KocMmonornyeckue KoHuenuummn
eCTEeCTBO3HAHUA.

Nekuus



MacwTabobl n coctaB BceneHHOM.
AcCTpOoHOMUYECKUE eanHUNLbI PaCCTOSAHUMN.

1. 1a.e.(acTpoHOMMYeCKaAa eguHULA)— cpegHee paccTossHUe oT
3emnu go ConHua, coctasnaowee 149 600 000 KM

2. CgetoBoMrog - 63240 a.e.=9,5 *10'°> M. - onpenenseTtcs
pacCcTosiHUEM, KOTOPOE NPOoXoAUT CBeT 3a OAUH roa (okorsno 10

TPJIH. KM.).

3. 1nc (napcek)-31*10'°m.
BpeMeHHble MHTepBanb.bl.

Bpemsa obpaweHna 3emnu Bokpyr ConHua — 1 roa.

CyTku — oguH o6opoT JlyHbl ¢ 3anapa Ha BOCTOK.



TymaHHOCTH

a3onbineBble obrnaka — TYMaHHOCTMU, CIly>KaT MCTOYHUKOM BellecTBa Ans
obpaszoBaHuA Aona obpasoBaHUA HOBbLIX 3Be34 U MECTOM, rae pacceumBaeTcsl
npax ymeplux age3q. TYMaHHOCTU CBETAT OTPaKeHHLIM CBETOM OJIMXKHUX
3Be34 UMK 13ry4aroT CBEeT 3Be3A, pacnonoXXeHHbIX BHYTpuY ux. Ho cyuwecTByroT
U TEMHbIe TYMaHHOCTHU, KOTOpPble BOOOLLe He CBEeTATCA , a BUAUM Mbl UX MNOTOMY,
YTO OHU 3aKPbIBAIOT CBET PACMONIOXKEHHbIX 3a HUMU APKUX 3Be34 U AAPKUX
TymMaHHocTeWu. Ecnu nomectntb Habnogatensa BHYTPb TYMaHHOCTHU, TO OH
YBUAUT NYCTOE NPOCTPAHCTBO, T.K. TYMAHHOCTU CUJTbHO pa3peXeHbl.
AMUCCUOHHAasA TyMmaHHOCTb Opna (7000 cBeTOBbLIX J1€T) ABNAETCA CBOeobpa3HOMU
cdabpukon 3se3a. [inuHa ctonba tymaHHocTH 9,5 cB.roga. lNon pencremem
NU3ryYyeHus1t MonoAbIX ropsAvYnMX 3Be3a TOHKMe YacTU TYMaHHOCTU UCNapUnncb n
oCTasfiuCb NNLb KOMKOBaTble 00racTu — nanbubl. U3-3a BbICOKOU NJSIOTHOCTU
HeKoTopbIX chparMeHTOB NanbLEeB OHU No4 AeUCTBUMEM COOCTBEHHOIO
TAroTEHUS CXXNMaKOTCA, BblAENAKTCA U3 00LeN CTPYKTYpPbl, 0Opa3ys KOKOHbI,
N3 KOTOPbIX POXAalTcA 3Be3abl.

TymMaHHOCTb YNuTKa — npyumMep ogHON U3 OnmKammnx K Ham nnaHeTapHbIX
TYMaHHOCTeW. Takasa TYMaHHOCTb BO3HUKaeT, Koraa ymmpaeT MarioMmacCUBHas
3Be3aa. B koHUe Xn3Hu 3Be3aa cayBaeT cBOK aTtMmoccepy, ob6pa3sys 4To-TO
Bpoe NMraHTcKoro Konbsua abiMa. Fla3 cBeTUTCSH 10 TeX Nop, NoKa ero oceeLlaer



TymanHocTb Opria TymaHHOCTb YnuTKa



KomeThbl

JTU HebonbLne ( AMaMeTPOM BCEro HeCKONMbKO KUNTOMETPOB) rMbiObl U3
NbAa U KaMHeu ocTanucb Obl HeBUANMbI 3eMHOMY HabnrogaTersnto, ecnu
Obl HEe NX AAPKUE XBOCTbI, KOTOPbIe TAHYTCA Ha MUJSTNTUOHbLI KM. OHK
COCTOSIT U3 ra3a " Nblifin, KOTOPbIe YNeTy4YuBarTCA C NOBEPXHOCTHU
KOMeThbl, Korga oHa HarpeBaeTcs npuonuxasicb K ConHuy. lNpu yaaneHuu
KoMeTbl oT ConHua no BbITAHYTOMU 3MINIMNTUYECKON OpOUTe, ee XBOCT
nocTterneHHoO ucyesaet. B pe3ynbrate MHOrOKpaTHOro NPOXoXAeHUs
KOMeTbl Yepe3 obracTtb, NporpeBaemMyro COfTHeYHbIMM Fly4amu, ee
negsiHoe AAPO NOJIHOCTLIO ucnapsaeTca. Y MHOrMx KOMmeT ObiBaeT ABa
crierka pacxogsiluxcsi XBocrta: CUSALWMUUN COOCTBEHHbLIM ronyobIimM
CBETOM ra3oBbiN U NbISIEBOUN, KOTOPbIN CBETUT OTPaXXEHHbIM COJTHEYHbIM
CBETOM.

Kocmunyeckum annapat «Ctapgact» obin 3anyweH HACA B 1999r. C
Lieribio NporieTeTb CKBO3b XBOCT KOMeThbl Bunbpaa-2 n 4octaBuTb Ha
3eMI0 KOHTEMHEP C KOMETHOM NbiNbIo. ANnapaTt BCTPETUNCA C KOMeToun
B 2004 r., a B 2006 KOHTEMHep ObIN ycnewHo AocTaBrieH Ha 3eMnio.



MeTeopbl U METEOPUTHI.

«lMadarouwue 38e30b1». ManeHbKUe MeTeopHbIe YacTULbl U YacTULbI
KOMETHOM NbINn UHOorga nonaaarT B 3eMHYH0 aTMocdepy.
Kocmunyeckue tena, KOTopble He ycrieBaloT UCMapuUTbLCs B atMmocdepe u
AOCTUraroT NOBEPXHOCTU 3€MJH, - HA3bIBAaKOTCA MeTeopUTamMu.

