B.M. YapyruHx

' ACTP

OHOMM!

“ YPOBEHb




B.M. YapyruH

ACTPOHOMMS 4

10-11....

YuyebHmK
nns obueobpaszoBaTesibHbIX
opraHv3aLmny

BA30BbIA
YPOBEHb

PexkomeHoBaHO
MyTHMCTEPCTBOM 0bpa3oBaHus 1 HayK1

Poccuiickoi @enepaljin

MockBsa
«[pocselligHne»
2018




VIK 373.167.1:52
BBK 22.6a72
q23

Cepus «Cehepor 1—11» ocnosarna 6 2017 200y
Junsus yuedno-merogumuecrux Kominrercos «Cdepsr» mo acTpomoMun

Ha yue6HUK TONyYeHBl MOJOKATENbHbIE 3aKI0YeHNA 0 Pe3yJIbTaTaM HAYIHOH (3aKII0UYeHne
PAO Ne1436 or 12.01.17), memarormueckoir (zaxnipouenme PAO Ne1450 or 12.01.17) =
odmecTeennoi (saknwuenne PKC 652-03 ot 13.01.17) sxcmepTHs.

Yapyrun B. M.

q23 Actpomomua. 10—11 kiaccrr : yued. aua obimeodpasoBar. Oprasusamui
0a30BLIH yposens / B.M. Yapyrun. — M. : Ilpoceemerne, 2018. — 144 c.
ui. — (Chepsr 1—11). — ISBN 978-5-09-053903-6.

Hamaell y9eOHUK IPEACTABAACT JTHHII yueOH0-MeTOANIeCKHX KoMIIeKcoB «Cheprr 1-11»
O aCTPOHOMEH. V3aHme MOATOTORIEHO B COOTBETCTBHH ¢ TpebopaHuAMu PenepasbHOIO ro-
CYZapCTREHHOTO 06pAa30BATENLHOrO CTAHTAPTA W OCBEIaeT BOOPOCH Kypca ACTDOHOMHH JJLA
10-11 rxnaccos. Cozep:raHne Kypca OTBeYaeT TAKHMM KPHTEDUAM H3JI0MKEeHNA MaTepruaia, Kak
HAYYHOCTL U JOCTYIHOCTL. YuebHOe ComeprKaHre HANIPABJICHO Ha (DOPMUDPOBAHUE HAYUHEBEIX
OpeAcTaBJIeHUH 00 ACTPOHOMHUECKUX M GH3MUYECKHUX 3aKOHAX, ABJIEHHAX 1 OCHOBBIBAeTCH HA
JOCTHKEeHHAX COBPEMEHHOH ACTPOHOMHH XU KOCMOJOTrHH. Peasm3zoBano mpakTHYUecKoe IpPH-
MEHEeHVe ACTPOHOMHH B DeasibHOH HHU3HHU. YCHJeHA MeXIIpeIMeTHad HHTeIDAIIHA: TecHasd
CBsA3L ACTPOHOMHHK ¢ Qu3uKoi. [MaBHEIMK 0CO0EHHOCTAMH JAHHOrO y4Ye0HHKA ABJIAITCH
GHKCHDOBAHHBIN B TEMATHUYECKHX PASBOPOTAX (hopMAaT, TaKOHHYHOCTEL H KECTKAA CTPYKTY-
PHPOBAHHOCTE TEKCTA, PASHOOODASHLIN HIIIOCTPATHBHEIH DAL,

YK 373.167.1:52
BBK 22.6a72
YuebOHOE M3JaHHE
Cepusa «Cgepor 1—11»

Hapyrua Buxrop MakcuMoBHY

AcTponovusa
10—11 gaacesl

©e502d11-608e-11e7-ha00-0050563c7d18

VuebuHUK 114 00meobpasoBaTelbHBIX OPTAHN3AITIH
BasoBblii ypoBeHE

Pyrkorogurens npoexta «Chepsr 1—11» C.T. Ansros.
Pyxosogurens Ienrpa «Chepri» A. B. Curtvanosa.

Penaxrop B.B. JHymaes. OrseTcTBenublii 3a seinyck H. H. I'puyernro.
Xynosxecreenanil pegaxrop C.I. Kypruna. KomnsioTepHEas Béperka 9. B. Jlenuescroil.
Xyno:xecrsernnoe opopmaenue O.B. ITonosuua, C. B. Epmoauna, 3.B. Jenueackoil,
C.I'. Ryprunoii. Quzaita obnoxxu O. B. [Tonosuua

Hanorosas aerora — O0mepoccuicKWE KiIacCiPUKATOP IPOAYKIHH
OK 005-93—953000. H3zz. aumn. Cepua MO Ne 056824 or 12.09.01.
ITognucano B meuars 07.07.17. @opmat 84x108'/,,. Bymara ocernad. 'apaurypa SchoolBookCSanPin.
ITeuaTs ocerHasa. ¥u.-usg. a. 13,55, Tupax 50 000 sxa. 3axas Ne 5070.

AxnuronepHoe 06imecTBo «M3maTenncTBo «IIpocBemenues.
127521, MocxBa, 3-if npoesx MapouHoii ponru, 41.

Orneuarano B AO «IIepeas O6pasmosas TUIorpathuas
Dunman « Yexoseruit Ilewarnerit Isop»
142300, Mockogckas o6aacts, r. Yexos, yia. Ilonurpaducros, 1.1
Caiir: www.chpd.ru, E-mail: sales@chpd.ru, tex. 8(499)270-73-59

ISBN 978-5-09-053903-6 © Wsparenbcrro «[Ipoceenienuer, 2018
© XynoxecTBeHHOE 0QOpPMICHEE,
HWzparenscTro «IIpoceemienmes, 2018
Bcee npaBa zammnieHE




1. CrpyKTypa B MacInTAOEI BCEICHHOM 1vvtriererararirnannnnns 8

2. Nanéxme riyOouasl BCeMeHHOM ovvveeeennn. sl 2
IloaBeném urory......... B T i STl PSRN .

inasa 2. ACTPOMETPINY

3:-SBERTHOE HEOO vormmme s s e S S s e s e e AR 16
4. HeOecHBIE KOODAWHATEL +vevearasaennns S e 20
5. Bugumoe apusxene MaIaHeT M COMHIIA uuvrerrereiaiennnnn 22
6. IIem:xeHne JIVHBL M BATMEHII «vvuerremenerrennnasssnsarannnn 24
7. Bpemsa ¥ KaneHmapb.......... T

ITogBenéM MTOTH cvvevennnnnn... T R e O

Inapa 3. HEBECHAS MEXAHWKA o 3 N
8. CHCTEMA MHPA «everiannnrnnnnnns T T 34
9. 3aK0OHBI JBUMKEHIT IIAHET overrreeerennasosssaosannaraeess 40
10. KOCMUYECKHE CKOPOCT M eareerrrerereananesnannnnsnnnnenneneasdd
11. MeROTaHEe THEIE TOJETBL «vererearereans SRS — RO |

TIONBORONE ITOTM s vvumiermmnsss s suivesnsmyssns svsvisense 18

12. CorpemeHHEbIe IPEICTABICHAA

0 COJTHEYUHOM CHCTEME .auauerereeansnenrarasesesssssssnsasessas D0
13. IInaHeTa SeMIT ccveeeevreierennnnnaaennes e S 52
14. JIyna 7 e€ BIMAHIE HA SEMIIIO vovrsrernnnsrorarsssarasnssers D0
15. I[TnameTsl 3¢ MHOHR MPYIOEL ....... o T e S s SO )
16. ITnaseThI-TUTAHTEL. IIIaHe TE-KAPITHE . ovevrervrreresess 04
17. Mansre Tega COMHEUHOM CHCTEMBL «vvverrrrreeerssrnssnerans 68
18. CoBpeMeHHEBIE IIPEICTABICHNA

0 TTPOMCXOKIEHNN COMHETHON CHCTEMBI 4vuureeiseraevans 12

LIoABe RBNG BP0 s srmmsramaisy s smsmsse e A—r

Fnaea 5. ACTPO®OUINKA M 3BERAHAY ACTPOHOMWS

19. MeTOmBI ACTPOMHUBNUECKAX UCCIETOBAHMH «vvvuuernnennes 76
20, CoRBEIG: s s snvsvssss spvemssnmeimisar s s — E— 0]
21. BuyTpenHee cTpoeHne

¥ UCTOUHUK sHeprun CoNHLA........ RS TERT AR 86
22. OCHOBHEBIE XAPDAKTEPHUCTHRIE 3BE3I «vvrrererereaeararnenenas 91
23. BEyTpeHHEE CTPOEHUE BBESM.cuueraranenees R SRR /. |
24. Benble XapJauKH, HeliTPOHHEIE 3BE3IHI,

IYIBCAPHL 1T EPHBIE JBIPBL «unueeeeearannns- shaEesn s e D0
25, [Ipoiizsie, KpaTHBIE H HePEMEHHBIE 3BE3HEL cuverurnn..... 98
26. HoBEBIE U CBEPXHOBBIE 3BEBIBI. euuuneeeernn- RU———————— I
27, DBOTIONIH BBOBT souvevisssnnisaivssvisives T 103

TTODBE/IEM MTOTH «vvveeiineeernnannas R A 106




B HEHTPE TARAKTHRE «..ovvenrennnrvrnniimnrersennsennnnnn, 112
TIOMBEAEM BTOTH o.evevveeenennnrennnnnrsn s 114

[nasa 7. FAJTAKTUKY

31. Kiaccrduuaimsa raNakTue oo.vveseeresseeenee 116
32. AXTHBHEIE raTakTHKHT | KBABAPBL veevvrrnnnnnnnnannnnn, 120
33. CKOMNOHMSA TATAKTIE vvvveeeerreeeeeeenso 122

TIOMBEREM HTOPH ..eeveveeeeeearieeeveeeeesse oo 124

napa 8. CTPOEHUE U SJBOMOLINA BCEAEHHOW ;
34. KozeurocTs 1 6eCKOHEYHOCTE Bceenerroit —

HapaJloKCEl KJIACCHICCKOH KOCMOJIOTHMH . ................ 126
35. Pacmupamomanca BCemeH AT ...ueevveeens . 128
36. Mozens ropaueii Beerennoi

H PEITHKTOBOE H3JMYICHHE tururrnrennnnareneennnsannnnnn... 132

IlogBeném uTornt «.uo'nne.nn... e R TR S e 134

37. YexoperHoe pacrupernne Beerennoit

F TEMHAT DHEPTHA 1 enveiernnneensvsnnnnsessnssnnnnsos 136
38. O0Hapy KeHMe MIAHET OKOJIO OPYTHX 3BE3N........ ... 138
39. Ilouck xusum 1 pasyma 8o BeeneHnOI ................. 140

TIOMBEAEM BTOTH v 142

OTBETBI M POMICHIA ... 143



Bui npuctynaete k nsyyenuio ogHo M3 OpeBHEMWMX HayK — acTpo-
HOMMWUW. ACTRDOHOMMA M3y4anach B akafemuu NnatoHa 8 IV B. go H.3. B
AHTWYHbBIE BpeMEeHa e€ NPUPAaBHANIN K OHOMY U3 BUAOB UCKYCCTR, 1 6o-
rvHA YpaHus nokposuTeneCcTeoBana er. B CpefHue Beka acTpCHOMUIO
BKIOYUAN B HMCNO NpeameTos dakynbTeta cBOOOOHbIX MCKYCCTB BCEX
yHUBepcuTeToR. B 3noxy MNpoceellenna sHumknoneamctel XVIII 8. Bkno-
YMAK aCTPOHOMMUIC B YMCNo obazaTenbHbIX HayK, KOTOpbIe OOMIXHbI W3-
y4aTb Monofble noaun — Oyayuine 4neHsl obLlecTBa.

B HacToflee BpeMa pasBuTue LMBUNU3ALMK CMpedenaeTcd acTpo-
HOMWYECKUMIK NCCNefoBaHMaIMK, Tak KaK OHW NO3BONAIT HaM NpUKoC-
HYTbCA K TaliHaM BceneHHol. A «oulylleHWe TalHbl — camoe npekpac-
Hoe 13 JOCTYMHBIX HaMm nepexmsaHui. MIMeHHO 5TO YYBCTBO CTOMT y
KOnbibGen MCTMHHOTO UCKYCCTBA M HACTOALLEN Hayku...» (A, SAHLWTENH).

B npennaraemMom y4edHuKe acTPOHOMWK Bbl MO3HaKOMMUTECk C ONK-
CaHWeM BMAa 38€34Horo Heba, C NPUPOQON NNaHeT 1 383, CTPOEHMEM
ConHeyHon cucTtembl, MneyHoro MyTW, ranakTuk, KUx pacnpegeneHu-
eM B NPOCTPaHCTBe W CTpoeHueM BcenenHow B uenom. Msyuure, kax
aCTPOHOMLI ONPefensAloT PaccTOAHKWE A0 3BE3[ W ranakTuk, ux pasme-
pbl, MaCcCy, TEMNEpaTypy, XMMUYECKMA coCTaB. No3HaeTe, Kak HebecHble
Tena BO3HMKaIOT, XUBYT M YMWPAIOT, KaK 3BONOUNOHKMPYeT BcenerHHas
BO BpeMeHU. Bbl MO3HAKOMMWTECH C HOBEWLIMMUK JOCTVXKEHUAMN aCTRO-
HOMWW, COBPEMEHHBIMM KPYMHBIMW Ha3eMHbIMK 1 KOCMUYECKMMA Tese-
CKOMaMu, KOTOPbIE WUCMONb3yloT Anf HabNoAeHWn camMblx AanéKnx u
HeoObI4HbIX HebecHbIX TeN: KBa3apor, MyNbCapos, HEMTPOHHLIX 3BE34 1
YEPHbIX ObIp. Y3HaeTe O BO3IHWUKHOBEHWUU W Pa3BUTUKU COBEPLUEHHO HO-
BbIX METOAOB aCTPOHOMMYECKMX HAabMoAeHWA — HEWTPUHHOM KU rpaBK-
TaUWOHHO-BCIHOBOW aCTPOHOMUW. YBUAMTE, KaK aCTPOHOMb! Ha OCHGBE
33KOHOB HeBRCHOM MeXaHWKKM PaccHuThIBAIOT opbuUTLl KOCMUYECKUX an-
napaToB, NCKYCCTBEHHbLIX CNYTHMKOB 3eMNW 1 NNaHeT.

Bbl cMOXeTe NoYyBCTBOBaTh, Kak COBPEMEHHaA acTpoHOMUA fena-
eT QyHOAMEHTalNbHbIe OTKPbLITWA, KOTOPbIE CYLIECTBEHHO MEHAIOT HallK
npeactaeneHns ob ckpyxaiouwem Mupe. K TakMM OTKPbITMAM, HeCo-
MHEHHO, OTHOCUTCH OTKPBITME YCKOPEHHOro paclinpeHns BceneHHomn,
Hanu4ns TEMHOR MaTepuu, TEMHOA SHEPTMK M BCEMUPHORN CUMbl OTTan-
KUBaHWSA, NPUPOA KOTOPbIX NOKa He NOHATHA.

B maTepuane y4ebHMKa paccMaTpuBaloTCs HabnoJeHna 1 skcnepu-
MEHTbI, CBAZaHHLIE C OOHOM M3 BaXKHEWLIMX MUPOBO33DEHYECKMX Npo-
BrnemM cyLLecTBOBaHWSA XM3HM BO BCENeHHOM 1 CBA3W € BHE3EMHbIMMK Lj-
BUMU3aLUAMMN.

OCHOBHOW MeTOg MCCnefoBaHWs B acTPOHOMUWM — HabniogeHue.
ECNv B BalIEM PacnopsXeHW OKaxeTcs OMHOKMB MNv Teneckon, npo-
BOLMTE CaMOCTOATENbHBIE HAaDMIOZEHNA. DTO NOMOXET BaM 3arnfHyTb
B KOCMMWYECKMe Jann 1 YBUAEeTb HeJOCTYNHbIe HebecHbIe Tena.

Kenaem Bam ycrnexa!




3TO MHTEpEeCHO

|
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HUCCINETOBAHUS g

TEODMM, rmnoTessl, qi)aKTbI...

o BHMMAHMKE!

PABOTAEM C YYEBHUKOM

MaTepran y4ebHuKa BKNIOYaeT LEBATb TeM, Kaxnas M3
KOTOPbIX pa3fieneHa Ha naparpadbl. lNepen KaXXpgow Temon s
pybpuke «3HaeTe Nu Bbl, 4TO...» NPUBELEHDI MHTEPECHBIE daHHble,
KOTOPbIE OTPAXaloT CyTh COASPXKAHMUS TEMBI.

Maparpath Ha4YmHaeTcq ¢ BBOAHbLIX PYOpuK «Bbl y3HaeTe...»,
«BcnomHuTe...». PyBpuka «Bbl y3HaeTe..» MNO3HaKOMWUT Bac
C OCHOBHbIMM BOMpOCamMK, KOTOPbIE M3y4aloTCs B naparpade.
PyBpuka «BcnoMHuUTe...» NOACKAXET, 4TO HeoBXOAMMO BCMOMHUTb
W3 paHee u3y4eHHOro martepuana, ans Toro 4tobbl yCBOWTHL
HOBBI.

OcHoBHOM TekcT naparpada conposoXaaloT pyGpuky, KOTOpbl
NOMOryT Bam rnyfxe NOHRTbL HanbOsee BaxkHbIA MaTepuan.

Pybpuka «Mou acTpoHOMMYECKME UCCIEA0BaHUA» NOMOXET
BaM Hay4MTbCs CaMOCTOATENbHO MPOBOAMTL aCTPOHOMMKYECKMe
HabnwoaeHus.

PyBpuiKa «3T0 MHTEPECHOY» COAEPXUT UHTEPECHBIE CBeeHUS 1
AONONHNTENBHYIO MHPOPMALMIO K OCHOBHOMY TeKCTy naparpada.

PyGpuka «Teopuu, runotesbl, MakTbl...» AOMONHAET TeKCT
naparpada npuMepamMu PasnuyHbIX NPenrnoNoXeHnil 1 yTBEPX-
OeHNM Mo faHHOW TeMaTuKe.

3akoHbl ¥ QopMynbl naparpacda BbloeneHbl B pyOpuke
«BHuManmel»,

Pybpuka «PelwseHme 3apay» COOEePXUT 3apad4M  ang
CaMOCTOATENIbHOrO PeLleHKs.

3asepwaioT naparpad pybpukn «Bbipasyv CBOE MHeHme» u
«Bonpocs! v 3aaHMs», KOTOPbIE MOMOTYT BaM MPOBEPUTL CBOM
3HaHWs no TeMe naparpada.

Ha nocnennen ctpaxuie kax o rmassl cogepskatcs pyOpurKn
«loABefEM UTOrMY, KACTPOHOMUYECKUI KPYXXOK», a TakKe CCbif-
KM Ha OOMONHUTENbHbIE UCTOYHUKK MHDOPMaLMK.

B pybpuke «Mopseném ntorn» NpUBOOATCH OCHOBHbIE BbIBO-
bl M MOEK, CoaepXKallMecs B rmase.

Bonpockl v 3aganus, cogepxalumecs B pybpuke «ACTPOHO-
MUHECKMIA KPYKOK®, HOCAT NPoBReMHbIi xapakTep v TpebyioT co-
BMECTHbIX peLleHui,

CChINKW Ha MHTepPHET-Pecypchl U NUTepaTypy No3BONAT npu-
BIie4b ONOMHUTENbHBIE UCTOYHUKM MHDOPMALIMKN MPU N3YHeHWI
TeMbI.




B CTPYKTYPA 1 MACLUTABb!
r naza 1 BCENEHHOW

BBE"EH“E = ??Q%%EJQVE”““
B ACTPOHOMMIO

SHAETE Jill Bbl, 4TO...

Yuncno 3sé3q B Hawew [anaktuke
Mneynbiin MyTe npuMepHo 200 Mnpg,.
Bokpyr Kaxgol 13 HUX, BO3MOXHO,
BPALL3IOTCA MIAHETbI, U Ha HEKOTOPbIX
€CTb XM3Hb. Bo BcenenHow cywectBy-
eT bonee yem 100 MNpa ranakTvk, 1 B
KaXK oW CTONbKO 3BE3f, kak B Mney-
HoM [yt nam paxe Gonblwe! MNocmo-
TpWTe, KaK orpomHa BceneHnas! Bepgpb
B Hel 21022 3Bé3g, a 310

20 000 000 000 000 000 000 000!




Bbl VIHAETE:

@ Y70 M3yHaet acTpoHOMMUA.

@ KakoBbl MeTOoabl WM3y4eHus Bce-
NEeHHON.

@ KakoBbi COBpeMeHHble MpescTas-
JNieHus o BceneHHowm.

BCNIONIHITE:
@ Kakue Bbl 3HaeTe HebBecHble Tena?
@ Kak HasblBaeTca Halla ManakTuka?

1 ceeroroit roa (cB. 1) — nyTs, Ko-
TOPbIA CBET MPOXOAMT 3@ OAUH rof.
Ecnn ckopocTb cBeTa ¢ — Makcu-
| ManbHas CKOpOCTh, U3BECTHaR B Npu-
pope, pasHa 300000 km/c, a yucno
CeKyHf, B rogy

t=365,25-24-3600c=
=31560000 c,

Tol1cB.I.=c+t=9,47-10" km.

Tymannocmv Andpomedvt

CTPYKTYPA U MACIUTABDI
BCEJIEHHOM

WMayuenve asuxernna ConHua, JlyHbl, 38834 1 Opyrux HeBecHbIX
Ten Urpano BaXXHylo posib B PasBUTUKM BCEX UMBUNM3ALMA Ha
3emMre, Ha4nHasa ¢ cambiX APEBHUX BPEMEH,

Hayxra o BebGecHBIX Tenax moaydwm-
Jla HasBaHHEe ACTPOHOMHEHA (OT JPEBHETDEY. CIOB ACMPOH —
3Be3fa U Homoc — 3aKoH). OHa H3yUaeT HX BHIHMELIC H feii-
CTBUTEJbHLIE IBUMKEHHA ¥ 3aKOHEI, OOPEAe/IAIONNHe 3TH
IBMKeHHA; dopMy, pasMep, Maccy ¥ peilbed IIOBEPXHOCTH;
OPHUPOAY ¥ DH3MUECKOEe COCTOAHME HeOECHEBIX TeJI; B3aHmMO-
IelcTBHE MEXAY HHEMHF, WX 9BOJIOIHI0 — BEPOATHYIO IIPO-
IMIYIO UCTOPHIO ¥ OyAyIlnee pasBUTHE. ACTPOHOMBL U3YYAIOT
He TOIBKO OT/eJbHEIe HeOecHEIe Tela, 00BbeKTOM UX HCCIIe-
IOBaHWH ABJIsgeTCA BCcA BeesleHHAS B IeJI0M.

CaMBle KDYOHBIE M3 CYIECTBYIO-
IDHX HaleMHBIX U KOCMHUYECKHX TEeCKOIOB «3arifanbIBa-
I0T» B KOCMHYECKOE IIPOCTPAHCTBO Ha DPACCTOAHMA CBBIIIE
JeCcATKa MHJIHADAOB CBETOBLIX JeT. 3TO 03HAUAET, YTO JIy-
qaM CBETA, M3NYUEHHLIM CAMBLIME JaN8KHMH TalaKTHKAMEA
H KBasapaMH, TpedyeTcs CBBHINIE NEeCATKA MHIIHADAOB JET,
9TO0EI ZOUTH HO 3eMJIH.

BrEyTpu 9TO#, mocTyIHOW s Habmmoomenuii, wactu Bce-
JIeHHOH WMeeTCd HECKOJIBKO JECATKOB MUIJIIHADAOB Tallak-
THK, TOXO0XHX Ha Hamy [aJaKTHUKy, AN HA THTAHTCKYIO
CHHPAJBRHYIO ranakTury M31, Tax masoiBaemyoo Tywman-
HOCTEL AHIDOMEIEBI, MM Ha THTAHTCKYIO JJIHOTHYECKYIO
ranakTuky M81 B cosseagum Hepnl. Kasxmas rarakTura co-
JePHUT JecATKH M COTHH MHJIIHADIOB 3BE3], IOXOMKMX HA
Hame Coxane, Takum oOpaszoM, IoJ-
HOe 4HCIIO 3BE€37 B HaOIofaeMoii JacT
Bceenernnoit cocraBaser mopagka 1022,

ITonryo Maccy BeniecTsBa, 3aKIIO-
YEHHOrO B DTUX 3BE3JAX, MOKHO pac-
CUHTATE, YMHOMHE 5T0 YHCJIO0 HA MACCY
Conxuna.

Macca Comama Mg = 2-10% k1, mo-
3TOMY MAacca BeexX 3BE3] B BUIMMOH ua-
cte BceseHHO# cocTaBaAeT NPHMEPHO
2-10% xr. Orpomaasa penrmarHal

HecmoTpa Ha Goanmnoe 3HaueHHe
MACCHI 3BE€31, TJIABHOE CBOMCTBO BHIH-
mo# Beemennoit — mycrtora. leficTn-
TeJIbHO, eCJIH MBI IOCMOTDHM B Ge3IyH-
HYIO HOYb Ha He0O, TO B IYUINEM CIydae
CMOXEeM HACYUTATh OKOJO 2—3 TBIC.
3BE€3J, pacceaHHBIX 10 HeOy CeBepmoro
nonymapud. C yuérom asésy IO:xHOTO
TOJYIIAPHS 9TO COCTABHUT BCETO OKOJO



4—6 Tric. 3Bé31. B HeOOMBLIOH IMTKOJLHBIN TENIECKON MEI
cMOrTH OBI HACIUTATE 0K0JI0 20—25 ThIC. 3BE3T Ha Hebe. Ilpm
doTorpadpupoBaEEE Hefa CAMBIME MOIIHLIMHU TEJIeCKOOAME
ymaérea sacdpurcupoars no 10 mapn 3eészg. llpaxTmueckm
BCEe OHH IpHHAMJIEexKAT Hammel ['araxkTHKe, KOTOPOH elng B
IPEeBHOCTH manu HazsaHue Maeunwtii Ilymv. Heaprux seéan
HACTOJBKO MHOTO M PACIOJIOMKEHBI OHH TaK OJIM3KO APYT K
IPYTY, UYTO, KOHIIEHTPHUPYACHL B Y3KYIO IOJOCY, BRITAHYBIITY-
10cA uepes BeE Hebo, CIMBAIOTCA B CILUIONTHYIO CepebpUcTyIO
moaocy Miaeumoro Ilytm. CriaagsiBaeTcd BOedaTIeHWe, YTO
He60 37ech BILTOTHYIO 3aII0JIHEHO 3BE3TAMHI M MEeXKAY HHEMH
HET IYCTOT'O IIPOCTPAHCTEA.

910 BHeuaTeHHe OOMAHUYMBO. ACTPOHOMEI H3MEDHIIN
paccroaHme mo muorux seésx. Tak, paccrosume pmo Oam-
sxaiiimeit k mam 3Be3nsl IIporcumbl [emTaBpa cocraBaderT
4,2 cB.T. (OT rpey. nporcuma — Oamsranmasn). Ona geicTBr-
TeNbHO OAMKANINas K HaM U3 TPEX 3BE3] 3BE3IHON CHCTEMEI
o Ilexraspa. 3EaYeHre «HECKOJILKO CBETOBEIX JIeT» Xapak-
TEePU3YeT CpefHee paccTodHMe MexKIY 3Bé3mamMu B Maeurnom
IIyTr. Yro6bl DOYYBCTEOBATE OTH BEIHUYHHBI, IPEJCTABLTE
ce0e Maeunrnrii [IyTh, cocToAmMMA U3 KAleJib BMECTO 3BER],
TOTIA PACCTOSHME MEXAY KalamMiy 0yZeT mpuMepHo 50—
100 M, T.e. Mueunsrii ITyTe npefcTaBigeT co00i OpaKTH-
YeCKH NYCTOTY ¢ BKPANJIEHUAMU 3BE3].

Ecnm npuHEATE, 9TO cpejiHee PACCTOAHKE MEeXIy Trajfak-
THKAMU CPABHHEMO C PACCTOAHMEM A0 OIH:EKalimeid K HaM
ranakTuiu M31 (TymarnocTs AHEIPOMEEL), COCTABIAIONIAM
0KO0JIO0 2,5 MJH CB. JIET, TO MeKTaJaKTHIecKOoe IPOCTDaH-
CTRO OKasbiBaeTrcs emié foJiee TyCTHIM.

Teneps MBI MOMKEM ONEHUTH CPENHION ILJIOTHOCTE Belle-
cTRa B BUAUMOM BeeieHHOM.

Ecnu mpencrasurh BHAMMYIO BcelleHHYI0O B BHIe Kyba
¢ gAuHOH pebpa oxono 10 MIpPH CB. J€T W COOTBETCTBEHHO
obséMom 8,46 107" m® u maccoii oxoiso 2-10% kr, To cpenEan
TILJIOTHOCTH Oyzer pasaa 2,4 1072 xr/m3.

JAAURMULECKAA 2ATAKMUKA
M81 8 cozsezduu Heawt

Qacms Maeunozo ITymu
om coszsesdus Opaa 0o co3zsees-
Jua Ruma




Tasonwvinesuie MYMAHHOCTIL
Cesepras Amepura, ITeruxan
U NLIICEAs MYMAHHOCTb
Mexcurxancrkuil zaaius

Paccesannoe cronaenue 36630
- LLneadsr, nozpyscénrnoe
8 ompaskaiouiue ceem 00aara
. 2430 U RbiAu

M aposoe cronnenue 36¢30 M13
8 coseesduu Lepryaeca

Takyio mameEBKyH0 mIOTHOCTL TPYBHO cebe mperncra-
BUTE. Tak kax BemjecTso Beenenmof COCTOHT B OCHOBHOM H3
BOZOPOZA, TO MO MOSYYEHHOMY 3HAYEHWIO TLIOTHOCTI JIETKO
OLCHUTH CPEJHIOK KOHIEHTDAIIMI ATOMOR BoZiopoza Bo Bee-
JICHHOM: OHA DaBHA CpeIHeil IJIOTHOCTH, NEJI6HHONR HAa Macey
aroMa Bozopoma. Macca aToma Bozopoza my = 1,66-107%7 kr,
CITE€I0BATENBHO, HCKOMAA KOHUEHTPALNS

-26
n=-"P_ _ —g’ﬁ_z—T =14,4 ar./m°,
my 1,66-10
T.e. 9yTh Ooxbmre 10 aromos B 1 mE,

Hapany co seésmamu u miamerans BO Beenennoii mmeror-
CA T'as U IbLIb, KOTOPEIEC B OCHOBHOM COCDENOTOUEHE] B TalaK-
TuEax. Macca rasa W OBLIH B razakTuxax omoutu B 100 paz
MEHBLIIE, 9eM Macca MaTePH¥ B 3Béanax. Ecom PaspesxkenHbIix
a3, PacloJIOKeHHEIH BOMINSH ropagmx 3BE37, MOMKeT HabIIo-
BAaTbCA B BUJE CBeTAIelicHd I'a30BOM TYMaHHOCTH (Kak, Ha-
npuMep, TymanHocTu CesepHas Amepura u ITenurarn), To
ofraxa meuTH HaGIOMAIOTCA B BH/I€ TEMHBIX, TOTIOIIATOIITX
CBeT JAaNEKHX 3BE3M, TYMAHHOCTEIL, IIpumepoM meLTeBoit Ty-
MaHHOCTH MOJKET CIYKHUTHh TYMaHHOCTE Mexcurxancrkuii 3a-
/U8, KOTOPaA DACIOJIOKEHA PIIOM C TyMaHHOCTAMEU Cesep-
Haa Amepura u ITeauran.

IIsrteBnie oGaraxa, DacIloJIOKeHHEIE DAJIOM ¢ ADKHMH
3BE3JaMHI, MOTYT, Kak IIOXMe 3€pKaJa, OTPAMKATEL CBeT
3BE3J H TaCTO HabIIOJATCH Kak OTpasKaTeNIbHBIC TYMAaH-
HOCTH. lIprMepoM mOmo6GHEIX 06BEKTOR MOTYT CAYKHTH OT-
baxarerbEbIe TYMaHEHEOCTH BOKDYT ADKWX 3BE3 B 3BE3JHOM
CrRonIeHun [lnesdvr. CKomaerne Ilneaner oTHOCHTCH K pac-
CeAHHBIM BBE3AHBIM CKOILIEHHAM. B mém HACUYHUTHIBAETCA
oroyio 120 3Bész, paceTosnme [0 Hero oxojo 400 cB. geT.

IMTapossre 3pé3nHbBIe CEOMICH S HMEIOT NPABUIBHYIO IIia-
poobpasHyio tdhopmy, HampHMep IIapoBoe CKomjeHme M13 B
coseesanu 'epryieca. D10 cromnenme umeer IHAMETD 0KOJIO
36 cB. JeT u comep:ERUT OKOIO MunInoHa 3BE371. JIyd ceera
HMAET OT 3BE3] 9TOr0 CKOINEHNS Ao Hac oxoao 25000 xer.
Wurepecro ormernTs, yTo 16 HOAOPA 1974 r, k 3Bé3xam sTO-
T'O CKOILIEHMA OBIIO OTIPABJIIEHO S3aKOIUPOBAHHOE DPALMO-
nocIanwe oT Hauleldl muBmamzanuu. Tak xak GONBOIMHCTEO
BBE3N CKOILJIEHMs IIOXOMKI HA Conrrne, me mexmrouena Bepo-
ATHOCTE, ITO COOOIeHUe OyeT KeM-To LPHHEATO.

Camere paspesxenunie obmactu Bcenennoit — s10 npo-
CTPAHCTBO MeXIy raTaKTHKAMY, a CAMBIe IIOTHLIE — Agpa
8Bésa. Ecau cpenussa muorHOCTL ConHna cocraemsier oxoI0
1400 xr/m®, mouTH Kak MIOTHOCTE BOZEI, TO B ueHTpe Cosmma
HJIOTHOCTE yoxe 0Koao 150 000 kr/m3, ¥ 3BE37 GeabIX Kapim-
KOB LrorHOCTE Hoctmraer 1000 xr/cv®, wom 1 T/cM?, a v meii-
TPOHHBIX 3BE3J], Aarke TPYIHO OpeJCTaBHTh, — HECKOJILKO
MUJIIHADA0E TOHH B KYOHYeCcKOM caHTHMeTpe.

AcTpoHOMaM yuasock H3MEPUTh M PACCUUTATH TeMIepa-
TYDY Da3IHUHEIX HeGECHBIX Tes M ofiacTell KoeMmoca. Tax,
CAMBIMH XOJIONHBIMK OKAaBAHCH IJIOTHBIE 0GIaKA raza m
OBLIY, YIAIEHHEIE HA H0JILITHE baccToAHuA OT 38BE3/, — B HUX



TEMIIEPATYPA COCTABIAET BCEr0 HECKOJBKO KeJbBHHOB.
HNmeHHO B 3THX 00macTax o6pasyOTCs HOBLIE 3BE35L.

Ha mosepxuocru ConHma TeMmeparypa paBHA [IPH-
meprOo 6000 K, a B ero meutpe — oxomo 15000000 K.
B mexoToprix 3Bé3gax TeMIiepaTypa B HMEHTPE AOCTHIA-
eT MHJIINAPACB KeJLBHHOB. Biraromaps BEICOKHM TeM-
oeparypaM B HAX IIPOTEKAIOT TEPMOAAEPHBIE PEaKIlUH
u 00pasyroTcs BCe, B TOM UHCIe TAXENble, XUMUYECKIE
DIIEMEHTEL.

Bo BpeMA B3PLIBOB CBePXHOBEIX 3BE3J BBIIEIAETCH
TAK MHOI'O JHePIHH, YTO OTPOMHBIE MAaCChl BeIeCTEA
npuobperaiT ckKopoctu mopagka 10000—20 000 xm/c
1 00pasymTCS HOTOKM 3JEMEHTAPHBIX YACTHIL, CKOPO-
CTH KOTODHIX OMM3KH K CKopocTH cBeTa. OCTaTor TAKoro
B3peiBa — Kpabdosudnyo mymannocms — MBI Haba0/1a-
€M B co3Be3anu Teybiia.

B mepeoit uetBepTu XX B. 9. Xa00J OTKDPBLI yIIBH-
TeJIbHEIH QaKT pacinupenusa BeeJeHHON M CAeIall BEIBOL
0 CBEPXIIJIOTHOM COCTOAHWHW BEelIecTBa B HaYaJje 9TOrO pac-
mupeEnd. Ilocnennme HabaogeHHa MOKa3aaH, uTo Beelen-
Has paclmpdaeTca ¢ yekopeHueM. W ecsn 1o HabnrogeHUAM
ABmKeHRA nnaHeT u Jlyasr M. He10TOH OTKPBII 3aKO0H BCe-
MHUPHOIO TATOTEHHUS, TO MO HADNIOAEHNAM YCKODEHHOTO yia-
JeHWA aJaKTHK He TaK JaBHO ObLIA OTKPHITA HOBAA CHIIA
Beemupnoro orrankusauns. Ilpupoma sToM CHIBL ITOKA He
AcHa. Kpome sTOr0, OBIIO YCTAHOBIECHO, YTO OCHOBHYIO YaCTh
Bceesnennoil sanmManT TEMHAA MATEPHA U TEMHAS SHEPIHd, a
OOBIYHOE BElI[eCTEO COCTABIAET BCErO HECKONLKO IIPOIEHTOR.

AcCTDPOHOME! TPOBOIAT HAGNIONEHNUA BO BCEX JIMAIIAB0HAX
OJIHH BOJIH, BBIBOAA 34 IIpelenbl 3eMHOH aTMocdepbl KOCMHA-
YeCKHe TeJNeCKOIBI, pajdoTarniue B HHOMPAKPACHOM, BHUIN-
MOM, PEHTIeH- i raMMa-Tuanasone. Hampumep, HAOIIOTeHI A
B HHQpaKpacHBIX ayuax mearpa Mueurnoro IIyru momorim
00HAPYXHUTEH TAM CBEPXMACCHBHYIO UEPHYIO ALIPY ¢ MACCOI,
B 1BA MHJLJIIMOHA Pa3 OpeBLImalomeil Mmacey Comnna.

B raGoparopusax Mbl He MOJKEM HOCTHYL TON CTENeHU pas-
PeXKEeHHOCTH, KOTOPad €CTh B MeKIJIAHETHOM IPOCTPAHCTEE,
1 TOH CTeNeHM CHKATHH, KOTOPad BCTpPeYaeTcda B GelIbIX Kap-
JHUKAX M HEHTPOHHBIX 3BE3axX.

B zeMHRBIX yCHOBHAX NPAKTHYISCKN HepeasbHO IOCTHUYE
TeX M'HraHTCKUX TeMIepaTyp, A0 KOTOPBIX Pa30TpPeThl IeH-
TPBI 3BE37, a AJA MOJYYEHHUS YACTHUIL, ABHTAKN[AXCH CO
CKOPOCTBIO, OJNIM3KOH K CKODPOCTH CBETa, HAM He XBATHT
MOIITHOCTeIl Bcex amexTpocraHnuil 3emuan. Habamozerna c
HOMOIIIBI0 HEHTPWHHLIX TeJIECKOIIOB IIOTOKOB HEeMTPUHO OT
ConHna m CBepXHOBBIX 3BE3] [MO3BOJHMIN 3AIVIAHYTH BHYTDD
9TUX HEeOGECHBIX Tel.

B mocrenumne rogpl acTpPOHOMBL HAYANM HCCIEZOBATE I'pa-
BHTAIIMOHHBIE BOJIHEI, KOTOPEIE 'eHePHPYIOTCA IIPH CTOJIKHO-
BEHHAX YEPHEBIX ILIP.

Taxmm 00pa3oM, aCTPOHOMHEA MO3BOJIAET M3ydaTh (WH3H-
YeCK¥e IIPOLEeCChl B SKCTPEMAJBHEIX YCJIOBUAX, KOTOPLIE HE
MOT'YT OBITh AOCTUTHYTEL Ha 3eMJIe.

SATAUA No 1

Hpabdoeudnas mymannocms —
0CMamowr 83Pblea CEEPXHOBOU
36e30bt

Bupmmelii  yrumoeoll  pazmyc
Kpabosugnoii tTymamnoctu —
OCTATKA B3PBIBA CBEPXHOBOM
3Besnbl, 0~ 2,5, paccToaHue
o Heé r=6500 cB. Jger.
Habniofennsa VEassIBAIOT, YTO
CKOPOCTb PACHIMPEeHHA TYMaH-
HOCTH U~ 1500 kM/c. OnenuTe
ARHEWHBT paguyc M MOMEHT
BpeMeHUH, KOrjga IIPOM30IIEJI
B3PBIB CBEDXHOBOU 3BE3IEL.

) a

BONPOCHI W 3AJAHWA:

@ 4o M3y4aeT acTPOHOMUA?

@ Kakvmm cnocobamm mzyHaloT Bee-
NeHHy0?

@ W3 kakux obbekToB cocTouT Bee-
neHHas?




Bbl V3HAETE:

@ lne v kak paboTakT camble Kpyn-
Hble ONTUYeCKME TeNecKonb.l.

@ Kak acTpoHOMBI UccnegyloT y-13-
ny4yeHue BceneHHo.

@ Y10 YyBMOENM rpaBMTaUMOHHO-
BOJIHOBbI& Ui HEMTPUHHLIE TEeCcKOonMkbl.

BCNOMMHMNTE:

@ Yt0 M3yyaet acTpoHOMUS?

@ Kakumu cnocobamm usyyaiot Bee-
NeHryo?

@ W3 kakux obbekToB cocTouT Bee-
NeHHan?

ITepswLil npamoil CHUMOK
IHI0NTAHEMbL

Ovuenb BombLuoit Teneckon

| JlazepHblA ny4y, nokasaHHbI Ha
doTorpadun, nomoraer yBUOeTh
M OUEHWUTb WMCKaXXeHWs, BHOCUMEIE
atMocdepor, WM aBTOMaTMYyeCcKM
y4ecTb hx npu obpabotke, Tem ca-
MbIM 3HE4YUTENLHO YNYHLLIAA CHUM-
KW. Ha nepeoM npsiMoM CHUMKe 3K-
30M1aHEThl OHa BWMIHA Ha YrIoBOM
pacctoaHun 0,778” oT cBoel 3ges-
Abl KOPUYHEBOro Kapnwka, 4To npu
paccToaHnm 40 3ToM 38e3a6 230 ce.
NeT CoOTBETCTBYeT 55 acTpoHoMM-
YeckuUM enHMLLAM.

AANEKME [NIYEMHDbI
BCEJIEHHOMN

B nocnenwve mecatunetus coBpemenHas aCTPOHOMUS HaLemneHa
Ha n3y4eHune cambix ganekux obnacteil BceneHHOM u usydeHue
AETaNIbHOV CTPYKTYpbl HebecHbix Ten. s 3Toro 6eino noctpoe-
HO HEeCKONLKO 0DCePBATOPUIA C TMIraHTCKUM TeNeCKONamu.

COBPENVIEHHBIE SEMHBIE O5CEPBATORVIN Cienyer oTMeTuTSH
HOMHYIO MEXYHAPOLHYIO ACTPOHOMUYECKYH 00CepBATODMIIO
B Yumau. Brarozapsa Tomy, 4TO OHA HAXOMMTCS HA BLICOTE
OKoJ0 2635 M, yoamoch CYIIECTBEHHO YMEHBLUINTE BIMAHIE
arMmoc(eps Ha opMupoBaHMe M300paKeHNH HeGeCHBIX TeJr.
Ouens Bonrmoii Teneckon cOCTOMT M3 UETHIPEX TEMECKONOR
auamerpoMm 8,2 M Kaxmer. C IOMONIBIO KOMIOBIOTEPHBIX
TeXHOJIOTHH OHH MOTryT paloTaTh EMECTe KaK IMTaHTCKMIL
HHTeDGEepOMEeTD C VIVIOBELIM Da3PelleEHeM B HECKOILKO MILI-
JHCEKVEZ IYIHA.

UyscTauTensHERe HEDDPAXDACELIe IDHEMHEUKHE CBETA II0-
SBOJIHJIH OPOHUKHEYTH B meETP Mieusoro Ilytu uepes 06-
JIaKa Tas3a ¥ OBLIH, KOTODBIe HeIDO3DAYHEL JJIS BHIWMOTO
CBeTa, H3YIHTE JBUXeHHe OTAeIbHBIX 3BE31 B ICHTPe H 00-
HaPyRATH CBEDXMACCHBHYIO YEDHYI) OBIPY B HEM.

HBa Temecrona ¢ obbexktmBamMu mo 10,4 M B ouaMeTpe
YCTaHOBJIEHEI Ha BbIcoTe 4154 M B obGcepBaTopun Ha Iapaii-
CKHX ocTpoBax. CoegnHEHHEBIE BMECTE C IOMOIIBI0 KOMIIBIO-
TePHBIX TEeXHOJOTHH, TeJeCKOIIEl Hadalu paboTaTs KaK Tele-
CKOI AMaMeTPOM 36 M ¢ IPOCTPAHCTBEHHBLIM DPA3DPElIeHHeM
0,004 (mox Taxum yriom 6ymeT BHAHA GyKBa «0» B BAIIEM
yuebHuKe ¢ paccrosausa 100 k).

| KOCMWYECKWE TENECKOMb! it armoctepa orpa-
HUYUBaEeT HAOMIONEHWA 38 HeOCCHBEIMHE TeIAMM ¥ MEeIIaeT MX
opoBefeHu10. [IoaTOMY 8CTPOHOMEI 3aIyCKAIOT TEIECKOIILI
8a IIpeJiesIbl 3eMHOM aTMochepsl.

Hcnone3ysa AIHTENbHBIE 3KCIO3HIIHH, VIAJIOCh 3arjid-
HYTh B Jal€Koe mpomoe BcereHHOH, B smoxy ¢hopMHpO-
BAHHSA OEPBHIX laJIAKTHE. BIepBBIe OBLIH NOJYVYEHEBI W30-
OpaKeHWA IIPOTOraJaKTHK, HEPBLIX CIYCTKOB MAaTepHH,
KOTOpBbIe cQOPMHPOBAIHCE MeHEee YeM HUeDEes MEJLIHADT JeT
nocJyie Boabimoro B3peisa.
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B macroamee BpeMa B KOCMHUYECKOM IIDOCTPAHCTBE pa-
foraeT poccHmiickad KocMuuecKas obceprRaropma «Pagmo-
Actpor». CoBMeCTHO C Ha3eMHBIMH PaJHOTeleCKOIaMH
obGcepBaTopua paboraer xax paxzuouHTepdepomeTp. Teme-
CKOI IBHC4EeTCA II0 OYeHb BBHITAHYTOM OpOHTe ¢ aloreeMm
mno 360000 gm. ITo mpocTpaHCcTBEHHOMY pPa3pelleHHIO OH
CPaBHHM C PagHOTeIeCKOIOM, KOTOPBEIH HMeJ OBl 3epKalo
auamMeTpoMm oT 3eman o JIyael. «PangmoAcTpoH» MO3ROIAET
TONYYHUTH WH(POPMAIIHIO O CTPYKTYDE raTaKTHUYECKHX 1 BHe-
TalakTHYIeCKUX PAJUOMCTOYHUKOR HA YTIOBBIX MacInTabax
o 8 Murpoceryun ayru (8- 107%).

Cefiuac B KOCMHUYCCKOM IPOCTPAHCTBE BOKDYT 3eMIH
BpamjaeTcs y-Teaeckon nmenu @Pepmu. Tark Kak Y-H3IydeHHe
00pasyeTcs IPH BLICOKOIHEPIHYHBIX IPOIECCAX DOMKIEHHA
¥ aHHUTHJISIHANA YaCTHI M AHTHYACTHIL, IPH AJePHBIX pPeak-
OUAX, TO TEJIECKOI IIO3BOJIAECT WCCAeL0BATh STH IIPOIECCHL B
He0eCHEBIX TeJaX. ,

Ha pucyHrKe DOKA3aHa KApTa PACTIPeIeIeHIA Y-U3IYIeHN T
110 BCeMy HeOy, noayuennas TeneckonoMm Pepmu. Ha doro-
rpathmm Heba B Y-Iydax BBIIENAAETCHA H3IyUIeHHe IIOJI0CHI
Muaeumoro IIyTi, KoTOpoe 00BbACHAETCA OCTATKAME B3PBIBOB
CBEPXHOBBIX 3BE3]], HEMTPOHHBIX 3BE3[ M YEPHBIX ALID, KOH-
HEeHTPHUPYIOMMUXCA Ha mrockocT Muewnoro Ilytn. 3aragroi
IJIsI ACTPOHOMOB SBASIOTCA OBA Y-IIY3BIPHA, IPOTAHYBIINXCA
OepOeHIUKYIAPHO BBEPX M BHH3 OT IeHTpa. MHOrHMEe acrpo-
HOMEI CKJIOHHBI JyMAaTh, 9TO B Y-M3JIyJeHHH cels TpOsABIA-
0T HeOOBIUHLIE CBOMCTBA TEMHOH MaTepHH.

B macrtodiee BpeMsa MBI IoayvYaeM HHGOPMAIIHMIO O He-
0eCHBIX TelaX He TOJBKO B PA3JIMYHBIX TUANA30HAX JIEK-
TPOMATHHTHOI'O H3AYUYeHHsA. BOJLINOE PA3BHTHE IIOJIYUMIA
HeUTPHUHHASA ACTPOHOMMNS, C €€ IOMOIINLI0 YIAJOCH 3arisd-
HyTs BHYTPEL COJHIA 1 B AAPA B3PBIBAIOIMXCSA CBEPXHOBEIX
seésn. CoBepllleHHO HOBOE HAIpaBJeHHE IPeACTaBIAET I'pa-
BHTAIIMOEHO-BOJHOBAA acTpoHoMuda. Eé mepBrle VCIeXH CBA-
3BIBAIOT C IPAMBIM HAOJIOZeHHEM I'DABUTANNOHHOTO H3JIY-
YeHHA, KOTOPOe, MO-BUAUMOMY, 00pa3oBaaoch IPH CIUAHHHA
IBYX YEPHBIX IBIP.

Bypuoe paszeuTHe COBpeMeHHOH ACTDOHOMHH CBA3aHO
KaK ¢ TPAAHIINOHHLIM PA3BUTHEM Ha3eMHBIX 00cepBaTOpHIil,
TaKk ¥ C 3AlIyCKOM TEJIECKOIIOB 34 Mpe/elIbl 3eMHOH aTMoche-
pel H HaOIOgeHHeM B HeTPANWUOUOHHBIX AJA aCTPOHOMHH
OHANA30HAX AJIHH BOJH — HH(GPAKPACHOM, DEHTTeHOBCKOM
H Y-ZHanasoHe.

Kapma pacnpedenenus
VUIRYHEHUA

OJJ,MH M3 CaMbiX KPYMHBIX KOCMUWHYE-

CKMWX ONTUHECKKX TENIeCKONOB C va-
METPOM 3epkana 2,4M — Teneckor
Xabbna — yxe cebiwe 27 net pabo-
TaeT Ha BbicoTe 540 KM.

«Cmoanvt Teopernus» 6 mymar-
Hocmu Opén. B HUX poHOaIOmCcs
HogbLe 36E30vL

BATAYA Ne 2
B ramma-temeckon um. Pepmm
HaOJIOga Iy MOIMHOEe TaMMa
H3JIyYeHNe IIeHTPAJIbLHBIX 0014~
crefi TamaxTHRKE ¢ SHEPIUAMHE
raMMa KBAHTOB EET'% 2THB.
Onenure W3 3aKoHA COXpaHe-
HIA 3HEPryUy, Karkyio SHePrumo
A CKOPOCTE [JOJIXEeH HMEeTh
DIEKTPOH, dYTOOLI WM3JIY4aTh
OaHHBIE TaMMa KBaHTH, W
HACKOJBKO OHA OTJIHYAETCA OT
9HEPTHY TOKOA BIEKTPOHA. |

BONPOCHI W SA0AHMA:
@ C KakvMKU COBPEMEHHbIMU Tesie-
CKOMaMK Bbl MO3HAKOMUMANCH?

@ PacckaxuTe o Ha3Ha4yeHWU Tene-
CKOTOB.




SATAYA N2 3
Bupgumeii yraosoit AHAMETD

HEA  M13 B cosBesjum
Tepryneca 0~ 23’, paccroanme
no Hero r~ 25000 c¢B. ner.
Cxonnenue copepsrur N = 106
8Bés. OLUeHUTE CPEIHIOND KOH-
HeHTPaI M0 3BE3T M PACCTOA-
Hue Mexay HuMmu. CpaszHuTe ¢
baccToanmeM no Oamikaiimet
K HaMm 3Be3msl (cB. Jer)?.

AcTpoHeT
http://www.astronet.ru/

SneMeHTbI: NONYNAPHbIA caiiT
0 pyHOaMeHTanbLHON HayKe
http://elementy.ru/

MonynspHas mexanmxa
http://popmech.ru/

IDaPOBOT0 BBE3NHOTO CKOILIE-

& Bmyrpm AOCTYIHOU HabIIOZeHMAM YacTH BeeleHHOH co-
ACPIEHTCH HECKOIBKO NECATKOB MIJIIMADIOB ralakTHK pas-
JIHTHON (hOpMEL.

@ T'as w meah COOPaHEL B Ta30lbIIEELIe o0J1axa, KOTOpBIe
HabnronaioTesa B Bume nuddysHBEIX CBETAINMXCS TYMAHHO-
CTeH U OTPAKATEIBHEIX TYMAHHOCTEH BOZIe BRE3T.

@ Habmogarores paccesAHHBIE U IIADOBLIE 3BE3THEIE CKO-
IIeHNsd.

© CpezHsfA IIOTHOCTH BemecTBa BO BceeneHHo# B Bue
8BE3J, rasa, OBIJIM H TAJAKTHK COCTABIZET BCETO OKOJIO
1,2-10726 gr/m3.

@ CaMBIME TIOTHBIME OGbeKTaMu ABJISIOTCA HEHTPOHHBIE
3BE3MEI.

@ HabmonaioTes ocTaTkn B3PBIBOB CBEPXHOBEBIX 3BE31, B KO-
TOPBIX BEITIECTBO PA3JAETAETCH CO CKODOCTBIO B HECATKM ThI-
CAY KHJIOMETPOB B CEKYHAY, B PE3YILTATE Yero obpasyrorcsa
PEeTATHBHCTCKHUE YACTHIIEL.

& B memTpe Mieuwroro ITytu maxozuTes cBepxMaccmBHas
4E€pHAad ABIPA.

@ Jis msydeHUs camMeix AANE€ENX HeGeCHBIX TeJ acTPOHO-
MBI CTPOAT I'HTaHTCKHE TEJeCKONBl, YTOOLI PASIHYIHNTE KAk
MOKHO MeHbIIIHe JeTaJr HeOeCHBIX Ter.

Q Yrobel m36aBUTHCE OT BIMAHUA arMOcQeps W H3yYarTh
uziy4yeHrue HeDeCHBLIX Teda B PEHTTeHOBCKMX, Y- U mHEDpa-
KPACHEIX Iy4YaX, 3alyCKAIT KOCMHYECKME TeIeCKOMEL

NOLPOBHEE...

\ Ilepenvman A. H. BaEmvmaressHas acrpoHOoMusa. — M.:
\ OZON.RU, 2010.

DHNUKIONeAUA nia mereii. T. 8. Acrpomomusa. — M.:
AranTa+, 2013.

BOMPOCHI fins OBCVI BEMNS:

@ O6BeKT C KaKUM MUHUMATBHBIM TUHERHBIM PasMepoM Mbi CMG-
KEM Pa3NMYUTL B ranakTuke TyMaHHOCTb AHOPOMebI, paccToaHue
L0 KOTOpOW 2,5 MIH ¢B. neT, ¢ noMoLbio «PaaunoAcTpoHa»?

@ CkopocTb BOMOKOH B KpaboeugHon TyMaHHOCTM cocTarnser
10000 km/c. PacctogaHme ao Hed 6500 cp. net. “epes ckonbko ner
MBI CMOXEM 38MeTUTh 3TO NepemMeLieHme B TeNeckon ¢ AnaMeTpom
86 M C MPOCTPEHCTREHHBIM paspeileHuen 0,004"7

& Senm 0TIMNaI0TC UcCNefoBaHMUA B oBnacTy aCTPOHOMUWMW OT UC-
“henosasut 3 obnacty dusukK U Buonoruu?




Fnaega 2 B 3BE30HOE HEBO
B HEGECHBIE KOORIMHATI

ACTPOMETP“H B BVANMOE OBUXEHWE MIAHET

1 COJIHLA
B [BVKEHWE NYHbI VM 3ATMEHUS
B BPEMA U KATIEHOAPH

B e 2 bt

3HAETE NV Bbl, 4YTO...

M3BECTHBI NOMNBITKM CO34aHWA ermn-
TAHaMW 3BE3[HbIX YacoB (ok. 1500 T
[0 H.3.} C MCTONb30BaHMEM MPOCThLIX
WMHCTpyMeHToB. HabniogeHws nposo-
AWK, OTMEYad BpeMs MPOXOXOeHUs
onpefenéHHbIX 3BE34 Yepes HeBecHbIA |
MEPKUOMAH W COCeHME YUacTKM Heba.

Erunetckas maesd He 3aBUCALLErO
OT NPOARIXKUTENLHOCTM AHS Yaca fer-
Nla B OCHOBY BCEX aCTPOHOMMWYECKMX
Habniogesuy. JpeBHUMM ErMnTaHaMu
Gbin NPeaNioXKEH CYET BPEMEHW, rOe
OAMH Yac — 3T0 '/,, NPOJOMKUTEND-
HOCTW CYTOK.




3BE31HOE HEBO

Bbl V3HAETE:

@ Kakwe 38837161 BXOAAT B CO3BE3AUA
OpuoHa 1 Nebegs.

| @ Y70 Takoe aknunTUKa.

@ Movemy npoucxogut netneobpas-
HOe ABKXeHWe nnaHeT no Heby,

BCMOMHMTE:
@ Kakwe Bbl 3HaeTe HebecHbie Tena?
@ YeM 3BE37bi OTNMNAIOTCH OT NNakeT?

B achyio BeznyHHYI0 HOYb Mbl MOXEM paccMmatpusath Hebo, yce-
AAHHOE 3BE3[aMW PA3NUYHON APKOCTU. ECAn HabnwonaTte 3a 3863-
AaMI B TEYEHME HECKONbKMX BEYEPOB, TO MOXHO 3aMeTUTh, YTO
Hambonee sapkue 38&37bl MOTYT ObITb pacnpeneneHbl B oToens-
Hble Ipynnbl — co3sesaus.

Sl LI URECETTENEN ITpy Habmogenun sa 3BE3HEIM He-

00M cosnaérea 3pHTeNbHOE BOSYATICHNE O TOM, YTO 3BE3MEI 1
CO3BE3AMA PACIONIAraloTCA Ha BOOOpaKaeMoOi HebecHOM ce-
pe. MuOrme u3 cosBesmmii ¥MeIOT topmy, KoTOpPYIO JErKO 3a-
HOMHHTE U 32PUCOBATE (KpecT — cosBesnme JleGems, KOBIT —
cosBesque Bosbmoit Mexgsemmier, OykBa W — cosBesgme
Kaccrnonen). Hatitu smi sxe buryps! Ha 3Bé3gHOM Hefe MOIKHO
HEe TOJBKO B CJIeAYIOINHe Beuepa, HO U Yepes HEeCKOJUBLKO JIeT.
OHE MOT'YT OKa3aTECs He B TOH Ke 9acTH Heba, rae MBI X 06-
Hapy XMy B IEPBBIH Pas3, HO HHE WX OUEDPTAHUA, HH APKOCTE
COCTABIAIOIMHUX HX 3BE3J He U3MEHATCHA. Helw 6nI TIepBLIe
4CTPOHOMEI — »Kpensl ApepHero Erunra 1 Basmiora — cmor-
JIM B HalIN NHU B3VIAHYTH Ha He0O, OHU He 3aMeTHIN ObI Ha
HEM HHKAKWX U3MeHeHHH. [TomoKeHns 3BE3J OTHOCHTEIBLHO
ADYT IPyTra He H3MEeHAIOTCH, IIO9TOMY HX YaACTO HAZEIBAIOT He-
DOABIRXHEIMA. Hamboaee saMeTHEIC TPYUIEL 3BE31 06Lemi-
HUJIHA B CO3BE3/lNs, IPHCBOUE UM HMEeHA MU(DHUECKHUX Tepoen
(Teprymec, Opuow, ITedeii u Ip.) u :xuBoTHEIX (Terer, I'ngpa,
3aan u ap.). IIpy HeMBMEHHOCTH B3aXMHOTO PacIoIoKeHn A
3BE3]] BHAHKE CO3BE3AUIl MO3BOJANO AHTHIHEIM 4CTPOHOMAaM
CO37aBaTh 3BE3/HBIE KAPTHEL M ATIACHI, OBICTPO HAXOOWUTEL Te
HWJIY MHEIE 3BE3LI U HeOeCHEIe Tea.

CAMDIE SPKME 3BE3bI

woma Comewwe | Pecomve | aésivas
Cupnyc bonblwown MNéc & 8,6 : | -;‘5,47_
¢ LeHTaepa LieHTaep 4,3 i —0,27
ApkTyp Bononac 36,7 .~ -'O,(ﬁl
Bera Jlvpa ‘ 25 +G,03w
Kanenna | Bosawwm | wmp I oos |
PIV}!;EJ'ib v OpuoH : “ “8.70 e +0,T2 =
| Npounon Mamiméc | 14 | 4038
Seems oot | 0
e B oe | ke L e
B DA L s
Bimmpec® o] coprion. R OB P
fMomye | Bwesews | 337 37 Samu e
DeueS oo lealieees L

Peryn lles 69 +1.35




UT0o6b! JTerde ObLIO OPHEHTHPOBATHCA CPENH 3BE3], APEBHe-
rpedveckni actponoM I'mnmapx, skuBmwui o 11 B. 10 H. 3., OpH-
CBOMWLJI 3BE3JaM ONpeeJEHHLIE 3BE3IHbIE BeIMYNHEL B 3aBUCH-
MOCTH OT APKOCTH uX Onecxa. CaMble spxue — 3BE3IEI EPBOMR
BeMIMYIHHBI — 0003HAYaAI0T 1™, a caMble ¢aalble, HO eIlé BUIH-
MBle TyIasoM, — 6™, 3a nociaenHue OBALLATH BEKOE ACTDOHOMEI
Hay4HJIICE 00JIee TOYHO OIpeNesaTh 3BE3LHEIe BeJuInHbl. Celi-
UaCc OYEeHDb APKUE 3BE3bI OIIPEeNe AT Uepes HYJIeBYIO U JasKe
OTPHUATENLHYIO SBE3IHYIO BeIMUHHY.

Haunbonee aprue 3Bé3gnl Ha Hebe MMeroT coOCTBeHHEIE
HMEHa, B OCHOBHOM 3aMMCTBOBAHHBIE U3 aDAOCKMX MCTOYHH-
KOB. B GOIBITHHCTBE CAVYAEE ACTPOHOMEI 0003HAYAIOT 3BES-
OBI B CO3BE3LNHE OYKBaME I'DeYecKoro aadasurta B mopagke
VYMeHBINEeHUA APKOCTH 3THUX 3BE3xn. Tak, JeToM M OCEHLIO
II0 BeuepaM BEICOKO HAJ[ I'OJOBON BHHO co3pesnme Jledess,
CaMyIo APKYIO 3Be3ny KoToporo — o Jlebemss — HasnIBaoOT
[erne6 (or apad. aav Oxcanab anv 0adradiax — XBOCT Ky-
PHIlBI, TAK KAaK B APEBHOCTH co3Besaue Jlebens BO MHOTHX
CTPAHAX LIPEICTABAAJN B BHIe KypHObI). Eé 3Bé3mHast Be-
muwumpa 1,25, Camas spkada 3Besga seMHoro HeGa Cupuyc
(o Boapmroro Ilca) mmeeT 3BE3MHYIO BeIUUYXHY —1,6™,

Yrolel «IOYYBCTBOBATEL» 3BE3AHEBIE BeJIWYMHBI, HOCTA-
TOYHO OCEHEBIO IIOCMOTpeTh B o0macTs Heba BOIHM3HM 3eHUTA,
T.e. BeDTHKAJILHO BBepX. BOam3y 3eHHTAa BHUAHO CO3Be3gue
JlebGena. SanaHee HAXOAUTCA caMasd APKAA 3Be3/a CeBep-
HOrO Heba — Beza (0. JIupel), 6meck xotopoit 0,14™. Hag
TOYKOH Iora pacnonoxen Aasmaup (o Opaa). 9t Tpu
Aprue 3Be3nsl — llemeb, Bera uw AnpTamp — pacmoio-
"KeHBl B BEPIIMHAX TAK HA3BIBAEMOTO JeTHe-OCeHHero
TPEYTOMbHUKA.

WMzsectHo, uto ewé 3a 3 Toic. net no
H.3. erMneTcki1e XpeLpsl NogMeTunu,
4YTO pa3nuMebl HMNa HacTynany BCKO-
pe nocne TOro, Kak fnepes BOCXoAoM
ConHua Ha BOCTOKE ModABARNACk
camana Apkas 13 3sé3n — Cupuyc,
CKPbIBABLUAACA 4O 3TOM0 OKONG OBYX
Mecsauee B nydax ConHua. M3 atmx
HabniogeHuin 6ein pazpaboTad nyH-
HbIA KaneHgapb W3 12 mecaues no
29 wnu 30 gHel {oT HOBONYHWA OO
HOBONYHWMA). YTOBKI €ro MecsLsl co-
OTBETCTBOBANW Ce30HaM rojia, pas B
nBa-Tpu roga npmxogunocs gobas-
NATb TPUHAZLUATLIN Mecau. MNepBbiM
OHEM NYHHOrO rofa cyuTancs nep-
BblA [EeHb HOBOMYHWA, HacTynas-
LWiniA nocsie Bo3BpalleHms Cupuyca.




Hpesnue n cpepresexkosbie acTpo-
. HOMbI nipencTasnanu cebe Hebo B
| BUE XPYCTanbHO cdepbl ¢ Npubu-
. ThIMM K Helt cepebpAHbIMK FBO3OU-
| kamu — 388302MU. ITa chepa Men-
NIEHHO B TeYeHMe CYTOK BpalaeTcs
BOKPYT 3eMSi1, KOTOpas HaxoauTcs
B UeHTpe cdepbl. Takas npocras
MOLEeSb MO3BONANa He TOMbKO 0fb-
ACHUTb CYTOYHOE ABMXeHMe HebBec-
HOW chephl, HO 1 yBepeHHO npea-
CKa3blBaTb NOABNEHWE TEX MU MHBIX
O3BE34UN Haf FOPU3OHTOM.

Cems 3Bésn Boabioii MegBenumnst, KOTOPBIE OCeHBIO Ha-
XOAATCA HEBBICOKO HAaJ M'OPHM30HTOM HA CEBEPO-3aIaje, mMe-
10T Omeck mpumepnro 2@, Ilo BHIY 3TO CO3Be3[He CKOpEee IIo-
X0Xe Ha TeJjleTy WJIH KOBII C DYUKOMH.

3uMo#l HamboJee 3aMEeTHBIM SABIACTCA co3sesnme Opno-
Ha. Ero spuaiimas sepesga — Bereasreiise (o Opmona), uro
B IIePeBoZie ¢ apabcKOoro 03HAYAET «DYKA BeINKAHA» — 3Be3-
Aa KpacHoro rgera (0,92™), a sesna B OpuoHa — Purenn
(ot apab. Puzenv anv zeGap — HOra BeTHKAHA) — BGEJIO-TO-
ny6oii ceepxruraur (0,12®). KorTyp uz neestu APUATTITIHX
3BEBJI 9TOr0 CO3BE3NMsA NEHCTBUTEIRHO TTOXOM HA TeJ0BeKa,
nmepeBA3aHHOro nosacoM. Iloac ua TPExX sBess ykasbiBaeT Ha
CaMyio APKYI0 3Be3ay semHoro Heba Cupmyc (0 Boxsimoro
1Ica). Ero sBésmHas BeIMYMHA OTPHLATEIBLHA I paBHa —1,4™,

PacCIOJIOMKeH OH HHM3KO ¥ FOPH30HTA.
Becnoii B6nm3n senura Hapany ¢ Boabmoi Mezneenuneti
u Maumoit MexBenueit MOMKHO YBHIETh cozBeaaie Boomaca.
fApuaiimas 3Besma B 5TOM CO3BE3OUH — ApKTYD — mMeerT
Baeck 0,24™. 3Ty 3Be3Ay W caMo cosBesnme BoJomaca JIErKo
HAWTH HA IPOJOIKEeHNH XBOCTA Bonbmrodi Mengeguner.

«Amuaac 36¢30n020 neba» A. I'eeenus. Cozeesdue Opuon




LENEEEEVEENVM TTonapryio 3Besny (o Masoit Mense-

JHIBI) JIETKO HAaHTH Ha TPOMONIKEHUHM JHUHHH OT IBYX

KpaiiHEX 3BE31 [ 1 o KoBma Boasmioi Mensequirsl. /5"/
B reuenme cyTok Bce 3BE3nBI HeGecHOM cdeprl Bpa-

mraroTea BOKDYT Ilonsapmoi 3Be3nbl, KoTOpasd |

OJHA OCTAéTCA Ha MecTe. "
Kaxymeeca aBienme BpamleHns HeOecHOHR A \
chepsl BoxpyT IonapHoi 3Be3OEl OTpaKaeT Iei- \ 4

CTBHTEJIEHOE BpAIlleHHWe 3eMHOTO0 Imapa BOKPYT
CBOEH OCH. Manas
Ocp, mapaniensHas OCH BHAMMOIO BPAIIeHNI MezBeauua
HebecHOU chepsl, HASEIBAIOT OCHI0 MHEpPA.
Ocr Mupa nepecexaer nebecuyo cdepy B IByX TOUKAX —
IOJIIOCAX MHPA.

o
A

\\
/ 2ap
o~

» '

g / bonblias Menseguua

3OAVAKAJIGHBIE CO3BE3ANS. SKAUNTUKA Keldaies MEeCTO
cpenr co3e3Auil 3aHMMAIOT 12 30QMAKAJILHBIX CO3BE3THI,
yepes KOTOPBIe IIPOXOAUT MOJUYHEIN IyTh COMHITa — 3KINII-
THEAa. Tak, B Mmapre ColHIEe IBHETCA II0 CO3Be3THi0 PrIb, B
mae — Tensna, B aBrycre — JIbBa, B HOAOpe — CKopomoHa
u T. 0. Hapany co 3eésnamu Ha Hebe HAGIIOIAIOTCA NIAHETEL,
KOTOPEIE Me/|JIeHHO IIePeMenIaloTeA CPea Helmo -
BIKHBIX 3BE3J, OIPABALIBAA CBOE Ha3BaHUe:
CIIOBO NJAGHEMAC B TIEPEBOJe C IPeUYecKOoro o3Ha-
qaeT «0IyEIAIOIIAS 3BE3Ia.

—

Cymounoe spaujenue 36é30
80KPY2 NOAIOCA MUDA

3oduaranvrbie cozee3dua

BALIE NIHEHME:
& MoxHo nu, Habniopas 3a 3pé3g-
HbiM HeboM, AOKas3ath, 4TC 3emns
BpallaeTcs BOKPYT CBOeW ocu?

0 Kak MOXHC copueHTMpoBaThCA
HO4YbIO MO 3BE30aM?

BONPOCHI M BAOAHNMSA:

@ OT Yero 3aBMCMT 3BE34Han Benu-
Y1Ha?

@ Yto Takoe HebecHan cpepa?

@ Kak onpepenuts ock Mupa K no-
Nockl Mupa?

@ Yro Takoe aknunTHKE?




Bbl VZHAETE:
@ Y70 Takoe HebecHbIi 3KBaTOP K
HebecHbIn MepuamaH.

@ Kak cTpoaT 3KkBaTopuanbHyio cu-
cTemy HeDeCHbIX KOOPAMHAT.

@ Kak cTposT ropusoHTansbHyio cu-
cTeMy HeBeCHsIX KoopamMHaT.

BCROMHNWTE:
@ Kakune 6biBaloT reorpaduyeckue
KOOPAWHATDLI?

@ Y70 Takoe rpagycHas M 4acosas
Mepa yrna?

CeBepHeln 3eHnT
nonc Mupa

HEBECHDbIE KOOPAMHATDI

B actpoHoMum gns onucanus nonoxenns ceetun Ha HeBe mnu
To4ek Ha BoobpaxaeMol HebecHOW chepe MCMOJib3YIOT CBOM
CUCTEMBI KOOpAWHAT. KoopanHaThl CBETUN WK TOYEK 3afaloTcs
ABYMA YINOBBIMM BeNMYMHAMMK, ONPemensiowMmn nonoxeHme
0BbekToB Ha HebecHol cepe. CricTemMa HeBecHbIX KoopauHat
AB/IAGTCA CHEPUHECKON CMCTEMOW KOOPAMHAT, B KOTOPOU TPeTha
KOopAuHaTa — pacCTosHne — He UCMNOoNb3yeTcs.

| SKBATOPUATIbHAS CUCTEMA KOOPE VHAT W3] HacToAIee
BPEMA A7 OPHEHTAIMH CPeU 3BE3M aCTPOHOMEI HCIIONL3Y-
10T HeOEeCHbIe KOOPAUHATEL, CPeAN KOTOPLIX 0coBoe MecTo 3a-
HEMaeT IJKBATOPHAJBHAA CHCTEMa KOOPIHHAT. B ed ocHoge
JIEXKUT HeOeCHBIH 3KBATODP — MIPOEKIIMs 3eMHOTO SKBaTODA
Ha HebecHy0 chepy.

IKIMIITHKA ¥ 9KBATOD NEPECEKAIOTCS B TOUKAX BECEH-
#ero (V') m oceHHero (L) pPaBHOZEHCTBWS, B HUX Conume
OBIBaeT COOTBETCTBEHHO B JHH BECEHHETO W OCEHHEro pag-
HOZEHCTBHA, KOTla IPOAOIKUTENLHOCTE JHS PABHA IIPOKOJ-
SKHUTENbHOCTH HOYH.

Touka BeceHHETo paBHOJEHCTBUA HAXOAUTCSH
B cosBe3 Uy PrIb U CIyIKHT HAYaTbLHOH TOYKOMH,
OT KOTOPOHl B HAODABIEHHM NIPOTHUB YACOBOI
CTPeJIKM OTCYHUTEIBAETCA KOODPAMHATA IPIMOe
BOCXOMKICHHE, KOTOPYIO OOBIYHO 0003HAYAIOT
OYKBOIL 0. 9Ta KOOP/IMHATA ABJIAETCH AHAIOIOM
AOATOTEL B reorpadHYecKHuX KOOPIMHATAX.

B acTpoHOMEH DPHHATO HPAMOE BOCXOMIe-
HHe M3MepPsTh B YaCOBOH Mepe, a He B rpagyc-
HO#. IIpHMHATO, 4TO TMONHAA OKDPYIKHOCTH CO-
craBiager 24y,

Bropas xoopauHATA CBeTHIA — CKJIOHE-
HHe — 0003HaYaeTca OYKBOH & W ABIgeTCH aHAa-
JIOTOM INWPOTEL; HBMEPAIOT €€ B I'PayCcHOIH Mepe.
Tax, spesma Anbraup (0 Opna) mmeer CJIeaVIO-
IEX KOOPAWHATHL: O, = 19948~ 18°; § = 844",

HzmeperHble KOODAMHATEHI 3BE3] XpaHAT B
karanorax. Ilo HuM cTposT 3BE3AHBIE KapTHI,

KOTOpBIe MCIOJB3YIOTCA IPH HOMCKE HYMXKHBIX
CBETH.I.

ACTDPOHOMBI MOJIB3YIOTCSA IIE ONHOH KOODIHHATOH 3BE3N —
4acoBBIM yrioMm (), KOTOPEIH HaMepaeTca nyroi QM. 1 ¥ MeHs-
eTCs CO BpeMeHeM.

TOPUSOHTANIbHAS CUCTEMA KOOPOWUHAT Ha opaxTtuke ua-
CTO MCIOIB3YIOT FOPUIOHTAJIBLHYIO CHCTEMY KOODZMHAT, KO-
TOpad HeIOCPEACTBEHHO CBA3aHa ¢ HabJIofaTesleM M ero Me-
CTOIIOJIOMKEHeM Ha IIOBePXHOCTH SeMIn.

B oTo0i cHcTeMe KOODAMHAT OCHOBHOM JIHHHIEH sIBISETCH
TOPH30HT, a TOYHEe — MAaTreMaTHYeCKW#l ropu3ont. Haiitu
9Ty JMMHHIO Ha HebGecHOIl ciepe serxo. nsa sToro BHauase
HYKEHO IDOBECTH BEPTHKAJIBHYIO JUHUIO. ITO MOXKHO Cle-




jJaTk C IIOMOINBIO OTEBeca. JTa JUHHA IepeceueéT HeGeCHYIO
chepy B TOUKe 3eHHTA Z KaK pas y Hac HaJ TojloBoi. ILmo-
CKOCTBE, IEPIEeHANKYIAPHAS BEePTHKANLHON JHHUMN, — ILIO-
CKOCTH TOPHMB0HTA, a4 JHHHA IepeceueHlsd 3TOH IJIOCKOCTH ¢
HebecHOIT cepoil — MaTeMaTHUYECKHIT TOPH30HT.

HeOecHarrit sKBaTOp IEpecexaeT FrOPU3OHT B ABYX TOUKAX:
BocToKa (£ — East) u samaga (W — West).

Bonbmoit kpyr meGecHOR cdephbl, KOTOPBIHA IIPOXOIHT de-
pe3 3eHUT W MOJIOCHl MHPA, HASLIBAIOT HedeCHBIM MepHIH-
apoMm. HeOecHblll MepuanaH mepeceKaeT I'OPUSOHT B TOYKAX
cerepa (N — North) u rora (S — South).

¥1IyoBoe paccTodHMEe CBETHJIA OT I'OPH30HTA
HAa3bIBAETCHA BEICOTOM H o0o3HauaeTcd A (dTa Ko-
OpIFHATA AHAJOTHYHA reorpadHyecKoH IITHpO-
Te). BricoTa nsMepsaeTca B rpagycHoH Mepe ot O
xo +90°. Ecin CBeTHUI0 [OA TOPH3OHTOM, TO BBI-
COTa OTPUITATEIbHAA. :

Ot TOYKH 0Ta BOOJIL COPHIOHTA II0 HACOBOH
cTpenKe (K 3amajy) OTCUHTHIBAETCA BTOPad KO-
OpAMHATA cBeTHJa — asuMyT A (9ra KoopauHa-
Ta aHAJOTHYHA reorpadmuecKoii noarore). Asm-
MYT TaK’Xe H3MepsAeTCs B rpaAycHOH Mepe oT 0
o 360"

Bricora 4, mosrroca Mupa HaJ TOPA30HTOM Ha-
3pIBaeTCA IMHPOTOH MecTa (.

