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1. Yro usyuaer actponomus.
Eé snauenme u cBssb
C APYTMMH HaYKaMH

ACTpOHOMHH SIBJISIETCS] OMTHOM M3 APEeBHEMUIIIMX HAYK, MCTOKHU KOTO-
poit otHocsITCsE K KameHHOMY Beky (VI—III teicauenerns no H. 3.).

AcTpoHOMHs' H3yuyaeT ABMIKEHHE, CTPOEHHE, NPOUCXOXKIEeHHe
H pa3sBHTHE HeDeCHBIX TeJl H HX CHCTEM.

Yenoseka Bcerga MHTEPECOBAl BOMPOC O TOM, KaK YCTPOEH
OKPYXAOLUIUIA MUP U KaKOE€ MECTO OH B HEM 3aHuMaeT. Y 60/b-
LIMHCTBA HAPOJIOB €LIE Ha 3ape LMBHIM3ALMM ObUIM CIIOXKEHBI
0COObIE — KOCMOJIOTMYECKME — MM(bI, MTOBECTBYIOIIHME O TOM,
KaK M3 MEPBOHAYAJIBHOIO Xaoca IMOCTENeHHO BO3HMKAET KOCMOC
(MopsiaoK), NOSIBISIETCS BCE, YTO OKPYKAET YeIoBeKa: HEGO U 3eM-
Jisl, TOPBI, MOPSI M PEKU, PACTEHUS M XUBOTHBIE, a4 TAKKE CaM Ye-
JoBeK. Ha nmpoTsokeHUM ThHICAYENETHI LIJI0 MOCTENEHHOE HaKo-
TUIEHWE CBEAEHUM O SIBJIEHUSIX, KOTOPBIE MPOUCXOININ Ha Hebe.

Oka3anock, 4YTO NEPHOAMYECKUM U3MEHEHHUSM B 36MHOM Npu-
poiie COMYTCTBYIOT U3MEHEHUSI BUAA 3BE3IHONO HeOa U BUAMMOTO
asuxeHust ConHua. BeicumTaTh MOMEHT HACTYTUIEHUsI ONPEIEIEH-
HOTO BPEMEHM roza ObUI0 HEOOXOAMMO ISl TOro, YTOOBI B CPOK
MMPOBECTU T€ WJIM UHBIE CETbCKOXO3SICTBEHHBbIE PAabOThI: MOCEB,
rnojus, yoopky ypoxasi. Ho 310 MOXHO ObL10 cienarth JIMIIL TPH
MCIIOJIb30BAaHUH KaJIeHAapsi, COCTaBJIE€HHOIO MO MHOTOJIETHUM Ha-
OmoneHusM nosoxernusi U apuxenuss ConHua u JIyHsl. Tak, Heo6-

' 970 CI0BO NMPOMCXOMMT OT JIBYX FPEYECKHX CJIOB: astron — «3Be3/la, CBETH -
JI0» U NOMOS — «3aKOH».




XOIMMOCTb PEryIsipHbIX HaOMOAeHUNA 32 HEOECHBIMU CBETHIIAMH
Obl1a 00YCJIOBJICHA MPAKTUYECKMMHU NMOTPEOHOCTAMU CYETa BpeMe-
Hu. Crporasi nepuoaMYHOCTb, CBOMCTBEHHAs IBUXEHUIO Hebec-
HBIX CBETHJI, JIEKHUT B OCHOBE OCHOBHbBIX €IWHUI] CUETA BPEMEHH,
KOTOPbIE MCMOJIB3YIOTCS 0 CHX I10pP, — CYTKM, MECHLL, TO/I.

[MpocToe co3eplLiaHue MPOMCXOAALIMX SABIECHUI U UX HAMBHOE
TOJIKOBAHME MOCTENEHHO CMEHSTUCH MOTbITKAMU HAYYHOTO 00BAC-
HEHMsI TPUYMH HabmonaeMbix coobiTHil. Koraa B [pesHeit I'peunu
(VI B. mo H. 3.) Hauanoch OypHoe pa3suThe puocodur Kak HayKu
O MPUPOJE, ACTPOHOMMYECKHE 3HAHUS CTAM HEOThEMJIEMOM ua-
CTbIO YEJOBEUYECKOM KYJIBTYPBl. ACTPOHOMMUS — €IMHCTBEHHAs Hay-
Ka, KOTopasi MoJIy4iia CBOIO My3y-TIOKPOBUTEIbHULLY — YpaHUIO.

C caMbIX ApeBHUX BPEMEH pa3BUTHE AaCTPOHOMMM M MaTeMa-
TUKM OBLIO TECHO CBsi3aHO Mexy coboil. Bel 3Haerte, 4To B nepe-
BOJIE C IPEYECKOT0 Ha3BaHUE OJHOIO M3 pa3/ie/loB MATEMATUKH —
reoMeTpUM — O3Haudaer «3emiaemepue». [lepBbie u3mMepeHust pa-
auyca 3eMHoro iuapa 6euid nposeaeHst ewi€ B 111 B. 1o H. 5. Ha
OCHOBE aCTpPOHOMMUYEeCKMX HabawoneHuit 3a BbicoToi ConHua
B nonaeHb. HeoObluHOe, HO cTaBllee NPUBBIYHBIM [EIEHHE
OKPYXHOCTU Ha 360° uMeeT aCTPOHOMMYECKOE MPOUCXOXKIEHHUE:
OHO BO3HUKJIO TOT/A, KOIZa CYMTANIOCH, YTO MPOAOLKUTEIBHOCTD
roga paBHa 360 cyrkam, a CosiHle B CBOEM IBUXKEHHMU BOKpPYT
3eMJIM KaXble CYTKH [e1aeT OAUH 1iar — rpaayc.

AcTpoHOMMYECKHe HabIoAeHUsl U31aBHA MO3BOSUIN JTIOAAM
OPUEHTHPOBATBLCH B HE3HAKOMOM MECTHOCTH M Ha Mope. PasButue
aCTPOHOMMUYECKHUX METOHNOB OMNpeaejeHusi KoopauHar B XV—
XVII BB. B HeMasoi crerneHu ObUIO OOYCIOBIEHO PA3BUTHEM MO-
peruiaBaHusi M TIOUCKaMM HOBBIX TOprosbix nyreil. CocrasieHue
reorpauyeckKmx Kapr, yrouHeHue (hopmbl U pa3mMepoB 3eMiIu Ha
JIOJITOE BpeMsl CTaJIo OJIHOM M3 MIaBHBIX 3a/lay, KOTOpbIe peliajia
npakTudeckas actpoHomusi. McKkyccTBo mpokiaabiBaTh IIyTh 110
HaOMOAeHWAM 3a HeOECHBIMU CBETUJIAMH, TTOJIYYMBLLIEE HA3BaAHHUE
Hasueauusl, CHaYaNa UCrojib30BaJIOCh B MOPEXOIHOM JIeJI€, 3aTEM
B aBUAllMK, a TENEPb U B KOCMOHABTHUKE.

Bonpoc o nonoxenun 3emiau Bo BeeneHHoU, o TOM, Hemno-
nBUXKHA oHa uiau asuxkercda Bokpyr Conxua, B XVI—XVII BB. npu-
00Opén BaXHOE 3HAYEHUE KaK U1 aCTPOHOMMH, TaK U Ui MUPO-
nouumanusa. FennoueHTpuyeckoe ydyenue Huxoaan Koneprnuka
SIBUWJIOCh HE TOJIbKO BaXKHbIM LIArOM B PELICHUM ITOH Hay4yHOM
npoOaeMbl, HO M CIIOCOOCTBOBAIO M3MEHEHMIO CTHJISI HAYYHOIrO
MBIIILJIEHUsI, OTKPbIB HOBBIH MYTb K MOHUMAHHWIO NPOUCXOISALIHMX
SIBJICHUIA.



ACTpOHOMMYECKHE HAOMIONEHNS] 33 JABMXKEHMEM HeDEeCHBIX
TeJ1 U HEOOXOIUMOCTh 3apaHee BBIMUCSATh UX PacloI0XKeHHUE Chl-
rpajii BaXHYIO pOJib B Pa3sBUTHH HE TOJIbKO MAaTEeMaTHKH, HO U
OYEHb BAXKHOTO UIS MPAaKTUYECKOW AesITe/IbHOCTH YeJIOBEKa pas-
nena (pm3mKu — MexaHHKH. Beipociume U3 eIMHOM KOraa-To Hay-
K1 o npupone — hunocodhun — acTpOHOMHMS, MaTeMaTUKa U
¢dbu3MKa HUKOTIA HE TepsUIM TECHOW CBsi3M Mexiy coboii. B3au-
MOCBSI3b 3TMX HayK HalllJla HEMOCPEACTBEHHOE OTPAXEHHUE B J1€si-
TEeNBbHOCTH MHOTHX Yu€HbIX. [laneko He cayyaHO, HarpuMep, uTo
Taauaeo Taauaeu v Heaax Horomon n3BecTHb CBOMMU paboTa-
Mu # 1o dusuke, 1 o acrpoHomun. K tomy xe HeloToH saBnsiercs
ONHUM M3 co3aareneit nuddepeHIHaTIBHOTO U UHTErpaJibHOTO MC-
gyucnenunii. ChopmynupoBaHHbiii UM xe B koHue XVII B. 3akoH
BCEMUPHOTO TSITOTEHMS] OTKPbLT BO3MOXHOCTb MPUMEHEHMST 3THX
MaTEMaTHYECKUX METOMOB Ul M3Y4YEHWs IABWKEHHUS TIUIAHET W
apyrux Tesa ConHeuHoi cuctembl. [ToCTOSSHHOE COBEPLICHCTBOBA-
Hue criocobos pacyéra Ha npoTskeHUH XVIII B. BbIBEIO 3Ty YacTh
ACTPOHOMMH — HeOecHyr0 MexXaHukKy — Ha MEPBbIN MJaH cpeau
JNPYTUX HayK TOW 3MOXH.

MHOro pa3s B MCTOPVUH Pa3BUTHUSI HAYKU OTAE/IbHbIE MbICTUTE-
I TBITATHCh OFPAHUYUTL BO3MOXHOCTH T03HaHUs BceneHHoi.
[Moxanyii, nmocaeaHss Takas nonsiTka cayunaack B XIX B. Hesa-
IO/IFO 10 OTKPBITUS CNEKTpaibHOro aHanusa. «[Ipurosop» Obin
cypoB: «Mpl npeacrasisieM cebe BO3ZMOXHOCTb ONpeneneHus mx
[HeGecHbIx Ten] dhopMm, paccTosiHMI, pa3MepOB U ABHXEHHUH, HO
HUKOIIa, HUKAKMMH CIOcOOaMH Mbl HE CMOXEM HM3YYHUTh MX XH-
MUYEeCKMii cocTas...» (0. Konm).

OTKpBITHE CIIEKTPAIBHOIO AHAJIM3a U €ro MIPUMEHEHHNe B acT-
POHOMMH MOJIOKWIO HA4aslo LKPOKOMY MCTIONb30BAHUIO (DU3NKH
MPU U3YYEHHH MPUPOAbI HEOECHBIX TEJI M MPUBEJO K MOABICHUIO
HOBOTO pa3/ena Hayku o BcesnenHoit — acmpogusuku. B cBoto
ouepelb, HEOOBIYMHOCTD C «3€MHOI» TOYKHM 3pEHMs YCIOBUH, Cy-
wecrsytommx Ha ConHie, 3B€31aX U B KOCMHYECKOM TPOCTPaH-
CTBE, CIocoOCcTBOBAIA Pa3sBUTHIO (PU3UUECKUX TEOPU, OIMUCHIBA-
JOLIMX COCTOSIHME BEIIECTBA B TAKMX YCIOBHUAX, KOTOPBIE TPYIAHO
co31aTh Ha 3emIe.

Bonee toro, B XX B., 0COOEHHO BO BTOPOM €ro roJjIOBUHE, J0-
CTHKEHMs aCTPOHOMMHM CHOBA, KaK W BO BpemeHa KonepHuka, npu-
BEJIM K CEpPbE3HBIM M3MEHEHMWSIM B HaydyHOM KapTHMHE Mupa,
K CTAHOBJICHUIO MpeicTaBaeHuit 00 3omounn BeenenHoit. D1u
MPEICTaBIEHHUsT COCTABISIIOT OCHOBY COBPEMEHHOW KOCMO/102UU.
Oka3sanoch, yTo BceneHHasi, B KOTOPOM MBI CETOIHS XWUBEM, He-



CKOJIbKO MUJUTHAPJIOB JIET TOMY Ha3al ObUla COBEpIIEHHO HWHONH —
B HEH HE CYLIECTBOBAJIO HYU TAJIaKTHK, HH 3BE3/1, HU rutaHer. [List To-
ro 4ToObl OOBACHUTHL NMPOLIECCHI, MPOUCXOAMBIIHNE HA HAYATBHOM
CTaznu e€ pa3sBUTHS, MOHANOOWICH BECh apCEHANI COBPEMEHHO# Te-
OpEeTHYECKON (PU3MKHM, BKITIOYAsi TEOPUIO OTHOCUTEIBHOCTH, aTOM-
HY10 (bH3KKY, KBAHTOBYIO DU3MKY M (DU3UKY 2/IEMEHTAPHBIX YACTHIL.

CobpiTHSI, KOTOPBIE POU3ONLIA B HAyKe 3a MOCISAHHE JAeCs -
THJIETHsA, TIOKa3aJiM, YTO HEpaspblBHAsl CBSI3b, CYIECTBYIOLIAs
MEXJly acCTPOHOMHEH M (DU3MKOMH, MO3BOJISET YCMEUIHO pelIaTh
MHOTHe npobsiemsl, BONHYIOLIME YenoBeyecTBo. Janeko He cay-
4aiHo, 4yto B nepsbie roasl XXI B. Tpu HobeneBckux npemuu no
(bu3uke ObUTM NPUCYXKIECHBI YY4EHBIM 33 UCCIENOBAHMS 110 ACTPO-
(hM3MKe U KOCMOJIOTHH.

B actpoHoMum, Kak ¥ BO MHOTMX JAPYTMX HayKax, BCE Gobiie
MCIIOIBb3YIOTCSI KOMITBIOTEPDI ISl PEILIEHMS 3a1a4 CaMOro pa3Horo
YPOBHsA — OT YIPABJI€HHs TEJIECKONAMM 10 MCCIENOBaHUS MPO-
LIECCOB 3BOJIIOLMH TUJIAHET, 3BE3/1 U raJlakTHK.

Pa3BuTie pakeTHOM TEXHUKH MO3BOIMIIO YEJOBEYECTBY BBIHTH
B KOCMHUYECKO€E MPOCTPaHCTBO. C OAHOM CTOPOHBI, 3TO CYILECTBEH-
HO pacIIMpHJIO BO3MOXHOCTH UCCIIEN0BAHUS BCEX OOBEKTOB, HAXO-
ASIIMXCA 3a npeneaMu 3eMJIM, M TIPUBEJIO K HOBOMY IMOIBbEMY B
Pa3sBUTHM HEOECHOH MEXaHWKH, KOTOpasi YCMEUIHO OCYIIECTBIISET
pacy€Tbl OPOUT aBTOMATHYECKUX M IMHIOTHPYEMBIX KOCMHYECKHX
annapaTtoB pasiM4YHOro HasHayeHusi. C Opyroit CTOpOHBI, METOIbI
JAWUCTAaHLUMOHHOIO HCC/IENOBAHUA, NPUILICALINE M3 acTPO(U3UKH,
HbIHE LIIMPOKO MPUMEHSIOTCS MTPHU M3YYEHUH HALLICH TUIAHETHI C UC-
KYCCTBEHHBIX CITYTHHKOB M OpOMTaNbHBIX CTaHiMit. Pesynbrarsl
uccnenoBaiuii Ten CoJHEYHOM CHUCTEMBI MO3BOJISIIOT JIydlle Io-
HSITh I7I0DAIbHBIE, B TOM YHCJIE SBOMIOLMOHHBIE, MPOLIECCHI, MPO-
ucxonsime Ha 3emie. BCTynuB B KOCMMYECKYIO 3py CBOETO CyIlIe-
CTBOBAHHA W IOTOBACH K MOJETAM HA APYrye IUIAHETHI, YeJloBeYe-
CTBO He BrpaBe 3a0biBaTh O 3emiie U JIOJDKHO B MOJIHOM Mepe
OCO3HATh HEOOXOIMMOCTDL COXPAHEHUS €€ YHUKATLHOM NMPHPO/IBI.

2. Ctpyxrypa u MacuTabbi
Bcenennoii

Bu YK€ 3HaeTe, 4To Hauma 3eMJisi CO CBOMM cryTHUKOM JIyHOI,
APYTUeE TJIAHEThI U UX CITyTHUKH, KOMETHI U MaJible TUIaHeThl 06pa-
watorcs Bokpyr Connua. Bee atu tena cocrasnsiior Coaneunyro




cucmemy. B cBoio ouepenb, ConHle ¥ BCce APYyrve 3BE3bl, BUIHU-
MbI¢ Ha HeDOe, BXOASAT B OTPOMHYIO 3BE3/IHYIO0 cucTeMy — Haiuy Ja-
aaxkmuky. Camas 6nuskas Kk ConHeyHOW cucTeme 3Be3aa Haxo-
JUTCS TaK Janeko, YTO CBET, KOTOPBIH pPacrpoCTPaHsIeTCs CO CKO-
poctbio 300 ThiCc. KM/C, MOET OT He€ N0 3eMiiu Dosee YEThIPEX JIET.
3BE3nbl ABNSIOTCS HauboJsiee pacnpoCTpaHEHHBIM THUIIOM Hebec-
HBIX TEJI, B OMHOM TONLKO Hallei ['alakTuKe MX HACYUTHLIBAETCS
HECKOJIbKO COTeH MULTHapaoB. O0bEM, 3aHUMAEMbIH 3TON 3BE3-
HOM CUCTEMOM, TaK BEJIMK, YTO CBET MOXET IEPECceyb €ro TOJbLKO
3a 100 TbiC. NeT.

Bo Bceaenroii cyniecTByeT MHOXECTBO APYTUX TAIaKTHK, MO-
n06HBIX Hawe. UMEeHHO pacnojiokXeHWe U JBUXKEHUE rallakTHK
OnpenessieT CTpOeHUe U CTPYKTypy BeeneHHoi B uenom. lNanakrtu-
KM TaK JaJIeKU APYT OT JPYra, YTO HEBOOPYXKEHHBIM ITIA30M MOX-
HO BUIETH JIMIIb TPH Omukaiiinue: n18e — B KOXKHOM nmonyimapum,
a ¢ tepputopun Poccum Bcero oaHy — TYMaHHOCTb AHIPOME/bI.
Ot Haubosiee ynan€HHbIX TaJJAKTHK CBET MIET JI0 3eMJIM OKOJIO
13 muipa ner. 3HauMTEIbHAS YacTh BELIECTBA 3BE3/1 U raJlakTUK Ha-
XOIUTCS B TAKUX YCJIOBUSIX, KOTOPbIE HEBO3MOXHO CO3/aTh B 3€M-
HbIX JJaboparopusix. Bc€ KocMHuecKoe NMpoCTPaHCTBO 3aMOJIHEHO
NEKTPOMArHMTHBIM M3JTYYEHUEM, IPABUTALIMOHHBIMU M MATrHUT-
HBIMM NMOJAsAMH. MeXay 3BE3aaMM B raJlakTHKaxX U MEXAY rajakTH-
KaMM HaXOIMTCs OYEHb Pa3peXeHHOE BELIECTBO B BU/E rasa, Ibl-
JIU, OTAETIBHBIX MOJIEKYJI, aTOMOB U MOHOB, ATOMHBIX SI/IEP U 3J1e-
MEHTAPHBIX YaCTHII.

Kak u3BecTHO, paccrosiHue 10 onuxaiuiero Kk 3emie Hebec-
Horo Tesia — JlyHsl — cocrtasisietT npumepHo 400 Toic. kM. Haubo-
Jiee ynan€HHbie 00BbEeKThl pacrojiaraloTcsi OT HAC HA PACCTOSIHMM,
KOTOpOE npesbiliiaeT paccrosHue 10 JIyasl 6osee uem B 1017 pas.

[MonpobyeM npeactaBuTh pa3Mepbl HEOECHBIX TEJI U paccTosi-
HMSI MEXIY HUMU BO BeesleHHOI, BOCNO/IBb30BaBIIUCH XOPOLLIO M3-
BECTHOM MOJENbI0 — IIKOJBHBIM II0OycOM 3eMIM auaMeTpoMm
25 em. Dot rmobyc B 50 MJIH pa3 MeHbllIe Hallei rutaHeTsl. B aTom
cllydae Mbl JOJDKHBI U300pa3uTh JIyHY 1IapMKOM 1MaMeTpoMm TpHu-
MEpPHO 7 CM, Haxoasuwumcs oT robyca Ha pPacCTOSHUM OKOJIO
7,5 M. Mogens Conxua 6yaer uMeTh aMaMeTp 28 M M HAXOIUTHLCS
Ha paccTossHMM 3 KM, a Moaens HenryHa — camoit nanéxkoit nna-
HeTbl CoJIHEYHOM cucTeMbl — Oyner yaajieHa oT Hac Ha 90 km.
bnavkaiiimass K Ham 3Be3la NMpM TakoM Maciutabe Mmomenu Oyaer
pacnonaratbcsi Ha pacctosHuu npumepHo 800 ThiC. KM, T. €. B
2 pa3sa nanblue, 4yeM Hacrosiiuas (He monenbHas) JIyHa! Pasmepsbi



Hameit MUTaKTHKKM COKpATATCs MPUMEPHO 10 pa3mepos ConmHeu-
HO#1 CMCTEMBI, HO camble Janékue 3BE3/1bl BCE Xe OyAyT HaXOAuThb-
csl 3a e€ nmpeaeiaMu.

S3ANAHME T Benomume, Kakue 0ObeKThbI B OKpyXaiouiei MecT-
HOCTM PACTOJIOKEHbl HA TAKMX PAacCTOSIHMSAX, KOTOpbIe NpUBeie-
sl ans ten ConHeuHOW CHCTeMbl B OMMCAHHOW BBILIE MOIENH.
Kakoii 3 HHMX MMeeT Te ke pasmepbl, uto U Mozenb ConHua
(B npe/utaraeMoMm Macuirabe)?

§ 2. HABIIOJEHHSI — OCHOBA ACTPOHOMMH

1. Oco6enHocTH aCTPOHOMMH
M eé MEeTO10B

Orpommﬂe NMPOCTPAHCTBEHHO-BPEMEHHbBIE MacluTabbl M3yuyae-
MBIX OOBEKTOB M SIBICHUI OMpEAessioT OTIHYUTEIbHBIE OCOOEH-
HOCTH aCTPOHOMMH.

CBeneHusi O TOM, YTO MPOMCXOAMT 3a npeaenaMu 3emiu B
KOCMMYECKOM MPOCTPAHCTBE, YUEHBIE MOTYYaloT MaBHbIM 00pa-
30M Ha OCHOBE TMPUXOAALIEIO OT ITUX OOBEKTOB CBETA U APYIUX
BUIAOB M3ayyeHus. HaboneHusi — OCHOBHOM MCTOYHMK MHGOD-
MalMu B aCTPOHOMHMU. DTa nepeas ocobeHHocmb aCTPOHOMMH
OT/INYAET €€ OT JPYIMX eCTECTBEHHBIX HAayK (Harmpumep, du3uku
WM XUMUM), T1€ 3HAUUTEIBHYIO POJIb UTPAIOT OMBITHI M 3KCIEPH-
MEHTBI, TUIaHUpyeMble B JabopaTopusax. Bo3MOXHOCTH nposene-
HHS SKCTIEPUMEHTOB 3a NpeaeaaMu 3eMIu MosiBUJIMCh JIMIb 61a-
roaapsi KocMoHaBTHKe. HO ¥ B 9THUX ciyyasix pedb WIAET O MpoBe-
JIeHUM McclieIoBaHuii HebobIIOro Maciutaba, Takux, HarmpuMep,
KaK M3ydeHHWe XMMHYECKOro cOCTaBa JIYHHBIX WIH MapCHaHCKHUX
nopon. TpyaHo npeactaBuTh cebe IKCNEPUMEHTBI Hall TJIAHETON B
LIEJIOM, 3BE310M1 WM TalaKTUKOM.

Bmopas ocobernocnms 0OBSICHSIETCS 3HAYMTEIBHONW NPONOJI-
AKMUTETBHOCTBIO LIEJIOTO Psiia U3y4aeMbiX B aCTPDOHOMHMH SIBJIEHU
(OT COTEH 10 MWUIMOHOB M MwuiHapaos net). [loaromy He-
MOCPEACTBEHHO HAG/I0AaTh MHOTHE M3 MPOMUCXOAAUIMX SIBICHHMH
HeBO3MOXHO. Korna siBieHus npoucxoasT ocoOeHHO MEICHHO,



MTPUXOAMUTCS MPOBOANTL HAOIIOAEHUSA MHOTHX POACTBEHHbBIX MEX-
ny coboit 0O6bekToB, Hanpumep 3BE31. OCHOBHBIE cBeneHUsi 00
SBOMIOLMN 3BE3A IMOJyYeHbl MMEHHO TakuMm criocobom. boree
noapo6Ho 06 3ToM OyzIeT paccKkasaHo aajnee.

Tpemsbsi ocobernocms aCTPOHOMUM 00yCI0BJIeHAa HEOOXOaH-
MOCTBIO yKa3aThb IMOJOXeHUe HeOEeCHBIX TeJl B MPOCTPAHCTBE (MX
KOOPAMHATBI) U HEBO3MOXHOCTBIO Cpa3y yKa3aTb, KaKoe M3 HHX
HaxoauTcsl O6uMXke, a Kakoe aanbilue oT Hac. Ha nepsblit B3rsia,
BCe HabogaeMple CBETHIA KaXyTCs HAM OMHAKOBO JAIEKMMHM.

Jlonu B APEBHOCTH CUYMTANIM, YTO BCE 3BE3IbI pacronaralTcs
Ha HebGecHo cdepe, KOTopasi BpallaeTcsi BOKPYT 3eMJIM Kak eau-
Hoe uenoe. Yxke Gonee 2000 ner ToMy Ha3zaa aCTPOHOMBI CTalM
MPUMEHATh CMOCOObI, KOTOPbIE MO3BOJISIA YKa3aTb Pacrioioxe-
Hue nwboro ceeTuna Ha HebecHoU cdepe 1Mo OTHOLUEHUIO K ApY-
MM KOCMHYECKUM 00beKTaM WM HazeMHbIM opueHTHpaM. [Mpen-
craBieHueM 0 HebGecHoM cepe yaoOHO Moab3oBaThCs U TEMEPb,
XOT$l Mbl 3HAEM, YTO peaabHO 3TOU C(pepbl HE CYLLIECTBYET.

IMoctpoum HebecHyo cepy ¥ MPOBEAEM U3 €€ LIEHTpa JIyY 1o
HanpasyieHMIO K 3Be3ne A (puc. 1.1). Tam, rae 3ToT Nyy nepeceyer
MOBEPXHOCThb Cephl, MOMECTUM TOUKY A, H300paxaiouLyo 3Ty
3e3ny. 3Be3aa B Oyner uzobpaxarbea Toukoi B,. [ToBropus rno-
JNOOHYIO ornepaluio asi Bcex HabnaaeMbIX 3BE31, Mbl MMOJIYYHM
Ha NMOBEPXHOCTH cepbl H300paxeHue 3BE3THOr0 Heba — 3BE3A-
HbIM 100yc. SlcHo, uTO ecnn HabnwaaTelb HAXOAUTCS B LIEHTPE
3TOM BooOpaxaeMoit cdepbl, TO ISl HETO HATIPaBIEHUs HA CaMH
3BE31b1 M Ha MX U300paxeHus Ha cepe OyayT coBnaaats. PaccTo-

Puc. 1.1. HebecHas Puc. 1.2. OueHka yrnosbix
chepa pacctoaHui Ha Hebe



SIHUSL MEXIy 3B€31aMu Ha HebecHOl cdepe MOXHO BbIpaxaTh
TOJIKO B YIJIOBOH Mepe. DTH YIJIOBbIE PACCTOSIHUS M3MEPSIIOTCS
BEJIMYNHOM LIEHTPAILHOIO yIJla MEXJY JIydaMH, HanpaBieHHbIMU
Ha OJIHY ¥ JPYTYIO 3BE31Y, WM COOTBETCTBYIOLLEH UM JIyTH Ha MO-
BEPXHOCTH cephl.

st npubIMAKEHHON OLIEHKM YITIOBBIX PACCTOSIHMIA Ha Hebe
MOJIE3HO 3aMIOMHHUTB TAKME JAHHBIE: YITIOBOE PACCTOSIHUE MEXILY
ABYMsl KPaWHUMHU 3B€31amu Koiua boabuioit Measenuun (o u B)
cocrapiusieT okouo 5° (puc. 1.2), a ot a Bonbinoit Measeauiibt 10 o
Manoit Measenmusl (ITonsipHoit 38e3abl) — B 5 pa3 6osnbine —
npumepHo 25°. TIpocTeiiline r1a3oMepHbie OLEHKH YITIOBBIX pac-
CTOSIHUH MOXHO NMPOBECTH TAKXKE C MOMOLIBIO NMATbLEB BbITSHY-
TOM PYKH.

Tonbko nBa ceetna — Conuue u JlyHy — MBI BUAMM Kak JH-
CKH. YIJIOBbIE IMAMETPbI ITUX AUCKOB MOYTH OIMHAKOBBI — OKOJIO
30" win 0,5°. ViioBbie pasMepbl IUIAHET M 3BE31 3HAYMTENBHO
MEHBLIE, MO3TOMY Mbl X BUIMM ITPOCTO KAK CBETSAIIMECHS TOUYKH.
ns HEeBOOPYXEHHOTO I71a3a OOBEKT He BBIISIAMT TOYKOH B TOM
ciryyae, eCJiM €ro yrjuoBble pasMepsbl npessimaioTt 2—3'. DT1o o3Ha-
4aeT, B YaCTHOCTH, YTO HALll [V1a3 Pa3/uyaeT KaxIylo CBETALIYIOCs
TOYKY (3BE€31y) OTAENBLHO OT APYIOil 3BE3/bl B TOM Clyyae, eciu
YIJIOBOE PACCTOsIHUE MeXy HUMHU OoJiblle 3TOH BenuuuHbl. MHa-
Y€ roBOps, Mbl BUIUM OOBEKT HE TOYCYHBIM JIHIIL B TOM Cyyae,
€CJIH PACCTOSIHUE JIO0 HErO MPEBBLILIAET €ro pa3mMepsl He Bosiee yem
B 1700 pas.

O TOM, KaK Ha OCHOBaHWM YITIOBBIX M3MEPEHMIT ONPEESIOT
PAcCTOSIHUS 10 HEOECHBIX TeJl M MX JIMHEHHbIE pasMepbl, Oyaer
pacckasaHo fasee.

YTo6b1 OThICKaTh Ha HebGe CBETHIO, HANO YKa3aTh, B KaKOi
CTOPOHE TIOPH30HTa M KAaK BBICOKO Hal HUM OHO HaXOIMTCH.
C 3TO# LeNBI0 MCTIONB3YETCS CUCMeMa 20PUIOHMAABHBIX Koop-
Qunam — azumym W esicoma. JIns nabmonatensi, HAXOASAIErOCs
B 1060 TOYKe 3eMJIM, HETPYIHO ONpPENEIUTh BEPTUKAILHOE
M rOpM3OHTalbHOE HanpasieHus. [lepBoe U3 HUX onpenensiercs
C MoMouIbIO OTBeca M u3obpaxaercst Ha yeprexe (puc. 1.3) oTBec-
HOW nnHnen ZZ', npoxonsiuieit yepes ueHTp chepsbl (Touky O).
Touka Z, pacnonoxeHHasi npsiMo Haz roJoBoil HaboaaTeN s, Ha-
3bIBaeTCs 3eHumom. T110CKOCTb, KOTOpasi MPOXOAUT Yepes3 LEHTP
cepbl NEPNEHINKYISIPHO OTBECHO JIMHUHA, obpa3syer npu nepe-
CeYCHHUM €O cepoit OKPYKHOCTh — WCHMIUHHBIE WV Mamema-



Puc. 1.3. CeBepHbiit

Cucrema nomioc Mupa Z 3ennt
rOpPU3OHTaNbHbIX
KoopauHaT

Touka
ceeepa

muveckuii 2opuzonm. Beicoma cBeTwia OTCYMTBIBAETCs [0
OKPYXHOCTH, ITPOXOASIIIIEH Yepe3 3¢HUT U CBeTUI0 M, U BbIpaxa-
eTcs JUTMHOM Jyru 3TOH OKPYXHOCTH OT NOPHM30HTa J0 CBETHJA.
DTy AYry ¥ COOTBETCTBYIONIMIA € yrosl NpUHATO 00603Ha4YaTh OyK-
BOIi 4. BeicoTa cBETHUIa, KOTOPOE HAXOAMUTCS B 3¢€HUTE, paBHa 90°,
Ha ropu3oHTe — (°. [TonoxeHue cBeTHUIa OTHOCUTEIIBHO CTOPOH
rOPM30HTa YKa3bIBa€T €ro BTOpasi KOOpAWHaTa — asumym, 060-
3HayaeMbIil OyKBO#H A. A3MMYT OTCUMTBLIBAETCH OT TOYKH IOora B Ha-
NMpaBJIeHUM JIBUXEHUSI YACOBOW CTPEJIKM, TaK YTO a3sUMYT TOYKH
jora paseH 0°, Touku 3anana — 90° u 1. 1. O6paTUTe BHUMAHME,
YTO OINpenesieHue acTPOHOMMYECKOro asumyTa OTIMYaercsi OT
reorpahmyeckoro a3uMyTa, KOTOpPbIi TPAJAMLIMOHHO OTCYMThIBA-
eTcsl OT TOUKH ceBepa.

Topu3oHTa/IbHbIE KOOPAMHATBI YKa3bIBAIOT IMOJIOXEHHE CBE-
THJA Ha HebGe B JaHHBI MOMEHT M BCJICACTBME BpallleHUs] 3eMJIH
HernpepbiBHO MeHsiloTcsi. Ha npakTuke, HarippuMep B T€ONE3HM,
BBICOTY U @3UMYT U3MEPSIOT CMEUMATbHBIMU YIJIOMEPHBIMH ONTHU-
yeckKMMH npubopamu — meodoaumamu.

2. Teneckonbl

OCHOBH BIM MPUOOPOM, KOTOPBIH MCMONb3YETCS B aCTPOHOMMHM
U1 HabmoneHUst HeBecHBIX TeJl, TPUEMAa U aHATM3a TTPUXOASILETO




Puc. 1.4. CobupaHue ceeta obbekTBOM Teneckona

OT HUX U3JIy4eHHUs, aBaseTcsa meaeckon. CIOBO 3TO MPOUCXOOAUT
OT JIBYyX rpeyeckux cios: tele — ganeko u skopéo — cMmoTpio.

Teneckon NpUMEHSIIOT, BO-TIEPBbIX, IS TOTO, YTOOBI cOOpaTh
KaK MOXHO Oosiblle cBeTa, MAYLIET0 OT MCCIeNyeMOro oOobeKTa,
a BO-BTOPBIX, YTOObI ODECTIEYUTh BO3MOXHOCTD M3y4aTh €ro MeJl-
KWe NeTalu, HENOCTYIHbIE HEBOOPYXKEHHOMY rnasy. Yem Oosee
cnabble 00bEKThI 1aET BO3MOXHOCTb YBUAETh TEJIECKOI, TEM BO/Ib-
e ero nponuuarouian cuaa. Bo3aMOXHOCTb pa3jiMyaTh MeJIKue
JIETANIA XapaKTEPU3YET PaA3Petuarouiyio cnocoOHOCHb Te1eCKONa.
O6e 3TH XapaKTEePHUCTUKM TEJIECKOMa 3aBHCAT OT JAMAMETPa €ro
o0beKTUBA.

KonuuectBo cBera, cobupaeMoro oObEKTHBOM, BO3pacTaer
MPOIOPLUOHAIBHO €ro IJowanu (Kksaapary auamerpa) (puc. 1.4).
JuameTp 3pauka 4eJIOBEYEeCKOrO I71a3a axe B IOJIHOM TEMHOTE He
npesbiiaetT 8§ MM. OOBEKTHB TENECKONa MOXET MPEeBbILIATH 10
JUaMeTpy 3pavyokK I71a3a B AECATKU U COTHU pa3. C nomolbio Tese-
CKOIOB M COBPEMEHHBIX NMPUEMHUKOB U3JIYYEHUs BO3MOXHO 00-
HapyXWTb 3BE€30bI U Apyrue 06beKThl, KoTopbie B 100 MutH pa3 cia-
6ee 00BEKTOB, BUIMMbBIX HEBOOPYXKEHHBIM IJ1a30M.

Yem MeHbllIe pazMep U300paxkeHUs CBETALLIEIHCHA TOUKH (3BE3-
Ibl), KOTOPOE NAET 0OBEKTHB TeJIeCKOoNa, TeM JIyUlle ero pa3peiiia-
fomast cnocobHocTe. Eciim paccrosinue mexay m3oOpakeHUsiMU
IBYX 3BE31 MEHbIIIE pa3Mepa caMoro u3o0paxeHus, TO OHU CJIMU-
BalOTCs B onHO. BenenctBue nudpakiimm m3oOpaxeHWe 3Be3bl
Oyner He TOYKOM, a IPKUM NMATHOM — AM(PPAKLUMOHHBIM JUCKOM,
YITIOBOM IUaMETP KOTOPOTO paBeH

206 265 * A
o=

B 2,44,



Puc. 1.5. MeHuckoBbIn Puc. 1.6. NocTpoeHue
Teneckon H306pa)KEHHFI B Teneckone

rae A — JUTMHA CBETOBOM BOJIHbBI, a ) — nuameTp oObeKTHUBA Telle-
ckoma, 206 265 — 4MCI0 CeKyH/ B paaMaHe. Y LIKOJIbHOIO Teje-
ckoria, nuaMeTp o6beKTUBa KOTOporo cocrtasger 60 MM, Teope-
THYECKasl pa3pelualoiiasi cnocobHocTh Oyaer paBHa rpuMmepHo 2”.
HanomMHuM, 4TO 3TO mNpeBbIlIAET pa3peliaolyio CrnocobHOCTh
HEBOOPYXKEHHOTO 171a3a (B cpenHeM) B 60 pas. PeanbHas paspeiia-
10111as CrocoOHOCTE Tesleckona OyaeT MeHblle, MOCKOJIbKY Ha Ka-
YECTBO U300paXKEHUs CYLIECTBEHHO BJIMSIET COCTOSTHUE aTMOcde-
Pbl, ABMXKEHHWE BO3ayXa.

Ecnmn B kayecTBe 0OBEKTHBA TeJIeCKOMa MCITOJIb3YeTCs JIMH3A,
TO TAKOM TEJIECKOI Ha3biBaeTcs pegpaxkmopom (ot nart. refracto —
MPeJIOMJIAI0), a €CJIU BOTHYTOE 3epKasio, — To peghrexmop (reflec-
to — oTpaxaio).

[Tomumo pedpakTopoB U peduieKTOPOB B HACTOSIIEE BpeMsi
HCMOJB3YIOTCH pasjIMUHBIC TUTBI 3€PKATbHO-JIMH30BLIX TEJIIECKO-
MOB, OAMH U3 KOTOPBIX — MEHUCKOBBIN — MPENCTaBJIeH Ha PUCYH-
ke 1.5.

Y HebGonblUMX TeNeCcKONnoB 00bEKTUBOM, KakK MpaBWiIo, CIy-
JKHMT JIBOSIKOBBITYKJ1asi cobuparoutas JuH3a. Kak u3BecTHO, ecinu
MPEeAMET HAXOAUTCH Jajibllue ABOMHOTO (POKYCHOro paccTOsIHHS,
OHa Aa€T ero yMeHbllIEHHOE, MepeBEPHYTOE U AECTBUTEIbHOE
n3o00paxeHue. ITo uzobpaxkeHHe pacnoiaraeTcsi Mexiy ToUKamMmu
(okyca u nBoitHoro dokyca nuH3bl. Paccrosinus 1o JlyHsl, ria-
HET, a TeM OoJiee 3BE30 TaK BEIMKH, UTO JIy4YHM, NMPUXOASMIINE OT
HHUX, MOXHO CHYHUTaATh NMapaiic/ibHbIMH. CJICIIOB&TCJIBHO, H306pa—
XeHue obbekTa Oyner pacnonararbesi B (POKaIbHOM MJIOCKOCTH.

IToctpoum nzobpaxenue JIyHbl, KOTOpoe HaéT 0ObeKTHB 7 ¢
(okycHbIM paccTtosiHueM F (puc. 1.6). O6BbeKTHB CTPOUT M300pa-
XKeHue oObeKTa, JIMHEHHBbIE pa3Mepbl KOTOPOIo OMNpeaesioTcs



(bokycHBIM paccTosiHueM F ¥ yIJIOBbIMM pasMepamMu o 00beKTa Ha
Hebe. BocnonbdyeMcs Teneps eiié oaHOM JIMH30M — OKYJISIpOM 2,
nomecTus e€ ot nzobpaxenus JlyHsl (Touka F|) Ha pacCTOSIHUM,
paBHOM (DOKYCHOMY paccTosiHuio 3Toi nuH3bl — f. DokycHoe
paccTosiHWE OKYJ/Isipa I0JKHO ObITh MeHblILEe, YeM (hoKycHOe pac-
crossHue obbekTuBa. [TocTpous n3obpaxeHune, KOTOpPoe JaET OKy-
JIAp, Mbl YOEIUMCsI, YTO OH YBEJIMYMUBAET YIJIOBbIe pasmepbl JIyHbI:
yroJi  3ameTHo Gonblle yria o.

Ecin wusobpaxenue, naBaeMoe OOBEKTMBOM, HaXOOUTCS
BOM3M (DOKATBHOM TUJIOCKOCTH OKYJspa, YBEIUYEHUE, KOTOpOe
obecrieuynBaeT TENECKOM, PaBHO OTHOLIEHHUIO (POKYCHOro paccro-
SIHUS 00BbEeKTHBA K (POKYCHOMY pPacCTOSTHUIO OKYJIApa:

F
W 7

Teneckon yBeJIMUMBAET BUAMMBIE yIJIOBble pa3mepbl ConHua,
JlyHbl, rIaHEeT U AeTanei Ha HUX, HO 3BE3[1bl U3-3a UX KOJIOCCAlb-
HOM YIAJIEHHOCTH BCE PaBHO BUIHBI B TEJIECKOIT KAK CBETSLLMECH
TOYKH.

HUMes cMeHHBbIE OKYJISIPbI, MOXXHO C OJJHUM M TeM Xe O00bek-
THUBOM [10JIy4aTh pa3indyHoe ypenudeHue. [1oaToMy BO3MOXHOCTH
TeJIeCKOIa B aCTPOHOMMHU MPUHATO XapaKTepHU30BaTh HE YBEIUYE-
HHEM, a AMamMeTpoM ero oobekTuBa. [1pn BU3yanbHBIX aCTPOHO-
MHUYECKUX HabIoneHUAX OOBIMHO MCITONBL3YIOT VBEIMYECHHUS] HE
6onee 100 pa3. [IpumeHsaTb OO/bIINME YBEJIMYECHUA MELUIAET aTMO-
chepa 3emnu. JIBHKeHUE BO3AyXa, HE3AMETHOE HEBOOPYKEHHBIM
rna3oM (WJIM MPU MabiX YBEJIWUEHMSIX), MPUBOAUT K TOMY, YTO
MeJIKHE JeTalu U300paxkeHHus CTAaHOBSTCS HEPE3KUMHM, Pa3MbIThI-
MH. DTO MelaeT U COBpPEMECHHbIM HabmoaeHUsAM C ¢0T03J1€K—
TPOHHBIMM TIpUEMHUKaMM cBeta. [loaromy acrpoHoMUueCcKHE
obcepBaTOpUH, Ha KOTOPBLIX MCIOJIb3YIOTCS KPYITHBIE TEJIECKOTIbI,
pa3MelaloTcsi B paiioHax ¢ XOpPOILIMM acTPOKJIMMATOM: OOJIbILMM
KOJIMYECTBOM SICHBIX JIHEH M HOYEM, C BBICOKOH MPO3pavyHOCTbIO U
cTabMUJIBHOCTBIO aTMOC(hepsl, Ha BLICOTE HECKOJIbKUX KUJIOMETPOB
Hall YPOBHEM MOPS.

CoBpeMeHHBII TeJecKon MnpeacrasiseT coboi CIoXHOe yCT-
POMCTBO, KOTOPOE MMEET MNpeneJbHO TOYHYIO ONTHKY MajbiX U
OOMBLIMX Pa3MEPOB, HAMIYYIINE U3 CYILECTBYIOLIMX NMPUEMHHUKHU
M3JTyuyeHUs] U OOILIMPHBINA KOMIUIEKC HAYYHOU M 00CIyKUBatoLen
anmnapatypbl. Bce Haubonee KpynHble COBPEMEHHBIE TEIECKO-
Mbl — 3TO TEJIECKOMbI-pedIeKTOPHI.



Kpynneiiimii B Poccum te-
neckon-peduiekrop (puc. 1.7)
HMMeEET 3epKaJlo IMaMeTpoM 6 M,
oTuLTM(OBAaHHOE C TOYHOCTHIO
1o nojaer mukpomerpa. Mokyc-
HO€ paccTosiHue 3epkaia 24 M.
Ero macca okono 40 1. Macca
BCEIl YCTAHOBKH TejiecKona 6o-
nee 850 T, a BbicoTa 42 M. Yn-
paBJIEHUE TEJIECKOIOM OCYIle-
CTBIISIETCSI C TMOMOIIBIO KOM-
NblOTEPA, KOTOPBIK MMO3BOJISIET
TOYHO HaBECTH TEJIECKOM Ha
U3yyaeMblii OOBEKT U JUIUTEIb-
HOEC BpeMs yIepXWBaTh €ro B
MoJie 3peHusd, TUIaBHO MOBOpa-
4YMUBasi TEJECKOMN BCJien 3a Bpa-
weHueM 3emnu. Teneckon Bxo-  Puc. 1.7. WectumeTtposbii
T B coctan Crieumanshoji eneCKonpepnextop
actpodusnyeckoit obcepparo-
pun Poccuiickoit akanemum Hayk M ycraHoBieH Ha CeBepHOM
Kaskase (6113 cranuubl 3eneHuykckas B Kabapanno-Bankapun)
Ha BbicoTe 2100 M Hax ypoBHEM Mopsi.

KpynHeitumii B Mupe TelecKon yCTAHOBJIEH Ha octpose Jla
[Tanpma (Kanapckue octpoBa) y nobepexbst Abpuku. «nas» 31o-
ro rejeckona — 3sepkano amamerpom 10,4 m. IMnowanes ero no-
BEPXHOCTH COCTaB/IsAET 82 M2, a COCTOMT OHO W3 36 1IECTUYTONb-
HbIX (hparMeHTOB. OKa3a10Ch, YTO TAKME OFPOMHBIE 3€pKaIa JIyd-
e cobupaTh U3 OTAENbHBIX TOHKMX yacrteii. M3rorasnmBaiorcs
OHH HE U3 CTeKJIa, a U3 DoJiee JIErKMX CUHTEeTUYECKUX MaTEPUAJIOB.
LlenbHoe 3epkaiio Gyaet neopMUpoBaThLCS MOA COOCTBEHHOM TS -
XecTblo. YTOOBI COCTaBHOE 3epKajlo COXPAHSIO HEOOXOAMMYIO
(hopmy, nonoxeHHe OTAENbHBIX YacTel KOPPEKTHUPYETCsl Crelu-
ATBHBIMH  TIPUCIIOCOO/IEHUSIMU (aKTIOATOPAMM), KOTOPBIMU YII-
paBasier Kommnblotep. Teneckomn, rae Takas KOPPEKTHPOBKa
BBITIONIHAETCA 2 pa3a B CEKYHJY, MOXET 0DecrneuyuTh paspeuiaim-
uyro cnocobHocTs okoso 0,4”. B HacTosiiee Bpemst o6cyxkaatoTes
BIIOJIHE peajibHbIC MPOEKTbl CO3AaHMUsI TEJIECKOIMOB C 3epKajlaMu
anameTpoM 25—40 M, YCTPOEHHBIMHM [0 TAKOMY XK€ MPUHIIMIY,
a4 B NEpCrieKTUBE HaMmedaercsa co3gaHue 100-meTrposoro rtenec-
Kona-pednexkropa.




ACTPOHOMBI YK€ JIaBHO He BEIyT BU3YaJbHbIX HaOMIONEHWIA.
Ha cmeny um B XIX B. npuuma dororpadusi, a B HacTosiiee
BpeMsl €€ BO MHOTHMX CJIyYasiX 3aMEHSIIOT 3JIEKTPOHHbIE TIPHEM-
HUKK cBeTta. Haubonbliee pacnpocrpaHeHne MOMYYUIHM TOJY-
MPOBOJAHUKOBBIE TIPUOOPHI ¢ 3apsAJ0BOH CBSA3BI0 (COKpAIIEHHO
[13C). Matpuusi [13C, KoTOpBIE MTPUMEHSIOTCSI B COBPEMEHHBIX
undposbix hoToannaparax, Mo CBOEMY YCTPOINCTBY aHAJIOTUYHBI
TeM, KOTOpbIE MCIOJb3YIOTCS B acCTpPOHOMMM. BaxHelinium ka-
yectBoM [13C, B KOTOpBIX MCMNONb3yeTCss BHYTPEHHMI (oTO-
addexT, aBasgeTcs UX BbICOKas YyBCTBUTEIbHOCTh. OHM peru-
CTPUPYIOT NMPAKTUYECKHU KaXIbli nonasiuuit Ha HUX dortoH. He
MEHEee BaXXHO U TO, YTO 3aIMUCh MOJYYEHHBIX NPH 3TOM H300pa-
KEHUIA BeAETCs C NOMOUILI0 KoMnbloTepa. Takas 3anuch yao0Ha
JUIA NMPOBEACHMS Pa3IMYHbBIX UCCIIEIOBAHWI U nepeaavyun ApYyrum
y4€HbIM. HeKkoTopbie TesecKornbl MCMOAb3YIOTCS IS TOTO, YTOOBI
MoJIy4eHHOE M300paxeHune Yyepe3 KOMMNbIOTEpP NepeaaBaTh Herno-
CpPeACTBEHHO mnoib3oBareasM WHrepHera. D10 mo3sonsier yuya-
CTBOBATh B HAOJIIOAEHUSIX 32 KOCMUYECKHMH OOBEKTAMM MHOTHUM
JIIO5IM, KOTOPBIE MHTEPECYIOTCSI aCTPOHOMHEH, B TOM YMCIE
LIKOJIbHUKAM.

MM3C He3amMeHMMBI 1151 TEJIECKOIOB, KOTOpbIe paboTaloT B aB-
TOMaTHYECKOM pexuMe, 6e3 yuacTus 4yenoseka. B yactHocTH, 3TO
KacaeTcs KOCMHYECKOro reaeckorna «Xabos», Kotopselit obpatiia-
eTcst BOKpYT 3emum Ha BbicoTe okosio 600 km. Haxonsich 3a npene-
JlJaMM OCHOBHOM Macchl aTMOC(EpBI, 3TOT TEJIECKOI € 3epPKAIOM
auameTpom 2.4 M Mo3BOJISIET M3yyaTh 00BEKTHI, KOTOpbie B 10—
15 pa3 cnabee 0ObEKTOB, IOCTYITHBIX TAKOMY XK€ Ha3eMHOMY TeJjle-
ckomny. Teneckon «Xab671» obecrneunBaeT paspelaliyio crnocod-
HoCTh 0,1”, YTO HEAOCTHXKUMO Jaxe /Ui Gosiee KPYNMHBIX Ha3eM-
HbIX TeneckonoB. [Moa Takum yrnom ¢yrOONbHBIN MY BUIEH C
paccrosinus 450 km. Beibop o6bekTOoB HabmoneHust 1 06paboTka
nosydeHHbIX Osaronapsi reseckony «Xab01» pe3yibTaToB MPOBO-
JUTCS CMEUMATIMCTAMU MHOTMX CTpaH. 3a Bpemsi ero paboTrsl Ha
3emmio ObLIO MEpPeAaHo CBBILLIE BOCBMUCOT ThICSY BBICOKOKAYE-
CTBEHHBIX (hoTorpaduit pazIMUHBIX KOCMHYECKHX 00BEKTOB. B MX
qyucse n300paxeHus caMbiX JaIEKMX ralakKTUK, KOTOpbie 00pa3o-
Basuch 6onee 13 mapa et Haszan. Ha uBetHoit Bkieiike XV (puc. 3)
NMOoKa3aHo, KakK BbIISIAMT 00nacTh 3BE31000pa3oBaHusl, HAXOIA-
asicss B 3B€3HOM CKorieHuu M 16 Ha paccTosiHUM OKOJIO 7 ThiC.
CBETOBBIX JIET OT 3eMJIH.



B Hacrosiiee BpeMsi aCTPOHOMMIO Ha3bIBAIOT BCEBOJIHOBOI,
MOCKOJIbKY HabmoneHus 3a 0ObeKTaMM BEAYTCS HE TOJIBLKO B OIl-
THYECKOM Auanasone. [Uisi 3TOM L€/ UCTIONB3YIOTCS pa3iMyHbIe
npubOpPbI, KAXKAbI U3 KOTOPLIX CMIOCOOEH NPUHUMATh U3JTYYEHHE
B ONPEIE/IEHHOM OMara3oHe 3JEKTPOMAarHUTHBIX BOJIH: ramMma-,
PEHTIeHOBCKOE, yabTpaduoneToBoe, MH(ppaKpacHOEe U PaaIHOHN3-
JIyYEHHE.

Tonbko onTUyeckoe U, Mo OOJIbIIIEH YaCTH, PAIMOU3IYYEHHE
M3 KOCMOCA JIOCTUTaeT MOBEPXHOCTH 3eMiu Oe3 3HAaYMTEebHOTO
nornoueHusi. OcTaibHble BUABI M3JIYYEHMs] CKBO3b 3€MHYIO aT-
Mocdepy NMpakTUYECKH He NMPOHMKAKOT, OHA MX PACCEMBAET U MO-
mouwaeT. [MostoMy Teneckonsl sl NMPOBEACHUS HCCIEN0BaHUM
BcenenHoii B 3THX AMana3oHax JUIMH BOJIH YCTAHABIMBAIOTCS Ha
HUCKYCCTBEHHBIX CITYTHMKAX, OPOMTAJIBHBIX CTAHLMAX W JIPYTHUX
KOCMMWYECKHX arnmnaparax.

JLnsi npuéma paaruon3aydeHus pasIHdHbIX KOCMUYECKUX 00b-
€KTOB MCIIOJNIb3YIOTCS paauoTeneckonbl. OCHOBHBIE 3JIEMEHTHI
YCTPOMCTBA PaauOTENECKONa — 3TO aHTEeHHA, MPUEMHMK U TMPH-
OGopbl 1 perucTpauMu curHana. ¥ OONbIIMHCTBA paauoTese-
CKOIOB aHTEHHbI, KOTOpbie Aocturaior B auamerpe 100 m, mo
(hopme TakHe Xe, KaKk BOTHYTbIE 3epKaja Tejaeckona-peduekropa
(puc. 1.8), HO cobupalolme He
CBeT, a paaluoBOJIHBI. Benb uem
Oonblie IUIOMIAaAb AHTEHHBI,
TeM Oonee cnaOblifi MCTOYHMK
PAOIHOMU3IYHCHHUA MOXHO 3ape-
rMCTPUPOBATh.

AHTeHHa npeobpa3syer npu-
HSATBIE €10 3JIEKTPOMAarHUTHBIE
BOJIHbI B 3JIEKTPHYECKHE CHT-
HaJlbl, KOTOPBIE 3aTeM repena-
HOTCA K BbICOKOYYBCTBHUTE/Ib-
HOMY npuéMHMKyY. B cospe-
MEHHbIX paavoTeIecKonax s
pEerMcTpalMM CHUrHajJoOB MC-
MOJb3YETCSI KOMIIBIOTEP, KO-
TOPBIA CHa4ala 3aroMHUHAET UX
B undposoit dopme, a 3arem
NPEACTaBIISIET MOJYyYEHHBIE pe-
3yAbTaThl B HAM/ISAAHOM BHIIC. Puc. 1.8. PagnoTteneckon




CyllecTBEHHO BO3PACTalOT BO3MOXHOCTH PaANOTE/IECKOIOB,
€C/IM UX AaHTeHHbl OOBLEAMHHUTL B CUCTEMY M MCIIOJIb30BaTh UIS
WU3y4eHMs OIHOTO M Toro xe obbekra. Hanpumep, cucrema, Koto-
pasi COCTOMT U3 27 aHTEHH AMaMeTPOM 25 M Kax/1asi, pacroloKeH-
HBIX B ONPENAEIEHHOM TOPsIAKE, MO3BOJISET AOCTHY b YITIOBOTO pas3-
peweHusi 0,04". D10 COOTBETCTBYET BO3MOXHOCTSIM pajMoTese-
CKOTa ¢ aHTEHHOW IMaMeTpPOM 35 KM.

B 2011 r. poccuiickue yyéHble NMPUCTYMWIN K peaTu3alluy
MacmTabHOro MexayHapoaHoro npoekra «Panmoacrpon». Ha oc-
HOBE BBIBEIEHHOI0 Ha OKOJIO3€MHYI0O OpOMTY paauorteneckona
«Cnektp-P» (amamertp antennsl 10 M) M paamoreneckonos, pac-
MOJIOXXKEHHBIX HA BCEX KOHTMHEHTax 3€MHOrO0 I1apa, Cco3naércs
€IMHasi Ha3eMHO-KOCMMYECKasl CUCTEMA UTSE M3YYEHMS pa3iny-
HbIX 00bekTOB BeeneHHO# B paauonmana3soHe (LBETHast BKJICH -
Ka I, puc. 2). [Ipurasicb 1o BBITSAHYTOM JUIMIITHYECKONH opOuTe,
«CnexTp-P» MOXeT yaansTbesi OT 3eMIM Ha PacCTOSIHUE TOPSIKA
350 Teic. kM. TakuMm obBpa3om, co3naBaemasi cUCTEMa MO CBOUM
BO3MOXHOCTSAIM COOTBETCTBYET PAIMOTEJIECKOMY C AHTEHHOM Ta-
KOro KosioccaibHOro pasmepa. OHa obiazaetr MCKITIOYUTENBHO
BBICOKOMW paspeuialonieil crnocobHOCTbIO MOPSAKa MHUITMOHHBIX
nosie#t yroBoit cekyHabl. 31o B 250 pa3 ayuiue, yeM MOXHO 10-
OUTBCSI C MOMOILBIO HA3eMHOW CETH PaJIHOTENIECKOIOB, U Gonee
yeM B 1000 pa3 nydiwe, yeM AOCTHTHYTO TeslecKornoM «Xa66:»
B ONTUYECKOM HAra3oHe.

Peanusaums npoekra «PaauoacTpoH» Mo3soiawia nojayduThb
HOBbI€ JIaHHBIE O TAKHMX SIBJICHUSIX M Mpolieccax, Kak HeHTpOH-
Hbl€ 3BE31bI U CBEPXMACCHBHbIE YEPHBIE NBIPbI, O CTPOCHUM M
IuHaMuKe obnacteil 3Bé3nooOpa3oBanusi B Hauei lanakruke,
a TakxKe MPOIABUHYTHCS B U3YUYEHUM CTPYKTYPhI U 3Bomonuu Bee-
JICHHOIM.

@BOHPOCH 1. B uém cocroar ocobernoct acrpoHomun? 2. Ka-

KM€ KOOpIMHATbl CBETWJl HA3bIBAIOTCA TOPHU3OHTAJIBHBIMH?
3. Onuwmure, kak koopauHathl ConHua GYIyT MEHATHLCS B NMPO-
Lecce ero NBHMXKEHHsS Hall rOPM30HTOM B TeueHue cytok. 4. [lo
CBOEMY JInHeitHOMY pasmepy nuamerp ConHua Goablie guamerpa
Jlynsi npumepno B 400 pas. [TouyeMy UX YIJIOBbIE AHAMETDBI MOYTH
paBHbI? 5. Jlns yero ucnonb3yercs teneckon? 6. Yto cumraercs
[JIaBHOM XapakTepucTHKO# Teneckona? 7. [Mouemy npu Habmone-
HHAX B TEJIECKOIT CBETHJIA YXOISAT M3 MOJsi 3peHus?



CTBE ero 00beKTHBa UCIONIb3YeTCs JIMH3a, ONTHYECKas CHla KOTO-
poii 0,4 anTp, a B Ka4ecTBe OKyJ/isipa JIMH3a C ONTHYECKOH CUIIOM
10 antp? 2. Bo ckonbko pa3 Gosblie CBETa, YeM TelecKon-ped-
pakTop (nnametp oobekTHBa 60 MM), coOOMpaeT KpynHeInii poc-
cHitCKUii Teneckor-pediekTop (auameTp 3epkasa 6 m)?

npocTeiiero teneckona-pedpakropa. U3amepus onTHYECKYIO CH-
1y 06beKTHBA M OKyJsipa, OINpeaenuTe, KAKOe YBeTHYeHHE MOXET
obecreuynTh TAKOH TEJIECKOIT.



II. TIPAKTUYECKHUE
OCHOBbI ACTPOHOMMUWHU

Beposlmo, ell€ Ha 3ape UMBWUIM3ALMU JIIOAU, CTPEMSICh KaK-To
pa3o0bpaTtbCsi BO MHOXECTBE 3BE3 M 3allOMHMTb MX Pacriojio-
JKE€HWE, MBICIEHHO OOBEOUHSINM MX B ONpeacnéHHble (GUrypbl.
BcrnomHuTe, KaK 4acTo Mbl HAXOOWM B KOHTYpax 00JIaKkoB, rop
WM IepEBbEB OYEPTAHMS JIIO/Iei, )KMBOTHBIX WM Jaxe (haHTacTH-
YECKHUX cyniecTs. MHOrMe XapakTepHble «3BE3IHbIE (DUTYPBI» YXKe
B IyOOKO# APEBHOCTH MOJYYHIH MMEHA repoeB IrpPevyecKUX MH-
¢OB M NereHa, a Takxke TeX MH(pPUUYECKUX CYLIECTB, C KOTOPbIMH
9TH TepOM cpaxaiuch. Tak nosiBUIMCh Ha HeOe Iepkynec, OpnoH,
[lepceit, Annpomena, a takxke dpaxkoH, Teneu, Kur. Hekotopsie
M3 3THUX CO3BE3AMH YNMOMMHAKTCA B JAPEBHErpevYecKux MnosmMax
«Ununana» n «Oamucces». Ux nszobpaxeHuss MOXHO BHIETh B CTa-
PHHHBIX 3BE3AHBIX aT/Iacax, Ha rmodycax M KapTax 3Bé3nHoro Heba
(puc. 2.1).

B HalM 1HW CO3BE3IMAMH HA3bIBAIOTCH ONpeIeIEHHbIe YIACTKH
3Bé31HOr0 HeOa, pa3neséHHbIe MeKIy co00i CTPOro yCTaHOB-
JIEHHBIMH rpanml,aun.

Cpenu Bcex 88 co3esnnii 60sbilie U3BECTHBI CAMBIE KPYITHBIE,
B yacTtHocTH bonbiias Menseanua.

Bce 3B€3abl, BUAMMBIE Ha HeOe HEBOOPYXEHHBIM IV1a30M,
lunnapx Bo Il B. 10 H. 3. pa3nenu Ha wecTh BeJuuyuH. Camblie sp-
Kue (ux Ha HebGe meHee 20) cTanu cUUTaTh 3BE3AaMH MEPBOM BETU-
yuHbl. YeM ciiabee 3Be3na, TeM DoJiblle YUCIO, 0DO3Havawlee eé
36€30ny10 eeaununy. HanbGonee cnabbie, e1Ba pa3iMuMMblie HEBO-
OpPYXEHHBIM [J1a30M — 3BE€3/1bl 1IECTOM BeIMYMHbI. B Kaxnom co-
3BE3IMH 3BE31bl 0003HayalTCsA OyKBaMM rpedeckoro andasura
(npunoxenue I1), kKak npaBuio, B nopsiake yoObIBaHUSI UX SPKO-
ctu. Hanbonee sipkas B 3TOM co3Be3auu 3Be3na oOO3HAuaeTcs
OykBOIf o, BTOpast 1o spkocTH — B u T. . Kpome Toro, npumMepHO
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300 3B€3a nosy4ynIn coOCTBEHHbIE HMEHA apabCcKoOro M rpevyecko-
ro MpPOUCXoXaAeHUs. 1o TUOO cambie IpKUE 3BE3bI, TMO0 Haubo-
Jiee MHTEpeCcHBIe 00bEeKThI M3 Yncia bonee ciadbix 38€3a. Tak, Ha-
npuMep, CpeaHss 3Be3na B pyuke Kosiua bonbuioit Menseauiisl

Ha3biBaeTcsi Muuap, 4yto no-apabcku
O3HayaeT «KOHb». DTa 3Be3/1a BTOPOH
BeJIMYMHBI 0003HavaeTcs C bonbiuoi
MenBeauusi. Pagom ¢ Mwuuapom
MOXHO BUIEeTb Oonee cnabyio 3BE3-
NOYKY 4YeTBEPTOM BEJIMYMHBI, KOTO-
PYI0 Ha3BaJld AJIbKOp — «BCaAHUK».
[To 3T0i#1 3BE31€ NpOBEPSIA Ka4eCTBO
3peHHUs1 y apabCKMX BOWHOB HECKOJIb-
KO BEKOB Ha3al.

Kak orteickaTe Ha Hebe [loasip-
HY10 3Be31y — o Manoit Menseauibl,
HaroMuHaeTr pucyHok 2.2. B 3tom

Puc. 2.2. Cnocob oTbickaHuns
MonspHown 3Be3abI



CO3BE3/IMHM, KOTOPOE HEPEIKO Ha3bIBAIOT «Malblii KOBILL», OHA SIB-
JnseTcst camoit sipkoit. Ho Tak ke, Kak U 60JBIIMHCTBO 3BE31 KOB-
wa Bonbwoit Measexuusi, [MonsipHass — 3Be3na BTOPO# BesU-
YUHBI U B YUCJIO CAMBIX SIDKUX 3BE€3/1 Heba He BXOIUT.

Brniocnencrsum yuénbie cranu pacnonarath oToMeTpaMH IS
M3MEPEHUsI Oc8ewéHHoCmu, T. €. IOTOKA MU3JTyYEHMs], TIPUXOJIsi-
LLIETO OT 3Be3/1bl (MM IPYTOro UCTOYHHKA) K HAbII0AATENIO B €1H-
HUILY BPEMEHM Ha €AWHUILY IUIOLLANN, MEePNeHANKYISIPHOI Jyuy
3peHusi. Tenepb B aCTPOHOMMH [UIsI 0O03HAYEHUS ITOI BETMYUHBI
HCIIOJIb3YETCA TEPMHUH «04ecK», a U3MEPSETCSA OHA B 36€30HbIX 6€-
Auyunax. B pesynsraTe M3MepeHMit 0Ka3anoch, YTO caMmbie ApKUe
3BE3/1bI HeGa — 3BE311bI MEPBOM BeJIMYMHBI — npumepHo B 100 pas
ApYe caMbIX CJA0bIX, BUAMMBIX I71a30M — 3BE3J1] IECTON BEIUYM-
Hbl. CoBpeMeHHasi LIKala 3BE3AHBIX BEJIMYMH OMpEAE/ieHa Tak,
4TO 3BE€3/a MepBOM BeJWYMHBI B 2,512 pasa sipue 3Be3abl BTOPOi
BeJIMYMHBI. B CBOIO 0OYepensp, 3Be31a BTOPO# BETMYMHBI BO CTOJb-
KO Xe pa3 no 6JIeCKy NMpEeBOCXOAMT 3BE3Ay TPETbEH BEIUYMHBI
u T. 1. Heckonbko 3BE31 GbiIM OTHECEHBI K 3BE31aM HYJIEBOM Be-
JIMYUHBI, MOTOMY 4TO MX Gneck okasaics B 2,512 pasa Gosblue,
4yeM y 3BE3/ MepBOi BEIMUMHBI. A caMasi ipKasi 3B€3/1a HOYHOTO
Heba — Cupuyc (a Bonsworo INca) nonyynna gaxe orpuuaTelb-
HYI0 3BE€3IHYI0 BenIUYMHY —1,5. Cnicok Hanbosee sipkux 38€31 ¢
YKa3aHWeM MX Ha3BaHHUs W 3BE3IHON BEJIMYMHBI MPUBEAEH B NPH-
JIOXKEHWUH V,

M3mepeHusi CBETOBOIO MOTOKA OT 3BE3N MO3BOJSIIOT TENephb
OMNPENETUTb UX 3BE3AHBIC BEJIMYMHBI C TOYHOCTBHIO [0 NECSATHIX
M COTBIX IOJIEH.

C usobpereHueM Teneckona yuéHble MoaydyujIH BOIMOXHOCTh
yBuaeTh Gosee cnabbie 3BE3/bI, OT KOTOPBIX NMPHXOMAMT ropasio
MEHBILIE CBETa, YeM OT 3BE3/ mectoi BenmuuuHbl. Lllkana 3séan-
HBIX BEJTMYMH BCE JANIbIIE M JAJbIIE YXOAUT B CTOPOHY MX BO3pac-
TaHUs 1O MEpe TOro, Kak yBEIWYMBAKOTCS BO3MOXHOCTH Teje-
ckomnoB. Tak, Hanpumep, KOCMU4YECKHil Teneckon «Xab6m» no-
3BOJIMJI MOJYYUTh H300paxeHue npenesbHO caabbix O06bEK-
TOB — JI0 TPUALATOM 3BE3MHON BEJTHYMHBI.

BECTHbIC BaM co3pe3aus. 3. Kak ob6o3HauaoTcs 3B€34bI B CO3BE3-
nuax? 4. 3sé3gHas BennumHa Beru pasna 0,03, a 3pé€3nHas Benu-
unHa Jlene6a cocrasnsier 1,25. Kakasa u3 3tux 3é3n spue? 5. Ka-



Kasi M3 3BE3Jl, MOMEIUEHHBIX B MPUIOKEHUH V, sIBIsETCS CaMOM
cinaboi? 6*!. Kak Bbl nymaere, noueMy Ha cortorpadmm, nomay-
YEHHOI C MOMOILBIO TejecKona, BUAHbI Donee cnabble 3BE3MBI,
4YeM Te, KOTOPbIe MOXHO YBUIETh, IJISI/1S1 HETOCPEACTBEHHO B TOT
xKe Teneckon?

3BE3MHOI BEJIMUMHBI sipue 3Be3/bl 4eTBEPTOM BennyuHbl. 2. [1po-
BEIWUTE TAKOM Xe pacyeT /Ui 3BE3 MEPBONA M LIECTOW BEJIMYMHBL.
Vkazanue. Ucnionb3yiite nmpu 3tom 6oJiee TOUHOE 3HAYEHHUE OTHO-
IIEHMSI CBETOBOTO MOTOKA OT 3BE3/1 IBYX COCEAHMX BEIUYMH: 2,512,
OkpyriuTe Nojy4eHHOE B PE3yJbTaTe YMCI0 A0 LEN0ro 1 3arnom-
Hute ero. 3. Cuuras, 4To pasHHLa B 3BE31HBIX BennunHax ConHua
u Cupmnyca cocrasisiet 25, paccumraiite, BO CKoIbKO pa3 ot ConH-
11a MPUXOAUT GOJbllie 3IHEPTUH, YEM OT CaMOM SIPKOH 3BE31bl HOY-
HOro Heba.

3"11""‘”53 Haiizure B 6ubamoreke u npounTaiite MU(bI O MPoOHC-
XOX/IEHUH Ha3BaHHIi CO3BE3AMIA.

3ANAHME 4 Hajinure Ha HeGe 3Bé3abl: ApKTYp, Berenbreiize n Cu-

puyc. Kakoro ouu 1era?

§ 4. HEBECHBIE KOOPIMHATDI
W 3BE3/IHBIE KAPTbI

Heaoopyxéﬂnbm r71a30M Ha BCéM Hebe MOXHO BUIETh MPUMEPHO
6000 3BE31, HO MBI BUAMM JIMIIL MMOJIOBUHY M3 HUX, MOTOMY 4TO
APYTyi0 MOJIOBMHY 3BE3AHOrO Heba 3aKpbIBaCT OT Hac 3ems.
Benencreue eé BpaiieHusi BUA 3BE31HOrO Heba MeHsiercs. OaHU
3BE3/bl TOJBKO €LIE TMOSBISIOTCS M3-3a FOPU30HTa (BOCXOIAT) B
BOCTOYHOJ €0 YacTH, JIPyrue B 3TO BpeMsl HAXOAATCS BBICOKO HaJl
rOJIOBO#, @ TPETbH YK€ CKPBIBAIOTCS 3a FOPU3OHTOM B 3arnajaHomn
cropoHe (3axonsT). [Ipu 3TOM HaMm KaxeTcs, YTO 3BE3IHOE HeOO
BpalaeTcs Kak eauHoe Lenoe. Tenepb KaxaoMy XOpoLio U3BeCT-
HO, UTO BpalleHue HebocBona — Kaxylleecsl sSIBI€HUE, BbI3BaH-
HOE BpallleHueM 3eMu.

I 3p&3104KOi1 OTMEYEHBI BOMPOCHI M 3a/1a4H MTOBBIIIIEHHON TPYIHOCTH.



@otorpachupoBaHue ¢
JUTMHHOM 3KCMO3UIUENR TMo-
3BOJISIET PAcCMOTPETh Kap-
THHY M3MEHEHMsi BUIa Heba
B pe3y/ibTaTe BpalleHUs1 3eM-
JIH.

Ha nonydeHHOM CHHM-
K€ Kaxijas 3Be3Ja OcTaBua
CBOif cien B BHIAE AYTH OK-
pyxHocTH (puc. 2.3). O0wwmit
LIEHTP BCEX 3THX KOHLEHTPH-
YECKMX VT HaXOAMTCS Ha He-
oe Henopanéky ot [NonsipHoii
3Be3/bl. 3Ta TOYKa, B KOTO-
pYyIO HampasJieHa OCb Bpallle-
HUSA 3eMiM, MOoJy4yusia Ha-

Puc. 2.3. ®oTtorpacpus L
CyTOuHOrO BpalieHns Heba 3BaHue Ceeepubili noaroc

............................... mupa. Jlyra, KOTOpyiO OINHU-
cana IlonspHas 3Be3na, UMe-
€T HAaUMEHBLIMWHA paguyc. Ho u 3Ta ayra, 1 BCE€ OCTaJIbHBIE — HE3a-

BHCHMO OT MX paaMyca U KpUBU3HbI — COCTABJISIOT OOHY M TY Xe
yacTh oKpyxkHocTH., Ecnu 6wl yaanocs chortorpadupoBars ImyTH
3BE31 Ha Hebe 3a LeNble CYTKH, TO Ha (poTorpadmum NMoayyUIKUCH
OblI MOIHBbIE OKPYXHOCTH — 360°. Beab cyTku — 3TO nepUo noi-
Horo o6opora 3eMJIM BOKPYT CBOE#H OCH. 3a yac 3emJisi NIOBEPHET-
csi Ha !'/,, yacTh OKPYXKHOCTH, T. €. Ha 15°. CnenoBaresnbHO, ATMHA
JIYTH, KOTOPYIO 3B€3/1a ONMMIIET 3a 3TO BpeMsi, COCTaBMUT 15°, a 3a
nonyaca — 7,5°.

Jist yKa3aHHs TTOJIOXKEHHsI CBeTW1 Ha Hebe UCMOoNb3YIOT CHU-
CTeMy KOOpAMHAT, AaHAJIOTHYHYIO TOi, KOTOpas HCMOJIb3yeTcs
B reorpamu, — cucmemy IK6amMopuaIbHbIX KOOpOUHam.

Kak u3BecTHO, MoJIOKEeHHE JTO0r0 MyHKTAa Ha 3eMHOM Lape
MOXHO YKa3aTh C MOMOLIbI0 reorpacuyecKux KOOpaAMHAT — LM~
porbl ¥ nonrotbl. Ieorpadmyeckas noarora (L) OTCUYMThIBAETCA
BIOJb 3KBaTOpa OT HadaabHoro (IpMHBHYCKOro) MepuIMaHa,
a reorpacduyeckas mmpora (@) — NMo MEpUAMaHaM OT IKBaTopa K
nomocam 3emun. Tak, HanpuMep, MockBa UMEET CJIEAYIONIHE KO-
opauHatel: 37°30" BOCTOUHOI AOATOTHI M 55°45' ceBepHOIl LIMPOTHI.

BBeném cucTeMy 3KBaTOpHUaJIbHBIX KOOPAHHAT, KOTOpas yKa-
3bIBAeT MOJIOXKEHUE CBETHJI Ha HeOecHOM cdepe OTHOCHTEIbHO



apyr apyra. [lposeném yepes
ueHTp HebecHoit cdepbl
(puc. 2.4) nuHMIO, napan-
JIEJIbHYI0O OCHU  BpalleHus
3emau, — oce mupa. OHa
nepeceyér HebecHylo chepy
B JIBYX JIMAMETPalbHO TMpO-
THBOMOJIOXHBIX TOYKaxX, KO-
TOpbIE HAa3bIBAIOTCS MNOAIO-
camu mupa, — P n P'. Ce-
BEPHBIM  TIOJIIOCOM  MUpa
Ha3bIBAIOT TOT, KOTOPbIH Ha-
XOIUTCs cO CTOpOHBI CeBep-  Puc. 2.4. CucTema 3kBaTOpUanbHbIX
HOro mojwca 3eMmau. Boau-  koopauHat
35t CoBepHONo TIOMOCE Mupa  oirartesssaita <osssonssbinsionsss
Ha HeOe Haxomutcsa [lonsp-
Has 3Be3na. [IpoBeném BEpPTUKaAIbHYIO MJIOCKOCTb YEPeE3 3€HUT U
nojiroca MUpa. Dta MJIOCKOCTh nepecedér HebecHylo cdepy 1o
AUHUM, Ha3biBaeMoil Hebecnvim mepuduarnom. [110CKOCTD,
npoxosiiias yepes UeHTP cdepbl napauiebHO IIOCKOCTH 3KBa-
Topa 3eMJH, B CeYeHMUH cO chepoit 0OpasyeT OKPYXKHOCTb, Ha3bl-
BaeMylo nebecnoim sxeamopom. HebecHblit akBaTop (MonodbHO
3eMHOMY) aeauT HebecHylo cdepy Ha aBa nomymapusi: CeBepHoe
u OxHoe. YrnoBoe paccTossHMe CBeTHa OT HeOeCHOro 3KBaTo-
pa Ha3bIBAeTCsl CKAOHeHuem, Kotopoe obo3Hauaetcsi GYKBOH J.
CKJIOHEHME OTCUMUTBIBAETCS 110 KPYry, MPOBEAEHHOMY 4Yepe3 CBe-
THJIO U TIOJI0OCA MUPa, OHO aHAJIOTMYHO reorpaduyeckoi WMpo-
te. CKJIOHEHHE CUUTAETCS TMOJOXKHUTEIbHBIM Y CBETHJI, PACIOJO-
JKEHHBIX K CeBepy OT HeDeCHOro 3KBaropa, OTpULATE/JbHbIM —
y PAcnoJIOKEHHBIX K 10Ty OT HETO.

Bropas KoopauHarta, KOTopasi yKa3blBaeT MOJIOXEHHE CBETUIA
Ha HeOe, aHalOrnyHa reorpaduyeckoit A0Jarore. Ita KOOpAUHaTa
HA3bIBAETCH NPAMBIM 80CXONcOeHuem N 0003HaYaeTcs OyKBOM o.
[IpsiMmoe BOCXOXICHHE OTCYMTHIBAETCA MO HEOECHOMY 3KBaTOPY
OT TOYKH BeceHHero papHoaeHCTBUsA Y, B KoTopoit CoHue exe-
ronHo 6biBaeT 21 mapra (B 1€Hb BECEHHETo paBHOAEHCTBMS). OT-
CUéT MPSAMOTO BOCXOXIEHMsI BEAETCA B HaNpaB/IeHWH, MPOTHBO-
MOJIOKHOM BUIAMMOMY BpailieHHio HeGecHoi chepsl. ITosromy
CBETH/IA BOCXOIAT (M 3aX0AsT) B MOPSIKE BO3pacTaHWsl MX Mpsi-




MO0 BOCXOXAE€HMsi. B acTpoHOMMM NPUHATO BbIpaXaTh Mpsi-
MO€ BOCXOXKIEHHE HE B I'PaayCHOM Mepe, a B 4acoBoil. Bbl nmom-
HHUTE, YTO BCAEACTBME BpawieHuss 3emiu 24 4 COOTBETCTBYIOT
360°, a 1 4 — 15°. CnenoBarenbHO, MPAMOE BOCXOXIEHUE, PaBHOE,
Hanpumep, 12 4, cocrasusier 180°, a 7 u 40 MUH COOTBETCTBYET
1152

[TpuHUMN co3naHus KapTel 3BE3MHOro HebGa BechbMa IMPOCT.
CrnipoekTHpyem cHauyazia Bce 3BE31bl Ha II00ycC: TaMm, TIe Jiyd, Ha-
NpaBJeHHBIH HA 3BE3/y, NepeceyéT NoBepXHOCTh mobyca, Gyaer
HaxoAMTbCA W300paxeHue 3ToM 3Be3nbl. OOBIYHO Ha 3BE3IHOM
rmobyce u306paxaioTca He TOJNBKO 3BE31bl, HO M CETKA 3KBATOPU-
anbHbIX KoopauHar. 1o cyTu nena, 3BE3MHBIM MOOYCOM SIBJISICTCS
Mmoznenb HebecHoM cdepbl, KOTopasi MCIONB3YeTCsl Ha YpOKax
aCTPOHOMMH B LIKOJIE.

[Tonb3oBaTbest 3BE30HBIM IOOYCOM He Beerna yao6Ho, mo3To-
MY B aCTPOHOMHH (KaK B reorpadum) LIMpoOKoe pacrpocTpaHe-
HUE TONYyYMIM KapThl M amiackl. Kapry 3eMHOM mnoBepXHOCTH
MOXHO [1OJIYYHTh, €CJIM MONyLIapHe WIH KaKOW-MOGOo apyroiu
dhparmeHT mobyca 3emiu CPOEKTUPOBaTh Ha MJIOCKOCTh. [Ipo-
BEJIsl TY XK€ OINepaluio co 3BE3AHBIM I00YCOM, MOXHO TMOJTYYUTH
KapTy 3B€31HOro Heba.

Pacronoxum mnjaockoctb, Ha KOTOPOH Mbl XOTHM MOJTYYHTh
KapTy, TaK, YToObl OHAa Kacajaach MOBEPXHOCTH rmobyca B TOYKE,
rae Haxonutcs CesepHblii nomoc mupa. Tenepb HaIO CIPOEKTH-
poBaTh 3BE31bI M CETKY KOOPAMHAT ¢ I100yca Ha 3TY IUIOCKOCTb.
[Tomyunm kapty, nonobHyio reorpaduyeckum Kapram ApKTHKY
WJIM AHTapKTHUKH, HAa KOTOPBIX B LEHTPE Pacrojaraercst OOuH U3
nomocos 3emiH. B ueHTpe Hawuei 38E3aHOM KapThl GyaeT pacno-
naratbcst CeBepHBIi Nomoc Mupa, psaoM ¢ Hum [MonsipHas 3Be3-
Jla, 4yTh Ja/bllie OcTabHbIe 3BE30b1 Manoi MeaBenuiibl, a Takxke
38€31bl Bosbuoit MenBeauiibl U Apyrux co3Be3nii, KOTOPbIE Ha-
XOAATCA Hemnomanéky or nomoca mupa. CeTka 3KBaTOPHAIbHBIX
KOOpAMHAT IpEeACTaB/ieHa Ha KapTe paauaJibHO PaCXONSILIMMMCS
OT LIeHTpa JiydaMH M KOHLIEHTPHMYECKMMHM OKpYXKHOCTsIMU. Ha
Kpaio KapThbl IIPOTUB KaXIO0ro Jyya HanmucaHbl Yucia, 0603Haua-
fowue npsimoe BocxoxaeHue (ot 0 1o 24 4). Jlyy, ot KOTOpOro Ha-
YMHAETCS OTCYET NPAMOro BOCXOXACHUS, MPOXOAUT YEPE3 TOUKY
BECCHHEr0 paBHOAEHCTBMS, 0003Ha4YeHHYI0 . CkiIOHeHue OT-
CYMTBIBACTCS MO THUM JIyyaM OT OKPYXHOCTH, KOTOpasi u3obpa-



xaeT HebecHBIN 3KBaTop M MMmeeT obo3HaueHue 0°. OcranbHbie
OKPYXHOCTH TakKXe MMEIOT OUM(]pPOBKY, KOTOpas IOKa3bIBAET,
KaKoe CKJIOHEHHEe MUMeeT OOBEKT, pacroNoXEeHHbIA Ha 3TOW OK-
PYXKHOCTH.

B 3aBMCHMMOCTH OT 3BE3IHOMN BEJIMYMHBI 3BE3/1bI M300paxaloT
Ha KapTe KPyXKaM{ pa3TWudHOro nuamerpa. Te M3 HUX, KOTOpbIE
00OpasyioT xapakTepHbie (GUTypbl CO3BE3ANIA, COCAMHEHBI CIUIOLL-
HBIMU JIMHUAMU. [paHuLIbl co3Be3aMi 0003HAYEHBI TYHKTUPOM.

06 MCnoJIb30BaHUM 3BE3AHOW KapThl MPH MOANOTOBKE K Ha-
OII0IeHUSIM PACCKa3aHo B MPUIOKEHHUH X.

@BO"POCH 1. Kakne KOOpAMHATBI CBETHJIa HA3bIBAIOTCS IKBATO-

puabHBIMU? 2. MeEHSIOTCA JIM 3KBAaTOpPHAIbHbIE KOOPAMHATHI
3Be3bl B TedeHue cytok? 3. Kakue ocobeHHOCTH CYTOYHOIO BH-
KEHUs CBETHJI MO3BOJISIOT MCIOIb30BATh CUCTEMY 3KBATOPHAIIb-
Hbix KoopauHat? 4. [ToueMy Ha 3BE31HO# KapTe HE MOKa3aHO Mo-
noxenue 3eman? 5. IMouemy Ha 3BE3XHOW Kapre M300paxeHbI
TONBKO 3BE31bl, HO HeT HU CosHua, Hu JlyHel, Hu nnader? 6. Ka-
KO€ CKJIOHEHWE — TMOJIOKHUTEIBHOE WM OTPULATEIbHOE — MMEIOT
3BE3/Ibl, HAXOMSIIIMECH K LIEHTPY KapThl OJ1MXe, yeM HeDeCHbIH 3K-
Batop?

®' YNPAXHEHME 3 1, Beipasute B yacoBoii Mepe 90°, 103°. 2. Boipa-

A 3UTe B YIJIOBOiI Mepe MpsiMOe BOCXOXIEHHE, paBHOE 5 4 24 MHUH,
18 4 36 MmuH. 3. Yrosoe paccrosHue Cupuyca (o bonpworo Ilca)
ot IMonapxoii 3se3asl cocrasasier 106°. INonoxuTtenbHoe win oT-
puuatenbHoe ckioHeHue umeer Cupuyc? 4. Ilo koopauHatam,
NPUBENEHHBIM B CITMCKE SIPKHX 3BE3l (mpuioxeHue V), Hailoure
HEKOTOpbIE M3 HMX Ha 3BE31HOI kaprte. 5. Onpenenvre no Kapre
KOOPIMHATHI HECKOJNBKHMX SAPKMUX 3BE3A. CpaBHMTE MOJyYEHHBIC
NAHHBIE C KOOPAMHATAMM, MPUBEIEHHBIMU B UX CITUCKE.

3AIAHME 5 Hajinure Ha Monenyn HeGecHO# cdephl €€ OCHOBHbIE
KPYIM, IMHUMU ¥ TOYKH: TOPU30HT, HEGECHBbIN 9KBATOP, HeDeCHbIH
MEpHINAH, OTBECHYIO IMHUIO, OCh MMPA, 3€HMT, 0T, 3anal, cesep,
BOCTOK.



§ 5. BUAMMOE IBUXEHME 3BE3]]
HA PA3JIMYHBIX FEOTPAGUYECKMX LLIMPOTAX

1. Boicota nonoca Mupa Haj ropU3OHTOM

Paccuo*rpnu, KaKOBa BBICOTA IOJKOCa MMpPa Hal TOPU30HTOM,
no pUCYHKY 2.5, rie yactb HebecHOM cdepbl U 3eMHO# 1ap U30-
OpaxeHbl B MPOEKUMH HA IUIOCKOCTb HEOGECHOro MepuauaHa.
ITycte OP — ock Mupa, napauienbHas ocu 3eman; OQ — npoek-
LM 4acTH HeGECHOTo 3KBaTOpa, Mapaie/ibHOrO 3KBaTOpy 3eM-
nu; OZ — orecHasi imuus. Toraa BeICOTa MOJMIOCa MUPA HA FO-
PHU30HTOM /= Z PON, a reorpacuueckas wmpota ¢ = Z Q, 0, O.
Ouesunno, uro 3tu yrsl (PON u Q,0,0) paBHbl Mexiy coboii,
MOCKOJIbKY MX CTOPOHBI B3AMMHO MEPIIeHAUKYAAPHBL (OO0, L. ON,
a 0Q 1 OP). Pacnpoctpansisi 310 Ha KOxHoe nonymapue 3emim,
13 Kotoporo BuaeH NOXHbIH nosoc Mupa, nojayyaeMm MpaBuiio:
8bICOMA 6UOUMO20 NOAIOCA MUPA HAO 2OPU3OHMOM PAGHA MO-
oyaro eeocpaghuyeckoll wupomst mecma Habarwdenus hp = |g|.
Takum obpa3oM, reorpauyecKyio LIKPOTY NMyHKTa HaGII0neHUA
MOXHO OMNpEIeSuThb, €CIM U3MEPUTh BBICOTY TMOJIOCAa MUpa Hall
TOPHU30HTOM.

B 3aBucumocTu ot mecra Habionarens Ha 3eMie MEHsIeTCs
BU/ 3BE3HOTO Heba M XapakTep CYTOYHOTO ABHXEHHNSA 3BE3.

[Tpoue Bcero pazobparbesi B TOM, YTO M KAaK MPOMCXOIMT,
Ha nomocax 3emnu. [Tonmoc — Takoe MeCTo Ha 3eMHOM Luape, e
OCb MHPa COBIANAET C OTBECHOM JIMHUEH, a HeOeCHBbIN KBATOp —

Puc. 2.5. BbicoTa nonioca mupa Puc. 2.6. CyTouHoe ABUXEHUe
Haji rOpU3OHTOM CBETUN Ha nonioce 3emnu



Monapxas
3eesna

Puc. 2.7. CyTo4HOe gBMnXeHue Puc. 2.8. BeicoTa cBeTuna
CBETUN B CPEAHMX LUMpPOTaXx B KyNlbMUHaUUM

¢ ropu3oHTOM (puc. 2.6). Insa HabmoaaTens, Haxonserocsa Ha Ce-
BepHOM noJoce, [NonsipHast 3Be3na BuaHa 6;1M3 3eHuTa. 31ech Hal
FOPU30HTOM HAXOAATCS TONBKO 3BE3aAbI CeBepHOro MnoJyiuapms He-
OecHol cepbl (¢ MOMOKUTEIbHBIM CKJIOHEHMeM). Ha KOxHoM no-
Jiroce, Ha000POT, BUIHBI TOJBKO 3BE3/1bI C OTPULIATEIbHBIM CKJIOHE-
HUeM. B oboux ciydasix, ABUrasiCb BCIEICTBHE BpallieHWs 3eMIU
napauie/ibHO HeOeCHOMY 3KBATOPY, 3BE31bl OCTAKOTCS HA HEM3MEH -
HOH BBICOTE HaJl FOPU30HTOM, HE BOCXOIAT M HE 3aXOIST.

OtnpaBumcsi ¢ CeBepHOTO MOJKOCA B NMPUBLIYHBIE CPEAHHE
mmpoTel. Beicora IMonsipHoit 3Be3abl Hax ropu30HTOM OyneT no-
CTENEHHO YMEHbIUATHCS, OAHOBPEMEHHO YIoJI MEXIY IMJIOCKOCTS-
MH FOpPHU30HTa U HeOEeCHOro aKkBaropa OyaeTr yBenuyuBaTbhesa. Kak
BUIHO U3 PUCYHKA 2.7, B cpenHuX mwupoTax (B ominumne ot CeBep-
HOro TOJIt0ca) JMIIb yacTh 3BE3n CeBepHoOro nojyluapus Heba
HUKOrAa He 3axoauT. Yacte 3831 KOXHOro nosyiapus rnpu 31oM
HUKOraa He BocxonuT. Bee ocranbHble 3B€31bI Kak CeBepHOTo, Tak
1 KOXHOTO nonyuiapusi BOCXOASAT U 3aXOIAT.

2. Bbicora cBeTuna B KyJIbMHHalUHH

npu CBOEM CYTOUYHOM IBMXEHMH CBETHWJIA IBAaXIbl MEPECEKalT
HeOGecHbIN MepuauaH. MoMeHT nepeceyeHmust HeOECHOro MeEpUIM-
aHa Ha3bIBAeTCs KyabMunauueln ceemuaa. B MOMEHT BepxHei
KYJIBMUHALUU CBETUJIO JOCTUTraeT HaubobIleH BbICOTBI Hald ro-
pusoHTOM. Ha pucyHke 2.8 noka3aHo MoJIOXeHHEe CBeTHJIa B MO-
MEHT BEpXHEel KyJabMHMHAUUM. ECIM MBI HAXOAMMCS B CEBEPHBIX



IMpoTax, TO BbICOTA MOJIOCA MHpa
Haj ropu3oHToM (yron PON): hp= ¢.
Toraa yron mexay ropu3oHToM (N.S)
1 HebecHbIM 3kBaTopoM (QQ,) Oyaer
paseH 180° — @ — 90° = 90° — ¢. Eciu
CBETUJIO KYJIbMUHHUPYET K 10Ty OT ro-
pu30HTa, TO yron MO.S, KOTOpblii Bbl-
paxaeT BbICOTY cBeTHJ1a M B Ky/IbMU-
HaLMHU, Npeacrasisier cobol cymmy
asyx ymos: Q,08 u MOQ,. Bennuu-
HY MNEpPBOr0 M3 HHUX MbI TOJBKO YTO

MonspHas
3se3na

Puc. 2.9. CyTouHoe asuxe- Onpene/uan, a BTOPOM SIBISIETCS HE
HpCChE TN T8 SKER TP yeM MHBIM, KaK CKJIOHEHHEM CBETHJIA
............................. M Daseo B,

Takum obpa3zom, MBI Nosy4aeM ciaeayrouiyio Gopmyny, cBs-
3bIBAIOLLYIO BBICOTY CBETHJIA B KYJIbMMHALIMM HAJ IOXHBIM IrOpH-
30HTOM C €ro CKJIOHEHMEM M reorpaguyueckoi 1WLMUPOTOIl MecTa
HabnoneHus:

h=90°—-¢ +34.

Eciu & > ¢, TO BepxHsisi KylbMHUHaUMsA OyAeT NMPOMCXOAUTH

HaJl CeBEPHBIM FOPUM30HTOM Ha BbICOTE
h=90°+ ¢ — 8.

MOXHO 1oKa3saTh, YTO JaHHbIE (POPMYIIBI CIIPABELTUBbI U IS
HOxHoro nonaywapust 3eMJu.

3Hasl CKJIOHEHME CBETWJIA M ONpeaeJuB M3 HaOII0AeHUH ero
BBICOTY B KYJIbMUHALIMM, MOXHO y3HaTb reorpaMyecKyio HIMpo-
Ty MecTa HabnoaeHUs.

INMponomxuM Haie BooDOpaxaemMoe IyTELIECTBHE M OTIIpa-
BUMCSI M3 CPEIHMUX LIUPOT K IKBATOPY, reorpacduueckas mmpora
koroporo 0°. Kak ciieayeT U3 TONbKO YTO BhIBEAEHHOM (hopMyIbl,
3[1eChb OCb MMpPa pacrojaraeTcsi B IVIOCKOCTH FOPU30HTa, a Hebec-
HBIM 9KBATOP MPOXOOUT Yepe3 3eHUT. Ha aKkBaTOpe B TeYeHHUE Cy-
TOK BCe CBeTHJ1a MoOBIBalOT HA/l TOPU30OHTOM (puc. 2.9).

nuHuen ropuszonTa? 2. Kak pacriojiaraercsi oCb MUpa OTHOCHTEJILHO
OCH BpalleHHst 3eMJIW; OTHOCHUTEJIbHO IUIOCKOCTH HebecHOro Mepu-
nuaHa? 3. Kakoii kpyr HebecHoii cephbl Bce CBeTHIIA NEepeceKaloT
nBaxabl B cytku? 4. Kak pacrionaralorcsi CyroyHble MyTH 3BE3JL OT-
HOcHTeNbHO HebecHoro 3kBaTtopa? 5. Kak no Buny 3s€3nHoro Heba
W €r0 BpallleHHUIO YCTAHOBUTE, YTO Habmonarens Haxoautes Ha Ce-
BepHOM nomioce 3emun? 6. B KakoM nMyHKTe 3eMHOT0 11apa He BH/I-
HO HH OIHO# 3Be31bl CeBepHOro HebecHOro nomyapms?