Buodsbi mMemeopumoes: B 3aBUCUMOCTUN OT XMMUNYHECKOIro coCtaBa
MeTeOopPUTbI NoApa3aAeJsiaAroTCA Ha TPU BUAa: XKele3Hble (yawe Bcero

rmaBHbLIMU COCTaBNAOLWMNMU ABIAIOTCA XKene30 U HUKernb), KaAMeHHbIe
N XKere3oKaMeHHbIe.



3Be3aHasa popma ObITUA KOCMUYECKOU MaTepumn.

(97% maccbl Mne4yHoro nyTtm).

3Be3abl - KOCMUYecKue Tena, COCTOSALME U3 CUINTbHO MOHU3NPOBAHHOTO
rasa, B KOTOpPbIX BCSl 3Heprus, BLICBO6oXaaemasa npu TepMosiaepHbIX

peakuuax, usnyvaercsa yepes 3Be3gHyo atmoccepy B kocmoc.. [laBneHue
rasa BHyTpu 3Be3abl ypaBHOBeLLMBaeT BeC ee BHELUHMX CIOoeB.
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3Be30bl.

3Be34bl — SipKUe CBeTALLMEeCSH ra3oBble Wapbl, LiBET KOTOPbIX 3aBUCUT OT UX
TeMmnepaTtypbl. Pazamepbl 3Be34 TOXe CUFTbHO OTIIMYAKOTCSA: OT KPOLUEYHbIX
HEeUTPOHHbIX - 4O CBEPXIMraHTOB, KOTOPbIe B COTHU pa3 bonbuwe ConHua.
KapnukoBble 3Be34bl, HaxogAaLWmMecs B CaMOU ANUTESNTbHON CTaANUMN XXN3HM,
Koraa aHeprusa BbipabaTbiBaeTCA B Xo4e AAepPHbIX peakuum.

KpacHble Kapnuku — 38e34bl C HU3KOU CBETUMOCTbLIO U TeMnepaTypou. IT1o
CaMbIi MHOro4YuncrieHHbIN TUN 3Be3a Bo BceneHHon. Benble kapnuku — 3To
MepTBble, CUITbHO CXaBLUMeCA sapa cTapbix 3Be34, oopa3yrTca nocne
npespaweHnsa 3Be3abl B KPACHOro ruraHTa. fapa HeKoTopbIx 6enblix
KapfIMKOB, BO3MOXHO, COCTOAT U3 KPUCTArNSIN4eCcKoro yrnepoaa, unw
anmasa.

'MraHTbl U CBEepPXIrUraHThbl — 3TO COCTapuBLUMECS 3Be3Abl, KOTOpble
pa3aynuchb A0 pa3MepoB, B AeCATKM U COTHU pa3 NpeBbillalowWwmx pasmepbl
HOopManbHoOM 3Be3abl. LiBeT MHOrMX ruraHToB KpacHbIW, HO BCTPE4YalTCA U
ronyoble ruraHTbl. CBepXruraHTbl — caMble 6osbline 3Be3a4bl C BbICOKOMN
CBETUMOCTbLIHO.

AAapo cBepxrMraHtTa o4eHb Mano Nno CpaBHEHUIO C pa3mMepamMu Bcen
3Be3abl. [lepen Konnancom u BCNbILLKOU CBEPXHOBOMU B Pa3HbIX €ro Criofx



ConHue
Tun: XXenTbIn Kapnuk rnaBHOW nocnegoBartefibHoCcTU. nameTp 1 392 000 KM

Cupuyc B
Tun: 6enbiv kKapnuk . Oduametp 1% anametpa ConHua.

Betenbrense
Tun: kpacHbI ruradT. dnametp 800 anameTtpos ConHua.

[Mpokcuma LleHTaBpa

Tun: KpacHbIN KaprnK (OTHOCUTCA K CaMOMY pacnpocTpaHEHHOMY TUMY 3Be34) —
onnxanwas k ConHuy 3Be3na (4,2 cs. roga). CBeTuMocTb B 20 000 pa3 MeHbLUE
COSTHEYHOW, a pa3mMep B 7 pa3 MeHbLUe pa3mepa ConHua
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3Be3gHble pekopabl.

bnwxauwasn (4,22 cs. roga ) 3ase3ga nocne ConHua - lNpokcuma LleHTaBpa.
Camas kpynHasi u3 nsaBectHbix 3se3q — VY bonsworo lca. Ee guameTtp B
1800 — 2100 pa3 NnpeBOCXOAUT CONMHEeYHbIN. Ecnun Obl ee NOoMeCcTUNMn B LLEHTP
ConHeYyHOM CUCTEMbI, TO ee NOBEPXHOCTb OKa3anacb Obl NOYTU Y OpPOUTDI
CartypHa. BHyTpu Hee noMmecTUNocCh Obl 8 MIipA. 3Be34 pa3MepoMm C
ConHue.

Camas ropsiuas 3Be3ga — 6enbin KapfuvK U3 ninaHeTapHou TyMmaHHOCTU NGC
2440. TemnepaTtypa noBepxXHOCTU gocTuraet 200 000°C - B 30 pas BbiLue,
yeM Ha noBepxHocTn ConHua.

Camas xonogHas — KpacHbIu Kapnuk [nn3e 105C. TemnepaTypa Ha ero
noBepxHocTu — 2 300°C. KopnyHeBble KapriuKu eLle XoroaHee, HO
ACTPOHOMbI HE MPUYUCTIAIOT UX K HAaCTOSALMM 3Be3aaMm.

Camasn apkas u maccuBHas 38e3aa — LV 1806-20. OHa B 150 pa3 MaccuBHee
ConHua, a cCBeTUMOCTb NPeBbIaeT COSTHEeYHYHO B 40 MJIH. pas.






breck 3Be3n

6 BUOAMMbIX 3Be3AHbIX BEJINYMH, COrNMacHO rpe4vyeckon Knaccudpukauum.
AbGconoTHaa 3Be3aHaN BesiIM4MHaA — 3TO KOJFIMYECTBO 3Hepruu,
nu3riyyaemoe 3B8e340M 3a eanHNLY BpeMmeHU (0003H. L, BbipaXakT B
eAuHuLax CBETUMOCTMH).

Apkue 3Be3abl: S 3onotasn Pbiba, AHTapec, betenbrense, Purens.



LiBeT n Temnepartypa 3Be3[.