HWrax, ropu3oHTaAIbHEIE KOOPAUHATE IIOJIIO-
ca Mupa: Beicora (mupora) k, = ¢, a3uMyT (50i-
rora) A = 180",

He cnepyeT nyTarts TO4Ky CeBepa |
¢ CeBepHbiM NOMCCOM.

Tlopuzonmanvras cucmema
woopdunam

TopuzouTanpHaa cucTeMa KOODAMHAT yI06-
Ha IJId U3MEPEeHHH, HO Heymo0Ha TeM, 9TO u3-34
CYTOYHOTO BpamleHus HeOecHOM cdephl KOOPAHMHATEL CBETHI
HeOopepsIBHO MeHATCA. CBeTHIa BOCXOAT, TOTHUMAITCA
IO MAKCHMAaJIBHON BLICOTHI M 3aXOMAT.

IIpu BOCxOme mM 3axoje CBeTHII0O MMeeT BeicoTy h = 0.
MakcHMaNBHYIO BRICOTY CBETHJIO MMEET, KOrIa IepeceraeT
HeOeCHBIH MepHANAH HAJ TOYKOI 0ora. 3TO ABJIeHNE HA3EIBA-
I0T BepXHeH KYJIEMUHAIHNEH.

Korma ceeTHio mMeeT MUHUMAJIBHYIO BRICOTY HAI TOPH-
30HTOM, TO FOBOPAT O HMKHElH KyasMuHanuu. Eciu cBeTHia
He 3aX0SAT B JAHHOM MECTe, TO BePXHAA H HIKHAA KYJAbLMU-
HaOWM OPOMCXONAT HAN ropusoHToM. Ecim cBeTHIa HeBOC-
XOIAMINE ¥ HaXOOATCA BCErna II0J I'OPHM30HTOM, TO BEPXHAA
W HMMXHAS KYJIBMHHAINE OPOMCXOAAT BCErHa MIOL COPH30H-
TOM. ¥ 3BE3J[, KOTOPHIE BOCXOLAT M 3aXOIAT, BEPXHAA KYJIb-
MHUHAIMA TPOMCXOOUT HaL FOPH30HTOM, A HUMKHAN — IOJ
TOPM30HTOM.

Hanpumep, 8 MockBe BBICOTA IOJIOCA MUPA DABHA

h, = ¢ = 55°45..

Bee ceeTHIIA, ¥ KOTOPBIX CKJOHEHHE O > ¢ = 55" 45, 8 Mockse
He 3aXO0JAT, 4 CBETHIIA, Y KOTOPHX O < —b5°45’, B MockBe HH-
KOrZa He BOCXOAAT — 9TO 3B8305I U co3se3nuda I0:KkHOro mo-
JyImapus, Haxogaiquecsa 0koao Kmmoro momoca MuEpa.

BALIE MHEHME:

& MOXHO N C NOMOLULID FOPU3OH-
TanbHOWM CUCTEMbI KOOPOMHAT MOCTPO-
WTb KapTy 3BE3gHOr0 Heba? AprymeH-
TUPYITE OTBET.

BOMNPOCHI N ZAOAHMA:
@ B kakumx Toukax nepecekakTcd
3KMMNTUKE U HeDeCHbIn 3KkBaTop?
@ Yto Takoe BEPXHAA M HMXKHAA KYNb-
MWHaUMK ceeTmnna?




Bbl Y3HAETE:

@ Yro Takoe neTneobpasHoe neixe-
HWE nnaHer.

@ Y10 Takoe MonAaTHoe 1 npsmoe
ABWXeHWe nnader.

@ Yro Takoe SKIAMNTUKA,

@ Kak ConHue aBMxeTcy HepaBHo-
MEPHO Mo 3kNMATUKe,

BCNOMHMUTE:
@ Kakue GoiBaior CHCTEMbI HeBecHBbIX
KoopaunHat?

@ Kakwe OCHOBHBIE TOYKW U NUHUY
HeGecHo cheps Bbl 3HaeTe?

Budumeiii nemaeobpasnLi
nyme Mapca no coseesdumn Ji béa
6 1979-1980 22. i
(pumciue Yupper oboznauaiom
nepsvie Lucaa mecayes )
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BATAYA A 4

Hcnonnays rpaduk, ompenemn-
Te SKBATODHAIbHBIC KOOpamHa-
Tl 3Besnn Peryma (o JIbBa).
Yemy pasma eé BEICOTA h,, B
MOMEHT BeDXHEH HKysMuma-
nuy B Mockge (¢ =55°45")

BUAMMOE ABVDKEHME NNAHET
MW CconHLUA

> He O0TXOZA majsekxo ot IRJIHOTHKH, TOCTOSHHO HaXOoACh
B IIpefenax mosca S0NUaKAIBHBIX CO3BE3ITH. 9T0 ABHKeHme
ITaHeT, IIOX0)Kee Ha ABriKeHWe Coannma um Jdya®r cpenn
3BE€37, HAZLIBAIOT IPAMBIM JBVESHMEM,

B nemxennn Kax 0N miIageThy BDeMdA oT BpeMenym HacTy-

HOM HaIpaBIeHWwH, T.e. ¢ BOCTOKA Ha 3amaz. Dro obparHoe,
UM NONATHOe, TBHIKeHue DIUTCH
HECKOJIBKO HeNeb Wi MeCHAIEeB, 3a-

*25"  TeM clemyer mopas OCTaHOBKa (HO-

BO€ CTOAHME), mocxae yero njaaHeTa

Opomo/nxaeT cBOE npsamoe ABUKeHIIe

K BOCTOKRY. Tarkumwm o6pasoM, Buan-

MBI OYTE mirager Ha mebe mosayya-

*15° eTCA meTseoOpasHBIM mm SUI3aT0-

00pasHEIM.

L Y Mepxypua A¥Ta IDOOATHOro
ABHIKCHUA COCTABIAET OKOJIO 13, v
Mapca — oxoso 15, y FOnurepa —

*" HemmHoro bosree 10,

+20°

breck ssésg

Mypmancrke (¢ = 68°58).

1’” 2:” 3;7 4:?1 Ilerneobpasmrre Y9acTEH Bumn-
0° MOTO IYTH IITaAHET MOryT HAXO/MIHATEL-
CA B PA3HBIX 30/[HAKANIBHLIX CO3Be3-

OAWSX.

Becs mosie S0AMAKANBHBIX CO-
sBe3nuit Mape o6xoqur 3a 687 cyToxk,
Onmurep — 33 12 7TeT, a Carypa — za 29,5 jer,

OTH TpH naameTwy HepHOAMIeCKn OBIBAIOT BOIMH Counsg-
Ta ¥ TOrza He BHIHEL saTem HOCTEeHHO OTCTYIAIOT OT Hero
K samany u B o6pactm HeDa, IPOTHBOIOIOKHOLE Connmy,
OLHCBIBAIOT OYEPEAHYIO MeTIIio. B szaBucumocrn or pacmoao-




TOUHOH 0ob6JacTH Heba o) yTpo, A0 Bocxoma CoxHma, Jambo
B 3aIIaTHOH CTOPOHE TI0 BeYepaM, BCKope mocie 3axona ComH-
na. Taxum obpaszomMm, BuauMoe ArH:KeHHe Meprypua u Be-
HepBI 3HAUHTENLHO OTJAMUAETCHa OT BHAMMoro nytu Mapca,
IOnourepa m Carypra. Ilepememenue e Conuna u JIyHel Ha
doHe 3BE3T MPOMCXOAUT MO OONLIIHM KPYyraM BceTma B IIps-

MOM HalIpaBJICHHIH.

HEPABHOMEPHOE OBMXEHWE COMHL Kpome
3HAKOMOT'O BCEM C JeTCTBA CYTOUHOTO ABMKeHHA ConHIa mo
Hely, HabaOIaeTCA M FOGHYHOE IIepeMeNIeHiie HAIEero cee-
THIA TI0 HebecHOM cdepe BAOAL HEKOTOPOH JUHNM, Ha3LIBae-
MO IKJIHIITHKOMN.

IKIUNOTHKS — OPOEKI[HSI 3eMHON OpONTEI HAa He(GeCHYIO
cthepy. OTa IHHEHA TPOXomuT yepez 12 3ommaKanabHBIX CO-
gpeaauii: B mae ConHIle ABH:KeTcA mo cospesgmio Tennta, B
uioHe — BrusHenor, B aBrycre — JIbBa, B -HoaOpe — Crop-
THOHA K T. [I.

Ecnm npocnenuTs 3a geumxenneM CoIHOA IO SKIHITHKE
B TeUYeHHe rofa, TO O0HAPYIKUTCA €ro HepaBHOMEPHOCT.
Heificreutensro, 21 mapra, B JeHb
BeCceHHero pasBHomeHcTBud, ConH-
e HAXOJAUTCSA HA OHKIHITHKE
B Touke Y’ — TOUYKe BeceHHero pas-
HONeHCTRUsI. Jlajee, ImepeMeniasich
mo sKJAmnTHKe, 22 mioHa ComHIe
TPOXOMHUT TOYKY JIETHErO COJIHIE-
crogHEa — S5. B 310T meHBp IIPO-
IOJIKHTENBRHOCTE AHA B CeBepHOM
TOJYIIAPHH MaKCUMAJILHA.

Hanee, mpoiipa ayry B 180° mo
AKINNTHKe, 22 cenTadbpa ConHIe
IepeceKaeT TOYKY OCEHHEro PaBHO-
OeHCTBUA X,

22 nexabpsa CoiHOE HPOXOAMT
TOUKY 3HMHETI0 COJHOECTOAHUA Yo;
IPOTOKHTEILHOCTEh DTOT0 OHA MH-
HHAMAJIbHA.

Ilpoiifa HOIHYIO OKDPYXKHOCTE
o SKANNTHEKe, COMHIE 3aBepIaeT
CBOE FOAHYHOE ABHKEHHE II0 30IMa-
KaJIbHBIM CO3Be3IHAM B TOUKE BEeCEHHETO PABHOAESHCTBHA.

HWzmepenus sugumoro yrimosoro guamerpa Conmma B Te-
YeHHMe rofd MOKA34aJIH, 4TO B HaUalle SHBAPS OH MaKCHMAaJeH
¥ COCTABJIZET OKOJI0 32° 5. B Hauaie HIONS OH MUHHMAJCH B
cocTtaBageT 31°5".

Tax xar apmxxenme CoJHIA TO SKIAHITHKE OTPaXKaeT
memxenue 3eman Bokpyr CoaHIA, 9TO 03HAYAET, YTO 3MMOM
Conume K HaMm Oamsxe, weM jgeToM. IIpasna, maMeHeHHe pac-
croaausa no ColHIIA B TedeHHE I'0Jia HACTOJBKO MAJO, 4TO
HE OKA3BIBAET BANAHMA HA CMEHY CE30HOE Ha 3eMe.

ITyre Jlyaer cpenu 3Bé3g mOX0XK Ha CONHEYHBIH, HO 3HA-
YHTENBHO CJOKHEE,

Tener,

To4yRa neTHero
CORMLECTORHMS

l BranaHeLs!

+r

e Ein

3a spems ¢ 21 MapTa no 22 ceHTabpa |
ConHue NpoxoamT NONOBMHY CBOErO
FOAMYHOrO MYTW (BECHY W1 NeTo), T.e.
180°, 3a 186 cyTtok. Bropyw nono-
BMHY cBoero nytn (oceHb U 3uMy)
ConHue npoxoguT ¢ 22 ceHTsbps no
21 mapTa, T.e. 3a 179 cyTok. Takum
0Dbpa3oM, OCEHbIO U 3MMOI ABMXKE-
Hue CornHua coBepliaeTcs BoicTpee,
4YeM BECHOW W NIETOM.

buicTpee Bcero ConHue ABVXKETCA B
nepuogd 1-5 auBapsa — 1,017° B cyT-
Kn, MefrneHHee Bcero B nepuog 1-5
wions — 0,95° B cyTku.

BALNE NMHEHWE:

& MOXHO 1l € MOMOUIBIO FTOPU30H-
TaNbHOW CUCTEMBI KOOPAWHAT NOCTPO-
WTb KapTy 38E30HOTO HeDa? AprymMeH-
TUPYITE OTBET.

BOMNPOCHI K SAODAHWA:

@ MMoyemy NnaHeTbl Ha3biBalOT ByX-
JaoWyMy 3BE3gamMm?

@ Onuwumre nyts ConHLa cpeam 36831
B TeYeHue roja.



Bbl YVIHAETE:
@ Yo Takoe CUOEPUHECKA MeCcAaL, i
CMHOOWMYECKWA MecL,.

@ MoveMy NPoMCXoOAT CONHEYHbIE 1
NYHHbBIE 3aTMeH .

@ TMoyemy 3atmenns ConHua u JIyHbI
MpPOMCXoAAT BONU3U Y3NOB NyHHOM
opbuThl.

@ Kak npefckasbiBaTb 3aTMEHUS.

BCMOMHNTE:

@ Kak geuxerca ConHue no skamn-
TUKe?

@ Kak mameHsaeTcs nonoxenue nna-
HeT Ha HebecHoW cihepe?

IKNNNTUKS

i

3naukut yanos & 19 npeactasnsiot
LPEBHME 3HAKM OPAKOHOB, Tak Kak
B cTapuHy (Hanpumep, B [peBHeM
Kutae) nonaranu, 4to 8 yznax nps-
9yTCA LPaKOHbLI, KOTOpbie 3arna-
ToiBaOT ConHue v JlyHy, ecau oHM
CNAUWKOM nNpubnuannnce K Hum,
lNosToMy 80 BpeMa 3atmenuit Conx-
ua monam bapabaHunm, s3apeiBanu
pakeTbl, 4TOBbI MCNYraTh APaKoOHOB
¥ cnact ConHue.

JlyHHBIR NyTL "
u——’-"‘—ﬂ//

ABVDKEHME JIVHbI
N SATMEHNA

JlyHa v3ppesne npuenekana BRUMaHMe miofeit kak BaMKaiiwee
K 3emre HebecHoe Teno v eé ecTeCTBEHHBIN CNYTHUK. CpegHee
paccroaHune ot JlyHbl po 3emnun 384400 KM, CpeaHAs CKOPOCTb
€€ ABMXeHNs no opbute coctaBngaet 1km/c. MHOrve sBeHua Ha
3emMne cBA3aHbl C JIyHOM.

Habamonaa HECKOIBKO BEYEPOR MO
nonoxxenue JIyHbl cpefu 3BE3J, MOMKHO 3aAMETHTH, UTO OHA
CMernaerca oo mebecHOI cdepe ¢ 3amaza Ha BOCTOK, KAK U
Comrne. Kam b1l 1eHb OHA BOCXOLHT H 3aXOXHT o3 e, deM
HakaHyHe, mouru Ha 52 mwuu. CuBuraercs JlyHa B Ty &e
CTOpoRY, 4T0 u CoaHIE, HO 3HAYUTENBHO BBICTDEE: BCEro 34
27,3 CyTOK OHa ONMCHIBAET MOJIHEIH KDPYT' ¥ BO3BpamiaeTcs
B TO K€ MECTO Cpeli 3BE3T.

9TOT IPOMEXKYTOK BPEMeHU paBeH Oepuomy
obpamerna JIyEb BOKPYTr SeMiIH; OH IOy <IHIT
Ha3BaHWe 3BE3JHOIC WJIH CHIEPHUIECCKOTO Mecd-
na (uepmoza).

B T0 e Bpema Jlyma mennemmo Bpamjaer-
CA BOKDYT CBOEM OCH B IPAMOM HAaOPABICHHH
C TIIePHOAOM, PABHBIM CHAEPHUYECKOMY MECSILY,
BCIEJCTBHE Yero OHA IOCTOAHHO IIOBEPHYTA K
3eMiie OMHOM CTOPOHOM. Hoatomy ¢ Beman reer-
la BUIHO OfHO moaymapue Jlyuaesi. O6paTHyIo
| & €€ CTOPOHY BIIEPBEIE YAANIOCH YBUAETH TOJIBKO
7 orTaAOpsa 1959 I., KOTIA COBETCKAS ABTOMATH-
JecKkad craHnuA «JIyHa-3» obmerena Jlymy m
ctoTorpaduposasa eé 00paTHYIO CTOPOHY, Iepe-
JA4B CHIUMKH Ha 3eMJII0.

Bupmwmerii nyTs JIyHB cpenn 3BE3) opeacTasn-
JsieT cobol KpYT, HAKJIOHEHHBIH K IIJIOCKOCTH
BKIMNTHKE HOJ YIVIOM i, KOTODPHIM COCTABIIAET
opumMepnHo 5. TakuM o6pasomM, JIyma MoskeT oT-
KJIOHATBECA OT SKJIHITHKH BCETO HA 5, MO3TOMY
OHa, mofobHO CONHIY, IPAKTHYECKH HE BLIXO-
AAT U3 TOACA 30THMAKANbHBLIX CO3Be3IHI.

[LrockocTs IyHHOH OPOHTEI MEPECEKACTCA € TLIOCKOCTHIO
B€MHOH OPGHTHI (IIOCKOCTHIO OKJIMITHKIE) TI0 THHHM Y3II0E,
IpOXoAAINel Yepes 06a JTYHHBIX y3Ja U MEHTP SeMiu: & —
BOCXOJAIIHH Y3€J IYHHOH OpOHTEI, (f — HUCXOTAIUH y3el.

WIS LIINEEE JTyma, momo6HO Bemie, peacTaBIAeT coboi

TEMHOE HeIpOo3pavHOe IIapOBHAHOE TEJo, CBeTAIIEEe OTpa-
JKEHHLIM CONHEYHEIM cBeToM. CosHIle Beerna ocBeraer Ipu-
OIM3HTEHPHO NOJOBUHY TOTO [IAPA, APYTas MOJOBUHA OCTA-
érca réMHOH. Tak Kaxk K 3eMie 0GBIYHO GLIBAIOT obparmedsl
K HacTh CBETNIOr0 BHAHMMOI'O NOJYIIAPHA, X YaCTh TEMHOIO,
To JIyHa GONBINYIO YACTh BPEMEHH KasKeTCd HaM HEIIOJIHOIO,
ODEeACTABIAA TY AN HHYO (asy.



Jlyanoi (raszoit (0T rped. asuc — UPOABICHUE) HASHI-
BaeTcA BHZ JIVHEI Ha Hebe.

Ha pucysare moKasanbl MOMOMKEHHS JIYHBL
OTHOCHUTENbHO Semuan u Coamma IJis pasiud-
mbIX (haz. ConHDe HAXOOHTCA OYEHB Ha-
JeKO0 cOpaBa BBepxy. Tayk Kaxk AumaMeTrp
Conuna B 400 pas Goabime JIYHHOTO
u HaxopurTesa oo B 400 pas manbpiie
JIyHBI, TO €ro Jy4M MOMKHO CUHTATH
mapaiieTbHBIMH.

Bo Bpems w#HOBONYHHSA, KOIuaa
JIyHa TPOXOMUT MEMAy IeMaein u
Conniem, K HaM oOpalmeHa eé He-
OCBeIEHHAA TEéMHAA cTOpoHa. JlyHa
Torza He BuxHa. Korma oma mepenBu-
HeTCcA B CIENYIONiee noaosxKeHme (o
CTpeJKe), K HAaM MNOBEPHETCH Y3KAA
TOJIOCKA CEBETJIOTO Moayinapus (cmpa-
Ba). B aT0 Bpema JlyHa BHOHA B BHJE V3-
KOT'0 cepma, ODpamEHHOT0 BhIIYKJIOCTHIO
BOpaBo. 'oBODAT, UTO MBI BHIMM MOJIOLVIO
«pacTtymyio» JIyHY, KOTopas IOABJIIETCA B
BeYepHue yackl mocJe 3axoxa CoirHia.

Hepes memenro mocie HoBoayHuA ¥ JIyEBI BHgHA
DPOBHO IOJIOBMHA OCBEINEHHOTO IONYITapud. Mel BUguM TOT-
Ia OCBEIISHHOH IIPaBYI0 IIOJOBUHY JYHHOTO AucKa. OTta daza
HAa3BIBAETCA Nepeoil temaepmyvio. 3aTeM K HaM TOBOpAdYHBa-
eTcsi BCE OOMIBITaA W GOIBIIAA YACTh OCBEIEHHOr0 IOIYIIa-
DHsI, IOKA eI[é uepes HeAesl0 He HACTYIUT NOAHOAyHUe. B
ato epema Coanme, Jiyaa u 3eMisa HAXOLATCHT DOYTH HA OI-
HoH nmpamoii. Ilocne sToro JIyea HaumHaeT yOBIBATDL: ¢ KaK-
IBIM OHEM CKPBLIBAETCA OT HANIMX I7a3 BCE DOIbINAas 4acThb
CBETJIOTO HONAYINADHA, W ¢ HPABOM CTOPOHEI AWCKA IIOABJIA-
eTcsi BCé OOMBINU «yIrneps».

YHepes Hefienio mocJe IOIHOAVHESA HACTYIAET ROCALEOH AL
yemeepms: MBI BUOUM ¢ 3eMJH OCBEIIEHHOH JeBYIO IIOJIO-
BUHY JyHHOrO Aucka. Hawonmen, Jlyma mpmummaer hopmy
cepra, 00PAMEHHOTO BEIIYKIOCTHIO BIAECBO (FOBOPAT, YTO MBI
BUJIEM «CTapyio» JIyHY; oHA BUIHA B YTPEHHNE Yackl Iepej
socxogom CoOJIHIIA), W BCKOpE HMCYe3aeT. 3aTeM ONATL HACTY-
TaeT HOBOJIYHHUE.

HWEeTepBan BpeMeHH MEHAY OBYMS IIOCIETOBATEIbLHLIMHE
HOBOJNVHUSMM COCTARIACT 29,5 CyTOK M HA3LIBAETCS CHHO-
audecknil Mecan (mepumozn). CuHONMYECKTN MeCAIll JeXUT B
OCHOBE JYHHOI'0 KAJIEHIADS.

Ilpu peu:xennn JlyHa 3acioHsIeT
(mOKpHIBaET) 3BE3BI 300HAKAIBHBIX COBBERIHM, N0 KOTOPEIM
OPOXOANUT JIYHHBEIN NYTh. SHAYHTENLHO PeXKe NPOHCXOAAT
ODOKpHEITHA JIyHOHE nnmader, oKasaBHIHXcA Ha Hebe B Heno-
CpeACcTBEeHHOH OnM30CTH K AYVHHOMY IYTH. llepmonmueckn
JlyHa YacTHYHO MK OOJHOCTEIO 3acioudeT ConHIile — Torma
OPOHCXONUT CONHEUYHOE 3aTMeHNeE.

DaszvL Jymvi

Pactywasn
Nyna

Craperouiasn
Jlyna

MOH ACTPOHOMHUYECKHUE
HCCJIETOBAHHS

TR

[MpoBeguTe HabnwpeHUa 3a U3me-
__ HeHusmM (a3 JlyHel. CocTaBbTe NyH-

:".-ﬁ Hbill KaneHgaphb.

== «MOMOLUHWUK»

== () B TeuyeHWe HEeCKONbKUX JIHEW B
=== o0HO W TO Xe Bpems NoHabiona-
Te 33 uaMeHeHuamu dasbl JlyHbl, 08
MonoxeHusa Ha HebecHo chepe.

= O OnuwuTe cBOWM HabaloaeHus.
~ () B KakoM 4acTu ropuMsoHTa pac-
==y [10710KEH Cepn Monofow JNyHe?
—= B kakoe Bpems M roe BOCXoOMT
—=m NONHas JlyHa?

i i



(XXIl's. no H.3.) onmceiBaeTcs ne-
HansHaa cynsba aByx NpuaBOpH.IX
acTpoHomos Xu 1 Xo, KoTopble He
NPEACKasany conHeyHoe 3aTMeHme
22 okTAbpA 2137 . [0 H. 3., BbI3BAB-
luee Ccepb@3HOe 3aMewaTenbeTEo B
Hapoge. Mo npwkasy umnepatopa
MM oTpyBunu ronossl. Cynsba 31Mx
ACTPOHOMOB noKasblBaeT, Kakoe
3HateHve B [lpeBHem Kutae npu-
LaBanu 3atmeHuam.

Cxema conreurnozo
sammenus

Antiynbi ncTopumk lepogor yno-
- MWHaet 06 acTpoHome Manece Mu-
NETCKOM, KOTOPBIM Npeackasasn con-
HEYHOe 3aTMeHue, npouclwenuiee
B 5841 [0 H.3. B Manoit A3un so
Bpemsa buTsbl nuguitLes ¢ MensHa-
- M. Cpaskaiolmecs Bbinu HacTosL-
KO NopaxeHsbl 3TuM cobbiTreM, 4To
npekpatuny  OuTBy, 3aKmIOYUIU
MWD, 3aKPenuB ero AuHacTMYecKmm
Bpakom.

B mpestux kuraiickux neTonucax

CosimeuntIle 3arMenus GrIsaoT TOJIBKO BO EPEMA HOBOJIY-
HEUA. OHU cayuanuch 6br Rax0e HOBoNnyHue, ecnu 661 JIyna
ABNIAIACck Mo sxmunTuKe. Ho BenecTBne HakIOHeHMS JyH-
HOW opbuTer JIyHa B HOBOJIYHHE YaIlle IPOXOAUT BLIIIE FIIH
Hmsxe CoaHng,

Ouesnpno, szarmenme BoaMOMKHO TOJIBKO TOTAA, KOTma
JIyHna Bo Bpems HOBOJIYHH: HAXOAUTCA HEAATEKO OT DKJIFII-
THKY, T.e. BOJU3U OLHOTO U3 Y308 JIYHHOH OPOHUTEI — Touek
[I€PeCeUeHN A JIYHHOIO IYTH C DKIANTHKOLN.

Tax xax Jlyaa geusercs mo SJLITHIOTHYECKOH opOuTe, 0Ha
ObIBaeT To GimiKe, TO Aanblile OT 3eMJIH, HO3TOMY ed BUJH-
MBIH YIJIOBOH AuamMeTp ObIBaeT TO GospOre, TO MeHbBImE coJ-
HeuHOro. Ecau Bo Bpemsa 3aTveHus Jlyma HaxomuTcs 6amKe
K 3eMJie ¥ e BUAMMBI pasmep GOJBINe CONHEUHOTO, TO Iy H-
HBIH JIMCK IOJHOCTBIO SAKDBIBAET CONHEYHEIH 1 HabIO0aeT-
Cf IMOJTHOE COTHECYHOEe 3aTMeHHe.

Ecnm Bo Bpems saTmenums Jlyma Haxomures B Goee oaJé-
KO YacTH Op6UTH I ed VTJIOBOH AMAMeTD MEeHbIe COIHETHO-
T'0, TO BO BPeMs 3aTMEHUA KPAA COTHEYHOTO AUCKA OCTAXOTCS
HE3AKPLITHIME M HaOMII0LaeTea ApKoe KOJBITO BOKDPYT TEMHO-
ro pucka JIyrer — woasmeoGpasnoe 3aTMeHue.

Ilonusle comueuntie saTMenns CIAYYAIOTCA MOBOILHO Ua-
cTo (B cpenuem 13 sarMenmii 3a 18 JIET), HO KasKJ0e 3aTMeHue
MOKeT Habmromarscs JUIE B CPABHHTEIEHO Y3KOi mojoce
BeMHOH MOBEPXHOCTIH. ITosTomy B KOHKDETHOM MecTe Semim

9TO ABJEHHE CiIydaeTcsi O9eHb PeIKO — ogmH pa3 B JeCATKH
" COTHH JIeT.

Bug us Touky C Bun 13 30Hb A

JlyHHag TeHs

TlyHHas nonyteHs




Tax, ganpumep, B MocKkBe MOIHLIE COJTHEUHEIE 3aTMeHNA
opoucxomuan 11 asrycra 1123 r., 20 mapra 1140 r., 7 mous
1415 r., 25 despana 1476 r., 19 asrycra 1887 r. Quepennoe
nonroe 3aTMenye ConHma B MoCKEe IIPOMOIMEHTEILHOCTEIO
OKOJIO 7 MUHYT Hpou30HEnéT 16 oxTsbpa 2126 .

VATV B oTamume OT CONHEUHBIX, JYHHBIE

3aTMEHNs NPefcTaBIAT co0oil puandyecKoe ABJIEHIHE PO~
X0 eHns JIYHEI CKBO3L 3eMHYIO TeHb. Bo BpeMsA mOJHOTO
sarmeHuA Jlyna BugHa Ha HeOe, TOJBKO €€ CBeT 3aMeTHO CJIa-
Oee, yeM OGBIYHO, M MMEET TEMHO-KPACHLIH I[BET. 9TO 00b-
ACHAETCHA TeM, YTO COJIHEUHBIE JIYYH, IIPOX0IA UYepes 3eMEYI0
atMocdepy, TPeJIOMISIOTCA B Hell ¥ TaKKMM 00pasoM Iomaga-
0T Ha IIOBEPXHOCTE JIVHEI.

Ha mporaskeHuu KaleHZapHOTO rofa OPOMCXOTHUT OT 2 10
5 coMHeUHBIX 3aTMenuii u oT 0 10 3 IYHHBIX 3aTMEHHIIH.

Emé npesHye BaABMJIOHAHE 3aMETHIN, YTO BCE
3aTMEHHUA IIOBTOPSIOTCH B TOM K€ HMOPATKE IIPH-
MepHO 4Yepes 18 ner u 11 gHeid.

ITOT Nepuoy y APEBHUX BABIJIOHAH HAa3LIBAJ-
ca ouxaoM Capoca (B mepeBoie ¢ erUIETCKOTO
capoc — IOBTOPEHHE), MM IOJL3OBAJHCHL XA
OpeICKAaZaAHHHA 3aTMEHMHI.

Xpuctodop Konymb, koTopoMy BMecTe ¢ ero HeBonbLLVM
OTPALOM FPO3MNa rofofHas cMepTh Ha fiManke u3-3a He-
OPYXemoBHOro M arpeccuBHOro OTHOLWIEHMWA MECTHbIX
Kutenen-kapambos, Hawén cnocob AebkITE NPUNACOR, NMPUrPOIUE

MM, YTO OH JIULIKT WX NYHHOro ceeTa. Boxnu He NnoBepunu yrposam. |

Konym6 3Han, yto 29 despans 1504 1. BeNepoM NPOM3ONOET 3aTMe-
Hue JlyHbl. B 3T0T geHb OH Npurnacun Boxaen K cebe 1, Kak XopoLmi
3KTEP, NMPEKPACHO NPOBEN CLEHY «OTHATUNA® U NOCNeayIOIIero Benu-
KOAYLWHOro «BO3BpatyeHns» 1M JlyHbl. C 3TOro MOMeHTa NpoaoBoss-
CTBEHHBIE MpUNackl AOCTABNANAMCE B €ro flarepk B M3obunum 1 6es
BCAKUMX NMPOBONOYEK.

Cxema AYyHHOZO
3amMMeHUSA

3 ﬁ

BOnPOCHI Vi SAO0AHKWA:
@ Yro Takoe cuaepudeckunin Mecau?
@ OnuwwTe dassl JlyHsI.

@ TMpenckaxute 3aTMeHre ConHUA,
MonHoe 3aTMmeHue CofiHUa Npouso-
wno 29 mapta 2006 r. Korna o6sza-
TeNbHO HacTynNuT cledyiollee Takoe
3aTMeHune?




Bbl YV3HAETE:

@ B 4&M 3aK/I04al0TCA pa3AuYuA
MEXAY 3BE3/HbIM W CONHEYHbIM Bpe-
MEHEM.

@ Kak yCTpoeH NyHHBbIM KaneHaaps.
@ Kak ycTpoeH conHeyHbln KaneH-
Oapsb.

@ B 4éM cocTouT pasnuyue tonunaH-
CKOro KaneHAaps OT rPUropUaHcKoro.

BCINOMHUTE:

@ The NosBUAKCL MepBble KaneHaa-
pu?

@ Yemy paBHa NMPOOOMKUTENBHOCTD
CMHOAMYECKOro Mecaua?

BATTAYA Ne 5

B rTeuemme Toja CKIOHEHHE
Conana MeHseTCA B Ipemesiax
—23,5° <8 < 23,5°. Ounpepennre,
B IOpefelax KaKAX OIUPOT
ConHne xoTa Gbl pas B rony
OriBaeT B 3eHHTe. L'Ioe OHO
MOker BooOme He BOCXOAHTH?

BPEMA U KAJIEHOAPD

OcHosHoOM 331a4eli aCTPOHOMUM B TEYEHME BEKOB BbIO M3Me-
peHVie BpeMeHY 1 BefleHVe KaneHaaps. TevyeHme BpemMeHn MOXeT
M3MEPATLCA NOCPeACTBOM KaKoro-nvbo perynsipHo MoBTOPSo-
LLLeroca 8 Nprpope npolecca. 3ToT NPOLECC A0MXeH BbiTh paBHO-
MepPHbIM, YTOObI YCTaHOBMNEHHBIE C €r0 NOMOLLLIO eAUNHULL! CYETa
BPEMEHW COXPaHANM CBOK NMPOAONKMTENBHOCTb, TONBKO TOrAa
MMM MOXHO DyaeT Nonb3oBaThCy.

"3BE3 HOE W CONHEYHOE BPEMY Besa mama sxus3HEDL cBsI3aHAa
¢ IIEPHOAWIECKHMHM ACTPOHOMMYECKUMHY SABICHUAMHE IIPHPO-
Jibl — € YepemoBaHUeM JHs: M HOYH, CE30HOB I'0ja, T.e. C Bpa-
menueM 3eMIH BOKPYI' CBOEH ocu u obpamenyueM SeMIn BO-
kpyr Conana. IToatoMy U3 aCTPOHOMHYECKUX HAOIIOLEHHI
YCTAHOBJIEHBI IBe OCHOBHBIE €NUHWILI CUETA BPEMEHH —
cymrxu u 2z00. Eciiu BpeMa M3MePAIOT HO 3BE34aM, TO 32 eH-
HUNY BPEMEHHU IPHHUMAIOT 36630Hble CYMKLL.

3BE3HBIE CYTKH — IIEPHOJ BPAINCHUA 3eMJIH BOKPYT cob-
CTBEHHOI OCH B CHCTEME OTCUETA, CBABAHHON ¢ VIAISHHBIMHA
sBézfiamu. OH paBeH IPOMEXKYTKY BPEMEHH MeMXIY ABYMA
TOCTIESOBATEABHEIMH BeDXHUMM KYJIBMUHANHAME TOYKH
BECEHHETO PABHONEHCTBHS Ha OJHOM H TOM K& MepHUIAHaHe.
3BéagHbIe CYTKHU genaTcs Ha 24 u mo 60 MHH, U Kaykgas MH-
HyTa — Ha 60 c. CyTKH HAUMHAIOTCS, KOT[a TOUKA BeCeHHe-
TO PABHOJECHCTBHA HAXOAUTCA B BepPXHEN KYJIbMUHAIINYT —
BEIIIIe BCET'O HAJ TOUKON 0ra.

3Bé31HOE BpeMA S H3MepAETCA UACOBBIM VIJIOM TOUKH
BECEHHEr'0 PABHOLEHCTBHA ivy. [na n6oi 3Be3bl MMeeTCH
CBASL MEKJY 3BE3ZHBIM BpeMeHeM S, YaCcOBBEIM VIVIOM t U
OPAMBIM BOCXOMKIEHHEM O, 3Be3IbI:

S=tp=0+1

3Bé3mHOE BpeMs yA00HO AJIA ACTPOHOMOB, HO B IIOBCE-
LHEBHOU 3KM3HM MBI IOIb3YEMCHA CONIHEYHbLM EPEMEHEM.

IIpomomEuTe ILHOCTL COMTHEYHBIX CYTOK, IO KOTOPEIM MBI
SKHMBEM, ONpefeNseTcd IPOMEXYTKOM BPEMEHH MeXIY ABY-
Ml II0CTEe[OBAaTebHBIME BEPXHHME KyIbMHUHATTHAME COMTH-
na. CorHeUHEIE CYyTKM TaKsKe Aeaarcda Ha 24 4, wac — Ha
60 MyH 1 MuHyTa — Ha 60 c. PazauuaioT ucmunioe comHed-
HOe Bpemd T, cpednee connednoe spema T, muposoe T, u
NOACHOEe COTHEYHOEe BpeMs.

Hcrunnoe comueunoe spemsa (Te) mamMepserca 2acoBLIM
yraom Comaia (i), YBeAMIeHHEIM Ha 12 wacor:

T@ = t@ + 127,

MomenT BepxHell kyabMuHanuu COTHOA HASLIBAETCS LC-
murHbLM NoAdHem (cepermua auA). B 3T0 Bpemsa uacoBoii
yron Comana e = 0" u ucTHHHOE conHeuHoe BpeMms T = 127,
B momerT HmREHEH kKynbMunanuu CoHIA, HA3HIBAEMEIH UC-
MURKROU noaro%bI0 (CepeiuHa HOUH), fp = 127, a MCTHHHOE
cosineyHoe BpeMs Te = 24" = 07, T.e. 3aKaAHYMBAIOTCA TEKY-
I¥e ¥ HAaUHHAKOTCS HOBLIE COJTHEYHEIE CYTKH.



Hcerunnasie COMHEUHBIE CYTKH IPONOJIKHUTE/ILHEE 3BE3I-
HBIX CYTOK HpHMEpPHO Ha 4 MuH. JomycTHM, YTO B MOMEHT
BeCeHHEro PABHOIEHCTBHA 3eMJA HAXOAWJACH B IIOJ0MKe-
Huy I, KaxK IIOKAa3aHO HA PHUCYHKE g , U B 9TOT MOMEHT B
Touke O eé MOBEPXHOCTH HACTYIINJ MCTHHHLIH IIOJIAEHD, T. €.
Conune (C) BMecTe ¢ TOuKoOit BecemHero pasaogcacTuA ()
HAXOOMJIOCH HA MepHAuaHe (BuAuMoe mosokeHne CorHIta Ha
Hebe oTMeUeHO 3HAKOM ©1).

Ilo nporrecTBUH 3BE3MHBIX CYTOK 3eMJIs DOBEPHETCH (IO
cTpeaxe D) Ha yroa 360° um mepeMecTHTCH 110 CBOeH opOuTe
(mo crpenke A) Ha yroan o = 1” B momosxenne 2. Torma Tourka
BECeHHEero PABHONEHCTBHA CHOBA OKAKETCs B MepHIHAHEe, a
ComHIlle 0 Hero einé He TOMIET, TAK KaK 3a 3BE3AHBIE CYTKU
OHO CMECTHTCH IO SKJINITHEE K BOCTOKY (110 crpenke B) Ha
TOT e yroa o ~ 1°, 8 momosxemme ©2.

Yr1o6er B myuxTe O CHOBA HACTYIHMJI HCTHHHBIH IOJI-
IeHb, 3eMJie HeOOXO[UMO IIOBEPHYTHCA eIné Ha yroa @ = 1°
(myaxT O zaiiMmér momosxenue O), Ha 9To TpebyeTca OKOJIO
4 mua. BemomuanMm, utoe 17 = 4 mun (4™). Taxum obpasomM,
IPONOEKUTENEHOCTh HCTUHHELIX COJHEUHBIX CYTOK COOTBET-
CTBYET HOBOPOTY 3eMJIH IpHMepHO Ha 361

Coanne OABHIKETCHI MO SKJIUITHKE HEPABHOMEPHO — 3H-
MO¥H OwICTpee, deMm JeroM. Kpome atoro, Connie mepeMera-
eTCH MO SKJIUITHKE, A YACOBOHN YTOJ OTCUHTHIBAETCA BIOJIb
HebecHOTO 9KBATOPA. ITO HPUBOAUAT K TOMY, UTO HCTHH-

HOEe COJTHEUHOE BpeMsA HepaBHOMEPHO.

Jdns ymoOcTBa MONB30BAHMA BBOIJAT CcpenHee ’D/ i
conHeunoe Bpems T,. 3a ocHOBY Gepérca cpemHad
IPOAOMKHUTENEHOCTE CYTOK 3a rof. Hanru gacsr oT- 1
PeryIMpoBRaHBl KaK pAa3 HA TPOIOJIKHTEILHOCTH
CpeIHHX COJHEUHBIX CYTOK.

PazHuia Me:RIY CPeIHMM W UCTHUHHBIM COJHEY-

HBIM BpeMeHeM, KOTOPYVIO Ha3BIBAIOT YPAEHEHUECM 8pe-
MEeHU, PACCUUTHIBAETCA HA KAXKBIN TeHb U OPHBOAUTCA

B ACTPOHOMMUYECKUX KAJIEHIAPAX. JTa PASHHUNA PaBHA HYJIIO
15 ampens, 14 uiona, 1 cearabpa u 24 gexabpa. 11 despana
aTa pasHHIa gocrturaer 14 mum, a 2 Hoabpa —16 MuH.

B kaxxzom mecre Ha 3emMie CBOé cONHeuHOe BpeMA. Cpen-
Hee BpeMsd HA HYJIeBOM MepHamane ['pmHBHUYCKO# oOcepma-
Topun B JIOHIOHE HOJNYUMJIIO HASBAHUE 8CEMUPHO20 speme-
Hu (oBosnaugaerca T,). Torma B M060M OTYHKTE ¢ ZOJTOTOH A
cpenHee COJHEYHOE BpeMs
T,=T,+ h.

=1

Kax BungnO, yixe B npemenax OOJILIIOrO TOPOJa, B Pa3HBIX
ero KOHIIaX, a TeM OoJjiee B mpemesax 00JIacTH cpefHee COJ- D,
HeUHOe BpeMsaA PA3INYHO, UTO HeyJOoOHO IS UCIOJIb30BaHMSI SATAYA N 6
B peanbHO# xusHu. I[losToMy OBLIIO BBeZleHO ROSCHOE 8peM QOceHHee paBHOJEHCTBHE B
T,. B cucTeme IIOACHOTO BPEeMEHH BeCh 3€MHOI mrap pasour 1985 r. macTymmio 23 ceHTS-
BIOOJE MEPHIMAHOB Ha 24 WACOBBIX II0sCA, B KAXOIOM MecTe 6pz B 2" 08" mo BcemupHOMY
BHYTPH TI0fACA BpeMsdA ONMHAKOBOE. BpemMeHu. Korga paBHOJEH-
3Hasa BceMmpPHOE Bpems T, H HOMep 7 TacOBOTO IIOfACAa, CTBHE HACTYHHIO B KpacHo-
MOMHO OIIPEOeIUTh HOACHOS BPpeMs: nape(n= 2) u Hpryrexe(n= 8)?
T.=Ts+ n. _ | S O




W3 npuBenéHHILIX QOPMYJI HONYUHM CBA3L MEXKIY IIOAC-
HBIM ¥ CPEJHUM COJIHEIHBIM BpeMeHeM:

Tn_T:\_:n_l.

B Poccuu B 1918 r. 661710 BBeZeHO dekpemuoe epems, Ko-
TOpOe Ha OZWH uac Goxblne moacHoro. Ero meiicTeBue coxpa-
HIJIOCHh IO HAIIHNX THEH.

Mocroscroe gpemsa — AeKpeTHOe BpeMda ans MOCKBEL —
MOSICHOE BpPEeMs BTOPOTO YACOBOTO MOSACA, VBEIMUEHHOE HA
gac:

Ty =Ty + 2 (29 + 1u (19 = T, + 34 (39).

OcuoBoil 11000T0 KaJieHZapsS CAYMKAT IJIH-
TeJIbHBIE IPOMEKYTKH BPEeMEeHM, OOpeleaseMble IO IepHo-
IHYEeCKUM ABICHUAM IPHPOALL — CMeHe JIYHHBIX (ha3 u cMe-
HE CEe30HOB r'ofd.

Kanengapwu, ocHoBaHHBIE HA CMEHE JYHHBIX (a3, HA3LI-
BATOTCH JYHHBLML, Ha CMEeHEe CEB0HOB I'O/Ia — COLHEYHBbLMIU, A
Ha 000MX ITUX SBICHUAX — JAYHHO-COLHEYHbLMU.

Kaxnei kamenmapes 0043aH VCTAHOBHUTE OIpeNe6HHLIN
HOPAMOK CcuéTa gHelH (COMHEeYHBIX CYTOK), UHCJIO CYTOK B IJIN-
TEJABHBIX LIEPHOJZAX BPEMEHM W YKA3aTh HAYAJI0 ¢Y4éTa CAMHIX
HEPHO/IOB.

IlepBasa 3a1a4a He BREIZBIBAGT 3aTPYAHEHUH, TPEThS PELIA-
eTcs TOKe BeChMa IMPOCTO, TAK KaK 34 HAYAJO CUETA MOMHO
OPHHATE J000e pealbHOe UIN MH(pHUECKOe COORBITHE.

Bropas e sagaua pemnanachk OBI JIETKO, eCJH ORI IePHOT,
CMEeHEBI JYHHEBIX (a3, HA3BIBAEMBIH JYHHLIM (CHHOIMUESCKIIM)
MeCAILleM, ¥ TPOOWYECKHH roj (IepHrol CMEHEBI CE30HOB I'0Ia)
COIEPIKATN B TOUHOCTH IEJI0e YHCIIO CYTOK.

Ho Bce Tpu nepmoma HeCOU3MEPHUMBI MEX Y cO00I:

TponmuecKuii rof T =365%, 24 220 = 365”5748 46,08°;
AyHHBIE Mecdarn S = 294, 530569 = 20412744~ 02,98¢.

B To e BpeMa KaJeHAAPHBIE MeCAN ¥ KaJIeHJapHBIH
TOJ HOJIMCHEI COAEP:KATE ITeJIoe YMCJIO CYTOK, YTOOBI HAYAJIO
KasKI0ro MecdAlla WM Iofa COBIAaJaJo ¢ HavaroMm cyTok. Ilo-
3TOMY CO3J4aHNME MAeAJbHO TOYHOTO KaJeHIapsl HeBO3MOMKHO,
¥ BPEMdA OT BPEMeHH B Hero MPUXOAUTCA BHOCHTE IIOIMPABKI.

JlyHHLIH KaJTeETapHbli oA coOmepuT 354 Nusa | jenurcs
Ha 12 MecAles, IINTEILHOCTh KOTODHIX uepenyercd mo 30 u
29 nmel u B cpemgHeM cocTtaBideT 29,5 cyToR, T.e. GIH3KA K
TePHoAy cMeHbI AIYHEEIX Gas. 14 cormacoBaHua Kalennapsa
C Ce30HAMM Ioja B JYHHOM KaJleHJape pa3 B HeCKOJBKO JeT
BBOJAT AOIMOJHHUTENBHBIH Mecal. JIYHHBIH KajleHZaps TTH-
POKO HCIIOAB3YETCH B MYCYIBMAHCKOM MIPE.

B Jllpesrem Ermnte 3a TPH THICAUYETETHA A0 HATIEH 3DHI
ORI CO3MAH COJMHeYHbIN Kalenmaps. M3 HabmiomeHW ObII0
VCTAHOBJIEHO, YTO IIEPBOE IPeIyTPeHHee IMOABIeHNe APDKHX
3BE3J HOCJE IEePUOAA X HEBHIHNMOCTH IIOETOPAETCS IPUMep-
HO uepes 360 cyrok. IlosToMy HepBBIil HpPEBHEETHIIETCKHIT
KaleHAaps cogepxan 360 mHell W cocToan m3 12 MecAnes,
mo 30 1Hel B KayKIOM.
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IOna ymobcTBa cuéTra BpeMeHM 3KJIHITHKA OBLIA pasfe-
JeHa Ho 4HCAy THel B KaJleHmapHoM roxy Ha 360 uacreit —
TPaayCcoOB, W TAKOe AeJeHHe OKPYIKHOCTH COXPaHHJIOCH IO
HAIINX THeH.

B manpmeiiimneM AJIHTEALHOCTL roxa ObLiIa YyTOYHEHA, H
K HagajJgy HaImell 9pbl ero IpoaosKUTeIbHOCTh COCTABIANA
365,25 cyToK.

Pumcruii umneparop Hauii [ezaps (100—44 rr. 1o H.3.)
B 46 1. 10 H.?. DOPYYHI eTHIETCKOMY acTpoHoMy CosureHy
paspaboTaTh HOBBIM KaJeHIaph.

Cosured IPUHAN CPENHIOKN IPOLOJIEKHTENHPHOCTE KAJEH-
IapHOro Trofa pasHoi 365,25 cytok (365%6%) — mo ermmer-
CKOMY CUYHCIEHHIO, HA3BAB STOT IPOMEXYTOK BDeMEHH
wavaHckum zodom (B yecrs IOnma Ilesapsa). Ilockonsry
KAaJeHIAPHBIN oM JOJIKeH COAePIKATh IIeJIioe YHCIO CYTOK,
OBLIO HPUHATO OTCUMTHLIBATE B TPEX MOCHEIOBATENBHBIX I'O-
max mo 365 gHell, a.B KaiKA0M 4eTBEpPTOM Tony — 366 mHen
(yninHEHHBIE, NI BUCOKOCHEBIE, TOJEI).

Ho 1onmmaHckmii rog OIMHHEE PEaJIbHOIO TPOIHYECKOTO
roga ga 11 mun 14c. K 1570 r., . e. 3a 1245 mer, acTpoHOMU-
YecKHe #ABJIeHMd, CBA3AHHLIE C CE30HAMM I'0Aa, CMECTHIINCE
Ha 10 cyTOK M, HAIpPHMED, JeHb BECEHHETO DABHOAEHCTBU A,
KOTOPBIH AOJeH OBLI IPHXOOUTHCsH Ha 21 mMapTa, IpHINS-
ca ga 11 mapra. Takoe cMenieHMe BBI3BAJIO PACXOXKIeHHE
MEMKIY NMPUHATHIME AaTaMB PEeNUTHO3HBIX IIPA3AHNKOB H
SABJIEHUAME TPHPOLBI, IO KOTOPHIM TH IPa3fHEKH OBLIN
YCTAHOBJIEHEL.

Ceomm pacnops:xenmneMm (0yioit) oT 24 tdespana 1582 .
pumcrnrii nana I'puropuii X111 BBéI HOBHIM KaleHAADb, IPH-
Kazap CACOVIOIOUN TeHDbL mocye geTeBepra 4 oxtadpa 1582 r.
CYHTaTh NaTHuIed 15 oxTadpa (sMecTo 5 okTabpa) 1582 r.,
H TakuM obpasom B 1583 r. gHEM BeceHHET0 PABHOAEHCTBHA
cHOBA cTaJgo 21 mapra.

Pedhopmuporannniii KajgeHJapk CTAI
HA3BIBATLCA 2ZPUZOPUAHCKUM KaaeHoa-
Pém, MIHM HOBHIM CcTHjJeM. B HEM dUepe-
IOBAHEFE IIPOCTBEIX M BHCOKOCHEIX I'ONOB
B Ipeferax Kadaoro CTOJeTHS BeJETCA
TAK e, KaK | B I0JIHAHCKOM KaJleHgape,
HO IIOCJENHHH I'OJ CTONEeTHSA CUHTAEeT-
CsI BHCOKQOCHBIM TOJBKO B TOM CJydYae,
ecJid HOMED CTOJeTHs AeauTca Ha 4.

B Poccun Ha TPUTOPHMAHCKHH Ka-
JeHmaph nepeman B 1918 r., cmecTHB
OaThl yixe Ha 13 cyToK.

JdInTeIbHOCTE TOJA B KajdeHJa-
pe, IO KOTOPOMY MBI cefuac JKHUBEM,
aumses Ha 0,0003 cyrox (ma 25,9%
IpeBLIMIAeT AJIUTEILHOCTE TPONUIE- |

CKOT0 roga m, cJjaemoBaTelbHO, CMeEe- i ’*’-““*‘T"Jxv«:,-m.,..
i '-“'m'!«ﬁ'u-r;ﬂ,m

AHui Ha 1 menb Biepél IPOUCXOTHT ) .

TOJIBKO 3a 3333 roga.

L Rkt

lon B onuanckom KaneHaape pne-
nnca Ha 12 mecaues ¢ YepeloBaHN-
eM no 31 HI0 B HEYETHLIX MECALLAX 1
no 30 gHen B Y4ETHKIX, 33 UCKJIDYe-
HUeM nocnefHero Mecsua rofga —
deBpans, Ha 00 KOTOPOro B Npo-
CTOM IQJly 0CTaBanock 29 fiHe, a B
BMCOKOoCHOM — 30 OHer. B Havane
HalWeln 3pbl PUMCKUMA CeHaT nepe-
MMEHOBaN LWEeCTOW MecaL, B ABryCT B
YyecTb UMNepaTopa.

Kpome Toro, B 370T Mecay gobaen-
nu 1 gedb (mony4unca 31 geHb), Ko-
TOpbil 3abpanu y despans, B KOTO-
pom ocTanachk 28 aHel B 0DblYHbIE
rogbl 1 29 B BUCOKOCHbIE,

ChyTHukM MarennaHa, BepHYBLIMCH
M3 KPYroCBETHOTO MNyTeLWecTBKA,
YBUOENM, Y4TO OHK MOTEPSANA Lenbie
CYTKM, HECMOTPS Ha TO H4TO KanwTaH
KaX /bl [eHb B XypHane oTMmeyan
MOMEHTbLI BOCX04a W 3axoda ConHua.
37O CBA3AHO C T@M, YTO, OBUranch Ha
Kopabnax c BOCTOKa Ha 3anag, oHu
Mo OTHOLIEHMIO K 3eme caenann Ha
0AVH 0DOpOT MeHbLUe, YeM 3eMnd 1
SIOOM, KOTOpbIE He MyTelecTa0Banm
C HYMMN.

BOMPOCHI N ZA0AHNA:

@ Y70 Takoe CoNMHeYHbIe 1 3BE3HbIe
CyTKU?

@ 25 nekabps collHeYHble Yacsl B
MockBe nokasanu WCTMHHBIA MoJ-
neHb. KakoBo MOCKOBCKOE Bpems B
3TOT MOMEHT W Bpema B JloHfoHe?
Honrota Mocksbl A = 2930,

@ 22 nekabps B MockBe B WCTWH-
Hbld nonaeHb cknoHexHwe ConHua
coctaBnger —23,5°. Hemy paBHa Bbl-

i “1 cora ConHua Hag ropu
ImeHHe PABHONCHCTBHH M COMHIECTO-  ~ i S L A TORIEOMION B T eE

MOMEHT?

]
2
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| IlyrenteCTEEHHUKH W3MEDPUIN
CpeAHee COJNHEYHOE BpeMsd
T, =23715"12° | B, MOMeHT,
KOorZa pajMo mepemaso CHUTHAI
TOYHOTO MOCKOBCKOI'O BpeMe-
un T, =12% Oupemenure K0JI-
roTy MecTa, The HaXOAATCa
IyTenlieCTBeHHHUKH.

AcTpoHeT
http://www.astronet.ru

3nemMeHTbIl: NONYNAPHLIA CaAT
0 yHAaMeHTanbHoM Hayke
http://elementy.ru/

MonynapHasa mexaHuka
http://popmech.ru

@ Counle ZBHKETCA MO SKIMIITHKE 110 30MAKATBHBIM CO-
3BeB3IMAM.

@ Touka BeceHHEr0 PABHOZEHCTBHS SABJIACTCH HAUAJOM OT-
cuéTa KOOPAMHATHI IPAMOr0 BOCXOMKJEHHT, a4 €8 JacoBOi
VTOJ OIIpefiendeT 3BE3THOE BpeMd.

@ Yacopoit yromx Conmnna +12 4 OIIPENENAET COTHETHOEe BpeMa.
@ ComHne 110 SKIHUIOTHKE IBHKETCH HepaBHOMEPHO — 3MMOH
OvicTpee, a JIeTOM MefJIeHHEe, UTO CKA3LIBAETCH Ha HEPABHO-
MEePHOCTH MCTHHHOI'O COJTHEUHOTO BPEeMEHH.

@ IlnameTsl coBepIAIOT meTe00pasHEIe JBUIKEHHA CPemu
3BE3I.

@ Jlyna memseT (baskl 9epes CHHOAMYECKMI MeCHA, KOTOPLIHR
JEMHUT B OCHOBE JYHHOTO KaJIeHIapd.

@ ILmockocTs JIYHHOI OPOHTEI He COBIALAET ¢ OKJIUITHKOIM,
HOITOMY BaTMEHNA CAYYAIOTCA He KAMKILIA MeCHIl, & TOTLKO
TOTZA, KOTA HOBOJIYHHA H IMOJHOJIYHUA IPOUCXOTAT BOIUIH
V3JI0B IYHHOH OpOMTEL.

© B ocHOBe COJTHEYHOTO KaleHJapa JeXKHT TPOOMYecKuit
TOA — TIePHUOJ CMEHBI Ce30HOB rofa, B TeYeHHe KOTOPOI'o
ConEIle BOBBPAIIAETCH B TOUKY BECEHHETO DABHOJEHCTBISA,
© Cpeusas IpOJZOKHATEIFHOCTD IOIMAHCKOTO roga Ha 11 mun
14 ¢ 6ompmie Tpommueckoro roga. YTo6HI IHKBHANDOBATE aTy
pasauny, xoropas k XVI B. gocrurna 10 cyTok, nposenu pe-
(opmy Kamennapsa, DepeIBUHEYE Bee AaTsl Ha 10 mmeii.

NOJPOBHEE...

\ Hazaee M. M. Kuura ana urenus mo actponomum: Iloco-
\ Oome nua yuamuxcs. — M.: IIpoceemenne, 1988.

Hyorosa C. H. Ilporynxu mo Heby. JlereHas 4 MEDEL O CO-

\ sBesguAx. — M.: Bearrit ropox, 2008.

JHIHKIONenus aas gereir. T.8. Acrpomomus. — M.:
Asanra+, 2013.

BONPOCHI A4Jif OBCYXXAEHMNA:

@ Kaknm 06pa3zom MOXHO NPUBIN3UTENBHO NPOCAEANTD 3a SKANM-
TUKOW Ha 3BE3HOM Hebe?

@ Kak Bbl fiymaeTe, OTIMYAETCA M W eCAM [a, TO Ha CKOMBKO npo-
AOMKUTENBHOCTE Mo B COMHEYHbIX W 3BE3AHbLIX CYTKax?

@ Ecnm Bbi JlyHa aBrranack TOYHO MO SKAWMTHKE, TO KaK 4acTo npo-
UCXOANNM Bbl CONHEYHbBIE U NYHHbIE 3aTMeHNsA?

© MoacunTaiite, CKONLKO AHENH NPOXOAMUT OT BECEHHErO A0 OCEH-
HEro paBHOAEHCTBMIA U OT OCEHHEro 4O BECEHHETO PaBHOAEHCTBUIA.
Ha ckosibko OTAvYaeTcs NPoAONXUTENBHOCTL BECHB! U F1€Ta, OCEHM U
3UMbI? Ha 4To 3710 yKasLiBaeT?

Q@ MOXHO /1 NCNONB30BaTE ONMCAHMA 3aTMEHMI, NPOUCXOAMBILIMX
B IPEBHOCTM BO BPEMA KaKMX-TO COBBLITWIA, ANA AaTMPOBKM 3TUX CO-
ObiTHiA?
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Fnaea 3 B CUCTEMA MUPA
B 3AKOHbI ABVXKEHNSA MUTAHET

HEBECHA" ' : KOCMM‘-!ECKME _C:';OP_QC_T”
MEXAHVMIKA MEXTTIIAHETHBIE MOMIETbI

3HAETE Jili Bbl, 4TO...

Bonbwe 50 ner Hazam 12 anpens
19611, COBETCKMIA KOCMOHaABT HOpui
farapuH ctan nepsbiM YENOBEKOM B |
KocMoce. PakeTa-HocuTenb «Boctok-1» |
cTapTtoBana c KocMofpomMa bankoHyp
B 2:07 no MoCKOBCKOMY BpeMeHu. Bea
mMuccua gamvnack 108 MuH, a Nonér Bo-
Kpyr 3emnu Ha ckopocTy 28260 km/u
3aHAN MeHbLe NoyTopa YacoB. 3a 310
Bpema «BoCTok-1» 3aBepLUmn He COBCEM
Kpyroson obopoT Ha MakCMManbHOM
BbicoTe 327 KM nepef TeM, Kak 3amep-
NINTbCA A0 TOYKKM, B KOTOPOW Kancyna
OTCOefMHUNack B aTMocdepy ans 6an-
NUCTNYECKOTrO BO3BPALLEHIS.




Bbl V3HAETE:

@ Kak B aHTM4HbIe BpemeHa npeg-
cTaBnanu ctpoedue COnHEeYHOW Cu-
cTeMbl.

@ Kak B reMoueHTpUHECKOW CncTe-
Me Mupa oD0bAcHATCA neTneobpas-
Hble JBWXXEHWUA MNaHEeT.

@ Kakue HabniogeHMs 00Ka3bIBAIOT,
410 3emnA obpatwaertca Bokpyr ConH-
La, a He HaobopoT.

@ Kak y4eHble onpefensoT paccTos-
HUA 00 3BE3[,.

@ Y710 Takoe mapcex.

BCITOMHNRTE:

@ Kak OBVBKYTCA NNaHeTbl Ans Ha-
Gnwpatena ¢ 3emnn?

@ Kak pBuxyTca 388306l No Hebec-
How cepe?

Hpesnerpeyecknin Matematk u
actpoHom Espokc (okono 408—
365 1. 40 H.3.) obbacHan netne-
obpa3zHoe OBUXKEHME NNaHeT KoM-
BuHaumen 26 YACTO YMOIPUTENEHBIX
reomMeTpr€eckmx ciep.
Boigawowmnca qunocod M cospa-
Tenb OpeBHer MU3NKKM ApUCTOTEND,
MbITafCh YCOBEPLIEHCTBOBATH Meo-
LeHTpHUYeckyio cucremy mmpa, yee-
n4mMn 4ncno cdep po 56, yTeepx-
[af, 4TQ OHW NpPeacTaBnsicT cobon
XpycTanbHble cdepsl. CyMTan Wapo-
obpasHylo 3emnio ueHTpoM Beener-
HOM, OrpaHWYeHHOW XpyCTanbHOR
cchepol HenOABMXHBIX 3BE34, Apu-
CTOTENb FOBOPMIT O PEIKOM OT/IMHMK
BCero HebecHoOrc or 3emMHaro.
CornacHo ApucTtoTenio, HebecHble
CBEeTWUMa COCTOAT M3 3hMpa — OCO-
©0ro CBETOHOCHOTO, HEBECOMOTO,

BEYHOrO M HEU3MEHHOID BeLLecTBa.
KpyroBoe gBMXKeHME — CaMoe Co-
BEPLIEHHOE, U NO3TOMY HebecCHble
CBETWMA MOTMYT OBUraThCa TONLKO
paBHOMEPHO Mo Kpyram. JBuxyle-
ecs Teno He MOXeT DbiTe LEHTPOM
KpYroBOro OBUXEHWA OPYruX Ten.

C rnybokoin opeBHOCTV NoAW NbITannch 0ObACHUTL YCTPOMNCTBO
TOro GONLLWOre MUpPa, B KOTOPOM Mbl KMBEM, MOHATh MECTO 4e-
noBe4YecTsa BoO BceneHHoOW. 3TOT NMyThk Dbl 04eHb HEMPOCTHIM U
noAYac BeCcbMa ApaMaTUdHbIM.

_ ( 7t IInITasgch IPeqCTABUTD
ce6e CTPOEHHE MHAPA (BceJIeHHOH) 00 BbACHUTH BUAUMEIE IBU-
KeHNA HeGeCcHBIX CBETHJ W OPEIBLIYUCINTE HX IIOJOMKEHHE
Ha Hele, JpeBHerpedYecKHe MBICAHTEJH CO3ZaBalll IeoMe-
TPHYECKHEe MOJEJH, H3BeCTHLIC II0J HAa3BaHHEM IeOleHTpH-
yeckux cucrteM Mupa (or rped. I'es — 3emad, T. e. 3eMIA B
IMeHTpe MEpPa). B 3THX cucreMax reHTpoM BeeleHHOI cumnTa-
Jach HeOOIBMKHad 3eMjd, a4 Bce HeOecHBIe CReTHMIa — 00-
PAMIAINIMUCA BOKDYT Heé.

Taxoll B3MIAL Ha DPUPOAY B Te HAJEKWMe BpeMeHa ObLI
BIIOJIHE 3aKOHOMEPEeH, TaK KaK HeIlOCPeICTBEeHHO BBEITEKAJ
13 HaOMIOZeHN: HHKAKHX ONPH3HAKOB BpalleHHA 3eMJIH He
00HADPYXHMBAIOCE, 3aT0 HaOJIOZAIOCE PABHOMEPHOE CYTOY-
HOe BpalnmeHne He0a BMECTE CO CBETHJIAMH BOKDYT 3eMJIH.
IlosTOMY pPABHOMEpPHOE IBIMIKEHHE IO OKPYIKHOCTAM CUMTA-
JIOCH COBEPINEeHHEIM (HIealLbHEIM) M IDPHIHNCLIBAJIOCH BCEM
Des NCKII0UeHH S HeOeCHBIM CBETHJIAM.

CyTouHOe BpalneHue 3BE3] 00bACHAJNOCH IIPOCTO: CUMTA-
JIOCH, 4YTO 3BE3MLI HAXOOATCHA HA BHYTPEHHEH IIOBEPXHOCTH
cheprl, KOTOpas PABHOMEPHO BpalaeTcsa BOKPYT Semin. Ho
uT00bI 00BACHEUTE nepeMelnenne Coanna, JIyHbsl m mepaBHo-
MepHOe IeTaeofpasHoe MepelBIKeHne IJaHeT II0 3BE3THOMY
Hely, He Hapymiad IPHHIIMIA COBEPIIEHHOIO ABMKEHUS IO
OKPYIKHOCTH, OPUXOIMIOCH CO3/IaBaTh CJIOMKHBIE TOCTPOE-
HHA 13 0OJBLIIOre YHCJIa FreOMeTPHUYeCKHX cdep, PASIHIHEIX
IO CBOHM pasMepaM.

Muorosexosnle 4CTPOHOMHYECKHe HaOJIIONEeHMS IIOABI-
ToKHI BO Il B. BRIAAONIHANCA a.neRcaH;IpanrcHH ACTPOHOM
Knagnumii IIronemeit. Byay4m CTOPOHHHKOM yUeHNS AprcTo-
Tead, oH paspaboTal] MaTeMaTHYeCKYIO TEOPHIO ABHIKEHUSA
Coxarna, JIVHEI 1 IJISHET, IO3BOJMABIIYIO ¢ 0OJIBLIION IO TOMY
BpeMEeHH TOUHOCTBLIO NMPEABLITHCAATE BHAMMEIE TOJOMKEHUT
3THX CBETHJ HAa Hebe.

Viuporméneasa cxeMa ero IeolleHTPHYeCKO CHCTeMbI MEPA
IpeIcTaBICHA HA PHUCYHKEe a4 . B cOOTBETCTBHM CO CKOPOCTHIO
ImepeMeIneHnd cBeTU [ITomeMell PACTIOIOMMT WX B CAEAYIO-
Immei#l mocaemosaTenbHOCTH OT Semum: Jlyua, Meprypuii, Be-
mepa, Conune, Mapc, Onutep, Carypu. lanee pacmomomxena
chepa HEOOABMIKHEIX 3BEZT, OTPAHMUMBAKINAA BeeleHHYIO.

B cucreme Iltonemea Bpamienme HebecHOI cdhepsl BOKPYT
3eMIH ¢ BOCTOKA Ha 3amnal o0'bACHAET BOCXOM M 3aXO0l CBe-
toa. ITomunmo sToro, Conune u JIyHa paBHOMEDHO ABHMYTCA
BOKPYT 3eMJH B IPAMOM HaAIPABJEHUH (C 3aIaia K BOCTOKY)
mo GoasrmuM Kpyram — gedepentam (oT jat. degepernc —
mecyrmuit). IlaameTsl TAKIKEe PABHOMEPHO M B IIPAMOM Ha-
TIPaBIEHUH IBHIKYTCA MO MAJLIM KPyraM — 3JTMHIHKIAM



(oT rpeu. snu — Ha ¥ KUKAOC — KPYT), 4 HEHTPHI SITHIMKIOR
PaBHOMEDHO ABMIKYTCA B IPAMOM HANPABICHHH IO CBOMM
nepepentam. CoueTaHMe TBHIKEHWA TAAHET IO SIHUIIHKJIAM
C ABHKEHHEM 3IHIOHKIOR HO0 JedepeHTaM 00bACHAIO BUIM-
MoOe IIeTIe00pasHoe OBHMKEHNE ILIaHeT.

SHaHNe MapaMeTPOB OUKJOB W HUUILHKIOB, UX VIVIOBLIX
DaanyCcoOB H CKOPOCTEH IepeMernenus 10 HIM HO3BOJISIIO 34-
PaHee PacCUNTATDH IIOJIOMKEHNE MIAHETH B OyIyIIeM.

Cucrema mupa IITonemes crirpasia G0JbLTYIO POJIE B HAYKE,
TaK KaK MO3BOJIANA IPENBEIYUCIATE BHANMOE IOIOMKeHHe IIia-
HET ¥ MO0y X128 aCTPOHOMOB COBEPIIEHCTROBATE HAOIIOMEH M
C HEJILIO0 YTOYHEHUS TeOPUH JBHKCHNS [IIaHEeT.

Cucrema mupa IlTozemes: XOpOINO YKIAABIBATACE B PAMKH
PEJIUTHUOZHEIX XPUCTHAHCKHX IIPeACTAaBIeHMH 0 Beemennoi,
TIOTOMY OHA IIOAAEDP;KUBAIACE IEePKOBBIO. Biuarogapa sTomy
OHA IPOJIEPXATACh B HAYKE MOUTH TPH THICAYH JIET.

Mexny Tem norpeGEOCTH MOpeniaBanus Tpebosanu Go-
Jiee TOUHOTO IPEeIBLIYHCACHUA TOJ0KEeHKS MIAHeT Ha MHO-
ro jieT BIepPEn. B paMEax reoneHTPHIECKOH CHCTEMBLI MHpAa
IITonemes cocraBienme Takux Tabaunm TpeGOBAJIO BRIIOUE-
HHA HOBLIX SMIHUIHKJIOR,

K cepegune XIII B. 061mee YuCI0 SOUIHKJIOB TOCTHULIO 70
¥ HACTOJBKO 3aOyTAJO BLIYHCIACHUI BHAUMBIX IIOJOMEHHH
IAAaHET, YTO HeCOCTOATENBHOCTE cucTeMbl IlToneMes crana
OYEeBUIHOM,

? _ LBUKHOW 3emmu. _

Knasguii Mronemen
_ (ok. 100—oK. 170) 2
| lpeBHerpedecknin yuéHbin. Pas-|
| paboTan MateMaTiyecKyio TEOpHIo
| IBUXEHMA [IaHeT BOKpYr Heno-




Hukonan KonepHuk
(1473—1543)

MosbCKMiA acTpoHOM. OBbACHU |

BUOMMbBIE [BMXEHUS HebecHbIX

CBETUN BpaileHuem 3eMi BOKPYr |
ock 1 obpallieHreM fnaHeT (B TOM |
yucne 3emam) Bokpyr ConHua. CRoé |
YYEHUE M3NOXUIT B COMUHEHWN «O6 |

obpatueHnsx HebecHbix chep».

VG L ASIE! & ) i VHISE Bcepe-
aure X VI 8. Huronaii KonepEEK 06HADPYKHII, UTO CYTOUHOE
IBIMKEHHNE HeOGeCHOTO CBOIA OUEeHBL HMPOCTO 00BACHHTE Bpa-
mIeHueM SeMJId BOKpPYTr cBoel ocu. OH moxasall, UYTO BCA
CJOKHOCTE cHcTeMEl IlToNeMess cpasy HCUe3aeT, eCJH OCHO-
BEIBATHCS HA CJAEAYIOINUX I'MIIOTE3aX:

1) nmamersr BpalmgaoTca BOKPYTr CoJHIIA, a HE BOKPYT
Semirm;

2) SeMIs ecTh OJHA M3 ILIAHET W, CJIeJ0BATEILHO, TAKIKE
obpamaerca BoKkpyr ConHia.

Taxum obpazom, mo Teopnu KomepEmra nnaseTsl feii-
CTBHTEJLHO JBIKYTCA IO Kpyram 0es3 BCSKHUX OCTAHOBOK M
MOBOPOTOB; OMMCHEIBAEMBIE HMHU OETIN (JMUOUKJIBI) BO3HU-
KAaI0OT M3-3a TOT0, YTO MBI CMOTPHM Ha HHX C ABHIKYIIeicsa
Semn.

Tonuunoe neu:xenme CoONHUA 10 HRJIUUTHKE 00bBACHSIET-
cA FOSWUYHBEIM IBHMKeHHeM Semiau BOKpyr CouaHua. Semiad
HHUKAK He BBRIJeJeHA U sSBJAETCA OAHOH W3 IIIAHEeT, 3aHUMadA
Tperhe Mecto oT Comuna. TIopaNoK pacnoNoyKeHWA IIaHeT
ot CoxHna Taxoii: Mepkypuii, Benepa, 3emusz, Mape, FOmu-
Tep u Carypr. Cucrema Konepaura ¢ ConsneM B IieHTPe HA-
3LIBAETCS FeIHolleHTpHYecKkoi (0T rped. zesauoc — CouHIe).
Bokpyr SeMin ABHKETCI TOJBKO JIyHA.

PaccMoTpuM BHOMMOE LBHIKEHHE TAK HA3BIBAEMOU Bepx-
Hell muaHeTsl (Hanpumep, Mapca), T. e, IIaHETHEI, HAXOMA-
meiica gaasme ot Conxna, ueM 3eMJid.

Ha pucyure 6 mudpamu I, 2, 3, 4, ... o603HaYeHbI 1O~
adoxenus 3emuam M Mapca Ha CBOMX OpbuTAX W BHUAMMOE
IOJIOsKeH e ILIaHeThl HAa He0ecHol cdepe B pa3HBIe OCTEN0-
BaTeJbLHBEIE MOMEHTEHI BPEMEHH. SeMJIA ¥ NIAHETa ABHIKYTCA
B TOM 2Ke HAIIpaBJEHHM, HO JBHI)KEHHE ILIaHETH MeLJIeHHee.

B nepBuIil MOMEHT, KOTIA 3eMJIA U MJIaHETa PACIOJIOMKEHEL
Ha ¢BOMX opburax B Toukax I, miaHera OymeT Ha GECKOHEYHO
Fanéxol mebecuoii chepe B Touke I. Ko BTOpOMY MOMEHTY
ILIaHeTa DepeIBHHETCA CPeOH 3BE3[ BJIEBO, T. €. K BOCTOKY.
Ho tak xax 3eMya geuiKeTcAa ObICTPee MIAHETHI, TO B CIETy-
IOMIMEe MOMEHTLI IJiaHeTa HAYHET 3aMEeNIATE CEOE BHIMMOE
ABMKEHNMe /0 MOMeHTa 3, I'le oHa ocTaHoBuTcA. [lanee oxHa
MeHsAeT JBHXeHIHe HA IOIATHOE.

B 4eTBEPTHIA MOMEHT HaCcTyIaeT RPOMUG0CMOAHUE TIa-
HeThl. 3eMJA o0rouaeT eé mo opbuTe, a HA HebecHOI cdepe
mIaHeTa 6ymeT ZBUIaTbCA ¢ BOCTOKA HA 3amaj, T. €. IIOMATHO,
BILJIOTE 0 MOMEHTA 5.

B MoMeHTHI 6 1 7 niageTa 00roEser 3eMJI0, M MBI OyIem
Ha(II0maTh IpAIMoe ABUMKEHIe IMIaHeTHl no HebecHoil chepe
¢ 3amajZia Ha BOCTOK. Takmm oOpasomM, ImiaHeTa ONMNIET Ha
3BE3IHOM Hebe nyTh 1—2—3—4—5 B hopMe IETIH.

BHemHgg niaHera DOAXOOHT OMuMMKe Bcero K 3eMie BO
BpeMs NPOTHBOCTOMHHA, KOTAA OHA HAXONHUTCS Ha Hebe B
TouKe, npoTuBomomaoxuolH Conuuny. CregoBaTesnHo, B 5TO
BpemsaA CoaHIe, 3eMJIA H MJIAHETa HAXOAATCA HA OTHOM Ips-
moii. Kax BUIHO U3 puCYHKa 0 , BOMM3HM TOYKH IPOTUBOCTO-
SHES IJI4HeTa coBeplIaeT o0paTHoe (MOIATHOE) IBHIKEHHE.



Bo BpeMa NpOTHBOCTOAHUSA IJIAHETA BHIHA BCIO
HOYb, OCTHUIaA MaKCHMAILHON BBICOTHI HAZ IO-
DPHB0HTOM B MOJHOUE.

Korpa nmasera mpoxonutT 3a Conunem (u, cie-
IoBaTeJdbHO, He BHHA), TO I'OBOPAT, 4TO OHA Ha-
xoputrcda B coegunennu ¢ Comunem. B aTo Bpema
OIPOHCXOAUT e€ caMoe OBICTpOe HmMPAMOe ABHIKe-
HHue, TAK KaK 3eMJJ W IaHeTd ABHIKYTCHA Ha-
BCTPEYy APYT ADYTY.

K BHYTpeHEUM (MU HHAHMAM) ILIAHETAM OT-
"HocATcA Meprypuit u Benepa, ux opOuTel pac-
mooXkeHsl Oamaxe k Coxumy, wem Semus. Ilo
5ToM nprumHe BeHepa ObIBaeT BHAHA TOJMBKO KaK
YTPeHHAS NN BEeUYEDHAS 3Be3na: YTPOM OHA MO-
JKeT OBITH BUJHA Ha PACCEETE HA BOCTOKE B Iydax
yTpeHHeH 3apH, a BEIEPOM Ha 3amajie B JIy4Yax Be-
gepHeli 3apu. [Ipu 9TOoM OHA HMKOTAA HE OTXOIHT
ot Connia ganeie yeM Ha 48

Ha pucysxe 6 IOKaz3aHo, KakK 3eMJId H IJIaHe-
T4 ABIOKYTCH B OZHY cTOpoHy. [Inanera aBuKeTcs
beicTpee 3eMan. B mepBHIii MOMEHT ILIaHETa Ha-
XOOUTCH Ha ONHON JUHNH ¢ 3eMJael 3a CorHiem
u ¢ 3eMiu He BMIHA; 9TO HOJOMKEHHNE Ha3hEIBAETCH
BepXHHUM coegupenueM miaaneTs ¢ Comuiem. Io-
cJe 9TOT0 OHA NosABIAeTca n3-3a CONHIIA U ¢ Kak-
IBEIM JHEM OTXOAMT OT HEeIr'o BCE JaJIbIle BJIeBO, T. €.
K BOCTOKY. B 9T0 BpeMa oHa BMAHA IO BedepaM.

JocTurEys Hau0oasHIero BOCTOYHOTO yaaje-
mud (yron mexay ConHneMm, mirazeTol u SeMJIsit
paseH 90°), oHA HAYMHAET ONATEL OPHMOAMIKATECH
x Conuny, npoxosut Mexny ConameM m SemJei
HOJOXKeHHe TAK Ha3hIBAeMOT0 HHKHET0 COoeHHe-
HHA 1 TOABJIAETCS IO Apyryio cropony Couxia,
K 3a0ajy OT Hero, B BUJe VTPeHHEH 3Bes/hl.

