BCEJIEHHAA

CEPTEW Nnonos

YyeHbin 1 nonynsapun2aTop Hayku, JOKTOpP (hu3nKo-
MaTemaTtm4yecknx Hayk, npopeccop PAH n naypear
npemun «3a BepHoCTb Hayke» 2015 roga

COBMECTHBIR NPOSKT
MonurexHU4ecKkoro
MYIEA 1 MAQATeNLCTRA

«ANbNMHE HOH-(PUELLIHS HH HFH nDﬂHTE:{A



ONrmTeKa

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

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

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

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


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

Makcnm Kysbmuy
AHacTacma KopocteneBa

Mbl TakXXe OT UMeHU Bcex YnTatenein bnarogapmm 3a GMHaHCOBYO NOMOLLb POHA
noAAep>XKN KyNbTYPHbIX 1 06pa3oBaTe/bHbIX MPOEKTOB «PYCCKUNI rNobyC.

3mom 3K3emMnAaap KHU2U nPeodHAa3HAYEeH Mo/6KO 0414 AUYHO20 UCN0/163080HUA. E20
pacnpocmpaHeHue, 8 MoM yucse 015 u3eneqeHuUss KoMMmep4eckol 861200bl, He
donyckaemcs.



KHUTU NOAUTEXA






Haquo-nonynﬂpHoe mn3paHme

BCEJIEHHAA

KpaTtknin nyteBogmnTenb no npocTpaHCTBY
n spemeHun: ot ConHeyHom cnctemsbl oo
camMblIX ganekumx ranakTmk n ot bonbworo
B3pbiBa o0 ébyaywero BceneHHonm

CEPFEW Monos

MockBa AnbnuHa HOH-(pUKLLIH 2018



YAK 524.8 [aHHas KHMra n3pgaHa B paMkax COBMECTHOIO
BBK 22.632 npoekTa [onntexHnyeckoro myses
n nspatensctBa 000 «AnbnHa HOH-MUKLLIHY

NOAUTEX AN

HayuHbii pegakTop

AHaTonuin 3acos,

[oKTop hU3nKOo-MaTeMaTUHECKIMX HayK
PepakTop

AmuTtpuin MamvoHTOB

Monos C.
nsse BceneHHas. KpaTkunia nyTeBoamuTeb No NPOCTPaAHCTBY Y BpEMEHM:
ot ConHeyHol cncTeMbl A0 caMbixX AaNeKUX ranakTvik n ot bonbworo
B3pbliBa Ao 6ynyuiero BceneHHoli / Cepreii Monos.— M.: AnbnvHa HOH-
¢dukwH, 2018.— 400c.
YAK 524.8
ISBN 978-5-91671-726-6 BBK 22.632

CoBpemeHHas acTpodursnka — 6bICTPO pa3BMBalOLLAsACA HayKa, KOTo-
pas ucnonb3yeT HoBelLwwMe (1 04eHb [oporue) Nnprnbopsbl 1 CynepkoMIbIOTEPDI,
OOMNOJNHSAOWME N MeHsAIoLWMe aCTPOHOMMYECKYI0 KapTuHy Mmupa. CerogHs mMbl 3Ha-
€M, UTO XXBEM B paclumpstoLieiica BceneHHo’, Yyer BO3pacT cOCTaBNseT HEMHO-
rum meHee 14 mnppg net. Ham n3BecTHO, Kak CUHTE3MPOBANNCh N CUHTE3VPYIOTCA
aapa anemeHToB. Mbl MoXxeM HabnoaaTb pasHble cTaguim hopMUpoBaHUA 3BE3L,
1 NAaHEeTHbIX cucTeM. YaeTcs faxe pasrafeTb, Kak B AMCKaxX BOKPYr 3Be3f,
ob6pasytoTca nnaHeTbl. Tem He MeHee 0CTaeTcsi MHOro BONpocoB 1 3arafok. Yto
Takoe TeMHOe BeLLeCTBO 1 TeMHas aHeprua? Kak B3pbiBaloTCs CBEPXHOBbIE pa3-
HbIX TMNoB? Kak ycTpoeHbl YepHble Ablpbl? HakoHeL, eCTb N1 rae-To eLle XN3Hb
BO BceneHHoM 1 kakor oHa MOXeT 6bITb? B 3TOM KHMIre N3BECTHbIN POCCUMIACKNIA
acTpodu3vk v nonynapmasatop Hayku Cepren [Monos cnctemMaTmanpyeT CroXunB-
Luvecs Hay4Hble NpeacTaBneHns o BceneHHol n ogHoBpeMeHHOo obpallaeTcs
K HOBEMLUVM OTKPbITUSAM N HEPELUEHHbIM BONPOCaM.

© $0HA PA3BUTUA NOAUTEXHUYECKOIO MY3ESA, 2018
ISBN 978-5-91671-726-6 © 000 (AJIbMUHA HOH-PUKLIHY, 2018



CopepxaHue

Mpepwucnosue
bnaropapHocTu

aBa

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8

maBa

2.1
2.2
2.3
2.4
2.5

aBa

3.1
3.2
3.3

]
ConHue

CtpoeHume ConHua v ycrnoBus B Hegpax

Peakuunn B ConHue. HeTpnHo

11-N€THNIA UNKN aKTUBHOCTU

ConHeuHble NsaTHa, NPOTy6epaHLbl N BCe-BCe-BCe
ConHevyHas KOpoHa 1 3aTMeHuA
lfennocencmonorus

CosiHeYHble BCMbILWKN U X ONACHOCTb
Osontoyua ConHua 1 X1U3Hb Ha 3emne

2

ConHevHas cuctema
O6pasoBaHune CosiHeYHOI CUCTEMDbI
MnaHeTbl N NX CAYTHUKN
Actepounpbi

Mosic Konepa, MNnyToH n komnaHus
KomeTbl n o6nako OopTa

3
OK3onnaHeTbl
Cnoco6bl 06HapyXXeHUS N N3Yy4EHNS 3K30MIaHeT

OcCHOBHbIe TUMbl 9K30MIaHET
dopmumpoBaHue N MUrpaumnsa nnaHeT

CopepxxaHume

15
19

21

23
26
30
34
37
41
45
50

57

59
63
68
73
77

83

85
90
94



lnaBa 4

3Be34bl 1 X 3BONOUMA 103
41 PaccTosHusa oo 3Be3p, 105
4.2 YCTOMYMBOCTb 3BE3M, U X CTPYKTYpa 108
4.3 Owuarpamma lepuywnpyHra — Paccena. Uedengbi 111
4.4 [BoliHble N KpaTHble 3Be3bl. AKKpeLus 116
4.5 O6pa3zoBaHue 3Be3n. Tpy HaceneHus 121
4.6 CmeHa TepmMmoafepHbIX peakuuii 124
4.7 CBepxHoOBble 128
Maea 5

CunHTE3 anemeHTOB N TepmMosgepHble 135

peakumnm
5.1 MepBunyuHbIN cocTaB. Peakuynn B paHHe BceneHHom. 137

MepBble 3Be3bl
5.2 Xunmunueckas aponoumnsa BeceneHHoli. 3Be3abl 139
Maea 6

KomnakTHble 06beKTbl: 6enblie Kapnmku 147
N HEMTPOHHbIE 3BE3[bl

6.1 Benble kapnukn 149
6.2 HenTpoHHbIE 3BE3AbI 154

Ceprei NMonos
BceneHHas 6



naBa 7

YepHble gbipbl 161
71 Mpupopa 4yepHbIx abip. Konnanc 163
7.2 KangmnpaTtbl B YepHbie Oblpbl B TECHbIX ABOMHbIX 167

cuctemax
7.3 CBepxmacCunBHbIE YePHbIE ObIpbl 170
7.4 lMepBUYHbIE YEpPHbIE Ablpbl N NCNapeHne XOKMHIra 175
Masa 8

Hawa lNanaktuka 179
8.1 CtpykTypa Manaktmnkun 181
8.2 Hawe mecTo B lanakTmnke v CTPYKTypa HaLMX OKPECTHOCTEN 185
8.3 lMprnpopga cnupanbHbIX pyKaBoOB 188
8.4 PaccesiHHbIe 1 WwapoBble CKOMNEHUS 191
8.5 CeepxmaccuBHas yepHas gbipa — Sgr A* 195
8.6 CnyTHukum Manaktnkn. MecTtHas rpynna 197
Masa 9

Mex3Be3nHas cpepa 201
9.1 Mex3Be3gHbIv ras 1 nbinb. Coctas cpenbl 203
9.2 MornoweHmne ceeta 206
9.3 KpyroesopoT BellecTBa B MeX3BEe34HOW cpefe 208
9.4 Mexx3Be3gHblie MarHUTHbIE Mo 210

CopepxxaHume 7



MaBa

10.1
10.2
10.3
104

Maga

111
11.2

11.3
11.4
116
11.6

11.7
11.8

Maga

12.1
12.2
12.3
124

10
Mwp ranakTnk

Twnbl ranakTmk

O6pa3oBaHue 1 B3anmMogemcTBme ranaktmk
CBepxmaccurBHble YepPHbIe Oblipbl N aKTUBHbIE A0pa
CkonneHunsa ranakTuk 1 KpynHomacltabHasa CTpyKTypa

11
PacwmnpeHmne BceneHHon

PaszberaHue ranaktnk. 3akoH Xab6bna
FOpM30OHT YacTnL, U FOPN3OHT COObITUIA.
BospacTt BceneHHom
Kocmonorunyeckoe KkpacHoe cMelleHune
leomeTpunsa BceneHHom

CoctaB BceneHHoln. TemHoe BeLecTBO
YckopeHHoe paclumpeHune BceneHHonm.
TemHasn aHeprus. byayuwee BceneHHom
Cragusa nHdbnaunn

PaHHasa BceneHHasna

12
PennkToBoe nanyyeHme

Mogenb ropsuvero bonbLioro B3pbiBa
Kocmonorunyeckume gaHHble o HabnoaeHuo penukTa
N3mepeHune TemnepaTypbl pennKTa B pa3Hbie 3Mnoxm
CneKkTp NepBMYHbIX BO3MYLLLEHWIA

Cepreii MNonoe

BceneHHas

215

217
222
226
231

237

239
242

244
246
249
253

257
260

265

267
269
272
273



naBa

13.1
13.2
13.3

13.4
13.5
13.6
13.7
13.8
13.9

naBa

14.1
14.2
14.3

14.4

maBa

15.1
15.2
15.3
15.4

13
Teneckonbl

MpuviHUMN paboTbl Teneckona
PedpakTopbl 1 pecdnekTopbl
CoBpeMeHHble onTn4eckme Teneckonbl

N NPOoeKTbl 6nvkanwero dbyayuiero
PapnoTteneckonbl

PeHTreHoBCKIME TENneckonbl
lamma-teneckonbl Ha 3emne U B KOCMoOCe
[eTekTopbl HEATPUNHO

[eTeKTopbl KOCMUYECKUNX ly4en
[eTeKTopbl rpaBNTaLMOHHbIX BOJIH

14

Kocmunueckme nccnegoBaHms

HabnwopneHuna ns kocmoca. Kocmunueckume teneckonbl

Monetbl K Tenam ConHEYHOM CUCTEMDI

I/Isyqume 3emnnm U3 Kocmoca 1 nccnegoBaHus

OKOJIO3EMHOIO NMPOCTPaHCTBa
Munotnpyemas KOCMOHaBTMKa

15

KomnbloTepbl B acCTpOHOMUN

YnpaBneHve MHCTPYMEHTaMu, TeNEeCKONbl-poboThI

O6paboTka gaHHbIX. Big data

YuncneHHbIN 3KCNEPUMEHT U MogennpoBaHve

BupTtyanbHas o6cepeatopus

CopepxxaHume

277

279
283
286

290
294
299
303
308
313

321

323
329
334

337

343

345
348
353
358



MaBa 16

Xwn3Hb BO BceneHHOM 361
16.1 XnsHb B ConHeYHOM cnucteme 363
16.2 JKn3Hb Ha aKk3onaHeTax 367
16.3 OBonHukm 3emnu. 3oHa obmtaemocTu. Buomapkepbl 371
16.4 Opyrne popmbl XXrU3HN 377
16.5 SETI 380
Onunor 387
PekomeHpgyemas nutepartypa 389

Ceprei NMonos

BceneHHas 1 O









Mownm yuntenam n yueHnKam



Ceprei NMonos
BceneHHas

14



[Mpepncnosue

AcTpoHOMHST — OJHA M3 caMbIX ObICTPO PAa3BHUBAIOLIMXCS HAYK
Hawux AHed. [ToTok pesy/nbTaToOB upe3BbIUAHHO BEJHK: KaxuIblH Mecsll
nosipisieTcsi 6oJiee THICIUM HOBBIX MyO6/HKalMid. Bo MHOrOM 3TO CBSI3aHO
C BBOJIOM B CTPOH HOBBIX HAa3eMHBIX TEJECKOIOB, C 3allyCKOM KOCMHUe-
CKHX alfapaToB U C POCTOM NMPOU3BOJUTENbHOCTH KOMIbioTepoB. [1o3-
TOMY JIOBOJIBHO 4acTO MPSIMO Ha HAIIMX I/a3ax COBEPHIAIOTCS BaXKHbIE
OTKPBITHS WJ/IH NOSBJSIOTCS TeopeTHuecKue paboThbl, KOTOpPble 3aMETHO
BJAHUSIOT HAa CYLIECTBEHHblE JeTaJjdu Halllero Hay4yHOr'o OMHCAHHUSI MHpa.
OTa KHHUra sBJ/SEeTCS CKPOMHOH NOMNBITKOH 3a(UKCUPOBATbH OOLIMH BHUJ
aCTPOHOMHYECKOH KapTHHBI Mupa Ha cepeauny 2017 r. Besyc/aoBHo,
JanbHellllee pa3BUTHE HAYKM NpHUBeIeT K HEOOXOAHMOCTH YTOYHSITh,
a MHOT/lAa M MepeprucoBbIBATH pa3Hble 4acTH 3Toro noJgotHa. OgHaKo,
HaJeloch, KaKoe-TO BpeMsi JaHHbIH TOMHK OyleT OCTaBaTbCs aKTyaJbHbIM
OMHCAaHHEM TOT'0, KAKHMH aCTPOHOMbI BUAAT BceseHHylo U ee oburare-
Jefl — acTpoHOMHUYEeCKHe OObEKTHI.

CoBpeMeHHass aCTPOHOMHSI, KOTOPOH MOCBSIEHA AaHHAs
KHUra, — 3TO B OCHOBHOM acTpo(H3HKa, HayKa O NpHpoje HeGeCHBIX
Teq. OHa U3yuyaeT CBOHCTBA KOCMHUECKHX OO0BEKTOB: KaK YCTPOEHBI
3BE€3[bl, TJIAHETHI, raJaKTHKH, KaKue (PU3nYecKHe MPoIecchl ONpeaessoT
UX HabJ/o1aTe/bHble NPosBAeHHS. Mbl 0C/Ae10BaTeJNbHO PACCMOTPUM BCe
BaX<HeHIIHe THIBl HAa0/I0aeMbIX aCTPOHOMHUYECKHX HCTOYHHKOB — OT 00'b-
ekToB COJMHEYHOH CHCTEMBI 10 MHpa rajJakTHK, He 3a0ylneM Takxke Mpo
MEXK3BE3AHYI0 CPey U CHHTE3 3JEMEHTOB, a 3aTeM ITepeieM K KOCMO-
qaoruu. Kpome toro, pazéepemcsi, Kak UIMEHHO MOJYUYalOT BCe 3TH JaHHbIE,
C TIOMOIIbI0 KAaKUX HHCTPYMEHTOB M amnmnapaToB HabGJM0AaTeNd H3ydaloT
JaneKkne UCTOUYHHUKH, MPsSMble SKCIEPUMEHTHI ¢ KOTOPBIMH MOMPOCTY HEBO3-
MO2KHBI. HaKoHell, Mbl I0J1y4YHUM NpeACTaB/AeHHEe 0 paGoTe COBPEMEHHOI0
aCTPOHOMA, KOTOPOro cefuac cKopee MOXHO YBHIETb Mepe] 3KpaHOM
KOMIIbIOTEPA, YeM Yy OKyJspa TeJecKkola. A «Ha jecepT» NpeacTaBUM
pacckas o MOUCKe KHU3HHU BO Bce/ieHHON M pa3/iHYHbIX (opMax, KOTOpble
OHA MOXET NPUHUMATD.

[To xomy W3/10:KEHHS 51 MOCTapaJ/csl M0 BO3MOXKHOCTH 0GOHTHCH
6e3 dopmyJ1, Tab/iul U rpapukoB. MHe KaxkeTcs, UTO BaXKHO 10Npo6oBaTh
pacckasaTb O KJ0YeBbIX (PH3HUYECKHX IpolieccaX M acTPOHOMHYECKHX
SIBJIEHHSIX MPOCTO CJOBAMHU (la)Ke ec/i OHH He BCerja MmpocThle, a H3Jo-
JKeHHe 3a4acTylo MOJydyaeTcsl yepecuyp CKaThbiM H3-3a OTPAHHUEHHOTO
o6beMa). Ho uurartesb J0/KeH MOHMMATDh, YTO 5TO HEH3GEKHO MPUBOLHUT
K CYILIECTBEHHOMY YTIPOIIEHHIO: MHP YCTPOEH CJHILKOM CJ0XKHO, YTOObl €ero
ObII0 BO3MOYKHO TOJHOCTBIO OMUCATh TMPUBLIYHBIMH MOHATHSAMHU. [anugeio
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NPUHAJEKHUT 3HAMeHUTOe uapeueHue: «Punocodus HanucaHa B Bejuye-
CTBEHHOH KHHre (s uMeto B BHY BceseHHY0), KOTOpast TOCTOSIHHO OTKPBITA
HalleMy B30py, HO MOHATb €€ MOXET JHUIIb TOT, KTO CHayvaJjga HayuuTCs
MOCTUraTh €€ SI3blK U TOJKOBATh 3HAKH, KOTOPBIMH OHa HamucaHa. Hamu-
caHa JKe OHAa Ha SI3bIKE MaTEeMAaTHKH, H 3HAKH €€ — TPEYTOJbHUKH, KPYTH
U Jpyrue reomeTpuueckue (QUrypbol, 6e3 KOTOPbIX UeJOBeK He CMOr Obl
MOHATb B HEH HU €IMHOTO CJ0Ba; 6e3 HUX OH Obll Obl oOpedyeH 6JyKIATh
B MOTEMKax 1o JabupuHTy». [ToaTOMY c/0BecHOe onucaHHe (PU3HUECKHX
NPOIIECCOB BCEraa SIBJASETCS HEMOJHBIM, U /s TIoJyueHus foJee aeTalb-
HOH HH(OPMAIUK HYKHO O0PAaTHTbCS K IPYTHM HCTOUHHKAM, B TOM UHCJE
K HAYUYHBIM CTaTbsIM, 0030paM U MOHOTpadusM (CCHUIKA HAa HEKOTOpbIE
M3 HUX MPUBEIEHbl B KOHIE KHHUIH).

Knura coctout u3 16 raas, KoTopeie aeasTcsi HAa 79 pa3jienos.
TekcT MOkKHO UMTATh Kak MOAPSJ OT HayaJja A0 KOHLA, TaK H BLIOHMpas
oTaebHble yacTH. Koe-rae 3To HeM306exKHO NPHUBENO K CMBIC/JOBBIM MOBTO-
paM, KOTOpble 3aMeTHT BHHMATe/bHBIH YUTaTeNb, 3aTO 3TO MO3BOJSET
6oJsiee ynOOGHO HMCIOJAb30BATh KHUTY M KAaK CHPABOUYHHK A/ YTOYHEHHS
oTebHBIX (akToB. Tak 4To, Hajeloch, Bb OyaeTe BO3BPALIATHCS K TEKCTY
Jaxke 1ocje TOTo, KaK MpouTeTe ero B MEpBbIH pas.

XoTs geTasbHOE ONHCAHHE HEKOTOPBIX BAaXKHBIX MOHSITHH copep-
JKUTCH TOJBKO B TEMAaTHUECKHX pasjienax, COOTBETCTBYIOLIME TEPMHHBI
MOT'YT BCTPEUATHCSI B PA3HBIX YACTAX KHHUIH (HATpUMep, MPH OMHCAHHU
raJlakTHK YIIOMHHAIOTCSI TeMHAsi MaTepHsi U TeMHasi SHEPTHs, XOTs MO[-
poOHBIN paccka3 06 3TUX MOHITHSIX YUTATE/Ib HAUIET HUXKE, B pasjese
0 KocMmousioruu). Eciu Mo Xooy YTeHHs KAKOH-TO TEPMHH MOKAXKETCs
HEIOHSITHBIM, MOXKHO OBLICTPO IOCMOTPETb €ro 3HayeHHe B COOTBETCTBY-
IoleM pasfele MM 00paTHUTbCsl K OyMaX<HbIM MJIHM OHJIAHHOBBIM CJ0BapsM
ACTPOHOMHYECKHX TEPMHHOB, KOTOpbIe IlepeyucyaeHbl B pasjeine «Peko-
MeHIyeMas JUTepaTypa.

Kaxioil rmaBe mpealiecTByeT KpaTKoe BBeleHHE C yIOMHHA-
HHEM OCHOBHBIX BOIPOCOB, @ B TEKCTE BBIAEJSIOTCS KJal0UeBble (DaKTbI
U noHsitus. Hageroch, 3TH 3aMeTKH OYAYyT MOJE3HBl U MOCJE TOTO, KaK
Bbl IIPOUTETE KHUTY, KOIJla NOHAAOOUTCH YTO-TO BCIHOMHHUTbL HJH YTOY-
HUTb. Ho He Hajo cTecHATbCS JenaThb U CBOM MOMETKH, BblIeJsis BaXKHOeE,
HEIMOHSITHOE, a MOXKeT ObITh, Ha Ball B3IV, U OLIMOOYHOE: C 3TOH KHHUIOH
MO2KHO paboTaTb C KapaHIallOM B pyKax.

OTa KHura, 6e3yc/0BHO, He siB/sieTcs yueOHHKOM. OfHaKO OHa jaeT
[IeJIOCTHOE YNOpsiIOYeHHOe OTHCaHWe HallWX MpeacTaBieHuil o BceseHHON
U 0 MeToiaxX ee uccaeqoBaHus. KHUTra MOXKeT MOCAyKHTh CBOEro poja
XpecToMaTHeH, BaXKHbIM JIOMOJHEHHEM K LIKOJIBHOMY KYpPCY acTPOHOMMH,
a OTHeJbHble YacTH OyAyT MOJE3HbI PH NPENOJaBaHUU KyPCOB €CTEeCTBO-
3HAHHUS, B TOM YHCJ/e M Ha BY30BCKOM ypoBHe. Hageloch, uTo /MoGUTENH
ACTPOHOMMH U TIOCETHUTENH aCTPOHOMHUECKHX KPYAHKKOB TaKxKe HAHAyT /st
ce0s1 MHOTO MHTEPECHOro M IMoJe3HOoro, TeM 6GoJiee UTO Hanuune 6a30BbIX

Cepreii MNonoe
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aCTPOHOMHUYECKHUX 3HAHHWH TMOMOXKET Jierue W Jyuie pa3obpaTbcs B psijie
netajeid. M, KoHeUHO, BeCh NPEICTABJEHHbIH MaTepHaJ/l MOXKET TOCJYHKHUTh
OCHOBOH JIJIs1 TOT'0, UTOObI C GOJbIIUM MOHUMAHHEM U YIOBOJbCTBHEM UHTATh
MHOT'OUHC/IEHHBIE COBPEMEHHbIE HAyUHO-MOMY/ISIPHbIe KHUT'H 10 acTPO(hU3UKE
(BkJIOUAss KocMoJIOTHIO, HecaenoBanne COMHEYHOH CHCTEMBI H BOMPOCHI
MOKCKa KHU3HK BO Bceesenuoi). [TosToMy, eciu Bbl XOTHTE MOHATH (PUBHKY
HeGeCHBIX TeJsl HEeCKOJBKO TIy6:Ke, UeM 3TO OOBIYHO M3JaraeTcsi B MacCOBOH
MOMYJISIPHOM JIUTEpaType, HO HE TOTOBBI CPa3y pa3bHpaThbCsl CO MHOKECTBOM
CJI0XKHBIX (POPMYJI, TO 3Ta KHHra JJIsl Bac.

Kuura He siBasieTcst Takoi yx npoctoi. Ho Beab U MUP yCTpoeH
caoxHO. MTak, B3r/isiHeM Ha Bcenennyo!
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bnarogapHocTi

[Tocsie nosiBneHust nepBoil BEPCHH TEKCTA H3ATENbCTBO «AJbIIHHA
HOH-(DUKIIHY Ce/1aJ0 BCe BO3MOXKHOE, UTOOBl PYKOIHCh CTaJja HAacTOsLIeH
KHUT'OH, TOCTYMHOH GOJIbIIOMY UHMCIy unTareseil. 51 6aarogapeH COTpyIHUKAM
AH® 3a ux tpya.

OrtnenbHble rJaBbl U naparpadbl GblIH TPOCMOTPEHBI MOUMHU
kosseramu u3 AW Jleonnnom 3otoBbiM, Anexcannpom [letpossim, 'eop-
ruem Pynnunkum u Asnexkceem TomopeHckuMm. MIX KOMMEHTapuu MOMOTN
cesaThb KHUTY Jyulle.

Ocobas 6aarogapHoctb [Imutputo Bube, TiaTeabHO MNpoYUTaB-
HmieMy BeCb MepBOHAUYAJNbHLIH BapHAHT PYKOMHCH H CHe/aBLIEMY Maccy
BAXKHBIX 3aMeUYaHWH, yueT KOTOPBIX MOMOT H30exaTh HEKOTOPbIX OIIHG0K
W HETOYHOCTEH.

MHorue MOH KOJJIer'M KOHCYJbTHPOBAJMH MEHS 110 OTAeNbHbIM
BorpocaM. He uMes BO3MOKHOCTH MEpeurcauTb ux Bcex, orMeuy Cepres
Baunnukosa, IOpus Kosanera u Koncrantuna [TocTHoBa.

CxpynyJ/ie3Hasi paboTa HayuyHOro peJakTopa KHHUTH AHaToJ/Hs
Bananumuposuua 3acoBa M penakropa IMutpuss MamoHToBa npuBeJa
K paJInKaJbHOMY YJYUIIEHHIO BCEI0 TEKCTa KaK C TOYKH 3PEHHs] TOYHOCTH
U JOCTOBEPHOCTH, TaK U C TOYKH 3PeHHs Mojaud Matepuaja. MimMu 6bia
npojesaH oueHb 6OJbIION 06beM paGoThl, Tpebytollel rMy6oKnX 3HAHUH
U BHUMaHHA K AeTaJsM.

Bo Bcex ocTaBlIMXCS HegouyeTaxX MPOLIY BUHUTbL aBTOPA.

PaGora Haj KHHMroH 3aHsia MoJTOpa roia, U sl IpU3HATe/eH
Moel cynpyre CycaHHe 3a NOAAEPKKY M MOMOLIb B TeUEeHHE BCEro 3TOro
BpeMeHH. OTenbHOE cracubo MOMM coaBTOopaM MO Hay4HOH paGoTe W CTy-
JIeHTaM, oblIeHne ¢ KOTOPBIMH TIOMOTaJo MPOSICHUTh HEKOTOPhIE BOTPOCHI
U KOTOpble He MOIVIM He OULyTHTb, YyTO GoJiee rojga 4To-TO CHJABHO OTBJE-
KaJlo MeHsl OT HayKH.

51 6Gbl XOTes MOCBATUTbL 3TY KHHUI'Y CBOHUM YUHTE/ISIM M YUEHH-
kaM. [IpusiTHO 4yBCTBOBATH ceGsl 3BEHOM B IIeTH CO3[aHMs, HAKOIJIEHHUS
U nepefavyu HOBBIX 3HaHUH. K cuacTblo, Korjga gequilibesi 3HAaHUSMH, HX
CTAHOBUTCS TOJBKO GOJBIIE.
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ConHue — ato 3Be3ga MaBHoOM nocnepoBaTenbHOCTH, T. €.

B €e Hefpax UAeT cTabunbHbIV NpoLecc NpeBpaLleHnsi Bogopoaa
B reNINii NyTeM LLENOYKN peakLuuid, B pe3ynbTaTe KOTOPbIX YeTbIpe
npoToHa npespaLyaTca B anbda-vyactuuy. NMpn aTom BbigenseTcs
aHeprusa B BUAE KNHETNYECKOW SHEepPrnm YacTul, KBaHTOB 3M1ek-
TPOMarHMTHoro uany4yeHus (poToHoB) v HENTPUHO. DOTOHBI TaKXKe
BO3HWKAIOT B pe3ynbTaTte aHHUTUIALNY SN1EKTPOHOB 1 POXKAAKLLX-
cfl B peakymsax no3MTpoHoB. HenTpmnHo cnabo B3anmoaencTBytoT

C BELLECTBOM 1 NO3TOMY cBO60AHO nokmpatoT Hegpa ConHua.
Pervictpupys 311 4yacTuubl, Mbl MOXEM MONYYUTb NPAMYIO NHbOp-
Mauuio o npomcxoasLwmx B Hegpax ConHua TepmMosifepHbIX peak-
umnax. OHeprmsa OTOHOB U KMHETMYecKas aHeprmnsa obpasyoLmxcsa
YacTuL, HarpeBatloT Heapa 3Be3Mbl, NO3BOJIAA el MPOTUBOCTOATb
cuniam rpaBmTaumu, KOTopble CTPEMSATCS CXaTb 3BE3ay.

ConHue nmveet paguyc okono 696 000 km, macca ero coctaBnsieT
npumMepHo 2x10%° kr. TemnepaTtypa NoBEpPXHOCTU COCTaBNAET

5800 K, a cBeTMMOCTb (MOLLHOCTb CO/THEYHOTO N3JTyYEeHUs) —
3,86x102%¢ I/ c. PacctoaHue ot 3emnum go ConHua coctaBnser
nprMepHo 150 MAH KM, CBET NPOXOAUT €ro 3a 8 MUHYT C He6OJb-
wmm. Ha Hebe ConHue nmeeT yrnoBoi pasmep 0KOJ10 NOSIOBUHbI
rpagyca. Bospact ConHua paBeH npumepHo 4,6 MnpL NeT, a nonHas
NPOOOIKNTENIbHOCTb €ro XXM3HW COCTaBnseT okosio 12 Mmnpa net.

B koHUe cBoero nyTn, Npoasa cTaguMio KPacHoOro rmraHTa u «rope-
HUA» rennsa B Aape, Halla 3Be3fa CTaHeT YrNepoaHO-KNCOPOLHbIM
6enbiM Kap/vMKom.



1.1
CtpoeHue ConHua n ycnosus
B Hegpax

YcroitunBocTb CoJHLA M €0 CTPYKTypa OIpelesioTcs Bblaede-
HHMEM U TIepEHOCOM SHEPrHH, HCTOYHHUKOM KOTOPOH SIBJASIIOTCS peaKIuH Tpe-
BpalleHusl Bogopoaa B requi. s obecrneyeHusi cTaGHIAbHOIO MPOTEKAHHUS
TEePMOSIIEPHBIX peaKUUi He0OXOIUMbI JOCTATOUHO BBLICOKAsl TeMIepaTrypa
U IJIOTHOCTb. B nenTpanbHoil yactu CoJHIA MIOTHOCTb COCTaBJsieT GoJjiee
100 r/cm?, a remnepatypa npesocxoaut 107 K. M mioTHOCTb, U TeMmme-
paTypa yMeHbLIAIOTCs 110 Mepe MPOJBHKEHHS K TMOBEPXHOCTH.

CtpykTtypa ConHua cBi3aHa ¢ NEPEHOCOM 3Heprum
OT ropsAYMX NNOTHbIX HeAP K 6onee XoNogHbIM U MeHee
NJIOTHbIM MOBEPXHOCTHbLIM CJI0SIM.

TepMosinepHble peakUUH HAYT B spe, KOTOPOe 3aHUMAeT OKOJIO
YeTBEPTH COJNHEYHOTo pajauyca. Bokpyr siapa pacrnoJoxeHa ropsdas
(HeCKOJIbKO MHJUIHOHOB TPALyCOB) M MOTOMY AOCTATOYHO MPO3pavHasi [Jist
U3JIyUeHHs] TaK Ha3blBaeMas JyyucTash 30Ha, IPOCTHPAIOLIAsICS A0 IPUMEPHO
70-75% panuyca Connua. [lepeHoc 3Heprun B 3TOH 06JACTH MPOUCXOAUT
C TIOMOLUbIO U3JYUEHHs], IPH 3TOM B IpPOLECCE PACIPOCTPAHEHHUS] (POTOHBI
MHOTOKPATHO MOTJIOWIAIOTCS M Nepeu3/ayyaloTcsi B CIyyaiHOM HalpaB/CHUH.
[Tostomy ot poxcaenus GoroHa n0 nokuaanus um CoJiHua (¢ yueTom Beex
AKTOB TONVIOIIEHHsI M U3JyueHHs) TPOXOMUT B cpenHeM okoso 170000 er.

Bo BHemHHUX C/I0SX TeMIepaTypa BellecTBa magaeT (10 mapbl
MHJ/UTHOHOB I'PAjyCOB), H OHO CTAHOBUTCSI HEMPO3PAUHBIM /IS H3JYUEHHSI.
[Ipu aTOM BO3pacraeT rpaJUeHT TeMIepaTypbl U HAUMHAETCS MEePEeHOC
9HEPTHH B 3THX CJAOSIX 3a CUeT KOHBeKUHH. KOHBEKTHBHAs 30HA 3aHH-
maeT BHemrHHe 25-30% 3Be3/bl, H €e HaJHUHE MPHBOIUT K MOSIBACHHIO
HECKOJbKMX BH/IOB COJMHEYHOH aKTHBHOCTH. Takue o6pa3oBaHHsl, Kak
IpaHy/bl, COMHEYHbIE MATHA, (paKegbHBbIE MOJST U HEKOTOpbIE Ipyrue, obs-
3aHbl CBOUM IIPOMCXOXKIEHHEM MarHUTOrMIPOAHHAMHYECKHM Ipoueccam
B KOHBEKTHBHOH 30He.

