U I/IEKTPOMAarHuTHOE U3/1yUeHue. U ero
KBAaHTbI TOXKE UMEIOT BO3MOXXHOCTDb JdBUTb Ha TeJia, U3MEHAA UX UMITYJIbC.

Sppexm MNoliHmuHza—PobepmcoHa

Camblit n3BecTHbIN 5QQEKT BIUSHUS U3TyUYeHUs] Ha [BUXKeHHe He-
GecHbIX Tes onucan anrmuickuil usuk k. I [Moiutunr (1903) u yTou-
uut amepukanckuii dusuk I I1. Pobeptcon (1937). Ilycts HeKuit acTepous
netaet Bokpyr ConHIla: rpaBUTalys AefiCTByeT CTPOro 0 JTUHUY, COeAU-
HSIOLIel UX LeHTPbI Macc. Ec/iu Obl OH CTOS/T HA MeCTe, TO CHJIa IaB/IeHHs]
Ha Hero COJTHEeYHOTO M3/Ty4eHus Toxe Obuia Obl HalIpaB/ieHa BAO/b 3TOM
nvann. Ho Teno mBrkercs o op6ure, u Bosuukaet addext abepparyu:
rpy60 roBop, B pe3ysibTarte BEKTOPHOTO C/I0YKEHHsI COOCTBEHHON CKOPO-
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| CTU acTeporia U CKOPOCTHU CBETA IIPO-

| /Ean HACXOZUT MOBOPOT BEKTOpA CUJIBI JIy-

Va |
v ( i UeBOr0 [aBJIeHUd IIPOTUB Hallpasile-
/\ = nus npwkenus (puc. 9.11). Korga mbr

WJeM N0oJ Nafarll¥MUA BepTUKAaJIbHO
KaIl/IIMU JI0K/ifl, Hallla IIepefiHss CTo-
pPOHa MOKHET CHJIbHEe, UeM ThlIbHa,
IIOTOMY YTO MbI «Haberaem» Ha JOXX/b
f Frpas. U B Halllell cuCTeMe OTCYeTa BEKTOp
CKOPOCTH [OK/[EBbIX Kalle/lb HaIpaB-
JIeH TIOZ, YIJIOM K BepTHKaiu. AHaso-
rMYHO Haberawluias CTOpOHA acTepo-
Y/ia OCBEIlaeTCss HEMHOTO Ty4lle, 4eM

3aHA.
Puc. 9.11. Ipdexr MoinTunra—Po- KoMmmnoHeHT cusbl CBETOBOTO /AaB-
GepTcona: Topmoxenue Tena, pswiy- JIEHHS, HAllPaB/IEHHbIA B/O/Ib JMHUN
Lerocsl B Nofie U3/Ty4YeHus. LIEHTPOB, MPOTHUBOJENUCTBYET TpaBU-

TaluoHHOMY BivsgHUI0 ConMHIa U 1714
Menkux vactur (<1 MKM) JiaXke MPEeBOCXOAUT €ro, BbIMeTast 3TU YacTH-
bl 13 ConHewyHOM cucTeMbl. A TepreHANKY/ISPHBI eMy KOMIIOHEeHT
TOPMO3UT ABr>KeHHe Tena. OH KpaifHe Malsl: CKOPOCTh CBETOBOTO IIOTO-
ka — 300 ThIC. KM/C, @ opOuTaMbHAsA CKOPOCTh — Topsaaka 30 km/c (Ha
ypOBHE 3eMHOM OpOUTHI), T. €. BEKTOP CBETOBOTO JaB/IEHHUS TOBEPHYT Ha
0,0001 papnana. CooTBETCTBEHHO, TOPMO3Silllell OKa3bIBaeTCs O/iHa Jiecs-
TUTBICSYHAS 0711 CBETOBOTO AasseHus1. Ho, kak roBopsT, Karis KaMeHb
TOYUT: €C/TU MOCTOSIHHO TAHYTh OOBEKT Haszaj, MyCTh JaXKe C MaseHb-
KO CWIOH, B KOHI|e KOHIIOB OH 3aTOPMO3UTCS. Tak BOT, OKa3bIBaeTcs,
YTO Ha MeJIKHe YaCTHIbl KOCMUYeCKoi meiu (pasmepom menee 0,1 Mm)
3TOT 3P PEeKT BAUSIET HACTOIbKO CHUJIBHO, YTO C PacCTOSIHUSI 3 acTPOHO-
MUuecKue efuHULE! (T. e. u3 [71aBHOro nosica acrepounyoB) 3a 10 TeicAY
JIeT OHU 1o cnupanu BeinaAaoT Ha Connie. [louemy 3ToT addekT Brus-
€T UMEeHHO Ha MeJIKHe YaCTHUIIbI? DTO OUeHb IIPOCTO: CHJIa TYIeBOro J1aB-
JIeHUsI TIPOTIOPIMOHAIbHA TUIOIAIA CEeUeHUs Tena, T. €. KBaJpary paau-
yca, a Mmacca — KyOy paauyca. [loaTomy ycKopeHre — OTHOLIEHHe CHJIbI
K Macce — Mojy4yaeTcsi 00paTHO MPOMOPLUOHATBHBIM Pa3Mepy YaCTHLIBL.
3a 100 Teicau net BooOwwe Bca ComHeuHad cucTteMa OYUCTUIACh ObI OT
IbUTH, ec/ii Obl [bUTh He 06pa30BbIBAIACH 3aHOBO: KPYITHbIE aCTEPOU/IbI
MIOCTOSIHHO CTaJIKMBAIOTCS JIPYT C APYTOM U POKAAIOT TYUM HOBOM IBbIIH,
KOTOpas ONsATh HaYMHaeT nazgatb Ha CosHie.
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S¢pdekm Apkosckoz2o

EcTb 1 gpyroii adppeKT cuioBoro JeicTBUS U3/1y4eHUs], O KOTOPOM
Jo0 koHua XX Bexka HUKTO He ayman. Opnaxko B koHLe XIX Beka 3TOT
addekT yxe ObUT MpeAcKasaH U Aaxe omucaH B auteparype. Coeman
3TO MOCKOBCKHI MH)KeHep U yueHblil-nmobuTens MBan Ocunosuy SIpkos-
CKHii, OH pa3oc/ia CBO OpOIIOpy [0 BCeM MHCTUTYTAM; 51 Halllel ee B
6ubnuotexe FAUIL MI'Y.

flpxoBckuit pa3BuBas MOMY/ISIPHYIO TOIAa 3QUPHYIO TEOPUIO TpaBUTa-
LMY, KOTOpas BIOC/IEACTBUY He MOATBepAnuIach. Ho, kak MH>KeHep, pas-
MBIILJISS O ABAXKEHUU IUIaHeT CKBO3b IPOCTPAHCTBO, 3all0/IHEHHOe TUIIo-
TeTHUYeCKOH cpefoil — aupoM, OH He MOT NPe/ICTaBUTh, YTO NJIaHeThbl He
WCIIBITBIBAIOT TIPU 3TOM CONPOTHB/IeHuUs. [10aTOMy OH HCKan KOMIIeHCH-
pyromui apPeKT 1 HalllesI ero B paMKax B3auMO/1eliCTBUS I/IaHeThI C COJl-
HEeYHbIM H3JTy4eHHeM.

Korpma mnanera netut mo opbute, ConHile ee OCBeNaeT ¥ HarpeBa-
eT aHeBHYIO monycdepy. Eciu mianera umeer coOCTBEHHOE CYTOYHOE
BpallleHue, TO HarpeTas JHeM [OBepXHOCTb IepeHOCUTCS Ha BeUepHIOI0,
a MOTOM Y Ha HOYHYIO CTOPOHY. 3HAUUT, OTTY/a YXOAAT MOTOKU HHppa-
KpacHOTO M3/1yueHUs, U B pe3y/ibTare OT[aua MOCTOSHHO TOJIKAeT Ijia-
HeTy. TOT 3 PeKT Ha MHOTO MOPSIKOB cuibHee 3¢ dekra [lofiHTHHTa—
Po6eprcona: mouru 50% uMnysibca, IPUHECEHHOTO Ha IJIAHETY KBAaHTa-
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Puc. 9.12. TepmomexaHnueckuii 3¢ppekt pkosckoro. Hanpasnenne peakTMBHOI cunbl 3a-
BMCHMT OT OPMEHTALLMM OCYW W HArNpaBIIeHUs CyTOYHOrO BpaLueHus HebecHoro Tena. Cnesa —
OpUrMHanbHbIN pucyHok fpkosckoro, 1888 r.
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Puc. 9.13. AsTomatuyeckas ctaHuus cepum «[moHep». Pucynok: NASA.

MU CBeTa, Jal0T BKJIa/] B peaKTUBHBIN 3(pdeKT. DTO OKasbIBaeT KO0CCab-
HOe CH/IOBOe BJIMSIHHE Ha [BIDKEHHe HeOOJbIINX aCTepOUI0B 1 HCKYCCT-
BEHHBIX CITyTHUKOB 3emnu. Ho fonroe BpeMst Ha 9T0 He oOparuaay BHU-
MaHus (M 3TOMy IapajioKCy s1 He MOTY HalTH 0ObsICHEHHUs), TOKa HaKo-
Hel| OIIMOKY B PacYeTHOM [BIDKEHUH CITYTHUKOB HE MPEBBICUIN [OMY-
cTUMYIO0 BenuuHy. TOMbKO TOrJa CTalyM MCKaTh NPUUYMHY — U pa3obpa-
JIMCDb, UTO JIeHCTBYeT 3 eKT paAuallMOHHON OTAauH, a IOTOM BbIICHUIH,
4yTO SIpKOBCKMI IpeAcKa3an 3ToT 3PPeKT CTo JeT Ha3afd. BoT Kak Bax-
HO YMTaTh CTapble KHIDKKU: JIIOJM IPOLUIBIX BEKOB ObIIM He ITTyIiee Hac.

EcTb emle nHTepecHast UCTOpUs, CBsI3aHHad ¢ addexTom oTnauu. [IBa
MepBbIX KOCMMUYECKUX anapara, KOTopble yIUIM 3a INpenensl ComHeu-
HO cuctembl, — [Inonep-10» u «Inonep-11» — Kak-TO CTpaHHO OTKIIO-
HATACh OT TPAeKTOPHUH, IIPU pacueTe KOTOPOH yUUThIBaIach TOIbKO rpa-
BUTALMA: UX MHOIAA YTO-TO NPUTOPMakMBaso. JTOT napafokc «[luoHe-
pOB» UeTBepTh BeKa «BUCeJI» Nepesi HeOeCHbIMI MexaHUKaMU U Tpe6GoBas
o6bsicHeHus. UTOOBI €ro paspennTh, MbITaUCh AaXKe MOIEPHU3UPOBATh
TEOPHIO IPABUTALMH, HO Oe3yCIIeNIHO: 3aMyCK M0CIeAYIONINX 30H/0B He
MIOATBEPAMII IPeAIOIOKEeHUH.

Haxonen BeimyckHuk ¢usdaxa MI'Y B. I Typblies, HblHe COTPYA-
HUK aMepUKaHCKOi naboparopuu JPL, morajancs o mpuuKHe sIBIeHHS,
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KOCMOHABTHKA, [, P sy
ACTPOHOMHS %
B.I.Cypaun N
NMPUNHUBHBLIE
ABNEHWA B.T. Cypamn
BO BCENEHHOW
MATAA CHUITA

HIRITERLCTES MOCHOBCHEIE UEsTRS

Mocua » 2002

U ero Bepcus crana obujenpusHaHHON. Y 30H10B «[lOHEep» B KayecTBe
HCTOYHHMKOB 3JIEKTPUYECTBA KCIIOIb3YIOTCS PaZMOU30TOIHbIE TEPMO3-
JIeKTpUUeCcKHe reHepaTopbl. B Hux pacnagaercs maytonuii 28Pu, B aTom
TpoLiecce BbIIENSeTCs TEeIUIo, I03TOMY IeHepaTopsl BCerzia ropsiume, Ux
M3/yueHre MajiaeT Ha ThUIbHYIO CTOPOHY pedieKTopa pafroaHTEeHHbI
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Puc. 9.14. MexxayHapopHas KOCMUYECKasi CTaHLMS OX0XKa Ha NapycHbIn Kopabnb.
Ho ee «napyca» He pa3roHsloT CTaHLUMIO, 3 TOPMO3AT.

Puc. 9.15. Uckyccteenubiii cnytHuk GOCE, pa6otan B 2009—2013 rr. ®otokonnax ESA
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U oTpaxkaercss OoT Hero. [lonyuaercs cBoeoOpasHblii (POTOHHbBIM JBUTA-
Tesb. A MOCKO/bKY aHTeHHa MOCTOSHHO HalpaB/ieHa Ha 3eMJIio, T. e. Ha
neHTp ConmHeuYHOM CHUCTeMbl, peaKTUBHAS CHU/Ia IPUTOPMaXKUBAeT IoJeT
anmnapara.

BnusiHue ammocgepsbi

W HakoHer] o moc/efiHeM HerpaBUTALMOHHOM BO3MyllleHuH. Kocmu-
YyecKue Te/a JIETaloT He B aDCOIOTHOM BaKyyMe, a B CPeJie, XOTsI 1 OUY€Hb
paspeXeHHOM, TaK YTO 0OBIUHOE ra30JAHAMUYECKOE COTPOTHUBIIEHUE TO-
xe urpaet ponb. Hama MKC uspamu kaxercs «1apyCHUKOM», JTeTSAILIAM
Mo KocMu4eckuM BonHaM (puc. 9.14), HO Ha caMOM fiefie COTHEUHble Ma-
He/Y CTaHIMY — BOBCe He Iapyca, a TOpMo3a: CTaHLIMIO0 OHU BCerza Top-
Mo3gT 00 arMmocdepy 3emiH, U, uTOOBI OHA He YIIaa, Hazio IePUONYECKH
BKJ/IIOYATh PEAKTHBHBIE [BUTATeN U BOCCTAHABIUBATD BbICOTY OPOUTHL

To ke camoe CO CIIyTHUKaMH, 3aITyCKaeMbIMU Ha HU3KYI0 opbuty. He-
CKOJIbKO JIET Hasaj AJis U3MepeHHs PaBUTALMOHHOrO I0Js1 3eM/IU Ha

Konnuecteo 06bekToB pasmepom 6onee 10 cm A
20000]= Ha HM3KVX OKONO3EMHbIX OpOUTaX
(200-2000 km) A

16000 Al Mpu HbIHEWHEM
4 uMcne 3anycKos

12000 T ‘
Ecnm HoBbIX 3anyckoB
8000 - He Gyger
4000
] ] ] ] ]
2000 2050 2100 2150 2200 rop

Puc. 9.16. Konnuecteo o6bekToB pazmepom 6onee 10 cm Ha 0Kono3emHbIxX op-
6utax ebicotoii 200-2000 km no HacToswee Bpems 1 B 6yaywem npu peanusa-
LM ABYX CLieHap1eB KOCMNYECKOii aKTUBHOCTY YeNloBeYecTBa.
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oueHb Manyio BeicoTy (220 kM) 6bin 3amyined cnytHuk GOCE. ATmMocde-
pa TaM BIIOJIHE OLIYTHUMOM IVIOTHOCTH, U HEOOXOAUMO OBUIO IOCTOSTHHO
Iep)kath JBUraTelb BKIIOUEHHbIM, a IaHe/N COJTHEYHbIX OaTapeii pa3sep-
HYTb BJIO/Ib HaIIpaB/IeHHs T10JIeTa, NHA4Y€e OHU OYeHb CUJIbHO TOPMO3W/IH
OBl CIYTHUK U OH ObICTPO ymasn ObL. YeTbIpe rozia OH J€Tan — U BCe-TaKku
yman, a cryumnoch 370 B 2013 1. [Touemy uMeHHO B 3TOM roay? [lns ac-
TPOHOMOB 3TO He TaiiHa: 3TO ObLI roJ, MAKCUMyMa COJHEYHOH aKTHUBHO-
cru. A xorzna Contige 6beT 1o 3emse yapTpadUONETOM U PEHTIEHOM, Ha-
1ma arMocdepa «BCIyxaeT» 1 0COOEHHO NHTEHCUBHO TOPMO3UT HHU3KOJIe-
TAIMIME CITYTHUKM.

OfHakKo OOMBIIMHCTBO CIYTHUKOB HA 3eMJIIO0 He TafIaloT U, IIePecTas
paborarts, ocraioTcst Ha opbuTe. MHOra OHM CTaIKMUBAIOTCS APYT C PY-
IOM U C OCT@HKaMH pakeT M pacrajaloTcs Ha KYCKW PasHBbIX pa3MepoB.
Ceifuac B OK0JI03€MHOM IPOCTPAHCTBe Ha 0pOuTax BbIcOTOM /10 2000 KM
KPY)KUTCSL OKOJIO 12 TBICSY OCKOJIKOB pa3MepoM OT JieliMeTpa U KpyIl-
Hee; 3a HUMU BCEMH C/IeJAT, YTOObI KAKOW-HUOYb U3 HUX He Ha/leTesl Ha
JeicTByoIMil KocMuueckuil annapat. Kurtaiipl neltaauch cOUTh CBOH
CIIYTHHK C OPOUTBI, HO TEM CaMbIM TOJIKO 1006aBUIN Mycopa B KOCMOCE.
Ecnu yacrora 3aryckoB KOCMUYeCKHX allllapaToB COXPAaHUTCS Ha CErofi-
HSIIHEM YPOBHE, KOJIMYECTBO 0OJIOMKOB B MHOTOJIETHEM TpeH/ie Oyner
yBenMuyuBaThcsl. XoTsa Kaxaple 11 et (nepros xonebaHuUit aKTUBHOCTH
ConHxua) Gynet HabmoOAAaTbCS HEOOIBILIOH CaA: Te CIYTHUKH, YTO JIeTa-
I0T HU3KO, OyAyT najath Ha 3eMio.

"

)



0 ConHue

amas feTajbHO M3ydeHHas 3Be3fa — 3To Hame ComHue. OHO Becbh-

Ma I1071e3HO 151 Hac: 6e3 Hero He Ob110 Obl KM3HU Ha 3emite. VI3 npe-
JBITYINEN JIEKIMKA Mbl 3HAeM, YTO OHO OU€Hb OOJIBINOE: 110 IUaMeTpy B
10 pa3 kpymHee camoii O0JIbIION IIAHETHI Hatlei cucteMsl — IOmuTepa —
unourtu B 110 pa3 kpynHee 3emiu. A no Macce Connue ¢ IOnutepom pas-
nuyatores nouyty B 10°=1000 pas, OCKOIBKY KX IJIOTHOCTb IIPUMEPHO
O[IMHAKOBA, 0KO0710 1,5 r/cM?® — 3T0 Uy Th GOJIbILIE, UEM Y MOPCKO# BOJIB, T. €.
NIpUBBbIYHAA /711 HAC BenmurHa. Ho Hajj0 MoOHKUMaTB, YTO 3TO CpefjHee 3Ha-
YyeHHe 10 BceMy 00beMy: Ha moBepxHOCTH COJHIIA MIOTHOCTb rasa Ha-
MHOTO MeHbIIIE, a K [IeHTPy OHa HapacTaeT Tak, uto craHoButcs B 20 pa3
Gorbliie, ueM y xesesa.

Kak cmoTpeTb Ha ConHue

Mer omymiaem ComHile 6raroapst €ro W3aydeHHI0. A KakoBa €ro
nonHag MowmHocTs? Ecmu nomectuts ConmHie B TOYKY (POKyca TMTaHT-
CKOT0 KOCMHUYECKOT0 pedIeKTopa U TeéM CaMbIM CKOHLIEHTPHUPOBAThb BCIO
ero CBETOBYIO MOLIb Ha Haei nnaxere (puc. 10.1), To uepe3 yeTbipe Mu-
HYTBI BCe OKeaHbl He IPOCTO 3aKUIAT — OHU IOTHOCTBIO y/eTyuyaTcs B
KOCMHUYecKoe NpocTpaHcTBo. [IpefcTaBbTe: BCero 4eTblpe MUHYTHI — U
HeT Gosiblile BO/bI HAa 3eMJIe: BOT UTO TaKOe COJTHEUHOEe U3/TyueHue. A ue-
pe3 10 cyTok ucnapusicst 6bl Becb 3eMHOM L1ap.

K cuacTblo, Ha Hac nonajgaeT He BCE COTTHEYHOE U3TyUeHHe, a er0 MU-
KpPOCKOIIMYeCcKas A0/, I03TOMYy 3eMJ/Is U XKU3Hb Ha Hell He CUJBbHO OT
Hero cTpajarT. Ho yutuTe: npsMoii coNHeuHbI CBeT OYeHb OIaceH [
3penus. KoHeyHO, MOKHO Ha MTHOBeHMe IVIIHYTb — U Cpasy >ke OTBec-
1 B3 Ho nyumte atoro He fgenarb. [Jake eciu Bbl cobupaeTtech Ha-
6moaTh 3a COMHEYHBIM 3aTMEHHEM, TO CMOTPETh Ha HEro JJIUTEeIbHO
6e3 TeMHbIX OUKOB HeJIb3sl. VI 0UKM HYKHBI He TI/ISDKHBIE, a CllelHa/IbHbIe,
C OYeHb [UIOTHOH CBeTo3aluTHOM mieHkoi (puc. 10.2), koTopas npumep-
HO B TBICSIUY pa3 ocsabisieT CBETOBOM MOTOK: B TAKOM C/Iy4ae CeTyaTka
BalllMX I71a3 He TocTpajaet oT Habmopenus ConHIa.
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Mupogoi
OKeaH
ncnapurcs

B KOCMOC 3a

4 MUHYTBI

lMnaHeTa nonHocTLIO"
paspywmTcs

;21,5 Hepenm

Puc. 10.1. Monnas mowHoctb uznyuenns ConHua (4-10% Br), uenukom HanpaeneHHas Ha
3emnto, MOXKET BbICTPO YHUUTOXKUTD €e.

A ecnu Bbl permnin Habmogate ConmHIle B TeIeCKOIl, TO 3allOMHH-
Te, YTO [1e/I0 3TO KpaiiHe omacHoe. Teseckon cobupaer CBeT OrPOMHbBIM
00BEKTUBOM ¥ BEeCh €ro Hampas/seT B Ball [71a3. ACTPOHOMBI LIYTST,
yro Ha COJHIlE B TETECKOI MOYKHO TIOCMOTPETD JIUIIb JBAXK/bI B KU3HHU:
O[IMH pa3 — MPaBbIM I71a30M, & BTOPO pa3 — jeBbIM. YTOObI HE PHUCKO-
BaTh 3pEHUEM, CeJaNu ClelUaIbHbIN OKY/IIp ¢ 3epKasbieM (puc. 10.3),
kortopoe otbpaceiBaer 99,99% cBeTa BOOK, OTBOAS €ro B Ty 4acTb obcep-
BaTOPUH, [7ie JI0/ell He JO/DKHO ObITh. A B I71a3 I0IaJaeT COBCEM Yy Th-
4YyTh CBETa, U TOIAA MOXXHO 0e30MacHO CMOTPeTb Ha COJMHEYHYIO I10-
BEpPXHOCTb.

Puc.10.2. besonacHoe Ha-
6nopene ConHua CKBO3b
CBETO3aLUUTHbIE OYKW.
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Puc. 10.3. Ha6mopenne ConHua Ha pedpakTope € CONHEYHbIM OKYNSPOM.

Ho ecnu Bam korga-HUOYIb MPUAETCS TOACECTb K OKY/ISAPY OOIbIIO-
IO TEJIeCKOIa, YUTUTE, YTO 3TO HE COBCeM Oe30macHO: obpaTuTe BHUMA-
HMe€, UTO Mapasyie/IbHO ero 0CH UMEETCS MaJIeHbKUH TeJIECKOTUUK — CBOE-
00pasHbIil ONTHUYECKHUIi MPHULIe/, HAa3bIBAEMbIN 2UO0OM WU UCKAMeNeM,
y KOTOPOTO CBOM OKy/IAp. B 1IKO/IbHBIE TO/BI B TAKOW TEIECKOI 1 HaOI0-
nan ConHile B ipoekimy Ha H6enom axpae (puc. 10.4) — aTo ouyeHb ymo6-
HbII 1 6e30T1aCHBIH CIIOCOD — U OHAXKIbI 3a0bUT 3aKPHITh 00HEKTUB UCKA-
Tesst. BHe3anHo, MovYyBCTBOBAB 3amax ropesioro, st A0rafaucs U MOMeH-

Puc. 10.4. B o6cepsatopuu Bonrorpaackoro nnaxetapus. ABTop (CuHO# K 3puUTeNto) CHAT
B TOM CaMOM MNaJsIbTo, ELLLE HE POXKEHHOM, TOCKO/bKY 06bEKTUB cKaTens (ero TeHb — Ha
CNuHe) B TOT pa3 Gbin 3aKpbIT.
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Puc. 10.5. Cxema npunum-
na Kamepbl-06¢ckypbl ans
HabnoaeHns CoNHeYHoro
3aTMeHus.

Ta/IbHO OTIPBITHYJI OT Tesleckona. A IIOTOM JO0/IT0 XOAW/I B NaJbTO C NpO-
JOKEHHOU Ha CrTHe JIbIpoit. Tak uTo marke HeOOMBINON Temeckor, ChoKy-
CUpOBaB Ha Baueli cnrHe syun ComHLE, MOXeT CUJIbHO BaM HaBPeAUTb.

Ipore Bcero Habmopats ConHie BooOmie 6Ge3 Teneckona. bepere

MasIeHbKHU# JIUCTOK OyMaru Wix KapTOHA, IPOThIKAaeTe B HEM [BIPOYKY

260

WTOJIKOM — U MOMTYYMBLIASICS
Kamepa-o0CKypa JIaeT BaM reo-
METPUUECKH TOUHBIA MOPTPET
Conaua. Jlromy TakuM CIIOCO-
60M HabMIOJAI0T 3aTMEHKe, He
PHCKYysL.

Ecmu y Bac ectb HeGOmb-
1as moAi3opHas Tpyba 6es cre-
[IUa/IbHBIX CBETO(GUIIBTPOB, TO
MOJKHO, YAOOHO pacrooKuB
y OKyJisipa 9KpaH, CIIPOEeLHpo-
BaTb Ha HEro wu30OpakeHue
Comnaua (puc. 10.6). ITo mepe To-
ro kak JlyHa «Hamosnsaet» Ha
ConHile, ¢ akpaHa Bbl (oTorpa-
¢dupyere ¢dasbl 3armeHus 6e30-
IaCHO 1A I71a3.

Puc. 10.6. Habniopenne conHeuHoro
3atmenus 20 mapta 2015 r. Ha Kpbiwwe
TAULL MTY ¢ nomowbio HebonbLION
3pUTENbHOI TPYGbl M NPOEKLMOHHOTO
akpaHna. ®oto B. I CypauHa.

10. ConHue



Y10 BUAHO Ha CosiHUe

[ns7 Ha Hally poiHYIO 3Be34y ¢ 3eM/IM, Mbl BUJUM XOPOIIO 0pOpM-
JIeHHBIH KpyT ¢poTocdepsl, MOKeM U3MEPUTDb ero auametp. [IpucmoTpes-
II1Ch, 3aMeuaeM T000NbITHBINA 3PPEKT MOTeMHEHHUS K Kpalo: B LIEHTPE
COJIHEYHBIH [JUCK SIpYe, UeM 110 KpasM. JTO JIerko 00bSICHUMO: B Cepesu-
He Halll B3ISI/1 «IIPOTHIKAeT» COJIHEUHYI0 aTMocdepy eprneHIuKYISpHO U
YXOJIUT BITTyOb, B TOPSYME CJIOH, BIUIOTh [0 IIpe/iesia IPO3pavHOCTH, B TO
BpeMsl KaK Ha BUJVMOM Kpae (ero HasbIBalOT UMO0M) JIyd 3pEHUS IIPO-
XO[IUT TOJIbKO CKBO3b BEpPXHHUE CJI0M aTMOCdepsl, a OHU OoJiee X0I0/jHbIe
U TI03TOMY MeHee sIpKue.

[ToBepxHocTh ConHLIA He CTOJIb OJHOPOAHA, KaK Ka)KeTcs Ha mep-
BBIii B3IVISIA: Ha CBETIOM (OHE Mbl 3aMeuaeM Kakue-TO IATHBIIKY. [Ipu-
YyeM ecyd /ieHb OTO AHS Mbl (poTorpadupyeM uau 3aprucoBbiBaeM CosH-
1le, TO OTMETHM IlepeMeleHre 3Tux nareH (puc. 10.7). [lenaem BbIBOZ,
4T0, BO-TIepBbix, Co/HIle BparaeTcs, a BO-BTOPbIX, Ha CosHIlEe He Bce 00-
JIaCTH MMEIOT O[JUHAKOBYIO TeMIIepaTypy: eciu 00bluHas TemMieparypa —
okosio 6000 K, To marHa aBHo xomomgHee — g0 4000 K, xak mokasbIBaioT
usMepenus. Bpoae Obl pasHuIla HEBeIMKa, HO BCIIOMHHUTE, UTO JIyYenc-
IyCKaTe/bHas CIIOCOOHOCTD MTPOIOPLMOHAIbHA 4-11 CTelleH! TeMIepary-
pel. Kpome Toro, criekTp cMeljaercs u3 0671aCTH BUUMOTO CBETa B MH-
(pakpacHblil UanasoH, a UHQpPaKpacHble TyYU Xy>Ke MPOXOJST CKBO3b
3eMHyI0 atMocdepy U xyxe (PUKCHUPYIOTCSI POTONPHUEMHUKaMHU, I03TO-
My IATHA BBIIIIAAT TAKUMU YepHbIMHU.

PasMep conHeYHbIX MSTeH HeBeposTeH. DhIBalOT MATHA B HECKOJIBKO
pa3 Gosblue 3emHoro mapa (puc. 10.8). [I9THa OKpY>KeHBI IPKOI TTOBEPX-

10 wioHa

Puc. 10.7. ®oto conHeuHbix nateH (1998 r.). Mpowno Bcero natb AHeW — U TeMHbIE NATHA Ha
nosepxHocTu ConHua 3ametHo casuHynuce. (Mctounuk — Big Bear Solar Observatory.)
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% Puc. 10.8. Pasmepbl 3emHoro
| Wwapa B CpaBHeHWM C pasmepa-
MU COMHEYHbIX MATEH.

HOCTBIO (oTOCdhepHl, I7ie MOCTOSHHO BCIUIBIBAIOT TOPsiuKe TIOTOKU rasa.
Ha ux dbone gBHO BbIAESAIOTCS GOIee X0MOAHbIE MATHA, IPUUYEM C rpaja-
ueii siprocte (puc. 10.9): acTpOHOMBI TOBOPST, UTO Y COTHEYHOTO IIITHA
ecTb «TeHb» (aMbpa) u «onyTeHb» (eHambpa). [1aTHO cTabUIBHO, TOTO-
MY UTO MOLIHOE MarHUTHOE II0JIe NIPENSATCTBYeT TOPU30HTATIbHOMY Ie-
peMeLIMBaHUIO B HeM ra3a. YacTHLpl ropsuero raza MOHU30BaHEL, 10 Cy-
I[ECTBY 9TO IUIa3Ma, KOTOpasi B MarHUTHOM TI0JIe [JBDKETCsI CBOeobpas-
HO: BJJOJIb CUJIOBBIX JIMHUI MOJKET, a MONepeK — HeT, 03TOMY LUPKY/Is-
1Vsl BEI[ECTBA B MOMIEPEYHbIX HAMIPABIEHUSX 3aTOPMOYKEHA.

Puc. 10.9. TemHbie natHa
Ha ConHue KpynHbIM nna-
Hom. YepHas ceppaueBuHa
NATHa — TeHb; OKpYXKalo-
was ero obnactb ¢ pagu-
anbHOM CTPYKTYypol — no-
nyteHb. Bokpyr natHa —
HeBO3MYyLUEHHas  MOBepX-
HocTb ConHua, pasbutas Ha
MenKue TpaHynbl, YKasbl-
BalLMe HAa KOHBEKTUBHOE
pBwmkenune rasa. Pasmep
TUNMWUYHOW TPaHyNbl — OKO-
no 1000 km.
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Puc. 10.10. Cresa — BHyTpeHHee cTpoeHue ConHua 1 cxema nepeHoca SHepru: GOTOHbI,
poxxpatoLumecs B iApe, NeTnss No OYeHb 3anyTaHHOW TPAEKTOPUM BO BHYTPEHHEl YacTy,
nocTeneHHo BblbUpatoTcs Hapyxy. Cnpaea — KOHBEKLMOHHbIE SYEIKM.

Korpa mbl uzyuaem ¢gortocdepy ConHLA C CUIBHBIM yBeIUYEHUEM,
TO ¥ MOMUMO MsiTeH 0OHapy)KrBaeM MHOro yioboneitHoro. Ceitvac mo-
SIBUJIOCh HOBOE TIOKOJIEHWE TEJIECKOIOB, B TOM YKC/Ie U Ha CITyTHUKAX,
JIeTalIuX 3a npejenamu arMocdepsl 3eM/IM, TaK UTO TeHepb Mbl MO-
JKeM HabmoqaTh CTPYKTYPY MOBEPXHOCTH OYeHb aeTanbHO. OKkasbiBa-
eTCs, YTO Jaxe CIIOKOMHas, HeBO3MylleHHas ¢orocdepa HEOAHOPO.-
Ha, OHA BCsI COCTOUT Kak ObI 13 3epHbiiek, rpany (puc. 10.10). Pazmep
3TUX TPaHy/ — IOPS/IKA YIJIOBOM CEKYH/bI, UTO COOTBETCTBYET IPUMep-
HO 1000 kM. JTO rUraHTCKUe IOTOKU I/1a3Mbl, KOTOpbIE C OKOJI03BYKOBOM
CKOPOCTBIO BBIHBIPUBAIOT U3 Heap COMHIIA, OCTBIBAIOT U YXOAST BHU3. A B
MSATHAX POUCXOJUT «BOJIOMA»: OXJIAXKAASICh, BEIECTBO B/IO/b CUIOBBIX
MAarHUTHBIX JIMHAH YCTpPeMJISIeTCs BHU3, HO CHHU3Y IIOTOK TeIUIa IOJXO0-
JUT He TaKOU MHTeHCUBHbIN. [I03TOMY BellecTBO OX/1aX/1aeTcs BCE CUIIb-
Hee U CWJIbHEee U 110 KOHTPACTY C SIPKOY MOBEPXHOCTBIO CTAHOBUTCS IS
TeJIeCKOIa TEMHBIM, TPAaKTUYECKH YEPHBIM.

Kak paboTaeTt CosHue

BuyTpennee crpoenvie Contia Mbl cebe TpefiCTaBIseM TakK: eCTh LieH-
TpasbHasl YacTh, UM SI/IPO, B KOTOPOM TeMIIEpATypa BbIlIe 5 MJIH rpajy-
COB, @ B CaMOM €ro IIeHTpe — IpuMepHO 15 M/IH. DTO UCTOYHUK IHEPTHH,
TaM UAYT TEPMOALEPHDbIE PeaKLWY, a BbIAE/IAIOIIAACA IIPU 3TOM dHEPTHUA
[epeHOCUTCsl Hapy)Ky. B 3Be3nax addexTrBHO paboTaOT Ba MEXaHM3-
Ma IepeHoca.
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Oxnaxxpeune M3 BHyTpeHHeli, BbICOKOTeMIIe-
paTypHOM 4YacTH NEPEeHOC 3HEepruu
T T T T T T T T OCYIIIeCTB/IAETCA B OCHOBHOM KBaH-
TaMU H31y4deHus, GpoToHaMu. Bene-
CTBO JIEXKUT C/I0SIMU, IPAKTUYECKU He
nepeMenrBasch, a KBaHTbl U3 spa
CKBO3b Hero AudppyHAUpYIOT K 60-
7ee XO/IOAHON mnoBepxHOCTH. KBaH-
TOB TaM MHOTO, IUIOTHOCTb WX OT-
HIOJb HE MaJleHbKas, U MPOJBUTraloT-
Cs1 OHM OYeHb Me/iTIeHHO. [lesio B ToM,
Puc. 10.11. ®opmupoBaHmue KOHBEKTUB-  yT( [171a3Ma HACTOIBKO Henpo3spavHa
HbiX steek benapa. JUIS1 CBETa, YTO POAMBLIEMYCS B SIAipe
3JIEKTPOMarHUTHOMY KBaHTY, KOTOPBIN [BMXKETCS CO CKOPOCTBbIO CBETA,
4TOOBI BEIOPATHCS HA TIOBEPXHOCTD U y/IETETh B OTKPBITOE TPOCTPAHCTBO,
TpebyeTcs NopsiiKa CTa ThICSY JIeT.
Ha kaxoii-To r1yOuHe IIJIOTHOCTD U TeMIlepaTypa KBaHTOB YMeHbIIIa-
I0TCS1 HACTOJIPKO, UTO OHU CTAHOBSITCSI HE B COCTOSIHUHM 0OECIeuuTh I1e-
PEeHOC BCei 3Hepruu, KoTopas poxjaaercs B aape. VI TyT B feso nepeHo-

Harpes

A 3D uncnenHan mopenb KoHeekuuu Panea—benapa

/| A KoneekTunbie sueiiku BeHapa B BA3KO#M XHUAKOCTH

"hmue

Puc. 10.12. Cxema KOHBEKLMOHHbIX npoLeccos Ha ConHue.
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Puc. 10.13. fpkue Toukn B poTocepe ConHua BO3HUKAIOT B pe3ynbTaTe N10KanbHOro B3au-
MOpeNCTBUA NIa3Mbl ¢ MarHUTHbIM nonem. @oto: Swedish 1-m Solar Telescope, Institute
for Solar Physics, Sweden.

ca JHEpruM BCTYIAeT y)Ke KOHBEKLMS, IlepeMellrBaHye BellecTBa: ro-
psiuve TOTOKM rasa BCIUIBIBAIOT, OX/IAKIAIOTCS, CTAHOBSITCS MEHee Te-
IUVIBIMH U TOHYT. Kak B KacTprosbKe: eciy MOAOTrpeBaeM BOAY Ha IUIUT-
Ke, OHa OypIuT.