Ilocne BamOOABIICr0 3aMATHOTO YOAJEHHT,
rorga yrox Mmesxay ConmmeM, IIIameTol ¥ 3eMIéin
paBen 90°, ona onares npubam:xaerca k Comrmy
1, HaKOHEI, CKPhIBAETCS 32 HHUM; 3aTeM BCE IIOo-
BTOPAETCA B TOM e MMOpsIIKe.

ITo moBTOpaArOmIIMCA Ha Hebe MONOMKEHHAM
naaHeT oTHOCHTeNbHO CosHita KonepuuK BuIUme-
JHJI PacCcTOAHUA oT maauer A0 ConHNA, IPUHAB
3a eOWHHUIY H3MEPEHHA CPeJHee PACCTOSHHE OT
Seman a0 Conuma — 1 acTPOHOMHUUECKYIO eU-
auny (1 a.e. = 149,6 maa KM):

Meprypuit — 0,4;

Benepa — 0,7T;
Semuaa — 1;
Mapce — 1,5;
Oonrep — 5;

Carypr — 10.

Opbuta HUXKHEW

MNaHeThl
(Benepa) X

/

OpbuTa o e

BEDXHEM nna HETbI
(Mapc)

CoeQVHeHKe

/— BE‘pXHQG

MpoTusocTOAHME

coeﬂ,MH‘aHVie

N

; \_ HM)KHe/e 7
RO COG)IPIHEHME
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Korna Mui enem Ha noesge vnm s as-
Tomobune, To ckNajbiBaeTca Breyat-
NeHre, 4TO BCe OKPYXaioliue npes-
MeTbl OBWIalTCA HaM HaBCTpeuy.
Hem Bnuxe npenmer, TeM BbicTpee
0112 HEro 370 KaXyLleecs OBMXeHue,
a 04eHb Janékue npeameTsl OBUXYT-
€A TaK ME[INIeHHO, YTC A0NToe BpeMs
KaxxeTcs, OYATO OHM eayT BMecTe C
HaMK, Mbl BUOMM WX B OJIHOM WU TOM
Xe Hanpasnenun. NMopgobHeiM cbpa-
30M MOXHO OXapaKTepusoBaTh ro-
OV4HOE ABMXKEHWe 3eMnn, KoTopoe
NPOSABNAETCA B KaXXyLLeMCs BCTpeY-
HOM LOBWXEHUM BCex HebecHbix Ter,
a He ofHoro Tonbko ConHua. MoHaT-
HO, YTO 4Yem [anblie CBeTUNO, Tem

MEHbLIE 3TO CMeLleHne, Tem TpyaHee
€ro 3aMeTUThb.

pamaerca Bokpyr CoJHIIa, HO3TOMY HAM KaMKeTcs, 4To
Oum3Kme 3BE3/bI IEPUOLUUECKH CMeINaoTesa Ha QOoHe Jasé-
KHUX 3BE3M.

Haubonpmee B TeueHue rofa OTKIOHEHHE 3BESIEI OT €6
CPeHEro HOJOKEeHHMA HA3LIBAIT TeJWOUSHTPMYECKHM Io-
AHYHBIM NapaJajaKcoM sBesfbl. Ha pHcyHKe 2 BHAHO, YTO
TeJIMOIEHTPHYECKMI TOAMYHBIN Iapajjiake — 39TO yIoJ T,
IIOJT KOTOPBIM CO 3Be3/bl, YAAJEHHON Ha PACCTOAHHEE 7, BUIEH
pPaguyc a, 3eMHOI OpOHTEI:

. a
sinm= 2.

r

TenmonenTprmyecKni mMapaJaKke ONpefedIoOT MyTEM 13-
MepeHUsA U3 [BYX MOJOKEHWH 3eMIH Ha €€ opOuTe mapal-
JIaKTHYECKOTO CMeNIeHHA 3Be3 sl Ha HebecHOH chepe. AcHo,
9T0, ecan ObI SeMJIA CcTOsIA HA MecTe, a CosIHIe 06paliarocs
BOKDYT Heé, KaK B T'eOINeHTPHIECKOH CHCTeMe MHPa, TAKOTO
naparIaKTHYeCKOTO CMEeIe s 3863 He OBII0 Obl.

Camas 6imskxas K HaMm sBesga ollenTaspa (a10 TpoiiHas
3Besna, Ommixaiimasa B mell — Ilporcuma IlenTaBpa) mMeer
mapannakc © = 0,75". 3Haa roguuHLIN HapaIaKc 3Be3II,
MOEHO HAUTH pacCTOSHHE 0 Heé,

HabnwoneHwe
B aBrycre



Ws pucynka 2 BUIHO, YTO PACCTOAHNE IO 3BE3IbI

)

Al )
SINT7T

roe do = la.e. = 149,6 MmaIE KM — cpegHee PacCTOAHHE OT
Seman mo Consra.

YUHTEIBAA, UTO IPH MaJbIX yIiaX U PaguaHHOH Mepe mn3-
MepeHHs YIVIOB Sinw,,, =~ T, ¥ 4To 1 pax = 206 265", nmeem
r=206265-a,/r". 3nech yroJa n” BLIPAIKCH B CEKYHAAX IYTH.

B acTporoMmm 3a epuBuMIy PACCTOSAHUE IO 3BE3J IIPH-
HATa BennuuHa 1 mapcek = 1 ok = 206265-a, = 3-10% M =
= 3,26 cB. I

Torma 1

Iloacrasnas B ary (opmyny mapannakc 3Besgsl o llem-
Tagpa, umeem r, =1/n” = 1/0,75 = 1,4 K, TaK 4TO CRET OT
ollenTarpa mo Semunm ugér 4,3 roxa.

3Bézpbi

Mepebiv, k10 nonbiTancs uamepurs
napannakT4eckoe cMeLleHMe 3BE3)
1 TeM CaMbIM NPOBEPUTL Teopuio Ko-
nepHuka, boin Tuxo Bpare. 0o uso-
BpeTeHrA TeNeckona ero usMepeHus
NONOXEHNA 3BE3[ HEBOOPYXEHHLIM
rNa3omM Dbl cambiMK TouUHBIMM. [Ty-
TEM HabDNIOAEHNI OH YCTAHCBUI, YTO
CMelLeHMA 3834, HeT 1 4TO KonepHK
He npak. Tuxo bpare He npennona-
ran, 4To 3BE3Abl HAXOAATCHA TaK Aa-
NIEKO, YTO NpY ero TCHHOCTU M3Mepe-
HWIA YrNoB oKono 1°, onpegenaemon
CBOWCTBaMMW rMas3a, OH B MpUHUMME
He cMor Obl U3MEpPWTE Napannakcs
3BE3[,

ACTpOHOMaM YAanock OMNpeaenuThb
napannakckl HEKOTOPBIX 3BE34 TONk-
ko B 1840 r. B Hawe spemsa ¢ no-
MOLLBIO KOCMWYECKUX TeNeckonos

BO3MOXHO W3MepATb rapannakchbl
3BE3/ 00 3Ha4YeHnn MeHee 0,0017,

BOMPOCHI VI 2A0AHNS:

@ B 4éM pasnmuma reoueHTpUYecKoin
W FeNUOLEHTPUYECKO R cucTemM Mupa?
@ MakcumarnbHoe BOCTOMHOE yoa-
NeHwne Benepol ot ConHua cocrasnaet
NpUMepHo 46°. YemMy paBHO paccTos-
Hue oT ConHua Jo BeHephl B a.e.?

@ HuxHee coeguHeHue BeHepsl no-
BTOpAeTca Yepes 1rofn 7 mecaues. Mo-
4yeMy NpoxoxaeHue BeHepsl no Ancky
ConHua HbiBaeT oveHb pefko (depes
121,5 roga, 105,5 u 8 net)?




Bbl V2HAETE:

@ Mo KaK1M 3aKoHam ABWKYTCA nna-
HeThI.

@ Kak onpenenuTs Macchl NiaHeT no
3NeMEHTaM UX OBUXEHNS,

BCOMHNTE:

@ Y10 TaKoe INNNNC 1 KaKOBbLI €ro oc-
HOBHbIE 3NEeMeHThI?

@ Kak dopmMmynnpyeTcs 3aKoH Bce-
MUPHOTO TATGTEHWA?

Woranx Kennep
(1571—1630)
Hemelkuin MaTemMaThk, aCTPOHOM, |-
MexaHuK, onTuK. MMepBooTKpLIBa- |
TeNb 3aKOHOB ABYKEHMUA MAaHer |
COfIHEYHOW CUCTEMBI. -

SNAWIMCOM Ha3bIBaOT 3aMKHYTYIO
KPWBYIO NMHMIO Ha NIOCKOCTH, 0B-
najanwyn cnejyioliuM CBONCTEOM:
CYMMa PaCcCTOAHMI OT KaxXX 0N eé Tou-
KM 0O OBYX OaHHbIX TO4eK F, U F,, Ha-
3blBaEMbIX POKYCaMu, eCTb BENUHMHA
NOCTOAHHAA.

SAKOHDbI JBV)KEHMA
MJIAHET

MomecTne 3emnio B ueHTp CoNHEYHOM cucTembl, KonepHWK no-
naran, 4To NnaHeTbl OBUXKYTCA PABHOMEPHC MO OKPYXKHOCTAM. Ho
K XVI B. ¢ NOBbILWEHWEM TOYHOCTU acTPOHOMKMYECKMX Habnioge-
HWiA CTAaNo ACHO, YTO TEOPWUA ABUXKEHUA NnaHeT Tpebyer yTouHe-
HUA. BoNbLYIO Poib B 3TOM Chirpanu HabnoneHus BeiMkoro at-
CKOro acTpoHoMa Tuxo bpare (1546—1601). B Te4eHue MHOMMX NeT
OH M3y4an [BVXXeHWe NNaHeT B CrneuManbHO BbICTPOEHHOW 06-
cepsatopun. Ero rabnoaeHUs oTNMYaNMCh BbICOKOM TOHHOCTbIO,
HECMOTPA Ha TO YTO YyHYEHbLIA CMOTPEN Ha HebecCHble Tena HeBo-
OPYXEHHbIM rnasom. Teneckon Hbin M30bpeTéH Tonbko B 1610 I
HabniogeHus Tuxo bpare 6einn 06paboTaHbl 3HaMEHUTEIM acTpo-
HOMOM MoraHHOM Kennepom.

EHBH w2 | Msyuaa ABHIKEeHMe IiuaHeTwl Mape 1o
HaGJIIO,ZIEHHHM Tuxo Bpare 1 mcnoassya pacuérel Konepan-
Ka, Kennep cmawana mzobpasun opburel Semam m Mapca
OKpysKHOCTAMH ¢ paguycaMu 1 1 1,52 a. e. YTobsI 06BACHUTE
HepaBHOMepHOe asuxeHMe CONHIA 110 sKaAMOTHKe, Kenep
CMECTHJI eT0 M3 IIeHTpa 3eMHOI opbutsl Ha !/, (0,017) ero pa-
amyca. Ho MBOroumcIeHEEBIe IIONBITKHE H300pDasHTL OpOHTY
Mapca oxpyHOCTHIO ¢ IeETpoM B CONIHLE UIH BHE ero OKOH-
YWJIMCh HeyZadeil: BEIUHCJIEHHBIE TOJOMKEHHA HJIAHETEl HA
Hele He COBIAAANH ¢ HaOIIOIaeMEIMH,

Torma Kemrep oTBepr MHOTOBEKOBOE y0erkIeHne B KPyTro-
BOM PaBHOMEPDHOM IBHI}KEHHH IIJIAHET M CTAJ DOLOHPATh A
Mapca 6oxee mogxogamy:o GopMmy opbuTsl. Jlyumie apyrux
nopomeés snnunc ¢ CoNHIIeM B OJHOM M3 (POKYCOB H DKCIIEH-
TpucaTeTOoM € = (,091.

/

L8

k4
Fy
Manas
nonyoch

Manag ocb

Eonbwasna nonyock

Bonblwas ock

Creporarensno, mpuaaToe Kemnaepom mosoxernue Comn-
IIa BHe IeHTPpa KPYyTOBOH opbuThl 3eMIIM 03HAYAIO, ITO 3eM-
JIsl TOMKe ABHIKETCH TI0 BITHUITHYECKOH opouTe ¢ HeGoIbIIuM
srcueaTpHcHTeTOM ¢ = (0,017 1 €€ nBHKeHNe, KAaK M NBUKe-
sre Mapca, HepaBHOMEPHO.



, B 1616 r. Kennep chopmMynupo-
BAJI CEOH MEPBBIH 3aKOH: OPOUTA KaMAON NIAHETHI eCTh -
JIHIIC, B OGHOM 3 )OKYyCOB KoToporo Haxonurcda CoaHie.

CunenosarenbHO, 0pOUTH BeeX muaHerT ConHeuHOH cHCTe-
MBI HMEIOT OAUH obmuii JOKYC, PACIONOKEHHBIH B IeHTpe
ComHmna.

Ha pucyure a wmzobpaskena opbura miaaHeTsl M B BuIe
snnuiica ¢ Comanem B oguaoM u3 Gorycor F,. llenTp snnmmca
HaxomuTcd B Touke O, 6onsmada ock AIT = 2a, moayoce AO =
= OIT = a.

LleHTp 3nnunnca

Mepurenwuia
Adenmi

ConHue CpenHee
paccrosHue
NNaHeTbl
ot ConHua

Bamxaiimyio k Conuny toury I/ opOMTHI HABEIBAIOT Me-
pureixuem, a Haubosee yIaaéHHy0 ToIKy A — adennen.

Ilpu aeuxenvu miaamersl M BOKpyr CosHIa e€ remmo-
IeHTPHYeCKoe paccrodHue (paccroaume ot ConHIA) paBHO
MOV paguyc-BexTopa: r = F, M. IlepurensHoe paccToaHme
g = a(l — e), adensroe paccrogunue @ = a(l + €). IlepBomy
saxony Kemmepa moguMHAIOTCA TAKIKE IBIIMKEHHA KOMET H

aCTEPOUIOB.

B nanwmeitinem M. HpoTOH, HCHONB3YSA OTKPEBITBIH KM
3aKOH BCEMHPHOI'O TATOTEHHA, aJ Oojee o0y hopMyan-
DOBKY paccMaTpHBaeMOro HAMH 3aKOHA.

: | ) o JelcTBHEM
CHIIBI IPUTAMKEHHT OGHO He0ecHoe TeJI0 ABMMKeTCH B IoJe
TATOTEHHA APYroro He(ecHOro Tesa IO OJ{HOMY H3 KOHUWYe-
CKUX CeYCHMH — KPYTY, 2IIUICY, Hapadoie niu runepboie.

IKCIEHTPHUCHTETHI IJIA OKPYKHOCTEN ¢ = 0, IJIA 5IIHUIICOB
0 <e <1, pna mapadoa e = 1, aua runepbora e > 1. DnauICH
ILTaHETHBIX OPOHT MAJIO OTIMYAIOTCA OT OKPYIKHOCTEH.

B Conneuynod cucreme HAUMOOJABIIHI SKCIEHTPHCHTET
umeer opouTta Meprypusa e = 0,2056, sxcieaTpucuTeT opon-
Tl Semian e = 0,0167.

SHamMeHnTaa KoMmera l'ajjes MMeeT 9KCIEHTPUCHTET Op-
outer ¢ = 0,967, B mepurenuu o"a noxxoguT XK ComHIy Ha
paccroaurme 0,587 a.e., a B adbenmu yaanserca or ColHIIA Ha
paccroaume 35,3 a.e. — 3a opbuty Henryna.

3KCHEHTpMCMTETDM Ha3blBAIOT
OTHOWEHWe pPacCTOAHWUA Mexy

thokycamm 3NNUNca K ero HoMbLIoN ocn
(k BonblueMy OMaMeTpy):

e
2a

T

OKpyKHOCTb

Opobura acrepouna Ilamrnana
uMeeT GONBINIYH TOJYOCH
a=2,77 a.e., 9KCIEHTPHUCHUTET
e =0,235. Halimure ero mepu-
renbHoOe W aQeluiHoe paccTosd-
HUf, CHOEPHYESCKUIT U CUHOHUA-
YecKHHE IepHOAbl o0palleHrd,

a

(cpernH1O0 CKOPOCTE).

N nTe

TAKKE KPYTOBYID CKODPOCTH

MOH ACTPOHOMHYECKHE
HCCIAEAOBAHEA

HapucyrTe snnunc. YKaxxute Ha
pPUCYHKe OCHOBHbIE 3[IeMeHTbl 3TON

reomerpudeckon purypsl.
«[TOMOLWHWK»

w [MpocToi cnocob Bbivep4YmBa-
HWA 3NAMNCa CNedyeT W3 ero onpe-
peneHns. BotkHute B dhokychl F 1
F, nge BynaBku, HageHbTE Ha HUX
HUTKY €G CBA3AHHBIMM KOHLLAMMU.
« Ecnu tenepb ABWrate KapaHga-
LWoM no Bymare Tak, 4ToObI HUTKA
BCE BPeMA OCTaBanach HaTsHYTON,
TO NOAYHUTCAH NNANC.

& YKaxuTe OCHOBHLIE 3MEMEHTHI
NONYHEHHOro 3MAnnca.

& Onpepenute 3KCLEHTPUMCHTET

MONYHEHHOr 0 annunca.




BTopo;Pi 3akoH Kennepa oObacHaer
takT BeicTporo nepemellieHus ConH-
La no Heby B MepBbIX YMC/ax AHBa-
ps. B 310 Bpems 3emnsa HaxoLuTca B
nepurennn M OBMXeTca ¢ bonbluen
CKOPOCThIO, a HaM, Habniopaowmm 3a
ConHuem, kaxetcd, 41o ConHue Obl-
CTpee nepemMeLlasTcs cpeu 38E3[.
B Hadane wiona 3emnas HaxoOWTcH B
aenmn, ganeile scero or ConHua,
NO3TOMY IOBUXETCA MefNieHHee, a
Ham KaxeTcs, 4To ConHue MedsieHHee
NBUXETCA Cpeu 3BE3f,.

ABHXeHNEe eCTeCTBEHHLIX ¥ HCKYCCTBEHHLIX CUYTHHKOB
BOKDYT OJaHeT, IBUKEHNUEe ONHOH 3Be3Ibl BOKPYT APYroi
B NBOMHOH cHCTeMe TaKiKe MNONYMHSIOTCS STOMY B3aKOHY
Kenaepa.

pagHyc-
BEKTOD KaXI0l NiIaHeThI OMHCHIBAET 33 PABRHOE EPEMS PaB-
HbIe ILJIONIATH.

Ilpenmonosxum, maaHeTa, ABUTASCH MO ALIHITHUYECKON
opbuTre 0 C MEHTPOM IPHTAMKEHHS B TOYKE S, HAXOIUTCA
BOIM3H nepureaus P, 3a OfWH MeCAL, OHA TPOXOTUT AVTY PA,
34 ?TO BpeMdA pajHyC-BEKTOD OIHCEIBaeT njomans PSA.
Bonusu adesnsa, Ha 60IBIIOM PACCTOAHUM OT TOYKHK S, pa-
AHYC-BEKTOD 3a MecdAll onunieT muaomanes DSE. Tax kak st
IJIOIAAM PABHEL, TO Ayra DE, KOTOPYIO IPOMAET MIAHeTa 3a
TaKoOe }Ke BpeMs:da, OyaeT MeHbIle ayri PA.

Taxwm o0pazom, BTOPOM 3aKoH Kem-
Jepa oIpelellfeT H3MEHEHWE CKODPOCTH
OJIaHeTHl IPH e€ ORWKEHHH II0 ophm-
Te: CKOPOCTH TeM OGOoJbIie, 4eM IIJIaHe-
Ta Oamixe K CONHIY, T.e. B IEPHTEINH
foJbIIe, YeM B aderni.

Ba mepBeIx saxoma Kemrepa pema-
IOT 3aa9y OBHMKEHHA KAsKA0H OIaHeThI
B OTAEJIBHOCTH.

EcrectBenno, v Kemaepa BO3HHKJIA
MBICIIL O CYIIECTBOBAHHH 3aKOHOMEp-
HOCTH, CBA3BIBAIOINEH BCEe IJIAHETHL B
CTPOHHYK eJUHYIO ILIAHETHYIO CHCTEMY.
Toneko B 1618 1. 0H HAIED TAKYO 3aK0-
HOMEDPHOCTE, M3BECTHYIO IIOJ HAZBAHWEM
TpeThkero 3axkoHa Kermmepa.

LAY 1IAE. Zali KBATPATHI IEPHOTOR 00palieAus
MJIAHET OTHOCATCA KaK KyObl OONBIIHX IOJYOCeid HX OpOuT.
Ecau y ogHO# rareTh mepuos obparierunsa BOKpyT Corn-
ma paseH T, U GoabINas IOJYOCh, PABHAS CPEIHEMY TesHno-
IEeHTPHYECKOMY DACCTOSHUIO, PABHA 4,
a y Ipyro¥ OJaHeTHl AHAJNOTHYHEBIE Be-
JHYHHEBI COOTBETCTBEHHO PABHEI Ty U @,
TO BHEIIONIHAETCHA COOTHOIIEHNE

T _a

T, 4

OTCIO,E[a ciaenyer, 4TO

2 2 2 z
L _ L _ L T = const
3 3 3 & )
al az aB a

IlocToarraa C aBasgerca IIOCTOSH-
HOH A58 BCeX TeJl IIAHEeTHOH CHCTEMEI,
e¢ dNCcJIeHHOe 3HaueHNe 3aBUCHUT OT IMPH-
HATHIX eIUHUI H3MeDeHi.



Tax, eciu BEIpaKaTh nepuolbl 1’ B 3eMHBIX rogax, a JJud-
HY a B aCTPOHOMHUECKHX efmumHIax (a.e.), To mis 3eman
T=1, a=1 n, ciegoBarejJbno, 1aa aw000i miaamersr Coma-
HeYHOH CHCTeMBI 5

iy

at
B BrIparkenne TpeThero sakona Kemepa He BXOIAT 3HAYCHUA
SKcOeHTPpHCHTEeTOB opouT. [losToMY, KAKYI0 OBI BEITAHYTOCTE

IIIHUIITHYECKME ODGHTBI HH HMEJIH, IIPH PaBHBIX OosIBIIIX

TOJIYyOoCAX OPOMT MePHOnbl OOPAIEHHA N0 HAM OLNHAKOBEL.

B_ 1781 1. anrnmncknia actpoHom B. lepuwens
OTKPbIT HOBYIO npaHeTy 3a opbuton Catyp-
Ha. 3Ty nnaHeTy HasBanu YpaH. Mzyyernne
OBVOKeHUA YpaHa oDHapY KMo PackOMOEHMA Mexay
TEOPETUHECKN NPeaBhIYUCAEHHBIMKY W HabniofaeMbl-
MW NONOXeHMAMW NnaHeThl. Tak, B 18251826 rr. YpaH
onepexan pacyeTHbIE NOMoXeHUs noyti Ha 107, 3aTem
cTtan orctaeath. K 1840 r. otcTaBaHue pocturno 1,5%
Buina Bbickasaka runotesa, 470 3a YpaHoM HaxoQMUTCA
eule ofHa nnaHeTa, KoTopas CBOUM NPUTAXEHWUEM BK-
AeT Ha ABuxeHne YpaHa. [lBa MOnogblx acTpoHOMa,
aHrnudaHuH [x. Agamc v dpaduys Y. lleBepbe no Ha-

bnionaemMbiM PACXOXAEHNUAM PACCHMTAan NONoXeHMe
HOBOW NnaHeTwl. BoT YTo Hanwcan flesepbe acTpOHOMY
BepnuHcken obcepsaTopuu W. Tanne: «.. HanpasbTe
TeNneckon B co3se3gue Bopones B TOMKY 3KAUNTUKNM C
fonroton 326°, v B Npegenax ogHoOro rpayca oT 3T1o-
ro mecta Bul HanpgeTe HoByio nnaHeTy. OHa OeBATOM
3BE3[IHON BENMYMHBI U UMEET 3aMEeTHbLIA PazMbIThil |
AncK..» B nepsyio xe HoYb HabniogeHwia fanne oTkpbin |
B yKa3aHHOM MecTe MnaHeTy, Ha3BaHHylo HentyHom. |
OTKphiTUe HenTyHa «Ha KOHYMKE Mepa» OKOHYaTebHO |
NOATBEPAMUNIO CMNPaBefAnBOCTE 3akKoHa BCEMUPHOro
TATOTEHWA U CTaNno TPUYMPOM HeBEeCHOM MeXaHUKN.

ViG] Kapimkosas miamera ILTyToH, KOTOpas Gbima
oTkpeiTa B 1930 1., HaxomuTeda HA CpefHEM PACCTOSHWUH OT
Comana — 39,5 a.e. Onpemenute mepuof obpamenus ILry-
ToHa BOKpyr Commma.

Pemenwue: us GopMynsl aada Tperhero saxkoma Kemmepa
maxomum T = 1-a%? = 39,5%° = 247,7 roga. C momeHTa OT-
KpuITHA [L1yTOH IPOIMEN YyTh MEHBIe TPEeTH AJHHBI cBoeii
OpPOHTHI.

Kennep ve yuureiBan maccel miaanet. M. HeioTom, onmupa-
fACh Ha 3aKOH BCEMMPHOI'O TATCTEHMS, BEIBEJ TpeTui 0600-
mEHHEI 3axoH Kenaepa, KoTopsift MaTeMaTHYeCKH 3amu-
CBIBAETCH TAK:

T? 4’

a®  G(M,+M,)’
roe M, 1 M, — Macchl ABYyX IPUATATHBAIOIMXCA TeJ.

Ona Conreunoi cucrembl Macca Comuna Me= M, >>M,
MAaCGChI TI000H IIaHeTsl, M TOTIa

T_2= 47°
a® GM )

IlpaBaa gyacThk ypaBHeHHA — OocTOSIHHAA C M)A BCEX TeJI
ConHeuHO# cHCTEMBI, YTO M VTBEPIKIAET TPeTHH 3aKO0H, HO-
ayuesHBIH KenmepoM B pesyabTaTe aHAIN3a HAOIIOAEHHIH.

Tpetuil 0000WwEHHEDIH 3akoH Kensepa mosBoldeT ompe-
JeJIATE MACCHI IJIAHET IO ABUIKEHHIO MX CIYTHHKOB, MACCHL
OBOMHEBIX 3BE3]] II0 2JeMEHTAM HX OpOUT H T. 1.

BOMNPOCH! M SAOAHWA:

@ Kak popMynmMpyioTca 3akoHsl aau-
KEHWUA NNIaHeT, nonydeHHble Kenne-
pOM Mo pesynbratam HabnioneHni?
@ Kak W.HbIOTOH MaMeHun TpeTui
3aKOH Kennepa?

@ KowmeTa lanfies nmeeT aKCLEHTpu-
cuteT opbuTtel e = 0,967 1 nepuop ob-
patleHns sokpyr Conuua T = 76 net.
Hemy pasHbl Bonbluas nonyocs opbu-
Tbl, NepUreNbHoe 1 adenbHoe paccTo-
AHUA KOMeThI? Toe pacnonoxex ade-
NN KOMETbI?




Bbl Y2HAETE:
@ 3HayeHWe NepBOR KOCMWYECKON
CKOPOCTU.

@ Kak onpefensercs BTOpas KocMu-
4ecKas CKOpoCTb.

@ Kak gonro gnunca nonét k0. A. Ta-
raprHa BOKPYI 3emMnn.

BCNOMHMWTE:
@ Kak dbopmynmpyiotca 3akoHbt Ken-
nepa?

SATAYA Ne 9

PaccumnTaiiTe BTODYIO KOCMM-
YECKYI0 CKODOCTH HA IIOBEPX-
HocTH MepKypHa ¥ Ha HOBEpX-
HOCTH acTepouga AIOJIoH.
Kax BnI agymaeTre, CTOHT JH
CIUITKOM CHALHO NOLIDPBITH-
BATH HA IIOBEPXHOCTH AIIOJ-
agoHa? My =3,3-10% xr,
Ry=2400 gM; M,o=2-102kr,
R, =500 M.

KOCNMINYECKME CKOPOCTMH

Mepsbin 0606WEHHLIN 3akoH Kennepa HOCUT YHUBEPCAbHBIN
XapakTtep, Tak Kak cnpaBennme Ona niodbbix TEN, MeEXOY KOTOpbI-
MW OENCTBYET CUNa BCEMUPHOTO TAroTeHWs. EMy NOAYMHACTCA He
TONbKO OBVXKEHWE MNaHEeT, KOMET N APYruX HeDeCHbIX Tesl, HO 1
[OBUXEHVE NCKYCCTBEHHBIX HEDEeCHBIX Ten, KOTopble Mbl 3anycka-
eM ¢ 3emnu.

TSR UNGIEREHOE S dopma OpOUTEL HCKYC-
CTBEHHBIX HeGeCHBIX TeJ ompefeldeTcdA 3HAYEHHWEeM M Ha-
[IpaBJeHNEeM CKOPOCTH, KOTOPOe MBI COOOINAEeM CIIyTHHAKY.

Ecam crOpoOCTE BTOPOTO TeNla MEHBIe HepPBOH KocMHde-
CKOH CKOPOCTH V;, TO OHO IPOJIETHT HEKOTOPOE PACCTOAHNIE
U 3aTeM yHageT Ha mnepiBoe Tejso. Ecau ¢cropoceTs pasHa Vi, To
OHO CTAHET CUYTHHKOM H OYAeT BPAIaThbCd BOKPYT ADPYIOro
0o OKpy:KHOCTH. Ilo aToif npuvumHe V, Ha3HIBAKOT KPYroBO
CKOPOCTHIO.

Ecnu cxkopocTs Tena paBHA V), (BTOpasd KOCMMYECKA, UIH
napabosrmyecKas), TO 0OHO OyAeT IBHraTheA no napaboie u
moKuHET chepy UPUTAKEHHUSA IePBOT0 TeNA.

Ilpu meHBIIEl cKOpPOCTH OHO OVIET ABHUTATHCS IO JHJLIHI-
THUYECKOH opbuTe, mpu Goabmiell — mo TEnepGoNrmYecKo op-
oure.

HOas Toro 4TobBI TEJO He yOajao Ha 3eMI, & CTAal0 he-
KYCCTBEHHBIM CIYTHHKOM 3eMJIH, T.e. ABHTAI0CH BOKDYT
SeMH IO KPYroBoil op0uTe W HE BBICOKO HAJ 3eMJIEH, eMy
HYKHO COOOIIUTE IEePBYI0 KOCMHYECKYI0 (KPYTOBYIO) CKO-
pocTs V;.

Vo

Vo>V,
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Brepsrie Ha TaKkyio Bo3MOKHOCTE YRasan U. Herororn. On
IOKa3al, 9TO

T/;_:'Vkp: T

Ina SemMan mMeeM

_ (6,65-107"-6-10*
R, 6,37-10°

=T7900 m/c.

VIMeHHO TaKad CKOPOCTh OBLIA COO0IIeHA KOCMMYIECKOMY
annapaty «BocTok-1», maxoropom 0. A. Tarapus coBepOIn
cBOH monéT BOoKpyr 3emun 12 ampena 1961 r. — nepruiid
IOJET YeJIOBeKa B KOCMHYECKOM IIPOCTPAHCTRE,

Jlerko paccumTaTe BpeMdA, 34 KOTOPOE OH COBEPIINJI
obmér Seman. Tax Kax BeIicOTa OPOUTHI Hamg 3eMJéil Oblia
oxono 100 kM, 9TO’ HAMHOIO MeHBINIE pagmyca 3eMJIH, TO
MOJKHO [AJA IPOCTOTEI IPHHATH, YTO OH JBHTANCA y €€ Io-
BEPXHOCTH.

WUrax, BpeMA moiera Ge3 yuéra BpeMeHHN NOABEMA B CIIycKa
PaBHO

. 6
=28 231463710 M _ 505 g4y,
) 7,9-10° m/c

T.€. OKOJIO IIOJIYTOPa 4acoB.

EBTOEAASKOCMWUAECKARICKOL 1l YTo0B MOKHMHYTL 3eM-
JII0 M JIETETH K APYIUM IIaHeTaM, He00X0oamMOo, KaK MEHH-
MyM, COOBUIHMTE paKere BTOPYHO (mHapabolmYecKyio) CKO-
DOCTE.

Bropas xocMmuecKas CKOPOCTL PaBHA

W Y g 2GM \/_V

Oz Semnu V, = 11xMm/c.

Hanpvxmep, npwu ctapte ¢ JlyHbl pa-
KEThbl C aMepPUKaHCKMMU KOCMOHAaB-
TamMM H. ApMcTpoHroMm 1 3. 0ngpw-
HOM, BMepBble BCTYMMBLIMMKU Ha
NyHy B vione 1969r., 1 COBETCKON
aBTOMaTU4eCKOW CTaHumm «JlyHa-16»
(ceHTabpb 1970T.), OOCTaBMBLLEN Ha
3emno 0bpa3ubl NYHHOrO rpyHTa,
MM Obina cooblleHa BTopas KOCMM-
4yeckast CKopocTb, ans JlyHbl paBHas
Vo =2,38km/C.

Kocmumyeckmne annapatbl, KOTopble
OynyT HanpaeneHbl K Mapcy ¢ ue-
Nbic AOCTaBKM Npoh MapcuaHckoro
rPYHTa, OOJKHBI CTApTOBaThH C MO-
BEPXHOCTK Mapca Co CKOpOCThIO He
MeHbLUe BTOPOWN KOCMWYECKOW CKO-
pocTu. ina Mapca oHa pasHa V, =
= 5,05 km/c.

BONMPOCH! M1 SAOAHNA:
@ 3anvwuTe ypaBHeHWe BTOPOTO 3a-
KoHa HbloToHa Ond ABUXEHUA Tena
CO ckopocTeio V Mo Kpyroeow opbute
BOKPYI MacCMBHOIO Tejla C pagmycom
R 1 maccoin M. lMony4uTe BhlpaxeHue
0I5 KPYroBoi ckopocTi V.




Bbl V3HAETE:
@ [MMoHATMe onTUMansHOW TpaekTo-
puK NoneéTa K nnaHeTe.

@ Bpems nonéta k nnaHere.

BCROMHNTE:

@ Kak dopmynupyioTca  3aKoHb
Kennepa?

@ Yr0 TaKoe Nepsasn 1 BTOPas KOCMM-
Yeckme CKopocTm?

KoHcranTuH 3pyapnosuy
Linonkosckuii
(1857—1935)

| Pycckuit y48Heia. B 1903r. snep- |
Bble MpennoXusl KOHCTPYKUMIO | |
KOCMUYECKON PakeTsl ¢ KNOKOCT- | |
HbIM PEAKTUBHBIM ABWUraTenemM.

MEMXXNJNAHETHbIE NONMETDI

CoBpemMeHHasn kOCMOHaBTMKa — Hayka O MON&Tax B MeXnaaHeT-
HOM MpOCTPaHCTBe — npe/cTaBnsaeT coboi COBOKYNHOCTL pas-
JIN4HBIX 0BNACcTen Hayku W TeXHWKM. Pac4éThl TpaekTopuin Koc-
MWYECKMX MOMETOB CBA3aHbl C aCTPOHOMMEN U MPeXe BCero ¢
HebeCHOM MexaHUKoW.

i | 3amyck mep-
BOTO HMCKYCCTBEHHOI'O CIYTHHKA 3eMaAu 4 oxrabpa 1957r.
IOMOMKHII HAYAJIO BIIOXE OCBOGHUA KOCMHIYECKOTO IPOCTPAH-
ctBa. [IonéTel K APYyruM HeGEeCHBIM TesIaM CTAJIHN BOZMOMKHEI
braromapsl yCHIHAM MHOIHMX YYSHBIX ¥ KOHCTDPYKTODOE.
Briephie moKa3an TEXHHYECKYIO BOZMOMKHOCTE OCYIIECTRJIC-
HEA MeKIIaHeTHBIX moaeTos K. 9. Iuonkoseckuit. Beigao-
mIuiicsa BKJAL B paspaboTKY PAKETHOH TeXHHKH B HAIeid
crpage 0b11 czenan C.I1. Koponésein.

Rax Tonbko mocmmueckmil anpapar (KA) Boikamouaer
CBOM peaKTWBHEIE ABHUTaTesJH, OH HaUMHAET ABHIIKEHHE IO
3aKoHaM HeDecHOM MeXaHUKH, T.€. IO BAKOHAM ABWIKCHIS
ILTAHET, UX CIYTHHKOB, KOMET, ACTePOUI0B U APYTHX Hebec-
HBEIX TeJ.

Yrober KA, sanymerHEIH ¢ 3eMan, mMOmaa Ha Hccyenye-
MY ILIAHeTy, HeoOXOAMMO 3apaHee ¢ BBICOKOH TOUYHOCTLIO
3HATHL TPAEKTOPHUIO er0 ABHMKEHNA U YCJIOBUI, HEOOXOIMMEIE
/U1 BEIBOZA aumapaTa Ha 9TY TPACKTOPHIO. OTH YCIOBUA
THKTYIOT TPeOOBAHNA K PAKETHBIM JBHTATEIIM.

Hanpuwmep, mpu cropoctn sanycka paxer k Jlyme ¢ Sem-
nu, pasHOM 10923 m/c, ommbKka B ckopocTu +2M/c (T.e. OT-
BOCcHTeNbHAA omubka 0,02%) npuBeséT K TOMy, 9TO pakeTa
IPOHAET MEMO JIYHBL. A UTO TOBOPUTE 0 HOJIETAX K GoJiee qa-
JEKHM IIageTam?

Pacuér peansHOii TpaexTtopmum KA
mjraHeTe O4eHb CJI0KeH. leficTBUTeNbHO, B
HaJase II0JNETa anlapar ABIMKETCA B ITOJe
TATOTEHHA SeMJH, 3aTeM OONBIIYIO YACTH
CBOETO yTH — B HoJXe Tsarorennd Comnia,
B B KOHIIE UYyTH — B IOJIe HCCISLYeMOit
mraxeTsl. llommumo sToro, HeobxommMO yuu-
TBIBATE TPABHUTAIIMOHHOE BO3LeICTBHIE CO
CTOPOHBI KPYIHBIX HeOeCcHBIX Tel. O6RIYHO
AT IPeIBAPUTENBHON ONEeHKH OTpaHHIH-
BAIOTCA PACUYETOM IIpocTeliureii opOHTHI B
noJie TAroTenus CoaHmIa.

HawuGonee onrumanbHOM (¢ Touxkn: 3pe-
HHA B3aTPaT 3JHEPruH) ABJISETCHA IIOJY-
QULIHIITHYECKAA opbura mBmienusa KA,
Kacalomasicsa CBOMMH BepPILIMHAMY ODPOHT
3eMIH U maanersl. B cooTBeTcTERH ¢ TIep-
BEIM 3akK0oHOM Kensepa Conuie Baxognres
B OnHOM K3 POKYCOB 3TOH OpOHTHEI, GONBL-
urasg OCh KOTOPOM IpPoxoauT uepes CosHie
H 3eMIIo.



PaccunTaem mapamerps! opouTsl 1 TpeboBanus k KA mpu
HoJIETe K BHEITHUM Tnauneram — Mapey, FOnurepy u ap. Ilo-
JIy4YeHHBIH pes3yabTAT 3aTeM JIErKO 0000IMHTEL AJIA IIOJIETOB
K BHYTDPEHHHM ILIaHeTaM — Berepe m MepKypHIO.

IIpu samycke x 060t BHenTHEH TiaHere mepurenuii (I1)
opbutel KA coenazaer ¢ 3emaéit m orcrort or Conuma (C)
Ha paccTogHue ¢ = a, = la.e. = 150 mau xM.

Adenuii (A) HaxXoauTCHA Ha NepPECeYeHHH OOJBIIOH ocH
opbuTel KA c¢ opbuToif miamersl m yganén ot CoaHIa Ha
paccrosHme @ = a, (a.e.). B gens conmxenna ¢ KA miranera
JOJIKHA IOROUTH K adeIuno.

CaM 3amyCcK IIPOMBBOJIUTCS B CTOPOHY ABHMKECHHAA 3eMJIH,
¢ TeM 4TOOBI HCHIOJB3OBATEH €6 OPOMTANBHYIO (TeINONeHTPH-
YECKYI0) CKOPOCTh Uy = 30 KM/C.

Bo Bpemsa moséra B rpasmuTammonEoM noae CoaHIa Koc-
MHYECKHH anmapar MOAYMHSIETCA 3aKOHAM ABHKEHHNE ILIa-
HeT — saxoHaM Kemnsepa. Boaplmasa moiyoch ero opOHTEHI,
BEIDA’KEHHAS B ACTPOHOMHUYECKHX eIHHIIIAX, PABHA

= g+@Q _ayta; 1l+a fe. 8.5
2 2 2

Cormacuo Tperpemy sakomy Kemepa aas Bcex IaaHeT
CorHeuHOH cHCTEMEBI WMeeT MeCTO cooTHommerue a’/T2 = 1,
€CJIM a BBIPAXKEHO B a.e., & mepuoi odpalleHnd niaaHeTsl T
BEIpaXeH B rojgax. Orcioga msMepeHHAA B FOfax MPOIOJIH-
TeJIbHOCTE Honéra KA (paBmas mosoBuHe mepuoga obpaire-
HUA I0 0pomTE)

Fi= %T = %am/am.

Crapr KA K mamere mIpoOUCXOANT B ONPeNeI8HHYIO KOH-
GHUrypanmno naaHeThl, KOrMa PasHHUIA TeJHOIeHTPHUYSCKAX
JOJITOT — yToJ Mexkay mampapaeruem Ha Coxxmne n ot Conm-
Ia Ha IJaHeTy — CTaHeT PABHOH

180° — w-¢,
The () — YIVIOBas CKOPOCTE ABMIKEHMSA IIJIAHETHI IO CBOeH op-

duTe.
Tak, g4 noxéra k¥ Mapey moayanm

a,=a,=1,5a.e, ag,=1,25a.e.

OnrumanbsHOe Bpemsi mouéra K Mapey — 255
CYTOK.

Yrmoasa ckopocTk Mapca mo opGute
® = 0,524"/cyTrH, MO3TOMY B MOMEHT CTAD-
Ta f pasHUNOA TFeIMCIEeHTPHUYEeCKAX J0JI-
TOT paBHA

180° — 0,524 /cyr- 255 cyT = 43",

HWaTepecHo, uTo Takme KOHQUIY-
panmuu Mapca DOBTOPANTCH MIDH-
MePHO gepes 2 rofa u 2 MecaAra.

BAZAYA

BAIME MHEHME: .
& YenoBek BbIMMBAET NPUMEPHO TPU

nuTpa Bofdsbl B OeHb. CKONLKO BO[bI
noTpebyeTca KOCMOHAaBTaM MW NosIe-
Te Kk Mapcy? Heyxxenu secs KA Oyner
3arpy>xeH TakumM KOMUHeCTBOM BOAbI?

BONMPOCHI ¥i SARAHMNA:
@ PaccunTaitte napamerpbl opBUTHI
1 Bpema noneta KA k Bexepe.

TN

Ceprei1 MNaenosuy Koponés
(1907--1966)
KoHCTPYKTOP, YyHEHLIA, akagemMuk.
Oeaxabl lepont Coumanuctuye- |
| ckoro Tpyna. € ero MeHeM CBA3aH |
| 3aMycK MEepBOro KOCMMYECKOoro |
CyTHWKE W NEpBLIY MONET Yeno- |
| BEeKa B KOCMOC. s

Paccunraiite Bpems moméra
KA 1o momysnnunrmdecroi
opbute K Benepe. Kax sriraa-
AAT KOHQHUIYpAODHA SeMJd,
Benepsr u Conana (deMy pasex
YTOI Mexay  Bemepoii,
Conunmem u 3eMnéil) B MOMEHT
cTapra ¢ SeMJH, KaKk HacTo
MOKHO oTmpasiaare KA x
Benepe? d




| BATTAYA
- Ha xaxoit BbIcoTe Haz 3eMIéit
| ¥ B KaKO# IUIOCKOCTH 00paIia-
eTcsd TeOCTANUOHADPHBIA CIIYT-
HHUK, KOTODBIH NOCTOAHHO
HAXOIUTCH HAJL ONHON TOUKOMH
IIOBEPXHOCTH SeMJaH?

BATAUYA N 12

Haiigure eBaA3b MeKIy Hepi-
oxoM . OOpalleHusa ILIAHEeTEL
BOEPYT Conuua T (3BE3smHBIH
WIH CUIePUYECKHil IIePHOR) U
HepHOAOM IOBTODEHHSA eé
BUAUMON KoHburypamum S
(cuHOmMUYeCKMIT TepHon) I
BHYTPeHHUX nJiamer. Kax
YaCcTO MPOHCXOMHT HHKHEe
coengmHeHHEe BeHepni?

<a3eMIY

AcTpoHeT
http://www.astronet.ru

SneMeHTbl: NONYNAPHBIA CanT
0 hyHAaMeHTanbHoOM HayKe
http://elementy.ru/

MonynspHaa mexaHuka
http://popmech.ru

@ B renmoneHTpHUeCKO cucTeMe, paspaboranHoil Komep-
HUKOM, IaaHeThl obparmianmcs Bokpyr Coamma. Cyroumoe
BpalleHue HeOecHOH cdepbl ¢ BOCTOKa HA 3amaj ABIAECTCH
CIIeICTBHEM BpAIeHHA SeMJIX ¢ 3ailajJa Ha BOCTOK.

© JloxasaTenbCTBOM JBIIKEeHUA SeMJH BOKDPYT CosHna sB-
JAeTCA NAPALIaKTHUYeCKOe CMEIeHNe 3Be3ABl B TeyeHUe
TOAA, IO KOTOPOMY CHPEIeNISIOT PACCTOAHNE A0 3Be3ILI,

@ Paccroanme B 1 mapcexk paBHO PACCTOAHHUIO, ¢ KOTOPOTO
paguyc 3eMHOM opOMTEI BHAECH Hon yraom B 1”7. 3t1o paceros-
Hue paBHO 3,26 cB. I., mwau 310 M.

@ Ilepmsrii 3axkon Kenmepa yTBepXJaeT, UTO MIAHETHI JBH-
raorca BoKpyr CoJHIIA O sJIIHOTHYECKHM OPOMTAM,

Q@ Bropoii 3axon Kemepa yTBepixgaeT, YTo B pABHEIE npo-
MeXYTKH BpeMeHU Pafuyc-BeKTOD IJIAHEeTHl OMMUCLIBAET PaB-
HEBIE TJIOIAIH.

@ Tperuii saxon Kenaepa yTsepixpaer, 4TO OTHOIIEHHE
KBaZpara mepuofa OOpaIleHms IJaHeTHI K Ky0y O0OJBILIOH
IOJIYOCH IIJIAHEeTHl €CTh BeJHNYHHA, MOCTOAHHAA LJA BCEX
ILJIAHET.

© Brieezenntrre 1. HploToHOM 0600méEHEbE 3aK0Hb Kerre-
Pa YKa3BIBAIOT Ha BO3MOJYKHOCTE ABHIKEHHA He TOJILKO IO
BAMUNTHYESCKHM, HO H 110 HapaboJIMYecKHM M THIepOoan-
yecKum opbOuram. Tperuil 0000MEHHBIA 3aKOH IIO3BOJIAET
onpeaessaTs Maccesl maaneT 1 Commia.

@ IlepBas, HIH KPyroBas, KOCMHYECKAaa CKOPOCTE — MIHMI-
MaJbHaA CKOPOCTEL, KOTOPAS IIO3BOJSAET TENY ABHUIATHCA 1 HE
VIIacTk Ha 3eMJIIO.

© Bropas KocMHYecKad, HIH Napaboaudeckas, CKOPOCTh —
MHHHMAJIBHAA CKOPOCTB, ¢ KOTOPOH TEJO MOKET MOKHHYTH
Semiuo. C MeHBITEH CKOPOCTHIO TEJIO OYIeT ABUTATHLCS II0 TPa-
eKTOPHH, IMelouleii (hopMy 2JLIHICA.

NoZPOBHEE...

\ Hazaes M. M. Kuura nias yreHnd mo acTpoHOMEH; IToco-

Oue gas yuammmxca. — M.: IIpoceemenne, 1988,
Junurjgoneaus nna mereii. T.8. Acrpomomma., — M.:
Apamra+, 2013.

BOMPOCH! OJif OBCYXKAEHKNA:

@ Kak Bbl gymaete, ey Bbl BTOpas KOCMWYecKkaa CKOpOCTb AR
KaKoro-To Tena Obina YyTb BbIUE CKOPOCTU CBeTa, MOXHO Bbino Gl
0OLLATLCA C XKMTENSMI TaKOTo Tena? APryMEHTUPYIATe CBOI OTBET.
@ Kak Bbl mymaeTe, ecnn Bbl TENNOBAA CKOPOCTh KAKUX-TO MOREKY
B aTMoCdepe nnaHeTbl NPeBbIilana BTOPYI0 KOCMUHECKYIo CKOPOCTh,
COXPaHUAMCEL Bkl B aTMochepe TakKne MonekynbI?




: : B COBPEMEHHbIE MPEOCTABNEHUA
Fnasa 4 O CONHEYHOW CUCTEME

CTPOEHME B MIAHETA 3EMIA

B NYHA U EE BIUAHUE HA 3EMTIO

: A e
conHE"lHO“ B NAHETBI 3EMHOW TPY(I1bI
CMCTEMbI L gﬁ\?ﬁg-mmmbh MTAHETbI-

B MATBIE TENIA CONHEYHOM
CUCTEMBI

B COBPEMEHHbIE MPEACTABIEHUS
O MPOVCXOXAEHNY
COAHEYHOW CUCTEMBI

SHAETE JiM Bbl, UTO...

Mexay nnaHeTon 1 eé cnyTHW-
KOM CylecTsyeT 3 dekT NpUanMsHoro
B3aMMOOENCTBUA. B peaynbrate B3a-
MMOOENCTBUA MPONCXOAMUT 3amen-
fleHe BpalleHWs NaaHeTbl BOKPYr
COBCTBEHHOM OCM M M3MEHeHMe op-
BuTel cnyTHWKa. Hanpumep, Kaxasle
100 net BpatleHune 3emnn 3amennqaeT-
ca Ha 0,002 ¢, a npoacmKuTeNsHOCTb |
CYTOK yBenu4uBaeTca Ha ~15 MUKpo- |
CeKyHO B rof, npu 3tom JlyHa exe-
rogHo yoanseTcs oT 3emnu Ha 3,8 cm.




Bbl YV3HAETE:

@ Kakue oObekTbl BXOAAT B COCTAR
ConHe4HoM CUcTeMsl,

@ YeM oTAMHAIOTCA MNAHETB 3EMHON
rPYMMbE OT NAaHeT-TUraHTOoB.

@ “10 Takoe nosic Koknepa v o6nako
Qopra.

@ KakoBbl pazMepbt ConHeYHON -
CTEMBbI.

BCMOMHMTE:

@ Mo Kakum 3aKoHaM OBMXYTCA rna-
HETbI?

QO Kakuve nnaHerbl HasblBaOT BEPX-
HUMUW, a Kakne — HUXKHUMU?

COBPEMEHHbIE
NPEACTABJIEHMSA
O CONMHEYHOW CHCTEME

ConHe4HoM cUCTEMOI Ha3bIBAIOT COBOKYMHOCTL HeBecHbIX Ten,
Asrxylmxcs Bokpyr ConHua. B ConHeuHyio cUcTeMy BXOAAT BO-
ceMb BOJbLIMX MAAHET CO CBOMMM CMYTHWUKAMM, MAaHeTbl-Kap-
KK, cebiwe 100000 Manbix nnaHeT (acTepownnos), MHOXECTBO
KOMET 1 MeTeopHbix Ten (KamMHel caMblX PasHooBpasHbIX pasme-
POB) 1 NOTOKM MeNKOM Nbin (MeTeopHble pou).

LN SNl i LT TTnameTsr npencTaBadoT coboi

TEMHbIE IITaPOOOPasHEIe TesId, COOCTABHMEIE IO DASMEDAM C
SemMJIeH.

AcTepouaBl — CPaBHHUTENBHO HeDOJBIINEe TBEPLIC Texa
C pasMepaMMU, He IPEeBBINAIIIME COTeH KUJIOMEeTPOB, U B
moAaBAsOIIeM OOJMBIIMHCTEE HEelIPABUABHOM hopMeL. [Toutn
BCe acTepOMIbI ABMIKYTCA BOKPYTr ConHIA MeKIYy opOHTaMU
Mapca u IOnurepa, 06pasys cBoeo6pasHOe KOIBI0, HAZLIBA-
eMOe IOSACOM MJIM BOHOH aCTEepOHI0B.

ILnapeTs! u acTepou/ bl BUAHEL IOTOMY, YTO OCBEIAIOTCS
Conrnem. Ilaxe caMble KPyOHBIe U3 MAJBIX IAHET BHIHEI
TOJBKO B TEJECKOIl W BBINIANAT CRBETAIUMUCA TOUKAMIT,
KaK 8BE3/(bI, 33 UTO U MONYYMIN HaSBAHWE ACTCPOHAOB (I10-
IrPEYEeCKM — 3Be3I000pasHEIX 00LEKTOB).

Hanéxue nmanersl Ypan, HenTys un OJIaHEeTHI-KaAPTUKET
tuna Ilnyrona, cmaGo ocsenjaembre ConHIIEM, Tax:Ke Io-
CTYIHBI HAOJIIONeHUAM JHUINb B TEIeCKONLl. Bojee GAU3KHIe
K Conmny nnaxers: — Meprypuii, Berepa, Mapc, Onurep,




CarypH, 06HJIBHO OCBEINaeMEIe COTHEYHLIMH TYIa MM, BHIHEL
HeBOODPYKEHHEIM IVIA30M, IIO3TOMY OBIJIM H3BECTHBI JIIOLIM
¢ IPEeBHEHIINX BpeMEH.

Bce nmameTs! ¥ acrepounsl obpamiamTea BOKpyT CoaHna
B HANIPABJICHWH JBHKEHHA SeMJIH, KOTOPOe CUMTAETCS MPsA-
veIM. OHH 00pasyloT MIaHETHYIO CHCTEMY, ABIAAIOLIVIOCH
ZacTeio ConmHeuHol cucTeMBl. Pagmyc MIaHeTHOH CHCTeMBI
ommzok K 4,5-10° KM — ueTBIPEM ¢ MOJOBUHON MUJIIHAD-
Tam xuraoMeTpor (30 a. e.) i onIpeseAeTCA PACCTOAHMUEM
ot merTpa ConHra no Henryna.

Ecnm myu ceeTa pacupocrpanserca ot ColEIa Ho
SeMJIH IOYTH 8 MUH, TO [0 I'DAHUILI IJIAHETHOH CH-
CTEMBI OH JOOMpaeTcs 0Koao 4 4.

W Bcé xe pagmyc mameil mIaHeTHOH CHCTEMEI
moutd B 10000 pas meHpore paccToAHHA O OJIH-
szalimeli 3re3/el Ilpokcumer ITerraspa.

KAPNKOBBIE MITAHETHI OGIAKO OOPTAT [=¥Y opom-

Toii Henrysa (mpumepsro 55 a.e.) HaX0oAuUTCA TAK Ha-
3nrBaeMEId nosac Hofinepa, coCTOAIMN M3 KapJIHKOBEIX
onaner Ilnyroma, Spmasl, XaymMeabsl W Ip., a4 TaKXe
Sombrroro yucaa Gomee MEIKHMX Tell.

Emé paneine BoaoTh Ao rpaHnibl COMHEYHOH CHCTEMBI
pacmoJjiaraercsa runorerudeckoe obinaxo Qopra, cocrosiee
U3 JIeAAHBIX IVIbI0 U SOep KOMET.

Cama ConBeunasa cueTeMa OTPAHWUYMBAETCA 30HOM neii-
CTBUA IpHUTakeHuA COJHIIA U PACOPOCTPAHEHUS COJHEU-
HOTO BeOlecTBa. B HacToAlmee BPeMs NPEAIIONATAETCH, ITO
rpaEnna ConHeYHOH CHCTEMBI HAXOTHTCA Ha PACCTOHHIH
cerime 100000 a.e. or Coanna.

O6raro Oopma

HENTYH,

LA Y R

BOMNPOCHI 11 SANAHNSA:
@ Hazosute 0bBbekTsl CONHEYHON
CUCTEMBIL.

@ Kakoe coctas nosca Kobrepa v
obnaka Qopra?




Bbl V3HAETE:
@ Kakosa copma 3emu.

@ Kak BbIrNaQMT BHYTPEeHHee cTpoe-
HUe 3eMnu.

@ Kak napHukoBbin adekT fgenaet
KOMMDOPTHOW XMU3Hb Ha 3emne.

BCMNONHMTE:

| @ Kakoe coctae obvekroe ConHeu-
HOM cUCTEMBI?

@ Mo KakM 3aKoHaM OBMXKYTCA nna-
HeTbI?

, JletHee
g CONHLUEeCcToAHME

: 20 (21) vioHs

paBHOOEHCTBUE

NMAAHETA 3ENIJIA

Tpetba no cuéTy ot ConHua nnaHeTa — 3emnsa — UMeeT PopMy
ccheponaa (4yTb MPUMNIOCHYTOrO Wapa) €O CPeAHUM Papnycom
Re = 6378 KM. DKBaTOpUanbHbIA paanyc 3emnu paseH 6378,16 K,
NONAPHLIN papnyc — 6356,78 KM, T.€. Ha NOMI0Ce Mbl bynem Ha-
X0OMTbCH Ha 21,38 KM Bnvke K LeHTPY 3eMnu, YeM Ha 3KBaTope.
Ha CHUMKax 13 KocMocCa BUAHbLI hopMa 3emMn U OCHOBHBIE feTa-
NI IOBEPXHOCTW.

Ocp BpameHMA SeMIH HAKJOHEHA ITO[
yraom 66,5° K mI0CcKoCTH e€ OpOMTHI (K MIOCKOCTH SKJIUIITHA-
ku). [Ipn aem:xenun Semian Boxkpyr ConxHna och eé Bpae-
HHUS OPAKTHYECKM NOCTOAHHO «CMOTPHT» Ha IlonApHYIO
3Be3ny. Brarogaps 9TOMY IDOUCXOAAT HePHOTHYECKIEe H3Me-
HEHHH OCBEIISHHOCTH W ITPOSOJLKHMTEeIbHOCTH OHA W HOYH B
CesepEoM 1 IOiKHOM HOTyIIapuax 3eMJIH, a TaKKe CMeHa
Ce30HOB rofa. B /ieficTBUTEIBHOCTH OCh BpalleHud 3eMJIN
(ocs MIpa, MOCKOJBKY OHU IapaJlieIbHbl) OLKCHIBAET Ha He-
GecHoli cdepe MabIil KPYT, COBEPIIAA ONHMH IOJHLIH 060pOT
3a 26 000 ner.

Bamixaiiinme COTHH JeT CeBEPHBIH TOAI0C MHPA, Ha KOTO-
pEIif HaIpaBjeHa OCh BpallleHud 3eMJH, OyZeT HAXOZHTHCH
Hepanexko or IlomsapHOH 3Be3Jbl, 3aTeM HAYHET YAALATHCA
o1 meé. Yepes 12 000 neT moI0C MEPa IPHOIM3ATCS K CAMOM
ApKoit 3Be3ze cesepHoro HeOa — Bere u3 cossesusa JIupEL.

IlepeMemniaeTcs W TOUKA BECEHHEI0 DAaBHOLEHCTBHA. O=ma
MeNIeHHO ABHMKETCA HABCTPEUYY TOAUIHOMY JBUIKEHHIO
ConHIA [0 SKJIUNTHKE.

OnmucamHOe ABJIeHHe HOCHUT Ha3BaHME NPEIeCCHH OCH
BpalleHnsa 3eMJIH.

BeceHHee

paBHOMEHCTBME 20 (21).-mapTa

3MHee
CONHUecToAHue

21(22) pexkabps

OceHHee '
22 (23) ceHTADPA



WG CATOGISET VI Opaa 13 BAsKHEHIIHK XapaK-
TEPHCTHE 000 IIAHETEL — Macca.

Macca 3emau Mg = 5,98 102 kr. Eé MOXHO ONpeeTUTh
IO IPaBUTANMOHHON mocTosaHHOE G = 6,67-10 1 M3 /(kr-c?) u
VCKOpeHHIo csoboaHoro nagzenna g = 9,8 m/c? Ha mMoBepxHO-
CTH 3eMJIH:

s GMEB
g R; ?
OTKYZA
2
2 9,81m/c2-(6378-10°u
M, = 8B _ /¢ ) —5,98-10%xr.

G 6,67-10""m" / (xr-c?)

SHas cpeguuil pagmyce 3emum R = 6378 kM, MOMHO BHI-
YUHUCHUTE CPEeNHIon InoTHocTh Semam: 5520 xkr/em?®. Ilmor-
HOCTH 3eMHOM Kopbl 2700 kr/cM?®, UTO YKa3EIBAET HA YBEJH-
YeHWe ILIOTHOCTH ¢ IUIyOMHOMH.

BHY.TPEHHEEIGEPOEHMELSENTHE N6 BHYTPEHHEM CTDOSHHH
3eMJIM OPUXOSUTCA CYAUTE II0 KOCBEHHBIM HAHHBIM Ieodmn-
3WUKH 4, IIABHBIM 00pasoM, ceHCMOJIOTHE (HayKe O pacmpo-
CTPAHEHWH YIPYTUX BOJH B 3€MJIE).

Hamry nianeTy MOYKHO YCIOBHO PasIedHTh HA HECKOIBKO
gacTen:

E BHyTpPeHHee AApo paguycoM oxoso 1300 kM, B KoTOpoM
BEIECTBO HAXOAWTCA B TBEPIOM cocTosuuu. Temmepary-
pa Bo BHyTpeHHeM sape mopsaaka 8000-9000 K, masnenue
350 I'Tla, nuorHoeTs o010 12000 xr/m?;

I BHeIHee AP0 ¢ BHEIIHHM PAaJUYCOM IPHMEDHO
3400 kM. 3mecs B cnoe ToammuHoH oxoJo 2100 xm,
OKPYIKAIOIIEM BHYTPEHHEEe AP0, BEMECTBO HA-
XONHUTCHA B KHAKOM COCTOAHIM,

E obosmouKa, WIAM MaHTHI, TOJIIWUHOHN
oxomo 2900 KM, cocTosImAad M3 pacOiIai-
JIeHHBIX 0a3a/IsTOB U CHIHKATOB;

B Kopa, KOTopas NIPOCTHPAeTCS
OT MaHTHH [0 IMOBEPXHOCTH 3€MJIH;
eé TONINHHA IO OKEaHOM JOCTHIA-
er 6-10 kM, a mox MarepHKaMM —
35-70 xm.

Ilpm OypeHuH CcBepXIAyboOKHX
ckpaskrH Ha KoabCcKoM moayocTpoBe
u Ha KaBKaze ycTaHOBJIEHO, 94TO Ha
mryonae 10 KM TeMIeparypa JOCTHTA-
er 180°C (unu 450 K), uTo 06BACHAET-
CA MOIIHBIM MOTOKOM TEIJIa, UAYIITIM
M3 TOPSAYHX HeAp 3eMJIH.

B cBA3H ¢ IPOHCXOOAIIMME B HeAPaX
3eMJIm IpoleccaMy pacmaga pajHuoaKTHB-
HBLX 9JIeMeHTOB (YpaHa, TOPHI 4 AP.) B MaH-
THH OPOHUCXOLHUT BhIEJIEHHE TeILIa.

Kwuakoe agpo

Teéppoe Teno

HukHag maHTua

06Hapy>£<vm ABNEHME npeueccun
[peBHErpeyeckmMin acTpoHoMm lun-
napx (ok. 190—125rr. 40 H.3.) npu
CpaBHEHWK NMONOXEHWI 3BE3] B CBO-
&M KaTtanore ¢ COCTaBneHHbIM 3a-
fonro go Hero. OTNMYmMe NonoxXxeHuiA
3BE3[ B 3TVIX KaTanorax W ykasano
[Mnnapxy Ha MeOneHHOe nepeme-
LleHWe nonKca MuUpa M TOYKWM Be-
CeHHero paBHofeHCTBKA. Co BpeMEH
[Mnnapxa npowno cesiwe 2000 neT,
M TOYKa BECEHHEro paBHOOEHCTBUA C
Tex NOp nNepemMecTunacb W3 Co3Bes-
aua OBHa B co3Be3sgme Puib. 210 ”
0ObACHACT HECOBMAaOeHWE 3HAKOB
300MaKa M COOTBETCTBYIOWMUX CO-
3BE30UNA.

3emMHas Kopa

ActeHocdepa

BepxHas manTus




SATAYA No 13

pagnyc CosHna, m3MepeHHLIH
B Hayane sSHBapA, MaKCUMAaJIeH
u pasen 16’ 17", a B Hauvane

15" 45”. BpruucjIHTe S5KCIEH-

TPUCHTET 3eMHOH OopOuTHI,
mepurensHoe u adenaniiaoe

auu, YeM B agesHH.

Bmpumeiit ¢ SeMnm yrIoBoit
HIOJA MHHUMAaJdeH H paBeH

paccrosnusa 3eman or ColHnDa.
Ha cxoJILKO KHIOMETPOB MBI
onmke x CoaHmy B Iepure-

IIpu nepemMelneHny IMIYOMHHELIX MACC PACILIABICHHOE Be-
IIeCTBO — MarMa — OO KaHAJaM, IHaAMETPhI KOTOPBIX JOCTH-
ramT JecATKa KIJIOMEeTpPOB, a BeicoTa — 60-100 kM, momum]-
MaeTcsda Ha MOBEPXHOCTE 3EMIM. JTO TPUBOAUT K H3BePKECHHIIO
ByaKamos., Oco0eHHo mX MHOTO 00pasyeTcs B MECTaX pasiio-
MOB ¥ HA I'PAHUIIAX IBWAKYIUXCA MATEPHUKOB.

Hunkas soggaa obosouKka 3eMiM, TOKPBEIBAKOINAL IOU-
i 70% eé nmosepxHoCTH, HasbiBaeTca ruxpocdepoi. Boxa
Ha 97% cocpemoToueHa B DacceiHax oxeaHoB. MoIODHEIe oKe-
AHWYECKYE TeUeHHWA MEPEHOCAT TETA0 OT IKBATOPHAJILHEIX
obracTed K mMOJAPHBIM, T€M CAMBIM PEryiIupydA KJIMMAT HA
Semie. Ilo coBpeMeHHBIM IPefCTABIEHUAM HaJauyme 00Jb-
IIHX BOAOEMOB CHITPAJIO PEIIAIONIYIO POJIb B BOSHUKHOBEHHH
SKHMBHE HA Semue. YacTh BOABI Ha SeMJie HAXONHTCA B TBED-
IOM COCTOSIHUM B BUfE Ablla U CHera.

Kar u mexoropsie apyrie nnaneTsl CoTHEYHON CHCTEMEI,
3emiua o6aagaeT IPOTMKEHHON rasoBo 000I0UKOM, COCTOM-
el U3 cMecH PAZJIHUYHEIX I'a30B, — aTMOc(epoi.

Atmochepa o6pasyeT HaJ IOBEPXHOCTBIO 3eMJIHU OTPOM-
HBIH «BOBAVIIHBIN OKeaH», Ha JHE KOTOPOTO MBI W HKHBEM.
Armochepa Ha 78% cocTouT 13 azora, Ha 21% — U3 KHCIO-
poma u Ha 1% — M3 cMecH OIPYTHUX Ta30B, YIVIEKHCJIONO rasa
B armoctepe secero 0,045%. OcHoBHaa mMacca armocdepnl
cOoCpefoTOYeHa B IPHM3EeMHOM CJIO€ TOJAINUHONR OROIO 8 1M,
IaJblle OJOTHOCTE € IOCTENeHHO YMEeHBLIIAeTCHA, HO IPOo-
CIIeKHMBAETCA OHA O BRICOTEL B COTHH KHJIOMETPOE.

Braromaps yriexkmcnomMy Tasy um
BONAHEIM IIapaM, IIPHCYTCTBYIOIIHM B aTMochepe, KIMMAT
3eMJIH 3HAYHTEALHO TeIljiee, dYeM ObIJ OBl IIPU OTCYTCTEAW
STHUX rasoB. JTO CBES34aHO ¢ MAPHHKOBBIM 3tdderxToM, KoTO-
PRI M BOSHHKAET M3-3a HAJHYMA ra3oB B arMocdepe.

BuguiMbii ;
cBeT Tennoeble
{yHdpaxKpacHblie)
nayu4u
CO, u gpyrue

NapHUKOBbIE
rasbi




Kak usBecTHO, B HApPHWKE COJHEYHBIE JIYYH CBOOOHLHO
IPOIYCKAWTCA IPO3PATHON NIIEHKOH BHYTPL, HATpPEBASA
TPYHT M BO3LYX [0 BBICOKOM TeMueparypbl. HarpeTsiil rpysuT
U BOBAYX H3AYYaT HH(MPAKpPACHEBIE (TEIIJIOBEIE) JYUYM, KO-
TOpBIE IJIEHKOH HapyKy He BHIIYCKAaioTcA. [IosToMy Telnio
CKAIlJIMBAaeTCs BHYTPH IIAPHWKA, IIOBRIIAS TeMIEpPaTypy.

Hna S3eMam TakoH MIEHKOH CIYMKUT YINIEKHCIBIN ras u
BOLAHBIE Hapel B aTMocdepe. ATmocdepa mpospauyHa JNJisd
COJIHEUHBIX JIyUeH, I02TOMY OHH IIPOHUKAIOT K MOBEPXHOCTH
SeMJIH M HATDEBAIOT €€ W HUMCHME CJ0oM Bosmyxa. Temmosoe
HHQpaxpacHEoe H3IyUYeHHe STHMH I'a3aMM BEePX He IPOImy-
CKaeTcd, HO3TOMY TeIIO VISPMKHUBAETCA B IIPU3EMHOM CJIOE,
TEM CaMBIM IIOBBIINAA ero Temmepatrypy. llosTomy cpemsas
romoBasa TeMIeparypa Semuan oxoiao +15°C.

Ecnu 681 B aTMocdepe He OBLIO YIVIEKHCIOTO T'asa H BO-
AAHBIX IIAPOB, TO TeMOepaTypa Ha 3emJje Oblyia OBl IOYUTH Ha
40 rpanycor HumKe. - :

Kax MBI yBHIHEM nasnee, mapHEUKOBHIA sddexT urpaer
OTPOMHEYIO POJIb U B (DOPMUPOBAHKHN KIMMaTa BeHeprr.

W7ave s i (07 (OISl Bema mpegcrasaser coboit

OTPOMHEBIA MATHUT, IOKHBIH IIOJOC KOTOPOTO B HACTOAIIEE
BpeMaA HaxoAuTcsd Ha ceeepe Kamamer y rpaunusl ¢ I'pernan-
oueit, a cesepubld — Bbamsu H:xHOrO momwca 3eMird.

HelicTBHe MArHHTHOrO IIOJA IPOCTHPAETCA HA TeCATKU
TBICAY KHJIOMETPOB OoT 3emMiuu. Korma sapasKeHHBIE YACTH-
OBl BBICOKOH SHEPTrHH MOIAfal0T B MAarHUTOCGhEPY SeMund U
TaM HaKalduBaOTCH, TO TOABIAIOTCI PASHAIMOHHEIE ITOACa
(mosca Bax Annena). [lonapabie cHAHNSA BOBHAUKAIOT, KOT/A
3apAKEeHHBIe YACTHUULI COMTHEUHOTO BETPA HOCTHUIAI0T aTMO-
chepsl 3eMau B pafioHe MATHHTHEBIX IIOJIIOCOB.

MarHUTHOE Nn0Jie OTKJIOHAET 3apAKeHHble KOCMIYecKle
JYyYIHA W YaCTHIBI COMHETHOTO BETPA, TEM caMbIM obeperas
JKU3HBL Ha 3eMJie 0T X IarybHoro Bo3AeHdcTBHAA.

IOxHbIA
MarHMTHbLIA MOMC

I ¢ \-

e
L

CeBepHbIN
MarHuUTHBIA NONIOC

BONPOCHI 1 2A0AHNMS:
@ Y7C Takoe npeLeccus 3eMHOR 0c?

@ KakoBo BHyTpeHHee CTpoeHue
3emnu?




JNIVHA W EE BNUSHUE

Bbl V3HAETE:

@ Kakoa npupoga My,

@ Kaxum oBpazom JlyHa BbisbiBaeT
NpUNUBLI Ha 3emne.

@ Y10 vmeHHO JlyHa BbisbiBaeT npe-
LeCCHI0 3eMHOM ocu.

BCNONIHMTE:

@ Y710 Takoe assl MyHb?

@ Mouemy NPONCXOLAT NyHHbIE 3a-
TMEHUA?

MnaroH

Mope
.B,oxnel?z

KonepHuk

T

- Kennep
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HA 3EMTIO

J'lyHa — @OMHCTBEHHbIM eCTeCTREHHDBIN CNYTHWK Haluen nnaHeTsl,
brmxaiiliee k 3emne HeBechoe Teno, £ OTPAXKEHHbIN CBET Mbl
HabniofaeM npakTUIeckn Kaxablit aeHs (Beyep, Ho4b) B 6e306-
NaYHyto norogy.

- JIyHa — X0IOAHOe MIAPOBMIHOE Telo ¢
TBEPHOH CHRANHUCTOMH TTOBEPXHOCTBIO. Panuyc Jlymbl paeen
1738 kM. Macca JIymer B 81,3 pasa mernIme mMaccr: Semam,
UTO HALEXKHO ONPEAENeHO IO ABUIKEHNIO HCKYCCTBEHHEBIX
CIyTHHKOB, HEOTHOKDATHO BEIBOAUMEIX B 1966-1971 rr. ma
CeJleHOmenTprYeckre (0T rpeu. Cenena —- JIyHna) opOmTHL.
IlepBrIM uckyceTBeHEBIM COyTHUKOM JIyHEI 8 anpens 1966 1.
CTA COBETCKHI KOCMHYeCKHUH ammapar «JIyma-10».

Cpexmas nrorzocTs Jlymsl p = 3350 kr/m%, uan 0,6 nmor-
HOCTH 3eMJIH. YCKOPeHWe CHIIBI THIKECTH mHa TOBEPXHOCTH
1,683 m/c? (8 6 pas membe semMHOro). Ilepmon Bpamenms
JIyHBI BOKDYT cBOEH ocu DaBeH mepuony eé obpaimeHus BO-
Kpyr 3emnu, a umeHHo 27,3 cyTOK. IIpomonxurensHEOCTL
COMHEYHHIX cyTOK Ha JIyHe cocraBisier okouo 29,5 cyrok
3eMHEIX.

Jlysa nuimena Bogwr u aTMochepsl. 3a MPOROIIKIATETE-
HBIH JIVHHBIH TeBEL B TeUeHume 14,8 3emEBIX cyTOK IyVHHAA
IIOBEPXHOCTL HATPEBAETCA O TEMIIEDATYDhI +130°C, a mo-
YbI0 OXJaxmaerca no —170°C. Wz-3a
MAJIOH CHJIBI TAMECTH U BBICOKON
TeMIeparyper Ha JlyHe orcyrcrByer
atMmocdepa.

Cnenor xumsmm ma Jlyme moxa
TOXKe He 00HADYIKEHO,

Pensed nyusoro moAyImapus,
oﬁpaméHquo K 3eMJie, XOPOLIO BH-
A€H HaKe B HeOOJBIIOH TeJIecKor.
OOImMpHBIE TEMHEBIE OKDPYIJBIE 1
CPABHHTEJILHO DOBHBIE HH3MEHHO-
ctu eme B XVIIB. momyumnm Ha-
3BaHWA Mopeil: Mope CrnokoficTers,
Mope fAcuocty u T. 1. Ux pPasMepsl
or 200 zmo 1200 xm » TONEePeuHH-
re. Camas Gonburag HH3MEHHOCTD,
IPOTAKEHHOCTh KOTOPOH CBBLITIE
2000 kM, nasBana Oxeamom Byps.
CrnamenHas mosepxmocTs MOpeH
[IOKPEITA TEMHEIM BEIHECTEOM, B TOM
HHCTIe 3aCTHIBINEH JIaBOM, HeKoT-
A4 M3BEPIKEHHON U3 NYHHBIX Henp.
Oxean Byps u mamboiee KPYOHLIe
MOP#A PasIUIUMbI HEBOODYKEHHLIM
TIa30M B BUJAEe TEMHEIX TATEH Ha
JIYHHOM JHCKe.

ANeHHMHbI

Mope
MNapos



Caeruble 00/IaCTH — MaTepUKH — 3aHEMAIOT cBEIIe 60%
BUIUMOH IOBEPXHOCTH JIyHEIL

MaTepuKM TOKPBEITHI KaK OTAeIbHBIMH TOPAMH, TAK |
ropHeIMu Xxpedramu. Tak, Mope o el orpaEnIdeHO ¢ ceRe-
po-BocTOKa Ansmamu, ¢ socroxka Kasxaso.

Breicora rop pazawusa, OTHENbHBIE FOPHEIE BEDPITHHEBI 0-
CTHTAIOT 8 kM.

Tl'opaele pafioHBI MOKPHITEI MHOMECTBOM KOJBLIIEBBIX
CTPYKTYD — KPATEpPOB, B MEHBITIEM KOJNHMYECTBE OHH HIMEIOT-
i W B MOpAX. Pasmeps! KpaTepoB BapbHDPYIOTCA OT 1 M 10
250 .

MmBorue KpaTephbl HA3BAHBl UMEHAMY YUEHEIX: ApxuMmen,
Tunmapx u ap. ¥V Takmx KPyHIHBIX KPaTepos, kak Tuxo, Ko-
nepHuK, Kemnep, HaOI0al0TCA PACXOAATIHUECT CBETIbIE Y-
TeBbIE CTPYKTYPBIL.

IIo coBpemenHBIM TpeaCcTABICHHAAM GOJIBIIHHCTEO KpaTe-
POB 00pPa30BaJIOCE APH CTOJKHOBEHHH C JYHHON IIOBEPXHO-
CTHIO KPYIIHBIX METEODUTOR, ACTEDOMIOB I KOMET.

O61wupHbie poBHBIC NOBEPXHOCTM NYHHBIX MOPEH Y4&HbIe
OBBLACHAIT CTONKHOBEHWAMU B [afEKOM MPoWnoM Kpyn-
HbIX METEOPUTOB UM acTepoUAOB C TONBKO YTO ChHOopMU-
POBaBlUEMCA NOBepXHOCTbI JIyHbl. OHW rpobusany kopy AyHHOK
NOBEPXHOCTW, WU MOTOKU NaBbl 3aNMBaNU OFPOMHbLIE MPOCTPaHCTBE
BOKpPYT, CrNaxuBas BCe HepOBHOCTU. OrpoMHble MO Macce OCTaTKu
METeOPUTOB N acTepoMAoB 3acTpsanv Ha Gonbwon rmybuxe nog no-
BEPXHOCTbI0. [TOATBEPXKASHUA 3TOW TUNOTe3bl BbiNv NonydYeHsl U3
aHaNM3a OBUXKEHWA MCKYCCTBEHHLIX CMYTHUKOB JIyHBI: OHM MCMBIThI-
Bank [ONONHWTENLHOE NPUTSKEHME CO CTOPOHBI MacC, CKOHLEHTPU-
POBAHHbIX MOS MOBEPXHOCTLIO M MNONYHUBLUMX HA3BAHWE MaCKOHbL.

