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YearoBek u BceaeHHada

3Be3aHoe He6O U KOCMUYECKNE A3ANIN C APEBHOCTHU
npuTArMBanau B3opbl nogen. B paHHoMm pasgene Bbl
npoyuTaeTe o TOM, Kak 3apoauaach U pa3suBanach
HayKa o BceneHHon — acTpoHOMuUsA. [lo3HaKoMuTech
CO 3HAaMEHUTbIMU aCTPOHOMAMU U UX OTKPLITUAMU.
Y3Haete, Kak paboTaeT TenecKon, 4To TaKoe
CMEeKTpaJibHbI aHanuns, poToMeTpuUsA, paanoaoKauna
MU T A A ele cCMoXKeTe nopaccyxaaTh 0 nojerax

B KOCMOC, KOCMMYeCKMX annapaTtax, MeXnjaHeTHbIX
cTaHuuax. W, HakoHel, o 3araaKe, BOJIHYOLUeN MHOrUX:
€CTbJ1M XXN3Hb 3a npeaenaMm Hawen nNaaHeTbl?



Hayka o BceAenHou

HA3BAHUE HAYKU «ACMPOHOMUS» NPOU30UII0 0mM 0BYX

2peyeckux C/10B: «ACMpPOH» — «3Be30a» U KHOMOC» —

«30KOH». 100 3Be300li B me BpeMeHd NOHUMAN0Ch /itoboe
HebecHoe CBeMmMu/0, N03MOMY GCMPOHOMUS 3AHUMANGCh

BCEM, YMo MOXXHO HAOAH00amMb HA OHEeBHOM U HOYHOM SICHOM

Hebe. Ce200HS ACMPOHOMUSI — 00HA U3 eCmMeCcmBeHHbIX v

\
g > __ \
HayK ¢M3MKO-MGVVI€MGVY]MH€CKOZO uukna. OHa umeem csou \L}, ,

npealvlem UCCNed0BaHUS, HA3bIBAEMbIU «BCeneHHAs»,
u usyyaem CbM3M‘-I€CKM€ Nnpoueccol, npomekatrouwue 3a

npedenamu 3eMHolU ammocdepbi.

IlepBbie maru

Bo Bce Bpemena Jitoi CTPEMUIIUCH TIOHATh
OKPY’KAIOIUI MUP, y3HATh, KAaKOe MECTO 3a-
HUMAIOT B HEM 3eMJIsl U 4eJIOBEK, HAWTH 00b-
SICHEeHHEe BCeMY, UTO ITPOMCXOANT BOKPYT. [isis
Ha HeDO, OHM 3a/[yMBIBAJIMCh O TAMHCTBEHHBIX
KOCMUYECKUX JIAJIIX U HeJIOCTHKMMBIX MUpPaXx.
[TocTerieHHO HaKAIIMBAJIUCH HaOJIOIATEND-
HbIE TaHHBIE 00 M3MEHEHUSIX TTOJIOKEHUS 3BE3]I,
Counna, JIyHbl; oTMedaInuch M ONMUCHIBAJINCDH
pezikrie COOBITUST — 3aTMEHUST, BCIIBIIIKH 3BE3/I,
nosiBjieHne komeT. Ko BceMy, 4TO IPOMCXOIUIIO
Ha Hebe, TOT/Ia OTHOCHJINCH KakK K OOKECTBEH-
HBIM IcbMeHaM. [lo MHeHMIO IpeBHUX JTIo/el,
yMeTb YUTATh 3T TTOCTAHMS U UCTOJIKOBATH UX
3HAYMUJIO TIPEJICKA3BIBATD OYIyIIIEE.

[losiroe BpeMmsi acTpOHOMMYECKHUE 3HAHUS
OBLIM TIPUBUJIETHEN OY€HD Y3KOH TPYIIIIbI JI0-
neii. Tem He MeHee pe3ysbTaThl HAOIIOAEHUT
CJIY?KUJIU BCEM: 110 HUM OIIPe/IeJIsiIi HaCTyTIIe-
HUE CPOKOB CeJIbCKOXO03sTHCTBEHHBIX paboT, CO-
craBJisiim KajeHaapu. [To HeOeCHBIM CBETHIIAM
OPMEHTUPOBAJINCH Ha CyIle U HAa MoOpe Te, KTO
OTIIPABJISIICA B JIAJIbHYE TTOXOJIBI.

Froeer

Ha ppesHen
KNTaNCKOW MOHeTe
BUOHa dourypa
KOBLLa, obpasyemas
APKMMU 3BE3JaMU
co3Be3aus bonbLuas
Meneeavua

3epKanbHbIA CEKCTaHT,
co3paHHbIv B XIX B.

JloCTUKeHHUsI 310X

Vctopust aCTpOHOMUHM HEOTAEIMMA OT
MCTOPUU IMBUAU3AIMU. DBBIIO Bpemsi, Koria
Jiiou Hab o 1au HebecHbIe TeJia TOJIbKO HEBO-
OPY’KEHHBIM TJ1a30M. PasBajuHbI IPEBHUX 00-
cepBaTOpuil (a UX CTPOUJIU Jlaske B KAMEHHOM
BEKe) COXPaHUJINCh B PasHbIX cTpaHax. IlepBbie
aCTPOHOMHUYECKHE TIPUOOPBI OBLIN TIpeIHA3HA-
YeHBI JIJIsl BU3YaIbHOTO U3MEPEHUS YIJIOB MEK-
Iy Pa3IMYHBIMK HAIlPaBJIE€HUSAMU Ha Hebe.

Freer

ACTpOHOM
lanuneo
lanuner nepsbiM
mcnonb3osarn
Teneckon gnis
HabngeHna
nAaHeT n opyrux
HebEeCHbIX Ten




C noMouwbio COBpPeMEHHbIX NMPUEMHU-
KOB U3Jly4YeHUA yYeHble MOTyT y3HaBaTb
CKOPOCTU NPpUGAUKEHUA UM yaaNeHuUsA
TeJ, OLEeHUBaTb XMMMUYECKUMN cocTaB
MCTOYHUKOB CBETa, NJIOTHOCTb U TeMne-
patypy u3snyuawoueiu cpeabl. Mporpecc
acTPOHOMMMU KaK HayKu B Gamkaiwme
AecATUNeTUA, No-BUAUMOMY, byaeT cBA-
3aH ¢ HabnwAEHUAMU INEKTPOMArHUT-
HOro U3Ny4eHUA HebBecHbIX Tes, B TOM
yucne U3Ny4eHUA B ONTUYECKOM Aua-
nasoHe (AOCTYNHOM Ha3eMHbIM TeJje-
cKonaM), a TaKkKe B WH¢PpaKpacHbIX
ny4yax, Kotopble cnabo nornouwarTca
MeX3Be34HOoM NblbIo.

C XVII B. acTpoHOMMS CcTajia TeJIeCKOIH-
YeCcKoif, 3TO CYIIeCTBEHHO IO/JTOJKHYJIO ee
passutrie. XVIII u XIX BB. ObL TpryMboM
HeOEeCHON MeXaHWKH: aCTPOHOMBI CMOTJIH 00'b-
SACHUTD, oyemy nBmxerue Cosnia, JIlyasr n
TJIaHET TTPOUCXO/INT TaK, a He MHAUe; HAYYUJINCh
TEOPETUYECKN PACCYUTBIBATH CJIOKHbBIE TPAEK-
TOPUH JIBVKEHUST HeOECHBIX TeJT U JIasKe OTKPbI-
au HOBY10 1ianety — Henryn. [logsusmmecs
3aTeM 0oJiee COBEPIIEHHBIE TEJECKOIbI TI03BO-
JIUJT OOHAPYKUTHh HEN3BECTHDIE PaHee KOCMU-
yeckre 0OBEKThI, HAIPUMEP MHOTOYKMCICHHbIE
tymanHoctu. B xonre XIX B. 6bLT 0CBOEH Me-
TO/] CIEKTPATbHOTO aHAJIN3a U BO3HUKJIO HOBOE
HallpaBJIeHNe B aCTPOHOMUN — acTPOU3NKA.

XX BeK ma7 BO3MOKHOCTb, OTMPAsCh Ha
pa3BUTHE TEOPETUYECKON U IKCIIEPUMEHTAIb-
HOUW (PM3MKHU, M3y4aThb CBOWCTBA W TIPUPOIY
HeOEeCHBIX 0OBEKTOB, YAAJEHHBIX 0T 3eMJIM Ha
oueHb OGOJIbIINE PACCTOSTHUS. [losTBUBIIASICS
KOCMUYeCKast TEXHUKA TI03BOJIMJIA TPUOIU3UTD
HAyYHYIO almapaTypy K APyTUM IJIaHeTaM, cJie-
Jlajla JIOCTYITHBIM WCCJIEeIOBAHUIO M3JIy4eHue,
KOTOpOe 3a/IepsKuBaeTcd 3eMHOU aTMochepoii.
Pa3BuTre KOMIBIOTEPHBIX TEXHOJIOTUI YBEJH-
U0 CKOPOCTH U KAYECTBO 0OPAOOTKH Pe3yJib-
TaTOB HAOJIO/IEHNH, TO3BOJIMJIO CO3/IaBaTh MO-
JIeJIN KOCMUYIECKUX OOBEKTOB U SIBJIEHMIA.
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Yro Takoe Bceaennas?

CrapociaBsiHCKOE  CJIOBO  <«BCeJIEHHAsT»
O3Ha4YaeT MeCTO, HaceJeHHOe JIIOJbMU, <«BCe-
JEéHHbIMU» Tyna borom. Panbine mup s
Josiell orpannunBaiicst cepoil Heba BOKPYT
3emiu. Ceiiyac rpaHUIlbl  MaTePUATBLHOTIO
MUpA, AOCTYITHOTO WCCJIE0OBAHUSM, Pa3/IBU-
HYTBI TaK /IaJIEKO, YTO OTTYy/Ia Jake CBET UJET
musapabl jger. Koneuno, Hounoe HebGO Bbl-
IJISIAT CETO/IHS TaK ’Ke, KaK U ThICSYM JIeT Ha-
3a7. Ho MbI ero BocripyHUMaeM cOBCeEM MHAYe,
yeM HaIlli TpeAKku. B coBpeMeHHOM ITOHMMAa-
Huu Beeslennass — aTo TOT MaTepraIbHBIN MU,
KOTOPBIil 0CTYIIeH HAOMIOAEHISAM U TEOPETH-
YeCKOMY OCMBICJIEHUTO.

[Topoii kaxkercs, yTo yBUneTh BeeneHHyto
OY€Hb IMPOCTO — HAJIO TOJBKO B ICHYIO HOUb T10-
cMmoTperh Ha He6o. Ho a10 He coBceMm Tak. Haj
TOPU30HTOM MOKHO YBHUJETH JIUIIL He GoJiee
3 ThIC. 3Be3]l, a UX TOJILKO B Hamel [asmakTuke
TPUJINOHBI! VI TaKuxX rajakTUK C MOMOIIBIO
OOJIBIITUX TEJECKOTIOB MOXKHO YBH/IETH OTPOM-
HOe KoJaumdecTBO. IIpocTpaHcTBO, mOCTyITHOE
HaOJIIOIEHISIM, TIOCTOSTHHO pacmiupsiercst. Ho
5TO BCe PAaBHO HE BeCb MWD, CYIIECTBYIOMINI
BHE HAC 1 HE3aBUCHMO OT Hac.

L. AmepuKaHcKas aBTomaTnyeckast MexniaHeTHas
cTaHuma «fanunen» 8 net (go 2003 r.) pa6oTtana
Ha op6uTe lOnuTepa




/IpeBuuii Erunet

HuBunuzanus /[peBHero Erunrta Bo3HUK-
Jla OKOJIO 6 ThIC. JIeT Ha3aj Ha Oeperax camoil
npoTsikeHHol peku 3eman — Huma. Erunrsine
CTaJ OJTHUM W3 TEePBBIX HAPOJOB, Y KOTOPBIX
MOSIBUJINCH TTUCbMEHHOCTD, JTUTEpaTypa, HayKa
1 UCKYCCTBO.

B Erunre u ceifyac BeJMKOJIEIIHBIE yCJIO-
BUSI JIJISI aCTPOHOMUYECKHUX HAOIIO[€HUIA: THEM
Hebo sicHoe u 6e300/1a4Hoe, a HOYBIO YCEesTHO
CBepKaoONIMMK 3Be3ilamu. /lpeBHeerurerckue
AKPEIbI-aCTPOHOMBI  OObEAVHWIN 3BE3/bl B
CO3Be3/INs, TOJYYUBIINE WMEHA >KMUBOTHBIX,
Gurypbl KOTOPBIX OHHW HAllOMUHAIHN: DBIK,
Cxoprmmon, Twnmornoram, Kpokomun u  mp.
Criickm co3Be3Ini MOMeIaanuch Ha capkoda-
rax rnpasuTesell. Dbl cocraBiieHbI MepBble
KapThl 3BE3IHOT0 Heba.

.f.....

HOMOH —
camble JpeBHUE
COJIHEYHble Yachl

YcTporcTeo Mmupa
B npeacrtaBiieHnn
OpeBHUX ernnTaH

Habno0eHUsi HebeCHbIX CBemuJi C CaMbIX OpeBHUX BpeMeH
u2panu 0cobyto posib B XXU3HU t0deld, NOMOo2asi UM
pewiamb BAaXHble 3a0a4u, Hanpumep onpedensimb CpoKu
CebCKOX0351UCMBEHHbIX pabom Uau OpueHmMupoBaMbCS
B OMKpPbIMOM Mope. OCMbICIUBASA pe3ybmambl
Haba0eHUul, 110U NbIMAUCb Npedcmasumsb cebe
YCMpolicmBso Mupa. Yxke OpesHue UWuBUuAU3auuu Eaunma
u Meconomamuu 061a0aau passumbiMu CUCMeEMAamMu
ACMPOHOMUYECKUX 3HAHUU, HO HAUBObWIE20 pacusema
acmpoHomusi docmuana B AipesHeli fpeuuu.

®apaoH noknoHaeTcs
ConHuy. XIV B. fo H. 3.

Erunrsae wu300pesn  COJMHEYHbIE Yachl,
BAKHEUIIUM 3JIEMEHTOM KOTOPBIX CIIYKUITN
00€eJTCKY, TIOCBSIIIEHHbBIE COJTHEYHOMY Gory Pa.
BeprukaJbHO TOCTaBJIEHHBINH CTOJ6-00€IUCK
HasbiBaeTCst THOMOH. OH 0TOpachIBaeT TeHb Ha
1repOIIaT, MO3BOJISAIONINN y3HATh BpeMst. TeHb
OT THOMOHA TaKXe CJIY;KUT KOMIIACOM: B TIOJI-
JleHb OHA yKa3bIBa€eT HAIpaBjeHne Ha cesep. Ha
MPOTSIKEHUN TO/1a TTOTy/IeHHas Bbicota ComHIa
HETIOCTOSHHA, TI03TOMY MEHSIeTCA U JIJITHA TeH!
ot THOMOHa. [To nMHe oIy 1IeHHOI TEHN MOXK-
HO OTIPeNIeJIUTh HACTYTIJIEHUE COJIHIIECTOSTHUI
1 PaBHOJICHCTBUI.

Erunerckuil cosHeyHbIN KajeHIapb cTajl
OCHOBOM /71 BCEX JATbHENTITNX COJTHEYHBIX Ka-
Jgennapeii. He caydaiiHo puMckuii ummepaTop
IOmmit Ilesaps ns pepopmbl KajeHaapst Mpu-
rsacuit yuenoro Cosurena u3 Erurnra.




Meconoramus

B mrogopoanoit Meconoramuu B 06/1acTu
pek Turp u EBdpar Ha mpoTs:keHUN BEKOB CMe-
HAJW JIPYT APyra pa3Hble MUBUJIN3AINAN: TITY-
MepcKasl, aKKa/ICKasl, BABUJIOHCKASI.

[ITymepsbl, a TOTOM M aKKaJIIbI €1le 3a Thi-
CSTYU JIET JI0 Halllell apbl U300Pen MephI JIJIH-
HBbI M Beca, MCIIOJIb30BAINU COJHEYHBIE YaChl,
HaOJIIO/IaT TIJTAHEThl W YMENU JIeIUTh Bpe-
MsI Ha TOJbI, MECSIIbl, HeJean, THU M Yachbl.
AcTpoHOMUYECKUMEU 00CEPBATOPUSAMU CITYIKU-
su GarrHu-3uKKyparbl. C HUX JKPEIbl U3 roja
B IO/l BeJIM HAOJIIOeHNA 32 ABUKEHUEeM Hebec-
HBIX CBETHJI, OTMEUaJIN COJTHEYHbBIE 3aTMEHHUSI.

K KoHILy 2 ThIC. 10 H. 9. GOJIBIIMHCTBO SIP-
KUX 3Be3]] Oblin 00beauHeHbl B 70 co3Be3nuii.
YacTUYHO PUCYHOK MECOTIOTAMCKUX CO3BE3-
Ui COBIIAJIA€T C PUCYHKOM COBPEMEHHBIX —
bmusnuensl, Pak, Jles, Beco, Ckopriuon u ap.
B cepuu kaunonucHbIx TekctoB «Mynb Anuks
(«3Besna Iloyr») ectb ciucok 18 «cozBesauii
Ha 1yt JIyner» — mpoodpas 3o/1uaka.

el

3ukkypaT

CRy>wun ans
MOKNOHEHUS
6oram

BceMupHo nsBecTHoe rpaHANO3HOE COO-
py’eHne KaMeHHOoro BeKka — CTOHXeHAX,
pacnonoxeHHbi B AHrnun, B 130 Km ot
JloHpoHa. YueHble cYMTAlOT e€ro rpa-
AMO3HON pApeBHen obGcepBaTopuein.
MnaHunpoBKa KaMHel, BanoB U NYHOK
KOMMJIeKCca COOTBeTCTByeT COBpeMeH-
HbIM aCTPOHOMUYECKUM, PU3NYECKUM U
MaTeMaTU4YeCKUM 3HAHUAM.
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MmuHaHas
Tabnuyka

C Hay4HbIMU
TEeKcTamu,
HangeHHas

B 6M6NMOTEKE
accupumncKoro
Laps
Awiyp6aHunana

BaBusionckue Kperbl  BBeJW  TTOHSITHE
SKJIWNTUKU — BUIUMOTO TOAWUYHOTO IIyTH
Counnia 110 HebecHOI chepe. IKIUNTHKA ObLIa
pasznesienHa Ha 12 paBHbIX yacTeil 1o 30° Kaxkaas.
IKJUTITUKA CJIYKUJIA TIKAJION I OTpesere-
Hust nonoxkeHuit CosHita, JIyHbI 1 1aHeT.

B 626—538 rr. 110 H. . B BaBiiione npasu-
Jia xaJiieiickast iuHactus. Xajjaeickue sKperbl
CO3/1aI1 KapThl 3BE3HOr0 Heba U KajleHIaphb.
Onu oboraTuin aCTPOHOMUIO 3aMeYaTeIbHbIM
OTKPBITHEM, OIPEIEUB MOPSJIOK MTOBTOPEHUS
3aTMEHU. 3aTMeHUs BO30OHOBJISAIOTCS Yepes
18 net u 11 gHei, 3TOT EPUOJ TOJTYUNJT HA3BA-
H1e «capocy. JKpelrbl NCIoIb30BaIu 3HAHUE O
NAHHOM ITUKJIEe JIJIST TIpefcKa3aHusT 3aTMEHUI.
CymiecTByeT BaBHJIOHCKasl 3allich O HaOJIIO-
nennu 3armenusi CoJrHIIA, KOTOPOEe ITPOM30-
o 15 urona 763 1. 10 H. 9., a TAKKe O [TOJIHOM
COJIHEUHOM 3aTMeHUU B Mecomoramuu 18 masa
602 r. 10 H. 3.




Bcenennas Apucrorens

[peBusiga Iperus (Jumama) crana 1mep-
BBIM BEJINKUM €BPOITEICKUM TIEHTPOM HAyKH 1
KyJIBTYpBL. [pedeckne acTpoHOMBI-(UI0cohbI
IPOSIBJISIIIA HEOObIYATHbBII HHTEPEC K YCTPOi-
cTBY BcesleHHOI, ee BOBHUKHOBEHUIO U CyIb0E.
Bcenennyto oHI Ha3BIBATIM «KOCMOCY.

Kpynueiinmii y4yeHblii aHTUYHOCTH ApU-
crotesab (384—322 no H. 9.) xkua B AduHax.
CounnHenns ApuCTOTeNsT OXBAaTHIBAIOT I10Y-
TH BCE COBpPEMEHHBbIe eMy O6JIacTH 3HaHUS.
AcTpoHOMUYECKME BOIMPOCHI WU3JIOKEHbI B
ero Tpynax «O uHebe» u «MeTeoposoruss.
Yyensblil cunras, yto JlyHa u apyrue riaHeThl
o dopme 1mapoobpasHbl, KOO mIAp — COBEP-
nmeHHas Gurypa, a B KOCMOce J0JKHA TapUTh
kpacota. O ToM, uTO 3eMJIs ToXKe HIap, OH Cy-
JIAJI TI0 ee OKpYTJioil TeHu Ha JIyHe BO BpeMmsi
JIYHHOTO 3aTMeHWs. ApHUCTOTeNb CTal OCHO-
BOITOJIO)KHUKOM TEOIEeHTPUYECKON CUCTEMBI
mupa (OT rped. «re» — «3emiisi»). CyThb ero
YUeHUs 3akJodanach B cieayiomiem. Bokpyr
HETTOABKHON 3eMJTM PACIIOJIOKEHBI BOCEMb
HeOecHbIX cdep, NMPUBOAUMBIX B IBUKEHUE
«TIepBBIM JiBUTaTeseM». Ha cemu mpo3paunbIx
cepax HaxogATca nATh 1aHeT (Mepkypuid,
Benepa, Mapc, IOnutep, Catyph), a Takxke
Connie u JlyHa — kax/joe CBeTHJIO Ha CBOEi
cepe. Bocbmoii ke chepoil, Te momenieHbl
HETTOBMKHBIE 3BE3/Ibl, OTPAHUYNBAETCS MaTe-
pUATBbHBIN MUP.

“i* ApucTtoTenb — BeSIMKuiA
MbICIIUTESb APEBHOCTYU

Fovene

N3 counHeHumn
OparocdeHa no
aCTPOHOMUK [0

Hac OOLUMO OOHO —
«KaTtactepuamsbl»,

B HEM MnepeyuncrieHbl
BCE MU3BECTHbIE
Torga 3Be3fbl

1 co3Be3nus

ERATOSTHENES
| Daciplio| | Cyppente

AJlekcaHapUICKNE yUeHble

[Tocne 3aBoeBanusa B IV B. 1m0 H. 3.
Anexcangpom MakeZOHCKUM OOIIMPHBIX Tep-
putopuii ot Erunra go Muauu Hactynumi nepu-
o/l 37ITMHU3MA. B 9T0 BpeMs 1IeHTPOM HayYHOTO
MUpa cTas Topoj Anexcanapus B aensre Huma.
311eCh BO3HUKJIO yINBUTEIbHOE YUpPEKICHNE —
Myceiion (xpam my3). B Hem pacnosaranach
3HaMeHuTast AJleKcaHapuiickast 6ubanoTexa, B
KOTOPOIi OBLJIO CBBIIIIE MOJIYMUJINOHA PYKOIIN-
ceit. OHUM U3 XpaHUTEJIe AJIeKCaHIPUCKON
6ubmmoreku ObL1 Teorpad Iparocden (OK.
276—194 no H. 3.). Kpome reorpadudeckoro
OTMCAHUs BCETO M3BECTHOTO TOT/Ia MHUPA OH
MEPBBIM OIPe/leJINI Pa3Mephbl 3eMHOTO TIapa u
ObLI B 9TOM O4€Hb OJIN30K K HCTHHE!

Apucrapx Camocckuii (ok. 310—230 no
H. 9.) B counmHeHnn «O pa3mepax M paccTos-

o)

2

I CxemaTu4yHOe N306paxeHue ABYX pasHbiX CUCTEM YCTPOMCTBa
Mupa: 1 — reoueHTpuyeckas; 2 — refimolueHTpuyecKas



nusx Counia u JIyHbl» clienas BBIBO, UTO
Counite 110 o6bemy B 250 pa3s GoJibiiie 3eMIIu.
CienoBaresnbHo, He 3eMs, a uMeHHo CoJrHile
JIOJIKHO OBITH B I[EHTpe MUpa, 3eMJIs JKe J[BU-
xketcst BOKpYT CoutHita. ApucTapx MpeiosKu
MEPBYIO B UCTOPUU aCTPOHOMUM T'eJTUOIIEHTPU-
yeckyio (OT rped. «renanocy — «CoJHies» ) Mo-
JeJIb MUpa. DTU CMeJIbIe MBIC/I 00 yCTPOUCTBE
MUpa He ObLIN IIPUHSTHI B T€ BpeMeHa.

Cucrema Iltonemes

[eornenTpuyeckyio cucrtemy Mupa yco-
BEPIIEHCTBOBAJ BeJMKUI acTpoHOM Kiasauit
[Tromemeit (ok. 90 — ox. 160 H. 3.). Boabimas
YacTh €ro JKM3HW Tponuia B AJieKCaHApUH.
B reuenue 15 jieT oH IPOBOIMI ACTPOHOMUYE-
CKHe HabJIIOIeHUsT C TIOMOIIBIO CO3/IaHHBIX MM
CaMUM YTJIOMEPHBIX WHCTPYMEHTOB: aCcTPOJIsI-
6uuM, apMUJLIIBIL, TPUKBETPYMa 1 Ap. Vlcmonb3ys
atu ipubopsl, ITTostemeit onpepesn HebecHbie
koopauHatsl 1022 3Be31, TOMTOJTHUB CO3/ITaHHBII
710 HETO KaTaJior 3Be3/] [ mnmapxa.

Ha ocnoBanum csoux (a Takke OoJjee
pannux) Habmojenuit Heba Iltomemeii mo-
ctpoust teopuio aBwkenus Comaiia, JIyHbr u
miaHeT. Ero rnaBHOe coumHeHWe TO acTpo-
HOMUU HasbiBaeTcsl «Bemnkoe maremarnue-
CKO€e TIOCTPOeHWEe aCTPOHOMUM B TPUHAIIATH
kHUTax». COKpalleHHO TO-TpeyecKkr OHO Ha-
3bIBaeTcsT «Meraje CUHTaKCUC», YTO 3HAYUT
«Besnmkoe mocrpoenue». ApabOCKuil mepeBoj
counnenus [Itosemest n3BecTeH 1o/ HA3BaHU-
eM «AJibMarecTs.

B ocnose cucrembr mupa IITonemes nexar
YyeTbIpe TJIaBHBIX gomyteHus: 1) 3emis Haxo-
muTest B 1ieHTpe Beenennoit; 2) 3emis Henoj-

CBouMM TpyaaMu npocnaBuiCA ApeBHerpeyeckum acrtpoHom lunnapx
(Il B. po H. 3.). Ero kaTanor 3se3p, ApeBHeMILNA U3 COXPAHUBLLUUXCA AO Ha-
lIero BpeMeHU, CAYXWUJ1 MHOTMM NOKoJieHUAM yyeHbiXx. UMeHHOo Tunnapx
BBe/l NMOHATUE «3Be3HaA BeJnuuHa». CaMble ApKue 3Be3fbl OH Ha3Ba
3Be3aamu 1- BennYMHbBI, a caMbie cnabble, BUAUMbIe HEBOOPYXXEHHbIM

rna3som, — 3pe3gamMmm 6-M BeJINYUHDI.
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“i* Cuctema mupa no Knasauio lNronemeto.
['pastopa 13 atnaca A. Llennapuyca. XVII B.

BIJKHA; 3) Bee HeOECHBIE TeJia JIBUIKYTCST BOKPYT
3eMJIu TI0 Kpyram; 4) JABUKEHUsT HeOECHBIX TeJl
10 KPYTY TIPOUCXO/ISAT C TOCTOSTHHON CKOPOCTBIO,
T. €. paBHOMepHbBL. Bumammoe merieobpasHoe
nBWCKeHMe TutaHeT lITostemeir 0OBSICHUI € TT0-
MOIIbIO BBEICHNsT KOMOUHAIIUN KPYTOBBIX JBH-
JKEHUH. YTPOIIEHHO 39TO TPEJCTABISETCS Tak.
[TnaneTsr ABMIKYTCS BOKPYT 3eMJIM paBHOMEp-
HO TI0 KpyTaM — 3IUIHAKJIAM, TIEeHTPbI KOTOPBIX
B CBOIO OYepe/ib IBIKYTCS 110 IPYTUM KpyTaM —
nedepenram. Comnie n Jlyna mepememniatorcst
BOKpyr 3emym 10 jedepeHTam (6e3 SIUINK-
qoB). Jlebepertsr Comnma u JlyHbl, a Takke
nedepeHTbl U STUIUKIIBI TIJIAHeT Jie)KaT BHYTPU
chepbl, Ha TOBEPXHOCTU KOTOPOU PACIIOIOKEHBI
Heno/IBIKHBIe 3Be3/ibl. Cuctema [ITomemes mo-
3BOJISITIA TIPEIBBIUNCIISATD TTOJIOKEHUS TITTAaHET Ha
J00YTO0 JIaty.




00CMUKEHUS acmpoHomoB OpeBHocmu.

ApaOcKkast acTpOHOMHMS

Apabbl TOSBUJIMCH Ha apeHe MUPOBOIA
uctopuu B VII B. 3aBoeBaB MHOTO CTpaH, OHU
CTOJIKHYJIUCH ¢ O0Jiee BBICOKOW KYJIBTYPOii T10-
KOpeHHbIX HapoaoB. OpHaKo apabbl He pas3py-
ITUJIN ee, a BoCTIpUHAIn 1 pazsuiu. [lo rpeue-
CKUM 00pasiiaM OHM JIeJIaJId aCTPOHOMUYECKIE
yTJIOMEPHBIE MHCTPYMEHTBI, IPOBOINIIN U3Me-
PEHUsI, COCTaBUJIN HOBBIE TaGIUIIBI (3UIKH)
nns Comnia, JIyHBI U TITaHeT, a TakKe HOBBIE
KaTaJIOT! 3BE3]I.

Boigatonmcst apabcKuM yueHbIM Oblt AOy
Peiixan Myxammen nbn Axmen anb-BupyHu
(973 — ok. 1050) pomom u3 Xopeama. OH Hamu-
cast cbitire 150 Tpy10B 110 acTpoHOMUH, (PU3K-
Ke, MaTeMaTuKe, Teorpadun U IPYyTuM HayKaM.
Jluist acTpoHOMUYECKUX HaOJoAeHnil BupyHu
HOCTPOUJT OOJIBIIION CTEHHOI YTJIOMEPHBII TPH-
6op — KBaJPaHT C PaIyCOM JyTH 7,5 M U C €T0
MTOMOIITBIO OTMEeYaJI KOOPIMHATHI 3BE3]T 1 TJIAHET
C TOYHOCTBIO 710 2' (YrIoBBIX MUHYT). bupynu
M3MEPUJT HAKJIOH 3KJTUTTUKYU K KBATOPY, YTOU-
HUJI BEJIMYUHY TIPEIECCUU, OTIEHUJT PACCTOSTHIE
ot 3emu 110 JIyHBI, OTIpees I painyc SeMJIH.
[TosryueHHble UM pe3yJIbTaThl OJIM3KH K COBpe-
MEHHBIM 3HAYEHUSIM.

Apabckasi aCTpPOHOMHUSI BHECJIa OTPOMHBIIA
BKJIAJ] B pa3BuTHe Hayku. OTTOJIOCKY 3TOTO Tie-
proga — apabCKue acTPOHOMUYECKUE TEPMI-
HBI: 3€HUT, HAUP, aTbMyKaHTapaT, aJbMaHaX
u np. Mmena 3se3n — Anbiebapan, Asbraup,
berenvreiize, Purenb, Bera u np. — umeror
apabCKoe TPOKCXOsKIECHUE,

HCPEXOO om aHmMu4YHoCMmMu K CPEOHEBGKOBHO B EBpone
COI’I[OOBO)K@CU'ICFI yﬂaaKOM HAyKu U Kynbmypbl. YpoBeHb
PAamMmomHoCcmu pe3ko CHU3uncq, WKoJibl ObILAU U npu
MoHACMBbIpAX, a O6_VH€HM€ w0 Ha TamMuHCKOM A3blKe.
ACMPOHOMUIO UCNOIb30BAU MOJIbKO 0115 BblYUCNEHUS]
BpemeHu acxu u apyzux pPeNnuU2UO3HbIX HPCBOHMKOB.
MHozue pe3ynbmamsbl HAy4HbIX mpyaos mpakmoBanucb
KAk nposiBiieHUe a3bl4eCcmsda, a y4€Hble YIO@BCPZOUIMCb
I’IpECﬂeaOBaHMﬂM. Jluwb Glpa6bl COXpaHANU u npuymHoXxanu

CpenHeBeKOBblE MOHaXM-
acTpoHomsbl. MuHuatopa

CpenneBekoBasi KapTUHa MHpPa

[IpeacraBienuss 00 ycCTPOHCTBE MHUpa B
a1oxy CpeaHeBEeKOBbsI ObLIM JJOBOJBHO IPH-
MutuBHble.  Hampumep,  «ydeHbIli»-MOHAX
Kosbma WHIUKOTIOB B CBOEM COYMHEHUM
«Xpuctranckas Tororpadusy», BbIIIEINIEM B
535 ., ©300pa3uJl CJerka BBITYKIYIO 3eMJIIO,
HAITOMUHAIONIYIO TOPY, HAKPBITYIO IIPO3pay-
HBIM KoJittakoM. [l1aneTsl y Hero ABUTAINCH 110
KpyraMm 1pu momontu anresnon, a CoiHIle HO-
YbI0 MMPSATAJIOCH 32 BBICOKOU TOPOii, cTOAIIE Ha
ceBepe. ABTOPUTET MOOOHBIX COYMHEHUI JTep-
JKAJICS BEKAMM.

Co Bpemenem (XII—XIII BB.) xpucru-
aHCKre OOrocJ0BbI M3MEHWJIM OTHOIIEHHE K
«SI3BIYECKOI» cucTeMe Mupa ApUCTOTeNs |
[Ironemes. EBpomeiickue Kymiibl TPUBO3UJIN
u3 ctpan bamkaero Boctoka coxpanuBiuecs
TaM JIpeBHeTpevecKue PyKOIHICH.

..... $‘

CekcTtaHTOM Mepunu
BbICOTY CBETWN Haf
rOPV30HTOM

Apabckas
acTponséusa ans
onpegeneHns
NosiIoXKeHns 3Be3n



Peneccanc —
3aps HOBOM 3110XH

[Tepuon Bo3BpaTa K HacJaeIni0 aHTUYHOCTU
nosyuns Ha3BaHue Peneccanc (oT ¢p. «Bo3-
pokieHue»). BospokieHue ObLIO BO BCEM:
HayKe, ¢uocodun, TUTEpaType, MCKYCCTBE.
Jnoxa Peneccanca mnpuxoautcs Ha XIV—
XVI BB. B aror nepuoz crajia BoctpeboBaHHON
MpaKTUYecKas aCTPOHOMUS: YacThle U JaTbHUe
MOPCKHE IyTENIeCTBUsT TPeOOBAIN HAIEKHBIX
c110c060B OPUEHTUPOBAHNSL.

CaMbIM U3BECTHBIM B TO BpeMs OBLT Tpak-
taT «Chepa Mynmany» («Cdepa Bcemennoii»)
Jlxona lamudarca (ym. B 1256 1. B [lapuxe),
KOTOPBIN Tcan Toj TceBroHuMoM Moranu
Cakpobocko. ITo counHenue o HebecHoii cde-
pe U SBJIEHUSIX, IPOUCXOSATINX BCJIECTBUE ee
CyTOYHOTO BpanieHus. KHHWra moJsb3oBajach
MOTTYJISIPHOCTHIO YEThIPE CTOJIETHUS.

/KuBmuit B Bene acTpoHoM u Marema-
tuk Teopr IlypOax (1423—1461) mnepsbiM B
3ananaoii EBpore M3JI0KUJ TITOJIEMEEBCKYTO
TEOpUIO STUIMKJIOB B cBoell kHure <«HoBas
Teopust 1ianer». Ero ydenukom Obin Morann
Mroiep (1436—1476) wus KéuurcOepra.
B acTtponomuyeckoii JsmTeparype, KOTOpas
n3/laBajach Ha JIATBIHU, OH W3BECTEH Kak
PernomonTan. ITu yueHble MPOBEIN MHOTO
HaOJIIO/IEHUI 3aTMEHUIT U KOMET, OTIPEIETUIIH
COJIHEUHBIE BBICOTBI B Pa3HOE BPEMSI TO/IA.

ITociie cmeptu ITypbaxa PerromonTaH 1mo-
cesmiics B ropojie Hiopubepre. O ocHOBaJ TH-
norpaduio s medaTaHust TabJIUL, YepTexKen
U KaJeHJapeill K acTPOHOMUYECKUM KHUTAM.

MpaButens CamapkaHAaa, BHYK NOJIKOBOA-
ua TamepnaHa, Ynyroek (1394—1449) no-
KPOBUTENbCTBOBAJN y4YeHbIM, CTPOUN Mep-
pece (MycynbMmaHcKue wKoabl) B byxape,
CamapkaHpe, TvxxpyBaHe. Camoe 3Hauwu-
TeJibHOE JOCTUXKeHue Ynyrbeka — cospa-
Hue B CamapkaHae 6onbuwon obcepsaro-
pvM ANA onpeaeneHnA KOOpAUHAT 3BE3A U
COCTaBJIEHUA HOBbIX NJIAHETHbIX TabauL,.
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“i* Mogenb mupa ¢ 3emnein
B LieHTpe BceneHHom

3/1ecb OH U3/1aJl CBOU TPy «DpeMepuibl», rie
npuBes pacuersbl nosoxenuit Comnia, JIyHoel u
miaHeT Ha 32 roja Biepen (¢ 1475 mo 1506 1.).
B «3demepumax», kpome TOro, Co/EpPKAINCH
aCTPOHOMUYECKUE CBejlleHUs. PernoMonTtan
n300pesl MeTO/l <«JIYHHBIX PACCTOSTHUI» ISt
oTpesieJIeHUs JIOJTOThI W IIUPOTHI HAa MOPE,
OCHOBAHHBIN Ha U3MEPEHUH YTJIOBBIX PACCTOS-
Huii Meskny JIYHOI U criennaibHO Mo06paHHbI-
MU OTIOPHBIMU 3Be3aMu. OH TakKe MOCTPOUT
TOYHBIE IPUOOPHI [JIsI UBMEPEHMSI YIJIOB MEKLY
CBETWJIAMM — TPUKBeTpyM PermomonTaHa u
nocox dAkxoa. MoperiaBarenssMm odeHb IMPU-
TOJIVJIMCH OTH UHCTPYMEHTBI, a TaKKe TaOIUI[bI
Pernomontana. Mx ucnonb3oBanu /st orpe-
JIeJIEHUST KOOPAMHAT KOPaOJsT U MCUMCICHUS
MPOIEHHOTO Ty TH.

i inniocTpaums cpeiHeBeKOBbIX NPeACcTaBleHn:
YemnoBeK 3arnsagbiBaeT 3a kpan 3emnu




nnaHem W. Kennepay).

KonepHuk

Yuenbtit u mbicsinTesb Hukosait Konepauxk
(1473—1543) oTkpbir 3emutio Kak rianety. Ha
nbejiecTajie ero MmaMsATHUKA B BapiiaBe ecTb
caoBa: «OcranoBusiuii CosHile, CIBUHYBIINI
3emuio». [losBnenue yuenusa KornepHuka cra-
Jio Besimyaimum cobpitriem X VI B,

Cucrema mupa, paspaborannas Komephu-
KOM, Ha3bIBaeTCs TeNOTIeHTpruIecKoil. OCHOBY
ee COCTaBJIAIOT CJe/iyIoline yTBepskaeHus: 1) B
1eHTpe Mupa Haxoautcs: CosHile, a He 3eMJisd;
2) mapoo6pasHasi 3eMJis U BCe ILJIaHeThl JIBU-
KyTcst BOKpyr CoJTHIIA B OJTHOM HAIpaBJIeHUN
1 BpallaloTcd BOKPYT CBOel ocu; 3) MyTH Tija-
HeT BOKpYr CoJsiHIla KpPYyroBbie; 4) CKOPOCTH

JBUKEHUS TIaHeT TIOCTOSIHHBI, T. €. UX JBUKe-
HISI paBHOMEPHBI, OHAKO, YeM OJinxKe opOuTa

i 4. Marteiiko. «AcTpoHOM KonepHuK, nnm
Pasrosop ¢ Borom». 1872 .

PeGoAlouusa 6 acmpoHoMuu

Pacusem Kynbmypbl U HAYKU B 3N0XY BO3p0oXKOeHUS
30MpPOHYN U ACMPOHOMUIO. TIGBHBIM 00CMUdKEHUEM CMA0
peBoIIOULUOHHOE NPeobpa30BaHUe BeSUKO20 NObCKO20
acmpoHoMa H. KonepHUKaA, 3dMeHUBUIe20 2e0UeHMpPUYeckyto
modesib Mupad 6onee coBepuieHHol 2e1UoUeHMpPUYecKoli.
Mpozpecc KOCHYNCS KaK HAGN00amenbHoOl CMOpPOHbl
(co30aHuUe BbICOKOMOYHbIX UHCMpPYMeHmMOB T. bpaze,
u3obpemeHue meneckona), mak u meopemuyeckux
uccnedoBaHUll (omkpbimus I. Fanunesi, 3aKOHbI OBUXKEHUS

['envoueHTpuyeckas
cuctema mupa

Kk CousHIly, TeM OoJibllie JIMHEHHAsA CKOPOCTh
IBUZKEHUSI TUIAaHEeThl 10 opbure, M HA0OOPOT.
JlyHa nBusKeTcs BOKPYT 3eMJIM U BMecTe ¢ Hell
BokpyT CoJiHIla.

KomepHuk 060CHOBaJ ydeHHE O HaIei
3emite Kak 06 00buHOM 1Tanete. OHa sIBJISIET-
cs1 HeOEeCHBIM TEJIOM, CJIe/I0BATeTbHO, HUKAKOM
MPUHIIATTHATLHON PA3HUITBI MEXK/Yy 3€MHBIM 1
HeOEeCHBIM He CYIIEeCTBYET. DTUM yUYeHbIi HaHeC
COKPYUIUTEJbHBIN yap cpe/lHeBeKOBOM (uiio-
codun. B 1616 r. counnenne Komepauka 66110
OTMeUeHO B marckoMm «VIHmekce» KHUT, He pe-
KOMEH/IOBAaHHBIX JIJIS1 YTEHUST KaTOJINKaAM.

Tanunen

WNranpanckuil yuenbiit lamumeo lamuneit
(1564—1642) ObL1  GUBMKOM, MEXaHUKOM,
actpoHoMoM. [IpoBens MHOXKeCTBO ONBITOB,
OH M3YYWJI 3aKOHBI MAJIEHUs TeJ U JBUKEHUS
UX TIO/l YIJIOM K TOPU3OHTY, OIPEIesNJ 3aBU-
CHMOCTbD TIEPHO/IA KOJIeOAHMSI MasITHUKA OT €r0
JUIMHBI, BBIBUHYJ U110 00 OTHOCUTENHHOCTH
JIBUKEHUSI.

B 1609 r. Tanuneit ckoHcTpyupoBaa 3pu-
TEeJBHYI0 TPYOY C ABYMSI CTEKJISTHHBIMU JIFH-
3aMH — ILJIOCKO-BBIMTYKJIBIM OOBEKTHBOM U
IJIOCKO-BOTHYTBIM OKYJIsTpoM. Tpyba maBasa
PsSIMOe MHUMOE U300paskeH e peiMeTa ¢ yBe-
audeHueM B Tpu pasa. [lotom o moctpous
BTOPYIO TPYOy € yBesmueHneM B 32 pasa ¥ Hc-
TOJIb30BAJT ATOT MHCTPYMEHT JIJIsT HAOTIO 1€ H ST
Heba. YUeHBI! BIIepBbIe YBUIET TO, UTO PAHBIIIE
He OBLIIO JIOCTYITHO YeJI0BEYECKOMY TJIa3y: 4To
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HabniopeHnamMn HebecHbIX cBeTUN npociaBuicAa part-
ckun actpoHoM Tuxo bpare (1546—1601). bpare cos-
Aan TaKue MHCTPYMEHTbI, YTO TOYHOCTb ero HabnwaeHUn
6bu1a ucknouutTenbHon. Cpeam HuUx, Hanpumep, 6bin
KBaApaHT c paaguycom ayru 2 M. Hanbonee BaxXHbIMU ANA
nocsiegylou,ero pasBMTUA HayKu oKasajaucb U3MepeHusA
nonoxeHua Mapca, kotopble B o6cepBatopuu bpare wnun
HenpepbiBHO 16 net. 3T paHHble no3Boaunu Kennepy
OTKPbITb 3aKOHbI ABUXXEeHUA naaHeT. bpare npeanoxun
CBOI0O CUCTEMY MUPA, O KOTOPOW MJIaHETbl ABUXKYTCA BO-
Kpyr ConHua, Ho camo ConHue ¢ niaHeTaMu o6pauiaioT-
cA BOKpyr 3eman.

: Remaep

Teneckonsl,

CO3MaHHbIE MANMneo Hewmerikoro acrponoma Moranna Kerepa
Fanuneem, — (1571—1630) Ha3bIBAIOT  «3aKOHOJATEIEM
HeborbLUMe Heba», OH BIepBble C(HOPMYIMPOBAI 3aKOHBI
CBUHLIOBbIE TPYOKM, nBvokeHus 1raner. OG6pabotaB  pes3yJIbTaThl

OOMOTaHHbIE MHOTOJIETHUX HaOmmoxennii Mapca B ob6cep-
6ymMarom v LWepCTbio.

OHI XpaHSATCA BO Batopun Tuxo Bpare, Kemnep y6emmics, uto
DOPEHTUICKOM HAMJIYYIITIM 00pa3oM OHM OOBSICHSIOTCS, €CJIN
mysee B Wtanum IPEIION0KUTh, YTO Mapc ABMIKETCS BOKPYT
CoJiHIIa HE 110 OKPYKHOCTH, a 10 DJIIUIICY W
4TO CKOPOCTb €ro JBHMKEHHMS HENOCTOSHHA.
Oxaszajioch, 4To BCe JApyrue IuiaHerbl u JlyHa
ABVIKYTCST TIOZ00HBIM 00pasom. Kpome Ttoro,
6osiee Giuskre K COMHILY TIAHETBI JABUIKYTCS

Ha JlyHe ecTb ropbl U paBHUHBI, 4TO [OmuTEp ObIcTpee, a OoJiee najiekne — MejeHHee. Tak
nMeeT 4yeThIpe CIlyTHuKa, yTo Mueunbiii [1yTh Kenep chopmynmpoBan Tpu 3akoHa JABUKE-
COCTOUT M3 TPOMAIHOTO KOJIMYECTBA 3Be3/l, UTO HUS TIJIAHET.

Benepa mensier dasbl nogobHo Jlyhe (Takoe
MOKeT OBITh TOJIBKO MPH €€ JIBUKEHUN BOKPYT
Coumniia), uto Ha CoJiHIle ecThb ISTHA.

Takum o6pasoMm, lamuaeil mMOATBEpPIUI

Froeee

Y4eHbin NoranH
Kennep kpome

acTpoHOMUM
npaBUJbHOCTH yyeHusi Konepuuka. CBou OT- 3aHumarncs
KPBITHSI OH OIMCAJ B KHUTE «3BE3/IHbIN BeCT- Maremarvkon,
HuK»>. B 1633 1. Tamumeit 6oL Tipeman cymy onThKom,

actpororuer

WHKBU3UIIMK U TTPUTOBOPEH K MOKU3HEHHOMY
TIOpEMHOMY 3akJiouernio. Emy ObL10 0beria-
HO CMsATYEHNE HaKa3aHWs B Cjrydae ImyOJnd-
HOTO OTPEYEHUS OT «KOIIEPHUKAHCKON epecu».
[Ipecrapesiblii y4eHbIN THOAIIKCAT OTpevYeHue,
OCTaBIITMCh BHYTPeHHe yOeKIeHHBIM B CBOEN
Hay4HOH IIpaBoTe.




Passumue acmpoHomuu B HoBoe Bpems

B 3HAYUMebHOU Mepe onpedenunu 00CMUXKeHUs

B 0610CMAX 3HAHUSA, CBA3AHHbIX C (pU3UKOU. Ycnexu
MeXAHUKU nocie omkpbimuii M. HblomoHa u

M. C. lannaca no3Boauau peuumb CI0XKHbIe 3a0a4u
0BUbKeHUs1 men B COTHEYHOU cucmeme, a maroke
00HAPY>KUMb B Heli HOBble KOCMUYecKue 06bekmbl.
3amem HACMynuna 3pa acmpousuku, ko20a 0ns
U3yydeHust ycmpoucmsa BceneHHo cmanu NpuMeHsamb
(pusudeckue memodbl UCCIe00BAHUSA ((pomozpacputo,

CNeKMpanbHbIli AHANU3 U M. n.).

MexanucTnueckas
KapTHHA MHpPaA

OCHOBOIIOJIO)KHUK COBPEMEHHOTO €CTEeCT-
BO3HAHUS — aHTJIMHUCKUN (DUBUK, aCTPOHOM
n Matematuk Mcaak Hpioton (1643—1727).
Ecau Kensiep oTKpBIT 3aKOHBI IBUKEHUS T1J1a-
HeT, To HbhIOTOH ycTaHOBUJI TIPUYMHY, TIO KO-
TOPOH ITaHeThl obpamiaoTcss BOKpyr CosrHIa.
Tpyn Hplotona <«MaremaTuyeckue Hava-
Jla HaTypaJbHOI (pumocopuu» ObLT M3IaH B
1687 r. B Hem cdopmysiupoBaHbl TpU 3aKOHA
MEXaHUKU: 3aKOH WHEPIINH, 3aKOH U3MEHEHUS
MMITyJIbca TeJia TPOTOPIUOHAIBHO TPUJIO-
JKEHHOW CUJie W 3aKOH PaBEHCTBA IEUCTBUS U
ITPOTUBOIENCTBUS; a TAKKe 3aKOH BCEMUPHOTO
tarorenus. B 1668 r. Hoioton nszobpen u 1o-
CTPOWJI 3epKaJIbHBIH Teseckor. /[ o0beKkTH-

Ba BMECTO JIMH3BI OH HMCIIOJIb30BaJl BOTHYTOE
cepuueckoe 3epkaiio.

Freer

B 1671 r. Nicaak
HbloTOH co3pan
CBOW BTOPOWN
3epKasbHbIf
Teneckonmn, oH 6bif
eLe 60nbLUINX
pasmepoB

M fyyLiero
KayecTBa, Yem
nepBbIi

AcmpoHomusi HoBozo GpemMeHu —

CnekTpockon, N306peTeHHbIN
B XIX B., no3sonun Habnogatb
CMEeKTPbI U3NyYeHUs 3Be3[

Hebecnast MmexaHnKa pasBuBajach B pabo-
Tax (ppaHIly3CKOTO acTpOHOMA, MaTeMaTuKa 1
dusuka [Ipepa Cumona Jlannaca (1749—1827)
U TPY/JaxX IPyTux y4eHbix. Pe3ysbraToM nccJe-
JIOBaHUII CTajia BO3MOKHOCTD TTO KOOPAMHATAM
JF000r0 HEGECHOTO TeJla B TPU Pa3HbIX MOMEHTa
BPEMEHU PAcCUYUTATh €ro OpOUTY. ACTPOHOMIS
cTajla HayKOH, B KOTOPOU TpeiBUeHNEe OCHO-
BAaHO Ha 3HAHUSX — BBIYUCJIEHUN B3anMOJIeli-
CTBUSI HEOECHBIX TeJI.

BBCBHBIyaCKprBamT
CBOU TaHUHDbI

Hemampiii vHTEpec TmpecTaBiisieT WUCTO-
pus OTKPBITHS TIIaHeT. BOeHHbINT My3BIKAHT
Bubsawm Tepirens (1738—1822) ogHask bl 1po-
yutan kuury «Cucrema ontuku» P. Cmura. On
CTPACTHO 3aX0TeJ YBUIEeTh HeOeCHbIe CBETHIA.
JleHer Ha TeJIeCKOIl y Hero He OBLIO, TOT/A OH
cienan ero cam. Briocoenctsuu lepriensb cran
CTPOUTD Bee GOJIbIIIe 1 OOJIbIINE 10 PasMepaM
Tesieckorbl. B 1781 1., paccMaTpuBas 3Be3/ibl
B co3Be3nnu binsHenos, lepiennb yBuen He-
0OBIUHYIO 3BE3]LY, Y KOTOPOH MPOCMATPUBAJICS
muck. Oka3anoch, 4TO 9TOT OOBEKT MEIJICHHO
nepeMeInaeTcsl cpeid 3Be3/l. lepinesnsb pemnu,
YTO OTKPBLI KOMETY. Uepe3 HeCKOIBKO MeCSIIeB
Anpnpeit sanosuu Jlekcenbp (1740—1784) B
[Tetepbypre u [Ivep Cumon Jlammac B [Tapuke
paccuuTasn opoUTY HOBOrO HEGECHOrO Tesia.
Boisicuuioch, 4TO 9TO HE KOMeETa, a IjaHeTal
YnuBuTeabHBIM OBLIO TO, YTO OHA OTCTOSIA OT



CosHna MouTH Ha 3 MJIPJ. KM, YTO PACITUPUIIO
rpanutlbl COJTHEYHOW CUCTEMBI TIOYTH BJIBOE.
Hogsoll nnanere manmu uMs YpaH, COXpaHUB
MUGOTOTUIECKUI CMBICJ: TI0 PACCTOSTHUIO OT
Counnia IOnmrep, Carypu u Ypau 1 B 10-
psI/IKe TIOKOJIEHWH: CBhIH, OTEI] 1 JIE]I.

[Tocne oOTKpBITHS HOBYIO TLTAHETY TIIa-
TEJIbHO HabJIF0/IaIN, BHIUMCIISISA MTapaMeTphl ee
opOUTHI. YUYEHBIX YIWBUJIO, YTO PE3YJIbTaThl
BBIYMCJICHUN CTaJIN JIaBaTh PACXOK/EHUE C UC-
TUHHBIM T0JIOKEHHEeM YpaHa Ha Hebe. Bbuio
BBICKa3aHO MHeHHe, YTO B COJTHEUHOU cUCcTEMEe
eCTb ellle Of[HA TIJIAaHEeTa, TIPUTSKEHEe KOTOPOi
He OBLIO yuTeHO. JTa HEM3BECTHAs TJIaHEeTa TO
YCKOpSIET, TO 3aMeJITIsIeT BIKeHne YpaHa. Ee
MOJIOKEHUE CJIE/IOBAJIO OTIPEIETUTD. 32 BBIYUC-
JIeHUs B3s1ica (PPaHITy3CKUI aCTPOHOM U MaTe-
maruk Ypoen Jlesepre (1811—1877). B 1846 .
OH yKasajl MecTO Ha Hebe, rje HyKHO MCKaTb
HOBYIO TIaHeTy. B utore ona 6biia oOHapy:ke-
Ha B GEPJIMHCKON 06cepBaTOPUH, TI€ COCTABJIS-

Teneckon NepLuens,
C MOMOLLbIO
KOTOPOro OH OTKPbIST
YpaH. lepLuerns
NPeanoXmn Ha3eaTtb
HOBYIO MIIaHeTy
3Be3non eopra

B YeCTb Kopons
AHrnum leopra lll

U3yyeHne mmupa 3Be3p Hayanocb ¢ HabnwoaeHna lanuneem
MneyHoro lNMyTu. OH nucan: «<Mneynbin MyTb ecTb HEe YTO UHOeE,
KaK Macca 6ecuyncieHHbIX 3Be3/], COOpaHHbIX B CKOMJIEHUAY.
Co3spaTtenem 3Be3aHON acTpoHoMuM Ha3biBawT B. lepwensa.
OH 3aHuMancA 3Be34HON CTaTUCTUKON U NOACYUTbIBA YMC-
no 3Be3J], BUAUMbIX B TeJleCKON Ha OTAENbHbIX y4yacTKax
Heba. lepwenb xoTen NOHATb, KaKylo (popMy U pa3mepbl nme-
eT 3Be3aHaA cucrtema. MToroMm noacyeToB CTan rMraHTCKum

3Be3HbIN AUCK.
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1 MynkoBckas o6cepsaTopus Gbina NocTpoeHa nop
" CaHkr-lNeTep6yprom B 1839 .

JIICh TIOAPOOHEIIINE /ISt TOTO BpEMEHU KapThl
3Bes3aHoro Heba. [lmanery nassanu HenryHow,
110 UMEHU MOPCKOro 6ora.

Uctopusa otkpeitust [layrtona moxoska
Ha ucrtoputo oTkpeiTusa Henrtyna. Ognako Ha
STOT pa3 MOMCKU <«ILJIAHEThI UKC» 3aTSHYJIUCH
1m0 1930 r.

K cepenune XIX B. aCTPOHOMBI CTaJIU MPU-
MeHATh doTtorpaduio. beuim co3mansr crie-
1uasbHble (oTorpaduiecKkre TeTeCKONbl —
actporpadsl. IlepBpiMu actpoHomamu, mpu-
MenuBIuMu (ororpaduro, 6o Y. K. Bowg,
I [Ipeiiep, JI. Posepdopa B CIITA, 6parbs AHpu
Bo Mpaniumn, V. ne 1a Pio B Auriun. B 1859—
1862 rr. B Iepmanun dusuk [ycra Kupxrod
(1824—1887) u xumuk Pobept bynsen (1811—
1899) paspabortanu MeTOZL CIIEKTPAILHOIO
ananmmza. [losgBuiach BO3MOKXHOCTH U3Yy4yaThb
CIIEKTPBI 3BE3/1 M TI0JIyYaTh CBEJIEHUsT 00 MX XH1-
MUYECKOM COCTaBe, TeMIlepaType, AaBJIEHUM,
BpAaITleHUH, IBV;KEHWY TI0 JIy4y 3PeHUS U T. II.




PeBouonyusa JUHIITEHHHA
CorsacHo 00Iell Teopur OTHOCUTENbHO-
cru, Jobas GopMa MaTepuu U ee JBHIKEHHE
SIBJISIIOTCS. UICTOUHUKOM TPaBUTAIlUM, KOTOPasi
TPaKTyeTcs KaK «MCKPUBJIEHUE» ITPOCTPAHCTBA-
BpeMeHHU. B ocHOBe Teopum JiekaT ceyronie
(busmveckre 3aKOHBI W MPUHIIUIIBL TTPUHITATT
00111l OTHOCUTETbHOCTH (Bce (PyHAaMeHTalb-
Hble 3aKOHBI (DU3UKHU BCET/la OJMHAKOBBI B JIIO-
OBIX CHCTEMaX OTCYeTa U JOJIKHBI OJAMHAKOBO
JleficTBOBATh Be3/le BO BcesieHHOI); TpUHITUIT
ITOCTOSTHCTBA CKOPOCTU cBeTa (B BakKyyMe) B
JIOOBIX CHCTEMaX OTCYeTa; MPUHIUIT dKBUBa-
JICHTHOCTU (HUKAKUMM 3KCIIEPUMEHTAMU He-

“i* Cxema OTKJIOHeHUs niy4a CBeTa OT AaNiekon
3Be3/bl B nose taroteHus ConHua

Teopud omHoCumeAbHOCMU
u kBanmoGass meopus

B Hauane XX B. yCmMosiBUWascs KapmuHa Mupa

npemepnena cyuw,ecmseHHble UaMeHeHus. OKa3anochb, 4mo
NPOCMPAHCIMBO U BPEMs He CyuleCmByom He3aBUCUMO Opy2
om dpyaa. HOBYIO peBONIOUUI0 B €CMeCmMBO3HAHUU NPUHSAMO
CBA3bIBAMb C UMeHeM Anbbepma JuHwmeliHa (1879—1955).
SUHWMeENH 0606UUN Mmeoputo msi20meHust M. HblomoHa

U ChopmynupoBaa 06uLyto Meoputo OMHoOCUMebHOCMU
(OTO). NpasunbHOCMb NpedcmasaeHull OTO 0 ms2omeHuu
cmana nodmsepXx0ambCs y>ke BCKope nocsie ee Co30aHusl.

A. DVHLWTENH — KpynHenLni
PUSNK-TEOPETUK

BO3MOJKHO OTJINYUTD MTOBEJIEHUE TEJI B CUCTEME
OTCYeTa, IBMKYIIEHCs ¢ yCKOPeHHeM, OT X Ha-
XOK/IEHUS B O/THOPO/IHOM TI0JI€ TSIKEeCTH ).

[Ipenckasanus Teopuu OTHOCUTENBHOCTH
HAyvaJIM O/ITBEPSKIATHCS ITOUTH CPasy Ke 1ocJe
ee nogsisiennsd. B 1919 r. anramiickuii actpodu-
3uk Aptyp Cranmm Ipaunrton (1882—1944)
HaOJII0Ia)T OTKJIOHEHUST JIydeil CBeTa 3Be3[ B
noJie Tarotennsi CosHIa, KOTOPbIe MOXKHO M3-
MEPUTh, TOJIbKO KoT/ia cBeT CoTHIIA He MelaeT
BUJIETD 3BE3/IBI PSIIOM C HUM, T. €. BO BPEMSI 110JI-
HOTO COJIHEYHOTO 3aTMEHUSI. YTOJ OTKJIOHEHUS
BOJIN3U COJTHEYHOTO MCKA OKA3aJICs PABHBIM
0K0J10 2" (YTJIOBBIX CEKYH]T).

Ha ocHoBe Teopum OTHOCUTENBHOCTU
AOKa3aHo cylecTBOBaHWe rpaBuTa-
LLUOHHBIX BOJIH — MaJjbiX BO3MYLLEHUMN
npocTpaHcTBa-BpeMeHW, pacnpocrpa-
HAIOWMUXCA CO CKOopocTbio cBeta. OHM
CTONb €Nabbl, YTO 3HAYUTENIbHYIO MOLY-
HOCTb U3/1y4EHUA MOTYT CO3/iaBaTh INlLb
KocMu4YecKue Tena 6onbuinx (3Be34HbIX)
Macc, ABMXKYLLMECA C OKONOCBETOBbIMMU
cKopocTtAMMu. Takue 3Be3abl 06Hapyxe-
Hbl CpeAn ABOMHbIX HEUTPOHHDbIX 3BE3A,.
MN3-3a Toro uto rpaBUTaLlMOHHbBIE BOJIHbI
YHOCAT 3Hepruio, nepuop obGpauieHuA
TaKux 3Be3p APYr BOKpPYr Apyra AoJKeH
NOCTOAHHO YMEHbIUATbCA.



N3menennsa BceceneHnou

Teopust oTHOCUTETLHOCTH TIPUBEIA K TIEpE-
CMOTPY CaMO KapTUHbBI MUPa 1 TIO3BOJTUJIA ClIe-
JIaTh BBIBOJIBI O TOM, KaK pa3BUBaJIach U Oy/eT
pasBuBarhcs Hamia Beenennas. Enie B nauase
20-x 1. XX B. BBIZAIOIIUICSI COBETCKUUN MaTe-
MaTUK 1 reopusnuk Asekcanip AjeKkcaHapoBud
Opunman (1888—1925), ananusupyst ypaBHe-
HUS DVHINITENHA, ToKa3aJs, yTo Halla Becesiennast
HecTalmoHapHa. JTO O3HAYAET, YTO PACCTOSTHHIE
MEsKy JIIOOBIME YIaJeHHBIMU OOBEKTaMuU, He
CBSI3aHHBIMU TPABUTAIMOHHO (HAIpUMep, y/a-
JIEHHBIMU TaJIAKTUKAMM ), I0JI?KHO HETTPEPBIBHO
U3MEHSIThCSI BO BPEMEHU. DTOT PEBOJIIOITNOH-
HBII BBIBOJI BCKOPE ITOITBEP/IAIT aMEPUKAHCKII
actporom JasuH Xab6.1 (1889—1953) pesy.ib-
TaraMy HaOJIIOJIeHWiT KPacHBIX CMeIIeHUN B
CIIeKTpax JaJIeKnX rajakThK.

“i* CxemaTtunyeckoe n3obpaxeHne paclumpsioLLencs
BceneHnHot — Teopun BornbLuoro B3psisa
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OpBwuH Mayann
Xab61 oTKpbIN

Ans acTPOHOMMUM
MUP ranakTuk;

OH MPeanoXxmn
knaccudgukaumio
ranakTtvk u MeTof
onpegeneHns
pacCcTosiHUM 10 HUX

KBaHToBas reopus

Wccnemys 3Be3ipl u n3yvasi paHHUE CTAIUN
pacmpenusi BceleHHON, acTPOHOMBI CTOJI-
KHYJIUCh C HEOOBIYHBIM COCTOSIHIEM BEIIECTBa,
KOTOPOE HEJb3sT IOHSTh U OTHCaTh O3 NCTIOJIb-
30BaHUs KBAaHTOBOU TEOPUM W TEOPUU DJIEMEH-
TaApHBIX YACTUIl. JJIEeMEHTApHbIE YACTHIIbI, Ta-
KHe, KaK 3JIeKTPOHBI MJIA TPOTOHBI, COYETAIOT B
cebe CBOIICTBA U YACTHII, ¥ BOJIH.

ITO TOJIOKEHNE BIIepBbIe OBLIO BBIABUHY-
to B 1923 1. dpanmyscknm dusukom Jlyu ne
bpoiiiem (1892—1987). CorsiacHo 2T0i1 TUTIO-
Te3e, TII0OOMY TeJIy MOKHO COITOCTABHUTD OTIpe/ie-
JIEHHYIO JITHY BOJIHBI, JIJTMHA KOTOPOI 00paTHO
poropiroHaibHa ero macce. OKpysKaromuil
HAaC MaKpPOMUP <«MacCUBEH», W JIJTUHA BOJIHBI,
CKa)keM, KacTPIOJiM, HACTOJbKO MaJja, 4TO HU
MBI CaMU, HU CIIeI[HaIbHbIe TPUOOPHI HE B CO-
CTOSTHUU ee 3aDUKCUPOBATD. A BOT «IIPEIMETHI»
MUKPOMHUPA — TIPOTOHBI, HEHTPOHBI, HIEKTPO-
HBI — y’K€ HeJIb3st pACCMaTPUBaTh KaK OObIYHbIE
tera. CkaxkeM, B HEKOTOPBIX IKCIEPUMEHTaX
CBET MOKHO PAcCMaTpPUBATh KaK IMMOTOK YACTHII,
(hoTOHOB, a B IPYTUX — KaK PACIIPOCTPAHSIONIY -
10CST 9JIEKTPOMATrHUTHYIO BOJIHY.

E1te ogqnH BasKHBIN BBIBOJ KBAHTOBOU TEO-
puu — npuntun [laynau, cormacHo KoTopoMy
B OJTHOM U TOM >K€ KBaHTOBO-ME€XaHUYECKOM
COCTOSTHUM MOTYT HaXOAUThCs He OoJjiee ABYX
9JIEKTPOHOB (IIPOTOHOB, HEWTPOHOB U JAPYTHUX
yactuil). Mimenno npuniun [layau nosBosui
00ObSICHUTH CBOMCTBA OEJIBIX KapJIMKOB U Hell-
TPOHHBIX 3Be3/1. [Ipr HEOOIBITHX pa3Mepax OHU
MMEIOT YyZIOBUNIHYIO IIJIOTHOCTH BEIECTBA.




Yembipe «kumas
coBpemenHou pusuku

C021ACHO 00HOU U3 nez2eHd dpeBHOCMU, HAW MUp —
3Mo 02pOoMHOe naockoe 611000, KOMopoe depxam Ha
CBOeli CNUHe Yemblpe Kuma. Mo mepe pa3Bumus Hayku
BbISICHUZI0Cb, YMO 3eMAs1 — UWb 00HA U3 NAdHem,

a He BeCb MUp; KPOMe mMo20, OHA He NJ0CKOCMb, G Wap.
Mucpono2udeckuM KUmam He4dez20 Cmasno 0ep>Kamb, HO
KOHUENUUs NOUCKA «OCHOBY, HG KOMOpPbIX 0epXKUmcs

MUpO30dHUe, HUKYOd He uc4e3nd. Yemblpex KUmos

0peBHOCMU Ce200HS 3aMeHsiem KOHUenuusi Yembipex

(hyHOAMEHMANbHbBIX B3AUMOOeUCMBUU.

BeniectBo u nmoJjsg

Bce, N3 4ero CoCrtourt Opr>KaIOH_II/II71 HaC
MarepuajabHbli MUD, TPUHATO pa3/iesisiTh Ha
BEIIECTBO U II0JIA. BeH_IeCTBO — 9TO MOJIEKY-
JIbl, aTOMBbI, a TaKKe BJIeMeHTaprIG JaCTHUIbI,
KOTOpbIE UMEIOT OIlpe/ieJIeHHYI0 (He HYJIeBYIO)
MacCCy B COCTOAHUU ITOKOA (SJIGKTPOHBI, 1Ipo-
TOHDBI, HeﬁTpOHbI n MHOTHUue apyrI/Ie ‘-IaCTI/I]_[bI).
I/IS BeIIEeCTBa COCTOAT JI0AM, a TaKKeE IIJIaHETDhI,
3B€3/1bl, TAJIAKTUKH, Pa3peKeHHasd ra3oBasid cpe-
Jla MeK/ly HUMU U T. [I.

[Tosst — 310 OCcOGBIE Buabl MaTepuu. OHU
HeE 0CA3a€Mbl, HO TaKXKeE CHOCO6HI)I IIepeHOCHUTDb
3HepI‘I/IIO n BSaHMOﬂeﬁCTBOBaTb C 4YacCTula-
MHN BellecTBa. HpI/I OHpelIeJIGHHbIX yCJIOBI/IHX
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“i* Tpu ha3oBbIX COCTOAHMA BeLLeCTBa:
1 — razoo6pasHoe; 2 — xugkoe; 3 — TBEpPLOE

[No ogHoM 13 nereHg Mup gepxxart
Ha CnMHax TpW CIrioHa, CTosALne
Ha rMraHTCKom Yyepenaxe

B HacToAlwee BpemMA npeanpuHUMaloT-
CA NOMbITKU CO3JaHUA €AUHOWN Teopum
¢dyHpaMeHTanbHbIX B3auUMOAENCTBUM,
KoTopaA no3Bonuna 6bl 06bACHUTL UX
Ha OAHOM OCHOBe. Ycnexu Ha 3TOM Ha-
npaBneHumn yxe ectb. Tak, B 1967 r
O6bula co3paaHa TeopuA 3neKTpocnaboro
B3auMOAENCTBUA, 00 beAMHUBILAA INEKT-
pomarHeTusmMm U cnabble B3aumoaen-
ctBuA. CerogHA pa3paboTaHbl Moaenwm,
obbeanHAWMe Bce pyHAAMEHTaNIbHble
B3aMMOAEMNCTBUA, 32 UCK/IIOYEHUEM rpa-
BUTauuoHHoOro. OAHaKo OKOHYaTeNbHO
pewuTb 3Ty Npob6neMy npeacrout ¢pusu-
KaM 6yaywero.

MOJIST MOTYT POKAAThCS ITUMHU YacTUIAMU U
B CBOIO oYepellb poskaarh ux. [Ipumepamu mo-
JIell MOTYT CJIY>KUTh 9JIEKTPOMATHUTHBIE TOJIS
(s71€KTPOMArHUTHBIE KOJIEOaHMUsT), K KOTOPBIM
OTHOCATCSI M BUJUMBIN CBET, U PEHTTEHOBCKUE
Jyau, 1 paanoBosHbL [loutn Bes mHdopMmanms
006 aCTPOHOMHUYECKHUX 00BEKTAX MOJTyueHa OJra-
rojiaps pUeMy HUCITyCKaeMbIX UMW 3JIEKTPO-
MarHuTHBIX BOJTH. Ocoboe mMecTto B (husnke u
ACTPOHOMUM 3aHUMAET TPABUTAIMOHHOE TI0JIE:
TOJTBKO TpaBUTANUs (TATOTEHUE) TPUCYTIA
BCEM BHUjIaM MaTepun, 6e3 UCKII0UeH s, — U a-
CTUIIAM, U TIOJISIM.



Tumnsl B3anMO/1eiICTBUS

BeitecTBO 1 11019 HAXOASATCS B COCTOSTHUA
HEeIIPEepPbIBHOTO B3auMoleiicTBUsA. VI3BecTHBI
YyeThIpe TUTlA B3aUMOJIECTBUS: IPABUTAI[MOH-
HOE, DJIEKTPOMArHUTHOE, c1aboe U CUITbHOE.

IpaBuTannonHoe B3auMoieiicTBIe yHUBEP-
casbHO. OHO CyIIeCTBYET MK JI0ObIMU (hop-
MaM# MaTepuu — 4YacTUIAMU U TOJISIMU U He
TpebyeTr HaTMYKs KaKX-JIM00 CriernpuecKux
cBoiicTs. IIpupoy rpaBuTaIK PaCKPbIBAET 00-
niast TeOpus OTHOCUTEJbHOCTU: TPAaBUTAIIUS —
39TO MCKPUBJEHHE IPOCTPAHCTBA-BPEMEHHU.
Maccusnbie Tesa (Harpumep, 3Be3/ibl) MOKHO
CPaBHUTD C IIAPaMHU, JIeKAIUMU Ha OVJLInap-
HOM cToJie. CYKHO TI0/l UX TSI3KE€CThI0 HEMHOTO
nporubaercst, ¥ Kaskblil 13 HUX JIEKUT B 00-
Pa30BaHHOM UM SMKe, B KOTOPYIO CKaTbIBAeTCs
BCSIKAs «MeJIoUb», CKaskeM, KOMeTbl UJIN acTe-
poubl. Birarogapst cuite TsikecT OPOIIEHHBIN
KaMeHb I1a/laeT Ha 3eMJII0, a BCce TeJla Ha ee I10-
BEPXHOCTU UMeloT Bec. CUJIibl TpaBUTAIIMU OT-
HOCATCS K JQJbHOAEHCTBYIOMMUM. JTO 3HAUUT,
4TO OHU MOTYT OILYIIAThCST Ha JTI0OOM PacCTOsI-
HUM OT MAaCCUBHOTI'O TeJa.

IJIEKTPOMAarHUuTHOE B3aUMOJIeiCTBUE —
3TO CHWJIbI, C KOTOPBIMM JIEHCTBYIOT APyl Ha
JIpyTa 3JIEKTPUYECKU 3apsKeHHbIe YaCTUILBI.
CunaMu  3JIEKTPOMAarHMTHOTO — B3auMO/Iei-
CTBUsI OObSICHSIETCS, HAIIPUMED, CHJIA TPEHUSL.
IJIEKTPOMAarHUTHOE B3aUMOJIEHCTBUE TOpa3-
10 Oojiee MoIHOE, YyeM TpaBuTaloHHoe. Ho
Gslaroiapsi HAJIMYHMIO 3apsi/IOB JIBYX TPOTHUBO-

Cunosble NUHUK

el

3NEeKTPUYECKOro Nons ‘ :
OKOMO MeTanM4eckoro ® P 88 }
LiapyKa, NoA KOTOPbIM
yCTaHOBIEH KaTanuaaTop -1 % ,

CTPOEHUS aTOMOB PasfiyHbIX -
anemMeHToB: 1 — BOLOPOLA; . f
2 —renusa; 3 — nnTtusa

Cxematunyeckoe nsobpaxeHue L : v
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“i* 3akoH TaroTenuns: F =G

-y

mym,
RZ

F — cuna taroteHns; G — NMOCTOSAHHbIN
KO3(POULMEHT; M, N M, — Maccbl Ten;
R — paccTtosHve mexay Tenamm

MTOJIO’KHBIX 3HAKOB CO3/[aBa€MbIe MU JIEKTPO-
MarHUTHBIE TIOJIST MOTYT B3AMMHO KOMITEHCHPO-
BaTh JPYT APyTa.

Ete nBa tumna B3auMomeincTBUN OTHOCAT K
«CKPBITBIM». VIM COOTBETCTBYIOT KOPOTKOJIEH-
CTBYIOIIME CUJIbI, OHM PabOTAOT JIMIIbH Ha pac-
CTOSTHUSIX TTOPSIZIKa aTOMHOTO SI/Ipa.

CunbHoe  (si1epHOE)  B3aMMO/JIENCTBUE
«yZIepKUBAET» TOJOKUTETHHO 3apsyKeHHBbIE
MIPOTOHBI B sIIpe aToMa, He JlaBas UM pasJe-
TETbCSl M3-32 JIEKTPUYECKOTO OTTAJKUBAHMSI.
CusbHbIE B3aMMOJIEHCTBUSI  00YCJIOBIUBAIOT
MHOTHE Ba)KHBIE sI/IepHbIE PeaKIUM B HeIpax
3Be3/1 1 00pa3oBaHUE TSIKEJIBIX 9JIEMEHTOB TIy-
TeM 3aXBaTa spaMu HEUTPOHOB. DTHU ITPOIECCHI
MIPOUCXO/IAT BO BPEMS BCIIBIIIIEK CBEPXHOBBIX
3Be3/1. PacueTbl TIOKA3bIBAIOT, YTO TYTEM TIO-
CJIeZIOBATEJIbHOTO 3aXBaTa HEWTPOHOB MOKHO
«CKOHCTPYHMPOBaTh» BCE CTaOMIIbHBIE DJIEMEH-
ThI TaOUIEI MeHieneeBa.

Ciaboe B3auMOJIEIICTBME WIPAET HCKJIIIO-
YUTEJTbHO Ba)KHYIO POJIb B IBOJIIOINHU 3BE3]I.
NMeHHO MeJIeHHOCTh OCHOBHOM s1/IepHOU pe-
akiuu B 1ieHTpe CosHIla 0ObICHIET J0JIToJIe-
THe 3Be37 Takoro tumna (6osee 10 Mupa. jer).




Xapakmepucmuku u BO3MO>XXHOCMU.

CBoiicTBa Tesieckormna

MbI BUINUM Opr>KaIOH_[I/I€ HpeI[MeTbI TOJIb-
KO HOTOMy, YTO OHHU I/ISJIy‘{aIOT nJin OTpEl}KaIOT
CBETOBbBIC BOJIHBI. ECJII/I CB€Ta MaJlo, Ha6JIIOI[a-
eMbIﬁ HpeI[MeT BU/EH IIJIOXO, a €CJIN CBETa 6y-
JET €Ile MEHDbIIIE, HpeI[MeT BOO6H_[€ HepeCTaHeT
6I)ITI) BUAVNMbBIM. CHGI[OBaTeJIbHO, cCJIn yBeJII/I-
YUTb KOJINYECTBO CBETa, IIOITaJAalOIIero B IJjia3
OT AaHHOI'O MCTOYHUKA, €0 BUANMOCTDb YJIy‘{-
IINUTC. HpI/I60pOM, ITO3BOJIAIOIIINM yBeJII/I‘-II/ITb
KOJ/JIMYECTBO CBE€Ta, ABJIAECTCA TEJIECKOIL. C I10-
MOIIbIO O6’b€‘KTI/IBOB OHMN CO6I/IpaIOT CBET U Ha-
HpaBJIHIOT cro Ha CBGTO‘{yBCTBI/ITeJIbeIe HpI/I-
CMHUKHN NJIN HeHOCpeﬂCTBeHHO B I'J1a3.

yI‘OJI 3p€HI/IH — 3TO erJI Me>1<z[y HpHMbIMI/I
JIMHUAMU, HpOBeI[eHHI)IMI/I OT TIJia3a K KpaHM
Hab/ogaeMoro npeamera. dem GoJblie 3TOT
yFOJI, TEM BUHEEC MEJIKUE /[€TaJIl. CaMbIﬁ HpO-

“* Mo TakoMy NpyHLUMMY rN1a3 Yenoseka BOCMPUHMMAET
0GbEKTBI OKPY>KaIOLLLEro M1Mpa; Ha CxemMe BUOEH Yron
3peHUs U NyTb NPOXOXOEHWS Jly4el cBeTa

Kak uccaegyrom BceAeHHY10? —

Teneckon — 0CHOBHOU Npubop 015 ACMPOHOMUYECKUX
uccnedoBaHuii. Jrobumenu acmpoHOMUU UCNOb3YHOM
MaJsieHbKUe meneckonbl, y4eHble UMetm B CBOEM
pacnops>keHUU KpynHble onmuyveckue ycmpolcmsa. Bce
meneckonbl 06beduHsem obulas 3a0a4a: OHU CO30GHbI 015
U3yyeHust KOCMUYeckux mesn B no0pobHOCMSX, HeOCMYNHbIX
HeBOOPY>XKeHHOMY 2/1a3y. Teseckonbl Pa3NUYHbIX KOHCMPYKUUL
NOMO2a0m pewamsb pasHble 3a0a4u. Ymobbl NPABUbHO
BbIOpAMb Meneckon, Hy>KHO 3HAMb €20 ONMuY4eckue

CTapviHHbIN 3epKarbHbI
Teneckon

CTOI €110co0 YBEJIMYUTH YTOJI, MOJ KOTOPBIM
BUJIEH IIPEAMET, — MPUOJIUBUTHCS K HEMY, HO
JI7IST aCTPOHOMOB TaKO# My Th HepeasieH. EcTb n
APYTOI €crocob: MOCTaBUTh TIepe] IJIa30M Clie-
[UaNbHBINA onTudeckuii npubop. Ecam yriier
MEXIY JydaMU CBeTa, MPOIIEAINNMU Yepes
ONTHYECKHIT TPUOOP, YBEJUYATCS, TO MOKHO
OyJeT yBUIETh MeJKKe JeTall paccMaTpuBa-
eMOTO TIpe/IMeTa.

Tak, TeJecKor HysKeH sl TOro, YTOOBI,
BO-TIEPBBIX, YBEJTUYUTb KOJUYECTBO CBETa,
MPUXOSIIET0 OT HeGECHOTO TeJIa, a BO-BTOPBIX,
YBEJUYUTh yTOJ 3PEHUsi NPHU HabJr0IeHUN
00beKTa M TEeM CaMbIM H3Y4YHUTb €r0 MEJKHE
netanu. [7aBHBIE XapaKTEPUCTUKHU TeJIeCKO-

na: pasMmep II0JI PE3KOrO 3PEHUs, CBETOCHIA,
paspeniainas cuocoOHOCTb U IIPOHUIAIOIIAS
CITOCOOHOCTD.




OcHoBHbBIE CHCTEMBI

Y1oObl U3MEHUTD XOJI JIyueil CBeTa B HYXK-
HOM HaITpaBJIEHNH, B T€JIECKOTIaX UCTIOJIb3YIOTCS
JIMH3BI U 3epKajia. TesecKoIbl, B KOTOPBIX 00b-
eKTUB COCTOWT W3 JINH3, Ha3bIBAIOTCS pedpax-
TopaMu (OT JiaT. «IIpesoMaeHues ). TemecKorbl
¢ 0OBEKTUBOM U3 OJHOTO MJIN HECKOJIBKUX 3€p-
KaJI Ha3bIBalOTCS pedexTopamMu (OT JIaT. «OT-
paxaio» ). Bce coBpeMeHHbIe OOJIbIINE TeJIECKO-
bl — pediiektopsl. Eciin 00beKTUB TejiecKomna
COCTOWT ¥ U3 JINH3, ¥ N3 3€PKaJI, TAKOU TEJIECKOTT
HA3bIBAIOT KaTaJAMONTPUYECKON CUCTEMOI.

OpuHoYHas JIMH3a HE MOXKET cobparb B
OJTHY TOUKY JIy4U CBETA PA3HBIX IBETOB, T. K. OHU
MPEJIOMJISIOTCS B CTEKJIe JIMH3BI MO-PA3HOMY.
Teneckorn-pedpakTop € ABYXJHUH30BBIM O0b-
eKTUBOM BIIEPBble W3TOTOBWJI AHTJIMYAHUH
Jonnona B 1758 1. /IBe nuH3bI (1IOJOKUTENb-
Hasg W OTpUIlATeJbHasd, CIeTaHHble U3 Pa3Jiny-
HBIX COPTOB CTEKJIA) TIO3BOJISTIOT coOpaTh B
ONTHY TOYKY JIyU4M JIBYX IIBETOB, & OCTAJIbHBIE
JIy4r COOMPAIOTCS MOOJU30CTH.

Pedaexrop HbiotoHa ObL1 u300pereH B
1668 1. O6beKTUB TeecKola — BOTHYTOE 3€p-
Kaj10. YToObI BBIBECTH ITyYOK CBETa Ha IPUEM-
HUK, HA €T0 Iy TH CTaBST IIJIOCKOE INaroOHaIbHOE
3epkaso. Takol TeTecKon 1aeT OYeHb Xopoliee
n3006paskeHne 3BE3/IbI, HO TOJBKO B TOM CJIyYae,
€CJTH 3B€e3/1a HAXOIUTCS HA OCU CUMMETPUHN 3€ep-

CoBpeMeHHbIN
Teneckon —

3TO C/IOXKHas
cucTema
B3aMMOLENCTBUSA
ONTUKN

N MEXaHWKK
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Cxembl ycTponcTea
[OBYX TUMOB
Terneckona:

1 — pedonekTop;

2 — pedpakTop

Kajia 1 HabJIroaTes b BUANT €€ B IEHTPe MOJIs
3penus. Jlyuu cBeTa BcexX IBETOB OTPAKAIOTCS
OT 3epKaJjia OZIMTHAKOBO, TO3TOMY pedeKkTop He
UMeeT XPOMATUIECKON abeppalium.

Teneckon IImuara (KaTaguoNTpUUECKas
cucrema) ObL1 n306perer B 1932 1. acTOHCKIM
ontukom bepuxaparom [Imuarom. Iepennssa
JuH3a (KOpPEKIMOHHAsl ILJIACTUHKA) WMeeT
CTIOKHYI0 (hOPMY, TJIaBHOE 3epKajio nMmeeT (op-
My cdepsl. LlenTp niepenneil TUH3bI COBIAZAET
¢ IeHTpoM cdepbl TJaBHOIO 3epKaja. lakas
KOMOWHAIUST TIO3BOJISIET TOJYYUTH XOPOIITHE
n300paskeHnsT Ha 3HAYUTETLHOM TIOJIE 3PEHMUSI.
Teneckon npumensietcs ais (ororpadgupona-
HUST 00BEKTOB, UMEIOIINX 3HAUYNTENbHBIH YTJI0-
BOIi pa3mep (Harpumep, TYMaHHOCTH ), UJIH [T
MOJTyYeHUsT CHUMKOB O0JTbIIX ob1acTeit Heba.

Hwu oanH Teneckon He paeT naeanbHoOro
n3obpaxeHuAa HabnwoaaeMoro y4acrt-
Ka Heba. UcKkaxeHnAa, BHocuMble Tene-
CKOonoMm, Ha3biBalTCA abeppaumamm.
CyuwecTByloT abeppauumu pasHbIX Tu-
noB. OHM cCBOAATCA K OKpallMBaHUIO
n3obpaxeHua (xpomaTtuuyeckaa abep-
pauuA), K ero pa3MmbiBaHuUIO (notepe
pe3KocTu) nam uckaxeHuio popmbl. 3a
400-neTHIOIO MUCTOPUIO TeneckKonuye-
CKMUX HabawpaeHun ObiNo M3ob6peTeHo
MHOrO ONTUYECKUX CUCTEM TeJIeECKOMNOB,
cneuuanbHO pacCYUTaHHbIX Ha TO, YTO-
6bl yMEHbWUTb abeppaunm.




O6cepBaTopun

Tesieckonm — 3TO He TOJBKO ONTUYECKUH,
HO M CJIOKHBI MexaHudeckuil npubop. On
JIOJDKEH COXpaHATh HalpaBJieHUe Ha JIBUXKY-
muiicss 00bEKT MHOT/A B T€YEHHEe MHOIMX Ya-
COB. BOJIBITMHCTBO TEIECKOTIOB, KPOME CaMBbIX
MaJIbIX TIEPEHOCHBIX, YCTAaHABJINBAIOT Ha OallHe
1o/ BpalainuMcd KynosaoMm. Kyros unmeer
II€eJIb, YePe3 KOTOPYIO U TIPOU3BOISITCS HAOJIIO-
nenust. Ho maske Tesreckorn ¢ XopomM 06beK-
TUBOM U yIaYHON MEXaHMYECKON KOHCTPYKITN-
eil MOKeT oKa3aTbcsl Hea((HEeKTUBHBIM, €CJu
atMocdepa He MMO3BOJUT Pean30BaTh €ro BO3-
MoskHOCTH. TIpeskae dyeM cTpouTh oOcepBaro-
PHIO, CIIEIIUAIMCTHI BLIOMPAIOT MECTO € HAMJTY Y-

Kak Habarogaiom
C hoMouwlbio meAeckona?

eCimMKU KpyNHbIX Meneckonos U MHOXeCmMBO HeOO0NbUIUX
UHCMPYMEHMOB B PA3HbIX CMPAHAX eXXEOHEBHO U ©KEHOUAHO
cnedsim 3a Hebom. CoBepUIeHCMBYemcst mexHuKa,
BCMYyNatm B Cmpoll HoBble NpUubOpbl U NPUEMHUKU
U3/1y4eHusl, HenpepbiBHO NOBbLIWIAIMCS BO3MOXHOCMU
meneckonu4yeckux Habat0eHull. Y CoBpemMeHH020
ACMpPOHOMA HA BOOPY>KEHUU eCmb MOUAHbIE yCMpoLicmBa.
OOHAKO ON51 peuweHust MHO2UX 3a0aY4 HA3eMHbIX ONMUYECKUX
UHCMpPYMEHMOB HeAoCMAMOo4HO, NO3MOMY CO30aHMCS
dopo20cmosiuue KocMu4eckue obcepBamopuul.

CnoBo «Teneckon» o3Ha4aeT
«CMOTpKO BOas1b»

UMY aTMOC(EPHBIMU YCTIOBUSMU, KaK IPAaBU-
J10, 06CepPBATOPHUU CTPOSIT B TOPHBIX PailOHAX.

C pasBuTHEM KOCMHUYECKON TEXHUKHU
y aCTPOHOMOB IOSIBUJIACH BO3MOKHOCTDL BbI-
HOCUTDH TEJIECKOTIbl 3a TIpeesibl aTMocdepsbl.
[TpenmytiecTBO HAGTIOEH I N3 KOCMOCA — OT-
cyrcTBue atmMocdepHbIX nmomex. Kocmmueckue
TEJIECKOIbI TI0 BHEITHEMY BUIY MaJjo TIOXO-
KM Ha HaseMHbIe, XOTSl 4acTO MMEIOT CXOJ-
HbIe OTITHYECKIE CXeMBbL. B KocMoce paboTaior
acTPOHOMHUYECKHE 0OCEPBATOPUM CAMOTO Pa3-
Horo HazHavyeHus1. OCHOBHOE TIPENATCTBUE [T
WX Pa3BUTHUSI — OYEHb BBICOKAS CTOMMOCTH MX
IIPOEKTUPOBAHUS, 3aIyCKa U JAMCTAHIIMOHHOTO
00CTyKIBAHUSL.

“i* Teneckon-pecnekTop B acTPOU3N4ECKON
na6opartopum PAH Ha CeBepHom KaBkase

“i* KocMmuyeckas ob6cepsatopusi «Hangpa» nsyvaet
HebecCHble Tena B PEHTreHOBCKUX Jiy4dax



Camble KpynHbie U3 CyLWECTBYIOLMX TE/IECKONOB UMe-
10T 3epKaJibHble 06beKTUBbI pa3Mepom 8—10 M. OgHakKo
yXKe CTPOATCA U NPOEKTUPYIOTCA HOBbIE TeJIeCKOoNbI eLLe
6onbwmnx pasmepoB. OCHOBHAA CNOXHOCTb 3TON pabo-
Tbl — U3rOTOBJIEHWE OFPOMHbIX BbICOKOKa4eCTBEHHbIX
o6bekTuBOB. COoBpeMeHHble KpynHble TeJleCKonbl HaBo-
AAT B N1I06YI0 TOYKY HeGa M 0TCNeXNBAIOT CYyTOYHOE ABU-
KeHue cBeTUa aBToMaTuvyecku. Hekotopbie Teneckonbl
AONYCKalT AUCTAaHLUOHHOE ynpaBJieHue C NMOoMOoLLbIo

BCEMUPHOMN KOMMNbIOTEPHOMN CETM.

IIpyueMHUKHN U3 TyYEeHU

Oco6eHHOCTBIO TPO(hECCUOHATBHBIX ACTPO-
HOMHUYECKUX HaOJOAEHUI SBJSETCS TO, YTO
OHW He TPOM3BOAATCS BU3yanbHO. Kak mpa-
BUJIO, OOBEKTHI, HCCJELyeMble acCTPOHOMAaMH,
CJIMIIKOM CJ1abbl, 4TOOBI UX MOKHO OBLIO YBU-
NeTh, TPUHUKHYB I1a30M K OKyJapy. [TosTomy
Ha CMEHY BU3yaJIbHbIM HaOJIIOICHUSIM CHavYala
MpUIIJIa acTpoHOMuYecKast potorpadus, a 3a-
TEeM TOSIBUJINCH pa3udHble (POTO3JIEKTpUYe-
CKWe TPUEeMHWKH U3JTyYeHUSI.

[eiictBue dororpaduu ocHOBaHO Ha BO3-
OyKIEHUN CBETOM B (DOTOIMYJIBLCUU OTIpejie-
JIEHHBIX XUMWYECKUX PEAKINid, TPOILYKTHI KO-
TOPBIX MOTYT OBITH TIPOSIBJIEHBI U 3a(DUKCUPO-
Banbl. [lpu dororpadupoBannm acTpoHOMBI,
KaK TPaBUJIO, UCIOJB3YIOT (POTOMIACTUHKU:
Ha HUX IPOTIEe MTPOU3BECTU M3MEPEHUS U OHU
Jydiie coxpanstiorcesi. Hamnbosee pacrpoctpa-
HEHBI /1Ba BU/Ia (DOTOIIEKTPUIECKUX TTPUEMHU-
KOB cBeTa — (hOTO2JIEKTPOHHBIE YMHOKUTETN
(DY) u npubopsi 3apsnosoii cssu (113C).

DY mupezcraBisier cobOil CTEKISTHHYTO
TpyOKY, 13 KOTOPOIi BBIKayaH Bo3ayX. [lepenatsis
TOpIEBasi MOBEPXHOCTh TPYOKHW (Karoj) Io-
KpPbITa IOJYTPO3PAYHbIM CBETOUYBCTBUTEb-
HBIM MaTepuajoM. 3a KaToJ0M pacCHOJOXKeH
psn (10—15) mMeTasyinyecKux TJIACTUHOK, Ha-
3bIBAEMBIX UHOAAMU. MeKIy KaTo/IOM 1 Bce-
MU 3TUMU TIJIACTUHKAMHU TTPOXOIUT 3JIEKTPUYe-
ckoe rtosie. Ecsii Ha kaTo/ TajiaeT cBeT, hOTOHBI
B3aUMOJIEHCTBYIOT C aTOMaMu, M HEKOTOpPbIE
HJIEKTPOHBI TPUOOPETAIOT HHEPTUIO, AOCTATOU-
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HYIO /i1 BblIeTa u3 Karoga. OHM MonajialoT B
9JIEKTPUUYECKOE TI0JIe, KOTOPOE WX YCKOPSIeT
(yBesmmyuBaeT UX 9HEPTUi0) U YHOCUT K ITepBOMt
M3 MeTANINYeCKUX TIacTUHOK. Korma takoit
9JIEKTPOH MOMAJAeT Ha IUIACTHHKY, OH BBIOU-
BaeT M3 Hee ele HECKOIbKO 9JTeKTPOHOB. Te B
CBOIO OYepe/lb YCKOPSIOTCS 3JEKTPUYECKUM
MoJIeM U YHOCATCSI K CJIEAYIONel TITacTHKe,
rJie Kayk/blil 13 HUX BBIOMBAET ellle HECKOJIbKO
9JIeKTPOHOB, # T. . C nomoinpio MY MokHO
y3HaTh 00IIee KOJUYECTBO MPUIIEANINX (HOTO-
HOB, HO He 3aperucTpupoBaTh H300paKeHMue.
DOY MUPOKO TPUMEHSIOT JIsI U3MepPEeHUs,
HaIPUMeP, CBETOBBIX TTIOTOKOB OT 3BE3/I.

[I3C no3BosgI0T 3aperucTpupoBaTh U30-
Opaxkenue obbekTa. IIpubop cocrout us 60JIb-
IIOTO YWCJIA KPOIIEYHBIX CBETOUYBCTBUTED-
HBIX ITOJTYTIPOBOTHUKOBBIX 9JIEMEHTOB, KayK/IbIT
13 KOTOPBIX pearupyeTr Ha CBET MOSIBJICHUEM B
HeM CBOOOIHBIX 2JIeKTPOHOB. [[JIs1 CYNTHIBAHUS
1 06paboTKN M300paKeHUsT UCITONb3YIOT KOM-
bIOTEP, HA MOHUTOPE KOTOPOTO MOKHO YBU/IETD
uccaenyembiii 00bekt. I[13C ceroaus saBistroTCs
OCHOBHBIMY ITPUEMHUKAMU U3TyIeHUS.

“i* DOTO3NEKTPOHHbIV
YMHOXUTENb

" M3C-marpuua
B poToannapate




3NTIEKMPOMACHUIMHOZ20 CnNeKkmpa.