CoJiHLIe BpalaeTcsi BOKPYT CBOeH OCH, HO He KakK TBepjoe
TeJI0, MOCKOJIbKY OHO SIBJISIETCs Ta30BbIM (M1a3MeHHbIM) 1iapom. CKOpoCTh
BpalleHHs] B KOHBEKTHBHOH 30He pa3/HyHa Ha pa3Hod riy6HHE W pa3HbIX
mupoTax. [IpunoBepXHOCTHBIE CJIOM B 9KBAaTOPHAJNbHBIX 00JacTsX AeJa-
I0T OfIUH 060pOT 3a 25 aHeH, a B MoJsipHBIX — 3a 38 nHed. [lo mepe
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npoasueHus: BHyTpb CoJHUA, K IPaHHLEe KOHBEKTHBHOH H JIYUHCTOH 30H,
YIJIOBBIE CKOPOCTH BpallleHHsl BbhlpaBHUBAIOTCS. JIyunucras 30Ha U g1po
BpAlLLIAIOTCSl y2Ke KaK TBEpHOe TeJao ¢ MepHoaoM okojo 27 nHeit. [Tpoduinb
CKOPOCTH BpAllleHHUs] HA Pa3HbIX IMyOMHAX W LIHPOTAaX, KaK U MHOTHE
JpyTHe CBOWCTBA COJHEUHBIX HEp, B HACTOsIEE BPEMS C JOCTATOUYHOH
TOYHOCTbIO H3MEPSETCs METOJAMH I'e/JIHOCEHCMOMOIMY — pasjeda acTpo-
(usuky, uayyamouero kogebanusi CosHua.

Bo BHyTpeHHewn cTpykType ConHua BbigensioT aapo, 30Hy
NyYNCTOro nepeHoca aHepPrum n 30Hy KOHBEKTUBHOIO
nepeHoca.

Hannune xoHBeKTHBHOH 0GOJOUKH NPUBOAUT K BO30OYHAEHHUIO
KoJie0aHUH BO BHEIIHUX caosix CosiHua. DTH KojeGaHUs pacpoCTPaHsoTCs
BHYTPb U MO CYTH 30HAMPYIOT Heapa CoJiHIA, OTpaxasch OT TJyOHH-
HBIX CJI0E€B U MPOSIBJSACH B BUAE CJAOXKHBIX MYJbCALMOHHBIX ABH2KEHHH
nosepxHocTu (porochepsl) ¢ MepHogaMU B HECKOJIBKO MHHYT H GoJiee
¥ Pa3MUUHBIMH YTJOBBIMH MaciITabamu.

[To xapakTepy 3THX MyJbCalUi MOXHO ONpPENeNHTh (H3HUECKHE
napameTpbl BHYTPEHHHX CJ0€B HalleH 3BEe3Jbl.

B crpoenun CosHua BbIEASIOT TPH BHELIHHE 30HBL: (hoTochepy,
xpomocdepy u Kopony. ®otocdepa sB/sieTCs BUAUMONH MOBEPXHOCTHIO
CouHiia (KoTOpoe MpeacTaBasieT cOG0H ra3oBbli AP H MOTOMY HE HMEET
TBEP/AOH TMOBEPXHOCTH). B 3TOM TOHKOM C/lo€ TOJIIMHOH BCETO JHIIb
okos0 300 kM atmocdepa CoJ/HIIA CTAHOBUTCS HENMpPO3pauHOH B BHUIU-
MOM JHManasoHe /s BHellHero HabJjofate/s. Ha pasHbIx AjguHAX BOJH
HeNpOo3pavyHOCTb JOCTHraeTCsl Ha Pa3HoH IyOuHe: B yJAbTpa(Ho/IeTOBOM
JMana3oHe 3TO MNPOUCXOIUT BO BHELIHUX CJ105X (poTocepdl, rae BUAUMASs
noepxHocTb CoJiHIIa UMeeT GoJee HHUBKYIO TeMIepaTypy, UyThb MeHee
5000 K, a B BUAUMOM U MH(pPAKPACHOM — B HHXHHX CJ0siX (hoTocheps,
e Temreparypa HecKoJbko Bbie (Gosee 6500 K).

B cnexrpe ¢orocdepnl HabJaI0faETCS OTPOMHOE KOJMHYECTBO
JIMHUH, T03BOJISIIOIIHMX C BLICOKOH TOYHOCTBIO ONpefesTh (pU3nuecKue
YCJOBHSL U cOCTaB BelllecTBa. [Toatomy monroe Bpemsi UMeHHO (hoTochepa
CJIy?KHJ/1a OCHOBHBIM MCTOUYHHKOM MH(opManuu o cBoiicTBax CoJsHIA.

BHewHuMe, «katmocdepHble», cnon ConHua nogpasnensior
Ha doTocepy, xpomocdepy 1 KOPOHY.

Mexny ¢orocdepoil U caMoil BHEIIHEH YacThiO COJHEUHOMH
aTMoc(epbl — KOPOHOH — HaXOJUTCSl TaK Ha3blBaeMmas Xpomocpepa.
Ee HasBanu Taxk M3-3a TOro, 4To Ha uadoOpaxeHusx CoJaHLA BO BpeMs
3aTMEHHH BBITSIAUT KaK OKpallleHHbIH opeoJs BOKPYT (oTocdephl.
[IBeT BO3HHKAaeT GJjarogapsi SMHCCHOHHLIM JHHHAM (Mpexae BCEro,
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BOJOPOJHBIM) COJHEUHOTO H3JydueHHst. Xpomocdepa HMeET TOJMIIHHY
HECKOJIbKO ThICSIU KUJIOMETPOB U 3(P(PEeKTHBHO HArpeBaeTcCsl MJaa3MeH-
HbIMH BosHaMH. [losToMy TemmepaTypa B He# OGBICTPO pacTeT IO Mepe
yaaseHust oT nosepxHocTH 3Besnbl: ot 5000 K (remneparypa BepxHei
¢dorochepn) no npumeprHo 35000 K. A Ha BbicOTe€ HECKOJbKO ThiCAY
KHJOMETPOB TeMIepaTypa pe3Ko Bo3pacTaeT A0 MHUJJIHOHA TPALyCOB —
TeMIepaTypbl KOPOHHI.

CoJsiHeuHasi KOpOHA XOPOIIO BUAHA BO BpeMs 3atMenusi. OHa
BHU3YyaJ/bHO TMPOC/EKHUBAETCS HA HECKOJbKO COJHEUHBbIX PAJUYCOB U XapakK-
TEpPU3YETCsl OUEHb HU3KOH MJIOTHOCTHIO (II03TOMY €€ HEBO3MOXKHO YBHIETh
Ha (oHe JHEBHOro Heba), HO OUeHb BBHICOKOH TeMIeparypoil. Bua KopoHbl
CHJIbHO 3aBHUCHT OT COJIHEUYHOH aKTHBHOCTH B JaHHBIH MOMeHT. Ha Gosbiinx
paccTOSHUAX KOPOHA MOCTENEHHO MEePeXOJUT B COJHEYHBIH BeTep.

CtabunbHocTb NonHom ceeTumocTn ConHua cBA3aHa
CO CTabMNbHOCTbLIO €ro BHYTPEHHEN CTPYKTYpbI.

HeCMOTpH Ha pasaJ/JnuHbIe TTPOSABACHHUSA HOBerHOCTHOﬁ AKTUBHO-
CTH, IIOJIHAI CBETHUMOCTDH COJIHL[a, B OCHOBHOM HpI/IXOJlHH_[aHCH Ha OITH-
YeCcKHH [Mana3oH, KpakHe cTabuibHA. DTO CBS3aHO CO CTAOGUIBHOCTBIO
BHYTpPEHHEH CTPYKTYPbl, KOTOpPasi MOJJIEPKUBAETCS 32 CUET PABHOBECHS
CHJI TPaBHUTALIMKM M CHJI JaBjeHus (rasa W usnaydenns). OJHAKO CBETHMOCTb
3a npejejaMH BHAMMOrO AHanasoHa (B pajaMoidanasoHe, yabTpaduoaere,
peHTrexe, FaMMa-JIy‘{aX) MOXKET CYIIECTBEHHO HU3MEHATbCA KaK B KOPOTKOM
BpeMeHHOM MacuiTabe (BCIbIMIKK), TaK U B agadrebHoM (1 1-neTHuil 1uK.
AKTHBHOCTH, a TaKxKe 00Jee JI0JTONePUOINYECKHEe H3MEHEHHUsT). AKTHBHOCTD
CoJiHIIa CBSI3aHA C TPOLECCAMH B CaMbIX BHEIIHHX (KOHBEKTHBHBIX) CJIOSX,
a He C OCHOBHBIM HCTOUHHKOM HEPTHH — TepPMOSIEPHBIMH peaKlusIMU
B sape. OnHaKo naxke Takue HeGoJblMe Bapualnuu B noBeneHun CoJHia
MOT'YyT 3aME€THO BJIMATH Ha 3eMHOH KJHUMAT.

CoJiHIIe COCTOUT B OCHOBHOM M3 Bogopoga (Gosee 70% 1o macce)
U requs. JInb MeHee 2% NpUXOAUTCS Ha OoJjlee TsKe/ble sjMeMeHThl. Pac-
npeneneHrne 3JeMEHTOB M0 PajnyCy He SIBJseTCs paBHOMEPHHIM. Bo-mepBbiX,
B siipe MPOUCXOJUT CHHTE3 TeJHsl, a OTCYTCTBHE KOHBEKIIMH BO BHYTPEHHHX
CJIOSIX MCKJIOUaeT 3aMeTHOe TepeMellnBaHue BelleCTBa W BHIHOC TMPOAYKTOB
CHUHTE3a BO BHeIlIHHE CJOU. BO-BTOPHIX, BHyTPEHHHE CJIOM 00OramiarTcs
TSKEJBIMHA 3JIeMEHTaMH, KOTOpPble OMYCKAlOTCS U3 BHELIHHX CJOEB.

ConHue 6onee yem Ha 98% cocTonT N3 BOAOPOAA U Frenuns.

[To sTum npuunHam oTocdepHblil COCTAB HE OTPaXkKaeT TOUHOTO
copepxkanus anemenToB B CoqHue. Pazymeercs, ycpenqHeHHBIH XUMHUECKHUH
coctaB CoJiHIIa MEIJIEHHO MEHSIETCs CO BpeMeHeM H3-3a MpeBpalleHus
BOJIOPOZIA B IeJIMH B SIApE.
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Cousnie o6pa3oBanochk okoso 4,6 mapa Jet Hasan. Eme uyTh
6osee 5 miapn ger CoJjHile 6yaeT ocTaBaTbCsl Ha [JiaBHOH moci/eno-
BAaTeJbHOCTH. B TeueHHe 3TOro BpeMeHH CBETUMOCTb H Paguyc OYAyT
HEMHOT'0 pacTd, HO cTpyKTypa CoJHIa OCTaHeTCs HEHM3MEHHOH 0 yXoja
¢ ['1aBHO# mocaenoBaTebHOCTH. 3aTeM, KOTJa 3amachl BOAOPOJA B siape
GyayT HCUepIaHbl, CTPYKTYpPa M OCHOBHbIE MapaMeTpbl (CBETHMOCTb, Macca,
TeMIepaTypa MOBEPXHOCTH) Halllell 3Be3[bl HAUHYT CHIbHO MEHSIThCS.

1.2
Peakuwnun B ConHue. HemtpuHo

Hcrounnkom sneprun CodHIA SIBASIIOTCS TePMOsiIepHble peaKlun
npeBpalleHusi Bogopoaa B requil. Baarogaps peructpanun BbAEASIOUIUXCS
NPH 3TOM HEHTPHUHO MBI JOCTATOYHO TOYHO 3HAEM XAPAKTEPHUCTHKH KaxKAOH
U3 3THX PeaKluH.

NcTouHmkom aHeprum ConHua aBnqaoTcA TepMosaepHble
peakuuun cHTe3a renma n3 BoAopoaa.

dnpo o6biunoro reqaus (‘He) — aabda-yactHua — COCTOUT
13 JBYX NPOTOHOB M IBYX HEHTPOHOB, I0O3TOMY [/ €r0 CHHTE3a Heo0Xo-
JIMMBL YeThipe npotoHa — siapa Bopopoaa ('H). Ho chnesnats sto 3a onun
3Tall HEBO3MOXKHO, TpebyeTcs llelouka U3 HECKOJbKHX peakuui. Bojee
TOTO, CYLIECTBYIOT a/JbTePHATHBHbIE KAaHAJbl peaKIHH, KOTOpPble BHOCST
pasHblil BKJAaa B sHepreTuky CoJHua.

OCHOBHO¥ KaHaJ/l Ha3bIBAIOT PP-IIETIOUKOH, MK PP-LHKJIOM, HA TIEp-
BOM IIare KOTOPOTO B PeaKIio BCTYMAlT ABa npotoHa (p). OnHako paxe
3Ta peakims uaet B Henpax CosaHna B aByx Bapuantax. OcHoBHo# (99,76%
CJyyaeB) COCTOUT BO B3aHMOJAEHCTBHH JBYX MPOTOHOB, B Pe3y/bTaTe UYero
o6pasyercst aeiitepril (OIHH H3 MPOTOHOB MPEBPAIIAETCS B HEHUTPOH), POK-
JAI0TCS MO3UTPOH U JEKTPOHHOE HEHTPHHO. DTH HEHTPHHO MMEIOT HH3KYIO
SHEepPruio, MO3TOMY HX YAAJO0Ch JeTajJbHO HCCJAENOBATh JHIIb HEAABHO,
B 2014 r., Ha ycTaHoBKe Borexino B Mranuu.

B apyrom Bapuanre (0,24%) B peakiMH y4aCTBYET TPEThs
YacTHLA — 3JEeKTPoH. B 3Toll Tak Has3blBaeMoOH pep-peakuuy Takwxke obpa-
3yI0TCSl I€HTEPHI H 2JeKTPOHHOE HeHTpHHO (pep-HehTpuHo). DTH GoJjee
pejikue pep-HelTpuHO, OOHApYyKeHHbIe ¢ oMol Borexino B 2012 r.,
UMEIOT HECKOJbKO GOJbIIYI0 SHEPrHIo, ueM Te, KOTopble 00pa3yloTcs
B pp-IHKJIE.

Cepreii MNonoe
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Ha caenyiowem stane neiiTepuii B3aUMOAEHCTBYET C ellle OfHUM
nporonom. OGpasyercst usoton requs *He u poxpaercs raMMma-KBaHT.
Y reausi-3 ecTb HECKOJbKO BO3MOXKHOCTEH /s AaJbHEHIINX peaKIIMil.
Pexke Bcero — B HUUTOXKHO MaJjo# foJe clydyaeB — B Peakivio BCTyNaeT
npoToH, 06pasys Ha Bbixone ‘He, MO3UTPOH U 3JE€KTPOHHOE HEHTPHHO (3TH
HEHTPHHO KpaliHe BaXKHbl, HECMOTPSI Ha CBOIO PEAKOCTb, NOCKOJNbKY OHH
HMEIOT CAMYH0 BBICOKYIO SHEPTHIO).

bonee 98% aHeprnm poxpaeTtcsa B peakumnax npoToH-
NPOTOHHOrO (pp) UnKna.

Ho uame uayt apyrue peakuuu. B 84,6% cayuaes aBa sinpa
rejus-3 B3aUMOJAEHCTBYIOT IPYT € APYroMm, mopoxkias sapo ‘He u nBa
npotoHa. B ocraBmuxcs 15,4% HaumHaeTcs npyras [enouka peaklHH:
requii-3 BaaumoseiicTByer ¢ reqnem-4, oopasys sapo 6epuiiusi-7 ("Be)
U Uchyckas ramma-kBaHT. OnHaKo OGepHJIMH He SBJsETCS KOHEUHBIM
MPOAYKTOM, OH BCTYMAeT B peakiio uiu ¢ anextporom (99,89% cayua-
eB), nopoxaas JuTui-7 (“Li) U 3/1€eKTPOHHOE HEHTPHHO, WK C MPOTOHOM
(0,11%), nopoxknast 6op-8 (®B) u raMmma-kBaHT. B cBOI0 ouepeinb JUTHIA-7
3axBaThiBaeT NMPOTOH H pacnajaeTcsl Ha JBe ajb(a-yacTHIb, a 60p-8
npeBpauaeTcss B Bo36yKIeHHOe sipo GePUINA-8 ¢ UCIyCKAHHEM TI03H-
TPOHA U 3JIEKTPOHHOrO HEHTPHHO (3TO TAaK Ha3biBaeMble GOpHbIE HEHTPUHO,
U3 Bcex poxnatouuxcs B CoJHIle B 3aMETHOM KOJHUYECTBE OHH HMEIOT
HauGoJbLIYI0 5HeprUio). M, HakoHel, A1po GepHJIIks pacnajgaeTcs Ha 1Be
anb(ha-vyacTHILbI.

99,76 % 0,24%
p++p+—>2H+e++'\[e—‘ P+G+P_’2H+Ve

84,6% 10° 5%
‘°‘H +p = He+y |—> *He* + p* — *He + "+ Vi
i 15,4% 0%
|3He+“He—>7Be+V| v

| Be +p* —~ *B+vy |

99,98% ¢ °B
‘Be+e — 'Li+V, 88 — ®Be" + &' +
\/ ¢ ¢ ppIL
*He + *He — “He + 2p* Li+p* — “He + “He ®Be" — “He + “He

Ha cxeme noka3saHbl pasnnyHble KaHanbl peaKLwn7| pp-unkKkna B COI]HLI,e. npOLleHTbI

COOTBETCTBYHOT 0,011 OTAENIbHbIX BApMaHTOB NPOTeKaHUA CUHTe3a.
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Cpenu Bcex peakuuil, uaymux B sigpe CoJHIA, B MATH HCITY-
CKaeTcsl 3JMeKTPOHHOEe HEHTPUHO. AHTHHEHTPUHO WM HEHTPHUHO APYrOro
THIIA B pp-lIMKJe He BO3HHKAIOT. [Ipolie Bcero saperucTpupoBath 60p-
Hble HEHTPHHO, MOCKOJbKY OHHM HMEIOT BBICOKYIO SHEPTHIO W MX J0CTa-
TouHO MHOTO. CJ/I0XKHEe BCero — HEHUTPHHO OT mepBol (pp) peaxiuu
M3-3a UX HH3KOH SHEPTHH.

Takue e peaklUHH HAYT BO BCEX 3Be3nax TOTO XkKe THIA, UTO
u CoJHIle, OJHAKO M3-3a Pa3HOH 3aBHCHMOCTH CKOPOCTH PeakIHi OT TeM-
nepaTypbl BKJA PA3JUUHBIX KAHAJNOB Yy 3Be3]l Pa3HOH MacChl OTJIHYAETCS.

[TpOTOH-IIPOTOHHBIH LMK/ BHOCHT OCHOBHOH (Gosee 98%) Braaj
B sHepreTuky CosHia. OnHaKoO ecTh elle OJHA 1lefl0UKa peaklMii, Takxke
Belylllast K CUHTe3y rejus u3 Bopopona. B CosHile oHa oTBeuaeT MeHee
ueM 3a 2% 3HEpProBbiie/ieHns], HO B GoJee TopsiuMx (MaCCHBHBIX) 3Be31aX
3TOT BapuaHT, HadbiBaeMbli CNO-1HKJ/IOM, CTAHOBUTCS LOMHHHPYIOIHM.

Cgoe nasanre CNO-uuk/1 noayuusa 6aarogaps yraepoay (C),
asory (N) u kuciopony (O). Ognaxo 31 3ieMeHTH B peakiusax CNO-ukia
He PacXoIylOTCsl U He CHHTE3UPYIOTCS: Ha BXOJE Mbl HMEEM UeThipe MPOTOHa,
a Ha BbIxoge — agbga-vyactuuy (mI0c, KOHEUHO, HEHTPHHO H SHEPIHIO).
MOXHO CcKa3aTh, UTO YIJIEPOJ BBICTYTAeT B POJMH KaTaju3aTopa, a a3oT
¥ KHCJOPOJ MPUHHMAIOT yYacTHe B MPOMEXKYTOUHBIX 3Tanax CHHTe3a.

CNO-ymkn oTBeyaeT MeHee YeM 3a 2% SHepreTukn
ConHua, HoO CTAaHOBUTCA AOMUHMPYIOLWMM B 6onee
MaCCUBHbIX 3Be3aax.

LK/ HaYHHAeTCs ¢ TOro, uto oObiuHbIH yraepoa-12 (12C) saxsa-
TBIBaeT MPOTOH, mpeBpamasich B azor-13 (3N) ¢ poxaenuem (oToHa.
3aTteMm B pesy/braTe Gera-pacnajga a3oT-13 mpespaiiaercs B yriaepoa-13
C HCMyCKaHUEM MO3UTPOHA U 3JEKTPOHHOTO HEHTPUHO.

B pe3ynbraTte peaKLWIVI 4aCTb 3Heprmnm yHocmTcA
ANNEKTPOHHbIMW Hel7|TpVIHO, perncrtpmpyemMmbiMmn Ha 3emne.

Yr/epon-13 cHoBa B3aHUMOAEHCTBYET € MPOTOHOM ¢ 006pa3oBaHHEM
aszora-14 u ¢orona. Azor-14 B3auMOJeHCTBYeT C MPOTOHOM, MOPOKIASI
Kkuc/aopoa-15 u gorou. B aape 'O oauH M3 NPOTOHOB B pesyJabTaTe
feTra-pacrajna npeppainaetcsas B HeHTpoH. BosHukaer asor-15, H, Kak
BO BCSIKOM OeTa-pacrajie TpOTOHA, BBIIETAIOT MO3UTPOH H 3/EKTPOHHOE
HelTpuHo. HakoHel, a3oT-15 B3aUMOAEHCTBYET ¢ MPOTOHOM ¢ 06pasoBa-
HueM yriaepona-12 u anbda-vyactunsl. Lluka 3aBepuien. Kaxk Buanm, sapo
12C, ucno/sb30BaHHOE B CAMOM HauvaJjie IIHKJ/a, BOSHUKJO CHOBA, a YeThIpe
MpOTOHA mpeBpaTHauch B siapo ‘He.

Y CNO-uukga ecth elle HeCKOJAbKO BapHaHTOB. ONMH U3 HUX
WIET TOJbKO MPH BBICOKOH Temmepatype H /st COJMHIA COBCEM He aKTyaJeH.
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Bropo#l Bce-Taku AaeT HUUTOXKHBIH BKJaA B 3HepreTuky Cosnua. [Ipu
B3aMMOJEHCTBUH a30Ta-15 ¢ MPOTOHOM B PEIKHUX CJaydassX BO3HHKAeT
He yraepon-12 u anbda-uactuiua, a kucaopoa-16. Kuciaopon 3axsaTbiBaet
ellie OJMH MPOTOH, MpeBpatasich Bo ¢grop-17. B pesy/abraTe 6eTa-pacnana
(rop-17 mpeBpaiaercst B KUCJA0POA-17 ¢ HCIyCKaHWEeM HEHTPHHO U poxK[e-
HUeM mo3uTpoHoB. Kucaopon-17 cHoBa B3auMOAEHCTBYET C IIPOTOHOM,
a UTOTOM peaKUUH CTaHOBSATCA a3oT-14 W anbga-vactuua. Ho 3To eme
He KOHell, Belb Ilell0YKa HayaJach ¢ azoTa- 15, KOTOpbIH He06XOIUMO
MOJIYUHTh [JIst 3aMblKaHus nukaa. YN 3axBaTbiBaeT MPOTOH, MPEBPAIIAsICh
B Kucjaopon-15, Kotopbl#i B pesy/ibraTe OGeTa-pacrnana npespaliaercs
B UCcXomHbii PN,

HeTpuHo o6napatoT He6onbLOW (HO He HyneBoA!)
Maccom.

Kak BunHo, B xone CNO-1HK/Ia TaKkKe POKIAI0TCS 3/JEKTPOHHBIE
HEeHTPHHO, KOTOpPble, KaK U HEHTPHUHO OT pp-peaklui, yaanoch 3aperu-
CTPHUPOBATH B TOA3€MHBIX HEHTPHUHHBIX Ja60pPaTOPHUSIX.

Teoperuxu paszpabdoTanu ocHOBHble Leno4kH pp- © CNO-uuk/10B
B konie 1930-x rr. B 1946 r. Bpyno ITonrexopso (Bruno Pontecorvo)
oTMeTu/, 4To CoJIHLE OO/MKHO ObITh AOCTATOUHO MOLIHBIM HCTOUHHUKOM
neitpuno. B 1950-¢ rr. Psit [Issuc (Ray Davis) Hauas paGorath Hajn
9KCIePUMEHTOM, CMIOCOOHBIM OOHAPYXKHUTH COJMHEUHble HedTpuHo. B 1968 r.
€My YAAJI0Ch TOMYUYUTh BaXKHEHIINHA Pe3y/IbTaT: SKCIEePUMEHTAIbHBIA BepPXHUH
npejes Ha NOTOK HelTpuHo oT CoJHLA OKa3aJcs MOYTH B TPHU pasa HHKE
TEOPeTHUECKOro Ipelcka3anus. Bo3HUKIA npobaema cosHet HblxX HellmpuHo.
3areM Ha NPOTSKEHHH JECATKOB JIET YUeHble C MOMOLIbIO Pa3JHYHbIX
YCTAaHOBOK HAayUH/HCh PErHCTPHPOBATb HEHTPHHO, HCIyCKaeMble B XOje
pa3/HUHBIX peakluH, 1 BCe OHU MOATBEPKIAMN Hasmuuue neduuuta. OKOH-
YaTe/bHO pelnTh npobsaeMy yjaajnoch B camoM Hauaje XXI B. BoisicHusoch,
4To pacueThl cTpyKTypbl CoJHIA U npoueccoB B HeM Oblin BepHbl. Cloprnpua
OblJ CBSI3aH C MPHPOAOH HEHTPHHO.

HenTpuHHbIE ocuMNNALUM 06BACHAIOT, NOYEeMY MOTOK
3NIEKTPOHHbIX HEMTPNHO Ha 3emMie MeHbLUE, YEM
npeackasbiBaeT cTaHgapTHasa mogenb ConHua.

Ha npors:keHnu necsaTU/IeTHH 1Ies Crop O TOM, UMeIOT JH Hel-
TpuHO Maccy. M3HauanbHast runoresa ITaymu (1930 r.) o cyiecrBoBa-
HMH HeHTpasJbHOH YaCTHIbl, KOTOpasi NO3BOJs/IA O0bSICHUTb OCOOEHHOCTH
Gera-pacnana (a 3aoaHo, B BapuaHTe [lay/id, U CBOHCTBA aTOMHBIX siiep),
npeanoJarana HenyJ/aeBylo maccy. C TeueHHEM BPEMEHH 3KCIEPHMEHTBI
NOKa3aJ/ii, UTO €CTb TPU TUMA HEHTPUHO, COOTBETCTBYIOIIHMX TPEM JETNTOHAM:
3/J1eKTPOHHOE, MIOOHHO€ M Tay-HeHTpuHo. B MuHHMa/ibHOH CTraHaapTHOH
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MOJe/IM 3/JEeMEHTapHbIX YacTHl, CO3JaHHOH B cepeaune 1970-x rr., BCe
TPH HEATPHHO MPEINoJaralnTcsi 6e3MaccoBbiMU (T. €. C HYJIEBOH Macco).
O6Hapy:KeHHe TaK Ha3blBAEMbIX HEHTPHUHHBIX OCHMJISIUI B SKCIIEPUMEHTAX
Super-Kamiokande («Cymnep-Kamuokanzne), wan npocto Super-K, u Ha Hei-
TprHHON o6cepatopuu B Candepu (Sudbury Neutrino Observatory, SNO)
B 2015 r. 6bI0 0TMeueHo HobGeseBckoii npemueil no ¢uauke. HeldTpunHbie
OCLMJ/IISIUMH CBUAETENbCTBYIOT, UTO HAa CAMOM JeJie 3TH YacTHLbl HMeloT
HeHyJ/eBY10 Maccy. XOTSl HA MOMEHT OTKPBITHSI (DOPMAJ/IbHO MOXKHO OBIJIO
OOBSICHUTD SIBJI€HHE HEHTPHHHBIX OCUMJ/IISLUHA HE MAcCOH YacTHIl, a KHOBOH
(DUBHKOI», Temepb Takhe OO'bSICHEHHSI HE TOJIbKO BBHITJISIAT «HE 3/1eraHTHBI-
MH», HO U TJIOXO COIVIACYIOTCSI ¢ HOBBIMH SKCHEPUMEHTANbHBIMH JaHHBIMH,
TaK)Ke CBUIETE/IbCTBYIOUIMMH B MOJb3Y HEHYJIEBOH MacChl HEHTPHHO.
DenoMeH HEHTPUHHBIX OCHM/ISANNA GBI Mpenckasad B 1957 T.
Bpyno IlTontekopBo. C Touku 3peHHUst HaGMogaTE/sI, OH COCTOHT B TOM,
4TO MOC/e HCIYyCKAHHMS HEHTPHUHO /M1060ro THMA AETEKTOPbl Ha PasHbIX
pacCTOSIHUAX OT UCTOYHHKA OYILyT pEeruCcTPUPOBATb HEHTPHHO BCEX Tpex
tunoB. CTporo roBopsi, 3T0 He O3HAUAET B3aUMHOE TNpeBpalleHHe YaCTHIL
Ipyr B apyra. HedTpuHO Bcerna siB/sSETCS CyNepro3uIHed TpeX COCTOSTHUH,
OJTHO M3 KOTOPbIX MOXET TIPOSIBJASITHCS B JaHHBIH MOMEHT. OCIHM/ISIIMN
MPOUCXOMSIT H B BaKyyMe, HO HaJHUME BEIEeCTBA MOXET HX YCHJHBATH (Tak
HasbiBaeMblil ekt MuxeeBa — CmupHoBa — BosbdeHnireiina, nHormna
B JAHHOM CJlyuae TOBOPSIT O HEOCUMJ/ISTOPHBIX NPEBPAILEHUsX OJHOTO
COpTa HEHTPUHO B APYTOH, Ha3biBasi UX ainabaTHUECKUMHU TpeBpalleHUsMU
copra (adiabatic flavor conversion), HO Mbl 6ygeM HasblBaTh BCE NpPEBpa-
eHHs] OCHUJISIIIASMH, YTOObI HE YCJOKHSITh TEPMHHOJIOTHI0). DTO O3B0~
JISieT peluTb NMpobJeMy COJHEYHBbIX HEHTPHHO. DTH YACTHLbI POAKIAIOTCS
B pe3y/bTaTe TepMOsiIepHbIX peakuuil B Heapax CoJsHLA, W IPH SHEPrUH
HEHTPHHO BblllIe HECKOJbKHX MErasJeKTPOHBONbT OCLHJISLHH B OCHOBHOM
npoucxonsitT BHyTpu CoJHLA, a MpU 6ojiee HU3KHUX SHEPTHAX — MO MYTH
ot CosHua 1o 3eM/d. B pesy/brare Mbl perHCTPHpYeEM JHLIb OKOJIO TPETH
3/IEKTPOHHBIX HEHTPUHO, BOZHUKAIOMIMX MPU CHHTE3€ T'e/Hsl U3 BOAOPOJA.

1.3
11-neTHM UNKN aKTUBHOCTU

OnHO¥M U3 IVIaBHBIX 0COOEHHOCTEH COJTHEYHOH aKTHBHOCTH SIBJISI-
eTcd HaJuyhe Tak HasbiBaemMoro I1-metHero nuk/aa. C 3TuM nepuoaom
MEHfAEeTCd KOJHUUYECTBO COJMHEUHDLIX MATEH, BCIbIIIEK, a TaKxKe BCeX ApPY-
rux HpOHB.}IeHI/Iﬁ AKTHBHOCTH, BKJ/IlOUasd IMOTOKH paanO-, PEHTT€HOBCKOT'O
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U raMMa-uaJ/ayudeHusi. TOT LMKJ CBS3aH C U3MEHEHHEeM MarHUTHOIO IOJIst
CoJiHIa, NOJAPHOCTD (HATIpaBJAeHHE) KOTOPOrO MEHSIETCsl ¢ MEPUOIUUHOCTHIO
okoJqo 22 qer. OQHAKO JeTa/lbHble MPUUUHBI Takoro mnoseneHus: CoJHua
OCTAIOTCS HEH3BECTHLIMU: CYIIECTBYIOIIHE MOJE/N I'eHepallid U 3BOJIOLHH
MAarHUTHOTO TOJs, 00'bSICHSIIOLINE COJHEUHBIH UK/, HYKIAI0TCS B TIPOBEPKE
U, BO3MO2KHO, MOJU(HUKALUHK H PA3BUTHH.

OauHHAIUATHAETHSS NEPUOIUYHOCTD B KOJHUYECTBE COJMHEUHBIX
nsiteH Oblia ycranos/ieHa B 1840-e rr. Ienpuxom [IBade (Samuel Heinrich
Schwabe). C 1849 r. Pynoabd Boabd (Rudolf Wolf) nauan peryisipHbie
MOJCUEThl COJHEUHBIX MSITEH W X TPYII M0 pa3pabOTaHHOH UM MeToauKe (Tak
HasbiBaeMoro unciaa Bosbga). Kpome Toro, ol neno/ib3oBan apxuBHbIE TaHHbIE,
4TOObl YCTAHOBUTDb, KAK MEHSJIOCh YHCJO NATEH U I'PYIN HauuHas ¢ 1749 r.
Baaronapsi pa6ote Bosbda u ero noc/enopatesed y HaC eCTb KaueCTBEHHbIE
HerpepbiBHbIE JaHHbIE MO COJHEYHBIM MSTHAM Ha NPOTSKEHHH 24 LUKJIOB.
VMeHHO 3TO nenaetr psiabl HaOMOAEHHH NSATEH LIEHHEHIIHM MaTepHaaoM st
usyuenust noseneHusi CoJHIA, XOTS B TOC/IEAHUE AECATHIETHS pa3paboTaHbl
U 6oJjiee HaJeXKHbIE METOIbI MOHUTOPUHIA COJHEUHOH aKTHBHOCTH.

LI1K/1 HAUMHAETCS ¢ MUHUMyMa B KOJHMYECTBE COJHEUHBIX TSITEH.
[TepBoiii uuKa orcuntoiBaloT ¢ 1755 r., a Tekyuwid (24-#) unK/aI Hadajcs
B 2009 r. [1pogo/mkuTeIbHOCTD IUKJA JUIIb B cpenHeM paBHa 11 rogam,
OTKJIOHEHHs] MOT'YT MPEBOCXOAUTh ToJ (4 HHOTAA U 1Ba!) B Ty WJIH HHYIO
CTOPOHY.

AkTtneHocTb CosnlHUa MeHseTcq C NepnognYHOCTbIO
okono 11 ner.

Cefiuac HCMoMb3yeTcsi HECKOJBKO METOIUK MOACYEeTa COJTHEUHBIX
nsiteH U ux rpynin. [lomuMo mojpcuera uuc/aa NSITEH W TPYNI U3MepsIeTcs
U UX mJomanb, a ¢ 1946 r. g MOHHUTOPHHTA COJHEYHOH aKTHBHOCTH
HCIOMb3YIOT TakKe paanoHalioneHns Ha dyactore 2,8 T (11HHA BOJHbI
10,7 cm). PasHble MeTOIbI 110-Pa3HOMY OINPEAEAI0T MOMEHT HauaJja LHKJA,
pa3bpoc MexkIy HUMH MOXKET COCTaBJ/SITH HECKOJbKO MeCSIEB.