ST YporeHs OKeaHOB HCOLITHIBAET IOCTOSHHLIE,
IpaBHJILHEBIE KOJe0aHusA. Bo BpeMs IIPUIHBOB YPOBEHDL BOIEL
IJIABHO HAPACTAET, DOCTUras HAauGOJILIIero 3HaUYeHNd, a 3a-
TeM IIOCTeIleHHO CHMIKAETCA N0 HAWHUIIIEr0 YPORHS,

MakKCcHEMYMEI IOJ'BEEMOB BOAHL UePeAYIOTCA depes ompene-
NEHHBIE IPOMEXYTKH BpeMeHH, Oauskue K 12 9 26 mum.

Taxum 0b6pasoM, B KaKI0M MeCTe OKeaHCKOro Hepera 3a
24 4 52 MuH GEIBAIOT ABA OPUJIKBA U ABA OTIIHBA.

Ho MBI yixe yIOMHUHANM, 9TO U3-34 ABHKeHHA JIVHEI BO-
KpyT Semiun JlyHa mpPOXOAMT BEHIIIE BCEr0 HAJ, FOPH30HTOM
KaK pas gepes 24 4 52 MuH. 3TO YKASLIBAET HA 3aBHCHMOCTE
Mex Ay JIyHOH ¥ IpuIuBaMH.

MaxcumansHBIE NPUAHBEL OBIBAIOT, Korma JIyHa Haxo-
OUTCS BhILIE BCETO HAJ TOPM30HTOM MK HHIKE BCEro IOJ ro-
DPH30HTOM.

Ilox BAMAHWEM JYHHOTO OPHTAMKEHNA SeMIs HMMeeT He-
KOTOpOe YCKOpeHue B HanpaBiaeHnH JIyHel. IIpm sTom TBED-
Jad 9acTh 3eMJIH HCHBITBIBAET OLMHAKOBOE YCKODEeHMe; ero
BEKTOP MOKHO CBABATH C IEHTPOM SeMJIH.
C BozHO# 060NI0YKOM CUTYAIINA CIOKHEE.

= MOH ACTPOHOMHYECKHE
= HCCJETOBAHUA
==

== Cocraebre nnaw NYHHOW MOBepx-

HOCTH.
—  «MOMOLLHWK»

== & Vcnonbays GUHOKL MK Tene-
== ckon, onpegenuTe KpynHele Gop-
== Mbl penibeda NYHHOR NOBEPXHOCTH.
=== ) HapwcyiTe mnaH NyHHOM M0-
—= BEPXHOCTW B BbIBpaKHOM MacllTa-
e

0 Hanpgute xapty JlyHsl v cpas-

HUTEe Co CBOMM MaHoM. Hanuiure

Ha3l } "
= 3BaHKS 00BLEKTOR BalLero nnaHa




IIpeanooxuM, YTO BCH 3eMIA MOKPBITA
oxeaHoM. IlyeTe Touka F — menTp Semaw,
L — JlyHa.

OueBHgHO, BOZa B TOukKe A, Hambosee
onmsxo K JIyHe, HMCOBITHIBAeT OO0JIbIIEe
yCKOpeHUe, HATIPABIEHHOE B CTOPOHY JIVHEI,
yeM meaTp 3emau E, a B Touke D, B cBOMO
ouepenb, Oosbmiee, uem B Touke B. Ilosromy
B 00mIeM ABH:KeHNN K JIyHe YacTHIbl BOLBI
0113 TOUKM A ViAyT BIepPEn IO OTHOIIEHHIIO
K TBEPZOI 3eMIe, HCHLITHIBAA O0AbIIee YCKO-
peHUe B CTOPOHY JIyHEl, Yem TBEpIAs MoBepx-
HOCTE 3eman. Ha sToil cropome BeMau Boma
OOJHHUMeTCS; 3JecCh, TAKMM o0pasoM, Oyuer
OPUIKE.

Ho raxkoifi e npunus GyneT B TO Ke Bpe-
MA ¥ Ha IPOTHBOIOJOMKHON CTOpOHe 3eMJIH,
TaK KaK BoJa B Touke B orcramer oT meHTpa
3eMJI¥ IIOYTH Ha CTONBLKO Ke, HA CKOJBLKO BOTA B TOUKe 1)
VHIET Brepén.

B rourax C u D BogHaa 06010UYKa OyIeT HCOBITHIBATE 10~
TOJIHHATEIbHOE CMeIlleHHe, HAalIPABJIEHHOE K MeHTDPY SeMIH,
OpHKHMaAck K Hel. B »THX Toukax Oyzer HabIIOZATHCS
OTJINB.

Taxum obpasoMm, mOA NeHCTBHEM JYHHOTO IPUTAMKEHS
BOAHASA 000JI0YKA 3eMJIH NPHHUMAET CJErKa BRITAHYTVIO B
cTopory Jlyaber dopmy:

63 Touex A, rme JIyHa BEINIE BCEIO HAJ TOPH3OHTOM, U
B, roe Jlyna mue BCero moj TOPH30HTOM, OyIeT HabI0IaTh-
Cs NIPHUJINB;

6xmu3 Touer C, rme Jlyma saxommt, u D, rue JIyHa BOCXO-
IuT, OymeT HabJAIOIATHCS OTJIHB.

Tax xak 3emna BpaluaeTcs BoKpyr cBoei ocn CYLIECTBEH-
HO BelcTpee, Yem JlyHa obpallaetca BOKpyr 3emnu, 0b-
pasylowmMiAca NpuaKBHOW ropb B Todke A Bynet, oBMrasch
no wHepuwm, Gexatb 4HyTb Brepenu NUHWUM, CORAMHAKLLEN LeHTPbI
JlyHbl 1 3eman. Macca sToro rop6a bygeT npuTarusats JlyHy ¢ cunois,
MPCEKUMA KOTOPOW, HanpaBneHHas B CTOPOHY ABUKeHMUA JlyHbl, By-
AET HE3HAYMTENLHO YCKOPATH 3TO ABUXKeHUe, 1 flyHa ByneT ynanaThcs
OT 3emin. TO4HbIE U3MEPEHUA PACCTORHUA A0 JTyHbI C NOMOLWBIO Na-
3ePHOM NoKaLWW nokasanu, 4to JyHa OencTBUTensHo yaanaeTcs or
3eMIK CO CKOPOCTLIO OKCNO 35 MM B rof.

ViHTepecHo, 4To 1 JlyHa € Takol Xe No MOAYIo CUA0N NpUTATUBaeT
npuneHol rop6. Bnarogapa 3Tomy nosienseTca Hebonbwas cuna,
KOTOpas AenCTBYeT NPOTUB HanNpaBNeHWa BPaLLEHVs 3eMu 1 TOpMO-
31T €€ BpaLleHne. 3T0 NPUBOAUT K YANMHEHWIO NPOAONKNTENEHOCTH
3eMHbIX CyTOK. K 3amefneHunio Bpallenns 3emMnv NPUBOOUT TaKkxXe
TPeHWe BoOHOV 0B0M04KKM O AHC OKEaHOB ¥ MOpel B NpubpexHon
MENKOBOAHOW 30HE, B KOTOPOW NMPUNUBHAR BOHA MOXET OoCTUrath
BbICOTHI cBbIle 10M. HabrniogeHnsa nokasanu, 4To 2a CY4&T NpUaYBoR
ONNTeNbHOCTE CYyTOK yBenn4dmeaetcd Ha 0,0014 c 3a 100 net.




Benepcreue Bpamenus 3eMan NPUIHBHBIE BBICTYIIBI
o0pasyroTca Ka'KIblil CIeIYIOMIMHA MOMEHT yXe B HOBBLIX
TOYKAX 3eMHOH moBepxHocTH. I[oaTOMY B TedeHHe OJHOTO
obopota JIyss! (24 4 52 muH) oHE 060HAYT BOKDPYT BCETO 3€M-
HOr'o Imapa. 3a 3TO BpeMd B KaiKJOM MeCcTe CIYUYaeTCH IBa
IPUJIWBA U OBA OTJIHBA.

Comnne, xak u JlyHa, TakiKe BHEI3BIBAET IPHUJIMBBEI. He-
CMOTPA Ha OOABINYIO YZAJNEHHOCTL OT 3eMJIH, GJAr0Laps
fonbpmmoi Macce CONHIA IPUIMBEI, KOTOPEIE OHO BBIBHIBAET,
BCero B 2,5 pasa MeHbIe JYHHBIX.

Bo BpeMsa mosHONYHMI H HOBOJIYHHMN JIYHHBIE T COJHEU-
HEI€ IIDHJINBEL CKIANBIBAIOTC U HADIIOAAIOTCA caMble GONb-
IIFe IPHJIHBEL.

Hanporus, rorpa JIyHa B iepBoii MM IOCIeqHEH YeTBep-
TH, BO BpeMdA IYVHHOTO IpuiiuBa OyieT COMHeYHBIN OTIHB.
Ieticreue ConHIta yMeHbBINAET AelicTBre JIYyHBI, W TPHJIHBLI
IeJIaf0TCA CYIIECTBEHHO MEeHbIITMMME.

EREeEibi — sBreHmMe, TPU KOTOPOM MOMEHT HMIIYJIBCA

TeJaa MEeHSAET CBOE HaIlpasJIeHHe B OPOCTPAHCTBe OO[ aeii-
CTBHEM MOMEHTAa BHeNTHEeH CHJIBI.

KNMNTUKK

9
Y
o/

Tak Kax 3eMJIA W3-3a CBOEH CILIIOCHYTOCTH HMEeT M30BI-
TOK MAacChl B BKBATOPHANBHON obmacTi, T0 Jlyma u Coarme
CBOVMIM IPHTAXEHHEM STHX BBICTYIIOB CTPEMSITCA MIOBEPHYTH
3eMJI0 TakEM 00pas3oM, 4TOOBI 3€MHON HKBATOD COBMECTHJI-
CH ¢ IJIOCKOCTHIO SKJIAITHRIL.

ITOT HOBOPOT CKJIAIBIEAETCA C OCEBLIM BpallleHHeM SeMJIHn
U OPHUBOAUT K MeJJIEHHOMY O0pANIEHHI0 OCH BpaIleHuA 3eM-
JIM BOKPYT HAIPABIEHMS HA MOJIOC SKJIANITHKH C IEPHOLOM
upunmepso 26 000 e,

3emns Takxe Bbi3bIBaET NpUnnBLI
Ha JlyHe, MpUYEM OHW CYLLECTBEHHOD
Gonblie, YeM NPUNKUELI, Bbi3blBae-
Mble JlyHOM Ha 3emne. B npownom,
Koroa JlyHa ewé Tonbko opmu-
posanack M Bbina pacnnasneHHon,
MPWUIKYBHOE TPEHWME HACTONbKO 3a-
TOPMO3UNO BpalleHue JlyHbl, 4TO
OHa OKa3anack MCOBEPHYTOW K Ham
NOCTOAHHO OJHOW CTOPOHOM,

BOMPOCHI Y SALAHNS:
@ BcriencTBre Yero BosHKKaeT npe-
Leccus 3emMHom ocm?

@ Koroa Ha 3emne MoxHO Habrmio-
AaTb MakCMMalbHble NpunuBel? Ap-
rYMeHTUPYATE CBOM OTRET.




Bbl VZHAETE:
@ Y70 Mepkypuit, BeHepa 1 Mapc Bo
MHOTOM MOXOXW Ha 3eMITio.

@ Kak napHukoBbiil 3dhekT nepe-
rpeeaet atmocgepy BeHepsl.

@ EcTb nm kuM3HE Ha Mapce.

BCROMMNTE:
@ Kak dopmynupytotcs 3akoHbl Ke-
nnepa?

@ Kakue nnaHeTbl OTHOCATCA K HUX-
| HUM nnaHeTam?

e

NAAHETDI 3EMHOi rPYMNnbl

K nnaneram semuon rpynnsl TPaAULMOHHO OTHOCAT MepKypui,
BeHepy, 3emnio 1 Mapc (B nopsake yoaneHusa ot ConHua). Opbu-
Tbl 3TUX YETbIPEX NNaHET PacrnofoXeHs! A0 [NaBHOMO Nosca acre-
POMAOB. 3TN NNaHeTbl 00beANHSIOT B OHY rpynny Takxke n3-3a
CXOXKECTU WX PU3UYECKMX CBOWCTB — OHW UMEIOT Hebonblume
pasmepbl 1 Maccbl, CPeHAA NNOTHOCTb MX B HECKOMNBKO pa3 npe-
BOCXOLMT MNOTHOCTb BOMbl, OHWU MEMNIEHHO BPALIAKTCH BOKPYr
CBOUX OCEN, Y HUX Maso UM COBCEM HET CnyTHWKoB (y 3emnmn —
oouH, y Mapca — 1Ba, y Mepkypus 1 BeHepbl — Hu ofHoro). Ho
eCTb Y 3TUX NAAHET U PasnnYuA...

— HAWMEHBIIAS H3 ILJIAaHET 3€MHOHM T'DYIITIEL.
Ero msuamerp pasen 4880 kM, nau 0,383 gmamerpa Semuwm,
macca — 0,056 macest 3eMIIn, a CpegHad MJI0THOCTE, PABHAA
5420 wr/m®, 61usKa K 3eMHOH.

OrcOeHTpUCHTEeT opOuTEl Meprypusa
0,206 — cambiii GOJBIIOH M3 ILJIAHET
ConHEeuHON CHCTEMEI.

dororpadum, caenanusie B 2008 r,
ABTOMATHUECKOH MeXKIIJIaHEeTHOM CTaH-
mueit (AMC) «Meccermxep» ¢ paccTos-
gua 27000 KM, CBEAETEIBCTBYIOT O SB-
HOM cxozcTBe Meprypusa ¢ JIysHoii ( a ).

Pesko ouepueHHBIe (as3bl NJIAHETEHI,
y8TKHI pesbed IIOBEPXHOCTH H OTUET-
JIMBLIE TEHH OT I'OP CBUIETEJIBCTBYIOT 00
OTCYTCTBHU aTMocheprl y MepKypHa.

PagwmoaoxanmoHHBIe HAOIIOIEeHHA
¢ 3eMJH IIO3BOJMUIH YCTAHOBHTL, YTO
Mepxypui#i MeAJeHHO BpalllaeTcd BO-
KPYT CBOCH OCH B IIPAMOM HAIPABJICHUU
(xax y 3emiau) ¢ mepuomoM 58,6 3eMHBIX
CYTOK.

ConmeuHnsle CcyTKH Ha MepKypHH
naarca 176 3eMHBIX CYTOK, MJIH IBA Mep-
KYpPHAHCKHX rojal

— caMadA ropAauas naaHeTa B
Coaneurnoil cucreme., Temumeparypa eé
moBepxuocTr gocruraer 480°C.

Macca Bemepsr paBHa 0,815 maccor
Semau, a eé paauyc — 6050 xm, wan
0,950 pagmyca 3eMIH, CpeAHASA TIJIOT-
HOCTH BEINECTBA NJAHETH COCTABJISAET
5240 xr/m3.

V Bewmeprl, Kak 1 v MepKypus, HeT
€CTECTBEHHBIX CIIYTHUKOB.

W3-3a Oonmzocrn K ComHny um 3eme
Benepa aBadeTcsa TPETHUM IO SPKOCTH
of6beKTOM Ha HatieM Hebe mocae CoyrHia
u Jlyssl.



Bpamenmue Bemepsl BOKpPYr ceoeil ocu olpaTHOe,
T.e. IPOUCXONHT B HANPABJICHNM, 0OpATHOM EpAa-
IIeHHIO NaaHeThl BOKpyr CosmHIa, Iepmoy Bpa-
meHHA paBeH 243 semuniM cyTEam. Oxpmu
oBopoT Borpyr Coanna Bemepa memaer 3a
225 3eMHBIX CYTOK, T.e. OOHH JeHb Ha
Benepe aaurca goasine, 4eM OJWH TOI.

Yexoperue cBOOOIHOTO MAASHIA HaA
Benepe cocrasiager 0,9 or seMHoro u
DaBHO OKOJIO 8,8 m/c2.

IImoTHYIO armochepy Ha Bemnepe

obHapy:xun emé B 1761 r. M. JJomono-
COB BO BpeMs HAOJIOOeHUH MPOXO0iK-
nerua Benepsr mo guery Commma. A
XAMHAYECKHUI cocTaB aTMochepsl ObLI
VCTaHOBJIEH TOPasio Io3Ke.

Armocthepa Bemepsl cocToMT Ha
96% w3 yriekmeJsoro rasa, Ha 3,5% us
230Ta, a Ha OCTAJBHEIE rasbl IPUXOINT-
csg MeHee IOJIOBUHEI IpoueHTa. JlaBie-

ENe Ha TOBEPXHOCTH ILIAHETHI COCTABJISAET

moutu 90 armociep, a TemImepaTypa — OKO-

a0 500°C. Ha BrIcOTe oKON0 40—50 KM Hag 1O-
BEPXHOCTLIO HAXOIUTCA MONIHBIN 00IaYHBIN CIIOH,
3aKPBIBAIONINH OT HAC IOBEepXHOCTE BeHepsl. O6maka
COCTOAT M3 MeNbYaHIIuX KalleJib CEPHOM U COJIAHON KHCJIOT,

IIpeobnagarormuii B arMocdepe Bewepsl YrileKHCIBINA ras

CO3A€T Ha NJIAHETEe CHJILHBIN NMAPHWKOBHIA 3(dexT.
ConneyHbIe JyYH OPOXOLAT CKBO3L aTMocepy H 3a
JOJTHH BeHEPHMAHCKUH [eHb 3HAUUTENBHO HATpEe-
BAIOT IIOBEPXHOCTHL IJAHETHI, 4 MHPpPaKpacHoe
(TenoROE) HM3IVUEHHe IOBEPXHOCTH KpaliHe
MeIJIeHHO YXOOMT B OKpYysKalolllee IIPOCTPaH-
CTBO, TAK KaK OHO IIOYTH HE IIPOIyCKaeTcd
YIVIEKHCJHBIM rasom. Kz-za 3TOTo HOBEDPX-
HOCTEL BeHeprsl M HHMXHWe cJIoH aTMochepEsl
HATDETHI 0 OUeHb BBICOKOI TeMIIepaTyphI.

Tak xax maameTa oKkyraHa oblaKamMu, Io-
BEPXHOCTE BeHepHl HeJOCTYIIHA ONTHYECKHM
HaOmwoaeHuaAM ¢ 3eman. 1losToMy mOIABIIAIO-
mee OONBIIHMHCTEO (MHU3MYECKHMX XapaKre-

PHCTHK [JAHETHI IIOAYUYEHO C IIOMOIILIO
PaIHOIOKAOMOHHBIX METOA0B H KOCMHUUe-
CKHX HCCJIeTOBAHMWHA.

IleprrIit KOCMMUECKHI aniapar AJasd
uccnenoaHud Beneps: AMC «Benepa-1»
ornpaBuica ¢ Balixkomypa 12 despans
1961 r.

ITorepxHOCcTr Mapca xopoImo
BHJHA B TEJIECKONIBI, 4 C IOMOINBIO KOCMU-
YeCKHUX CTAHIWIH M MapCoOXOJOB YIaJOCh
XOpOIII0 M3YYUTH peiibed MIaHeTH. JTO




Mpunuss, KOTOpbIe Bbl3bBAIOT
CMYTHMKM Ha Mapce, HesHaumTens-
Hbl, HO, HECMOTPA Ha 370, OHM BNW-
AOT Ha ABMXeHWe cnyTHukor. Tak,
Heimoc oTctaér or NpUIMBHOro
ropGa, KOTOPLIA OH BbIZbIBAET Ha
Mapce. Mputaxerne sToro rop6a
yckopset [lerimoc, u oH ynansercs
OT nnaHetsbl. CUTyaumsa noxoxa Ha
T0, 4T0 Npoucxoaut ¢ JlyHol. Ho
soT Moboc, Haobopor, TOpMO3NTCH
NPUAnBHLIM ropBom, koTopbli oH
BbI3bIBAET CBOMM NMPUTHXEHMEM Ha
Mapce, Tak kak @oboc obronser
ero. Pac4éthl nokassiBaioT, 4to do-
6oc gonxen ynacts Ha Mapc 8 Te-
HEHNE HeCKONbKUX MUNNMOHOB neT.
CneposatensHo, ®oboc noseuncs y
Mapca HeaasHo, Heckonbko MR-
OHOB neT Hazag.

TO3BOJIMIIO CPABHHUTENBHO TOUHO M3Me-
PHTEL €r0 YINOBBIE PasMepsl M M0 HHM
BBIUMCANTE JIHHEeHHEIH amaMeTp -—
6800 kM, uam 0,533 aAaMeTpa 3eMaIn.
Macca nramersr paeHa 0,107 maccrr
Semau. Cpenuasa mioTHOCTE BeIllecTBa
IIIaHeTH cocTaBaser 3950 KT/M%, wam
0,72 nnorrocT™H Bentrn. Wrorma Mapce
HA3BIBAIOT <«KDACHOH IJIaHETOH» ma-34
KPaCHOBATOTO OTTEeHKA IIOBEPXHOCTH,
TIPUIaBAEMOro eif OKCHIOM JKeleaa.

Bpamierue Mapca BOKDYT CBOEI OCH
IIpsaAMOe, ¢ ImepHogoM 247 37+ 23¢ (Map-
CHaHCKUE 3BE3THEIE CYTKH), YTO ompe-
ACIACT ANUTEIBHOCTD €T'0 COIHEYHbIX
CYTOK 24"39%29c, KOTODBIE TIPONOIIEK M-
TeIbHee 3eMHBIX BCErO JIUMIbL HA 39,5,
Haxnonm ocu Bpamernus Mapca pagen
24°56', T.e. GamsoK K HAKJIOHY 3eMHOH
ocH (23°26%).

IMoaTomy Ha Mapce, xak u ma Semue,

HMEIOTCH JKapKHUi, JBA YMEDEHHBIX U
ABA XOJOAHBIX TEILIOBBIX TIOACA, 8 TaK-
M€ IIPDOMCXONHUT CMEHA Ce30HOR roza,
KasKIBIH U3 KOTODEIX HOYTH B 2 pasza
OPOJOMKUTENBHEE 3IEMHBIX CE30HOE,
HOCKOMEKY MapCHAaHCKHE rom mamres
687 semHBIX cyTOK.
Ho xomTpacTsl cesomon rofa Ha Mapce mnble, yeMm Ha
3eMue, Tak Kak om yaanén or Conuna B 1,52 Pasa paabige
3eman, Iorygaer rtemnna B 2,3 pasa MEHELIE, JIMINEH BOTHBIX
Oacceitros. Tam Her HE CHEXXHOMN 3MMBI, HKI HAPKOTO JieTa.

Cpenrerogoras TeMIepaTypa moeepxroctu Mapea 6ims-
ka Kk —70°C. Ho B6man OKBATOpa AHEM OHA MOBLIIIAETCH o
+20...4+25°C, & saxony ConHIla cHUKaeTCs 7o —10°C u mmxe,
a 1104 yTpo magaer 1o —90°C. Taxme DPesKue Konebanma Ten-
IepaTyprl o0'bACHATOTCS OUEHD baspexxeHHOH aTMocdepoii,
KOTOpad He B COCTOAHHHU COXDPAHUTH TeIJIO, OOJVUeHHOe
LHEM IOBEDPXHOCTBIO ILJIAHETBI, X OHO B HOYHOE BPEMA GbI-
CTPO M3JIyYaeTca B MUDPOBOe OPOCTPAHCTEO.

B armochepe naamers conepirurca no 95% yraexwmcioro
rasa, oxomo 2% asora, 0,3% KHciopona u upumepso 0,01%
BOOAHEBIX ITapos. IlnoTHOCTE aTMocdepsr u eé nasrenue y mo-
BEPXHOCTH TaKue, KaK B armMochepe Bemuu ma BbicoTe 30 K.
ITpu rakux yemopmax BOAA 1ie MOYKeT HAXOAUTBCA B 3KHIKOM
cocroanuu. Ho nanmane o6pasosanuit Ha MOBEPXHOCTH, mO-
XOIKUX Ha BEICOXINHE DYCJA DEK, VKasblBaerT Ha BOBMOKHOE
CYIIeCTBOBAHWE BOIHI H, CJAeNOBaATeIBHO, IIOTHOLN aTMocpe-
PEl Ha Mapce B ganékom HIPOILTIOM. A Tam, rme 6nlia BOAA,
BO3MOXKHO, OBLIA KH3HE,

B macroamee Bpems mecroanKo MapCcOXO4OB HCCAELYIOT
[IOBEPXHOCTE IIJIAHETHl B HaJesKae HaiTm ABHBIE IPH3HAKHA
BOALI W KUBHU. [JomosHUTEeTHHOrO HUCCNEeNOBAHUS OKHIAIOT




IOJAPHBIE JIe/JAHbIE INATKHA, COCTOAIAE U3 YIVIEKHCIOTHI 1
BOAAHOTO Jibja. OHH YEEIWYHUBAIOTCA SUMOR M YMEHBIIAIOT-
cA JIeTOM.

Mo Habniopervism Mapca Bo Bpema ero BenMKoro npo-
TUBOCTOAHKA B KOHUe XIX B. UTANbAHCKMM 3CTPOHOMOM
I>x. Ckmanapennu Owina cocTaBneHa Kapta nnadeTsl. MHo-
rMe acTPOHOMbI TOFO BPeMEHW nosaraiy, YTo KaHasnbl Ha NOBEPXHO-
CT¥ NIAHEThl MMEIOT MCKYCCTBEHHOE NponcxoX deHre. B HacToalee
BpeMA NoBepxHoCTh Mapca nsy4yeHa OeTanbHO KOCMUYECKMMM CTaH-
LMAMM, HUKaKKX KaHanoB He obHapykeHo.

Kapra Mapca
Ix. Ckmanapennu

ArgyraX,

“ MARE AUSTRALE
ol e i s s B S
fre 10 5% \
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Mapc mMeeT fBa ecTecTBEHHBIX CIOyTHHKa — Poboc
1 [eiiMoc, KOTOpPBIe BH/HBI JHUIIL B CHILHBIE TeJe-
cromel. O6a cuoyTHHKA choTOTPadUPOBAHBI KOCMH-
YeCKHMMH cTaHODHAMH. QM OKazaJHch Oechopmen-
HEIMH IIbl0amMu pasmepamu 27x21x19 KM (Pobdoc)
u 15x12x8 kM (HeiimMoc) 1 mOX0KK HA aCTEePOMIEL.
IloBepXHOCTL COYTHHKOR MOKPEITA KpaTepa-
vz guamerpamu ot 50 m 1o 10 KM, Heco-
MHEHHO ABJIAIIIIMHACI PesyIbTaTOM
MEeTEeOPUTHHIX VAADOB, TAK KAaK
B HeJpax MAaJbIX TeJ BYIKAa-
HUYecKad [AeATeJbHOCTD
HEBO3MOMKHA.

BOMPOCHI M 3AOAHNA:
@ Yro obulero y nnaHeT 3eMHOM
rpynnel? Yem 370 cXoncTBO obycnoe-
neno?

@ B 4éM paznuuus naaHeT 3eMHOMN
rpynnel? Yem aTn paznunums obycnos-

®oboc TEHbI?




EBbl V3HAETE:
@ KakoBbl tu3Myeckme cBOWCTBA
tOnutepa, CatypHa, YpaHa u HenTyHa.
@ Kak nposenaeTcA BynkaHu4eckas
LEeATeNbHOCTh Ha cnyTHUKe I0nuTepa
Wo.
| @ Kakosa npupoga konew, nnaHeT-
FMraHTOB.

@ Yto npepcraBnsiT cobol wn roe
| pacrnonoeHbl NNaHeThbl-KapiinKu.

BCMOMHMTE:

@ Kakue nnaHeTsbl OTHOCAT K BEPXHUM
nnaHeTam?

@ Kak dhopmynmpyiotcs 3akoHs Ken-
nepa?

Ha CEeBEPHOM rnonkce -

MongpHoe cnsHne

Knutepa

. Kannucto

MAAHETbI-FrMrAHTDBI.
NMJIAHETbBI-KAPJIMIKA

K nnaHeTam-ruraHtam oTHocaT HOonutep, CaTypH, YpaH U HenTyH.
Bce oHM nmeloT Bonbluve pasmMepsl MU Macchl M NPU 3TOM HU3KYIO
CpefHIo NNoTHOCTL. Mx opbuThl pacnonaraloTca mexay mas-
HbIM NOACOM acTepoUACB U NoacoM actepouor Konnepa. Mna-
HeTbl-rUraHTbl 04YeHb ObICTPO BPALLAIOTCA BOKPYI CBOMX OCEW,
Npu4eéM 3KBaTOpManbHble 30HbI BpallaloTca ObICTpee, Yem no-
nApHble, Pe3ynsTatom ObICTPOro BpalleHUs MIaHeT ABAseTCa Ux
3Ha4YNTENbHOR CKaTWe, NPU KOTOPOM 3KBATOPWaSbHLBIA paanyc
HaMHOrO DonblUE NONAPHOTO.

Bce nnaHeTbI-ruranTel Haxogatca ganeko ot ConHua 1, He3aBucn-
MO OT CMeHbl BREMEH rOAa, Ha HWUX BCErga rocnofiCTBYIOT OYeHb
HU3KKe Temnepatypel. [T1aHETbl 3TOW IPynMbl OTIMHAIOTCS TaKXKe
Hanun4dmem Konew, 1 QonbLIoro YMucna CNYTHKMKOB.

IOnurep HACTOMBKO BEJIUK, YTO €0 MACCA IOYTH
B 2,5 pasa OpeBLII&aeT CYMMAPHY) MACCY OCTAJBHEBIX ILIA-
HeT ¥ B 318 pas 6onsiue maccesl SeMau. Buaumerit nuck 0nn-
Tepa — 3TO BEpPXHHE CJIOH ero IPOTAKEHHOH arMocheps.
Haxe B HeOOJBINNE TEJECKOILI XOPOIIO 34-
MeTHO CyKATHE TLIAHEeTHl BAOIL €€ OCH Bpa-
LIEHWA, PABHOE /16, T. €. SKBATOPHAJILHEIH
nmameTp pucka B 1,07 pasa 0oubile moLap-
HOT'O. DKBATOPHANBHEIH DAAAyC MIAHETHI
pasen 71400 xkm m 8 11,2 pasa mpeesocxo-
OUT pagnyc 3eMIN. YCKOpeHHe ¢BODOTHOTO
najeHna Ha IJaHeTe B 2,67 pasa DoubIme
3eMHOT0. SHAYHTEILHOe cxxaTue IOnurepa
o0bacHAeTCA OBICTPREIM BpallleHneM, HMer-
UM 30HAJBHBIH XapaKTep: SKBATOPHAJL-
HadA 30HA Bpainaercs ¢ nepuogoMm 9°50,5%, a
yMepeHHBEIe 30HBI — MeJJIeHHee, ¢ IePHO-
oM 9756, T.e. OnuTep BpalmaeTcda He Kak
TBEPAOE TEJ0, & KaK KUIKOE HIH Taz0-
oGpasHoe.

ITo coBpemenHBIM cBemenuam, IQmuTep
COCTOUT IpHMepHO Ha 74% mu3 BOomopona, HA
20% — ms resnus u Ha 6% — m3 Gojee Ta-
JKEJIBIX XMMHUYECKHX 3JIeMeHTOB, HaXOomdA-
IIUXCA B HeAPAaX [MIAHETHI.

Bokpyr IOnurepa ofpaimaerca
MHOT'QYMCACHHAA CeMbs CIYTHH-
KOB, UeTsIpe 13 KOoTOpeix — Mo,
Espona, Tamumen m Kamamcro
(TannneeBnl COYTHUKH) — CaMBIE
KpVIIHBIE, CPABHUMEI II0 paszMe-
paM c¢ JIyHOMH; OHM XOpPOIIO BHJ-
HBI Jake B OmHOKJIL. OcTalbHEBIe
nmeoT paszmepsl oT 10 mo 280 kM

H HENPaBUJILHVIO (hopMy.
[aHKMep,



IlosepxuOCTE cuyTauka WMo Becema cBoeoOpasHa, oHa BCA
3aNMNTA MPOAYKTAMH H3BeDIKEHHSA BYJIKAHOB W HMeeT Me-
rajuinueckuii 6neck. Ha VMo HaOmioganuch H3BEp:KeHUs He-
CKOJIBKMX BYJAKaHOB.

OrpomMuele TpeIqWHBI ¥ CPABHUTEILHO DOBHAS IOBEDX-
HOCTh CIIyTHHKA EBpoma ykaseiBaeT Ha TO, 4TO HOZ Jexd-
HOH MOBEPXHOCTHIO HA riayomue 50—100 KM HAXOAHTCA OKean
BOABI TOJINUHOR B JeCATKY KusoMeTpos. Hanrmume Boxs! He
HCHKJIIYAET BO3MOMHOCTH IPHCYTCTBHSA B Hed o KpaliHel
Mepe IIPOCTeHIIHX OPraHH3MOB, TAK UTO YYEHEIE yaKe ceiigac
00CyXIaI0T BO3MOYKHOCTh SKCIEAUIIAYA Ha EBPONY ¢ IeIbio
OOHCKA KH3HM 00 AbI0M B OKeaHe,

C moMomipi0 KOCMHYECKUX alIapaTos Bokpyr IOmmrepa
05110 00HAPYKEHO KOJBLO, BHENIHUHA PaJUyC KOTOPOro GIu-
30K K 126 000 kM. Konsiio ouens ToEKOe, 06pameHo k Semie
pebpoM, ¥ 0aTOMY ¢ 3eMJIH ero He BHIHO.

1 CaTypH ¢ ero OrpOMHBIM KOIBIOM GOJee APyTrux
ITaHeT-rUranToB moxo:x Ha IOmurep. Ero macca B 95 pas u
3KBaTOpHAJBHBIX pasuyc (60 370 xm) & 9,5 pas mpessImIaoT
3eMHBIe, YCKODeHHe cHiIbl TsixecTn Ha CaTypse B 1,15 pasa
IPEeBEIINIAET 3eMHOE.

Crpyxrypa CarypHa Takasd ke, Kak y IOnurepa, o ToXe
Bpamgaercs KaK HeTBEpZoe Telno ¢ Hepuogamu B 10%14™ (sxsa-
TOPHAJIBLHEIN T0sC) 1 B 10°39™ (ymMepeHHEIe nosica). Cpegaasa
oaoTHoeTh CaTypua pasua 690 xr/m®.

¥ CarypHa 00HADY:KEHO MHOTO CIYTHHUKOB ¢ IONepeuHH-
zxamu oT 34 go 5150 .

Camsbrit Gonpmmoit coyTEuk — THTAaH — BHAEH B Teje-
CKONOBI ITKOJBEHOTO THa. OH TOYTH B IOJTOPA pasa GoJbHIe
JIyHBI IO ZUAMETDY, OKDPYXEH IJIOTHOH as30THOI armoce-
Dol m oOpamaercsa Bokpyr Carypra 3a 15%2248™ ma cpexmem
paccroguun 1221 900 xm. Ipu mocamxe Ha HETO CIYCKAEMO-
TO MOAYJIA KOCMHYeCKOH crannuy «Kaccuuus ObIIM o6HADY-
HeHbl 03€pa ¥ PeKH M3 MKHIKOr0 a30Ta M MEeTaHa.

Temmeparypa Ha moBepxmocTu Turama pasaa —179 K.
IToBepXHOCTH KPYUHEBIX CIYTHHKOB IHOKPHITHI MHOMKECTBOM
ZpaTepoB CaMBIX Das3IMuYHBIX Dasmepos. IHomasaamwmniee
DONBIIMHCTBO KPATEPOB HMEIOT YIAAPHOE IIPOHCXOXKIEeHHE.

¥ Carypua mMmeeTcs KOJIbI0, OTKpLITOE enté B 1657 1. roJ-
zarfackaM dusuxom X. lofirerncom (1629—1695). TTosxe
BEIACHMJIOCH, ITO 9TO HE OJHO, 4 CEMb TOHKHUX II0CKHX
HOHIIEHTPHYECKHMX KOJEI, KOTODPBIE OTHENeHEl IPYT
OT Apyra TEMHEIMY IIPOMEXKYTKaMHU. Bee oHH pac-
IOJIAraoTCa BOKPYT IIIAHETHI B ILJIOCKOCTH eé
3KBaTOpAa, ¥ 001asd MX MIMPHHA — HECKOILKO
THICAY KHJIOMETDOB.

B HebGonbmime TesecKombl BHAHEL TOIB-
X0 [OBa KOIBOA M TEMHBIH HODOMEXYTOK
MeX Ay HHMM, HASBIBAeMBIHM IeJipl0 Kac-
CHHHM N0 HMeHH (paHIy3cKoro actpouoma . Kaccmam
(1625—1712), 06HAPYKHEBIIEr0 3TOT IPOMEKYTOK B 1675 1.
RoneIa He CILIOMIHEBIE, 4 COCTOAT W3 MHDHALOB TBEDABIX
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Bo Bpemsi NpPOTHBOCTOAHMS
H3MeDEeHHBIH CDeTHME yIJIo-
Boit pagmyc IOnurepa 6=234",
cpenHee paccToanue IOmmrepa
or ConHna a = 5,2 a. e., omnpe-
JenuTe JIHUHEHHBIR pagmyc
—maauersl. Cnyramk IOmurepa
Ho obpamaeTcs BOKDYr mia-
HeThl Q0 KDYroBoii opbure c
nepuozom 1,77 cyrok, oupeze-
AUTE€ Maccy H - IJIOTHOCTEH
Onmnrepa. ! j




{(KaMeHHEBIX U JeIAHLIX) 00JIOMKOB Pa3sAHYHBIX PA3SMEPOB —
OT HECKROJIBKHX CAHTHMETPOB O HECKOJABEHUX ASCATKOB Me-
TPOB, KOTOpPLIE, KAK KPOIIeUHBIe CIIYTHHKM, o0pamainTcs
BOKPYT IIJIaHETEIL. Sra OTpOMHAA CHCTEMA KOJIEII B CPABHEHHH
CO CBOMMU AMAMETPOM W NIHPHHOH VINBHTEJLHO TOHKAA: eé
TOJIIITMHA He OPEBBIIIAeT IBYX KHJIOMETPORB.

O6pazopanve konbua y CaTypHa 1 APYrux NAaHeT-ruraH-
TOB CBA3AHO C PaspyllallnM OeACTBYEeM MPUITMBOB Ha
CMYTHUKW CO CTOPOHLI MAaHeTbl. Tak Kak cuna TAroTeHus
CO CTOPOHLI MAaHeThl yobiBaeT 06paTHO NPONOPUMOHANEHO KBaApaTy
PacCcToAHUA, To BrivKarLWas K NiaHeTe YacTb CNYTHUKA CUMTbHee Npu-
TATMBAETCA K NNAHETe, a NPOTUBONONOXHas — cnabee. PazHulia 31X
CWUA — NPUAMBHAA CUNa — CTPEMUTCH PacTAHYTh CYTHUK. YeMm Gau-
Ke CNYTHWK K NaHeTe, TeM 3Ta NpunumeHas cuna bonblie. Ha paccro-
SHWMK OT NAAHETHI, MPUMEPHO PABHOM ABYM e& paguycam, NpUnm1eHas
CMNa CPaBHUBAETCA C COBCTBEHHOW CUMNOW THXKECTU Ha NMOBEPXHOCTH
cnyTHYKa. CNYTHMK paspyluaeTcs. 2T0 PaccTOfHWE MONYyYMo Ha3Ba-
HUe npegena Poua B 4eCTb yHEHOMO, paccynTasLlero ero. Y Konutepa
v CatypHa Konblia pacmofoXeHb! Kak pas Ha rpaHuLe npepena Powa.
MNo-BUEMMOMY, BONbUICH CNYTHUK MO KaKUM-TO APUYMHAM CONM3UN-
CA C NNAHETOIN 00 3TOTO PaccTOAHWA U DbIn paspyLLeH.

EITNGEERATTN TTo cBoum dusmue-
CKuM cBolicTBaM ¥paun um Henorym asB-
aswred OnmzHenaMmu, Kak Benepa m
Bemnsa., Buaumas nosepxHoCTh (IHUCK)
KasKI0H ILIaHeThI IIpeAcTaBiisieT coDoi
ILJIOTHBIE CJIOH IPOTAXKEHHONH aTmoche-
PBI, COCTOAIIEH M3 MOJEKYIAPHOTO BO-
Iopoma, relus, MeTaHA W aMMHaKAa.
HWamepenus mokasaauw, 94TO TeMIIEpaTy-
pa BUAMMOH IIOBEPXHOCTH YpaHa 0ams-
ka x —150°C, a Henryua & —170°C u mo-
BBILIAETCH B IVIyOMHHBIX CHAOAX.

Ock Bpamenusa YpaHa HaKJOHeHA
MOJ YIVIOM Bcero 8 K IJIOCKOCTH OpOH-
ThBI, HO ILJIaHeTa BpaniaeTca B 00paTHoMm
HAOPABICHUN. YPAaH KaK OLl KATHTCHA
Ha OOKY IIO ILJIOCKOCTH CBOEH OPOMTHI.
Braropapa stomMy Ha VpaHe TPOLHKH
PACIIOIOMKEeHEl IOYTH Y IIOJIOCOR, a 1o-
JAPHBIE 00JIACTH — OKOJIO SKBATOPA.

B 1977 r. ¢ momomIBI0 TeJecKomna,
VCTAHOBJIEHHOIO Ha caMoére, OBIIO
OTKPBITO KOJIBIIO BOKDPYT ¥YpaHA.

B 1986 r. aBTOoMaTHUYeCcKaA MesILIA-
HeTHadA cTaHUuA «Boamxep-2» cdoro-
rpadupoBana ¢ OJM3KOro PaccTOSHUS
KOJBIO YpaHa, HaXoAsdIleecda HA pac-
croganr 0koJio 50 000 KM oT mIaHeTk.



Ero Toxmuna cocrasiager Beero 1 xm. Vpan
OKPY:KEH TaKKe MHOTOYMCIEHHLIM ceMel-
CTBOM COYTHHKOB.

Papuyc Henryna paser 24 300 kM, mac-
ca cocTtaBadeT 17,2 zeMHONE Macchl, CpeqHas
OII0THOCTE — 1729 xr/m®.

Y HenTyHa BOCEMb CHOYTHHKOB, CaMBIH
Kpyneei — Tpuron — ofGpalimaerca BOKPYT
IJIAHeTHI B 00PATHOM HAOpaBICHHH HA pac-
croganu 355300 km. HenTyH Taxsxe oKpy-
HKEH KOJBLIIOM.

Bble ILTaHeThl» noaBuiacd B 2006 r. mpu pas-
paboTKe HOBOM Eaaccu@UKALME 00BEKTOB
IIaHEeTHBIX CHCTEM, B ToM uncie COnHeUHOR
cucTeMbl. [IpHYMHOA 5TOMY IOCHYXKMIA Uepeja OTKPBITHIA
MaJbIX MNIaHeT 3a npejenamm opbuTel HenmryHa B Hauale
XXI1 s.

K xapnuroesim miaaxeram COMHEYHON CUCTEMBI Ha CETOT-
HAMHNAHE geas ornocarca Llepepa, Ilayron, Xaymea, Maxe-
MaKe ¥ 9pHJa. ITa IpyIna HebGecHBIX Tell I0OKA UYTO 0CTaéTeH
HaWMeHee M3YYeHHON BERHUIY HX YVIAJEHHOCTH OT IeHTPAa Ha-
el CHCTeMBI.

Lepepa Maxemaxe

Spupa

fnyron

Xaywmea

finyron

OxEa M3 nIaHeT-KapJAHUKOB — ILIyToH —
C MOMeHTa cBoero orkpeiTea B 1930 1. 1 mo
2006 r. maske CUHMTANACH JeBATOH IIAHETOH
CosrHeuHOH cHCTEeMEL.

O dusuuecxoit nmpupozne ILryToHa H3BECTHO
09eHb Mayo. OH BpalnaeTcsa BOKPYT OCH B 00paTHOM

BOMPOCh! ¥ SADAHNS:
@ V3MepbTe BLICOTY BYNKAHMYECKOTO A

HampasiaeHHH (Kak YpaH m Berepa) ¢ mepmozom 6+9,4°. BbibpOCa Ha crnyTHUKe Mo 1 oueHuTe
B 1978 r. y IInyToHa 6611 OTKDPHIT TEPERIH COYTHHEK, Ha- CKOPOCTh, C KOTOPOM BELLECTBO Bbi-

3BAHHBIN XapoHOM, OTCTOAIMH OT MJIAHETHEl HA PACCTOAHNE BpaceiBaeTca 13 xepna BynKaHa.

17000 kM. IlayTon u XapoH BcE BpeMs NOBEPHYTHI OZHOMN Paguyc WMo pased 1820 km, Macca

8,9 - 10%kr.
@ OueHnte wWKpuHy wenu KaccuHm
B KWUIIOMETPax.

CTOPOHOH APYTr K APYTY, TAK YTO UX II€DHOILI 0OpaIe s BO-
KDPYT OCH M BOKDYT IPYT OIDPYra OOMHAKOBBI U paBHBI 649,47,
Ilmyrorn m XapoH HasslBaJu ABOMHON IyaHeTo#. Ilosxe y
IlnyroHa 0Bl O0HAPYKEHDI e1né 4 CIIyTHHKA.




Bbl V2HAETE:
@ Kakosa npupopa acteponaos.

@ e ©xmByT KOMETDI.

@ 410 TaKoe MeTeOpb! U METEOPUTLI.

BCMNOMHRNTE:

@ Kakue HeBecHble Tena ects B Con-
HeYHOW cucTeme?

@ Kak topmynupyeTtca 3akoH sce-
MWPHOTO TAFOTEHUsA?

Op6utel aByX MHOrOYMCREHHBIX
rpynn acTepouzos, Ha3BaHHbIX pe-
kKamu 1 TposHUaMIM, MHTepecHa Tem,
4TO OHM NPOXOAAT B BEPLUMHAX paB-
HOCTOPOHHWX TPEYTroNbHUKOB, CTO-
POHB! KOTOPOrO PaBHbI PACCTOAHMUIO
ot Onutepa o ConHua ( @ ). MuTe-
PECHO TO, 4TO CWIIbI MPUTAKEHMA MX
K ConHuy w IOnuTepy ypasHoselue-
Hbl LeHTPOBEXXHOM CUMoM UHepPLMH.

TPOAHLBI

MAJIbIE TEJIA CONHEYHOM
CUCTENMDbI

B cocTae ConHedHoi cucTembl BXOASAT He ToNMbKo ConHue w nna-
HeTbl. OrpomMHoe Konu4ecTso Goniee Menkux obbekToB BpaLya-
€TCA NO pasnnyHbiM opbutam Bokpyr ConHua. TepMuUH «Mafoe
TeNo» BBEAEH MexayHapoLHbIM acTPOHOMUYECKM COIO30M B
2006 1. Ans onucanusa obbekTos CONHEYHON CUCTEMBI, KoTOpble
He ABMAIOTCA HU MNAaHETAMMU, HU KaPNMKOBLIMU NAaHeTaMM, HU UX
CNyTHUKaMK. K ManbimM Tefiam OTHOCATCS:

® acTepouabl, UM Mansle NNaHeTh;

H KOMETbI;

E METeOPUTHbIE Tena, Unx METEeOPUTHI

(T.e. npocTo HeBonblune KamMHK);

E Mbifb 1 ras.
Cpelu Marnbix Ten MoXHO BbIAEUTb KapAUKOBbIE NAaHeTs! (3ToT
TEPMUH Bbin BBEAEH NocCsie OTKPLITMA NyToHa 1 nofobHbIX emy
00OBEeKTOB).

UACTEPOMAOBIN

29 B 1801 r. nranbanckuii acrporom k. [Tuan-
OU CIyYaiHO OCHADPYMKMI 3BE34000DAsHBIN OOHBEKT, IBHKe-
HEE KOTOPOI'0 YKAa3LIBANIO HAa TO, UTO OH OTHOCHTCH X Coi-
HeYHOH cmcreme. Becero uepes rox GwLa OTKPEIT emié OOHH
crnaberit 00bexT. 00a 06'beKTa JBUTANNCE Boxkpyr Conuma zHa
paccToAHNM OT Hero 2,8 a.e. ITH HeGecHEBIe Tejla MMEIH Ma-
JIBle pasMeDBl, HO9TOMY HX HaSBANH MAJAbLMU NAAHEMAML
unu acmepoudamu (3pesgononodunie). OHYM GLIIN HASBAHLL
COoOTBeTCTBeHHO Ilepepa (cefiuac oHa OTHOCHTCA K mIaHeTaM-
kapankam) u Ilannaza. B mactoamee Bpems OTKDEITO He-
CKOJBKO THICAY MAJEIX IIJIAHET.

HdBrsxeHye Becex MaJbIX ILIAHET IPOHCXO-
AMT B OPAMOM HANIPABIEHHH. BOJBITHHECTBO
T€PHONOB MAJIBIX MJIAHET COCTABJIAET OT 3,5
Ko 6 yeT, 9TO COOTBETCTBYeT CDefHHM pac-
croaruaM fo Comuma 2,3—3,3 a.e.

XoTa oTHeNnbHbIe Majible IIAHETE TOIX0-
DAT JOBOJBHO OJIU3KO K 3eMie, H3y4aTh HX,
KaK IPaBHJIO, HEBO3MOXXHO M3-3a TOTO, U4TO
OHM OYeHBL Majbl. PasMephl HEKOTOPBIX acTe-
POM/JIOB M3MEPAJNNCE IO BPEMEHU TOKDBITHA
MMM 3BE3N (3aTMEHUA 3BE3] acTepouIaMmu).
Tak, caMeiil KpyIEBIH acrepoun, Ilannana,
uMeeT IuupuHy 560 kM, a Becra — 380 xm.
PasMepsl GOIBIIMHCTBA ACTEPOMIOB MOIKHO
OLIEHUTE 110 uX Giecky. K sTomy THOY Koc-
MUYECKHNX O0BEKTOE OTHOCHT TeJIa Pa3MepOM
ot 30 M 10 COTEH KHJIOMETPOR.

AcTepounsr — becdopmennnie 06pasoBa-
HunA. Ha dororpadpuu ¢ 6amsroro paccroa-
HudA ( 0 ) npencrasien acrepoun Mna ¢ pas-
mepamu 60x22 xm; ero conytauk JakTmis
HMeeT PasMephl OKOJIO KHJIOMeTpa.



Maccel acTepoMAoB OHpeAelnTEh Helocpenr-
CTBCHHO Henb3d. MX MOXHO OIEHHTL, YMHOMKHB
00b€M Ha CPeIHIONI ILIOTHOCTE. Ilpeamnonaraeres,
YT0 IIJIOTHOCTE ACTEPOULOB MAJIO OTIAYAETCH OT
IJIOTHOCTH KPYIHbLIX METEOPHTOB, IIaJaBIIUX HA
demurio. Tax, mogo0HEIM 06pa3oM GBLIA Ompeme-
JieHa Macca OJHOIO M3 KDPYMHEHINNX acTepouioB
Mannager — 2,6 102°kr.

Obmasa mMacca Beex acTepomA0B HebOJBIIAS,
CYII[ECTEEHHO MEHBINE MACCH] JIIOOOH ILIaHeTH.

9tu HebGeCHbIC 00BEKTEl IOAYIHAN CBOE HAZBA-
HHE OT I'DEUECKOr0 <«KoMemacy — XBOCTaTad WM KOCMaTasd
(sBespa). lleficTBUTENbHO, APKHE KOMETHI, BUAMMEBIE HHOTIA
HEBOOPYKEHHEIM I'Ia30M, 004aZaioT XBOCTOM HPOTAMKEHHO-
CTBIO B HECKOJIBKO I'DAAYCOB M JaXKe AeCATKOB rpaaycos. SIp-
KM€ KOMETEHl IIOABAATCA CPABHUTEILHO DEAKO, B CpeLHEeM
omHa Komera 3a 10—15 mer. Crabuie sKe 1m0 GIeCKY KOMETEI
noaBaAKTCA yacto. Ha doTorpaduax 3sésgaoro meba exe-
TOgHO O0HADYIKUBAIOT IO HECKOJIbKO KOMET.

Bonsnmmaerso xomer HaxomaTes B Hamein CoaHeuHo
cucreme. Ilox meficremem mpursasxenua ConHIA OHM, KAk H
IIaHeThl, 00PaMmMIaloTCA BOKDPYT HEro IO BEITAHYTHIM JIINI-
THYECKUM OpOHTaM.

Camoii maBecTHO!H siBasgercsa xomera lannes ( 6 ), Ha-
3BAHHAA TAK B YeCTh IIE€PBOr0 HCCAEAOBATENA KOMET, KOTO-
peiii emné B XVII B. npepcxkasai MOABIeHNe MMEHHO 3TOH
KOMETHI B OIIPeAeléHHOM I'0OLY, BEIYHCIHE OO0 HalI0JeHIaM
OPeIIecTEEHHIKOB €€ NePUO NYHOCTh, PABHYIO 76 rogam.

Komera lannes nBUKETCHA 1O OYeHb BBITAHYTOH BJLIMI-
TUYEeCKOH opOuTe ¢ GOJBINOI Monyocho a = 18 a.e. m sxc-
neHTpucuTeTOoM ¢ = (0,967, B nepurennn ona cOaM:Kaercs
¢ Conamem no paccroanus 0,59 a.e., 3axoma BHYTPb op6u-
Thl BeHeprl, a B adennu ypansercs no 35,3 a.e. 3a opbury
Henryna.

ITocnegEmii pas sTa KoMeTa IpeACKA3yeMO IIOABUIACH
B 1986 r. Bo BpeMma mpoxosaennsa e¢é soamsu CoxHma Obra
OCYIIIECTBJIEH IIPOJET ABYX COBETCKHX KOCMHUECKNX CTAH-
nuil «Bera-1» u «Bera-2» u emé AByx anmapaTos
H4 MHHUMAIBLHO BO3MOMKHOM PACCTOAHHH OT KO-
METEHI C LeJbI0 M3YYeHuA (POPMEI U (PHU3UULCKHEX
CBOMCTB €€ roJIoBbl M XBocTa. @oTorpaduposa-
HEe sAjpa xoMeTsl ['anies CORBeTCKUME KOCMIMUe-
CKHMH CTAHIIMAMHE ¢ paccTosHus oxoso 8000 xm
TOKABaJI0, YTO OHO HMeeT HelPABHIBHYI0 GOopMy
u pasmeps! 16 x18x8 kM. B cnepyromuii pas aTy
KOMeTy MOKHO 6yzeT yeugers B 2062 r.

Ha Ooapmux paccroanusx ot CoiaH-
Ia KOMETHl IIPEeICTABIAAKT CcO00H TIILIOBL
TBEPIOTO BeIeCcTBA M30 JAbJA, 3aCTBIBOIMX
Ta30B M HBLJIH, BMOPOMEHHBIX YaCTHI Me-
TeOPHOro BellecTBa. Ilpm TPUOAHIKEHHH K
Conuny nén HaumHAeT TAATh M HCOAPATHCH,

BATIAYA Ne 15

Komera Tanunes obpamaercsa
Boxpyr ColHIa ¢ IepHoaoM
76 mer. B 1986 r. oma mponina
Ha MHHUMAJILHOM PACCTOSHWHI
or Coarma okoao 0,5a.e.
Onpegenure €€ paccTOSHWE B
atenmnn.

B npextue BpeMeHa noABneHune
KOMET HaBOOMWSIO Ha fioder naHu-
HeCcKWi CTpax; B HUX BUAENM npef-
BECTHMKOB BencTemin.

R




HAopo xomemuvr Yypromosa—
Lepacumernko, Ha Komopoe
6 2014 2. 6vira cosepuiena
MAziKaa nocadra

PR

B ConneuHoit cucteme mHoxecTso
3aragodHblx Ten. OQHO U3 HKX cTon-
KHynocb B 1908 r. ¢ Hawe nnaHe-
ToW. O npupoge «rocta» Mbl Tak
HW4ero He y3Hanu. OgHako 3ToT Me-
TEOPWT BbI3BaS MPaHOMO3HbIA B3PbIB
B Taure, okono peku TyHrycka. Oqe-
BULbI TeX COBBITWIA roBopUnn ¢ Ap-
KOM CUsiHMY, ero Habniwaanu B pas-
HbIX 4acTax ceeTa. 80 MNH fepeBLes
Ha nnowann B 2000 km? Bbinu no-
BalleHbl B MTHOBEHKE OKa YyN0BMLL-
HoW cunol. Boiropens orpomHag

| nnowans. Ho camoe uHTepecHoe,
| 4TO KpaTepa OT yaapa Tena Tak u He
| Hawnw. Y4EHble TepsawTca B aoran-
| Kax, 4TO X& 3T0 MOoTNo ObITk. Bbina

N1 TO KOMETE, aCTEPOUE UMK BCE Xe
| MpPOM30LLMIa 3aBapUR KOCMUYECKOro
| kopabns uHOM UMBMAM3aUNN?

BOKDYT AIpa KOMETHI, HAYAJLHBIE PA3MeDEI KOTOPOTO He Ipe-
BRIIMTAIOT NECATKOB KHMJIOMETPOB, 00pasyeTcda IPOTAXKEHHAA
ofosouka — roMma. 1log JelicTBHEM AAaBJAEHHNA COJMHEUYHOTO
CBeTa ¥ COJIHEYHOr0 BeTpa YacTh I'a30B KOMEI OTTAaJIKHBAET-
¢A B CTOPOHY, IPOTHBOLIOICKHYK CosrHIly, 06pasys
XBOCT KoMeThl. MHOrZA pasMepbl KOMBI JOCTHTAIOT
BeIHYHH, cpaBHEMEIX ¢ nuamerpom Comnna. Tak,
HaIIpHUMep, AHAMETD KOMEI CBEPXTHIaHTCKON KoMe-
TeI Xoamca B 1882 r. 0wt paBHEBIM 1,5 MAH KM, a
OIUHA eé xBocta gocturiaa 300 MIH KM.

IIpu mnorHOCTH BeIlecTBa ANpa KOMeTHI, 6JIus-
Ko K maoTHocTH AbZa (1000 xr/m?), u o6béme mo-
pagka 1000-1 000000 km® omeHKa MACCEl KOMETBL
paét 10510 kr.

3a HecKOJBKO ¢oT 000poToB BOKpYT ConmHIlAa KO-
MeTa TepdgeT BEIleCTEO H IOJHOCTHI0 PA3pyIIaeTcsd.
Kowell cyecTROBAHKA KOMETEHI He 03HAYaeT €€ UC-
Ye3HOBeHMA. [IeIOBI, KAMHN M OBLIHHKK eé gapa
IPOAOIKAIOT OBHUTATECH IO TOH Ke opOHTe BOKDPYT
Commia, 9To 1 camMa OpIBIDAaA KoMeTa. Ecam mx opOmTa mepe-
CEKAaeT 3eMHYIO OpBUTY, TO KerofHO, KOTha 3eMJIS Homana-
eT B TOYKY lepeceueHnd, HabOII0Ta0TCa MEeTEOPHBIE JOMXKIH.

IIo coBpeMeHHBIM IPEICTABJICHHAM OCHOBHOE KOJHYE-
CTBO IOJIIO KUBYINHX KOMET IIPHJeTaeT K HaM M3 o0laxa
OopTa, B KOTOPOM HAXOZHTCS OIPOMHOE KOJIHUYECTBO KOMEeT-
HBIX AIep.

DVIEERT SISO MeTeops! (OT rpey. Memeopoc —
IapAIIAi B BO3AYXe) — BCOLIXMBAIOIMe B 3eMHOH atmoche-
pe IIPH BTOPMEHWH B Hed WM3BHE MeJbuaiinue TBEPAEBIE Ua-
cTunbl. B Hapoge MeTeOphHl YACTO HAZBIBAIOT IIANAIOIHMH
3BE3TAMM.

B MexIIaHeTHOM IPOCTPAHCTBE XAaOTHUECKH JBHIKETCA
MHOMECTEO TAKHWX YACTHI, HOJYIUBIINX 00Illee Ha3BaAHHE
METEeOPHBIX TeJ MM MHKPOMETeOPHTOB. Macchl momaBIAio-
iero GONBINMHCTBA TAKUX TeJ M3MEDAIOTCH JeCATHIMY M THI-
CAYHBIMHY JOJAMHE I'PAMMA ¥ B PEIKHX CAYYAAX — HECKOIL-
EuME rpaMmMaMu. CKOpPOCTH MX JBUMKEHWUH OTHOCUTEIHHO
3eMan pasiIMYHBE], HO 00BIYHO He IpeBRImIaioT 10-15 xm/c.
ITonmagasa B semMEyI0 arMochepy, OHM He HCNBITHIBANT Des-
KOr'0o TOPMOMKeHUS ¥ JIUO0 OCTAIOTCS B3BEIIeHHBIMH B Hel,
apb0o MeIJIeHHO 0Cear0T Ha 3eMHYI0 IOBePXHOCTE, Ho ecnu B
aTMocdepy BJIETAaeT YACTHIA CO CKOpOoCcThIo ceeillie 30 KM/c,
TO M3-34 TPEHHUSA 0 BO3AYX OHa GBICTPO pPacKalAeTCs, BCIILI-
XMBAET ¥ MOPOXKIaeT MeTeop. deM GOIbIlIe MAacCca M CKOPOCTh
YACTHUIBI, TeM APY4e METeOPHAS BCIBIMIKA. B cpegHeM IIO BCe-
My medy 3a 1 yac noaBIaTca 5—6 APKUX METeOpOER.

BoapmuHECTBO METEOPOB BCOBIXHBaeT HA BeIicOoTe 70—
80 KM Hax 3eMHOH IIOBEPXHOCTLIO, HOJMHOCTHIO PACIBLIAACE B
arMmocepe. IIpu cBoém ABm:KeHHH B aTMochepe MeTeOopHBIE
YECTHIIE BHI3BIBAIOT CEEUEHHe MOJIEKYJa Bosayxa. IlosTomy
ADKHE METEOPEl OCTABJIAIOT IOCJe ce0d CBEeTAINMecsa CIebL,
HHOTA BUAMMBIE HA NPOTAMKEHNH HeCKOJIBKHMX CEKYH]I.




IToMuMO OTHEIBHEIX METEOPHBIX YACTHI, BOKPYT ConHna
IBMKYTCS TEJIbIe NX POH, HABLIBAEMEIE METEOPHBLIMI IIOTO-
xaMu. OHEM NOPOMKIeHB PACTATAIONINMHUCH HIIH YiKe Pacias-
mMuEMHCA KoMeTaMu. Kamauiii MeTeopHEIN poi ob0paimaercs
BoEpYT CoJIHIa C IOCTOAHHBIM MEPHONOM, PABHBLIM IIEDH-
ony o0palueHus IIOPOAMBINEH 3TOT POH KOMETLI, I MHOI'He
W3 HUX B OINpPEJeJIEHHLIE AHH I'OJa BCTPEUAIOTCH C SeMJEH.
B 5TH 1HM YHCI0 METEOPOB 3HAUMTEIBHO BO3PACTAET, & eCJIH
MeTeODHEIH PO KOMIaKTHEIHM, TO HAOIIONAIOTCI MeTeODHEIE,
WAW BBEBHEIE, JOMK/AM, KOIZa B OJHOH OTrpaHmMyYeHHnoi o6Jia-
cTH Heba 3a OTHY MUHYTY BCILIXUBAOT COTHUA METEOPOB.

Muorue MeTeopHBIe MOTOKU CBAZAHLI ¢ KoMmeTaMu. Tax,
MeTeOPHEBIH MHOTOK, HMCXONANMHMHA m3 cOo3Besgus JIMpeI, —
JImpumaer — mopoxaén sipkoit kometoil 1861 I, morox Ilep-
cempgel — aAproi Komeroil 1862 III, OpmoHHILEI — KOMETOHX
Tannes, a MeTEODHBIH MOTOK AHAPOMEHUIR — PACIABIICH-
ca xomeToi Buansl. TloMraMO BT M MEJTKHX YACTHLL, B MEXK-
IJIaHETHOM IDOCTPAHCTBE NBUIKETCSH MHOMKECTBO TBEDILIX Tel
DasMepaMy 0T HECKOJNBKHX CAHTHMETPOB /10 TEeCATKOB MeTPOB
(yenopnoit rpanuieit cuntaerca 30 m). OHM monydmIn Hassa-
HHEe MeTeopouoB. Brlmasnrne Ha 3eMJII0 METEOPOHAEl Hashbl-
BaroTca MeTeopuramu, CaMbIil KPYIHBIK KeJe3HBIA METeOpHAT
Toba matimer Ha TeppmTopmu HamMuOmm; OH MMeeT pasMepsl
3x3x1 M u maccy 60 .

Ilo XUMWUTECKOMY COCTABY METEOPUTEI AEJIAT-
Cf HA TPH I'PYIIBL KAMEHHEBIE, ;KeJle30KaMeHHbIe
I KeJesHBIe. B KaMeHHBIX MeTeopHTax Ccopep-
EHUTCHI 0K0J0 70% KHCIOpoma M KpeMHHS, HEMHO-
ro ejiesa, MATHWA W IPYTHX 3JIeMeHToB. B xe-
JTe30KAMEHHBIX — OKOJIO IIOJIOBHHEI xeyesa, 40%
KHCJIOPOAA, MArHHA M KPeMHHA. sheesHbie Me-
TeopuThl HA 91% cocroar m3 ;Kemesa u Ha 8% —
u3 HEKeJ 1. HUKAKWMX HOBBIX XHMHUYECKHX B3Jie-
MEHTOB, HEH3BECTHBIX Ha SeMJe, B MeTeOPHTaX
He HaMIEHO, YTO HOJHOCTHIO IIOATBEPIKIACT eNIH-
CTBO BEINECTBA KaK Ha 3eMJie, TAK 1 BHe eé.

Ha mMecTe mameEna KPYIHBIX METEODPHUTOB 00-
Da3yIOTCa METEOPHMTHEIE KpaTephl 3HATHTENDL-
H5IX pasMmepoB. Taxme Kparepsl OOHAPYHKEHBI
8 Apusore (CIITA), Kanazne, aa Taiimeipe (Poccus) m B 1py-
rux MecTaX. Hanpumep, ApuUsoHCKHM METEOPHTHBIN KpaTep
aveeT guamMerp 1207 M, tyOdury 174 M ¥ BRICOTY OKpPy-Kal0-
mero ero sajsa ot 40 go 50 M.

MereopHuTEl MafaOT HEe TOJNBKO HA 3eMJI0, HO W HA APY-
THe NJAHETH W WX COYTHHKH. [IpH OTCYTCTBHH Y HOIaHET U
HX CIYTHHKOB aTMocdepsl Taske HeGOIbIMe METEOPHTEI, IIa-
Jamomiue ¢ OOJIBINOH CKOPOCTBHIO Ha IIOBEPXHOCTH STHX Tel,
B3PBEIBAIOTCSH, ILJIABAT IIOBEPXHOCTD W 00Pa3yIOT HA HeH Kpa-
TepHl BHYIODHTEJLHEIX pPasMepor. KpyIHEIE MeTEeOPHTEL MOT'YT
00pasoBaTh KpaTephl JHAMETPOM B HECKONBKO HECIATKOB KH-
JIOMEeTPOB. JTO IOATBEPKAaeTCA O0MIMeM MEeTEOPUTHBIX Kpa-
TEDOB HA IIOBEDXHOCTAX JIynel, Meprypuda, Mapca u cuyTHH-
xoB Mapca, FOnomurepa, Carypra u ¥Ypana.

V|3y'4EHMe Kene3HbiX MeTeopuToB
NnoKasano, YTO OHWU MOF/IN BO3HMK-
HYTb MWL B8 YCIOBMAX BbICOKON
TeMnepaTypbl U KONOCCanbHOro 0as-
nenms. CnegosaTtensHo, XenesHble
METEOPWTBl KOr4a-To Haxomgununch
B Hegpax (GbOpPMUPOBABLICNACA, HO
paspyLUMBLLEACA NMnaHeTbl. Bo3mox-
HO, METEORUTLI K acTepoupbl obpa-
30BanCb U3 paspyLUEHHON NNaHeTh
@asToH, KOrAa-To CyLLeCTROBaBIICH
Ha pacCToAHMKM OKomno 2,5 a.e. ot
ConHua Ha mecTe [MaBHOro noaca
acTepouaoB. XKenesHoe anpo 3ToM
NNaHeTsl CTano OCHOBOW >XenesHbix
METEOPUTOB, @ KOpa — KaMeHHbIX.

4 MemeopumnuLii kpamep
6 Apusone (CILIA)

BOMNPOCHI U 3A0AHNSA:

@ Yto Takoe acTepounsi?

@ VI3 yero cocToaT KoMeThI?

@ Kak Bo3HMKaOT METEOPHbIE NOTOKIA?




Bkl V3IHAETE:
) Korna Bo3HUKNa ConHe4yHasa cu-

crema.
@ Kakue puramnyeckue NpoLeccs Npu-
BenM K MpOCTpaHCTBEeHHOMY pasfe-
NEHWIO Ha MAaHEeTBl 3eMHOW rpynnbl U
MJ1aHeTbl-TUraHThI.

@ [Oe chopmMupoBanncs Agpa KOMeT.

BCNONMIHNTE:

@ Kakve 0bObekTbl MPUCYTCTBYIOT B
ConHe4yHoW cncreme?

@ Mo KakkM 3aKoHaMm OBUXKYTCA NNna-
HeTbI?

“w'

J‘Q“_

COBPEMEHHDIE
NMPEACTABNEHUA

O NPOMNCXOXKOEHNN
COJIHEYHOI CUCTEMbI

Ha nporaxenun mHorux sekos Bonpoc o npoucxoxaeHun Con-
HEYHOW CUCTEMbI 1 3emNin BONHOBAN npexae Bcero hunocodos,
TaK Kak (hakTUYeCKnin mMaTepvan B 3TOW obnacTy noyTy NomHo-
CTbiO OTCYTCTBOBaEJS. [lepBbie Hay4HbIe TMMNOTEe3bl fIPONCXOXKLEHNA
3emnu v CONHEYHOM CUCTEMBI, OCHOBaHHbIE Ha aCTPOHOMMYECKNX
HabnopeHnax, BbinK BIABUHYTEI TONBKO Nuwws B XVIII B.

| Ilo coepemMeHHBIM
mpencTaBaeHnsaM o0pasoBanue CoTHEUHON CHCTEMBI CBA3aHO
¢ dopmuporaEneM COJIHIIA W3 Ta30IIBEIIIEBOI CPebl.

CumTaeTcs, 4TO rasonbLIEBOe 00IaK0, U3 KOTOPOro OKO-
1o Bbmapn met Haszazn obpasosanock CosHie, MeNISHHO Bpa-
manaoch. 1Io Mepe coxaTHA CKOPOCTH BpallleHHA o0JaKa yBe-
JIHYHABAIACh, U OHO mpmHAI0 hopmy aucka. Ilerrpansuasa
JacTh AMCKA maJsa Hauamao dopmuposanmio Coaxma, a ero
BHeITHMe 00/IacT — TIJIaHeT.

OTOH CXeMOi BIOJHE O0BSICHAITCSH PDASAUYHI B XUMHAUEC-
CKOM COCTaBe W MAaccax ILJIAHeT 3eMHOM I'PYIILI ¥ IIJaHeT-
ruraaToB. leiicTBUTeNBRHO, IO Mepe pasropaEma CoJsHIA
JErKHe XHMHYEeCKHe 2JeMeHTHl (Bomopon, renxmii) mon meid-
CTBHEM FABJCHHA H3JYYEHHA NOKHAAIN IeHTpPAJLHEIE 06-
JacTy obraxa, yxons K ero mepudepun. [loaToMy mIaHeTH
3eMHOH I'pyIObl cHOPMUPORATINCE U3 TAMKEIBIX XUMHAYECKIX
SIEMEHTOB ¢ MAABIMH LPUMECAMH JETKHX H IOJYUINJINCE He-
OOJBITHX PAa3MEDOB.

W3-3a GOJBINONM IIJOTHOCTH T'a3a ¥ IIBIIH H3JIVUEHUE
Conuna ciaabo npoHHKaNo K mepudepru TpOTOILIaHEeTHOTO
ofnaka, rie mapmJa HHU3KAA TeMIepaTypa M IPHUINeIITHe
Tassl HaMepa3aJu Ha TBEpPAbIe wacTunnl. llosToMy manéxme
IAAHETH-TUTaHTEI ITOJYYNINCh KPYIIHEIME U COCTOANNME B
OCHOBHOM M3 JIETKUX XHMHUYECKUX HJEeMEHTOR.

9Ta KOCMOTOHMYECKAS TMANOTe3a 00bsaCHs-
eT | PAJ APYTUX 3aKoHOMepHOCTe Conmeunoi
CUCTEMB], B YACTHOCTH PAaCIIpefencHMe eé Mac-
cel mexry Conanem (99,87%) 1 BceMu murame-
tamu (0,13%), coBpeMeHHEIe DACCTOAHUSA ILIa-
wer or ConuIla, BpalieHHe NIAHET U Op.




Ona paspaGorana B 1944—1949 rr. coBeTCKHM axaneMu-
zoM 0. 10. IlImuarom (1891—1956) u passuTa €ro coTpyIHHA-
KaM¥ H IOCJeNOBATEISIMA.

; EGIEIE] CormacHo runorese IIMuara, mpo-
mece {bopMHpOBaHm{ IIaHeT NPEJCTABIALTCA CJIENYIOIIAM
obpaszoM. B gmckoobpasHOM Ta30IBIIEBOM 00JaKe BCJIE[-
CTEWE B3aHMOZeHCTBHA ero 4acTHIl BOSHHKAJH MHOIOUIHC-
JIeHHBIe CryImeHus. MHoXeCcTBO MeIKHX CTYINeHHH paspy-
IMaIock OT B3AaHMHLIX CTOIKHOBEHHH, 8 KaKHe-TO BEIIIALAIN
Ha KpPYIOHBIE CI'YIIEHKs, B Pe3yJbTaTe Uer0 OHM yBeJIWduBa-
JHCE B PasMepax M YIJIOTHAJNNUCH, HOCTENEHHO CO3TABAN 34-
DOZOBINTH OaaHEeT.

Heynupyrme yzape! npu cTOTKHOBEHMAX CTYINEHHH BeJH
K TOMY, 9TO 3aPOABIIIH IIAAHET MOCTEeIIeHHO 000CoBIAMICE, a
HX OpOMTEL BCE 0oslee MOXOAHUIY Ha OKDYSKHOCTH.

Co BpemMeHeM BRIKHJIM JIMIIL Te HamboJee KPYIHEBIE 34-
DOZBINIM, KOTOPBIE PACHONATANNCE JAJIeKO APYT OT APYyra U
HE OKAa3BIBAJIM CYMIECTBEHHOI0 B3aMMHOTO I'DABHTAIHOHEHO-
I'0 BO3EUCTBH A, MOBTOMY MX OpOHUTHI BOKpYTr Coinia crann
VCTOMIMBEIME. M3 9THX 3apofniineii HA IPOTIIKEHUN COTEH
MHUJJIHOHOB JeT U ¢hopMUPOBANIHCE BONbUIHE NJIaHEeTH.

Mesny opouramu Mapca u ¥Ommrepa, e 3HAUYHTEIBHOE
rpaBUTanOHHEOE BausHMe IOnuTepa nmpensircTBOBAIO POCTY
CTYIeHUH W HapyINaJo yCTONYHBOCTE WX Op6HUT, 06paso-
BAJIMCh MaJIble NIAHETHEI — aCTEePOHIBI, KOTODBIE H B HAIIY
SIIOXY YaCTO CTAJIKHBAIOTCA APYT C IPYTOM H € ILJIAHETA M.

Ha camoii mepudepun Haua ILHOTO ra30mbLIEBOT0 06IaKA
B3 OCTATKOB JIETKUX Ia30B U HE3HAUHTENLHOTO KOIHYECTBA
OBLTH BOSHUKJIO MHOMKECTBO JOJTOIePHOINYECKIX KOMET,

ABanns comep:KaHNs DALHOAKTHBHEIX 3JIEMEHTOB B 36M-
HOH KOpe, MCCIeN0BaHMsA MEeTEOPHUTOB M JIYHHOIO TPYHTA, a
TaKe I'eOJOTHYeCKHe NAHHBIe YVKASLIBAIOT HA TO, YTO BO3-
pact 3eMJu, BEePOATHO, O0aM30K K 4,5 MApPH Jer.

Conane u ero miaHeTH HAYaaIH (POPMHPOBATLCA OKOJO
5 mapx ret Hasax. Brarogzaps coxoiiHoil sEoTOIIHA Comnma,
yMepeHHO o0orpeBamumero 3eMiaio, Ha Heil OKOJO
3 MJIDZ JeT Hasak 3apOAMJIACE KM3HL, KOTOPAS
32 9TOT AJHUTEJBHBIH IIPOMEKYTOK BDEMEHH
SBOJIOIMOHEPOBAJIA B PASYMHYIO.

BOMNPOCHI X SAIAHWNA:

@ Kakum obpazom npouzowno dhop-
mMupoeaHue CoMHUa CormacHo cospe-
MEHHbIM NPenCTaBNeHNAM?

@ Kakum obpazom npouzowno dop-
MWUPOBaHKMe nnaHet?




BATAYA N: 16
KonmyecTBO SHEPrum  OT
CosHIla, KOTOpOe mamaeT HA
KBAJPATHLIN METD NOBEPXHO-
CTU naaHeThl (OCBEMEHHOCTD)
E ~1/r% ouenitre, BO CROJIBKO
pas pasauvaloTcd OCBEINeHHO-
CTH IOBEPXHOCTH MepKypHs K
Mapca.

SAI[A‘IA N’ 17
Ounenure pazmyc JgeHcTBHSA
CUJIBL OPUTHAXKEHNA S3eMIH P
no oraHourenuio k¥ CoaHny, T. e.
paccrosHue OT ILJIAHETHI, B
Ipefiesiax KOTOPOTO MPHTIMKE-
auem Courdna, HaOopuMep Ha
CHOYTHHK, B IePBOM IpHOJIH-
JKEHUM MOMKHO npeHnebpedb.

AcTpoHeT
http://www.astronet.ru

2nemMeHTbI: NoNyNSpPHbIA CalT
o hyHAaMeHTanbHOM Hayke
http://elementy.ru/

MonynspHasa mexaHuka
http://popmech.ru

& CoaHeuHad CHCTeMa OPOCTHPAETCA HOYTH 10 TDPAHUILBI
obmaka Oopra m KoHuaercsa TaM, Irae npuTdxenme CoxHita
CPABHHBAETCSH C IPHTIAKEHHIEM COCENHUX 3BE3M.

& IlmaEeTH 3eMHOH IDYNIBI, B OTJIHYHE OT IJIaHET-THTaH-
TOB, IMEIOT MEHLIINEe MACCHI ¥ Pa3MepbI, COCTOAT U3 TAMKE-
JBIX XMMHWYECKHUX BIEMEHTOR, PACIIONOMeHE Ommxe K Conm-
oy, MeIJIeHHO BPaIaloTcd, HMEeIOT MaJjo CIIYTHHIKOB.