3Be3/1Hasd BeJIUYrHa

Kaxaplii u3 06beKTOB B Hebe HMCIycKaeT
BUINMBII CBET U JIPYTHE BUJBI U3JTy4EHUs, Pa3-
Juyaronuecss sHeprueir yactuil (UMK Ha-
3BIBAIOT UX KBAaHTAMU WJIN, B CJIydae BUIUMOTO
cBeTa, (hpoToHAMM). 3a/1aua AaCTPOHOMMYECKUX
HaOJIIOJIEHUI — MpPHeM U3JIyYeHUs ¥ M3Mepe-
Hue ero sHepruu (poromerpusi). B ocHoBe do-
TOMETPUYECKOTO aHAJIN3a JIesKaT JBa TOIX0a:
n3MepeHne 9HePTUN CBETOBBIX JIyUel, T. €. YnC-
Jla TIPUTIE/IIINX CBETOBBIX KBAHTOB B OIIpejie-
JIEHHOM WHTepBaJIe IJINH BOJIH; UJIN BbI/IeJIEHTE
Jiydeil OJIHOTO I[BETA, COOTBETCTBYIOIIUX TOM
WA WHOW CHEKTPAJbHOW JIMHUU, C TIOCJEMIY-
IOIIUM U3MEePEHNEM UX JIJINH BOJIH.

BceBoAHoBast acmpoHoMus

MU3ydeHue gpusuyeckoli Npupoobl U IBOAOUUU KOCMUYECKUX
00bEKMOoB CMaAa0 BO3MOXHO 61G200aP51 UCNOb30BAHUIO
3amedamenbHbiX OMKpbIMull B pu3uke — npupodbl cBema

U MEXAHU3MOB €20 U3NydeHust. MoYymu Bce, Ymo Mbl 3HAeM

00 OKpy>Xarouiell Hac BceneHHol, Noy4eHo No pe3ynbmamam
HAON00eHUU 31eKMpPOMAHUMHO020 U3NTy4eHus
acmpoHOMUYECKUX 00beKmMoB, Komopoe npedcmasnsiem
coboli He MoabKo BUOUMbIU CBEmM, HO U HEBUOUMOE
u3siydyeHue, OMHOCAUALECs K pa3NuYdHbIM 0061GCMAM

O6bLeKT 3Be3gHas Benu4nHa, m
CornHue - 26,7
MonHas JlyHa —-12,5
BeHepa —-4.4
OnuTep -24
Mapc -1,9
Mepkypui -0,2
CarypH 0,8
VpaH 5,8
HenTtyH 7,6
MnyToH 15,0
Cwupnyc -1,5
Bera 0
Anstanp 0,8
OeHeb 1,2
BeTtenbremnse 0,5
AHTapec 1,0

COJ'IHU,e B JINHUN N3ny4eHunqa
MOHU3NPOBAHHOIO renna

KosuectBO cBeTta, mpuxojsiinee OT pas-
JINYHBIX 0ObEKTOB, UBMEPSIETCST B 3BE3/IHBIX Be-
suunHax. [lepByio MOMBITKY OIIEHUTH SHEPTUIO
U3JIy4eHus 3Be3]] c/iesiall FPedyecKuii acTpOHOM
Tunmapx Bo II B. 10 H. 3. OH pa3zaenuns Bce BU-
IUMble HEBOOPYKEHHBIM TJIa30M 3Be3/Ibl Ha
necTb KjaaccoB (camble sipkue — 3Be3nbl 1-if
BEJIMYNHBI, e/Ba pa3jnuynmbie — 6-11 BeIn4u-
Hbl). CoBpeMeHHasl IKaja 3Be3/IHbIX BeJUYNH
OTpa’kaeT, BO CKOJIBKO pa3 (a He Ha CKOJIbKO)
SHEPTUs, TPUXOAAIIAS OT OJHOTO WMCTOYHU-
Ka, OoJbiie, yeM oT apyroro. Yem ciabee wc-
TOYHUK, TeM GOJIbIIE €ro 3Be3[Hasl BeJNYMHA.
OOBEKTOM HYJIEBOIl 3BE3/IHOI BEJIMUYUHBI SIB-
Jgercs 3Be3/1a Bera.

CoBpeMEeHHBIM TeJIECKOTIaM JI0CTYITHBI 00'b-
eKTbl 28—29-11 3Be3/1HOU BeJIUYUHbIL. /[J11 oueHb
SpKux 3Be3, maanet, JIynol u CosHila 3Be3-
Hble BEJUYMUHBI OTPUIATETbHBI. ACTPOHOMBI
U3MEPSIOT 3TU TIOKA3aTen ¢ TOMOTIbIo0 (hoTo-
METPOB, WK JIETEKTOPOB M300paKEeHUSI.

r—

“i* PasnoxeHue nyya ceeta Ha CnekTp npu
MPOXOXAEHUM Yepes CTEKIISIHHYO NPU3My
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" 1, 2 — CneKkTpbl M3Ny4eHnsa 1 NOrMOLLEHNS aToMa
Bogopopa; 3 — cnektp ConHua

w

CnekTpajibHbIil aHAJIU3

Buaumblii cBeT, BOCIpUHUMAEMbIii I1a30M
YyeJl0BeKa, — 9TO JIMIIh PAa3HOBUIHOCTD 3JIEKT-
POMAaTHUTHBIX BOJIH, KOTOPBIE W3JIy4arOTCs
U TIOTJIONIAIOTCS B BUJE OTEIbHBIX MOPIUI
sHeprun (kBaHToB). Kaskapiii kBaHT obJasaeT
CBOMM 3HAaUeHNEM SHEPTUU, KOTOPOMY COOTBET-
CTBYIOT OIpe/ieJIeHHas IJIMHA BOJTHBI U 9aCTOTA
HJIEKTPOMArHUTHOTO U3JTyYeHUS. 3aBUCUMOCTD
M3Jy4aeMOl MCTOYHWKOM WJIA TIPUHUMAEMO
OT HETO SHEPTUU OT JIJIUHBI BOJIHBI, YACTOTHI
WJIM 9HEPTMU KBAHTOB HA3bIBAETCS CIEKTPOM
HJIEKTPOMATHUTHOTO W3JIy4yeHUs JaHHOTO WC-
TouyHUKA. VIMEHHO Ha OCHOBe aHa/M3a CIIEeKT-
POB M3JIy4eHUs aCTPOHOMBI MOJIYYaIOT TJIaB-
HyI0 nHbOpMaIMo 0 (PU3UYECKUX CBOMCTBAX
HeOECHBIX TeJL.

Y Bcex 2JIeKTPOMAarHUTHBIX BOJTH CKOPOCTh
pacrpocTpaHeHUsT B BaKyyMe OJIMHAKOBA U CO-
crapssier oyt 300 Thic. kM/c. [luHbI CBETO-
BBIX BOJIH OYeHb MaJIbl (MEHee ThICSTYHOU 1071
MUJIJIIMETPA), II0ITOMY UX OOBIYHO BBIPAJKAIOT
B CITEIMAJIBHBIX eIMHUTAX: HaHOMeTpax (1 HM =
=10 ™) manrcrpemax (1 A =10""m). YacToTn
JK€ CBETOBBIX BOJIH OYEHb BEJUKU (JIeCATKU
MUJIJIMOHOB THUTarepir). PasHyio JJMHY BOJIHBI
M3JTy4eHUs Halll TJia3 BOCIIPUHUMAET KaK pas-
HBII 11BeT ((hUOJIETOBBIN, CHHMIA, rOIy0OOid, 3e-
JIEHBIH, JKeIThIN, OpaH/KeBbIN, KPAaCHBII ).

YyacTku mHppakpacHOTO CHIeKTpa AOCTYTI-
Hbl HaOJIIOJIEHUSIM CO CPAaBHUTEJIBHO HeOOJIb-
MIMX BBICOT W MOTYT M3y4aTbCs C adPOCTATOB
U B BBICOKOTOPHBIX oOcepBaTopusx. CuiibHee
Bcero atMocdepa ToromaeT yasrpaduomiero-
BO€, PEHTTEHOBCKOE M TaMMa-M3JIy9eHUs. DTU

MakcuMyM 4yBCTBUTENbHOCTU [J1a3a Ye-
NoBeKa NPUXOAUTCA Ha XKeNTo-3e/1eHbli
AMana3oH CNeKTpa, HoO NPy HU3Kol ocBe-
WEeHHOCTU OH CMelLaeTcA K 3eJieHbIM
nyyaMm. O6bl4HbIe acCTpOHOMUYECKMue
¢doTonnacTMHKM YyBCTBUTE/IbHEE BCEro
K CMHe-(P101eTOBbIM Jly4aM U COBCEM He
pearupyloT Ha KpacHble, a y (poTo3J1eKT-
puUyYecKUx NnpubopoB cneKTpaabHaA vyyB-
CTBUTEJIbHOCTb MOXeT 6bITb caMoi pas-
NINYHON — BCe 3aBUCUT OT MaTepuana,
M3 KOTOpOro cpenaHbl CBeTO4YYBCTBM-
Te/ibHble 3/1eMeHTbl NPpUEeMHUKA.

06J1acTU JIOCTYTIHBI HAOJMIONEHUSIM TOJBKO C
paKeT U UCKYCCTBEHHBIX CITYyTHUKOB, OCHAIIEH-
HBIX CTIEIMAJIbHON anmapaTypoil.

AHau3 creKkTpoB HeOECHBIX Tel — Hau-
6oJiee Ba)KHBIIT METOJ] B aCTPOHOMUH, C TIOMO-
IIbI0 KOTOPOTO TIOJIyYeHa OCHOBHAs 4acTh 3Ha-
Huil o Beenennoil. [1o pacriosioxkenuto u yncy
CHEKTPAJBHBIX JIMTHUN MOKHO OTIPENETUTD, 13
KaKNX XUMUYECKUX 3JI€MEHTOB COCTOUT M3JIy-
YoMl 0OBEKT, & TAKKe Y3HATH €T0 OCHOBHbIE
(pusnueckue cpoiicTBa (TeMIepaTrypy, Maccy,
MJIOTHOCTh U 1ip.). Ha dopmy criekTpasbHbIX
JUHUN BJIMSIET TaKKe PasjinyHOe IBUKEHUE
OTZIEJTbHBIX YacTell MCTOYHUKA, HATIPUMED €ro
BpalleHre Wi HaJIudhe Ta30BbIX BBHIOPOCOB.
[To dopme crieKTpasbHBIX IMHUI Y3HAIOT, C Ka-
KOl CKOPOCTBIO BPALAIOTCS 3BE3/1bI U JIaKe 11e-
JIble TaJIaKTUKH.

i MexayHapo[HbI KOCMUYECKUIA NPOEKT:
" o6cepeatopust «CnekTp-PeHTreH-famma»

Loy




UucmoYyHukamu ceema.

PannoBoJsibl

3emHast aTMocdepa MpoITycKaeT PajloBOJI-
HBI C JUJIMHOW BOJIHBI Kopode 20—25 M, 1109TO-
My B paJiojifanasoHe MOKHO HabIoaTh Hebo
Tak ke, KaKk U B J[Malla30HE BUIMMOTO CBeTa.
OnHako y yesoBeKa HeT OPraHOB Uy BCTB, TI03BO-
JISIONINX PearnpoBaTh Ha PanoOBOIHEL K Tomy
JKe KOCMUYECKHe PauOMCTOYHUKN OUeHb CJia-
Obl, UX M3JIy4eHKe HEBO3MOKHO 3a(MKCHPO-
BaTh C IIOMOIIbIO OOBIYHOTO PaJUOIIPUEMHIKA.
[TosHakoMHUTHCA ¢ HeOOM B pajuMoAualla30He
yQJIOCh, KOT/Ia B PACHOPSIKEHUU yUEHBIX T10-
SIBUJTUCH YyBCTBUTEbHbIE IPUEMHUKH PAINO-
W3JIyYEeHUST U TEJIECKOIbI ¢ GOJIBIIUMU Paguo-
aHTEeHHaAMU.

PasvoBOJIHBI  M3JIy4aloT JtoOble KOCMU-
yeckre 0ObeKThl — 3emuis, JIyHa, IJIaHETH,
3B€3/Ibl, OJTHAKO MOIITHOCTb WX U3Jy4YeHUs He-
BeJnKa. Y 00JIAKOB TOPSTYETO MEK3BE3[HOTO
rasa CloCOOHOCTD U3JIyYaTh B paJUOAMAIa30HE
3HaunTebHO BbImre. MaHTacTUYECKN BHICOKOM

‘i Tak BbIMMAAWUT N306paxeHne paanoranakTuku
B paguoauanasoHe

PaguoacmpoHomus

PAOUOBOJIHbI UMeEM 00Uy NPUpPody C BUOUMBIM CBEMOM:
3Mo MoXke 31eKMpoMAZHUMHbIE BOJIHbI, MObKO OIUHA UX
HAMHO020 60/1bwie. OBHApY>XeHHoe B 1932 2. paduousnyyeHue
U3 KOCMOCG CMAno HEOXXUOAHHOCMbIO 0151 YYEeHbIX.
PaduoacmpoHoMusi (hakmuyecku pacnaxHyaa HoBoe OKHO —
B MUP KOCMUYECKUX paduoucmoyHUKOB. MHoO2ue U3 Hux
OKA3a/1Ucb 06beKmamu, U3BeCMHbIMU NO ONMUYECKUM
HAO00EHUSIM, HO HEMA/I0 U MAKUX 00beKmoB, Komopble

00 CUX NOp He yOan0Cb 0MOoX0eCmBUmMb HU C KAKUMU

CoBpeMeHHbIN
pagunoTeneckon

MOITHOCTbIO PAITNONITYHIEHW A O6.HalIaIOT HEKO-
TOPbI€ KBa3aphbl U TaKNE PEJIKO BCTPEUAIONINECA
painorajakKTuKu, Kak .]1666111) A, KOTOpasAa n3Jy-
Ya€T B panuo/nalla3OHe 6oJblIe 9HEPIruun, 4yem
BCe ee 3B€3/1bl, BMECTE B3ATbIE€, B B/J€ OIITHUYE-
CKOI'O CBeTa.

IIpupoaa uznyyeHus

Bpinesnsior yeTbipe OCHOBHBIX TIpoliecca, B
XO07le KOTOPBIX POKIAeTcs paJiion3IydeHue.

1. CunxporpoHHoe paanousnaydenure. OHO
POKIaeTCsT Pesk/e BCer0 B MATHUTHBIX IOJISIX
MeK3Be3/[HOTO [IPOCTPAHCTBA, TJie ¢ OKOJIOCBE-
TOBBIMU CKOPOCTSIMU JIBUKYTCSI 3apsi>K€HHBIE
YACTUIBl KOCMUYECKHX JIydeil, oOJagarorime
GouibInoii aHeprueir. CamMoe MOITHOE PaIon3-
JIydeHue TPOU3BOAT Hanboiee JerKie 4acTh-
1[bI — 3J1eKTPOHBL. CUHXPOTPOHHYIO ITPUPOLY
uMeeT W3JlyueHue, IPUXo/sliee OT IOJOCHI
Muieunoro Ilytu u nenrtpa lanaktuku, ot ca-
Moil kpynHoil B CoJsiHe4HOH cucTeme IIaHe-
o1 — IOmnuTepa, 06/1aat0IIET0 MOTITHBIM Mar-
HUTHBIM IIOJIEM.

2. TernyioBoe pajiMon3IydyeHre B HellpepbiB-
HOM criekTpe (T. €. pacrpeziesieHHOe 110 BCeMy
paguoauranazony). VM obazaior Bce Harpe-
Thie Tesia ¥ cpefibl. OHO 0OHAPY/KEHO Y TIIAHET,
CourHita, MeK3BE3IHBIX O00JAaKOB MOHU30BaH-
HOTO Ta3a.

3. TenoBoe panonsryyeHne B ClieKTPasib-
HBIX JMHUAX. Ero wnaiaydyaer paspekeHHBIN
MeK3Be3/IHbII ra3, IpUYeM OH He M3JydyaeT B
JIPYTUX 00JIACTSIX CIIEKTPA.



Mo npuHUMNY AeNCTBUA paauoTenecko-
Nbl CXOAHbI C ONTUYECKMMMU TeNecKona-
Mu. Ponb o6bekTMBa urpaer aHTeHHa,
¢yHKUMN KOTOpOM — cobpaTb co cBoeMn
NJoWWAAN KaK MOXXHO BonblLie 3HEPruu u
HanpaBUTb ee Ha NPUEMHUK U3JIyYeHUA,
Ha3biBaeMbi pagnomerpom. Nocne yeu-
NIeHUA paauounsnyvyeHue perucrpupyer-
cA u obpabarbiBaeTcA 3BM. AHTEHHbI
paanoTenecKonoB MOryT MMeTb pasHbie
KOHCTPYKuuu un ¢opmbl. OHM ObiBaOT
HenoABUXHbIMU U NOBOPaYUBaOWMMHU-
CA, MOTYT COCTOATb U3 OTAE/NbHbIX 3Je-
MEeHTOB JIM60 pAAOB NapajieNibHO HaTA-
HYTbIX MPOBOJIOK.

4. MazepHoe uzJjydyeHue. ITO U3JIydyeHUe
MPU  OTIPE/IeJIEHHBIX YCJOBUSAX MOTYT POXK-
nath MoJsiekyibl Boabl (H,O) Ha pnune BoHbI
1,35 cMm, rugpokcusia (OH) Ha mimMHax BOJIH
okoso 18 ¢cm u meranona (CH,OH) na pane
JJTUH BOJTH MUJJIMMETPOBOTO Ananazona. OHo
BO3HUKAET B HanboJiee MJIOTHBIX MEK3BE3/[HbIX
obsrakax (T/ie 3apOsKIAAIOTCST 3BE3/IbI), B TIPOTSI-
JKEHHBIX 000JI0YKaX T’MTAaHTCKUX 3BE3]I, 4 TAKKe
B aKTUBHBIX SIZIPaX HEKOTOPHIX raJlaKTUK.

onenels

annunTndeckas
ranakTuka
LleHtaBp A

(NGC 5128)

B CO3BE3OUN
LlenTaBp sBnsietca
NCTOYHNKOM
MOLLIHOIO
pagunonsny4eHns
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“i* Camblil 60MbLLON B MMPE pagnoTeneckon B Yalle
noTyxLuero ByfikaHa B Apecn6o

Pamnonokamug

[Tomumo mpuemMa pajMioBOJIH aHTEHHBI Pa-
JTMOTEJIECKOTIOB MICTIOJIB3YIOTCS I/ PAIA0JIO-
kaiuu tes CoJsiHeuHoil cuctembl. VIMIyibebl
PaIMON3IyYeHUsT TOCHLIAIOTCS K  OOBEKTY,
YacTh MX OTPa’kaeTcsl OT €ro IMOBEPXHOCTH M
IPUXOANUT 00paTHO, K 3eMie, TJle 9TOT OTpa-
’KEHHBIN UMITYJIbC TIPUHUMAET Ta jKe aHTeHHa.
PajinoiokanoHHble HabII0eHUs [IJIaHeT I10-
3BOJIMJIM C BBICOKOW TOYHOCTBIO OTIPEIEUTh
paccrosuaus 10 Hux. CBOOOLHO IPOXOs yepes
atmocdepy Benepsbl, oTpakeHHbIE PajlOBOJI-
HBI JIOHECIN JI0 Hac WHMOpMAINIO 0 perbede
ee TIOBEPXHOCTH, YTO TIO3BOJIUJIO ITyTEM PaIfo-
JIOKAI[UU KaK ¢ 3eMJIH, TaK U ¢ OPOUTHI BOKPYT
IJIAaHEeThbl MMOCTPOUTH KapTy pesbeda Benepoi.
Pagnonokanusa Mepkypus 1oMorJia BbIsIBUTD
CKOPOCTb €r0 OCEeBOTO BpalleHus (70 3TOro
Mepkypuii OIMMOOYHO CUYUTAJCS TOBEPHY-
TeiM K COJIHIly BCe BpeMsi OJIHOU CTOPOHOIN).
Pagnonokanus JIyHbl u ipyrux Tesa ¢ TBepaon
MOBEPXHOCTBIO MCTIOJb3yeTCs TaKKe JIJIsT TOTO,
4TOOBI OIPEAEIATh CBOICTBA U COCTaB MX IIO-
BEPXHOCTHBIX CJIOEB. YIAJIOCh JaKe TTPOU3Be-
ctu paaunosokanuio CosHIa, MOATBEPANBIINYIO,
YTO OTpakeHWe PaJUOBOJIH IMPOUCXOAUT HE OT
€r0 TTOBEPXHOCTH, a 3HAYUTENBHO BBINIE — OT
BepxHUX cjoeB atMochepnl CoJHIIa.




0a/bHUX OKpauHax COJIHeYHOU cucmemeil.

IIlepBble KOCMOHABTBI

BaskHbII 111ar B OCBOEHUH KOCMOCa OBLII C1e-
gan 12 anpesst 1961 1. C koecmoapoma baiikonyp
CTapTOBaJIa pakeTa-HOCUTENb «BocToky ¢ 1ep-
BbIM KOCMOHABTOM Ha 60pty. MM cras Hamt co-
oteuectBeHHUK 0. A. Tarapun. [lepBbriit mosteT
YeJ0BeKa B KOCMOC TIPOIOJIZKAJICS OKOJIO JIBYX
YacoB, KOCMUYECKUI KopabJib cie/1all O1H BU-
TOK BOKPYT 3eMJIU U TIPU3EMJIAJICS.

11 aBrycra 1962 r. coctosicst nepBbIil B
MUPE FPYIIIOBON KOCMUYECKHIIT ITOJIET: HA OPO-

i* MNepebI1 BbIXOA
" B OTKPbITbIi
KOCMOC COBEpLLMI
COBETCKWIA KOCMOHaBT
A. A. JleoHoB

OcBoeHue kocmoca

4 okmsabps 1957 2. YeN0Be4eCmMBo BCMyNUa0 B KOCMUYECKYHo
3py. CoBemckas pakemad-Hocumenb P7 BbiBead HG 0poumy
nepBblll UCKYCCMBEHHbIU CNYMHUK 3emau. CNymHuK
npodepxxancs Ha opbume 92 OHS, €20 paduonepedamyuKu
pabomanu 0Be Hedeau C MOMeHma cmapma. Zlopoza

B KOCMOC Obl1G OMKpbimMa. Ce200HS HA 3eMHol opbume
HAX00MCSi COMHU CNYMHUKOB, 3ANYULEHHbIX PA3AUYHbIMU
CMPAHAMU, U 00HAG OpbUMAnbHAS CMaHUuus. CO30aHHbIE
4e10BeKOM KOCMUYecKue annapamabl NOObIBAAU HA CAMBbIX

MepBbIt ICKYCCTBEHHbIV
CMYTHUK 3eMnu

Ty OBLIM BbIBEJEHBI KOPabJIi ¢ KOCMOHABTaMMU
A.HukomaesbiM («Boctok-3» ) u 1. [TomroBuuem
(«BocTtok-4»). [Ipomo/KuTeIbHOCTh KOCMUYe-
CKUX <ITyTEIIeCTBUI» K 9TOMY BPEMEHU BbIPOC-
Ja B tecaTku pa3 («BocTok-3» mouTn 3a yeTBe-
PO CYTOK COBEPIII 92 BUTKA BOKPYT 3eMJIN).
[TepBbie KOCMUYECKUE KOPAOJIU TOAHUMAINCH
Ha BBICOTY OKOJiO 200 KM. DTO TUITMYHAS BBI-
coTa rmoJieTa /st GOJBIINHCTBA COBPEMEHHBIX
CIIyTHUKOB U OPOUTAJIBHBIX KOCMHUYECKUX
cranimii. K npumepy, paborarorast B HacTo-
anmii MoMeHT MeskyHaposHas KocMudecKast
craniuga (MKC) Bpamaercst Bokpyr 3emun Ha
BeicoTe oT 331 1o 339 kM.

Yepena oTKpHITUIA

B 1960—1970-x rr. 0ocBOeH1Ee KocMoca IO
MOo/T 3HAKOM COTIEPHUYECTBA JIBYX BEJMKHUX
nepxxkaB — CCCP u CHIA. Ha ator nepuon
HPUILINCH TIOYTH BCE <«3HAKOBBIE» COOBITHS
KocMmuueckoil snoxu. B 1964 r. na xopabie
«Bocxon-1» BrepBbIe MOJIET B KOCMOC COBEP-
ITUJIa TPyTIa KOCMOHABTOB — 3KUIAXK M3 TPeX
yesoBek. B 1965 1. cocTosiicst mepBbiii BBIXO/
YyeJlIoBeKa B OTKPBITHIN KOCMOC.

B 1968 r. Tpoe amepuKaHCKUX aCTPOHABTOB
Ha KopabJie «ATIOJIIOH-8» COBEPIIMIIN Ty Telle-
crBue K Jlyne. KopabJib cziesran BoceMb BUTKOB
BOKDYT HaIlleTo CITyTHWKA M BO3BpATHJICA Ha
3emmmo. A B 1969 r. ma JlyHe coBepmmi noca/-
Ky Kopabub «Amosion-11». TlepBbiM uesioBe-
KOM, CITYCTHUBIIMMCSI Ha TIOBEPXHOCTH JIyHBI,
crajy actporaBT H. ApmcTpoHT.



“i* ACTPOHaBT KOCMUYECKOro kopabns «AnonnoH-11»
Ha NOBEPXHOCTU J1yHbI

KocMmuueckue craniyu

B 1971 r. Ha okoJso3eMHYyI0 0pOUTYy ObLITA
BbIBeJeHa IepBas OpOUTajbHAs CTAHIUS —
«Camor-1». Ona mpopaborana 175 gueit u
ycrena MPUHATH OfHY aKcreaunuio. [lepsas
(v emUHCTBEHHAs) aMepUKaHCKasT CTaHIUS —
«Ckaitnab» — Obl1a BbIBeIeHa Ha OPOUTY B Mae
1973 r. u npopaborana 1o uiossd. Eciu amepu-
kaH1pl nocsue «Ckaitlaba» 0TKa3aanuch OT 9TON
unen, To CCCP o xonia XX B. BbIBEJ Ha Op-
6ury 7 cranuwmii. [Tocaennsist, «Mup», mpopa-
6otasa Ha opoute ¢ 1986 mo 2001 r.

AMepuKaHIIBI B 3TO BpeMsl 3aHUMAJIHCH
IPYTUM TPAHAMO3HBIM TIPOEKTOM, a WMEHHO
CO3/ITaHUEM TTHJIOTUPYEMBIX KOpabJieii MHOTO-
pa3oBoro uctoab3oBaHus. [lepBoiii «kocmuye-
CKUI YeJTHOK» (ITO-aHTJIMHUCKU «CIIelC aTTI» )
cosepim tosier 12 anpesst 1981 1. Beero 6b110
IIOCTPOEHO IIECTh TAKUX KopaobJieil.

CumBoJsIOM coTpyaHUYecTBa cTana Mex-
MYHApOAHAsT KOCMWYECKasi CTAHIWS, TEPBBIN
MOJLYJIb KOTOPOii ObLJI BbIBEIEH Ha OPOUTY B HO-
sg6pe 1998 1. B cosgaHum cTaHIUU TPUHSAIN
yuactue Poccus, CIIIA, Anonus, 11 eBpomneii-
CKUX cTpaH u faxke bpasuius. Terepn aTa cTan-
U — caMblil MAaCCUBHBIN U3 «KOCMHUYECKUX
noMoB». Ee Bec cocrasiiget Ooutee 245 T, a mocJie
MIPUCOEIMHEHNST BCEX TPETI0IaraeMbIX MOJY-
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OcBoeHMe KOCMOCA 3HaeT He TOJIbKO
nob6eabl, HO U nopaxeHua. 24 anpens
1967 r. u3-3a TOro, 4TOo He packKpbuicA
napaiwioT NocajAo4YHON Kamncysbl, Normoé
KocMmoHasT B. Komapos,aB 1970 . u3s-3a
pa3repmetrusaumm Kopabna «Cotro3-11»
npu nocaake nornd ero aKMnax — Koc-
moHaBTbl . [lo6poBonbckui, B. Mauaes
u B. Bonkos. 28 auBapa 1986 r. mup no-
TpAcna KatacTtpoda aMepuKaHCKoro
warma «YenneHpxep», yHecwaa Xus-
HU ceMepbix acTpoHaBToB, a 1 ¢peBpana
2003 r. npu nocaaKe notepnen Kpyuwe-
Hue warttn «KonymMbua» c Takum xe Ko-
NINYEeCTBOM acTPpOHaBTOB Ha Gopry.

Jieit 6yxer npesbiiath 471 1. [lmmHa crannun
cocrapJsieT 58,2 M, mupuHa — 44,5 M, a BBICO-
ta — 27,4 m. CerogHs Ha craHimu paboTaer
ouepeiHagd 9KCIIEUIUS, TIPU ITOM CIOJla CO-
BEPIIAIOT MOJIeThl He TOJbKO KOCMOHABTHI, HO U

KOCMHUYECKUE TYPUCTDI.

" Tak opbutanbHas
ctaHums «Mup»
Bbirnsgena B 1990 r.




“i* CoBetckas ctaHuus «JlyHa-16» B 1970 r. Brepsble
B3s51a 06pasLibl JIYHHOrO rpyHTa 1 gocrtasuna
nx Ha 3emnio

becnmioTHbIe MOJIETHI

Crop 0 ToM, KOMy — 4eJIoBeKy wiu Oec-
IIAJIOTHBIM KOPabJisiM — HaJlo OCBaMBaTh KOC-
MOC, BezleTcsl y:ke gaBHO. Koneuno, moKa
JINTITH YeJIOBEKY TIOJI CUJTY BBITIOJTHEHWE Psizia
3ajau. Ho Kakoif KOCMOHABT BBIJIEPKUT, CKa-
KeMm, 12-nernee mnyremectBue k Henrtyny?
Kpome TOTO, CTOMMOCTD TTUJIOTUPYEMOTO TIO-
JIeTa B COTHU M THICSYM Pa3 IPEBBIIIAET CTO-
UMOCTh OTHpPaBKKM OECIHMJIOTHOrO aBTOMaTal
B pesysiprate musioTupyembie OJETHI ceifdac
OCYIIECTBJISIOTCS TOJHKO HAa OKOJO3EMHYIO
opbuty. A KocMuYecKue KOopabir-aBTOMaThI
BBITIOJTHSIOT PasHOOOpasHble MUCCUH 110 BCE
CoJiHeuyHOU cucrteme.

[TepBbIM GECIUIOTHBIM KOCMUYECKUM <PO-
6OTOM» CTaJl COBETCKHI CITyTHUK, 3aIylieH-
Helil B 1957 1. A B 1958 1. OBL10 1OJIOKEHO Ha-
YaJio VIMHHOMY CIIMCKY OTKpbITUil. /laHHbIe ¢
MIEPBOTO aMEPUKAHCKOTO CITyTHUKA, 3aIyIeH-
Horo B 1958 r., moATBepAW/IM CYIIIECTBOBAaHIE
PaJIMallMOHHBIX TI0SICOB BOKPYT 3eMJin. B KOH-
e 1950-x rT. ObLIK OJyYeHbl mepBbie GOoTo-
rpadun 3eman u3 kocmoca. OIHO U3 KPYITHBIX
TOCTUKEHWH 9TOTO 9TAra OCBOEHMS KOCMOCA —
dororpadun 06paTHOIN cTOPOHBI JIyHBI, MOJIY-
yeHHble cTaHlnen «J/IyHa-3».

IInaneTHblii fecanT

Hauasno MekniaHe THBIX Iy TelecTBUI COB-
najlaeT ¢ HA4aJioM MTOJIETOB YeJI0BeKa B KOCMOC.
12 beBpansg 1961 r. k nimanete Benepa oripaBu-
JIaCh aBTOMATUYECKasT MEKILJIAHETHAST CTAHIIHS
(AMC) «Benepa-1». Craniug npocienoBasia
Ha pacctosiHuu 100 ThIC. KM OT TTOBEPXHOCTH
Benepsr. DTOT anmapar cTaj mepBbIM, 3aITyIeH-
HBIM C OKOJIO3EMHOM 0pOuThL. Muccust mmepBoi
CTAHIIUM OKa3aJach HEe COBCEM YIAUYHOU: CB3b
C Heil mpepBasiach, el He Y/aJoCh COBEPIIUTH
nocaziky Ha Benepy. Ho Ha 3emiie cHoBa roro-
BUJIVICH K CTApTY.

B 1966 r. annapar «Benepa-3» BriepBbie
JOCTUT Ipyroii TianeTsl. [IpaB/a, n3-3a norepu
CBSI3W CTaHIIMS HE CyMeJia Tepe/laTb HUKAKOM
nadopmaruu. B cienyromeM TOmy CTaHIUS
«Benepa-4» mpomsBesa uccieoBaHNUE aTMOC-
depor Benepor. B 1970 1. ciryckaembrii anmapar
cTtaHluu <«BeHepa-7» coBepHinJ MATKYIO I0-
Ca/IKy Ha TOBEPXHOCTD TIIAHETHI U B TeUEHUE
20 MUHYT TIepeiaBas Ha 3eMJII0 WH(MOPMAIUIO.
Bcero B pamkax mporpamMmbl «Benepas ObLio
3anynieHo 16 aBToMaTUuyecKux CTaHI[nil.

B 1964 1. cranmusa <«Mapunep-4» 1mpo-
na Ha paccrogHumn 9846 km ot Mapca. Ha
3emutto ObLIN TIepeanbl nepsbie (GoTorpaduu
«KpacHoi naneTb». B 1969 r. Ha paccrossnun
3400 km ot moBepxHocTH Mapca mpoiiu an-
napatbl «Mapunep-6» u «Mapunep-7», a B
1971 r. Ha opbuTy BOKpPYr Mapca BbIIIEN ero
MEPBbINl UCKYCCTBEHHBIN CITYyTHUK — CTAHIUS
«Mapunep-9», koropas mpopaboTasa Ha Map-
cuaHckoi opobute 349 guHeil.

AmepunKaHCKui
KOCMUYEeCKui
annapar
«MapuHep-9»



3a npezeJbl
CosHeyHOH CUCTEMBI

Besen 3a Harmmmu 6JIMKal MU COCEASIMU
o CoJIHeYHOI crcTeMe HacTasia ouepe/ib aje-
KuX BHellHuXx 1miaHet — [Onurepa, CarypHa u
VYpana, a Takxke camoit 6smskoii k CosrHiry 1ia-
Hetbl — Mepkypust. B 1972 1. 6puta 3amymuiena
aMepukaHckas cranius «Iluonep-10» — nep-
Basd, BBIBEJIEHHAS HA TPAEKTOPUIO, CJIEMys TI0
KOTOpOU cTaHlusA 1okuHeT COJHEYHYIO CH-
cremy. CTaHIms MUHOBAJA TOSC aCTEPOUJIOB,
B 1972 r. mpomina mumo IOnutepa Ha paccTos-
Huu 130 ThIC. KM OT MOBEPXHOCTU (HA 3eMJTIO
6pL iepeanbl hotorpadun), B 1983 r. cran-
st MuHoOBasia opouty Hemryna. [Tocmenmmit,
cabblii curnas 6ew1 npubaT B saBape 2003 T,
K 9TOMY BPEMEHM CTaHIIMS YyAaJIujaach OT Hac
Ha 12 muipa. kM, uto B 80 pa3 mpeBbIlIaeT pac-
crostnue ot Counita 10 3emin. CeroHs cTaH-
1S MEIJIEHHO TIPUOJIMKAeTCss K TpaHuIle
CoJIHEYHOI crcTeMbl, Ha CBOeM OOPTY OHa He-
CeT IJIACTUHKY C MOCIaHueM BO3MOKHBIM «Opa-
ThSIM TI0 Pa3yMy».

[Toxanyii, camoii 3HaMEHUTON KocMu4Ye-
CKOW MEcCHeil <K GOJIBIINM IIJIaHeTaM» CTajla
muccust <«Bosiskepos». «Boskep-1», 3amy-
meHHblil B 1977 r., B 1978 1. nobbiBas B OKpecT-
HocTAx IOnutepa, a B 1980 1. yixe uccaenoBan
cucremy Caryphna. «Boskep-1» ctasn nepBbim
KOCMUYECKUM  allllapaToM, WCCJAEI0BABITUM
BTOPOW TIO BeJIWYWHE TJIAHETHBIN CITYTHUK B
CoJjiHeUHOU cucTeMe — 3araJlouHbIii TurtaH.

Y106bI OCHOBaTENbHO M3y4yaTb NJaHeTy, Heob-
X0AUMO Ha Hee npu3emauntbes. Ewe nyywe, ecnn
nocajoyYHbI annapar 6yaeT nepemMelwaTbCA, No-
BUHYACb KOoMaHaam ¢ 3eman. B 1970-x rr. meuTa
NNaHeToNoroB cObilacb: NepBO KOCMUYECKOM
«caMoxofHoOM nabopaTtopuein» cranu 3HaMeHMU-
Tble nyHoxoabl. KoHCTpyKuuMA okKasanacb Ha-
CTOJIbKO XOpOllia, YTO ee B3AJIN HAa BOOPYXXeHMue
npu pa3pabotke mapcoxoaoB. CambiMu paboTo-
CNoco6HbIMM U 3HAMEHUTbIMU CTanu ABa Map-

coxoaa: «Cnuput» n «ONNOPTHIOHUTUY.
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MpoekT
aMepUKaHCKNX
MeXnaHeTHbIX
CTaHummn
«Boapxep»

cyuTaeTca
OOHUM U3 CaMbIX /

yCMeLLHbIX

Panu atoit Bctpeun ¢ Tutanom ucciemoBare-
JIA TIOKEPTBOBAJM [JIPYTOM 3aMaHYMBOU Iie-
apto — Ilmyronom. Ilocae mposiera CarypHa
KOCMWYECKUI amnmapaT yMdyajcs K TpaHUIaM
CosHeUHOI cucTeMbl, TIpUYeM yMdYascs — B
caMOM TIPSMOM CMBICJIe cJioBa. B Xoje cBoux
MaHeBpoB «Bogmkep-1» pasornasucs tak, uTto
SIBJISIETCSI CETOJHS CaMbIM OBICTPBIM U3 BCEX
CO3/IaHHBIX KOT/a-1100 YeJI0BEYECTBOM TPaHC-
MOPTHBIX cpeficTB. «Bosimpkep-1»  onepenni
3anynieHHbli paHee «IIuonep-10», 1o 2010 .
3eMJIsiHE elre OyayT MPUHUMATh €ro CUTHAJIBI,
a moJiHoe obectounBaHKe TPUOOPOB arlapara
npousoiizet k 2020 r.




7Ku3nb 6o BceAaeHHol

30po0UBUUCH U PA3BUBASACL B 00BOJIbHO KOMPOPMHBbIX
YCNOBUSAX Hawleli NidaHembl, XU3Hb 0eMOHCMpupyem
HeBepoSIMHO WIUPOKULI OUANA30H BO3MOXHOCMeEl

U MEXAHU3MOB NpUCnocobieHus. B Hacmosiuiee Bpems
00KA3GMeNbCMB CyUeCMBOBAHUSI BHE3EMHbIX (hOPM XXU3HU
Hem. OOHAKO HAOeXK0bl 0OHAPY>KUMb UX He 6eCNOYBEHHbI,

0CO0EHHO ec/iu y4ecmb 02POMHOE KONUYeCcmBo 0py2ux

NNAHeMmHbIX cucmem, kpome COTHeYHoLU, 20e Mo2ym OblimMb
makue >e 61a20NpusimHble YC10BUS, KAK Ha 3emie.

Teopuu
BO3HUKHOBEHUSA KU3HU

Hpouecc IBOJIIOIIMU JKMBOI'O BeEIIECTBa
O4Y€eHb CJIOKEH 1 JJINTEJICH. Hauamno ABUKEHUA
I10 3TOMY IIYTU BOCXOAUT K Me)KBBeBIIHDﬁ cpee:
TaM CPEAN MOJIEKYJI HaﬁﬂeHO HeMaJIO OpraHmnye-
CKHUX. O6Hapy>KeHo OpPraHN4€CKO€ BEMECTBO U B
COCTaBe METEOPUTOB. B Hux Y4Y€HbIE HAIIJIN Ta-
Kue BaKHbI€ COCTaBJIAIONIME JKMBOTHBIX 1 PacC-
TUTEJIbHDbIX 6GJIKOB, KaK aMUHOKHUCJIOTBL. A 9TO
3HAYUT, 4YTO OpraHUYE€CKOE BEHIECTBO MOKET
II0ITa/1aTh Ha IIJIaHETbI N3 KOCMOCA. Ha ImoBepXx-
HOCTH CaMUX IJIaHET OPTraHNYE€CKHUE MOJIEKYJIbL
TaKyKe€ MOTYT CUHTE3UPOBATHCA U3 HpOCTel'/)IH_[I/IX
BEIIIECTB. ITO y6€III/ITeJII)HO ITIOKa3aJIn 6I/IOXI/I'
MUKU, B JIa60paTOprIX YCJIOBUAX UMUTHUPOBAB-
e IepBUYHY0 aTMocdepy TITaHeT.

HeKOTOprG y4€HbIE CUUTAIOT, YTO <«4YyI0
POKIEHUS JKU3HU»> TPEOYET HEBEPOSITHO PEIIKO-

‘i MpocTeniume oHOKIETOYHbIE — aMebbl
MPUCNOCOGUIUCH K Pa3NIYHbIM YCITOBUSAM XU3HM

[axe Ha ronbIx KAMHAX
NOSAIBMSAOTCA U XUBYT
NPUMUTUBHbIE OpPraHU3Mbl

rO COUYeTaHWsI MHOTHX (DAaKTOPOB, a MIOTOMY He
MOKeT ITPOUCXOUTh BO BeesenHoit yacto. OHu
He MCKJIOYAIOT, YTO ’KNU3Hb, BOSHUKHYB JIUIITh
OJTHAKJIBI, 3aT€M PACIIPOCTPAHSIETCS C TIJIaHEThI
Ha TIJIaHeTy. B ¢BS31 ¢ 3TUM 4acTo yrmoMuHaeT-
csI TUTIOTE3a O MEXIJIAHETHOM TIepeHoce Ku3-
HU (/1aBJIeHWEM CBeTa 3Be3[Ibl, METEOPUTAMHU,
KaKMMU-TO Pa3yMHBIMU CYTIIECTBAMM ).

Ewe B XV—XVIIlI BB. noaBnanocb HeMa-
no KHur c ¢aHTasuamm o6 obutarenax
JlyHbl — ceneHuMTax U 0 nyTewecTBUAX
c 3emau Ha JlyHy. U3yuyeHune nyHHom no-
BEPXHOCTM C MNOMOLLbIO TeJIeCKONos,
C OAHOM CTOPOHbI, YKa3aso Ha OTCyT-
crBue y JlyHbl nnotHoM atMocdepbl, a ¢
APYrov — BbIABUIO MHOXECTBO UHTepec-
HbIX AeTanen, Hanpumep U3BWIUCTbIE
y3Kue A0NINHbI, HANOMUHaKOLUNeE peyHble
pycna. B cepeauHe XX B. npu Bo3Bpalle-
HUM KocMUYecKux annapartos c JIyHbl Ha
3emnio ux TwarenbHo obcnepoBanu Ha
npeAMeT NOMCKa He3eMHbIX MUKPOGOB.




I'1aBHBIE yCAOBUSA

Hekotopble MHKPOOPTaHU3MBbI BBIIEPKH-
BalOT caMble IKCTPEMasbHbIE YCJOBUS BHETII-
HEl Cpejibl: MOTYT JKUTh B TOpsTYell BOjie U TIPU
HU3KOW TeMmIepaType, Pa3MHOXKATbCSI B OY€Hb
KHUCJTBIX WJTH TIEJTOYHBIX YCJIOBUSX, TPU HAJHU-
YUKW BBICOKOW pajiMaliiy, BBIAEPKUBAIOT T10-
HUJKEHHOe U TIOBbIIIeHHOe gaBiaeHue. OmxHako
ecTh yCJIOBHsI, 6€3 KOTOPbIX HEBO3MOKHO 3a-
poskieHune u ojaepsxanue ku3au. OHO 13 Ta-
KUX YCJIOBUHM — HaJIMune KUAKON Bo/bl. OueHb
JKecTKue TpeboBaHKs, HeOOXOAUMBIE JIJIs HKU3-
HU, TIPEIBSBISAIOTCS K Temmeparype (TIpu ee
HOBBIIIEHUN OEJIOK MeHsleT CBOM CBOMCTBA).
TemriepaTypa TOBEPXHOCTH TLIIAHETHI 3€MHOTO
TUTIA, UMEIOTEel CPaBHUTENbHO pa3peskeHHYIO
aTMocdepy, B OCHOBHOM 3aBUCHUT OT MOTITHOCTHU
M3JTy4YeHUs THEBHOTO CBETWJIA W PACCTOSHUS
10 Hero. Bokpyr 000l 3Be3/bl CYIIECTBYET
omnpejeeHHass 00JaCTh — <«30HA KU3HU», 3a
Ipejie/ibl KOTOPOil OPOUTHI IJIAHET He JOJIK-
HBI BBIXOUTH, YTOOBI Ha HUX MOIJIA IOSBUTHCA
skn3Hb. CoJTHIlE KaK pa3 sIBJSETCST TaKOU 3Be3-
7O, a Haia 3eMJIsl IBUKETCS B CepeInHe ero
«30HBI KU3HU». TakuM 00pa3oM, MOKHO Hajie-
ATHCS, 4TO Y JIIOOOH COJTHIIENO0OHOI 3BE3/IbI,
obJrajiaroleil IIaHeTHONW CUCTeMOM, MOX0Keil
Ha CoJIHEYHYI0 CUCTEMY, HaWIeTCsT XOTsI Obl
OJTHA TITAHETa C YCJIOBUSMU, TIPUTOAHBIMU JIJIST
pa3BUTHUS KU3HU. B MeK3Be3HOM IMPOCTpaH-
CTBe BCTPeYaroTcs U OJAMHOKMUeE TianeTbl. OHM
TOKE BIIOJIHE MOTYT OBITh OOHMTAEMBIMHU, €CJIN
JKU3Hb Ha HUX 3apOJMJach K MOMEHTY BBI-
JieTa U3 cBoell cucteMbl. OHUM CJIOBOM, BO
BcesienHoil ecth HEMaJIO MECT, T/ie MOYKHO HC-
KaTb HeN3BeCTHbIE (DOPMBI JKU3HHU.
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Foore

[Mpn n3ydeHun
JonuHbl

MapwvHepa Ha
Mapce nosisunaco
rurnoTesa, 4To

B [ariekoM MpoLusiom
3[ecb Tekna soga

Ectb 71 ;xu3up Ha Mapce?

[Touck >xm3HM Ha APYTUX TIJIaHETAX — 3TO
oObluHas Hay4Hast paboTa, XOTSI MOPOM OHa
BBITJIAAUT (paHTacTukoit. CaMbIM  «IIepCIieK-
TUBHBIM» MECTOM JIJISI TIOMCKA OPTraHWYecKOn
JKU3HU Jl0JiToe BpeMs cunTasicss Mapce. Oanako
aBTOMaTUYeCKWe CTAHIUW, HalpaBJeHHbIE K
Mapcy u coBepuiuBIIMe TOCAJKYy Ha €ro Io-
BEPXHOCTH, TIO3BOJIMJIN OJIM3KO TTO3HAKOMUTHCS
c ero JaHamagToOM U KIUMaToM. TaM X0JI0HO
(nuem He 60sbire 0 °C), cyxo, OUeHb pa3pesKeH-
HBI BO3/IyX, M TIOTOMY CUJIBHOE YJIBTpacduoJie-
ToBOe n3yderue CoJiHIa; TOBEPXHOCTh Mapca
UHTEHCUBHO OOMOAPAUPYETCsI METEeOPUTAMIL.
Ceifuac TpaKTMYECKU HE OCTAJOCH HA/EKIIbI
oOHapyKuUTh Ha Mapce KU3Hb.

3HaunTENIbHO GOJIbIIIEE CXOACTBO ¢ 3eMJIEH,
KaK OKa3aJI10Ch, UMEIOT He CAMU IIJIAHETHI, 2 HEKO-
Topble ux cnyTHuku — Turtan, EBpona, Tputos,
Wo. TloBbleHHOe BHUMaHKE OUOJIOTOB MPU-
ByiekaeT cyTHUK Onmmtepa — EBpona. XoTs on
U JTUTIIEH aTMOC(hepbl, HO, TIO-BUIMOMY, UM€eEeT
MO/l JIEJITHOW TIOBEPXHOCTBIO OKeaH KUIKOMN
BOJIBI KOMHATHOU TemmepaTypbl. Celiyac ecTb
MIPOEKTHI €T0 UCCIIeTOBAHMS.

Foreee

Mo MHeHuto
Y4YEHbIX, Ha
EBpone moryT
6bITb BOOA

N opraHn4eckme
COEeANHEHMS




ITouck «OpaTbeB 1o pasymy»

MHoro 3amedaTeTbHbIX OTKPBITHI C/1e/IaIN
yueHnble B XX B., HO OJIHO JIaBHO U C HeTepIie-
HUEM OKHMIaeMOe OTKPBITHE, KOTOPOE MOTJIO
Obl UI3MEHUTH HAlll MUP, [IOKa HE COCTOSLIOCH:
MBI JI0 CHUX [Op HE CMOTJIM OOHAPY/KUTh KOC-
MHUUYECKUX «OpaTheB 10 pasyMy». YUeHbBIX HI-
KOT/Ia He TIOKM/ala HaJesK1a OOHAPYKUTh BbI-
COKOPA3BUTYI0 IMWBUJIN3ANNIO BO BcenmeHHo
M BCTYNHUTH ¢ Hell B KOHTAKT. O BaXHOCTH TI0-
JOOHOTO KOHTAaKTa JJIsS YeJIOBeYecTBa He IIpu-
XOJIUTCSI TOBOPUTH, HO TIOKA BCE TOTBITKHU
IIPUHSATD <«Pa3yMHBIIT» CUTHAJI M3 KOCMOCA He
yBeHYaIuCh ycrexoM. YesoBeuecTBo, orrymnas
OIMHOYECTBO BO Bcesennoil, 3amaer cebe rio-
GaJIbHBIE BOIIPOCHI: BCET/Ia JIM PA3BUTHE KU3HU
IPUBOIUT K mosiBeHuio pasyma? CrocobHa
JIA JTOJITO CYIIECTBOBATh TEXHUYECKU PA3BUTAS
nusuimnsaiuga? Hackosbko Ge3omaced s Hac
HIONCK «OPaTheB 10 pasymy» ?

[TepBbie cepbe3Hble TOMBITKU BCTYNUTH B
KOHTaKT C BHE3eMHBIM Pa3yMOM TIPeIPUHS-
ju B 1960 r. amepuKaHCKU pajiioacCTPOHOM
ODpencuc /[lpeiik u ero kosera mo «IIpoekty
O3MA». OHu HampaBuJu PaAUOTEJIECKOI
c IMaMeTpoOM aHTeHHBI 26 M Ha 3Be3/ibl T Kuta
U & DpujaHa, OKKUIast, 9YTO y ITUX OJUBKUX K
HaM U OYeHb 1Moxoxux Ha CoJiHile 3Be3/1 MOTYT
OBITH IIJIAHETDI, TOA00HbBIEe 3eMJle, HaceJeHHbIe
BBICOKOPa3BUTHIMHK cyliecTBamMu. Eciin ObI oTH
CYIIIECTBA MMEJU TAaKyIo e armaparypy, Kak y
Jlpeiika, To ¢ HUMU MOKHO OBLIO OBl TIOJEPKI-
BaTh PaAn0CBs3b. OIHAKO HUKAKIX COOOIEHNI
13 KOCMOCA TIPUHATH TOT/Ia HE y1aJI0Ch.

Fooene

B npepcrasnerHun
3eMnsH
WHOMMaHeTHbIe

dhopMmbl

>XXWU3HU MOTyT
nNpYHMMaTb camble
haHTacTUyeckme
o6nn4us

3a «IIpoektom O3MA» mocsienoBanu ro-
pasgo Oojiee MacmTaOHblE JKCIIEPUMEHTBL
Pamunoactponomsr  CIIIA, CCCP, Anriauuy,
ABCTpasiiu M JPYTUX CTPaH HAIMPABJISJINA BbI-
COKOYYBCTBUTEIbHbBIC aHTEHHbI Ha COTHU OJIN3-
KUX U JIaJIeKNX 3Be3]I, 3BE3/[HbIX CKOILJIEHUI 1
naxe B uHble TajakTuku. CHauasa sTa pabora
MOJTyYHJIa Ha3BaHUE «CBI3b C BHE3EMHBIMU 111~
BusM3anusiMuy. [1o3ke yuenble ctaau UCIosb-
30BaTh 00JIee OCTOPOKHOE Ha3BaHUE — <IIOMCK
BHE3EMHBIX ITMBUIN3AIATIT».

3aBeTHas1 paJuOBOJHA

Kasapiil pas, npuctynast K 9KCIIepUMEHTY,
yueHble JIOJKHBI ObLIN OIPEeNTh, Ha KaKOi
0OBEKT HalpaBUTh aHTEHHY, Ha KaKyl0 BOJHY
HACTPOUTH MPUEMHUK U KaK OTJIMYUTH «Pa3yM-
HBII» CUTHAJT OT KOCMUYECKUX <ITYMOB>.

ITepBbiii BOIPOC 0OBIYHO PEIIAICS MPOCTO:
AQHTEHHBI HATIPABJISAIM Ha OJIMsKaiIie 3Be3Ibl,

i+ AnA nony4eHunsa 6onee TOYHbIX AaHHbIX
yCTaHaBNMBAOT LeNyo CETb paguoTeneckornos



noxoxkue Ha CoJsHIle, B HajlesK/le, YTO PAIOM C
HUMMU eCTb [IJIaHeThl, 10100HbIe 3eMie. Bropoii
BOIIPOC OKa3aJcs caoxkHee. Korja Mbl «JI0BUM»
PaJIMOCTAHIINIO, TO KPYTUM PYYKY HACTPOUKU
IpUEMHHUKA U «OGPOANM» TI0 BCEMY IUAIa30HY
BOJTH. MoTItHast CTAHIIMS CJIBIITHA CPa3y, a 4To-
ObI Hali TV CJ1abbIi IIepelaTINK, HyKHO Me/IJICH-
HO ITePEXO/INTH C BOJTHBI HA BOJTHY, BHUMATEJIbHO
MPUCTYIINUBASCH K MMOPOXY MOMEX; Ha 3TO YXO-
muT MHOTO BpeMeHU. OKuaeMblii 13 KOCMOca
CUTHAJ TPEITOJ0KUTENBHO HACTOJIBKO CJIal,
YTO, TIPOCTO Bpalias pyuyKky MpUeMHUKa, ero He
Haiizlellib, la U1 PyYKM TaKOW y acTpOHOMUYe-
CKMX PaJMOTIPUEMHUKOB HET: 3TU TIPUEMHUKHU
MOCTOSTHHO HACTPOEHBI MJIN HA OJTHY BOJIHY, NN
Ha KaKoe-TO YKUCJIO BOJIH.

B 60—70-e rr. XX B. yyeHble IbITAIUCh
yrajiaTh, Ha KaKOW BOJTHE MOKHO OKUIATh TIe-
penauy us KkocMoca. Q4eHb MOMYJISIPHOI ObLa
njes MCKaTh CUTHAJI Ha BOJIHe JJIMHON 21 cM,
MOCKOJIbKY MMEHHO Ha 9TOW BOJIHE U3JIydaeT
MEK3BE3/IHBINT BOJIOPOJI, 3aTOJHSIONNN BCIO
lanmaktuky. Ilpenmomaranoch, 4To 3Ty BOJIHY
TIOJIZKEH 3HATH KaXKIBI PAIIOACTPOHOM Ha JIf0-
601l TITaHeTe U UMETh COOTBETCTBYIOIINI MTPH-
emMHuK. Celiyac Takas cTpaTerusi IMoucKa BbI-
TJISIZIAT HAaMBHOM. TOJIbKO TIpe/icTaBbTe: ThICSYN
pPaJinoacTPOHOMOB TIO Bcell [aymakTuke cumsar y
CBOUX ITPUEMHUKOB U JKIyT CUTHAJIOB, a Tiepe-
nady BeJeT... TOJIbKO MeK3BE3THBII BOIOPO/I.

“i* Takoe nocnaHwue 6b110 OTNPaBeHO B KOCMOC
BMecTe ¢ annapatom «InoHep-10»
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C noABneHMeM HOBbIX TEXHUYECKUX BO3-
MOXXHOCTEW PaAMOaCTPOHOMbI U3MEHMU-
nu cTpateruio noumcka. OHM Hayanum He
TOJIbKO NMPUHUMaTb, HO U nepepaBaTb
curHanbl B Kocmoc. NepBasa pagunorpam-
Ma Obina otnpaBneHa 16 HoAabOpa 1974 .
M3 paanoacTpoHOMMUYECKOW obcepBaTto-
puu CLUA B Apecubo (Myspro-Puko) B
HanpaBleHUW LWaApoOBOro 3Be3JHOro

ckonneHna M 13, B KoTopoM OKON10 MUN-
nuoHa 3Be3pa, Noaob6Hbix ConHuy. Ecnm
Aaxke MPeAnoJIOKUTb, YTO 3TO coobuye-
Hue OyAeT KeM-TO NPUHATO, TO OTHIOADb He
CKOpo — curHan pob6eperca Tyaa nAvub
yepes 25 TbicC. ner.

Hanexxna ectb

B Haimme Bpemst TexHUKa paguonprueMa yco-
BepuieHcTBoBasach.  CrieruasbHble  MHOTO-
KaHaJIbHbIEe TIPUEMHUKU PaJNOTETECKOIIOB BO
BpeMsT JKCIIEPUMEHTOB OJIHOBPEMEHHO IIPO-
CAyMIMBAIOT MWLIUOHBL (!) KaHasoB, mepe-
KpPbIBasl MPaKTUYECKH BECH IMATIa30H KOCMUYe-
ckoro adupa. [Ipasaa, 10 cux op He pelileHa
npobJjiemMa, B HallPaBJIeHUN KaKuUX 3Be3z (Uju
He 3Be3/[?) cJe/lyeT HaBOJUTb PAJIMOAHTEHHY.
Hawnnyymmii BapuaHT — NpocayiiaTh Bce yroJ-
Ky [alakTUKM, HO JJIs 9TOrO motpebyercst He-
MaJjioe BpeMs.

Jlaxxe ecm ocHaleHe KpyMHbBIX paguoTe-
JIECKOIIOB HOBOH, «yMHOI1» alapaTypoi u He
IpUBeLeT K OOHAPY/KEHMIO PasyMHbBIX CHTHA-
JIOB, 9TO BC€ PABHO TIO3BOJIUT OTKPBHITH WMHTE-
pecHble KOCMUYecKue siBJaeHus. Tak OHO B f1ei-
cTBUTEebHOCTU U mpoucxoauT. [loka. Ho kTo
MOJKeT TIOPYYUTHCS, UTO 3aBTPA WJIH JIa’Ke Cce-
TOMHS HOYBIO MBI HE YCJBINIUM W3 KOCMOCA
«pa3yMHBIIT» CUTHAJ?




CANIS MAIOR
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ConHu,e JlyHa, 3Be3bl — NpUBbIYHbIE ANA ‘ Vi
- iHaC HebecHble Tena. Ho, oka3biBaeTcs, paxe ¢og k :
\Q lt.HeBOOpy)KeHHbIM rna3om Ha Heb6e MOXXHO yBUjeTb : A AT
., ‘*-‘*Hecxonbxo TbICAY UHTEPECHbIX 06beKTOoB! st
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He6o0 apeBHUX MyApenoB

/lpeBHME Tpekn OYeHb TOHKO OIIyIIaJIN
CBSI3b MEK/y TIO3HABATEJBHON U 3CTETUIECKOI
CTOPOHAMK BOCIIPHUSTHS 3Be31HOTO Heba. OHu
Jlake BBEJIU B YUCJIO JIeBATH My3 (Mudosioru-
YeCKUX ITOKPOBUTEJIbHUI[ UCKYCCTB) YpaHUIo —
My3y acTPOHOMUU, TaK YTO aCTPOHOMMS OKa-
3aach eIMHCTBEHHON M3 eCTeCTBEHHBIX HayK,
YAI0CTOUBIIENCS 9TOI YeCTH.

M3BeuHblii ©HTEpeC K YCTPONUCTBY MUPA, B
KOTOPOM JKHBET 4eJIOBEK, MO0y KIal JPEBHUX
MYZIPEIIOB K MMOCTPOEHUTO CUCTEM MUPA, T/ He-
GecHble CBETHJIAa UTPAJId OY€Hb BayKHYIO POJIb.
Ciie1oBajio 0ObSICHUTH T€ UBMEHEHUST, KOTOPBIE
IIPOUCXOISAT CO BpeMeHeM Ha 3eMJie 1 Ha HeOe, 1
COTJIacoBaTh X MEXIY c000iil. VIMeHHO n3yye-

“* Bup HO4HOro 3BE3[HOMO Heba Ha pasHbIX
LUMPOTaX MMEET CBOW OCOBEHHOCTU

36e3gbl u cBemuaa

HeBOOpY>keHHbIM 2/1330M Yes10BeK MOXKem BUdemb Ha
Hebe HeCKo/IbKO MbICsiY 06beKMoB — 3mo CoNHuUe,
JIyHA, niaHembl U 38e30bl pa3Hol sipkocmu. JTodu
HAab00aAU HebecHble CBemMuaa ¢ OpeBHENUUX BpemMeH.
KapmuHa HO4YHO020 He6a nopoxkaana mMmudonozudeckue

U penu2uo3Hble npedcmasieHus, apkue noamudeckue
ONUCAHUS. N3MeHeHUs1 B3AUMHO020 NOJI0XKeHUS 38e30
Npoucxo0am mak MeosIeHHO, 4Mo U Ce200HA HA0 Haulel
20710BOU HAX00IMCS Me e 3Be30Hble Y30pbl, KOMopble
BUdenu 0peBHUe BABUIOHSIHE U OpeBHUE 2peKul.

CeeTsiLeecs KonbLo (rano)
BOKpPYr avcka JlyHbl

HU€ BUINMBIX IBUKEHU CBETUJI 1AJI0 IPEBHUM
MBICJIUTEJISIM MaTepyaJl JIJisi Pa3MBbIIILIEHIT 00
ycrpoiictBe Bceemennoit. 13 artux nabuione-
HUW JIpEBHUE TPEKHU CHAEJAIN TOTPICAIONINI
BBIBOJI, UTO 3eMJIsI — TIap, BUCAIINI B TIPOCT-
paHCTBe M HU Ha 4YTO He onupawoluiicsa. Bee
cucteMbl Mupa (Mozenu BcesieHHOI) BILIOTH
1o KomepHanka oCHOBBIBaJINCH Ha HAOJIOIEHN -
X BUJUMBIX TiepeMenieHnii cBetust. [Ipu aTom
JIPEBHUE YUUTBHIBAIU HE TOJBKO CYTOUHOE Bpa-
1eHre HeGeCHOM cdepbl, TOAMYHOE JBUKEHIE
CoJiHIIa TI0 SKJIMNTUKE, BUIUMBIE JIBIKEHUS
IJIAaHET CPEeIN 3Be3ll, HO U TaKWe TPYIHOYJO-
BUMbIe W MeJ/lJIEHHbIE JBUKEHUS, KaK Ipelrec-
cusg — TiepeMelieHne TOYKM BECEHHETO0 PaBHO-
TEHCTBUS TI0 SKJIUTITUKE.

“i* HebecHble cdhepbl No cucteme Mronemes.
paBsiopa u3 kHurn A. Llennapuyca. XVl B.



HpeBHue
acTpoOHOMUYECKMe
WHCTPYMEHTbI:
TPEeyronbHUK,
HebeCHbIN rnodyc,
FHOMOH, NMONYKpPYr
C AMOMTPOM

He Bepb r1a3am cBOuM

Crnemyer mMeTb B BUIY, YTO BILJIOTH JIO
XVII B. acTpoHOMBI He pacrojarajiu OCHOBHBIM
B HacTosIIee BpeMst IIPUOOPOM JIJIsl UCCJIe0-
BaHUsT HEOECHBIX CBETUJI — TEJIECKOIIOM. B mx
pactopsizKeHuu ObLIM TOJIBKO BeChbMa MPOCThIe
yIrJIOMepHbIe HWHCTPYMeHThl. (OTcyTcTBOBasA
BO3MOKHOCTh M3Y4YEHUsT KaKUX-JIn00 JeTajeil
CTPYKTYpPbI HeOeCHBIX 00HEKTOB. [aBHOI 3a-
jayeil aCTPOHOMOB ObLIa PErUCTPAIIS B3aHM-
HBIX TIOJIOKEHWI CBETHI Ha HebOe U UX JIBUIKe-
Huii. [Ipu aToM BuAMMOE JBUKEHNE HEOECHBIX
00BEKTOB MIPUHUMAJIOCH 32 UX UCTUHHOE TIepe-
MeTlleHre B TPOCTPAHCTBE, HA HTOM ITOCTPOEHbI
JpeBHKE cucTeMbl Mupa. [ToHamoOUICh MHO-
rvie BeKa pa3BUTHS HAYKHU, YTOOBI IPUITH K BbI-
BOJLY: TO, YTO MbI HAOJIIO/[aéM BOOYMIO, HE MO-
JKeT ObITh I0KA3aTeTbCTBOM HAYYHON MCTUHBL

BuauMble ABUXKEHUA CBETU/ TECHO CBA-
3aHbl C PpUTMaMM XU3HU YeJiOBEKa, U
MMEHHO OHU NlerNu1 B OCHOBY CYMC/IEHUA
BpeMeHu. Tak, cyTouHOoe BpalieHue He-
6ecHoii cdepbl Bbi3biBaeT nepuoaunye-
CKYI0 CMEHY AAHA U HO4M, YTO onpeaenaer
NpoAONKUTENbHOCTb CyTOK. C BUAMMBIM
nepeMeuweHmeM ConHua no 6onbliomy
Kpyry HebecHo cdepbl, Ha3biBaeMOMYy
3KAIUNTUKOW, CBA3aHa CMeHa BpeMeH
roaa, a BpeMa OfHOro nosHoro o6opora
CoJsiHLa NOo 3KINNTUKE CoCTaBNAET roj,.
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IIpoxoaxaem HabGIOAATDH

Kaszajsioch Obl, B Halll HAYYHbII BEK, KOT/a
TEeXHUKA M3y4eHUs KOCMOca JAOCTUTIa (paHTa-
CTMYECKOTO YPOBHSI, KOT/Ia aCTPOHOMBI 00b-
SICHSIIOT CJIOKHeHIe (usnyeckue sIBIEHUS
Bo BceJsieHHOI, ecTh JI1 CMBICJI BHOBH BO3Bpa-
HIaThCSI K TAaKUM JPEBHUM IOHSTHUSIM, KaK He-
OecHast cdepa, MepUAMaH, SKIUIITHKA, TOYKN
paBHOZIEHCTBUS U T. 1.7 Benb aT0 BCero ynmib
abCTpaKTHbIE TeOMETPUYECKUE ITOCTPOEHMUS,
HpUIeAlie K HaM 13 aHTUYHOT'O MUPA.

Bemymieit oTpacyibio acTpOHOMUH B TTOCJTIE]T -
HUE JIeCATUIETHSI cTajla acTpoU3NKa, n3yda-
fomasi (pusnyecKre MPOIECChl B KOCMUYECKUX
tesax. OIHAKO opraHu3aIms acTpopu3nIecKux
HaOJrfo1eHU i TpeGyeT yMeH sl OpUEHTHPOBATh-
ca Ha 3Be31HOM Hebe, 3HaHMSA 0COOEHHOCTEN
BUIMIMOTO JIBUKEHUSI CBETUJI, CE30HHBIX M3Me-
HeHUH Bu/a Heba, yMEHUS TPOrHO3MPOBATh CO-
OBITH, IPOUCXOIAIINE Ha Hebe.

BeiBaet, yTo 00BEKT Heb3d HAOMIONATH B
JIAaHHOM TTYHKTE BOOOIIE WJIM 9TO Jist HabJIIo-
JeHU 00beKTa HYKHO BBIOpATh APYroe Bpe-
Msi. DTO BO3BpalllaeT HAC K JIPEBHUM CHUCTEMaM
onucanust Heba. He Oyayun uctuHHbIME B (u-
3MYECKOM CMBbICJIE, TaKhe OMUCAHUS YIOOHBI
NI pellleHus 1eJIoTo psijia 3aja4y: HaBejeHue
TeJIECKOTIa, COCTaBJIEHNE 3BE3/IHBIX KapT.

Froeer

Ons npasunbHOro
HaBepgeHus
Teneckona

HY>XHO 3HaTb,

YTO O3HavaroT
HebecHble
KoopanHaThI U
KakoBa Toyka nx
oTcyeTa

)
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B 2 (Co3Besgus

4YmoObl Nyduie opueHmupoBambCs cpeou 02POMHO020
Konu4ecmsa 38e30, BCS HebecHAs cpepa ucmopuyecku
nodeneHa Ha 0maoesbHble yHacmKu — co3Be30usi. MHozue
U3 HUX BKIOYAOM sipKue 38e30bl, Komopble 1e2Ko Haumu
HeBOOPY>KEHHbIM 27130M. HecpepuyHoCmb popMbl 3emMiu,
No0dBepP>KeHHOU BAUSHUIO NpumskeHus JyHbl u CoHUd,
NpUBOOUM K U3SMEHEHUO MeCmonooXeHUs NoCoB
MUpa omHocumesibHo 38e30. Co BpemeHeM 07151 3eMH020
Habadamens NONOCbl MUpa 6y0ym yka3blBadmb Ha

coBcem Opyaue 38e30bl U C03Be30Us.

Pa3mepbl 1 BUIUMOCTD

JI10o6as 3Be3/1a, BULUM JIU MBI €€ B TEJIECKOII
WJIN HEBOOPY KEHHBIM TJIa30M, BXOJIUT B KaKoe-
IOy b cosesane. Co3Besue — 3TO y4acTOK
3Be3Horo Heba. Beero nacunreiBaercs 88 co-
3Be3nnii. OHN W3 HUX 3aHUMAIOT OTPOMHYIO
IJIONIA/Ib W BKJIIOYAIOT MHOTO SIPKHUX 3BE3/I.
Jlpyrue, Ha060pOT, 10BOJLHO MajeHbKKe. EcTb
CO3BE3/INST C TAKUMU HESIPKUMHU 3Be3J[aMU, UTO
MX HEJIEerKO OThICKATh.

Camoe kpymHoe co3Besaue — lujpa, Ha
HebGe oHO 3aHmMaer 1romaznb 1300 KB. rpa-
nycoB. bes Teseckoma B HEM MOKHO YBHIETbH
okosio 130 3Be3xn. Cossesnue /leBa nMmeeT I11J10-
maab 1290 KB. rpagycoB u cogepKuT 95 3Be3I.
bBoabirag Mensenuita — COOTBETCTBEHHO
1280 xB. rpamycoB u 125 3Be3n. Camble Ma-
senbkue co3pe3nud: IOxubiii Kpect (68 KB.
rpaaycoB, 30 3Be3n), Crpesna (80 kB. rpany-
coB, 20 3Be3n), Manbiit Konb (72 kB. rpasycos,
10 3Be3m). /lyis cpaBHEeHUS cJie/lyeT OTMETHUTD,

Monykpyr apkux 3Be3g —
cosse3gne CesepHasn KopoHa

“i* Cosesaus Mmapa, Yawa v BopoH. Mpastopa
" u3z amaca 9. lesenus. XVl B.

4TO BUAMMBIN AucK JIyHBI 3aHMMaeT Ha Hebe
npuMepHo ' /. KB. rpajsyca. bosbiie Bcero 3sesy,
BUIUMBIX HEBOOPY’KEHHBIM TJIa30M, B CO3BE3-
musix Jlebemp u Lenrtasp (Kenrtasp) — mo 150,
B co3Be3usx lepkynec u Kopma — o 140.

MepBbIM KapTy 3Be3gHOro He6a coctaBun rpek EBgokec Kunackum
(IV B. po H. 3.). Ha Hel co3Be3aunA, KaK 30AMaKanbHble, Tak U pac-
nonoXeHHble BHe NoAca 3o0A4uakKa, ObuiM npeacraBneHbl ¢purypa-
MM PpasjiM4HbIX XXUBOTHbIX U repoeB JpeBHerpedyeckux mmugos.
B Il B. po H. 3. ppeBHerpeyeckumn no3t Apar Conunckum B nosme
«filBneHnA» N310XXUN OAHOMMEHHbIN TpaKTaT EBAoOKca, 1. e. onucan
AejieHue 3Be3HOro Heba Ha co3Be3aua. Nlosama ApaTta — gpeBHe#-
lwee U3 AOWeEAWIMX A0 HAC NOJHOe ONMMUCaHUe rpeyecKkux cosses-
Aun. B «<Anbmarecte» Mtonemesn (Il B. H. 3.) yka3zaHbl 48 co3Be3gun
C Ha3BaHUAMU U3 JpeBHerpe4YecKux Mugos.
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Kapra 3Be3anoro neda

B 1603 r. nemerikuii actpoHom MoraHH
Baitep m3man 1epBbiil aTjiac 3Be3HOr0 Heba
«YpanoMmetpusi». B HeM Kaxjoe co3Be3nue
n300paxkeHo Kak Gurypa us MupoJIorndecKux
CIOKeTOB. B aTyace mosiBu/Mch HOBbIe Ha3Ba-
HUS OTKPBITHIX I0KHBIX CO3BE3/INH, TaKue, KaKk
[TaBsun, Tykan, Jleryuast Poi6a, IOsnas [uapa,
3osoras Pei0a, Paiickas [1tuma, Muageer u ap.
ITH Ha3BaHUS OTPAKAIOT 90Xy Benmkux reo-
rpacduyeckux OTKpweITHil. B atnace baiilepa
BIIEPBbIE 3BE3/(bI KaXKIOTO CO3Be3[UsT ObLIN
0603HauYeHbl OYKBaMK IPEYECKOTo ajihaBuTa B
nopsiike yobiBauusi sipkocTr. OIHAKO MO3XKe
BpeMs BHecCJIO cBoM TonpaBku. Hampuwmep, B
co3Be3un bm3Heos, Kak BBISICHUIOCH, 3BE3-
na Kactop obo3nauena 6yKBoii o, HO OHa ciabee
3Be3zbl [losnyke, obo3nauenHoii 6ykBoii B. To
ke co 3Be3namu B Opuone — bBertesbreiize (o)
u Purens (B). [l o6o3uauenus 6oJiee ciadbix
3Be3/l, €CJIU He XBaTaJ0 IrpeyecKux OyKB, HC-
MOJTh30BAJIN JITATUHCKUE.

B XVII B. nonbckuii actponom Au TeBenuii
BBIJIEJINJT U Jlasl Ha3BaHus enle 11 co3Be3ausM.
Ha xapre nossusuck lonune Ilcw, sKupad,
Amepurnia, Manwiit JleB, Equnopor, Jlucuuka,
Poico u ap. B XVIII B. dbpanirysckuii acTpoHOM
Huxona Jlakaitab gobasu emie 14 10XKHBIX CO-
3B€3/IMi1, B Ha3BAHWSIX KOTOPBIX MOJIYYUJ OT-
pakeHue TexHm4yeckuii mporpecc: CKyabITOP,
Teneckomn, Yacel, Kommac, Hacoc, [lupkyiib,
[Teub, Muxpockon u ap. Ilocrenenno kaprta
3BE3HOr0 Heba 3allOJHUIACH CO3BE3AUSIMHU.

.
esnde

Ha cTtapuHHbIX
KapTax 3Be3gHOro
Heba Kaxaoe
co3Be3gve
06bIYHO
COMpOBOXAanNoch
XapaKTepHbIM
PUCYHKOM

“i* Tak BbIMMAAWUT COBPEMEHHas KapTa 3Be3[jHOro
Heba co cxemamu co3Be3qumn

Mexay HUMU TIOSIBUJTNCH UI3BUJIMCTBIE TPAHUIIHI,
KOTOpbIe ObLIH Oy OMKOBaHbI B 1842 1. B KHITe
Hemerikoro acrponoma Mpupuxa Aprenanaepa
«HoBas Ypanomerpus». B Heil Oojiee TOUHO
yKa3aHbl 3Be3/IHbIE BEJTMYNHBI 3Be371 (/10 /1ecsi-
TBHIX JI0JIEl).

OxkonuaresbHOE pasjesenue Heba Ha 88 co-
3Be3auii ObLIo npuHATO B 1922 1. Ha mepBoM
chesnie MexayHapoHOTO acTPOHOMUYECKOTO
coroza. [paHuIrbl co3Be3nii Ha KapTax 0603Ha-
JYeHbI JIMHUSIMU BJI0JIb HeOECHBIX TTapaJiiesieil u
KPYTOB CKJIOHEHWSI OTHOCUTEIbHO KOOPAMHAT-
HOIT ceTku Ha iepuon 1875 1. U3-3a nipereccun
KOOPIMHATHAS CETKA CO BpDEMEHEM TIOCTEITEHHO
CMETNIAeTCsl ¥ TPAHUIIBI CO3BE3/INH TepecTaioT
COBIAJIATh C HATIPaBJIEHNEM KPYTOB CKJIOHEHUS
1 HeOECHBIX Hapasiie/ieil.

B CeBepHoM mosyniapuu Heb6a MoJTHOCTHIO
Haxo/sITcst 28 co3Besuii, 15 sKBaTOPUATbHBIX
CO3BE3/UII PACIOJIOKEHBI B 000MX TOJIyIIAPU-
sx. B I0xHOM mosrymapun veba — 45 co3Bes-
mwit. B cpenrux mmporax Poccnn Habmogaror-
CsI JINTITb HEKOTOPbIE U3 HUX.

Lo
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“i* YeTbipe 3Be3Abl co3Be3ams KOxHbIN KpecT
" XOpOLLO BUAHbLI Ha dhoHe MneyHoro MyTu

BuaumocTts co3Be3auii

BuaumocTb co3Be3nnii 3aBUCUT OT Bpe-
MeHU rojia u cytok. CojHIle B TeueHUe Toja
MPOXOJMUT TIO 30MAKATbHBIM CO3BE3/IUIM.
CosBesaue, B koTopoMm HaxozsaTcd CoJiHIle U
coceJlHAE C HUM CO3Be3/IUs, YBUJETh HEJIb3.
3aTo B cepe/iliHE HOUU XOPOIIO BU/IHBI CO3BE3-
VST B IPOTUBOIIOJIOKHOM CTOpOoHE Heba, TaM,
rie Counile ObLIO 110JITO/Ia Ha3al. B pesyJibra-
Te CyTOYHOIO BpaIlleHNs 3BE€3[HOr0 Heba n3Me-
HSIETCSI TIOJIOJKEHUE CO3BE3/IMiI OTHOCUTEJIHLHO
rOPU30HTA: B BOCTOYHOII yacTu Heba CO3Be3-
JIUS TIOJJTHUMAIOTCS, B 3a1aJIHON — OIyCKAIOTCS.
[panura Mexy HUMU — HeOECHBIN MEePU/INaH.
Korza cosBesnne mpoxoauT depe3 MepuIMaH,
OHO HabJII0/JaeTCs BbIIIIEe BCErO HaJjl TOPU30HTOM
(BepXHSIst KyJbMUHAIINS ) I, HA0OOPOT, HUKe
Bcero (HWXKHSS KyJbMUHAIUSA), HAXO/AChH IO
JIPYTYIO CTOPOHY I10JII0Ca MUPA.

3BC3IH)I HE3axoAA1ue
N HEBOCXOAAIIIHUE

Hesaxongmme 3Be3bl — Te, Y KOTOPBIX
BEPXHSSI W HIJKHAS KyJbMUHAIIMHM TTPOXOIST
HaJl TOPU3OHTOM. Takue 3Be3/lbl MOKHO Ha-
6JII01aTh B JIIOOYIO SICHYIO HOYb HE3aBUCHMO OT
BpeMeHu roza. VI3BecTHO, 4TO BBICOTA TIOJIIOCA
MUpa HaJl TOPU30HTOM paBHa IMHUPOTE MeCTa
HaOJTI0/IeHIs. 3HAYNT, Te 3BE3bI, Y KOTOPBIX
YIJIOBOE PacCTOsSIHUE OT ToJfoca He 00JIb-
Ie 4eM IMUpOTa MecTa, He OYAyT 3aXOAUTh 3a
rOpusoHT. B 1eHTpe 00sacTu He3axXOASIUX
3Be3n — llomsipuas 3Be3ma. OHa HaAxXoaUTCA B
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i+ CosBesave Kaccuones. Mpastopa 13 atnaca
9. Nesenusa. XVII B.

\ MyteBoaHas 3Be3aa — NMonApHasa — pacnonoxeHa paaoM c Cesep-

\ HbIM NOJIOCOM MUPpa

.Ho Tak 6b1n0 He Bcerpa. B pesynbraTte npeuec-

\ CUM nNonloc MUpa MeaNleHHO nepemeuwjaerca cpeau 38e34. B 1000 r.
A0 H. 3. OH 6bIn Hepaneko ot B Manon Measeauubl — 3Be3abl Koxab.
\ Oko0s10 2700 r. A0 H. 3. NoNtOC HAaxoAMACA BOAU3M o. lpakoHa — 3Be3-
. abl Ty6aH, 310 3apMKCMpoBaNM KUTaCKue acTpPOHOMbI, @ erunTa-
He CTPOUJIN NUPaMUAbI C HAKJIOHHbIMU FPAaHAMMU TaK, YTO OHU ObLIN
HanpaBieHbl Ha 3Ty 3Be3Jy BO BpeMA €e HUXKHEW KyJbMUHaLUM.
B koHUe neaHuKoBoro nepuoga CeBepHblit Nosiloc Mupa 6b11 Hepa-

neko ot 38e3abl Bera — o Jlupsb..



pykosTke koBina Masoit Measeauiibl. B cpen-
HUX MUPOTaX K HE3aXOSANIUM CO3BE3/IUSIM OT-
HocsTcs Kol bosbioit Measenuiisl, /[pakoH,
[Hedeit, Kaccuones u manmoussecTHbie JRupad,
Price u Amepunia. Y apyrux co3esiuii TOJIbKO
YacTh 3Be3/] He 3aXOAUT 10J] Topu3oHT. Cpenn
HUX Takue sgpkKue 3Be3/bl, Kak Bera (o JIupnr),
Kanesna (oo Bosuuuero), /lene6 (o Jlebens),
vyacTh 3Be371 [lepces u ap.

HeBocxonsmime 3837161 — Te€, KOTOPBIE TIPU
CYTOYHOM BpallleHnn HeGecHoil cdepbl He Io-
aBasgioTcs Han ropusdoHToM. [l Ceseproro
MOJTyIapust 3eMJIN HEBOCXOJSIINE 3BE3/IbI —
910 3Be3bl BOMM3KM FOJKHOTO MmoJsitoca Mupa.
IOxHbBIIT TOMIOC MUpa JIEKUT B CO3BE3IUN
OkTanra, r7ie HeT 3Be3l Jake 3-U 3Be3HOU
BesnunHbl. He coyuailHo MoperuiaBaTesin B
I0’KHBIX MOPSIX OPMEHTUPOBATHUCH IO CO3BE3-
mio FOxubiii Kpecr. Ero 6osbmias quaroHaib
yKa3bIBaeT Ha OJIHY U3 ApYallInX 3Be3/] Heba —
AxepHap (o Ipunana). [lpumepno nocepenrte
meskay IOxxubiM Kpectom 1 AXepHapoM JIesKUT
IOxnbIit Tostoc mupa. B co3Be3auu Kuib Ha-
xoauTcd 3Be3na Kanoryc, 3aHmMaromnas 1o
IpKOCTU BTOpoe MecTo mocye Cupuyca. Ity
3Be3Iy BBIOPAIU B KQueCTBe OMOPHOIA JIJIst OpH-
E€HTUPOBAHUS KOCMUYECKUX amlapaToB, 3aIry-
CKaeMbIX K TIaHeTaM. BbIOOD cliesiaH moTomy,
yto Kanoryc He mpocTo sipkas 3Be3/1a, HO OHa
JIEKUT B HAIPaBJIEHWH, TTEPIEHUKYISIPHOM K
MIJIOCKOCTH KJTUITUKH, T. €. BCET/Ia HAXOIUTCS
Ha paccTosiHuu 0koJio 90° ot CoJHiia.

“I* Ha cxeme npeueccum BuaeH KOHyC, KOTOPbIN
OonucbIBaeT B NPOCTPAHCTBE 3eMHasi OCb
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Freer

CeBepHblIli
nomntoc Mupa 6bin
y 1 epkyneca,

o OpakoHa,
cenyac oH

Bo3ne o Manon
Mepseauupbl,

a 3atem 6ynet

y v Lleest

IIpeneccus

[Mpyuuuny mnpemneccuu (OT JaT. <Iperec-
CHUO» — <«IIpejiiiecTBoBanue») Mcaak HbioToH
OODBSICHUJI TeM, YTO 3eMJisl He SIBJISIETCS Hjle-
anbHbIM mapoM. OHa cxkaTa y MOJTF0COB U B3/LY-
Ta B sKBaropuayibHOU 30He. JlyHna u CouHile
CBOMM TIPUTSKEHUEM BO3/IEUCTBYIOT Ha 9K-
BAaTOPUAJBHYIO BBITYKJIOCTh 3eMJind. Ta 4dacThb
BBINTYKJIOCTH, KOTOpasi OKas3bIBaeTcs OJIMIKeE,
ckakeM, K JIyHe, MCIIBITBIBAaET GOJIbIIIEE TIPUTSI-
JKeHUe, YeM TTPOTUBOTIOJIOKHAS BBITTYKJIOCTD HA
NIpyToil cTopoHe 3emiun. PagHuiia npuTsKeHuit
CO3/IaeT Tapy CHUJ, CTPEMSNIYIOCS TOBEPHYTh
och Bpaienust 3emud. [lo 3akoHaM MexaHUKH,
5TO MPUBOJIUT K TOMY, YTO 3eMHAST OCh Me/IJIEH-
HO MEHseT HalpaBJieHue, ONMICHIBast B TPOCT-
pPaHCTBe KOHYC C BEpPIIVHOUN B IIEHTpe 3eMJu
(c mepuosom 26 thic. geT). Och 3TOro KOHyca
ocTaeTcs MePIeHINKYISIPHON K IIJIOCKOCTH Op-
6uThl 3emutn (T. €. K TUIOCKOCTHU IKJIUTITUKH ).

BenenctBue mpenieccun  CeBepHBIM  110-
JIIOC MUpa IepeMeniaeTcs OTHOCUTENbHO 3Be3]I,
OTTMCBIBAsT OKPY>KHOCTh BOKPYT CeBepHOTO 110-
JI0ca SKJIUITUKU Ha PACCTOSTHUU OKOJIO 23,5°.
IOsxHbBIIT MTOTIOC MUpa TO JKe caMoe JIBIKeHue
coBepmaetT BOKpyT lOskHOTO TOMIOCA AKITUTI-
TUKW, KOTOPBIN JIEKUT PSIJOM CO 3Be3/00
& 3osoroit Pei6br. Ho onuchiBaeMbie moJioca-
MU MUPA MaJible KPYTH He 3aMBIKAIOTCS, TOTOMY
YTO MOJII0CA KU TUKHU TOKE HEMHOTO TIepeMe-
MIAfOTCS CPEIN 3BE3/I.

N3-3a mpereccuyt MOCTENIEHHO MEHSIOTCS
9KBAaTOPUATbHBIE KOOP/MHATHI 3BE3], a TaKyKe
MeJIJIEHHO MEHSIETCsI BUJI 3Be€3{HOTO Heba st
KAKIOM TOYKU 3EMJIIN.




36e3gHoe HEDO pa3HbIX CE30HOG —

B 3aBucumocmu om nepemeweHuss CoaHua no HebecHol ccbepe B meyeHue 2004

KApMUHAG HOYHO20 3B€30H020 HeOAa MeHsiemcsl. B KaXkOblli Ce30H 00HU C03Be30uUs
HAb0aMca Xopouio, dpyaue >ke Mo2ym Oblmb BOOOWAE He BUOHBbI. M03mMomy
MOXXHO 20BOpUMb 06 0MOEbHbIX KAPMUHAX 3UMHE20, BECEHHE20, SIeMHe20

U 0CeHHe20 3Be30H020 Heba.

3uMHee 3Be3HOe He0O

B nepuo; 1o/rux 3suMHUX HoYell HebecHast
cepa nosopaunbaercs Oosee yem Ha 180°. 3a
3TO BPeMsI MHOTO CO3BE3/INI MPOXOAUT HAJL TO-
pusontoMm. Haumbosiee KpacuBbIMU Ha 3UMHEM
Hebe SIBJISIOTCS SIPKU€E 3Be3/IbI «3UMHETO IIec-
TuyroibHuka» — Kamnemnna (o Bosnuyero),
Asnbebapan (o Tesbia), Purens (B Opuona),
Cupuyc (o bosbmioro Ilca), IIponnon
(oo Masioro Ilca) u Ilosnyke (B bausneros).
[To popme «3uMHMI ITECTUYTOJTBHUK» HAITOMU-
HaeT rpaduyeckoe n3obpaskeHre HEH30JIbHOTO
KoJiblla. B cepemuHe <«I1eCTUYTOJbHUKA> —
KpacHas 3Be3/ia berenbreiize (oo Opuona).

Opuon

Opuon 3anuMaet momaab 594 KB. Tpamry-
coB. B cosBe3nun HacuutbiBaercsa 120 3Be3n,
BUIUMBIX HEBOOPY’KEHHBIM TJazoM. [IaTh u3
HUX — spye 2-i 3Be3/[HON BEeJUYMHBI. 3Be3/bl
Opwmona, MpeKpacHO BUAUMOTO 3WMOM, TOXO-
KM HAa OTPOMHBIN TIEPEBSI3aHHBIN MTOCEPEIHE
cHor. Ha crapmHHBIX KapTax 3Be3qHOTO Heba
Opuon n3obpaxkain Kak BeJHKaHa-OXOTHHUKA.
Bot on ctouT ¢ nmopHATOU manuiieid, oTpaskas
Hara/ienne pasbsipeHHoro Tesnbiia. B «mieuax»
y HETOo TOpSAT spKue 3Be3bl bBeresbreiize u
bennarpukc. Ha «mosice» 13 Tpex 3Be37 BUCUT

TymaHHOCTb
KoHckas
lonoea 6bina
obHapyxeHa B
1888 r. OToT
CHUMOK cpenaH
KOCMUWYECKNM
TeneckKonom
«Xab6n»

" co3Be3gus:
1 — Manbin MNec; 2 — EpuHopor; 3 — bonbLuon
Mec; 4 — OpwuoH; 5 — 3asuy

Med. B «kosieHe» cBeTHTCS O/lHA M3 SIPUYANTITNX
3Be3n Heba — Puresn. Ee 3Be3nag Besmmunna —
0,3™. TemmiepaTypa 3T0r0 6€J10-T0JYOOTO rUraH-
Ta B /IBa pa3a Bbie Temueparypbl CosHia —
13 000°. ITpeBocxozs Counite o Mmacce B 21 pas,
a o paaunycy B 80 pas, Puresnn 1o usiayuenuio
paBeH 66 Thicauam Cosnil! TosabKo orpomMHOe
paccTostHre, KOTOPOE CBET MPOXO/UT TTOYTH 32
1000 neT, ckpazbiBaeT cusiHUE 9TOM 3BE3/IbI.

A BOT Ha TpeX pacKaJeHHbIX 3Be3/IaX «ITOsI-
ca» Opuona — Munraka (8), AnbHuiam (g)
n AnpHutak (§) Temmeparypa IIpeBbIIIaeT
25000°. B6sm3u 3Be3/1bl AJTbHUTAK BUIHA CBET-
Jlasg TYMaHHOCTb. JleBasg cTOpoHa ee 3aKpbITa
OOLIMPHBIMU TEMHBIMU OOstakaMu. TemHOe 06-
JIAKO M3-32 CBOUX OYEPTAHWH TIOJYIUIO Ha3Ba-
Hue Konckas lososa.



boabmoi 1 Maibii Ilcer

Oxoranka OpruoHa COPOBOKAAIOT Ha Hebe
nse cobaku — bousbimoii [Tec u Madsiii [lec.

bouspmont Ilec — cossesane, menkom Je-
JKalllee I0KHee HeOecHOro skparopa. B Hem
80 3Be3/, KOTOpbIE MOKHO HaboxaTh 6e3 Te-
neckomna. [Tnomans — okono 380 KB. TpajgycosB.
Cupuyc (o bosabioro Ilca) — spyaiinias 3Be3-
na Bcero Heba, MMeeT OTPHUIATEIbHYIO 3BE3]I-
Hyto BesmunHy —1,5™. CBer Cupuyca uuer K
3emie 8,6 Jier.

Maunprii Tlec mpuHAATEKUT K HEOOMBIIM
co3Be3nusaM (1wionaab 183 kB. Tpagyca) u
Briovyaer 20 3Be3, BUAMMBIX 0e3 TeJecKola.
[naBHOE yKpanieHue co3Be3fnsi — HaBUTa-
nuronHas 3Be3na IIponmon (o Mamoro Ilca).
Ee 3Besgnas sesmuuna — 0,4™. 7KenrtoBatbiit
[Tporyon — ogHa 13 GIMKANIINX K HAM 3BE3]I.
Ee cBer uzer k 3emuie npumepno 11 net. Ceetut
[Iponmon oyt kak Bocemb COJIHII.

el

B HebecCHbIX
aTnacax
BosHnuumn
OEPXUT KO3y

N OBYX KO3JIAT.
PaHbLie Kosa
Oblna oTAeNbHbIM
co3Be3aneM, HO
CO BPEMEHEM
cnunachb

¢ BosHnuum
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Pucynku
3NUMHUNX
CO3BE30U1MN.
pastopbl
n3 atnaca
4. l'eBenusa

Boa3ununii
CosBesaue BosHnuunii pacriosio’keHo dac-
TUYHO B mojsoce Muieunoro Ilytw, 3anmma-
eT 637 xB. rpamycoB u comepxkut 90 3Bes,
BUIUMBIX Oe3 Tejeckomna. [JyaBHasg 3Be3na
Bosnuuero — Karesia coctout u3 IByX oueHb
OJINBKUX JIPYT K IPYTY SKEITHIX 3BE3/-TUTAHTOB.
Opnna u3 Hux Gosbine CoJIHIIA 110 AMaMETPY B
12 pas, a o macce — B 4 pasa; Apyrass — cOOT-
BeTCTBEHHO Gouibliie B 7 1 3 pasa. Paccrosnue
MEKIY IIEHTPAaMU 3Be3/1 IIOYTH TaKoe JKe, KakK OT
3emim 10 Cosnia. OHAKO a’ke B TeJIECKOI
YBUJIETh OT/IEJIbHO 9TH 3BE3/IbI HEJIb35, TaK KaK
paccrosinue 710 Kanesibl — 42 ¢BEeTOBBIX TO/IA.

Ha3BaHue apkou 3Be3abl CMpuyc NnpoMcxoauT OoT rpeyecKoro cio-
Ba «ceMpuoc» — XKryuuu, cuarowmun. OT 3Toro cnosa npousoLwsio u
Ha3BaHue ctpaHbl Cupumn — cBetnasa crpaHa. B [lpeBHem Erunte
Cupuyc Ha3biBanu Cotuc. lepBoe noAaBneHune ero B 1y4ax BOCXOAA-
wero ConHua coBnaaano ¢ Hayanom pasnusa Huna. Pumnane Ha-
sbiBanu Cupuyc KaHukyna — co6ayka. OT 3T0ro naTUHCKOro cJioBa
ob6pa3oBanochb NOHATUE KKAHUKYbI», NOCKONbKY Bocxoa Cupuyca
COBMaAan c HacTynJieHUeM Xapbl, Koraga puMiasaHe ycTpavBanu ne-
pepbiB OT e, yXOAWIN Ha KaHUKYJIbI.




BeceHnee 3Be31HOe HEOO
[Tocie BecenHeTo paBHOIEHCTBUS HA 3eMJie
TEMHasl 4acTh CYTOK IO TPOAOJIKUTETbHOCTH
CTAHOBUTCA MeHbllle IHeBHOW. B Havase ce30-
Ha B 3allajiHON yacTu Heba elle BU/IHBI 3Be3-
JIbl «3UMHero TpeyrojabHuKay (betesnbreiise,
Cupuyc, [Ipoiiron), HO BCKOpe OHUM UCYE3al0T.
BecHoii oyeHb OBICTPO MEHSIETCS KapTHHA Be-
gyepHero Heba, He TOJIBKO motomy, uto CostHIle
IepeMeraeTcs 1o IKJIUMTUKE, HO U TIOTOMY,
YTO OHO 3aXO/IUT BCE TIO3/THEE U TIO3/THEE.
Mueunsiit [Iyth HeymobeH st HaOJRO-
nerusd. OH MpocTUpaeTcsl ¢ BOCTOKA Ha 3araj
4yepe3 CeBEPHYIO CTOPOHY Heba, T. €. 3aHMMaeT
camoe HU3KOe MOJI0KeHe OTHOCUTETbHO TOPU-
30HTa. 3aTO B 3€HUTE, B IIEHTPE BCero Heba, pac-
kuHymnach bosbias Menseauia. [Ipexkpacho
BHUJIEH He TOJIbKO KOBII, HO W 3Be3JIbl, 00pasy-
one GUTypy MeBe/I-BeTnKaHa.
YkparieHrneM Heba CTAHOBUTCS «BECEHHUI
TPEYTOJbHUK>, KOTOPBII 00pasyeT OpaHs;KeBbIil
Apxryp (o Bosomaca), rony6osarass Crimka
(o [leBbr) n ycrymatommast M B 6srecke [lenebosia
(B JIbBa). JleBee Bousonaca — 3Be3nHOe OKe-

.