Ha4yano 11-neTHero unkna CoIHEYHOM aKTUBHOCTM
NPUHATO OTCYUTbIBATb C MUHUMYMA.

L{MK/J1 — 3TO BCIJ/IECK COMHEYHOH aKTHBHOCTH, BbI3BAHHbLIH BHY-
TPEHHUMH MPOIECCAMH, CBSI3aHHBIMH C MAarHUTHBIM ToJeM. [locaenosa-
TeJbHO HACTYTAIOIIHe [UKJbl MOTYT CJerka MepeKphlBaThCsl, H 5TO MOXKHO
YCTAHOBUTb pa3/JUuHbIMM MeTogaMu. Hanpumep, ngaTHa B LMKJAE HAYHHAIOT
nosiBAsITbcsl Ha wuporax £30-40 rpagycos, a MOTOM TOCTENEHHO MecTa
MOSIB/ICHHS] HOBBIX ISITEH CABHralTcs OJHkKe K 3kBaTOpy. COOTBETCTBEHHO,
BO/MIM3H MUHUMYMOB Ha CoJiHIIE MOT'YT MPUCYTCTBOBATDH MSATHA M CTApOro,
U HOBOT'O IIHKJOB.
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Cpennee (rio6anbHoe) MarauTHoe mose Ha CoJHIE HEBEJIHKO.
[To mopsinKy BeJHUYMHBI OHO MPUMEPHO TAKOe XKe, KaK Ha MOBEPXHOCTH
3emun. Ho sokanbHo (Hampumep, B MATHAX) MO/ MOI'YT JAOCTHIaThb BeJH-
YHH B ThICSUM pa3 OoJblie. V3MeHeHHsT MoJell MOPOXAAIOT UHAYKIIHOHHbBIE
TOKH, CJIOXKHAsi 3BOJIOIHSI CHCTEMbl MOJEH U TOKOB B IJa3Me MPHUBOAUT
K 60raTCTBY MAarHUTOTHIPOJHHAMHUYECKHX MPOIIECCOB H MHOTO0OOpAa3HIo
aKTHBHBIX siBjeHnH Ha CodHie (M APyrux 3Besmax).

LUnKNMYHOCTb COJTHEYHOI aKTUIBHOCTW CBAA3aHAa
C NSMEHEeHUAMWN MarHMTHOro nons.

ﬂaHHbIe HaGJIIOIIeHI/IIL/II YKa3bIBalOT, UYTO MArHUTHOE I10JI€ UT'paeT
KJI0YEBYIO POJb BO BCEX TPOSIBAECHUSIX COMHEYHOH aKTHBHOCTH. B Maxcu-
MyMe IHKJ/a MeHseTCs MOJSPHOCTD ro6asbHOro MarHuTHoro nosas CoJHua,
BeJMUMHA TOJs1 B 9TO BpeMsi MHHHMaJsbHa. HenocpencTseHHo BOJINM3H MaK-
CHUMyMa aKTHBHOCTHU MOJISIPHOCTb MOJIsI MOXKET MOMEHSThCSI HECKOJIBKO pas.
B MHUHHUMYME COJIHEUHOH aKTHBHOCTH BeJIMUMHA TJI00AJbHOTO MArHHUTHOI'O
oJIsT 1O0CTUraeT MakKCHUMyMa. HOSTOMy MOJIHLIH MArHUTHBINA OHUKJ COCTABJACT
22 ropa, 3a 3TO BpeMs IoJie BO3BpalllaeTCs K MpexHeld KOH(HUTYpalMH.

Kpowme Toro, MeHsieTcst HanmpaBJeHHe MarHUTHOTO TI0JIs1 B COJIHEY-
HBIX MsiTHaX. OGBIYHO MsITHA MOSIBASIOTCS mapaMu. [1sTHA B mape coelHHeHbI
JIMHHUSIMH MarHUTHOTO moJisi. B Teuenue 11-seTHero muk/ia Jguaupyioliee
MSATHO B KaXKJ0# nape B ceBepHOM mouyinapud CoJHIA UMEeT OIHY U TY
e TIOJISIPHOCTD, a B 10KHOM — MPOTHBOINOJOXKHYI0. B crexyomeM nukie
MMOJFPHOCTL MEHACTCS.

B makcumyme umnkna cConHe4YHoOM aKTMBHOCTU
CyLleCTBEHHO BO3pacTaeT CBETMMOCTb B paguo-,
ynbTpadroneToBoM, PEHTFTeHOBCKOM M raMma-
nmanasoHax. OgHako NONHOEe 3HEProBblAeneHne 3Be3abl
NPaKTNYeCKN HEe N3MEeHSeTCA.

KpuBass HHTEHCHUBHOCTH COJIHEYHOH aKTHUBHOCTH B LIUKJ/E HECHM-
MeTpuuHa. B cpegHeM OoT MHHMUMyMa 0 MaKCUMyMa MPOXOAHT OKOJIO 4 JeT,
a MOTOM B TedeHHe 7 JeT aKTUBHOCTb yMeHbllaeTcsl. Ho HHKJ/bI BoBCce
He OJMHAKOBbl, OHH UMEIT PasHylo (pOpMy KPHUBOH aKTHBHOCTH, AJUTE/b-
HOCTb, YPOBEHb aKTHBHOCTH B MHHHMYMeE M MakKCHMyMe. 3aKOHOMEPHOCTH
B H3MCHEHHH MAapaMeTPOB LIMKJOB MBITAIOTCH HAWTH, HO 3TOT NpoLece,
K COXKAJICHHIO, 3aTPYIHEH HEAOCTAaTKOM HH(OPMALMU: AaHHBIE MO MATHAM
OXBATHIBAIOT MEHee TpeX CTOJNETHH, M0 MarHUTHBIM TMOJSIM — OKOJIO BeKa,
a JleTa/bHble JJaHHble HAOJIOACHUH B JIPYTHX JHANa3oHax CIeKTpa — BCEro
JIMILIb YyTh GoJiee MoJyBeKa.

OnHako M3BECTHO, UTO Ha OOJbIIMX NMPOMEXKYTKAX BpeMeHH
akTHBHOCTH CoOJIHIIA MpeTepreBaeT CyLIeCTBEeHHble H3MeHeHus. Tak, B Tak
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HasbiBaeMoM MuHHMYMe Mayuuepa (1645-1715 rr.) na CodaHie npaxTu-
YyecKH He OBLIO MSITEH, a U3yUYeHHe KOCBEHHBIX TaHHBIX MO3BOJSET yCTa-
HOBHTb, UTO MOAOOHBIE 3aTsKHbIE MepHOIbl caaboi akTuBHOCTH CoJHIIA
Habmonanuch U paHee. CylllecTBOBaJAU U MEPHUO]bI, KOTa aKTUBHOCTH
CoJHIla B cpefiHeM Oblia MOBBIIIEHA.

ConHe4yHasa aKTUBHOCTb CcyuweCcTBEHHO N3SMEHAETCA
Ha AnmnTenbHbIX BPEMEeHHbIX MacuwiTabax.

B6a13n MakcMMyMa aKTHBHOCTH BO3pacTaeT 4acToTa MOsIBJAEHHS
COJIHEUHBIX BCIBIILIEK, MPOTyOepaHIleB, KOPOHaAIbHBIX BbIOpocoB U ap. Takxke
BO3pacTaeT CBETHMOCTb B TaMMa-, PEHTT€HOBCKOM, yJAbTPa(uoIeTOBOM
U paguonuanasonax. OpHako nosHoe sHeprosbiaesenue CoJHLA NPH
9TOM H3MeHsieTcsl KpaliHe He3HauuTeabHO — MeHee 4yeM Ha 0,1%. Tem
He MeHee MOBbIILIEHHAs COJHEYHasi aKTHBHOCTb MOXET BeCbMa 3HAUUTEJNbHO
CKa3blBATbCS Ha MapaMeTpax 3eMHOH MarHUToc(epbl U faXKe Ha K/uMare.
Kpome Toro, BbicoKasi cofHeuHasi aKTHBHOCTb, CONPOBOXK1aeMasi MOILIHBIMU
BCIIBIIIKAMH H KOpPOHAJbHBIMH BBIOPOCAMH, OTPHIIATENbHO BO3AEHCTBYET
Ha KOCMHUECKHe anmapaTthbl, KOCMHUYeCKHe U Ha3eMHble CETMEHTHhl CHCTeM
HABHTAllMK, CBSI3W M CHTHAJNM3ALNH, Hapyllas UX padoTy (BIVIOTH O MOJ-
HOT'O BBIXOJa H3 CTPOSL).

B roabl MUHHMYMOB COJHEYHOH aKTHBHOCTH MOTOK rajlaKTHUECKHX
KOCMHUECKHX Jyuell BO BHyTpeHHeH yacTH COJIHEUHOH CHCTEMbl BO3PACTAET,
MOCKOJIbKY B TOJIbl MAKCHMYMOB MOC/eACTBHs BbIGpocoB BellecTBa CoJHIA
NPEensITCTBYIOT UX MPOHUKHOBEHHIO B 3Ty 06/acTh. Kocmuueckune Jjayuw,
B3aUMOAEHCTBYs ¢ aTMoc(epoll 3eMJ/H, PUBOIAT K IOSIBJAEHHIO U30TOIOB
C u '"Be. Ananus colepKaHUs STHX H30TOTOB B JPEBHHX OCTATKAX
pacTeHUH U B JIEJOBBIX OTJOKEHHUSIX MO3BOJSET CYAUTb O COJHEYHOMH
AKTHBHOCTH B JaJeKOM MPOIIIOM.

Mnoxoe NOHMMaHMe NPUYNH cyLecTBOBaHMA 11-neTHero
LMKNa He No3BONSeT HafeXHOo npeackasbiBaTh
COJIHEYHYI0 aKTUBHOCTb 60/1ee YeM Ha HEeCKONbKO NieT
Bnepea.

Ha NPOTAXKEHHUHU AECATKOB JIET MPOAOIKAIOTCA MOIBITKH HAYUUTb-
Cd nmpeacKasbiBaTb CO/MHEUYHYIO aKTHBHOCTD. K CO2KaJIeHHI0, U3-3a IIJIOXO0T'O
NMNOHUMaHHMI ¢)I/ISI/I’1€CKI/IX MEeXaHU3MOB COJHEYHBIX TMPOIECCOB MOKa 3TO
JeJsqaeTcd TOJbKO C HCIIOJb30BAaHHEM q)eHOMeHOJIOFI/ITIGCKI/IX METOOOB.
B Hactosmee BpeMd TOoBeAeHHE [HKJ/Ia MOXKHO IMpeacKasaThb C JIOCTAaTOUHOH
TOYHOCTDBIO JIMIIb CIYyCTH 2-3 roja mocJje ero HavaJja. le/l 9TOM Ba>XHbIM
okasbiBaeTcsd nosenenne CoJiHIIA BO BpeMd Mmpeabiayuiero mukKJa.
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1.4
ConHeYyHble NATHA,
npoTybepaHLuUbl N BCe-BCe-BCE

Cy1iecTByeT MHOXKECTBO 00pa30BaHUH, CBSI3AHHBIX C COJHEUHOMH
aKTHBHOCTBIO: TISITHA, MPOTy6epaHIilbl, COUKYJbI, (hakesabl. BaxkHyio poJb
B CTpyKType noepxHocTH CoJHLA UIPAIOT FPAHYJbl H CyleprpaHydlbl.
Benbiliky ¥ KOpoHa/bHbBIEe BBIOPOCHI TaKXkKe CBSI3aHbI ¢ Pa3/JHUHBIMH aKTHB-
HBIMH TIPOLIECCAMH.

[Tosepxuocthb (porocdepa) CosHIa COCTOUT U3 TpaHys — oOpa-
30BaHUH paszmepom oko/so 1000 kM, :KHBYIIMX B CpeIHEM HECKOJbKO
MuHYT. CBOMM CYIIeCTBOBAHHEM T'PaHyJ/bl 003aHbBl KOHBEKTHBHBIM MOTO-
KaM, TPUHOCSIIUM TEIJIO U3 Heap 3Besfbl. LleHTpanbHas (cBeTsas) 4acThb
rpaHy/ibl COOTBETCTBYET BOCXOASLIEMY MOTOKY H HMeeT GoJiee BBICOKYIO
Temnepatypy. OTHOCHTENbHO TeMHble NPOXKHUJIKH MEXAy I'paHyJaMH COOT-
BETCTBYIOT HUCXOASIILIUM MOTOKAM YK€ HECKOJbKO OCTBIBIIEI'0 BELIECTBA.

B cepennne XX B. Ha CoJiHle O6blM 06HApYKeHbl 6oJee KpyTHble
CTPYKTYpbl — cyneprpany/bl. Kak W rpaHy/bl, OHH CBSI3aHbl C KOHBEK-
THBHBIM MEPEHOCOM 3HEPTHH BO BHelIHHX uacTsax CoJaHIa.

CyneprpaHyJ/ibl UIMEIOT pasMepbl B JeCATKH TBHICSY KHJIOMETPOB
U JKHUBYT 0KOJIO cyTOK. WX uadyuator, Ha6./100as8 CKOPOCTH JBHUKEHHS
BellecTBa B xpomochepe CoJHuA.

ConHe4yHas rpaHynayuMa U CBEPXrpaHynaumnsa BO3HNKaOT
N3-3a KOHBEKTUBHOIO NepemMellnBaHunsa 1 nepeHoca
Tenna Bo BHelWHWX cnoax ConHua.

C KOHBEKTHBHBIM IIePEHOCOM Tella CBSI3aHbl H CaMble H3BECTHBIE
JeTaJd Ha COJHeYHOM aucKe — nsitHa. OHU HAGJIIONAIOTCS KaK TeMHble
006J1aCTH pasMepoM OT JECSITKOB [0 NEeCSATKOB TBHICAY KUJIOMETPOB. B msT-
HaX CHJbHbIE MArHUTHbBIE MOJs (IOCTHraoIIne B 06JaCTH TEHH — CaMOH
TEMHO# YacTH MATHA — HECKOJbKHX THICSY raycc) MOIAB/SIOT KOHBEKIIHIO,
NPensTCTBYS TepPeHoCy Telja CHU3Y. B peaynbraTe B 06/1aCTH MATHA
noBepxHocTh CosHiia umeet Temnepatypy okoso 3000-4000 K. TTockosabky
MOTOK M3JIYUEHHs] C eIHHHYHOH MJIOIIAAH TPONOPLUUOHANEH YeTBEPTON
CTeNMeHU TeMIepaTypbl U3JYUaIOIIEro TeJa, MATHA BBITJSASIT HAMHOIO
TeMHee MOBEPXHOCTH.

KpymnHble TsiTHA MHOTIA MOTYT ObITh 3aMeUeHbl 1axKe HEeBOOpY-
YKeHHBIM ryazoM, ocobeHHo ecau CoJHIe HabM0AaeTCs] CKBO3b JTBIMKY.
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[TosToMy CyLIECTBYIOT AECSITKH MHUCbMEHHBIX CBHAETE/NbCTB HAOJ/IOLCHUS
ISTEH B J0TE/JECKONHUECKYI0 310Xy. Kpome Toro, naxe mnocie u3o0peTeHHs
TeJlecKomNa MsiTHA YCNeUIHO Ha6J/10Janu ¢ MOMOIIbI0 KaMepbl-00CKYPHI.
OnHaKo HMEHHO CO3/laHHe ONTHYECKHX MPUOOPOB MO3BOJH/IO MPHUCTY-
NUTh K CHCTEMAaTHYECKOMY H3YUYEHHIO 3TOro siBjeHus. KoquuecTBo nsiteH
Ha MPOTS2KEHUH COTEH JIeT CJIYKHT MEepPHJIOM YpPOBHS akTUBHOCTH CoJHLA.

MaTtHa Ha gncke ConHua TeMHee OKpyXXaloLen
NOBEPXHOCTN, MOCKOJIbKY MMEIT 6onee HU3Kyo
Temnepartypy. 9To 06bACHAETCA HAIMYMNEM CUNbHbIX
MarHMTHbIX NONen, NPenATCTBYIOLWMX KOHBEKLNNA.

[Ipouecc poxieHus HsiTHA CBSI3aH C KPyHNHOMAacIITaGHOH KOH-
BeKLIMeH M 3aHUMaeT HEeCKOJbKO JHEeH, a mpouecc paspylieHHs MSTHA
CBSI3aH C MeJKOMAcIITaOHOH KOHBEKIHeH W 3aHUMaeT HECKOJNbKO HeleJb.
[TosaTomy MoxkHO HaGJomaTh, KaK I'pymna mnsaTeH ucyedaetr 3a KpaeM CoJHIA,
a yepes TOJ-000pOTa MOSIBASIETCS] H3-34 MPOTHBOMOJNOKHOTO Kpasl. FIMeHHO
Takne HaGMIOEeHHUS TMO3BOININ [aluie0 H ero CoBpeMeHHHKaM OTKPBLITh
M U3MepHuTh nepuop BpauleHHuss CoJsHIIa BOKPYT CBOEH OCH.

Apkne chakenbHble NONSA KOMMEHCUPYIOT NageHne
cBeTmocTu ConHua n3-3a NnpucyTCTBUS MATEH.

AxrtuBHble siBseHus Ha CoJIHIle B OCHOBHOM BO3HHKAIOT GJaro-
Japsi CHJAbHBIM MArHUTHBIM T0JISIM, H MHOTHe 06pa30BaHHS TOSIBJASIOTCS
UMEHHO B 00J/1aCTH MSTEH, IJie BeJHUYHHA noJel oco6eHHO Beauka. [TosaTomy
COJIHEUHble NSITHA — M B IPOCTPAHCTBE, H BO BPEMEHH — SBJSIOTCS XOPO-
IIMMH HHIMKATOPAMH COJHEUHOH aKTHMBHOCTH: MX KOJHYECTBO OTpaxaer
OOIIMH yPOBEHb aKTHBHOCTH, a MECTOTNOJ/OXKEHHE MO3BOJSET JOKAIH30-
BaTb aKTHBHble 00/1aCTH Ha COJHEYHOM JHcKe. B MakcHMyMe aKTHBHOCTH
Hab6JI0aeTCsl HAMHOTO 60JIbllle MSTeH, U MOXKeT 10Ka3aThCsl, UTO MOJHAS
ceetTuMocTh CoOJIHIIA B 3TOT MOMEHT HEMHOIO MajaeT, MOCKOJbKY Ha HeM
MHOr'0o TeMHbIX objacTeil. OfHAaKO Ha caMoM JeJjie 3TO He TakK: Hao06opoT,
B MakcuMyme CoJiHLe M3JyYaeT Ha HECKOJbKO COTBHIX A0JeH NmpoueHTa
6oJibllle SHEPTHH, YeM B MUHHUMyMe. DTOT 3(h(DeKT CBSI3aH ¢ HAJAHUHEM
SPKUX TOpSuuX objacTedl — (axeabHBIX MOJEH.

daxesbHbIE MOJSI COCTOAT U3 HEOOJMbIIMX MAarHUTHBIX 3J€MeH-
TOB — MAarHUTHBIX Tpy6oK auamerpom MeHee 300 KM U ¢ MHAYKUHEH
MarHuTHOro noJst oko/qo 1000 ['c (3T0 B HECKOJBKO THICAY pa3 CHIbHee
MarHUTHOTO moJsi 3eMan). MarHuTHOe MoJe MOAaBJsIET KOHBEKIIHIO,
ofHaKo 6oJjiee BaXKHO, UTO NPH 3TOM (QopMmMHUpyeTcs y3koe yraybJaeHue
B QoTocdepe. [IHO ero GoJsee XOJMOAHOE, HO CTEHKH ropsuue, Tak Kak
K HUM TMOJABOAUTCS TEIIO M3 TOPSUHX COCeAHUX obJjacteld. B pesynbrare
BO3HHKaeT 00/1aCTh C MOBbIIIEHHOH sipKoCcThio. PakKe/bHbIE MOJS JAYyUlle
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BHIHBI, €CJH Ha HUX CMOTPeTb COOKY, H MO3TOMY Ha COJNHEYHOM IHCKe
OHH sipue BUIHBI BOIK3K jqumOa (Ha Kpatw). PakesbHble MOJs1 YACTO CBsl-
3aHbl ¢ 06JACTSIMH COJMHEUHBbIX MTeH. Slpkue (ake/bHble N0Js C JIUXBOH
KOMIIEHCHPYIOT yMeHblIeHHe cBeTUMOCcTH CoJHIla 3a cueT 6OJbIIOro
KOJM4YeCTBAa TEMHBIX IISITEH.

MpoTy6epaHLbl MOryT NOGHMMATbCA HaL, CONTHEYHbIM
ANCKOM Ha COTHU TbiCAY KUIOMETPOB.

C axTUBHBIMH 00JIACTSIMH CBSI3aHO U 00pa3oBaHHE CaMbIX BleyaT-
JSIOMUX CTPYKTYp B atmMocepe CogHua — npoTty6epaniieB. CyIIecTBYIOT
JaHHblEe O TOM, UTO TMPOTyOepaHibl HA0J/I01a/dH BO BPEMs COJHEYHOTO
satMenus emie B XII-XIII BB. C mosiBieHneM Te/eCKOMOB CTaJH BO3MOXKHBI
6oJiee meTasnbHble HAGJ/IOfE€HHUs], OMHAKO MEPBble HECKOJAbKO BEKOB TMPOTY-
GepaHIbl BCe paBHO B OCHOBHOM Ha6/I10/1aJd BO BpeMsi 3aTMEHHUH Ha Kparo
COJIHEUHOTO aucka. [To 3Tol mpUUHMHE YacTh aCTPOHOMOB CBsI3bIBaJja
ux He ¢ CoJgHuewm, a ¢ JIyHo#t, u quib ¢ cepenunbl XIX B. oKOHUATEIbHO
c(hopMHpOBaIOCh TIPAaBU/IbHOE MOHUMAHHE O MpUpPOe MPOTyGepaHleB KaK
(penomena B atMocdepe Cosnua. C nosiBjleHHEM CHEKTpPaJdbHbIX HaGJI0-
nenu#t B 1860-e rr. cTa/so BO3MOKHBIM HabMI0AATh MPOTYOEpaHIlbl U BHE
3aTMEHHUH.

[Tpory6epaHiibl — 3TO apKOMOAOOHBIE CTPYKTYPhl HaJl COJHEUHBIM
JTUCKOM, XOpOIIO 3aMeTHhie Ha ero Kpaw. DTO OTHOCHTENbHO XOJOJIHbIE
(5000-10000 K) u muoTHble 06pa3oBaHust H3 XPOMOC(EPHOTO BEIECTRA,
OKa3aBIIErocst B paspeweHHOH ropsueil (0KOJO MHJIJTHOHA I'PagyCcoB)
kopoHe. PopMa B BHIE apoK OOGBSICHSETCS MOAAEPKHUBAIOIIUM TeHCTBHEM
MarHuTHoro noJs. Ecau npory6epaHel Ipoenupyercs Ha COJMHEUHBIH ANCK,
TO ero o6bIYHO MOXKHO 3aMETHUTb KaK TEMHOEe BOJIOKHO TPH HAGJI0AeHUN
B CIIeKTpaJ/ibHOH JUHUKM Bojgopogaa Ha. ['urantckue mpory6epaHIibl MOTYT
UMeThb pa3Mepbl COTHU ThICSIY KUJIOMETPOB.

MeHee Beuat/siolUIde CTPYKTYPBI, BO3BBIIAIOIINECS HAl COJMHEY-
HBIM JTUCKOM, — CITHKYJIbl. DTH KOPOTKOXKHUBYIIHE <KOJOHHBI» HA HECKOJbKO
MHHYT MOAHAMAIOTCSI HA BBICOTY IO HECKOJbKHUX TBICSY KHJIOMETPOB, a MOTOM
paspymatoresi. OnHoBpeMenHo Ha CoJiHIle CYIIECTBYET HECKOJNbKO COTEH
ThICSIY TaKMX 06pas3oBaHUH.

OnHako, HecMOTPsl Ha (0JIbIIIOE KOJHUECTBO JETaJbHBIX HABJII0-
NEHUH, TPOUCXOKAEHHE MHOTUX CTPYKTyp Ha CoJHIlEe U JAeTald UX 3BO-
JIIOIIUM OCTAlOTCsl BO MHOTOM 3araakoi. Kak mpaBuJo, 1/s1 06'bsiCHeHHUS
(hU3NUECKUX MEeXaHU3MOB aKTHBHBIX mporeccoB Ha CoJHIE CYLIECTBYIOT
KOHKYPHDYIOLIHE MOJEJIH.
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1.5
ConHe4yHasa KOpOHa 1 3aTMEHMS

Ha cHUMKax MOJHOr0 COMHEYHOrO 3aTMEHHs] BOKPYT TEMHOTO
nucka Jlyubl, 3acaonsiouiero CoJiHIle, MOXKHO YBHAETb CUSHHE KOPOHDI.
Kopona — 370 camble BHelllHHe, KpafiHe paspexeHHble (MIOTHOCTb MOPSAKA
1072 o1 moTHOCTH (OTOCGHEPH) CAOH COTHEUHOH aTMOCHEPEI, HMEIOIIHe
BBICOKYIO TeMeparypy (MH/IHOHBI IPayCcOB) U MPOCTHPAIOLIHECS BIIOThH
JI0 PACCTOSIHMH B HECKOJBKO COJIHEUHBIX PAJHyCOB (MHJJIHOHBI KHJIOME-
TPOB), TJle OHA TOCTENEHHO MEPEXOMHUT B COMHEUHbIH BeTep. M3-3a HU3KON
NJOTHOCTH MOBEPXHOCTHAS SIPKOCTb KOPOHBI HEBEJNHKA, U Ha SIPKOM (oHe
JHeBHOTO HeGa OHa He BHAHA, Mo3ToMy a0 1930-x rr. ee MOXKHO OBLIO
Ha6/MI01aTh UCKJAUNTENbHO BO BpeMsi 3aTMEHHH.

B 1930-e rr. 6p1M co3naHbl TTIEPBble BHE3ATMEHHBIE KOPOHO-
rpagbl, 103BOJSIINE H3YYaThb KOPOHY TOCTOSIHHO, a He TOJNbKO B pelKHe
MOMEHTBHI 3aTMeHHH. C HavyasoM 3pbl KOCMHYECKHX IOJETOB MOSIBHJIACH
BO3MO2KHOCTb M3yUaThb COJHEYHYIO KOPOHY M3 KOCMOCa, Ijle He MellaeT
(hoH Heba, a TaKkKe MOXKHO MPOBOAUTHL HAOGMIOACHHUS B YAbTPA(PUOJECTOBOM
U PEHTTeHOBCKOM JiHana3oHax, Ha KOTOpble MPUXOIUTCS OCHOBHOE H3Jy-
YeHHe ropsayed KOPOHHI.

ConHe4yHas KOpOHa NMEET HN3KYIO MIOTHOCTb N BbICOKYIO
Temnepartypy.

CpenHssi TemnepaTypa KOPOHBI cOCTaBJ/sieT | -2 MJIH T'paaycos,
OJTHAKO BO BpeMsl BCIIBIIIEK B Hell BO3HHUKAIOT 06JaCTH C TeMIlepaTypoH,
nocturatomed 20-40 MIH TpagycoB. YC/a0BHS B KOPOHE HACTOJMBKO KC-
TpeMaJ/lbHbl, YTO aCTPOHOMBI J0J/IF0€ BPeMsi He MOIJIH HIeHTH(OULUUPOBATD
OJHY M3 CIEKTpaJ/bHBbIX JUHHUH, OTKPLITHIX ewle B XIX B., npunuceiBas
ee HOBOMY 3J/ieMeHTy — Kopouuio. JIuub B koHue 1930-x rr. ynajnoch
YCTaHOBUTb, UTO 3TO JHUHHUS XKeJje3a, NoTepsBuiero 13 3/71eKTpPOHOB.

Ha6niogatb KOPOHY MOXHO NGO BO BpEMS 3aTMEHWNIA,
Nn60 ¢ NOMOLLbIO crieumnanbHbIX NprMbopos, NnM6o xe
N3 KOCMOCa B KOPOTKOBOJTHOBbIX AMana3oHax cnekTpa.

ManyuyeHne KOPOHBI B ONTHYECKOM AHANA30HE B OCHOBHOM OIpe-
JeJsiseTcsl TOMCOHOBCKHM paccesiHueM COJIHEUYHOI'O CBeTa Ha 3J/EeKTPO-
HaX, pacCessHHEM HM3JyUeHHs Ha IBbLIH U H3/JIyYeHHEM HOHOB B JHHHSIX.
B KOpOTKOBOJIHOBOM [Hana3oHe OCHOBHOH BKJ/aj JaloT CBOOOIHO-CBOOOLHBIE
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nepexobl (Tak Ha3biBa€MOe TOPMO3HOE H3JYUYeHHE), a TaKkKe, BO3MOMKHO,
HEKOTOPbIH BKJ/aJ BHOCHT KOMITOHOBCKOE paccesiHHe Ha TOpsSUUX 3JeK-
TpoHax. Ha KOpOHY NMPUXOAUTCS JHUIIb OKOJO OJHOH MHUJIIMOHHOH T0JH
BCEro M3JyueHus, ucrnyckaemoro CoJiHIIEM, B OCHOBHOM B yJbTpaduogaeTe
¥ PEeHTTeHOBCKOM JHarna3oHe, OJHAKO KOPOHA SIB/ASETCS MOILIHBIM MCTOY-
HUKOM PaJHOM3MyUeHHUs.

Bup, KOpPOHbI 3aBUCUT OT YPOBHSI COJTHEYHOW aKTUBHOCTW.

Kopona o6samaer c/0KHOH, NOCTOSIHHO MEHSIIOLIEHCs CTPYK-
Typoi. Bo MHOrOM 3TO CBSI3aHO ¢ MArHUTHBIMH TIOJISIMH, KOH(UTYpalLUs
KOTOPbIX H3MeHsieTcd co BpeMeHeM. MoHH3HpOBaHHOE BelleCTBO JABH-
JKETCsl BLOJb MAarHUTHBIX CHJOBBIX JHHUH. [IpH 3TOM B HMKHEH KopoHe
(10 BBICOTHI B COTHH THICSIY KHJIOMETPOB) HMEHHO JaBJeHHE MarHUTHOTO
NoJs SABJISETCS ONpEAe/sONIUM — TaM I0Jie TOJHOCTbI0 KOHTPOJIUPYeT
NOBe/leHHE MJIa3MBbl.

B KopoHe BO3HHKAIOT CTPYKTYPbl CaMbIX pasHbIX MaclITaboB.
CoBpeMeHHble HaOGJMIOJEHHUS MTO3BOJSIOT H3yUaTh 00pa30BaHHUSI pa3aMepoM
B COTHHM KHJOMeTpoB M OoJjee. Ha pasHbix sranax 11-geTHero uukia
COJIHEYHOH aKTHBHOCTH KOpDOHA MMeeT pa3J/MUYHbIH BHA: B I'OJbl MaKCH-
MyMOB OHa 6GoJiee CUMMETpPHUYHa, a BO BpeMsi MUHHMYMOB KOPOHaJ/bHble
CTPYKTYPBl B OCHOBHOM CKOHIIEHTPHUPOBaHbl BOJIH3H COJMHEUHOTO 3KBATOPA,
rae oOblYHO GoJibllle AaKTHBHBIX 00/1acTel, a 3HAUUT, U COJHEUYHBIX NSTEH.

Hab6ntoneHus, npoBeeHHble ¢ MOMOLIbI0 TPHUOOPOB CIYTHHKA
Yohkoh (1991-2005), mo3Bo/u/IN U3YUYHUTH CTPYKTYPbI U MATHUTHBIE MOJIsI
COJIHEYHOH KOPOHBI M MPOCJAEAUTb HX 3BOJIOLMIO HA NPOTSKEHHUH COJHEeY-
Horo uukaa. [TosydyeHbl npsiMble JaHHbIE O MEepPECOeIMHEHHH MarHUTHBIX
nosieit («3aMbIKAHHH» MPOTHBOMOJNOXKHO HAMPABJIEHHBIX CHJOBBIX JHHHH
T0JIsT), UTO MPHBOAHUT K BBIIEJICHHIO SHEPTHU (H3/YUEHHIO H HATPEBY Bellle-
CTBA) M YCKOPEHHIO uacTHIl. B HacTosiiiee BpeMst CYHIECTBYET HECKOMbKO
KOCMHUECKHX TIPOEKTOB, B 3a/laull KOTOPBIX BXOIUT HU3YueHHE CTPYKTYP
1 NPOLECCOB B COJMHEYHOH KOpOHe.

OcoOblit HHTepeC NPeACcTaBAsoT KOPOHAJ/IbHbIE AbIPBI U KOPO-
HaJsibHble BbIOpochl. KopoHa/ibHBlE ABIPBI — 3TO 06JACTH OTKPBITHIX CHJIO-
BbIX JIHHHH MArHUTHOT'O MOJs, IJa3Ma M3 KOTOPBIX HCTEKaeT HapyxKy.
TemnepaTypa B KOpOHaJbHOH [blpe MajgaeT HHUKe MHJAJIHOHA T'PALyCOB,
mosToMy (a TakxkKe H3-3a MOHIKEHHs MIOTHOCTH) B YJIbTPadHOSETOBBIX
¥ PEHTTEHOBCKHX Jyuax Takas 00/1aCTb KOPOHDbI BLINISIAUT GoJiee TeMHOH
(CylecTBEHHO, UTO KOPOHAJIbHBIE ABIPBI YaCTO BUIHBI KAK TE€MHDLIE 06/ACTH
MMEHHO B NMPOEKIIHH Ha COJHEUHbIH AHCK). Takike KOPOHAJbHBIE ABIPHI
XOPOLIO 3aMETHbl NPH HAOJIOAEHUSIX B HEKOTOPBIX CHEKTPaNbHbBIX JHHHSX,
dhopMupyOIIKXCSA B KOpOHe. M0OXKHO CKa3aTb, UTO B MEPHOAbl HU3KOH
COJIHEUHOH aKTHBHOCTH 06e MPUIOJsIPHBbIE 06JACTH SIB/SIOTCS THTAHTCKUMH
KOPOHAJbHBIMH AbIpaMH. B TOIBI BHICOKOH aKTHBHOCTH, KOTJIa KOPOHA
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obsiagaet GoJblued chepuyeckoil CHMMeTpHEeH, AbIPbl MOTYT BO3HHKATb
Ha JM00BIX WHUpoTaX. Mcrekas U3 KOPOHAMbHBIX ABIP, 3/JEKTPOHbBl U HOHBI
(hopMHPYIOT GLICTPYI0 KOMIIOHEHTY COJIHEUHOTO BeTpa.