0 BOnpmas 4acTh 3aMEpPSIIEX KOMeT HAXOAHUTCSA 3a OpOH-
Toit Henryua B noace Koiinepa m obmaxe Oopra.

@ TlnaHeTsl 3eMHOIH Ipynnel Meprypuii, Berepa u Mapc Do
BHYTPEHHEMY CTPOCHHIO HOX0XKY HA 3eMJII0.

& TlnaHeTHI-THTAHTHI MMEIOT OONBIINE MACCHL M COCTOAT B
OCHOBHOM M3 JIBIKHX XMMHYECKHX 3JIeMEHTOB BOIODOAA H
reams, VASP:KEHBAOT BOKPYTD ceba 0 HECKONBKO JeCATKOB
CUOYTHHKOE, GBICTPO BEPAIIAIOTCA, 00JIafaI0T CHALHLIMHU MAaT-
HUTHBIMH TIOJXAMHK ¥ BCe MMEIOT THTAHTCKHE KOJBIIa BOKDPYT
ceba.

& 3Ba opburoit HenTyHa OTKDBIT HOBEIH KJacc ILIaHET-Kap-
aukoe. K aum orHocarca IlayroH, acrepony Ilepepa u npy-
rHe 00BeKTEL ¢ pazMepamu oxoao 1000 k.

@ Mexay opburamu Mapca u IOnurepa ABHKYTCA OKOJIO
100000 acrepommor. Ha ux mBmKeHMe OONBINOE BIIMAHHE
OoKaseIBaeT npuTakenne HOmmrepa.

© KowmerTsl, IposeTas OO BBITAHYTBLIM D/LIHITHIECKHM Op-
omram BOnumzm CoaHITA, HATPERAIOTCH, MCHADAIOTCH, 4 IO
neficTBHEEeM OABJEHHA CBETA M COJHEYHOTO BeTpa 00pasyioT
rHEragTcKHue XBocTel. Bmaam or CoJHIa OHH OCTBEIBAIOT, W
XBOCTEI ¥ HUX HCUEZAI0T.

NoZPOBHEE...

\ Hazaee M.M. Kenra nna uresusa no acrpoEomun: Iloco-

SN

ome gaa yuammxea. — M.: IIpoceemenne, 1988.

Cypdur B.I. Conmmegnas cucrema. — M.: Puamarant,
2008,
dunuknonenua pua mereii. T.8. Acrpomomma. — M.:

AsamTa+, 2013.

BONPOCHI AJifl OBCYIKAEHWRA:

@ Kak Bbl Aymaete: Ha Mapce NPOUCXOLAAT CUMBHBIE 3eMMeTpsce-
HWA? AprymeHTUpYIATe CBOM OTBET.

@ Kak bl nymaete: ecnu JlyHa Oyaet npubnuxartscs K 3emne, 4to
NPOM3OUAET 1 NoYemMy?

@ Kak Bbl 06bACHUTE CyLIECTBOBAHME XENe3HbIX U KaMeHHbIX Me-
TeopuToB?

@ Bopa Ha MoBepxHOCTV Mapca He MOXET HaXOQUTbCH B XMAKOM
COCTOAHMU. KakK MOXHO 0OBLACHUTL HaflMHMe BLICOXILMX pYCcen pek
Ha Mapce?




rmaesa 5

ACTPODU3MKA
. M 3BE3HAR

ACTPOHOMMS

B METOZbl ACTPODUINYECKIAX
WCCIEOOBAHUIA

B conHue

I BHYTPEHHEE CTPOEHMUE
N MCTOYHUK SHEPTUM COMHLLA
B OCHOBHbBIE XAPAKTEPUCTIK N
3RE3N
B BHYTPEHHEE CTPOEHME 3BE3[

B BENbIE KAPNIVIKM, HEATPOHHBIE
3BE3MbI, MYJIbCAPBI, YEPHBIE ObIPbI

I [BOVIHBIE, KPATHBIE
WA MEPEMEHHBIE 3BE30bI

I HOBbBIE 1 CBEPXHOBBIE 3BE3b!
B spoNouUNMS 3BE3L

3SHAETE /i1 Bbl, YTO...

CaMas xoONnonoHas W3BeCTHad |
3Be3[a — 3TO KOPWUHHEBbIA Kapnuk |
CFBDSIR 1458+10B, umMeiowmin Temne-
patypy Bcero okono 100 °C.

Caman ropsadas W3BecTHas 3Be3- |
Aa — 370 ronyGoW CBepXruraHt, Ha- |
XOAAWMICA B Hawen fanakTuke nopg
HaszBaHuem «[zeta Kopmb». Eé Tem- |
nepatypa bonee 42000°C.




EBbl V3HAETE:
@ Kak ycTpoeHhl Tejeckonbl ped-
pakTop 1 pednekTop.

@ Kak ycTpoeH paguoTeneckon.

@ [na 4ero MCnonb3yioT PaguounH-
TepdepomeTphl.

BCMNONMHMTE:

QO e v kak paboTaloT caMbie kKpyn-
Hble ONTUYECKUE TENeCKOonbI?

@ [nsa Yero npenHasHaueHsl raMmMa-
TeNecKonb?

CaeToBble AyHn

METOAbI ACTPODUMINUYECKMNX
NCCNEAOBAHMMN

DneKTPOMarHUTHbIE BOSHbLI MOPOXAAIOTCA NPYU ABUKEHNM 3NeK-
TPUHECKM 3apsSKEHHBIX YacTuL, (SNEKTPOHOB W MOHOB) B MarHuT-
Hom none. OHo obnafgaeT HeKOTOPbIMW 0COBEHHOCTAMM, MO3BO-
NAOLLMMI ONPeaennTe ero npupogdy. BoT nostomy cospemeHHas
acTpodusnka NpUMeHsaeT PasHoOBbpPasHYIO U YacTO TEXHUYECKM
OYeHb CNOXHYIO annapaTtypy, npelHa3HauyeHHylo ONa perncrpa-
UMK pasnn4HbIX JManazoHoB SNEKTPOMArHMTHbIX BOJH.

| N3MYYEHWE HEBECHBIX . CouHne u 3BE3]bl IPEICTABIA-
10T co00ii OrPOMHBIE IMapooGPA3HEIE TeJIa U3 [OPAYEro Belre-
ctBa. OHM HBAYYAIOT SJIEKTPOMATHHUTHBIE BOJHLI BCEBO3-
MOJKHOH IJIHMHBI, OT raMMa~Iyded IO AJUHHLIX PagMOBOIH,
IInaHeTsl W MX COYTHHKH OTPAMKAIOT COJHEYHBIH CBET U
CaAMH B Pa3JIHYHOM CTelleHH H3JIy4aloT HHPPAKPACHBIE JYIHN
M paguoBOJIHEI. PaspexeHnHble ra30Bhie TYMAHHOCTH — KO-
JIOCCAJIBHON NPOTAKEHHOCTH Ta3oBhle 00JIaKa — B 34BHCH-
MOCTH OT (QHUSMYECKOT0 COCTOAHHA HMIJAYYAIOT HJIEKTPOMATr-
HUTHDBIC BOJHBI CTPOr0O OIPEIeJdEHHOM 4UacToThl, IlosToMy
OJHM TYMAHHOCTH, H3JAydalolgie B BU3YAJBHOM THAIA30HE,
BUJHBI, a IPpyTHe 00HADYKHUBAIOTCA JIHIND 0 UX PASUOHIIY-
49eHNI). B 4acTHOCTH, HeBHAUMEBIE MEXK3BEZIHEIE XOJMOTHEIE
BOZOPOJHBIE ODJIAKA UCIYCKAIOT PASHOBONHEL A = 21 cM.

Semuad armocdepa HOIVIONAeT raMMa-, pEHTIeHOBCKOe,
YABTPa(HONETOBOE U3JIYUYeHHe W 3HAYHUTEIbHYIO TOJI0 WH-
dparxpacHoro. Mznyuenne HeDeCHBIX TeJd, He NOXOIAINEe 10
3eMHOH IIOBEPXHOCTH, HCCHefyeTCA ¢ KOCMHYEeCKHX allla-
PaToB — C HCKYCCTBEHHBIX COYTHHKOB U OPGHTaJIBHI:IX Ha-
VUHBIX CTAHITHIH, 00pamIaiouXca BOKPYT S3eMJH, 4 TAKKe C
ABTOMAaTHYECKHX MEXKIIJIAHETHBIX CTAHIIHH, HANPABIZEMBIX
K nnadetaMm CosnmeuHO# cucTeMbl. Manydenne, npoxondiiee
CKBO3b 3eMHYI0 aTMochepy, U3yUaerca HEeIOCPELCTBEHHO C
TIIOBEePXHOCTH 3emuu. A 9TOr0 CO3MaHEI ACTPOHOMHYECKUE
MHCTPYMEHTEL — TeJIeCKOIEI (OT I'ped. meJie — BIAAJE U CKO-
neo — cmorpro). TemecKoms!l A1 HAOMIONEHHWH B CBETOBBIX
Jydax Ha3BIBAIOTCA ONTHYECKMMH, a OIA NPHEMAa PagHo-
BOJH — PaXHOTEJECKONAMMT,

Ll EEGENEIEGEIE CymecrByeT ABA OCHOBHBIX BHIA
ONTHUECKHX TEJIECKOTIOB — JIMHB0BKIE, MJIH PePPaKTOpEL & ,
H 3epKaJbHBIE, NJIH PedIeKTopsl 0 ., ¥V pedpaKTopoB 00EeK-
THB, COOHPAIOIHI CBETOBBIE VUM,
HMB3TOTOBJEH U3 CTEKJSHHLIX JHH3, 4
Yy pedIeKTOPOB O0BEKTHBOM CIAYHKHT
BOTHYTOE 3EDPKAJIO.

OcHOBHOE HazHAUCHHE TEIeCKOIIOR
COCTOMT He B JOCTHIKEHHH OO0JBIIO-
IO YBENIHYEHHA, 4 B TOM, UYTOOLI co-
. i OpaTh KaK MOMKHO OOJIBIIE CBETOBOI
I~ ¥ DHEPTUH OT HeGeCHOTO Teja M pas-

TnaeHbIA hoKyC



JUYHUTE KaK MOXXHO MeHbHOIHe ferajin. Or HeOecHEIX Tel K
3eMile IPUXOAAT HapajieibHEEIe JYINA CBeTa, U3 KOTOPEIX B
T7Ia3 ODONafaeT JUIIL HUUTOXKHEAL HOJIH, IOCKOJIBKY THAMETD
3paYKa O9eHEL MaJl: He mpeBeimaeT 6—7 MM,

OGbexTuB TelecKona, Mesa 3HAUNTEIbHbIE PasMeps! (ZHa-
MeTp D), BOCHPHHHMAET CBETOBOM MOTOK M, KOHIEHTPHDPYA
€ro, IMO3BOJIsIeT BHOETH ciaadnle HebecHBIE O0LEKTHI, HENO-
CTYOHBIC HEBOODYXKEHHOMY Iiasy. Huamerp obnexTusa D u
ero hoxycHoe paccroarue F OIpefesNdioT BaMKHYIO XapakKTe-
PHCTHKY TeJECKOIIa —— CBETOCHIY:

4-2.
F

Yem Gosnlite cBeTOCUIa A, TeM Bolee APKHAM HOJIyYIaeTCA
n3obpaxxeHHe IPOTAYKEHHOr0 00beKTa B (DOKATBHOMH III0CKO-
¢t Teseckona. Ilpu BuzyaapHBIX HaOmMwAeHUAX GOKaAILHOE
H300paskeHne CBEeTHJIA PDACCMATPHBAETCA B OKyaAp (OT Jar.
ocularis — raasHON 1 oculus — rias), COCTOAIMMI H3 KO-
DPOTKOGOKYCHOH JIHH3BI, [I0ATOMY DasMeDhl OPOTAMKEHHOTO
CEETHJIA OIPeACTABIAITCH YBEJIHUYEHHBIMY. YBeINUeHle Te-
JEeCKOIa PABHO

w-I,
rae F — doxrycHOe paccTosHue 00 BeKTUBA, a | — (OKyCHOe
DaccToAHTE OKYIADA.

Ouamerp 00beKTUBA OIpefieigeT Pa3pellaioIyI0 Crocod-
HOCTDH (MJIH paBpellleHre) TeJecKooa — CIOoCOOHOCTE Tee-
CKOIA BHIETH OTAEJIHHO GUIH3K0 PACIOIOMKEeHHBIE 00BeKTHl 1
MeJqKHe JeTaJHd Ha IoBepxHOoCcTH HebecHoro tema. Paspermne-
HHE TEJIECKOIA BRIPAXKAeTCs MUHUMANLHLIM YIJIOM 0 MexxTy
IBYMS TOYKAMH, KOTOPEIE MOKHO YETKO DA3IHYNTE.

Paspemaromiaa crmocoGHOCTE TeslecKola o0paTHO Hpo-
TOPOHWOHAJNLHA JHAMETPY O0'BEKTHBA ¥ IPAMO IIPOIOPIIHO-
HajlbkHA JJIMHE DJIEKTPOMATHUTHBIX BOJIH, BOCOIPHHHMASMBIX
TeJlecKOnoM. BrlumciienHOE B CEKYHAAX IVIH pasperieHue:
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TIe JJIHHA& BOJHEL A H guaMeTp O0BeKTHBa D BBIDAMEHEBI
B OAWHAKOBBIX eIMHHUIIAX.

Onrudeckue TeNeCKONHI, IpeIHAZHAUYCHHEBIE AN BHU3Y-
aIBHBIX HaONIONEHWH, PACCUMTAHLI HA BOCIDUATHE CBETO-
BREIX BOJH AJIHHOH A = 550 HM, KoTOpBle HamubGonee addex-
THBHO BO3JeHCTBYIOT HA UeJOBeueCKu¥ riaas. Jlmamerpsr
Oﬁ'b(EKTI’IBOB OIITHYECKHUX TeJIeCKOIIOB BBLIPAMKAIOT B MHKJI-
JEMeTpax, HOYTOMY AJHHY CBETOBOM BOJHEI CJEIyeT
IpeCcTaABHTE B TeX Ke egumHMIax. Torma paspermaro-
masdA cInoco0HOCTE TEIeCKoIa PABHA

_ 140"
D
roe D — guamerp obbpeKkTHBA (B MM).
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PedpakTop (or nat. refractus —
NPenoMNEHHbIA) — Tereckon, B
KOTOPOM fIMH3bl NPEnoMARAKT CBETO-
Bble Ny4in.

PednexTop (ot nar. reflectere — otpa-
XaTb) — TENEeCKon, B KOTOPOM 3epKano
OTpaKaeT ny4u.
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Tax, THOIMYHELIN MIKOJLHBIH TeJeCKOI ¢ JHaMeTpOM 00h-
exTtrea D = 10 cm mmeer paspeniaroiyio craocobrocts 1,4,
9TO 03HAYAET, UTO €CHH ABe 3Be3Obl Ha Hebe OTCTOAT APYT
OT OpyTa Ha yINIoBOe paccroanue dosee 1,4”, To OHH B 3TOT
TEJECKON OYyIYyT BUAHEL II0 OTAEALHOCTH.

Ecan paccroaane mexxay apmu mMerHee 1,4”, To oHE GyayT
BHIHBI KaK OJHA TOYKA.

Ilpemensurrit (HauMeHBIINHE) ONECK 3BE3X, BUIMMBIA B
TEJEeCKOIl, XapaKTepH3yeT NPOHUIAIOIYIO CIOCOOHOCTE Te-
neckona (m,), 4acTO HABBIBAEMYH) €T0 ONTHYECKON MOIILIO,
KOTODYIO BBIYHMCIHAIOT 110 GopMyae

m,= 2,1+ 5-1gD,

SATTAYA N 18
Kaxoe MUHNMAIBHOE YIIOBOE
PAaccTOAHNE MEKIY KOMIIOHEH-
TAMH IBOHMHON BBE3OBI MOMKET
OBITE BHIHO B TeIeCKOIbI C
Juamerpom 10 eMm @ 1 M
KaKoBa oITHYecKad MOIOb
BTUX TEJIeCKOIT0R?

rae D — npuamerp o0BeKTHRA (B MM).

Cawmbrit KpYIIHBIH Teneckon B Poccun —
Boasmmoii Temecxon Aswmyransubrin Crme-
OIaJLHOH acTpo@rsnYecKol obcepBaTopum
PAH, ycraHOoBieHHEIH B ropax CeBepHOro
Kaeraza. [lmamerp ero o0aeKTHBA COCTAB-
aszer 6 M.

B macTodIlee BpeMs IIOCTPOEHBI OITH-
yecKHme TeJecKonsl ¢ guamerpom 10 m, He-
CKOJIBKO TAKHX TeNeCKOIIOB, O0heNHHEH-
HEIX B @IUHYIO CHCTEMY, MOTYT paboTars
KaK TeJIeCKOI ¢ JHaMeTpPOM OKoJo 16 M.

Boasuroii Tenecrkon
AsumymanvHotil

savaifoni=ieelnl-ll] Kocmuueckoe pamgmo-
M3IyYeHNe BIEPBEIE OBLI0 OOHADYIKEHO B
1931 r. aMepHKaHCKHM HHXeHepom HKap-
aom ArckuM (1905—1950) npu mayvyenun
M atMmocthepHBIX panmonomex. B ampeie
1933 r. fHCKUH YCTAHOBHI, 4TO PALHMOM3-
ayderue mcxoxamwt or Maeurmoro Ilyru. B
1944 r. GBLIO OTKPEITO PATHOUZJIyUCHHE
Conmmna. C 1946 r. Hauanochk CTPOUTENLCTRBO
M YCTAHOBKA B aCTPOHOMHUYECKHX obcepBa-
TOPHAX PaSgHOTEJIECKOIIOE A4 IPHEMA PASHOUI3IyIeHHA He-
OeCcHBIX 00'BEKTOB.

Pagmoreneckonsl COCTOAT M3 AHTEHHEBI ¥ YYBCTBUTEILHO-
ro paguonpuéMuuKa. Jloxondainee A0 3eMJIH pagnOH3Iyde-
HIe DOIABJAAIONEr0 OOJMBITHHCTBA HEDECHBIX TeJl HACTOILKO
MaJjo, 4TO JANA ero IIpuéMa HeoOXOoAMMbl AHTEHHBI ¢ IOJIes3-
HOH ILIOMAABI0 B ThICAYM ¥ NECATKH THICAY KBaAPATHLIX
MeTpoB. KOHCTPpYKIIUM aHTEeHH BecbMa pasHoobpasHel. Tax,
CPAaBHHUTENLHO Hefonsmmumu aaTerHaMH (o 100 M B mtmame-
TpE) CAYKAT METAJLIHUYeCKHEe BOTHYTHIE 3€PKAJa, a TaKKe
Kapracsl TapabonrnuyecKoi 1 MUJIUHIPHUYECKOR QOPMEL, IO-
KDBITEIE METAJLINUECKOH ceTkoil. OHH OTpaykaoT u GoKycH-
DYIOT PaZMOBOJIHGBI HA IIPHUEMHHK.

Camerli KpyOHBIH CTAIMOHADHLBIH pajgumoTenecKon PA-
TAH-600 ycramopjed BOAMBH CTAHHIB SeJeHYIYKCKOI
Crazpomoasckoro Kpas. Ero mpuémMHAaa aHTeHHA UMEeT BHI
3aMEHYTOro Koublia gramerpom 600 m.

CmauyuoHapHbLIL
paduomeanecrkon PATAH-600




Orpamarenu Haubosiee KPYIHEIX PASHOTEIECKOIIOB CcOGH-
PATCA U3 MIOCKHX METANIHIECKHX 3€DKAJ, PACHOIOMKeH-
HBIX CILJIOIIHOM IOJOCOI mapaboamgecKkoro cermenTa. Takme
DPAIHOTEIeCKONEI HEMOABHKHEL, 8 UX IMPHEMHENKN CIOCOOHEL
IepeMeIiaTshesa B HeDOAbIIUX Ipeesax.

OxHaKOo 9TO He OIPAHMYHMBAET BOBMOMKHOCTEH pagmoTee-
CHKOIOB, TAK KaK B CYTOYHOM BPAIIeHHUM Heba KaKIBIN He-
fOecHEIH 00HEKT 00A34ATEIILHO IIPOXOAHUT B IIose uX 0030pa, a
DPagHOTENeCKOIBL CHOCOOHBI IPUHEUMATE PATHOUZIYUCHNE B
nboe BpeMs CYyTOK.

¥V KPYIHOTO CTAIIHOHAPHOTO PALHOTEIECKOIa THaMETPOM
300 M, yeramosiaennoro B Apecuto (Ilyspro-Puko), auren-
Hoil mapadonmuecKoil (DOPMBI COVIKUT KpaTep IOTYXIIEero
BYJIKAHA; KpaTep 3a0eTOHHPORAH M CBEDPXY HOKDBIT METAJ-
JIUIECKHM CJIOEM.

Pagpemaoniasa crocobHOCTE PASHOTEIECKOIOR TOME 34-
BHCHUT OT IUaMeTPa WX AHTEHH W NJMHEl BOCIIPHHUMAEMEIX
paguoBoaH. ONHAKO OHA BCcerjga HIMKE, ¥eM Y OHTHYECKHX
TEJIECKOIIOB, TAK KaK MJINHA PAJMOBOJH SHAYHTENBHO 00JIb-
e JJIMHLL CReTOBLIX BOJIH.

Ho ecam mgBa pammoTenecKolla YCTAHOBJEHEI Ha 3HAYUH-
TeJHHOM PACCTOSHHH APYT OT APYyra, OJHOBPEMEHHO BOC-
OPHHEMAIOT PANROU3TYYeHe OJHOr0 U TOTO Xe UCTOUHHMKA
U OOJAIOT CUI'HAJNEI HA OOIMWI PagHMONPUEMHUK, TO pPas-
penIeHre Pe3KO IOBHIINaeTcs. [Ba TAKMX COaApPEHHBIX
pazuoTeslecKOIla HA3BEIBAIOTCA pPammoMHTEepdepo-
MeTDOM, a IPH PACCTOAHWH MEXKIY PaguoTese-
CKOIIAMHY B THICSYHN KHJIOMETPOB — pPaIgHo-
HHTEPGEPOMEeTPOM CO CBEDPXIINHHON
basoii. PaspemreHue TaKkoro PagloOMH-
TepdepomeTrpa mocturaer 0,0001",
T.€. B COTHH DPa3 IIPEBBIIIAET
paspenieHre OITHYECKHX
TeJIeCKOIOB,

CmayuoHapHbLil
~ paduomeneckon 6 Apecu6o
. (IIyspmo-Puko)
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BONPOCHI Ui SALAHKS: :
@ B 4ém pazHuMua Mex Oy Teneckona- .
MW PedpakTopoM 1 pednekTopom?
@ Y710 Takoe paspeuwaouwan cnocob-
HOCTb Teneckona?

@ [Lna Yero vcnone3yioT paauorene-
cKonbl?
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Bbl YZHAETE:
@ KakoBbl OCHOBHbIE XapakTepuUCTy-
kn ConHua.

@ KakoBo CTpoeHWE CONMHEeYHOn aT-
Mocdepbl.
@ Y7o Takoe conHevHas akTMBHOCTb.

BCROMHWTE:

| @ Kak npoTekaioT TepMOALEpHbIE pe-

akumm?

| @ YTo Takoe 3knMNTUKA?

CpegHee

paccTofHne 1,5+10" M
0o 3emnu

Cpeavim 1,39-10°
nramerp |

Macca 1,99-10% kr
CpepgHas

3
. MIIOTHOCTb 1.4 r/cm
Yckopenne 1
cBoBoAHOrO i o
nageHna e
Ha 3KBaTope ‘

S s B OMEEE .

Temneparypa L
KOPOHbI Ll
Temnepatypa

. 7
' anpa 1,4-10° K

COCTAB CONHUA

COJTHLIE

ConHue — WCTOYHUK XM3HU Ha 3emne. OHO OaéT CBET, Tenno u
obecneurBaeT XU3HENEATENBHOCTb BCErO PACTUTENBHOMO U XKU-
BOTHOTO MUpa.

_OCHOBHbIE XAPAKTERUCTUKI COMHUIA ottt ey
ofHA 13 0eCUMCIIeHHOr0 MHOKECTBA 3BE3], CYIECTBYOINHX B
nprpoxe. Bnarogapsa ceoeil 6smsoctu K CONHIY MBI HMeeM
BO3MOMKHOCTh M3YYaATh HPOMCXONANIME HA HEM IIPOUECCHI
¥ II0 HUM CYLHTL 00 aHAJOTHUYHEIX IpoIeccaX B 3BE3[ax,
HEMoCpeACTBeHHO HEBUIMMBIX M3-3a KOJOCCANABHOTO WX VIa-
JIeHud.

ITapoodpazmoe ConHne OpeAcTaBiIAeTCA HAM CBeTAITHM-
cd gucxoM. Buaumas morepxHocTE ConHIA HasplBaeTcd (o-
tocdepoil, paguyc KOTopoil cunTaeTcd paguycom CosmHna,

Ha cpenmem paccrogrEuu 3emau ot ColHIIA, PaBHOM @, =
=1 a.e. = 1,5-10® xm, yrioroit paguyc dorocdeps: 6 = 16/,
mo3TOMY JHHeHHBIH paguyc Comama

R = aysin® = 1,5-10%xm™ - 0,00465 = 700000 xm,

gro B 109 pas opeBRIIIaeT paguyc SeMIH.

Macca Comana My = 2103 gr. CpegHaa TIOTHOCTE
Conuna pe = 1400 rr/m3.

VYerkoperne cBofoguoro mageEud Ha mosepxHoctu Coan-
ma B 28 pas Goibille, 9eM Ha DOBEPXHOCTH 3eMJH, W PaBHO
274 m/c?.

Ha dororpadmuuecknx cEmMEax CoaHma wacTo BHIHBL
TEMHBIE TIATHA, BOZHHKAOIIHE B ero Gorochepe. Ux moxxuO
VBHIETE B TeJeCKOM, ecau n3odpaxmenne ColHIa COpoeKTHDPO-
BaTh Ha OeJslll IHCT OyMard, YCTaHOBJEHHBIN 34 OKYJIAPOM.

\
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Ecnm B TeueHMe HeCKONBKEX NHEH CIeJIUTh 34 MATHAMH,
TO MOJKHO 3aMETHTH MX IIepeMelleHue, YTO YKAa3LIBAET Ha
Bpamenre Conana Boxpyr ocu. Takwme mabmomeHEa mOKa-
3asu, 4To CoslHIle BpamiaeTcd He Kak TBEDLOE TeJo. Iepuog
ero obpaIleHus BOKPYI OCH BOIMBHM DKBATOPA COCTABIIAET
25 cyrok, a BOau3H mommpoca — 30 cyTok. JluHeiHasa cxo-
pocrs Bpamenus ConHna Ha BKBATOPE COCTABJSeT 2 KM/C.

Wsmeperus oCBeLIEHHOCTH, KOTOPYIO cozgaér Coanne Ha
3emJTe, IOKA3A/IH, UTO HA 3EMHYIO IIOBEPXHOCTH ILJIOIIAABIO B
1 M?, PaCTIONOMKEHEYI0 NePIeHANKYIAPHO K CONHETHEIM Iy-
HaM, eixeceKyHAHo nocTyuaer oT Conana 1370 [xx sHeprum.
ITO 3HATEHNE COSHETHOM SHEPIHH IOy Y0 HASBAHLE COL-
HeYHol nocmosannol Ey = 1,37 xBr/M2.

Ilo He#l MOXHO paccymTaTH CEETHMOCTD Conmna Le,
HAX MOITHOCTb COJHEYHOI'0 M3JIYYeHHS, — HHEPruio,
uanydaemyro Comrmem za 1 ¢ co Beelt ero mOBepXHOCTIH.
[Jst 9TOro JI0CTATOYHO VMHOMKUTE COJTHEUHYVIO IIOCTO-
AHHYIO Ha IJIOIIAAL c(epsl, B HEHTPE KOTOPOH HaXO-
zurcst ConHIe, a pajuyc paBeH PACCTOAHHIO OT Senin
no Conumna a,= 1,5:10" M, Tak Kak mionanb cthepsl
pazmyca a, paBHa S = 4na,’, 1o cBeTuMocTs CorHIA

Le=8"Es=4-3,14-(1,5- 10" m)2-1,37-103 Br/m? =
= 4-10% Br,
Eenu opumars, uro MOIITHOCTE COBPEMEHHBIX ATOMIBIX
aJaeKTpocTanumy 6umska K 10° Br, ro Conrme H3JIYYIaeT Iou-

™# B 4-10" pas Gosblre sHeprum, yem IPOU3BOAUT KAMKIAA
TaKad SJIEKTPOCTAHITHS.

Macca ConHua:
1,99-103%° kr

Dvametp ConHua:
1,4-10°m

KOHBEKTMBHaEA 30Ha

30Ha ny4YncToro
nepeHoca

fapo

CkopocTs BpauleHus ConHua (Ha 3KBaTope): 2 kM/c
Mepuop spatieHus: 25 cyT.




KOTOpoOe yiaepKuBaercy
Ha[ nosepxHocTeio ConHua
MarHUTHbIM foneM.

AeCcaTKY 1 COTHM KM/C.
Temnepatypa: 8o 20 Teic. K.

TomumHa: 5-10 Tbic. Km,
BbICOTa — OeCATKY ThiC. KM.

Mpoty6GepaHel, — BelilecTso,

CKopocTb ABVDKEHUS BellecTra;

S

Connua.

Temneparypa: okono 6000 K.
Pazmepbi: oxono 1000 km,

femnepatypa, K

{
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I'paHynbl — abpasosaHun B oTocthepe

Ha nponro Semau NPHXOAHUTCS BCETO JWIMIL OLHA ABYXCOT-
MIITHAPAHAS DOJA SHEPruw, uanydaemoit CoaHIeM, HO u
€€ IoCTATOYHO IJIA MOANEDPIKAHUS MHOTOOODASHS IKM3HU Ha
HaIeH IraHere.

Cyzuts o remmeparype CosHnA (M 3BE3/) MBI MOKEM TOMb-
KO 1o ero uanydennio. ConHIe ABIALTCS HCTOYHHKOM H3JIY-
YeHH# PA3NIMYHBIX JJIHH BOJH: OT AJMHHOBOIHOBOTO PALHO-
/10 KOPOTKOBOJIHOBOT'O PEHTTeHOBCKOI'0 ¥ raMMa-H3/IyIeHHIA.

Ha pucyske a (c.80) moxasan mabmromaeMsiil CIEKTD
ComHna B BUAMMOM AHANA30HE AJIWH BOJH, HOIYVYEHHEIH C
momompio cuexrporpada. Ha mém Mer Bupum, uto Ha dome
HeIPePLIBHOIO CIIEKTPa (IBeTHAA PAgyTra) BEAHE JIWHNH 110~
TTIOIEHN S PA3MIMYHBIX XMMHYECKIX 3JIeMeHTOB.

Ilo manmumio cHeKTPAIbHLIX JIHHUH acTPOHOMEBI OIpe/e-
JIAI0T XEMHYeckud cocraB Comuma. Oxasamocs, uto Coum-
e no4dTH Ha 71% cocTomT M3 BOmOpoXda, 27% cocTaBiseT
TelHil, Ha OCTATbHBIE XMMUYECKIE SJIEMEHTEl IIPHXOLUTCS
oxoJo 2% wmaccel.

ConHeyHble BCbILWKY —
ropsiklie BbIOPOCH] aHeprn
B atmocdepe ConHua.

Temnepatypa: MUANKOHB! °C.
PazMepsl: DecsiTKIA ThIC. KM.

ConHeyHsie naTHa — obGnacru

Ha NOBEPXHOCTY C MOHUXEHHON TeMNepaTypoii.

Temnepartypa: oxono 4000°C.

| Pazsmepbl: A0 HECKONBKNX AECATKORB ThIC. KM.




AcTpoHOMBI TpeamosaraioT, 4TO Haaydenue CosrHma
O/IMBKO IO CBOMM XaPAKTEePUCTHKAM M3JIYIeHHIO aGCOTIOTHO
YEPHOTO Tela.

Cornacuo 3akony Buma, AiuHa BOJHEI, Ha KOTOPYIO IPH-
XOBHTCA MaKCHMYM H3JIYUEHHTA A,,., CBI3aHA C TeMIepary-
poit T dhopmynoit

_ 2,9-107
max T =

HKénreiit ueer ConEma yKaspIBaeT Ha TO, UYTO MAKCH-
MYM €ro H3JIYyUYeHHUS OPUXOLUTCH HA AJWHY BOJHBL A, =

= 4,8-107" M, caegoBarTeNbHO, TeMueparypa ComHIA TOIKHEA
OBITE

A

_2910° _29.10°
A 4,810

max

T = 6000 K.

AdpyToii MeTon OLEHKH TEeMIEPATYDPhl OCHOBAH Ha 3aKOHE
Credarna—BosbiiMana, KOTOPEIH TVIACKHT: MOIIHOCTE H3Iyde-
HEA ¢ KBAJPaTHOT'O MeTPa IOBEPXHOCTH a0COMITHO YEPHOTo
TeJjla [ IPOIOPIHOHAIRHA YeTREPTOH cTelleHHM ero abcomamoT-
HOH TeMIOepaTypkl, T.e.

i = cT* Br/m2,

rae ¢ = 5,67-107° Br/(m?- K) — mocTosHHAS BEJIHYMHA.
Tak KaK IJIOIIAAb COJTHEeYHOH IoBePXHOCTH S = 41tRs%, T0O
cBeTHMOCTE CoJrHIlA

Lo=1i-8 = ocT* 4nRs® = 4-10% Br.

Orcroma cirefyeT, 4To TeMIIEPATYPA COJHEYHOH (hoTochepsl

L
T = 4)}—5— =
cdnR;

llopgcraBnaa B a1y hopMyay YyKasaHHBIE BBEINE 3HAYCHKA
BeIWYHH, HOIyuuM, yro T = 5800 K.

Brruncnennaa no zaxony Crethana—Bonxeumana TreMmmepa-
TyPa HECKOJBKO OTIMYAETCA OT TeMIePATYPhI, MOJYJYeHHOH
OO0 3aKOHY CcMelleHusa Buma, HO 9TH pa3Juuud HEBeJIHKH.
IIpm crosnr BEICOKOM Temmeparype (orocdepa HAXOTUTCI B
rasoobpasHOM COCTOAHUM M OypHOE MepeMeIluBAHNE B Hel
Tasa OIPHBOJUT K HEIOCTOAHCTBY TeMIEPaTypPhl PASIHUHEIX
eé yuacTrkoB. IlosToMy cpefHION TeMIEpaTypy COJTHEUHON
thoTocheps MOXKHEO cunTaTh Oamskoi K 6000 K.

L CTPOEHWECONHESHOVATN OCHEPIL TN sle s dr ek pactiaze: 8
KOTODEIe MEI BocnpuruMaem or Conumna, o6pasywoTesa B eTo
CaMbIX BEPXHHUX CJI0AX, B aTMocgepe.

CaMEbri rryGOKRUA U IIOTHBIN cJ0H arMochepsl — Goro-
chepa — umeeT ToammEy okoJIo 200 KM, IJIOTHOCTE BeIme-
crBa B Hedl 107° Kr/m®, 4TO 3HAYNTEIBHO MEHDLIIE II0THOCTH
3eMHOH aTMochept.

HecMmoTpsa Ha Mamoe 3HAueHNE TOJIMHHBLI H IIOTHOCTH,
oroctepa HempospauHa JJiA BCEX BHIOB M3JIydYeHHI, o0pa-

SATIAUA N 19

Kax eweirnapur Coamme (m =
=—26,74™) ¢ Oammadiresi
HaM 3€eMHOIIONOOHOH NIJIAHETEI,
oOpamamomeiica BOKPYT
Ipoxcumer IlenTaspa, mapaj-
Jaxc KoTopoit pasen 0,75177




MOHM ACTPOHOMHYECKHE
HCCIAENOBAHHA

Mpoeeante HabnwaeHus 3a con-
HeYHBbIMW NATHAMM.

«MOMOLLHNK»

0 HaeeguTe Teneckon Ha ConHue.
Hu B Koem cniyuae He cmoTpuUTe
B okynap! Coxxére rnasal
@ CnpoekTupyiTe K3obpaxeHune
ConHua Ha Benklin 3KpaH 1 3apu-
cymnTe.
W MoacyutawTe MNOAHOE YUCAO
nAateH N v 4ncno rpynn NateH g.
OTnencHoe NATHO TOXe cunTaeTca
Tpynnow.

& MopcymTanTe Yucno Bonbga
W= 10g + N, koTopoe xapakTepu-
3YeT CONHEYHYIO aKTUBHOCTh.
& Ecnv BoaMOXHO, NOBTOPUTE Ha-
BIIOAEHWUA HYepes HeCKONBKO AHEH.
O6paTnTe BHMMaHWe Ha nepeme-
LeHWe nated no gucky ConHua.

IR AR

gyromuxca B Oosee ruyboxkux cirogx ConHIla, MO3TOMY MBI
HE MOMeM BarIAHyTh B ero nozdorocdeprsle ciou. B doro-
cthepe BUIHA BEPHUCTAA CTPYKTYPA, HOJYINBIOAA HASBAHUE
rparyasamuan ( 6 ).

XapakTepHbIe YIVIOBLIE PASMEPHI I'DAHYJ, HATTOMIHAIO-
IIHAX IO BULY PHUCOBEIE 38PHA, COCTABIAIT 1-2’, Ho JIHHE-
HBI€ MX PasMepBl JOCTHTAIOT THICAY WM DoJiee KHIOMETDPOB.
Habnrozenyns mokasniBaioT, UTO TPAHYIANMA HAXOTHTCT B
HeNPEePLIBHOM IBHKEHHH M M3MeHeHWH., ['DAHYILI JKHBYT OT
5 no 10 MuH, HA X MeCTe IIOABISIOTCA HOBLIE.

HccrnenoBanue xapakrepa ABHIKeHUA BEIIECTBA B I'DAHY-
JIax IOKAa3aJo, 4TO B HeHTpe 0ojiee ApPKOH M ropgyeil 4acTu
TPaHyJIbl IPOUCXOUT IOLBEM H3-II0H (poTocheprl Doaee ro-
pAYero BelecTBa M ONyCKaHWe moj Gorocdepy Gonee TéM-
HOT'O I XOJOZHOTC BEIIeCTBa, OKaNMJIAOIIero rpanyay. Cro-
DPOCTL TOABEEMA H OIIYCKAHHA I'a3a coCTaBageT oKkoao 1 km/c,
a4 pasHHIA MeXJy TEeMIEePATYPOH ropaAverc M XOJOIHOTO
pemecTBa Oauska ¥ 300 K. Takum o6pasoMm, rpaBHyIgmus
Ha ConmHIe yxaseIBaeT Ha TO, YTO SHEPrusA B (oTochepy Io-
crynaet us 6oxee rryGoOKHEX U ropaunx caoés Coranma nyTém
KOHBEKITHH.

Ha aprxom done dorocdepsl HAGIIOAAIOTCA TEMHBIE IIAT-
Ha. PazMeprl comBeyHBIX HATEH MOTYT JAOCTHTATE CRBEIIIE
10000 xm! Takwe KpYIHBIE TATHA XOPOIIO BHIHLI ajKe He-
BOODPYKEHHBIM TJIa30M (KOHEUHO, TOJBKO CKBO3b TEMHBIN
cBeTO(QUIBTD).

Ha dore ocienurensHo ApKo# hoTochepsl IATHO HAM Ka-
erca 9epHBIM. OZHAKO M3MEPEeHHA NOKAa3alH, 4TO APKOCTH
nareH B 5—10 pas MeHBINIe APKOCTH OKpyKamwlnei gotoche-
DBI, 8 X peanpHBIH IIBeT — KpacHoBareli. [To arum mamepe-
HHUAM, MCIOJE3YA 3aK0H manydeEHa Credpana—BoabinmMaHa,
JIETKO OLIEHHUTE TEMIIEPaTyPy HATEH, KOTOPasa OKA3aJIack OKO-
a0 4000 K.

Halnronenna moxkasaiy HAJTHYHE CHJILHOTO MATHHTHOTO
mOJIA B MATHAX. B HeKOTOPEIX DATHAX MarHUTHAS HHIAYK-
nus gocruraer 0,5 T, B To BpeMs KaK B cpegHeM B (GOTO-
chepe oHa cocraBager 1074—1075 Ta.

CunpHOE MATHUTHOE II0JIE IIATEH SBIASTCA IPUYNHON UX
HUBKOH TeMIepaTyprl. ITO 00BACHACTCA TEM, UTO Bell[eCTBO
dorocdeprr npefcraBasgeT co00i IIasMy, COCTOAINVIO M3
3apAMeHHBIX JacTHN,. CHILHOE MATrHMTHOE IICJE TOPMOIUT
ABHKEHNE IIIa3MBbl, 3aMeLIdeT eé KOHBeKIIUIO I TeM CAMbBIM
ocnabiAeT DOCTYN/IeHHe TelJia N3 BHYTPeHHUX coés ComH-
na. B pesynerare TeMmeparypa EellecTBa B 00aCTH HATEH
YMeHbIIaeTCsd, X IATHA BRIMIAAAT TEMHBIME Ha GoHEe APKOH
tdoTochepr.

Ha pucynrxe & mnDoxasama dororpadpus Coamna, moay-
YeHHAdA BO BPEM: IIOJHOTO COJMHEUHOTO 3aTMeHnd. Ha cHuM-
Ke XOPOILIO BUJHA BHEMIHAA YacTh COJHEYHON aTMochepsl —
KOpPOHA4, HMeIoIad BHJ JYIHCTOTO JKEMUYMHOTO CHAHNI,
APKOCTH KOTOPOTO B MHJLINOH Pa3 MEHbIIe APKOCTH (POTO-
cepnl. ConlHeYHAA KOPOHA IPOCIEKMBAETCA 10 PACCTOAHMH
B JecATh U Oonee pagmycos ComnHila.




Habmromenna moxkasa u, 9TO COJHEYHAA KOPOHA HATPETA
xo remneparypsl oxkosno 2°:10° K. Ilpu Takoit remmeparype
BeMIeCTBO KOPOHEL IpeAcTaBIAeT co00M MOIHOCTHIO MOHMB0-
BaHHYI0 OJIasMy, KOTOPAA B OCHOBHOM H3JIIyYaeT B DeHTTre-
HOBCKHX JIYUaX.

W peficTeuTenbHO, Npu HaBGIIOIEHEAX B PEHTTeHOBCKUE
TeJECKOIIbI, KOTOPhIe YCTAHOBIEHB! HA KOCMHYECKUX aCTPO-
HOMEYeCKHX obcepraropHax s3a IpelesaMM 3eMHON aTMo-
ceprl, CoOMHeYHAA KOPOHA IIPEICTABILeTC A B IIOJNHOMH Kpace,
B TO BpeMs KakK moBepxHocTh Conrna — eé dorochepa —
OpaKTHYeCKI He BHIHA,

Bo BpeMsa IOJHBIX COJIHEUHBLIX 3aTMeHHH Ha Kpaio Coim-
Ia BO BHYTPEHHHX CJOSAX COJHEUHOH KOPOHBI HaGIIOmaroT-
cA mpoTyOepaHIlsl — CTPYH IOPAUero BemIecTBa, MMEIOInie
BHL BRICTYHOB H (QoHTAHOB ( ¢ ). OnuM M3 HAX — CIIOKOH-
HBIE IPOTYOepaHObl — B TeUEHHE MHOI'MX YACOB BHCAT HAJ
COJTHEYHOH IOBEPXHOCTHIO, IPYTHE — 3PYITHUBHEIE (B3PHIB-
Hble) — BHE3AIIHO ¢ OTPOMHON CKODOCTHIO B3JIETAIOT HAJ IIO-
BEPXHOCTHIO, OBICTPO MOJHMMATCHA [0 BHICOTEL B AeCATKH
H Jae COTHM TBICAY KIJIOMETDPOB M TaKsxke OLICTPO HajaroT
BHE3 ( 2 ).

W3 KODPOHEI B Me)KNIaHETHOE IIPOCTPAHCTEO HCTEKAET He-
IPEPBLIBHEIN IOTOK YacTHI (IPOTOHOR, ANEp Felus, MOHOB,
3JIEKTPOHORB), HA3BIBAEMBLIHl COJHEUHLIM BETPOM. JacTHITEI
COJIHETHOrO BeTpa MOKHIAIT COJMHEUHYIO KOPOHY CO CKODPO-
cThio oKoao 800 KM/C, mO3TOMY COMHEYHOE IPUTHIKEHMe He
MOKET X yIep:xars. Boausm 3eMIu CKOPOCTE COIHEYHOTO
BeTpa gocturaet 400 xm/c.

HabarogeHna moxaseIBaIOT, YTO
THCJIO CONTHEUHBIX MNATEH MEeHIeTC s CO BpeMeHeM ¢ IIePHO0OM
oxogo 11 mer.

Korga mabaiomaercs MakCHMaabHOE UHCJIO IATEH, TO T'O-
BOPAT 0 MAKCHMYyMe COMHEYHOH aKTHBHOCTH. B romgpl Mak-
CHMYMa COJIHEUHON aKTHBHOCTH 3HAYUTEILHO BO3PACTAET
YHUCI0 MOIOHBIX IPOTYOEPaHIIEeB, ONHOBPEMEHHO C COTHEYHOMN
AKTHBHOCTRIO MeHAeTCA U (hopMa COMHEUHOH KOPOHEL.

OmENM M3 CaMBIX ZHAYHTEJLHBIX [POSBICHHH CONHEY-
HOH aKTHUBHOCTH ABIAIOTCS COJNHCYHBIC BCOBIOIKH, BO BPEMS
KOTOPHIX BBRIJENAETCA KOJOCCANbHAA PHEPTHA — B TeYyeHHe
JecATKa MuuEyT mo 10% I sHepriu.

Braropapa HabaiofeHNAM €O COYTHHKOB YUEHBIE YCTAHO-
BHWJIM, UTO BO BpeMA COJHEUHBIX BCIBIOIEK NPOMCXOLHT Pe3-
KOe YBeIWYeHHe YIbTPa(HOIeTOROTO H3IYUEHH A, IIOABIIET-
cfA MOINHOE DEHTIEeHOBCKOE M FraMMa-H3IyUeHne.

JdaTuyrKy OBICTPHIX 3apAKEeHHBIX YACTHIL, YCTAHOBIEHHELIE
Ha MCKYCCTBEHHBIX CIIYTHWKAX, MOKA34JH, UTO IPH MOII]-
HBIX COJTHEYHBIX BCIBINIKAX B MEXKIIJIAHETHOE IIPOCTPAHCTBO
BEIOPACEIBAIOTCS ¢ OFPOMHBIMH CKOPOCTAMIM, HHOIZA LOXO-
mamumu 1o 100000 xv/c, MUpHAABI YaCTHIT, 00JIaTAI0ITNX
G0JIbIIOH KMHETHYECKOH dHeprueil 1 MOJyIHBIINX HA3BAHIE
COJIHEYHBIX KOCMHYecKux nyqei. X ocHOBHO# cocTaB —
Alpa aTOMOB BOZODOAA, TelINs, 4 TAKKE DIEKTPOHEL,

Bcnbiwku m ppyrue npossnenus
COJTHEYHOW aKTMBHOCTM OKa3biBAIOT
3HaUNTENBHOS BAWAHME Ha Bronoru-
4eckue 3eMHble ABneHus, Ha timnye-
CKWe YCroBUA B 38MHOM aTMochepe
W OKONO3EMHOM KOCMWUYECKOM [po-
CTpaHcTBe. Tak, C OTCYTCTBUEM NATEH
B Te4eHue noyTin 70 neT cBA3bLIBAIOT |
HacTynneHue Masoro NegHUKOBOTo |
nepuofa, HacTyrmsLlero 8 EBpone B
XVIl B. PocT nepesbes, pacnpocrpa-
HEeHKe 3MUOEMMIA U faxe BOWHLI CBA-

3aHbl C OAMHHaAUaTUNETHUM LIMKITOM
COMHEYHOW aKTUBHOCTY,

Cosetckuii yuéHbiin A, J1. Yuxesckuit
cobpan nogpobHele cBegeHns o ne-
PUOOMYHOCTH 3MNUOEMUYECKUX 3a-
BoneBaHuiA U CONOCTAaBMA UX C OaH-
HbIMK O COMHEYHOW aKTWBHOCTU. Ha
OCHOBaHUM 0OHaPYKEHHOM CBA3M OH
B 1929 I. npenckasan HeKoTOPbIE 3MK-
oemun Ha 35 net Bnepén. Tak, cemb
13 BOCBMW NpenckasaHHbix Yuxes-
CKMM 3NMAEMUIA TpuUnina Oencren-
TENEHO NPOM3OLLNK.

BONPOCHI W FANAHNS:
KakoB xummyeckunid coctas ConH-
ua?

@ OnuuwuTe CTPOEHMe CONHEYHON
aTMochepsl.

@ YTO Takoe conHeYHasn aKTUBHOCTL?
@ Kakwe aBneHus Ha 3emne CcesizaHbl
C COMHEYHOW aKTVBHOCTHIO?




Bbl V3HAETE:
@ Kakoea Temnepatypa B LEHTpe
ConHua.

@ YT0 ABNSETCH MCTONHUKOM 3HEp-
rvum Connua.

@ Kakoso crpoenue ConHua.

@ Y70 TaKoe CONHEYHbIR HERTPUHO.

BCNOMHMTE:

@ Yro npencrasnger cobon conHey-
Haqa atmocdepa?

| © Kak nposBnsercs conHeuyHas ax-
TUBHOCTL?

BHYTPEHHEE CTPOEHME
N UCTOYHMNK SHEPIMN COJIHLLA

Ml He MoXeM HenocpeaCTBeHHO 3arNaHYTL BHYTPL COMHLE, No-
3TOMY MpPefcTaBieHne O ero BHYTPEHHEM CTPOeHWUU Nosy4Yaem
TOMbKO Ha OCHOBE TEOPETMHECKOro aHanmsa, MCnonb3ya Hambo-
nee obLUME 3aKOHbI MU3MKK 1 Takme xapaktepuctrkm Conkua,
Kak Macca, paamyc, CBETMMOCTb.

DUSNYECKMUE XAPAKTEPUCTIKIA CONTHLUA oY izait- 300 pac-
mIupAeTes U He CHKUMAEeTCH, OHO HAXOLUTCSI B THAPOCTATH-
UYECKOM PABHOEECHM, TAK KAaK CHJE TDABHTAIIMM, CTPEM:-
meiicA c:xars CosnHne, TPeIaTCTBYeT CHUIa Ta30BOr0 JaBJIe-
HUS H3HYTPH.

Hus oumenok npexpcrasum CosHIle B BHAE ABYX PABHBIX
TOJIOBHHOK, IEHTDHI MacC KOTOPBIX HAXOAATCS HA PACCTOA-
aun Re (a ). Ucnonssya 3axon Meunnemeesa—Kaameiipona,
OTIpeNeNNM JaBJEHHWE I'a3a Ha TPAHUINE MEXKAY JEYMS IOJO-
BUHAMU:

_ ApT

5
rpe razopad nocroaaEag A = 8,31 x/(K - Mmois),
I — MoJApHAaS MACCa BeIllecTBa, P — €ro ILJIOT-
HOCTb, T — abconioTHAA TeMIepaTypa.

B 7eficTBHTEILHOCTH ¥ HNJIOTHOCTD H TEMIIE-
parypa BayTpu COJHIIA MEHAIOTCHA ¢ MIyOUHOMA.
Jaa pacyéToB MOMKHO HMCHOJIL3OBATL CpEIHEe
3HAUEHME IIJIOTHOCTH pe = 1,4°10% kr/m®. Tak
Kaxk BHyTpu CoOJMHIA BOJOPOI HOHH30BAaH, €ro
MossApuas Macca 6yzer Ue = 0,5-1072 xr/mMoas
(Mg aroMapHOTO BOZOPOA, M3 KOTOPOIO COCTO-
uT TOHKMH BAEHNH cnoii CoJHIa, MOIApHAS
Macca B ABa pasa 00mbIe).

Corytacuo 3akoHy Tsarorennda HorooTona, cuna
UPUTHHEHNUA MEXILY ABYMSA ITOJOBHMHKAMI,
cTpeMAmIadca caxatk ComHIe,

1o )5) o
so_v2)\2) &M

* n 4R?’

P

roe G = 6,7-10 ! xr!1 m?*-¢? — rpaBmETanHOH-
Hasd DOCTOAHHAA.

Tak Kak IMOBEPXHOCTEL, PABTPAHMYMBAIOMAA 00€ II0JIO-
BUHKM, HMEeT ILIoOanb S = TRs?, To co3maBaemMoe Ha Hei
CHJION IPHTAKeHNA SaBJIeHHE




Macca Conuna

p047ng
.l?‘d-(3 = —3—,
mO3TOMY 3HaMeHaTelb 4nRs! B hopmyse MoskeT OLITH mpen-
CTABIEH B BHJE

R R
3_OéﬂRgpo = %,
x Po
Torma maBaenume
_ GM) _ GM_p,

- . 1
Px= 3R M, " 3R, @

IloacraBnsaa B Belpaskenue (1) 3HAUEHWs IapaMeTpOB,
HalIEM :

3
6,7-10‘”(M— . 2.10%xr

Kr-c?) 3 KT 13
- ,4-10°~ = 8,9. ;
P, T x1,4-1 = = 8,9-10° I1a

ar0 B 900 MIHE pas 60oIbkIe HOPMATIBLHOTO aTMoCc(hepPHOro KaB-
JIEHI A.

IIpupapHEMBaA JaBjeHHe, CO3AaBAeMOe I'DABUTALIMEH, K
Ta30BOMY, MPeNATCTBYIOIIeMY cixaTuio CoNHITa, HOJIyIuM

ABO_T = _GMOP (g
Ho 3R,
OTKYAA CPeJHAA TeMIEepaTypa COMHEYTHOTO BeINecTBa

16 M,
3A'°R]
3
{6710 = 0,5.10° 25 _.2.10%kr
e AR
8,81 M
K-mons

To, uTo cpepuaa remneparypa Cosrana 6anska k 4-10° K,
a Ha noeepxHocTH ComHna oma paeua 6000 K, ozmauaeT, uro
TeMieparypa CoyHila MeHAeTCA ¢ IMIyOHHOI,

Bosee Tounble pacuéThl MOKA3BIBAIOT, UTO TEMIEPATYDA
B nenTtpe CoJiHIlA IIPEBBIIIAET CPELHIOIO IOUTH B 3,5 pasa u
nocruraer sHaveHus 14 mun K (T, = 14-10° K). Ha paccroa-
vuu 0,7Re Temneparypa nazgaer go 10° K. TlnorHOCTS Belme-
crBa B neETpe Cosana pasHa 1,5-10° kr/m?%, uro Gonee uem
B 100 pas BrIme ero cpengHeif MIOTHOCTH.

TepmosmepHBIE PeaKIuy IIPOTEKAIOT B HeHTPAJIBHOH 00-
smactu Conuna paguycom, pasasiM 0,3Re. 9Ta 061aCTH TOIY-
UnIa HasBaHHe Axpa. BHe ajapa TeMIepaTypa HegoCTAaTOYHA
I TPOTEKAHUA TePMOANEDHBIX PeAKITHII.




BHGPFVIH, Bbioenaemana ogH1M KWNo-
rPaMMOM CONHeYHOro BellecTBa B Ce-

KyHAy, paBHa
L - 26

o 4 1030 Br =2.10_4WB£‘_‘

M 2:10°° gr KI

o}

Ha nepBbli B3rng BennymUHa He-
Bonblwan, OHa MpPUMEPHO paBHa
KONMYEeCTBY TENNOThbl, BbIAENsemMo-
MY OZHWM KWUNOTrpPamMMOM FHUIOLLMX
NUCTbeB. HO XMMWYeCKOR 3Hepruu,
3anacéHHOM B NMUCTEAX, NPM TaKoM
SHEProBbIfeNeHn efBa XBaTaeT Ha

rog.

==

| 3
~,He+ 3Hos: — ,He+21H, u sbigenserca sneprus

2
II-I, W BbIGENALTCH 3HEPrus

gHe, 1 BLIOENARTCA SHEPrUs

YHIK ITAY Mna moxmepsxaHust HAGIIO-
,II;B.EMOH CBEeTHMOCTH COJIH]I& B T€HUEHHE OJHUTEJIEHOI'O BpeMe-
HU HeoOXOAMMEL JOCTATOUYHEIE 3AIIACE] €T'0 BHYTPEeHHEe sHep-
THE ¥ IIpOIleccsl, IepepabaThIBAIONIWe 3Ty SHEPTHID B
U3JIyYEeHHE.

CosHIle, IO COBPEMEHHBIM AAHHBIM, CYINECTBYET OKOJIO
5 Mapmx JeT, IpHYEM ero CBETHMMOCTE 34 5TO BpeMs cyle-
CTBEHHO HE M3MEHHJIACh, CJAEIOBATEIBLHO, 34IIaCOB BHYTPEH-
HeH DHePT'HH COJIHEeYHOI'O BeIleCTBa JOJIMHO XBATUTD €6 Ha
MHAJLJIHapabl JeT. HOBTOMY eI HCTBEHHBIM IPHUEeMJIEMBIM HC-
TOUHHKOM SHEPIHH SABJIATCA TEPMOALEepHbIE PeaKIHH CHH-
Te3a XUMHYEeCKHMX 2JIEMEeHTOB.

Ilpn peaxkmymy cmETE3a W3 YETHIPEX Aep aTOMOB BOZO-
pozma (4erTbipéx mpoTOHOB) 00pasyeTcs AAPO aToMa Tejlnd,
JABa MOSHTPOHA, BA HeHTPHHO ¥ BEACIACTCA SHEPriuA CBASH
AE = 4,3-10712 JTsx:

4H — He + 2e™ + 2v + AE.

1A mpoTexanmsa AAepHBIX pe-
aKnuil HeoOXommMa TeMIepaTypa B
HECKOJBKQ MHJIJIMOHOB KeJILBHHOB,
IIPH KOTOPOH YYACTBYIOINME B PEaK-
IHH YACTHIEI ¢ OOZHUHAKOBEIM SJICK-
TPHYECKHM 3apSIoM CMOIIH OBI ITO-
JYYIHTH SOCTATOYHYIO DHEPTHIO I
B3AHMMHOTO CONMMMKEHHs, Ipeomoje-
HHUA DIEKTPHYECKHUX CHJ OTTAJIKUBA-
HHUA B CIUAHNSA B OQHO HOBOE ANPO.

HNmenHO Takue peaku¥H OpoTerarT B Heapax CouaHIA.
Pacuérel mokaseIBaioT, UTO B PE3YABTATE TEPMOANECPHEIX pe-
AKOHI CHHTeza M3 BoZopoia Maccod 1 xr obpasyercs resmi
maccoi 0,99 xr u BeIflensgercs okono ¢ = 910 I sHeprum.

Teneps MOKHO OIIEHHTE, HAa CKOJIBKO BPeMEHM XBATHT 34-
IIacoB BOZOPOIA, YTOOBI MOLMIEPEABATE HAOIIOZaeM0Oe creye-
Hue CoxHita — BpeMda Ku3HH CONHILA.

Sanac amepHoil sSHEPTIUN

E=Megq=2-10* xr-9-10™ u/mr = 1,8-10% I,

Ecnm ygects, yro ConsHue cocrout Ha 70% m3 BOZopoda
U AfepHBIE PEAKIIMY OPOTEKAI0T TOJBKO B IIEHTDPE, B COJ-
HEYHOM sjpe, Macca KOTOPOro cocrasiasgeT oxono 0,1Mg, a
TeMIepaTypa JOCTATOYHO BEICOKAS /A MPOTEKAHHA TEPMO-
ANEPHBIX PeaKIuil, To

Eo=0,7-E = 1,26-10% IIx.

Ecam mofenuTh 9TH 3a0achl ANEPHOM SHEPrHUH HA CBETH-
mocTs Conunia L, TO MBI TOXYUYHM BpeMa xuzau CoxHna:

E 0%
£, =—0 =M@,i = M =3-10"c =10 ger.
L L, 4-10*° Br

Taxkum obpazom, 3anacos sHeprum Ha CoIHIIe XBATHUT HAa
10 mupz set. ITo coBpeMeHHEIM JaHHBIM, CONHIE CYIIecTRY-
eT yiXe OKOJIO D MJpx Jer.



{E" [E/] Dmeprus, BBIAENHBINASICH B ALDE
COJIH]Ia, I[epeHOCI/ITCﬁ HAPYXKY, K IOBEPXHOCTH, IBYMS CIIO-
cobaMu: JYUYHCTHIM M KOHBEKTHBHBIM. B mepeBoM caydae
YHEePrudA NePeHOCUTCA H3JIVUYeHHUeM, BO BTOPOM — IPH Mexa-
HHUYUeCKUX ABHKeHMAX HATPETBIX MACC BElecTBAa.

JIyanceTRIN mepeHoc 9HePrHy IPOHCXOIUT B AApe U Janee
o paccroasuit (0,7—0,8)Re ot neurpa Coanna, gaaee K mo-
BEePXHOCTH 3HEPIUA IIepeHocHTCs KoHBeKnmei ( 6 ). IIpoas-
JIeHHe KOHBEKIHH HaOno/aeTcsa B BUjie IPaHyIsasnul B PoTo-
chepe. Bpemsa, koTopoe TpefyeTcs SHEPTUN, BhIJe/HBIIEHCS
B A1pe, YTOOBI JOCTUTHYTH MOBepXHOCTH CONHIIA, COCTABIA-
€T HeCKOJIEKO MHJIJIHOHOE JieT. TaK UTO TOT CBET, KOTOPHIA
JOXOOHUT [0 3eMJIH CerojHs, ObLI BHIPa0OTAH B TepMO-
ALeDHBIX peaKIuax B reuTpe CONHIA HECKOIBKO
MHJIJIFOHOB JIeT Has3an.

HETepecer caM MeXaHH3M JYIHCTOrO
nepenoca. 'aMma-manyuenre, BOZHHKAIO-
ee IPH TePMOALEPHBIX pPeaKOuAX, cpasy
TOIVIOINAeTCS ATOMAME OKPYIKAIOIIEro
BeIIeCTBa. AToOM IIpum sToM Boa30yxmaa-
e€TcdA, a 3areM 6]:ICTpO H3Jy4daeT raMmMma-
KBaHT, IIepPexonsa B HMCXOOHOE COCTOA- 4
aue. VUsIyd4éHHELIA aTOMOM KBAHT yiKe
OBHIKeTCH B JAPYrOM HAIOPABJICHHH.
Hanee 10 M3ayUYeHHe MOIVIOMIAeTCH K L
Oepenus3nayyaeTca JAPYTrUMH aTOMAMH,
HalOpaBJeHNHEe HU3JyYeHUS BCE BpeMd
MeHseTcA. TakuM 00pasoM, HM3JIyUe-
HUe JBHKETCSI HAPYKY He 10 IPAMOM
BIOJb pajgmyca, a mo JIOMAaHOH, JIJIHHA
KOTOPOI 3HAUUTENRHO QOMIBINE PAIHMY-
ca Conuna. Ilpoiitn pasmyce Connna mo
OPAMOM HM3IyYeHHWEe MOMKET HOYTH 34 2 C,
B HEﬁCTBHTeﬂBHOCTH OYVTH U3JAYYUYeHUs Ha-
CTONBKO YONUHAETCA, dTO SHEPIUA, IepeHo-
CHMadA UM, BEIXOOHNT HAPYXY OKOJIO MHJIIHOHA
aer. Ha cBoéM myTm Hapy:Ky H3IyUeHHEe Ipe-
TepoeBaeT TaKKe M3MeHEHWdA, UTO Y-JIYIH, KOTOPHIE
BOSHHKJIH B INeHTpe COMHIa, BRIXOLAT HAPYHKY B dhopme
H3JIYYeHNA BUAMMOTO [HUANA30HA IJIMH BOJIH.

JAHEY B 412000 ] oHeYHO, aCTPOHOMBI MILYT CIIO-
coﬁm sarnaHyTL BEYTph COJIHIIA ¥ OPOBEDUTEH TEOpeTHye-
CKHe IpencTABJEHHS O ero crpoenmu. Ha sToM myTH UMM Ha
IIOMOIIIH IIPHUIIJIN @I’IBI‘II{H, H3y4Yarwinyue aJIieMEeHTapHbBIE Ya-
cTunsl. Ilesro B TOM, 9TO IPH TEPMOAIEPHBIX PEaKITHAX CHH-
TEe3a TeJH U3 BOAOPOIa HAPALY C BhIACJIeHIEM SHEPIUH IPO-
HUCXOAUT POXOEeHNE 3JIEMEeHTAPHBEIX YaCTHIL — HEﬁTpHﬂO.

BrisicHmIOCEH, UTO, B OTJIHYHE OT APYrOor0o H3IAYYEHHS,
HeHTPHUHO NPAKTHUYECKH HE 34JePKHUBACTCS BemecTBOM.
Bosaukasa B Hefpax ColHOA W PacCHpPOCTPAHAACH CO CKOPO-
CTBIO CBETA, OHHM Uepes 2 ¢ NOKHAAIOT mosepxuocTh ComHOa
1 uepes3 8 MUH JOCTUIAIOT 3eMJIH.

s

KopoHa

T=105K

MoTocthepa
T=6000K

Xpomocdepa

Re = 700 000 xm




SATAYA N 20
Oupe,u;enm:e TeMIEepaTypy

83BE3J, IO HBMEPEHHLIM HX
YIJIOBEIM AHAMETpaM M OCEe-
IMEHHOCTH, CO3/ABAEMON HMH
Ha 3emMie, VKAa3aHHBIM B CKOO-
Kax.

a) o JIsea (07,0014 u E = 2,26 X
X 1078 BT/Mm? €);

0) o Opma (07,008 m F=1,5X
X 1078 r/™? ¢);

B) 0. OpmoHa (07,016 m E = 5,3 X
X 1078 T/™M? c).

BAIMIE MHEHWE:
& Ha ckonbko BPEMEHW XBaTUT IHEp-
rvm ConHua?

BONPOCHI I SA0AHMS:

@ Kakosbl usnyeckue XapaxkTepu-
ctmkn ConHua?

@ OnuwwuTe Npouecc anepHo peak-
UMK, KoTopas NpoucxoOuT B Hedpax
ConHua.

@ 3avem VCCNeayIoT noTok HeUTpu-
HO, nocTynawwmn ot ConHua?

Ecam 6B yjanoch H3MEPUTH 3TOT MOTOK HEHTPHHO OT
Cougnia, TO MBI cMOTIH 0Ll HEIOCPENCTBEHHO CYAUTE O (HU3H-
YEeCKWX IIPOIeccax, IPOTeKAIuX BEyTpu ConHma.

Hia HaOIIogeHNA COMHEUHBIX HeHTDPHUHO COBETCKUH aKa-
nemur B. M. TloETeKOpBO IPEAIOKII cocob UX 0OHAPYIXKe-
HHUA II0 PErHCTPAHH ALep ATOMOB aproHa, o0pa3yIoIINXCcs
OPH B3aUMOIEHCTRHH XJIOpa ¢ HeHTPHHO.

M aTOro mos pyKOBOACTBOM aMEPHKAHCKOrO VIEHOTO
. [[aBuca ObLI HBrOTOBJEH 0OJIBIION pesepByap 00BEMOM
400 M®, HaNONHeHHEIH KUIKAM BEIECTBOM, B COCTAB KOTO-
POT0 BXOAMIY ATOMBI XJIOPA.

Tax Kax aTOMBI aproHa MOTYT 06pPa3OBBIBATHCH W3 ATO-
MOB XJIOPa IIPW UX B3AHMMOJEHCTBHM ¢ OBICTPBIMM UACTHIIA-
MH, TPOHNKAONIAMA I3 KOCMHIECKOr0 IIPOCTPAHCTBA, TO BO
r3besxaHle STOro pesepeyap IIOMECTHIN B IIyGOKOM maxTe.
[1A HeJATPHHO TOJCTHIH CJI0HM 3eMIH He IToOMexa, a KOCMEIYe-
CKHE JaCTHIEL MOIJIOINAIOTCS HM.

Ha uTo e paccunThIBaIu aCTPOHOMBI, CTABA TAKON 3KC-
nmepumeHT? ORHMAaeMbll ¥ 3eMIH HOTOK COMHEYHLIX Heiti-
TPUHO JIETKO OIeHHTH II0 COMHEYHOHN CBEeTHMOCTH.

Tak Kax Ipu 06pasoBaHWHU OJHOTO ANPA ATOMA TeJIHS BhI-
AeJisierca sHepruA cBasu AE = 4,3-107 I u manyuaiores
ABa HEUTPUHO, TO JIETKO IOACYHTATSH YHCI0 A4ep ATOMOB Te-
nust, obpasyromuxca B Heapax ConHna KaskIyio CeKyHIY.
Hns sToro mocratrouno ceerumocTs Connna Le =4-1026 Br
Pas3iesiuTh Ha SHEPTHIO CBASH.

YMHOMAA DOJTYyYEeHHOe YACTHOE Ha JIBa, HANIEM YHCIO
HEHTPHHO, eXeCeKyHAH0 uaayuaeMbeIx CoHIeM co Bceil ero
IIOBEPXHOCTH:

» 2L, _ 2.4.10%° Br _ 2_1033HeﬁTpHHO
AE  4,3-107"% ITx ¢

9TH HelTPUHO pacupocTpaHArTcea or CONHIA BO BCe CTO-
POHBI, ¥ TAK KaK paccTodHHe oT 3emuan o Comuma

a,=1la.e.=1,5-10"" M,

TO CIeAyeT OEUIATH, UTO HA 3EMHYIO IIOBEPXHOCTE ILIOMA-
b0 1 M? RalKIyI0 CeKYHIY MOMMKHO IOMANATEL YMCIO Heii-
TPWHO
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n= 3

B pesyapTare BzamMoOmeHCTBHA 3TOrC IMOTOKA HeHTpH-
HO C XJIOPOM B pesepByape DOJKHO 00pA30BATHCA BCEro He-
CKOJIBKO JeCATKOB aTOMOB aproHa, KOTOPEIE U clefyeT o0Ha-
DYENATE XUMHYECKHM NyTeéM. OTCI0/]a HOHATHEL TPYIHOCTH
«BBLIABIWBAHHUA» 3THX JECATKOB ATOMOB aproHa CPenH KO-
JIOCCAJIBHOTO 9HCJIa ATOMOB, COAEPRAINNXCs B DesepByape.
Ilouru copoxanernee mccremoeanue J[oBuca MOKARAI0, UTO
00HAPYKeHHBIH TIOTOK COTHEUYHBIX HeHTPIHO COOTBETCTBYET
PacYéTHOMY TIOTOKY M HANIMM OCHOBHBIM IPeICTABICHHAM
0 BHyTpeHHeM cTpoennn ComHIa.



OCHOBHDBIE XAPAKTEPMCTNKW
3BE3N

Kak v ConHuge, 3883061 ocBewaoT 3eMMI0, HO M3-3a OFPOMHOTO
pPaccToAHMA A0 HWUX OCBELIEHHOCTb, KOTOPYIO OHKM CO3Mai0T Ha
3emsie, Ha MHOIO NOPAAKOB MeHbLLE COMHEYHON.

| TEMTIEPATYPA A | IBET 3BE3A Hwmeerca cBA3L MeXX Ty 3BE3I-
HOHM BeJIMYMHOM M OCBEIEHHOCTRIO, CO3LABACMOI 3Be30i:

m=—-2,61gE — 19 nau E = 1070409+ m),

Habmonenma mokasaii, 4TO CPeay 3BE3 BCTPEYAXOTCI B COT-
HH ThICAY pas 0oJee moiuble, deM CoOTHIIE, M 3BE3/BI CO CBe-
THMOCTSAMH B AECATKH THICAY Pa3 MEHBIINMM, YeM Y Hallero
CoaaIa.

Oupepenedsa TeMICPATYD MOBEPXHOCTH 3BE3] IOKA3aIH,
UTO OT TEMIEPATYDPHl IIOBEPXHOCTH 3BE3AEI 3aBUCHT €€ BHIM-
MBIH IBET W HAMHWYHE CIEKTPAJLHBIX JIHHHMH HOINIOIIEHNSA
TeX UM WHBIX XHUMHUYEeCKHX dJIeMeHTOB B €é CIIeKTDe.

Tax, Cupuyc cuaer GeJsIM IBETOM I €0 TeMIIEpaTypa
parHa noutr 10000 K. B cnekTpe XOpOIIO BEAHEI JUHUH 110-
rIOmeHna aToMaMu Bogopoza (H,, Hy, H,). 3sesga Berens-
reiize (o OpuoHa) MMeeT KpPacHEIHA MBET W TEMIEPaTypy II0-
BepxHOCTH 0K0a0 3000 K. B cuexkTpe 3BE34 (DHC. @ ) BUIHEI
JUHEAH MoaeKkyi oxkcuga truTaHa Ti0. Conrie EnITOrO 11BETA,
uMeeT Temmeparypy 6000 K.

Tlo Temnmeparype, IIBETY W BUAY CIIEKTPA BCE 3BE3IELI Pas-
OMaM HA CHeKTPAJBHEIE KJIACCH, KOTOpHIe 0003HAYAOTCH
ovksamu O, B, A, F, G, K, M.

Tlouemy e COEKTDEI 3BE3M PA3NAMYHEI, XOTH HX XHMUUe-
CKHIl COCTAB IPUMePHO ogquHakos? /les1o B ToM, YTO IPH TeM-
neparype okoao 3000 K cymecTBYOT MOJEKYIAPHEIE COSTH-
HEeHHA, KOTOPLIE H BEISHIBAIOT B CIeKTpe oTochepsl 3Be30bI
TI0JOCEHL HOTJIOIIEeH .

CnexmpuL 36630 pa3nudHbLX CILEKMPALLHBLY KAACCOS

Bbl V3HAETE:

@ KakoBbl OCHOBHbIE XapaKTepUCTM-
KW 3BE30.

@ Y10 nexur B OCHOBe CnekTpans-
HOW Knaccudirkaumm 38é3a.

@ Yro npencrasnset cobon guarpam-
Ma «CrnekTpanbHbI KNnace — cBeTw-
MOCTb 3BE3[».

KakoBa CBA3b MeXOy Maccon wu
CBETUMOCThIO 3BE3hl.

BCNONIHWTE:
Q Kakos ncrounvk sHeprian ConHua?
@ Kakoso ctpoerue ConHua?

3

Monspras ssesna umeet 3883aHYI0
BeNUYMHY m = 2™ 11 CO30aéT OCBe-
WEHHOCTL Ha NoBepxHoCTK 3eman £
= 4-107% BT/M?, uTo B 3000 MApA pa3
MeHbLUe OCBELEHHOCTH, C030aBae-
Mo Conruem. Paccrosnme go MNo-
nApHOW 3Be3akt coctasnaet 200 nk,
unv okono 650 cs. net (r=6-10% m).
Mos3ToMy CBETUMOCTL [loOAsAPHOR
3Be3dbl:

Ly = 4Arr?-E = 4+314+(6-10" M?x
x4+107° BT/M?) = 6+10%° Br = 4600 Le.
HecMoTpa Ha Manyio BuouMylo ap-
KOCTb 3TOW 3Be3/lbl, €€ CBeTMMOCTL
B 4500 pa3 nNpeBbIlLAaeT COIHEYHYIO.

Bennaktpuc
Curpuyc
Mpouuon
Kanenna
ApKTYp
Betenbrense

Mupa




O lony6oi
2 Benbiy,
o rony6oii
A Benbli
- KENTLIN,
= Benbii
G Kenteiin
E@' Kentoii,
o OpaH3KeBbIN
T OpaerBt:m,
KpacHbIi
Cnexmpanvnas

KAACCUPUKALUA 36830

Y066l noHsTh, 4em oBbacHa0TCH
HabnogaeMble pasnnuus 38830 pas-
HbIX FPYNM, BCNOMHWM CBA3b MEXAY
CBETMMOCTbID, TEMMNEPaTYPol U pa-
Ouycom 3Be3gbl: L = 4nRicT?.

CpasHum ABe 3Be3[bl CNEKTPaNLHOro
knacca K. OfHa — 3Be3fa rnasHon
nocneaosatensHocTy (M), apyras —
KpacHbi ruranT (KI). Y Hux ogmHako-
Bas Temnepatypa 7= 4500K, a cge-

TMMOCTW pasnmM4aloTcd B ThlCAYy pa3:
2

Lo _ | B
LI‘H RI‘I[ :
R T
w | 2 5 [(1000) ~30
RFII LI‘]I ( ) ;
T. €. BBéS,EI,bI i KpaCHbIE TMIraHThl

Bonbwe No pasmepam B [eCATKM
pas, Yem 3BE31bl FMaBHON Nocneno-
BATEJIbHOCTM,

IIpu Gosee BBICOKOH Temmepa-
Type MOJEKVJIAPHBIE COeOHMHEeHWS
pacoajzamTcda, W COOTBETCTBYIO-

20000 Haoc e MM CHeKTPAJbHBIE IIOJOCHI

(CKopmbi) ucYesaroT. 3aTO XOPOINO BHUIHBI

o BennakTpuc JUHWY, CBOICTBEHHEIE HEHTDPAIb-

(yOpuoHa) HBIM MeTaJJaM, aTOMBI KOTOPBIX

BO3OYKIAIOTCA H MOIVIOLIAIOT CBET

10000 Cupuyc OUpenenéHHEBIX NJIHWH BOJH, COOT-
BeTCTBYHOIIHNX HX IPHUPOJE.

8000 f;g?nﬁ IIpu Temneparype 6000 K muo-

rHe MeTaJJIbl MOHU3YIOTCH, W 1109~

6000 ConHue TOMY B CIIEKTDAX MOABIAITCH JIU-

HHAYW MOHU3HPOBAHHBIX METAJIIOB.

4500 Anbaebapan ATOMBEI 3Ke BOLOPOZA U Telius Impo-

(eeTensuia) ABIAIT cebda crabo, Tak Kak Ta-

_— Gerenhreize Kad 1 0oJee HU3KHE TEMIEPaTypPhl

{0OpuoHa) HeJOCTaTOUHBI [Jd BO3OYXIeHHS

BCell BOJAOPOAHOM M reIMeBOil Mac-

CbI, I TOJIBKO HEKOTOPAA UYACTh HUX
aToMoB moruiontaer cseT. Ho ecam TemmepaTrypa doTtochdeps:
bamskxa k 10000 K, To sHepruu mM3Ay4eHHS BIOIHE NOCTA-
TOYHO, YTOOBI BO30Y KAATh MOUTH BCE aTOMLI BOZOPOAA, IIO-
9TOMY B CHEeKTpax A-3Bé3J BOJOPOJLHEIE JIUHUHU IOIJIOIICHMST
0CcO0eHHO WHTEHCHBHEL.