B npupoge ecTb u TpeTuit MexaHW3M IlepeHOCa JHEPIUU — TeIlIo-
IPOBOZIHOCTb: B TBEPAOM TeJle MOJIEKYJIbl KOTEOMIIOTCS ¥ TONKAIOT JPYT
Ipyra, IPOUCXOJUT KUHETHUeCKas Ilepefaya Tela. JTOT IpOoLecc BHY-
Tpu ConHLA TOXKe MMeeT MeCTO, HO PO/IX MpakTudecku He urpaet. Of-
HaKO eCTb 3Be3[Ipl, B KOTOPBIX TEIJIONIPOBOJHOCTD SIBISIETCS OCHOBHBIM
croco6oM mepeHoca: 3T0 Oesible Kap/KH.

CoBpeMeHHBIM TejleCKOIIaM Ha KOCMHUYECKHX annaparax He Mella-
eT arMocdepa 3eM/y, OHM HaMHOT'O JleTalbHee [I0Ka3bIBAaIOT HaM CTPYK-
Typy nosepxHocty ConHIa, ¥ MHOrAA Mbl BUAWM CTpaHHbIe BEIIU: sp-
KUe TOYKU Ha IPaHMIAX OT/e/bHbIX KOHBEKTHBHBIX sueek (puc. 10.13).
Kocmuueckrie CHUMKH MOTY4al0TCs O4eHb KaueCTBEHHBIMH, C BHICOKUM
VITIOBBIM pasperieHreM. PaHbllle, BCero JHIIb JIET AeCATb TOMY Hasaf,
B Ha3eMHbIe TeJIeCKOITbl MbI HE MOIJIM 3aMETHUTD 3TO sIBJIeHHe. Tereps ke
MbI TIOHMMaeM, 4To OypJieHue ra3a BBIHOCHUT He TOJIBKO TOpsiYMe CJIOH Be-
I11eCTBa, HO BMecTe C HUMU U MarHUTHOE I10J1e, <BMOPOKeHHOe» B IOTOKU
ma3Mel. B cocemHux siueilikax ¢ 06eMxX CTOPOH BBIXOJSIIME HA IOBEPX-
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HOCTb [TIOTOKM HECYT CBOM MarHUTHbIe O/ JPYT K Apyry. BcTpevatoTes
[Ba MOTOKA rasa, Ha JIMHUW UX COINPUKOCHOBEHUS CU/IOBble MarHUTHbIE
JIMHUX YIUVIOTHSIIOTCSI, ¥ IVIOTHOCTb S3HEPTMU MarHUTHOTO MO/, IPOIOp-
LIMOHA/IbHAsI KBAJpaTy ero HampshKeHHOCTH, HapactaeT. Ha mzobpaske-
HUSIX, TIOJTyUYeHHbIX IPU MOJIe/IMPOBaHUHY, U Ha NPSMbIX cHUMKax ConHia
BU/IHO, UTO Ha IPaHUlle KOHBEKTHUBHbIX SUeeK TeMIlepaTypa Bblile. JTOT
JIOKa7bHBII pa3orpeB NMPOUCXOJUT MOTOMY, UTO YacTb MarHUTHOH 3Hep-
THU [IePeXOAUT B TEIJIOBYIO SHEpPryio rasa. Ha sToM mpuHIune ocHOBa-
HbI MHOTHe Ha3eMHble TpuOopbL. Tak, B HEKOTOPBIX TEPMOSIAEPHBIX Peak-
TOpax, KOTOpble ceifuac KOHCTPYUPYIOT, CIOcOO0M HarpeBa I1a3MeHHO-
ro MMOTOKA CYKUT ero «00)KuMaHue» MarHUTHBIM TI0JIeM, TaK HasbiBae-
MBI{ NUHY-IPPexm.

XoTs1 KOCMUYeCKUe TeleCKOMbl, HalpUMep aMepUKaHCKUH CITyTHUK
«O6cepBaropusi conHevyHoit auHamuku» (Solar Dynamics Observatory),
[efCTBUTENIbHO MOKAa3bIBAIOT HaM HaMHOro 0Oosee meTasbHble M300pa-
JKeHHs, HO He 3TO Iy1aBHOe. BakHee TO, UTO ¢ moMolbpi0 3aaTMocdep-
HbIX 00CePBATOPUI Mbl PETUCTPUPYEM ropaso OOJbIIHNIT CIIEKTPaIbHBIHN
AMarna3oH: MO>KHO MOTYYUTb OTAEIbHO PEeHTIeHOBCKUM, yIbTpadroneTo-
BbIl, MHPPpakpacHslil moptpeTsl ConHia. PaccMarpuBas nocnegosaresib-
HYI0 cepuio 3Tux (pororpaduii, Mbl IIpex/e BCEro 3amedaeM, YTO IJI0-
mazp, 3aHgTas Ha aucke ColHIA NATHAMY, UX KOJIMUECTBO U IJIOTHOCTD
MeHSI0TCS. VIHOra uxX HeT COBCeM WX Maso, @ UHOIZAA UX MHOTO U OHU
6onbiioro pasmepa. ITo peryaspHoe sBieHue, oTKpeitoe eme B XVII B,
Ha3bIBalOT COHEYHON aKTHBHOCTBIO, 110 CYTU 3TO U eCTb aKTUBHOCTb
npolieccoB BO BHelHeM cjoe CofHIa, a NSTHa — ee MHAUKATOP. AKTHUB-

Puc.10.14.Crneea: Connues 6enomceete 5utons 2012r. (poto: Solar Dynamics Observatory,
NASA); cnpaea: ciumok 28 okta6ps 2003 r. (poto: SOHO, ESA, NASA).
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CospemenHbiit

Konuuectso nateH

1600 1650 1700 1750 1800 1850 1900 1950 2000

Puc. 10.15. Tak meHanocb konuuectso nateH Ha ConuHue 3a nocneguue 400 net
Habnioaexui.

HocTb CosHLIa TPOSIB/ISIeTCSl He TO/IBKO 3PUMO, HO U B €r0 pafioOu3Iyye-
HUMY, U B KOPIYCKYJISIPHOM U3/TyYeHUH, U B peHTTeHOBCKOM, KOTOpbIe TO-
JKe MEHSIIOTCs ToJ] OT rofia.

Ps10M ¢ IATHOM MOXXKHO pas/IMyYKTh CBET/IbIE MPOXKHU/IKY, UX 00ObIU-
HO Ha3bIBAIOT (paxenamu. Pusrkam 3TO sSB/IEHUE TOXKE AO/DKHO OBITh I0-
HATHO: ropsiyasi [iasMa He CMOIJIa TPOPBaThCsl B 00/1acTh MSATHA, Mar-
HUTHOeE II0J/Ie ee Tyja He IyCTUJIO, HO el HaJj0 KyAa-To [AeBaTbCsl — U OHa
npopeiBaeTcs psaoM. Takumu (axenamMyd OKPYXKeHO Kak[oe MSTHO, HO
o kpassm Cosnuia ouu BeIIAAgT 6onee koutpacTHo (puc. 10.14).

C Hauana XVII B, korga lanuneit Hayan Habmopars ConHie, BeferT-
cs XpoHosorust conHeuHo aktuBHocty (puc. 10.15). Ha rpaduke, ne-
MOHCTPUPYIOLIEM U3MEHeHUe BO BpEMeHH UHMC/Ia MATEeH WK UX 001ueit
IVIOLIAJM, AOBOJIBHO YETKO COO/IOAeTcsl NMEePUOAUYHOCTD: NPHUMEPHO
11,5 neT oTAensieT KakAblii MaKCUMyM OT IOC/IeAYIOIIero MakcuMyma
COJIHEYHON aKTUBHOCTH, T. €. IepHuofbl aKTUBHOCTH MO>KHO IPOrHO3M-
poBatb. JTO Ba)KHO, IOTOMY 4TO B 3M0XY BbICOKOHM akTuBHOCTU COmHLE
[peJCTaB/IsieT ONacHOCTb, 0COOEHHO /11 KOCMUYECKOM TeXHHUKH: Jallle
BO3HUKAIOT HeIoJIafiKy, IIJIOTHee CTaHOBATCS BepXHUe CJIOM 3eMHOM at-
Mocdeps! U T. II.

C cepenunbl XVII o Hauano XVIII B. (B Tak Ha3pIBaeMblii MUHUMYM
MayHnzepa) Ha ConHile BooOlle He OTMEYanoch IsATEH, BCIBILIEK, MOLI-
HbIX [TIOTOKOB Ta3a, @ Ha 3eMJ/ie 3TO 0TO3Ba/I0Ch MaJbIM JIEAHUKOBBIM I1e-
prozsom. Ha cTapbix roniaHicKux KapTHHAX M300pakaiy, Kak JIOAU Ka-
TAIOTCA TI0 KaHa/jaM Ha KOHbKAx: B TO BPeMsI 3TO ObLIO PacIipoCTpaHeH-
HOI1 3a6aBoit. A monpoOyiiTe ceifuac 3UMOM moexaThb B [oman/uio: KaHa-
JIbl HEe 3aMep3aloT, a ec/IM MHOM pa3 ¥ 3aMep3HYT Ha HeJle/lto, TO HUKTO
Ha Takoi Jief] BBINTH He pelIuTCs.
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Korma mbl dororpadupyeM He
B LIMPOKOM [JUara3oHe H3TydeHUs,
a BBIJIE/IIEM M3 BCETO CIeKTpa OJHY
Y3KYIO CIeKTpaIbHYIO JIMHUIO, TIOMY-
YaloTCs JOBOJIBHO MHTEpECHBIE TTOp-
TpeThl. Hanpumep, ecnu Habmogath
ConHue cxBO3b HHTepQepeHINOH-
HO-TI0/ISIPU3aLIMOHHBIA  PUIIBTP, KO-
TOPBIM NIPOIMYCKaeT CBET TONBKO B
okpectHOcTH MHUM How (cooTBeTct-
BYIOILIEH ITepexoy 37IeKTPOHa B aTo-
Me Bojiopoza ¢ 3-ro Ha 2-ii sHepre-
THUYECKUI YpOBEeHb), TO HA QOHE Of-
HOPOZIHOM IOBEPXHOCTU COJIHEYHO-
IO ICKa BUIHBI IpKUe 00/1aCTH, B KOTOPBIX BOJOPOJ, NHTEHCUBHO U3/TY-
4aeT, U TeMHble — B KOTOpbIX OH morsommaet (puc. 10.16). [TousaTHO, uTO
spkue obnactu Gonee ropsuue. Ho oTkyna 6epyTtcst TeMHbie? DTO B3BU-
BaloTCs (POHTAHBI ra3a, KOTOPble BUCSAT HEKOTOpPOe BpeMs HaJ, I0BepXHO-
creio ConHIja, NojAep>KUBaeMble MarHUTHBIM Io71eM. VX HasbIBalOT npo-
my6epaHyamu, 3TO OTHOCHUTENBHO XOJIOAHBIE U IUIOTHbIE BOZLOPOZHBIE
obaka, n1aBalolye B pa3peXeHHOM 1 ropsiueii COMHeYHO# atMocdepe,
Y OHHM YaCTUYHO IOIJIOIIAIOT CBET, UYIIHI C TOBEPXHOCTH.

U coBcem danTactuueckum CosHIIE BBIVISIUT B OTZAE/IbHBIX JIMHUSIX
yAbTPadHO0IETOBOrO IMana30Ha, HO TaKye MOPTPETHI IT0JTYyYaloTCsl TOMb-
KO CO CIYTHHUKOB: /10 TIOBEPXHOCTH 3eMJ/IM H3/ydeHue JJIMHON BOJHBI
Meree 300 M He moxogut. B 6enom ceere CosHIle KaXKeTcs CIIOKOM-
HBIM, HO B JIMHUM W3/Ty4eHMs] NOHM30BaHHOTO JKesle3a Ta ke camasl I10-
BEPXHOCTb BBIIJIIAUT COBCEM IO-ApyroMmy. Ha cuHTeTHUeckoMm mopTpe-
Te, CJIO)KEHHOM M3 HECKOJIbKHX CHEeKTPalbHBIX JMHUH, MHOTOE MOXKHO
YBU/IETb OJJHOBPEMEHHO: TYT U aKTUBHbIE 00/1aCTH, ¥ BHIOPOCHI-TIPOTYOe-
paHIbl, ¥ IIOTOKU ra3a B COJTHEYHON KOPOHe, U OT/Ae/bHbIe SPKHe TOUKH,
KOTOpBIX paHbliie He 3ameuanu Boodie (puc. 10.17). Takve CHUMKH pac-
CKa3bIBAIOT HaM O TOM, KaKk (PYHKI[MOHUPYET 3Ta 3Be3/ia Ha IIOBEPXHOCTH.

Oco6eHHO MHTEPEeCHO MOJyYaeTcsl, eC/IU /Ie1aTh CHUMKU HelpephiB-
HO U ITOTOM CKJIa/[bIBaTh U3 OT/E/bHBIX KaJpOB «MYBUKW». Tak, OJUH U3
crapeiimux opburanpHeix Teneckornos, SOHO, yxe 20 et netaet B Koc-
MOCe U HeCKOJbKO pa3 B uac dotorpadupyer ConHie yepe3 QUIBTP,
IIPOINYyCKAaIOIMI IMHUY U3/Ty4YeHns Bofiopofa. [lpocMaTpuBas cepuu Ta-
KUX CHUMKOB, Mbl BH/IM BCIIBIIIKK U IPOTYOepaHIbl B pa3BUTHH, a TaK-

Puc. 10.16. ConHeuHas noBepXHOCTb B y3-
KoM uanasoHe nuHum Ha.
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Puc. 10.17. Cnesa: Connue 9 anpens 2013 r. B "’MHMM BOCbMMKPATHO MOHN30BaHHOTO Kene-
3a FelX (171 um). Cnpaea: Conxue 30 mapta 2010 r. B nuuusx He Il (30,4 Hm) 1 BbicOKO-
MOHU30BaHHOTO Xene3a. Poto: Solar Dynamics Observatory, NASA.

’Ke BpaieHue 3Be3apl. ComHIIE Bpaljaercss He 0COOEHHO OBICTPO: MpH-
MepHO 3a 27 CyTOK OHO Jie/laeT OAMH 000pOT BOKPYT cBoeit ocu. Ho ecTpb
3Be3/bl, KOTOpble 000PaYMBAIOTCS 38 HECKOIBKO 4acoB. [IpuunHa Mef-
nexnHoro BpaueHus CosHIa B TOM, YTO B npolecce ¢pOpMUPOBaHUSA Ha-
trett ConHeuHo# CUCTeMbI [UIaHeThI «0TOOpaTH» Y CBOEH 3Be3/bl MOMEHT

Puc. 10.18. Ctpykrypa marHuTHoro nonst ConHua B 061acTvt CONHEYHOTo NATHA A€TaNbHO
«0bpucoBaHa» NOTOKaMMU NOHN30BAHHONO rasa.
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VMMIIY/IbCa, TaK YTO MOMHBIA MOMeHT Co/HeuyHOH CUCTeMbl B OCHOBHOM
MPUHAZJIEKUT TUIAHETaM M CKJ/IA/IbIBAETCS M3 UX OpOUTANBHOTO JIBIIKE-
HHU4, npexq:[e BCEro ABM>XeHud MaCCHUBHOI'O I’OHI/ITepa. HOSTOMY €CJIN MbI
BU/IMM, UTO KaKas-ToO 3Be3/ia ObICTPO BpalaeTcs, TO [UIAHET Y Hee, CKO-
pee Bcero, HeT.

[letanpHplli CHAUMOK OKDECTHOCTH COJIHEYHOIO IIITHA, CHelaHHbIA
B 0071aCTH OJJHOM CMEKTPAaIbHOM TMHUN MOHU30BAHHOTO YKeie3a, XOpo-
1110 MOKa3bIBaeT CTPYKTYpy MarHuTHOro nosns (puc. 10.18). HaceinanHbie
Ha KapTOHKy JKeJie3Hble OITUJIKHU HpI/I II0gHEeCeHUuu CHI/I3V MarHuTa BbI-
CTpaI/IBaIOTCF[ B 0OJ/Ib CUJIOBBIX JIMHUU MarHUTHOTO IO/ — TOYHO TakK Ke
OpPUEHTUPYIOTCS U NMOTOKHU I71a3Mbl BOKPYT IMSITEH, Pe/CTaBISIOIUX CO-
6ol MarHUTHbIEe MO/MIOCHL TakiM 06pa3oM, Mbl MOXKEM HEIOCPE/CTBEH-
HO M3y4aTh MAarHUTHBIE IO/ U MOBeJeHNe ra3a B 9TUX MarHUTHBIX I10-
nax. [Tomns Tam Hecnabble, MOPSIIKA ThICSYM TAayCCOB. B mpuHIMITE Takyo
HaIpPSDKEHHOCTb MOXHO IOMYYUTh U Ha 3eMsie, HO 3TO HeJIerKo. A TyT
y Hac, MOXKHO CKasaTb, OecriatHast ¢usnyeckas mabopatopusi, B KOTO-
poit MO)XHO Hab/MIOAATh ¥ U3yUyaTh MarHUTHYIO ra30AMHAMHUKY.

Kak mpasuso, mporybepaHiibl CrioKkoiHble. OHU MPUIIOQHUMAKOTCS
MarHuTHBIM I10JIeM, ellle HEMHOTI'O CBeT Ha HUX JAaBUT CHU3Y, T. e. IIOMy-
YyaeTcs MarHUTHAs JIOBYINKA, B KOTOPO# BUCHT IUIa3MeHHOe 00/1aK0; OHO
OCTBIBA€T — 1 TOIJA Mbl €r0 BUAWM. VIHOr[a ras Bce-Taky IOKUJAeT I10-
BepxHOCTb COJTHI[A, ¥ ero MOTOKK YCTPEMIISIOTCS U3 GpoTocdepsl B 6oree

Puc. 10.19. Bui6poc npoty6epaHua 3 ¢pespans 2016 r. ®oto: NASA.
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Puc. 10.20. ConHeunas kopoHa, cpoTorpadpupoBaHHas BO BPEMs NOJHbIX COMHEYHbIX 3a-
T™enuii 2015 1. (creea) n 2012 r. @oto: Munocnas [pykmionnep (Miloslav Druckmiiller).

BBbICOKHE c10u aTMocdepbl — xpoMocdepy U KopoHy. KopoHy MbI BUUM
PeiKo, TOTOMY YTO OHA XOTb U OY€Hb ropsyas, 60jee MU/UIMOHA TPajy-
COB, HO OUeHb pa3peXkeHa U MO3TOMy cBeTa AaeT Mmano. TolbKo BO Bpe-
M COJTHEUHOTO 3aTMeHHS, KOIZid COJTHEeUHbI AKUCK 3aKpbIT JIYHOH, MBI
3amedaeM, uTo y ConHila arMocdepa 04eHb POTSHKeHHas U AMHAMUYHO
MEHSIIOIIAsCS: TIOTOKU ra3a BhIPbIBAIOTCS U3 Hee A0BOIbHO MHTEHCHUBHO.
Ha xopommx CHUMKax COJIHEUHOTO 3aTMEeHMS Mbl IIPOCTIeXHUBaeM KOpo-
HY OuUeHb [Ja/IeK0, U OHa KaKAblil pa3 pa3Has, IOTOMY UTO MeHseTCs aK-
THBHOCTb B pasHblx obnactsx ConHua.

A Ternepb coIocTaBbTe U3BECTHbIE BaM laHHbIe: TOBepXHOCTb ConHIla
Harpera BCero Jjo 5—6 ThICS4 IpafyCcoB, HO OTXOUM Jasblile B XOTOJHbIH
KOCMOC — U BAPYT MUUIMOHBI rpafycoB. CTpaHHas KapTHHa, Tpasza? Bpo-
e Obl TEIJIO TeUeT OT HarpeBaTesis K XOJI0JU/IbHUKY, 8 TOBepXHOCTb COH-

Puc.10.21. B ¢potocdepe Contua
NOCTOSIHHO  MPOUCXOASAT  «HaHO-
BCMbIWKW» C OTHOCUTENbHO He-
6onblMM BbIfENEHNEM 3HEpruy,
okono 240 Mt THT. Onu cywecr-
BEHHO MOJOrPEBAOT CONHEYHYIO
KOPOHY.
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Ija — 3TO U eCTb XOTOAUIbHUK
[0 CpaBHEHUIO C sapoM. Uro
MIPUHOCHUT TyAa 3HEPIHI0, YTO
HarpeBaeT KOPOHY?

[lo cux nop BbIABUTAIU
pasHble runoresbl s 00Bb-
SICHEHHS1 HeOObIYHO BBICOKOM
TeMIlepaTypbl ra3a B KOpOHe —
Y 3BYKOBbl€ BOJIHBI, I MarHurt-
Hble. JIulllb HelaBHO acTpodu-
3UKM TOHSUIM, OTKyJa Y KOpO-
Hbl Takas BBbICOKasg TeMIepa-
Typa: NPUYMHON SBIAIOTCA
MHKPOBCIIBIIIKA Ha TOBEPXHO-
ctu ConHIja, MalOCeHbKUE sSPKUe TOYKU B 00JIACTH KOHTAKTa MEXIY
BCIUIBIBAIOLIMMHU B BU/ie TpaHy/ motokamu rasa (puc. 10.21). Ho «muxpo-»
Takas BCIbIIIKA IUIIb B MaciTabe Bcero ConmHia, a abCoMOTHAS BeU-
YMHA 3HEPIUU KaXk[0l BCIIBIIIKYA — MOPS/IKa COTHA MeraTOHH TPUHUTPO-
tonyona (THT). [ins cpaBHeHUs: 3HEPTUs B3PbIBA CAMO MOIIHON 60MOBI
3a BCIO MCTOPUIO YesoBeuecTBa (BOAOPOAHOIM) — 50 meraToHH (3T0O ObI-
na Hama 6omba, oTeuecTBeHHas1). A TYT — COTHM METaTOHH, TeM He Me-
Hee Mbl UX Ha3blBaeM <«HaHOBCIbIIIKaMW», MOTOMY uTO Ha CosHLe OHU
MOYTH HE 3aMETHBL.

Bcemblika BBIITISIAUT TaK: MarHUTHbBIE NI0/IS1 CKUMAIOT I/1a3My, OT 3TO-
rO OHA 33 KOPOTKOe BpeMs CU/IbHO pa3orpesaetcs. [1o cyTH, IPOUCXOAUT
B3pbIB MarHUTHO 60MOBI, Ha ToBepxHOCTH COMTHI[A BO3HUKAET BO3MYILe-
HUe€, OT KOTOPOTO pacxofsATcs TshKesble (MHOraa Gpr3nKy roBopaT — rpa-

Pwuc. 10.22. Mpoty6epanubi Ha ConHue. PoTo:
NASA, 2010 .

Pnc.10.23.KoponanbHbiit
BbIbpoc Maccol Ha ConH-
ue 8 susaps 2002 r. do-
TO KOCMUuecKoit obcep-
Batopun SOHO (NASA,
ESA).
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ConHeuHas BCbILIKa

Puc. 10.24. Cxema 06pa3oBaHns nonspHoOro cusiHus.

BUTAlMOHHbBIE) BOJIHBI, TOZ00HbIE BOJTHAM Ha TOBEPXHOCTH BO/bL Bembii-
Ka Kak Obl CTYKHYJIa [0 MOBEPXHOCTH — U MOLUIA BOJIHA, TUIIMYHOE Iy-
HaMU. B ka)xfoit Takoil BCHblIIKe Bble1sieTCs AOCTaTOYHO 9HepruHy, 4To-
6bI HarpeTb HOJIBIION KYCOK I/1a3Mbl U BBIOPOCHUTB €ro ¢ moBepxHoCTH. He
00s13aTe/IbHO HACOBCEM: OH MOJXKET B37IeTETh U [IOTOM YIacTb — BeJb OT

Puc. 10.25. ®oto nonsipHoro custus, caenasoe actpoHastom EKA A.Tepctom c 6opta Me-
XAyHapoaHoi Kocmuyeckoi craHumm. Mctounmnk: ESA/NASA.
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Puc. 10.26. MonspHoe cusHue Ha CatypHe u lOnutepe. 3peck ynbTpaduonetosble CHUMKM
NONSAPHbIX CUSHUIA COBMELLLEHBI C ONTUYECKMMM CHUMKaMu nnaHet. Porto: «Xa66m», NASA.

Conrra otopBathbest Henerko (puc. 10.22). BoiBaeT, uto 0671aK0 BbIOpaChI-
BaeTCs CO BTOPOM KOCMUYECKOM CKOPOCTBIO — 3TO Ha3bIBAIOT KOPOHAIb-
HbIMU 8bI6POCAMU MACChL, — Y BEIIECTBO JIETUT B pa3Hble CTOPOHEL Ecitu
KOMETa CTaJIKUBAETCSI C TAKUM BHIOPOCOM, Y HEE MOKET OTOPBATh XBOCT.
[IpaBaa, TyT ke BbIpacTeT HOBBIM, KaK y SI[epHUIIbl, IOTOMY YTO SIIPO KO-
METBI IIOCTOSIHHO UCTIapsIeTCs.

Haneratot conxeunbie BoiGpoch! 1 Ha 3emimo. Koraa takoe miasmeH-
Hoe 00/1aK0 0OpyIIMBaeTCs: Ha Halry arMocdepy, Mbl Hab/I01aeM Mossp-
Hoe cusuue (puc. 10.25). [Ing Hac 3TU COOBITUS BaykKHbI, TO3TOMY 3a COJI-
HEUHBIMU Uy/IeCaMU CErOfiHsI CIeIUT MHOXKECTBO CIyTHUKOB. [lonspHoe
crsiHHe Tak)Ke Bo3HUKaeT U Ha lOnutepe, u Ha CatypHe (puc. 10.26), u fa-
ke Ha YpaHe.

¥



, 3Be34HbIV CBET

Be3/Ibl — 3TO, II0XKa/lyid, CaMOe UHTEPECHOE, UTO eCTb B aCTPOHOMUHMU.

Kpome Toro, ux BHyTpeHHee CTPOeHHE U SBOJIIOLUIO Mbl IOHUMaeM
JIydliie, 4eM 4To-1b0 B KocMOce (BO BCAKOM CiIyuyae, HAM TaK KaKeTcs).
C maHeTam# fiesio0 0OCTOUT He 0YeHb XOPOIIO, IIOTOMY YTO UX BHYTPEH-
HOCTU O4Y€Hb TPYAHO MUCC/Ie[0BaTh — Mbl BUAUM TOJBKO TO, UTO Ha IIO-
BEPXHOCTH. A UTO KacaeTcst 38e3/, TO OOJIBIIMHCTBO 13 HAC YBEPeHbI, uTO
OHU YCTPOEHBI ITPOCTO.

B Hauasne npouuioro Beka OJUH MOJIOJOU acTPO(U3UK BbICKA3aICs
Ha CceMHHape y DJQUHITOHA B TOM JyXe, UTO IPOILE 3Be3/, HUUEro HerT.
Ha uto 6onee onbiTHbIM acTpodusuk otsetwt: «Hy aa, eciu Bac paccma-
TPUBAaTh C PaCCTOSHUA B MUJUTHAPAbI KUJIOMETPOB, TO Bbl TOXKE ITOKaKe-
Tech IPOCThIM». Ha caMoM feste 3Be3/ibl He Tak IMPOCTHI, Kak kakeTcsd. Ho
BCe-TaKM MX CBOWCTBA MCC/IenoBaHbl Haubosee monHo. ToMy ecTb aBe
NPUUKHBL. BOo-TIepBbIX, Mbl YME€EM UMC/IEHHO MOZE/IMPOBaTh 3Be3/bl, 10~
TOMY YTO, K&K HaM MpPeJCTaBIsIeTCs], OHU CJe/1aHbl U3 U7eaTbHOro rasa.
TouHee, 13 11a3MbI, KOTOpast BefeT ceOst KaK M/ealbHbli ra3 ¢ IPOCThIM
ypaBHEHMEeM COCTOSIHUS (3TO CBS3b MeX/y TeMIIepaTypoi, INIOTHOCTBIO
u faBneHueM). [I1aHeTsl ke HAMHOTO C/I0KHee. Bo-BTOpBIX, MHOTA HaMm
yAaeTcs 3ar/sHyTh B HeJpa 3Be3/l, XOTS M0Ka 3TO KacaeTcsl B OCHOBHOM
Conuriia.

K cuacTeio, y Hac B cTpaHe 6bUIO ¥ OCTA€TCSI MHOTO XOPOIIMX acTpo-
($U3MKOB, ClIeLMaauCcToB Mo 3Be3jaM. CBA3aHO 3TO B OCHOBHOM C TEM,
4TO ObIIM XOpolIKe GU3UKH, KOTOpbIE [e/lany sAepPHOe OpPYKHE, a 3Be-
376l IPE/ICTABIISAIOT cO00i MPUPO/IHBIE siiepHble peakTopsl M koraa opy-
)kye ObUIO clieslaHo, MHOrYe GU3UKY IEePEeKII0YNUINCh Ha UCCIe0BaHIe
3Be3/i, IOTOMY YTO 3TO OOBbEKTHI B UeM-TO MOA00HbIe. VI oHM Hamucanu
XOpOILME KHUTH Ha 3Ty TEeMY.

[TocoBeTyro BaM [iBe KHIXKKM, KOTOpPbIE 0 CHX IOP, HA MOM B3IJIsA[,
OCTAIOTCS Ty4LIMMH U3 KHUT Ha PyCcCKOM si3bike. «Dusuka 3Besz», aBTop
KOTOPOM — M3BECTHBbIN QU3MK U Ta/laHT/IMBBIN Npenofasarens CaMynn
Aponosuu KanaH, HanrcaHa OYTH COPOK J1eT Ha3af, HO OCHOBBI C TeX
MOp He U3MEHW/IHCh. A COBpEMEHHbIe CBeZleHHs 0 (U3UKe 3Be3/] Bbl Hali-
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_ACTPOHOMMUA W ACTPOOU3HKA

&,

C.A. KATIAAH . "

®U3UKA 3BE3A

JieTe B KHUTe «3Be3[bl» U3 Cepuu «ACTPOHOMUS U acTpOoPU3HUKa», KOTO-
pyIo cAenanu Mel ¢ konneramMy. OHa MOJb3yeTcsl TaKUM UHTepecoM Y Uu-
TaTeseld, 4TO BbILIUIA y>Ke TpPeMs U3AaHUSMU. ECTb U [pyrue KHUTH, HO
B 3TUX JBYX COAEP>KUTCS MPAKTUUECKU MCUepIIbIBaoLias UHPOpMaLus
[J1 TeX, KTO 3HAKOMUTCS C TIPeIMETOM.

Takue pasHble 3Be3Abl

Ecmv Mbl mocMOTpUM Ha 3Be3qHOE He0O, TO 3aMETHM, UTO 3BE3JIbl
MMEIOT Pa3HYI0 IPKOCTb (BUMMBbI 6/1€CK) 1 pasHblil [iBeT. [[OHATHO, 4TO
Greck MOXeT OBITH [€IOM C/Tyuast, MOCKOJIbKY OJHa 3Be3za OKke, Apy-
rasg — Jlasiblile, ¥ 110 HEMY TPY/JHO CKasaTh, KAKOBA 3B€3/la Ha CAMOM /[ie-
71e. A BOT 1IBET PacCKasblBAe€T HAM O MHOTOM, IOTOMY YTO Y€M BbILIIE TEM-
rieparypa Tesa, TeM Jajblie B royoyio 06/1acTh CABUTAETCS MAaKCUMYM
B criekTpe usnydenus. Kasamoce Obl, MbI MOXXeEM NPOCTO Ha I71a3 oOle-
HUTb TEMIIEPaTypy 3BE3/bl: KpaCHAd — XOJIOfHas, ronybas — ropsayas.
Kak npaBusio, aTo eficTBUTENbHO TaK M ecTb. Ho MHOIa BO3HUKAIOT U
OIMOKY, CBA3aHHBIE C TEM, YTO MEXK/y 3B€3[0i ¥ HaMH eCTb KaKad-To
cpena. lHoraa oHa oueHb Mpo3payvHa, a MHOT/Aa He OueHb. BceM n3BecteH
npumep ¢ COJHIIEM: BHICOKO HaJl TOPU30HTOM OHO Gesioe (Mbl ero Hasbl-
BdeéM JKeJITbIM, HO OJid I/1a3a OHO IIOYTHU 66]106, HOTOMY YTO ero CcBeT HacC
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Puc. 11.1.
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ocneruiger), Ho CoJHIIE KpacHeeT, KOraa BOCXOAUT WK 3aXOUT 3a TOPHU-
30HT. OueBH/HO, uTO He y camoro CosHI[@ MeHseTcsa TemIeparypa Io-
BEPXHOCTH, a Cpe/ia U3MEHSET BU/IUMBIH 1IBET, U 00 9TOM Ha/[0 TIOMHUTb.
K coxxanenuto, st aCTpOHOMOB 3TO Gosiblias npobiema — yragarh, Ha-
CKOJIbKO M3MEHW/ICS LBET, T. €. BUAnMas (LBeTOBast) Temiieparypa 3Be-
3/IbI, 3@ CUET TOTO, UTO €e CBET MPOIe/ CKBO3b MEXX3BE3/IHbIH ras, aTMOC-
dbepy Haileil miaHeThl U MpouKe Toriomatiie cpeapl. CriekTp 3Besf-
HOTO CBeTa — XapaKTepUCTHKa HAMHOTO 0oJiee Ha/ie)XKHasl, IOTOMY 4TO
€ro TPYIHO CU/IbHO UCKA3UThb. BCE, UTO MbI 3HAEM CETOfiHS O 3BE3/1aX, Mbl
MPOYMTAIN B UX CIeKTpax. McciemoBanue 3Be3IHOr0 CIeKTpa — 3TO Or-
pOMHag, TIaTeabHo paspaboraHHas 001acTh aCTPODUIUKHI.
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Puc. 11.3. Pacnpepnenenue sneprum B cnekTpe 3se3Abl. [lokasaHbl LLeHTpbl N1010C NpONycKa-
Hus ceeTodpunbTpos B u V Ha poHe cnekTpos usnyyenus Conuua.

HTepecHO, UTO MeHee ABYXCOT JIeT HaszaJ WU3BeCTHbIM ¢umocod
Ortoct KoHT ckasam: «Mbl yke MHOrOe y3Halu O IIPUpOfie, HO eCTb Ta-
KoOe, 4YTO Mbl He y3HaeM HHKOI/[a, — 3TO XUMUYeCKUii COCTaB 3Be3/[, [10TO-
My YTO HUX BeIlleCTBO HUKOrAa He IIoNaAeT K HaM B pyKI/I». HEﬁCTBI/ITEHb-
HO, B PYKH K HaM OHO BPSJL /i1 KOT/a-HUOY/b TOMA/ET, HO MPOIUIo OyK-
BasbHO 15—-20 J1eT, ¥ /0 U300pe/y CIIeKTPaIbHbIM aHanmus, 6arogapst
KOTOPOMY O XMMHUECKOM COCTaBe KaK MUHHUMYM ITIOBEPXHOCTH 3Be3/1 Mbl
y3Ha/IU [IpaKTU4Yecky Bcé. Tak uTo HUKOTrJa He FOBOPU «HUKorja». Hampo-
THB, BCEr/Ia Haii/ieTcs1 crocol cienaThb TO, BO UTO Thl [IOHAYATY He BEPHILIb.