KOpOHaﬂbele Ablpbl ABNAOTCA OAHM N3 OCHOBHbIX
MNCTOYHUNKOB COJIHEYHOrI O BETpa.

CosiHeuHbIH BeTep — 3TO MOTOK IJ1a3Mbl, HCTeKAIOIHUH 0T CoJH-
a. JInsg CousHita 310 HeGodbiuash noteps (JHIIb OKOJIO OJHOH MHJ/IHAPIHON
nodu nosHo# Macebl 3a 40000 JieT), HO MOTOK 3apSKEHHBIX YACTHIL MOXKET
OKa3bIBaTh cepbe3Hoe Bo3aelcTBHe Ha Teaa COJHEUHOH CHCTEMbl — HMEHHO
OH HeceT OTBETCTBEHHOCTb 3a TOJSIPHbIE CHUSIHHSI H MOSIBJIEHHE XBOCTOB
y KoMeT. BpiiessiioT iBe KOMIIOHEHTBI COMHEUHOro BeTpa: ObICTPLIH BeTep
(co cxopocTbio 700-800 kMm/c) u Memennbiit (400 km/c). O6e KOMIOHEHTHI
3apOKIAIOTCS B COMHEUHOH KOpOHe.

KoponaJ/ibHble BBIOPOCHI BelllecTBa BIepBble HAG/I0IAMM B Havyasle
1970-x rr. ¢ nomomubio npubopos cnytauka OSO-7 (Orbiting Solar
Observatory). B ocHoBHOM BHIGpachiBaeTCsl BEIIECTBO HHXHEH KOpO-
Hbl. B MOMEHT BO3HHKHOBeHHs OyayUIHH BbIOPOC HMeeT pa3Mep OKOJO
10000 k™, 4yTO COOTBETCTBYET pa3Mepy MeTIH KOPOHAJbHOTO MAarHUTHOTO
noJist (4acTo BHIOPOCH! CBSI3AHBI C TAK HA3bIBAEMBIMH [JIEMOBHIHBIMH CTPH-
MepaMH — KpPYNHBIMH, XOPOLIO 3aMETHBIMH MET/JIE€BHIHBIMH 00Pa30BAHHUAMH,
ubst (hopMa HAMOMHHAET MPYCCKHE BOEHHbIE IIjieMbl). Takue COOBITHS
HaOMI0aI0TCSl JOCTATOUHO YacTO, H HA CErOAHSIIIHUI 1eHb 3a(PUKCHPOBAHO
6osee 10000 xopoHaNbHBIX BBIGPOCOB.

KoponasbHble BLIOPOCH! A€/IAT HA [Ba OCHOBHBIX THMa. Tak Ha3bl-
BaeMble HOpMaJ/lbHble BLIOPOCH! TTOX0KH HA MOJHHUMAIOLIMICH poTyGepaHell
C SIPKHM SIIPOM BHYTPH meTsu (MHOT[ZA 3TO SIPKOE SIIPO OTCYTCTBYET).
B HHX BBIIEJSIOT TPH YACTH: SPKYIO HAPYXKHYIO MET/II0, TEMHYIO MOJOCTh
cpasy noj Hel u sipkyto ob6jacTb HHXKe. Bropoll Tun BeiOpoca uMeeT BHI
Y3KOH CTPYH, OHH OOBIYHO CBSI3aHBl ¢ KOPOHAJbHBIMH JbIPAMH.

KopoHanbHble BbIOpOCHI OKa3biBalOT 60/bLUOE BAUSHUE
Ha KOCMMYECKYIo noropay.

Tunuynas macca BbiGpoca cocrtasaser 10''-10'" kr, okosno 15%
BLIOPOCOB MMEET MEHbIIHe MAcChl. THIHUHBIE CKOPOCTH COCTABJAAIOT COTHH
KHJIOMETPOB B CEKYHIY, HO HHOIA MOTYT OTJIMYAThCA Ha mopsanok (B 10 pas)
B GOJIbLIYIO HJIA MEHBIIYI0 CTOPOHY. DHEPreTHKa BHIGPOCOB COCTABJISIET TOPSIL-
ka 102°-1032 spr (10%2-10%° [I>k), 4TO CPABHUMO C SHEPTUSAMH COJHEUHBIX
Benbiek. Hepeako BCMBILKH B BBIGPOCH IPOMCXOAAT OQHOBpeMeHHO. OIHAKO
KOPOHAJ/IbHbIE BHIGPOCHI MOI'YT OBITh HE CBA3aHbI CO BCIBILKAMH, H, HA060DOT,
BCIIBILKH He 0053aTe/JbHO COMPOBOXKAAIOTCS BEIGPOCOM. BBIOPOCH! TaKkKe
XOPOILO KOPPEJUPYIOT C TOsSIBJEHHEM BOJOKOH (IpoTy6epaHieB), KOTopbie
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MOT'YT CTaHOBHUTLCA APKHMH AApaMH KOPOHAaJbHbBIX BbIGpOCOB. ITo TEMITY
TosgBJ/ICHUA BbI6p0COB MOXKHO CYIOHTb 00 3Tane COJIHEYHOr'O LIHKJ/A: B MHUHHMYMeE
BbI6pOCbI NOABJIAIOTCA pa3 B HECKOJIbKO IHeH, a B MaKCHMyMe€ — HECKOJ/IbKO
pa3 B A€Hb. KOpOHa.}leble BbI6pOCbI ABJAIOTCA OAHHM H3 OIlpeae/sgiomnx
(I)EIKTOI)OB B TaK Ha3bIBAEMOW KOCMUUECKOU ﬂOZan, OHH OKa3bIBAalOT CE€pbe3HOEe
BJHSIHME HA COCTOSIHHME MEXKIIJJaHEeTHOH IJa3MBbl, MaI‘HI/ITOCq)epr IMJaHeT,
a TakKxKe, pagyMeeTcd, Ha paGOTOCHOCO6HOCTb KOCMHYECKHX ammapaToB.

MosBneHmMe KOpOHanbHbIX BbIOPOCOB KOppenupyeTt
C 06 MM YPOBHEM COJTHEYHON aKTUBHOCTI.

JleTann MpPOUCXOKAEHHUST KOPOHAJABHBIX BHIOPOCOB OCTAIOTCH
npeamMeToM cnopos. OJHAKO OYEBHIHO, YTO OCHOBHBIM HCTOUHHKOM SHEPrHH
JJ151 GOJIbIIMHCTBA BCIBILIEK SIBJASETCS MarHUTHOE MoJe.

B mexaHn3me Harpesa KOPOHbI 11 3BONOL N
KOPOHaJIbHbIX CTPYKTYP OCTAaeTCA MHOI0 HEPELUEHHbIX
npo6nem.

[losroe Bpemsi HepelLleHHbIM OCTaBaJ/ICsl BOIIPOC O HarpeBe CoJ-
HEYHOH KOPOHBI 0 BBICOKHX TeMIlepaTyp, B CTO pa3 NpPeBOCXOISIINX
TeMIepaTypy xpomocdepbl 1 B COTHH pa3 — TeMIepaTypy MOBEPXHOCTH.
CryTHUKOBBIE HAOJIOAEHHUS TIPOSICHUM MHOTHE aCHEKThl, OHAKO B AeTaJIsAX
3TOT BONPOC /10 CHUX MOp He pelleH. TeM He MeHee MOHSATHO, YTO OCHOB-
HYI0 POJIb UI'PAIOT MATHUTOTHAPOJAHHAMHUECKHE BOJHbBI (BOJIHBI B Tj1a3mMe,
JUISl CYLIECTBOBAHHS KOTOPBIX BAXKHO MPUCYTCTBHE MATHUTHBIX MOJEH),
npuHOCcsilue Hepruio oT nosepxHoctu CoJsHua. BoJgblioe 3HaueHHe
B MeXaHHM3Me HarpeBa UMEIOT TaKyKe MaTHHUTHbIE M0Jsl, IPOCTHpAIOLIHecs
ot ¢orocepnl 10 KOpoHbl. Hab/oneHus MoKa3blBalOT, UYTO caMble TOpsUHe
00/1aCTH KOPOHbI OOBIYHO CBSI3aHBI CO CTPYKTYpPaMH MarHUTHOTO MOJIs.

HecMorpsi Ha obusnre KOCMHUECKHX alMapaToB M HAa3eMHbIX
BHE3aTMEHHBIX KOpOHOrpacoB aKTya/JbHBIMH OCTAIOTCS W HAOJI0dEHHUS
KOPOHBI BO BpeMsl IOJHBIX COJIHEYHbIX 3aTMeHHH. B yacTHOCTH, peub Haer
0 cnekTporpauu BHICOKOTO paspellieHusi (B MepBYIO OUepelb B JHHHSIX
HOHM30BAHHOTO 2KeJje3a) U MOJIPHMETPHUECKUX HAGIIAECHUSIX B BUAMMOM
u O/nAKHeM MH(ppaKpacHOM Auana3oHax. Ha crmyTHuKax HaG/ofeHUsT OObIYHO
NPOBOASATCS B y/AbTpaHoJeTOBOM H GoJee KOPOTKOBOJMHOBBIX AHANa30Hax
crekTpa. BHe 3aTMeHHit Ha3eMHble KOpPOHOTpa(bl He MO3BOJSIOT MOJAYUYaTh
JTAHHbIE IOCTATOYHO BBICOKOTO KauyecTBa, OXBATHIBAIOIIHE OJHOBPEMEHHO BCIO
KopoHy. [ToaToMy «IoroHs 3a 3aTMEHHSIMH» BCE ellle OCTAaeTCsl aKTyaslbHbLIM
3aHSITHEM JJI1 aCTPOHOMOB, H3YUAIOLIUX COJHEUYHYIO KOPOHY. AJIbTepHATHBON
3TOMYy Oblia Obl YCTAaHOBKA AOCTATOUYHO KPYNHBIX HHCTPYMEHTOB, paboTa-
foux B BuauMoMm U MK-nuanazonax Ha cnyTHukax. [IpuueM qyuie, ecau
op6HTa COYTHUKOB OYyAeT MO3BOJSThH Pery/sipHo BUAeTb 3aTMeHust CoJHIa
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JlyHo#i (MCKycCTBEHHOE 3aTMeHHEe He T03BOJSEeT MOJAydYaTh YacThb HaHHBIX
B TpeGyeMoM KauecTBe). IToKa e TOJNbKO HadeMHble HaOJIodeHHs] BO BpeMst
3aTMEHHH MO3BOJIAIOT PAa30M H3ydyaTh CTPYKTYPY KOPOHBI OT Kpasi AHCKa
00 HecKoJbKuX paanycoB CoJHIA B AuanasoHe AJauH BodaH oT 300 HM
JI0 HECKOJIbKMX MHKpPOMETpoB. [IpruemM Ba)KHO MPOBOIUTH MHOTOKpaTHbIE
Ha6JII0IeHHs], TTIOCKOJbKY CTPYKTYpPa KOPOHBI MOCTOSTHHO MEHSIETCSs, B TOM
YHCJ/Ie U B 3aBUCHMOCTH OT YPOBHSI COJNHEUHOH aKTHBHOCTH.

1.6
fennnocemcmonorms

[ennoceiicMosorug — MoJ0jasi 06J1aCTh UCCJAEJ0BAHUH, MTO3BO-
JsifoIIasi u3yvyaTh BHyTpeHHee cTpoeHHe CoJiHIIA Mo HAGJMIOIEHHIO KoJe-
GaHu#l ero BHelIHUX cJ/oeB. [Iponecchl Bo BHelIHeH 4acTH KOHBEKTHBHOH
060JI0UKH TMOPOKIAIT BOJHBI, pacnpocTpaHsiomuecss BHyTpb. CoJHIle
B OTBET Ha 3TH BO3MYILIEHHs BeleT ceOst KaK Pe30HHPYIONIast M0J0CThb (MJIst
YIMpOIIEHHs] MONPOGYHTe TMPEACTABUTh cebe, UTO 10 PE30HHUPYIOLIEH MOJOCTH
He ObIOT, a CHIIAT Ha Hee mecok). Ha omnpenenenHo# riyGrHe MPOUCXOAUT
OTpaKeHHe BOJIHbI, OHA BO3BpAalllaeTcsl BO BHEIIHHE CJAOU M MOPONKAAET
HaGuoaeMble KoseOaHust. AHAIM3 3TUX KOoJeOaHUH HA pa3HbIX UacTOTaX
U MPOCTPAHCTBEHHBIX MacliTabaX MO3BOJSET BOCCTAHOBUTH CBOHCTBA
COJIHEUHBIX HeJIp Ha BCeX IMIyOMHAX KOHBEKTHBHOH 00OJOUKH, B JYUYHCTOH
30He W Jaxe B sipe, IJie HAYT TepMosiiepHble peakiuu!

lfennocemcmonornsa nydaet BHYTPEHHIOK CTPYKTYpPY
ConHua c nomouwbio aHanusa KkonebaHni ero
NOBEPXHOCTMN.

Habaonaemble BoMHBI BO30YykAa0TCS TYypOy/IeHTHOH KOHBEKIIH-
€l B TMPUIIOBEPXHOCTHOM CJI0€, TJe CKOPOCTb 3TOr0 Ipoliecca Haubosee
Bbicoka. ONHAKO B JeTa/siX MEXaHU3Ma IeHepallud BOJIH OCTaeTcsl HeMaJso
HesicHOocTel. BoJsiHa, Bo3OyxaeHHast BOJIU3U MOBEPXHOCTH, HAUMHAET pac-
MpPOCTPAHATLCS BHYTPb CO CKOpPOCThio 3ByKa. CKOpPOCThb 3ByKa B cpefe
pacteT mo Mepe norpyxeHusi Briay6bp CoJiHIA, MO3TOMY HAa HEKOTOPOM
rayOMHEe BOJIHA OTPaXKaeTcsl M ABMKeTcsl 006paTHO K rnoBepxXHocTH. [ToBepx-
HOCTb TaKXe OTpaKaeT BOJIHBI, HO 10 APYrod IpHUHHE — H3-3a CKauka
NJOTHOCTH. B pesy/bTaTe BOJHBI OKA3bIBAIOTCS «3aMEPTHIMHUY.

CyluiecTByeT TPH OCHOBHBIX THNA BOJH. Bo-mepBbix, 3T0 c006-
CTBEHHO aKyCTHUECKHEe BOJHBI — p-BOJHBI (p — pressure, AaBjeHHE).
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OHM B OCHOBHOM NpPHCYTCTBYIOT B KOHBEKTHBHOH 000/I0UKE H BepXHEH
YaCTH JYYUCTOH 30HBI. BO-BTOpBIX, g-BOMHBL (g — gravity), i/t KOTOPBIX
Ba)KHA apXUMeIOoBa CHJA. DTOT THIl KOJeOAHHH B OCHOBHOM CKOHIEHTPH-
poBaH B Hefapax CoJiHLA, O] KOHBEKTUBHOH 30HOH, M03TOMY HabJ/I0AaTh
MX OUEHb CJ0XKHO. HakoHell, ecTb POCTO MOBEPXHOCTHbIE I'DABUTAIIMOHHBIE
BOJIHBI (He MyTaThb C MPABHTALMOHHBIMH BOJHAMH B 001I€l TE€OPHH OTHOCH-
TesJibHOCTH!), KOoTOpble 0603HauatoT GykBoi f. Yarne Bcero o0cyKmanTCs
AKyCTHUECKHE P-BOJIHDI.

Kose6aHusi MOBEPXHOCTHLIX CJA0EB H3MEPSIOTCS MO IOMJIEPOB-
CKOMY CIBHTY NpPH HaOJ/II0IE€HUSIX B CIEKTPaJbHbIX JUHHUIX. BriepBbie 3T0O
6b110 o6HapyxeHo B Hauyagse 1960-x rr. JIeiTOHOM U ero coaBTOpaMu
(Robert Leighton, Robert Noyers, George Simon). Tu y4eHble OTKPbLIH
OSITHMUHYTHBIE KosieGannsi CosHia (Ha3BaHbl MO MPOAOIKHUTENbHOCTH HX
Meproja) ¢ aMIJIHTYA0H CKOPOCTH HECKOJbKO COTEH METPOB B CEKYHIY
U NpPOCTPAHCTBEHHBIMH MacluTa0aMH TMOpPSAKA THICSAY KH/JIOMETPOB. DTO
caMmble 3aMeTHble BepTHKaJ/bHble KojebaHus atMochepbl CoJHua.

BonHbl BO36yxxaatoTcsa B6am3m nosepxHocTm ConHua
TypOyneHTHON KOHBEKLMEN.

[anbHelye ucc/ie0BaHUS OKA3aJ/d, YTO HAGJI01aeMble OCLH/I-
JISIIIUK C TIEPUOIOM OKOJIO 5 MHHYT — 3TO CTOSUME aKyCTHUECKHEe BOJIHBL.
Ceituac o6HapyKeHbl KojsebaHHs ¢ mepuogamu ot 3 a0 b5 MuHyT. [ls
UX CYIEeCTBOBAHHSI JOJJXKHO BBIMOJMHSITHCSl YCJAOBHE, CBOJASIIEECS K KOM-
OUHAIMK JJIHHBL BOJHBI (B TOPH30HTA/JLHOM HATPABJEHHH) H €€ YaCTOTHI.
[To cyTH, ynaercs MoCTPOUTh 3aBUCHMOCTb CKOPOCTH 3BYKa OT IVIyOHHBL.

Tunu4yHble nepmnopbl Habnwgaembix konebaHumm ConHya
COCTaBNAKT OT HECKOJIbKMX MUHYT [0 Yaca.

Ha pacnpocTpanenye akycTHUeCKHX BOJIH BJHSIOT MarHUTHbIE
noJsi. Bo-nepBBIX, OHH MEHSIIOT MapaMeTphl CPelbl, H3MEHSIT U CKOPOCTh
3Byka. Bo-BTopbiX, N0CcKO/AbKY BewecTBO CoJHIA HOHH30BAHO, KoJe-
06aHHsl cpelbl C MarHUTHBIM IOJIEM MOTYT NMPHUBOJHTb K BO3HHKHOBEHHIO
MarHHTOTHJPOJAHHAMHUECKHX BOJH. M3-3a 3TOro sHeprus akyCTHYeCKHX
BOJIH NEPeXOJUT B 3HEPTHI0 BOJH MarHUToruapoanHamuueckux. K tomy
JKe MarHUTHbIE TOJsi MOTYT OKa3blBaTh BJ/MSIHHE W HAa CaMO BO3HUKHO-
BEeHHE BOJIH, a He TOJbKO Ha HX pacrnpocTpaHeHue. Bce 3To mosposser
MOJy4YaTh JaHHbIE O MATHUTHBIX MOJSIX B paMKax TeJHOCEeHCMONOTHIEeCKHX
uccaenosanuil. Tlpapaa, 3auacTylo pe3y/nbTaTbl OKa3blBAlOTCs 3aBUCHMBIMH
OT BbIOpPaHHBIX MOJeJ/eH.

Kpome Toro, Ha Ko/eGanusi BausieT Bpauienne CosHua. B pesyib-
TaTe OKa3blBaeTCsl BO3MOXKHBIM ONpeAeNUThb, KaK MeHsIeTCsl CKOpOCThb
BpallleHus1 ¢ T/yOMHOH Ha pas3HbIX WIHpoTaX. Takxke ypaercs moJyuyaTb
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JaHHble O KpynmHoMacuITaGHBIX MOTOKaX BeulecTBa B Heapax CoJHLa
(HampuMep, CBSI3aHHBIX C KOHBEKIIHEH).

[eqmoceficMosioruyeckye JaHHblE HI'PAJH BaXHYIO pOJb B pelie-
HUM Npo6JeMbl COJTHEUHbIX HeHTpHHO. MIMEeHHO aHa/M3 JaHHBIX O COJHEeY-
HBIX KOJIe6aHHUSIX TO3BOJH MOATBEPAUTh CTaHAapTHYIO Moaenb CoJHIa,
1I0Ka3aB, UTO pelieHHe Npo0J/aeMbl JO/KHO ObITh CBSI3aHO CO CBOHCTBAMH
HEHTPHHO, a He C HEU3BECTHbIMH OTKJOHEHHUSIMH OT MOJEJH CTPOEHHS
3BE3/Ibl.

PasHble BONHbI NPOHMKAIOT Ha PasHyto rnyouHy, 4To
nos3BonsieT onpenenartb ycnosumsa B Hegpax ConHuya.

VIMeHHO re/qmoceHcMOOTHUeCKHe TaHHbIE MO3BOMH/IN AOCTATOYHO
TOYHO OIpeIesqHUTh MOJ0KEeHHe TaK Ha3bIBAEMOW MaX0AUHUU — TPAHUIBI
MeXKIy JYYHCTBIM IPOM H KOHBEKTHBHOH 06osoukoii. OHa 3ajeraer
Ha ray6uHe okosio 0,3 papuyca Cousuua. B aToM Mecte pe3Ko H3MeHsIeTCs
3HaueHHe CKOPOCTH 3ByKa. Buanmo, UMeHHO 3Ta 06JacTh UrPaeT KJio-
4eBYI0 POJib B paboTe COJNHEUHOro AMHAMO — B reHepauuu (yCHJIEHHH)
MarHUTHOTO 1oJst. Boobiie ke aHanua p-mon (Moga — THI KoJeGaHHM)
Kose6aunil CoJHIIA TTO3BOJISIET U3YUaTh €r0 CTPYKTYPY OT CaMBIX IVIYOHH
(0,05 paguyca) 10 BHELIHHX CJIOEB.

AHanuns p-mopg KonebaHmMin N03BONAET N3y4YaTb CTPYKTYPY
ConHua Ha rny6uHe ot 0,05 go 0,96 paguyca.

Kpome Toro, rennoceficMosorHuecKue AaHHBIE TIOMOTAlOT Olle-
HHUTb COlepXKaHHe TeJHsl B KOHBEKTHBHOH o6osouke. [IpucyTcTBHE Tedus
MeHsIeT CPEeIHIOI MOJIEKY/SPHYI0 Maccy BellecTBa, UTO, B CBOIO OUepelb,
CKa3bIBAeTCsl Ha CKOPOCTH 3ByKa. Takue MaHHblE BECbMa Ba<HBI, TIOCKOJIBKY
[OMOTaloT OINpeeNUTh HauadbHOe cofepxanue reqaus B CoJHIe.

Hauunas ¢ sanycka cnyriuka SOHO (Solar and Heliospheric
Observatory — Couneunas u requocdepnas oocepsatopus) B 1995 r.,
OCHOBHOH MOTOK TeJHOCEeHCMOJOTHIECKNX JAHHBIX MOJIYYaloT ¢ MOMOIIBIO
KOCMHYECKHX anmnapartoB (B HacToslliee BpeMsl 3TO B IePBYIO Ouepelb
cnytiuk SDO — Solar Dynamics Observatory). OaHako u HadeMHbie
HaO/II0IeHUsT TOXKE BHOCAT CBOU BKJA[.

,D,ﬂﬂ HY>XO renmocemcmMonornm akTMBHO ncnonb3yrwT
CNnyTHMKOBbIE Ha6moneva.

Kpome nmoaxonoB, CB3aHHBIX C H3yueHHEM T06AJbHBIX MO
COJIHEUHBIX OCLHJ/ISLNH, TT03BOJSIONIUX aHAJIU3UPOBATH 00LIHE, CTAOUIb-
Hble Ha 3aMeTHbIX BpPeMEeHHbIX HMHTepBasax xapakrtepuctuku CodJiHIla,
CYIIECTBYET TaK HasdbiBaeMmasi JoKaJjbHasl Tejuoceidcmonorus. 3anaueit
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3TOT0 MOAXO/A SIBJISETCS HCCAelOBaHHE CTPYKTYP TOJ COJHEUHOH MOBepX-
HOCTBIO HA OTHOCHTE/JIbHO HEGOJbIINX MPOCTPAHCTBEHHBIX U BPEMEHHBIX
Macirabax.

Boaubl MoryT pacnpocTpaHsiTbesi Bray6bp CoJiHIla MO pasHbIM
TpaektopusiM. Ha HekoTopo#l ray6uHe MPOU30HAET OTpaKeHHEe BOJIHBI
U ee BO3BpPAT K MOBEPXHOCTH, KOTOPAsi, B CBOIO Ovyepe/ib, CHOBA OTPA3UT
BOJIHY, HauaB HOBBIH UK. McnylieHHble B OJHOH TOUKe, HO HAYyIIHE
M0 Pa3HbIM TPAEKTOPHSIM BOJHBI OYAYyT OTpaxKaTbCs Ha pa3HOH TJy-
OWHe, a TTOTOMY M Ha TMOBEPXHOCTb BBIHAYT Ha pPa3HbIX PACCTOSHHUAX
OT TOUKH reHepauuu. BoJsHa, pacnmpocTpaHsoUiasics oA HeOOJJbIIUM
yIJIOM K NMOBEPXHOCTH, OTPAa3UTCsl HAa MeHblueH rjay6HHe U BbIHIET
Ha TIOBEPXHOCTb OJHKe K Touke cTapra. BosHa, yxonsiiasi BriyOb MouTH
Mo pajnycy, 10 OTPaxKeHHs MOXKeT MPOHUKHYTH Tiay6xke B Heppa CosHia
M BepHeTCsl K MOBEPXHOCTH JaJjeKo OoT MecTa reHepanuu. O6paborka
JNAHHBIX JaeT BO3MOXKHOCTb ONpPENeUTh, CKOJIbKO BpeMeHH TpebyeTcs
BOJIHE [I/Is1 PACIPOCTPAHEHHS OT OJHOH TOYKH TMOBEPXHOCTHU 0 APYTOM.
M3 ogHOH TOUKM B APYryl BOJHA MOXKET MONAacTh Pa3HbIMH MYTSIMHU:
pacnpocTpaHsisich BO/IM3H MOBEPXHOCTH U COBEPILIHB MHOTO IHUKJ/OB OTpa-
YKeHMSI WM COBEPIINB OAMH LIMKJ C OTpa)KeHHeM Ha GoJblieil riay6uHe.
[1pu sTom yem ray6xe yineT BoJHA, TeM ObICTpee OHA TPOJeNaeT CBOH
nyTh (Ha GoJiblilel ryyGHHE CKOPOCTb 3ByKa Bbilie!). MamepeHue BpeMeHH
pacrnpocTpaHeHHsl B 3aBUCHUMOCTH OT MPOHIEHHOT0 MyTH, B CBOID OUepeb,
M03BOJISIET PENIUTh 06paTHYIO 3ajauy MO ONpeJeseHnl0 MapaMeTpoB
B Henpax (mpsiMod 3amauedt Gbi Obl pacueT HAG/II0JAEMOH KAPTHHDI MPH
M3BECTHHIX MapaMeTpax Hemap).

Takast MeToIMKa TO3BOJN/IA, B YACTHOCTH, 0OHAPYKHUTh KPYTHO-
MaciiTaGHble MOAMOBEPXHOCTHBIE NTOTOKH BEIIECTBA, CYIIECTBYIOLIHE BOKPYT
aKTHBHBIX o6JacTell. Jloka/abHas reJuoceicMoJ/IOrds TaKxkKe TMO3BOJUIIA
BBISICHUTb CTPYKTYPY MOANOBEPXHOCTHBIX MOTOKOB BEIIECTBA B 06/1aCTIX
cyrneprpany/ ¥ MoJ COJMHEYHBIMH TMSITHAMH.

JlokanbHas rennocencmMonorns NO3BoNseT N3yyartb
BHYTPEHHIOIO CTPYKTYpPY B IOKaNM30BaHHbIX 06nacTax,
TaKnX Kak NATHa U cyneprpaHybl.

[Togo6HO TOMy KakK Heapa 3eMJH yIaeTcsl <IPOCBETHTbY OJa-
rojgapsi MOLUIHBIM 3€MJIETPSCEHUSIM HJH MOJ3EMHbIM SIIEPHBIM B3pbIBaM,
Henpa CoJiHIIA 30HAMPYIOTCS] CEHCMHUECKHMH BOJHAMHU, BO3HUKAIOIIMMH
NP OYeHb MOIIHBIX COJMHEUHBIX BCIBIIIKAX. DTO TaK¥Ke BXOAHUT B cdepy
MHTEPeCOB (M METOMOB) TeMHOCEeHCMOMOrHH.

JlanbHeHIIUM pa3BUTHEM METOM0B, pa3pabOTaHHbBIX /ISl H3YUeHHsI
CouHIla, crajia acTpoceiCMOJ/IOrHs, HO B 3TOM CJyuae H3yualTcs: KoJeOaHus
JIPYruX 3Be3a. XOTs Mbl HE BHAMM 3Be3[HbIE AHCKH B IeTansix, Gaaropaps
CHYTHUKOBLIM HaOJsiogeHusam (¢ momouibio annapatos CoRoT, MOST,
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Kepler) ynaercs mosyuaTh JaHHble O KoJeOaHUsAX 3Be3l (M OOBIUHBIX,
¥ THTAHTOB). DTH JAHHbBIE MOMOTJIH CYIIECTBEHHO MOMOJHUTD 3aMac HALINX
3HAHUH O CTPYKTYpE H 3BOJIOLUH 3BE3J

1.7
ColHeYHble BCNbILUKW
M X ONaCHOCTb

B 1859 r. BnepBbie HabJ/0aMach COMHEYHAsI BCMbILIKA, KOTOpast
[0 CHX MOp CUMUTAETCs CaMOH MOIIHOH M3 BCEX NOCTOBEPHO H3BECTHBHIX. Ee
Ha3bIBAIOT COObITHEM KappHHITOHA, B UeCTh aHIVIMHCKOTO acTpOHOMA-J00HU-
tesst Puuapaa Kappunrrona (Richard Carrington), koropsiit (kak u Puuapy
Xomxcon (Richard Hodgson)) 3amerns sipkyio 6esyio Bembiky Ha CodHile,
npousomennyto 1 ceHtsiops 1859 r. DTo ObII MepHO BHICOKOH COJHEUHON
aKTHUBHOCTH, ¢ 28 aprycra no 2 ceHts6psi Ha CoJiHile 6bIIH OTMEUYeHbl KpPYTI-
Hble T'PYNIbl COJMHEUHBIX MsATeH. BembllKa compoBoxkaaiach KOPOHAJIbHBIM
BBIOPOCOM, KOTOPBIH HOCTHT 3eM/d 2 ceHTs0pst (IUIsk 3TOro eMy MOHag0GH/I0Ch
uyTh MeHee 18 yacoB, T.e. CKOpocTb ero cocTaBuaa Gosee 2300 km/c).
B pesysbrare GbIM OTMEUEHbl CH/IbHbIE MATHUTHbBIE BO3MYILEHHSI, TIOJSIPHBIE
CHsIHHSI HAaOJIOAAMMCh laXke Ha HU3KHX wuporax (Hanpumep, Ha KyGe),
U (DyHKLHOHHPOBaHUe TejlerpaHbIX ceTell ObIO Cepbe3HO HapyLIEHO.

Camas moLyHasa N3 J0CTOBEPHO M3BECTHbIX CO/THEYHbIX
BCnblleK Habnoganacb B 1859 r.

C Tex mop CTOJb MOIIHbIE BCMBIIIKH, COMNPOBOXKIAEMbIE THIAHT-
CKMMH KOpPOHAJIbHBIMH BBIGPOCAMH, He GbIIH 3apErHCTPHPOBAHbI (BO3MOXKHO,
cpaBHUMOe coObiTHe mpousonuio Ha Counile B uiofe 2012 r., HO BhIGpOC
BellecTBa He nonan B 3emiio). OIHAKO aHAMM3 OTJ0KEHHH B JIEASTHBIX
KepHaX, a TaKKe M3yueHHe IOJUUYHBIX KOJell IePeBbeB MO3BOJSIOT apryMeH-
THUPOBAHHO MPEMIOJI0KUTD, YTO MOLIHBIE COJMHEUHbIE BCIBIIKH TTPOUCXOMUIIN
1 panee (Hampumep, B I Thic. H.3.). Kak Obl To HH OblLIO, M B Halle BpeMs
COJIHEUHDIE BCIBIIIKH SIBJASIOTCS CAMBIMH MOIIHBIMA TPAaH3HEHTHBIMH (T. €.
MPOUCXOMISILIAME BPeMsi OT BpeMmeHH) sijeHusivi B CosiHeuHO# crucreme. Takue
COODBITHS SIBJASIIOTCS MOTEHLHAIBHO ONACHBIMH, MOCKOJBbKY OHH CIIOCOOHBI
OKAa3bIBATh I'yOHTEJNbHOE BJHsiHHE (B TOM UHC/e HEOOGpPATHMOE) HA 3JEKTPHU-
yecKHe M 3JMeKTPOHHbIE CHCTEMBI H YCTPOHCTBA, HA3eMHYIO HH(PPACTPYKTYPY
U KOCMHUECKHE arnmnapaThl.
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OcHOBHOE M3J/yueHHEe HCIYCKAaeTCs BCMBIIKOH B XpoMocdepe
B BuauMoM, VK- n Y®-nuanazonax a/ieKTpoMarHuTHoOro crnexkrpa. Kpome
TOTr'0, HECKOJNBKO MPOIIEHTOB SHEPTHH BCIBIIIKH MOXKET YXOAHTb B pEHTre-
HOBCKHH nuanasoH. Paguocserumocts CoJiHua (Ha 3TOT AHATIA30H OOBIYHO
NPUXOAUTCS KpakHe Masasi H0Jist TOJHOH CBETHMOCTH) MOXET BO BpeMsi
BCIIBIILIKK BO3pacTaTbh HAa HECKOJbKO MOPSAKOB. Hakonel, sHauurtesb-
Hasl HepPrusl NepexolIuT B IBHXKEHHE BellecTBAa U B YCKOPEHHE YacCTHIL
(mocsieiHee HAOMOAAETCSl B TOM UHCJIE 110 YBEJAHYEHHIO YMCJA COMHEUHBIX
KOCMHYECKHX JyueHd W MaJleHHI0 UHCJAA TaJaKTHUeCKHX KOCMHUYECKHX
Jqyueil — Tak HasbiBaeMblil apext PopOyiia).