BBICOTE B 3TOM IOPOJIE MPOUCXOMUT BEPXHSA KYJIBMHHALIMS 3BE3/bl
AHTapec, CKJIOHEHHE KOTOpO# paBHO —26°7 ClenaiiTe COOTBETCTBY-
I011IMIA uepTeX. 2. BoicoTa 3Be3abl AJILTaup B BEPXHEH KyJIbMHUHALIMM
cocrasiisiia 12°, ckioHeHHe 3Toi 3Be3nsl pasHo +9°. Kakosa reorpa-
(myeckan wmpora mecra HabmoneHus? Cpenaitre HeOOGXOIMMBIN
yeptéx. 3. Onpenesnre CKIOHEHHE 3B€3/Ibl, BEPXHSIA KYJIbMHHALIUSA
KoTopoH Habmonanack B Mockse (reorpacduyeckas mmpora 56°) Ha
BbicoTe 47° Han Toukoii fora. 4. KakoBo ckiioHeHHe 3BE3/1, KOTOPhIE B
BallleM ropojie KYJIbMHHHUPYIOT B 3eHUTE; B Touke tora? 5%, Kakomy
YCJIOBUIO NIOJDKHO YIOBJIETBOPSATHL CKJIOHEHHME 3Be3/bl, YTOObI OHa
ObUta He3axoslIeH Uit MecTa ¢ reorpadUyecKoil IMPOTON ¢; He-
Bocxomsiei? 6*. Jlokaxute, 4To BbICOTA CBETHIA B HHXHEN KyJlb-
MUHaMy B CeBepHOM Mnosyliapuu 3emin BeipaxaeTcs (hopMyJIoi
h=¢+3—-90°

§ 6. FONWYHOE IBUKEHUE COJTHLIA 110 HEBY.
IKJIMNTUKA

Emé B yboKo# npeBHOCTH, Habmonast 3a CostHuEeM, J11oau o6Ha-
PYXWIH, YTO €ro MoJIyA€HHas BbICOTA B TEYEHHE roma MEHSeTCs,
KaK MEHSEeTCS W BUI 3BE3AHOTrO Heba: B MOJHOYDL Hal KOXHOM 4ya-
CTbIO TOPU30HTA B Pa3/IMYHOE BPEMSsl Toa BUIHBI 3BE3/bI Pa3HbIX
CO3BE3/IMi — Te, KOTOpPbie BUAHbI JIETOM, HE BUIHbI 3UMO#, U Ha-
obopot. Ha ocHoBe 3THX HabmoaeHWi ObLT Cae/IaH BbIBOI O TOM, YTO
ConHue nepemeriaercsi no Hedy, rnepexoas U3 OAHOIO CO3BE3NUS B
APYroe, v 3aBepluaeT NnojHbli 060poT B TeueHue roga. Kpyr Hebec-
HOM c(epbl, MO KOTOPOMY MPOMUCXOIUT BUAMMOE MOAUYHOE JIBHXKE-
Hue ConHua, HA3BAIU IKAUNIMUKOU.

Co3Be3us, 1Mo KOTOPLIM TMPOXOAUT SKJIMITHKA, MOJIYYHIH
Ha3BaHUE 300uakKkanbHbix (OT Tped. «300H» — XHUBOTHOoe). Kax-
noe 3onuakanbHoe co3pe3aue ColiHle repecekaeT NMpUMepHo 3a
mecsil. TpaaMUMOHHO CYMTAETCS, YTO 30AMaKaAIbHbBIX CO3BE3AMIi
12, XOoTa HA caMOM Jiejie SKJIMNTHKA NepeceKaeT ellé U co3Be3amue
3MeeHoCLIA.

Kak Bbl yxe 3Haete, nepemenieiue ConHiia Ha (hoHe 3BE31 —
sABJIeHUEe Kaxyuieecs. [TpouMcxoauMT OHO BCAEACTBME TOAMYHOTO
obpaienust 3emum Bokpyr Conuua (puc. 2.10). [MToaromy skaun-
THKa IpeacTapisieT co0oi ToT Kpyr HebecHOM cepsl, M0 KOTOPO-
MY OHa IEepeceKaeTcsl ¢ MIOCKOCThIO 3eMHOM OpPOMTHI. 3a CYTKH
3emJisi MPOXOAUT NMPUMEPHO !/3¢s 4YacTb cBoeil opOouThl. Benen-
creue 3toro ConHue nepemeuniaercss Ha Hebe mpuMmepHo Ha 1°



Puc. 2.10. iBuxeHune
ConHua no 3KNMNTUKE

MongapHas
asegqa

Puc. 2.11. CyToyHoe gBnxeHne
ConHua Ha pasnuyHbIX WKMpoTax

© 3a Kaxnele cyTku. [Ipomexyrok
! BPEMEHH, B TEYEHHE KOTOPOIro
: OHO OOXOIMT MOJIHBIN KPYT 10 He-
. GecHoit cdepe, HazBaH 2000M.

M3 kypca reorpadum Bam u3-

: BECTHO, YTO OCb BpallleHUs1 3eMJIK
‘' HAKJIOHEHA K IJIOCKOCTH €€ opOu-
- Tl mon yrmom 66°34'. Cnenosa-
! TeJIbHO, 3eMHOM 9KBATOP UMEET 110
! OTHOLIEHMIO K TJIOCKOCTH OPOMTHI

HaKJIoOH, paBHbii 23°26'. TakoB

| HAKJIOH 3KJIMUINTUKHM K HeGECHOMY
© 3KBaTOpy, KOTOPBIii OHa mepece-

KaeT B JIBYX TOYKaX: BECCCHHCIO M

© OCeHHEero paBHOIEHCTBMSA. B 3TH
 aHM (0ObryHO 21 Mapra U 23 ceH-
© 1a6ps) CosHlle HAXOAUTCS Ha He-
. OECHOM 3KBaTOpe M UMEET CKIIO-

Henue 0°. Oba nonywapust 3eMau

ocseutatorcss ColHLIEM OJMHAKO-

BO: TpaHULIA IHA U HOYH INMPOXOAHT

© TOYHO Yepe3 MoJoca, U JAeHb pa-

BEH HOYM BO BCEX MYyHKTaX 3eMJIH.
B eHb JIETHEro COJHLECTOSHMSA
(22 wioHsa) 3emns NMOBEPHYTa K
Connuy cBouM CeBepHBIM IOy~
LIapueM. 37eChb CTOMT JIETO, Ha
CeBepHOM TOJNIOCE — TOJSIPHbIN

‘' JIeHb, @ Ha OCTAILHOM TEPPUTOPUM

MnoJiyiiapusi IHW UIMHHEE HOYH.
B neHb JIETHEro COJHLECTOSIHUSE
ConHue noaHuMaeTcsi Hal TuUlo-

CKOCTBIO 3eMHOro (M HebGecHoro)

skBaTropa Ha 23°26'. B neHb 3um-
Hero cojiHuecrosiHusa (22 neka-

© 6ps), korna CesepHoe nojyiapue
- ocsemtaercs xyxe Bcero, ConHile

HAXOAMTCH HUXKE HeOECHOro 2KBa-

TOpa Ha TaKoii Xe yro 23°26'.

B 3aBucuMocTM OT mnosnoxe-
Husi CotHUA Ha 3KJIMNTHUKE Me-
HAETCs €ro BbICOTA Hald NrOpHU30H-



TOM B MOJIJIEHb — MOMEHT BEpXHe# KyJlbMUHaLUK. U3Mepus no-
JiyieHHY10 BbicoTy CONHUA M 3Hasl €r0 CKJIOHEHUE B 3TOT JIEHb,
MOXHO BBIYMCIUTL reorpauveckyrd WMUPOTY MecTta Habawje-
HUSL. DTOT crnocod U31aBHa UCMOIB30BAJICA JUIS ONpPEaeIEHUs Me-
CTONONOXKEHMA HabaoaaTeNs1 HA Cyllie M Ha MOpe.

Cytounbie nytu CosHUA B AHM PABHOAEHCTBMI M COJIHLIE-
CTOSIHMIi Ha noJioce 3eMJIM, Ha e€ 3KBATOPE U B CPEIHUX LIMPOTAX
MOKa3aHbl Ha pucyHke 2.11.

na mensierca? 2. B kakoM HarnpasaeHUH MTPOUCXOIUT BUIMMOE rO-
anyHoe npuxkeHue ColHIa OTHOCUTENBHO 3BE3717

@ BOMPOCHI 1, Mouemy nonyaennas sricora ConHua B TeueHue ro-

Ceseprom nomoce? 2. Ha kakoii reorpadudeckoii mmpote ConH-
e ObiBaeT B nosueHs B 3eHute 21 mapra; 22 wions? 3. B kakoii
JEeHb rofia NMpoBOAMINCH HAGIIONEHHUs, ecliM MOJIyIeHHas! BbICOTa
ConHua Ha reorpaduueckoi wupore 49° 6uita paBHa 17°30°?
4. lMonynennas Bbicora Conuua pasHa 30°, a ero CKJIOHEHHE paB-
HO —19°. Onpenenure reorpadmueckylo WKUPOTY MecTa Habmone-
Hust. 5. Onpenenure nonyaeHHyIo Boicoty ConHia B ApXaHTreIbeKe
(reorpaduyeckas mwupora 65°) u Amxabane (reorpaduueckas mm-
pota 38°) B IHM JIETHETO ¥ 3UMHEI0 COJIHIIeCTOsiHMS. KakoBel pa3-
Janums BbicoThl CosHIA: @) B OIMH M TOT Xe JIeHb B 3TUX rOpOIax;
0) B KaXI10M M3 ropojioB B AHM CONHLECTOAHMI? Kakue BbIBOIbLI
MOXHO CIeIaTh U3 MOJYYEHHBIX PE3yIbTaToB?

 SALAHHE 6 Hajinure Ha 38é31HO# KapTe SKIMMTHKY M TPOCIEIN-
TE, MO KAKHUM CO3BE3IUAM OHA IMPOXOIHMT.

YIPAXHEHME 5 1 Ha kaxoii eicote Connue GuiBaet 22 MIOHS Ha
A

koopavHathl Co/HIA B AIHW PABHOAEHCTBUI M COJIHLIECTOAHHIA.

SANAHHE 8 Oppenennte nonoxenue CoTHIA Ha SKIMITHKE U €10
9KBATOPHAJIbHBIE KOOPANHATHI HA CErOAHAIIHMI neHb. [L1s 3Toro
JOCTATOYHO MBICJIEHHO MPOBECTH MPSAMYIO OT T0JII0Ca MUPa K CO-
OTBETCTBYIOILIEH [are Ha Kpaw KapTel (MPUIOKWUTE JIMHEHKY).
ConHlle 10JKHO pacrnonaraThbesi Ha SKJIMITHKE B TOYKE €€ nepece-
YEHHUS C ITOH NpPsSIMOA.

KOIZia BBIMOJHSAETCA 3TO 3a/aHue. 3anuilMTe HECKOJIBKO CO3Be3-
JIWH, KOTOpbie OyayT BUIHBI B 3TO BpeMsl B I0XXKHOM, 3ananHoil, ce-

I Tlpu BHIMOJIHEHWM YMPaXHEHHsI VIO/ HAKJIOHA JKBaTopa K SKJIMNTHKE
CUMTaATh paBHBLIM 23,5°,



BEPHOI M BOCTOYHOI CTOpOHE HAl TOPU3OHTOM. 3aTEM YCTAHOBH-
Te 3BE3/HYIO KAPTY Ha MOJIHOYb TOM JaThl, KOTOpasi OTJIMYaeTcs OT
nepBoil poBHO Ha noiaroga. CHOBa 3anUILIMTE CO3BE3AMUA, BUAH-
MbI€ B PasIMYHBIX CTOpOHax ropu3oHTa. CpaBHMBasA 3TH [IBE 3a-
MUCH, YKAXKUTE, KAKHE M3MEHEHUs] TTPOU3OLLTH B TIOJIOXKEHUH CO-
3Be3amil. YeM MOXHO OOBSICHUTD 3TH U3MEHEHHS ?

§ 7. IBUXEHUE 1 ®A3bI JIYHBI

ﬂyﬂa — onuxaiiluee K 3emiie HeGecHOE Telo, €€ eNMHCTBEHHBIN
ecTeCTBeHHbIH cnyTHMK. Haxozsicb Ha PpacCTOSHUM OKOJO
380 Thic. KM oT 3emim, JlyHa obpaiaercsi BOKpYr He€ B TOM Xe
HarpaBJIeHHHU, B KOTOPOM 3eMJIsi BpallaeTcsi BOKPYT CBOEH OCH.
3a Kaxaple CYTKM OHa MepeMeNlaeTcsi OTHOCUTENIbHO 3BE3/L MpH-
mepHo Ha 13°, coBepiuasi noaHblii 0bopot 3a 27,3 cyToK. DTOT
MPOMEXYTOK BpeMeHM — nepuo obpatieHus JIyHsl BOKpyr 3eM-
M B CHUCTEME OTCY€Ta, CBA3aHHOWM CO 3BE&3JaMM, — Ha3bIBaeTCs
36€30HbIM WIN cudepuqeckum (0T nat. sidus — 3pesna) mecsauem.

Cob6erBenHoro cseyenus Jlyna He mmeer, a ConHue ocse-
IaeT TOJABKO TMOJIOBMHY JyHHOro mapa. [Toatomy no mepe eé
JIBUXEHMUS TO opOuTe BOKPYT
3eMJM TMPOUCXOAUT M3MEHEHHUE
Buaa JIyHbl — cmeHa AYHHbIX
¢as. B kakoe Bpems cyTok JlyHa
ObIBaeT Ha/l TOPU30HTOM, KAKUM
Mbl BUJIIMM oOpaiéHHoe K 3eM-
Jie nonyuapue JIyHbl — TOJHO-
CThIO OCBELIEHHBIM MM OCBe-
LEHHBIM YaCTUYHO, — BCE 3TO
3aBUCUT OT TonoxeHus JlyHbl
Ha opbuTte (puc. 2.12).

Ecnu oHa pacrnojioXeHa Tak,
yto obpameHa K 3emie cBOeW
TEMHOM, HEOCBEUIEHHONH CTOpPO-
HOM (nonoxeHue /), TO MBI HE
MoxeM Buneth JIyHy, HO 3HaeM,
YTO OHA HaxoauTCsi Ha Hebe
rne-to psiaoM ¢ ConHuem. Orta
¢a3a JIyHbl Ha3bIBACTCS HOBOAY-




Huem. JIBurasick no opoure BoKpyr 3emiu, JIyHa npuMmepHo yepes
TpOe CyTOK MpUAET B nojoxeHune 2. B 3To Bpems e€ MoxHo Oyaer
BMIETh MO BeyepaM Henoaanéky ot 3axoasiuero ConHila B BUIE
y3koro cepna. [Mpu Ha6monennn u3 CepepHoro nonymapus 3em-
JIM BBINTYKJIOCTh cepna obpallueHa BIpaBo, B CTOPOHY 3allealero
Connua (puc. 2.13). Ipu 3TOM Hepeako ObiBaeT BUAHA M OCTaJIb-
Hast 4acTb JIVHBI, KOTOpasi CBETUTCS 3HAYUTEJILHO ciiabee, Tak Ha-
3bIBAEMBIM MEMeJbHbIM CBETOM. DTO Hallla IUlaHeTa, OoTpaxas
COJTHEYHBIE JIYYH, OCBELIAET HOUYHYIO CTOPOHY CBOErO CIYTHHKA.

Jenb oTo nHsa cepn JIyHbl yBeJIMUMBAETCA MO ILIUPUHE, U €r0
yrioBoe paccrosinue ot ConHua Bo3pacraeT. Yepes Hezesnio nocie
HOBOJIYHHMS Mbl BUIHMM IMOJIOBMHY OCBEIIEHHOTO noayiuapus Jly-
Hbl — HacTtynaert a3za, Ha3bIiBaeMasi nepeoil wemeepmasio (CM.
puc. 2.12, nonoxexHue 3).

B nanpHeitiem noss oceiéHHOro noaywapus JIyHbl, BUAK-
Masi ¢ 3emJiM, TPOAOJDKAET YBEJIMYMBATLCS 0 TEX MOp, MoKa He
HACTYNUT noanoayuue (nonoxenue 5). B stoit dasze Jlyna Haxo-
OUTCSI Ha HeOe B CTOPOHE, MpOoTHUBONOA0XHONH COHIY, U BUIHA
HaJ rOPUM30HTOM BCIO HOYb — OT €ro 3axona 1o Bocxoaa. INMocne
nonHonyHus dasza JlyHsl HaumHaeT ymeHbluatbesi. Cokpariaercs
u eé yrmoBoe paccrosgHue ot ConHua. CHauyasa Ha MpaBoOM Kpae
JIYHHOTO AMCKA MOosBAsieTcss HeOGonbioi yuepod, KOTopblii uMeeT
dopmy cepna. [TocteneHHo 3ToT yuiepd pactér (nojsoxeHue 6),
a yepe3 Heaenio Iocje MOJHOMYHMUSl HacTynaeT dasa nocaedwnei
yemeepmu (nonoxenune 7). B atoi dase, Kak ¥ B nepBoit yeTBep-



TH, Mbl CHOBa BHIMM MOJOBMHY OCBeLIEHHOro nosiyuiapus Jly-
Hbl, HO TENepb YXKe APYryl, KOTopas B MepBOoM 4yeTBepTH Oblia
HeocBelEHHOM. JIyHa BOCXOOMUT MO3AHO M BHUIAHA B 3TOM (hase
1o yrpam (puc. 2.14). B nocnenyioiiem eé ceprn, oOpaiiéHHbIi Te-
nepb BbINYKJIOCTBIO BJIEBO (ecqM cMOTpeTh U3 CeBepHOro nouay-
wapust 3eMsim), craHoBUTCSE BCé Oonee u Oonee y3kum (CM.
puc. 2.12, nonoxenue &), nocreneHHo cOauxasch ¢ ComHueMm.
B KOHLIE KOHLIOB OH CKpbIBaeTcs B ayyax Bocxoasiuiero ConHua —
CHOBA HACTYMAaeT HOBOJIYHHE.

IMonHblit UMK cMeHbl JyHHBIX (a3 cocrasiuser 29,5 cyTok.
DTOT NPOMEXKYTOK BPEMEHH MEXIY JABYMsl MOCIeI0BaTE/bHBIMU
OIMHAKOBbIMH (hazaMM Ha3bIBaeTCA
cunoduveckum mecauyem (0T rped.
synodos — coenuHeHue). Emg B my-
OOKO#M IPEBHOCTU Y MHOTHX HAPOIOB
MecCsL, Hapsily ¢ CyTKaMu M TOJIOM,
CTaJl OIHOM M3 OCHOBHBIX KaJieHAap-
HBIX €AHHHILL.

IMoHsATL, MOYEMY CUMHOOMYECKMIA
MecCsiL JUTMHHEe CUIEPUYECKOro, He-
TPYIHO, €CJIH BCIIOMHHUTB, YTO 3eMJist
asuxetrcs Bokpyr ConHua. Ha pu-
CYHKe 2.15 B3auMHO€ pacrojiokeHue
CMAepUIEcKoro 3emin 7" u Jlynni L coorBercTBYET
M CUHOAWYECKOro MecsLes HoBosyHM10. Yepes 27,3 cytok JlyHa

Puc. 2.15. CooTHOWweHUe



3aiMET Ha Hebe npexHee MoJoXeHNe OTHOCHUTEIbHO 3BE31 U Oy-
AeT HaXoAMTbCs B TOYKe L. 3a 310 BpeMsi 3eMJisi, NMepeMellasch
Ha 1° B cyTKH, NpOHIET mo opouTe Ayry B 27° U OKaXeTcs B TOUKE
T\. Jlyne, nns toro 4ytobbl CHOBA OKa3aTbhCsi B HOBOJNYHMM L,
NpUAETCS MPONTH 1o opbuTe Takyio xe ayry (27°). Ha aro norpe-
OyeTcsi HEeMHOTMM OoJiee JBYX CYTOK, NMOCKOJIBKY 3a cyTkM JlyHa
cMeraeTcs Ha 13°.

C 3emim BUIAHA JMIIb OXHA CTOPOHA JIYHBI, OIHAKO 3TO HE
O3Ha4yaeT, YTO OHA HE BpallaeTcsi BOKPYr cBoei ocu. [Iposeném
onbIT ¢ mobycom JlyHbl, nepemeniasi ero BOKpyr rmobyca 3emiu
TakK, 4ToObl K HEMY Bceraa Obuta oOpallieHa oqHa CTOPOHA IVHHOTO
miodyca. DToro MOXHO JOCTUYB JIMIIL B TOM CIy4ae, eCJii Mbl Oy-
JIeM €ro MoBOpaYMBaTh 110 OTHOLIEHHUIO KO BCEM APYTHM Tpeame-
TaM, Haxoasimmcest B kiacce. [onnueiit o6opot rmobyca JIyHbl BO-
KPYI OCH 3aBEPLIUTCS OAHOBPEMEHHO C TeM, KaK 3aBepIUUTCs
oarH 0060pOT BOKPYT modyca 3eMin. DTO JOKA3BIBAET, YTO MEPU-
on BpauieHusi JIyHbl BOKpPYr CBOE OCH paBeH CHIEPHYECKOMY
nepuoay e€ obpauieHusi BOKpyr 3emnm — 27,3 cyTok.

@_ ‘Bonpochl 1, B kakux npenenax u3MeHsIeTCs YIIOBOE paccTosiHue

Jlynpi ot Connua? 2. Kak no da3se JlyHst onpenennTs €€ npumep-
Hoe yrnosoe paccrosgaue ot Connua? 3. Ha kakyio npumepHo Be-
JIMUUHY MeHsieTcsl npsiMoe BocxoxaeHue JIyHel 3a Heneno? 4. Ka-
Kue HaOmoneHus HeoOXOOMMO NMPOBECTH, YTOObI 3aMETHThH JIBH-
xenue Jlyaol Bokpyr 3emun? 5. Kakue HabnoneHus 10Ka3bIBaloT,
4yT0 Ha JlyHe npoucxoaut cMeHa aHa 1 Houn? 6. [Mouemy nenennb-
HbIH cBeT JIyHbl cnabee, yeM cBe4eHME OCTAIbHON yacTH JIyHBI,
BHIHMMOM BCKOpE Mocje HOBOJYHHUS?

ThIO W MoJHOAYHHEM. B Kakoe Bpems cyTOK OHa BMIHA B TAKOi
(haze? 2. JlyHa BUIHA BEeYEPOM KakK CepIl, KOTOPbIi 0GpalléH Bbl-
MYKJIOCTBIO BIIPAaBO M PACMOJOXEH HEBLICOKO Hal FOPHU30HTOM.
B kakoii cropoHe ropuszonTta Haxomutes Jlyna? 3. Yrpom nepen
BocxonoM ConHua BuaeH cepn JlyHbl. YBeJIMUMTCA WIM yMEHb-
LIWTCA ero HMpHHa Ha cnenyioime cytku? 4. CeronHs Oblina BUI-
Ha nonHas Jlyna. B kakoe Bpemsi cyTok oHa OyleT BMIHA yepe3
Henemo? Hapucyiite, Kak oHa Oyaer BbIIISAETh B 3TO BpEMS.
5*. Ckonbko BpemeHM wig Habmonarens, Haxonsuerocss Ha Jly-
He, MPOXOAHUT OT OAHOM KyJIbMUHALIMU 3Be3/1bl 10 chenyioieii?



§ 8. 3aT™MEHMS CONHLA 1 JIVHBI

Kak u mo6wie ¢dhu3uueckue Tena, HaxoAALIMECs HENAJIEKO OT
ConnHua, 3emusi U JlyHa otOpachiBalOT B NPOTHUBOMNONIOXKHYIO OT
HEro cTopoHy TeHH. [Teproanuecku BO BpeMsi HOBOJYHUSI MOXET
HACTYNUTb CHUTyauMsi, Korma TeHb JIyHbl nomazer Ha 3emunio,
M TOIZIa B IAHHOM YacTH HalIel TUIAHEThl MPOM30MAET COTHEUYHOE
3arMeHue — JlyHa 3acnouut ConHue. B nonHonynue, Hao6opor,
JlyHa MOXET momnacTb B TeHb 3eMJIM, YTO BbI30BET MOTEMHEHHE
sipkoro aucka JIyael. B 3ToM ciyyae roBopsT O IVHHOM 3aTMEHUM.

Eciu 661 Tu1ockocTb OpoUTHI, 110 KOTOPOit JIyHa ABHXKETCA BO-
Kpyr 3emMiu, COBMajaa ¢ IIoCKOCTbIO OPOUTHI, 10 KOTOPOii 3eM-
Jis1 obpaiaercst Bokpyr ConHua, To eXeMecsIYHO B MOMEHT HOBO-
JIVHUSI TIPOMCXOANU/IO Obl COJTHEYHOE 3aTMEHME, @ B MOMEHT MoJ-
HOJIYHUSI — JIYHHOE. DTOro He Ciiydyaercs oTomy, 4To MJIOCKOCTh
JIVHHOU OpOMTBI HAKJIOHEHA K TJIOCKOCTH OpOMTHI 3eMiu 1o
YIJIOM OKOJ10 5°,

MMeHHO 1o3ToMY, KaK MOKa3aHo Ha MepeaHeM IJlaHe PUCYH-
Ka 2.16, TeHb JIyHBI B HOBOJIYHHE MOXET MPOWUTH Bbille 3eMJIH, a B
nosiHoslyHue cama JIyHa MOXeT NpoOMTH HUXe 3eMHOI TeHu. B 310
BpeMsi MojioxeHue opoutsl JIYHBI TAKOBO, YTO OHa MepeceKkaeT
MJI0CKOCTL OpOMTEI 3eMin BOIU3M a3 nepBoi U NoOCaAeIHENR YeT-




BepTH. B kakux xe ciaydasix 3armenusi ConHua v JIyHbl MOryT
MpOU30HUTH?

Bbl yxe 3HaeTe, 4TO HarnpaBI€HHE OCH BpallEHUs 3eMJIM B
MPOCTPAHCTBE OCTAETCS MPM JABMXKEHMM HALICH TNJlaHEeTbl BOKPYT
ConHua HeuM3MeHHBIM. Mano MeHSIeTCsl B TeYEHHE Tola M Iojo-
JXKEHUE IJIOCKOCTH TYHHOU opOuThl. PaccMoTpuM, Kak 3TO NMoBJIH-
SIET Ha BO3MOXHOCTb HACTYIUIEHMsI 3aTMEHMIi. 3a TpM Mmecsila
3emutsi NpOMAET YeTBepTh CBOEro 1yt Bokpyr ConHua v 3aiMeT
MOJIOXKEHMWE, NMOKa3aHHOE B MpaBoi yacTu pucyHka 2.16. Tenepsb
MJIOCKOCTD JIYHHOH OpOMTHI OyIEeT pacrnosiokeHa Tak, YTO JMHMUSA
€€ nepecevyeHMs C IUIOCKOCTbIO 36MHOM OpOMTHI HampaBjieHa Ha
Connue. TTostomy JlyHa Oyaer mepecekarb TUIOCKOCTb OPOMTHI
3eMyIH (MJTM HAXOAMTBLCSE O6/1M3 He€) B HOBOJIYHHE M TTOJIHONYHHE.
WUHaue rosopsi, aBurasicb no Heby, JlyHa NpUXOIUT B TY TOUYKY
SKJIMIITHKHM, T1€ B 3TOT MOMEHT Haxonutcsi ConHile, U 3aropaxu-
BaeT €ro OT Hac.

B Tom cinyyae, ecnu ConHue ueamkom 3akpwito JIyHO#, 3ar-
MEHHE Ha3biBaeTcsl noanbim. Ecin Xe ciyuuTes Tak, yTo oHa 3a-
KpoeT Uik yactb ConHua, To 3atMeHue oyner wacmusim. U3-3a
HeOonbIIOro u3MeHeHus1 paccrosHuit 10 ConHiua u JIVHB MOXeT
CJIOXKMTBLCSI CUTYALUS, YTO LIEHTPbl UX BHAMMBIX JUCKOB Ha Hebe
COBMAAaT, HO BUAMMBIE pa3Mepsl JIYHBI OKaXyTCsl YyTh MEHbILIE,
WU OHa HE 3aKpOoET COJIHIIC HEJIHKOM, OCTABUB OT HEIO APKOE TOH-
KOe€ KOJibl0. Takoe 3aTMEeHHME Ha3bIBACTCS KOABUCOOPAIHBIM.

Korza JlyHa nepecekaer 3KJIMNTUKY B TOYKE, JTHAMETPAIbHO
npotuBonosoxHoi ConHIly, OHa caMa MOJHOCTBIO WU YACTHYHO
CKpPBIBA€TCH B TEHHU 3eMIIH. .HYHHHE: 3aTMCHHA, KaK U COJTHCUHBIE,
MOTYT OBITb NOJIHBIMU WJIM YACTHBIMHU, HO HE MOTYT ObITh KOJIbLIE-
o0Opa3HbIMH.

Ycnosusi, G1aronpusiTHBIE JUISE HACTYTUIEHHUS] 3aTMEHMIE, CO-
XPaHAIOTCS MPUMEPHO Ha NMPOTSKEHUM Mecsilla. 3a 3TO BpeMsi
NMPOM30MAET TUOO OAHO CONIHEYHOE 3aTMEHHE, JTHOO OAHO COoJl-
HEYHOEC U OAHO JIYHHOE, nmnbo ABa COJTHEYHBIX U OAHO JIYVHHOE 3aT-
meHue. Crnenywouee HeoOXOAMMOE UIsi HACTYIUICHUS] 3aTMEHMIA
pPacrosioXeHHue JYHHOH OpOUTHI MOBTOPUTCS CHOBA JIMILIb CITYCTS
npumepHo noiaroaa (177—178 cyrok), korna 3emiast npoiaéT no-
JIOBUHY cBoero nytv Bokpyr ConHua. B TeueHue roma Ha 3emie
00BIYHO TMPOUCXOOHUT ABa-TPH COJTHEYHBIX 3aTMECHHA M OQHO-IBAa
JIYHHBIX. MakcUMaibHO€ YHCJIO 3aTMEHMH 34 T0Jl — CEMb.

JlyHHBIE 3aTMEHMSI XOTS M MPOMCXOIAT Ha 3eMJie pexe Coli-
HEYHbIX, HO U3 KaXI0i OTAeNbHOM €€ TOUKU BUIHBI yalie. [Tpu-
YHUHAa 3TOro B TOM, 4TO .HYHa, nonasiias rnmpy 3aTMEHUH B 3EMHVIO



TE€Hb, BUJIHA Ha BCEM NOJYLIAPUMA 3€MJIH, [1I€ OHA B 3TO BPEMs Ha-
XoauTcs Han ropusoHToM. [lorpyxasch B 3eMHyI0 TeHb, JlyHa
npuobpeTaeT KpaCHOBATYIO OKPACKY Pa3IMuHbIX OTTEHKOB. LiseT
3aBHUCHUT OT COCTOSIHHS 3eMHOI aTMOocdhepbl, KOTOpast, NMpesIoMIIsAs
nyuu ConHia M pacceMBast MX, BCE Xe MPOIMYCKaeT KPacHbIE JIy4H
BHYTPb KOHYca TeHn. Heckonbko yacos 3arpauyuBaeTt JIyHa, 4ToGbl
nepeceyb TeHb 3eman. [lonHas ¢dasa 3aTMeHUsA JUTUTCS OKOJIO TO-
JIyTOpa 4acos.

[Tonuoe 3armenne CosHia MOXHO HaGII0NATh JIMILL TaM, TIe
Ha 3ewunio nagaeT HeGoIbILIOE 110 pa3mMepam (AuaMeTpom He bosee
270 kM) nisaTHO NyHHOU TeHu. TeHb JIVHBI CO CKOPOCTBIO OKOJIO
1 KM/C ABMXETCS MO MOBEPXHOCTH 3eMJIH MPHUMEPHO € 3arnazia Ha
BOCTOK, NMO3TOMY B KaXIOM MNYHKTe 3€MJIM MOJHOE 3aTMECHHE
MPOIOJIKAETCS JIMIIb HECKOJIBKO MUHYT (BOJIM3M 3KBAaTOpa Mak-
CHMaJIbHAs MPONOJIKUTENBHOCTb cocTasiseT 7 MuH 31 c¢). TlyTs,
KOTOPBIi NMPOXOAWUT TeHb JIVHBI, HA3bIBAECTCSl NOAOCOU NOAHO20
coaneunozo sammenusn (puc. 2.17). B pa3Hsie roasbl JiyHHasi TeHb
npoberaer NMo pasAM4YHbBIM pailoHaM 3€MHOro Liapa, Mo3ToOMy
MOJIHBIE COJTHEYHBIE 3aTMEHUS BUIHBI pexe TyHHbIX. Tak, Hanpu-
Mep, B OKPECTHOCTSX MOCKBBI B MOCHAEAHMI pa3 MOJHOE 3aTMEHHE
6bu10 19 aBrycra 1887 r., a B ciieaytouuit pa3 npou30naET TOJIbKO
16 okTsa6ps 2126 r. O6aacTh BUAMMOCTH YaCTHBIX (ha3 COTHEYHOIO




3aTMeHus (€€ Ha3bIBAIOT MOJAYTeHbIO JIVHBI) 3HAUUTEIBHO OOJIbLLIE
TeHHu, ee auameTp okosio 6000 km. B kaxnoit Touke 3emau yacrt-
Hble 3aTMeHus1 CosHLa ObIBAIOT BUAHBI MPUMEPHO pa3 B TPU roaa.
ITonyrens ecthb 1 y 3emnu. [1pu nonananum B He€ JIyHbI Mpoucxo-
IAT TIONYTEHEeBbIE JIYHHBbIE 3aTMEHHUs, KOTOpbie, KakK MpaBuio,
C TPYZIOM 3aMETHBI I71a30M U HE CTOJIb MHTEPECHBI, KaK TEHEBbIE.

Ewé B [pesHeit I'peumu oOparuin BHUMaHHE, 4TO uepes
Kaxable 6585,3 cyrok (18 net 10 (11) cyrok 8 yacoB) nociue cos-
HEYHOTO WM JIVHHOTIO 3aTMEHMSI MPOMUCXOIMUT IPyroe, O4eHb Mno-
XOXee Mo CBOMM XapaKTepUCTHKAM, HO OT/IHyaloLeecs 061acTbio
BuauMocTH Ha 3emne. JlaHHbli nepuoa ObUT HazBaH capocoM. OH
OJIM30K K MEpUOIay MOBOPOTA OCH JIYHHON OpOMUTBHI B NMPOCTpaH-
crBe (18,6 ner). 3HaHme 3aKOHOMEpPHOCTEN ABWXeHUs JIYHBI U
3eMJIM MMO3BOJISIET YYEHBIM C BBICOKOH CTENEHbIO TOYHOCTH Ha
COTHHU M TBICAYM JIET BrEePEN BLIYUCIATD MOMEHTbI HACTYTLUICHHUS
3aTMEHMI M 3HAThb, IJIe HA 3eMHOM Luape oHM OyayT BuaHbl. Cse-
JEeHMs1 O 3aTMEHMSIX Ha OMMXKaLIMK T U YCJIOBHSL MX BUIMMOCTH
colepxarcsi, B 4aCTHOCTH, B «LLIKONIBHOM aCTPOHOMMUYECKOM Ka-
JieHaape».

Pacnonaras HeoOXOAMMBIMM JTaHHBIMHU O TMPEACTOSILIUX 3a-
TMEHHMSAX, YYEHDbIE MOJYYal0T BO3MOXHOCTb OPraHH30BaTh 3KCIe-
JULHH B IMOJIOCY NMOJIHOIO COJTHEYHOTO 3aTMCHMA. B MOMEHT IOoJI-
HO# (ha3bl MOXKHO HabmoaaTh BHeIIHUE, HauboJsiee pa3pexXeHHbIe
cion armochepnt ConHua — coaHeHy0 KOPOHY, KOTOpasi B
OObIYHBIX YCIIOBHSIX ¢ MOBEPXHOCTH 3eMIM He BUAHA. B npouuiom
MHOTHME BaxHbie cBefaeHust o npupoae ConHua ObUTH MOTYyYEeHBI
HUMCHHO BO BpEMs IMOJIHBIX 3aTMCHH .

Kaxablii Mecsai? 2. KakoB MUHMMAaJIbHBIN TTPOMEXYTOK BPEMEHH
MEXJ1y COJIHEYHBIM M JIYHHBIM 3aTMeHusMu? 3. MoxHo am ¢ 06-
paTHOﬁ CTOPOHBI J'[ym:.l BHIOETH NMOJIHOE COJHEYHOE 3aTMeHue?
4. Kakoe sipneHue Oyayt HabGmonates Haxoasiumecs Ha JIyHe Koc-
MOHAaBThI, KOTIa C 3emum BHAHO JIYHHOC 3aTMeHue?

Onronatk conHeyHoe 3aTMeHue 15 okTabps; 15 anpena? OTBeT 1o-
sicuute. 2. MoxHo i ¢ CeepHoro rnomnoca 3emMiIn BUIAETD JIYH-
HBIE 3aTMEHUsI, TPOUCXOIAIIINE B UIOHE, B HOosibpe? OTeeT nosic-
HuTe. 3. YKaxuTe TpU NMpU3HaKa, MO KOTOPBIM MOXHO OTJIMYHTh
dasy sarmeHus JIyHbl o1 € 0ObIuHBIX (ha3.



§ 9. BPEMS M KATEHAAPD

1. Tounoe Bpems u onpenenenue
reorpadpHyeckoii J0NroThbI

Connue BCErla OCBELIAeT TOJILKO IMOJOBUHY 3€MHOIO Hiapa: Ha
OIHOM MOJIYUIADUHM — JIEHb, @ HAa APYTOM B 3TO BPEMSsI HOYb, COOT-
BETCTBEHHO BCEr/a €CTh TOYKH, IJIe B JaHHBII MOMEHT MOJAEHb
1 ConHue HaxoauTcsi B BepxHeil KyabmuHauuu. 1o mepe Toro
Kak 3emJis BpallaeTcsi BOKPYT OCH, MOAEHb HACTYNAET B TEX Me-
CTax, KoTopsble exart Be€ 3ananxee. [To nonoxenuto Connua (Mau
3BE311) Ha Hebe ornpenesieTcsi MECTHOE BpeMst VISl II060i TOYKM
3eMHOro wapa. MectHoe Bpems B 1ByX nyHkTax (7, u 75) ominua-
€TCS POBHO Ha CTOJIbKO, Ha CKOJILKO OTJIMYAETCsl MX reorpaduye-
CKasl 10]roTa:
T,—-T,=A — A,

SIcHO, 4TO MoNIEHb HACTYMAET B JAHHOM MYHKTE 3eMJIH 1M03-
XK€, YEM B JIDYTOM, POBHO Ha CTOJIbKO, CKOJIbKO BPEMEHM HYXHO
njaaHere, YToObl MOBEPHYTHCS HA YroJi, COOTBETCTBYIOLIMiI pa3-
HOCTH uX ponaror. Tak, Hanpumep, B Cankrt-Ilerep6ypre, koto-
pblit HaxoauTcs Ha 8°45' 3ananHee MOCKBBI, MOJAEHL HACTYNAET
Ha 35 MHH No31Hee.

Onpenenns u3 HabmoneHUI MECTHOE BpPeMsl B JAHHOM TTYH-
KT€ M CPaBHMB €ro ¢ MECTHBIM BPEMEHEM JPYroro, reorpaduye-
CKasi 10/Ir0Ta KOTOPOro M3BECTHA, MOXHO BbIYMCIUTH reorpadu-
YECKYIO JOJIITOTY MyHKTA HaOM0AeHUsA. YCIOBWIMCH OTCYMTHIBATh
J0JITOTY OT HA4YaJIbHOIO (HYJIEBOT0) MEPHUIHAHA, TIPOXOISIIIETO Ye-
pe3 I'puHBHUCKYI0 0BcepBaTopuio. MecTHOE Bpemsi 3TOro MepH-
JAMaHa Ha3bIBAlOT BCeMMPHBIM BpeMeHeMm — Universal Time (UT).
Torna

T =UT +1,,

MHA4Ye roBOps, MECTHOE BpeMs JII0OOro NMYHKTa PpaBHO BCEMUPHO-
MY BPEMEHH B 3TOT MOMEHT IUITIOC JOJINOTA AaHHOTO MYHKTA OT Ha-
YaJIbHOrO MEpUAMaHa, BhIPAXKEHHasi B 4aCOBO Mepe.

Tounblit CYET BpEMEHM OCIIOXKHSETCA TEM, YTO €ro MpeXHMI
9TaJIOH — [€PUOA BpallleHUs] 3eMJIM — O0Ka3aJICsl He BIIOJIHE HAa-
AE€XHBIM. OHOM U3 OCHOBHBIX EAMHHII BPEMEHHU YXKe JAaBHO GbUIH
M30paHbl CONHEYHbIE CYTKH — MPOMEXKYTOK BPEMEHH, KOTOPbIii
MPOXOAMUT OT OAHOM BepxHe# KyabmuHauuu ConHIA 10 ApYroii.
Ho no mMepe Bo3pacTaHusi TOYHOCTH ACTPOHOMMYECKMX HABTIO1E-



HHI CTAJI0 OYEBHIHO, YTO MPOJOJIKUTEIBHOCTD CYTOK HE OCTAETCA
nocrosiHHoi. CKOpOCTh BpallleHUs Halllel MJIaHeTbl MEHSAETCs Ha
MPOTSOKEHUU Tola, a KPOME TOro, MPOMCXOAMT, XOTS U O4YCHb
MEUIEHHO, 3aMeieHue eé BpauieHusi. [1o3ToOMy MOHSTHO, 4YTO
onpe/e/ieHHE CEKYHIbl KaK €IMHMIbI BPEMEHH, COCTABIAIOLICH
|
86 400
OnpesiesieHUE CEKYHIIbI BaM M3BECTHO U3 Kypca (pusuku. Mcnonsb-
30BAHHE aTOMHBIX YaCOB, KOTOPBIMH PACMoONarailoT CIyXO0bl TOY-
HOrO BPEMEHM M TOCYIAPCTBEHHBIH 3TAJIOH BPEMEHM M 4aCTOTHI,
obecrneuynBaeT MCKIIOUMTEBHO MAIYI0 TOTpPelHOCTh B CYETE
BpemeHHu (okono 5+ 107 ¢ 3a cyrkmn). TpaHcaupyemsie no paauo
CUTHAJIbl TOYHOrO BPEMEHHU TepenarTcsi MMEHHO C aTOMHBIX
4acoB.

Jlo HenaBHEro BpeMeHM, NMPUHUMAsl 3TH CUTHaJIbl U Orpene-
NI5is1 MECTHOE BPEMs 110 MOMEHTaM KYJIbMHHALIMM 3BE3/, BBIYUCSA-
JIU TOYHBIC KOOPAMHATHI JIIOOOTO MYHKTa 3€eMHOM MOBEPXHOCTH.
Ceifuac TOUHAs HABUTALIMS OCYIIIECTBJISIETCS CPENCTBAMMU CITYTHH-
kosbix cucrem IJTOHACC u GPS (Global Positioning System).
[TyHKTBI C TOYHO ONpPEACIEHHBIMH KOOPAMHATAMM C/TyKaT Onop-
HBIMM TOYKAMHM IMPHU COCTABJIEHUM KapT, MPOKJIaJKe Tpacc ras3o-
MPOBOJOB, ABTOMOOW/IBHBIX M XKEJIE3HBIX J0POr, CTPOMUTEILCTBE
KPYIMHBIX OOBEKTOB M psiie Apyrux pador. CHrHaibl TOUHOTO Bpe-
MEHM, Hapsly ¢ APYITMMHM CpeACTBaMM (paaMomasikaMM, HaBura-
LIMOHHBIMM CITYTHUKAMHU M T. I1.), HEOOXOAMMbI B aBHALIHOHHOM
1 MOPCKOW HaBUTALIUH.

Ecnu 661 B cBOE# MOBCEAHEBHOW XM3HU Mbl MMOJIb30BAIMCh
MECTHBIM BpPEMEHEeM, TO [0 Mepe MNepeABHXKEHMUs Ha 3anan wuiu
BOCTOK TIPUXOIMJIOCH ObI HEMPEPLIBHO MEPEABUraTh CTPEIKH Ya-
coB. Bo3nukaloiue npu 3ToM Heyao0CcTBa CTOb O4EBUIHBI, YTO
B HACTOSIILIEE BPpEMs MPAKTUYECKH BCE HaceJleHHWe 3€MHOro 1apa
MOJB3YETCS HOACHBIM 6PDEMEHEM.

[MosicHast cucTeMa cuéra BpeMeHHM Oblia npeioxeHa B 1884 .
CoracHO 3TOi cUCTEME BeCh 3€MHOI 11ap Obl1 pa3aesnéH no aos-
rote Ha 24 4yacoBbIX Mosica (Mo YMCJy YacOB B CYTKaX), KaxIblil U3
KOTOpBIX 3aHuMaeT npumepHo 15°. Tlo cytu aena, CYET BpeMEHHU
MO 3TOI cUcTEME BEeIETCH TOJNLKO Ha 24 OCHOBHBIX MEpHMIMAHAaX,
OTCTOSIIMX APYT OT Apyra Ha 15° no nonrore. BpeMs Ha 3THX Me-
pUAMaHax, KOTOpPbIE PacMoIOXeHbl MPUMEPHO MOCEPEAHHE KaX-
JIOTO YaCcOBOTO 1osica, OTJIMYaeTcsi pOBHO Ha OIMWH 4ac. MecTHOE
BpeMsi OCHOBHOINO MEpPHIMAHA JAHHOTO MOsiCa Ha3blBACTCsA NOAC-
Hoim epemenem. 10 HeMy BenéTcst CY4ET BpeMEHH Ha BCe Teppu-

4yacTb CYTOK, norpebosano yroyHeHusi. CoBpeMeHHOE



TOPHH, OTHOCSILEHCS K 3TOMY yacoBoMmy nosicy. [TosicHoe Bpewmsi,
KOTOPO€ NMPUHATO B KOHKPETHOM MYHKTE, OTIIMYAETCH OT BCEMUP-
HOI'O Ha YMUCJIO YaCOB, PaBHBIX HOMEPY €ro 4acoBOTO Mosica:

T=UT +n,

rae UT — BceMUpHOE BpeMsi, a # — HOMEP YacOBOTO Mosica.

[paHMuaMM 4YacOBBIX MOSICOB SIBISIIOTCS JIMHMM, KOTOpbIE
uayt ot CesepHoro nomoca 3emnu 10 KOxHoro u orcrosaT npu-
OausuTeNbHO Ha 7,5° OT OCHOBHBIX MEPHUAMAHOB. DTHU rPaHULIbI
JlaJIeKo He BCerza MpOoXoAsiT CTPOro Mo MepuanaHaM, a MpOBEIeHbl
MO aAMMHHUCTPATUBHBIM IPaHULIAM 00J1aCTe MM APYTHUX peruo-
HOB TakK, 4To0Obl Ha BCEH UX TEPPUTOPUHM AEHCTBOBAJIO OIHO U TO
xe BpeMsi (puc. 2.18). EcrectBeHHO, HanpuMep, uto MockBa Ku-
BET 110 BpEMEHM OIHOTO (BTOPOro) yacosoro nosica. Eciu xe dop-
MaJIbHO CJIE10BATh MPUHATOMY [IPaBUJIY JeJIeHUs] Ha YaCOBbIE MO~
Aca, TO HYXHO ObLIO Obl MPOBECTH MPAHMILY MOsICa TAK, YTO ropo
oKasajicsl Obl pa3iesIEHHBIM Ha J1B€ HEPaBHbIE YacTH.

E. TeppwTopwK, Ha KOTOPBIX
NPUHATO NORCHOE BPEMA TeppuTopuu, Ha KOTOPLIX NPUHATOE

BpeMA OTNM4aeTCA OT MPUHBMYCKOrO
+@430m Ha 0603HaYeHHYI0 BENWYHUHY

Mpanmua Poccum

Npumeyanwe. Ha TeppuTopun PO cTpenka nep Ha 1 4ac snepén NPOTHE NOACHOND BPEMEHK

Puc. 2.18. KapTta 4acosbix noscos!

' C 18 mapra 2014 r. B coctas Poccuu Bouun Pecny6inka Kpobim u 1. Cesa-
cronosb. Ha ux TeppuTOpHM YCTAHOBIEHO MOCKOBCKOE BPEMSI.



B Hawe# cTpaHe nMosicHOE BpeMsi ObLIO BBEAEHO ¢ | Mions
1919 r. C Tex nmop rpaHuiibl YACOBBIX MOACOB HEOAHOKPATHO Mepe-
CMaTpUBaJIMCh U H3MEHSATHCD.

B koHue XX B. B POCCMM HECKONBKO pa3 BBOIWJIOCH U 3aTeM
OTMEHSJIOCH JEKPETHOE BpeMsi, KOTopoe Ha | 4 onepexaer rosc-
Hoe. B auBape 1992 r. oHO ObLJIO B MOC/EAHUI pa3 YCTAHOBJIEHO,
M TEenepb B MOBCEIHEBHOW XM3HM Mbl CHOBAa MCIIOJb3yeM 3TO
BpeMsl, Ha3blBasi €10 MECTHBIM BPEMEHEM.

MHorue cTpaHbl BECHOM MEPEXONsAT Ha «JIETHEE BpeMsi», Me-
PEeBOJIsi CTPEIKM YacoB Ha | 4 Briepén 1o OTHOLIEHMIO K «3UMHEMY
BPEMEHMU», K KOTOPOMY OHM BO3BPAILAIOTCs NO3AHEN OCEHBIO.

B Poccuu ¢ anpens 2011 r. Takas onepauusi He TPOBOAUTCS.
Jo oktsibpst 2014 r. MecTHOE Bpemsi Ha | 4 onepexasno JAeKpeTHOoe
MU, B 4acTHOCTH, B MockBe ObLIO paBHO BCEMUPHOMY BPEMEHH,
yBennueHHoMy Ha 4 u. C oktabps 2014 r. B Poccum 6b110 Bo3Bpa-
LIEHO NEeKPETHOE BpeMsl, U pa3HMLIA MEXKIY MOCKOBCKMM M BCe-
MMPHBLIM BPEMEHEM CTajia paBHO# 3 4.

2. Kanennapb

Cucrema cuéra IUTATENIbHBIX TMPOMEXYTKOB BPEMEHM, COIJIACHO
KOTOPOM YCTaHaBIMBAETCS OIMNpeaeaéHHas MPOIO/KUTEIbHOCTD
MecslIeB, UX MOPSIOK B FOAY M HaYaJlbHbIH MOMEHT OTCYETA JIeT,
Ha3biBaeTCsl Kaaendapém. KaneHnapb, KOTOPbIM Mbl MOJIb3yeMCs
B HACTOsIILEE BpeMsi, CO3aH B Pe3y/bTaTe UTUTEIbHBIX MOUCKOB
Haubonee ynoOHOM ang 3TUX uenei cucreMbl. Ha nporsikeHuM
UCTOPHUM YeJoBeYecTBa cyulectsoBano dosiee 200 pa3nuuHbIX Ka-
JieHaapen.

YKe Ha NepBOM 3Tarne pa3sBUTHUS LIMBWIM3ALMH HEKOTOPbIE
HapOIbl CTAU MOJIb30BaThCS TYHHBIMU KaneHaapsiMu. B aTux ka-
JIEHIapsiX 4YepeloBaIMCh MECSbl TPOIO/IKHUTEIBHOCThIO 29 U
30 cytok. Hayanom Mecsiua Bcerma cyMtasioch HoBOnyHue. Bpe-
MEHHO! MHTEPBaJ MEXIY MOCIeA0BaTe/IbHBIMU HOBOJYHUSIMM CO-
craBasieT 29,5 cyTok — TakoBa NepuUOAMYHOCTb cMeHbI (a3 JIyHbl,
CcBsi3aHHasi ¢ e€ obpaiueHuneM Bokpyr 3emuu. [1pu Takom KaneHaa-
pe He MoJIydaeTcsi MOJIHOTO COIM/IaCOBAHHSA C MPOAOIKMTEIbHO-
CThIO IO/, KOTOpasl CoCTaBisgeT npubau3uresbHo 365,25 cyTok.
JlBeHanuaTbe JYHHBIX MecsileB conaepxat Bcero 354 nus. s
YCTPaAHEHMs] HECOIrNMaCOBAHHOCTH MEXKIY JIYHHBIM M COJTHEUHBIM
rOOM B PA3JIMYHBIX JIYHHBIX KaJleHIapsiX ObUTH MpeUIoXKeHbl He-
00XOIMMBbIE MOIMPABKH.



B conHeyHoM KaneHaape 3a OCHOBY GEpETCs MPOXOIKUTE b~
HOCTb mponu4ecko2o 200a, KOTOPbIN NMPEACTABISET COGOM Mpo-
MEXYTOK BPEMCHHM MEXIy ABYMs IMOCIEA0OBATEIbHBIMU MPOXOX-
aeHusiMmu 1eHTpa ConHua yepes TOYKY BECEHHEro PaBHOIEHCT-
Busl. Tponuyeckuii ron cocrassier 365 cyTok 5 yacos 48 MUHYT
46,1 cexynnbl. TTOCKONBKY YMCIO CYTOK B TOAY HE MOXET GBITH
APOOHBIM, BO BCeX KajleHaapsix Goibluas 4acTb JIET CONEPXKHT
365 CyTOK M BBOAMTCSI MPABUIIO, MO KOTOPOMY OTPENeNEHHBIE T0-
Obl UMEIOT MPOAOKUTENBHOCTD Ha CYTKHM Oonbiue. B 3aBucumo-
CTH OT 3TOTO CpeAHss MPOAO/IKMTENBHOCTb roga Mo TOMYy MU
WHOMY KaJleHapio B 00/bILEeH WM MEHbILICH CTerneHu npuodaImnxa-
€TCsl K MPOAOIKUTEIBHOCTH TPOITHYECKOTO rojia.

B JIpeBnem Erunre B V ThiCSI4ENETHH 110 H. 3. ObUT BBEAEH Ka-
JICHZ1apb, KOTOPbIH cocTosul U3 12 mecsiues no 30 aHeil B Kaxaom
H JIOMOJTHUTENIBHBIX 5 1Hei B KoHLe roaa. Takoit KaneHaaps 1aBan
exeronHo orcraBanue B 0,25 cyTok, wim 1 roa 3a 1460 ner.

HenocpeacTBeHHbIN NMpeaiIecTBEHHUK COBPEMEHHOTO KaJIeH-
Aapsi b1 paspaboran B [IpeBHem Pume no npukasy uMmneparopa
HOnunsa Llesapss m notomy monyunn HaspaHue roauanckoeo. Tox,
COINIaCHO 3TOMY KaJIeHAapIo, COCToAN U3 12 MecsilieB U conepxan
365 wam 366 cytok. JInnrHue cyTKu 106aBIsIUCh KAXK/IbIE YeThIpe
rona: TaKMe rofibl, HOMEpP KOTOPBIX AETUTCS Ha YeThIPE, NMOJYYHUIU
Ha3BaHUE GUCOKOCHbIX.

DTO Ha3BaHWE TNPOMCXONUT OT JATHHCKOINO cjioBa bissextus
(BTOpOIi wectoi). OTCI0Aa NMOLLIO rPEeYecKoe CIOBO «OGUCOKOCH,
KOTOPOE B PYCCKOM $I3bIKE NMOCTENEHHO MPEeBPaTHJIOCh B «BUCO-
KOC», «BUCOKOCHBIW». [TporcxoXaeHHe ClI0Ba CBSI3aHO C TEM, YTO
B TO BpeMsI CYET BEJICA MO yObIBAKOILIEH, CKOJIBKO IHEH OCTABAIOCH
JI0 Hayana cieaylouiero mecsiua. JJonoaHuTenbHbIN 1eHb B BUCO-
KOCHOM roay nobasisiics B eBpasie, 1ocie WecToro AHs nepen
Ha4yaJloM MapTa ¥ CYUTAJICS HE TMSThIM, a €1lI€ pa3 LIECTbIM.

C yu€TOoM BHMCOKOCHBIX JIET MPOJOIKMTEIBHOCTh TOHA T10
IOJIMAHCKOMY KaJICHIAPIO (Crmapomy cmunio) OTINYAIach OT Npo-
JNOJDKHUTEIBHOCTH TPOMMYECKOro roaa Ha 11 MuHyT 14 cexyHa, yTo
nasano omwnbky B 1 cytku 3a 128 ner, win 3 cyTok npumepHo 3a
400 net. FOnmanckuit KaneHaaps 6bUT MPUHSAT B KAYECTBE XPUCTH -
aHCKOTO B 325 1. H. 3., M KO BTOpOIii nmonosuHe XVI B. pacxoxaeHue
nocrumio yxe 10 cyrok.

st Toro 4yTo6bl MCMPaBUTL PACXOXIEHHE, Mana PUMCKMHI
[puropuit X111 B 1582 1. BBEN HOGbII cmuab, KaneHaaph, Ha3BaH-
HBIH 110 €10 UMEHH epucopuarckum. YTo6bl YMEHBILIUTH OTIIMYHE




KaJIEHIApHOTO roja OT TPONMMYECKOro, ObLIO pelleHO KaXIbie
400 net BpiOpacbiBaTh U3 CYETA 3 CYTOK MYTEM COKPALIEHUS YKCIIA
BUCOKOCHBIX JieT. [IpocThIMH, HEBUCOKOCHBIMU YCJIOBUJIMChH CUM-
TaTh BCE IOAbl CTOJIETHI, 3a UCKIIIOYEHUEM TeX, Y KOTOPBIX YHUCIIO
CTOJIeTHI nenutcss Ha 4 Oe3 octaTka. BUCOKOCHBIM CUMTAIHCh
1600 u 2000 rr. B To xe Bpems 1700, 1800 u 1900 rr. 6sU1H npoc-
ThIMH.

B Poccuu HOBBII CTWIb ObLT BBEOEH TONBKO ¢ | heBpans
1918 r. K 3TOMYy BpeMeHH MeXIy HUM M CTapbIM CTHJIEM HAKOIM-
Jach pasHuua B 13 nHeit. Drta pasHuua coxpaHurtcst oo 2100 r.,
KOTOPBI MO CTAPOMY CTHJIIO TOJDKEH ObUT ObI CYUMTATHCS BUCOKOC-
HbIM, @ [0 HOBOMY — MPOCThIM. Pasznuuue MexIy CcTapbiM M HO-
BbIM CTHJIEM OOBIYHO YKA3bIBAETCS, KOTla Mbl HMEEM JIEJIO C COOBI-
TUSIMHM, OTHOCSILLIMMUCS K NpouIoMy. Tak, HarnipuMmep, Mbl TOBO-
pum, uto K. B. Luonkosckmit poawics 5 (17) cenrsdps 1857 r.

['on no rpuropuMaHCKOMYy KaJleHAapio OKa3bIiBAETCSI B CPEAHEM
Ha TMOJMHMHYTBI JUIMHHEE TPOIMMYECKOro, TaK 4YTO PacXoXICHHE
3a 400 ner cocraBasier Bcero 2 yaca 53 MMHYTBI, WM CYTKHM 34
3300 ner.

Hymepauusi 1eT Kak o HOBOMY, Tak M 10 CTapoOMYy CTHJTIO Be-
nércsi ot roga PoxnecrBa XpucTtoBa, HACTYIUIEHHMSI HOBOM 3pBbI.
B Poccum HoBasi 5pa 6bina BBeneHa ykasom Ietpa I, cornacHo ko-
Topomy nocne 31 nekabpsi 7208 r. «OT COTBOpEeHHsI MUpa» HacTy-
nuio | auBapsa 1700 r. ot PoxnecTBa Xpucrosa.

Ta BpemeHu? 2. [Moyemy B KauecTBe €AMHHLIBI BDEMEHH MCITOJIb3Y-
ercsi atToMHasi cekyHaa? 3. B uém 3akimioualoTcsi TPYIHOCTH CO-
cTaBleHUs ToYHOro kaieHnapsa? 4. Yem ornuuyaercs cuér BUCO-
KOCHBIX JIET 110 CTAPOMY U HOBOMY CTH10?

Y"PMKHEH”EB 1. Ha kxakyio BelMYHMHY OTIMYAETCHd BpEMs Ha
A

BalUMX yacax oT BceMupHoro BpemeHu? 2. OnpenenuTe 1o Kapre
reorpaMyeckKyio JOATOTY Ballei mKoabl. BeruMcanTe mecTtHoe
BpeMs Ui 3TO# gonaroTel. Ha cKOIbKO OHO OT/IMYAeTCsi OT BpeMe-
HH, 1o KoTopomy Bbl kuBeTe? 3. [lata poxuenus Mcaaka Heioto-
Ha 1o HOBOMY cTUIO — 4 sinBapsa 1643 r. Kakosa maTta ero poxne-
HHS 10 CTAPOMY CTHITI0?

SAIAHME 10 110 nrotoBbTe M0KIa 06 MCTOPHHM KaneHIaps.



Conneunas cucrema iiouaer B ce6s ConHie U Bee dpu3nueckue
Tena, obpalaloumecss BOKpYr Hero, ¢ CHCTEMaMM CBOMX CITyTHH-
koB. B coctaB ConHeuyHOI CUCTEMbI BXOAST BOCEMb OOMBLINX IJ1a-
HET, BKJIKOUYasa 3eMiilo.

Kpome Gonbiimx ruraseT co criyrHukaMu, Bokpyr CosHua 06-
pallaTCcs Kap/JIMKOBbIe (Maibie) MIaHeThl, KOTOPbIE 110 JUaMeTpy
MeHblue JIYHBI, 1 OrpOMHOE Yuciao Manbix Ten COnHEeYHOU cHuc-
Tembl. Jlaxe Haubosnee KpYyIHbIE U3 HUX HE MPEBLILIAIOT 110 pas3-
mepy 1000 kM, a gapa caMbiX 3aMETHBIX KOMET — ellé MeHblle.
Bokpyr ConHia ABHXKYTCS TAKXKE TeJla pa3sMEepPOM B IECATKH M COT-
HU METPOB, MIBIOBI U KAMHM, MHOXECTBO MEJIKMX KaMEIIKOB M
NMbIIMHOK. YeM MeHble pasMepbl 3THX YacTHL, TEM MX CaMMX
fosbuie. MeXIIaHeTHasi cpela — 3TO KpaiiHe pa3pexXeHHbIN ras,
COCTOSAHUE KOTOpOro onpeaensiercsa usnydyeHuem ConHua u pac-
TEKAKUIMMKUCS OT HETO MOTOKAMM BELLIECTBA.

JBuxeHuem Bcex 0oabiMX U Manbix Tes ConHedHoM cucTe-
Mol yripasisger ConHile, Macca Kotoporo B 333 Teic. pa3 npeBbillia-
et Maccy 3emam u B 750 pa3 cyMMapHYIO Maccy BCex TUIaHEeT.

§ 10. PA3BUTHE NPEACTABJIEHMH
0 CTPOEHMU MUPA

1. leouenTpuueckas cucrema Mupa

nYTb K MOHUMAaHMUIO TMOJIOKEHUS HALLEH IMJIaHEThl U XKMUBYLIIETO Ha
Hel yesoBeyecTBa BO BceneHHo# ObUT OUeHb HEMPOCTBIM M TIOI-
yac BE€CbMa JpaMaTHYHbIM. B APEBHOCTH OBLIIO €CTEeCTBEHHBIM
CYMUTaTh, 4TO 3emus siBisIeTCs HEIMOABUXKHOM, IUIOCKOM UM HAaXO-
JAUTCA B LIEHTPE MUpa. Ka3sanocs, uro Booblie BeCh MHPp CO31aH



paau yesnoBeka. [1ono6GHbIE NPEACTABICHUSA MONYYNIN HAa3BAHME
anmponouermpuima (0T rpey. antropos — 4ea0Be K).

MHOTrHe Wieu U MbICJIU, KOTOPbIE B Ja/IbHEHILIEM OTPa3sHINCh B
COBPEMEHHBIX Hay4HbIX ITPEJCTABICHHUSX O TPUPO/E, B YaCTHOCTH B
acTpOHOMMH, 3aponnmiuch B [pesHeii I'peunn, €€ 3a HECKOIbKO
BEKOB JI0 Hatei 3pbl. TPYIHO NepeurcINTbG HMEHa BCEX MBICIMTE-
Jleit ¥ MX reHManbHble Joranku. Beutaouwmiicsi matematuk fuga-
20op (V1 B. 10 H. 3.) GbU1 YOEKAEH, YTO «B MMPE MPABUT YHCIO».
Cumraercs, uto umeHHO [Mudarop nepBbIM BHICKA3aJl MBICIb O TOM,
yTO 3eMJIsl, KaK M BCe Jpyrue HebecHbie Tela, MMeeT apoobpas-
Hylio (hopmy 1 HaxonuTest Bo BeenenHoi ©e3 BCSAKOU OMopbl.

Jlpyroii He MeHee W3BECTHBIN Y4YE€HBIH IPEBHOCTH, Hemo-
Kpum — OCHOBOIIOJIOKHHK npencrasieHuit 06 aTomax, XHBLIHMA
3a 400 et g0 Hawmeit 3pbl, — cuntai, yto CojHUE BO MHOIO pas
ponbiie 3emau, uyro JlyHa cama He CBETUTCS, a JIUUIL OTpaXact
COJIHEUHBIH cBeT, a MuieyHbiit [TyTh COCTOMT U3 OTPOMHOTO KOJIU-
YyecTBa 3BE3.

O6061MTh BCe 3HAHMSI, KOTOPbIE ObUIM HaKomIeHbl K [V B. 10
H. 9., cMor Bbluiawoowmiicst punocod aHTUIHOTO MUpa Apucmo-
meawv (384—322 no H. 3.). Ero aesaTeqbHOCTh OXBaTbiBana BCE
ecTeCTBEHHbIC HayKH — CBeleHus 0 Hebe n 3emiie, 0 3aKOHOMEp-
HOCTSIX JABMKEHMS T/, O KMBOTHBIX M pacTeHusiX U T. 1. [aBHOM
3acayroil ApMCTOTeNls KaK y4€HOro-3HUMKIONEeanucTa ObLIIO CO-
31aHMe EANHOM CHCTEMbl HAYYHBIX 3HAHUH.

Ha npoTsKEHUM MOYTH IBYX ThICAYENETHI €ro CyXAeHHs 1o
MHOTMM BOIIPOCAM He MOABEPrauch COMHEHMIO.

CorlacHO ApPHMCTOTEN0, BCE TAXKEIOE CTPEMHUTCA K UCHTPY
BeesleHHOI, e ckaruimpaetcsi ¥ obpasyer wapoobpasHyio Mac-
cy — 3emumio. [1aHeTsl pasMelieHbl Ha ocobbix chepax, KOTOpbIE
Bpaiialorcs Bokpyr 3emun. Takas cucTtema Mupa nojyyuia Ha-
3BaHUE 2ceoueHmpu4eckou (0T rpeyecKoro HaspaHus 3emnu —
lest). ApMCTOTE/Ib HE CY4alHO NMPETOXHI CYNUTATh 3emMai He-
MOABMXHBIM LIeHTpoM mupa. Eciin 6b1 3emiist nepemelanach, To,
MO CMpaBeUIMBOMY MHEHUIO APUCTOTENSA, Obl10 ObI 3aMETHO peE-
ryasipHoe M3MEHEHME B3aMMHOTO PacroNOXEHMUs 3BE€31 Ha He-
6ecHoit chepe. Ho Huuero nogoOHOro HUKTO M3 aCTPOHOMOB
He Ha6monan. Toabko B Hauane XIX B. 6bUIO HAKOHEL-TO OOHAPY-
KEHO M M3MEPEHO cMmelleHne 3831 (napainakc), Npoucxoasiee
pesiencTre apkenus 3eman Bokpyr ConHua.

Muorue ob6061meHuss ApuctoTessi OblIM OCHOBAHBI Ha TAKHUX
YMO3aKJIIO4EHUSIX, KOTOPBIE B TO BPEMS HE MOTIH OBbITh NpOBEpPE-



Hbl OonbITOM. Tak, OH yTBepX/aaj, 4TO JABMXEHHE Tesla HE MOXET
MPOUCXO/IMTh, €CJIM Ha HETO He aeicTByeT cuia. Kak Bel 3HaeTe u3
Kypca (pu3MKH, 3TU npeacTaBieHus ObUTH ONPOBEPrHYTHI TOJIBKO
B XVII B. Bo BpemeHa lanunes u HeiotoHa.

Cpenu yuéHbIX IPEBHOCTH BIAEISETCH CMEIOCTBIO CBOMX J10-
ranok Apucmapx Camoccxui, xvBiiiii B 111 B. 10 H. 3. OH nep-
BBIM Onpenetni pacctosiiue 10 JIyHbl, Beraucami pasmepbl CoiH-
11a, KOTOpoe, Mo ero AaHHbIM, okasanock B 300 ¢ auiHuUM pas3
Oosbie 3emau no oobEMy. BeposiTHO, 3TH TaHHBIE CTATA ONHUM
M3 OCHOBaHMIi /UIsi BBIBOAA O TOM, YTO 3eMJIsi BMECTE C JAPYTHMM
IJIaHEeTaMU IBHXKETCS BOKPYT 3TON0 CaMOTO KPYITHOro Tesna. B Ha-
K 1HU Apucrapxa Camocckoro craiu Ha3biBaTh «KonepHukom
AHTUYHOTO MUPa».

Puc. 3.1. Buaumoe netneobpasroe apuxeHne Mapca



K coxanenuio, Tpyabl 3TOro 3a-
MEYaTeJIbHOro YY€HOro 10 Hac mpak-
THUYECKH He NOLIH, U Donee noayTopa
TBICSY JIET YEJI0OBEYeCTBO ObLIO yBEpe-
HO, 4TO 3eMJis — 3TO HEINOABHXHbIN
LEHTp Mupa. B Hemanoii cteneHu 3to-
My CIocoOCTBOBAIO MaTeMaTHYeCKOe
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ONMHUCAaHHE BHUAHMOIO ABMXEHHs CBe-
T, Kotopoe Bo 11 B. H. 3. pazpaboTtan
JUUISl TEOLIEHTPHYECKOM CUCTEMbI MHpa
OIWH M3 BbIAAIOLIUXCS MaTEMAaTHKOB
npeBHocTH — Kaaeouii ITmoaemeii.
HaubGonee cnoxHoi 3amaueid okasa-
Jock OOBsICHEHHME TneTieobpa3Horo
JBWXeHUS TuiaHeT (puc. 3.1).

[TTonemeit B CBOEM 3HAMEHHTOM
COYMHEHUMN «MaTeMaTHYeCKUil Tpak-
TaT MO aCTPOHOMHUH» (OHO Gonee M3-
BECTHO KaK «AJIbMArecT») yTBepxXaall,
YTO Kaxaasi TJlaHeTa PABHOMEPHO JIBUXETCS 110 3NULUKAY — Ma-
JIOMY KpPYTY, LIEHTP KOTOPOIO ABHXKETCS BOKPYT 3eMJIH 1o deghe-
pernmy — Gonbuiomy Kpyry (puc. 3.2). Tem cambIiM eMy yaaaocCh
0OBSICHUTBL OCOOBIN XapakTep NBMXXEHHUS TUIAHET, KOTOPBIM OHM
otanyanuck ot ConHua M JlyHel. Cucrema [Nronemest napana yu-
CTO KWHEMAaTH4YeCKOE ONMHUCAaHHE IBUXKEHHUS TUTAHET — MHOTO Hay-
Ka TOTO BPEMEHH MPEUIOXHUTh HE MOIIa.
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Puc. 3.2. Cucrema
Mronemen

2. TenvouenTpuueckas
cucTeMa Mupa

Bu yXe yOenwInch, 4To UCTOJIb30BaHue Moeu HebecHO cde-
pbl nipu onucanuu asuxkeHuss ConHua, JIyHsl U 3B€311 MO3BOJsIET
BECTH MHOTHE TOJIe3HbIe VISl IPAKTUYECKMX LIeJIei pacyéThl, XO-
TS peaJibHO Tako# cepsl He cyuiecTByeT. To Xe CripaBeUIMBO U B
OTHOLIEHUM SMULMUKIOB M JAedepeHTOB, Ha OCHOBE KOTOPBIX
MOXHO C ONpeeNIéHHOM CTeNeHbI0 TOYHOCTH PACCYUTHIBATH MO-
JoXeHue TiaHeT. OQHAaKO ¢ TeYeHUEM BpeMeHH TpeboBaHMsl K
TOYHOCTH 3THUX PACYETOB IMOCTOSTHHO BO3PACTAH, NPUXOIANIOCH
n06aBIATH BCE HOBBIE U HOBBIE MMLIMKIIbI ISl KAXI0M IUIAHEThI.




Hukonawn KonepHuk

Bcé 310 yenoxHsiio cucremy Ilrone-
Mesl, fenasi e€ U3JUIIHE TPOMO3IKOM
1 HEeYyI0OHOM JUIsl TPaKTUYECKHUX pac-
4€ToB. TeM He MeHee reoleHTpuye-
CKasi cMcTeMa ocTaBajiach Hesbibjie-
Moit emié okono 1000 ner. Benb nocne
pacuBeTa aHTHYHOM KyabTypel B EB-
pore HaCTYMW JUTMTeJIbHBIIA NMepHoil,
B TEYEHHE KOTOPOro He ObLIO caena-
HO HHU OAHOI0 CYIIECTBEHHOIo OT-
KpbITUSE B aCTpOHOMHMH W MHOTMX
JPYrMX HaykKax.

Toneko B 3noxy BospoxaeHus
HauyMHAaeTCcsl NMOOABEM B Pa3BUTHH Ha-
VK, B KOTOPOM AaCTPOHOMHMSI CTAHO-

BUTCS1 OAHUM W3 inaepoB. B 1543 r. 6b1a M31aHa KHUra BBIAAKO-
uerocst noabeckoro yuéHoro Huxoaasn Konepuuxa (1473—1543),
B KOTOPO# OH 000CHOBAJI HOBYIO — 2eAUOUEHMPUHECKYIO — CW-
creMy Mupa. KonepHMK rnokasaj, 94To CyTOYHOE JIBHXKEHME BCEX
CBETHJI MOXKXHO OOBSACHHUTD BpallleHUeM 3eMJIM BOKPYT OCH, a MeT-
neobpa3Hoe JBMXEHHE TUIAHET — TEM, YTO BCE OHM, BKJIIOYAsi
3emmo, obpawaiorcs Bokpyr Convua. Ha pucynke 3.3 nokasaHo
asuxeHue 3eman 1 Mapca B TOT nepMon, KOraa, Kak Ham Ka-

Ffanuneo lanunen
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XKeTcsl, IUIaHEeTa ONMMChIBAET Ha Hebe
MeTIo.

Co3nanue  reJIMOLEHTPUYECKOI
CHUCTEMBbl O3HAMEHOBAJIO HOBBIN 3Tar
B Pa3BUTUM HE TOJIBKO ACTPOHOMMH,
HO M Bcero ecrecrBo3HaHusi. Ocobo
BaXHYI0 ponb cbirpana wuaes Ko-
MEepHUKa O TOM, YTO 3a BHMIAUMOMN
KAPTUHOW TIPOUCXOMSIILMX SIBJICHHH,
KOTOpasi KaxeTcss HaM UCTUHHOM, Ha-
0 UCKAThb M HAXOAWUTb HEJAOCTYITHVIO
JUISL HEMOCPEACTBEHHOTO HAaOII0neHUS
CYLIHOCTb 3THUX SABJICHHWIA.

I'ennoueHTpUyeckas cucrema Mu-
pa, oDOCHOBaHHasi, HO HE JOKA3aHHas
KonepuukoMm, nonyunia csBoé noa-



Puc. 3.3.
MonoxeHus
3emnun

n Mapca

Ha opbuTtax

TBEPXKICHHUE M PasBUTHE B TPydaxX TAKUX BbUIAIOLIMXCS YYEHBIX,
Kak laauaeo Taauaeiu (1564—1642) v Hoeann Kenaep (1571 —
1630).

lanuneit, oAHUM U3 NMEPBLIX HAMPABUBILMIA TEJIECKOIN HA He-
00, UCTOJNIKOBAJI CAENAHHBIE TPU 3TOM OTKPBITHSI KakK J10BObI B
nonab3y teopun KonepHuka. OTkpbiB cmeHy (a3 Benepwnl, oH
MPUILEN K BBIBOAY, YTO TaKasi MX MOCIEI0BATEIbHOCTh MOXET Ha-
Oonarbest TONBKO B ciyyae e€ oopameHus Bokpyr ConHua. O6-
HapyXeHHbie MM 4YeTslpe CIyTHMKA TuiaHeThl KOmurep Takke
OIPOBEPrajiv MPeACcTaBIeHUsI O TOM, YTO 3eMJIsl SABISIETCS eIUH-
CTBEHHBIM B MUPE LIEHTPOM, BOKPYT KOTOPOIO MOXET MPOUCXO-
IUTh BpaueHue apyrux tes. lanuieil He TOJIBKO yBUIE ropbl Ha
Jlyne, Ho naxe usMmepus ux BbicoTy. Hapsiay ¢ HeCKOJIbKUMH
JPYTUMH YYEHBIMU OH Takxke Habmonan natHa Ha CosiHlEe U 3a-
METHJI UX TEPEMELIEHHUE 110 CoJIHEYHOMY nucKy. Ha aTtom ocHo-
BaHWU OH 3aknioumns, yto ConHlle BpallaeTcs U, CAeA0BaTeIbHO,
HMEeT TakKoe NBUXeHue, KoTopoe KornepHMK mpunuchiBag Ha-
e ruraHere. Tak Obut caenaH BoIBOA 0 TOM, uyTo ConHue u JlyHa
UMEIOT OMpenenéHHoe cxoncTro ¢ 3emuéin. Hakonen, Habmonas
B MneuHom IlyTu M BHE ero MHOXECTBO clabbiX 3BE31, HEIO-
CTYITHBIX HEBOOPYXKEHHOMY mia3y, [anunei caenaa BLIBOIL O TOM,
4YTO PACCTOSAHUSA 10 3BE3I pa3UuHbl U HUKAKOWN «cdepbl Herno-
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ABVKHBIX 3BE3/1» HE CYIIECTBYET. BCe 3THM OTKPBITHUSA CTAJIM HO-
BBIM 3TaroM B OCO3HAHUU MOJOXEHUs 3eMan Bo BeeneHHOI.

[Tronemen? 2. Kakue BBIBOIBI B 1MO/b3Y Fe/TMOLEHTPUUECKON CH-
creMbl KonepHuka ciieoBaay U3 OTKpHITHI, CAENIAHHBIX C TOMO-
11bIO Teneckona?

§ 11. KOHOUryPALIMS MIAHET.
CUHOAUYECKUI MEPUON

1. Koudurypaums nnauer
M YCJIOBHSI HX BUAMMOCTH

Venosus BHIAMMOCTH TUIaHET! MEHSIOTCS MO-pa3sHOMY: ecin Mep-
KypHii 1 BeHepy MOXHO BHAETb TOJBKO YyTPOM WM BEYEPOM, TO
ocranbHble — Mapc, FOnurep u CatypH — GbIBAIOT BUIHBI TAKXKE
1 HOYBIO. [To BpeMeHaM O1Ha WM HECKOJIBKO MJIAHET MOTYT ObITh
BOBCE HE BUIHBI, ITOCKOJIBKY OHM pacrojiaraioTcs Ha Hebe nobiu-
3ocTn o1 ContHiia. B 210M cityyae roBopsIT, 4TO MJ1aHeTa HAXOIHUT-
cst B coedunenuu ¢ Connuem. Eciu xe nnanera pacnonaraercs Ha
Hebe BOJIM3U TOYKM, AMAMETPAIBHO MPOTHBOMOIOXHOMN ConHuy,
TO OHa HaXOIUTCS B mpomueocmonanuu. B 37om ciyyae ruiaHera
NOABJIAETCSA Ha/l TOPU30OHTOM B TO Bpemsi, Koraa CoJiHIIE 3aXOaHmT,
a 3aXOIMT OHa ofHOBpeMeHHO ¢ BocxonoMm ConHua. CrenoBarenb-
HO, BCIO HOYb IJIAHETA HAXOOUTCS HA/l TOPH30HTOM.

CoeauHeHue n NPOTHBOCTOSIHKE, a TAKKE APYrHe XapakTep-
HbI€ PACIOJIOXKEHHUS TUTaHEeThl OTHOCUTEIbHO COJNHIIA HA3bIBAKOT-
csi kongpuzypauusmu. Buyrpenuue ranets (Mepkypuii u Be-
Hepa), KOTOphie BCEIZa HAXOMSTCH BHYTPH 3EMHOM OpOMTHI, M
BHCIIHHUE, KOTOPbIC IBMXYTCS BHE €€ (BCe OCTaJIbHbIE TJIAHETHI),
MEHSIOT CBOM KOH(pUTrypaiuu no-pasHomy. Ha3BaHus pa3muaHbIX
KOH(UTypauuit BHYTPEHHUX U BHELIHUX IUIAHET, KOTOPBIE XapaK-

I' Moapo6GHbie cBeleHUs O MONOKEHNH TUIAHET 1 YCJIIOBHAX X BUIAMMOCTH
naotcs B «UIkonbHOM acTpOHOMHYECKOM KaseHaape» Ha KakIblif yuebh-
HBIH ro/1. BTy HHbOpMaLHIo MOXHO HaiiTi u B MHTepHeTe.



Puc. 3.4.
KoHdwmry-
pauumm
BHYTPEHHEeW
U BHELWHEN
nnaHeTsbl

TEPHU3YIOT PACMOJIOXKEHHE TUIaHEThl OTHOCHTEIbHO CoTHIa Ha He-

Oe, npuBeaeHbI B Tab/IMLIE U HA pUCYHKe 3.4.

PucyHok BHyTpeHHsAs NnaHeTa BHewHsn nnaHeta
34, a BepxHee coeguHeHue BepxHee coeguHeHune
34,6 BocroyHas anoHrauus 3anapgHasa kBagpaTtypa
34,8 HuxHee coeguHeHue MpoTuBocTONiHME
34, r 3anapHas 3noHrauus BocroyHan kBagpaTypa

SIcHO, 4TO yC/IOBUSI BUAMMOCTH TUIAHETHI B TOW WIM WHOM
KOH(MUrypaLumnu 3aBUCAT OT €€ PACOJOXEeHHUs MO0 OTHOIIEHMIO K
ConHily, KOTOpOE IJIAaHETY OCBELIAET, U 3eMJIH, C KOTOPOW MbI €€
HabmonaeM. Ha pucyHke 3.4 noka3aHo, KaKOBO TPU pa3iMYHbBIX
KOH(Urypaumsx B3auMHoe pacrniojioxenue 3eman 7, nnaver P,

P, v ConHua S B npocTpaHCcTBE.



EnuHcTBeHHO#N KOHGbUrypauuei, B KOTOPOH MOXET Haxo-
JNThCA J0bas TUiaHeTa, He3aBUCHMMO OT TOrNO, BHYTPEHHSSI OHa
WIH BHEIIHSsA, SABIAETCH eepxHee coedunenue. B stom cnyyae
OHA HAXOAMTCA HA JIMHMHU, coenuHsaouiei ueHTpsl ConHua, 3em-
Jm U riaHeTsl, 3a ConHieM — «Bbiie» Hero. [Moatomy ConHue,
PAZIOM C KOTOPBIM TIAHETa HAXOAUTCHA Ha Hebe, He 1aéT BO3MOX-
HOCTH €€ yBHIETb. Y BHEUIHMX IJIAHET COCAMHEHHE MOXET ObITh
TOJILKO BEPXHMUM, MO3TOMY JUISI HUX TaKYI0 KOH(UTrypaluo 4acto
Ha3bIBAIOT TMPOCTO COEAMHEHHEeM. BHYTpeHHss rJiaHeTa MOXeT
okasarbest mexay ComHiueM v 3eMi€il, U TOT1a TOBOPSIT O €€ Hud#C-
nem coedunenuu ¢ COTHIIEM.

BHeluHss ruUiaHeTa MOXET HaxoOMThes Ha J0O0M YIIIOBOM
paccrosguum ot Connua (ot 0 no 180°). Koraa ono cocrasnsietr 90°,
TO TOBOPAT, YTO TJIaHETA HAXOAWTCH B Keadpamype. [1insi BHYT-
PEHHMX TUIAaHET MAKCUMAJIbHO BO3MOXHOE YITIOBOE YAaJleHue OT
ConHua (B 240n2auuu) HeBenunko: wisi Benepsl — no 47°, a mis
Mepkypusi — Bcero 28°.

2. CHHOIMYECKHIl M CHIEPHYECKHUIA IePHOJIbI
obpauienus niaxver

Koncburypauuu MJIAHETBI NEPHOANYECKH IMOBTOPAKOTCS.

TIpoMeKYTOK BpeMEHH MEK/LY ABYMS MOCAeA0BaATeIbHBIMH O/1-
HOMMEHHBIMH KOHMDUIypauMsaMH IIaHeThl (HanpuMep, BEPXHHU-
MH COeJIMHEHHSMH) HA3bIBAETCH €€ CHHOAMYECKHM NEePHOIOM.

Eweé B rmybokou ApeBHOCTH, KOTIAA CYUTANOCH, YTO TUTAHETHI
obpaiiaTcs BOKPYT 3eMJIH, 115l KaXA0H U3 HUX HA OCHOBE MHO-
roJieTHUX HabaoaeHWit ObUT onpenenéH CMHOAMYECKHUI MepHOa
obpatueHus.

CornacHo TeJIMOLEHTPUYECKON cucTeme, cama 3emuisi oOpa-
waerca Bokpyr CoJiHLA C NMepHOAOM, PABHBIM roay. 1o e€ IBU-
KeHue HeoOX0AMMO YUYUTBLIBATh, YTOOBI Y3HATh NMEpUOabl obpailie-
HUsl TUTAHET B HEeBpallaloLencss MHepUHAIbHOM CUCTEME OTCUETA,
WJIM, KaK MPUHATO FTOBOPHUTH, MO OTHOLIEHHIO K 3BE31aM.

Ilepuon oOpamenus niaanerbl BOKpPYr CouiHua MO OTHOMIEHHIO
K 3B€3/1aM HA3bIBAETCH 3BE3HbIM (WM CHIEPHYECKHM) NepHu-
010M.

QueBMJIHO, YTO MO CBOEH NPOAO/IKMTEIBHOCTH CHHOAMWYE-
CKHI nepuoa rMmiaHeTbl HE COBIAAAcT HH C eé CHUICPHYCCKHUM I1€-
PUOIOM, HU C FOJIOM, KOTOPBIH ABASETCS 3BE3AHBIM MEPHOAOM 00-
palieHus1 3eMIH.



PaccMOTpMM, Kak CBsI3aH CHHOAMYECKUI NEPHOI IUIAHETHI CO
3BE3AHBIMM TIEPHOJAMM 3eMJIM M caMoil riaHeThl. Yem ovke
nnaneta Kk ConHily, TeM ObICTpee OHa coBeplaeT cBoi 060poT BO-
kpyr Hero. [TycTsb 3BE3nHbII Nepron obpaleHUs BHEILIHEW nane-
Thi paBeH P, 38é3aublil nepuon 3emmm — T (7' < P), a cuHoaunye-
ckuit mepuon — 5. Torna yrnoBbie CKOPOCTH MX JABMXKCHUS IO
op6uTam GyIyT paBHbI COOTBETCTBEHHO 360°/P 1 360°/T. Ot mo-
MEHTa Kakoii-n1ubo KoHdurypauum (Hanpumep, MpOTHUBOCTOSA-
HUST) 00 CJEAYIOLIeN Tako# ke KOH(MUIypauuH rjaHera NMpoOHAET

Ayry cBoeil opOMTBHI, PaBHYIO 2'-6—-5 3a 3TOT X€ MPOMEXYTOK

BpEMEHH (32 CHHOIMYECKUH nepuon) 3emist nnpoiaér ayry Ha 360°

OOMBLIYIO, KOTOPasi paBH
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7+ S — S5 5= 1360°,

1 1 1

T P &8
[MouTtu Takoii xe 6yaet hopmysia Uil BHYTPEHHEH TIAHEThI:
| SOV (Y

P, B a8
Cie10BaTeNIbHO, 3Hasi CWHOAWYECKHU A MePHO IUVIAHEThl, MOX-
HO BBIYMCIIUTD e€ 3B&3aHbIN nepuon obpaeHusi Bokpyr ConHua.

@_ ‘BOMPOCBI 1, Yro naswiBaercs konpurypaumeit nuianersi? 2. Ka-

KMe TUIAHEeThl CYMTAIOTCS BHYTPEHHWMHM, KakKMe — BHELIHMMH?

3. B kakoil KOH(UTYPalLNM MOXKET HAXOMUThCs J1io6asi niaHera?
4. Kakue ruiaHeThl MOTYT HAXOIMThCsi B nporusoctosiHuu? Ka-
ke — He moryt? 5. HazoBuTe rnuiaHeTbl, KOTOPbIE MOIYT Habmo-
natecs psaaoM ¢ JIyHOi BO BpeMs €€ MOJHONYHUS.

opbuTax 3emas u ruiaHera: a) Mepkypuit — B HUXKHEM COElWHE-
Huu; 6) BeHepa — B BEPXHEM COECIMHEHUH; B) Onurep — B npo-
tuBocTosiauu; r) CaTypH — B BepxHeM coenuHeHuH. 2. B kakoe
BpeMst CYTOK (YTpoM wiu Beuepowm) Gyner BuaHa Berepa, ecim oHa
pacrioyiokeHa Tak, Kak MOKa3aHO Ha PHCYHKE 3.4, 2? 3. CpaBHurte
yCcI0BUSl BUAMMOCTH Mapca B MMOJIOKEHUSX, MOKa3saHHBIX Ha pH-
cyHkax 3.4, e u 3.4, a. 4. OueHure, CKOJIBKO NMPUMEPHO BPEMCHH
1 Korza (YyTpOM WM Be4epoM) MOXeT HabioaaThest Benepa, ecnu



OHa yziajieHa K Boctoky ot ConHua Ha 45°. 5. Yepe3 Kakoii nmpome-
XKYTOK BpeMEHHM BCTpedaloTcs Ha uMdepbiate yacoB MUHYTHas
M Jacosas ctpenku? 6. 3péanubiit nepuon obpaenus KOnurepa
paBeH 12 ronam. Yepes Kakoil IPOMEXYTOK BPEMEHHM MTOBTOPSIOT-
Csl ero NMPOTHBOCTOAHUA?

§ 12. 3AKOHbI IBUXKEHHS IAHET
COJIHEYHOM CUCTEMBI

Baxnylo posib B (h)OPMHUPOBAHUM TMPEACTABICHUI O CTPOEHMH
ConHeyHON CHCTeMBI ChIrPaIM TAKXKE 3aKOHBI IBMXEHUS TUIAHET,
KoTopbie ObLTK OTKPbITE HMoranuom Keruiepom u ctanm nepsuiMu
€CTECTBEHHO-HAYYHBIMM 3aKOHAMH B MX COBPEMEHHOM MOHMMa-
HuM. Paborel Kennepa co3nanm BO3MOXHOCTH Uisi 060061eHNs
3HAHHH 1O MEXaHMKE TOi IMOXH B BUAE 3aKOHOB IMHAMHMKH M 3a-
KOHa BCEMUPHOTO TATOTeHUsI, chOPMYIUPOBaAHHBIX ro3aHee Mca-
akoMm HplotoHoM. MHOrMe yyéHbie BruioTsh 10 Hayana XVII B. cum-
TaJu, YTO ABMXKEHHUE HEOECHBIX Tes JOIKHO ObITb PABHOMEPHBIM
W MPOMCXOUTH IO «CaMOil COBEPILUEHHOH» KPMBOW — OKPYXHO-
ctu. Jlump Keruiepy yaanoce npeoaosners 3TOT NMpeapaccyiok u
YCTAHOBHUTbL NEUCTBUTENbHYIO (hOPMY TUTAHETHBIX OPOUT, a TakxKe
3aKOHOMEPHOCTb U3MEHEHHSI CKOPOCTH ABHXKEHUS TUTAHET MPU MX
obpauenun Bokpyr ConHiia.

B cBoux nmoumckax Keruiep ucxo-
OU U3 yOexaeHus, 4To «B MUpe npa-
BUT YMCJIO», BbICKa3zaHHoro emé [Mu-
¢aropom. OH ucKan COOTHOLIEHMS
MEXIY PpasJIU4YHBIMM BEIHYWHAMH,
XapakTepU3YIOIIUMHU ABMXKEHUE TIuia-
HET, — pa3Mepsl opOuT, nepuoa obpa-
leHus1, ckopocth. Keruiep neicrso-
Bal (DaKTUYECKH BCJIIENYIO, YHUCTO 3M-
nupuyecku. OH NbITaICs COMOCTABUTh
XapaKTEePUCTHKH IBUXEHMs IUIAHET
C 3aKOHOMEPHOCTSIMH MY3bIKaJIbHOM
raMMbl, JUTMHOM CTOPOH ONMUCAHHBIX U
BINMCAHHBIX B OPOUTHI TUIAHET MHOTO-
WoranH Kennep YTOJIbHHKOB M T. 1.




Kemiepy HeoGxoammo 6bUIO 1MO-
CTPOHUTb OPOUTHI MUJIAHET, NMEPEUTH OT
3KBATOPUAJIBHON CHUCTEMBI KOOP/IM-
HaT, yKa3blBalOLIMX MOJOXEHHWE Iia-
HETbl HAa HebecHoi cdepe, K cUcTeMe
KOOpPAMHAT, YKa3blBAIOUIUX €€ TMOoJo-
JKEHMEe B IUIOCKOCTH opOouThl. OH BOC-
MOJb30BAJICS MPU 3TOM COOCTBEHHBI-
MU HabmoneHusiMU TUIaHeThl Mapc,
a TAKXK€ MHOTOJIETHUMM OTpeaeIeHH-
SIMM  KOOPAMHAT M KOHpHrypauuii  pyc. 3.5. MocrpoeHue
9TOH TUIAHETHl, NMPOBEAEHHBIMM ero opbutel Mapca Kennepom
yuuteneMm Tuxo Bpace.

Opbuty 3emau Kenzep cuuran
(B nepBOM MPUOIMKEHUM) OKPYXKHO-
CTBIO, UTO HE NMPOTUBOPEUUIIO HabmoneHusM. YTobsl mocTpouTh
opbuty Mapca, OH npuMeHWT crnoco®, KOTOPLIi MOKa3aH Ha pu-
cyHke 3.5.

[TycTh HaM M3BECTHO yIIOBOE paccTossHue Mapca oT TOukM
BECEHHEro PaBHOAEHCTBUS BO BPEMS OTHOTO U3 NMPOTHUBOCTOSIHUM
IMJIaHETbl — €ro npaMoe¢ BOCXOXICHHE G, KOTOPOE€ BbIpaXxaecTtcs
yrnom Y’ T, M|, rne 7| — nonoxeHue 3eMIHu Ha OpOUTE B 3TOT MO-
MeHT, a M| — nonoxenue Mapca. OueBuaHO, 4yTo criycts 687 cy-
TOK (TakoB 3BE31HbINH nepuon obpaweHuss Mapca) niaHera npu-
IET B Ty Xe TOUKy cBoeit opbutsl. Ecniu onpenenuts npsamoe Boc-
xoxaeHue Mapca Ha 3Ty Aaty, TO, KaKk BMIHO M3 PUCYHKa 3.5,
MOXHO YKa3aTb IMOJIOKEHHWE TJIAaHEThl B MPOCTPAHCTBE, TOYHEE,
B IUTOCKOCTH €€ OpOUTBI. 3eMJIsi B 3TOT MOMEHT HAXOAMUTCS B TOUKE
T,, n, cnenosatenbHo, yroa Y’ 7, M, ecTb He YTO UHOE, KaK Ipsi-
Moe BocxoxaeHne Mapca — a,. [ToBropus nono6GHbie onepauuu
JUTSI HECKOJIBKUX APYTUX NMPOTUBOCTOSIHMIM Mapca, Kernnep nosny-
YUJI eLlL€ Uebli Psil TOYEK U, MPOBEIs 10 HUM TUIaBHYIO KPUBYIO,
IMOCTPOWJI OPOUTY ITOM TUIAHETHI.