Ho npexx/jie 4eM roBOpUTb O CIEeKTpe, IOCMOTPHUM ellle pa3 Ha L{BET
3Be3zibl. MBI yoke 3HaeM, YTO MaKCHMYM B CIIEKTPE C YBEJIUUYEHHEM TeM-
riepatypsl cMenaeTcs: B ronyoyio obmacts (puc 11.3), v 9T0 HaJ0 UCITONb-
30Bath. /1 aCTpOHOMBI HAYYUIUCh ITO MCIIO/IB30BATh, IOTOMY YTO CHSITh
TIOJIHBI CIIEKTP — €710 OueHb 3arpaTHoe. Hy)XHbI OOJIBIION TerecKomn
U ITIUTENTbHOE BpeMs Hab/IoieHus, 4T0Obl HAKOIIUTh JI0CTATOYHO CBETA
Ha pa3HbIX JAJIMHAaX BOJIH — U HpI/I 3TOM l'IOJ'Iy‘-II/ITb pesyanaT JINIb OJ1d OO~
HOU MCCIeflyeMoii 3Be3/bl. A IIBeT MOKHO U3MepSsITh OYeHb ITPOCTO, IPH-
YyeM JI/Is1 MHOTHX 3Be3/; OHOBPEMeHHO. U 11 MaccoBOro CTaTUCTUYECKO-
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Puc. 11.4. CneKTpbl XMMUYECKNX 3IEMEHTOB B BUAMMOI 06nacTu.

ro aHanM3a Mbl IpocTo (goTorpadupyeM UX ABa-TPHU pa3a yepe3 pasHble
CBETOU/IBTPBI C LIUPOKUM OKHOM nponyckaHus. OObIMHO ABYX (ub-
TpoB — Blue (B) u Visual (V) — y»e qocTatouHo, 4T0ObI B T€PBOM MPUOIH-
KEHUH ONpeJe/ITh TEMIIEpATypy OBEPXHOCTH 3Be3/bl. Hanpumep, ectb
TPU 3Be3[ibl, Y KOTOPBIX pasHble TeMIepaTypbl IOBEPXHOCTH U Pa3HbIH
ugert. Eciu ogna u3 Hux — tuna ConHua (Temneparypa okono 6000 K), To
Ha 0060MX CHUMKax OHa OyJeT MPUMepHO OfMHAKOBOM SIPKOCTH, HO CBET
6oree XOIOJHOM 3Be3/ibl CTAHET CH/IbHee racuThbcsl B-puibrpom, ckBo3b
Hero GyzieT POXOJUTh MaJIO ATTMHHOBOIHOBOTO U3/TyUeHHs], I03TOMY OHa
Gyzer KazaTbcsa HaM «cabeHbKOW» 3Be3/J0UKOiL. A ¢ Ooree Topsueit 3Be-
3701 en1o OyzeT 06CTOATD MPSMO [IPOTHBOIIOIOXKHBIM 00pa3oM.

Ho 6biBaeT Mano ABYX (UIBTPOB: BCETAa MOXKHO OIMIMOUTHCS, KaK
c Conxuem Ha ropusoHTe. [losToMy IOMHMO OKOH ITponyckanus Visual u
Blue actpoHoMbI 00bIuHO Hcnonb3yOT U TpeTbe — Ultraviolet, Ha rpaHu-
Ile IPO3pavHOCTH atMocdepbl. TPH CHUMKA yyKe BIIOJIHE TOYHO TOBOPST
0 TOM, B KaKOil Mepe Me)x3Be3/iHasl cpefia ocnabsieT CBeT KaK/I0i 3Be-
371bl ¥ KaKOBa COOCTBEHHAsl TeMIlepaTypa IOBEepXHOCTH 3Be3/bl. [l Mac-
COBOM KJIaccH(UKALMY 3Be3[ TaKasi TPeXII0lI0CHAas pOTOMETpHUS — MOKa
eIMHCTBEeHHBIH crIocob, MO3BOMBLINE U3yYNUTh O0/Iee MUIIHUAPAA 3Be3 .

BceneHckana nacnopTusauusa 3sesp,

CrexTp, KOHEYHO, ropasfio [I0IHee XapakTepusyeT 3Be3zny. OH mpen-
craB/sieT co0O0# «1acrmopT» 3Be3/bl, IOTOMY YTO CIIEKTPAaIbHbIE JTHMHUN
roBopsAT HaM 00 oueHb MHOroM. K c10BaM «CreKTpasibHble JIMHUN» Mbl
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Puc. 11.5. lopsuwii
ras UCnycKaert nyuu c
AUCKPETHbIM  CMEeKT-
poM,  31eKTponpoBo-

[AWniA Matepuan
Topsumii rasoobpasHbiii reHepupyetr  cniow-
BOAOPOA HOM CNeKTp.

lopsuee
TBEpAoe

XonopHbiii ras

BCe ITPUBBIK/IH, TPEJCTABIIsIeM, UTO 3TO Takoe. [lo ropu3oHTanbHOI ocu —
JUIVHAa BOJIHBL, CBSI3aHHAs C TeM, Ha Kakoil yactoTe uanydaercs cseT. Ho
KaKOBO NPOUCXOXKeHHUe (POPMbI JIMHUIA, T0UeMY OHHU BBIITIAAAT Kak Mpsi-
Mble BepTHKajbHble UEPTOUKY, a He KPY>KOUKU, TPEYTOJIbHUKU WU Ka-
Kue-H1Oyab 3arorymuHku? CreKTpaabHas JTUHHUS — 3TO MOHOXPOMATH-
yeckoe n3obpaXkeHre BXOHOM 1ieu criekTporpada. Eciu caenars 1ensb
B BHJIE KPECTUKA, TO MIONYYUTCS HAOOP KPeCcTUKOB pasHoro 1sera. O Ta-
KUX IIPOCTBIX Belllax CTYAeHT-(PU3HK, I0-MOEMY, JO/IKeH 3ayMbIBaTbCs.
Wnu, Kak B apMUHY, CKa3alau <IMHUS» — 3HAUUT JMHUA? OTHIOAbL He Beer-
12 9TO JIMHUS, IOTOMY YTO B clieKTporpade He 00s13aTe/IbHO HCIIOIb3Y-
eTCsl BXOJIHAsI 111elb, XOT$I, KaK IpaBU/IO0, BXOZHOE OTBepCTHe — 3TO Bep-
TUKa/IbHAS TIPAMOYTO/IbHAS I1[eJTb, TaK YI00HEe.

B cxeme moboro criektporpada Bceraa ecTb JUCIepPrUPYIOMIni 3re-
MEHT: B 9TOM KauecTBe MO)KeT BbICTYIIaTh IpU3Ma Uiu AudpaKkLOHHas
peetka. 3Be3a — 00J1aUKO TOPsSYero ra3a — MUCIYCKaeT XapaKTepHbIi
HabOp KBAaHTOB Pa3HbIX YaCTOT. Mbl [IPOIyCKaeM MX Yepe3 BXOJHYIO LIie/Tb
U [WCTIEPTUPYIONMI 3/IEMEHT U MojyyaeM M300pakeHUs Ied B pas-
HBIX [1BeTaX, yIOPSI0UEHHO PACIIOJIOXKEHHbIE 110 AJIMHE BOMHSI (puc. 11.5).

Ecmu uznyuaior cBOOOMHbIE aTOMbI XUMHYECKHUX 3JIEMEHTOB, TO
CIIEKTp TOJIyYaeTcsl TUHeHYaThIM. A ecli B3ATb B KayecTBe HCTOYHU-
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Puc. 11.6. Cnektp ConHua nnv sapkoii 3se3fbl Ans feTaNbHOTO UCCE0BaHNS MOXHO CUJTb-
HO pacTsHYTb, Hape3aTb Ha KYCOYKU U CNIOXKMTb CTOMKOI OT KPacHOro KOHLA K cuHemy. Tex-
HUYECKM 3TO AenaeTcs C NOMOLLbIO ABYX CKpPELLEeHHbIX AUPPAKLMOHHBIX PELIETOK: OfHa
CO3/aeT CMeKTp C BbICOKOI Aucnepcueil, cocefHue NOpPSAKU KOTOPOro HYacTUYHO Hakna-
AbIBAOTCS APYT HA APYra, a BTOpas pa3fBUraeT UX B NepneHAUKYNSIpHOM HanpaBneHum.

Ka M3/Iy4eHHUd TOpSAYYI0 CIIMPa/b JIaMIIbl HaKa/JWBaHMSA, TO MOTYYUTCA
CIIeKTp HenpepbiBHbINA. [Touemy Tak? B MeTaninyeckoM NpOBOAHUKE HET
XapaKTepHbIX YPOBHEIl 3HEePruHM, TaM 37EeKTPOHbI, OelleHO ABUrasich, 13-
JIy4aroT Ha Bcex yactoTax. [loaTomMy cnekTpasbHbIX JTMHUKA TaK MHOTO,
YTO OHM IEePEKPBIBAIOTCA APYT C IPYTOM U II0/Iy4aeTCsl KOHMUHYyM — He-
NPEPbIBHBIA CIIEKTP.

A Tenepb GepeM HCTOYHUK HeIpPEepbIBHOIO CIIEKTPAa U IIPOIyCKaeM
ero cBeT yepe3 06/1a4K0 rasa, Ho 60/ee XOIOAHOTO, UeM CIIUpasb. B aTom
cnydae 006/1aUKO BBIXBATBIBA€T M3 HENPEPHIBHOTO CIEKTpa Te (GOTOHBI,
9Heprus KOTOPBbIX COOTBETCTBYET MepexofaM MexAy SHepreTHudecKUMU
YPOBHAMM B aroMax rasa. ¥ Ha sTuX yacTOTax MbI IIOJIyYaeM B CILIOLI-
HOM CIIeKTpe Bblpe3aHHble IMHUH, «IbIPOYKU», — MOTyYaeTcs CIeKTp M0-
rnoweHrd. Ho aToMbl, KOTOpBIE ITOITIOTU/IM CBETOBbIE KBAHTBI, CTa/IN Me-
Hee yCTOMYMBBIMU U PaHO W/IM MO3/IHO UX M3aydaroT. [louemy ke criekTp
MIPOJIO/KAeT OCTaBaThCA «AbIPABbIM»? [[0TOMY UTO aTOMy BCe PaBHO, Ky-
[a BbIOpAChIBaTh «IMIIHIOK» 3HEPrui0. [IpOMCXOAUT CIIOHTAHHOE W3TY-
YyeHue B PasHbIX Hanpas/ieHHAx. Hexoropas [onsa GOTOHOB JIETUT, KO-
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HEeYHO e, U BIIepe[, HO, B OT/IMUKe OT BbIHY/IEHHOI'O U3/Ty4eHus Jase-
pa, OHa MU3epHasl.

CriekTpasibHble JTMHUU OOBIYHO BeCbMa IIMPOKUE, U paclpesiesieHne
SIPKOCTH BHYTPH HHX HepaBHOMepHOe. DTO 0OCTOSTENbCTBO TOXE 3a-
crmyMBaeT BHMMaHuA. EcTb MHOro ¢usnueckux ¢$pakTopoB, Aealomux
CIIeKTPanbHYIO0 JMHUIO IIMPOKOH. Ha rpaduke pacnpeneneHus: sipko-
cTH (WM IOIVIONeHNsT) 0OBIYHO MOXKHO BBIJEIUTD [Ba NapameTpa: LieH-
TpanbHbI MakCUMYM U XapakTepHy0 mupuHy. lnprHy criekTpanbHON
JIMHUY TIPUHATO U3MEPSTb Ha YPOBHE MOJIOBUHBI MHTEHCUBHOCTH MakK-
cumyma. Yl mypuHa, 1 popma IMHUK MOTYT paccKkasaTb HaM O KaKUX-TO
du3nueckrx 0coO6eHHOCTSX UCTOYHKKA cBeTa. Ho 0 Kakux?

[Ipeanonoxum, Mbl OABECU/INM OAVHOYHBIM aTOM B BakyyMe U HU-
Kak He TporaeM ero, He MelllaeM eMy U3/1y4yaTb. Ho fake B 3TOM ciyuae
B crieKTpe OyzieT HeHy/eBas IIMPHHA JIMHUN — ee Ha3bIBAIOT eCTeCTBEH-
HoY. OHa BO3HMKAeT U3-3a TOro, YTO MPOLECC U3/1yUyeHUs] OTPaHUYeH BO
BpEMEHY, y pasHbIX atoMoB OH cocrasyser ot 1078 go 107! c. Eciu BbI
«obpeskeTe» Ha KOHIIAX CHHYCOWAY 3JIEKTPOMArHMTHOM BOJIHBI, TO 3TO
y>ke OyZeT He CHHYCOMZA, a KPUBasi, PacK/Ia/jbIBaIoIasicsl B HA6Op CHHY-
COMJ C HelpepbIBHBIM CIEKTPOM 4acToT. M ueM Kopoue Bpems M3nyue-
HUS, TeM ILIMpe CleKTpaabHas TUHUSL.

B npupoAHBIX UCTOYHHUKAX CBETA eCTb U Apyrue 3QQeKThl, KOTOpble
VIIUPSIOT CIEeKTPa/JIbHYI0 JMHUI0. Hanpumep, TemnioBoe ABUXeHUE aTo-
MOB. [10CKO/BKY M3/Tydaloninii 06beKT MMeeT HeHY/IeByI0 abCOMIOTHYIO
TeMIIepaTypy, ero aToMbl XaOTUUECKH JBM)KYTCS: I10JIOBUHA — K HaM, I0-
JIOBMHA — OT HAC, eC/IM paccMaTpuBaTh JyUeBYIO NMPOEKIUI0 CKOPOCTH.
B pesynbrare sapdexra [lonsepa usnyyeHue NepBbIX CABUTaeTcsl B CHU-
HIOIO CTOPOHY, BTOPBIX — B KpacHYyI0. JTO sBJIEHHE Ha3blBaeTcsl donse-
DOBCKUM MENIO8bIM yUWUpeHUuem CIeKTpaJIbHON TMHUM.

JlonnepoBckoe ylIMpeHue MOXeT IPOUCXOAUTD U 110 APYTUM IPUYU-
HaM, HallpuMep B pe3y/bTaTe MaKpOCKOIIMYeCKOro JBM)KeHHS BelljecTBa.
[ToBepxHOCTb 000! 3BE3/IbI «KUITUT»: KOHBEKTUBHBIE ITOTOKH IOPSIUETO
rasa [OJJHUMAIOTCS U3 [yOMH, OCTHIBIIET0 — OmycKaioTcs. OfHY TOTOKH
B MOMEHT CHSITHS CIIEKTpa ABUXKYTCS K HaMm, Apyrue — oT Hac. KoHBek-
tuBHbIN 3 ekt [Jomnepa uHorga 6piBaeT 60/1e€ CUIbHBIM, UeM TEIUIOBOA.

Korzma mbl cMoTpuM Ha ¢ortorpaduio 3Be3qHOro HebOa, HaM TPYIHO
MIOHATh, KAKOBA Be/JIMYMHA 3Be37l Ha caMOM Jfene. Hanpumep, ecTb kpac-
Has 1 rony6ast. Eciu Obl s1 HUUero He 3Has O HUX, 51 ObI MOT IO yMaTh TakK:
y KpacHOI 3Be3[lbl He OueHb BbICOKAas TeMIlepaTypa IO0BepXHOCTH, HO,
€C/IU 51 BUXKY €ee [IOBOJIbHO SIPKOH, OHA pacrosioxeHa 6113ko ko MHe. Ho
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Puc. 11.7.Cxema popmmnpoBaHUSi KpaCHOTO ¥ CUHETO CMELLLEHUS PV ABUXKEHNM UCTOYHNKOB
BOJIH U MEXaHU3M TEMN/I0BOTO YLUNPEHUS CNIEKTPaNbHbIX IMHUIA.

TOIZIA C ONpeie/ieHreM OTHOCHUTEIbHOM JalbHOCTH [0 roay6oii 3Be3zipl,
KOTOpast CBeTUT criabee, y MeHs1 BO3HUKHeT pobsiema. 51 pa3Mbliuisio;
ronybast — 3HAYUT ropsiyasi, Ho MHe He MOHSTh, O/IM3KO WU JaeKo OHa
OT MeHs. Benp oHa MoxeT GbITb GOJIBIIOTO pasMepa M U3Ty4aTb OOJb-
IIy0 MOIIHOCTb, HO HAXOJUTBCS CTO/Ib Aa/IeKo, YTO CBeTa OTTyZa IPUXO-
IUT Maro. Vnu ke, HAIpOTHB, OHA MOXKET CBETUTBCS TaK €1ab0 MOTOMY,
YTO OYeHb MaseHbKas, XOTs U 6/m3Kas. Kak jxe oT/IMuuTh GOJIBIIYIO 3Be-
30y OT MaJeHbKOH? MOXKHO /M IO CIeKTPY 3Be3[bl OIpeJesNUTh ee JIU-
HeiHbIl pasmep? Kaszanoch 6bl, HeT.

Tem He MeHee 3T0 BO3MO)KHO! [lesio B TOM, UTO MaJleHbKHe 3Be3/Ibl —
IJIOTHBIE, a y 6o/biux aTMocdepa paspekeHa, T03TOMY ra3 B X aTMOcC-
¢depax HaxXOAWTCS B Pa3HbIX yC/IOBUAX. Korma Mel mosyuaeM CIEKTPBI
TaK Ha3blBaeMbIX 3Be3/-Kap/IMKOB U 3Be3/-TUT'aHTOB, TO CPa3y e BUIUM
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Puc. 11.8. CnekTpbl 38€3/4-Kap/IMKOB U 3BE3/,-TUTaHTOB PasNyatoTCs LUMPUHOI INHUIA.

pasnuuug B XapakTepe cIeKTpasbHbIX JuHuUE (puc. 11.8). B paspexen-
HOU aTMocdepe rMranta Kax/plii aToM JietaeT cBOOOZHO, penKo BCTpe-
yag cocefieil. M3nmyyaroT BCce OHM NPAKTUYECKHA OFMHAKOBO, IIOCKOJIbKY
He MeIIAIT APYT APYrY, TaK UTO CIEeKTpa/JbHble TUHUM TMTAaHTOB HMe-
I0T IIMPHHY, O/IM3KYIO K eCTeCTBEHHOM. A BOT Kap/uK — 3Be3/ia MaCCHUB-
Hasl, HO OueHb MaseHbKas U, 3HauMT, C OUeHb BbICOKOM IJIOTHOCTBIO Tra-
3a. B ee atmMocdepe arombl MOCTOSIHHO B3auUMOZENCTBYIOT [IPYT C ApY-
rOM, Mellasi COCeAsIM U3/1ydaTh Ha CTPOTO OINpe/ie/IeHHOM 4acToTe, 0TOo-
MY YTO Y Ka&XKJOTO aTOMa eCTb CBOe 37IeKTpUUecKoe Iojie, KOTOpoe BIUSI-
eT Ha Io/e cocefa. M3-3a TOro, UTo aTOMbI HaXOASTCS B pasHBIX yCJIO-
BUSIX OKPY’>KeHMs], TPOMCXOAUT TaK Has3blBaeMoe WMapKo6CcKoe yulupe-
Hue TUHUY, T. e. o GopMe, KaK TOBOPST, «<KPbLIbeB» CIEKTPaIbHbIX JIU-
HUI MBI Cpa3y yrajplBaeM IVIOTHOCTb ra3a Ha MOBEPXHOCTH 3BE3Zbl U ee
TUINWYHBINA pasmep.

JlonnepoBckuil aQeKT MoKeT IPOSBATLCS U U3-3a BpallleHUs 3Be-
37bl B L[e7IoM. MBI He MOKeM pas/In4yuTb Kpas y[aleHHOU 3Be3/bl, OHa
[J1 HAC BBIJIIAUT KaK TOYKA, HO OT MPUOMIKAIOIIEerocst K HaMm Kpas Bce
JIMHUY CIIEKTPa UCIIBITBIBAIOT TOy00e CMellleHNe, OT YAASIOIIerocst T
Hac — kpacHoe (puc. 11.9). B cymMMe 3TO MPUBOJUT K YIIMPEHUIO CIIEKT-
panbHOH nmuHUKU. OHO BBIMIAAUT He Tak, Kak a¢gdekt Lltapka, no-apyro-
My MeHsieT pOpPMY CIIeKTpaabHOM JMHUY, I03TOMY MOKHO IIOHSTb, B Ka-
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Puc. 11.9. BpauieHue 38316l NPUBOAUT K YILIMPEHMNIO CMIEKTPANbHBIX IMHUIA.

KOM C/Ty4ae Ha LIMPUHY JIMHUY TTOBJIUSTIO BpallleHre 3Be3/ibl, a B KAKOM —
IUIOTHOCTb rasa B ee arMocdepe. PaKkTUUECKH 9TO eJUHCTBEHHbIH CII0-
cob “3MepeHusT CKOPOCTH BpallleHHsl 3Be3/ibl, IOTOMY UTO 3Be3[ B BH[e
IIapUKOB MBI He BU/IUM, BCE OHU /711 HAC — TOYKHU.

[IBI>keHMe 3Be3fibl B IPOCTPAHCTBE TOXKe BJIMSAET Ha CIEeKTp W3-3a
addekra [omepa. Ecu Be 3Be3/1bl ABHKYTCSA BOKPYT APYT Apyra, 0ba
VX CIeKTpa CMeLIMBaIOTCS U XOAAT OJUH Ha (OHe [PYroro, T. €. Iepro-
AWUecKoe CMelleHVe JIMHUM Tyfa-CIofa — IPU3HAaK OpOUTaIBHOIO /IBU-
JKeHHUs 3Be3l.

A 4YTO MBI MOXKeM TONMYYUTb U3 CEPUH MEHAIOLUXCA BO BPEMEHU
criekTpoB? Mbl M3MepsieM CKOpOCTb (0 aMIUIUTYAe CMelleHus), opou-
Ta/bHBIM Tepuof, a o 3TUM [BYM IlapameTpaw, I10Jb3ysChb TPeTbUM 3a-
koHoM Kemuiepa, paccuuTbiBaeM CyMMapHyIO0 Maccy 3Be3f. MHorma mo
KOCBEHHBIM IPM3HaKaM y[AeTcs pas3[e/luTb 3Ty MacCy MeXAy KOMIIO-
HEHTaMH [BOWHON cHcTeMbl. B GO/MBLIIMHCTBE C/yyaeB 3TO eJUHCTBEH-
HBIi c110co6 M3MepUTh Maccy 3Be3[,

Kcraty, nuanason Macc 3Be3[;, KOTOpble U3y4eHbl Ha CerOAHSIIHUN
[leHb, He OYeHb BEJIMK: pasHHI[A COCTaB/seT HeMHOruMm Oosbiue 3 T10-
psAKoB BennuuHbl. HaumeHee maccuBHble 3Be3fibl — nopsigka 0,1 mac-
cbl CosHIIa: MeHbIIAA Macca He I03BO/ISeT OTeHIMaNIbHOM 3Be3/e 3aIy-
CTUTb TepMosifiepHble peakiuu. Hanbonee MaccuBHBIE 3Be3/ibl, KOTOpbIE
MBI He/IaBHO 0OHapY)XU/IH, UMeIOT Maccy B 150 cONHeYHbIX. DTO YHUKYMBI,
TaKHX U3BECTHO IOKa TOJIbKO /IBE U3 HECKOIBKUX MUTITUAPAOB.
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Puc.11.10. Mopenb ConHua 1 nnaHet, AeMOHCTpUpYHoLLas COOTHOLLEHWE UX Pa3MepOB.

Habmonas pesikue IBONHBIE CHCTEMBI, B OPOUTAIBHOM II/IOCKOCTH KO-
TOPBIX MbI HAXOAMUMCSI, MBI TOYKE MOKEM MHOTOE Y3HAaTh O Mape 3Be3/, UC-
TI071b3y#l TOJIbKO HAO/II0aTe/IbHbIe XapAKTEPUCTUKH, T. €. TO, YTO MOYKEM
HEMOCPEe/ICTBEHHO YBUETh, @ HE PACCUMTATh HAa OCHOBE KAKUX-TO 3aKO-
HOB. [10CKOJIbKY MBI HE Pas/iM4yaeM MX MOOAUHOYKE, Mbl BUJUM MIPOCTO
MCTOYHUK CBeTa, 6/IeCK KOTOPOrO BPEMS OT BPEMEHHU MEHSIETCSL: TIPOUCXO-
IAT 3aTMEHHs, II0Ka OJHa 3Be3/la IPOXoauT Ha ¢oHe apyroit (puc. 11.11).
Bonee riny6Gokoe 3aTMeHMe O3HAUAET, UTO XOJIO/HAs 3Be3/la 3aKpblIa CO-
6oit ropsiuyio, a MeHee ry60Koe — HA0BOPOT, ropsiuast 3aKpbuia coboit

Puc. 11.11. MNepuopu-
YyecKoe U3MeHeHue
6necka 3se3abl —
npuU3HaK 3aTMeHui

B [IBOWHOW cUCTEME.

a
=
Q
(=}
I
o0
=
o
I
(7]
=
T
=

286 11. 3Be34HbI CBET



R136al
100 M¢

® » lony6oit kKapnuk
KpacHbilii kapauk HenTbiii kapauk 10 Mg
0,1 Mg 1 Mo

Puc. 11.12. Ectb 3Be3abl HAMHOTO MeHbLUE U HaMHoro KpynHee ConHua.

XOJIOAHYIO (3aKpBIThIE IUIOLAM OJMHAKOBbI, 103TOMY IyOMHA 3aTMe-
HUS 3aBUCHUT TOJIBKO OT UX TeMrepaTypbl). [loMrMO opOUTaIbHOTO Ie-
pHozia MBI U3MepseM CBeTUMOCTD 3Be3/l, U3 KOTOPOH ONpe/enseM UxX OT-
HOCHUTe/IbHYIO TeMIepaTtypy, a 10 AJUTeJIbHOCTH 3aTMeHUs] pacCUMThIBa-
eM pasmep.

Pasmep 3Be3f, kak Mbl 3HaeM, orpoMeH. [1o cpaBHeHHIO ¢ laHeTaMu
OHH ripocTo ruranTckue. ConHue — Hauboee TUIMYHAS 10 pa3Mepy 3Be-
3[1a, HApaBHe C TaKMMU [JaBHO U3BeCTHbIMHY, Kak Anbda Kenraspa u Cu-
puyc. EcTb 3Be3[pl 3aMeTHO MeHblIle UX, OfHA U3 CaMbIX MeKUX (1 0f-

Anbgebapan

Anbpebapau Anrapec

Purens

Puc. 11.13. OTHocuTenbHbIi pasmep 6nmxaiiunx 3sesa v lOnutepa.
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Coseesgue Opuon

Puc. 11.14. Pasmep 3Be3pbl betenbreiise B cpaBHeHun ¢ anametpamm op6utsl 3emnu
u lOnutepa. doto kocMuyeckoro Teneckona «Xa66:».

HOBpPEMEHHO OfiHa M3 caMbIX OM3KMX K Ham) — [IpokcuMa, OHa 4YyTh
6onbire OnuTepa. A ecTb 3B€3/1bl HAMHOTO KPYIIHEe, IPUYEM Ha HEKOTO-
PBIX CTausX 3BOJIOLMN OHU pa3AyBaloOTCs 0 HEBEPOSITHBbIX Pa3MepoB
Y CTAHOBSTCS 3aMeTHO Oosibllie BCel Hallell IJIaHeTHOU cucTeMsbl. B 1ie-
JIOM pa3Mepsl 3Be3f (B OTVIMUMe OT UX Macc) YKIaJbIBalOTCsl B OTPOMHBIH
JMarna3oH — 7 MOPSIKOB BeJIMUMHBL

[lo>kanyli, efMHCTBEHHAs 3Be3fad, AUaMeTp KOTOPOM Mbl M3Mepuiu
Hanpsmyio (6rarofapst TOMy, YTO OHA HEZIa/lIeKo OT HAC), — 3TO CBEPXTH-
ranT Berenbreiize B co3Be3auu OpHOH: Ha CHUMKax Teseckomna «Xab6:m»
OHa — He TOYKa, a KpyXoK (puc. 11.14). Ecu 3Ty 3Be3ay mocTaBUTh Ha
MecTo ComHIIa, OHa «CheCT» He TOJIbKO 3eMiiio, Ho U lOnuTep, momHOoCThIO
HAaKpOEeT ero opouTy.

Ho uTo MbI BOOOIIE Ha3biBaeM pa3MepoM 3Be3zbl? Mexay KakuMu
TOUKaMU Mbl ee u3MepsieM? Ha onTHYecKUX CHUMKax 3Be3fja YeTKO Or-
paHMueHa B IIPOCTPAHCTBe, U Ka’KeTCs, YTO BOKPYI HUUETro HeT. 3HAuuT,
choTtorpadupoBanu berenbreiize B BUAMMOM CBeTe, INPWIOKWIN JIHU-
HelKy K u3o0pakeHnio — u rotoBo? Ho 3To, okasbiBaeTcs, elre He BCE.
B nmanpHem uHppakpacHOM quana3oHe usnydenus (puc. 11.15) BugHo,
4TO arMocdepa 3Be3/ibl TSHETCsI TOpaszio Aasblile, UCIycKaeT u3 cebst 1o-
Tokd. Hamo monarats, 310 U ecTh rpaHuua 3Be3apl? Ho nepexoaum B Mu-
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Mbinessie obonouku

Puc. 11.15. 3Be3pa betenbreiie BbIrsauT uMetoLLeli pasHble pa3mepbl 1 popmy, ecnu ¢po-

TorpadupoBatb ee B ONTUYECKOM, AdnbHEM UHPPAKPACHOM U MUKPOBO/IHOBOM AManaso-

Hax. Ha npaBom cCHUMKe LieHTp 3Be3/bl 3aKPbIT YEPHBIM KPY)KKOM, BHYTPU KOTOPOTO B TOM
e macwrabe nomeLeHo npeabifyLiee n3obpaxeHme.

KPOBOJIHOBBIM Ialla3oH — M BUJAUM, 4TO aTMocdepa 3Be3/ibl IPOTIHY-
71aCh TIOYTH HA TBICSYY aCTPOHOMMYECKUX e[IMHMUII, OHa B HECKOJIbKO Pa3
KpynHee Bceii Hamel COTHEeUHOH CUCTEMBL.

3Be3na B obuieM ciayuae — 3TO ra3oBoe 00pa3oBaHHe, KOTOpPOe He
3aMKHYTO B JKECTKHMX CTEHKax (B KOCMOCe UX HeT) U II03TOMY He MMeeT
rpanut. GopmanbHo mobas 3Be3na npoctupaercs 6eckoHeyHO (TouHee,
IIOKa He JJOCTUTHeT COCelHeH 3Be3/ibl), IHTEHCUBHO HCIyCKas ra3, KOTo-
pblii Ha3BIBAIOT 36€30HbIM 6empoM (110 aHAJIOTHH C COJTHEYHBIM BETPOM).
[TosTomy, roBOpst 0 pa3Mepe 3Be3/ibl, BCersa HY>KHO YTOUHATb, B KAKOM
[varna3oHe W3/yueHHs Mbl ero ompesesseM, Toraa Oyaer 6oee MOHAT-
HO, O YeM peub.

Pasmepbl 1 Macchbl 3Be3[,

Juametp Comuua — 1392000 kM, uto B 109 pas Gosnbiue auameTpa
3emnu u npuMepHo B 10 pas — auamerpa lOnutepa. Kak BuanM, Haia
3Be3/la HaMHOT0 KpyIHee BXOZSIMX B ee cucTeMy nnaHeT. Macca ComnHia
(M,) coctaBnsiet okono 2-10% kr: oHo maccuBHee 3emuut B 333 000 pa3 u
IOnurepa — B 1000 pa3s. Pasmep 1 mMaccy gpyrux 38e37 0ObIYHO BbIparka-
IOT B eIMHNLIAX pa3Mepa 1 Macchl COTHIIA — I0BOIbHO TUIIMYHOH 3Be3/BL.

Camble MaccuBHBIE Cpefy M3BECTHBIX 3Be3z mpuMmepHo B 150 pas
MaccuBHee CosHLIA. A BOT yKa3aTbh MUHUMa/bHYIO Maccy 3Be3/ibl He Tak
MIPOCTO: [/IS1 3TOTO HY)KHO PelINThb, KaK MIMEHHO IIPOBECTH TPaHULly MexX-
[y 3Be3flaMu U IiaHeTaMmu. M3 TeopeTnyeckyx pacyeToB M3BECTHO, UTO
Macca 3Be3fipl, cBeTsuleiics, nogo6Ho ConHIly, 3a CUeT TepMOsiepPHBIX
peaxuuit, He MoxeT ObiTh MeHbiue 0,07 M,. CrefoBatenbHO, camble Mac-
cuBHble 3Be3/bl Bcero B 1500 pa3 «Tspkenee» caMblX MajOMacCHBHBIX.
YAUBUTENbHO, YTO CBETUMOCTU 3Be37 NIPU 3TOM DPas3/lINyaloTCs MOYTH B
TPWIIHUOH pas!
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Pasmeps! 3Be3[ pa3nuyaloTCs He Tak CHJIBHO, HO TOXKe 3HauWTellb-
HO — IMOYTH B MWUIMApZ pa3 (ecyy MPUHMUMATh B pacueT HEMTPOHHBIE
3Be3zipl). [Ipu 3TOM camble Gorblive 3Be3[pl — He 00s13aTeIbHO CaMble
MaccuBHble. V3BecTHbI 3Be3/ibl, KOTOpble Gorbie Hairero CosHIA MO
muametpy npuMepHo B 1500 pa3s, mpu 3TOM HEKOTOpBIE M3 HUX HE OT-
nuuaroTes cymecTBeHHO oT CosHIa Mo Macce, a 3HaUMT, UMEIOT Cpefl-
HIOIO IUVIOTHOCTb B MWIJIMOHBI pa3 MeHblile, yeM ConHiie. Y aTo mpu ToM,
4TO cpefHsis wioTHOCTh ConHI[A He 0COOEHHO BIeyat/seT: OHa paBHA
1,4 /M3 nuiIb HEMHOIMM 60JIblle TVIOTHOCTH BOJIBL

Camble Ma/ieHbKIE B MUpe 3Be3[] — Oesble Kap/IvKU U HeHTPOHHbBIE
3Be3/ibl. besble Kap/IuKy CpaBHUMBI 110 pasMepy ¢ 3eMriell, HO Ipy 3TOM
MX Macchl OIM3KM K COMHEYHOi. [109TOMy CpefHss IJIOTHOCTD BeIIecT-
Ba 6esIoro Kap/vka IpeBbIlIaeT COJTHEUHYIO B IECATKU MUJUIMOHOB pas.
HeiiTpoHHbIe 3Be3/1bl B HECKOJIBKO pa3 MaccrBHee OesbIX Kap/IuKOB U Ha-
MHOTO MEHbIIIe UX — BCEro HeCKO/JIbKO KWIOMETPOB B JUaMeTpe, a 3Ha-
YWT, OHU ellle B MWUTHOH pa3 tioTHee (~10' 1/m%). BTo camble mIoTHBIE
TeJa, U3BECTHbIe UeI0BEKY.

Tounble naHHBIE O Maccax, paAlycax U CBeTUMOCTH 3Be3[] — 3TO PyH-
JaMeHT, Ha KOTOpOM IIOKOWUTCSI TeOpHUsl CTPOEHMS U 3BOJIOLUU 3Be3f.
K coxxaneHuto, aCTpOHOMBI HE MOT'YT [TOXBACTaTbCsl BEICOKOM TOYHOCTBIO
oIpefiesIeHHs] 9TUX IapaMeTpoB. [l BbIUMC/IEHNS KaK[Oro U3 HUX He-
00X0IMMO 3HATh PACCTOSIHUE 10 3BE3/Ibl, & U3MEPHUTH €r0 C BBICOKOM TOU-
HOCTbIO y/IaeTCst JIUIIb /15 Omvokaiiimx K ComHIy 3Be3[, Cpefid KOTOPBIX
1peo6/1a/1al0T MaJIOMAaCCHUBHbIE Kap/IMKK U ITOYTH HET TUTaHTOB U 3Be3[
6onpioit Maccsl. Kpome aToro, ompeznenute Maccy 3Be3[sl BO3MOXKHO
JIMIIb B TOM C/y4yae, ecii OHa SIBJISeTCs WIeHOM JBOMHON UM KpaTHOMN
CHCTEMBI, UTO €llle CUJIbHee CyXKaeT KPyr NPUrOAHBbIX [J1 U3MepeHUs
o6wextoB. Ho ere TpyaHee usmeputb pa3mep 38e3zbl. Caenatb 3To yaa-
eTCsl, eC/Id B IBOMHOM cucTeMe 3Be3/ibl 3aTMeBaIOT JIPYT JIpyra, CKaHUPys
CBOMM /[IMCKOM OKa3aBILerocs 3a HUM COCe[a, HO MpPX 3TOM B3aUMHas
61130CTh 3Be3/] MOXKET CYILeCTBEHHO MCKAa3UTh UX BOJIIOLMIO.