MakcumaJibHasi HEPTHsl XOPOIIO M3YYeHHBIX COJHEYHbIX BCIbI-
mek cocrapjser 6ojee 1032 spr (102° [Ixk). OcHoBHast KjacCH(pUKAIHsI
BCHbILIEK [10 HEPreTHKe OCHOBAHA HA MOTOKE PEHTI'e€HOBCKOIO M3J/1y4eHHS
OT HHX W BKJIOUaer nsith rpynm: A (cambie caabbie), 3atem B, C, M u X
(cambie MotHbie). BHyTpH rpymibl MOIHOCTh 0603HauaeTcs udpamu. Tak,
C1 B 10 pa3 mouHee B1l, a X4 B nBa pasa moruiHee Benbiiku X2. [pu
3TOM MOILIHOCTb KOPOHAJ/bHOTO BHIOpOCA, a TaKXKe CBETHMOCTb B BHIUMOM
JMana3oHe JHIb B CPeIHEM KOPPENUpPYIOT C MapaMeTpaMH PEeHTTeHOBCKOTo
uanydenusi. CaMble MOIIHbIE U3 HAGMIOAABIINXCS 3a MOC/EIHHE IECITHIETHS
(korma crasu HOCTYIHbBI TIPSIMble PEHTTeHOBCKHE HAOJIONEHHST U APYTHE CIIO-
co0bl JI€TaJbHOrO H3YyUeHHs BCIIbIIEK) UMerT o6o3Hauennst > X20. Hanpu-
Mep, BCIIbILIKA, KOTOPOH NPUMHUCHIBAIOT Kiaace X28, Hab/onanach 4 HOSA6ps
2003 r., a cobbiTue KappUHITOHA MPEANOI0KUTEIHbHO MOKHO OLIEHUTb KaK
BCMBIIIKY Kaacca X40-X45, XoTs1, KOHEYHO, TOYHO BOCCTAHOBHTDL SHEPreTHKY
3TOr0 COOBITHSI HEBO3MOXKHO T10 MPUYHNHE OTCYTCTBHS JOCTOBEPHBIX NaHHBIX
(peHTreHOBCKHX HAOJIOMEHHH B TO BPEMsl HE CYILIECTBOBAIO).

MakcumanbHas aHeprmsa N3BeCTHbIX CONTHEYHbIX
BCMbILEK COCTaBNAeT YyTb 6onee 1032 apr.

TunuuHasa AAUTETbHOCTH OCHOBHOH (Da3bl BCIBIMIKHA COCTABJSIET
HEeCKOJIbKO MHUHYT. B 3T0 Bpemsi Ha6/ofaeTcss n3ayueHre B XKEeCTKOM PEHT-
reHOBCKOM fHanasoHe (TOPMO3HOE H3/JIyUeHHE), a TAKXKEe B paarofHanasoHe
(rEpOCHHXPOTPOHHOE H3JyueHue). [IpuMepHO B 3TO 2Ke BpeMsi TIPOUCXOIUT
M MOUIHAA BCIbIIIKA B BUAUMOM AuanasoHe (momoOHad TOH, 4yTo HaOJIO-
nani Kappuurron u Xomxcon). BelecTBo HauMHaeT ABUraThCs HAPYKY,
nomnajgasi B COJHEUHY0 KOpoHy. TaMm oHO mocTeneHHO (Ha NPOTSKEHHH
JIECATKOB MHHYT) OCTBIBAET, U3/ydas B MAIKOM PEHTT€HOBCKOM, XKECTKOM
yabTpaHOIETOBOM H, HAKOHEI|, BUIMMOM JHanas3oHax. B ciydae MOLIHBIX
BCIBILIEK 3a0pOC BEILIECTBA B BEPXHHE CJOH NMPUBOIUT K MOSIBJACHHIO
KOpPOHAJbHOTO BhIGpoca. UeM MolllHee BCHBIINIKA, TeM (60Jblle BEPOSITHOCTh
TOTO, YTO OHA COTIPOBOKIAETCS BHIGPOCOM.

Cu/1abbIX BCHBILIEK, pa3ymeeTcsi, 6oJblie, yeM MOUIHBIX. OfIHAKO
X UYHCJO C YMEHbIIEHHEM SHEPTUU BCHBIIIKH pacTeT He OYeHb OBICTPO
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(nuddepeHnmraibHbIE POCT UKMC/IA BCHBILEK B MaJOM HHTEpBaJje 3HEPTUil
MPOUCXONUT MelJeHHee, yeM crajaeT kpaapat sHepruu: dN/dE ~ E
rae o < 2). dta 3aBUCHUMOCTDb, MOCTPOEHHAS MO JAHHBIM HAGJIOICHUH,
TSIHETCSl OT 3HEprui, npesocxonsux 1032 spr, 10 sHepruu MeHee ueM
10%* apr. B pesy/ibrare 0OKasbiBaeTCsl, UTO B MOIIHBIX BCIBIIIKAX CyMMap-
HO BblieJ/sgeTcsl HeMHOro OoJibllle 3HEepruM, yeM B c/aabbiX. B uacTHOCTH,
3TO O3HAYaeT, UTO c/1abble BCIBILUKH HE MOTYT SIBAATHCS 3(PPEKTHBHBIM
MeXaHH3MOM HarpeBa COMHEUYHOH KOPOHDI.

Benpimky yaine npoucxoAsiT BOIM3H MAaKCUMYyMOB COJMHEYHOH
aKTHBHOCTH, MOCKOJbKY MeCTa JOKaJHu3alUHH 3THX COOBITHH CBSI3aHBI
¢ aKTHBHBIMH oGjacTaMu Ha CouHue (KpaiiHe peako BCHbILIKH KaaccoB M
1 X MPOHMCXOOAT B MecTax, Tie HeT KPYMHHIX nsaTeH). Hepeako moirHbie
BCIIBILIKHM CBS3aHbl C 3PYNTUBHBLIMU NPOTy0epaHLaMH, KOTOPble NPHBOASAT
K BbiOpocaM BemlecTBa. OJHAKO 3aBUCUMOCTD YHMCJA BCIBILIEK OT YPOBHS
AKTUBHOCTH cJjabee, ueM /s 4yHMcJaa NSTeH. B MUHMMyMaX KOJHYECTBO
BCIBIILIEK MAJaeT He CTOJb CHUJIbHO, KAK KOJMUECTBO aKTHBHBIX 06JacTeH.

Bcnbiwkn KOPPENMpPYKT C ApyrumMmm tmnamMmm COJIHEYHOM
aKTUBHOCTW.

MolHble BCIBIIKK TOPOXKAAIOT IHHAMHYECKHE MPOLECCHl B COJMHEY-
Hoil arMocepe. OnHUM U3 HauGOJee BIIEUATISIONIUX (PEHOMEHOB SIBJSIOTCS
TaK HasblBaeMble MOPTOHOBCKHE BOJIHbI, MOJIyUYHBIIIEe CBOEe UMs B uecTb ['eilsa
Moprona (Gail Moreton), KOTOPbIA BMECTe C KOJIJIETaMH OTKPDLT U H3YUHJI
ux B KoHie 1950-X rr. DTo siBIEHHE MOJYUH/IO TaKXKe KOJOPUTHOE Ha3BaHHE
«COJIHEUHBIE I[yHAMH»: B pe3yJ/bTaTe BCIBIIIKA KpyMHOMAacIiTabHas yaapHast
BOJIHA B KOPOHE TMOPOXKIAaeT ABHkKeHHe B Gojiee HU3KHX C/10siX. MOpTOHOBCKHE
BOJIHBL HanGoJ/iee XOPOIIO HABJIIONAIOTCS B XpoMocdepe B ClEeKTpalbHBIX
munusx (nanpuMep, B Ha), X ckopocTh coctabaseT okosno 1000 km/c.
Benbilka Tak:ke BbI3bIBAET CEHCMHUECKHE BOJHBI BO BHEIIHUX caosix CoJHIA.

Bo BpemMs BCMNbILLUKW BblaendeTcd saHeprma, 3anaceHHasa
B MarHNTHOM none. B mexaHname atoro npouyecca
OCTaeTcd Noka MHOIro HedCHoro.

VICTOUHHKOM SHEPTHH BCIIBIIIEK SIBJISIETCS MATHHTHOE T0JiE, COCpe-
JIOTOUEHHOE B OCHOBHOM B COJIHEUHOH KOpoHe. B o6siacTu nepecoennHenus
TeMIepaTypa MOXKeT BO3pacTaTb [0 JECSTKOB MH/VIMOHOB rpagycoB. Kpome
TOro, 4aCTHIbl YCKOPAIOTCA 10 BbICOKHX 9Hepr1/1ﬁ, JOCTHUTAIOIIUX HECKOJbKO
MerasjieKTpoHBoJIbT. K coxasennio, MUKPO(H3HKA Haua/ia BCIBILIEK OCTAeTCs
3a TpefiesiaMi HaOJIOIATEbHBIX BO3MOXKHOCTEH, O3TOMY /sl TIOCTPOEHHS
Mojiesieli B OCHOBHOM HCIOJb3YIOTCS TJ100a/bHble CBOHCTBA BCIBILIEK, UTO
MPUBOUT K HEOMPEICNEHHOCTSIM B TEOPETHUECKUX ClieHapusiX. [Ipu Kom-
NbIOTEPHOM MOAEJTHUPOBAHHUH O[LHOﬁ U3 HpO6.}IeM SABJISAETCSI HEBO3MOXKHOCTD
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OXBaTHUTb B pacueTax OueHb pasHble MaclITabbl: OT OTHOCHTENbHO HeGOJIbIIHX
B (oTocepe 10 oueHb GOJBLUIMX B KOPOHE, Kyla YXOISAT MarHUTHBIE MOJIS.
CoOTBETCTBEHHO, B (pM3HUKE COMHEUHBIX BCIMBIIIEK €CTb PSil HEPEeLIeHHBIX
BOIIPOCOB. A 3T0, B CBOIO 0Yepe/lb, He M03BOJIIEeT NPOrHO3UPOBATL MOSIBJACHHE
CHJ/IbHBIX BCHbBILIEK € JOCTAaTOYHOH TOUHOCTDIO.

BenbllIKK M CONPOBOKIAIOIIME UX BLIOPOCH! NMPEACTaB/SIOT Ollac-
HOCTb [/ IPUOOPOB U JIOAEH Ha KOCMHYECKHX annapaTax, HaXOIsIUXCs
3a npenenamu 3eMHOH MarHutocdepnl. [Ipu pazpaboTke kKopabaei n/s
MEeXIJNAHEeTHBIX MUJIOTHPYEMBIX TOJMETOB Jaxe 00CYXKAAITCS ClelHaNbHble
3allUTHblE MOMEUIeHHs, MO3BOJSIOUINE TepeXK1aTh MepPHOAbl MOBbILIEeH-
HOHI pajgualuy, KOrja amnmapaT NonajaeT B 30HY BJMAHHS KOPOHAJAbHOIO
BblOpoca. KpoMe rtoro, ysesnuueHHasi cBeTuMocTb CoJHLA B 2KECTKOM
Y®-pnanasone Bo BpeMsl BO3pocllel aKTUBHOCTH CJIY2KUT NPUUMHOH paso-
rpeBa BePXHHX CJI0EB 3eMHOH atmochepbl (Tak HazpiBaeMoH TepMmocdepsr).
B pesy/bTare 3TOro KOCMHUYECKHE annapaTbl Ha HH3KHX OKOJO3EMHBIX
opOHUTaX TOPMOBSITCS O «BCIYXIUIYI0» aTMochepy U 6e3 KOPPEeKTHPOBKH
MOTYT Ja)Ke MpeXAeBPeMEeHHO COHTH ¢ opOUTHl (HanbGoJee M3BECTHOM
UJIOCTPallMel siBAsieTCsl aMepuKaHcKasi opOuTa/dbHas ctaHuus Skylab
«Heb6ecnas nmaGopaTtopus).

MoLHble BCMNbILWKM YacTO COMPOBOXAAKTCA
KOpOHanbHbIMMN BbiGpocamu BewecTBa. [NMonagaHue
BblGpoca B 3eMo NpUBOAUT K CUNIbHBbIM MarHUTHbIM
6ypaAM, NONAPHLIM CUAHUAM N CO0AM 3/IEKTPOHHbIX
CUCTEM.

Benbimika 13 mapra 1989 r. mpuBesia K OTKJ/IOUEHHIO CUCTEM
anekTpocHabkenus: B Kanane (B/usiHHe BCIBIIIEK HAHGOJIEE BENHKO BOJIH3H
MAarHUTHBIX 10/10coB 3emin). CoObITHe OTHOCHIOCH K Kiaaccy X5-X15, T.e.
9TO OJHA U3 CAMBIX MOIIHBIX BCHBILIEK 33 HCTOPUIO CepPbe3HbIX HabJoe-
Huii. Kpome TOro, oHa COmpoBoK/1anach MOUIHBIM KOPOHAJbHBIM BBIGPOCOM
B cTopoHy 3eman. C Tex mop GbIIM Cle/daHbl COOTBETCTBYIOIIHE BHIBOJIHI,
4TO MPUBENO K M3MEHEHHSIM B YCTPOHCTBE CHCTEM 3JeKTporepenau, TPY-
60IMpPOBOIOB H APYroil Ha3eMHOH HH(PPACTPYKTYPHI.

[daHHbIe HabngeHM NoKa3bIBalOT, YTO 3B€3/bl TUMNA
ConHua MoryT nopoXaaTb MOLLHbI€ BCMbILLKMN.

MoryTt nu Ha CoJHIIe TPOUCXOIUTH ropasao 6ojee MOIIHBIE
BCHBILKH? ECTb KOCBEHHblE AaHHbIE [0 aHAJHU3Y COAEPAaHHsI H30TOIOB
B 00paslax pas3/auyHblX Bo3pacToB. OHHM CBHIETENbCTBYIOT B MOJb3Yy TOIO,
YTO Hallla 3Be3[a MOXET JaBaTb BCIBILIKH HAa MOPSAOK-IBA MOLIHEEe H3BECT-
HBIX, U MPOUCXOAUT 3TO mpumepHo pa3d B 1000 set. Bosee noapobuyio
CTaTUCTHUKY ynaeTcsi cobpaTh, HabJ/oast 3Be3/bl, noxoxue Ha CoJHle.
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Hausyuniyio ctaTHCTHKY yaasoch co6paThb 10 pedy/bTaTaM pabo-
ol ciyTHHKa Kepler («Kemiep»), koropsiii uayuas Gosee 100000 3Besn
C LEJbI0 TIOUCKA 3K30MJIaHeT TPAH3UTHBIM MeTOHOM. MOIHbBIE BCIBILIKH
NPOSIB/ISIIOT ce0sl KaK yBeJHUeHHe sIpPKOCTH 3Be3nbl. Cpein 3Be3, uccie-
noBaHHbIX Kepler, ecTb HeMano 00beKTOB, moxoxux Ha CoJHIE Kak
10 Macce, Tak d 110 Apyrum napamerpaM. Cpeiu 3THX mapaMeTpoB 0coboe
3HAUEHHE HUMeeT TEeMIl BpallleHHs: ueM ObicTpee BpallaeTcsl 3Be3la, TeM
Bbllle ee aKTHBHOCTD.

Bo3moxxHo, npumepHo pa3 B 1000 net Ha ConHue
NPONCXOAAT BCMbILKN B [ECATKN pa3 MOLLHEE, YEM Te,
KOTopble Habnoganncb 3a nocnegHme napy BEKOB.

HaGumonenus nokasaJju, yto Ha 3Be3nax Bpoae CoJHUA BCIHbILI-
ki ¢ sHepruei 10%* spr nmpoucxonsar pas B 800 Jser, a 103° spr —
pa3 B 5000 Jsier. OnHaKO eCThb ellle HECKOJbKO BOMPOCOB, KOTOPHIE MOKa
He HMelT 4yeTKoro orsera. [lo Bcel BUAMMOCTH, /s MOIIHOH BCIBILIKH
He0oOXO0AMMO B OfHOH 06/acTH c(hOPMHUPOBATH OUEHb GOJbIIOE MAarHUTHOE
noJie, 4ToObl MOMYUYNTH GOJIBIION MAaTHUTHBIE MOTOK. DTOT mpoiiecc Tpedyer
Bpemend. [1o omeHKaMm, Juist TTOATOTOBKH K BCIHIIIKE ¢ MOIHOCTBIO 103% 3pr
Ha CoJHle notpebyercs okosno 40 JjieT, a 3T0 GoJblie MPOLONAKHUTEIBHOCTH
COJIHEUHOro 1HMKJA. [ToaTOMy B HacTosllee BpeMs MPEACTaBJAsSETCS MaJloBe-
posiTHBIM, yTO CoOJHIIE B €0 COBPEMEHHOM COCTOSIHUH MOXKET MPOHU3BOIHUTD
BCHBILIKH C 3HepropoigesenneM Gosee 1034 spr (a 1o moutu B cTO pas
Goabine Bembimek X20-X30). Ho gaxke BCOBIIKE TAKHX SHEPTHE MOTEH-
LIMaJbHO ONACHBI JJ51 Pa3JHUHOH TEXHHKH.

OueHb Ba)KHO NMOHUMATh, YTO CTOJb MOILIHAS BCIBILIKA HE MOXKET
NPOU30UTH «HA MyCcTOM MecTey. [loTpeGyeTcsi BpeMs /sl pocTa aKTHBHOMN
o6JacTH, a KpoMe TOTO, HauOoJblliasi OMACHOCTb CBSI3aHA C MOILHBIM
KOpPOHAJ/IbHbIM BbIOPOCOM, a OH MOXKeT NmpoiTH MuMo 3em/u. [ToaTomy,
HECMOTPSI Ha TO YTO MOUIHblE BCHBILIKH MPEACTAB/SIOT BIIOJHE peabHYI0
ONACHOCTb, OHH, MO BCEH BUAMMOCTH, ABJAIOTCH HaHOOJbIIECH Yyrpo3oi
IJs1 TEXHUUECKHX YCTPOHCTB, NMPOUCXOAAT OTHOCHUTE/IBLHO PEAKO M K HHUM
MO2KHO yCIeTb MOJATOTOBHTLCS.
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1.8
Oeontounma ConHua n XMN3Hb
Ha 3emne

Co/sHIle — 04YeHb CTaOUJbHBIH caMOpery/nupyouuics 06b-
exT. ['paBuTanysl ypaBHOBellleHA /aBJeHHEM, CBSI3aHHBIM C BbleNeHHEM
sHepruu B Hexapax. Ilpu yBesnnueHuun sHeprosbiieseHuss CoJHLEe HEMHOIO
pacUHpU/IOCh Obl, YTO MPUBEJIO Obl K MaJeHHUIO MJIOTHOCTH U TeMIepaTyphl
B Helpax, a TeM CaMbiM M K NaJeHHI0 HeproBbiaeneHus. Ecan xe, Hao60-
pOT, HEProBblIeJeHHe YMEHbIIHAOCH, To CoJHIle Obl HEMHOTO CXKAaJoCh,
YBE/JAMUYMB B 1IeHTPAJIbHBIX YACTSAX TeMNepaTypy MU MJIOTHOCTb, CTHUMYJHPYS
TEeM CaMbIM TepMOsIIEPHBIH CHUHTE3.

DHeprus nepefaeTcs U3 Help Hapy>Ky O4YeHb MeIJEeHHO, BeCb
npolecc 3aHHMaeT MHOTHe JeCSITKHM Thicsad JeT. [loaToMy BHe3amHoe
BpEeMEHHOE HCUYe3HOBEHHE HCTOUYHMKA SHEPTHH B LEHTPE CKaszanochb Obl
Ha BHEUIHUX CJO0SIX He cpady. DTo 100aBaseT CTaGUIbHOCTH Ha KOPOTKHX
BpeMEeHHbIX MacluTabax.

Bogee Toro, gaxe ecau Gbl BAPYT TePMOsiI€pPHbIE PEAKIIUH MOJMHO-
CTbIO MPEKPATUIUCh, PE3KUX H3MEHEHHUH He MPOU30LLI0 Obl axe 3a MUJJIHOH
JeT. ATo cBsi3aHo ¢ TeM, uto CoJiHue 06/1a1aeT JONOIHUTEIbHBIM HCTOUHHKOM
9HEPTUH: NPOCTO CXKUMASICh, OHO MOXKET MOMIEPAKHBATh CBETUMOCTb HA TEKY-
IeM ypOBHE Ha MPOTshKeHHH mpuMepHo 30 MJH JeT (3TO TaK Ha3biBaeMoe
BpeMsi KesibBrna — Tenbmrosbia). Pasymeercs, CosHlie He ocTaBajgoch Obl
BECh 3TOT MepHoj abCOMOTHO HEH3MEHHBIM: OHO CTAaHOBHJIOCH Obl MEHbILIE,
U3MeHsIUCh Obl ero Temreparypa W cBeTuMocTb. OQHAKO Takasl mpocTtasi
OlIeHKAa TMOKa3bIBAET, UTO Cepbe3Hble N3MEeHEHHs Hallled 3Be3/ibl BO3MOXKHBI
JIMUIb HA O4YeHb GOJbLIOM BpeMEHHOM Maclitale.

ConHue — o4eHb CTabUNbHbBIA NCTOYHUK N3NTyYeHUA
KaK Ha KOPOTKMX, TaK 1 Ha ANNTENbHbIX BPEMEHHbIX
MacLiTabax.

WMuorga 310 XapakTepHoe BpeMsl HAa3bIBAIOT s€PHBIM, OHO
COOTBETCTBYET CYLIECTBEHHOMY HCUeplaHuio Bogopoaa B siape CoJHUA.
[TonHoe Bpems xku3HH CoJHLIA COCTaBJASIET OKOJMO 12 Mapn Jet, U Gonee
80% »TOro BpeMeHHM OHO MPOBOAHMT Ha [JIaBHOH mocJ/enoBaTeNbHOCTH,
«Iepexuras» BOAOPOA B reui. DTo cTabU/IbHOE COCTOSIHME, OJHAKO
HeOoJblIne H3MeHeHHus1 poucxoast ¢ CoJjiHIeM U B 3TOT nepuoi. [Tockoib-
Ky YCJOBHS AJS CYLUIECTBOBAHMS KU3HU Ha 3eMJ/e 3aJaHbl JOCTATOYHO
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JKECTKO, Naxe HeGoJblIMe H3MeHeHHs napamMeTpoB CoJiHIA Ha MacuITabe
MUJIHAPJ JIET MOTYT UMETh Cepbe3Hble MOC/eICTBHS.

CaMbIM IVIABHBIM BONIPOCOM B KOHTEKCTE IOJTOBPEMEHHOH 3BOJIO-
LMH U NOSBJICHUS 2KU3HH Ha 3eMile SB/sgeTcsl TaK Ha3blBaeMbld napadokc
mycka020 moa00020 Coanya. B 1950-€ TT. cTamo OKOHUATENBHO SICHO, YTO
cBetuMocTb CoJiHIIA Ha cTagud [JIaBHOH Toc/ie10BaTeNbHOCTH BO3pacTaer.
KitoueBble paGoTel Ha 3Ty TeMy onyo6auKoBasd B 1958 r. ®pen Xoida
(Fred Hoyle) u Maprtun IBapmmmaby (Martin Schwarzschild). Ceiiuac
Mbl 3HaeM, YTO K MOMEHTY OKOHUYAaTeJbHOro (hOpMHUPOBAHUSI 3eMJH COJI-
HeyHasi CBeTHMMOCTb cocTaBJsia okoso 70% ot coBpemeHHo#. B 1961 r.
Anbdpen Punrsyn (Alired Ringwood) oTmeTnis, 4to 3T0T (hakT HOMKEH
CYLIECTBEHHO BJIHATb Ha paHHuH kjaumar 3emsau. B 1972 r. Kapa Caran
(Carl Sagan) u Jxopmx Mysen (George Mullen) cuenann 3ty mpobaemy
UPOKO n3BecTHOH. B 1975 r. ¢ Jierkoit pyku Pomkepa ¥Yabpuxa (Roger
Ulrich) nmosiBuicst caMm TepMHH «Mapafoke Tyckjaoro mosoporo CoJHias
(faint young Sun paradox).

4,5 mnppg net Hasag ceeTumocTb ConHua coctaBnsana 70%
OT COBPEMEHHOM.

[Ipo6siema 3akgaouyaeTcss B TOM, YTO Y HAaC €CTb HaJexKHble
JAHHblE O CYLIECTBOBAHHUH YKMAKOH BOIbl HA MOBEPXHOCTH 3€MJH MHJI-
Juapabl geT Hazal. OmHAaKO NOOGUTBLCS 3TOrO MPH CTOJb HHU3KOH CBe-
tumocT CoJgHia HempocTo. O6GCyXKaaauch camble pa3Hble THMOTE3HI,
HO Ha CeroJHsIIIHUH NeHb OJHO3HAYHOTO pelIeHHs] HeT. BoJbIInHCTBO
uccienoBaTesell CKJIOHSAETCS K TOMY, UTO NPHUUHMHOH TEIJIOro KJauMmara
3-4 mupn JeT Hasan Obl1 MapHUKOBHIN 3(dekT. Hanbosee moaxoasmumu
NapHUKOBBIMH Ia3aMH CUHMTAIOTCS METaH, YIVIEKHCJ/DbIH ra3 U aMMHaK.

Mapapgokc Tycknoro monogoro ConHua: kak Ha 3emne
MOr/ia CyLLEeCTBOBATb XNakKas Boga Npy HN3KOM NOTOKe
COJZIHEYHOW 3Heprnmn?

Jlpyrum Bax<HbIM aclleKTOM, CBSI3AHHLIM CO CBOHCTBaMH MOJIOJOTO
CoJiHLIa, SIBJASETCS €ro aKTHBHOCTb. HecMOTpsi Ha MeHbLIYI0 MOJHYIO
CBETHMOCTb, Hallla 3Be3[a Bpallla/lach ObICTpee W MO3TOMY Oblia ropasino
6oJsiee aKTHBHOH. DTO MPUBOAK/IO K GoJiee MOIIHOMY MOTOKY yJAbTpacgHroseTa
U PEHTreHOBCKHX JydeH, a Takxke K 00Jiee HHTCHCHBHOMY COJHEYHOMY
BeTpy. Bce 3To okasblBajo 3aMeTHOe BJAMSIHHE HAa aTMocdepbl MJaHer.
B03M0KHO, MIMEHHO 3Ta aKTHBHOCTb MoJoforo CoJiHIA TpUBesaa K TOMY, 4TO
B atMoc(epe BeHepbl ouTH He ocTasoch BoAbl, a Mapc mpocTo norepsii
60JIbLIYI0 YacTb aTMoc(epbl. 3eMHast aTMocdepa B CYLIECTBEHHOH CTereHH
3allMIIeHa OT COJHEUHOTo BeTpa MarHuToc(epoi. OMHAKO MOLIHBIH MOTOK
y/AbTpaguo/eTa Bce PaBHO NPUBOAWI K Pa3pyLIEHHIO MOJEKYJ B aTMochepe
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M M3MEHEHHI0 ee cocTaBa (ec/au paspyliaeTcs BOLOPOAOCO/EpPKAIIAs
MOJIeKyJ/1la — BOJA, METaH U Jp., BOLOPOI MOXKET 3aTeM Jerko MOKHIATh
aTMoc(epy, yJIeTyuHBasch B KOCMOC).

Kpome mocreneHHbIX H3MeHeHHH (B TIEPBYI0 Ouepelb poCcTa CBETH-
MOCTH), MPOUCXOISAIIMX HA OUY€Hb GOJBbIINX BPEMEHHBIX MaciTafax — B Mac-
wrabe OT COTEeH 0 Thicsiy JeT, — B nosefeHud CoJiHLA UMEIOTCs U 6oJee
ciabble u3MeHeHusi. OHH TaKyKe MOTYT OKa3blBATb BJHSIHHE HA 3€MHYIO
6uocdepy, fa U MPOCTO MPEACTABJASIOT HayUHbIH HHTepec. s UX U3YyueHHs
HYXKHBI 0cO0ble MeTO/Ibl, TIOCKOJBKY JeTajbHble TaHHble HaOJM0IeHHH orpa-
HMYEHbI BCEro JHUIIb HECKOJIbKHMH CTOJNETHSIMH, @ TeOpeTHUeCKHe MOJeNH
He TO03BOJISIIOT MOKa JOCTOBEPHO TMPOCUUTATh TaKHe BapHALUH.

Monopoe ConHue 6bi10 6onee akTUBHbIM.

Tak, Hanpumep, UCHOJAB3YSl NE€HAPOXPOHOJIOIHUECKHE JaHHbIE
(BapualMi CBOWCTB FOJMYHBIX KOJeEll ApeBecHHbl), Mibsi YCOCKHH H ero
kosJseru B 2014 r. nmokasasu, uto 3a nocJaegnue 3000 smer Ha CouaH-
[le MMeJO MEeCTO HeCKOJbKO 3aMeTHbIX MHHUMYMOB aKTHBHOCTH. Kpome
usBectHpix MuHuMyMa Inépepa (XIV-XV BB.) u munuMyma MayHiepa
(XVI-XVII BB.) 310 IBa 3ameTHbix MuHuMyMa B VIII u IV BB. 10 H. 3.
U Tpu MeHee BboipaxkeHHbix MuHUMyMa B VII, XI u XIV BB. Ha Takue
3aTsKHble MHHUMYMBI, Koraa Ha CoJiHIle NOYTH HET NSTEeH, NPUXOAUTCS
no 16% BpemeHu.

Mcnonb3ysa gaHHble N30TONHOrO aHanns3a, ygaetcs
BOCCTAaHOBUTb COJIHEYHYIO aKTMBHOCTb Ha MacLuTabe
okosio 10 000 ner.

DTOT pe3y/nbTaT YAAJO0Ch MOJNYUUTh GJArofapsi aHaJAU3y COIepIKa-
HMA yrieponaa-14 B octaTkax pacTeHuil. [IporcxoxaeHHe 3TOro U30Tomna
CBSI3aHO C rajJaKTHUYeCKHMH KOCMHUYECKHMHM JydyaMHu. Bricokasi comHevyHast
aKTHBHOCTb MelllaeT YacTHLaM JyueH MPOHHUKATbh BHYTPb TeJHOC(EpHI,
a B roJbl 3aTSXKHBIX MHHHMYMOB NOTOK Fa/lAKTHUYECKHX KOCMHUECKHX JyueH,
Hao060poT, Bo3pacTaet, NMpH 3TOM ob6pasdyeTcs GoJblie H30TONa yriaepoa-14.
Tako#l Mmeton xopoiwo pa6oTaeT Ha MacwTabax COTEH H ThICSY JeT.

ypOBeHb COJIHEYHOW aKTUBHOCTIN CKa3blBaeTcs
Ha 3eéMHOM KJ1MMaTe.

Mo2KHO HCIOab30BaTh U AaHHbIE MO IPYTHM H30TOMAM, TAKHM Kak
Gepuninii-10 (oH TakKe MPOM3BOAUTCS KOCMHUECKHMH Jy4aMH) B MHO-
rOBEKOBBIX JIEJHHKOBHIX OTJIOXKEHHsIX. Ta Ke TpyIlna uccjiepoBaTesel
B 2016 r. cMorJia OLIEHUTh YPOBEHb COJMHEYHOH aKTHBHOCTH Ha MPOTSKEHHH
noutu 10000 ser, ucnoab3ysi OMHOBPEMEHHO NaHHBIE U MO GepUJIHUIO,
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U o yraepoay. Ha sTom uHTepBase KpoMe MHHHMYyMOB (WX OOGHapy2KeHO
20, onu 3aHuMaroT 17% Bcero BpeMeHH) BBIAEJSIOTCS H AJUTE/NbHbIE
MepUo/Ibl OBBIIEHHOH COJTHEUHOH aKTUBHOCTH. VX BbisiBjeHO 14, ogHako
B COCTOSIHUM Ooabuiux maxcumymos CoJHLe NPOBOAUT JULDb 8% BPEeMEHH.
Hanpuwmep, nx 6b110 oTHOCHTebHO MHOTO B VII ThIC. 10 H. 3. U Ha py6exe
[II-IV TbICc. 10 H. 9. Boamoxno, u ceiiuac CoJiHIle HAXOOUTCH B CTaIHHU
GosibIIoro MakcumyMa (o KpaiiHe#i Mepe, BTopast mosoBuHa XX B. Gblia
[epPHOIOM BLICOKOH aKTHBHOCTH). Kpome Toro, HccsenoBaTe/in 00HAPY KUK
NEepPUOJMUHOCTh B U3MeHeHUH aKTHBHOCTH CoJiHIIA C MEPUOJOM OKOJIO
2400 set, 0IHAKO 3TOT pe3y/bTaT HYXKIAeTCs B YTOUHEHHH U MOATBEPHK-
nennn. Kax 6bl TO HH GblIO, 3TH BBIBOABI MOKA3bIBAIOT, YTO M30TOMHbBIE
JIAHHbIE TPUHIIMMHAIBHO BO3MOXKHO HCMOJMb30BATH /151 H3yUEHHsI MOBEEHHS
CousHia Ha MacmTabax ThICSAY JeT.

Mob6anbHble HeOOpaTUMblEe KNTMMATNYECKNE N3MEHEHUA
nponsomayT Yepes3 Munnuapg net, korga cBeTMMOCTb
ConHua Bo3pacTteT Ha 10%.

PasnnuHble naHHbIE YKa3bIBAIOT HA TO, YTO YPOBEHb COJHEUYHOH
AKTUBHOCTH CKa3blBaeTcsl Ha 3eMHOM Kaumare. C TeopeTHUeCKOH TOUKH
3peHHsl OUeHb MHOI'0€ B COJHEUYHO-3EMHBIX CBSI3SIX OCTAETCS HEMOHSTHBIM,
OJIHAKO ¢ (DEHOMEHOJNOTHUECKOH TOUKH 3pPEeHHs KOpPPe/SUus KIAUMAaTHUECKUX
HU3MEHEHHUH ¢ YPOBHEM COJHEUYHOH aKTHBHOCTH Ha Maciutabe AeCsATH/IETHH
NpUCyTCTBYeT. MeXaHH3Mbl 3TOH CBS3H MPOJOJKAIT 06CYKIATHCS.
B uwactHOCTH, cuuTaeTrcs, 4To GOJbUIYIO POJIb MOXKET HTrPaTh CHJAbHOE
HU3MEHEeHHe I0TOKa YJAbTPa(HuOoJeTOBOIO H3JAyUYeHHS] BO BpeMs pasHbIX
NEepHOJOB aKTHBHOCTH. SICHO, YTO MEXaHH3MOB BJ/IMSIHHS MOXeT ObITb
MHOTO, TIOCKOJ/IbKY caMa CHUCTeMa 3eMHOr'0 KJMMaTa OueHb cjaoxHa. Tem
He MeHee BO3MOXKHOCTH aHa/Jdu3a CBOUCTB Tpomnocdepbl, BO3AYLIHBIX
TeYeHHH W JpPyrux napamMeTpoB MO3BOJSIOT FOBOPHTb O 3HAYHMBIX Koppe-
JSILMSX C pa3/HuHbIMH NokasaTtenassMu aktupHocTH CosHua. Ho u 3aech
ecTb npobJuembl. Hanpumep, eBpornelickue NaHHble CBUIETENbCTBYIOT
0 TOM, UTO CpeJHEeroJHYHble TeMIlepaTypbl B ePHOJ MayHAEPOBCKOIO
MHHUMYyMa Oblii HHkKe. OIHAKO JaHHbIE MO KJAHMATy B APYTHX PerdoHax
3eMJ/H He MOATBEPKIAIT MajeHue TeMreparypbl. Bo3dMoxHO, BIUsSHHE
CoJiHIIa N0-Pa3HOMY CKa3blBaeTCsl B PA3HBIX UACTSIX Hallel MJaHEeTHl.