W3yuyuB pacronoxeHue MoJyyeHHbIX TOYEK, OH OOHapyXuI,
4YTO CKOpPOCTb ABHMAKECHHWSA IJIAHETHI MO ODGHT‘C MCHHACTCHA, HO IPH
3TOM

PAAHYC-BEKTOpP IUIAHETHI 3a paBHbI€ MPOMENKYTKH BpeMEeHH
OINHCBIBAET paBHbIE IUTOIAIH.



BnocnenctBuu 3Ta 3aKOHO-
MEPHOCTb TMOJyYHJIa Ha3BaHUE
emopoeo 3axona Kenaepa.

DTOT 3aKOH, KOTOPBIH 4acTo
Ha3bIBAIOT 3aKOHOM IUIOLIANEH,
WUTIOCTPUPYETCS PUCYHKOM 3.6,
PannycoM-BeKTOPOM Ha3bIBAKOT B
JaHHOM cCJly4ae TEepeMEeHHBbIN 10
Puc. 3.6. Bropo# 3akoH Kennepa CBOEH BEJIMYMHE OTPE30K, CO-
................................ CNUHAIO LU ConHue 4 TY TOYKY

OpOUTBI, B KOTOPOH HaxoOmAUTCs
nnaxera. AA,, BB, n CC| — nyru, KOTOpbI€ MPOXOIMUT IJIaHETa 3a
paBHbIE MPOMEXYTKHM BpeMeHH. [Tnomanm 3aiTpuxoBaHHbIX (hu-
I'yp paBHBI MeXay coB0.

CornacHo 3aKOHY COXpaHEHHMSI SHEPruM, TNMOJHas MeXaHuue-
CKas 3HEPrusi 3aMKHYTOH CHUCTEMBbI TeJl, MEX1Y KOTOPBIMU Aeii-
CTBYIOT CUJIBI TATOTEHMS, OCTAETCS HEM3MEHHOM MPH TI0OBIX ABU-
JKEHUSIX Tea 3TON cucTeMbl. [ToaToMy cyMMa KMHETHYECKOM M T10-
TEHIMAJIbHOW BSHEPruil IUJIaHeThl, KOTOpasi ABUXKETCSI BOKpPYT
ConHua, HEM3MEHHA BO BCEX TOYKAX OpOMTHI M paBHA MOJIHOM
sHeprum. [To mepe npubnuxeHus mianersl K ConHIly Bo3pacTaeT
€€ CKOPOCTb — YBEJIMYMBACTCA KMHETUYECKasi SHEPIHsl, HO BCIEI-
CTBHME YMEHbLIEHUSA paccTosAHMs 10 CoNMHLA YMEHBILAETCSl 3HEep-
I'vsl OTEHLIHAJIbHAS.

YCcTaHOBMB 3aKOHOMEPHOCTb M3MEHEHHsI CKOPOCTH JBHXKE-
HuUsA uiaHeT, Keruiep 3amancst Lesibio OnpeaenTb, 1o Kakoi Kpu-
BO# nmpoucxoauT ux obpaiueHune Bokpyr ConnHua. OH 6bU1 1TOCTaB-
JIEH nepen HeoOXOAMMOCTBIO ¢ieNaTh BEIOOP OIHOIO M3 ABYX BO3-
MOXHBIX peuieHuu: 1) cuurars, uro opbura Mapca npencrasisier
co00i OKPYXKHOCTb, U JIONMYCTUTb, YTO Ha HEKOTOPBIX y4acTKax
OpOMTBHI BBIYMMUCIEHHbIE KOOPAWHATHI MJIAHEThl PACXOOSATCS C Ha-
OmoneHnsaMu (M3-3a olMbOK HaboIeHMIT) Ha 8'; 2) CUMTaTh, YTO
HaOMoAeHUsI TAKMX OLIMOOK He comepxar, a opouTa He sIBIsSIeTCs
OKPYXHOCTBIO. Byyuu yBepeHHBIM B TOYHOCTH HabmoneHuin Tu-
xo bpare, Kennep BbiOpan BTopoe peleHMe M YCTAHOBHJI, 4YTO
HaWwIy4d1IuM obpa3oM nonoxeHuss Mapca Ha opOUTe COBIAAAIOT C
KPHMBOM, KOTOpasi HasbiBaeTcs 3aauncom, npu 3toM CoJHiEe He
pacnojaraercs B LeHTpe a/uiurnca. B pesyasrate 6bi1 cchopmynu-
POBaH 3aKOH, KOTOPbIH Ha3bIBaeTCsl nepavim 3axonom Kenaepa.




Kaxnas nnanera obGpama-
ercsa Bokpyr CosHua no 2J-
JIMACY, B OAHOM M3 (oKy-

COB KOTOpOro HaxoauTcH
Connne.

Kak wu3BectHO, 3/mnuncom
Ha3bIBAETCs KpUBasi, y KOTOPOit
CyMMa pacCTOSIHMUN OT 11000
TOYkM P 1o ero (oKycoB ecTh
BEJIMYMHA nocrosiHHas. Ha pu-
CyHKax 3.6 u 3.7 o6o3HayeHbl: O — UeHTp yutunca; Su .S, — do-
KyChl a7nunca; AB — ero Gonbmasg ocw. [TosioBUHA 3TOI Bem-
YMHBI (@), KOTOPYIO OOBIYHO HA3BIBAIOT HOABUIOU NOAYOCHIO, XA-
pakTepusyeT pasmep opbutsbl ruiaHerbl. bamxaitmas k ConHily
TOYKa A Ha3bIBACTCs nepuceaui, a Handosee VIAIEHHAs! OT HEro
TOuKa B — agheawss. Otnnumne 3/uMnca oT OKPYXKHOCTH XapakTe-
PHU3YETCsl BEJIMMHUHOM ero 3kcueHTpucurera: e = OS/OA. B tom
ciiydae, Koraa sKcueHTpucuTeT paBeH 0, hokychl M LIEHTp CliMBa-
I0TCSl B OZIHY TOYKY — 3JUIMIIC MPEBPALIAETCS B OKPYXHOCTbD.

[IpumeuaTenbHo, 4to KHMra, B Kotopoit B 1609 r. Kernep
onyOJMKOBaJ MepBbie ABAa OTKPHITHIX MM 3aKOHa, Ha3biBalach
«HoBast actpoHomust, unu @usuka Hebec, U3NOXKEHHAs1 B UCClie-
NIOBaHUSAX ABUXKEHUS TU1aHeTel Mapc...».

O6a 3Tux 3akoHa, onybaukoBaHHbie B 1609 r., packpbIBalOT
XapakTep [ABHXEHHUS KaXI0W IUIaHeTbl B OTAEJNbHOCTH, YTO HE
ynosnaeTBopuiao Kernepa. OH Npoao/ikKuil MOMCKH «FAPMOHUU» B
JABMXKEHHUM BCeX IIaHeT, u criycts 10 net emy ynanoch cchopmyinm-
poBaTh mpemuii 3axkon Kenaepa.

KBanpartel 3B€31HbIX NEePHOIOB 00pAIEHHs TUIAHET OTHOCATCS
MeXay co0oi Kak KyObl DOIBIIHX NOayoceii HX opouT.

®opwmyna, Beipaxaroiias Tpetnii 3akoH Kennepa, rakosa:
2 3
il
¥ | 3»
r; a

rae 7\ n T, — nepuonsi oOpalueHust AByX IIAHET; @, U @, — 6OJb-
LLIKE MOTYOCH UX OPOMT.




Bor uto mucan Keriep nocie OTKPBITHS 3TOTO 3aKOHa:
«To, uto 16 neT TOMyY Ha3aj sl peLInI UCKaTh, <...> HAKOHEll HaW-
NIEHO, W 3TO OTKPbITHE TPEB30LLI0 BCE MOM CaMbie CMEJIbIE OXU-
JaHUS...»

JleHCTBUTENBHO, TPETHIT 3aKOH 3aC/YXKMBAET CaMOH BBICOKOMH
oueHKH. Benpb OH 103BOJISIeT BLIYUCIUTD OTHOCHTE/IbHBIE PACCTO-
aHus ruiadHer ot CosiHLA, MCITONB3Ysl MPU 3TOM YXKe HU3BECTHLIC
nepuonbl ux obpauternsi Bokpyr ConHua. He HyXHO onpeaenirb
paccrosinue or ConHua Kaxaod M3 HMX, JOCTaTOYHO H3MEPHUTh
paccrosaue or CosHia XoTs Obl 011HO# r1aHeTsl. BentmunHa 601b-
110 TOJIYOCH 3eMHOM OpOMTBI — ACMIPOHOMUYECKAA eOUHUUA
(a. e.) — cTrana OCHOBOM U1l BBIYUCICHHUS BCEX OCTAJIbHBIX pac-
crossHuit B ConmHeuYHOM cucTteMe.

[TPUMEP PELLIEHUWS 3AJIAYH

[1pOTUBOCTOSIHUSL HEKOTOPOI MUIAHETHI IOBTOPSIOTCS Yepe3
2 rona. Yemy paBHa Gosbluas Mojayoch e€ opouThi?

Mano: Pewenue:
S=2r. Bosbiyio nojsyoch OpoUThI IUIAHETHI MOXHO
Jy=1T ONpENEIUTh U3 TpeThero 3akoHa Keruepa:
a=1a.e.
ol T_a ,_dan
a,—? 7 R L
dopmyna
SR LA
S Ty AT

MCITOJIL3YETCsl U BhIMHCIICHMS 3BE3MHOIO NMepuoa ryiaHeThbl:

Tz_S_T], Tz_ﬁ—zr.

Torna a, = %f2_2 ~1,59a.e.
Omeem: a,= 1,59 a.e.

CKOPOCTB TUIAHETHI TIPH €€ NepeMerieHHH oT adeusi K repurenuio?
3. B kakoii Touke opbuTsl ruiaHeTa obanaeT MaKCUMaIbHOM KHHE-
THYECKO# IHEprueit; MaKCHMATbHO#M MOTeHIIMATbHO#M 3Heprueii?



s51. KakoBa riponomkurebHOCTh rona Ha Mapce? Op6uThl riaHeT
CUMTATh KPYroBbIMH. 2. CHHOAMYECKMIA NMepPHO BHELTHEN Masloi
rianeTsl 500 cytok. OnpenenuTte GOAbLUIYIO MONTYOCH €€ OPOUTEI U
3BE3/1HBIN Nepuoa obpaleHus.

YNPAXHEHHE 10 3 Mapc B 1,5 pasa nansie or Coniia, yem 3em-
A

pacnonaraloTcs IUIaHETBl HAa OpOUTaX B HAcTOsIIee BpeMsi, U Ha-
YUHUTBCS CAMOCTOATEIBHO OTBICKUBATL UX Ha Hebe.

1) Hapucyiite B cBoeii TeTpaau opOMTHI YeTHIPEX OGAMXKAHIIMX K
Connuy nnaner: Mepkypusi, Benepsl, 3emun u Mapca. Yto6bt
Haubosnbuias U3 opouT — opbura Mapca — ymecTuiach Ha JIMCTe
TeTpaau, cieayer BoibpaTh MaciuTad, npu KOTopom 1 cMm cooTseT-
cryer 30 muH kv (1 : 3 000 000 000 000). Paccumraiite pasmepsl
OpOMT TUIaHET M C NMOMOLIBIO LMPKY/ISi MPOBEAUTE OKPYXHOCTH
COOTBETCTBYIOLIErO paauyca. HeobxonuMble 1aHHbIE BO3bMUTE U3
npuioxeHus VI.

2) Wcnonp3yiite naHHble TAGAMIIBI T€JIMOLIEHTPHYECKUX AOJTOT!
riaHeT U3 «llIkonbHOro acTPOHOMHMYECKOTO KajleHaaps» s OT-
BETa Ha CJIEAYIOLIHE BOMPOCHI:

a) ¥ xako# raHetsl — Mepkypusi, Benepsi, 3emam wim Mapca —
SKCLIEHTPUCUTET OpOUTHI HAMOOIBIITHIA?

6) Ha kakue (mpuMepHO) AaThl NMPUXOAATCA NMPOXoxaeHus Mep-
KypHs 4yepes repureiuii; yepes adenmii?

B) Haiinute B Tabnuiie natel, Ha KOTOPbIE NMPUXOMATCH COEIUHE-
Hust naaHeT ¢ ConHueM, a TakKe MX MPOTHUBOCTOSTHHIA.

3) Monp3ysick TabAMLEH reIMOLEHTPHYECKHX JOJITOT TUIAHET, Ha
OpOuUTe KaXIOW TUIaHEThl OTMEThTE e€ IMOJIOXKEHHUS B CEHTAOpe —
nekabpe tekyulero roaa. /Uist 3Toro npoBeanTe M3 LEHTPa OpOUT B
MPOX3BOJIbHOM HallpaBJIE€HHWH JIy4, KOTOPbIi OyIeT yKa3biBaTh Ha-
MpaBlIeHUE HA TOYKY BECEHHero pasHoaeHCTBMsA. OT 3TOro Jyya
Ha KaxIo# opbuTe B HanmpaBlI€HHH, MPOTUBOIOJOXKHOM IBHXKE-
HMIO YaCOBOM CTPEJIKH, OTJIOKHUTE IYTH, COOTBETCTBYIOIINE TeJIHO-
LIEHTPHYECKO N0JIrOTe JaHHOM IUIAHEThbI, U OTMETLTE 3TH I10JI0-
KEHUA.

Jna Toro 4yTo6bl Y3HaTh, e 1Mo oTHoweHMIo K ConHLy pacrona-
raercsi Ha HeOe Ta WM WHas TUIaHeTa, OPUEHTHUPYITE HAPUCOBAH-

I TenuoLeHTPHYECKON AONTOTON HasbiBaeTcsi yron npu ueHtpe (ComH-
LI€) MEXIy HaNpaBJeHUsSMH Ha TOYKY BECEHHEro pPAaBHONEHCTBHSA W Ha
TUTAHETY.



HbIH TUIaH TakK, YTOObLI JIMHUSA, COEAMHSAIONIAs HA MUlaHe MOoJIOXe-
Hue 3emun Ha naHHble cyTkd U ConHua, 6bU1a HanpasjieHa B MO-
meHT HabmoneHus Ha Conuue. Te niaaHeTbl, KOTOpPHIE COIIACHO
WX MOJOXEHUIO Ha TUTaHE OKA3bIBaIOTCS CIEBA OT HANpAaBJIEHUs Ha
ConHue, 3axoasat nosxe Hero. IlnaHeThl, KOTOpbIE HaXoAATCs
crpaBa OT 3TOTO HampasieHus, 3axoasaT paHbiie ConHua, HO U
BOCXOIAT paHbiue Hero. [List Toro 4todbl y3HATh, MOXHO JIM OyneT
VBUAETh TUIAHETbl, HeOOXONMMO OMNpeNe/juTb, Kak JajlekKo OT
Connxua Ha Hebe oHM HaxomsATes. Ecnu Ha nuiaHe yros Mexiy Ha-
npasaeHusimu ¢ 3emumn Ha ConHue ¥ Ha rUiaHeTy menee 15°, To,
CcKOpee BCero, ruiaHeTy Heib3s Oyaer HaGmonats. OHa nubo 3aii-
€T Mpexie, YeM cTeMHeeT, MO0 B30OHIET yXKe Tocjie TOro, Kak
craHeT cBerno. Ecnu ke muiaHera ynaneHa ot ConHua Gonee yem
Ha 15°, To e€ ciemyer moMckaTh Ha HebGe Ha COOTBETCTBYIOILIEM
VIJIOBOM PACCTOAHMH OT HETO.

§ 13. ONPEAENEHUE PACCTOSIHMIA
1 PASMEPOB TEJ1 B COJIHEYHO CUCTEME

1. ®opma u pazmepbi 3emnn

npeﬂcmnﬂcnnc o0 3emie Kak O mape, KoTopbiit cBobomaHo, 6e3
BCSIKOM OMOPbI HAXOAUTCS B KOCMHUYECKOM TPOCTPAHCTBE, SIBJISA-
€TCs ONHUM M3 BETMYAUIIMX JOCTHKEHUA HayKH APEBHErO MUpa.
Cuyuraercsi, 4TO MEPBOE JOCTATOYHO TOYHOE OMpe/eeHne
pa3MepoB 3eMJIH MPOBEN rpevecKuil yuéHslit Ipamocgen (276—
194 no H. 2.), xuBwunii B Erunte. Unes, nonoxkeHHass B OCHOBY
u3MepeHuit DpatocdeHa, BecbMa MpoCTa: U3MEPUTD [UTUHY JYTH
36MHOI0 MepHIHaHa B JMHEWHbIX CAMHULIAX W ONpPENe/IMTh, Ka-
KYIO 4acTh MOJIHOM OKPYXHOCTH 3Ta ayra cocrtasiseT. [Tonyuus
9THU JaHHBIE, MOXHO BBIYMCIUTL JUTHHY AyTH B 1°, a 3aTeM IUTHHY
OKPYXHOCTH M BEJIMUMHY €€ paaMyca, T. €. paaMyca 3eMHOro 1a-
pa. OueBMIHO, YTO JUIMHA JYyTM MEpHJMaHa B IpaayCHOW mepe
paBHa pPa3HOCTH reorpaUYECKUX WHUPOT ABYX MYHKTOB: Qg — @ 4.
Insi Toro 4toObl ONpPENeNWTh 3TY Pa3HOCTh, DparocheH
CpaBHWJI mnoiyaeHHYio BbicoTy ConHIia B OAWH M TOT X€ JE€Hb
B JIByX ropoiax, HaxoIsILUMXCS Ha OAHOM MmepuanaHe. Msmepus
Bbicoty ConHua /g (puc. 3.8) B nosnneHb 22 uioHS B AJICKCaHII-
puH, e oH Xui, DpatocdeH yctaHoBHI, 4TO COTHIIE OTCTOMUT OT



3eHUTa Ha 7,2°. B 3TOT OmEHbL B noi-
neHb B ropoae CueHa (HbIHe AcyaH)
CosnHIle OcBellaeT IHO CaMbiX IJy-
OOKHMX KOJIOALIEB, T. €. HAXOAWUTCS B
senute (h, = 90°). CrnenosarenbHo,
JUITMHA ayru coctasiser 7,2°. Paccrosi-
Hue mexay CueHoi (A) u AnekcaHa-
pueit (B) okono 5000 rpedeckux
craguii — /.

Cranwmeit B IpeBHeit [peuun cun-
TAlOCh PACCTOSIHME, KOTOPOE MPOXO-  Puc. 3.8. Cnocob
JOUT JIETKO BOOPYXEHHBIN rpeyeckuit  JpaTtocpera
BOMH 32 TOT MPOMEXYTOK BPEMEHH, ...coovvvvvvrrnnrnnnnnnnnnns
B TeueHue Kotoporo ConHue, KOCHYB-
mieecss ropu3oHTa CBOMM HWXHMM KpaeMm, LIEJTUKOM CKpoeTrcs
3a FTOPU30HT.

HecMoTpst Ha Kaxylleecsi Hey100CTBO TAKOW €IMHMILBI U 10-
CTATOYHYIO FPOMO3/IKOCTb CJIOBECHOTO OMpeaeIeHUs1, €€ BBEAEHUE
BBITJISIZIEIIO BITOJIHE OTIPaBAaHHbIM, YUUTBIBAsI, YTO CTPOTasi Mepm-
OIMYHOCTb HEDECHDBIX ABIEHUH MO3BOJISLIA UCTOIB30BATh UX ABH-
KEHUeE [UIs CYETA BDEMEHU.

O603HAYMB JUTMHY OKPYXHOCTHM 3€MHOTO 11apa yepes L, no-
JIVUMM TaKO€ BbIpaXeHHeE:

L _ 360°
5000 ~ 7,2°

OTKY/1a CJIEAYET, YTO [UTMHA OKPYXHOCTH 36MHOTIO lu1apa paBHseT-
cs1 250 ThiC. cTanMit.

TouHasi BenuUUMHA CTaalu B COBPEMCHHBIX €AUMHHLIAX HCHU3-
BECTHA, HO, 3Hasi, YTO paCCTOSIHUE MEXAy AJleKcaHapuen u Acya-
HoM cocTasisieT 800 kM, MOXHO noJjiarath, 4to 1 cranus = 160 m.
Pesynbrar, nonyuyeHHsIit DparocheHoOM, NMPaKTHYECKN HE OTJInYa-
€TCH OT COBPEMEHHBIX JaHHbIX, COITIACHO KOTOPLIM UTHHA OKPYXK-
HocTH 3eMin coctaBnsieT 40 ThiC. KM.

DparocdeH BBEN B MPAKTUKY UCITOIb30BAHUE TEPMUHOB «1LIH-
poTa» M «10JroTa». Buanmo, rnosgsieHue 3TUX TEPMUHOB CBSA3aHO
¢ 0COOEHHOCTAMM (POPMBI KAPT TOTO BPEMEHM: OHU [MTOBTOPAJIU 110
oyeptaHusM nobdepexnbe Cpeau3eMHOro Mopsi, KOTopoe [JUTMHHEE
110 HAMpaBJIeHHUIO 3araa—BOCTOK (110 J0JroTe), YeM C ceBepa Ha
10T (110 LIUpOTE).




Onpenenuts  reorpaduyeckylo
IIUPOTY JIBYX NMYHKTOB OKa3bIBAeTCs
ropasuo mnpoile, YeM H3MEPUThL pac-
CTOSIHME MEXIY HUMHM. 3a4acTylo He-
MOCPEACTBEHHOE M3MEpPEHUE KpaT-
YalIlero pacCTOsTHUS MEXIY 3THMH
MYHKTAMH OKAa3bIBAETCSl HEBO3MOX-
HbIM M3-3a Pa3/IMYHBIX ECTECTBEHHBIX
npensarcTBui (rop, pex u T. 1.). INo-
3TOMY IMpPUMEHsIETCS crnocod, ocHO-
BaHHBIH Ha AGAeHUU nNapasiaKmu-
YeCcKoeo CMeu{eHus N TIpeayCMaTpH-
BAlOLMI BBIYHUCICHHUE PACCTOSIHUA
Ha OCHOBE U3MEPEHMWH IUIMHBI OTHOM
13 cropoH (basuca — BC) u aByx
yrnoB B u C B tpeyronbHuke ABC
(puc. 3.9).

Puc. 3.9. Napannaktuyeckoe
cMelleHue

IMapa/IaKTHYECKHM CMellleHHeM HAa3bIBAeTCs M3MEeHeHHe Ha-
npasJieHHs HA NpeIMeT NPH NepeMelleHHH HadmoaaTes.

Yem nasblue pacrosiokKeH IMpeaMeT, TEM MEHbLLIEe ero rnapai-
JIJAKTUYECKOEe CMelIeHHe, U YeM Ooblue rnepemMelieHue Habmoaa-
Tens (6a3suc uaMepeHus ), TeM Gomblle MapaIlakTHYECKOe CMelle-
HHE.

Jns onpeneneHusi AJIMHBI AYTM UCMOIbL3YETCsl CMCTEMa Tpe-
VIOJIbHUKOB — CHOCOO mpuaH2yAayuu, KOTOPbIii BrepBbie ObLI
npuMeHEH et€ B 1615 r. [TyHKTHI B BepLIMHAX 3TUX TPEYTOJIbHUKOB
BbIOMpaloTcst 1o o6e cTopoHbl ayrM Ha pacctossHuu 30—40 km
APYT OT Jpyra Tak, 4yToObl M3 KaXJ0ro nyHKTa ObUIM BUAHBI 1O
KpaitHeit Mepe aBa Apyrux. OCHOBOM W15l BBIYUCIEHMS JUTMH CTO-
POH BO BCEX 3THX TPEYrojibHMUKax siBisiercsi pasmep basuca AC
(puc. 3.10). Tounocth u3MepeHus 6a3uca wimHou B 10 KM cocTas-
nsieT okono | MMm. Bo Bcex myHKTax ycTaHaBJIMBAIOT reoae3nue-
CKHM€ CUTHaJIbl — BBILIKHW BBICOTOM B HECKOJIBKO JIECATKOB METPOB.
C BepuIMHBI CHMTHAJA C MOMOIIBI YINIOMEPHOIO MHCTPYMEHTA
(meodoauma) M3MEpPSIOT YINIbI MEXAY HanpaBJICHUSIMM Ha JBa-
TPU coceaHMX NMyHKTa. U3MepuB yIibl B TPEYTOJbHUKE, OIHON U3
CTOPOH KOTOpOro sBisercss 6a3uc, reonesmcTbl MOJYy4aloT BO3-



MOXHOCTb BBIYMCIIMTD JUTUHY IBYX IpY- A

rux ero cropoH. [IpoBoasi 3aTeM u3me- C
pEHUE YIVIOB M3 MYHKTOB, PAacCTOSIHUE
MEXJY KOTOPBIMH BbIMMCJIEHO, MOXHO
y3HATh JUIMHY JBYX OY€peIHbIX CTOPOH

B TPEYrojibHUKe. 3Hasi JUIMHY CTOPOH
9TUX TPEYrOJIbHUKOB, MOXHO onpene- p
JIUTH JUTUHY OyTH AB.

B kakoit crenenu dopma 3emau E
OT/IMYAETCSl OT Ilapa, BBISSICHWIOCH B
koHue XVIII B. [1ng yrouHeHus1 hopMbl
3emnu @paHuy3ckasi akaJgeMus HayK F
CHapsiauia cpasy aBe akcneauuuu. On-

Ha M3 HUX paboTajia B 3KBaTOPHAIbHBIX
wmpotax MOxHoit Amepuku B Ilepy, B
apyrast — Bonusu CeBepHoro nojasgpHo-  Puc. 3.10. Cxema
ro Kpyra Ha Tepputopun OuuasiHauu u  TPVAHYIALAN
llIBeunn. M3mMepeHuss mokasaiu, 4TO
JUTMHA OHOIO rpajayca Ayrd MepuluaHa Ha ceBepe Oouibllie, yeM
BOAM3M skBatopa. Ilocrnenyiolume McclenoBaHUs MOATBEPIWIIH,
YTO OJIMHA AYyTW OJHOIO rpajyca MepuIuaHa YBEJIMYMBAETCs C
BO3pacTtaHueMm reorpav4yeckoi MMUPOTH. DTO 03HAYaAN0, YTO
¢dopma 3eMiIM — He MIeaJIbHbIN 1Iap: OHA CIUTIOCHYTA Y MOJIICOB.
E€ nonsipHbliit paauyc Ha 21 KM KOpoue 3KBATOPHATBHOTO.

Jnsa mkonsHoro mobdyca macmrada 1 : 50 000 000 otanume
3TUX paauycoB Oyaer Bcero 0,4 MM, T. €. COBEpLIEHHO He3a-
METHO.

1. OTHOLIEHUE PA3HOCTH BEJIMYMH 3KBAaTOPHAJIbHOIO W MOJISApP-
HOT'O paJnuycoB 3eMJIM K BEIMUYMHE 5KBATOPHATIBLHOIO Ha3biBaeTCsl

coucamuem. [1o COBpEeMEHHBIM NaHHBIM, OHO COCTaBJISIET ﬁ
unu 0,0034. BTo 03HaAuyaeT, YTO ceyeHUe 3eMJIM 10 MEepHIAHAHY
OyZleT He OKPYXHOCTBIO, a 3JUIMIICOM, Y KOTOporo 0oJibliasi 0Ch
MPOXOIMT B IJIOCKOCTH 9KBATOPa, a MaJjiasi COBIAIaeT C OChbIO Bpa-
LLIEHUSI.

B XX B. Gnaromapsi u3MepeHHsIM, TOYHOCTb KOTOPBIX COCTA-
BUia 15 M, BBISICHWJIOCH, YTO 36MHOM 3KBATOP TAKXKE HEJIb3s CUM-

TaTb OKPYXHOCTLIO. Cl'lJ'IIOCHYTOCTb JKBATOpa COCTAaBJISIET BCEro
1

30000 (8 100 pa3 MeHbILE CIUIIOCHYTOCTH MepuauaHa). Bonee



TOYHO (popMy Hawleii niaHeTs nepeaaér purypa, Ha3biBaemas 3J1-
JIUNICOUIOM, Y KOTOPOro JII000€ CeYEHHE TUIOCKOCTBIO, MPOXO/Isi-
HIEH Yepes3 LEeHTP 3eMJIH, He SBISETCS OKPYXKHOCTBIO.

B HacTosimee Bpemsi (hopMy 3emMiIM NMPHUHSTO XapaKTepu3o-
BaTh CJIEAYIOILMUMH BEITUUHHAMM:

cocamue aauncouda — 1 : 298,25;
cpednuit paduye — 6371,032 km;

dauna okpyscrocmu sxeamopa — 40075,696 km.

2. Onpenenenue paccTosiHuii
B Conneunoii cucreme.
lopusonTanbHbIii napannakc

“3MCDHTb paccrosinue ot 3emim no CosHua yaaioch JUllb BO

BTOpOii nosnosute XVIII 8., korna 611 Bnepsbie onpeneéH 2opu-

30Hmanshsii napasraxce Connua. o cyru nena, npu 3ToM u3mMe-

PSIETCS NMapaulaKTU4eCKoe CMellleHne 0ObeKTa, HaXOMAIIEerocs 3a

npeaesaMu 3eMiIH, a 6a3MCOM SIBISIETCs €€ paauyc.
Topu3onTaIbHBIM NAPaLIAKCOM (p) HA3BIBAETCS YroJl, NOX KO-
TOPBIM CO CBETHJIA BHIEH paaumyc 3em.H, neprneHIHKyIspHbIi
Jyuay 3penms (puc. 3.11).

M3 tpeyronbHuka OAS MOXHO BBIPa3sHTh BEAIMYMHY — pac-
crosinue OS = D:

PR 4
sin p’

rae R — panuyc 3emuu. [To 3toit popmyne MOXKHO BBIYUCIUTH
paccTosiHHe B paauycax 3eMJIH, a 3Hast ero BEIMYHHY, — BbIPA3UTh
pPacCTOSTHUE B KMJIOMETpaXx.

Ou4eBHIHO, YTO YeM Jasiblle PACTONOKEH OOBEKT, TeM MEHb-
e ero napaiakc. HauGonbiee snavenue umeer napamiaxc Jly-
Hbl, KOTOPbI1 MEHSETCS B CBA3M C TeM, 4To JIyHa obpaiaercst rno
IJUTATNITHYECKOM opbuTe, U B cpeHeM coctasisiet 57'. MMapannak-
col niaaHer U ConHua 3HauYMTENIbHO MeHblue. Tak, napaiakc
Connua paseH 8,8”. TakoMy 3Ha4eHMIO MapaIaKca COOTBETCTBY-
eT paccrosinue 10 ConHua, npuMepHo pasHoe 150 MiaH km. DT1o



Ceetuno

paccToOsiHUE NMPUHUMAETCS 3a OIHY aCTPOHOMMYECKYIO €IWHUILY
(1 a. e.) U ucnonb3yeTcs MPH U3MEPEHUM PACCTOSHUI MEXIY Te-
Jamu ConmHEYHOH CHCTEMBI.

M3BecTHO, 4TO ISt MAJIBIX YIVIOB Sin p &2 p, €CJIM yroJ p BbIpa-
KeH B panuaHax. B onHom paauane conepxurcsa 206 265”. Torna,
3aMEeHsIA Sin p Ha p U BbIpaXxast 3TOT YroJl B paIMaHHON Mepe, Mo-
JyyaeM opmyny B BUIE, VAOOHOM JUISI BEIYUCIEHUI:

206 265"

R'J
P
WJIX (C 1OCTAaTOYHOMN TOYHOCTHIO)

_(2-105)"
P

D R.

Bo Bropoit nonosuue XX B. pasBuTHE PaaMOTEXHUKHU MO3BO-
JIMIO ONpeaensaTh paccTtoaHus 10 Tea COMHEeYHOU CHCTEMBI T10-
CPENCTBOM paduonokayuu. [lepBbiM 00BEKTOM CpeIM HUX CTala
Jlyna. 3atem paaMONIOKaLlMOHHBIMM METOAAMM OBUIM YTOUHEHBI
paccroanus 10 Benepol, Mepkypusi, Mapca u KOnurepa. Ha oc-
HOBE paguoJioKauuy BeHepbl BelMuMHA aCTPOHOMMYECKON €IH-
HMLIbI OMpeesieHa ¢ TOYHOCTBIO Nopsiaka Kuiaomerpa. CTosb Bbi-
COKasi TOMHOCTD OTPe/Ie/IEHUs] PACCTOSIHMA — HEOOXOAMMOe yCIlo-
BHE /Ul PACYETOB TPACKTOPHIl MONETA KOCMUYECKHMX anrapaTos,




M3y4yaloLMX riaHeTol M apyrue tena ConHeyHoit cucremsl. B Ha-
cTosllee BpeMs Onarogapsi UCIOJb30BAHMIO JIa3€pPOB CTaJl0 BO3-
MOXHBIM TIPOBECTH onmuyeckyro aoxkayuro Jlyaei. Ilpu sTOoM
pPacCTOSIHUSI 0O JIYHHO# MOBEPXHOCTH M3MEPSIIOTCS C TOYHOCTBIO
J10 CAHTHUMETPOB.

TTPUMEP PELLIEHUS 3AJIAYH

Ha kakom pacctostiuu ot 3emin Haxoautcess CaTypH, Korna
€ro ropu30OHTAILHBIN Napa/uiakc paseH 0,9"?

Jano: Pewenue:
p;=09" H3BecTHO, yTo napauiakc ConHila Ha pac-
Dy=1a.c. CTOSIHMM B | a. e. paBeH 8,8". _
Pe=8,8" Toraa, HanucaB (hOpMyJIBI VIS PACCTOSHUSA
— 1 no ConxHua u 1o CatypHa M MoieJuB Ux ol-
Dyt Ha Ha JIpYTyio, MOJy4YuMm:

D _ P

Dy, p°
Otkyna

D, . "
D, = i‘l"o = 'a'f,;gf’g =9.8a.e.

Omeem: D, =98 a.e.

3. Onpeneneuue Pa3MepoB CBETHJI

3uas PacCTOsIHUE 10 CBETWJIA, MOXHO OMNPEEIUTh €ro JTIMHEHHBIE
pasMmepsbl, €CJIM U3MEPHUTD €ro YIIoBO# paauyc p (puc. 3.12). @op-
MyJia, CBSI3bIBAOLasi 3TH BEJIMYMUHBI,
aHaJornyHa opmysne s onpenene-
HMs1 napajulakca:

7
sinp”

D=

YyurbiBasg, 4TO YIJIOBbIE AHaMe-
Tpbl Aaxe ConHua u JIyHbl cocTaBisi-

Puc. 3.12. Yrnossble pa3mepsl
cseTuna 1oT npuMepHo 30, a Bce IUIAHETHI



BHUIHBI HEBOOPYXEHHBIM [71a30M KaK TOYKH, MOXHO BOCIO/IB30-
BaThCsl COOTHOLIEHMEM: sin p ~ p. Toraa:

p=R yp=-r.
p P

CnenoBaTesibHO,

p
r=—R.
P

Ecnu paccrosinue D U3BECTHO, TO

r = Dp,

rac BCJIMYMHA p BbIpaXxeHa B paJHaHax.

[TPUMEP PELUEHHUSA 3AZIAYM

Yemy paBeH nuHelHblil auametp JIyHbl, eciii oHa BMIHAa
¢ paccrosinus 400 000 km noa yrinoM npumepxo 30'?

Mano: Pewenue:

D =400 000 km Ecnu p BeIpa3uTh B paaumaHax, To
p=30 d= Dp.

d—7 CnenoBaTtesibHO,

P 400 000 km - 30" - 3600”
296 265"

= 3490 km.

Omeem: d = 3490 km.

TENILCTBYIOT O €€ cxaTtuu? 2. MeHsieTcst JIM M MO Kakoi NnpuyuuHe
ropusoHTanbHbIi napannake ConHua B TeyeHue roga? 3. Kakum
METO/IOM ONpeessieTcs pacCTOsHUE 10 OIMKAWIIMX TIIaHeT B Ha-
crosiiiee spems?

Tepa, HabmonaeMoro ¢ 3eMiau B MpoTuBOCTOsIHMM, eciii KOnurep B
5 pa3 nanbiue or Conxua, yeM 3emns? 2. Paccrosiime JlyHb ot 3emiin
B Onvkaiimeit Kk 3emie Touke opoutsl (nepuree) 363 000 km, a B Hau-
Gonee ynanénHoit (anoree) — 405 000 km. Onpenenure ropu3OHTAIb-
HbIi napaake JIviel B 9HX nosnoxeHusix. 3. Bo ckonbko pas ConH-
ue Gonbine, yeM JlyHa, eciM MX YIJIOBbIE JIMAMETPHI OMWHAKOBBI,
a rOpU3OHTAIbHBIE Napa/ulakchl pasHbl 8,8" u 57’ coorBercTBEHHO?
4. Yemy paseH yroBoii amamerp ConnHua, suaumoro ¢ Henryna?



§ 14. NBYKEHUE HEBECHBIX TET
[0/l AENCTBUEM CWJ1 TATOTEHUS

1 . 3aKoH BCEMHPHOrO TArOTEHHA

Cornacro 3aKOHY BCEMUPHOTO TANOTEHUsI, M3yYEHHOMY B Kypce
thusuku,

BCe Tesia BO BCe/leHHOM NPHTATHBAKOTCA APYT K APYrY ¢ CHIIOIA,

NPsAMO NPONOPUHOHAIBHOMN NMPOH3BEAEHHIO HX MACC M 00PaTHO

NPONOPUHOHAIBHON KBAJIPATY PACCTOSHHMS MEXK/LY HUMM:

F= G52,
r2
rae m; U m, — Macchl TeJ; r — PAacCTOSITHUE MeXAy HUMH; G —
rpaBUTALIMOHHAS TIOCTOSIHHASA.

OTKpBITUIO 3aKOHA BCEMUPHOTO TATOTEHMS BO MHOIOM CIIO-
cobcTBOBa/IM 3aKOHBI JABWXKEHMS TUlaHeT, ChopMyIupoBaHHbBIE
KeriepoMm, u apyrue noctuxeHnust acrponomMun XVII B. Tak, 3na-
Hue pacctosiHus 10 Jlyuel nossonuno Heaaxy Horomony (1643 —
1727) noka3aTh TOXIECTBEHHOCTL CWJ/bI, yiaepxupaiouein JIyHy
Npu e€ IBMXKEHUM BOKPYT 3€MJIM, ¥ CHJIbI, BLI3BIBAIOLIEH NaeHHE
TeJ Ha 3eMiTio.

Beab ecnm cwina TsKeCcTH MeHsieTcss oOpaTHO TNpPONOpLMO-
HaJbHO KBaIpaTy pacCTOSIHWS, KaK 3TO CIAEIYEeT M3 3aKOHa BCe-
MHUPHOTO TAToTeHus, T0 JIyHa, Haxo-
osuiasicss oT 3eMJIM Ha PacCTOSHUM
npuMepHo 60 eé pamuMycoB, HOJ/DKHA
MCITBITBIBATL YCKOpeHue B 3600 pa3s
MEHbIIEe, YeM YCKOPEHME CHJIBbI Ts-
JKECTH Ha MOBEPXHOCTH 3eMIH, paB-
Hoe 9,8 m/c2. CrnenoBareinbHO, YCKO-
perue JIyHBI [OOJKHO COCTaBJATH
0,0027 m/c2.

B 1o ke Bpems JlyHa, Kak noboe
TEJIO, PAaBHOMEPHO IBMXKYIIEecs 0
OKPYXHOCTH, UMEET YCKOpPEHHE

a=or,

e o — yrnoBasi CKopocTb JIYHbI; ¥ —
Wcaak HetoToH panuyc e€ opbutel. Ecim cumrars,

72



yto paauyc 3emau paseH 6400 kM, TO paguyc JYHHON OpOUTHI
oynet coctasnsath » = 60+ 6 400 000 m = 3,84 - 105 m. 3BE3nHbII
nepuoa obpaienus Jlyasl 7= 27,32 cyTOK, B CEKyHaX COCTaB-
aser 2,36+ 10 ¢. Torma yckopeHHWe OpPOMTAJIBHOTO IABMXKEHUS
JIyHBI

2 2
a= (271}] cr= [ﬁ] +3,84+ 108 M = 0,0027 m/c2.

PaBeHCTBO 3THUX JBYX BEJIMYWH YCKOPEHMs NOKAa3bIBaeT, YTO
cwia, yaepxusaiomas JlyHy Ha opbure, eCTb CHIa 36MHOTO NpH-
TsDKeHMs1, ocnabnerHas B 3600 pa3 no cpaBHEHHMIO C JAEWUCTBYIO-
1IeH Ha MOBEPXHOCTH 3eMITH.

MoxHO yOeIuTbCsI M B TOM, YTO TIPH JIBUDKEHUH TUUIAHET, B CO-
OTBETCTBUM C TPeTbUM 3aKoHOM Keruiepa, ux yCKOpeHUe U neil-
cTBylOIlIass Ha HUX cwia nputsokeHuss CosnHua obGpaTtHO npo-
MOPLMOHAIBHBI KBaJIPaTy PACCTOSIHUSI, KaK 3TO CHeAyeT M3 3aKO-
HAa BCEMUPHOTO TATOTeHHUd. /IeHCTBUTENIbHO, COMIACHO TPEThEMY
3akoHy Keruiepa otHomeHue Ky0oB OoblIMX nosyoceit opour d
M KBaaparoB nepuonos obpaiieHusi 7 eCTb BEJIMYMHA MOCTOSIH-
Has:

di dy dj
T_f_T_g_T__%_"'_COﬂSt'
YckopeHue niaHeTbl paBHO
a=Y =(2md 2L=4 2.4
d T,)d Tirx

U3 tpetbero 3akoHa Kerniepa crnenyer

_d__ const
T2 = 42 °

MO3TOMY YCKOPEHME TUIaHEThl PaBHO

1
a = 4n?- const 5.

Hrak, cuna B3aumoneicTeus riaaHet 1 ConHLa yIOB/IETBOPSI-
€T 3aKOHY BCEMUPHOTO TATOTEHHMSI.



2. Boamyuienus B ABUKEHHH Tel
Conneuno# cucremsl

3akonsi Kenuiepa cTporo BbINOMHSAIOTCS, €CJIA pacCMaTPUBaeTCs
JBVOKEHUE ABYX M3onupoBaHHbiX Tea (ConHie M ruiaHera) noa
JIEHCTBUEM MX B3aMMHOro nputskeHusi. OgHako B COJIHEYHOM
CHCTEME [UIAHET MHOTO, BCE OHHU B3aMMOJIEHCTBYIOT HE TOJILKO
¢ ConnHuem, HO U Mexay coboii. IlosaToMy ABMXEHME TUIaAHET
W IPYTUX TeJl HE B TOYHOCTH noauuHsiercst 3akoHam Kerurepa. Ot-
KJIOHEHMSI TeJl OT ABMKEHUs [0 3JUITMIICAM Ha3bIBAIOTCS 603My-
weHuaAMuU.

BosmylueHust 3TM HeBeJqMKH, Tak Kak macca CoslHIa ropasio
BosblIe Macchl He TOJILKO OTAEIbHOM IUIAHETHI, HO U BCEX MUIaHeT
B uesioM. HaubGonbuime BosmyieHus B aBmxeHuu Tean CoNMHEYHOM
cucTeMbl Boi3biBaeT KOnurep, macca kotoporo B 300 pa3 npesbi-
maet Maccy 3emsin. Oco6eHHO 3aMEeTHBI OTKJIOHEHUS aCTEPOMJIOB
M KOMET IPU MX NpoxoxaeHuun Bonusu KOnurepa.

B Hacrosiiee BpeMsi BO3MYIIEHMSI YYMTHIBAIOTCS NPU BHIYHC-
JICHUH TOJIOKEHMSI TUIAHET, UX CITyTHUKOB M Apyrux Tea ConHeu-
HOM CUCTEMBI, @ TAKXE TPACKTOPUII KOCMUYECKHX arnapaToB, 3a-
nyckaeMbix i ux uccraenosanusd. Ho emé B XIX B. pacuér Bo3-
MYLUCHHMI MO3BOJIMJI CAEJIaTh OJHO U3 CaMbIX M3BECTHBIX B HayKe
OTKPBITHI «HA KOHYMKE Nepa» — OTKPbITHE MuiaHeTsl HenryH.

[Tposoas ouepenHoit 0630p HebGa B MOUCKE HEU3BECTHBIX 06b-
eKTOB, Buavam Iepweas B 1781 1. OTKPBLI IUIAHETY, HA3BAHHYIO
BriocaeacTsum YpaHom. Crnyctsi IpMMEPHO NMOJIBEKA CTAJIO OYe-
BHIHO, 4TO HabionaemMoe ABMXKeHHe YpaHa He coriacyercs ¢ pac-
YETHBIM J1aXe NMPU YYéTe BO3MYLIEHMIT CO CTOPOHBI BCEX U3BECT-
HBIX TUlaHeT. Ha oCHOBe NpeanosioXeHusi 0 HAJIMYUM CLIE OTHOM
«3aypaHOBO#» IJIaHEeThbl ObUIM Cle/laHbl BHIYUCIEHUS €€ OpOUTHI
M NosIokeHus Ha Hebe. He3aBucuMmo Apyr ot apyra 3Ty 3anauy pe-
wnnn Jxwcon Adame 8 Aurnnu v Ypben Jlesepve 5o Opanuun.
Ha ocHoBe pacuéros Jlesephe Hemeukuii actrpoHom Hozann
Taaae 23 ceursbpsi 1846 r. obHapyxun B co3Be3auu Bomonesi
HEM3BECTHYIO0 paHee ruiaHetry — HenTyH. D10 OTKpBITHE CTano
TPUYM(POM TeIMOLIEHTPHYECKOH CHCTEMBI, BaXHEHILIMM TmOa-
TBEPXIEHUEM CIPABEUTMBOCTH 3aKOHA BCEMMPHOIO TATOTEHMSI.
B nanpHeiimem B nBuxennn Ypana v HentyHa GbUiM 3aMedeHbl
BO3MYILIEHHs, KOTOPBIE CTAJIM OCHOBAHUEM UISI TIPEATIOIOKEHUsI
0 cyulecTBOBAaHUM B COJIHEYHOM CHCTEME €llE OJHOM MJIaHEeThl.



B 1930 r. nocne npocMoTpa Gosbioro Koauvectsa dororpaduii
3BE€31HOrO Heba 6611 oOHapyxkeH IlyTOH, KOTOpBIHM, Kak OKa3a-
JIOCh, SIBJISIETCSI OIHUM M3 MHOXECTBA OOBEKTOB, PaCMOJIOXeHHbIX
3a opbuToit HenryHa.

3. Macca u nnoTHocTb 3emnu

Sal(OH BCEMHUPHOIO TATOTEHHSA IMO3BOJIMJI ONPENCIIUTE MACCy Ha-
et mnaHerol. Mcxonst U3 3aKkoHa BCEMHUPHOIO TATOTEHUS, YCKO-
peHue cBOOOTHOTO NMaaeHUss MOXHO BbIPa3UTh TaK:

M
$=0w:

[MoncraBum B GOPMyYY U3BECTHBIE 3HAYEHUSI ITUX BETHMYMH:
£2=98m/c2, G=6,67-10""! H-m2/kr?, R = 6370 kM — u nony-
yuM, 4yTO Macca 3emau M = 6+ 1024 kr.

3Hast Maccy 1 0OBbEM 3eMHOTO 1Iapa, MOXHO BbIYHUCIHTDL €ro
CPENHIOI0 TUIOTHOCTD: 5,5+ 103 kr/M3. C rmyOGuHOI# 3a CYET yBeIu-
YEHMs JaBJIEHUs U CONEPXKAHUS TSXKEJIbIX 3JIEMEHTOB IUIOTHOCTD
BO3pacTaer.

4. Onpenenenne Macchl
HebeCHbIX Tes

Bonee rounas ¢opmyna Tperbero 3akoHa Keniepa, kotopas 6b11a
noaydyeHa HploTOHOM, HaéT BO3MOXHOCTbH OTPEACTIUTb OIHY M3
BaXKHEMILIMX XapaKTepUCTUK 0b6oro HebecHOro tena — Maccy.
Brisenem 3ty hopmyiny, cuurtas (B nepBoM rnpubImkKeHun) opou-
Thbl TUIAHET KPYTOBBIMH.

IMycTb nBa Tea, UMEIOLINE MACChl 711, U M,, B3AMMHO TPUTS-
ruBalolrecs M obpaiaipoiimecss BOKpyr obl1ero ueHTpa Macc, Ha-
XOIATCSL OT LIEHTPa Macc Ha PacCTOSIHUU 7, U r, U obpalaTcs
BOKDYI Hero ¢ nepuoaom 7. PaccrosiHMe MeXIy MX LIeHTpamu
R = r, + r,. Ha ocHOBaHHMM 3aKOHa BCEMMPHOIO TATNOTEHMS YCKO-
peHME KaXI0ro U3 3TUX TeJl PaBHO:

— _ ~m



YrnoBasi CKOpOCTh OOpallieH|si BOKPYT LIEHTPAa Macc COCTaB-

2n?
nseT © = . Toraa UeHTPOCTPEMHTEbHOE YCKOPEHHE BIPA3HT-

Csl IUJ1A KaXK10ro TeJia Tak:

. s 45
Q= T2 Q= 1

[TpupaBHSB MOAYYEHHbBIE ISl YCKOPEHMIT BhIDAXEHMsI, BbIpa-
3UB U3 HUX 7| ¥ 7, M CJIOKHB UX MOWICHHO, NMOJTy4aeM:

_ (m+m,)

4r2
=7 (n+n),

oTKyna

T2(m +my) _ 4n2
R3 g e

IMockonbKy B MpaBOil YAaCTH 3TOTO BBIPAXEHUS HAXOMATCH
TOJILKO TMOCTOSIHHBIE BEJIMYMHBI, OHO CIpaBeTUBO s 11060i
CHUCTEMBI JABYX TeJl, B3aMMOAEIHCTBYIOLIMX 10 3aKOHY TATOTEHUST U
oOpaluapimxcsi BOKpyr obuiero neHtpa mace, — CosiHue M ra-
HeTa, ruiaHera u cnyTHUK. Onpenenum maccy ConHua, Uit 3T0ro
3aruilieM BbIpaXeHUe:

THM +my) =5 T3 (my +m,)

3 3 ,
a a3

rne M — macca Conxua; m, — macca 3emiu; m, — macca Jly-
Hel; T, v a; — nepuon obpamenust 3emun Bokpyr Conxua (rom)
1 Gonblias nomnyoch €€ opbutel; 7, m a, — nepuon obpatie-
Hust JIyHbl BOKpyr 3emiM W OoJsbliasi MoOJyoCh JYHHOW Op-
OUTBI.

INpenebperasi maccoit 3emyiM, KOTOpass HUYTOXHO Maja I10
cpaBHeHMI0 ¢ Maccoit ConHua, u maccoi JIyHel, kotopasi B 81 pa3
MEHBIIIE MACChI 3eMJTH, TTOJIYUYUM:

M a7}

m  ayT}’




[Moncrasus B opMysly COOTBETCTBYIOLINE 3HAYEHUS U TIPH-
HSAB Maccy 3eMJIM 3a €AMHMLY, MbI ToyduM, uyto ConHue npu-
MepHO B 333 ThIC. pa3 1o Macce 0oJiblle Halllei TJIaHeThl.

Maccel riaHeT, He MMEKLIMX CITyTHUKOB, OMPEIEsIOT Mo
TEM BO3MYIIEHUAM, KOTOPbIE OHH OKA3bIBAIOT HA IBMXKEHUE acTe-
POMIOB, KOMET MJIM KOCMUUYECKHX arlnapaToB, MpoJeTalonuX B UX
okpecTHOCTsAX. O6 onpeneneHnu mMacchl 38€31 cM. B § 23.

5. MNpunussi

[loa neitcTeuem s3anmuoro NMPHUTSAXEHUA YACTHULL TEJIO CTPEMUTCS
npuHATH hopmy wapa. Eciu 3t Tena spamarpores, To oHu aedop-
MUPYIOTCS, CXKUMAIOTCS Y TTOJIIOCOB.

Kpome Toro, usmenenune nx opmMbl MPOUCXOAMUT U MO I€ii-
CTBHMEM B3aUMHOIO MPUTSIKEHUS, KOTOPOE BbI3bIBAIOT SIBJICHUS,
Ha3bIBaeMble npuiugamu. JJaBHO U3BECTHBIE HA 3eMJIe, OHM TO-
JNYyYUIU OOBSICHEHNE TOJIBKO Ha OCHOBE 3aKOHA BCEMUPHOTO THTO-
TEHUSI.

PaccMoTpuM yckopeHMsi, co3naBaeMbie npUTsKeHHeM JIyHBI
B Pa3/IMYHbIX TOYKaX 3eMHoro wapa (puc. 3.13). [Tockonbky TOukH
A, Bu O HaxonsiTcs Ha pas3IMYHBIX pacCcTOsHUAX OT JIyHbI, yCKO-
PEHHUsI, co31aBaeMble €€ NMPUTSDKEHUEM, OyayT pa3iudHBbI.

Pa3nocTs yCKOpeHuii, BbI3bIBAEMbIX NPUTSKEHHEM JIPYTroro Teia
B JIAHHOH TOYKE M B LIEHTPE IUIAHEThbl, HA3LIBAETCH NMPUIHBHBIM
YCKOpeHHeM.

[TpunuBHBIE YCKOpeHMsi B TouKax A ¥ B HanpasieHbl OT
ueHTpa 3emsi. B pesynbrate 3emisi, u B nepBylo ouepeb eé Boj-
Hast 000JI0YKa, BBITSTMBAETCS B 00€ CTOPOHBI 1O JIMHUM, COEoU-
HAwLEeNd ueHTpbl 3eMau U JIyHbl. B Toukax A u B HaOmonaercs
NPHWJIKWB, a BIOJb Kpyra, rjoCKOCTb
KOTOPOIO MEPHNEHOUKYIAPHA 3TOM  «cvvvvvnrenneaniannnennnnnn.
JIMHUM, HA 3emJie TPOHUCXOIUT OT/IUB.
Tarorenue ConHLA TAKXE BbI3bIBAET
MPUWINBBI, HO WM3-3a OoJbllei ero
VAAJIEHHOCTU OHW MEHBILE, YEM Bbl-
3paHHble JlyHoit. [lpunussl Haba0-
JIal0TC HE TOJILKO B ruapocdepe, HO
1 B atMocepe u B mTochepe 3eMIH  puc. 3.13. Cxema NYHHBIX
M APYTHX IJIaHET. NnpUNUBoB




BcneacrBue cyTouHOro BpailieHusi 3eMisi CTPEMMTCS YBIIEYb
3a co0oif MpUAMBHBIE TOPOBI, B TO XK€ BpPeMsl BCJIEACTBHUE TATO-
teHusi JIyHbl, KOTOpasi obpaiuaetrcsd BOKPYr 3eMJd 3a Mecsll,
1ojaoca NMPUIMBOB J0OJ/KHA IMEPEeMELIaTbCA MO 3€MHOM MOBEpPX-
HOCTHM 3HAYMTEJIbHO MejicHHee. B pesynbrare Mexay OrpoMHbI-
MH MaccaMHW BOIbl, YYAaCTBYIOLUEH B TMPWIMUBHBIX SBJICHHSX,
M JHOM OKeaHa BO3HHMKAeT NpUJIMBHOE TpeHHe. OHO TOPMO3UT
BpallleHHe 3eMJIM M BbI3BIBAET YBEJIWYEHHUE NMPOAOIKUTEIIBHOCTH
CYTOK, KOTOpPBIE€ B MPOLLUIOM ObUIM 3HAYMTENBbHO Kopoue (5—6 4).
Tor xe a3cdekr yckopser opobutanbHoe apuxkeHue JIYHbI M TIpH-
BOIMT K €€ MeUIeHHOMY yaasieHH0 oT 3emun. [1pu 3ToM npuiansb
CO CTOpOHBI 3eMin Ha JIyHe 3aTOpMO3MIIHM €€ BpallleHHUE, U OHA Te-
nepb obpaileHa Kk 3emsie onHOM cTopoHOi. Takoe Xe MeIeHHoe
BpalleHUe XapaKTepHO /I MHOTHX criyTHUKOB KOnuTtepa u apy-
rux ruiaHetr. CwibHbIE MPWINBLI, Bbi3biBaeMble Ha MepKypuu U
Benepe ConHueM, 1o-BHAMMOMY, SBISIOTCS NIPUYUMHON UX Kpaii-
HE MEJIEHHOTO BpPalLLlEHHUsI BOKPYT OCH.

6. lsuxenne
MCKYCCTBEHHbIX CTyTHUKOB 3eMJIH
M KOCMHYECKHX annaparos K [UIaHeTaM

Bosmoxwocts CO3/1aHMs] MCKYCCTBEHHOIO CINYTHUKA 3eMJIM Te-
opetnuecku obocHoBan eumé HeiotoH. OH nmokasai, 4To CyliecT-

BYeT TaKasi FTOpM30HTaJIbHO HamnpapJieHHasi CKOPOCTh 3], MpU KO-
TOpO# Teno, majgasi Ha 3eMJIl0, TEM HE MEHee Ha Heé He ynamér,
a OyneT ABUraTthbCsi BOKpYr 3eMJIM, OCTaBasiCh OT HEé Ha OJIHOM M
TOM Xe pacctositHuM. IIpu Takoi ckopoctu Teso dyaetr npubiau-
KaTbCsl K 3eMile BC/IEACTBUE €€ NPUTSDKEHMsI KaK pa3 Ha CTOJIBKO,
Ha CKOJIBKO M3-3a KPMBHM3HbI NMOBEPXHOCTH HAlllei IUIAHETHI OHO
oyaer or Heé ymansaTbesi (puc. 3.14). Dra CKOpPOCTB, KOTOPYIO
Ha3bIBAIOT NEPBOA KOCMUYECKOU (MJIM KPYroBoOi), U3BECTHA BaM
U3 Kypca PU3HMKH:

v, =/9,8M/c? - 6,4+ 106 M = 7,9+ 103 m/c = 7,9 km/c.

INMpakTUyecKn OCyIECTBUTD 3aMyCK HCKYCCTBEHHOTO CITYyTHHM -
Ka 3eMJIM 0Ka3aJloCh BO3MOXHO JIMIIb Yepe3 ABa C MOJOBUHOM
cronetusi nocie oTkpbiTHsi HelotoHa — 4 okTsabpst 1957 r. 3a Bpe-
Ms1, MPOLLUELIEEe C ITOT0 AHs, KOTOPbI HEPEAKO Ha3bIBAIOT Ha-



4YaJOM KOCMHYECKOM 3pbl 4YeloBe-
YeCcTBa, HCKYCCTBEHHBIE CITYTHHKM
caMoro pasjiuyHOro yCTpoWCTBa |
HAa3HAYEHMS 3aHSIM BaXHOE MeC-
TO B Hallel MOBCEAHEBHOM XH3HH.
Onu obecneymBalOT HenpepbIBHbIN
MOHHMTOPHHI MOTOAbl U APYTHX TPH-
POIHBIX SIBJIEHUI, TPAHCISILIMM Tejle-
BUIeHUA U T. . CnyTHUKOBasi HaBu-  PWC. 3.14. OpbuTa
rauvoHHas cucrema [JIOHACC wn r:;g;f::: g:a;on
JPYrHe CUCTEMBI ITOOATBHOTO TO3HM= ... . .0.oesesneeneennnn.,
LIMOHMPOBAHMSI MO3BOJISIIOT B JTI000#
MOMEHT C BbICOKO#i CTENEHBIO TOYHOCTH ONPEIETUTh KOOPIAMHATHI
moboi Touku Ha 3emne. IMoxanyii, HET B HALIWM JAHU HU OIHOM
robanbHOM MPoO/IeMbl, B PELLIEHHH KOTOPOM HE IPUHHUMAJTH y4a-
CTHE UCKYCCTBEHHBIE cnyTHUKH 3emun (MC3).

Kocmuueckue anmnaparsl (KA), KoTopble HarnpapiasiioTcs
K JlyHe M muaHeTaM, MCIBLITHIBAIOT MPHUTSKEHHE CO CTOPOHBI
ConHua u cornacHo 3akoHaMm Kernuiepa tak xe, Kak ¥ caMM 1J1aHe-
Thl, ABUXKYTCA 10 3/utuncaMm. CKOpoCcTb ABUXEHUsSE 3eMJIH 10 Op-
o6ure cocrasiasier okono 30 kM/c. Ecim reomerpuueckasi cymma
CKOPOCTH KOCMMYECKOTrO0 arnrapara, KOTOpyio eMy COOOLIWIN npu
3amycke, MU ckopoctdH 3emuu Oyaer Gosbilie 3TOil BEIWYHUHBI,
To KA Gyzaer asuratbest no opbure, Jiexaiuei 3a npeienaMmu 3eM-
HOW opbuTel. Eciu MeHbllle — TO BHYTpH opbuThl 3emun. B nep-
BOM cllyyae, €CJIM annapar JeTuT K Mapcy (puc. 3.15) wim apyroi
BHEIIHEN IUIaHETE, SHEPreTHYECKHUE 3aTpaThl OYIYyT HAUMEHbLIU-
MH, eciu KA n1ocTurHeT opOMThl 3TO# TUIaHEThI MPU CBOEM Mak-
cuMasibHOM ynaneHuu ot ConHua — B adenmu. Kpome toro, He-
ob6xonuMo Tak paccuuTaTh Bpems ctapta KA, uto6sl K 3TOMY MO-
MEHTY B TY X€ TOYKY CBOEH opOMUTHI npuiia ruiaHera. MHaue
roBOps, HadajlbHasi CKOPOCTh M JeHb 3anycka KA I0/KHBI ObITh
BbIOpaHbl TakuM o6pa3oMm, ytobbl KA M rnuiaHera, aBurasicb Kax-
bl MO CBOEH OpOMTE, OAHOBPEMEHHO TNMOMIOLUINH K TOYKE BCTpe-
4yu. Bo Bropom cityyae — st BHyTpeHHEH MaHeTbl — BCTpeya ¢
KA nosxkHa npou30iTH B nepuresinu ero opomutsl (puc. 3.16). Ta-
KHE TPACKTOPUHU TMONETOB HA3BIBAIOTCS MOAYIANUNMUHECKUMU.
bonbiuuve ocu 3THX mUMncoB nipoxoasaT yepe3 ColsHlE, KOTOpoe
HaxXoIMTCsi B ONHOM M3 (DOKYCOB, KaK M TOJIaraeTcsi rmo rnepBoMy
3akoHy Kennepa.
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Koucrpykumsi u obopynosanue cospemeHHbix KA obecne-

YUBAKOT BO3MOXHOCTb COBEPLIEHUS UMM BECbMa CIIOXKHBIX MAHEB-

poB

— BBIXOJ HA OPOMTY CIMYTHUKA UIAHETHI, 110CAIKA Ha TJjlaHe-

Ty, NEPEABUKEHHUE MO e€ MOBEPXHOCTH M T. I1.

_ BOMPOCHI 1, Moyemy aBikeHne mnaHeT MPOMCXOAMT He B TOY-
HocTH no 3akoHam Keruepa? 2. Kak ObUIO yCTAHOBJIIEHO MECTO-
nonoxenune maaderst Hentyn? 3. Kakasi M3 ruaHeT BbiI3biBaeT
HanOonblIKMe BO3MYLIEHUS] B ABMAKEHUH Apyrux tea ConHevHOoM
cucrembl ¥ nouemy? 4. Kakue tena ConHedyHOM CHCTEMBI MC-
MBITBIBAIOT HanbosblMe BO3MyLIeHUs u nodemy? 5. TMo kakum
TPAeKTOPHSIM JIBHXKYTCH KOCMMYecKue anmnapartsl K JIyHe; K muia-
Heram? 6*. OObACHUTE NMPUYUHY U NEPUOAMYHOCTH MPWIMBOB
M OTAUBOB. 7*. ByayT 1M OAMHAKOBBLI NMEPHOALI OOpaleHUst Uc-
KYCCTBEHHBIX CITYTHUKOB 3eMiiu U JIyHBI, ecliu 3TH CITyTHUKHU Ha-
XOIATCS Ha OIMHAKOBBIX PACCTOSIHUAX OT HUX?

~ YNPAXHEHME 12 3 Onpenenute maccy IOnutepa, 3Hasi, 4to ero
CIYTHHUK, KOTOpPbIi orcTouT oT FOnurepa Ha 422 000 kM, umeer
nepuon obpawenunss 1,77 cyrok. g cpaBHeHUs MCIIONbL3yiiTe
JlaHHbIe [L1si cucTeMbl 3emusi—JlyHa, 2. YcKopeHHe CHJTBI TSXKECTH
Ha Mapce cocrasaser 3,7 M/c2, Ha FOnurepe — 25 m/c?. Paccun-
TaiiTe NepBYI0 KOCMUYECKYI0 CKOPOCTb J[UISi 3THX I[UIaHET.
3. Ckonbko cyToK (npumepHo) npogosxaercs nonér KA no Map-
ca, ec/IM OH MPOXOAUT 10 UIHIICY, BOMbILIAS MOJYOCh KOTOPOTO

paBHa 1,25a.e.?




[Tosnakomumes ¢ ocHoBHBIME (hm3myeckMMM XapaKTepUCTUKAMHU
OO/IBLIMX MJIAHET, KOTOPBIE MPEACTABIEHbI B MPHIOXeHUH VI.

Kak BuaHo u3 Tabnuubl, no Gu3MIecKMM XapaKTepHCTHKAM
BOCEMb DOJIBIIMX MJIAHET MOXHO pa3ieInTb Ha ABe rpynibl. OnHy
M3 HUX — TUIAHETHl 36eMHOM IPyINbl — COCTABJIAIOT 3€MJIsI U CXO/1-
Hble ¢ Heit Mepkypuit, Benepa u Mapc (cMm. uetHyio Bkieiky I1).
Bo Bropyio BxoasT ruaHersi-ruravtsi: FOnmrep, CartypH, Ypan
1 HentyH (cM. puc. 2 Ha uBeTHo# BKiaeike VII). Pasnenenue nna-
HET Ha IPYIIbl MPOCIEXKUBAETCS Cpa3y MO HECKOJIBKMM XapakTe-
PHUCTHKaM: pa3Mepam, Macce, MJI0THOCTH, yaanéHHocTH oT CoH-
L1a M, KakK CJICICTBHE, TeMIepaType.

[TnaHeTsl Kax10¥ U3 rpyrn no rIOTHOCTH MAJIO Pa3inyaloTcst
MeXIy co00¥, HO CpeaHsisl MJIOTHOCTh TUIAHET 3€MHOW TpyIIbl
MPUMEPHO B 5 pa3 Bosibliie CcpeiHeil MJIOTHOCTH TUIAHET-TUTaHTOB.
Pasnnuue niaoTHOCTH Tel B OKPYXAaKOUIEH HAC MPUPOIE MOXET
OOBSACHATBCA KaK pas3iMuueM HMX XMMHYECKOro cOocTaBa, TaK M
pasiM4MeM arperatHoro cocrosiiusi. bonbias yacte Maccsl ruia-
HET 3eMHOI1 TPyNIbl MPUXOAUTCS HA JOJI0 TBEPAOrO COCTOSHMUS
BEIECTBA — OKCHMIOB M JPYIMX COCAMHEHUIH TSKEIBIX XMMUUE-
CKHX 3JIEMEHTOB: XKejie3a, MarHus, aJTloOMUHUS W JIPYTUX METall-
JIOB, @ TAKXKE KPEMHUsI U ApYrux HemeTta/oB. Tak, cBbiuie 90%
Macchl Halllei TUIaHeTbl MPUXOAMUTCS Ha 4YeThipe Haubosee pac-
MPOCTPAHEHHBIX /IEMEHTA: XeJie30, KUCJIOPOA, KPEMHUIT U Mar-
HUA.

Manas ruoTHOCTb r1aHeT-ruraiToB (y CatypHa oHa MeHbILe
TUIOTHOCTH BOJ/bI) OOBACHSAETCS TEM, YTO 3HAUYMUTE/IbHAS YAaCTh UX
MAacChbl HAXOAUTCs B ra3000pa3sHOM M KMIKOM COCTOSIHUsX. B co-




CTaBe IUIAHET-TUTAHTOB MPeo0sanaloT BONOPON M TeNHil. DTUM
OHM NoXxoxH Ha CoJlHIE U MHOTUE APYrHe 3BE3/bI, Y KOTOPBIX BO-
J0pPOA M reNui cocTaBastior npumepHo 98% maccwl. Pasymeercs,
B IUIAHETaX-TMraHTax €CThb W T€ BELUECTBA, KOTOPbIE COCTABIAIOT
OCHOBY rutaHeT tuna 3emuu. Hanpumep, Ha onHoM Tosbko KOnu-
Tepe MuX Dosibllie, YeM BO BCEX IUIAHETaX 3€MHOM IPYIINbI, BMECTE
B3ATbIX, OIHAKO OHM COCTAB/SAIOT NPpUMEPHO Jiuib 1% ero Maccel.
ATtMmocdepa IIaHeT-THTaHTOB COIEPKHUT PA3IMYHbIE COSAMHEHMS
BOIOPO/a, B YaCTHOCTU METaH M aMMHAK.

Otanumsi Mexay rniaaHeTaMH [ABYX TPy TPOSABISIOTCS M
B TOM, YTO IUIAHETBI-TMIAHTbI ObICTPEE BPALIAIOTCS BOKPYT OCH,
Y B YHCJIE CMTYTHUKOB: Ha YEThIPE IIAHEThI 36MHOM I'PYIITBI MPUXO-
AUTCS BCETo 3 CIyTHUKA, Ha YeThIpe MIaHeThi-ruranTa — 158, npu-
4€M B MOCJIEAHHE TOIbI ObUIO OTKPBITO MHOTO HOBBIX CIYTHHKOB,
M MX YUCIIO MOXET ObITh €€ GonbiuM. YHCIO CIIYTHUKOB Yy Ka-
K10/ TUIAHEThI NPUBEACHO B MPHIOKeHUH VI.

Cronb 3HaYMTENbHbBIE Pa3IMYMs ABYX TPYNIN TUIAHET MOXHO
OOBACHUTD TONBKO HAa OCHOBE COBPEMEHHBIX [PEACTaBICHMIA
0 (hopmupoBaHuu CONHEYHOMU CHCTEMBI.

@_ _BOMPOCHI 1o kakum xapakTepHcTHKaM NpociexuBaeTcs pasie-
JICHHWE IJIAaHET Ha ABe rpynnbi?

0 Kakoit U3 pu3HUeCKHX XapaKTepUCTUK TUIAHETH Haubosee yéT-
KO pasieNsiioTcd Ha JBe rpynibl; 2) chopMyaupyiTe OCHOBHbIE
OTJIHYHTEIbHBIE OCOOEHHOCTH KaXI0M IPYIIbl TUIAHET.

SABARME 12 Ha ocose nanmbix nputoxerus VI: 1) onpenennre,

§ 16. CONHEYHASI CUCTEMA KAK KOMIVIEKC TEJI,
MMEIOLLIMX OBILIEE MPOUCXOXIEHUE

Comacuo Haubonee pa3paboraHHoM runorese, ConHeyHasi CUC-
TemMa copMUpOBaANACh B pe3y/IbTaTe MIUTEIBHON BOMIOLUN OT-
POMHOIO X0JIONHOTO rasonbuieBoro obsnaka. ITonoOHble uaeu Bol-
ckasbiBaUCh y4€HbIMU ewé B XVII B. B 40-e rr. XX B. 2TH uzaeu
JIETIH B OCHOBY runotessl 06 o6pazoBaHumu 3eMJIM M APYIUX IUia-
HET M3 XOJIOAHBIX TBEPABIX AOTUIAHETHBIX TEl — MAGHEMe3UMa-
Aeit, BbIABUHYTOMN akaneMukom Ommo FOaveeuuem IlImuomom.
B nanbHeitem ona nonyumna passutue B paboTax ero yueHUKOB
B Poccuu, a Takxke 3apyOexXHBIX YYEHBIX.



B nonb3y 3TOM rMnoTesbl CBUAETEIbCTBYIOT MHOTHE HAy4HbIC
nanHbie. Tak, B MocaeaHUe roibl BOKPYT HECKOJIbKMX 3BE3/1 Obln
o6HapyXeHbl ra3onbuieBbie 00/1aKa, U3 BELIECTBA KOTOPLIX MOTYT
obpasoBbiBaThesi TUiaHeThl. MiccnenoBanus NajJ€koro npouwioro
3eMJIM TOBOPSIT O TOM, YTO Hallla TUIaHeTa HUKOIa He Obuia nos-
HOCTBIO pacruiaBieHHOW. MerteopuTHasi «GombapanpoBKa» ria-
HET IO CYTH JIe/1a SABJSIeTCs MPOAOJIKEHMEM TOIO Mpouecca, KoTo-
pblil B IPOLLLJIOM MPUBE K MX 00pa30BaHUIO. B Hacrosee Bpems,
KOIZa B MEXIUIAHETHOM IPOCTPAHCTBE METEOPUTHOIO BELUCCTBA
OCTAETCs BCE MEHBIIE U MEHBLIE, 3TOT MPOLIECC UAET 3HAUUTEILHO
MEHee MHTeHCHBHO, YeM Ha HayaJlbHbIX cTanusx (hopMUPOBAHUS
MJIaHEeT.

Bospact Haubosiee APEBHUX MOPOI, KOTOPbie OOHAPYXCHbI
B COCTABE METEOPHMTOB, cocTasisieT npumepHo 4,5 mapa Jaer. [lo-
POJIbI TAKOM Xe PeBHOCTH OOHAPYXKEHbI B A0CTABJICHHBIX Ha 3em-
o obpasuax gyHHoro rpyHra. Pacuérsl Bospacta ConHua nanm
6aM3KYI0 BeMunMHy — S5 muipa net. Ha ocHOBaHMM 3THX TaHHBIX
MPUHATO CYUTATH, YTO BCE TeJla, KOTOPbIE B HACTOSAIIEE BPEMS CO-
crapasiior COMHEYHYIO CHCTEMY, 00pa3oBaINCh MPUMEPHO 4,5—
5 mapa et ToMy Hazaa. O61ako, U3 KOTOPOro OHH 00pa3’oBAIUCh,
[PEACTABIISIO COBO CMECh YACTUIL, KOTOPbIE OTHOCHIIMCH K TPEM
KOMITOHEHTAM: CKAAbHOMY, ne0aHomy W aemy4emy. UMeHHO U3
THUX TPEX KOMITOHEHTOB B Pa3JIMUHbIX COOTHOLLIEHHUAX U COCTOST
Bce Testa ConHeuHON CUCTEMBI.

B TeueHMe HECKOIBbKMUX MHUJUIHAPIOB JIET caMO 00J1ako U BXO-
Asiliee B €ro COCTaB BELIECTBO 3HAYMTEIbHO U3MEHIMCH. Pasyme-
eTcsi, JAJIEKO HE BCE AETAIM MPOLECCOB, KOTOPBIE MPOU30LLIH 3a
3TO BpeMsl, NMOMIAIOTCS TOYHBIM pacuy€TaM, TeM HE MEHee COBpe-
MEeHHasi HayKa MO3BOJIMJIa COCTaBUTh 0011YyI0 KapTHHY (OPMUPO-
BaHusl COJIHEUHOU CUCTEMBI.

BHauasie cxkarue obsiaka rpaBUTALIMOHHBIMM CHJIAMM TIPUBE-
710 K 06pa3’0BaHMIO LEHTPAJIBLHOTO Tropsyero sapa — Oyayuiero
Connua. OHO 3axBaTHJIO cebe OCHOBHYIO YacTh Macchl obiaka —
npumepro 90%. Tsarotenne obpasosasiuerocss ConHlla BO3AEH-
cTBOBAIO Ha (hopMy ocTaBiueics yacTu o6/1aka: OHO CTAHOBUJIOCH
BCE Gosiee 1 Goslee TUIOCKUM AMCKOM. YacTuiibl 3TOro aucka, 00-
pauiasich BOkpyr COJIHLIA MO caMbIM Pa3iMYHBIM OPOMUTaM, CTal-
KMBAJIMCh MeX1y coboii. B pesynbraTe OIHMX CTOJKHOBEHMIA Ya-
CTHLBI Pa3pyIIATUCh, @ PU APYTHX OOBEAMHSUIUCH B Oosiee Kpyri-
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Puc. 4.1. Obpa3zoBaHune
nNaHeT no Teopum
0. 0. Wmugra

Hble. Bo3Hukanu 3aponasiiiu OyayliMxX IUIAHET W IOPYTHX TeJl.
CyuTraeTrcs, YTO YMCIO TAKUX JIOTUIAHETHBIX TEJ JOCTUTall0 MHO-
rux MWUTHOHOB. Ho B KOHIIe KOHLIOB 3BOMIOLMSA 00/1aKa npusesa
K TOMY, YTO OCHOBHAsl Macca BellIeCcTBa 0Ka3ajlaCh COCPEIOTOYEH-
HOM B HEMHOTHX KPYITHBIX TeJlaX — Gonbiux ruaHerax (puc. 4.1).

OnHako npexne, YeM 3TH JI0TUIaHeTHbIE Tesla 00pa3soBaluCh U
CTaJIM PACTH, ITPOM3OLIIIO Nepepacrnpeie/ieHUe BellecTBa BHYTPH
obnaka, ero auddepeHUMALMA, © XMMHYECKHI COCTAaB 4acTHll B
pa3JIMYHBIX €ro 4acTsX CTajl HeoAuHakoBbiM. [loa BamsitHMeM
CHJIBHOTO HarpeBa u3 okpectHoctei ConHla yjIeTyYuBaaInuch rassl
(B OCHOBHOM 3TO caMble pacrpocTpaHéHHble BO BceneHHolt —
BOJIOPO/ M TeJIMii) M OCTaBAIUCh JIMIIB TBEPIbIE TYIOIJIAaBKUE Ya-
ctuiibl. M3 3TOro BemiecTsa BMOCHAEACTBMU CHOPMUPOBAIUCH
3emus, eé cnytHuk — JlyHa, a Takke Apyrue IjaHeTbl 3eMHOM
rpyMnrbl.

Bnoanu or ConHia JieTy4ne BelleCTBa HAMep3aJM Ha TBEpAbIe
YaCTHUIIbI, OTHOCUTEJIbHOE COIepXKaHWe BOAOPOa M rejiusi oKasa-
JIOCh MoBbIIeHHbIM. O0bEM nepudepuitHbIX YacTei obnaka Obul
Oonbiue, a crano ObITh, OONBIIE U Macca BELIECTBA, H3 KOTOPOTO
obpasoBanuch aanékue ot CoNHUA MIaHeThbl.




B xone GopMupOBaHMSI IUIAHET M MO3IHEE HA MPOTSIKECHUM
MHJUTHAPIOB JIET B MX HelIpax MU Ha MOBEPXHOCTH MPOMCXOAMIIN
MPOLECCHl IUIABJICHUS, KPUCTAUTM3ALlMM, OKHMCIEHHS M Apyrue
(pHU3MKO-XMMHYECKHE MPOLIECCHI. DTO MPHUBEIO K CYIIECTBEHHOMY
M3MEHEHHIO NMEPBOHAYAILHOTO COCTABAa M CTPOEHUSI BELLIECTBA, U3
KOTOporo obpasoBaHbl Bce HbiHE cymiecTByiomue tena ConHeu-
HOM CUCTEMBI.

OnHako He BCE BELIECTBO MPOTOIUIAHETHOrO 06J1aKa BOLLIO
B COCTaB IUIaHeT U UX cnyTHUKOB. OcTaBIuascs ero 4actb — 3TO
Majble Tejia, OAHW «MHUITPUPYIOT» BHYTPH IUIAHETHOH CHCTEMBbI,
JIPYTHE — KOMETBhI — HaXOAATCS B OCHOBHOM 3a €€ rnpenesiaMu.

CoracHoO cOBpeMeHHBIM TpEICTaBIeHUAM, OOpa3oBaHMe
NPOTOIUIAHETHOTO 00J1aKka CBA3aHO C npoueccoM HOPMUPOBAHUSA
3BE3.

KM€ MPOLIECChl TPOMCXOINIH B Xolie (hOPMHUPOBAHUS TUIaHeT?

§ 17. CucremMa 3emasg—JIvHA

Semmo ¢ e€ criyTHUKOM JIyHOIt HepeaKo Ha3bIBaIOT ABOWHOM ruia-
HETOH. DTUM MOIYEPKUBAETCH KaK OOLIHOCTH MX MPOMCXOXKIE-
HUS, TaK U PEIKOCTHOE Ui TUIAHET COOTHOIIEHHME MAacC LEeH-

TPaJIbHOIO Tejla U cnyTHUKa. Macca JIyHbl cocTaBisier é MaccChl

3eman. Macca CIyTHUKOB JAPYIMX TUIAHET SIBJSIETCS HMYTOXHO
MaJIO| MO CPaBHEHMIO C Maccoi camux ruaHer. BepostHo, JlyHa
obpa3oBajiach MIPUMEPHO B TO Xe BpeMsi, 4To U 3emisi. Paccrosi-
HUE MeXIy HUMM ObUIO B HECKOJIBKO pa3 MEHbILE, YeM Terepb.
C Toit nopel JlyHa nocreneHHo yaansercss OT Halleil MIaHeThl C
OUYEHb MAJIOH CKOPOCTBIO (B HaCTOsILIEe BpeMs — OKOJ10 4 cM/rox).

1. 3emnsa

npupozla 3eMJIM JOCTAaTOYHO MOAPOOHO M3y4YaeTcsi B Kypce reo-
rpacun. HanoMHuM BKpaTLie JIMILIb T€ CBEAEHMUsI, KOTOPbIE HEOO-
XOIIMMBI [UIs1 €€ CPABHEHUSI C IPYTUMH TUIAHETAMU.

Cmpoenue. OCHOBHBIMM 0GOI0YKAMM 3€MHOTO IIapa SIBISI-
I0TCst ammocghepa, eudpocghepa v aumocghepa. CooTBETCTBYIO-



mpe 3TuM 000JI0YKaM TPH arperaTHbIX COCTOSIHUSI BEllecTBa —
ra3oobpasHoe, XHIKOe W TBEPAOE — SBISAIOTCA NMPHUBBIYHBIMH
Uisi Hac, xurenei 3emun. Atmocdepoit obranaet 6OIBITMHCTBO
Oonbmux rnaHer ColHeYHOW CHCTEMBI, TBEpaas oboJsiouka xa-
paKkTepHa JUisl TUIAHET 3eMHOM IPyMNIbl, CHYTHUKOB IUIAHET U acTe-
pounos. Iuapocdepa nosepxHoctH 3emum — ocoboe siBleHHE
B ConHeuHoit cucreme. Bosa B XMIKOM BHMIE MOXET CyIIECTBO-
BaTh JIMIIb MPH ONMPENETEHHBIX 3HAYCHUSIX TEMIIepaTyphbl U J1aBjie-
HUA ra3oBoi cpeabl. Byayun BecbMa pacrnpocTpaHéHHbIM BO Bee-
JIEHHOW XMMHYECKHM COEIMHEHMEM, Boaa Ha Apyrux tenax Cou-
HEYHOM CHCTEMBI BCTpEYaeTcsi B OCHOBHOM B BHIE JIbAa, XOTS
MOVIENIHBbIE OKEaHbl M3 XHUAKON BOAbI MOTYT IPHUCYTCTBOBAThH HA
HEKOTOPBIX criyTHHUKaxX KOnurepa.

Jlumocghepa. Ha npotsike HUM MWUTHAP/IOB JIET CYILECTBOBA-
HUsl 3eMJM B TBEPAOM TeJ€ TUIAHETHI MPOMCXOAMIN MPOLECCHI,
CYIIECTBEHHO M3MEHMBIINE TIepBOHAYaJIbHBIA COCTaB BELIECTBA
U ero pacnpeneneHue B nutocgepe. 3a CUET IHEPIHUM, BBUICIAIO-
LIEHCH TMPU pacnane paJiMOaKTUBHBIX 3JIEMEHTOB, MPOMCXOAUIIO
pacriasinenue v auddepeHumnauns sewecrsa. B pesynbrare nér-
KME COCIMHEHMsS!, B OCHOBHOM CHMJIMKAThbl, OKa3aJlMCh HaBEpXy
n obpasoBanu xopy 3emau, a Gonee TAXKENbIE OCTAIUCH B LIEH-
TPaJIbHOM YacTh — sdpe.

TonmuHa KOpbl OTHOCHTENIBHO HEBEJMKA M MEHSIeTCs OT
4—10 kM noa okeanamu 10 30—70 kM noa marepukamu. Paauyc
si/Ipa COCTABIISIET IPUMEPHO MOJIOBUHY PaaMyca IJIAHEThI, TPUYEM
B €r0 BHYTPEHHEH YaCTH BEIECTBO HAXOAMTCS B TBEPAOM COCTOS-
HUM, a BO BHEUIHEN — B XUIAKOM. Mexay siipoM U KOPoit pacrio-
Jlaraercs npoMexyTodHas obonouka — marmus. [1noTHOCTD Be-
[IIECTBA MO Mepe yIaJeHHUs OT LIEHTPa TUIAHEThl YMEHbIIAETCS OT
17 000 kr/m? (B siape) no 2700 kr/m3 (B Kope).

Pesynsratel uccrenoBaHuid, BBITIOJHEHHBIX € TOMOIIBIO
KOCMHYECKHX arnapaTos, MoKa3ajliu, YTO BHYTPEHHEE CTPOEHHE
njaaHer 3eMHOM rpynnbl ¥ JIyHBI B OGLIMX YyepTax CXOXMH, JIHIIb
TBEPAOE AApO Y JIyHbI NpakTHYeCKu OTCYTCTBYET (pHc. 4.2).

Ammocghepa. OnpenenéHHOe CXOACTBO CBOMNCTBEHHO TaKXe
u atMocdepaM TUIaHeT 3eMHOM TPYINbI, CPeau KOTOPBIX aTMO-
cepa 3emMnu BbIENSIETCS CBOMM YHUKAJIBHBIM XMMHUYECKHUM CO-
cTaBoM (cMm. npunoxenue V).



AtMmocdepa paccemBaeT M Iorio-
HIAET COJIHEYHOE M3JIyYeHHEe, OHa BO
MHOTOM OMpeaenser TernjaoBou 0Oa-
JlaHC rutaHeTsl Oiarogapsi Tak Hasbl-
BaeMOMy mapHukKoBomy 3hdexry.
Tak, Harperasi COJIHEYHBIM W3JIyye-
HUEM TMOBEPXHOCThb CYIIM M OKeaHa
3emuid cama u3nmydaer B mHdpakpac-
HOM auanasoHe. OHO MNOIJIOIIAETCs
VITICKUCIIBIM Ta30M W MapaMy BOIbl
3€MHOM aTMOC(DEpPBI, KOTOPasi TEM Ca-  pyc. 4.2 BHyTpeHHee
MBIM yIepXKUBaeT tero (puc. 4.3). CTpoeHU1e NaaHeT 3eMHOM

Ha npoTtsokeHMM MWUIMOHOB jieT  TPYNNbl U JlyHbi: 7— Kopa;
CYLIECTBOBAaHMsI 3eMJM YCTAHOBH- gi? =Pl
JIOCb pPaBHOBECHE MEXIY [MOTOKOM w
3HepruM, nocrynaioieit or Conuua,
M TIOTOKOM O3HEPruM, H3jayyaeMou
IJIAHETO OOpaTHO B KOCMHYECKOE
MpocTpaHcTBO. YeM ruioTHee aTMoc-
depa niaHeTsl M yeM OOJibllIE B HEit
MapHUKOBBIX ra30B (YIIIEKMCablii ras,
BOOSIHOW nap W Ap.), TeM CHJIbHee
MPOSIBJISIETCS MAPHUKOBBIN 3 dhexT.
DTa 3aKOHOMEPHOCTbH XOPOLIO MPO-  p,c 4.3 Cxema
CIIEXKHUBACTCA [ TIJIaHET 3€MHOMH napHukoBoro g dekTa
rpynnbl. Ha 3emMiie paBHOBECHE YCTA-  «vvvvvvveenneennnennnrenn..n.
HOBWJIOCH npu Temneparype +15°C
(okono 290 K), a Ha Benepe — npu 3HaunTenbHo 60siee BLICOKOH,
+470 °C (okosno 740 K). VBenuuenue conepxaHusi NapHUKOBbBIX
ra3oB aHTPOIIOTEHHOIO MMPOMCXOXIEHHS! (CKHUraHHWE TOTUIMBA)
cuuTaeTcs Haubosnee BEpOATHOM NMPUUMHOM TTOTEIUIEHUS KJIMMaTa
3emu, HaOmogaemoro B Hacrtosiliee Bpemsi. CuiabHas o6sau-
HOCTb TaKXeE BJIMSIET HA TEMIIEPATypy MOBEPXHOCTH 3eMJIU: 3a-
aepxuBasi BuaMMoe usnydyeHue CosnHua aHéM m mH(ppakpacHoe
n3jlyyeHue 3eMIM HOUYbIO, OHO CYLLIECTBEHHO YMEHBIIAET aMIUIH-
TYAY CYTOUHBIX KoJieOaHMit Temniepatypbl. Ha cyrouHblil xon TeM-
nepaTypbl TAKXKE BIMACT UCTMapeHWe U KOHAEHCAllUsl BJIaru, rpo-
HcxoasAImre ¢ OOMEHOM IHEPTHH MEXKIY MOBEPXHOCTHIO 3eMJIH M
atmocdepoit. B pesyabrate npu nacMypHO# 1Oroze noysa U Bo3-
JIYX HOYbIO OXJIAXIAlOTCS HE CTOJIb MHTEHCUBHO, KaK IMPH SICHOM
Oe3061a4HOM Hebe, KOT1a MOTYT CJIYYUTBCS HOYHBIE 3aMOPO3KH.

Benepa




Hwxuuii cnoit atmMocdepbl, KOTOPbIH Ha3blBaeTCs mpono-
cghepoii, B cpenHUX mmMpoTax umeet Bbicoty 10—12 kM, a B 9KBa-
TopHaibHbIX — 16—17 kM. B Tponochepe conepxurcs 6onee 90%
BCeil Maccehl arMocepbl M IMPAKTHYECKM BCE BOASIHBIE Taphl.
HWMeHHO 311ech B OCHOBHOM ITPOMCXOISIT SIBJIEHUS, KOTOPbIE ONpe-
nensiot norony. Ilo Mepe yaaneHMst OT 3eMHOM MOBEPXHOCTH TEM-
nepaTypa CHHXAeTcs M Ha BepXHe# rpaHuiie Tponocepbl COCTaB-
nsier npumepHo —50 °C.

Han tponocdepoit no Beicotsl 50—55 kM mpoctupaercs
cmpamocgpepa, B KOTOpOii HaxoauTes cioii o3oHa (0O,). 3xecs,
Ha4yMHasl ¢ BBICOTbI OKOJIO 25 KM, TeMrieparypa arMocdepsl pacTér
32 CYET NOMIOLIEHUS O30HOM YJILTPA(DUOIETOBOrO W3IIYYECHUS
ConHua. Beiuie — B mMe3ocghepe — temneparypa CHOBa YMEHbIlIa-
€TCsl U Ha BbIcOTE OKOJI0 90 KM HocTHTraeT abCcoMOTHOTO MUHHUMY-
ma —90 °C, a B 1IeTHHE MeCsLbl B YMEPEHHBIX U MOJSPHBIX HITHPO-
Tax — MHoraa ao —150 °C!

ITnotHOCTL aTMOChEpPBI C BLICOTON YMEHBIIAETCH: HA BHICOTE
5,2 KM OHa BOBOE MEHbIlIe, YeM Y MOBEPXHOCTH, 4 HA BBICOTE
nopsiaka 100 kM B MHIHOH pa3 meHbuie. [MpumepHo 1o 3THX
BBICOT cOocTaB arMoc(epbl OCTAETCs HEU3MEHHBIM — CMECh ra-
30B, TMOJYYMBILAsE Ha3BaHue Bosayxa. Ha Gonbiumx BeicOTax,
B mepmocghepe (80—800 km), coctaB armocdepnl CYILIECTBEHHO
meHsiercsi. C poCTOM BBICOTHI BO3PACTaeT 0I5 IeJius U BOAOPOA.
3a cuér nornoweHus yasrpaduonerosoro usnyderus CosHua
TeMIiepatypa 3HayuTenbHO Bo3pacTtaeT (mo 1500 °C Ha BbicoTe
600 km). IMormoueHne U3TydeHUs] BBI3BIBAET JMCCOLMALIMIO MO-
JIEKYJl, @ TaKXKe WOHM3aLMI0O MOJIEKYJl M atoMoB ¢ obpa3oBa-
HUEM CBOOOIHBIX 3/1eKTpoHOB. Takum obpaszom, tepmocdepa
TJIAHETBI ABJISIETCA BMECTE C TeM e€ wonocghepoii. CaMblii BHELLI-
HU# ci1oit atMocdhepbl Ha3bIBAaeTCsl 3K30cghepoii, OTKYNA aTOMbI U
MOJIEKYJIbl MOTYT OeCnpensaTCTBEHHO YCKOJIb3aTh B KOCMHUYECKOE
MPOCTPAHCTBO.

Maenumocghepa 3emau. Ha soicorax 6osnee 1000 kM nose-
JIEHME M pacripeae/ieHNe 3apsKeHHbIX YaCTHLL Hepa3pbIBHO CBA3a-
HO C MarHUTHBIM roneM 3emin. B 0KOJIO3eMHOM KOCMUYECKOM
MPOCTPAHCTBE CYLIECTBYET 00/1aCTh, KOTOPYIO Ha3bIBAlOT MarHu-
Tocdepoii, XxoTs 1o cBoeit (hopme OHa BOBCe He ABseTCs chepoi.
CTpyKTypa reOMarHMTHOI'O MM0JIsi Ha AHEBHOM W HOYHOM CTOPOHE



3eman Onarogapsi HaIMYMIO COJIHEYHOTO BETPa CYIIECTBEHHO
oTaMYaeTcs. DTOT MOTOK IUIa3Mbl, HEINPEpPbLIBHO OOayBalOLIMii
3emu1i0, UMeeT CODCTBEHHOE MarHMUTHOE T10JIe, KOTOPOE B3aMMO-
JNeWCTBYET C FEOMAarHMTHBIM TMOJIEM M BbI3bIBAET €ro 3HAYMTEIIb-
Hy1o nedopmaumio. [Ipu HaberaHMM NMOTOKOB COJHEYHOIO BETpa
Ha MarHUTHOE 1oJsie 3eM/IM OHM Mpex/e BCero TOPMO3ATCS, U B
pesynbrate BO3HMKAeT yaapHas BoiHa. B uenom maruurocdepa
npuHUMaeT (Gopmy UMAMHAPA C BBIMTYKJIbBIM B cTopoHy CosHia
aHoM. OHa cxara C JHEBHON CTOPOHBI WM BBITSIHYTA B BMIE
curapoodpasHoro uuieida ¢ HouHOU. DToT HLIEid AMamMeTpoM
HeMHOrMM MeHee 250 Thic. KM npocTupaercs 3a 3emuéil Ha
5,6 MJTH KM.

He6onbas yacTh 3aXxBa4eHHBIX F€OMArHUTHLIM MOJIEM 3a-
PAKEHHBIX YaCTHLL 00pa3yeT BOKPYT HalleH TUIAHEThI paduayuon -
Hbli noac. 30ech ABUXKYTCA NMPOTOHBI, MOHBI U 3JIEKTPOHBI, 001a-
JlalolMe caMOH BBICOKOH 3Hepruei. DTH 4acTHULbI, ronagas M3
paaualMOHHOIO I0sica B BEPXHME CJIOU aTMoc(depbl B pailoOHE M0-
JIOCOB, 3aCTaBJSIIOT CBETHTHCS €€ OCHOBHBIE COCTABJAIOIIME —
a30T U KMCJIOPO/1, BbI3bIBAsI MONSIPHBIE CUSITHUS.

2. Jlyna

[To cBoeit npupozae JIyHa OTHOCHTCA K TeJlaM TJIAaHETHOTO THUTIA.
E€ panuyc cocrasnsier okono 1700 kM, macca B 81 pa3 MeHbLIe
3€MHOI, a CPeaHss MIOTHOCTbL MpuMepHo 3300 kr/m3,

HecMoTpst Ha 001IHOCTB NpoucxoxaeHust, npupoaa JIyHbl cy-
LIECTBEHHO OTIIUYAeTCs OT 3eMHOMU. M3-3a TOro 4To cuiia TskecTu
Ha nosepxHOCTH JIyHbl B 6 pa3 MeHbllie, YeM Ha MOBEPXHOCTU
3eMJIM, MOJIEKYJIaM ra3a ropaszo Jierde nokmHytb JIvuy. /List a1o-
IO IOCTATOYHO CKOPOCTH MPUMEPHO 2,4 KM/C, NMO3TOMY Ha HallleM
CITYTHMKE HET W He ObL1o HM ruapocdepsl, HU armMocdepsl. Jlyaa
HE MMEET TaKKE 3aMETHOTIO MAarHMTHOTO IMOJIS.