. BecenHve cossesaus: 1 — CesepHas
" KopoHa; 2 — Boronac; 3 — Bosnochl
2 Beponvku; 4 — Je.; 5 — Marnbliii J1es;

~. 6 — Pak; 7 — Mvpapa; 8 — CekcTaHT;

9 — Yawa; 10 — BopoH; 11 — [eBa

peabe — CeBepHas Kopona. Emie JsieBee —
lepkynec. Ilon HuMU — 3MeeHocel] co 3Meel,
pas/ieIeHHON Ha <«TOJIOBY» M «XBOCT». Iloutm
110 TOPU3OHTY OT Iora K 3arajy BBITSHYJIACh
I'mpgpa. Hax 1emnoukoii 3Be3m, 0OpasyroNInx
KOJIbIIA 9TOTO Yy/IOBUIIA, — cO3Be3ust BopoH,
Yamra n CekcTaHr.

BoJaonac

CosBe3nne Bosomac BRJIOYaeT OKOJIO
90 3Be3n, BuANMBIX Oe3 Testeckomna. Cpean HUX
Apxryp — spuaiimias 3Be3na CeBepHOro I1o-
aymrapusi Heba (OTCIO/Ia, BO3MOKHO, CJIOBO
«Apkrukay). Ero 6eck — 0,2™, apue ero ToJib-
ko Cupuyc n KaHomyc, HO OHU HAXOJATCS B
[OxuHoM mosymapun Heba. Paguyc Apkrypa
B 26 pa3 Gosbmie paanyca CoJHI, HO TeMIIe-
parypa Bcero 4200°, m0aTOMY OH OPaHKEBOTO
nBeta. Paccrosinue ot Apkrypa 10 3eMJiu CBET
IIPOXOJUT 3a 46 JieT.

['peueckoe HazBanme co3pesaus Bosonac —
Bootec (mactyx). OH mnorossier cemb BIpsi-
JKEHHBIX B TIJTyT BOJIOB — CEMb 3BE3/] CO3BE3/IMS
bBosbiasg Measeauiia.

“§* CpaBHUTENbHbIE pasmepbl

" ApkTtypa 1 ConHua.
ApPKTYp — OfiHa U3 HEMHOIMX
3Be3M, KoTopas MOXET ObITb
BMAHa B Ntob6omM mecte 3emMnu
no6oro marepuka (Kpome
AHTapKTUOp!)



CeBepnasg Kopona

Cossesaue Cesepras Kopona He60Ib-
moe — B HeM Bcero 20 3Be3n. /lake riiaBHas
3Besna — lemMma — uMeer OGueck 2™. OgHAaKo
5TO CO3BE3/IME BBIJIEIISIETCS CPEId JAPYTUX TEM,
YTO TIOXO’KEe HA BEHEIT U3 [PAarOIeHHbIX KaMHEeH.
B rpeueckoii mMudosiornn ApuajHa momMorJia
repoio Teceio BbIiiTH M3 JaOUPUHTA C MTOMO-
nplo HUTU (HUTH Apuananbsl). BrocaeactBumn
Apwuagna crana cynpyroii 6ora /luoHuca u mo-
JIYYUJIa OT HETO BEHeIl M3 J[ParoIleHHBIX KaM-
Heil. [Tosske BeHel| OBLT TOMEIIEH CPeN 3BE3]T
u ctan co3se3aueMm Ceeprast Kopona.

B npeBHOCTHM 3TO CO3Be3Me HA3BIBAIOCH
npocto Kopona ninn Benerr, moka He OsIBUIaCh
[Osxnast Kopona. Apabbl Ha3bIBaIu 9Ty TPYIIILY
armb-MDakka («pa3zopBaHHOE» ), UMes B BUJLY He-
3aMKHYTOE KOJIBIIO CO3BE3/INS.

“i* CosBespve lepkynec nepsoHa4anbHoO
HasblBanoCb KoneHonpeKknoHeHHbIM
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Korpa rpeyeckun yyenbit lunnapx B 127 r. po H. 3. BnepBble
cocTaBuJ1 KaTanor 3Be3j;, OH yKa3aJ MecTo 3Be3j B purype
co3se3aua bonbwaa Measeauua. Mo3sxe lNMronemen B cBoem
«Anbmarecre» («Benukoe nocrtpoeHue») nosropun lmnnapxa.
BoT kKak cemb 3Be3p KoBlwa bonblon Measeanubl o6o3Have-
Hbl B «AnbMmarecte»: «Ha cnuHe YyeTbipexyrojbHUKa — g, Ta
4yTO Ha 60Ky — f3, GaMKanan B XBOCTe — J; OCTaBlUIAACA B Jie-
BOM Oeppe c3aau — y; nepBaA B XBOCTe — &; cpeAHAAa — &; Tpe-
TbA, CamMan NOCNeAHAA, — M.

-tu.--

LLlaposoe
CKonneHune
lepkyneca,
M3BECTHOE Kak

M 13, 6bin10
OTKpbITO B 1714 T.
B Hem HecKonbko
COT ThICSY 3BE3[

Iepkyaec

Tepkynec — natuHckas (popma uMeHU rpe-
yeckoro repost [epaka, coBepinuiiero 12 moj-
BUTOB. B 4ecTh 9TUX MOABUTOB Ha3BaHbl TaKHe
co3Be3us, Kak /[pakoH, Tener, Pak, Jles, [uapa
n CxopnuoH. 1o nerenzie Bcex aTUX MTPOTUBHU-
KoB lepakia, mobumiia 3eBca, MOMECTUIA Ha
HebOo JKeHa rPOMOBepsKIla — Ooruns Iepa.

B cosBesnum lepkysec, 3aHMMaromem
nonaap 1225 KB. TpajycoB, BHIHO OKOJIO
140 3Be3n, HO SAPKUX cpeAn HUX HeT. [aBHas
3Be3na [epkyreca, mmerotas 3Be3IHY 0 BEJTMYn-
Hy 3™, HaspiBaetcst Pac Asbrern. Buemnne 3Bes-
7la HETIPUMETHA, HO Ha caMOM JieJie ATOT Kpac-
HBII TUTQHT 110 [uaMeTpy mpesbitmaer CosHie
npumepHo B 800 pa3. Pac Asbretu — iBoiiHas
3Be3/1a, ee JKEJATHII CIyTHUK coBepIIaeT 000poT
BOKPYT Iv1aBHoii 3Be3/bl 32 111 er. CriyTHuK B
CBOIO OU€epeib — CIeKTPaIbHO-/IBOITHAS 3B€3/1a.

B cossesnuu Tepkysec npekpacHo HabJro-
JlaeTcs 1mapoBoe 3Be3/iHoe ckorieHue M 13, ko-
TOpOEe MOKHO YBUJIETH /1a’ke HEBOOPYKEHHBIM
rJ1a30M — Mesky 3Be3namu M u C lepkyeca.




JleTHee 3Be3HOE HEOO

JleTHs9 HOYD KOPOTKA, MOSTOMY JIETO —
camMoe HeyZI0OHOe BpeMsi [JIsT HaOJrOeHII
3Be3gHOro Heba. OmHAKO yKe B aBrycre HeGO
TeMHeeT Bce paHblile W panbiie. [IpekpacHo
BujieH Mueunbiii [1yTh, orpoMHO#l apKoii niepe-
KUHYBIINIiCS yepes Bce Hebo. [aBHOoe yKpaiie-
Hue Heba — 3BE3/Ibl «JIETHETO TPEYTOJIbHIKAY:
Bera (o JIupsr), [lene6 (o Jlebenst) m Anbranp
(o Opuia). B 100xHOI cTOpoHe Heba BUIHA YaCTh
3Be3] co3Be3nud Crpesen. B Crpenbiie — ca-
MBI spKkuii yuactok Maeunoro Ilytu, Tam —
1eHTp Hamiell [asakTuku. YBBI, 9Ta 4acTh CO-
3Be3/IUs] B CPEAHUX INMUPOTAX TIOHIMAETCS
HaJl TOPU30HTOM TOJIBKO Ha HECKOJIBKO TPajy-
coB. O 6/IM3KOI OCEHN HAITOMUHAET HeOeCHBI
Jlebeb. PacKuHYB KPBLIbs M BBITSIHYB 110, OH
CITEIUT K 10Ty B/10Jb Mieunoro [lyTu.

.. JleTHue cosee3gua: 1 — Jlebeab; 2 — Jlnpa;

"~ 3 —lepkynec; 4, 6 — 3mes; 5 — 3meeHocel;
7 — Open; 8 — HenbtuH;

/ 9 — Crpena; 10 — Jlncuydka

CoasBe3gue Jlebenp.
CTapuyHHbIA PUCYHOK

CosBesaue Jlebenb 3saHuMmaer Ha Hebe
mwiomaab 804 KB. Tpajyca U BKJIIOYAET OKOJIO
150 3Be3x, BUAMMBIX HEBOOPY:KEHHBIM IJia-
30M. I71aBHBIE 3Be3/bl CO3Be3qus 00Pa3yrOT
rpoMajiHbiii kpecT Ha (done Maeunoro IlyTu.
Ceepxruradr /[leHe6 1o auameTpy IIpUMep-
HO B 50 pas 6osbire CosHIla, a 110 Macce — B
15 pas. Temmneparypa /leneba 9800°, a cBern-
mocth B 15 000 pas Gosbie, yem y Cosrial
Bieck [leneba scero 1,33™ 1. K. paccrosHue
JI0 9TOI 3Be3ibl — 0o0Jiee THICSIUN CBETOBBIX
ner. 3Bes3ga AnbOUpeo — KpacuBasi JBOMHasI
3Be3/1a C JKEJTBIM U TOJyObIM KOMIIOHEHTAMU.
JIBOIICTBEHHOCTD €€ BUHA JaKe B HeOOIbIIOI
TEJIECKOTI.

Cossesjue Jlebenb paciosoKeHo B TOI
yact Maeunoro [lyTu, rie HaunHaeTcs ero
paziiBoeHne. B co3Be3amu MHOTO SIPKUX
muddysHpix TymMaHnHocTeil. Cpean HUX,
nesee [leHeba, pacIoioKeHbI PSIOM TY-
manHocTH [lesmmkan m Amepuka.

TymaHHOCTb

M 57 (Konbuo)
B CO3BE3aMN
Jlnpa — obnako
rasa BOKpyr
ymMupatoLLemn
3Be3bl




Ymo mokHo Bugemb Ha Hebe?

JIupa

Cossesue JIupa HeOOIIBIIOE, €0 TLIONIALb
286 kB. rpagycoB. OHO BKJIIOUaeT 45 3Be3], BU-
auMbIX Oe3 Teseckora. Yerpipe 3Be3bl JIUPHI
00pasyioT (Gurypy mnapauiesorpaMma, psijioM
C KOTOPBIM PaCIIOJIO’KE€HA O/HA U3 SPUANIIIX
3Be3]I ceBepHOro Heba — Bera, ee 6eck 0,01™.
[To pamnycy u macce Bera mpumepHo BTpOe 1ipe-
BocxoauT CoJiHIle U CBeTa TOChLIAaeT B 52 pasa
60JIbIIIE, HO CBET 9TO¥ OEJION 3BE3/IbI C TEMIIEpa-
Typoii 10 600° 1o 3emuin 1oxoauT 32 25 JeT.

JleBee 1 uyTh BbIlie Bern HaxouTcs ABO-
Had 3Be3nia — € JIupsl. YesroBek ¢ ocTphIM 3pe-
HUEM 3aMeTHT JBe cjabble u GJIu3Kue APyTr K
npyry 3Be3noukn. OHU pacroyioKeHbl Ha pac-
cTostHuU okosio 3' znpyr ot apyra. Ha camom
7iesie 9TO YeTBEPTHAsl 3Be3/a, COCTOSIIAs W3
nByX map. PaccrogHue Mex1y 3BE3HBIMU T1a-
pamu oyeHb MaJio (4" 1 3"), moaTOMy OT/ZIeJIbHO
X MOKHO YBW/IETh TOJIbKO B OUYE€Hb CUJIbHBIN
TEJIECKOTI.

JloctonpumevaTtebHOCTD JIMpBl — TITaHe-
Tapuas tymannoctb M 57 — Koubiio. B tese-
CKOII IEVCTBUTEIBHO BUHO OBAJTbHOE KOJIEYKO
BOKPYT CJ1abO0 1EeHTPATbHON 3BE3/IbI, KOTOPast
U TIOPO/IiJIa TYMAaHHOCTb, COPOCUB CBOIO Ta30-
Bylo artmocdepy. TyMaHHOCTb pacmnoJioKeHa
Mexay 3Besnamu B u y Jiupsr.

‘i Mo-apa6ckn HasBaHve 3Be3fbl Bera B cossesanm
Jlnpa o3HavaeT «nagaroLnin KopLUYyH»

“i* BblgeneHHoe B atnace 4. lesenua co3sesgne
AHTUHOWM cenYac BKtoYeHo B coctaB Opna

Open

Cossesaue Open Ha HeGe 3aHuMaer 652 KB.
rpajyca, B HeM MOKHO YBUIeTh 0K0J10 7() 3Be3 1.
[maBHast 3Be3ma — Auibramp, 6G€JIOro I[BeTa, C
temreparypoit 8400°. Ee paauyc B 1,6 pasa
6ospiiie pagnyca CoJiHIa, a 10 Macce OHa TIpe-
BocxoxuT CoJsiHile B 1Ba pa3a. PaccrosgHue 10
Assranpa — 17 cBetoBbIx JieT. [1o 06e cTopoHbI
Anbranpa HaxozsATcs 3Be3/ibl AnbiiTaiid () u
Pena (y). IlpaBas yacth co3Besausa Opest pac-
noJsioxkeHa Ha gpone Mueunoro IIyTu.

OaAVMH M3 TaMHCTBEHHbIX MNepCOHaXewn
neTHero 3Be3jHOro He6a — 3MeeHoceu.
LpeBHerpevyeckuin y4yeHbin IpartocdeH
Buaen B 3MeeHocLe BeJMKoro 6ora
BpauyeBaHuAa Acknenua. o nereHpe,
Acknenui pOCTUI TaKoOro MacTepcTBa,
4YTO pewuna BOCKpeLwaTb MepTBbixX. 3a 3710
pa3rHeBaHHbIX 3eBC Nopa3ui ero Mon-
Huen. 3Be3gHyto purypy 3MeeHocua ne-
peceKaeT AJIMHHAA CKOOa M3 3aMeTHbIX
peakux 3Be3a. 3To co3Be3ane 3Mes, Ko-
TOPYI0 BEJINKaH CXXMMaeT B CBOMUX pyKax.
Cenuac co3se3aue 3MeAa cuuTtaercsa co-
CTOALMM U3 BYX YacTel — BOCTOYHOM
(ronoBa) u 3anapHom (xBocT).

Les
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OceHnHee 3Be3/1HOE HEOO

Ocenbio TeMHeeT Bce paHbllle W PaHbIIIe.
[Tocie ocennero paBHOJMEHCTBUS TPOJIOJI-
JKUTEJBHOCTh HOUYM CTPEMUTETHbHO HAYMHAET
MIPEBBINIATH JHEBHYIO YacTh CYyTOK. M3-3a pan-
Hero HaCTYILJIEHWST TEMHOTO BpeMeHH KapTUHa
BEUEPHETO 3BE3HOTO Heba 13 MecsIia B MECI]
mo4TH He MeHseTcs. K moayHoun «TpeyroJib-
HUK» 13 38e3]] Bera, [leneb u Anbraup mnepexo-
JIUT B 3allaJ{HYIO0 4acTh Heba, a K yTPY YacTud-
HO HAaYMHAET MCYe3aTh 3a TOPU3OHTOM. ITOT
«TPEYTOJIbHUK» yKpalllaeT He TOJbKO JIeTHee
HebO, HO U OCeHHee, TIOTOMY €ro Ha3bIBaloT
«J1eTHe-oceHHUM». Ilocse mosyHOUM depes
HeOECHBI MEPUINAH 110 OYEPEear MTEPEXOIsIT
[lerac, 3a HUM 1lentouka 3Be3/ AHIPOME/IbI, a
norom u ITepceii. IOxHyI0 cTOpoHy Heba 3aHM-
MaioT crpaBa HaieBo Kosepor, Poiobr 1 OBeH,
iokHee nx — Kwur. Hambosee spkue 3Bes-
nel Ileraca, Augpomennr u Ilepces obpasyror
IPOMAJIHBIN «OCEHHUI KOBIII», HECKOJbKO Ha-
IIOMUHAIONNI KoBII Dbosabmoit MenBeauiibl.
MDopma 3TOTO KOBIIA TOYTH KBajpaTHasi, OH
IPOTSHYJICS 110 HeOy Oosee yem Ha 60°.

AnzpomMena

CosBesnne Anppomena HAXOTUTCS MEKIY
[Teracom u Ilepceem. OHO 3aHUMAET ILJIOMIA/Ib
722 kB. rpaayca, BKiodaetT okoso 100 Buam-
MBIX HEBOOPY’KEHHBIM TJIa30M 3Be3jl. [1aBHbIE
3Be3/Ibl 2-11 3Be3/IHOI BEJTMYUHBI BBITSIHYJIUCH
nernoukoi. Ato Asbdepall, niau Cuppax (a),
Mupax (B) u Anamak (y). Xopol1io u3BecTHast
KpacuBas IBOITHAs 3Be3/1a AJlaMak nMeeT OpaH-
JKEBBIM W M3YMPYIHO-3€JIEHBI KOMITOHEHTHI.
Bropoii us Hux — Toxke nBoiiHas 3Be3na. B Te-
JIECKOIT BUTHO, UTO OHA JIEIUTCST HA 3€JIEHYIO U
ros1y60BaTO-0€/1y 0 3BE3IbI.

[maBHAs mocTomprMeyYaTebHOCTh CO3BE3-
st AHzpoMesna — HaXOASMIAsICSl TaM TyMaH-
HocTh M 31. PacriosioskeHna oHa K ceBepy OT 3B€3-
16l Mupax, psiioM co 3Be3/101 Y. ITO eZIMHCTBEH-
Hasl TaJlaKTHKa Hallero Heba, KOTOPYIO MOKHO
Ha0JII0[aTh HEBOOPY KEHHBIM TJ1a30M. Takum 00-
pa3oM, MOKHO CKa3aTh: caMoe OJIM3KOe, YTO MBI
BUJIUM B KOCMOCE HEBOOPYKEHHBIM TJIa30M, —
ato JlyHa, a camoe majsekoe — 3TO TaJaKTUKA
Anznpomenst M 31. Ceet . vemiie ot JIyHbI ujet
1,28 c,aor M 31 — 60 ee 2 MJIH. JI€T.

I OceHHue cossesnus: ‘«"
" 1 — KuT; 2 — Pbibb; /_,~.~\"‘>.
3 — AHgpomepna; 4 — ‘”f"’;& ,

6 — Kosepor

MNerac; 5 — Boponew;

~ %L

“i* Mo nereHpe, Mepcein cnac
" AHgpomefly OT MOPCKOrO Yy[oBuLLA.
Ha Hebe nx co3se3gns psaom




Ymo mokHo Bugemb Ha Hebe?

Kurt

Orpomuoe cossesaue Kut Gosee yem Ha
45° mpoctupaercs BAOJb HeOECHOTO dKBa-
topa. OCHOBHAsI 4acTh CO3BE3NIUST JIEKUT B
IOxHOM mostymapuu, a HeGoJbIIas YacTh
ero, co 3Be3n0it Menkap (o), — B CeBepHOM.
Opnna M3 caMbIX WHTEPECHBIX 3Be3/ — Mupa
(Ynusutenbnas) (60 Kuta). Ona To pasropa-
eTCs /10 3Be3Ibl 2-11 BeJIMYMHBI U TOT/[a CTaHO-
BUTCSI CAMOU SIPKOH B CO3BE3/IMU, TO MEPKHET
1o 10-ii BeJIMYnHbBIL, ¥ TOT/Ia €€ MOXKHO YBU/IETh
JIUNIb B Tejieckolr. Ilepuos namenenus 6jecka
Mupnbl cocrasssier 332 nuA. [Ipyrux sprux
3Be3]l, KOTOPble M3MeHsIN Obl OJIECK ¢ TaKOii
OOJIBIIION aMILJIUTY/IOM, HET.

Crnenyer ckaszarb W o 3Be3ne T Kwura.
Paccrognue 1o nee — Bcero 12 ¢BeTOBBIX JIET.
3Besna mpubmskaercst K COTHILY CO CKOPOCTHIO
17 xm/c. K aToii 3Be3/ie painoacTPOHOMBI ITPO-
SIBJISIIOT OCOOBIN MHTEPEC, MpeToaras, Yto y
3Be3/Ibl T Kuta MoryT ObITh IJIaHEThI. A BAPYT
TaM eCTb JKU3Hb?

Ilepceit

Cossespue [lepceit umeet moimaab 615 KB.
rpajycos u Bkiodaet 90 3Be3 apue 6-i1 3Be3/1-
HOU BeTnunHbL. OHO JIE;KUT B 1oJ10ce MJiedHOTO
[IyTn, HO B CpaBHMTEIbHO Y3KOHW €Tr0 YacTu.
Camas sapxag 3Besza coszBe3auss — Mupdak
(a), 6meck 1,8". Opnako OoJiee 3HAMEHUTA

“§* Cosseapue lNMepcen n3secTHo acTpoHomam co Il B.
IpaBtopa 13 atnaca 4. Nesenus

OrpomHoe co3Be3pue [lerac 3aHuma-
eT Ha Hebe nnowaab 1121 KkB. rpaayc.
B Hem okono 100 3Be3a, BUAMMBIX He-
BOOpPYXEeHHbIM rna3oM. OagHaKo Tonbko
YyeTblpe M3 HUX UMelOT Gieck He cna-
6ee 3-i1 3Be3aHOM Benn4uHbI: IHUD (g),
Mapka6 (a), Wear (B) n Anrenu6 (y).
MpumeyaTenbHoO, 4TO caMaA ApPKaA 3Be3-
Aa B lerace He Mapkab, a 3Hu¢. OHa
yAaneHa ot 3eMJiM Ha paccToAHMUE OKOJIO
100 cBeToBbIX neT. [I[paBee n 4yTb BbiWwe
3Be3abl JHu (¢ lNeraca) HaxoauTcA
6onbwoe wapoBoe 3Be3jHOe CKomnie-
Hue M 15 (okono 6 MaH. 3Be3pa), KoTopoe
pacnonoxeHo oT 3eMau TaK pajeKo, YTo
ero cBeT uaet K Ham noutu 30 TbiC. ner.

FE{zASTE

Anroab (B). OHa oTHOCUTCSL K I'pyIIle 3Be3/,
uzBecTHol kak [osioBa Meny3bl. /IpeBHue apa-
Obl HA3BIBAJIU €€ <«3BE3/I0N IAbIBOJIA» — IJIb-
[ysab. 3Besnma mopasmyia UX HEMOCTOSTHCTBOM
cBoero 6Jiecka. B EBporre nepemerHocTs 6Jiec-
Ka AJITOJIST OTKPBLI MTAJbIHCKUU acTPOHOM
Motanapu B 1667 1., a Toibko uepe3 100 et
Oblia oOHApysKeHa yAWBHUTEIbHAS MEPUOIUY-
HOCTb 3TOTO U3MeHeHusd. Ctporas mepuoany-
HOCTB <ITOJIMUTHBAaHUS»> TJ1a3 Memysnl mpouc-
XO/IUT TTOTOMY, UTO AJITOJTh — JIBOMHAS 3BE371A.
Korza oiHa 3Be3ia B cBoeM OpOUTATBHOM JIBH-
JKEHWW 3arOpa)KUBaeT IPYTYIO, YMEHbBIIAeTCs
UX CyMMapHbIi 6JIeCK.

Loy




3oguak

300UaKanbHble C03Be30Us pacnonaarmcs Ha HebecHoui
ccpepe B BUOE NOSICA, BHYMpU €20 NexXXum 3KAUNmMuka — Kpye,
Nno KOMOopPOMy NPOUCXo0UmM BUOUMOeE 2000B0€ 0BUXKEHUE
CoMHUA. MU C03Be30Usi pa3uYHbI NO BeaAUYUHe, U Kaxaooe
U3 HUx CoaIHUe Npoxooum 3a He0OOUHAKOBOE YUCI0 OHell.

12 co3Be3dull (OBeH, Teneu, bausHeupl, Pak, Jies, [iesa, Becbl,
CkopnuoH, Cmpeneu, Ko3epoe, Bodosell, Pbibbl) 06pa3ytom
NOSIC 300UdKa (2pey. «300UAKOC» — KUBOMHOE»), Xoms
Wecmb U3 HUX K XXUBOMHbIM He OmMHOCSMCcs.

Pp10bI

Ha nebe co3Besmaue 3aaumaeT 0kos10 900 KB.
rpajsiycoB. B Hem 75 3Be3j1, BUMMBIX HEBOOPY-
JKeHHBIM TJIa30M, HO sIpKuX HeT. /[aske TyiaBHast
3B€3/1a 0. UMeeT BCEro JIMIb 4-10 3BE3/IHYIO
BesimurHy. 3Be3a o PhI6 CIOBHO CBSI3bIBaeT
Y3JIOM JIBe TIeTIOYKH 3Be3/] CEBEPHON M I0KHOM
yacTell co3Be3and PoiObl. DTa 3Be3a — eInH-
CTBEHHAasl IOCTOIPUMEYATETbHOCTD CO3BE3/HSI.
B nacrosiiee Bpems B co3Besauy PriObI Haxo-
JUTCS TOYKA BeCeHHeTo paBHOieHCcTBUS. U ceii-
yac cyeT CO3BE3/IUSIM 30/11MaKa BeleTcs NMEHHO
¢ Poi6. CosBesjye 1mo4YTH LEJIUKOM PacIioio-
xeHo B CesepHoM mouymmapun Heb6a. CostHile
BcTynaeT B Hero 11 mapra.

Mosic 3ogmaka. PucyHok
N3 CTAPUHHOWM KHUN

OBen

I10 HeboJIbIIOE CO3Be3AMe Ha Hebe 3aHu-
MaeT 0K0J10 440 KB. TpalycoB. 3Be3/l, BUMMbIX
HEBOOPY KEHHBIM TJ1a30M, — 0KoJ10 50. [1aBHas
3Be3/1a co3Be3usd [amanb nmeet 2-10 3BE3IHYIO
BesinurHy. OBeH ObLT TIEPBBIM 3HAKOM 30/I1aKa,
¢ nogBiaeHneM B HeM CoJiHIIa HauMHAJICI Ka-
JeHapHbiii ros. B snoxy Iluniepona u I0ausa
[lesapst B 9TOM CO3Be3IMU HAXOUJIACh TOYKA
BeceHHero paBHOzEeHCTBUs. B co3e3nne OBen
Counne Berynaer 18 anpests. Jlyunie Bcero co-
3Be3jue Hab/IoaTh B HOSIOPE, OHO KYJIbMUHI-
pyeT B TIOJTHOYD.

Teueiy

ITO 30/IMaKAIBHOE CO3BE3/IMe YITOMUHAET-
cs ¢ He3almaMsTHBIX BpeMeH. Touka BeceHHeTO
PaBHO/IEHCTBUS HAXO/IUJIaCh B HEM ITIPUMEPHO C
4000 1o 2500 r. 1o H. 2. Teneph B HEM — TOUYKa
JIETHETO COJIHIIeCTOsTHUS, KoTopyio ComHile B
00bIHbIN o poxoauT 22 uionsa. CosBesaue
Ha HebGe 3aHuMaer okojo 800 KB. rpaaycos.

Cxembl
304MaKanbHbIX
Cc0o3BE30UM:

1 — BbnusHeupbl;
2 — Teneu;

3 — OBeH



B nem oxoso 125 3Bess, BUAMMBIX Oe3 Tele-
ckoma. Camas gpkas 3sesga (Omeck 1,1™),
AsbiebapaH, IPUHAMJIEKUT K XOJIOIHBIM 3B€3-
JaM, TeMIiepaTypa ee oBepxHocTu Bcero 3500°,
MO9TOMY OHA OPAHXEBOTO IIBETA, HO CBETA WC-
myckaet moutu B 150 pas 6osibiie, uem Costnire.
B co3Besauu Tenerr HaxoadTcs 1Ba 1OCTYITHBIX
Ui HaOJIIO/IEHHST PACCESTHHBIX 3BE3[[HBIX CKO-
mienns — Ilnesaasr m Twanel, a Takke 3HaAMe-
nHutass KpaGouaHas TymanHOCTh, uan Kpao.
Cossesnue Tesel] BUIHO ¢ CeHTAOPsT 1O Maid,
KYJIbMUHUPYET OHO B MIOJIHOYb B HavaJe JeKab-
p4. ComHile Berymaet B Hero 13 masi.

biunzHenbl

B Cesepnom nosymapun 3eMJnd CO3BE3-
nue bausHenbsl TOAHUMAETCS BBINIE JIPY-
I'MX, T. K. OHO yJaJeHO OT HeOeCHOro sKBa-
TOopa K ceBepy OOJbIle, YeM JIPYrue CO3Be3-
mus 3oxamaka. CosBesjque 3aHMMaeT Ha HebOe
514 kB. rpaxycoB. B nem okosio 70 3Be3, BU-
JUMBIX HEBOOPY’KEHHBIM TJIa30M, HO JIBE W3
nux — Kacrop u ITosuryke — Haubostee mpu-
MevaTtesbHbIe. [lonmyke — onmHOUHAs, cpas-
HUTeabHO XoJioHasd (4200°) opaHkeBast 3Be3-
na 1-ii 3Be3iHo1 Bestnunnabl. OHA caMad sipKas
B CO3BE3/INHU, CBET ee K HaM JOXOUT 3a 35 JIeT.
Kacrop cocrouT us aByx roryObIX 3Be3/1, KakK-
nast U3 KOTOPBIX COAEPKUT JIBE TIapbl 3BE3I-
6JIM3HEI0B; BOKPYT HUX JIBUJKETCS ellle OJINH
CIIyTHUK — cJjabast 3Be3/la, COCTOSAIIAs W3
ABYX OJIM3HENOB-KapiauKoB. Irtak, 3Be3ia
Kactop — aT0 cuctema u3 Tpex map 3Be3/, T. €.
niecTukpatHad 3Be3za. CoJiHIlE BCTylaeT B
cossesaune bouzners 21 uons.

Fooene

lMnaHetapHas
TYMaHHOCTb
Bckmmoc

B CO3BE3aNK
bnnaHeubl.
CHumok
Teneckona
«Xabobn»
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Co3sBe3ave Pak.
PuUcyHOK 13 cTapuHHOIO
aTtnaca. o nerexpe,
Pak ykycun 'epakna,
Korga TOT cpaxkancsi

¢ 'mopon

Pax

Heb6ombiioe co3sesaue 3aHnMaer Ha Hebe
momiab okoso 500 kB. Tpaxycos. B Hem okoJio
60 3Be3/, BUIUMBIX HEBOOPYKEHHBIM TJIA30M,
HO sIpKUX coBceM HeT. AKyOerc (o Paka) — 1o
ropstuasi 6es10-rosryOast 3Besia, ee oreck — 4,3™.
[IpumevaTtenbua & Paka. 9Ta 3Be3/1a JIeKUT HA
skmnTHKe, ToaToMy Counite u JIyHa, mepeme-
MasiCh, MOTYT 3aKPBIBaTh €€ CBOMMU INUCKAMU.
Bo II B. 10 1. 2. B co3Be3aun Pak naxoamnjiach
TOUYKA JIETHETO COTHIIECTOSHUS, TI09TOMY Ha TeO0-
rpadIecKNX KapTaX CEBEPHBIM TPOIUK JIOJITO
HasbiBascs TponukoMm Paka. CosrHIle BeTymaer
B co3Beszue 20 utosis. Jlyudie Bcero OHO BUTHO
B siHBape 1 (peBpasie MoYTH BCIO HOYb.

JleB

Ha nebGe cossesaue 3aHMMaeT ILIONAAb
947 xB. TpajycoB, a 3Be3/l, BUIMMbBIX HEBOOPY-
JKEHHBIM TJIa30M, B HEM H€ TaK Yy MHOTO —
okoJio 70. I'maBHo 3Be3n0ii (o JIbBa) gaBsIET-
cst Ceparie JIbBa, mim Peryn (6mreck 1,35™, 1o
cserumocTr Oosiee yem B 150 pas mpesblimaer
ceetuMocTh CosnHna, Temmneparypa 13 200°).
B apeBHOCTH y 3Be3/bl GBLIO TPEYECKOE MMSI
Bacunuck, 49To 3HAUUT  «IAPCTBEHHBIN».
Coutniie Bcrynaet B co3pesaue JleB 10 aBrycra.
Cosseszue yaobHee HabII0aTh BECHOM.

Fovene

CosBesane
JleB. PucyHok
N3 CTapVHHOIO
atnaca. 970
nes, youTbIn
epaknom




/leBa

Cossesaue 0oJblloe, 3aHUMAET Ha Hebe
1290 xB. TpamycoB. B Hem 95 3Be3j1, BUANMBIX
HEBOOPY:KEHHBIM TJiazoM. Cpen HUX OJlHA U3
spuaiiux 3Be3n Ha HebocBome — Crnka, ee
6aeck 0,97™. Ita ronyboBaTast 3Be3/1a ¢ TEMIIe-
patypoii moBepxHoctu okoso 20 000° mo macce
6osbiie Cosnia B 15 pas, a 110 CBETUMOCTH —
B 740 pa3. B ceBepHoil yactu cospesnus /leBa
COCPEZIOTOYEHO OTPOMHOE KOJIMYECTBO TaJlaK-
THK, MoA00HBIX Mieunomy IlyTu. TamakTukm
JOCTYIIHBI HaOJIFOJIEHUI0 TOJBKO B TEJECKO-
nel. B co3Besauu HaxXomuTcs TOYKA OCEHHETO
paBHOIEHCTBUSI, KOTOPYIO COJTHIIE B OOBIYHDII
roJ[ IPOXOAUT 23 CeHTSOPs, a B CaMO CO3Be3-
mve BerymaeT 16 centsiopst. Co3Besjue Jydiie
Ha0JIf01aTh BECHOM, KOTr/la OHO KyJIbMUHUPYET

OKOJIO TIOJIYHOYU.

CosBeaave [eBa
B 06pase 60rmHm
HemeTpbl.
PucyHnok XIX B.

CxemMbl co3Be3auii:

1 — Crpeneu;

2 — OxHasa KopoHa;
3 — CKOpnunoH;

4 — Bechbl

Becnl

Cossesaue Becol 3annmaer Ha nebe 538 kB.
rpajiycoB. B Hem okosio 50 3Be3/1, BUTUMBIX He-
BOOPY’KEHHBIM TJIa30M. Becbl — eIMHCTBEHHOE
co3Be3/IMe 30/lMaKka, Ha3BaHHOE B YeCTh HEO/Y-
neBsieHHOTO peMeTa. Co3Be3ue MOYnTaIOCh
BO BpeMeHa PUMCKOTO MMIeparopa ABTYCTa,
KOTOPOI'0 M300paskaiy Ha MeJajisdX ¢ BecaMu.
Coutnrie Betynaer B cossesaue Becobr 30 okTs16-
ps. CosBesue sryuiiie HabJIFOIATh B arpesie, OHO
KyJIbMIHUPYET OKOJIO TIOJTYHOUH.

Ckopnuon

Ha nebe cossesgue CKOPIMOH 3aHMMa-
er nmoutu 500 kB. rpagycoB. B Hem okoJio
100 3Besx, BuanMbIX Oe3 Teseckora. [aBHas
3Be3zia AuTapec — oo CKoprmoHa puHaJIesKUT
K uncyy 3Bes3f-rurantoB. OHa 6osbie CoJrHiia
o auametpy B 750 pas, mo macce — B 20 pas, a
o ceetumoctu — noutu B 1000 paz. OgHako
TeMIiepatypa ee nmopepxuoctu Bcero 3300°, mo-
aTOMY Ha Hebe 3Be3/ia CUsieT KPACHBIM I[BETOM
n HarnoMuHaeT 1iaHety Mapc. [lepemeniasich
BOJIM3KM OKJIUNTUKKA, Mapc [IefcTBUTEIHHO
nHOTa OJIM3KO TOAXOAUT K 3Besze. VIMeHHO
13-32 3TOTO JIPEBHUE TPEKW W HA3BaJIU 3BE3Y
Antapecowm, T. e. conepaukomM Apeca (Mapca).
Cser Antapeca ujzer Kk Ham okoJsio 170 ser.
CoutHIle BeTymaeT B cosesane 22 HOsIOps, 10-
9TOMY HabJII0aTh €ro JIydllie B HadaJie JieTa.



Crpeen

CosBesue 3annMaer Ha HeOe 867 KB. rpa-
maycoB. B Hem 115 3Be3s, BUAMMBIX HEBOOPY-
JKeHHBIM Ty1a3oM. Ha cTapuHHBIX 3BE3/THBIX Kap-
Tax co3Be3/ue N300pakaaoch B BI/E KEHTaBPa,
crpesistioniero us ayka. Hanbosiee xapakrepHbie
3Be3/1bI 00Pa3yIOT JIYK U CTPEJTy, HAlIPaBJIECHHYO
B Cxoprmona. 3se3zia a Ctpenbiia — AnbpamMu
nMeet 4-10 3Be3Hylo Besnunny. B Crpesblie
okosio 10 3Be3HBIX CKOIJIEHUU, MIAPOBBIX U
paccesHHbIX. Kpome TorO, 3711€CHh HaOII0AI0T-
cs TpU sipKue U KpyrHble [uddy3Hble TYMaH-
HocTu — Tpoiinas, Jlaryna u Omera. B co3Bes-
nue Crpener; Cosnne Berymaer 17 gexaGpsi.
B Poccun Crpestelr BUjieH TOJIBKO JIETOM, HU3-
KO HaJl TOPU30HTOM B 10/KHOIT yacTu Heba, 1a 1
TO He TIOJIHOCTBIO.

Ko3epor

IT10o HeOOIbIIOE cO3Be3/ine Ha HeOOCBOjE
3aHuMaeT okoJo 40 KB. rpaaycoB. B HeM mpu-
MepHOo 50 3Be3j, BUAUMBIX HEBOOPYKEHHBIM
riiazoM. [lo cBomM ouepTanusm cosBes/ue 1o-
XOJKe Ha JIeJIbTallIaH, HallPaBJEeHHbBINT OCTPUEM
Ha IOxublii nosmoc mupa. [lpaBeiil yrosa Tpe-
YTOJIbHUKA JleJIbTallJlaHa COCTABJISIET JIBOMHAS
3B€3/1a O, IBOMCTBEHHOCTh KOTOPOI MOXKET Pa3-
JIMYUTD YeJIOBEK C OCTPHIM 3PEHNEM. JTa 3B€3/1a
HasbiBaeTcs [weau (Asbrenn). OpHAKO BOM-
CTBEHHOCTb — ONTHYECKAs: COCTABJIAIOININE ee
3B€3/Ibl MEJIJIEHHO PACXOJISITCS B Pa3Hble CTOPO-
Hbl. B 1aBHUME BpemeHa, MpUMepHO 2 THIC. JIET
Ha3a/l, TOYKa 3UMHETO COJIHIIECTOSTHUS HaXO/1 -
Jlach UMEHHO B co3Be3uu Kosepor.
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Gornee

TymaHHoCTb JlaryHa B co3se3gun CTpenel
COOEepPXnUT HebosbLLIOE 3BE3[JHOE CKOMJIeHne

Boaoaein

ITo 6OJBINOE FOKHOE CO3BE3UE 3aHMU-
maer Ha HeOe 980 KB. rpaxycoB. B Hem okoJio
90 3Be3, BUAMMBIX 0e3 TelecKola, HO SPKUX
3Be3 HeT. /laxke riaBHas 3Be3qa o — TOJIb-
Ko 3-it Bemunnbl. Co3Be3/Ie M300paKanIoCh
B BUJle Y€JIOBEKA, JEPsKAIlero OIMPOKUHYTHIN
KYBIIIMH, U3 KOTOPOTO BbITeKaeT Boja. Korma
CoJHIle BCTymasio B 3TO CO3Be3/le, B CTpaHaX
Bocrtoka mocne 3uMHUX XOJIO0B HacTymaja
1opa BeCEHHUX JIOKIEN, TassHUST CHETa B TOpax
n HaBopHeHui. [To ogHOI U3 Bepcuit Bonposeit
nusobpaskaer J[leBkaamona — repos Mmwuda
o BcemupHom moTortie.

B cosBesnuu Boposeil ectb 1Ba yHUKAJIb-
HBbIX OObeKTa /I HaOJMIOAEHUs] B TEJECKOIL.
[TnanerapHas TyMaHHOCTb YJIUTKa — camas
6imskas K 3emuie ¥ camast OoJibliast Ha Hebe.
TymanHOCTD TMOACBEYMBAETCS OYEHDb TOpsTYEH
3Be3/1011 ¢ Temiieparypoit 130 000°. [Ipyroii uH-
TepecHbIN 0ObEKT — IapoBoe cKortenue M 2,
KOTOPOE BU/HO Jake B OMHOKJb. CKoOILIeHHEe
HAXO/IUTCS CeBepHee 3Be3JIbI 3, TTouTH y Hebec-
Horo skBaTopa. B co3Besnue Bonoseit Cosnile
Berynaer 15 despasns. Jlyuiiee Bpemst HabJro-

JeHnA CO3BE3/11A — OCEHb.

“i* TymaHHoCTb YnuTKa B cossesauv Boponen,
B LIEeHTPe TYMaHHOCTU — OEenbI Kapnnk




Habt0aemol BcesneHHOU.

I1aBHBIE OPUEHTUPBI

Ecu B Teyenme HecKoabKUX 4acoB (oto-
rpadupoBaTh HENOJBUKHOW KaMmepoil ceBep-
HYI0 4YacTh Heba, MOJKHO IOJIyYUTh CHUMOK,
Ha KOTOPOM 3Be3/[bl HAPUCYIOT CBETJIble KOH-
neHTpuyeckue ayru. OOIUI 1EHTP TUX YT
HasbiBaeTcs: CeBepHbIM TotocoM Mupa (P).
Habuoast B TeyeHne HEKOTOPOTO BPEMEHHU 3a
3Be3aMu BOJM3H TIOJI0Ca MUPa, MOKHO 3aMe-
TUTb, YTO BCE 3BE3JIBl BPAIAIOTCS BOKPYT HETO
TPOTUB YacoBO cTpesku. [Ipu aTom oTnesrbHbIE

3B€3/Ibl HE OTCTAIOT APYT OT /Ipyra N HE YXOIAT

“i* Tak BbIMAAAT CYyTO4YHbIE YT, 06pa3oBaHHbIe
ceeTunamm Bokpyr CeBepHOro nostca mupa

HebecHble koopguHambl

Hebo — 3Mo KOCMUYeckoe NPoCMpPAaHCMBO, KOMOpPOe Mbl
BUOUM C 3eMHOU NOBEPXHOCMU CKBO3b ammocgepy. Hebo
KaKemcsi Ham 02pOMHOU nonycgpepoil, npocmuparouselics
HAO0 20pU30HMOM. Bce Hebo ycesiHo 3Be30amu. [15 y0obcmBaa
YKA3GHUSA MECmonoioxeHus 38e30 B ACMpPOHOMUU BBEOEHO
NoHsIMue «HebecHas cgepa». dmo cpepa NPoU3B0OIbHO20
paouyca, B UeHmpe Komopou Haxooumcs Habatoamens.
Mpoeuupys Ha ee BHYMpeHHI0K NOBepXHOCMb tobble
HebecCHble CBEMUA, Mbl NOYYGeM HeKYto KapmuHy

Heb6ecHbIn rnobyc Tuxo
Bpare. XVI B.

BIIEpe/I. DTO KasKylieecs BpaleHue Heba Hasbl-
BaeTcs cyrounbiM. Ha camom siesie oHO sBIIsieT-
cs OTPKEHWEM [IeHCTBUTETHHOTO BpaIleHUs
3emun BOKpyT cBoell ocu. [loj ropusoHTom B
IIPOTUBOIIOJIOKHOI TOUKe HeOecHOit chepbl Ha-
XOAUTCA APYToi 1mosoc mupa — Osxkubrii (P)).
Cpenn 0011ero IBUKEHUST HEMOABUKHBIMU
OCTAIOTCSI TOJIBKO MOJTIOChL. BooGpaskaemast ocb,
BOKPYT KOTOpOi1 Bpaiaercst HebecHast cdepa,
HazbIBaeTcsl 0chio Mupa. OHa MPOXOIUT Yepe3
HaOJIfo1aTe st U Yepes MOJII0ChI MIPA.
Cy1ecTByIOT M IpyTH€e TOYKU, KPYTU U JIU-
Huu HebOecHO# cdepnl. Beprukanbhast (oTBec-
Has ) JIMHWS, TTPOXO/IAINas yepe3 MeHTpP chephl,
IepeceKkaeT ee B /IBYX TOYKax. Touka, HAXO/S-
1asicsi HaJi TOJIOBOW HAaOJTIOIATE s, HA3bIBAETCSI
TOYKOU 3eHUTa (Z), MPOTUBOMOJOKHAST — TOY-
Kol Hagupa (Z,). Beprukanbublii Kpyr, 1mpo-
XOJSAIINN Yepe3 BEePTUKAJIbHYIO JJUHUIO U CBe-

TUJIO, — 9TO BepTuKayu cBetusna. I[lmockocTs,
IPOXO/ISAIIas yepe3 IeHTP cdepbl MepreH/n-
KYJSIPHO K OTBECHOH JIMHWH, — IIJIOCKOCTD

MaTeMaTU4ecKoro ropusoHTta. [limockocTs,
TPOXO/IAIIAsl 4epe3 OTBECHYIO JIMHUI0 U OCh
MEpa, — ILUIOCKOCTh HeOEeCHOro MepujauaHa.
Bosbiioit kpyr, 06pasoBaHHBIN TIepeceyeHreM
3TOH TIOCKOCTH ¢ HebecHOI chepoil, ecTh He-
GecHblit MepuaraH (OT JiaT. «<MEPUIAMAHYC» —
<IOJIyZIEeHHbI» ). Mepuauan mTpoXoaAuT de-
pes3 MOJI0Chl MUPA, 3€HUT U Haaup. Toukn ero
nepeceyeHnsi ¢ TOPU30HTOM — 3TO TOUKHU fOTa
(10) u cesepa (C). Mepuauan genur Hebec-
HyI0 cepy Ha JiBa noJyiapus — BoctouHoe u



Bce paccmatpuBaeMmblie cucteMbl Koop-
AVHaT CTPOATCA Ha cdepe M MNO3TOMY
Ha3biBawTCcA cdepuyeckumMu. YTobObI
onpeaenvuTb NMoJioXKeHUe TOYKMU Ha coe-
pe, Bceraa A0CTaTO4HO ABYX KOOPAWHAT.
Ho ecnun tpebyerca onucatb nonoxe-
HUe HebecHbIX Ten B NPOCTpPaHCTBe, TO
TpebyetcA ewe oaHa (TpeTbA) Koopawm-
HaTa — pacCToAHME [0 KaXAporo Tena.
TakaAa cucremMa KoopAauMHaT Ha3biBaeTcA
NpOCTPaHCTBEHHOW, UIN TPEXMEPHOMN.

3anajiHoe. BesenctBue CyTOYHOTO IBUKEHUS B
BocTounom nosrynapum cBeTUIa TOAHUMAIOTCS
HaJl TOPU30HTOM, a B 3alaJ[HOM — OITyCKaIOTCSI.
[L1ockocTh HEGECHOTO HKBATOPA, MPOXO/S Ye-
pes HeHTp HebecHO cdepbl MepneHIuKyIIPHO
K OCH MUpa, IeJuT HebecHyto cdepy Ha IBa I10-
aymiapug — Cesepnoe u IOxHoe. C ropusoH-
TOM HeOEeCHBII 9KBATOP TIePECEKAETCST B TOUKAX
Boctoka (B) u 3amazna (3).

Cucrembl KOOpAUHAT

Jlsist orpejieieHus TIOIOKEHNsT HeOECHBIX
TeJI MOTYT OBITH HCIIOJIb30BAHBI PA3JINYHBIE CH-
CTeMbl KOOp/INHAT. B acTpoHOMMM Yaliie BCero
IPUMEHSIOT YeTbipe CUCTEMbl: TOPU30HTANb-
HYI0, 9KBAaTOPUAJIBHYIO, dKJIUITHUYECKYIO U Ta-
JIAKTUYECKYIO, KOTOPBIE OTJIUYAIOTCSI BBIOOPOM
OCHOBHOM TIJIOCKOCTH U TOYKH Hayaja OTCYEeTa,
a 00beINHsIET WX TO, YTO BCE KOOPAMHATHI 3a-
JIAT0TCS TOJIBKO yrylaMu (0 JINHEWHBIX pa3Mepax
Ha HeOeCcHOM cdepe TOBOPUTH GECCMBICIEHHO).

CeBepHbIii
rnontoc Mmpa\k =

HOXHbIN HuxHsas

Hagup nomntoc Mupa

“i* OCHOBHbIe TOYKM U Kpyru, 0603Ha4aemMble
Ha HebecHom cdpepe

\ e KynbMUHaUUS

KynbMuHauus — Z

Ymo mokHo Bugemb

ZP z

i MonoxeHwne 3eHnTa n CesepHoro nontoca mvpa
ansa Haénopgatens: 1 — Ha CeBepHOM MOSOCE;
2 — Ha 3KBartope

TopuzoHTanbHas

lopusonTanbHas cuctemMa KOOpAWHAT ca-
Mas npoctas. B Heil OCHOBHBIM KPYTOM CJIYKUT
MaTeMaTU4eCKWi TOPU3OHT, a HYTb-TIlyHKTOM —
touka tora (10). Koopaunatamu cBetusa B aTol
crucTeMe Ha HeOeCHOI cdepe SIBJISIOTCST BBICO-
ta (h) n asumyT (A). Boicora cBeTmia — aTo
YTJIOBOE PACCTOSTHUE 110 BEPTUKATBHOMY KPYTY
OT TOPU30HTA /IO CBETHUJIA, T. €. YTOJ MEeX/y TO-
PU3OHTOM M caMuM cBeTrJIoM. OH OTCUNTHIBA-
etcd oT 0 10 +90° k 3enury (Z), ecam cBeTUIO
HaJi Topu3oHTOM, 1 0T 0 10 —90° K Hagupy (Z,),
€CJTH CBETHUJIO TIOJT TOPU30HTOM. A3UMYT CBETH-
Jla — 39TO JIyTa TOPU3OHTA, T. €. YTOJ OT TOYKU
I0Ta /10 TiepeceyeHus TOPU30HTA ¢ BEPTUKATIOM
cBeTUsIa. ACTPOHOMUYECKUH a3UMyT OTCUUTHI-
BAaeTCs B CTOPOHY CYyTOYHOTO BpaliieHusi Hebec-
HOWl cepbl, ¢ fora Ha 3amaj, or 0 10 360°. O6e
9TV KoopAuHAThl (A 1 A) B pe3yJsibraTe Bpaiie-
HUs HeOGeCHOIT chepbl TIOCTOSTHHO U3MEHSIOTCSL.
JTa cucTeMa KOOPAMHAT HUCHOJIb3yeTcs s
oTpe/ie/IeHNs BUAMMBIX TIOJOKEHUN CBETUJI
C TIOMOTIBIO YTJIOMEPHBIX MHCTPYMEHTOB.

BepxHsas

P, Beptukan

. AsnmyT
cBeTuna Z,

“i* NopusoHTanbHas cuctema
KoopauHat




JKBaTopHuaJbHas

IJKBATOPUAJIBHBIX CUCTEM KOOPIMHAT [IBE.
OCHOBHOI KPYT B 9TUX CHCTEMaX — HeOECHbIH
9KBATOP, & BOT HYJIb-ITYHKT Pa3HbBII: ¥ OJTHON —
Tak HasblBaeMasd TOuKa skBaTopa (Q), a 'y apy-
roil — TOYKa BeCEHHETO PaBHOIEHCTBUS ().

B niepBoii skBaTOpUANBHOI cHCTEME KOOP-
JIMHAT TI0JIOJKEHIEe CBeTH/Ia Ha HeGecHoil cde-
pe ornipejesisieTcss cKJaoHeHueM (8) U 4acCOBBIM
yriom (t). CkyioHeHneM CBeTUJIa Ha3bIBAETCS
YTOJI, OTCUATHIBAEMBIII OT 3KBATOPA /10 CBETU-
sa. [To anamornu ¢ ropu30HTAIBLHON CUCTEMOM
KOOPJIMHAT MOKHO CKa3aTh, YTO CKJIOHEHUE —
9TO BbICOTA CBETUJIA HaJl HEOECHBIM HKBATOPOM.
OrcyuteiBaercd ckionenne ot 0 70 +90° o na-
npasseHuto k CesepHomy nostocy mupa (P) u
ot 0 10 —90° — k I0xHOMY (P)).

[pyras koopauHara — 4acoBoil yroa (t).
ITO yToJ, OTCUMTHIBAEMBII BJI0OJIb 9KBaTOpa B
CTOpPOHY BpallleHus1 HebGecHOi cdepbl 0T BepX-
Hell TOYKU IKBATOpa /10 TOYKU IE€pecevyeHms
9KBATOPA C TaK Ha3bIBAEMBIM YACOBBIM KPYTOM
cBeTmsia (OH TTPOXO/IUT Yepe3 JaHHOE CBETUJIO 1
nosfockl Mupa). OTMETHM, YTO OTCUYET BEAETCS
He B Tpajaycax, a B yacax. /[yra B 1 4 cooTBet-
crByer 15°, n60 3a 1 4 HebecHas cepa moBopa-
yupaercst Ha 15°. CooTBeTcTBEHHO 1 MIH paBHA
15 yrioBbiM MuHyTaM, a 1 ¢ — 15 yriioBbIM ce-
KYH/IaM.

B aToil cucteme KoOpAMHAT M3-32 CyTOY-
HOTO BpallleHusl HeOecHOil chepbl CKIOHEHHE
CBETMJIA OCTAeTCS TIOCTOSHHBIM, a YacOBOU

CknoHeHne

P

HebecHbIn
3KBaTop

Yacosoli yron
Touyka y

BeCeHHero
pPaBHOOEHCTBUA

MpsiMmoe BocxoxaeHve

i+ OKBatopuasnbHas cuctema
KoopauHat

HebecHbIn

OknunTrkKa
z aKBaTop 3KBaTop

HebecHbIn

P

Ceom—mmmam -——- 10

P

zZ P2
To4ka BeCeHHero
paBHOQEHCTBUS

Touka OCeHHero
paBHOLEHCTBUSA

“i* HebecCHbIi 3KBaTOP M 3KNMMTUKA
Ha HebecHon cdepe

YTOJI U3MEHSIETCS TTPOIOPITUOHATBHO BPEMEHH.
Wcnosnp3yeTcsi oHa B OCHOBHOM B TIpaKTHYe-
CKOIl acTPOHOMWM JIJIsT HaBeleHUs TeJecKora
110 U3BECTHBIM KOOPAUHATAM 00hEKTA.

Bo BTOpOii 9KBaTOpUaIbHON CHCTEME KOOP-
JIHAT I0JIOKEHNe cBeTu/Ia Ha HebecHol cdepe
3ajlaeTcsl CKJIOHeHUeM (8) U MPSIMBIM BOCXOXK-
nenueM (o).

CxiioHeHUMe ompeensieTcsl TOUHO TakK JKe,
Kak M B 1epBoii cucteme. [Ipsmoe Bocxosxme-
HUE€ — 3TO YTOJI, OTCYUTHIBAEMbIN BIOJH He-
GeCHOTO 9KBaTopa OT TOYKU BECEHHETr0 PaBHO-
JIEHCTBUS JI0 TOYKHU TI€pecevyeHmsi dKBaTopa C
YacOBBIM KpPyroM cBeTHsa. KoopamHaTa <«1ps-
MO€ BOCXO’K/IeHU€e» Ha3BaHa TaK MOTOMY, 4TO
OTCYET ee BeJIeTCS B TOM JKe HallpaBJIeHUN, B Ka-
KOM 110 HeOeCHOI chepe MPOUCXOANUT FOAUIHOE
neiskernre CostHia. B Ty ke CTOPOHY IBMKETCS
u Jlyna, Bpamasicb BOKpYT 3eMJIu.

Ecm roBoputh 0 mepemenieHuSX TJIaHET,
TO MPUHSATO CYNUTATh, YTO OHM JBUKYTCS OO
B MPSIMOM HaIlpaBJIEHWH, KOTJAa TPSIMOE BOC-
XOJKJIEHUE CO BpeMeHeM BO3pacTaer, Jinbo B 00-
paTHOM (TIOMIATHOM ), KOT/Ia OHO YMEHbBIIAETCS.
[Tpsamoe BocCXOKIeHWE OTCUUTHIBAETCS TIPO-
TUB BpaleHus HebecHoi cdepbl ot 0 10 24 u.
B aT0i1 ccTeMe KOOPIMHATHI CBETUJIA HE 3aBU-
CAT OT CyTOYHOTO BpallieHust HebecHoii chepbi.
JTa cucTeMa KOOPAWHAT SIBJSETCS OCHOBHOM
B ACTPOHOMUU U MCIIOJIb3YeTCST TIPU COCTaBJIe-
HUW Pa3JINYHBIX aCTPOHOMUYECKUX KaTaJOTOB
1 3BE3/THBIX KapT.



IJKIMNTUYECKAs

B oaoxsunTuyeckoit cmcreme KOOpPAWHAT
OCHOBHBIM KPYTOM CJIYKUT 3KJIUNTHKA, a
HYJTb-TIlYHKTOM — TOYKa BECEHHETO PaBHO/IEH-
crBust. Touku HebGecHOM cdepbl, OTCTOAIIE OT
sramnTuky Ha 90° B 06e CTOPOHBI, HA3bIBAIOT-
cst mosfocamMu AKAUNTUKA. CeBepHBIN TOJOC
OKIUNTUKU (I) JeXKUT B co3Be3aun /lpakon
npuMepHo 1ocepeaune Mexay llonsproit
3Be3non 1 Beroin. IOKHBIT TTOTIOC 9KIUITUKA
(31) HaXOAUTCA B co3Be3auu 3oJiotass Poiba,
Heaneko ot bosbioro Maresanosa O6Jaka.
Koopnunaramu B 1aHHOI crcTeMe KOOPAMHAT
SBJISIOTCS AKJAUTNITUYEecKue mupota () u 10J-
rota (A).

[To amamormm ¢ TOPU3OHTAJIBHOW CHCTE-
MOU KOOpAWHAT MOKHO CKa3aTh, YTO MTUPOTON
CBETUJIA HA3bIBAETCS €TO BHICOTA HAJl KJIUII-
tukor. OHa orcuutoiBaerca or 0 mo +90°
CeBepHOMy TIOJIfOCY OKJAUNTHKA U OT 0 110
-90° — x IOxnomy. /loarora uamepsiercst 1y-
TOI 9KJIUTITUKHA OT TOYKW BECEHHETO PaBHO/IEH-
CTBUS /IO KPyTa NTUPOTHI CBeTUIIA (OH TTPOXOIUT
yepe3 JIAaHHOE CBETUJIO U TTOJTFOCHI KU TUKN ).
Omna orcunteiBaetcst ot 0 10 360° B cTopony BH-
UMOTO TOAMYHOTO ABMsKeHnss CosHia (Tak xe,
KaK U TIPSIMOE BOCXOJK/IEHUE).

JTa cucTeMa KOOPAWHAT IMUPOKO TpUMe-
HAJach B aHTUYHOU acTpoHoMuu u B CpenHue
Beka. IMeHHO ee ncnosib30oBas [unmapx B ¢BO-
eM 3Be3IHOM Katajiore. Ee yo0HO TIpUMeHSTh
JUISE onpezieieHust opOuT HeOEeCHBIX TeJl WIIN
MIPU U3YyYEHUN IBUKEHUS 3eMJIU U TIJIaHET BO-
kpyr CoJHIIa.

..... > p _—
IKNUNTUYeckas %
cuctema 3
KoopauHaT

)

AKnnnTUKa P4 He6ecHbii

Touyka BeceHHero 3KBaTop

PaBHOOEHCTBUA

Ymo MokHOo Bugemb Ha Hebe?

P .;E .....
[[anakTn4yeckas
cuctema
koopauHaTt

HebecHbI 3kBaTop [anakTnyeckni akeaTop

TamakTuyeckas

B ranmakTtmdeckoil cucreMe KOOpPAWHAT
OCHOBHBIM KPYTOM CJIYKUT TaJlaKTUYeCKU
skBaTOop. OH MPOXOAUT TPUMEPHO TOCEPEN-
He Mueunoro ITytu. Touku HeGecHOit cdepbl,
OTCTOSAINME OT TaJaKTUIECKOTO dKBATOpa Ha
90° B 06€e CTOPOHBI, — ITO TAJAKTUYECKUE T10-
mockl. Touka, pacrionoskennast B CeBepHOM TI0-
symapun, — CeBepHBIN raTakKTUIeCKUH TTOJI0C
(I, B co3e3auu Bomaocel Beponuku). Touka,
pacniosioxkeHHas B IOxHOM mosymapum, —
[Osxnbiit ranakTnyeckuii nosmoc (I';, B cosses-
nuu Ckyabntop). KoopanHatel cBeTusia B 3TON
cUCTeMe 3aJ[Al0TCS TaJTaKTUYeCKOW ITUPOTON
(B) u ranakTudeckoit goarotoit (A).

lanmakTuyeckass mmpora — 3TO yTOJ OT
raJIakKTUYeCKOTO HKBATOpa /0 CBETWJIA, T. €.
BBICOTA cBeTmMJsa HaJ HUM. OTCUMTBIBAETCS B
npezesax ot 0 10 +90° k CeBepHOMY rajakTu-
yeckoMmy rioJifocy 1 oT 0 10 —90° — k IOxxHOMY
rajJlakTuuecKkomy mnostocy. lamakTudeckas m1oJ1-
rota oTcYMUThIBaeTcs OT 1eHTpa [amakTuku (A),
Jexarniero B co3pe3auu CTpeselr] B HampaBJie-
HUW BO3PACTaHUS MPSAMBIX BOCXOKAeHM. OHa
u3MepsIeTcss AYTON TaJaKTUYeCKOro 3KBaTopa
oT 1ieHTpa [amakTikm 10 Kpyra raTakTHIecKon
MIMPOTHI CBeTU A (OH MPOXOAUT Yepe3 TaHHOe
cBeTnyio 1 Tosfockl lamaktukm). OTcuer Be-
nercs ot 0 mo 360°.

lamakTrueckyio cucteMy KOOpPAWHAT TPU-
MEHSIOT B 3Be3/[THO aCTPOHOMWY TIPY N3YYEHU N
Hamell [anakTuku. TamakTuueckue KooparHa-
ThI IPUBSI3aHBI K TAJTAKTUIECKON TIIOCKOCTU U
1eHTpy [amakTuku, moaTOMy OHU HE MEHSTIOTCS
CO BpeMeHEeM 13-3a TIPETeCCUH.




U Npoucxooum CMeHa BpemMeH 2004.

CyTOYHBIH Iy Th

Yrpom CouHile mogHUMaeTCcs U3-3a TOPH-
30HTa B BOCTOYHOI cTOpoHe Heba. B Hammx
CEBEPHBIX NMIMPOTaX OHO JIBUIKETCS CJieBa Ha-
npaBo, B IO:xHOM nosrymapun 3emsi — crpaBa
HaseBo. B mepByto nomoBuny g CosHile mo1-
HUMaeTCs HaJl TOPU30HTOM, BO BTOPYIO — OITy-
ckaercd. B moszenb oHO gocTuraeT HambOIb-
IIIel BBICOTBI, HAXO/SICh HaJl TOYKOU ora. B aToT
MOMEHT OHO IlepeceKaeT HeGeCHbIN MepUInaH M,
KaK TOBOPSIT aCTPOHOMbI, HAXOJUTCS B BEPXHEN
KysabMuHaImuu. B momrous CostHite TOKe 1iepe-
cekaeT HeOeCHBI MepU/IUaH, T. €. HAXOAUTCS B
HUKHEN KyJbMUHAIUU. B cpepHux HimpoTax
HIDKHAS KysapmuHaisg CoJHIA TPOUCXOIUT
HUZKe TOYKHU CeBepa, T0J] TOPU30HTOM. A BOT 3a
[TonsipubiM kpyToMm, Tie CoJtHIle JTeTOM UHOTIA

-
=

Cxema cyTo4HOro
nyt ConHua:

1 — Ha 3eMHOM
3KBaTope;

2 — B cpenHux
LmpoTax

Bugumoe gBukenue CoaHua —

Ha 0HeBHOM Hebe camoe 3amemHoe — ConHue. Mbl MaK
NPUBbIKIU K HEMY, YUMo He Bce20a 06pauidem BHUMAHUe
Ha e20 0BUXKeHUe no Heby. OOHAKO BUOUMbIU CymMOYHbiIL
nymb CONHUA NO HebY Ha KaxKAol 2eo2padpuyeckoli
wupome mecma Hab1t00eHUs Bbl2110UM No-CBOEMY,
npuyem B meyeHue 2000 KAPMUHG MeHsiemcs. 3mo
CBA3GIHO C meM, Ymo 3ems 0BUXemcst Bokpy2 CoTHUd,
COXPAHAS NOYMU HEU3MEHHbIM NOJI0XKeHUe 0CU CBOe20
BpaWieHUS, HAKIOHEHHOU K NA0CKOCMU 0pbumsbl, omyezo

[Nosic aKNUNTUKM K nosic
300MaKa

B TeuyeHue ropa ConHue MepieHHo (3a
CYTKM npuMmepHo Ha 1°) nepemMewaer-
cA Ha ¢oHe 3Be3gHOro Heba cnpaBa
HaneBo. 3Be3] AHEM He yBUAeETb U3-3a
COJIHEYHOro CBEeTa, 3aT0 MOXHO npo-
cneanTb, KakK B TeYeHUe roga MeHAeTcA
BUA HOYHOIO 3Be3jHOro Heba. 1o 00y-
cNoB/IeHO BpaweHuem 3eMau BOKpYr
ConHua. lNMyTb BUAUMOro roaMyHoOro ne-
peMeuweHua ConHua Ha ¢poHe 3Be3j Ha-
3biBaeTcAa 3knuntukon. Nepuoa oaHoro
BMAMMOro nonHoro o6opora ConHua or-
HOCUTeNIbHO 3Be3J, Ha3biBaeTcA 3Be3j-
HbiM rogoM. OH paBeH 365 cyTkam 6 4
9 mMuH 10 c.

He 3aXOJIT [10J] TOPU30HT, MOKHO HaOJII0aTh 1
BEPXHIOI0, U HWKHIOI KyJabMuHainu. Ha reo-
rpaduuecKoM nostoce cyTouHbli myTh CoJiHila
paKTUYeCKN TlapajijiejieH TOpu3oHTYy. Ero
BBICOTA 32 CYTKU MEHSEeTCS OYeHb MeJJIEHHO.
Ha semnom akBaTope CostHIle Bceria BOCXOIAUT
1 3aXO/IUT OTBECHO OTHOCUTEJbHO IOPU30HTA,
JTHEBHOU ¥ HOYHOI €ero IyTH PaBHBI.

B Teuenwne roga BUAMMBIN CYyTOUHBIN IIyTh
CouiHIlla TO CcOKpalllaercsi, TO yBeJUUYUBACTCS.
Hanmenb1nii oH B 1eHb 3UMHETO COJIHIIECTOSI-
Hus (22 nexabpst), HaMOOJIBIIMIT — B J€Hb JIET-
Hero CoJiHIlecTosSHUA (22 uioHs). B 1HU paBHO-
nencrsuii (21 mapra u 23 cenrtsiopst) CourHile
HAXO/IUTCSI Ha HeOECHOM 9KBATOPE.



Bpemena roga

Ot BbicoThl CoJiHIIa HaJ TOPU3OHTOM 3a-
BUCHUT KOJIMYECTBO COJHEYHOI'O TeIlja, IoTa-
MAIoIIero Ha 3eMHYI0 TToBepxHOCTh. Hanmpumep,
yTPEHHHUE KOChIE COTHEUHbIE JTy4uH c1abo corpe-
BatoT ee. Yem Boitie nogauMaercss CoJtHIle Ha/l
TOPU30HTOM, T€M OTBECHEe Ta/afoT €To JIy4UH,
TeM CHUJIbHee HarpeBaeTcs 3eMHas IOBEPX-
HOCTh. HarpeB pa3jmyHBIX y4acTKOB 3€MHON
MTOBEPXHOCTH OIPEESIETCS U MPOAOJIKUTEb-
HOCTBIO OCBEIEHUsI €€ COJHEYHBIMU JIyYaMHU.
YeM JJIMHHEE JIeHb 1 KOPOUe HOYb, TeM OOJIbIIE
TeTJIa TToJydaeT 3eMHast TOBEPXHOCTD.

Ha 3emute B Teuene roj1a IpoMCXOIUT CMe-
Ha TEIJIbIX U XOJIOJHBIX CE30HOB. JTO SIBJICHUE
MPUPOIbI HA3bIBAETCSI CMEHOW BpPeMeH Toja.
OHO cBSI3aHO B MEPBYIO 0YEPe/b C U3MEHEHUEM
ycaoBuii oceriennst COTHIIEM 3eMHOI TOBEPX-
HOCTH M3-3a HAKJIOHA 36MHOU OCH K IIJIOCKOCTH
3eMHOI1 OPOUTBHI.

B nuu paBHOMEHCTBUI (BECEHHETO U OCEH-
Hero) oba mosymapusi 3emun (CeBepHoe u
IO:xnoe) ocsemenbr omamnakoBo. Ha Bceit
3emJjie JIeHb paBeH HOuMW. B seTHee coJsHIle-
CTOsTHUE 3eMJIsT TIOBEPHYTa K COJTHEUHBIM JIy-
yam CeBepHbiM mtoymiapueM. OHO Jrydiie co-
IPEBAETCS COJIHEYHBIM TEIJIOM, JeHb TTPOIOJI-
JKuTeabHee HOUM, a 32 CeBepHBIM IOJISIPHBIM
KPYyroM — TOJIsIpHbIN feHb. B CeBepHOM 0Ty -
napuun — Jeto, a B KOskHOM TOJTyIIIapum B 910
BpeMs, Hao60poT, 3uMa. 3a KOKHbBIM [TOJISPHBIM
KPyroM — ToJigpHast Houb. Yepes mosaroma Bce
mengeTcs. Terrepb B CeBepHOM TOJTyTIIApUN Ha-
cTymaet 3uMma, a B fOxxkHOM — J1eTo.

Ymo mokHo Bugemb Ha Hebe?

Mpuxogaine
ot ConHua
ny4u no-
pasHomy
HarpeBatoT
3emnto

B pasHbIX
nosicax

Gornee

CwmeHa BbicoTbl ConHua Hag FOPU3OHTOM! JNIETOM —
MakcumarsbHas, 3MMO — MUHUMarbHas

[TosloBUHY KJTUNTUKK OT BECEHHETO PaB-
HozeHCTBUSI 10 oceHHero CoOJTHIlE TTPOXOIUT
3a 186 cyTok, BTOpPYIO Ke TIOJIOBUHY, OT OCEH-
HEro PaBHOJ/IEHCTBUS /10 BeceHHero, — 3a 179—
180 cyToxk. A Besib TOJIOBUHKY 9KJIUTITUKHA PaB-
ubl: kaxkgass — 180°. Cunenosaresnpro, CoHile
JBIZKETCS 110 9KJIUITUKE HEPAaBHOMEPHO. JTa
HEPAaBHOMEPHOCTD SIBJISIETCS CJIEICTBUEM H3Me-
HEHUSI CKOPOCTU JABMIKEHUST 3eMJIN 110 3JLIUII-
Tryeckoit opoute Bokpyr Coustia. Bee o npu-
BOAMUT K Pas3HOU JJINTEIbHOCTH BPeMeEH Toja.
Jlnst sxuteseit CeBepHOTO MOJTyIIapUsl BECHA U
JIETO HA IIECThb CYTOK IMPOJOJIKUTEbHEE Oce-
HU U 3UMBL. 3eMJIs1 2—4 WIOJIST PAcIoioKeHa OT
CouHia Ha 5 MJIH. KM jajblile, yeM 2—3 sHBa-
ps, U ABUKETCS 110 opouTe MezienHee. Jletom
3emuts B 11esioM mtosrydaer ot Costrila He 60JIb-
1Ie Teria, Ho JieTo B CeBEPHOM MOy HIapUU He-
MHOTO IIPOIOJIKUTEIbHEE 31MBbI.

“i* Cxema BpalLeHust 3emnun Bokpyr ConHua
(Kpy>KKOM OTMeYeHa oKosononspHas 06nacTb)




Jlyuubie ¢a3bi

[Tepemernasich 1o HeOy ¢ 3amajia Ha BOCTOK,
Jlynasa 14 caBuraercst Ha poHe 3Be371 IpuMep-
HO Ha MOJITPA/IYCa, T. €. Ha BEJUUNHY, OJIU3KYIO
K ee BUIUMOMY pa3Mmepy, a 3a cyTku — Ha 13°.
3a mecstir JlyHa Ha HeOe TOTOHSIET U [TEPETOHSI-
et CoJiHIle, TPU 9TOM ITPOUCXOJUT CMEHA JIyH-
HBIX (ha3: HOBOJIYHUE, TTEPBasi YeTBEPTD, TIOJHO-
JIyHUE ¥ TIOCTIE/THSIS] YeTBEPTb.

B noBosiynue JIyHy He pasrisgers naxe
B Tesieckon. OHa pacriosaraeTcst B TOM >Ke Ha-
npaByeHun, 4To U CosrHIle (TOJBKO BbIIIE WU
HIJKE €r0), ¥ MOBEPHYTa K 3eMJie HOUHBIM I10-
aymapueMm. Yepes zaBa mHs, korzaa JlyHa ynia-
qutcst ot CoNHIA, Y3KUUM cepll MOKHO YBU/IETD
32 HECKOJIbKO MUHYT /IO ee 3aXo/la B 3araJiHON
cropone Heba Ha (hore Beuepheit 3apu. C 91010
MOMEHTa HAYMHAETCS JIYHHBIN MECSIIL.

Bce nampimie u gasbiie BiaeBo oT CouiHila
yxonut Jlyna. Cepn ee ¢ Kax/IbIM JHEM pac-
TET, OCTaBasICh BBIMTYKJIBIM BIIPaBo, K COHILY.
Yepes 7 cytok 10 4 rocsie HOBOJIyHUSI HACTY-
naeT (asza, HazbpIBaeMmas TEPBON YETBEPTHIO.
3a ato Bpems Jlyna ynanumnack ot CoJHIla Ha
90°. C 3emJsin BuIHA TOJIBKO TIpaBas MOJOBU-
Ha JIYHHOTO [uCKa, ocBelieHHass CoiHIeM.
[Tocane 3zaxoma Conanna Jlyna Haxomutcs B

P

Tak BbIrnagaT
CMeHsoLLne

Apyr apyra
hasbl
(chopmbl
BUANMON
YyacTtu) JlyHbl

IBukenue u gasbl JIyHbl

Kocmuueckas cucmema 3emnsi — JIyHa — YHUKA/bHoe
ABsieHue B CoIHeYHou cucmeme. Bud JlyHbl Ha Hebe
MeHSemcsi B meyeHue Mecsud: 3mo mo y3kull cepn, mo
NONOBUHA OUCKA, MO NOJTHbIU OUCK, A UH020d CNYMHUKA
3emau He BUOHO COBCeM. JTyHd MeHsiem ¢pd3bl. 3mo CBA3AHO
C 0BUKEHUEM JIyHbl BOKpY2 3eMJU U C YCI0BUSIMU OCBEUAEHUS]
JyHbl ConHuem. Cama JIyHa He usayvaem ceem, No3momy Ha
Hebe BUOHA TUUb 0CBeuleHHAs COHUEM ee NOBEePXHOCMb —
OHEBHASA CMOPOHA. HOYHAS XKe, MEeMHASi CMOPOHA, He BUOHA.

®oTorpacus JTyHbl
C MOBEPXHOCTM 3eMnun

I0’KHOI cTopoHe Heba U 3aXOUT OKOJIO TOJIY-
Houu. [Iponoskas nepememntatoest ot CosHila
Bce JeBee, JIyHa ¢ Beuepa okasbiBaeTcs yike
Ha BOCTOYHOI CTOpOHE Heba. 3aX0[UT OHA TI0-
cJie TIOJIYHOYH, C KayK/[bIM JIHEM Bce TI03/lHee 1
1O3/THee.

Korga Jlyna oka3biBaeTcst B CTOPOHE, TIPO-
TUBONOJIOKHON COJHILYy, HaCTyHaeT IOJHOJY-
nue. [onnada Jlyna csetut Bcro Houb. C MOMeH-
Ta HOBoJIyHMs Tpoiio 14 cyrok 18 u. Iocie
sroro Jlyna HaumHaeT mpubmKaThest K CoMHITy
cripasa. Bee nozauee Bocxonut JlyHa Haz ropu-
30HTOM, U K YTPY y>Ke He 3aXOUT. YTJIOBOe pac-
cTosgtHUe Meskay Hell 1 CoslHIIeM yMeHbIaeTcst
ot 180 mo 90°. O1arph BUAHA TOJIBKO IOJOBUHA
JIYHHOTO JINCKa, HO y:Ke JieBas ero yactb. [locie
HOBOJIyHUS 1ponino 22 gauga 3 4. Hacrynuma
HocJie/IHsAsT 4eTBepTh. JlyHa BOCXOIUT OKOJIO
MOJTYHOUM U CBETHUT B TeYeHUeE BCell BTOPOI 110-
JIOBUHBI HOYH, K Bocxony CoJiHIla OKa3bIBasiCh
B 10’KHOI CTOPOHE Heba.

Jlyna npubamxaercss k CoJHILY, JTyHHbIH

CepIl CTAaHOBUTCH Y3KUM, OH IIOBEPHYT BIIPABO 1
oxos Ha O6ykBy «C». BujieH nemeabHbIi cBET
Ha HOYHOU vacTu aucka. Hakonert, JIyHna noro-
HsgeT CoJiHIle M CHOBA CTAHOBUTCS HEBUJIMMON.
JIyHHBII Mecs1l 3aKOHYNIICS.
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Mecsupl IYHHBIA U 3BE3IHBIU
JIyHHbBIl cuHOAMYecKUIl Mecsl] (OT rpeu.
«CHHOJIOC» — <«COeJIUHEHNEe» ) CBS3aH C BU/IN-
MbIM Ha Hebe pacroJioskeHueM JIyHbI OTHOCH-
TesbHO CosHIIa. ITO NPOMEKYTOK BpeMeHU
MEXKIY TOCTIeI0BATEIbHBIMA OHOMMEHHBIMU
dazamu JIynpl. On poures 29 nueit 12 u 44 mun
2,8 ¢, wnm moutn 29,53 cytok. CBoii 1myTh Ha
Hebe OTHOCHTEIbHO 3Be3x JIyHa cosepimaer
3a 27 cyrok 7 4 43 mun 11,5 ¢ (OKpyrieHHO —
27,32 cyToK). ITOT NEepUO]] Ha3bIBAETCs CHU/Ie-

3aBMCUMOCTb

da3s JlyHbl '3 /

OT €€ NONOXEHMS . Bt f‘.», pudeckuM (OT JIaT. «CHAEPUC»> — <«3BE3/Ia»),
OTHOCHTENbHO &7 ¥ N 3Be3IHBIM MECSIEM.

3emnn v ConHua [ToueMy cuaepUYECKUii MeCAl] KOpode CH-

Hozimveckoro? Pacemorpum aBuskenue JIyHbI
OT HOBOJIyHUS /10 HOBOsyHud. [loka JlyHa co-
BEPIIAT 0OOPOT BOKPYT 3eMJIM OTHOCHTEJIb-
HO 3Be3]l, TPOHIeT CUIEPUIECKUI MeCHdIl, T. €.
27,32 cytok. 3a ato Bpemsa CouHile ycreBa-
eT CMEeCTUTbCSI Ha BOCTOK IpUMepHO Ha 27°.
N Tosbko korga JlyHa OTOHUT €ro, HACTYIIUT
cenyroriee HOBOJYHUE, a JIJIsT 3TOTO el TIoTpe-
OyeTrcst BpeMsi, paBHOe TIPUMEPHO 2,29 CyTOK.
[Tyt JIyHbI 110 HEGY ITPOXOAUT HEATEKO OT
SKJIMTITUKH, TOSTOMY B TTOJTHOJIYHUE, HAXO/ISICh
B IPOTUBOIOJIOKHON YaCTH SKJIUMTUKU OTHO-
cutenbHo CoJtHIIa, OHA HAJl TOPU30HTOM TTOBTO-
pseT cyTouHblil myTh CoJHIIA, TPOIIEeHHBIN UM
3a [0JITO/Ia /10 3TOT0. 3uMON ostHasd JIyHa 1Bu-
JKeTcs Tak, Kak CoJiHile JeToM, T. €. TIOJHUMa-
eTcst BBICOKO Hajl Topu3oHTOM. JIetom — Haobo-
pot: JIyna nosropsier 3umHuii mythb CoJsiHiia.

Koraa Mbl roBopum, uto JlyHa aBuxeTcA
BOKpYr ueHTpa 3eMnu, 310 He cOoBCeM
To4HO. leno B ToM, 4To JlyHa o4eHb 60Jib-
IWON CNYTHUK NO CPaBHEHUI0 CO CBOen
nnaHeton. JlyHa meHblie 3eMau TONbKO
B YeTbipe pa3a no pa3mepam u B 81 pas
no Macce. N3-3a Takoro cooTtHoweHusA
Macc ueHTp Taxectn 3emna—JlyHa (6a-
pULEHTP) HaxoAUTCA NPUMEPHO Ha pac-
croaHumn 1700 KM nop 3eMHOM NoBepx-
HocTblo. JlyHa ABuMKeTCA BOKpYr 3emau
no 3AAUNTUYECKON opbuTe, no3Tomy
paccroaHue ot 3emaun Ao JlyHbl u3MeHsA-
etcA noytu Ha 50 Tbic. KM. CpeaHee pac-
cTtoAaHue oT 3emnun o JlyHbl npUHMMalOT
paBHbiM 384 386 kM. 310 B AecATb pas
6onblie ANMHbI 3KBaTopa 3emnn.

K 3Be3ge

S

LleHTp 3emnun

BapvueHTp

JNyHa

_> [BuxeHve LeHTpa 3emnu

HsmxeHune JTyHbl
I Cxema pasnun4yuii Mexay cuHoan4eckum (29,5) n
" cupepuyecknm (27,3) mecsiamm




CKopocCTb ABUKEeHUS

Ecm cieqnTh 3a MONOKEHUSIMU TIJTAHET
13 HOYM B HOYb, MOKHO 3aME€TUTbh, UTO OIHU
mianetbl (HampuMmep, Mepkypuii u Benepa)
JBYKYTCST CPAaBHUTEJNBHO OBICTPO Ha (oHe
OTHOCUTEJIbHO HEMO/BUKHBIX 3Be3[l, [IPyrue
(Mapc u [Oniutep) — meanenno. U ensa 3amert-
HO, KakK TepezaBuraercsi cpenu 3Be3n CaTypH.
[Tepemernienne 1aHeT, KOTOPO€ MOXKHO Ha-
OsmoiaTh Ha HeOe Ha (hOHE 3BE3J1, HE YTO UHOE,
KaK OTpakeHUe WX JIBUKEHUS B MIPOCTPAHCTBE
Bokpyr Connua. [lmaneTsl ABUXKYTCS 1MOYTU B
OJTHOI TIJIOCKOCTU U BCE B OJTHY CTOPOHY, O/IHA-
KO CKOPOCTH TIPOXOKAEHMS TIJIAHET 110 OPOUTaM
pasuble. UeM faspliie TJIaHeTa PacoyioKeHa
ot CoJHIla, TeM JIUTMHHEE ee OpOuTa, TeM MeJl-
JIeHHee OHa JBMKeTcs. Bor moyemy mOJIHBIN
o6opot Bokpyr CosHita MepKypuii coBepiinaer
IIPUMEPHO 32 TpU Mecsa, a Ilnyrony s atoro
HY>KHO TIouTu 250 JieT.

9
9
O

......

i+ ConHue (S) — He LeHTp, a 0auH 13 hoKycos
annunca, No KOTopomy ABmkeTcs nnaHeta (T)

Bugumoe gBuskeHue naanem —

Ha poHe HenodBUXKHbIX 38€30 N0 HebYy nepeMeuarmcs
naaHemol. OHU, KAK U 3emsi, 0BUXKYMCS BOKpY?2
ConHua. CovemaHue ux 0BUXKeHUs ¢ 0BUXEHUeM 3eMu,
Ha Komopol Haxooumcs Habatoamens, co30dem
0C06eHHOCMU UX BUOUMO20 nepemeuieHus. Ecau
B32/15IHyMb HA He00, He BCe20d MOXHO HAlimu naaHembl
Cpedu 3Be30. Bo-nepBbiX, He 00513amesibHO B 0AHHOE
Bpemsi Ha Hebe ecmb xoms Obl 00HA BUOUMAS NAAHemMa,
a BO-BMOPbIX, 4MoObl OMbICKAMb €e, HA00 3HAMb, Yem
nnaHema no Budy omnaudaemcs om 3ge30bl.

Mnaneta Mapc. CHMMOK
Ha3eMHOro Tefneckona

BoinuceiBas netam

Bce mmanetst Bokpyr CosHIa IBMKYTCS B
Ty K€ CTOPOHY, 4To U 3emuisd. Eciau cMoTpeThb
co croponbl CeBepHOTO TMOJI0Ca MUPA, TO ITO
IBUZKEHWE TPOTUB YacOBOUM CTPEJIKH, CIIpaBa
HaJieBo. Takoe ABMIKeHME HA3BIBAETCS TTPSIMBIM.
Onnako nepemelienre maaHeT Ha (hoHe 3Be3]1 C
3emuu BuauTcs nHavye. Mepkypuii u Benepa B
OpOUTAIBHOM JIBYKEHUH MEPETOHSIOT 3eMJIIO,
OCTaJIbHbBIE OTCTATOT, TIOATOMY ¢ 3eMJir HabJIio-
maeTcs Kak MpsiIMoOe, TaK U MOTSTHOE IBUKEHTE
njaHeT. MeHsst nmpsgmMoe IBUKEHUE Ha TIOTIST-
HOoe U 00paTHO, TJTaHeTa CJIOBHO OCTaHABJIMBA-
eTcst Ha (poHe 3Be3n. B aToMm cirydae ToBOPAT 0O
CTOSTHUM TIJIAHETHI.

CoyeTtanue TPSIMOTO U TIOMSITHOTO JIBU-
JKEHUI co3jiaeT BIieyaTsieHue, OYATO IUIaHeTa
Ha (hoHe 3Be3]] ONMHUCHIBAeT IeTJo. BeanynHa
MEeTJU 3aBUCUT OT yAAJIEHHOCTU TIIaHETHhI OT
3eMJTH: YeM JlaJibliie TJIaHeTa, TeM MEeHBIIIe TeT-
qg. Jlng Mapca BennunHa MOTSTHOTO JIBUKE-
Hus coctasisier 15°; mist IOnurepa — 10°; miist
Carypna — 7°; niig Ypana — 4°; i Henryna —
3°% nas Ilnyrona — 2°. B cepenune netiu 1Ja-
HeTa HaXOJIUTCA B TIPOTUBOCTOSTHNY ¢ CoTHIIEM
1 Ha OJMKaiiieM pacCTOSHUN OT 3eMJIH. JTO
HaWJTydIiee BpeMst 1Jist HaGJII0IeHUST TITaHeThI.

Bosree OGmuskue & COJHIYY TIAHETHI
Mepkypuii u Benepa To)ke ONUCBIBAIOT IIeT-
au. ITonarnoe nsuxxkenne y Mepkypus — 12°,
y Benepor — 16°, HO BuzieTh 9T TeT/IN Ha Hebe
mertnaeT CoJiHIle, KOTOpPOe KaK pa3 OKa3bIBAeTCs
B Cepe/InHe TIeTJIH.
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Bpems 17151 HaGmo e Huii

Buanmoe mosioxkenue TIaHETHl OTHOCH-
TesibHO CoJiHIla Ha3biBaeTcs KoHpUrypanuei
mranetsl. Mepkypuii u Benepa, opouThr KOTO-
PBIX JIeKAaT BHYTPU OPOUTHI 3€MJIM, HAa3bIBAIOT-
cs HUJKHUMM TIJIAaHETaMU, OCTalbHble — BepX-
HuMu uian BHemuuMu. CoeinHeHne TIJIaHETHI ¢
CoutHIlEM, TIPU KOTOPOM OHA JIBUZKETCS MIPSIMO,
Ha3bIBAE€TCSI BEPXHUM coelnHeHreM (TIaHeTa
pacnosoxkena 3a CosHiiem). Eciu nianera me-
peMeIaeTcs MoIsITHO, TO 3TO — HUKHEE COe/1-
HeHue (11a"eTa nepes; CosHilem).

Hwxnsst mianeTa mocjie BEPXHETro coemHe-
Hus obrousier CoJiHIle U, epeMenasich IPsIMO,
yIaJsIeTcst OT HeTo K BOCTOKY. Bumnmoe yriioBoe
paccrosuue maneTsl oT CoTHITA K BOCTOKY Ha-
3bIBAETCS BOCTOUHOM aJIOHTaITMEl (OT JIaT. «9JI0H-
raino» — <yJajaeHues ), K 3anaiy — 3arajiHoil.
Hawubosbiee yrioBoe yaajeHue IUIAaHEThI OT
CoutHIta Ha3bIBaeTCS HAMOOJIBINEH DJIOHTAIUET.
Hawryurime ycioBust 1uist Hab OIS HEKHET
IJIaHeTbl — BOJM3M HanOOJIBINNX DJIOHTAIMIA,
IIPY 3TOM B T€JIECKOTI BU/THA ITOJIOBIHA OCBETIEH-
noro CoHiem aucka mianeTsl. [Ipyu Bepxaem u
HIDKHEM COeIMHEHNH TIJIaHeTa He BUTHA.

[l BepxXHUX TIJIaHET KOH(MUTYpaIuu py-
rve, 32 UCKJITI0YeHNeM COe/IMHeH s, Kor/ia Tija-
....E:.

OcHoBHble B3anMHble
pacnonoXxeHust

nnaHeT —
KOHpurypauum

BepxHee
coeguHeHve

BocTouHad
KBagpartypa

CoepuHeHne

Otnanume nnaHert ot 3Be3j — uX bGneck.
Bce 3Be3abl MepLaloOT, a N1aHETbl CBETAT
POBHbIM, CNOKOWHbIM CBETOM, OTpaXKeH-
HbiM oT ConHua. Kpome TOro, Kaxpas
nnaHeTa uMeert cBou uBet: MepKypum —
3on0TucTbil, BeHepa — 6enbit, Mapc —
KpacHoBatbii, lOnutep n CatypH — xen-
ToBaTbin. BeHepa, IOnutep u BO Bpe-
MA npotuBocToAHMA Mapc HacTonbKo
APKMU, 4YTO MO OGsieCKy MM HeT paBHbIX
cpeau 3Be3a. Hn y ogHoM naaHeTbl He-
BOOPYXX€HHbIM rNMa3oM pasininTb AUCK
Henb3A. OAHAKO NIOAN C UCKNIOYUTENb-
HO OCTpPbIM 3peHMEM MOTyT 3aMeTUTb He-
cuMMmeTpuyHocTb BeHepsbl.

HeTa HaxoauTes 3a ComniieM. Korza ske nane-
Ta OKa3bIBAETCSI B CTOpOHE Heba, TPOTUBOIIO-
J0:xkHON COJIHILY, TOBOPAT O NMPOTUBOCTOSTHUUN
naHeTsl. B aTo Bpems miaHera MOSIBIISETCS
HaJl TOPU30HTOM B BOCTOYHON 4acTu HeOOCBO-
na, Bckope nocie 3axoga Comnna. Okoso 1o-
JIYHOUU OHA KyJbMUHUPYET Ha MAKCUMAJIbHON
BbICOTE. DTO HanboJiee GIaroTpUsITHOE BPEMsI
U151 HabJTIO/IEHWST BEPXHEH TITAaHETHI.

I

/

- ConHue 3angaHas 3anapgHas
anoHrauus KBagpartypa

BHyTpeHHss" |
nnaHeTa

HuxHee ‘

coefiHeHve &=

BocTo4Has
aroHrauusa

BHelwuHAs
nnaHeta

[MnaHeTa
B NPOTUBOCTOSHUM
(onmoawvumn)

Les




CoAHeuHble U AyHHblE 3amMeHus

B npowsiom 3ammeHusi ConHUua u JiyHol Ka3aaucb

HeoObIYALUHbIMU SIBAEHUSIMU U NOHUMANUCh HE UHa4e
KAK «HebeCHble 3HAMEHUS», KOmopble nyeanu cBoeli

HeOXXUOAHHOCMbIO, BCENAIU CMPAX Neped OKPYXXAOUAUM
MUPOM. M03)e BbISCHUIOCb, 4MO 3amMeHUs pasoeseHbi
HepaBHbIMU NPOMEXYMKAMU BpeMeHU, HO NoBmMopstomcs
B MOM e nopsioke Yepe3s 6585 CymokK. HYauie Bce20 Kaxobili
200 Npoucxooum no Yembolpe 3ammeHus: 0BA CONHEYHbIX
U 0Ba JIYHHbIX. HAUGOIbUiee BO3MOXKHOE KOUYeCmBso

3ammeHuUll B KaNeHOApHOM 200y — CeMb.

3armenus CosHila

JItonu etie B APEBHOCTH 3aMETHITH, UTO 3aT-
Menust CoJiHita GbIBalOT TOJBKO B HOBOJIYHUE,
korya JIyHor Ha HeOe He BUHO. [leficTBUTEBHO,
B 9TOT MoMeHT JlyHa HaxoauTcs MeXIy
CounileM u 3emJieil 1 3aKpbIBaeT Hallle JHeBHOE
ceetmiio. Kak sxe JlyHa, koTropasi B HECKOJIBKO
cot pa3 MeHbIte CoJiHIIa, MOJKET 3aKPBITh €T0?
Ho Couxie pacrosioskeHo or 3eMuu mpubiim-
autesibHO B 400 pa3 pasbiie, yem JlyHa, a 1mo-
nepeurrk CosHita npubausurenbHo B 400 pas
Gosbie  monepeunnka JIyuor  ITosydaercs,
YTO BUMMBIE YTJIOBbIE Pa3MepbI IMAMETPOB
Couniia u JIyHBI OYTH COBIIAJIAIOT.

CostHeuHble 3aTMEHMsT OBIBAIOT YaCTHBIMHU,
OJTHBIMHU ¥ KOJTbIleoOpastbivu. Korpa Coutnite,
Jlyna m 3emuisg pacnosioskeHbl TTPUMEPHO Ha
OJTHOW ITPSAAMOI, TeHb OT JIyHbI TajIaeT Ha 3eMJTIO.
Tam, Kyza oHa mazaetr, u Oyaer HaOJIIOAATHCS
MOJIHOE cOoJTHeYHoe 3atMenue. OHO TIpe/cTaB-
sisgeT coboil ahheKTHOE 3peunlie: IPKUil 1eHb
BJPYT cMeHdeTcsi Houblo! Haunnaercst 3aTme-

lNonHoe 3aTmeHne
ConHua poccusiHe
Bugenu 1 aBrycra
2008r.,cnepnytoLee
rnosiHoe 3aTMeHune
Poccusa ysngnt

12 aBrycra 2026 r.

Cxema cofnHe4Horo
3aTMeHus

Fooene

KonbLeobpasHoe
COJTHEYHOE
3aTMeHune
BbIMMIAONT OYEHb
aphekTHO: Ha
Hebe nosBnaeTcs
OrpoMHoOe
OFHEHHOE KOJbLO

HUE C TOTO, YTO Ha COJTHEYHOM JIUCKE C TTPABOI
CTOPOHBI MOSIBJISIETCS yIIep0, HO 9TO TTIOKa 4acT-
HOE COJTHEYHOE 3aTMeHMe. Yiiepd yBenynBaet-
cst Bce GoJbiite u Gostbiie. JIyHe HYKeH MOYTH
yac, 4ToObl 1eaukoM 3akpbith Cosnne. He6o
temHeeT. CoJiHIle TIpeBpalaeTcss B Y3KU cep-
MK, HO BOT Mcue3aeT 1 oH. Ha Hebe mosBIsioT-
cs1 sSIpKue 3Be3/bl. B TOM e MecTe, r7ie /10 9TO-
ro Haxoausioch CoJHIle, BUIEH YepPHBIN KPYT,
OKalMJIEHHBIIT cepeOPUCTBIM CUSTHUEM — COJI-
HEeYHOU KopoHoii. [Ipoxoaut MuHyTa, Apyras.
W BOT cmpaBa OT 4epHOTO MCKA BCIBIXUBAIOT
apkue syun Cosnna. [lomHoe 3aTMeHne KOHYN-
sock. Ceprt CosHIIa pacTeT, U TPUMEPHO uepes
Yyac 3aKaHYMBAETCS U YaCTHOE 3aTMEHHeE.