* KpacHbIU: Bce xonoaHble 3Be3a4bl UMEKT XOPOLUO BbipaXXeHHbIN
KpacHbIX LiBeT, a TeMnepaTypa Ha X noBepxHocTu coctasnsieT 3200°C.

AHTgr?, BeTenbreise

OpaHXxeBbInN: HECKOSbKO Ooriee xonoaHble 00bLEeKTbI -
TemMnepartypa Ha ux NoBepXHOCTU cocTaBnsieT 4900°C.
XenTtbi: TemnepaTypa Ha X NOBEPXHOCTH cocTaBnsieT 6000°C.
Kan%
it

Benbin: TemnepaTypa Ha UX NOBepPXHOCTU cocTaBnseT 10 000°C.

Fony6ou: uBeT caMbIX ropsvYnx 3Be3a , Temrnepartypa Ha ux
NOBEPXHOCTN MOXeT AgocTturatb 30 000°C u Bbiwwe. Bera



OCHOBHbIe cneKTparibHble
Knaccbl

CornHue oTHOCUTCS K Knaccy G2 — XXenTbI KapJiuK.

YTto mewaeT obHapyxuBaTtb UK-3Be3ablI?
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[lepeMeHHble 3Be3bl.

NMpumepHO A0 1600 r. aCTPOHOMbI CYUTANIM Bce 3Be3Abl NOCTOSAHHbLIMU U
HEeU3MEeHHbIMM

MHorue 3Be3abl MEHAIOT CBOU Orieck. HekoTopble U3 HUX NpeAacTaBnAloT
cobou ABOMHbLIE CUCTEMbLI, B KOTOPbLIX ABe 3Be3Abl 00OpaLlatoTCA BOKpYr
ApPYr Apyra, u nepuoan4vecku ogHa 3akpbiBaeT Apyryro, OHU Ha3bIBalOTCA
3aTMeHHbIMU ABOUHbLIMU. [1NA 3eMHOro HabnwaarTensa Takasa napa
BbIFMAAUT KaK oAQHa Mepuaroliasa 3se3aa.

bneck opyrux 3Be3a, Takux Kak Liedeunabl 1 MUpUAbLI, MeHAeTCcs, Korga
OHM, NyJibLCUPYA, CXKUMAKTCA U paclunpsroTcs. Bcero actpoHomamu
BHECEHO B Katanoru ok. 40 000 nepeMeHHbIX 3Be3A4.

KaTtaknnamuyeckue oBOUHbLIE 3Be3A4bl: NepemMelleHne BewecTBa B TaKUX
ABOMHbLIX CUCTEMAaX Bbi3blBaeT MOLHbIEe B3PbIBbl, KOTOpPbIE
CONPOBOXAAKTCA COPOCOM SAPKOM ra30BOMN 0OONOYKMU, - « BCTbILLKOW
HOBOM 3Be34bl».

Muvpugbl — 3TO caMbIX pacnpoCTpPaHeHHbIN KNacc nepemMeHHbIX 3Be3[,
Nosly4mMsiu Ha3BaHMe OT NepPBOro OTKPbITOro 00 bLEKTa 3TOro Tuna -
3Be3abl Mupa («yauBuTtenbHasa»)B co3Be3auun Kuta, otkpbitou L.
dabpuyuycom B XVI B.

T=11 mec.

Mupunabl — 3TO NyNbLCUPYKOLME KPpaCHbIe TMraHTbl, 651eCK KOTOpPbIX



Kopotkonepuoanyeckue 3ge3abl: T=(1cyT. - 1 mec.). lensta Llecpesn
umMmeet 1=5,37 cyT.

Hauyano XX Beka - l'eHpueTTa JleBUTT OOHapyxumna 3aBUCUMOCTb
MeXay CBeTUMOCTLIO U Nepuoaom ANA HeKoTopbix uedena. Yem Bbille
Temneparypa, TeM 0onbLue 3Heprusa Usry4eHusa 3a eAuHNLYY BpeMeHMU.
Oka3anocb BO3MOXHbIM paccynTaTb paccTosiHue Ao uedenabl.
Lledenabl — Xentble CBEPXrMraHTbl C MOLHOCTbLIO U3ITyYeHUs B
AECATKU TbICSAY pa3 NpeBoCXoasLien CONMHEYHYI0.

B XX Beke ObINIM OTKPbITbI «CTaHOapPTHLIE CBEYU» CBEepXHOBbLIe TUNa la,
CBETUMOCTb KOTOPbIX JIEXXUT B OYeHb Y3KMX Npeaenax.



Mupa

Tvn: nynbcupyowas nepemeHHas. bneck
MeHsieTcs oT 3,4 Ao 9,3 3Be34HON BeNTMYUHbI.
lNMepuopa 332 cyTok

Anronb
Tun: 3aTMeHHasn nepemMmeHHas. breck mMeHsieTcA OT
2,1 oo 3,4 3Be3gHoun BenniuHbL. lNepuoa 2 cyTok

Oenbta Leden
Tun: uedenaa. bneck meHsiercsa ot 3,4 4o 4,3
3Be34HOU Benn4yunHebl. Nepuopn 5 cyTok

NonsapHas 3Be3na
Tun: uedenaa. bneck meHsietcsa or 1,92 go 2,07
3Be34HOU Benn4yunHebl. Nepuopa 4 cyTok



Owvarpamma lNepuwnpyHra-Paccena.
(1905-1913rT.)
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38e3abl rMaBHOW NOCNEAOBaTENLHOCTH

MepeHoc
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nanyyeHuem

KoHBexTUBHOS
SAPO

KoHBEXTUBHEA
30Ha

MepeHoc
SHeprMu
nanyuyeHuem

Benbii Kapnuk

BolpoxaeHHIR
3NEKTPOHHbLIW
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Obonouka
WA arnsHoro

MNepeHoc e

3HEPruu
NanyyeHnem

OHEProOBbLIAENSOLLIMIA
Crnowu

H3oTepmuyeckoe
renvesoe aapo

KpacHbif ruraxr




CocTaB 3Be3abl.

CpeAHUN XMMUNYECKUU COCTaB HapyXHbIX CrnoeB 3Be3Abl: Ha 10 000

aToOMOB BoAopoAa npuxoanTcs: oK. 1000 aToMoB renus, 5 atTomos

Kucrnopopaa, 2 atoma a3ora, 1 atom yrnepoaa, 0,3 atoma xernea3a.