IIpu remueparype oxomo 20000 K 3payntenpHad UacThb
aTOMOB BOJOPOJa MOHH30BAHA H CHEKTPAJNBHLIC BOJODOLHBIE
JIMHUY TOIJIOIeHnA ocinabileHBl. 3aTO Takasd TeMmMIepaTypa
BBIZBIBAET AKTHBHOE BO30OYMIEHHE aTOMOB relud. ITHM U
00 BACHAIOTCA WHTCHCHUBHEIC JUHHUHE MOTIOIIEHHS TEIHA B
cruerTpax B-3Bésn.

Haxoren, mpu remueparype oxouao 30000 K yixe mmO-
THe aTOMEI MeJIlA MOHM30BAHEI, 4 ATOMBI KHCJIOPOAA H a30Ta

OPEeTePIIeBaA0T MHOTOKPATHYIO HOHUIATIHIO, IIOSTOMY B CIIEK-
Tpax 0-3B€31 XOPOMIO IPOSABIAIOTCA CIeKTpaIbHble JIUHNH,
COOTBETCTBYIONIHE HTHM HMOHAM.

HNwmeercs emé ogua
HHTEPECHAA CBASHh MEMAY CIEeKTDAJNBHBIM KJACCOM 3BE3ILI K
€€ CBeTHMOCTBI0, KOTOPAA IPEACTABIAECTCH B BHAE AHATPAMMBI
«CrexkTp — cBeTHMOCTH» (TaK)Ke €€ HASEIBAIOT AMATPAMMOIT
Tepminnpynra—Peccena B wecTs acrporomos 3. lepmmunpyura u
I H. Peccena, IOCTPOMBINNX 3TY AUATPAMMY).

Ha pmarpaMme W&TKO BBIJENAIOTCH UeTHIPE TPYIIIEI
3BE3M:

® riIaBHad MOCIeJOBaTeNbHOCTh. Ha meé noxarcsa mapa-
MeTphI GosnbinmHCTEA 3BE3A. K 3BE371aM rmaBHoll mociaenosa-
TeabHOCTH OoTHOocATcA CoaHne, Cupuyc. IlmoTHOCTH 3BE3T
IVIaBHOM ImOCIE0BATENBHOCTH CPABHIMEI C COJHETHOMN MJIOT-
HOCTBIO;

© KpacHBIe THrasTsl. K pTOH I'pyloe B OCHOBHOM OTHO-
CATCA 3BE3ABI KPACHOTO IIBETA C PAJMUYCaAMU, B JECATKU Pas
OPEeBHIMANIMUME COJIHETHEIH, HaOpPuUMeDp 3Besma ADPKTYD



(o Bomomaca), paguye xoTopoit IPEeBRIIIAET COJMHEUHBIH B
25 pas, a ceeTEMOCTE — B 140 pas;

© CBEePXTHTaHThI. 3BE3ALI CO CBETHMOCTAMHE, B HECATKH
¥ COTHW TBHICAY DA3 NPEeBLIMIAIINUME CONHEYHYIO. Panm-
VCBHI BTHX 3BE3J B COTHH pa3 IpeBBIIarT paxuyc ComaHIA.
K ceepxruramram KpacHOTro mBeTa OTHOCHTCS BeTembreiise.
Ilpu macce npumepro B 15 pas Goablme conHedHO ed pa-
AUYC OPeBRIIaeT coJHevHBINH moury B 1000 pas. Cpepmsas
ILIOTHOCT® 9TOH 8Be3/IbI cocTaBager Beero 2+ 1071 kr/m?, uro
6onee wem B 1000000 paz MeHbIIE MIOTHOCTH BO3/yXa;

@ Oenwle xapaueu., ['pynma 3BEé37 B OCHOBHOM Oesoro
LOBETa CO CBETHMOCTAMM B COTHH M THICAYH Pa3 MeHBIIe COJ-
HeuHOH. OHE DACIIONIOKEHBI CJeBa BHU3Y AHATPAMMEL. DTH
3BEBABLI HMEIOT PAafHYCHL IIOUYTH B CTO Pa3 MEHBIIE COJIHew-
HOTO M IO pasMepaM CPABHHMEI C IIJIaHETAMH. lIpHMepom
Benoro Kapaura ciayssuT 3sesga Cupuyc B — cuyTEryK Cn-
puyca. IIpn macce, mouTH paBHOA CONHEUHOIH, M pasMepe B
2,5 paza Gosblne 3eMIN UMeeT THTAHTCKYI CPEIHION0 TLIOT-
HOCTE p = 3-10° v/m°.

L il yIOanock M3MEPHTE TOJIBKO YV 3BE3M, BXOs-
IIHX B COCTaB ABOMHLIX cHcTeM. Macca ompenensiyiach mo ma-
paMeTpaM OpPOUT 3BE3M M ImepHOAY WX OOpAIIeHHA BOKDPYT
ADPYT ApyTa ¢ HCIONB30BAHUEM TPETHETO 0GOBIIEHHOr0 3aK0-
Ha Kennepa. Oka3ajioch, 9T0 MaCcChl BCex 8BE3] JeXKAaT B Ipe-
geaax 0,05M¢ < M < 100M5.

[ 3Bé31 rIaBHOM MOCIe0BATENFHOCTH HMEETCA CBASH
MeKIY MAaccoH 3Be3lbl M €€ CBeTHMOCTRIO! TeM GONbIIe Mac-
ca 3Be3JEI, TeM GOJILINE eé CBeTHMOCTE,
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Huazpamma

«Cnexmp — ceemumocmuvy»;
1.0 OCl OPOUHAM OMAONECHA
CEEMUMOCIE 6 CEEMUMOCTLAX
Connuya, a no ocu abeyuce —
CREKMPALbHLIL KIACC

u memnepamypa

@ Bo ckonbko pas pasnuualTcs cee-
TUMOCTW 3BE3[] IMaBHOW MOCNeno-
BaTeNbHOCTK C maccamu M, = SMg
n M, = 50Mg?

@ B 3BE34ax Kakoro cnekTpansHoro
Kiacca BOAOPOCOHbIE NVHWMU Cepuu
banbMepa Hanbonee cunbHbIE?

© Ecnm 3Bespa rnaBHoOM nocnenc-
BaTeNbHOCTM A Dofiee MaccuBHas,
4YeM 3Be3[0a MaBHOW nocnefoBarenk-
HOCTWU b, TO Kakas W3 HUX obnajaer
Bonblie cBeTUMOCTLIO? Y Kakoi w3
HWX BpeMsA XXM3HW Bornblue?

@ CyuwecrsyioT ABe 3Be3fbl ofMHAa-
KOBOW CBETMMOCTM, OfHa M3 KOTO-
PbiX HaxoamuTca Ha paccroaduu 10 nk,
a ppyraa — 1000 nk or 3emau. Bo
CKOMIbKO pa3 pasnuyalnTca OCBeLEH-
HOCTY, Cco3faBaemble 3TUMK 3B83aa-
MU Ha 3emne? Ha ckofnbko oTNM4aloTes
WX BUOMMbBIE 3BE3OHBIC BENTMYMHEI?




Bbil VIHAETE:

@ Kak ycTpoeHbl 3BE34bl FMaBHOWM
nocnefoBaTeNlbHOCTH.

@ Kak ycTpoeHbl 3B83bl — KpacHble
FUFEHTEl W CBePXTUTaHThI.

BCHIOMHWTE:

@ YTo npeacraenaet cobol gnarpam-
Ma «CreKkTp — CBETUMOCTb»?

@ KakoBa cBfA3b MeXOy Maccol u
CBETMMOCTHIO 3Be3bl?

BOMNPOCHE W1 SAJAHMSA:

@ KakoBo cTpoeHMe 38834 rMasHOM
nocneaoBaTensHoOCTA?

@ KaxoBa oTnmuntensHas ocobeH-
HOCTb KPaCHbIX rMraHToB?

BHYTPEHHEE CTPOEHME
3BE3

Y Bcex 38€34 rnaBHON NOCNENOBATENLHOCTU UCTOYHMKOM SHEp-
MU ABNAIOTCA TEPMOSLEPHbIE PeakUMK CUHTE3A Tefind U3 BOOO-
poaa. Ho 3dekTMBHOCTL 3TUX Peakuui CUTBHO 3aBUCUT OT TeM-
neparypbl: 4em Dosbliue Macca 38e34bl, TEM Bbille TeMnepaTypa B
€€ Hefpax Y TeM BhilUe TEMN BbIAGNEHWUS SHEPTUM.

CTPOEHWE 3BE3] OBATEJIGHOCT/L JeT s,
¢ MaccaMM, MeHBIINMHK HJIM CPABHUMLIMU ¢ COJHEUYHOMH,
yerpoers! kak Connie. [Ipu TemMmepaTypax B NeHTPE BBIIIE
16-10° K TemII sHeproBEIAeIeHHA HACTOIBKO BEJIHK, UTO W3-
JIyUIeHWe He YCIIEBAET YHOCHTDL SHEPIHUIo U3 IeHTPAILHEIX 00-
JacTel 3Be3/bl, I IPOUCXOIUT KOHGEKMUEHDLI NepeHoc.

Harpersle Macchl BeIIECTBa TOAHHMAIOTCS K BEPXHHM
CJIOAM 3Be3abl, a OXJI&H{'.,Z[éHHHe OIIYyCKamwTCA BHH3 M BHOBL
HarpeBaloTcsd, T.e. V¥ 3Béan Oosiee MaccuBHEIX, ueM CoOnHIE,
OTCYTCTBYET 30HA JIYUYHCTOI'O IIepPeHOoCca 3HEePruH, a KOHBeK-
THBHAS 30HA HAUMHAETCA IPAMO H3 IIeHTPa 3Be305I.

CTPOEHVE KPACHBIX FUTAHTOB A CREPXTUTAHTOB ol tis
TeJBHOH OCOOEHHOCTBHIO DTHX 3BE3J ABIAETCA OTCYTCTBUE
AJEPHBIX peaknuit B caMOM IEeHTPe, HeCMOTPA Ha BBRICOKHE
TeMOePaTypel. flAepHble peaKIuH IIPOTEKAT B TOHKHX CJO-
AX BOKPYT IJIOTHOT'O MEHTPAJNBHOI'C Anpa.

Temneparypa sBesIbl YMEHbIIAETCT K ODOBEPXHOCTH, U B
KaKJI0M CJIOe HOET ONPeNeNéHHBIH THO TePMOAISPHBIX PeaK-
ouii. B caMplx BHEMIHMX CJIOAX dAApa, TOe TeMOepaTypa co-
craBuadeT oxkono 15 mur K, 3 Bomopoga obpasyeTrcs Trelnii.
I'my6oxce, THe TeMIepaTypa BBIIIE, 3 Tefius o0pasyeTca yrie-
pox, majee W3 YIIEPOZA — KHCJIOPOZ. B caMbIX rayborHX
CJIOAX Y OYeHb MacCCHBHBIX SBéB,II,' OpH TepMOAOEePHBIX pPeax-
THAX obpasyercsd »Keeso.

[opeHuve Bogopona
/_ fopeHue renma

fopeHue yrnepopa

fopeHne HeoHa
lopenwe kucnopopa

fopeHue KpemMHuUAa

XKenesnoe agpo

Boaee Taménsie XuMHUUYeCKYe BJIEMEHTRI 00pa30OBLIBATRCA
C BEIJeJIEHHeM 3Hepruu He MoryT. Mx obpasoramue Tpebyer
3aTpAT SHEPIHM,

Hrak, B KPacHbIX I'MI'AHTAX ¥ CBEDXTUTAHTAX (DOPMUDYIOT-
CH CJIOEBLIE MCTOYHHKH SHEPIHH ¥ 00pasyerca OOJBIIMHCTBO
XUMHUYIECKHX BIIEMEHTOB, BILIOTE [0 ATOMORB J{eiie3a.



BEJIbIE KAPNIMKM!,
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HEMTPOHHDBIE 3BE3/blI,
MYJIbCAPDI N YEPHBIE BbIPbI

371 3883061 BbINK Ha3BaHbI BENbIMM Kapavkamu, Tak Kak cHayana
Cpenn Hux Bbinu obHapyeHbl 3883061 6enoro LBeTa, a 3Ha4ym-
TENbHO NO3e — XENTOore 1 Apyrux LBeTos.

K Pasmepsl GesbIX KapauKoB HeboabIReE,
BCETO JIHTIb TBICAYH W HECATKH TLICAT KHJIIOMEeTPORB, T.e.
CPaBHUMBIL ¢ pazMepamu 3eMan. Ho BX Maceh! 6IH3KH K Mac-
ce Comana, u mosroMy ux CPefHAA IIOTHOCTE — COTHH K-
-IO'PaMMOB B KyOMYECKOM CAHTHMETpE.

IIpumepom Takoit SBE3ABL CAYMHHUT cnyTHuUK Cupmyca,
0003HAYAEMEBIH OBBITHO KaK Cupmyc B. ¥V aroit 3Be315I ¢ TeMm-
mepaTypoi noeepxaocTH 25000 K AHAMETD 9yYTEh HPeBBIIIA-
€T TuaMeTp 3eMJIN, & Macca paBHA COJIHEYHOM, TaK UTO cpej-
HAA MIOTHOCTE npeprrmaer 100 kr/cm®.

W3-3a BEICOKOIT ILTOTHOCTH aTOMEL BHYTDPH OeJIbIX Kapiau-
KOE Pa3IaBJIEHEI, SNIEKTPOHBI HE CBASAHLI C AIPAMH U BEOyT
ceda He3aBHCHMO OT Hux. B oTimume or APYTHX 3BE37 Tep-
MOANEPHBIE DEAKIINN B HeAPAX OeJbIX KapAHKOB He npore-
zawT. IX Hempa cocTosar ma ANED TN U APYTHUX TAEKENBIX
3JI€MeHTOB,

OTH BBE3MEI CBETAT 33 CUBT 3AIIACOR TEILIOBOH SHEepruw,
BEIPAOOTAHHOIL B IIpoOIecce OPEeABIAYVITUX STATIOB SBOIIOI M.
Hepes MHITMADIELI JIeT 3amachl TAKOM SHEPTHH HCCAKHYT,
OesIble KapauKH OCTBIHYT H IIEPECTAHYT CBETHTHLCSH.

HEUTPOHHBIE 3RBE3ALI BT A ) ACTPOHOMBI ¢ HOMOIIEI)
DaZuoTeIeCKOTIOB O0HADYKIIH YAUBATENbHEIE PATHOMCTOU-
HHEH, KOTOPble HCOYCKAIM MePUOAHYECKHe HMIYIbCEI pa-
JTHOHMBIYYeHUA. ITH 00 BeKThl HAZBAIH nYAbCaApamiL.

Ilepuonsr mMnyancos IyJIbCAPOB, KOTODPBIX ceHvac ma-
BECTHO 0K070 1800, 3axIOueHEI B Ipemenax or HECKOJNBKITX
cexyuzA mo 0,001 c. Vamemana BEICOKAR cTaGHIBHOCTE Io-
BTOPEHMA HMNYyJIbcOB. Tak, neperulil OTKPEITHIH IyJabcap, Ko-
TODPEIH 00oz3Hawaercs xax PSR 1919, PacCOoJIOMKeHHBIH B He-
HPHUMETHOM CO3Besuy JIMCHYKH, UMes mepuos IIOBTOPEHHA
mmoyascos T = 1,383730110168 c.

Bricokasa crabuiapmocts IepHo-
A2, MOCTYIHAA TOIBKO B COBDEMEH-
HBIX ATOMHBIX vYacaX, 3aCTABHJIA
BHaYa/e OPeANOIOKHTD, YTO ACTPO-
HOMBI IMEIOT JeJ0 ¢ CUTHAJIAMHM, 110~
CBLTACMBIMH BHE3€MHEBEIMM ITHBILII M-
BaIlUAMH.

B koHDe KOHDOB GBLIO ZOKA3a-
HO, UTO 3a ABJeHMe Iyiabcapa OT-
BETCTBEHHBI OBICTPO BpaImarolque-
Cf HEUTPOHHBIE 3BE3IBI C CHIBHBIM
MAarHUTHBIM IIOJeM.

T |
T=1337¢

P

Bbl V3HAETE:
@ Kak ycTpoens 3883ap1 Genuie xa:
Ky,

@ Kak ycTpoeHsl 1 nposisnsior cef
HEUTPOHHbIE 3BE3HI,

@ Y70 npencraenner cobom wepHz
Oblpa.

BCNIOMIHMTE:
@ Yo npefcraenser coboii auarpam
Ma «CnekTp — cBeTUMOCTb»?

%_

Teopus u HabmoaeHus ykasbizaioT
Ha TO, 4TO Macchl Henbix Kapnmkos
He npesbiwaet 1,4Mg. 3TOT npenen
Ha Maccy Genbix KapnvKos nomyuun
HasBaHve npepen Yangpacekapa.

LI TT

Wmnynsce nynbcapa PSR 1919 +21




OTKpbmee B 1967 . nynbcapos no4-
TN MONroAa OepXanock B CeKpeTe,
Tak Kak Mx yOUBWUTENbHas ctabuns-
Haf NepMOAMYHOCTL HaBena ucche-
LoBaTenel Ha MbICMb, YTO MyNbCapbI
MMEeIOT MCKYCCTBEHHOE MPONCXOXK-
nerduve. [NelCTBUTENbHO, TONbKO
CNOXHble pagnodusndeckue npu-
Bopbl MOTYT OaTb MepUoaMHeckui
CUTHaN C TaKOW BbICOKOW CTeneHbio
cTabunbHocTu.

MNoatomy nepesle Tpu Nynbcapa bsinu
obo3Ha4eHbl kak LGM-1, LGM-2, ... .
BykBbl 03HaqaloT Little Green Men —
ManeHbkue 3enéHble Yenoseykn.
CospeMeHHoe obLWenprnpuHATOE
obozHaueHWe PSR.

YaKoHaAIpaBJIeHHOE DPafHoOMBAyUYeHHe (opMEpyeTca B
061acTH HOJIOCOE MATHHTHOrO mondA. IlosTomMy mepmop cie-

JOBAHHA MMIYJILCOB DAJAHOHMBIYUCHHUA PABEH IEPHONY Bpa-
IeHnd HeHATPOHHOM 3BE3MbI. JTH HeOOBIUHEIE 3BE3/EI HMEIOT
paamycel okoamo 10 KM ¥ MacChl, CPABHEMEIE C COJHEUHOMH.
IlrorHOCTE HElTPOHHOH 3Be34EI haHTACTHUECKA:

M _ 2.10* kr
;‘n(lo‘*Mf’

e = 2.10""&r/M?,

=ZnR?

3
OHa CPaBHHMA C IJIOTHOCTHIO BEIIECTBA B AAPAX ATOMOB.
Ilpm Taxoi DJOTHOCTH BEIECTBO 3BE3/LI COCTOHT H3 ILJIOTHO
YIAaKOBAHHBIX HeHTPOHORB. Ilo 2TOH mpuumnHe TaKkwme 3BE3/HI
HONYIHANH Ha3BaHWe HelMPOHHbBLX 3BE3T.

Ux cymecreopanme Op1I0 mpeackasamo emé B 30-x rr.
XX B. corerckuM dusurom JI. II. Jlarmay. OH TeopeTHUYeCKH
JAOKa3aJ, UTO B OUPeJeNEéHHBIX YCJIOBHMAX IIOL AelCTBHEM
BHEIIHEIro AAaBJEeHWA, BBI3BAHHOIQ OOJBIIOH Maccoil 3Bes-
JOBI, aTOMEI B €€ HeJ[pax MOT'YT OBITEH paspyiueHsl. [Ipm sToMm
IIPOTOHEI ¥ HEMTPOHEI, BXONAMNIHAE B Apa aTOMOB, COIU3ATCA
HaCTOJBKO TECHO, YTO IMJIOTHOCTE BO3pacTéT mo 2- 10V xr/m?®,
IIpoToHEI, 3aXBATHB CBOOOMHBIE SJIEKTPOHBI OT PAa3pyIIeH-
HBIX aTOMOB, TPEBPATATCA B HeHTPOHLI, TAK UTO BOSHHKHET
CBEePXILIOTHAA HEeHTPOHHAA 3Be3Jla C PasMepaMM, COCTABIIA-
IOIMMMY JeCATKH KHJI0METPOB.

SEEREAEETE B xorme XVIII B. M8BeCTHEIR acTPOHOM W
maremaruk I1. Jlannac mpuBENn npocThie, OCHOBAHHEIE HA Te-
OpHH TAroTeHHA HEBIOTOHA PACCYKIeHNA, KOTODEIE IO3BOJIH-
JIH IPENCKA3aTh CYINeCTBOBAHIE HEOOBIYHBIX 00BLEKTOB, IIO-
JIYYABITHX HazBaHHe YEPHbLE JblpbL.

HzepecTHO, YTO I OPEOJONEHUA OPUTAKEHNA HebecHO-
o Teja ¢ Macco M u paguycoMm R HY:KHA BTOPAsg KOCMHYE-

CKafd CKOPOCTD:
/ GM .
vV, = B

IIpu MeHEBIIEH CKOPOCTH TEJIO CTAHET CIIYyTHHKOM HebecHOro
TeJa, Ipd V2V, oHO HaBcerja NOKKHET HeOecHoe TeI0 W HU-
KOorga He BepHETCA K HeMmy. Haa Seman V, = 11,2 xm/c, Ha
nosepxHocTH Cosnnana V, = 617 xm/c.

MoTok rasa

Y€pHasa abipa

PeHTreHoBCKOE M2NyYeHme



Ha mosepxmocTH HeHTPOHHOR 3Be3LI ¢ Maccoi, paBHOMN
macce ConHna, u paguycom okoao 10 xm V, = 170000 xm/c u
cocTaBiadAeT Bcero oxoxo (0,6 cKopocTH CBeTa.

Kax suano us dhopmynsl ana V,, ecau pagmyc HeGecHOro
tena R, = 2GM/c?, To Bropas KOCMHYECKAA CKOPOCTH GymeT
paBHa cKopoctH cBera: ¢ = 300000 xm/c.

IIpu emié MeHBIIUX pasMepax BTOPAd KOCMHUECKAsT CKO-
pocTh Oy/leT NPeBBIMIATE CKOPOCTh cBeTa. Ilo aToi mpuumme
Jake CBET HE CMOKET HOKHHYTH He(ecHOe TeJao W HAaTh WH-
(popManuo 0 Ipomeccax, NPOUCXOAAIIUX HA €0 IMOBEPXHO-
CTH, HAM — HAJEKHM HaGI0maTeIsaM.

Taxmm o0pasomM, eciu Texo ¢ Maccoit M mMeeT pajguyc

R~ 2GM/c?,

TO HMA OAHH CHI'HAJI He NOKHHET ero H He JOCTHUIHeT BHEeI-
Hero maJjiékoro HalGnmomarend. 3TOT NPeAeIbHBIH PagHyC HAa-
3BIBACTCA 2PABUMAYUOHRLIM paduycom. [na uépHoii IBIPLL
COJIHEUHOH Maccoit Mg = 2-10% r rpaBUTaAIMOHHEBIN paguyc
paseH R, = 3 KM.

Hépable AnIpHI Onarogaps CBOEMY TPABUTAIMOHHOMY
OO MOTYT 8&XBATHIBATEH BEIIECTBO, HAXOJAINEECA B OKDY-
JKaIOIeM IPOCTPAaHCTEE.

MpasuraumonHble BOMHBI HUKTO HUKOrAa NpAMO He Ha-
briopan, xots OblnW ABHbIE CBUAETENLCTBA TOFO, YTO OHU
CywecTByloT B npupode. EWE okone 25 net Hasag Owino
0BHapykeHo, 4T0 eCTb [Ba MyNbCapa, KOTOPLIE BPalLaloTCa ApyT BO-
KPyr Apyra v W3Ny4aloT rpaBUTaUVOHHbIE BOMHbI, KOTOPbIE YHOCAT
SHEPIMIO M3 3TOU cucTeMbl. B pesynbTate oHW npubnvxaioTca, ne-
PUCL WX BPaLLeHWA Apyr BOKPYT Opyra yMeHbluaeTcs, MNosToMy paHo
MM NO3AHO OHW CTOMKHYTCA. Ho 370 BbiNW NKiib KOCBEHHBIE CBUAE-
TENbCTBA CYLWECTBOBAHNA rPaBMTaLMCHHBIX BONH. Tenepk oHW Hanpsa-
Myio OBHapyXeHbl. 3aperncTpUpPOBaHHbIA BCMNECK rPaBMTaLMOHHBIX
BOSIH BO3HUK Ha NOC@fHWX MTHOBEHMAX NP CAMAHUK ABYX YEPHBIX
IbIp — «OCTaTKOBY» 3aKOHYMBLUMX CBOIO XM3Hb 3BE3[, NpU4YEM 3Tu
«ocTatkm» obnagany DonbWUMKM MaccaMu, B AECATKM pPas npesbilla-
loLLIMe CONHEeYHYIO Maccy.

B macroamee Bpemsi OGHADPYKeHBI UEPHBIE ABIPHL B CO-
cTaBe OBOMHBIX 3BE3NHBIX cHcTeM. Tak, B cozpesguu Jlebemsa
HaOJIofaeTca TecHAA ABOHWHAS CHCTEMA: OfHA M3 3BE3M, W3-
JYYarIas BUAUMBIN cBeT, — OOBIYHAS 3Be3la CIEKTPAJL-
HOro KJjacca B, apyras HeBuamMas 3Be3[a MaJOro pasMepa
H3IyJYaeT PEHTTeHOBCKHYe JIYYH X HMeeT Macey okoao 10 mace
Comana. 9Ta HeBUAUMAA 3BE3/a IPECTABIIeT co60i UEPHYIO
ABIPY pasMepoM oxoio 30 KM.

PenrTrenoBckoe M3IyYeHHe HCIYCKAET He caMa 4épHAA
OBIPA, a HATrPeTEIH [0 HEeCKOJBKHEX MHJIJIMOHOB I'DALyCOB
rasoBBIM AWCK, BpalaiomuEH#cH BOKPYT UEPHOMU ABLIPEI pagu-
ycoMm oxoino 200 kM. DTOT AHCK COCTOHT M3 BeNjeCTBa, KOTO-
poe uépHas JBIpa CBOMM THTOTEHHWEM BBITATHBAET M3 SDPKOH
3BE3LI.

| opbuTer 12”.

NMannac nucan: «Ceatawascs 3se3-
2 C NNOTHOCTLIO, PaBHOM NNOTHO-
CTi 3emfik, U AnameTpom B 250 pas
Bonblue guametpa ConHua He OaéT
HK OOHOMY JIy4Yy AOCTMYb Hac M3-3a
CBOErO TATOTEHMS, NOITOMY BO3-
MOXHO, 4TO CaMble Apkiue HebecHble
Tena BceneHHom okasbiBawoTCcAa no
3TON NPUHUHE HEBUOUMBIMUIY.
HencTBMTensHO, NAOTHOCTL 3emMnu
p = 5,52 r/cm?; npu paguyce Hebec
Horo Tena R = 250 Re = 1,74+ 10 cM
ero Macca M = 1,21-104r, BTO-
pas KocMuyeckas CKOpOCTb Ha ero
NOBEPXHOCTM Byper pasHa V, =
= 304500 km/c, T.e. Byget Gonbile
CKOpOCTY CBETa.

Ne 21

Hafizpre cyMMy Mace KOMIIO-
HEHTOB JBOWHOHM 3Be3ibl T
Faccuonen, mapaanaxc KoTo-
poit 0,17”, mepmon obpanienns
cuyTHHEa 530 JeT @ yITIoBOi
pasmep Ooxabimoit moayocu

BOMPOCDHI ¥ 3A0AHMS:

@ Kak ycTpoeHbl HeMTpOHHble 3BE3-
nOpi?

@ Yto npeacTaBnsioT cobon Y8pHkle
Abipbi?




Bbl VZHAETE:

@ Y10 Takoe [OBOWHbLIE U KpaTHble
3B63/1bl.

@ “10 Takoe uedenabl.

BCNOMMHWTE:
@ 4Tto npepncraennet cobon gnarpam-
Ma «CnekTp — CBETUMOCThY?

n A

OABOMHBIE, KPATHbIE
N NEPEMEHHBIE 3BE3[ibl

Teneckonuyeckre HabnioaeHNs Nokasanu CylecTBoBaHUe Boslb-
WIOro KonmmyectTBa U3MHecky CBA3AHHLIX ABOWHbLIX 1 KPATHbIX
3BE30. HeBOOPYXEHHBIM [M3a30M MOXHO YBMOETh HECKONbKO
OBOWMHbLIX 3BE3.

DRV GIN G e =00 Munap — cpenEAs 3Besna
B «PyUYKe KOBIIA» cozBesausi Boasiag Measeguiia — umeeT
cnabeHbKHUH COyTHUK 5™ ANPKOD HA YIVIOBOM PaCCTOAHHH 5.
Habmonennsi B KPyUHBIE TEACCKONEI IIOKA3AJI, UTO 3TH ABe
ApKYe 3Be30El BXOLAT B COCTAB IIECTHUKPATHOM 3BE3MHOH CH-
CTEMBI, BCE OHH CBA3AHBI O0I{MM TATOTEHHEM.

Xopomo sgaxomasa HaM IlonapHasa 3Be3ga ABIgeTCA TPO-
HOM 3BE3JHON CHCTEMOI, TAKMKEe TPOMHOM ABJIAeTCH OIMKaii-
masdA K 3emie o LleATaBpa.

Bonbnroll mHTEpEC ¥ ACTPOHOMOB BEISHIBAET H3yUEHHE
IBOMHEIX 3Bé3j. HnmTenbHble HADIIOMEeHMA 34 HEMM IO3BO-
JAI0T OTPEIeNIATE SJIEMEHTEI DATUNTHYECKHX OpOHT, IIo KO-
TOPBIM OHH BPaMAOTCA BOKPYT APYT APYyra, a Mo HHUM OIpe-
OeIHTh MAaccy KAaMA0H 3Be3OBl B OTASNBHOCTH. JTO IIOKA
€IWHCTBEHHEIA OPAMOH MeTOH OOpeNeleHNsI MACC 3BE3I.

X opOMTLI B JBOMHOM CHCTeMe HPOXOJHT uepes Ha-
OuaromaTend, TO BHAHO, KAK OFHA 3Be3/a IePHOLHUe-
CKH 3aKPLIBAET IPYIVIO, 1 HAOIIOZAOTCA IIepHOouye-
CKHe U3MeHeHnda 0JecKa 3ToH IBOMHON CHCTEeMEl.

C mperHeHIMNX BPEeMEH M3BECTHA TAKAd HepeMeH-
Has sseszga B Ilepces, 9T0 0TPAYKeHO B €€ HASBAHHHT —
Anronnb, KOTOpOe B IIepeBoZe ¢ apabCKOTo O3HAYAEeT
«'nas gpapona». HegapoMm IpeBHITE I'DEKH HA3LIBAIH
eé «Inas roproas Mexyser, youron repoem Ilepceen».

Eé Gieck mMeHAeTcs B npenenax ot 2,2% mo 3,4™
¢ mepuogom 2,87 CYTOK.

HNsmenenana Osecka 9ToH 3Be3Abl CBA3AHEBL C e€
OIBOMCTBEeHHOM Ipupomoi. Boabmras mo pasmepaM

XOJIOAHAA 3Be3a IIEPHOAHYECKH 3aKPhIBAET MAJICHb-
KyI0, HO GoJiee APKYIO 3Be3JYy, KoTopas obpamaercs
BOKDYT Heé ( a ).

Ilepmon maMeHeHHs OJIeCKa paBeH MepHOLy oGpa-
HIEHNA OTHOH 3Be3/5l BOKDYT APYTOH.

HernyGokuii BTODHYHBIH MHUHHMMYM HA KDPHBOMI
OJecKa MOABIAETCS, KOTIA MAJIEHBKAS APKAd 3Be3/a
IPOXOAHUT IO AUCKY OOJIBINION 3Be3/LI.

AJrons ¥ MHOTHE IPYTHE MOX0MKHE IO CBOeH IpH-
poze mepeMeHHEIe 3BE3AbI IOJYYHAN Ha3BaHHE 3aMMEHHO-
nepemenHbvle 38¢300L.

Hsyuenme xapaxrepa H3MeHeHHA GiecKa M CIEKTDPOB
3BE3[, BXOOAIIUX B 9TH JBOMHBIE CHCTEMBI, IIO3BOJIUJIO OIIpe-
LeNHUTL UX MacChl, PAAUYCHl B CBOMCTBA aTrMochep.



] Ocoborit KiIace me-
DPEMEHHBIX 3BE3J] COCTABIAIT HYJLCHDPYIONHE IePeMEeHHEIe
BBEBIEL, KOTOPEIE MEHSIOT CBOM OJIeCK IIpH OyJabCATTHAX U HU3-
MEHEHHUAX TeMIePaTypel HOBepXHOCTH. Takod mM3BecTHOH
TlepeMeHHON ABIIAETCH 3BE3/a KPACHBIH cBepxXrurasT Mupa
(YoupuTenvuaa) B cosrezgum Kura. OHa 10 ucuezaer COBCEM,
CTAHOBACH 3Be3401 9,1™, To Jles1aeTca KpacHoil M APKOI 38e3-
noit 3,56™. Ho caMoii naBecTHOH IYALCHPYIONIeH nmepeMeHHoH
3Be3/0# sABNseTca 3Besna O Iedes, HMeInast 9eTKHI nepwu-
ofn m3MeHeHusA Orecka 5,4 cyrok. KpuBasa naMenennsa eé Gie-

CKAa IpeACTAaBJICHA HA PUCYHKE 0 .

Kak 6bino nokazaro POCCUMCKIM acTpodu-
ankom C. A, XKeBaknHBIM, MPUINHON NYNbCa-
Umii 38E37] ABNAETCA CPABHUTENLHO TOHKMI
C/IOM BELeCTBA 3BE3/1bl, PACMONOXEHHDBIA Ha onpege-
NEHHOW rAYOMHE U COCTORLLMIA M3 YACTUHHO UOHMZOBAH-
Horo refims. Mpu CxaTkK 3Be3abl 3TOT CNO Oenaercs
MNOTHEE, NO3TOMY OH 3aLEePXKMBAET SHEPTUIO, UAYILYIO
W3 UeHTpa 3Be3fbl. DTO MPUBOAUT K YBENMYEHUIO JlaB-
fleHus, NpendTcTByIoWero cxatmio. B cuny sero cxarme
B UTOre NPeKpawlaeTcs, U Ha4MHAeTCA NPOLeCC pacilm-
PeHVA. T1pY paclunpeHny 38e3bl YKa3aHHbI Coi ge-
naetcs 6onee NPO3padHLIM, SHEPrUA NPOCAYUBALTCA Ha-
PY>Xy, aBneHWe nadaeT U CTaHOBUTCA TakMM, Y4TO CUNa

3BE3AY CKMMaTbCA. 3aTeM BCE NOBTOPSAETCA CHavana.
COR YaCTUYHO MOHU3OBAHHOTO Fefing fo CBOEMY fen-
CTBMIO HAaTMIOMWHAET KnanaH B JU3eNbHOM MOTOPE, KOTO-
Pblil B MOMEHT CKaTWsl BNPLICKUBAET BHYTPb LUMIMHAPa
SHEPrUIO W TONKAET NOPLUEHL. [TO3TOMY ONUCaHHBIA Me-
XaHM3M MyINbCaLWN 3BE31, NORYYUN Ha3BaHUE AN3eNbHO-
FO WK KNanaHHOro MexaHuama.

TonbKko y 3BE3[1-TUFAHTOB W CBEPXIUraHTOB CTpoeHMe
TakKoBO, HTO CJION YACTUYHO MOHU3OBAHHOIO Fefus pac-
MONOXeH Ha JOCTaTO4HON MybuHe, 4T06HI 3ththekTnB-
HO paboTan KnanaHHbIN MeXaHW3M, NOAAepKMUBAIOLINIA
nynbcalivyi nepeMeHHbIX 38837, Y 0ObINHbIX 3BE30 M
ConHua nysbcaumm He BO3HMKAIOT W, YTO CaMOe FMaBHOe, :

TAFOTEHWMA OCTaHaBnMBaeT pacllMpeHune M 3acTaBifieT He AOAAEPXKMBAOTCH.

[lepeMeHHBIE 3BE3MBI, MOXOMKUE IO XapaxKTepy nepeMen-
HocTH Ha 3Be3ny O lledes, monyunnu nassanme uedenmn,

Ilpruuaa nepemenunBocTy Grecka nedens — pagHalib-
Hele nynabcanuu. ArMocdeps! medens T0 paCIIUpPSAIOTCS, TO
cixumarored. Ilpu csxarun atmMocdepa sBesmbl pasorpesaet-
€4, a IpK PaCIIMPeHHN oxXjaskaaerca. Msl BuauM medensy
Haubosee APKOH, KOrJa OHA CPABHUTEILHO HeboabIIas, HO
ropsauas.

Myascanun nedens TPOABIAIOTCS HEe TOJBKO B M3MEHe-
HUAX OJecKa. Y4E8HBIM y/1a0Ch ONPEAE]HTh B3AMMOCBISh
TepHoja DeEPEMEHHOCTH NedeH T 1 UX CBeTHMOCTH; YeM OOIb-
re IePHok IePeMeEHOCTH, TeM OOJIbINe CReTHMOCTE.

Xopomo meBecrHas Ham IloxapHAas 3Beana ABIseTCS ox-
HOH M3 OnmKaiimmux medemns.

IMedennsr ABasOTCA 3BE3a MK BHICOKOI CBETHMOCTH, IIO-
STOMY BHAHEI Narie B JANEKMX TAJAKTHKEAX, U UX HCIOIb-
SYIOT IJIA M3MePeHUs PACCTOSHUH A0 rajdakTtuk. Oupefenus
TIepHof U3MeHeHu A OIecKa 13 HaOaoIeHH i, 10 3a BUCHMOCTH
IepHog — CBETHMOCTE MOKHOQ OIPeIelHTh CBETHMOCTE 3Be3-
AEI, 8 IO HeH — PaccTOAHMe /10 nedenaEsl, a ecid OHA BXOLUT
B 3BE3AHYIO CHCTeMY (3BE3HOE CKOIICHHE, TAJaKTHKY), TO 1
PaccroaHMe [0 3TOM 3BE3THOE CHCTEMBI.

Taxoit MeTOJ ABIAETCHA OZHHM U3 BAXKHEHIIHX MEeTOH0B
H3MEDPEHUA PACCTOAHHA A0 ralakTHK. lloaromy medemnanr
HaB3bIBAIOT MaAKaMH Bcelermoii.

BOMPOCHI U SADAHUA:

@ Habnionenus nokasanu, yto Apkas
3Be3[a MNC CNeKTPY OTHOCKTCH K 3Be3e
TMaBHOM MOCNefoBaTeNbHOCTH Cek-
TpaneHoro knacca B8 n umeet maccy
3,2 Me. BTOpas 3Be3ga OTHOCUTCA K
KpacHbIM TMraHTaMm CnekTpalibHoro
Knacca K. PaccTtosHme mexgy Humum
0,062 a.e., nepuog obpalleHus ogHoM
BOKPYI LpYroil BO3bMUTE U3 KPUBOA
n3MeHeHus Bnecka Anrona. Onpege-
nuTe CYMMapHYIo Maccy CUCTEMbI W
Maccy BTOPOW 3Be3[bl.

@ Bokpyr 3sesgel MpoumoH (o Ma-
noro [lca) Ha pacctoaHum 14 a. e. Bpa-
Wwaerca cnabbii CryTHUK C NepuoaoM
okono 41r. QueHure CYMMapHY10 Mac-
CY OBOMHOW CUCTEMBbI,




Bbl V2HAETE:
@ Kak ¥ novemy BCMbIXMBAIOT HOBbIE
3BE3/bI.

@ Kak B3pbLIBaIOTCA CBEPXHOBbLIE 3BE3-
abl.

BCAOMMHMNTE:

@ Y10 npencraenset coboi guarpam-
Ma «CreKTpanbHbIA Kacc — CBeTU-
MOCTb 3BE30»?

Benviuira
HOB0I 36e30bL

HOBDIE I CBEPXHOBDIE
SBE3/bl

WHorpa Ha Hebe nosensiorcs 3BE34bl Tam, rae Ux paHblle He
BMpenu. Mx Haseanu HoBbIMYM 3BE30amMu. OHW NOABNSIOTCA BHEe-
3arHo, NPUYem KX CBETUMOCTb W, ClefoBatenbHo, bneck BeicTpo
BO3pacTaloT. Msyuverme doTtorpadmin 38é3aHOr0 Heba nokasbisa-
€T, 4TO 40 BCMbILWKK 3TK 38834kl ObiNi 04eHb cnabbiMu.

EEETEEREEEN TprmMepaMy MOTYT CIIY:XHUTE HOBBIE 3BE3-
Abl B cospesgun Opaa (uoHE 1918 r.) u B cossesguu Jlebens
(23 aBrycra 1975 r.). Cyxa mo dororpabmuam, 6JIeCK HOBOM
3Be3asl B co3Besauy Opna 3a TPU AHA M0 BCIBIIUKY ObL 11™,
a 3a YeTeIpe JHA yBenmyuica no —0,5@, 1.e. BO3poc mouTH B
40 TrIc. pas! Barem oHa crasa crabeTsb, IpEMepHO Yeped 200
IHell mepecrasa OBITH BHAMMON HEBOODPYKEHHEIM IIa30M, a
eIné yepea rox ocaabena g0 IpeskHero sHaveHmwg 11™,

Hopasa 3Besga B coseesguu JleGens 1o BCIBIIIKHM WMEJa
Greck oxoio 21™, a B MAKCHMYMe BCIBINIKN — 10 1,97, T. 6.
3a HECKOJILKO JHeI eé CBeTHMOCTE Bo3pocia B 40 muan pas!

HabmoaeHns DOKasalH, YTO BHEIIHAA 000J0YKA 3BEe3bI
BO BpeMsA BCOBIIIKH DACIIHPHAETCS CO cKopocTbio or 1000
mo 2500 xm/c. IIpuEMepHO Uepes MOArOZa-TOJ BOKDPYT OCJIa-
OeBInelt 3Be3IBI CTAHOBUTCA BHAMMON B TeJIECKOIILI CBETIAN
pacuImpANMAACT rasoBasd TYMAHHOCTE — 3Ta cOPOIIeHHAas
o0osouKa, ocBenaeMas 8Be3J0H, YAANACTCA OT Heé 1 cO Bpe-
MeHeM pacceHmBaeTcH B npocTpaHcTBe. Cama ke 3Be3na BO3-
BpamaeTcs K IIpexHeMy cocToaEWIo. CiemoBaTelbHO, ITPH
BCOBIIIKE HOBAafA 3Be3Ja He PABPYIIAeTCsH, a JIMOIbL cOpackl-
BaeT ¢ cebsa 000g0uKy Maccoi oxoao 107°—104 commeunmoit
MAacCEl — BeJMYMHA HE3HAYWTEIbHAI B CPABHEHMHU ¢ MacCoH
BCHBIXHYBOIEH 3Be3/(kl. B HacTOsMIIee BpeMs M3BECTHO 0KOJI0
200 =OBBIX 3BE3J, GONBIIMHCTBO M3 KOTOPBIX BCIILIXHYJIO B
Muneunom Ilyra. j

BrisicHMIOCH, UTO KaK HOBEIE BCIBIXHBAIOT 3BE3ALI HM3-
KOH CBETHMOCTH M BBICOKOH TeMmeparypsl. OKasagock, 4TO
MHOI'HE HOBBIE 3BE3IBI ABIAITCSA TECHBIMH OapaMu, CO-
CTOAIIHME H3 0eJ0r0 KapJIMKa M OOBIYHOM BBE3IBI CIEKT-
panpHOro Kaacca K mim M.




BemmecTBo 00BIYHON 3Be3/bI, GOraToe BOLOPOLOM, IIOT Heii-
CTBHEM IDABHTAIMH CO CTOPOHEL GEJIOr0 KapiHKa IepeTeKa-
eT Ha Hero. Ilo Mepe HaxonneHHa BemiecTBa Ha GesoM Kap-
I¥Ke JaBJeHUe W TeMIepaTypa B 06pasoBaBiieiicsa 060IouKe
VBEIMYHBAIOTCA, U IPHU JOCTHXKEHHH KPHTHUYECKOrO 3HATe-
HUA IIPOUCXOAUT TEPMOANEPHEIH R3DEIB, COPACHIBAIOINUN 3Ty
000JI0uUKy ¢ GeIoro Kapauka.

ITopo0uble mpomecesl MOTYT HOBTOPATHCA. HelicTBHTEIL-
HO, HEKOTODLIE 3BEEBI BCOBIXHBAIOT IOBTOPHO, M YACTO OHH
Ha3BIBAXOTCH OBTOPHEIMH HOBBIMH.

‘ Huorma B Heipax HEKOTOPBIX 3BE3
OIPOUCXOLAT B3PHIBEI TAKOM KOJOCCAJBHOM MOIIHOCTH, YTO
OHH paspymIaloT BCIO 3Be3ny. Bo BpeMd B3PLIBA CBETHMOCTE W
OJlecK TaKWX 3BE3], Ha3LIBAEMBIX CBEDXHOBLIME 3BE37aMH,
BO3pPACTAIOT B IECATKHU ¥ COTHY MUJIJIHMOHOB Pa3, M OHU CTAHO-
BATCA HACTONRKO APKHMHM, 4TO MOI'YT OBITH BUIHBI HEBOODY-
HEHHBIM [VIA30M JaKe JHEM.

Beoplmkm CEBePXHOBBIX 3BE31 — OUEHBb PEIKOEe dAB-
Zerue. 3a nocxegaue 1000 mer BCOBIXHYJIO IO MEHL-
med Mepe IATH CBepXHOoBLIX 38é34: B 1006, 1054, 1572,
1604 un 1667 rr. CBepXHOBYIO 3BE3/Y, BCILIXHYBUIYIO B
=osa0pe 1572 r. B cospesguu Kaccuonen, Habamomam gar-
ckmit acrponoM T.Bpare, KOTOPEIT OTMETH, UTO 3BE3-
Ia TI0 APKOCTH cpaBHUMA ¢ Bermepoit. Yepes 16 mecamnes
3Be3/a ucuessa. CBepXHOBYIO 3BEe31Y, BCULIXHYBIOYIO B
1604 r. B cosseszguu 3mMeeHocma, Habaomzanam I Tanum-
aeit m U. Keriep.

Oco0slit mHTEpec IpeACTAaBISET CBEPXHOBAd 3BE3-
Ia, BCOBIXHYBHIas B mioge 1054 r. B cossesngum Teian-
na. HcTtoprueckre cBeleHHA o Hell OLLIM HalfeHEI B
KUTalCKIX XpoHuKax. Temeps HA MeCTe CBEeDPXHOBOM
3Be3gel 1054 1. madurogaercs rasosas, OBICTPO pacinu-
pamomasaca KpabosugHas TYMaHHOCTDL, B IIEHTPE KO-
TOPOHM HAXOAUTCH UYJIBCApP, NMHTCHCHBHO H3IYYaIOIHi
DPaAHOBOJHEL.

Ha mecTe cBepxHOBOH 3Be3nbl 1667 1. B cossesnuu Kac-
CHOIIeH TOXKEe HMeeTCa HeNpPABHJILHAS BOJOKHUCTAA rasosas
TYMAHHOCTB, ABAAIOIAACA MOOIHBIM HMCTOUHHKOM DaJHONS-
ayuerusa (Kaccuomes A).

Kaccuones A

B «Mctopum mumacTm Cyws Hanu-
caHo: «B nepsom rogy nepuoga Wn-
Xo, B NATYI0 NyHY, B HOYb Yu-Ybio
3Be30a-roCTbA NOABMNACh... Ha BOC-
TOYHOM Hebe co3se3nua TheH-KyaH...
(Tenepb BxoouT B co3sezgme Tensua.)
Ona Obina BMaHa OHEM B TedeHme 23
CYTOK...»

Ha npotaxeHwn ABYyX neTt 3Be3ga
ObiNa BUAOHAa HEBOOPYXEHHLIM MNa-
30M. YNOMWHAHWE O HEN UMEETCH W

B Netonncax AanoHCKMX acTpOHOMOB.

Kpabosudnasn
MmYyMAHHOCMb



Boavwoe Mazennaroso
O6rara

BOMPOCHI M 3ALAHNSA:

@ Bo Bpems BCMbILKW CBEPXHOBOI
3Be3[bl €€ CBeTMMOCTL OOCTUrana
Liax = 10" Lg oKkono 50 cyTok. OueHu-
Te, Ha CKONbKO BpeMeHu XBaTwno Bkl
HawemMy COnHuy TOW IHEepruu, Koto-
pyio BblAenuna CBepxXHoOBan 38e3fa B
TeqeHune 50 cyTok.

@ 3a c4ér kakoro npouecca B3pbi-
BalOTCA HOBbIE 3BE30bl U CBEPXHOBLIE
nepsBoro Tuna?

@ Kakue xummyeckne snemeHTbl 06-

PasyloTca Npu B3pblBaxX CBEPXHOBbIX
3BE307

@ MocmoTpuTte BoKpYr cebs: yTo oT-
CYTCTBOBaNO Bbl U3 TOrO, YTO BLI BUAU-
Te, ecnn Bbl He ObINO B3PLIBOB CBepx-
HOBbIX 3BE347

24 derpana 1987 r. mabmomatack BCIBIIIKA
CBEPXHOBOH 3Be3nrl B Boaesmom MareazasHoBom
Obsake. 3a ABOE CYTOK GJIeCK 3TOMH 3Be3IBI YEEIH-
quicsa ot 15™ no 4™, T. e. € CBeTHMOCTE BO3POCIA
B 25 Teic. pas! COpomenHas 3Be3moi 060IOTKA
PacImIupAIack CO CKOPOCTRIO oKoyo 16 000 xm/c.

Bo Bpemsi MAKCHMYMa BCOBIIIKY CBEDXHOBEIX
3BE3] UX CBETHMOCTH MOKCT B HECATKH MEJLIH-
apAOB Pas MPEeBHIIIATE CReTHMOCTE: COMHIA.

MomaoCTE B3pEIBA HACTOJIBLKO BENHKA, UTO
BeIIeCTBO DAa3PYIICHHOH B3Be3Abl pasbpachIBa-
eTCcs BO BCe CTOPOHBI €O cKopocThio oT 5000 mo
20000 sm/c.

W3z-3a BBICOKOH TeMuepaTyphl B HeIpax 3Bes-
IbI BEIOPOITEHHBIA I'a3 HaXOAUTCH B MIA3MEHHOM
COCTOAHUH H CO3/[A€T CHJIBHOE MATHHUTHOE IIOJe,
B KOTODOM 3JI€MEHTAPHBIE TACTHI[LI IIPH TOPMO-
JKEHHH MOPOMKIAIOT MOIIHOE pajuomsiydenwue. Ilosromy
MOKHO IPeAMOJIOMKHTE, ITO ODHAPYEeHHLIe B HECKOIBKIX
Mecrax Maeunoro ITyTu paguousmyuaiompe rasoBse BOIOK-
HHUCTEHIE TYMAHHOCTH BOSHHKJHW IIPH Pa3PYUICHHUH CBEPXHO-
BBIX 3B€3/. BO BpeMsaA BCIOBINIKY CBEDXHOROI 3Be3ZHI B CIYT-
auke Mireusoro IIytu — Boaxsmom Marennazorom Ofnaxe
HabJII0aIack BCOLIIIKA HeHTPHHO.

I'posur nu moxobHad Beneimka mamemy Counny? Hecire-
AOBaHKs MOKASHIBAIOT, YTO B3PBIBAM MOABEPKEHBI HaNIEKO
HE BCe, & JIMITH B KOHIE CBOEH KU3HHU OCOOEIE II0 CTPYKTYpe
8BE3/bI, K KOTOPHIM Hamre COJIHIE He HPHHALICHKHAT, 4 II0-
STOMY BCOBIXHYTH HE MOXKET.

PasawuaroT 1Ba oCHOBHEIX THNA CBEDXHOBBIX 3BE3H. ¥
CBEPXHOBBIX IEPBOTO THUIA B3DBIBAETCH 3Besna Oesblit Kap-
JHEK, BXOAAIAA B COCTAB TECHOH ABOMHOM cHcTeMbl. axk w
B HOBBIX 3B€3/]aX, B TaKOH cUCTeMe IDOUCXOSUT IEpeTeKa-
Hue BemecTBa w3 OOBIYHOM 3Be3AEI Ha Oeaniit kKapauk. Ho
OeJIBlif KapJIMK B CHCTEME MMeeT Macey, OJHSKYIO K IpeJeIs-
HOH macce (Macce qan;:;pacercapa), TIO3TOMY HOCTATOYHO HE-
GOJIBIIOr0 KOMHYECTBA BEMIECTBA, BHITIABIIEro HA HETO, &
PaBHOBECHE B 3Bes[e HapyIIaeTca, 0elsrii Kapiauk OLICTPO
CIKUMaeTcd (3TOT MPOIece CKATHSA HAaSBIBAETCH KOJLIAIICOM)
70 Pa3MepOB HEUTPOHHOR 3Be3/bl. 34 CEeKYHIBI BHILEJIACTCH
TPAaBHTANHUOHHASN YHEPIrHA, KOTOPAA MEPEXONUT B TEILIO H
KHHeTHYECKY) SHePrHui0 B3PbIBA.

Y CBepXHOBBIX BTOPOTO THIIA B3PHIBAETCS MACCHBHAS
3BE3/la HA CTAJIWH MMIAHTOB H CBEDXIHTaHTOB, KOTZIa MAacca
IJIOTHOrO AApa JOocTHIaeT upenena YaHApacekapa, U IPOMC-
XOIHUT KOJIIAIC AApa. BelzendeTcs orpoMHEaAs MOTEHIHAIL-
Had 9HEPIrudA, KOTopas pa30dpachiBacT BHENTHHE YACTH 3Be3-
ABL CO CKOPOCTAMU CBBIIE HECKOJILKHX TBICAY KHJIOMETDOB
B CEKVHIY.

Ilo mabaroneruaM M3MeHEHWA GlIecKa CBEPXHOBOH MOXXK-
HO OIIPeNEJIHNTh, K KaKOMY THIY OHA OTHOCHTCSH.

Bo Bpems B3pbIBa CBEDPXHOBOH HPOMCXOTHT 06PA30BAHHe

XUMHYECKUX 3JIEMEHTOR TsKeee jKeesa.




3BOJIIOLNA 3BE3R

3BOJ'HOLI,MFI 3B8e3[bl — TMOCNeOOBaTeNbHOCTL M3MEHEHWI, KOTO-
PbIM 3B€3[1a MNOLABEPraeTCd B Te4eHne eé KW3HK, T. €. Ha NPOoTaAXKe-
HUAW MUIINMOHOB UNKX MUNNMAPOOB NET, NoKa OHa M3ny4HaeTt CBeT
W TENNO. B Te4eHMe Taknx KONoCCallbHbIX MPOMEXYTKOB BpeMeHn
M3MEHEHWMA OKa3bIBaOTCA BeCbMa 3HaYUTESIbHbLIMM.

2 B Mueunom ITyTu HabniomanTes ra3omnsiie-
BbBIE oﬁnazca. Hexoropeie U3 HEX HACTOABKO IIOTHBIE, UTO
HAYMHAIOT CHKHMATHCS IO AeHCTErEM COOCTBEHHOIO TATOTE-
zus. 1lo Mepe c:xaTus na0THOCTE U TeMIepaTypa 0bJIaKa mo-
BBIIIAIOTCHA, ¥ OHO HAYMHAET U3JIy9IaTh BOIHBI B mHMpPaKpac-
HOM JuanasoHe cuexTpa. Ha sToll cragum c:katus obraxo
IOJYYHJIIO HASBAHUE HPOTO3BE3ALI.

JAIHTEJBHOCTD CTAOUM CHKATHA IPOTO3BE3N PasIHuHA:
IPH MAacce MEHLIITE COJMHETHON — COTHM MUJIJIMOHOE JeT, & V
MAaCCHBHBIX — BCETrO JIUIIL COTHI THICAY JIET.

Korpa Temmeparypa B Hempax IpOTO3Be3IbI IOBBITITAET-
¢A A0 HECKOJIbKUX MHJLIHOHOB KeJbBHHOB, B HHUX HAYWHA-
I0TCH TePMOsJIePHLIe PeaKIHMH IIPEeBPAINEHHS BOAOPOAA B
requii. IIpu 5TOM BBIZENAeTCA OCPOMHAA SHEPIUS, OPEIaT-
CTByIOIIaA JanbHelimemy coxaTrmio. Pasorpesasaces Do caMo-
CBEYEHMs, IPOTO3BE3/a IIPEeBPAIaeTcA B OOBIUHYIO 3BE3LY
TNaBHOM IOCIEeZOBATENLHOCTH AMATPAMMEl I'epIiuInpyHTra—
Peccena.

CreTHMOCTE M MOBEPXHOCTHAA TeMIepaTypa copMEpO-
BABIIHXCA 3BE37 3aBHCAT OT MX MAacChl, TTO3TOMY OHM IDPH-
Hagmexar K pPasIWYHbIM CIEeKTPAIbHBIM KJIACCaAM, T.e€.
HAXOMATCHA HA PasJAHYHBIX YUYACTKAX IVIABHOM MOCAEL0BA-
TeJbHOCTH: MacCHBHBIEe 3BE346I — BEIIe ComHIila, a 3BE3IbI
MaJIOH MAacCH — HHMKEe ero.

Bpema t, npeGriBaHus 3BE3] Ha TWIABHON IIOCIENOBATEID-
HOCTH OIIpefedaseTCa MOITHOCTLIO H3IVICHNA 3Be3 bl (CBeTH-
MOCTBIO) M 3amacaMu AfepHoil suepruu. OHO paCCIATHIBAEST-
cdA TeM Ke coco0oM, 4To 1 BpeMs :xusHr ComHna.

Tlopcranaa B (OPMYyNy BMECTO MAcChl W CBETHMOCTIH
CosrHnma Maccy M CBETHMOCTE 3Be3ALI M YUHTHIBAL, UTO CBe-
THMOCTE 3Be35l L, ~ M., %, monyuaem
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Hcxona U3 9THX PACUETOR, MOKHO YTEEDKIATE, UTO 3BE3-
IOBI CTIEKTPpaabHBIX KiIaccos O, B 1 A, HaxofaliHecs Ha IIaB-
HOH MOCJIeNOBATEILHOCTH, — 5TO MOJOALIE 3BE3/EI.

Bbl VZHAETE:
@ Kak poxpgaloTcs, XusyT 1 ymmupa-
0T 3BE3[bl.

BCNOWIHKTE:

@ Kak 1 novemy BCNbIXMBAIOT HOBLIE
3RE30bI?

@ Kak B3pblBaoTCs CBEPXHOBbIE 3BE3-
abl?

OcHogHad (asa

Benbii kapnuk

KpacHbin

W CBepXruraHT



R ———
B 107
A 108
E 109
G 10
K 10"
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SAJAYA N: 22
PaccrogHre [0 ILIaHEeTAPHOH
TYMaHHOCTH «Koabieo0pazHasi»
B cosBesnuu JIupe 7= 660 nx,
yraoso# pumamerp 0= 1307,
USMEpEHHAHA CKODOCTEL paciiupe-
st TymaEHOcTH 0 =0,01"/rom.
OngHnTe JTHHEHHYIO CKOPOCTH,
bagMep TYMAHHOCTH M BpeMd eé
SKMBHM,

Il nanemapras MYMaHHOCTLb
«Ronvyeobpasnaas
6 cozsesduu Jupwvl

ITocne BnIropamms BOZOpoIa B Henpax 3BE3xm 00-
pasyeTcs rejiHieBoe AP0, & TepMOSJePHLIE DeaKI[UuK
IPEBPAITeHrA BOAOPOLA B MeJIHH HAYMHAIOT IPOHCXO-
OUTH B TOHKOM CJI0€ ¥ T'DAHUIIEl AApPAa.

B renmeBoM Anpe IpPH CO3LABINEHCA TeMIepary-
pe AlepHbIe PEAKIIHH MPOMCXOIHUTh HE MOI'YT, H OHO
PE3KO CIKMMAeTCHA N0 IJIOTHOCTH cBhimre 4 -10° xr/ms.
Benenereie coxaTusa TeMirepaTypa B sApe BO3PACTAET.
Poct Temmeparypsl 3aBHCHT OT MAacChl. JJIs 3BE3ILI C
MAaccOH UyThH MeHbIIIe COTHeYHOH TeMIeparypa Bceraa
ocraérca mensme 30 mar K. IMosTomy cixarme agpa
OPUBOAUT TONBKO K OYDPHOMY BBIJEJICHHIO SIepPHOMR
SHEPI'HHN B TOHKOM CJIO€ ¥ IPDAHUIIILI S1pa.

¥V ConHIla TeMImepaTrypa AIpa OPH CHKATHH CTAHO-
purca Beiine 80 MmuHE K, 1 B HEM HaUHUHAIOTCA TEPMOSAAEPHEIE
PeaKITHU IIPEBPAINCHHUA MeIHA B YIIepos.

Y Gosee MacCHBHBIX 3BE3J TeMIEpaTypa HACTOJBKO BEBI-
COKa, ITO BOSMOMKHEI TEPMOALEPHEIE DeaKIuy 00pasoBaHma
az0Ta, KUCJIOpoAa u Dosiee TAMKENBIX XMMHYECKUX 3JIeMeH-
TOB. BeIXOZAIIad M3 AApa M €70 OKPECTHOCTEH 3HEPIHUs BBI-
3BIBAET IOBBIIOEHMUE TA30BOTO AABJICHNUA, MOJ AeMCTBHEM KO-
TOpPOro gorochepa 3Be30bI PACHINPAET .

SHeprusA, npuxoa#mad k¥ dorocdepe u3 Heap 3Be3IbI,
PACIPOCTPAHAETCH TEIEPh Ha GOMBNIYIO ILI0MIalh, IeM PaHb-
me. B ceAsu ¢ sTuM TeMmmeparypa GhoTochepnl IOHHIKAETCH.
3Be3a CXOAHUT ¢ TVIABHON HOCIEMOBATENLHOCTH, IIOCTEIEHHO
IPeBpalllasich B KPACHOTO THTAHTA WM CBEPXTHT4HTA B 3a-

BHCHMOCTH OT MAacCChI, H CTAHOBHTCHA CTapOH 3BE3O0M.

Pasnyermascsa o000JouYKa 3Be3OBl He-
GoJBLIION Macchl Vexe caabo IIPHUTATHBA-
ercsa €€ AIPOM H, IOCTENeHHO yAAILAACh
OT Hero, 00pasyer IIIaHETAPHVIO TYMAH-
HOCcTh. Ilocie OKOHYATENIBHOTO PACCESHILA
00GOJIOUKH OCTAaéTcA JHIOL TopAduee AAPO
3BE3ABI — OeNbIi KApJIHK. ¥ 3Be3Ibl THIA
ConmHIa ocTaHeTcsl VIIEPOAHBIN Oenblit
KapauK.

IBOJIOIM A MACCHUBHEIX 3BE3]] IIPOUCXO-
ouT Gojree OypHO. B KOHIle cBOell KHU3HH
TaKas 3Be3/la MOKeT B30PBATHCH CBEPXHO-
BOI 3Be3Z0H, a e¢ aIp0, Pe3K0 CIKABIINCE,
OIPEBPATUTCH B CBEDXIIJIOTHEIHA 00BEeKT —
HEHUTPOHHYIO 3Be3Iy MJIH Jaske B YEPHYIO
ABIDY.

Tax, B KpaboBugHmo#l TyMaHHOCTH,
ocTaBOIedicA IOCJE B3PHIBA CBePXHOBOIM,
HabImomaeTcd IyJaksCap ¢ HEPHOLOM IIYIb-
cammii 0,033 c.

Copomenrasa oboxouka, oboranéanan
TeJaueM ¥ OIPYTHMH THKEIBIME dJaeMeHTa-
MH, 00pa30BaRIIMMUCA B HeAPAX 3Be3O5I 1
BO BpeM:A B3PHIBA, PACCEMBAETCA B MPOCTPAHCTBE U CIAYKHUT
MAaTepuaaoM Iiad (POPMUPOBAHMNA 3BE3)[ HOBOT'O IIOKOJJIEHHIH.




L : Ompezenurs Bozpact
OTNeJIbHOU 3Be3/BI HEBO3MOIKHO, TAK KaK HAM HEH3BECTHO,
XOTHa oHa obpazoBanack. Ilo ed CIIEKTPAJILHOMY KJIACCY MEI
MOFEM TONDPKO ONPEAETUTE BPeMS €€ MKU3HY Ha IITaBHOIN mo-
CIeNOBATEILHOCTH.

SaMevaTeapHBIH CI0CO6 OIPEEINTEL BO3PACT 3BE37 HAIOT
HaM HaONIOAeHUs 3BE3THLIX CKOILICHHWH. Tak Kak 3BE3EL
DPasJIMYHOU MaCCHl B 3BE3AHBIX CKOILICHMIX o0pasyrores
UPUMEDPHO OLAHOBPEMEHHO, TO amarpamMma «CIexTp — cre-
THMOCTE» TOJBKO 9TO DOJUBIIETOCA CKOLMIEHHSA COLCPIKHT
3BE3/IbI BCEX CHEKTPANBHBIX KJIACCOB, KOTODLIE HAXOAATCH
Ha CTAOWH TVIABHON IIOCJIENOBATENEHOCTII. B HéM OTCYTCTEY-
FOT KPaCHBIE 'UTaHTEI, CBEPXTUTAHTHL U Oelble KapIuKi.

Co Bpemenem maccuBHEBIE 3BE3TEI YMHPAXOT, U TJIABHAS
HOCJENI0BaTeIPHOCTE TAKOTO CTapOTO CKOIJEHHS He GyreT
COZEpIKaTh MACCUBHBIX 3BE3J CHEKTPAIBLHEIX Kiaccoe O, B
U T. 1. B 3aBUCUMOCTH OT BO3PACTa. JTH 3BE3/LI TIEPEXOIAT B
TUTaHTBL X CBEDXTHTAHTEL U JaJjiee BOOOIIe B3peIBaoTea. I1o-
SABIAIOTCA Oenble KapauKi.

ITo ciekTpansEOMy KIacey 3BE3[, TONBKO HAYMHAIOIHX
TIEPEXOAUTEL B KPACHBIE MMTAHTEI (TAK HASEIBAEMAA TOTKA 110-
BopoTa Ha AmarpamMme «CHeKTP — CBETHMOCTB»), KOTOpEIe
YMHPAIOT B JAHHBIH MOMEHT, MBI MOKEM CYAUTH O BO3pacTe
BCEr'0 CKOILJIeHHA.

Ha pucyske @ mpemcrasienma rakas AUATPAMMA CTAPOTO
cromierua M3. B HéM Ha INIaBHOH IIOCIE0BATEIBHOCTI oT-
CYTCTBYIOT 3BE345I CIEKTPAJIHLHOIO KJIACCA O, B, A, a 3Béamer
CIEeKTPaNIbHOro Kiacca F, ¢ Maccol 94yTh MeHBLIIe COIHey-
HOHM, TOMBKO HAYHMHAOT ymupars. CienoBaTrenbHo, BospacT
9TOT'O CKOIJIEHUA — HECKOJILKO MUJLIHADP/OE JIeT.
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Camuie CTapbie 3BE3JHbIe CKoMne-
HUs IMEICT BO3pacT Ao 13 Mapg ner,
T.€. OHW BO3HWMKNW Ha PaHHWX 3Ta-
nax ssonwunn BceneHHoi, korma
e€ Bo3pacr 6bin okosio 1,5 MIpa nert.
ECTb BCe ocHOBaHUMA nonarars, 4To
B Hadane obpascBbIBanMCL ckone-
HUS 3BE3[, 3aTeM OHW 0BGbeauHA-
Nk, GopMUPYa ranakTukm.

B uacthoctu, ects ocHosanus no-
naratp, 4to ConHue — 3Be3fa BTO-
poro nokonewus. Enarogaps s7o0-
MYy CYLWECTBYEM W Mbl C BaMM. Ml
COCTOMM W3 TAXENbIX 3NEeMEHTOB
(yrnepoga, xenesa, kansums u ap.),
KOTOpPbIX He BbiNo B Nepen4HOM Be-
LLeCTBE U NepBbIx 3B83ax. Taxénble
3NTEMEHTbl — Mpax Nnepeoro NokoJie-
HWA 3BE3[], U Mbl COCTOMM W3 3TOro
npaxa.

Huazpamnma
«Cnexmp — ceemumocmp»
uLapoeozo cronaenus M3

BOMPOCHI W SAOAHNA:
@ Onuwute 3BONIOLMIO 3883, i
@ Kak onpegenuts BO3pacT 3BE3f- |
HBIX CKOMNeHWIA?




SATAYA Ne 23
Toguuublil mapanzaxc 3Besmbl
Berenbreiize (0. Opmona) pasen
n=~0,0062", Bummmaa 3BE3MI-
Hasg BeawmuwmHa m = 0,5™.
Hatizute paccTognue m0 Heé B
Ilapcerax # B CBETOBBIX rofax,
OHOpedenuTe OCBEIEHHOCTD,
CO3MaBaeMyI0 3Be3J0H HA
3emie, abCOMIOTHYIO 3BEZTHYIO
BennunEy M (3BE3OHYIO BeJH-
YUHY 3BEe3HBI, €CJOH OB OHA
0OBlJIa PACTIOJIOFKEeHa Ha pPaccTo-
auun 10 OK) ¥ CBETHMOCTSH.

SATAYA N 24
Hcnons3yd  CHEKTPAILHYIO
ETACCH(DUIKAIINIO 3BER/ OLEHU-
Te 10 BHAWMOM 3BE3NHOIN BeJI-
uhHe, IOBETY W TNapajilakcy
(VKasaHBl B CKOOKAX) yIIOBOH
U JUHeHHBIN AHaMeTpHl, CBe-
THMOCTE, TEeMIEePaTypPy 3BE3x;
N Boasmoit Meapeauier (—0,41®,
Beso-ronyboit, 7 =0,004") u
| & Bonemoi Mensenmer (+1,09™,
| Geusrit, ©=0,008").

AcTpoHeT
http://www.astronet.ru

SriemMmeHTbI: NONYNAPHbIA CANT
o thyHRamMmeHTanbHON HayKe
http://elementy.ru/

MonynspHas mexaHuka
http://popmech.ru

@ Temmneparypa mosepxaocTu Comuna 6000 K, ceeTmMocTh
4-10% Br, macca 2-10% kr, Temueparypa B neurpe Coxnma
l4 man K. ConHIle CBETUT 3a CUET TEPMOAIEPHBIX PeaKI[mil
CHHTe3a IeJHsa M3 BOJOPOJA, MOATBEDIKICHIEM 5TOIO ABJIA-
IOTCA HAOMIOAeHNA COMHEUHBIX HeHTPIIHO.

& Tlo cuexrpaabEBIM Habaogeruam za ComHme o0HApYy:Ke-
HBl BCe M3BECTHBIC XMMHUYECKHe 3JIEMEHTHI, HO Ha BOJODO
OPEXOZUTCH 0KOJI0 T1%, mHa reauii — 27%, a Ha Bce OCTAJIb-
HBIe — 0K0oJNo 2% wmaccwr ComHIa.

O CosHeuHass KOpPOHA HMeeT TeMIeparypy oxomao 2maH K,
OHa XOpOHIO BHAHA BO BPEeMsA IIOJHBIX COJNHEUHBIX 3aTMEHMUH
HIH B KOCMHYeCKIe PeHTIeHOBCKIUE TeJIeCKOIEI.

@ Ilo Bumy CHeKTpa, OBeTY U TeMIIepATYPe 3BE3abl Pa3tuThI
Ha cuexTpansHble Kiaaccel O, B, A, F, G, K, M.

& 3BésaBl IIABHOHI HOCIENOBATEIBHOCTH, K KOTODPBIM OTHO-
curca CorHIle, IO CROEMY CTPOSHHUIO MOXOMKH HA Hero.

© HeHTpoHHBIE 3BE3bI HAOGIIONAIOTCA KaK IyJaIbcapel —
HCTOYHHUKH IIYJbCUPYIOUIEr0 PAIMOUSIYUEHHS ¢ IIePHOAOM
nyascanui or 0,001 ¢ 10 HECKOMTBKHUX CEeKYH].

& OcoBoe MecTo cpelu 3BE3/] BaHIMAIOT 4EpHLIE ABLIPHI, TAK
KAaK OHHM HHUEro He H3JYYAIT M 00HAPYKUBAIOTCA IO BJIIHA-
HHUIO UX CHJIBHOTO 'PABUTAIMOHHOrO IIOJIA HA OKPYKAIOIIYIO
Cpheny M 3BE3OHLIX COCEIe.

& OcoBoe MecTO Cpefiy TEPEMEeHHbBIX 3BE3L 3aHUMAIOT TYAb-
CHDYIOMINe 3BE€3bI OONBINON CBeTHMOCTH — Iedennsl, v Ko-
TOPEIX O0HADPY:KEHA UETKAA CBASH MEMXIY TTePHOLOM IIVIILCA-
IWH U CBETHMOCTBIO.

NoAPOBHEE...

\ Hazaes M.M. KEura ansa drenus mo actpoHomun: l1loco-
\ Ome ana yuamuxcea. — M.: [Ipoceemenne, 1988.

Cypdun B.I. ConHeunasa cucTeMa, — M.: ®usMariur,

2008.
\ dunuknonenna ana pereii. T.8. Acrpomommsa. — M.:

Azranra+, 2013.

BONPOCHI fANA OBCYIKEEHWRA:

@ Kak Bbl oymaeTte, xumudeckmin coctas ConHUa B AApe CUNLHO OT-
TMHaeTCs OT XMMKUYECKoro coctasa otoctepsl? ApryMeHTUpynTe
CBOW OTBET.

@ Kak oLeHWTb TeMnepatypy nosepxHocTy ConHua no HenpepbIB-
HOMY CMEeKTpy ero U3ny4yeHus?

@ Kak Bbl MoxeTe OBBLACHWUTL NOABNEHME TEMHbBIX CneKkTpanbHbIX
JIMHWEA B CONHEYHOM CMEeKTPe € TOYKM 3PeHUS aTOMHbIX NPOLeCcos?
@ O6bacHWTe, Nodemy No HaBMIOAEHUAM COMHEYHbBIX HEWNTPUHO Mbl
3armagbieaeM B 84po ConHua, a C NOMCLLbIO NCCefoBaHnsa NOTOKOR
M3NY4YeHWs Mbl 3TOrO CAenaTb He MOoXeM.




Fnapa 6 B £A3 1 MbIMb B FANAKTUKE
B PACCEAHHbIE 11 LLUAPOBbBIE

SRR Rl ﬁ nvTb — 3BE3MHBIE CKOMMEHS

2 CBEPXMACCMBHAS YEPHAS OBIPA

HALUA FTANAKTNMKA B LIEHTPE FANAKTVKM

3SHAETE Jild Bbi, 470...

MneyHeln Kpyr

DTOT KpYr MNPUHAONexuT K YW
5y 3aMeTHeIX Ha Hebe n HasbiBaeTcs
MneyHbiM. CbIHOBLA 3eBca He MOru
nony4YnTb HebecHbIX noYyecTem, ecnm
OHM He oTBedanu oT cocUoB lepkl. Bot
nodemy, roBopAT, fepaksa, efBa oH po-
ounca, Tepmec npuHéc Ha Hebo 1 npu-
noxun K cocuy lepbl. MnageHeu, Havan
cocatb, HO [epa, 3aMeTUB 3TO, CTPAXHY-
na ero, a oCcTaTok MONOKa BhITANCA K
obpa3sosan Mne4HbIi Kpyr.

SpatocgreH
«[lpeBpalleHns B CO3B8€3a1A
(KaracTepuzmsi)»
KommenTapim K y4ebHuky |
acTpoHoMiin Apata 315r. go H. 3. |




Bbl V2HAETE:

@ Kak obpazyloTca oTpaxaTensHsle
TYMaHHOCTI.

@ [MNovemy ceeTaTca AudQysHbe Ty-
MaHHOCTM.

@ Kak KOHUeHTpUPYIOTCH rasosbie K
NbINEBbIE TYMAHHOCTU B [anakTuke,

BCNONIMHMTE:

@ Kakue 31anbl 380M0LAN NPOXOOAT
3BE3abI?

& KakoBbl XapakTepucTUKK 38€3a7?

Tymarnrnocmv Opuona

Habnwonas Mneunsin NMyTs B Teneckon, . Tanunen B koHue 1609 T.
YCTaHOBW/, 4TO OH COCTOMUT M3 KONOCCANbEHOrO MHOXECTBA O4eHb
cnabbix 3B€34. Ero 3B€3nHas CTPYKTypa XOPOLLIO BUAHA [aXKe B
0DbIYHBIN DUHOKJIb.

4 THETCA cepebprcToi 1oJa0CoH o odouM
TIONXVINAPHAM, 3aMBIKAACE B BEBEBTHOE KO0, Habmonennsa
TIO3BOJHNJIH YCTAHOBHTE, UTO BCE 3BE3ILI 00pasyIOT OrpoM-
HYIO 3BERHYIO cHCTeMY, HasBaHHyI0 ['amakTukoit (0T rpeu.
2a1AKMUKOC — MOJIOYHEIH), TOXABIAINEE OOJBIIMHCTEO
3BE30 KOTOpPOI cocpenmoToueHo B Mueunmom Ilytum. Harmre
Coxmrne ¢ cucTeMoil 00pANIAIONIAXCHA BOKPYT HETO TeJ ToXKe
BXOOMT B COCTAR ['aTaKTHKH.

JmHuA, opoxonAainasa mNocepenrnHe BAONIL Bcero MiIeusnoro
IlyTm, HasLIBaeTcsa raJakKTHYECKHM 5KBATOpPOM, a o0pasyio-
1M[as ero MIOCKOCTh — FalaKTHUYECKOH MI0CKOCTRIO.

Ha pucynxe a mnmorkasama wacts Maeumoro IlyTm ot co-
sBesnua Opna mo cozpesgua Kmis.

Ot cossesgusa Jlebena no cospesgusa Ilenraspa Mueunniii
IIyTe BRIMIAAuUT pasgsoeHHLBIM. OTCYTCTBHE 3BE3[ B TEMHOM
gacTH Maeunoro ITyTH 00'hLACHACTCA HAJHYMNEM pPaspe:KeH-
HOIN TEMHOH OBIJIEBOH F ra30BOH MAaTepPHM, KOHOEHTPHUPYIO-
mielics B OPOCTPAHCTBE K raJaKTHYECKOM MJIOCKOCTH. ITa
MATEDPHS IIOIVIOMIAET M OCHADAST CBeT HaJTEKUX 3BE31.

! T'as m OLIIL pacupeseNleHE
O4YeHb HEOAHODPOIHO, I-IaﬁJIIO,I[aIOTCH IJIOTHEIE TEMHBIE 00Jia-
Ka neaH. Korma »TH IJIOTHBIE 00JIaKa OCBCIEHBI SPKMMK
3BE3TAMM, OHU OTPAIKAIOT UX CBET, M TOIYA MLl BHIUM OTpPAa-
KaTeJbHBIE TYMAHHOCTH, KaK T€, YTO BHAHEI B CKOILJIEHHUH
seéana Ilmeansl. Ecam OKOJIO ra30ObLIEBOTO 0DJIaKa MMEeTCH
TopAYasa 3Be3/la, TO OHA BO30y:KIaeT cBeUeHME rasa, M Torma
MBI BHIHMM Muddy3HYI0 TYMAHEHOCTH, TPUMEPOM KOTOPOU
CIYIRUT TyMarHocTh OproHa.