[Tockombky 3emiss u JlyHa aBuxKyTCsS 10
SIIMIITHYECKUM OpOWTaM, BUIUMbIE C 3eMJIK
nonepeunukn CosHIla MeHstoTcs. Ecu B nan-
HBIN [1epUo/i BUAMMBIN JIYHHBII IMUCK MeHbIIe
cosiHeyHOTO, TO JlyHa He 3akpoer CoHile 1ie-
JIMKOM U Ha Hebe MOSIBUTCS SIPKOE KOJIEYKO.
ITo 3aTMEHME KOJIbIIe0OPasHOE.
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3armeHus JIyHbl

B ornmume oT cOTHEYHBIX, JyHHBIE 3aT-
MeHMsT OBIBAIOT TOJIBKO B MOJTHOJIyHUE. Korma
JlyHa monajiaet B 3¢eMHYIO TIOJIyTeHb, HACTyIla-
eT ToJIyTeHeBoe 3aTMeHMe, a KOTJla OHa 3aXO-
JIUT B caMy TeHb — TeHeBoe. Pa3inmyaior Takxe
yacTHOe TojiyTeHeBoe 3arMmeHue (JIyHa Juiib
YACTUYHO 3aXO/IUT B MTOJYT€Hb) W YACTHOE Te-
HeBoe 3aTMeHue (JIyHa 4acCTUYHO ITOKPbIBAETCS
TEeHbIO 3eMJIN ).

YBuzeTh nosyTeHeBoe 3aTMEeHME JI0BOJIBHO
TpyaHO — GJieck JIYHBI B TOT MOMEHT ocJrade-
BaeT MaJjo. Tak 4To, KOT/la TOBOPAT O JIYHHOM
3aTMEHUU, UMEIOT B BUIY TEHEBOE 3aTMEHUE
Jlynor [Ipoucxonut ono tak. Ha nebe sipro cBe-
TUT TIosTHad JIyHa, HO BOT ee JieBbIi Kpaii TeM-
HeeT, 1 OHA HAUMHAET MEJIJIEHHO MTOTPYKaThCS B
TeMHYy10 Tesiey. [losBisioTest ciabbie 3Be3 bl
KOTOPbIE PaHbliie He ObLIN BUAHBI N3-3a IPKOTO
ayHHoro cBeta. Cama JIyHa cTaHOBUTCH TYCK-
JIOI, ¢ KpacHOBaTbiM oOTTeHkoM. Hactymnaer
MOJTHOE JIYHHOe 3aTMeHue (TeHeBoe). Hepes He-
KOTOpoe BpeMsd JieBblii kpail JIyHbl HaunHaeT
MTOCTETIEHHO BBIXO/IUTH U3 3eMHOI TEHM, a Yepe3
yac Bce 3aTMeHle 3aKaHYMBaeTCs.

Ymo mokHo Bugemb Ha Hebe?

Fooene

CxemMa TEHEBOro fyHHOro 3aTMeHust: JlyHa
MOJSIHOCTBIO HAXOQWUTCS B TEHU 3eMiu

Ilouemy 3aTMeHMs peKu?

Tak Kak coJIHeYHOe 3aTMeHMe ObIBAeT B HO-
BOJIYHUE, a JIYHHOE — B MOJTHOJIYHUE, TO, Ka3a-
JIOCH ObI, KaJKIBIH MECSIT I0JIKHBI TPOUCXO/IUTH
7IBa 3aTMEHUS: OHO — COJIHEYHOE, JPYyroe —
ayaHOe. OHAKO 3TO CJIy4aeTcs 3HAYUTETHHO
pexxe. /lemo B TOM, 4TO TJIOCKOCTU 3€MHOU U
JIYHHOH OpOUT He COBIAAAIOT, OHU PACITOJIOKE-
HBI TTO/T yTJIOM 5° IpyT K ApyTy. M3-3a 9TOTO BO
BpeMs HOBOJIyHUs JIyHa, Kak MPaBUJIO, TIPOXO-
aut 6o BbIe, 160 Huske CoJHIla, a BO Bpe-
M TIOJTHOJTYHUS OHA JIBVKETCS UJIA Uy Th BHIIIIE,
W 9y Th HUKe TeHn 3emun. U Tosbko 1Ba pasa
B IO/, KOT/Ia TOYKH TIepecedeHns TIJI0CKOCTH Op-
6uThI JIYHBI C TLTOCKOCTBIO OpOUTHI 3eMJH (Tak
Ha3bIBaeMble Y3JIbl JIYHHONU OPOWTHI, MU JIyH-
HbIE Y3JIbl) MPUOIU3UTENbHO OKA3hIBAIOTCS Ha
guanu CosHile — 3eMJid, HACTyIaeT Mepuo,
KOT'/1a MOSKHO YBUIETh 3aTMEHUE.

/KuBg B OIHOM U TOM 3Ke paiioHe 3eMJIu,
YeJIOBeK 32 CBOIO JKM3Hb MOXKET He YBUIETH
HU OJTHOTO TIOJTHOTO COJIHEYHOTO 3aTMEHWSI.
[Tonocku, xotopeie pucyer TeHb JIyHbl Ha
3emJe, IOBOJIBHO Y3Kue; MPOU/S M0 OJHOMY
MecTy, JIyHa TIOSBUTCS 371eCh JKe JIUMIb 4epe3
cOTHM JieT. JIyHHBIE 3aTMEHUS CIYIatOTCST PesKe
COJIHEYHBIX, HO BUJHBI CpPa3y M3 BCEX TOYEK
3emun, T7e JIyHa B 9TO BpeMs HaXOAUTCS HaJl
TOPU30HTOM, TaK YTO 32 CBOIO KU3Hb KaK/bI
MOJKET YBUJIETb UX HE OIUH JIECATOK.

KpacHbiit unu KopuyuHeBaTbiit uBeT JlyHbl BO BpeMA 3aTMe-
HUA 0ObACHAEGTCA TE€M, HTO OHA U B 3eéMHOI TeHU oCcBeLaeT-
CA COJIHEYHbIMM Jly4aMu, NpaBAa, He NPAMbIMU, @ NpeJioM-
JIeHHbIMM MPpU MPOXOXKAEHUU CKBO3b aTtMocdepy Hawen
nnaHetbl. [1pu 3TOM rony6bie U cMHMe Ny4un B HEl pacceu-
BalTCA, @ KpacHble U OpaHXeBble NMPOXOAAT CKBO3b Hee.
OHu-To u MoryT npuaatb JlyHe 6arpoBo-KpacHbI LBeT.
Ecaun 661y 3eMman He 6b110 aTMOCc(epbl, TO BO BpeMA MOJIHO-
ro 3aTtMmeHusn JlyHa BooGuye He 6binia 6b1 BUAHA.




I’IPOI/BBOGCVYI BEHHbIX npoueccax.

Buapi yacos

N3mepenue BpemMeHU Ipe/IioiaraeT Hajlu-
4yye HeKOTOPOro IPoIlecca, MOBTOPSIONIErocs ¢
OuYeHb CTPOTrOi MEePUOANYHOCTBIO. TakuM Ipo-
1[eCCOM JIOJITO CUMTAJN BpallleHue 3eMJu BO-
Kpyr cBoell ocu. llepuos atoro BpaiieHus Ha-
3BAJIM CYTKaMH, a ero J10JId — YacaMiu, MUHYTa-
MU U CEeKyH/laMH, KOTOPbIe CTaJu OCHOBHBIMU
eIMHUTIAMU BPEMEH.

B /IpeBnem BaBuisione yacamu y KperoB
CJIYSKUJI THOMOH — BEPTUKAJIbHBI CTOJIO, ycTa-
HOBJICHHBIII Ha TIJIOIA/Ke € pacyepuyeHHbIM
mdepbratom. CoJtHIle OCBEIAIo THOMOH, KO-
TOPBII OTOGpachIBa TeHb Ha IIOMaAKY. [Tosxke
ObLIN TIPUAYMaHbl OoJjiee CJIOXKHbBIE COJIHEY-
HbIE YaChl, MIPUTOHbIE JJIsE JIOOOr0 BpeMeHU
rojja. 3areM Yy pa3HbIX HapPOJOB TOSIBUJINUCH
MeXaHUYEeCKUe Yachl ¢ 3yO0YaThIMH KOJIeCaMu

el

[peBHenLLne Yachbi:
1 — COSIHEeYHbIE;

2 — NecoYHblE;

3 — BOAHblE

M3mepeHue GpemMeHu

Bonpoc «Komopblli YaC?» MOXHO YCblUGMb NOBCIOQY:
ooma, Ha ynuue, B wikone, Ha pabome. TpyOHO
npedcmasume, Ymo 6ydem, eciu B Hauwleti 00bIYHOU XU3HU
He N0/Ib30BAMbCA Yacamu! Euie 60/1bliee 3Ha4eHue MmoyHoe
Bpemsi UMeem B Hay4YHbIX UCCIe00BAHUAX U pabomax: npu
onpedeneHuu KOOPOUHAM U COCMasaeHuu Kapm, npu
npoBedeHuU dcmpoHOMUYeCcKUX HAbA0eHUl U hu3udeckux
3KCNepuMeHmoB, Npu 3anycke KOCMU4eckux pakem

U B KOCMUYECKUX UCCIEO0BAHUSX, d MAIOKE B PA3IUYHBIX

CoBpeMeHHble Hapy4Hble
KBapLeBble Yackl

u crpenkamu Ha nudepbiare. Hakonerr, ObLim
CO3/IaHbI Yachl ¢ MasITHUKOM. OJIHAKO HUKaKHNe
MeXaHHYecKHe 4achl He UAyT abCOJIOTHO TOY-
Ho. OHu b0 OTCTAOT, NGO YXOMAT BIIEPEL.
Cy1miecTByIOT acTPOHOMHWYECKUE Yachl, KOTO-
pble TIPOBEPSIIOT TTO0 MOMEHTAM TPOXOKIEHUS
3Be3 yepes HebecHblil Mepuauan. Ho 3emuis
BpalaeTcsl HepaBHOMEPHO, 3a(pUKCHUPOBAHbI
BEKOBbBIE, CE30HHBbIE U CKaYKOOOpas3Hble M3Me-
HEHUS YTI0BOW CKOPOCTH €€ BpallleHUs.

MecTHOe BpeMs

3eMHOU IIap MOKHO paccMaTpuBaTh Kak
TMTAHTCKUE COJTHEUHbIE Yachl. 32 eTUHUITY Bpe-
MEHHM B aCTPOHOMHUM NPUHUMAIOT BPeEMS IOJI-
HOTro 000pOoTa 3eMJI BOKPYT OCH HJIH, YTO TO
JKe camoe, BpeMsl BUIUMOrO BpalleHus Hebec-
HOTO CBOJIa. DTO BPeMsI Ha3bIBAIOT 3BE3IHBIMHU
cyrkamu. CosiHeYHbIE CYTKH, KOTOPbIE OTIpe/ie-
JITIOTCST KaK TIPOMEKYTOK BpEMEHU MEXK/TY /IBY-
M TTOCJIe/IOBATETbHBIMU BEPXHUMY KYJIbMIHA-
IUSIMU [IEHTPa COJTHEYHOTO IUCKA, MTPOAOJIKH-
TeJbHee 3Be3HbIX HAa 3 MUH 56 ¢, T. €. [1oYTH
Ha 4 muH. PasHuia o0ycJoBjeHa TOAUYHBIM
neuskenrieM CoOJIHIIA 10 SKJIUTITUKE. 3a CYTKU
CoutHIle TIepeMeniaeTcsl Cpein 3Be3/] B HallpaB-
JIEHUH, 0OpaTHOM BUAMMOMY CYTOYHOMY Bpa-
meHno HebecHoi cdepsl (¢ 3amaja Ha BOCTOK )
MIPUMEPHO Ha /IBa JIMaMeTpa CBOETO JINCKa, T. €.
Ha 1°. 3naumt, yroObr CosHIE OKa3aJoch Ha
Mepurane, HeOecHO# cdhepe HYKHO ellle T0-
BepHYTbCs HA 1°, HA 3TO YXOJUT OKOJIO 4 MUH.
[Tonosxenre CoHIIA OTHOCUTENHLHO HEGECHOTO
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[OCTMXEHUS 3Mox:
MexaHun4yeckune
Yyacbl C MasTHUKOM
N 3NEKTPOHHbIE
Yyacbl ¢ pagmo

1 6yaNSIbHUKOM

MEpUINaHa, T. €. €T0 YaCOBOU YTOJI, OTIPeeis-
eT I JIAaHHOTO TIYHKTa 3eMJIM MECTHOE COJI-
HeuHoe BpeMs. Ecyim Ha kakoM-To Teorpaduye-
ckoM Mepuauane CoJiHile HaXOAUTCs B BEPXHEN
KyJIbMAHAITNH, TO TaM 1oJiieHb. Ha Mmepuanane,
nexkameM Ha 15° Boctounee, — yxke 13 u. Eme
nasbiie K BocToKy Ha 30—45° BpeMmst Oy/ier co-
orBeTcTBeHHO 14—15 u u T. 1. HaoGoport, Ha
Mepu/IMaHax, Jeskaimx K 3amaay Ha 15, 30, 45°,
6yner coorBerctBerto 11, 10, 9un . 1.

Bce macesenHble TYHKTHI, Jeskamiue Ha
OJIHOM M TOM JKe MepHjauaHe, UMEOT O/MHa-
KOBOe MecTHoe Bpems. Uem Gosibliie pasHUIA
UX JIOJITOT, TeM OOJIbllle pa3HUIlA BO BPEMEHU.
Hanpuwmep, korga B Mockse 12 4, To B Huzknem
Hosropoge na 26 mun 60sbiie, a B CMoJieHCKe

B XX B. Ob1 OTKPbIT TaKOM CTaOMNbHbIN
KonebaTtenbHbi Mpouecc, Kak Koneba-
HUA aToMa B OTAEeNbHOM MoneKyne. 3ToT
npouecc ucnoJjib3yeTca cenvyac B cambix
TOYHbIX Yacax — arToMHbIX. To4YHOCTb
aTOMHbIX YacoB TaKOBa, YTO OHU MOryT
oTcTatb He 6onee yem Ha 1 ¢ 3a 500 TbIcC.
ner. Mo aToMHbIM YacaM TOYHOCTb onpe-
AeNleHUA BpeMeHU B MWIJINOH pa3s Bbillie,
4yeM no BpaueHuio 3emaum. o aTumyacam
KOppeKTUpyeTCA  NPOAOIKUTENbHOCTb
MHOIrMX aCTPOHOMUYECKMUX NPOLLEeCCOB.

Ymo mokHo Bugemb Ha Hebe?

4+ Meorpachmyeckre MepuanaHbl fenst 3emsio Ha
4acoBble NosiCa CO CBOMM MECTHbIM BpeMeHeM

Ha 22 muH MeHbliie. Cam ropos; MockBa IpoTs-
HYyJICS € 3ama/ia Ha BOCTOK OoJiee yeM Ha 30 KM.
Paznauria Mmeskry MeCTHBIM BpeMeHeM 3ama{HOM
1 BOCTOUYHOU OKpauH ropojia cocranisetr 114 c.
Hanpuwmep, ecau na KpacHoil momaan pos-
Ho 12 4, To B M3maiisose Ha 50 ¢ Goublie, a B
Kynnese — na 50 ¢ MeHble.

Yacosble nosca

[Tonb30BaTHCS TOUHBIM MECTHBIM BpEMEHEM
B TIOBCEIHEBHOI KM3HU HEYIOOHO, MOITOMY
B 1884 1. Oblia Hpe/IoKeHa MMOsICHAsE cCTeMA
cdeTa BpeMeHU, TP KOTOPOU CUET BEIETCS 110
MOKa3aHUSIM TOJBKO 24 OCHOBHBIX reorpadu-
YeCKUX MEPU/INAHOB, OTCTOSIINX JIPYT OT IpyTa
1o fosirote Ha 15°, T. e. Ha 1 4. DTU MepuUaHbI
IPOXOAAT TPUOIU3UTENBHO MOCEPEIUHE KaK-
JIOTO 4acoBOTO T0sica. 32 OCHOBHOW Mepu/u-
aH HYJIEBOTO I0sgca MPUHAT [PUHBUYCKUN, OT
KOTOPOTO OTCUMUTBIBAIOTCA U TeorpadpuyecKkue
JIOJITOTBL. BpeMs HyJ1eBOro 4yacoBOro oJiroca Ha-
3BIBAIOT BCEMUPHBIM BpeMeHeM. BoJIbITnHCTBO
ctpan EBpombr oTHOcsTca K 1-my yacoBomy
nosicy. [To aTtomy cpenneeBporieiickoMmy Bpeme-
HU JKUBET Takke KanmHuHTpazckas o0JacTh.
[To octanbHoli Tepputopun Poccun npoxondar
11 yacoBbix 1oscoB (co 2-ro 1o 12-it). [panuiibt
MOSICOB YCJIOBHO COOTBETCTBYIOT TOCY/IapCTBEH-
HBIM, aJJMHUHUCTPATUBHBIM U WHBIM PybesKam,
OTCTyIask OT COOTBETCTBYIONIETO MepUANaHa B
Ty WJIH JIPYTYIO CTOPOHY.




KRaaAeHgapb

AN ucqucneHus 60abwux NPomMexymeos BpemeHu Coeda
Heob6xo0uMm KaneHdapb. Cyw,ecmsyom mpu 0CHOBHbIX BUOA
KaneHoapel — CONHeYHbIU, NYHHbIU, IYHHO-COTHEYHbIU.
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DEBPAJIS

bonee pacnpocmpaHeH CO/THeYHbIU KGIIEHaapb, CBA3GHHbLIU SEBPAID

CO CMeHoli BpemeH 2000 — OCHOBOLI X038UCMBEHHOU
desimenibHOCMU Yeio8ekd. OOHAKO nepuoodbl U3MeHeHUl

M. Bm Cr Ym fim Cd

12 3 4.5
678 990 112
13 14 15 16 17 18 39
20 21 29 o3 24 %5 95

nosioxkeHUs CoONHUA U JiyHbl (200 U Mecau) He codepxam el
4€/1020 YUCAG COMHEYHBIX CYMOK, YMo BblHY>K0daem

€030aBamb UCKYCCMBEHHbIE KaneHaaprle cucmembl, 6onee

Npu200Hble 019 UCNONb30BAHUSI.

Buapl KajeHaapeu

BompmmHCTBO cTpaH ceituac opueHTUpPyeT-
Cs1 TI0 COJTHEYHOMY KaJieHapio. JIyHHBIN KajieH-
Jlapb COXPAHUJICS Y HEKOTOPBIX HAPO/IOB, UCIIO-
BeMyIomMMnX uciaaM. JIyHHO-COTHEUHbIN KaJleH-
Jlapb MPUMEHSIETCS Y €BPeeB, /IS NCUUCIEHUS
CPOKOB PEJIMTHO3HBIX MPa3aHUKoB. Hapombl
Bocrounoit u Oro-Bocrounoit Asuu cosmaiu
TaK Ha3bIBAEMbI ITUKJIMYECKUI KaJeHIaph.
B ero ocnoBe — mostabIil 06opot IOmnuTepa 1o
Hebecuoi cdepe 3a 12 jer (tounee, 11,862),
a TakXe JyHHbI Mecsil. Kaxapiii rog HOCUT
Ha3BaHUe >KUBOTHOrO: 1-ii — MbInib (Kpbica);
2-it — xoposa (ObIK); 3-if — THUTP; 4-i1 — 3asiIl

JInct coBpemeHHoro
OTPbLIBHOIO KaneHgaps

(KpoJiuK); 5-if — JapakoH; 6-it — 3mest; 7-i1 —
Jiotmajib; 8-it — osiia (6apan); 9-it — obe3bsiHa;
10-it — xypwura (meryx); 11-it — cobaka; 12-it —
cBUHbBs (KabaH).

Jleroucurcienne kajeHaaps 6eper orcuer
OT KaKOro-1n60 MU(OIOTHYECKOr0 MU KCTO-
pudeckoro cobpiTrst. Hayaso jetoncuncieHust
B XPHUCTHUAHCKOW 3pe (10 IEePKOBHBIM OKY-
MeHTaM — C 724 T. H. 9.) YCJIOBHO OTHECEHO K
poxkaenuto Mucyca Xpucra. MycysibmaHckas
9pa Has3bIBAECTCST «XMKpa» M Oeper OTcyer ¢
MOMEHTa TiepecesieHns mpopoka Myxammena n
ero nmpuBepskeHIeB u3 Mekku B Meiuny B cen-
Ts6pe 622 1. H. 3.

“i* [IpeBHUN KUTANCKUIA KaneHgapb ¢ Ha3BaHWsaMM
MEeCSILEB 1 X CUMBOMNKOW

“i* ConHe4HbIN KaneHaapb UHOENCKOro nnemeHu
aUTEKOB OTNMYarcs BbICOKOM TOYHOCTbIO



I0uanckui

Y nctokoB KajeHapsi, KOTOPbIM MbI TTOJIb-
3yemcs ceifuac, JIesKUT pUMCKUN KaJleH[apb. 3a
700 Jier 10 H. 9. B PUMCKOM KaJieHJape ObLIO
10 mecsinieB — maptuyc (mepBbIii Mecsil B
TO/LY), allpUJINC, Malfoc, MIOHNYC, KBUHTUJINC,
CeKCcTUIMC, cernrrembep, okToGep, HoBeMOep U
nenembep. Mapr, Maii, MI0JIb 1 OKTSIOPb UM
o 31 nHIO0, octaysbHble — 110 30 nHel. B xanen-
mapHoM roxy 6b110 304 mHs. Bo BpemeHna 1apst
Hywmbr [Tommunus (650 1. 10 H. 9.) B KaJieH1apb
06BN [Ba MeCsILAa — OJUHHAIIATHIN 1 JBe-
HaJIaThlil (dHBapb U deBpasb). PumisgHe yert-
HOE YUCJIO CUYUTATN HECUYACTJIUBBIM, MTO3TOMY
K KaJIeHJapHOMY Tojy npubaBuin 51 peHb u
MepeTacoBai KOJIMYECTBO JHEN B OCTAJbHBIX
Mecanax. B aux crano aubo 29, 6o 31 nens.
B romy crano 355 nueit. Hauasmo kaxmgoro mecsi-
112 OTTPEJIEeJISIIIN TI0 HOBOJTYHUIO.

B 45 1. 1o H. a. IOnnii Ile3aps BBes KajieH-
napb, TOJYYUBIIUN Ha3BaHUE IOJTUAHCKOTO
(HBIHE 9TO KaJIeH1apb cTaporo cTuid ). K nmpex-
HeMy KasteHzapio pobasuian 10 maHel, KOTopble
OT/IaJT KOPOTKUM Mecsiam. IlepBoiM Mecsiiiem
cTan guyapuyc. HeueTHble MecsIbl COCTOSIN
u3 31 must, yernoie — u3 30. Torbpko debpya-
puyc umen 28—29 pneil. CpeaHds NpojaoJi-

Camoe TpyaHoOe B KaneHpape — corna-
CcoBaTb NPOAOCKUTENIbHOCTb roja U Me-
cAua c cytkamu. lMpopomxutenbHoCTb
obpaweHua 3emaum Bokpyr ConHua
(TouHee, NPOMEXYTOK BpEeMEHMU Mexay
npoxoxaeHueMm ueHTpa ConHua uepes
TOYKY BeCeHHero paBHOAEHCTBMA) Ha-
3bIBaeTcA Tponu4yeckum rogom. OH co-
craBnser 365 cytok 5 4 48 muH 46,1 c,
T.€.365,242199... cyTOK, NO3TOMY U3Me-
PATb NPOAOIKUTENBHOCTb roia B CyTKax
MOX>XHO TOJIbKO NpuoauvkeHHo. JlyHa non-
HOCTbIO MeHAeT cBoM ¢a3bl 3a 29 cyToK
12 4y 44 mynH 2,8 ¢, 1. e. 32 29,530588...
CYTOK. 3TU «HebGecHble ApoGu» ocnox-
HAIOT KaNeHjapHbIA CYET BpEMEHM.

Ymo mokHo Bugemb
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“#* CTpaHWLbl CPEAHEBEKOBOrO KaneHaaps
C KPaco4HbIMU MUHMATIOPaMM

JKUTEJIBHOCTD ToJ[a I0JIMAHCKOTO KaJleHapst —
365 nmeit u '/, 1HA, YTO OYEHD OJIM3KO K IIPO-
JIOJKUTEIBHOCTH TPOIMYECKOro Toga. UToObI
TOJI COZIeP:KAJI TIeJI0e YKCJIO JIHEM, YCIOBUINUCH
B TE€UEHUE TPEX JIET CUUTATh B KAJK/IOM IOy TIO
365 mHell, a B Y4eTBEPTOM — BUCOKOCHOM — 366.
CemuiHeBHasI HeJe sl MPUIILJIA B IOJUAHCKUIMA
KaJIeHIaphb ¢ XpPUCTHAHCTBOM. PelieHne o Hepa-
604eM BOCKpECEHbe TIPUHSI PUMCKUI UMITEPa-
top Koncrantun B 321 1.

Ipuropuanckuii

Nranbauckuit yyenniit JInnmno (/[xxuibo)
paspaboTall KaJeHaph, YMEHBIINB Ha TPH YNC-
J10 BUCOKOCHBIX JieT 3a 400 set. BrucokocHbIM
OH TIPE/IJIOKUJI CYUTATD JINIIH T€ BEKOBBIE TO/IA,
YICJIO CTOJIETUH KOTOPBIX JeNUTCs Ha 4 0Oe3
octatka. Pumckuit nana Ipuropuit XIII BBen
STOT HOBBIN KasieHaapb (0TCIO/Ia M Ha3BaHUE —
TPUTOPUAHCKUIT), oTOpocuB sntare 10 aHeid.
Wrak, B 1582 r. mocye uerBepra 4 OKTSAOpS
SATHATIA yKe Oblia 15 OKTsOpsi, a BeceHHee
pPaBHOJICHCTBUE BHOBB MPUIIIOCh Ha 21 MapTa.
CpenHsisi TPOJIOJKUTENHHOCTD TOMA B TaKOM
KaJIeH/Iape HaCTOJIbKO OJIN3KA K TPOIIMYECKOMY,
4To ommMbKa KaJeHIapss B OIHU CYTKU HaKall-
suBaetcd quirb 3a 3300 ser. B XX B. pa3uuiia
MEKIY KaJIeHJapsSIMU CTapOTO U HOBOTO CTUJIEH
ctasia paBHa 13 cytkam, a ¢ 2100 r. pa3nuiia cra-
HeT paBHa 14 cyTkam.




OM HEBOOPYXXEHHOZ0 2/1a3A.

IlepBbie OG’I)CKTI)I JJISA
HAOJIOACHUA

Hauatb camocTodTebHbIe HaOTI01eHUS He-
GeCHBIX 0OBEKTOB JIyUIlle BCEro ¢ CaMoro OJIn3-
Koro K HaMm Tejga — JIyHber. OO6mmpHbIE MODS,
BBICOKME TOPbI, MHOTOYHMCJIEHHbIE KpPaTePH,
TOJIUHBI U <«JIy4W» BUHBI HA €€ TTOBEPXHOCTU
naxke B HebosbiIoN Teseckor. Habmoxenus
JIyHBI HEe MOTYT HACKYYHTb, Be/lb 13-3a OBICTPO-
rO JIBUKEHUST HAIIero CIyTHUKA B3aUMHOE T10-
soxenne Counila, JIyHbl 1 3eMy TTOCTOSTHHO
MeHseTCs, U KaxX/bli feHb JIyHa BBITJISUT 110~
apyromy. Bo Bpema nosnosynuii JIyna nnoraa
MOTIAZIAeT B TE€Hb 3eMJIM, U TOT/Ia IIPOUCXOIUT
JIYHHOE 3aTMEHHUe.

JlpyruM uHTEpECHBIM OOBEKTOM, MPUBJIE-
KaoIUM BHUMaHUe, ABJgeTcs Ompkaimag K
HaMm 3Be3zia U 1eHTp CoTHeYHOU CUCTeMbl —
Cousnre. Caenyer cpa3dy OTMETUTb, YTO Ha-
GJIF0IATh €ro HYKHO ¢ 0000 0CTOPOKHOCTBIO:
HEeOOXOAMMO HUCII0JIb30BaTh TEMHBIE IIJIOTHbLIE

Jllobumeabckass acmpoHOMUS ——

ACmMpoHOMUS yBAeKaem MUuaauoHbl Jito0eli BO3MOXXHOCMbHO
NO3HABAMb BCeneHHyto, CamocmosimesibHo Haba0as
MHO2Ue Kocmu4yeckue 06bekmbl U iBeHUs. B ACHYIO HOYb
MO>KHO ysuaean NosIsipHble Wanku Ha Mapce unu danexkue
3Be30Hble CKONJieHus, JTIYHHbIE Kpamepbl uiu poCCbinb 3Be30
Mne4Ho20 Nymu. Hebo 3aBopakusaem, npumsgcusaem
MAUHCMBEHHOCMbIO U HEO0CSA20eMOCMbIO. NHmMepecHo
HAy4Yumbcs pa36upat’nbcs1 B 3B€30HOM y30pe, yBMaeVVIb

B OUHOK/Ib UAU HEOOIbLIOU mMesieckon mo, Ymo CKpblmo

Tak Bbirnagut ConHue yepes
cneumanbHbIA TeNecKon

CoBpeMeHHbIN
NIOOUTENBCKNIA
Teneckon no3eonseT
paccMmarpuBatb

n dpotorpadmposatb
camble pasHble
HebeCHble 0ObEKTDI

(UIBTPBI, OCTAOJIAIONINE CBET, WK JKe IPOEIi-
poBarb uzobpaxkenue CoJiHiia Ha OeJIbIil 9KpaH.
Cample 3aMmeTHble 00pa3oBaHUS Ha JIVMCKE
CoJHIla, XOPOIIIO BUAMMBIE JJaKe B HeOOJIbIION
TEJIECKOIl, — 3TO MATHA, B CTPYKTYPE KOTOPBIX
pasMYvMbl Te€Hb W TOJyTeHb. HabiomeHust
IIOJIHBIX M YAaCTHBIX COJTHEUHBIX 3aTMEHUU He
[POITYCKAET HU OJUH JIFOOUTEh aCTPOHOMHUHL.

KomeTbl — BnevyaTtnawume oobeKTbl ANA HaAONOAEeHUN, OAHAKO B
TeyeHUe roga MOXKHO CTaTb CBUAETeNieM MoJieTa BCero HecKoJb-
KUX cnabbliX KOMeT, BUAUMbIX B He0O/IbLION NIOOUTEeNbCKUN Tene-
ckon. MaccuBHble ApKMe KOMeTbl, 3aMeTHblé HEBOOPYXXE€HHbIM
rna3oM, NOABAAIOTCA Ha HeOOCKNOHe Tonbko pa3 B 5—15 ner
MpoaonkutenbHOCTb HAONIOAEHUA APKUX KOMET COCTaBiAET He-
CKOJNIbKO HeAeNb WU MeCcALEeB, U yXKe B Te4eHUue HoYn BUAHO 3aMeT-
HOoe CMelLeHue «XBOCTaTon 3Be3/bl» OTHOCUTENbHO (OoHa 3Be3HO-
ro He6a. MHorne KoMeTbl OTKPbITbI IIOOUTENAMU U HOCAT UX UMEHA.



IIn1aneTsl

Hammune gaske HeOOIBIIOTO TEJIECKOIA 110~
3BOJISIET TIEPENTH OT HAOJIOAEHUs 3a IBUIKe-
HueM 1iaHer CoJIHEUHOUM CUCTEMBI K IIPOIleC-
cy ux u3ydeHus. MepKypuii m3-3a €ro MajibIx
pasmepoB u Osmsoctu K CoOJHIYY JroOUTEH
ACTPOHOMWH MOTYT HAOJIOaTh TOBOJIBHO Pel-
Ko. Benepa mnpejcrasisger ropasno GOJIbIINIA
WHTEepeC: TJaHeTa OueHb sIpKasi, ee JIerko Hail-
TH Ha Hebe U IPOCJIEUTh 3a N3MeHeHneM (a3
o mepe ee obpamienust Bokpyr Counia. Ha
Benepe MOKHO paccMOTpeTh OOJiauHbie 00-
pasoBaHus. Bpemst ot BpeMeHn 00JIauHbIN 110-
KPOB BBI3BIBAET TIOSIBJIEHWE CBETSIIIUXCS «PO-
JKeK», BBIXOIATINX 32 TPEETbI cepria TJIaHeThl
B TOJISAPHBIX obactsax. Opoutsl Mepkypust u
Benepsl sie;kat BHYTpU OpOUTHI 3€MJIH, T0ITO-
My WHOT/Ia B CBOEM BUJMMOM JIBUKEHUW OHU
npoxozT 1o aucky CosHia.

Perynspro Habmomass Mapce, MOXKHO OT-
CJIeKUBATh Ce30HHbIE W3MEHEHUs pPa3MepPOB
€r0 TIOJISIPHBIX IIATIOK: BPEMsI OT BPEMEHU OT
OCHOBHOTO MacCHBa OT/EJISTFOTCS U TIOCTEIIEHHO
TAIOT OT/le/IbHBIE (pparMeHThl. HexoTOphiM ya-
€TCsI PasTJIsi/IeTh 3HAMEHUThIE «KaHaJIbI» Ha I10-
BepxHocTu Mapca. Bun IOnurepa B Tesieckon
[IPOM3BOAUT CUJIbHOE BIledaTjeHue Ha HabJIio-
mareseii. MHOrooOpasHble [IeTajii Ha UCKE
IJIaHEThI 06YCJIOBIEHbBI 0OJauHBIMU 0Opa30Ba-
HUSIMU B BEPXHUX cI105X atMocdepsr FOmuTepa.
JleTas MOCTOSTHHO M3MEHSIIOTCS U ITepeMerna-
10TCs1. B 0ObIYHBIN OUHOKJIb WJIN JIasKe HEBOOPY-

" JlyHa — npeanbHbIi 06bLEKT Ans
aCTPOHOMUYECKMX hoTorpadnin U 3apnCcCoOBOK

Ymo mokHo Bugemb Ha Hebe?

“i* Bup lOnuTepa B Teneckon. fpkas To4ka
" crpaBa — OAyH U3 CMYTHWKOB 3TOM NiaHeTbl

JKEHHBIM TJIa30M pszioM ¢ Onurepom 3ameTHBI
€ro yeThipe caMbIX OOJIBIIUX cryTHHKa — Mo,
Epomna, Kannucro u lanumen. CatypH co cBo-
el cucTeMOli KoJiell BUJICH Jake B CUJIbHBIN O1-
HOKJIb. Buj KoJtelr uameHsieTcst B 3aBUCUMOCTH
ot noJioxkerust CatypHa pu ero o6patieHu 1mo
opo6ute. IIpumepHo pas B 15 j1eT KoJbIa «IIpo-
aal0T» — OHU BUJHBI ¢ pedpa.

Merteopsbl

Meteopbl 06bIYHO HAGIIOAAIOT HEOOIINOM
TPYIIIOH, TTOCKOJIBKY OJIH Y€JIOBEK HE B COCTO-
STHUW CJIEJIUTD 32 BceM HeOoM cpasdy. Hayunyro
IIEHHOCTh TIPEJICTABJISIET OIpe/eieHre Yuca
MEeTeOpOB, 3aMeUeHHBbIX B TeueHHe uaca, TaK
Ha3bIBaeMble YacoBble uncaa. Hanecs mytu me-
TEOPOB Ha KapTy 3BE3JHOTO Heba U IPOJITB UX
Hasa/l, HeTPY/IHO CAMOCTOSITEJIbHO OOHAPYKHUTh
pagriaHT MeTeOpHOTO TToToKa (cm. MeTeophr).

Kax/yio sicHyto HOYb Ha Hebe MOKHO 3a-
METHUTh B cpenHem 1mo 5—10 meTeopoB B yac.
OcoOeHHO KpacWBBI €KErO/[HbIe aBTYCTOB-
ckue nmotoku [lepcenipl, Korja B TeMHbIE HOYN
MOKHO HacuuTaTh 10 120 MeTeopoB B yac, T. e.
«IaJIafole 3Be3/bl» paccekaoT HeOOCBOJ B
cpenrem kaxapie 30 c. Ene 6ostee BrieuaTIsiior
MeTeOpHBIE J0K/IH, KOT/Ia YUCJIO METEOPOB J10-
CTUTAET HECKOJIBKMX JIECITKOB TBHICSY B Yac, —
TaKoe CJIy4aeTcs pa3 B HECKOJIbKO IeCATUIETUI
1 MOJKET CTaThb CAMBIM SIPKUM BIleUaTIeHueM B
JKU3HU aCTPOHOMA-JTIOONTEIS.




MecTo a1 HaOJII0 AeHU

Yro6bl HayaTh HAOGMIOAEHUS 3BE3HOIO
Heba, rmocrapaiitech HAUTH HeOOJIBIIYIO TLIO-
MIQJIKY BJIAJTU OT OCBEIIEHHBIX OKOH U YJIUYHBIX
donapeii. Eiie Jrydrie npoBoAuTh HaOMIOAEHIS
3a FOPOJIOM, TJie HeOO He TI0CBEYNBAETCS SIPKU-
MU OTHAMU. Ecjin Takoil BO3MOKHOCTU HET, TO
OT UCKYCCTBEHHOTO CBETa MOKHO YKPBITHCS 32
creHoit 3panus. Ilepen HauamoMm HaOJIOMEHUI
JKeJlaTeIbHO TIPOBECTU HEKOTOPOE BPEMS B TEM-
HOM MecTe, yTOObI TJIa3a IPUBBIKIN K TEMHOTE.
Jly1s1 ToICBETKM 3BE3/IHBIX KapT WJIU CIIPABOY-
HOI JIMTepaTypbl MOJIb3yHTeCh (HOHAPUKOM C
IIJIOTHBIM KPacHBIM CBETO(UIBTPOM — IIPH Ta-
KOM OCBEIIIeHNH TJIa3a He TIOTEPSTIOT CBOEH UyB-
CTBUTEJIBHOCTH.

Br160p npubopos

O630pHbIe HAGITIOIEHIST 3BE3/ 1 CO3BE3IUIT
MOKHO TIPOBOJINTH HEBOOPY/KEHHBIM TJIA30M.
OtHAKO TOPA3/I0 MHTEPECHEE UCCIIE0BATH HEGO
C TOMOIIBI0 OWHOKJISI. B TeMHYT0 HOYb B XOpO-
IIUI TPU3MEHHBII OMHOKJIb WM OUHOKYJISD,
YKPETJIEHHBIN Ha ITaTHBE, MOKHO YBUIETH /10
HOJIyMUJJIMOHA 3Be3/1 U 0Kos10 100 TymanHbIX
00BEKTOB TAJIEKOTO KOCMOCa. BUHOKIIb co3ia-
€T, B OTJIMYHE OT TEJIECKOTIA, TPSIMOE, a He TIepe-
BEPHYTOE N300paskeHe, KPOME TOTO, OH UMEET

Hosenwre mogenmn
Teneckonos, HECMOTPS
Ha CITOXHOCTb
YCTPONCTBA,
KOMMbIOTEPU3UPOBAHBI
1 NPOCThI B yNpaBieHnmn

“i* Ho4Hoe ynn4Hoe ocBelLieHne Co3aaeT ApKne
61MKW, MeLlatroLLme HabNIAeHUo 3a HEO6OM

IMIMPOKOE TI0JIe 3PEHUS, KOTOPOEe He3aMEHUMO
pu HaOJIIOEHUSX KOMET, 3BE3/IHBIX CKOILIe-
nuii mian Maeunoro Ilytu. lns actponomu-
4ecKuX Iiesieil HamboJiee TOAXOAAT OUHOKIIN
¢ muamerpoM obbekTrBa 40—50 MM U yBenu-
yeHneM B 5—8 pas. Bosiee KpyIrHble OUHOKIIH
TPYIHO MIOJITO JIEP>KaTh B PyKax, MOITOMY HX
MPUXOUTCS KECTKO 3aKPEIISTh C TIOMOIIBIO
CTIeNnaIbHBIX TIPUCTIOCOOTIEHNI.

[lng mpoBeneHMS TOJHOIEHHBIX HCCJIe-
noBaHuii morpebyercst Teseckor. Hawbosee
HOMYJISIPHBIE TEJIECKOIBI CPeIu JIIoOuTe e
ACTPOHOMMU — TeJIeCKOIbl cucteMbl HbloToHa
(cm. Kak uccrenyior Beenennyio?), uto o0y-
CJIOBJIEHO TIPOCTOTOM WX M3TOTOBJIEHUS W He-
BBICOKOIT 11eHO. [Ipu nprnobpereHnn Terecko-
ma cjaeayeT BbIOMpPaTh WHCTPYMEHT C JUaMeT-
pom oObekTuBa He meree 80 mMm. JKenmarenbHo
TaKsKe, YTOOBI TEJIECKOTI UMEJT SKBATOPHATBHY IO
YCTaHOBKY, ITOCKOJIBKY OHA TIO3BOJISIET CJIEUTD
3a HeOGECHBIM 0OBEKTOM ITyTeM IIPOCTOTO MOBO-
pOTa BOKPYT BCETO OJTHOM OCH, YTO YI0OHO KaK
pyu HaOGJIIOIEHNSIX TJIa30M, Tak U 1pu (HoTo-
rpachUpoBaHIY 3BE3[HOTO Heda.

OrpoMHYI0 poJb UTpaeT HajleKHas ycTa-
HOBKa TEJIECKOIIa, Be/b /layKe He3HAUNTETbHbIE
BUOpAIK MCKaKalT M300pakeHue, Iesaror
€T0 Pa3MbITBIM, HEYETKIM.



Ymo mokHo Bugemb Ha Hebe? 77

MdororpadupoBanme

Cuenatb dororpaduio 38e3aHOr0 Heba He
TaK TPY/HO, KaK Ka)kKeTcs C TepBOTO B3TJI/IA.
Jlist ¢hbeMOK MOJKHO WCIIOJIb30BaTh OOBIYHbIE
3epKajibHble (poToamnmapaTbl, K KOTOPBIM He-
00XOITUMO TIPUKPEUTH CITYCKOBON TPOCHUK JIJIsI
TOro, 4ToOBI KaMepa He AposKajia MpU CIIyCKe
3aTBOpa. ABTOMaTHYeckre (HOTOKAMephl, Tak
Ha3bIBaeMble <«MBIIBHUIIBI>, 1S (oTorpadu-
poBaHus Heba He TOAXOMAT, MOCKOJIbKY OHU
He TI03BOJIAIOT OTKPBITH 3aTBOP Ha JIJIUTEIHHOE
BpeMs, a MTPU HU3KOHW OCBEIEHHOCTU WCIIOJIb-
3YIOT BCHBIIKY. UTO KacaeTcst Bbibopa poroma-
TepUasoB, TO /Ui acTpodororpadpuu MOAXOAIAT
IJIEHKU € 4yBCTBUTENbHOCTBIO 400 equHuIL, OT-
JIMYaIoIIecs: HeOOJIBIIONW 3ePHUCTOCTHIO (OHA
CHUZKAET PE3KOCTh) M MO3BoJISIoNHE (hoTorpa-
(dbuposaTh cirabbie HeOeCHbIE OOBEKTBI.

Yr00bI c1e1aTh CHUMOK y4acTKa 3BE3IHOTO
Heba WK, B YaCTHOCTH, CO3BE3/IHS, I0CTATOUHO
3aKpEeNuTh amnmnapaT Ha YCTONYMBOM MITATHBE
WM Ha Tejeckorie u oTKpbiTh HA 10—30 ¢ 3a-
TBOP. IIpu GONBIIMX IKCIO3UIMIAX U300paKe-
HUS 3Be3]] HAUHYT 3aMETHO BBITATUBATHCS B
OTPE3KHM JIyT M3-3a CyTOYHOTO BpalleHust Hebec-
Holl cdepbl. C UCIOJIB30BaHNEM THIUPOBAHUSI
yepe3 TeJecKomn (T. e. KOHTPOJIMPYs HaBe/leHue
TeJIECKOTa BO BPeMsI dKCIO3UIIMHN ) MOXKHO Jie-
naTh pororpaduu ¢ ropasio 6OJbIIEN BhIAEPK-
KOif, Y4TO IO3BOJUT IOJYYUTh H300pPaKEHS

(=]

ACTPOHOMI

SHLMKNONEANS "

AcTpoHOoMUEN
MOXHO 3aHATbCA
B /ItO60M BO3pacTe

“i* KapTa 38e3AHOro He6a — rnaBHbIi MOMOLLIHMK
B aCTPOHOMUYECKOM HabMoaeHnn

JlajieKux TyMaHHocTedl u ranakTuk. Hepeako
TEJIeCKOIIbI JIOIycKaioT ¢oTorpadupoBanue B
npsiMOM (pokyce UM Yepe3 OKYJISAP, TIPU 3TOM
IS coefimHeHns oToanmnapara u OKyJIspHOTO
y3J1a TIPUMEHSETCs CIIeIUaIbHbIH TePeX0/[HUK.

CnpaBouHbBIE MaTepUAJIbI

Jlist TIpOBejIEHMsT ACTPOHOMHUYECKUX Ha-
6JtoIeHNil HeOOXOIMMO UMeTh HH(MOPMAIHIO
o mosoxennu CouHita, JIyHbI, TTaHET U WX
CITyTHUKOB, KOMET U aCTEPOUIOB. ITU CBejIe-
HUsI, & TaKJKe JAaHHBIE O METEOPHBIX MOTOKaX,
MIePEMEHHBIX 3Be3/1aX, YCJIOBUSX BUIUMOCTH
3aTMEHUI, TIOKPBITUI 3Be3/ U IiaHeT JIyHoi
MEYaTAIOTCS B €KETOJHBIX aCTPOHOMHUYECKUX
KaJeHaapsix, a Takke B TEPUOIUYECKUX W3-
JaHUsIX. B CIIPaBOYHBIX PYKOBOJCTBAX YKA3bI-
BAeTCsI BPEMSI MHTEPECHBIX aCTPOHOMHUYECKUX
COOBITHIA, & TaKXKe MA0TCSI KOOPMHATHI WHTE-
pecHbIX 00beKTOB. HU OlMH acTpOHOM He MO-
KeT 000iTHCh 6e3 TTOAPOOHBIX 3BE3HBIX KapT,
0CcOOEHHO HEOOXOIUMBIX TPH MOKMCKE CIA0BIX
00BEKTOB. BOJIBINYIO0 TIOMOIIb MOTYT OKa3aTh
KOMITBIOTEPHBIE TIPOTPAMMBbI-TIJIAHETAPUH, PHU-
cyroliue 3Be3HOe HeOO B 3alaHHbBIIl MOMEHT
BpPEMEHH ISt JII0O0I TOUKK Ha 3eMJe.
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CoAHuUe
u CoAHeyHas cucmema

Kun3Hb N10oaen n Halweun NaaHeTbl TECHO CBA3aHa

c ConHueM, a cama 3emna — oobeKT ConHevyHOM
cucrtembl. HeyanButenbHo, 4T0 3TO Hanbonee xopoLwo
n3yyeHHasa yactb BceneHHon. Ha ctpaHuuax gaHHoro
pa3saena Bbl y3HaeTe, Kak BO3SHUKNA U paséuBaeTca
--ConHevHan cucTeMa; noumMmere, 4yem ConHue oTanvaercsa
0T APYFUx 3Be3f; npoq u*raeTe-onnaHeTax ConHeuyHOM
cucTeMbl 1 nx ocobeHHocTAX. He MeHée MH.Tepecua

d. i

uHdopMaums o Manbix Tenax CoONHEYHON CUCTEMbI: = = i,

OTKyAa NOABJIAIOTCA KOMeTbl, YTO TaKoe acTepouabl,
YyeM MeTeopbl OTANYAIOTCA OT METEOPUTOB?




O ConHue
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MnaHeTbl ConHeYHoln cucTemsl (* B eanHMLIAX 3EMHbIX NapamMeTpoB)

MnaHeTta OvameTp* Macca* Cuna Tshxectun* nnofu}?cﬂrt’,l:/cmi‘ ATtmocdepa
Mepkypun 0,38 0,055 0,38 5,42 Het
BeHepa 0,95 0,815 0,89 5,25 CQO,
3emnis 1,0 1,0 1,0 5,51 N,, O,
Mapc 0,53 0,108 0,38 3,96 CQO,
OnuTtep 11,2 318 2,5 1,33 H,, He
CatypH 9,4 95 1,1 0,7 H,, He
YpaH 4,0 14,5 0,9 1,3 H,, CH,
HenTyH 3,8 17,2 1,2 1,8 H,, CH,

TeM MEHbIIe TeIia U CBeTa OHa TOJIyJaeT, O/l-
HaKO TeMIlepaTypa Ha ee ITOBEPXHOCTHU 3aBUCUT
TaKe M OT TOTO, €CTh JIX Y TIJTaHeThI aTMoche-
pa 1 KaKoB ee cocTaB. MarHUTHBIE TTOJIA Y TLI1a-
HET 3EMHOIl TPYyIIbl O4YeHb cjaabbie (Kpome
3eMJn).

[ImaneTeI-TUTaHTBI COBEPIIIEHHO HE TTOXO0KH
Ha TJTAaHeThl 3eMHO Tpynbl. OHM OYeHb Mac-
CUBHBI: Ha UX oo npuxoautes 99,5 % Bceit
Macchl TJIAHETHOU CUCTeMbl. ¥ HUX HET TBEp-
JIO¥ TTOBEPXHOCTH B TIPUBBIYHOM JIJIST HAC CMbBIC-
je. OHM COCTOSIT B OCHOBHOM M3 BOJIOPOJIa M
resivist. BugmMast moBepXHOCTDb 9TUX TIJIaHET —
Ha caMOM JieJie 00JIauHbIi IIOKPOB MOII[HOM aT-

ACTPOHOMOB WHTepecylT MPUYUHbI,
No KOTOpbIM NJaHeTbl 3€éMHOW rpynnbl
TaK CWIbHO OT/INYAIOTCA OT NJIAHEeT-TU-
raHToB. [naBHaA npuymMHa oyeBUAHaA —
pa3nuyHoe paccroaHue ot ConHua. [leno
34ecb He TOJIbKO B KoJM4yecTBe Teria u
cBeTa, MosyYyaeMOM 3TUMM MJIaHeTaMu:
npocTo ycnoBua ¢opMUPOBaHUA NIaHeT
ObuIM pasnuyHbiMu B6AM3u ConHua un
Ha o4YeHb 60NIbLIOM PAacCTOAHUM OT Hero.
CunbHO pasnuyanauch U NJIOTHOCTDb Belle-
cTBa, U3 KoToporo ¢opMupoBanuchb nna-
HeTbl, U ero XuMmn4yeckKumn cocras. Bonpoc
0 TOM, NoYeMy cyLLecTBOBaAN TaKue pas-
NINYMA U KaK Npoucxoanno obpasoBaHue
nJaHeT, pelwaeT CaMOCTOATENbHbIN pa3-
Aen acCTPOHOMUU — KOCMOTOHUA.

Mocepbl, OKpysKamolleil okeaH CKUKEHHOTO
MOJIEKYJISIPHOTO Bozopoja. Ilepuoabr obpariie-
HUS TJIAHeT-TUTaHTOB BOKPYT CoJsHIla 1opoit
MPEBBIIAIOT  CPEIHIO TTPOJAOJIKUTETBHOCTD
JKM3HU JTI0JIell Ha Halllell 1iaHeTe (Hampumep,
y Henryna — 165 set). OiHako BOKpYT cBOeit
OCH OHH Bpalarorcss ObicTpee, ueM Jiobast 13
IJIAaHET 3€MHOM TPYIIIIBL.

YuukajgpHa Ju

Coaneunasg cucrema?

TpyaHO TOBOPUTH O PacHpOCTPaHEHHOCTHU
1 TUIIMYHOCTU CUCTEM, HOlIO6HbIX CO]IHQ‘-IHOﬁ
CHucreme. MHOFI/Ie N3 BHOBb O6Hapy>K€HHbIX
IIJITaHETHBIX CHUCTEM HE IIOXOKM1 Ha Hamy. He
WCKJTIOYEHO, 9TO MeXaHW3Mbl (hOPMUPOBAHUS
IIJIaHET y pa3HbIX 3B€3/1 HEOAMHAKOBDI. Ha 9TO,
B 4aCTHOCTH, yKaSI)IBaeT TO, 4TO y HeKOTOprX
3B€3/I MaACCHUBHbLIC IIJIaHETDbI paCHOJIO>KeHbI
OYEHb 6JII/13KO K HeHTpa]IbHOMy CBGTI/I.Hy NJan
JKe IIBI/DKyTCH I10 BI)ITHHyTbIM Op6I/ITaM. Hama
CO.HHG‘-IHaH CHUCTEMa OCTaeTcCsda eﬂHHCTBeHHOﬁ,
KOTOpaH MOJXET 6I)ITI) I/Isyqua BO BCEX J€Ta-
JIAX. HO NCcje0BaHuA ITJIaHET y ,ZIpyI‘I/IX 3BE3/1
TOJBKO HAYMHAIOTCA.

i MnaxeTbl 3emHon rpynnbl: Mepkypuid, Benepa,
3emns ¢ JlyHon, Mapc co cnyTHUKamm




CoNHUE BbI2110UM 00bI4YHOU 3Be300Li.

Ha6JIIO]_[eHI/I$I COJIHH,a

Bes 0coObIX IPUCTIOCOOIEHUI JIJIS 3AIUTHI
ria3 cmotpeth Ha CoJsHile Hesb3sd! ETo MOKHO
HabJIr0/1aTh, UCIOJIB3Ysl OYeHb TEMHBII (QUIIBTP,
C/IeJIAaHHBIN M3 HECKOJbKUX CUJIBHO 3aCBEYEH-
HBIX ¥ XOPOIIIO MPOSIBJIEHHBIX (hOTOTIACTHOK
(nmu 1reHok). Tlpu HabII0IeHUAX € TIOMOIIBIO
TeJIeCKOIa HeJb3sl CMOTPETh Yepe3 Hero Tpsi-
Mo Ha CoutHile (Jae JIOUTENTbCKUI TeJIeCKOTT
CUJIbHO KOHIIEHTPUPYET COJIHEYHbIe JIy4d, U
MOKHO HaBcerja ocJenmHyTh). OaHako ecTb
IIPOCTOM CcI1oco0 He PUCKOBATH 3PEHUEM: HAJ0
cJieTKa BBIZIBUHYTD OKYJISIP TeJIeCKOIa TaK, 4To-
ObI 32 TPYOOIl TTONYYUTH AEHCTBUTENBHOE YBe-
JnueHHoe n3oOpakeHne CoJHIIA HA TJIOCKOM
skpaHe (yucre kaproHa wiau Oymarm). Emie
JIydine 3arnevarsietb nzobpaskerrie CoJiHiia, mo-
CTPOEHHOE 0OBEKTHBOM TEJIECKOIIA, TIPU TOMO-

i+ [axe Ha poTorpacum, caenaHHom ¢ NoBepXHOCTM
3emnun, ConHue KaxeTcs ocrnennTenbHbIM

36e3ga no umeHu CoAHue

Co/HUEe — Camblll ApKuli 00bekm Ha Hebe, BNOHe
00CMYyNHbIU 0N HA6A00eHUs U udydeHus. ConHye

BO MHO020 pa3 61uxe K 3emse, Yem Opyzue 38e30bl,
N03MOoMy CBEM U mensio 0m He20 UMerm XXU3HEeHHO
BAXKHOE 3HAYeHUe 019 Hawell niaHemsbl. CBem 0pyaux
3Be30 04YeHb C/1a0, Ymo dendaem Ux HENOXOXUMU HaA
ConHue. OOHAKO ecau bbl ACMPOHOM U3 0aJieKoli 38e30HOU
cucmembl Habaodan Haue ConHue Ha cBoem Hebe, Mo OH
He 06pamun Obl HG HE20 0C006020 BHUMAHUS — U30a1eKa

Bor ConHua Nenvoc
Ha aHTU4YHOM MOHeTe

1y hoToarapara i BUeo0KaMepbl, NCIIOJb-
3ysl TIPU DTOM IUIOTHBII CBETOMUIBTP, YTOOBI
He TIOBPEANUTD 9TH PUOOPHL.
ITpodeccuoHaibHbie peryJsipHbie HabJIro-
nenusi CoJiHIla eXeJHeBHO IPOU3BOJAT Ha
COJIHEUHBIX 00cepBaToOpusIx, 060PYIOBAHHBIX
MHOKECTBOM CIIEIUAIbHBIX MPUOOPOB U WH-
cTpyMeHTOB. COBpeMeHHbBIE COJIHEYHBbIE TeJie-
CKOTIBI OTJIMYAIOTCST OOJIBIUMU pa3MepaMu U,
KaK [PaBUJIO, PaCIOJaraloTcd HemoABUKHO.
Takue Teseckorbl Ha3bIBAIOTCS I1EJ0CTaTaAMU.
HenoasuskHOCTH TpebyeTcst st ynobcTBa mpu-
COeIMHEHUsT K HUM CJIOKHOUM 1 TPOMO3/IKOI atl-
1apaTyphbl, UCIOJb3YEeMOW [IJIsI UCCJeIOBAaHUS
U aHAJIN3a COJTHEeYHOTOo u3ayuenus. HaBenenue
tesieckona Ha CoJTHIlE U cJIeXKeHre 32 HUM OCY-
MIECTBJISIIOT € TIOMOIIBIO CUCTEMBbI 3€pKaJl.

CoJaHile — Omzkaiimas
K HaM 3B€3/1a

Ceituac TpymHO CKa3aTh, KTO MEPBBIM JI0-
ragasics, uto CosiHIle — 2TO TOXKe 3Be3ja. Bo
BCSKOM CJydae, Io100Hast MBICJIb BPSI JIK MOT-
Jla POUTBCA B aHTUUYHYIO 3TIOXY, KOT/Ia CUMTa-
JIOCh, 4TO cdepa HEMOABUKHBIX 3BE3/l OKPY-
JKaeT 1eHTp Mupa — 3emuio, a CosHile mpes-
CTaBJISJIOCH OJIHUM U3 «OJIYKIAI0IINX> CBETHUL.
OnHako UTANTBIHCKUN MbICaUTENb [[sKopmano
Bbpyno (XVI B.) ¢ yBepeHHOCTbIO TOBOPUJ O
TOM, UTO 3Be3/Ibl — JlaJIeKHe COJIHIIA U YTO MUP
GesrpanudeH. J[okasaThb 3Ty HAEIO YIAI0Ch
Toabko B XIX B., KOr/la yueHble CMOIJIN Ollpe-
JIEJINTh PACCTOSHUS 0 OJVKalIINX 3Be3]] U
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CPaBHUTH MONIHOCTH UX M3JIYYeHUS C MOIIHO-
cThio n3nyderns CosHIa.

OxoHyYaresbHOE JJOKA3ATEIbCTBO OBLIO I10-
JIy4€HO TIO3/IHEE, C TIOMOIIBIO CIIEKTPATbHBIX
M3MEPEHUI, TTIOKAa3aBIINX, YTO CIEKTPHI 3Be3/I 1
CoJHIla OTHOTUIIHBI U TIPUHAJIEKAT TOPSTINM
HEINPO3PavyHbIM TIJIA3MEHHBIM TeJlaM, COCTOSI-
IITUM B OCHOBHOM U3 Bojiopozia u reJiust. Ceiiuac ¢
JOCTaTOYHON TOUHOCTBIO U3MEPEHBI PACCTOSTHUS
710 COTEH TBHICSY 3BE3/l, CPEN HUX €CTh U TaKHe,
YTO 3HAUUTEJIBHO ycTymnaoT COJHITY TI0 pa3me-
paM U CBETUMOCTH, M TaKWe, KOTOPble MHOTO-
KPaTHO TIPEBOCXO/IST €T0 110 BCEM ITapaMeTpaM.

Nzydenne ComHila TO3BOJISET JIydlle T0-
HSTh CBOICTBa 3BE3J] — CPAaBHUTENbHO OJIM3-
KO€e pacCTOsTHUE JI0 HaIllero CBEeTHJIa /IaeT BO3-
MOKHOCTb MCCJIEZIOBATh €ro 3HAYUTEJIbHO I10/[-
pobOHee, yeMm JOOYIO APYTYIO 3Be3y. ToJBKO
y CosHIla MOKHO M3MEPUTh JIOKAJbHbIE 3HA-
YyeHUs] MarHUTHBIX I10JIeH, 3aredyatryieTh W30-
OpaskeHUsT OTIEJIbHBIX JieTaneil aTMocdepbl 1
OTIEHUTHh CKOPOCTU WX JIBVMKEHUS, U3MEPUTHh
ciabble KoJjiebaHus IIOBEPXHOCTH.

Bepubim Oyier u o6paTHOE yTBEPIKIEHUE:
u3yueHue [PYyTUX 3Be3/l TO3BOJISIET JIydlle
pa3obparbecsi B TOM, YTO MPEJACTABISIET COOOIi
CouJtHIle, OIEHUTD €ro BO3PacT W CIIPOTHO3UPO-
BaTh €r0 JaJIbHEHIIYI0 CyAb0Y. 3BE3/1bI CTAPEIOT
O4YeHb MeJIJIEHHO, COIOCTaBJIeHNe 3Be3]l, HaX0-
NSIIMXCS Ha PAa3HbIX CTAAMSX 9BOJIONNH, 1AJI0
KJTIOY K BOCCO3/IAHUIO X KU3HEHHOTO Iy TH.

YcTaHOBI€HO, YTO CO/IHEYHAA aKTUBHOCTb CBA3aHa CO MHO-
rumMmu aBneHuamMn Ha 3emne. Mpoueccobl Ha ConHue Bo3aen-
CTBYIOT NOCPEeACTBOM MOLLHOIO ynbTpadnoneTroBoro u peHT-
reHOBCKOro M3/Jly4eHUA, a TaKKe MOTOKOB ObICTPbIX 3NeK-
TPOHOB U NPOTOHOB, POXXAAaeMbIX NpU BCnbiwKax. Banaer Ha
3emnio n ycuneHue ABUXKeHUA nnasmbl, TeKkyuien ot ConHua
(pe3kue nopbiBbl COJIHEYHOrO BETPa, AOKaTbiBaloWMeca 40
3emau). NpocTpaHcTBo Mexxay Hamu u ConHueM 3anoNHeHo
pa3pexeHHbIM COJIHEYHbIM Bel,eCTBOM, U JINlllb MAarHUTHOE
none 3eMnu 3awmwiaeT ee OT 3TOro ropA4Yero BeTpa.

.
-

Cxewma 6yayLien
apontoumn ConHua:
yBenu4yeHne
pa3mMepos,
npespaLleHme

B KpPacCHbIN MraHT,
CcHpOoC 060M0HKH,
npespaLleHme

B 6erbln Kapymk

Teriepb mMbl 3HaeM, yTo COJIHILY HE TPO3UT
pa3pyNIUTETbHBIN B3PbIB, KAK MHOTUM JIPYTUM
3Be3/1aM, — /171 3TOTO €T0 Macca CITUTIKOM MaJa.
[IpocytiecTBOBaB CTOMD Ke SPKOI 3BE3/10i4, KaK
ceitgac, emie 5—6 MJIPJ. JIeT, OHO HAYHET CPaB-
HUTETBHO ObICTPO cTapethb. [Ipu atom CouHite,
OCTBbIBasi, Oy/IeT He TaCHYTb, a Pa3rOPaThCS: €T0
TeMIepaTypa HayHeT TajaTh, & MOIIHOCTb W3-
JIy4eHUST BO3PACTaTh U YBEJIWYUTCS B KOHIIE
KOHIIOB B JIECSITKH Pa3.

brictpo crapetoriee CostHile pasmyeTcst 10
HEBEPOSITHBIX PAa3MEpPOB, TaK YTO HECKOJIBKO
nmiaHeT COJTHEYHOW CHUCTEMBI OKaXKeTCs BHY-
Tpu Hero. Yro norom? COpoc HeGOMbINOI Ya-
CTHU MACChI ¥ C’KaTHe B TIJIOTHBIN KOMTIAKTHBIN 1
rOPSTYMii Ta30BBIN 1Iap — GeJIblil KapJiuK.




“i* [laxe C NoOMOLLbI0 06bIYHOMO TeNecKomna MoXHO
yBuaeTb Ha COosHLEe CONMHeYHble NATHa

CoutHile 06pa3oBasoch OKOJIO 5 MJIPI. JIieT
Haza/l. IDTO TUITMYHAS JKeJTas 3Be3/la-KapJk,
crektpanbHoro kmacca G2 (cm. Kmaccndpuka-
1us 38e37). CpenHee paccTosHue OT 3eMJIU /10
Counita (Ha3bIBaeMOe TaKKe aCTPOHOMUYECKO
eIMHUIIeIT) cocTaBisieT OKOo 150 MJIH. KM.
Pasmep Bugumoro aucka Cosnia — 30 yrio-
BBIX CeKyH/I (Takoii ke, kak y JIynbr). [To atum
JAHHBIM JIETKO BBIYUCINUTD paanyc CosHIa: oH
paBen 700 Tbic. kM, yTO mpumepHo B 109 pas
GoJIbIIIE, YEM PALNYC 3EMJIN.

Cpennsaga mnorHocts CoJiHIla paBHA JIUIIIb
1,41 r/cM?, 4TO BUETBEPO MEHbIIIE CPETHET TLJIOT-
Hoctu 3emun. Temmepatypa dorochepnr (ca-
MOTO TJIyGOKOTO CJIOSI COTHEYHOIN aTMocdepsl )
6m3ka k 6000 K. TTo myTu k 3emiie COTHEeUHBII
CBET ITOCTETIEHHO PACCENBAETCS B TPOCTPAHCTBE
(70 Ha3bIBaeTcs JAUJIONMEN); B SICHBIN /IeHb
Ha 1 mM? 3eMHOIl TTOBEPXHOCTHU TIOMNAIAET TTOYTH
1,4 kBt conneuynoil sHeprum (ecau He yUYUTbI-
BaTh MOTJIOIIEHUS B aTMocdepe).

HermocpeacTBenHble HaOMIOEHNUST MO3BO-
JISIOT OTIPENIeTUTh HEKOTOPBbIE TTapaMeTphbl X1-
MUYECKOTO COCTaBa BellecTBa B arMocdepe
Hamrero ceetuia. [Ipeodmnanatonum Ha CoJrHie
SIBJISIETCST BOZIOPOJI, UMEETCS TaKyKe 3HAUNTEh-
Has 7107151 resinst (0K0J10 25 % Macchbl) 1 HeOOJIb-
o€ KOJIMYECTBO 0OJIee TSAKEJNbIX JIEMEHTOB
(pumepHO 2 %).

CoBpeMeHHas HayKa HaeT BO3MOXKHOCTH
paccuutath Mozenb Comuia. Hexnpa Cosnila
MO’KHO YCJIOBHO Pa3/ieJInTh HAa TPU 30HBI 110 Xa-
paKTepy TPOIECCOB, KOTOPBIE CBSI3aHBI C BbIJlE-
JIeHWeM U 1epefiayeii snepruu. Paamep kaxaoi
30HBI — HPUMEPHO '/, pajnyca.

IleHTpa/bHYIO, BHYTPEHHIOI, 30HY 00BIY-
HO Ha3bIBAIOT SIJIPOM; TaM TPOUCXOUT TEPMO-
sjiepHas Peakilns ¢ BbIIeJIEHUEM TeTIa: B Spe
BhiziesisieTcst 99,9 % aHeprum u cocpesoToueHo
6ouibIie 65 % Macchl.

Bropag 3ona (cpeaunnas yactb CoJiHila)
Ha3bIBAaeTCsl JIYYUCTON 30HOU; TaMm IIpaKTuye-
CKM HET SI/IEPHBIX PEAKIINI 13-3a HU3KOH TLIOT-
HOCTHM W TeMIiepaTypbl. Uepe3 aTy 30HY TeILIO
nepeaeTcs K MTOBEPXHOCTHBIM CJIOSIM.

Cuenyronryio, BHelH00, 00macth CoJHila
3aHUMaeT KOHBEKTHUBHAs 30HA. 3/1€Ch ILJIa3-
Ma TPUXOAUT B JBHMKEHUE: HArPeThle MacCChl
rasza BCILTBIBAIOT, OCTBIBAIOT Y MMOBEPXHOCTU 1
BHOBbD OITYCKAIOTCs BIJIyOb 32 HOBOW MOPITHEN
sHepruu. Takoll mpollecc Ha3bIBaeTCs KOH-
Beknueil. Ero MoskHO HaboaaTh 1pu ObICT-
POM HarpeBaHWHU BOJIbI, TTIOKa OHA He Hadaja
KUIIETh: CTPYU TOPSYEH KUIKOCTU TIOHUMA-
IOTCSI CO JIHA K MOBEPXHOCTH, 06pasyst psiOb.
KoHBeKTHBHbIE TOTOKK AOCTUTAIOT HabJIIO/1a-
eMbIx cyioeB CoJHIia.

MaBHbIN Npouecc, NPOUCXOAALLUN BHYT-
pu 3Be34bl, — 3TO BbipaboTKa 3Heprum
M ee nepeHOC HapyXy. JHeprusa BbiCBO-
60XxpaeTcAa npu npeBpaweHnU BOAOPO-
Aa B reJunn. AHanorn4yHoe npeBpaiieHue
MMeeT MecTo Npu B3pbiBe BOJOPOAHOM
60MObI. Tonbko Ha ConHue B3pbIB 3TOT
HOCUT CNOKOMHbIN XxapaKtep O6naropa-
pAa camoperynupoBaHuio. [oBopAaT, yTo
3Be3ja B CTaOMJIbHOM COCTOAHUN UMeeT
OTpULIaTe/IbHYIO TEMJIOEMKOCTb (Npu no-
NyYeHUU NOpLMUM IHEpPrumu ee Temnepa-
Typa NOHU}XKaeTcA); 3To n obycnoBanBa-
€T YCTOMYMNBOCTb 3B€3/bl.



Mo:kHO 1 yBUJIETD
Heapa CosHia?

B Teopum BHyTpennero crpoenus CoHIa
ecTh ¥ HepelreHHbIe TpoOeMbl. OHa 13 HUX —
3arajika COJIHEYHbIX HelTpuHo. HeilTpuHo —
OueHb JieTKast (MM COBCEM He MMETOIasi MacChl
MTOKOST ) 9JIEMEHTAapHAs YaCTUIIA, KOTOPasi O4eHb
cmabo B3aMMOJIENCTBYET C BEIIECTBOM, Ha-
CTOJIBKO €J1ab0, YTO HEWTPHUHO, 0Opasyrolne-
csI B TEPMOSIZIEPHBIX peakiusx B siipe CoutHIa,
OECTIPEISITCTBEHHO TIPOXO/IST Yepe3 BCIO €ro
TOJIIIY U YJIETAIOT B KocMOoc. Kakasg-To nx yacTthb
notaiaeT Ha 3eMJyio (KOTOPYIO OHU TOKe C JieT-
KOCTbIO IPOHU3BIBAIOT). Takum o0Opas3oM, Ha-
OJI0/IeHNsT HEUTPUHO Ha 3eMJie — 3TO CBOETO
poza crocob, MO3BOJISIONINI 3arJITHYTh B Ca-
mble Henpa Comnia. OHAKO BbICOKAS MTPOHU-
KaroIasi ClfocCOOHOCTh HEUTPUHO UMeeT 00paT-
HYIO CTOPOHY: €T0 HeJIETKO 3apeTCTPUPOBATH,
T. K. 9Ta YaCTUIIA YCIIENTHO TTPOXOUT Yepes JIfo-
Oble jeTeKTOpBI. B Hallle BpeMst yueHble HAIILTH
c110cob perucTpupoBarh HOToK Heiirpuno. Ho
9TO CO3JAJIO JIJIsi HAyKHU elle OoJIbIle BOIIPO-
coB. OKazajioch, 4YTO MOTOK B HECKOJIBKO Pa3
MeHbIIle, YEM TOBOPWUJIM TEOPETUYECKHUE pac-
yeThl. CoTJIacoBaTh TEOPUIO C MPAKTUKON y1a-
JIOCh C BBOJIOM B CTPOI1 IETEKTOPOB, CIIOCOOHBIX
PETUCTPUPOBATH PA3JIUYHBIE TUIBI HEUTPHUHO.
[ToaTBepaumach rurore3a 0 TOM, YTO HEUTPUHO
OJTHOTO THTIA MOTYT TIPEBPAIIaThCsl B HEUTPUHO
TIPYTOTO.

“i* KocMuyeckunii conHeuHbli Teneckorn SOHO Havan
pa6oTy no nay4veHunto ConHua B 1996 r.
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1 Tak BbIrnAanT ComnHLE B PEHTTEHOBCKUX yHax:
TEMHbIV ONCK C APKMMU BCTbILLKAMM

3ByuyaHue CBeTWIa

OxaspiBaercs, CosHIle MOKHO YCJIBIIIATb.
CKBO3b HENPO3pavyHyl0 CTeHY OTHEHHOM I11a3-
MBI JIETKO IIPOXO/IUT 3BYK, KOTOPBIN POXKIAeTCs
B OYPHBIX CJIOSIX KHUIISIIEH KOHBEKIINU W 3a-
craBJisieT BUOpUpOBaTh U 3By4ath Bce CoOJHILE.
ITOT 3BYK HamboJiee CUJIEH BO3JIE TIOBEPXHO-
cTU. Yuenble <«@oTorpadupyioT» 3BYK, U3Me-
psist BosiHBI Ha ioBepxHOCcTH CoJIHIIA 110 MeJThb-
YANTIUM CMENeHNSIM M U3MEHEHUSIM SPKOCTH,
compoBoXxaaomuM BostHy. Habmmonast 3a BoJI-
HYIOIIENCsT TTOBEPXHOCThIO MHOTHE THU U He-
JIeJId, MOKHO TIPOCJIEZINTD, T/le POANJICS U TIe
nmo6beiBast 3ByK B Hempax CouiHIla, Kakue Ipe-
MATCTBUS OH BCTPETUJI HA CBOEM TTYTH.

Tak ydueHble U3MepuId TIyOUHY KOHBEK-
TUBHON 30HBI Ha COJIHIE, ONEHUIN TIyOUHY
MarHMTHOTO TOJIS MO/ aKTUBHBIME 00JIaCTIMU
U TISTHaMHU, OOHApYsKUJIM Ha HEBHIMMOII CTO-
pOHE TOsIBJIEHNE aKTHBHBIX 00JIaCTel paHbIIIE,
4eM OHM BO3HWKJIM Ha OOPAIeHHOM K HaM I10-
aymapuu. V3ydeHune KomebaHUN MO3BOJUIIO
y3HaTb, Kak Bpamaercs CoJiHile BHYTPU: B KOH-
BEKTHBHOH 30HE cOCeIHUEe CJIOM TOPMO3ATCS
APYT O JPYTa, a B JYYUCTON 30HE U Spe Bpa-
IleHWe CTAaHOBUTCS TaKUM JKe, KaK Y TBEPOTO
mapa. V3y4yas OoTKJINK PasHBIX BOJH, yIaJI0Ch
U3MEPUTH TEMITEPATYPy Ha PasJudHON TIyou-
He BHyTpH CoJIHIIa ¥ CPAaBHUTD €€ ¢ TeopeTnye-
CKUMM pacueTamiu.
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Tpu 06010uKH

Atmocdepa CosrHila — 9TO caMble BHEIITHIE
€T0 CJIOU, U3 KOTOPBIX M3JydeHUEe MOKET HETO-
CPEJICTBEHHO YXOJIUTb B MEKILJIAHETHOE IPO-
crpancTBo. Ha ocHOBaHuM HabJfoeHUN TIpu-
HSITO YCJIOBHO BBIJIETIATH B atMocdepe CosrHila
Tpu 060J109KH, a UMeHHO: 1) camast riybokast —
dborocdeparommmuoit 200—300 kM, cocTosIast
U3 c1abOMOHM30BAHHOTO, TOYTH HEUTPATBHOTO
BOJIOPO/Ia U B OCHOBHOM OJTHOKPATHO MOHM30-
BaHHbBIX METAJIOB (T. €. METAJLJIOB, OT aTOMOB

i+ Cxema ctpoeHus ConHua: 1 — aapo;
2 — ny4ncTas 30Ha; 3 — KOHBEKTMBHAsA 30Ha;
4 — poTocepa; 5 — xpomocepa; 6 — KopoHa

CoAaHeuHasi amMocdepa

Ammoccbepa — 3mo 2a308asi 060104KA. AmMmoceepa
3emau npedcmasnsem coboti BO30YWHbIU C/10U, B HUXHEL
4AaCcmMu KOmopoz0 hopmupyemcst No200d Ha naaHeme.
Co/lHUe, Kak U 0pyzue 38e30bl, MoXke uMeem ammocgepy,
HO OHA COBCEM He NOXOXA HA 3eMHYI0: 3mMo 20psa4ull
pa3pexeHHbll 203, NPOHU3bIBAEMbIU MAZHUMHbIMU
NOASIMU, B KOMOPOM HUK020a He OblBAem 3amuuubsi.

Bce cmpykmypbl, HenocpedcmBeHHO HabodaemMble

Ha CONHUe (CONHeYHble NAMHA, CONMHEYHble BCNbIUIKU),
3apoxoaromcs U pasBuBalMCcs B €20 ammocgepe.

HaknoHHo 6bioLme cTpyu rasa
B COSIHEYHOM aTMocdepe

KOTOPBIX OTOPBAHO TIO OIHOMY B3JIEKTPOHY);
2) HeoMHOPO/HAs, KJIOUKOBaTas Xpomocdepa
npoTsKeHHocTbio 10—20 Thic. KM, B KOTOPO#
110 Mepe MPOJIBUKEHNS BBEPX MOCJE/I0BATENb-
HO MOHMBYIOTCS BOJOPOJI, TeJInil 1 GoJiee Tsixe-
Jible XUMUYeCcKre 3JIeMeHThI; 3) pa3peskeHHas 1
ropsiyast KOpOHa, B KOTOPOI GOJIBIIMHCTBO aTo-
MOB MOHM30BAHO BILIOTh [I0 CAMbIX TJIyOOKUX
9JIEKTPOHHBIX 0060s0uek. CojiHeYHasi KOpOHa
IIOCTEIIEHHO TIEPEXOANUT B IMHAMUYECKoe 06pa-
30BaHUeE — COJIHEUHBIN BETeEP.

Ddortocdepa

dotocepa — camblii TIyOOKHUI CJIOM at-
mMochepbr CoJtHITa, HETIOCPEICTBEHHO HabJTI0-
JaeMbIil B BUJMMBIX JIy4yaX, OCHOBHOU MCTOY-
HUK COJTHEYHOTO CBeTa M Temva. TemmepaTypa
razoB (otocdepsl yMeHbITaeTcsi ¢ BBICOTOM.
Ot npyTHX cj10eB COHEYHON aTMocdepsl OHa
oramyaercsi 06oJiee  BBICOKOW TIOTHOCTBHIO.
Kpowme Toro, hortocdepa obamamaer cBoeobpas-
HOW CTPYKTYPO#, HalOMUHAIOIEl KydeBble
obsiaka B 3eMHOI aTMocdepe mpu HabO/1€-
HUU C caMoJieTa. JTa CTPYKTypa, Ha3biBaemasi
rpaHyJsAlell, — IMpOosIBJIeHne CaMblX BHeIll-
HUX CJI0eB KOHBEKTHUBHOW 30HBI, PacIioOJio-
’KEHHBIX HeIoCpeicTBeHHO 110/ (hoTocdepoii.
OnHOOGpasue aTON CTPYKTYPHI 4ACTO HAPYIIa-
eTCsl KPYIHBIMU TEMHBIMU IISITHAMU, HEPEKO
06pa3yoIUMHUCS TIeJbIMU Tpymmamu. [IaTHa
OOBIYHO OKPY’KEHBI SIPKUMU TLIOMAKAMU —
dakenamu. [TatHa n dakesnnr Ha CosHile MOK-
HO HaGJII0IATh ¢ 3eMJIH.



" MpaHynapHas CTPyKTypa NOBEPXHOCTU: Kaxjoe
«3EPHbILLKO» pasdMmepom okono 1000 km

Xpomocdepa

Xpomocepa pacrionioskena Haj doTocde-
poil. ITo Mepe yBesmueHus1 BLICOTBI TeMIlepaTy-
pa B Heil Bo3pactaeT. OHa OYeHb HEOTHOPO/IHA
U COCTOUT W3 OTHEJbHBIX MEJKUX BOJIOKOH U
CTPYH, CUJIBHO Pa3JINYaoONIUXCs M0 TeMITepaTy-
pe u oTHocTH. OCHOBHOM 2JIEMEHT ee CTPYK-
TYPbI — CIIUKYJIbI — BBITSIHY ThI€, HAKJIOHHO ObIO-
e CTPyM Ta3a, MOJHUMAIOINIETOCsS U OITyCcKa-
torierocsi co ckopoctbio 10—30 kM/c. ITu cTpymn
npuaaioT XxpoMocdepe BUJ| ropsliieil cTemnu.

BewectBo cosnHeyHou aTtmocoepbl u3-
3a NpUCYTCTBUA GONbLIOrO Yucaa CBO-
00AHbIX 3/IEKTPOHOB OYeHb XOPOLIOo
NPOBOAUT 3/IEKTPUYECKUE TOKWU, KOTO-
pble cBA3aHbl C MarHUTHbIMU NOJIAMMU U
B3aMMoAeMCTBYIOT ¢ HUMKU. AtMocdepa
ConHua nNpoHM3aHa MarHUTHbIMKU nNonA-
Mu. 3Heprua MaruiutHoro nonAa ConHua
nocToAHHO noaaepxuBaercA. ConHue —
3TO MHOrONOJIIOCHbIW MarHut, ¢opma nu-
HUW €ro MarHUTHOM MHAYKLIUN HE TOJIbKO
OYEeHb CJIOXKHA, HO U BeCbMa U3MeH4YMBa.
ConHeyYHbI BeTep YHOCUT Cc cO60i B MeX-
NNaHeTHYI0 cpeAy KOpPOHaJibHOe MarHuT-
Hoe noJse, 4To NPUBOAUT K 06pa3oBaHuUI0
MEXNJIaHETHOro MarHUTHOIO NOJIA.
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CosHeyHast KOpOHaA

Han xpomocdepoit HaxoauTcs BbICOKOMO-
HU30BaHHAs, TOpsiyasd W CUJIbHOPa3pesKeHHas
1J1a3Ma, Ha3blBaeMasl COJIHeUHOU KopoHoil. OHa
COCTOUT U3 TeX K& XMMUYECKUX IJIEMEHTOB,
YTO M BelecTBO (oTocdepnl, OAHAKO OTJINYA-
€TCsI OT HETO TOpas/io O0Jiee BHICOKOM CTENEHBIO
nonuzaruu. [lepexon ot Xxpomocdepnr K KOPO-
He IOBOJIbHO PE30K: yBeJndeHe KHHETUIeCKON
TeMITepaTyphl TJIa3MbI B COTHU Pa3 U yMeHbIIIe-
Hue 1oTHocTu npuMmepHo B 1000 pas mpouc-
XO/JIUT HA MPOTSKEHUHM BCETO HECKOJbKUX COT

KNJIOMETPOB.
HpI/I‘-II/IHa BBICOKO TEMIIEPpATYPbl U CHUJIb-
HOU MOHMU3aIlMM ILlJTa3Mbl KOPOHbLI — HarpeB

ee BeNIecTBa 3HJIEKTPUYECKUMHM TOKAMU, CBS-
3aHHBIMA C MarHUTHBIMHU TIOJIIMH B KOPOHE.
O6miast cTpyKTypa KOPOHBI MMEET JIyYUCThIi
xapaktep. OHa mpocTupaeTcs Ha IeCATKU COJI-
HEYHBIX pajanycoB. lopsgdass KopoHa CJIOBHO
ucrapsercsd B OKpysKaiolee ITPOCTPAHCTBO,
00pasyst MOTOK MOHWU30BAHHOI ILJIa3MBbI, KC-
Tekallel U3 cosHedHoll aTMocdepbl BMecTe
C MarHUTHBIMU TIOJIIMHA. JTOT TIOTOK Herpe-
pBIBHO «ayeT» oT CoJHIIA IO BCEM HAIpaB-
jgeHusiM. Ero Ha3bpIBalOT COTHEYHBIM BETPOM
(cm. ConmHeuHblii BeTep).

“#* ComnHeYHylo KOPOHY MOXHO HabnoaaTh BO BPEMS
" MOMHOrO COMHEYHOrO 3aTMEHNS




peOKo, COJIHUE HA3bIBAIOM CNOKOUHbIM.

IIatua va Cosmile

HaI/I6OJI€e N3BECTHbBI TaKHeE HpOFIBJIQHI/IH
COJTHEYHOW aKTUBHOCTH B ¢oTocdepe, Kak
COJIHCYHDbIC ITATHA. OHI/I CBdA3aHbI C IIOTOKaMI
HaMaTHquHHOﬁ I1JIa3MBbI, BCIIJIBIBAIOIITNMUA
us Oosee raybokux cioes Cosnila. Brauase
ITOABJIAKOTCA MaJICHbKHME TEMHDbIC O6paSOBa'
HUS — IOPbI, 3aT€M 4acTh 0P OBICTPO Pa3BU-
Ba€eTCAaA B II<dTHA. Pa3Mep HaI/I6OJIe€ prl'[HbIX
IIATEH JOCTUTa€eT HECKOJIbKUX [E€CATKOB TbhICAY
KI/IJIOMeTpOB. HpOI[O.TDKI/ITe.TII)HOCTI) CYH_[eCTBO'
BaHUA OTACJ/IbHBIX ITATEH — OT HECKOJIbKUX Ya-
COB U JIHEel 710 HecKoJIbKUX MecsieB. OObIYHO
IIsTHaA O6p3.3y}0T BI)ITHHYTbIe HapaJIJIe.TII)HO
COJIHG‘-IHOMy BKBaTOpy napr — 6I/IHO.TIF[prIe
prr[l'II)I, COCTOAIIME N3 ILBYX prHHI)IX IIATEH C
HpOTHBOHOJIO)KHOIL/,I HO.TIHpHOCTbIO MArdmTHOTO
I10JI4, Opr>K€HHbI€ MHOKECTBOM MCJIKUX IIsd-
TEH U 1Op. YdeHble oOHapyskuau 11-71eTHIO0
HepI/IOI[I/I‘-IHOCTb ITOABJICHMA COJTHECYHBIX ITATCH.
B kakoii-To mepuoj BpeMeHU UX MOKET ObITh
O4eHb MaJIO, 3aTEM 4YUCJIO IIATEH 6bICTpO BO3-

Foores

[NosBnexHne
nATEeH Ha
CornHue 06bI4HO
coBnagaet

C MarHUTHbIMU
oypaMU K1
NonsipPHbIMK
CUSIHUAMM Ha
3emne

«CnokouHoe CoAHues

C paccmosiHust 150 MJIH. KM COTHEYHbIU OUCK KaXemcst
HAM POBHbIM U ApPKUM — B /110001 OeHb, B t06oe BpeMs
2000. OOHAKO HABAO0EeHUS NOKA3bIBAOM, 4Ymo BUOUMbIe
C/10U CONTHEYHOU ammocgepbl BCe20d HECNOKOUHbI.
M3MeHeHUsl, BO3HUKAOUWUE U pa3BUBAIOULUECS HO BCeX
YPOBHSX COMHEYHOU ammocpepbl, HA3bIBAOM COHEYHOU
aKmuBHOCMbLO, a camo ConHue, ko20d 3mMu U3MeHeHUs
Nnpoucxo0sim ocobeHHO ObICM PO, HA3bIBAOM GKMUBHbIM
ConHuem. Koz20a BpemeHHble 00pa30BaHUSI BO3HUKAOM

CornHue no4YTv HuKoraa He
6blBaeT abCoNTHO CMOKOWHbIM

pacTaer 1o HEKOTOPOI MaKCUMaJIbHOM BEJTNYH-
HBI, a TI0CJI€ 9TOTO BHOBb HAUMHAET yOBIBATH /10
muauUMyMa. [locaeaanii MakKCUMyM TPUXO/TNAII-
ca Ha 2000—2001 rr.

B 1908 r. amepuwkanckuii acTpodusuk
[1. Xeiis, u3y4uB CHEKTPbI COJTHEUHBIX IISATEH,
JIoKa3ajl HaJan4ue B HUX MarHUTHBIX ITOJIei Ha-
IPSKEHHOCTBIO B HECKOJIBKO ThICSY pa3 GoJiee
CUIIbHOIL, ueM B cpegueM Ha Counite. Xeiin 06-
Hapy>KUJ, YTO TOSBJEHUIO TSTEH TIPE/IIecT-
ByeT oOpas3oBaHUE JIBYX VAAJEHHBIX IPYT OT
apyra obJjacteil MarHWUTHOTO TIOJISI TIPOTHBO-
MTOJIOKHBIX TTOJISIPHOCTEN: OfHA — Ha 3araj-
HOM Kparo 00J1acTH, Apyras — Ha BOCTOYHOM.
B 06enx 061acTsIX MOSAB/ISETCS MHOKECTBO 110D
U MEJIKUX TISIT€H COOTBETCTBYIONIUX TIOJIIPHO-
creit. [locrenenno paspacraiorcs /1Ba TJIaBHBIX
IISITHA MTPOTUBOTIOIOKHOM TTOJISIPHOCTH: Ha 3a-
najzie — Beayiee (110 OTHOIIEHUIO K HaIllpaBJie-
HWIO BpaIlleH!sT) U Ha BOCTOKE — «XBOCTOBOE».
Tak BO3HUKAIOT GUITOJISIPHBIE TPYIIIBI COJTHEY-
HBIX IISITEH.

DaxeJbl ¥ IPOTYOEPAHILDI
[pyIIbl COMHEYHBIX TIATEH 00BIYHO ObIBa-
I0T OKPY>KE€HBI SPKUMHU TIJIOTAIKaMu — (HOTO-
chepubivu  (akemamu. Dakesbl 0COOGEHHO
BBIJIEJISTIOTCST BOJIM3U Kpasi COJTHEYHOTO [UC-
ka. OHM 00pasylT COBOKYITHOCTH MEJKHUX
cBeTJbIX Tovyek ((pakeJabHBIX TPaHyJ) pa3me-
POM B COTHHM KHJIOMETPOB, CO3/IaBas IETOYKN
u axypHyio cetky. Dakeybl MPUCYTCTBYIOT
PaKTUYECKU B /1000 aKTHBHOM 06J1acTH Ha



Froeer

B aKkTuBHbIX
npoTybepaHLax
NosIBNAKTCA
OBMXYyLLMeECcs
y3eKu
BELLIECTBA,
obpasyoLime
ueneie cTpym

Coutnitie, UX TIOSIBJIEHUE TPEIIECTBYeT 0Opa-
30BAHMUIO TISTEH.

3aMmeTHbIe TIPOSIBJIEHUS COJTHEYHON aKTHUB-
HOCTU — TUTAHTCKUe o0Jiaka XpoMochepHOTo
BellecTBa — MPOTYOepaHilbl (OT JIaT. «1poTyode-
PO» — «B3/lyBalOCh» ). Jlydlle Bcero oHu BUHbBI
3a KpaeM COJTHEeYHOTO /INCKa B KopoHe. B mpoty-
GepaHIlax BEIEeCTBO B THICSYU Pa3 IJIOTHEE, YeM
B COJIHEYHOI KOPOHE, O/IHAKO MarHUTHOE I10JIe
VIEPKUBAET BEMECTBO TPOTYOEPAHIIEB, He IaBast
emy ObicTpo magarh Ha Costite. IIpoTy6epaHibl
OTJINYAIOTCS  BOJIOKHMCTOH U KJIOYKOBATOMN
CTPYKTYPOH, a Takke MHOTO0OpasreM (HopM.
B HekoTOpBIX U3 HUX B TeueHe MHOTUX JHel He
3aMETHO KaKuX-1n00 JBUKEHUI BENecTBa. ITO
«CIIOKOIHBIe» TIpoTyOepariibl. MHorna «cro-
KOHBII> TpoTyOepaHel] BAPYT B3PbIBAETCS,
BBIOPACHIBASI CTYCTKH TJIa3MbI BBEPX, B KOPOHY.
YacTb U3 HUX MOXKET BEpPHYTbCSI B XpoMocdepy,
a OCTAJIbHbIE YHOCATCS B OKOJIOCOJIHEYHOE MEXK-
IJIaHeTHOE IIPOCTPAHCTBO.

CoAaHue u CoAHeuyHada cucmema 89

CosHeyHble BCIBIIIKU

Eciiu iporybepaHiibl — caMmbie BHYIIHTEIb-
HbIE TI0 CBOMM pas3MepaM aKTHBHbIE 0Opa3oBa-
Hust Ha CoJiHile, TO CAaMbIMU MOIIHBIMU SIBJISI-
IOTCS COJIHEYHbIE BCIIBIIIKK, BO3HUKAIOIUE B
pe3yJibraTe HeyCTOMYMBOCTU HaMarHUYeHHON
IJIa3Mbl HA HEKOTOPOM yJacTKe ak THBHOI 00J1a-
CTU. BCIBINIKY NMPUBOASAT K BbIJIEJIEHUIO OUYE€Hb
GOJIBINIOI DHEPTUU W 00PA3OBAHUIO MOIIHBIX
MIOTOKOB 3apPSKEHHBIX YaCTUIl — 3JIEKTPOHOB 1
MIPOTOHOB. JTO ABJIEHUE JIJTUTCS OT HECKOJIbKUX
MUHYT JI0 HECKOJBKUX JECATKOB MUHYT. 113 06-
JIACTU BCTIBIIITKY TTPOUCXO/IUT SHEPTUYHBIN BbI-
6poc Taza M MOTOKA COJTHEYHBIX KOCMHUYECKUX
Jiydeil, a Takxke 3JIeKTPOMarHUTHOTO MU3Jyye-
HUS BCeX IMANIa30HOB — OT PEHTTE€HOBCKOTO U
raMMa-usJjiy4yeHus: /10 MeTPOBBIX PaJ[MOBOJIH.
Benpiinky BbI3bIBAIOT HA 3eMJie CUJIbHBIE Teo-

MarovMTHbIE BOSMYIIIEHN .

“i* dotorpacdms senbiwek Ha ConHue, caenaHHas
KOCMWYECKMM anrnapartom «Tpenc»

CTpyKTypa KOpOHbI O4Ye€Hb CJIOXKHA, OHAa COAEPXKUT rasoBbie
apKu n BbIOpoOCbI pa3iMyHbIX MacwTaboB. B KopoHe npouc-
XOAAT TaKMe NpoABNeHUA aKTUBHOCTU, KaK KOpPOHaJibHble Bbl-
6pocbl rasa, KOTopble No 3aK/JOYEHHOW B HUX 3HEepPrumn cono-
CTaBUMbl C COJIHEYHbIMU BcnbiwKaMu. KopoHanbHble BbIGpoO-
Cbl OCTaBAAIOT Nocne ce6A B KOpoOHe ruraHTckue netnu. Hap
npory6epaHuaMn B KOpOHe 0Opa3yloTCA CJIOXKHbIe CTPYKTY-
pbl — CUCTeMbl apoK, BJIOXKeHHbIX ApYr B Apyra. Haa Humm mox-
HO HabnoAaTb FTMraHTCKMUe WieMOBUAHbIe CTPYKTYpbl. Bce 310
Nnyywe BCEro BUAHO BO BPEMA NOJIHbIX COJIHEYHbIX 3aTMEHUN.




COAHEUHO-3eMHble cBs3u

ConHue MedIeHHO mepsiem CBOe BeweCmso: NOmoku
UOHU30BAHHO020 PA3PEXXEHH020 2030 HeNnpepbIBHO
NnoKudam e20 ammocgepy U yxooam B MeXnaaHemHoe
NpoCMpAaHcmMBso, 00pa3ys CONHeYHbIU Bemep. OH
pacnpocmpansiemcs 0aneko 3a opoumebl 60N1bUUX
naaHem. Maasma coNHe4H020 Bempd, a maioke

CO/IHeYHble KOCMUYecKue Tydu 3anoHSAm 2eauocpepy —
NPOMSKEHHYI0 061acmb Bokpy2 COMHUA, HG KOMOpYIo
B/IUSIIOM COTHEYHbIe MA2HUMHbIe nons. fenuocgepa B CBOI0
ouepeOdb Bo30elicmByem Ha Bce mena CONHEeYHOU CUCmembl.

Jlyumn ConHua coeMHsIOT
3eMriio ¢ Janekum CBEeTUIIoM

CouHeuHblil BeTep

[Tomo6HO JI0O0OMY TOpsiYeMy ra30BOMY 00-
naky, BHemHue ciaon CosHIla cos3maoT Gosee
WJIA MeHee MOCTOSTHHBIN MTOTOK NOHU30BaHHOI
IJIa3Mbl — COJIHEYHBIN BeTep. B pesysbrare
CouJrHIte e5KeCceKyH/THO TePSIET OKOJIO MUJLTHOHA
TOHH CBOEI MaCChI, YXO/ISIIEN B MEKILTTAHETHOE
npoctparcTBo. OHAKO 9TO cocTaBisieT He 6o-
see 107! gosm ero Macchr B TOJI, TIOITOMY <ITO-
xynenunes COJHILY HE TPO3UT.