MenneHHoe BpallleHMe BOKPYTI OCH TIPUBOIWT K TOMY, 4YTO
B Te4YeHHe IHsA mnoBepxHocTb JIyHbl HarpeBaercss no +130 °C
(400 K), a B Teuenue Houm octeiBaet 10 —170 °C (100 K). U3-3a
OTCYTCTBMSI aTMOC(hEpPBI JIYHHAs MOBEPXHOCTH MOABEPKEHA HETMNO-
CPEICTBEHHOMY BO3IEHUCTBUIO BCEX BHUIOB M3JIYYECHMS, a TaKXKe
MOCTOSIHHOM «DoMbOapauMpoBKe» MeTeopuTamMu M Hosiee METKUMH



YacTHLAMH — MUKPOMETEOPMTaAMH, KOTOpbIE MamaloT Ha Heé
C KOCMHUYECKUMH CKOPOCTAMH (JI€CATKH KWIOMETPOB B CEKYHIY).
B pesynsrate Besi JlyHa noKpeita Cl0eM MeIKOpasapobIeHHOTo
BELlECTBA — pecoauma, TOJNILMHA KOTOPOTO B PSIIE CIy4aes rnpe-
BoimiaeT 10—12 M (cMm. puc. 2 Ha userHoit skueiike I11). Teruto-
MPOBOAHOCTb PEroiuTa o4eHsb mana (npuMepHo B 10 pa3 MeHbIIE
TEIUIONPOBOAHOCTH OKPYXAIOLETo HaC BO3AyXa), MO3ITOMY YXe Ha
ryOMHE HECKOJIbKUX JIECATKOB CAHTUMETPOB KonebaHusi Temrie-
paTypbl MPaKTHYECKH OTCYTCTBYIOT.

Haxe HEeBOOPYXEHHBIM INIa30M BMAHO, uTOo Ha JIyHe ecTh
cBemibie obnactu — mamepuxku n 6onee TEMHbIE — Mmopsa (cM.
puc. 1 Ha usetHoi Bkieiike II). CoBpeMeHHbBIE MCCAENOBaAHUSA
MOKa3ajiu, YTO OHM OTIMYAIOTCS HE TOJIBKO MO BHELIHEMY BMAY,
HO TakXe 1o peabedy, rec0rHyeckoil MICTOpUH U XUMUYECKOMY
COCTaBy MOKPbIBAlOLIEro ux BeulecTBa. JlyHa siBisieTcsl eMMHBIM
MAaTepUKOBbIM LIMTOM, HA KOTOPOM B BHJE OTAENBHBIX BKparuie-
HUH pacrosaraloTcsi NMOHWXKEHHbBIE YYaCTKM TMOBEPXHOCTH, I0-
KPbITbIC 3aCTbIBLICH JaBOi, — MOpsi. OHKU 3aHMMAIOT TPUMEPHO
40% nnowanu BUAMMO# ctopoHsl JIyHsl (puc. 4.4). Camas Kpyn-
Hasi paBHHMHa nonyuyuna Ha3Banue OxeaH Bypeb, cnenom wunér
Mope Jloxneit, Mope Xonoma, Mope Cnokoitcteus u ap. Tak
MX HasBanu ew€ B Havane XVII B. Mope [doxneit okpyxaior
ropHbie XpeOThbl BBICOTOM 3—5 KM, MOJYYMBIIME TaKUe XKe Ha-
3BaHMs, KaK U 3€MHBbIE TOpHble MaccuBbl, — KaBka3, AJbIbl,
AneHHuHBI U T. 1. Bce atH ropel cOpocosoro tumna. BepositHo,
CKJIaYaThiX rop, XapaKTepHbIX VISl Hallei ruiaHersl, Ha JIyHe
HeT. B pasnuunbix yacTsax JIyHbl 3ameTHbl Takue hopMbl penbeda,
Kak Gopo3abl M TPELIMHBI, MO KOTOPHIM MPOMCXOMWIO CMeElle-
HHUE OTACNbHBIX Y4aCTKOB JIYHHOH KOpPBI 10 BEPTHKAIH M TOpU-
30HTAJIH.

Haub6onee xapaktepubiMu hopmamu penbeda JlyHbl siBASIOT-
Cs Kpamepot CaMOro pasIMyHoro pasmepa. OHM NOJYYUIM UMEHA
B YeCTb M3BeCTHbIX Y4€HbIX — Konepuuka, Kemnepa, ITronemes
1 ap. [pu HaGmoneHusx ¢ 3eMJIM B TEIECKON MOXHO Pa3IHYUTh
KpaTepbl JMamMeTpoM He MeHee | KM. MX HacuuThIBaeTcsi oKosio
300 Thic. MHOXeCTBO KpaTepoB METPOBOIO M CaAHTUMETPOBOIO
pasMepoB BMIHBLI Ha CHUMKAX JIYHHOH MOBEPXHOCTH, TOJIYYEH-
HBbIX KOCMMYECKMMHM annapatamu. Ha Gonee npesHei nosepxHo-



J’

OHOHroMoHTaH

/

CTM MATEPUKOB HA €AMHMLY TUIOIIAAM TIPUXOAUTCS MPUMEPHO B
30 pa3 Gosblie Kparepos, 4eM Ha OTHOCHUTEJIBHO MOJIOAON MO-
BEpXHOCTH Mopeid. MMeHHO mo3ToMy NMOBEPXHOCTb MATEPUKOB
BBIIJIAAMT Takoi HepoBHOM. Kpatepbl oOpa3sylorcsi npy naaeHuu
Ha JIyHy Ten 3 KocMmuueckoro npoctpaHctsa. [1pu yaape o no-
BepXHOCTb JIyHbI 3TUX Ten, 00aadalolMX 3HAYMTETbHOM KHHE-
TUUECKOIl 2Hepruei, NMpoOUCXOAUT B3pbIB. B pesynsraTe paspy-
LWIAIOTCSI U CaMO TeJl0, U JIYHHBIE MOPOAbl, UX ODJIOMKHN U TIbUIb
pasnieTalTcs BO BCE CTOPOHBI, @ Ha MECTe B3pbiBa oOpa3syercs
yraybieHue — Kpartep.



Puc. 4.6. NaHopama
NYHHOW NOBEPXHOCTU

Campbie kpynHbie KpaTtepsl (100 kM u 6osiee B zMamMerpe) oKpy-
JKEHbI BO3BBILLAOLIMMCH Ha 2—3 KM HaJ OKpyXalollei MeCTHO-
CTBIO BAJIOM C MOJOTMMM cKioHaMu. [mybuHa Kpatepa oObIYHO
B 5—I10 pa3 MeHbllIe €ro AMaMeTpa ¥ HEMHOTUM OOJIbILE BbICOTbI
Basia. JIHO KPYITHBIX KpaTepoB Hepeako ObIBaeT YaCTUYHO WU
MOJIHOCTBIO 3aTOIUIEHO JIaBOM, HaJ KOTOPOW BO3BHILLIAETCS LIEH-
TpajbHasi ropka. XapakKTepHbIM TIPUMEPOM SIBIISIETCS KpaTep
Apxumen auametTpom okoso 80 kM (puc. 4.5).

Ha nosepxHoctH JlyHbl MOBCIOAY BUIHBI BBIOPOILIEHHBIE TIPH
obpa3oBaHUM KpaTepoB KaMHM pPa3IMYHBIX pa3MmepoB U ¢opMm
(puc. 4.6). Hexotopsie n3 HUX npu nageHuu Ha JIyHy Takxe obpa-
3yIOT KpaTepbl, KOTOPbIE Ha3bIBAOT 8MOpuYHbIMU. BeposiTHO,
MHOXECTBO TAKMX KpaTepoB U MEJIKOpa3apoOJeHHOEe BEILECTBO
00pa3yloT cBETIbIE JIYYH, KOTOPBIE IMPOCIEXUBAIOTCS HAa TTOBEPX-
HOCTHM BOKpPYI HEKOTOPBIX KpaTepoOB MHOTAA Ha PAacCTOSIHUM 10
1500 kM. Tak ganeko pasieTaloTcsi MPOAYKTHI MOLIHBIX B3PHIBOB
BCJICACTBUE MaJION CHJIBI TSDKECTH M OTCYTCTBMSI armocepbl Ha
Jlyne.

Hccnenosanus JIyHbl ¢ MOMOILIBIO KOCMUYECKHMX arlrapaTros
Hadanuchk ewé B 1959 r. Torna coBerckasi aBToMaTHyeckast CTaH-
uus «Jlyna-3» snepsbie chororpadmupopana o6parHy0 CTOPOHY
Jlynbl. 1o Tpaauumm HaxoasiluMecss Ha HEW KpaTepbl MOJIYYHIH
uMmeHa yuéHbix — JIxopmaHo bBbpyHo, JlomoHocoBa, XKonuo-
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Puc. 4.7. Kapta obpaTtHoI cTOpoHbl JlyHbI

Kiopu, Koponésa u ap., a takke KOCMOHaBTOB — larapuHa,
Komaposa u ap. Oka3anoch, 4TO MPaKTHYECKH BCE MOPSI HAXOISAT-
Csl Ha BUAMMOM cTOpoHe JIyHBbI, a BaauMHbl, KOTOPbIE €CTh Ha e
oOpaTHO#M cTopoHe (puc. 4.7), B OOJNBLIMHCTBE CBOEM HE 3arloNHe-
Hbl JIaBOH. B nocieayiounieM chéMKa JTyHHON NMOBEPXHOCTH HEOHI-
HOKPAaTHO MPOBOAMJIACH COBETCKMMHM W aAMEPUKAHCKUMHU KOC-
MHMYECKUMHM anmnapatamMu. K HacTosiiieMy BpeMEHM COCTABJIEHBI
noapoOHbie Kaprbl 000MX nosymwiapuit JIyHbl U €€ OTAeNbHBIX
PErMOHOB, Ha KOTOPBIX 3a(UKCUPOBaHBI OOBEKTHI pPa3MEPOM
a0 10 m.
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Puc. 4.8.
AmepuKaH-
CKUNA
acTpoHasT
Ha Jlyne

BaxHble MUccaenoBaHus ObLTM MPOBENEeHbI COBETCKUMH aBTO-
MaTHYECKHMMM CTAaHUMAMHU cepud «JlyHa» U aMepUKaHCKHMH ar-
naparamu «Cepseiiop» Ha eé nosepxHocTH. [lepBoii Oblna «Jly-
Ha-9», COBEpILMBLIAs MATKYIO rocanky Ha JIyHy B hespane 1966 T.

JlyHa cTana nepBbIM M NMOKAa €AWHCTBEHHBIM HEOCCHBIM Te-
oM, Ha Kotopoe B 1969 r. cTynuia Hora 4eJioBeKa, aMepUKaHCKO-
ro actrponasta Heiaa Apmcmponea. B nanbHeiiiem B Xoe pea-
JM3AIMA aMEPUKAHCKON nporpaMmbl «Ano/uioH» Ha JlyHe nobbi-
Basio 12 acTPOHABTOB, KOTOPBIE NMPOOLUIM TaM B 001IEH CJIOKHOCTH
300 u (puc. 4.8). JLnurensHoe Bpemsi pabotanu Ha JlyHe coBeTCKHe
camoxonHbie anmnapatsl «JIyHoxoa-1» u «JlyHoxon-2», KOTOpbIE
06CIeA0BaAIM JIYHHYIO TOBEPXHOCTD Ha ruiowaau csbiie 100 km2,
TToKpBIBAIOIIMHA BCIO JIYHHYIO TNOBEPXHOCTbH PErOJHT MO CBOWUM
bU3MKO-MEXaHHYECKUM CBOMCTBaM (pa3Mepbl 4acTul, TIpo4-
HOCTB M T. I1.) MOXOX Ha BAaXHbI# necok. OH npeacrasiser coboi
CcMeCh MEJKMX OOJIOMKOB TOPHBIX TOPOJA, OCTEKJIOBAaHHBIX H
OTUIABJEHHBIX YaCTHIl, BO3HUKAIONIMUX NMPpH 00pa3oBaHUH KpaTe-
poB. CpenHuii pasmep YacCTULl PEroiuta okoso | MM, OIHAaKo
BCTpeyaloTesi U Gosiee KpynHbie (CM. pUC. 3 Ha LBETHOM BKIICH-
ke II1). Ha MHOrux 4yacTuiax c rnMoMOUIbI0 MHKPOCKOIAa MOXHO
Pa3sNTMUUTh MeJTbYaiiiiine KpaTepouku, oOpa3oBaBlLIKecs MPH yaa-
pax MMKPOMETEOPHUTOB.



AMepHUKaHCKHE KOpabin «Ano/UIOH» U COBETCKHE aBTOMATH-
YECKME CTaHLMMU NOCTaBMIM Ha 3emiio okosno 400 xr obpasiios
JIYHHBIX MOPO/, KOTOPbIE ObUIM MNOABEPrHYTHI IETAIBHOMY XMMM-
YECKOMY aHa/ln3y B slabopaTopHbIX yciaoBusx Ha 3emie. [Topons:
JIyHBl MOXOXHM Ha 3€MHbIE M3BEPKEHHbBIC MOPOIAbI, HO OOEIHE-
HbI 1O CPABHEHHIO C HUMH JICTYYUMH 3JIEMEHTAMH, XKeJIe30M W
Bonoi. HaGop MuHepanos B Mx cocraBe okasascs 6eaHee (OKoIO
50), yeM B 3eMHBIX nopoaax, rae coaepxurcs 6onee 2000 MuHe-
panoB. B syHHBIX nopoaax npeobsanaloT CHIMKATHI U OKCHIBI,
BCTpevaroTes Takxke (ocdarsl, cynbbhuabl, kapobuasl u dochu-
apl. Ha JlyHe npakTH4YecKM HET MMHEPalOB, OTAMYAIOLINXCS OT
3€MHBIX, HO B TO X€ BPEMsl OTCYTCTBYIOT Té M3 HHUX, KOTOpPbIe
MOTYT 0Opa30BbIBATHCSI B BOJAHOM CPEIE M MPU HAJIMYMM CBODOI-
HOTro Kucsiopoaa. HUKakuMx NpU3HAKOB XHU3HHU JaXE B BUIE MU-
KPOOPraHM3MOB MJIM OPraHMYeCKMX coennHeHuit Ha JIyHe He 00-
Hapy>KeHo.

JlocTaBieHHble Ha MOBEPXHOCTH JIyHBI CceCMOMETpPBI MO-
3BOJIMJIM 3aperucTpupoBaTh OONBIIOE YMCIO JIYHOTPACEHUN —
no 3000 3a roa. OnHaKO Bce OHM OYEHb c1abbl — MX ceflcMuye-
CKasl HEprusl B MUJUIMApI pa3 MeHblle, yeM Ha 3emsie. Tak ke
Kak ¥ Ha 3emJie, perucrpauusi ceiicMMYecKux KosiebaHuit no-
3BOJIWJIA YTOYHUTH BHYTpeHHee cTpoeHue JlyHbl. Okasanocs,
YTO JIYHHasi KOpa 3Ha4YMTEbHO TOJIIEe 3eMHOM: oT 60 KM Ha BuU-
auMoM ¢ 3emim nonywapun 10 100 kM Ha obpaTHOi cTOpOHeE.
CTpyKTypa BEpXHHX CJIO€B KOPBI HCC/IEN0BaJach MOCPEACTBOM
aKTUBHbBIX CEMCMUYECKHUX IKCTIEPUMEHTOB NMpu naneHusx Ha Jly-
HY oTpaboTaHHBIX 4YacTeil Kopabnei «ArnoJuloH» U MCKYCCTBEH-
HBIX B3pbIBax Ha MoBepXHOCTH JIyHbl. [Toa perosntom J1eXxuT cioil
Nnopol, BbIOPOLIEHHBIX NMPH OOPa30BaHMM KPYIMHBLIX KPaTepoB.
Ero TonummHa MeHsieTcs OT HECKOJBbKMX JECATKOB 10 COTEH Me-
TpoB. Ew€ HuXe mo miyOMHBI npumepHo | KM pacnonaraiorcs
pacTpecKaBIIMECs OT MHOIOYMCIEHHBIX YIapoB 0a3aibTOBbIC
MOpObI.

OnpenenéHHbIN pa3IMYHBIMM METOAMH BO3pacT MOPOJ, AO-
craBieHHbIX ¢ JIYHBI, KaK roBOpPHIOCH paHee, OJIM30K K BO3pacTy
3eMJIH, YTO CBUIETEIBLCTBYET 00 MX COBMECTHOM NMPOMCXOXKIEHHUH.
B To e BpeMst Ha TYHHO# NMOBEPXHOCTH He Ob1I0 06HapyXkeHO 60-
Jiee MOJIOABIX [MOPOJ, YTO FTOBOPHT O JIaBHEM MpeKpalleHUHU JIaBO-
BBIX U3JIUSTHUUW M BYJIKAHUYECKOM aKTUBHOCTH.



Puc. 4.9. OauH
U3 NPOEeKTOoB
nyHHow 6a3bi

OtcytcTBre Ha JIyHe npoueccoB pa3MbIBaHUsl U BbIBETPHBa-
HMSl MTO3BOJISIET CYUTATh €€ CBOe0Opa3HbIM re0JIOrMYeCKUM 3aro-
BEIHUKOM, 1€ Ha MPOTSKEHUMM MWIUJIMOHOB M MHMJUTHApIOB JIEeT
COXPaHSII0TCS BCE BO3HMKAaBILIME 3a 3TO BpeMsi (hopmbl penbeda.
Takum obpa3om, usydeHue JIyHbl 1aéT BOSMOXHOCTb MOHSATH reo-
JIOTMYECKHME MPOLIECCHI, MPOMCXOAMBLIME HA 3emMie B JalIEKOM
MPOLLUIOM, OT KOTOPOTO Ha Halllel IJIJaHeTe HE OCTAIOCh HUKAKHX
CIIEOB.

B HacTosilllee BpeMs CYLIECTBYIOT AeTalibHO pa3paboTaHHbIE
npoeKThl co3nanus Ha JIyHe KpynHoi obutaemoit 6asel (puc. 4.9),
1€ CMOTYT JUTHTEIbHOE BpPeMsi HAXOAMTHCS YYACTHUKH SKCIIEIU-
uunit. Hanuume takoi 6a3bl MO3BOJIMUT MOCTOSAHHO MPOBOIMUTL Ha-
OI0AeHMA 3a HALLUEH TU1aHeTol, 06beKTaMU OJIMXKHEro U JaIbHErO
KOCMOCA, a TAKXKE IPYyrue MCCIeA0BaHUsl, KOTOPbi€ TPYAHO OCYy-
LLIECTBUTH HA 3emiie WK Ha OpOMTAIbHBIX CTAHLMAX. Tak, HarpH-
mep, obpatHas ctopoHa JIyHbl yaoOHa uis pa3MeLeHns paauore-
JIECKOIIOB, MOCKOJBKY TeM CaMbIM INPAaKTHYCCKH HMCKIIOYAKOTCS
MoMexXy Ha3eMHbIX paIMoTeXHU4YecKux cpeacts. [1pu peanunsauuu
STHX MPOEKTOB IMPEAToaaraeTcss MaKCMMaJlbHO MCIOJIb30BaTh pe-
cypchbl caMoii JIyHBbI.



B 9710ii cBSI3M HeMasoBaXxHOE 3HaYeHWE NpPUOOpeTaeT ToT
(hakT, yTo Graronaps MCCIEAOBAHWSAM, NMPOBEIEHHBIM B MOCE/-
HUeE rozel, Ha JlyHe oOHapyXXeHbl BeCbMa 3aMeTHbBIE 3a11achl BOJbI.
bombGapaupoBka JTYHHO! MOBEPXHOCTH BOIM3M €€ I0KHOIO NMoJio-
ca paketoi-HocuTeneM «LleHTaBp» M crielMaIbHBIM 30HIOM [M10-
3BOJIMJIA YCTAHOBUTD, YTO B BELIECTBE, BLIOPOLLIEHHOM MPHU B3Pbi-
B€, IEMCTBUTEIbHO COAEepPXKUTCH Boaa. POCCUIICKMIT HEMTPOHHBIH
nerekrop JIEH/1, ycraHoBneHHbIi Ha BOPTY aMepMKaHCKOIO UC-
KyccTBeHHOro cnyrHuka Jlyuel JIPO, nokasan, 4yTo BOAsSHOM €N
coctasasier 3—8% Maccol nopon B €€ npunonsipdoi 3one. Co-
IJIaCHO MpeaBapUTEIbHBIM OLIEHKAM, U3 TOHHbI JIYHHOTO IpyHTa
MOXHO nosyuuts nopsiaka 40—45 n Boasl. B nepcnexkruse Bony
MOXHO 6YII.CT HCNONb30BaTh B pas/iIMYHBIX LEAsAX: YaCTUYHO Ha
ObITOBBIE HYXK/bl, YACTUYHO PA3JIOKUB Ha KUCIOPOI U BOIOPOI.
Kucnopon Heobxonum st AbixaHHs, a BOAOPOI SABISAETCS Tpe-
KpacHbIM ToriMBOM. O HaMepeHuM co3nath Ha JIyHe 6asbl 3asBu-
JIM HECKOJILKO cTpaH, B ToMm yucie Poccust, Kutait u Uuaus. B ka-
4YeCTBE CPOKOB peajiM3alluv NMpoeKToB HasbialoTesi 30—40-¢e rr.
TEKYLero CTOJIeTHsI.

[Moapobubie kaptel JlyHbl ((husuueckass U reosoruyeckas)
pasmelleHsl Ha caifte http://gotourl.ru//1808.

NbIX TeJaX U KMIKOCTAX UCTIONB3YIOTCH NMPH CEHCMHYECKMX HCClle-
nosaHusix crpoenust 3emun? 2. INouemy B Tponocdepe Temnepary-
pa ¢ yBenn4eHueM BeicoThl nagaet? 3. Hem oObACHSIOTCS pasjinaus
TJIOTHOCTH BEIUECTB B OKpyxatoueM Hac mupe? 4. [Mouemy npm
ACHOM TMOroe HOYbIO NMPOMCXOIUT Hauboliee CHIbHOE MOX0J0/1a-
Hue? 5. Bumnsl nn ¢ JIvHbl Te Xe co3Be3nusi (BWIHBI JIM OHM Tak
xe), uro u ¢ 3eman? 6. Hasosure ocHoBHbie (hopmel peabeda Jly-
Hbl. 7. KakoBbl (husuueckue ycnosus Ha nosepxHocTH JIyael? Uem
M 110 KAKUM NPUYMHAM OHU OTIIMYAIOTCS OT 3eMHbIX?

CKYIO HEPruio UMeeT TeJio Maccoil | Kr npu BCTpeue ¢ JYHHOMH
MoBEPXHOCTHIO. CKOPOCTL Tesla CYUTATH PAaBHOM CKOPOCTH OpOM-
TaJIbHOTO ABMXKEeHUA 3emun. 2%, lanuneil nepBbiM U3MEPWI BbICO-
Ty rop Ha JlyHe, nabmionas nosisnerue B6M3u TepMuHaTopa (rpa-
HUILIbI JIHS W HOYH) OTHAEJBHBIX TOPHBIX BEPIIHH, OCBELIEHHBIX
Connuem. Caenaitte COOTBETCTBYIOLIMIA YepTEX U BuIBEAUTE (hOp-
MYITY, 110 KOTOPOH MOXHO MPOBECTH HEOOXONIMMBIE PACYETHI.



§ 18. MAAHETHI 3EMHO# rPYTITIBI

1. O6mHOCTD XapaKkTePHCTHK

Hanuune nutochepbl — XapakTepHasl yepTra BCEX IUIAHET 3eM-
Hoi rpynnel. Penved ux nosepxHocTH chopMupoBasics non
JIeCTBUEM BHYTPEHHMX M BHelHUX daktopos. [Ipumepom nep-
BBIX MOTYT CJIYXKHTb TEKTOHHYECKHE ABHXKECHUS M BYJIKAHWYEC-
KWe SIBICHMSI, TPUMEPOM BTOPBIX — YAapbl Te, NalalolMx Ha
IUIAHETY C OrPOMHBIMHM CKOPOCTAMH M3 KOCMHYECKOIO IpOCT-
paHCTBa.

I'inpocdepa, HanpoOTHB, SIBJISETCS YHUKAJIbHOH OCOOEHHO-
CThIO Halleil rutaHeTbl. ATMoccepa OTCYTCTBYET Jullb y Mepky-
pus. lanHsie 06 aTMochepax ocTallbHbIX IUIAHET 3€MHOM IPYTINbI
NpeacTaBieHbl B MpuioxeHuu V.

MoXHO NpUHATH (TaK yI0OHO ISl 3alOMMHAHMS), YTO aT-
MochepHoe nasnexnue y Berepsi B 100 pa3 6onbiue, yem y 3emiu,
ay Mapca — B 100 pa3 meHBbl1Ie.

IMpoananusuposas npwioxeHue IV, MOXHO YBHUIETb, 4TO
armocodepnl Benepst m Mapca BecbMa OJIM3KH MO COCTaBY MEXIY
cobOoM, HO 3HAYMTEILHO OTJAMYAlOTC OT 3eMHOM. st o6bsicHe-
HHUSI MPUYMH TAKOTO pasiMyMsi NMPUXOAMTCS CHOBa oOpaluarbes
K PacCMOTPEHHUIO 3BOJIIOLMOHHBIX M3MEHEHHWId, NMPOUCXOMSIIUMX
Ha NMPOTAXEHUHM JUTUTEIbHBIX TPOMEXYTKOB BpeMeHH. Cumnraercs,
yto atmochepsl Mapca u BeHepbl B OCHOBHOM COXPaHWJIM TOT
NepBUYHBIA XMMHYECKHIT COCTAB, KOTOPBIA KOra-TO MMEJa Y at-
mochepa 3emyin. 3a MWUIMOHBI JieT 3eMHasi atMocepa B 3Ha-
YUTEBHOM CTENEHW YMEHbILWIA coaepXaHHWe YITIEKHCJIOro rasa
U oboraTujach KHMCJIOPOIOM 3a Cuét AByX mnpoueccoB. [lepsbim
M3 HHUX ABJISETCA PACTBOPEHME YITIEKHMCIIOIO rasa B 3€MHBIX BO-
JI0éMax, KOTopble, BUIMMO, HUKOIZA He 3aMep3anu. Bmopoit npo-
LECC — BBIACJEHHME KMCI0pOaa MOsIBUBLLIEHCS Ha 3emiie pacTH-
tenbHOCThIO. Hu Ha Benepe, Hu Ha Mapce HU OAMH U3 3TUX MPO-
1eccoB mnpoucxoauts He wmor. CoBpeMeHHblE MCCIeA0BaAHUS
KPYroBOpOTa YIJIEKMCJIOTO ra3a Ha Hallel IUlaHeTe MoKa3blBalor,
YTO TOJBKO HajMuue ruapocdepsbl cnocodHO obecneyuTh coxpa-
HEHHME TEMIIEPAaTYPHOIO peXuma B Mpeaenax, HeoOXOAMMBIX Ui
CYILLIECTBOBAHMS XHUBBIX OPraHNU3MOB.



2. Mepkypwii

Ira camas 61uskas K ConHuy njaHeTa BO MHOTOM Toxoxa Ha Jly-
HY, KOTOpPYI0 MepKypHMil JIMIIb HEMHOTO MPEBOCXOAMT MO pas-
mepaM. Tak xe Kak v Ha JIyHe, BOIbIIYIO YacTh MOBEPXHOCTH 3a-
HUMAIOT HEPOBHbIC BO3BBbILUEHHBIE MaTepuku. HuszmeHHOCTEH,
3aMoJIHEHHBIX 3aCThIBIUEH NaBOM, ewé MeHblue, yem Ha JlyHe.
Kpynueimas u3 Hux — Mope 3Hosi — umeet nuametp 1300 kM.
CaMbIMH MHOTOYMCJICHHBIMU U XapakKTePHbIMU SIBJISIIOTCS KpaTe-
Pbl METEOPUTHOTO NMpoucxoxaeHus. Ha cHumkax Haubosee Bbico-
KOr0O KauecTsa pasjinyaioTrcst o0beKkTsl auamerpom 50 m (puc. 4.10,
4.11). OBHapyXeHbl TakXe cJedbl TEKTOHMYECKUX MPOIIECCOB —
3IcKapnvl — YCTYMbl, KOTOPble 00pa30BaJIMCh BCJIEIACTBHE BEPTH-
KaJIbHbIX CMEILLIEHUN KOPBI BAOJb €€ TpeuwmH. [IpoTsikéHHOCTD
onHoro u3 Hux aocturaer 500 kM. CtpoeHue U CBOHCTBA NMOBEpPX-
HOCTHOTO CJIOsI TAKXKe MOKa3biBalOT cXxoncTBo ¢ JlyHoii. [Tomumo
YYAaCTKOB, MOKPBITHIX MEJIKOPa3apo0/ieHHBIM BEIIECTBOM, BbISIB-
JIeHbl BbIXOAbI CKaJIbHbIX MOPOJI.

Kocmuueckue anmnaparbl, MpoJeTaBiine BOJIM3M TUIAHETHI,
H3MEPUJIM MarHUTHOE MnoJe, KoTopoe oka3aiochk B 100 pa3 cnabee
3eMHOro. OGHapyxeHH1e He3HaAYMTEIbHOIO KOJIMYeCTBa ra3os (ap-
roHa, HeOHa, reJius ¥ BOAOPOAA) JIMIb MOATBEPANIO MHEHME 00

Puc. 4.10. NoeepxHoOCTb Puc. 4.11. Yyactok noBepxHOCTH
Mepkypus Mepkypus



oTcyTcTBUM cTabuabHOM atMocdepsl. [lepenaasl TeMneparypbl Ha
MOBEPXHOCTH IJIAHETHI B TeYEHHUE NMPOLAOJIKHUTENBHBIX «MEPKYPH-
aHCKUX» cyToK (176 3eMHBIX cyTOK) elé Oonblue, yem Ha JlyHe.
BenencrBue 3HAUMTENBHOTO IKCLUEHTPUCHTETA OPOMTHI 3aMETHO
uaMmensiercsa paccrosHue Mepkypusi ot ConHua. [lToaromy Ha
JHEBHOM CTOpPOHE TUIaHeThl B TOM Touke, st Kotopoit ComnHie
HAXOAMTCH B 3eHUTE, TemrnepaTypa B adenun cocrasnsier 560 K,
a B nepureaun aocruraetr 690 K. Ipu rakoit Temneparype rua-
BUTCSI CBMHELL, OJIOBO M Aaxe uvMHK. Ha HOYHOIt cTOpoHe OHa na-
naet Huxe 100 K (—173 °C).

3. Benepa

Ira nnanera no pasMepaM M Macce Mo4YTH OAMHAKOBa ¢ 3eMJEil.
Euwé Muxaua Bacuavesuu Jlomonocoe (1711—1765) u ero
COBpeMEHHHMKHM OOHapykuiu Hanuuue y Benepol atmocdepsl.
JIoMOHOCOB MpPaBWIbLHO TMOJIaraj, 4TO OHA MJIOTHEE, YeM 3eMHasi.
U3yuenne nosepxHocTH BeHepbl, OKYTAHHON MOCTOSAHHBIM T10-
KPOBOM 00JIaKOB, CTa0 BO3MOXHBIM JIMILb B MOCJEIHUE Jecs-
TieTus 61aronaps paauoIoKalun U PaKeTHO-KOCMUUYECKON Tex-
HUKE.

Uccnenosanusa atMocdepbl BeHepbl HEONHOKPATHO TPOBO-
JWJIMCH NTPH CITYCKE Ha MOBEPXHOCTD IIaHeThl coBeTCKMX KA «Be-
Hepa» HaunHag ¢ 1967 r., a Takxe npu
MOMOIIM HAy4yHOI anmnaparypsl, yc-
TaHOBJIEHHOM Ha as’pocTarax, KOTo-
pble ObUIM OOCTaBIECHBI Ha TUIAHETY
COBETCKMMM cTaHumsiMu «Bera-1» u
«Bera-2». Oka3zanocb, 4TO BEpXHAS
rpaHuLa 00Ja4HOrO CJIOSi HAXOAMUTCS
Ha BBICOTE OKOJIO 65 KM Hal nMoBepx-
HOCTBIO TUIaHeThl. TeMneparypa 31ech
Bcero —40 °C, KaK M JOJDKHO OBbITh
B cTpatocdepe riaHeTbl 36eMHOTO TH-
na. Ilo mepe npubamxkeHUss K TO-
BEPXHOCTH TemIlepatrypa, AaBJICHUE
M TUIOTHOCTh armoc(epbl Bo3pacTa-
10T. BOIM3M MOBEPXHOCTU €€ IUIOT-
HOCTb BCero B 14 pa3 MeHblLIe IUIOTHO-

Mwuxawn Bacuneesuy
JlomoHocoB CTH BOJ1BI.



HabmoneHusi 061a4HbIX CTPYKTYP B YJAbTPadHOJIETOBBIX JIy-
yax, nposeaéHHble ¢ 6opra amepukaHckoro KA «Mapunep-10»,
MoKa3aJM, 4TO Ha BBICOTE OKO0JIO 50 KM CyIIECTBYIOT MOCTOSIHHBIE
atmocdepHbie TeYeHUs] — BETPhl yparaHHO#M CHJibl, CKOPOCTb KO-
Topeix nocturaet 110 M/c. ¥ nMoBepXHOCTH CKOPOCTh BETPOB CHH-
KaeTcsl /10 HECKOIbKMX METPOB B ceKyHay. B armocdepe Benepsl
3aperucTpupoBaHbl rpo3osbie paspsaabl. [lo KOHUEHTpauuu 4va-
cTHlL 06nauHblil c10i BeHepbl HANMOMUHAET 3€MHOH TyMaH C BH-
NMUMOCTBIO B HECKOJIbKO KujiomerpoB. Obsaka, BUIUMO, COCTOAT
M3 KanejeK KOHLEHTPUMPOBAHHON CEPHON KUCJIOTHI, €€ KpUcTasn-
JIMKOB M yacTull cepbl. KanejbKu cepHOIl KUCJIOTBI, XOTS M B 3Ha-
YUTEJILHO MEHBLIEM KOJIMYECTBE, MPUCYTCTBYIOT U B 3¢MHOM ar-
mocdhepe. BeposiTHO, Kak 1 Ha 3emie, cepHasi KMCa0Ta obpasyer-
ca u3 cepHucroro raza SO, — okcuaa cepbl (IV), MCTOUHHKOM
KOTOPOTO SIBJISAKOTCS BYJKAaHHYECKHE M3BEPXKEHUs U cepocoaep-
Kalll¥e MopOoIbl MOBEPXHOCTU — AUPUMbL.

Kanau B armocdepe BeHepbl paccenBaloT, HO MOYTH HE TO-
IOLIAIOT COJTHEYHOE M3IYYeHHE, TaK YTO OCBEIIEHHOCTh Ha €€
MOBEPXHOCTH MPUMEPHO TaKasi Xe, KaK Ha 3emiie B MacMypHbIH
neHb. OIHAKO M 3TOTO KOJIMYECTBA COJIHEUHOM SHEPrUM OKa3biBa-
eTCsl IOCTATOYHO, YTOOBI BC/IEACTBUE MAaPHUKOBOTO 3(hdeKTa TeM-
nepatypa Ha NnoBepxXHOCTH BeHepbl yCTaHOBMJIACH BhIlLE, YEM HA
Mepkypuu, pacnonoxeHHoM 6amxe K Conniy. CyTouHbie H ro-
IMYHBIE KOonebaHusa TeMriepaTypbl Ha BeHepe nMpakTHYeCKH OT-
cyrerByioT. E€ rutotHas armocgepa Xopoilo COXpaHAeT TErJ1o Aa-
Xe B YCIIOBHUSIX OOBILIONH MPOAOIKUTETBHOCTH CYTOK. OnnH 060-
pOT BOKPYr OCHM IUlaHera cosepiuaeT 3a 240 3eMHBIX CYTOK,
BpAILAsICh B HAMpPaBJAEHUH, MPOTHBOMOIOXKHOM BpPALUEHHUIO 3eM-
nu u apyrux rader. Ock BpalueHusi BeHepbl MOYTH NEPreHanKy-
JISIPHA K TUIOCKOCTH €€ OpOMTBI, TAK YTO CEBEPHOE M I0XKHOE NOJy-
[apusi TulaHeThl Beeraa ocsenialores ColHueM OIHHAKOBO.

JleTanbHble PaIMOIOKAIMOHHBIE WCCICNOBaHMSA, NMPOBEAEH-
Hble ¢ 6OPTa MCKYCCTBEHHBIX CITYTHMKOB BeHepbl pOCCHICKMMU
M aMEePUKAHCKUMM YYEHBIMH, MO3BOJHIM MOJTYYHTH MOAPOOHbIC
KapTbhl MOBEPXHOCTH TUIAHETHI, Ha KOTOPBIX TOKa3aHbl IETaIH
peabeda pasmepom okos1o 200 m.

BOABIIYIO YACTh TUIOLIAAM MOBEPXHOCTH BeHepbl 3aHUMAIOT
XONIMUCTBIE paBHUHBI. CpelM HUX Ha HECKOJILKO KMJIOMETPOB BO3-



Puc. 4.12. Cucrema pasnomos Puc. 4.13. BynkaHn4yeckume KOHyCbl
U TpewuH Ha Bexepe Ha Bexepe

BBILIAIOTCS OOLIMPHBIE TUIOCKOTOPLS, M0 pa3MepaM IpeBbllIaio-
e Tuber. Oum noayumnu Haszpanusa 3emus HMmrap (keHckoe
H0XeCTBO B acCMpO-BaBUIOHCKOK Mudonoruu) u 3emns Adpo-
OUTHI (aApeBHerpeyeckass OOruHs JOOBH M KpacoTbl, OTOXIECT-
Bisiemasi ¢ Benepoii). [lopHble MacCHBbBI, PACITOJIOKEHHBIC Ha 3THUX
BO3BBILLIEHHOCTSIX, MOAHUMAIOTCS HAJ MX MOBEPXHOCTHIO HA Bbi-
coty 7—8 KM, a camas BbicOKasi ropa MakcBesul ByJIKAHHYECKOTO
NMpoOUCXOoXIeHuss — Ha 12 KM; e€ Kpatep UMeeT AUAMEeTp 4YyThb
meHblie 100 kM. TeppacHble ByJKaHWYECKHUE KaNbAEpPhI, MPOTS-
XEHHbIEC JIABOBbIE MOTOKH, CKJIaa4MaTble FOPHbIE CUCTEMBI, CJIOX-
Hasg CUCTEMa KaHbOHOB, PAa3/IOMOB M TPELIMH — BCE 3TO CBHUIE-
TEJILCTBYET O TEKTOHWYECKO# akTMBHOCTH Benepnl. E€ nosepx-
HOCTb, c(hOPMUPOBAHHAA TEMM XKe MpOoLIecCaMu, YTO M 3€MHas,
BrieyatisieT ceoeoOpa3meM CBOMX CTPYKTYP (puc. 4.12, 4.13).

Tak xe Kak ¥ Ha ApYruX MlaHeTax 3eMHOM rpynrbl, Ha BeHepe
0OHapyXeHO HEMa0 KPYIMHBLIX METECOPUTHLIX KPaTepoB AHaMeT-
pom a0 150 kM (cMm. puc. 2 Ha uBeTHoM BKaekke V). 1o cinoxus-
LIeics TpaAuLMKM OHW Ha3BaHbl MMEHAMH BbLIAIOLLIMXCS KEHILIMH.
W HTEpecHO, 4TO KpaTepoB AUaMEeTPOM MeHee 6 KM Ha MOBEPXHO-
CTH TJIaHETHI HEe BeTpeyaeTcs. BeposTHO, HEOOIbLINE METECOPHUTHI
paspylualTcs ewe npu nojére B atMocdepe v He JOCTUTAIOT Mo-
BEPXHOCTH TJITAHETHI.

Ha nanopamax nosepxHocTH BeHepbl, nmepenaHHbIX KOCMU-
YeCKMMH arnmnapaTaMW, BHUIHBI KaMEHHWCTBIE OCBITIM W BbIXOIbI
CKAIBHBIX MOPOMI, UX CIIOMCTOCTh U MPOAYKThI pa3pylueHus, Mno-



J0OHBIE TYHHOMY peroauty. I[1o MHEHHIO reosoroB, BUIHBL Clie-
Ibl TOTO, YTO HA TUTAHETE OTHOCHMTEIBHO HEJABHO NMPOMCXOINIH
aKTMBHBIE T€OJIOTHYECKHE Mnpolecchl (cM. puc. 1, 3 HaA UBEeTHOM
Bkiiekke V). XuMuueckmuit aHaJIn3 MoOBEPXHOCTHLIX ropoa Bexe-
PbI TTOKa3bIBAET MX CXOACTBO C 3¢MHBIMH Da3aibTaMM pa3IMuHBIX
THUITIOB.

HUccnenopanusi BeHepbl MO3BOJSIIOT MOJYYaTh Pe3yJbTAThbl,
MOJIE3HBIE VISl PA3BUTHS I€OJIOFMU M METEOPOJIOTHH.

[To-BuaMMOMY, HanbHEWLINE UCCAEA0BAHUSA CMOTYT JaTh OT-
BET Ha BOMPOC: MOYEMY CTO/Ib TTOX0XKasi Ha 3eMJII0 110 pa3mMepaM M
Macce TUlaHeTa cTajla B XOA€ CBOei BOJIIOLMH 10 MHOTMM Xapak-
TEPUCTHUKAM CHJIBHO OTJIMYAThCS OT Heé?

Ha ocHoBe pagMosokauMOHHBIX JaHHBIX ¢ KA «Maremnan»
coctasyieHa noapobHas Kapra noBepxHoctd Benepbl. OHa Haxo-
IUTCs Ha caite http://gotourl.ru//1809.

4. Mapc

Vlmepec K Mapcy B 3HaYMTE/ILHOM CTerneHH Bcerna ObLT cBA3aH
C Hanexaoi oOHapyXHUTh Ha 3TOM MNJIaHEeTe KW3Hb, 4 MOXET ObITh,
U pasyMHBbIX oOMTaTenei.

Bo BpeMsi MpOTHBOCTOSIHUM Jaxe B HEOOJBILION TEJIECKON Ha
Mapce MOXHO 3aMETUTh OeJibie TMOJIAPHbIE 1UANKH, a TAKXKE TEM-
Hble NSATHA (Mops) Ha oOlieM opaHxeBo-KpacHoM thoHe mame-
pukxos. Tlepyuon obpauenuss Mapca BOKpyr ocu (24 4 37 MuH)
JIMIIL HEMHOTO OTJIMYAETCA OT 3eMHBbIX cyTOK. HakiioH ocu Bpa-
LIEHHUS MJIAHETHI K MI0CKOCTH OpOUTHI (65°) Takke 6JIM30K K 3eM-
Homy. [Ipoucxomsiiime BCAEACTBUE ITOrO CE30HHBIE M3MEHEHMS
Ha MoBepxXHOCTHM Mapca Hepeako pacCMaTpMBAJIMCh KaK aHaior
ABJICHUM, HAOMO1aeMBIX B paCTUTEIbHOM MUPE Halllei MJIaHEeThI,
M JI0KA3aTeJIbCTBO HAJIMYHUS KHU3HH.

Bnaronapsi nsyuenuno Mapca annapatamMu, CTaBILIMMM €ro MC-
KYCCTBEHHBIMM CITYTHMKAMM, BbISICHWIOCH, YTO CEBEPHOE M HOXK-
HOE TMOJyllapus TUIAHEThl Pe3KO OTIMYAKTCS OJHO OT JPYroro:
Oonee npeBHUE BO3BLILLIEHHBIE MATEPUKH PACTIOIOXKEHBI B FOXKHOM
nojaymapuu, 6osee MoJoable paBHUHBI — B ceBepHOM. Pasnuua
BBICOT MeXIy HUMM jJocTturaet 6 kM. Hapsity ¢ MHOroyMciieHHBI-
MH KpaTepaM¥ METEOPUTHOro TNpoucXoxneHusi Ha Mapce oOHa-



PYXKEHbl IMIaHTCKHUE BYJKAHMYECKME KOHYChI, 0Opa3oBaHHbIC B
pesyiabraTe U3TUsiHUI TeKydei naBbl. Cpeau HUX BblIENSETCs ropa
Onumn BbicOTO# 27 KM, AMaMeTp ocHOBaHMs Aocturaer 550 km,
a auamMeTp Kparepa okoso 60 km (cM. puc. 2 Ha LIBETHON BKJIEH-
ke V). CocpenotoyeHbl ByJIKaHbl B ABYX pailoHaxX — DJIH3UYyM
u ®apcuna. Cumraercsi, YTo AesATEIbHOCTb 3TUX BYJIKAHOB Mpe-
KpaTwiach He 6oJjiee YeM HECKOJIbKO COT MMJUJIMOHOB JIET TOMY Ha-
3a/ MocJIe TOro, KaK 3HAYMTEIbHO YBEJIMYWIAch TOJIILMHA MapCH-
aHCKOI1 KOpbl, KoTopas Tenepb cocrasnsgetr 70—100 km. Ceitlcmu-
yeckas akTUBHOCTL Mapca mana. [lpuGopsl, JOocTaBleHHbIE Ha
€ro rMoBEPXHOCTb, PErMCTPUPYIOT JIMIIL COTPSICEHUs, KOTOpPbIE
BbI3BaHbI NMaACHUAMH METCOPHUTOB.

He TonbKO ByAKaHbl, HO U MHOTMe npyrue ¢dopmbl penaseda
Mapca aBAsiiOTCSI CIEACTBHEM aKTHBHBIX MPOLIECCOB B KOpe Tuia-
HEeTBbI, TIPOMUCXOAMBIIKX B MPOIIUIOM, — TOPHBIE LEMN, CUCTEMBI
TPEUIMH KOpbl M OrpOMHbIe KaHbOHbI. Hambonee KpynHbiid U3
Hux — Jlonuna Mapunepa — umeeT MHY okono 4000 kM, mu-
puny no 200 kM, a mybuHa nocturaer 5 kM. Ha ckiioHax BUAHBI
OCBITIH U IpYrue cieab atMocdepHoii 9po3un (cM. puc. 1 Ha useT-
Hoii Bkyieiike V). MHOormue MeTeopuTHbIE KpaTepbl TAKXKe MOABEPT-
JIUCh Pa3pyLINTEIbHOMY BO3IEHUCTBUIO aTMOCGEphI, OHU HEPEIKO
3aroJIHEHLI NMECYaHbIMHU NIOHAMMH.

Ha naHopamax MoBepXHOCTH, TOJYYEHHBIX B paHoHax Io-
caJlKM KOCMHYECKHMX anrapatoB, OHa MNpPEACTaeT nepe] HaMH
KaK KaMeHucTast nyctbiHs (cM. nsetHyio Bkieiky VI). HUccne-
JOBaHUsA XMMHYECKOIro cOCTaBa MapCHAaHCKOTO IpPyHTd, KOTOpPBIE
NnpoBeaeHbl ABTOMATHYECKHMH CTAHUMHAMH «BHKHHI‘», nokKasaiH
BBICOKOE COIEepXaHHWe B 3THX rnopoaax kpemuus (10 20%), xe-
nesa (mo 14%). KpacHoBaTas oOKpacKa TIoBepXHOCTHM Mapca,
KaK M MPEarnonaraioch, OObSCHSETCS NPUCYTCTBHEM OKCHIOB
Xejie3a B BUJE TaKOTO M3BECTHOIO Ha 3emyle MMHepasia, Kak JiM-
MOHMT.

N3 Bcex nuaHer Mapc Gosiee Bcero rnoxox Ha 3eMJiio 1o xa-
pakTepy npoleccoB, npoucxoasumx B armochepe. Ho npupon-
HbIe YC/IOBMsI Ha Mapce BecbMa CypOBbl: CPEIHsIsi TeMIieparypa Ha
ero noBepxHocTH —60 °C M KpaiiHe peako ObIBaeT MOJOXHUTEb-
Hoii. Ha nomiocax remneparypa namaet 10 —150 °C, npu 3ToMm 3a-
Mep3aeT He TOJIBKO BOMA, HO W YIJIEKMUC/bIN ra3, npespallasch



B «cyxoi sién». [ToaapHble wanku Mapca coCToAT U3 HECKOJIbKHX
c10€éB. OCHOBHBIM M3 HUX SIBJISIETCSI HUXKHMA CJIOH TOJNILIMHOMN He-
CKOJIBKO KMJIOMETPOB, KOTOPbIN COCTOUT U3 OOBIYHOTO BOAAHOTO
JIBJIa, CMELIAHHOTO C MbUIBI0. DTOT CJION CYLIECTBYET MMOCTOSIHHO
M HE Mcue3aeT Jaxe B MepHol MapcHaHCKoro jera. B omnuuue
OT HEro, BEPXHWii CJIoi ToMmMHON He Oonee 1 M, cocrosini
n3 «cyxoro abaa» CO, — okcuna yrepona (IV), ¢ nosbiiieHHeM
TEMIIEpaTyphbl MPAKTUYECKH TMOJHOCTBIO ucnapsieTcsi. Boiaensiio-
IIMICA TIPUA 3TOM YIVIEKMC/IBINA Ta3 MosbiliaeT atMocepHoe AaB-
nenwue. [Nepenan naBieHus CO30AET YCIOBUS TSI CUJIBHBIX BETPOB,
CKOPOCTb KOTOPbIX MOXET A0ocTHTaTh 70 KM/4, U BOSBHUKHOBEHHUS
nbiieBbiX 6ypb. Ux miurenbHocTh MoxeT coctapisite S0—100 cy-
tok. [Ipn 3tom B atmMocdepy NoaHUMaeTCst NMopsiika MWIJIMOHA
TOHH MbUIH, YIEPXHUBASICh BO B3BELICHHOM COCTOSHMM Ha BbICOTE
nopsinka 10 km. Bo Bpemsi nbuieBbix Oypb pE3KO MEHSIETCs KJIMMa-
THYecKasi 00CTaHOBKA Ha BCel IUIaHEeTe.

Bonsl B arMocdhepe Mapca mano, HO MpyU HU3KOM aTtMocdep-
HOM IABJIEHWM M HU3KHUX TeMrepaTypax Jaxe TaKoro KOJIMYecTBa
JIOCTATOYHO JUIsi 0Opa3oBaHust JieAsHbIX 00/1aKoB U TyMaHoB. Cpe-
W pas/iIM4HbIX BHAOB 3THX oﬁnaxoa BCTPEHAKOTCH MNOXOXKHE HAa 3€M-
Hble (HanpuMmep, NMepUcTbie), HO BCE OHMU MO CPABHEHUIO ¢ 0bnay-
HbIMH MTOKPOBaAMM 3€MJTH BBIIJISLIST 3HAYUTEIbHO CKpoMHee. Tyma-
HbI HAO/II0AAI0TCA B HU3MEHHBIX paitoHax Mapca B X0J101HO€ BpeMmsi
cyToK. B 3uMHMe Mecsibl aaxe BOIU3M 3KBATOPa Ha MOBEPXHOCTH
MOXKET MOSABJATBCH TOHKMIH C/ION MHEs. A TOHKHI C/IOH MOJsAPHOU
LIANKM M3 CYXOro Jibjla pacrpocTpaHsieTcs A0 WUpoThbl 50°.

TwarenbHble UCCIEIOBAHUS MOBEpXHOCTH Mapca u Habuo-
NEHUSsl 3a MOTOAHBLIMHM SIBJIEHUsIMHM ObUIM TpoBeaeHbl B 1997—
1998 rr. nepeaBMXKHOM aBTOMaTHYecKoi jabopatopuei «Mars
Pathfinder».

QueBHIHO, YTO 3HAYMTEIbHbBIE 3anachkl BoAbl HAa Mapce cocpe-
JIOTOYEHBI TOA TMOBEPXHOCTBID B TOJICTOM CJI0€ MHOTOJETHEMH
MEP3JIOThI, AaHAJJOTUYHOM CYIUECTBYIOLIEMY B CEBEPHBIX ILIUPOTAX
3emiin. B nmonb3y TaAKOro mpeanonoXeHWsi CBUAETEJIbLCTBYET, Ha-
npumep, ¢opma BbIOPOCOB HAa BHEUIHUX CKJIOHAX HEKOTOPBIX
METEOPUTHBIX KPATePOB, KOTOpast 0ObsICHsIETCs TUIaBJIEHUEM T101-
MOBEPXHOCTHOTO Jibla MPHU yAape METeopUTa U CTeKaHueM oOpa-
30BaBILMXCA TIPU 3TOM I'PsA3EBBIX MOTOKOB. B COBpeMEHHBIX YCI10-



BUSIX BOJA B XKMIKOM BHJIE HE MOXET CYLIIECTBOBATh Ha IMOBEPXHO-
¢t Mapca. Bo3aMOXHO, YTO B NMPOLIOM IUTIOTHOCTh MAPCHAHCKOI
armocdepsl Obu1a Boiie. Ha 3Ty MbIC/Ib HABOAUT HAIMYME HA €ro
MOBEPXHOCTH MPOTAXKEHHBIX BETBSILLIMXCS OJIMH, KOTOPbBIE TAHYT-
Csl MOPOM Ha COTHU KMJIOMETPOB U HAIIOMMHAIOT 10 CBOEMY BHIY
pycJia BLICOXIIIUX 36MHBIX peK (CM. puc. 3 Ha LIBETHO#M BKieiike V).

ABTOMaTHyecKass Owosiornyeckas sabopaTopusi, KOTOPYIO
aMEpPHMKAHCKHE KOCMUYECKHe anmnapatbl « BUKMHI» nocTaBuiIu Ha
MOBEPXHOCTD IJIAHETHI, ITPOBENa TPH BUIA 3KCIIEPUMEHTOB 110 00-
HapyXeHH10 Xu3HU. [1epBoiit U3 HUX — TOMCK clienoB (POTOCHH-
Te3a B MapCHaHCKOM rpyHTe. B xome BTOpOro rpyHT nomeianu
B MMUTATEIbHBIA OyIbOH U (PUKCUPOBAIH TPOMUCXOAMBILIHME B HEM
M3MeHeHus. TpeTui mnpeaycMarpMBan TPOKalMBaHUE TIPYHTA
C Uenblo OOHApPYXEHMs OpraHuYecKHX COCIMHEHU. Yoenureb-
HBIX 10KA3aTeJIbCTB HaJIMYMsl Ha Mapce XHU3HM B HACTOsIIEEe Bpe-
Msi MJTH CJIEIOB MPOLUTON XKXKU3HEAESTEIbHOCTH HE ObIUIO MOJIYyYEHO
HHU B OJHOM U3 3TUX IKCTIEPUMEHTOB.

Mapc umeet aBa HeGonbLIMX cnyTHUKa (puc. 4.14). Pasmepsl
®oboca 28 x 20 x 18 km, a Jleiimoc emé MeHblie — 16 x 12 x
x 10 km. DobBoc, HAXOASLIMIACS OT LIEHTPA TUIAHETHI HA PACCTOS-
HUM Beero 9400 kM, MHTEpeceH YHUKAIbHONH OCOBEHHOCTBIO CBO-
ero obpauieHusi. OH coBepiuaer Tpu 060poTa 3a CYTKM, OOroHsIs
BpallleHUE TUTAHETBI, MTO3TOMY OH BOCXOIMT B TOM CTOPOHE TOPH-
30HTA, 1€ OCTAJIbHbIE CBETUJIA 3aXOIAT, a 3aXOIMT TaM, e OHHU
BOCXO/SIT.



IMo xapakTepucTHKaM MOPOJ, Claralouux rnoBepxHoCcTh ®o-
6oca u deitmoca, ¥ BHelIHeMY OOJIMKY OHM TMOXOXH Ha acTepo-
unpl. Ha ux noBepxXxHOCTH BUIHBI MHOTOYHMC/ICHHbIE KPaTEPhbl ME-
TEOPUTHOTO MpoucxoxaeHus. Pasmepsl Hanbosee KpymHOro Ha
®oboce kparepa CTUKHM COMOCTAaBUMbI C pasMepaMu Camoro
cryTHUKA. Yaap npu o6pa3oBaHuM 3TOrO Kpatepa Obisl TaK CUJIEH,
YTO CMYTHMK €/1Ba HE Pa3pyILIWJICH.

Anpec caifTa, Ha KOTOPOM MOXHO HaiiTu Kapry Mapca:
http://gotourl.ru//1810.

Thl Mepkypuit? 2. B uém npuumrHa pasiniui XMMHYECKOro cocTa-
Ba armoccdep raHeT 3emHoit rpynmnbi? 3. Kakue Gopmel pesbeda
[IOBEPXHOCTH OOHApYXEHbl Ha TOBEPXHOCTH [UIAHET 3EMHOM
IPYIINBI € TOMOLLBIO KOCMHYECKHX annaparos? 4. Kakue cpene-
HHUS O HAJTWYMUM XKWM3HM Ha Mapce nojsydyeHbl aBTOMaTHYECKMMHM
CTAaHLUMSIMM?

@ BOMPOCHI 1, Yem o6wsicHsieTcsl OTCyTcTBHE aTMOChepBl Y TiaHe-

Ha Jlyue, 3emne u Benepe. O0bsicHHTE, B YEM MPUYINHA CYLIECTBY -
jommx pasnuuuii. 2. MepKypuit pacronoxeH Ganxe K ConH1y,
yem Benepa. OnHako Ha MOBEpXHOCTH BeHepsbl TeMIiiepaTypa Bbi-
me, yem Ha Mepkypun. O6bsicHuTe nouemy. 3*. Cpasnute op-
MBI pesibeha MOBEPXHOCTHU IJIAHET 3EMHOM TPYMTIbI. Kakyio poib
ceirpanu B ux (popMUpoOBaHUH BHYTPEHHHE U BHCLIHHE dakropbi?

§ 19. JANEKME NIAHETbI

1. O6mHOCTb XapaKTEPUCTHK
NJIaHeT-TMraHToB

Jlio6as M3 naHET-rUraHToB, COCTOSIIMX MPEUMYILIECTBEHHO M3
sogopona u renust (FOnurep u CaTtypH) ¥ Jibia (Ypan u HentyH),
IPEBOCXOIMT MO MACCe BCE MUIAHETbI 3¢MHO IPYTIIbl, BMECTE B35~
toie. Kpynueiias nnanera ConHeYHON CUCTEMBbl — IOnutep —
B 11 pa3 mo auamertpy 1 B 300 ¢ IMUIHKUM pa3 Mo Macce Sonblue,
ueMm 3emusi. Bce riaHeThI-rMTaHThl MMEIOT MOILHBIE TPOTSIKEH-
Hble aTMOC(hEpPBI, COCTOSILIIME B OCHOBHOM M3 MOJIEKYJIAPHOTO BO-
A0POIa U ColepXKallle TAKXKe reiuid (oT 6 no 15% no o6bEMy), Me-



TaH, aMMHAK, BOLY U HEKOTOPBIE APYTHE COCAMHEHMS, B TOM YHC-
Jie Gonee cnoxubie. CKaTHe 3TUX TUIAHET, KOTOPOE 3aMETHO AaXe
Ha NEPBBIHA B3IVISAA, BBI3BAHO WX OBICTPHIM BPALIEHHEM BOKDYT
ocu. XapakTepHO, YTO 3KBATOPUATbHbIC OONIACTH MJIAHET-FUraH-
TOB BpallalTCsi ObicTpee, yeM 00acTH, HaxoasiMecs GJMxKe K
nomocam. Ha IOnutepe pasnuume nepuonoB BpauieHus: Ha pas-
HBIX LIMPOTAX COCTABJISICT OKOJ10 6 MUH, a Ha CaTypHe npeBbIlaeT
20 MuH.

Haubonee u3yyeHHBIM CpeOM TUIAHET-TMIAHTOB SIBJISIETCS
OnuTep, Ha KOTOpOM naxe B HEGONBIION TEIECKON BUIHBI MHO-
FOYMC/ICHHbIE TEMHBIE M CBET/IbIE TONOCHI, TAHYLIMECS Mapai-
JIeJIbHO 3KBATOpY IuiaHeTsl. Tak BbIrsaaT obnaunsie o6pa3osa-
HUSA B €ro atMocdepe, Ha YpOBHE KOTOPBIX JaBIEHHE MPUMEPHO
TaKOE XK€, KakK y noBepxHocTu 3emau. KpacHoBaTto-kopnuHeBbIii
LBET MOJ0C OOBACHAETCSA, BUANMO, TEM, YTO, MOMMMO KPUCTalI-
JIMKOB aMMHaKa, COCTaBJISIIOLIMX OCHOBY 0OJIaKOB, B HUX coaep-
KaTcsl pas’/IMYHbIC a3pO30JIbHbIE NMPUMECH, B YaCTHOCTH COEIH-
HEHHs cepbl U pocdopa. Ha cHUMKAX, MOTyYeHHBIX KOCMUYECKH -
MM annapatamM¥, BHIHBI CJ€bl MHTEHCHBHBIX aTMOC(hEPHBIX
npoiueccoB. B uenomM psize ciyyaeB oHU UMEIOT YCTOMYMBBIN Xa-
pakrep. Tak, oauH M3 atMochepHbIX BUXpEii, MOJYYUBLINI Ha-
3BaHue bonbmoe Kpachoe IMsatHo, Habmonaercss Ha Onurtepe
yxe cBoiiie 350 net (cMm. puc. 1 Ha usetHoit Bkieiike VII). B 3em-
HOM aTMOC(hepe UMKIOHBI M AHTHLMKIIOHBI CYILIECTBYIOT B Cpell-
HEM OKOJIO Henenu. ATMochepHbie TeueHus: U o6naka 3abuKCH-
POBaHbl KOCMHYECKMMH armnapataMyd M Ha APYIMX IUIaHEeTaX-Tri-
FaHTax, XOTs pasBUTbl OHM B MEHbILIEH cTeneHu, yem Ha FOnuTtepe
(cm. puc. 1, 2 Ha uBeTHOI BKIelike X).

[InaneTsi-ruranThl Haxomsitess naneko or ConHua, Mo3TO-
My TaM O4Y€Hb XonoaHo. Temneparypa B armocdepe IOnurepa
Ha ypoBHe obnadHoro ciosa cocraenser Bcero 134 K (okosno
—140 °C), Carypna — 97 K, a Ha Ypaue u HenTyHe oHa He
npessbiaet 60 K. Takasi Temneparypa ycTaHOBHIACH HA TUIAHETAX
HE TONIBKO 3a CYET 3HEPruM, npuxoasieii or Conxia, Ho u 61aro-
Japsi MOTOKY 3HEPrMM M3 MX Heap. BeposiTHO, MCTOYHMKOM
SHEPruu SIBASETCS rpaBuUTalMoHHas auddepeHumnaums Henp —
OINMYCKaHME K LUEHTPY IUIaHeThl 00Jiee TSKENbIX BEILECTB, a TAKXKe
PAaAMOAKTUBHBIH pacnan HEeKOTopbiX 3nemeHToB. Ha IOnutepe,
CarypHe u HentyHe notok sHepruu u3s Heap CYLLECTBEHHO OOJIb-
IlIi€ NOTOKA COJIHEYHOM 3HEPruM, HO Ha YpaHe OH MPaKTHYECKH




OoTCyTCTBYET. BMecTe ¢ TaHHBIMM O XMMHMUYECKOM COCTAaBE TUIaHeT
3TH CBEICHUS TMO3BOJAIOT PACCYMUTATh (PU3HYECKHE YCIIOBUSI B UX
Hepax — TMOCTPOMTbH MOIEIU BHYTPEHHEro CTPOEHMs IUIaHET-
ruranToB. ComlacHo Takoit Moaenu wisi FOnurepa remneparypa
B ero ueHrpe cocrasasier okoio 30 000 K, nasneHue nocrturaer
8+ 102 Ma, a mns Hentyna — 7000 K u 6+ 10" [Ma. Pacuyérsl no-
Ka3bIBaloOT, 4TO MO Mepe NpUOJIMKEHUs] K LEHTPY TUIaHEThl BOIO-
PO/l BCJICACTBME BO3PACTaHMS AABICHMS JTOJIKEH MEPEXOIUTh U3
ra3oo0pa3HOro B ra3’oxHIKO€ COCTOSSHME — TaK Ha3bIBAaIOT CO-
CTOSIHME BELIECTBA, MPU KOTOPOM COCYIIECTBYIOT €ro razoob-
pa3Has u xkuakas dasel. Korna npu ganpHeieM npubiavKeHUH
K LCHTPY AaBji¢HHWE B MWLUIMOHBI pa3 MPEeBBICUT aTMochepHoe
JaBJICHMUE, CyllecTBylollee Ha 3emse, BOAOpPOA TNpHoOOpeTaeT
CBOMCTBA, XapakKTepHble s MeTaloB. Metaminyeckyo da3sy
BOIOpOAA YAAlIOCh IMOJYYUTh B 1aDOPaTOPHBIX YCIOBUSIX HA 3eM-
ne. B Heapax Onurtepa MeTa/sIMYECKUil BOIOPOA BMECTE C CH-
JIMKaTtaMu M MeTa/uilamMu obpasyeT siapo, KOTOpPOE Mo pasMepam
npuMepHo B 1,5 pasa, a no macce B 10—15 pa3 npesocxoaut
3emutio.

CornacHo MonensiMm BHYTpeHHero crpoeHus Ypana u Hen-
TyHa Haja AApOM TaKOTO XKe€ coCTaBa I0JIKHA HAXOAMTHCS MaHTHS,
npencrasasgiomas coboil cMech BOASAHOIO M aMMHayHO-MeTa-
HOBOTO Jibaa. PacyéTsl MoKasbIBalOT, YTO JaXe MpPU TeMrepaType
B HECKOJIBKO TBICSIY I'PalyCcoOB M BHICOKOM JIABJIEHHMH CMECH BOJIbI,
METaHa M aMMHaKa MOXeT 00pa30BbIBaTh TBEpPAbIE Jibabl. [To3TO-
MY 3TH JIB€ [UIAHETbl MHOIA HA3bIBAIOT «JIEASAHBIMM I'MTAaHTAMM»,
B OTJIMYME OT «ra3oBbIX ruraHToB» — KOnurepa u CatypHa.

Bce nnaHeTwl-ruraHTel 06/1a1a10T MArHUTHBIM 1ojiemM. Mar-
HUTHOE nosie KOnurepa 3HaYUTEIBHO CHIIBHEE 3€MHOTO, NTO3TOMY
€ro paavallMOHHBIE T0sICa 3HAYMTEJIBHO TPEBOCXOIST 3€MHbIE,
a marHuTocepa, Kotopasi Mo cBOMM pa3mepam B 10 pa3 npesoc-
xomut auameTp Co/HIA, OXBATHIBACT YEThIPe KPYMHEHLINX CIyT-
HUKA. [IBUXKEeHME 3apsKEeHHBIX YacTHIl B PaJMallMOHHBIX MOsCax
Onurepa nopoxiaaer ero MOLIHOE PAIUOUINIYYEHHUE B JCLIMME-
TPOBOM M J€KaMeTpOBOM auanasoHax. Kocmuueckue anmnaparsi
3aperucrpupoBaim B armocepe KOnurepa oyeHb cHiIbHBIE pas3-
PSAIAbI MOJIHMI, @ TAKXKE MOLLHbBIE MOJsAPHbIE CUsiHUA Ha KOnutepe
u CarypHe.



2. CyTHHKM M KOJTbIIA
TUTaHeT-THTaHTOB

ﬂaﬂnme O MNpHUPOIE M XUMUUECKOM COCTaBe CITYTHMKOB ILia-
HET-TUTAHTOB, MOJYYEHHBIE B MOCJIEAHNUE MOAbl C MOMOLIBIO KOC-
MHWYECKHX arnrnaparoB, CTAIM €LE OAHUM TOATBEPXKIAECHUEM CIIpa-
BEUTMBOCTH COBPEMEHHBIX MPEICTaBIEHUIH O POUCXOXKIEHHUH Tell
ConneuHoit cucremsl. B yciosusx, Koraa BoLopo1 M reJimii Ha ne-
pudepun NpoTOIUIaHETHOTO 06JaKa TMOYTH TMOJHOCTBIO BOLLTH
B COCTaB IUIAHET-TMTaHTOB, UX CIIYTHUKH OKA3aJIUCh MMOXOXHMM
Ha JIyHy M ruiaHeTsl 3eMHOM rpynnbl. Bee 3TH CIIYTHUKHM COCTOST
U3 TeX Xe BELIECTB, YTO M IJIAHETbl 3€MHOI IpyNIbl, — CH-
JIMKATOB, OKCHIOB M CYJb(PUAOB METAUIOB M T. 1., 4 TAKXKE BOISI-
HOTO (WJIM BOJHO-aMMMAYHOro) jibia. OTHOCHTENBHOE CoaepXKa-
HHUE KaMEHUCTBIX M JIEASHBIX MOPOJ Y OTAEIbHBIX CITYTHUKOB pa3-
JINYHO.

Ha noBepXHOCTH MHOTHX CITyTHUKOB MOMMMO MHOTOYMCJIEH-
HBIX KPATEPOB METEOPUTHOTO MPOUCXOXKIAECHUS OOHAPYKEHBI TAK-
XK€ TEKTOHMYECKHME Pa3IOMbl U TPELIMHBI UX KOPbI (CM. LIBETHYIO
BKieiKy VIII) unu neastnoro nokposa (puc. 4.15). Cambim yausu-
TEJIbHBIM OKa3aJIoCh OTKPbLITHE Ha Ovxkaiiiem K KOnurepy cnyr-
HuKe Mo okoso necsitka AeHCTBYIOIIMX BYJIKAHOB (CM. LIBETHYIO
BKJIeHKy IX). Boicota BeiGpoca npu KpynHeiiieM u3 3TMX u3Bep-
KeHMI cocTaBuia okos1o 300 KM, a ero UICTOYHMKOM Obiia BysKa-
HUYECKasl Kanbaepa pasmepom 24 x 8 km. [lponomkuresbsHOCTh
BOJBIIMHCTBA M3BEPXKEHMI TNpPEBLICHIA YeThipe Mecsiua. Takum
obpasoM, neppoe 10CTOBEPHOE HAbMI0IEHUE BYIKAHUYECKO e -
TEJIbHOCTH 3a MpeesiaMy Halllei riaHeTbl no3BoJasieT cuuTath Mo
HauboJsiee BYJKAHWMYECKH aKTMBHBIM OOBLEKTOM CpPEIM BCEX Ten
rninaHetHoro tuna. Ha cnyriuke VYpana — MupaHae — BUAHBI
YHUKANbHBIC CTPYKTYPBI TOBEPXHOCTHU (CM. puc. | Ha LIBETHOM
Briieiike XI). UX BO3HMKHOBEHME CBA3AHO, BMIMMO, C MOLIHBIMM
YAapHBIMM MPOLIECCAMM, KOTOPBIE MOI/IM MPUBECTH K paspylie-
HHIO CIyTHUKA. MHOrHe CNyTHUKH TUIAHET-TUTAaHTOB MMEIOT He-
OonblIMe pasMepsl U HEMpaBuIbHYIO (hopmy (cm. puc. | Ha uBeT-
Hoii Bkueiike VIII, puc. 4.16).

Armocdepa, cocTosiiiasi B OCHOBHOM M3 a3ora, 0OHapyXeHa
y Turana (amametp okono 5000 kM) — camoro GOJBLIOTO Cpenn




Puc. 4.15. CnytHuk CatypHa — Puc. 4.16. CnyTHuk CaTypHa —
JHuenan fMnepuoH

criyTHUKOB CatypHa — v TpUTOHA, KOTOPbBII MMEET JIMaMeTp NpH-
mMepHO 2700 kM M siBisieTcst Hanbosiee KPYIHBIM cryTHUKOM Hern-
TyHa. [1o nuioTHOCTH M naBaeHMIO y NoBepXHOCTH atMocdepa Tu-
TaHa npesocxXoauTt 3emHylo. Ha TputoHe w kpynHeiiem cpenm
cnyTHUKOB lOnurepa — lNaHuMene, AMaMeTp KOTOPOTO rnpesbilla-
et 5000 KM, 3amMeyeHbl JIeAssHbIe TOJISIPHbIE 1anKu (cM. puc. 2, 3
Ha LIBETHOM BKJeiKe XI).

OcobGeHHO MHTEepeCcHbIe pe3yabTaThl ObUIM MOJYYEHBI B XOJ€
MPOAOJIKABIIIUXCSI HECKOJILKO JIET uccaenoBaHuii TutaHa aproma-
THUYECKOM cTaHuuel «[foireHc», COBEpIUMBILEH NMOCAAKY HA €ro
nosepxHocTh 14 ssuBapsi 2005 r. MHOrokpaTHbie U3MEpPEHUsT BO
BpEeMSI CITyCKa Ha napailioTe, KOTOPbIi rpoaoskancs 2,5 4, noka-
3anu, yto atMocdepa Turana conepxut 98,4% asora (N,) u 1,6%
metaHa (CH,). Jlpyrue rassl, maBHbIM 00pa3oM yraeBOAOPOibl —
ataH (C,Hy), nponan (C;Hg) u auerunen (C,H,), — npucyrcrsy-
IOT B HE3HAYUTEIbHBIX KoUvecTBax. BOiM3u nosepxHocTH conep-
XKaHUe MeTaHa Bo3pacraet 1o 5%.

Ha paBHMHe, 1€ ONMYyCTHIICA anmnapar, 0Ka3ajJloch MHOXECTBO
OKPYIJIBIX KaAMHE, MOXOXMX Ha KPYIHYIO ranbky. [Tonepeunuk
HanbosbLIEro U3 HUX JoCTUTa 15 cM. BbISICHWIOCH, YTO 3T KaMm-
HHM COCTOSIT U3 BOISIHOTO JIbJa, KOTOPBII MPH HU3KOM TeMrepaTy-
pe (Ha nosepxHoctu Turtana —180 °C) npuobperaer TBEpHOCTH



KaMHs. ZKMAKOCTbIO, HACBILIAIOIEH TPYHT, OKa3aicsi MeTaH. Xo-
POLLIO U3BECTHBIN Ha 3eMJie MPUPOIAHbINA ra3 u3-3a HU3KOH TemIie-
paTypsbl Nepeiien B XKUIKOE COCTOSTHHE.

TwuTaH, ¢ 0OAHOH CTOPOHBI, CHJILHO OTJIMYAETC OT BCEX paHee
M3YYEHHBIX TUIAHET U CITYTHUKOB, HO, C JAPYroil CTOPOHBI, B €ro
TIPUPOE MOXKHO 3aMETHUTb ONPEICIEHHOE CXOACTBO C MPUPOIAHBI-
MM MpoLieccaMM Ha Haluei niaHeTe. B yacTHOCTH, 3TO npakTHie-
CKH MOJIHOE OTCYTCTBHE METEOPUTHBIX KpaTepoB, CTOJIb Xapak-
TEPHBIX /151 OONBIIMHCTBA IUIAHETHBIX TeJl. DTa XK€ 0COOEHHOCTD
npucyua u 3emie, rae ciaeabl ApeBHUX CTOJIKHOBEHMI ¢ MeTeo-
pUTaMM CTEPTbI AKTUBHBIMM TE€OJIOTHYECKHUMM TMPOLIECCAMH,
a Takxe BoaHOM m atmocdepHoit spo3ueit. UHTepecHoO Takxke,
YTO OCHOBHOM KOMTIOHEHT atMocdepsbl Ha 3emne U TutaHe onu-
HaKOB — a30T. Takoit atmMocdepsl noka He 0OHapyXeHo Oonblie
HHU Ha OHOM ApyroM oOobekTe B COMHEUHOM cHCTEME.

Tutan oka3zasncsi BTOpbIM mnocie 3emMan HeOEeCHBbIM TeJIOM,
Ha MOBEPXHOCTH KOTOPOro oOHapyXeHbl KpPYMHbIE CTaOWIbHBIE
pe3epByapbl XKHUIKOCTH — 03€pa U Mopsi. BHelwlHe OHM HanoMu-
HawT BOIlOéMbI Ha 3€MHOM llape, XOoTd U 3anoJIHEHbI XKHUIKHUM
MetaHoMm. Ype3BblyailHO HM3Kas TemIiepaTtypa MOJHOCTbIO MC-
KJII0YaeT BO3MOXHOCTH CYILIECTBOBAHUS XKWUIAKOW BOABLI Ha MO-
BepxHOcTH TuTaHa. BmecTe ¢ TeM NMPOMCXOOSILIMIA HAa CIYTHUKE
CatypHa KpyropopoT MeTaHa aHaJIOTMYeH KPYroBOpPOTY BOJbI Ha
3emne. M3 Heap rasooOpasHblit MeTaH mornagaeT B atMocdepy
NP BYJIKAHUYECKUX U TEKTOHMYECKHMX mpolieccax. 3ateM OH ya-
CTUYHO MpeBpallaeTca B JAPYrue ymieBOAOPOAHBIE COEAWHEHUS
Mo BO3AEHCTBUEM COJTHEYHBIX JI)"-[CF[. 4 YaCTHYHO KOHIEHCHDPY-
ercsi B o0saka, U3 KOTOPBIX KanejabKH KUAKOTO MeTaHa Bblnaaa-
IOT MEJIKUM HO)K,HEM Ha NMOBEPXHOCTD. Crekasi B HU3KHE PEIrvOHBbI,
mMeTaH obpa3syeT 03€pa u Mmops. C MOBEpXHOCTH 3THUX Pe3epPBYapoB
OH BHOBb MCIapsieTcsi, MOCTymnasi B atMoc(epy M yJacTBys B 1a/Tb-
HeillleM KpyroBopore.

UccnenosaHusi, NMpoOBeAEHHBIE C IMOMOLIBI0 KOCMHYECKHMX
anraparoB, NMokKasajiu, 4TO, KpOME MHOXECTBa CIIYTHMKOB, BCE
IMJIAHETBI-TUTAHThI UMEIKOT emé M KOJiblia. C MOMEHTa CBOEro oT-
kpbiTusi B XVII B. konbua CarypHa (cM. puc. 2, 3 Ha UBETHOM
Bkieike VII) nonroe BpeMsi cuMTanuch YHHKaJlbHBIM 00pa3o-
BaHueM B CoTHEYHOM CHUCTEME, XOTS HEKOTOPbLIC y‘-léHbIC BbICKa-
3blBa/IH NMPEANnOJOXKEeHHA O HAJIMYHUH KOJIELL ¥V IOHHTCDEI H JPYTHX



naaHeT-ruraHToB. Yxe B XIX B.
B paborax [mceimca Maxceeara
U Apucmapxa Anoaaronoeusa be-
A0NOABCKO20 OBUIO 10KA3aHO, YTO
KOJIbLIa HE MOTYT OBbITh CIUIOLIHbI-
MU. «HMcuesHoBeHusi» koneu Ca-
TYPHA, KOTOpbIE CJIy4YalUCh MpPH-
MepHO uepe3 15 ner, Korna 3emis
OKAa3bIBAJ1ACh B MJIOCKOCTH 3TUX KO-
JIEll, MOXHO ObLTO OOBICHUTH TEM,
4YTO TOALIMHA KoJel mana. Ilocre-
MEHHO CTAJI0 OYEBUIHO, YTO KOJIb-
ua CarypHa npeacTaBasiloT co0o0¥
CKOIUIEHHUsI HEDOJIbLIMX 1O pa3Me-
py TeJ, KPYIHBIX U MEJIKMX KYCKOB,
KOTOpbIe 00palialoTcsi BOKPYT IJia-
HETbI 1O MOYTH KPYTroBbIM OpOH-
taMm. Bce oHM Tak Masnel, 4TO 10O OT-
NeNbHOCTH HE BUAHLIL, bnaromaps
DOJMBLIOMY  KOJMYECTBY 4acTHIL
KOJIblla KaXyTCsl CIUIOIIHBIMU, XO-
T$1 CKBO3b KoJiblia CarypHa, Harnpu-
MEp, MPOCBEYHUBAET U MOBEPXHOCTH
TUIAHEeThl, U 3BE3abl (CM. pHC. 3 Ha
LBeTHOM BKielke X). Jlaxe 3Ttm
Haubosiee 3aMeTHBIE KOJ blLla TIpH
obwel mupuHe nopsaka 60 TeiIC. KM MMEIOT TOJIIWHY He Oolee
| kM. CHuMmkH, caenaHHble ¢ KA «Bosimxep», mokasbiBaloT MX
CIIOXHOE CTPOEHHUE.

Konblia Bcex ocTajibHBIX TUIAHET-TMraHToOB, BKItodass HOnu-
Tep (puc. 4.17), 3HAaYMTENBHO YCTYNAIOT MO pasMepaM U SIPKOCTH
konblam CarypHa. Ha cHUMKax 3aMeTHO, 4TO B KoJibliax Hernrryna
BEIIECTBO pacrnpeneieHo HepaBHOMEPHO U obpa3syeT oTae/ibHbIe
crymeHust — apku (puc. 4.18).

BeposTHee Bcero, Koiblia IJiaHeT-TMTaHTOB 00pa30Ba/INCh U3
BELLECTBA CYLIECTBOBABIIMX MPEX/E CIIYTHUKOB, KOTOPbIE 3aTeM
pa3spyLIWINCh MOJ AEHCTBHEM TPUIUBHBIX CHJI M MPU CTOJIKHOBE-
HUSIX MeXay coboii. Takum obpazom, Mbl HabmoIaeM onpenesiéH-
HBIW 3Tan 3BOJILMOHHOTIO MMPOoLecca, KOTOPbIM MPOUCXOAUT B Te-
YEHME YK€ HECKOJBbKMX MUJLJIMAP/IOB JIET.

Puc. 4.18. Konbua HentyHa
c apkamm

11:



TUIOTHBIX M MPOTSKEHHBIX atmocdep? 2. [Touemy armocdeps mia-
HET-FMraHTOB OTJIMYAIOTCS MO XHMHYECKOMY COCTaBy OT aTMocdep
riaHeT 3eMHoi rpynnbi? 3. KakoBbl 0COGEHHOCTH BHYTPEHHETO
cTpoeHust nnaHeT-rurantos? 4. Kakue opmel penbeda xapakrep-
HBI JUISl MTOBEPXHOCTH BONBLILIMHCTBA CITYTHUKOB TuiaHeT? 5. Kako-
BbI 10 CBOEMY CTPOEHMIO KOJbLA IU1aHeT-ruraHToB? 6. Kakoe yHu-
KaJbHOE siBJieHWe oOHapyxeHo Ha cniyrHuke KOnurepa Mo? 7. Ka-
KHe (hu3nIecKue npoLeccs JieXaT B OCHOBe obpa3oBaHus 06/1aKOB
Ha pa3nu4YHbIX ruladerax? 8*. [MoyeMy rulaHeTBI-THTaHTHI 110 CBOEH
Macce BO MHOIo pa3 Gosibliie, 4eM IUIaHeThl 3eMHOM rpyrbi?

%y"m”‘““”fm WUcnonb3ys naunsie npunoxenus VI, paccum-
A TalTe JHHEHHYIO M YITIOBYIO CKOPOCTH BpAlLleHHs Ha 3KBaTropax
3emiu u FOnurepa.

SAIAHME 13 Tonrorosste MoKnan o MpUpoae ONHOM M3 TUIaHeT
ConHeYHOM CHCTEMBI.

§ 20. MAnBIE TENA CONHEYHO# CUCTEMBL.
KAP/IMKOBBIE MJIAHETbI

1. Acrepounbt

Ac*rponouu J1aBHO OOpaTH/IM BHUMAHUE Ha CAMIIKOM OObLION
«npobest», cylecTByIOLMit Mexay opburtamu Mapca u FOnurepa,
U Tpenrnosiaraim, YTo TaM MOXET HaXOAMThCH €lI€ HEU3BECTHas
riaHeTa. B 1801 r. nocae AMTesIbHBIX MOMCKOB B 3TOM MTPOMEXYT-
K€ 1eHCTBUTEIbHO OblIa OTKPbITA IJIAaHETa, KOTOpasi 110 TpaauLIuU
NoJIy4yusia uMsi, B3sToe u3 apeBHeit Mudonoruu, — Llepepa. OHa
OKasajnach CIMIIKOM MaJIEHBKOW MO CPaBHEHWIO C APYTMMM H3-
BECTHBIMHM B Ty MOpYy IuilaHeTaMu — e€ auamerp okosio 1000 km.
OnHako BBISICHWIOCH, 4TO B 3T0# YyacTH CoHeuyHo# cucremsl Lle-
pepa BOBCE HE €IMHCTBEHHasl ruiaHera. Bckope ObUIM OTKPBITHI
[Tannana (550 km), Becra (530 km) u ap. (puc. 4.19). Kpome Be-
CTbl, HH OJIHAa M3 HHMX HE BHMIHA HEBOOPYXKEHHBIM IJIa30M. DTH
OOBEKTHI CTA/IU HA3LIBATh MAJILIMHU TUIAHETAMM WIH acmepouda-
Mu (38e310M0100HBIMM), MOCKOJIBLKY AaXe B TEJIECKON OHU BHAHBI
KaK CBETSALLIMECH TOYKH, MOXOXKHUE Ha 3BE3IbI. DTH MaJIbIE TUIAHEThI



U aApyrue, oOHapyXeHHbIe 3a Tocle-
IYIOIIHE 1BA CTONETHs, 0OpalalTcs
B OCHOBHOM Mexay opbutamu Map-
ca u lOnurepa, o6pa3ys Tak Ha3bIBa-
eMblii nosic acmepoudos. K kKoHuy
XX B. B 3TOM nosice ObUIO OTKPBITO
oonee 100 Toic. o6beKTOB. Hanbosnee
KPYITHBIC M3 HUX MMEIOT LIapoo0pas-  puc. 4.19. Pasmepsi

Hy1I0 (hopMy, a Te, pa3Mep KOTOpPbIX acTeponaos

MeHee 100 KM, B GONBIIMHCTBE CBO- 't %+""  trrrresseemmnseses
éM — HenpasuibHyl0. OB61as Macca

BCEX 3TUX TeJl cocTaBisieT He 6onee '/, Macchl 3emin.

Crano oueBMIHO, 4TO B coctaB COMHEYHON CUCTEMBI BXOAUT
TaKXe MHOXECTBO MaJIbIX Tes, OpOMTBI KOTOPBIX OY€Hb CHIIBHO
MEHSIOTCS 10/1 1eHCTBUEM IJIAHET.

MeTeopuThl, KOTOpBIE NMONANAIOT B PYKH YEJIOBEKa MOCJIe na-
AeHUA Ha 3eMITI0, SABJISIOTCS, KaK MPaBuiIo, 00JIOMKaAMM acTEPOU-
n0B. OHU MOTYT COTHH MWJIJIMOHOB JIET JABMTAThCS 110 CBOMM Op-
6uram Bokpyr CosnHua, Kak M ocTajibHbie, Hosee KpyrnHble Tena
ConuxeuyHom cucremsl. Ho ecnm ux opObuThl nepecekaroTcsi ¢ opou-
TOM 3eMJIM, TO OHU MOTYT C He#l CTOJIKHYTbCS. DTO BO3MOXHO MO-
TOMY, YTO 3KCLEHTPUCHUTETHI OPOUT acTepouioB (a TeMm Boliee mx
yacteit) 6onblue, Y4eM IKCUEHTPUCUTETHI OPOUT GOJIBIIUX [UIAHET.
B nepuresinu HekoTOpbIe M3 HUX OKa3bIBalOTCH Osnke K CoMHILYy,
yeM 3emuist, a apyrue B adenun — nanbuie, yem KOnurep u naxe
CarypH. U3BECTHO HECKOJIBKO ACTEPOMIOB, KOTOPBIE NMEPUOLUYC-
CKH IMPOXOJSAT HA PACCTOSHUM MeHee | MJTH KM OT Hallei MjiaHeTsbl
(puc. 4.20). Tak, l'epmec B 1937 r. otnensino or 3emim Bcero
800 ToIC. KM, a B 1989 1. acrepoua auamerpom okosno 300 M npo-
LIET OT He€ Ha paccTosiHuM MeHee 650 Toic. KM. 15 deBpans 2013 1.
acrepoun Jlyaune (pasmep 30 M) npoién Ha pacCTOSSHUM BCEro B
27 ThIC. KM OT LeHTpa 3eM/u, uyto B 14 pa3 6amxe JIyunl! UHTepec-
HO, YTO B 3TOT XK€ J€Hb, HA HECKOJIBKO YacoB paHblue, noa Yessi-
OMHCKOM yrnajl METEOPHT, KOTOPbIif HE MMeJl HUKAKOro OTHOLLE-
HUs1 K actepouay dysHne.

CoBpemeHHbIe HabJ1loAaTeIbHbIE CPEACTBA, B YACTHOCTY MIPH-
Oopbl, yCTAaHOBJAEHHbIE HAa KOCMMYECKMX amnmnaparax, obHapy-
KWIM, YTO B OKPECTHOCTAX 3eMJIM KaXIblii MeCsill MpoJeTaeTr
HECKOJIBKO TeJl pasMepoM oT 5 1o 50 m. K HacTosieMmy BpeMeHu
u3BectHO 6osnee 6000 0OBEKTOB, NEPUOAUYECKH COMMKAIOLLIMXCS




¢ 3emnéit. U3 Hux okono 900 nmerot pasmepsl 6onee 1 kM, B TOM
yucne csbitie 100 Takux OOBEKTOB CYMTAIOTCS TOTEHLMAJIBHO
OIMacHbIMM Ul Haulei ruiaHeTsl. OnaceHus Mo noBOAY BO3MOX-
HOTO CTOJIKHOBEHMS TAKHUX TeJl ¢ 3eMJI€i 3HAYUTEIbHO YCUIIHJIUCH
nocne naaeHus Ha IOnurep komertsl LllymeiikepoB—JleBu 9
B uione 1995 r. 310 CTUMY/IMPOBAIO MOMCKH M OTCIIEXKHMBaHHE
KOMET U aCTepOMIOB, KOTOPbIE NepeceKkaloT opouTy 3emiu, a Tak-
Xe pa3paboTKy crnocoboB, KOTOPBIE MO3BONAT M36eXaTh CTOMK-
HOBEHMs (BIUIOTh A0 YHUYTOXeHMs 3TUX Tes). Her ocobbix oc-
HOBAHUH CYWUTATL, YTO KOJIMYECTBO CTOJKHOBEHWH ¢ 3emnéii
MOXET CKOJIbKO-HUOYIb 3aMETHO YBEJIMYHUTLCH B OyayiueMm (Belab
«3aracbl» METEOPUMTHOIO BEILECTBAa B MEXIUIAHETHOM MpPOCT-
PaHCTBE MMOCTENEHHO McTowalTcs). M3 umcna CTONKHOBEHWI,
MMEBLIMX KartacTpoduueckue TMOoCHeICTBUs, MOXHO Ha3BaTb
nuub nageHue B 1908 r. TyHrycckoro meteopura — o6bekTa, KO-
TOPBI, 110 COBPEMEHHBIM MPEIACTaBAEHUsIM, ObUI SIAPOM He6OJIb-
LIOW KOMETHI.

C nomMoubio KOCMHYECKMX arfapaToB BIEpBbie YAaJIOCh C
PaccTOsIHUA B HECKOJIBKO JAECSTKOB THICSY KWJIOMETPOB IMOJYYHUTh
u3o0paxeHus Manbix ruiader. Kak u npeanonaraioch, mopojsi,
COCTaBJISIIOIIME MX TOBEPXHOCTh, OKA3aJMCh aHAJIOTWYHBI TEM,
KOTOpbIe pacripocTpaHeHbl Ha 3emiie u JIyHe.




[MoarBepayuyiMCh TMPEACTABICHUS
O TOM, YTO HeOOJIbIINE ACTEPOUIbI
HMEIOT HeNnpaBWJIbHYIO (hopMy, a HX
MOBEPXHOCTb MCIIELIpPeHa Kparepa-
mu. Tak, pasmepsl lacrnpsr 19 x 12 x
x 11 kM (puc. 4.21). ¥ acrepouna Mna
(pa3smepnl 56 x 28 x 28 KM) oOHapy-
XKeH cnyTHUMK (JakTuiaes) pasMepom
okosio 1,5 KM, KOTOpbIii, HAXOAsICh OT
ero LeHTpa Ha PpacCTOSIHUU OKOJIO
85 kM, oOpamaercsi ¢ NepUoOIOM MpH-
MepHO 24 4 (cMm. puc. 2 Ha usetHo# Bkieiike XI1I). B nogo6Hoi
«IBOMCTBEHHOCTH» 3ar0I03peHO 0K0Jio 50 acTepOrIOB.

[TocTosiIHHOE COBEPLIEHCTBOBAHWE TEJIECKOIOB, a TAKXKE HC-
NoJIb30BAHUE COBPEMEHHBIX NMPUEMHUKOB M3nyyeHus (I13C-ma-
TPHIIbI) CMOCOOCTBOBAIO PE3KOMY YBEIWYECHHIO YMCIa BHOBb OT-
KpbiBaeMbIX actepounoB. K konuy nepsoro aecatwietus XXI B.
6610 3aperncTpupoBaHo yxe 6osnee 400 ThiC. aCTEPOUIOB, OKOJIO
180 ThHIC. U3 HUX MOJIYYWIM MOPSIIKOBbIE HOMEPA, MOCKOJIbKY UIs
HUX ObUIM HAJEXHO BblYMCIeHBI OpOUThI. COOCTBEHHBIE MMEHa
MOJIYYMWJIU MOYTH 15 ThIC. ACTEPOUIIOB.

2. Kapnukosbie niaHersbl

[Tocre OTKPBITUSI OOJIBIIONO YMCIa acTepouaos, a B 1846 r. —
¥ nnaHeTsl HenTyH, B aCTPOHOMMM HavyallUCh UTMUTEIbHbBIE MMOW-
CKH «TPAHCHENTYHOBOI» mnaHeTsl. JIuwb B 1930 r. 3a opburoii
HenTyHa Ha paccrossHun 0KoJio 40 a. e. ynanoch OTKpbITh [11yTOH.
Oka3zanock, 4TO MO pa3MepaM M macce OH MeHblue JlyHbl, a 1o
MJOTHOCTH CYILECTBEHHO OTIMYAeTCsl OT IUlaHeT o0eux rpyrri.
B 1978 r. y Hero 6bu1 OOHApYXXeH O4YeHb KPYMHbIN CIIyTHUK XapoH
(puc. 4.22). Hauatble B 3TH I'olibl CHCTEMAaTHYECKHUE TTOMCKH ApY-
TMX CTOJIb XK€ JAIEKUX OOBEKTOB IMpH-
BEJIM K OTKPBITHIO MHOXECTBA MaJIbIX
ten mexay opburamu HOnurepa u
Henrtyna. 3atem B 1992 r. 3a opbu-
Ttoii HentyHa Obln OTKPBIT OOBEKT
nuamerpom okosio 280 km. K Ha-
CTOSILLIEMY BPEMEHHM M3BECTHO VXK€
okosio 1500 Ten, HaxoAsILLMXCS B 3TOU

" . Puc. 4.22. NnyToH
yacti ConHeYHOM cUcTeMbl. JIMaMET-  ¢o cnytHukom XapoHom
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pbl OOABIIMHCTBA M3 HUX cocTasistioT ot 100 no 1000 km. Hekoto-
pbie M3 HUX, KaK U [L1yToH, umeloT cryTHUKKA. TeM caMbIM 1101~
TBEPAUJIOCH BBICKA3aHHOE aMepUKaHCKUM acTpoHoMoM JIx. Koii-
NMEPpOM €LIE B CEpeaAMHE MPOILIOr0 BeKa TMPEANOJOXEHUE O
CyllleCTBOBaAaHUHM 3a opbuTtoit Hentyna Ha pacctrosaHum 35—50 a. e.
ot ConHla eweé OAHOro Mosica MajbiX TeJl, KOTOPbIE OKAa3bIBAIOT
BJIMSTHUE Ha JIBUXKEHUE 3TON IJIAHETHI.

9710 cOOBITHE MMENIO HeoXHnaaHHoe nocaeacTsre st [yro-
Ha, KOTOpbIH ObUT «WIMIIEH 3BaHUs» TUiaHeTol. 24 aBrycra 2006 r.
peweHueM XXVI TenepanbHoit accambiiem MexayHapoaHoOro
actpoHomuueckoro cotw3a (MAC) O6bU10 NPUHATO pellIeHUe BBeE-
CTH HOBBIH KJ1acc 00beKTOB COMHEYHOU CHCTEMBI — KapJIMKOBas
ruiaHeTa. OHa 10/DKHA YIOBIETBOPATS CEAYIOIIMM YCIIOBUSM:

— obpawmarbcsa Bokpyr ConHua;

— HE SIBJISITBCS CITYTHUKOM TJIAHEThI;

— obs1anath 0CTAaTOYHOW Maccoii, YTOObI CHUJIa TSIKECTH Tpe-
BOCXO/IMJIA CONMPOTUBIEHUE BEUIECTBA, U MO3TOMY TEJO IUIAHEThI
MpeObIBAJIO B COCTOSIHMM TMAPOCTATUYECKOrO paBHOBECHS (a 3HA-
4YMT, UMeNIO (popMmy, GIM3KYIO K chepHuIecKoit);

— o0slanatb He HAcTOJBKO OONBINON Maccoif, YTOObI ObITH
CrocoOHOM CBOMM BO3IEHCTBMEM YAAJIMTL Majbie Teja ¢ opouT,
IMOXOXHUX Ha COOCTBEHHYIO.