FapBappcKas KnaccupuKauus CneKTpos

Hacrosmiye criekTpsl 3Be3si, HBCOMHEHHO, OYeHb CI0KHbL. OHM COB-
CeM He TIOXO)KU Ha CIIEKTPBI OT/e/bHbIX XUMUYECKUX 3JIEMEHTOB, KOTO-
pble Mbl TIPUBBIK/IM BU/ETh B CIIPaBOYHMKaX. Hanpumep, naxe B y3KoM
ONTHYECKOM [ialia30He COTHEUHOTO CIIEKTpa — OT GUOIEeTOBOM 006/1aCTH
[0 KpaCHOH, — KOTOPBI HALll I71a3 KaK pa3 U BUAUT, IMHUNA OY€Hb MHO-
ro (puc. 11.16), u pazobparbcsi B HUX COBCEM He MPOCTO. Y3HATh Aake Ha
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Puc.11.16. B onHOM TONbKO ONTUYECKOM ANANa3oHe CNEKTPa COTHEYHOTO CBETa CoAepiKar-
€Al IeCATKU ThICAY NIMHUIA, MO KOTOPbIM MOXHO paclundpoBaTb 3NEMEHTHbIN COCTaB CON-
HeyHoii aTmocdepbl.

OCHOBE [I€Ta/IbHOTO, BBICOKO/IMCIIEPCHOTO CIIEKTPA, KAKHUEe XMMHUECKUE
3/IEMEHTBI ¥ B KAKOM KOJIMYECTBE [IPUCYTCTBYIOT B aTMOC(epe 3Be3[bl, —
Gorpiuast Ipobiema, KOTOPYIO aCTPOHOMBI HE MOTYT PEIIHTh 0 KOHI[.
717151 HA CIIEKTP, MbI CPa3y YBUANM BbIAEIAOLINECs OaTbMEPOBCKIe
nunnu Bogopoaa (Ho, HB, Hy, H8) u ouenb MHoro nuuwmii xene3a. MHor-
2 TIOTaIAl0TCs reni, Kanblyit. JIOTMyHO c/ie/1aTh BBIBOJ, UTO 3Be3/a CO-
CTOUT B OCHOBHOM U3 xene3a (Fe) u oruactu u3 Bogopona (H). B Haua-
ne XX B. ObUIa OTKPBITA PAJHOAKTUBHOCTb, U KOTZIA JIFOAU 3ayMaJIiCh 00
HCTOYHUKAX JHEPTUH 3BE3J1, OHU BCIIOMHUJIY, UTO B criekTpe CosHLIa MHO-
O IMHUI MeTasIIOB, U PETIOI0MU/IN, YTO paca/ ypaHa uiu pagus rpe-
eT BHyTpeHHocTH Hautero Conuna. OfHaKO 0Ka3aa0Ch, YTO ITO He TaK.
IlepBas knaccuduKkaiys 3Be3[HBIX CIIEKTPOB Obuia co3gaHa B [ap-
Bapyckoii o6ceparopun (CLLIA) pykamMy PUMEPHO [JFOKMHBI JKEHIIHH.
KcraTy, moyemy MMeHHO JKEHIMH — BOIpoc uHTepecHblid. O6paboTka
CIIEKTPOB — 3TO OYeHb TOHKAs W KPOMOT/IKMBasi paboTa, //Ist BBIIOJIHE-
HUsL KOTOPO# aupekTopy obcepsatopuu D. [TukepuHry Ha0 OBUIO B3STh
MOMOIHUKOB. JKeHCKUit TPy B HayKe TOr/a He OYeHb MPUBETCTBOBAJ-
€S U OIUTAUMBAJICS HAMHOTO XYK€ MYKCKOTO: Ha Te [IeHbI'U, KOTOpbIe ObI-
Yy 9TO# HebOobIIoi 06cepBaTOpPUH, MOXKHO OBIIO HAHAThH TUOO IBYX
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Hs Cepust banbmepa

(BuanMbIi Ananason) Cepus Cepus
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Cepus bpaketa

Cepus banbmepa

n=3
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n=>5
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Cepua MNoynpa (MK)

n=6 Cepusa JlaiimaHa
13,20 3B

Puc. 11.17. Cxema 3neKTPOHHbIX JHEPreTUYeCKuUX ypoBHeii aToma Bof0pofa
1 Nepexof 0B MeXAY HUMM.

MY>KUHH, MO0 [JH0KMHY JKeHIMH. Y Tora BriepBbie B aCTPOHOMUIO ObLIO
MPU3BaHO GOMIBIIOE KOMYECTBO JKEHIIMH, KOTOpble ChOPMHUPOBAU TaK
HasblBaeMblil «rapeM [lukepuHra». Co3naHHass MU CIeKTpaibHas Kiac-
cudukanys Obuia MepBbIM BKIAZIOM B HAyKy JKEHCKOTO KOJIIEKTUBA, KO-
TOpBIN OKasascs ropasno Oosee 3bGEKTUBHBIM, YEM 0XKUIATOCH.

B T0 Bpem4 moiu BooOIIe He PeICTaB/ISIH, HAa OCHOBE KaKuX (HU3H-
YeCKUX SIBJIeHUH (POPMUPYETCS CIeKTp, ero nNpocTo $GoTorpadpupoBai.
[IpITasicb MOCTPOUTDL KiIaccUUKALMIO, aCTPOHOMBI PacCy’XAaau Tak: B
criekTpe y11000#i 3Be3/bl €CTh JIMHKK BOAOPO/A, [0 YOBIBAHMIO MX UHTEH-
CUBHOCTU MOKHO YIIOPSIZIOYUTD BCE CIIEKTPBI U CIPYIIIUPOBaTh Ux. ['pym-
bl CIIEKTPOB 0003HAUWIIU JIATUHCKAMU OYKBaMu 10 andaBUTYy: C CaMbl-
MU CWJIbHBIMU JIMHUSIMH — Kiacc A, cabee — kimace B u T. 1.

Bpogme 6b1 Bce ObIIO cieiaHo MpaBuIbHO. Ho uepes HecKombKo et
poauack KBAHTOBAasl MEXaHWKa, U MbI ITOHSJTH, UTO BOBCE He 00s3aTesTb-
HO, 4TOOBI OOU/IBHBIN 3/1EMEHT ObUT IIPE/ICTAB/IEH B CIIEKTPE MOIIHBIMU
JIMHUSMHY, & DK 97IEMeHT HUKaK ce0s He MPosaBsL. MHOroe 3aBUCUT
OT TeMIIepaTypsl.

[laBaiiTe MOCMOTPUM Ha CIEKTP MOITIOMIeHUsI aTOMapHOTO BOLOPOAA:
B ONTUYECKUI Mana3oH MOMajaioT JIMHUK TOJbKO GasbMepOBCKOM ce-
pun. Ho Kak 3T¥ KBaHTHI OrIonaroTcs? [Ipu nepexoaax TOMBKO CO BTO-
poro ypoBHs1 BBepx. Ho B HOpMasibHOM (XO/I0ZIHOM) COCTOSIHUM BCE 3JIeK-
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Puc. 11.18. [ing kaxpaoit cneKTpanbHoil IMHUM CYLLECTBYET TeMneparypa,
Nnpy KOTOPOIi OHAa UMEET HanboNbLLYH MHTEHCUBHOCTb.

TPOHBI «CU/SIT» Ha TIepPBOM YPOBHE, @ Ha BTOPOM ITOYTH HUYEro HeT. 3Ha-
YUT, HAM HaJl0 HarpeTb BOJOPO/, YTOObI KaKas-TO HOJIst 37eKTPOHOB 3a-
IPBITHY/IA HA BTOPOH YpOBeHb (II0TOM OHM CHOBA BEPHYTCS BHU3, HO IIe-
pen 3TUM Kakoe-TO BpeMs TaM IIPOBeAyT) — U TOIZa NpOJIeTaroIyi om-
TUYECKUH KBAHT MOXKET ObITb IIOIVIOIIEH 3JIEKTPOHOM CO BTOPOTO YpPOB-
H$l, 9TO IIPOSIBUTCS B BUJVMOM CIIEKTpe.

Wtak, xomopHbil Bogopoy He OyzieT BbiaaBaTh GasbMEpPOBCKYIO ce-
puIo, a Terblit — GyAeT. A ec/v Mbl ellje CUIbHee HarpeeM Bogopoz? Tor-
[la MHOTO 3/IEKTPOHOB «3allpbITHET» Ha TPEeTHUil 1 Oojiee BBICOKKE YpPOB-
HH, a BTOPO# ypoBeHb cHOBa obeaHeeT. OueHb rOpsYMil BOZOPOJ, TOXeE
He JIaCT CIeKTPasbHbIX JIMHUI, KOTOpble MOXKHO YBH/IETh B ONTHUYECKOM
JuarazoHe. Eciii MpONTHCh OT XOMOAHBIX 3Be3[ K CaMbIM TOPSTYMM, TO
MbI YBUINM, YTO JIMHUM JIFOOOTO 3/1EMEHTa MOTYT ObITh J0CTATOYHO XO-
pOLLIO TIpecTaB/IeHbl B CIIEKTPe JIMIIb B Y3KOM /IMana3oHe TeMIIeparyp.

Korza actpodursnky 9T0 MOHSIM, UM IPHULIOCH I1€PECTaBUTDb CIeK-
TpasIbHbIe K/IacChl B IIOPSI/IKE POCTA TEMIIEPATypPbl: OT XOJIOJHBIX 3BE3JL K
ropsiyMM. Jta Knaccudukalys Mo TpaguLiuy TOXKe Ha3blBaeTCs rapBapz-
CKOH, HO OHA y)Ke ecTeCTBeHHas], ¢pusndeckas. Y 3Be3f CIeKTpaJbHOIo
k1acca A temneparypa nosepxHoctu okosno 10000 K, Bogopoauble 1u-
HHUM MaKCHMaJIbHO SIDKUE, & C pOCTOM TeMIlepaTypbl OHM HauMHAIOT HUC-
ye3arh, MOTOMY UTO aTOM BOJOpo/a pu Temneparype 6osbiire 20 000 K
MOHH3YyeTCs. AHAJIOTUYHO OOCTOUT [0 C APYTUMU XUMHUUECKUMH 3Jie-
MeHTamu. Kcrary, B cnektpax 3Be3q xonopHee 4000 K npucyrcTByioT He
TOJIBKO JIMHWUU OTJEJbHBIX XMMHUYEeCKHX 37IeMEHTOB, HO ¥ I0JI0ChI, COOT-
BETCTBYIOIIME YCTOMYMBBIM IIPY TAKUX TEMIIepATypax MOJIEKY/IaM CI0XK-
HBIX BellecTB (HarnpuMep, OKCU/IOB TUTAHA U JKere3a).
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CroexTpasnbHbIe KJIacchl 3Be3

Turer
o
Cexku

[lepBoHavasbHbIE TapBap/CKUeE CIIEKTPaIbHBIE KJIACChI
(karasor um. ['enpu [lpamepa)

I A | CunbHble U IMPOKYe JIMHUM BOJOPO/a

=]

HO,E[O6€H Knaccy Ay IJTIOC «OPMOHOBbBI JIMHUW», 3daMEUYEHHBIE Y 3BE€3]]
B OpI/IOHe U T103Ke OTOXXIOECTBJIEHHbIE C HeI‘;ITpa/'IbeIM reavemM

CnBoeHHble TMHUY BOJOPOAA

CHeKTp C SMHUCCHUOHHBIMU JTMHUAMU

@paynrodeposs! muHuu H u K, a taxoxe nuaus HB

[Tomo6en kinaccy E, HO BUAHBI Bce TMHUK BOJOPOA

[Monoben knaccy F, HO ¢ JOMIOHUTETBHBIMHI JIMHUSMA

I[Monoben knaccy F, HO ¢ MOHMKEHMEM SIPKOCTH B Tony6oit 061acTu

HOI[O6€H Kiaccy H, HO C JOIIO/THUTE/IbHBIMU JIMHUAMU

CriexTp € MOJIEKY/ISIPHBIMU MOJIOCAMH

Ocobsie hopmbl U Bapuarnuu kiacca K

11 Tun Il mo Cexxkn

Tun IV o Cexkku

[Tuke- B 0CHOBHOM MU CCHOHHBIE JIMHUU

PUHT

[InanerapHas TyMaHHOCTb

Olw oz 2| R~ -mEIoO

Bce ocranbhele (B 1922 1. onpesiesieHbl KaK CIIEKTPbI HOBBIX)

[lonyuuBiytocss mpu yHoOpsiI0MMBaHUM K/IacCoOB II0 TeMIleparype
nioceoBarenbHOCT OykB OBAFGKM cryneHTam-acTpoHOMaM [JOBOJIb-
HO TIPOCTO 3allOMHUTb, TeM 0OJIee YTO MPUYMaHbl BCSIKKE MHEMOHHYE-
ckue rnoroBopku. Camas uzBectHas Ha aHrmuiickoMm — «Oh, Be A Fine Girl,
Kiss Me!» [lnana3on TemnepaTyp NOBEPXHOCTU TaKOB: Y CaMbIX TOPSYNX
3Be3/l — AECSTKHU ThICAY IPAJyCOB, Y CaMbIX XOJIOAHBIX — JiBe C HEOOIb-
mum Thicsun (puc. 11.19). [Ing 6onee TOHKON KaacCHbUKAIAN KaXKIblit
KJ1acC pasjeiv Ha [JecsTh IIOJK/IACCOB U K KaXA0i OyKBe cripaBa MpH-
nucanu ogay uudpy ot 0 go 11.

3ameuy, UTO ONTUUECKUE CIEeKTPbl GOTOrpapupyIoT B LiBeTe TOJIbKO
IJIST KPacoThl, & [/1s1 HAYUHbIX UCC/IeA0BaHUI 3TO GECCMBICTIEHHO, TI03TO-
My 0OBIUHO [Ie/1al0T YepHO-6esble H306pakeHu L.

Peziko, HO ObIBaeT, UTO 3Be3/(bl JEMOHCTPUPYIOT JIMHUY He MOIIOLIe-
HUA (TeMHBIe Ha SIpKOM (OHE), a u3n1ydeHus (SpKue Ha TeMHOM (oOHe).
Vx npoucxoxjeHue y>ke He Tak JIerKO IOHSTb, XOTSI 3TO TOXe J0BOJIb-
HO 97IeMeHTapHO. B Havase yieKuuy Mbl BHJE/H, YTO paspeskeHHoe 00-
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bawwnui ynempaguonem ﬂnuua BOMHbI, MKM bauxnuii MK-duanazon

Puc. 11.19. Tunnunble cneKTpbl 38€37, psAa CNeKTpanbHbIX NOAKNACCOB, XapaKTepu-
3YHOLLMXCA TeMMNepaTypoil NOBEPXHOCTY.

JIQYKO ropsIdyero rasa jaeT HaM JMHUM uanydeHus. Korga Mbl cMOTpUM
Ha 3Be37ly C JIMHUSIMU H3JTyUeHHUs B CIIeKTpe, Mbl IIOHKMaeM, 4TO UCTOY-
HHUKOM 3THX JIMHUH CITY>)KUT pa3pesKeHHbIH, [10/TyIIpO3pavyHblil ras, Haxo-
Jsmuiics Ha nepudepuu 38e3/pl, B ee aTMocdepe. To ecTb 3TO 3Be3/pbl C
MIPOTSDKEHHOM ropsiueii aTMocdepoi, KoTopasi mpo3payHa B KOHTHHYY-
Me (B IIPOMEXYTKAX Mexay J'II/IHI/IHMI/I), d 3HAYUT, [IOUYTH HUYEro B HeM He
usnyuaet (3akoH Kupxroda). Ho oHa HerpospayHa B OTAe/bHBIX CIIEKT-
pasIbHBIX JIMHUSIX, & pa3 Hellpo3pavyHa B HUX, TO ¥ CUIPHO B HUX U3/Ty4aeT.

Ha ceromuamuuii neHp rapsapickas KnaccuUKauysl 3Be3[HBIX
CIIEKTPOB paciuvpeHa. B Hee nobOaBiieHbl HOBbIE K/1acChl, COOTBETCTBY-

100000 K 10000 K 1000 K

Hosbie bypbie

Kapnnkm
MnaxetapHbie  3Be3abl ™na 3Be3abl C 0COHEHHOCTAMM
TymaHHoct  Bonbdpa—Paiie XMMMYECKOro cocTasa

Puc. 11.20. Cxema lapBappackoii knaccudukauum 3sesp.
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2|°/o O,N,C... IOlIMe TOpSTYMM 3Be3[jaM C MPOTSLKeHHOH art-
Mocdepoii, saapaM IJIaHeTapHbIX TyMaHHO-
CTell ¥ HOBBIX 3Be3/[, a TAK)Ke HeJaBHO OTKPHI-
TBIM [JOBOJIbHO XOJIOJHBIM OOBEKTaM, 3aHU-
MaroIMM TPOMEKYTOUHOE I0JIOKEHUE MeX-
H Ay HOpMaIbHbIMU 3Be3[jJaMU U KpYyMHeHIIu-
MHU IIJIaHeTaMU; UX Ha3blBalOT «KOPUYHEBbIMU
Kap/uKaMu» UK «OypbIMHU KapIuKaMi» (aHIVL
brown dwarf).

EcTb eme OTBeTBIEHMSI OT HEKOTOPBIX
KJIaCCOB [i/151 3B€3[] C OPUTMHAIbHBIM XMMUUECKHUM COCTaBOM. JTO, KCTa-
TH, 3arazka /s Hac: 0 CHX IIOp HesICHO, I0ueMy y HeKOTOPbIX 3Be3[
BZPYT Hab/oziaeTcsl U30BITOK KaKOr0-TO PeKOro XUMUYECKOro 3/1eMeH-
Ta. Begb xvMuueckuii coctaB 3Be3HbIX atMocdep, HeCMOTPS Ha pa3Ho-
obpasue CrekTpoB, oueHb cxox: ConHIle U 1MofoOHbIE eMy 3Be3fbl Ha
98% 1o macce COCTOAT U3 MEePBbIX JBYX XUMUUECKUX 3/IeMEHTOB — BOZO-
poza U renus, a Bce OCTasbHble 3JIeMEHTHI [TPe/ICTaB/IeHbl JIMIIb ABYMS
OCTaBLIMMHUCS POLEHTaMHU MacChL

ComnHue — caMblil IpKUH [/1S HaC UCTOYHUK CBETa, €r0 CIeKTP MbI
MOXXeM PpacTSHyTb O4eHb CU/IbHO, Pa3/JIMUUTb B HEM MECATKU ThICAY
CIIEKTPasIbHBIX JMHUN M pacmudpoBaTh UX. Tak, YCTaHOBIEHO, YTO HA
ConHIle TIPUCYTCTBYIOT Bce 37eMeHThl Tabauipl MenaeneeBa. OqHako
OTKPOIO BaM CeKpeT: 10 CUX Nop npuMepHO 20 JIMHUI COMHEYHOrO CIIeK-
Tpa, OYeHb CIa0bIX, OCTAINCh HeUIeHTU(GUIMPOBAaHHBIMU. Tak uTo Aaxe
¢ ConHuem npobnema pacrno3HaBaHUs XMMHUECKOTO COCTaBa ellle He pe-
I1I1eHa /10 KOHLIA.

Pacripesienenue xumuyeckux anemMeHToB B atmocdepe Conuia obna-
IaeT pSZOM UHTEpEeCHBIX 3aKoHOMepHocTe# (puc. 11.22). CuutaeTcs, uTo
3TO TUIIMYHBIM COCTaB 3B€3HOr0 BerecTsa. M /st GomblIIMHCTBA 3B€3
3TO BepHO. HaunHas ¢ yriepoaa v 1o caMbIxX TsDKeBIX s/iep (1o KpakHeit
Mepe [0 ypaHa) UJeT AOBOJIbHO POBHBIH CIIaJ] pacIpOCTPaHEeHHOCTH 3Jie-
MEHTOB 10 Mepe yBeJNUeHUs X MOopsAKOBOro Homepa. OfHaKo Mexay
reJIieM M YIJIEPOZIOM MMEEeTCsl OueHb OOMBIION «IIpOBa/» — TaK MPOHUC-
XO[IUT TIOTOMY, YTO JIUTUIN 1 OEPUIUIHIL Jlerye BCeX yYacTBYIOT B TEPMOSI-
JepHBIX peaklUsIX, OHU akTUBHee Aake BoAopoja U renus. M kak ToIbko
TeMmriepaTypa MOJJHUMAEeTCs BbIllle MU/IMOHA IPaZyCOB, OHU OUYeHb Obl-
CTPO BBITOPAIOT.

Ho u BHYTpH 3TOr0 POBHOTO TPeH/a eCTb 0COOEHHOCTH. Bo-TepBbIX,
Pe3KO BbleNsSeTcs MUK Xene3a. B nmpupoze, B TOM 4ucie U B 3Be37ax,

He

74%

Puc. 11.21. Xumnueckuii
coctae ConHua no macce.
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Puc. 11.22. Pacnpenenexne xumuueckux anemeHTos B armocpepe Contua.

Kere3a, HUKe/s ¥ OMIM3KKUX K HUM 37IEMEHTOB 110 CPAaBHEHUIO C UX coce-
MU HeoObIYaiiHO MHOTO. [Ie/10 B TOM, 4TO JKe/1e30 — HEOObIYHbINA XUMU-
YeCKHUM 3/IEMEHT: 3TO CaMblii KOHEUHBI IPOAYKT TEPMOSJEPHbIX peak-
Ui, UAYIMX B PABHOBECHBIX YC/IOBUSIX, T. €. 6e3 BCAKUX B3PbIBOB. B Tep-
MOSI/IEPHBIX PEeaKLUsX 3Be3/bl CUHTE3UPYIOT U3 BOOpoja Bce Oonee U
Goree TsOKeNble 37IEMEHTBI, HO JJOXOJUT JeI0 [0 JKele3a — U BCE ocTa-
HaB/MBaeTcs. [lanblie, ecii Mbl IOMBITAEMCS CAE/IaTb YTO-TO HOBOE U3
)Kesle3a B TEPMOSIIEPHOM peakiyy, 100aB/sist K HeMy HEUTPOHBbI, IPOTO-
HbI, IPYTHeE spa, TO HUKAKOTO BbIe/IeH s Teria He Oy/IeT: Korga KocTep
ZoropeJ, U3 307Ibl YK€ HUUero He monyduiib. HaobGopor, s ocyiect-
BJIEHHsI PeaKLH IPULUIOCh Obl OBOJUTb SHEPTHIO M3BHE, a cama I10
cebe HUKaKasl peaklys C yKele30M B 00BIUHBIX YCIOBUSAX He moiifer. [To-
3TOMY >KeJie3a B [IPUPOJie HAKOIIMIOCh MHOTO.

Jlpyroii Ba)KHbIi MOMEHT, Ha KOTOPbIN CTOMT 0OpAaTUTh BHUMAaHUeE:
JIMHUS, COeUHSAMIIAA Ha rpadyKe TOYKH, UMEET MUI000pa3HbId BH,
Tak mosmyyaeTcss MOTOMY, YTO siipa C UETHBIM KOJIMYECTBOM HYK/IOHOB
(IpOTOHOB 1 HENTPOHOB) ropaszfo Gosee CTAOUIBHBL, YEM C HEUETHBIM.
[TockonbKy cTabUIBHBIE Spa JIerye CO3/aTh, UeM Pa3pYLIUTh, ITUX sep
II0 CPaBHEHHIO C COCEHUMMU 37IeMeHTaMu HapabaTbiBaeTcs Beerzia 60sib-
LIe Ha LeJIbIA IOPAJAO0K, & TO U Ha MOJITopa.

B ommnune or CosHIlg, B cOCTaBe 3€MHOTO IIapa U 3eMJIEITO00HbIX
IIJIaHeT COLEPKUTCA OYeHb Majo BOAOPOJA U resvs, HO HauMHad C yIje-
poJia «3Be3/{HOe» paclpe/e/leHne XUMUYEeCKUX 3JIEMEHTOB XapaKTepHO
U Ans HUX. [loaToMy y Kax/0i I1aHeThl, He TOJIbKO Y 3eM/IH, eCTb KpyIl-
HOE >KeJIe3HOe A7PO.
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Puc. 11.23. 3se3pbl He-
OAHOPOAHLI, N BELLECTBO
B HUX MepemMelunBaeTcs
Mn10X0, NO3TOMY XUMUYe-
CKMii COCTaB MOBEpXHO-
CTW 3Be3[ibl HE OTpaXKaeTt
cocTaBa ee Hefp M 0Co-
6eHHo appa.

KoHBekums O
&

OQ

K coskanenuio, CrieKTpbl MOKa3blBalOT HaM COCTaB TOJbKO IIOBEPX-
HocTH 3Be3[. Habmiomas cBer 3Be3/bl, Mbl IIOUTH HUUYETO He MOXKEM CKa-
3aTb O TOM, UTO y Hee BHYTPHY, & BHYTPEHHSIs1 )KU3Hb 3Be37] Pa3HOW Mac-
cbl pasnuuaetcs. [lepeHoc sHepruu B 3Be3/e MOXKeT MPOUCXOAWUTL He-
CKOJIbKUMH CII0COOaMH, MPEUMYIECTBEHHO TyYEHCITyCKaHUeM U KOH-
Bekuueit (puc. 11.23). Hanpumep, y 3Be3n tuna ConHLA B LIeHTPaIbHOM
YacTy, IJe UAyT TepMosiepHble peakiiuy, SHepryio IepeHOCUT B OCHOB-
HOM M37Ty4YeHUe, U BellecTBO sipa He MepeMelINBaeTCs C BbILIesexa-

D 10Mo
0,1Mo

Puc. 11.24. Bugumbiit 6neck 3834 He OTpaXKaeT UCTUHHYHO MOLLHOCTb UX U3NY4EHUS, T. €.
CBETUMOCTD, a yYauie onpepensietcs paccrosHuem fo Hux. Ha ¢oto o Kentaspa. @oro:
Marco Lorenzi.
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Puc. 11.25. Cxema 3Bontouum 38e3p, pa3Hoit Macchbl.

mumu cnossMu. Ha nepudepuru nepemMeninBanue WeT, HO OHO He I0CTU-
raeT TeX BHYTPEHHUX oOacTeli, B KOTOPBIX MOCTEMEHHO MEHSIETCS XH-
MUYeCcKUl COCTaB 3a CUeT TePMOsJepHbIX peaknuil. [lostomy mpoayk-
TBl TEpPMOSIIEPHON peaklyy He BbIHOCSTCS Ha ITOBEPXHOCTb, [7ie LUPKY-
JUPYeT HUCXOAHOE BellecTBO, U3 KoToporo ComHIle KOTAA-TO POJIUIOCH.
Y 6osiee MacCUBHBIX 3Be3/] BHYTPHU HUZI€T KOHBEKTHBHOE TIepeMellBaHue,
HO JiaZibllle OHO He pachpoCTpaHseTcsl. «BplMpbIrHyTb» Ha MOBEPXHOCTD
3Be3/Ibl HapabOTaHHbIe XMMUUECKUE 3/IEMEHTBI TOXKE He MOTYT.
Hakonel1, MasomMaccrBHbIe — 3TO caMble «[IpaBUJIbHbIE» 3Be3/bl: KOH-
BeKLIYS y HUX — [7IaBHBIM MeXaHU3M IlepeHoca TeIula, BHYTPU HUX IPO-
HCXOJIUT TIOJTHOE IMepeMeIUBAHNe BeIecTBa. 3HAYNT, Ka3aaoch Obl, Ha
WX TIOBEPXHOCTD JIO/DKHO BCIUIBIBATH TO, YTO HapaboTamoch B IEHTPE B
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-30 - Puc. 11.26. [unanason suam-

~— -26,8 ConHue MbIX 3BE3[HbIX BEUYUH M NO-
=25 - NI0)XKEHUEe B HEM HEKOTOPbIX Ha-
6nropaemMbix 06bEKTOB.
=20
=15
~— —12,7 nonxas JlyHa
-10
] -5+ - =
E 4,4 Benepa (Makc.)
E ok — -1,5 Cupuyc (camas spkas 3Be3na)
=
[}
=
& 5k
¢ ~<— +6 camas Tycknas 3Be3fa, AOCTynHas
M HEBOOPY)XEHHOMY rnasy
10 |-
15
~— +18 camas Tycknas 3Be3sfa, AOCTYMHas
20 - rnasy, BOOPY)>XEHHOMY TeIeCKonom
25
~— +28 camblii TYCK/bI 06BEKT,
30 - AOCTYNHbI Teneckony ¢ M3C

TepMOsIiepHbIX peakuusx. OJHAKO B 3TUX MaJeHbKUX 3Be3[ax TepMosl-
JlepHble peakLyy UAYT OUeHb MeJJIeHHO, OHU OYeHb 9KOHOMHO PacXoAy-
10T CBOIO 9HEPTHUIO U MeJlJIEHHO 3BOJIIOLUOHUPYIOT. [[pomomkuTenbHOCTb
WX )KU3HU B COTHU U ThICSUM pa3 Gorblie, ueM y 3Be3z Trna ConmHIa, T. e.
TPWJIMOHBL 71eT. A 3a Te 14 Mipp JIeT, UTO NPOILIM C MOMEHTa pOXK[e-
HUs BceneHHOM, B MX cocTaBe NpaKTU4YeCcKU HUUero He M3MeHNU10chb. OHU
elle «M/a/ieHLbl», MHOTHEe U3 HUX ellle HeJo(pOPMUPOBAJINCh U He 3ally-
CTWU/IM HOPMaJIbHBIM TepMOsiepHbIH LKL

TakuM 06pa3oM, O TOM, YTO HAXOJUTCS BHYTPU 3B€3JI, KAKOM TaM XH-
MUYECKUN COCTAB BELeCTBa, Mbl HE 3HA€M JJ0 CUX I10P, HATYPHBIX JaHHBIX
y Hac HeT. To/IbKO MOfieTMPOBaHKe MOXKeT HaM YTO-TO 00 3TOM CKa3aTb.

Anarpamma NepuwinpyHra—Paccena

Buaumblii 6reck 3Be3[ U3MEpPSIOT B 00paTHOM jorapupMuvecKoi
IIKasie 3Be3JHbIX BeIMYMH, HO /i QU3UKA 9TO HeuHTepecHO. EMy Bax-
Ha TI0/IHasi MOIIHOCTb M3JIyuYeHUsl 3Be3/ibl, a ee Mbl He MO)XEM IIPOCTO
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Puc. 11.27. Tenpu Hoppuc Paccen (cnesa) u diinap lepuunpyHr.

Tak yrajgaTb mo ¢ororpapuu. Hanpumep, Anbda Kenraspa cpeau apy-
TUX 3Be3[] IMeeT NOTPSICAIOIyI0 IpKOCThb (cM. puc. 11.24), Ho 3TO BOBCe
He 3HAaYMUT, YTO OHA camasl MOIIHas1, HUYero Mol00HOro. DTO COBEPIIEHHO
ob6bruHas 3Be3za tuna CosHIA, MPOCTO C/yyallHO OHA OKasasach K HaM
HAMHOTO OJIF)Ke OCTa/IbHbIX U TI03TOMY, Kak (OHaph, 3a/IMBAET CBOUM
CBETOM OKDECTHbII Kycouek He(a; XOTs1 GOJBIIMHCTBO COCEJHUX C Hel
Ha 3ToM (OTO 3Be3] — ropaszo 6osee MOLHbIE HCTOUHUKY HU3/TyUeHHs],
OHU PACII0JIOXKeHbI Jasblie.

WTak, HaJO OLEHUTb MOLIHOCTb 3Be37Ibl KaK MOXKHO 0Oo/iee TOYHO.
[l7151 3TOrO MBI UCIOTB3yeM HOTOMETPUUYECKUI 3aKOH 00pATHBIX KBaJpa-
TOB: U3MePss BUJUMYIO IPKOCTb 3Be3/bl (IJIOTHOCTb CBETOBOTO IIOTOKA,
JOCTHUTAIOIIero 3eMJIM) ¥ pacCTOSIHUE JI0 Hee, BBIUMC/IsieM IIOJIHYIO MOLL-
HOCTb ee M3/Iy4eHHs B BaTTax. Terepb MOXHO IIPeJICTaBUTb OOLIyI0 (U-
3WMUECKYI0 KapTHHY, 1300pa3uB Bce 3Be3/bl Ha JBYMEpHOU AuarpaMmme,
Ha OCsX KOTOPOi OTKJIAJbIBAIOT /1B BbIBELEHHble U3 HabOMOJeHull Be-
JIMUMHBI — TEeMIepaTypy MOBEPXHOCTU 3B€3/bl U OTHOCUTE/IBHYIO MOLI-
HOCTb ee U3/1y4yeHus (aCTPOHOMBI, IPUHUMAs BO BHUMaHHe TOJIBKO OII-
TUYeCKUI JuanasoH, Ha3blBalOT 3Ty MOLIHOCTb CBETUMOCTBbIO U H3Me-
psoT B eguHHULax MomHoctd ConHua). B Hauane XX B. Takylo KapTHH-
Ky BIlepBble IIOCTPOMJIY [IBa aCTPOHOMaA: JaTuaHuH JiHap epummnpyHr
u amepukasel ['enpu Hoppuc Paccen, o umeHam KOTOpbIX OHa Ha3blBa-
ercs guarpammoit epimmpysra—Paccena.

Nuarpamma lepuwinpyHra—Paccena 301
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Puc. 11.28. inarpamma lepuwinpynra—Paccena v nonoxetue Ha Heit Hanbonee
M3BECTHbIX 3BE3[.

ConHue, 3Be3aa ¢ Temneparypoii okoso 6000 K u ¢ equHnuHOM MolI-
HOCTBIO, PaCIIo/IaraeTcs MOYTH MOCEPeVHE 3TOW AMarpaMMel. Bromb gu-
arma3oHa u3MeHeHust 060MX TapaMeTpPOB 3Be3/ibl pacipe/ieseHbl MPAKTH-
YeCKH HerpephIBHO, HO TI0 TIOCKOCTH UarpaMMbl OHU He pasbpocaHbl
KaK I0T1aJI0, & TPYIIIUPYIOTCS B KOMIIAKTHBIE 00/1aCTH.

Cerogns Ha auarpamMe [eprunpyHra—Paccena BblessioT HeCKOIb-
KO TUIUYHBIX TPYII, B KOTOPBIX CKOHLIEHTPUPOBAHbI HAaOJIOaeMble B
npupoge 3Be3ab! (puc. 11.28). Iogasnsiomiee 60abmuHCTBO 3Be31 (90%)
JIEKUT B Y3KOH II0JIOCe IO AWaroHald JAuarpaMmbl; 3Ty IPYINY Hasbl-
BalOT 2/1a8HOI hocnedosamenvHocmpio. OHA pacpoCTpaHSIEeTCs OT TY-
CKJIBIX XOJIO[HBIX 3B€3[I IO TOPSYMNX SPKO CBETSIIMXCS: OT MUJUIMOHHBIX
J0JIel 10 HEeCKOJIbKUX MUJIJTMOHOB COJTHEYHBIX CBETUMOCTe. [na dusu-
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Ka 3TO ecTeCTBEHHO: UeM ropsiuée IIOBEPXHOCTb, TeM CU/IbHee OHa W3-
JTy4aer.

[To obe CTOPOHBI OT I[TIABHOY I10C/IE0BaTe/IbHOCTH HAXOAATCA IPYII-
bl aHOMasIbHbIX 3Be3[l. HekoTopoe KomuuecTBO 3Be3[] C BBICOKOM TemIle-
patypoii obaaeT HeOOBIYHO HU3KOW CBETUMOCTBIO (B COTHH U THICSYH
pa3 MeHblIle COJTHEYHOI) M3-3a CBOEr0 MEJIKOTO pa3Mepa — Mbl Ha3bIBa-
eM X Oe/blMU KApIUKAMU, TaKhe OHU MO I(BeTY. [Ipyrie UCKIIOUNTeNb-
Hble 3Be3[Ibl, B IIPOTUBOIIOJIOKHOM YIJIy JUarpaMMbl, XapakTepU3yIOT-
cst 6osiee HU3KOU TEMIIEPaTypoii, HO OTPOMHOM CBETUMOCTBIO, — 3HAUMT,
OHU SIBHO UMEIOT OO/bIINN GUSUUECKUI pa3Mep: 3TO 2U2aHmbl.

B npouecce cBoeli 3BOMIOLMM 3Be3ja MOKeT MEHSTh [IOJI0KeHNe Ha
nuarpamme. 06 3TOM — B CrIeAyIOIet TeKIuH.

&



2 JBOJIIOUMSA 3BE3/]

WMYTO MaTepuanabHOE B HAllleM MUpe He BeUHO, U 3Be3/ibl He SIBJIFIOT-

cs uckaovyenueM. Kaxas 3Be3fia B TeueHue CBOEM JKU3HU IIPOXO-
QAT OTIpe/ie/ieHHble ATalbl Pa3BUTHS, a K CTAPOCTH 0COOEHHO CUTBHO Me-
HsIeT CBOM CBOMCTBa.