Yto ke 6yner ¢ CosHUEM U KAUMaTOM Ha 3emie B Oyayliem?
Eme 3agoqro no toro, kak CoJHIle MpeBpaTUTCS B KPAaCHBIH THTaHT, TEM-
nepatypa Ha 3eMmJie MOBBICUTCS 0 YPOBHS, MPH KOTOPOM KH3Hb CTaHET
HeBo3MOxKHa. [IpuunHO# 3Toro GyaeT Npofo/MAKAIOLIHICS POCT CBETHMOCTH
CoJiniia (oH 0GbSICHSIETCS M HEMPEPBIBHBIM POCTOM paauyca, H POCTOM
TEMIePATYPbl, KOTOPHIH 3aKOHUNTCS yepe3 2,5 MJIpA JeT). DTO Npou3ouIer
NpUMEpPHO Yepe3 MHUJMHApA JeT, Koraa cBeTuMocTh CoOJHIA BbIpacTeT
npuMepHo Ha 10%. OkeaHbl HAUHYT aKTHBHO MCHApPSTbCS, BbI3BAB CHJbHBIH
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NapHUKOBBIH 3()(eKT, KOTOPLIH NpuBejeT K elle 6osee aKTHBHOMY HcHa-
penuio (BHIMMO, MOAOGHbBIE SIBJEHHS B MPOLILIOM MPOU30ILIH Ha BeHepe,
H3MeHUB ee Kiaumar). [TouBa mporpeercs Ha GOJbILIYIO TIyOHHY, TaK UTO
naxe 6aKTepuH, XKUBYIIHE TyOOKO Mo 3eMiel, morubHyT. B utore, xoraa
CoJiHIle HaYHeT yXOAHUTh ¢ [JIaBHOH TocJjenoBaTeNbHOCTH (B BO3pacre
10 msppa Jer, T.e. IpUMepHO uepe3 5,5 MJp[ JeT), a ero CBETHMOCTh
6yner Ha 84% Bblllle cOBpeMeHHOH, 3emasi yxKe Gosee 4 mapn Jjet Gyaer
6e3xu3HeHHON. [lo3nHee 3emist MoxKeT ObITb MOIVIOLIEHA KPACHBIM THTaH-
tToMm. Keraru, xorna CoJiHIEe TIpEeBPaTHTCS B KPACHBIA I'MHraHT, (popMasbHO
B 30HY o6uTaemMocTH OyAyT nomnanath o0beKThl nosca Koiinepa.
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ConHevHas cnctema Bo3HUKa YyTb bonee 4,5 mnppg net Hasapg,.

B ee cocTtaB (nomunmo cobcTtBeHHO ConHua) BXoOAaT 8 nnaHeT, noa-
pasgensowmxca Ha oBe rpynnbl: YeTblpe naaHeTbl-ruraHTa (KOnu-
Tep, CatypH, YpaH n HenTyH), Haxogswmecsa BO BHELLUHEN YacTn
cucTeMbl, U YeTbipe NnaHeTbl 3eMHon rpynnbl (Mepkypuii, BeHepa,
3emnsa, Mapc) — Bo BHYTpeHHeN. Y 60bLUMHCTBA N/IaHET eCTb CNyT-
HWKW, HEKOTOPbIe BECbMa 3HaUYNTENbHbIX pa3mMepoB (40 HECKONTbKINX
TbiCAY KMJIOMETPOB). B HacTosALee BpeMsa Takke BbiAeNsIoT NaTb
KapnunkoBbix nnaHeT (Llepepa, NnyToH, Apunaa, Xaymea, Makemake).
OHM oKkasanmcb HeJOCTaTOYHO MAaCCUBHbI, YTOObI OYNCTUTL CBOU
opb6uTbl oT 60nee menknx oo6bvekToB. Kpome Toro, B ConHeuyHom
cucTemMe NpUCyTCTBYET MHOXECTBO TeN pa3MepamMu MEHee He-
CKOJIbKMX COTEH KNJIOMETPOB, KOTOPbIE B MePBOM NPUBAVKXEHNN
MOXXHO pa3fenunTb Ha KOMETbl, acTepoubl 1 COBCEM HebonbLume
MeTeopHble Tena. U, HakoHel, eLe ogHUM Ba)KHbIM KOMMAOHEHTOM
ConHevyHoI cucTeMbl ABNAETCA MeXrlaHeTHas cpeaa.

Mocne aTana popmupoBaHus, KOTOPbIN 3aHAN 6onee 10 MAH ner,
ConHevHas cnctema Haxoguaach B CTaguu MenJjeHHOW 9BoNOLUN,
Ha NPOTSXKEHUU KOTOPOW OpOnTbI NIaHET NiaBHO MeHANNCh. Mpu-
MepHOo Yyepes 600 MAH NIeT 3TOT Nepurop, 3aBepLumicsa 6ypHbIM anNn-
3040M HeycTonumeocTv op6wuT. lNMocne aToro op6mMThHl B OCHOBHOM
NPUHSAIN COBPEMEHHbDIN BU[, B KOTOPOM OHU, CKOpee Bcero, byaoyT
HaxoauTbCA ewe okosno 6 mnppg net. 3atem ConHue, Mcyepnas 3a-
nacbl BO4OPOAa B A4pe, HAYHET NpeBpaLLaTbCs B KPAaCHOIo rmraHTa,
YTO CHOBa NPUBEAET K KaTacTponieCckM N3MEHEHNSAM BO BCE
ConHeuHoM cucteme.



2.1
O6pazoBaHue ConHeYyHOW
CUCTEMDI

Bospact Co/sHeuHO#H cucTeMbl coctaBiasieT 4,567 Mjpa jaet. DTo
OUYeHb TOUHOE 3HAaUeHHe MOJYUeHO B MEPBYIO ouepelb Ha OCHOBE aHAJ/M3a
COJIePXKaHHUsSI PAasJUUHBIX H30TONOB B 00pasuax MetreopuToB. Heonpene-
JIEHHOCTb BO3pacCTa He MpPEBbIIAET Mapy MHJJIHOHOB JIET.

Bos3pact ConHeuyHoOM cncTtemMbl HEMHOTIO 6oblLue
4,5 mnpg ner.

[Tocse cTaguu cxkaTHS MPOTO3BE3THOr0 06JaKa M MOSBAEHHS
CoJiHIIA ¢ MPOTOTJIAaHETHBIM JHCKOM BOKPYT Hero B HcTopuu CoJHeYHOH
CHCTEeMBI MOYKHO BBIIEJNHTh HECKOJIbKO BaXKHBIX 3TamnoB. [lepBeii — 3T0
co6CTBEHHO 06pa3oBaHKe MJAaHeT. 32 HECKOJIbKO MHJJIHOHOB JeT (pOpMHU-
pyIOTCSl MJIAHETHI-THTAHTHL. 3a HECKOJbKO JECSTKOB MHJJIHOHOB JeT —
nJaHeThl 3eMHOH rpynnbl. KpoMe Toro, 3a op6uTo# camoll najnekoit mJja-
HeTHI-THT'aHTa OCTAeTCsl MHOKECTBO HeGO/bIINX Tel — MJaHeTe3uMaJer.
3areM, COTrJIacHO COBPEMEHHBIM TeopusM, ciaeayeT npumepHo 600 miaH
JeT «3acTosl», KOrja cucTeMa MeHsieTcsl KpaiiHe MmaJjo. OfHaKo NMOTOM
IPOUCXOMUT OTHOCHTENbHO ObICTpasi ee mepecTpoiika. [lo ee okoHua-
nuu CoJiHeuHasi cHUCTeMa NPUHUMAaeT MPAKTHUYECKH COBPEMEHHBIH BHI,
B KOTOPOM H CYLIECTBYET C TeX MOp Ha MPOTSIKEHHH MOUTH 4 MJpJI JeT
B MOYTH HEU3MEHHOM COCTOSIHHH.

MOKHO BBIIEJIUTD TPH OCHOBHBIX HCTOYHHKA MH(OPMAIMH 06 HCTO-
pun popmupoBanuss CoJHEUHOH CHCTEMBI M O TPOIleccaX, MPOUCXOAUBILINX
IpH 5TOM. Bo-TepBbIX, JaHHBIE N0 COCTABY METEOPHTOB H KOMeT. Bo-BTo-
pbIX, HAGJIOIEHUs] MHOTOUHCJAEHHBIX CHCTEM JIPYTHX 3Be3[, HaXOASILIUXCS
Ha pasHbIX cTagusx (GopmupoBaHus. HakoHel, coBpeMeHHasl CTPYKTypa
HalleH CHCTEMbI — B MEPBYIO OUepeb OPOUTHI MAIBIX Tes (KOMETBI, OGBEKTHI
nosica Koiinepa u T.1.) XpaHUT Ha cebe OTNEYaTKH ee GYPHOH MOJIOIOCTH.

Nudopmauynmio o ganekom npowsiom ConHeyHom
CUCTEMbI NOMy4atoT, M3y4ass COCTaB METEOPUTOB, a TaKXKe
aHann3unpysa opbuTbl HE6ONbLUNX TEN.

MeTeOpI/ITbI JeJIATCA Ha TPU OCHOBHBIX THIIA. AXOHIIpI/ITbI (BMeCTe
C XOHAPUTaMHU HUX €lle Ha3blBAlOT KaME€HHbIMH MeTeOpI/ITaMI/I) H 2KeJe3HbIe
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METEOPUTHl MPEACTABMASIOT COO0H OCKOJNKH KPYIHBIX acTepousoB. Takum
00pa3oM, HX BELIeCTBO y2Ke MpouwIo npolecc fuddepeHuHanyd B MaCCUB-
HOoM TeJjie (6oJsiee TsKesble BEIIECTBA, TAKHE KAK Keae30, MOJ AeHCTBHEM
TpaBHTAIMH OMYCKAJHCh OJHKe K 1eHTpy). TpeTuil Tl MeTeopHTOB —
XOHJIPUTBI — TPeECTaB/sieT coO0 BEIIeCTBO, HE MONaaBliee B MACCHBHbIE
TeJa, Ijae NoA AeHCTBHEM IpaBUTALHMH MOIJA NPOUCXOAUTb AH(QepeHLH-
aluUsi KOMIIOHEHTOB M MX HarpeB, HJH XK€ 3TO OCKOJIKH BHELIHHX 4YacTeH
nJaHeTe3uMaJjiell, KoTopble He MoABeprajuch AHdQepeHuHaltH.

Bo3pact ConHeuyHOM cncTeMbl yCTaHaBAUBALOT,
aHanM3unpys copepXxaHume pasivyHbIX N30TOMOB
B MeTeopuTax.

KaroueBas patupoBka «MoMeHTa Ho/b» B CoOJIHEUHOH cHCTeMe
TIPOU3BOJIUTCS MO BKJIOUEHHSM KaJbLHS U aJIOMHHHS B YIJIMCTBIX XOHIPH-
Tax. DTu HeGoJbiine (0T J0/MeH MUJIJIUMETPA 0 CAHTHMETPOB) 06GPA30BAHHS
c(pOpMHUpPOBANUCh B TOpPsiued cpele B MOJNOAOM MPOTONJIAHETHOM JHUCKE.
M30TonHbI# aHA/MM3 FOBOPHUT O TOM, UTO 3TO CaMble JPEBHHE CTPYKTYpHI
U3 Bcex oOHapyxueHHbIX B CosHeuHol cucreMe. KopoTKOKHUBYIIMH H30TOI
26A1 mo3BOJIIET MPOBECTH IATHPOBKY C TOUHOCTHIO B HECKOJIHKO MHUJUIHOHOB
JeT. Mcnonb3oBaHue HECKOJNbKHX H30TONOB PA3HLIX 3/ME€MEHTOB C PAa3HBIM
BpeMeHeM KH3HH M03BOJseT elle YTOUHHUTb 3Ty oueHKy. CorsacHo Mete-
OPHUTHBIM [JaHHBIM, N€PBOE MOKOJEHHE IJIaHeTe3uManel chopMUPOBAIOChH
MeHee YyeM 3a MHUJ/IIHOH JeT.

B siaeMeHTHOM cocTaBe METEOPHUTOB HAG/I0JAI0TCSI HEKOTOPbHIE
aHoMaJnuH, Tpebylouye o6bscHeHUs. Peub uaeT o NPUCYTCTBHH KOPOTKO-
KUBYLIMX M30TOINOB HA MOMEHT (POPMHPOBAHHUS NEPBLIX IJIaHeTe3uMaJjeH.
K sToMy BpeMeHH NMpOTOCOJHEYHAS] TYMAHHOCTb y2Ke MHJJIHOHBI JeT Kak
OTUEMNUIAChY OT MOJEKYJAIpHOTo 06JaKa, B KOTOPOM BO3HHKJ/A. [To3TO-
MYy KOpOTKOKuBYyIHe uzorornbl (Hanpumep, 26Al u $°Fe) nosmxHbl Gbliu
CTaTh OYeHb peJKUMH. [IpOU3BOMUTL UX B HYXKHOM KOJHUECTBE BHYTPH
MPOTOCOJTHEYHOH TYMAHHOCTH HJIM MPOTOIJIAHETHOIO JUCKA HEBO3MOXKHO.
3HauuT, HeOOXOAUM HEKOTOPLIH BHEIIHHH MCTOUHHK M30TONOB C HEGOJBIIUM
BpeMeHeM KH3HH. O6CykKAal0TCs ABE OCHOBHbIE THIOTE3HI.

ConHue o6pasoBanoch B 3B€34HOM CKOMJIEHUWN, KOTOpOoe
B/IVIAIZIO HA NPOTONNAHETHbIN AMNCK U NapameTpbl opouT
dopmMupyloWmnxca 06bLEKTOB.

COJIHL[e, KaK W mnojasJjsoouiee 60/JbIIMHCTBO APYTHUX 3BE3N,
JIOJI2KHO OBLIO poxKaaTbCd B 3BE€3HOM CKOIIJIEHHH. 3H211{I/IT, HCTOYHHKOM
H30TOIIOB MOrJ/a ObIThb apyrag, OTHOCHTEJ/JIbHO 0/1M3Kasi, 3Be3/a. 9To Mor
OBITH JIHOO B3pbIB CBerHOBOﬁ, JHUO0 2Ke 3Be3/la C CHJbHBIM BETpPOM Ha MO3[-
Hel CTaJuu 3BOJIOLHUH: HamnpuMmep, Ha CTaauu ACUMITOTUYECKOH BETBHU
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TUraHTOB — TMO3/IHEM 3Tare 3BOJIOLUK 3Be3n Thrna CoJHIa, Ha MPOTsKe-
HUHU KOTOPOTO B 3Be3[e CYLIECTBYET ABA CJAOEBLIX HCTOYHHKA, B KOTOPBIX
HIYT TepPMOsiiepHble peaKlMu: BOLOPOAHBIH M rejuesbiii (cM. pasmena 4.6
«CMmeHa TepMosiiepHbIX peakuuii»). Ha HacTosummii MOMEHT y Hac Her
JOCTATOYHOTO KOJMYECTBA MAHHBIX, YTOOBl OTAATH pelaiollee MPearnoYTeHne
TOH WJIH HHOH THIIOTE3e.

q)OpMI/IpOBaHl/Ie nnaHeT-rMmraHToB 3aHNMaeT
A0 HEeCKONTIbKX MWIJTMOHOB NET, a NNnaHeT 3eMHOoIn
rpynnbl — 00 HECKOJIbKMX AeCATKOB MNIJTMOHOB.

Kpome oGorauienusi npoToCOIHEUHOH TYMAaHHOCTH 3J€MEHTa-
MH 3Be3JIHOe CKOTJIeHHEe MOIJVIO OKa3blBaTh €llle IBa OCHOBHBIX BO3Jel-
CTBHS. YIbTpa(UO/IEeTOBOE H3/TyUeHHe 3Be3J CKOIJIEeHHs MOIJIO MPUBOAHTDH
K aKTHBHOMY HCIIAPEHHIO BellleCTBAa TYMAHHOCTH. A G/H3KHe MPOJEeThl
3Be3l — BJHATb HAa OopOUTH Tes CojHeuHOH cucteMbl. D(H(HEeKTHBHOCTD
U BEPOSITHOCTb BO3MAEHCTBHUSI 3aBUCSIT OT KOJUUECTBA 3BE3 B OKPECTHOCTH
dopmupytoiterocsi Coumuna. C omHON# CTOPOHBI, B3PhIB CBEPXHOBOH JOMKEH
ObiTh goctatouno GauskuM (0,2 mapceka), a mpoJeT MPO3BOJIOIHOHHPO-
BaBlleH 3Be3bl — JTOCTATOYHO BeposITHBIM. C ApPYroi CTOPOHBI, CJHII-
KOM 4YacThele W GJH3KHe TPOJeThl 3Be31 MOTYT KaTacTPO(HUECKH BJIHATH
Ha BHellHHe yacTH opMmupyioueiics ColHEUHOH CUCTEMBI, a yabTpadu-
0JIETOBOE H3JyuYeHHe OT OueHb OJHM3KOH CBEPXHOBOH MOXET pas3pylIMTh
NpOTOMJAHETHBIH AUCK. VITOroBble OlleHKH MoKa3biBaloT, 4To CoJHIle
JOJMXKHO OBIJIO POAUTHCA B CKOIIJIEHHH W3 HECKOJbKHX TbICAY 3BE3[, YTOOBI
BJIMsIHHE OBLIO He CJAHMIIKOM CHJABHBIM, HO HOCTATOUHBIM [/ OGbSICHEHHS
IPHCYTCTBHSI KOPOTKOKUBYILIUX H30TONOB B HYKHOM KOJHUYECTBE.

Cnycta npumepHo 600 MnH neT nocne obpa3oBaHuA
ConHe4yHas cucTtema npeteprena CyLweCcTBEHHYIO
nepecTpomky opounT nnaHert.

YacTULbl NBUIM B JUCKE PACTYT 3a CUYET CTOJKHOBEHHH M CJ/uIa-
HUH 10 pa3MepoB HeGOJMbIIMX KaMHed (0K0Jo caHTHMeTpa). B uacTHOCTH,
9TO Cc/lelyeT U U3 HaOJMIIEHUI NPOTONIAHETHBIX AUCKOB Y APYT'HX 3BE3J.
OnHako, KaK MPOUCXOMUT AaJbHEHIIHH POCT, Mbl TOYHO He 3HaeM. Poct
YACTHIL OT Pa3MEepoOB MOPSIIKA CAHTUMETpA 0 KHJAOMETPa He MOXKET Mpo-
XOIUTh MPOCTO 3a CUET CTOJNKHOBEHWH. Bo-mepBbIX, MpH yaape 4acTHIIbI
pa3pymarTcs, a UX TPaBUTAIUHU elle HeJOCTATOUHO, YTOOBl YAepkKaTb
OCKOJIKH OT paajseTa. Bo-BTOpbIX, TOpMO:EHHE KaMHEH pa3MepoM OT CaH-
THMETPOB [0 METPOB B rase JUCKA MNPHUBOAUT K HUX C/JAMLIKOM OBICTPOMY
panuanbHoMy apeiidy B cropony CoJjHua. PaccmatpuBaioT pasHbele Moje-
J1 OGbICTPOro (POPMHUPOBAHUS AOCTATOYHO MACCHUBHBIX IJaHETe3UMaJeH,
HO MOJIHOH SICHOCTH B 9TOM BOTPOCE TOKa HeT.
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[anee ¢opMupoBaHHe MJIAHET-THIAHTOB U IVIAHET 3€MHOH I'PyMIbl
NpoTeKaeT HEMHOTO 10-Pa3HOMY. ¥ THI'AHTOB, COCTOSIIMX B OCHOBHOM H3 Ia3a,
MaJlo BpeMEeHH, TaK KaK ra3oBblH TUCK HOBOJbHO OBICTPO PacCEeHBAETCS.
[TosTomy BHauasie UX TBEpAbE fpa HOJMAKHBI OBICTPO PACTH 3a CUET CTOJ-
KHOBEHHsI TIJIaHeTe3uMaJ/Iell 1 aKKpPelMH MeJKUX TBepiblX Tell. Jlasblie, ecian
snpo Habpano maccy 10-20 3eMHBIX, TO OHO yCleBaeT 3aXBaTUTb JOCTATOYHO
rasa AJisi BOSHMKHOBEHHS IJIAHETBI-TUTaHTa. DTOT MPOLECC 3aHUMAeT OKOJO
MHJIJIMOHA JieT. Heboubline xkKeje3HO-KaMeHHble TJIaHeThbl UMeloT GoJblie
BpPEMEHH JIsi POCTa, TIOCKOJbKY MM He HyxkeH ra3. OHM HaGUpaloT mMaccy
B MEPBYIO ouepe/ib 3a CUET CTOJKHOBEHHS MJaHeTeanMaJseidl. Camasi akTHB-
Hasi (hasa 3TOTO MepHoAa 3aHUMaeT OKoso 10 MJH JeT, XOTs B JajdbHEHIIeM
6oJiee peKHe CTOJNKHOBEHHS] MOTYT TPOMCXOIHUTD ellle AeCITKH MHJIMOHOB
geT. CTo/JKHOBeHHe 3eMJH C KPYIHLIM TeJ0M, Npou3ollealiee NPUMEPHO
cnyctst 60-100 muH JeT mocse Hava/a o6pa3oBaHMs MJIAHET W TPHUBEIIEe
K (opMHpOBaHHIO JIyHBI, MOKHO CUHTATb OAHMM M3 MO3AHHUX 3MH300B 3TOr0
npouecca. C tex nop 3eMisi He HCIBITIBAJAA CTO/b MOLIHBIX KATAKJIM3MOB.

BaxHylo posib B onucaHUd (POPMHPOBAHMS MJAHETHOH CHCTEMBbI
Urpaet Taxk HasbiBaeMasi cHe208as aunus. OHa COOTBETCTBYET PACCTOSIHHUIO,
Ha KOTOPOM HayHHAIOT 3amepsath Jgetyune coeaunenns: CO, H,O u ap.
B moutonoit CosiHeuHO# cucTeMe OHA COOTBETCTBYET MpUMepHO 3 a. e. (3Haue-
HHe Pas/HyHO Uit pas3HbIX BemlecTB). Takum o6pas3om, 3a opouToid HenryHa
B OCHOBHOM (JOPMHPOBAJHUCH Je[sHble MJMaHeTe3UMa/lH, 1 OHH He CMOIJIH
00'beIHHUTBCSl B €IHHOe KpynHoe Teso. COBpeMeHHBbIH BHA 3Ta Tpynmna
tes (kmaccuueckuit nosc Koifnepa, paccesHHbIA JUCK, TIYTHHO W APYTHE
00'beKTBHl B pe3oHaHce ¢ HenryHom) mpuHsijia B pe3y/ibTaTe MIAaHETHOH
MHI'DALUU B IIepBble COTHH MMJIIHOHOB JeT cyliecTBoBaHus CosHeuHOH
cUcTeMbl. B mepBylo ouepeab Ha OpOUTHI 3THX Ted B/ausA1 Henrtyw.

lMocne anoxn nospHen TsXxenom 6omobapanpoBKA
ConHe4yHas cuctema npakTMYecky He MeHssia CBOM
ob6nuk.

OCHOBO# COBpeMEHHOI0 OMHcaHus paHHeH 3BoJoIuH COMHEUHOH
CHCTEMDbI sIBJsIeTCSl TaK HasdbiBaeMasi Huuyyras modess (o1 ropoma Huirua,
re paGoTajsd OCHOBHbIE aBTOPBI 3TOTO ClieHapusi). B Hell ueThipe muaHe-
ThI-TUranTa GopMHpyIOTCsl Ha paccrosiHusax 5-17 a.e. or CosHua. 3arem
U3-3a B3aUMOAEHCTBHUS ¢ HeOOJbUIMMHU TeJaMH TPH BHEIUHHE MJaHeThl
(HenrtyH, ¥Ypau u CaTypH) MeJEeHHO MHTPHPYIOT HapyxKy, a IOmurep —
BHYTpb. B TOT MoMeHT, korna op6utaJjbHbie nepuofnl IOnutepa n CarypHa
OKa3blBalOTCSl B OTHOWIEHHH 1 K 2, cUcTeMa CTaHOBUTCS HEYCTOHUHBOH
¥ [POUCXOIUT ee ObicTpasi MepecTpoiKa. ATO CAYyUHIOCh IPUMEPHO CITYCTS
600 muH set nocae dpopmupoBanuss COJHEYHOH CHCTEMBI.

[Tpumepno 3a 100 MJH JieT MAaHETHI-THTAHTHl 3aHHUMAIOT CBOE
COBpeMeHHoe ToJoxeHHue. B xome 3To# ObicTpod mMurpauuu HentTyH
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BTOpraeTcsi B poi JeAsHbIX NaaHeTe3uManel, (popMUpysi COBPEMEHHDIH BHJL
aToll 06s1acTH. Okoso 99% Tes OKa3blBAIOTCS BHIOPOLIEHHBIMH CO CBOMX
op6ut. MHOrHe W3 HUX TONAJAIOT BO BHellHHe yacTH COJMHEUHOH cHucTe-
MBI, IPyTHEe HANPAaBJSIOTCS BO BHyTpeHHHe o6jacTu. [Ipoucxoaut tak
HasbiBaeMasi no30uss msgiceras Oombapouposka. Ilonanas BO BHyTpPEeHHHE
yacTd COJHEYHOH CHCTEMBbl, IIAHETE3HMAaJNH MOI'YT CTAJKUBAThCS C YKe
c(popMHPOBABLIMMHUCS MJAAHETAMH M HX CHYTHHKaMH. AHa/au3 JyHHOH
MOBEPXHOCTH, a TaKxkKe MHOTHX Apyrux Tea B CoJHEUHOH cHUcTeMe MoKasal,
YTO MHOXKECTBO KPYIHBIX KpaTepoB MUMEIT MPUMEPHO OJHHAKOBBIH BO3-
pact — 3,8-4 MJpA JeT, 4YTO COOTBETCTBYET MEepPHOAY MO3AHeH TsKenon
6ombapaupoBku. Ha ato# ke craguu [Onutep nu HenTyH cobupaiot «Tpo-
SHCKHe» acTepPOHAbl B OKPECTHOCTH ToueK JlarpaHxka, a MHOTHe IJIaHeTHl
(nanpumep, Ypan u CaTypH) 3axXBaTblBAlOT CBOH CIYTHHKH.

[Tocsie atoro ConHeyHasi cucTeMa CTAHOBUTCS OTHOCHTENBHO
CTa0M/IbHOH Ha MUJJIMAPB JeT. YHC/IeHHble pacueThl MOKa3blBaloT, uTo 6e3
MOLIHOTO BHEIIHEro BJAUSHHUS OPOUTHI MJIAHET OYAyT OCTaBATbCSl JOCTATOUHO
cTabUAbHBIMM BIJIOTH 10 yxona CoJgHua ¢ [1aBHOH moc/ef0BaTeNbHOCTH.

2.2
[lnaHeTbl N NX CAYTHUNKN

B CoJ/iHeuHOH cHCTeMe HACUHUTHIBAETCS BOCEMb GOJBILINX TJIAHET.
[TosoBHHA M3 HUX OTHOCHTCS K TJIaHEeTaM 3eMHOU rpynnel. OHH HUMeIoT
JKeJle3HO-KaMeHHBIH cocTaB M pacroJaralorcs Ha paccrosHusax ot 0,4
(Mepkypuit) 10 1,5 a.e. (Mapc) or Coanna. Bropas mojsioBuHa — 3TO
njaHeTb-TUranThl. MIx sizpa cocTosiT M3 Gojee TsKeAbIX 3JeMEHTOB,
HO OCHOBHA$l Macca HAaXOAMTCS B IJIOTHBIX 00O0JOUKAX, IA€ TJaBHBIMH
COCTABJISIIOIIUME SIBJsTOTCST Bogopon U requit (y Onurepa u CatypHna)
U yraepon, kucqaopon u azor (y Ypaua u Henryna). OHH HaxoasiTCsi
Ha paccrosinusax ot 5,2 (IOnurep) no 30 a.e. (Henryn). Muorna Ypau
1 HentTyH Bbie/sIOT B OTAE/bHBIN MOAKIACC JEASHBIX THIAHTOB. ¥ BCeX
miaHer, kpome Mepkypusi u BeHepsl, eCTb CIYTHHKH, a y MJIAHET-TUIAHTOB
TAKXKe MPUCYTCTBYIOT CHCTEMbI KOJEIL.

AcTpoHoMMn4Yeckasa egnHuua (a. e.) — aTo paccTosiHMe
ot 3emnun go ConHua, npmepHo paBHoe 150 M/IH KMm.

[Tarb nnaner — Mepkypuii, Benepa, Mapc, IOnutep u Carypn —
BU/HBl HEBOOPYXKEHHBIM I71a30M U H3BECTHBI C JPEBHOCTH. YpaH Obla
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oTKpbIT YuibsmoM [epuiesem (William Herschel) B peayabrate 0630poB
He6a B 1781 r. Hentyn 6b11 o6Hapyxen B 1846 r. Morannom Tamie
(Johann Gottiried Galle) Ha ocrose pacueroB ¥YpGena Jleepbe (Urbain
Jean Joseph Le Verrier) (pacuernl mosoxennss HenryHa Ha OCHOBaHHH
OTKJIOHEHHH B JBH)KEeHHH YpaHa takxe nposoaua J[xkoH Amxamc (John
Couch Adams)). B 1930 r. Kaaiinom TomGo (Clyde William Tombaugh)
B pe3yJbTaTe CIelHaJbHbIX 0030PHBIX NMOUCKOB OblI OTKPLIT I11yTOH,
craBini neBsitod miaaneroi. Oupnaxko B 2006 r. [layron morepsin craryc
NJaHeThl H3-3a OOHApYXKEeHHUs] KPYMHBIX TPAHCHENTYHOBBIX OO'bEKTOB,
B OCHOBHOM BXOJSIIIMX B nosic Kofinepa.

Bce myianeTsl B TOW WJM HHOH CTENEHH OBIIH MCC/AEIOBAHDI
¢ TIOMOIIbI0 KOCMHUECKHX anmnapatoB. HaubGosee Xopolio HU3ydeHHBIMH
apasiiorcsi Mapce, Benepa, IOnutep u CartypH.

MnaHetbl ConHe4YHOM CUCTEMbI OENATCA HA TMIAHTDI
(KOnwuTep, CatypH, YpaH, HenTyH) n nnaHeTbl 3eMHOIN
rpynnsbl (Mepkypwuin, BeHepa, 3emns, Mapc).

[lnaneTsl (hopMHpOBA/IUCh U3 BELIECTBA TOH e MPOTOCOMHEYHOH
TYMaHHOCTH, H3 KOTOPOH copMHpoBaJ/iach Haua 3sesfa. CaMbiM pacnpo-
CTPaHEHHbIM 3JIeMEHTOM B Hel Obll BOAOPOI, 3aTeM Te/HH H TOJNbKO IOTOM
TsKeJsble 3JeMeHThl. DT0 00'bsICHSET, ToUeMy caMble MAaCCHBHbIE ra3oBble
IJIaHeThl B OCHOBHOM COCTOSIT MMEHHO M3 Bojopoaa M reausi. Hecmorps
Ha Xopollee NMOHUMAaHHe CPEeIHEero COCTaBa IJIAHET, MHOTHE AeTa/d BHY-
TPEHHETro CTPOEHHSA OCTAKTCA HEACHBIMH, IMMOCKOJAbKY HCCJACOIOBAHHUSA HEIP
3aTpylHeHbl faxe A1s 3emad. Kpome toro, coBpeMeHHbIH ypOBeHb 3HAHHH
He MO3BOJISET C HaleKHOCTbIO TOBOPHTH O MOBEJEHHH BellecTBa B HeApax
IJIaHeT M3-3a COYeTaHHUsI BHICOKOH IJIOTHOCTH M JaBJ/CHHUS.

Conep:KkaHie 3J€MEHTOB B MPOTOCONHEYHOH TYyMaHHOCTH (OTpa-
JKaiolee BooOIIe CoiepKaHHe 3JeMEeHTOB BO BceeseHHol) Hasmaraet orpa-
HHYEHHs Ha BO3MOXKHBIH cocTaB mniaHeT. HeboJblne TBepAble IJIaHeThl
(uin sipa GoJiee KPYMHBIX T€/1) MOTYT COCTOSITb M3 XKeJe3a HIH <KaMHEH»,
KOTOpbl€ B OCHOBHOM BKJIOYAIOT B ce0f MarHuWi, KDeMHHH M KHCJIOPOL.
Jlendauble Tesa COCTOSAT B OCHOBHOM H3 YIJePOAa, KHCJA0DOAA M a30Ta,
KOTOpbIe BMecTe ¢ OOMJ/bHBIM BOLOPOAOM 00pa3yloT TaKHe COeLMHEeHHS,
kak H,0, CH,, NH,, CO, u ap.

B uenom coctaB nnaHeT onpeaensieTcs
pacnpoCTpPaHEHHOCTbIO 3/IEMEHTOB BO BceneHHom.

BHyTpH nuiaHeT cerperupyioliee AeHCTBHE I'PABUTAILIMN 3aCTaBJSET
TsI2KeJIble 3/1IEMEHTHI MOCTENEHHO OMYCKAThCS B IIEHTPaMbHYIO YacThb. [losaTomy
MJIaHeThl 3eMHOTO THIA MOT'YT UMETh JKeJie3Hble Si[pa, a T'MIaHThl, MoJ00HbIe
Ypany u HentyHy, — 6oratble BOIOPOIOM U TI'ejeM BHEIIHHE 000J0YKH,
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MOKPBIBAIOLINE CJIOH JIbIOB (CYIIECTBYIOLINX B BUE OUYEHb MVIOTHOTO rasa
HJIH JKHJIKOCTH, a HE TBEPAOTrO BEIECTBA), MO KOTOPHIMH HAXOAUTCS SIAPO
U3 6oJsee TSKeNbIX 3/71eMEHTOB.