TepmosigepHble peakuuu Heap UrparoT ABOSAKYH POrb:

1. OOorawaloT 3Be34y TsXKesribIMU 3fieMeHTaMu

2. lNoapepxuBarOT Ha onpeaeneHHOM YpOBHe TeMnepaTypy u
AaBneHue, KOTopoe NPenATCTBYeT rPaBUTaLMOHHOMY CXaTUIO.



O6wasa asonouus 3se3n.




Obpa3oBaHue 3Be3bl.

1. Na3oBoe 00nako cxxmmaercs noa 4eNCTBUEM TATOTEHUS, U
TemMnepaTtypa B ero LHeHTpe noBbiwaetca. Obpasyetca BpalwlaroLanca
CTPYKTYypa — npoTonfaHeTHbIU AUCK.

2. TemnepaTypa B LeHTpe AUCKa Bbille, YeM B OCTalbHbIX €ro 4YacTtsax.
Yepe3s MUNNUOHDbI NeT LIeHTp AMCKa NpeBpaLlaeTcsa B NpoTo3Besay.

3. Yepe3 HECKONMbKO MUSISITMOHOB MNeT NnpoTto3Be3aa cxkumaeTtcs. Ee
NOBEPXHOCTb NOKpPbIBAaeTCA TEMHbIMU NATHaAMMW.

4. Monopasn 3Be3fa NpPoaomKaeT CXKUMaTbCA noa AeUCTBUEM
TemMnepatypbl U TAroteHus. Yepes HEeCKOSIbKO MUITJTIMOHOB NEeT OHa
CTaHeT HacTosILWen 3B8e340MW.

ConHue X1BeT 5 MnpAa. neT, a poxaanochb 30 MJIH. NeT, 3Be34bl C
yTpoeHHon maccou ConHua poxaarTca Bcero 3a 100 000 neT, a
KpacCHble KapJfiukK1u - B Te4eHMe COTEeH MJIH. nerT.



BapuaHTbl pa3BUTUA 3B€34. benwi

Kaprnk
[1naHeTapHas

TYMaHHOCTb
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3M_>M >1,5M 1572r. cpepxHoBas HenTpoHHas
- - 1604r. 3Be3na
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NGC 6543, TymaHHocTb Kowauun Nas —lNnaHeTtapHble TYMaHHOCTU
oOpa3yroTcs npu copoce BHELWHUX CIOEB (0005o4YeK) KpaCHbIX
FMMraHToOB U CBEPXITMraHTOB Ha 3aBeplualoLlen ctagum ux 3BosIoLmnn



CBepXHOBbIE

CmMepTb MacCUBHOM 3Be3bl CONPOBOXAAETCSA B3PbIBOM — BCMNbILLKOWU
CBEepXHOBOMN.

Bbigensemoe B pe3ynbraTe TepMosAepHbIX peakuuu, npoTeKarlmx B
HeAapax 3Be3Abl, Tenno obecne4ynBaeT orpoMHoOeE AaBreHne, KoTopoe
cAepXXuBaeT KonJsanc 3sBe3abl, T.e. NageHne ee BHELWWHUX CnoeB
BHYTpb. HO Korga repmosisepHoe roproyee 3akaHYMBaeTcs, A4po
CXXMMaeTCs, a NOTOM pPe3KO pacLunpsieTcsl, Nopoxaas CBepPXMOLLUHbIN
B3pbIB. OcTaTKu 3Be34bl CNyXaT CbipbeM AJ1 BOSHUKHOBEHUSA APpYrux
3Be3[.

BcnbiwKn cBepXHOBbIX — O4€Hb peaKoe siBrieHue.

Pasnuyarotr CH aByx TMnos.



HenrpoxHan 3sespa
1.5 maccw Comiya
~ 70 XM B RHaMeTRe

Teepaan oSonouka
2 KM

HMupaxan cepep,mca
COCYONWAR B CCHOBHOM N3
HeATPOHOS, 3 Takme U3
Apyrvx yactiuy

O.Bbenn n 3.Xbrouw B 1967r.
OOHapyXuUnm uMnNysribCHbIN
paguoOUCTOYHUK (1,33 C) —
nynbcap.

A

KpabdoBuaHasi TYMAHHOCTbD - ra3oBbIii 0CTATOK CBEPXHOBOIi ¢ KOJLIANICOM
siApPa, B3pPbIB KOTOPOH Ha0/opa ca B 1054r. B neHTpe - HeliTpOHHAsI 3Be3/1a,
BbIOpACHIBAIOIAS YACTHIbI, 3ACTABJIAIOIIHUE I'a3 CBETUTHLCS (r0JIy0on).
BHemiHMe BOJIOKHA B OCHOBHOM COCTOSIT M3 BOAOPOAA U IeJIus Pa3spylieHHON
MAaCCUBHOM 3Be3/bl.



YepHble abIpbl.

AcCTpOHOMbI HabnaaT YepHble Ablpbl (Y) HeCKONMbKUX TUMNOB:
* Y]] 3Be3aHbLIX MAcc, KOTOPble BO3HUKNU B pe3ynbrate CMepPTU MaCCUBHbIX
3Be3q
e cBepXxmMaccuBHble Y1, Macchbl KOTOpPbIX NpeBbIWaT Mmaccy ConHua B MIH.
U MNpA. pa3s. ACTPOHOMbI CYHUTAIOT, YTO TaKne o6 bLEKTbl HAXOAATCA B AApax
MHOIMX - €CNnn He BCeX — ranakTuk, Bknro4vasa n MnedyHoiu lNyThb.
XoTtbl Y1 ecTb BO MHOrMX ranakTukax, yalle BCero oHM HMKaK ceost He
NPOABIIAKOT — BO3MOXXHO NMOTOMY, YTO YK€ «CbeNn» OKPYXarLwWnmn nx
aKKpeLuUOHHbIN AncK. Ho Koraa BelwecTBa B aKKpeLMOHHOM ANCKe
AOCTaTOYHO, ra3, pacnonoxeHHbIU Ha ero BHyTPeHHeM Kpae, nagaet B Y/.
lNMepen Tem, Kak UCYE3HYTb, OH HarpeBaeTCA U HAYMHAET CBeTUTbLCSA. Takas
ranakTuka nosiyuymna HasBaHue aKTUBHOU — Yy Hee 3aMeTHO sipKoe
cBeTsLeecs AP0 C UCXOOALWNMU CTPYSMMN.
Tunbl aKTUBHbIX raniakTuk: 6rasap (ranakTtmka, Ha KOTOpPYr Mbl CMOTPUM

cse?p\gllk)sasap (Habnrogaem cOOKy), paanoranakTuk abnropaetcs noa
nps rrnom). O

" ° ’