Takue pa3sHble 3Be34bl

B npomnoit nekuuu g pacckasblBaj, YTO IO CIIEKTPY 3Be3[bl Jier-
KO M3MepuTb ee BHeIHMe MapaMeTpbl: TeMIlepaTypy [IOBEPXHOCTH U
MOLIHOCTb u3nydeHus. M B nauane XX B. gBa acTpoHoMma, JiiHap lepu-
wnpyur u lenpu Hoppuc Paccern, Hanecu Bce 3Be3/ipl, 7151 KOTOPBIX Obl-
71 OTpefierieHbl ClIeKTpasIbHbIe K/Iacchl (2 3HAUMT, TeMIepaTypa MoBepx-
HOCTH) U MU3MepeHbl PACcCTOSIHUSA (a 3HAUWT, BBIYMC/IEHA MOLHOCTD U3/Ty-
4yeHWs, MHa4Ye Ha3blBaeMas CBeTHMOCTBIO 3Be3/ibl), Ha AuarpaMmy, oTpa-
JKAIOLIYIO 3TH [iBa KayecTBa. BbIACHUIOCH, UYTO OOJIBIIMHCTBO 3Be3[ pac-
MOJIOXKWJIOCh BAO/b JUArOHaIu AAArpaMMBbl: OT «XOJIOAHBIX» 3BE3[] HU3-
KO CBETUMOCTH JI0 TOPSIUMX 3B€3J1 BBICOKOW CBETUMOCTH. DTO 0OBSICHS-
€TCsI BIIOJIHE €CTECTBEHHO: UeM BbIIlIe TEMIIepaTypa 3Be3/Ibl, TeM 00JIbLie
[O/DKHA OBITh MOLHOCTb M3/Ty4YeHHUS C ee TI0BePXHOCTH. YIUBHIIO JPYTroe:
NIOMUMO 3Be3J, «HOpMa/IbHbIX», YKJIabIBAIOMIMXCS Ha IJIABHYIO IIOCTIe-
J0BaTeNbHOCTD, CYLIECTBYIOT 3Be3/bl XOJTO/Hble, KpaCHOBaTble, HO IpU
3TOM MOIIHO M3/TyYaroLiye (a 3HaunT, UMeoIye OObIIYIO I/IOLAb 110-
BEpPXHOCTH, T. €. OOJIbIIOI pa3Mmep), U 3Be3/bl ropsiuue, Oesble, HO U3/TY-
Yarolye Mano cBeTa (a 3HAYUT, MMelolue Manelil pa3mep). [lepsbie Ha-
3Ba/ld KPACHBIMU TMTAHTaMH, BTOpble — Oe/bIMU Kapukamu. Pasmepsl
3Be3/ ceMelicTBa I7IaBHOM 1OCIej0BaTe/IbHOCTH Pa3/INyaloTCs He OYeHb
CHJIBHO: OT CaMbIX KPYIHBIX U OYeHb ropsuux (crekrpanpHblil knacc O,
temiieparypa nosepxsoctu okoso 50 000 K) mo camoii «menoumn» (crekt-
panbHbIi k1ace M, Temneparypa nosepxaoctu okono 3000 K) nuanason
COCTaBJ/IsSIeT MeHee 3 MOpPsIKOB.

Ecmu mbl 3HaeM Temnepatypy Tena T U MOJHYIO0 MOLIHOCTb U3/TyYe-
HUA W ¢ ero NoBepXHOCTH, TO U3 GOPMYJIbI [J1s IVIOTHOCTH MOTOKA 3HEp-
run abcomoTHO yepHoro tena W=4nR*cT* nerko paccuntaem ero pas-

304 12. dBosIOUMA 3BE3],



CaepxruranTbi ~ __ Y .
- 5 .

et
® . ‘d&_??ﬁg
TWraHTbl e

-1,

~'®

el -~
« benble =~ _
Kapnukw

>
]
=
=
=
=
L
w
=
-]
I
T
w
=
=
=]
o
m
0
=
7]
=]
2
=
w
m
o

R B .,,QGOI ‘?

- [C
Poct 30 ( 10000 6000
TEMNEPRTYPO! Temnepartypa nosepxHocT, K

Puc. 12.1. Ha guarpammy lepuwnpynra—Paccena HaHeceHbl U30NMHUM PafUYCOB 3BE3.,

Mmep R. Ha puarpamme lepummpynra—Paccena (B morapudMuueckux Ko-
OpAMHATAX) IMHUY PABHOTO paanyca Tesl OyayT mapauie/IbHbIMU TIPSIMBbI-
mu (puc. 12.1), u nuHus, cootBercTByOmas paguycy ComHia, nepecexa-
eT I7IaBHYIO T0C/Iel0BaTeIbHOCTb Kak pa3 TaM, rae CosHIle U HaXOAWT-
cs1. B To BpeMms Kak o pa3Mepy 3Be3/ibl Ha [7IaBHOI 110C/Ie/J0BaTe/IbHOCTH
pasnuuaroTcs He oueHb cu/bHO (puMepHO B 200 pas), ux Macchl pa3HAT-
Cs1 UyTb 3aMeTHee: OT AeCITOH O/ 10 HeCKOIbKUX coTeH Macc ConHua.

Ho BHe rnaBHOH mocneoBaTeNIbHOCTH JUana3oH pa3MepoB M Macc
OTPOMEH, U /I TOTrO, YTOObI XapaKTepH30BaTh ITU 3Be3[bl, CIEKTPAsIb-
HOI KaccuUKaluM OKasblBaeTCs HejocTaToyHo. Hampumep, K ofHO-
My ¥ TOMY e Kaaccy M MOryT OTHOCHUTBCS XOJO[HbIe Oesble Kapiu-
K, HOpMaJIbHble 3Be3[bl, CyOrHraHThl, TUTAHThl, CBEPXTUIAHTBI, NMeI0-
I[ie OIMHAKOBYIO TEMIIEPATYPY, U, YTOObI UX KAK-TO Pa3/IeIUTh, UCIIO/b-

Takuve pasHble 3Be3abl 305
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Puc. 12.2. Knaccbl ceeTumMocTy.

3yeTcsl BTOPOM mapameTp — MOLIHOCTb MX M3Jy4eHus. [l 3aToro mnpo-
(deccroHanbHbIE aCTPOHOMBI BBEJIM KJIACCH! C8eMUMOCMU, 0003HaYae-
Mble pUMCcKUMH nudpamu (puc. 12.2); Harpumep, VI — Genble KapIuky,
V — 3Be3[pl IMIaBHOH MoOcefoBaTenbHOCTH, | — cBepxruranThl VMHorza
CTI0BO Supergiant EPeBOAST C aHIIHMICKOTO KaK «CYIMEePryUraHt», HO 9TO
HeIIpaBUJIbHO, TAKOTO TEPMMHA B PYCCKOM $13bIKe HeT. CeMeHCTBO CBepx-
TUT'aHTOB IPUIUIOCH ellle MOApa3/e/uTh Ha He OUeHb M OYeHb MOIHBIE,
BIUIOTH [JO HEJJABHO OTKPBITHIX TMIIEPIUTaHTOB, B MIJUIMOH Pa3 MOLIHee
Connrja. Takux 04YeHb Majo B IpHUpo/e: B Hauleil [anakTike Ux GyKBasIb-
HO HECKOJIbKO IUTYK. B coceHuX raakTHKax OHU TOXE eCTb.

JlaBaiiTe MOCMOTPYM BHHMMAaTe/IbHO Ha Tabmuuy (GuU3NYecKux mna-
paMeTpoB 3Be3[ IJIaBHON IOC/Ie[0BaTe/lbHOCTH PasHbIX CIIEKTPasbHbIX
K/IacCOB, a TaK)Ke KPacHbIX TMTAHTOB U OesbIX Kap/iuKoB. B Heil maHbl
Mmacca, paguyc, CBETUMOCTD (B OTHOLIEHUH K COOTBETCTBYIOLIEH Be/THUM-
He s ConHI@A), CpeAHss MIOTHOCTD (p) U IVIOTHOCTD BEIIEeCTBA B IIEHT-
pe (p.) 3Be31bl HYJIEBOrO BO3PACTa, T. €. TOJIBKO UTO poAuBLIeiics (1o Me-
pe 3BOMIOLUY 3HAYEHUS ITUX apaMeTPOB MEeHSIOTCS).

306 12. dBosIOUMA 3BE3],



Knaccer ceernmocTn Ha nuarpamme lepimmpynara—Paccena
O6o3Hauenue XapakTepucTHKa 3Be3/
0 nnu la+ [vnepruranTsl, U1K CBEPXTUTAHTHI 3KCTPEeMaIbHOH
CBETHMOCTHU
la fpkue cBepXrUraHThI
lab CBepxruraHTbl TPOMEXYTOUHOI CBETUMOCTU
Ib He o4eHb pKue CBEPXTUTaHThI
I flpxue ruranTel
11 HopMarbHble ruranTbl
1\ Cy6ruranTel
\Y% 3Be3/bl I7IaBHOM NOC/IeJ0BaTeIbHOCTU

VI (unu nipeduke sd) | Cybrapnuku

VII (unu npedukce D) | Benbie kapavku

(Qu3nyeckue napaMeTphl pa3HbIX THIIOB 3Be3[

M, M, ‘ R R, ‘ p, T/cM’ ‘pC,F/CM3 ‘ TC,IOGK‘ L L, | Crexrp
[maBHag I1ocjaeg0BaTe/IbHOCTDb Hynenoro BO3pacra
50 11 0,053 2,0 37 5-10° 06
20 72 0,075 50 35 5-10¢ 09
10 49 0,13 89 31 5000 B2
5 35 0,15 20 27 630 B6
2 1,9 041 68 21 25 A5
1 094 | 17 90 14 08 G3
0,3 030 | 15 100 8 0015 | M3
0.2 022 | 25 158 7 0006 | M4
0,1 012 | 81 690 5 0001 | Ms
0,085| 0074 | 290 2000 4 00004 | Ms
KpacHblii ruranr
13 | 27 | oot | 320 | 40 | 150 | Kk
bBesnblii kapauk
09 | o001 | 10° | 16:100 | 8 | 0001 |

L[J'IH [JIaBHOM TOC/Ie/I0BaTeIbHOCTH 3Be3[, €C/ii CMOTPETb B HAIIpaB-
JIEHUM OT CaMbIX MACCHUBHBIX K CaMbIM MEJIKUM, paanuyC 3Be3[bl, ecTe-
CTBEHHO, YMEHbIIIAETCH, a €€ CpeaHAsd IIJIOTHOCTb (OTHOIJ_IEHI/IE MacCChI K
O6'b€My) YBE/INYUBAETCA. V narero COJ'[HI_la CpeaHAAa IIJIOTHOCTb — OKOJIO

Takne pasHble 3Be3/bl
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1,4 r/cM3, KaK y KPemKoro pacTBOpa Coy; y OOMbIIUX 3Be3/] OHa MEHBbIIIE,
a 'y MajleHbKUX 3Be3/] — Oobiire. L[eHTpanbHas mI0THOCTh HAMHOTO 60JTb-
we: y GO/BIIMX 3Be3/] OHA COCTABISIET OKOJIO 2 I'/CM?, KaK B CaxapHOM CH-
pore. ConHIle B MOMEHT pOkaeHust umeno mwioTHoctb 90 r/cm?, a B Haury
anoxy — okoso 160 r/cm>. A B IeHTpe cOBceM KPOXOTHBIX 3Be3Ji, KOTOpbIe
B JlecATh pa3 MeHblie COMHIIA, IVIOTHOCTh OTPOMHAs — 2 Kr/cM®; Ter ¢ Ta-
KO [IOTHOCTBIO HA 3eMyie Mbl He 3HaeM. [Ipu Takux GOBIINX TIOTHO-
CTSIX BELIECTBO HAYMHAET BBIPOXK/ATbCS: 3JIEMEHTApHbIE YAaCTHUIIbI aTo-
MOB OKa3bIBAIOTCSI HACTOJIBKO O/IM3KO K APYT APYTY, UTO HAYWHAIOT BECTH
cebs coBceM He Tak, KaK YaCTULbI U/eaTbHOrO rasa.

Yo KacaeTcs TeMIiepaTyphl, TO UeM MacCHBHee 3Be3/ia, TeM ropsiuée
OHa B L[eHTpe. Y caMbIX MaJIeHbKUX 3BE37] — HECKOJIbBKO MUJTMOHOB Tpa-
JyCOB, IPY 3TOM MOTYT U/ITU pa3Be UTO caMble «J0X/Ible» TePMOsiePHbIe
peakiyu — ¢ yyactvem nutus, 6epusvs. Buytpu Consna yxxe 6osnbiie
10 MJIH rpafycoB, TaM B peaKkLUM y4yacTByeT BOZOPOZ, & Y MAacCHUBHBIX
3Be3/l [IpY UX BBICOKOM TeMIlepaType, KOHEYHO, «TOPSIT» U Teslui, U yIie-
pof, ¥ KMC/IOpOoZ, — B 00I1eM, Bce 9IEMEHTHI [0 JKe/ie3a.

CBeTMMOCTb, ECTECTBEHHO, MOBBIMIAETCS C POCTOM Macchl. MaseHb-
Kye 3Be3I0UKU U3JIy4aloT B ThicsYM pa3 MeHblile, ueM Connie. Ho ux
Macca (T. e. 3arac ToruiMBa) Bcero uiib B 10 pa3 meHsiue, uem y ConHua,
a CKOpPOCTb pacxo/l0BaHUs TOIIMBA MEHbIIIe B THICIYY pa3 — U 3TO 3Ha-
YUT, YTO CBETUTh OHHU OyAyT HAMHOrO jAosbie, ueM Conuue. Takue 3Be-
3[[bl MOTYT B CTO pa3 J{O/IblIIe MTO//IePKUBATh CBOE M3/Ty4YeHHe, M OHU 3a
BpeMs CYLIeCTBOBaHUsI BceneHHOI He TO UTO He IOCTapeny — BCe OHU
B 9BOJTIOI[MIOHHOM CMbICITE eltle MaaeHIbl. OHu 6YIyT CBETUTh TPUIIIHO-
HBI JIET 33 CUET MEZJIEHHO ITPOTEKAIOIINX TEPMOSIIEPHBIX PEAKIIHIA.

Kak ponro cBeTuT 3Be34a

MHTepecHO npocsienTh KU3HD 3Be3/1bl Tura CoNMHLA Ha AuarpaMme
Teprmmpynra—Paccena oT MOMeHTa, KOr[ja OHO ObLIO ellle He 3Be3/0H,
a aMop(QHBIM ra30BbIM 06/1aKOM B KocMmoce. Temreparypa y Hero 6buia
cuauasia HeGosbias (3a mpeziesiaMu [uanasoHa JUarpaMMbl), a IPaBUTa-
LMs1 IOCTENEHHO CTruBaaa 3To 06s1ako, GOpMUpYs U3 Hero 3se3ay. 3a
CUeT TPaBUTALMIOHHOIO CXKaTHsI OHO HarpeBasoch, a €ro pasMep yMeHb-
IIa/ICs U HaKoHel| MpubIUsuiIcsa K HbiHemHeMy paauycy Comuua. OHO
MepecTasgo YMeHbIIAaTh CBON pa3Mep, HO BHYTPH IPOAOIKAIO CIKUMATh-
Cs, U TeMIlepaTypa MOBEPXHOCTH HEKOTOPOe BpeMsl MPOJ0/Kaia PacTy,
ITIOKa MOIIHOCTDb TEIIJIOBOI'O U3/TyYEHUSA HE CTasld IIPEBBIIIATD TeIJIOBOM
MIOTOK M3HYTPH 3Be3/bl. Kakoe-To BpeMst cHapy»Ku 3Be3[ja OCThIBaIa, HO
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Puc. 12.3. UsmeHenne napame- ~<
TpoB ConHua Ha puarpamme
lepuwnpysra—Paccena B xone
ero ssontouuu: 1 — oxatue Ha
cTaauu npoTto3eesfbl; 2 — pac-
LUMpEeHUe Ha CTauu KpacHoro
ruraHTa. B Touke A HaumHatoT-
Csl peakLum ropeHuns Bof0poaa
B Touke B ropenue nepemelna-
eTcs B C/IOW Haf AAPOM, a Camo
renveBoe sAPO HaYMHAET CXKM-
Marbcs.

1
4000 Teff, K

I 1
6000 5000

TEPMOSIZIEPHBIH TIPOIIeCC B Afpe HabUpas XOf, U OHAXKIbI €0 CKOPOCTh
cTana HACTOMbKO BBICOKOH, UTO OH IIOJHOCTbIO YPABHOBECU/ MOTEPH
SHEPTUU C TIOBEPXHOCTU 3Be3fpbl. U Torjga BHelHss 3Bomonus ComHIa
[peKpaTuIach, TEPMOsiiepHbIe PeaKiy CTaIu MOANEePKUBATh ero CBe-
TUMOCTb Ha OJJHOM YPOBHE — U 3Be3/la Ha [uarpaMmme «3aBUC/Ia» B Off-
Holi Touke (A). [locTerieHHO OHA MEHSIETCs, HO MPOUCXOJUT 3TO OueHb
MeJieHHO. Bojopon B sipe mpeBpalaeTcsl B refiuif, KOTOPbIN HaKarau-
BaeTcs B S7pe, T. .  3Be3/ibl YBeINUMBAETCS re/IMeBoe S/ipo, B KOTOPOM
TepMOSsiZIepHbIe PeaKIUy He MPOUcXoaaT (13-3a HeJOCTATOYHO BBICOKOMH
TeMIlepaTypbl), a BOJOPOJ «TOPUT» Ha MOBEPXHOCTH 3TOro snapa. M mo-
cnenyromue nout 10 Mup/ sieT 3Be31a IOHEMHOTY JBIDKETCS K TOUKe B.

Haxoner| HacTynaeT MOMEHT, KOIZia Te/IeBO€e PO CTAHOBUTCS Ha-
CTOJIBKO TSDKENbIM, UTO )K€ He MOXKeT camo ceOsl yaepaTb OT rpaBH-
TALMOHHOTrO CXKATHS, K TOMY JKe ¥ CBepXy Ha HEero aBsAT BCE OCTa/bHbIe
060/104KK 3Be37bl. U 1ApO HAUMHAET CTPEMUTENBHO CKUMATHCS. A TIPH
amuabaTUYecKOM CXKAaTHM, KaK Mbl 3HAeM, Ta3 HarpeBaeTcs, T. . BHOBb
BKJTIOYAETCS TPAaBUTAIMOHHBIM MCTOUHMK 3Hepruu. Ho Beimensiomemy-
€S TEIUTy TPYZHO IIPOMTH CKBO3b HENPO3pavHble CIOM 3Be3bl, U OHO 3a-
craBnsieT ee paszbyxaTb. M Touka Ha AuMarpamMme OINATb MOEET BBEPX:

Kak noaro cBeTuT 3e3aa 309



2,0

18

1,6

14

y

12 Hacrosuwee
’ Bpems

1,0

OTHolwueHue K Tekylmm napametpam ConHua

Temneparypa \

1 2 3 4 5 6 7 8 9 10 11
Bpewms, mnpp net

08

0,6

Puc. 12.4. OtHocuTenbHoe U3MeHeHKe BHelHKUX napameTpos ConHua Bo BpemeHu.

pasmep Obl1 paBeH opHOMY pazauycy ConHIa, a IpU PacLUIMPeHUH IpH-
obperaet 3uauenus 5, 20, 80 paguycos ConHua. 3Be3na «pacrnyxaet», H,
XOTsI ee TIOBEPXHOCTb HEMHOTO OXJI&XKJAETCs], B 11€I0M 3BOJIIOLHS BeJeT
K 00pa30BaHUIO TUTAHTA.

Tounble pacueTsl Bcedl xu3Hu COMHIA OT 3apOXK/EHHs 0 KOHIIA,
a 910 12 MJp[ JIeT, MOKA3bIBAIOT, YTO C BO3PACTOM 3Be3/a «IIOTOJICTEET,
CHayda’sia IIOHEMHOr'Y, a II0OTOM Ha4HeT 6bICTpO YBE/IMUUBATbCA U CTAHO-
BUTbCs rurantoM (puc. 12.4). Ilpu atom Bcé ObicTpee u ObicTpee Oymet
HapacCTaTb CBETUMOCTb (MOHIHOCTI) I/IBHY‘IEHI/IH). A TeMIiepatypa I10Bepx-
HOCTH 10/Ir0 Oy/IeT 0CTaBaThCsl HEM3MEHHOM, HO, KOrja paauyc CTaHeT
OBICTPO YBEIMYMUBATHCS, OHA HEMHOTO CHU3UTCSL. W TaK MoMyuuTest OTHO-
CUTEJIbHO X0JIOAHAada 3Be34a-TUraHrt.

JneMeHTHBIN COCTaB BellecTBa BCeX 3Be3[ MIPUMEPHO OJMHAaKOB:
B OCHOBHOM OHHU «CHe€J/IaHbl» M3 BOAOPOJAA U Tejnd. Ho Tounsle pacue-

Hawa Kpacubiit MnanerapHaa

Poxpenne Inoxa PocT ceeTMmMocTH FHFAHT  TYMaHHOCTh

",
000000.....&-;- o
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Puc 12.5. BusyanbHas sgontoums ConHua.
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Puc. 12.6. BpemenHoii rpadmk cBeTMMOCTY 3Be3/3 C HauanbHoii maccoii 1 M, Ho c
pasHbIM XUMMUYeCKUM cocTaBoM. X, ¥, Z — maccoBble 401 COOTBETCTBEHHO BOJ0-
pona, renus 1 BCeX OCTasbHbIX 31eMeHTOB, BMecTe B3aTbIx. X + Y +Z7=1.

ThI IOKa3bIBaIOT, YTO JlaykKe He3HayuTe/bHble Pa3/inyusl B COOTHOIIEHUN
3/IeMEHTOB MOTYT CYLECTBEHHO TOBIMITb Ha CBETUMOCTb U, COOTBETCT-
BEHHO, Ha BpeMs1 CTaOU/IbHOM sKU3HU 3Be3/bl (puc. 12.6). 3Be3na nepsoro
nokosieHust (BO3HUKINIAsI cpa3y Iocie cO3faHusl BeeneHHOI) mpakTuye-
CKHU He COZIep KUT 971IEMEHTOB TshKeslee resnsd, a B HameM ConHue ux 2% —
1 JKU3Hb CK/I3IbIBAETCS YKe II0-pa3HoMy. HecMOTps Ha 0fMHAaKOBYIO Mac-
CY, CBeTHMOCTb y HUX pa3Hasi: 3Be3/ja C MEeHbIIINUM KOJIMYECTBOM TSIKEJbIX
37IEMEHTOB SB/IsIeTCS O0JIee SIPKUM MCTOYHMKOM CBeTa. A moyemy?

Tsoxenble a7eMeHTBI C/I0)KHee MOHU30BaTh [IOTHOCTBIO, T. €. TPyAHee
OTOpBAaTh Bce 37EeKTPOHBI OT UX s7ep. [loaToMy maske mpu TemrepaType
3Be3[HbIX HeJp 9TU 3JIeMeHThl MOHU3YIOTCS JIMIIb YacTUYHO. Eciu Bozo-
pOJHO-TenveBas Iuia3Ma JOBOJbHO NPO3pavyHa, TO TSKesble aTOMbI Ha-
MHOTO WMHTEHCUBHee IOIVIOIIAI0T CBETOBble KBAHTBI, SHEPTHsSI KOTOPBIX
pacxoziyeTcsi Ha Iepexofibl BHYTPEHHUX 57eKTPOHOB aToMa Ha BHeIl-
Hue obonouxu. Korma TsoKenmbIx 371eMEHTOB IOUTH HET, 3Be3/ia CBETUT
SPKO U OBICTPO CIKUraeT CBOI0 MacCy B TEPMOS/IEPHBIX PEAKIHUAX, MO-
3TOMY CPOK €ee >XU3HU HeBeluK. A »xusub Hamiero Comuna 6maropaps
M3Ha4YanIpHO OoJsiee Pa3HOOOPA3HOMY XMMHUECKOMY COCTaBy IMPOAJIUT-
cs1 12 MapA neT: OHO 3KOHOMUYHee pacxojyeT CBOX Maccy, peBpalias
ee B 9Hepruio.
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Ho B koHile koHioB CoJHIle MOHEMHOTY CTaHeT OoJsiee MOIIHBIM,
a B TeueHHe MOC/IeTHEr0 MU/UTHAP/A JIET ero CBeTUMOCTb BO3DPacTeT B
ThicsIuM pas. Hac, mpaBaa, aTo y>xe He GyzeT BOJHOBATh, IOTOMY YTO Ye-
pe3 2 mupa et momHocTh ComHna craner npumMepHo Ha 20% Gosblie,
yeM ceifyac, Ipyu 3TOM Ha 3emse Temmeparypa crtaHeT Bblie +100 °C,
OKeaHbI BBIKUIIAT — U Ha 3TOM BOJIIOLUA 3eMHOM 61ochepbl 3aKOHUMT-
csa. Conniie ke 6ymeT u fanblile HAPAIIUBATh CBOIO MOIIHOCTb, U TEPES
CaMbIM KOHIIOM, KOI/Ia TeJIMEBOE SIPO HE BBIJEPXKUT CBOEH TSDKECTU U
COXKMETCS], 8 CXKMMAsICh, HarpeeTcsl, B HeM HauHYTCS TepMOs/iepHbIe pe-
aKLUUM C y4acTHeM resust: OH Oy/eT MpeBpaljathCsl B YIIEPOA, KUCIO-
pof, a30T — U BBIIEMSIOIIASACS MPU 3TOM SHEprusi 3HAUMTENIbHO A00a-
BUT MOIIHOCTHU B H3nydyeHue CosmHIA. JTOT MPOTHO3 C/ieaH Ha OCHOBE
OYeHb JIeTa/IbHBIX PACUETOB I'PYIIIbI UTATbSIHCKUX acTpodusnkos (Girar-
di L., Bressan A., Chiosi C., Bertelli G., Nasi E. Astronomy and Astrophys-
ics Supplement. 1996, V. 117. P. 113-125).

BoT Kak ¢ BO3pacToOM MeHSIeTCS XMMHUECKHUI COCTaB si/ipa 3BE3AbL:
roHauany reius ObLIO Maso, a BOAOPOAA MHOro. Bogopos mocrerneHHO
«Cropaet», U3 HEro IMoyvyaeTcs re/ivil. B KOHIle JKU3HU 3Be3/bl B €€ IIeHT-
pe y’Ke MOUTH HeT BOAOPO/a, OCTAJICS OJIUH reuil. M mioTHOCTh TaM Ha-
YMHAET CTPEMUTEIbHO PACTU: K KOHIY 3BOJIFOLMU BeIlecTBO Ha 3—4 1o-
psioKa IIOTHee M3HAYaIbHOrO. S1Apo CxxrMaetcs, a 000/104Ka pacupsi-
eTCs, T. €. 3Be3/1a CTAHOBUTCS Bce O0/iee HEOAHOPOAHOM 110 MIOTHOCTH —
3TO MPOMCXOAUT B MOOOH cTaperolieil 3Be3/e, a KOraa 38e3/ia yKe MorH-
Gaet, B ee a/ipe HAUMHAIOTCS B3PbIBbI, OHO HAUWHAET My/IbCUpOBaTh Ho
3TO y’Ke Apyrasi UCTOPUSI.

Takum o6pasom, Bcs BupmuMast skusHb COHIIA YK/Ia/IbIBAETCS B He-
CKOJIbKO 3TanoB. CHavasa OHO POAMIIOCH U3 00/1aKa pa3peKeHHOro rasa
U OOIBIIYIO YacTh XKMU3HU JKUBET, IOYTH He MeHsisiCh (ceifuac Mbl Haxo-
ouMcs B cepefuHe xu3HeHHOro nmyty ComHua). [IoToM cBETUMOCTD BO3-
pacraet, U HaKOHeI[ IIPOMCXOAT pe3Kue U3MeHeHHUs: 000I0YKa HaurHa-
eT ObICTPO pacmyxarh, ee TPAaBUTAIMOHHAS CBSA3b C SPOM 3Be3/(bl CTa-
HOBUTCS HE3HAUUTEIbHOH, U MOJ| JaB/IeHHeM M3/TydeHus sapa 0060104-
Ka cOpachIBaeTCs U «pacTBOPSIETCS» B OKPY)KAIOIIEM IIPOCTPAHCTBE — U3
3Be3/ibl BO3HMKAeT TaK HasplBaeMasl IUIaHeTapHas TYMaHHOCTb. fapo
OCTaeTcs], HO TePMOSIZIePHBIX MCTOYHUKOB SHEPIHU Y HEero y>ke HeT, OHO
pacxoflyeT CBOH 3arac Teria, IIOCTENEHHO OXJIa)/1asCh, COKUMAETCsl U
CTAHOBUTCH IIOTHBIM 00BEKTOM. B 3aBUCHMOCTH OT Macchl U3 0OBIUHOMI
3Be3/IbI TONyuaeTcs b0 Oesblit KapauK, Tub0 HEUTPOHHAS 3Be3/a, JIU-
60 uepHas abIpa.
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Puc. 12.7. YcnosHas Tpaektopus ConHua Ha guarpamme [-P nocnie nokupaHus UM rnasHoi
Nnocnef0BaTenbHOCTH, rae CBeYeHune 38e3 06yCnoBneHo npeBpalLeHeM BOf0pPO.Aa B renuii.

[lepryp6aryy, npoucxoasiye co craperoeil 3se3noil tuma ComH-
114, 0COOEHHO CHJIBHO NPOSIB/ISIIOTCS HA AYarpaMMe «CBETUMOCTb—TeMIle-
paTypa nosepxHoctw». Ecriu npegpiaymue 9 mipp et ConHue efBa-efBa
HepeBUrazoch B Npefiesax [IaBHOM I0C/e0BaTeIbHOCTH (II0Ka pacxo-
JOBaJICSI BOZOPOZ S1/Ipa), TO, HAauaB IIPeBpaLaThCsl B KPACHBII TMIaHT, OHO
OyZeT CTPEMUTE/IbHO YBETUUMBATh pa3Mep U CBETUMOCTb, TI0Ka BOJOPO/
MIPOJO/DKAEeT «rOpeTh» BOKPYT reneBoro sapa. Korna oHo He Bblgepku-
BaeT CBOETO Beca, BCILIXMBAET reslnii, TeMIiepaTypa Bo3pacTaer, U 3Be3/ia
«3aBHCAeT» Ha JPYroii OC/Ief0BaTeNbHOCTY 3B€3/l, KOTOpbIe CBeTAT OJ1a-
roziaps «ropenuio» renvist. Ho on 6bicTpo (mpumepHo 3a 100 miiH s1eT) BbI-
ropaeT, ¥ 3Be3/ia CHOBA CTAHOBUTCSI KPACHBIM THIAHTOM, y)Ke Oosee sip-
kuM. HakoHer| 3Be31a cOpacbiBaeT 060I0UKY U MOCTEIEHHO IacHeT.

910 6bITIO /ML CXeMAaTUYHOE ONHMCAHKe [POLlecca, a MPU akKypar-
HOM pacueTe IpOSIBJISIOTCS MHOTHe AeTald. B 4acTHOCTH, BBISBISIOTCS
KputHueckre Touku xkusHu Comuna (puc. 12.7). Tak, 0cOOEHHO CHIIBHO
MeHsercst cBeTuMocTb: Cosnuie Oymer cBeTuTh (M rpeTb 3emMiio) B 4 Thl-
csYM pa3 CuiIbHee, ueM ceifuac. Paguyc B Kakoil-TO MOMEHT CTaHOBHUT-
cs1 6onbite 200 ceropuauHux paguycoB ComHua. A CerofHs ero paguyc
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Puc.12.8.Pacuerasonio-
6 UMM NAOTHOCTM W 3ne-
MEHTHOrO COCTaBa B
5 LleHTpe BOAOPOAHO-Te-
NueBoil 3Be3abl C Mac-
4 coii Connua.
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Bpewms, mnpp net

B 200 pa3 MeHbllle pafnyca 3eMHOM OpOUThL. 3HAUUT, OAHAXK/IbI IPAHHULA
Connua pocturHet 3eMnu. Jlofeil Ha Heil K TOMy BpeMeHH /1aBHO yiKe He
OyaeT, HO YTO MPH ITOM TPOU30MIET C CaMOii I/IAHETOM?

3emHas opbuTa TOXe He OCTAaHeTCs HEM3MEHHOH, Bellb 3Be3/a Ipu
pacumpenun Oyner TepsATh Maccy, COPOCUT MOYTH MOJIOBUHY. A pa3 3Be-
3@ «Xy/ieeT», IVIaHEeTHI 110 CUPAa/IH YAaISIOTCS OT Hee, IOTOMY YTO rpa-
BuTanusa ocnadbesaeT. Moxxet, 3To cnacet 3emto? CeLUaNnuCThl OJIT0
IOyMaJti, KaKk POU3BECTH TOYHBbIE PACYeThl, YUTSI BCEBO3MOXKHbIE (PaKTO-
pBl, 4TOOBI Y3HATH, CCOPUT Jiit 3eMiist uin cMoxeT yittu oT Conrua. U Ta-
Koii pacuet 6o cuenad (Schroder K.-P, Smith R. C. Mon. Not. R. Astron.
Soc., 2008, v. 386, p. 155-163). Uto >xe oH mokazan?

Pannyc op6uTsl 3emu OyaeT IOCTENEHHO pacTy, OHA JeHCTBUTEb-
HO HeMHoro otaanutcs ot Conmuia. Ho npu npubmmxennu ConHua BCTy-
AT B cUTy Takue pusudeckre 3QQexTsl, KaK NIPUIMBHOE TPeHue, a BIIO-
CNeCTBUM — U ra30AWHaMHUYecKoe CONpoTHBIeHue B atMocdepe ConH-
na. Takum obpasoM, 3emss IpUTOPMO3UT, pubnusutcs k ComHuy |
HBIpHET BHYTPb. Mapc, opgHako, coxpanurcs, HOnurtep toxke. Hy a Mepky-
puii, Benepa u, KaKk BbICHWIOCH, 3eMst OyAyT MOIIOIIEHBI TTpeBpalia-
foIuMcs B KpacHbiii ruradt ComnHieM. CamMo OHO 3TOr0, KOHEYHO, He 3a-
metuT: Macca Contiia 6yzer B 200 Thicsiu pa3 Gosblie Macchl 3eMy, Tak
YTO OHO MPOIJIOTUT ee U He MOJaBUTCsL. Mapc B 3TOM cMbic/ie Goree mep-
CIIEKTHBEH, IIOTOMY UTO, XOTSI OH BCEro JIMIIb B IIO/ITOpa pa3a Aajblile OT
CornHiga, yeM 3emuis, 10 HETO OHO He obepeTcs..

A Kax Jpyrrie 3Be3/ibl [JIaBHOM [10C/IeZI0BaTeNbHOCTH OYAyT BECTH ce-
651 Ha puarpamme lepummpynra—Paccena, korga cocrapsarcsa? Bee oHu
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Puc.12.9.3sontoumnoHHbIiinyTb Conu-
ua Ha puarpamme [lepuwnpyHra—
Paccena. MyHkTMp — npoTo3Be3pHas
crapus (P — protostar). Touka A — Ha-
yano rnaBHOI MoOCnefoBaTeNbHOCTH
(ZAMS — zero age main sequence);
A-E — rnaBHas nocnenoBaTtesibHOCTb;
E-F — nokpacHenue; F-H — BeTBb
KpacHbix rurantos; |-L — ropuson-
TanbHas BetBb. RGB:tip — BeplwmHa
BETBM KpacHbIX ruraHtos; AGB:tip —
BEpLUMHA aACMMNTOTUYECKOH BETBM
TUraHToB. 3aTemM MpOUCXOASAT Tensno-
Bble nynbcauuu, cbpoc nnaHerap-
HOW TYMaHHOCTW W nepexoa K Geno-
My Kap/uKy.

375 370

365 360 355 350 345

lg Te

3BOJ'HOL[I/IOHI/Ipy}OT B HaHpaBHEHI/II/I K KpaCHbIM TUTaHTaAM. EC]II/I Macca
3Be3Zibl UyThb MeHbllle Macchl COMHIA, TO OT [IaBHOM NOC/ef0BaTe/IbHO-
CTY OHA YXOJUT IIOUTH BEPTUKAIBLHO BBEpPX (T. . laXKe IPU ThICSTYEeKpar-
HOM YBeJIMYeHUM MOIIHOCTH TeMIlepaTypa [10BEepPXHOCTH MeHseTcsl He-
3HauuTeabHO). Ho ueM Oosblie MCXomHasd Macca 3Be3[bl, TEM MEHbIIEe
OHa «IIOJIPBLIrMBAET» Ha AUarpamMme, T. e. TeMIlepaTypa MeHseTcs, a cBe-

TUMOCTb — HeT. B uem TyT feno?