HecMoTpst Ha MHOrHe CXOJHble UepThl, MAAaHEThbl 3eMHOH TI'pyT-
bl CYIIECTBEHHO OTAHYAIOTCS APYT OT ApPyra. DTO KacaeTcs He TOJMbKO
ux atmoctep (oTcyTCTBHE TaKOBOH y MepKypHsi, paspexeHHas arMocdepa
Mapca, 10cTaTOYHO MJIOTHAs Y 3eMJH H OueHb MJIOTHast y BeHephr),
HO M HX Help, UTO B MEPBYIO ouepelb OTpa)kaeT pas3/Huhs B HX Maccax,
MOCKOJIbKY COCTAB IJIAHET MPHUMEPHO OJHMHAKOB (XOTs, Hampumep, Mep-
KypHH COJEp:KUT HEMHOro GoJblie »Kene3a OTHOCHUTE/NbHO KPEeMHHs, ueM
JpyTHe TPHU MJaHeThl, a Mapc MOXKeT UMeTh HECKOJNbKO MEHbIIe Keaesa).
Semiid, Oyayud caMoil MacCUBHOH, o6/anaeT 6oJjiee CJA02XKHOH BHYyTpeHHEH
JIHHAMHKOH, YTO BBIPAXKAaeTCsi B aKTHBHOM BYJKaHH3Me (COXPAaHHBIIEMCS
M B Halllk IHH, B OTJIHYHe oT Mapca u BeHepbl) U ABHKeHHH JUTOCHEPHBIX
T (KOTOpOoe OTCYTCTBYET y APYTHX IIAHET 3eMHOH rpymmbl). EcTb
NpPeANoJNoKEeHHUs, YTO JUTOC(epHass THHAMHKA SIBJISIETCSI HEOOXOAUMBIM
YCJOBHEM JJisl TIOSIBJAEHHUS KHU3HH, TOA00OHOH 3eMHOM.

Mapc noutu B 10 pas serde 3emsd, He UMeeT MOIIHOTO MArHUTHOTO
noJisi U B HacTosiiiee BpeMsi o6/afaeT AOBOJbHO pa3peKeHHOH aTMmocphe-
poii. OnHaKo HelaBHHE UCC/ELOBAHHUS MOKA3aJ/H, YTO B NPOLLJIOM CHTYalHs
Ha Mapce Morya ObiTb HHOH. B yacTHOCTH, Ha ero MOBEPXHOCTH B GOJbLINX
KOJIHYeCTBax MOIJa CYLIECTBOBATh KHIKas BOJA, O UYeM CBHIETE/JIbCTBYET
aHaJ/IM3 HEeKOTOPbIX MHHepa/oB. Bo3aM0OKHO, B 1a/1€KOM MPOLILIOM 3TOH MJIaHEThl
MOILHBIH BY/JIKaHU3M MPUBEJ Ha Kakoe-TO BpeMs K CyllecTBOBaHHIO GoJee
MJIOTHOH aTMOC(Ephbl U KHUAKOH BOJBI HA TOBEPXHOCTH.

KnumaTt Mapca n BeHepbl B ganekom npoLsiom
Obl1 MHbIM.

Benepa, HecMOTpsI Ha OTCYTCTBHE MArHUTHOIO MoJisi, Ha060-
pOT, UME€ET OYeHb MJOTHYI0 arMocdepy, B OCHOBHOM cocTodmyio u3 CO,,.
M3-3a sTOro MouHeHni napHUKOBLIH 3¢ (deKT MpuBed K OYeHb BLICOKOH
tTemnepatype Ha moBepxHocTH (okoso 450 °C). BoamoxkHo, B nanekom
NpoLLIOM YcJ/I0BHsl Ha BeHepe Oblin ropasno 6ojee MATKHUMH, T0Ka NapHH-
KOBBIH 3(p(heKT He Haua/J CYLIeCTBEHHO MEHATb KJHMAaT.

[To cocTaBy M CTPOEHHIO TJIAHETBHI-TUTAHTHl YA0OHO pPa3ieuTh
Ha JiBe TPYIbl, NOCKOJAbKY Gosee MaccuBHble OnuTep nu CaTypH B OCHOB-
HOM COCTOSIT M3 BOAOPOAA W Te/ius, B TO BpeMsl Kak 6oJiee Jjerkue YpaH
1 HenTyH uMeIOT JHIIb OTHOCHTE/IbHO HeGoJbinre (M0 Macce) cambie
BHEIIHHE 000/I0UKH M3 3THX JEI'KHX 3/1EeMEHTOB.

B IOnutepe obuas macca 3/71eMEHTOB TskKeJee Teus MOXKeT
cocraBasith 10 40 macc 3emsau. Macca sapa npu 3ToMm okojso 10 macc
3emau. ¥ CartypHa, B cocTaB KoToporo Bxoaut npumepHo 20-30 macc
3eMJ/Hd B BHE TSKeJAbBIX 3JIEMEHTOB, saApo 6oJjee Tsxkenaoe — oT 10
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10 20 3emHbIX Macc. PacyeTbl NOKa3blBalOT, UTO siipa 3THX IVIAHET He MOTYT
HAXOIUTbCsl B TBEPAOM COCTOSIHMM, TaK UYTO 3TH THTAaHTHl, BEPOSITHO,
He UMEIT TBEPIbIX COCTABHBIX uacTed (HH B siipe, HH BO BHEIIHHX 060-
JIOUKAX), ¥ MOTOMY KOHBEKI[HsI UrpaeT GOJIbUIYI0 POJb B HX CTPYKType
¥ 3BOJIOLMK. HenTyH, mMo Bcell BUAMMOCTH, TaKXKe He HMeeT TBEpPJOro
anpa. Cutyanus ¢ YpanoM GoJsee cjoxHas. He uck/aoueHo, 4To y 3ToH
nJaHeThl eCTb HeGodblloe TBepaoe sapo. Bee miaHeTbl-THraHThl 00/1aJal0T
JOCTaTOUHO CHJ/IbHBIM MarHUTHBLIM ToJeM, ocobeHHo IOnuTep.

BHeliHue c/10M NaHET-THIAHTOB — 3TO TOJCTbIE Ta30Bble 060-
snouky. [Tocko/sbKy Bce YeTbhlpe rHraHTta ObICTPO BpalllaloTCsl, Mbl BHAHUM
UX aTMoc(epbl «I10/10CaThIMU» H3-34 30HAJbHBLIX BETPOB, a OPHEHTALUS
MoJI0C TepNeHAUKY/IsIpHA OCH BpalleHusl. B BepXHUX C/I0SIX AYIOT CHJbHBbIE
BETPbl M BO3HHKAIOT KPyMHOMACIITaOHblE BUXPEBbIE CTPYKTYpPhI (camast
H3BeCTHast U3 HUX — Boubiioe KpacHoe nsiTHO Ha OmHTEpe), CBs3aHHbIE
C LITOPMOBLIMH SIBNEHUSIMH B atMocdepe. Takxe U3-3a OBICTPOro BpalIEeHHS
BCE MJAHETBI-TUIAaHThl 3aMETHO CIIIOCHYTHI.

Bce yerblpe mJ/aHeThl-TUTaHTa UMEIOT cUCTeMbl KoJjel. Camasi
6osbiast 1 u3BectHas u3 Hux — y Carypna. Eme B 1610 r. ee Habmogal
[anuneo Tanunieil, ogHaKO TMOHSATH, YTO peyb HAET UMEHHO O KOJbIAX,
yIaJ0Ch JMHLIb CIYCTS HECKOJNbKO AecsiTHaeTHH Xpuctuany [oiirency
(Christiaan Huygens). B Haiu qHu HauGosee HeTajbHbE JAHHBIE 10 KOJb-
nam CarypHa mosydyeHbl MexkiiaHeTHo# cranuueid Cassini («Kaccunu»).
Kosbua ¥pana u HentyHa ObliM OTKPLITHl PU HAa3eMHbLIX HAOJ/I0IEHHUSIX
MOKPBHITHH 3THMH NJIaHETaMu 3Be3l BO BTOpoi mojoBuHe XX B. A BOT
Kosblia fOmuTepa Kak cjienyeT pasrisiies] TOJbKO KOCMHUECKHH anmapat
Voyager 1 («Bosmxkep-1»).

MnaHeTbl-ruranTbl (KpomMme, BO3MOXHO, YpaHa) He UMetoT
TBEpAbIX A0ep nnv oéonoyek.

B Bompoce mpoHCXOXKAEHHS KOJIEll 0CTaeTCsl MHOTO HEsICHOTO.
Kosbua IOnurepa cocTodaT M3 MeJNKHX NBJIMHOK pasMepoM HOpsigka
MHKpPOMETpa. 3a MOsBJACHHE 3TOH MBLIH OTBEYAOT OMH3KHE CIYTHHKH
(Amanbrest U Ap.), KOTOpble MOCTOSIHHO GOMOApAHPYIOTCST MHKpOMeTe-
opuTaMHu. Be3 HUX KoJblla HCUe3/H 6Bl 3a COTHIO ThicsY JeT. KoJsbla
Ypana u HenryHa, no-BUINMOMY, CTapble, HX BO3PacT MOXKET COCTaBJSTH
muanapael jget. Kpacupble Koablia CaTypHa MOTYT B OCHOBHOM COCTOSITH
M3 BellecTBa, MOMaBLIero Tyla A0CTaTOYHO AABHO, HO CTPYKTYpa KoJell
CO BpeMeHeM J0JKHA MEHSIThCS, TaK UTO COBpPeMEHHBIH O6JHK KoJell,
BHIMMO, He CTaplle HeCKOJNbKHX IECSTKOB MHJ/JIHOHOB JET.

CnyTHUKH #eJSTCS Ha peryJspHble H uppery/spHble. [lepsoie
M3 HUX MMEIOT MOYTH KPYroBble OPOHTHI, Jexkallie BOMH3H MJIOCKOCTH
skBaropa. OpGUTHl HPPETYASIPHBIX MOT'YT ObITh CH/IBHO HaK/IOHEHBI K HKBa-
TOPY TJIAaHETHl, BHITSHYTHl, & KpOMe TOrO, HalpaB/JeHHe BPAIIEHHs MOXKET
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6bITh 0oO6paTHbIM. CUHTAETCs, UTO peryJspHble COIYTHUKH B OCHOBHOM
06pa3oBaJ/iuCh BMeCTe C IJIAHETAMH, a HPperyJsipHble ObLIH 3aXBaueHbl
BIIOCJ/I€[ICTBHH.

CHyTHUKH MJAHET-TUTAHTOB MOTYT OBITb JOCTATOYHO KPYMHBIMH.
CaMmbiM GoJibiiM (€C/IM CUMTATbH MAacCy M Paauyc TBEPIOH MOBEPXHOCTH)
apasiercs cnyTHUK [Onurepa lanumen. OH B ABa pasa Tsikesee JIyHH,
a mo pasmepaM npeocxoauT Mepkypuil. CnytHuk CatypHa Tutan aumb
HEMHOTHM MeHbllle W Jerye, HO 3aTO OH MMeeT IJIOTHYIO aTMocdepy,
U ero BUIUMBIH pasmep GoJblie, ueM y ['aHuMmena.

Bce nnaHeTbl-rMraHTbl UMEKT CUCTEMDI Koneuy.

[To Bce#l BUAMMOCTH, YeTbipe KpynHeHInX cnyTHHKa IOnurepa
(rak HasbiBaemble ragsuieeBnl cnytHukn — Mo, EBpona, Fannmen u Kai-
Jucto), kKak u TuraH, 06pa3oBaich BMECTe C IMIAHETOH. DTO PEryJisipHbie
COyTHUKH. A BOT Gousbliod cnyTHUK HentyHa TpuTOH, KOTOPBIH JHIIb
BTpoe Jierue JIyHbl, BEPOATHO, Ob 3aXBaueH JIEISIHBIM THTAHTOM BO BpeMsi
MHIpallii B 3MOXY MO3AHEH TsKea0H 6oMOapIupoOBKH.

s JIyHbl Gbli1 npefsoxeH ocoOblii MeXaHu3M (POPMHUPOBAHUS,
OTJIMYHBIA OT MPOUYMX CIIYTHHKOB. Bech KOMIJIEKC JAHHBIX [OBOPHT O TOM,
yTo npuMepHo cnyctss 60-100 man Jjet nocsie o6pazoBanusi Co/HeUHOH
cHCcTeMbl 3eMJIst CTOJKHYJ/IaCh ¢ MACCHBHBIM Te/oM ([0 Macce CpaBHH-
MbIM ¢ MapcoM) U B pe3ysbTaTe 3TOr0 KATAK/JIM3Ma Y HAlleH MJIaHeThl
NOSIBUJICS HEOOBIUHO KPYMHBIH CHYTHHK, Ubsl Macca COCTaBJ/sieT GoJee
1% wmaccol 3emau. B HekoTOpBIX clieHapusixX JIyHe OTBOAMTCS BaKHas
poJib B 3BOJIOUMHM 3eMJH, B TOM UHC/Ee B Pa3BUTHH KH3HH.

JlyHa ccpopmumpoBanachb B pe3ynbrate CTONIKHOBEHUNS
Monofao 3eMnm ¢ KPYnHbIM TENTOM.

HexoTopbie W3 CIyTHHUKOB CUHTAIOTCS KAaHAUIATAMH B OOHUTaeMble
Mupbl. Pagymeercs, peub MOXKeT UITH JHUIIb O TPOCTEHIINX (POPMAX KHU3HH.
B mepByio ouepenb MOTEHIHAMbHO OOMTAEMBIMH CUMTAIOT TOJJ/IENHBIE OKea-
HBI, KOTOpPBIE €CTh, HanpuMep, Ha cnyTHHKe [OnuTepa EBpone u cnyTHuke
CatypHa Duuesazie. Takxke CyIIECTBYIOT 9K30THUECKHE MOJIENH, B KOTOPBIX
obcyxaeTcs noTeHuuanbHas obutaeMocth Turtana. Ilpu atom merabo-
JIU3M THIMOTETHUECKUX OPraHU3MOB JOJ/MXKEH MPHUHIUIHAMbHO OTIHUYATHCS
OT TAKOBOTO y 3eMHBbIX cyllecTB. Ha/nuuue TosacTo# a30THOH aTMochephl
(maB/ieHWE HA MOBEPXHOCTH CPABHUMO C 3€MHBIM) H 03€p M3 KHIKHX
YTJIEBOIOPO/IOB aeT OCHOBAHUS Ml TAKMX SKCTPABaTaHTHBIX THIOTE3.
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2.3
Actepounppbl

Tepmun «acmepoudsi» o6beuHsIeT GOMBLIYI0 TPyNNy 00beK-
ToB COJIHEUHOH CHCTeMbl C JOBOJbHO pasHbIMH CBOHCTBaMH. B mepByio
ouepeib MX POJHHUT TO, UTO MO padMepaM OHHM YCTYNAIOT KapJHKOBBIM
nianetam (pasmepol acrepounoB meree 600 KM) H He ABJASIOTCS CIYT-
HHKAMH IPyrux Teq (KpoMe pasBe 4TO B PEIKHX C/Aydasix IPYrHX acTe-
poumpoB). Kpome Toro, oHH OOGBIYHO OTJHYAIOTCS OT KOMET, HE MPOSIBJIsis
OypHOH aKTHBHOCTH B BHJE BBIOPOCOB rasa W MblIH MPHU NPUOIHKEHHH
Kk CoJiHiy (XoTs1 GBIBAIOT M BAaXKHBIE OTKJIOHEHHSI OT TOr0O OGIIEro mpa-
Busa). HHKHSIS rpaHUIia pasMepoB acTEPOMIOB He OMpeesneHa KeCTKO:
B HacToOsilllee BpeMs caMble MajeHbKHe OObeKThl, KAaCcCHPHIIMPOBAHHDIE
KaK acTepOMIbl, HMEIOT pa3dMepbl OKoJO MeTpa. Tak uTo omnpejeleHue
actepouja He SIBJAseTCS JOCTATOYHO CTPOTHM, H 3a4acTylo HeoO0XoauMa
6oJiee TOHKasl KJaacCH(pUKaIHS.

[TepBuit o6HapyxKeHHBIH acTepoun, Llepepa, 6bl1 OTKPHIT | sHBapst
1801 r. uranbsnckum acrporomoM [Lkysenmne IMnaunnu (Guiseppe Piazzi).
Llepepa ¢ pasmepamu okoqo 1000 kM siBAsieTCS caMbIM KPYMHBIM 00b-
eKTOM, KOTAa-aub0 OTHECEHHBIM K KJaccy acTepounoB. MHTepecHo, uTO
usHava/abHO Llepepa 6bl1a k/aaccupHUUMPOBAaHA KaK IJaHeTa, HO MO3JHeEe,
no Mepe o0HapyxKeHHsl 6ojiee MEJNKHX acTepPOUJOB, OHA CTajla CUYMTATHCS
OIHHUM M3 HUX. A ¢ Hauasa XXI B. B CBSI3M C HOBbIM M3MEHEHHEM KJjac-
cudukannu [lepepa OTHOCHTCS K KJIacCy KapJHKOBBIX IJaHET (BMecTe
¢ TTnyTOHOM M HEKOTOPHIMH APYTHMH TPAHCHENTYHOBBIMH OG'BEKTAMH).

OcHoBHas gons actepouaoB pacnonaraetca B [naBHom
nosice mexpgy op6utamm Mapca n KOnutepa.

Cefluac caMbIMM KPYNHBIMH acTepouaaMu sisasiores [lasmana
u Becra ¢ pasmepamu okogo 500 km. Kak u Llepepa, u MHOXKeCTBO
6oJ/iee MeJKHX 00'beKTOB, OHH OTHOCSTCSl K [JITaBHOMY MOsiICy acTepouioB.
On pacrnosiaraercst Mexkay op6uramu Mapca u FOnurepa (npumepso ot 2,2
10 3,2 a.e.). B Hero Bxoaut 6ojiee MU/IIMOHA TeJ C PA3MEPOM OT KHJIOMETPa
1 6oJibllle, OKOJIO TPETH M3 3TOr0 KOJIHYECTBa yikKe HICHTH(GHLUHUPOBAHO.

B nocseiHue Tofbl OTKPLITHSI B OCHOBHOM COBEPLIAIOTCS B paMKax
aBTOMAaTH3UPOBAHHBIX 0630POB, MO3BOJSIOUINX OGHAPYKHUTH AECATKH HOBBIX
Tes B AeHb. [logasasiioniee GOMBLUIMHCTBO aCTEPOUIOB HE HMeeT COOCTBEH-
HBIX HMEH, Yy HHX eCThb JHIIb 0603HaueHust (Harmpumep, 2016 GEI). Jo cux
nop paGoTaeTr TPaBHAO, COIMIACHO KOTOPOMY MEPBOOTKPHIBATENb MOXKET
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NpeNNoKUTh UM OTKPHITOTO MM acTepouaa C XOPOUIO YCTAHOBJEHHOH
OpOUTOH (XOTS B persameHTe CyLIeCTBYIOT OrpaHMYEHHs Ha IIPHCBaHBaeMble
MMeHa), HO OKOHYaTe/bHOE pellleHHe NprHHMaeT MexIyHapoaHbli acTpOHO-
muueckui coio3d (MAC). Ha ceropnsumnuii gennb 6osee 20000 acTepornos
NOJMyunan coO6CTBEHHBIE UMEHAa, Cpeld KOTOPbIX XOKHWHT, 3enbloBHY,
Xa66a u np.

KOnuTtep cunbHO BNMsieT Ha opbumTbl acTeponaoB
MaBHOro nosca.

Ha op6utsl actepounos ['1aBHOro nosica OCHOBHOE BJIHSIHHE
okasbiBaer HOnurep. B cBst3u ¢ stuM (a Takike C BAHSHHEM APYTHX Ted,
Hanpumep CaTypHa) TPAEKTOPHUH IBHKEHHsI pacrpe/eseHbl HepaBHOMEPHO,
T. €. He cayyaiHbIM 06pa3oM. 3a BpeMs cyluecTBoBaHHsl COJNHEUHOH CHCTEMB
acTePOH/Ibl COBEPILIM/IN OKOJIO0 MU/IHAPAA 060p0TOB BOKPYT CoJHLA, T03TOMY
peryJisipHble BO3/1€HCTBHSI MACCHBHBIX T€J «BBICTPOMJIH» MUX OPOUTHI OIpe-
JIeJIeHHBIM 006pa3oM, 3aCTaBHB 3aHATb YCTOHUMBBIE MoJoxKeHHs. Hanpumep,
BbIIJISIETCS IBE€ T'PYTIBl ACTEPOUIOB, CBSI3aHHBIX ¢ IOMUTEpPOM U JBHKY-
muxcst B6au3u ero op6utel. OgHa rpynna onepexaet IOnurtep Ha 60°,
a apyrast — orcraet. [lepBasi rpymmna HOCHT Ha3BaHHe «rpeku» (Axuiiec,
AramemHoH, AgKc W 1p.), a Bropas — «tposinubly (ITapuc, [Tpuam u ap.)'.
Cgou TposiHiel ecth U y HentyHa (BooGIue ycTosiach TEPMHUHOJOTHS,
B KOTOPO# TOJOOHBIE I'PYMNIbl TeM — KaK OTCTAIoOLIMe, TaK U Olepexalole
MJIAHETy — HA3BbIBAIOT TPOSIHLAMH, B TOM uncie u y HOmnurepa).

CylIIecTBYIOT TPYIIbl aCTEPOUIOB, OPOUTHI KOTOPBIX MEPECEKaloT
3eMHYI0, Bce BpeMs OocTaBasichb HeBjajeke oT Hee. MHorga ux o600LI€HHO
HA3BIBAIOT ACTEPOHAAMH, COMMKAIOIIUMHCS ¢ 3eMied (HIH 0KOJ03eMHbIMH
acreporgamu, ot anrj. Near-Earth asteroids — NEA), onxako 310 He 03Ha-
YaeT, UTO OHH BCE BPeMsl HAXOASTCS PSIOM C HalleH MJIAHeTOH M TMOCTOSIHHO
npeacTap/siiorT yrpody. Celdvac K OKOJI03€MHBIM aCTEPOUIAM OTHOCSIT OKOJIO
15000 Tes, cpemrt KOTOPBIX OKOJO THICSUM UMEIOT pa3mep 6oJjiee KHIOMEeTpa.
Hu onuH 13 3THX 00'BEKTOB He SIBASIETCS OMACHBIM HAa MPOMEXKYTKE BPEMEHH,
IJ151 KOTOPOT'O CYLIECTBYIOT JOCTaTOYHO TOYHBIE PacyeThl.

Lna acteponpgoBs, convxawwmxcs ¢ 3emnen, 6oinnm
nony4yeHbl AeTalibHble KapTbl C NOMOLLbIO pagapos.

Pagymeercsi, CTONKHOBEHHUS] C KPYNHBIMH acTePOUIAMH, MYCTh
U pefikue, TO/KHBI MPUBOAUTH K KaTacTpoduueckuM mocaeacTsusm. [lomy-
JSIPHBl CLEHAPHH, B KOTOPLIX IM00aJ/JbHble BLIMHPAHHS BHAOB Ha 3eMie
CBSI3BIBAIOT C MajeHHeM 6oJqblIoro HebecHoro tedsa. s 3TOro acTepous

1 I‘eKTop )4 HanOK.}] HaXOAATCA HE B CBOHUX «Jarepsax», MOCKOJbKY OHH OBl HA3BaHBI

110 TOTro, KaK Oblia NPpHUHATA 3Ta TpaaulIHsd HMEHOBaHHSA aCTEPOHIOB.
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JOJDKeH MMEeTb pa3Mephbl NMopsiiKa HECKOJbKHX KHJAOMeTpoB. TeJso pas-
MepOM B COTHHM METpPOB MOXKET BbI3BAaThb JIOKAJAbHYIO KaTacTpody, ecqau
ynajaeT Ha AOCTAaTOYHO HacesJeHHbIH paioH. OJHAKO CTOHUT UMETb B BHAY,
4yT0o 6O0JbIlIAsi YaCTh 3€MHOH MOBEPXHOCTH MOKPHITA OKeaHaMH, MOPSIMH,
MYCTHIHSIMHU U JieCaMH, TaK UTO BEPOSITHOCTb MajeHHs Tesaa Ha rycTOoHace-
JIEHHbIH yuacToK MaJsa. B HacTosiee Bpemsi pa0oTaeT HEeCKOJbKO MporpaMm
110 MOHHTOPUHTY TOTEHIHA/JAbHO ONAaCHBIX 00'bEKTOB.

COnmKeHHe acTepouaoB ¢ 3eMJ/eld Mo3BoJsgeT NOAPOOHO pPaccMo-
TpeThb ux. [IpaBaa, B OCHOBHOM 3TO AesaeTcs He C IOMOIIbI ONTHUECKHX
TeJIECKOIIOB, YIJ0BOE pa3pellleHHe KOTOPbIX HeJOCTaTOYHO M3-3a BJHSHHUS
atmocdepsl. [y 3TOro0 UCMOJAB3YIOT pagapbl (Harmpumep, TPEXCOTMETPO-
BYIO aHTeHHY B Apecn60), © B HEKOTOPBHIX CJAydassX TaKoe 30HAHPOBaHHE
MO3BOJISIET PACIO3HATh AETANH MOBEPXHOCTH Pa3MEpPOM B HECKOJIbKO METPOB.
B yactHocTH, TaKkHe HAaOJMIOACHHS MO3BOJIUAN HAAEHKHO MOKA3aTb, YTO CPeIn
ACTEpPOU[IOB BCTPEUAKTCS ABOMHbIE (eCTh aKe TPOHHBIE ACTEPOHIbI, HATIPH-
mep Kiaeomarpa).

JIBOHCTBEHHOCTb acTepouA0B Oblaa 3aloj03peHa U paHee
Mo pe3yJabTaTaM H3yueHHs UX KPUBBIX Ojecka. OpHako 6e3 meTanbHBIX
HabJ/TI0IeHUH TPYAHO pas3faenuTb 3Q@eKT BpalleHuss o6'beKTa HelpaBUIbHOH
(hopMbl OT o0pallleHus ABYX TeJs APYT BOKPYT Apyra. AcTepouipl, Kak MpaBH-
JI0, UIMEIOT CJIOKHYIO (POpPMY, MOCKOJIBKY OHH HEIOCTaTOYHO MACCHBHBI, YTOODI
rpaBUTAlLIUSl BLIPOBHSJA HX, NpuIaB cdepuueckyto ¢opMy. Bee actepounnt
paaMepoM MeHee 10 KM HaBepHsIKa SIBJISIOTCS OCKOJKAaMH CTOJKHOBEHHMH,
4TO 00BSCHSIET U UX HENMpaBU/IbHYIO (POpPMY, U BpallleHHe.

Bparienne acTepouoB MOxKeT ObITb 0YeHb OBICTPHIM. DTO 0OCO-
0EeHHO BEpPHO /Il CAMBIX MaJeHbKHX TeJ pa3MepOM MeHee HEeCKOJbKHX COT
MEeTpOB, HEKOTOpble M3 HUX NpH pa3mepe okoso 10 M menaoT o60poT MeHee
yeM 3a MUHYTY. Habmonenns GJIM3KHX JIBOHHBIX acTePOHIOB MO3BOJSIOT
HU3MEPUTh UX Maccy, a 3HAUMT, U CPEIHION MJIOTHOCTb. OHA OKa3blBaeTcCs
JIOCTATOYHO HM3KOH — oKojo 1-2 r/cM®. DTo 03HAUAET, UTO ACTEPOU/IDI
UMEIOT T0BOJIbHO MOPUCTYIO CTPYKTYPY.

CyLiecTBYyOT ABOWHbIE N GbICTPO Bpawarowmecs
acTtepoungpl.

Kpowme acrepounos ['iaBHOro mosica ecTh ellle OfHa 60Jbllast
rpynna Manabsix teq — mnosic Ko#inepa. MHoraa ero eiie HasblBaloT M0s-
com Jiimxsopra — Koiinepa B uecth Kennera dimksopra (Kenneth
Edgeworth) n Txxepapna Koiinepa (Gerard Kuiper). CBou e U rUmoTe3nl
0 CYIIeCTBOBAHHH GOJBIIOTO YHC/IA TPAHCHENTYHOBBIX TeJ OHH HAvaJH
pasBuBaTh B 1940-1950-e rr. OgHako Juib B KoHie 1980-x — HauaJe
1990-x rr. pa3BuTHE TEXHUKH HAGJIOJEHHH MO3BOJU/IO HAYaTh MacCOBOE
o6HapyKeHHe HeGECHBIX TeJl C pa3MepaMHu MOPSIKA KPYMHBIX aCcTePOUIOB
3a opbutoil HenryHa.
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Eule onna cyuiecTBeHHasi rpynna 00'beKTOB — KEHTaBpbl. DTO
Ha3BaHHE OTpaxKaeT TOT (AKT, UTO OHH OO'bENUHSIOT CBOHCTBA acTepo-
HUI0B U KoMeT. Bo-mepBbIX, MHOTHE M3 HUX, MOJOOHO KOMeTaM, JBHra-
I0TCS 110 OYeHb BHITSIHYTHIM OpOUTaM ¢ OOJbLUIUMH 3KCHEHTPUCHTETAMHU
(knmaccuyeckuil mpumep — actepous XHPOH, OPOHTA KOTOPOrO HMEET
sKcueHTpucurer npumepHo 0,4). Bo-BTOpbIX, HEKOTOpPbIE M3 KEHTAaB-
pPOB IE€MOHCTPHUPYIOT KOMETHYI0 aKTHBHOCTb, OHM BbIOpacbiBAlOT ras,
dhopMupYyIOIIME BOKPYT HUX 060JOUKY — KOMY. DTO TOBOPUT O TOM,
YTO HeJb3sl MPOCTO KAACCH(MPUUUPOBATH KOMETHl KaK JeisiHble 00'bEeKThI,
a acTepouIbl — KaK KaMeHHble WM XKese3Ho-KaMeHHble. Cpey acTepouIoB
TaK»Xe BCTpPevyarTcs 00'beKThl C OOJbIINM CONEpKAHHEM 3aMOPOKEHHBIX
JETY4YUX BeIlecTB.

HekoTopble acTepouabl BKOYaOT 60/1bLLIOE KOJIMYECTBO
3aMOpPOXEHHbIX IEeTY4YUX COeQUHEHWNA.

EcTb U fpyrue uHTEepeCcHble MPUMEPDI MOJNYacTePOUI0B-TOMYKO-
MmeT. B 1979 r. 6b10 oTKpbITO Majdoe Teqao 1979 OW7, xotopoe cefiuac
nMeeT ABOHHOe HAHMEHOBaHHE: KOMEeTHOe 133P/Elst—Pizarro U acTepoMI-
Hoe 7968 Elst-Pizarro (nasBan B yectb dpuka EJqcra u ['yumo [Tusappo
(Eric W. Elst, Guido Pizarro)). 9To nepBasi Tak HasbiBaeMmas Komema
lrasno20 nosica. Becero Ux U3BeCTHO OKOJIO JeCATKA.

Takum 00pa3oM, acTepouabl, OYyAyUur BCe-TaKH MO MPEUMYIIECTBY
00'b€KTAMH M3 CHJMKATOB U JKeJie3a, MOT'YT BKJIOYATh B ce0sl 3HAUUTE/NbHbIE
Macchl Jibjla, B TOM UYHCJEe BOJASHOr0. B HeKOTOpPHIX MojessiX MpejnoJa-
raetcsl, UTo Hapsily ¢ KOMETaMH acTePOHJAbl UI'pa/d POJb B JOCTaBKE
BOJIbI Ha MOJIOAYI0 3eMJII0, MOCKOJbKY B psiie ClleHapHeB cpasy Mocie
(hopMHpOBaHHS Halla TJaHeTa He 06Jjajajna A0CTATOUHBIM 3aMaCOM BOJIbI,
4yT06bl 00'BACHUTDL HAOJMI0IaEMOE CeHuac KOJHMUYECTBO 3TOTO BaXKHEHIIEro
JIIST JKM3HH BeIeCcTBa.

Lna aroxXnHbl actepongoB Obiiv NonyvYeHbl N306paxeHmns
¢ 61IM3KOro paccTosAHUA C NOMOLLbIO MEXMN/TaHETHbIX
cTaHUUN.

CylecTBYIOT MOJAE/H, B KOTOPHIX 3HAUHUTENbHOE KOJIHUYECTBO
JKeJIe3HO-KaMeHHbIX aCTepPOMI0B BCKOpe MOCJe CBOEr0 POXKAEHHUS Ha pPaccTo-
auun MeHee 3 a.e. oT CoJHIa 6bIO0 BEIOPOIIEHO MACCHBHBIMH TIIaHETaAMU
Ha BbicokHe opOuThl. Celluac Takue o6'beKThbl HO/KHBI HAXOAUTbCH B obJ/ake
Oopra, a UX KOJIMUYECTBO Ha MOPSAKH NPEBOCXOAUT UHCJO acTEPOHUIOB
BO BHyTpeHHel COJIHEUHOH cHUCTeMe.

HexoTopble acTeponabl ObLIM B JeTa/lsIX HCCAEL0BAHBI KOCMH-
YeCKHMMH amnmapatamu ¢ 6/HM3Koro pacctosiHusi. [lepBoiMu ctanu [acnpa
u Mna, mumo xotopeix B 1991 u 1993 rr. coorBeTCcTBEHHO NpoJeTesn
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Kocmuueckuit anmapat Galileo («Tanusneo»), Hanpasissiuniics K KOnu-
Tepy. [lpu 3TOM ynajgoch MOJYyYHUTh BHICOKOKAYeCTBEHHblE H300paXKeHHst
noBepXHOCTH. 3aTeM ¢ nomolibio annapata NEAR B 1997-1998 rr. 6buiu
uccaenoBanbl actepouabl Martuabaa u dpoc. Celiuac cymecTByeT 0KOJO
JecaTka okosmoseMHbix actepounos (NEA) n acreponmos I'aBHoro mosca,
JJIST KOTOPBIX C MOMOIIBIO PA3JHUYHBIX MEXKIJIAHETHBIX CTAHIMH MOJYUeHBI
CHHMKH MOBEPXHOCTH B BHICOKOM pa3pellleHHH, YTO MO3BOJSIET HCC/IeN0BATh
X 0COGEHHOCTH M 00CYXK/AATh 3BOJIOLHIO.

Mop pencrBnem CONHEYHOro BeTpa M MMKPOMETEOPUTOB
NOBEPXHOCTb aCTEPOMA0B NOABEPraeTcs BbIBETPUBAHMNIO.