B razonslieByio TYMaHHOCTE OpHOHA MOrPYKEHO MHOTO
TOpAYHX BBE3J CIeKTpadbHBIX KaaccoB O u B, paccroanue
no rymMaEHocTH oKoyo 400 nr. Tak xak BHIWMEBIE pasMepHl
rymagaocTu Opuona oxoso 60, To IerKo NOACYHTATE, YTO €6
OPOTAKEHHOCTE B IPOCTPAHCTEE COCTABIAET OKOJO 7 K. B
cBeTNBIX AUGOYIHEIX TYMaHHOCTAX ra3 HeoObIYaMHO paspe-
JHEeH, ero IJIOTHOCTH He mpepsimaer 10722—10723 r/em®. Cie-
IOBATENBHO, MOMKHO OIMEHHTHh MAacCy BOJBIION TYMAHHOCTH
Opuora npumepuo B 300 mace ConHiia.

Boausu Bcex cBeTaBIX Iu(pPYSHBIX TYMaHHOCTEH MM
BHYTPH HX 0043aTeJbHO HAXOAATCA 3BEBIEI CHEKTPAILHBIX
KaaccoB O m B. Oum cBOHM MOIHBIM VIBTPA(QHOIETOBBIM
U3AYYeHMEeM HarpeBaloT Ira3bl, BXOLANIINE B COCTAB TYMAaHHO-
creii, 10 Temmeparypsl Gomee 10000 K, Bosby:xaaiorT ceede-
HHe I'ada B CIEKTPANLHLIX JHHHAX, CBOMCTECHHBIX KAMKIOMY
ragy. IlosroMmy B cmexTpax Zuddys3HHIX TyMaHHOCTEH HIpH-
CYTCTBYIOT OTJENbHEIC APKIE JUHNM, II0 KOTOPLEIM YCTAHOB-
JeHa ra3oBad NpHPOIa U XMMHYECKUHA COCTAB TYMAHHOCTEH.
OCHOBHYI0 MACCY rasa COCTaBAET BOAOPOI, HO MPUCYTCTBY-
I0T TaKsKe reJuil, KHUCJI0PoI 1M APYTHe raskl.

CreueHmre 3THX JHHHI, a TAK:Ke 3eNE6HOM JIMHHUU BOXO-
poZa IpHAAET cBeTabiM AU Y3HBEIM TYMAHHOCTIM 3€JI€HO-
BATYIO OKpacKy. Kak oka3anxoch, MeX3BESZHEIH I'a3 ¥ ILIIbL
B raJaKTHKE paslefdloTCA HA ABe (asbl: TOpAdyI0 W pas-
pexeHHEyI ¢ Temmeparypoil ~10000 K u xKoHEmenrpanmei
~0,1—1 em%; xosoguyo U maoTEY ¢ T~100 K ¥ KoHIEeHT-
panueit ~10—100 e 3, DT Passl HAXOAATCA B PABRHOBECHH
MeKIy coboM, TaK KaK UX JABJIeHUA paBHbl. Hanwmume mmaor-
HOiT X0m0AHOH (hastl B MeK3BESTHOMN cpelie CO3HaéT YCIOBM,
B JadbHEHINeM crioco0CTEYIOmIre 00pA30OBAHMAIO 3BE3]I.

B rasonsiieBBEIX TYMaHHOCTAX BOSHHUKAIOT X QOPMHUPY-
I0TCS MOJIOAbIe 3Bé3anl. HaOaogeHusa B KOCMHYECKIE Tejle-
CKOIIBI B MHPPAKDACHOM AHAIIA30HE IOZBOJIHUIH O0HADYRUTEH
MHOTO OPOTO3BE3N B IMJOTHBIX TYMaHHOCTAX THOA MeKcu-
KaHCKWH 3anuB u tymanmocta Opél.

Hawv6onee spkumn B crektpax aud-
PY3HbIX TYMAHHOCTEN ABNAIOTCS [Be
3enéHbie NUHUKM (ONMHOM BoNHLl A =
= 5007A n A = 4959A), koTopele
OJUTENBHOE BPEMS MPMNUCHIBANN
HEM3BECTHOMY B 3EMHbIX YCIIOBUAX
XUMUHECKOMY 3M1eMeHTY — Hebynuio
(o1 nat. nebula — TymaHHoCTB). Ho
Ons Hebynus He Obino mecta B Ta-
Gnvue MeHgeneesa. B KoHLE KOHLIOB
BBIICHWNY, 4TO 3TW NUHWKA U3NyYaeT
dBaX bl MOHW3OBAHHbLIN KUCNOPOS,
(kncrnopog, y KOTOPOro OTOPBaHO
[Ba 3NeKTpoHa) B Heobbi4aliHo pas-
PeXeHHOW cpefe, HEAOCTUXINMON B
3eMHebIx nabopaTtopuax.

Tymanrocme Opén

BOMPOCHE M SAODAHWA:

@ Pa3mep TyMaHHocTV OpuoHa 7 nK,
a nnotHocts 5+107% r/cm®. OueHum-
Te Maccy TYMaHHOCTM, Bbipa3ue e B
maccax ConHua. CyuTag, 41O TyMaH-
HOCTb COCTOMT M3 aTOMOB BOZOpOAa,
OLEHWTE KOHLEHTPALMIO aTOMOB.




Bbl V3HAETE:

@ Kak ycTpoeHs! paccesHHble 38830-
Hble CKOMNeHua.

@ Kak ycTpoeHbl WapoBbie ckonne-
HUA.

@ Kak pacrnpeneneHsl ckonneHws B
lanakTuke,

BCRONMIHMMTE:
@ KakoBbl OCHOBHBIE 3Tanbl 3BOMNIO-
LnKM 386347

Mneurei MyTe cCOpepXUT HECKONLKO
COTeH MUNNUapaos 38ézg

PACCEAHHDIE
IBE3AHBIE CI

B MneuroM MyTu, kpome oTAERbHbIX, ABOVHBIX 1 KPATHLIX 3883,
HabNIOAAIOTCA CKONMEeHUA 38631,

- Ha =mebecnoii cdepe
MOHO HaﬁJIZEO,ZIaTI; OechopMeHHEBIe CKOILJIEHHUS 3BE31, IIOX0-
JKHe Ha CKoILTeHHe 3Bé3y Ilaea el H comepsxalnie HECKOIBKO
COTEH 3BE3].

Tax, B cromnennn 3B€3x Ilmeans: B cosBesauu Tenbna ue-
BOOPYXEHHBIM IJIA30M PasIHUYAIOT 7—8 3BE3 OaecroM oT 3™
7o 5™, B CHIBHBIH GMHOKJB WX BUJHO oKoao 50, a ma doro-
rpad@usax ¢ JIHTeNBHOH SKCI03UIUel HACUNTEHIBAETCS 0KOJIO
300 cxaberx 3Bésq BIIOTE 10 61ecka 17™. Pasmep CKOILIeHHSA
Becero oxomno 16 nk. Ha guarpamme «Coextp — CBETHMOCTb»
TOUKA IMOBOPOTA COOTBETCTBYET CPABHHUTEIHLHO MOJOLOMY
BO3pacTy ckomymeHua B 50 MiH jgeT.

dpyras cpaBHHTEIbLHO TeCHAS I'PYIIIA 3B83H, HAIOMU-
HaIMAasa 0o GopMe TPEeYTOJABHHK H HasbiBaeMasd I'magamu,
Haxogurcsa pagzoM ¢ AnpgefapaHoM — raBHON 3Be3goif co-
3Bes3nusa Teania.

OTH U AHAJOTMYHEIE MM TeCHBIE 3BE3HLIe I'PYIIIEI Hepa-
BHJILHOM GODMEI IMOMYyYHJIH HASBRAHNE PACCEIHHBIX BBE3M-
HEIX CKOILJICHHMH. B Ka'KAOM 3BE3IHOM CKOILJIEHHH 3BE3IBI
uMeIOT 00Iee IPOHCXOMKIEHNEe, CBA3AHBI MEKAY coboil Baa-
HUMHBIM TATOTEHHEM M BMeCTe JBHMKYTCA B OPOCTPAHCTBE.
Paccesnurie 3Bé3guble CKOMJIEHHA OTHOCHT K IIJIOCKOH CO-
cTaBiaamomell 'aTakTHKKM, TaAK KAK OHHM CPABHHTEIBHO MO-
JIOABIE M PACHOJIOMEHEl BOMHAH ILIoCKocTH Maeuroro ITyrtn,
e KOHIEeHTPHPYIOTCSA I'as, IBLIL M MOJOLBIE 3BE3IEL.

ConHeuHag cucTema pacnonoxeHa Mex gy cnupanbHbimn
PYKaBammn Ha paccToaHny 23-28 ThiC. CB. ITET OT UeHTpa
FanakTuku

Mneunbiii MyTe.
Bug, cBoky

i

I

{
I
|
{



{BIE il Kpome paccesHHEIX, Ha-
Gﬂm;[aoncH 3BE3AHEIE CKOILIEHNA cPepuIeCKON U 3JIIHIICOM-
TaJabHOM (OpPMBI, HasbiBaeMble MIAPOBBIMEH. VX cefiuac ms-
BecTHO oKoJso 150. Bee OHE HeZOCTYHIHEI HEBOODPYKEHHOMY
IIa3y, TaK KaK VaJeHbl OT Hac HA THICAYH 1 TeCATKH THICAY
mapcexkoB. [IpuMepoOM MOMKET CIAYIKHT IIAPOBOE CKOIJIEHIE
M13 B cozeesgum 'eprymeca (a ).

IlTapossie 3BE3AHBIE CKOIIEHHSA COZEDMKAT OECATKH H
COTHY THICAY 3BE3M, a JUHEHHbIe Pa3Mephbl 9THX CKOIICHUNR
aexxar B opegenax ot 20 xo 100 ok. Iloaromy, HecMOTPS Ha
0o0uJre 3BE3H, CPENHNe PACCTOSHUA MEMX/AY HUMH B CKOILIEe-
HAY U3MEPAKTCA TRICSYaMN ACTPOHOMHUIECKUX eQUHHNIL.

B cocrase mapoBeIX 3BE3AHBIX CKOIIEHHH MHOTO Kpac-
HBEIX I'MTI'AHTOB N HEPEeMeHHBIX 3BE3J, OTCYTCTBYIOT Tas U
OB, MHOMECTBO KDACHBIX THIAHTOB CBHIETEINBCTBYET
0 3HAYMTEJIHHOM BO3PACTE IAPOBHEIX CKOILIEHWI, KOTODHBIA
y Hanbosee craphix oneHmBaercs B 13—15 mapg ser.

B ormnimune oT paccesHHEIX, IITAPOBLIE 3BE3THBIE CKOILIE-
HHA He pasbpocassl Bons Mieusoro Ilytn. OHH KoHIEH-
TPHPYIOTCA K HeHTpy lamaxktuxku u ofpasyior ramo. Oxu
ABJAIOTCS OPEACTABUTENAMH chepHYecKOH COCTaBIIA-
e 'aTakTHKHA.

HccnemoBarme pacupemeneHmA 3BE3H, rasa
¥ IIBLIH DOKa3am0, uTo Hamr Maeunsri IlyTte —
Tanaxruxa mpencrasaser coboil MIOCKYIO CH-
¢cTeMY, MMEIINYI0 COHPAJABHYI0 CTPYKTYDPY. B
TamaxTmre oxomo 100 mapn sséan. Cpegnee pac-
CTOAHNEe MeKAy 3BéamaMm B lalaKTHKE OKOJO
5 cBeToBrIX Jer. Ho B merTpe 'anaxTury, B eé
Anpe, IJOTHOCTDh 3BE3I 3HAYHTEIBHO BHIIIE H
PacCTOAHMSA MEXKIY 3BE3TaMK B COTHH DA3 MEHb-
e, 9eM cpelHee 3HAUYEHMe IIOTHOCTH,

ITenTp TamakTHUKYE, KOTOPEIA DACIOJIOMNKEH B

ConHua i
cosBeaguy CTpeiblla, CKPBIT OT HAC OOIBIIHM \

KOJIMYECTBOM I'a3a M IIBLIH, IOTVIONIAOIIUX CBET
aBéan. Ilpu uposemenun mabarogesuid B mHbDA-
KPacHOM AMaa30He, KOTOPOE T'as ¥ IELIb ILJI0XO0
IOTJVIOINAOT, AAPO0 [alaKTUKHM XOPOIIO BUIHO.

Mer HaxogHEMCA BHYTDH ['alaKTHEKHM, HO3TO-
MY HAM TPYAHO OPEICTABHTE €€ BHEIIHWN BMI,
HO B0 BeeseHHOH €CTh MHOTO APYTHX HOXO0MKHX
ralakTHUK, [0 HEM MBI MOMKEM CYIHTL O HAIIeM
Mnegansom Ilyrm. TémEas momoca o0ycIoBIIeHA
rasoM M TBLIBI0, KOTODPEIE KOHIIEHTPUDYVIOTCA K
IJIOCKOCTH IaJakTHKM, Kak H B HameMm MJed-
oM IlyTH.

TanaxTura Bpamaercs. Coxxme, Haxomdlleecs Ha pac-
cTOAHME OoK0J0 8 Kox (26 000 cs. meT) or menTpa Iamakru-
KH, BpalmaeTcsa CO CKopocTs:o oxoxo 220 xMm/c, coBepmiad
ofgue obopor nourH 3a 200 xmaE zet. BEyTpH opbuTel CosmHIla
cocpemoToueHa Macca oxoxo 10° Mg, a monuas Macea I'anax-
THKH OLEHHWBAETCH B EECKOILKO COTEH MHIIHUAPIOE COJHEY-
HBIX MACC.

[330BbIM
OWCK

1
MonoxeHwe

BONMPOCHI U ZADAMMA:

@ Kakwue 38830HbIE CKONNEHMA Ha3bI-
BaOT PaCCeAHHbIMMK?

@ Kakwve 3B&3HbIe CKOMNEHNA Ha3bl-
BAIOT LAPOBLIMW?




Ebl VIMAETE:

@ Kak obHapyXunm ceepxmaccHyio
YEpHYIO ABIPY B LeHTpe fanakTukm.

@ B xakux obbekTax 0bpasyloTcs Koc-
MuHeckme fyyu.

BECROMHNTE:
@ Y70 npeacTaenaioT cobon 4EpHbIe
ObIpbi?

Csepxmaccusnasn
wéprasn Ovipa 6 yenmpe
Muaeuwnozo ITymu

u Jsuscerue 3gesdvl S2
80KpY2 Heé

NO BAAUNTNULECKOTL
opbume

1994,32

9
1992,23 : 1_95‘53

1996,43
1997,54

0,05” ?998,35
{2 ceTOBEIX oHA) 1999,47
2000,47
2002,56
2002,58 2001.50
2002,50

2002,40
2002,33

2002,25

CBEPXNVIACCMBHAR
YEPHAS NbIPA B LLEHTPE
FAJNAKTHKM

B HacTosuee Bpems acTpOHOMBI TLWATENBHO U3YYaIOT LEHTD Ha-
e fanaktmkmn, a UMeHHO ero CBOWMCTBA, MPOLIECChI, B HEM Npo-
NCXofsLLMe, ONpefensioT CTPYKTYPY Bcen anakTukm.

H I HaGrrogenna sa opburamu
3BE37 OKOJIO IEeHTPa I‘aJIaRTmcH NOKA3aJH, UTO TAM, B He-
OouibImol 06macTH, ¢ PAaSMEPAMH, CPABHUMBIME C Pa3MepaMu
Conmmeuno#t cmcTeMsbl, COCPDENOTOYEHA HEBHIAMMAH Macca,
IPEBRIINANIAA 2 MJIH COJHEUHBIX MACC.

OOBITHAA 3BE304 HEe MOMKET HMMEeTh
TaKkyio Oosasmiyioo maccy. Ecam ato
CKOILJICHHE II0YTH 2 MJIH 3BE37J K B Ta-
KOM MAJIEHBKOM 00BEME, CPABHUMOM
¢ 0o0bémom CoONHEUHOM CHCTEMEI, TO
mo9eMy MEI X He BHIHM?

Ha cmMKe MX BCero HECKOIBKO.
EnmacrBennoe O0BACHEHME — MBI
MMEeM IeJ0 ¢ UEPHOM ALIPOH OrpoM-
HO# Maccel. Pamwyc aroii uépHOH
Aspel B, = 6-10° kM, 9ro mouTH B
9 pas Goxnbine, uem paguyc ComrHIA.

Kakx cumramoT yuéHble, MONIHOE
Y-H3NyYeHne, KOTOPoe UILET U3 MeHTpa
lanakTUKKM ¥ THTAHTCKUX IIy3BIpEii,
OKDYHAIIIHUX ero, CBI3aHO ¢ AKTHE-
HOCTBbIO YEDHOH NEIPHL B IeHTpe [a-
JAKTHKH.

Moka ve yaaéres nocrponts Mogens, obbACHSIOLIYIO NpK-
poly y-u3ny4eHva B NMy3bipax WU LeHTpe lanakTukw. Tak
KaK 3Heprus Y-KkBaHTOB, KOTOpble HabMoaawTCa, paBHa
1-10 38, TO ¥ YacTWLbl, KOTOPhIE WX M3NY4alT, AOMKHbI MMETL He
MEHBLLYIO SHepriio. ECIM 3T0 3M1eKTPOHBI, TO OHM LOMXHb! GbiTh pens-
TUBWCTCKUE, T.€. ABUTaTbCs CO CKOPOCTbIO, BAU3KOM K CKOpOCTM cBe-
Ta, U UMeTb dHepruio £ 2 110 38 = 2-10° - me? (370 cootBeTCTBYET
CKOPOCTM 2NIEKTPOHE, TONbKO Ha ~0,5 M/C MEHbLUER CKOpOCTK CBeTa).
JInbo y-kBaHTL 0BpasyoTCA NPU AHHUTMAALMA YaCTIL, 1 aHTMYaCTUL,
€ Maccamu Bonblite (MM CPaBHMMBIMU) ¢ Maccamu NPOToHOB. Ho oT-
KyLa MOrYT B3ATbCA TakKWe YacTulbl?

Celt4ac Pa3BMBAIOTCA TEOPUM, B KOTOPLIX HANMUME Y-U3NyYeHWs CBA-
3bIBAIOT C TEMHOW MaTepueit. OHa, NO OLieHKaM, COCTABNISIET OCHOBHYIO
HeBMAWMYIO maccy lanakTuku. Tak Kak sTa MaTepus, no-suamMMomy,
o4eHb Crabo B3aMMOLeRCTRYET € OBLIMHEIM BELLECTBOM, TO Mbl €8 1 He
BUAMM. HO CBOEW rpaBuTaLMein oHa 3Ha4MTebHO BMMAET Ha CTPOEHME
lanakTuku. Haxopacs B LeHTpe lanakTiki, MacceHas 4épHan asipa,
MoKa eLLE Hen3BeCTHLIM 0Bpa3om, co3fa€T Habniofaemoe Y-13nyyeHne
lanakTukm.




Kpome rasa m mernm,
Hama l'asakTuKa 3amoiHena KOCMHYECKHMA JIYYAME — pe-
TATUBACTCKHMMU JaCTHIAMM — IIPDOTOHAMH, 3JeKTPOHAMHE 1
AfpaMH ATOMOB IPYTHX XHMHYECKHX 3JIEMEHTOB, KOTOPEIE
ABUTAIOTCA CO CKOPOCTAMH, OJHMSKMMH K CKODPOCTH CBETA.
Ilon meficTBMEeM MATHHUTHOTO HOJA, KOTOPOE TOMKE IIPOHHSZEI-
BaeT BCIO l'alaKTHKY, KOCMHUYeCKHe YUy JBUTAIOTCA IO 3a-
TYTAHHBIM TPDACKTOPHAM, He MOKHAAA FalakTuKy.

PenaTHBHCTCKEE BIeKTPOHBI KOCMHUUECKHIX Jay4el, IBH-
rafck B MATHUTHOM IIOJIe, M3JIy9alT PaJHOBOJIHEL. 9TO pa-
JHOUBIYYeHHEe aCTPOHOMBI HCCACAYIOT C TIOMOIILI0 DaXIo-
TEJIECKOIIOB, H3Yy4Yasd DpaclupeleleHne MaTrHMTHOTO OIS W
KocMHYeCcKuX Jy4uel B ['amakruke.

VcTouHIKOM MOIITHOTO DajHoON3IyIeHH OKA3ATACD Kpa-
OOBHAHAA TYMaHHOCTH, KOTOPAS B ONTHYECKOM OHallasoHe
OpeAcTaBgeTcda Kak AUQP@Y3HAS CBETANIAACH TYMAHHOCTD.
JTa TYMaHHOCTH HAXOAWTCA HA MeCTe B3DHIBA CBEPXHOBOH
3Be3[bl. B3pEIB GBI HACTONMBKO MOIMHBIM, UTO CBEPXHOBAS
3Bes/ia GbLTa BUJHA B TeUeHUE HECKOTLKHX MECHIeR ITHEM.
B makcmmyme 61ecka oHa cBeTHIIA, KAK MHEJIINAPALL 3BE3,
U IO3TOMY, HECMOTDs Ha CBOIO YJAJEHHOCTL OT HAC, OBIaA
BUAHA TasKe JHEM.

Hapany ¢ ocrarkamu BzopBapmIeiics 3Be3anl B 2TOMH Ty-
MaHHOCTH OCTaJlach HeHTPOHHAA 3Be3fla — IJIOTHOE AApO
B30PBaBIIIelicA 3Be3Abl. OTa HEHTPOHHAA 3Be3/a HAOLIOAaeTCs
KaK Iyabcap.

Takmx 0CTATKOB B3DHLIBOB CBEPXHOBBIX, H3TYYaINIX
DPaZHOBOJHEI, HAOMIOZAETCS ZOBOILHO MHOIO B IalakTuke.
HmeHHO OoHM 00pasyoT KOCMHUYECKHIEe AYYH B MeXX3BE3THOM
OpocTpaHcTBe anaxTurH.

A Conane BpamaeTcss BOKDPYT HeETpa alakTHRH
Ha pacCToAHHN 8 KIK co cropocrso 220 xm/c. Yemy pasma
macca M'anmaxTuku BuyTpm opburer Corana?

Hawuo:
Vo =220 xm/c = 2,2-10° m/c
ro =8 Kmr = 2,4-10%20

MF_?

Pemernue:
llenTpocTpeMuTEIEHOE YCRODEHNE, KOTOPOE HCIIBITHIBAET
Connne nmoz geiicTBreM DpUTHKEeENS MacChl LaTaKTHKI:

a=V—é—GMP M, :Vf-r:,
r@ roz ] T G
2
2,2-10° m/c) -2,4-10°
e ( {u) 3.1 2 =1,7-10" kr=8-10%° M, -
6,67-10 " »xr e

Oreer: M = 8-10% M.

Hpabosudrnasa
MYMAHHOCT b

BEOMNPOCH!I N SAOAHMA:

@ Mo HabniogeHnam 3a aBUXeHUEM
3Be34bl BOKPYr 4€pHou Ouipkl (oTMme-
HeHa KPeCTUKOM Ha puc. @ ) onpege-
UTE Nepuoa BpalleHna 1 BonblLyio
nonyock opbutel 3Be3asl. Mcnonbays
TpeTvin 060BLWEHHDIA 3akoH Kennepa,
onpefieNinTe Maccy YEpHOW AbIpel, a
Mo Macce HalawWTe eé rpaBuTaLMoH-
HbI paguyc.

@ Mouemy Mbl He BUAMM YépHyio
AbIPY, XOTA XOPCLWO BMANM, Kak BO-
KPYr He€ BpatlaloTca 3883417

@ LWaposoe ckonnervie M13 copep-
XKWUT okono 500000 3Bé3n, umeer
pagouyc okono 84 ci. net. OLeHuUTe
CpefHee paccTofHWe Mexny 3883-
A3MK B CKOMMNEHWUWU 1 CPaBHUTE ero
¢ paccrtoaHneM ao o LleHTtaspa.




- BATTAYA N 25
ITTaporoe s3BE3gHOE CHEOILJIEHHE
M13 B cosBesgum I'eprymeca
HMeeT BHIHMYI 3BERTHYIO
BeIMYMHy 5,8%, HaXOAWTCA HA
paccrossaum 7600 ox. Ono
COCTOUT M3 5BE3M Tuna ComHITa.
OreHuTe MOMHOE YHCIO 3BEZT
B 3TOM CKOILJIEHHWH.

Kaxoii Oyzmer 3BE3IHAA BeJIU-
guna Conxsna, ecam ero yua-
JAUTH Ha paccroame 10 my?

sAmATA eET |

CpegEuil cTONG B TYMAHHOCTH
«Cronbel TBOpeHus» (pHC. Ha
c. 13) mmeer BBICOTY OKOIO 1 TR
u mwupmHy okomno 0,15 nx,
KOHLEHTPANIA TA34 COCTABIA-
er n~10"ar/evd. Ilpueumasn
dopmy cTonba THUIMHAPHUEC-
CKOM, OIOeHHTe Maccy Tasa B
HEM, IOJATAd, UTO OH COCTOHUT
13 Bomopona. CKONBKO 3BE31 C
MacCaM¥, CPABHUMEIMM C COJ-
HeYHOM, MOTYyT B HEM 00paszo-
BaTHCA?

ActpoHeTt
http://www.astronet.ru

SnemMeHTbl: MONYAAPHbIA CAlT
0 pyHAaMeHTanbHON Hayke
http://elementy.ru/

lNMonyndapHas MexaHuKa
http://popmech.ru

=,

=
i

© MesxaBéanHas cpe/ia COCTOUT M3 Ta3a M IIBLIH, PACIpee-
JIeHHe KOTODPBIX HOCUT KJIOYKOBATYIO CTPYKTYDY.

@ Mesx3BE3IHEII Ta3, COCTOAIMI B OCHOBHOM K3 BOZOPOMA,
pasfesieéH Ha IBe (Dasbl: TOPAYVIO M DASPEIKEHHYIO H X0OJIOI-
HYIO H ILJIOTHYIO,

@ B nI0THEIX XOJOAHBIX 06JaKaX MMEIOTCH YCIOBUA LA
00pazsoBaHMA 3BE37.

@ Mek3BésHble a3 W OBLIL KOHIEHTPHUPYIOTCA B YBKOM
caoe BOImsH mrockocTn Maeunoro ITyTa.

@ PaccesHHble CKOILIEHHA B OCHOBHOM COZEPIKAT HECKOJb-
KO COTeH 3BE37, MHOIO rasa, IBLIH W MOJOAEIE MACCHBHEIE
3BE3]bl, UTO YKA3BEIBAET HA HX MOJOJOCTL. PacmpemeneHBI
OHH B OCHOBHOM B ILTOCKOCTH ['alakTHKH.

& Ilapopble 3BE3HEIE CKOILIEHHS COTEDIKAT COTHY THICAY
3BE3J, OHHM KOMIIAKTHERI, HE COAEPKAT I'ada M IBLIH, B HUX
HeT MaCCHUBHBIX TOpAYNX 3BE3h. OHHU cOomep:KaT MaJIOMACCHE-
HEIe 3RE3/(bI ¥ UMEIOT OOJBIIIOHR BO3PACT.

@ IIo nuarpamme «CIEKTP — CBETHMOCTH» OLPEIEIAIOT
BO3PACT CKOILJIEHWH W 3BE3J, B HUX BXOTAIINAX,

@ ConHne pacmosoeno Ha paceroaEnu S000 ok or men-
Tpa I'alakTHKHE M BpamaeTcAd BOKPYT HETO CO CKOPOCTHIO
220 xm/c.

@ TIlo HabmogeHusAM B MH(MPAKPACHBIX JIYUAX 34 ABUIKCHH-
eM 3B€31 B meuTpe lN'anaxkTrmry ObI1a OOHAPY:KEHA CBEPXMAC-
CHBHasd 9épHAA ObIpa MaccoH 2 MJIH COJHEYHBIX MACC.

@ Ienrp TaNaKTUKHU SBASETCH MOIIHEIM HCTOUHHKOM I'aM-
Ma-H3JIYYeHHWS, a B3DBIBLL CBEDXHOBLIX 3BE37 00pasyoT KoC-
MHYEeCKHe JYUYHM BLICOKHX JHEPIHil.

NOOPOBHEE...
Hazaee M. M., Yapyzun B.M. Actpodusura. Kuura gas
qyTeHHud I0 acrponomum: Ilocobme gna yuammxes. — M.:

IIpoceemienne, 1988.

Egpemos IO.H. Mneunblét nyTh., — ®psasuao: Ber 2,
2007.

Junurgonenua auaa pered. T.8. AcrpoHoMms.
ApanTta+, 2013.

— M.:

BONPOCHI 8 ORCY I EEHMS:

@ Kak onpenensior Hanu4me nbiii B MEX3BE3JHOM cpene?

@ Kak Bbl oymaeTe, 3a CHET KakuX NpPOLECCOB HarpeeawTCa U OX-
NaX[alTca MeX3Be34Hble ra3 W Nbiib?

@ Kakve HabniogeHms yKasbiBaIOT Ha CIUPALHYIO CTRYKTYPY Ha-
wen fanakTmku?

@ Hauwe ConHie JBUXETCA MO OTHOLWEHMIO K BAU3KUM 3BE30aM Co
CKOPOCTbIO okone 17 KM/C MO HanpaeneHWIo K TOYKe, Ha3blBaeMor
aneKcomM, pacnonoXeHHoW B co3se3guum lepkyneca. Kak 310 Bbino
obHapyxeHo?
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FAJIAKTUKN

H KNACCUDUKALING TATTAKTUK
B AKTUBHBIE FANAKTUK M

1 KBA3APHI

B CckONNEHUS rANAKTIK

SHAETE Ji4 Bbl, 4YTO...

HesepoaTHo Tycknoe ckonne-
Hie 1000 38630, KOTopoe BpallaeTes
BOKpyr MnedHoro Mytu, — camas
Nérkas no Macce ranakTvka w3 Kor-
Aa-nnbo OTKPbLITLIX. 3Ta KapiMKoBas
ranakTuka 6bina obHapyxeHa B co-
3gesgmun OeHa B 2007 1. 1 nony4mna
HaseaHue Segue 2. E€ maTepus ynep-
XKMBaeTCA BMecTe HGnarofaps Hebors-
LIOMY CKOMMEHWIO TEMHOI MaTepuu.

O7a ranaktuka scero B 900 pas
Apue ConHua, Torga kak (ans cpae-
HeHWs) MneyHbin MyTs B 20 MIIp4 pas
APYE Hallell 38e3/bl. '




Bhbi YV3HAETE:
@ Kak knaccuduuMpyioT ranakTmku
no gopme.

@ Kak onpefensioT paccTosHue no
ranakTvk Mo KpacHoMy CMeLLeHuIo.
@ Kak dhopmynupyetca 3akoH Xabbna.

BCHIONIHNTE:

& YTO Takoe LWapoBkIe U paccenHHble
3BE3[HbIE CKOMNeHua?

@ Kak MOXHO onpefenntb paccTod-
HWE 00 3BE3[M M 3BE3OHbIX CKOMMNEHMH?

KNDACCNOUKALIASR
KIACCUNOUKALINA
e o gy
FATIAKTUK

BCENIEHHASA

KNACCUPMKALIMA FAJIAKTHIK

Habniopenus 3a nepemerHsIMU 3BE30aM1 — Liederiamm No3Bo-
nnnn onpejgenntb pacCToAHna 00 MHOImx 3Bé3,£I,HI:IX CKOMNEeHMIM
M TymMaHHocTer. B 20-x rr. XX B. ObINO YCTaHOBAEHO, YTO MHOTME
TYM@HHOCTW, Ha3bIBaBLUWMECH PaHEe BMNNNTUYECKUMW 1 CrMpanb-
HbIMW, HAXOOATCA 33 npefenamMu Hawew fanakTuky KU ABNAKTCA
CaMOCTOATESNIbHbIMK 3BE30HbIMWU CUCTEMAMM — ranakTukamum. 1o
YUCNY BXOAALWMX B HUX 3BE3[ OHM HE YCTYMaloT Hallelr 3BE3OHON
cucTeMe. M3ydeHne CTpoeHus ranakTuk, Ux pacnpeaeneHue n
OBWKEHVE B MPOCTRaHCTBE MMEIOT peLlaicLlee 3HaveHe Al no-
HMMaHWSA 3aKOHOB 3BOMIOLUWMM BCEW YacTy HabniogaemMom Hamum
BceneHHon.

HEIX HAOIIOAEHHAM B KPYIHEHINVE TeNeCKOIbI, JOCTHIAET
JecATKOB MUANHapaoB. HecMoTps HA MCKIIOUHTEILHOE MHO-
Too0pasue BHENIHErO BHIA, OOJMBITIMHCTBO MalaKTHE BCE e
MOKHO O0BeIHHHUTL B HECKOJIBKO OCHOBHBIX THUIIOB: BJIJIHII-
Tudeckne (K), cnupaapusie (S) 1 menpapuabusie (Ir).

K sanunruvyecKuNM rajJakTHKAM OTHOCITCHA TE€ W3 HHX,
KOTODBIE MMEIOT BHJ KPYTOB HJIM JJIIUICOB. VIX SpPKOCTH
IJIaBHO YMEHLINAETCHA OT UeHTpa K mepudeprnu. Hurkaxoi
BHYTPEHHEH CTPYKTYDPH V 9THX TalaKTHE Her. Habmxro-
JeHHA TMOKAa3LIBAIOT, 4TO STH TAJAKTHKH He BPAIMIAITCSH,

{‘..___ e
i

JIMH3O0BULAHAS
FTANAKTUIKA

R

SINNNTUYHECKASR
TANAKTUKA




B HMX O9€HBL MaJIO Ta3a ¥ OBLIH, II09TOMY B HEX HOBbLIE 3BE3IBI
He 00pas3yIoTcs, OHM COCTOAT B OCHOBHOM M3 CTAPBLIX 3BE3I.
Macchl caMbIX KPYIHBIX JJJIMITHYCCKUX TAJaKTHK JOCTH-
ramT geauuuHbl 108M,.

CoupaapHbIe TATAKTHKEA COCTOAT U3 SADPA M HECKOIHKUX
CIIUPANIbHEIX PYKaBOB, HJIH BeTBeil. ¥ 00BIYHEBIX COHPAJIBHELIX
rarakTHK (S) aTH BETBH OTXOAAT HEIOCPEICTBEHHO OT sIpa.
Y mepeced€HHBIX COHPAJBHBIX MAJAKTHE (OBHH 0603HAYAIOT-
ca SB) aAnpo mepeceKaeTcs 1O AMMETDPY MIOMEePeYHOH IToJo-
COll — TepeMbIYKOH (Gapom). OT KOHIOB 3TOH MepeMbBIYKH I
HaYMHAKTCA COHPAJbHEIE BeTBH, Tak, o)Ha 13 OImKaARIIIX
K HAM 3BE3JHBIX cucTeM — TyMaHHOCTH AHIDOMEIBI — SAB-
JIAeTCA COUPAJbHON ralakKTuKoi, a ramakrura NGC1300 —
CIHPANBHAA MAJAKTHEA ¢ MepeMbrykoii. CumuTaroT, 4To Hama
lanmaxTHka moxoika Ha TyMaEHOCTE AHIPOMEZHI.

CompanbHBIE TaJAKTHKH BpaINalTcd, B HUX MHOTO rasa
H OBLJIH, KOTOPbIEe KOHIEHTPUPYIOTCA K MICCKOCTH TaIaKTH-
KH B COUDAJBHBIX PYKaBaX, B HIX MHOTO MOJIO/bIX TOPAYHX
3B€3[ coeKTpaabHbIX KaaccoB O u B. OTu 388316l BO3OYX-
Aal0T cBedeHHe NG Y3HBIX ra30BEIX TYMaHHOCTEH, pasbpo-
CAHHBIX BMECTE C IIBIIEBLEIMHE 00JaKaMU BAOIL CHUPAILHBIX
BeTBeil. O0MIre ra30BHIX IILLIEBLIX OBJAKOB H IPHCYTCTBHE
B HUX roJyOBIX 3BE3J CIEKTPaNbHbIX KiaccoB O u B rosopar
00 aKTMBHBIX IpOIleccax O0pa30BAHUS 3BE3], IPOMCXOL-
IIHX B COHPAJIBHBIX PYKaBaX STHX rajakrux. Maces! com-
PAIBHEBIX MaJIaKTHE cocTaBasior or 109 no 10'2 M.

et

HEMPABWJIBHBIE
TANTAKTUKH

CMWPAJIbHBIE TANTAKTUKIA

<]

CIMPANIBHBIE FTAN

KTUKW C NEPEMbIYKON




FanakTuka
AHapomephbl

MneyHbi
MyTb

Bonbiloe
MarennaHoBo

FanakTuka O6NaKo

. TpeyronbHuKa

Manoe %
MarennaHogBo
O6nako %

K HempaBUJABHBIM TAJaKTHKAM OTHOCATCH
Te, ¥ KOTOPBIX OTCYTCTBYET YETKO BEIPAFKEHIOE
AIpo U He O0HAPYIKEHA BPAIATEIbHAA CHMME-
TpudA. llpuMepaMu HeOIpPaBHUIALHEIX TaJaKTHK
cays:xar Bonpmoe Marennamoso Obinaxo u Ma-
aqoe MarennamoBo O0mako — camble OIH3KHE
K HAM TaJaKTHKH, BUANMEIE HEBOODPYKEHHBIM
rIasoM B IOMKHOM IIOayImapuu Heba, BOIHM3H
Mimaeunoro IlyTu, 9TH gBe ralakKTHEHW ABIAIOT-
cd COYTHHKAMM Hatrel ['ajakTurn.

CroenmanbHBIHE KJIACC TraJaKTHE IIPEACTaB-
JISTIOT B3AMMOeHCTBYIOMHe raJakTur. O0nru-
HO 370 JBOWHEIE TATAKTHKY, MEKIY KOTOPBIME
HAaOJIIOAAIOTCS CBETIBIE IEPEMBIUKH, «XBOCTEI»
u T. 7. Vz3-3a OIN3KOr0 PACIOJOMKEHHA APYT K
Apyry UX GOPMEI HCKAMKAMTCH CHUJIOH B3aMM-
HOTO TATOTEHHA, KOTOPAA BBHI3HIBAET IIPHIHUBLI
Y KasKOood U3 HUX.

eI CBeT ralakTHK B OCHOBHOM
IpeAcTaBIsgeT co00M CYMMADHBIH CRET MHJLIMAD-
JOB 3BE3H M rasa. s mayueHmA (PUSMIECKHX
CBOHCTB I'aJIaKTHK ACTPOHOMEBI HCIIOJIb3YIOT METO-
IBI CIIEKTPANBHOTO aHAHM3a cBeTa. Habmomersa
IOKA3LIBAIOT, UTO JUHUH B CHEKTPAX BCEX H3-
BECTHEIX TAJTaKTHK CMEIIIeHBI K KPAaCHOMY KOHILY.
910 ABJeHHe OBLIO HAZEAHO KPACHBIM CMENICHI-
eM. IIpy 5TOM OTHOITEHIE CMEIIEHNA CIeKTPA b
HOM JauHEHUE AL = A — Ay K AJIMHE BOJHEI A, OKasa-
JOCHL IJISI BCEX JUHHI ONWHAKOBLIM B CIIEKTDE
ITaHHOW TraJaKTHKH. KoIHMYecTBeHHO KpacHoe
CMeIleHe XapaKTepH3yeTcs BeJIMYIHON

o By
7\‘0 ;LO‘

2

?

e Ay — OJIHMHA BOJHEI CIIEKTPAIbHONA JTUHIYE, HabI0aeMOi

B nabopaTopuH, HABBAIH KPACHBIM CMEII[EHNEM.
OfmenpuHATaAA HHTEPIPETATHA STOT0O ABJEHUA CBA3AHA

c shderTom Hommepa, COTIACHO KOTOPOMY CMEIIEHHE CICK-
TPAJBHLIX JIMHWH BBISBAHO ABHIKEHNEM (VIaJeHHeM) H3JV-
qariero o0neKTa (TaJakKTHKH) CO CKOPOCTHIO U IO HAIIPaB-
JeHUI0 OT HabIomgaTead.




Ilpu Manerx xpacHeIx cMemeHuAX (2 << 1) cKopocTs 06b-
€KTa MOXKeT OBIThH Hafimena mo thopmyre Jonmepa:

A
v=¢c—=c-2,
0
Ife ¢ = 3-10° Kkm/c — cropocTs cBera.

Ilocse Toro xak mo KPaCHOMY CMEINeHWIO GbLIH HafgeHEr
CKOPOCTH TaJIaKTHUK, M3BECTHEIH actporom 3. Xa66xn yera-
HOBHJI WHTEPECHYIO 3aBHCHMOCTE, Ha3BEIEAEMYI0 3aKOHOM
Xa66na: ckopocrs yramenus TaJaKkTHK BO3PACTaeT MpPAMO
TIPONOPIHOHANBHO PACCTOSHUIO {0 HUX:

v=H-pr

B aroit hopmyie K09 DUINEHT IPONOPIHOHATDHOCTH H
Ha3BIBAIOT nocmoannoil Xaboaa, yucieHHoe 3HaYEeHUEe KOTO-
PO 3aBUCHT OT BBIOpaHHLIX enuENI. Benu B 3axone XaG6a
CKOPOCTL BEIDAMKEHA B KMJIOMETPaxX B CEKYHAY, & PACCTOSHHE
B Meranapcexax (1 meramapcer = 106 IIaPCEKOR), TO MOCTOSH-
Has Xab6ona H = 75 EM/(c- Moxk).

Hcmonbsysa zaxon Xabbmna, yaaéres OOPENEeNHuTE PACCTO-
AHUA N0 OUeHb NANEKWX raJakTHK H ADYTHX BHEraJIaKTHYe-
CKHX 00BEKTOB II0 ux KDPAaCHOMY CMEMeHMI0,

Tak, caMbIit 6IHBKEH & Ham kBazap 3C273 mmeer kpac-
Hoe cmemenue 2z = 0,158. D9To osmauaer, uTo om vaansiercs
OT HaC CO CKOPOCTHIO

V=c-z=3-10° (gm/c)- 0,158 = 47400 KM/c.
W3 zaxona Xa66na CIeoyeT, 9TO DACCTOAHUE J0 STOr0 KBA-

3apa paBHO
r=v/H =632 Mok =2 MJIDJ CB. JIET.

Mpegnonaraior, uro s ranakTmkax
CYWECTBYET MacCMBHOE rano co
cnabovznyyaoummu obbexTamu,
TaKKMMK, Kak ManoMaccuBHble 3B83-

HAbl — KOpW4HeBbie Kapnukn, onu-
TeponofobHbIe NNaHeThi, Macchl KO-
TOPLIX HEAOCTATOUHBI, YTOBL! cTaTh
3BE3aM1; OCTLIBUIME Gefple Kap-
JIKK, HEeUTPOHHKIe 3BE3ObI U Yep-
Hble Abipbl. BO3MOXHO, CyulecrTsyeT
0cobbit BUA MaTepuu, KOTOPbIN He
YHacTBYeT B CUMNbHOM 3MeKTpoMar-
HWUTHOM B3aMMOOENCTBUM, HO npo-
ABNAeT ceba Tonbko B rpaBUTaLMoH-
HbIX 3thhekTax.

SATAYA Ne

Hamepennas ¢xopoers Bpamie-
HUsA 3BE3I BOKDYT oeHTpa
FATAKTUKH HA paCCTOSHHUM
7= 50 Knx or mero v~ 200 KM/c.
Onenure wmacey ralaxTuxm
(cM. rpadpmr HIKe).

TEMHAS MATEPUS B TANAKTUKAX Maccey

TAJIAKTHK MOKHO OIDEJeIHTh JBYMSA CIIOCO- “‘;.; | |
Gamu. Bo-mepBrIx, 3mas CEETHMOCTE Tajlak- =

PBEIX, ) ’ 5 il Hﬁfrgﬁ;}\ﬁﬂgggﬂg@ ﬁ.gﬁaﬁﬂﬂ.ﬁg[]g 00000-99g0
THKH 1 leJid e€ Ha CBeTHMOCTS 3BE3, BXOOA = i G s
IHX B HEE, MBI HENOCDEICTBEEHO TOJIyIaem g 0 ¥ c?;;iii::b'e |
QHCJIO 3BE3J] B TaJaKTHEe. YMHOMKAS aTO § ¢ N
IHCJI0O HA MacCy OTAEILHOH 3383151, MBI ITO- " 100 ¢ e Kenneposckue 1
JAyHdaeM IMOTHYH Maccy. g | ﬁ “-._CKopocTu |

Bo-Broprix, mMer momen DOJIVYHATE MAacey §* [ .....‘,M%_“
o - & G 1 L ' I ' L ) L s

FTaTaKTHKH, U3MEDAS CHODOCTH IBUIKEHWS 0 10 20 30 PP 50

8BE3J], TAB0BEIX TYMAaHEOCTEH I CEOIJIeHHH
Ha PASMUTHEIX DACCTOSEHSX OT e meHTpa.

Paccroanue or HEHTpa ranaktuki (kwnonapcek)

Ecnu 681 Bes macea fziaa COoCpenoToqe-

H&a B 3B€34ax, TO Ha DaccTos=usx, OONBIONX, YyeM BHUIAMEI
Paznyc ralakTHK, CRODOCTE COOTBETCTBOBANA GbI KPYToBOi
CKOPOCTH (€€ HasmIzamT EEILIePOBCKOH CKOpoceThio). Ona mo- e P
ESODEDEIBHOE JHHWEL. Habnwopae- |
Mas CKODPOCTS IIOITH HOCTOSEHAS. DT0 YKA3EIBACT Ha TO, 4TO
B ranakTHKaX NPHECYTCTSYET MaTeDH#A, Macea KOTOpPOIi cyige-
» COCDEIOTOUYEHHOT) B 3RE3-
AdX, M OHA 3aHUMAaeT DoInmuiE 00neM, yeM BUAUMEIH 00bEM
TaaKTUK. 9Ty MATEDHE HEasirBamT «TEMHAA MaTepHs».

KasaHa HAa DHCYHEEe a

CTBEHHO JOJBIIE MaCcCh: BermecT

E 3 ;R

BONMPOCEH! U SADAMNS:

@ Kak dopmynupyercs sakon Xa66na?
@ Kakumu cnocobamu MosxHo onpe- |
OEeNWUTL Maccy ranakTmk? i




AKTUBHDBIE FAJIAKTMKW
N KBASAPDbI

Bbl V3HAETE:
@ KakoBa Npupofa akTUBHOCTW ra-
NaKTUK. Papvonabnionenus 3a ranaktmukamm rokasanu, 4To BonbLUMHCTBO
Q Kakoea npMpoia KBasapos. M3 HAX 9BNAIOTCA CadbiMK MCTOYHUKAMM pagnonsny4eHia, OCHOB-
Has 0ONS WX U3NYyYeHUs NPUXOOQMTCA Ha CBET 3BE3[, ranakTiku.
ECHOMHMTE:
@ Kak onpepensioT paccTosHue go : ! OgHAKO CYIIecTBYIOT TaKHe Tra-
rajlakTMK Mo KpacHoMy CMeLLeHMIo? JAKTUKN, PASUOU3IYYSHHe KOTOPEIX He TOJBLKO CPaBHUMO,
HO M 3HAUMTENLHO IIPEBHINIAET HMX OITHYECKOe M3JIydUeHHE.
ITH TATAKRTHKEA IOJYYHIN Ha3BaHHE PAAHOTATAKTHIE.

B aapax HeKOTOPHIX TaTaKTHK
OporcXomAT OYpHBIe IPOUECCH BBI-
JeJdeHNs 2Hepruu. Taxkue rarakTHKRA
OOAYYWJIH HasBaHWE AKTHUBHBIX Tra-
JAKTHE.

Tax, B ranaxtuxke M87 B cosses-
onu  Jlesw wmabniomaercs ApKHHA
BEIOpPOC BeIIecTBa CO CKOPOCTBHIO
3000 xm/c, macca aToro BeibOpoca co-
craBuasger 10° Mg, 9Ta ranaxkTaKa oxa-
34JIaCh MOIITHBIM MCTOYHHKOM pPamio-
H3JYJIeHMA.

Ha ¢doTorpacdmu moxasana ogHa us
MOIMHEeUINHUX paguoranakTuk — IleH-
rasp A. lamakTura mepeceuyeHa moJo-
CO¥ MOTJIOIMAOIIETO BEITIECTRA.

Anannz cROHCTE PASHON3IYUCHIA
ODOKABLIBAET, UTO OHO BLIBLIBAETCA
obraKaMu ropadell IMJIasMbl, BEIODO-
HIeHHBIME H3 AIPA TAJAKTHKE U TBH-
TArIMICSI CO CKOPOCTBIO, ONIM3KOH
K CKOPOCTH CBeTa.

LG FEmé Goslee MOIMTHBIME HCTOUYHHMKAME DaTHOM3-
JyYeHNA ABNAIOTCA KBasapsl (auria. quasar — QUASI stell AR
radio source, T.e. IIOX0KHUHA Ha 3BE3Y DAJUOUCTOYHHUK).

IIppMepoM TaKOro HCTOUHHMKA ABAAETCA OJMHMKAHIIHHE K
Ham xBasap C273 B cossesguu llerrl. Ero ceerumocts pocru-
raeT 102 L.

CeeTuMOCTH QOJIBIIIMHCTBA KBA3aPOB B JeCATKH M COTHHU
Pas IPEeBHINIAIOT CBETHMOCTHA OOBIYHEIX IaJIaKTHK.

KBasape!l ABIAIOTCH TAKMKE MOIIHLEIMHE HCTOUHHKAMM HH-
dbparpacHoOro, peHTreHOBCKOTO M TaMMAa-U3IYUYeHN A,

A BOT pasMepbl KBa3apoB OKa3allchk HeGOJIBITHMI, TPH-
mepuo 100 — 1000 a. e., T. €. BCero JUIIE B AeCATKY pas 605~
mie pazmepoB CorHeyHOH CHCTEMEL.

TiareabHBIe HCCASNOBAHMA MHOKA3aJH, YTO KBazaphl
OPEACTARIAIOT CODOM aKTHBHBIE AADa MAJAKTHE, CTPYKTYDA
KOTOPLIX TOKA HeJLOCTYIIHA COBPEMEHHOH TeXHHKe HabIIome-
mui. Ilo cOBpeMeHHbIM IPeACTARJIEHAAM B AAPaX raJJaKTHK,
KaK M B AApe Hanrell 'alakTHKH, HAXOZATCA MACCHBHBIE




uepHbIe ZbIphl. IloaToMy Hambosee paspaboTaAHHON MOTEIBIO
KBasapa ABIfAeTCHA MOJAENL ¢ MAaCcCHBHOM U€pHOM JBIPOH, pac-
LOJIOMKEHHOH B IEHTPe ONpPefleIEHHOT0 THIA TAJIAKTHK ¢ BhI-
COKOH 3BE3IHOHN IJIOTHOCTLIO.

BAZTAYA No 29
KpacHoe cmenienme KBazapa
3C2738 pasmo Z=0,158, a

Kak xe onpegenynu pasMmepsl ksasapoe? OHY HACTONBKO BUIUMAad BBE3HAA BEIHYHHA
Masbl U PAcNONOXeHb Tak AaNeKo, YTO HU OMH TeMeckon m =12,8™, ompejgenure CKO-
MOKa He MOXET PasfininTh VX CTRYKTYpY. HO B onTHHeckom POCThL VAAJIEHHA KBa3apa H ero
¥ PEHTreHOBCKOM OManasoHax HaGnwooaeTca cpaBHUTENLHO DbicTpas CBETHMOCTE B CBETHMOCTIX

NepeMeHHOCTb C XapakTepHbIM BpemeHeM Af okono cyTok. CornacHo
APUHLMNY MPUHMHHOCTY pa3mep 0bnacTi U3NYYEHUT HE MOXET npe-
8biETE BETUYMNHDI
C+*Af~300000 km/c-24 4 = 26 mnpg kM = 170 a.e.,

NO3TOMY, KaK Mbl BMAWM, KBa3ap UMeeT pasMepbl, CpaBHUMbIE C pas-
mMepamut CONHEYHOoW cucTemMbl. I B 3TOM KOMMOaKTHOM 0bbeme 13-
JIYHaeTCA Heprls, CpaBHMMasn C W3JIy4eHWeM ThiCSY MUNNMapaoB
ConHu,. Tenepb MNOHATHO, NOYEMY ANS ONUCAHWA ero NPUPoAs! Npu-
BNEKaeTCA CBEPXMACCUBHAR YEPHAR Abipa.

Conana. Kakyio maccy repsier
KBasap KamAVI0 CEeKVHAY HAa
uaiaydenue?

HdIuTelsHOE U MOIIHOE BRIJeJIeHHEe
SHEPrUM MOMKeT OBITh TOJIHOCTLIO 00bAC-
HEHO BRIIA/IeHMEM BEMIECTBA FATaKTHKH
Ha YE€pHYI0 OBIpy. Maceca Taxo# uép-
HO# ABIPBI cocTaBageT oxoao 108 Mg,

a eé pagmyc — 3-10% xm. Haxozsache
B LEHTDe TAJaXKTHKHE C BBICOKOH
3BE3THOI HIJIOTHOCTBIO, Taxad UEp-
Had ABIPa MOYKET 3aXBaTLIBaTh IIe-
JIble 3BE3IEI.

Ilpu nazeEnn Ha 9EDEVIO ZEIDV
3Be3/la paspyluaeTca ¥ QODMEDY-
eT JHUCK BOKDYT Heé.

IlorernuansHEas SHeDTHESE Das-
PYIIEHHOMW 3Be3[ bkl OEeDEeX0IHT =B
KHHETHYECKYIO H TEIIOSVI0. - =

Jdrck HarpeBaeTcs I0 MEIIHO-

HOB KeJIbBHHOB H H3JIVIaST MOII=HOe
PEHTTEeHOBCKOE, ONTHIECHOS ¥ IDVIHE

BHJBI U3AYUYeHHH, QODMEDVET EaOpaBies-
HEIH BBIODOC BeINECTEa coO CHODOCTHI0, OIH3KOH
K CKOPOCTH CBETA.

Hna obecmevezzs =afzzzacwod CBETHMO-
CTH KBa3apoB JOCTATOT=0, =T00m S6p=Ead O5Ipa
3aXBaThIBAJIA XO0TH 0= 0=y 322337 = TOI.

IIpu BBICOKHEX IIOTEOCTEX 38231 B AIpax
TAJIAKTHUK TAKHEe SACTHIe JAXEaTH 3BE3] 4ép-
HOH ABIPOH BIOOJIZS DEaTsEii. O OOLITHEIX I'a-
NaKTHKAX INJOTEQCTE IBE3X B E5pDe ECBeIHKH,
OO3TOMY 3aXBATEHI 3BE3T DEI=E. H MLI He BHIHM
OpOoARNeHNA DOIBINON 2NTESEOCTHE IEDHBIX ABIP
VY OOBIYHBIX raJaxTEE.

BOMPOCHI N ZARAHUSA:
@ OnuwwmTe MoZenb KBasapa.
@ Y7o Takoe aKTMBHbIE ranakTukm?




Bbl YV2HAETE:
@ KaxoBa npupo/a ckonneHwin ranak-
TUK ¥ PONb TEMHOA MAaTep B HIAX.

@ KakoBa NpuMpopa peHTreHOBCKOro
M3MNYYEHWSA CKOMNEKWIA ranakTuk.

@ Y7o Takoe Avemcras CTpykKTypa
pacnpegeneHns ranakTux.

BCNONHRRTE:
& KakoBa npupofa akTMBHOCTW ra-
NaKTuK?

Yro6ul yoepxaTbs ropsdmi ras B
CKOMneHun, HeobxogmMma Honbwasn
cuna TaroTeHus. MonHas Macca ra-

NaKTUK, BXCOALWMX B CKOMNEHue,
D718 3TOr0 HeJ0CTaTouHa, ACTPOHO-
Mbl MPULLAK K BBIBOMY, YTO WU CKOTI-
NeHve [OMKHO OblTh 3aMONHEHO
BonbWMM  KONWMYECTBOM TEMHOMN
Marepuu, CnocobHOM yoepXaTs ero
OT paspylueHms.

CKONMJIEHMNA FAJIAKTHK

WzeectHo, yto gramerp Hawen lanakTuky OOCTUraeT NOYTU
30 knk (100000 cB. neT), AMaMeTp ranakTuku AHnpomensl (M31)
paseH 40 knk. PacctoaHne o TymaHHoCTM AHAPOMEbl COCTaB-
naet 670 knk (2 MAH CB. NeT), CNIefoBaTeNLHO, NPeBbILLaeT Ana-
METPbLI KPYMHbIX TanakTuk nodty B 20 pas. CpenHme e paccTos-
HUA MeX Y 3BE3aMu NPUMepHO Takue xe, Kak Mexay ConHuem
n o leHTaBpa, T.e. okono 275000 a.e., n bonblie guameTpa
ConHua (1,5-10°km = 0,01 a.e.) B 27,5 MIH pas. Takim oBpasom,
ranakThKy 3HaYUTeNbHO TecHee CONMMXKEHBI B MPOCTPAHCTRE, YeMm
3BE30bl Mexay cobon.

el VEIVIETTE CucreMaTHIeCKHEe HCCJIE/OBANHA
pacupefefeHds raJlakTUK D0 He0y MOKAa3aaH, YTO HAPSALY C
OTHEeIBHBIMH TaaKTHUKAMH HAOIIOZAIOTCH CKOIJIEHHWS ra-
nmaktuk. Tar, Hama lanakTura, TyMamHOCTE AHIpPOMENHL,
Bospimoe m Manoe Marennasossr O0raxa B eIné HeCKOIBKO
3BE3IHBIX cHcTeM 006pasyioT MecTHy0 Ipynmy, B KOTOPYIO
BXOIAT 35 rajlakTui.

TasarTurm MecTHOR rpyIIIbl CBA3AHEI OBIIMM TATOTEHH-
€M ¥ IBHIKYTCS BOKPYT OOILEro MeHTpa Macc.

Taxum 06pazoM, CKOIIEHNA TANAKTUK ABIAITCA TDaBU-
Ta{HOHHO-CBABAHHBIMH CHCTEMAMHE TAJJAKTHK M OPeNCTaBIIA-
IOT cODOM OZHU M3 caMbIX GONBIINX CTPYKTYD BO BeesleHHOI.

Ceituac nssecTHO 0K0J0 4000 CROMIEH I I'ATAKTHK, B KO-
TOPBIX HACYHTBIBAIOTCHA COTHW H THICHYY 3BE3IHBIX CHCTEM.
B cpepmem pmameTpsl cKommeHMi 6imsky k 8 Mok (26 max
cB. Jer). OnEuM B3 HauOOJALINHX HABJAETCH CKOIJIEHIME Ta-
JaKTHK B co3Be3auu Bosocel Beporuknu. OHO HaxoguTed Ha
paccToaHuu oxoao 70 Mok oT Hac ¥ saHMMAaeT Ha Hebe yda-
CTOK guamMeTpoM 12°. B sToM O0OraToM CEOIIEHHH HACYMTHI-
Baercda oxkos0 40 000 ranakTHK.

Ham Mmeunsrii IIyts BMecte ¢ MecTHOHR rpynnoit rarax-
THEK HaXOAUTCH HA OKPaWHE CKOIJEHHA TaJIaKTHK, OEHTD
KOTOPOTO HAXO/[HTCA B CO3Be3IHH [[eBHI.




PEHTFEHOBCKOE U3NYYEQVIE CKOTHIERV TATAKTIAK. Epome
TalaKTHK, CKOIIJIEHUA COoAepsKaT W ras. Kak IIoxasaim Ha-
OMIOfeHNA HA KOCMHUYECKHX DEHTTEeHOBCKHX TeJIeCKOIax,
CHOILTICHUA TAJNAKTHE ABJIAIOTCA MOIIHBIMH HCTOUHWKAME
DEHTT€HOBCKOI'0 H3JIYJYEHHU, KOTOPOe HCIYyCKaeT HAaIDeThId
Ao Temuepatypel cBeire 10° K oueHnn paspeskeHHBIN Meskra-
JAKTHYEeCKHA ras. Ero KOHIEHTpaIHMSa 0KAZajach OKOJIO
1000 aromos Bomopona B 1 m3.

ObmmIee KONMMYECTBO MEKIaJaKTHIECKOIO Tasa CPABHIMO
C MacCoH BCeX TaJIaKTHK B CKOILJICHHH.

AUEVICTAS] CTPYKTYPA PACIPERENEAVS TATTAKTIK. Actpo-
HOMBbI H3MEPHIM PACCTOAHMA O MHOTHX TMaJIAKTHK H Olpe-
AeTUIY, KAK OHHM DaclpejesneHbl B mIpocTpancTse. M moy-
YHJIaCh OYeHb HHTEDeCHAad KapTHHA.

Hama Tanaktuxa pactozosena HaBepxy, W MbI HAGIIO-
AaeM raJaKTHKH B HaODasSIeHHSX, VKASAHHBIX IPAMBIM
BOCXOMKIEHMEM.

CneBa — paccTos=ms Z0 TaIaxTHX B CBETOBBIX rogax,
CIpaBa — YHCJIO TAJaKTHEH. HOTODEE HCIOIb30BAJIUCEH IPH
IOCTPOEHHUH PACODEeIeneEma.

Bonbwas vacts ranaktuk w ckon-
NEHWA ranakTUK CoCpeaoToyeHa B
YCTEHKAX AYeeK», NpakTU4ecku ny-
CTBIX BHYTPW. XapaKTepHeIR pa3mep
fyeek ckono 100 Mnk, TonwmHa cTe-
HOK 3—4 Mnk. Haubonee kpynHbie
CKOMJIEHWA ranakTuk pacnonaralTcs
B y35ax, obpa3oBaHHbIX nepeceye-
HueMm Huter (pébep) sueek. Oyru,
MPOTAHYBLUMECH OT Kpas M 00 Kpas
KapTbl 1 PAcNoNoXeHHbIe Ha paccTo-
AHU 400 mAH cB. net 1 800—900
CB. NET, NONY4YUNM Ha3BaHWUA COOT-
BeTCTBEHHO «BOMblUas cTeHa ranak-
TUK» 1 «Benukan crena ranakTuk».

WHTepecHo, kak obpasoBanacs Ta-
Kaa AYencTas cTpyKTypa pacnpege-
NeHwsa ranakTmkK 1 CKonneHumn?

BEOMNPOCHI I 2AAHKSA:
@ Onwuwwre npupopy PEHTIeHOBCKO-
rO U3NYYeHUA CKONNEHWN ranakT1k.
@ Ckonexne ranakTuk B Co3Be3-
Ouu Bosocsi BepoHukn nmeet panu-
yC okono 7 MnK v cofepXxuT okono
40000 ranakTuk. OUeHUTe NNOTHOCTh
ranaktuk B ckonneHuu (B egmHmUax
1/nK?) 1 cpegHee pacctosHmne Mexay
HUMW. KaK Bbl oymMaeTe, Y4acTo v 3Tk
ranakTmkn crankmeamTca?




SATAYA Ne 30
Cronnenne ralakTiK B COZBE3-
| Aun ,I[e.Ba_ COJIEPHUT OKOJIO0
2500 ramaxTHK, MMEeT VIJIOBOH
paguyc 0~6° u paxomuTca Ha
paccToAHEUE OKOJ0 16 MIk.
Onpenenure JUHEHHBIIT pajiy-
V€ CKOIINIEHHA, KOHIEHTPAILA
rajakTHK B HEM H cpelHee
baccrosEre MeXIy TaJaKTH-
xamu. Kax BeI mymaeTe, 4acTo

faM CTaIRUBAIOTCA TalaKTHRHN
B 9TOM CKOOJICHUIH?

JIX II0 KOCMHYECKHMM MACIITAa-

SATAYA Nt 31

PenTrenosckue
O0HAPYKHIN B CHKOILIEHUSX
MEeXTANAKTHYECKHH Ta3 ¢ KOH-
neHTpanmeii n=10° ar/mM°® m
Temiepatrypor T = 3-107K.
OperuTe Maccy ropadero rasa
B CEOIISHHUHN TaJaKTHUK B

06rém V=4n/3R%=17 Mux?,
ra3 COCTOWT B OCHOBHOM H3
MOHH30BAHHOIQ BOJOpOza
my=1,7-10"% xr.

AcTpoHeT
http://www.astronet.ru

2neMeHTbI: NoNYNSpHbLIA CalT
o pyHpaMeHTanbHON Hayke
http://elementy.ru/

TMonynspHas mexaHuKa
http://popmech.ru

s

TeJeCKOIbL

cosBezqun Heswl, R = 1,6 Mux,

@ TanaxTuxu mo GopMe AeIAT Ha YeTHIpe OCHOBHBIE DY IIIEL:
SILIHNTHYeCKHe, CIHPAJIbHEIE, COHPAJBHLIE ¢ NePEeMBITKOH
U HeTIpaBUJIBHLIE,

Q DuEnTHYecKHe rajJaKTHKH He BPAIIAOTCs, TOUYTH He CO-
JepRaT rasa M OBLIHN B MOJIOTBIX TOPSAUMX 3BE31.

@ CnupanpHble FaTaKTHKH W COHUDPATILHBIE IATAKTHKH C
IepPeMBIYK0I BpaIlalTca, MMeIOT MHOTO I'ada ¥ NbLJIH, MHO-
IO MOJIOABIX MACCHBHBIX T'OPSAYHX 3BE3I, PACIONOAEHHBIX B
CIHPANBHLIX PYKABAX, B KOTODPBIX UIET AKTHUBHLIN Mpolece
o06pasoBaHua 3BE31.

@ HenpasuibHble TAJAKTHKN MeIJIEHHO BPAIIAIOTCH, CO-
Hep:XaT MHOT'0 MOJIOIEIX TOPAYNX 3BE3.

@ Bakom Xab61a: CKOPOCTE, C KOTOPOH OT HAC VAAJISAETCH
rajaxkTHEa, IPONOPIIHOHAJIRHA DACCTOAHMIO 10 HEE,

O Tlo xapakTepy BpallleHH#s PaJAKTHK OBLIA OIpeXejeHa
Macca TaJIaKTHKH ¥ e€ paclpefienedne BIOJb paguyca. Oxa-
3aJI0Ch, 4YTO IOJHAA MACCA NAJIAKTHKY B HECKOJABKO Pas3 mpe-
BEIIIAET Ty, KOTOPAS 3aKJI0OYeHA B 3BE3MaxX. JTa HEBUUMAT
Macca MOJIYHUHIa Ha3BaHHUe «TEMHAS MaTeDHA».

U AKTHEHOCTE KBa3apOE CBA3aHA C AKTHBHOCTHIO CBEPXMAC-
CHBHOH UE€PHOH JBIPEL B HEHTPE MaJaKTHKH.

© TanakTHKM, KaK ¥ 3BE3IHI, co0MpAIOTCA B CKOILJICHHA,
cozepsKaInye N0 THICAY TaJaKTHK, KOTOPLIE VAEPIKHIBAIOTCSA
BMECTe BBAMMHEIM TAToTeHHeM. QOCHOBHYIO Maccy CKOILIe-
HUA COCTARJIAET HEBUAHUMAA TEMHAA MATEPIHA.

& Habmopaemas suemcTas CTPYKTyDa pPacIpeeieHHs Ia-
JaKTHK M CKOIUIEHHI TaJaKTHE ABIAETCA CAMOM KEPYIHOH
CTPYKTYDOH paclpefeeHrd MATEpPHUH BO BeesenHOIA.

NOgPOBHEE...

\ Hazaee M. M., 9apyzun B. M. Acrpodusnxa. Kaura nus

gTeHHAA 10 actpoHoMuH: Ilocobme ana yuammmxes. — M.:
IIpocBeimenne, 1988.

Bceenennaa ramaxtur. — @psazmuo: Bex 2, 2007.
JumuKIoneguA naa mereit. T.8. AcrpomomMma. — M.:
AgranTta+, 2013.

\ Egpemos IO.H. 3pézganle ocTpoBa: FalakTUKKN 3BE31 U

BOMNPOCDH! LN OBCYIKAEHWA:

@ Kakum 06pasom acTpOHOMBI MO KPUBOW BPaLLEHVS ranakTuKu
ONpefensoT eé Maccy?

@ OB6bAcHNTE, KaK MO KPaCHOMY CMELLEHMIO ONPeensioT CKOPOCTh
yOasneHun ranakTuku.

@ Moyemy 6e3 HanmMuMa TEMHOM MaTepuK CKOMNEHWs ranakTuk
LOMKHbI ObinK paspyLinMTbes?




B KOHEYHOCTb W BECKOHEYHOCTb
- FnaBsa 8 BCENEHHOM — MAPALOKCI
KJACCUYECKOV KOCMONOT UM

CTPOEH“E T PACLLIMPSIOLLASCS BCENEHHAS
U 3BOJTOLIMA i
BCEJIEHHOW

3HAETE U Bbli, 4TO...

[lepsoe peanbHoe npefcraBne-
Hue o BceneHHOW DbINO NonydeHo
B8 1990, Korga Ha HMW3Kylo OKONO-
3eMHyio opbuTy Bein 3anyLleH Tene-
ckon «Xabbn». 3a nepsbie rofbl €ro
padoThl Beinn 0BHAPYXEHbI MUTIU- |
OHBI FanakTuk, a ux obujee yucno B
BUAMMOW BceneHHoOW no nogcvéram
YHEHBIX MOTN0 cocTaBnaTe oT 100 oo
200 munnuappos. M kaxgas M3 3tnx
ranakTuk CoOepxuT B cebe munnu- |
apnbl 38€34. Yxxe Toraa y4éHble Boim |
nopakeHbl UCTUHHBIMK MacluTabamn |
BceneHHoW. Ho Tenepb KOMM4eCTBO
ranakTvk B BUOKMMORN BCeneHHon Mo-
JKET COCTaBMATL OKONMO 1 TPUNNUOHA,
4To MUHUMYM B 10 pas npeBblWwaeT
npenbigyLine pacyéTsl,




Bbl V3HAETE:
@ Kak cBA3aH 3aKoH BCEMMPHOrO TH-

TOTEHWA C NPenCTaBNeHNI MU O KOHEeY-
HOCTM U BecKoHeYHOoCTM BeenexHon,
@ Kakue npoTvBOpeYUs packpbiBaeT
POTOMETPUHECKMIA NaPalOKC.

@ [MNovemy Heobxogwmo npuenede-
HME OOLIel TEOPUM OTHOCUTENLHOCTH
ANd NoCTpoeHna moaenu BceneHnom.

BCNIOMHMTE:

@ Kak cdopmynupyetca 3akeH Bce-
MWPHOro TArOTeHWA?

@ W3 kakmx 06bekToB CocTouT Bee-
NeHHasn?

-ne-—wu---w-—mfg‘.ﬁ;g e e
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KOHEYHOCTD I BECKOHEMHOCTD
BCEJIEHHOW — NAPAJIOKCbI
KJIACCUYECKOW KOCNIOJNIOrMM

AcTpoHOMWS M3y4aeT He TOMbKO OTHeNbHble HeBecHble Tena 1
WX FPYNMbIL: 3BE3LbI, NNaHeTLl, CKOMNeHWs 38830, ranakTnuku 1 ux
CKOMNeHna, oDbekToM ee U3y4eHusa asnaetcs BceneHHas Kak egum-
Hoe Lenoe. MNpu n3y4eHnn HebecHbIX TEN Mbl MOXEM CPABHMBATL
ux Mexy coboi, npocnefnTs UX 3BONOLMIO. Mpu U3y4eHn Bee-
JIEHHOW Mbl 3TOTO enaTe He MOXeM, Tak Kak BceneHHas yHvKans-
Ha, Mbl He MOXeM MOCMOTPETb Ha HEE CO CTOPOHb! U CPaBHUTL C
apyrouv BceneHHom.

Paznen acTpoHOM®Y, M3YYAIOMIMHA CTPOCHHE
H paseuTre (9B0aNKi0) BeceleHHON B [IeJI0M, HA3LIBASTCA KOC-
MOJOTHeH (0T rped. Kocmoe — mup, BeenenHas 1 1ozoc — yde-
HHEe). B KOMOeTeHI I KOCMOIOTHY BXOTHT 00bhACHeHHe Ha-
OJrromaeMoro pacnpeneNeHuA TaJJaKTHK B IPOCTPAHCTBE H UX
IBusKenne (pazberanue).

Bo epemena Anruunoctu 1 B CpegHme BeKa MHOrHe yué-
HEle [IOJATaaH, 4To BeeleRHasI KOHEYHA U orpanwnueHa coe-
Poil HEOABMIKHBIX 3BE3)(. ITOH TOUKH 3peHHsA IpHAep:KHUBa-
auck gaxe H. Komepaux i T. Bpare. Kpome sToro, BeenterHasa
IpeACTaBIANACE CTATHUHONH, T.e. He MeHSIOIeHcA co Bpe-
MeHeM — 3BE3JBI 34CTELIH Ha CBOUX MecTax, HAOIogaIuch
TOJABKO IIEPUOAMYeCcKNe ARIIKeHNA B COMHEYHOR ccTeMe.

C pasBuTHEM HAYKH, BCE MOTHEE PACKPLIBAIOIICH hHusTIue-
CKHe IIPOIeCCHl, IPOMCXOAAINNEe B OKDPYIKAIOIIEM HAC MHpE,
OONMBIIMHCTEBO YUEHBIX MOCTEIIEHHO MEPEINJn K MaTepHaIn-
CTHYECKHM IIPEeICTABICHHAM O 0eCKOHEUHOCTH BceneHHOMH.
Orpomuoe sHauerme umeo oTkpbiTie M. HeloToOHOM 3aKoHA
BCEMUPHOIO TATOTEHMA.

OnHMM ¥3 BasKHBIX CJEACTBHI 5TOr0 3aK0HA HABHJIOCH
VTBEPIKIeHNEe, UTO B KOHeuHoH Bcenennoil Bcé eé mermecTro
33 OrPAHMYEHHEBIH IIPOMEKYTOK BDEMEHH MOJIKHO CTAHYTH-
cA B IMHYIO TECHYIO CHCTEMY, TOTAA KAK B OECKOHEYHON’
Bceeneruoii BemiecTBO mon AeHCTBHEM TATOTEHHA cobupaeT-
CA B HEKOTOPBIX OIDAHWYEHHEIX 00BEMaxX — «0CTPOBaX» (IO
TOTLAIIIHAM TPEeCTABJIEHHAM — B 3BE€371aX), PABHOMEPHO 34-
IOJNHAINMUX BeeleHHyIo.




| Koneuno, B paMKax HBIO-
TOHOBCKOHM MeXaHHKH M TeOPHH I'DABHUTAIIAY BOSHHKAJM Ce-
PBEsHBIe DPOOIEeMBI IPH IPEAIOJ0KEHTH 0 OeCKOHeYHOCTH
Beenennoit. Onga w3 Tagkux nmpodseM MOTYyYuUIa HA3BAHHE
pomomempuneckoz0 napadorca.

WHorna sroT mapaigoxkc GopMyJHDPYIOT B BHJlE BOOpOca:
noueMy HOUbI0 He0o Témuoe? Kazanock GBI, MMeeTCs TPUBH-
AJILHBIN OTBET: HOYBIO TeMHO, Tak Kak COMHIE HAXOMHTCS
mog ropusoaTom. Ho 310 He Tak.

B Geckomeuno#l crarmunoi BcecesemHoM mMeeTca Gecxo-
HeuHOe uHca0 3Bé3n. IlosTomy, ecim MEI OVIeM CMOTDPETH
B KAKOM-TO HATPAEBJEHWHM, TO HAII JYyY 3PeHHA PAHO HUIH
IIO3JHO HATKHETCA Ha 3Besqy. IlosTomMy Bcé HeBO JOMMKHO
OBITH IIOKPBLITO CIJIOIMHOW CTEHOM H3 JUCKOB 3BE3H PasHBIX
VIJIOBBIX PasMepoB. IIpHUYéM THCKOB ¢ MEHBINIHMI YIVIOBEIMI
pasmepaMu OBLI0 OB GOJBIIIE.

Ecam mpenmnono:kuTs, uTo Bee 3BE30LI moxowy mHa Comu-
e, To JI000iH yuacTok Heba HoMKeH OLITE TAKHM JKe APKUM,
rxax Coxrme. Ho storo mer. Houno Temuo. Ecam 6nr Bee-
JeHHasd ObLIa KOHEUHOH, TO B Heil ObII0 OBl KOHEYHOE YHCJIIO
3BE3M U He0O He OBLI0 CTOJMb APKHMM. HOo IpeanoJiosKeHue o
KOHe4YHOCTH BeejleHHOH IpoTHBOPeYrIIO OBl HAOIIONAEMOMY
PABHOMEDHOMY DACIIDE/IeIeHHUI0 3BERM B Hell. Bens cormacuo
TeOpPHUM TATOTeHUA HproTOHA BCe 3BEBNBI B OrDAHMUYEHHOH
Bceenensoil paHO MIW TO3AHO TOJMKHEI ObIaIM OBI coOpaThCs
B omHO MecTO (@ ).

®]

Boabpimoe smauerme
[JIs PASBUTHS COBPEMEHHLIX IIPEICTABJICHUH O CTPOSHUH N
passuTHuu BeeeHHOR mMeeT 00Iias TeOpHsA OT-
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O6uaa Teopus oTHocuTenbHO-
CTW, B HaCTHOCTM, YTBEPXAAET, 4To | |
pacnpefeneHne v ABvKeHWe Ma- | |
TepUI U3MEHAIOT reomeTpudeckue §
CBOMCTBA MNPOCTPAHCTBA-BPEMEHN, | |
1n Haobopot, pacnpepeneHue n
LOBVXKEeHWEe MaTepuu camu 3aBucAT
OT FeoMeTpUKM MPCCTPaHCTBa-Bpe-
MeHW. TaroTeHue e cornacHo ob-
el TeOPUWN OTHOCUTENEHOCTIA ECTh
pe3ynbTaT M3MeHeHWM, BHOCKUMbBIX
NPUCYTCTBUEM MATEPWUM B CBOMCTBA
NPOCTPaHCTBa-BPEMEHHK, W Nepera-
€TCA C Haubonblleln CKOPOCThIO, C
KOTOPOW BO3MOXHa Nepefaya B3au-
MOZENCTBMA, — CO CKOPOCTLIO CBe-
Ta. Ml nuwe B [ocTatodHo cnabbix
M CTAaTMHeCKUX TPaBMTaLMOHHBIX
nonsx npy HeBOoNbLIMX CKOPOCTSX
LBVXEHWS, 3HAYUTENLHO MEHbLLKX
CKOPOCTWM CBETa, 3aKOH TAroTeHWs
SMHLWITENHA NepexoinT B 3aKoH TA-
roteHna HbioToHa. Kad4ecTBeHHO
ypaBHeHMA, NoNyYeHHble DAHLITER-
HOM (@Hanor 3aKOHOB MEeXaHWKK
HbloTOHa), BRIFAAAT Tak: @

L33 s e IR -
HOCHTEJNbHOCTH, CO3ZaHHas A.DHHmTedHOM. P
Oma 06061maeT TeopuIo TAroTesusa HeoToHa 1aa Benuuuhbi,
. XapakTepuzyoine
MAaCCHBHBIX TeJ W CKOPOCTeH IBHIKEHHS Belle- reometpuio

CTBa, CPABHHUMEIX CO CKOPOCTBIO CBETA.