Pe3ynbTaT TOUHOrO MOAenupoBanus 3soaonun ConHnoa
¢ yueToM norepu Macchl (mo: Sackmann et al., 1993)

daza Bospact, mapg et | L (Ly) | Ty, K| R(Ry) | M, (M)
ZAMS 0,00 0,70 | 5596 0,89 1,000
Hacrosiee Bpems 4,58 1,00 | 5774 1,00 1,000
MS:hottest 713 1,26 | 5820 1,11 1,000
MS:final 10,00 1,84 | 5751 1,37 1,000
RGB:tip 12,17 2730 2602 | 256 0,668
ZA-He 12,17 53,7 | 4667 | 112 0,668
AGB:tip 12,30 2090 3200 | 149 0,546
AGB:tip-TP 12,30 4170 3467 | 179 0,544
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05 BO B5 A0 FO GOKO MOM5 Puc. 12.10. 3sontoumns 3Be3p, pas-
o ' L HOJ Macchbl NOCAe NOKUAAHUS [NaB-
- HOW nocnenoBaTenbHOCTU. TOHKMe
%CPUP AWaroHasnbHble MpsAMble — JUHUM
MOCTOSIHHOTO pajuyca, MyHKTUp —
HauyanbHas rnaBHas MnociepoBa-

SN 1987A TenbHoCTb. [lna 3Be3abl ¢ Maccoi
¥ #oCyg 1 M, pacuet poBeneH 0 MOMeHTa
BO3rOpaHusi reNns B LIEHTpe 3Be3fbl,
Ans 3se3p c Maccoit 2,3u 5M, — po
Hauana ropeHus yrnepopa, a Ans
eule 6onee MaccMBHbIX 3B€34 — A0
OKOHYaHUs TOpeHus Yyrnepoaa B
ueHTpanbHoii obnactu. YkasaHo
HblHelwHee nonoxeune ConHua u
HEKOTOpbIX SPKUX 3Be3f, a Takxke
nonoxexue 3se3nbl Sk1-69°202 ne-
3a/10/r0 A0 ee B3pbiBa, NOPOAUBLE-
ro BcrbiwKy cBepxHoBoit SN 1987A
8 Bonbwom Marennanosom 06-
nake.

[P R NP NN R P B
48 46 44 42 40 38 36 34
Ig Tefr (K)

®u3srka 3TOro sBIEHMs O04YeHb IpocTa. MaccHBHBIE 3Be3/ibl SIBIISIIOT-
CS1 HACTOJIBKO MOIIHBIMU MCTOYHUKAMU W3/TyU€HMUs], YTO IJIABHYIO pPOJb
B MOJ/iep’KaHUM UX PABHOBECHS, T. €. B IIPOTHBOJIEHCTBUU TPaBUTALU-
OHHBIM CHJIaM, UTPAEeT AaB/eHre He rasa, a u3nydeHus. Ml oHU He MOTyT
crath emle Gosee MOLIHBIMU MCTOYHHUKAMH HM3JIyUeHHUs, MHAUe UX IIPO-
CTO pa3opBeT AaB/ieHre cBeTa. Takas 3Be3[ja HaXOAUTCS yKe Ha Ipeje-
Jle, Y, KaK TOBOPST, B YCIIOBUSIX KPUMUYECKOL c8emuMoCcmu, BbILIe KO-
TOpPOU CBETMMOCTb ObITh HE MOKeT. BozpacTaHue MOIIHOCTH TPUBOAUT
K TOMY, YTO 3Be3/]a HauMHaeT ObICTPO PACIIUPATHCS, PeaKI[1U B Helt TIpH
3TOM 3aMeJJISIOTCS, a TEIUIOBbIJe/IEHUE U CBETUMOCTb OCTAIOTCS IIPaK-
THYECKH Ha TOM >Ke ypoBHe. [103TOMy 9BOIOIMS MacCUBHBIX 3Be3[ 3Ha-
YUTEbHO CUIbHEE OTPaXKaeTcsl Ha TeMIlepaType MX [T0OBepXHOCTH, UeM
Ha CBETUMOCTH.

A OT MasIOMaCcCHBHBIX 3Be3/; B IIPaBOM HIDKHEM YIJIy Ha JUarpaMmme
HUKaKUX JTUHUI He HaprucoBaHO. OHU CBETSAT HACTOJBKO €/1abo, UTo elre
MHOTVI€ MU/UTHAP/IBL, & TO U TPUUTMOHBI JIET OYyT 0CTaBaThCA Ha I/1aB-
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Puc. 12.11. BypeT nv HoBOpOXXAEHHas 3B€3Aa CBETUTb AOJITO UM Cpasy Xe norac-
HeT, CyLI.l,ECTBeHHO 3aBUCUT OT TOrO, I'IpEBbICVIna Nnn ee Macca KpVITVI"IECKyIO BEJ‘IVI‘-II/IHy.

HOU MOC/IeI0BaTebHOCTH, U HUUETO C HUMHU TIPOUCXOAUTH He Oymet. [To-
TOM OHH TIOCTENEHHO COKMYTCSI U MOTYXHYT, HO OY/IeT 3TO OTHIOZb He
CKOPO JJa’ke BO BCEJIEHCKOM MaciTabe BpEMEHH.

ObparuTe BHMUMaHWE, YTO OT MacChl 3BE3[bl Ha I[IABHON MOCIEN0-
BaTe/IbHOCTH MOLIHOCTb €e U3y4yeHHs 3aBUCUT OueHb CHUJIbHO: 3Be3[a
BABOe Gonbiiieit Macchl cBeTuT B 12-16 pa3 momuHee. Bpems sxusHu Ta-
KOI 3Be3/1bl, COOTBETCTBEHHO, MeHblle. Hamprumep, 3Be3na B 100 pa3 mac-
cuBHee ConHua »uBeT nulib 2—3 MuwinvoHa etT. HecMoTps Ha To, 4TO
3amac ToruuBa y Hee B 100 pa3 Gorblite, CKUraeT OHA €ro «MOMEHTallb-
HO», [IOTOMY YTO MOIHOCTb M3/TyUYeHUs] B MUIUOH pa3 OosiblIle.

JIniTenbHOCTh XapaKTepHbIX 9TAIlOB XKU3HU 3Be3[] 3aBUCUT TaK)Xe OT
Mmaccbl. MaccruBHas 3Be3/1a ObICTPO POXKAAETCS: MPOXOJUT OKOJIO MUJUTH-
OHa JIeT — U TpaBUTALMA JieslaeT U3 Hee HOpPMasbHYIO 3Be3ny. Manomac-
CUBHbIe 3Be3/bl 'PaBUTALMS CKMMaeT MeJJIeHHO, I0O9TOMY U JKUBYT OHU
JloJibllle. JTan IJIaBHOM 1Ooc/1ej0BaTe/IbHO" CTH, KOIZia UleT «rOpeHue» Bo-
JI0pOZa, Y 3aK/I0UMTEIbHBIN 3Tal KPacHOro IMTaHTa, KOrAa <«ropsiT» Te-
nnit 1 6oree TsHKeNble 37eMEeHTbI, 00/iee MaCCHUBHbIE 3BE3/IbI TAKIKE MPO-

Kak [o/ro cBeTuT 38e3/a 317



BPEM}I JKM3HHU U Apyrue napamMeTpnl 3Be3] IJIaBHOM Mmocjieg0BaTeIbHOCTHA

Macca, | Papuyc, | CBetumocts, |Temmepatypa, | Crnextpanb-| Bpems
M, R, L, K HBII K7acc | )KU3HHY, JIeT
120 15,8 1800 000 53 300 03 3 MnH
60 10,6 530000 48 200 04 4
27 8,5 140 000 38000 07 8
16 5,7 16 000 32000 BO 13
83 4,8 2500 17000 B3 34
5,4 3,7 750 15000 B5 80
3,5 2,7 130 12500 B8 220
2,6 2,3 63 9500 A0 480
2,2 2,0 40 9000 A2 770
1,8 1,7 11 8100 A7 1400
1,5 1,3 6,3 7100 F2 2500
1,2 1,1 2,5 6100 F8 5300
1,0 1,00 1,10 5800 G2 10 mipp,
0,85 0,87 0,44 5300 G8 18
0,78 0,79 0,28 4830 K2 25
0,58 0,67 0,12 3900 K8 70
0,47 0,63 0,075 3670 MO 150
0,33 0,36 0,030 3400 M2 230
0,2 0,21 0,005 3200 M4 800
JlnuTenbHOCTD 3TANOB 3BOIIOLMHY 3Be3]; pa3Hoii Macchl (B roaax)
Hauanbnas macca 1 M, 5M, 10 M,
dopmupoBanue 1-108 5-108 6-10°
[71aBHAg 1OCIe10BaTe/IbHOCTD 9-10° 6-107 1-107
TvuraHT 1-10° 1-107 1-108

xoxat OvicTpee. [Ipu atom 80-90% cBoeil >KM3HU 3Be3[bl NPOBOAAT Ha
IJIaBHOH NOC/Iej0BaTe/IbHOCTH, UMEHHO II03TOMY AaHHas 001acTh Aua-
rpammbl [—P «HaceneHa» ctonb 60/IbIINM KOIMYECTBOM 3Be3z. KpacHbix
TUraHToB IprMepHO B 10 pa3 MeHbllle, TOCKO/IbKY 3Be3/Ibl IPOXOAST 3TOT
Tarn Ha MOps/I0K ObICTpee.

MHTepecHblli BapuaHT IIOIydaeTcs, €CcId Macca HCXO[HOIO Tesa
MeHblIIe 8% Macchl Hamero ConHua. Takue Tena, y KOTOPBIX Macca Mpo-
Me)XXyTOYHasi MEX[y MaJeHbKMMH 3Be3[JaMd M OO/MbLIMMY IUIaHeTaMH,
NIOJITO WCKAaIM ¥ JIWIIb HelaBHO, B 1995 1, OTKpbUIH. DTH 3Be3/0M0/100-
Hble 0O'bEKThI HA3bIBAIOT KOPUYHEBBIMU KapIUKaMu W OypbIMH Kap-

318 12. dBosIOUMA 3BE3],



Puc. 12.12. 3sontoumns ceeTumo-
CTW [BYX NpOTO3BE3[, MacChbl KO-
TOpbIX 4yTb 6OMbLIE U YYTb MEHb-
LUe HUXXHEro npepena, Heobxopau-
MOro [Nl NPOTEKaHWs BOAOPOA-
HOTO TEpMOSIAEPHOr0 CHHTE3a.
OpHa cTaHeT HopmanbHOW 3Be3-
AOM, AONTOXMBYLLUM KPaCHbIM
KapiMKoM, a Apyras — KOpuuHe-

BbIM Kap/MKOM C O4YeHb KOpOT- 0,065 M,
KWUM 3Tanom cBeYeHusl.

0,085 M,

CsetumocTb

10° 1010 101 1012
Bpewms, rogpl

nmukamu (brown dwarf). VIx 0cOG€HHOCTb B TOM, YTO OCHOBHAsi TEPMO-
siiepHast peakuus (MeXxay MPOTOHAMHU) B HUX He TIOHJIET, YK C/IUIIKOM
XOJI0[JHA 3B€3/1a; HAUHYTCS TOJbKO SAZIEPHBIE PEAKIIUY C JIUTHEM U Oepu-
mueM. Ho 3TUX 371eMeHTOB B IIPUPOZE MAyo, U «BbIFOPAIOT» OHU MOMEH-
TanbHO. Ha Kakoe-To BpeMs 3TH ITpeBpaleHys oA epKaT TeMIepaTypy
«3Be3/Ibl», @ IOTOM OHA HauyHeT OCTHIBATh, IOTOMY YTO HUKAKUX APYTHX
HCTOYHUKOB TeIJa, KpOMe TPaBUTALMOHHOTO, y Hee He Oyaet. Ceifuac
TaKUX 00BHEKTOB MbI 3HAEM JIUIIIb HECKONBKO coTeH. OHM UHTEPEeCHbI, HO
UX TPYAHO uccienoBarh. [luanasoH ux macc — ot 13 go 78 macc Onure-
pa. Ecnu HauanpHas Macca GyzeT elile MeHbIIle, TO [IOJYUUTCS He 3Be3/1a,
a [UIaHeTa, B KOTOPOii TepMOsiZiepHble peakiyy BooOIIe He HAYHYTCS.

KpacuBas cMepTb

Korza y 3Be3/ibpl 3aKkaHUMBAETCS BOAOPOA U HAUMHAETCST TePMOsIZiep-
HbIIf CHHTE3 C yyacTHUeM HAKOIIMBINETOCs TeJTHs, ee «TepPMOSIePHbIN KO-
TeJl» MHOTOKPaTHO HapallydBaeT CBOIO MOIIb, U OHA pa3byxaer o aB-
JIeHUeM U3/y4eHus1, CTabuIM3HpysICh IIPU HEKOTOPOM (OueHb 6OJIbIIOM)
pasmepe. Ho mouemy 3Be3ga pasayBaeTcst He 10 OECKOHEYHOCTH, UTO
OCTaHaB/IMBAeT 3TOT Tpolecc? B kauecTBe Moaenu KpacHOro rMraHra
MOYKHO B3ATh BO3[YIUHBIN IIAPUK: TIOKA OH HE HA/YT, OH HEMpO3payeH.
A Korga Mbl €ro HajlyBaeMm, TO ’Xe CaMOe KOJMYeCTBO BeIlecTBa pac-
npeieniseTcs 1mo GOJbINeH MIONAY MOBEPXHOCTH, U MIAPUK CTAHOBUT-
cst Ipo3pavHbIM. Tak ¥ y4eBoe [AaBieHre paciipaer 3Be3y [0 Tex Iop,
MOKa OHA HE CTAHOBWUTCS JOCTAaTOYHO MPO3PAuYHOM, YTOOBI OHO MOTIJIO
BBIMTH HapyXy.

Pe3ynbTaThl UMC/IEHHBIX PACYETOB MOKA3bIBAIOT, YTO ITOBEPXHOCTh
KpAacHOTO THUraHTa BOBCE He OJHOPO/IHA: HA Hel BBIIENAOTCS KakKue-
TO Gonbime «6maMboukn». OHU MIOX0XKM Ha KOHBEKTHBHBIE S4EKU, HO
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Puc. 12.13. 3aBucu-
MOCTb «<Macca—cBe-
TUMOCTb» ANg 3Be3[
rnaBHoM nocnepo-
satenbHocTu. Ing
3ge3q tuna ConHua
L~M?* [na3se3n B
LIMPOKOM fianaso-
He macc (0,2-20 M)
L~M>35,
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Macca (B maccax ConHua)

y ComnHua 3T s4eliki MasieHbKHe, a 37leCb I04eMy-TO CPaBHUMBI C pas-
MepoM 3Be3/bl. ENMHCTBeHHas oKa 3Be3/1a 3TOro TUIa, Y KOTOPOH MBI Jie-
Ta7bHO MOXKeM ux cortorpaduposats, — 3T0 berenvreiize. I geficteu-
Te/IbHO, MbI BCEe BpeMsI BU/JIUM Ha ee T0OBEepPXHOCTH TEMHBIE U CBET/Ible ST-
Ha. OoyH U3 Ty4LINX IOPTPEeTOB 3Be3Abl beTenbreiide, momy4YeHHbIH C 110-
MoIipio uHTepdepomerpa bnmwkHero UK-muanaszona ¢ 6asoit 40 M Ha oc-
HOBE Tpex TesecKkornoB obcepsaropuu MayuT-Xorkunce (ApusoHa), mpu-
BefeH Ha puc. 11.15. Uto6bl mpoBepuTh, CBSA3aHbI U 3TH I€TA/IN 1OBEPX-

Puc.12.14. Pe3ynbtar uugposoro mo-
AENMpOBaHNUS KOHBEKTUBHbIX NpoLec-
coB Ha betenbreise.

320

HOCTH C KOHBeKLMeii, caenam Goree
coBepuieHHywo 3D-mopens (puc. 12.14).
[MapocTatiueckn paBHOBECHBIN IIap
9BOJIIOLIMOHMPOBaTh He Oyjer, ero co-
crosiHue He Oyner MeHsATbcs. [loaro-
My Ha €ro HOBepXHOCTb HCKYCCTBEH-
HO HaJI0KU/IM Majible BO3MYILEeHNs, /1a-
1 KaK Obl NCXOJHBIM TOTUYOK. Busyass-
HO B CaMOM Hadajle 3TO BBIIVIIUT Kak
MesKast psibb Ha IIOBEPXHOCTH IIapHKa.
Jlanee oHa pa3BHUBaeTCsl B KOHBEKTUB-
Hble sIueliKK, KOTOpble HAUMHAIOT PacTy,
U BCKOpe Kakiash M3 HUX Iprobpera-

12. IBoSOUMA 3BE3]



€T pa3Mep, CPABHUMBII C painyCcoM 3Be-
30blL V3BeCcTHO, YTO pa3Mep KOHBEKTHB-
HbIX STU€eK BCerja COINOCTaBUM C ITyOu-
HOW C/1051 OIHOPOAHOTO (rronzaa (KuUIKO-
CTH WM rasa). 3HAUUT, OyUeHHbIH pe-
3y/BTAT CBUJETEIbCTBYET O TOM, UTO B
aTMocdepe KpacHOTO I'MraHTa CBOMCTBa
(m1oTHOCTB, TEMIIepaTypa) MOUTH He Me-
HSIIOTCSL C ITyOMHOM, OHA MOYTH BCS Of-
HOpOJHASL.

Ha noprperax berenbreiise B anuH-
HOBOJIHOBBIX [JMalla30Hax M3/TyueHUs
(cm. puc. 11.15) BuHO, uTO 3BE3/a Teps-
€T BELIEeCTBO C [TOBEPXHOCTH, KaK BCEraa
MPOMCXOAUT HA 3aK/IOUUTENbHBIX 3Ta-
nax >XH3HHU. HpH yAa/leHnun OT LIeHTpa Puc. 12.15. C. A. XXeBakuH.
rpaBuTanus ocnabeBaet, ¥ TOIydYaeTcs,
4TO 3Be3za copachiBaeT 000I0UKY.

Ha HeckonbKuxX mocsemoBaTenbHbix GoTorpadusx 3Be3mHOro Heba
ObIBAaET BU/IHO, UTO HEKOTOPbhIE 3BE37I0UKU MUTAIOT, T. €. MEHSIIOT CBOIO SIp-
KOCTb. [le710 B TOM, YTO B XO/i€ MPEBPAIeHNs B KPACHbII ITMTaHT HEKOTO-
pble 3Be3/Ibl CTAHOBATCS HEYCTOHUMBBIMU: TO, CXKUMAsiCh, PA30rPeBaIOTCH,
TO, PACLINPSISICh, OCTHIBAIOT, T. €. Y/IbCUPYIOT, O7IECK UX PETy/ISPHO MeHS-
ercsa (puc. 12.16). He no cunycown/e, KOHEYHO, HO Ko/ieOaHust BIIOJIHE pe-
ryaspHble. Takue 3Be3/ibl HA3bIBAIOT lieenjaMu.

YesioBeK, KOTOPBII MEPBLIM MOHUT GU3NYECKYIO IPUUUHY 3TOTO SIB-
JIEHWS ¥ ONKCa/l MeXaHN3M Iy/IbCcalliy 3Be3[], — OTEUECTBEHHbIH paguo-
¢usuk Cepreii JKeBakuH, on paboran B Hrwkxem Hoeropope. lenepanus
SHEPruM B SIpe WMET Hempe-
PBIBHO, ¥ H3yueHHe, JOXO/s
JI0 105 c/1aD0MOHU30BaHHOIO
BelecTsa (B OCHOBHOM rejus),
B036yx/aer ero aTombl. OHU
TEpPSIIOT 3/EKTPOHBI, U Cpefa
CTaHOBUTCS Mpo3pauHoil. Do-
TOHBI OBICTPO «BBIIPHITMBAIOT,
BEIIECTBO OX/I&KAATCH, IMek- . . . . . . .
TPOHBI TOCTENIEHHO BO3Bpa- 1 2 3 4 5 6 Cymn
OlarTCd Ha CBOM MeECTa, Cpe- Puc. 12.16. Kpusas 6necka uedenppl.

381
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MMO BMO  Pmc. 12.17.

ml £ M 06 (BMO) m  3aBMCMMOCTb
onbluoe Marennanoso O6nako o CBETUMOCTH LLe-
10| ® Manoe Marennaroso O6nako (MMO) o serumocTi i
J10 denp ot nepuo-
1 na konebauwii
111 wx6necka.
12
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413
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415
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Mepwog, cyT.

/la CHOBa CTAaHOBUTCSA HENPO3PAavyHON U 3anupaet usnydenue. Torana oHO
ONATh HAUMHAET HArpeBaTh 9TOT CJIOH, M LMK/ 3amblkaercs. [lonyyaer-
Cs CBOEro poja [JBYXTAKTHbINA ABuraresb. OKazanoch, UTO MEPHOJ, KoJe-
OaHWii TaKKX 3BE3Jl OJJHO3HAYHO CBA3AH C UX CBETUMOCTbIO, U 3TO M03BO-
JISIeT MCIIO/Ib30BaTh UX B KAUECTBE UHAMKATOpa pacctosaHud (puc. 12.17).

Kak yke ObIIO yIIOMSAHYTO, Ha TOC/AEIHEM 3Talle KU3HU 3Be3fia
cOpacbiBaeT 060/I0UKY, @ AP0 NP 3TOM OCTAeTcs Ha mMecte. Mbl Hasbl-
BAaeM TaKue 0ObEKThI [/IAHETAPHBIMY TYMaHHOCTSIMU. TepMUH IPOUCXO-
[IAT OT TOTO, YTO aCTPOHOMAM, HaO/IOAABLINM UX B CTapble TEIECKOIIbI,
OHU HAIIOMHMHA/IM IUCKH IU1aHeT. «Xab6» Tenepb gpororpadupyer ux ¢
BBICOKMM pa3pelieHreM.

Puc. 12.18. Cdepuueckas nnanetap- Puc. 12.19. NnaxetapHas tymanHocts NGC
Has TymanHocTb Jii6enn 39. ®oro 06- 6720 «Konbuo». PoTo KOCMUUECKOTO Tene-
cepsatopuu WIYN (ApusoHa). ckona «Xa66n».
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Puc. 12.20. NnaHeTapHas TyMaHHOCTb Puc. 12.21. Tymannoctb NGC 2392 («3cku-
NGC 7662. ®oT0 KOCMUUYECKOTr0 TENECKO- MOC»). DOTO KOCMUYECKOrO Tenleckona
na «Xa66n». «Xab6n».

Puc. 12.23. MnanetapHas TymanHocte M2-9. ®oTo kocmuueckoro Teneckona «Xa66:».
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Puc. 12.24. Tymannoctb «Kowaunii rnas». ®oto kocmuueckoro teneckona «Xa66:m».

3aragka riaHeTapHBIX TYMaHHOCTEH B TOM, YTO OHM OU€Hb pa3HO-
o6pa3ubl. OU3MK-TeOpeTHK cKasas Obl, YTO MOCKOJIBKY 3Be3/a — Lap, TO
cOpacbiBaeT oHa c ceOst BElIeCTBO CUMMETPHUYHO, U I103TOMY BCe IIa-
HeTapHble TYMaHHOCTH [JOJDKHBI OBITb CHepUUecKUMH C S/IPOM B II€H-
tpe (puc. 12.18). OpHako Tak MouyeMy-TO ObIBaeT He BCerza: Mopoii Bo3-
HUKAIOT BecbMa 3aMbIC/I0BaTble OKpyrible ¢popMmel (puc. 12.19-12.21). Ho
3TO elle He Mpefesn ¢paHTa3uy NPUPO/bL: BOT IJIaHETapHAas TYMaHHOCTb
Mypaseit (puc. 12.22). C, ka3anoch 6bl, cepuueckoii 3Be3apl ra3 usbu-
paTesbHO yTeKaeT B [BYX HAIIPaB/IEHUSX, a B OCTa/IbHBIX — HeT (pHC.
12.23). Hy u, Hakorew, aniodpeo3 — TymanHocTb NGC 6543 Korauwmii ['a3
(puc. 12.24). Kak 3Be3ma Mor/ia OpraHu30BaTh BOKPYT cebs BOT TaKyio
Kpacoty, copaceiBas raz? TyT HET HMKaKux apTeakToB, 3TO peasbHast
dotorpadus Heba. B 1ieHTpe ITOro aKypHOro COOPY)KEHUS BHUEH OCTa-
TOK 3Be3/Ibl — ee AP0, OHO HarpeBaeT U ocBerjaeT 06010uky. Pusnka
CO3[aHusl 3TOT0 KOCMHUUYECKOTO 4y/a apXUTeKTyphl IIOKa He sICHA — ac-
TpodU3UKaM ecTb Haji ueM paboTaTs.

X

A



KpaTKmnm CripaBoYHmK

ANbBEAO (nar. albedo GenusHa) — BeJIMYKHE, XapaKTEPU3YIOLAs PAcCCEnBa-
IOLIYIO WK OTPXKATEIbHYIO CIIOCOOHOCTh MOBEPXHOCTH Tesa. Beipaxkaercs
KaK [0Sl Ma/Ialoliero MoTokKa M3/ay4YeHusl WM YacTHLl, OTpaXKeHHas oBepX-
HOCTBIO Tesa. Pa3nuyaroT HeCKOMbKO BUOB anbOesio.

HcmunHoe anvbedo, nnu 1ambepmogo anvbedo, coBrnazaaroiiee ¢ Koapdu-
LIeHTOM JU(PPY3HOTO OTpaskeHHUs], — 3TO OTHOLIEHME [T0TOKa, pacCessHHOIO
IUIOCKUM 3JIeMEHTOM [I0BEPXHOCTH BO BCeX HalpaBJIEHHUsX, K aJaioleMy Ha
Hero noToKy. Ec/ii moBepxHOCTh OcBelaeTcst 1 Hab/IojaeTcst BEPTUKAIBHO, TO
TaKoe UCTUHHOE ab0e/10 Ha3bIBAIOT HOpMasbHbIM. HopMabHOe anbbeno uu-
CTOrO CcHera cocTasisieT okono 1,0, a speBecHoro yrist — okoso 0,04.

3HaueHve anb0ef0 3aBHCHUT OT CIEKTPa MAJAIOL[Er0 W3/IyUYeHUS U OT
CBOWCTB MMOBEPXHOCTH. [103TOMY OT/e/IbHO U3MEPSIOT anb0eno /s pasHbIX
CIIEKTpa/bHBIX [JUANa30HOB (OMTHYecKoe, yIpTpaduoaeToBoe, MHpaKpac-
HOe), OAA1Aana3oHoB (Bu3yanbHoe, GpoTorpapuueckoe) u Aaxe Al OTAENb-
HbIX [UTUH BOJIH (MOHOXPOMAaTHUECKOE abbe/1o).

B acTpoHOMMH YacTO UCIIOIb3YIOT 2e0Mempuyeckoe, Ui naockoe, anbbe-
[0 — OTHOILIEHHE OCBEL[eHHOCTH Y 3eMJIH, COo3/jaBaeMOii [/IaHeTOH B IIOJIHOH
¢asze (1. e. ee Hecka), K OCBELIEHHOCTH, KOTOPYIO Co37ia Obl IUIOCKUil abco-
JOTHO GeJIblit 9KpaH TOTO )Ke pa3Mepa, uTo U [UIAHEeTa, OTHEeCEeHHbIH Ha ee Me-
CTO ¥ PACIIONIOKEHHBIH IIepIeHJUKYIISIPHO JIY9y 3peHUs U COTTHEYHbIM JTy4aM.
BusyasnbHoe reomerpruyeckoe ansbeno Jlyust 0,12; 3emau 0,367. B npunime,
reoMeTpuyecKoe anb6e10 MOKET GbITh GOJIbIIE eTUHHUIIb (JaCTUUHO 3epKasib-
Hoe orpakenue). Hanpumep, reomerpuueckoe anbbeno JHienaga (CIyTHUK
Carypsa) cocrasnset 1,375+0,008.

[lnga pacuera sHEPreTUUECKOro OajaHca IUIAHEeT UCIIONb3yeTcs cpepuue-
ckoe anvbedo (anbbeno bouna), BBeenHoe B 1861 1. aMeprKaHCKUM acTPOHO-
mom [1. @. Borgom (1825-1865). DTo OTHOLIEHKE OTPAYKEHHOTO BCel I/TaHeTOoH
MOTOKA U3/IyUYeHHU K Ma/Ial0leMy Ha Hee OTOKY. BoHmosckoe anbbeno 3emiun
0,306, y nuienHo# armocdepst JIyubl oHo coctasnsier 0,067, y MOKpbITOi 06-
nakamu Beneps! — 0,77, a y nokpeitoro cHerom JHienaza — 0,99.

B Teopun nepeHoca (paccesiHUS) M3TyUeHUS UCIIONb3YeTCsl TaKKe MOHS-
THE e0UHUYHO0Z0 anbbedo — 3TO OTHOLIEHHE YUC/IA PACCesTHHBIX BO BCE CTOPO-
HbI (POTOHOB K YHC/Ty NaJarllux GOTOHOB.
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ACTPOHOMMYECKAA EOVNHULA (a. e.) — efuHUIA IJIMHBIL, TPAKTHYECKU
paBHas cpefHeMY PACCTOSHUIO MeKay LeHTpaMu 3emn v CoJHIg, T. e. 6071b-
IOH Toyocu 3eMHO#M opOuThL 1 a. e. = 149597 870+ 2 kM (B cucreme MAC
1976 r.). OGBIYHO KCIIO/IB3YeTCSI B ACTPOHOMUM NPU YKa3aHWHM PACCTOSHUIN
Mesxy obbekTamu COTHEUHOM CUCTEMBI U MEX/Y 3Be3[1aMHU B JBOMHBIX CHC-
TeMax. B MeXIyHapoJHBIX JIOKYMEHTaxX aCTPOHOMUYECKas efAUHUIA 0003Ha-
vaercd kak AU uu au (ot anm. astronomical unit).

3aMeTuM, UTO TaKoe OIpe/iesieHre aCTPOHOMUUECKOH eJJUHULIbI YIOBJIeT-
BOpSIET HE TOJIbKO JIIOOMTENEl, HO U GOMBUIMHCTBO MPOGECCUOHATbHBIX ac-
TpoHOMOB. O[THAKO CIIEIMaIMCThI 10 ACTPOMETPUN U ACTPOJUHAMUKE Mpe[-
MOYKTAIOT O0JIee TOUHOE OIpe/eieHre, HapUMep TaKoe: aCTPOHOMHYEeCKast
eIMHNLIA — 3TO MCTOPUYECKU CIOXKMBIIASCS eNMHHUIA U3MEepPeHUs paccTos-
HUil B acTpoHomuy, paHas 149597 870+2 km. [Ipu sTom pasmep 060JbIION
I0JIYOCH OCKYIUPYIOLIEH (T. . MTHOBEHHO#) 0pOUThI 3eMJIH YIKe HE paccMa-
TpUBaeTCs B KAYeCTBe Ta/I0Ha JJIMHBI, IOCKO/bKY OH IeHCTBUTEbHO HEMHO-
rO U3MEHSIeTCs] CO BpEMEHeM IOJ JeliCTBUEM BO3MYLIEHHI CO CTOPOHBI IpY-
rux miaHet. Pagymeercs, nof «opOUTOi 3eMn» MMeeTCsl B BUAY HE TPaeKTo-
pus eHTpa I1aHeTsl 3eMiisl, 8 TpaeKTopus GapuieHTpa (LeHTpa Macchl) CH-
creMbl 3emnsi—/lyHa.

Kpome Toro, crporo roBops, onpejeneHrie aCTPOHOMUYECKON eIMHUIIbI
KaK «CpeJIHEero pacCTOSHUSA» TOXKE He COBCeM BepHO. XOTs OblI IIOTOMY, UTO IIpU
KEIJIepOBCKOM JIBVKEHUH 10 3JUIUIICY CpeJHee 110 BpeMEeHU pacCTOsiHUE (r)
He paBHO OOJIBIION TIOYOCH 3JIIMIICA @, & paBHO (r) = a(l+ €*/2), xorsa npu
3TOM BepHO paBeHCTBO (1/r) = 1/a.

[Ipy akcrOMaTUYeCKOM MOAXOJe aCTPOHOMUYECKYIO eUHHLY OIpefie-
JITIOT KaK pafinyc KPyroBod OpOUTHI, HA KOTOPOU Telno mpeHeOpexumMo ma-
JIOi Maccel B OTCYTCTBHE BO3MYILIEHMI coBepiuaer o6opor Bokpyr CosnHi@a
3a 2m/k cyTOK, rme k — rpaBUTALIOHHAs IOCTOsiHHAsA [aycca. JTo paccros-
HUe UyTh MeHblIle, ueM Oosbiias onyoch opouter 3emuu. [Tockonbky aycco-
Ba TpaBUTALMOHHAS [TOCTOSIHHAS NPUHATA KaK KOHCTAHTA, TO J1€HCTBUTENb-
HO MOJYKHO TaK)Ke CKa3aTh, UTO aCTPOHOMUYECKast eJUHUI[A — ITO UCTOpUYe-
CKH C/IOKMBIIASICS eJUHUIA U3MEPEHUsST PACCTOSIHUI B aCTPOHOMUMU, paBHAs
149597 870 kM. A 6osbiuas moayoch OpOUTE 3eMITH B KAXKAYIO 310Xy HEMHO-
r0 OT/INYAETCH OT 3TOr0 3HAYEHHS.

YkasaHHOe Bblllle 3HaYeHUe acTpoHOMuYecKod eauHunbl (149597 870+
+2 kM) 6bUIO TOTYYEHO HA OCHOBE PA3/IUUHBIX U3MEPEHUH MTPOIIIBIX JIET U B
1976 r. npuHsaTO MexxayHapomHbIM acTpoHoMuyeckuM coro3oM (MAC) kak of-
Ha U3 MPOU3BOJHBIX MOCTOSIHHBIX B CUCTEME aCTPOHOMHUECKUX MTOCTOSTHHBIX
ans cranpaptHoit anoxu J2000,0. 9To 3HaueHUe peKOMEeH/I0BaHO [Ji acTpo-
HOMMYECKUX BBIUMCIEHUH (YTOOBI C/Ie/1aTh X B3AUMHO CPABHUMbBIMU), U pe-
KOMEeH/IaLusl I0Ka COXPaHsIeTCsl.
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OpHaKo [y1st BBIUMC/IEHMST TPAEKTOPHUH M0JIeTa MeXKIIJIAHEeTHBIX 30H/I0B U
OpYruX BBICOKOTOYHBIX MCC/Ief0BaHui Tpebyercst Gosiee BbICOKAs TOYHOCTb
V3MepeHHus] aCTPOHOMHMUYECKOH eAMHHIBI, II09TOMY 3HaueHHWe | a. e. IoCTo-
SIHHO YTOYHSIETCS ITyTeM TeleMeTPUYeCKUX U3MepeHUi CUTHA/IOB OT CaMHUX
MEe)XIUTAHETHBIX 30HZIOB M Pa/IMOJIOKAL[MOHHBIX M3MepeHUl pacCTOSHUU 10
IUIaHeT U acTepouzioB. B HacTosiee Bpems (2017 r.) 3HaueHre acTpOHOMUUE-
CKOH e[JMHUIIBI U3MEPEHO CO CPeJHEKBA/JPaTUUHOMN MTOTPEITHOCTbIO 3 M U paB-
HO 149597870700+ 3 M. DTO 3HAUEHKME MOYKHO Ha3BaTh «TEKYIMM». A GO/Ib-
mast ToMyoCh 3eMHOM OpOuThbI, GUTYpUpYIONAsd B HebeCHO-MeXaHMUEeCKHUX
pacuerax, cocrasnser 149598 261 km = 1,00000261 a. e. (3noxa J2000,0).

3BE3AHAS BETUMUHA — GespasmepHas pusnueckas BeTHUNHA, XapaKTepH-
3yI0IIasl OCBEIIEHHOCTh, CO3aBaeMyI0 HeGecHbIM 00'beKTOM BOIM3U HabIIIO-
naresist. CyObeKTUBHO ee 3HaYeHKe BOCIPUHUMAETCS Kak 61eck (Y TOYeuHbIX
HCTOYHUKOB) WM SPKOCTH (y MPOTsKeHHBIX). [Ipy 3TOM 61eCK OJJHOTO UCTOY-
HUKa YKa3bIBAIOT [TyTEM €ro CpaBHeHws ¢ 6/1eCKOM JIpyroro, IPUHSITOrO 3a 3Ta-
710H. TAKUMU 3Ta/IOHAMU 00BIYHO C/TyIKAT CIIeNHaIbHO [1000paHHbIe Hellepe-
MeHHBbIe 3Be3/Ibl. 3BE3IHYIO BEJIMUMHY CHavyasia BBEJIM KaK yKa3aTeslb BULUMO-
ro 6s1ecKa ONTHUYECKUX 3B€3[, HO [I03)Ke PACIPOCTPAHUIIH U Ha JPYTHe quara-
3onbI n3nydenus: VK, YO. [1lkana 3Be31HbIX BeJIMYMH JorapudMHUUecKas, Kak
U mKasa genubesnos. B mikae 38e3/1HbIX Be/IMYMH PA3HOCTD HA 5 IHHUI] COOT-
BeTcTBYeT 100-KpaTHOMY pa3IMUMIO B IOTOKAxX CBeTa OT U3MEPSIEeMOro U 3Ta-
JIOHHOTO MCTOYHUKOB. TaKUM 00pa3oM, pasHOCTb Ha | 3BE3/IHYIO BE/TUUKHY CO-
OTBETCTBYET OTHOLIEHHUIO MOTOKOB cBeta B (100)'° =~ 2,512 pasa.