PucyHok: akkpeuMoHHbIU AUCK ropsiYeun nrasmbil,
BpaLjaroLWLmMnUCca BOKPYr YepHOU AbIpbl



¢gs ot S s 1. CBepxHoBas 38e3/1a B3PbIBALTCA, NP 3TOM
€ BHELWHWi CI0/ 0TOPACcHIBAETCS BIPbIBOM,

PO)I("QHHQ a BHYTPEHHWE CIIOM CXMMAIOTCA

Buabl YepHbIx ablp BceneHHOMN: R S

HepHbie 38€37bI BO3HUKAIOT

TONGKO B PE3ynbTaTe Cepu
 0YeHb MEIEHHBIX KONNANCos,
2 KOr/1a BaKyyM ycnesaer noss-
< pu3osarbes. BosHuKaer cuna

1. OOpa3syrTcs Ha MecTe ymumpatroLwmx 3Be3. oanasas o

5 Wan 06pa30BaHMI0 YePHOM
£ AbIPbI, 1 3TY CUAY He CNOCOOHA
% NPEOAONET aXe rpaBuTaLMA

2. YepHble Abipbl B sapax ranakTuk (macca
COCTaBndAeT COTHU MJSTH U MNpA, Macc
CornHua).

2. Mpu 3amenexHHom Kon-
nance cBepXHoBO# 06pa3y-
ETCA HEHTPOHHAR 3BE3/1a

3. Hewrponnas 3se3pa

3. [lepBunYHbIEe YepHble Oblpbl C MAccou B MIIpL,

TO H H . 0Ha CAMLIKOM TAXENa. g Nonapu3osansoe
06pasyercs KBapkoBas NPOCTPAHCTBO

3se3na

4. Ksapkosas 38e3/1a TaKxe
KONNancHpyer, cXumanch

0 KPOLIEYHBIX PA3MEPOB
5. Mo mepe yMenblweHns

3BE3/1bl CHNbHEE NONAPKH-
3amemnenHbIn 3YETCA NPOCTPAKCTBO,
xonnanc 3@ CYeT Yero cospaercs
v crpemawasncs K Geckoney-
HOCTH CHNA OTTaNKMBaHKA,
NpPenaTcTBYOWan 06paso-
BaHMiO HEPHON AbIPbI

A 3amepnexHsIn ;
MosepxxocTs Konnanc

nw . 6. Mop Bo3AeiCTBHEM NONS-
p—— PU3OBAHHOTO NPOCTPAHCTBA

BbICOKAA
TeMnepary 00pa3yercs Yepras 3se3na

7. Kaxpas 4acTuua noBepxXHOCTH YepHOH 3Be3abl
TEOPETUYECKN KOHTAKTUPYET C KOCMOCOM.

370 03HAYaeT, 4T0 BEWECTBO, HCNONb3YEMOE 35
ANA 06pa30BaHUA YEPHOI 3BE3AbI, HE UCHE3aeT







3Be30Hble CKOMS1eHUs

HekoTopble razoBble o6naka CTofib MaCCUBHbI, YTO 3Be3A4bl B HUX
BO3HUKAKOT LesfibiIMU rpynnamu, oopasys 3Be3gHble CKOMNEeHUs.
HeGonblune ckonneHns — paccesiHHbIe C YACIIOM 3Be34 OT
HECKONIbKUX AEeCATKOB A0 HeCKONbKNx coteH. OHM BCTpe4yaroTcs B
cnupanbHbIX pykaBax Mne4Horo lNyTu. LLlapoBkie ckonneHusa -
KpynHee U cTaplie paccessHHbIX, OHU HACYMTbLIBAKOT A0 MUNJTIMOHA
3Be34 U ABUXYTCA B pa3HbIX HanpaBrieHUsX, 3anonHAs orpoMHoe
rano Hawewu MNanakTuku.

Owmera-LleHTaBpa — camoe fipKoe un KpynHoe Luaposoe CKonreHue
HeBepOSTHbIX pa3mMepoB B Haweu MNanaxy . - ~
CBEeTOBbIX J1eT, a HaceneHue npeBbillaeH




[[anakTukn.

Yucno ranaktuk Bo BceneHHou, Nno-BMANMMOMY, CONOCTaBUMO C YUCIIOM
3Be3a B Hawewu MNanaktuke. NanakTMku 6bIBalOT CaMbIX pa3HbIX pa3MepoB,
HO YaLle BCero BCTpevyarTCcs Mesikue - KaprmkoBblie ranaktuku. HaceneHue
KapfMKOBbIX FrafiakTUK COCTaBnseT OK. 1 MJIH. 3Be3/, B TO BPeMS KakK T.H.
rMraHTCKue annumnTuyeckne HacuYMTbIBaKOT CBbilLe TPUNJIMOHA 3Be3A.
CnupanbHble ranakTUKn — camMmble KpacuBble, UMEHOT NJTIOCKYHO
AucKoobpasHyo hopmy € LWHapoooOpa3HbIM yTOoNLWEeHneM B LieHTpe. B nx
BETBAX MHOIO NbIJSIU U MONOALIX 3Be3A, a LleHTpanbHble obnacTtu
HaceneHbl cTapbiMu 3Be3aamMu. (Hanpumep, ranaktuka BoooBopor).
ANNUNTUYECKne rarakTuKn — camble KPpynHbIe U3 U3BECTHbLIX,
npeancTaBnAOT cobou chepunyeckme nnu annunconganbHble 3Be3aHbIe
pou. BHYTpM Takunx rasiakTUK HeT ra3oBbIX 00/1aKOB, U MO3TOMY TaM HeT
APKUX pa3HOLUBETHbIX TYMAaHHOCTEU, U HET, COOTBETCTBEHHO,
npennochkINioK ana poxaeHunsa 3sesqn. OHM HaceneHbl MHOFOYUCTIEHHbIMU
cTapbIMU KpacHOBaTbIMM 3Be3gamMu. (Hanpumep, ranakrtnka M87 -
HaxoAuUTCs Ha PacCTOAHUU 52 MNH. CB. neT ).