Beasencreue oceBoro Bpamtenust Cosraiia
3apsiKEHHDIE YaCTHIBI YOETA0T OT HETO He TI0
IPSIMBIM TPAEKTOPUSIM, @ TI0 TUTAHTCKUM CITH-
pajisiM, YAQJSISICh €O CKOPOCTBIO, COCTABJISI-
foteit y opoutsl 3emin okoJio 400 km/c. 1o
U €CTh CKOPOCTh COJTHEYHOTO BeTpa. B Kaxkmom
KyOMYEeCKOM METpe OKOJIO3EMHOTO KOCMIYe-
CKOTO TPOCTPAHCTBA COAEPKHUTCS OKOJIO Jie-
CSITKA MUJITMOHOB YACTHI[ COJHEYHOTO BETPA,
YXOJISATIIETO JTAJIEKO 3a OpouTy 3eMJIu U JIpy-
rux IUtaHeT. BpemeHamu, KOTia aKTHBHOCTD

CoJtHI1a TTOBBINIAETCS, TIOTHOCTH (KOHIIEHTPa-
IIMST YacTHI[) BeTpa 3HAYUTETHHO BO3PACTAET.
CoJiHeuHbIl BeTep YHOCUT U3 COJIHEUHOW art-
Mochepbl He TOJBKO TIJIa3My, HO U €€ MarHUT-
Hoe mosie. TOJNBKO COOCTBEHHBIE MarHUTHBIE
nosis mranet (3emusn, IOnuTepa) He MO3BOJIS-
10T COJTHEYHOMY BETPY U COJTHEYHOMY MarHUT-
HOMY TIOJTIO IPOHUKHYTH K MX TTOBEPXHOCTH.

“i* Cxema BO3[eNCTBUA NOTOKA COTHEYHOro BETPpa
Ha MarHuTtHoe none 3emMnu

Pa3nuuHble cnou BepxHel atMocdepbl (MoHOCchepbl) CNOCOOHbI
OoTpaxaTb pajAuOBOJIHbl ONpejesieHHbIX AMana3soHOB, NO3TOMY
BO3MyLLeHUA B MoHocdepe, Bbi3BaHHbIe AOMNOJIHUTE/IbHbIM U3NY-
YeHUEeM OT COJIHeYHbIX BCNbIWEK, BJUAIOT HA YCJIOBUA NpPOXoxje-
HUA PpaanoBOJIH. AKTUBHOCTb CoJIHLLA MOXET NoCNAyXUTb NpUYK-
HOM HapylWeHUA paagnocBA3n. Mol HbIe NOTOKM YaCTUL, COJIHEYHOMN
3HEeprum B COCTOAHUM BbIBECTU U3 CTPOSA CJ/IOXKHYI0O KOCMUUYECKYI0
annapatypy, pa6otaiowyio 3a npegenamm armocdepbl, U npea-
CTaBJAIOT Yyrpo3y ANA KOCMOHABTOB B OTKPbITOM KOCMOCE.




Ha mytm x 3ewmie cosiHeyHas 1iazma
BCTPEYAET TPENSATCTBHE — 00JIaCTh, 3aHSTYIO
3eMHBIM MarHUTHBIM ToJieM (MarHutocde-
py). Haberatomuii (ppoHT COJHEYHOTO BeTpa
«CMUHAeT» U 1epopMUpPyeT ee BHENTHIOK Tpa-
HUIYy CO CTOPOHBI, oOpaiieHHoi K CoJHILy, a
SHEPIUYHbIE YACTUIBI OOTEKAIOT MIPEIITCTBHE.
O6rekatomuii MarHuToc(epy MOTOK COTHEY-
HOTO BETPa CUJIBHO BBITSITUBAET MarHUTHBIE CH-
JIOBBIE JIMHUU, 06pasyst y 3eMJii CBOeoOpasHbIii
MarHUTHBIN «XBOCT» JIJTUHON B JIECSTKU MUJI-
JINOHOB KUJIOMETPOB, Pa3BEPHYTHIN B CTOPOHY
ot CouHiia.

OxkasbIBaeTcst, 4T0 B 00JIaCTH «XBOCTa» Mar-
HUTOCHEPDI, @ TAKKE BOJIN3M MArHUTHBIX ITOJIFO-
COB 3aps"KEHHBIE YACTUIIBI MOTYT OTHOCUTEb-
HO JIETKO «ITPOPBATHCST» CKBO3b 3€MHYIO MarHu-
Tochepy. JHepruYHbIe 3JIeKTPOHBI U aTOMHbIE
a/ipa YCTPEMJISIIOTCSI K MarHUTHBIM TIOJIIOCAM
Hallel TJIaHeThl U, CTAJKUBAsSICh C aTOMaM# 1
MOJIEKYJIaMU BEPXHUX CJI0E€B 3eMHOI aTMocde-
PBI, BBI3BIBAIOT MPUIYJINBBIE (TO ciradbie, TO
OUYeHb SIPKUeE, TIEPEeTUBAIONINECS PA3JTUYHBIMU
[[BETaMM) CBEYEHUsS. DTH HEOOBIYAHO Kpacu-
Bble M Pa3HOOOpasHbIe SBJICHUS HA3bIBAIOTCS
MOJIIPHBIMU cUsTHUSIMH. [0 MHEHWIO y4YeHBIX,
1000HbIE ABJEHUS JOJKHBI IIPOUCXOIUTH U
BO/M3K Apyrux 1aner COJHEYHON CHCTEMB,

NMEIONINX MalrHUTHOE I10JIE.

i+ O30HOBas Ablpa Haf AHTapKTVUOONM NponyckaeT
" ry6uTesbHYI0 YbTPadroNneToByo paauaumio
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CaeueHre atMocdepbl
BO BPEMS MOMSAPHOro
CUSIHUSA

CoJsiHeuHbIl BeTep — He €JIUHCTBEHHbIM
(hakTop, BAUAOINI HA 3eMJII0 U Apyrue 1Ja-
HeThl. 3emuis mosydaeT oT CoJHIla 9HEpPruio
B BHU/Ie CBeTa W JIPYTUX 3JEKTPOMArHUTHBIX
BostH. CosnHeuHast aHeprus, Morajamlnas Ha
Hally TIJIAHETY, UTPAaeT OCHOBHYIO POJib B ee
sHeprernyeckoM Gasatce. MmenHo 6Giaromapst
COJITHEYHOU SHEPTUM TeMIepaTypHbIE YCIOBUS
OKa3aJMCh TPUTOTHBIMU JIJIST PAa3BUTHS TAaKOTO
YHUKAJIBbHOTO SIBJIEHUS, KaK KU3Hb.

TemmiepaTypa 3emiu, ee KJIUMart, MOTo/Ia B
Pa3IMYHBIX 00JIACTSIX TTAHETBI — BCE 9TO 3a-
BUCHUT OT MPUXO/AIIETO HA 3eMJII0 COTHEYHO-
ro ussaydeHus. HeonnHakoBbIil HarpeB pa3HbIxX
Y4YaCTKOB CYIIHU, OKeaHa 1 aTMOC(hepPbI CI1oco0-
CTBYeT BO3HWKHOBEHWIO MOIIHBIX CTPYHHBIX
TEeYeHWI B OKeaHaX, a TaKXKe CUJIBHBIX BETPOB,
IIUKJIOHOB 1 yparaHoB. Bce aTu ripotiecchl oueHb
CJIOJKHBI, X BJIMSTHUE /IO KOHIIA He U3Y4YeHO.

BospeticrBue CosiHlla He OrpaHUYUBAETCS
TOJIBKO TIOTO/ION M KammaToM. HecMoTpst Ha
TO YTO B TO/IBI MAKCUMyMa M MUHUMYMa ITAKJIA
COJIHEYHOI aKTUBHOCTH CBETOBAsI 9HEPT U, TTPH-
xozasanias ot CoJiHIa, MPaKTUIeCKN OIMHAKOBA,
STOT IWKJI BJUSIET Ha 3eMJTIO OYeHb CyTIeCTBEH-
HO. CaMbIM SIPKMM TTPUMEPOM MOJKET CJIYKUTh
yBeJMYeHNe Yucya MOJSPHBIX CUSTHUH W Mar-
HUTHBIX Oypb (T. €. GBICTPOro U3MEHEHUS 3eM-
HOTO MarHMUTHOTO TI0JIST) B TO/IBI MAKCUMAJIbHOI
costHeuHON akTUBHOCTH. OOHAPY/KEHO BIIMSHIE
akTuBHOCTH COJIHITA ¥ HA JKUBYIO TIPUPOLY: HA
POCT JIepeBbEB, MUTPAITUIO0 HEKOTOPHIX JKIUBOT-
HBIX U HACEKOMBIX, a TaKyKe Ha COCTOSHUE TICH-
XUKW U 3/J0POBbSI HEKOTOPBIX JIFOJIEI.




Mepkypuu

MepKypuli — camas 6au3kas K CONHUy hnaHema. U3ydamb
ee 00BOJIbHO MpyOHO — Mewidem sipKuii ceem CONHUG.
Mano Kmo mMoxem noxBacmambcsl, Ymo suden MepKyputi
HA Hebe HeBOOPY>KEHHbIM 2/1G30M. 3HAHUS 06 3Moli
nadaHeme 00120 6blU KpaliHe CKyOHbIMU. Tenepb U3BeCMHO,
4mo MepKypuli — 3mo He60bUI0li N0 CPABHEHUIO

C 3emeli KAMEHUCMbID WAp, CUNTbHO HAzpemblii NOMoKamu
CO/THeYH020 cBema. E20 oceBoe BpaujeHue o4eHb MedieHHoe,
a 0BUXKeHUe no opbume Bokpyz CONHUAG — camoe bbicmpoe

u3 Bcex njaHem.

OCo0EeHHOCTH IBUKECHU S

bawxaiimag k ConHily TiaHeTa Ha3Ba-
Ha B 4eCTh pUMCKOro 6ora Mepkypus (y rpe-
KOB OH M3BeCTeH Kak lepmec) — mociaHHUKA
6oroB u Oora 3apu, MOKPOBHUTEJSI TOPTOBIEB
U TIYTENmeCTBEHHUKOB. MepKypuil HaXOIWT-
Csl Ha CpelHEM PACCTOSTHUU 58 MJIH. KM, WJIN
0,4 a. e. (acTpOHOMUYECKOU EAMHUIIBI), OT
Cousnna. /[Burasich o CUJIBHO BBITSIHYTOW Op-
6ure, MepKypuii MaKCUMaIbHO (B IEPUTEIVIH)
npubamxkaercs k Cosriy Ha 0,31 a. e., a B Mak-
cUMaJIbHOM yaneHuu (adennn) HaXoauTcs Ha
paccrosguun 0,47 a. e. OT Hero, coBepIIas MOJI-
HBII 060pOT 32 88 3eMHBIX CYTOK.

[onroe Bpemsa cuurtanoch, yTo Mepkypuii
BpalaeTcss BOKPYT CBOEMl OCH CHHXPOHHO C

“i* Cxema BHyTpeHHero cTpoeHns Mepkypus:
" 1 —Kkopa; 2 — MaHTus; 3 — aapo

®oTo Mepkypusa cobpaHo 13
hparMeHTOB CHUMKOB

neikerreM Bokpyr ComHia (T. €. ¢ TeM JKe
HEepUoIoM) U oOpallleH K HeMy BCerja OIHIM
nosymapuem. Oxpnako B 1965 1. mMeromamu
PaIMOJIOKAIIMK ¢ 3eMJI ObLIO YCTaHOBJIEHO,
YTO TIEPUOJI BPAIlleHNsT 9TON IJIAHETHI COCTaB-
JIsIeT TOJIbKO 58,6 CyTOK, T. €. 3a %/, CBOEro rozia
MepKkypuii coBepiiiaer moJHbIi 000pOT BOKPYT
cBO€M ocH.

CJiioeHne 0ceBOro u OpoOUTANbHOIO JIBU-
JKEHUU TPUBOJUT K TOMY, YTO, HAXOSCh Ha
suanu Comaile — 3emuiss, Mepkypuii Bcerza
ITOBEPHYT OJIHON U TOW K€ CTOPOHON K HaM.
CosHeuHbIe CyTKH (T. €. TPOMEKYTOK BPEMEHU
MEXIY BEPXHUMU WM HUKHUMU KyJTbMUHA-
nusmu CoJtHITa) TpooJKanTed Ha Mepkypun
176 3eMHBIX CyTOK.

YciioBus Ha IJIaHETE

Mepkypuil mojyyaer B IIecTb pa3 00Jib-
e COJTHEYHOTO CBeTa Ha eIMHUILY TLIONIA/H,
yeM J3eMJisd, TIpUYeM BechbMa 3HAUYUTETbHAS
4acTh COJTHEUHOU 2HEPTUHU TOTJIONAETCs, T0-
CKOJTbKY TIOBEPXHOCTH IJIAHETHI TeMHas, OT-
pakaronias jumb 12—18 % mazgaroiero cse-
Ta. B mepurenum TemmepaTtypa OcCBelleHHON
noBepxuoctu pocturaer 700 K, a B adenun
oHa cocTasJset npumepHo 560 K. Ha nHounoit
CTOPOHE TeMIlepaTypa MOBEPXHOCTH OITyCKa-
erca no 100 K.

Y Mepkypusi oOHapysKeHa 4Ype3BbIYANTHO
paspeskeHHas TeqmeBasi aTMocdepa, co3/aBa-
emMasl COJTHEYHBIM BETPOM. B cpemneM Kaskbrit
aTOM TeJiusd HaXoAnTcs B atMocdepe Mepkypust



Yxke paBHO Obula BbiCKa3aHa runore-
3a 0 TOM, YTOo MepKypuii — 3To O4eHb
AaBHO MOTepPAHHbIN CNyTHUK BeHepbl.
MoaennpoBaHue 3BoJAIOLUMM OPOUTHI
cnyTHUKa c maccoit MepKypusa, npoBe-
AeHHOe Ha COBPeMEeHHOM KOMMbloTepe,
nokasasno, YTo B NMpuUHUUNE TaKou Ba-
PUaHT He UCK/IOYaAeTCA U AaxKe MOXeT
00bACHUTbL MeANeHHOe oceBoe Bpalye-
HUe 3TUX NNaHeT.

okosio 200 nHeii, a 3aTeM IOKHM/AeT IJIAHETY.
[laBnenue Takoil aTMocdepbl y MOBEPXHOCTHU
B 500 MJIp/l. pa3 MeHblIIle, YeM Y MOBEPXHOCTH
3emuin. Kpome resusi BBISIBJIEHO HUYTOXKHOE
KOJIMYECTBO BOZIOPO/IA, CJIe/IbI aprOHa U HEOHa.
Ciraboe MarHUTHOE I10JIe IIJIAHETHI COCTaBJIS-
eT MeHee 1 % OT HANPSIKEHHOCTU MAarHUTHOTO
oJIst 3eMJIH.

Yckopenue — cBOOOAHOTO — TIaJieHus  Ha
Mepkypun paBuo 3,68 m/c’>. KocmonaBT Ha
9TOi1 TUTaHeTe OyIeT BECUTh IOYTH B TPU pasa
MeHbllle, yeM Ha 3emJe! BBuiy Toro uto cpen-
HAS TIOTHOCTh MepKypusl TOYTH TakKas JKe,
KaK 1 3eMJId, TIPE/II0IaraeTcst CyIecTBOBaHNE
y Mepkypus MeTaaIndeckoro sjapa, 3aHUMa-
IOIIEro TIPUMEPHO TIOJIOBUHY 0ObeMa TLIaHeTHI.
Han ssmpom pacrionoskeHbl MAHTHS W CUJTAKAT-
Hast 000JI0YKa TJTAHETHL.

I AMepuKaHcKas aBTomaTnyeckas MexnnaHetHas
ctaHuma «MapuHep-10»
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Fooeee

Tak BbIrngagnT
NOBEPXHOCTb
MepKypus ¢
paccTosiHuA
okoro 300 km:
CMNJIOLLUHbIE
KpaTtepbl pa3HbIxX
pa3mepos

Hayqﬂoe N3YUY€HHUEC

CocTaBUTb TOYHBIE KapThl MOBEPXHOCTU
MIJIAHETHI U YBUIETh MEJIKUE JIeTajn ee pesbeda
BIIEPBbIE yIal0Ch Osarofapst KOCMHYECKOMY
anmapary (KA) «Mapunep-10», 3anyiieHHo-
My B 1973 1. B CIIIA. dToT KA TpM pasza npu-
6amkancss kK Mepkypuio u ¢ororpadupoBa
pasHble YYaCTKH TIOBEPXHOCTH TIaHEeThl. B 00-
IIeii CJI0KHOCTHU yAAJI0Ch 3aCHSTH 45 % ee To-
BEPXHOCTU — B OCHOBHOM J3alajiHoe IOJyIa-
pue. bpin TakKe yTOUHEHBI JaHHbBIE O PaIyce
mianersl — 2439 kM u ee macce — 5,5 % macchl
3emsn. Camble mydmme ¢oTorpaduu moBepx-
Hoctu Mepkypus, nosydennnle KA «Mapunep-
10», comepskanu neranu pazmepom o 100 m.
Ha HekoTOpBIX CHMMKAxX XOpOIIO BUHBI CJie-
IbI U3JUSHUS JIaBbl M YCTYIbI, Ha3bIBaeMble
sckapramu. llo-BupmmMomy, 3TO pe3yJbTaThl
UHTEHCUBHON GOMOApAMPOBKU MOBEPXHOCTH
Mepkypus meTeoputamu Ha 3ape (hopMUpOBa-
Hust COJTHEYHOU CUCTEMBI.

CdortorpacdupoBanHast 9acTh IOBEPXHOCTH
Mepkypus yauBUTETBHO MOXOKA HA JIYHHYTO
MOBEPXHOCTD: €€ TOKPhIBAIOT MHOKECTBO Kpa-
TEPOB Pa3JIMYHBIX Pa3MePOB. B HEKOTOPBIX 00-
JIACTSX, KOTOPbIE HAa3bIBAIOT PABHUHAMH, TIJIOT-
HOCTHh KpaTepOB CYIECTBEHHO MEHBIIE — CO-
BCEM KaK Ha JIYHHBIX Mopax. MepkypuaHckuit
perbed MMeeT TMOMHSATHUS PA3JUYHBIX (HOPM.
[Ipoduan BeICOT M3y4atOT € TTOMOIIbIO Ha3eM-
HBIX PAIUOJOKAIMOHHBIX MCCJIEOBAHUM, TaK
yIQJIOCh BBISIBUTH HECKOJBKO KPYITHBIX KOJIb-
IIEBBIX CTPYKTYP Anamerpom 6osiee 300 kM.




BeHepa

HA3bIBAOM >XXEHCKUMU UMEHAMU.

Kpy:kenue mo opoure

Bropas or Cosnila myanera Ha3BaHa B
4eCcTh PUMCKON OGOrvMHM JIIOOBU W KPAaCOTHI
Benepsi (8 [IpeBheii Iperun oxa Gbilia M3BecT-
Ha kak Adpoauta). Benepa ynanena or Connia
Ha 108 MJiH. KM (B IIepUresIuu 3TO PaCCTOSTHUE
paBHo 107 muH. kM, a B adpenun — 109 muiH.
kMm). Paguyc Benepor — 6052 kM, a mMacca co-
crasister 81 % maccer 3emun. Benepa obpa-
nraetcst BOKpyr CoJiHIla B Ty JKe CTOPOHY, 4TO
U JIPYTHe IJIaHEeThl, COBEPIIast MOJTHbII 060pOT
3a 225 cyrok. Ilepuojn ee BparieHusi BOKPYT
ocu — 243 cyTtok. B orsmume oT Apyrux imJsa-
HeT, Berepa Bpaiaercs BOKPYT OCU B CTOPOHY;,
MPOTUBOIIOJIOKHYIO  OPOMTATIBHOMY  JIBUIKE-
HUt0. BesencTBre aTOro comHeuHble CYyTKM Ha
Benepe xopoue BpeMeHU ee TI0JTHOTO TTIOBOPOTa
BOKPYT OCH U cOCTaBJA0T 117 3eMHBIX CYTOK.
Ton Ha Benepe Jmiiib BaBoe GOJIbIIE CYTOK.

..... }

BeHepa no
OaHHbIM KA
«MarennaH»

BeHepa — camblli ApKuli 06bekm Ha HebocBode, UCKNHHAS
JlyHy u ConHue. 13 BCex nadaHem B CBOEM 0pOUMaabHOM
0BUXeHUU BeHepa 6/1uxke Bce2o nodxooum K 3emse. Macca
U pasmep BeHepbl 6AU3KU K 3eMHbIM, HO 3MUM CX00CMBa
C Hawel na1aHemou novymu ucdepnblBatomcsi. O6Aa4HbI b
C/oli BeHepbl IUUWIeH npoCcBemos, N03Momy 00J120€ Bpemst
€e N0BepXHOCMb 0OCMABANACH 3d2A0KOU. M0 NpaBunam
HAUMEHOBAHUU, NPUHAMbIM MeXXOYHAPOOHbIM
ACMpPOHOMUYECKUM COO30M, 0emanu penbeda BeHepbl

BeHepa, ckpbiTas
3a crioemM 06/1aKoB

AtMmocdepa

He60 Ha Benepe umeer KejiTo-3eJI€HbIi
orreHok. Atmocdepa Benepsr Ha 96,5 % cocro-
UT 13 YTJEKUCJIOro ra3a u nodtu ua 3,5 % u3
azota. /I[pyrue raspl (BoAgHON 1ap, KUCJIOPO/I,
OKUCh M JIBYOKUCH CEPbI, apTOH, HEOH, TeJIN 1
kpunton) coctapisior menee 0,1 %. Crienyer
UMeTh B BUJY, YTO BeHepHaHcKas aTMocdepa
HAMHOTO MOII[Hee Halllell, TaKk 4TO a30Ta TaM,
HaIpUMep, B [T pa3 GoJIbIIe 10 Macce, YeM Ha
3emuie. TymanHas 1biMKa B aTMocdepe Benepnr
npoctupaeTcs ¢ BbicoTbl 30 KM /10 BbICOTHI 48—
49 kM. Jlasee 10 BbIcOTHI 70 KM mieT 0O1auHbIil
CJION, cojepsKaluili KareJabKu KOHIEHTPHUPO-
BaHHOII cepHoii kucaorbl. O6aka BeHepsr ot-
pakaioT °/, IPUXOJIAIIETO COJTHEYHOTO CBETa.
Atmocdepa Benepbl — camas MolllHasi cpein
aTMocdep TJIaHeT 3eMHOU TPy TITbl. Takas 1maoT-
Has atMocdepa He 1aeT TTOBEPXHOCTH OCTBITh.

I TUNUYHbIA NanawadT NnoBepxHoCcTn BeHepsl
C Kpatepamu 1 OpeBHUMU BYSIKAHaMu



Ha nmoBepxHOCTH IJIAHEThI

Benepy uccienoBanu 6osee 20 KocMmde-
ckux anmnaparoB (KA). IlepBbim ammaparom,
OTTYCTUBIIMMCS HA TIOBEPXHOCTH ATO TLIIAHETHI
B pabouem cocrtosthuu, ctan KA «Benepa-7»
(1970). On nepenan 1aHHble O COCTaBe aTMOC-
beppl, TeMITepaType pa3IMYHbBIX €€ CJI0EB U TEM-
nepaType MOBEPXHOCTH, a TaKXKe O JaBJIECHUH,
paBHOM TipuMepHO 90 3eMHBIM aTmocdepam.
3arem, B okTsa6pe 1975 1., 1Ba KA «Benepa-9»
n «Benepa-10» ocyiecTBuIN MATKYIO TIOCAJIKY
Ha OCBEITIEHHOW CTOPOHE TIJIAHETHI U TIepe/aan
Ha 3eMJII0 TIepBble TTAaHOPAMbl MTOBEPXHOCTH.
Ha cammkax BUIHO MHOKECTBO KaMHEI, OT ca-
MBIX MQJIEHBKUX JI0 METPOBOTO Pa3Mepa, 1 PhIX-
JIBII TPYHT Mexxay HumHu. AMepuranckuii KA
«IInuonep Benepa-1» B 1978 r. BbINIOSIHUT JIe-
TaJIbHbIE WCCJIEIOBAHUS OKPYKAIOIIETO MPOCT-
PaHCTBA M PAIUOJIOKAIIMOHHOE 30HANPOBAHUE,
6slaroapsi KOTOpoMy Oblja COCTaBJIeHa Tiep-
Basi MoApoOHast Kapra pejibeda MOBEPXHOCTH
Benepsr.

OxkasaJsioch, 4To OOJIbINAsT YaCTh MOBEPXHO-
ctu BeHepsr 3aHSATAa XOJTMUCTBIMU PAaBHUHAMMU.
Ha mosto Bo3BbIIIEHHOCTEN TPUXOIUTCS JIUTITH
8 % nosepxuoctu. Ha Benepe o6Hapy:keHO 110-
BOJIbHO MHOTO KpaTepoB — okoJio 900. [Ipuuem
BCe OHM B TIONEpeYHUKe He MeHee 1,5 KM: at-
Mocdepa Berepsl He IpomycKaeT MeJIKnue MeTe-
oputbl. Kpome Toro, Ha Benepe BbIBIEHO OKO-
70 150 KpyIHBIX BYJKaHOB JAraMeTpoM OoJiee
100 kM, a HEOOTBIINX BYJKAHOB TaM HACYMTHI-
BaeTcsl 1IeCATKU Thicsiu! ITO CBUETENLCTBYET
0 HAJTMYMU OTPOMHBIX PE3ePBYapOB JaBbl MO/
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“i* CoBeTckasi aBTOMaTn4ecKas MexrniaHeTHas
cTaHums «BeHepa-13»

MOBEPXHOCTBIO TIaHeThl. KpyrHble menpeccun
(MoHMKeHUs1) OBAJIbHOU (POPMBI ¢ TIPUIIOHS-
TON HEHTPAJIbHON YaCTblO, OKPY>KEHHbIE BaJia-
MU — BEHI[bI, He TOX0XKHU Ha (hOpMbI perrbeda,
BCTpevaroluecs Ha Ipyrux mianerax. VIx mpu-
poia rmoka 1maoxo usBectHa. [To-Bugnmomy, onn
00pa3oBaJINCh B Pe3yJIbTarTe ABUKEHUS TJIyOH-
HBIX TIOTOKOB BEIeCTBA B MAHTUM TIJIAHETHI.
JlaHHBIE O XWMHWYECKOM COCTaBe TOPOJ
BIiepBbie ObLTH TTOTyderbl B 1982 1. B MecTe 10-
caJiku arnrapaToB «Benepa-13» u «Benepa-14»,
OCHAIIIEHHBIX CIENUAIbHBIMU TPYHTO3a00PHBI-
MU yCTPOWCTBaAMU. YUeHble HAIJIU, YTO BEHe-
pUAHCKHE TIOPOJIbI COTIOCTABUMBI C 3€MHBIMU
GasaJibTaMu, BCTPEYAOIIMMUCS B TJIyOOKOBO/I-
HBIX BIIQIMHAX OKeaHOB. B cocTaB mopoj BXO-
ISAT OKUCJIBI KPEMHUS, aTIOMUHUS, MarHus, JKe-
Jie3a, KaJblius U IPYyTUX a71eMeHToB. Y Benepbl
nmMeetcs xkesesnoe saapo pagauycom 3000 km u
MaHTHUS U3 PACTIaBJE€HHBIX TOPHBIX TTOPO/I, 3a-
HUMAaIoIIast 6OJIBIIYIO YaCTh IIJIAHETHI.

KpynHble Bo3BbllweHHble o6nacTu BeHepbl nonyynau
Ha3BaHuA: 3emna AppoaunTtbl, 3emna Uwtap n 3emna
Jlapbl. KpynHble Kpatepbl Ha3BaHbl B 4eCTb Bbljaa-
IO UXCA XKEHIWMUH MUPA, a Hebonblune KpaTepbl HOCAT
NINYHbIE XXeHCKMe uMeHa. MHorouncneHHbIM rpaaam,
KoTOopble NPOCTUPAIOTCA C ceBepa Ha lor Ha Tbica-
YM KUIOMETPOB, JaHbl UMeHa 60ruHb. inAa HasBaHUM
pPaBHUH MCNONb3YIOTCA XeHCKue Mudonornyeckue
nepcoHaxm.




3eMAA

MupoB020 OKEAHA — OKeaHOo102Usl.

XapaKTepuCTHKA IIaHEThI

[Togo6Ho apyrum 1ianeram CoJHEYHOMN
cucTtemMbl, 3emJs 1BrKeTcst BOKpyT CoJiHIa 1mo
9JUINNITUYECKON opbute. B nmepurenun (3 au-
Baps) paccrosHue no CoJHIla TPUMEPHO Ha
2,5 MJTH. KM MeHblIIe, a B apesun (3 uiosist) — Ha
CTOJIBKO 7K€ OOJIbIIE CPEIHEr0 PACCTOSIHUS, CO-
crasJstoniero okosio 150 mutn. kM. [Tmockoctsb
3eMHOTO 39KBaTOpa HaKJOHEHA K ILIOCKOCTU
opbuTtsl Ha yros 23°27'. CytouHoe BpallleH1e
3eMJTi TIPOUCXOUT C MPAKTUYECKU MOCTOSH-
HOU yTJIOBOHM CKOPOCTHIO M COCTABJISIET TTEPUO]TL
23456 Mun 4,1 ¢. Y 3emiu ecTb € JUHCTBEHHBIN
ecTecTBeHHbIN cryTHUK — Jlyna. Macca 3emmn
cocrasisgeT 5,974 x 10%* kr.

[Togo6HO APYTUM TLIaHETaM 3eMHOM IpPyTI-
bl 3eMJISI IMEET TBEPAYI0 060JI0UKY, B KOTO-
poii cocpesoToueHa GoJIbINAst YacTh €€ MacChl.
Kpome Toro, 3emist obsazaer rasoBoi arMo-
cepoil, KUIKOI 0060JI04KON — ruapocdepoi,

..... ;.
Cxema oBuxXeHus
3emnu BOKpyr
ConHua

Hawa nnaHema YHUKAGAbHA He MObKO NOMOMY, 4mo

Mbl Ha Hell XXuBeM. 3mo eOUHCMBEHHAS n1aHema, 20e
umetomcsi 601buivie 06beMbl XXUOKOL BOObI, 20e ammocgepa
He CIUUKOM PpaspexxeHHads, 4mobbl NPONYCKamMb Xecmkoe
CO/IHEYHOe U3J/1y4eHue U He CAUWKOM NA0OMHaAs, 4mobbl
CKpbIBAMb HE60 om ee obumameneii. U3ydeHuem
NnoBepxXHOCMU 3eMu U ee Hedp 3aHUMaemcst HayKka
2€0/102Us1, BHYMpPeHHUM CmpoeHuem 3emau — celicMoaio2us,
COCMOosIHUEM ammocgepbl — Memeopoaozusi, npobaemamu

Tak BbIrMsaguT Hawa
nnaHeTa N3 KocMoca

a Takke O6uocdepoii — 060JIOYKOM, COCTaB U
CTPYKTypa KOTOPOil 0OOYCJIOBJIEHBI JesTeb-
HOCTBIO JKUBBIX OpraHn3MoB. MUpoBo#l okeaH
3anumaer 71 % moBepxHoctu 3emsn. [opsl,
0COOEHHO BBICOKME, TaK JKe KaK U TJIyOOKOBO/I-
Hble BIAQJWHBI, 3aHUMAIOT HE3HAUYUTEJbHYIO
4acTb TIaHeThl. MakcumasbHas BbICOTA TOP HA
3emie — okoJsio 10 km (Ha Mapce, rjie rpaBu-
TalMOHHOE T0JIe B 2,5 pa3a cjabee 3eMHOTro, —
oK0J10 25 KM). Ha coBpeMeHHbBIX KOHTHUHEHTaX
pacIpocTpaHeHbl TJIABHBIM 0OPa3oM HU3MEH-
Hble DAaBHUHBI.

TBepIIaH 000JI0YKa U HEApa

Y 3emMHBIX Hemp pasinyalT TPU OCHOB-
Hble 4YacTH: Kopy, MaHTHIO (060JI0YKYy) W
anapo. Kopa — camas Buemnmnss toukas (10—
100 kM), TBepJasd M HauMeHee ILJIOTHasE 000-
Jlouka. MUHUMATBHYTO TOJIIMHY OHA UMEET B
OKeaHMYEeCKUX 00JIacTsIX, a MaKCUMAaJIbHYI0 —

Ctpoenne 3emnu:
1 — Kopa;

2 — MaHTu4;

3 — agpo



Hawa nnaHeTa oKpyXeHa NpoTAXKEHHOMN
M JAOCTAaTOYHO TMJIOTHOM atmocdepom,
No3TOMYy OCHOBHOE€ KOJIM4EeCTBO MeTeo-
pUTOB cropaeT, TaK U He AoseTeB 40 No-
BepxHocTu 3emnun. Mo pgaHHbIM Npuymn-
HaM Ha 3eMHOM NMOBEpPXHOCTU HaMHOro
MeHblle MEeTeOPUTHbIX KpaTepoB, 4YeM,
HanpuMep, Ha JlyHe, y KoTOpo#i HeT aT-
mMocdepbl. OaANH U3 Haubonee KpPynHbIX
M XOpOLIO COXPaHUBIUUXCA KpaTepoB Ha
3emne — Apusonckuir. OH o6pa3oBasnca
npumepHo 50 Tbic. neT Ha3apj npu nage-
HUM Ha 3eMl0 MaccuBHOro HebecHoro
Tena. B pesynbrate BoO3HMKNaA 4auwe-
obpa3HaA BOpoHKa auametpom 1250 M
v rnyébuHom 174 m.

BTOPHBIX paiioHax MaTepukoB. [1og kopoii Haxo-
mures TBepaas u toscras (1000—3000 km) 06o-
JIOUKA — MaHTHSI, UMEIOIIAsI CII0KHOE CTPOEHNE
U TIPOMEKYTOYHYIO TIJIOTHOCTD, MEHSIONIYIOCS
¢ TIyOMHOI. MaHTus pas/iesisieTcst Ha BEPXHIOIO
(850—900 kM) u HmxHIOW (0Ko0s0 2000 KM), B
KOTOPOIi TeMmIieparypa OJiM3Ka K TOYKE ILjIaB-
geHus. Anapo 3emsn pas3zesisioT Ha BHeEIHee
(;kuzkoe) u BHyTpeHHee (TBepaoe). Anpo, 1no-
BUIMMOMY, COCTOUT U3 )Kese3a. B 3eMHOi1 Kope
peo6IaIal0T OKCUL KPEMHIS U OKCHUJL AJTIOMU-
Hus. B mutocdepe (TBepZOM BelliecTBe 3eMJIN )
OCHOBHBIMM 3JIEMEHTAMU SBJISIOTCS JKEJIE30
(34,6 %), kucaopon (29,5 %), a Takske KpeMHUI
(15,2 %) w marumii (12,7 %). Temneparypa B
nerTpe 3emsin — 6000 °C. CpeHsist JIOTHOCTD
BenecTBa 3emutn paBHa 5500 Kr/m>.
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TexkToHMYeCKHe Mmpoiecchbl

B menpax mraneTs! 1o 1eliCTBUEM T'PaBH-
TAIlMOHHBIX CHUJI TSKeJsible (DparMeHThlI ITOCTe-
IIEHHO TOHYT, a JIerkue BCILbiBatoT. [Togo6HbIe
rJIyOMHHBIE TIPOIECCHl BJIMSIOT Ha 3EMHYIO
KODY, BbI3bIBast JeopMaIiio 1 ropoobpas3oBa-
Hue. Takoro pojia SBJIeHUST Ha3bIBAIOTCS TEKTO-
HU4YecKUMU. VIM pPOJICTBEHHBI ByJTKaHWMYECKUE
mpoitecchl. B BepxHeli MaHTUU CYIIECTBYIOT He-
6osbIITHE 00JTACTH, T/IE TeMITepaTypa A0CTaTou-
Ha /IJIs TIJIaBJIeHs ee BelllecTBa. PacriaBjieHHoe
BelllecTBO (MarmMa) BBIZABJIMBAETCS BBEPX M
mpopbIBaeTcs yepe3 Kopy. [Iponcxoaut ByJsika-
HUYECKOe M3BepPKeHne, TP KOTOPOM U3 HeJP
TaKsKe BLIOPACHIBAIOTCST BOJSTHOM TIap, YIJIEKHC-
JIBIH Ta3 U IPyTHE Ta3bl.

Ha 3emie xopoiiio BbIpaskeHa TEKTOHHKA
IUIAT — [IepeMelieHre KPYITHBIX 6JI0KOB 3eMHOM
Kopbl. Hampumep, nmpubopsl CriyTHUKOBOW Ha-
BUTAITMOHHON CUCTEMBI 3a(pUKCUPOBAJIN TTO/b-
eM BepIINHbI JBepecTa cO CKOPOCTBIO OKOJIO
1 cm B roa. IIpoucxoaut 310 U3-32 MOABUIKKHU
MaTepUKOBBIX TINT WHAWICKOro cyOKOHTH-
HEHTa K ceBepy co CKOpocThio cBbimie 10 cm B
ro/1. /|BuzKeHme B TIPOTUBOTIONIOKHBIX HAITPaBJIe-
HusX Tuxookeanckoit u CeBepoaMepruKaHCKON
IUINT CO CKOPOCTBbIO TIpuMepHO 13 MM B TOJ
[IPUBEJIO K 00pa3sOBaHUIO TAK Ha3bIBAEMOTO Pa3-
noma Can-Anjpeac. B63u pasioMoB yacThl 1
CUJIbHBI 3€MJIETPSICEHUS, a TaKKe 00pasyroTcst
IIETTN BYJIKAHOB.

Tak ropsayas
Marma
npopsiBaeTcs
CKBO3b
3EeMHY10

KOpy
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..... -3

Cxema nocTosiHHOW
LUMPKYNALMM 3eMHO
aTMocdepbl

CocraB atmocdepsl

3eMJIs1 OKpysKeHa MPOTKEeHHOI aTMocde-
Poii, He uMelollell YeTKON BepxXHel I'DaHUIIbI.
Cpenssisi MoJieKyJgpHas Macca 3eMHOW aT-
Mochepsl y TOBEPXHOCTH TJIAaHETH paBHa 28,8,
a ee JlaBJieHUEe HA YPOBHE TIOBEPXHOCTHU OKea-
Ha cocTaBisgeT (MIpY HOPMAJIbHBIX YCJIOBUSIX)
npubusurenbio 100 Ila. Beprukanbhyro
CTPYKTYpy armocdepsbl, T. €. u3aMeHeHus1 hu-
3UKO-XUMUYECKUX XapPaKTePUCTUK C BBICO-
TOH (pacmpeiesieHne Pa3TUIHBIX XUMUYECKUX
3JIEMEHTOB, BXOSIINX B COCTaB aTMOCHEPHI,
10 BBICOTE; COCTOSHUE WOHU3AINU W TILIOT-
HOCTb BEIEeCTBAa HA Pa3JUYHBIX BBICOTAX U
T. /I.), OTIPENIEJISIOT TI0JIe TATOTEHUS TLIaHETHI,
a Tak)ke TeMIlepaTypa U XUMUYECKUN COCTaB
atrmocdepsl.

Xumuyeckuii  coctaB armocdepbl  3a-
METHO MEHSETCSI B 3aBUCHUMOCTH OT BBICOTHI.
OCHOBHBIMM Ta3aMW, BXOJSANIMMU B COCTaB
HIDKHUX CJI0eB aTMocdepbl 3eMJid, SBJISIOT-

Cxema XMMnyeckoro
cocTaBa 3eMHOro
Boagyxa: 1 — asor;
2 — KNUCnopog;

3 — apro;

4 — yrnekucrbIi ras

cst azot (okosno 78,1 %) u kucjaopon (moutu
21 %). JIpyrux TasoB CyIIECTBEHHO MEHbIIE
(Hampumep, aprona — okosio 0,9 %, BoassHOTO
napa — okosio 0,1 %). Bogopon u renmii — ca-
Mble PacIpOCTPAaHEHHBbIE JIEMEHTHI TTOUTU BO
BCeX HeOEeCHBIX 00BbEKTaX, HO B HUKHUX CJIOSIX
3eMHO# atMochepbl OHU TTPAKTUYECKH OTCYT-
CTBYIOT. DTH 3JIEMEHTbI OOHAPY/KEHBI JIUIIb B
BEPXHUX ee CJI0sgX — reokopoHe. OHU cTaHO-
BSTCS OCHOBHBIMU KOMIIOHEHTaAMU aTMOChepPbl
TOJTBKO HA BBICOTAX MOPSIKA HECKOJIbKUX COT
KusioMeTpoB (resnii npeobazaer B arMocde-
pe Haunnas ¢ 500—1000 kM, a Ha emte 6OJb-
IMX BBICOTaX aTMocdepa COCTOUT TPaKTUye-
CKM W3 YHMCTOTO BOJOPOJIa — CaMOTO JIETKOTO
rasza). OgHako oblee UX cojepsKaHue BO BCEi
atMocepe HUYTOKHO Majio 10 CPaBHEHWIO C
JIPYTUMU XUMHUYEeCKUMU deMeHTamu. K tomy
’Ke KOJMYECTBO BOJIOPOIAa W TeTus TTOCTOSTHHO
YMEHBIITAeTCsT — MOJIEKYJIbI 3TUX Ta30B yJeTa-
10T B MEKIJIAHETHOE TIPOCTPAHCTBO.

Monaratot, 4TO B pe3ynbraTte Bo3jencTBua 6uocodepbl u
ANUTENIbHOIO0 XMMUYECKOro B3aMMOAEMNCTBUA C FOPHbI-
Mu nopoaamu atMochepa 3emnm oboraTunacb KUCIopo-
AOM U npuobGpena coBpeMeHHbI XUMUYECKUI COCTaB.
310 npeanonoXeHue NOATBEPXKAAETCA UCC/ef0BaHUEM
XMMUYECKOro cocrtaBa 0CafloMHbIX MOPOA U reonoruye-
CKMX NNacToB COOTBETCTBYIOLWero Bo3pacra. /loctaTtouHo
nnotHaa atmocepa 3eMaun crnakmsaer CyToOUYHble TeM-
nepatypHble Kosie6aHuA, a TaKKe pa3HOCTb TeMnepartyp
MeXay MoJIloCOM U 3KBaTOPOM.



AtmocdepHbie ciou

Bosmyx B armocepe 3emisn pactipenesieH
TaK, 4TO TOYTH TIOJIOBUHA €r0 COCPENOTOYe-
Ha Ha BBICOTAX HIUIKe 6 KM, TIOJIOBUHA OCTaB-
nerocst BelecTBa arMocdepbl — HUKe 12 KM.
[InotHocTh BO3Ayxa majaer ¢ BbicoTON. Ha
BbicoTax 500—1000 kM 1mI0THOCTH aTMoOche-
pbl MokeT MeHATbed B 10—100 pa3 B Teuenue
CYTOK U B 3aBUCUMOCTH OT TIepUOIa COTHEUHOM
AKTUBHOCTHU, IIpUYeM HaubOJIbIIasl IIOTHOCTD
XapakTepHa /1 JTHEBHOTO BPEMEHU CYTOK U
IJIT MaKCUMyMa COJTHEYHOW aKTUBHOCTH, a
HaUMEHbINas — JIJId HOYHOTO BPeMeHU W I
MUHUMYMa COJTHEYHOI aKTUBHOCTH.

[To dusuyeckum mporeccam atmocdepy
MOKHO paszieInuTh Ha ABe obacTu: xemuchepy
(amxe 80 kM), T/1€ CyIIECTBEHHYTO POJIb UTPAIOT
XUMUYECKHe TPOoIecchl, 1 MoHochepy (BbIlIe
80 kM), rze mpeodIaaoT SIeKTPUIECKIe IPo-
1ecchl. Hasmmmume 2/1eKTPOHOB U MOHOB B BEPX-
HUX CJIOSIX aTMOc(hepbl 00YCIOBIEHO TEM, YTO
3/1eCb MHTEHCUBHO TIOTJIONIAETCS YyJIbTpadmo-
setoBoe nudnyudenue CoJHILa.

Kaxkmomy arMmochepHOMY CJIOI0 COOTBET-

CTBYeT CBOsI TeMIlepaTypHasi 3aBHCHMOCTb.
B Tponocepe — nuskHem citoe armochepsr —
TEMIIEpaTypa MOCTENEHHO Ta/laeT C BBICOTOM.
1o obsacTh mMaMeHeHui mnoroxabl. Hax Heit
pacrojiokeHa cTparocdepa, KoTopasi XapakTe-
PUBYETCS MOCTOSTHHON TEeMTIEPATyPOl TIOPsIIKa
—55 °C. Eme Boile HaxoauTcs: Mesocdepa, B

“i* Buxpesble NoToKM B atMocdepe MoryT
nepepacraTb B MOLLHeNLLne yparaHbl
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KOTOPOI TeMIlepaTypa CHavyaja pacTeT, a 3aTeM
nazsaet 10 —65 °C. Boimre 80 kM Temrmeparty-
pa MOHOTOHHO BO3pacTaeT M Ha BHICOTE OKOJIO
350 kM gocTUraeTr MOCTOAHHOIO 3HAYECHUS —
okoJsio +1300 °C. brarogapsi ToMmy 4TO 9KBaTO-
puarbHble aTMOChepHbIe MACChI IPOTPEBAIOTCS
CUJIbHee TIOJIIPHBIX, B BEPXHUX CJIOSIX aTMO-
cepbl TPOMCXOMAT TIOCTOSIHHBIE TIepeMele-
HUS BO3/YNTHBIX MAacC Kak B TOPU3OHTATHHOM,
TaK ¥ B BEPTUKAJIHHOM HAIIPABJIEHUSX.

enesde

CxemMa MarHMUTHOro
nons 3emnu

MarauTtHoe nmoJie

Hanuune marHuTHOTO TIOJST — O/AHA W3
ocobeHHocTell Hatieil mianersl. V3ydenue Ha-
MarHU4eHHOCTH W3BEP;KEHHBIX M OCAOYHBIX
nmopoj nmokasbiBaet, uTo CeBepHblii 1 KO KHBIN
MarHUTHBIE TIOJTIOCHI 3eMJIM WHOT/Ia MeHs-
forcst Mectamu. CumTaercs, 4To cOOCTBEHHOE
MarHuTHOE TI0Jie Hallledl TIaHeThl BO3HWKAeT
6slarojiapsi HAJIMYKMIO HJIEKTPUIECKUX TOKOB B
ee paciuiaBjieHHbIX Heapax. [lox pelicTrBuem
COJIHEYHOTO BeTpa 00J1acTh BOKPYT 3eMJIH, CO-
nepskainiasg ee MarHUTHOe TioJie (MarHuTocde-
pa), UMeeT HeCUMMETPUIHYIO KOH(MUTYPAITHIO:
¢ ocBelieHHOU CoJIHIIEM CTOPOHBI 3eMJId OHa
oTrpaHMYeHa NMPUMEPHO cheprudyecKoil moBepx-
HOCTbhIO ¢ paauycom 10—15 paguycoB 3emiu,
a C TIPOTUBOIIOJIOKHOW CTOPOHBI BBITIHYTA,
1o100HO XBOCTy KoMeThl. Marnurocdepa 3a-
IIUIIAET [IJIAHETY OT TYOUTETbHBIX JJIS KIUBBIX
OpPraHu3MOB OBICTPBIX 3aPSKEHHBIX YaCTHII,
HeTnpepbIBHO JeTsanmx oT ComHIa.




JIyHa

JIYHG — 3mMo ecmecmseHHbIU CNYMHUK 3eMau U Camoe
61U3K0€e K HaM HebecHoe mesno: paccmosiHue 00 Hee 0K0J10
400 MbIC. KM. Mo e0UHCIMBEHHOE KOCMUYeckoe meso, Ha
KOMOpoM nobbiBanu Atodu. Ha JlyHe Hem ammoccpepbl,
BOObl, pACMUMeNbHOCMU U XUBbIX OP2dHU3MOB. Ee
noBepxHoCmMb OHeM packansiemcs ay4amu CONHUaA, a no
HOYAM MAM KOCMUYecKuti Xo100. [leHb U Ho4b € nepenadamu
memnepamyp 00 300 °C 019mcs no dse Hedenu. JIyHd

ycnoBusamu u pecypcamu.

JIyHHbIE yCIOBUS

®opma JlyHbl u3yueHa OYEHb XOPOIIIO.
@urypa, obpazoBaHHasi (HU3UIECKOI TTOBEPX-
HOCTbIO JIyHBI, OJIM3Ka K HpPaBUJIbHOW cdepe
co cpexuum paauycom 1737,5 km. [lmomanb
MOBEPXHOCTU JIYHHOTO TIapa COCTaBJISIET OKO-
g0 38 muH. kM?, win 7,4 % 1moomaau 3eMHOU
MOBEPXHOCTH, a 00beM — 2 % obbeMa 3eMJIn.
Cpenusist iotHocTh Jlyusr — 3,34 r/cm?, 9to
3HAUUTEJBHO MEHbIe CpPeIHEeN TJIOTHOCTU
3emun (5,51 t/cm?). Cuna Tskectn nHa Jlyne
B IIECTh pa3 MeHbIle, YeM Ha 3eMJie, TI03TOMY
YeJIOBEK, HAXO/SICh Ha ee TMOBEPXHOCTH, Oy/er
OIIyIIaTh, YTO €ro TeJ0 YTPATUJIO /. CBOEro
Beca. [lockonbky macca JIyHBI OTHOCUTEJIBHO
MaJia, Ta30Boil 000J104Ku (aT™MOCdephl) y Hee
npaktuyecku Het. [Toaromy nosepxuocts JIyHbl
OCBETIAETCS TIPSIMBIMU COJTHEYHBIMU JTyYaMHU.

Fooene

el

OH paspyLueH

BCe 6o/blue npusnekaem 3emiaH CBOUMU YHUKAIbHbIMU

®doTtorpacus 3emnu,
chernaHHas KOCMUYeCKUM
annapaTom CO CTOPOHbI JTyHbI

JlyHHbIE KpaTepsl
OTNMYaTCH He TONMbKO
pasmMepamu, HO 1 BUOOM
OKpy>KatoLLero sana:

Yy MOSofbIX KpaTepos Bar
YeTKWI, a y 6onee OpeBHUX

3Hakomasi 3eMsiHam
BManMasa CTopoHa ”yHbI

Peaved

Ha moBepxnoctu JIyHbl BbIIEJSIOT 06JaCTH
JBYX TUIIOB: CBETJIbIE MAaTePUKOBbIE, 3aHUMAa-
1ome 83 % MOBEPXHOCTH, U TeMHbIE 00JIaCTH,
Ha3BaHHble MopsiMu ellle B cepennHe XVII B.,
KOT/Ia TIPEATI0JIarajoch, YTO TaM UMeeTCs BOJa.
[Ipeobmamatoniuit Tun 06pa3oBaHUNl JIYHHOI
MOBEPXHOCTU — KpaTepbl CAaMbIX Pa3HbIX pa3-
MepOB, OT COTeH KUJIOMETPOB /10 HECKOJbKUX
JIECSITKOB CAaHTMMETPOB B TIOTIEPEYHUKE, TI0-
SABUBIIVECS B pe3yJibTaTe yIapoB METEOPUTOB
o noBepxHocTh. Kpome Toro, Ha JIyHe BcTpeua-
I0TCS1 JIOJIMHBI ITUPUHON B HECKOJIBKO JIECITKOB
KUJIOMETPOB U JITMHON B COTHU KUJIOMETPOB, a
TaK’Ke TOPHbIE MAaCCUBBI, KOTOPbIE Yallie BCero
OoKalMJIFI0T KpyroBbie Mops. [losbekuii actpo-
HoM AH [eBennii emte B 1647 1. mpeasioskus Ha-
3BIBATh MX TI0 UMEHAM 3€MHBIX TOP: ATIEeHHUHBI,
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JlyHa pBuKeTCA No TpaeKTopum CNoxXHou ¢popMbl Noj Bo3aen-
CTBMEM TATOTEHMA B OCHOBHOM ABYX Heb6ecHbIx Ten — 3emnun
n ConHua. 3emna yaepxusaert JlyHy Ha cpeAHeM pacCTOAHUM

; 384 400 kM. Mepuop o6paweHus JlyHbl BOKpYr 3emam cocras-
\ ’ naer 27,3 cytok. JlyHa Bpawaerca BOKpYr CBoei 0CHU B TOM e
/ HanpaB/ieHUuU, B KOTOPOM OHa ob6pawaeTca BOKpyr 3emau, u c
TeM e nepuoaom — 27,3 cytok. lMo3atomy ¢ 3emnu Mbl BUAUM

sl TONIbKO OJHO noJjiywapue, KOTOpoe TaK U Ha3blBalOT — BUAU-
¢ Moe, a Apyroe, CKpbITOe OT HaWwuX rnas, nonywapue Ha3biBa-
0T 06paTHOM CTOPOHOW JIyHblI.

Anraii, Kaska3z, Kapmatel. Cambie BbICOKHE
JIyHHBIE TOPBI — ATTEeHHWUHBI — JIOCTUTAIOT 6 KM.
Kparepbl Ha3pIBatOT B 4eCTh aCTPOHOMOB, (hu-
710c0(OB U IPYTUX YUEHDIX.

IBOJIOINS JIYHHOU TOBEPXHOCTU 3aBep-
muIach okosio 3 MJp. JjieT Hasaz. [losxke me-
TeopuTHAs GOMOAPAMPOBKA TIPOIOIKATIACE, HO
y:Ke ¢ MeHbIell MHTEeHCUBHOCThI0. B HacTo-
SN0 50Xy 00pa3oBaHKMe HOBBIX KPATEPOB
Ha JlyHe — odeHb pezikoe cobpitre. OCHOBHYIO
Maccy 60MOapANPYOIINX TeJ COCTABISIOT MU-
KPOMETEOPUTHI — KPOIIeYHble KaMHH, BpPe3alo-
muecs B MOBEPXHOCTH JIyHBI CO CKOPOCTBIO B
cpemtem 25 km/c. OHY He OCTaBJISIIOT KPaTEPOB,
HO ME/IJIEHHO pa3PBIXJIAIOT MOBEPXHOCTHBIN
cyoil. B pesysibTaTe Takou AJUTENbHON Tepe-
pPabOTKN TOBEPXHOCTH 00PA30BAJICS BEPXHMIA
PBIXJIBIIA ¢JI0i TTOPOJT JIyHBI — Perosur.

Henapa

YcnoBHO JTyHHBIE Hefpa Ppas3fesisaioT Ha
naTh 30H. Camas BepxHSS 30HA TOJIIUHON
60—100 kM OTOXK/1€CTBJISACTCS C JIyHHOW KOPOI.
Bropas 302 — BepxHsIs MAaHTHUS UMeET TOJIIIH-
Hy 0K0J10 250 kM. TpeTbst 30Ha — cpeHsis MaH-
THsI TOJIUHON 0K0J10 500 KM (371€Ch HAXOASATCS
odyarn TayOOKHMX JyHOTpsicenwii). YerBepras
30HA — HUKHSIST MAHTHS, BENIIECTBO KOTOPOI MO-
JKET HAXOAWTHCS B PACIIIABJIEHHOM COCTOSTHUH.
Temniepatypa B BepXHEl 4acTu 3TOTO CJIOS MO-
ket poxoauth 10 1500 °C. Ha riy6une 1400—
1500 kM HaYMHAETCS TISITast 30HA — JIYHHOE SI/IPO,
cozepskatiee OOJIbIIOe KOJIMIECTBO JKeJle3a.

NccaenoBanne JIyHbl

Ha ceroguaninuii genn Jlyna xopoiio usy-
YyeHa Kak C IOMOIIBI0 Ha3eMHBIX TeJIEeCKOIIOB,
Tak u Oiaromaps moseram 6osiee 50 KocMmiTde-
ckuxarnmaparoB (KA) ukocmuueckux kopabJieit
(KK) ¢ kocmonaBtamu. KA «Jlyna-3» (CCCP,
1959) u «3ouxn-3» (CCCP, 1965) Brepsbie
choTorpadupoBaii BOCTOUHYIO M 3aIaHYIO
YaCTU HEBUIMMOTO ¢ 3eMJiu roJrytnapus JIyHbr;
MCKyCCTBeHHBIe cryTHUKY JIyHbI nccieoBanm
ee IpaBUTAIIMOHHOE TI0JIe U peibed; caMoXo/i-
Hble anmnaparbl «JIynoxon-1» n «Jlynoxon-2»
nepefasi Ha 3eMJII0 MHOXKECTBO CHUMKOB U
nHGOPMAINIo 0 (PU3NKO-MEXaHNYECKNX CBO-
CTBax TPyHTa; 12 aMepWKaHCKUX acTPOHABTOB
¢ nomoripio KK «Anonmon» (CIIA) B 1969—
1972 rr. no6uiBasn Ha JlyHe, T/1€ TPOBEJH UC-
CTIeIOBAaHNSI HA TOBEPXHOCTH. ACTPOHABTHI
YCTAaHOBUWJIU TaM CHEIUAJbHYIO HAYUHYIO arlia-
parypy. Onu ipuBe3ssin Ha 3emJito 0kosio 400 kr
JIYHHBIX TIOPO/I.

O6paszel
JNyHHOro
rPyHTa




Mapc

601bUWAs 4acmsp €20 NOBEPXHOCMU.

I1aBHbBIE XapaKTepUCTUKH
YerBeprag ot CoJiHIla TITaHeTa Ha3BaHA
0 UMEHM PUMCKOro Gora BoiiHbI Mapca us-3a
CBOETO KpacHOBaToro IBeta. Mapc pacmoJio-
ke B 1,5 pasa gasbiire ot CostHIla, yeM 3eMJis,
U, B OTJINYKE OT Hee, JABUIKETCS 1o GoJiee Bbi-
TSIHYTOI OpOuTE, COBEPIIAst TOJHBINH 000POT 3a
687 3emubIxX cyTOK. Paccrosguue or Mapca no
Connna mensgercss ot 207 MJIH. KM B Iepure-
guu 10 250 muH. KM B adpesnnn. Mapce Menblie
3emuin 110 Macce B 10 pasz, a 1o o 1mo-
BepxHocTH — B 3,5 pasa. [lepuox oceBoro Bpa-
menusi Mapca cocrasiger 24 4 39 mun 36 c.
Ha Mapce HabJroaeTcst cMeHa BpeMeH ToJia,
HO CE30HBI TaM JJIATCS TIOYTU BIBOE JIOJIbIIIE,
yeM Ha 3emJie. [Ipu aTtom ce3onbl B CeBepHOM U
[OsxHOM TTONTyTIIApUAX UMEIOT Pa3HyTo MPOIOJI-
JKUTEJbHOCTD: J1eTo B CeBepHOM MOTyIIapun
amutesa 177 mapcuanckux cyTok, a B IO0xHoM

“i* Y4acTok mapcmaHckoro kpatepa. OHu 3aech
6ornee paspyLUueHHble, 4eM Ha JlyHe

Cpedu npoyux naaHem Mapc 60buie BCE20 NOXOX HA
3emJ10: HA HEeM NPoUCxooum He MoJsibKo CMeHd OHS U HoYU,
HO U CMeHa BpemeH 200a; Ha Mapce ecmb ammocegepa,
20pbl U HU3MEHHOCMU, /1ed B NOASAPHBIX 0061GCMSX,

a K020a-mo, BO3MOXHO, Obl/IU OMKpPblmble BOOOEMbI.
HeydusumesnbHO, 4mo YenoBedeckas haHmasus 0aBHO
«3acenunay amy naaHemy. C noaemom KOCMU4eckux
annapamos K Mapcy yoanocb no0pobHO U3y4ums €20.
X0/100HAA NYCMbIHA — BOM 4Ymo npedcmassisgem coboli

CHumok Mapca
¢ annapara «BuUKuHr»

oHo Ha 21 nenb kopoue. CpeHETO/10BAST TEMIIE-
parypa Ha Mapce 6sm3ka k 213 K (—60 °C).

Atmocdepa Mapca Ha 95 % cocrout us
yTJieKucaoro rasa. Jlpyrme cocraBisioniue:
2,5 % asora, 1,6 % aprona, menee 0,4 % Kuc-
gopona. CpeznHee naByieHre aTMoc@epsl y TO-
BepxHocTu B 160 pa3 MeHblile, yeM JaBJjieHUe
Ha ypoBHe MOps Hallleil naneTsl. ATMocdepa
TJIAHETHI cyXasd, B HEW MPAKTUYeCKN HET BOJIS-
HBIX TTAPOB.

Oxkouio 35 % noBepxHoctu Mapca coctas-
JISIOT PaBHUHBL. [paHuiaMm Mexay HUMU CITy-
ar roprbie xpe6Tsl. Ha Mapce Haiineno 6osee
70 MOTYXIINX BYJKAHOB. 32 UCKJIIOUeHUEM PaB-
HUH, TOBEPXHOCTh Mapca rycTo mokpbITa Kpa-
tepamu. OHU, KaK TPABUJIO, BBITJSIAAT GoJiee
paspyInieHHbIMH, YeM Ha Mepkypuu unu JlyHe.
Hasmume 60pos/i 1 TPEInH CBUAETENBCTBYET O
TOM, 4TO B [peBHOCTH Ha Mapce ObLiia Bojia.

Op6utbl Mapca v 3emam nexar npak-
TUYECKU B OAHOM mocKocTtu. Yepes
Kaxable 780 aHen 3emna n Mapc oka-
3bIBAlOTCA Ha MUHUMAJIbHOM paccToA-
HUM apyr oT apyra. Takoe conumxeHue
nnaHeT Ha3biBAlOT MPOTUBOCTOAHUEM.
Ecnu paccrosaHue Mexay mniaHeTamm
MeHee 60 MJIH. KM, TO NPOTUBOCTOAHME
Ha3biBalOT BeIMKUM. Bennkune npotuso-
CTOAHUA NOBTOPAIOTCA 4Yepe3 KaXAable
15—17 ner.
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MonspHble
Lanku Ha
Mapce. CH1uMOK
KOCMWNYECKOro
Ternieckona
«Xab611»

JII)III)I H IIBIJIbHbBIEC 6ypI/I

B MommbIil TesecKonm Ha MOBEPXHOCTH
Mapca BujHbl Oesible TOJSpPHBbIE MIanku. VX
pa3Mepbl MEHSIOTCS CO CMEHOU ce30Ha: Jie-
TOM THanKu ymeHbmatoTcs. [lomspubie mankm
MHOTOCJIONHBI. HUXKHUI, OCHOBHOM CJION TOJI-
IIMHONH B HECKOJIBKO KHJIOMETPOB 0OpasoBaH
OOBIYHBIM BOJSHBIM JIBJIOM, CMEIIAHHBIM C IIbI-
JIbIO, KOTOPBIN COXPAHSIETCS U B JIETHUI TI€PHU-
0Jl. ITO TaK Ha3bIBaeMble ITOCTOSTHHbBIE MIAIKHA.
Habmoaemblie ce30HHBIE U3MEHEHUS IIOJISAP-
HBIX TIATIOK TTPOUCXO/ISAT 32 CUET BEPXHETO CJIOS
TOIUHOW MeHee 1 M, cojiepsKalero TBepPAyIo
YTJIEKUCTIOTY — «CYXOU JIef».

B nepuopl, korga Mapc Haxoaurcst 6JmsKe
Bcero K CoJHITy, HarpeB MMOBEPXHOCTH U aTMO-
cdepbl BozpacTaeT. BodHUKaeT CUJIbHBIN BeTep,
HaumHaoTCs BUXpu 1 Oypu. MHorma 6osee Mui-
Jiiapjia TOHH TbLTU TIOJTHUMAETCS U y/IePKuBa-
€TCsI BO B3BEIIIEHHOM COCTOSTHUM B aTMOcC(epe.
[TpoMO/IKUTEIBHOCTD TBLJIEBBIX OYPbh MOJKET
nocturatb 50—100 cyTok.

i Kocmuyeckuin annapart ncecneayet
cnyTHUK Mapca ®o6oc

CoAaHue u CoAHeuyHada cucmema

N3yuenne Mapca

Hauano KocMu4eckoro  mcCyen0oBaHUs
Mapca MOJIOKUIN KOCMHYECKHE arlapaThl
(KA) cepun «Mapce» (CCCP) u «Mapunep»
(CIIIA). IlepBoim KA, mocTurmmm KpacHOM
mianets, crtag <«Mape-1» (1962). Ilepsbie
CHMMKM Y4aCTKOB TOBepXHOCTH Mapca Oblin
crnenanbl KA «Mapunep-4» B 1965 r.,, a Tak-
ke «Mapunep-6»> u «Mapunep-7» (CIIIA) B
1969 r. Ilo dororpadusm, momyuenasiM KA
«Mapunep-9» B 1971 1., cocraBjieHbl IOAPOO-
HbI€ KapThl MOBEPXHOCTH. B aTOM Ke To/y Oblia
OCyIIleCTBJIEHA TIEPBast MSATKasl 1OCAKa Ha T0-
BepxHOCTh (coBerckuii KA «Mapc-3»). KA
«Mapc [Tachaitngep» (CHIA) B 1997 1. nocra-
BIJI HA TIOBEPXHOCTH MAJIEHbKUIT MAPCOXO]I, KO-
TOPBII BBITTOJIHII UCCJIEIOBAHIS XUMUYECKOTO
cocTaBa MOPo/I.

i+ CoBeTckuit
annapar
«Mapc-3»

CnyTHuKH

CnytHuku Mapca 6b111 oTKpbITh B 1877 T.
aMepUKaHCKUM acTpoHOMOM Acadom XO0JIoM.
Mx nassamu Mobdoc (crpax) u deitmoc (ysxkac).
CryTHUKM OYeHb MaJIeHbKME W UMEIOT Helpa-
BUJIbHYIO (opmy. OpOUTBI CITyTHUKOB — KpPY-
roBbie. [loBEpXHOCTH CITyTHUKOB yCesIHBI He-
Gosbmmmu kpatepamu. Ha Doboce obHapy-
JKEHbI 3arajlouHble OOPO3IbI, ITepeceKarolie
noutu Bech cryTHUK. [IIupuna nx 100—200 M,
a riyouna cocrasisier ot 20 10 90 m. Tunoressr
110 TTOBOJIY MTPOUCXOKIEHUST 3TUX OOPO3[] OKa
masoybeaurenbHbl. He 00bsICHEHO M ITPO¥C-
XOJK/IEHUE CAMUX CITyTHUKOB, CKOpPEe BCETO, 3TO
acTepou/Ipl, 3axBayeHHbIe Mapcom.
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IOnumep

Ba:kHble oTiinuusA

[Tnanera, Ha3BaHHAsT B 4€CTh BEPXOBHOTO
6ora B anTnuHON Mudosornu (y IpPEeBHUX Ipe-
KOB — 3eBc, y puMJigH — [OnuTep), HaXoauT-
cs1 B TIATH pa3 pasbie oT CoJiHI, 4eM 3eMJs.
[OmTep — cubHO CIUTIOCHYTAs TIIAHETA: €To
9KBATOPHAJIBHBIN pagryc Ha 7 % OoJibiie mo-
agproro. Cuma TsKecTH Ha dKBaTOpe TIIaHe-
Thl B 2,6 pa3a MPeBOCXOIUT CUJIY TSKECTU Ha
3emute. Ha muianere He GbIBaeT CMEHBI BpeMEH
roga. Ha FOmmrepe o6HapyKeHO MOIIHOE Mar-
HUTHOE TIOJIe U 3aperucTPUPOBAaHA 30HA Hau-
GoJiee MHTEHCUBHON pajiiallii Ha PACCTOSTHUN
177 TBIC. KM OT ITAHETBHL. TaM HaXoIATCda ee
panuaiimonnbie mosca. [lneiid marnurocde-
pbl Onrepa obHapysKeH Jake 3a TpeesiaMu
Catrypha. IOnuTep aBuzkercst o opouTe €o CKo-
pocThio 13 KM/, coBepiInast OfiiH 060POT BOKPYT
Comnna 3a 11,8 3emubIx Jiet. [IpoTuBOCTOSHUS
3emsn u IOmmrepa 6p1BatoT Kaskabie 399 CyTOK.

tOnumep He 3ps HA3bIBAIOM KUdpem naaHem»: no
APKOCMU OH IUWb HEMHO020 YCmynaem BeHepe HecMompsi
HG MO, YMO HAX00UMCS BO MHO20 pa3 dasibuie. 3mo
camas KpynHasi nnaHema 8 CoaHe4Hol cucmeme. tOnumep
npesocxodum 3emsto no ouamempy B 11,2 pasa. Teepdas
NoBEpPXHOCMb B 0ObIYHOM NOHUMAHUU Y FOnumepa

(KaK u 'y cnedyroumux 3a HUM na1aHem-2u2aHmos)
omcymcmsyem. Konumep 6bl1 NepBoti NaHemot,

Yy KOMOopoUi 06HAPY>KUAU CNYMHUKU, 30 Obl10 NOXOXe

HG Mo0deNb NAAHEMHOU CUCMeMbl B MUHUAMIOpe.

Tak Bbirnagut tOnutep
13 KocMoca

Cocras 11aHeTsl

OcCHOBHBIE COCTABJISAIONTNE 9TON TIJTAHETHI —
BO/I0pO/1 U Tesinii. COOTHOIIEHNE TUX ra30B 10
o6bemy cocrasiisieT 89 % u 11 %, a 1o macce —
80 % 1 20 % coorsercTBeHHO. Bes Buanmas mmo-
BepxHOCTh IOnuTepa — 9T0 MIOTHBIE 06JIAKa,
oOpasyolre CUCTEMY TEMHBIX MOSICOB U CBET-
JIBIX 30H K ceBepy | fory ot skBaropa. Obsaka
CO3/IAIOT CJIOM KOPUYHEBATHIX, KPACHOBATBIX 1
roiyb0BaThIX OTTEHKOB, YTO OOBSICHSIETCS Ha-
JIMYUEM PA3JIMYHBIX XUMUYECKUX COETMHEHUH.
Bepxuwuii c10if 001a4HOCTH, TIO-BUAUMOMY, CO-
CTOUT M3 MEPUCTHIX 00JIAKOB aMMHUAKa, a HUKE
HaXOJIUTCSI CMECh BOZIOPO/IA, METAaHA U 3aMeP3-
IMX KpUCTaioB ammuaka. [lepuoabr Bpare-
HUS 9TUX 00JIAYHBIX CJIOEB HEOANHAKOBBI.

Atmocdepa IOnurepa mmeer OTpoMHYIO
npotskeHHOCTh — 1500 KM, ee ILIOTHOCTH
OBICTPO pacTeT ¢ TayouHoit. O6IauHbIil TTOKPOB
pacrniosioskeH Ha BbicoTe okoso 1000 kM Haj
MOBEPXHOCTBIO TIJIAHETHI (IMTOBEPXHOCTD B JIaH-
HOM CJIydae — YCJIOBHOE MOHSITHE: Ha OOJIBIION
riayOuHe ra3000pasHOe COCTOSIHHME BEIecTBa
TIJITAHEThI MEHSETCS Ha JKUIKOE M3-32 BBICOKOTO
nasJienns ). Temrieparypa BHEIIHETO 00Ia4HOTO
nmokposa coctasiisieT okoJio —130 °C. PacueTbt
MOKAa3bIBaIoOT, uTO IO Tep M0I5KeH UMeTh BHYT-
peHHee IOTHOE METATIOCUINKATHOE SPO /TN-
aMeTPOM OKOJIO 25 Thic. KM. Temmieparypa B ero
1eHTpe cocrasisgeT 23 Toic. K.

L.

Boane KOnuTtepa yxe no6biBany ceMb
KOCMMWYECKMX annapaTtos



CnyTHuKH

Bokpyr IOnurepa o6pariaercst MHOTO CITyT-
HUKOB (110 aHHBIM Ha Jekabpb 2005 1., ux or-
KpPBITO 63). IX MOKHO pa3/ieJiuTh Ha JiBe TPYII-
bl — BHYTPEHHWE W BHenrHue. YeTbIpe CIyT-
HUKa BHYTPEHHE! TPYIIIIBI, UMEIOIINE PAa3MePHI,
6sim3kue K pasmepaM JIyHbI, ObLITH OTKPHITHI B
Hauane XVII B. Ito Mo, Espona, [anumen u
Kammmcro.

Mo — eamHCTBEHHOE KOCMUYECKOE TEJIO,
OMMMO 3eMJIM, Ha KOTOPOM HaOJII0aloTCs
NefcTByIONMe BYyJKaHbl. [Ipu um3BepskeHUU
BYJIKAHOB CEPHUCTBIN Ta3 W Mapbl CEPhI BHIPHI-
BalOTCS CO CKOPOCTBIO OKOJIO 1 KM/C HA BBICOTY
B COTHU KMJIOMETPOB HaJ TIOBEPXHOCTHIO CITYT-
nuka. Armocdepa Mo curbHo pazpexena (3To
MPAKTUYECKN BaKyyM ), OJTHAKO 3a HEel TSIHETCS
ra30BbIN XBOCT.

[ToBepxHocTh EBporbl ucrmelpeHa ceTbio
CBETJIBIX W TEMHBIX JIMHUH, SBJISIONUXCS, TI0-
BUIMMOMY, TPEIIIMHAMU B JIeITHOIN KOpe, 06paso-
BaBITUMUCST B Pe3yJIbTaTe TEKTOHUYECKUX ITPO-
niecco. [IInpurHa 3TUX Pa3IOMOB OT HECKOJIBKUX
KUJIOMETPOB /IO HECKOJIbKHMX ThICSTY KMJIOMETPOB.
B nenpax EBporibl BblziesisieTcs sHEPrusi, KOTO-
past TMO/IEP;KUBAET B JKUJKOM BHJIe MAHTHUIO —
MOJIJIE/IHBINT  OKeaH, BO3MOJKHO, HasKe TeTLIbIi
(cymiecTByeT TPEANONOKEHNE O BO3MOKHOCTH
pocTennmxX (hOpM KM3HU B TOM OKeaHe).

Cambplil KpYIHBIN CIIyTHUK B CHCTeMe
IOnurepa — Tlanumen. CpenHsisi TJIOTHOCTH
€ro JIMIIb BIABOE IIPEBOCXOIUT TIJIOTHOCTH
BO/IbI, TI09TOMY OKOJI0 30 % Macchl CIIyTHUKA,
MO-BUIMMOMY, NPUXOAUTCA Ha Jiel. BoasHoil

.....'5.

CnyTHUKK
BHYTPEHHEW rpynnbi:
1 — Kannucto

(mo paamepam OH
CpaBHUM C MiaHeTon
Mepkypun); 2 — Vo
(cambIi 6IM3KUNA

K FOnutepy)

CoAaHue u CoAHeuyHada cucmema

Camaa wu3BecTHaA pjeranb, Habnwaa-
emaaBarTrmocdepe lOnutepa,—bonbwoe
KpacHoe lNAaTHO — npeacTaBnAer cobomn
oBaJibHOe OOpa3oBaHMe MEeHAKLUXCA
pa3MepoB, pacrnoJioXXeHHOe B 0XHOM
TpOnu4YeckKkon 30He. 3TO AOJIOXUBY-
WMA MOWHBbIA U30JIMPOBAHHbIA BUXPb,
POACTBEHHbIA 3€MHbIM AHTULUMKIOHAM.
HeunsBectHo, kKorpa lATHO o6pa3oBa-
JIOCb U CKOPO JIM UCYE3HET.

nen coctanisieT okosio 60 % maccer Kanmmcero.
Tonmuua JefsgHol KOPbI CIIyTHHKA, KaK U Y
lanumena, olleHUBaeTCs B HECKOJIBKO IECATKOB
KIJIOMETPOB. Best ero moBepxXHOCTD ycesiHa Kpa-
TEepaMU CaMbIX PA3HBIX Pa3MEPOB. YHUKAIbHAS
netasb peabeda Ha Kaminero — MHOTOKOJIbIE-
Bas cTpykTypa Banramna guamerpom 2600 kM,
cocrosimas u3 10 KOHIIEHTPUYECKUX KOJIell.
Y Kammicto obHapys:KeHO cOOCTBEHHOE Mar-
HUTHOE I10JIe, TIpejroarailiee HAIUIue Me-
TAJLIINYECKOTO S/1pa.
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CamypH

XapaKTepuCTHKA IIaHEThI

Bropast 1o pasmepy u macce IjiaHeTa, Ha-
3BanHass CaTypHoMm (PUMCKHUII aHAJIOTr Tpe-
yeckoro Kponoca), 1mpeBoCXoAuT 3eMJio I10
oobemy B 800 pas. CpeaHsisi TIOTHOCTH ILjIa-
HETBI YJAMBUTETHHO Majia, MEHbIIE TIJIOTHOCTU
Bozibl — 0,7 v/cm?. Ilepuop Bparienus: Catypha
cocrasjsiet 10,2 4. O6pammasick Bokpyr CoJrHia
Ha paccrogHuu, B 10 pas Gojiee OTHATIEHHOM,
yeMm 3emist, CaTypH COBEpPINAET IOJIHbIIT 000pOT
o opbure, OJIM3KOI K KPyroBoii, 3a 29,5 Jier.
B armocdepe Carypua copep:xurcst 94 % Bojio-
poma u 6 % remus. Ilox mokpoBoM arMocdepbl
CarypHa, Kak MpearoaraioT, HAXOAUTCS OKeaH
COKMDKEHHOTO MOJIEKYJISIPHOTO BOJIOPO/IA, 4 B ca-
MOM IIEHTpPe ILIaHEThl — MACCHUBHOE MeTaJLIo-
CUJINKATHOE SIZIPO.

[ToTok coHeuHOI 2HEPTUH, TOXOAIIEH 10
CartypHa, B 91 pa3 meHbIIe TOTOKA, TOXOJIIIe-
0 /10 3eMJIU, TIO9TOMY TeMITepaTypa Ha HUKHe
rpanuiie 0b6akoB CaTypHa COCTaBJISIET BCETO

Cpedu nnaHem-2u2aHmMoB CamypH Bbloensemcs coell
3amedyamenbHoll cucmemoli Koneu. MX MoXHO Habadamb
Oaxke B He60bwol meneckon. Cmonb KPAcUuBbIMU U SpKUMU
Konbuamu 6oabuie He 061a0aem HU 00HA NIAHEMA.

KonbUa co30aHbI HecyemHbIM KOJIUYeCmBOM MeNKUX men,
NOXOXUX HA PbiX/1ble CHEXHble KOMKU, BPAUWLAOUAUECS

B 3KBAMOPUANABbHOU NA0CKOCMU nadHembl. CAM Xe
CamypH, n0006HO tOnumepy, npedcmasnsem coboli
02POMHbIl 6bICMPO BPAUWAOUAULICS WAp, COCMOAUUD
NnpeuMyu,eCmseHHO U3 XUAKo20 BOOOP0Oa U 2eNusl.

®dparmMeHT CHUMKa
nosepxHocTu CaTypHa

150 K. OxHako BBIACHUJIOCH, YTO IIOTOK TEIl-
JIOBOTO u3aydyeHus, ucxoasanmii ot CaTypHa, B
JIBa pa3a MPEBBIIIAET MIOTOK SHEPTUH, TTOTydae-
Mot um ot CosmHIla. VIcTOYHUKOM 3TOI BHYT-
PEHHell 9HEPTUU MOJKET OBbITh, KaK U B CJlydae
¢ IOnurepom, rpaButannonnas quddepeniua-
s (paszesieHne) BelecTsa, Korjga Oojee Tsi-
JKeJIbIN Ta3 (reinil) MeJIeHHO TPOCcCaYnBaeTCs
B HeJpa TIaHeThl. 13-3a HU3KUX TeMIepaTyp B
HasobauHoit atMocdepe CarypHa, T/e Hapbl
aMMMaKa BBIMOPaKMBAIOTCS, 00pa3yeTcs MI0T-
HBIN CJION TyMaHa, CKPBIBAIOIIETO CTPYKTYPY
MOSICOB U 30H, T0aTOMYy Ha CaTypHe OHU He Tak
4eTKO BU/HBI, Kak Ha IOnurepe.

B oxpecrhnoctsix CartypHa moObiBajiv He-
CKoJIbKO KocMmmueckux ammaparoB (KA). KA
«[Tnonep-11» (CIHIA) B 1979 1. 0OGHAPYKU
TOHKOE BHellTHee KoJibIlo F 3a mpeieraMmu KoJib-
na A, uamMepus Temreparypy arMocepsl Tia-
HETBI M KPYITHEWIIETO B ee CHUCTeMe CITyTHU-
ka TwTana, BBIABUJI TPAHUIIBI MarHUTOCHEPHI
Carypna. bmke Bcero k Catypny nmogormen KA
«Bosikep-2», nepegaBInuii MoapoOHbIe CHIM-
KU CaMOM TIJIAHETHI, ee KOJIeT] U CITyTHUKOB.

oo

Konbua CatypHa —
OCTaTKu OrPOMHOr0
OKOJOMNSI2HETHOrO
obnaka, U3 KoToporo
obpasoBanncb ero
CNYTHUKUN



“#* KorbLia COCTOSIT 13 KOMKOB pasmMepoM A0
HECKOJIbKMUX METPOB, NMOKPbITbIX UHEEM U JIbOOM

Kosbna Carypha

Ente Taymneo Tanueii, Habiromast CatypH B
Teseckon BHauvase X VIIB., He MOT TTOHATH, TTOUe-
MY C IBYX IIPOTUBOTIOJNIOKHBIX CTOPOH OT IMCKa
TIJIAHETHI BU/THBI JIETAJIN, TOXOKHME HA BBICTYIIBL.
Jlutb yepes 50 sieT HUAEPIAHICKOMY YIEHOMY
Xpuctuany [loiirency yaanoch OIpeesnTb,
yTo CaTypH OKPY’KEH SIPKUM, TOHKUM U TIJIOC-
KUM KOJIBIIOM, HUT/IE He CONPUKACAIONINMCS C
nianetoil. Ene yepes3 yeTBepTh Beka (hpaHIiry3-
ckuii acrponoM JKan [Tomennk Kaccuru o6Ha-
PYKIJI TEMHYIO TI0JIOCY, Pa3/Ie SOy 0 KOTBI0
Ha BHEIITHIO U BHYTPEHHIO YacTu. BHentHO0
YacTh KOJIbIIa HA3BAJTW KOJBIIOM A, BHYTpPEH-
HIOIO — KOJIBIIOM B, a pa3iesigionyio nx TeMHYIO
nosiocy — nenenuem Kaccunu. [lo3ke Hazem-
HBIMU HAG/IIOeHUAMU ObLIN BbISIBJIEHBI KOJIbI[A
C, D u E. Kosbiia He ciuioIiible — CKBO3b HUX
MOJKET MTPOXO/IUTH CBET. A ellle KOoJibIla OKa3a-
JINCh YAUBUTEITbHO TOHKUMU — BCETO HECKOJIb-
KO JIECSITKOB METPOB.

CoAaHue u CoAHeuyHada cucmema

KpynHeitmmii CliyTHUK

Camprit  Gosbmioit cythuk CarypHa —
Tutan mpeBbINIaeT 110 CBOEMY pa3Mepy IIaHe-
Ty Mepkypuii. /Iluamerp Turtana cocrasiser
5150 kM. DTOT CIIYTHUK WMeET COOCTBEHHYIO
IJIOTHYIO aTMocdepy, KOTopast CKpbIBaeT JieTa-
Jii ero moBepxHocTu. Kak u B ciyuae ¢ 3emiieit,
npeobaaonM ra3oM B atMochepe Turtana
SBJISIETCS A30T.

[ToBepxHocTh TWTaHa COCTOUT W3 JIbJA
C TPUMECBIO CHUJMKATHBIX 1opoa. CpenHss
IIJIOTHOCTD BEIeCTBa, CJIarafoliero CIyTHUK, —
1,9 r/cv?. [lpeanonaraercs, uro Ha Turane mo-
KeT OBITh TIIyOOKMIT OKeaH 13 JKUAKOTO ATaHa,
MeTaHa M a30Ta, HUKe KOTOPOTO HAXOIUTCS
caont arterusena tosumuon 10 300 M. He nc-
KJIFOYEHO, YTO B JAJIEKOM OYIyIIeEM Ha 3TOM
CIyTHUKE GY/IyT BECTUCH TIPOMBIIILTIEHHbIE Pa3-
pabOTKY 1 JOCTABKa MOJIE3HBIX MCKOTIAEMbIX Ha
3emurio. K cepennne 1990-x rr. y Carypha 661710
n3BecTHO 22 ciyTHuKa. [lo3iHee oTKpbLIN ele
6osiee 30, 0/IHAKO ATO OYEHDb MaJIeHbKUE JieJsi-
Hble 0O6pa3oBanust. MHOTHE U3 9TUX CITYTHUKOB
TaK U He TOJYYHIN COOCTBEHHDBIX UMEH.

TwTaH 6bin

OTKpbIT B 1655 1.,
a Bnepsble
cdpoTorpadmposaH
B 1979r.

lwraHTckoe oBanbHoe o6pa3oBaHue pa3mepoM ¢ 3emito, pacno-
noxeHHoe Heapaneko ot CeBepHoro nontoca, HasBaHo bonbwum
KopuyHeBbiM MaTHOM. Ha cHMMKax TaKKe BUAHbI HECKOJIbKO KO-
pU4YHeBbIX NATEH MeHbLIero pa3sMepa. Takue nATHa npeacTaBnA-
10T co6oi atMocdepHbie BUXpU. 3Tu yparaHHble BUXpU ObICTpPO
3aTUXaloT M NepeMeLLalOTCA BMecTe ¢ aTMocdepHbIMKU noJsioca-
Mu. Betpbl B atMocepe CaTypHa AeACTBUTENIbHO yparaHHble:
MX CKOpOCTb B paliloHe 3KBaTopa agocturaer 400—500 m/c.
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YpaH

noymu Hepa3iu4uMbl demanu.

Yci0BUA HA IJIAHETE
IJKBATOPUAJbHBIN pajinyc YpaHa COCTaB-
JisteT 25 559 KM, a MOJISIPHBIN PaJyC OYTH Ha
300 kM menbie. [lepron BpaleHus: maaHeTbI
3aBUCHUT OT MUPOTHL: Ha mupoTte 70° OH cocTaB-
jgser 14 4, a Ha mmpote 33° — 16,2 4. Macca
Ypana, HaliieHHass 1O JABUKEHUIO €T0 eCTeCT-
BEHHBIX CITyTHUKOB, OKazanach B 14,5 pasa
GOJIbIIIE MACCHI 3eMJIM, HO CPEIHSIS ILJIOTHOCTh
nraretsl (1,3 r/cM®) Jinimh HEHAMHOTO TTPEBBI-
maeT MJIOTHOCTh BO/ibl. ATMOcdepa YpaHa co-
crout 6osiee yeM Ha 85 % u3 Bogopoza, Ha 12 %
u3 reqs u Ha 2,3 % u3 Metana. [lockosibKy
Ypan Bpamiaercss «Ha OOKy», TPOIOJIKUTEb-
HOCTH [THS ¥ HOYM 3/IeCh 3HAYUTEJIbHO TTPEBBI-
I1aeT 0CeBOI EePUO/T BPAIIEeHUS TIJIAHETHI: I€Hb
1 HOub Ha mmpoTe 30° puarcesa 14 set, Ha MWMKUPO-
Te 60° — 28 set, a Ha TTOJTIOCAX — 42 roja.
Mosens BHYTpEHHETO CTPOEHMsS YpaHa
MMOKA3bIBAET, YTO B I[EHTPE TIJIAHETHI TeMIle-
patypa Hmke, ueM y lOnurepa u Carypha, HO
BCe JKe JIOCTaTOYHO BheuaT/sonmas (Oosee

R

CpaBHuUTeNbHbIE
pasmepsbl YpaHa
n 3emnu: YpaH
6ornbLUe Hallen
nnaHeTbl B 61 pas

CedbMas nnaHema om COHUA — YPAaH — 3HAMeHUmMa
mem, 4mo Ni0CKOCMb ee 3KBAmopa HAK/I0OHEeHd

K NJ10CKOCmMu opbumsl Ha Y201 98°. Takum 006pa3oM, YpaH
Bpaw,Gemcs, CJ1I0BHO /iexxa Ha 60Ky. 3mo nepsas naaHemd,
Komopas 6blna omkpblima ¢ NOMOWbIO meaeckond, 4mo
3HAYUMENbHO Pa30BUHYNO0 2PaHUUbI COTHEYHOU CUCMEMDBI.
/10 2mo2o camoui danekol nnaHemou ConHe4YHoU cucmembl
cyumanca CamypH. HeBOOpY>XeHHbIM 2/130M YPaH He
BUOeH. OOHAKO 0aXKe B meneckon Ha €20 BUOUMOM OUCKe

M3 kocmoca YpaH BbirnaguT
rony6on nnaHeTomn

Y YpaHa oGHapyXeHO MarHuTHoe noJe.
Maruutocdepa YpaHa uMmeer cnoxHoe
ctpoeHue. Ha ypoBHe BuauMon obnau-
HOW NOBEPXHOCTMU, FAe AaBJIeHMe COCTaB-
naer 0,6 6apa, MHAYKLMA MaArHUTHOrO
nonAa 6an3Ka K 3eMHoW. OfHaKoO MarHuT-
Hble Nosca HaxoAATCA OYeHb AANEKOo
OT noJsitocoB reorpaguyeckux (npaBuib-
Hee cKa3aTb —ypaHorpaduyeckux).0cb
MarHUTHOro AMNOJNA HaK/JIOHeHa Ha 59° K
ocu BpalieHuA u cMelweHa K CeBepHoMy
nostcy Ha 8 TbiC. KM.

7000 K). 3a ssipoM U3 CUJIBHO CKATBIX MeTaJ-
JIOB, CLJTUKATOB, JIB/IOB aMMHUaKa U METaHa, 3a-
HUMaIKUM okoJio 0,3 pajauyca mjaaHeTbl, BU-
VMO, HAaXOJIUTCSI MAHTHUSA U3 CMECU BOJISTHOTO
1 aMMUAYHO-METaHOBOTO JIb/I0B. Bunnmas mo-
BEPXHOCTH 0Opa3oBaHa ra3oBoil 000JI0YKOI U3
BOZIOPO/Ia U Teyust. 3a cueT IUPKYJIAINUN aT-
Mochepsbl, a BO3MOKHO, M KOHJEHCAIIMU BOJIBI
B Hell TeMIiepaTypa aTMocdepsl Ha BceX MMUPo-
Tax YpaHa nmpuMepHO ojnHakoBa. Ha ypoBHe
BUIUMOIT 00/Ia4HOM TIOBEPXHOCTH OHA COCTAB-
asget okosio 60 K.

B orauume oT Apyrux IJIaHET-TUTAHTOB,
VYpaH 1MouTu He UMeeT COOCTBEHHBIX NCTOYHM-
KOB sHeprun. Huskasg mMeTeoposornyeckas ak-
TUBHOCTH YpaHa U cj1aboe TeII0BOe U3JTyYeHIe
0O BSCHSIOTCS 0COO0I IMHAMMUKON aTMOoc(heph,
oOpasyoIeil TerIou30UPYOIIHIi CJIOM.



®doTorpadus
VpaHa n cucTemsl
ero koneu,. fpkue
TOYKN — 3TO
KpyrnHenwine
CMNyTHUKM YpaHa

[l1anera, HasBaHHast 10 WMeHH Oora
Heba YpaHa, Oblaa cirydaiiHO oGHapyskeHa B
1781 r. anrnmiickum acTpoHoMoM Buibamom
[epuienem. ¥Ypan pacriosioxken moudtu B 20 pas
naspiie ot CosHIa, yeM 3eMJis.

Oxpy:xkatotiue YpaH y3Kue v IIJI0THbIE KOJIb-
1a (BCEro ux JeBsITh) ObLIN OTKPHITH B 1977 1.
¢ TIOMOIIbI0 00CepBAaTOPUH, HAXOJSIIEHCS Ha
camosiere «Bounr». Kosbua cmabo orpaskaror
COJTHEYHBIN cBeT. BHelrHee KOJIbIO HNIUPUHON
HECKOJIBKO JIECITKOB KHJIOMETPOB HAXOIUTCS
Ha paccrosuuu 51 150 KM OT 1leHTpa TITaHeTHI.
KoJibIta cocTosT 13 TJIbI0 METPOBBIX Pa3MepoB,
IpUYeM B CAMUX KOJIbITaX, TO-BUANMOMY, OUY€Hb
MaJIO TIBIJIEBBIX YACTHIL.

B okpecTHOCTSIX 9TOH ILTaHEThbI MOOLIBAJL
TOJIbKO OZIMH KocMmuyeckuii ammapat (KA) —
«Bogmxep-2» (8 suBape 1986 1.). OH cdoTo-
rpadupoBaJl TIAHETY, €€ KOJIbIa U OOHAPYIKILI
HEM3BECTHbBIE paHee CITYTHUKH.

1 KA «Boapgxep-2» 6bin cosfaH Ansa nuccrnefosaHus
nanbHux nnaHet ConHeYHom CUCTeMBbI

CoaHue u CoAHeuyHad cucmema

[To HaseMHBIM [JaHHBIM ObLIN W3BECT-
HBI TOJIBKO IISATh CIYTHUKOB Ypana: O6epoH,
Turanus, Apusib, YMOpusiab, Mupanzga. Ilo
canMkam ¢ KA «Bosiskep-2» ObLiy HalijieHbI
emie 6osiee 10 CITyTHUKOB, a K HACTOSIIIIEMY Bpe-
MEHU OTKPbITO 27 cryTHUKOB Ypana. Hosble
CIIyTHUKY TTOJTYYNJIA Ha3BaHUS 110 UMEHaM Te-
poeB nibec Yuisbama Illekcnimpa m npousseje-
Huil Asnexcannpa Iloyna: Kopaenus, Odenus,
[Lxyaberta, /lesnemona u ap. bawxkaiimmii k
nJlaHeTe KpyInHbii cniyTHuk Mupanzaa (nname-
TpoMm 400 kM) 6611 choTorpadupoBan ¢ OJIU3-
Koro pacctosius. Ha moBepXHOCTH 3TOTO CITyT-
HUKAa BBISBJIEHDI JIBe OOJIACTH YePEYIOTINXCSI
TEMHBIX U CBETJIBIX T10JI0C, 0OpPa30BaHHbBIX I1a-
paeTbHBIMU TPSI/IaMUA U TOJTMHAMU, CBUJIE-
TEJTbCTBYIONIMMU O TEKTOHUYECKOW aKTHUBHO-
ctu Mupas/ibl.

HakyioH OopOMT CIIyTHMKOB K ILIOCKOCTH
opbuThl Ypana cocrasisger 97,8°, T. e. OHU J[BU-
JKYTCSI TIPAKTUYECKU B IJIOCKOCTH 3KBATOPA
raHeThl. CpeiHssl TJIOTHOCTDh KPYITHBIX CITYT-
HUKOB YpaHa okoJsio 1,4 r/cm?, 1ioaTomy Tpej-
noJiaraercs, 4To oHu Ha 60 % cocTosT 130 JIb/a.
CpemHue cyTouHbIe TEMIIEPATYPhI Y CITyTHUKOB
MeHee 60 K, a mpu Takux temmepaTtypax Jiel
YK€ CTAaHOBUTCS TBEP/IBIM MUHEPATIOM.

KpynHeriLume CrnyTHUKK
VYpaHa: 1 — MupaHga;
2 — Apwianb; 3 — YM6puarns;
4 — O6epoH; 5 — TuTaHus
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HenmyH

B 900 pa3 meHbWwe, YeM Ha 3em/ie.

Oco00eHHOCTH ILJIAHEThI

HenTyn — yeTBepTast u3 rjiaHeT-rUTaHTOB,
HasBaHHasE B 4ecTh Gora Mopeil B aHTHYHOMN
mucdomnoruu. Ilo cBoeMy cTpoenmIo, cocTaBy u
OKPY’KafoIeMy MarHUTHOMY TIOJIO 9Ta TIJIaHe-
Ta OYeHb IOXOXKAa Ha YpaH. DKBATOPUAJIbHBIN
paanyc HerntyHa moutu B 4eThipe pa3a MpeBbI-
nraeT pajauyc 3emJsiu, a o mMacce oH B 17 pa3
Gouiblne Hateit mnaHeTbl. CpegHsist IIOTHOCTh
Henryna nesesmka: 1,64 r/cm®. Hentyn obpa-
nfaetcss BOKpyr CoJiHIIa HA PacCTOSTHUM OKO-
J0 30 a. e., coBepias MOJHBII KPyT MOYTH 32
165 3eMHBIX JIET.

Atmocdepa Henrtyna, xkak u y Apyrux
IJIAHET-TUTAHTOB, IPOCTUPAETCST HAa HECKOJIBKO

TbICAY KMJIOMETPOB N COCTONUT B OCHOBHOM U3
BOJIOPO/Ja U TreJinid C H€6OJIBH_[OIL/,I IIpHUMeECDHIO Me-

“i* OnameTp HenTyHa no4Tun B 4eTbipe pasa 6onblie
OnameTpa 3emnu

HenmyH — Odnekas u Xon00HAs naaHema-2u2aHm,
CMaswas nepsoli N1AHemou, OMKpPbIMoU B pe3yibmame
meopemuy4eckux pacyemos No BUOUMbIM BO3MYU,EHUSM

B 0BUXEHUU naaHemsl YpaH. C 3emau HenmyH BudeH

Kak cnabas 38e3004Ka 8-U 38e30HOU Be/IUYUHbI, HAUlMu
KOMOpPYH0 MOXHO IUUWb C NOMOUAbIO XOpOuie20 OUHOKIS.
OOHAKO 3O MOJIbKO NOMOMY, 4MOo HenmyH Haxooumcs
o4eHb daneko om 3emau U om ConHua. N3-3a 601bWION
yoaneHHocmu om COAHUA 0CBEUAeHHOCMb Ha HenmyHe

®doTorpadua HentyHa
¢ KA «Bosapxxep-2»

§ .....