[TnyTOoH cTajm NMpOTOTUNIOM KapJIMKOBOW TUIaHEThI, a Haubo-
Jiee KpyrnHbeIM OOBEKTOM 3TOro Kjiacca craja Dpuaa (auamerp
2400 km). Emé nBe KapaukoBbie MmiaHeThl — Xaymes 1 Makema-
KM — Takxe oTHocsiTcsi K nosicy Koiinepa. B umcno nnaner-
KapJIMKOB BKJIIo4eHa Takxke Llepepa, koropas npexie cuuraiach
KPYTIHEHIINUM U3 aCTEPOUIOB.

Bo3MoxHo, uTo umeHHO nosic Koiinepa signsieTcsi ocTaTKoM
TOIO CaMOro MpOTOIUIAHETHOTO 00saka, U3 KOToporo (hopMHpO-
Batachk CoiHeuHas CUCTeMa.

3. KomeTsi

Ws-3a csoero HEOOBIYHOIO BH/1a (HAIM4YMe XBOCTA, KOTOPBIiI MO-
XKEeT MPOCTUPATHCA Ha HECKOJIBLKO CO3BE3/1Wi1) Komembi C IPEBHUX
BpeMEH oOpauianu Ha ceOsi BHUMaHME JII0ei, Aaxe ManéKux oT
acTPOHOMUHM. 3a BCE BpeMsi HabmoaeHUIA ObLIO 3aMEYEHO U OlH-
cano cseiure 2000 komer (puc. 4.23).




Baanu or ConHua KoMeTsl UMEIOT
BHUJI OYEHBb CJIaOBIX TYMAHHBIX TATEH.
[To mMepe npUOAMKEHUs K HEMY Y KO-
METbI MOSIBISIETCS] U TTOCTENEHHO yBe-
JIMUMBAETCS XBOCT, HarnpasBJIeHHbINH B
NnpoTUBONOIOXKHYI0 oT ConHua cro-
poHy. ¥ HauboJiee IPKUX KOMET XOpO-
IO 3aMETHbI BCE TPHU COCTABHBIE Yya-
CTH: coao06a, adpo u xeocm. [1pw yna-
neHun ot ConHua sIpKOCTb KOMEThI 1
e€ XBoCT yMeHblnawTcs. OHa cHoBa
npeBpaliaercss B TyYMaHHOE [SITHO,
a 3areM ocyiabeBaeT HACTOJILKO, YTO
CTAHOBMTCSI HENOCTYNMHOW IS Ha-
OmoneHuM.

Kpome HeOOBIYHOrO BHEUIHEro
BUOA, KOMETbl oOpamaid Ha cebds
BHUMaHUE HEOXMIAHHOCTBIO TOSB-

Puc. 4.23. KomeTa
Ha 3Bé3aHOM Hebe

neHusi. PeliuTs BOnpoc o ToM, OTKY/Ia NMOSIBJISIIOTCA KOMEThl M Kak
OHM JIBUXYTCSl B MPOCTPAHCTBE, YAAJIOCh TOJNBKO Ha OCHOBE 3a-
KOHa BceMupHoro taroreHus. Habmonas B 1680 r. komety, Hbio-
TOH BBIYMCJIWI €€ OpOMTY M ybeawics, 4To OHa, MoaoOHO niaHe-
TaM, obpaiuaercs Bokpyr ConHua. [MTonb3ysick coBetamu Hbroto-
Ha, ero COBPEMEHHHWK, AHIJIMWCKUUN yuéHblii Domyno laaaen

(1656—1742), Buiurciani opOUTbI He-
CKOJIBKMX KOMET, MOSIBJISIBIUMXCS pa-
Hee, U OOHapyXui, 4To OpOMUTHI KO-
meT, HaOmwonasmuxcsa B 1531, 1607 u
1682 rr., oueHsb nmoxoxu. OH npeano-
JIOXKMII, 4TO 3TO ObLIa OIHA M Ta Xe
KOMETa, MepuoaUYeCcKHd BO3Bpallao-
wasicsi K ConHIly, ¥ BMNEPBBIE Npea-
cKaszasl e€ ouepeaHOe TOsSBIECHHE.
B 1756 r. (yxe nocyie cMepTH Y4E€HO-
ro) KoMmeTa [AEHCTBUTEJIbHO TOSBH-
Jach M TMOJIyYWIa Ha3BaHUE KOMETHI
lNnnes. Tak OblL1a nonoxeHa Tpa-
JMUMsI Ha3bIBaTb KOMETbl MMEHaMM
WX MepBOOTKphIBaTeneii. OKa3anoch,
yto KomeTa lannes B adenuu yxoaur

damyHa fannei
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3a opbuTy HenTyHa, HO 3aTeM BHOBb BO3BpalllaeTCsl B OKPECTHO-
ctu ConHua, nmes: nepuoa obpaileHus okoso 76 net (puc. 4.24).
Co sBpemén Hpiorona u lanies BbiuMcieHbl OpOUTHI Gosiee yeM
700 komer.

KopoTtkonepuoauueckme KOMeTbl (mepuoasl obpalleHusi ot
TPEX 10 AECSATH JIET), ABMIasiCh IO BBITSHYTHIM 3JUTMITHUYECKHUM
opburam, ynansiiores ot ConHua Ha 5—8 a. e. Hapsiny ¢ HUMM cy-
LIECTBYIOT JIOJITOTIEPUOANYECKHE KOMETHI, Moa06HbIe KoMeTe [an-
Jiest, HO yxonsuiue B adenuu 3a mpenenbl MIaHEeTHOW CHCTEMBI.
Cpeau KOMET HEMaJIO TAaKMX, KOTOpble HAOII0AaTUCh BCErO OAMH
pa3 ¥ MOT'YT BEPHYTLCS TOJBKO YEPE3 HECKOJILKO CTONETHIA MU HE
BEPHYTbhCS1 BOBce. B Tex ciaydyasix, Korma yaaércs ¢ A0CTaTOYHOM
TOYHOCTbIO OTNPEAeTUTb OPOUTY KOMETHI, HE TIPEACTaBIISAET TPy/aa ¢
MOMOLLIBIO KOMNbIOTEPA BLIYMCIMTD €€ MOJOXEHHE B NMPOCTPaH-
CTBE M yKa3aThb, IJie U Korga oHa Oymer BuaHa. Macca KOMeT He
MPEBLILIAET THICAYHBIX 10J€i Macchl 3eMHOM aTMOChepsl U B COT-
HM MUJUTMOHOB pa3 MEeHbIlIe Macchl 3eMHOTo wapa. ITpu conuxe-
HUH KOMET C IulaHeTaMH, ocobeHHo ¢ KOnutepoMm, riaHeTsl CBO-
UM TATOTEHUEM MOTYT CYHIECTBEHHO U3MEHUThL (hopMy OpPOMTHI M
nepuoa odbpaiieHuss KoMeTol. Toraa oHa MOXeT OBITh «[OTepsiHa».

ExeronHo natmonaetrca 15—20 komeT, GONBIUIMHCTBO KOTO-
PbIX BUIHBI TOJILKO B TeaecKorn. HekoTopbie M3 HUX OKa3bIBAIOTCS
HOBbBIMHU, HEU3BECTHBIMM paHee. Tak CIy4uI0Ch, HANPUMEpP, He-
nasHo, korna B 1996 u 1997 rr. nosiBUIKUCH IBE OYEHb SIpKHUE, BU-
IMMbIE JaXKe HEBOOPYXEHHBIM I71a30M KOMETbI, XOTs 00BIYHO Ta-

Puc. 4.24. OpbuTa komeTsl Mannen Puc. 4.25. KomeTta Xnakyrtaku



KHE KOMETBI Togasisiiores pa3 B 10—
15 ner (puc. 4.25 n puc. | Ha uBeTHOM
siuieiike XI111). ITo Tpanuumm oHmM Ha-
3BaHbl (haMWJIUSAMH TE€X, KTO HMX OT-
KpbUI. DTO SMNOHCKHUI JIOOUTENb
actpoHomMuu FOu Xuaxkymaku n 1Ba
amepukaHua — Aaan Xeiia v Tomac
bonn.

Muorma y komMmeTbl oOpa3syercs
HECKOJIBKO XBOCTOB Pa3JIMYHOMN [UTH-
Hel U ¢dopmbl. Ux kinaccudukaums
Oblla MpeilokeHa  BblAAIOLIMMCH
pycckuM VuéHbiM Dédopom Aaek-
candpoeuuem Bpeduxunvim (1831—  PEROP Anexcanaposu

ot bpeauxuH

1904): I mun — JIMHHBIIE XBOCT,

HarpapJeHHBIA T[OYTH TMPSIMO  OT

Connua; Il mun — M30rHyTbIi U OTKJIOHEHHBIH OT 3TOro Ha-
npasnenus; 111 mun — KOpOTKMit, MOYTH NPSAMOI1 M OTKJIOHEH-
Hblit (puc. 4.26). XBocTbl 00pa3yioTcs YaCTULIAMM pa3HOro poaa,
JUIS1 KOTOPBIX COOTHOIIEHUE CUJI MPHUTsKeHUs] K COJHILY U CHIT,
NeCTBYIOIIMX B TPOTHUBOMNOJIOXKHOM HarpasJI€HWHU, HEOAMHAKO-
Bo. Bo BpemeHa bpenuxuHa B pacu€r NpuHUMAIOCh JIUILID JaB-
JIeHHE CBETa; B HACTOSIIIEe BpeMsl U3BECTHO, YTO HE MEHEe Cyllle-
CTBEHHYIO pojib B (hOPMHUPOBAHMM KOMETHOIO XBOCTa Mrpaer
COJIHEYHBIN BETEp — TMOTOK 3apsiKeHHbIX YacTHIL, JIETALIMX OT
ConHua. ConHedyHOe HM3Jy4YE€HME BbI3bIBAET pacnal MOJIEKYI,
BBLUIETEBLIMX M3 KOMETHOIO S/Ipa, a Takxke oOpa3oBaHUE MOHOB.
HMMeHHO MOHbI aTOMOB M MOJIEKY/l 00pa3yloT rula3MeHHbIE XBO-
ctel I THNa. Bo3aeiicTBHE COJTHEYHOrO BETPa Ha MOHBI KOMETHO-
ro XBOCTa, KOTOPOE€ B THICAYH
pa3 CWibHee UX TPUTSIKEHUsI
CoJsiH1IEM, HEPEIKO BbI3BIBAET
u3nombl xBocToB | TMna. Xso-

ConHue
ctel Il TMMa cocraBnsilOT He- :
NpepbLIBHO BBHIAEISIONIHECS U3 .
saapa neiiuHkU. Ecnu ke u3 S
sipa BbUIETAeT cpasy Lenoe KOMETbI
00JIaKO TBUIMHOK, TO MOSB-

nsiiorest xpoceThl 111 Tuna. Ibi-  pyc. 4.26. Knaccudukauma
JIMHKH, Ppa3/IH4HbIC MO pas- KOMETHbIX XBOCTOB
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MepaM M Macce, I[oJy4yaloT
pa3/MYHbIe YCKOPEHUS U IBU-
XKyTCSl MO pa3HbIM OpOUTaM,
Mo3ToMy 00J1aKO BBITATHBaeT-
csl ¥ oOpa3syeT XBOCT.
HecMoTpsi Ha BHYILIUTENb-
Hble pa3Mepbl XBOCTa, KOTO-
pbIii MOXET MPEeBLILIATE B JTH-
Puc. 4.27. inpo komeTsl Hy 100 MJIH KM, ¥ TOJIOBBI, KO-
b e TOpas MO MAMETPY MOXET
npesocxoauTb CosHLEe, KoMme-
Thl CMPaBETMBO HAa3bIBAIOT «BUAMMOE HUYTO». [IpakTUYecKH BCE
MX BELIECTBO COCPEAOTOYEHO B HEOOJBIIOM siApe, KOTOpPOE Vjia-
JIOCh YBMAETb TOJIbKO C KOCMHUYECKHUX alnapaToB, MPOJICTEBIINX B
HernocpeacTBeHHoM Oan3octu ot Hero. B 1986 r. KA «Bera-2»
npowén Ha paccrosHun 8000 kM ot siapa kometsl annesi, a KA
«/IxoTTO» — Ha pacctosiHUM 600 KM. OKa3anock, 4TO SAAPO UMEET
IUTAHY Bcero 14 KM, a LUMPHHY W TOJIIMHY — BIBOE MEHbLLE
(puc. 4.27). OHo npencrasiasier co60i CHEXHO-TEAAHYIO MIbIOY C
MPUMECHIO 3aMEpP3ILIMX ra3os (LilMaHa, aMMMakKa, YIJIeKMCIIoro ra3a
W IPYTUX COEIWHEHMI) U BKparUIeHHEeM MEJKHMX TBEPABIX YacTHLL
pa3IMYHOIO0 XMMHMYECKOro cocraBa. B 3TOM «rpsi3HOM MapTOB-
CKOM cyrpobe», Kak 4acTO Ha3blBalOT KOMETHBIC s/1pa, COACPKHUT-
Csl MPUMEPHO CTOJILKO 3aMEp31lieii BOAbl, CKOJILKO B CHEXKHOM I10-
KpPOBE€, BbINABILIEM 3a OJHY 3MMY Ha TeppuTtopuu MOCKOBCKO
obnactu. MHTEHCMBHOE McNapeHue 3aMEP3LIMX ra30B M3 sipa Ha-
YMHAeTCsl MOocje TOro, Kak Komera rnepecedér opourty KOnurepa.
['a3bl 3axBaTHIBAIOT ¢ CODOM NMBLIL M BMECTE C HEil 00pa3yloT rojo-
BY KoMeThl (e€ atmocdepy), a Takke XBOCT. B MOMeHT cONMMKeHuUs
KOCMHYECKHMX anmnapatoB ¢ sapoMm (Ha paccrosHuu 0,8 a. e. or
ConHua) OblJ1a M3MepeHa ero TeMmneparypa, KoTopasi cocTaBuia
okono 350 K. C noBepXHOCTH sapa, NMOKPLITOH TEMHBLIM MOPH-
CTHIM BELIECTBOM, KaXIyI0 CEKYHIY MCNapsuioch npumepHo 40 1
BEllIeCTBAa — B OCHOBHOM BO/bI. [IpMMepHO 3a CYTKH ITOBEPXHOCT-
HBIW CJI0M MOJMHOCTbIO OOHOBIISUICS — B3aMEH YJIETEBLUMX ITbLIH-
HOK «BbITAWBaJIM» HOBBIE.
INpennonaraercs, uro obuiee yucao komeT B COMHEYHONH CU-
cTeMe rnpeBbilnaeT aecsaTku MuumuapaoB. Cuumraercs, urto Cosn-
HeYHasli CUCTeMa OKpYXKE€Ha OIHUM WIM IaXe HEeCKOJIbKUMH 00-



JJaKaMHU KOMET, KOTOpbIE IBMXKYTCH
Bokpyr CosiHLIa Ha pacCTOSTHMSIX,
KOTOPbIE B ThICSIYM M JIECATKHU ThICSY
pa3 6oJblIe, YeM paccTOsiHME 10 ca-
MO panbHeit rmnaHerel HenTyH
(puc. 4.28). Tam, B 3TOM KOCMHYE-
CKOM ceide-XonoanIbHUKE, KOMEeT-
HbIC Alpa <«XpaHATCA» Ha NPOTHAXE-
HUHKH MWLIHApOOB JIET € MOMCHTa
06pa30B21HHF| CoNMHEeYHOW CHUCTEMBI.
HekoTopbie M3 HUX MOMNAanalT BHYTPb

Puc. 4.28. Obnako komeT
= 8 ConHeyHoN cucteme
MJIAHETHOW CUCTEMBI M HAOMIOMAIOTCS .......iieiieeenenenannn.

Kak HoBbele kKoMeTbl. [locne 3toro,

BCJICACTBUE MOCTOSIHHOM MOTEPU BELLUECTBA, AP0 KOMETHI VXK€ HE
MOXET CYLIeCTBOBATh A0JIT0. TBEPIAbIE YACTULLbI, TOTEPSTHHBIE KO-
MeTou, ABMXKyTCsl B COTHEYHOM CHCTEME CAMOCTOSATENIBHO.

4. Meteopbl, 60MabI U METEOPHTDI

Memeopw‘ KOTOpbI€ B CTAPWHY HA3bIBAIU «Iaal0LIUMHU 3BE30a-
MH», MOXHO BMIETb NMPAaKTHYECKH B JOOYIO SICHYIO HOYb, €CIH
TOJILKO He meluaeT ceeT JIyHbl. SlBieHne MeTeopa BeI3bIBAETCS Me-
TEOPHBIMM TEIAMHU WJIH METEOPOMAAMH — MEJIKMMH KaMelIKaMH
M MecYMHKaMM, BJeTalMMHU B aTMochepy 3eMiIu CO CKOPOCTS -
MU B IECATKM KUJIOMETPOB B CeKYHIY. B criekTpe BCHBIXHYBIETO
MeTeopa HabIaaTCs JIMHUU KPEMHUS, KAJIbLIUS, XKene3a U Apy-
rux MeTauioB. Tepss CKOPOCTb IPU TOPMOXEHHUHU B aTMmocdepe,
METEOPOMJIbl PA30rPeBaKOTCs, MCIAPSIOTCS M MPAKTUYECKU IMOJ-
HOCTBIO pa3pyulialoTcs, He nojeTeB 10 nosepxHoctd 3emau. Ha
CBOEM IYTH OHH MOHM3YIOT MOJIEKYIbl Bo3ayxa. biaroaaps atomy
CBETALLMICA METECOPHBIN CJI€ OTPAXAET PAJHOBOJIHbI, YTO MO3BO-
JISIET C MOMOLLBIO PAJIMOJIOKATOPOB HabI101aTh METEOPbl HE TOJIb-
KO HOYbIO, HO W JIHEM.

Mdotorpacdupys 0OAMH U TOT XK€ METECOP M3 IMYHKTOB, OTCTOS -
LLIMX APYT OT Apyra Ha paccTosHUH 20—30 KM, MOXHO ONpeaeTuTb
€ro rnapaulakTUH4YeCKOe CMEeLIEeHHE U BbIYMCIUTDL, HA KaKOH BbICO-
Te OH MNMOSABWJICA U Ha Kakoi ucue3. OObBIYHO 3TO NMPOUCXOIUT Ha
BbicoTax o1 130 no 80 kM. Eciim npu dboTtorpacdbmpoBaHUM MCTONb-




30BaTh Kamepy, OOBEKTHB KOTOPOit
NEPUOINYECKHN TEePEKPLIBAETCS Bpa-
LIAIOIIMMCST  3aTBOPOM, TO IO T0O-
JIyYYeHHOMY TPEpPBIBUCTOMY  ClIeay
MOXHO OLIEHWUTb CKOpPOCTb MeTeopa
(puc. 4.29).

MeTeopHbI€ Tena, AOTOHSIIOIINE
3emutio, BieTaloT B €€ armocdepy co
CKOpOCTBIO HE MeHee |1 km/c, a nersi-
e HaBcTpeuy — a0 72 km/c. OHu
MMEIOT Maccy OT MWJUTMTPaAMMOB [0
HECKOJLKHMX rpaMmoB. OcrtaBuiascs
Mocje pa3pylieHHUsi 3TUX Tesl MeJiKast
MbUTb MOCTENEHHO OCENaeT Ha Io-
BEPXHOCTb 3€MJIH.

Puc. 4.29. Cnea meTeopa Memeoprvie nomoxu HaOMO-
Ha 38&30HOM Hebe 1al0TCSl €XKEroHO B ONpene/éHHbIE
HOYM, KOIrIa HeCcKOJbKO (a MHoraa

HECKOJIbKO JECATKOB WM JaXxe CO-
T€H) METEOPOB KaXIbli Yac JIETAT BAOJb HANpaBICHUN, UAYIIIHX
13 onHoi obnactu Heba, HasbiBaeMON paduanmom. Takue mere-
OpHBIE MOTOKH NMOJIY4alOT Ha3BaHUs 110 UMEHU CO3BE3/IHUsI, B KOTO-
POM pacrnoioXkeH MX paauaHT, Hanpumep JpakoHunsl, JleoHnabI,
Ilepcennnbl. Hanuumne panuaHTa 03Ha4yaeT, YTO 10 BCTPEYH C 3eM-
JIEN METEOPHBIE TeJla ABUTAJIMCH MOYTH Mapajule/IbHO, MO OJIM3KUM
opbutam. Emé Bo Bropoit nonosuHe XIX B. vaaroch YCTAHOBHTD,
4yTo OopOMTa yacTUll MeTeopHoro noroka Ilepceun mpakTHYecKH
copnazaaetr ¢ opouroi komersl Ceudra—TyrTnga. OcobeHHo oue-
BUJIHO# CBSI3b METEOPHBIX NTOTOKOB C KOMETAMM CTajia Mocje Ha-
OnoneHuid 3a kometo buanbl, orkpeiTo ewé B 1772 r. 1 pe-
ryJasipHO BO3BpaluaBLieics Kaxiabie cemb jieT. B 1846 r. oHa pac-
najiach Ha JIB€é CaMOCTOSITEIbHbIE KOMETHI, a ¢ 1872 r. BMECTO HMX
€XEeroaHo B KOHLE Hos1Ops cTas HadNMoaaTbCss METEOPHBIH MOTOK.

[TorepsiHHbIE SAPOM KOMETBI TBEPAbIE YAaCTHUILIbI pacTATHBa-
FOTCS BAOJIb BCEI OPOMTEI, MO KOTOPO# ABMUXKETCS KOMeTa, U 0bpa-
3yI0T OFTPOMHBIN TOp U3 MeTeopHOro BeulecTsa (puc. 4.30). Yactu-
LIkl TOTO TOpa BCTPEYAIOTCS Ha MYTH HALUEl IUIaHEThl B OMpee-
NEHHOM MecTe e€ opbuTtel. Tak, HarnpuMep, ¢ OpOMTON KOMETHI
lanes 3emuisi cOnuxkaercs: ABaXKabl B rog — 4 Masi U 22 oKTs0ps.
Ha 310 Bpems npuxomsiTCsi ABa METEOPHBIX MOTOKAa — MaWCKHe



AxBapuiabl 1 OpuoHuabl. [TOCKOIbKY METEOPHOE BELECTBO pac-
npeaensieTcs Mo opomTe HEPAaBHOMEPHO, AKTMBHOCTb HEKOTOPbIX
METCOPHBIX MOTOKOB MEPUOAMYECKH MeHseTcs. Tak, MeTEOpHBbIi
notok JleoHunsl naér OOMIbHBIE METEOPHBIE IOXIAN KaKible
33 rona.

HabsoneHus METeOPHBIX MOTOKOB, HMEIOIIME HAYYHYIO LICH-
HOCTb, MOT'YT TPOBOAUTh MU YCMEUIHO MPOBOIAT IOHBIE THOOUTETH
aCTPOHOMMH.

Korna B armocdepy 3eman nonazaer U3 KOCMUUYECKOTO MPO-
CTPaHCTBA KpPYIHOE TeJa0, HAOMIOmaeTcsi sIBJIEHME, Ha3blBacMoe
60audom. Bonuabl UMEIOT BUIL OTHEHHOTO 111apa U OCTABJISIOT M0~
Clle CBOEro mnojéra ciel, KOTOPbI MHOIIa MOXHO HaOI01aTh
B TEYCHHME HECKOJIBKMX CEKYHI WM, B PEIKMX CAy4asx, MUHYT.
Haubonee sipkue 60auabI BUAHBI AaXe THEM.

B otaenbHBIX ciayyasx Teno, Bbl-
3BaBllee TOSIBJIeHWEe Oo/una, He
yCIieBaeT 10 KOHLIA UCTIapUThCA B aT-
Moccdepe U Mnanaer Ha TNOBEPXHOCTb
3eMiu B BUJIe Memeopuma (CM. puc.
3, 4 Ha uBetHou Bkueiike XIII).

[lo xuMHUecKOMY COCTaBy pa3s-
JIMYAIOT KAMEHHbIE, MHCeAe3Hble W
JcenesoKkameribie MeTeopHuThl. Ke-
JIE3HBIE METEOPHUTLI COCTOSIT B OCHOB-
HOM M3 HUKEJIMCTOrO XeJie3a, colep-
xautero 90% xenesa u 9% Hukens.
[TonobHoe cooTHOIIEHWE He BCTpe-
4yaeTcsl B 3eMHBIX MUHEpaiax, TaK 4To
KENe3HbIE METEOPHUTHI JOCTATOYHO
JIErKO OTJIMYUTH OT TMOPOI 3EMHOTO
npoucxoxaeHus (puc. 4.31). Ha ux

Puc. 4.31. XenesHbin
OTNMOMHUPOBAHHOHU MOBEPXHOCTH INnpH MEeTeopuT



Puc. 4.32. BHyTpeHHAA
CTPYKTypa Xene3Horo
meTeopuTa

Puc. 4.33. CrpykTypa
KaMeHHOro meteopuTa
C XoHApamum

TpaBJeHUM KUCIOTOW TMOSABISAETCA
cBocoOpa3Hasi cucTteMa NpoaoJbHbBIX
M rnonepedHsix nonoc (puc. 4.32).
Takas CTpPyKTypa BO3HHMKAaeT, Koraa
pacruiaBlieHHbIE TMOPOAbl MEUIEHHO
OCTHIBAIOT BHYTPH Tel AHAMETPOM
cebitie 200—300 kM. DT W apyrue
JIaHHbIE CBUAETEIBLCTBYIOT O TOM, 4TO
METEOPHUTBI SIBJISIIOTCS  OOJIOMKaMHM
acTepOUIOB.

KaMeHHBbIE METEOpPHUTBHI COCTaB-
nsoT 6onee 90% Bcex nagalolMx Ha
3emuno MeteopuToB. st GONBIIMH-
CTBA M3 HHUX XapaKTepHO HAJIMYHE
B MX COCTABE XOHOpP — MENKHUX KpYyr-
JIBIX YACTHIl pa3sMepPOM OT HECKOJb-
KMX MMKPOMETPOB [0 CAHTHUMETpa
(puc. 4.33). CooTHolleHHUE conep-
Xalll¥xcsd B 9THX HLIapMKax cepoBa-
TO-KOPUYHEBOTIO LIBETA XMMHUYECKHX
71€EMEHTOB TOYHO TakKoe XKe, KakK M
B armochepe Connua. Bo3moxHo,
B XOHIpax «3aKOHCEPBUPOBAHO» Be-
LIECTBO MPOTOTJIAHETHOIO 0bJaka.

B cocraBe MeTeOpUTOB OOHAPYXKEHO 3HAYMTEIIBHO MEHbIIIee
YHCIIO MUHEPAJIOB, Ye€M B 36MHBIX TOPHBIX MOPOAax. DTO MO3BOJIsA-
eT CYIUThb O NMPOoLIECCax, KOTOPbIe MPOUCXOAM/TH HAa PAHHHUX CTalu-
ax chopmupoBaHusi COMHEYHOIN CUCTEMBI.

Kparepsl Ha ruiaHeTax 3eMHO#M rpyniibl, JIyHe u Apyrux criyr-
HUKAX TUIAaHET MMEIOT MeTeopuTHoe npoucxoxaeHue. Ha 3emie

Puc. 4.34. ApU3OHCKUA
MEeTEeOpPUTHbIWA KpaTep

MeTonaMu a’3podoToChEMKH 0OHapy-
*keHo 0KoJ10 130 moaoOHBIX KpaTepoB;
WX CTaaM Ha3blBaTb acmpobiemamu.
OnHuMm u3 Haubomee M3BECTHBIX
sABNAeTcd ApPHM30HCKHMIA METeOpHT-
Hblii Kkpatep (CLLUA), nmerowmii 1ua-
meTp Gonee 1200 M m tyouny 200 m
(puc. 4.34). Cuuraercsi, uyTo 0Opa-
30BaJCA 3TOT KpaTep MNpPUMEPHO
5000 net ToMmy Ha3aa. Pacuérel moka-



3bIBAIOT, YTO Ui €ro oOpa3oBaHMsi METEOPHUTHOE TEJO NOJIKHO
umeTtb Maccy bonee 100 Toic. T.

K uncny KpynHeiummx MeTeopuToB, MaaeHME KOTOPBIX Ha-
Gmoaanock, npuHawieXuT CHUXOT3-AJMHBCKHIT Maccoil OKOJo
100 7. XKene3Hblit MeTeOpUTHBIN 10Xab Beinan 12 despans 1947 r.
B YCCYPHMICKOI Taire, Tak Kak B BO3AyXe METEOPUT pacrnasics Ha
THICAYM KYCKOB, MOCKOJIbKY COCTOSUI U3 HEMPOYHO CKPETUIEHHBIX
MeXIy CODO XeJle30HUKEIEBbIX KPUCTAIJIOB Pa3/IMYHOIO pa3Me-
pa. Hanbonee kpynHble M3 HMX Maccoii B HECKOJILKO TOHH, [10-
CTUTHYB 3eMJiM ¢ DONIBIIOH CKOPOCTHIO, 0Opa3oBanu 6oee COTHU
KpaTepoB ¥ BOpOHOK. Camblii O0/bILIOIH U3 KpaTepoB MMEN aua-
METP OKOMO 26 M U IyOUHY 6 M.

MoutHbIM B3pbIBOM 3aBEpLIMJICA TMOJET OHEHHOrO Iuapa,
HaGmonasmiics 30 uions 1908 r. B Cubupu M noay4uBILIMiA Ha-
3BaHue TyHrycckoro mereopurta. Ilpu 3TOoM ObUIM noBajneHbI
MOYTH BCE NEPEBbSl Ha TUIOLIAAM TMONMEPEeYHUKOM oKoyio 40 kM.
OnHako, HECMOTPSI HA MHOTOJIETHUE TILATEJbHbIE MOUCKH, HU
CaMoOro MeTeopMTa, HH METEOPHMTHOIO KpaTepa HaiTH He yaa-
nock. BepositHee Bcero, B armocdepy 3eMau BAETENO SAPO He-
OOJIbLION KOMETBI, pa3pylieHHe KOTOPOrO HMENIO XapakTep
B3pbIBa U MPOM3O0LLIO HA BbICOTE HECKOJIbLKUX KMIoMeTpoB. O6-
pa3oBaBllIasiCs MPHU 3TOM B3PbIBHAsl BOJIHA BbI3BaJia BLIBAJ Jieca,
HO Uisi oOpa3oBaHUsl KpaTtepa eé 3HEeprus okKas3ajaach HEAoCTa-
TOYHOM. TBEp/BIE YACTHLIBI B BHE LIAPUKOB JIHAMETPOM He 6o-
Jee 1 MM, KOTOpbIE HalIEHbl B 3TOM pailoHe, OYeHb MOXO0XH Ha
T€, KOTOPbI€ BCTPEYAIOTCS HA MeCTaxX NaACHMUs MHOTHUX KPYIHBIX
meTeoputoB (puc. 4.35). Buauwmo,
3TO BCE, UTO OCTAJIOCH OT A/pa KOMe-
ThI [10CJIE €0 B3pbIBa.

15 despansi 2013 r. orpoMHBbIit
METEOPHUT B30OPBAJICS, PACKOJOBIINHCH
Ha HECKOJIBKO AECATKOB KPYIHbIX 00-
JIOMKOB, IpH BXoae B atMocdepy Hal
YensnOuHckoit obnacteio. D10 nep-
BbIi B MCTOPMM CJlyyail naaeHus
KPYITHOTO METEeopUTa B TIyCTOHAace-
N€HHON MecTHocTH. Hukorma emé
NaaeHNe METEOPUTA HE HAHOCHIIO Ta-  pyc. 4.35. MeTeopuTHble
KOTO CEpPbE3HOTO yuiepba — BO3AyIl-  Wapuku




Puc. 4.36. MeTteoput

«Yen

Hasl yaapHasi BOJIHA TOBpeInJIa KOH-
CTPYKLIMM 3/1aHuii, BbIOMNA CTEKIA,
fonee THICSAYM 4YeNOBEK OOpaTwiInuCh
3a MEIULIMHCKOM MOMOILLBIO.

[To oueHKaM yu€HbIX, pa3Mmep ue-
JOMHCKOr0 METeopUTa A0 MaleHUs
cocrasisi okoso 19,8 M, a macca —
or 7 teic. 1o 13 Thic. T. Ha 3emmio
ynano Bcero ot 4 10 6 T, T. €. OKOJIO
0,05% wsnayanbHOi Maccel. Co aHa
ABUHCK» o3epa Yebapkynb ObUIM TOIHSTHI
....................... Haubosiee KpyrnHbie M3 (parMeHTOB
(puc. 4.36) obwei maccoit 654 K,

OIMH W3 KOTOPbIX cTan 3KcrnoHatom YensiOMHCKOro rocyaap-
CTBEHHOTIO KpaeBeI4ecKoro Myses.

nei? 2. Kakopa ¢opma GonsiinscrBa acrepounop? Kakossl npu-
mepHo ux pasmepni? 3. Yem oOycinosieHo o6pa3oBaHMe XBOCTOB
komeT? 4. B KakoM COCTOSIHMW HAXOIMUTCS BELIECTBO sIpa KOMe-
ThI; €€ xBocTa? 5. MoxeT in KoMeTa, KOoTopasi IEPHOANYECKH BO3-
ppamaercs: kK CojiHIly, ocTaBaThcst Hem3MeHHO#M? 6. Kakue sBne-
HMs1 HAOIIOIAIOTCs MIPH MMONETEe B aTMOocdepe Tesl ¢ KOCMUYECKOM
ckopocTbio? 7. Kakue THMBI METEOPUTOB BBIJIENAKOTCSA MO XUMH-
YECKOMY COCTEIB)’?

- YNPAKHEHUE 16 1 [Tocne 3axona ConHua Ha 3anaze BUIHA KOMETa.
Kak orHocuTensHO ropu3oHTa HarnpasieH eé xsoct? 2. Kaxosa
Gosbiuas nosyock opdbuTel KomeTsl [auies, ecin nepuon e€ obpaiue-
Hus 76 ner? 3. CpaBHUTE NMPUYMHBI CBEYEHHS TUIAHETHI H KOMETBI.
Kakue pazivumsi B MX CrieKTpax oOyC/lOBIEHbI 3THMH MPUYMHAMU?
4. OpOUTHI IBYX KOMET JICKAT B [LUIOCKOCTH 3eMHOM OpOMTLI, Hau-
MeHbilMe ux paccrostius ot ConHua cocrasasior 0,5 1 2 a. e. Kax-
1asi U3 KOMET UMEET Ha 3TOM PACCTOSTHUM XBOCT JUTHHOM 150 MaH KM.
MoryT JiH 3TH KOMETBI CBOMM XBOCTOM <«3auenuTb» 3emmo? Ilones-
HO caenarh 4yeptéx. 5*. OnuumnTe, Kakue rnpespanieHns MOXeT HUC-
NBITATH MOJICKY/IA BO/IbI, BXOIMWBLIAA B COCTaB #Allpa KOMEThI, MOa
JEeACTBHEM COJTHEYHOTo uanydyeHus. 6*. OueHHTe NPUMEPHYIO [N~
puHYy MeTeopHoro notoka Ilepcewns, 3Hast, 4TO METEOPBI 3TOIO MOTO-
ka Habmonatorest ¢ 17 wionst 1o 24 asrycra.



iy V. COJHLE
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§ 2 1. CONHUE — BAMXKAFILAS 3BE3JIA

1. Oueprus
1 remneparypa Conuua

COJIHU.C — HeHTpanbHOe Te0 CoMHEeUHOM CUCTEMbI — SIBJISIETCS
TUITMYHBIM MPEACTABUTENEM 3BE3/1, HauboJsiee pacnpoCTpaHE HHbIX
Bo Bcenennoii ten. Macca Connua cocrasaser 2+ 1030 kr. Kak u
MHorue apyrue 3Bé3nbl, CosHile npeacrasisger coboi OrpoMHbBI
11ap, KOTOPbII COCTOMT M3 BOAOPOIHO-TEJIHEBOM IJIa3Mbl M HAXO-
NIUTCSI B PABHOBECUH B 10JIe COOCTBEHHOTO TAroteHus. U3yueHue
¢pn3nyeckux npoueccos, npoucxoassnx Ha CoJiHLe, UMEET BaX-
HOE 3HaueHMe /U151 acCTPOU3IUKH, MOCKOIBKY 3TH MPOLIECChl CBOM-
CTBEHHBI, OYEBUIAHO, M APYIrUM 3BE3naM, HO ToibkKO Ha CosiHue
MBI MOXKEM Ha0JI101aTh UX 10CTATOYHO JE€TAIbHO.

ConHue u3any4aeT B KOCMHYECKOE MPOCTPAHCTBO KOJIOCCAb-
HbII 1O MOLLHOCTH TMOTOK M3JIY4EHHSI, KOTOPbIH B 3HAYUTEIbHOM
Mepe onpenenser pusndecKkue ycaoBus Ha 3emiie U JIpyrux rja-
HETaXx, a TAKXKE B MEXIUIAHETHOM MPOCTPAHCTBE. 3eMJIsl TIOJIyUaeT
BCEro JIMUIb OAHY ABYXMWUIMAPAHYIO I0JI0 COJTHEYHOIO M3Jyde-
HUs. OIHAKO M 3TOr0 JOCTATOYHO, YTOObI MTPUBOAMUTD B IBUXKEHUE
OrpOMHBIE MACChI BO3/yXa B 3¢eMHOi1 aTMocdepe, YpaBisiTh MOro-
IO M KJIIMMAaTOM Ha 3eMHOM wiape. BOJbIIMHCTBO MCTOYHHUKOB
9HEPIUM, KOTOPbIE MCIOJb3YET Ye0Be4ecTBO, CBsi3aHbl ¢ ComnH-
ueM. Teruto u ceet ConHua obecnevyuniv pa3BUTHE XHU3HH Ha 3eM-
Je, hopMUpOBaHHUE MECTOPOXKICHUH yIUisi, HedhTH M rasa.

KonuuectBo npuxomsiiueit ot ConHua Ha 3eMiIi0 3HEPruM
IPUHSTO XapaKTEePU30BaATh CONHEHHOIU NOCMOAHHOU.




ConHeynasi MOCTOAHHAA — MOTOK COJHEYHOrO H3JIy4eHHs, KO-
TOPbIii NPHXOAMT HA MOBEPXHOCTh IWIomansi 1 m2, pacno-
JIOXKEHHYI0 32 mpejaeiamMu arMocdepbl neprneHIuKyJIsipHO coJl-
HEYHBIM JIydyam Ha cpenHem paccrosuuu 3emum or Connua
(1a.e.).

ConnHeunas nocrosinHas pasHa 1,37 kBt/m2. YMHOXMB 3Ty
BEJIMYMHY Ha IUIOIIAZb IMOBEPXHOCTH MIapa, paJiuyc KOTOpPOro
| a. e., onpeaesuM MOJHYIO MOLIHOCTh M3ayuyeHust CosHia, ero
CBETMMOCTb, KOTOpas coctassier 4 « 1026 Br.

3HaHWe 3aKOHOB U3JIYYEHMS TO3BOJISIET ONMpPENEIMTh TEMIIe-
patypy horochepst ConHua. DHeprus, UajiydaeMas HarpeTbiM Te-
JIOM C eIMHMLBI TUIoanm, onpeaeiserca 3akoHoM Credana—
bonbimana:

E=0-T4

Ceerumocts ConHLAa M3BECTHA, OCTAETCs Y3HATh, KaKOBa
riowanb nopepxHoctv ConHua.

C 3emun mbt BUuAUM CosiHile Kak HeOOoNbIIOH TUCK, Kpait KO-
TOPOTro J0CTAaTOYHO 4E€TKO omnpenenser ¢orocdepa (B nepeBone
¢ rpeveckoro «cepa cpera»). Tak Ha3bIBaeTCs TOT CJIOM, OT KOTO-
pOro NMpMXOAMT MpaKTUYECKH BCE BUAMMOe udnydeHue CosHua.
OH umeer TonMHy Beero 300 KM M BBIIISIMT KakK MOBEPXHOCTh
Connua. YrmoBol auaMerp CoJIHEYHOro aucka npumepHo 30,
3uasa pacctosinue a0 Connua (150 MJIH KM), HETPYAHO BBIYMCIIUTD
€ro JIMHeiHbie pa3Mephl U ruiolaab nosepxHoctu. Pannyc Conn-
ua paseH npubausutensHo 700 Teic. KM. Ternepb MOXHO y3HaTb,
KakoBa temneparypa ¢gorocdepsl. Ceerumocts CostHLa

L=4nR*-E

WK
L=4nRcT4,
e ¢ = 5,67+ 108 Br/(m2 « K*). Orciona

_’ L
T_44:rtR20"

[Toacrasus B 3Ty (hopMyJly YHMCIIeHHbIE 3HAYEHUsT BXOISIINX B HEE
BesinuuH, noayuum 7= 6000 K. OueBuaHO, 4yTO Takas Temnepa-
TYPa MOXET NMOAAEPKMUBATLCS JIMII 3@ CYET MOCTOSHHOIO NMPHUTO-
Ka 3Hepruu u3 Heap ConHua.



,H,JUI usyyeHuss ConHLA HCMONB3YIOTCA TENECKOMbI 0CO00M KOH-
CTPYKUMM — OallleHHbIe CcOJIHeYHble Tesieckonbl (puc. 5.1). Cu-
cTeMa 3epKajl HenmpepbiBHO moBopauyuBaetrcs Beaen 3a ColHLeM
M HanpaeJsieT ero Jiydud BHU3 Ha IJIaBHOE 3€pKasio, a 3aTeM OHM
rnonagalT B crnekTporpadsl MM apyrue npubdopbl, ¢ MOMOLUbIO
KOTOpBIX npoBoaarca uccaenoBaHuss ConHua. biarogaps 6onb-
oMy (hOKYCHOMY PACCTOSTHHUIO COJTHEUHBIX TeecKonoB (10 90 m)
MOXHO noayyuth u3obpaxeHue ConHua avamerpom a0 80 cm
M JIETAIbHO U3Y4YaThb MPOMCXOASLIME HA HEM siBeHUs1. OHM Jtydie
BUIHBI Ha CIIEKTporeaMorpaMmax (CMm. LBeTHy1o BKIeHKy XII) —
cHuMkax ConHua, KOTOpbI€ CAENaHbl B JIy4ax, COOTBETCTBYIOLLIMX
CIMEKTPAbHBIM JIMHHUAM BOIOPOJA, KAJTbLIMA U HEKOTOPBIX APYTHX
3JIEMEHTOB.

BaxHeuyio uHbpopMmauuio o (HU3MYECKHMX npoueccax Ha
ConHue naér cnekrpaibHbiii aHanu3. UMeHHo B cniektpe ConHua

30m

doTonnacTuHka

—_

Puc. 5.1. baweHHbIN CONHEeYHbIW Teneckon



Hozeqp Dpaynzoghep ciié B 1814 1. 0OHAPYKWI U ONUCAT JIMHUH
MOMIOIIEHMS], MO KOTOPbIM, KaK CTaJll0 SICHO TNOYTH IOJIBEKa
CIyCTs, MOXHO Yy3HaTbh coctaB ero arMocdepnl (cMm. puc. 4 Ha
uBeTHOi BKieike XII). B Hacrosimiee Bpemsi B COJHEYHOM
criekTpe 3apeructpupoBaHo 6onee 30 ThiC. JUHMHK, NpUHALIE-
Kalmx 72 XUMHUYECKUM 3J1IeMeHTaM. XUMHUUYECKHM JIEMEHT reinii
(OT rpey. «reJJMOC» — COJIHEYHbIH) ObLI CHavyajlla OTKPBLIT CreK-
TpaJibHBIMK MeTonaMK Ha CoutHie, a IMIIb 3aTEM ykKe oOHapyXKeH
Ha 3emuie. Bee nocneayionme nonbITKA HAWTH JIMHUM JIPYTHX He-
M3BECTHBIX 2JIEMEHTOB HE YBEHYAJIMUCh YCIIEXOM, HO ObLIM TEM He
MeHee He Oecnonie3Hbl. OHM BO MHOIOM CMOCOOCTBOBAIN Pa3BH-
THIO TEOPUM CMNEKTPAJILHOIO aHaliu3a, KOTopasl BaXHa Kak JUis
actTpoU3UKH, TaK U U151 GPU3UKH B LIEJIOM.

CoBpeMeHHbIE JaHHBIE O XUMHM-
yeckoM coctaBe ConHLA TaKOBBI:
Bogopon cocrasnsier okono 70%
COJIHEYHOM Macchl, renuii — Oosee
28%, ocTalbHbIE 2JMEMEHTBI — Me-
Hee 2%. KonmyecTBo aTtoMOB 3THMX
aneMeHTOB B 1000 pa3 MeHble, YeMm
aTOMOB BOAOpOAA W rejausi. DTH co-
OTHOLUEHUs MpeACTaBIeHbl Ha pPU-

CyHKe 5.2.
Bemectso ConHua  CWIBHO
Mo ymcny aromoe HOHHW30BAHO: aTOMBbI, IIOTEpPABIIHE

37EKTPOHBI CBOMX BHELIHMX 000510-
YEK M CTaBLIME MOHAMM, BMECTE CO
CBODOHBIMM  3NIEKTPOHAMHU 06pa-
jyior niaasmy. CpeaHsis MJIOTHOCTh
COJIHEYHOI0 BELUECTBA TMPUMEPHO
1400 kr/m?. OHa consmepuma ¢ rioT-
HOCTbIO Boabl U B 1000 pa3 Gonblue
[JIOTHOCTH BO31yXa Y MOBEPXHOCTH
3eMIIH.
MUcnonb3ysi 3aKOH BCEMUPHOTO
TATOTEHUS U ra3oBble 3aKOHbI, MOX-
HO pacCcuMTaTb VYCIOBUS BHYTPH
PNE. S SARIPINS ConHua, MOCTPOMTh MOIEJb «CHO-
XMMU4EeCKOoro cocraea
ConHua KoiHoro» ConHua. OHO HaxoauTcs

132

Mo macce




B PaBHOBECHH, MOCKOJIBKY B KaXI0M
ero cioe AeWCTBUE CHJI TATOTEHMS,
koTopsie crpemsitcsi cxkare CosHue,
YPaBHOBEIIMBACTCA NOEHCTBUEM CHII
BHYTPEHHEro aaeieHusi rasa. [ei-
CTBHEM TpPaBUTALIMOHHBIX CHJI B He-
apax ConHua co3naércsi OrpomMHoe
nasneHue. Caenaem npuOAVMKEHHBIN
pacy€T ero BEJIMYHMHBI 18 CJIOS, Jie-
XKallero Ha paccrossHuu R/2 ot LeH-
tpa Conuua. IMpu stom Gyaem cum-  Pvc. 5.3. Pacyér ycnosni

8 Heapax ConHua
TaTh, YTO IUIOTHOCTh BellecTBa BHY- =~
Tpu ConHua BCloay paBHa cpeaHei
(pmc. 5.3).

Cwuna TsKecTu Ha 3Tol mIyOMHe onpeaesisieTcs Maccoi Bellle-
CTBa, 3aKJIIOUYEHHON B paaMalibHOM CTOJIOMKE, BBICOTA KOTOPOIo
R/2, nnowans S, a TakKKe yCKOpeHHEM CBODOAHOIO naaeHus Ha
noBepxHocTU cdepsl paauycom R/2. Macca BeuiecrBa B 3TOM
CTOJNIOMKE paBHa:

m=p=S,

R
2
a YCKOpeHHe Ha pacctositHuM R/2 (cormacHO 3aKOHY BCEMHMPHOTO
TATOTEHUS) BhIpaXaeTcs Tak:

- ML
&= Glxyap

TaK Kak oOb€M 31Ol chepwl cocrasusier '/g or obwnEéma Bcero
Connua. [ToncrasuB HeoOXonMMBbIe JaHHBIE B (hopmyny p = mg/.S,
MOJIyYyuM, YTO OAaBJIEHHE paBHO npumepHo 6,6+10 Ila, T. e.
B | MJIpA pa3 NMpeBOCXOAUT HOPMAJIbHOE aTMOCchepHOe IaBjieHHE.
Insi BBIMMCIIEHUsSI TeMMEpPaTypbl BOCHOJb3YyeMCSl ypaBHEHMEM

Knaneiipona—Menneneesa: pV = —;; RT. Tlockonbky % =p,
M
7= —Rg’ rie R — yHuBepcaibHas ra3osasi 1ocrosHHas, a M —

MOJIIpHasl Macca BOAOPOAHO# ria3sMbl. Eciiu caurath, 4TO B COCTaB
BEIIECTBA BXOAAT B PABHOM KOJIMYECTBE MPOTOHBI U 3JIEKTPOHBI, TO
oxHa npumepHo paBHa 0,5+ 103 kr/monb. Torna 7 = 2,8+ 10° K.
bonee TouHble pacy€Tbl, MPOBEAEHHbIE C YYETOM HM3IMEHEHHUs



MJIOTHOCTU C WIYOMHOI#, NAIOT pe3y/bTaThl, JIMIIb He3HAYUTeNlb-
HO OTIMYAIOUIMECS OT MOJy4eHHbIX Bbime: p = 6,1+ 108 TIla,
T=3,4-100K.

CornacHO COBpeMEHHBIM JaHHbIM, TEMIiepaTypa B LIEHTpe
Connua nocturaer 15 mun K, nasnenue 2+ 108 [1a, a naoTHOCTH
BEIIIECTBA 3HAYMUTENbHO TMPEBBIIACT TJIOTHOCTh TBEPABIX TEJl B
3eMHbIX yenoBusax: 1,5+ 10° kr/m3, T. e. B 13 pa3 Gonbliie rioTHO-
CTH CBUHLIA. TeM He MeHee NMPHUMEHEHHE Ta30BbIX 3aKOHOB K Be-
LIECTBY, HAXOASIIEMYCSl B 3TOM COCTOSIHUHM, OTNPaBIaHO TEM, YTO
OHO MOHM30BaHO. Pa3sMmepsl aTOMHBIX silep, NMOTEPSBIUIMX CBOH
3NEKTPOHBI, MpuMepHo B 10 ThiC. pa3 MeHbIllE pa3MEpPoOB CaMOTO
aToMa, a pa3Mepbl CaMMX YaCTHII JOBOJBHO MaJibl IO CPABHEHUIO C
PACCTOSIHUAMM MEXIY HHMH. DTO YCJIOBHE, KOTOPOMY HOJDKEH
VIOBJIETBOPATH WACATbHBIN ra3, U CMECH sIIep M 3JIEKTPOHOB,
cOCTaBIsIOMIMX BeuiecTBO BHYTpu CoOJIHIIA, BBIMOJHSAETCH, HeE-
CMOTPS Ha €r0 BHICOKYIO TUIOTHOCTb.

[Ipu BBICOKO# Temmiepatype B LeHTpalbHOM yactu ConHua
MPOTOHbI, KOTOPbIE NMPeob/1aaaoT B COCTaABE COMTHEYHOM IIa3Mbl,
UMEIOT CTOJb DOMbIINE CKOPOCTH, YTO MOIYT NMPEOaoieTh 3JeK-
TPOCTATHYECKUE CHIBI OTTAJIKMBAaHWUS W B3aMMOIEHCTBOBATh
Mexay coboit. B pesynbrare TaKoro B3aMMOAEHCTBUSA IPOUCXO-
OUT mepmoadepHas peaxkyus. YeTbipe NpoToHa obpa3yioT anbha-
yactuiy (sapo renmst) (puc. 5.4).

Puc. 5.4. Cxe-
Ma peakuyuin
NPOTOH-
MPOTOHHOro
umkna
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TepmosiaepHasi peakius BKJII0YaeT TAKME Tarbi:
IH+/H>}{H +e" +v,

2 I 3

tH+H—>3;He +y,

3 3 4 I
3He + 3He —> jHe + {H.

Kak M3BECTHO M3 Kypca (PM3MKM, BCE TPM THIA HEHTPUHO
(371EKTPOHHOE, MIOOHHOE W TAOHHOE) CTOJIb cnabo B3auMoIeu-
CTBYIOT C BEILECTBOM, YTO CBOGOAHO mMpoxomsT ckBo3b CosHue
u 3emmo. Co BpeMeHM OTKpbITHs HeidTpuHo B 1953 1. ero macca,
KOTOpasi KCMEpUMEHTalIbHO He Oblia oOHapyXeHa, cuuTanach
paBHOit HyM10. [TepBelii 1€TEKTOP ITUX YACTULL, MAYLINX OT Conu-
1a, 3aperuCTPUPOBA MOTOK IEKTPOHHBIX HEHTPUHO, HO OH OKa-
3as1Cs1 B HECKOJIBKO pa3 MEHbLIE OXHuaaeMoro. Bo3HUK «napanokce»
COTHEYHBbIX HEHTPUHO: WK BHyTpeHHee ctpoeHune CosHia He co-
OTBETCTBYET pacyéraM, WJIH CBOICTBA HEUTPUHO M3YYEHbBI HENLO-
ctaTouHo noiHo. Tonbko cnyers noutu nonseka, B 2002 r., yaa-
JIOCh PELIMThb ITOT Napanokc. JIeTeKTOpoM, B KOTOPOM HCTONIb30-
Basach Tskénasi Boga 2H,0O, 6buin 3aperucTpupoBaHbl Cpasy TpH
THIMA COMHEYHBIX HEWTpUHO. OKa3anock, YTO 3HAYUTEIbHAA YaCThb
3/IEKTPOHHBIX HEWTPUHO (2 MMEHHO OHM POXIAIOTCA B HEApax
ConHlia B pe3y/ibTaTe TEPMOSIEPHBIX PeaklMit) Mo nyTu K 3eme
MEHSIOT CBOM TUN — <«oclWwuIMpyloT». Ho 3T0 MOXET mpouc-
XOIMTh TOJBKO B TOM CJIy4ae, eCciM HEHTpUHO obanaloT Maccoi
nokosi. B pesynbrate, ¢ OIHOW CTOPOHBI, (hM3MKH TONYYHITH
CBEIeHMsI O TOM, YTO HEMTPUHO MMEET MacCy MOKOsI, KOTOPbIE HE
yAaBaJIOCh MOMYYNTh KAKMM-TO MHBIM nyTéM. COrnacHO MMelo-
[LIMMCS OLIEHKaM, OHa JIOJDKHA COCTaBasATb He 0oJiee HECKOIbKUX
37IeKTPOHBOALT. HamoMHuM, 4TO Macca 3J€KTPOHa NPUMEPHO
0.5 M3B, T. €. B HECKOJIbKO JIECATKOB ThiCsi4 pa3 6onbiue. C Apyro
CTOPOHBI, acTpodU3NKH yOeamIuCh B CHPaBeUIMBOCTH TMpPEA-
CTaBlACHUIT O TEPMOSAEPHBIX PEaKUMUsAX, MPOMCXOAAUINX BHYTPH
Connua. KuHernueckasi Heprusi, KOTopylo npuobperaior obpa-
3yIOIIMECs] B XOJ€ peaklMM YacTULbl, MOLJAEPKHUBACT BLICOKYIO
TEMMEepaTypy IJ1a3Mbl, U TEM CaMbIM CO3/1aI0TCs1 YCTIOBHS JUTSA NTPO-
NOJDKEHWsI TEPMOSIIEPHOTO CHHTE3a. DHEprus ramMma-KBaHTOB
obecneunsaeT nanydeHne ConHua.

U3 neap ConHlla HapyXy 3Ta SHEPrusi NepeaacTCcs ABYMsi CIIo-
cobaMu: uzay4enuem, T. €. CAMMMM KBAHTAMM, U KOHGeKuuel,
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T. €. BELECTBOM. BbuieseHHe 3Hepruu U e€ nepeHoc onpeaessiior
BHyTpeHHee crpoeHue CosHiia:

— A0po — UEHTPaJIbHAasl 30HA, I1€ NMPH BBICOKOM JaBJIEHHH
M TEMIIEPATYPE NMPOUCXOIAT TEPMOSIIEPHBIC PEaKLIMM;

— AyHucmas 30Ha, rae 3Heprusi nepeaaércst Hapyxy oT cJos
K CJIOKO B pe3yJbTare Mocaea0BaTe/IbHOrO MOMIOLIEHHST U U3Jlyye-
HHSI KBAHTOB;

— Hapy»@cHas KOHBEKMUGHAA 30Ha, TAEC SHEPTUsi OT Clos
K CJIOI0 TMEPEHOCHTCS CAMHMM BELLIECTBOM B pe3yjbraTte rnepeme-
IIMBaHUA (KOHBEKLIMH).

Kaxzasi U3 3THX 30H 3aHUMAeT MPUMEPHO !/; COTHEYHOTO pa-

auyca (puc. 5.5).

Cpa3y 3a KOHBEKTMBHO# 30HON Ha4yuWHaeTcsi ammocgepa,
KOTOpasi MPOCTUPAETCsl [aJeKO 3a MNpeaesibl BUAWMOIO IMCKa
Connua. E€é HuxkHuil cioii — ghomocgpepa — BOCTIPUHUMAET-
csa kak nosepxHocTth ConHua. BepxHue ciou armocdepsl Herno-
CPEACTBEHHO HE BHAHBI MU MOryt HabGiionatbes 1MOO BO Bpems
MOJIHBIX COJHEYHBIX 3aTMEHHUU, MO0 M3 KOCMHUYECKOTO IPOCT-
paHcTBa, MO0 MPHU MOMOILM CIEUHATbHBIX MPUOOPOB € MOBEPX-
HOCTH 3eMJIH.

Xpomocdepa Puc. 5.5.
BHyTpeHHee
300 km cTpoeHue

dotochepa ConHua

3oHa
| KOHBEKUWMW

3oHa
nepeHoca
ny4ynucTomn
3HEPruun

MNpotybepaxey, 30Ha agepHbIX

peakuuin



3. Armocdepa Connua

(pomocq!'lepa — camblit HWKHUIA caoi atmocdeps ConHua,
B KOTOPOM TemrepaTypa A0BoJibHO GbicTpo yObiBaetr ot 8000
no 4000 K. CnencrBMeM KOHBEKTMBHOIO ABMXKEHMSI BEUIECTBA B
BepxHux cnosx ConHua sipasiercss cBoeoOpasHbiii Bun ¢oro-
chepol — epanyasyus (puc. 5.6). @orochepa Kak 6bI COCTOUT
M3 OTAE/IbHBIX 3€PEH — TPaHyJi, pa3Mepbl KOTOPbIX COCTaBJIAIOT
B CPEIHEM HECKOJIbKO coteH (1o 1000) kunomerpos. Ipanyra —
3TO TMOTOK TOPSYEro rasa, MoAHMMAOLIMACA BBepX. B TEMHBIX
MPOMEXYTKAX MEXILY rPaHylaMyu HaAXoAUTCst Bosiee XOMOAHbIH ras3,
omnyckalomuiicss BHM3. Kaxnas rpaHyia CywiecTByeT BCEro
5—10 mMuH, 3aTeM Ha e€ MecTe MOSIBJISIETCS HOBasi, KOTOpast OT-
au4vaetcs ot npexHeit no ¢popme u pasmepam. Obias Habmonae-
Masi KapTHHA NpU 3TOM He MeHsieTcsi. Beuectso hoTtocdepbl Ha-
rpeBaeTcsi 3a CY€T 3HepruM, mnocrynaiouweit u3 Heap Conxua,
a M3JydeHMEe, KOTOPOE YXOAMT B MEXIUIAHETHOE INMPOCTPAHCTBO,
YHOCHMT JHEPIHIO, O3TOMY HapyXHbie ciou doTtochepbl OXIax-
Ial0TCH.

B cambix BepxHHX closix ¢dorocdepnl MIOTHOCTh BelIECTBA
cocrapnser 10-3—10-* kr/mM3. 3aece B yCIOBUSIX MUHUMAIbHOM
s ConHua Temreparypbl 0Ka3blBaeTCsl BO3MOXHBIM CYILECTBO-
BaHME HEWTPaIbHBIX ATOMOB BOJOPO/JA ¥ [aXe MPOCTeHIINX MO-
nekyn n panukanos H,, OH, CH.

Han dotocdepoii pacnionaraercsi xpomocghepa («cepa use-
ta»). KpacHoBaTo-(hmoieToBOe KOIbLO XpoMOCHEpbl MOXHO
BMIIETH B T€ MOMEHTBI, KOraa
auck Conuua 3akpwiT JIyHOI
BO BpEMSl MOJHOTO COJIHEYHOTro
satMeHusi. B xpomocdepe Be-
LIECTBO MMEET TeMIlepaTtypy B
2—3 pas3a Bbilie, 4eM B oToc-
dbepe. 3mech, Kak WU BHYTPH
CoJtH11a, OHO MpeACTaBIsieT Co-
00ii nua3My, TOJIBKO MeHbLIei
rIoTHOCTH. TonMMHA XPOMO-
chepnr 10—15 ThiC. KM, a najiee
Ha MWUIMOHBI  KWIOMETPOB  pyc, 5.6. lpaHynaums
(Heckonbko pannycos ConHua) 8 poTochpepe




Puc. 5.7. Bug conHeuyHom
KOPOHbI BO BPEMSA MONMHOMo
3atmeHma ConHua

[POCTUPAETCS COAHEHHAs KOPOHA
(puc. 5.7).

Temneparypa KOpOHBI pe3KO BO3-
pacraeT 1o CpPaBHEHHWIO C TeMIie-
paTypoii xpoMochepbl MU NOCTHTaeT
2 man K. IlpuumHoit Harpesa coii-
HEYHOI KOPOHBI SABASIOTCS MarHUTO-
3BYKOBBIE BOJIHBI, TMOAHHUMAIOLIMECS
B KOpOHY U3 BoJiee ryOMHHBIX CIIOEB
Connua. /[lnsgs KOpPOHBI, KOTOPYIO
MOXHO Habmogatb BO BpeMsl TMOJ-
HBIX COJTHEYHBIX 3aTMEHUI KaK XeM-

4yXKHO-cepeOpucTOe CHUsIHME, XapaKTepHa JIyducTasi CTPYKTypa
C MHOXECTBOM CJIOXKHBIX JeTaneil — ayr, HUIEMOB M T. O. (CM.
puc. 5.7). ConHeyHas kopoHa (puc. 5.8) siBunach wisi actpopu-
3UKH YHUKaJIbHOW MpUpOAHON nabopaTtopueit, B KOTOPO ynaér-
cA HaOmozaTh MOBEICHME BELIECTBA B YCIOBMAX, HEJOCTHXKM-
MbIX Ha 3emuie. Bbicokasi Temrneparypa KOpOHBbI ofecrieuuBaeT

Puc. 5.8. UameHeHue Buaa
CONHEeYHOMN KOPOHBLI
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MOJIHYIO MOHHU3ALIMIO JIETKUX 2JIEMEeH -
TOB, a y 60Jiee TSLKENBIX COXPAHSIOTCS
3JIEKTPOHBI, HAXOASAIIMUECS HAa CaMbIX
rTyOOKHMX 2JEKTPOHHBIX 000/10YKax.
BbICOKOMOHM30BAHHYIO TLIa3MY KO-
POHBbI YACTO HA3bIBAIOT JIEKTPOHHBIM
ra3oM, UMesi B BUILY, YTO YMCIIO BJIeK-
TPOHOB, MOTEPSHHBIX ATOMaMM, Cy-
LLIECTBEHHO MPEBOCXOAUT YMCIO 00-
Pa30BaBIIMXCSH TPH 3TOM ITOJIOXHU-
TEJIbHBIX MOHOB.

[InoTHOCTH BewmiecTBa 1Mo Mepe
yaaneHuss or CoJsiHIIA MOCTENEeHHO
VYMEHbILAETCS, HO MOTOKH IIa3MBbl U3
KOPOHBI (coaneuHblll éemep) pacre-
KAlOTCs 110 BCEH IMJIaHETHOMN CHCTEME.
CKOpOCTb 3THX TMOTOKOB B OKpPECT-
HOCTAX 3eMJIM OOBIYHO COCTABJSIET
400—500 kMm/c, HO Y HEKOTOPbBIX MO-
xet nocturath 1000 km/c. OCHOBHBI-
MH COCTABJISIIOLIMMH COJIHEYHOIO Be-



Tpa SIBJISIIOTCS MPOMOHBL W IAEKMPOHbI, 3HAYUTEIIBHO MEHbILE
anvha-wacmuy v 1pyrux nonos. Hawa nnanera pakTHIECKH Ha-
XOMTCSI B COJTHEYHOM KOPOHE, MO3TOMY MHOIrue reo(pusnyeckue
SIBJIEHUS] UCTIBITHIBAIOT Ha cebe BIAMSIHUE MPOLIECCOB, NPOUCXOAs -
uux Ha CosnHie, B 0cOOEHHOCTH B ME€PHUOILI MAKCMMYMa COJTHEU -
HOM akTUBHOCTH. COJIHEYHBINH BETEP MOPOXIAeT HE TOJBKO Ha
3emiie, HO U Ha apyrux ruiaHetax CoHeYHOM cucTeMsl, obnanao-
IIMX MArHUTHBIM TOJIEM, TAKHE SIBJICHUS, KaK MarHuTocdepa, rno-
JIIPHBIE CUSAHUS M paJlMallMOHHBbIE 1osca.

4. ConHeuHasi aKTMBHOCTb

Kak npasuio, B armochepe ConHila HabmoaaoTess MHOroobpas-
HbIE€ MPOSIBJICHUSI COTHEYHON aKTHBHOCTH, XapakTep NMpOTeKaHUs
KOTOPBIX OMpPEAesieTCsl MOBEACHUEM COJIHEYHOM TUla3Mbl B Mar-
HUTHOM TOJIE: NAMHA, BCNbIUKU, npomybepanybl, KOPOHANb-
Hbte ébibpochbt v T. 1. Hanbonee U3BECTHBIMM M3 HUX SIBJISIOTCS
coaneunsvie namua, oTkpoiToie emé B Havane XVII B. Bo Bpems
nepBbIX HaOMONEHMI 1TpU Nomoluu Teaeckona. 1o u3MeHeHHUIo
nonoxeHus nsateH Ha aucke CosnHua ObU10 0OHApYXEHO, YTO OHO
ppamtaercsi. HabnoaneHus rnokasaim, 4To yriioBasi CKOPOCTb Bpa-
meHust ConHila yobIBaeT OT 3KBaTOpa K MOJa0CcaM, a BpeMs mos-
HOTO 060POTa BOKPYT OCH BO3PacTaeT ¢ 25 cyToK (Ha 3KBaTope) 10
30 (B61M3M TTONIOCOB).

O6uiee maruutHoe nosie ConHua no dopMe JMHUA MarHUT-
HOW MHAYKIIMHM OTYACTH HAroMKUHaeT 3eMHoe. [TaTHa nossisioTcs
B TeX CPaBHUTEJbHO HeGonbiuux obnactsax dorochepsr ConHua,
rje MarHUTHOE ToJie YCHJIMBAETCsl B HECKOJIbKO ThICAY pa3 Io
CpaBHEHUIO ¢ 001MM (HOHOM, M €ro MHAYKLHMSA MOXEeT NOCTUraTh
0,4—0.,5 Tn. YecuneHue MarHMTHOTO M0JIsI, KOTOPOE OXBATbIBAET
TaKKe JieKallue Bbilie obsacTi xpoMocdepbl 1 KOPOHbBI, SABISCT-
Csl XapaKTepPHbIM MPU3HAKOM aKTUBHON 00/1acTH (LIEHTpa aKTUB-
HOCTH).

CHauasia nsiTHa HabJ1I01al0TCs KaK MaJleHbKHUE TEMHbIE y4acT-
ku auamerpom 2000—3000 kM. BOABIIMHCTBO U3 HUX B TEYCHHE
CYTOK MPOMNAaAaT, OHAKO HEKOTOPbIE YBEJIUYMBAIOTCS B IECATKH
pa3. Takue nsaTHa MOryt oOpa3oBbiBaTh OOJIbILNE TPYMIbBI K CYy-
ecTBoBaThb, MeHssi (GopMy M pasmepbl, Ha MPOTSDKEHUH He-
CKOJIBKMX MECSIIEB, T. €. HECKOIbKHX 000poToB ConHua. ¥ Kpyn-
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HBIX TATEH BOKPYr Haubosee TEMHON LEHTpaJIbHOW 4YacTu (eé
Ha3bIBAlOT meHb) Habmonaercs MeHee TEMHAss — HOAVMEHb
(puc. 5.9). B uenTpe nsaTHa TemrepaTrypa BelLIeCTBa CHMXKAETCs
npumepHo a0 4000 K, no3tomy B crnieKTpe nsaTteH HabmomaTcs
MOJIOChI TIOIJIOLIEHHSI HEKOTOPBIX JIBYXaTOMHBIX MOJIEKYJI, Ha-
npumep CO, TiO, CH, CN. lNounxeHue TeMneparypsl B paitoHe

KpPYyNHOro NnATHa

Puc. 5.10. BuxeHune
BelulecTBa npotybepaHua

MATHA CBSA3aHO C ACHCTBUEM MAarHuT-
HOTO I10JIs1, KOTOPOE HapyluaeT HOp-
MAJIbHYIO KOHBEKIINIO U MPETSTCTBY -
€T NMPUTOKY HEPrum cHu3ly. Bmecre
¢ TeM BOJIM3M MSITEH, Iieé MarHUTHOE
none cnabee, KOHBEKTHUBHBIE IBU-
KEHWUSI YCUIMBAIOTCH, U TOSBIAIOTCS
XOpOLIO 3aMeTHbIe sipkue oOpa3oBa-
HUsl — ghakeant.

HauGosiee KpynHbLIMU 110 CBOUM
MaciuTabaM MpOoSBICHUSAMHU COJIHEY-
HOW aKTMBHOCTHU SBJSIOTCH HabI0-
JlaeMbl€ B COJIHEYHOW KOPOHE mpo-
myb6epanuybt — OTPOMHBIE 110 00BE-
My ofnaka ra3a, Macca KOTOpPBIX
MOXET J0CTUIaTh MHJUIMAPAOB TOHH
(cM. puc. 2 Ha uBeTHO#M BKIeike XI1).
Hekotopbie M3 HMX («CIMOKOHHBIE»)
HarmoOMMHAIOT 1Mo (opMe rMraHTCKue
3aHAaBECH TONILMHON 3—5 ThIC. KM,
BBICOTOM 0K0J10 10 ThIC. KM M JUTHHOM
no 100 teic. KM, MOANMMUpaeMbie KO-
JIOHHAMHM, MO KOTOPBIM Ia3 TEYET M3
KOpOHBbI BHU3. OHU MEIEHHO MEHsI-
10T CBOIO (hOpMY M MOTYT CYIIIECTBO-
BaTh B TEYEHHE HECKOJILKUX MECSLIEB.
Bo mHorux cnyuasix B mporybepaH-
nax Habmozaetrcss VIOpsUIOYEeHHOE
NBWXEHHUE OTIEbHBIX CryCTKOB W
CTPY# 1O KPUBOJIMHEHHBIM TPaeKTO-
pUsIM, HarnmoMHuHawIKUM 110 dopme
JIMHUU UHAYKLWKW MarHUTHBIX MOJIEH
(puc. 3.10). IMopoii oTnenbHbIE YaCTH
nporybepaHiieB OBICTPO YCTpeMIIsi-



IOTCS BBEPX CO CKOPOCTAMM MOPsiiKa HECKOJIBKHUX COTEH KWJIOMe-
TPOB B CEKYHAY M MOAHHUMAIOTCS HAa OTPOMHYIO BBICOTY (10
1 MJIH KM), uTO nipesbituaeT paanyc ConHua. Okazanocsk, 4YTo Mnpo-
MCXOAMUT 3TO BO BPEeMSs BCIbIIIEK.

CaMBIMHM MOIIHBIMHM TIPOSIBJIEHUSMM COJIHEYHOM aKTHBHOCTH
SABJISIIOTCS 6CHBIMKU, B TPOLIECCE KOTOPBIX 3a HECKOJbKO MUHYT
WHoraa Belaensiercst 3Heprus o 1025 JIx (takoBa 3HEprusi npm-
MepHO MWLJIMap/aa aToMHbIX 60M0). Benbiikyu HabmoaaoTest Kak
BHE3alHbIe YCWJIEHHMS SIPKOCTH OTAeNAbHbIX ydacTkoB ConHua
B paiioHe nsTeH (cM. puc. 3 Ha uBetHoit Bkieiike XII). IMponon-
XHUTEJIbHOCTb BCIBIIIEK OOBIMHO OKOJIO 4aca, a ciadble ausiTes
BCEro HeCKOJIbKO MUHYT. 1o cBOE# CyTH BCHbILIKA — 3TO B3PHIB,
BbI3BAHHDBI BHE3aMHbIM CXATHEM COJIHEYHOM mua3mbl. Cxatue
MPOUCXOAMUT IO JeHCTBUEM MArHUTHOTO MOJSA M TPUBOOMUT K
00pa30BaHUIO TUIAa3MEHHOTO XKIyTa WJIM JIEHTbl, JOCTUTalOLIMX
B JUIMHY JIECATKOB M JaXe COTeH Thicsd KuaoMeTpoB. ConHeuyHas!
rJia3ma B 3TOM 00J1aCTH MOXKET HarpeBaTbCcs /10 TeMIepaTypbl M0-
psaaka 10 muin K. Bo3pacraer kuHeTHueckasi 3Heprusi BbIOpoCcoB
BEIIECTB, ABMXXYIIMXCS B KOPOHE M YXOASAILIMX B MEXIUIAHETHOE
NMpocTpaHCcTBO co ckopoctsiMu 1o 1000 km/c. [NonyyaroT aonon-
HUTEJIbHYIO 3HEPTHI0 U 3HAYUTEIbHO YCKOPSIOTCSA TMOTOKMU 3/EK-
TPOHOB, NMPOTOHOB M APYIMX 3apsDKeHHBIX YacTUll. YCuiuBaeTcs
ONTUYECKOE, PEHTreHOBCKOE, ramMma- W paauousiiyyeHue. [le-
TaJibHasl TEOPHUSI CIIOXHOIO KOMIUIEKCA SIBJICHMWH, HabmMoaaeMbIxX
BO BpeMsi BCHBbIIIEK, MOKa ellEé He pa3dpaboraHa, HO, 1O COBpe-
MEHHBIM TIPEICTABJIEHUAM, OHM CBsI3aHbl C BO3HMKHOBEHMEM
U TIPOMCXO/SIIIIMM 3aTeM OBICTPBIM BbUIEJIEHMEM M30bITKA 3HEp-
MM B MAarHUTHBIX MOJISIX aKTUBHBIX 00/1aCTEN.

IToTOKM r1a3Mbl, OOYCIIOBIEHHBIE COJTHEYHBIMM BCMbILLIKAMM
M KOPOHaJIbHBIMU BhIOpOCAMHU, Yepe3 CYyTKHU-JIBOE JTIOCTUTAIOT OK-
pectHocTelt 3emaun. BeuectBo, BeiOpachiBaeMoe M3 COJNHEYHOMN
KOPOHBI, MpeacrapasieT coboi naa3mMy ¢ MarHUTHBIM T10JIEM (Tak
Ha3blBaeéMble MarHUTHbIe oOJiaka). B3zaumoneiicTrBue takoro ob-
naka ¢ MarHutochepoit 3eMiM BbI3BIBAET aHOMAJIBHOE BO3MY-
lIEHWe — MAarHuTHy1o Oyplo. MarHuTHble OypH BbI3bIBAIOT BO3-
MyllleHHe WoHochepbl, YTO TNMPUBOAUT K HApPYIIEHUSM B TpO-
XOXIEHWH pPaIMOCHUTHAJIOB, B YaCTHOCTH, OT HABUIALlMOHHBIX
CIyTHUKOB. M3MeHeHHe reOMarHuTHOTO T0Jisl MPUBOAUT K TMOSIB-
JIEHWI0 WHAYUMPOBAHHBIX TOKOB B JIMHUSIX 3JeKTponepenadyu
U TpyDonpoBoaax.
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Puc.5.11.
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Yucno nATeH ¥ nporydepaHiieB, 4YacTOTa K MOLLIHOCTh BCIIbI-
mek Ha CosHlle MEHSIIOTCS C OMNpeneléHHOM, XOTs U He OYEeHb
CTPOroi MEepPUOANYHOCTBIO — B CPEIHEM 3TOT NMEPUOJL COCTABIISIET
npumepHo 11,2 rona (puc. 5.11). Ormeuaercs onpenes€HHasi CBsA3b
NPOLIECCOB XHU3HEAEATeIbHOCTH PACTEHUI U XKUBOTHBIX, COCTOS~
HHUA 300pPOBbsl JIIOAEH M MMOTrOAHO-KJIMMATHYECKMX aHOMAJIMM
C YPOBHEM COJIHEYHOW AKTMBHOCTH, OHAKO MEXaHM3M BO3JEiH-
CTBHS 3THX MPOLIECCOB Ha 3€MHbIE SIBJICHUS €LIE HE BITOJIHE SICEH.

B nHactosiuiee Bpemsi wisi u3ydeHusa CosliHLA MCMONB3YIOTCS
BCE CpeICTBa KOCMMYECKON TeXHUKU. MeTeoCnyTHMKH Ha reocTa-
LMoOHapHo opouTe yxe 6onee 30 ner BeayT oOIIMIT MOHUTOPUHT
COJTHEYHOW aKTHBHOCTH, H3MEPss MOTOKH PEHTIEHOBCKOIO M3JIy-
YEHUs] ¥ COJIHEYHBIX KOCMUYECKMX Jiyueit. [Uisi MOHMTOPUHIa KO-
pPOHaNbHBIX BEIOpOcOB Maccel Mcnonb3yercs napa KA CTEPEO,
KOTOpPBI€ HAXOMATCA B Pa3HbIX TOYKAX OPOUTHI 3eMJIM ¥ NMOMOTaloT
B3MISIHYTh Ha MarHuTHoe 00J1aKo, JieTsilee K 3eMiie, «co CTopo-
Hel». KA COXO no3BojsieT OTCAEKHWBATh TMOSIBJIEHUE MATEH,
BCMBIIEK ¥ KOPDOHAIbHBIX BHIDPOCOB MACChI U MO UX MECTOIOJIO-
XKEHHUIO M JHHAMHUKE JaBaTh TPEXAHEBHBIH MPOrHO3, NMPeACTaB/Is-
10T JIM OHU ONACHOCTb [UTsl 3eMJTH.

M KakoBO X cooTHoeHHe? 2. KakoB HCTOYHHK HEPIrHU U3JTyue-
Husi Connua? Kakue M3MeHEHHsI C €ro BELIECTBOM IMPOMCXOAAT
npu 3ToM? 3. Kakoii cioit ConHua siBjisieTcst OCHOBHBIM HCTOYHH-
KoM BHaumoro uanyudeHusi? 4. KakoBo BHyTpeHHee CTpOECHHE
Connua? HasoBute ocHoBHBIE ciou ero atmocdepsl. 5. B kakux

@ BONMPOCHl 1. Y3 kakux xumuyeckux snementos coctout ConHie



rnpeaenax usmeHsiercst remrneparypa Ha CosHLEe OT ero LueHTpa 1o
tdorochepni? 6. Kakumu criocobamMM OCYIIECTBISETCH TEepPeHoC
sHeprum u3 Heap ConHua Hapyxy? 7. Yem obbsicHsieTcs: Habmo-
naemasi Ha ConHue rpanyasiumus? 8. Kakue nposiBieHusi COlHeY-
HOW aKTHBHOCTHM HaO/I01al0TCsl B pPa3s/iMYHBIX 05X aTMocdepbl
Connua? C yeM cBsi3aHa OCHOBHasi NMPHYMHA 3THX SBJICHHIA?
9. Yem oOBsicCHAETCAS MOHWXKEHHE TeMIlepaTypbl B obiacTtv con-
HeuHbIX naTeH? 10. Kakue siBneHus: Ha 3emJiie CBA3aHbl C COJIHEY -
HO# aKTUBHOCTbIO?

(uepe3 TéMHBINA GuibTp) Ha ConHue NMATHO pasMepoM C 3eMIlo,
€CJIU I11a3 pazinyaeT OObeKThl, BUAMMbBIE pa3Mepbl KOTOpbIX 2—3"7
2. KakoBa BTOpasi KOCMHYECKasi CKOPOCTh Ha ypoBHe (hoTochepbl
Connua? 3. Kakasi MOLHOCTb H3JIYYEHHs PUXOAUTCH B CPEIHEM
Ha | Kr coiHeuHOoro Beuiecrna?

§ 22. PAaccTosiHms 10 3BE3A.
XAPAKTEPUCTUKHM U3JTYUEHMSI 3BE3]]

Hame ConHle crpaBeUIMBO HA3bIBAIOT THUMMUYHOM 3BE310M, HO
CpeaH OrpOMHOIo MHOroo6pasust Mupa 3BE3/1 €CTh HEMAIO TAKUX,
KOTOpbIE 3HAYUTEJIBHO OTIMYAKOTCA OT HEro 1o Cl)H3H‘{CCK}1M Xa-
pakrepuctukam. [loaromy Gosee nosHOe npeacTaBieHue o 3BE3-
aax ﬂ.aéT TAKOE€ OINpECaCICHHE:

3B€3/1a — 3TO NPOCTPAHCTBEHHO 000C00/IeHHbII, rPABUTALIMOH -
HO CBSI3AHHbIH, HENPO3PAYHBIH /LIS HM3JIYYEHHMS KOCMHYECKHH
00bEKT, B KOTOPOM B 3HAYMTEIbHBIX MACIITA0AX NMPOUCXOAWIIH,
NPOHCXOIAT WIH OYAYT NMPOMCXOIHTH TEPMOSIEPHbIE PEeaKIHH
npespaileHus BOAOPOaa B NeJivi.

ConHle CYLIECTBYET YK€ HECKOJbKO MUWUTHAPIOB JIET U MaJIO
M3MEHMJIOCH 3a TO BPeMsl, MOCKOJbKY B €ro Heapax BCE ellé npo-
HUCXOAAT TEPMOSIIEPHbIE peaKlMM, B Pe3ylbTaTe KOTOPLIX U3 4e-
TBIPEX MPOTOHOB (siAep Boaopona) obpasyercsi anbda-yacTvua
(apo renusi, COCTOsIIEe U3 ABYX MPOTOHOB U JIBYX HEUTPOHOB).
bonee mMaccuBHBIE 3BE31blI PacXOAyIOT 3anachl BOAOPOAA 3HAYM-
TeJbHO ObICTpee (3a mecsaTtku MUUTMOHOB JieT). [locne Toro kak
BOIOPOI M3PACXOA0BaH, HAYMHAIOTCS PeakLMM MEXIYy saApaMHu
resins ¢ obpazoBaHHEM YCTOMYMBOIO M3oTona yriepoaa-12 v apy-



rMe peakiliuu, NMPOAYKTAMHU KOTOPBIX SABJSIIOTCS KHUCIOPOA W TH-
KENble 3/1IeMeHTbl (HaTpuii, cepa, MarHuii M T. 1.). Takum obpa-
30M, B Heapax 3B€3a oOpa3yloTcs siapa MHOTMX XUMHYECKHMX 3J1e-
MEHTOB, BIUIOTB 110 XeJe3a.

Y Haubonee MAcCUMBHBIX 3BE3[1 MpeKpallleHUue BCEX BO3MOXK-
HBIX TEPMOSIZIEPHBIX peakLMi CONMpPOBOXIAETCS MOILIHBIM B3pbl-
BOM, KOTOPbII HabIogaeTcsi Kak BCMBILLIKA CBEPXHOBOW 3BE3/bI.

Bce snemMeHTBI, KOTOpPbIE BXOAAT B COCTaB HallleH TUJIAHETHI
M BCEro XMBOTO Ha Hei, 06pa3oBauCh B pe3yibTaTte TepMosaep-
HBIX peaklMil, MPOUCXOAUBILIMX B 3BE31aX, MOITOMY 3BE3ALI HE
TOJILKO caMble pacrpocTpaHéHHbie BO BceneHHON 0OBEKTbI, HO
M caMble BaXHBbIE UISI TOHUMAHUS MPOUCXOASIIIIUX B HEM SIBJICHUTH
M TIPOLIECCOB.

M MEeHHO TepMOsiIepHBIE peakKiIMK SIBJISIIOTCS XapaKTepPHOM OT-
JMYUTENbHON ocobeHHOCThIO 3B€3a OT nuaHeT. [TosaToMy coBpe-
MEHHOE OrnpeesieH!ue IJIaHeThl (hOPMYIUPYETCS TaK:

niaHera — HebecHoe Tesio, oDpamiaoIeecss BOKPYT 3Be3bl
WJIH OCTATKA 3B€3/1bl, JIOCTATOYHO MACCHBHOE, YT00BI NpHOGpe-
cTH chepudeckyo popmy noxa AeidcTBHeM COOCTBEHHOM rpaBu-
TALMH, H CBOUM BO3/IeHCTBHEM YA IMBIIIee MAJIbIe Tela ¢ OpoH-
Thl, OJIM3KO#H K cCOOCTBEHHOI, HO TIPH 3TOM B €€ HeIpax He Npo-
HCXOAAT M HHKOI/IA He NPOMCXOIMJIH PeaKIMH TePMOAIEePHOro
CHHTEe3a.

1. ToanunbIit napannakc u paccTosHUS 110 3B€37

Maican o TOM, YTO 3BE3Abl — 3TO NAIEKME COJIHLA, BbICKA3bl-
BaJIUCH ellé B ryboKoi apeBHocTH. OQHAKO N0JTOE BpeMs OcTa-
BAJIOCh HESICHBIM, KaK Jajieko OoHM Haxomarca ot 3emuu. Eme
ApUCTOTEJb MOHUMAJ, YTO €CIK 3emMiid IBUXETCH, TO, Habonas
MOJIOKEHHUE KAaKOH-TMO0 3Be3/1bl M3 IBYX AUAMETPAJIbHO MPOTUBO-
MOJOXHBIX TOYEK 36 MHOI OPOUTBI, MOXHO 3aMETHTh, YTO Harnpas-
JIeHue Ha 3Be3ay usMeHuTcs (puc. 5.12). 3to kaxyuieecs (mapan-
JIAKTMYECKOE) CMellleHHe 3Be3/bl OyIeT CIYyXKHUTh MEpPOi paccTos-
HUSI 10 HeE: yeM OHO Oosblue, TeM OJMXe K HaM pacrojioXeHa
3Be3na. Ho He Tobko caMoMy ApPUCTOTENIO, HO Jaxe 3HAYUTE b-
HO no3aHee KonepHUKyY He yaanoch 00HAPYXKUTh 3TO CMELLIEHHE.
Tonbko B KoHILE niepBoit nonoBuHbl XIX B., KOra TeJecKornbl Obl-
i 000pYAOBaHbI MPUCITOCODICHUSAMM JUIS TOYHBIX YIJIOBBIX W3-
MEpPEHUH, yoanoch M3MEPHUTh TAKOE CMelleHHWe y OiamMxXalimx
3BE3I.



Puc. 5.12. Mapannaktu4eckoe Puc. 5.13. ToauyHbIiv Nnapannakc
cMelleHue 38e3fpbl 3Be3fpl

TonMYHBIM NAPALIAKCOM 3BE3/Ibl P HA3BIBAETCSH YroJl, N0 KOTO-
PbIM CO 3Be3/1bl MOXKHO ObLIO Obl BHIAETH OOJIBUIYIO MOJYOCH
3eMHOI1 opOuTHI (paBHY0 1 a. €.), NePNeHAMKYIAPHYIO HANPAB-
JICHHIO Ha 3Be3ay (puc. 5.13).

Paccrosinue no 3Be3nbl

a
sin p°’

D:

rae a — 6onblasi NoAyoch 36MHOM OpOUTHL. 3aMEHUB CUHYC Ma-
JIOTO yIjla BEJIMYMHOM CaMoro yria, BbIPaXXKeHHOM B paauaHHOM
Mepe, ¥ MpUHAB @ = | a. e., NoayuYuMm cieayouyo ghopmyny wis
BbIYMCIIEHUSI PACCTOSIHUS 110 3B€3[bl B ACTPOHOMMYECKHUX €IM-
HHULAX:

2 L
D= {}6265‘

p

B 1837 r. BnepBble ObLIM OCYIIECTBICHBI HANEXHBIE U3MEpe-
HUS TOAMYHOTO napainakca. Pycckmit actpoHoMm Bacuaui Skoe-
aesuu Cmpyee (1793—1864) npoBén 3TM M3MepeHus Ul spyaii-
wiei 3se3abl CeBepHoro noayiapust Beru (o JIupsr). Moyt onHo-
BPEMEHHO B JPYTMX CTpaHax OMPEIeWIM MapaUlakChl €lié aByX
3BE3/1, ONHOM U3 KOoTOpbIX Ob1a o LleHTaBpa. Dra 3Be3aa, koTopas
¢ tepputopuu Poccum He BUIOHA, oKasajach OavKaiilen K HaM.
Jlaxe y He€ roaMyHbli napainake cocrasua seero 0,75". Tlon ra-
KHMM YIJIOM HEBOOPYXKEHHOMY [71a3y BUIHA MPOBOJIOYKA TOTLIMHOM
I MM ¢ paccrosiius 280 m. [TosTtomMy HeyaIMBHTEIBHO, YTO CTOJb
MaJlble YITIOBbIE CMEIIIEHUs TaK JOJITO HE MOTJIM 3aMETHTh.

Paccrossiue no Onuxkaiiiei 3Be3nbl, Napaiake KOTOpOit

206 265"
p = 0,75", cocraBnsier D = 075 270 000 a. e. EauHuuamu



IUISE U3MEPEHMS CTOb 3HAYMTEIbHBIX PACCTOAHMI ABAAIOTCS Nap-
CEK M CBETOBOM ro.

ITapcex — 3TO Takoe PacCTOsSIHWE, HAa KOTOPOM Mapajulakc
3Bé31 paseH 1”. OTclona M Ha3BaHMe ITOW EIMHMLUBI: IMap — OT
cI0Ba «Iapajulakc», CeK — OT ClioBa «cekyHaa». Paccrosinue
B rnapcekax paBHO oOpaTHOM BEJIMYMHE FOAMYHOrO rnapajjiakca.
Hanpumep, nockonbKy napaiinakc o Llenraspa pasen 0,75", pac-
CTOsIHME 10 Heé paBHO 1,3 napceka.

Ceemoeoii 200 — 3TO TaKOE PAcCTOsIHUE, KOTOPOe CBET, pac-
MpOoCTpaHssich co ckopocThio 300 Thic. KM/C, MpoxoauT 3a roa. Ot
OaMxaiiieit 38e3/1bl CBeT MAET 10 3eMJIM CBBILLIE YETHIPEX JIET, TOT-
na kak ot ConHila OKOJIO BOCBMU MUHYT, a OT JIYHBI HEMHOIMM
Dosee OAHOM CeKYH/IbI.

1 ik (napcek) = 3,26 csetosoro rona = 206 265 a. e. = 3+ 108 km.

K HacrosiiieMy BPEMEHH C TMOMOILbBIO CMEUUAIBHOIO CITyT-
HuKa <«lunnapkoc» M3MepeHbl TOAMYHbIC TMapajakcbl Oonee
118 ThiC. 3B€31 ¢ TouHOCTBIO 0,001”.

Takum oO6pa3oMm, Tenepb U3MEPEHMEM FTOJIMYHOIO Napaijlakca
MOXHO HaJEXHO OMNpEIe/uTb PACCTOSIHUS 10 3BE31, YAATEHHBIX
ot Hac Ha 1000 nk, win 3000 cB. ner. Paccrosinus no 6onee nané-
KUX 3BE3/1 ONPENesIsIoTcs IPYriMU METOaAMH.

2. Buaumas u abconoTHas 3B€31HbIE BeJIMYHUHBIL.
CBeTuMoOCTb 3BE3]

[Tocne Toro kak ACTPOHOMBI TMOJIYYHUJIM BO3MOXHOCTL OIMPENeAaTh
paccTOAHMS 10 3BE3/1, BHISICHWIOCH, YTO 3BE3/1bl, HAXOMSLIINECS Ha
OMHAKOBOM DPACCTOSIHUM, MOIYT OT/JIMYATBCS MO BHUAMMOWN sIp-
KocTH (T. e. o 6secky). Crano oYeBUIHO, YTO 3BE3[Ibl UMEIOT pas3-
IMUHYIO ceemumocmpb. COTHIE KAXETCs CAMBbIM SIPKUM 00BEKTOM
Ha Hebe TOJNILKO MOTOMY, YTO OHO HAXOIUTCS ropasao Oiuxe Bcex
OCTAJIbHBIX 3BE31.

CBeTHMOCTbIO HA3BIBAETCA NOJIHAA JHEPrusA, H3ayuaemas 3Be3-
J10M B €IHHHUILY BPEeMEeHH.

OHa BbIpaxaercss B aOCOMIOTHBIX €AWHMLAX (BaTTax) WIH
B eauMHMLax ceeTuMocTr ConHua.

B acTpOHOMMM NPUHATO CPABHUBATD 3BE3/1bl N0 CBETHMOCTH,
paccuuTbiBas UX OsecK (3BE3AHYIO BEJIUUMHY) IS OAHOTO U TOIO
Xe craHaapTHoro paccrosiius — 10 nk.



Buaumas 3B€31Has BeJIHYHHA, KOTOPYIO HMeJIa Obl 3B€3/1a, eCJIH
Ob1 HAXOAMIACH OT HAC Ha paccrosauuu D, = 10 nk, noayunna
Ha3BaHHe A0COJIIOTHOM 3BE3IHOM BemunHbl M.

PaccMoTpuM, KaK MOXHO ONpeaeiuTh abCOMIOTHYIO 3BE3AHYIO
BEJIMUMHY M, 3Has paccTosiHMe 10 3Be3abl D (WM napaiiake — p)
U e€ BUOAMMYIO 3BE3NHYIO BeJM4YMHY m. Hanmomuum, uyto Gieck
JIBYX UICTOYHHMKOB, 3BE3HbIE BEJIMYMHBI KOTOPBIX OTJIHYAIOTCS Ha
eauHuLLy, omiuuaercs B 2,512 pasa. [Lis 3B€3/1, 3BE3AHBIC BEIMUM-
Hbl KOTOPBIX PaBHBI M, U M, COOTBETCTBEHHO, OTHOIIEHUE MX
6neckoB /) u [, BBIPAXaeTCst COOTHOLICHHEM:

1,: 1,=2,512m-m,

Jns BUIUMOM U a0CONMIOTHOM 3BE3IHbIX BEJIMYMH OJJHON U TOM
K€ 3Be3/1bl OTHOLIEHHUE O61eCKOB OyIeT BbIIVISIAETh TaK:

I:1,=2,512M-m,

rne [, — OGneck 3TOM 3Be3dbl, ecaM Obl OHAa HaxXoAMJIach Ha
paccrosinuu D, = 10 nk.

B TO Xe BpeMsi U3BECTHO, 4TO B/1eCK 3BE3/bl MeHsIeTCst 0OpaT-
HO MPOMOPLHOHAIBHO KBaApaTy pacctosiius 10 He€. [Toatomy

I:1,=D}: D2
CnenoBartebHO,
2,512M-m= D2: D2,
Jlorapugmupysi 3170 BeipaXeHHe, HaXOIUM

0,4M—m)=1g 102 —1g D?,

M=m+5-51gD,

M=m+35+Ilgp.

A6comoTHasi 38€31Has BeamunHa ConHua M, = 5. Unaue
roBops, ¢ paccrosiius 10 nk Hauwe CosHile BbIDIAAen0 Obl Kak
3Be3/1a MATOH 3BE3AHON BEJTMYHHBI.