HenpaBunbHbIe ranakTUKu (Hanpumep, ranaktmka bepHapaa) o6bI4yHO
ObIBalOT ABYX TUMNOB.



FanakTukKm
(prngle CUCTEeMbl, CoCTOALLMNE U3 3BEe3Q, NiiaHeT, ra3a um I'IbI.l1M).

CBepxckonneHue ranakTuk: amameTp 40 Mnc, 4Yucno ranakTuk
10000 (bnmxauwmne — B co3Be3auax JibBa n Nepkyneca).

CkonneHue ranakTuk: aguameTp 5 Mnc, umcno ranaktuk 100-500
(bnunxxauwmne — B co3se3ausx Neraca n PbiObI).

'pynna ranakTtuk: guameTp 1 Mnc, uncno ranakTuk 5-30
(6bnwvxkanwme HaxoaATCA Ha paccTosHuM 2-4 Mnc).

FanakTuKu

CﬂMpaﬂbele Hel'lpaBM.ﬂbele AnnunTuyeckune




CkonneHna ranakTuk

U3onupoBaHHbIX ranakTtmk Bo BceneHHon Mano, OoHM 00 bLeANHAIOTCA B
CcKonneHwus, rae yaepXuBakTcAd curiaMmm B3aUMMHOIO TAroTeHus.
HekoTopble HaCYNTLIBAKOT HECKONBLKO AecATKOB YneHoB (MecTHas
'pynna - 47 ranakTuk, pa3mep - OK. 8 MIfTH.CB.J1€T), HO €CTb U CKOMJIeHUS,
coaepxaliue TbICAYU ranakTukK (ckonneHus B co3se3auu [leBbl — 1100
ranakTuKk).

CBepXxcKonsieHUs nopaxarT BoOOOpaxeHue - MOryT cogepxartb ot 10 go
300 cKONJIEHUN ranakTuk, a ux auameTp gocturaet 300 MJIH. cB. neT. OHu
ABNAIOTCA YacTbIo Oonee KPyNnHOU CTPYKTYpPbI B pacnpeaeneHum
ranakTuk, KoTopas npoHu3sbiBaeT BClO BceneHHyo



Mne4HbIn NyTh

FanakTuka HanomMuHaeT OIMHOOOpPa3HbIN BUXPb ANaMeTpPOoM OK. 100
000 cBeTOBbLIX NEeT, COCTOALMM U3 NbINKn, rasa u 200 mnpAa. 3se3a. Ha
NbiSfib U ra3 NpuUxoanTcs Bcero 5% obwen maccol Mne4vHoro lNyTu.
Mne4yHbin MNyTb coaepXuUT oK. 150 WapoBbIX 1 1000 paccessHHbIX
CKOMMEeHUn.

Bnnxanwiune K HamMm ranakTMkKm oopasyroT Tak HasbiBaemyto MecTHyHo

rpynny.



3Be3gHasa cuctema MneyHbiv NyTh.
(CopepxkuT okono 150 mnpa. 3Be3n).

ConHue
AR s

—O E—

A

TonwwuHa 10 000 cBeTOBbIX NeT

,El,uameTp — oKono 100 000 cBeTOBbIX NneT

[MonHbIn 060pOT ocyLecTBnseTcd 3a 180 MITH. JieT.




ConHe4vyHasa cucrtema

BospacTt ConHe4YHOM CUCTEMbI COCTaBNSET OK. 4,6 mnpa. Net. OHa BO3HUKNA,
Korga rasonbifieBoe 06rnako — TYMaHHOCTb Havano CcXXnumaTbCs Noa AeNCTBUEM
cobcTBEHHOro TAroteHus. o mepe cxatnst obnako pasorpeBanocs,
npuobpeTtano Bce 6oree Nocky popmy, 1 cTano BpawaTbCs, NPUHSB
dopmy amcka. Yactmubl BeLeCcTBa BHYTPU AMCKA NPUTArMBanNnUChb APYr K Apyry
N PpOCnK, NOKa He AOCTUIMN pasMepoB HEOOMNbLLUNX HEGECHbIX Ten.
Ctanknsasicb, OHM NpeBpaLlanmcb Bo Bce bonee kpynHble Tena. B ueHTpe -
Tawm, rge Temnepartypa obina Bbllle BCEro, - nosiBunocb CornHue.
[@a3006pasHble NnaHeTbl — IMraHTbl, NO-BUANMOMY, COOPMUPOBASIUCH
NepBbIMU, N yXXe NOTOM U3 OCTaBLUMXCA 0BNTOMKOB BO3HUKITN ManeHbKne
«KaMeHHbIe» NIaHeTbI.



JlyHa obpawtaeTca BoKkpyr 3emnu Ha paccTtosiHuum 385 000 Km.
TpaeKkTopus He ABNAETCA ngearibHOM OKPY>XHOCTbI0, U pacCTOsIHUEe
MeXAy ABYMS KOCMUYEeCKUMU TernamMu nameHsieTca B npegenax 10%.
BHyTpeHHAA YacTb CoriHe4YHOU cUcTeMbI BKIloYaeT B cebsl Bce
nnadHeTbl BNJoTb A0 Mapca, a Takke nosic actepomaoB. BHelwlHARA
rpaHuua nosica actepouaoB HAXOAUTCA NMPUMEPHO Ha pacCcToAsHUM 3 a.
e. ot ConHua.

BHewHAA YyacTb CoOnHeYHOU CUCTEMbI MPOCTUPAETCH Aarieko 3a
npenenbl ee BHyTpeHHen yactn. Camaa ganekas nnaHerta — HentyH -
HaxoauTcAa Ha pacctosiHuu 30 a.e. ot ConHua. 3a opouton HenTtyHa
pacnonaraeTcs rMraHTCKoe KonbLo, CoCTosILee U3 06/TIOMKOB
HebGeCHbIX Terl, MoOXoXee Ha Nosic acTepounaos, 3To — nosic Kounepa, rae
HaxoAuTCs KaprnukoBas nnaHeTa lNnyToH.



CornHue.

OkBaTopuanbHbii gnameTp 1 397 000 KMm.

Macca 333 000 macc 3emnu.