YyacTok
obna4yHoro
nokposa
HenTyHa.
CkopocTb BeTpa
30eCb MOXET
pocturatb 400—
700 m/c

tana. [Ipexamonaraercs, yTo Ha gHE aTMOCheEPHI
HenTyna HaxoauTcst okeaH 13 BOJIbI, HACHITIEH-
HOI Pa3JIMYHbIMU MOHAMU. 3HAYUTEJIbHOE KO-
JIMYECTBO METAHA, MO-BUIUMOMY, COIAEPKUTCS
rry6sKe, B JIe[ITHON MaHTUY IIaHeThl. J{axe mpu
ouenb BbicOKUX Temmeparypax 2000—5000 K u
nasyenun B 1 000 000 6ap (M6ap) BojbI MeTa-
Ha ¥ aMMKaKa MOTyT 00pa3oBaTh TBEP/IbIE HJIN
ra30’KuIKe CMeCH.

Ha nosto nepstHoit MaHTUM, COTJIACHO pac-
gyeTam, JI0JKHO TpUXoauTbes 70 % mMacchl Beeit
nianeTel. Okoso uyerBeptu Macchl Henryna
JOJIKHO MIMETH SI/IPO TIJIAHETBI, COCTOSIIIEe U3
OKMCJIOB KPEMHWUSI, MarHus, jkeje3a 1 ero coe-
TUHEHUH, a TakXe KaMeHHbIX mopoa. Moaesb
BHYTPEHHETO CTPOEHWS TIJIAaHETBhI TTOKA3bIBAET,
YTO TeMITepaTypa B IIEHTPE TIJIaHEThI COCTABJISA-
et okosio 7000 °C. B otsinuue ot Ypana, noTok
9HEPTUM, U3JaydaeMblii u3 Hegp Hentyna, mou-
T B TP pasa 60JIbIIIe TI0TOKa, KOTOPBII IPUXO0-
aut ot CostHia. DT0 00YCIOBIEHO MTPOIECCAMU
BHYTPEHHETO BBIJI€JIEHNS TeTLIa.



Cucrema Koney HentyHa B uenom noxo-
»Ka Ha cucteMy Koneu YpaHa. Ha cHuMKax
KA «Boapxep-2» BUAHbI He3aMKHYTble
o6pa3oBaHuA, KoTopble Ha3Baiu apka-
Mu. OHM pacnonoXkeHbl Ha CMJIOWHOM
CaMOM BHELWHEM KoJibLe Maioin NJNOTHO-
ctu. [lnuamMeTp BHeWHEro Konabua — noy-
™1 70 TbiC. KM, a LUIMPUHA apOK NPUMEPHO
50 kM. [lpyrue Konbua — 3aMKHyTbIe€.

IIpu 6mmakaiimem
PaCCMOTPpEHUN

[TepBbIM U eAMHCTBEHHBIM KOCMHUYECKUM
armapaToM, KOTOpbIil «mocetus» HenTyH, Obu1
«Bosikep-2» (CIIA), npomeammii 8 1989 r.
Ha PACCTOSHUU HECKOJIBKUX TBICSY KUJIOMET-
POB OT IOBEPXHOCTH 0OJIAYHOTO CJIOS TIJIAHETHI.
Anmnapat mo3BOJIMI YBUAETH JeTajin 00JauHO-
ro mokpoBa Henryna. ATmocdhepHbie MOJI0Ch
3/1eCh BBIPasKEHBI C1a00.

Boabioe Temnoe [IssTHO pazmepom ¢ Hanry
iaHery, obHapyskeHHoe B OKHOM oty mapun
HenTyna, sBIsleTcd TUTAHTCKUM aHTUITUKJIO-
HOM, COBEPIIAIOIIIM HOJIHBI 060poT 3a 16 3eM-
HBIX CYTOK. DTO 006J1aCTh MOBBIIIEHHOTO JIaBJIie-
HUS 1 TeMnepatypbl. B otmane ot bosbioro
Kpacnoro IIgatha Ha IOnuTtepe, apeiidyrorniero
co ckopocThio 3 M/¢, boabioe Temuoe [IsTHO
Ha HentyHe nepemernaercst 3SHa4UTEIHHO OBICT-
pee — co CKOPOCThIo 325 M/cC.

CoAaHue u CoAHeuyHada cucmema 111

CnyTHuKH

Habnonenus ¢ 3eMJad TTO3BOJIMJIU 00-
Hapy>KUTh /Ba ciiyTHuka Henryna: Tputona
n Hepeuny. B nHaiie BpeMsi OTKPBITO YiKe
13 cnyraukoB. TputoH o6pariaercs BO-
kpyr HenrtyHna na paccrostiuu 355 ThiC. KM
C MEepPUOJOM B IIECTh CYTOK, B 0OpaTHOM Ha-
MpaBJEeHUN 110 OTHONIEHWIO K HalpaBJIEHUIO
BpallleHUs TJIaHeThl (9TO eIMHCTBEHHBIN TO-
MOOHBIN ciy4ail cpeiy BHYTPEHHUX CITYT-
HUKOB T1aHet). llepuon ero oceBoro Bpa-
IEHUs COBIIAJAeT C IEPUOAOM O0OpaleHusI.
Temmeparypa MOBEPXHOCTU OYE€Hb HUIKAS
(38 K). IIpeamnomnaraercs, 4To JiefasgHas Kopa
TONMHOM 0K0I0 180 KM TOKpBIBaeT Tiy6o-
KUl BOJHBIII OKeaH, HACBINIEHHBIM aMMHa-
KOM, METAaHOM, COJIIMM W WOHaMU. [pUTOH
oKazaJjcs BTOPbIM ciiyTHUKOM B CoJiHEUHON
cucTeMe, UMEIONIMM CBOIO TOCTOSHHYIO aT-
mocdepy (mepBbiii — cuyTHuk CarypHa
Turan). Ha KocMu4ecKUX CHUMKAX OOJIbIIast
YacTh TMOBEPXHOCTH TpUTOHA TpejicTaBisgeT
co0oil paBHUHY ¢ MHOKE€CTBOM TPEIIWH, Ha-
MOMWHAIONYIO0 ABIHHYI0 KOPKY. FOKHBIN 10-
JIIOC CITyTHWKA OKPY’KaeT CBeTJIast TOJIsIpHas
nranKa — 3TO MHeH a3oTa.

Hepenzga HeoObIYHA TEM, YTO BUIKETCS
10 OYEHb BBITSHYTOH OpOUTE C YAUBUTEIbHO
6osbimm niepuogoM (360 cyrtok). Ee opbura
1o ¢opme GoJibIle MOX0kKa Ha OPOUTHI KOMET:
paccTosHUe MEXAY TIIAaHETOW W CIIYTHUKOM

IIpu €ro JABUKEHNN MEHAETCA B CEMb pas.

i B65m13mn BonbLuoro TemHoro MaTHa BETPbI AyOT
CO CKOpOCThI0 0Komo 2400 km/c

“i* MonapHas Lanka 13 3acTbIBLUEro a3oTta Ha
KOxxHom nontoce TputoHa




opbumy om 0pyaux HebGecHbIX me.

OTKpbITHE U IEPBbIE

COMHEHUA

B nauanme XX B. acTpoHOMBI, HabJo1ast
3a YpanoMm u HenrtyHoM, IIpeAniosoKuIn, 4to
nanpiie 3Tux mianer ot CosHIA CyIIecTByeT
ere o/[Ha IJIaHeTa, TPAaBUTAIIMOHHOE BJIUSTHUE
KOTOPOM CKa3bIBAeTCs Ha OCOOEHHOCTSAX J[BU-
JKEeHUS JIBYX JIAaHHBIX TIJIaHeT. bplim opranuso-
BaHbl CHCTEMaTUYECKHe IMOUCKA HEM3BECTHON
rraneTsl, HO juib B 1930 1. oHa Gblia oGHapy-
JKeHa MOJIOJIBIM aMEPUKAHCKUM acTPOHOMOM
Knaiinom Tom60 1 Ha3zBaHa B yecThb Oora moj-
3eMHOr0 Mupa. [L1yToH ObLT IPUYKCIIEH K T1J1a-
Hetam CoOJIHEUHOU CHUCTeMBbI, XOTsI yKe TOor/a
€TO TIJITAHETHBIN CTAaTyC BHI3BIBAJ Y YUEHBIX He-
KOTOpble COMHEHUS.

Barob6aBok k cBoell He coBceM Moobaonei
st maHer opbute IlayToH okasascst exuH-
CTBEHHOU [BOITHON TaHeTON. ETo ciiyTHUK

Zuneee

Cucrema
MnyToH —
XapoH noxoxa
Ha cuctemy
3emnsa —
JlyHa

;g

[IAymoH u gpyaue
kapAaukoBble naaHembl

Zonzoe Bpems MaymoH cuumanu 00HoU u3 0eBsimu naaHem
CO/THeYHOU CUCMeMbl, Xomsi U 04eHb HEOObIYHOU. M1yMoH
CyueCmBeHHO MeHbue JTyHbl U CKOpee NOX0X Ha 00BOJIbHO
KpynHbll acmepoud. Ce200Hs e20 NPUYUCISIom K 0Co0bIM
menam CO/THEYHOU CUCMeMbl — KAPUKOBbIM NIAHEMAM.
Mo HeboNbWiue NidHembl, KOMopble, B omaudue om
acmepoudos, UMerm NPAsUIbHYI0 WAPOOOPA3HYO
(hopmy. HO OHU HAMHO020 MeHbue 00bIYHbIX NdHem, ux
2pasumauuu He xgamaem, 4mobbl «paciucmumpy CBOHO

[MNyTOH NOKPbLIT
METaHOBbIM TbAOM

XapoH, oTkpeITeiii B 1978 1., umeer nuamerp
ok. 1190 kwm, B To Bpems kak auametp [LnyTona
JuIb BaBoe Goibie — oK. 2280 kM. XapoH or-
crout ot ITmyrona rma 19 400 kM, 1 00e MIaHETHI
BPAIaloTCs BOKPYT 0OIIEro IeHTpa Mace, KOTo-
pBIi HAXOAUTCS HaJ MoBepxHOCTHIO [LmyToHAa.
B 2005 1. cucrema Ilinyrona u Xapona momoJi-
HUJIACh ellle IBYMs CITYTHUKAaMU, OTKPBITBIMU
KOCMUYECKUM TeJiecKormoM «Xab0u» 1 ImoJry-
yuBnuMu umeHa lugapa m Hukra. Mx pasme-
pPbI HEBEJINKU U, TIO TPEABAPUTETbHBIM OIlE€H-
Kam, He 1peBbimnaoT 150 km. [uapa otcTouT OT
[Tnyrona mpumepHo Ha 65 Thic. KM, a Hukra —
Ha 50 ThIC. KM.

Yro mb1 3HaeMm o ILtyTone?

[LryToH — TUNWYHBINH OOUTATENH OKpPAnUH
CosHeuHOU cucTeMbl. ITO MUP BEUHOTO XOJIO-
na u cympaka: na sebocsoze [layrona Coumile
BU/THO KaK OCJIETIUTEIbHO SIpKasi 3Be3/1a, OT KO-
topoii k [Lnyrony npuxoaut B 1600 pas meHb-
e cBeTa, yeM K 3emsie. OpOura ILnyToHa 3Ha-
YUTEJIHBHO OOJIee BHITSHYTA, YeM Y «OOJIbIINX»>
naner. B nepuresuu paccrosiuue 10 CosHia
coctassisier 29,6 a. e, u [l1yToH MoAXoauT K
Counity 6smske, yem HenryH. A B adesnnu oH
yAQISgeTcss OT Halllero CBETUJIA TOYTH BBOE
nasbliire — Ha 49,2 a. e.

N3mepsss WHTEHCUBHOCTH OTPA’KEHHOTO
[TryToHOM CBeTa, ydeHble YCTAaHOBUJIM, UTO
ero BUIVMBI OJIeCK TIEPHOANYECKU HU3MEHSI-
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eTcsd. ITOT Mepuo/l, COCTaBIAINN 6,4 CyTOK,
ObLI TPUHAT 3a IIEPUOJ OCEBOTO BpalleHUsI
[Inyrona. Bpemsa na IlinyToHe TeuyeT Hecieni-
HO: oauH o6Gopor Bokpyr CoJiHIIA 3aHUMAaET
2477 3eMHBIX JIET.

Ha Ilnyrone, BO3MOXXHO, ecTh aTMocde-
pa. OcHOBHOIl ee cocCTaBJgdOIIeH, TOJKHO
ObITh, SABJSIETCS a30T, M3 JPYTUX KOMIIOHEH-
TOB BO3MOKHO HaJW4Yde MeTaHa, aproHa u
HeoHa. TosmnHa €JI0sT IBIMKU OI[€HUBAETCI B
45 KM, a TOJIIIIMHA caMOil aTMoc(epbl — MOYTH
B 300 xMm.

Hamu 3nanua o6 OZHOM M3 CaMbIX Ja-
jgeknx tes COJHEYHON CHCTEMBI IIOKa elle
ouenb ckynubl. Ho B uiose 2015 r. psimom ¢
[TryToHOM /OJTKHA TTPOJIETETh aMEePUKAHCKAs
KocMHUYecKas ctaHius «HoBbie TOpU3OHTHI».
Owna Oblsia 3amyiieHa B Houb ¢ 19 Ha 20 stHBapst
2006 r., 1 TOJILKO 3a IIECTh C IIOJOBUHON JET
cyMmeeT 100paThCcs 0 OKPaWH Halllell 3Be3jI-
HOU CUCTEMBI.

/

i+ Cxema pacnonoxeHnus op6uT lNnyTtoxa (1)
" nHenTyHa (2) No oTHoLeHWo K ConHuy

CoAaHue u CoAHeuyHada cucmema

Xapakrepuctuku lNnyToHa o4yeHb NOX0XWN HA XapaKTepuUcTu-
KU Apyrux HebecHbix Ten u3 noaca Komnepa, kotopbie Bpa-
watTtcA Bokpyr ConHua, HaxoaAacb 3a opb6butonm HenTtyHa.
3710 B OCHOBHOM NeAAHble MbiObl, @ TaKXXe OCHOBAaTe/IbHO
«MOAMOPOXKEHHbIE» acTepouibl U Kap/JIMKOBble MJaHeTbl —
CTPOMUTEJNIbHbINA «MyCOp», OCTaBIWIMACA CO BpeMeH ob6pa3oBa-
HuAa ConHe4YyHOW CUCTEMbl U OTTECHEHHbIN Ha ee 3a4BOPKMU.
MnyToH — Anwb nepBbIA N3 06HAPYXEHHbIX 06bEKTOB 3TOro
noAca, XoTA U OAUH U3 CaMbIX KPYMHbIX.

Cxema
pacnonoXeHus
nosica Konnepa
(835—50 TbIC. a. €.
ot ConHua)

KapimkoBbie IL1aHEThI

Cpe/r acTPOHOMOB KPEIIo yOeKIeHIe, UTO
«ancToe Hebo» 3a opouToil HerryHa oTHIONb He
TaK YK W «9MCTO»: TaM HaXOIUTCS TIOSIC U3 ellle
He OTKPBIThIX HeOecHBIX Tesr. IlepBbrit Tpamc-
HENITYHOBBIN 00beKT ObLT OTKpHIT B 1992 T.
Cpasy mocsiezioBaj BOIPOC — TPUYUCIATD JIN
ero K mranetam? B mapre 1993 r. 6b1710 06HApY-
JKEeHO BTopoe HebecHoe Teto, k 1996 1. ux xosu-
YeCcTBO BO3POCJIO 710 32, a HA CETOIHS OTKPBITO
OKOJIO TBICSTYHM TPAHCHETITYHOBBIX 0OEKTOB!

AT 06BEKTHI 00PA3YIOT TOSIC, U3BECTHBIN
Kak 1osc Koiinepa. Okasanoch, 4To 10 MeHb-
el Mepe olHa M3 HOBBIX IJIAHETOK — Jpuja
obornana IlayTton u 1Mo pasmepy, U O Macce.
AcTpOHOMBI BCTaJIM TIepei BBIOOpoM: b0 yBe-
JUYUBATh ciucok maHer CoJsiHeYHOUl cucre-
MbI (HEU3BECTHO Ha CKOJIBKO), JTMOO «IIOKEPT-
BoBath» Ilimyronom. Beibop 6bun caenan. s
[LayToHa M APYrUX MOAOOHBIX €My ILIAHETOK
BBEJIM OCOOBII KJIacC KapJMKOBBIX TutaHer. Ha
CETOJIHsI B HEM MSITh OOBEKTOB, CPeU HUX —
OBIBININIT caMbIil KpyTTHBIN actepons [lepepa.
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CBA3AHHAA OﬁlMHOCVVIbIO YIPOMCXO)K@EHMH.

Kiaaccel MaJbIxX Tedn

Nmenno Cosanie obecrniedyuBaeT eudH-
CTBO BCE€l CHCTEMbI, MTOCKOJbKY [IpyTHe TeJia
JBYKYTCSL TI0 CBOMM OpOMTaM B I0JIE €ro Tsi-
rorenus. Cpeau aTuX TeJ — BOCEMb OOJIBIINX
IIJIAHET, TIOYTU Y BCEX TIIAHET €CTh CITyTHUKMU.
OxHaKo cyIecTBYOT 1 6oJiee MeJIKKe TeJia, KO-
TOPbIe UCTBITHIBAIOT Tsarorenne CoJiHIIA U He
MOTYT IMTOKUHYTDb €70 OKPECTHOCTH.

IJTO TIpeXJe BCEro MaJjble IJIaHEThl —
actepouibl. OCKOJKM pas3ApoOMBIINXCS TIPU

CTOJIKHOBEHUHU AaCTePONIOB MHOT/A Ia/laioT
Ha 3eMJII0 — 9TO METEOPUTHL. BBUIy Masbix
pasMepoB HU OJIMH aCTePOU] HeJb3s YBU/IETD
HEBOOPY:KEHHBIM TJa3oM. /Ipyroii kjiacc ma-

4 CMopennpoBaHHOE Ha KOMIbloTepe
CTONKHOBEHWE OrPOMHOI0 MeTeopuTa ¢ 3emrieit

Maable meAaa COAHEUHOU cucCmeMbl

OCHOBHAS YACMb MAccbl CoONHeYHoU cucmembl (99,87 %)
COCpedomoyeHa B ee ueHMpaabHOM mesie — CONTHUe.

B cocmas Co/He4HoU cucmembl Kpome CONHUA, Pa3HbIX
NAGHEM U UX CNYMHUKOB BXO0SIM MAK HA3bIBAEMble
Masnble mena — KOMembl, acmepoudsl U euje 6onee meakue
MemeopHble mend. Hekomopble U3 HUX Cmankusaromcs

C 3emsiel, c030aBas 06MeH Beu,eCmaom mMexady Haulel
NAGHEMOU U KOCMUYeCKUM NpoCmpaHcmBoM. Komnekc
ManblX men — BAXHAS Yacmb COIHEYHOU CUCmembl,

E>xerofHbIn MeTEOpHbIN
noTok JleoHngbl

JIBIX TeJl — KOMETBbI — TaKyKe MMeeT He3Hauu-
TeJIbHbIE MACChI, HO UX BEIlleCTBO MOKeT OBbITb
pacipeziesieHo o o4eHb OOJIbIIOMY 00BEMY, U
II09TOMY OHM MHOT/IA HabJIroaf0Tcsl Ha Hebe B
BUJIe BECbMa IIPOTSIKEHHBIX 00beKTOB. Meikue
KOCMUYECKHWe YaCTHIbl TTOPOK/IAIOT SIBJIEHWE
«TAIAIONNUX 3Be3/[», WU METEOPOB, — 3TO
TO’Ke 4acTh KOMILIeKca MasIbiX Tes1 CoTHeYHO
cuctembl. OnpesiesieHHast J0JIsT BelllecTBa Me-
TEOPOB TeHETHYECKW CBS3aHa C KOMETaMHU.
B Cosnneunoii cucteMe UMEIOTCS YaCTUILBI €IIe
MeJslbue, pedyb WJIeT O MEKIJIAaHETHOM IIBIJIM.
Yucno MeXIIaHETHBIX MBIJIMHOK OTPOMHO, HO
o0I1ast MX Macca B MUJLTHAP/L Pa3 MEHbIIE Mac-
cbl 3emn!

BceTrpeun ¢ 3emiei

He6ompmmx ten B ConHeuyHON cucreme
TaK MHOTrO, 4YTO Hallla IIJIaHeTa CUCTeMaTH-
YeCKM CTAJKUBAETCS C HEKOTOPBIMU M3 HUX.
ATMocdepa HaZeKHO TIPUKPBIBAET IOBEPX-
HOCTb 3eMJIM OT BO3JIEHCTBUSI CaMbIX MEJIKUX
TeJI: MeTeOPHbIE YACTUIIBI TTIOJTHOCTBIO CTOPAIOT
B Hel, 1 paxe GoJjiee KPYIHbIE YaCTHIIBI, I10-
PO’K/IAIONINE METEOPUTHI, IEJTUKOM TEPSIOT B
atMocdepe CBOI0 KOCMUYECKYIO CKOPOCTB. 3a
peauaiiimMy UCKITIOUeHUSIMU UX TajleHue He
BBI3bIBAET KATaCTPODUIECKUX ITOCIEACTBUI.

OnHako cIy4aauch CTOTKHOBEHUS 3eMJIN
u ¢ 6ojiee KPYITHBIMHU TeJaMU, CKOPOCTh KO-
TOPBIX aTMocdepa TOracuTh y)Ke He MOXKET.
Pazymeercs, 3TO TPOMCXOMUT OYEHB PEIKO.
CambIM KPYITHBIM KOCMUYECKUM TEJIOM, CTOJIK-



“i* Bonbluasa komeTa Xeina-bonna MakcumansHO
npubnmannace kK 3emne B mapte 1997 r.

HYBITUMCS € 3eMJieil B TeUYeHWe TOCJeIHETO
crosieTust, ObLI, IO-BUAMMOMY, TyHIYCCKUI
mereoput. OH yman 30 utonst 1908 r. B 6esiroz-
HOU cbupcKoii Taiire. B cBoe BpeMst ObLIN 110~
IBITKA paccMaTpWBaTh TajieHue TyHTyccKoro
METEOPUTA B OTHOM pyCJie C «aHOMAaJbHBIMU
ABJIEHUSAMU>, Harogobue nojeros HJIO win
BCTpeY ¢ nHOIIaHeTssHaMu. OTHAKO B TaHHOM
cIydae Mbl IMeeM He TOJIbKO TIOKa3aHUs ove-
BUJILIEB, HO 11 00BEKTHUBHBIE JaHHbBIE TIPUOOPOB,
KOTOPBIMU 3aPETUCTPUPOBAHO SBJIEHUE TIajie-
Hus Mmeteoputa. Cropee Bcero, TyHTyCcCKIiT Me-
TEOPUT — PE3YJIbTAT BCTPeUd 3eMJIU C SIAPOM
HeOOJIBIION CTapOil KOMETHI.

[TocnencTBUsT TaKUX CTOJTKHOBEHUN — 9TO
KaTacTpo(bl, MECTHbIE ¥ Jake II00aJbHbIE.
[TosToMy ceifuac crieruaanucTbl pa3padarbiBa-
10T METOJbI WX MpefoTBpalieHus. Pabora 1o
MpeIOTBPAIIEHNI0  KOCMUYECKUX KaTacTpod
COCTOUT U3 /IBYX B3aMMOCBS3aHHBIX 3a/1a4. Bo-
IIEPBBIX, BaKHO OOHAPY’KUTh OIACHOE TEJIO Ha
BO3MOJKHO OOJIbIIIEM PACCTOSTHUKM OT 3eMJIH.
Bropas 3amaya — 910 yHUUTOKEHUE OMACHOTO
Tesa (HapuMep, ¢ MOMOIIBIO SEPHOTO 3apsi-
11a) b0 OTKJIOHEHKE €ro ¢ OHacHO OPOUTHI.
[To Mepe TexHUYECKOTO ITPOTpPEcca ITH BO3MOXK-
HOCTH MOTYT OBITh Peaji30BaHbl.

CoAaHue u CoAHeuyHada cucmema

3HAaYNMOCTh N3YUYCHUA

Ha pannux sranax sBoJonuy Haurei Ja-
HETBI TTa/leHre KPYITHBIX TeJsl 1aBajlo 3aMeTHbIN
IIPUPOCT ee Macchl. BelecTBo MaJbIX TeJs OT-
JIMYAETCST OT TIJTAHETHOTO BEIECTBA, OHO GoJiee
6M3K0 K TiepBUYHOMY BelilecTBY COTHEUHOi
cucteMbl. XOTSI BCe Tesa, COCTaBJSAONMe
ComnHeunyto cucreMy, IPOU3OILIN U3 OJHOTO
U TOTO JKe Ta30IbLIeBOr0 00JaKka, B KPYITHBIX
TeJIaX 9TO BELeCTBO MPOIILJIO JJIUTeIbHbIN 9BO-
JIOIMOHHBIN TTyTh. OHO TJIaBUJIOCh, Pasziesis-
JIOCh TI0 TIIOTHOCTH, TIPEOOPA3OBBIBAIOCH IO
JIeIICTBUEM BBICOKMX TeMIepaTyp U JlaBJeHU.
W3y4enue MasbIX TeJl IO3BOJISIET PEIIUTh MHO-
r'ie BaKHbIE BOIIPOCDI, CBSI3aHHBIE € IIPOUCXOXK-
JIEHVEM U BOJTIOIMEN MO0OHBIX CHCTEM.

[AnHo3aBpbl ucuyesnm ¢ nuuya 3emnum 3a
O4YeHb KOPOTKUI NPOMEXYTOK BPEMEHM.
Ux KocTn BCTpeyaloTcA TOJNIbKO B reoso-
rMyecKux cnoax crapwe 65 mnH. netr, aB
6onee no3aHux — HUKoraa. Okasanoco,
4YTO B HEKOTOPbIX MecTax 3TU CJiou pas-
AeJieHbl TOHKOM NpOCNOMKON, oboraueH-
HON UpUAUNEM, KpallHe PeAKUM B 3€MHbIX
ropHbIX NOpoAax, HO PpacnpocTpaHeH-
HbIM B KOCMMYecKux Tenax. BosHukno
npeanoJsioXkeHue, 4To OKono 65 mMnH.
ner Hasapa 3emnA noaBeprnacb KOCMu-
yeckonm OoMOapaAMpoOBKe, NOAHABLIEN
B atmocdepy Tyuum nbuin. YMEHbLUICA
AOCTYN ANA COJIHEYHbIX Ny4yein, normoan
pacTeHUA, KOTOPbIMM NUTAJIUCb AUHO-
3aBpbl, @ 3aTeM BbIMEPJIM U OHU CaMMU.
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KoMemubl

BCmMpedyaromcsa u B Hawe BpeMsi.

OpOuTsI KOMET

JInmp B xoure XVII — nmauane XVIII B,
BO BpemeHa HptotoHa m Tajurest, ¢ moMouibio
TOYHBIX HAOJIOAEHWIT OBLIK MOJYYEeHbI TOCTO-
BEPHBIE JIAHHbIE O ABMKEHUH KOMeT. [0 3Toro
Jaske BEJUKHUI <«3aKOHOAaTe b Heba» VoraHH
Kerutep, nmpaBuibHO OIpPEAETUBIINN OPOUTHI
IJTaHEeT KaK 3JIUIICHI, CYUTAI, YTO KOMETHI JBH-
AKYTCSI 110 TIPSIMOJIMHEHBIM Ty TSIM.

Ha camoM jiesie 0Ka3anock, 4T0 OPOUTHI KO-
MET TOKe JUIMIITHYeCKre. B ogHOM 13 (hoky-
coB asmurica Haxoautcest Cosaite. OIHAKO eciu
SJIIUIICHI TJIAHETHBIX OPOUT BBITSHYTBI OYEHb
c1ab60 (OpOUTHI TIOUTH KPYTOBBIE), TO KOMETHI
JBVKYTCSL 110 CUJIBHO BBITSIHYTBIM OpOUTAM.
B pesyJibrate KoMeTa Ha CBOEM IIyTH TO OY€Hb
6m3ko moaxoauT K COJHILY, TO YAAISETCsT OT
HEro Ha OOJIbIITE PACCTOSTHISL.

‘i MosBneHne komeTbl. ClOXeT Ha TKaHOM KoBpe
n3 bané. Koney Xl B.

B omauyue om Opyaux HebecHbIX mes, KOMembl UMerm
HeoObIYHbIU BHEWHUU BUO U UHble, YeM y nadHem, opoumoi.
MX 4aCmMo HA3bIBAKOM «XBOCMAMbIMU 20CMSAMU», BeOb
HeKkomopble Komembl MO2ym HAONH00AMbCSA MONbKO

pas B moicsyenemue, a mo u pexe. Tem He MeHee 3mul
youBUmesibHble KOCMUYeckue 06bekmbl NPUHAdNeXam
Hawel CoONHeYHOU cucmeme. B OpeBHOCMU NosiBAEHUS HA
Hebe Yy00BUUHbIX CBEMU PACUEHUBANUCH KAK npedBecmus
2PA0YUUX HecHacmuti. Omz010CKU 3Mux cyesepuli

[NosBneHne KOMeTbl — OYeHb
ipKOe 3pesnLLe

Kowmerta l'annes

B 1705 r. Oamona Tamreit omy6aukoBas
paccuutaHubie uM 110 Teopun Mcaaka HpioToHa
asteMeHThl opouT 24 Komer. Cpenn HUX OKasza-
JINCBH TP KOMETBI C BEChMa CXOKUMU OPOUTAMU:
komeTta 1682 1., koTopyio Hab/roaau1 caM Tasuiei,
koMmera 1607 1., Habmomasmagca oranHom
Kermrepom, u xomera 1531 1., oTMeueHHast He-
MeIIKUM acTpoHOMOM AnuaHoMm. [anieto npu-
Ha/IJIESKUT I0TaLKa O TOM, YTO 9TO OBLIY PasHble
MOSIBJIEHUST OTHON M TOW K€ KOMETBI, U TIPe/I-
CKasaHue, 4YTo OHa IOABUTCA BHOBbL B 1858 T.
Takum 06pa3oM, OH BBEJI B HAy4HbII 060POT Tie-
JIBII KJIaCC HOBBIX 0OBEKTOB — KoMeThl. Komera
nosBuiach B 1859 r., acTpoHOMBI OOBSICHIIN €€
«OTO3/ITaHNEY> BIUSHUEM TATOTEHUSI TUTAHTCKUX
manetr — IOnutepa u Carypha. ITta camas us-
BecTHasd n3 KomeT Hocut umd lamiesa. B 1910 r.
3HaMeHuTas KoMeTa lasnest okazasach Kak pas
Mesxy CosiHileM u 3emJiel, Tak 4ToO Hallla IJia-
HeTa IPOIja CKBO3b KOMETHBIM XBOCT. 3aTemM
oHa nosiBusiach B 1986 1., B ouepeiHoOi pa3 Ku-
Tesn 3emun yBugAT ee B 2061 1.

-2 .....
/ XBOCT KOMETbI

I'r BCerga HarnpasfeH oT
CornHua, ero oTHoCuT
COJTHEYHbIN BETEP



s/Ku3Hb ¥ cMePTH
KOMETHOTO dA1pa

B coorBercTBUM ¢ 3akoHamMu HeOeCHOI
MeXaHWKNA CKOPOCTb JIBUKEHUS BeJUKa BOJIHU-
3u CousiHia u Masia Brasu oT Hero. [losTomy
KOMeTa OYeHb 3HAYMTEJbHYIO 4acTh BpeMEHU
POBOJUT Ha OTJAJIEHHOM YYacTKe OPOWTHI
BombmmHCTBO KOMET YXOUT aJIeKo 3a Tpejie-
siet opOuThl [Lmyrona. Jlydiast BUANMOCTD KO-
MeTbl Tipu ee cosmskernn ¢ CosrHiieM 00y CI0B-
JieHa He COKpallleHWeM PacCTOsSIHUA JI0 Hero u
110 3eMJIH,  IPOUCXOSATINMA Ha KoMeTe (hU3u-
YECKUMHU TIPOIECCaMU.

TBepmas 4actb KOMETBI, B KOTOPOI cOoCpe-
NOTOYEeHA OCHOBHA JIOJIS €e MacChl, Ha3bIBAET-
¢S AAPOM. ITO — TeJIo HeDOJIBIIOro pas3mepa,
MOTIEPEYHNKN KOMETHBIX s/iep He MPEBBIIIAIOT,
KaK IPaBUJIO, HECKOJIBKUX /IECTKOB KUJIOMET-
poB. MccienoBanud rokasaiu, 4To spa Ko-
MET COCTOST TIPENMYIIECTBEHHO W3 JIbJOB, K
HUM OTHOCSTCS He TOJbKO BOJASHOW Jiesl, HO 1
3aMep3Iine Ta3bl — YTJIEKUCbIN Ta3, pa3Hble
YTJIEBOZOPO/IbI. B HUX BKparjieHbl MeJIKue Tec-
YUHKU 1 MTBIJIMHKY TYTOTLIABKOTO KAMEHUCTOTO
BemecTBa. [loka sgapo HaXoaUTCSA B OYEHDb XO-
JIOAHBIX BHENTHUX 061acTsix CoTHEYHO crcTe-
MBI, OHO HEAKTUBHO U OGHAPYKUTH €r0 TPYIHO.
ITo mMepe TOro Kak KoMmeTa IO CBOeil opOuTe
npubamxkaercss K CoJHILy, siIpO HarpeBaercst

COJTHEYHbIMU JIy4YaMH, Ta3bl HAYMHAIOT HCIIA-
PATLBCA U BI)I6paCI)IBaIOTCH "3 dg/1pa, yBJ€EKad C

M XBOCT KOMETbI MOXET JocTuratb B LOJINHY
HECKOJIbKO MUITTIMOHOB KNJTOMETPOB

CoaHue u CoAHeuyHad cucmema

I Cocrasnstome komeTbl:
A0p0 U OrPOMHbIN ra3o-
MNbINEBON XBOCT

co60ii 1 TBep/ble MbINHKA. Y KOMEThI 06pa-
3yercsi Ta3oBasi 00O0JI0YKA — TaK Ha3blBaeMast
rOJI0Ba, Pa3Mepbl KOTOPOH OCTUTAIOT COTEH U
TBICSTY KMJIOMETPOB.

JlanbHeinyo cyap0y BbIOPOIIEHHOTO Be-
necTBa OmpesiesiseT B OCHOBHOM COJTHEUHBIN
BeTep — MOTOK BBICOKOCKOPOCTHBIX YACTHII, He-
npepbiBHO BbiOpachiBaeMbix CostHileMm. Bzau-
MOJIEICTBYSI C BENECTBOM TOJIOBBI KOMETBI, OH
3aCTaBJIIET ATO BEIECTBO BBITATUBATHCS B CTO-
pony, nmporuBononoxkHyto Couniry. Tak moss-
JIFeTCsI KOMETHBIN XBOCT, TPOCTUPAIOTIUICS HA
MUJIJIMOHBI KUJIOMETPOB. IJTH TPOTSKEHHBIE
00pa3oBaHusI XOPOIIIO 3aMETHBI ¢ 3eMJIU, XOTSI
coziepsKaT HIYTOKHO MaJioe KOJTMIeCTBO Belle-
ctBa (OIMH M3 aCTPOHOMOB CITPABE/JINBO Ha-
3BaJl KOMETHBIE XBOCTBI «BUIUMBIM HUUTO ).

B nmanpHelineM coTHEUHBIN BeTep <«BbIMe-
TaeTy 3a mpejesibl COJTHEYHON CUCTEMBI camble
JIETKWE W3 BBIOPOIIEHHBIX YaCTHUI[ — MOJIEKYJIbI
ra3oB W MeJbuaillyio 1blib. bosee Tsxembe
YaCTHIIBI TIOCTEIIEHHO «PACITOJI3a0TCs» 1 0Opa-
3yI0T MeTeOopHbIi poii. [Ipu BcTpeye aToro pos ¢
3eMJieil TPOUCXOIUT SIBJIEHNE METEOPHOTO TI0-
TOKA, HaOJTI01aeMO€e KaK OOJIBIIIOe YHCIIO «ITajia-
IONUX 3Be3/l». BmecTe ¢ TeM caMo s1/1po, Tepsist
BEIECTBO B pe3yJibraTe BBIOPOCOB, YMEHbIIA-
eTcst B pasMepax, APoOUTCS M B KOHIIE KOHIIOB
cxXoauT Ha HeT. [[J1st KOMeT, peryJisipHo cOmKa-
fommuxcst ¢ CoJiHIleM pa3 B HECKOJIBKO J1€CSATH-
JIETU, CPOK KM3HU KOMETHOTO $SI/[pa He TIPEBBI-
IaeT MUJIJIMOHA JIET — 9TO O4eHb HeGOJIbIIoe
BpeMs B CPaBHEHWHM C OTPOMHBIM BO3PAcTOM
CoJiHeuHOIi CUCTEMBI B 11€JIOM.




Anpo komeTnbl

[TepBas mombITKAa M3MEPUTH PazMep KO-
MeTHOro szpa Obuta npegupunaTa B 1910 .,
Korjza koMmera lasmes okasasmach TOYHO MeX-
ny Comnnem un 3emieil. Pycckuii actpoHoMm
Buronsn Kapaosuu Ilepackmuii (1849—1925)
MOTIBITAJICS PA3TJISAIETD PO Ha aucke CosHIa.
Ho aapo yBunets He ynamnocs. [Ipu ciaenyromniem
cOmxkennu koMetsl Lamtes ¢ 3emuteit, B 1986 T,
KocMuueckue armaparsl, sanyitenasie CCCP
n EBponeicKkuM KOCMHYECKMM areHTCTBOM,
COMMBWIINCH C SIAPOM U TIE€Pefaiu Ha 3eMII0
ero nzobpazerne. OKa3anock, 4To AP0 UMEET
HETPaBUJIbHYIO (DOPMY, €ro HauOOJBIITHI 110~
nepeyHuK paBeH 16 km.

[To coBpeMeHHBIM IpeJCTAaBIEHUSIM, KO-
MeTHbIE sjpa 00MTAIOT B OOIIMPHOI 00JACTH,
IpoCTUpAoNIelicd Ha HECKOJIBKO IECSITKOB ThI-
csiu actpoHommdeckux eaunautl ot Comaiia. Ee
Ha3bIBAIOT KOMETHbIM obOjakoM Qopra — 110
MMEHU TOJIIAH/ICKOTO acTPOHOMA, BBIIBUHYB-
1ero aTy uzjeto. bosbinas yacTe sgep MeseH-
HO BUKeTcsT Baaseke oT CoJiHIla, HO JBUXKe-
HIe HEKOTOPBIX U3 HUX MOKET OBITh BO3MYIIe-
HO MTPOXO/ISATIIUMU HETIO/IAJIeKy 3Be3/[aMu, SIIIPO
MozKeT repeiiTi Ha 6,insKyio Kk CostHily opouTy
1 CTaTh HAOJII0JaeMBIM.

1 9lnpo komeTbl Yanng-2. PoTo KOCMUHECKOro
annapata «Ctapgact». 2004 r.

Fooene

Cxema
pacnonoxeHus
o6naka OopTta
n opbUTHI
HECKOJbKMX
KOMeT

Tunbl KOMEeTHBIX XBOCTOB

Teoputo ¢opM KOMETHBIX XBOCTOB pa3pa-
6ortan B XIX B. U3BECTHBIN PYCCKUI aCTPOHOM
®Denop Anekcanpposuu bpenuxun (1831—
1904). BBenennaga um kiaccudukaiusg Gopm
UCITOJTh3YEeTCS /10 CUX TIop. bpemuxwH mpen-
JIOSKUJT BBIZIEISITH KOMETHBIE XBOCTBI YeThIPeX
OCHOBHBIX THUTIOB.

K xBocTam mepBoro Tiia OH OTHEC TOHKHUE
IPsSIMOJIMHEHBIE ToMyOOBaThle XBOCTBI, Ha-
IIpaBJIEHHbBIE TOYHO B CTOPOHY, TPOTUBOIOIOXK-
Hyto Comniry. Okaszanoch, YTO OHU COCTOSIT U3
rasoB U MMEIT COOCTBEHHOE CBEYEHHE — pe-
3yJIBTaT B3aUMOJIEHCTBUST KOMETHOTO BEIecTBa
C YaCTHUIIAMU COJTHEYHOTO BETPA.

XBOCTBI BTOPOTO THIIAa — OEJI0BAThIE, CJIETKA
M30THYTHIE; UX CIIEKTP B OCHOBHOM MOBTOPSIET
cnektp CoJiHIla, cyieoBaTeTbHO, OHU JIUIITH OT-
pPaskalOT COJIHEYHBIN CBET. ITU XBOCTBI COCTAB-
JIEHBI TBEP/IBIMU TTBIJIEBBIMUA YaCTHUI[AMU.

XBOCTBI TPETHETO TUIIA B OOIIEM ITOXO0KH Ha
XBOCTBI BTOPOTO, HO O0Jiee KOPOTKHE U CHIIbHEE
OTKJIOHEHBI TT0 HarpaByeHnio ot CosHIa.

Haxkowerl, ObIBAIOT «aHOMAJbHBIE> XBOCTBI
YeTBEPTOTO THUIIA, HAIPaBJIEHHbIE B CTOPOHY
Couiaria. Bxopsiiiue B HUX TBepJible YaCTUIIBI
MUMEIOT OTHOCHTETHHO OOJIBIIYI0 MacCy, ¥ HU COJI-
HEYHBI BeTep, HN JaBJI€HUE COJTHEYHBIX JIydeit
He MOTYT CUJTbHO OTKJIOHUTD VX OT HATIPABJIEHUS,
B KOTOPOM OHM OBLIM BBIOPOIIEHBI U3 S7Ipa.

Bce mepeuncienHbie TUTTBI XBOCTOB — TIbI-
sieBble. VITHTEpECHBIM MOXKET CUMTAThCS TaKOMN
daxT, 4TO OTHA W Ta ’Ke KOMeTa MOKeT O/IHO-
BPEMEHHO UMETh XBOCTBI Pa3HBIX TUTIOB.



Vi3meHeHue opoOUTHI

Cpenn KoMeT 0OHAPYKUJIU HECKOJIBKO Ta-
KUX, KOTOPBIE JIBMKYTCS 110 PAa3OMKHYTBIM Op-
6urtam (runepb6osam). ITO 3HAYUT, YTO MOCTE
commxennst ¢ CostHIlEM OHM HaBCeT/la IIOKUHYT
Conneunyio cuctemy. BosHukaeTt Borpoc: siB-
JITIOTCSI JIM KOMETBbI M3HAYaJbHBIMU YJIeHAMU
CoJIHeUHOM CUCTEMbBI MJIM OHU TIPUXOSAT K HaM
M3BHE, U3 MEK3BE3THOTO ITPOCTPAHCTBA, 1 JINIITh
«3axBarbiBafoTcsl»  CONTHEYHON — cHCTEMOIT?
Pernrenue 210ii po6ieMbl CBSI3aHO ¢ aHATU30M
CKOPOCTEi, ¢ KOTOPBIMU JBUKYTCS KOMETHI B
Cosneunoii cucreme. Ecau 661 KOMeTBl ObLIN
YacThI0O MEK3BE3/HOTO BENIECTBA, UX CPEIHSS
CKOPOCTb COOTBETCTBOBaJIA ObI TOI CKOPOCTH, C
KoTopoil iBuskeTcsd B [anmaktuke Hate CostHIle,
a3TO CYIIECTBEHHO GOJIbIast BeJinyiHa. Tak uTo
KOMeTBI — 9TO ujeHbl COJHEYHON CUCTEMBI.

[Touemy >xe HEKOTOPBIE M3 HUX TOJIYIUTN
CKOPOCTH, JOCTATOYHBIE JIJIsI TOTO, YTOOBI 3Ty
CUCTEMY TIOKMHYTH? BcrioMHUM, 4TO MyTh KO-
MeT TepeceKaeT 3HAYNTeIbHbIE TIPOCTPAHCTBA,
OH TIPOXOJIUT U TaM, T/l ABUKYTCS MAaCCUBHBIE

®opMbl XBOCTOB:
1 — npsamon;

2 — VU30rHyThIlN;
3 — KOpOoTKui

CoAaHue u CoAHeuyHada cucmema

llo cux nop 3HauyUTenbHYI0 4acTb HOBbIX KOMET OTKpbiBa-
10T nobutenn actpoHommumn. MHTepec K TakomMy 3aHATUIO NO-
AOrpeBaeTcA TEM, YTO YeJIOBEK, OTKPbIBIINIA HOBYIO KOMETY,
nosy4Yyaet BO3MOXHOCTb AaTb € cBoe UMA. MHorue «iosBLbI
KOMEeT» MpoLuIoro U HacTOALLEro OTKPbUIM HE Mo OAHOW, a No
HecKoJibKy KoMeT. B 1998 r. MexxayHapoaHbIN acTpOHOMMUYe-
CKUI COl03 00BbABU O HarpaxAaeHuu Jiloburenen acTpoHo-
MWW, KOTOPbIM YAaN0Cb OTKPbITb HOBYIO KOMETY.

i HabniogeHune 3a asuxeHnem kometbl 1532 .
CTtapviHHas rpaBtopa

1JTaHeThl. Ec/i mponcxoanT TecHoe cOMMKeHne
KOMETBI ¢ OOJIBIIIOI TIaHETOI, Ta CBOMM TSITO-
TEHUEM MOJKET TIOBJIUSATH Ha CKOPOCThH JIBUIKE-
HUS KOMETBI, UTO MPUBEIET K CYIECTBEHHOMY
U3MEHEHUIO KOMeTHOU opbuthl. Ee ckopocTb
MOJKeT KaK BO3PACTH, TaK U YMEHBIITUTHCS; OP-
6uTa MOKET YMEHDBITUTHCS B PasMepe WU BO-
0011te cTaTh PA3OMKHYTOM.

Wuorma mpoucxoaar u 6Gojiee pagrKasib-
Hble U3MeHEHUsI. Y OJHOU M3 KOMeT (KOMeTbI
JleBu—IllymeiikepoB-9, Ha3BaHHOI 110 UMeHaM
aMEPUKAHCKNX aCTPOHOMOB, €€ OTKPBIBIINX)
opbuTa M3MEHWJIACh TaKUM 00Pa3oM, 4TO OHA
craja obpamarbes yke He Bokpyr CosHila, a
BOKpyT lOnurepa; mpuinBHBIE CUIIBI Pa3opBa-
JIX SIIPO HA HECKOJIBKO YacTel, U BCe 9TH YacCTu
B KOHIIe KOHIIOB ynaju B aBrycre 1997 r. na
IOmrep. ActpoHOMaM yIaI0ch MPOHAOII0AATh
3Ty KOCMUYECKYTO KaTacTpody.
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Memeopbl UH0200 HA3bIBAIOM «NAOGUAUMU 3Be30aAMU»:
MHO2UM C/Ty4an0Ch BUOeMb SPKyt0 02HEHHYHO Yepmy,
npope3atoulyto HOYHOU He6oCcB0O. Ho «nadaroujue
3B€30bl» He UMetm OMHOUIeHUSs K 38e300M HACMOSIUAUM.
Memeopbl — 3Mo KocMuYeckue siBieHus, 00CMynHble
HAG00eHUI0 € 3eMU. OHU NOPOXAAOMCS KOCMUYECKUMU
YACMUUAMU, BAEMAIOUAUMU C 02POMHOLI CKOPOCMbHO

B 3eMHY0 ammocdpepy U mam c2oparouumu. MHo20a Ha
Hebe MOXHO HAb1t00AmMb Cpasy 04eHb MHO20 MemeopoB —

Mo20a 20BOPSAM 0 MemeopHOM 00XK0e.

BriepBbie MeTeopHbBIN 0XK/Ib ONUcCaT He-
MEIKUI eCTeCTBOUCITBITATEb U Iy TelIeCTBEH-
UK Asekcanap [ymMO0JbAT, KOTOPBIN HabJIr0-
nan ero B HosiOpe 1799 r. y Geperos IOsxHoii
Awmepuku. [ymboabaT 00paTy BHUMaHUE Ha
TO, YTO BCE METEOPHI B METEOPHOM JIOKJIE CJIOB-
HO BBLIETAIM W3 OXHON TOYKU Ha Hebe. ITy
TOUKY Ha3BaJM PaJMaHTOM, a CaMO SBJIEHUE
pasjeTta U3 OJTHON TOYKU — pajualiieil MeTeo-
poB. Paguant Habsomasiierocst [ymMO0baTOM
METEOPHOTO [IOK/IST HAaXOIWUJICS B CO3BE3INH
JIbBa 1 repemMernaicss BMecTe co 3Be3/laMU TTPHU
CYTOYHOM BpallleHrn HeOeCHOM chepbl.

B 1832 r. MeTeopHbIii 1OKIb TTOBTOPUJICS.
OnsaTh MHOXKECTBO METEOPOB JIETEJNO U3 TOTO
JKe paJluaHTa, MPUYeM 9TO CIYYUJIOCh TOTO JKe
yricyia — 17 Hos6ps. IlogobHast KapTrHA ITOBTO-
pusach 1 B 1866 1. K cepennue XIX B. crano us-

Loxab nagatoLmx
3Be3[. ['pastopa
A. Oiopepa

13 cepun
«Anokanuncuc».
XV B.

R

PaguaHT
MEeTEOPHOro
noToka (oTMe4eH
KPY>XO4KOM)

®doTorpacua meteopuTa u3
notoka lNepcenasbl

BECTHO ellle HeCKOJIBKO PAJIMaHTOB, «/Ie€HCTBO-
BaBIINX» €Kero/HO. Tak, B aBrycre MeTeopbl
Jgerenu u3 co3pesnus Ilepceii, B anpene — u3
co3Be3nust Jlupa u T. 1.

[TomobHast pajuanusi MeTEOPOB TpeboBaIa
00bsicHeHNsI. BBISICHUIIOCH, YTO 9TO sIBJIEHUE —
Kaxyleecs, CBI3aHHOE ¢ ONITUYeCKUM adek-
TOoM TiepcriekTuBbl. Hammpumep, ecim cMoTpeThb
B/IOJIb KE€JIE3HOJJOPOKHOIO TIOJIOTHA, IapaJ-
JieJIbHbIE HAa CAMOM JieJie PeJIbChl KajKyTCs CXO-
AAIMUMUCS B OJHY TOYKY Ha TOpu3oHTe. Tak
U CBETSIINECS YT METEOPOB, JABVKYIIUXCS
napaJijieJibHO IPYT APYTY, BBITJSASAT UCXO/S-
IMUMU M3 OJHOW TOYKM Ha Hebe — pajuaHTa.
COBOKYITHOCTh METEOpOB, BBIJIETAONINX W3
OJTHOTO paJiaHTa, HA3bBIBAETCSI METEOPHBIM
notokoM. PaguaHT, TakuM 0O6pasoM, Xxapakre-
pu3yeT HalpaBJieHUe JBUKEHUS BCEX METeO-
POB TIOTOKA.




B 1867 r. uranpguckuii actpoHom /Ixxo-
BaHHu CKuamapesii yCTaHOBWJI, YTO opOuTa
OJIHOTO M3 METEOPHBIX MOTOKOB COBIIQ/IA€T C
opOuTOI 0/1HOI 13 KoMeT. CTaio sICHO, YTO Me-
TEeOPHBIE TOTOKH TIOPOXKIAIOTCS KOMETaAMMU.

JIto6oe KOMETHOE SIIPO COMEP:KUT BKpaIl-
JIEHHBIE B JIeJ] MeJIKHe TBepble yacTuIlbl. Korma
KomeTa comkaercss ¢ CoTHIIEM, JIbbI MCIIApsI-
I0TCSI U TIOKUAIOT S/IPO, YaCTUYHO YBJEKas C
co6oii 1 9Ty MbLIb. VI3BECTHO, 4TO HEKOTOPbIE
KOMETHBIE€ XBOCTBI I[EJTUKOM COCTOSIT U3 TaKNUX
nbLaeBbix yacTuil. CKOpPOCTh BHIOPOCA YaCTHIL
U3 sjpa HaMHOIO MeHbIlle, YeM OpOUTaJIbHAS
CKOPOCTH CaMOTO SI/[pa, TI09TOMY TPUOOPECTH
COBEPIIEHHO CaMOCTOSITEJIbHYIO OpPOUTY yac-
TUIbI He MOTYyT. OHM <«pacmoJ3aloTcs» BIOJb
OpOUTBI KOMETHI 1 3AIIOJIHAIOT 00beM HEKOEro
pasMbIToro «OybOinKka» (Topa, Kak TOBOPSAT B
reOMETPHH ), OCBI0 KOTOPOTO SIBJISIETCST OpOMTa
koMeThl. Ecin 3eMiis B cBoeM JIBUJKEHUM BO-
kpyr CosHIla mepecekaeT Kakyio-TO 4acTh 9TOTO
TOpa, HAOJII0IAeTCSA METEOPHBII TTOTOK. POBHO
yepes roji 3eMJisl CHOBA OKAKETCSI B TOM Ke MeC-
Te CBOE OPOUTHI U IIOTOK MTOBTOPHUTCS.

WccnemoBanust MeTeOpOB TIOKa3aJv, YTO
HO/IaBJIAIONEe OOJIBITNHCTBO UX OPOUT IOJTHOC-
ThIO JIEXKUT B TipefienaXx CoTHEYHON CHUCTEMBI.
ITOT (haKT oueHb BakeH /i Hayku. OH roBo-
PUT O TOM, YTO MeTeOPHbIEe YaCTHUIIbI He TIPHU-
XOJIAT K HAM M3 MeK3BE3/[HOTO MPOCTPAHCTBA,
a apiasgiorca yieHamu CoJHEYHON CUCTEMBbI U
CBSI3aHbI C Hell 0OLUM [IPOUCXOKIEHUEM.
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“#* XBOCT KOMeTbI MHOrJja pacnon3aeTcst Ha NnosHe6a,
1 3TO NULLb BUOUMAS €ro 4acTb

MHorve Ba)kHbIe W WHTEPECHBIE PE3YJIb-
TaTbl B METEOPHOW AaCTPOHOMWM TIOJIyYeHbI
moburenamu. IlpeamnoururenbHo, 4ToObl Ha-
OJITOIEHIIST METEOPHOTO TIOTOKA TIPOU3BOIII HE
OJITVH YeJIOBEK, a TPYIIA. YUeHble MOJIb3YI0TCs
0COOBIMU METEOPHBIMK (DOTOKAMEPAMHU C IIIH-
POKMM II0JIEM 3PEHUsT U OOJIbILONI CBETOCHUIION
(3HaYUTENIbHAS YACTh METEOPOB — OYEHb CJ1ab0
CBETSINNECS 00BEKTBI).

C nomolibio HabIIOAeHII MOKHO OIpe/ie-
JIUTh CKOPOCTH METEOPOB, paccyuTarb opoOu-
Ty MeteopHoro Tena B CoJsiHeUHOU cucTeMme.
AHaM3 CTIeKTPOB MO3BOJISET CY/IUTh O XUMU-
YeCcKOM COCTaBe MeTeOPHBIX Tesl. MI3BecTHO, uTO
B CIIEKTPAaX METEOPOB UMEIOTCS IMHUHM JKeJe3a,
YTO TOBOPUT O POJICTBE ITUX TEJI C METEOPUTA-
mu. O6HapysKeHa U JIMHUS BOAOPO/A, KOTOPBII
B U300 COAEPKUTCS B KOMETHBIX SIJIPax.
JTO CBUIETEJIBCTBYET O TEHETUYECKOU CBA3M
MauIbIX TeJl COTHEeYHO CUCTEMBL.

MeTeoprlM NMOTOKaM NPUHATO AaBaTb UMEeHa MO JIAaTUHCKUM Ha-

3BaHMAM Tex CO3Be3[UNi, B KOTOPbIX JiexaT ux paaguantbl. Ecan
paaunaHT B Jlupe — 3710 Jlnpupasl, B lNepcee — MNepceunpsbl, Bo JibBe —
Jleonnpabl. Ecan B ogHOM co3Be3auM AenCcTByeT HEeCKOJIbKO pa-
AVWAHTOB, NpubGaBNAIOT 0003HaYeHUe OnMxKanwen K paguaHTy
ApKoM 3Be3Abl. AKTMBHOCTb METEOPHOIr0 NOTOKA NMPUHATO XapakK-
Tepu3oBaTb KOJIM4ECTBOM AOCTYNHbIX HA0NIOAEHUIO HEBOOPYXKEH-
HbIM IN1a30M MeTeOopoB, NOABNAIOLUUXCA B Te4eHUe OAHOro yaca.
Y caMmoro aKTMBHOro nocToAaHHOro nortoka lMepceunabl 310 Yncno B
3M0Xy MaKCMMyMa cocTaBnfaeT oKosio 60 meteopos B yac.
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Kpome BocbMU GObUUX NAdHEM BOkpy2 CONMHUA 06pauaemcs MHOXeCmBso £ -‘ﬁf%?
mManbelX nnaHem, unu acmepOMOOB. NX pasmepbl Konebaomcs om . £ ¢

HeCKo/IbKUX 0ecamkoB Mempos 00 1000 KM. Acmepoudbl HeNlb35 yBUOemb
C 3emJ1u HEBOOPY>KEHHbIM 2/130M, OHU CMAAU U3BECMHbI

C XIX B. C NosiBA€HUEM MOYHbIX 38€30HbIX KAPM U MOUAHbIX
MeneckonoB. 3HAYUMebHAS YaCcmb acmepoudoB 0BUXEMCS
Mexdy opbumamu Mapca u Konumepa, Ho Hekomopble
nooxo0sm K CoHuy 6auxe Mepkypusi, a opyaue

yoansatomcs om Hez20 danbwie CamypHa.

Korma actpoHOMBI HAayYMJINCh PACCUUTHI-
BaTh pa3Mepbl IJIAHETHBIX OPOUT U CMOTLJIN
n306pasuth o6mmmii 1ian CoJHeyHoil cucre-
MBI, BBISBUJIACH MHTEPECHAST 3aKOHOMEPHOCTb.
Oxazanoch, uTo paccTosHus mianet ot CorHIa
YBEJIMUYMBAIOTCS OT OJIHOM IJIAaHETBbI K JPYToi
He MPOU3BOJIBHBIM 00pa3oM, a B TeoMeTpuye-
cKoil mporpeccuu. [Ipu aTOM acTpOHOMOB Y11~
BUJIO OTCYTCTBHUE TLITAHETHI, KOTOPasl JOJIKHA
ObL1a OBl HAXOAUTHCS MEKIY opOruTamMmu Mapca
u IOnurepa.

B XIXB.utanbsinckuii actponom /[xkyserire
[Muarm (1746—1826) o6HAPYKIIT B HICKOMOM
MecTe CBETUJIO, TiepeMeniaBiieecs: Ha hoHe He-
MOJIBVKHBIX 3BE3/l W, CJIEOBATENIHHO, SBIISB-
nieecs muaneToi. [Tuanim gan eif umst puMcKoit
6orunu miaogopoaus Iepepor. B 1802 r. nemer-
kuii acrpoHoM Tenpux Buubrenpm Oubbepc
(1758—1840) orkpeut psigom ¢ Ilepepoit erre
OJIHY TLJIaHeTy, OH Ha3BaJ ee [lannanoil. 3atem
B 1804 u 1807 rr. ObLIM OTKPBITHI elle JIBe
maHeTbl — Becra u FOHOHA B TOM Ke paiioHe
Co/THeYHO CUCTEMBI.

Korma actpoHOMBI HaYaIu MPUMEHSTH /IS
cBOUX Iiesieil poTorpaduio, OTKPBITUS TOCHI-
[aJINCh KaK U3 pora M300MIust: K Hayary XX B.

Actepoup lNacnpa
pasmepamu
20x12x11 KM 6bIn
cpoTorpadmpoBaH
B 1991 r.
annapaTom
«[annnen»

[BuxeHue Ten B nosice actepoungos

TaM, TJie CTO JieT Hasas B 1iaHe CoJTHeYHOM Ch-
CTEMbI 3Msijla HEIOHSATHAS IyCTOTa, ObLIO 06-
HapyskeHo ysxke Oosee 400 ruraner! Brpouewm,
BCE OHM OKa3a/NCh OYeHb MAJEHbKUMU: HU Y
OJIHOM M3 HUX HeJib3sl ObLIO Pa3JUYKUTh JUCK.
[ToaToMy uX cTasu Ha3bIBaTh acTepougaMu (0T
rped. «aCTePOUIEUC» — «3BE3/0M0J00HbBIE ).

Acteponabl, 0OpOMTbI KOTOpbIX pac-
NosoXeHbl (XoTA Obl YacTU4YHO) GamnKe
K ConHuy, 4eM BHYTPEHHAA rpaHuua
nosca acTepouAaoB, NPUHATO AENUTb
Ha HEeCKOJIbKO rpynn: actrepoupabl rpyn-
nbl AMypa, rpynnbl AnoaaoHa u rpynnbl
AtoHa. Actepouabl rpynnbl AMypa npwu-
6nukalTCcA K 3eMHON opOuTe, He nepe-
cekas ee. [pynny AnonnoHa cocraBnfaior
actepouabl, HebosblIaA YacTb OpoUTHI
KOTOPbIX JIEXXUT BHYTPU opouTbl 3emnn.
Actepouabl rpynnbl AToHa O6o0nbuyio
4YyacTb BpeMeHU NPOBOAAT BHYTPU 3eM-
HOW opO6uTbl. O4EeBUAHO, YTO acTEepoOUAbI
ABYX MOCJIeAHUX rpynn TeopeTUuyeckwu
MOTYT CTOJIKHYTbCA C HalleW NJ1aHeToM.




JIBU:KeHne acTepounioB

Bosnbmiasg vacTh M3BECTHBIX aCTEPOWJIOB
ABUKeTCST Mesk 1y oporTamu Mapcau IOmurepa,
COCTaBJISISI TaK Ha3bIBAEMBIN I10SIC aCTEPOU-
7IOB, OJTHAKO €CTh W WCKJoueHus. B Hauvase
XX B. ObLIM OTKPBITHI aCTEPOUJIBI, OPOUTHI KO-
TOPBIX IOYTHU coBHazaau ¢ opburoii IOmmrepa.
Cospemennble HabIOaTebHbIE CPEJCTBA HA
KOCMUYECKUX ammapaTax MO3BOJUJIU YCTaHO-
BUTH HaJIMYMe KOMILJIEKCA aCTEPOUIOB 3a OpOU-
toil manersl HenryH. ITo-BugnmMomy, oHu 00-
PasyIoT TaM IOSIC, ITOXO0KUI HA TIOSIC ACTEPOU/IOB
Meskay opbutamu Mapca u IOnuTepa, TOJIBKO
3HaYMTEIbHO OoJsiee MUPOKUi. Ero HaswiBaror
nosicom Koiinepa — 1o uMeHn aMepuKaHCKOTO
YY€EHOTO0, TIPEe/ICKA3aBIIIeTo ero CyNiecTBOBaHUE
enie B cepenuHe XX B. C Ipyroii CTOPOHBI, UMe-
10TCsT acTeporibl, moaxozasiue k Cosriry 6m-
Ke, yeM MepKypuid.

[ToMUMO ABUKEHUS 110 OPOUTAM ACTEPOU/IBI
00/1a1al0T U COOCTBEHHBIM BpallleHUeM. IJTOT
(akT ObLT BIIEpBbIe YCTAaHOBJIEH IO TIEPUO/IH-
YeCKMM M3MEHEeHUAM 0JieCKa HEKOTOPBIX acTe-
POUJIOB, a IIOTOM TIOATBEP:KIEH (POTOCHEMKOI €
KOCMUYECKUX anmapartoB. [lepuoapl BpaieHust
acTepOU/IOB JIesKaT B TIpejiesiax oT 2—3 9 710 He-
CKOJIBKUX CyTOK.

DakT NepUOANYECKOro M3MeHeHus OJiec-
Ka TOBOPUT M O HeNpaBWJIbHOU (opme acte-
pounoB. Cuia TSKeCTH Ha MaJIeHbKMX TeJsax
CJIMIITKOM HUYTOKHA JIJIs TOTO, 4TOOBI IPUIATh
UM I1apoobpasHyto Gopmy. Y HEKOTOPbIX acTe-
POUJIOB €CTh CITYTHUKH €eIlle MEHBIIIETO pa3Me-
pa. Briepsble Takoii ciyTHUK ObLT 0OHApYsKeH
y acteponsa Va; pasamep CrryTHUKA, KOTOPOMY
maau umst Jlaktib, 4y Th Gosibiire 1 KM.

‘" Actepounabl Mpa n Matuneaa,
" copoTorpadmpoBaHHbIe KOCMUYECKOA
ctaHuuen NEAR
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“I* AMepukaHckasa kocmuyeckas ctaHums NEAR,
" cosfaHHas A1 UCCeNoBaHns acTepouaos

3arajiku nosica acTepouioB

OO6uine Tesl B MOsICe aCTEPOUIIOB CTaBUT
BOIPOC 06 OOUIHOCTU MPOUCXOKICHUS XOTS
ObI HEKOTOPBIX M3 HUX. He sBisIIOTCS s He-
KOTOPbIE aCTEPOUIBI TIPOAYKTAMK APOOIECHUS
6osiee kpymHOro tena? OIHO BpeMsT BBIABU-
rajioch TPeAINoJoKeHne, YTO Ha MeCTe Tosca
acTepou/IOB CYIECTBOBAJIA TIJIAHETa, el 1axke
npuaymaan nMst — Maston. I[Torom oHa SIKOOLI
pacmajnach uau B3opBasiachk. CerofHss HUKTO U3
CTHEIUAJINCTOB TaKyIO TUTIOTE3Y He MOIEPKU-
BaeT. Bo-1iepBbix, 001as Macca Bcex acTepou-
NOB (BKJITOYAST U HEOTKPBITHIE) CITUTITKOM MaJa,
4T00OBI 06pa3oBaTh MJIaHeTy. Bo-BTOPBIX, Belle-
CTBO METEOPUTOB Pa3HBIX TUIOB, YIMABIINX Ha
3eMJTI0, TAaKOBO, UTO HEJTb3sl CUUTATh €T0 POXK-
JIEHHBIM B OJTHOM U TOM K€ TeJIe.

[1aBHBIN 1OSIC aCTEPOUIOB CJIOBHO pas/ie-
ager aBa tuna rader CoJHeyHON CUCTEMBL:
6smzke K COMTHILY HAXOSATCS TIAHETHI 3eMHOM
TPYNIBI, a 3a TpefejaMu Tosca — ILJIaHeThl-
ruranThl. [louemy ke Ha MecTe Tosica He 00-
pasoBajiach HOpMaJibHast OOJIbIast ITaHeTa?
BoabmmHCTBO cOBpeMeHHBIX McceioBaTeei
nmoJsiaraiot, 4Tto, Korga B CoJiHEUHON cucteme
e mpoiece oObeMHEHNsT BellecTBa B Ia-
HETHBIE Teja, MAOCTUTIINNA OOJIBIION MAacChl
IOmuTep cBOMM MOIITHBIM TATOTEHUEM ITOMe-
11aJT HAXOAUBIIHUMCS IO COCENCTBY GoJiee Mei-
KUM TeJIaM COe/TMHUTBCS B OJTHY TIITAHETY.



Memeopumbl

Kak nazaacT MeTeOpI/IT?

IIpy CTONKHOBEHUU aCTEPOU/IBI APOOSTCS,
OpPOUTBI OCKOJIKOB MEHSIIOTCS TIOJ BJIMSIHIEM
CUJI TATOTEHWST U HEKOTOPbIe 3 HUX TIepeceKa-
10T OpOUTY 3eMJI — TOT/a BCTpeda MX ¢ Hallei
IJTaHeTol cTaHoBuTCsT HensbeskHoi. ITaxeHue
MeTeopuTa — SIBJIeHNe OUeHb peikoe. Ecau mo-
JIET MeTeopa MOKeT YBUIETh KayK/IbIil YeTOBEK,
TO SIPKHE METEOPUTHI HaOJIOJAIN OYeHb He-
MHOTHE JIFOU. JDTO CBI3aHO C T€M, YTO METEO-
PUTHI Kak 60Jiee MACCUBHBIE TeJIa BCTPEYAIOTCST
B KOCMOCE TOPA3/I0 pexke, 4eM MeJIKue MeTeop-
nple vactuilpl. CdororpadupoBaTh IMajeHne
METEOPUTOB MTOKA y1AJI0Ch BCETO TPUIK/IBL.

[Tanenne meTeopuTa COMPOBOXKIAIOT SIp-
KUe CBETOBBIE W aKyCTHUYECKUe SBJIEHUS, TTPU-
YUHA KOTOPBIX — B3aWMOJIEHCTBUE JIETSIIETO
C OTPOMHOI CKOPOCTHIO TeJsia ¢ aTMocdhepoit
3emsn. TpeHme 0 BO3IyX Pa3orpeBaeT MeTeo-
PUT ¥ 3aCTaBJgeT CBETUTHCS, BO3HUKAET SB-
JIeHe MeTeopa, HO OYeHb SIPKOTO — €TO Ha3bl-
BaioT GoynaoM. BoJsnabl BUAHBI JaKe THEM.
Ecun BetectBo 06bIYHOTO MeTeopa MOJTHOCTBIO
ucrapsercsi B atMmocdepe, TO Macca TeJi, T0-
POKIAIONTNX METEOPUTHI, I0CTATOYHO BEJIUKA,
YacThb Teja JOCTUTAeT TMOBEPXHOCTU 3eMJIN.
ATmocdepa eTMKOM TacUT €ro KOCMUYECKYTO
CKOPOCTb, M BCTPeYa ¢ 3eMJIeli IIPOUCXOIUT IIPU
CKOPOCTH B JIECATKN METPOB B CEKYH/IY — TeJIO
IIPU yzIape vallie BCero Jake He pasbuBaeTcst Ha
Kycku. VHorma, BripoueM, maBJjieHUE BO3/yXa
ApobUT TeJIo elle B aTMocdepe — Toraa roBo-
PST O METEOPUTHOM JIOXKIE.

dakmbl nadeHus C Heba KaAMHel U Kyckos Memanna
(no3xe ux cmanu Ha3biBAMb Memeopumamu) U3BeCmHbol
C 2i1y6okoli dpesHoCcmMuU. Ho daxke B XVIII B. makue sB/eHus
OMHOCUU K HAPOOHBIM CyeBepusiM, NOCKO/bKY cpedu
U3BECMHbIX B MY NOpYy HeOeCHbIX mes He Haxo0uau
BO3MOXKH020 UCMOYHUKA 3M020 «Mamepuanay. Celivac
Memeopumbl CHUMAM OCKOIKAMU MAJbIX N1dHem —
acmepoudos. [1o HedaBHe20 BpeMeHU Memeopumsl Oblau
e0UHCMBEeHHbIMU 00pd3UdmMuU BHE3EMHO20 BEW,eCmBa,
00CMYNHBIMU N1A6OPAMOPHOMY UCCIE00BAHUIO.

MeTeopuT, ynasLumi
y ropofa Benvknin YcTior

Buennuii U

ToJIbKO 4YTO yIIaBIINE METEOPUTHI JJOBOJIb-
HO ropsiure, HO GbICTPO OCTHIBAIOT. €0 B TOM,
4TO MOBbINIEHUE TeMIePATyPbl IPU TPEHUH 00
aTMocdepy He 3aTparuBaeT IIyOMHHBIX CJIOEB
METEOpUTA: Pa3orpeBaeTCs TOJIbKO HAPYKHbBII
cJI0M, 00pasys paciuaBienHylo mieHky. Korga
CKOPOCTb METEOPHTA MAA€T, IJIEHKA Ha ero M0~
BEPXHOCTU 3aCThiBaeT, 00pa3oBaB KOy ILIaB-
JIEHUS TOJIMKUHON MeHee 1 MM — XapaKTepHbIi
IPU3HAK MeTeopuToB. JIpyras meranb moBepX-
HOCTU MeTeopuTa — yrirybJieHus, oopasyomime
3acThIBIIYIO psAOb. OHM Ha3bIBAIOTCS pPermar-
JIMIITaMu 1 00pasyoTcst 0T 00pabOTKH MOBEPX-
HOCTHU BO3/YIIHBIM IIOTOKOM Ha OOJBIION CKO-
poctu. Takum oOpa3oM, BHENIHUI B METEO-
PUTOB UMEET CBOM OCOOEHHOCTH, OTJINYAOIINE
MX OT OOBIYHBIX 3eMHBIX 0OPA3I0B.

ToJIbKO YacTh METEOPUTOB Cpasy IIocje
MaJleHus JOCTaBJISIOT UccaeaoBaressM (Korjaa

ornee

OrHeHHbIV 60NKg
HeceTcs no Heby,
3a HUM TAHETCs
XBOCT W ObIMHbIN
cneq



30 unioHa 1908 r. xkutenn Cubupwm (B pair-
oHe peku NoakameHHan TyHrycka) cranm
CBUAETENIAMU APKOro AHEeBHOro 6oaunaa.
3ByKMu nNpu ero nageHMu 6bINn CAbIWHbI
3a 1000 kM, a BO3aylWIHAA BONHA ABaX-
Abl 06orHyna 3emHon wap. Korga uccne-
AoBatenu gobpanuch A0 MecTa NaAeHMs,
OHU 0OHapPYXKUNKU, YTO TaM NOBaJeHbl Ae-
peBbA Ha NNoWAaAN nonepeyHUKoM 40 Km.
KopHAMu pepeBbA Obuin oGpaleHbl B
OAAHO MEeCTO, HO HUKaKOro MeTeopUTHOrO
BellecTtBa TaM HanUTHU He ypanocb. U 310
HEeCMOTPA Ha TO, 4YTO, N0 OLleHKaM cneuuna-
NuCToB, U3 KocMoca B atMocdepy 3eman
BJieTe/l MeTeopuUT Maccom oKono 1 MAH. T.

MOHUMAIOT TOJIBKO YTO YIaBIIHMil ¢ Heba Ky-
COK); OOJIBIITMHCTBO METEOPUTOB MPH TTaleHUN
He HaOJIOA0T W OOHAPYKUBAIOT UX TOPA3I0
nosjHee. CieioBaTesIbHO, BCe XpaHsuecs B
METEOPUTHBIX KOJUIEKITMSX OOPA3Ibl [eJISATCS
Ha Ma/ICHUS U HAXO/KU.

CoaHue u CoAHeuyHad cucmema

.i.....

KenesHo-
HUKEeNneBbIN
MeTeopuT
BunnametT
XpaHuTcs

B My3ee uctopum
B Hbto-Vlopke

Cocras

[To BemiecTBY MeTEOPUTHI MENIATCS Ha JBa
OCHOBHBIX KJjacca: jKeJie3Hble U KaMeHHBIE.
['maBHas cocrapistioniast KeJae3HbIX METEOPH-
TOB — HUKEJIMCTOE JKeJie30. B 3eMHBIX TOPHBIX
MOPO/IaX TPUPOIHBIN CILJIaB JKejie3a M HUKeJIs
He BcTpevaeTcs. KosmyecTBO HUKeNsT B CILja-
Be MOeT ObIThb pasHbIM. BripoueMm, B MeTeo-
puTax IMPUCYTCTBYIOT W 3eMHbIE MUHEPAJIbI.
Tak, 60sbIlIad 4acTh BelleCTBA KAaMEHHBIX Me-
TEOPUTOB TIPeJCTaBIeHa CUJINKATAMU — OJIH-
BUHAMM U TIMPOKCEHAMM, BeCbMa OOBIYHBIMU
JUIsL 3eMHBIX TOPHBIX 1opo. Hambosee yacto
BCTPEYAIOIIHUIICS TUTT KAMEHHBIX METEOPUTOB —
XOHJIPUTHI (B X CTPYKTYPE BBIJIESIOTCS MeJi-
K1e OKPYyTIJible oO6pa3oBaHusi — XOHAPbI). Kak
MPABUJIO, U HUKEJUCTOE JKeJe30 TMPUCYTCTBY-
€T B KaMEeHHBIX METeOpHUTaX B BHUJE BKJIOYe-
HUIA, TTO9TOMY OHU B CPETHEM TsKesiee 3eMHBIX
kaMHeil. [IpoMeskyTOUHBIN KJacc COCTaBJSIOT
JKeJle30KkaMeHHbIe MeTeopuThl. Hambosee pac-
[IPOCTPAHEHHbII UX TUII [IPEJCTaBJIIET COOOIl
JKeJIe3HY10 TyOKy, MOpbl KOTOPOIl 3aIoJIHEHbI
KaMEHUCTBIM BeliecTBOM. V3yuenme cocraBa
METEOPUTOB BayKHO /i cOopa nHGOPMAIUK O
TOM HCXOJIHOM BEIECTBE, N3 KOTOPOTO KOT/a-
TO 0OpasoBaach Best CosTHEUHAS CHCTEMA.

-

MeTeoputHbii kpaTep Kaanu (ScToHUs1) OKpyXXeH
3eMnaHbIM Banom guametpom 110 m
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OcHoBHBIE THIIOTE3HI
OCHOBOIOJIOKHUKAMA KOCMOTOHUM CYU-
TatoTcd HeMenkuii pusmocod Mmmanynn Kanr
n ¢panmysckuit matematuk I[lpep Cumon
Jlarunac. B 1755 r. Ummanywn Kaut omy6imko-
BaJI TIEPBYIO CTPONMHYIO HAYYHYIO TEOPUIO TIPO-
MCXOJK/IeHUS TIJIAHETHON crcTeMbl. B ee ocHOBY
JIETJIO TIPETIoNIoKeHne 0 (POPMUPOBAHUN TIJTa-
HET U UX CITyTHUKOB M3 CTYCTKOB Ta3a M MBI,
KOTOpPbIe 00pPa30BaIiCh BO BPAIIAIOIIEMCST BO-
kpyr CoJsHila paccestHHOM BetrtectBe. B 1796 1.
[Tbep Jlammac mpeasoKUI CBOIO KOHIIEIIUTO
obpasoBatust COJIHEUHOI CHCTEMbI U3 Bpalla-
tolelicsi Ta3oBoi TymaHHOCTU. [lockosibKy 1
Kant, u Jlammac paccmarpuBain oOpa3oBaHue
IJIAHET M3 Ta30BOM TYMAaHHOCTH, TO TOBOPST O
HeOysipHOil runorese Kanra — Jlamiaca.
[Tozske MOSABMUIIOCH HECKOJBKO TaK HAa3bIBa-
eMBIX «KaTacTPOPUIeCKNX» TUTIOTE3, yTBEP:K/Ia-

-

dunocod
mmaHyun KaHt
(1724—1804)
Cepbe3Ho
3aHuMmarncs
acTpoHoMuen

Kak Bo3HukAa CoAHeuHad cucmema?

Kakue 3a20004Hble NPoUEecChl, NPoUCXoouBwiUue BO
BcesieHHOU MuaauapObl iem HA3aod, npusenu K
00pd30BAHUI0 Hauleli 3eMau U 0pyux niaHem? Kakue
U3MeHeHUs NPoucxoouau ¢ HUMU 3a UX ONUHHbIU
3BOMOUUOHHbIU NyMb? M0 me (pyHOAMEeHMANbHble
BONPOCbl, K 0MBEMAM HG KOMOpble HAYKa MOJbKO
nooxo0um. KOCMO20HUS (HAYKG O NPOUCXOXKOeHUU HebeCHbIX
men) BKAOYGEM NAGHEMHYH0 KOCMO20HUKD — HAYKY O
NPOUCXOXKAeHUU 3eMau U naaHem U 38e30HYH0 KOCMO20HUIO,
Usyydarouwyro npobiembl 06pa3osaHus 38e30 U COMHUA.

Mwukenanpyxeno. CoTBopeHue
mupa. XVI B. ®parmeHt

fonux, uro CostHeuHast cricteMa o6pasoBaiach B
pesyabrare mpoxoxkaenus CosHiia BOIU3M Ipy-
TOii 3B€371bl. ITO BBHI3BAJIO CUIIbHOE U3BEPKEHHUE
rasoB 13 00enx 38e3/1. Bee n3BepsKeHHbBIE YaCTH-
161 oOparasich Bokpyr Costia. Co BpeMeHneM
BEIECTBO OXJIAKAAIOCh, U B HeM ¢(hOPpMHUPOBa-
JINCh MaJIeHbKIE TBEPJble YaCTHIbI, KOTOPbHIE
[IPU CJAUTIAHUN 06Pa30BaJIH TJIAHETHL.

B navamne 40-x rr. XX B. npobaemoii 06-
pasoBaHus 3eMJIM 3aHUMAJICS COBETCKUU I10-
JISIPHBII MCCIeI0BaTe b 1 TeO(U3HK-TEOPETHK
Orro I0abeBuy Imuar. OH mpuUIIes K BHIBOALY,
YTO Hallla IylaHeTa 06pa3oBajach U3 J0CTATOYHO
MEJIKMX XOJIOAHBIX TEJI, TOJ0OHBIX METEOPUTAM,
KOTOpbIe ObLin 3axBadeHbl CoJrHIleM (Tak Hasbl-
Baemast MereopuTHast Teopusi). CoBpeMeHHbIe
y4eHbIe B PeIeHUH POOIeM KOCMOTOHHUH OITH-
patoTCs Ha METO/bI HAYYHOT'O MOJEIMPOBAHUS
U KOCMUYECKIE MCCIIe0BAHMSI.

_ % g
- NG O. 10. Wmngr
N (1891—1956),
2 ocHoBaTesb
kadepb!
BbICLLE
anreépbl
B MI'Y




“i* OTanbl o6pasosaHus ConHua 1 NnaHeTHowm
CUCTEMbI 3 ra3onbliieBoN TYMaHHOCTH

[To maHHBIM cOoBpeMeHHOU acTpodU3UKH,
3Be3/IbI 00Pa3YIOTCs B Ta30TIBLIEBBIX KOMILIEK-
cax. B Hactosiiee Bpems B Hamielr [amaktuke
M3BECTHO MHOTO 00J1acTeil UHTEHCUBHOIO 3BE3-
noobpasoBanusd. IIpeamonaraercs, yTo U Hare
Counile 06pa3oBajoch B X0/ CJIOKHOIO IIPO-
1ecca cxatust u ¢gparmeHtanuu (jieJieHus Ha
6oJiee MeJIKMe YacTh) XOJIOAHOTO MacCHBHOTO
rasonblLieBoro objaka. IleppoHadaabHbI OKO-
JIOCOJTHEUHBIN Ta30IblJIEBOM JUCK 10 CBOUM
pa3mMepaM TPEBOCXOANT COBPEMEHHYIO TLjIa-
HETHYIO CUCTEMY U COCTOSLIT TIPENMYTIIECTBEHHO
n3 raza. biarogapss Tomy 4TO B OCTBIBAOINEM
obJlake faBjeHue ObLIO OYeHb HU3KUM, €r0 Be-
IIECTBO CyOJUMHUPOBAJIOCH, T. €. IEPEXOINIIO B
TBeP/l0€ COCTOSTHUE, MUHYS KUJIKYIO (Da3y.

Ha caenyromem arane sBosoinun obpa-
30BaJICsl TOHKHWU ITbIJIEBON CJIOM — IIBIJIEBOM
CcyOMMCK B IEHTPAJbHON IJIOCKOCTH ObJIaKa.
Ha nero Hauaim ocenaTh MbIIMHKA U JIBIUHKH.
B niportecce ABMIKEHNST OHM CTATKUBATIUCH JIPYT
C ZIPYTOM ¥ CJIATIAJINCH, UX Pa3Mephbl yBeJINYN-
Basich. Ha aToM sTame B IbLIEBOM CyOucKe
MOTJIa BO3HUKHYTH CHCTEMa KOJIell, KOTOPBIE,
VIJIOTHSISICh, B CBOIO OYEpeb PACIa/lajinch Ha
MHOKECTBO OT/IEJIBHBIX MEJIKUX CTYCTKOB. [1pn
CTOJIKHOBEHUM JIPYT C IPYTOM 9TH CTYCTKH MOT-
J OOBEIMHATHCS U Bce GoJiee YIIOTHSATHCS.
Tax mor cchopmupoBaTbcsl POl AOTLITAHETHBIX
TeJl pasMepaMu OKO0JIO Kujaomerpa. Eciau 006-
pasoBaHMe JIOIJIAHETHBIX TeJ TPOI0JIKAIOCH
HECKOJIBKO JIECATKOB THICSY JIET, TO ITPOIECC
00beIUHEHN TOIJIAHETHDIX TeJI B IIJIAHETHI 3a-
HS1JT COTHU MUJIJTMOHOB JIET.

CoAaHue u CoAHeuyHada cucmema

3emuisg popMupoBasIach U3 pos YacTHIl, KO-
TOPBIN JIBUTAJICST B MIMPOKOI 00JACTH MEKITY
opbutamu Benepsr u Mapca. Yiapsl B poTO-
3eMJTI0 MACCUBHBIX TeJI TIPUBEJIN K HATPEBY T10-
BEPXHOCTHOTO CJIOS TIJIaHEeThI. /[OTToTHUTEIbHO
3eMHble Hejlpa HarpeBajnch OJarogapsi pac-
najy pajimoakTUBHBIX 3JIEMEHTOB, BXOIUBIIINX
B COCTaB MPOTO3EMHOTO BEIECTBA, a TaKKe B
pe3yJibTate C:KaTus IPOTO3EMJIN TIOJ] eHCTBU-
€M PACTYIIUX BHENTHUX CJIOEB TTPOTOIJIAHETHI.
3areM HavaJcsl MPOIeCC PACCIOEHUS 3€MHBIX
Help (KOTOPBIH MTPOJI0JKAETCS U B HACTOSIIEe
BpeMsi): GoJiee TsKeJIbie KOMITOHEHThI 3¢ MHOTO
BeIeCTBA TOHYJIU, a OoJjiee JIETKHe BCILIbIBAIN
Ha TIOBEPXHOCTb.

PazorpeBanue 3emsu mpuBesio K Bbljesie-
HUIO TAa30B M BOJISIHBIX TTAPOB, COIEPKABITIXCS
B HeOOJIBINNX KOJTMYECTBAX B KAMEHUCTHIX Be-
niectBax. [IpopeiBasgch Ha TOBEPXHOCTD, BOJIS-
HbIE TTapbl CKOH/IEHCUPOBAJINCH B BOJIBI MOPEH 1
OKEeaHOB, a ra3bl 06pa3oBau aTMochepy.

B Henpax miianeT 3eMHOM TPYTIIIBI IIPOUCXO-
TTUJIN QHAJIOTUYHBIE TTPOIlecChl. Mexannueckast
spo3ud (paspyleHue TOpPoj IO 1elCTBUEM
BeTpa, BOJIbI, JIEHUKOB), B3aUMOJIeICTBIE Ha-
PYJKHBIX CJI0€B ¢ Tuipocdepoii u atmocdepoii u
B HacrosInee BpeMs (GOPMUPYIOT TTOBEPXHOCTHU
iaHeT, o0JraaoIux atMochepoit. Y 1iaHer u
CIIyTHUKOB 0€3 IIOTHOI atMochepbl TTOBepX-
HOCTh (DOPMHUPYETCsT B OCHOBHOM OJiaromapsi
HaJieHuo MeTeopuTHBIX Tes. CocraB ee ObLI He
TaKuM, Kak ceituac. CoBpeMeHHbBII coCTaB 3eM-
HOI aTMocdepbl 00YCIOBIEH JKU3HENESTEe b
HOCTBIO MUKPOOPTaHU3MOB. JBOJIOIUS 3eMJIU
IIPOIOJIKAETCS /IO CUX TIOP.
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- Kak »xe MHOroo6pa3seH Mup 3se3p]!
Jlaxke HEBOOPYKEHHDBIM [1a30M 3aMETHO, YTO 3Be3Abl
' pasnuyalotca no 6aecky, usety, pa3mepy: Ho Ha camMom

<. pene pasnunumii MeXAy HuMU ropaspo 6onbue.
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3393Abl ﬁblsalo'r op,uHqume ABOMHbIe M KpaTHble,
= Kapnvﬂm M TUraHThbI, nepemeHHble Bspblsalou.meca
' Ll.em;m,pa‘a ;fp, 3Be3j Ha3bIBaIOT CTPaHHbIMK, CloAa
,q;:m)cmcﬂ MTpOHHbIe 3Be3Abl M?HaMe'HI/ITbIe
eplflfi ‘.,_'_'. wuras a|-||-|bm pasaen, Bbl HayquTer
)NP: 'r;txn(e y3Haerte, Kak y4yeHble
23/ X pa3Mepbl,




Ye/10BeKa He MOXKem 31mo2o 3amMemume.

KakoBbl pa3mepbl 3Be371?

3Be3/Ibl UMEIOT TOBOJIBHO BHYNIUTEJIbHbBIE
pasmepnl. Tak, nuamerp CouiHIla coOCTaBJseT
1 man. 392 ThIC. KM, yTO TpUMepHO B 110 pas
IIPEBBINIAET UaMeTp 3eMJIu, TIPU 3TOM BUIU-
Mbiil quamerp CostHila Ha HebGe — 4yTh OOJIbIIe
0,5°. Ho Guarogapst OrpOMHBIM PaCCTOSIHUSM
710 3Be3/1 OHU KA)KyTCsl HaM ¢ 3eMJIM CBETSIIIH-
MUCS TOYKAMH.

[IpuMeHsigs MOBOJTBHO CJOXKHBIE METOJIBI,
OCHOBaHHbBIE Ha MCIIOJTb30BAHUY SIBJIEHUS WH-
tepdepeHIni  (CJI0KEeHNsS) BOJIH, aCTPOHO-

MBI CMOTJIH HW3MEPHUTh BUANMBIE HAMETPHI
HECKOJIbKUX CAMBIX OJM3KUX K HaM 3Be3[-
CBEPXTUTAHTOB. V36aBUTHCST OT aTMOCHEPHBIX
MCKQKEHUH YIaT0Ch, BBIBE/IST TEJIECKOI Ha Op-
OUTY CITyTHUKA 3eMJIH.

Fooene

(6enbimM KonbLOM
nokasaHa opéurta
3emnn)

CpaBHUTENbHLIE
pa3mepsbl
HEKOTOPbIX 3BE3A:
1 — Peryn;

2 — Anbpebapat;
3 — Purens;

4 — CornHue;

5 — Mwupa

MHo02000pa3nbill Mup 36e3g —

B32/19HYB HA HEOO B MEMHYI0 HOUb, HeMpYyOHO y6edumsbcs,
4mo 38e30bl OMAUYAOMCA No 61ecKy. TUWb HEMHO2UE
3Be30bl KAXKYMCS HAM SpKUMU. ECmb U makue, Komopble
XOpOWIO BUOGHBI, XOMS NOXOXU HA C1ABble UCKOPKU.
MHozue 38e30bl yoaemcs pasansdemb ¢ mpyooM: OHU

edBad pasnuyumbl. Haubonee apkue 38e30bl UMerm
pa3Hble UBemoBble 0mmeHKU: 00HU KpAacHOBAmMble, opyaue
usnyyarom 201y608ambill cBem. B delicmsumenbHOCMU
cnabbie 38e30bl MOXe 0MAUYAMCS NO UBEMY, HO 2103

Cenyac Hayke N3BECTHO
MHOro MUNNNapaoB 38e3n

I3MepuTh YIJIOBbIE PasMepbl HEKOTOPHIX
3BE3/-CBEPXTUTAHTOB MOKHO €Ie OJHUM WH-
TEPECHBIM CIIOCOO0M: HabJroas, Kak OBbICTPO
JlyHa B cBOeM ABMKeHUU 110 HeOy 3aKpbIBaeT
JIVICK 3Be3/Ibl 11 3eMHoro HaOmoaTesnd. K co-
AKaJIEHUIO, 9TOT METOJL IIPUMEHUM JaJIEKO He KO
BCEM 3Be3gaM: 1yTh JIyHbI OrpaHMYeH Y3KOI
TI0JI0COH, MPOXOAAIIEH 110 30UaKaJIbHBIM CO-
3Be3uaM. Kpome Toro, yciaoBus st HabJIo-
JIeHUSI TAKOTO <«3aTMEHMSI» HEOJMHAKOBBI JIJIS
Pa3IMYHbBIX 0OCEPBATOPUIT 3eMHOTO HIAPA.

Onu Takue pa3Hbie

B acTtpoHoMuueckoii HayKe CyIIecTByeT
cI0KHas KaaccuuKaiusa 38e3/] 1 MHOT000-
pasHble UX Ha3BaHWs. ECTh KapJWKy U TUTaH-
THI, TIeEpEMEHHbIE U B3PBIBAIONINECS 3BE3/IBI.
[lesbiit K7Tacc 3B€3/1 HA3bIBAETCSI «CTPAHHBIE».
[ToMuMO GesIbIX KapJAUKOB K CTPAHHBIM 3B€3-
7aM OTHOCSIT HEMTPOHHBIE 3BE3/IbI U YEPHBIE
aeIpbl. VX m3ydeHUe Ba)XHO He TOJBKO [JIS
aCTPOHOMMUU, HO M JIJISI TEOPETHYECKON (hU3u-
KU, BeJIb 3/1eCh P€Yb UJIET O TAKOM COCTOSTHUH
BENIEeCTBA, KOTOPOE HeIb3sl BOCIPOU3BECTHU
B 1abOpaToOpUM M CBOMCTBA KOTOPOTO OTJIM-
4yalTcs OT BCEro, 4TO M3BECTHO Ha 3eMie.
B neliTpoHHBIX 3Be3jaXx, HallpuMep, 3a HC-
KJIIOUEHEeM TOHKOT'O BHEITHETO CJIOS HeT HU-
KaKMX aTOMOB, a YePHbIE JIBIPBI JUIIb OYEHD
YCJIOBHO MOXXHO Ha3BaTh 3Be3JlaMHU: OHU He
TOJIBKO COBEPIIEHHO HE U3JIydYaloT CBeTa, HO
1 BOOOIIEe He MMEIOT IOBEPXHOCTH B OOBIY-
HOM ITOHMMaHWU 3TOrO CJI0BA.



Kax BBISCHUIIOCH, ¥ KaXKI0W 3BE3/bI €CTh
CBOI BO3pacT. 3Be3/Ibl CTAPEIOT OUeHb MeJIJIeH-
HO, BOOYMIO HabJIIOJATh 3a HTUM IIPOIECCOM
JIOM He MOTyYT. /{7151 Bocco3ianmst sKU3HEHHOTO
ITyTH 3BE3]] UCIIOJIB3YIOT METO/T X COITOCTaBJIE-
Hus. Kpome Toro, ecTh 10CTaTOYHO XOPOIIIO U3Y -
yeHHad OJokaiimas K HaMm 3Besga — CoutHie.
Habuoas 3Be3/1bl ¢ TaKO ke Maccoil U TaKUM
JKe XUMUYECKUM cocTaBoM, Kak CoJiHIle, HO BO3-
HUKIITHE B Pa3HOE BPeMs, yUeHble CPAaBHUBAIOT
UX U TIPOCJIEKUBAIOT TTPOUCXOISIINE B 3BE3/IaX
BO3pacTHbIE UBMEHEHMSI.

beiBaloT nasxe qBoNiHbIe

Ouenb MHTEpecHas TeMa — 3TO /IBOWHbBIE
3BE3/IbI, T. €. OJIM3KKe JPYT K JPYTy 3BE3JIbI,
obpariaroIecs: BOKpYT 00IIero ImeHTpa Macc.
Ecnu paccrosnue Mexxmy 3Be3aMu CpaBHU-
MO C UX pa3MepaMu (a TaKUX TECHBIX Tap W3-
BECTHO MHOr0), TO (hopMa 3Be3]l CTAHOBUTCS
He 11apoo6pasHol, a B3aUMOAEHCTBIE MEKIY
HUMW POK/IAaeT CJIOKHBbIEe (usmdeckue sBiie-
HUS, MEHSIONNE XapaKTep 9BOJIONUN KayKI01
13 3Be3/1, 0COOEHHO eCJIN OJIHA U3 HUX — CTPaH-
Hasl 3Be3/a.

JloBOJIBHO cUJIbHBIE U3MEHEHUS B 3BE3/1aX
BO3HUKAIOT ITPU ITePETEKAaHNH BEIEeCTBA C OTHON

.i .....

Mopenwu 3Be3pn:

1 — KpacHbIn

Kapnuk; 2 — ronyoomn

rMraHT; 3 — XenTbin

kapnuk. MokazaHbl
" 7 30HbI NTy4NCTOro

3 . _ > nepeHoca (B LleHTpe)

N KOHBEKLMMK

36e3gnl

B nocnepHue roabl nporpecc TeXHUKMU
AnA actpodpm3nyecKux HabnwoaeHUn
no3BONAET AeNaThb TO, YTO paHblue Ka3a-
Nocb HeBEpPOATHbIM. MOXXHO M3MepATb
AaXKe He3HauYuTeJIbHYI0 NepeMeHHOCTb
M3Ny4YeHUA 3Be3A; No aHanusy ¢opM
CNeKTpanbHbIX JIMHUA OTC/NEXUBaTb
ABUXKEHUA pAeTaneil 3Be3AHbIX aTMo-
chep; oTKpbiBaTb NATHA Ha 3Be3jax U
HabawaaTb 3a BCNbIWKaMM B UX aTMoOC-
¢epax. 0OpHaKO B OTHOLWEHUU 3BOJIOL UM
3Be3/, ocTaeTcAa MHOro 3aragokK. Oco6asn
npo6nema — wuccnesoBaHue Tex He-
0ObIYHbIX C TOYKU 3peHnA PU3nYecKnx
CBOMCTB KOMNaKTHbIX OObEKTOB, KOTO-
pble NpeAcCTaBAAIOT COOOM KOHEYHYH
CTaAuIo CyLleCTBOBaHUA 3Be3bl.