3Hast abCOMIOTHYIO 3BE3IHYIO BEJIMUMHY 3Be311bl M, 1erko BbI-
gyucauth €€ ceeTuMocTs L. Cumras csetumocts Connua Ly = 1,
MOJIyYaeMm:

L=2,5123-M,

g L=0,4(5 - M).
ITo cBeTMMOCTH (MOLLIHOCTH M3JY4YeHMS ) 3BE3bI 3HAYMTEb-
HO OTJIMYAIOTCs APYTr OT Apyra: HEKOTOpbIE M3Iy4aloT IHEPTUIO
B COTHHU ThicAY pa3 Gosbiue, yem CojiHLEe, ApyrHe — B JeCsAT-
KM ThICSIY pa3 MeHblle. ADCOMIOTHbIE 3BE3HbIE BEJIMYUHBI 3BE3N
Haubosnee BLICOKOH CBETUMOCTH (TMTaHTOB U CBEPXTUTAHTOB) J10-
cturaior M = —9” a 3BE3abI-KapAuKH, 0b6sanaioime HauMeHb-

et CBETMMOCTBIO, HMMEIOT abCOMIOTHYIO 3BE3IHYIO BEIHYUHY
M=+17m,

3. CnekTpbl, user
¥ TeMneparypa 3Béan

Beio MHGOpPMaLMIO O 3BE3AaX MOXHO MOJYYUTb TOJIBKO Ha OCHO-
BE MCC/ENOBAHMSA NMPUXOAALLEr0o OT HUX m3nydyeHus. HabGmionas
3BE3/1bl, MOXHO 3aMETUTb, YTO OHU MMEIOT Pa3JIMYHbIN 1BET. XO0-
pPOILIO M3BECTHO, YTO LBET JM000r0 HarpeToro Tejaa, B YaCTHOCTH
3BE€3/1bl, 3aBUCHUT OT €ro TeMneparypsl. bonee noaHoe npencrasJie-
HUE 00 3TON 3aBUCHMMOCTHM IAET U3Y4YEHME 3BE3IAHBIX CIEKTPOB.
Inst 6onbUIMHCTBA 3BE3/1 3TO CMNEKTPbI MOMIOUIEHUS, B KOTOPBIX
Ha (hOHE HEeMPEePBLIBHOTO CrIeKTpa HabMI0AaI0TCS TEMHBIE JIMHHUU,
Temneparypy HapyXHbIX COEB 3Be3Ibl, OT KOTOPBIX MPUXO-
JUT U3YYEHUE, ONMPEIESIOT MO Paclpeie/eHUI0 IHEPIruM B He-
npepbiBHOM crniekrpe (puc. 5.14), a Takke 1Mo MHTEHCUBHOCTH
pPa3sHbIX CNEKTPAJIbHBIX JIMHUI. [JTMHA BOJIHBI, HA KOTOPYIO MPH-
XOIUTCA MAaKCHMYM M3JTyYEHMSsI, 3aBUCHT OT TeMmIiepaTrypbl H3Jy-
yalowero tena. [lo mepe yBenuueHus TeMnepaTypbl MOJOXeHHE
MAaKCMMYMa CMELIaeTcss OT KpacHOro K (pUoneToBOMY KOHILLY
cnekTpa. KosmyecTBeHHO 3Ta 3aBUCHMOCTD BbIPAXaeTCsl 3aKOHOM
Brina:
_0»

max T’

A

e A, — UTHHA BOJIHBI (B CM), HA KOTOPYIO MPUXOAMUTCS MAKCH-
MyM M3JIydeHus, a 7 — abconoTHasa Temneparypa.



Puc. 5.14. Pacnpe-

AeneHune sHeprum g

B HEeNpepbIBHOM 3 §6

cnektpe ConHua ;§

n YépHoro Tena E 2

NP1 pasnuyHbIX 294

TemnepaTtypax g § 7000 K
§ z ///6500 K
$52 6000 K
z ~_-5500K
2o ~_5000K
$ T MRRRR 4500 K

0 2000 4000 6000 8000 10000
JlnvHa BONHbI, A

Kak okasanoch, 3Ta Temmneparypa ISl PasjiMuHBIX THUIOB
3B€31 3akumoueHa B npeaenax ot 2500 mo 50 000 K. U3menenue
TEMIIEPATYPbl MEHSIET COCTOSIHME aTOMOB M MOJIEKY/T B aTMocde-
pax 3B€3/, YTO OTpaxaeTcs B Mx cnekrpax. [1o psury xapakTepHbIX
0COOEHHOCTEN CMEKTPOB 3BE31bl pa3lesieHbl Ha CIEKTpajibHbie
KJ1acChl, KOTOpble 0003HAYEHBI TATUHCKUMH OYKBaAMM M Pacrioso-
XKEHbI B MOPSIAKE, COOTBETCTBYIONIEM YOBIBAHWIO TEMIIEPATYPHI:
O, B, A, F,G, K, M.

Y naubonee xonoaHbIX (KpacHbIX) 3B€31 K1acca M B criekTpax
HaOMI00aI0TCA TMHUH TOTJIOLIEHUSI HEKOTOPBIX ABYXaTOMHBIX MO-
JIeKyJ (Harnpumep, OKCHIAOB TUTaHa, UMPKOHMS M yriiepoaa). [Mpu-
MepaMHM 3BE3]l, TeMriepatypa kKotopbix okoJjio 3000 K, sBiasiorcs
AHTapec u berenbreiise.

B cniektpax Xkeénteix 3B€31 Kiacca G ¢ TeMnepaTypoil 0KoJso
6000 K, k kotopbim otHocuTes M CosHue, npeobaanaoT TMHUU
METAJIOB: XKeje3a, HaTpusi, Kaibuusi U T. a. [lo TeMneparype,
criekTpy M uBety cxonHa ¢ ConHueM 3Be3na Karesa.

Ins cnektpoB Oenbix 3BE3d Kiacca A, KOTOPbIE MMEKOT
temrepartypy okosio 10 000 K (Bera, [Iene6 u Cupuyc), Hanbo-
Jlee XapakKTepHbl JHHUM BOAOpOAAa M MHOXECTBO ClaObIX JIM-
HUIA MOHM30BaHHBIX MeTauloB. B criekTpax Hamubosiee ropsiumx
3BE31 MOSIBSIIOTCS JIMHUM HEUTPAIbHOTO M MOHU30BAHHOTO
reJius.

Pasnuyusi 3BE3MHBIX CIIEKTPOB OOBSACHAIOTCS OTHIONb HE pas-
HOOOpa3ueM MX XMMHYECKOro COCTaBa, a pa3iMuueM TeMIiepary-
pbl U apyrux ¢pusmueckux ycnosmii B armochepax 3Bé3n. M3yue-



HHE CMEKTPOB MOKAa3bIBAET, YTO NMPpeodIasaloT B COCTaBe 3BE3MHBIX
atMocdep (v 3Bé3n B uenoM) Bogopoa M renui. Ha nomio Beex
OCTATBbHBIX XUMHYECKHX DJIEMCHTOB I'[pHXOIlP[TCﬂ HE 60)163 HE-
CKOJIBKHX IMPOLICHTOB.
N3MepeHne MONOXKEHUsI CMNEKTPAIbHBIX JMHUI MO3BOJISIET
HE TOJILKO MOJYYUTh UH(POPMALIMIO O XMMHUYECKOM COCTaBe 3BE3,
HO M OINPENEIUTh CKOPOCTh UX ABMXEeHUs. ECIM MCTOYHMK MU3ITy-
yeHus (3Be31a wiu mo0o0i aApyroi oObekT) npubanxkaercs K Ha-
61101aTENI0 WIH YIAISETCA OT HETO CO CKOPOCTBIO v, TO Habona-
Tesb OYIET PErMCTPUPOBaTh M3MEHEHHWE UTMHBI BOJIHBI PUHHMAa-
eMOoro MsiyueHusi. B ciayyae yMeHbIUEHMS PacCTOSAHUS MEXIY
HabJIIoaaTe/IeM Y 3Be3/10# UIMHA BOJIHBI YMEHbIIAETCH U COOTBET-
CTBYIOILIAst JIMHHA CMELLIAETCS K CHHE-(DHONETOBOMY KOHILY CIeK-
Tpa. [1py ynaneHWM 3Be3/bl JUTMHA BOJIHBI M3JIYYEHUS] YBEITUYH-
BAeTCs, a JIMHUS CMEIAETCs B KPACHYIO €ro 4acTb. JTO sIBICHHUE
nosiyunwio HaspaHue 3¢pghexma /Jlonaepa, cornacHO KOTOPOMY
3aBMCMMOCTh Pa3HOCTH JUTMH BOJIH OT CKOPOCTH MCTOYHHMKA IO
JIy4y 3pEHMs U M CKOPOCTH CBeTa ¢ BbipaxaeTrcs cieayiouen dop-
MYJIOM:
T
Ao

B
=
rae A, — JJIMHA BOJIHBI CMIEKTPATLHOMN JIMHUH JUISl HETIOABUXHOIO
MCTOYHMKA, @ A — JUIMHA BOJIHBI B CIIEKTPE JABHXKYILErocsi HCTOY-
HMKA.

Dddexr donnepa HabaogaeTcss B ONTUYECKON U Apyrux ob6-
JIACTSIX CINEKTPa U IIHUPOKO MCMOJIB3YETCs B ACTPOHOMMH.

4. lnarpamma
«CIIEKTP — CBETHMOCTb»

nonyquHue JaHHble O CBETUMOCTH M CMEKTPax 3BE3]l yKe B Ha-
yasie XX B. ObUIM COMOCTABJICHBI IByMsI aCTPOHOMaMu — Jinapom
Tepumunpyneom (Tonnaunusa) u ITenpu Pacceaaom (CIIA) —
M TpeACTaBjIeHbl B BUIAE AMArpaMMbl, KOTOpasi Mnojay4yujia Ha3Ba-
Hue «auarpamma lepumnpynra—Paccenna». Ecin no ropusoH-
TaJbHOW OCH OTJIIOXEHBI CIEKTpPabHbIE KJacchl (TeMmepartypa)
3BE311, a 110 BEPTUKAIbHON — MX CBETUMOCTH (abCOMIOTHbBIE 3BE3/1-
Hble BEJIMYUHBI), TO KaXI0M 3Be3/1e OyaeT COOTBETCTBOBATH OIpe-
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0 BOB5A0AS FOF5G0 G5 KOK5 MOM5M8
CnekTpanbHbie Knaccsl

Puc. 5.15. lnarpamma «CcnekTp — CBETUMOCTb»

nenéHHasi TOYKa Ha 3Toi auarpamme (puc. 5.15). B pesyasrare 06-
HapyXXUBaeTCs OrNpeaeséHHas 3aKOHOMEPHOCTh B PACIIOIOXKEHUHN
3BE3/l HA IMarpaMMe — OHM He 3aroJIHAIOT BCE €€ noJe, a obpa-
3YIOT HECKOJIBKO TpYIIIl, Ha3BaHHBIX HOC1€008amMenbHOCMAMU.
HauGonee mHorouncieHHo# (npumepro 90% scex 3B€31) oKasa-
JlaCh 22a6Has NocaedoeamenbHOCms, K YUCITY 3BE31 KOTOPOi
npuHaiexuT Hawe CosHue (ero nojoxeHnue OTMEYEHO Ha aMua-
rpaMme KpyXo4YKoM). 3BE3/1bl 3TOH MOCIEA0BATEIbHOCTH OT/IMYA-
IOTCsi APYT OT Apyra Mo CBETUMOCTH M TeMIiepaType, M B3auMO-
CBSI3b 3TUX XapaKTEPUCTUK COOIIONAETCsI BECbMa CTPOTO: Camyro
BbICOKYHO ceemumocmb umerom Hauboaee 2opsavue 36€306l, a HO
Mmepe yMeHbueHuss memnepamypust ceemumocms nadaem. Kpac-
Hbl€ 3BE31bl MaJOW CBETUMOCTH TOJIYYWIN HA3BaAHUE KPACHBIX
Kapaukoe. BMecTe ¢ TeM Ha 1MarpaMme CyuIeCTBYIOT U IDYTHE O-
CJIEIOBATEJIbHOCTH, 1€ NMoao0Has 3aKOHOMEPHOCTh He cobutona-



ercsi. OcobeHHO 3aMeTHO 3TO cpeau OoJiee XOMOAHBIX (KPACHBIX)
3BE311: MOMUMMO 3BE3/1, NPUHAIEKALIUX [NIABHOH MOCAe10BaTE/Ib-
HOCTH M TMOTOMY MMEIOIIUX Majyi0 CBETMMOCTb, Ha AUarpamme
npeicTaBlIeHbl 3BE3bI BBICOKOI CBETUMOCTH, KOTOpas MpaKTu4e-
CKM HE MEHSIETCS TIPH U3MEHEHU U MX TemIiepatypbl. Takue 3BE311bl
NpUHAIeXaT JABYM IOC/IEI0BATEIbHOCTAM (eueanmot U ceéepx-
2u2anmst), NMOJYYUBILNM 3TH Ha3BaHMS BCJIEICTBUE CBOCH CBETU-
MOCTH, KOTOPasi 3Ha4YMTEIbHO NPeBOCXOANT cBeTUMOCTh CoHIIA.
Ocoboe MeCTO Ha AUarpaMMe 3aHUMAIOT ropsiuMe 3BE3/bl Maloi
CBETHUMOCTH — Oenbie Kapauku.

JInmb K koHuy XX B., Koraa o6b€M 3HaHMit 0 Pu3HUECKUX
npoieccax, MpOMCXOMSLUIMX B 3BE3aX, CYIIECTBEHHO YBEIWYWII-
csl M CTalM TIOHATHBIMM TIYTM MX 3BOJIIOLUMHM, YAAJIOCh HAlTH
TeopeTuueckoe 0OOCHOBAHME TEM 3MIMPUYECKHUM 3aKOHOMEP-
HOCTSIM, KOTOpBI€ OTpaXaeT auarpaMma <«CreKTp — CBETH-
MOCTb».

[TPHMEP PELLIEHHS 3AJIAYM
KakoBa csetuMocTsb 3Be3nbl & CKOpnMoHa, eciu e€ 3Be3-
Has BesMuMHa 3™, a paccrosinue 10 He€ 7500 cB. net?

JMano: Pewenue:

m=3m Ilg L=0,45—- M).

D = 7500 cB. ner M=m+5-51gD,

Fra% | rme D=7500:3,26 = 2300 nk.
Torna M =3+ 5—51g 2300 =-8,8.
lgL=0,4-[5-(-8,8)] =5,52.

Orcrona L = 330 000.
Omeem: [ = 330 000.

3aBUCHT LBeT 3Be31bl? 3. B uém rmaBHasi npUYMHa pa3iniyums CreK-
TpoB 38317 4. OT Uero 3aBUCHT CBETUMOCTD 3Be3/1bi?

6apan; Conuue sipue, yem Cupuyc? 2. OnHa 3Be3na sipue Apyroi
B 16 pa3. Yemy paBHa pa3HOCTb UX 3BE3AHBLIX BeiMuuH? 3. [Mapan-
nakc Beru 0,11”. Ckonbko BpeMeHM MIET CBeT OT Heé 10 3eman?



4. CKoIBKO JieT Hano 66110 OBl JIeTeTh MO HalpaB/JieHUIO K CO3BE3-
amio Jlupsl co ckopoctbio 30 km/c, utoGsl Bera crana Basoe 6am-
%e? 5. Bo ckonbKo pa3s 3Be3na 3,4 3BE31HONM BeauuMHBbI crabee,
yem Cupuyc, HMEIOUIMIT 3BE3IHYIO BETMINHY —1,67 Yemy paBHBI
a6COMIOTHBIE BETHYMHBI 3THX 3BE311, €CJIM PACCTOSTHHUE /10 KAXIOM
cocTtasisieT 3 nk?

§ 23. MACCbI ¥ PABMEPbI 3BE3]1

1. 1soiinbie 38€37bl.
Onpeznenenne Macchl 3B€31

Cpcnu 3BE&31, KOTOpbI€ BUIHBI Ha HEDE pANOM, pasinyaroT onmu-
weckue 08oiinbie  (puzuveckue 06olinbie 3BE€31b1. B mepBoM ciy-
yae TakKue [BE 3Be3[Abl XOTS W BUIAHBI BOIW3M, HO HaXOOATCHA
B MPOCTPAHCTBE AaJleKO Apyr oT apyra. Ecim xe B pesyabrate
HaOGIIONEHUI BBISCHSETCSI, YTO OHM 00pasyloT eanHYI0O CUCTEMY
M 06palarTcs BOKPYT OOLLIEro UeHTpa Mace rnoa NelcTBUEM B3a-
UMHOTIO TSATOTEHMs1, TO OHU Ha3bIBAIOTCS QuUUUeCKUMU O6OUHbI-
MU 36€30amMu.

[MepBbIM, KTO [0Ka3al, YTO TaKWe 3BE3AbI ICHCTBMTEIBHO
CYLIECTBYIOT, ObLI M3BECTHBIH aHmIMiickuil actpoHoM Buavsam
Tepuens (1738—1822). MHOXeCTBO ABOMHBIX 3BE31 OTKPBLI M MC-
cnenoBan B. S1. Ctpyse. B HacTosiliee BpeMsi U3BECTHO yxXe Ooree
70 THIC. 3THX 06BeKTOB. KOrna uncio 38€31 B cMCTEME, CBA3AHHOM
B3aMMHBIM TSITOTEHUEM, OKa3biBaeTcs Oosiee ABYX, TO UX Ha3bl-
BAIOT Kpamusimu. B HacTosiliee BpeMsi CYMTAETCs, YTO 0oJib-
HIMHCTBO 3Bé31 (Gonee 70%) oOpasyioT cucTeMbl GoJbLICH MM
MeHblIel KpaTHOCTH. B 3aBUCMMOCTH OT TOTO, KaKUM crocoboM
MOXHO OOHApyXWUTh NBOWCTBEHHOCTb 3BE€3[bl, WX Ha3bIBAIOT
no-pasHomy. Ecinu oHa 3amMeTHa TMPH HEMOCPEACTBCHHBIX Ha-
GIIIONEHUSIX B TEJIECKOI, TO 3TO 6U3YaAbHO-060liHaA 3Be31a. Ecin
e 00 3TOM MOXHO CYIUTb TOJILKO MO CIEKTPY, TO ITO CHEKMPAb-
HO-080liHAs 3Be3a.

PeaKuM TTPUMEPOM ABOMHO# 3Be3/1bl, 00a KOMITOHEHTA KOTO-
pOii Pas3IMUYNMBI J1aXe HEBOOPYXKEHHBIM IJ1a30M, SABJISIOTCH Mu-
uap u Asbkop B co3se3nnu bonbiuoit Measeanub. Cpenu sipuait-
LIMX 3BE3I Takxke ObUIM OOHapyxeHbl aBoitHbie: Cupuyc, Kanesn-



na, Kacrop u ap. Bonee Toro, okasanock, YTo BO MHOTHMX CITydasix
Kaxas M3 3B€3/1 TaKOMH Mapbl caMa COCTOMT M3 HECKOJIBKHUX 3BE31.
Tak, Muuap u Kanenia uMeior B cBOEM COCTaBe YeThIPe KOMIIO-
HeHTa, a Kactop — wects. Boisichunock, uto o LleHTaBpa sipisier-
Csl TDOMHOM 3BE€3/10#, O/IHA U3 KOTOPBIX pacroyio)eHa 6mxe Bce-
ro K HaMm 1 noayyuia HassaHue [lpokcuma (B nepesoze ¢ rpede-
CKOTO «Onukanias»).,

Y nBoO#HBIX 3BE31, KaXIAblii KOMIIOHEHT KOTOPBIX MOXHO Ha-
6monare B OTAEJBHOCTH, NEPHOAbI OOpaIlEeHUs] BOKPYT 0OIIero
LEHTPa Macc 00BIYHO OBIBAIOT OT HECKOJIBKHUX JIET 10 HECKONBKHUX
COTEH WJIM J1aXe Thics4 jieT. UX opOMTBI CpaBHUMBI 11O pa3mepam ¢
OpOMTAMH TUIAHET-TUTaHTOB. BOJIBIIMHCTBO CHEKTPaibHO-ABOM-
HBIX 3BE311 UMEIOT MEPUO/IbI OOpalLieH sl MOPSAAKA HECKOIBKHUX Cy-
TOK, pacrnosiarasicb Apyr oT Apyra Ha pacCTOSIHUM 5—7 MIIH KM.
Camblii KOPOTKMI M3 M3BECTHBIX NMEPHOIOB COCTABJSET BCETO
2,6 4.

HecMOTpsi Ha MHOTOYMCIEHHOCTD ABOWHBIX 3BE3/1, JOCTATOY-
HO HaEXHO onpeaeneHbl OpOUTLI JIHILIB MPUMEPHO IS COTHU M3
HUX. TIpy U3BECTHOM PACCTOSIHMM JI0 3TMX CHCTEM HMCOJIb30Ba-
HHUE TpeThero 3akoHa Kenuiepa no3posisieT onpenejuTh X Maccy.
CpaBHuBasi ABUXEHHE CITYTHUKA 3BE3/Ibl C ABMXKEHHEM 3eMJIH BO-
kpyr ConHua, MOXHO HarnucaTh:

my +m, 2= M, +M,
A? I a’

) i

rae m; ¥ m, — Macchl KOMMOHEHTOB 3BE31HOM napel; M, u M, —
maccel Contua u 3emam; 7, — nepuon obpamenus 38é3n; 7, —
nepuoa obpaieHusi 3emnn; A — Gonbliasi MOAYoch OpoUTHI ABO¥-
HOM 3Be3abl; @ — Bosbluasi Moayoch 3eMHOM opbuTel. Buipaxkas
nepuoz obpaiieHus B ABOHOK cucteme 7 B rogax (nepuonax o6-
pauieHus 3emin), 6obLIYIO MOXYOCh OpOUTHI A B a. €. (paccTosi-
HuAX Mexay ConHueMm u 3emnéit), nosyyaeM CyMMapHyl Maccy
cucteMsl B Maccax CostHua:

m;+m,=A3:T3.

YTo0Obl OnpenenuTe Maccy Kaxaoil 3Be3lbl, HaNO HM3YYHTb
ABWXEHUE KaXI0# M3 HUX U BBIYHUCIMTBL MX paccTosiHud A, u A,
(A=A, + A,) or ob1ero uentpa macc. Toraa Mbl OJIYYUM BTOpPOE
ypaBHEeHME:

m :my=A,:A,.



K Habniogareno

KpacHbiii

Pemiasi cucreMy IBYX YpaBHEHMIA, MOXHO BBIUYMCIIHUTH Maccy
KaXxao0it 3Be3/1bl.

Y cnexkTpaibHO-ABOMHBIX 3BE3a HabnogaeTcsi CMELIEHHWE
(MM pa3aBOEHME) TMHUIA B CIIEKTPE, KOTOPOE MPOUCXOAUT BCIIE-
creue 3¢ dekra Jdorepa'. OHO MeHsIETCs ¢ NMEPUOAOM, PaBHBIM
nepuoay obpauieHus napbli. ECM SipKOCTH M CIIEKTPBI 3BE3]1, CO-
CTaBJISIOLIMX MAapy, CXOIHBI, TO B CIIEKTpe HabII01aeTCsi NeEPUOIAH-
yeckoe paznaBoeHue JTuHMi (puc. 5.16, a). INyctb kKOMNoHeHTH A
M B 3aHUMAIOT NonoxXeHust A, uin B,, Koraa oauH ABHXETCS 110
HarpasJIEHHIO K HabmoaaTe o, a Apyroi — ot Hero. CriekTpaib-
Hble JIMHMU NPUOIMXKAIOLICHCS 3Be3bl CMecTATCA K (uonero-
BOMY KOHILy CMeKTpa, a yaaisioueicss — K KpacHomy. JluHuun
B criekTpe OyayT paszaBoeHbl. B nonoxenusix A, u B, oba Kommno-
HEHTA ABMXYTCS NEPINECHAMKYJISIPHO JIyYy 3pEHHsI, U Pa3iBOCHUSA
JUMHUIA He Habmwonaercsa. Ecam oaHa M3 3BE3a HAcTONbKO cnaba,
YTO €€ JIMHUM HE BMAHBI, TO OyaeT HabnwaaTbCs NEPUOAUYECKOE
cMeleHne TUHUI Bosiee apKoii 3Be3asl (puc. 5.16, 6).

I HanoMHHM, 4TO, cornacHo 3toMmy 3(hdekTy, npu yBe/lWYEHHMH pac-
CTOSIHMS MeXIy 3Be3oi v HabmiopareneM UIMHA BOJHBI NMPHHUMAEMOTO
M3JIYYEHUs] YBEJIMYMBAETCA, MO3TOMY CMEKTPalbHbIE JIMHUH CMEIAKTCH
K KpacHOMY KOHILY criekTpa. [1pu yMeHbLIIEHHHW PACCTOAHMA JUIMHA BOJTHBI
yMEHBIIAeTCsl, 8 IMHHHK CMeLaloTes K (DHOIeTOBOMY KOHILY CHIEKTPA.



Puc. 5.17. Cxema 3aTmMeHuid U kpusas Gnecka Anrons

s Habnonaresis, KOTOPbIii HAXOAUTCS B TUVIOCKOCTH OPOUTHI
CMEKTPaIbHO-ABOHHOI 3Be3/1bl, €€ KOMIIOHEHTHI OyAyT Mmooyepén-
HO 3aropaxuBaTh, «3aTMeBaTh» APYT Apyra. Takue 3BE30bI HA3bI-
BAIOT 3aMMEHHO-060UHBIMU WA aNTOJISIMA — T10 Ha3BaHMIO Hau-
Oosiee u3BecTHOM 3Be3abl 3Toro Tuna P INepces. E€ apabekoe Ha-
3BaHME «3JIb I'YJIb» (AbABOJI) NOCTENEHHO MPEBPATHIIOCH B AJITOJIb.
Bo3moxHO, 4TO eié npeBHMe apabbl 3aMETHJIM CTPAHHOE MOBEJIE-
HHE 3TOM 3Be3/bl: B TeUeHMe 2 CyTOK 11 4acoB e€ sIpKoCTh OCTaéTest
MOCTOSTHHOM, HO 3aTeM 3a S5 yacoB oHa ociaGesaer ot 2,3 10 3.5
3BE3NHON BEIMYMHBI, a 32 CeAyIolUMe 5 4acoB e€ MpexHss sap-
KOCTb BOCCTaHaBJIMBaeTcs (puc. 5.17).

B Hacrosiiiee Bpemst M3BeCTHO GoJiee 5 ThIC. 3aTMEHHO-1BOTi-
HbIX 3B€31. MIX M3ydyeHHEe MO3BOJISIET ONMPENEIUTh HE TOJIBLKO Xa-
PAKTEPUCTHKH OPOUTHI, HO TAKXKE MOJYYUTh HEKOTOPBIE CBEAEHUS
0 camux 3B€3aax. [Ipono/KUTETbHOCTh 3aTMEHMS MAET BO3MOX-
HOCTB CYIMTh O pa3Mepax 3Be3lbl. PeKopacMeHOM 31ech ABJISIET-
csa € Bosuuuero, B cucteMe KOTOpoit npu nepuone 27 JieT 3arme-
Hue nponomxkaercd 2 roga. Koraa Bo Bpemst 3aTMEHUsI CBET OIHOM
3BE3JIbl MPOXOIMT Yepes aTMocdepy Apyroi, MOXHO AETaTbHO UC-
C/e0BaTh CTPOEHUE U cocTaB 3TOM atMochepsl. Dopma KpUBOIA
Giecka HEKOTOPBIX 3BE31 CBUIETEJILCTBYET O TOM, 4TO MX (hopma
CYLLECTBEHHO oTInyaercsi ot chepuueckoit (puc. 5.18). bimskoe
PAacCIlONOXKEHHE KOMIOHEHTOB MPUBOAMUT K TOMY, YTO Ta3bl U3 aT-
Mocepsl ONHOI 3Be3abl NMepeTekalT Ha apyryio. MHorma st




Puc. 5.18. Kpu- 1
Ban Bnecka «©
Hecdhepuye- g 15§
PERITIET o > B -
CKOW ABOWHOM = i
3Be3npl ]
Q 5
% -
§-1.0p
g b
&)
D L
Col U
- J
_0l5||a|||1|1||1||||||||
0

npouecchl MPUHUMAIOT KaTtacTpoHUueCKHUit xapakrep, U Habsio-
J1aeTCsl BCIIBIIIKA HOBOU 36€30bl.

OnpeneneHne Mace 3BE311 HA OCHOBE UCCJIEOBAHUM IBOMHBIX
3BE3]l MOKAa3aj10, YTO OHM 3akiaoueHbl B npenenax or 0,03 go
60 macc Connua. I[Mpn 3T7oM OONBIUIMHCTBO U3 HUX UMEKOT Maccy
or 0,3 no 3 macc ConHua. OueHb OOnblIKME MACChl BCTPEUYAIOTCS
KpaitHe peako. 3BE3A MalbIX Macc, HaMpPOTHB, O4€Hb MHOIO, HO
M3-3a HU3KOW CBETMMOCTM HabOmomaercsi JULIb MX HUYTOXHAas
4acTh — Te, YTO HaxoasATcs psitoM ¢ ColmHUEM.

MeTonpl M3Yy4EeHUs] CMNEKTPAIbHO-ABOWHBIX M 3aTMEHHO-
nepeMeHHBIX 3BE31 B HACTOSILIIEE BPEMsl UCITOJIb3YIOTCS TaAKXKe LISt
MOMCKA TUIaHeT, OOpallalomMXcs BOKPYT APYrMX 3BE31 (3K30-
rianer). K koniy 2009 r. 6b1J10 MOATBEPXKAEHO OTKPBITHE OKOJIO
400 sk3oruiaHeT, KoTopble cocTaBWiIM 340 IUIaHETHBIX CHCTEM.
B ux umncie 06110 42 cUCTEMBI, COIIEPXKAaBILIME HE MEHEE JIBYX TLjia-
HET, a OlHA — He MeHee 5. BONbIIMHCTBO 3THX IUIAHET OKa3aJIMCh
raszoBbIMU TMranTamMu Tuna KOnurepa n CatypHa.

Ternepb ycunusi y4€HbIX HarpasieHbl Ha TIOUCKH TUIAHET, KO-
TOpBIE MO CBOMM pa3MepaM M Macce MOXOXH Ha 3eMIII0 U Haxo-
IATCS HENANIEKO OT 3BE31, uTO obecreynno Obl Ha MOBEPXHOCTH
MJIaHETHI YCIOBMSI, HEOOXOAUMBIE U1 CYLIECTBOBAHHA XHU3HM.
C srtoi uenbio Ob1 3anyiieH KA «Kennep», Ha KoTopoMm ycra-
HOBJIEH (POTOMETP, YYBCTBUTETBLHOCTL KOTOPOTO cocTasisietT 103,
OH MNO3BOJISIET 3aMETHUThL OCJIablieHHe MOTOKAa CBETAa OT 3BE3/bI,
BBI3BAHHOE TMPOXOXIEHWUEM TUIAHET Mo €€ AMCKY, BCEro JIMIIb
Ha OJIHY CTOTBICAYHYIO ero nomo. «Keruiep» uccienoBan CBbi-
me 52 Teic. 3B€31 B HEOOIbLLOI 001acTH HEDa MEXIy CO3BE3IHsI-



My Jledenss u Jlupel. 3a 2 roma paborel Oblio HailneHo Oonee
2300 3B€311, Y KOTOPBIX NOAO3peBaeTCs HaMU4ue ruiaHer. B 246 cay-
4asix 3TO MOryT ObITh MUIAHETHI, KOTOPbLIE 110 pa3MepaM CPaBHUMBI
¢ 3emnéit. Emé He mis Bcex 3aro03peHHbBIX CIY4aeB MOJY4EeHO
OKOHYATe/IbHOE MOATBEPXACHUE HalMuMs IuaHeT. OaHako aaxe
3TH MPEABAPUTE/IbHBIC PE3YJAbTaThl MMO3BOJSIOT HANEATbCSA, 4YTO
4YMCIIO 3K30IUIaHeT B Halwei lanakTuke okaxercs Oonblie, 4eM
cyutanoch pavee. O6 31oM roBopuT ¥ OTKpbiTHE 2016 I.: nuIaHeTa
¢ Maccoi Bcero B 1,3 Macchl 3emu Oblia OTKpbITa Y OMKaHILIEH
K Connuy 3Be3abl — [Ipokcumbl LieHTaBpa.

2. Pasmepbi 38é371. [LI0THOCTD MX BeleCTBA

K coxanennio, 38é3nmi pacrosiokeHbl TaK AaJieKO OT Hac, YTO 3a
pPEAKHM HCKIKYEHHUEM OHH Jdae B CaMbl€ MOULIHBIE TCJICCKOIIBI
BUIHBI KaK TOYKH. JIMIIb B nocaeaHue roabl /11 HEKOTOPbIX ca-
MBIX KPYITHBIX M3 HMX YIaJ0Ch NMOJYYHTh M300paxeHue B BUIE
JIMCKA, Ha KOTOPOM oOHapyXuBaloTcst nsaTHa (puc. 5.19).

B GosbUIMHCTBE Ciy4yaeB pa3Mepbl 3BE3/ MPUXOAUTCS pacCuyu-
ThIBaTh Ha OCHOBE JaHHBLIX 00 HMX CBETMMOCTH M TEMIEpaType.
CBeTMMOCTb 3BE€3bl PacCYMTBIBAETCA MO TOM Xe dopmyne, 4yTo
u ceeTuMocTh ConHua:

L=4nR%cT4.

OTtHolueHHe cBeTUMOcCTeH 38e3abl 1 ConHua OyaeT paBHO:

Mpunsis, uto Ry, = 1 u Ly = 1,
roJiydaeM BbIpakKeHWe JUIsl BblYMCIe-
HUsl paauyca 3Be3dbl (B paauycax
Conxua):

Td
R=\/IF'

Pesynbrarel 3THX BBIYUCIEHHHA
JOCTATOYHO XOPOLUO COIVIACYIOTCHA C
NaHHBIMU  HETOCPEACTBEHHBIX H3-

Puc. 5.19. NatHa Ha aucke
Betenbrense MEpEeHHIl ¢ MOMOLIbID HHTepdEepo-



MeTpa pa3MepoB Haubosiee KpyrHbIX
3BE3/1, PACCTOSIHMUS 10 KOTOPBIX HEBE-
JIMKH.

3BE3abl camoi OOJbILIOH CBe-
TUMOCTHU (CBEPXTUTAHTBI) ACHCTBH-
TEJIbHO OKA3aJIMCh OYE€Hb OOJbIIN-
MHU. KpacHble cBepxruraHTbl AH-
Tapec W berenbreiize B coTHM pa3s
donbmie CosnHua no  aMamMeTpy
(puc. 5.20). 3aTo nuamMeTp KpacHbIX
KapJIMKOB, OTHOCSILLIMUXCS K [IaBHOM
MOC/IEA0BATEIbHOCTH, B HECKOJIBKO
pa3 MeHblle coaHeyHoro. CambiMM
MQJIEHBKMMM  3BE3JaMH  SBJSIOTCS
OGenbie KapjauKH, AUMAMETP KOTOPBIX
COCTABJISIET HECKOJIBKO TBHICAY KHJIO-
MeTpoB (puc. 5.21).

Pacuérbl cpenHeil IJIOTHOCTH
3B€31 Ppa3IMYHBIX THUIIOB, TMpOBeE-
JNE€HHbBIE HA OCHOBE MUMEIOLIMXCS J1aH-
HbIX 00 MX Macce M pasmepax, Mo-
Ka3blBalOT, 4YTO OHA MOXET 3Ha-
YUTEJILHO OTJIMYATBCS OT CpeaHeil
niaotHoctn ConHua. Tak, cpeaHsisi
TUIOTHOCTb HEKOTOPBIX CBEPXTHraH-
TOB coctaBnsieT Bcero 103 kr/m3, uto
B 1000 pa3 MeHbIlEe MJIOTHOCTH BO3-
Jyxa [pH HOPMAJIbHBIX YCIOBMSIX.
Jpyroi KpaitHOCTBIO SIBJISIETCS TUIOT-
HOCTb O€nbIX KapJIuKOB — OKOJIO
109 kr/m3.

3. Monenw 38é31

Connue

L J
Bera

Puc. 5.20. ConHue
B CpaBHEHWW C rTMraHTamMm
WU CBEPXTMraHTamMmm

Benwia kapnwe
Nenreun

e niain

KapnneK
Koinnepa

Aemnn .
4

3neana Boned 457

Puc. 5.21. Paamepsbi
3BE31-KapnMKoB

B sasucumoctu or macen pa3MepoB 3BE3bI pa3IMyalOTCH 10
BHYTPEHHEMY CTPOEHMIO, XOTS BCE MMEIOT NMPUMEPHO OIMHAKO-
BbIA XMMHUYeCKHUI cocTaB (95—98% Mx Macchbl COCTABIISIIOT BOIO-

PO U TENTNiA).
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3B€3abl IIABHOM MOCKEIOBATE/IbHOCTH, TeMIeparypa Ko-
TOpbIX Takasi ke, Kak y CoiHua, WiM HHXeE, MOXOXH Ha Hero
MO BHYTPEHHEMY CTpoeHHI0. Cpean MHOXECTBA 3BE3 3TOrO THU-
rna ecTb M TakKue, KOTOpbIE MO MHOIMM CBOMM XapakKTepuc-
TUKaM SBAsOTCA  «aBoHuKamu» ConHua. Haubonee sipkoit
13 HUX sasiasiercs B F'onunx Ileos. ¥V Gonee ropsiuux 3B€31 mias-
HO# MOCNeI0BaTEIbHOCTH BHEIIHSIS KOHBEKTHBHAs 30HA OTCYT-
cTByeT. B 3THX 3BE31aX KOHBEKLIMSI MPOMCXOAHUT B SIAPE MPOTS-
KEHHOCTBIO 10 '/, MX pannyca, OKpYKEHHOM JIy4MCTON 060104~
Ko# (puc. 5.22).

[MraHTbl ¥ CBEPXIUraHTbl KMEIOT OYE€Hb MAJIEHbKOE sLIPO (ero
paauyc okono 0,001 nonu paauyca 3Be3nsl). TepMosiiepHbie peak-
LMK MPOMCXOAAT B OKPYXKAKILEM €0 TOHKOM CJIO€; Jajiee Ha Mpo-
TsokeHUH okono 0,1 paauyca 3Be31bl MPOMCXOOMUT Nepenavya sHep-
rum nanyderueM. IMpakrtuyecku Bech octanbHOM 00bEM (?/,, pa-
IMyca) COCTaBIsAET MPOTSKEHHAsi KOHBEKTHUBHAsi 30Ha. benbie

lopsyas 3seapa
rnaBHoOW NocnenoBaTeNbHOCTH

nageanbHoOro
rasa

KoHeekTueHOE
AAPO

KoHBekTuBHaRA
30Ha

MepeHoc
3HEeprum
N3Ny4yeHuem

Puc. 5.22. BHyTpeHHee cTpoeHue 38E3
pa3NuYHbIX KNaccos



KapJIMKH COCTOSIT M3 BbIPOXKIEHHOIO rasa, AaBJIeHUE KOTOPOro
OMpeaessieTcs JIUIIb ero TUIOTHOCTBIO M HE 3aBUCHUT OT TEMIIEpATy-
pbl. PaBHOBECcHE TaKOU «3K30THUYECKOI» 3Be3/1bl, Macca KOTOPOW
paBHA COJIHEYHOM, HAcTyMaeT JMIIb TOrAa, KOraa OHa COXMETCS
J10 pa3MepoB, MPUMEPHO paBHBIX pa3mepam 3emaun. BHyTpu Geno-
ro Kkapauka remrneparypa nocturaer 10 man K ¥ npakruueckm He
MEHSETCS; TONbKO B TOHKOH 000/10uKe U3 «0OBIYHOrO» BElllecTBa
oHa pe3ko naaaet a0 10 000 K.

B 1996 r. 6611 OTKPBITBI KOCMMYECKHNE Tesla, KOTOPbIE SIB-
JISTIOTCH TIPOMEXYTOYHBIM 3BEHOM MEXIY 3BE371aMM M TUIaHeTa-
Mu. OHM TOJYYMIM Ha3BaHUE «KOPUYHEBBIE KAPJIMKH», TMO-
CKOJIbKY M3JIy4aloT ¢1abo M TONbKO B MH(paKpacHOM JManaso-
He. UMeHHO 3TO u3nyueHue ObUIO OOHapyxkeHO npubopamm,
YCTAHOBJI€HHBIMM Ha OOPTY MCKYCCTBEHHBIX CIYTHHUKOB. Ko-
PUYHEBBIE KapJIUKH 00agaloT CAMIIKOM Majloi Maccoi, 4To He
obecrieuuBaeT TeMIiepaTypbl, HEOOXOAMMOM JUISI MPOTEKaAHUS
TEepMOSIEPHOM peaklMu npespalleHusi Boaopona B reauii. I'pa-
BUTALIMOHHOE CXAaTHE MX MaCChl JOCTATOYMHO JIMIIb UIS TOTO,
4yTOOBI JIOCTUTHYTAs TEMIEpaTypa obecreymnsa B Te4eHUE KOpPOT-
KOro (o KOCMM4Ye€CKMM MEpPKaM) BpeMeHH IpeBpallleHue JelTe-
pusi (TSDKENOro u3orTorna Boaopozaa) B reinit. Macca KOpU4HeEBbIX
KapiukoB coctapiager Bcero nuiub 0,01—0,07 maccel ConHua.
[Tpo HMUX MOXHO CKa3aTb, YTO OHM €IUE HE 3BE3IblI, HO YXKe& He
TUTAHETHI.

[ToHATH, KakK CBA3aHbl MEX1Yy CODOI pa3jiMyHbIC THIbI 3BE3I,
KaK OHHM BO3HUKAIOT M KaK MPOMCXOAUT MX 3BOJIOLIMSA, 0Ka3al0Ch
BO3MOXHBIM TOJIbKO Ha OCHOBE€ M3YYe€HWS BCEl COBOKYMHOCTH
3B€31, 00pasylolIMX OrpOMHbIE 3BE3MHBIE CUCTEMbl — 2daak-
MUKU.

IPUMEP PELLUEHMS 3AZIAYU

1. INepuon obpaiieHus aBoiHoi 3Be3anl 100 ner. bonbiuas
MOJIyOCh BUAMMOIT opouTsl @ = 2,0", a napannakc p = 0,05".
Onpenenure cyMMy Macc ¥ Macchbl 3B€311 B OTAEIIBHOCTH, €C-
JIK OHMU OTCTOSIT OT LIEHTPA MacC Ha PacCTOSTHHUSAX, OTHOCS -
umxcs kak 1 : 4.



Jano: Pewenue:
7= 100 ne R e PR
a=20" T | Tak Kak A,:A,=m,:m 10 oY
p= 0,05" m; = 4m2.
% =2 % ITo Tperbemy 3akoHy Keruepa
2
m+m=A:T>’wmdm,+ m,=A: T2,
—
g;_,, T.€.5m,=A3: T2
A=%<,
p
2,0n i '
A= 0.05" 40 a.e.;
3
my= s = 1,28;m, = 4-1,28=5,12.
Omeem: m, = 5,12 maccei Connua, m, = 1,28 maccel
ConHua.

2. Bo ckonbko pa3 Apkryp 6onbiie CosHlia, €cii CBEeTH-
MocTb Apktypa pasHa 100, a remneparypa 4500 K?

Mano: Pewenue:
L=100 T2 2
R o (6000K)
T=4500 K E=ﬁ°ﬁ=lo'm=ls'
T, = 6000 K
Lo=1
(R
R,
Omeem: paamyc Apkrypa Gonbiie paauyca ConHua B
18 pas.
®‘ : B("”mb' 1. Yem obGmsicHsieTcsl M3MEHEHHE SPKOCTH HEKOTOPBIX
nBoitHBIX 3B€31? 2. Bo CKOBKO pa3 OTIMYAIOTCH pa3sMepbl M TUIOT-

HOCTH 3BE3/1-CBEpXIMraHTOB M KapiukoB? 3. KakoBsl paaucpu ca-
MBIX MaJIEHbKHMX 3BE3117 -



A'Y Kanemna, ecim Gonbinas noayoch eé opourtbl pasHa 0,85 a. e,
a nepuon obpamenus 0,285 roga. 2. Bo ckosibKO pa3 CBETUMOCTb
Purensi 6onbiue ceetumoctd ConHia, €CiM ero napauiake paseH
0,003", a Buaumasn 3Bé3nHasa senuuuHa 0,34? 3. Kakosa cpenHss
TJIOTHOCTh KPACHOIO CBepXruraHra, ecau ero auamerp B 300 pas
Bosblle conHeyHoro, a macca B 30 pa3 6onbiie macesl ConHua?

qQ | 4 wr ~
}{9 YIPAKHEHWE 19 9 Oppenenute cymmy Macc ABOMHOM 3Be3bi

§ 24. NEPEMEHHBIE
1 HECTALIMOHAPHBIE 3BE3/Ibl

Hapany C MCCNEIOBAaHUAMHM JIBOMHBIX 3BE3]1 BAXHYIO POJib B pa3-
BUTHH TIPEACTABICHUI O (DU3MYECKON MpHpOAE 3BE3N ChITPalv
WCCJICNIOBAHUS nepemMeHHbiX 36€30. B OTIMUME OT 3aTMEHHBIX T1e-
pPEMEHHBIX, pedb MIET O (PU3UUECKHUX NMepeMEeHHBIX 3BE31aX, Y KO-
TOPBIX CBETMMOCTb MEHSIETCS B Pe3yjbTare pasjiMyHbIX Mpolec-
COB, MPOMCXOMSIIMX Ha camoi 3Be3ne. B Hacrosiiee Bpemsi u3-
BECTHO HECKOJIBKO JIECSITKOB ThICSIY MEPEMEHHBIX 3BE3/1 pa3JIMYHBIX
TUMNOB. CBETUMOCTb HEKOTOPBIX MEHSIETCS CTPOTO NMEPUOAUYECKH,
y APYTHX NEPUOAMYHOCTb YACTO HAPYIIAETCA WM He cobonaercs
TaK CTPOro, a eCTh U TAKUe, Y KOTOPBIX CBETUMOCTb MEHSETCS He-
npaBWIBHBIM 00pa30M, M MOKAa He yaJloCh HANTH OMNpeneE HHBIX
3aKOHOMEPHOCTEH B 9TUX U3MEHEHMSIX.

1. MNynbcupyromue nepemenHbie

K YUCJTY MEPEMEHHBIX 3BE3/l CO CTPOToi MEPHOAUYHOCTBIO MPHU-
HaJUIeXaT Mnpexiae Bcero yegheudnvr. OHU MONYYWIH ITO HA3BaHUE
MOTOMY, YTO MNEPBON CPEAM 3BE3I - ---:vvvvvvvrrnrnononenonann.
aToro Tuna osuta otkpsita & Lledes.

Dra Knaccudeckasi uedeuna MeHs- 224:
€T CBOI0 CBETUMOCTb C TEPHOIOM Sz |
5,37 cyTOK, a aMIUTMTya H3MEHEHMS ﬁé i
CBETHMOCTH MPUMEPHO OHA 3BE3M- B 2 5 4 B &

Has BenmuuHa (puc. 5.23). Kak npa- CyTku
BUJIO, V Ledena 3Ta aMIUIMTyla He OO0 QO00

npeBbiaeT 1,5 3BE3MHOM BEMUMHBL,  pyc 523 Kpusas 6necka
3aTO NMEepPHOAbl U3MEHEHHS CBETUMO-  § Lleden



CTH BECbMa Pa3JIMYHBI: OT JECATKOB
MMHYT [0 HECKOJbKHX JIECATKOB
CYTOK, MPUYEM 3TOT MEPUON V HUX
JIOJITUE TOAbI COXPaHsIETCSl MOCTO-
SIHHBIM.

WU3yuyeHue crnekTtpoB uedenn
1oKa3ajno, YTo U3MEHEHHUE CBETHUMO-
CTH COMPOBOXIAETCH U3MEHEHUSIMU
TEMIIEPATyphl M JIYYEBOM CKOPOCTH
(puc. 5.24). DTu naHHBIE TTOKA3bIBa-
Puc. 5.24. Tpacpukmn 0T, YTO MPUYUHON BCEMY SIBISIETCS
U3MEHeHUA CBETUMOCTH, MynbCalUsl HAPYXKHBIX CJIOEB 3BE3/IbI.
ﬂy::::: SETpas OHM NepuoOANYECKH TO PaCIIUPSAIOT-

patypsbi uedens
............................. csi, To cxumaiorcs. Ilpu cxarum
3Be3Ja HarpeBaeTcss MU CTAHOBUTCS
Apye, NMPU pacUIMPEHUH €€ CBETUMOCTb yMeHbluaercs. Ilo cytu
nena, uedenaa — 3TO NMPUPOAHAs aBTOKosiebaTe/IbHAsA CUCTEMA,
«chepryecKuit MasSITHUK», KOTOPbIA UMEET COOCTBEHHYIO YacTOTY
(nepuon) KonebaHuid.

Ewmé B Hayane XX B. Ob1110 3ameyeHo: yeM sipue uedeunna, rem
MPONO/DKUTE/IbHEE MEPUOI U3MEHEHUs] € CBETUMOCTH. 3aBHCH-
MOCTb «IIEPHOI — CBETUMOCTb», CYLIECTByIOWIass y uedeun
(puc. 5.25), ucnonb3yercs Ui ONpeiesieHUsl PACCTOSIHUIA B aCTPO-
HoMuu. [TonyunsB u3 HabaoOeHUH NEepUOd U3MEHEHUS CBETUMO-
cTi uedenibl, MOXKHO Y3HATh €€ CBETUMOCTD, BBIYMCIIMTL abco-
JIIOTHYIO 3BE3HYIO BeTMUMHY M, a CpaBHUB €€ ¢ BUIMMOM 3BE3/1-
HOW BEJIMMMHOW M, BBIMUCIUTL PACCTOSAHWE [0 3BE3Abl IO

dhopmyne:

lg D=0.2(m— M)+ 1.

Ledeunnbr — 310 3BE3ABI-CBEPXTUTaHTbI, OHU O0JIANAIOT BbI-
COKOIf cBeTUMOCTbIO. Tak, HarnpuMep, CBETUMOCTD LieenIbl C re-
puoaom 50 cytok B 10 Thic. pa3 6onbiie, yeM y ConHua. OHu 3a-
METHBI JIaXe B JPYrUX rajlakTUKax, Mmo3tomMy nedeuanl, KOTopbie
MOXHO MCITIOJIb30BaTh U1l ONPeaesieHUusi TAKMX OONIBbIIUX PACCTOs -
HHMH, KOIJIa FOAMYHBIN NMapaiakc HEBO3MOXHO M3MEPUTh, YaCcTO
Ha3bIBAKOT «MasikaMu BceneHHol»,
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uedenn

3BE3/bI, NYIBCAUMA KOTOPBIX NPOHCXOJHT C MEPHOAOM, DOJIb-
MM, Yem y uedenn, HA3bIBAKOTCS J0JINONe PHOAHYECKHMH.

ITepyon U3MeHEHUSI CBETUMOCTH YV HMX HE BbLIEPXMBaETCs
Tak CTPOro, Kak y uedeua, ¥ COCTaBIsIET B CPEOAHEM OT HECKOJIb-
KHX MECSLEB OO0 MOJYTOpa JIET, a CBETUMOCTb MEHSETCS OYE€Hb
3HAYUTEJIbHO — Ha HECKOJIbKO 3BE3AHBIX BEJIMYUH. DTH 3BE3bI
tina Mupsl (o Kuta) siBISIIOTCS KpaCHBIMM FMTAHTAMM ¢ BECbMa
NMPOTSKEHHOM M X0JI0AHOM aTMOchepoi.

Y HeKOTOpBbIX 3BE3[, CBETMMOCTb KOTOPBIX H0OJINOE BpeMs
OCTaBajach IMPAaKTHYECKM TOCTOSIHHOM, OHA BAPYT HEOXHWIAHHO
najgaer, a 4epe3 HEKOTOpPOE BpeMsi OMATb BOCCTAHABIMBAETCS
Ha npexHeM ypoBHe (puc. 5.26). I[Nockonbky B armocdepax Ta-
KMX 3B€3n HabmomaeTcsi MOBBILIEHHOE COAEpXaHWE yriepona,
MPUHATO CYMUTATh, YTO MPUUMHON YMEHBILIEHUSI CBETUMOCTH SIB-
nsercsi obpa3zoBaHUe TMIAHTCKMX 00JIAKOB CaXu, MOIJIOLIAIIINX
CBET.

2. Hosble u cBepXHOBbIE 3BE3/1bI

Haquuaﬂ Cc rnyﬁoxoﬁ JAPEBHOCTH, B MCTOPHYECKHX JICTOMMUCAX
pa3HbIX HApOAOB HCOAHOKPATHO OTMCYCHBLI CJy4aH MNOABJICHMWSA
3BE311, BUAMMBIX HCBOODYX(EHHBI‘M r1a3oM Ha TOM MeECTE, rae Mx



npexuae He 6bu10. OCOOEHHO YIUBUTEILHBIMU ObUTH 3TH «HOBBIE»
3BE3/IbI, KOIa OHM CTAHOBWJIMCH CTOJIb SIDKMMH, YTO MOIJIM Ha-
Gmonarbes naxe AHEM. 3aTeM MX CBET MOCTENEHHO, B TEYEHHUE HE-
CKOJIBKMX MecsileB ocnabeBan HaCTONMbKO, YTO 3BE3/Y YKe Hellb3s
ObUIO BMJIETh HEBOOPYXEHHBIM a3oM. Hanpumep, B KUTaiickux
U SAMOHCKMUX XPOHHUKAX COXPAHWIUCH CBEIEHMS O «3BE3/Ie-rOCThE»,
KOTOpasi BCrbiXHyna B co3Be3auu Tensua B 1054 r. u B TeueHue
TPEX Hezlesb OblsIa BUAHA IHEM, a Yepe3 IOl COBEPLIEHHO «UCYe3-
na». B 1572 r. yunurens Kennepa Tuxo Bpare HaGmionan B co3ses-
amn Kaccuonen HOBYIO 3Be3ny, kotopasi Obuta sipue Benepsi.
B 1604 r. yxe cam Keruiep Habio1a1 HOBYIO 3Be3/1y B CO3BE3IMH
3MeeHoca.

B XX B. TIHaTenbHbIe HabMIOAEHUS 3a 3BE3AHBIM HEOOM C MPU-
MeHeHueM doTtorpadumn rno3BOIUIN YCTAHOBHUTH, YTO TaKue He-
OXMWIaHHBIE BCTIBILIKKM HabmoaaloTes y 38€34, KOTOPbIE 10 TOr0
JI0JITOE BPEMsI OCTABAIMCh CIabbIMK M HE IPUBJIEKAIH K cebe BHU-
MaHHUe acTPOHOMOB. B HacTosiliee BpeMsi pas3iMYalOT HOGble
U C8epXHOoebie BCIbIXUBAIOLIWE 3BE3/1bl. ¥ HOBBIX 3BE31 CBETH-
MOCTb BO3pacTtaer Ha 12—I13 3BE3IHBIX BEJIMYHUH M BbUIEISIETCS
sHeprusi 1o 10% JIx. 3Be3na npuobGperaeT MaKCHMAIBHYIO SIp-
KOCTb BCETO 3a HECKOJIBKO CYTOK, a ocnabiieHue 10 nepBoHavYaib-
HOIo 3HAYEHUsI CBETUMOCTH MOXET UTUTbCS ronamu (puc. 5.27).
Jlonroe BpeMsi NPUYMHBI BCTIBILIEK HOBBIX 3BE&3]l OCTABAJIMCh HE-
noHATHeIMU. [TooxeHue U3MeHWI0Ch, Koraa B 1954 r. 6su10 06-
HapyXeHOo, 4To oaHa u3 HoBbIX 3BE€3a (DQ I'epkyneca) siBnsiercs
JIBOMHOW ¢ nepuonoM obpauieHus Bcero 4 4 39 muH. OnuH U3
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KOMITOHEHTOB — O€JIblii KapiavK, a IPyrol — KpacHas 3Be3ja
[IaBHOM mnocienoBateibHOCTH. M3-3a MX OJM3KOro pacnosioxe-
HHUs Ha Oesblii Kap/JMK MepeTekaeT ra3 U3 atMocdepbl KpacHOro
Kapnuka. [To Mepe HakorIeHHsi BOIOpOa IUIOTHOCTh U TeMIiepa-
Typa BHEUIHMX CJIOEB O€0ro KapJMkKa BO3pacTaeT, CO34alTCsl yC-
JIOBUA Ul HAYaJla TEPMOSAAEPHBIX PeaKliyii MpeBpalleHus BOAO-
pona B renuit. OHH MPOMCXOASAT HACTOJABKO OBICTPO, YTO MPHOO-
peralT XapakTep B3pbiBa. [IpM 3TOM BHELIHHME CJIOM 3BE3bI,
COCTaBISIIOIIME HeOONbIIYID YacTh €€ Macchl, pacLIUPSIOTCS
M BbIOpAcHIBAIOTCA B KOCMHYECKOe MpocTtpaHcTBo. MX cBeueHHe
¥ Habo1aeTea KaK BCNbILIKA HOBOM 3Be3/1bl. Takoe siBJIeHUE MO-
JKET MOBTOPSATHCS C TECHBIMM JABOMHBIMM 3BE31aMU HEOIHOKpAT-
HO: Y OHMX Yepe3 THICAYHU, Y IPYTUX C U3MEHEHHEM CBETUMOCTH
Ha 4—5 3BE3AHBIX BEJIMYUH YEPE3 HECKOJILKO AECITKOB JIET.

Ho B HEKOTOpPBIX clydyasix TaKOW IMPOLIECC MOXET MPHUBECTH
K Karactpode. Ecau npu neperekaHuu BeulecTBa Macca 0enoro
KapJIMKa MPeBbICHUT npeaeabHylo (npumepHo 1,4 maccesl ConHia),
TO NMPOMCXOAMT B3pPBIB. TepMosiiepHBbIE peaKLUHM TpeBpalleHUs
yIjiepoaa M KHCJIOpOIa B XKeJNe30 W HHKENb, KOTOpPbIE MAYT C
OTPOMHON CKOpPOCTBbIO, MOTYT INOJHOCTbIO pPa3pylluuTh 3BE31Y.
ITpoMCXOAUT BCIIbILIKA CBEPXHOBOM.

Benbilika CBEpXHOBOH 3BE3/1bI — I'MTaHTCKHI IO CBOMM Mac-
wrabamM B3pbIB 3BE3JIbl, NIPH KOTOPOM €€ CBETUMOCTH B TEUEHME
HECKOJIbKMX CYTOK BO3pacTaeT B COTHH MWUIMOHOB pa3. [lpu
BCIIBILIKE Bblaensiercs 3Heprus nopsaka 104 Ik, yto npumepHo
paBHO 2Hepruu, Kotopyio CosiHile MOXET U3NYUYUTh 34 BCE BpeMs
CBOEIO CYLECTBOBAHMSI.

Jlpyrue cBepxHOBbI€ 3BE3/bl (MX €11 HA3bIBAIOT CBEPXHOBBI-
mu 11 TMa) npencraBasyii co00 MacCHMBHBIE 3BE3/IbI HAa MO3AHUX
Tanax CBOEU 3BOMOUMH. TeopeTuyecKue pacué€Tbl, pPe3yabTaThbl
KOTOPBIX XOPOLIO COMIACYIOTCS ¢ HabmoaaTeIbHBIMU JaHHBIMM,
MO3BOJIMJIM COCTABUTD JIOCTATOYHO MOJIHOE MPEACTaABJIEHUE O MPO-
leccax, MpPOMCXOASILIMX B TEX CBEPXHOBBIX 3BE3/1aX, Macca KOTO-
pPbIX B AeCATKHM pa3 npeBocxoauT maccy ConHua. K MoMeHTy
BCHBIIIKM B HUX TOJIHOCTHIO MCYEPNaHbl BO3MOXHOCTH MpOTE-
KaHMsl TEPMOSIIEPHBIX peaklMi. DBOJIOLMS TAKUX MACCHMBHbIX
3BE3l — 3TO HENPEPBIBHO YCKOPSIOLIMIACS MPOLECC YBEJTUYEHMsI
TEMIIEPATYPbl U IUIOTHOCTH B SIAPE 3BE3/bI.

Ha nporsikeHuu Gosbllied 4acTu XWU3HU 1000 3Be31bl OC-
HOBHbIM UCTOYHHUKOM €€ IHEPIrUuu CIYKHUT TEPMOSILICPHBII CUHTES



reausi U3 sonopona. B 3Bésmax ¢ Gonbluoi MaccoW 3Ta cramusi
JUIMTCA HECKOJBbKO MWUIMOHOB jeT. Korma 3anacel Bomopona B
3BE3HOM fpe MCTOLIAIOTCA, OHO CKXUMAETC M pa3orpeBaercs
HACTOJIBKO, YTO M3 TeJiMsi HAYMHAET CUHTE3UPOBATHLCS YIVIEPO.
Dra craaus 3anumaet okosio 500 Teic. seT. 3aTeM Bo Beé Gosee Ha-
pacTalolleM TeMIe MOCeI0BaTe/IbHO NMPOXOASAT peakLUUd CHUHTEe-
3a, B KOTOpBIX y4acTByioT yriepon (600 sier), HeoH (1 rom), Kucno-
pon (6 mecsiueB) M, HaKOHell, kpeMHUit. Ha nocnenxeit cranum,
KOTOpAasi JUTMTCSI BCETO CYTKH, U3 KPEMHHs CHHTE3UPYETCS XKelle30.
SAnpo xenesa CBSI3aHO CWJIbHEE APYTUX siiep, MO3TOMY Aa/IbHE-
LIMI CUMHTE3 CTAHOBUTCS HEBO3MOXHBIM, MOCKOJBKY MPH 3TOM
9HEpPrusi NooKHa ObLta Obl HE BBIAEAATHCA, a nornoiarbes. JIu-
IIEHHOE MCTOYHMKOB 3HEPrUM SIIPO HE MOXKET MPOTHBOCTOSTH
rPaBUTALIMOHHBIM CWJIaM W Koaaancupyem (Katactpoduuecku
CXKMMAaETCs) 3a HEeCKOJIbKO MuIucekyHa. Ha koHeyHo# cragum
KOJIJ1arica LieHTpajbHasi 4acTh si/ipa 3Be3bl CKMMAETCs 10 TUI0T-
HOCTH SIACPHOTO BEILIECTBA.

Bckope nocne Toro, Kak sipo npekpaTuT CKUMAaThCsl, HapyX-
HbI€ CJIOM 3Be3JIbl, KOTOPbIE HE YYACTBOBAIN B 3TOM KaTacTpotu-
YECKOM CXaTHM, ynaayt Ha Hero. [lpm yaape o sipo IJIOTHOCTh
M TeMMnepaTrypa BELIECTBa 3THX CIOEB Pe3KO BO3PACTYT. DTO Mo-
POXIAET MOLIHYIO YAapHYIO BOJIHY, KOTOPasi ABUXKETCSI HAPYXKY CO
CKOpOCTBIO He MeHee 30 ThIC. KM/C M CPBIBAET CO 3Be3/Ibl OOBLIYIO
4yacTh Macchl. B HEKOTOPBIX CTy4asix BELIECTBO MOJTHOCTBIO pacce-
MBAaeTCs B KOCMHYECKOM NMPOCTPAHCTBE, a MHOIIA HA MECTe 3BE3-
Il OCTA&TCsl TUIOTHBIN OCTATOK €€ saapa.

B 1967 r. BeIBOABI TEOPUM MOJYYWIH BeCbMa HEOXHMIAHHOE
noaTBepxkaeHue. B cosseznuum Jlucuuku rpynna aHmMACKMX
paaMoacTpOHOMOB OOHApyXujia MCTOYHUK HEOOBIYHBIX pamuo-
CHTHAMOB: UMNYNBCHI IMPOAOJEKHTEIBHOCTBIO OKOJIO 0,3 C MOBTO-
psAauCh yepe3 Kaxasie 1,34 ¢, npuuéM NepuoaMYHOCTb UMITY/Ib-
COB BblIAEpXHBanach ¢ TouHocThiO 10 10-19 ¢. Tak 6bUT OTKPBHIT
NepBblii myascap, KOTOPLIX B HACTOsIIEE BPEMS M3BECTHO YXKe
okono 500.

Cpa3sy xe nocJie OTKpbITHS MyJIbcapoB ObUIO BBICKA3aHO TMpe/-
MOJIOXKEHWE O TOM, YTO OHM SBJAIOTCS OBICTPOBpPALLAKLIMMUCS
HeumpouHvimu 36€30amu. Ianyuenne nyabcapa, KOTOpoe HCy-
CKaeTCs B Y3KOM KOHYCE, Haﬁmona'renb BUIMT JIMIIB B TOM CJiiy4dac,
KOraa npd BpaluleHHUH 3Be3dbl 3TOT KOHYC HanpapJIiEeH Ha HeEro
nonoOHO cBeTy Masika. BelliecTBo ny/ibcapoB COCTOUT U3 HEHTPO-



HOB, 00Opa3oBaBIUMXCS IPU COEIU- 200 Mlu

HEHUM TIPOTOHOB C 3JEKTPOHAMH, 400 Mry |
TECHO MPUXATLIX APYT K APYTY rpaBu- OnTu4eckmni
TaUMOHHBIMM criiaMi. [lnamerpol Ta- RSN

KMX HEUTPOHHBLIX 3BE3n Bcero 20—
30 kM, a MJIOTHOCTh OJIM3Ka K fAaep-
HOM ¥ MoXeT mpesbiath 101 kr/m3.
TakuM 0Opa3oM, HEHTPOHHBIE 3BE3-
Ibl SIBISIIOTCSI OTHUM M3 TeX 0OBEKTOB
BO Bcem_:_HHoﬁ, KOTOPbIE NPEAOCTaB-  pyc 528, Mynscap

JISTIOT YYEHBIM BO3MOXHOCTB M3yuyaTh g KpabosugHoi
MOBENEHHWE BellecTBA B VYCIOBHAX, TYMaHHoOCTH

MOKa HENOCTMXXMMBIX B 3€MHBIX Nla- =~~~
Ooparopusix.

HccnenoBaHus rnokasaju, 4To IMyJibCapbl BJSIIOTCA OCTaTKa-
MM CBEpPXHOBbIX 3B€31. OOMH M3 MNyabcapoB ObLT OOHApPYXeH B
KpaGoBHAHOM TYMaHHOCTH, KOTOpasi HabIoJaeTcs Ha MecTe
BCTBILIKK cBepXHOBOM B 1054 r. Ero m3iyyeHne B ONTHYECKOM,
paauo- U PEHTITeHOBCKOM Mana3oHax U3JiydeHUst MEHSETCH C Te-
puoaoM, paBHbiMm 0,033 ¢ (puc. 5.28).

HaubGonee yHukanbHble OOBEKTHI, MOJYYMUBLIME Ha3BaHUE
4EPHBIX Obip, NOMXKHBI BO3HUKATh, COMIACHO TEOPHH, Ha KOHEY-
HOM CTAaAUM 3BOMIOLIMU 3BE31, Macca KOTOPbLIX 3HAYMUTEILHO Tipe-
BBILLIAET COMTHEYHYIO. ¥ 00BbeKTa TaKoil MacChl, KOTOPbIN CKUMa-
eTCsl 10 pasMEpPOB B HECKOJIbKO KWJIOMETPOB, TOJI€ TATOTEHHs
OKAa3bIBAETCS CTOJIb CHJIBHBIM, YTO BTOPAasi KOCMHYECKas CKOPOCTh
B €r0 OKPECTHOCTH N0J/DKHA ObU1a Obl MpeBbIlaTh CKOPOCThL CBETA.
Crano ObITb, YEPHYIO OBIPY HE MOTYT IMOKHMHYTb HM YaCTHLIbI,
HU Jaxe M3JIydeHUe — OHa CTAHOBUTCA HeBHMIAMMOM. Bo3mox-
HOCTb OOHAPYXMUTh TAKOH OOBEKT CYILIECTBYET JIMIIb B TOM CJIyyae,
Koraa 4yépHasi Iblpa OKa3blBAETCS OTHUM M3 KOMITOHEHTOB TECHOM
OBOMHOM 3BE3AHONH CHCTEeMbl. MolIHOE rpaBUTALIMOHHOE I10JIe
YE€PHOM AbIpLI CIOCOOHO BBI3BATH MMaleHHUe Ha HeE rasa U3 aTMo-
cepsl Apyroi 3Be3abl, BXoasiuei B 3Ty cuctemy. a3 npu nane-
HUM Ha YEPHYIO ObIPY HArpeBaeTcs /IO BBICOKOH TeMreparypbl U
NAaET PEHTTEHOBCKOE M3nydyeHue. MMeHHO 3TO M3Iy4eHHe U no-
3BOJIsIET OOHAPYXUTbL CYLIECTBOBaHME YEPHON Obipbl. B HacTos-
LIee BPeMS U3BECTHO HECKOJIBKO AECATKOB PEHTIEHOBCKMX UCTOY -
HUKOB, B COCTaB KOTOPBIX MOTYT BXOAWUTH Y€pHbie abipbl. Hanbo-
Jie€ BEPOSITHBIM «KaHIUIaTOM» CpeIu HUX cuuTaeTcs Jlebenb X-1.




besible KapJIMKK, HEUTPOHHBIE 3BE3bI M YEPHBIE JIbIPBI SIBJISI-
IOTCSI KOHEYHBIMM CTAIUSIMU 3BOJIOLMM 3BE31 Pa3IMYHOM MacChl.
M3 BemiectBa, KOTOpoe ObLIO MOTEPSHO WMH, B MOCJIEOYIOLIEM
MOryT 0Opa3oBbIBaTbCS 3BE3nbl HOBOro mnokoseHus. [Ipouecc
hopMupoOBaHUs M pa3BUTHS 3BE3]I PACCMATPUBAETCS B HACTOSIILIEE
BpeMsl KakK OJMH M3 BaXHEHILIMX MMPOLIECCOB 3BOJIIOLIMH 3BE3AHBIX
CHCTEM — TaJIaKTHK — W BcesieHHOM B Lie/IoM.

3B€31. 2. [Nepeuncinnurte BO3MOXHbBIE KOHEYHbBIE CTAAMM IBOJIOLIMH
3B€31. 3. B uém npuunHa uameHenus 6necka uedenn? 4. [ouemy
uedennn Ha3biBawT «Magskamu BeenenHoi»? 5. Yto Takoe myib-
capoi? 6. Moxert nu Co/Hue BCNBIXHYTh, KAK HOBasi WM CBEPX-
HoBasi 3Be31a? [Nouemy?



"~ VI. CTPOEHHUE
) Y 9BOMIOLUS
" BCEJIEHHOW!

§ 25. HALIA TAIAKTUKA

1. Mneusnbiii IyTb u ManakTuka?

npalcmqecxu BCe OOBLEKTBHI, KOTOPbIE BMASIT Ha Hebe HEBOOpPY-
KEHHBIM IJ1a30M XUTENH cpeaHuX upoT CeBepHOro noyyiapus
3eMIM, COCTaBIAIOT €IMHYIO CHCTeMY HeDeCHbBIX Tesl (IJIaBHBIM
obpa3om 3B€31) — Hawy lanaktuky. M3 uncna 3Tux oObeKTOB B
coctaB [anakTuku He BXOAMT NMlIb c1abo 3aMeTHOEe TyMaHHOeE
MATHO, BUIMMOE B CO3BE3IMM AHIPOMEIbl M HATOMHHAIOILEE 1O
¢dopMe iaMsi CBeUM, — TYMaHHOCTb AHApoMenbl (CM. puc. 2 Ha
uBeTHOM BKIeike XVI).

XapakTepHo# AeTalblo 3BE3AHOro Heba sBiasercs MileyHBbIN
I1yTb, B KOTOPOM yXe nepBbie HAOII0AEHUS C MOMOILLbIO TEJIECKO-
Mna MO3BOJIWIM Pa3jiMdMTh MHOXECTBO cinadbix 3BE3n Hamei la-
nakTUKM. Kak Bbl MOXeTe caMu yoenuThbesi B JIIOOYIO sICHYIO De3-
JIYHHYIO HO4b, OH NMPOCTHUpAETCH Yyepes BeE Hebo cBeToi beneco-
BaTO# 1MOJIOCOM KIoYKoBaToi hopmel (puc. 6.1).

Unes o Tom, uto BeeneHHasi uMeeT «OCTPOBHYI0» CTPYKTYPY,
HEOIHOKPATHO BBICKAa3bIBaJIaCh B MpouuioM. OQHAKO JIMLIbL B KOH-
ue XVIII B. epuuens npeatoxui NepByd MOAEIb CTPOCHUS Ha-
wei Manakruku (puc. 6.2). Ha ocHoBe 1oacy€ToB 3B€3/1 B pa3/iny-
HBIX yJacTKax HeOa OH yCTaHOBMJI, YTO MX YMCJIO MO Mepe yaa-
neHusi ot Mneunoro [lytu pesko ybwiBaer. Ilo ero pacuéram,
cnabbie 3BE€31b1 MneuHoro Ilyru BMmecTe ¢ ocTaJibHbIMH, Oosee
SIPKMMHU 00pa3syloT €IUHYIO 3BE3IHYI0 CHCTEMY, HAalTOMHHAIOLIYIO

! I'nasa popabotana K. ¢.-m. H. C. B. [Tnaunesko.
2 TepMHH «raJlakTHKa» [TPOMCXOANT OT rpedeckoro ciosa galaxis, kotopoe
03HAYAeT «MOJIOUHBIH, MJICYHbBIi».



no ¢opMe IMCK KOHEYHBIX pa3MepoB, AUAMETp KOToporo Hosee
4yeM B 4 pa3a nMpeBbIlAeT ero TOMLIHHY.

OKOHuaTe/NbHOE «OTKPbITHE» Halleil [anakTUKK CBS3aHO C
oOHapyxeHueM B 1923 r. B TYMAHHOCTH AHAPOMEIbI HECKOJbKHX
uedenn. Habnawonenne uedens no3Boanio onpeaesnTb paccTos-
HHE A0 HE€ M OKOHYATENbHO YOSIMI0O YYEHBIX, UTO 3TO HE NMPOCTO
TYMaHHOCTb, a aApyrasi, nogoOHas Hawei 3Bé3nHas cucrema. Ha-
3BaHME «rajlakTHKa» ObLIO JaHO BCeM TYMaHHOCTSAM, HAXOASLIMM-
ca 3a npenenamMu Hamed lanaktuku. CoriacHO COBpeMEHHBIM
JaHHBIM, rajJlakTuka AHIPOMEIbl HAXOAUTCS OT HAC HA paccTosi-
HUM HEMHOTIUM Dosee 2 MJIH CB. JIET.

Venexu B uccnenoBaHuy Hauei [aakTUKKU B 3HAYMTENbHOM
CTETEHU CBSA3aHbl C U3YYEHUEM TYMAHHOCTM AHApPOMEbl U JApYy-
rux ralakTuk. Mx cpaBHeHHe ¢ [a1akKTUKOM MO3BOJIWJIO BbISIBUTH
MHOTIHe 4epThl €€ cTpoeHUs. B 4aCTHOCTH, NMOCKOJILKY XapaKTepH-
CTUKH M YMCJIO 3BE3/, pa3Mepbl M HEKOTOPHIE JIpYTHe O0COOEeHHO-




CTH CTPOEHMUS Halllel [anakTHKKM 0Ka3aIuch CXOIHBIMU C JAHHBI-
MU, MOJIYYEHHBIMU [UISI TYMAHHOCTH AHIPOMENbI, €CTeCTBEHHO
OBUIO MPEANnoNOXNTh, YTO TAK Xe, KAK M 3Ta raJlakKTHKa, Halla
MMEeT CriMpalibHble pyKasa. B nocaenyiolem ueneHanpasieHHble
MCCICIOBAHMS TTOATBEPANIIH 3TOT (HaKT.

Hawm 3naHus o pasmepax, cocrase u cTpykType lanakTuku
MOJIy4€Hbl B OCHOBHOM 3a MOCJIEAHNE AecaTuieTns 6iaronaps uc-
MOMb30BAHUIO OOJIBIIMX TENECKONOB, KOTOPbIE MO3BOJWIM HU3Y-
4aTh cnabbie 3BE3/1bl M Ipyrue nanékue oobekThl. bbulo onpenene-
HO, YTO B €€ CTPYKTYPE MPOCJICKUBACTCS 20pO U OKPYXKAIOIINE €T
dee cucmembl 36€30: duckoobpasnas v noutn chepuueckas 2a-
Aakmuveckas koporna (rano). Ilepsas BKIIOYAET 3HAYUTEILHOE
YHMCIIO 3BE3]l, KOHLIEHTPALMsA KOTOPLIX BO3PACTaeT Mo Mepe Mnpu-
OJIMXEHMA K TallaKTUYeCKON TUIOCKOCTH. MeHee MHOTroO4YMC/IeH-
Hbl€ 3BE3/IbI BTOPOH MMEIOT KOHLEHTPALMIO K SApY. MueuHblit
[TyTeb, KOTOpPBIt 06pa3yIOT 3BE3/1bI AMCKA, OTIOSICHIBACT HEGO BAOD
Oonblioro kpyra, a 31o o3Hayaer, yro ColHeyHasi cucTeMa Ha-
XoauTcsi BOJIM3M rajlakTHYeCKoOil T1uiockocTu. Jluamerp Haiuei
lanaktuku — okono 100 teic. cB. et (30 Thic. nK). B Heit oko-
1o 200 mapa 38€3a. OHKM cocTaBisioT 6oee NMOJMOBUHBI BUIMMO-
ro seuiecTsa lanaktuku, a 2% — MeX3BE3AHOE BELIECTBO B BUIE
rasa v MbUIK, NIPU 3TOM MbLUIM nMpuMepHo B 100 pa3 MeHsblle, yeM
rasa.

HUccnenosanmsi Tanaktuku, npoBeaéHHbIE BO BTOPOIl MOJO-
BUHe XX B., NMO3BOJIMJIM TAKXE BBISBUTH B3aUMOCBSI3U 3Bé3ﬂ H
MC)K3B§3IIHO]"D BELUECTBA, CBUIACTELCTBYIOLIHUE O npoueccax 3Bo-
JIOUKH, KOTOPBIC MPOUCXOAAT B ITOM CHUCTEME HAa MPOTSIKEHUH
MHJZTHOHOB M MUJUTHapaos Jet. [locne Toro, Kak BbISICHHUIOCH,
4TO UCTOYHHKOM SHEPIUM 3BE3N ABSIOTCS TEPMOSIAEPHbIE peak-
MM TpeBpallleHnsi BOAOPo/Ia B reiuif, CTaIM BO3MOXHBIMM pac-
4YE€THI CPOKOB MX CYILIECTBOBaAHUsl. Boiuncnenus MoKasajiu, 4To 3a-
MacoB Bosopoaa y Haubosiee IpKUX 3B€3/1 XBATUT He Bosee yeM Ha
HECKOJIbKO JeCATKOB MUJUTHOHOB eT. OKa3anocsk, 4to B [anakTu-
K€ COCYLIECTBYIOT KaK OY€Hb CTapbie 3BE3/bl, BO3PACT KOTOPBIX
MPUOAM3UTENBHO 13 MAPA JIET, TaK ¥ OYEHb MOJIOABIE, BO3PACT KO-
TopbIX He npesbiwaet 100 Toic. set. Crano oueBUAHO, uTO 06pa3o-
BaHHE 3BE3/ NOJIKHO NPOUCXOAUTH NMOCTOSAHHO, a 3Bomoumio la-
JIAKTHKH, 110 CYTH JIeJia, MOXHO CYMTATh UCTOPUEIT MPOUCXOasILIIe-
ro B He npoltiecca 3B€31000pa3oBaHus.



2. 3Bé3HbIE CKOMJIEHUS ¥ aCCOLHALIUH

Kak s yKe 3HaeTe, YMC/I0 OAMHOYHBIX 3BE3/1 MEHbBILIE, YEM 3BE3],
COCTABJISIIOLLMX ABOiTHbBIE M KpaTHBIE cucTeMbl. Kpome Toro, B a-
NAKTHUKE CYLIECTBYIOT Pa3/IMYHbIE 110 YUCIEHHOCTH 0OBEKTOB H IO
cBoeii (hopme CKOTUIEHUS 3BE3.

3Bé3aHoe CKOILIEHHEe — rpynna 3Bé3/1, KOTOpPbie PACHOJIONKEHbI
OJIM3KO JAPYT K APYTY M CBA3AHbI B3AMMHbBIM TANOTEHHEM.

PasnuuyaloTcst ABa BMIa 3BE3NHLIX CKOIUIEHWI: wapossvie W
paccesinHvle.

B paccesannbix ckonaenusnx 38€31 OTHOCUTEIBHO HEMHOTO —
OT HECKOJBKHMX JECATKOB /10 HECKOJIbKHX Thicsa4. CamMbIM U3BECT-
HBIM PACCESTHHBIM CKOIUIeHHeM siBisitoTcst [lnesasl, BUAUMBIE B
co3pe3nuu Tenbua (cM. puc. 1 Ha 1iBeTHOI# BKJeiKe XV). B ToMm xe
CO3BE3AMM HAXOOMTCHA €lé OMHO cKoruieHue — Imanel — Tpe-
YTOJIbHUK M3 ca0bix 3B€31 BOIM3M sipkoro AsbaebapaHa. Yactb
3BE3/1, OTHOCSAIIMXCS K co3Be3auio bonbinoit MeaBeauiisl, Takxe
COCTaBJISIET paccesiHHOe cKoruleHue. [IpakTHyecku Bce CKoIUie-
HMsI 3TOTO TUINa BUAHBI BOM3u Mueunoro ITyru. M3secTHO 0KOJIO
1200 paccesiHHBIX CKOTUIEHMIH, HO CYUTAETCs, 4TO UX B lanakTuke
MOXET OBITh B HECKOJIBKO JIECATKOB pa3 DosibLie.

Illapoevie 36¢30Hble CKONACHUA HACUUTBHIBAIOT B CBOEM
COCTaBE COTHM ThICAY M JlaXe MUUTMOHBI 3B€31. Hekoropeie cko-
ruieHusi, B yactHoctd M13 B cosse3nuu [epkyneca (puc. 6.3),
MOXHO YBHIETh HEBOOPYXEHHBIM
r71a30M B 0Cc0DO SICHYIO MOTOaY BAATH
OT KpyIHbIX roponos. LllapoBbie cKo-
ruieHus pacnpenenstores B [anakTuke
no-uHoMy: 00JibllIasi YacTh Pacroio-
KeHa BOIM3M e€ ueHTpa, a Mo Mepe
ylaJeHusi OT Hero UX KOHLEHTpaLus
B NpocTpaHcTBe yMeHbluaercs. B Ia-
JJAKTMKE M3BeCTHO okousio 150 mapo-
BbIX 3BE3IHbBIX CKOTUICHHUH.

Pasnuuusi ABYX THUIOB CKOIUIe-
HHMIl KacaloTcs TakXe MX 3BE3IHOro
«HacejeHUsA». B cocraB paccesiHHbIX

Puc. 6.3. laposoe 3Bé3HOE
ckonnexdne M13 i
B co3se3guu lepkyneca CKOTIUJIEHU I BXOIAT B OCHOBHOM 3BE3-



JAbl, oTHOocsiMecs (kak U CoJiHle) K IIaBHOM 1Mocae10BaTe/IbHO-
CcTH. B m1apoBbIX — O4Y€Hb MHOTO KPACHbIX TMTAHTOB M CyOruraH-
TOB, IJIABHYIO TMOCJIEA0BATENBHOCTD MPEACTABAAIOT TOJIBKO CaMble
MaJIOMacCCHBHbIE 3BE3/1bI — KPACHBIE KAPJIUKH.

3BE3HbBIE CKOTUICHHS SIBWINCH TAKUMH OOBEKTAMH, NTPU U3Y-
YEHUHU KOTOPBIX ACTPOHOMBI TMOJYYMIH DPEIKOCTHYIO BO3MOX-
HOCTb OCYILLECTBUTH CBOeoOpa3Hblit 3kcriepumeHT. [1pu npose-
JACHUM HAY4YHBIX WCCIENOBAHUMN 3amada HEPEeIKO 3aKII04aeTcs
B TOM, YTOOBI, U3MEHSIA KAaKON-TO OAMH napameTp (Harnpumep,
TEMIIEPaTypy) M OCTaBJIsisl BCE OCTAJbHbIE HEW3MEHHBIMH, M3Yy-
YUTh, KaK 3TOT MapaMeTp BJIMUSIET HAa XapakTep HabI01aeMoro siB-
nenus. JIns Bcex 3BE31 IAHHOTO CKOTUIEHMs TIOCHAEAHHME ABE M3
TPEX OCHOBHBIX XapaKTEPUCTHK 3BE3]l — MacChl, XMMHUYECKOTO
COCTaBa U BO3pacTa — MOXHO (B repBOM NMPUOJIMKEHHUH) CUUTATD
ONMHAKOBBIMH. OYEBUIAHO, YTO 3TH 3BE31bI HE CAYyYailHO OKa3a-
JIUCh B OTHOM Me€CTe, a CKOpee BCEro Koraa-To oopa3oBajinuck Bce
BMECTE U3 OJHOTO U TOro xe BeuiectBa. CrenoBatenbHo, HabIO-
AaeMoe pasiMuMe HUX CBOWCTB OINpenessieTcss TOJBKO TE€M, 4YTO
IBOJIIOLIMA 3BE3/, Pa3IMYHBIX MO Macce, MPOUCXOAUT MO-Pa3HO-
My. DTO HAMHOTO OOaeryaer 3a1a4y CpaBHEHUsI BHIBOJIOB TEOPUH
BHYTPEHHErO CTPOEHHsI U 3BOJIIOLIMU 3BE3J C pe3y/ibTaTaMH Ha-
OMoOneHMA.

Oka3anocek, YTo Cpeam XOpoIIo U3YYEHHBIX 3BE3AHBIX CKOTLIE-
HUit (ux okono 500) HeT HM OaHOrO, /Ul KOTOPOro AMarpamma
«CINEKTP — CBETHUMOCTbH» MpOTHBOpEYUIIa Obl BbIBOIaM TEOPpHUH
3BE3IHOM IBOJTIOLINH.

Takum o6pa3oM, pasnuumsi CKOTUIEHUI ABYX THIOB OOBsC-
HAIOTCSI, COIMMACHO COBPEMEHHBIM MMPEJACTABICHUAM, Pa3iMdyuem
BO3pacTa 3B€3J1, BXOASILIMX B UX COCTaB, a CJIENOBATEJIbHO, U BO3-
pacTta caMux cKoruieHMi. Pacuérbl nokasaam, 4To BO3pact MHO-
MX pacCesiHHbIX CKOIUIEHUI He Donee 1—2 mupa jiet, B TO BpeMs
KaK BO3pacT [AapOBbIX CKOTUIEHW I 3HAYUTENIbHO B0JIbllie U MOXET
nocturate 11—13 mupa ner.

I'pynnuposku Haubonee MONOABIX 3BE3/l, HE CBA3AHHBIX Ipa-
BUTALIMOHHO, MOJYYWIH HA3BaHUE 36€30HbIX accouuauui. Bos-
PacT HEKOTOPBIX M3 HUX HE MpeBbllIAeT MWIUIMOHA JIeT. Accolima-
LUMH CYLIECTBYIOT HEIO0JITO (10 KOCMUYECKMM MEpPKaM) — BCEro 3a
10—20 MJIH 16T OHM PacCUIMPSIIOTCS HACTOJBKO, YTO MX 3BE3/IbI yXKe
HEBO3MOXHO BBIIEJIUTDL CPEIN JIPYTHX 3BE3IL.



CyuiecrBoBaimne B l'anakTuke 3BE3AHBIX CKOIUIEHUIt M ac-
COLIMALIMIA CaMOro Pa3IMYHOro BO3pacTa CBUAETEIBCTBYET O TOM,
4TO 3BE31bI (POPMUPYIOTCS HE B OAMHOYKY, a IpyniamMu, a cam
npouece 3B€31000pa3oBaHMsI NPOJOJIKAETCA W B HacTosiliee
BpEMSI.

3. Mexsséaanas cpena:
ras v nbiib

Mexsséannoe Bemecrso pacrnipeneneHo B oObéme lanakTHKu
BecbMa HepaBHOMepHO. OCHOBHasi Macca rasa M IrbUIv COCPenoTo-
yeHa B cioe Hebonbloi TomuuHsl (okono 200—300 nk) BOau3m
ruiockocti Mutedroro [lytu. MectaMu 3TO BEILIECTBO CryllaeTcs
B OrPOMHBIE (IMaMETPOM COTHHU CBETOBBIX JIET) 00/1aKa, KOTOpbIE
3aropakKMBaloT OT HAC PACIOIOXEHHbIE 3a HUMH 3BE31bl. UMEHHO
Takue obnaka HabI0NAI0TCs KaK TEMHbIE TPOMEXYTKH B Mieu-
Hom [Tyt (cM. puc. 6.1), KOTOpbBIE J0NATOE BPeMsl CYUTAIUCH 001a-
CTAMM, IJIe 3BE3] HET, a MOTOMY UYepe3 HUX MOXHO 3arisHYyThb 3a
npeneabl Maeynoro [lyTu.

Camoe Bonbioe M 0iM3Koe K HaM 00J1aK0 BbI3bIBAET XOPOLUO
jameTHoe pasnBoeHue Muieunoro [lyTv, KOTOpO€ MPOTAHYIOCH
ot cospe3auss Opna no cospesausa CkoprnimoHa. OHO MokasaHO
Ha kaprax 3Bé3nHoro Heba (cM. «LLIKONIbHBIA aCTPOHOMUYECKHA
KaJleH1apb» ).

CaeT 3B€3/1 pacceMBaeT U NMOMIoUaeT KoCMUYecKas Mblib, Ya-
CTHILBI KOTOPO#A TI0 CBOMM pa3mepaM CPaBHUMBI C [JUTMHOM CBETO-
BOI BOJIHBL. YacTHLBI TAKOTO pa3Mepa CUJIbHEE NMOorIomalor dosee
KOPOTKOBOJIHOBOE M3JIyYeHHEe B CMHE-(HONETOBOM 4acTH CIIeK-
Tpa; B JUIMHHOBOJIHOBOW (KpacHO#) €ro 4acTH IorjioweHue cia-
fee, o3ToMy Hapsily ¢ ociabieHHeM CBeTa AaNEKMX OOBEKTOB
Habmonaercs ux nokpacHeHue. [bUIMHKY UMEIOT Pa3IMYHbIA XU -
MHUYecKHii coctas (rpadur, CHJIMKATHI, JIEA U T. M.) U JOBOJBHO
BBLITSAHYTYIO (hopmy.

B obGnakax raszoBasi KOHLEHTpaLUs COCTaBJSAET BCEro He-
CKOJIBKO JeCSITKOB aToMOB Ha | cM?. B mpocTpaHcTBe Mexiy obsa-
KaMu OHa no kpaitHeit mepe B 100 pa3 meHblle, 4yeM B obiakax.
Macca MbUIM COCTaBISET BCEro HECKOJbKO TMPOLIEHTOB MaccChl
MEX3BE3/HOTO BEILIECTBA, COCTOSIIEr0 B OCHOBHOM M3 MOJIEKY-
JIAPHOTO BOJOPOAA C HEGONBLIMMHM MPUMECSIMH APYruxX rasos. Ho



JaXe CTOJb MaJloe COAEpXKaHME MbUIK MPH TEX OTPOMHBIX PaccTo-
SIHUSIX, KOTOPbIE MPOXOAMT CBET OT AaJEKHUX 3BE3/1, BBI3BIBAET €10
3HauYuTeNbHOE ocnabnenue. B cpeanem oHo cocrasasier 1,5 38E3a-
Ho¥ BenuuuHbl Ha 1000 nk, a B obnakax moxert aocturats 30
3BE3AHBIX BeMYHMH. CKBO3b TAKYIO 3aBECY M3JYYEHHME B OTITHYEC-
CKOM JMana3oHe NMPakKTUYeCKH He NMPOHMKAET, YTO, B YACTHOCTH,
JIMLIAET HAac BO3MOXHOCTH YBMAETb siapo lanakTuku, KoTtopoe
MOXHO M3Yy4aTh, TOJbKO NMPUHUMAs €ro nH(pakpacHOe U paano-
usnydyeHue. Takum oOpasom, MEX3BE3AHOE TOMIOIIEHHE CBETa
3HAYUTEJILHO OCJIOXKHSIET U3y4eHHe CTPYKTYphbl [anakTmku u pac-
TIOJIOKEHUS B HEU 3BE3.

BTropasi cnoXHOCTb 3aKJII04aeTCsl B TOM, 4TO 00Jiee MOoJTOBHUHBI
MEX3BE3IHOro BeulecTBa B [anakTuke cocrtamiseT HEUTPaAIbHBIN
BOIOPO, KOTOPBII HE CBETUTCS caM M He nornoiaet cBeT. Ceene-
HU O ero pacnpeneneHum B [anakTuke ObLIM nojiyueHsl O1arona-
ps paaMOacTPOHOMMYECKUM WCCIIEN0OBAHUAM, TIPU KOTOPBIX yaa-
JIOCh MCIONb30BaTh OCOOEHHOCTM CTPOEHHS aToMa BOJOPO/A.
OkKa3anock, YTO OCHOBHOI YPOBE€Hb HEPIMH 3TOTO aTOMa UMeEeT
nBa noaypoBHs. [1pu nepexozae ¢ 0IHOTO U3 HUX Ha JAPYroi Mpo-
MCXOAMUT UCTTYCKAHUE KBAHTA C 4YaCTOTOM, COOTBETCTBYIOLLIEH MU~
He BOJIHBI 21 cM. B KaxkaoM oTaeIbHOM aTOMe TaKOi nepexo rnpo-
UCXOOMT B CpeaHEM OAUH pa3 3a 11 miH net, Ho Giarogapsi ToMy,
YTO BOAOPOI COCTABJISET OCHOBHYIO Maccy BellecTBa [aakTUKH,
panvou3iydyeHue Ha BoiHe 21 ¢M OKas3bIBaeTcsl JOCTATOYMHO WH-
TEHCUBHBIM (pHc. 6.4).

MUMeHHO 1o paavoM3IyYeHUI0 BOAOpOaa ObLIW BLISBICHBI
CMHUpaibHbI€ BETBM, BAOJb KOTOPBIX OH CKOHUEHTPUPOBaH
(puc. 6.5). CnimpanbHasi CTPYKTYpa B TalaKTHYECKOM JHUCKE MpPo-
CJIEKUBAETCS, XOTS U HE TaK HAAEXHO, 110 ApyruM obbeKTam: ro-

Puc. 6.4.
Pacnpepenexnue
MHTEHCUBHOCTH
pagnounsnyye-
HMA no Heby




Puc. 6.5.
CnupansHasn
CTPyKTypa
lfanakTukun
no paguo-
U3Ny4eHUIo

paumnMm 3B€3naM KiaaccoB O u B, a TakkKe CBET/IBIM TYMaHHOCTSIM.
Connue (C Ha puc. 6.5) HaxOAMUTCs MOYTH TOCEPEAMHE MEXIY
ABYMSI CIIMPAJbHbIMU BETBSIMM, YIAJIEHHBIMM OT HEro NMpUMEPHO
Ha 3 ThiC. cB. 1eT. OHU HA3BaHbI M0 UMEHM CO3BE3AMIT, B KOTOPBIX
3aMETHBI UX y4acTKH, — pykas Crpesbiia u pykas [lepces. 1o co-
BPEMEHHBIM TIPEACTABJIEHUAM, CNUPAIbHBIE BETBU SABJISIOTCSH
BOJIHAMM TUIOTHOCTH, NMPHYEM IBMXKYTCS OHU BOKPYT LieHTpa Ia-
JIAKTHKHU C TTOCTOSIHHO# YIJIOBOW CKOPOCTBIO HE3aBHCHMO OT 3BE3]1
u apyrux o6bvekToB. [Ipupony cnupaibHbIX BETBEH YIaT0Ch BbISIC-
HWUTB, U3y4asi HE TOJIbKO Hallly, HO M IPYTHe CXOIHbIE C HEW rajak-
THKH, O KOTOpBIX OVAeT paccKa3aHo aajee.

Dusnyeckue yCIoBHMsI B MEX3BE3AHON Cpele BecbMa pasHo-
006pasHbl, NMO3TOMY JaXe CXOAHbBIC MO CBOEH npupone u Giauskue
M0 COCTaBY ra3ornbuieBbie 00aka BuIIISLIAT Mo-pa3zHoMy. OHU MO-
ryT HabmogaTbCsi Kak TEMHbIE TYMaHHOCTH, HANpUMeEp BecbMa
npumeyarenbHas no opme Konckas lonosa B co3sesznuu Opuo-
Ha (cM. puc. 3 Ha useTHoIi BKieiike XIV). MHoii Bua npuobperaet
obnako, eciiM NOGAN30CTH OT HEro HaAXOAMTCS IOCTATOYHO sIpKasi



ropsiuasi 3se3na. [leuib, BXxoasiiasi B coctaB o0Jiaka, OoTpaxaet
CBET 3TO# 3Be3/bl, M 00JIAKO BBIIVISIAUT KaK CBET/IAsk TYMAHHOCTb,
CMEKTP KOTOPO#H COBMAAaeT co CNEeKTPoM 3Be3abl. OueHb ropsauune
3B€3anl (¢ Temneparypoi 20 000—30 000 K), kotopsie obnanaior
3HAYUTEIbHBIM YJILTPA(HUOJIETOBLIM M3JIyYEHUEM, BbI3bIBAIOT BH-
aumoe (ayopeclieHTHOE CBEYEeHME ra3oB, BXOASLIMX B COCTAB 00-
naka. B cnekrpe takmx o0sakoB, KOTOPbBIE IMOJYYMIM Ha3BaHWUe
oughghysnbix cazoebix mymannocmeii, HabNOIAIOTCH APKUE JTH-
HUM BOAOPOAA, KMCIOPOAA U APYTUX JMEMEHTOB. TUNTMYHBIM 00b-
eKToM siBiisieTcst bonbiuast rymaHHOCTH OpHOHA, KOTOPYIO MOXHO
BUJIETh B XOPOLIMI OMHOKIIb.