0603HaUAIOT 3BE3AHYIO BEJIMUKMHY JIATHHCKOM OyKBOU «m» (0T 1aT. magni-
tudo BenmMuMHA) B BU/Ie BEPXHET0 KYPCUBHOIO MHJIEKcaA cripaBa oT uyucia. Ha-
NpaB/ieHKe [IKa/Ibl 3BE3HbIX BE/IMYMH 00pATHOE, T. . ueM GoJiblile 3HaYeHue,
TeM cabee 6ieck ob6bexta. Harprumep, 3Be3aa 2-if 3Be3HOM BeTMuuHbI (2™) B
2,512 pa3sa sipue 3Be3zpl 3-if BenuuuHbl (3™) 1 B 2,512x2,512 = 6,310 pasa spue
3Be37bl 4-11 BesinunHbI (4™).

Budumas 3ee3dnas eenuuuna (m), Wi MPOCTO «3Be3[HAS BeTMUUHA»,
yKa3bIBaeT [OTOK M3/1y4eHus: BOnu3u Habmogarers, T. e. Hab/IOfaeMyo sIp-
KOCTb HEOECHOr0 UCTOUHMKA, KOTOPask 3aBUCUT He TOJIbKO OT PealbHOU MOII-
HOCTH M3/TyueHus 00beKTa, HO ¥ OT pacCTOsIHUsA [0 Hero. [lIkana BUIUMbIX Be-
JIMYMH BeJIET HAYasI0 OT 3Be3AHOro Karanora [unmnapxa (zo 161 — okomno 126 1.
710 H. 3.), B KOTOPOM BCE BU/IVIMbIE [7Ia30M 3Be3/bl BIIepBble ObUTH Pa3OUThl HA
6 kaccoB no siproctu. Y 3Be3x Kosura Bonbiioit Measeautipt 6;1eck 0Komo 2™,
y Beru — okoso 0™. YV 0c000 ApKUX CBETW/I 3HAUEHUE BUIUMOM 3BE3HOU Be-
JIMUUHBI oTpULiaTenbHo: y Cupuyca — okoso —1,5™ (T. . IOTOK cBeTa OT Hero B
4 pasa 6osnbiie, uem oT Bern), a 6;1eck BeHepb! B HEKOTOPbIe MOMEHTHI [TOYTH
nocruraet —5™ (T. e. moTok cBera oyt B 100 pas 6osbiire, uem ot Bern). [Tog-
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YepKHeM, UTO BUAMMas 3Be3[Has BEIMYMHA MOXeT ObITh M3MepeHa KaK HeBO-
OpY’KeHHBIM I71a30M, TaK U C IOMOIIBIO TeJIeCKOIa; Kak B BU3ya/JbHOM AMaria-
30HE CMEKTPa, Tak U B Apyrux (pororpaduyeckom, YO, UK). Takum obpazom,
B 9TOM TepMHHE «BUANMAas» (aHII. apparent) o3Havaer «Hab/ofaeMast», «Ka-
JKYIIAsICs» ¥ He MMeeT OTHOIIEHMSI KOHKPETHO K YeJIOBeYeCKOMY I71a3y.

[na ynobcTBa cpaBHEHUS U3MEPEHNUH, TPOBE/IEHHBIX HAa Pa3HbIX 0OcepBa-
TOPUSIX [IPU Pa3HbIX 3€HUTHBIX PACCTOSHUSAX 3Be3[, TyOIUKyeMble B CTAThsIX U
KaTa/iorax 3HaueHUs BUAUMON 3B€3/IHOI Be/IMYMHbI 0ObIYHO MCIIPAB/IEHBI 38
TMOT/IoIeHHE B aTMocdepe («BbIHECEHBI 32 aTMOChepy»).

Ab6conomnas 36e30nasn eenuvuna (M) yKasblBaeT, Kakyil0 BHAUMYIO
3BE3/IHYIO0 BEIMYMHY UMesI0 Obl CBETH/IO, ec/ii Obl PACCTOSIHUE [0 HEro Co-
craBnsuio 10 IK U [IPU 9TOM OTCYTCTBOBAIO Obl MEK3BE3[HOE IOIIOLIEHHE
ceeta. Takum 06pasoM, abCOMIOTHAS 3BE3[(HAs BEIMYMHE, B OT/IMYME OT BU-
JMMO}A, T03BOJIsIET CPAaBHUBATh MCTHUHHbIE CBETUMOCTU HeOeCHbIX 00bEeKTOB
(B 3a1aHHOM JMana3oHe CIIEKTPA).

YTo KacaeTcs CreKTpaIbHBIX IUAIa30HOB, TO CYIIeCTBYeT MHOXKECTBO CH-
CTeM 3Be3[HBIX BeJIMYMH, Pa3/THYaIONUXCsT BIOOPOM KOHKPETHOTO Auarnaso-
Ha uaMepenust. [Ipu HabmogeHNY 171a30M (HEBOOPY)KEHHBIM H/IK Yepe3 Tejle-
CKOIT) U3MEPSETCS BU3yanbHAs 38e30Has eenuyuna (my). [lo n3obparkeHuIo
3Be3/ibl HA OOBIYHOM (OTOMIACTHHKE, OTYYEHHOMY (€3 [OTOHUTETbHBIX
cBeTOQWIBTPOB, U3MepsieTcsl pomozpaduueckas 36e30Has eeauuuHa (ms).

[TockonbKy $HOTO3MY/IBCHS YYBCTBUTEIBHA K CUHUM JTyuaM U HEUYBCTBH-
TesbHA K KPACHBIM, Ha GOTOIIaCTHHKE GoJiee IpKUMH (4eM 3TO KaykeTcsl I71a-
3y) moy4aroTcs ronyosie 3Be3apl. OQHAKO U € HOMOIIIBIO GOTOIIACTUHKY, HC-
T0JIb3Y$1 OPTOXPOMATHUYECKYIO 3MYJIbCUIO U JKENITBIH CBETOQUIIBTD, TOTYYaIOT
TaK Ha3bIBAEMYIO (POTOBU3YAJIbHYIO LKAy 3B€3HBIX BETMUKH (M), KOTOpast
MPAaKTUYeCKU COBIAZiaeT C BU3yaIbHOM.

ConocraBinsist IPKOCTH UCTOYHMKA, M3MEPEHHbIE B PA3/IMYHBIX AHaIas3o-
HaX CIeKTPa, MOXKHO y3HATh ero IBeT, OLlEHUTb TeMIIepaTypy MOBEPXHOCTH
(ecnu aTo 3Be3na) wim anbbeno (eciu IIaHeTa), ONMPENEUTb CTENEHb MEXK-
3Be3[HOrO IOIVIOLIEHNsI CBeTa UM ApYrve BakHble XapakTepucTUKH. [loaro-
My pa3paboTaHbl CTaHJAPTHbIE POTOMETPUUECKHE CUCTEMBI, COAEPIKALLIE OT
[BYX 710 IOXKUHbI U G0JIee CIIeKTPabHbIX AUAna30HOB, B OCHOBHOM OIpe/e-
nsieMbIx og6opoM ceetodubTpoB. Hanbosee momyispHa TpexiBeTHas cuc-
tema UBV: ynerpaduonerossiit (Ultraviolet), cunuii (Blue) u sxentsrit (Visual).
[lpu 3TOM KenThIi AMAna3oH oueHb OMU30K K (oToBU3yanbHOMY (V& npy),
a cuHuit — K pororpaduueckomy (B =my). [Ipu 3amucy 3HaUe€HUN 3BE3HBIX
BeJIMYMH B OIpe/ie/leHHbIX Arana3oHax («QuibTpax») 00bIYHO UCIIOMb3YIOT Ta-
Kyt popmy: m,=5, V=11, U=78 u T. 11, He ynotpebsist Ipy Liidpe BepxHUit
VH/IEKC «/M», TIOCKOJIbKY U TaK SICHO, O KAKUX eJMHUIIAX U3MEPEHHS UZIEeT PEYb.
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Kpome criekTpaibHO-4yBCTBUTE/IbHBIX [IPUEMHHUKOB, CYLIECTBYIOT 60I10-
METpPbI — UHTETPa/IbHble IPUEMHUKN U3nydeHus. [[0TOK U3mydeHus, mpocyM-
MUPOBaHHBIH 110 BCeM /Mara3oHaM CIIEKTPa, AaeT 60710Mempuieckyto 36e30-
Hyto eenuuuHy (m, Wl my;) ¥ 1M03BoJsSeT (eCM U3BECTHO PACCTOSHUE /0
WCTOYHUKA U CTelleHb MEe)X3Be3[JHOr0 IMOIVIOIIEHNsI) BBIUMCIUTD CBETUMOCTD
o6bexra. 3HaHME BUOMMOM OOJOMETPUUECKON BENUUHBI TI03BOJISIET BBIUM-
C/TUTD MPUXOJAIINI OT UCTOYHMKA TOTOK SHEPTUM:

f=25-10"% x dex{-0,4m,} Br/m>
BhruncienHoe (4epes paccTosgHME U IOMIOEHNE) 3HaUeHHe aBCOMOTHOM

6onomerpuyeckoit BenuunHel (M, unu M, ;) 1erko mepeBecTH B CBETUMOCTb
(T. e. MOLIHOCTD U3/TyUYeHUsI) 3Be3/bL:

L =3,0x 10%® x dex{-0,4M,} Br.

Ona Conxua my, = —26,83 u M, = 4,74. DTO COOTBETCTBYeT CBETUMOCTU
Conxua L, = 3,85-10% Bt 1 noToky ero usnydenus y 3emi f, = 1369 Br/m?

KOPUYHEBbBIE KAPJIUKU (6ypbie Kapnukn) — KOCMUYECKHE Teja, 3aHUMa0-
1iye 110 CBOMM MaccaM POMeXKYTOYHOe MOJI0)KeHNe MeXXy 3Be3/jaMU U I1j1a-
Heramu. KopuuHeBbIMY Kap/UKaMy MPHUHSTO Ha3bIBaTb 0OBEKTBI C MacCaMu
npubmsurensuo ot 0,01 o 0,08 mace Connua (M,). OT HOpMaIbHBIX 3Be3[
OHHU OT/INYAIOTCS TeM, YTO TeMIlepaTypa B MX HeJpax HUKOIZA He JJOCTUraeT
3HaYEeHHI, HEOOXOMMBIX [y1s1 TPOTEKAHMsI BasKHEHIIel TepMOsAepPHOI peak-
LY — MpeBpalleHus jerkoro usorona Bogopoza ('H) B renmuii (‘He), kotopas
obecrieurBaeT JIMTEbHOE CBeueHHe 0ObIUHBIX 3Be3[, VIMEHHO 9THUM U orpe-
nensieTcst BepxHsig rpaHuia ux macesrt: (0,075-0,08) M,. Ho mo cpaBHeHwuio ¢
[UIaHETaMH, BOOOIIEe He CIIOCOOHBIMU K TEPMOSIIEPHOMY CUHTE3Y, KOpUUHe-
Bble Kap/IMK{ Ha HavaJbHOM 3Tare CBOEH YXM3HU BCe YK€ Pa3orpeBaloTcs Ha-
CTOJIBKO, UTO «CYKUTAIOT» B TEPMOSI/IEPHBIX PEAKIMSIX HEKOTOPbIE Pe/IKUe 3Jie-
MEHTbI, HallpUMep TSKEIbI U30TOMN Bofopoaa — aeitepuii (*H), a Taxke u-
TUI. JTO eslaeT UX Ha KOPOTKOe BpeMs TIOXOXXKUMHU Ha 3Be3zbl. HuxHsas rpa-
HUIA Macchbl KOPUYHEBBIX Kap/IMKOB, OT/AE/AIOMAast UX OT IUIaHeT, UMeeT 3Ha-
yenue okono 13 macc Onwurepa (=0,01M,).

TeMrepaTypa MOBEPXHOCTA KOPHYHEBBIX KapjIUKOB OOBIYHO HE IMPEBbI-
maet 2000 K, a y muorux gaxe 6muska k 1000 K. [Toaromy oHUM uMeIOT TeM-
HO-KpacHbIM WM Jaxke MHPpakpacHbli nseT. OTCI04a U aHIJIMHCKOe Ha3Ba-
HUe 3TUX 00beKTOB — brown dwarf, KOTOpoe HEKOTOPbIE aBTOPbI IEPEBOAT
Ha PYCCKUil SA3bIK KaK «OypbIi Kap/uK». [[/i TAKUX OTHOCHUTEIBHO XOJIOHBIX
00'bEKTOB BBE/IEHbI HOBbIE CrieKTpasibHble Kiaccehl: L (1300-2000 K), T (700-
1300 K) u Y (<600 K). CBetumocTh KOpuuHeBbIX KapaukoB L~(1074-107)L,,
OHUM M3/1y4alOT 9HEPruio 3a CYeT MeJJIeHHOTO CXKaTus sipa. XapaKTepHas
JUTUTENIbHOCTh U3/yueHuss — OKojo 15 M/H neT. 3areM c)xaThe OCTaHaBIIH-
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BAeTCsl, U paBHOBecre 0ObEeKTa IOJepPIKUBAETCs JABI€HUEM BBIPOXKIEHHO-
TO 3JIEKTPOHHOTO Ta3a, NPeMsITCTBYIOIEro IPaBUTAllIOHHOMY CKaTui0. OCTbI-
Bast, KOPUYHEBBIE Kap/IMKY ITPEBPALAIOTCS B «UepHbIe KapIUKW». [1epBhIii KO-
pUUHEBBIi Kap/iuk O6bi1 06Hapy»xeH B 1996 r. [Tocie 3TOr0 y acTpOHOMOB II0-
SIBUJIACh HAJIEXX/1a, UTO OCTHIBILINE KOPUYHEBbIE KAP/IMKH, €C/IH OHH MHOTOYH-
CJIEHHBI, MOTYT UIPaTh posb CKpbITOW Macchl [anaktuku. Ho mpensapuresns-
HbI€ TIOJICUEThI [IOKA3bIBAIOT, UTO MX HEJOCTATOUHO [/I PELIEHUs TIPOBIeMbl
TEMHOT'O BellleCTBa.

o cepepnnbl 1990-x IT. rpaHuLa MeX/y 3Be3/laMU U IUIaHETaMU INpef-
CTaB/Is/Iach BIIOJIHE ONpe/eeHHoi. Hanbonee MaccHBHOM I1aHeTON cunTal-
cs IOnutep, macca xotoporo cocrasinsiet Bcero 0,001 M, a HauMeHblMe cpe-
[ U3BECTHBIX 3B€3J ObUIM 3HAUUTEIbHO KPYIHEEe: OHU UMEJIH MacCy OKOJIO
0,1 M,. Onnako nocte 1995 1. 6putH 0OHAPYIKEHBI IK30IUIAHETHI BO MHOTO pas3
maccuBHee I0nuTepa u 6/11M3KKe K HAM 110 Macce MUHU-3Be3/bl. JTO noTpe6o-
BaJI0 TOUHOTO OIIpe/ie/IeHus] IOHSATUH «3Be3/ja» U «IUIaHeTa» Ha OCHOBe (pu3u-
YeCKUX Pas3/INuuil B UX IBOJIIOLUM.

[TockonbKy XapaKTepHBIM MPU3HAKOM 3BEe3[Ibl C/YKaT MPOTEKaollye B
ee HefIpax TEPMOS/IEPHbIE PEAKIMH, UMEHHO MX OTCYTCTBUE ObLIIO [TOI0XKEHO
B OCHOBY omnpefenenus 1aHeTsl. Cornacho b. P Onnenreiimepy u np. (2000),
IUIaHeTa — 9TO 00BEKT, B KOTOPOM 3a BCIO €r0 MCTOPUIO PEAKLUU SIEPHOTO
CHHTe3a He MPOUCXO/AT HU B KAKOM Brze. Ec/u ke Ha KakoM-160 aTarie 3B0-
JIIOLIUK MOIIHOCTb TEPMOSIIEPHOTO CHHTe3a Oblia CPaBHUMA CO CBETUMOCTHIO
00beKTa, TO OH [JJOCTOMH HAa3bIBATbCS 3BE3/I0M.

Pacuetr! nokasbiBaroT, 4TO B 3Be3zaax ¢ maccoi Meree 0,07-0,08 M, tem-
neparypa Tak HH3Ka, YTO TepMOSIepHbIe PEaKUMH C YIaCTHEM JIETKOIO HU30-
TOTA BOZOPOAA (T. €. peaKkUuy pp-LMK/Ia) MPaKTUUECKH He MPOUCXOJAT. DTO
KPUTUYECKOe 3HaYeHHe MacChl 3Be3/Ibl Ha3bIBAIOT I'PAaHUIIEN BO3rOpaHUs BO-
nopona, unu npedenom Kymapa. EVHCTBEHHBIM OITOBPEMEHHBIM HCTOYHU-
KOM 3HEPrMY MeHee MAaCCUBHBIX 3Be3[] CJIY)KUT UX TPABUTAIIOHHOE CXKaTHe.
OpHako B Iporiecce 3TOro CKaTHsl Kakzast POTO3Be3/1a IPOXOANUT KOPOTKHUM
3Tall TOPEeHUs AeUTepHrs. JTOT TSDKENBbI M30TOII BOAOPOJA BCTYIAET B Tep-
MOSIZIEPHYIO peaKL1io mpu 6osiee HU3KOM TeMIiepaType, ueM JIeTKH1ii BOOPOS,
OTOMY uTO peakuus c peiireprem (°D + p — *He + y) mpoucxopuT nop eiict-
BHEM 9/IeKTPOMAarHyuTHOrO, a He cinaboro B3auMogpeiictusa. Heob6xogumble a1
3TOI peaKLy YCIOBKsI BO3HUKAIOT B 3Be3/ax ¢ Maccoit 6onee 0,013 comueu-
HOi1 (uTo Beero B 14 pas 6onbiue maccst IOmutepa). Ho coneprxanue neiirepus
B KocMuueckoM rasze HuuTokHO (0,001%), cropaet oH 6eicTpo U c1abo Baus-
€T Ha CBETUMOCTD 3B€3/Ibl; OCHOBHBIM HCTOYHUKOM €€ HEPTHU B 3TOT NEPUOT,
BCE PaBHO OCTAETCS IPaBUTALIOHHOE C)KaTHe.

3Be3zbl HauMeHblIlell Macchl, 00/1aJal0NKe SAePHbIM UCTOUYHUKOM 3Hep-
TMH, OYeHb 9KOHOMHO PacxoJyIOT 3amac BOIOpOja: HalupuMep, 3Be3/ia ¢ Mac-
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coit 0,085 M, MOXeT MOAJep)KUBATh CBOI0 HEBBICOKYIO CBETHMOCTb (OKOJIO
0,04% ot conueunoii) B Teuenne 6000 mipp set, uto B 440 pas 6Gosblie Hbl-
HellrHero Bo3pacta BcenenHoit! Ho kopudHeBble Kap/MKU € MacCod 4yTh HU-
ke nipenena Kymapa mpakTU4ecKy JIMIIEHbI s/IepHON 3HEPrUH, II03TOMY I10-
c/ie GBICTPOrO CrOpaHUA JeUTepuss U OCTAHOBKM TPABUTALIMOHHOIO CXKATUS
OHM OBICTPO OCTHIBAIOT M CTAHOBATCS HEBUAUMBIMU — BCETO 3a HECKOJIbKO
MuuHapaoB jet. [loatomy B [anakTrike MOXeT GbITh MHOTO XOJIOJJHBIX U CO-
BepIlIeHHO HEBU/IUMBIX KOPUYHEBbIX KapJIMKOB.

NYYEBASl CKOPOCTb — mpoekuus BeKTOpa CKOPOCTU 0ObEKTA Ha JIy4 3pe-
HUs1 HabJIrIO/iaTess]; ee CYMTAIOT MOI0KUTENbHOM, eC/T 00bEKT YAaIAeTCst OT
Hab/IoaTesNs, ¥ OTpULIATeIbHOM, ec/iu npubmkaercs. Hanpumep, usmepss
CMell[eHre JIMHUI B CIIeKTpax HeOGeCHbIX Tes, ONPe/eIsiioT CKOPOCTh X IIPHU-
6mxenus win ynanenus (3ddext Joriepa), T. e. U3MepsIIOT KOMIIOHEHT CKO-
POCTH, HaTlpaB/IeHHbIH 110 J1y4y 3peHust. TepMUH «TydeBast CKOPOCTb», KakK Ipa-
BUJIO, UCIIO/Ib3YIOT aCTPOHOMBI; QUSUKM OOBIYHO HA3BIBAIOT €€ «paJuaibHON
CKOPOCTBIO».

MECSL, — npoMexyToK BpeMenu, 6M3Kuii K nepuony obpaienus JIyHsl Bo-
Kpyr 3emsu. B conHeuHbIX KaneHJapsx rofi Ae/lST Ha KaleH/JapHble MeCsIIbl
pasHoit POIO/LKUTEIPHOCTU: B I'PUTOPUAHCKOM KasleH/ape Iofl COCTOUT U3
12 mecs1ieB NPOAOIKUTENBHOCTBIO OT 28 10 31 CyTOK, HE COITIaCOBaHHBIX C
¢dasamu JIyHbL

Cunoduueckuii mecay — MepUOL CMEHBI TYHHBIX (a3, KOTOPBIH, B Uact-
HOCTH, CJTY?KUT OCHOBOI1 JIYHHBIX KaseHjapeil. B cpennem pasen 29 cyT 12 yac
44 mun 02,78 ¢ = 29,5305882 cyT, Ho MeHseTcs ot 29,25 cyT 0 29,83 cyT Benen-
CTBU€ JUTUIITUYHOCTH JTyHHOU OPOUTBIL.

Cudepuueckuii (T. e. 3Be3/HbI) Mecsy — NPOMEXYTOK BPEMEHH, 3a KO-
Topbiit JlyHa coBepiaeT 060pOT BOKPYT 3eMJ/IM U BO3BPALIAETCH B TY XKE TOU-
Ky HebecHOU chepbl OTHOCUTEIBHO 3BE3[]; paBeH Meproay BpaiieHus JIyHbl
(27 cyt 07 vac 43 mun 11,47 ¢ = 27321661 cyT).

Tponuueckuii mecay, — nepuof, Bo3BpareHus JIyHbl K TOM ke SKIUITUYe-
CKOIi JO/IrOTe. DTO MOHSTHE NMPAKTUYeCKU He ynoTpebsercs.

AHomanucmuueckuii mecsay, — IPOMEXYTOK BPeMeHU MeX[y MOoC/Iesi0-
BaTe/IbHBIMHU [IPOXOK/JeHUsIMU JIyHBI uepes nepureii ee opouTts (27,5546 cyr).

Jpaxonuueckuii mecsy, — MIPOMeXYTOK BpeMeHU MeKy [10C/Iefj0BaTeb-
HBIMU TPOXOXKAEHUIMU JIyHBI uepes3 OfIUH U TOT JKe y3eJ1 ee OpOUThI Ha IKIIHUII-
THKe (272122 cyT); ©MeeT 3HAUEHUE B TEOPUM 3aTMEHUH.

MOJE/b 3BE3/[1bl — pe3ynbrar TeopeTHyecKkoro pacuera (Kak IpaBHIIO, Y-
C/IeHHOr0) GU3NYECKUX YCI0BUM BHYTPU 3Be3/bl 3aJaHHON Macchl M XUMUYe-
CKOT'0/M30TOIHOTO COCTaBa. BOMIOLMOHHAS MOZIe/b 3Be3/bl IEMOHCTPHUPYET
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CranpaptHag mogens ConHna
(Bahcall J. N. et al. 1982 Rev. Mod. Phys. Vol. 54. P. 767)

M, u L, — Macca 1 CBETHMOCTb BHYTPU pajiuyca r BOKPYT LieHTpa 3Be3zpl; T, p, X
U % — TeMIleparypa, IJIOTHOCTb, MaccoBas [oJs BOAOPoAa U K03Q ULMEHT He-
IIPO3PauHOCTH Ha PACCTOSIHUM I' OT LIeHTpa 3Be3/Ibl.

M, M, R, T,10°K | p,r/em® L,Lg X %, cM?/T
0,0 0,00 15,5 156,3 0,00 0,355 1,1
0,0099 0,046 14,8 1339 0,079 0,417 1,2
0,0385 0,076 13,8 108,1 0,264 0,497 1,3
0,1038 0,113 12,4 78,9 0,555 0,592 1,4
0,1620 0,138 11,4 63,2 0,718 0,641 1,6
0,2100 0,156 10,8 53,6 0,809 0,668 1,7
0,2580 0,173 10,2 45,7 0,874 0,688 1,8
0,3100 0,190 9,60 38,5 0,921 0,702 1,9
0,3900 0,217 8,77 29,4 0,964 0,716 2,1
0,4700 0,245 8,00 22,1 0,986 0,724 2,4
0,5500 0,275 727 16,1 0,996 0,728 2,8
0,6900 0,336 6,03 8,03 1,000 0,731 3,5
0,300 0,430 465 2,85 1,000 0,732 4,7
0,9264 0,554 3,40 0,773 1,000 0,732 8,0
0,9602 0,641 2,72 0,338 1,000 0,732 12,2
0,9784 0,718 2,12 0,169 1,000 0,732 16,8
0,9954 0,849 0,95 0,050 1,000 0,732 | Kousek.
1,00 1,00 0,0058 | 2,8-1077 1,00 0,732 0,3

M3MeHeHHe BCeX 3THX XapaKTepHCTHK co BpeMeHeM. Mojenu 3Besf pasiuya-
IOTCSI CTETIeHBIO yUeTa peanbHbIX (GakTopoB. [IpocTeiimve (oqHOMepHBIE) MO-
[eNy NPeACTaB/sIOT 3B€3/y KaK CHeprIecKy CUMMETPUYHBIH 00beKT, Gu3n-
YyecKre IapaMeTpbl U XMMUYECKHUH COCTaB B HeJpax KOTOPOTr0 M3MEHSIOTCS
TOJIbKO BAO/b paguyca. [[ByMepHble MOJIe/IN YUUTHIBAIOT BpallleHHe 3Be3/Ibl.

Bo3MoxeH Takke y4yeT IepeMeIlrBaHNs BellecTBa, HaTMYUsl MaTHUTHO-
T0 10714, TOTepPU Macchl B BU/ie 3Be3AHOI0 BETPa C I0BEPXHOCTH 3Be3zbl. Tpex-
MepHble MOJe/IM MOI'YT YUYMUThIBAaTh BIMSHNE BHELIHErO MCTOYHMKA IpaBUTa-
LY 1 U31y4eHus (T. e. BIusHUe OIU3KON coce/jHell 3Be3/ibl).

Pacnpenenenue ocHOBHbIX MapamMeTpoB B MOAENM BHYTPEHHETO CTPOEHUS! COBPEMEHHOTO
ConHua, pocturwero sospacta 4,5-10° net. T m p — Temneparypa v nnoTHOCTb Ha paccTos-
HuM r oT LeHTpa, M u L — macca u cBeTUMOCTb BHYTpU paaunyca r. HauanbHbiil xumuueckuin
COCTaB, NPaKTUYECKN HEM3MEHHDII B TeUeHue 3BoNoLMK 32 npegenamu aapa (r > 0,25 Ro),
B MaccoBbix aonsax B 3toit moaenu coctaenset: H — 0,708, He — 0,272, taxenbie anemeH-
b1 — 0,020. MnotHocTb M Temneparypa B uentpe: p, = 158 r/cm u T = 15,7-10° K. Ctpenkm
YKa3bIBalOT PacnosioXXeHue LWKan Ans cooTeeTcTBYloLWMX napameTpos. (Mo: Sears, 1964.)
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HEBECHASl COEPA — BooGparkaemas cdepa nporn3BOIbHOTO Pafnyca, B LIeH-
Tpe KOTOPOH pacrionaraercsi Hab/IroaTeb, BHYTPU KOTOPON HAaXOAATCS BCE
HabmoaeMble HeGecHble OOBEKTHI U Ha [TOBEPXHOCTb KOTOPOU, C TOUKHU 3pe-
Hus Haboaarers, OHU cripoenypoBansl. HebecHas chepa npumeHsercs B ac-
TPOHOMHHU KaK BCIIOMOTaTe/bHasi MaTeMaTHuecKast IIOBEepXHOCTD I U3yue-
HUS B3aUMHOTO PACIIOJIOKEHMSI U IBHYKEHHs KOCMUYecKux 00bexToB. Koop-
OuvHaThl 00beKTOB Ha HebecHOH cdepe (HampuMep, NPAMOe BOCXOKIEHUE U
CK/IOHEeHUe) 33al0TCsI Ty TeM TIPOJIIEH s TUHUH, TPOBEAEHHOM U3 1[eHTpa He-
GecHol cdhepsbl uepes 00bEKT 10 TIepeceyeHus C IOBEPXHOCTBIO Chepsl.

Ha nebecHoii chepe BbiesioT: 60blire KpyrH (MX LEHTPBI COBIIAJAIOT C
1leHTpOM cdepbl); Masble Kpyry (MX LIeHTPHI He JIe)KaT B LieHTpe cepsl); Mare-
MaTH4ecKuil TOpU30HT; 3eHUT; Haaup; Touku 10r, Boctok, CeBep u 3anaz; mo-
JIIOCBI MUpa, HeOeCHbIN 9KBATOP ¥ MEPUAUAH; SK/IUITHUKY; TOUKU COHLECTOSI-
HUI 1 paBHOJEHCTBUI; CyTOUHbIE [Tapajiesyd — Masble KpPyTH, IIapasuiesibHble
JKBATOPY, KOTOPbIE BCIEACTBHE CYTOUHOTO BpALleH!s 3eM/IH OMUCHIBAIOT BCE
HeOecHble cBeTHIa Ha HeGecHOi cdepe.

MAPANNAKC — Bumumoe cMmertenvie 6oee 61m3koro o6bekta Ha GoHe 3Ha-
YnTeNbHO OOJee Ja/eKux Mpy [epeMeleHny HabII0aTess ¢ OfHOIO KOHI@
HeKOTOpoii 6a3bl Ha fpyroii ee koHew. Hampumep, nepemernenre 3eman 1o
opbuTe BbI3bIBAET 3aMETHBI TOANYHBIN Mapaake y OIM3KUX 3BE3/: BU[U-
MOe I10JIO}KEHHE 3Be3/Ibl ONKCHIBAET, B 00LIEM C/Iyuae, 3/UIUIIC BOKPYT CpPeHe-
TO MOJI0’KEHUS 3Be3/IbL

[MapannakTuueckuii yron obbexta (p) paBeH MONOBHHE ero MakCHMaJlb-
HOTO Mapa/UIaKTHYeCKOrO CMeILjeHUs], T. €. paBeH OOJBIIOH MOayocH mapas-
naKTHYeckoro ayuuca. [Ipoiie roBops, OH paBeH yIy, IO KOTOPBIM OT 00b-
eKTa BUZleH paauyc 3eMHoit opouTs (1 a. e.). laxke y 6mmkaiivx 3Be3/ 3Haue-
Hue p < 1”. Ecu yron napasuiakca p Mast ¥ BeIpa)keH B pajinaHax, a JyiiHa 6asbl,
HepIIeHANKY/IIPHOM HAIllPaB/IeHHIo Ha 00beKT, CocTaBsieT B, TO paccTosiHue
10 o6beKTa ¢ HOsbIIOM TOUHOCThIO paBHO D=B/p. [Ipu dbukcuposanHoit Ha-
3e caM Iapa/UIaKTUYECKHUI YTOJI MOXKET C/IY)KUTb MEPOU PacCTOSHUS 10 00b-
exra. [lockonbky 6a30ii rOAMYHOrO Napasakca CIy)KuT paccrosiHue 1 a. e., To,
r3Mepss Napalake B CeKyH/ax AyTH, TOJyUYUM IPOCTOe BhIpaXKeHue s pac-
CTOsIHUS J10 3Be3/bl B napcekax: D= 1/p. [1o onpeznenenuo, mapcex — 3To pac-
CTOsIHME 10 00'beKTa, TOUYHBIN [apa/ylakC KOTOPOro paBeH CEKYHAE AYTH;
«IapCceK» = «1apajaKkc» + «CeKyH/a».

[lapanakcel, ompezie/ieHHble M0 Napa/yIaKTUYeCKOMY CMelleHHI0 CBeTHU-
J1a, Ha3bIBAIOT MpuzoHomempuueckumu. Ho gacto B BU/ie napasiakTUUecKoro
yI7Ia BbIpa)KaloT pacCTOsIHUE [0 CBeTU/Ia, HalileHHOe MHBbIM, He TreoMeTpuye-
CKUM crioco6om. Tak TOABU/IMCh IMHAMUUECKUH, CTIEKTPAIbHbIM, SHEpreTHye-
CKUH, IPYIIIOBOH, CTATUCTUYECKUH MapaslnaKChl.
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bmmkaiimue k ComHny 3Be3nsI (0o 4,1 k)

Koopnuuater J2000.0; napasniakc (p) B yII0BbIX CeKYHIAX.

3Be3na a 8 my |Cnexrp| p | M, | Ly/L, [Ipumeuanus
[poxcuma Kenraspa| 14729,7™-62°41'|11,1™ M5,5Ve |0,769” 15,5 0,00005 o Cen C
o Kenraspa A 14396 |-6050| 0,0 G2V [0,742| 4,3|1,6 HD 128620
o Kenraspa B 14 39,6 |-6050| 1,4/ KIV |0,742| 5,7|0,44 HD 128621
3Besna baprapma | 17 57,8 |+0442] 9,5/ M5V |0,54913,2|0,00043 Gliese 699
Bonbd 359 10 56,5 |+07 01| 13,5|M6,5Ve| 0,419 |16,6|0,00002 | Gliese 406, CN Leo
BD+36°2147 1103,3 [+3558| 7,5/M2,1V 0,392 |10,5(0,0055 Lalande 21185
Cupuyc A 6451 |-1643|-1,4| A1Vm [0,379| 1,5|22,3 HD 48915
Cupuyc B 6451 |-1643| 8,4| DA2 [0,379(11,3/0,0025 Benbrit kapnuk
Jleiiten 726-8 A 139,0 |-17 57| 12,6|M5,5Ve| 0,373 | 15,4 |0,000058 BL Cet
Jleiten 726-8 B 139,0 |-17 57 13,0{M5,5Ve| 0,373 | 15,8 |0,00004 UV Cet
Pocc 154 18 49,8 |-23 501 10,4 |M3,6Ve| 0,336 |13,00,00054 | Gliese729, V1216 Sgr
Pocc 248 23419 |+44 10| 12,3|M5,5Ve| 0,316 |14,80,00011 | Gliese 905, HH And
€ Dpuaana 3329 |-0927| 3,7| K2V |0,311| 6,2|0,29 HIP 16537, HD 22049
CD-36°15693 23059 (-3551| 74| M2V |0,304| 9,8/0,011 Lacaille 9352
Pocc 128 11477 |+00 48| 11,1| M5V |0,300|13,5/0,00034 | Gliese 447, FI Vir
Jleitren 789-6= ABC | 22 38,6 |-15 18| 12,3| M5,5V 0,290 | 14,6 |0,00012 EZ Aquarii
61 JleGena A 21069 [+3845| 52| K5V |0,287| 7,550,086 HD 201091
61 JleGena B 21069 [+3844) 6,1 K7V |0,285| 8,3{0,039 HD 201092
[pormon A 739,3 |+0514| 0,4|F5IV-V {0,286 | 2,7|72 o CMi, HD 61421
[Ipouyion B 7393 (+0514|10,7| DF 0,286 |13,0(0,00054 Benblit kapmuk
BD+59°1915 A 18 42,8 |+59 38| 8,9|M3,5V 0,280 |11,2{0,0029 ADS 11632 AB
BD+59°1915 B 18 42,8 |+5938| 9,7| M4V 10,284 |12,0(0,0014 Struve 2398AB
Groombridge 34A 0184 |+4401| 81| M2V |0,280|10,3/0,0063 |GXAnd, BD+43°44 A
Groombridge 34B 018,4 |+4401| 11,1| M4V |0,28013,310,00039 | GQAnd, BD+43°44 B
G 51-15 829,8 |+26 47| 14,8 |M6,5Ve| 0,276 | 17,0 |0,000013 | G = Giclas, DX Cnc
¢Ind = A, Ba, Bb 22034 |-56 47| 4,7| K4Ve (0,276 6,9|0,15 Ba, Bb — xop. kapmku
T Cet 144,1 |-1556| 3,5/ G8V |0,274| 5,7|0,45 HIP 8102, HD 10700
Jleitren 372-58 336,0 |v44 31| 13,0/ M4,5V |0,27315,2|0,00007 | GJ1061, LHS 1565
JleiiTen 725-32 112,5 |-17 00| 12,1 |M5,5Ve| 0,269 | 14,3 {0,00017 Gl 54.1, YZ Cet
3Besna Jleitrena 7274 |+0514| 9,8 M4V |0,263|12,0]0,0013 | BD+5°1668, Gl273
3Be3na Turapnena | 2 53,0 |+16 53| 15,4 M6,5V | 0,259 17,5 |0,000008 | SO025300.5+165258
SCR1845-6357=A,B| 18 45,1 |-63 58| 17,4| M8,5V |0,259|19,4|0,000002 | B — xopuuH. KapiuK
3eesna Kanreiina 511,7 |-4501| 8,9 M1V |0,255|10,9/0,0037 CD-45°1841
CD-39°14192 21173 |-3852| 6,7 M2Ve {0,253 | 8,7/0,028  |AX Mic, Lacaille 8760
Kprorep 60 A 22 28,0 |+57 42| 9,8/ M3,5V (0,248 |11,8{0,002 HD 239960
Kpiorep 60 B 22 28,0 |+57 42| 11,4\M4,0Ve|0,248 | 13,410,00041 DO Cep, G1860B
DEN 1048-3956 10 48,2 |v39 56 | 17,4 | M8,5V | 0,248 |19,4|0,000002
Pocc 614 A 6294 (-0249]| 11,2|M4,5Ve| 0,244 |13,1]0,00051 | HIP 30920, Gl 234A
Pocc 614 B 629,4 |-0249|14,2| M5,5V | 0,244 16,2 |0,00003 | Gl234B, V577 Mon
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[Brxenue HabIIOaTess1, BRI3BAHHOE CYTOYHBIM BpAllleHUeM 3eMJIH, Bbl-
3bIBAeT M3MEHEHHe BU/MMOrO MOI0XKeHus OMU3KUX 00'bEKTOB, pacrosararo-
muxcs B npegenax ColHeYHOHN cUCTeMbL. Yrol MeXAy HalpaBaeHUsIMH, B KO-
TOPBIX CBETWIO GbUIO Obl BUHO U3 LEHTPA 3eMIM ¥ U3 KaKOU-TUO0 TOUYKU
Ha ero MOBEPXHOCTH, HA3bIBAIOT CYMOUHbIM NAPALAKCOM CBeTUIA (MHOIAa
€ro HasbIBAIOT 2e0UeHMPUUeCKUM Napaniakcom — geocentric parallax). Us-
3a BpalleHus 3eM/IM CYTOYHbIM napa/uiakc ao6oro ceetuaa (KpomMe Haxofs-
IUXCH B [IOJIFOCAX MUPA) /14 oboro HabmomaTens (KpoMe HaXOJAIMXCs Ha
nomocax 3emsu) ABisercss QyHKIMeld BpeMeHU. [l cBeTH/Ia, HaXO/sIero-
cs1 B MOMEHT Hab/iofieHus B 3eHNTe, CYTOYHBII [apaslake paBeH Hyio. Eciu
CBETW/IO HAO/IO/IaeTCst Ha TOPU30HTE, TO €r0 CYTOYHBIIN Mapauake IpUHUMa-
€T MaKCcHMasbHOe 3HaueHHe U Ha3blBAeTCsl 20pU30HMANbHbIM NAPANIAKCOM.
daxTruecKy 3TO yroi, of KOTOPbIM OT 00bexTa BuzieH paauyc 3emyu. [opu-
30HTa/IbHbIN Napasuiakc y Bcex Tes ConHeyHoOMH cucTeMbl HeBesluk: y JIyHbl B
cperHeMm 57,y Connna 8,794”, y Bcex riaHeT OH MeHblie 1”.