3Be3/Ibl HA JIPYTYI0, XOTsI CJIOBO «IlepeTeKaHue»,
Kas3ajoch Obl, MAJIOIIPUMEHUMO K rasy. [opsiume
rasoBble CTPYH ysKe JTaBHO OOHApY’KEHbI B Iie-
JIOM psjie TeCHbIX JABOWHBIX cucteM. [Ipu ma-
JIEHUW Ha KOMITAKTHbIE OOBEKThI TaKue CTPYU
Pa3roHAI0OTCSI B UX TPABUTAIIMOHHOM TI0JIE /10
CKOPOCTEM, COTIOCTaBUMBIX CO CKOPOCTBIO CBe-
Ta, a BbljlesisieMast IPU 9TOM dHEPIrus MOXKeT Cy-
IIECTBEHHO TPEBLICUTD Ty, KOTOPast MOTJIa Obl
0CBOOOUTBLCS TIPU TEPMOSIIEPHOM B3PBIBHOM
TOPEeHUH TaIAI0NIero rasa.

CambIM yIMBUTETBHBIM MOKET ITOKA3aThCS
TO, YTO JleTaJIbHble KAaPTUHBI ITPOUCXOISATIINX
MIPOIECCOB B JIBOMHBIX CHCTEMAX aCTPOHOMBI
HAyYWJIMCh BOCCTAHABJIWBATDH JIMIIH 110 COBO-
KYITHOCTU CHEKTPAJbHBIX U (hoTOMeTpuye-
CKUX JIAaHHBIX, TIOCKOJIbKY HU B OJIUH TEJIeCKOTI
HeJIb3sT HENOCPE/ICTBEHHO YBUETh HU CTPYH
MaJIaloIero rasa, HU ra3oBbIX JMCKOB BOKPYT
3Be3. /laxke nBOITHBIE 3BE3/IbI, €CJI OHU OYE€Hb
OJIN3KHU JPYT K JIPYTY, HE BUHBI B TEJIECKOII 110
OTZEJIBHOCTH, HO M3-3a TOTO, YTO CKOPOCTHU HX
IBUKEHUS OTHOCUTEJIbHO HAC HEOJIUHAKOBBDI,
CIIEKTpaJIibHble HAOJMIOAEHUs [TO3BOJIAIOT Pas-
NIeJIUTh CBET, UAYIUN OT KaKJ0i 3Be3/Ibl, U HC-
CJIEZIOBATD 9TU OOBEKTHI PA3EJIbHO.
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152 paccmosiHus go 36e3g

Mo cpaBHeHuro ¢ macumabamu CoHEYHOU CUCMeMbl
paccmosiHus 00 3830 0YeHb BesUKU, N03MOMY OHU 00120
0CMABAAUCL HEU3BECMHbIMU. CBEmM 0m HEKOMopbIxX

APKUX 38€30, BUOUMbIX HA Hebe HEBOOPY>KEHHbIM 2/1A30M,
HAxXo0uMmMcsl B nymu 0ecimku U COMHU nem. PaccmosiHus
00 3B€30 MOXHO U3Mepsimb B NPUBbIYHBIX HAM MEMpPAx unu
Kunomempax. Ho 3mo o4eHb Heydo6HO, Bedb noyd4amcs
2U2AHMCKUe Yucna. Noamomy B acmpoHOMUU Cyu,eCmByom
CBOU e0UHUUbI U3MEpPeHUs: aCMpOoHOMUYECKas eOUHUUA,

CBemoBoli 200, Napcex.

Cawmble 0IM3KHeE 3Be3/bl

bamxaiimas x #Ham 3Be3ma — CourHite.
JlHem, KoT/1a OHO HaJl TOPU3OHTOM, MBI HE BU-
UM JIpyTUX 3Be3[], moToMy 4To oT CoJHIa K
HaM TIPUXOJUT CBeTa B JIECATKU MUJIJIMAPIOB
pa3 GoJiblile, ueM OT JI0OOM, Jaxe caMoil sp-
ko1 3Be3/1bl. Ho aTO He o3HauvaeT, uto CoJtHIle
NECTBUTENBHO HU3JIy9aeT HaMHOTO OOJIbIIe
CBeTa 110 CPaBHEHUIO C OCTAJIbHBIMU 3BE3/IAMMU.
ITpocto CouHile HAXOAUTCS HAMHOIO OJIMKe
K HaMm (pacctostHue ot 3emun q0 CosHla —
150 MJIH. KM).

N3 npyrux 3Be3 6J11sKe Bcex K 3eMJie pac-
MOJIOKEHBI sIpKas [0KHas JABOMHAsT 3Be3a —
a IlenrtaBpa u ee cnabas cocenka IIpokcuma
[lentaBpa: ee paccrosiHue 10 3eMJIN ellle
MeHblIe, Oarogaps 4eMy 3Be3ja M MOJydu-
Jla cBOe HazBaHue (JIaT. <IIPOKcuMa» — «OJu-
Kaitmas»). Kceratu, Ha ee npumepe BHUIHO,
4yTOo GJIeCK 3Be3/bl Ha Hebe OlpeessieTcs He
TOJNIBKO paccrosnueM: IIpokcuma Oivke K
3emite, ueM o LleHTaBpa, HO ciabee. ITu 3BE3-

ACTPOMETPUYECKNIA CNYTHUK
«'mnnapx»

Ecnu Bokpyr ConHua onucartb cdepy pa-
AnycoMm B 5 cB. sieT, To B 3TOM 06/1aCTH KpoO-
Me ConHLa OKaXKeTCA TONbKO OfiHa ApKanA
TpouHan 3Be3pa —a LleHTtaBpa, umerowian
ABa umeHun — Purunnb-KentaBpyc (Hora
KentaBpa) n Tonuman (Crpaycbi). 3ITa
I0’KHaA 3Be3/1a B HalIMX WIMPOTax He BUA-
Ha. Mo 6aecky (0,3™) oHa ycTynaert Tonb-
kKo Cupuycy, Kanonycy, Apktypy u Bere.
B chepy paanycom 10 cB. neT BXoAAT euye
BOoCceMb 3Be3j. bamkaniuana us Hux — 3pes-
Aa bapHapaa B cosBespgum 3MeeHocel,
umeert 10-10 3Be3aHy10 BennuuHy. Ee Ha3bI-
BalOT wieTAlWaa» 3a ObicTpoe cobGCTBEH-
Hoe nepeMelleHue Nno Heoby.

IbI IPUMEPHO B 275 ThHIC. pa3 JaJibliie OT HaC,
yeM CoJiHIle, U TOTOMY IPUXOAANINN OT HUX
cBeT cjabee 0 CPaBHEHUIO C COJIHEYHBIM B
75 MJIpJI. pas.

Fovere

CpaBHuUTENbHbIE
pa3mepsbl 3Be3[;:

1 — ConHug;

2 — anbda LleHTaspa A;
3 — anba LleHTaspa B;
4 — [Mpokcmma
LleHTtaBpa



Eaunuiibl uamepeHus

AcTpoHOMUYECKHE PACCTOSTHUS CTOJIb BEJIH-
K1, 4TO U3MEPSITh UX B KMJIOMETPax Hey 00HO.
B 6mknem kocmoce (B npezgenax CosHeuHoi
cucTeMbl) Hambosiee yIoTpeOUTENbHON eu-
HUIIEW [JIMHBI CTaja acCTPOHOMUYECKAs efu-
HUIa (2. e.), paBHAsI PaCCTOSHUIO OT 3eMJIHU /10
Comnnia. Hanpumep, paccrosinue ot CosHIta 710
[Tpokcumsr [lentaBpa — okoJio 275 ThIC. a. €., &
BeJlb 9TO — camasi OJIM3Kast U3 3Be3Jl, He CUMTast
Counrial OHako axke acTpOHOMUYECKas e/ln-
HUIIA TOIYaC OKA3bIBAETCS CJUIIKOM MEJTKON
JIJIST OTIpe/IeTIEeHUs PACCTOSTHUH /10 3BE3/I.

Paccrosnus o 3Be3q MHOTA U3MEPSIOT B
CBETOBBIX Toz1ax. CBETOBON TO/l — 3TO HE e/u-
HUIIA BPEMEHU, KaK MOXHO MOAyMaTh MCXOJs
M3 Ha3BaHWSA. JTO €AVHUIA JJINHBI, PaBHAS
PacCTOSTHUIO, KOTOPOE CBET MPOXOIUT 32 TO[
(ckopoCTh cBeTa — camas BBICOKAsi CKOPOCTh
B nipupozie). Oaun cBeToBO# roxa (CB. TOH) —
910 63 240 a. e. Takum o6paszom, 10 ITpokcuMbI
[HenTaBpa — 4,3 cB. roza.

OueHb YaCTO aCTPOHOMBI WCIOJB3YIOT U
APYTYIO GOJBIIYTO eUHIILY AJnHbI. OHa Ha3bl-
BaeTcs Mapcek (COKpaleHne CI0B «Mapasiakcs
U «CeKyHla»). B3g4B OTpe3oK AJMHON B OJUH
napcek (1K) ¥ TPUCTPOUB K HEMY T10/] IIPSIMbIM
YTJIOM OTPE30K JITMHOW B PAfILyC 3€MHOU Op-
6utnr (1 a. e.), MOJy4nM MPSIMOYTOJIBHBIH Tpe-
YTOJIbHUK, CAMbBIi1 OCTPbIN YT0JI KOTOPOT'O paBeH
1" (yrnoBoii cexkyne). 1 nk — ato 3,26 ¢B. roja.
[lo IIpokcumnr [lentaBpa — 1,3 k. Camble ja-
JieKue 3Be3/bl Halel [aakTiKy pactoosKeHbl
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Ha PACCTOSIHUSAX B JIECSATKHU KUJIOMapcek (B fe-
CATKU ThICSTY Tapcek). Paccrosinus mo 3Be3n
APYTUX TAJAKTUK 3a4acTYIO IPUXOAUTCS OIpe-
JesIITh B Meranapcekax (MUJIJIMOHAX Hapcek):
OJIMH Kujionapcek (KIIK) COCTaBJieT HEeMHO-
ruM GOJIbINE 3 THIC. CB. JIET, & OIUH Merarapcek
(Mrik) — 3 MJIH. CB. JIeT.

MeTtoz pacyera pacCcTOSIHUI

ElII/IHI/Hla PACCTOAHUA IIaPCEK CaMbIM HEIIO-
CPeICTBEHHBIM 00Pa30M CBSI3aHa C BaXKHEU M
METOAOM OIIpeAeJIEHNUA PACCTOAHUA 10 6]11/13-
KX 3B€3/] — METOAO0M I'o/IM94HOI0 TPUTOHOMET-
PHUYECKOI'O ITapaJljiaKca. I/IBMepI/IB A0CTAaTOYHO
TOYHO ITapaJlJIaKChbI [JIA O4Y€HDb 60.HI)H_[OI'O qucJia
3B€3/, MOKHO YyCTaHOBUTbH, CKOJIBKO CBETA N3-
JIy4arOT 3B€3/[bl OIIDEACTIEHHBIX TUIIOB, T. €. Ka-
Kada 'y HUX CBETUMOCTD.

It pe3yJbraTbl 1al0T BO3ZMOKHOCTH pac-
CUUTATb PAaCCTOAHUA J1O 60.7166 AaJIEKNX 3BE3/,
Yy KOTOPBIX YK€ He YJaeTCs U3MEPUTb TPUTO-
HOMETPpHUYECKHE TIapaJlJIaKCbhl, COIIOCTaBJIAA
X CBETUMOCTD C BI/IlII/IMOﬁ 3B€311H0ﬁ BeJIn4Yn-
HOI. TaK, 3Had, ¢ KaKUM IIEPHUO/IOM N3MEHAET-
CA 6JI€CK, MOJKHO OIIPpE€AEJIMTb CBETUMOCTD [JIA
IepeMEeHHbIX 3BE€3/] — HE(I)CI/III, a 3HAYUT, Haﬁ-
TU paccTosiHue /10 1edenibl U, HarpuMmep, /10
3BE€31HOI'O CKOILlJIEHNA UJIN TaJIaKTUKHU, I'1€ OHa
HaxoauTcs. B ramakTukax, rie ecth 1edenbl,
MOJKHO M3y4aTb ITOABJIAIOIIUECA B HUX CBEPX-
HOBBbIE 3B€3/1bl, a 3aTEM 110 CBEPXHOBbIM 3B€3/1aM
BBIYUCJIATD PAaCCTOAHMUA /10 €IIe 60]Ie€ AJIEKNX
OT Halllell IJIaHeThl TaJaKTHUK.

Cxema npumepHbIX
paccTosiHui [0 3Be3[;
1 — anbda LeHTaBpa;
2 — 3Be3pa bapHappga;
3 — Bonk 359;

4 — Jlanang 21185;

5 — cuctema Cupuyca;
6 — Pocc 154 n Pocc
248; 7 — ar1CcUnoH
OpwpaHa; 8 — Jlakainnb
789-6; 9 — 61 Jlebepns;
10 — Tay Kurta
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3Be3Hbie BeJINYUHBI

ACTPOHOMBI C IPEBHOCTH MOTBITAJINCH OTIe-
HUTH OJIECK 3BE3JI: CaMble SIPKIEe 3Be3/Ibl Ha3Ba-
Jgu 3Be3namu 1-if BemuuHbl (1™), HECKOJIBKO
GoJiee crabble — 3Be3aMu 2-ii BeIM4nuHbI (2™)
u T. 1. Cambie ciabble 3BE3/1bl, €/1Ba Pa3JINIUMBbIe
rJ1a30M, ObLIM Ha3BaHbI 3Be31aMu 6-11 BeJnun-
Hbl (6™). ITocsie n306peTeHms TeIeCKOIa CTajio
SICHO, YTO CYIIECTBYIOT 3B€3/[bl HAMHOTO OoJiee
ciabble, 4eM 3Be3/1bl 6-11 BesnunHbl. (3aMeTuM,
YTO TEPMWUH <«3Be3[Has BeJWYMHA» HE HUMeeT
HUKAKOTO OTHOIIIEHUS K pa3Mepam 3Be3/I.)

CoBpeMeHHbIE aCTPOHOMBI TO-TIPEKHEMY
MOJTH3YIOTCS TIOHSATUEM «3Be3/[Has BeJNUNHAY,
HO OHO TOJIy4rsio OoJiee CTPOroe orpejelie-
nue. Dusnueckass BeJWYUHA, BOCIPUHUMA-
eMast HaMi Kak GJIeCK 3Be3Jibl, — 9TO CO3/1aBa-

i MinnocTpaums NOHATMA O 3BE3AHbIX BENNYMHAX
n3 kHuru A. Llennapuyca. XVl B.

Kakue 6niGatrom 36e3gbi?

Hab00as 38€30bl HEBOOPY>KEHHbIM 2/130M, MOXHO
y6eoumbCsi, YmMo OHU OMAUYAMCA BUOUMBIM 6J1eCKOM

U uBemom. OKA3an0Ch, 4mo Ux pasnuyus o0ycnoBeHbl
(hu3UYeCKUMU XAPaKMepucmukamu 38e30 Kak MACCUBHbIX
20pA4UX men (memnepamypoll NOBEPXHOCMU, Pa3Mepamul,
MACCoU, 0COBEHHOCMSAMU XUMUYECKO20 COCMABA U m. n.).
CoBpemeHHble ACMpoHOMUYecKue Npubopbl NO3BOASIIOM
KOJIU4eCMBEHHO U3Mepsimb Maneliuiue UBemoBble
pa3nuyus 38e30 U 38e30Hble CNekmpbl. A 3HA4YUM —
BbIYUCISAMb MHO2UE XApakmepucmuku 38e30.

B Teneckon LiBETOBbIE pa3nn4yuna
3Be3q 6onee 3aMeTHbI

eMasl 3Be3/101 ocBeleHHOCTh. [Ipu nsmenenuu
OCBEIEHHOCTU B TEOMETPUYECKON TTPOTPECCUH
Halle ONIyIleHrne CBeTa MeHseTcsl B apudme-
TUYECKOH IPOrpeccuu. DTOT 3aKOH He ObLI
M3BECTEH B JIPEBHOCTH, HO UMEHHO OH ITOMOT
OTIPE/IETNTh, UYTO OTHOIIEHWE OCBEIEHHOCTH,
co3ziaBaeMoll 3Be3taMu 1-11 BeJIMYUHBI, K OCBe-
IIIEHHOCTH, CO3/laBaeMOU 3Be3l1aMU 2-i1 BeJu-
YUHBI, PABHO OTHOIIEHHWIO OCBENIEHHOCTEN OT
3Be3n 2-i1 m 3-i1 BesmumH. Ceilyac 3TO OTHO-
IIeHNe 110 OIPe/leIEHNI0 TPUHUMAIOT PaBHBIM
2,512, Ipr 9TOM OTHOIIEHUIO OCBEIIEHHOCTEN
B 100 pa3 cooTBeTcTBYeT pasjuuurie POBHO Ha
IATh 3BE3IHBIX BeJWYWH. B pesyibrate yia-
JIOCh PACIPOCTPAaHUTD TIOHSATHE «3Be3Has Be-
JUYKMHA» Ha OYeHb cjadble 3Be3/bl (CKaxKeM,
3Be3/1bl 30-i1 BeJIMYMHDI).

“i* KaHonyc — sipyaviluas 3sesfa B cossesanm Kunb
1 BTOpasi No APKOCTK 3Be3a Ha Hebe



CBeTUMOCTD

Yro0Obl OT BUAUMBIX MEPEHTH K abCOIOT-
HBIM 3BE3/IHBIM BeJIWYMHAM, HYKHO paccyu-
TaTh, KaKyl0 BUIANMYIO 3BE3/IHYIO BEJUYUHY
umesia Obl 3Be3/1a, ecii Obl HAXOAMUIACh OT HAC
Ha paccrostaun 10 1K, a rMorJoneHust cBeTa
B MEK3BE3JIHOM IIPOCTPAHCTBE He ObLIO Obl
AbGcomoTHast BusyasbHast BeimunHa CoJrHia
pasna +5. Eciiu 661 CoJtHIle HAXOUIOCh OT HAC
Ha paccrostnun 10 11K, ero Bee ere MOKHO ObLIO
ObI YBUIETh HEBOOPYKEHHBIM TJIa30M, HO OHO
3arepsioch ObI CpPer MHOKECTBA JAJEKO He
CaMbIX SAPKUX 3Be3/l. AGCONIOTHBIE BEJIUYMHDI
3Be3/l, KaK IMPaBWJIO, HAXOASTCS B JUalia3oHe
or —10 mo +20. Pasnnune va 30 abCOMOTHBIX
3BE3/IHBIX BEJIMUYMH O3HAYAeT PA3HUILy B MOII-
HOCTHM U3JydeHus: (Kak TOBOPST, pas3jinyune B
CBETUMOCTH) B TPWJIJIMOH (TBICSYY MUJLIHAAP-
noB) pas! CBeTUMOCTb, KaK ITPAaBUJIO, BbIPaKa-
10T B eimHuIaX cBeTuMocTr CoJTHIIA.

ITokaszaresp niBeTa

PaSHOCTb 3B€3/1HbIX BEJINYNH OIIHOﬁ n TOﬁ
K€ 3BE3/1bI, I/ISMepeHHI)IX B paBHI)IX CHGKTpa.HI)-
HbIX [AMalla30HaX, Ha3bIBA€TCA IIOKa3aTEJIEM
1BeTa. JTa XapaKTepUCTUKA 3Be3/[bl YyBCTBU-
TE€JIbHaA IIPEK/E BCETO K TeMHepaType ce IIO-
BerHOCTI/I. CaMbIMI/I I‘Opﬂ‘-II/IMI/I ABJIAOTCA T'O-
JIy6OBaTbI€ 3B€3/1bl, a CaMbIMUN XOJIO/HbIMU —
KpaCHBbIE. HOKaSZlTe]II/I IIBETa [JaJIEK1UX 3BE3/]
MOI'YT 6bITb NCKasK€HbI N3-3a ITOIJIOIIEeHMA CBE-
Ta I‘aJIaKTI/I‘-IeCKOfI ITBIJIBIO.

BBGBZIHyIO BeJII/I‘-II/IHy MOXKHO I/IBMepI/ITb C
ITIOMOIIIbIO HpI/I60pOB, HO-I/IHOMy ‘-IyBCTBI/ITe.HI)-
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[BaguaTtb camblX SpKUX 3Be3[

HasBaHue g:ﬁ:ﬂ‘::: Pai‘:i’;"e’ Co3Bes3pgue
Cwupunyc -1,5 8,6 |BbonbLuon Nec
KaHonyc -0,6 310,0 |Kunb

Anbda -0,3 4,4 |LUeHTtaBp
LlenTaspa

Bera 0,0 25,0 |Jlvpa
Kanenna 0,0 42,0 |BosHM4mn
ApKTyp 0,2 46,2 |Bononac
Purenb 0,2 770,0 |OpwoH
[NpoumoH 0,4 11,4 |Manbi lNec
AxepHap 0,5 144,0 |SpugaH
Betenbrense 0,5 430,0 |OpwoH
AreHa 0,6 525,0 |LleHTaBp
Anbtanp 0,8 17,0 | Open
Akpykc 0,8 320,0 |[HOxHbIN KpecT
AnbgebapaH 0,9 65,0 |Teney
Cnuka 1,0 260,0 |[deBa
AHTapec 1,1 600,0 |CkopnuoH
Monnyke 1,2 34,0 |BnusHeupl
®omanbrayTt 1,2 25,0 | Pbi6bl

[eHeb 1,2 ok. 1500,0 |Jlebenb
Peryn 1,4 78,0 |Jles

HBIX K CBETOBBIM JIy4aM PasHOI JJIUHBI BOJIHBI,
4yeM yesioBeyeckuii rias. Hampumep, KpacHbie
3BE3/IbI BOCIIPUHUMAIOTCST O0JIee SIPKUMM, €CJIH
HaOofath uX Tnpubopamu, Oojiee YyBCTBU-
TEJILHBIMK K KPACHBIM JIydaM U MeHee K TOJIy-
ObIM JTydaM, yeM TJia3 yesoBeka. IlBer 3Be3/bl
MOSKHO OLIEHUTD, CPABHUB €€ 3Be3/[Hble BeJINYN-
HBI, I3MEPEHHbIE IIPUOOPAMU, 4UyBCTBUTEIbHBI-
MU K Pa3JIMYHBIM 06JIACTSIM CIIEKTPA.

Ctporo npumMeHAA coBpeMeHHOe NMOHUMaHuWe 3Be3JHOMN BeJINYUHDI,
acTpPOHOMbI onpeAenuau NoKasartenu 6onee ApPKUX 3Be3j, YeM 3Be3-
Abl 1- BennuuHbl. Tak, camana apkaa nocae ConHua 3Be3fa Ha Hebe
Cupuyc nmeet B COBpeMEHHbIX KaTajiorax oTpuuaTe/ibHyl0 BEJINYUHY
-1,5™. ConHue — 3Be3aa —-27-1 3Be34HON Be/IMMUHLbI. B 3Be3HbIX Be-
NINYMHAX MOXKHO U3MepATb 6N1eCK He TOJIbKO 3Be3/, HO U ApYyrux Hebec-
HbIX Tes, HanpuMep JlyHbl 1 naaHeT. JlyHa B NO/IHOJNlyHME UMeeT 3Be3j-
Hyl0 BenuuuHy -13™; 3Be3gHaA BenninHa BeHepbl B nepuopbl, Koraga
OHa ApYe BCero CUAET Ha CyMepe4yHOM Hebe, paBHa NpMMepHO —-4™.




Temneparypa 3Be3/

3Be3/1a — 3TO pacKaJIeHHbBIN ra3oBbIH 1I1ap.
TemmiepaTypa MOBEPXHOCTH Yy Pa3HBIX 3BE3]]
coctapiaget npuMepro ot 2000 xo 100 000 K.
[IBeT 3Be3mbl oOTpeessieTcs TeMIepaTypoit
ee MOBepXHOCTU. KpacHble 3Be3ibI XOJOIHEE
ronyobix. TemmepaTypa IOBEPXHOCTH OIIpe-
JleisieT W CHEeKTPAJbHBIN KJacc 3Be3/bl (CM.
Knacceuduxkaius 3sesn).

B nenpax 3Besz TemriepaTypa HAMHOTO BBITIIE,
YeM Ha TIOBEPXHOCTU, M COCTABJISET IECATKU
MUJITHOHOB KeJbBUHOB. [Ipm Takmx Temriepa-
TypaxX aTOMBI CYIIIeCTBOBATh HE MOTYT, B He/[pax
3Be3JI HAXOAUTCS T1a3Ma — ocobast hopma Beliie-
CTBa, COCTOSIIIAs U3 He CBA3aHHBIX MEK/IY COOOM
sI7Iep aTOMOB 1 3JIEKTPOHOB. B Hezipax 3Be3 iyt
TEPMOSIZIEPHBIE PEAKITUN U BBIJIEJISIETCS S9HEPT S,
GJrarofapst KOTOPOIi 3BE3/[bI CBETSIT.

Foreee

3Be3na
betenbrense —
KpacHbIn
CBEpPXIUraHT,

ee 06bLemM B

160 pa3 6osbLUe
COJTHEYHOro

Macca

Baskneiimas xapakTepucTUKa 3BE3/Ibl — €€
Macca. Macca Courrna cocrasister 2 x 1030 k.
Maccy apyrux 3Be31 0ObIYHO BBIPAsKAIOT B €/I1-
Hutax Macchl Costnita. OnpenennTb Maccy KOH-
KPETHOI1 3Be3/Ibl 3a4acTyio OBIBAET TPYIHO, HO
Macchl 3Be3]] pacIpOCTPaHEHHBIX TUTIOB M3BECT-
HBI JIOBOJTBHO TOYHO. Camble KPYITHBIE 3BeE3-
bl ipuMepHo B 100 paz maccuBhHee CoJiHiia.
Pacuerbl 1mokasasiy, 4yTO Macca 3Be3jbl, CBe-
TAIIENCs 3a CYeT TePMOSIIEPHBIX peakiuii (a
TOJIBKO Takue 00bEKThI, COOCTBEHHO, U 3aCJTy-
JKUBAIOT Ha3BaHUS «3BE3/Ibl» ), HE MOKET ObITh
Menbliite 0,07 macesr Coutnita. MakcumaibHbIe
pasIMuns MEKy 3Be3/[aMH 110 Macce HaMHOTO
MEHBIIIEe, YeM I10 CBETUMOCTH!

“i* CpaBHeHve pa3amMepoB 1 LiBeTa 3Be3/;
" 1 — Betenbrense; 2 — AHTtapec; 3 — MNonspHas;
4 — Purenb; 5 — AnbpebapaH; 6 — lMNonnykc

IL1oTHOCTD

[To mMeronuMcsl JaHHBIM O Macce W Jifa-
MeTpe CosHIIA HETPYAHO TOACYUTATH, YTO €r0
cpenHsis IoTHOCTh — okoJyio 1400 kr/m3. Ito
moutu B 1,5 pasa MpeBbIIaeT IJIOTHOCTh BOJbI,
HO B YeThIPe pa3a MeHbIlle CPeHEN TIJIOTHOCTH
3emuin. Camble KpyIIHbIE 110 Pa3MepaM U3BecT-
Hble 3Be3/1bI Oostbiite CoJTHITA TI0 THaMeTPy TpHU-
mepro B 1500 pa3. Hekoropbie u3 HUX cylie-
cTBEeHHO He oTmyaiorcss oT CoJiHIIa 1o Macce,
a 3HAYUT, UMEIOT TIPUMEPHO B 2 MJIH. pa3 MeHb-
Y10 CPEHION TIIOTHOCTh. Camble MajieHbKUe
pasMepbl 1 OOJIbIINE TLIOTHOCTU UMEIOT Oejible
KapJINKA W HENTPOHHBIE 3Be3/Ibl. XapaKTepHbIe
pasMepbl OE/IbIX KapJUKOB CPAaBHUMBI C pa3Me-
pamMu 3eMJid, a Macchl 3a4acTyiO MOYTH HE OT-
ymyatorest or Macebl Costnita. 3BecTHbl Gesibie
KapJIMKA CO CPeIHEN TIJIOTHOCTHIO, MTPEBBIIIIA0-
meit mroTHocTh CosHIA B IECSITKY MUJIJIMOHOB
pas. HeliTpoHHbIe 3Be3[bI MOIYT OBITH COBCEM
MaJIeHbKUMHU (HECKOJIBKO KHJIOMETPOB B JIMa-
MeTpe), a 3HaYKT, G0JIee IJIOTHBIMUA B MUJLIMOHDI
pas. BerectBo Takoil MIOTHOCTH MMeJIO ObI Ha
3emJie HepeaabHO 00J1bII0i Bec. OHAKO HAL0
ITOMHHTD, UTO B 3BE3/IaX BENIECTBO HAXOIUTCS
I0/T OTPOMHBIM /IaBJIEHUEM U HE MOSKET CYIIeCT-
BOBATb IIPU JIaBJIEHUN 3eMHOI aTMOC(HEPHI.



3aB1CMMOCTb MeXJy LBETOM U TemnepaTypoin 3Be3fpl

Temnepartypa,
Liser ThIC. FpagycoB lpumepe
30—35 L Opuona

10—30 Cnuka, Purenb

00

8—10 Bera, Cupuyc

6—7 INpoumoH, MonspHas

& ,' 5—6 ConHue, Kanenna

[Monnyke, ApKTyp,
O 35

AnbpebapaH

Antapec, Mupa,
(%) 23 !

Betenbrense

XHUMHYEeCKHH coCcTaB

He cienyer 3a6biBaTh 0O BO3SMOKHBIX pas-
JIMYUAX XUMHUUYECKOTO COCTaBa BeEIecTBa, 00-
Pas3oBaBIIIero 3Be31y. MeTofaMu CIIeKTPaTbHO-
ro aHa/jIM3a yIAeTCsl ONPENeUTh COMEPKaHUe
XMMHMYECKUX JJIEMEHTOB B aTMochepax 3Be3J;
6osiee TyOOKKME CJIOM HEIOCPEICTBEHHO Ha-
6J1f01aTh HEJIb3st, U 00 UX COCTaBe TPUXOUTCS
CY/IUTh HA OCHOBE KOCBEHHBIX JIAHHBIX.

[Tout TpU YeTBEPTH Macchl aTMocdepsl
3Be3/Ibl OOBIYHO COCTABJISIET BOIOPOJ, OKOJIO
25 % — reymii, a Ha IOJIIO JIEMEHTOB TSKeee
reJist ocraerTcs He Oojiee 2 %. Y crapbiX 3Be3]I

coJlepKaHue 3JIeMEHTOB TsKesiee TeJus MO-
KeT ObITh CYIIECTBEHHO MOHMKEHHBIM, HHOT/IA
B 10—100 pas. ¥ GoJbIIMHCTBA HOPMAIbHBIX

" 3Bespa PomanbrayT B co3se3ann KOxHas Pbiba
OKpY>XeHa AMCKOM KOCMUYECKOW Mblfn
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OcobGeHHOCTM XMMMYECKOro cocTaBa
BHYTPEHHUX CJIOEB 3Be3J, MHOrAa MOX-
HoO HabnwpaTtb HenocpeacTBeHHo. He-
KoTopble 3Be3flbl Ha onpejeneHHOM
3Tane cBoeWl 3BoNOLMKU cOpacbiBalOT
6oratyio BojopoAoM 000N104Ky, OOHa-
’KaAa Oonee ryboKue cJiou, KoTopble
Tenepb CTAaHOBATCA MOBEPXHOCTHbIMM,
armocdepHbIiMU cnoaMu. B Takux cnyya-
AX Habnlopaeman 3Be3pa — 370, NO CyTH,
oroJieHHoe AAPO HeKorpa Gonee Mmac-
cuBHOM 3Be3abl. HekoTopblie u3 3Be3p,
NVWINBLWINXCA 060/M104YKN, MEHAIOT CBOM
6neck: nHoraa oH nNajaeTt B COTHM pas.
370 MOXXHO 06BACHUTL hOpMUPOBAHMEM
yrnepoaHoro ob6naka, 3KpaHuUpyloLWEero
cBeT 3Be3/bl OT 3eMHOro HabnoaarTens.

3Be3]1 cOCTaB aTMOC(ephl TOBOJBHO TOYHO CO-
OTBETCTBYET COCTaBY TOTO BEIIECTBa, U3 KOTO-
poro Kor/ia-To chopMrpoBaIach 3Be3/a.

B Henpax 3Be3s uayT TEpMOsIEpHbIE Peak-
IIUH, KOTOPBIE CYIECTBEHHO U3MEHSIOT COjlep-
JKaHUe TSKEJIBIX 9JIEeMEHTOB, HO TIPOTYKTBI TeP-
MOSIIEPHOTO CHHTE3a Ha MOBEPXHOCTH OOBITHO
He BBIHOCATCSI. OCHOBHOE TEPMOSI/IEPHOE <TO-
prodee» — BOIOPO/I, KOTOPBII TTIOCTETIEHHO TIpe-
BpaIaeTcs B TeJTUi, a 3aTeM HAUMHAIOTCS Peak-
IIUU TIPEBPAIeHUS TeJIUs B yTJIEPO/L.

Cuuraercs, dYTO Bce UMEIONNECT BO
BcenenHnolt 3anacel 971eMEHTOB TsKeJee TeTus
BO3HUKJTM UMEHHO B XOJI€ TEPMOSIIEPHBIX PeaK-
Uil B HeJpax 3Be3]l, a 3aTeM ObLIK BhIOpOIIIe-
HBbI CTapbIMU 3Be3/laMU TIpU cOpoce BHEITHEN
000JIOUKH WJIM MHBIMK CIIOCOOaMM. DJIEMEHTHI
TSKEJIee JKejle3a BO3HUKJIN B TaKUX OYPHBIX
mpoiieccax, KaK BCIIBIIITKA CBEPXHOBBIX 3BE3[T
(cu. BspoiBatonuecs 3Be3nbl). Berecto, 1ie-
pepaboTaHHOE B 3BE3JHBIX HEIApax M BHIOPO-
IIEHHOE B MEK3BE3THOE TTPOCTPAHCTBO, MOKET
3aTeM BHOBb OKa3aThCs B 3B€3/1aX CJIEYIOIIEro
nokosieHusi. B mux armocdepax Oyzer 6osiblie
TSIKEJIBIX 37IeMeHTOB. (3Be37] caMOro MepPBOTro
MIOKOJIEHUS 1T0Ka He Hal/IeHO.)




TapBapackas cucrema
CoBpeMeHHBIIT BUJI KJIaccu(uKaIms 3Be3]|
nosryunia Ha pybeske XIX—XX Bs. [Ipu pabo-
Te Ha/l HOBBIM KaTaJIOrOM 3Be3Jl ObLIO PeIeHo
0003HAYNTH CIIEKTPAJIBHbBIE KJIACCHI 3Be3/ OYK-
BaMU JJaTUHCKOTO asicaButa. B utore momyunsi-
CsI IPUHSATBHIN B HACTOSITIIEE BpEMsI BAPUAHT Tap-
Bap/ICKOI CITEKTPaJIbHOM KJyiaccupuKanmu, B
KOTOPOW KJIaCChl UIYT B CJIEYIOIIEM TTOPSIIKE:

O—B—A—F—-G—K-M.

CneKTpbl 3Be3[ pasHbIX KNaccoB

Kaaccudukauus 36e3g

B 3B€30HbIX KAMAJ1020X OMPAXEHO CBbluie 500 M/IH. 3830

(00 21-Ui 38e30HOI BeAUYUHbI). Bce2o B Hawel ranakmuke —
0ecsimKu MunIuapooB 38e30. ACpPOHOMbI 0GBHO NOHSIU
Heobxo00UMOCMb KNACCUPUKAUUU 3M020 02POMHO20 UAPCmMBda,
4mobbl COCMABUMb 006ulee NpedcmassieHue 0 CBOUCMBAX
Kakdoll 38€30bl. ABMOp nepsoli KNacCUupuKauuu cnekmpos
3B€30 — UMAnbSHCKUU dCMpPOHOM-CBAUWEHHUK AHOXKeno CekKu
(1818—1878). OH npucoeduUHUN K meneckony cnekmpockon

U No BUAy cnekmpa pasoenu 38e30bl HA Yemblpe KNacca.

3Be3004eTbl APEBHOCTU

[lng sydiero 3amoMWHaAHUS TIOCJEI0Ba-
TEJTbHOCTU CIEKTPAIBHBIX KJIACCOB TPUAyMa-
HO HecKoJbKo mpuemoB. lloxkamyii, cambiMu
yIauHbIMK sIBJsitoTCs aHrauiickuii «Oh, Be A
Fine Girl, Kiss Mel» («O, 6yap xopoiieii je-
BOYKOI, To11esryil MeHd!») u pycckuii «Onun
Bpureiit Aurnmuuanna @uuanku Kesan, Kak
MopkoBb».

[TnaBHBII TEPEXO/T MEKTY CITEKTPATbHBIMU
KJIacCaMM 3aITUCHIBAIOT B BH/IE TG POBOTO MO/ -
kiacca. Tak, 3Be3za crekTpasbHOro kiacca G,
HarboJiee MOX0sKasi Ha 3BE3/Ibl CIIEKTPATIHHOTO
kiaacca F, 6yzer kimaccuduimposana kak G0, a

CnexTpanbHbIA LiBet Temneparypa, Ocob6eHHOCTU cneKTpa TunuyHble 3Be3bl
Knacc K
. M3nyyeHuns B IMHWSX renwvs, asota,
W [ony6on 80 000 kMcropona y Mapycos
. WNHTEHCMBHbIE IMHAN NOHN3UPOBAHHOMO
0 flofySou 40000 renus, TMHUIA METanNJIoB HET Al
lony6oearto- JInHUM HenTpanbHoro renus. Cnabéble NMHUK
B 6enbin 20 000 H 1 K MOH130BaHHOIO KasbLus Crika
JInHnm Bogopoda foCcTuratoT HambonbLUEN
. WMHTEHCMBHOCTM. BuaHbl nuHum H n K
A Benei 10000 MNOHM30BAHHOI 0 KasbLys, cnadble NMNMHUK Cupuyc, Bera
MeTasnnoB
. MoHn3npoBaHHble MeTansbl. JInHUM
F JKentoBarbli 7 000 BOJOpONA 0CNAGEBaloT lMpoumoH, KaHonyc
. HeviTpasibHble MeTansbl, UHTEHCUBHbIE
G AL 61000 JIMHUN MOHU30BaHHOMO Kanbuma K n H Contue, Kanernna
JInHnii Bogopopa noyTu Het. MpucyTeTaytoT
K OpaHxeBbin 4500 cnabble NooChl OKMUCK TUTaHa. ApkTyp, AnbgebapaH
MHOro4MCneHHbIE TIMHUM METanNoB
o CunbHble NOIOChI OKMCK TUTaHa U Opyrux AHTapec,
o NEEEHAN Ly MOMNEKYNAPHbIX COEANHEHNN Betenbrense
L TeMHO-KpacHbIi 2000 CwnbHble nonockl CrH, py6buaws, uesus Kelu-1
KopuiHeBbIn VIHTEHCUBHbIE NONOCHI MOrMOLLEHNS BOAbI .
T : 1 : liese 229B
Kapnvk» 500 MeTaHa, MONeKyNapHOro BoLopoaa Gliese 229




HanboJiee MOX0Kask Ha 3BE3/Ibl CIEKTPATIbHOTO
kiacca K — kak G9; Bo3MOKHBI U Bce ITpome-
JKyTOUHbBIE BapUAHTBI 3Be3/IHbIX crlieKTpoB (G1,
G2, G3, ..., G8).

[Tonavary MHOTHTE aCTPOHOMBI TyMaJIN, 9TO
3Be3/Ibl PA3HBIX CIIEKTPAJIbHBIX KJIACCOB OTJIU-
YaloTCs co/lep;KaHueM XUMUYECKUX 2JIeMEHTOB
B nx atmocdepax. BpigcHuIOCHh, 0HAKO, YTO
rapBap/icKasi  I10CJIe/JOBaTeJIbHOCTb  BBICTPO-
eHa 10 yObIBAaHWIO TEMIIEPATYPBI TIOBEPXHOCTH
3Be3/bl. Cambie «ropsiuries 3Be3/Ibl CIIeKTPaJib-
Horo kjacca O, caMble «XOJIO[IHbIe» — KJjacca
M. Ha nebe 3Bespl kinacca O KaxyTest rory6o-
BaThIMI; Kj1acca B — rosryboBaro-6esbivm; A —
6embiMu; F — skenrosarbiMu; G — JKeITHIMU;
K — xpacnoBaTbimMu; M — KpacHBIMU.

B nanpreliniem rapBapjckas Kiaaccuduka-
111 IONIOJIHUJIACK ellle IBYMsI KJlacCaMU U TTPU-
HsJIa CAeYONUi BUJI:

/C (R—N)
O—B—A—F-G—K—M.
S
N3 panpHeilmmnx ycoBepllleHCTBOBAHUIA
JNAaHHOU KJaccupUKAIUU BaKHEUITUM CTaJO

BBEJIEHNE KJTACCOB CBETUMOCTH, T. €. MOTITHOCTHU
M3JIy4aeMoil CBeTOBOW dHePruu (3TO TOKE MOXK-
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“i* Ouarpamma lepuwinpyHra — Paccena otpaxaet
Maccy 1 BO3pacT 3Be3[
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HO OIIPEJIENTUTD 110 CIIEKTPY 3Be31bl ). Hanboree
pacipocTpaHeHbl CJeylollle KJIacChl CBETU-
MOCTH:

0 — runepruranTbl (3Be3/bl CAaMOW BBICO-
KOU CBETUMOCTH );

[a — apkue cBepXTUTaHTH;

Ib — 6osee cirabbie CBEPXTUTAaHTHI;

IT — sipkue ruranThbI;

[IT — HopMaJIbHbIE TUTAHTBI;

IV — cy6ruranrsr;

V — kapauxu.

JAunarpamma
I'epummpynra — Paccesa

[Tpu usyuernn HabJIFOAEMBIX [TAPAMETPOB
3BE3/l U 3BE3JHON 9BOJIOIUU TPYAHO 000ii-
THCh 6€3 rarpaMMbl, KOTOPYIO TPEIIOKIIN B
1911 1. narckuit actponom JitHap lepimnpysr
(1873—1967), a B 1913 r. (B HECKOJIbKO Jpy-
roit bopme) — aMepuKaHCKUI acTpOHOM leHpu
Hoppuc Paccen (1877—1957). Ee cranu HasbI-
BaTh [uarpammoii leprmmnpynra — Paccea.

Ha auarpamme 1o ocu aGCIUCC OTJIOKEH
CHIEKTPAJIBHBIN KJIaCcC 3B€3/Ibl B COOTBETCTBUM C
rapBap/ICKOi KiaccuduKaimei, a mo ocu opu-
HaT — abCOJIIOTHASI 3BE3/THAS BEJIMYMHA.

Paccen 3amerni, 4T0 GOJIBIINHCTBO 3BE3[]
KOHIIEHTPUPYIOTCS B ITUPOKON TI0JIOCE, TIepe-
ceKarolell uarpaMMy OT JIEBOTO BEPXHETO K
HIDKHEMY TIPaBOMY YTJIy. JTa M0JI0ca Ha3bIBa-
eTcsl TJIaBHOU TocsiefioBaTesibHOCThIO. [IpaBee
U BBIIIIE Hee HaXOAATCsT 00J1aCTH TOBBIIIEHHON
KOHIIEHTPAIINU 3Be3[l, TOJyYUBIINEe Ha3BaHUE
[IOC/IeI0BATEIbHOCTE  CyOrMraHTOB, T'MraH-
TOB M CBEPXTUTAHTOB. JleBee 1 HMIKe rIaBHON
[OCJIEZI0BATEIBHOCTU  JiesKaT CyOKapJuKu W
Oesble  KapJuKW. OBOJIONUOHUPYS, 3Be3/a
MeHSeTCSI B pa3Mepax, CTAaHOBATCS APYTUMU
ee Temrmeparypa u cBetumocTb. Ha amarpam-
me leprmmpynra — Paccesna 3Be3za pu aToM
JBVKETCST BIOJIb Hekoel yimHuu. Yem 6oJiblie
Macca 3Be3JIbl, TeM OBbICTpee ¢ BO3PacTOM OHa
nepemernaercd Ha auarpamme. ComocTaBlisis
JMarpaMMBbl JIJIs1 Pa3HbIX 3BE3/IHBIX CKOTLIEHUH,
ACTPOHOMBI OTIPENIEJITIOT BO3PACT CKOTIJIEHUN 1
XUMUYECKUI COCTaB UX 3BE3/I.
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Muuap u Aabkop

Bropag 3Be3ma B pyuke koBiia bosbiioii
Mensenuiiel — Mutap. Jto spkast 3Be3zia 2-ii
3BE3/IHOI BeJUYNHBI. YesoBeK ¢ HOpMaJbHBIM
3peHNeM SICHO YBWJIWT, YTO PSIIOM C HEW eCTb
3Be3ouka nociabee, 4-11 3BE3MHON BeJINYU-
Hbl — AJibKOp. Bujaumoe pacctosiHue Mexy
3Be3/1aMM 9TOM 1apsl cocTaigeT 12" (yrioBbIx
MuHyT). /[BoliHas 3Be3ma Muiap — AJibKop
(Ha3BaHMUS O3HAYAIOT «KOHb» U «BCAJHUK» ) 3~
BECTHA C J[PEBHUX BPEMEH.

JleficTBUTEJILBHO JIM JIBE 3BE3/bl, COCTaB-

JISTONe  Tapy, OJW3KH B  IMPOCTPAHCTBE?
[TpexcraBum, uTo paccTosiHre oT Hac 10 Mutapa
CUJIBHO OTJTMYAETCS OT PACCTOSTHUS 10 AJTBKOPA;
TOT/Ia 9TA MTapa — ONTUYeCcKas JABOIHAS 3Be371a.
Ecnu ke paccTossHUST 0 KOMIIOHEHTOB TaphI

Co3sBesagne
bonbLuas
Mepseouua

IBouHble U kpamHble 36e3gbl —

ACmpoHoMUYeckue HabtdeHus NoKasanu, 4mo

60/1bUie N0N0BUHbI 3830 — OBOLIHbIE. Mapa Moxem

Obimb ONMuUYeckol (pe3ynbmam cay4atiHol npoekuuu

0nsa Habaoamens) U cpusuyeckoti (2pasumauuoHHO
CBSI3AHHbIe 3Be30bl OBUXYMCS N0 0pbume BOKpy2

0bwie20 UueHMpa macc). 38e30bl B 0BOUHbIX CUCMEMAX
CoBepwaom noaHbIli 060poMmM 3a NPOMEXYMoK BpemeHU,
HA3blBAEMbIU 0pOUMANbHLIM NEepuodom (3mu nepuodsl
COCMABASIOM 0M HECKObKUX OHell 00 HECKO/IbKUX COm iem,
B 3dBUCUMOCMU OM PACCMOSTHUSI MeX0y 38e30aMU napbl).

TponHas 3Be3ga Anamak
B co3Be3aun AHgpomMena

ITPUMEPHO OJIMHAKOBBI, TO 9TH 3BE3/IbI I€1ICTBU-
TEJIbHO HAXOSITCSI CPABHUTEIBHO OJIU3KO JAPYT
OT JIpyra M MOTIyT ObITh TPaBUTAIIMOHHO CBSI-
3aHHBIMU ((pUBUYECKUMU ABOMHBIMK). UTOOBI
7I0Ka3aTh, YTO Mapa — (uandyeckas JABOIHasd,
HaJ0 BbIIBUTH OPOUTAJIbHOE [BUKEHHE ee
3Be3. VI3BecTHO, 4TO paccTosuus 10 Mutiapa n
AJstbropa pUGIM3UTENTBHO OJJMHAKOBDI, 3BE3/IbI
3TOU Taphl IBWXYTCSI MPUMEPHO B OJIHOM Ha-
npaBJjieHun B ipocTpaHcTBe. OHAKO paccTos-
HUEe MEXIY 3Be37laMu Tapbl BCE JKe BEJIUKO, 1
€CJIV OHU IECTBUTEIBHO MPEACTABIISAIOT COO0M
(busnueckyto ABOMHYIO 3Be3/y, TO MEePUOJ UX
OpOUTAIBHOTO JBU/KEHUS JOJIKEH COCTABJISTh
MUJIJINOHBI JieT. He3aBucumo oT TOTO, SIBJISET-
cd 9Ta napa GU3NYeCKOl UM ONTUYECKOH, ee
MOKHO Ha3BaTh BU3YaJIbHOU /IBOITHO 3Be3/101.

Pa3srpaHuuutb Bce JBOWHbIe 3Be3jbl
Ha Bu3yajibHble U CNeKTpaJbHble MOX-
HO NnWb ycnoBHo. He canwkom TecHyio
CMEeKTpaJibHYl0 ABOWHYIO CUCTEMY MOX-
HO Npu 6aaroNpPUATHbIX YCJIOBUAX 3ane-
yaTneTb pa3fie/ibHO B TeJlecKon, a TakxkKe
yBUAEeTb Npu HabnoAeHNAX U3 KocMoca
WM C NOMOLLbIO CreluasbHbIX METOA0B
c noBepxHoctu 3emnu. Yem OGnuke K
NpAMOMY yroJi, COCTaBAAKOWMUNA NyY 3pe-
HUA C NNI0CKOCTbIO OPOUTLI ABOMHOMN CU-
CTeMbl, TeM TPyAHEe 0OHaApYKUTb CNEeKT-
pPajibHYI0 ABONCTBEHHOCTb.



“{* TpoviHas 3se3na HD 188753 B co3sesanu
Jlebepnb, BO3Me XenTon 3B8e3abl ecTb naHeTa

ChnexkTpajbHas IBOMHAA

Tenepp HaBenem Tesieckon Ha Murap.
OxasbiBaeTcsi, 9TO TOKe BU3yajibHagd [IBOWi-
Hag 3Be3nal Mexay 3Be3gamu Munapom A u
Murapom B Bcero 15" (yriioBbIX CEKyH/T), OHU
OTJIMYAIOTCS 110 OJIECKY Ha JIBE 3BE3/IHBIE BEJIHU-
yuHbl. BeposiTHee Bcero, aTa mapa — ¢usnye-
CKast, HO OPOUTAJILHBIN TEPHOJL M B 9TOM CJIydae
JOJKEH OBITh BeCbMa OOJIBINNUM (TBHICSTYH JIET).

VHTepecHblie pe3ysIbTaThl OBLIN TTOJTyY€eHbI
P CHEKTPaJIbHBIX HaOmoaeHusx Murmapa A
u Mumnapa B. Jlunum B crektpe OoJiee sSIpKoii
3Be3/IbI IaPbl UMEIOT HEOObIYHBIN BI/[: OHU pac-
IIeTJIeHbl Ha /IBA KOMITOHEHTA, KOTOPBIE K TOMY
JKe He COXPaHSIOT CBOETO MOJIOJKEHUS, a CMella-
I0TCS OTHOCUTEJIBHO JIPYT JIpyTa ¢ MePUOOM B
20,5 cyToK (TO CIMBAIOTCSI, TO PACXOATCS ). ITO
3HAUUT, YT0 Munap A — crekTpajbHasi 1BOM-
Has 3Be3/1a. KoMIIOHEHTHI 9TO Maphl CAUIITKOM
6JIM3KH, YTOOBI UX MOKHO ObLIO YBHETh pas-
NeJibHO B TesiecKoIl. [lepuoanueckoe cmeliienue
CIIeKTpaJIbHBIX JTUHUH ecTb 1y Muiiapa B.

lMnaHeTapHas
TYMaHHOCTb
NGC 3132

B CO3BE34UK
Mapyc,

B LUEeHTpe —
OBOMHan 3Be3fa
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KpaTtHblie 3Be3/1bl

Terepb MOCMOTPUM, YTO TPENCTABISAET CO-
601 cucrema Mutapa B 1esom. Murap A u
Murtiap B — aBe criekTpasibHble /IBOIHbIE 3Be3-
NIbl. ITU JIBE Mapbl B CBOIO OYepe/lb COCTABJIS-
10T OoJiee MIMPOKYTO Mapy, a elie Aajblie K Hell
puUMbIKaeT AJTbKOp — TOXKe 3Be3/la ¢ IpU3Ha-
KaMU CIEeKTPaJbHON JBOWCTBeHHOCTU. MTaK,
Muriap — kpaTHas 3Be3/1a, a ecaiu AJIbKOp BXO-
JIUT B CUCTEMY, TO CUCTeMa COCTOUT U3 IIeCTH, a
TO 1 GOJIBIIETO YU CJIA KOMITOHEHTOB.

[To cBoemy cTpoenuto Muiap mnpeacrtas-
JisieT coboil Tak Ha3bIBAEMYIO MEPAPXUIECKYIO
KPaTHYIO CUCTeMy. JTO O3HauyaeT, 4TO B HeEM
ecTh J[BE TeCHBbIE T1apbl, 0OpasyIiue B CBOKO
ouepellb Tapy Ha OOJIbIIIEM PACCTOSTHUHU, KOTO-
past MOXKET UMeTh ellle OoJiee JaJeKux CIyT-
HUKOB (OIMHOYHBIX WJIM TOKE MEPAPXUIECKUX
KpaTHbIX). Mepapxuueckue KpaTHble CUCTEMbI
JIOBOJIbHO yCTONYMBBIL. Ecin jke monapHblie pac-
CTOSTHUS MEK/1Y BCeMU KOMIIOHEHTaMU KPaTHOU
CHCTEMbI PA3/IMYalOTCsI HECHIIbHO, TaKoe 06pa-
30BaHMe Ha3bIBAIOT CUCTEMON THUIIA Tpamenunun
(Mo 3HaMeHUTON KpaTHOU cucteme Tparernun
Opuona, HaxozsmIelcs B ieHTpe bosbioii Ty-
ManHocTu Opuona). Cucrtembl TUIIA Tpanelnnn
HEYCTOMYMBBI M JIOJIZKHBI OBICTPO pacagaThCsl.

1 Paka n Kaccuoneun B Ilebens

o epkyneca 8 Mepkyneca

¥ Bnnsneuos

.

Mpumepsl
JBOWHbIX
8 CkoprivioHa 3Be3q

o CkoprnunoHa

o
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B3aumoeiicTBue nmapsol

JIBOliHbIE 3BE3/IbI BpalatoTCss BOKPYT 00-
IETO I[EHTPa Macc I0J JIefCTBUEM B3aNMHOTO
nputskenus. YeM maccuBHee 3BE3/IbI U YEM
GJIKe OHU JIPYT K JIPYTY, TEM BbIIIE CKOPOCTH
ux opburaabHOTO ABMKeHUs. [Toatomy ecim
U3MEPUTh N3MeHeHNe X OTHOCUTENBHOTO I10-
JIOKEHUST WU MepPUoJ OOpalieHrsl U OLleHUTh
ckopoctu (110 addexty [lommepa), To MOKHO,
WCIIONIb3YSl 3aKOHBI MEXaHWKW W 3aKOH BCe-
MHUPHOTO TSATOTEHUS, BBIYUCIUTH MACChl KOM-
ITOHEHTOB (TOYHO TaK Ke, KaK MacCChl IJIaHET
CoJIHEYHOI CUCTEMBI OTIPEENSIOTCS 110 JIBU-
JKEHUTO UX CITYTHUKOB).

Oxkasayioch, 4TO JIJIST 3Be3]1 TJIaBHOM Iocje-
JIOBATEJIbHOCTH JIMarpaMMbl leprimmpyHra —
Paccena (a x aToii mmocjie/1oBaTe/IbHOCTH OTHO-
cutca OOJBIIMHCTBO HAOIIOIAEMbIX 3BE3JI, CM.
Knaccndukamnms 3Be3) CyIeCTBYeT YeTKas
3aBUCUMOCTD MEXKJYy MacCOil 3Be3/Ibl U ee CBe-
TUMOCTBI0. Yem OoJibllle CBETUMOCTb, TEM B
cpenHeM MaccuBHee 3Be3fa. CyliecTBoBaHUE
TaKOW 3aBUCUMOCTHU TIO3BOJISIET «yTa/laTh» Mac-
CY 3Be3/Ibl, U3MEPUB €€ CBETUMOCTh. ITOT KOC-
BEHHBINT METOJ OTIPe/ieJIEeHUsI MacChl IIMPOKO
MIPUMEHSIETCS B ACTPOHOMMUM.

EcJiu B 1BOIHOI 3B€3{HOI crucTeMe OPOUTBI
CHJIBHO BBITSIHYTBI, TO OJIMH Pa3 3a OpOUTAIIb-
HBII MEePUOJ] BXOASIINE B CUCTEMY 3Be3Ibl OY-
JYT IPOXOAUTH 0COOEHHO BJIM3KO APYT K APYTY.
[Tpu aTom ycunamBaercs UX B3aUMOJIEHCTBUE,
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WUHTepecHOM wmepapxuyecKon LwecTu-
KpaTHOM CUCTEMOM ABIAETCA APKaA 3Be3-
na Kacrop (o bausHeuos). B Tteneckon
MOXXHO OOHapyXWTb KOMMOHEHTbl Npwu-
MepHO 2-1 U 3- 3Be3JHOWN BEJINYUHDI,
pa3aeneHHble paccToAHueM B 6". Y napbi
3aMeyeHO opbuTanbHoe ABMXKEHUe ¢
nepuoaoMm, npesbiwawouwmm 400 net. Ha
paccToAHMM YyTb 6onbue 1' oT napbl Ha-
XOAUTCA CBA3aHHbIA C HEWN TPETUMN KOM-
noHeHT 9-n BenauuuHbl — YY ban3sHeuos.
Y Bcex Tpex YneHoB BU3yasibHOW KpaTHOMN
cuctembl OOHapyXeHa cneKTpanbHas
ABONCTBEHHOCTb: OpOUTanbHbIN Nepuoj
caMom ApKoW 3Be3abl — 9 CyTOK, BTOpOM
no 6necky — 3 cyTtok, a camou cnabom
3Be3/lbl — MeHblLE CYTOK.

YTO WHOTJA TPOSIBJSIETCS B BUJE BCIIBIIIEK,
BCILJIECKOB PEHTTE€HOBCKOTO W3JIydyeHusT (st
JIBOMHBIX CUCTEM C HEUTPOHHBIMU 3Be3aMU)
WJIM WHBIX WHTEPECHBIX acTPOU3NIECKUX SIB-
Jlennii. Bripouem, He PeIKOCTh W TIOUTU KPYTO-
Bble OPOUTHI.

¥ oueHb TeCHBIX IBOMHBIX 3B€3/1 KOMITOHEH-
ThI CBOUM TSITOTEHWEM MCKaXKaT (GOPMY IpPyT
JIpyTa, KOTOpasi n3-3a 3TOT0 MHOT/IA CUJIBHO OT-
Jnyaetrcss ot ¢opmbl 1mapa. Ecau B aBoiHON
CUCTEME PACCTOSHUE MEXIY KOMIIOHEHTaMu
MaJIo, BEIECTBO C TIOBEPXHOCTH OJTHON 3BE3IbI
MOJKET MepeTeKaTh Ha IPYTYIO.



Anbbupeo —
OBOMHanA 3Be3fa
B CO3BE3aUN
Jlebenb

....‘5.
TymMaHHOCTb
BeobMuHa
lonoea

B CO3BE3UN
OpwuaaH

MHuoro i IBOMHBIX 3Be31?

Baxknpim 1711 actpousuky siBIsieTcsl BO-
MIPOC, KaK 4acTo B 3BE3/THOM MUPE BCTPEYAIOTCS
NBOIHBIE W KpaTHBbIe 3Be3/bl. JIumib mosrydns
HAa HETO OTBET, MOKHO IIPOBEPUTH ITPABUJIb-
HOCTb HaIlX IPEJICTABJIEHNI O BO3HMKHOBE-
Huu 3Be3/. [l 9Toro HeoOXOAUMO TIIATE/Ib-
HO YYecTb BCe BU3yaJIbHbBIE, CIIEKTPaJbHBIE,
aCTPOMETPUYECKUE, 3aTMEHHbBIE JIBOWHbBIE, 3JI-
JINTICOUIATbHBIE TIEpEMEHHbBIE, IMUPOKUE TTapbl
(momobubIe mape Mutap — AJIBKOpP) U BBECTH
MOTIPABKH C YYETOM TOTO, UYTO MBI HE MOKEM OT-
KPBITh a0COJIIOTHO BCE JABOITHBIE CCTEMBI JasKe
cpeau Guamkaiiimmx K Ham 3Be3f. IlogoOHble
McCJIe/IOBaHUsT HEM3MEHHO ITOKa3bIBAaIOT, UTO
NIBOMICTBEHHOCTh — OTHIOJb HE PENKOe sIBJIe-
Hue. Bo3aMoOKHO, He MeHbIIe MTOJIOBUHBI 3Be3]]
[amakTUKM BXOAUT B COCTAB JABOWHBIX M KpaT-
HBIX cuctem!

B mnomasisonieM OGOJIBIIUHCTBE CJIy4aeB
KOMIIOHEHTHI JIBOMHBIX M KPAaTHBIX 3BE3]] MMe-
10T OJIMHAKOBBII BO3PACT 1 00PA30BAJINCH B Pe-

3aTMeHHble
NMepeMeHHbIE:
3Be3bl pas3Homn
CBETMMOCTU
BpaLlatTcs
BOKpYr o6Lero
LeHTpa macc
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3yJibTaTe €AWHOTO IIpolecCa — I'pPaBUTAllMOH-

HOTO CKaTHsI BPANIAIONINXCS TTPOTO3BE3THBIX
00J1aKOB, MOITOMY YacCTOTa BCTPEYAEMOCTH Ta-
KUX 3B€3][ OTPaKaeT yCJIOBUS X (HOPMUPOBA-
HUs. BeposTHO, IBOIIHbBIE 3BE3/IbI Peske BCTpe-
YaIOTCS CPEI CAMBIX CTAapbIX 3Be31 [amakTkm.
Wx masio, Harmpumep, Cpein 3Be3/l CTaphIX IIa-
POBBIX 3BE3/IHBIX CKOTLJIEHUI.

CoJilile — oaMHOYHAA 3Be3/1a

CosHile, XOTS W SBJSIETCS OJAMHOYHON
3B€3/I0l1, HA CaMOM JieJie He OJIMHOKO B CBOEM
IBUKeHUU 1o mpoctopaM lanaktuku. Ero co-
MIPOBOJKIAIOT HECKOJBKO OOJBIINX TIIAaHET,
OTPOMHOE KOJIMYECTBO MAJIBIX TIIIAHET W KOMET.
B nocJieiHme rojibl acTpOHOMaM yaJI0Ch OOHa-
PY’KUTb MHOTHE JECATKU TIIAaHETHBIX CHUCTEM
y apyrux 3Be3zi. Cpeau IiaHeT, HailIeHHbIX Y
JIPYTUX COJIHIL, MHOTHE TI0 Macce 3HAYNTETHHO
npesbiaoT IOnurep, caMmyio MacCUBHYIO TiJIa-
Hety CostHeuHO crcTembl. Terepb acTpoHOMamM
MPEICTOUT PENNTh, KAK OTJIMYUTH TJIAHETHBIE
CUCTEMBI OT JIBOMHBIX ¥ KPAaTHBIX 3BE3]T; T/l Ha-
XOJIUTCS TPAHUIA MEK/Ty MACCUBHOM TIITAHETOMN
M MaJIOMAaCCUBHOW 3Be3/I0i — KOPUYHEBBIM
KapJIMKOM.

Boamozxno, umenHo To, uTo CoTHIlEe He BXO-
JIAT B COCTaB JIBOMHOUN WJIX KPAaTHOU 3BE3HOM
CHCTEMBI, CIIOCOOCTBOBAJIO U caMOMy 0Opa30-
Baruio COJIHEYHON CUCTEMBI, U CTabUIBHOCTH
YCJIOBUI Ha 3emJie, 4TO B CBOIO ouepesb OJia-
TOMPUATCTBOBAJIO TIOSBJIEHUIO M COXPAHEHUIO
JKU3HU Ha Halllel 1aHere.
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NO KOCBEHHbLIM NPU3HAKAM.

OTKpbITHE IK30ILIaHET

[TnaneTs IpyTUX 3B€3/1, BHENTHUE TI0 OTHO-
nennio Kk CosiHeyHOH cucTeme, NMOJTYYUIN Ha-
3BaHUE «dK30IJIaHeTbl» (Tpeueckasi MpUCcTaBKa
«9K30» O3HAYAeT «BHe», «CHapy:ku»). TepMuH
«3K30IIJIAaHeTbI» MOKHO paciindpoBaTbh U Kak
«9K30THYECKME TIIAHEThI», IIOCKOJbKY OHU
JIEHICTBUTETHHO BECHMa HEOOBIYHBIE,

IK30ILJTaHeThl OOHAPYKUTH TPY/IHO, MOTO-
MY 4TO OHM OY€Hb MaJieHbKUE U caMU He U3JIy-
YaloT CBET, a TOJIbKO OTPakaloT €ro 4acThb, Ia-
naonyio ot 6amKkaiineii 3ses3apl. Ecou miane-
Ta 00PAIAETCsT JIAJIEKO OT Hee, TO MOBEPXHOCTD
TaKOH IJIaHeThbl OTpaskaeT MaJio cBeTa. Ecian ke
TJIaHeTa JBUKETCsT BOJM3U 3BE3/bl U XOPOIIIO
OCBellleHa ee JIydaMu, TO JIJIS IaJIEKOro Ha0JTio-

1 Y 3sBeapnpl y cozBesams AHnpomena ectb
MHOronnaHeTHas cuctema

wenels

[IAaHembl y gpy2ux 36e3g

ACMPOHOMbI HE COMHEBAIUCH, 4MO BOKPY2 HEKOMOPbIX
3Be30, KaK U Bokpy2 CONHUA, 00pauatomcs nigHembl,

HO 00 Noc1e0He20 BpemeHU HU 00HOU MaKoUi 38€30bl
006HApPY>XXEHO He OblN0. KoHeu, XX B. nodapusi 00/120K0AHHOE
omkpblimue: 0bl10 HAUIOEHO HECKOIbKO NIAHEMHBIX CUCmeMm
Yy 38€30 pAd3H020 Muna. B Hayke 0 BceneHHOU nosiBUIOCh
HOBOE HANpaBaeHUe — u3ydeHue naaHem 0py2ux 38e30.
OOHAKO HY>XKHO 3amemumb, 4mo HUKIMO NoKa He Buden
3IMUX nAGHem: 06 UX Cyu,eCmsoBAHUU Cy0sim Nuldb

3Be3pa 51
co3e3gus Nerac

daHTacTn4ecKnmn
MHOMJIaHETHbIN Nen3ax

JlaTesisl OHAa HepasuyrMa B OJiecKe Jrydeil ca-
Moii 3Be3/ipl. [loka manexue mIaHeTsl He yaaeT-
sl pas3rJisgzieTh Jlake B MOIIHBIN Tesieckon. Ho
O CYIIECTBOBAHWM ILJIAHETHBIX CUCTEM MOKHO
JIOTa/IaThCsl TIO TTEPUOINYECKOMY U3MEHEHUIO
CKOPOCTH 3B€3/Ibl, KOTOPYIO TIJIAHETHI TIPUTSITHU-
BAOT, 0OpAIasich BOKPYT Hee 1Mo OpOUTaM.
[TepBast sK301IaHeTa GblJIa OOHAPYIKEHA B
1995 1. 910 caenanu actpoHombl JKeHeBCKOI
o6cepsaropun (IIseitapus) Mutens Maiiop
n /luape Kaeson. OHu mocTtpousun onTuye-
CKWIl CIIEKTPOMETP, M3MEPSIIONINUI OTLIEPOB-
CKOe CMellleHue JIMHUN ¢ M3YMUTEJbHOU TOY-
HOCTBIO — 710 13 M/c (BIIOCJIEICTBUN TOYHOCTH
yIaJI0Ch YBEJWYHUTH ellle B HECKOJbKO pa3s).
B 1994 r. ot yyenble IpUCTYNUIN K CUCTeMa-

MnaHeTa ecTb

y 3Be3abl O
(OMUMKpPOH)
co3Be3aus [leBa



TUYECKOMY M3MepeHuIo ckopocrteil 142 cosn-
1enoOOHBIX 3Be3/l M3 OJU3KOrO OKPY/KEHUS
CoJtHIIa 1 I0BOJIbHO OBICTPO OOHAPYIKUIIH <10~
kaumBanus» 3Be3/bl 51 Ileraca, ynamennoii ot
Courrra Ha 50 ¢B. JeT.

AHan3 IBUKEeHUs 3Be3/[bI IT0Ka3aJl, 4YTO KO-
JiebaHUsI TIPOUCXOJIAT C TIEPHOAOM 4,23 CYyTOK U,
O4YEeBU/IHO, BbI3BAHBI BJUSIHUEM ILJIAaHETHI C Mac-
coit 0,47 maccel IOnurepa (M,,). YnusutenbHoe
COCEJ/ICTBO: 3Be3fla — JKEJIThIM KapJuK, MOYTH
tTouHast Korus Hamtero CoJiHITa, M COBCEM Psi-
JIOM C Heil OellleHO MYUTCS TIaHeTa-TUTaHT, Ha-
XozIasscs K cBoeii 3sesje B 20 pas 6mxe, uem
3emiig Kk CouiHIly. YueHble He cpa3y IOBEpPUJIN
B cBOe OTKpbITHe. OHAKO HOBbIE HAOIIOAEHUSI
MOATBEPANIN UX BBIBOJI,.

Y10 MBI O HUX 3HAaeM?

B nocsieiane ro/ibl BRICOKOTOYHBIMU U3Me-
PEHUSIMU CKOPOCTEN 3BE3]I /IJIsT BBISBJIEHUS UX
MePUONYECKOTO CMEIIEeHNsT 3aHUMAlOTCs He-
CKOJIBKO TpyIt actpoHoMOB. K 2002 1. 06Hapy-
’keHo okoJio 80 1mraHeTHBIX cucteM. Bee oHI B
OCHOBHOM BBISIBJIEHBI IO TIPUCYTCTBUIO OJTHOM
NI HECKOJbKMUX IJIAHET-TUTAHTOB C MaccaMu
B nmuanasone ot 0,2 1o 11 M,,. OkoJio 1tos10BU-
HbI 9TUX IJIAHET JBUIKETCS 10 TIOYTU KPYTo-
BbIM opbutam. OcTajibHbIE Ke, K yAUBJIEHUIO
ACTPOHOMOB, MMEIOT BBITSIHYTBbIE 3JIJIUTITAYE-
CKHe OpOUTBI, COBCEM HE TakKue, KakK y IIaHeT
CoJiHeUHOI CHCTEMBI. Y4YeHBble CXOSTCS BO
MHEHUHU, 4TO (DOPMHUPOBAHME JAHHBIX KOCMU-
YeCcKHUX TeJl B MPOTOIJIAHETHBIX [UCKax (T. €. B
ra3ombLIEBBIX JMCKAX, OKPY/KAIONINX 3BE3IHI)
MIPOTEKAJI0 B HECKOJBKO WHBIX YCJIOBUSX, YEM
madeT B CoJTHEUHOU CUCTEME.

Baxxno ormeruts, uto 6osee 20 meTasbHO
U3YUYEHHbIX 3Be3]] He OOHAPYKUJIN TIPU3HAKOB
HaJIM4YUs Y HAX TIJITAHETHBIX cucteM. BeposTHo,
KPYITHbIE TIJITAHETHI €CTh He Y KaXKIO0W 3Be3/Ibl,
HO BCe JKe OHM BCTpeuaroTcst yacto. B xoze Ha-
6JII01IeHUI OBLI OTKPBIT €Ille JIeCSITOK 3Be3JL CO
crnyTHUKamu maccoit 17—60 M,,, Ho cuuTath ux
IJIAHETAMU HE COBCEM CITPABEJINBO, ITOCKOJIb-
Ky Ha OmpeneseHHOM 3Tare (hOpMUPOBAHUS
TaKMX TeJ B MX HeJpax JOJIKHbBI OBLIN IIPOKC-
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OOHapyXuTb 3K3onaaHeTbl CMOMU U
paanoacTpoHoMbl. OHM OTKpbINU Lenylo
NNaHeTHY0 CUCTEMYy Ha PpacCToOAHUMU
okono 1000 cB. net ot ConHua. 310 npo-
M30UJIO B XOAE MUcCcleAOBaHUA paauo-
nynbcapoB — ObicTpoBpallalOWNXCA
HEUTPOHHbIX 3BE€3A, U3Jly4alolWnx CTpo-
ro nepuoauyYecKkue PpaauouMNyNbChbl.
N3MeHeHue paccToAHUA A0 WUCTOYHMU-
Ka U3nyvyeHUs NpuBOAUT K U3MEHEHUID
A/IMHbI BOJIHbI €ro CreKTpaJbHbIX NU-
Hun (3¢ ekt lonnepa): npu yaaneHum
MCTOYHUKA MU3NYy4eHUA wu3sMepAeMan
AMHA BOJIHbl BO3pacTaeT, a Nnpu npu-
ONVKeHUN — yMeHbluaeTcA.

e )0 )
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XOJIUTh TepMOs/IepHble peakinu. Takue TeJsa
cielyeT OTHECTH K CEMENCTBY MAaJIOMAaCCUBHBIX
3B€3/I — KOPUYHEBBIX KaPJIUKOB.

Ceilyac acTpOHOMBI IIPOEKTUPYIOT TIPUOO-
PbI, KOTOPbIE CMOTYT YBU/ETHh 9K30IJIAHETHI.
Hanpumep, nzobpaskeHune spKOi 3Be3/1bI MOK-
HO 3aKPbITh CIIEIIMAJbHBIM 9KPaHOM, 4TOOBI ee
CBET He MellaJ M3y4aTh HaXOISAIIYIOC PSIOM
maaHeTy. Takoil mpubOp Ha3bIBAIOT <«3Be3/I-
HbIM KOpoHOTpadom». /[pyroii MmeTo | npeamo-
JlaTaeT «TallleHue» CBeTa 3Be3/Ibl 32 cueT -
(pexta MHTEpdEpeHIINNU ee CBETOBBIX Jy4YeH,
cOOpaHHBIX JIBYMS WJIM HECKOJBKUMU PACIIO-
JIO;KEHHBIMU PSIIOM TeJeCKOoTlaMi — TaK Ha-
3bIBAEMBIM <«3BE3/IHBIM WHTEPHEPOMETPOM».
O6a npubopa — koponorpad u uHrepdepo-
MEeTPp — OY€Hb YYBCTBUTEJHHBI K BIUSIHUIO
3eMHOI1 aTMocdepbl, I0ITOMY JIJIsT yCIeUTHOMN
paboThl MX, BUAUMO, IPUAETCS AOCTABUTH Ha
OKOJIO3EMHYI0 OPOUTY.

_%.



ammoccbepbl, HENOCMOAHHA BO BpEMEHU.

3Be3bI-TOCTbH

Eue B apeBHOCTH OBLIM 3aMeuyeHbl Bpe-
MeHaMU BCITbBIXMBaBIIEe HOBbIe 3Be3ibl. OHU
HEOKM/IAHHO TIOSIBJISIJINCH, CJIOBHO HA TYCTOM
MecTe, B Te4eHHe HECKOJbKUX HOYel CTaHOBH-
JIUCH BCe sipye, MHOTIA J0CTUrast OJiecka caMbIX
SIPKMX 3Be3J1 Ha Hebe, a TOTOM TIOCTEIIeHHO yra-
casn v ucuesanu. [Ipm aTom, moka HOBas 3Be3/1a
ocTaBajach BUIMMOI, ee I0JIOKEeHNe OTHOCH-
TeJIbHO JIPYTUX 3B€3]l HE MEHSJIOCh.

[TockosbKy HOBBIE 3BE3/IbI TIOSBJISIOTCS Ha
Hebe PeIKo, UX BMECTe ¢ KOMeTaMU OTHOCUJIH K
YCJIOBHOM KAaTETOPUU «3BE3/bI-TOCTHIY, 1 €CJIN
aCTPOHOMY JIOBOJIMJIOCH YBU/IETD SIPKYIO HOBYIO
3BE3/LY, TO OBLIO JIJIsl HETO HEOPAUHAPHBIM CO-
ObrTrieM. Hanpumep, gatckuii actponom Tuxo
Bpare B 1572 1. Hab/ro1a1 HOBY1O (CErOIHS Mbl
Ha3bIBaeM ee CBEPXHOBOI) 3Be3/Iy B CO3BE3/INN
Kaccuonen. HoBble 1 cBepXHOBbIE 3BE3/IbI CUU-
TalOT Pa3HOBUIHOCTHIO TIEPEMEHHBIX 3BE3/I.

Tuxo Bpare
nepsbiM B EBpone
Ha4an NpoBOAUTb
cuctematmyeckme
BbICOKOTOYHbIE
HabnaeHns
3Be3aHOro Heba

[lepeMeHnHble 36€3gbl

3a pedKuM UCKIoYeHUeM pusudeckue napamempbl 38e30
MeHstomcs 04eHb MedIeHHO. OOHAKO B HEKOMOPbIX C/Ty4aAsX
HAGI00eHUS| HeBOOPY KEHHbIM 27130M UU B HE60bUAOI
meneckon MoXXHO BblSIBUMb U3MeHeHUe BUOUMO20 61eckd
3B€30bl, KOMOpoe Heslb3s1 06bSACHUMb AMMOoChepHbIMU
SIBJIEHUSIMU — MepUdaHuemM Uau noznoueHuem B Bo30yuwHOL
cpede. Takue 38e30bl HA3bIBAM nepeMeHHbIMU. Ha

13blKe PU3UKU MOXHO CKA3AMb, YMo 0CBEUEHHOCMb,
co30aBaemadsi IMumMu 38e30aMu HA 2pPaHUUE 3eMHOLI

[NepemeHHble 3Be3b!
MEHSIIOT CBOW 651eCK

OTKpbITHE IEPEMEHHOCTH

B konme XVI — nauane XVII B. ObL1a
oOHapysKeHa IepBasi 3Be3Jla, KOTOpas 3Ha-
YUTEJbHO MeHsia OJIeCK: TO CTaHOBWJIACH
JIOCTAaTOYHO SIPKUM CBETUJIOM 2-11 3BE3/HOU
BEJTMYMHBI, TO McYe3asa /IJisi HEBOOPYKEHHO-
ro rjiasa, HO He HaBcerja, a YToObl yepes He-
CKOJIbKO MeCSIIIeB MTOSIBUTHCS BHOBL. CHavasa
ee COYJIM HOBOU 3Be3/10i1. ITYy SAPKYIO HOBYIO
3Be3ny B cosBe3qun Kut otkpsin B 1596 .
Hemenkuii  actpoHoMm [asum @Dabpuirmyc
(1564—1617).

BriocsieicTBUM  BBISSCHUIIOCH, YTO TY XK€
3Be3ny HaOmonan B 1603 r. u apyroit Hemelr-
kuii actponom, Moranu bBaitep (1572—1635),
HUYEero He 3HABIWH O ee mepeMeHHOCTH. OH
BKJIIOUMUJI €e B CBOW TEPBBIN TMOJHBIN 3Be3/-
HBIIT aTyiac Bcero Heba. SIpKue 3Be3/bl Kaxk/10-
ro co3Be3qus B aryace baiiepa 0003HaYeHBI
rpedecKkuMu GyKBaMH, 4TO B Hallle BpeMsl CTa-
JI0 O0UenpUHATON HOpMOii. Tak, mepeMeHHast
sBesna Mabpuimyca moaydnia oO03HAYEHIE
Omukpon Kura (0). Orkpoitue Mabpurmyca
BbI3BaJIO0 GOJBIION MHTEpec, U 3Be3ay 0 Kura
c TeX MOp HepeaKko Ha3biBaloT Mwupoit Kurta
nin npocto Mupoii (ot Jat. «Mupay — <yau-
BUTEJIbHAS» ).

Yucsro 3BECTHBIX TTEPEMEHHBIX 3BE3]] POC-
JI0 OYeHb MeJJIeHHO. B mepBoM crucke, omyo-
aukoBaHHOM B 1786 r. aHr/MiicKMM Jt0OUTE-
seMm acrporomuu J. ITurorrom, 6b110 12 3Be3,
B crcke M. Aprenangepa (1844) — 18, a B
katasore J. llléndenpaa (1875) — 143. Korga
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NepeMeHHble 3Be3abl, Y KOTOPbIX HEMO-
CTOAHCTBO OnecKa ob6bAcHAeTcA ¢pusm-
YeCKUMU TMNPpUYMHaAMKU, NoApa3AenaioT
Ha HecKoJibKo rpynn. OauH M3 cambix
pacnpocTpaHeHHbIX TUMOB TaKUX nepe-
MEeHHbIX 3Be3j — BCMbIXUBawuUine 3Be3-
Abl. 3TO KpacHble KapJNuKN, KOTOPbIX B
lanakTuke ocob6eHHo MHoro. Bo Bpema
BCNbIWKKW, NPOAOKaOWeENACA He 60/b-
lle HECKOJIbKUX MUHYT, Gneck 3Be3fbl
MOXXeT BO3pacTu Ha HECKOJIbKO 3Be3j-
HbiX BeNln4uH. K nepeMeHHbIM OTHOCAT
B3pbiBawolmeca 3se3abl. BaxxHom rpyn-
nou ABAAIOTCA NyAbcupyloliue nepe-
MeHHble 3Be3abl. K camoMy nssectHomy
TUNY NyAbCUPYIOLWNX 3Be3A NpuHaane-
¥)ar uedeungbl.

B CTPOHOMMWU TMUPOKOE PACTIPOCTPAHEHUE TT0-
ayuusan dororpadudeckne MeTo bl HabJo1e-
HU, OTKPBITUS TIePEMEHHBIX 3BE€3/l CTaJIN Mac-
coBbiMu. Tak, B TapBapackoii obcepBaTopuu
(CIIIA) B Hayane XX B. OBLJIO OTKPBITO CBbI-
nie 13 Teic. nepemeHHbIX 3Be3/1. Okoso 10 Thic.
IepeMeHHBIX 3Be3y oOHapysKuia (ororpadu-
YeCKUM CIT0COOOM OCHOBATeNb U JUPEKTOP
3onnebeprckoit  obcepsaropun  (Tepmatus)
Kyno Todwmeiictep (1892—1968).

i+ Cossesave Kut. pastopa 13 3se3gHOro atnaca
4. leBenusa

TUTYmNbHBLIN NNCT
«YpaHomeTpumn» —
aTnaca 3Be3[HO0ro
Heba, N3gaHHOro
MoranHom Bariepom
B 1603 r.

| ICANNIS BAVERI

RUAINANE 1 €

Mmuoro Jau
repeMeHHbIX 3Be3/1?

B nocunennne necarmiieruda XX B. Kak 110
pesyJibTataM Ha3eMHOTo HaOJOfeHUs, TaK W
10 pe3yJibraTaM HaOJoeHNi 13 KOCMOca OCy-
MIECTBJIEHO HECKOJIBKO MPOEKTOB 10 MacCOBO-
My aBTOMATHUYECKOMY BBISIBJIEHUIO 3Be3l, Me-
uaonmx oseck. CreruaancTsl IoKa TOYHO He
OIIpe/IesIMIIN, KaKOBa J0JIKHA ObITh MUHUMA/Ib-
Has HeCTaOMIBbHOCTH OJIeCKa Il IPUYNCTIEH NS
3Be3/Ibl K TIEPEMEHHBIM, MO3TOMY B KaTaJOTU
MepeMEeHHBbIX 3Be3]I BKJIIOYAIOT BCE 3BE3JIBI, Y
KOTOPBIX JOCTOBEPHO BBISIBJIEHBI Jaske HEOOIb-
e U3MEHEHUSI.

Habumonenna u3 kocMoca IOKa3aiu, 4To
CTPOTO TIOCTOSTHHBIX 3B€3/l He TaK MHOTO, HO
3B€3/ly CUUTAIOT TMEPEMEHHOW TOJbKO TOCcJe
YBEPEHHOTO MOATBEP:KIEHNS HETTOCTOSTHCTBA €€
6necka. Kommuectso 3Be3z Hameil [amaktukuy,
Y KOTOPBIX MIEPEMEHHOCTD JIMO0 HAIEKHO yCTa-
HOBJIEHA, IN0O0 3aII0I03PeHa, ceiiuac COCTaBJIsI-
et okoJ10 100 Thic. 1 OBICTPO BO3paCTaeT.

AB AB
0 0
1 1

: m VAR
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0 30 60 90 120
CyTku 0 25 50 75 100125

CyTkun

¥ Tunu4Hble KpuBble 6necka CBepXHOBbIX 3Be3[
(AB — 3Be3aHbIE BENNYMHDI)
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Iledenant

[edenmabr — 3B€3161, MOTITHOCTH U3TYUEHUS
KOTOPBIX B JIECSATKHU TBHICSY Pa3 OOJIbIIE, YeM Y
Connia. ITo KeJyTble cBepXTUranTbl. OHU He
MPUHA/JIEKAT HU K CaMbIM TOPSIYMM, HU K ca-
MBIM XOJIOJTHBIM 3Be3/1aM (TeMIieparypa ux Io-
BEPXHOCTH B CPeIHEM ITPUMEPHO TaKas e, KaK
n Comnna). baeck nedeuns MeHsercss cTporo
LEpUOUYECKH; TIepUOJbl U3MeHeHus: OJiecka
GoJIBIIMHCTBA Tledeni — OT CYTOK JI0 MecsIia.
B MakcumanbHOM Osiecke TunmyHas iedensa
CTAaHOBUTCA sIpUe Ha OJIHY-/IBE 3BE3/[HbIE BEJIN-
YUHBI, YTO COOTBETCTBYET yBEJIWYEHUIO MOIII-
HOCTH M3JIY9eHUS 110 CPABHEHUTO C MUHUMAJIb-
HBIM 0JIECKOM IIPUMEPHO B 2,5—6 pas.

Ceiiuac B Hamell lajakTuke U3BeCTHO He-
CKOJIBKO COT Tiedeus1; elle HEeCKOJIbKO ThICSIY
oOHapy’KeHbI B IPYTUX rajakTukax. biaarogaps
1eeniaMm acCTPOHOMbBI HAYYUJINCH OTIPE/IEIITh
paccToSTHU JI0 IPYTUX rajakTuk. He coyydaitio
1eden/1bl Ha3bIBAIOT MasgkaMu BcesleHHOTI.

[Hedenapl — cpaBHUTETBLHO MOJIOJIbIE 3BE3-
mbl, B [asakTuke OHU 3aMETHO KOHIIEHTPUPY-
IOTCS K €€ TIJIOCKOCTH U BCTPevyaloTcsl B pacce-
SIHHBIX 3BE3HBIX CKOIJIEHWSIX. A BOT BechbMa
MHOTOUYMCJIEHHBIE 3BE3/[bI [PYTOTO TUTIA TTYJIb-
CUPYIOIIUX TIePEeMEeHHBIX, 3Be3fbl Tuma RR
JIupsl, B cBoeM OOJIBIINHCTBE [IPUHAJJIEKAT K
YUCJTy CaMBIX CTapbIX 3Be3/l. VIX KoHIleHTpanms
B TQJIaKTHUYECKON IIJIOCKOCTH HE3HAUYMTEJbHA,

“i* CosBespve Lledpein. Mpaslopa 13 38e3QHOro
aTtnaca 4. l'esenus

3,5

4,0

4,5
0 2 4 6 8

“i* Kpueas 6necka § Lledes — npototuna
nepeMeHHbIX 3Be3[, Ha3biBaeMbIX Ledenaamm

3aTO ATUX 3Be3]l OUEHb MHOTO B HAIPaBJIEHUN
Ha TeHTp [ajakTuku, B HEKOTOPBIX TMAPOBBIX
3BE3/IHBIX CKOTIJICHUAX, SBJISIONUXCS CAMBIMU
cTapbIMK M3BECTHBIMU B lajlakTrike oOpa3oBa-
HUsIMU (UX Bo3pacT npesbiiiaeT 10 Mapa. jier).

Ilyascamus nedeuns

[Tpuunna nepemenHocTH GJ1ecka medens —
pajiuasibHbie mmyJsbcanuu. ATMocdepsl 1eden/y
TO pacuIupsoTes, To ckumMatores. [lpu cxatnmn
atMocdepa 3Be3/bl pa3orpeBaeTcs, a pu pac-
MUPEeHNN oxXJaxkaaeTcss. Mbpl BuanM 1eden-
ny HanboJiee SIPKOH, KOT/Ia OHAa CPAaBHUTEIHHO
HeboJbIast, Ho ropstyast. Ilyiabcaruu 1edens
IIPOSIBJISIIOTCST HE TOJIBKO B U3MEHEHUSIX OJrec-
ka. /{ng m000i MOCTOSAHHON 3Be3/1bl MOYKHO
OTIpe/leJINTh CKOPOCTh, C KaKOW OHa J[BUKeT-
cs BIOJb Jiyda 3peHusi (Jy4eBYIO CKOPOCTD).
Y neden, kak mokasaau HaOIOAEHWUS, JIyde-

“i* B co3Be3auun Kunb HaxoauTcs spkas rony6as
nepemMeHHasi 3ge3fa-rmnepruraHt
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1 flpkue uedenapbl XopoLLO BUAHbLI Cpean 3Be3[
" ranakTvku TymaHHOCTb AHOpoMeb!

BbIE€ CKOPOCTU MEHSIOTCSI C TEM K€ TIEPUOIOM,
91O 1 OJIECK: 3BE3/Ia MYJIbCUPYET, U MbI BUIHM,
KaK BapbUPYIOT CKOPOCTHA aTMOC(HEPHBIX CJIOEB
OTHOCHUTEJIbHO 36MHOTO HaOJIIO1aTE sl

W3mepsisi miepeMeHHOCTHh OJiecka 1eden-
IIbI U ee JIy4eBOW CKOPOCTH, MOKHO JIOBOJIBHO
TOYHO OTPENIeJINTh Pa3Mephbl 3BE3/[bl U MX W3-
MEHEHUS B XOJIe MyJIbCaIluil. YUeHbIM yAaI0Ch
OTIPE/IeTTUTh B3aUMOCBS3b TEepUOIa TepeMeH-
HOCTH Tieer/] U UX CBETUMOCTHU: 4eM OOJIblie
[IePUOJl TIEPEMEHHOCTH, TeM GOJIbIle DHEPTUN
neenia 3ayvdaeT B MPOCTPAHCTBO 32 EUHUILY
BpeMeHU. BpramcimB MONTHOCTD U3JTy9eHUS 110
3aBUCUMOCTH TIE€PUOJI — CBETUMOCTb, MOKHO
OTIPE/IETTUTh PACCTOSTHYUE 10 Tieenibl, a ecau
OHAa BXOIHUT B 3BE3/IHYI0 cucTeMy (3Be3mHOE
CKOILJIEHUE, TAaJAKTUKY), TO U PACCTOSHUE JI0
9TOI 3BE3THOI CUCTEeMBI. 3Has 1epuoj 1eden-
JIbI, MOKHO OTIpe/ieJINTh U ee Bo3pacT. B 60-e rr.
XX B. coBerckuii actpornom lO. H. Edpemon
YCTAaHOBUJL: YeM OOJIbIIe TIepHO/ 1een Ibl, TeM
OHa MOJIOJKE.

OpHako He cJjexyer aymarb, 4To OJIecK
JII000M  IyJIbCUPYIOIIEH TepeMEHHON 3Be3/Ibl
MeHseTcsT cTporo nepuoandecku. /laxe mepe-
MeHHble TUIa Mupbl Kuta, xapakTepusytorue-
CsI TOBOJTLHO PETYJISIPHBIM TTOBEJIEHNEM, B TOU-
HOCTH He TIOBTOPSIOT (popMy KPHUBOI GJ1ecka 1
MTPOJIOJKUTEHHOCTh MHTEPBAJIA MEKIY Mak-
CUMyMaMH OT OJTHOTO ITUKJIA K CJIEYIONEMY.

Ilosne nast OTKphITHI
WccnenoBanus mepeMeHHbBIX 3B€3/] UTPAIOT
O4YeHb Ba)KHYIO POJIb B acTpoHOMUM. [leTasbHO
M3y4nB MEPEMEHHYIO 3B€3/ly W TOHSB MPUYU-
Hy M3MeHEeHUil ee GJiecKa, MOKHO TOYHEe, 4eM
9TO ylaeTcs JJIs MOCTOSHHBIX 3Be3[l, Olpese-
JIUTh €€ Bo3pacT, Maccy, pasmepbl. Habmoaerme
IIepEeMEHHbBIX 3BE3]l — OJHA U3 HEMHOTHUX 00-
JlacTeil COBPEMEHHOW HayKH, e JIIoOWTesn
ACTPOHOMUM MOTYT OKa3aThb peajbHYI0 II0-
MoIip npodeccronanam. IToka He obecriedeHO
MOCTOSHHOE CJIe’KEHWe 32 BCEM 3BE3/IHbIM He-
60M, podeccnoHaIbHbIE ACTPOHOMBI HE MOTY T
YCIeMUTh 3a JECATKAMU ThICSY TMepPEeMEHHBIX
3Be31. JIOuTe M aCTPOHOMUH, B 0COOEHHOCTH
0ObeIMHEHHDbIE B acCOIMAINKA ¥ PaboTarolne
BO B3aMMOJIENICTBUN C aCTPOHOMUYECKUMU MH-
CTUTYTaMK U 0OCEPBATOPUSMHE, CJIE/ISAT 32 M3Me-
HEHUSIMU OJiecKa IepeMeHHbBIX 3Be3/l (CKakeM,
3Be3x Tua Mupsl Kuta nmm miedpens), oTKpbI-
BalOT HOBBIE U Jla’Ke BHETAJIAKTUYECKHE CBEPX-
HoBBIe 3Be3bl. OObenHenus JobuTeseil, 3a-
HUMAIOTIECS WCCJIEeIOBAHUSIMUA TT€PEMEHHBIX
3Be3I, ecTh 1 B Poccun. O HanboJiee mHTEPEC-
HBIX HaOJIIOIEHUSIX TIEPEMEHHBIX 3BE3]] CIIEYET
coobmath B Oten usydenust lagaktuku u me-
peMeHHBIX 3Be3/i locyapcTBEHHOTO acTPOHO-
muyeckoro uacrutyrta um. I1. K. IItepubepra.

Habniopaemaa nepeMeHHOCTb MHOIMUX
3Be3j o00ycnoBneHa 3aTMEHUAMU: OAUH
N3 KOMMOHEHTOB ABOMHOMN CUCTEMDI, Ne-
pemewanacb no opbéute, BpeMeHaMM 3a-
xoauT 3a apyron. NepeMeHHOCTb Gnec-
Ka 3Be3/bl 3aBUCUT TaKXe U OT Hanu-
YUA Ha ee NOBEPXHOCTU NATEH, TEMHbIX
uau cBetabix. TakaAa 3Be3ja, Bpawanach
BOKpYr CBoei OCHU, NOBOpPa4YMBaeTcAa K
HaM To Oonee cBeT/JION, TO Gonee TeM-
HOM CTOpPOHON. Ha HEeKOTOpbIX KpacHbIX
KapJIMKOBbIX 3Be3Aax NATHA 3aHUMaloT
HaMHOro Oosbluyl0 4YacTb AUCKA, 4eM
Ha CosiHUe, U NATEHHaAA NepeMeHHOCTb
O0silecKa BecbMa 3aMeTHa.

)
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C CO6CMBEHHOU 2pasumauuen.

beJbie KapauKu

K wayany 30-x rr. XX B. B 001MX yepTax
CJIOKUJIACh TEOPUsS BHYTPEHHETO CTPOEHUS
3Be3/1. 3aj1aBas Maccy 3Be3/Ibl U ee XUMUUECKU
COCTaB, TEOPETUKU MOTJIM PACcCUUTATh BCE Ha-
GJIr0/JaeMble XapaKTePUCTUKH 3BE3/bl — €€ CBe-
TUMOCTD, PAINYC, TEMIEPATYpPy MOBEPXHOCTU
u T. 1. OZIHAKO 9Ty CTPOMHYIO KapTUHY Hapylia-
Jia HeB3pauHas 3Be3qouka 40 Ipumana B, ot-
KpbITas aHTJIUNCKUM acCTPOHOMOM BubsiMom
Tepmenem B 1783 1. [ly1s1 cBOeil BBICOKOI TeM-
reparypbl OHa KMMeJia CJUIIKOM HeGOJIbIIYI0
CBETUMOCTD, a CJIeI0BATEJbHO, CJUIIKOM Ma-
Jbie pazmepbl. C TOYKHU 3peHUs KJIACCUIeCKOn
(UMK 9TO HE MO/IABATIOCH OOBSICHEHUIO,

CrycTst HeKoTOpoe BpeMsi ObLIM HailieHbl
u ipyrie HeoOblYHbIe 3Be3/bl. CaMbiM 3HaMe-
HUTBIM W3 39TUX OTKPBITUU CTAJO OTKPBITHE
Cupuyca B — HeBuanmoro ciyTHIUKa caMoil ap-
Koii 3Be3/1bl — Cupuyca. Temnepatypa Cupuyca
B oxazamach pasnoii 25 000 K — B 2,5 pasa
BbIlIe, yeM y sipkoro Cupuyca A. C yuetom pas-
MEPOB 3BE3/IbI TO YKA3bIBAJIO HA YPE3BBIYAITHO

ool

CpaBHuTENbHbIE
pa3mepbl ABYX
KOMMOHEHTOB
3Be3abl Cupuyc:
Cupunyc A n
Cwupunyc B (6enbin
Kapsmk)

CmpaHHble 36e3¢gbl

Bce 38e30bl, KOMOpble MOXHO HAG1100amMb HA Hebe
HeBOOPY>XKEHHbIM 2/1330M UAU B HEOONbWIOU meneckon,
NPUHSIMO OMHOCUMb K KHOPMAbHbIMY» 3Be30dM. OHU,

Kak u ConHue, cocmosim u3 00blI4H020 2a3d. OOHAKO
ACMpPOHOMbI BCMpPemuauch U ¢ 0py2umu 38e30amu, Maao
NOXOXXUMU NO CBOUM CBOUCMBAM HA 00bIYHbIE. MO0 MakK
Ha3blBAeMble 6e/ble KApAUKU, HelimpoHHble 38€30bl, YepHble
Oblpbl. Bce OHU nepexxunu onpedeneHHble 3manbl 3BOHOUUU.
Mcmopus XXU3HU N1o6ol 38e30bl — 3Mo Uucmopus 60pb0bl

TymanHocTb NGC 2440,
B LieHTpe — 6enbir Kapnvk

BBICOKYIO TIJIOTHOCTH ee BertecTBa — 100 r/cm®.
HarrepcTok Takoro BetiecTBa Becusi GbI Ha 3eMie
MUJIJINOH TOHH.