[110THOCTL A3THUX TYMaHHOCTEH O4YeHb Mana — TIOpsIKa
10-18—10-20 kr/m3. Tem cambim acTpodu3suka obecneynBaeT BO3-
MOXXHOCTb M3y4aTb MOBEIACHMUE ra3a B TAKUX YCJIOBMSIX, KOTOPBIE
MOKa HEOCYIIECTBMMbI B 3eMHBIX Jaboparopusix. B crnekrpax
CTOJIb pa3peXeHHbIX ra30B TMOSABISIOTCS JTMHUW M3JIYUEHUHs, KO-
TOpble paHee HUKOIIA He yaasajiochb Habmonats. [ABe sipkue 3e-
NEHbIE JIMHUM CTEeKTPa TYMAHHOCTEH JOBOJILHO AOJTO MPUITUCHI-
BAJIUCh TMIIOTETHYECKOMY, CYLUECTBYIOLUEMY TOJNBKO B TYMAHHO-
CTSIX DJIEMEHTY, KOTOPbIi, M0 AaHAJIOTMHM C TeJIMeM, CTa/IM Ha3biBaTh
HeOynuem (ot nat. nebula — TymanHocTs). Bnocaeacteum Boisic-
HWJIOCh, YTO 3TH JIMHUM TNPUHALIEXKAT aTOMYy KUCIiopoaa, Mnore-
psABILUEMY [1BA 3JIEKTPOHA.

Ha ¢oHe cBeTbIX TyMaHHOCTEH
HepelaKo ObIBAalOT BHWAHLI TEMHbLIE
naTHa M npoxuiaku (puc. 6.6). Tak
BBIINISAAAT HanboJsiee MJIOTHbIE M XO-
JNOIHbIE YAaCTH MEX3BE3IHOIO Belle-
CTBa, MOJYYUBLINE HA3BAHUE Moae-
KyAsipHsixX 0064aKo8, KOTOPbIX B Ha-
CTOsILLEE BPEMS M3BECTHO HECKOJIBKO
ThICSAY (CM. pHC. 3 Ha LBETHOW BKJIEH-
ke XV). Macca takux 00/1aKOB MOXET
gocturate MuwiMoHa macc ConHiua,
a auametp — 60 nk. Bonblias yacte
H3 HUX OOHapyXeHa TOJBKO [0 pa-
nuonsnyueHuio. UMeHHO B 3TUX 06-

Puc. 6.6. TEMHbIE NPOXUNKHK
aKax, COCTOSAILLIMX B OCHOBHOM H3 B CBETNOW TYMaHHOCTH




MOJIEKYJIIPHOTO BOAOPOAA W Tejivsi, NMPOUCXOAMT oOpasoBaHue
38€31. Kak npumech B 3Tux obsakax NMPHUCYTCTBYIOT MOJIEKYJIbI
CO, CH;CHO, CH;OH, NH; u mHorue apyrue. I1biib, oTHOCH-
TEJIbHOE COoAepXaHHe KOTOpoil B obiiakax HeBEJMKO, JeJIaeT MX
Henpo3pauyHbiMU. [1I0THOCTE MOJNEKYJISIPHBIX 00JIAKOB B COTHH
pa3 Gosblie MIOTHOCTH 00/1aKOB aTOMapHOIo BOAOPOAA, a TeMIle-
parypa ux Bcero npumepHo 10 K (=263 °C).

NUMEHHO B Takux YC/IOBMSIX TPaBUTALlMOHHBIE CHJIbI MOTYT
MpPeoJI0JIETh rA30BOE JaB/JIEHWE M BbI3BaTh HEYAEPXKHUMOE CXKaThe
obnaka — ero koaaanc. [1pakTHUECKU MOXHO CYUTATDb, YTO MPO-
UCXoaMT cBoOOAHOE naaeHue BeulecTsa. BodHukalowas npu aTom
HEOJHOPOAHOCTb OTAEAbHBIX YacTei obJiaka NMPUBOAMT K TOMY,
YTO OHO pacnagaeTcs Ha OTAeNbHbIE (PparMEeHTHI (CIYCTKH), Kax-
bl M3 KOTOPBIX MPOAO/IKAET CKMMATLCA. DTOT MPOLECC MOXKET
MOBTOPATLCS A0 TeX NOp, Noka He obOpa3syiorcs hparMeHThbl, KOTO-
pbl€ BCJEACTBUE BBICOKOI IJIOTHOCTH OYAYT HENPO3pauyHbIMU JLISI
M3JIYy4EeHHUS], U BELIECTBO HE CMOXET YHOCHTD BBLISSIOLIECECS TeI-
J10. DTU 3apOoAbIIK OyAylIMX 3BE3/1 NMPUHATO HaA3bIBaTh MPoOrmo-
36€30amu (0T rpey. protos — nepsbliif). B nipoliecce npespanieHusi
¢dparmeHTa obnaka B 3Be31y MPOUCXOAUT KOJIOCCATbHOE U3MEHE-
HUe (PU3MYECKHMX YCIOBHIA: TeMIiepaTypa BO3pacTaeT MpUMEPHO B
1 MiIH pa3, a ruoTHocTh yBennuuBaercs B 1020 pas. IMponomku-
TEABHOCTh BCEro Mpolecca No KOCMMYECKUM MepKaM HEBeJMKa:
I TaKo# 3Be3bl, Kak ColHLIEe, OHA COCTABJISIET HECKOJIBKO MUJI-
JIMOHOB JIeT.

[IpoTo3se3na e He MMEeT TePMOSIAEPHBIX MCTOYHUKOB
SHEPryM, U3JTydasl 3a CYET SHEPruM, BhIACIAIOLIECHCS MPH CKATHH.
Ha uenTtpanbHyio, Haubosee TUIOTHYIO YacTh MPOTO3BE3/bl MPO-
IOJDKAET nagath OKpyxawouuit eé raz. C pocToM Maccel MpoTo-
3BE3/1bl PacTET TeMnepaTtypa B €€ Heapax, M Korjaa OHa AOCTUraeT
HECKOJIbKMX MHUJUTMOHOB KEJIbBUHOB, HAYMHAKTCSA TEPMOSIAEPHBIC
peakuuu. CxkaTHe NpeKpallaercs, CUila TSXKECTH ypaBHOBeELIEHa
BHYTPEHHMM JaBJICHHEM rOpsiuero ra3a — NpoTo3Be3na npespa-
THJIaCh B 3BE31Y.

CornacHO COBpPEeMEHHBIM TMPeACTABJICHUSAM, POXIAloLIuecs
3BE3/IbI Ha OTIPEAEJIEHHOM 3Tare MPOXOIAT CTAAMIO 36e30bl-KOKO-
Ha. TIpOTO3BE3ABI M OYE€Hb MOJIOAbIE 3BE3NbI OOBIMHO OKPYXEHbI
rasonbuUieBoi 00004YKOI U3 TOTO BELIECTBA, KOTOPOE eI He yria-
J10 Ha 3Be3ay. Dta 00004Ka AeaeT HEBO3MOXHBIM HabI0OIeHHE



poxaaouleiics 38e3/ibl B ONTHYECKOM auanasoxe. OaHako cama
obonouka pasorpeBaeTrcsi M3JIyY€HMEM 3BE3Ibl 10 TEMIMEpaTypbl
300—600 K u siBnsieTcsi MICTOYHMKOM MH(MPAKPACHOTO M3JTYYCHMUS.
Takux 0ObEKTOB K HACTOsIIEMy BpeMeHH oOHapyXeHo yxe 0o-
nee 250.

M3nyyeHue 3Be3abl HarpeBaeT OKPYXaiolyio razosyio 00o-
JIOYKY M TOCTENEeHHO paccemBaeT €€ MOJHOCTBIO MJIM TOJIbKO
yactuuHo. Pa3nér ocrarkosB obnaka, pasorperbix pOAWBIIMMUCH
B HEM 3B&3naMu, HaOMIOAAETCsl B OFPOMHOM KOMILIEKce 00J1akoB
B OpuoHe. DToT ouar 3BE31000pa3oBaHus SABJISETCA OOHUM M3
Gmvkaitmx K 3emie U Haubosee 3ameTHbIM. JIBe apyrue, caMmbie
6au3kue obnacTu 3B€31000pa3oBaHust HAXOAATCS B TEMHBIX 001a-
Kax co3se3auit Tenbua m 3meeHocua. B oTaenbHbIX clydyasix OT
000JI0UKH-KOKOHA OCTAaIOTCsl 2a30nbiiessie Oucku, YaCTUILbl KO-
TOpBIX 0OpamalTcs BOKpYT 38€31. M306paxeHust Takux 0ObEKTOB
BIEPBBbIE TMOJIYYEHbI C TMOMOILBIO KOCMHYECKOrO TeaecKona
«Xab6n1» (puc. 6.7). BepoaTHO, M3 BELIECTBA OAHOIO M3 TaKHMX
JIMCKOB, KOTOpbIit oOpasosaicsi Bmecte ¢ Oyaymmm ConHueM,
OKOJIO 5 Mupa JieT Tomy Hasaa chopmuposanack Hauia 3emist u
Bce apyrue tesa ConHeuHOoN CHCTEMBI.

NHas dopma B3aMMOCBSI3H 3BE31 M MEXK3BE3IHOTO BELLECTBA
HabmonaeTcss B TYMaHHOCTSIX, KOTOpbie 00pa3syloTcsi Ha omnpe-

Puc. 6.7.
fasonbinessblie
AWNCKW BOKPYT
3géag




ACJIEHHBIX 3Tanax 3omounn 38é31. K ux ynucny orHocsaTes naa-
Hemapuoslie MyManHocmu, KOTopblie ObUIM Ha3BaHbl Tak, I0-
CKOJIbKY B c/iabble TeJIECKONbl OHHM BBIISIAAT KaK AUCKH JAJIEKHX
niaaHeT — Ypana u HentyHa (cm. puc. 2 Ha uBeTHoi Brieiike XV).
DTO BHEUIHWE CIOM 3BE3J, OTACJMBUIMECS OT HUX TPH CXKATHH
siipa W NpeBpalleHuy 3Be31bl B 6e/oro Kapiauka. tu o6oso0ukmn
PacCUIMPSIOTCS M B TEYCHUE HECKOJIBKMX JECATKOB THICSAY JIET pac-
CEeUBAIOTCs B KOCMMYECKOM NMPOCTPAHCTBE.

TymanHocTn apyroro Tuna o6pa3yroTcsi NPH B3pPbIBaX CBEPX-
HoBbIX 3BE31. Camas u3pecTHas u3 HMX — KpaGosuanas tyman-
HOCTB B co3se3aum Tenbua (cMm. puc. | Ha uBeTHoit BKieitke XIV).
Omna nosiBuiach KaK pe3yJsTaT BCIbILIKY cBepxHOBOit B 1054 . Ha
3TOM MECTE B HACTOsILLIEE BPeMs BHYTPU TYMAHHOCTH HabonaeT-
cs nynbcap. Cama axypHasi, COCTOSLIASA U3 MHOXECTBA BOJOKOH
000/104Ka CBEPXHOBOW paclIMpsieTcsi CO CKOPOCTBIO CBBILIE
1000 km/c.

BsaumoneiictBue Takux 00os04eK ¢ MEX3BE3MHON cpenoi
MPUBOIMT K MOSIB/IEHUIO TYMAHHOCTEH caMOoii TpUYyLTMBOI (hop-
Mbl (puc. 6.8).

Cocras Beniectsa, TepsieMoro 3B€3aaMm, OTAMYAETCS OT rep-
BUYHOTO cocTaBa MeX3BE31HON cpeabl. B npouecce Tepmosinep-
HbIX peaklui B Heapax 3BE31 MPOMCXOOUT 0Opa3oBaHHUE MHOIMX
XHUMHUYECKHUX 3JIEMEHTOB, @ BO BPEMsI BCIbILLIEK CBEPXHOBbLIX 0Opa-
3yl0TCs 1axe siapa Tsikenee xene3a. [lorepsiHHbIi 3B€3namMu ras ¢
TMOBLIIIEHHBIM COACPXKAHUEM TSIKENBIX XUMHUYECKUX JIEMEHTOB
MEHSET COCTAB MEX3BE3AHOTO BEIIECTBA, U3 KOTOPOIrO BIOC/EI-
CTBUU 00pa3yloTcst 3BE31bl. XUMHUUE-
CKMIi COCTaB 3BE3J1 «BTOPOro MOKOJIE-
HUSI», K YHUCJIY KOTODPBIX TpUHAJIE-
JKMT, BeposiTHO, W Hawe ConHle,
HECKOJIBKO OTJIMYaeTcss OT CcOocTaBa
crapbix 3B€31, oOpa3oBaBIIMXCH pa-
Hee.

B Hacrosiiiee Bpemsi OOBEKTHI,
MMELIWE pa3Hblil BO3pacT, Mo Mx
pacnpeneneHHi0 B IPOCTPAHCTBE
MIPUHATO pa3nensaATh Ha PO MOACH-

Puc. 6.8. BonokHucras
obonouka, cbpoweHHan i
3830 creM, 00pasyiolIMX E€IMHYIO 3BE3N-
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Puc. 6.9.
Cxema
CTpOeHus
lfanakTunkn

3eé3aHbIA AUCK -

-JL_M_?'LIJap'oaue

CKONNeHua
Hyl0 cuctemy — lanaktuky. Haubonee 4éTko Bblaenstiorcs: ase:

naockas (IMCK) u cghepuueckasn (rano). X pacnonoxeHue npes-
CTaBJIEHO Ha cCXeme, rokasbiBawouleit cTtpykrypy lanaktuku B
MUIOCKOCTH, MNEPNEHAMKYIAPHON T1utockocTH Mueudoro [lytu
(puc. 6.9); ykasaHbl KOpOHa, KOTOPast OKPYKAeT 3TH MOACHCTEMBDI,
HeHTpaJibHast o6nacTth TanakTUKM, TMOJyuMBILIAS —Ha3BaHUE
«Gak», M €€ ANPO, KOTOPOE HAXOAUTCS B HAMPABICHUH CO3BE3-
aus Crpenbla, a Takke oTMeueHo nonoxenune ConHLaA.

LHenTp lanaktnku (obnacte paamycom npumepHo | Knk) sis-
JIFETCA HE MPOCTO NEOMETPUYECKMM LICHTPOM Hallei 3BE3THOM
CHCTEMBI, a MPEeACTaBIsACT COO0H OnHY M3 Hanbosiee MHTEPECHbIX
e€ COCTaBHBIX YacTeil, KOTOpasi Mo CBOMM XapakKTepUCTUKAM Cy-
LIECTBEHHO OT/IIMYAETCs OT BCeX ocTalbHbIX. Ocobas ponb siapa
B JIFOOO# 3BE3AHON CHCTEME CTA/IAa OYEBMIHONH B XOIE€ MCCIIENO-
BaHWUs APYruX ranaktuk. K coxaneHuio, usydyeHue siapa Haiuei
lanakTMKM 3HAYMTENBHO 3aTPYAHEHO, MOCKOJIBKY OHO CKPBITO
OT HAC MOLIHBIMH ra3onbUIeBbIMM 0DJ1aKAMMU.

B ueHtpanbHbix obnactax lanakTuku HaGMOMAETCS TOBBI-
LWICHHasA KOHLUEHTPALMs 3BE3[, PacCTOSAHMUSI MEXIY KOTOPbIMU
31€Chb B IECATKH U COTHMU Pa3 MeHblE, YeM B oKpecTHOCTAX CoNH-
ua. Tak, B camoii cepenute, B obnactu paaumycom scero 50 nk, co-
CPEIOTOYEHBI COTHHU ropsivMX 3B€3/1. LleHTpasibHas 4acTh B paauy-
ce npumepHo 150 nk, moMuMo BOJIBLILIOTO KOJIMYECTBA 3BE31. 3a-
MOJIHEHAa HOHWU30BAHHBIM BOIOPOIOM.



O6nacte pasmepom 10 nk, HaspiBaemast sinpoM lanakTukwu,
SIBJISIETCSI MCTOMHHUKOM PAaaMOM3JTy4YeHHS, BHYTPH KOTOPOTO Haxo-
OSTCS KPaCHbIe TMTaHThl M OTAE/IbHbIE MJIOTHBIE ra30Bbie KOHIAEH-
cauum pasmepom okoso 0,1 nk. JIpa apyrux paamoucToOYHMKA Ha-
XOISTCS Jajblie OT HeHTpa lanakTHKM M MpeacTaBiasioT coboit
MOJNEKYIsipHbIe 00J1aKa, B KOTOPBIX MAET OYPHBIH MpoLecc 3BE310-
obpasosanus. [To aBuxeHuio 3BE31 BOKpyr ueHTpa lanakTtukm
OBLIO YCTAHOBIEHO, YTO 3l€Ch B 00/1aCTH pa3sMepoOM HEMHOIMM
bonee CoHEYHOM CUCTEMbI COCPEIOTOYEHA Macca OKOIO 4 MJIH
Macc ConHua. DTo 03HAYaeT, YTO 34eCh HAXOAMTCH CBEPXMACCHUB-
Hasi Y€pHas ablpa.

4. Nleuxenue 3Bé3a B ManaxkTuke.
Eé Bpawenue

ﬂonme BpeMsl 3BE3/bl HE CIYYAHHO CUMTAIUCH «HETONBHKHbI-
Mu». U3mepsisi B3BaMMHOE pacnofioxkeHue 3BE3a Ha Hebe, acTpOHO-
Mbl TOJIBKO B Hauasie XVIII B. 3aMeTHiIn, 4TO NMOJOXEHUS! HEKOTO-
pbIX ApKUX 3BE€31 (Anbaebapana, Apkrypa, Cupuyca) OTHOCH-
TEJIbHO CcOCeAHUX cadbIX 3BE3] M3MEHMW/IMCH IO CPAaBHEHHIO C
TeMH, KOTOPbIE ObLIM OTMEUEHbI B ApeBHOCTH. CMelleHue 3BE31,
KOTOpOE Ha3BaJiu COOCTBEHHbIM ABMXEHHEM, ObLIO 0OHapyXeHO
paHbllIe, YeM YIaJIOCh M3MEPHUTb HX
rOJAMYHBINA Mapaiakc.

CoOCcTBeHHBIM JIBHJKEHMEM 3Be3-
bl HA3BIBAETCS €€ BHIAMMOE YIVIO-
BO€ CMeEIIeHHe 3a roa mo OoTHoIme -
HHIO K CJ1a0bIM JAIEKHM 3BE31aM.

CwmeuieHue 3B€31 Ha Hebe B Te-
yeHue roaa Heseauko. OnHako Ha
MPOTSDKEHUM [ECATKOB ThICSY JIET
coOCTBEHHbIE NBYXXKEHMS 3BE3M Cyllie-
CTBEHHO CKa3bIBalOTCS Ha MX TOJIO-
JKEHHUH, BCIEIACTBHUEC YEro MECHHAKTCHA

NPUBLIYHBIE OUYEpPTAHMS CO3BE3AUMH
Puc. 6.10. UsmeHeHue BUaa (puc. 6.10).

co3se3gma bonbwan Meage- C
[IMUA Ha NPOTRKEHUMN KOPOCTH JBWXEHMsI B TMpO-

100 Thic. net CTPAHCTBE Y Pa3/IMYHBIX 3BE31 OTIN-




YyalTCs JOBOJBHO 3HauyuTenbHo. Camas v,

«OpICTpasi» U3 HUX, MOJYYUBILAS Ha3BaHUE

«neTswas 3pe3na bapHapaa», 3a roa nepe-

melaerca nmo Heby Ha 10,8". Dro o3Hauaer,

uro 0,5° — yrnosoit inamerp Connua u Jly- - v
A

Hbl — OHA MPOXOJAUT MeHee yeM 3a 200 ner.
B Hacrosiiee Bpemsi 3ta 3Be3na (eé 3Bésn-
Hast BeJIMYMHa 9,7) HAXOAUTCH B CO3BE3AUMN ]
3meenocua. boabsmmHeTrBo u3 300 ThIC.
3BE31, COOCTBEHHOE IBHXKEHHME KOTOPbIX
HU3MEpPEeHO, MEHSIOT CBOE MOJIOXKEHHE 3Ha- él
YUTEJIbHO MEIUIEHHEe — CMEILLEHUE COCTaB-

JISIET BCEro JIMIlb COTBIE M THICSUYHBIE 10U

YIJIOBO#M CEKYH/IbI 3a rOfl. E:‘; :élclb ':f:_:'"o*e'

B Hacrosiiee Bpemsi COOCTBEHHBIE  ckopocTu 38e3ap
JBUXKEHHUS 3BE31 ONPEnesiior, CpaBHMUBas =~ " ' i
noJjioxkeHue 38€31 Ha oTorpadusix 1aHHO-
ro yyacTka 3B€31HOro Heba, MoJyyeHHbIX HAa OIHOM M TOM Xe Te-
JIECKOTE C TPOMEXYTKOM BPEMEHH B HECKOJILKO JIET WK JIaxe Je-
catuietuil. Ho naxe B 3TOM ciyuyae CMEIEHUE CPaBHUTEIbHO
OaM3KKX 3BE31 Ha (hoHe Bosee JaNEKUX CTOMb MaJIo, YTO €ro MOX-
HO OMPEAEIUTb TOJMBLKO C MOMOIIBIO CMELHaTbHBIX MUKPOCKOITOB.

CKOpPOCTH 3B€3/1bl B MPOCTPAHCTBE U MOXHO NpeICTaBUTh KakK
BEKTOPHYIO CYMMY JIBYX KOMIIOHEHTOB, OIMH U3 KOTOPBIX HAarpas-
JIEH MO JIyqy 3peHMUst, JIPYTOH — MeprieHAUKYIApHO eMy (puc. 6.11).
CKOpoCTb 1Mo JIy4y 3peHus (E’r) HEMOCPEACTBEHHO ONpeaensieTcs
no addexkry donnepa — cMelIeHUIO JTUHUN B CTIEKTPE 3BE3Mbl.
KOMMOHEHT CKOPOCTH 10 HAMpapJeHUIO, MepPreHAUKYIIPHOMY
JIyuy 3peHust (z_): ), MOXHO BBIYMCJIUTDL TOJILKO B TOM CJIydae, e€Cliu
M3MEPUTHL CODCTBEHHOE JIBMXKEHUE 3Be3/lbl U €€ Mnapajuiakc, T. €.
3HaTh paccTosiHue 10 He€. Toraa NpoCTpaHCTBEHHAasi CKOPOCTh

3Be3/1bl OyneT paBHa:
v=._[02 +02,

[lpocTpaHCTBEHHBIE CKOPOCTH 3BE31 oTHOcUTeNbHO ConHua
(mm 3eMJIM) COCTaBISIOT, KaK IMPaBUJIO, JNECATKH KWIOMETPOB
B CEKYHY.

3peHua




U3yyenne cOOCTBEHHBIX ABMXKEHHMIT M JIY4EBBIX CKOPOCTEH
nokasano, 4yto ConHeyHass cUcTeMa IBMXETCS OTHOCHTEbHO
OnvKalIMX 3B€31 CO CKOPOCTHIO OKOIO 2(0) KM/C B HanpaBieHUH
co3Be3nus I'epkyneca. Touka HebecHol cdephl, Kyaa HanpasjieHa
3Ta CKOPOCThb, Ha3biBaeTcsl anekcom ConHLA.

AHanu3 cOOCTBEHHBIX IBMXKEHMUIH M JIyY€BbIX CKOPOCTEi 3BE31
1o Bcemy HeOy nokasan, YTo OHM ABHXKYTCS BOKPYT ueHTpa lanak-
THUKH. DTO ABMAKEHME 3BE3A BOCIIPMHUMAETCS KaK BpallleHWe Ha-
el 3BE3IHON CHCTEMbI, KOTOpPOE MOAYMHSETCS OnpenenéHHoM
3aKOHOMEPHOCTU: ye1068as ckopocms epauierus ybvieaem no
mepe yoanenus om uenmpa, a AuHeinas eozpacmaem, 0ocmu-
2a51 MAKCUMAAbHO20 3HAYEHUs HA MOM PaACCMOAHUU, HA KOMO-
pom naxodumcs CoaHue, a 3amem RPAKMU4ecKu ocmaémcs no-
CMOAHHOU.

3Bé3/1bl, Ta3 U Ipyrue OOBLEKThI, COCTABSAIOIIME rajJaKkThye-
CKMM IUCK, ABUXKYTCS Mo opbuTam, 6J1IM3KUM K KpyroBbiM. ConHile
BMecTe ¢ Onu3nexalmMu 3BE3naMM oOpailiaercsi BOKPYT LIEHTpa
las1akTHKH cO CKOPOCTBHIO 0KoJ10 22(0) KM/C, coBepiiasi oIuH 060poT
npumMepHo 3a 220 mutk siet. Paccrosinne ot ConHua ao ueHrpa la-
NaKTUKU coctapiasieT 23—28 Teic. cB. et (7—9 Toic. nk). CkopocTh
obpameHus CoHlIa NMPAKTUYECKH COBIMAAAET CO CKOPOCTHIO, C KO-
TOPOI Ha JaHHOM PAcCTOSHMM OT LeHTpa lalakTUKM ABHXKeTCs
BOJIHA YIJIOTHEHMSI, (POPMUPYIOLLAsk ClIUpaTbHbIE pyKaBa. Ota 00-
nactb lanakTHMKM Noayuynia Ha3BaHUE KOPOMAUUOHHOU OKPYMC-
Hocmu (OT aHI/. corotation — cCOBMeCTHOe BpaiueHue). Okasas-
wuecst 3aech ConHLE W Apyrue 3BE31bl HAXOAATCS B NMPUBWIETH-
POBaHHOM nonoxeHuW. Bce octanbHble 3BE3ABI MEPHONMYECKH
MonaaalT BHYTPb CIIMPAIbHBIX PYKABOB, MOCKOJIbKY MX JIMHEHHbIE
CKOPOCTH HE COBMNAJAT CO CKOPOCTBIO OOpallieH!sl BOJIHBI YTLJIOT-
HeHUs BOKpyr ueHTpa lanaktuku. CnenopatenbHO, Halla IJiaHeTa
u Bea ColHeyHas cMCTeMa He MCTBITIBAOT Ha cebe katacTpodu-
YECKOTro BAMSIHUS TeX OYVPHBIX TNMPOLECCOB, KOTOPbIE NMPOUCXOAAT
BHYTPH CNIMPaIbHBIX pyKaBoB. CTabMJIBHOCTb YCIOBHIA, B KOTOPbIX
BO3HMKJIA U MWUIHApAb! JieT cymiecTByeT ColHeYHasi CUCTEMA, MO-
KET paccMaTpuBaThCs KakK OIWH M3 BaxHeHMx ¢akrtopos, oby-
CTOBUBILMX MPOUCXOXAEHHUE U Pa3BUTHE XKU3HM Ha 3emIie.

2. Kakue obbexTnl Bxoast B coctas Manaktuku? 3. Kak nposiis-
er cebs mMex3Bé3nHas cpena? Kakos eé cocraB? 4. Kakue ucrou-



HHUKH PAalMOM3JIYYEHHUs] U3BeCTHBI B Haweid [anaktuke? 5. Yewm
pa3jityaroTcs pacCesiHHBIE U LapoBbIic .'JBé”SIlH bl€ CKOIUIEHHs1?

npubiaMxkaercss K HaM co ckopocTbio 100 km/c. Kak uaMeHUTCS
31O paccrosHue 3a 100 net?

@ YMPAXHEHUE 20 3pesna, maxomsimasicss Ha paccrosiiuu 10 nk,

§ 26. IPYruE 3BE3AHBIE CUCTEMbI — TATIAKTHKH

Hauconee SIDKHE TalaKTUKM OBUIM BKJIIOYEHBI B KaTaJor, CO-
craBineHHblit Mecche ewé B XIX B., Korma mx npupona Gbina
COBEPUICHHO HEM3BECTHA. Tak, TYMAHHOCTb AHIPOMEBI MO ITO-
My kKatanory obosHaueHa M31. B «Hosbiii obumit katanor»
(New General Catalog), KOTOpPBIif CONEPXKUT CBEAEHUS 00 0ObeK-
Tax Aaja€koro KocMoca, B TOM 4ucie o 6osnee yem 13 Thic. ranak-
THK, OHa BKIo4YeHa Kak NGC 224, ...,
B cocTaB Bcex raJlakTMK BXOIST 3BE3- CnekTp ranakTuku
Ibl, MEX3BE3/IHbIN ra3 U TéMHas Ma-
Tepusi. Ho ux otHocuTenbHOE conep-
JKaHuWe B rajlakTMKax pasJinyHoro TH-
Ma CyILUIEeCTBEHHO OT/IMYaeTCH. 16 Mnk 1200 km/c
Jnsi  OONBIIMHCTBA  TFaJlaKTHK
OINPENEUTh PacCTOsIHUE MO Habo-
OEeHUsIM Ledena OKa3biBaeTCs HEBO3-
MOXHBIM. B aTuX cayuasax nonb3yior- 200 Mnk 15 000 km/c
Cs IPYTMMH METOJaMM, Cpeau KOTo-
pbIX HauboJiee HAEXKHbBIM CUHUTACTCH
OrnpeneieHUe pacCTOSHUSA TI0 3aKOHY
«KpaCHOro CMCLIEeHUsA», OTKPBITOMY 290 Mnk 21 500 km/c
B 1929 r. aMmepMKaHCKUM acTpOHO-
MOM Ddeunom Xabb6aom (1889—
1953). OH oGHapyXui, 4TO B CHEK-
Tpax BCEX TrajakTHK (3a HMCKIOYe- 525 Mnk 39 300 kM/c
HHUEM TYMAaHHOCTH AHIPOMEIbl M
Apyrux OnmKauiiux rajJakThuk) -
HUMU CMELIEHbl K KPACHOMY KOHILY
(puc. 6.12). D10 «KpacHoe cmeile- 810 Mnk 60 900 km/c
HHE» O3HAuaslo, YTO OHM ynansores o 6.12. «KpacHoe cmelle-
ot Hawei laiakTuku. HWe» B CrieKTpax ranakTuk




CpaBHMB pPacCTOSIHME 10 rajgak-
THK CO CKODOCTSIMM HX YIaJICHUS,
YUYEHbIH YCTAHOBMII, YTO MEXAY 3TUMH
BEJIMUMHAMH CYLLIECTBYET BECbMa NMpo-
cTast 3aBUCUMOCTD (3aKoH Xabba):

v=HR,
rie v — CKOPOCTb rajJlakTuku, R —
paccrosinue 10 He€, a H — xoadpu-
LMEHT MPONOPLUOHATBHOCTH, Ha3bl-
BaeMblil TENepb nocmosanHoi Xabbaa.
ITo coBpeMeHHBIM JaHHBIM, BEIUYM-
Ha H cocrasnser 69 km/(c - MniK).

DTOT 3aKOH [ajl BO3MOXHOCTH
ONpenenTh paccTosiHue 10 Haubosee
nanékux obbekToB BO BceeneHHoid,
KOTJa HEMPUIOAHbI BCe APYTHe cnocoObl, MPUMEHSIEMbIE B aCTPO-
HoMuM. OnpenenusB CKOPOCTh FaJIakKTHKH MO CMELIEHUIO JTUHUMI
B €€ CMEeKTpe, MOXHO BBIMMCIIUTE PacCTOsIHUE 10 HeE no hopmyre:

v
R= i

K HactosilieMy BpeMEHM M3MEpPEHBbl «KpacHbI€ CMELICHMUSI»
W OnpeaesieHbl PACCTOSTHUS 10 HECKOJIBKMX MHJJTMOHOB raJlakKTHK.
Ot caMbIX Jan€KMX M3 HUX CBET MAOET OKOJ0 13 Mipa ner.

[To BHelLIHEMY BUAY M CTPYKTYPE raJlakTHKHM BeCbMa pa3HO00-
pasHbl, OAHAKO OOJIBLUIMHCTBO M3 HHUX XOPOLIO YKJalIblBaeTcs
B npemioxeHHyo Xadbonom ewé B 1923 r. npocTyio U CTPOHHYIO
Knaccupukauuio (puc. 6.13). Bece ranaktuku Obuin pasburtbl Ha
TPU THNA: IMNTHYECKUe — E, crniupanbHble — S M HENPaBWJlb-
Hble (UpperyasipHbie) — [. Dopma 2aaunmuseckKux 2aiaKmux
pasJu4yHa: OT MOYTH KPYINIOM [0 OYeHb CWIBHO CIUTKOCHYTOM.
B cnupaasuvix caraxmurax BoiieneHbl 1Ba NOATUIIA: HOPMAAb-
Hble cnupaau, y KOTOpbIX CIIMpaJibHble pyKaBa HAYMHAIOTCS Herno-
CPEACTBEHHO M3 LIEHTpaibHOW obnacTu (cM. puc. | Ha UBETHOM
Bkieiike XVI), u nepeceuénmnvie cnupaau, y KOTOpbIX pyKaBa Bbi-
XOIAT HE M3 sJIpa, a CBA3aHbl C NMEPeMbIYKOM, Npoxosiiiei yepes
LEHTP ralakTHKH.

banxaiiuuMu U caMbIMU APKHMU OKa3aJMCh JABE ralaKTUKH
HEMpPaBWJIbHOTO THMA, KOTOpPbie MOJYYWIN Ha3BaHusi Bosbinoe
U Manoe Marennanossl O6naka (puc. 6.14). OHM XOpPOIIO BUAHBI



HopmansHbie
cnupanbHble ranakTmkm Sc

HenpasunbHbie
h ranakKTmkm

CnupanbHble ranaktuku SBce
C NepemMbiYKon

HEBOOPYXKEHHBIM 1a30M B KOXHOM noayuiapud Henoaanéky ot
Miueunoro [Myru. Marennanossl O0snaka sSABASIIOTCS CIIYTHUKAMH
Haiwei lanakTukm, paccrosiiue 10 bonbiioro okono 200 Teic. CB.
Jet, no Manoro — 170 TeIC. ¢B. JieT. Cpeaun BCEX M3BECTHBIX rajlak-
TUK J0Js1 HEMPaBWJIbHBIX CPaBHUTEIbHO HeBeJuKa — Bcero 5%.
3HAYUTEIbHYIO YaCcTh MACChl MX BUWIMMOTIO BelllecTsa (10 MnojaoBU-
Hbl) COCTABJISAET ras.

OnHAaKO 0Ka3a0Ch, YTO OINPEASIUTh TOYHYIO MAcCy rajlakTHK
NMPakTUYECKM HeBO3MOXHO. COrjnacHo MCCIeaOBAHUSAM, TMOYTH
y KaXKI0M M3 rajlakTHK (B TOM umnciie ¥ y Hawei [anaktuku) obHa-
PYXEHO CylIeCTBOBaHUEe oOOlup-
HbIX KOPOH M3 TEMHOTIO BELIECTBA,
TaK Ha3bIBAEMOU CKpbimoi maccol
Ui mémunou mamepuu. Ilo pac-
yétaM, €€ Macca B HECKOJIBKO pa3s
rpesBbiliaeT oOLIYI0 Maccy Bcex
HaO101aeMbIX 0OBEKTOB rajlakTH-
KH. BBISICHUIOCH TAKXKE, YTO MEX-
Iy rajlakTUKaMHi B UX CKOTUICHMUSIX

Puc. 6.14. bonbwoe
HaxXomUTCd Tra3, pasorpereld 10 MarennaHoso Obnako
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temneparypsl 6osnee 10 mun K. Ero monHas macca cpaBHMMa C
CYMMapHO# Maccoil Bcex ralakTMK cKoruieHusi. Takyio maccy
OYEHb TOpAYEro rasa rpaBUTALMOHHBIE CHJIbI TAJIAKTHK MOTIYyT
yAepXaTh JIMIIb B TOM CJy4ae, ecjii B CKOTUIEHMH TaKXe Cylue-
CTBYET TEMHAas MaTepUsl.

YCTaHOBJICHO, YTO Ha POJib TEMHOW MaTepHy He MOAXOAAT HH
ra3, HM crabocBeTsInecs 3BE3abl, HU Apyrue oObeKThbl, COCTOA-
e U3 o6bIMHOIO BelecTsa (MPOTOHOB, HEUTPOHOB U 3NEKTPO-
HOB). BO3MOXHO, TEMHasi MaTepHsi COCTOMUT M3 JICMEHTAPHBIX Ya-
CTHIL MOAOOHO HEHTPUHO, cnabo B3aMMOIECHCTBYIOIIMX C OObIY-
HbIM BELLECTBOM.

CnupaibHble TaTaKTHKH, NMOA00HbIE HALICH, SIBISIOTCS Hau-
Gosiee pacnpoOCTPaHEHHBIMH — TIPUMEPHO NOJIOBMHA Habmonae-
MBIX TAJAKTUK OTHOCHUTCS K 3TOoMy TUny. VX oTaMuaeT Hanmuuue
aByx (vHoraa Gosibie) cnupaibHbIX PyKaBoB, B KOTOPBIX COCpe-
JIOTOYEHO MHOTO MOJIOABIX SIPKMX 3BE3/1, CBETSALLIMXCS ra3’oBbIX TY-
MaHHOCTell, a TAaKXKe XOJOAHBIX ra3onbuieBbix 06nakoB. UMEHHO
B CIUPAIbHBIX PyKaBax MPOMCXOAUT (hopMHpOBaHME 3BE3N M3
MEX3BE3IHOTO BElLEeCTBA.

[To coOBpEeMEHHBIM TPEIACTABICHUSIM, CIUPAIbHBIE BETBH —
3TO BOJIHA MOBBILLIEHHOM TUIOTHOCTH 3BE3/ M ra3a, KOTopas Bpaiia-
eTCsi BOKPYT LIEHTPA raJIaKTUKK KaK TBEPIOE TeJI0, — YITI0Basi CKO-
pOCTb MOCTOSIHHA, @ JIMHEHHasl YBEIMYMBACTCSI C YBEIMYCHUEM
pacCTOsAIHMSE OT OCH BpalleHusi. B BeTBsIX HET MNOCTOSHHOIO COCTa-
Ba 3BE3] M raza, OHM MEPUOANYECKH BCTYNAlOT B 061acTh pyKasa.
[Tpoxonst yepe3 HUX, BOJIHA YIUIOTHEHUS OKa3bIBaeT 3HAYMTEIbHOEC
BIMSIHUE HA ra3 — YBEJIWYEHUE ero MJIOTHOCTH B HECKOJIBKO pa3
CTHMYJIMpYET Hauaio rpouecca 38é€3n006pazosanus. KonueHrpa-
LM HEUTPaTbHOTO BOAOPO/A
BAOJIb CIUPAJbHBIX BETBEH
MOATBEPXIAeTCsl  JaHHBIMU
paanoactpoHoMum. [Ipuuém
B OJIHOM M TOM Xe€ rajlakKTHKe
(M51), no HabmoaeHUsIM,
B pagudoauanasoHe  CIH-
pajibHbIe BETBM MMPOCJIEXKNBa-
JOTCSl 3HAYMTEBHO J1aJIbLIE
OT €€ LIeHTpa, YeM B ONTHYE-

Puc. 6.15. CTpykTypa cnupanbHbix
BeTBel: cnesa — B paguoguanasoHe,
cnpaBa — B ONTUYECKOM ckoMm auana3sone (puc. 6.15).



Puc. 6.16. CnupaneHas ranakTmka Puc. 6.17. 3nnuntuyeckan
M102, snaumasn «c pebpa» ranakTuka

Te cnupanbHble ralakTUKH, KOTOPBIE MBI BUAMM «C pebpa»r,
HaNnOMMHAIOT IO BHELIHEMY BU/Y Y€YEBHULYY WM JAMCK C YTOJLIE-
HUEM B cepeaunHe (puc. 6.16). DTo yTosueHue NpeacTasasieT co-
Ooil ueHTpanbHYI0, HauboJIee MIOTHYIO YacTh rajo, KOTOPOE MpH-
HSITO Ha3bIBaTh «0aIK» (AHMIMICKUIT CHHOHUM PYCCKOTO CI0Ba
«yToJillleHHe» ). OYeBMAHO, TaK BBIISAUT M Halla [ arakTuka.

BTOppIM 1O pacnpocTpaHEHHOCTH THIIOM TalakTHK (npu-
MEpHO 25% oT ux oOlIero Yyucna) SBAAIOTCS AAUNMUYECKUe
(puc. 6.17). ¥ HUX HET HU AUCKA, HU CTTUPATBHBIX BETBEIl, a UMe-
€TCsl TONIBKO chepuyecKas COCTaBIsIONIAsn, KOTOPask COCTOMT rpe-
HMYIUIECTBEHHO M3 CTapbIX 3BE€3]] KPACHOTO LIBETA M MOYTH HE CO-
OEPXKUT XOJIOAHOTO ra3a. BeposaTHO, BCE MeX3BE3NHOE BelleCTBO
yuuio Ha obpasoBaHue 3THUX 3BE3.

Jlunzoeuonste 2araxmuru (Tun S0) Noxoxu Ha crnupasibHbie
TEM, YTO Y HUX €CTb M JUCK, M rajlo, HO OHM, KaK WU 3JUTUNTHYE-
CKME, HE MMEIOT crnupaibHbIX BeTBeil. M3 ob1ero yucna raak Tk
npumMepHo 20% OTHOCHUTCS K 3TOMY THITY.

[‘anakTHKM OZHOTrO M TOTO XK€ TUMA 3HAYUTEIBHO OTIMYAIOTCSE
APYT OT Apyra 1o pasMepam, YMCIly 3B€31 U IPYTUM XapaKTepUCTH-
KaM. Camble MalleHbKHE CPeau HUX Ha3bIBAIOT KapJIWMKOBBIMHU.
HecKonbKo TakMX KapJIMKOBBIX FaTaKTUK BXOIAT B YUCIIO CITYTHH-
KoB Hawel lanaktuku (puc. 6.18).

lanakTukyu, Kak M 3BE3bl, PEAKO OBIBAIOT OXMHOYHBIMM:
ropasao 4aiie OHM HabmonalTCs B BUAE nap, HeGONbIINX TPy
M IaXe CKOIMJIEHWH, B KOTOPbIX OOBbEAMHSIOTCS ThICSYM raIaKTHK.

Hawa lanakTuka BMecTe ¢ M3BECTHBIMH TalaKTMKAMM AH-
Apomenbl U TpeyrojibHUKAa M pacroiOKEHHBIMU B UX OKPECTHO-



Puc. 6.18. Kapnukosas ranakTuka

FanakTuka B AHgpomepne
(M31)

e NGC205

« NGC185
« NGC147

FanakTuka Cucrema NGC6822

8 TpeyronsHuke * B Kure Cucrema o
(M33) B Ctpensue

ConHue Manoe
MarennaHoBo

O6nako

Cucrema ’ 8 3onoToi
B Ckynentope o Pbibke

Cucrema - Bon. MarennaHoBo
B Meun O6nako B Tykane

CTAX CaGbIMM KapJIMKOBBIMM TrajakTMkamu obpasyer MecTHyIO
CHCTEMY, B COCTaBe KOTOPOii HACUMTBIBAETCs 0KOJO 40 OOBEKTOB
(puc. 6.19). Bce oHM cBsi3aHbl TPABUTALIMOHHBIMU CHIAMU M HE
VAAISI0TCA APYT OT Apyra.

BONBIIMHCTBO TAMAKTUK TPYIIIUPYETCA B CKOIUICHMS, KOTO-
pble JeNATCs Ha ABAa TUTIA: NPAGUAbHbIE N HENPABUNbHDBIE. [lpa-
BWIbHbIE CKOMJEHMUS TraJjlakTMK BO MHOTOM HAllOMUHAIOT 1la-
pOBbI€ 3BE3IHBIC CKOIMUIEHMs, Ui KOTOPbIX XapakKTepHa che-



pHYECKast CHUMMETPUSA C CHJILHOM
KOHILIEHTpaLUeN rajlakTUK K LIEHTPY.
TunuyHoe CKOIUIEHWE TAaKOro THIa
pasmepoMm okono 4 Mk, koropoe
HabmogaeTcsi B co3pe3auu Bosnoch
BepoHMKH, HACUMTHIBAET HECKOIBKO
IECATKOB THICSAY rajaktuk (puc. 6.20).

KoHueHTpauus rajakTuk B CKO-
MIeHUAX ObIBACT TAK BEJIMKA, UTO OHU
pacrojarailoTcss Oo4eHb OJIM3KO Apyr
K apyry. Ux rpaBuTtanimoHHoe B3au-
MOIEHCTBUE BBI3bIBACT 3HAUYUTEIBHOE
u3MeHeHue ¢dopmbl ranaktuk. Yacro
HAOJMIOAAIOTCS COSAMHAIOILIME MX Tie-

PEMBIYKH, KOTOPBIE COCTOSIT U3 3BE3/ UG, ©,.20: Grannesve
ranaKTumkK B colsesgmm

WK Tra3a, a TaKXKe yXOsiLMe AANEKO  Bonocs BepoHUKM

B CTOPOHY TMPOTHAXKEHHBIC «XBOCTBI»  «vvreeretnsenaturemneineans,

(puc. 6.21). TlepBoiM K WMccenoBa-

HMIO TAKMX FaJIaKTHK, MOJYYMBILUMX HA3BaAHUE B3aUMOIEICTBYIO-

KX, npuctynuin b. A. BopoHuoB-BenbsaMuHOB.

[To coBpeMEHHBIM NMPEACTABIEHUSIM BCE KPYITHBIE aaKTHKH
BO3HMUKJIM HE OITHOMOMEHTHO, a MOCTENEeHHO YBEJUYUBAIHU CBOIO
Maccy 3a CYET CAusiHUA Boee MeaKnMX 0OBEeKTOB, KOTOPbIE MOMI-
pasaensoT Ha Oonbline (CAUSTHUE TAJaKTHK COMOCTAaBUMOI Mac-
Cbl) U Majible (MAcChl raJIaKTHK Pa3HITCH B HECKOJBKO pa3 u 6o-
nee). Tak, nanpumep, cunrtaercs, yto ranaktuka NGC 5128 apas-
€TCA PpEe3ylbTaTOM CAMSIHUS 3JUIMIITHYECKOH W ChMpaibHOM
ranakTuk. PaanonaOGmionenusi oOGHaApyKMIM clieabl B3auMOneii-
crBusa Hawel [anaktukm c eé
OmKallIMMMU ~ COCEIsIMM  —
UIYIIMIA K HEH TMOTOK rasa or
MaremnanoBbix O6Gsnakos. Be-
POATHO, YEPE3 HECKOJIBKO MHJI-
JIMapaoB JIeT WX 3BE3abl BO-
JIBIOTCS B cocTaB [anakTukm.

Cpenn B3auMMoOIeiCTBYIO-
LIUX TaJakKTUK W TaJlakKTHK,
UMEUIUX OJIM3KHUX CNYTHH-
KOB, 4yacto HabmwpawoTces ra-

Puc. 6.21. Bsanmopencreue
JAKTUKH C aKTHUBHBIMHM sapa- ranakTuk .
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MH. fAnpo moboil rajlakTHKH,
e€ leHTpajlbHas 4acTb, Bceraa
BBIZIENSIETCS CBOEW SPKOCTHIO.
HeGonblioe 4YHUCIO TrajllakTHK
(oxkono 1%) umeeTr OCOOEHHO
SIPKHeE fApa, B KOTOPBIX MPOUC-
XOIWT KOJIOCCA/bHOE BblaeJIe-
HUe 3Hepruu. X akKTHUBHOCTH
Puc. 6.20, BUbpeCasmuicTan MOXET IMPOSBJIATLCA M0-Pa3HO-
W3 AApa ranakTUKM my. Bo-mepBbiX, 3TO O04Y€Hb

Oonbluasi MOLIHOCTb H3Iy4e-

HMS (CBETHMOCTb) HE TOJIBKO B
ONTHUYECKON, HO U B PEHTIEHOBCKOM WM MH(ppaKpacHOW 4acTH
criekTpa. CBETHMOCTD si/Iep TAKMX rajlakTHUK TOYTH TakKasl Xe, Kak
CBETUMOCTb Beeil Hawei lanaktuku. U3nyyeHue MCXoauT us o6-
JIACTH, IMAMETP KOTOPO# cocTaBisieT NpUMepHO 1 MK, U 3aMeTHO
MEHSIETCS MOPOit 3a HECKOJILKO MECsILIEB WK aaxe aHel. Bo-Bro-
pBIX, B siApE MPOMCXOAMT JABHKEHHUE ra3a co CKOPOCTAMH ThICAYH
KWIOMETPOB B CEKYHIY, YTO NMPUBOAMUT K TMOSABJIEHHUIO JUTMHHBIX
BbIOpOCOB — docemoe (puc. 6.22). B-TpeTbUX, MOUIHBIE MOTOKH
371EKTPOHOB M TIPOTOHOB BLICOKOW 3HEPruM, MIAyLIME M3 sapa
B JBYX TPOTHBOMOJIOKHBIX HaNpaBleHMsIX, MOPOXIAT CHH-
XPOTPOHHOE PAIMOU3ITYyYEHHE.

laakTHKKM C aKTUBHBIMM SLIPAMU, SIBJISIOLIHMECH MCTOUHHKA-
MH paZMOU3TydeHHs1 OOJBIION MOIIHOCTH, HA3bIBAOT paduoza-
aaxmuxamu (cM. puc. 3 Ha usetHoit Brieitke XVI). Mx panuons-
JIy4eHUE MOXKET OBbITh B IECATKH Thics4 pa3 OoJibliie Mo MOIIHOCTH,
yeM paaMousaydeHue Hauie lalakTHKWA WK APYruX, MOoA0OHBIX
eil. XapakrepHo, 4To Haubojiee MHTEHCHBHOE PaaUOM3ITyYeHHE
NMPUXOIMUT OT 0OiacTeit, KOTOpbIE PACNONAralTCs MPUMEPHO CUM-
METPHYHO MO 00€ CTOPOHBI OT FAJIAKTUKHU M 3HAYUTEIBHO MPEBOC-
XomAT e€ nmo pa3smepam (puc. 6.23).

PannoacTpoHOMMuYeCKHE HaOM01eHUsl TMO3BOJIMIM OOHapy-
KWTh TAKXKE CaMmble MOIIHBIE W3 BCEX M3BECTHBIX BO BceneHHOM
UCTOYHMKM BHIAMMOro M MHEMPaAKpacHOro M3JyYeHMs, KOTOpbIE
Ha3BaJIM Keazapamu. DTO CIIOBO SIBISIETCS COKPAILEHUEM TMOJTHO-
ro UX Ha3BaHWsI — KBa3u3BE3AHbIe panuoucTodHuKU. Ha doro-
rpaduAX KBa3aphbl AeHCTBUTEIBLHO BBIIISAAAT KaK 3BE31bI, MPUYEM
caMblii APKUI U3 HUX BU/EH Kak 3Be3na 13- 3B€31HOI BETMYHUHBI.
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Puc. 6.23. PaguounsnyyeHue Puc. 6.24. Keazap 3C273
ranakTukm Uentaesp A

OnHako MX CNEKTPbI, CoAepXKallue ipKue JTUHUM U3JTYUEHUs!, Ha-
MOMMHAIOT CNEKTPHI ra30BbIX TYMAHHOCTEM, a caMy JIMHUU CHJIb-
HO CMEILEHbl B KPACHYIO CTOPOHY CIeKTpa, Kak B CIEKTpe Iasié-
KuX ranakTuk. Oxkasanocse, 4to naxe Haubonee 6J1M3KMe KBas3aphbl
pacrojiokeHbl Janblue OOMbLIMHCTBA M3BECTHBIX rajlakTHK, Ha
paccrosiHUsIX nopsinka 1 mapa cB. jget. Cambie ganékue KBasaphbl
HabmonaloTesa Ha paccTosHusax Ao 13 mapa cs. ner. Ha takux
OrPOMHBIX PACCTOSIHUSIX OHH MOTYT OBbITh OOHapyXeHbl TOJbKO
BCJIEACTBUE DOJIBLION CBETUMOCTH, KOTOpasi 3HAYMUTEIbHO IPEBbI-
IIAET CBETUMOCTb Haued [ajakTuKu, MHOIIA B HECKOJILKO COT
pa3. B HacTosiIee BpeMsi M3BECTHBI ThICAYM KBa3apoB.

B kBazapax Habnw#alTCs TaKUe sIBJIEHHWA, KaK M3MEHEHHE
SIPKOCTH, BBIOpOC CTpyii BellecTBa U T. 1. (puc. 6.24). Bokpyr kBa-
3apoOB, PacCIOJIOKEHHBIX HE CIMIIKOM AajieKo, OOHapyXeHO CBe-
YeHHe, COCTaB M CTPYKTYPY KOTOPOTO MOXHO OOBSCHUTbL TpPH-
cyTCcTBUEM 3BE31. BepossTHO, KBa3apsl npeacTasisior coboit aapa
JANEKHUX TAJIAKTUK, MPOSBISAIOLINE OYEHDb BbICOKYIO AKTUBHOCTD.

H3ydyenune Hanbonee yaa€ HHbIX OOBbEKTOB MO3BOJIAET «3arisi-
HYTb» B npouuioe. B camom aene, eciim paccTosiHMe 10 raJJakTUKH
(MM KBasapa) COCTaBIISIET, HATIPUMEDP, 3 MJIPI CB. JIET, TO MBI Ha-
OnonaeM 3TOT OOBEKT HE B TOM COCTOSIHMM, B KOTOPOM OH HaXo-
IUTCS B NAaHHBIA MOMEHT, a B TOM, B KOTOPOM OH HaxOIMJICS
3 muipa et ToMmy Ha3zan. Bo3MOXHO, 4TO OTCYTCTBHME KBa3apos I10-
6nu3zocTu oT Hawel [ATakKTUKM CBUAETENbLCTBYET O Dojiee BBICO-
KON aKTMBHOCTH S11€P rajlakTUK B JAEKOM MPOILJIOM.

OKOHYATENBLHOINO OTBETA Ha BOMPOC 00 MCTOYHUKAX BBICOKOI
aKTUBHOCTH SIAEP TaJlaKTHK Moka HeT. OQHO#M M3 BO3MOXHbBIX MO-
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[eNeil, ONMUChIBAIOIIMX BeCh Habo-
JaeMblii KOMIUIEKC SIBJICHWIi, CUMTa-
eTCsl HaJM4ue B siApax YEPHLIX IbIP
MAaccoi B JIECATKM M COTHM MHII-
nuonoB Macc ConuHua. B pesynbrate
najgeHus BeleCcTBa Ha YEPHYIO IbIPY
NIOJDKHO BBIIEJSITBCSI OTPOMHOE KO-
JIMYECTBO 3HEprum, npeobpasyeMon
B 3JIEKTPOMAarHUTHOE M3JIYYECHHE.
B rosib3y TaKoro npeanonoxeHus ro-
Puc. 6.25. flvencro-cotosan BOPUT HAJIMYMUE B siipax UEIOoro psna
CTpykTypa BeenexHoi rafakTMK OOJBIIMX Macc HECBETS-
""""""""""""""""" [IErocss BellecTBa, OOHApPYXEHHOTro

C MOMOIIBI0 KPYIMHEHILIMX HA3eMHBIX
TEAECKONOB M KOCMHUYECKOTr0 TenecKorna «Xaboo».

DTH TENECKOTbI MO3BOAIOT NOJYyInTh (hoTorpadmu, Ha KOTO-
PBIX MOXKHO HACUMTaTh MHOTME MUJUTMOHBI ranakTvk. B ux npo-
CTPAHCTBEHHOM pacrpee/ieHun Hab1i01aeTcs OnpeaeseHHas 3a-
KOHOMEPHOCTh — sueucmo-comoeas cmpykmypa (puc. 6.25).
CKoruleHUsT M CBEPXCKOIUICHMSI TaJlaKTHMK pacrnojaraloTcs Tak,
YTO HE 3aroJIHSIIOT BCE MPOCTPAHCTBO, a 00pa3yloT JIMIIb «CTEH-
KH», KOTOPbIE OTAEISIOT APYT OT APyra FTMraHTCKHe NMyCcTOoThl, B KO-
TOPBIX FaaKTMKHM MPaKTHYECKH He BeTpevalorcs. Pasmep 3Thx
gueek 0k010 100 Mk, a CTeHKM UMEIOT TOJIMHY Beero 3—4 Mrik.
Takas CTPYKTYpa BO3HMKJIA B pe3y/ibTare UIMTEIbHOU 3BOJIIOLMH
Bcex obObekToB, HabmwonaeMbix BO BceneHHoO#, cambie oOuine
CBOMCTBA KOTOPOM MU3y4aeT KOCMOJIOIHsl.

KaKHe OCHOBHBIE THITbl MOXKHO Pa3fe/IMTh FAJIAKTUKH 1O UX BHEllI-
Hemy Buay ¥ Gopme? 3. Yem pasnuyalorcs 1o cocraBy M CTPYK-
Type CUpajbHbEe M JUIMNTHYeCKUEe ranakTuku? 4. Yem obbsic-
HSIETCSl «KpacHOE CMelleHHe» B CreKTpax ranaktuk? 5. Kakue
BHEraJlakTHUYECKHE MCTOYHUKH PAIMOU3ITYIEHHUS U3BECTHBI B Ha-
crosuiee Bpema? 6. UTto siBasieTcss HCTOYHUKOM Paavuon3ydeHus!
B paaMorajiakTukax?

@V”PA’“”LH”E?] 1. lanakTvka, Haxomsascsi Ha PacCTOSHUM
A 150 Mnk, nMeer BUIMMBINH yrimoBoit auametp 21”. CpasHure eé
JAMHelHbIe pa3Mepsl ¢ pa3mepamu Hawei lanakTuku. 2. Kakoso
paccTosiHKE [0 ralaKTUKH, eC/Ii B Heil oDHapyXeHa HoBas 3Be3/1a,



BUAMMAs 3BE€3Has BeJIMYMHA KoTopoii +18, a abcomoTHas 3Bé3n-
Has BeJiIMuMHa paBHa —77? 3. KakoBa CKOpOCTB ylaJleHHs ralakTH-
KW, Haxomsiueitcst ot Hac Ha paccrogHuu 300 Mnk? 4. Ha kakom
PacCTOSIHMUM HAXOIMTCS TajllaKTUKa, eClii CKOpPOCThL €€ yaajieHus
cocraasier 2+ 10% km/c? 5. Kakoro yrmiosoro nmamerpa Oyner
BUAHa Hawa [anakruka, nnamerp Kotopoit cocrasasiet 30 000 nk,
st Habmoaarens, Haxoasierocsi B rajlaktuke M31 (TymMaHHOCTB
Anznpowmesbl) Ha paccTostHUM 600 Krik?

§ 2 7. OcHOBbI COBPEMEHHO# KOCMOJIOTUU

[lo CYTM Jiefla, CYLIECTBOBABILIME Ha KaXIOM 3Tare pa3BUTHS
YEJIOBEYECKOW LIMBWIM3ALMHU MMPEJACTABIEHUsI O CTPOEHUN MHUpa
MOXHO CYMTaThb KOCMOJIOTMYECKMMH TEOPHUSMH COOTBETCTBYIO-
wei anoxu. leoueHTpuyeckas cuctema Apucroreasi—IITonemes
cTaja rnepBoif HaydyHO ODOCHOBAHHOW KOCMOJIOFMYECKON Moje-
abto Beenennoit. Cniyers 1500 ner e€ cMeHW1a HOBAst KOCMOJIOTH -
yeckas Mojeslb — TeJIMOLEHTPHYECKas CHCTeMa, TMpeUToXKeHHad
KonepHukom.

KocMmosiornss — pasnes acTpOHOMMH, KOTOPBI H3y4yaeT cTpoe-
HHE W 3B0JI0UHI0 BeesleHHOH B UeIOM, HMCHOJIL3Ysl NPH 3TOM
MeTOo/1bl H J10CTHKeHHA PU3HKH, MaTemMaTHKH 1 punocodun.

TeopeTHYECKHE MOIEIM, OIMMUCBI=  +rorrrrrirrerasmeeeeaon.
Batoime Haubosiee oOuLIMe cBONCTBa
CTpOeHUs1 M 3Bonwouuun BceeneHHOI,
MTPOBEPSIKOTCS acTpodu3InyecKUMMH
MeronaMu HabmoneHuit. OueBUIHO,
YTO BBIBOIIbI KOCMOJIOTMH UMEIOT BaX-
HOe 3HaueHue 17151 hopMUpOBaAHUS CO-
BPEMEHHOW HAyYHON KapTUHBI MUpa.

Teopernueckum  (pyHaameHTOM
COBPEMEHHOW KOCMOJIOTUM SIBWJIACh
co3naHHasi Aavbepmom Dunwmer-
nom (1879—1955) B Hauane XX B.
obuiasi Teopusi OTHOCHUTEIBHOCTH —
PEISITUBUCTCKAsI TEOpPHUsl TATOTEHMS.
HaubGonee cylmecTBeHHbIM OTIIMYMEM




COBpPEMEHHBIX KOCMOJIOTHYECKHUX MO-
nenei, mepBbie M3 KOTOPLIX ObUTH
pa3paboraubl Aaexcandpom Aaex-
canopoeuvem Dpuomarnom (1888—
1925) Ha ocHOBe TeopuH DUHILTEIH-
Ha, ABISETCS MX 3BOJIIOIMOHHBINA Xa-
pakrep. HMnes mmobanbHO# 3BOMIO-
uvu BeceneHHOM okKa3asiach CTOJb He-
ODOBIYHOM, YTO TNEepPBOHAYAIBHO He
Obl1a MPUHSATA JaXe caMUM co3jarte-
JIeM TEOpPHM OTHOCHTEIbHOCTH, Ta-
KUM BBUIAIOIIMMCH YYEHBIM, Kak
AnekcaHap AnekcaHapoBuy DHHIITEHH.
®puaman Jlaxe mnosaHee, Koriga CTajio o4e-
BMIHO, YTO BCe 00BeKThl BO BceeneH-
HOM M3MEHSAIOTCS C TeYEHMEM BpeMe-
HH, Ka3aJI0Ch, YTO MMPOLIECCHI, MPOUCXOIALINE B €€ OTAECIBHBIX CO-
CTABHBIX YACTAX, HE MEHSAI0T 00nMKa Bcei BeeneHHOM.

Dra uaes Obuia uig DUHINTEHHA HACTOJILKO OYEeBHIAHOM, 4YTO
JUI YpaBHEHUH TEOPHU OTHOCHUTEJIBHOCTH, TPUMEHEHHBIX KO
Bceit BeesneHHO#, OH cTan MCKaTh PELeHUs, ONMUCHIBAIOIIUE eé
COCTOAHME, HE MeHsIoLIeecs co BpemeHem. [Lis Toro yto0sl ypas-
HOBECUTDH CWJIbl TATOTEHMS, OH MPEANOJIOXHWI, YTO KPOME HUX BO
BceneHHO#M CylIEeCTBYET CWJla OTTAJIKMBaHMsA. DTa cwia AOJIKHA
ObITH YVHUBEPCATBHOM, 3aBUCSIIEN TOJIBKO OT PacCTOSAHUS MEXIY
TEeJIAMM W He 3aBUCAIIEH OT MX Macchl. YCKOpeHHe, KOTOpoe OHa
Oyner co3naBaThb 3THUM TelaM, JOJDKHO ObITh MPONOPLMOHAIBHO
paccTosiHuio: @ = const* R. Tak B ypaBHEHUsIX TMOsiBUIach 00y-
CJIOBJICHHAs TUMOTETUYECKHMH CHJIAaMHU OTTAJIKMBAHUS KOCMOJIO-
ruueckas rnocTosiHHas — aamboa-4aen.

B 1922—1924 rr. poccuiickuit maTeMaTHK PpuamaH BbiBEI U3
o01IeH TEOPUM OTHOCHUTEIBHOCTH DHHIITEIHA YpaBHEHHUSI, KOTO-
pbie ONMUCHIBATK oblIee cTpoeHue M 3Bosouuio BeenenHoit. Pe-
LeHus, nojyyeHHbie @pUaMaAHOM Ui THX KOCMOJIOTMYECKHUX
ypaBHEHMWI, O3HAYaJu, YTO MaTtepus B Maciutabax OZHOPOAHOM
¥ U30TponHOM BeeneHHOM He MOXET HAXOAUTLCS B Mokoe — Bee-
JIeHHas JI0JIKHA JIMO0 cxumaThes, Tnbo pacumpatbesi. CyTs 3T0-
ro BBIBOJA, CHEJNAHHOIO Ha OCHOBE MaTeMaTH4YeCKH CTPOroro
pelleHus ypaBHEeHHI, MOXHO OOBSICHUTB 1I0BOJILHO MPOCTO, Ofe-




PHpYSl TOJIBKO IMPUBBIYHBIMM TIOHS -
THAMH TeopuM TsAroreHust Heio-
TOHA.

Bynem ucxonuts u3 npeanosno-
XKEHUs, 4To B Oonblux maciutabax
pacnpeneneHude Bellecrsa Bo Bce-
JICHHOM MOXHO CYMTaTh OJHOPOJ-
HbIM. Toraa ranakruka, Koropasi
HaXOAMUTCSl Ha TMOBEPXHOCTH I1lapa
MPOMU3BOJILHOIO paauyca, NMpUTATH-
BAeTCA K €ro LIEHTPY COMacHO 3aKo-
HY BCEMMPHOTO TATOTEHHUS C CHJIOMN, HECTALMOHBPHOCTH
MpsIMO  MPONMOPUMOHANBHOU MAacCe  BcenenHoit
mwapa M u oOparHo nponopuHo-

HaJlbHOW KBaaparty ero paauyca R.

Bce ocranbHbie ranakTMKM, Jexa-

LIME BHE 9TOTO 11apa, HE MEHSIOT BEJIMYUHBI 3TOM cuutbl. JLIst 1o-
Ka3aTeJIbCTBA 3TOI0 BAXHOIO YTBEPXKIEHHUS MMPOU3BOJBLHO BhIae-
nvM Bo BeenleHHOI m1apoBoit ci1oit TonmuHOM A Takoro paauyca,
4TOOBI BHYTPM HEro OKa3aluCh HE TOJBLKO rajlakTHKa A, HO M
BeCb wap paauycom R (puc. 6.26). PaccMOTpHUM CUIBI TsiroTe-
HMSA, JEUCTBYIOLME HA TalaKTUKY A CO CTOPOHBI T€X TaaKTHK,
KOTOpbI€ PAaCIOJIOKEHBbI B 3TOM CJI0O€ B IMPOTHUBOIONOKHBIX OT
HEeE HarnpaBJeHUsAX. DTH CHITBI CO3/1AI0TCS TaATaKTUKAMMU, Pacro-
JIOXEHHBIMU B 00bEMe 351eMenTOB cnosi V| u V,. CpaBHUM 00bEM
M Maccy 3THX 3n1eMeHToB. ToaummHa ux onMHakosa — A, a rjo-
waam S, 1 .S, 1 06BEMBI MPONOPLMOHATILHBI KBaJpaTaM paccTo-
SIHUH OT Ta/IaKTHKH 110 TIOBEPXHOCTH CJIOSE — 7| U 7!

Puc. 6.26. ObvacHeHue
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Tak kak pacrnipeneneHue rajakTuk Bo BceneHHO# cumuTaer-
Csl OAHOPOAHBIM, OTHOLIEHHE MAaCC 3ITUX IEMEHTOB Oymer Ta-
KHM XKeE:




Cuibl, C KOTOPBIMHM 3TU MaccChl MPUTATUBAIOT ralakTUKy A,
COIIACHO 3aKOHY BCEMUPHOTO TATOTEHHUSI PABHBI:
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Takum 06pa3om, 3TH CWIbl, PaBHbIE 110 A0COIIOTHOM BEJIMYH -
HE W HarpaBJeHHbIe B NMPOTUBOMNOIOXHbBIE CTOPOHBI, YPaBHOBE-
LIUBAIOT APYT Apyra. 3HAYMUT, raJJaKTUKHK, HAXOIsLIMEeCcs] BHE 11apa
paauycoM R, He BIMSIOT HA BEJIMYMHY CHIIBI, C KOTOPOM rajlakTH-
Ka A NPUTATUBAETCA TANAKTUKAMM, HAXOASLLIMMHUCS] BHYTPH 3TOTO
mapa.

CnenoBateibHO, MOXHO HamMcaTh CHAEAYIOLIEE BbIPaXeHHE
JUISl YCKOPEHUst, KOTOPOe MMeeT O/IHA U3 3THUX TaJIaKTHK 110 OTHO-
LIEHMIO K FaJlaKTHKE, PACTOJIOXKEHHOU B €10 LIEHTpE:

_GM

== R2

3HaK «MUHYC» 03HAYaeT, YTO YCKOPEHHE COOTBETCTBYET NpH-

TSDKEHMIO, a He oTTalkuBaHuio. U3 aToit (hopMynel crienyer, 4To
BceneHHast n0o/pkHa ObITh HECTALIMOHAPHOM, MOCKONBKY B HEH



NeucTByeT TAroreHue. [AMaKTUKHM MOTYT HaXOAUTBLCS B TOKOE
TOJILKO MTHOBEHHE. B creayioimnit MOMEHT OHM MPUAYT B ABUXE-
HHUe U OyayT cOnmxkarbes noa aeicTBueM cuil TsaroteHust. Ecim xe
B HAYAJIbHbIM MOMEHT raJlaKTUKH OYIyT UMETh CKOPOCTH, Hanpas-
JIEeHHBIE TaK, YTOObI OHM YAAISIIMCH APYT OT APYra, TO B 3TOM CITy-
yae TaroreHue Oyaer TopMo3uTh paciumupenue BcenenHoii. Be-
JIMYMHA M HarpaB/JIeHWE CKOPOCTH, KOTOPYIO MMEKOT TaJlaKTUKH
B OIpeNe€HHbIIT MOMEHT, U3 TEOPUH TATOTEHUSI HE BBLIBOASTCS,
MX MOXHO MOJYYMTb TOJIbKO HAa OCHOBE HaOIIOAeHW .

Teopernueckue BbiBOALI PpuaMaHa MOJYYHIM BaXHOE Ha-
OitonaresibHOE TMOATBEPXKAECHUE B OTKPbITOM Xa0d0/0M 3aKoHe
MPOMOPLMUOHATIBHOCTH CKOPOCTH VIAJEHMsI TaJlaKTMK MX pac-
CTOSTHUIO:

v=HR.

DTOT 3aKOH HE BBIMOJHAETCS TOJLKO IS HECKOJIbKMX OJIM-
JKAWLIMX raakTHK, BKJIKOYass TYMAHHOCTb AHAPOMEbI.

¥YnaneHue ralakTHK, KOTOPOE MPOUCXOANT BO BCE CTOPOHBI CO
CKOPOCTSAMHM, MPSIMO MPOMOPLHMOHATBHBIMM PACCTOSHHUIO OT HAac,
HE O3HayaeT, OJIHAaKO, YTO Hawa [anakTuka 3aHMMaeT Kakoe-To
ocoboe nonoxeHue BO Bcenennoit. TouHo Takas Xe KapTHHa
«pasberanus» rajakTuk Oynet Habmonarbes i 11000 apyroi
raJIaKTHKH.

BribepeM B nMpocCTpaHCTBE, 3aHSAATOM rajJlaKTUKaMH, MPOM3-
BOJIbHO HAIlPaBJICHHYIO NMPSIMYKO, KOTOpasi MPOXOAUT Yepe3 Hally
lMnakTuky (puc. 6.27). Ha 210t npsiMmoii OKaX)XeTcsi HECKOJIbKO ra-
JIAKTHK, KOTOPbIE YAAISIKOTCS CO CKOPOCTAMM, MOTYHHAIOIIMMHUCSH

— P =P O> O O O — —
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Puc. 6.27. Pacumperue BceneHHown



3akOoHy Xab06na, or Hawei lanaktuku A (puc. 6.27, a). Tenepsb
nonpoGyeM INpeacTaBUTh, KaKylo KapTHHY pa3beraHusi rajakTHk
Mbl YBUIIMM, €CJIM [EPEeHEcEMCs Ha ranakTuky B. s Toro ytobsl
ONpEeNeUTh CKOPOCTH BCEX FaJIAKTUK OTHOCHTE/IbHO HEE, HAlo U3
CKOpOCTeH, U300paxEéHHBIX Ha pucyHKe 6.27, @, BBIYECTh CKO-
pOCTb ranaktuku B (puc. 6.27, 6). [NonyyeHHas KapTuHa, KOTOpast
npeacrasjieHa Ha pucyHke 6.27, ¢, NpUHUMITHAIBHO HE OTJIMYAET-
Csl OT MPEabUIYLICH: CKOPOCTH yIaleHUs TaIaKTUK TO-TTPEXHEMY
MPONOPLUHOHAIbHBI PACCTOAHUSIM.

Hns Toro ytoObl y3HaTh, KOTAA MPUMEPHO HAyanoch HabII0-
naeMoe pacuiMpeHHe, HeoOXOIMMO BOCMONIb30BATLCA MMOCTOSIH-
Ho#M Xab6na H. lNanakTuka, HAXOAALIASCS OT HAC HA PACCTOSIHUU
R, ynansiercs co ckopoctbio HR. CnenoBatenbHO, pa3ieans pac-
CTOSIHME, MPOHAEHHOE TaIaKTHKOI ¢ MOMEHTA Havasa paciumpe-
HMSI, Ha €€ CKOPOCTb, MbI NOJIYYUM:
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Bennuuna, obparHas nocrosaHHo#i Xab6:1a, 1aét npuMepHyo
OLIEHKY BPEMEHH, KOTOPOE IMPOILIJIO C MOMEHTa Hayajia paciimpe-
Hus Beenennoit. HetpyaHo noacuurarth, 4To 3170 BpeMst COCTaBIIs -
et npuMepHo 13,5 muipa ner.

OtkpeiTHe Xab0710M «KpacHOTO cMelieHus» 1 paboTel Ppui-
MaHa, rokasasuiero, 4to BeeseHHasi He MOXeT ObITh CTallMOHAp-
HOM, SIBUJIKUCH TOJILKO HA4yajoM MCCiieNoBaHMA 3Bosouuu Bee-
JICHHOM.

B3aumHoe ynaneHue ralakTuk 03HayaeT, YTo B MPOIULIOM OHU
ObLIM ropa3no OJIKXKE APYT K APYyry, uyem Terepsb. B ewié 6Gonee pan-
HIOIO 3MOXY IJIOTHOCTD BelllecTBa Oblla Tak BeJaWKa, 4To BOo Bee-
JIEHHOHW HE MOTIJIO CYUWICCTBOBATL HHU lraJlakTHK, HH 3[-153\11 H HHKaA-
KHX JApYrux HabiogaeMbix HbiHe 00beKTOB. PacuéTsl npoiioro,
MPOBEAEHHBIE HA OCHOBE KOCMOJIOrHYecKuX moneneit Ppuamana,
MOKa3bIBAIOT, YTO B MOMEHT Hauana pacuimperus BcenenHoii eé
BELIECTBO JOJKHO MMETH OrpoMHYI0 (6ecKoHeuHO OO0JIBIIYIO)
TJIOTHOCT.

[Tepen Haykoit BcTana 3anaya usydyeHusi Tex (pM3HIECKUX Mpo-
LECCOB, KOTOPBIE MPOUCXOMAT B pacluupsiiouieics BeenenHoi Ha
Pa3HbIX 3Tanax e€ 3BOMIOLMHK BIUIOTh 10 COBPEMEHHOCTH, a TAKXKE
TeX, KOTOpbIE NpeacTosT Bo BeeneHHoit B 6yayiuem.



B 1948 r. B pabGorax [eopeusn
Anmonoeuua Iamosa (1904—1968)
U ero COTPYAHMUKOB Oblla BbIIBUHYTA
rMNoOTe3a O TOM, YTO BELIECTBO BO
BceneHHOM Ha HavaldbHBIX CTaAMAX
pacUIMPEHUsI UMEJIO HE TOJIbKO DO0JIb-
LUIVIO TJIOTHOCTb, HO U BBICOKYIO TEM-
neparypy. Tak, cnycta 0,1 ¢ nocsie Ha-
yajia pacluMpeHus Temneparypa obuia
okosio 3+ 1019 K. I'lpu cTonb BeICOKOI
TeMIepatype B3auMoaeicTsue ¢o-
TOHOB BbICOKOW 3HEPIruH, KOTOPBIX
B TropsiYeM BeUIeCTBE OBLIO MHOIO,
MPUBOAKWJIO K 0Opa30BaHMIO Map BCex
M3BECTHBIX 4YacTUL M AaAHTWUYACTHIL:
3JIEKTPOH — MO3UTPOH, HEUTPUHO — AHTUHEHUTPUHO MU T. II.
[Tpy aHHUTWISILMK FTUX AP CHOBA POXIAIUCH (DOTOHBI, a MPO-
TOHBI 1 HEUTPOHBI, B3AUMOJEHCTBYSI C HUMH, NMPEeBPALLATIUCD JIPYT
B IpyTa.

[Ipu oueHb BBLICOKOU TeMriepaTrype CIOXHbIE aTOMHBbIE siapa
CYLLIECTBOBATb HE MOI'YT — OHW MOMEHTAJIbHO ObLTH OBI pa3pylie-
Hbl OKPYXAalOIMMH IHEPIUYHBIMHY YaCTULIAMH, MO3TOMY He 0Opa-
3yI0TCSl Aaxe siapa AeUTepusi, XOTs HEWTPOHBI U MPOTOHBI CYILIE-
CTBYIOT.

[To Mepe pacuIMpeHHUs IIOTHOCTh BELIECTBA M €ro TeMmrepa-
Typa yMeHbIuawTcesi. [lo3nHee, korma teMneparypa B pacilupsio-
uierica BecenenHoit onyctutest Huxke | mupa K, ctaHer Bo3mMox-
HBIM COXpPaHEHHWE HEKOTOPOro KOJIHMYECTBA siIep NeHTepus U, cle-
nosaresibHO, obpasoBaHue renusi. CormacHo pacyéram, K 3TOMY
MOMEHTY HEHTPOHBI COCTaBAT NpuMepHo 15% Maccel Bcero Bellle-
cTtBa. OcTtanbHOE BELIECTBO — MPOTOHBI (sipa aTOMOB BOIOPO/A).
CoeanHeHHe paBHOTO KOJIMYECTBA MPOTOHOB U HEWTPOHOB MPHU-
BeAET K 0Opa3oBaHMIO AeHTEpUs, a B NMPOLIECCE CACAYIOLIMX Aaep-
HbIX peakuMii oOpa3yloTcsi siapa reavsi. PaccmarpuBasi siiepHbie
peakUMH B ropsi4eM BELLECTBE B Havalie KOCMOJIOIMYECKOro pac-
LIMPEHUs, YAAJIOCh PACCUMTATh, YTO B MPOIECCE ITHUX peakilui
MO 0Opa30oBaThes TONILKO Boaopoa U reauit. CriyeTst nsite MU-
HYT MOCJe Havyalla paclIMpeHusi, Koraa teMmrneparypa Bo BeeneH-
HOH CTAHOBMUTCSI HENOCTATOYHOMN U1 TEPMOSLIEPHBIX PeakIMi,




BEIIECTBO COCTOMUT M3 CMecH siiep Boaopoaa (70% maccel) u siaep
reqns (30%). Takum ero coctas OCTAaE€TCs 10 TOTO BpEMEHU, MOKa
HE NMPOMCXONUT 00Opa3oBaHME 3BE3I M ralaKTHK.

HccnenoBaHust mMoKa3aiu, YTo colepXaHHue reius B 3B€31ax 1
MEX3BE3IHOM BELIECTBE AEHCTBUTENLHO cocTapisier okoso 30%
Mo Macce. DTO J0CTATOYHO XOPOLLIO COMIacyeTcs ¢ BbIBOAAMM Te-
OpHHM, KOTOpasi OCHOBaAHa Ha MPEANoNoXeHUH o «ropsueii Bee-
JIEHHOWM».

CnycTtst MpUMMEPHO MUJIJIMOH JIET MOCJIE Havyala paclliMpeHus,
Korzaa Temrieparypa cHuxaercs 10 4000 K, snpa aromoB Bozopona
M TeJiusl, 3aXBaThiBasl IEKTPOHbBI, MPEBPALLIAIOTCs B HEHTpaibHbIE
aToMbl. DTa 3M0Xa SIBWIACh BaXKHEHILIMM 3TAarioM B 3BOIIOLMUU
BcenenHoit. Bo-nepBbIX, TOJNBKO C IMOSIBJIEHUEM HEWTPAJIbHOTO
BEILIECTBA CTAHOBUTCH BO3MOXHBIM (DOPMHUPOBAHUE OTAEJBHBIX
HeOeCHBIX Tel M WX cUcTeM. BO-BTOpBIX, M3Iy4YeHHE, KOTOpOe
Urpasio BaXHYK poOJb B MpoLeccax, NMPOMCXOAMBILMX Npexie,
NMPaKTUYECKU HE B3aUMOAEWCTBOBAJIO C HEWTpPAIIbHLIM Bellle-
ctBOM. MHaue rosopsi, Teopusi «ropsiueit BceneHHoOM» npenckasbi-
BaJia CYIIIECTBOBAHUE B HACTOSAILEE BPEMSI PEJIMKTOBOIO JIEKTPO-
MArHMTHOTO M3JIYY€HMSsI, OCTaBLLErocs OT TOTO JaJIEKOTO MPOLLTO-
ro, Koraa BeuiecTBo BO BcesieHHOH ObLIO IUIOTHBIM M TOPSYMM.
Temrniepatypa 3TOro M3Jy4eHUsi, KOTOpasi B poLecce KOCMOJIOTU-
YEeCKOro pacluMpeHMsi yMeHblualach TaK XK€, Kak U TeMIeparypa
BEILECTBA, J0JIKHA COCTABJIATHL B HAly 3MO0XY BCEro HECKOIbKO
KEJIbBUHOB. DTO M3/IyYeHHUE, MOJYYUBILECE HA3BAHUE PEAUKNOBO-
20, 6bUIO CcTyvaiiHO 0OHapyXeHO Ha BolHE 7,35 ¢cM aMepUKAHCKH-
MU uHxeHepamu Apno Ienszuacom w Pobepmom Buavconom.
OTKpBITHE PEJIMKTOBOIO M3JIYUEHHsI IBUJIOCH ONHUM M3 BaXHEH-
LIMX HAyYHBIX OTKPBITHI XX B., KOTOpO€ MOATBEPAMJIO, YTO Ha
PaHHMX CTanMsX paciuupeHusi Becenennas 6bi1a ropsiueii. ABTOpbI
Toro oTkpeiTHsas B 1978 r. ymocroenst HoOeneBckoit npemumn
no ¢pusuke.

OO6HapyXeHue pPeMKTOBOIO M3JIyYeHUss — O4YE€Hb BaXHOE,
HO HE €IMHCTBEHHOE JOCTHXEHHUE KOCMOIOTUM 3a MOCIEAHUE ae-
catuieTns. K Ux 4ucay OTHOCHUTCS TeOpeTHYECKOe UCCIeI0BaHUe
KpynHoMmaciuTabHoi cTpykTypsl BeeneHHoit, nmpoBeaéHHOe aka-
nemukoM f. B. 3enpnosuuem M ero yueHukamu. B npouecce 3Bo-
mouun BeeneHHoM (yKTyalMM MJOTHOCTH BELLECTBA IO ACH-
CTBHMEM rpaBUTALIMM JO/DKHBI MOCTENEHHO NMpeBpaliaTbesi B 00b-
eKThl, HarnoMuHawlIue no csoeit dopme Gaunbl. HabmoneHnus



TMOATBEPAMIIN, UTO UMEHHO TaKMe CTPYKTYphl oOpa3yiot Bo Bce-
JIEHHOM raJJakTUKH, UX CKOTUIEHHUS U CBEPXCKOTUJICHUS.

Teopusi ropsiueit pacumpsiiouieiicss BceneHHo#, KoTopasi
onupaetcs Ha pabotsl A. A. ®puamana u I. A. l'amoBsa, ctana o6-
LETTPU3HAHHOM, XOTsI HE CMOIJIa AaTh OTBET HA /[Ba BaXHbIX BO-
npoca: B 4€M MEpBOMPUYMHA B3aMMHOIO YIAJICHUS rajlakTHK
M Kak B JajbHelweM OyaeTr npoucxoauTh pacuuupeHue Bcee-
JIEHHOM.

HaiitTy oTBeTBl Ha 3TH BOMPOCHI YAAJIOCh HOBOMY MOKOJIEHHUIO
yuéHbIXx. O0a oTBeTa OKa3aaIuCch BeCbMa HEOXKMIAaHHBIMU. B 1965 1.
poccuickuil pusuk-teopetuk D. b. [TIMHEp BBIABUHYI rMNoTe3y,
COMIacHO KOTOPOHW HauyajlbHBIM cocTosiHMeM BcenenHoi Obl1 Ba-
KyyM. [lanbHeiline uccienoBaHusi rnMokKasaiM, 4YTo Ui rpaBUTa-
LIMOHHBIX CWUJI BAKYyMa XapaKTepPHO HE NMPUBLIYHOE BCEM MPUTSI-
JKE€HHUe, a OTTAIKUBaHUE.

YT100BI OTBETUTHL HA BTOPOIi BOTIPOC, HEOOXOAMMO ObLIO yCTa-
HOBHUTb 3aBUCUMOCTb CKOPOCTH YAAJIEHUS FaJIaKTUKH OT PaccTos -
HUs 10 He€. B nepBoMm npUOJIMKEHUU OHA BBIPAXKAETCH 3aKOHOM
Xab6na: v = HR. Y1o06bI NpOBEpPUTH, HACKOJILKO 3Ta 3aBUCHMOCTD
BBIMOJIHAETCS sl Haubouiee yaaléHHbIX 00beKTOB, HEODXOAMMO
OMNpPEIE/INTh CKOPOCTh FaJlaKTUKH U €€ pacCTOSHUE HE3aBUCUMO
apyr ot apyra. M3amMepeHuss TPUTOHOMETPHYECKOTO Mapasiakca
JUTSL OTIPEAE/IEHUS PACCTOSIHUS 10 raJlakTUK Henpuroaxsl. s ta-
KHMX OrPOMHBIX PACCTOSIHMH MCMob3yeTcss metoa hoTtomerpuye-
ckoro napasuiakca. [Totok hoToOHOB, MPHUXOASILLIMX OT UCTOYHMKA
HU3JIYYEHMSI U PErMCcTpUpyeMbIX HabmoaaTenem, o6paTHoO npornop-
LIMOHAJIEH KBAJApaTy pacCTOsIHUS 10 UCTOYHUKA. Eciu u3BecTHa
MOILHOCTb M3JIy4eHHUs (CBETUMOCTL) HabJlonaeMoro oobekra, 1o,
U3MEPHUB MOTOK CBETA, MOXHO BBIYMCIINTb, HA KAKOM PACCTOSIHUMU
3TOT OOBEKT HAXOAUTCS.

Oka3anock, 4TO OOBEKTAMH C U3BECTHOM CBETUMOCTBIO SIBJIsI-
I0TCS1 Haubosee spKUe CBEPXHOBLIE 3BE3/1bl, CBETUMOCTH KOTOPBIX
B MOMEHT BCIIBILLIKH CPpaBHUMa CO CBETHMOCTBIO LI€JIOW rajakTH-
KM — CBepxHOBble THMa la, nopoxaaembie TEPMOSAEPHBIMH
B3pbiBaMu Oenbix KapaukoB. [Tlpu HabOmwaeHMsIX 3THUX 3BE3.
HE3aBUCHMMO H3MEpsUIMCh aBe BeluuMHbI. [lepBas — «KpacHoe
CMelleHHe» JUHMI B criekTpe. OHO BbIpaxaeTcs BEIHUYMHOMN
2= (A — A)/Ay, TAE A — JUTMHA BOJIHBI PETUCTPUPYEMOTO U3JTyue-
HMS, a Ay — JUIMHA BOJIHBI MCITyCKaeMoro usnayyeHus. Bropas —
O7ecK 3Be3/1bl, KOTOPbIi BeIpaXaeTcsl B 3BE3AHBIX BEIMYMHAX — M.
[lo cymecTBy, 3TO OCBEUIEHHOCTb, KOTOpasi CO3AaETCsl 3BE3A0M
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Puc. 6.28. YckopeHHoe paclupeHue BceneHHon

Ha TJIOCKOCTH, MEPreHAUKYISAPHOM Iydy 3peHusi. 3Has BEJIMYUHY
CBETHMOCTH CBEPXHOBO# TUNa la, MOXHO BBIYMCIIUTD PACCTOSTHUE
J1I0 KaXI0M U3 HUX.

Ha rpaduke (puc. 6.28) nokasaHbl KpUBBIE, KOTOPbIE COOT-
BETCTBYIOT IIBYM BO3MOXHBIM BapMaHTaM 3aBMCMMOCTH paccTosi-
HMS 10 3B€3/bl OT «KpacHOTro cMelleHus». KpuBas A COOTBETCTBY-
eT M3BeCcTHOMY 3akoHy Xab06na. Kpusasi B npu maibix z rnpakTH-
YECKHM C/IMBaeTcsi ¢ KpUBOi A, HO NMpu OONBUIMX 3HAYEHUSIX T
MPOXOAUT 3HAYUTENbHO Bbilue. Habiionaemoe OTKJIOHEHUE cylle-
CTBEHHO MpPEBBIIIAET OLIMOKM U3MEPEHUs, YTO U MO3BOJIMIIO clie-
naTh BbIBOA: BeenenHasi paciimpsiercsi ¢ yCKOpeHHeM. DTo 03Ha-
yaeT, yTo paciumpenue BceneHHol GyaeT nponomkaThesi Heorpa-
HUYeHHO. bosiee Toro, yuéHble NpULLIM K BbIBOAY: HabiogaeMoe
YCKOpPEHHE CO31aéT HEM3BECTHBIM MpeXae BUI MAaTEPUH, KOTOPBIA
obnagaer cBoicTBOM aHTUrpaButauuu. OH TMONYyYHJ Ha3BaHHUE
MEMHOU 3Hepauu. 3a 3T0 OTKPBITUE JABE IPYMITbl YYEHBIX MOIYYU-
1 HobGenesckyio npemuio no ¢usuke 3a 2011 r.

OTKpBITHE AHTHUTATOTEHMs, KOTOPOE OKa3aloCh HEOXHIAaH-
HBIM JUIsi OONBLIMHCTBA JIIOAEHA, NOATBEPAWIO MNpPEABHICHHE
A. DitHITEHHA.

B cBsA3M ¢ 3TUM BBIACHMJICS ITyOOKMIA CMBICIT A-4JIeHa B ypaB-
HEHUAX 0O1IEH TEOPUHM OTHOCUTENBHOCTH. A. DUHIUTENH, MO Cy-
LIECTBY, BBIABUHYJI TMIOTE3Y O HANIUYUMU BO BeeneHHol MaTepum,
KOTOpasi CO31aéT He MPUTsIKeHue, a oTTankuBanue. HabmoneHus
MOATBEPAWIN CIIPABEUTMBOCTb 3TOM runoressl. JanbHeiiiue uc-
cleloBaHMs TIO3BOJIMJIN BBISICHUTB, YTO MO CBOE MpUpoae TEM-
Hasi SHEPrus sIBISIETCS NPaKTUYECKH OIHOPOAHOM, B OTIMYHE OT



JABYX IPYTUX cocTaBissiomx BeeneHHOM — «0ObIYHOI» M TEMHO#M
MaTepUH, KOTOPbIE pacrpeneieHbl B KOCMHYECKOM MPOCTPAHCTBE
HEOAHOPOAHO, 0Opa3ysi 3BE3Abl, raJJaKTUKM U JPYrue OOBEKTHI.
MOXHO cuyuTaTh, YTO TEMHAsE 3HEPIUsi — ITO CBOWCTBO CaMOro
MPOCTPaHCTBA.

JleTanbHblil AaHAIN3 aHU3OTPONHU PETHUKTOBOTO M3Ty4YEHMUS
M KpynHoMmaciTabHoM cTpykTypsl BeeneHnHoi nossonun onpene-
JIMTh IUIOTHOCTB KaXI0r0 U3 TPEX BUAOB MaTepuu. Buuio yctaHoB-
JIEHO, YTO «O0bIYHAs» MATEPHSl, U3YYEHUIO KOTOPOIi YEIOBEYECTBO
MOCBATHIIO BCIO MPEALIECTBYIOLIYIO UCTOPHUIO, COCTABJISIET BCETO
JIMIIB HECKOJILKO MPOLEHTOB Macchl Beenennoit. INpumepno 26%
cocrasisieT TEMHas Matepmsi, a 69%, 6onbluas yacTh Macchl Bee-
JICHHOM, MPHUXOAUTCA HA A0JI0 TEMHOM HEPruM — HOBOrO BMIA
MaTepuM, YHHUKANbHbIC CBOMCTBA KOTOPOH €UIE IMPEICTOMT M3y-
YHUTb.

Pa3ButHe coBpeMeHHO# KOCMOJIOTMH B OYEPEIHOM pa3 rnoka-
3a/10 Oe3rpaHUYHBIE BO3MOXHOCTH Y€JOBEYECKOro pa3yma, Cro-
COOHOrO MCCnenoBaTh CIOXKHEHILINE MPOLIECCHI, KOTOPBIE MIPOMC-
Xo#AT BO BeesleHHOM Ha NMPOTSIKeHUM MMJUTHAPAOB JIET.

JIEHHOH IPOUCXOIUT npouecc 3somounn? 2. Kakoso cooTHolue-
HHE Macc «0ObIYHOM» MaTepuu, TEMHOI MaTepuu U TEMHOIT SHep-
rum Bo Beenennoii?

@ BONPOCHI 3 Kakue pakTsi cBUzETENBCTBYIOT O TOM, 4TO Bo Bee-

§ 28. >Kusub 1 PA3YM BO BCENEHHO¥

CymeCTBonaHne XKHU3HH BHE 3eMJIM, B OCODEHHOCTH XM3HM pa-
3YMHO#, C IaBHUX TOP ABJIAETCS OAHUM M3 BOMPOCOB, KOTOPBIE
BOJIHYIOT 4esoBeyecTBO. CamMa MOCTaHOBKA TaKOW CJIOXHEHIel
MpobdaeMbl, KaK MPOUCXOXKIACHHUE KU3HHU U €€ PacnpOCTPaHEHHO-
cTv BO BeeneHHoM, CTUMYIMpOBaia pa3sBUTHE BCEX €CTECTBEHHbBIX
Hayk. Du3uka u xuMusi obecreYuBaIn YYEHBIX BCE Bosee coBep-
IIEHHBIMWA METOAAMH M3YYEHHUSI COCTOSIHUS, CTPOEHHUSI U CBOWCTB
KHUBOTO U HEXKMBOro seuwiectsa. buonorusi, usyuas pasnuuHbie
(hOpPMBI XN3HU, ONpEeNsIa YCIOBUs, IPH KOTOPBIX MOTYT BO3HMU-
KaThb, CYLLIECTBOBATL M Pa3BUBATLCS XKUBbIE OPraHM3Mbl. ACTPOHO-
MU, TIOTy4asi CBEACHUs O NMPUPOae HEOECHBIX TeJT U MPOMCXOIs -
IIMX Ha HUX ABJICHUSIX, CO3laBa/la BO3MOXHOCTb OOHAPYXHUTh Te
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WX UHBIE MPOSIBJIEHUS XXH3HU, B TOM YHCJIE pasyMHOIA, 3a npeae-
namu 3emau. UcTopust MOMCKOB XXU3HM BHE 3eMJIU NOJIHA ApaMa-
THYECKUX COOBITUI M TOPBKUX pa3oyapoBaHHil.

MpICZIK O TOM, YTO Halla IUJlaHEeTa He SBJISETCA EOMHCT-
BEHHBIM HACeJEHHBIM MHUpPOM B OecrpenesibHOM TNPOCTPAHCTBE
BceneHHO#M, BbICKa3bIBATUCh €LUE [0 HALEH 3pbl, KOraa cylie-
cTBOBasa eaMHas Hayka — ¢dunocodusi. e MHOXKECTBEHHOCTH
0OMTaEMBIX MUPOB pa3iesiii MHOTME BbIZAlOIIMECs YYEHbIE
XVII—XIX BB.

YenoBeKy BCEria X0TeI0Ch HAaWTH Tae-HUOyIb Ha APYIMX KOC-
MHUYECKHUX Telax noaoOHbie cede cyuecTsa. MMEHHO MO3TOMY HE
pa3 ¥ He IBa B MCTOPUM HAYKH CJIy4aoCh, YTO T€ WIN MHbIC AaH-
Hble O rulaHerax (ocobeHHO 0 Mapce) paccMaTpUBaIUCh Kak [10-
Ka3aTeJIbCTBO MX «00MTaeMocTH». BBIABMraiuch naxe MPOEKThI
TOro, KakK 4eJI0BeYeCTBO MOIIO Obl 3asiIBUTh O CBOEM CYIIECTBOBA-
nuu. Tak, Hanpumep, Hemeukuil marematuk laycc npeanaran
npopyourts B siecax CuOMpM ruraHTcKue rnpoceku B popme Tpe-
VFOJIBHUKA M APYTUX reoMeTprueckKux duryp, ytobsl «MapcHaHe»
y3HAIM O HAJTMYMK Ha Halleil rulaHeTe pasyMHbIX obuTaTesei.