NAPHUKOBbIN 3®®EKT — nosbieHye TeMreparypbl TOBEPXHOCTH T/IaHe-
TBI, BbI3BAHHOE TeM, 4TO aTMocdepa rpo3padHa il MPUXOASIIIEro COTHeYHO-
IO M3/Ty4eHus, HO IIPY 3TOM Helpo3payHa JJIsl YXO/SAIIero ¢ IJ1aHeTbl nH}pa-
KpacHOro u3nydyeHus. TemnepaTypa NOBepXHOCTU pacTeT [0 TeX 0P, I0Ka He
YCTAHOBUTCSI OalaHC 3THX TEIVIOBBIX ITOTOKOB. MICTOUHHMKOM Helpo3payHo-
cru armocdepst ans VIK-n3nyuenus o6bruno cnyxar napst Bogs! (H,0) u aBy-
okuch yrmepoaa (CO,). [Tapuukosbiil a¢ddext arMochepbl 0COOEHHO CHIIBHO
nposiBnsieTcsl Ha BeHepe, nMeloliell Beiie[CTBHE 9TOT0 BBICOKYIO TeMIlepaTypy
noBepxHocTH (737K npu addexTuBHOH TeMIepaType riaHeThl 0koso 240 K).
MeHee cu/IbHO NapHUKOBBIN 3D (eKT NposBseTcs Ha 3eMile, 10BOAis ee Cpef-
HI0I0 TeMnepatypy Ao 288 K npu addexrusHoit okomno 250 K.

PABHOAEHCTBUE — MmomeHT mpoxoxpaeHus LeHtpa ConmHLia B €ro BUAU-
MOM [BIDKEHUHU 10 HebecHOU cdepe yepe3 HeGecHbIN sKBaTop. PaBHOMEH-
creue npoucxoaut 20-21 mapra (BeceHHee paBHOZEHCTBHe) U 22-23 ceHTS-
Ops (oceHHee paBHOMEHCTBHE). B 9T0 BpeMs MPOAO/KUTENBHOCTD [JHA U HO-
uyy oavHakoBa. CoJHIle BOCXOJUT B TOUYKE BOCTOKA U 3aXOAUT B TOUKe 3ara/a.

CONHUECTOAHUE — npoxoxaenue ConmHLa uyepe3 TOUKU 3KIUNTHUKY, Mak-
CHUMAJIbHO y/la/IeHHbIe OT HEOECHOro 9KBATOpa. TH TOYKU HA3bIBAIOT MOUKA-
MU CONHYECMOSTHUS.

Pasnuuaror neTHee W 3MMHee COJIHIIECTOSHUS. B 3TH MOMEHTBI BbICO-
ta ConHIla HaJ TOPU30HTOM B IOJ/IeHb COOTBETCTBEHHO MaKCHUMaslbHa WIN
MUHUMasbHA. B 311 gaThl Ha 3emsie HabMIO4AeTC caMblil AJIMHHBIA WK ca-
MBIIf KOPDOTKUI CBETOBOI /ieHb (pa3yMeeTcs, B Te€UEeHHe CYyTOK; MHOTOCYTOY-
Hble NOJIsIpHble JHU He B cueT). B CeBepHOM IOnylIapuy JieTHee COJHIIeCTO-
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auue npuxoputcs Ha 20, 21 wiu 22 uioHs, a suMHee — Ha 21 wim 22 nexab-
pst (8 l0xHOM monymapuu — Hao60poT). [laThl COMHIECTOSIHUS B PA3HbIE TO-
Abl MOTYT pa3nnu4arbcs Ha 1-2 [AHA BCaeACTBUe BUCOKOCHOTO casura. [1o Tpa-
JULUY TePMUHOJIOTUS OpueHTHpyeTcs Ha CeBepHOe Mosyliapue: UIOHbCKOe
coObITHE TI0 BCEi 3eMiie Ha3bIBAIOT JIETHUM COJIHLIECTOSIHUEM, COOTBETCTBY-
IOLIYIO TOYKY IKIUIITUKU — TOYKOM JIETHETO COJIHIIECTOSHMS, a JieKaObpbCcKoe
COObITHE — 3UMHUM COJIHLIECTOSHUEM U TOYKY SK/IUITUKA — TOYKOU 3UMHe-
IO COJIHLIECTOSTHUS.

B acTpoHOMHM MOMEHT JIeTHEero COJIHIeCTOSIHUSI IPYHUMaeTcs 3a Haua-
JIO JIeTa, @ MOMEHT 3UMHET0 COJIHIIECTOSIHUS — 3a Hauasio 3uMbl (B CeBepHOM
nonymapuy). dxnunrudeckas gonrora ComHLa B 3TH MOMEHTBI — COOTBET-
ctBerHO 90° u 270°. B cpefHuX mUpoTax B TeUeHHUE aCTPOHOMHYECKOHN 3UMBI
v BecHbl COJHIIE KaX/Iblil IeHb KYJIbMUHUPYET B TIOJIZIeHb BCe BBIIIE U BBIIIE
HaJi TOPU30HTOM, a B /IeHb JIETHETO COJTHIECTOSIHUS «OCTAaHABIMBAETCS» U U3-
MEeHSeT CBOe [BIKeHre Ha obparHoe. Jletom u ocenbio (¢ 21 utons mo 21 me-
Kabpst) OHO KXK/IbIY [IeHb KYJIbMUHUPYET BCe HIDKE U HIKe. B KOHIIe KOHIIOB
B MOMEHT 3UMHETO cosiHIecTOssHUsI COJIHIlE BHOBb «OCTaHABIMBAETCS», U3Me-
HAET CBOE /IBWKeHKe Ha 00paTHOe U HaYMHAeT MOAHUMAThCA. B TeueHve He-
CKOJIbKUX JIHEH 710 U Iocjie MOMEHTOB COMHIeCcTOsIHUSA BbicoTa Co/HIIa B TOJT-
JIeHb TIOUTU He MEHSIeTCH, T. €. CBETHUJ/IO ITIOUYTH He MEHSIET CBOEro CKIOHEHHS.
OTciozia ¥ MPOUCXOAUT Ha3BaHWE SBJIEHUN — CONMHIecTOsHus. V3 Habmone-
Huit BbicoThl COMHIIA B IEPHO/IBI COTHI[ECTOSIHUI MOXKHO OTIpe/ie/TUTh HaK/I0H
TUTOCKOCTH 3KJIUIITUKY K TUTOCKOCTH HeOECHOTo 9KBaTOPa: OH paBeH IOJIOBUHE
YITIOBOTO PACCTOSIHUS MeX/ly TOYKaMU JIETHEro 1 3MMHer0 COJTHIECTOSTHUH.

TEOPEMA BUPUAJIA — TeopeMa MexaHUKU O CBSI3U MEX]y CpeHUM 3Haue-
HHMEM CyMMapHO! KMHeTH4YeCKOH SHepruy CHUCTEeMbl YaCTHUL], ABIKYIIMXCS B
OrpaHHUYeHHO# 06/1aCTH IPOCTPAHCTBA, U AEHCTBYIOLINMY B 9TOi CHCTEMe CU-
namu. YeraHosneHa HeM. ¢pusnkoM P Knaysuycom (1870). B acrponomun cy-
IecTBeH CTy4ail IrpaBUTAL[MOHHBIX CHJI, TIPU 3TOM TeopeMa BUpHana GopMmy-
JIMpyeTcs TaK: ISl BCSKOTO IPABUTAMOHHO CBS3aHHOTO Tesa (CHCTeMBbI) ero
CpeqHss [0 BpeMeHH IT0TeHIaIbHasl TPaBUTALIOHHAS SHepIUsl COCTABIISAET

Us=-2E,,, (1)

rae E,,, — cpefHss IO BpeMeHU KUHeTHYecKas 9Heprus ABMDKEHUs YacTHIL
tena (cucremsl). Yacto Teopemy Bupuana GOpMYIUPYIOT TaK: y CTabOUIbHON
rPaBUTALIMOHHO CBSI3aHHOM CHCTeMbI YaCTHI] IT0/THAst KHHeTHUecKas SHeprus
cocTapseT (110 MOAY/IIO) TOJIOBUHY TOTeHIMaTbHOM SHeprum.

Crnenyer NMoOAYepKHYTb, YTO B BbIpakeHHe (1) He BXOJUT BHYTPEHHSS
SHEprus YacTHUIl (HapruMep, SHEPTHst UX BpallleH!s W BHYTPEHHSIS SHeprus

aTOMOB UJIM MOJIEKYJI, €C/T pacCMaTpuBaeTCA 1"33).
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[IpuMeHeHye 3TON TEOpeMbl B ACTPOHOMHUM OOYC/IOBJIEHO TEM, UTO OHA
MO3BOJIsIeT Yepe3 BeJIMUMHY IPaBUTALJMOHHON 3HEPrUy CBSI3aThb Maccy CHUCTe-
MBI C KUHETUYECKOH 3Heprueil yacTeil aToil cucTeMsl (B CHCTEME OTCUETA, OT-
HOCHUTENIbHO KOTOPO#M CHCTeMa KaK LieIoe HemoABKKHA). [10cKo/bKy TrpaBu-
TALMOHHAs 3Heprus cucteMsl Uy, 0 TIOPSAAKY BeMUUMHbI cocTaBnseT —GM?/R,
rne M — macca cuctemsl, R — ee pasmep (paguyc), G — rpaBUTALMIOHHAS T10-
CTOSIHHAS, a Cpe/IHSsI KHHeTUUecKasl SHeprysi CUCTEeMbI

2
E - Mug,
KUH 2 ’
rze pr — CpeHeKBaJpaTUYHasi CKOPOCTb YIEHOB CHUCTEMBI, TO U3 (HOPMYJIbI
(1) cnenyer: 2R
M~ (2)
G
Ecnu u3 HabmoneHnii U3BeCTHbI vczp U R, To BeIpaKeHue (2) MO3BOSAET
OLIEHUTh MAacCy CHUCTEMBL. JTOT METO[ IPUMEHHM, HalpuMmep, AJs OLeHKU
Mace 3Be3[HbIX CKOIUIEHUM, TAJIaKTUK U KOMIIAKTHBIX CKOIUIEHWUN Ta/IaKTHK.
[Ipy paccMOTpeHUM CTPOEHHUS 3BE3Jl TeOpeMa BHUpHasa T03BOJISIET OIIEHUTh
CpeHIO0 TeMIeparypy 3Be3sl [ atoro B Gpopmysny (2) moacTasisioT 3Ha-
YeHVe CPeJHeKBaPATUYHON CKOPOCTH, BBIPA)KEHHOE Uepe3 TEMIIEPATypy:
, 3KT
V = —

cp m’

Tle m — Macca uacTyipl rasa. Torga us (2) cienyer:

GmM
= 3
3kR
[lonHas 3Heprus 3Be3zpl, Kak cienyet us (1),
U,
E= EKHH+ UG = _EKMH = TG . (4)

U3 (4) BuzHoO, uto AE = —AE, , T. €. cooOleHye 3Be3/ie SHEPrUy YMeHbIla-
€T KMHETHUUECKYIO SHEPIHIO ee YaCTHUIl ¥, HA0O0POT, U3/TyyeHre SHePruu Ipu-
BOJUT K pocTy E,,. 1 TeMnepaTypsl 3Be3/ibl. EC/IM NCTOYHUKOM SHEpruu 3Be-
3[bl CIYKUT ee MOCTeIIeHHOe C)KaTHe MOJ JefCTBUeM CHJI IpaBUTALHHU (3TO
COOTBETCTBYET OIpe/ie/IEHHBIM 3TanaM 3BOJIIOLMH 3BE3J1), TO BBIAEISIOAsaCs
rpaBUTALMOHHASL SHEPIHs pacpeersiercs cieayomuM obpasom. [lonosuna
ee, cornacHo (1), uger Ha yBenuuenue E v TeMIeparypbl 3Be37bL:

AU,
- =AEK141-1'
2
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Bropas nonosuHa AU, uet Ha U3/1ydeHue:

AU,
BBy, = ~AE, = —".

371

TEPMWUHATOP — rpanuia Mex1y JHEBHbIM M HOYHBIM Nojywiapusamu Jly-
HBI, IJIAHETHI U/IM €CTECTBEHHOIO CIYTHHKA IJIaHeThL. Y H7eaabHOro Iapa B
MPOEKIMK Ha BUJUMBIA JMCK IUIAaHETbl TEPMUHATODP MMeeT (GOpMY MOTO0BH-
HbI 3JIUTMIICA, COEJUHSIIONIEr0 KOHIbI €ro O0/IbIIOI OCH; B IIPEe/IbHbIX CTyyYa-
AX 3TO MOJYKPYT WK NpsAMas JUHUA. Y peasbHbIX [JIaHeT U3-3a HEPOBHOCTH
UX [IOBEPXHOCTH TEPMHUHATOP IIPU €ro HabJ0/JeHHH B TEIEeCKOIT AeMOHCTPH-
pyet cnoxHyio GopMy, 0COOEHHO B 00/1aCTSIX C IlepeceyeHHbIM penbedom (ro-
Dbl KaHbOHBI). B 06/1acTy TepMuHATOpaA COMHEYHBIE /IYYH TAAI0T I10/] Ma/IbIM
YIJIOM K NOBEPXHOCTH IIIaHEeThI, 00pasysl ANUHHbIE TeHH. JTO 0obJeryaer ac-
TPOHOMY M3yueHue pe/ibeda MOBePXHOCTH.

TEPMOSAAEPHAS PEAKLUMNA — anemenTapHas sijepHasi peaxiys, IPOMCXO-
A11asl B X0/ie TepMOSI/IEPHOr0 CUHTe3a B ropsueii r1a3mMe, 4aCTULbI KOTOPOi
XaoTUYeCKH paclpefiesieHbl 10 CKOPOCTAM (B OT/IMYMeE OT YaCTHUL], Pa30rHaH-
HBIX B YCKOpHTeJIE).

TEPMOSAEPHbINA CUHTE3 — nemouka SIIGPHBIX pPeaKLyi, IPOUCXOSILUX B
ropsiuei riasme v IMPUBOAAIIMX K CIUSHUIO JIETKUX aTOMHBIX sjiep U 06paso-
BaHHUIO si7iep OoJiee TSHKENbIX 37IEMEHTOB. DHEpTHst, HeoOXoquMast [/st Ipeojio-
JIEHUS KYJIOHOBCKOTO Gapbepa npw COMKEHUH sifiep, YepriaeTcs U3 KHHeTHUe-
CKOI 9HEPrUy MX XaOTHUeCKOro TeIJIOBOTO /IBM)KeHus. B pe3ynbraTe Bbliens-
eTcs siiepHast SHeprusl CBsI3Y, YacTb KOTOPOH IIepexo/iuT B TeIUI0, HallpuMep
B GopMe OBICTPBIX HEMTPOHOB U Y-KBAaHTOB. [IPYIyi0 YacTb YHOCST HEMTPHUHO.

TepmosepHbIi CUHTe3 — OCHOBHOM MCTOUHUK SHEPrUU U3TyYeHNs 3Be3 .
Bénbiryro yacTb cBOel akTUBHOM »KM3HU 3Be3/a I10/1y4aeT 9HePruio B pe3y/ib-
TaTe peakLUil IpeBpalleHus sifep Bofopoaa (IPOTOHOB) B spa reus. JTH
peaxuuy IPOUCXOAST BO BHYTPeHHel obnacTu (sape) 3Be3/ibl, Iie TeMmrepa-
Typa rasa npesbiuaeT 10 Mz K. OrpomHble 3anackl BHYTPUSAEPHON sHeprun
MOCTENEHHO 0CBOOOKIAIOTCS B HE[pax 3Be3Ibl, 06ecreunBast ee [IIUTebHOe
CYIIIeCTBOBAHUE B BU/IE TOYTH HE MEHSIONIErocst CO BpeMeHeM (CTalloHapHO-
r0) IMAPOCTaTHYeCKH paBHOBeCcHOro Tena. B 3Be3nax tuna CosnHIa 9TOT 1Ipo-
1iecc MoXeT npogo/nkaTecst 6osee 10 mipz et [Tocsie «BbIropanusi» BOAOPO-
Jia TeMInepaTypa B sfpe 3Be3zibl nosbinaercs 7o 100 M K, 1 Tam HaunHaeTcs
peaxuys IpeBpalleHus reius B yraepos. B nporecce sBomonuy 3Be3[, 3Ha-
4ynTenpHO Oolee MacCUBHBIX, yeM COJHLE, [ieMOYUKa sAepPHBIX PeaKLuii Ipo-
[OJ/DKAETCsT U MOC/Ie BBITOPAHMUS Tefvsl, IPUBOAS K 00pa30BaHUIO B HeApax
3Be3/ibl BcE Hosiee TspKesbIX ([0 aTOMHO Macce) 37IeMeHTOB BIUIOTh 10 06pa-
3oBanus saep Fe u Ni, KoTopble UMeIOT HaUOOJIBIITYIO SHEPTHIO CBSI3K B pacue-

KpaTkuil cnpaBoYHWK 339



-~ + 1,2 MeV (max)
1,7 MeV (max) + v

lgo +

e [losntpoH
Yy lamma-kBaHT
v Heittpuno

o [lpoToH

e HeiitpoH

CNO-uMKn TepMoAAEepHOro CUHTe3a renus U3 BOJOpOAa.

Te Ha OAMH HYKJIOH. [losiB/IeHre Ha Onpe/ie/IeHHbIX CTaUsIX 3BOJIIOLUH 3BE3
cBOOO/IHBIX HEUTPOHOB U 3aXBaT UX AAPAMU JIEMEHTOB IPYIIIbI JKeJie3a MpH-
BOJIUT K CUHTE3Yy elle 6osiee TSHKEeIbIX sep, BIVIOTh 10 TPAHCYPAHOBBIX 3J1e-
MEHTOB.

TepMosiiepHble peKLIKH B 3Be3/iaX IPUBOJST K IIOCTEIIEeHHOMY M3MeHeHHI0
XMMMYECKOr'o COCTaBa 3BE3/JHOTO BEILeCTBA, UTO BbI3bIBAeT [IepeCTPOHKY 3Be-
3/bl U ee MPO/IBYKeHHe I10 9BOJIIOLMOHHOMY NyTH. [lepBeIil aTan sBOIIOLNN
3aKaHUYMBAETCA UCTOIIEHUEM BOLOPOA B IIEHTPAIbHBIX 00/1aCTsIX 3B€3/1bL. 3a-
TEeM, IIOCJIe TIOBBIIIEHNS] TEMIIEPATYPBI, BBI3BAHHOIO CXKaTHeM IeHTPabHBIX
CJI0€B 3Be3[bl, TUIIEHHbIX NICTOYHUKOB 9HEpPTHH, CTAHOBATCS 3P PEKTUBHBIMU
TEpMOs/iepHble peaKINY TOPeHUs resvsl, KOTOpble CMEHSIIOTCS peaKUsIMH ro-
penus C, O, Si u nocneayoumx saneMeHToB — BIIOTh A0 Fe u Ni. Benenctaue
CHJIBHOU 3aBHCHMOCTH TI0A0apbePHbIX TEPMOSIEPHBIX PEAKIUi OT TeMIepa-
TYpbI Ha K&)X/JOM OU€peHOM 3Talle TOpPeHus TeMIIepaTypa 3Be3/IHOTO BellecT-
Ba OCTaeTcsl MpUMepHO MocTosiHHOM. [locsie HcTOIe s ouepeiHOTO s1/1epHO-
TO TOpIOYero MpOMCXOAUT MOBbIIIeHNe TeMIlepaTyphl U IJIOTHOCTH 0 TeX Iop,
TIOKa He BK/IIOUAIOTCsl HOBble TePMOsiIepHble PeaKLMU MeXy siipaMy — IIpo-
JYKTaMH ITIpejblAyIiero atana sBomonuy. CrefoBaresbHO, KaX/I0My 3Taly
3Be3/IHOM 3BOJIIOLIUM COOTBETCTBYIOT OIIpe/ie/IeHHble TepMOsiiepHble peaKIUH.

[lepBbIe B MM TaKUX TEPMOSIEPHBIX PeaKkyii — BogopoaHbie. OHU mTpo-
TEKaIOT ABYMsI ITyTSIMHU B 3aBUCHMOCTH OT HauajbHOW TeMrepaTypsl T, B IieH-
Tpe 3Be3/ibl, KOTOpas CBsI3aHa C ee MacCoil M B MOMEHT [JOCTHKeHHU S [TIaBHOMH
nocnegoBarenpHocTy. [Ipu T, <17 mua K (M 1,2 M,) OCHOBHO#1 OKa3bIBaeTCs
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0,23%—‘ p*+e +pt=>2H+y,
Y
10°%
[2H+ p*—’He +y ]—»[ SHe + p*—*He + e™+ v,

15,08%

Y
[3He +%He->"Be + y]— 0,1%
¢99,9% 4
ﬁe+e->7u+ve} [ ‘Be+p*—>B+y }

y Y B
[3He+3He—>“He+2p+ ‘Li+ p*— “He + ‘He [*‘B—>SBe*+e*+ve

p*+pt—=>?H+e" +v, ]—99,77%1

84,92%

Y
3Be* — *He + “He

Bce kaHanbl TepMosiaepHON peakuumu CUHTE3a renns U3 BOAOPOAA B paMKax pp-Lienoy-
KM C YKa3aHHOM B NPOL|eHTaX BEPOATHOCTbIO KAXKA0T0 U3 HUX B TOUKAX Pa3BETB/IEHUS.

pp-lIeroYKa Peakiuii CUHTe3a rejiisl U3 BOJOPO/a, TP 60jIee BHICOKMX TEM-
neparypax peo61afaloT peakiyy yIJIepoJgHoro ukia. [nasxag, T. e. Haubo-
Jlee Me/iJIeHHas1, Peaklys pp-LIeloUKY — epBUYHAsl Peaklys, B KOTOpOil yya-
CTBYIOT [IBa ITPOTOHA:

H+H—->D+e" +v,
B HeH MPOUCXOIUT MO3UTPOHHBIA pacaz, OHOTO W3 MPOTOHOB B MOMEHT
cOmKeHYsT IBYX [IPOTOHOB HA PACCTOSIHUE NeNCTBUS SIAEPHBbIX CHJL 3aTeM
CNeYIOT peaKLuK

D +'H — ’He +v;
SHe + *He — “He + 2'H.

CuHTes renus U3 BOAOPOAA B peaklUsAX YIZIepOJHOTO LIMK/Ia IIpOoTeKaeT
IIPU Yy4acTHU KaTaau3aTopOB, pOJib KOTOPLIX UI'PAIOT Majble IIPUMecH U30TO-
noB C, N u O B nepBoHauyasibHOM 3Be3HOM BemectBe. OOIuii pe3yibrar Bo-
JIOPOJTHOTO WJIU YITIEPOHOTO IIMK/Ia MOYKHO 3anucaTb B BU7e

4'H — “He + 2v + 26,73 M3B (6,4 10" I>k/kr).
YacTb 0cBOGOMK/IAONIENCS B 9TOM PeaKUuy 3HEPTMH YHOCAT HEUTPUHO:
~0,6 MaB B pp-uenouke u ~1,7 MaB B yriepogHOM LKK/IE Ha O1H 00pa3oBas-
muiica atoM renusi. OcranbHasi SHeprusl MOCTeleHHO MpocayuBaeTcs K I0-

BEPXHOCTHU 3BE€31bl U IIOAAEPIKMBAET €€ CBE€YEHNE€ MHOTHE MUJIJIMOHbI U MUJI-
JIapapl J1eT.

KpaTkui1 cripaBoYHmK 341



fpuaiimue 3Be31bl
O6o3HavueHU s p— mapauiakc B YIJIOBbIX CEKYH/AX; I' — paccTosHue; M, —
abcomoTHas 3Be3aHas BennunHa B Gusrpe V; L/L, — cBetumocTs (L) B Gub-
tpe V B egununax ceerumocty Conuua (Ly).

ViMst 3Be3 b1 breck | CiekTpasbHbIit
U ee 06o3HAUeHNE | ustpe V face p | rnok| M, | LyL,
B CO3Be3MN B 3Be3;u-1b1x* c KJIaCCOM**
Be/MUMHAX™| CBETUMOCTH

Conuue - -26,74™ G2V - - +4,8 1
Cupuyc oCMa| -147 AlVm 0,379” 26| +15 21
Kanonyc oCar| -0,72 FOII 0,010 | 100 -5,7| 16 000
Tonuman oCen| -0,29 G2V+K1V | 0,742 1,31 +4,1 1,9
ApxTyp oBoo| -0,04 K1.51Ip 0,089 | 11,2 -0,3 110
Bera oLyr | +0,03v? AOVa 0,129 78| +0,6 50
Kamenna oAur| +0,08 Gs5II+Gomr | 0,077 13,0| -0,5 134
Purenb BOri| +0,12v? B8la 0,004 | 250 | -6,8| 45000
[lpomon  |aCMi| +0,34 F5IV-V 0,286 35| +2,7 73
AxepHap o Eri +0,50 B3Vpe 0,023 | 435 -2,7| 1000
berenbreiize| aOri | +0,58v M2lab 0,008 | 125 | -50| 8400
Xapap BCen| +0,61v? B1III 0,006 | 170 -5,5| 14 000
Axpyxkc oCru| +0,76 B0.5IV+B1V | 0,010 | 100 | —4,2| 4200
Anpraup aAqgl| +0,77 A7V 0,194 52| +2,2 11
Anbpnebapan | o Tau| +0,85v K5I 0,050 | 20 | -0,7 160
AnTapec aSco| +0,91v |Ml1.5lab+B4Ve| 0,005 | 200 =55/ 4000
Crnmka aVir | +096v |BIII-IV+B2V|0,012| 83 | -3,6| 2400
[Tonnyke BGem| +1,14 KOIIIb 0,097 | 103| +1,1 31
@omanerayt |oPsA|  +1,16 A3V 0,130 77| +17 17
Mumosa BCru| +1,25v? BO.5III 0,009 | 110 | -4,0] 3200
[eneb oCyg| +1,25v? A2la 0,001 {1000 | -8,8|270000

* [locsie uncia OTMEYEHa 3HAUUTEIbHAS TEPEMEHHOCTD Giecka (V) wau ero cia-
6as mepeMeHHOCTD (V7).
** 'Y NBOMHBIX 3B€3/i C KOMIIOHEHTAM{ CPAaBHUMOI CBETUMOCTHU B CIIEKTPE BHU[-
HBI IB€ CUCTEMbI JIMHUA.
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Kocmuueckuit mudt 57-59
Kocmuueckuit mycop 256
KpacHbie ruranTst 318

Jlunun snementos B criektpax 3se3 291
Jlyna

3atMenus 12—14, 16—-19

KparepoobpasoBatue 97

nubparmn 9-11

opbura 8,9, 76-78

OTpa)Kkalollie CBOWCTBA MOBEPXHOCTU

84, 85, 325

Teopusl ABKeHUs 11

TepMUHATOp 8

¢daspr 5-12

¢boTo 06paTHOi cTOpOHbI 83
«JlyHa-3», kocmMuveckuii 307 70
Jlyueas ckopoctb 06bekTa 331

«Meccenmxep», NCKYCCTBEHHBIN CIYTHUK
Mepkypus 83, 97, 99, 101

Maxkemaxke, nnanera-kapnuk 176, 187

Mapeorpad 221, 222

«MapuHep», cepust KOCMUYECKUX ammapa-
ToB 98, 108

Mapus, acrepong 195

Mapc 82
BUUMOe JBIKeHue 32, 33
reojIoruueckoe crpoenue 129
«kaHanbl» 118—121
Hanmure Boael 133—148
ToNisipHble manku 129
HPOTUBOCTOSHMA 116
penved 129
cocraB atMocdepsl 142

Marunbza 253, acrepour 85
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MexnyHapopHass KOCMHUYecKas CTaHIHUS
213, 255

Mepkypuit 82, 83, 97
reosorus 98
ocobennocty asmxenus 101, 102
cTpykTypa nosepxHoctu 102-105
Ter1oBoii 6ananc 89, 90, 103

Mecs (nepuon) 331

Meteopurs 207, 209, 210

Merteopabiii motok 208

Mereopounst 207, 209

Merteops! 207, 209

Mumac, cnytHuk CarypHa 168

Munumym Mayunepa 267

«MpIKK», B3aUMO/IEIICTBYIOIIVE TalaKTH-
K1 248

Haxkron 49

Haknonenue 49

He6ecuas cdepa 334

Helttponnsle 3Be3npt 48, 241, 242, 290, 312
Hukra, cnythuk [1nyrona 180

Oxxkarop, kparep Ha Llepepe 177, 178
OpuoHuzbI, MeTeopHslii notok 209

Mannapa, acrepoup 188, 190, 197
[lapannaxc 334-336
[NapuuxoBelit a¢pdexr 89-125, 91, 336
[lepureii 8, 9
[epcenyipl, MeTeopHsl# moTok 209
«[lnoHep», cepust KOCMUYECKUX alNapaToB
252, 253
«[lnonep-Benepa», cepusi KOCMHYECKUX
annaparos 109
[InanerapHble TymMmaHHoCTH 322—324
M2-9 323
NGC 7662 323
«Kombro» (NGC 6720) 322
«Komrauwmii rmas» (NGC 6543) 324
«Mypaseii» 323
ditbenn 39 322
«Jckumoc» (NGC 2392) 323
[Tnanersi-rurantsr 149-175
BHyTpeHHee cTpoeHue 154—158
cxema Korery 161
[Inanersr-kapnuku 176—187

[Tnyron 14, 176, 180—187
atMocdepa 14, 185
Io//IeIHbIN OkeaH 14
[Tokpertue 12—-15
[onspuoe cusHue 273
Ha Carypre u [Onurepe 274
[Tosic Kotinepa 180
[IpunvBHet addexT 212
B raziaktukax 246—249
BEeKTOpbI cun 212
[Ipunmuer 211-238
BIMAHUE Ha gBrbKeHne 3emu 230—-238
UCIIONb30BaHKeE B SHepreTuke 225228
Ha naHetax CoNTHEYHOM CUCTEMBI
234-238
IPOrHO3UpOBaHue 223
[Ipoxoxnenue (Tpansut) 12
rauet 1o gucky Comxua 27

«Paccser», xocMmuuecknit 30HA. CM. CM.
Dawn

Pasunua CrytHuka, o6macts Ha [lnyToHe
183, 184

PaBHoznenctsue 336

PescuneBus, kpatep Ha Becre 198

«Poserra», kocMuueckuii 3ouz 203, 204,
206

Cunxponst 200, 201
Caryps 15, 93, 149
cTpykTypa Konen 15, 16, 165-169
Cupuyc, 3Be3na 65, 287
«Cxuanapennn», MapcuaHckuit 30HA 147,
148
Connue
BCIBILIKY 272274
satmenus 20—-27, 271
— ycroBus Habmoaenust 23-25
kopoHa 21, 26, 271
M6 261
MarHuTHoe mosne 269, 270
Habmonenue 257, 258
nepeHoc sHepruu 264, 265
npory6epanrpt 270, 272
naTHa 261, 262, 266, 267
dorocdepa 261, 262, 263
XUMHUecKui coctas 296, 297
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xpoMocdepa 21, 22
asomonusa 310, 312-315
Conurecrosuue 336-337
Cnextporpad 280
CrryTHUKY 3eM/IM MCKYCCTBEHHBIe, [IBIDKE-
nue 50-55, 61
BIMsHUE arMocdepbl Ha JIBIKEHHe
255-256
Cruxc, ciytHuk [Tnyrona 180

Teopewma Bupuana 54, 337-339
Teopuss OTHOCUTENBHOCTH, SKCIEPUMEH-
TaJbHOE NOATBePKAeHue 21
Tepmunarop 339
Tepmosinepnsie peaxiyu 339-341
Turan, cnytHuk CarypHa 83
atMocdepa 173
¢oto 30Hza (1oiireHc» 173, 174
Tomunusr 183, 187
Touku Jlarpanska 71-73, 194
TposHipl, acrepousst 74, 187, 193, 194
Tymannoctb Auzipomenn 246, 248, 249

Y31 opbutsr 49, 50

Memuna, acrepoun 195, 196
®nopa, acrepoun 195, 196
®oboc, crrytHrk Mapca 171

«Xab6m», kocMuueckuii Teneckon 15, 181,
184, 322
Xapow, crytruk [Inytona 180, 186, 187

Xaymes, nnaneta-kapnuk 176, 187
Lepepa, nnanera-kapnuk 176-180, 187—
190

YepeoTounHbl (TMIOTETHYECKUE TYHHEIH
B runeprpocTpaHcTse) 244, 245
Yepuble fpiper 47, 48, 242-244, 312

Axmnruka 14, 17, 18, 27, 29, 49, 50

Huenaz, cnytHuk CatypHa 85, 238
anpbeno 325

Hoc, acrepoup 195, 196

dnumereit, ciytHUK CaTypHa 169, 170

dnunukssl 34

dpupa, nnaHera-kapnuk 176, 187

Ipoc, acrepous 192

dddexr Jonnepa 282, 284, 285

ddpdexr lMoiinTurra—Pobeprcona 249

dddexr Xokunra 242

ddoekr Lrapka 284 cm. maxxce 36e30bL,
CNeKmpbl, WMapKoecKoe yulupeHue au-
HULL

dddexr Aprosckoro 251-256

Huwurep 73, 74, 93-95, 150—152, 234, 270
Bonpmoe KpacHoe [1satHO 153
IPUIMBHOE BO3/IEHCTBUE HA CIYTHUKH
236-238

fluyc, coyrruk Carypaa 169, 170
flueiiku benapa 264
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