TemnepaTypa Ha noBepxHocTh 5 500 °C.

TemnepaTtypa sapa 15 500 000 °C.

3a 1 cek. CornHue usny4vaet aHeprum 0osbLUe, YeM YerToBEHECTBO
N3pacxonoBano 3a BCHO CBOK UCTOPUIO.

ConHue COCTOUT U3 HECKOIMbKUX «CIOEBY.

B ueHTpe HaxoguTca a4po, TaM NPoTeKarT SAepHble peakumn, B pesyrnbraTe KOTOPbIX
BblpabaTtbiBaeTCs 3HEPrus, Heobxoanmas ana nogaepxaHus ceetmmocTtu ConHua. Han
SAPOM HaxoOUTCS 30Ha JTy4UCTOro NepeHoca N KOHBEKTUBHasA 30Ha. OHU OTNUYaroTCS
cnocobom rnepeHoca aHeprnm K NOBEPXHOCTU cBeTuUNa. Hag KOHBEKTUBHOM 30HOM
pacnonaraetcs gotocdepa, KOTOPYH MOXHO cHMTaTb NOBEPXHOCTLIO CornHuUa, XOTH OHa
N COCTOMUT N3 rasa.

KopoHa — 3TO 4acTb COSIHEYHOW aTMOCEepbI, MPOCTMPAatOLLIENCA HA HECKONMbKO
MWNIIMOHOB KM OT BUAMMOM NOBEPXHOCTM cBETUNA — oTOChEepPbI. APKOCTbL KOPOHbI
HeBesnKa - OHa usriyyaeTt B MUITIMOH pa3 MeHbLLUe cBeTa, YeM dootocdepa. [NoaTomy ee
nerde Bcero cpororpadupoBaTb BO BPpeEMS CONTHEYHOIo 3aTMeHUd, Korga dootocdepy
3akpbiBaeT JlyHa.



[ToBepxHOCTb COonHUa UMEeET 3€PHUCTbIN BUO — 3TO T.H. COSTHEYHASs rpaHynsuus.
[TonepeyHbIn pa3mep rpaHyn coctaBnseT oK. 1000 KM. [pniYnHON BO3SHUKHOBEHUA
COSTHEYHOW rpaHynAaLmMn CHUTaKOT NOPAYNIM ras, KOTOpPbIM NOAHUMAETCS U3 Heap
CorHua., a gocTurasi NOBEPXHOCTU PaCLLUNPAETCH U pacCenBaeTCs.

CorsiHeYyHble NATHA UMEKOT BUA BOPOHKOODOPAa3HbIX YriyOrneHui, KoTopble B
nonepevYHnKe JOoCTmraroT pasmepoB 80 500 KM. YrnybreHusi NoaBnsTCA napamm unu
rpynnamu v ABMXYTCs No noBepxHocTn ConHua nog AenNCcTBUEM CUITOBbLIX NTUHUN
MarHMTHOro nons.

Kocmunueckuin annapat « COXO» 6b1n 3anyLweH B Aekabpe 1995 r. onsa nccnegoBaHus
ConHua. 12 annapaTtoB obcepBaTopum HEMNPEPLIBHO OCYLLECTBNAT HabnioaeHue 3a
noBepxHocTbio ComnHua, CONHEYHbIM BETPOM 1 KOPOHOWN.

O6pa3subl CONTHEYHOrO BELLECTBA.

Kocmunueckuin annapart «[xeHecuc» obin 3anyweH HACA ¢ uenbto nonmMartb
BblfieTaloWme C NOBEPXHOCTM YacTULbl CONTHEYHOIO BETPA N AOCTaBUTb MX HA 3EMIIO
ansa nanbHenwero ncecnegoBaHnda. HecMoTpsa Ha To, YTo annapaT pas3buncs npu
npusemMsieHnm B 2004 ., UCcriegoBaTtensiM BCe Xe yaanochb N3BIeYb YacTb ero
LleHHOro rpyaa.



BHyTpeHHAA YacTb CornHevyHou
CUCTEMBI.

UeTbipe Onmxanime Kk CornHuy nnaHeTsbl 3eMHOoW rpynnel: Mepkypuin, BeHepa, 3emna n
Mapc.

Camas xapkas nnaHeta — BeHepa, TemnepaTypa Ha ee NoOBepXHOCTU JocTuraeT 464 °C
(TemnepaTtypa Mepkypus 430°C .

Camagd Bbicokas ropa - Onumn Ha Mapce. BeicoTa 27 kKM, AgMaMeTp Yy OCHOBaHUA 550 KM.
(ns cpaBHeHUA [)KOMOnyHrMma MMeeT BbICOTY 8,8 KM Haf YPOBHEM MOpPS).

Camasg maneHbkas nnaHeta — Mepkypui: ero guameTp cocTasrseT 38% OT gMameTpa
3emMnun, Ho B 1,4 pasa npesBblwaeT anameTp JIyHbl.

Cambin bosbLLon OOBLEKT NOsICa acTepONAOB — KapnukoBas nnaHeta Llepepa: anametp
cocTaBndet 975 Kwm.

CaMmbI CUNbHbIN METEOPHbIN A0XAb npowen 13.11.1833 r. [Npu npoxoxaeHun
MeTeOopHOro notoka JleoHna Ha 3emnto nagano go 200 000 METEOPOB B Yac. ATO cobbITUE
MOMOI0 aCTPOHOMAaM NOHATbL, YTO METEOPbI MPOHMKAKOT B 3€MHYH0 aTMocdepy n3
KOCMOCa, a He ABNSATCHA YNYTO 3E€MHbIMU ABNEHNSAMU NOAOOHO O0XAH.



HassaHue
HebecHor
o Tena

Mepkypun
BeHepa
3emns
JNlyHa
Mapc

PaccTosaHue
ot ConHua

57,9 MITH. KM
108 MITH.KM
149,6 MJTH.KM

228 MJTH. KM

Pasmepbl
OTHOCUTENBHO
3emnu

38%
91%
100%
27%
53%

KonnyectBo [lepuopg

CNYTHUKOB  obpalleHun
S1 BOKpYr
ConHua

88 CyT.

225 cyT.
365 CyT.
365 CyT.
687 CyT.

N O kB O O



[losic acTepongos.