Besikuii pa3 ceneHusi 00 OTKPBITUM pasyMHBIX oGuTarenei
JAPYTMX MHUPOB HE MOATBEPXKAATUCH. TeM He MEHee KaXIbiH
HOBBIM 14T YeJIOBEYECTBAa B PA3BUTHUM HAYKH M TEXHUKU pOXIas
oyepedHble HaIeXIbl HAWTH cheabl MoJo0HON AeATE/IbBHOCTH
Ha Apyrux niaaHerax. Tak, B Havase XX B., Korza Ha 3emie yxe
obutH noctpoenrbl Cyauknit (1869) u Manamckuit (1914) kananwi,
¢ GONBIIMM 3HTY3Ma3MOM ObUIM BCTPEUYEHbI COOOILEHHS O «KaHa-
nax», ooHapyxeHHbIX Ha Mapce. Ha nepBbix rnopax paspuTus pa-
OUOTEXHHUKH 1LLIYMbI HCTTOHATHOTIO MPOUCXOKACHHUSA HEPEAKO INMpU-
IMUCBIBAJIMCh WHOTUITAHETAHAM.

CoBpeMeHHBbIH YPOBEHb PA3BUTHUSI HAYKU U TEXHUKH CUUTACT-
¢Sl IOCTATOUYHBIM JUIS TOrO, 4TOObl OOHAPYXHUTH pe3yabTaThbl Jesi-
TEIbHOCTH Pa3yMHBIX obMTaTeNeil Apyrux MMpOB. DTO Kacaercs
M 3eMHON LMBWIM3aLUMK. MOIUHBIE CUTHANbI TEJIEBU3MOHHbBIX
nepesaTyMKoB M PAaanoIOKALIMOHHBIX YCTAHOBOK, A€HCTBYIOLIMX
Ha 3emie, MOTyT ObIThb OOHapyXeHbl LUBUIM3ALMAMM, HaXOmds-
LIMMMCS Ha TAKOM XK€ YPOBHE TEXHUYECKOIo pa3BUTHA, KaK M Ha-
114, €CJIM OHU PAcroiaraloTcsi Ha PpacCTOSHUM B HECKOJIBKO Tap-
cek oT COTHEUHOM CUCTEMBI.

YyéHble B HACTOSILIEE BpeMsi BEAYT HUCCAEAOBAHUS MO JABYM
HaripaBJCHHUAM:



— MNPHUEM PaJUOU3IYYEHHS U3 KOCMOCA Ha Pa3/IMYHbIX YaCcTO-
Tax B LeJISIX MOMCKa CUTHAJIOB MCKYCCTBEHHOIO MPOUCXOXKIEHUS,
MOCJAAHHBIX PA3yMHBIMM OOUTATENISIMU IPYTUX MUPOB;

— IMOUCK OPraHUYeCcKMUX BELIeCTB U Pa3IUuHbIX (DOPM KU3HU
¢ nomoibio KA, B TOM 4HClIe U CITyCKaeMbIX Ha APYTMe MJIaHEThI.

PannonabmioneHusi, Koropbie Ob1n Hadatsl B 1960 1., npoBo-
JWJINCH U TPOBOASATCA MO HECKOJbKUM MEXIYHApOJIHBIM MpoeK-
TaM. Arnaparypa u nporpamMma paboThsl paJMoTeIeCKOIOB NMocTe-
MEeHHO COBEPLUSHCTBYIOTCA. B Xone uccienoBaHMi KOCMHYECKOTO
paauou3ayyeHUst ObLIM MOMNBITKH OOBACHUTL HEKOTOPbIE SABIEHMS
J1eSITeIbHOCTBIO Pa3syMHBIX CYLLIECTB 3a Npeae/iaMHy Halllel NaaHe-
Tbl — MHomnaHeTssH. Korna B 1967 r. 6bu1M oOHapyKeHBI Iyabca-
pPbl, TMOCBUIAIOUIME TMEPHOAMYECKHE PAIMOHUMITYIbChI, TMEPBO-
HayaJbHO ObL1a BbICKa3aHa rmnoTe3a O TOM, YTO OHM SABJISIIOTCH
CUTHajJaMu apyroi umpwinsauum. OgHaKO OKa3alaocCh, YTO 3TH
pPaauOUMNYILChl MMEIOT eCTeCTBEHHOE TPOUCXOXIEHUE, OHH
NPUXOAAT OT OBICTPO BPALIAIOLIMXCS HEUTPOHHBIX 3BE3/1, KOTOPBIE
MOJIYYWIU Ha3BaHue nynabcapoB. MccienoBanusi mpomosKaoTes,
HO CUTHAJIbI Pa3yMHBIX CYLLIECTB ITOKa He OOHAPYXEHBbI.

PakeTHO-KOCMHMYECKHME MCCIEN0BAHUA 10 CUX TOP TaKXKe He
MPUHECIN KakKuxX-JTM60 AOCTOBEPHBIX JAHHBIX O CYILIECTBOBAHUM
BHe3eMHOM Xu3Hu. Hu Ha JlyHe, Hu Ha Mapce B pe3yabrate u3sy-
YEHUsI XHMHYECKOTO COCTaBa FPYHTA, B3SITOTO € MOBEPXHOCTH 3TUX
TeJ, )KUBbIX OPraHU3MOB MJIM UX OCTAaTKOB He oOHapyxeHo. Mc-
CNEAOBAHUA, TNPOBOAUMBIC CIELMATMCTAMMU, HE TOATBEPAWIH
MPEAnoNoXeHuss 00 UCKYCCTBEHHOM XapakTepe 0oObeKTOB Ha Mo-
BepxHOCTH JIyHBI MaM Mapca, B KOTOPbIX HEKOTOPbi€ CKIOHHBI
BUIETh Mogo0Ke To nupamMul, To chuHkca. Bee 31 00beKThI OKa-
3bIBAJIMCh TPUYYUTHBBIMU CO3AaHUSIMM MPUPO/bl, BO3HUKILIWMHU
B pe3yJibTaTe pas3iMuHbIX €CTECTBEHHbBIX MPOLECCOB, B TOM YHCIIe
9PO3UHM MOBEPXHOCTHBIX MOPOI.

TakuMm oOpa3oM, B HaCTOsILIIEe BpeMsl JUIsSi HAYYHBIX UCCIIeN0-
BaHHWI JOCTYIHBI JUIIb T¢ (DOPMBI JKU3HHU, KOTOPBIE CYILECTBYIOT
Ha Halley riaHerTe.

3eMHbIE XKHBbIe OPraHU3Mbl COCTOSIT U3 CJIOKHBIX BEICOKOMO-
JIEKYJISIPHBIX XMMHYECKHMX COeIMHEeHM. B 3TOi CBsA3M O4YeHb Ba-
KE€H OOWH M3 HEMHOTHX TMOJOXHUTEIbHBIX PE3y/IbTATOB, MOJIY4YE€H-
HbIX B XO/1€ MOUCKOB BHE3eMHOM XKM13HHU BO BeeneHHoit. 310 — 06-
HapyXeHHe B IJIOTHBIX MOJIEKYJISIPHBIX 00J1akax Halei [anakTuku
HECKOJIBKUX KJIACCOB THUMHYHBLIX OPraHWYECKUX COCOAMHEHHH —
abAETHAOB, CTUPTOB, MPOCTLIX M CIOXHBIX 3()MPOB, KapOOHOBBIX



KMCIIOT, aMUIOB KHUCIOT. MHorue u3 stux coenmHeHui (HCN,
CH,NH, CH;NH, u ap.) sBAsI0TCS TEM MCXOIHBIM MaTePHAJIOM,
M3 KOTOPOro o0pasyloTcst BaXHeiue npeaduosornyeckue Mose-
KYJIbl — AMUHOKHUCJIOTHI M a30THCTbIE OCHOBaHUSA. AMUHOKHUCJIOTHI
ObLTM OOHAPYXKEHBI TAKXKE B HEKOTOPBIX METEOPHUTAX.

OOGHapyXeHHe OpraHM4YeCKMX COEIMHEHWd CBUIAETE/IbCTBYET
0 TOM, yTO BO BeeneHHoit npu ornpeaeiéHHbLIX YCIOBUAX MPOUCXO-
JUT CUHTE3 BAXHBIX COCTABHBIX YacTeil XUBOTHBIX W PACTUTE/b-
Hbix OesikoB, monekyn JIHK u PHK. [Mono6HbIi cuHTE3 yaanock
OCYILECTBUTh TaKXe B JabopaTopHbIX yciaoBusx Ha 3emue. [a3o-
Basi CMECb UMMTHUPOBAJIa COCTAaB NMEPBUYHON aTMocdepbl Halllei
rlaHeTsl (BOIOpOJA, METaH, aMMHMakK, CEpOBOIOpOa, Boaa). Bos-
JNEHCTBYSI HA 3TY CMEChH YIBTPa(hMOIETOBBIM H3TYYEHHUEM U 3JIEK-
TPUUYECKMMHM pa3psilaMU, YYEHBIM YIAJIOCh MOJIYYUTh PA3JIMYHbIE
COEIUHEHUs, B TOM yucie 12 amuHokuciaor u3 20, obpasyioumx
BCE OEJIKU 3EMHBIX OPTaHU3MOB, a TAKXKe YeThIpe U3 MATH OCHOBA-
HUit, obpasyrommx mMonekynsl JJHK u PHK. IMonoGHbIi cruHTE3
MOXHO CYUMTATh JHIIb MEPBLIM LIATOM Ha MYTH pelieHus npooblie-
MBI 3aPOXIEHHUS M pa3BUTHsI XKU3HU. B nocnenHue rons cpasy He-
CKOJIBKO YYEHBIX-XUMHUKOB pa3paboTalu rHnoTe3bl BOSHUKHOBE-
HMS KU3HM Ha 3emie, B KOTOPbIX PaCCMaTPUBAIOTCSI BO3MOXHBbIE
LEMOYKHU peakiiyii (B TOM YHCe aBTOKATATMTHYECKUX) TMoJiyye-
HMUSI AaMUHOKMCJIOT M IPYTUX OPraHUYEeCKHUX COeIMHEHHI, BXOIsI-
LIMX B COCTaB JTI000r0 XXKUBOIO OpraHu3ma.

Hrak, cyuiecTBOBaHHE BbICOKOPA3BUTBIX (DOPM XKH3HU, B TOM
YMCIIE pa3yMHOM, Ha HalleW niaHeTe ¥ Hanuuue Bo BceeneHHOM
OpPraHUYECKHMX COCAMHEHHUA TOBOPUT O TOM, YTO B XOJI€ BOJIOLIMH
NpU ONpeaesEHHBIX YCIOBUAX MOTYT BO3HHMKATH XHMBbIE OpraHu3-
Mbl. BbIBO/ 00 3THUX YCJIOBUSX YUEHBIE, K COXATIEHUIO, BBIHYXJIEHbI
Je/1aTh HAa OCHOBE JIUILb AWHCTBEHHOTO ClIy4asi — 3eMHOM XKH3HH.
CyliecTBOBaHME OPraHMYeCKMX COEAMHEHMI, MPOLIECCHI, TTPOMC-
XOISAIIHWE C HUMM B XXKMBBIX OPraHM3Max W COCTaBISIIOLIME OCHOBY
JKU3HEAESTEIbHOCTH, MOTYT MPOMCXOAUTH JIMIIIb NMPH ONpeIeiéH-
HbIX TeMniepatypHbix yeaoBuax (0—100 °C). bonee Toro, mwig Bo3-
HUKHOBEHHSI M Pa3BUTHSA XKHUBbIX OPraHM3MOB HEODOXOAUMO, YTOObI
9TH YCJIOBHS MOMAECPKHUBATNUCH B TEUEHHUE JOCTATOYHO JUTHTEIBHO-
ro BpeMeHM. COr1acHO COBPEMEHHBIM MPEACTABICHUSAM, B 36MHOM
ouocdepe o MOMEHTa 3apOXKAEHUs MPOCTeHIINX (hOPM XKU3HH 10
NOSIBJIEHMS] YEJIOBEKA MPOLLLIO MPUMEPHO 3 MJIPI JIET.

Takum o6pa3zom, cyliecTBOBaHME XM3HM BO3MOXHO HE Ha
BCEX TUIAHETax, a JMIIb Ha TeX, e U3MECHEHHUsS TeMIIepaTypbl He



BLIXOISIT 3a YKa3aHHbIE npeesbl. TakuM TpeOboBaHUAM YIOBJICT-
BOPSIIOT TUTAHETHI, KOTOPbBIE ABMXKYTCS 11O OpbuTam, Majio oTauya-
IOLIUMCS OT OKPYXKHOCTH, BOKPYT 3BE3/1, U3JIyY€HHE KOTOPbIX HE
MOABEPXKEHO CYLIECTBEHHbIM M3MEHEHUAM Ha TMPOTSIKECHUNA MU~
Auapaos jer. TakuMH sBASIIOTCS 3BE3/1bI [JIABHOM MOCIIe10BATE/Ib-
HOCTH CO CBETMMOCTBIO, OJIM3KOM K COJIHEUHOM (CHEKTPalbHbIX
knaccos ot F no K).

DTH ycaoBMsi coOII0IalOTCs Ha 3eMJie MOTOMY, YTO B LIEHTPE
HalleH MJIAHEeTHO# CUCTEMbI HAXOMUTCS TakKast 3Be3/1a, Kak CosHue.
I'paHMLbI 30HbI, BHYTPU KOTOPOIA TeMMepaTypHble yCI0BUs Oaro-
MPUATHBI JUISI CYLLIECTBOBAHUSA XW3HW Ha IUIAHETE, TAKOBBI, YTO
B Heé nonanaioT 3eMias 1 BeHepa (npy OTCYTCTBHMM MTAPHUKOBOTO
sbdekra B e€é armocdepe cpeaHsisi Temneparypa Obula Obl He-
muorum seie 0 °C). Mepkypmii pacnonaraercsi CIMIIKOM OJIM3KO
Kk CoJtHILy, IO3TOMY TEMTIepaTrypa Ha €ro MoBepXHOCTH 3HAYUTENIb-
HO TIPEBBIIIAET JAOMYCTUMBIC sl XKWBBIX OPraHM3MOB TPEACIIbI.
A Mapc HaxoauTCsl y caMOW BHELLIHEH rpaHullbl TOH 30HbI — TaM
TeMIeparypa CIMILIKOM HU3Kas.

Ecau 6b1 Ha mecte ConHua Obuta apyrasi 3Besna, To 3emiis
morna 6bl 0Ka3aTbCs BHE TOM 01aronpusTHOi 30Hb1. Tak, y 38e3-
IbI, KOTOpas u3nyuaer B 16 pa3 MeHbLue Teruia u ceeta, yem CosH-
e, 3Ta 30Ha OKa3ajach Obl LEJIMKOM BHYTPU opOUTH MepKypus,
a y 3Be3abl, usayuaioueil B 17 Teic. pas cuabHee CosHua, 3Ta 30Ha
nepeMecTHIach Obl 3a Mpesesibl OpOUTbI CaMOM JANEKOM TUIAHETHI,
M B Heé ToXe He rnonasa 6sl HU oaHa K3 raHer CoaHeYHOM cuc-
TE€MBbl.

Jlns Toro yToObl HA TAKOM TUIAHETE MOIJIa BOSHUKHYTh U pa3-
BUBATbCS KW3Hb, HEOOXOMMMBI M aApyrue ycaosusa. Hanuuue ar-
Mocdepbl — OIHO U3 HUX. Bbl yXKe Mo3HAaKOMHIIMCD C TeM, KaKylo
BAXHYIO poib urpaet atmocgepa 3eMid B 3alIUTE CYLIECTBYIO-
[IUX HA Hallel ruiaHeTe popM XKM3HMU, B YACTHOCTH PEryimpoBa-
HUEM TEMIIEPaTypbl.

CornacHO COBPEMEHHBIM HAayYHbIM TPEACTaBIEHUAM, XKH3Hb
MOIJ1a BOBHMKHYTB TOJILKO B BOJHO# cpene. Bona kak xumuueckoe
COeAMHEHUE UMEET JIOBOJILHO IIMPOKoe pacnpocTpaHeHue B Con-
He4YHOl cucteMe ¥ BO BeenenHoi. Kak U3BecTHO, fiipa KOMET CO-
CTOSIT B OCHOBHOM M30 Jibla — 3aMEp3liieid BOAbl. YUEHbIE rnoiara-
IOT, YTO Ha Mapce CyLIeCTBYeT BeCbMa 3HAUMTEJIbHbII C/ION 3a-
MEp3ileil BOMbI, CKPbIThbI OT Habnonaresss Mmoa NMOBEPXHOCTHIO
3TOM MJIAHETHI.

Bona o6HapyxeHa B MEX3BE3/1HOM BELLECTBE HallleH U APYrux
ranakTUK. OQHAKO JUIIb Ha 3eMie Mbl BCTpeYaeMcsl ¢ TAKUM KO-



JINYECTBOM BOIBI B KUJIKOM Buae. Hanuuue Mopeit u okeaHOB, KO-
TOPbIC HA HAllleH MUIAHETE 3aHUMAIOT OOJIBIIYIO YACTh €€ NoBepX-
HOCTH, CJICACTBUE TOro, 4To 3emuisi HaxonuTest ot ConHua Ha Ta-
KOM pacCTOSIHMM, YTO HU B OJHOW TOYKE 3EMHOrO Ilapa €ero
NMOBEPXHOCTb HE HArpeBaeTCsA COJIHEYHBIMHU JIy4aMH JI0 TeMIiepa-
TYPBI BbILLIEC TOYKH KUMEHUS Boabl. I XOTs TeMniepatypa B 3uMHee
BPEMsI HEPEIKO OIYCKAeTCsl 3HAYMTEbHO HHMXE TOYKH €€ 3amep-
3aHusl, ONHAKO BOIbI B MOPSIX U OKeaHaX TaK MHOTO, YTO BCSI OHa
OCTBITb M 3aMEP3HYTb HE YCTIEBAET, U 3HAYMTENbHAS €€ YacTh OCTa-
€TCs Ha IUIaHeTe B XuAKoM Buze. COmIacHO COBPEMEHHBIM AaH-
HBIM, yXe 3,8 MJIpI JIeT TOMY Ha3aa Ha 3emJle CYIeCTBOBAIN OKe-
aHbI M 3€MHasi MOBEPXHOCTh HUKOTI/IA MOJHOCTBIO HE 3amep3ala.

BecbMa yMepeHHbIM, MPUIOAHBIM /LISl XKU3HM KJIMMATOM Hallia
rjiaHeTra ob6s13aHa, BEPOSITHO, OCOOEHHOCTAM ra3o00MeHa MeXIy
armMocepoii u ruapocdepoit: Korna NOBEpPXHOCTh IJIAHETHI OCThI-
BAeT, KOJIMYECTBO YIJIEKMCIIOrO ra3a B atMocthepe yBeanumBaeTcs,
a Korja temrieparypa MOBEPXHOCTH BO3PACTAET, TO KOJWYECTBO
3TOro ras3a B arMocgepe yMeHbinaercs. MOXHO noJsiaraTh, 4To TH-
apocdepa v XKn3Hb Ha 3emie — Te 0COGEHHOCTH, KOTOpPBIE OTIHYA-
10T Hallly TUTaHeTy OT APYTUX, BO MHOTOM CXOIHBIX C HEM IUIAHET-
HBIX T€J1, — TECHBIM 00pa30M CBsI3aHbl MEXIY CODOIA.

K coxanenuio, neraibHoe UCCIIEI0BAHUE YCIOBMIA, CYILIECTBY-
IOLIMX Ha IJIaHEeTax, MoKa BO3MOXHO TolbKo B COJHEYHO cucrte-
me. Jlnb B nocneanme 10 net 6bUIH MOMYYEHbI JOCTOBEPHBIE CBE-
JACHHUS O HAWYMH TUTAHET M JlaXe TUIAHETHBIX CHCTEM Y JAPYIMX
3B€31. Uccnenosath hu3MyecKre XapakKTepUCTUKM 3TUX MIaHET W
BBISICHUTD YCJIOBUSI HA MX ITOBEPXHOCTH €LIE NMPEACTOUT B OYIAYILIEM.
VyéHble 0XUAAIOT NEPBbie BaXHbIE PE3yIbTaThl B 3TOM 06/1aCTH 13
JAHHBIX CIMIEKTPOCKOMUM 3BE3]1, Mepea IMCKaMU KOTOPBIX MPOXO-
aat ux muaneTel. Ceifyac HabmoneHue Takux 3hdeKToB sSBAsIeTCS
OCHOBO# OOHapyXeHHsl TUIaHEeT, a B JaJbHEIIeM, MPOBOIsA TOY-
HYIO CMEKTPOCKOIMHIO 3BE31 BO BpPeMs MPOXOXIEHMIl TUIaHer,
yAACTCsl MOJYYUTh JaHHbIe 00 atMocdepax MiaHeT U X XMMHUYe-
CKOM cocTtase. Hanuuue B atmocdepe 601b1110ro KOIMYECTBa KUC-
Jlopozia 00s13aTeIbHO AOJIKHO NMPUBECTH K MOSIBJIEHUIO C/I0s1 030HA
(O;), aHaJIOTMYHOrO TOMY, YTO ecThb Ha 3emie. MMEHHO 030H
MOXHO OyJIeT 3aperucTpupoBath B arMocdepe riaHeTbl Ha OCHO-
B€ aHaJIM3a CIIEKTpa 3BE€3/bl.

[Toka mouckM Xu3HHM 3a npeaenaMu 3emMian ocrarores Gesyc-
newHsIMU. Ha OCHOBE MMEIOLIMXCS K HACTOSIIEMY BPEMEHH aH-



HBIX MOXHO [axe Mpearnosjararh, YTo XWU3Hb SIBJISIETCS YHUKAIb-
HbIM siBjieHMeM B CollHEeUHOM cucTeme, a pasymMHasl XHU3Hb, BEPO-
ATHO, JOCTAaTOYHO PeaKuM siBneHueM Bo BeenenHoil. Hayka noka
He UMeeT (haKTOB, KOTOPbIE MOXHO ObLIO Obl CUMTATH JOKA3ATEb-
CTBAMM CYLUECTBOBAHMS XH3HM Ha JPYIrUX KOCMMUYECKHX Telaax
B HACTOsILLIEe BpeMs WJIM B npouuioM. B yacTHOCTH, BCe HaykM
0 3emJe He pacnojiaraloT J0CTOBEPHBIMH CBEACHUSIMHM O TOCEILIe-
HHUSIX HAWEH IJIaHEeThl NMPEeACTAaBUTENSAMU KakKuX Obl TO HU ObLIO
BHE3€MHBIX LIMBUJIH3ALIMI B MTPOLLIOM.

3a nocneaHue aecsiTuaeTusi XX B. YETOBEYECTBO HECKOJIBKO
pa3 3asBJISANIO APYTMM LIMBMJIM3ALMUsIM O CBOEM CYLIECTBOBAHMH.
Tak, B 1974 r. B HanpaBJeHUH 1LIAPOBOTO CKOTUIEHUSI B CO3BE3AUHU
['epkyneca 6bU10 nociaHo paauocoobllieHHue, B KOTOPOM Coaep-
Xarcsi cBeieHUs 0 3emne M e€ oburarensix. Ha kocMudeckux an-
napartax «[1noHep», 3anymeHHbIX B 1972—1974 rr. ¥ K HacTOsAlIE-
MY BPEMEHHM yxe MOKMHYBIUMX COMHEYHYIO CUCTEMY, HAXOISITCS
HeOOoNbIIME META/UTHYECKHME TUIaCTUHbI, Ha KOTOPBIX BbIrpaBH-
poBaHbl (UTYPHI JIIOAEH, CXeMa IJIAHETHOM CUCTEMBI, a TAKXKE He-
KOTOpble Apyrue aaHHbie (puc. 6.29). KocMmuueckue anmnaparsbl
«Bosimkep», 3amyck KoTOpbiX ocyuiecTsiédH B 1977 r., yHocar
B MEX3BE3/1HOE MPOCTPAHCTBO BUACOAMCKH cO 115 u3obpaxeHusi-
MU 3eMJIH, XKUBBIX CYLIECTB, OOMTAIOLIMX HA HEM, a TAKXKE BaX-
HEMIUMX pe3yJbTaTOB Hay4dyHbBIX HMcciaenoBaHuit. Kpome Toro, Ha
OOpTY 3THX annapaToB HaXOOATCS 3alMCH KJIACCMYECKHUX M CO-
BPEMEHHBIX MY3bIKAJbHBIX MPOMW3BEACHUI, YEJOBEYECKON peyuu

Puc. 6.29. e R
MnacruHa,
nomMeLLéH-
Has Ha KA ® 3
«MnoHep»
] )
L S




Ha 58 si3bIKax HApOJ0B, HACENSAIOLIMX 3eMJTI0, 3BYKH M LIYMbI, OT-
paxaloume XHUBYIO M HEXHUBYIO Npupoay Hauei ruiadersl. Ocra-
€TCsl HANEATHCSA M XKIATh OTBETHBIX MMOCIAHMIA.

Pasymeercsi, oGHapyxeHue 3a npeaenamMu 3eMiIu XKHU3HU Jaxe
B €€ npocreimmx opmax, a rem Gonee BCTpeya ¢ pasyMHBIMU Cy-
LiecTBaMM OyaeT HE TOJNLKO 3aMevaTe/IbHbIM HayuYHBIM JOCTHXKE-
HHEM YEJOBEYECKOW LUMBHIM3AaUMU. DTO OTKPOET HOBBIE TOPH-
30HTBl B PEILIEHUM MPOOAEMbI NMPOUCXOXKICHHUs XKHU3HHU, a TaKXKe
CMOXET OKa3aTh OrPOMHOE BJIMSIHME Ha JajibHEHIllee pa3BUTHUE
Bcex Hayk. CyluecTBoBaHME XXKM3HH U pasyma Bo BeceneHHoi Gbu10
M OCTaETCs OIHOM U3 NpobieM, KOTOPbIE YeJI0OBEYeCTBY NPEACTOUT
pelaTh B TPEThEM THICSYETIETUUN Hallei 3pbi!



[TPUNTOXXEHUSA

I. HauGonee BaxKHbie BEJIHYHHDI,

BCTPEYAIOIIHECH B ACTPOHOMHH

Bunumbsliii yrnosoii nuamerp Convua u JlyHe
HakJioH 3k1MNTHKH K HeOeCHOMY 3KBaTOpY
BeceHHee paBHOIEHCTBHE

JleTHee cosiHLIECTOSIHUE

OceHHee paBHOAEHCTBHE

3uMHee COTHLECTOsIHUE

[MpononXuTeabHOCTh 3BE3HOTO roia
(nepuon obpaienus 3emun Bokpyr CosHua)

HDOJIOJI)KH'IEJI];HOCTb CHHOIHYECKOIo MeECslla
(nepuon uameHeHus das JlyHbi)

IMponomxuTenbHOCTb 3BE3IHOTO MecA 1A
(nepuon obpauternus JIyHbl Bokpyr 3eMiin)

CpenHuii panuyc 3eMiu

Pa3HocTb 3KBATOPHATIBHOTO U MOJASPHOTO
paauycoB 3emMau

Juametp JIyHBI 1O CpaBHEHMIO C IMAMETPOM
3eMH

Juamerp ConHuUAa 110 CpaBHEHMIO C IMAMETPOM
3emau

Juamertp KOnurtepa rno cpaBHEHHIO C IMAMETPOM
3emamn

Macca CosnHila o cpaBHEHHIO C Maccoit 3emin
Temneparypa dorochepnl CosnHila

Camblil KOPOTKMH nepHoa obpallleH sl TIaHeTh
(Mepkypwit)

0.5°

23,5°

Oxkono 21 mapra
—»— 22 HIOHSA
—»— 23 ceHTsibps
—»— 22 nekabps

365cyrSu
49 MuH

29.5 cyr
27,3 cyT

6370 km

21 kM
/3.7
109
11

330 ThiC.
6000 K

3 mecsilia
(88 cyT)




Oxonuanue maba.

Camplii 60nb10# Nepron obpaieHHs IaHEeThbI 164 rona

(HentyH)

CpenHuit nepuon u3mMeHeHUs YUCIa COTHEUHBIX 11 ner

IMATEH

Cpennee paccrosinue ot 3emiu a0 JIyHbl 384 thiC. KM

Cpennee paccrosinue ot 3eman 1o ConHia 150 Mu1H KM

(1 actpoHOMMYECKas eIMHMLA — a. €.)

Cpennee paccrosiiue ot Contua 1o 6amkaiimeit | 0,4 a. e.

miaHetsl (Mepkyphii)

Cpentee paccrosiime ot CosHia 10 camoii 30a.e.

nanékoi naaxers (HentyH)

1 mapcek (k) 206265a.e.,
3,26 cB. rona,
3:108km

Paccrosinue 1o Gimxaiiineii 3se3apl 4 cB. roja,

(IMpokcuma Kenraspa) 1/, nk,

270 ThIC. a. €.

Yucno 3B€311, BUANMBIX HEBOOPYKEHHBIM [71a30M Oxkouno 6000

Temneparypa dotocdepsi 38é3n Ot 3000
10 30 Teic. K

BospacTt 3emian Oxkono 4,5 mapn
JNeT

Bospact ConHua

Oxkouno 5 mipn
JIET

Junamerp Haureit Fanaktuku

Okono
100 TBIC. CB. N€eT

Paccrosinue 1o Gauxaiiiueit cniupanbHoii
raJIaKTUKH (TYMaHHOCTb AHIPOME/IHI)

2 MJTH CB. JIeT

Paccrosiimne 1o Haubosnee nanéknx ralakTuK

Okono
13 mapn cB. net

Bospact Beenennoii

Oxkono 13,5 mupn
ner




o — anbha

} — 6era

Y — ramma

& — nenwra

€ — BIMCUJIOH
C — n3era

Anrone — 3 INepces

Anbnebapan — a Tenbua
Anvraup — a Opna
Antapec — o CKoprnioHa

ApkTyp — o Bononaca

bennsitpuke — y Opuona
betenbreiize — o Opuona

Bera — o JIupsi

Jlened — a Jlebens
Kanemna — o Bosuuuero

n — ara
L — T3TA

L — #HoTa

K — Karnna
A — nambaa

1 — MH (MI0)

I1. I'peveckmii andasur

V — HIO (HHW) T — Tay

& — kcu @ — WUIICHIIOH
0 — OMHKPOH @ — hu

T — U % — XH

p — po W — MncH

G — CUrMa ® — oMera

II1. Ha3BaHusi HEKOTOPBIX 3BE31

Kacrop — a bamsHenos
Muuap — £ b. Menseauiib
[Tonnyke — B bausuenos
[MonspHas — o M. Menseauis
[Mpounon — a M. Ica

Peryn — a JlbBa

Purens —  Opuona

Cupuyc — a b. INca

Cnuka — o leBbl
®omanbrayt — o FOxxHoi PoiOb

IV. XapakrepucTuku armocdep mianer
3€MHOM rpynnbi

[Mnauera 3emns Mapc Benepa
N, 78 2,5 ~3,5
Co, 0,003 95 96,6
OcHOBHBIE
cocrapnsomme | O, 21 <0,4
armoccepsl, % B cymme Bece
H,0 0,1—1 0,001—0,1 COCTaBJSIOLIHE
menee 0,1
Ar 0,93 1,6
Harnenue
Y MOBEPXHOCTH 1 0,006 90
(110 cpaBHEHHIO
C 3€MHBIM)
Temneparypa na
MOBEPXHOCTH, °C:
— B CPEIHMUX LIIHPOTAX Or+40 | Or0m0-70 470
no —30
— cpenHsis rogosas 14 —60 470
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3000
JI0 H. 3.

1100
Z10 H. 3.

360
210 H. 3.

280
10 H. 3.

265
710 H. 3.

240
710 H. 3.

140—
120 no
H. 3.

46 no
i 9.

150 n. 3.

1031
1425

1543

1583

VII. /laTel BaxKHe HIIMX
ACTPOHOMHYECKHX HAOIIONeHHH ¥ OTKPBITHH

[NepBbie aCTPOHOMMYECKHE 3AMNCH, cenaHHble B Erunre,
Basunone u Kutae

OnpeneneHne HakIoHa skBaropa K akaunTuke (y Konr,
Kwurait)

OGocHOBaHME MPEACTABIEHHI O 11apooGpPa3sHOCTH 3eMIIH,
Jlynbl u 1pyrux HebecHbix Ten (ApuctoTtens, Ipewmsi)

Hauasio cucteMaTHIecKUX HabioneHui 3BE€3HOTO Heba
aeKcaHApUICKMMM actpoHoMaMu (Apuctui, Tumoxapuc)

BbickasbiBaHME MIeH 0 ABvxkeHnu 3emuin Bokpyr ConHua
M BpallleHHH € BOKPYT OCH, MepBbie OLIEHKH PaCCTOSIHHH
1o Connua u Jlyust (Apucrapx Camocckuit, I'peums)

OnpenenexHne pa3MepoB 3eMHOTO 1apa (3parocdeH,
AnekcaHapus)

Cocrapnenue nepsbix Tabnuu asmxenust Connua n JIyHsi,
a TaKKe Kartasiora, conepxauiero 1022 3se3zibl ¢ yKazaHHEM
MX 3BE31HBIX BeanuuH (Munnapx, AjlekcaHapus)

BeeneHue B PUMCKOI MMIIEpUH I0JIMAHCKOTO KaleHnaps
(Co3ureH, AnekcaHapmsi)

Co3naHue «AJibMarecta» — U3BeCTHOIO TPYy/a,
COJIEPXALLETO reOLIeHTPUYECKYIO CHCTEMY MUpa
(K. INTonemeii, AnekcaHapus)

Onpenenexnue okpyxHoctu 3emnu (bupynu, Xopesm)

OKOHYaHUE CTPOUTEILCTBA KPYITHEHIeH B MUpe
obcepsatopuu (Yayroek, Camapkani)

Boixox B cBeT KHUTH «O6 obpalieHusax HebecHBIX chepr,
B KOTOpO# Obl1a 000CHOBaHA reJIMOLIEHTPHYECKas cUcTeMa
mupa (H. Konepnuk, [lonsiua)

BBeneHHe rpUropMaHCcKoro KajieHaaps B psjie CTpaH
Espornbl

Beixon B cBeT KHUTH «O GeckoHeyHOCTH, BeeneHHoM
u mupax» ([Ix. bpyno, Utanus)

YeTaHOBAEHME 3aKOHOB ABWXKeHMs ruiaHeT Bokpyr ConHua
(U. Kenep, lepmanus)



1610

1632

1671—
1673

1687
1705

1719

1755

1761

1781
1783

1794

1796

1801

1814

1837 —
1839

1843

Hauano acrpoHomuueckux Habmonenuii ¢ Teeckonom
(I. Tamuneit, Uranus; T. Xappuor, Anrnus; C. Mapuyc,
I'epmanus)

Boixon B cBeT KHUIM «/IManor o ABYX aBHEHIIMX CHCTeMAX
MHpPa — NTOJNEMECBOH M KONMEPHUKOBO», 3alllMIIABIIEH
reJiHoLeHTpHYecKyio cucremy mupa (I'. Tanuneit, Utanus)

[lepBoe onpenenenne napannakca Connua
1o Habmonenusm Mapca B nporusocrosnun (J1. Kaccunu,
XK. Pue, @pannus)

Cosnanue reopuu tarorerus (M. HbioToH, AHrusg)

YcraHoBsieH#e NepMOAMYHOCTH BO3BpaLLIEHUS HEKOTOPBIX
KoMeT (3. Maeit, Aurnus)

OTKpBITHE COBCTBEHHBIX ABUXKEHMIT 3BE3 (2. lanneii,
AHrINA)

[My6aukaums kuurn «O6uas ecrecTBeHHas UCTOPUSA
1 Teopus Heba» C U3JI0KEHUEM KOCMOTOHWYECKON FMITOTe3bI
(M. Kanr, l'epmanus)

Orkpeitre armocdepst Benepst (M. B. Jlomonocos, Poccust)
OrkpeiTue nuianetst Ypan (B. Tepiuens, AHIINA)

OtkpeiTue aBuxenns CoHLa cpeam 38631 (B. I'epruens,
AHIIIHs)

YcTaHOB/IEHHE KOCMUYECKOTO MPOUCXOXIEHUSI METEOPUTOB
(D. Xnaauu, lepmanus)

Bbixon B cBeT KHUTH «U310KeHUE CUCTEMBI MHpa»,
coaepxailieit KocMoronunyeckyio runoresy (I1. Jlannac,
Dpanuusn)

OTKpbITHE NEPBOI MaOW MIAHETHI — acrepouna Llepepa
(. Muauum, Utanus)

Onucanne nunmii nornomenus B cniektpe ConHia
(A. ®paynrodep, Fepmanus)

[lepsbie onpenenenus napauiakcos 3BE31 (B. A1. Crpyse,
Poccus, 1837 r.; ®. Beccens, lMepmanusi, 1838 r.;
T. l'ennepcon, Anrnus, 1839 r.)

OTKpBITHE B COJTHEYHOM CMEKTPE CMELIeHHs JIMHUH,
NPOUCXOAsLIero BeaeacTeue Bpatuerus ConHua, —
apdexra dornepa (ABcTpus)



1846

1859—
1862

1860
1862—

1904
1863

1868
1894

1900—
1910
1905—
1913
1908
1916
1922—
1924

1924
1924

1929

1930
1931

1937

Orkpoitie riadersl Henryn (M. Taue, lepmanus)

OtkpsiTie cnekTpanstoro aHanusa (P. bynsen, I Kupxrod,
lepmanus)

Hauasio cniekrpockonuy 38é3x (B. Xarruuc, AHIHs)

Uccnenosanue Gusnyeckoi Mpupoiabl KOMET]
knaccuduKaims KoMeTHbix xBoctos (P. A. bpeauxwH,
Poccust)

IMepsas knaccudukaumst cnekTpos 38€31 (A. Cekku,
WUranus)

Otkpuitie renus Ha Connue (H. Jlokbep, AHrins)

JloKa3aTelbCTBO METCOPUTHOTO cTpoetus Konel CatypHa
(A. A. Berononsekuii, Poceust)

DKCMEePUMEHTATBHOE 10KAa3aTeIbCTBO JIaBJICHUs CBETa
Ha nsuteBble yacTuiibl ¥ rasel (1. H. Jlebenes, Poccus)

OGHapyXeHHe 3BE31-KapJIMKOB 1 3BE3/1-THIAHTOB,
MOCTPOEHMUE AUATPAMMBI «CIEKTP — CBETUMOCTb»
(3. Tepumnpysr, danus; . Paccenn, CLLIA)

OTKpBITHE 3aBUCHMOCTH «IIEPHOL — CBETUMOCTD»
y uedenn (I. Jlusurt, CLLA)

Hauasio TeopeTHUeCKUX HCCIIEI0BAHUI BHYTPEHHETO
cTpoeHus 38€31 (A. DIIMHITOH, AHIINA)

Teopernueckoe 060CHOBAHHE HECTALIMOHAPHOCTH
Bceenennoii (A. A. ®puaman, Poccus)

OrkpbiTie BpaieHus Fanaktnkm (8. Oopr, Hunepnanibi)

Paspeuienue (pasneneHue) Ha 3&3abl ranaktuk M3l u M33;
Haualo BHeranakTuueckoit acrponoMun (3. Xab6u, CLIA)

OTKpbITHE «KPACHOTO CMEILIEHUs» B CMIEKTPAX ralakThK
(9. Xab6n, CLLA)

Orkpwoitve Iayrona (K. Tom6o, CLLIA)

O6Hapy)XeHHe KOCMUYECKOro paiMon3IyyeHHs Ha JUIMHE
ponubl 15 M (K. SAuckuii, CLLA)

Co3iaHne TeOpHH SIEPHBIX peakiinii B Heapax 3BE3/1 Kak
uctounmkos ux s31eprum (I'. bere, CILLIA)

Paguonokaums JIyHbl



1948

1948

1951

1957

1963
1965

1967
1976
1979

1992
1992

1992

1994

1995

1995

1996

1996

Paspa6Gotka teopun «ropsiueit Becenennoii», npenckaszanme
CYLIECTBOBAHUSA pelIMKTOBOTO ManydeHus (I. Famos, CLLIA)

Habmonenus sinpa Fanakruku B HHGPaKpacHbIX JTyyax
(A. A. Kanunsik, B. U. Kpacosckuii, B. b. HukoHos,
Poccus)

OOGHapyXeHHe paTHOM3IYYeHUS MEX3BEIIHOTO BOIOpoOa
Ha [UTMHE BOJIHBI 21 cM

OTKpBITHE B3aMMOIEHCTBYIOLIMX TATAKTHK
(b. A. BopoHuos-Benssamunos, Poccus)

OtkpeiTie kBazapos (M. Imuar, CLLIA)

OGHapyxkeHHe peTMKTOBOro pannousnyyeHus (A. INensuac,
P. Busicon, CIIIA)

OTKpBITHE TYTBCAPOB (HEHTPOHHBIX 3B€311)
OtkpsiTHe Kosiel YpaHa

OTKpbITHE KONEL KOnurepa u geiicteyionmx BYJIKAHOB
Ha cniytHuke KOnurepa — Uo

OTKpbITHE aHU3OTPOMUM PETUKTOBOTO M3TYYEHUSI

OTKpbITHE NEPBOTO 0GBEKTA BTOPOTO Mosica aCTEpPOMIOB
(nosica Koiinepa), pacnosioxeHHoro 3a op6uToii Henryna

OTKpBITBI IPOCTPaHCTBEHHBIE (hIIYKTYaLIHM PETUKTOBOTO
M3JTYYCHUsA, YEM OKOHYATE/IbHO JI0KAa3aHa TEOPUsI «ropsideii
Bcenennoii» (Bonbiuoro B3peisa)

HaGnionenue cronkHoBenust hparMeHTOB KOMEThI
ymeiikepos—Jlesu 9 ¢ mnaneroit KOnurep

OTKpbITHE NEePBOIl BHECOIHEYHOM TIAHETDI Dnukyp
(tuna KOnurepa) y 3se3nnl 51 INeraca

Meronamu ontdeckoii cnekTpockonum obHapyxeHO
HAJIHYHE MUTAHET-THTAHTOB PSIIIOM C HOPMAJTbHBIMM
3BE3/1aMH

BriepBbie ¢ MOMOILIBIO KOCMMYECKOTO TelecKomna
«Xab6s1» nonyueHo npsiMoe nzobpakeHue nMcka
3Be3nsbl berenwreiize

OTKpBIT HOBBIH KJIACC KOCMUYECKUX OGBEKTOB —
KOPHYHEBbIE Kap/IMKH, 3aHUMAIOLLHE POMEXYTOUHOE
TOJIOKEHHE MEX/LY 3BE31aMH U MNJIaHeTaMH



1998

2002

2003

2004

2009

2011

2014

2016

1957 r.
4 okTabps

1959 r.
7 okTsabpsi

1961 r.
12 anpens

1963 r.

OGHapyXeHo, 4To pacuupeHue BeeneHHoi B nocnenHue
HECKOJIBKO MHJJIMAPIOB JIET IPOUCXOINUT C YCKOPEHHEM,
YTO CBUETEILCTBYET O CYILIECTBOBAHUM TEMHOMN 3HEPTHH,
obnanaroiiei CBOHCTBOM aHTUTPABUTALIUM

OTKPBITHI OCUMJUISILIMK COTHEYHBIX HEHTPHHO,

4TO JIOKA3bIBAET HAJIMUNE Y HEHTPUHO MACCHI MOKOsA

¥ CTIpaBeUTHBOCTh TeOpUM BHYTpeHHero crpoernst Connua
¥ 3BE3N

KonmuecTBo TEMHOM MaTepum M TEMHOI aHepruu Bo Bee-
JIEHHO# U3MEPEHO C BLICOKON TOYHOCTBIO 110 pe3y/ibTaTaM
HAG/TIOIEHUS AaHU30TPONNN PEIIUKTOBOTO U3JTy4eHUSs
criyrHukom WMAP

C NOMOILIBIO KOCMUYECKOTO Tesieckorna «Xa60:1»
nonydena pororpadusi Hanbosee 1aNEKNX rAAKTHK,
obpasosasiumxcs B nepuon 400—800 muH neT nocie
Hauasia paciupeHust BeenenHoi

Hauasio paGoThl KOcMuuecKoro Teeckona «Keriep»,
K 2016 r. otkpsiBiero 1000 sk3oruiaHer

OTKpbITa ¢ TOMOLIBIO TesecKomna «Xab6ui» nepsast 3K3011a-~
HETa pa3MepoM MeHblle 3eMIH (Kepler20e), nepsas 3K30-
riaHera B obutaemoii 3oHe (Kepler22b)

HauaTo CTPOMTENBCTBO IKCTPEMAIBHO GOJIBLIOTO TEJIECKO-
na — ONTHYECKOTO TeJlecKomna AuaMeTpom 39 M, KOTOpbIi
Gyaer crnocobeH n3yyath arMoc(epbl ¥ MOBEPXHOCTH K30~
MJaHeT

IMepsoe coobuieHne 06 0OHAPYKEHHH rPaBUTALIMOHHBIX
BOJTH, M3TYYEHHBIX MTPHU CITUSHUM YEPHBIX JBIP

VI1I11. Baxueiimue coObITHA B KOCMOHABTHKE

BuiBOA Ha OpOUTY MEPBOTO MCKYCCTBEHHOIO CITyTHUKA
3emiu (CCCP). Hauaio KOCMHYECKO#M 3pbl

Tepsoe otorpaduposarie OOPaTHOH CTOPOHDI JlyHnl
(«Jlyna-3», CCCP)

[NepBbiii MONET YETOBEKA B KOCMOC (KK «BocTtok»,
10. A. l'arapun, CCCP). BcemupHbIit 1eHb aBUALIUN
M KOCMOHABTHKH

MepBbiit noaéT keHwmHbl B Kocmoce (KK «BocTok-6»,

16—19 mionss  B. B. Tepewxosa, CCCP)



1964 r.
12 okTabpsi

1965 r.
18 mapta

15 uionsa

1966 r.
1 mapTa

3 anpens

1967 r.
27 auBapsi

18 okTs10ps

30 okTsiGpsi

1968 r.
21 ceHTsIOps

1969 r.
21 vionsa

1970 r.
24 ceHTH0Ops

17 nosbpsi
15 nexabps
1971 r.

19 anpens
2 nekabps

12 nekabps

1972 r.
aBrycr

BbiBOI Ha OPOMTY NEPBOrO KOCMUYECKOTO KopaoJisi
¢ akunaxem u3 Heckonbkux yenosek (KK «Bocxon»,
B. M. Komapos, K. I1. ®eoktucros, b. b. Eropos,
CceceP)

[TepBblit BBIXO Y€NOBEKA M3 KOCMUUYECKOIO Kopabis
B oTKpbIThiit Kocmoc (KK «Bocxon-2», A. A. JleoHos,
CCCP)

IMepsoe dororpadbuposarne Mapca ¢ 61n3K0ro
paccrosiius (KA «Mapunep-4», CILIA)

[MepBblit KOCMUYECKHIA annapar A0CTHT APYTroH
naaHersl — Benepsl (KA «Benepa-3», CCCP)

IMepBbiii ucKyceTBeHHbIH cryTHUK JlyHbi («JlyHa-10»,
CCCP)

IMonnucauue Jorosopa o0 NpUHIIHIIAX AEATETBHOCTH
rocy/1apcTBa Mo MCC/Ie0BaHNIO U UCTIONL30BAHUIO
KOCMHYECKOTO MpOCTpaHcTBa, BKiouas JIyHy u npyrue
HebecHbie Tesaa

[Neppas nepenaya HayuHbIX JAHHBIX MIPH CITyCKe
B aTmocdepe apyroii ruianersl — BeHepsl
(KA «Benepa-4», CCCP)

INepBasi apToMaTHyecKast cThikobka asyx UC3
(«Kocmoc-186» u «Kocemoc-188», CCCP)

MepBoe BO3BpalieHNE KOCMHUYECKOTO anrnapara
Ha 3emio nocie oonéra Jlyuel (KA «3oun-5», CCCP)

INepBbiit BbIXO YeI0OBEKa Ha MOBEPXHOCTh JIYHBI
(KK «Anomnon-11», H. Apmcrponr, 3. Onapus, CLLIA)

[Mepsasi aBTOMaTHYECKasi 1OCTaBKa Ha 3€MITIO JIYHHOTO
rpynTta (KA «Jlyna-16», CCCP)

Jlocraska Ha JIyHy nepBoro caMOoXoJHOro annapara
«Jlynoxon-1» (KA «Jlyna-16», CCCP)

INepBasi MsATKas Mocajika Ha NOBEPXHOCTL BeHepe
(KA «Benepa-7», CCCP)

Co3snaHue nepBoil opoUTAILHON HAYYHOH CTAHLIUN
(«Camor», CCCP)

[NepBas MsArkas nocaaka aBTOMaTH4ECKOIO aniapara
Ha nosepxHocts Mapca (KA «Mapc-2», CCCP)

3anyck rnepBoro CryTHUKa LIS HCCIIEA0BAHMS
PeHTreHOBCKOTO M3ydeHust («Yxypy», CLLIA)

3anyck Ha opoMTY Teseckona-peduekropa
JUIsi MCcaeioBaHuil yabTpaduoneToBoro M3JiyueHus
(cranums «Konepuuk», EBpona—CILIA)



1973 r.
4 nexabps

1974 r.
29 maprta

1975 r.
17 nions

22 okTabps

1976 r.
20 wrons

1979 r.
HI0JIb

| ceHTaOps

1981 r.
aBrycr

1983 r.
AHBapb

10 u 14 okTs1-
bps

1984 r.
15u21
nexkabps

1985 .
HIOHb

1986 r.
STHBAph

20 pespans

9 mapra

IMepsbie uccnenosanus KOnurepa ¢ 6am3koro
paccrossHus (KA «[Tuonep-10», CILA)

INMonyuyenune nepebix nsodbpaxeHuit Mepkypus
¢ 6auskoro paccrosinus (KA «Mapunep-10», CILIA)

ITepBas cTBIKOBKA KOCMU4ECKHX KOpabJiei pa3HbIX CTpaH
(KK «Cor03-19», A. A. Jleonos u B. M. Kybacos, CCCP,

u KK «Anomnon», T. Cradpdopa, B. bpaun, [1. CreiitoH,

CILLA)

Bouison Ha opbuty Bokpyr BeHepsl nepsoro
MCKYCCTBEHHOIO CIYTHHMKA, NepBas nepeaaya

Ha 3emnio TeJIeBU3HOHHOTO H306paxeHusi Benepsi
(KA «Benepa-9», CCCP)

Hauano HayuHBIX MCCAENOBAHWI Ha MOBEPXHOCTH
Mapca (KA «Bukunr-1», C11A)

Hccnenosanust KOnurtepa ¢ 61M3KOro paccTosiHus
(KA «Bosimxep-2», CILLA)

[Mepsoie uccnenosanus CatypHa ¢ 61M3Koro
paccrosinmns (KA «[Tuonep-11», CILLIA)

Hccnenosanus CarypHa ¢ 611M3KOT0 paccToOssHUS
(KA «Bosimxep-2», CLLA)

3anyck nepBoif KOCMUYECKOi ob6cepBaTopun
st ucenenoBanuit uHgppakpacHoro usnyuenus (IRAS,
Espona—CILIA)

BeiBon Ha opOuTy BoKpyr BeHepbl 1ByX KOCMMYECKHUX
anrnapaToB, paJHOJIOKalIMOHHOE KapTorpacdupoBaHue
nosepxHocTH 1uiaHeTsl (KA «Benepa-15»

u «Benepa-16», CCCP)

3anycK KOCMHUYECKMX anmnaparos Ui MCCIIEA0BaHWI
Benepsl 1 kometsl lannest (KA «Bera-1» u «Bera-2»,
cccP)

AspocratHoe 30HaupoBaHHe atMocdepsl BeHepnl
(KA «Bera-1» u «Bera-2», CCCP)

[TepBbie nccinenoBaHust YpaHa c 6JIM3KOro paccTostHust
(KA «Bosimxep-2», CLLIA)

BriBon Ha opbuTy nosiroppeMeHHO# oOUTaeMoii
HayuyHOii craHumu («Mup», CCCP)

[MonyueHue nepBbix H300paxkeHUt sIpa KOMETH —
komeThl [amies (KA «Bera-1», CCCP)



1988 r.
21 nexabps

1989 r.
SIHBapb

4 mas

aBrycT

aBrycr

1990 r.
MapT

25 anpens

1991 r.
S anpens

29 okTsibps

1994 r.
SAHBapb

1995 r.
nexabpb

1997 r.
HIONb

OKTSAOpPB

1998 r.

SHBaphb

3aBepilieHHEe PEKOPAHOIO MO MPOIOJIKHUTENLHOCTH
KOCMHYecKoro nosiéra — | ron (opdbuTtaibHas CTaHLIHA
«Mup», B. I. Turos, M. X. Manapos, CCCP)

Hccnenosanus cnytHuka Mapca ®@o6oc ¢ 6opra
HCKYCCTBEHHOTO cryTHHKA raaHeTsl (KA «Doboc-2»,
CCCP)

3anyck KOCMH4€eCKOro anmnapara «Mareinan»
JUISl pPaIMOJIOKALIMOHHOro KaprorpadupoBaHust
nosepxHoctu Benepnl (KK «Atnantuc», CLLIA)

[TepBobie uccnenosanusi Henryna ¢ 6:1m3koro
paccrosinus (KA «Bosimkep-2», CLLIA)

3anyck uckyccrseHHoro crytHuka « HIPPARCOS»
JUISL U3MEPEHMS KOOPIAMHAT U U3YYEHUS JIBUXKEHUS
3B€3a (EBpona)

3amnycK nepBoro AnoOHCKOro annapara
JUIS AMCTAaHLIMOHHOTO MccnenoBaHus JIVHBL
(«Mycec-A», Anonus)

BeiBoa Ha OpOHUTY KOCMHYECKOTO TeJIeCKONa
«Xabbn» (KK «Cneiic lllaTTa», CLLA)

3anyck Ha opouTy KOMNTOHOBCKO#M ramma-
obcepeatopum (CLLIA)

[Monyyenue nepBoro uzobpaxeHus acTeponIa ¢ 6IH3KOro
paccrosHus (actepoun lacnpa, KA «[anuneo», CILIA)

3anyck anmnapara HOBOTO IMOKOJAEHUS! JUISl U3YYEHUs
nopepxHocTH JIyHbl, e€ rpaBUTALIMOHHOIO MOJIsS
u BHyTpeHHero ctpoeHus (KA «Knumentuna», CILLA)

CosnaHue nepBoro HCKYCCTBEHHOTO CITYTHUKA
IOnuTepa, cnyck 30H1a B atmocdhepy TUTaHeThl
(KA «I'anuneo», CLLIA)

INocanka Ha nosepxHocts Mapca nepsoro
asToMarudeckoro mapcoxona «Mapc [Nacdaitnnep»,
Ha4yajao UCcCJIeIOBaHM XMMHYECKOro cocTaBa
HDBBDXHOCTH TUTAHEThI U MC’I’CODOJ]OI"H‘-ICCKHX YCJIOBHFI

(CHLIA)

3anyck annapara [Uisi MCCIIeIOBAHMS CITYTHUKOB
M koneu Carypna (KA «Kaccuuu», CIIA)

3anycK KOCMHYECKOTO anrapara uisi yTOYHEHHs

TIonanei, 3aHaToix abaom Ha Jlyne (KA «JlyHap
[Mpocnekrop», CLLIA)



HIOJ1b

28 HosiOps

2000 r.
14 eBpans

2001 r.

16 mapra

2002 r.
18 dheBpans

2003 r.
21 ceHTabps
15 okTab6ps

2004 r.

SIHBaphb
2 Mapra
3 aBrycra

8 ceHTsaOps

2005 r.
14 ssnBaps

28 HosOp#

2006 r.
15 ssuBaps

3anyck annapara HOBOTO NTOKOJIEHHWs JUIsl MCCIICAOBAHMS
Mapca ¢ opOHTBI €ro HCKYCCTBEHHOTO CIYTHHKA
(KA «Hanexna», inonus)

Poccuiickum Hocutenem «[Iporon-K» BeiBenex

Ha OKOJIO3€MHYI0 OpOHTY PYHKIIHOHAIBHO-TPY30BOMH
6ok «3apsi». Hauano cozganus MexayHaponHoit
KocMHuueckoit ctanumu (MKC)

KA «HUP—Illymeiikep» BriepBbie CTA MCKYCCTBEHHBIM
crnyTHUKOM actepouaa Jpoc. [To 3asepiuennn
uccnenoBaHuii ¢ opoutsl 12 dpespans 2001 r. coBepiumi
Mocajaky Ha Jpoc

3asepuieHa 15-netHsisi pabora poccHiicKoi
KOCMMYECKO# cTaHlMKu « MUp», B KOTOPO# NPHUHUMAIO
yuactue Gosee 100 KOCMOHABTOB M aCTPOHABTOB

M3 pa3s/IMYHBIX CTPaH

KA «Mapc Onucceit» ¢ poccMicKuM anbga-
MPOTOH-PEHTIEHOBCKHUM CIIEKTPOMETPOM Ha 6GopTy
BBILLIE]I HA OKOJIOMaPCHAHCKYIO OPOUTY M MPUCTYITIAI

K MCCNEN0BaHHIO U KapTOrpa(hMpoBaHHIO MOBEPXHOCTH
IUTAHETHBI

KA «Tlanuneit» Bowén B armochepy KOnurepa
U B TeueHue 57 MUH nepenasal HHGOPMALIUIO

[Tonét nepBoro KHTaicKOro KOCMOHaBTa-TaHKyHaBTa
Au Jusona

IMocanka Ha moBepxHocTh Mapca camoxonHbix KA
«Cninput» ¥ «ONNOPTLIOHUTH» LTS NCCIEI0BAHMS
pesnbeda riaHeTbl U XMMHYECKOro COCTaBa e€ BellecTBa

3anyuen KA «Posertrta» st mccnenoBaHusi KOMETBE
YypiomoBa—IepacuMeHKO

SanyuieH amepukaHckuiit KA «MecceHmxkep»
g uccnenoBaHus Mepkypus

Kancyna KA «I'ene3uc» nocraBuia Ha 3eMITIO YaCTHLIbI
COJIHEYHOTO BeTpa, cOOpaHHbIe Ha PACCTOAHUHU OKOJIO
1,5 MaH KM ot 3emin

Cnyckaemslit annapar «[oiireHc», otaeampimniics
ot KA «KaccuHu», coBepLInI MOCaIKy Ha MOBEPXHOCTh
cnytiuka CatypHa Turan

Anonckuit KA «Xasbyca» coBeplInI KPaTKOBPEMEHHYIO
MocaznKy Ha NnoBepXHOCTh actepona MTokasa
M npou3Bén 3a6op o6pasioB rpyHTa

KA «Crapaact» goctaBuii Ha 3eMIi0 KOHTEHHED
C YacTHLIAMM MEXTUIAHETHOM NMbLTH



11 anpens

4 nexkabpsa
2007 r.

5 cenTsbps
27 ceHnTaOps

24 okTabps

2008 r.
15 ssHBaps

26 mas

22 okTa0ps

2009 r.
6 maprta

9 okTsabOps

2010r.
14 noHs

2011r.
17 mapra

MaH
18 urons

26 HOsIOps

2012 r.
18 uions

EBponeiickuii KA «Benepa Dkcnipecc», 3anyuieHHbIH
¢ kocMonpoma balikoHyp, Hauan uccienoBaHUs
arMocdepsl Benepbl

KA «Crepeo» cnenan nepsbie cHuMku ConHia

SAnonckuit KA «CeneHa» Bbilesl Ha OpOUTY CIYyTHHUKA
JIyHBI [JUIS MCCNIeIOBaHMS €€ CTPOEHUsI M cocTaBa
Ha ryOMHY 110 5 KM

3anyck amepukaHckoro KA «/loyH» jU1s McciienoBaHMs
actepouna Becra u kapankoBoii ruiavetsl Llepepa

3anyck kutaiickoro KA «Yaubs-1» g uccaenoBaHms
JIyHBI

KA «MecceHnmxep», nposiereB Ha paccTosiHUH 203 KM
oT MepKypusi, TPOU3BEN CbEMKY HE MCCIIEI0BAHHBIX
paHee obyiacTel TU1aHeThbl

KA «®DeHHUKC» COBEPLINI TTOCANKY 0JIM3 CEBEPHOTO
nonoca Mapca u nepeaan nepsbie CHUMKH
MOBEPXHOCTH IIAHETHI

3anyck MHAMKUCKOTO JIVHHOTO 30H1a «Yanapasiv-1»

3anyuieH Ha okono3emHyo opouty KA «Kenaep»
JUTSI TIOMCKA TUTaHeT, o6pallaionmxcs BOKPYT Apyrux
3BE3M1

B pesynbrate HeliTpoOHHOTO aHaiu3a ob1aka BelllecTna,
BbIOpOLIEeHHOTO TTpH Dombapauposke JIyHbI,
OKOHYATE/IbHO IOKa3aHO HAJIMUHE BOIbI HA JIYHHOﬁ
MOBEPXHOCTH

Anonckuii KA noctasui Ha 3eMIi0 Kancyny
€ yacTMUaMHM rpyHTa actepouna Mtokasa

KA «MecceHmxep», copepiius 15 060poToB BOKpyr
ConHua, Bbiliesn Ha opOUTy BoKpyr Mepkypus

KA «/loyH» BbIllIes1 HA OpOMTY BOKpYT actepouna Becra
M Havas ero u3ydeHue

3anyckK pocCHICKOro KOCMHYECKOTro paanoTeecKona
«Cnekrtp-P» no npoekry «Pannoacrpor»

B CIIA npowu3ssenés 3anyck KA «MapcuaHckas
Hay4yHas JjabopaTopHsi», KOTOPBIH H0/IKEH 10CTABUTH
Ha MOBEPXHOCTH rUtaHeTbl Mmapcoxor «Curiosity»
(«/TroBornbITCTBO®)

3anymeH amepukaHckuii KA «AnepHbiii
CMEKTPOCKOMHUYECKH I TeIeCKOoI», paboTaloIHii
B PEHTI€HOBCKOM JIMala30He



7 aBrycra AmepukaHckuit KA «Curiosity» («Jlio6onsITcTBO»)
OMyCTWJICS Ha MoBepxHocTh Mapca

2013 r. Ha nosepxHocts JIyHbt pakeToi «Yanba-3» nocrasieH

14 nexabps KHMTalCKHiT caMoxonHblii annapat «kO0iiTy»
(«Hedpurtosslii 3as1»)

2014 r. Msirkas nocajika cnyckaemoro arnnapara «®uwisi» KA

12 HOs1Opst «Poserra» Ha nosepxHocTh KomeThl Yypiomosa—epa-
CHUMEHKO

3 nekabps 3anyuex snoHckuit KA «Hayabusa», koTopblii 10/KeH
B35iTh M BEPHYTh Ha 3eMJIi0 poby rpyHTa ¢ actepouia
1999 JU3

2015r. [Mponér KA «HoBble TOPH30HTBI» HA PACCTOSHUM

14 uionsa 12,5 Teic. kM oT [TnyTOoHAa M nosyyeHUe AeTaTbHbIX U30-
OpaxeHMii ero MNoBepXHOCTH

2016 . [MepBriii cTapt ¢ kocMonpoma «BocTouHblii»

28 anpens

S uons IMpubwiTne Kk KOnurepy KA «Juno», npeaHa3HaueHHOIO
[U1Isl UCCJIeIOBAHMS] TPABUTALIMOHHOTO U MAarHUTHOTO
Mo IJIaHETHI

8 ceHTAOpP#A 3anyuwex amepukaHckuit KA «OSIRIS-REx», kotopstiit
JIOJKEH IOCTaBUTh Ha 3eMuTio 0Opasiibl rPyHTA € acTepo-
una beHHy

14 okTs16ps IMpubsiTHE K Mapcy KA «3k30Mapc-2016», HaleneH-

HOTO Ha NMOMCKH CJIE/IOB CYLIECTBOBAHMS XKHU3HU Ha
Mapce B HacTOsILLIEM U MPOLILJIOM

IX. Ykazauus K HAO/01eHUAM
Haomonenus Connna

[Mpu nHabmonenuu ColHUA ¢ NTOMOLIBIO TejiecKoma LenecoodpasHo
CIIPOEKTUPOBATh €ro u3odpaxeHHe Ha 3KpaH. DKpaH J0/KeH ObITh
MPUKPEIUIEH K TEJIECKOIy TakK, 4T0Obl MOXHO ObLIO MEHSTDh €ro pac-
CTOSIHUE OT OKyJ/Isipa U (PMKCHPOBATh B 3TOM MOJIOKEHWH; Ha SKpaHe
3aKperuIsiioT TUCThI ByMaru Uist 3apMCOBKH COJTHEYHBIX MSITEH.

Buumanme! Cmorpets Ha CotHIIE B T€JIECKOTI MOXHO JIMILb MTPH
HaJIMYMK TEMHOTO (DUIbTpa Ha OOBEKTHBE.

IMpu ucnons3oBaHuu Teneckona-pedpakropa cieayer Ha oobek-
THB MOCTaBUTh nuacdparmy, Kotopasi COKPAaTUT €ro BXOAHOE OTBep-
crue B 2—3 pasa. [Ing nonyyenns nzobpaxernus scero aucka ConHua
HeoOXOAMMO MCIOJIB30BaTh OKYJSpP, ¢ KOTOPbIM NAHHBIH TElIeCKOI
naért ysenudyeHue He Gonee 40—60 pas. LlenecoobpasHo Takxke McC-



MOJIb30BaTh OKYJISIP TAKOM KOHCTPYKIIWH, IPH KOTOPO# JIydu OTBO-
JATCA Ha 3KpaH MeprneHaAMKY/IsipHO HanpapiaeHuto Ha ConHue. 1o
NMO3BONIMT M30exXaTh MonajgaHus Ha 5KpaH TMPSMbIX COJTHEYHBIX JIy-
yeit. Eciu Takoro okyaspa Her, TO Ha TpyOe TesiecKOIa XelaTeJbHO
pPa3sMECTUTh 3allIMTHBIH 3KpaH pasmepoM npumepHo 70 x 70 cm. s
3apUMCOBKM COJIHEYHBIX I5ITEH cliefyeT Ha JucTax Oymaru 3apaHee 3a-
rOTOBUTB 111a0JIOHBI — KPYTru auameTpoM 7—10 cMm.

HaBens teneckon Ha ConHue ¥ obecrieuB HEOOXOOMUMYIO pe3-
KOCTb M300paXeHusi, HalO 3aKPeIMUTh 3KPaH B MOJIOXKEHUH, MTPH KO-
TOpOM AuameTp u3obpaxenust ConHila paBeH TMaMeTpy 3aroTOBJIeH-
Horo Ha Gymare aGioHa.

OcTpo OTTOYEHHBIM KapaHAALIOM OTMEYaeTcsi MOJIOXEeHHEe BCeX
HabmofaeMbIX B JaHHbIH MOMeHT mnisiteH. CHSIB IMOJy4eHHYIO 3apH-
COBKY C 9KpaHa, MOXHO JOPHUCOBaTh pa3Mephl MATEH ¥ O4ePTaAHHS Te-
HH M nonyTeHu. Y1o6b1 yOennTbes B ToM, 4To CosHLE BpalaeTcs Bo-
KPYT OCH, 10CTATOYHO MOBTOPUTH 3aPUCOBKY IMOJIOXEHUS TATEH Yepes
npa-tpu aHs. Crout obpaTuTh BHMMaHHE Ha TO, KaK M3MEHSIETCSH
¢dopMa nsiTeH 1o Mepe UX npubxkeHus K Kpato aucka Conxua. s
MU3YYEHMSs! CTPOEHMS MATHA UCTIOIb3YIOT TOT OKYJISIP, C KOTOPBIM JIaH-
HBIi TeJIecKon obecrneuynBaeT MAaKCUMaIbHO BO3MOXKHOE YBEIMYEHHUE.

PerynsipHbie 3apUCOBKM MMATEH MO3BOJAT [MOJAYYWTH 3HAYEHMHE
yucaa Bonbda, KoTopoe mMpoKo MCTIOJIb3YeTCs [UTs XapaKTeEPUCTHKH
conHeyHo# aktuBHocTU: W = 10g + f, rne g — 4mcio rpyni nsrteH,
a f — obuee yMcno naTeH Bo Bcex rpynmnax. [pu noiaHom ortcyr-
CTBMHU MATEH B MEPUOI MHUHMMYMa COJIHEYHOM akTHBHOCTH W = ().
Bo Bpems eé makcumyma unciio Bonbda moxert nocrurars 180.

HaOmoaeHus JyHHOMH NOBEPXHOCTH

[lepBoe 3HAKOMCTBO C PACIOJIOXKEHHEM MOpPeil U MaTepPUKOB Ha JIyH-
HOM IMOBEPXHOCTH ya0OHee BCero NpoBeCTH BO BpeMs IMOJTHOJIYHMS,
Habmonast JIyHy HeBOOPYXKEHHBIM 1a3oM. KOHTYpbl OCHOBHBIX MO-
pe cieyeT CpaBHUTh ¢ UX U300paXkeHUEM Ha MpoCTellIe TyHHOMN
KapTe, MO3HAKOMHUBLIMCH C MPUHATBIMU MX HaszBaHusiMH. C nomo-
LB [HECTUKPATHOTO OMHOKJISI B MOJHOJYHHUE MOXHO Pa3misiieTh
M oTaeNbHble Hanbosiee KpyrnHbie Kpatepbl. OHM OyayT BBUIEISITHCS
Ha oOweM ¢oHe nubo B Buae TéMHBIX ToyeK ([lnatoH, Puuuuonm,
I'pumanbam, Llukkapn), 1ubo B BUae cBetibiX nsaTHbieK (Konep-
HUK, Kerep, Apucrapx, Tuxo). JlocTatouHo XOpouio OyayT 3aMeTHbI
CBETJIbIE JIYYM, MAYIIIHE, B YACTHOCTH, OT Kpatepa THuxo.



bonee neranbHOe O3HaKOMIEHHE ¢ peiabedOM JIYHHOH MoBepx-
HOCTH JIy4llle MPOBOIWUTHL HE B IMOJHOMYHHE, a TIpU Apyrux caszax,
KOI/a OTAe/bHble 00beKThl O1aroaps TeHsIM BECbMa YETKO BBISIBIISI-
10Tcst 6113 TepMUHATOpa (rpaHuLibl AHS U HouM). s Takux HaOmo-
neHui HeoOXOAMMO BOCHOJIB30BATHCH TEJIECKONMOM C YBeJIHYeHHEM
He meHee 50 pa3. Hauunarte HabGioneHus cienyeT He paHee 4yeM ye-
pe3 TPH JIHs Toc/ie HOBOMYHUA. B 210 BpeMs, Koria TepMUHATOp Iie-
pecekaer Mope Kpusucos, Haubosiee HHTEPECHBI U1 H3YYEHUS He-
POBHOCTH Ha [IOBEPXHOCTH 3TOIO MOPs, a4 TAKXKE OKaMJISIOLLIHE ero
OGeperosbie xpeOrbl. B 10xHO#N mnonosuHe JIyHbI, rie TepMMHaATOp
npoxoaut yepe3 Mope M306uius, nHTEpeCHbI PACTIONOXEHHbIE 1ie-
MOYKOM Ha ero NoBepXHOCTHU KpyrHbie KpaTepsl JlanrpeH, Bennenux,
[TeraBuit u @ypHepuid.

Ha wiecroit 1eHb rnocjie HOBOJIYHHSI XOPOIIIO Pa3iMdMMbl HEPOB-
HOCTHM Ha nosepxHOCTH Mops SlcHocTH M BOcTOYHOM YacTu Mops
CrnokoHCTBMS, @ TAKXKe Bajbl ABYX OOJBIIMX KpaTepoB ApHUCTOTENs
1 OBnokca. MHrepec mpeacrapisieT TAKXKe LENb W3 TPEX KPYITHBIX
kparepoB ®eodwn, Kupuur u Karapuna. O6painaer Ha ce6s1 BHUMa-
HHe Ta yacTb Basia Kparepa Kupwi, kotopas Obuta paspyuieHa obpa-
3oBaBlIMMcs no3aHee kpatepom Meodun. K ory or atux xparepos
HaxO[MUTCsl TOpHasl Lenb AnTaid, KoTopas npu oceeuieHun ConHilem
BBIIJISIIMT KAK CTOJIb 3HAYUTEIbHBINH BBICTYIT Ha TEMHOM YacTu JIyHbI,
yTO ObIBaeT 3aMeTeH AaXe HEBOOPYXEHHBIM IT1a30M.

Bo Bpemsi nepBoii ueTBepTH, KOrIa TEPMUHATOP MPOXOIMUT Moce-
pelIuHe JIYHHOrO AWCKa, BaXHO OOpaTMTh BHWMaHHUe Ha GOpo3ibl
Apeaneyc u [urus.

Ha BocbMble-eBsiTble CYTKM I[10C/I€ HOBOJYHWS TepPMHUHATOpP
npoxoamt uepe3 Mope Jloxaei — THMHYHYIO TYHHYIO HU3MEHHOCTb.
WIMEHHO B 3TOT paitoH nonas nepsblii KOCMMYECKHI anmnapar, Ao-
cruriuii Jlyusl, — «Jlyna-2»; 3nece paboran u «JlyHoxoma-1».

Haiins Ha xapre JlyHbl paitlOHBl, 1€ COBEpPLIAIM MOCAIKY aBTO-
MaTHYeCKHe CTAaHLUK U MWIOTHPYEMble KOpabiiu «ATOJUIOH», MOXKHO
OIpe/leInThb, NpH Kakoil (hase JIyHbl HacTynawT ycIoBusl, Hanbosee
OnaronpusiTHbIe U1l HAOMIOAEHWSI 3TUX PAMOHOB, MO3HAKOMMTLCS
¢ UX pesibedom.

Ecin mo moroaHeIM yCJIOBUSIM BCE Xe NPUXOAMTCS Habmonarh
JIyHy B TeueHME HECKOJbKMX IHEH 10 M MOocje IMOJHOJYHHS, TO B
9TOM Cllydae Jydilie Bcero o0paTtuTh BHUMaHHWE HA OKOJIOIMOJISIPHBIE
paifoHbl, 1€ JYHHBbIH penbed BHAEH TakK, KaK 3TO NMPHUBBIYHO IS
3eMHoOro Habmoaarens, a ycnosusi ocBenleHuss CollHIIEM MO3BOJISIOT
MO TEHSIM BLISBIATH €r0 AeTaJiM 3HAYMUTEJBHO JIyYllle, YeM B LIeH-
TPaJIbHOM YaCTH JIYHHOT'O IMCKa.



X. INoasukHas Kapra 38é3aHoro Heda!

[MTonBuxHasi kapra 3Bé3aHOro Heba MO3BOJSIET ONpPENENSTh BWI
3B€31HOro Heba Ha 1000 MOMEHT CyTOK BbIOpaHHOM JaThbl roaa M
3apaHee BBISCHUTB, KAKUe O0BbeKThbI OYAYT AOCTYMHBI HaOMIONe HUSIM.

Jisi 3TOrO K Kapre MpuioXeH HaKIaaHOW KPYyTr, BHYTPU KOTOPO-
ro HayepuyeHbl oLM(ppOBaHHBIE MEPECEeKalOINeCs: OBaJibl, a MO Ha-
PYKHOMY Kpalo Kpyra HaHeCeHa IIKasa C JeJIeHUsIMH, KOTOpble COOT-
BETCTBYIOT YacaM CYTOK IO cpelHeMy colHeuHoMy Bpemenu 7. Ha-
npapjiieHHe cYéTa BpeMEHM Ha 3TOH lIKajle — TMPOTHB BpalleHUs
yacoBoi crpesnku. CpenHee colHeYHOe BpeMs JUIsl TOrO MyHKTa, Iie
Oy/eT UCIoIb30BaThCs MOABUXKHAS KapTa, CBA3aHO ¢ ero reorpadm-
YeCKOM N0JTOTOH A.

B noBceaHeBHOM XM3HHU MBI MOJIb3YEeMCs YacaMM, MAYIIAMHM 110
MmecTHOMY BpeMeHu 7. Ero otiimumne AT B 1eabix yacax OT MOCKOB-
cKkoro BpemeHu 7, xopouo u3BecTHo. /L1 nepexona ot nokasaHui
Hawmx 4yacoB 7" K cpeaHemy BpemeHu 7, HEOOXOAMMO BBIYMCIWTH
MONPABKY 7, , KOTOpasi paBHa

L, =AT+ 34—

Ecau #, He npesbilaeT 15 MUH, TO MOXHO I0JIb30BaThCsl CHCTE-
MO# CuéTa BpeMeHHM, NPUHATOIN B JaHHOM nyHkKTe. Ecim ke 3ta no-
rpaBKa 3HAYMTE/IbHA, TO CJIEAYET MEepelTH K CpeilHEeMY BPEMEHH,
KOTOpOE BbIYHCIIsieTCs 1Mo hopmyie:

,=T-¢,

Kapty u HakJ1laaHO#i KpyT Lej1ecoo0pa3sHO aKKypaTHO HaKJIEUTh
Ha TOHKMA KapTOH M 3aTeM Bblpe3aTb. BHyTpeHHMI BbIpe3 B HaK/aa-
HOM Kpyre JiejiaeTcsi Mo oBajiy, oundpoBaHHOMY YMCIIOM, Haubonee
6m3KkuM K reorpadMueckoi IMpOTEe MECTHOCTH, B KOTOpPO# Kaprta
Oyaer ucrnoib3oBarbess. KOHTYp OBajibHOTO Bbipe3a B HaKJIaIHOM
Kpyre u300paxaeT ropu3OHT, H €ro OCHOBHbIE TOYKM ODO3HAYEHBI
oyksamu KO (Touka iora), 3 (touka 3anana), C (Touka ceBepa) H
B (Touka Boctoka). Mexny Toukamu O n C MOXHO HAaTSAHYTb IpoOY-
HYIO HUTb, KOoTOpas Oyner u3oOpaxarh HeOecHblit Mepuauan. [pu
pabore ¢ KapToi HakJIaJHOW KpYyr Hak/albiBaeTcs Ha KapTy Bceraa
KOHILIEHTPUYHO, NMPUYEM HUTHL (HeOecHbI MepuaMaH) A0KHA 00s-
3aTe)IbHO NMpoXoauTh Yyepe3 CesepHblil noatoc mupa. Yrobsl onpene-
JINTh BUII 3BE3IHOrO HeGa Ha MHTEPECYIOLIMIT MOMEHT CYTOK Orpeje-
JIEHHON 1aThl, HEODXOIMMO PacroOXKUThL KPYT Ha KapTe Tak, 4ToObl
LIITPUX MOMEHTA BPEMEHM COBIIAJ CO IUTPUXOM 3TOM maThkl. Torma
BHYTPH OBAJIBLHOTO Bbipe3a OKaXyTcs 3BE3/lbl, KOTOPbIE B 3TOT MO-

' MonsuxHY0O Kapty 38é3nHoro HeGa Haitnute B MUHTEpHEeTE.



MeHT OyIyT HaXoAMThcs Hal ropusoHToM. Ha camoM KOHTYpe BbhIpe-
3a, mexay ero Toukamu 1O, B u C, pacnonoxarcsi 3B€31bl, KOTOPbIE
BOCXOIAT B 3TOT MOMEHT, a Mexay Todkamu O, 3 u C — 3BE€3abl,
KOTOpbI€ 3aXOIAT. 3aKpbiThbieé HAKJIaIHbIM KPYIOM 3BE3[bl B 3TOT
MOMEHT HAXOISATCS 110l TOPU30HTOM.

Y10661 MOXHO OBUIO OMpeEnesiTh BpeMsl BOCXOa M 3axoia JApy-
rux ceeTw1 (CostHLIa WK TUIaHeThl), HYXKHO TMpeaBapUTeJIbHO HaHe-
CTH MX IOJIOXKEHHE Ha KapTy. Y3Hatb nonoxeHune CoHLa HECTOXHO.
Jlnsi 3TOro AOCTaTOMHO NMPWJIOKHUTE JIMHEHKY K CeBepHOMY MOJIIOCY
MUpa M IUTPUXY 3aJaHHOM narel. Touka mepeceuyeHUsl JUHEHUKH
C IKJIMITHKOM nokaxer nonoxeuune ConxHua Ha a1y aary. Uis onpe-
aeneHus MpUOIMXEHHOTO MONOXEHUS TUIAHET NOCTAaTOYHO 3HaTh
TOJILKO OJHY MX KOOpAMHATy — MpsiMoe BocxoxiaeHue. ITockonbky
nobasi TUaHeTa BCErla HaXOMMUTCS HelaIeKo OT SKJIMITTHKH, MOXHO
OTMETHUTB €€ TOJIOKEHHE HA FKIMIITUKE B TOYKE, MPSIMOE BOCXOXKIE-
HHE KOTOPOM PAaBHO NMPSAMOMY BOCXOXIEHMIO IUIaHEThl Ha BbIOpaH-
HYIO JIaTy.

Jlna onpeneneHust MOMEHTa BOCX01a BbIOpAaHHOrO CBeTHIIA Clle-
NyeT MOBEPHYTh HAKJIAAHOW KPyr Tak, 4ToObl OHO HaXOAWJIOCh Ha
BOCTOYHOI ayre BHyTpeHHero Bbipe3a artoro kpyra (KOBC). Ilpu
Onpezie/IeHMH MOMEHTa 3axoJa CBETHJIO IOJIKHO HAXOAMThCS Ha 3a-
naaHoi ayre Boipesa (KO3C). MomeHT Bocxona (MM 3axo0aa) B 3TOM
c/ly4yae yKasblBaeT TO JieJIeHWe 1IKaJIbl BpeMEHHM Ha BHEIIHEeH OKPYX-
HOCTH HAaKJIAJIHOTO KpPyra, KOTOpO€ HAaXOAWTCA MPOTHUB BhIOpaHHOM
JaThl HAa KapTe.

XI1. Hobenesckue npemun no pusmnke,
NPHCYKAEHHDbIE 34 HCCJIeIOBAHUSA
no acTpoH3nKe H KOCMOJIOTHH

1967 r. X. Bére — 3a BKJ1a1 B TEOPHIO SIAEPHBIX peakluii, ocobeH-
HO 3a OTKPBITHS, KaCalolIMecsi HCTOYHHUKOB HEPIMU 3BE3I.

1974 r. M. Paiin — 3a HOBaTOpCKHE MCCIENOBAHMS B paauo-
actpodusuke (MHTepdhepomeTprueckue); D. XblOWII — 32 OTKPBITHE
MyJIbCApOB, KOTOPOE MPOJIOKMUIIO ITYTh K HOBBIM METO/IaM UCCIIeN0Ba-
HMS BEILIECTBA B 9KCTPEMAIbHBIX (DM3NYECKUX YCIIOBUSIX.

1978 r. A. Ilensmnac m P. BunbcoH — 3a MCKJIIOYMTENbHYIO Ha-
CTOMYMBOCTDL M (DUIUrpaHHOE MACTEPCTBO, KOTOPbIE MPUBEIX K OT-
KPBITHIO, TMO3BOJIMBIIEMY BHEAPUTb SKCIMEPUMEHTAIBHbIE METOJbI
U npsiMmoe HabJoIeHHe B TaKyI0 HAyKy, KaK KOCMOJIOTHSI.

1983 r. V. @aynep — 3a TeOpeTHYECKHE M IKCMEPUMEHTAIbHbBIE
MCCIIEIOBAHUs SIZIEPHBIX peaklMid, MMEIOIIMX BaXHOE 3HaYeHue
Ui obpazoBaHusi XuMHuecKux asiemeHToB Beenennoit; C. Yannpace-



Kap — 3a TeopeTHYeCKHe HCCIeNoBaHUsl (DU3HUYECKUX IMPOLIECCOB,
HUTPAILIMX BAXHYIO POJib B CTPOEHHH M 3BOJIIOLIMH 3BE3L.

1993 r. P. Xanc u JIk. Teitziop — 3a OTKpbITHE HOBOTO THIA MY/b-
capa, KOTOpO€ /1aJI0 HOBbIE BO3MOXHOCTH JUISI MCCJIEIOBAHUS TPaBH-
TaLUMWH.

2002 r. Peitmona /13Buc u Macatomm Kommba — 3a u3bickaHus
B obyracTy acTpou3MKM, B YACTHOCTH 3a OOHapyXeHUe KOCMHYe-
CKUX HelUTpuHO; Pukapno JIXXMakkOHM — 3a W3bICKaHUs B 00J1aCTH
acTpo(U3UKMN, KOTOPbIE MPUBEIN K OTKPBITHIO HCTOYHUKOB PEHTIE-
HOBCKOTO HU3JIy4YeHMSI.

2006 r. TIxon Masep u JIxopmk CMyT — 3a OTKPBITHE TUIAHKOB-
CKO# (hopMBI CrieKTpa KOCMMYECKOro (h)OHOBOIO M3TYYeHUs U aHM-
30TPOIMH KOCMHYECKOTO (POHOBOTO U3JTYYEHUSI.

2011 r. Con Ilepamytrep, Anam Paiiecc u bBpaitan lImuar —
3@ OTKPBITHE YCKOPEHHOrOo paciuupeHusi BeceneHHoi o HabmoneHn-
SIM CBEPXHOBBIX.

XII. CnMCOK HCC/Ie10BaTEIbCKHX NMPOEKTOB

I. Konctpyuposanue 1 ycraHoBka robyca Ha6okoBa.

2. Onpenenexrne BoicOThI rop Ha JlyHe no crniocody Manwues.

3. OnpeneneHune ycnoBuil BAIMMOCTH TUIAHET B TEKYIIEM y4ye6-
HOM TOIY.

4. HabGmionieHue COMHEYHBIX MATEH C TMOMOUIbIO KaMepbl-
00CKypBI.

5. M3yyeHHe COIHEYHOI aKTUBHOCTH 110 HAOIIONEHHIO COTHEY-
HBIX ITSITEH.

6. Onpenenenue temrepatypsl ConHila Ha OCHOBE M3MEpEHMS
COJIHEYHOMH MOCTOSIHHOM.

7. OnpenesieHue CKOPOCTH CBeTa 1O HaOGJIONEHHUAM MOMEHTOB
3aTMeHMi cniytHuka KOnurepa.

8. M3yueHue nepeMeHHBIX 3BE3/1 pa3JIMYHOIO TUMA.

9. OnpeneneHue paccTOSIHUS J10 YIATEHHBIX OOBEKTOB Ha OCHOBE
M3MEpEeHMs Napaljiakca.

10. HaGnioneHue MeTeopHOTO NMOTOKA.

11. Uccnenosanue siueek benapa.

12. KoHcTpyupoBaHHe MIKOJIBHOIO IJIAHETAPHS.

13. INpoucxoxaeHne Ha3BaHMIi TUIAaHET U OOBEKTOB Ha MOBEPX-
HocTH JIyHbl, muianet v apyrux tej ConmHeuHoH cucTeMsbl !,

' YrBepka€HHbII MeXIyHapoaHbIM acTPOHOMHYECKHM COIO30M MOJIHBbIH
CIHCOK Ha3BaHWUH pasTMYHbIX OOBEKTOB Ha MOBEPXHOCTH TUIAHET U JAPYTHX
Ten cM. http://gotourl.ru//1811.



OTBETHI K 3AJAYAM

Vap. 1. 1. 25 pas. 2. 104 pas. Vap. 2. 1. 6,25 pa3a. 2. 100 pas. 3. 10" pas.
Vop. 3. 1. 6 4, 6 u 52 mun. 2. 81°, 279°. 3. OrpuuarensHoe (—16°).
Vip.4.1.14°.2.87°.3. +13°.4.2) 5=¢;6) 5= ¢ —90°.5.2) 5 > 90° — ¢;
5 < @—90°. ¥np. 5. 1. 23°30". 2. a) Ha sxBatope (¢ = 0°); 6) Ha CeBepHOM
tpormke (23°30" c. ur.). 3. 21 nexabpsi (AeHb 3UMHETO CONHLECTOSHUSA).
4. 41°. 5. B Apxanrenbcke: 48,5° (neTHee conHiecrosaHue), 1,5° (3uMHee
conHuectosiHue). B Amxabane: 75,5° (netHee conHuecrosiHue), 28,5°
(3uMHee conHuecTosiHue). Pasnnuust Beicot: a) 27° (pa3sHoCTh reorpadu-
YeCKMX IHPOT roponos); 6) 47° (23,57 < 2). Yup. 6. 1. Beuepom. 2. B 3a-
nanHoi. 3. YMenbiuutes. 4. Yrpom. 5. 27,3 cyt. ¥mp. 7. 1. 15 okra6ps
BUIETDH Helb3sl, TAK KaK B 9TO BpeMs MOIsApHasi HOYb; 15 anpens — MOX-
HO. 2. B MiOHEe BMAETh HEMb3#, B HosOpe — MOXHO. 3. 1) Popma rpaHu-
bl MeXIy cBerioil u TémHoM yactsamu Jlyabl. 2) KpacHoBarblii usert
3eMHOI TeHHU BO BpeMs 3atMeHus. 3) CKOpOCTh MPOMCXOASALIMX U3MEHE-
Huit Buaa JIyasr. YVop. 8. 1. Ha | u 6onbiue yncia 4acoB, paBHOrO HOME-
PV YaCOBOTO 0sica B OCEHHEe-3MMHMIi NepHos; Ha 2 4 Oosblle Yucsa ya-
COB, PABHOTO HOMEpY YacOBOTO Nosica B BeCeHHe-NeTHMit nepnoa. 2. Ha
YHCIO MMHYT, PaBHOE Pa3HOCTH reorpadMuyeckoi JOJNroThl AAHHOTO
MyHKTa U reorpadu9eckoii 10roTel LEHTPAJIbHONO MEPHIHAHA COOTBET-
CTBYIOIIETrO YacoBOro mnosica (6osbiie — Ui TYHKTOB BOCTOYHEE LIEH-
TPAIBHOTO MepHMIMaHa, MeHblle — 3anmanHee). 3. 25 nekabps 1642 .
Vup. 9. 4. Beuepom, okono 3 4. 5. 1!/, 4. 6. 584 cyt, 1!/, rona =
= 398 cyt. Vmp. 10. 1. 687 cyt. 2. 2,4 a. e., 1350 cyt. Vmp. 11. 1. 2,2".
2. 1°; 54'. 3. 389 pas. 4. 1. ¥Ynp. 12. 1. 320 macc 3eman. 2. 3,5 KM/C;
42 xm/c. 3. 255 cyr. ¥mp. 13. 1. 4,5+ 10° Ix. Vmp. 14. 1. lpuunna —
pasnuyHas rioTHOCTh armocdepsl (y JlyHsl arMocdepa OTCyTCTByeT,
y 3eman atmocdepa Gonee nuorHas, yem y Mapca). 2. lNapHuKoBBIH
sddekr B armochepe Beneps. Vmp. 15. 1. Ha 3emune — 465 m/c;
Ha lOnurepe — npumepHo 12,4 km/c. ¥mp. 16. 1. Bsepx, noa ymiom
K ropu3oHTy. 2. Okoro 18 a. e. 3. [nanera orpaxaer cset ConHua, nblib
XBOCTA KOMEThI Takke oTpaxkaer uanydeHue ConHua, a rassl KOMeTbl
ero nepeunsiyyalor. [oatomy, B OTIMYME OT CMEKTPa MJIaHEThI, B CIIEKT-
pe KOMETBI Hapsiay C JHHHSMU MMOIIOMICHHS MPHCYTCTBYIOT JIMHHK HU3-
ayuennsi. 4. TNepsas U3 KOMeT MoXer, BTopas — HeT. 5. Monu3saunu
u auccoumaunu. 6. Mpumepro 95 maH kM. ¥Yop. 17. 1. Henb3s, Tak
KaK ero ymoBbie pasmepsl Bcero 18”. 2. 619 km/c. 3. 2-10-* Bt
Vup. 18. 1. a) Mpumepno s 10 pa3; 6) B 10'° pas. 2. lNpumepHo 3 38. Be-
auuunbl. 3. 29,3 roga. 4. IMpumepHo 146 Teic. siet. 5. a) B 100 pas3;
6) 6™; 1™. ¥np. 19. 1. 7,6 maccei Connua. 2. TIpumepHo B 5+ 104 pas.
3. 1,5:103 xr/M3. Vmp. 20. VYmenbpmmrcs Ha 3-10" xm.
Vap. 21. 1. Basoe meHbue Hawreii. 2. 105 nk. 3. 22 500 km/c.
4. 267 Mnx. 5. ~ 2,75°.
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I. Ctpoexnue atmocdepsl 3emnn

1. Cxema unrepdpepomertpa
no npoekty «PagunoacTpon»

Mepuop o6pawenHuns — 10 gHei

2. HazemHas
noaroToeka
paauoTeneckona

3. Teneckon «Xa66n»

N,

-

S,




Il. CpaBHuUTENbHbIE pa3Mmepsbl
nnaHeT 3eMHOM rpynnbl

Mepkypuin

AOns Bcex nnaHer

npaubl doTtorpadum,

ans Benepbl —

PagAuonoKauuoHHbIe

AaunHble ¢ KA «Marennaw» Mapc



lll. Jlyna — cnyTHuK 3emnn

1. Jlyna —
CHUMOK

C KOCMMW4YeCKOoro
annapara

2. 3emns
Ha Hebe JlyHbi

3. YacTtuusbl
NYHHOro
peronurta




IV. MNoeepxHocTe Benepeol N0 gaHHbiM paguonokaumm

1. MNeinzax BeHepbl —
cneea synkaH Cud

2. Kpartep lNnyb6kuna

3. TekTOHM4YecKue
TPEeLMHbI




V. NoeepxHoctb Mapca

1. YyacTok kaHbOHa —
Aonuxel MapuHepa

2. BynkaHu4yeckas
ropa Onumn

3. Cyxue pycna



VI. MaHopamsbl nosepxHocTu Mapca




VIl. NnaxneTsbi-
rMraHThbl

1. Bonbwoe
KpacHoe MatHO
Ha Onutepe

2. CpaBHuTEenbHbIE pa3mepbl NNaHeT (Cnesa Hanpaeo):
KOnurtep, CatypH, ¥YpaHn, HenTtyH

3. CTpykTtypa
koney CarypHa



Vill. CnyTHukun KOnutepa
(8 cpaBHeHuu c JlyHoM)

Amanstes

Wo Eepona

Fanvmep Kannucrto




IX. Aencreyrowme
BYJIKaHbl Ha Mo

1. ®oHTaH rasa
BbicoTon 300 km

2. 3amép3wmne

Ha NOBEPXHOCTW
NPoOAYKThI U3BEPXEeHUNA

3. Y€épHbie NoTOKK
pacnnaeneHHon
cepbl

4. OpHa ns
BYNKaHUYECKUX
Kansgep




X. HentyH n CaTtypH ¢ 6n1n3Koro paccrosHus

1. O6wwuin Bug HentyHa
c Bonbwum TEMHBIM
MaTHOM — AHTULMKNOHOM

2. DparmeHT
o6na4yHon CTPYKTYpPbI

3. CatypH.
TeHb OT NNaHeTbl

Ha KOonbuax




XI. CnyTHUKU NNaHeT-ruraHTos

1. Cneabl TEKTOHUYECKUX
npoueccoB Ha Mupaxnge —
cnyTHukKe YpaHa

2. Opeon atmocdepbl
BOKpYr TutaHa —
cnyTHuka CarypHa

‘ 3. NonapHas wanka
W cneabl ByNnKaHu3ma
Ha TpuTtoHe —

| cnyTHuke CaTtypHa




XIl. Manbie Tena
ConHe4yHoOM
CUCTEMbI

1. KomeTa
Xenna—-bonna

2. Actepoug Upa
CO CNYTHUKOM
AakTune

3, 4. KaMmeHHbIN MeTeOpPUT U ero BHYTPEHHARA CTPYKTypa




XIl. ConHue

1. B kpacHbIx ny4yax
u3ny4yeHus Bogopoaa

2. B yneTpacdmnonetoBbix
ny4ax

3. B peHTreHOBCKMX
ny4ax

ConHua il |




XIV. Hawa NnakTuka

3. ®parmeHT
TYMaHHOCTH
KoHckas ronoea

1. KpaGoeunagHas
TYMaHHOCTb

2. Nasonbineean
TYMaHHOCTb
B CO3BE3aumn
OpuoHa




XV. Hawa MNMnakTuka |
1. 3BéanHoe ckonnenune MNnesaasbi }

2. NnaneTapHan
TYMaHHOCTb

3. OgHa u3 obnacrten
3Be3noobpazoBaHus
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