[eHCcTBUTEIRHO, B TAJAKTHKAX COCPENOTOUe-
Ha KoJIoccalbHad MAacca BeIlecTBa, 4 CKOPOCTH
JAJEKHX TFaJaKTHK M KBas3apoB CPaBHUMBLI CO

NPoCTPaHCTEa-BReMeHu:
KPWMBU3HA, CYMMa YrNos
E TpeyrofibHuKe

CKOPOCTLIO CBETA. 8n(
Corracuo 001Iedl TeOpHH OTHOCHTENTBHOCTH (:_;' e

rpaBHTALMOHEOE B3aUMOEHCTBHE IEPejagTcs ¢ 1

KOHEIHOH CKOPOCTHIO, PABHOM CKOPOCTH CRETA. BenuuuHbl,

(ITo reoprm HrioTOHE IpaBHTAIIMOHHOE B3aWTMO- x;@i?iﬁ-ﬁ?ﬁge =

JefcTeIe nepefaéTes MIrHOBEHHO.) nﬁ%m iy

Of6maa TeopHs OTEOCHTEILHOCTH HAKJIANBI-
BAeT ONpeNeNIEHHELIE OTDAENICHNA HA TeOMETPH-
YecKMe CBOMCTBAa IDOCTDAHCTBA, KOTODOE YiKe
HEJb3A CUNTATE €BKIHIOBLIM.

CorsacHO 9TO¥ TEODHEEHE BDPEMSA He HMeeT abCOJIIOTHOTO
XapakTepa, a JBH:EEEEHE ¥ DAcOpeleJieHHe MaTepHH B IIPO-
CTPAHCTBE HEJIb3S DaCCMaTDHEBATH B OTPBIBE OT T€OMETPHYIE-
CKHX CBOMCTB IDOCTDAECTBA W BPeMeHH. ['paBUTANMOHHOE
moJie IpPeACcTABISAeT coD0i HCHDHBIECHHE IPOCTPAHCTBA-BpE-
MEHH, CO3[[aBAENMOE MACCHBERIME TeJIaMH.

daBneHue, CKOpodLTh

BONPOCHI U SALAHKA:
@ Y7o Takoe oTOMETPUHRCKIIA Napa-
LoKC?

@ Kakoe 3HayeHWe umeer obuias
TEOPWUA OTHOCUTENBHOCTU N acTpo-
HOMWIK?




@ YTo Takoe KOCMONOrMYyeckas Mo-
gens BceneHHon.

@ Kak onpegmenuTtb Bo3pact BceneH-
HOM.

pazokc?
@ B 4ém cyTb 0bLIen Teopun OTHO-
CUTENBHOCTI?

]

 S— S - e m

Brepebie kocmonormyeckyio mogens BceneHHon B pamkax o6-
el TEOPUM OTHOCUTENBLHOCTY PACCMOTPEN COBETCKUIA MaTema-
MK A. @puamaH. OH nokasan, 4To BceneHHas, o4HOPOLHO 3a-
MOSIHEHHasA BELLecTBOM, [I0JIKHa ObiTb HECTAUMOHAPHOM, U Tem
cambIM 0BbACHWUN HabrlogaemMyio KapTuHy pasberaHuns ranakTuk.

J . B saBucmmocTH
OT cpenHeHd HJIOTHOCTH BelllecTBa BcesleHHAad moJKHA JTHOO
pacmiupAaTsea, aubo cxuMmaThesa. Ilpn pacmunpennn Beenen-
HOH CKOPOCTE paszferaHus TaJakTHK TOJKHA OBITH IPOIOP-
MMOHAJILHA PACCTOSHWIO A0 HUX — BBEIBOJ, IMOATBEPIKIEH-
HuIf 8. Xab0/JIoM OTKPHITHEM KPACHOTO CMEIeHH A B CIeKTpax
raraxkTuk. Kpurrueckoe 3HaYeHIe IIJIOTHOCTH BeIleCcTBa, OT
KOTOPOI 3aBHCHT XapaKTep ABMKEHHA 1 reoMeTpus Beenen-
HOM, PaBHO:

_ 8H®
881G’

rae G — rpaBmTAnMONHAL IOCTOARHAA, H = Th km/c Mok —
mocTosaHHaA Xabbma.

Oaa mocTpoernua monenu BeeneHwoN menoxbzyerca 00-
mias TeopHsa OTHocHTedbHOCTH. HecMoTpsa Ha 5T0, DOHATH
OCHOBHEIE OCOOEHHOCTH HAOMOTaeMOH KapTWHBI DACIIH-
peHus BcemenHoM MOMKHO ¥ B PAMKaX TEOPHM TATOTEHMSA
H. HrroToHa. 9T0 ¢BA3AHO C TeM, UTO B HEOOJABITHX MACIITA-
6ax BceezenHoll mpuMenunMa TeopHA TaroTeEmns HuioToHa.
ITosToMy pacmupenme BceneHHON MOMKHO IIPOCIEIUTH IIO
XapaKTepy ABUKEHHS ONHOM TaJaKTHKHW, KOTOPAA yIaideT-
¢s OT HAC CO CKOPOCTBIO, MEHBIIIEH CKOPOCTH CBETA.

PacemoTpuM manéKyIo TaIakKTHKY, HAXOMANTYIOCSA Ha pac-
croaauy R or wac (a ). Ha eé gBuiKeHHe OKAa3BIBAET IPH-
THMKEeHNe TOJILKO TO BEIIeCTBO, KOTOPOe HAXOAUTCH BHYTPH

cepsl ¢ paguycoMm R, ocTaibHOe Be-

ecTBo BeelieHHON He BIMSET CBOHM

OIPUTAKEHUEM Ha JIBUMKEHUE TaIaKTH-

kn. Macca BemecTBa, HaXOoANIErocs

BHYTpH cheprl ¢ paguycoMm R m mmor-
HOCTBIO P, pasua M = p-(4/3 m)R3.

oTa raJakTHKa Kak Obl HAXOOUTCA

HA MOBEPXHOCTH IMapa ¢ JAaWHOW Mac-

coi u paguycom. V3 HabGm0neHmwit By

HO, UTO TAJAKTHKA ABHKETCA TIO 3a-

' rouy Xabbaa co ckopocteio v = H:R.

@ Ecnu aTa CKOpPOCTE OKasKeTcsa MeHBITIe

BTOPOH KOCMWUYECKOH CKOPOCTH [OJNA

ATOTO INapa, TO HalMxaemMoe yaajie-

Hye MaIaKTHKNA CMeHHTCA B KOHIE KOH-

OB TPHOIMIKEHUEM, T.e. PACIIUpeHHe

BceneHHOU CMEHUTCS CIKATHEM.

Pep



Eecnu ckopocTh 6yzeT GOabINe WJIM PABHA BTOPOH KOCMI-
9ecKOol CKOPOCTH, TO rajlakTuka 0yAeT HeorPaHHUEHHO yAa-
JNATBCA, T.e. HabIaogaeMoe pacIiINpeHMe HOCHT HeOrpaHH-
YeHHEIH XapaKTep.

IMocMoTpuM BHEMATEILHEe, OT Uer0 3aBHCHT XapakKTep
Oyayiero pacimupenns BeeneHHOH. [IJId 5TOrc CpaBHMM CO-
OTBETCTBYIOIIME BBIDAMKEHHS AJA CKOPOCTH TaJaKTHKH H
BTOPOH KOCMHYECKOH CKODPOCTH:

3H?
v _ HR _ HR _ (812G _ |Po
v, JZGM 8 GoR? p p
R \3

KpuTmyeckoe 3HaUYeHHe CDefEEH NJIOTHOCTH BeINecTBa,
OT KOTOPOH 3aBUCUT XaPAKTED €r0 JBUKEHUsA, PABHO:

_ B’
Po ™ 8aG’
rne G — rpaBUTanEoE=as nocTogHEEaA, H = 75 xM/c- Mok —
nocrogauas Xabbaa.

TIomusa, uro 1 o= = 3,08-10" xM, n mostomy 1 Mnx =
= 3,08-10" kM, maitzéx H = 2,4-1078 ¢l Torga xpuTude-
CKAf IIJIOTHOCTDL BEIECTEa

- 3(2,4-10%c)’
- 8-3,14-6,67-10 " /(RI‘-CZ)

Pep = 10726 gr/m3,

WA Py, = 1072 r/cae®.

Ecnu cpejHas II0T=OCTS BellecTBa BO BeeleHHOH GoIb-
e XpUTHYeCKoi (p > p._). To B OyaymieM pacmmupenne Bee-
NEeHHOY CMEeHHTCS CIEaTEeM. & IDH cpefHelt JIOTHOCTH, PAB-
HOll Mau MeHbIIel mpmtm=ecxo# (p < p,), pacIIupeHHe He
IPeKPaTUTCs. BEE 32EmCEMOCTE OT IIOTHOCTH I'DaBHTALUA
¢ OoJpmIel MIK MeEnImei CIT0E TODMOBHUT pacminpenue Bee-
JIEHHOM.

Yro KacaeTcH TeoMeTDEUSCHEEX CcBoiicTB BeeseHHOH, TO
upu p > p,, Bo Beezes=oE Sy=yT paboTaTh 3aKOHBI reoMe-
rpun PuMauna. B wacT=ocT=. = =2E cyMMa YIVIOB B TPEYrolb-
Huke Gosubine 1807, za= = recmeTpzH Ha cdepe.

Ecuuz p < p,,, TO 30 Bosze==oi OyAyT paboTaTh 3aKOHBI
reomerpun Jlobagescxoro, = == ¢y MMa YIVIOB B TPEYTOJIBHU-
ke MeHbmre 180°, xax recmsToES TEIA IOBEDXHOCTH CelJia.

Ecam p = p,,, To Bo Bresemnoi OyzyT paboTark 3aKOHEBI
XOpOmIO 3HAKOMOE =zw recweTpHEE EBKiuja, I'le cyMMa
VIJIOB B TPEYTOJbEEES pem=ms 150 . Xax Ha IJIOCKOCTH,.

Ecau cpegHsas mIoT=ocTs Doele=Hoil foJblle KPHUTHUe-
CKOI (p > Pyp), TO B Gyzymmew pacmupeHHe BeeseHHOH cMe-
HUTCA CYKATHEM, a DpE CpeI=si TIOTHOCTH, PaBHOHM HIH
MeHbIIeH KpHTHIeCcEoE I « I_ . DaciiEpeHHe He IpeKpa-
TuTca. MBI He 3HaeM cpel=s. TIOTEOCTH BeIIecTBa BO BCEH
BceeneHHON, HO MOMEEM DO ITSETETE 3TV IUIOTHOCTE B JOCTYII-
HOH HM3YYeHHIO SACTE Doemsmmnt — B MezazaldKmuke.

Modenu 603MONHOU 360IOULLY
Beenernnoii
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Mo cospemenHbIM NpeacTaBneHnam
BceneHHas cyulecTseHHo BosbLie Mo
pasmepam, Yyem Ta €€ 4acTb, KOTO-
pylo Mbl Habnogaem.

Doctynryio HabnogeHuam BeeneH-
HYIC WMHOrOa Ha3slBAaloT MeTarasiak-
TMKOV. 3a e€ npenenaMu pacrnono-
JKEHbBI ranakTuKKW, OT KOTOPbIX CBET
HE MOXEeT JOWTW [0 Hac, OHKM Kak Obl
HaXOOATCA 3@ FOPU3OHTOM,

Mo 3TOM NpUYKMHE pPagwyc Habmopa-
emMon BceneHHoW Ha3bIBaKOT ropu-
30HTOM BUAMMOCTM. CBET OT ranak-
TUK, PACNONOXKEHHbIX 38 FOPU3OHTOM
BUAMMOCTY, B HacTOsALLEE BPEMA He

| Habnwpaem.

Honarasa, dro paguyc HabOIO-
maemoii Becenennoii BozpacTaer.
IPpONOPUHOHAJNLHO BO3PACTY
Bcenennoit R~ £, omenure
MOMEHT BpeMeHHW, KOTIAa BO
Beenenmoii cranu o0pa3oBbI-
BATECA TATAKTHKI.

/ 3 JEeTrKO OEHHUTH C IIOMOIIBIO 3a-
KOHAa Xaﬁﬁna. MachmaﬂLHaa CKOPOCTE HE MOJKeT IIPEBEI-
IIATE CKOPOCTH CBETAa, MO09TOMY MAaKCHMAJNBLHOE DACCTOAHWME,
JO0 KOTOpOTro MOMKHO HaGJIIOI[aTI: HebecHEIe TeJa, COOTBET-
CTBYET CKOPOCTH pasberaHmdA rajJakTvi v = ¢ = 3-10° xm/c,
OTKyZIa
5
Ry =S TOBMIC g 308 Wi =18 10 e e,
H 75 RM/(C-MHR)

wnu Ry = 1,24-10% m.

Kar yxe oTMeuanoch, B BHAUMOH WacTH BceleHHOUI Ha-
oarogaerca oxoao 100 mapx ranaxtuk (N = 10'), moxosmux
H HeIoxXo:Eux Ha Hammy Namaxtury. Karkgas us HHX COCTOUT
npuMepHo 13 1 = 10" 3Béan. [IpuHEMAag Macchl 3BE3M B cpe-
HeM OnmsruMH K Macce Connna Mg = 10%° kr (oapinmuHCTBO
3BE3I MMEIOT MACCY MEHbINEe NI CPABHUMYIO C COJIHEeYHOII),
HAXOAMM, 4TO B 00LE&MeE

4
v= —_nR*
3
cogepxkuTca macca M = NnMg, OTKyHa cpefHAA TJIOTHOCTE
BeIlecTBa

11 10l . 100
p_ﬁ_NnM 107-10" 10" r 1,3 10°% moju®,

v Lo ---.3,14-(1,24-10241\4)3
3 3

nnu p = 1,3-107 r/em®.

Crenorarensno, HalnomaeMas CpefHAS OJOTHOCTL Bee-
JIEHHOH IpUMepHOo B 8 pas MeHbIIe KPHTHYECKOH IIOTHOCTH
u BeeseHHaA JO/IKHA PACIIEPATHCA BEUHO,

| Ecam HAOTIOAEHUA MOKA He TO3B0JA-
10T HaM € OIPeJe éHHOCTHIO CKA3aTh 0 XapakTepe OyAyIIero
paciupeHnd BCBJIeHHOﬁ, TO BPEMS, KOIr'ga B IIPOILJIAOM 3TO
paclIiupeHre HaA4YaJOoCh, MBI MOMXEM OIE€HMTEL H3 3aKO0HA
Xao0uia.

HeiicTBUTENHHO, ecau HabIogaeMasd HAMH TraJaKTHEA
yIaIsgeTcss CO CKOPOCTRIO U M ceildac, Tocje Hauaja PacIiu-
pesua, HaXONuTCs Ha PACCTOSAHHU 7 OT HaC, TO CBOé yaaJe-
HUE OT HAC OHA HAYAJIA MIPHMEPHO B MOMEHT

=0,42-10"® ¢ =13-10° ner.

OTH pacCyXIeHNA IPUMeHNME OJd J000H ralakTHKH.
Takmm obpasoMm, oxoao 13 MDA JeT Hasal BCE BEIIECTBO
BceenerHoil OvlI0 cocpemoToyeHO B HeOoabmIOM 00BEME H
IJIOTHOCTE BeIecTBa ObLIa HACTOMNBKO BBICOKON, YTO HW Ia-
JaKTHK, HH 3BE3n He cyllecTBOBaNo. e cymecTBoBaso Hu



aTOMOB, HHU MOJIEKYJ, a ObLa CEEPXIIJIOTHAA CMeCh 3JIeMeH-
TAPHBIX YaCTHII.

Iloxa He AcHBI HE DpHpofa GUSHUECKHUX IIPOIECCOB, IPO- e S R
TEKaBIIHX O 9TOI'0 CBEPXIJIOTHOTO COCTOSHHA BEIECTBA, 3 ATAYA 33
HY TPHYHHBI, BLI3BABHOIHE pacinupeHue Bceememmoii. flcmo
OJHO, ITO CO BPEeMEHeM pacllupeHHe IIPUBeJ0 K 3HAUHNTE b Hoﬂai“fiﬂ, 9TO pajuyc Habio-
HOMY YMEHBIIEHHMIO ILJIOTHOCTH BeIeCTBA, M HA OIpemeNéH- naemoii Beenenmoit Bospacraer
HOM 3Talle PACIIMPEHNA CTAJH (OPMHPOBATHCSH TAMaAKTHEMN IPOMOPUNOHAILHO BO3PACTY
¥ 3BE3HL. Beenennoit B~ ¢, a paccToaEue
Hexoroprie BupaT B HabaonaeMoM pasberanuy ratakTHi MEKAY TaTaKTUKaMHU IIPOTIOp-
AHAJIOTHIO C PABJIETOM BEI[eCTEA BO BPEM:A B3DHIBA, IOBTOMY UAPHANEHO| PATHYCY Habmona-
ONHCAHHAA TeOpHA pacminmpenua Bcememmoil monyumia Ha- eMOu EBCE'-"TBHEOH H COBpEeMeH-
3BaHUe TeopHH Bonwinoro Bapeiea, a BpeMs Hasl IJIOTHOCTE BEUIECTBA PaBHA
Po=1,3-10%" xr/m?, omenure,
iz = 1/H = 13 muapg zer, KaKol ObLTA CpeNHsAsA ILIOTHOCTE
OpollleAIiee ¢ HAYAIA ITOTO B3PHIBA, HASEIBAIOT BOBPACTOM BeriecTBa BceeneHHOM B MOMeHT
Bcenernoii. . 00pazoBaHMA TAMAKTHK.

Pacmupenne Beemenmoit u ceszannoe ¢ mauM Habmogae-
Moe pasberaHue raJaKTHK OOBACHAKOT OTCYTCTBHe (hOTOMe-
TPHYECKOTO mapanoxca. eficTBHTenbHO, u3-3a sdhdexra [o-
Iaepa CBeT NaNéKuX TAJaKTHK 1 3BE3J MCIBITLHIBACT KPACHOe
CMeIleHHe, YHEePI'Hsl CBETOBLIX KBAHTOB YMEHLIIACTCI, MEHb-
II¢ CBeTa IPUXOLUT OT ITHX MAIaAKTHK.

Kpowme sToro, Mbr Buzmesnn, uro Beenennas orpanudeHa B
pasmepax pazmycoM BeeleHHOH. OTHME IBYMS HOJOMKSHMI-
MH 1 O0'bACHASTCA TO, 4TO HeG0 HOUBIO TEMHOE.

B MUKPOMMPE YacTULbl M aHTUYaCTULbI BCEra poxaainT-
CA napamu, 1 Mbl Bripase DbiNM 0X1OaTh paBHbie KoaMye-
CTB& BELUECTBA M aHTMBELLECTBA BO BceneHHow. A sapyr

eCTb MeCTa, COCToALME NONHOCTBIO M3 aHTKBeLlecTBa. M Bcé xe no-
Yemy HabniogaemMas YacTb BceneHHoR cocTouT us BellecTsa? Mo co-
BPeMEHHbIM NpeacTaBNeHnAM HabmogaeMas acMMMEeTPUA BELLeCTBa
W aHTMBeLLEeCTBa BO3HWKIIA B NepBble CeKyHAbl Mocne poxaeHus Bee-
NEHHOW.

B, ocsnisult e ;-

BONPOCHI K 3AJAHKA:

@ OnuwuTe KOCMONOrUYEcKyio Mo-
nens BcenenHo®n B pamkax obuiei
TEOPUU OTHOCUTENBHOCTM.

@ Kak MOXHO oUeHWUTL Bo3pacT Bee-
NEeHHOoN?




Bbl VIHAETE:

@ Tloe, korma W Kak obpasoBanoch
OCHOBHOE KOJIMYECTBO renma Bo Bee-
TNeHHoN.

@ Kakue HabnopeHWs yKasbiBaloT Ha
BbICOKME TEMMepaTypbl BellecTsa Bee-
fIEHHOM B Ha4ane pacilinpeHns, g

BCNOMHNTE:
@ TMoyemy HeobxoOoMMO NpUBNEYeHVE |
obLLei TeopUM OTHOCMTENBHOCTY LS
NOCTpOeHUA MoAenu BceneHHom?

SN

Teopuio bonbluoro B3pbiBa, MAK, Kak
OHa MepBOHaYanbHO Ha3bIBanachk,
Mofenb ropsdvein BcenerHon, npen-
NOXWN POCCUMCKNA U aMepUKaH-
ckmm mzmk I.lamoB.

i

Ha4ano
BpeMeHn

O6uwume npeactasneHns o MU3MHECKMX YCIOBUAX Ha PaHHKMX CTa-
OMAX pacliMpeHns BCeneHHOM MOXHO MOMYYUTb U3 aHanmM3a Xu-

MKHeCKOro CoCTaBa BeledcTBa.

] C HiETEENT EcTecTEeHHO IIpeAIoNo-
JKHUTh, YTO OO oﬁpaSOBaHHa 3BE3] BEINeCTBO COCTOAJO M3
OpocTelIero XHMUYEeCKOro sJieMeHTa — Bogopozma. lloaTomy
HepBEIE 3BE30EI, CHOPMHPOBABINMECH W3 BTOTO BEIeCcTEAa,
OBLZIM YHCTO BOTOPOSHBIME. IIpH TepMOAIEPHEIX PEAKITHAX B
HeIpax 3BEési o0pasopbiBajica renuil. B nanpHefmeM YacThb
HX BEIeCTBA BO3BPAIajachk B Me)XX3BE3NHYIO cpeny ambo
IIPH B3PBIBAX CBEPXHOBBIX, 00 IPH CIIOKOiTHOM cOpoce Be-
mecTBa (KaK B IJIAHETAPHBIX TYMaHHOCTAX), IHOO B IPOIIEC-
€caX, CXOTHBIX ¢ COJIHETHBIM BETDPOM.

W3 cOpoleHHOro BelecTBa GOPMHUDPOBAIOCH HOBOE IOKO-
JeHue 38é3n. Fexonda M3 3TOr0 MOMKHO OPEnIOa0KHTh, UTO
seck HabmonaeMblil Bo Beenernmoil reanit (ero oxosno 30% 1o
mMacce) obpaszoBajIcs B Heapax 383,

Y005l IPOBEPHTE 3TO IPEIOJIOIKEHAE,
OpOBENEM MPOCTYIO OUEHKY. BCIHOMHHM,
YTO B TEPMOAJNEDHBIX DeaKIMAX CHHTe3a
refus U3 BOZOPOAA B Hexppax CoNHIA Kamx-
IVIO CeKyHIY BhIgessiercs 4 - 1078 I suep-
run (cBerumocts Connna Leg). Ilpm obpa-
30BAHUH OJHOI'0 fAJpa TeJiufA BhINENAeTCH
SHEPTHUA

AE = 4,8-1072 Isx.

ITosTomy rKamkmyio cexyaay B Coxmme o6-
pasyerca 10*® amep aTOMOE remms, WK
6,7-10" kr reamsa. ITomaras, 9TO BO3pacT
TanaxTuru GJIM30K K BO3pacTy Beerenuoii:

1,8-10% jger = 3,9-10" c,

JIETKO IIOACYHUTATh MAaccy TIeJllsd, KoTopasd
Moraa 65l 06pasoBaThCd BO BCeX 3BE3IaX
(10" 3B&37) 3a HTOT HPOMEIKYTOK BPEMEHN:

6,7-10" xr/c-10'-3,9-10'" ¢ = 2,6-10%° kr.

9710 cocrarisger 13% or Bceit maccer I'a-
JakTuKHA (Macca Bcex 3BE3n IamaxkTHKM
210 xr), YTO CYIIECTBEHHO MEHbLINE Ha-
GaromaeMoil MacChl Tears.

Hcexopst ma aroro acrpodmaux I T'amos
IPHUIIEN K BBIBOAY, YTO OCHOBHAA Macca
renua oOpasoBalachk He B 3BE37aX, a Ha
PaHHHX CTaJHUAX paclImpeHua BcelleEHOM,
emé 10 GOPMHPOBAHNA B Heil 3Bé3x. Ecim
yuecTh, 4TO 00pasoBaHME TENIHA B TEPMO-



ANEPHBIX PeaKIINAX BO3MOYKHO JHUIIE IIPDH TEMTIEPATYPE CBBI-
IIe¢ HeCKOJBKMX MHMJIJIHOHOB KeJIbBBHHOB, TO Ha pPaHHHuX 2Ta-
nax pacmupenus BcesremHaa Obljia He TOMBKO IJIOTHOI, HO
u ropsa4ei. ITosroMy IpHHATAA B HACTOAIIEE BPeMs MOLETH
pacmupawmeiica Beenernoll mosydnia Ha3BAHHE MOOenl
20psayeil Beenennoil.

: | Atak, Ha PaHHHX 3Tamax pac-
I[IHpeHKH Bem,ec'rBo BCQJIeHHOH HMEJIO OIPOMHEYIO ILJIOTHOCTE
H O4YeHDL BEICOKYIO TeMIepaTrypy. Belno Takixe mamyuenme,
KOTOpOe HaXOAUIOCh B PaBHOBECHH C BemlecTBOM. Ilo mepe
PacluupeHHuA TeMIepaTypa BelleCTRa YMEHBITAJIACh H, CJe-
AOBATENBHO, YMEHBIIAIACHh TEMIEPATYPA TEILIOBOTO U3JIytIe-
HHA, KOTOpPad K TOMY BPeMeHH LOJIKHA Oblla CHH3UTHCS IO
3K (-2767C).

ITO mpeAcKasaHHE COBPEMEHHOH KOCMOJIOTHH OOATBED-
AHJIOCE OTKPBITHEM B 1965 . MUKDOBOJIHOBOTO H3JydYeHN,
MaKCHMYM KOTOPOTO IPUXOTUTCA HA AJIHHY BOJHBI

Apey = 1 MM,

9TO COIVIACHO 3aKOHY cMelleHus BUHa COOTBETCTRYET TeMIIe-
parype um3ayuenma T = 2,7 K.

Ha chumke nokasara HaGniopaemas KapTrHa MWKPOBON-
HOBOIO PEIMKTOBOTO M3/IyYEeHWs, Ha KOTOPOe HaloXeHo
u3nyvyeHre MneuHoro Myt {KpacHas ropuscHTtanbHas
nonoca). MenkosepH1CTas cTpykTypa pacnpenenexms PENUKTOBOTO
M3NYHEHW: YKa3biBaeT Ha HEOAHOPOAHOCTU B pacrnpegeneHmnm Bele-
CTBa B 310Xy GOPMUPOBAHNS M3NYUEHNA. M3 5TUX HEOJHOpOAHOCTEH
B JajibHelnllem 0bpazoBanuch 3683/0bl U ranakTUKu.

Rax nmoxasayu HabGIofeHEns, 370 H3JNYIEHHE HE CBI3AHO
HH C OOHHM M3 U3BECTHEIX HeOeCHBIX TeJ HIH WX CHCTeM.
OHO paBHOMEDHO 3aTOIEAET BHIUMYIO Bcenennyio, T.e. xa-
PaKTepHu3yeT ropAadee ¥ CBEPXIJIOTHOE COCTOSHHE BeIlecTBa
B Hauane pacmupenus. IIo9TOMY 5TO H3IyYeHME IOJLYUHIIO
HasBaAHHWE PEAUKMOE020 U3LYYEHUSA, T.€. OCTABIIETOCT OT
PAHHEWX BTANOB SBOJIOOHYE BCeleHHOH.

Teopruit ([>koppyK) AHTOHOBME
Famoe
(1904—1968)
BbIOaIOWMIMC pOCCUIACKMIA 1 ame
PUKAHCKMIA (PUBKK-TEOPETHK, acTpo

UMK,
\

BOMNMPOCHI Vi 3ABAHMNA:

@ OB6BscHUTE, NoYeMy coBpeMeHHas
MOJlenb paclmpsicLleincs BeceneHHon
Ha3BaHa MOJEenblo ropayein BceneH-
HOM.

@ Y10 Takoe penvkToBOe M3NYYEHNE?
@ Monaras, 4to paguyc BceneHHoi
BO3pacTaeT B 3aBMCMMOCTU OT Bpe-
MEHW, oLeHWTe, Korga Bo BeceneHHoM
cTanu obpa3oBbiBaTLCA ranakTUKu
(BpemMs, Korga ranakTuKu Kacanwce
Apyr apyra).




. BATTAYA N 34

- Tlomaras, 9To BCe MACIITAGHL BO
BeeneHHO# MEHAIOTCA TPONOD-
LIHOHANBHO paguycy BeeleHHOM
R, a MaKCEMyM DEeIMKTOBOIO
M3JIYUeHUA HNPHXOJUTCA HA

AINEY  BOJNHBL  Ag., = 1M,
OLEHUuTe, Ha Kaxoil AMAa30H
AJIMH BOJH TPHXOAUICA MaK-

CHMyM H3JIyYeHUsd M KaKoH
ObLTa TeMmepaTypa H3IyJYeHHA
Bceenenmoit B MomenT 06paszo-
BaHUA TATAKTHK.

AcTpoHeT
http://www.astronet.ru

2nemMeHThbI: NONYNAPHbIA canT
0 YHAAMEHTanbLHOM HayKe
http://elementy.ru/

MonynsipHas MmexaHuKa
http://popmech.ru

& IIpu GONBINOH IIOTHOCTH pacimupenne BeenenHOM TOI%-
HO CMEHHTLCA CiKaTHeM, a leoMeTpusa Bcerewnoil Oymer mo-
XOKa Ha reoMeTpuio Ha chepe. ECIIH ILI0THOCTE MaleHbKA,
TO paciIuperne OyoeT BeIHEBIM, TeoMeTDHA BeeslenHoit 6yaeT
IOX0Ka Ha reoMeTpuio Jlobauercroro. Toabpko mpu maorHO-
CTH, DABHOHN KpHUTHUYeCcKOU, reoMeTpus Oymer EBkINI0OBOIM,
KaK Ha IJIOCKOCTH, U pacIIipeHye OyeT BeUHLIM.

& BcenenHas B IPOLLIOM OBLIA HJIOTHOH M ropadeil Ha-
CTOJIBKO, UTO B HEH OIIH TepPMOAIEPHEIC PEAKIIHMH CHHTEe3a
Treausd U3 BOZOpOaa, UMEeHHO II0 9TOH IpPUYMHE celtIac OCHOB-
HaA MacCa BellecTBa COCTOUT M3 BOZOPOJA M I'eJIHd.

© PenuxToBOE HBIYUCHHUS SBIAETCA H3IYyUYEeHHEeM, KOTOpoe
OCTAJIOCh OT TOPAYEro COCTOAHHA BeINecTBa B HaUaJe pac-
mupeHns BeeneHHOMH.

NOAPOBHEE...

\ Hazaee M. M., Yapyzun B. M. Acrpodusura. Kaura nus

gTeHus 1o acrpoHomun: [focobue mna yuamuxea. — M.;
ITpoceemenne, 1988.

Beenennas ranaxtux. — @pasupod Bex 2, 2007,
Junurgonesusa aaA gereit. T.8. Acrpomommsa. — M.:
Asamra+, 2013.

\ Egpemoe 10.H. 3éznunie ocTpoBa: I'alakTUKE SBE3T W

BONMPOCH! ONA OBCYMAEHWS:

@ BospacT BceneHHoit 13,5 MApL net. Cenyvac Mbl Habiogaem B ca-
Mble MOULHblE TeNeckonbl NepBble ranakTukK, OT KOTOPbIX CBET UOET
noyTn 12,5 MNpa neT, Tak 470 OHW M3NY4YUNM CBET, Koraa BO3pacT
BcenexHow Gbin Bcero okoNno MuanMapa net. Kax ssl AyMaeTe, Ha-
PAacTMB MOLLE TENECKONOB, CMOXEM JIV Mbl YBUAEThL Havano BeeneH-
HOW 1N X0Ta Bkl NepBble Yack?

@ Kak 8ol ymaete, 1o Kakux ry6uUH paHHen BCeNeHHOM Mbl Mo-
JKeM 3KCTPanonMpoBaTh HalWKM 3HaHWA, XoTa obulan Teopuna OTHOCK-
TeNbHOCTM, Ha KOTOPOW OCHOBAHa COBPEMEHHas KOCMONOrMs, npu-
MeHMMa [0 HyNneBblx pasmepor BceneHHow?

@ Kax Bbl gymaete, 4To 66110 A0 TOrO, KaK BO3HWKNA BcenexHas,

KoTopyio Mbl Habnogaem?




F & YCKOPEHHOE PACLLVPEHME
r.nana 9 BCENEHHOW W TEMHAS 3HEPT S

COBPEMEHHDIE N i
"POB"EMbI I MOWUCK XM3HU 1 PA3YMA
ACTPOHOMIMMN

BO BCEJIEHHOW

Bonpoc o npoucxoxaeHdun xus-
HU, 0 €€ pa3yMHbIX hopMax BoIHOBan
HaYKY C aHTW4YHbIX BPEMEH. PuMckui
dunocod Nykpeunin Kap (98—55rT.
[0 H.3.) B cBOe# nosme «Q npupone
Bellen» nucan: «Becb 3TOT BUAUMBIRA
MUp BOBCE He eAMHCTBEHHBIA B Mpu-
poge, W Mbl OOSKHBI BEPUTL, YTO B
Opyrnx obnacTsx NnpocTpaHcTBa nMe-
10TCH APYrve 3eMAu ¢ pYyrMu fiogs-
MU 1 OPYTMA SKMBOTHBIMIAY,




Ebi V2HAETE:
‘ @ Kak TéMHas MaTepus yBeninBaeT
| Maccy BceneHHoR.
| @ Kak oTKpbINN YCKOPeHHOe pactum-
| peHue BceneHHon.
@ KakoBa nNpupofa cuibl BCEMUPHO-
ro OTTanKMBaHMs.

BCNONIHWUTE:
@ KakoW 3aKoH onuceiBaeT paclumpe-
Hue BcenenHon?

Wccnenys cobcteerHoe BpallieHmne ranakTuk, acTpoOHOMbI 0bpa-
TUNIV BHUMAHMUE Ha TO, YTO CKOPOCTW 3BE3[, PacMONIOXEHHbIX Ha
nepudepun ranakTik, 1 CKOPoOCTU CNYTHUKOB FanakTMK 3aMeTHO
BbILLIE TOW, KOTOPYIO OHW UMenu Bbl, ecniv Obl BCE BELLECTBO ra-
NaKTUKKM BbINO COCPeNOTOMEHO B 3BE3AX, rase M Nbinu.

CEETETEY Ha6urofeHHA YKaSHIBAIOT HA TO, UTO B

FaJIaKTHKAX MMEeTCS He H3JyUaload ¢BeT TEMHAA MaTe-
pudA, KOTOpas IO Macce B HECKONBKO DPAas IPeBhIIIaeT CyM-
MAapHYI0 Maccy BceX 3BE3X. JTO HeCBeTsIlleecs BeIecTBO He
VH4CcTBYeT B DJICKTPOMATHHTHOM B3aHMOIeHCTBHH, CIabo
OPOABIASTCS B ANCPHOM H cIab0M B3aHMONEHCTEHAX, II0D-
TOMY OHO ce0s He 00HAPYKIMIBAET. B OCHOBHOM OHO YVIACTBYET
B TPABHTAIIMOHHOM B3aMMO/IeliICTBHU.

IIpupona 1ok MaTepUH IOKAa He ICHA, HO OHA BHOCHT OCHOB-
HOM BKJAJ B Maccy ranakTui. [loaToMy paHee DpHBemSHHOE
3HaUeHMe cpelHel II0THOCTH BeenerHOI HYKHO YBEIUYUHTE
OOYTH B TPHU pasa.

Taxénble snemeHThl — 0,03%

HewtpuHo — 0,3%

3eézgbl — 0,5%

Bopopon v renuin — 4%

TémHana Matepua — 25% =




HenaTs BBIBOILI 0 DECKOHEUHOM pPACIIMpPeHHH BceeleHHOI
TIIOKA IIPEXKAEBPEMEHHO, TAK KaK Psif HaOM0qeHnH yKas3slBa-
I0T Ha CcyIlecTBOBaHMEe BO BeemeHHOH 00Jee 9K30THYECKOHR
IO CROMCTRAM TEMHOH MATEPHH, KOTOPAA IIOJNYUYNIA HA3BA-
HUe mémroil sxnepeuu. Ilo cBoell Macce 0Ha IPEBEBIIIAET BCE
ApyTr¥He QOPMEI MATEPHH U BHOCHT OCHOBHOM BKJIAL B PACIIIH-
penue BecenenHOI.

IIpoaBreHre TEéMHOH SHePruu ObIIO O0HAPYIKEHO IIO Ha-
GIIONEHUAM BCOLINIEK CBEPXHOBBIX 3BE3A B OYEHB JANEKHX
TATaKTHKAX. YOAJIOCh HE3aBHCHMO OT METONA M3MepeHHs
PACCTOAHNA IO KPACHOMY CMEITeHHI0 JIUHHUH B CIeKTPax ma-
JEKHUX TAJAKTHK M 3aKOoHY Xad0Ja OIpemeNnuTh PACCTOSHHE
no sux. OKasamaocs, 4TO 5TO paccTOAHHe GONIbINE, YeM JaéT
saxoH Xab6aa. OTcioma ciaegoBag0, UTO HA TAKHX PACCTOA-
HUAX PacCIIFpPeHVe IIPOUCXONHUT ¢ YCKOPEeHHEM, T.e. BO Bee-
JeHHOH IPOARJIAET. ce0sI HOBAS CHIA OTTAJIKMBAHUI, KOTO-
pad ABJIAETCA OUPeNeadionei B COMbITNX MacmiTadax, a Ha
MAaJBIX PACCTOAHMAX €0 MOKHO npeHeOpeus. IIpupoma Tém-
HOM SHEPruM U CBASAHHAA C HEl CHJIA OTTANKHBAHKA IIOKA
He u3BeCcTHRI. TaK UTO0, IO MHEHHNI) YVUEHBIX, CPeIHSA IIJIOT-
HOCTE BeceneHHOH paBHA KPUTHYECKOH ILJIOTHOCTH B OCHOB-
HOH BKJIAJ B He€ BHOCHT TEMHAS YHEPIrHA.

CaoitcTBO TEMHOW 3HEPrUK COBEpPLIEHHO HeoBbluHOE, OHa
nposaenseT cebs TONLKO B rpaBUTALMOHHOM B3aUMOLen-
CTBMWM ¥ He Yy4acTBYeT B CJ1aboM AO0EpHOM U anekTpoMar-
HUTHOM B3amMMmopencTeusx. Ona nposanseT cebs kak cuna oTTankum-
BaHWA, NPONOpPLIMOHaNLHaa PacCTOAHMID MeXay Tenamu. MNnoTHocTs
TEMHOW 3HEPrUM MOCTORHHE BO BPEMEHU. Tak Kak Mo Mepe pactiu-
peHns 06bEM BceneHHoM yeenusmBasTCs, TO MAOTHOCTL OBLIMHON 1
TEMHOW MaTepuit YMeHbLIZeTCa (Macca STuX BUOOS MaTEDUM HE MEHS-
etcs). [osToMy HauvHas C ONpPemensSH=0r0 MOMSHTE SPeMaRY Macca
TEMHOW 3Heprum dyget FPEBE:{_“ b MaCCy OCTanbHLIX BUOOB MaTeDUU
¥ OHa DyOeT OKa3niBaTe OCHOBHOS SAMAHKE Ha rpasuTaLMo Bcenss-
HOW. HabniopeHus noxasa:‘.', 4TO YCKOPEHHOE PacliMpEHME NOKa3ki-
BaIOT ranakTuKy, KOTODHIE HAXOAATCA Ha PacCTOaHUY OKOMo b MApE
CB. JIET OT Hac. DTO O3Ha4Yae:, Y10 TEMHas MaTepus U SHEPIvs Ciana
npeobnagate Hag ODbISHOM MaTEDKMEHN, KOTA2 BO3PACT BecenenHon Buin
OKOMO 7 MNPA neT.

TémHasa MaTepHra He MNyCKaeT 3AeKTpoOMardHMTHoro

H3ny4eHUda M NOTOMY He ZoCTynHa gnd HBSH}OAEHHR.
-+ E& MoMXHO OGHprX:{Tb TORBKO MO &€ Macce, T.e.

rpaBUTalUMOHHOMY ERMSHNIO Ha OApyTrve 06'beKTbI,

B TOM 4Hilcne U CBeT.

TémHas 3Heprug BNMSST Ha (NOPOCTE Pacll¥peHns
BceneHHOM.

0« SANAHWE: |
Q Yro Takoe TéMHaA MaTepua U TéM- |
Had 3Heprus? i
@ Monaras, 4to paanyc BceneHHon |
BO3pAcTaeT NPonopLMOHANLHO Bpe- |
MEHW, OLLeHUTe, B KaKol MOMEHT Bpe- |
MEHM OoT Ha4ana BceneHHol B pac- |

| WupeHWW cTana npeobnanatk TéMHaa |

SHeprusa.




Bbi VIHAETE:

@ Kakue HabniofeHns ykasbiBany Ha
CyWecTBOBaHME HEBUAMMBIX CMYTHW-
KOB Yy 3BE3[.

@ Kakumu Metojamu MOXHO obHa-

PYXWUTb 3K30MNaHETHI.

@ Kakue HabnogeHWa ykazoiBany Obl
Ha CyLLEeCTBOBAHWE XM3HW Ha MNOBEPX-
HOCTU 3K30MNaHer.

BCNOMHIRTE:
@ Kakumu mMetchami MpoBOAATCS
acTpoHOMMYeCcKMe HabmoaeHwns?

OBHAPYXEHME NJIAHET
OKONO OPYIrMX 3BE3A

B navane XIX B., uzyyas cobcTBeHHOE OBMXEHME 3BE3L, aCTPOHO-
Mbl OBpaTUM BHUMaHME Ha To, 4TO ABWXeHue Cupuyca He Bbino
NPAMONMHENHBIM, OH UCMbLITLIBAN NEPUOAMHECKMe OTKIIOHEHUS OT
NpsAMOI TpaekTopun. bbino npegnonoxexHue, 41o Bokpyr Crupuyca
BpalliaeTca HeBMAMMan 3Be3/1a, KOTOpas CBOWM MPUTSKEHMEM MPK-
BOOAMT K BUOMMbIM KonebaHunam Crpnyca.

- . Korga nna HaGuogeHWi

CTAJH WCHOJIL30BATE 60J1ee MOIITHBIE TeNeCKOonsl, 0KoJI0 Cu-

puyca ob0HADPYHUIN cAabeHBKY 3Be3/y — Delbiii Kapawk.

9T0 OTKPEITHE MOATOJKHYIO ACTPOHOMOB K GoJiee TIaTeNb-
HOMY HCCJICLOBAHNIO B KEHWHA 3BE3M.

PaccmorpuMm cxeMy HabII0ZaeMOro mIyTH OJIH3-

KOH K Ham 3Be3anl Bapmappa 3a 30 mer (a ).

loabl !
1940 |

0,05"

_ Amnautyga
1850 BO3MYLLEHUA

1960

1970

Cuyomzas JUHEWS — HEBOSMYNIIEHHOE IBHIKEHHE
3Beszpl Ha (PoHe ManéKHuxX 3BE37. KPY»RKHE HOKAa3EI-
BAIOT pealbHOE BOSMYIIEHHOE JBUKeHHe, BEI3BAH-
HOe TEMHBIMM CIYTHUKAMH.

TeopeTHueCKHi aHANW3 ABUMKEHHS DOKA3AJ
CYIIEeCTBOBAHIE BOKPYT HEE TPEX cOYTHUKOB. 1lep-
BEIA HAXOAHUTCA Ha paccrogunu 1,8 a. e., BToOpoil —
- 2,8 a.e., Tpetuii — 4,5 a.e. ot 3Be3nn Bapmapza,
a WX Macckl cooTBeTcTBeHHO pasusl 1,3, 0,6, 0,7
macesl I0nmTepa.

B0O3MOMXHO, BOKPYTI 3Be3ILI BPAIIAIOTCSI M Me-
Hee MACCHBHBIE CIOYTHHKFM C MAacCaMH, CPaBHH-
MBIMH C MaccOo¥ 3eMJ¥, HO MX BIHAHHWe Ha ABH-
JKEeHHe 3Be3fbl HACTOJIBKO MAJIO, UTO HX TPYIHO
= O0HAPYKHTD.

ITomenyuansvro cbumaembvle IKIONIAHEMbL

3emns 1.00 0 —

Kepler-438b 0,90 470 2015
Mpckcnuma UeHTaspa b 0,87 4,224 2016
Kepler-296e 0.85 1089,6 2014
KOI1-3010.01 0,84 1213,4 20M
Gliese 667 Cc 0,84 23,6 2011
Kepler-442b 0,83 1291,6 2015

Kepler-62e 0,86 1199,7 2013
- Kepler-452b 0,83 1400 2015
Gliese 832 ¢ 0,81 16,1 2014

Kepler 283(: 0,79 1496.,8

S
! &




IS TOWCKA IILIAHeT 33 IpeaelaMu Co.JIHeqHOK cHCTEeMBI (9K-
30ILTAHET) UCOOIL3VIOT B APYTHE METOMALI, OCHOBAHHBIE HA
HaOIIOOEHEAX: IO 0cIabIeEHI0 CBeTa OT 3Be3IbI, KOTIa ILIaHe-
Ta IPOXONHT IO €€ IHCHKY H 34CJA0HAET YacTh 3BE3IbI; II0 W3-
MEepPeHUI) TOIISDOBCHOT0 CMENIeHHA CIeKTPAJIBHBIX JIHMHUH
B 3BE3MHOM CIEXTDE ¥3-334 IBHIKEHHA 3Be3Ibl BOKPYT IEHTPA
MAacC 3Be3IEI I 3K30II2HEeTH.

TpyoHEOCT: TOECH2 3K30ILJIAHET COCTOHT B TOM, UTO IJIs
o0HapYHEeHERA IIAEeTHI THIA SeMJH CKOPOCTH, KOTOpPEIE
HY/KHO U3MEDHETE. COCTABIAIOT HECKOJILKO METPOE B CEKVH-
Iy, a ocyabiiense c2eTa 3Be3IEI COCTABHUT JOJH IPOLEHTA.

il Heewotps =a 3ce TPYAHOCTH, K HACTOAIIEMY Bpe-
MeHH 00Hapyv=e=0 caaime 4000 axksonnarer. B 0CHOBHOM 3TO
TMAAHETBEI-THTAET=. (Dexd HUX COTHH NJIaHET ¢ MACCAMH,
CPABHIMBIME ¢ MacCoi 3eMaH, B 0KoJo 40 sK3omnaner, pac-
TOJOMKEHERIX 22 DECCTOSEAAX OT 3Be37bl, HA KOTOPHIX OHH
TNOJAYYaI0T JOCTETOZEO Ternaa g GopMUupoBaund KoMmboprT-
HBIX YCJIOBEIH =ma=n Za nosepxHocTH. Cpeqn HUX ecTh OJIms-
KHe K 3eMiIe, S2nDEMED IIAHETH, PACIONOMKEHHBIE OKOJIO
3Be3gnl T KETa.

Teneps oczoz=as meTs Ha0T0ACHNN ~— o0HADYKeHNe aT-
MOC(hEeDEl ¥ 3TEX FHI0TI2HeT W OUPeeIcHNe 66 XHUMHYECKO-
TO COCTaBa. ECIE = TEMETYECKOM cocTaBe Gyzer o0HApPYKeH
KHCJIODOL, YINeXNmCIniii rad, MeTaH, TO HA 5THX IJIaHeTax
BO3MOJKHO HEIHIES EEIEH.

Orxosrwe Gomeworo Yucna 3K30NNaHET 3aCTaBUNO yué-
He Gomee t7ySo0x0 ucCneoBaTh NPCBNeMsl BO3SHUKHO-
BEHME 0 SE0TOLH XKM3HM Ha MnaHeTax. Tak, BHe 30Hsbl,
bnaronpusaT=oi ZoF sz soxpyr ConHLa, Ha cnyTHWKe KOnuTepa
EBpone nmoz m=ms-o wopos CyuleCTBYeT MMMaHTCKMIA TENNsIA Boaa-
HOW OK8a:, Too o ez 25w 0 TENI0M, BhIOSNAeMbIM 38 CHET JeicTBUA
APUAKBHEX 17 20 C-ooows OnuTepa i COCeIHMX CYTHUKOB. B 3Tom
OKEaHE MOTYT Ty L =CTECEaTs o Da3BMBATbCA XMBbIE OpraHuamMbt. [1o-
3TOMY B By, 20 T7E-un OTCR 3aMycku CrycKaeMblx annapaTos Ha
Espony, KOTODSIE SOOsMEsyT B 3TOT OKeaH.

Bonee Toro, ==cesiesinecs 000CHOBAHHLIE NMPEONONOXEHNS O CY-
LWECTBOBHIN! Wi 2 TOESpXHOCTY cnyTHMKa CaTypHa TuTaHa, Ha
KOTOPOM CE==20 ®=-o D5e.0 i 03Epa C KUIOKMM METaHoM M MeTaHo-
Bble 0bnaxz av CewmaoT wedsle, NPW TeX HUBKUX TemnepaTypax
MeTaH MO CE0W T ==0emu CEOMCTBAM MOXOX Ha BOAY npu 3em-
HEIX YCIIOBMER o MITMET SOy #ufTs OCHOBOW L5 XKU3HU.

BONPOCHE mﬂﬂﬁiﬂﬂ'
@ Yo Takoe 3K30MNAHETHI?

@ Kakumm meTomamu oHM obHapy-
>KMBaoTCA?




| @ Kak pa3erBanuncs NpeacTasneHms o
| CYLLeCTBOBAHWM KM3HW BO BceneHHoM.
. @ Kak oueHMBAIOT KONMYECTBO BbICO-
| KOPa3BWTHIX LMBUNM3aUMIA B TaRakTu-

| Ke.

@ Kak nbiTanice oBbHapyXuTs v no-
| CnaTb CUTHanbl BHE3EMHBIM LIMBUIN-
| 3aumam,

| @ Kakvmn cnocobamm aCTPOHOMBI
| BedyT NMOWCKU 3K30NnaHeT?

3a 371 B3rNAALI, NPOTMBOPEYaLLME
CBALLEHHOMY MWUCaHMIO, KaTonu4e-
CKas LepKOBb XEeCTOKO pacnpaBu-
nacb ¢ [Ix. bpyHo. Cynom ceaTenien
MHKBW3ULMK OH OblT NPU3HaH Heuc-
NPaBvMbIM TPELUHMKOM W COMXOKEH
3aXu1BO B PiMe Ha nnowaam Lipetos
17 cpeBpana 1600 T.

Bnaronaps uepkeu, kotopas onupanacs Ha ydeHue TTonemes,
3eMns cuMTanach LeHTpoM BceneHHoM. XKu3Hb 1 4enoBek co3na-
Hbl borom ToMbKo Ha 3emne. U Tonbko reHnanbHeiv H. KonepHuk
B nepsou YeTBepTn XV B. HM3BEN 3eM0 U3 LieHTpa BceneHHol,
NOMECTVB €8 Ha TPETHE MECTO OT LeHTpansHoro ConHua.

IlepBrie TenecKOIMUYecKHe HADIIO-
Terma I . Tanunes moxasanw, 9410 Ha JIyHEe BEAHLI TOPLI M
MOpP#, Kak Ha 3emie. HalrpamnBaJicsa BEIBEOI O BO3SMOKHOCTH
KW3HHU Ha HE.

ITH MBICIY AcHO BRIpaswi 3. Bpywo, Apslil npusepixe-
Her, Teopru Komepamka. O nucan: «CymecTeyioT Gecumc-
JIeHHBIE COJIHIA, OeCUHCIeHHEIe 3eMJH, KOTOPBIe KPYXKaTCH
BOKDYT CBOMX COJIHII, TOAO0HO TOMY KAK HANIY CeMb ILIAHET
Kpy:arca BOKpyr Hamero Conuna... Ha stux Mmmpax obura-
IOT JKMBLIE CYIIECTEa».

Muorme acTpOHOMEI MCKAIH IPOsABJICHNE MU3HHE Ha ILIa-
Hetax ConHeuHON cucrembl. Tak, orkpeiTme . Crmamna-
peJLIH KaHAJOB H Mopel Ha Mapce Bo Bpemsa Bemukoro mpo-
THBOCTOAHUA ILIaHETHI B KoHIle XIX B. BEI3BaASIO GOIBIION
HHTEepeCc K IpobiieMe CBA3H ¢ MAPCHAHCKOM MUBILIN3AIIHEH.
IIpegnaranm npopyO0HTh B CHGHMPCKOM Talire OIPOCEKH B BUIE
TeopeMsl [ludaropa ¢ rHraHTCKEME KBAAPATAME Ha KaTeTax
¥ THTIOTEHY3e, 34CeATh HX IIMIeHUIEeH, W TOrga Ha 3eJ6HOM
dome Taiiru «MapcuaHe» YBHAAT STOT PHCYHOK M B KOHIIE
KOHIIOB AaAyT HAM 3HATEL o cebe.
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2050 K npobieMe HMOHCKA CBASH C BHE3EM-
HBIMU OUBHINIANHNAME YJICHEIE 00paTHIHCE B KoHIEe 50—
60 rr. XX B. Yuénusie K. Caram, @. [peiix u H. IIIxknoscruit
HONBITAJNCH Ha OCHOBE 3HAHHMIH M3 ACTPOHOMHH, OHOJIOTHH,
XHMHH, COIIMOJIOTHH 1 APYTHX CCTECTBEHHBIX HAVK OINEHUTH
KOJIMYEeCTBO Pa3yMHEIX IMBHIM3AIMI B Hamreld ['araxkThke,
C KOTODEIME MBI MO OBl Ha/leATHCS CBA3ATHCA B HACTOA-
mee BpeMaA. @psHK [Ipeilk Opeanoxua caeqyomyn GopMy-
Jy JUiA OUeHKH yuciaa N, nusnnusanui B amaxkTure:

N'L[ = Ran-fnn.n.fm.fpaa.fcnoTy

roe R,,=1 3Béan/Trof — CKOPOCTE 06GDA30BAHENA 3BE3T, CIIEK-
TPANIbLHBEIX KJaccoB oT F mo M. Bpems musam aTHX 3BE3]
CBEIIIIe 4 MJIPZ JIeT, 4TO AOCTATOYHO JJI BOSHUKHOBEHHUI H
SBOJIIOIVH KHU3HY 10 PA3YMHOH Ha TNAHETE;

fun =1 — mona 3Bé3h, UMEKOINHWX IJIAHETHLIE CHCTEMEI,
T.€. IOJAraioT, UTO BCE CONHNEIONOOHLIC 3BE3ALI MMEIOT
IJIAHEeTHLIE CHCTEMEI;

n=0,1 — cpegmee YmCI0O HJIAHET B IJIAHETHOI CHCTEMe,
MMEIOINUX ONaroupuATHEIE IJA KUSHU yeuopus (B Conneu-
HOII cucTeMe TOJABKO 3eMisd, T.e. n = 1/8);



(=1 — monsa miaHeT, V KOTOPHIX IIPU XOPOIIKHX YCJIOBH-
AX PAHO MIIN IO3MHO EH3HEL 0043aTeILHO BOSHUKHET, KaK Ha
Bemie;

fpas=1 — Homna mIaEeT, The XXU3HL BOSHUKJIA U Oiaroga-
P ecTeCTBEHHOMY O0TOODY SBOJIOITHOHMPOBAJIA B PASYMHEYIO;

1..=1 — mond BOBHHKIIMX BBICOKODA3BHTHIX IITWBHIIN3a~
Ouii, ¥ KOTOPBIX IMMOABUJIOCE JKEeJaHte 1 BO3SMOYKHOCTE CBA3H
¢ IPYTHMH NUBAIH3AIIHNAMI;

T — BpeMs JKHM3HH BELICOKOPASBHTON MUBHIAMZAIHUH B IO~
max. IlomaraooT, 4TO HAIIA BHICOKOPA3BHTAS OHUBHIN3AIIUA
yixe mposkmia moduTH 60 Jer, HauWHAA ¢ TOTO MOMEHTAa, Kak
MBI IIOCTPOMJIHN PANMOTEIeCKONBl U MOJNYYHINU BOSMOMHOCTD
OOCHLIATE CUTHAJRL ¢ 3eMJIM U IIPUHUMATE CUTHAJBI U3 KOC-
Moca. Eciu MBI He VHMUTOMHM camu celbs, TO Hallla IHBM-
JAW3ANUA IPOCYINEeCTBYeT HECKONBKO MUJIJIHOHOB JeT.

Ilogcrasus B hopmyny I peiika mpuBefeHHBIE ITH(DEI, II0-
JYYHM YHCJIO IUBHUIM3ANKNHA B Hanrell 'arakTuKe:

N, =100 000.

Opna eBeicoxkopaszeuTan nusuanzanug Ha 1 000000 sBézg!

Pacuérer moxasaiau, uro B Maeuanom IlyTu momxHo OBITH
OT OZHOM IIMBHAM3ANNHU (HAIOell 3eMHOH) A0 MHJAJHOHA. B
KPyIOHbBIE PAAMOTENECKONBl ACTPOHOMEI IBITAIOTCA YCIIBI-
IMIaTh 3TH MHBHIN3AOUE. IlepBbie HAOMIOJeHNA B paMKaX 10~
FCKa BHE3eMHBIX I[[HBHIM3ANMI Oblay mposenéHsl B 1960 r.
Torma acTpoOHOMBI, HCIONL3YA PAAHMOTENIECKOIl ¢ JHaMeTPOM
AHTEeHHBI B 25 M, IPOCAYIOHBAIK ABe OJUSKYE 3Be3/bI, M0~
xoxue Ha ConHne, TKuTa u € 9pujaHa B HAleK e YCIABIMIATE
PAIHOCUTHAJB HCKYCCTBEHHON npuponsl. CHTHANE IIOKa
TaK M He ObLIK 00HAPYKEHEL.

C moMoIILI0 THraHTCKHX aHTeHH pajguoTeneckomnos llen-
Tpa JaJbHEH KOCMHYECKOH ¢Bsisu B EBnaTopun OBLIH OTIIPDAB-
JIEHBI TIOCJIAHHSA B CTOPOHY HECKOJIBKHX OMmiKaiImmx 3BE3T,
moxoxxux Ha Hanre ColHIe.

B 1974 r. ¢ papvoTeneckona B Apecn6o G0 OTNPABNEHO
rocnaHue a B CTOPOHY LIAPOBOro ckonfeHu M13 B co-
3pe3gun fepxyneca, cogepxalyee 1679 6ut nndopmaun
1 nocnaHHoe Ha paguodactote 2380 Mry, {anuHa BonHsl 12,6 cm).
CooblieHne npencTtasnser coboit pa3BepTKy kKagpa ¢ 23 cronbua-
MW U 73 cTpokamu. Ha passépTtke miobpaxeHa hurypa YenoBeka v
cxema ConHeyHol cuctembl. CnpaBa ykasaH pocT B eWHULaX Bnn-
Hbt BonHbl (14x12,6 cM = 176 cm). CheBa — YUCAEHHOCTb HaceneHns
3emnu (okono 4 MApL Yenosek, B ABOUHHOMN cucteMe). B BepxHeit
YyacTu — nocnegoBaTenbHocTs yucen of 1 go 10 B OBOMYHOM KOOe.
3aTem cleayeT nocnenosatenLHoCTe Yvicen 1, 6, 7, 8 n 15 — nopag-
KOBbLIE HOMEDA BaXXHEWMLWWX OAA HAC XMMMYECKUX 3NeMEHTOB: BOJO-
pofa, yrnepona, a3oTa, kmcnopopa v ocdopa. lNog HumMk 12 rpynn

e

M3 MATU YUCeN Kaxas — 370 DoPMYNbl BasKHENLWMNX ONS XU3HU MO-
nekyn. W elé Huxe — OBolHas cnvpane Monekynsl AHK. Ho ckonne-

Hus M13 curHan 6yoet geuratecsa 25 000 net v 0bpaTHO CTOMbKO Xe,
ecnu HaM oTBeTAT. Tak 410 Yepes 50 000 neT Mbl BCE y3HaeMm!
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@ Kakoe spewms

LNA XKW3HW pa3BUTON |
UMBMIM3aUMX Bbl NopcTaBunu Bbi B |
cdopmyny [ipenka v nodvemy? ‘

@ HekoTopble y4éHsle NonaraicT, 4To |

OHW VN HeT?

@ lNo4emy w3 aranuza dopmynsl
Openka ncknovmuny donee ropsadve |

7 =100 net. Kak Bbl flymaeTe, Npasbl | ;

3837l CNeKTPanbHbIX knaccos O, B |

nA?



AcTpoHeT
http://www.astronet.ru

BAJTAYA N 35

Tax Kak OCHOBHOE KOJHUECTBO

sBésn B lamaxkTuxe KOHIleH-

TPUDYETCS B CPABHUTEILHO
TOHKOM [OHCKEe C pPajaycoOM
R=150001r m TONIHHON
h = 1000 ok, 1 moxaras, uYTO
N,=100000 pas3BUTEIX NKBH-
AM3anmi pacmpefieNieHbl CpPeiH

8BE3J DABHOMEDHO, OICHHUTE
paccTogHHe [0 OIHMKainrei

nuBHaIn3anud. CKOJILKO JeT
JTeTeTh A0 Heé€ JasKe cO CHOPO-

€ThI0; OMMBKOH K CKOpOCTH

ceera?

SnemMeHTbl: NONYAAPHBbIA cCanT
o cyHOamMeHTanbHOM HayKe
http://elementy.ru/

MonynapHas MexaHuka
http://popmech.ru
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& Habmopesns BCOLINIEK CBEPXHOBLIX 3B&37 B OUEHL Ja-
JEKHX TaJaKTHKAX OO3BOJHJM OLPEeIeJSUTh PACCTOSHHUA J0
HHX HE3aBHCHMO OT MeTOJA KPAaCHBIX cMenteHHil. Ilomyuen-
HOe Da3Jiuye B OIEHKAX PACCTOSHHUI VKAZBIBAET HA YCKO-
peHHoe pacmrpenue Bcelennol Ha OONBINKX PACCTOAHHAX.
ITO rOBOPHAT © TOM, YTO HAPAAY C CHJIOH BCEMHDPHOTO TATOTE-
HUA MeXAY Teaamy Bo BeelneHHOM jJelicTByeT cHiIa BCEeMUD-
HOT'O OTTAJKHUBAHHA.

@ Ilo-BHAEMMOMY, 5TA CHJIA OTTATKNBAHUSA ABJIAETCA IPOSB-
JeHneM 0coGoH (hOpMBI MATEPHH, KOTOPAS HA3BIBAETCH TEM-
HOH sHeprueii. OTHNM M3 eé CBOMCTB ABIAETCH TO, ITO OHA
obyrasaeT OTPHIATETHFHEIM JaBICHHEM.

& B macroamee Bpemsa ob6Hapy:eHo cBuimme 4000 skzomaa-
HeT, OIpeJeJeHbl X MACCHl M PACCTOSHUA IO 3Be3IbI, BOKPYT
KOTOpo¥ oHm obOpamawrca. Cpesu HuxX sBcero oxoao 40 c
MaccaM¥y, CPABHMMBIMHY ¢ MacCOH 3eMJIH, H PACIONIOMKEHHBIX
Ha PACCTOSHUAX OT 3Be3[Abl, 00eCIeTHBAIOIINX KOMMOPTHEIC
VCIOBHSA OJ1A 00pa30BaHUA U SBOMIONUY KH3HN HA HeMH.,

@ s HOHMCKA BHe3eMHBIX MUBHIH3AINHE IPOBOAMTCH LIPO-
CIYUIUBAHME KOCMHYECKOTO IPOCTPAHCTBA, a TAKMKE IIOCHI-
naiTed 3aKOAMPOBAHHEIE MOCHAHNA B obaacTu IamakTturm,
re, BOSMOKHO, CYIIECTRYET PAsyMHAA MKI3HbD.

i i W W

0 Egpemos ID.H. 3résarbie ocTpoBa: ['alakTUKK 38630 H

Bcenennaa ramaxktuyk. — @pasmuo: Bex 2, 2007.
Casxcun M.B. CoBpeMeHHaA KOCMOJIOTHSA B IIOIYJISPHOM
usnoxkeEuu. — M.: Egutopuan ¥YPCC, 2002.
Junuraonesus aund gereii. T.8. Acrpomommsa. — M.:
Apanmra+, 2013.

BONPOCHI NS OBCYIKAEHNA:
Mbl TOBOPWM, 4TO €CNM 3K30MNaHeTa HaxoOWUTCs B Npejenax
ONpefeneHHbIX PAacCTOAHWMIA OT 3BE31bl, TO HA HEN BO3MOXHO BO3-
HWKHOBEHME W 3BOMICLMA XU3HW. HYeM onpenensioTcs 3TK ycnosus
1 npepenbl paccToAHni (UX elé Ha3blBaloT MOSCOM XKMU3HWU BOKPYT
3sesnsl)?

@ Tovemy y 38837 CnekTpanbHbIX KNaccce O, B 1 A He CTOWT 1ckaThb
Pa3yMHYIO XKN3Hb?




I'zapa 1

1. Omeem: R=r-sind = 4,7 ¢B. ner; t=r/v= 1000 ner masax. 2. Omeaem: sHeprus dIEK-
TPOHA ,II;OJI}E,Ha OBITE OONBINEe HSHEPTHH H3JIYUEHHOrO0 IaMMa KBAaHTa E>¢,=2T5B,
E =4000 mc?, smecs mc?=0,5Mse — oHeprusa DOKOS DJIeKTPOHA. COI‘JIaCHO TEeOpHHU

otHOCHTensHOCTH E = me?/V1 — (v/c)?. Hoatomy v =cV1 — (me?/E)2 =~ ¢ (1 — 0.000000003),
T. €. OTIHYATLCA BCEer0 Ha 9 M/C OT CKODOCTH cBeTa. 3. Omeem: nuHeHHBIN AumaMeTp
D=r-sin0=25000-6,7-10%= 84 ce. ner; 06bém V' =m(D)? /6 = 2,4 - 10° (cB. ;meT)?, KOH-
meHETpanua 3eésm n=N/V=10°/2,4-10°=0,4 (ce. mer)®; cpelHee paccTOSHHE MEXIAY
sBégmamu ~ 1/n'% = 1,4 ¢s. mer. 910 paccrosaume B 4,5 pasa MeHbIE, YeM DACCTOAHME IO
Onmsxainieil 3Besan.

T'naga 2

4. Omeem: o= 10°05*, § = 12°30"; Mocksa h,, = 90"— ¢ + § =47°45’; Mypmanck h,, = 33°32".
5. Omeem: YciIoBHe OPOXOXAEHHSA depesd 3eHHUT f,, =90° mmm @=308, Tak uro Commie
OLIBAET B 3€HHTE B Ipefenax mwupor —23,5°< ¢ £23,5° — TponmKH, B Ipefenax TPOIHEKA
Paxa m Kosepora. Y.cmoBme HeBOCXOAMMOCTH. cBeTHIA f,, < () miaum mwmpor —23,5°, mosromy
B AeHb 3MMHEr0 CONHOECTOAHHWd, Korga 0=-23,5°, Ha mmpoTax ¢=-66,5° 3a MOJAPELIM
kpyrom ColHIle He BOCXOZUT M HACTYIAeT HoaApHas Houb. 6. Omeem: T,=T,+n+1.
B Kpacmozape T =508 B HUpryrcke T =11"08" 7. Omeem: BcemupHOoe BpeMms
Ty=Ty—3=9" rorga A=T,—T,=14" 15" 12°,

I'maga 3

8. Omsem: g=a(l—e)=2,12 a.e., @=a(l+e)=3,42a.e., T=aVa = 4,6 roza,
S=T, - TI(T-Ty)=1,28r, V=2na/T=30xM/c-/Na =18 xm/c. 9. Omeem: V,, =42 xm/c,
Vopn=T7cm/c. Tax uro ma acrepomje Jydlite He NPBITaTh, 4 TO VJISTHINE HABCET/A.
10. Omeem: ag, =0,86 a. e., Bpema monéra iy, = 0,4 roga =146 cyrox. Yroa Memay HAIpas-
aeaueM orT Bemepsr ¥ Commmy m or Comama ® Semite paBeH (g — g) - fxa =(1,6 —1) - 146 =876,
T. e. BOAN3YM HambOJBUIEro BOCTOUHOTO yaalenus Benepwl. IMocneayiommil samyck KA K
Benepe uepes cmHOgmyeckuii mepuog 1,6 roma. 11. Omeem: nepuon oOGpaImeHHA CIYTHH-
ra T =24 3BE3MHBIX Yaca, ILIOCKOCTL OPOMTHI COBIAAAST € IIJIOCKOCTHI0 3E€MHOTO HKBATO-
pa, opbura ABIgeTCH KPYTOoBoM. Pajgumyc KpPyropodl opoOHTHE a =YGM T?/472 = 4,2 X
X 10" v=42000 xM. BeicoTa HaJ LOBEPXHOCTHIO 3eMun 0Koa0 36 000 kM. 12. Omeem: nycrs
w, =360°T, — yriaoeas cKOpPOCTb, deMau = 360°%T — yrioBas CKOPOCTL TTaHeTEl. Kak
BHIHO M3 DHUCYHKA, HUIKHEE COeIUHEeHWe MiaHeThl (1) MoBTOPHTCHA Uepes CHHOTWUECKMH
TIepHoJ yie B ApyroMm Mecrt opOursel (2). Semua npoigér nyts Ly=0,-S, L=w-S. Kax
BUAHO U3 uepreska L — L,=360°. Orcioga monyuaeM YpaBHeHHNE CHHOIHMYECKOrO IBHKeHHA
1/8=1T-1T, Oaa Bermepsrt T=0,615 roma, S=T,- T/(Ty— T)=1,6 roga.

Tnasa 4

13. Omeem: skcuenrpucurer e=0,017, @=1,017a.e., ¢=0983. Mz 6mmxe k ComHmy B
nepureanH, uem B adenuu Ha b,1l mar_xm. 14. Omsem. R=a-sinf=150-10°-52 X
X sin234"=71000 kM. Tax rax V=2nR/T=V2GM/R , M =2rR*/GT =19 107 xr, p =340 xr/m°.
15. Omeem: cpepuee paccrosEne (GoabIIad moxyoch opouTter) or ConHIAa paeHO a = T7%/3=
=1794 a.e., adenmitHOe paccrosEme @ —2a—-qg=35,4a.e. 16. Omeem: Ey/Es=(as/
/ag)*=15,5. 17. Omeem: CpaBHHM CHJIBl IPHUTHMKEHUs HeOECHOTO Tejaa ¢ MAaccoi m
ComHneM u IUIaHeTOH 3eMId Ha PACCTOSHHH [ OT ILIAHeTEL. EciIH a — paccTOsSHWE IIaHeTH
or Comuma, 10 F,=GM,-m/(a—p)*=GM,-m/p®. Ionaras, uro p < a, mMeeM, ITO p e a X
XVMg / My, p=150-10°-V6 -10%/2-10% = 260000 xm. Murepecro, uro ColHIe Ipu-
raruBaer JIyEy cuabHee, ueM 3eMJId, TAK KAK OHA HAXOMUTCHA HA PACCTOSHHN OOJBIIEM,
4yeM Pajuyc AEHCTBHS CHJBLI TATOTEHWA SEMIIN.

T'naea 5
18. Omeem: 6 = 140"/D (mm). [l mepsoro texeckomna 6 = 1,4”, nia sroporo Texeckona 0,147,
OnTmyeckas MOIMs — HAEUMEHBIINH Greck 3Bes3anl m.= 2,1+ 51gD (Mm); Ans mepeoro

Teleckona m,= 7,1® ana mroporo reneckoma mp= 17,1™. 19. Pewernue. r=1/n=1,3 g =




= 268000 a. e., m =-26,74 + 51g268000 = +0,4™. 20. Pewenue. Hcnoapzyem topmMyIEL
L =oT*4nR?, R=r-sin(8/2), r=1/nux, 1nox=3-10% M. Omeem: a) 13600 K;
6) 8400K; ) 3000 K. 21. Pewenue. a=a"/n" =176 a.e., M'+ M?2=a%/T?=1,6M,.
22. Pewenue. Iumamerp D =r-sind = 0,43 ux = 1,3 - 10" kM. JIueeiiHad CKOPOCTH pacilupe-
HHUA Upger = '* 8in0,01”~ 30 xm/c. Bospacr = /0= 13000 ktn. 23. Pewerue. ryy=1/n=
=1/0,0062 ~ 161 ox = 530 cB. ner. Ocsemémanocts E =10— 0,409+m =1 610 sr/Mm2.
Tax xax oceeménsocts E ~1/r?, To msz Qopmynsl (c. 91) mmeem M =m + 5-5X
X 1g rog = 0,8 + 5 — 51g200 = —5,5™. 24. Pewenue. Vcnonp3ysa CTEKTPAIBHYIO KaaccHgu-
KALWIO, OIIpefeadeM TeMIepaTypy SBe3Ibl, IO MApalIaKCy HAXONHUM PAaCCTOSHHUE [0 3Be3-
OBI, TIO cBAsH ocBeméHHoCTH E co 3Bé3AHOU BeIWYMHON Haxogwm K, a 00 pPacCTOAHUIO
HaxomuM ceetuMocTb L = E4nr? = cT*4nR?. Omeem: 6=2R/r=0"0014, 38.,D:;
6=0",0017, 23D..

I'masa 6
95. Pewenue. OCBEIIEHHOCTD, CO3JARAEMAN CKOILUIeHne Ha 3emue E = 10 04419+m) 5 10710 Br/m2.
CperumMocTs cromneEus L =4m-r?-E =6,5-10% ur/mM?~ 150000 3éspy tuma ConHba.
26. Omeem: M = -+4,8", 5ra 3BE3gHAS BeJIMYMHA HA3BIBAETCA AOCONIOTHON 3BE3NHON BeJM-
ummol. 27. Pewenue. OobéM obnaxa paeen V =nR*H ~0,02 ok’ =5,4-10% cM®, a Macca
obnaxa pasEa M =n-myg-V=~9-10% r=4500M,, T.e. MookeT 00pasOBATBECH CKOILIEHHE
4500 3Béan ¢ MACCAMH, CPABHHUMBIME C COJTHEYHOH.

I'masa 7
28. Pewenue. lleATpOCTPEMUATEIbHOE YCKOPEHHE PABHO YCKOPEHHIO CHIIBL TAMECTH, T03"
romy M =v?-r/G=9-10 kr = 4,5 10"M,,. 29. Pewenue. v=2-c= 47000 xm/c. U3
saxona Xa66aa maxomum r = v/H = 47000 xm/75 (km/c - Mux) = 630 Muc. OcBeIIEHHOCTE
ma Bemye E = 100409 = 2.10°18 Br/M2, cBerumocts L =4nr? - E=9-10% 81~ 2 10L,.
TloTeps Maccsl Kamnayio cexyuny AM =L/c?=10%xr/c~1,7Mo,. 30. Pewenue. Paguyc
R=r-sind=16-sin6°=1,6 Mug, oobém V=4r/3R*=17 Mnx®, KOHLIeHTpaupud TrajlaKTHK
n=N/V=2500/17 = 150 Mmx?. CpegHee DPaCCTOIHHE MEMIY MaJaKTHHANI 1=1/ Vn ~0,2 Mux.
Beero B HECKONBKO JECATKOB PA3 HPEBHIMIAIOT pasMepsl rajaxtukx. HasepHoe, omm 4acTo
CTANKMBAIOTCH APYL ¢ ApyroM. 31. Pewenue. M =n-my-V=10°-1,7- 1027-4,6 - 10%% =
=7,8-102 kr = 3,9 1013 M, T. e. Macca CPAaBEMMA C MACCOH HECKONLKHUX COTEH TaaKTHK.

Tnasa &
32. Pewenue. B macrosmee BpeMa BoapacT BceseHHOMN f =tz ~ 13- 10? ner, paccTofgHUe
MKy rajJaKTHKaM r mpumepHo B 20 pas Oonbmre mx AmamMeTpoB D, Tak Kax B mponec-
ce pacmmpeHus BceleHHON pasMepsl FATaKTHK NPAKTHYECKH HE MEHAINCH, TO 32 MOMEHT
00pasSOBAHMS TANAKTHE MOJKHO IPHHATH BpeMs fp, KOTAA TAJAKTHKK CONPUKACAINCH, T. €.
KOrZa pAaccTOAHWE MeKAy HX IeHTpaMu OBJIO PaBHO HX IHaMeTPy: r(tp) = D.
r(tp)/r(tge) = tr / ts. = D/20D =1/20. t; = tp,/20 = 650 mun geT. TazaxTuxkm cramxu obpaso-
BBIBATBCE BO BeeneHHOM, xorjma eé sospacT ObLr oxoxo 650 mum mer. 33. Pewenue.
B macTosiee BpeMs DACCTOAHIE MeKAy TaJaKTHKaMu OpuMepHO B 20 Das mpeBIIIaeT
HX JEaAMeTphl, & B MOMEHT 00PasoBAHHA MOMHO CUIMTATh, UTO OHH COUPHKACAIHCE, T. €.
paccrogHNe MeXIy MEeHTPAMH TalaKTHK OBLIO CPABHHMO C WX IAHaMeTpaMH, a Dafuyc
Beenennoit cocrasnsan 1/20 or coepemennoro pagmyca. Tak Kak IUIOTHOCTB P ~ R3, t0B
AIIOXY 0GpA3OBaHHS TaZaKTHK p = po(Re/R)* = 1,3+ 1027 20°~ 10 xr/M°. 34. Pewenue.
Hcrnonesys 3aK0H cMelnenus BHHa M cOBpeMeHHOe 3HaUeHHe TeMIEeDATYDPBl PeJTHKTOBOTO
usnyuenus T,=2,7K, a Takxe, uro A~ R, umeeM B MOMEHT 006DasOBAHUA TaJaKTHK:
A= hpunl Br/Ry) =1 mMm/20 = 0,05 mm = 5000 A, T.e. MAKCHMYM HBJAYUCHHA HPUXOAUICA
HA ONTHuUeCKHit nmanasos muumH BoxH. Tax xax T ~1/A, o T="T, (Ry/R)=2,7" 20=54 K.

Txaga 9
35. Pewenue. O6béM TagaKTrKu, B KOTOPOM COCPEIOTOYEHO OCHOBHOE KOJUYECTBO 3BE3JL
V=n-R:-h=28-10" nxd. CpegEas KOHIEHTPAIMA NIHBUJAMSAUHHA N, = NV
=1,25-10"7 1/uk?® Torma cpesHee pACCTOAHWE MeXTy MUBAIUSANKMAMU oymer
L~ 1/3\/1'1_El =%8 - 10° = 200 ux = 650 cB. JeT, TAK UTO JleTeTh K HUM CO CKODOCTBIO, OJH3-
KOH X CKOpOCTH cBeTa Ipupérca oxoxo 650 ier.
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