Kak oxaszanoch, Oesible KapJuKd — 3TO
3Be3/[HbIe «OTapKy», Beyllre CBOe TPONCXOXK-
jieHre OT OOBIYHBIX 3Be3. PaBHOBecre OObIY-
HBIX 3Be3[l MOJEPKUBAECTCS CUJION JaBIeHUS
pacKajJieHHOM T1J1a3Mbl, KOTOPasi IPOTUBOCTOUT
cusie TpaBuTtalu (Tsarorenust). IYToObl paBHO-
BeCHe COXPaHSJIOCh, HEOOXOAWMbBI BHYTPEH-
HUe MICTOYHUKU SHEPTUU, WHAUe 3Be3/Ia, TePsisd
9HEPrUuIo Ha U3JIyyeHue TTOTOKOB CBeTa B OKPY-
JKaloliee TPOCTPAHCTBO, HE BbIAEPKaIa Obl
IPOTHBOOOPCTBA C TPABUTAIIMOHHBIMY CUJTAMHU.
TakuM BHYTPEHHUM UCTOUYHUKOM CJIY:KAT Tep-
MOsIZIepHbIe PeaKIuy MpeBpalleHns BOA0Poa
B resiii. Kak TOIbKO B IEHTPAIBHBIX 00JIACTSIX
3BE€3/Ibl «BBITOPAET» BECh BOIOPOJI, PaBHOBECHE
HapyliaeTcss M 3Be3/la HAYMHAET CXKUMATbCS
TIOJT IEHCTBUEM COOCTBEHHOM TSIKECTH.

TunuyHasg TJIOTHOCTh OKPYJKAIOIIUX Hac
IIPE/IMETOB COCTABJIIET HECKOJIbKO TPAMMOB Ha
1 cM® (IpuMepHO TaKOBa XapaKTepHasl IJIOT-
HOCTb atoma). Takyio ske CpeiHIo0 TJIOTHOCTD
nMeIoT 3Be3bl TuIa Hattero Coanna. OmgHako,
ecJin 0ObIYHYT0 3Be3/y c:kaTh B 100 pas, aToMbI
«BOKMYTCSI» IPYT B JIPyTa U 3Be371a TPeBPaTUT-
CsI B O/INH TUTAHTCKUI aTOM, B KOTOPOM 9HEpTe-
TUYeCKUe YPOBHU OT/IEJIbHBIX aTOMOB «CIIETISIT-
CsT» BOEINHO. DJIEKTPOHBI TOKE 000OIIECTBSIT-
cs1, 00pa3oBaB eUHBINA <«Ia3». DJIEKTPOHHBII
ra3 CTaHET BBIPOK/IEHHBIM. 3Be3/a IpeBpaTuT-
CsI B TJIOTHOE sI/IPO — OeJIbIi KapJiuK.



HeiiTpoHnHbie 3Be3/1bl

HefitponHuble 3Be3/bl (11yJibcapbl) — camblie
CTpaHHBIE 3B€3/Ibl U3 BCEX, C KOTOPHIMU TTPUXO-
JIJIOCH CTaJIKMBaThes yestoBeky. Kak u Gesbie
KapJIMKN, OHU TIPEICTABJSTIOT cOO0i 3BE3/IHbIE
«OrapKu», OCTAloIIecss OT OObIYHBIX 3BE3]] B
KOHIIe uX aBoJtoru. Ho eciiu Gesibie KapJuKy B
KOHIIE CBOEI JKU3HU TIPEBPAIIAIOTCS B OOBIYHbIE
3Be371bl, ThTa Hatrero CosrHIa, TO HEHTPOHHBIE
3Be3/IbI 0OPa3yITCS Ha MOCJIEHEM JTalle 9BO-
JIFOIIMH 3B€3]I C IePBOHAYAIbHOI Maccoii boJiee
10 macc Comnna.

B aTtux 3Be3zmax Bce cropaer J0TJa, T. €.
0 9JjieMeHTa JKeje30. /JlaysbHeNImuil cUHTE3
siep yJKe He BbIIEJsieT, a, HaoO0pOT, TOTJIO-
IaeT SHEPTUIO, MO3TOMY, HadyaB CKUMAThCS,
JKeJIe3HOe S/IPO ysKe He MOXKET OCTAaHOBUTBHCH.

i OcTaTok CBEpXHOBOW 3Be3/bl B ranakTuke
Bonbwoe MarennaHoso O6nako
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Fooeee

Benbin kapnmk
no pasmepy
NPUMeEpPHO paBeH
3emMne, HO o
Macce CpaBHUM
¢ ConHuem

CTtpoeHue
HENTPOHHOW 3Be3bl:
TOHKas Kopa
OKpy>XaeT a4po

OO6pasyercst OJHO TMTAaHTCKOE aTOMHOE SIIPO
3Be3/[HOI Macchl. B oTmmune oT 0ObIYHBIX aTOM-
HBIX Si71ep, KOTOpble 00pa30BaHbl 3 IPOTOHOB U
HEUTPOHOB, OHO COCTOUT TOJTbKO M3 HEWTPOHOB.
BemecTBo, Kak MPUHSATO TOBOPUTH, HEUTPOHHU-
3yeTcs, a 3Be3/la TPeBpallaeTcs B MaJeHbKU
map aHTaCcTMYECKON TIJIOTHOCTH Pa3MepPOM
Bcero 10—20 kM. ITo 1 ecTh HEUTPOHHAS 3BE3-
na. ObpasoBaHne HEHTPOHHOI 3BE3/IbI COIPO-
BOJKaeTcsl cOPOCOM BHEIIHMX €€ 000JI0YeK.
IT0 gaBjeHue HaOIofaeTcs KakK BCIIBbIIIKA
CBEPXHOBOW.

YBuzeTr HEUTPOHHYIO 3Be31Yy, Jaxke C I10-
MOIIIBIO TEJIECKOIIA, ITPAKTUIECKH HEBO3MOIKHO.
Ho nipu cixkaTtum 3Be3/1bl BO3pacTaioT CKOPOCTh
BpallleHWsI W IJIOTHOCTh MAaTHUTHOTO TIOJIS.
B pesysbrare HelTpoHHAs 3Be3/lla — CBepX-
IJIOTHAsl, CBEPXCKOPOCTHAsI M CBepXHAMarHu-
gyenHast! OHa, 0J06HO BpallaroeMycst BOKPYT
CBOEN OCHU TIPOKEKTOPY, BBIOPACHIBAET TTOTOKH
3apsiKeHHbIX yacTull. [loToku yacTuil renepu-
PYIOT PaJInOBOJIHBI, B UTOTE 3Be37Ia MOCHLIAET
CTPOTO TIEPUOINYECKIE UMITYJIbCHI PATNON3ITY -
YeHUsI, T. €. Mbl HaOJIfo1aeM IyJIbcap.

Camble BHeIIIHME YaCTU HEUTPOHHOU 3Be3-
JIbI TaM, T'Jle JJaBJIeHue ellle HeJO0CTaTOYHO JIJIsT
paspylleHusT aTOMHBIX siiep, OOJaJaroT He-
0OBIYHBIMK CBOMcTBaMK. Kak rmokasajm pacue-
TBI, TOT TOHKUAI BHEIIHUI CJI0U JOJIKEH 00J1a-
JIaTh CBOMCTBAMU TBEPIOTO TeJIa K MOJKET UMETh
KPUCTALINIECKYIO CTPYKTYPY. Takum obpazom,
HEUTPOHHbBIE 3BE3/IbI — 9TO €IUHCTBEHHBIN THUII
3B€3]1, KOTOPBIN MOKET MMETh TBEPAYIO TOBEPX-
HOCTb. Y IPYTUX 3BE3]] 3TOTO HET.




KoHllenuus 4epHbIX AbIP

Emte B XIX B. (ppanitysckuii yuensrii [Ibep
Jlanmnac (1749—1827) nipeanonoxkus cyuect-
BOBaHME 3Be3]l, HACTOJbKO MACCHUBHBIX, YTO

Jla’Ke CBET He B COCTOSIHMY BBIPBATBHCS C UX I10-
BepxHocTH. Ero paccyskaeHust OBbLIM MPOCTHL
Y106bI B CBOOOIHOM I10JIETE TOKUHYTH TIOBEPX-
HOCTH MPUTSATUBAIONIETO TeJsa, HY;KHO Pa3BUTh
HAavYaIbHYI0 CKOPOCTH, PABHYIO BTOPOU KOCMU-
yecKkon ckopocTu. /g 3emyi oHa COCTaBJIsI-
et 11,2 xm/c, nss Comnna — 600 km/c. Ecim
HavyaTh MBICJIEHHO CXKUMATh 3B€3/1y, HallpuMep
CosHile, TO BTOpas KOCMHUYECKas CKOPOCTh
Oyner pactu. B kakoii-To MOMEHT OHa BO3pac-
TeT JI0 CKOPOCTHU CBeTa, M TOT/Ia 3Be3/la CTaHET
3Be3/I0M-HEBUANMKOM, T. K. JIaKe CBET HE CMO-
JKET TIOKUHYTD ee TTOBEPXHOCTD.

Tak mogBUIACh KOHILENIUS OOBEKTOB, B
60-x rr. XX B. Ha3BaHHBIX YEPHBIMU [[bIPAMHU.
ITH O0ODBEKTHI JI0JTO OYAOPaKUIH BOOOpakKe-
HUe acTpo(U3UKOB, TIPEXKIE YeM Te CMOTJH
yOeInuThCS B UX PEAbHOCTH.

Paccysxnenus Jlariaca ObLTH He O4€HDb TOY-
HBI, T. K. OCHOBBIBAJINCh Ha HBIOTOHOBCKOI Me-
xaHnke. Ho ocHOBHOI1 €ro BBIBOJI, UTO JIJIsS KaK-
JIOTO TapoOOpPa3HOTO Tejia CYIIECTBYET CBOE
3HAUEeHWE pajinyca, TMPU CKATUM /0 KOTOPOTO
OHO TIPEBPAIIAETCS B YePHYIO AbIPY, BepeH. [lis
CouiHIla 3HAYeHWE ITOTO KPUTHUYECKOTO (€ero
ellle Ha3bIBAIOT TPABUTAIIMOHHBIM ) PAJINyca CO-
CTaBJIIET TPUMEPHO 3 KM, JIJISI TAKOTO Tesa, KaKk

el

MamaTHuK MNbepy
Jlannacy Ha

ero poguMHe —

B MecTeyke
BomoH-aH-Ox
(PpaHumsn)

Mo coBpeMeHHbIM npejcTaBlEHUAM,
B YepHyl0 Ablpy npeBpaljaerca AAPO
«nporopeBwein» 3Be3Abl, ecnn Macca
AApa npeBbllIaeT TaK Ha3biBaeMbli npe-
Aen OnneHrenMepa — BonkoBa, paBHbIN
2—3 maccbl ConHua. lNpu Takon macce
AAPO, CXKMMaACb, NPOCKaKuBaeT u cra-
A0 Oenoro Kapiuka, M CTaguio Heu-
TpoHHoOM 3Be3abl. [paBuTaumna nodexaa-
eT — B pe3ynbTate obpa3syercAa yepHasn
Abipa. Kak nokasbiBaloT pacyetbl, TaKaA
cyAbOa oxnpaeT 3Be3abl C NepBoHaYanb-
Hou maccoi 6onee 20 macc ConHua.

3ems, — Bcero yiniib 1 cM. Ecii 3emiio coxaTh
JIO CTOJIb MaJIOTO pa3Mepa, TO OHA IPEeBPATUTCS
B MaJIEHbKYIO YePHYIO JIBIPY.

CBOMM COBPEMEHHBIM 0OOCHOBAHMEM KOH-
IeNKs YepHBIX AbIP 00sg3aHa o0uleil Teopun
oTHOcuTenabHOCTU. B 1916 1. Hemenkuii actpo-
HoM Kaps IIsapmmmuaba (1873—1916), wuc-
0JIb3Ysl €€ yPaBHEHMUsI, TEOPETUYECKU 060CHO-
BaJl BO3MOKHOCTb CYIIECTBOBAHUS OOBEKTOB
CO CBEPXCUJIbHBIM TPAaBUTAIIMOHHBIM ITOJIEM.
BeipBaThCs U3 rpaBUTAIIMOHHBIX OOBATUI Yep-
HOW JIBIPBI HEJb3sT Jla’Ke C IOMOIIBIO CaMbIX
MOIIIHBIX JIBUTATEJIEN, TIOTOMY UTO CHUJIa TPaBU-
TalWM, YAEPKUBAIOIIAS TEJO, CTAHOBUTCS Gec-
KOHEYHO Gosbimoil. Ho camblil yMBUTETbHBII
BBIBOJI, TIOJKAJTY T, B TOM, UTO JIJISI BHEIITHETO Ha-
GJIroaTeIs YepHast blpa Tak HUKOT/IA 10 KOH-
11a ¥ He oOpasyercst. B cuIbHOM I10JIe TSKECTH
BpeMs 3aMejisgercs. [1pu npubankeHnn K rpa-
BUTAITMOHHOMY PaJINyCy 3aMe/lJieHne BpeMeH!
cTaHoOBUTCS OeckoHeyHO OosbimM. [l Hac
3Be3/a OyieT GECKOHEYHO JI0JITO CKUMATHCST 10
pa3MepoB, PaBHBIX IPABUTAIIMOHHOMY PaJINYCY.
BoT mouemy depHble ABIPHI WHOTA HA3BIBAIOT
3aCThIBIINMU 3Be3faMu. /[j1s1 KocMoHaBTa, KO-
TOPBINT OITyCKAaeTCs Ha TOBEPXHOCTHh YePHOM
JIBIPBI, BPEMSI 32 TIPe/ieJlaMyu YePHOM IBIPhI Hau-
HeT uATH Bee ObicTpee. 1 3a To MruHoBeHue, 3a
KOTOPOE OH YTIa/IeT Ha YEPHYIO JIBIPY, /IJI HETO
IpoMeJIbKHeT K1U3Hb Bcell BeeneHHOI.



“* 0 MHEHMIO y4eHbIX, B LIEHTPE FMraHTCKO
ranakTvku M 87 mefcTeyeT YepHas ablpa

OT Teopuu K NpaKTUKe

Jlonroe BpeMsi eTMHCTBEHHBIM KaHIWa-
TOM B 4yepHble AbIpbl ObLT Jlebenp X-1 — omun
u3 HanboJjiee IPKUX PEHTIEHOBCKUX MCTOYHU-
koB B [anmakTuke. OH HaXOUTCS OT HAC Ha pac-
CTOAHUU B 6—8 TBIC. CBETOBBIX JIET. JTO JBO-
Hasl 3Be3/[Hasg CUCTeMa, OJIMH 13 KOMIIOHEHTOB
KOTOPO — <«3Be3za-HeBUAUMKay». [lo olen-
KaM, ee Macca cocrasiisier 7—11 macc CouHiza,
YTO 3aBEJOMO IIPEBBIIIAET TIPeles] MacC JJIst
HeITPOHHBIX 3Be3/l. Kpome toro, musa Jlebens
X-1 xapakTepHO GeCIOPSAIOYHOE MepeMEHHOe
PEHTTeHOBCKOe M3JIydeHue, 4yTo ellle B Havase
1970-x rT. crenmano aToT 0OBEKT IEPBBHIM KaH-
JIU/IaTOM B YepHBIE JIbIPbI B Halleil [amakTuke.
Bpems ot BpeMeHU MOSABIISAINCH U IPyTHAE KaH-
JIMIATHI, HO 3aTeM Y HUX JIO0 0OHAPYsKUBAIOCh

Foonee

Bokpyr uepHoi
Oblpbl BO3HUKaeT
OrpomHoe rone
TArOTEHUSA

36e3gnl

4 Jlebenp X-1 HaxoouTca BONU3N TYMAHHOCTK
TtonbnaH B co3Be3aumn Jlebenb

CTPOTO ITyJIbCUPYIOTIee PEHTTEHOBCKOE U3JTyJe-
Hue, 1100 OKa3bIBaJIOCh HEITPABUIbHBIM OIITH-
YyecKoe OTOXK/IECTBJICHHUE.

Camble ybeauTebHble CBUIETEIbCTBA CY-
MIECTBOBAHUS YEPHBIX [IbIP B MPUPOJIE TOJY-
yeHbl B KoHIle XX B. Kak okazajnoch, HEKOTO-
pble BCITBIXMBAIOIINE PEHTTEHOBCKUE 3BE3/IbI
(peHTreHoBCKUEe HOBbIE) SABJLIOTCS ABOMHBIMU
cUCTeMaMi, B KOTOPBIX HOpMaJbHas 3Be3/a
nMeeT Maccy mopsjaka maccbl CoJsiHIIA, a BOT
HEBUUMBI B OITHKE KOMIIOHEHT — MaCCHB-
HBI KaHAuAaT B 4epHble JbIpbl. Ha ceromus
B Hamell lanmakTuke m3BecTHO Oosiee JecsaATKa
KaHU/JIaTOB B YepHble AbIpbl. Kak mosaraior,
Macchl 3Be3JHBIX YEPHBIX IBIP COCTABJSIOT
NECSTKU COJTHEYHBIX Macc (Bec caMoro Mac-
cuBHoro mn3 msBectHbix Ha 2007 1. Kammuma-
TOB B 3Be3/[Hbl€ YePHbBIE JBIPHI COCTABJISIET OK.
15 macc Coanna). CunTaercsi, 4T0 HEKOTOPbIe
MOTIIHBIE UCTOUHUKHN PEHTTEHOBCKOTO U3JIyve-
HUS B ONMKAMIIMX TaJaKTUKaX MOTYT IpPej-
CTaBJIATH OO0 YepHbBIE JABIPHI MACCAMU B COT-
HU 1 gaske Toicaun Macc ConHia. 11 nakoHer, B
I[EHTPAIbHBIX 00JIACTSAX TAJTaKTUK (B TOM YHCJIe
1 Halleil ) HaXo/ITCS CBEPXMACCUBHBIE YePHbIE
NIBIPBI MacCaMW B MWJIJIMOHBI W MUJLJIHAP/bI
macc CosHita. A HEKOTOpbIe TEOPUU TPeJICKa-
3BIBAIOT CYNIECTBOBAHUE YEPHBIX JIBIP MUKPO-
CKOITMYECKUX Pa3MEPOB M MaCChI, OCTaBIITUXCSI
co BpeMeH poskjieHus: Beesennoit — boubioro
B3pbIBa. Bripouem, moka oHu He 0OHAPYKEHDI.




0BOUHbIX CUCMeMaX.

JABiaeHne akkpeuuu

Besbie Kapauku OBLTM OTKPBITHI JaBHO,
XOTS M3-32 MAJIEHbKUX Pa3MepPOB OHU MMEIOT
HU3KYI0 CBETUMOCTH (B COTHU W THICAYM Pa3
Menblityto, 4yeM Couinile). besnbix kapamkoB
OYeHb MHOTO, OHU YacTO BCTPEYAIOTCS CPeIn
GoKaimux 38e3. YTo0bl yOeauThes, 4To TIe-
pell HaMu UMEHHO GeJIblil KapJuK, J0CTaTOYHO
3HaTh Maccy U pasMepbl 3Be3zibl. Cpean GesbIx
KapJINKOB HET 3Be3]l, 10 MaCCe MPEBBITIAIOTINX
maccy Couriia 6osiee yem B 1,4 pasa.

OO6HapyKUTh HEHTPOHHBIE 3BE3/IbI OKa3a-
JIOCh TPy/IHEE — OHU M3JIy4aloT ellle MeHbIIe
cera. Pa3paboTke METONOB TOMCKA HEHTPOH-
HBIX 3Be3]l IIOMOIJIO OIHO 00CTOSITEBCTBO.
B 1964 r. coBerckuii ¢pusuk u actpodusnk
A. b. 3esbnoBud u amepuKkaHCcKUil acTpousnk

Kak obnapykuau
cCmpaHHble 36e3gbl?

B 0CHOBe HawiuX npedcmasieHuli 0 CMPAHHbIX 38€300X
Nnexxam acmpoHomuyeckue Habato0eHUsi. OGHAKO HY>KHO
y4uUmMbIBAMb, YMO CBOUCMBA OenbiX KAPAUKOB, HelimpOHHbIX
3B€e30 U YepHbIX Oblp COBEPUIEHHO PA3UYHbI U OMKPbIIU

UX B pa3Hoe BpemMs U C UCNO0JIb30BAHUEM Pa3HbIX Memo0oB.
M3BeCMHO MH020 cucmem, 20€ Ha 3Be30y U3BHe nadarom
NoOMoKu 2a3a. Nadarouull 2a3 0bpasyem Bokpy2 38e30bl
20pAYUll Bpawarouuica 0uck. M3ydyeHue makux 0Uuckos
Nno3Bo/sem Haxo0umb HeoOblYHble 38e30bl B IMeCHbIX

PeHTreHoBCcKuMin Teneckorn
B KOocMoce

E. Connurep HE3aBUCUMO IPYT OT ipyra OT™Me-
TUJIW, YTO TIPU T1aJIeHUM BeniecTBa (aKKpeIrun)
Ha HEUTPOHHYIO 3Be31y, KOTOpas YCKOPSEeT
3TO BEIIECTBO /0 TUTAHTCKUX CKOPOCTEH, MO-
JKeT BbiieinThest 10 10 % 1mosHoi 9Hepruu ma-
natotero BetiecTBa (uto npumepno B 100 pas
GoJiblile, 4eM ecyi Obl BCE BEIIECTBO CrOPEJIO B
TEPMOSIZIEPHBIX peakinsx). CKopocThb MaleHns
BelllecTBa Ha TTIOBEPXHOCTh HENTPOHHOU 3BE3/1bI
jocturaer '/, CKOpocTu cBeTa. AKKpelus Ha
HEHTPOHHYIO 3Be3/ly — a(dexkTuBHeinii Me-
XaHu3M Bbiesiennst sHeprun. OTKya Oepercst
BEITeCTBO, BHITIAJIAlOIIee Ha IIOBEPXHOCTH 3BE3-
npi? Ecan y HeHTPOHHOI 3Be3/bl €CTh 3Be3/1a-
CIIyTHUK WJIM caMa OHa SIBJISETCS CITyTHUKOM,
OHA HAUMHAET «BOPOBAaTh» 3BE3/HOE BEIECTBO
y CBOETO KOMIIaHbOHA.
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Tak BbIrnagnT
ABNEHNE akkpeLmmn
Ha HEMTPOHHYIO 3BE30Y

el

4. b. 3enbpoBuny
(1914—1987)

3a Hay4Hble
JOCTMXEHUSA Obin
HarpaxkgeH 30510Ton
Meaarnbio UMeHU

U. B. KypyatoBa




“i* B ueHTpe KpaboBmaHoWi TyMaHHOCTM — nyrbcap,
BUOHBIN B ONTUYECKOM JmanasoHe

OTkpbITHE MyJIbCAPOB

Jletom 1967 1. [I:;xoccenun best, mpoBojs
HaOMOIEHNST B PaOTEIeCKOIl, OOHApYsKUIa
HOBBIN PaJIMOMCTOYHUK, He TIOXO0KUI HU Ha Ka-
kue apyruve. OH MochLIad CTPOro Hepuoauye-
cKue UMITyJIbCh. [103ske ObLIn HaliIeHbI ellle He-
CKOJIBKO TaKUX MCTOYHUKOB, HA3BAaHHBIX ITYJIb-
capamMu. DBbLIo yCcTaHOBJIEHO, YTO MyJbCalluu
HEUTPOHHBIX 3BE3/l CBSI3aHbI C UX BPaIlleHUEM.

B nBoiiHO1 3Be3/1HO1 crcTeMe, T7ie HOpMaJib-
Has 3Be3/1a TepsieT BellecTBO, U3JydeHue myJib-
capa mposiBigeTcd mo-apyromy. HeiltpoHHas
3Be3/la IPUTATHUBAET K cebe ra3oBbIil MOTOK, Be-
IIECTBO CKOJIB3UT BJIOJIb JIMHUI MAarHUTHOU NH-
JYKIIMU Ha MarHUTHBIE TIOJIIOCHI 3Be3/bl. B 00-
JIACTU MarHUTHBIX TOJIFOCOB BO3HUKAIOT SIPKUeE
ropsyue IsTHA, POKAAIONe MOIIHbIE TTOTOKHU
PEHTreHOBCKUX Jyveid. BesencTBue BparnieHus
3Be3/Ibl IOCTUTAIOII[ee HAC PEHTIeHOBCKOE U3JTY-
YeHue CTAaHOBUTCS TIEPUOJNYECKUM, I03TOMY B
JIBOMHBIX CHUCTEMaX CKOpee MOKHO BCTPETUTH
He Pa/ino-, 2 PEHTTEHOBCKHUE MYJIbCAPbI.

HeiliTpoHHasti 3Be3zla MOXKET IMPOSBILTDH
ce0s1 He TOJIBbKO KaK Paio- WU PEHTTeHOBCKUIA
IyJIbcap, HO U Kak Gapcrep, KOTOPbIi BUIEH BO
BpeMsl BCIBIIIEK PEHTTEHOBCKOTO WM3JIYYEHUSI.
OTU BCIBIIIKU TOXE CBS3aHBI C aKKpeluei.
[Taparoniee Ha HEWTPOHHYIO 3BE3/y BellleCTBO
HaKaIlJIMBaeTcsl Ha Hel, a JOCTUTHYB ollipe/ie-
JIEHHOTO TIpeJieJia, 32 HECKOJIbKO CEeKYH/I Cropa-
€T B TEPMOSI/IEPHOM B3PbIBE.
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AKKpelyoHHbIE JMCKH

Jlosiroe BpeMsi Ka3aioch, YTO YePHBIE JIbIPH,
JasKe ecJIM OHU U CYIIECTBYIOT, HUKAK HeJb3sI
O0OHAPYKUTD. Y YEPHBIX JIIP HET TOBEPXHOCTH,
[I09TOMY OHM HEe MOTYT U3JIy4aTb Iepuonye-
CKMe PaJMOUMITYJIbChI, @ aKKPeInsl Ha YepPHYIO
IBIPY He TPUBOJIUT K TIOSIBJIEHWIO PEHTTEHOB-
CKOTO IyJibcapa. ExnHcTBeHHOE HajieskHOe OT-
Jiiure YepHOU IbIPbI — ee Macca.

Kak u B ciryyae HeUTPOHHOI 3Be3/Ibl, Yep-
HYIO JIBIPY MOKHO OOHApYKUTH GJarojgapsi ee
rpaButaiiuu. Ecin yepHas Jpipa BXOAWUT B CO-
CTaB /IBOMHOHM CHCTEMBI, OHA <IIePeTSATHBACT»
Ha cebst BETEeCTBO 3BE3/IbI-KOMITAaHbOHA. BOKpyT
4epHON JBIPBI 00pasyeTcsi Tak Ha3bIBAEMBIN
AKKPeIMOHHBbIN /ucK. BelecTBo B mucke 1O
3aKPYUYEHHOI CIIUPAJIH MPUOJIVKAETCS K TI€HT-
pY M Ha PAacCTOSHUU B HECKOJBKUX JIECSITKOB
IPAaBUTAIIMOHHBIX PAJNyCOB HarpeBaeTcsl [0
100 mun. rpagycos. B aToii 30He 1 BblesseTCs
MOYTHU BCSI 9HEPrUsl aKKPEIIMOHHOTO JMCKA —
B ¢dopMe pEeHTreHOBCKOro uaiaydeHus. Juck
pasbuBaeTCst Ha OT/ENbHBIE TOpPsUKe 0OJac-
T — MSATHA, KOTOPbIE C OTPOMHOI CKOPOCTbHIO
BpAIllalOTCsI BOKPYT YE€PHOU JIbIPbL. ITU MATHA,
MOSBJISISICH U MCY€e3asi, CO3A0T JJIs HabJmoia-
TeJisi KapTUHY OeCIopsiIOIHON TTepeMeHHOCTH
PEHTTeHOBCKOTO u3iaydeHus. VIMeHHO «Buau-
MBIl GECTIOPSIIOK> OTJIMYAET YePHbBIE JIBIPHI OT
HENTPOHHBIX 3Be3/l, 110 TIePEMEHHOCTH KOTOPbIX
MO>KHO CBEPSITH YaChI.

4 MNpu nageHnn BeLLeCTBa Ha YEPHYIO AbIpY
06pasytoTcsl OKeTbl — MOLLIHbIE Fa30Bble CTPYU




BHUMAmMeibHO c1edumb 3d HeOOM.

Hosblie

[TepBbIMU B3pBIBAOTIIUMMUCS 3BE3/IaMU, KO-
TOpble HaGJIOAAIN JIIOAK, ObLIM TaK Ha3blBa-
eMble HOBBIE 3Be3/Ibl. B cTaprHy HOBBIMU 3B€3-
JaMW Ha3bIBaJI JIIOObIE 3Be3/IbI, BCIIBIXMBAB-
1Ie CJIOBHO Ha ITyCTOM MecTe (Ha caMoM JieJie
Tam, TJie paHblie Oblia HaMHOTo GoJiee ciabast
3Be3niouka). Ceifuac HOBBIMU 3Be3/laMU Ha-
3BIBAIOT OJIMH W3 TUIIOB B3PBIBHbBIX, UJIM KaTa-
KJIM3MUYECKUX, TepeMeHHbIX 3Be3]1 (T. €. 3Be3]]
C HETOCTOSTHHBIM OJieckom). VcciemoBanust
MIOKAa3aJM, 4TO TaKWe 3Be3/[bI Ha CaMOM JeJie
SIBJISIIOTCS IBOWHBIMUA 3BE3THBIMU CUCTEMaMU
¢ HeOOJIBIITUM PACCTOSTHUEM MEK/y KOMIIOHEH-
tamu. KOMIIOHEHTBI TAKOM Mapbl CTOJIb OJIM3KH,
4TO B crcTeMe GOJIBINYIO POJIb UTPAIOT MIPOIIec-
CBbI B3aUMOJIEHCTBUS MEXKTY HUMU.

OOGBIYHO OIHOM U3 3BE3]] B CHCTEME B3PbIB-
HOI IepeMEHHON sIBJIsIeTCst OeJIblii KapJInK, a ee
CIIlyTHUKOM — HOPMaJIbHAsI 3Be3/1a. 3BE3/THOE
BEIECTBO M3 TIOBEPXHOCTHBIX CJIOEB CITyTHU-
Ka reperekaeT Ha Gesbiii kKapauk. Ecim Ha 1mo-

.i.....

fApkas
CBEpPXHOBas
3Be3fa

B ranakTuke
NGC 4526
(BcnbixHyna
B 1994 r.)

B3pniBarowuecs 36e3gbl

Cywiecmsytom 38e30bl, CNOCOOHbIE HA onpedeseHHoL
cmaouu cBoell 3B0/IIUUU B30PBAMbCSA U BbIOPOCUMb
4ACMb 23080l MACCHI B OKPYXAtoujee npocmpaHCcmso,
0CB00O00UB KOJIOCCABHYIO 3HEp2uto. K cHacmebto, Hawemy
CONHUY N000BHOE He 2p0o3Um — 3MO He «B3PbIBOONACHAS
38e€300d. OOHAKO ACMPOHOMbI eKe200HO (hukcupyrom
HeMano 38e30HbIX B3PbIBOB. MO NPOSABASAIOM Ce651 mak
HA3blBAEMble HOBble U CBEpPXHOBble 3B8e30bl. Mpedy2a0amb
B3pPblBbl HENb34; 4MoObl OMKPbIMb HOBYIO 38e30Y, HA00

OcTaTkn cBepxHOBOW
B co3Be3aum Kaccuonesa

“i* CTpenkon nokasaHa oTkpbiTas B 2004 r.
CBepxHOBas 3Be3fa B co3Be3uu XXupad

BEPXHOCTH 0O€JIOr0 KapJuKa HaKallJIMBaeTC s
MHOTO BellecTBa U3 aTMOChEpbl CIYTHHKA,
KOTOpoe 6orato BOAOPOJOM, TO Ha HEH MOryT
PE3KO HAYaThCsA TEPMOSIEPHBIE PEaKIUUd U
MIPOM30Ii/IeT BCIIBIIIIKA HOBOU 3Be3/Ibl. 3a Iepu-
OJI OT HECKOJIBKMX YaCOB /[0 HECKOJIBKUX CYTOK
3Be3/la JOCTUTHET MaKCUMAaJIbHOTO OJiecKa, a
3aTeM JI0JITHe MEeCSIbl U Jake TOAbl YIAyT Ha
yracaHue BCIIBIIIKKM ¥ paccesHie cOpPOIeHHO
GeJIbIM KapJIMKOM Ira30BOi 000JI0UKIL.

Cama 3Be3jia IpU B3PbIBE HE Pa3pyIIaeTCsl.
Bot 1noyemy HOBas 3Be3/1a MOJKET BCIIBIXUBATh
IIOBTOPHO. Y <«KJACCUYECKUX» HOBBIX 3BE3[
MEK/y BCIBIIIKAMU IPOXOASAT ThICSUYENETHUSI.
O1HAaKO M3BECTHBI U <IIOBTOPHBIE» HOBBIE 3B€3-
JIbI, Y KOTOPBIX MHTEPBAJI MEK/IY BCIIbIIIKAMU
COCTaBJISIET BCETO HECKOJIBKO JE€CATKOB JIET.



CBepxHOBbIE

CBepxHOBBIE 3Be3/[bI UMEIOT WHYIO TTPUPO-
J1y, HECMOTPS Ha BHEIIIHEee CXOACTBO HabJII0/[a-
€MbIX SIBJIEHUII C HOBBIMU 3Be3/[aMi. Berbinika
CBEPXHOBO 3Be3/[bI OOBIYHO 3HAMEHYET TI0-
cJIeJTHUI, KaTacTpoUUEeCKUil aTal 9BOJIIOIUN
3Be3/[bI, KOT/Ia OHA TePSIET paBHOBECHE 1 OBICTPO
CKUMAETCSI TI0JT CBOEH TSIXKeCThIO, CUePIIaB BCe
MCTOYHUKH TEPMOSIZIEPHOIN SHEPTUM.

B pesysabrare BCIIBITIIKKA CBEPXHOBOM 3BE3-
16l 0OpasyeTcs HEeUTPOHHAsE 3Be3/Ia, WJIN dep-
Had JIbIpa, OKPY’KEeHHAas TIOCTEIIEHHO paccenBa-
IOIUMCSI Ta30BbIM 00Pa30BaHUEM — OCTATKOM
CBEPXHOBOU 3Be3/bl. VITak, cCBepXHOBbIE 3BE3-
JIbI, KaK 1 HOBbIE, — HE TOJIbKO YTO BO3HUKIIINE
3Be3/IbI, a yiKe yCIEBIUe <«IMocTapeTh». B oT-
JIT4Yre OT HOBBIX, CBEPXHOBBIE 3BE3/IbI HE MOTYT
BCITBIXUBATh ITOBTOPHO.

Bembimmka cBepXHOBOI 3Be3/Ibl — OYeEHb
penkoe siBjieHue. B nHameil [anmakTtuke cBepx-
HOBBIX 3Be3Zl He wHabmoganoch ¢ 1604 T.
Hab6JrroaBimecst B CTapiuHy CBEPXHOBBIE CTa-
HOBHUJIMCHh HAa BPEMSI CaMbIMU SIDKUMU 3Be3Jla-
MU Ha Hebe, HEKOTOpbIe U3 HUX ObLIM BUHBI
nake mHeM. biaromapst mporpeccy B TeXHUKe
ACTPOHOMUYECKUX HAOJIOMEHUN KasKIbIA TOJ
OTKPBIBAIOT Bce OOJIbIIIE CBEPXHOBBIX 3BE3J B
NIPYTUX TaJTaKTUKaX, B MOCJe/Hee BpeMs — TI0
HECKOJIbKY JIECSITKOB B TO/I.

CnekTpbl CBEPXHOBBIX 3Be3/] He TTOX0KU Ha
CIIEKTPBI OOBIYHBIX 3Be371. SIpKue mupoKue -
HUU CIIEKTPA CBUJIETEJBCTBYIOT O pasjere 60JIb-
IITUX MACC ra3a IIPY B3PbIBE CO CKOPOCTSIMU B ThI-
CSTYU KUJIOMETPOB B ceKyH1y. OCTaTK1 CBEPXHO-
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¥ OcTaTok CBEpXHOBOW — rasoBasi TYMaHHOCTb
®daTa B co3Be3gun Jlebeap

BBIX 3Be3/[ MOTYT HAOIOMATHCS JIECSTKU THICSY
JIET TIOCJIE B3PhIBA. DTO Ba)KHEHUTIINE NCTOUHUKN
OBICTPBIX YACTHII, T. €. KOCMHUYECKUX JIydel B
Haiell [amaktuke. B Mupe TymanHocTei, Hace-
JgIOMUX Harry [amakTuky, acTpOHOMBI HAy4YU-
JINCh JIOCTATOYHO YBEPEHHO BBIABJISATH Ta30BbIE
OCTaTKU CBEpXHOBbIX 3Be3n. Hexoropbie us
HUX — JIOBOJIbHO KOMIIAKTHbIE OOpasoBaHMs,
JPyrre UMET 0YeHb OOJIbIINEe pasMepbl U BO-
JIOKHUCTYIO CTPYKTypy. Hekortopbie u3 ocrat-
KOB CBEPXHOBBIX SBJISIOTCST TOBOJIBHO MOIIIHBI-
MU UCTOYHUKAMU PEHTTEHOBCKOTO U3JTyYeHUSI.
BrIGpoIieHHOE BEIECTBO MOJKET Y4acTBOBATh B
06pa30BaHUY 3BE3]1 CIIEYIONIETO TIOKOJIEHMS 1
(hopmupoBaHUY TITTAHET.

MepBoOTKpbIBaTENAMU APKUX HOBbIX 3Be€3J BMOJIHE MOryT
ctatb HenpodeccuoHanbl. [IA 3TOro HY)KHO XOpOLWO 3HaTb
y30pbl CO3Be€3AUMI, He NyTaTb C HOBbIMU 3Be3AaMU NMPOXOAA-
WMe Yyepe3 304MaKalibHble CO3Be3UA APKUE NNaHeTbl, yMeTb
XO0TA Obl NpUGAM3UTENIbHO onpejenATb KOOpAWHATbl 3aMe-
YyeHHOW HoBOM 3Be3Abl. B nekabpe 1999 r. B co3Be3aum Open
BCNbIXHy/1a HOBaA 3Be34a. Ee oTkpbin nopryraneuy A. MNepeipa
B OMHOKnb. Mpexae 4eM coBepWUTb OTKPbITUE, OH Bbly4u
Hau3ycTb BUAUMbDIE MOJIOXKEHUA HECKOJIbKUX ThICAY 3Be3J.
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u ymupaHus 3Be30 HENpepbIBEH.

Onpeaenenue Bo3pacra
AcTpodusuku geTajbHO pa3paboTaan Teo-
puu 3BoJIIOIMY 3Be3/l. B Halle Bpems usBectHo,
Kak 00pa3oBaBIINasicsi 3Be3/la IePeMeIaeTcst
Ha IVIAaBHYIO I1OCJIe/I0BAaTEJbHOCTD JIMarpaMMbl
Iepummnpynra — Paccesa, rocse goJiroro atarna
YXOJIUT C Hee, CTAHOBUTCS KPACHBIM T'MTaHTOM
WJIA CBEPXTUTAaHTOM U B KOHIIe KOHIIOB 3aKaH-
YMBAET CBOIO JKU3Hb, Kak OBl KapJuK, Helli-
TPOHHAs 3Be3Ja WM 4epHas JApipa. OueHus
Maccy 3Be3/bl M Hali/Isl ee Ha JuarpaMMe, MOK-
HO y3HaTbh BO3pacT 3Be3/lbl. MHOroe o Bo3pac-
Te 3Be3/Ibl MOXET CKa3aTb ee I0JIOKeHHe B

A6contoTHasn 3Be3aHasi Benu4umHa, Mv
BospacT, rogp!

04 0 +04 +08 +1,2 +1,6 +2,0
MNokazaTenu useta, B-V

i+ Ouarpamma lepulinpyHra — Paccena,
cocTaBfieHHasi 4151 HECKONbKUX 3Be3AHbIX
CKOMMEeHnn

Kak goazo )kuGym 36e3gbl? —

Hac okpyxatom 3B€e30bl CAMO020 PG3HO020 BO3pacma.

Co/IHUe — cpaBHUMenbHoO cmapas 3B€30d, KaK U nadaHemol,
Bpawatouiuecs Bokpye Hezo. 10 OUeHKam 20710208,
BO3pacm 3emu — 0KOJ10 5 ana. nem, so3pacm CONHYaG
00/1XKeH OblMb HE MEeHbUUM. Bo3pacm abCoNOMHO020
00/1bUUHCMBA 3B€30 Hauwel FTanakmuku — makobi e,
Kaky ConHua, unu 6onbuie. B mo xe Bpemsa MmHocue 3B€e30bl
06|003OBGJ'IMCb COBCEM HedaBHoO, a HEKoOmopeble 00dBHO
30KOHYUNU CBOU XXU3HEHHbIU nyms. fpouecc pO)KaEHMﬂ

Monogoe 3Be3aHoe ckonfeHme
B co3Be3aunn EguHopor

TajakTuKe, [BUKEHME 110 OPOUTE, XUMUYECKUI
coctaB arMocdepbl. Mos1o1ble 3Be3/1bI, KaK Tpa-
BUJIO, OOHApYKUBAIOTCSI OJIM3KO K OCHOBHOM
niockoctn Mutednoro IlyTtu, oHu nBWKyTCS
10 TTOYTU KPYTOBBIM OpOUTAM BOKPYT IEHTpPa
lanaktukn. O4yeHb cTapbie 3Be3/bI BO3PACTOM
okoJio 10 MJpz. JeT MOTyT HaXOJ[UTbhCS U Ha
BecbMa OOJIBIINX PACCTOSIHUAX OT TajlaKTHye-
CKOM IJIOCKOCTH (10 HECKOJIBKUX KUJIOMIapcek).
Kak mpaBwuiio, ux rajakruyeckue OpOUTBI —
CUJIBHO BBITSIHYTBIE 3JITTUTICHI.

Macca u BpeMs ;KU3HU
MaccuBHble  3Be3/Ibl  9BOJMIOIUOHUPYIOT
HAMHOTO OBbICTpee, 4eM 3BE3/bI MaJbIX Macc.
3Be3/1a 04eHb OOJIBIION MACChI yCIIEBAET TIPOA-
TH BECh CBOW JKM3HEHHBIII IIyTh U CTaTh CBEPX-
HOBOI 32 TOT IIEPHOJ, KOTOPOTO CaMbIM JIET-
KMM 3Be3/laM XBaTaeT JIUIIb AJS TOTO, YTOOLI
IPUIATH Ha TIJIABHYIO IIOCJIEJ0BATEIbHOCTD.
CooTHoleHre Bo3pacta 1 OTIIYIEHHOTO 3Be3-
Jie BpEMEHU JKU3HU MOKHO PacCMaTpPUBATh KaK
II0Ka3aTesb MOJIOJOCTH WJIA CTAPOCTHU 3BE3JIbL.
CaMble MOJIOZIbIe 3Be3fibl Mbl HaOJo1aem
B 00J1aCcTAX 3Be31000pasoBaHust, OJU3 APKUX
razoBbIX TyMaHHOcTeil. OHU HAXOAATCA Ha CTa-
aun 06pasoBaHus WU TOJBKO 4TO 00pa3oBa-
JIICh M3 Ta30BOii CPe/bl, «IIPOKIIOHYJINCh> U3
HENPO3PAYHbIX OKOJIO3BE3HBIX <«KOKOHOB,
Ha UX IOBEPXHOCTD IIPOAOJIKAET 11aJaTh ra3o-
BOE BEILIECTBO M3 OKPY KAIOIErO IIPOCTPAHCTBA.
ITU aKTUBHBIE IIPOIECCHI POSABISIOTCS B IIe-
PEMEHHOCTH OJIeCKa MOJIOZIBIX 3BE3L.
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Ckonnexwve
MOJTIOdbIX 3BE3[
B TYMaHHOCTM
PoseTtka
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LLlaposoe
CKOMmneHne
B CO3BE3aUM

FanakTuke

B03paCT 3B€3/1HbIX
CKOILICHUM

OcobeHHO HAJIEIKHO OTTPEIENSIETCSI BO3PACT
3BE3/[HBIX CKOIJIEHUH. 3Be3/IHOe CKOIlJIeHNne —
9TO TPYIIa 3Be3/] Pa3JNIHON Macchl, KOTOPbIE
chopMUpPOBAIUCH TPAKTUIECKU OJTHOBPEMEHHO
13 BEIeCcTBa C TOYTU OJMHAKOBBIM COJIepIKa-
HUEM XUMWYECKUX 3jieMeHTOB. CpaBHUB 1ua-
rpammy leprmmpyrra — Paccesa 3Be31HOTO
CKOIJIEHUSI C TEOPeTUYecKOU TOCe0BaTeb-
HOCTBIO, T. €. TIOCJIeI0BATeIbHOCTBIO, KOTOPYIO
JIOJKHBI 00pa30BbIBAaTh Ha 3TON UArpaMMe
3Be3/[bl Pa3HOIl MacChbl, HO O/IHOTO BO3pacTa U
XUMUYECKOTO COCTaBa, acTPOU3UKUA MOTYT
OIIEHUTDb BO3PACT CKOIJICHUSI.

Y odeHb MOJIOABIX 3BE3IHBIX CKOTLIEHWI
(c Bo3pacToM 0K0JIO 1 MJIH. JIeT) npaBasi HUK-
HSsT 4acTh HamOoJiee <«HAaCceJIeHHOW» IocJe-
NOBATETbHOCTH JMarpaMMbl lepimpyHra —
Paccesia mpoXouT BbITIe TEOPETUYECKON TJIaB-
HO TIOCJIeI0BATeIbHOCTH. JTO Pe3yJIbTaT TOTo,
YTO camble MAJIOMACCUBHBIE 3BE3/IbI MOJIOJIBIX

TeopeTuku npeackKasbiBaioT, 4yTo ConHue
OCTaHeTCA Ha MaBHOW nocnejoBaTesib-
HOCTU euie npuMepHO 5—6 mapa. net, n
€c/iM B WApPOBbIX CKOMJEHUAX 3Be3Abl
COJIHEYHOro TUMNAa YyXXe OTCYTCTBYIOT Ha
rMaBHOW NocieA0BaTeNbHOCTU, 3HAYMUT,
BO3pacT TakKUX cKonneHuun (u Bo3pact
HacenAluwux ux 3ses3a) AoHKeH nNpeBbl-
watb 10 Mapa. net.

TykaH — BTOpOe no
SIPKOCTW B HaLLEemn
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CKOTLJIEHUH ellle He JIOCTUTJIN 9BOJIIOITMOHHOTO
aTara TJIaBHOM TI0CJIeI0BaTETbHOCTHA U TOJHKO
npubJIMKAIOTCS K Hell cripaBa. Y 6oJiee cTapbix
CKOILJIEHUU (/IeCATKY MUJIJIMOHOB JIET) CTaHO-
BUTCSI 3AMETHBIM 3ari0 BIIPaBO BEPXHErO KOH-
11a TJIAaBHOM TTOCJIeI0BATETBHOCTH.

Macca 3Be3/1 BOJIb TJIABHOW MOCJE0BA-
TeJbHOCTH yObIBaeT cBepxy BHU3. CaMbie Mac-
CUBHBIE 3Be3/[bI PacCMaTPUBAEMbIX CKOILIe-
HUW y’Ke 3aBepIaloT 3BOJIOIUOHHYIO CTAIUI0
IJIABHOW TIOCJIEIOBATEIbHOCT W HAYMHAIOT
YXOAWUTh C Hee BIpaBo. Mecro aroro sarnba
0OBIYHO HA3BIBAIOT TOYKOW ITOBOPOTA IJIABHOM
nocJyie/joBaTeIbHOCTH. YeM cTapime cKorwie-
HUe, TeM JlaJibllle TOYKa MOBOPOTA CABUTAETCS
BIIPABO BHU3 (B CTOPOHY MEHBIIIEN CBETUMOCTHU
u Oojiee HU3KOW TeMIepaTypbl MOBEPXHOCTH
3Be3/1). ¥ caMbIX CTapbIX IAPOBBIX CKOIJIEHUN
(oxo0J10 10 MIp1. JieT 1 6OJIbIIE ) HA TJIABHOM 110-
CJIEZIOBATEIBHOCTH BOOOIIE HET SIPKUX TOPSUNX
3Be3/1. OHU ysKe JJaBHO YCIIeJIu IIPOUTH BCE 3BO-
JIIOITMOHHBIE ITATIBI,

Foeee

Owarpamma
lepuLnpyHra—
Paccena gns
LLIapoBOro
3BE3[HOro
CKOrmeHust
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006pa30BaHUSA 3B€30 NPOO0IKAEMCS.

IIporo3Be3na

AcTpodU3UKN CUUTAIOT, YTO 3Be3/bl (Hop-
MUPYIOTCSI U3 Ta30BbIX (TOYHee, Tra3oliblie-
BbIX) 00JIaKOB, CYIIECTBYIONIUX B MeK3Be3/I-
HOM mpoctpaHcTBe. Hemanmo takmx 06JaKoB
HaXo[UTCsl BAOJb Tosockl Muaeunoro Ilytu.
Mesk3Be3itble 06J1aKa B ONTHYECKUX JTydax Ha-
GJIF0IAtOTCST KaK TYMaHHOCTH. B rasoBbIX TyMaH-
HOCTSIX eCTh 00JIaCTH MeHee TLIOTHBIe U GoJiee
mwiotHeie. Camble II0THBIE 061acTy (TI00YJIbI )

COCTOAT 13 O4YEHDb XOJIOJHOI'O I'a3a M I1bIJIN.
Campble OGoJblne 3amachl ra3a U IbLIU Ha-
XOATCA B THUTAaHTCKHUX MOJIEKYJIAPHBIX 00-

i+ ObnacTb aKTMBHOro 06pa3oBaHNsA HOBbIX 3BE3[
B ranakTtnkax cossesaus BopoH

ObpasoBanue u s6oAouus 36e3g

3Be30bl poXOaomcs, B3pocierom, cmaperom u ymuparom.
rops4as MaccuBHaAs 38e30a 21GBHOU N0C/1e00BAMeIbHOCMU
ouazpammbl frepuuminpyHaa — Paccena (Hanpumep,

Puzenb — B OpUOHA) U3nydaem HAcCMobko MHO20 cBemd,
4mo ee 3aNACOB MepPMOSIOepPHOLI IHEp2UU MOXem XBAmMumb
MOJIbKO HA HECKOIbKO MUJI/TUOHOB siem. Tanakmuka

Xe cyuecmsyem, HeCOMHeHHO, 6on1bule 10 Mapa. nem.

3mo 03Ha4Yaem, 4mo no0obHble 3B8€30bl NOSIBUAIUCH NO
201GKMUYeCKUM MepKam coOBCeM HedaBHO U NPoUecc

[ ]

Tak BbIrnaguT 3se3na Purenb
C pacctosHusa 1 a. e.

gakax. IIpm ompenmeneHHbIX yca0BUSX (BHY-
TPEHHEr0 COCTOSHUS 00JIAKOB JINOO BJIVSTHUS
Ha HUX OKPY’KAIONINX WX 3BE3/[) B HEAPax MO-
JIEKYJISIPHBIX 00JIAKOB ra3 HaYMHAET JEJTUThCS
Ha cokuMarotuecst pparmenTsl. [a30BbIit 3apo-
JIBIIIL CKUMaeTcst GJiarogapst cCOOCTBEHHOM rpa-
BUTAIIMH U TIPU 3TOM MeJIJIEHHO PAa30TPEBAETCSL.
CaeTtdmuiics CKUMAIOMUNCS Ta30BbIN 1P,
KOTOPOMY TIPEJICTOUT CTaTh 3BE3/I0l, aCTPOHO-
Mbl Ha3bIBAIOT IPOTO3Be3/10i. OKpysKaroias
ee Helpo3payHas cpejia Meniaer HabJII0IeHIIO
ATOTO TIpoTlecca, HO TPOTO3BE3/IbI MOKHO YBU-
NeTh B MH(MPAKPACHBIX JTydax.

O6pasoBaHue 3BE3/IbI MOKET PACTAHYTHCS
Ha MUJLTHOHBI JieT. CikaThe TpOTO3Be3/bl Oy-
JeT MPOAOJIKATBCS /10 TEX TTOP, TTOKA B ee HeJl-
pax Temrieparypa He BO3pacTeT /10 MAJJIMOHOB
rpaaycoB. Torga B 1eHTpe 00JaKa B MOJHYIO
CUJIy HAYHYT TIPOUCXOIUTH TEPMOsIEPHbBIE
peakIuy TIpeBpalleHnsT BOAOPOJA B TeJHA.
Boigensionmasicst sreprust OyaeT HarpeBaTh ras,
U €T0 JiaBJIeHIEe OCTAHOBUT CKaThe. JTO 00s13a-
TEJIbHO TIPOMB0MIET, €CJIi Macca 0OpasyIoleii-
cs 3Be3/bl cocTapiisieT He MeHbIne 0,07 Maccor
Counita (MHaue TeMiiepatypa HUKOT/a He MO/I-
HUMETCSI /I0 TOTO 3HAYEeHUs, IPY KOTOPOM Ha-
YUHAIOTCS TEPMOS/IEPHbIE PEeaKIIuU, U MPOTO-
3Be3/a OyIeT MeJIJIEHHO CKUMATBCS JI0 COCTOSI-
HUSI BBIPOJKIEHHOM 3Be3/1bI — OEJI0r0 KapJjnKa).
Kak TobKO «BKJIOYATCS» TEPMOsIIEPHBIE Pe-
aKIIMH, IMPOTO3Be3/Ia CTaHET MOJIOION 3Be3/101
IJIABHOW  TIOCJIEIOBATENBHOCTA  JUArPAMMBbI
lepimmnpynra — Paccena.



CxeMaTU4yeCKU oOnNMcCaHHaAA KapTuUHa
3Be31JHON 3BOJIOLUU MOXeT ObITb Ha-
3BaHa Khaccuuyeckou. OHa oTHocuTcA
K 3BOJIOLMM 3Be3jbl, KoTopasa jAocTa-
TOYHO yAaneHa oT Apyrux 3Bes3j U pas-
BMBaeTCA, MOXHO cKa3aTb, camMa no
cebe. OgHako 00AbWMHCTBO 3Be3j BO
BceneHHO He ABAAKTCA OAWHOYHbDI-
Mu. TecHana napa 3Be34, Bpawaloumxca
BOKpPYr o6uero LeHTpa Macc, He MOXeT
3BOJIOLMOHUPOBATb MO KjlacCUYECKOM
cxeme. Kpome TOro, ssoniouna 3Besp,
Macca KOTOpbIX HaMHOro npeBbillaeT
COJIHEYHYI0, MOXKET 3aMeTHO OTANYaTbCA
OT onucaHHoro BapuaHTa. lMpexae yem
npeBpaTUTbCA B HEUTPOHHYIO 3Be3py
MWW YepHyIO Abipy, MAaCCUBHaA 3Be3ja
o6sA3aTeNnbHO NpoOXoAUT 3Tan rpaBuTa-
LUOHHOro KoJjulanca, KoTopbiii Habanto-
AaeTcA KaK B3pbliB CBEPXHOBOW 3Be3/bl.

Moaoaasa 3Be3na

Cranug raaBHOUM IIOCJIEI0BAaTENbHOCTH —
camas JUIMTeJbHas CTaJusl 9BOJIIOIINN 3BE3/Ibl.
Yem MeHbIlle Macca 3BE3J[bI, TEM IPOIOJIKU-
tesbHee ata ctaaus. (s Comria ata ctaaus
coctaBuT okoJsio 10 mupa. set.) 3Be3/bI BCer-
na obpasyrorcst rpynmamu. MoJiojgbie 3Be3/Ibl
HEPEJKO COCTABJISIOT acCOIUAIlui — CPaBHU-
TeJIbHO PBIXJIbIe 3Be3[HbIe TPYIITUPOBKH, Ha-
6moaionuecss B 00JacTIX 3Be31000pa3oBa-
Hust. Cpeay TakuxX 3Be3JI MHOTO ITePEMEHHBIX,
U [EPEMEHHOCTh UX OJieCKa CBUAETENbCTBYET
0 ellle He 3aBePIIMBIINXCS OYPHBIX MPOIECCaXx,
COTIPOBOZK/IAIONINX POKIeHNE 3Be3/bl. Bo MHO-
TUX CJIydassXx HaOJI0AAI0TCss BBIOPOCHI Ta30BBIX
cTpy# (J'KEeTOB) M3 MOJIO/IBIX 3BE3/I.

OxoHyaHue 9BOJTIOIIMOHHOTO 9Tara IJIaBHOM
MIOCJIEIOBATEIBHOCTH TIPOUCXOIAT TOT/IA, KOT/IA
3a11acbl OCHOBHOTO TEPMOSIIEPHOTO «TOPIOYETO»
(BoOpo/ia) B IEHTPaJbHON 00JIaCTU 3Be3JIbI
OKa3bIBaloTCs M3pacxopoBanubiMu. [locie aTo-
rO 3Be3/la HAUMHAET ME/JIEHHO YBEJIUYNBATHCS
B pa3Mepax B IECITKU M COTHU Pas.

36e3gnl

KpacHbrii ruranr
1 OeJIbIii KapJMK

Cuenyromas craausi — obpasoBaHue Kpac-
HOTO THWTaHTa. Y 3Be3/bl, CTaBIIell KPacHBIM
TUTAaHTOM, HEPTUIO TaK:Ke IPOU3BOJSAT Tep-
MOsIJIEpHbIE PeaKIINU TPeBPaIleHusT BOAOPOA
B TeJTUii, HO YT OHU He B I[EHTPE 3BE3/Ibl, I/le
00pas3oBaIOCh TEJINEBOE SIIPO, a B OKPYIKAIOIEM
Takoe sI/[po TOHKOM cdepuueckom cioe. Cama
3Be3/la TP 3TOM CHJIbBHO PacTeT B pa3Mepax,
a TemIepaTypa MOBEPXHOCTHBIX CJIOEB YMEHbB-
nraetcs (yMeHbIIIeHNEe TeMIIEPATyPhl BbI3bIBAET
IIOKpacHeHue).

B nocaexytoriemM B eHTpabHOI 06aacTi
TaKOil 3Be3/Ibl, I/le 00PA30BAJIOCh MHOTO I'eJIus,
NOJKHA HAayaThCsT PeakIlvs 10 eTro IpeBpaiie-
HUIO B yriepona. Peakinwu BBIWAYT M3 IEHT-
pasibHOIl 006J1aCTH, BOSHUKHET U HAyHEeT IIPO-
JIBUTATHCSI HAPY?KY BTOPOU TeJIMeBbIN CI0eBOI
UCTOYHUK DHEPTUU. 3aKOHUUTCS BCe 9TO cOPO-
coM 000JIOUKHU 3Be3/bl, ¥ 3Be3/[a IPEBPATUTCS
B IJIAHETAPHYIO TYMaHHOCTh. 3BE3/HBIN OCTa-
TOK — O4Y€Hb ILJIOTHBII OeJblil Kap/auK — Hau-
HET MocTerneHHo oxyaxkaaTbes. CoBceM OCThIB,
OeJIblil KapJIUK J0JIKEH MIPEBPATUTHCA B IIPAK-
TUYECKU HE CBETSIIEECs TEJO pa3MepoM C TIjIa-
HETy U Maccoil ¢ HeboubInyto 3Be3ay. OaHaKo
9TO MOKET TMPOU3OUTU TOJIBKO Yepe3 MHOTO
MUJLIAAPJAOB JIET, ITOKA K€ OCTBIBIIUX OEJIbIX
KapJINKOB B TIPUPOJIE HE CYIIECTBYET.

“#* CTpOeHme KpacHOro ruraHTa: orpomHas
KOHBEKTMBHas 30Ha U ManeHbKoe A4po
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B2 3Besguble ckonAeHust —

3Be30bl pacnpedenieHbl B NPOCMPAHCIMBE 04€Hb
HeoO0HOPOOHO. ECMb 00UHOYHbIe 38€30bl (Makue, KaK
ConHuge), 0BOliHbIE U KpamHble 38e30bl. OOHAKO CAMble
Bneyamnsaoulue cucmembl 38e30 — 3mo 3Be30Hble
CKonneHus. B omauyue om co3Be3ouli, B KOMopbiX 38e30bl
NUWb C/TY4AUHO BUOHbI Ha Hebe p00M, HO He CBA3AHbI

HU NPOUCXoXKOeHUeM, HU pacnoaoxeHuem, 38e30Hble
CKONJIeHUsi — 3mMo 2pynnbl 38€30, KOMopble poouauch

B 00HO BpeMsi U3 00H020 0061aKa MeX3Be30H020 203a

U CBSA3GHbI CUNGMU B3AUMHO20 Msi20meHusl.

OTKpbITHE CKOILJIEHUH

Hekoropble CKOILUIeHUs 3Be3]] ObLIM OT-
KPBITBI €Ie 0 M300peTeHUs TeJecKoma. JTOo
[Inesnst, Tnagwl, Acau. Kpome Toro, B co3nes-
miu Bostocer Beporuku ¢ gaBHUX mop HaOJIIO-
J1aJIach POCCHIND CIaObIX 3BE3/I, UTO U ITOCITY K-
JIO TIPUYMHOM Ha3BaHUd 3TOro co3Be3ausd. Eie
HECKOJIbKO CKOIUJIEHUIN BUHBI HEBOOPY KeH-
HBIM TJIa30M Kak cjiabble «TyMaHHbIE 3BE3/[bl»,
HO JI0TafiaThcss 00 MX MCTUHHON HPHUPOZE 0
1300peTeHNs TeJIEeCKOIIa ObLIO HEBO3MOKHO.

B XVII B. ¢ nomomipio Tejaeckorna ObLIo
OTKPBITO MHOKECTBO 3BE3/[HBIX CKOILJIEHUI.
B 0/1HOM 13 TIePBBIX KaTaJIOTOB «TYMaHHBIX 00'b-
ekToB» — KaTtaJsore [Ilapsiss Meccbe, coctaBiien-
HoM B 1781 1., conepsxurcst 103 o6bekTa, 13 HUX
57 — 3Be3auble ckomiennd. Ha ceropugauranii
JieHb B Hallleil [asakTuke OTKPBITO yKe OKOJIO
2 ThIC. 3BE3/IHBIX CKOIJIeHUi. Pagymeercs, aTo
JINIITb MaJiast UX 4acTh.

PaccesiHHOe 3Be3aHOe
ckonnieHne Acnu

Poxaenue u 3BOJIONUSA

CxomnsieHnsd 3B€3/1 pOsK/Iaf0TCS B HEIPax XO-
JIOZHBIX 0OJIAKOB MEK3BE3[HOTO rasa ¥ IIbLIN
(cm. O6paszoBanue u aBosoius 38e31). Cyapba
BO3HUKIIIETO 3BE3THOTO KOJIJIEKTHUBA MOXKET
OBITH Pa3HOM B 3aBUCKMOCTH OT TOTO, MHOTO JIN
B HEM 3Be3/l, KaK OJIM3KO OHM PACIIOJIIOKEHbBI 1
HACKOJIBKO BEJIMKY UX B3aMMHBIE CKOPOCTH.

Ecsiv B MOMeHT paspytieHust objiaka 3Be3-
JTbI PACTIOJIATAJINCh CPABHUTEITHHO AATIEKO IPYT
OT IpyTa M He ONIYNIAJN CUJIBHOTO B3AaMMHOTO
IPUTSIKEHNS, @ UX CKOPOCTU MPU 3TOM ObLITH
3HAYUTEJbHBI, OHM HE CMOTYT JIOJITO y/I€PKATh-
CsI BMECTe U Pas3JIeTATCs MeHee YeM 32 MUJLTH-
OH JIET.

Ecim xe pommsach mioTHasg U MHOTOYUC-
JIeHHas TPYyIIa 3Be3], KPEeIKO CBI3aHHBIX CU-
JIAMU B3aHMHOTO MPUTSKEHMsI, OHa 00pasyer
YCTOWYMBBII «POIi», KOTOPBIH 10Jr0 Oyier
JKUTH B BUJIE 3BE3/THOTO CKOTLIIEHMS.
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3Be3aHoe
CKOMnJieHne B
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LLlaposoe
3Be30HOe
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Tumnel cKoTUICHUIT

3Be3/IHbIE CKOIJIEHUS TPUHSATO [I€JTUTh
Ha HECKOJIbKO THUIIOB B 3aBUCHUMOCTH OT WX
BHEIITHETO BU/Ia, BO3PACTA U KOJMYECTBA 3BE3/I.
HaunbGosiee n3BecTHbBI TP THUIIA: ITAPOBBIE CKOTI-
JIEHUsI, paccesiHHble CKOIUIeHWsT (MHOTAA WX
elle Ha3bIBAIOT «OTKPBITBIMU» WJIM <«TaJAKTH-
YeCKUMU» ) ¥ 3Be3/THBIE ACCOIMAITNN.

[[TapoBbie cKoOTMIEHNST — caMble TIJIOTHBIE
n MaccuBHble. OHU comepsKaT /10 HECKOJb-
KUX MUWJIJINOHOB 3Be3/l (B CpellHEM — OKOJIO
200 TbIC.). ITO cTapwie ckomenud. C MomMeHTa
ux popmupoBanus mnpouio 10—15 mapa. Jer,
[I09TOMY MX 3BE3Jbl, UMeBIINE OOJIBIIYI0 Mac-
cy, yem macca CoiHIIa, yKe 3aKOHUYMUJIN CBOIO
9BOJIONNIO0  (CBETUTH TIPOAOJIKAIOT  TOJBKO
3Be3/Ibl MAJIBIX Macc). [TepBoiil TyMaHHBIN 00D-
eKT M 22, KOTOpbIii TPUYMUCIIIOT K IIaPOBBIM
CKOILJIEHUSIM, OTKPBIT B co3Besauu Crpelielr
C TMOMOIIbIO Tejieckoma B 1665 T. Hemenkuii
actpoom A. Wb, Cremyroumm ObLIO OTKPBI-
TO cKorutenne o lleHTaBpa, ero oOHAPYKUT B
1677 1. anrnuiickuii actpoHoM IAMOH/I [aseii.
I[Toka B wmamen lamakTuke HAWAEHO OKOJIO
150 mapoBbix ckorienuii. Beero ke ux, Bepo-
atHo, okoso 200. OHU 0OHAPYKUBAOTCS 110
BceMy 00bemy lamakTuku, ocobeHHO OJInKe K
ee TeHTPY. PaccesHHbIe CKOIJIEHUST COlepKaT
OT HECKOJIbKUX JIECSTKOB /0 HECKOJIBKUX ThI-
cau 3Be3] (B cpennem — 200—300). Itu cko-
IUIEHNS, KaK [TPaBIJIO, PACIIOIaraloTcst BOJIU3N
raJlaKTHYeCKOi TUIOCKOCTH ¥ HaOI0AaloTCs B
nosoce Mueuynoro Ilytu. 3Be3npl B paccesH-

36e3gnl

Camoe n3sBectHoe 3Be3gHoe ckonneHue — Mneaasbl, ewe ero
Ha3biBaloT CToxKapbl. 3TO MaeHbKUI «KOBLUUK”» B CO3BE3AUN
Tenbua. HeBoopyxeHHbi rna3 Buaurt B lNneapax 5—7 3Be3p,
HO 3TO INWWb caMble ApKue. B 6uHoknb BuAHO okono 50 3Be3y,
a Bcero B 3TOM ckonneHuu ux 6onee 300. Nneagbl 3aHuMalOT
Ha Hebe o6nacTb AMaMeTpoM 7 NK U yaaNeHbl OT Hac NpuMep-
Ho Ha 150 nk. 310 oTHOCUTeNbHO Monopoe cKkonneHue. Ero
Bo3pacT — oKono 100 maH. net. JInwib HeMHOrve 3BesgHblie
CKOMJIeHUA UMelT CBOU UMEHa, B OCHOBHOM OHM 0603Hava-
I0OTCA HOMepaMu No KakoMy-n11Mbo kartanory.

HBIX CKOILJIEHUSX 3HAUYUTEJIbHO MOJIOKE, YeM
B IIIAPOBBIX: 0OBIYHO UM He Gosiee 1 M. JIeT.
3/1eCh MHOTO MAaCCUBHBIX SIPKUX 3BE3/I.

Kaxk mpaBuJio, mapoBble CKOIIJIEHUS BBITJISI-
JIAT IJIOTHEE PACCesTHHBIX M MMeoT HoJiee mpa-
BIJIBHYTO, CUMMeTpUYHYI0 hopmy. OmHaKo 110
(oTorpacdhuu He Bcerma MOKHO OTJIMYUTDH pac-
CesTHHOE CKOILJIEHWE OT MIAPOBOTO: Y JAJeKUX
MIAPOBBIX CKOIIJIEHUH BU/IHBI TOJIBKO CaMble sIp-
kue 3Be31bl. Ceiiuac n3aBecTHo okoJio 1500 pac-
CESTHHBIX CKOILJIEHUI.

3Be3HbIEe acCoLMAlUd — ITO ele OoJee
pa3pesKeHHbIe TPYIIIIMPOBKU 3BE3[l, UM pacce-
SIHHBIE CKOTLJIEHWST. ACCOIIUAITNY PACIIOJIOKEHbBI
B CIIMpaJbHBIX pykKaBax lamaktwkw, tam, rue
CKOHIIEHTPUPOBAHO MEK3BE3THOE BENECTBO 1
poxnatoTcs 3Be3/bl. M3BectHO MeHee 100 acco-
IAAINiA, BCE OHU COCTOSIT U3 MOJIOJBIX, SIPKUX
1 MacCCHUBHBIX 3Be37. JacTo 3Be3ibl accoljna-
IIUU Pa3JIeTaloTCs OT OOINEro HEeHTPa, Iie OHK
KOT/Ia-TO POJIAJIUCH.

.....;.

SOMOH[,
lannen 6bin
KOPOSIEBCKUM
aCTPOHOMOM,
OVMPEKTOPOM
pPUHBMYCKOM
obcepBaTtopun
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ocmamku BCNblIWKU CBEPXHOBOI;I.

Karasiorn TyMaHHOCTEH

HeBoopyskeHHBIM TJ1a30M MBI BUIUM Ha
3BE3[THOM Hebe TOJIbKO CBETSIIUECST TOYKH Ha
yepHoMm ¢one. Ho yem coBepiienHee craHo-
BUJICSI TEJIECKOII, TeM GOJIbIe CTPAHHBIX <«TY-
MaHHBIX 3Be3/», WJIN TYMaHHOCTeil, oOHapy-
JKUBaM acTpoHoMbl. [loHawamy tymanHOCTH
BOCIIPUHUMAJIUCh KaK OOBEKTBI, MeEIIAIoNe
yYBUIETh HOBbIe KoMeThl. CaMble ycepHbie 13
HaOJoIaTeNIell CTali COCTABJSATh CIIUCKU He-
HOJIBVKHBIX TYMaHHOCTEM, YTOOBI He TTyTaTh UX
C JIOJITOXIAHHBIMU <«XBOCTATBIMU TOCTBSIMUS.
[lepBbIM TakoOil <«4YEpHBIN CIHUCOK» U3 IIECTH
TyMaHHoOCTell coctaBus B 1714 1. aHrIMyaHuH
IAnmony Tamneit (1656—1742). Dpanirysckue
actpoHombl [Ilapab Meccbe (1730—1817) u
ITbep Memen (1744—1804) oOGHapyKuIu yike
103 TymaHHOCTH.

..... }

I>xoH lMepLuerns
HEeOQHOKpaTHO
nsbupancs
npegcenarenemM
Koponesckoro
aCTPOHOMMYECKOrO
obuiecTea

Mek36e3gHas cpega
U myMaHHoCcmu

Bce npocmpaHcmBo mMexdy 38e30aMU 3dN0JIHEHO OY€eHb
pPAa3pexeHHoU cpedoii. Yacmu4HoO 3mo 243, NOMEPSIHHbIL
38€30aMU PA3TUYHBIX NOKONEHUL, YACMUYHO — 0CMAmKu
M020 OpeBHe20 Bew,ecmad, U3 Komopoz20 ChopMupoBaIUCh
nepsble 38e30bl Hawleli Fanakmuku. Kpome mozo, Xu3Hb
MACCUBHbIX 3B€30 3dKAHYUBAEMCS KO0CCAbHbIM B3PblBOM-
BCNbIWKOU, NpU KOMOPOM BHEWHUE C/IOU pa3emaromcs

C 02POMHOLUI CKOPOCMbI0. Cnedbl 3MOL KOCMUYECKOU
Kamacmpodgbl 0Cmaromcs B Mex3Be30Hol cpede Kak

TymaHHOCTb TPUANCTHUK
B co3se3aun Ctpenbua

KpomMe xonoaHbIX U Harpetbix 06saKoB,
a TaKKe pa3pexeHHOro MexobnavHo-
ro rasa Mex3Be3jHoe TMpPOCTPaHCTBO
3anoJIHeHO peAKUMMM, HO O4YeHb 3Hep-
rMYHbIMU  YacCTULAMM «KOCMUYECKUX
Jlyyen» — 3NEKTPOHAMMU, NMPOTOHAMU WU
AApaMU aTOMOB, ABMXKYLMMUCA NOYTU CO
cKopocTbio cBeTa. HekoTopble U3 HuX po-
CTUTaloT HUXKHUX cnoeB atMocdepbl unn
AaXKe MOBepXHOCTU 3eMnun U ABAAIOTCA
€AVHCTBEHHbIMU NPeACTaBUTENAMUN MEX-
3Be3/HOro Bel,ecTBa, KOTopoe yaaeTcA
HenocpeACTBEHHO PerucTpmpoBaThb.

Bo3MokHO, ellle 10T0 HUKTO He 0OpaTHiI
661 0CO60TO BHUMAHUST HA TYMAHHOCTH, €CJTH ObI
HE CeMbsl BEJIMKUX acTPOHOMOB — lepriesteii.
Buibsawm Tepmens B 1786 1. uznan «Karasor Thi-
CSYN TYMAHHOCTEW U 3BE3HBIX CKOILJIEHUH».
Croin Bunbsama — JIxon Tepiiens (1792—1871)
B 1864 1. uzgan «O61mmii KaTaaor TyMaHHOCTEMN
1 3BE3/IHBIX CKOIJIEHUIT», COZIEP>KAIINIA TAaHHbBIE
0 5079 o6bekrax. Bo Bropoii ososune XIX B.
yske Oblla YBEPEHHOCTDb, YTO MEXKIY 3BE3/[aMU
«4TO-TO ecTh». V3o6pererue (GoTOIIACTHHKY
I03BOJINJIO OOHAPYKUBATH HEIOCTYITHBIE TJ1a3Yy,
crabocBersiuecs: HebecHbie 00bEKThL. Y110
TyMaHHOCTeH B Karajorax k Hadany XX B. Ie-
peBasinso 3a 10 Toic.



Me:x3Be3/1Hblii ra3

XoTs1 apKre TYMaHHOCTU U BBITJISAAAT 9¢-
(hexkTHO, B HUX 3aKJIOYE€HA HUYTOXKHAS JOJIS
MEK3BEe3/THOM cpejibl, a GOJIbIIAsI €€ YaCTh CKPbI-
BaeTCs B TEMHBIX U OYEeHb XOJIOAHBIX 0OJaKax
MOJIEKYJISIPHOTO Ta3a, MMEIONINX TeMIIepaTypy
Bcero 10—50 K. 9tot raz — npenmy1ecTBeHHO
cMech Boziopozia u resust. CpenHsis TJI0THOCTh
rasa B Me;K3BE3/IHOM cpejie O4eHb Majla — MEeHb-
IlIe OJTHOTO aToMa B pacyeTe Ha 1 cM?, XOTsI BCTpe-
YaIOTCS U B THICSUY pas boJiee TIOTHBIE 00JIaKa.
Ha 1000 atromoB Boiopojia IIPUXOAUTCS OKOJIO
100 atomoB Tessa u 2—3 aTtoma Bcex Goiiee
CJIOKHBIX 3JIEMEHTOB TabsuIbl MeH/ereeBa
(TIpexxie Bcero, KNCJIOPO/IA, YIIepoia U a30Ta).

B lasaktrke o6HapyKeHbI 1 OOIIMPHBIE 00-
JIACTU Pa3MepPOM B COTHU CBETOBBIX JIET, 3aTI0JI-
HEHHbIE OUEeHb TOPSTYNM U Pa3pesKeHHBIM Ta30M
c remnepatypoit 1—2 muH. K. I[ToToku Busmmoro
CBeTa OT TAKOTO rasa CJIMIIKOM c1a0bl. Topstumii
ra3 u3JIydaeT B OCHOBHOM PEHTT€HOBCKUE JIyIn
1 HaOJIIOJAeTCS € IOMOIIBI0 PEHTTEHOBCKUX
testeckoroB. O0IaCTH TOPSTUETO Ta3a MOPOsK/Ia-
10T MAaCCUBHbIE 3BE3]IbI, U TIPESK/IE€ BCETO B3PHIBHI
CBEPXHOBBIX 3Be3]], HArpeBaIONNX U 3aCTaBJIsI-
IONINX PACHTUPSATHCS OKPY KAIOTIYI0 MEXK3BE3/I-
HYTO Cpeny.

Haubonee asdpdekTHO MeK3Be3[HbI Ta3
BBITJISIIUT B 9MUCCUOHHBIX  (M3JIydarolnx
CBET) TYMaHHOCTSIX, TaKnX, Kak bombimas Ty-
MaHHOCTH OpHOHa, a TAK’Ke B IIJIAHETAPHBIX TY-
MaHHOCTSIX, OKPYZKAIOIIUX CTApEIONINe 3Be3/Ibl,

i Bonbluas TymaHHocTb OproHa — camas spkas
anddy3Has TYMaHHOCTb
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“i* CTOnGbI ra3onbinesbiX 061aKOB B TYMaHHOCTK
Open co3eea3gus 3mes

KOTOpbIe cOpocuin ¢ cebst yacTh rasa. B artux
IPKUX TYMaHHOCTSIX Ta3 HarpeTr [0 TeMmiiepa-
TYPbl B HECKOJIbKO TBHICSY KEeJIbBUHOB, KaK Ha
noBepxHocTu CoJHIIA. IMUCCUOHHBIE TYMaH-
HOCTHU CBETSATCST OJ1arofapsi TOMY, 4TO BHYTPH
HUX WJIW PS/IOM C HUMU €CTh MOJIOJIbIE TOPsTIne
3BE3/IbI-CBEPXTUTAHTBI, a KaXK/IyIO IJaHeTap-
HYI0O TYMaHHOCTb OCBelllaeT U3HYTPU ropsyee
SIJIPO COCTAPUBIIIEICS 3BE3/IbI.

Kocmuyeckas nbLib

B TemHbIX 001aKaX 3BE3HBIN CBET B OCHOB-
HOM TIOTJIONIAeT He Ta3, a CMeIIaHHble ¢ HUM
MUKPOCKOTTMYECKIE TBEPIble YACTHUI[BI — KOC-
MHUYECKUe TBIINHKA pa3MepoM He Oojiee Thi-
CAYHOU oMU MWLIUMeTpa. BHyTpu Kaxaoi
OBITMHKU — TBepoe SApbIKo (rpacduTtoBoe
WJIN CUJIUKATHOE C TPUMEChIO ’Keje3a), T0-
KPBITOE CHAPYIKU JIEISTHON «I1y00ii» 13 JIETKNX
57IEMEHTOB. XOTSI 1T0 Macce KOCMUYECKast MbLIb
COCTAaBJISIET JIUIITh OKOJIO 1 % MeK3BE3/THOTO Be-
IeCTBa, 3TO OUEHb BaXKHas eT0 4yacTh. [[brmmHKN
HOTJIONIAIOT 3BE3/IHBIN CBET U TPE0OpPasyioT
€ero B HeBUIMMOe MH(paKpacHOe U3JTydeHHe.
SIAPBITIKY MBIIMHOK, BEPOSITHO, 00Pa3yoTcs B
aTMocdepax XOJIO[HBIX 3Be3/[-TUTAHTOB M BbI-
OpachIBAIOTCSI 3aTEM B MESK3BE3/THOE ITPOCTPAH-
CTBO, TJIe OCTBIBAIOT ¥ IIOKPHIBAIOTCS <«ITyOOiT»
13 JIETYYNX 9JIEMEHTOB.
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Yro npoucxoaur
B Me>K3Be3HOU cpee”?

3Be3/bl U MeK3Be3[Hasl CPejla TECHO CBsI-
3aHbI JAPYT C ApyroM. V3 BelecTBa XOJIOMHBIX
00J1aKOB POKIatoTcst 3Be3bl. CBOUM HU3JIyde-
HUEM OHHU HArpeBalOT OCTATKHU POAMTETHCKOIO
o6J1aKa ¥ PaCIbLISIOT UX 110 AUCKY [a/laKTHK.
[ToTokK 3Be3HOTO BeTpa M B3PBIBbI CBEPXHO-
BBIX 3Be3]] IOCTOSIHHO II€PEMEIINBAIOT MeXK-
3BE3/IHYIO CPEJy, 3aCTaBJISISI €e «KUIIEeTh U ITy-
3BIPUTHCST», B3JIeTaTh (DOHTAHAMH HaJl AUCKOM
lajakTUKU U 1aaTh, OZOOHO XJIOIbIAM CHera.
[Tocrenento MajeHbKIE XJIObS MEK3BE3IHbBIX
00JIaKOB CJIMIAIOTCA B TUTAHTCKHUE Ta3OlIbl-
JieBble KOMILIEKCHI, HelpO3pavyHbie JJisi CBe-
Ta OKPY/KAIONINUX 3Be3/[ U TIOTOMY JIMIIEHHbIE
UCTOYHUKOB Teria. OcCTbhIBasi U YIJIOTHSSICH
0/l JeficTBYEeM IpaBUTAIMU, 9TU obJiaka pac-
1aJaf0TCsl Ha TIOTHBIE (hparMeHThl — IIPOTO-
3B€3/Ibl — 3aPO/IbIIIN 3B€3]] HOBOTO TTOKOJIEHUSI.
B cpentem B lamakTuke e;KerogHo posKIaeTcs
okosio 10 3Be3q; — He Tak y»K MHOTO Ha (hoHe

O6nactb
aAKTUBHOIO
0o6pa3oBaHns 3Be3[.
CHMMOK Teneckona
«Xabbn»

TymaHHOCTb
TapaHTyn

B CO3BE3OMM
3onoTtas Pbiba

IPaHAMO3HBIX IPOIECCOB, HAOIIOJAEMBIX B
Mesk3Be3IHol cpese. Ho B HEKOTOPBIX cocer-
HUX TaJlaKTUKaX 3Be3/lbl (hOPMUPYIOTCS 3Ha-
yureabHo aktusHee — o0 1000 cBeTus B roj.
Takue raJakTUKN CUSIOT, KaK HOBOTO/[HHE €JIN.

OcTraTKkH BCHBIIIEK
CBEPXHOBbBIX 3B€3/]

WccnenoBanus, mpoBe/ieHHbIE C TOMOIIBIO
HA3eMHBIX U KOCMUYECKUX TeJIeCKOIIOB, ITOKa-
3aJIM, YTO OCTATOK BCIIBIIIKN CBEPXHOBOI 3B€3-
JIBl — 3TO CJIOKHBIN KOMILJIEKC SIBJIEHUH, Ha-
OJTIOTAIOTINXCST B TEYEHNUE JECSITKOB 1 JIAsKe CO-
TE€H THICSY JIET TI0CJIE B3PhIBA M OXBATHIBAIOTIINX
006J1aCTh MEK3BE3/THOI CPEIBI PA3MEPOM OKOJIO
COTHU CBeTOBBIX JieT. OcCTaToK CBEPXHOBOU
BKJTIOYAeT HECKOJIbKO Ta30BbIX KOMIIOHEHTOB
pPa3HOW TIJIOTHOCTU W TEMIIEPaTyphl, TBEpble
qacTuilpl (MbLIb), cyOaTOMHbBIE YaCcTUIBI (KOC-
MUYeCcKHe JIy4n ) 1 MarHUTHOE TI0JI€.

Macca BBIOPOIIEHHOTO TIPH B3PBIBE CBEPX-
HOBOI 3B€3/Ibl BEIIeCTBA JIOCTUTAET HECKOJIbKIX

B Hawen lanaktuke oOGHapyXeHbl CpaBHUTENbHO MoJioAble
OCTaTKN CBEPXHOBbIX 3B€3/, BCMNbIWKWN KOTOPbIX NPOM30ULLIM 3a
nocaepHioo TbicAvy net. Hanb6onee nssectHbl KpabosuaHan ty-
MaHHocTb (ocTtaTtoK Benbiwku 1054 r.), Kaccuonesa A (Benbiw-
Ka He Habaoaanacb, HO MO pa3neTy BeL,ecTBa OHa AaTupyeTcHA
1680 r.), ocratku cBepxHoBbix Tuxo bpare (1572) n Kennepa
(1604). 3T Monoable ocTaTKU HAONIOAATCA KaK oNnTUYECKUe
TYMaHHOCTU, APKME UCTOYHUKU PEeHTreHOBCKOro, uH¢pakpac-
Horo u paaguousnyyeHua. CKopocTb ux paclumpeHus euie AocTa-
To4HO Beauka — ot 2000 go 6000 kM/c; pasmep— oT 2 g0 4 nK.



macc CosHIIa, CKOPOCTH €r0 pasJieTa MOKET CO-
ctaBysATb 10—20 Toic. KM/c. BMecTe ¢ aTUM Be-
IIECTBOM B OKPY>KAIOIIYIO MEK3BE3THYIO CPELY
BBIOPACHIBAETCSI KWHETHYECKAST SHEPTHUST OKOJIO
1044 [Ix. Passier BeliecTBa cO CBepX3BYKOBOI
(1711 MEXK3BE3THOTO Ta3a) CKOPOCTBIO CO3/IAeT
y/IapHble BOJHBI, KOTOPBIE PACTIPOCTPAHSIOTCS
10 OKpYysKarolleMy rasy, «crpebast» ero B 060-
JIOUKY U HarpeBasi 10 BBICOKOU TeMITepaTyphl.
Yepes fecsATKU W COTHU JIeT Ha MecTe Ka-
TacTpodbl HAOIIOAAIOTCST HATPETHIE YIAPHBIMU
BOJTHAMU TIJIOTHBIE CTYCTKM BEIECTBAa B30P-
BaBIIEelNCsl 3Be3/Ibl M TIJIOTHBIE KOHIEHCAIIMHU
OKOJIO3BE3[THOTO Ta3a, BO3MOKHO BBIOPOIIEH-
Hble caMoil 3Be3/10if  (MpealIecTBEHHUKOM
CBEPXHOBOI) elile /10 B3pbiBa. CTapble ocTaTKu
CBEPXHOBBIX JIOCTUTAIOT B JUAMETPE JIECSITKOB
mapcekoB (M Jjake COTEH, eCJIM OCTAaTOK PacIu-
pseTcs B cpejie 04eHb HU3KOM TIoTHOCTH ). [1o
Mepe 3aMe/IJIEHNST CKOPOCTH pa3JieTa U OCThIBa-
HUS TOPSTYETrO Ta3a PEHTTeHOBCKOE U3JIydeHue
ocTaTKa CBepXHOBOI ociabeaer. Korma cko-
POCTH pacIiupenust 000J0YKN CPABHIUBAETCS CO
CKOPOCTBIO XAaOTWYECKUX J[BUKEHWI Ta30BBIX
0071ak0B B aucke lamakTuky (0KoI0 8 KM/C),
OCTaTOK CBEPXHOBOW CTAaHOBHUTCS HEPA3TUYM-
MBIM B M€K3BE3/[HOI CPe/ie, HO TO MPOUCXOIUT

CITyCTdA COTHU TbhICAY JIET ITOCJI€ B3PbIBA.

“i* flpkasa razosas TyMaHHOCTb B ranaktuke Manoe
Marennanoso O6nako
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.
Fovsen

lMnaHeTapHas
TYMa@HHOCTb
B3pbIBOOOPA3HON
dopmbl [leco4Hble
Yacsl B co3Be3gnu
Myxa

CBepxHOBbBIC
1 KPYyrooO0opoT BelllecTBa

B3pbiBbI CBEPXHOBBIX PEryJUpYyIOT (husu-
YecKoe COCTOSTHUME Me’K3Be3/[HOW Cpeflbl B Ta-
JIAKTUKAX, MoA00HbIX Hameil. OcobeHHO XOpo-
III0 9TO 3aMETHO B 00JIACTU MOJIOJIBIX 3BE€3/[HBIX
acconmaruii, KyJa BXOASAT AECATKU U COTHU
MaCCHBHBIX 3Be3/l. 3/IECh B3PBIBbI CBEPXHOBBIX
MIPOUCXOIAT Yalle U Ha 6oJtee GJIN3KOM PaccTo-
SHUW JIPYT OT JIPyTa, YeM B CPEIHEM TI0 rajiak-
TuKe. B pe3ysbrare MHOKECTBEHHBIX B3PBIBOB
B OOTaThIX 3BE3/IHBIX acCOIMANMIX (GOPMUPY-
I0TCsI MACCUBHbBIE PACIINPSIONINECS CBEPX000-
JIOYKH Pa3MePOM B COTHM TTapCEKOB, MHOTA /10
1—2 knk (kusonapcek). CyliecTBeHHYIO pPOJib
B 00pa3oBaHMK CBEPXOOOJIOUEK HIPaeT TakKKe
HeIpepbIBHOE MCTeYeHre BeIecTBa C MOBEpPX-
HOCTHU 3Be3]] — 3BE3/IHbII BeTep.

CBepx000JI0YKH XOPOIIO BUHBI Ha (POTO-
rpaduax OIM3KUX TajJlaKTUK, Hanpumep Bouib-
moro MaresuranoBa O6yaka. Pacmmmpstronecst
CBEPXO0O0JIOUKH CTAJIKMBAIOTCS ¢ OJIM3JIeKaII-
MH MOJIEKYJISIDHBIMU OOJIaKaMU, CTUMYJIUPYIOT
UX TPaBUTAIMOHHOE C/KaThe, CIIOCOOCTBYSI TeM
caMbIM 00Pa30BaHMI0 HOBOTO TOKOJIEHWSI Mac-
CUBHBIX 3BE3/I.

Tak MpoucXoAUT KPyrooOOPOT BeliecTBa B
[ayakTHKe: MacCUBHbBIE 3Be3/[bI 0OPA3yIOTCs B
TUTaHTCKUX MOJIEKYJISIPHBIX 0OJIaKaX ¥ B KOH-
1le JKM3HU B3PHIBAIOTCS KaK CBEPXHOBBIE; COB-
MeCTHOE JIENCTBUE 3BE3THOTO BeTPa U B3PHIBOB
CBEPXHOBBIX INPUBOAUT K 9po3un oOJaKa U K
00pa3soBaHUIO TUTAHTCKUX 000JI0YEK BOKPYT
accolaluii; X paciupeHue MOPOoK/IaeT HO-
BYIO BOJTHY 3Be310006pa3oBaHust B o0J1aKe.
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Mup 2aaakmuk =~
&% B e
~ ConHeyHas cucteMa — ManeHbKNI OCTPOBOK B Halew F
_© OrpoMmHoif l'anaKTviKe.'H‘a.iB'hZaeMoﬁ Mneunbiit MyTb.
~+  39T0 ruraHTCKoe o6pa3oBaHue COCTOMUT U3 pa3HbIX
| 3Be3/], MeXX3BE3/4HOr0 ra3a 1 b, KOCMUYECKUX

K nyyei. Bce oHM B3auMoaencTBYIOT ApYr C APYrOM.

U3yueHne Hawei ManaKTUKN — Yype3BbIYaHO CNOXKHAA.

T NG 3apaya. YTo y>K roBopuTh 0 ApYrux ralakTukax, -
' 3anonHawwmux BceneHHylo. Cetyac X U3BECTHO yiKe 3.k
cBbilie Muanmapaa! B gaHHoM pasgene Bbl y3HaeTe, ‘
KaKue 6bIBalOT ralakTMKN U KaK OHM YCTPOEeHbI, KaK
GAnKaime ranakTUKn BAMAIOT APYr Ha Apyra. .

>
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Ha3BaHue «MaeyHbll Mymby BO3HUK/IO0 B dBHUE

BpemeHd, Ko20a /100U ewe He 002a0bIBAAUCH 0 Npupooe
HebeCHbIX cBemu. Mo OpeBHezpeveckomy Mudy, cmpys
MONI0KA BPbI3HYNG HG HEBO U3 2pyodu 602uHU Fepbl, K020a
OHA Kopmuaa MaadeHua repakna. rpeyeckoe c1080
«2ANAKMUKOC» 03HAYAem «MJIeYHbIll». B HACmosiuiee Bpems
noHsimue «Me4Hblili Mymb» 03Ha4Ydem, npexae BCezo,
HAWY 3Be30HYI0 cUucmemy — 2U2aHMCKY0 Fanakmuky,
COCMOSIUAYIO U3 COMEH MUAAUApPO0B 38€30, B HUC/O0
KOMopbIX BXxoOum u CoNHUe ¢ N1aHemamul.

Yrto takoe Mueunsiii I1yTp?

C 1peBHUX BpeMeH JIIOi 00Opaliaim BHU-
MaHue Ha cjaaboe TYMaHHOe CBeYeHue, KOTO-
poe 3aMeTHO B TeMHbIe Oe3nyHHble HOun. OHO
IIPOCTUPAETCST IO HeOY B BUJIE HEPOBHOM 1TOJIO-
CBI, TTOX0’KeN Ha TUTAaHTCKHUU IOSIC. DTOT ITI0SIC
neauT HebecHyio chepy Ha JiBe TIOUTH PaBHbIe
IIOJIOBUHBI — CceBepHyIo M 1okHylo. [Ipupony
Mueunoro Ilytu packpbln actponom lamuieo
lanuueii, HaTpaBUB Ha HETO CBOM TIEPBLIN TeJte-
CKOIl ¥ 06HApYsKUB, 4TO cBeT Mieunoro ITytu
co3jraeTcst GeCYMCIeHHBIM KOJTMIECTBOM OY€Hb
cJ1abbIX 3BE3I.

[Tpoucxoxnenne ©  PUCYHOK  IOJIOCHI
Mueuroro IlyTu OGBSICHSIOTCS CTPOEHUEM
Halleil 3Be3/HOI CHUCTeMbl, KOTOpasl CiKaTa
B/I0JIb OCH BpallleHus 1 nMeeT (hopMy JucCKa €
YTOJIIIEHNEM B HeHTpaibHOI dyact. Opbura
CouHita pOXOANUT BOJU3U TJIOCKOCTH 3TOTO
JIICKa, TI09TOMY, TJIS/IS1 BJIOJIb IIJIOCKOCTHU JIMC-
Ka, MBI BUJIUM CBET MHOKECTBA JIaJIEKNX 3Be3/l,
CJIMBAIOIINIICS B CILJIONIHYIO [10J10cy MJieuynoro
ITytu. K tomy ke B miockoctu lanmaktuku
COCPEIOTOYEH MEK3BE3MHBII Tra3 u 06pasy-
IOTIeCsT U3 HETo MOJo/ibie 3Be3/bl. Hanbosiee
sIpKUe 00JTaka MEK3BE3/IHOTO ra3a — CBETJIbIE
TYMaHHOCTH — pa3bpocaHbl 10 BCEH TOJI0Ce
Muieunoro Ilytn u ycmiamBaloT ero sIpKoCTb.
Juamerp Hameil TasakTuky — HEMHOTUM 6O-
see 100 TeIC. CB. J1€T.

R

Takum ons Haénwopartens ¢ 3eMnu BbIrMSauT
MneyHbI MNyTb Ha poHe 3Be3aHOrO Heba

A. TuHTOpEeTTO. «POXaeHue
MneuHoro Mytn». 1570 .

lee U KaRk OH BI/I,/ICH?

B nenom sapkocte Maeunoro Ilytu nese-
auka. MHOTHE KUTeJI COBPEMEHHBIX TOPO/IOB,
BO3MOJKHO, /Iaske HUKOT/IA €T0 U He BU/IeJIH, T0-
CKOJIbKY TOPOJICKHE OTHU JIEJIAI0T HOYHOE HeOO
CJIMIIKOM cBeTJbIM. Mueunsiii IlyTs Xopoio
HaOJIIOIAT BIAJIN OT TOPOJCKHX YJIUIl — B CT€-
11, B TOpax, Ha 6epery Mop