KonbueobpasHaga obnactb 3a opbuton Mapca, Haxogsiwascsa Ha paccTosiHum 310-490
MIH. KM oT ConHua, 3anonHeHa BpallaloLLmnmMmncs no cBoOMM opobutam HedbecHbIMK
Tenamu — actepovgamu.

AcTepounbl CHUTAIOTCS PENMKTamMm NepBbiX AHEN cyLuecTBoBaHNA CONMHEYHOM CUCTEMBI.
B0O3MOXXHO, YTO 3TO OCKOJIKW, KOTOPbIE HE CMOITM BOBPEMS! CTOSTKHYTLCS1 U 0Opa3oBaTth
edVNHYI0 NnaHeTy. Bo3aMOXHO, YTO MM nomMeLlasn Haxoaawmmncsa Nobnn3ocTu rmraHT
KOnuTep.

Kpome KOnuTtepa, no Ton ke camoun opbute aBmKYyTCS OK. 1500 acteponaoB. bonbLue
NOSIOBUHBbI N3 HUX 0OpasytoT rpynny, kotopasa onepexaet KOnuTtep, - 3Tn actepounasbl
Ha3bIBatoTCcA [pekamu. OctanbHble OTCTaloT, 06pasys rpynny Nno3agu nnaHeTbl-rnraHTa, -
OHW NOoNy4Ynnn HaseaHne TPosIHLUbI.

Cawmbin 6onbluon actepoug — Liepepa 6bin otkpbIT xy3enne MNuayun B 1801 ., ee
anameTp cocTtaBnsaeTt 1000 KM., U 3TO eAUHCTBEHHbIN cdhepuvecknn actepous,

NpuHaanexallyum K HoBOMY Krnaccy aCTpOHOMUYECKUX OOBbEKTOB — KaprnKoBbIM
nrisREY4HEeCcKkMe annapatbl Ans n3y4eHus actepounaos.

MexxnnaHeTHas ctaHumns «NEAR-LLlymenkep» ctan nepBbiM KOCMUYECKUM
annapaToMm, COBEPLUMBLUMM OBNET actepounaa 1 nocaaky Ha Hero. OH gocTur
actepouga dpoc B 2001 .



KpaTtkaa ncrtopusa nayydeHus
KOCMOCa BO BHELLUHEeWN YacTwu
CoOJTHEeYHOU CUCTEMBI.

1610 . - Fanunen oTkpbIiBaeT cnyTHUKK KOnutepa

1781 r. — lepwenb OTKpbIBAET YpaH — ceabmMyto nnaHety CoriHe4YHOU CUCTEMBI

1846 r. — VloraHH Nanne n N'eHpux I’ AppecT OoTKpbIBaOT HENTYH —BOCbMYIO MMaHETY
ConHe4YHon cUcTEMBI

1930 r. — Knang Tom60 oTkpbIiBaeT [11yTOH — KapriMKOBYO MNAaHETY, Mo pa3Mmepam CUNbHO
ycTynatoulyto octanbHbIM nnaHetam CosiHeYHOM CUCTEMBI.

1973 r. - 3oHg HACA «[MnoHep-10» nepBbiM gocTur KOnutepa v obHapyXuny nriaHeThbl
MOLLHblE paAnaLlnOoHHbIe Nodca.

1979 r. — Kocmunyeckue annapatbl «Boamxkep -1» n «Boamkep-2» nponeraot MUMO
KOnnTtepa



Pekopabl BHELLIHEN YaCTwn
COJTIHEYHOW CUCTEMBI.

Camoe xonogHoe MecTo — TPUTOH (cambin BonbLuon cnyTHUK HenTtyHa). B1989 .
nponeTaBLLMA MUMO Hero «Bosimkep», 3adomukcupoBan Temnepartypy He ero
noBepxHocTn -235°C.

Camaga cnntocHyTaa nnaHeta — CatypH: n3-3a 6bICTPOro BpalleHs Ha ero 9KkBaTope
BO3HMKAET 3aMeTHas B3OYyTOCTb.

Camas bornbluas nnaHeta — KOnutep, KOTOPbIN MacCUBHEE BCEX OCTarlbHbIX MMAHET,
KOMET, acTepouaoB M CyTHUKOB NilaHET BMecTe B3ATbIX. [1py 3TOM ero macca B 100
pa3 MeHbLLE Maccbl CaMOM ManeHbKoW 3Be3bl.

Cambin bonbLuon ob6bekT nosica Komnepa — kapnukosasi nnaHeTta Ipuc. Ee guameTp
2320 KM, Ha 4% B6onblie gnameTtpa [NnyToHa.

CambIn 60nbLLIOW CNYTHUK NAaHETbI, 3To cnyTHUK KOnutepa MNaHnmen — ero guameTp
5268 KM.

Cambin 0OSbLLIOW KOMETHbIN XBOCT: ANMHA XBOCTa Bennkon KomeTbl MapTa 1843 T.
CocTtaBnsina 300 MITH. KM. (paccTosiHue, npeBbillatollee pacctosHne ot ConHua Ao
opbutbl Mapca)



[1pyrne nnaHeTHbIE CUCTEMBI

C 1995 r. oTKpbITO ©osiee 170 3Be34 CO CBOUMMU Ni1aHETHbIMKU cnuctemamu. K
HaCTosILLLEeMY BpeMeHU OTKPbITO Boriee 400 3K30MNaHeT.

CMeLleHne cnekTpa Cny>X1T rmaBHbIM CPeACTBOM OOHapPY>XEHUS NITaHET BOKPYT SAPKMUX
3Be3q. Ho He Bce ak3onnaHeThl BpallarTCs BOKPYr 3Be34, OHM MOTYT BpaLlaTbCa U
BOKPYr, HAnpMep, KOpn4HeBbIX KapnukoB. Camas ganekad 3sesna, arsi Kotopom
HadEeXXHO YCTaHOBMIEHO Hanuyue nnaHeTbl, HaxoauTcsa Ha paccTtodaHun 17 000 CBETOBbLIX
ner.

CornHevHas cuctema He OYeHb MOXOXKa Ha NMnaHeTHbIe CUCTEMbI Y APYrMx 3Be3[.
BonbLWMHCTBO BHECOMHEYHbIX MaHeT MaCCUBHbLI U OBUXYTCHA B HENOCPELCTBEHHOMN
©nn3ocTu OoT cBOUX 3BE3A.