OTMeTHM HECKOJIbKO HHTEpeCHHX (haKkToB. Bo-mepBhIX, Ha acTe-
pounax o6HapyKeHBl KpyMHble BaiyHbl. Hampumep, acrepoun VMrokaa
NpsIMO-TaKH 3aBaJjleH UMH. B OCHOBHOM BaJ/lyHBI, BUIMMO, CBSI3aHbI C Taje-
HHEM Ha acTepOUIbl APYTUX Tes. [IpogyKTaMu CTOJKHOBEHHS U SIBJSIOTCS
Ha6J/01aeMble KaMHHM. B cayuyae MTokaBbl, oiHaKO, Ba/JyHOB CJAHIIKOM
MHOTO, TIO9TOMY BBIIBUTAIOTCS M JAPYTHe T'HIOTE3bl: HAPUMED, OHH MOTJIH
moracTh Ha acTepou] B mpolecce ob6pasoBaHus MTokaBel mocje paspy-
IIeHHs1 6osee KPYIMHOTO TeJa.

VckyccTBeHHble annapaTbl coBepLuanm nocagku
Ha acTepoungbl, N ogHaXAbl NPOObI rpyHTa 6bINN
JocTaB/eHbl Ha 3emJto.

Bo-BTOpBIX, MOBEPXHOCTb ACTEPOHUIOB MOABEPraeTCs KOCMHUECKOMY
BBIBETPUBAHHIO NOJ I€HCTBHEM COJHEYHOTO BeTpa U MHUKpOMeTeopHToB. Heko-
TOpbIE ACTEPOU/Ibl UMEIOT OTHOCHTEIBHO MOJIOAYHO MOBEPXHOCTH (MUJIHOHbI
JIET), MOCKOJIbKY SIBJSIIOTCS TPOAYKTOM HEJABHHUX CTOJKHOBEHHH. Y APYrux
MOBEPXHOCTb GoJiee cTapasi, BO3pacT KOTOPOH MOXKET MCUHCISITHCS COTHSIMU
MHJJIMOHOB JIeT (KAaK MPaBUJIO, TAKHE aCTEPOUbI TEMHEE).

PaspabaTtbiBaloTCA NPOEKTbl NUIOTUPYEMbIX MUCCUN
K acTepovgam v BO3MOXHOCTM NX MPOMbILLIEHHOIO
Ncnonb3oBaHUA.

Kpome ¢otorpaduii ¢ 6/4M3KOro paccTosiHUs B ABYX cJ/yda-
X Y Hac eCTb CYIIECTBEHHO 0oJjiee AeTaJjbHble JaHHbIe 00 acTepoujaax.
B ¢espasne 2001 r. cnyrHuk NEAR cMmor coBepliuTb MATKYI0 NOCaKy
Ha actepous IJpoc. B TeueHue ABYX Hede/sb YCTPOHCTBO NepenaBaso
MH(OPMALHIO C TIOBEPXHOCTH: B YaCTHOCTH, C TIOMOLIbIO raMMa-CIeKTpPo-
MeTpa yla/Joch MOJYYHTb TOUHYIO HH(POPMALHUIO O COCTABE T'PYHTA.

Eue Gosiee BrneuaT/soOUMUA pe3yabTaT Obl JOCTUTHYT B XOJ€
npoekra Hayabusa sinoHckoro kocmuueckoro arentcta. Anmapat B 2005 T.
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COBepILUJ nocaaky Ha actepous MTokaBa, a 3aTeM BepHYJ 06pasubl
rpyHTa Ha 3eM/0. MuccHs NpoxXoauaa ¢ psiaoM TeXHHUYECKHX TPYAHOCTEH,
OTHAKO UX yhaJjochb mpeogosetb, © B 2010 r. aparolieHHBIN T'py3 momnaJ
B PYKH YUEHBIX.

Cefiuac B NASA akTuBHO pa3dpabaTbiBalOTCS MPOEKTHI MUJIOTH-
pyeMBbIX MHCCHH 10 H3YYEHHIO aCTE€POHMIOB: B YaCTHOCTH, MPEANOJIaraeTcs
3axBaT M OYKCHpPOBKA HeOOJbIIOTO OKOJ03eMHOro actepouja. Takxke
CYLIECTBYIOT MPOEKTHl YACTHBIX KOMIAHHUH MO MPOMBILIIEHHOMY HCHOJb-
30BAHHUIO 3THX O00'BEKTOB.

2.4
[Mosic Konnepa, lNnyToH
N KOMMaHwns

3a opburoii HentyHa pacnoJaraercssi MHOXKeCTBO 06'beKTOB,
yCTyNamIMX B pa3Mepe U Macce GOJBILIUM MJaHETaM, KOTOPble O06'beIUHSIOT
noj OOLIUM HAMMEHOBAHUEM mMpaHcHenmyHosvle. Takxke POACTBEHHBIMU
UM SIBJSIOTCS TaK HasbiBaeMble OKOJOHeNTYyHoBbie (cis-neptunian) 00b-
eKTbl. B 0OCHOBHOM 3TO Tejia ¢ GOJBIIMM COfEPKAHUEM JIbIOB, HEKOTOPbIE
U3 HUX UMEIOT AOCTATOYHO GOJbIIHE pa3Mephbl U KAaCCH(PUUIUPYIOTCS Kak
KapJauKoBble miaHerol. Ato [layton, Xaymea, Makemake u dpuma (nsaTod
KapJ/JIMKOBOH TIJIAaHETOH Ha CerofHsIHUE neHb siBasercs: Llepepa B ['1aBHOM
nosice acrepornoB). CymmapHasi Macca Teq B 3TOH 06JacTH COCTaBJsIET
J0Jd Macchl 3emar (4To HemaJs0). Takum 00GpasoM, KOJHUECTBO MEJKHX
00'bEKTOB, TAKMUX KaK KOMETHbIE siipa, 3/leChb OUEHb BEJIHKO.

Ha pacctosHumn 40-50 a. e. ot ConHua HaxoguTca
6onblLuas rpynna TPaHCHENTYHOBbIX 0O bEKTOB.

TpaHCHeNTyHOBbIE 00'bEKTHI B 3aBUCHMOCTH OT XapaKTEePHCTHK
HX OpPOHT AEIAT HAa HECKOJbKO TPyIMM. ['JIAaBHBIME SIBJASIOTCS KAACCHUECKHH
nosc Koiinepa n tak HasbiBaeMblii paccedHHblH auck (scattered disc).
Muorpa ux o6bequHAIOT 1o 00WMM Ha3BaHueM nosc Kodnepa. O6bek-
Thl KJACCHYECKOTO T105IcA B OCHOBHOM paCMOJaraloTcst Ha pacCTOSHUSX
42-48 a.e. Onu umeloT HeGoJbIIHe 3KCHEHTpUCHTeTH (Meree 0,2), U mio-
CKOCTH MX OpPOHT JieKaT BOJIU3H MJIOCKOCTH SKJAUNTHKU. Tejla B paccessHHOM
JINCKEe B CBOE BpPeMs CHJIbHO MpoB3auMojeiicTBoBaMn ¢ HenTyHoM, mosTomy
HX OPOUTBI MOTYT OBITH CYIIECTBEHHO HAKAOHEHBI K MIOCKOCTH SKIHITHKH,
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a TaK)Ke OHH MOTYT MMETb 3aMeTHble 3KcieHTpucureTsl (10 0,6). Bosbline
nosyocu ux op6ut gocruraior 100 a.e. CymMmapHas macca TeJs Kjaccuue-
ckoro nosica Koiinepa cocrabaser okoso 0,001 seMHO#H (B OCHOBHOM OHa
CKOHIIEHTPUPOBAHA B TejaX ¢ padMepaMu okojao 50 km). CaMbIM MacCHBHBIM
TesoMm siBasieTcsi Makemake, y Kotoporo B 2016 r. 6blT OTKPHIT CIYTHHK.
Macca paccesiHHOTO JMCKa Ha napy HOpsiAKOB GoJblle.

OCHOBHYI0 YaCTb TPAHCHENTYHOBbIX 06BHEKTOB OTHOCAT
K TaKk Ha3biBaemomy nosicy Komnepa.

B03MOXHOCTb CylIECTBOBAaHHS aHaJOra mosca acTepoHa0B
Ha 3aHENTyHOBBIX op6uTax obcyxnanack ¢ 1930-x rr. Bekope nocse o6Ha-
pyxenus [Tayrona ®penepux Jleonapn (Frederick C. Leonard) Boickaszan
THIOTE3Y, 4TO 3TO JHLIb [epBoe U3 MHOIMX MOAOOHBIX TeJs, KOTOpble OYIyT
oTkpbIThl 3a Henrynom. B 1943 r. Kenner DiijxkBopT npeanonoxKusi, 4to
npu o6pazoBaHud COJMHEUHOH CHCTEMBI MEJKHE Teja He MOTJIH 06pa3oBaTh
KPYIHYIO TIaHeTy 3a HenTyHoM ¥ MO3TOMY JHOJIKHBI 06pPa30BbIBATb HEKHi
aHaJIor mosica acTeponaoB. Kofinep BbicKa3as CBOH BapHaHT THIIOTE3b JHIIb
B 1951 r. Bbuin U npyrue yueHble, KOTOpble HA OCHOBe 0o0Jee HAIEHHbBIX
uael Wi HaOJMoAeHUH NpeacKa3blBadH CYLIeCTBOBAHUE MOMY/ISLHH TPaHC-
HENTYHOBBIX 00'bEKTOB, OAHAKO [0 UCTOPHUECKUM TPHUYHHAM M3BECTHAsl HAM
Tenepb CTPYKTypa yalle Bcero HazbiBaeTcsi nosicom Koiinepa.

['unote3y o 6OJbLUIOM KOJHUECTBE TPAHCHENTYHOBLIX TeJ, o6pa-
BYIOIIUX €IHHYI0 CTPYKTYPY, Ha TPOTSIAKEHUH HECKOJNbKHX JECSATHICTHH
pa3BuBa/iu MHOrHe ydeHble. OfHaKO OOHAPYXKUTh HeOOJbIINE Teaa Ha TaKHX
60JbIIMX PacCTOSIHUSIX HempocTo. [lepBriit 06'beKT nosica Kofinepa 6ol
oTkphIT B 1992 1. D10 Tes0, noka o603Hauaemoe kak 1992 QB1, o6Hapy-
xumu dasun [Jokepurt u [pkein Jlyy (David Jewitt, Jane Luu). Cefiuac
peryJsipHo MPOUCXOAAT OOHAPYKEHHS HOBLIX TPAHCHENTYHOBHIX O06'HEKTOB
U pa3pabaTbiBAIOTCSl MPOEKTHl KOCMUYECKUX MHUCCHH [/ UX MCCJ/IEIOBAHHUSI.
Taxoke o6cyuaeTcst TUIIOTE3a O BOZMO2KHOM CYLIECTBOBAHHH J0OCTATOYHO
KPYIHOro TeJja jJajneko 3a op6uroil Henryna, Ha paccrosiuun 200-300 a. e.

MepBbint 06beKT B Nosce Kovinepa 6bi1 oTKpbITB 1992 T.

B nonosnenue K kjaaccuueckomy nosicy Kofimepa u paccessHHOMY
JUCKY CpPEeld TPAHCHENTYHOBBIX TeJ BBIAEJASIOT 00'bEKTH, HAXOASIIHECS
B op6uTa/bHOM pe3oHaHce ¢ HenTyHoMm. DTo 03HayaeT, uTo UX OpOHUTA/b-
Hble TIEPHOJIbl HAXOMSITCS B IEJOUHCACHHOM OTHOLIEHHH K OpOHTaJbHOMY
nepuony Henryna: Hanpumep, kax 3:2 (ITa1yToH U MIyTHHO — HeOOJbIIIHE
TeJsa TIPUMEPHO C TeM JKe OpOHTAbHBIM mepuoaoM), 2:1, 5:2 u 1. 1. Ornednnb-
HO MO2KHO OTMETHUTb OKOJIOHENTYHOBBle 00'beKThl ¢ pedoHaHcoMm l:1, 3T0
Tposiniibl HenrtyHa, op6UTasbHOe NBHKEHHE KOTOPBIX MOAOGHO IBHKEHHIO
TposiHlleB U rpekoB lOnutepa. Hakonern, yxxe BHyTpHu op6uthl HenrtyHa,
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HaXOJSITCS KEHTAaBPhl, HA3BAHHBIE TaK MO MEePBOMY OO'BEKTY 3TOr0 THMA —
acrtepouny XupoH. Buanmo, sTu Tesa HenaBHO yuuid u3 nosica Koiinepa.
Ha coBpeMeHHBIX OpOHUTAaX OHM CMOTYT MPOCYLIECTBOBATH JHIIb OKOJO
10 MJIH JieT, a B JajdbHeHIlIeM H3-3a B3aUMOJEHCTBHS C MJaHeTAMU-THTaH-
TaMd UX OPOUTHI CYIIECTBEHHO U3MEHATCSl. KeHTaBphl, HanpuMep XHUPOH,
SIBHO IIEMOHCTPUPYIOT HajHune GOJIbIIOr0 KOJIHUECTBa Jbaa (Heo6s3aTenbHO
BOISIHOTO), 3TO T0JyacTE€POUIbI-TIOJYKOMETBI, UTO H MOCAYHKHUJIO OCHOBAHHEM
11 ux HaszBaHus. [1pu npubanxennn k CoJHILY Y HEKOTOPBIX U3 3THX TeJ
nosiB/sieTcss Koma (aHajior atMocdepbl), Kak y KOMeT.

B cBoe Bpems, Ha 3ape o6pa3oBaHust COJIHEUHOH CHCTEMBbl, MajleHb-
Kre 0O6beKThbl B 3TOH 06/aCTH HE CMOTJIH O0bEIUHHUTHCS B OJHO KPyIMHOE
TeJso, B MEPBYIO ovyepeb M3-3a HMU3KOH NMPOCTPAHCTBEHHOH MJIOTHOCTH
U Hea((PEeKTHBHOCTH B3aUMOAEHCTBHUS IPYT C ApyroM. HeGoJbliine o6beKThl,
BHIIMMO, He 06pa3oBbIBaJUCh najee 50 a. e., MO3TOMY ceiduac BHEIHssI rpa-
Huna nosica Koiinepa o6peiBaeTcst 10Bo/IbHO pe3ko. CoBpeMeHHast CTPYKTYpa
pacrpeje/ieHus] TPAHCHENTYHOBBIX 00'beKTOB C(HOPMHPOBaJach BO BpeMsi
TaK HasblBAEMOH MO3JHEH TsKeN0H GoMOapAUpOBKH (CIyCTs HECKOJIbKO
COTEH MHUJITHOHOB JieT nocje (popMupoBatus COMHEUHOH CHCTEMBI), KOTa
MPOHU30IIIJIa CYHUIECTBEHHAs MUTpallvsl TaHeT-rTuranToB. C TOUKHM 3peHust
pacnpesiesieHHst OPOUT TPAHCHENTYHOBBIX OO'bEKTOB TJIABHYIO POJb HUTPAJo
uMeHHO TepeMelnienne Henryna. HauasbHasi Macca 060 beKTOB B 3aHENTYHOBOH
06J1acTH MoOTJa cocTaB/sATh OT 3 10 30 3eMHBIX Macc, HO BO BPeMsi MUTpAllUH
3HAUUTE/bHAS YaCTh U3 HUX ObljIa BbiOpolleHa BO BHellHI0I0 COJHEUHYIO
cucremy (o6sako Oopra) u/aM BoBCe 3a mpeiedbl Haled cucrembl. C Tex
mop macca mosica Koiinepa mocTeneHHO yMEHbIIA€TCsl, TTOCKOIbKY 00beK-
Thl MEHSIIOT OpOWTHI, HapUMep TpeBpaliasch B KeHTaBpoB. Kpome Toro,
CTOJIKHOBEHHSI TPAHCHENTYHOBHIX O0'bEKTOB MPUBOMAT K UX Pa3pyllIeHHIO,
a He K ykpynHenuto. [loaTomy HekoTopbie aBTOpPH cuuTaioT nosic Koitnepa
aHaJiorom octatouHbix (debris) auckoB, HaG/MOLAEMBIX Y APYTHX 3BE3I.

HekoTopble TpaHCHENTYHOBbIE 0O6bEKTbI UMEIOT
opbuTanbHble Nnepuoabl, CBA3aHHbIE C NEPNOLOM
HenTyHa.

O BHYTpPEHHEM CTPOEHHMH TPAHCHENTYHOBBIX 00'bEKTOB HU3BECT-
HO HeMHOTro. HaGJ/ofeHus Mo3BOJSIOT ONpene/asiTh XapaKTePUCTUKH
MOBEPXHOCTH AJs1 KPYMHBIX TeJ. XOPOIIO BHIHO HaJHUHe 3aMep3IIero
MeTaHa, KOTOPBIH MOJ JeHCTBHEM COMHEYHOTO H3JyUeHHs MpeBpallaeTcs
B JIpyTHe yraeBoaopoaHble coeaunenus (nanpumep, C,H,, C,H,, C,H,,
CH,OH): 3Tum o6bsicHsieTcs KpaCHOBATHIA BT MHOTHX H3 3THX Tell.
Taxxe HaGmofaeTCs NPUCYTCTBUHE BOJSIHOTO JbJa, 3aMep3Ilero yrie-
KHCJ/IOTO Ta3a U MOJIEKYJASPHOro a3oTa, aMMHAaKa.

TpaHcHenTyHOBble 06'bEKTHI HMEIOT OUEHb PA3HYIO MAOTHOCTD,
NPUYHUHBl 3TOTO He H3BECTHHL. B cpegHeM MJIOTHOCTb pPacTeT ¢ POCTOM
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Macchl 00'beKToB, a5 [11yToHa OHa cocTaB/aseT npuMepHo 2 r/em?® (coor-
HOIIIEHHE JIbjla U KaMHeH npumepHo 3:7). Y HEKOTOPHIX TeJs MIOTHOCTh
OUeHb Maja, UTO YKa3blBaeT HA UX TOPUCTOE CTPOEHHE.

MoBepxXHOCTb MHOIMX TPAHCHENTYHOBbIX 06 bEKTOB
nokpbiTa nbgamu. He6onbLwine Tena moryT ObITb
B OCHOBHOM NeassHbIMW.

MHorue TpaHCHENTYHOBble 00beKThl 00pa30Ba/UCh B pedyJ/bTaTe
croakHoBenuid. Tak, Hanpumep, cnyTHuK [layrona Xapon (H, BHIHMO,
JIBa JPYTHX HeOGOJbIIMX CIHYTHHKA 3TOH KapJAUKOBOH MJAHEThI) BO3HHK
B pe3y/bTaTe CTONKHOBeHHUs. To Ke MOXKHO CKasaTh M O CIHYTHHKAaX Kap-
JUKOBOH MJaHeThl XayMmea, HMEIOLIUX, KaK M OH4, OUYeHb SPKYIO NMOBEpPX-
HOCTDb, UTO OO'BSICHSIIOT MPUCYTCTBHEM GOJBIIOTO KOJIHYECTBA BOIASHOTO
abfa. CIyTHUKH Y KPYNHBIX TPAHCHENTYHOBBLIX 06bEKTOB HE PEIKOCTb,
BCE YeThbipe TPAHCHENTYHOBble KapJUKOBBIE MJIAHETHl HMEIOT CIYyTHHKH,
na v BooGule cpead tesa B nosice Koiimepa oueHb MHOTO JBOHHBIX.

HexoTopnie 06'beKTHI, Korja-To BXonusiine B mosic Koiinepa,
yaaeTcst U3yUUTh Jyyllle APYTHX, MOCKOJAbKY OHH CYIIECTBEHHO MOMEHSIN
CBOH OpOUTH U Tenepb MOryT npub/anxkarbes k CosHiy. Kpome yaxe yno-
MHHABLIMXCS KEHTABPOB K HUM OTHOCSITCSl HEKOTOpPble KOMETbI: HalpHMeDp,
81P/Wild (ona xe Wild 2, oTkpbiTa mBeiinapckuM actponomoM Ilayiiem
Busbgom (Paul Wild)). Hekoropbie ClyTHHKH IJIAHET-THTAHTOB MOTJIH
ObITh TPAHCHENTYHOBBIMH O0'bEKTaMH, 3aXBAUEHHBIMH BO BPEMsI MUTPAIIHH.
K TakoBbiM oTHOcaT cnyTHUK CatypHa ®Peby, KOTOpHH nMeeT obpaTHOe
JBH2KEHHE BOKPYT cBoel miaHerol. Kpynubifi cnytuuk Hentyna Tputon,
TaKxkKe, BEposiTHee BCEro, H3HAaua/JdbHO OBl CAMOCTOSITE/NbHBIM TPaHCHEII-
TYHOBBIM O0'b€KTOM. DTH Te/1a yAAJ0Ch H3YUHTb C MOMOLIbI0 KOCMHUECKHX
anmnaparoB, uccaenoBawux CarypH u HentyH.

Ceituac HauGoJ/iee U3YYEHHBIMH TPAHCHENTYHOBBIMH TeJaMH SIBJISI-
torest [Tnyton u XapoH, nmockoabKy MUMO HUX B 2015 r. mpoJeres anmapat
New Horizons («Hosble ropusontbi»). CroprnpusoM GblI0 06HApYKeHHe
Ha [lnyToHe oOWMPHBIX 00JacTedl MOJMOLOH MOBEPXHOCTH, HE MOKPBLITOH
60J/bIIMM KOJMMUYECTBOM KpaTepoB. Bo3pacT 3THX yuyacTKOB MeHee HeCKOJb-
KHX MHJJIMOHOB JieT, nosToMy [11yToH He siB/sieTcsl «MepPTBOH MJIAHETON.

MCCHe,D,OBaHI/IFI nﬂyTOHa BbiABWI/IN, YTO Ha ero
NMNOBEPXHOCTN €CTb O4EHb MON10Oble YHaCTKW.

M3ayuenne opOUT TPAHCHENTYHOBLIX 00'bEKTOB MOMOTaeT TOU-
Hee BOCCTAHOBUTb HcTopuio CosnHeuHo# cucTeMbl. OpHaKo aJs cylie-
CTBEHHOT'O NMPOJBHKEHHSI HEOOXOAUMbI HOBble MEXIJIaHETHbIE CTAHIIMH,
CrelHaNbHO MpeJlHa3HAUeHHble /IS H3YUEHHs TPAHCHENTYHOBHIX 00'bEKTOB
M UX «POJICTBEHHHKOBY.
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2.5
KomeTtbl n o6nako OopTta

KoMeTbl 1aBHO U XOPOILIO U3BECTHBI Ojarofaps CBoeMy BIeUat/isi-
I0lleMy BHELIHeMY BHLY, KOTOPLIH oHM mpuobperaloT npu nogjere Kk CoJH-
ny. ['os0Ba KOMeTHl MOXKET UMETb AHAMETP A0 MHJ/JIHOHA KHJIOMETPOB,
a XBOCT — TSIHYTbCSl HAa COTHIO MHJJIMOHOB KusomeTpoB. OfHako macca
KOMeTHl Maja — Kak npasuao, 1016-10'8 r (MeHee ogHOH MHJIIHAPIHOMN
Macchl 3eMqn). K ToMy 2Ke MJIOTHBIM SIBJSIETCS JHIIb HEGOJBILIOE SIPO.
MMenHo sinpa KoMeT HauboJsiee HHTEPECHDI /s aCTPOHOMOB. M3-3a MaJjieHb-
KOH MaccChl BELIECTBO B HUX MPAKTHUECKH HE H3MEHHJIOCh CO BpPeMEHH
ux 06pas3oBanus (He MPOUCXOMHU/IO HH CErperalnu, HH CHILHOTO HATPEBA).
OHo 6b110 B GyKBaJbHOM CMBIC/IE 3aMOpPOXKeHO Ha 4,5 mapa met. Kpome
TOTO, B paclpeie/eHHH apaMeTpoB OpOHUT KOMET OTHeyaTa/JHuCh pas/HyuHble
sTanbl 3Bo/OUMH COJIHEYHOH cHUcTeMbl. Tak 4To, H3yuasi KOMETbl, MOXHO
MHOI'0€ Y3HAaTb O 2KM3HH Halllel CHCTEMbl B LIEJOM.

OcHOBHasi Macca KOMeTbl COCpPe0TOUEHa B ee siipe. DTO Hempa-
BUJbHOH (DOPMBI KOHIJIOMepaT M3 Jibja, MblIM U KaMHeld. Pasmepbl caMbix
KPYNHBIX KOMETHBIX siiep MOTYT COCTaBJsITb AECSTKHU KUJIOMeTpoB. B psine
MozeJ/el f4po ABJseTCs He eJHHbIM 00pasoBaHHEM, a COBOKYNHOCTBIO
OT/Ie/IbHBIX KOMeTe3uMaJjell (aHajor miaHere3nMaljied, HO MPUMEHHTE/b-
HO K KOMeTaM), JIHIIb cAab0 CBA3aHHBIX APYr ¢ apyrom. Habmonenuns
pacnajgamoimxcs KoMmer (Hampumep, usBectHeiedd kometnl lymeiike-
pos — JleBu-9, pasopBaHHO# MPHJIMBHBIMU cujiaMd HOmuTepa) KOCBEHHO
NOATBEPAKIAAIOT 3TY MoJe/b. TakxKe B MOJMb3y 3TOrO CLleHAPHS TOBOPUT
OTCYTCTBHE KOMET C TepHOJAaMH COOCTBEHHOTO BpallleHHs] MeHee 5 JacoB
(6osiee ObICTpPOE BpallleHHEe MPHUBOAUT K PaspyIIEHHIO sapa).

I'IpaKqueCKm BCA MaccCa KOMeTbl cocpenoTo4yeHa B dape.

Cefiuac ocHOBHasi 10/l HHQOPMALIMH O KOMETHBIX siIpax IMoJydyeHa
6/a1arogapsi paborte KOCMHUECKHX anlapaToB, H3YyUaBILMX 3TH OObEKTHI ¢ GJIH3-
KOro paccrosiuusi. Hauaso 6b1o nonoxeHo B 1986 r. Bo BpeMmsi ouepeqHoro
NpoxoxaeHus nepurenaus Kkometodl amnes. Ee usyuasna uenas ¢uaoruans
MexraaHeTHhX cTaniui. CoBerckue anmapathl «Bera-1» n «Bera-2»
(«BEHnepa-T'Ansefi») nposerenn Ha paccrosanu Meree 10000 kM ot sipa,
a esponeiickuil annapat Giotto («JKOTTO») BIEpBble CMOT MOJNYUYHTh H30-
6paxcenus simpa ¢ paccrosiaus okoso 1000 kM. Takxke komeTy u3dyvanu nBa
SMOHCKUX CIyTHHUKA. B nanbHeiimem Obld npoBeaeHbl GoJee AeTajabHble
HCCJIEeI0BAHUSI KOMET C MOMOLIBI0 KOCMHUECKHX armnapaTos.
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Banywennbiii B 1998 r. cnyrank Deep Space | («[lanbHuil Koc-
Moc-1»), mpeaHasHAUEHHBIH B MEPBY OUEPe/b [JIsi TECTHPOBAHHS HOBBHIX
KOCMHMUECKHX TexHoJoruii, nposetes B 2001 r. B6ausu komets 19P/Borrelly
(BoppeJin), MoJyunB caMble JeTajbHble HA TOT MOMEHT BPeMEHH H300pa-
»enus aapa. Annapar Deep Impact («Tay6okuit yaap») 8 2005 r. copocui
Ha xomery 9P/Tempel 1 (Temnens) maccupnyio (370 kr!) GoaBaHKy, cO3-
JaBILIyI0 KpaTep nuameTpoM okoso 200 M U TIyGHHOH B IeCATKH METpOB.
C noMotipio MpUGOPOB KOCMUYECKOTO arrapara, a Takxke KPYIHBIX Ha3eMHBIX
TEeJIECKOTIOB Obl/1 MPOBEIEeH aHA/IU3 BEIGPOLIEHHOTO BElIeCTBa.

ﬂp,po KOMEeTbl COCTOWUT 3 N1bAa, NbJiIN1 N KaMHewn.

PasymeeTtcs, aHa/M3 BellecTBa Jyulle INPOBOAUTH B Ha3eMHBIX
na6opartopusix. B 1999 r. 6bia sanyuiena muccus Stardust («3BesaHas
MbLIbY), 3afaueil KOTOPOi Oblia TocTaBka 00pasiloB BelleCcTBa aTMOC(hephl
komeThl Ha 3emsio. B 2004 r. kocMuueckuil anmapar npoJetes BOJIU3U
komeThl 81P/Wild u cobpan o6pasunl Bemectsa, a B 2006 r. oHH GbLIHK
nocTaB/eHbl Ha 3emJio. MHTepecHo, uto B 2011 r. cnyTHHK TakxXe mpo-
neten BOM3H komethl 9P/Tempel 1, koTopyio paHee HccJen0Bas CyTHHK
Deep Impact.

CaMoe jeTasbHOE HA CETOAHSILIHHUH JeHb HCCJEeOBaHHE KOMe-
Thl GBLIO MPOBEIEHO eBporeiickoil Muccueil Rosetta («Poserray). Dot
KOCMHUECKHIl amnmnapaT He TOJMbKO Hcc/ieaoBaa koMmeTy 67P/Churyumov-
Gerasimenko (HypiomoBa — [epacMMeHKO) ¢ 04eHb GJH3KOrO PacCTOSHHSI,
HO W BIepBbie Gblja ocylnecTBaeHa mocaaka 3ouaa Philae («®Puibr»)
Ha I0BepXHOCTb KoMeTbl. C 30HAOM BO3HHMKJH TeXHHYeCKHe npobiie-
Mbl, HO TeM He MeHee Obl1a NOJYuYeHa YHHKaJbHas MH(OpMaLus, B TOM
YHCJ/Ie U HEMOCPEICTBEHHO C MOBEPXHOCTH (BKJKUYASI CHUMKH, B TOM UHCJE
B MK-nnanasone, ¢ paspellieHHeM OKOJO | MM Ha MHKCeJ).

Slnpo kometrnl UypiomoBa — ['epacHuMeHKO HMeeT, KaK M HeKO-
TOpble Ipyrue XOpPOLIO HCCAeN0BaHHbIe 00'bEKThl 3TOT'0 THIIA, ITBYXKOM-
MOHEHTHYIO CTPYKTYypYy. [lBa 3//unconaafbHBIX Tesaa pazMepom 2-4 KM
COEIMHeHDbI NTepeMbIUKOH, B palioHe KOTOPOH NMPOUCXOAUT OCHOBHOH BHIOPOC
BELIECTBA. Dbl 0O6HApYyKeHbl «Trei3epbly, H3 KOTOPLIX ObIOT CTPYH Belle-
crBa. [losyueHbl M300paxKeHUsI MOBEPXHOCTH KOMETHl C JeTanu3aluen
menbiue mMerpa (!).

Heckonbko KomeT 6bI/In feTanbHO NCCNen0BaHbl
KOCMM4yeCcKnmMmm annapatamm.

BJaaronapst pa6oTe MeXIJAHETHBIX CTAHIMHA Mbl HETJIOXO Tpej-
craBasieM ceGe coficTBa saep KomeT. CpeaHsisi MIOTHOCTD SIpa COCTABJSET
OT HEeCKOJBKHX fecaThX 10 1 r/cm®. CTo/b HH3KOe 3HAUEHHE CBA3aHO
C BBICOKOH MOPHCTOCTHIO KOMET, KOTOpasi 00bIUHO MpeBoCcXoauT 50 %.
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[T10THOCTH caMoro BelecTsa KomeT Bhime — 1,5-2 r/em® (B moatopa-sa
pasa MpeBOCXOMHUT MJIOTHOCTH BOJbI). [T0OBEPXHOCTD sipa ualile BCEro OUeHb
tTeMHas (TeMHee JIyHbI W GOJBUIMHCTBA aCTEPOUAOB), ¢ ajibbeno 3-5%.
Tam TOMHHHMPYIOT KaMHH M OpraHuKa, a JeJ 0OblYHO CHpsiTaH B IJyOHHe.
[TosToMy yacTo siIpo KOMETH CPaBHHBAIOT C TOPOJACKHM MapTOBCKHM
cyrpo6oM: OH B LeJOM JeIgHOH, HO CBepXYy HNOKPLIT TeMHOH KOpPKOH
U3 TIbJIM U TBEPABIX YACTHILL

B xomerax comepaarcsi MHOIOYHC/IEHHbIE OpraHHYecKHe COelH-
Henust (popMasbaeru, TIHIHH U 1p.). [lepuognueckn 06CyHKIAETCs POJb
KOMET B IOCTaBKe Ha MOJIOAYI 3eMJI0 BOAbl U OPraHHUKH, CHIrPaBLIMX
BAaXKHYI0 pOJib B Mpolecce MOsIBJAEHHUS KHU3HH Ha HalleH mJaaHere.

MN3-3a Harpeea ConHUeM BeLLeCTBO Aapa KOMETbI
ncnapsetcs, o6pasysa ronosy (KOMy) n XBOCT.

[To mepe npubamnxenus Kk CoJHIY AP0 KOMEThl HarpeBaeTcs
U €ero JelsHas COCTaB/dI0lAs HAUHHAET HcrnapsaThes (CTPOro rosops,
nepexoj MPOUCXOAUT M3 TBEPAOTO COCTOSIHHS cpa3y B razoobpasHoe,
nostoMy 6GoJiee MPaBUJAbHO Ha3bIBATh 3TO He HCHApeHHeM, a cybauManuei
WK BO3roHKo#). OGbIUHO 3aMeTHOe HCIapeHHe HauMHAeTCs Ha PaccTo-
aHusax MeHee 3-4 a.e. or CoJsHua. Jlen B koMeTax He TOJbKO BOASIHOM,
9TO TaK)Xe 3aMep3lIMid aMMHAaK, MeTaH, YrapHbli ra3, yrJeKHCJ/blH ras,
HO B c(hopMHpOBAaBIIEHCS T'OJOBE KOMETHl JOMUHHDPYeT Boja. BmecTte
C UCTAPUBLIUMHUCS YACTHUIAMHU JbJa U3 SIIpA BbIIETAIOT MBIIMHKH, a HHOTMA
u OoJsiee KpymHble 060beKTh. BOKpyT sfiApa Bo3HHKAeT KBasuchepuueckas
060/109Ka — KoMma. 3aTeM Moj AeHCTBUEM NABJEHHSI COJMHEYHOTO H3JIY-
YeHHUs] U COJHEUHOTO BETpPa OHA MOXKET BBITSIHYThCS B KPAaCHBBIH XBOCT.
Camo HasBaHHe «kKoMeTay (rpeu. «KocMmarasi») CBI3aHO C ee I'OJOBOH —
KOMO# (OT rped. «BOJOCHI») — H XBOCTOM, KOTOpPble HHOTJA MPHOGPeTaioT
MOUCTHHE THIAaHTCKHE Pa3Mephl.

Camble 60JbliIHe KOMBI HMEMH pa3Mephbl, MPEBOCXOASIIHE THAMETP
CosHua, a XBOCTHI BBITATHBAJINCH Ha paccTosinue Gogee 1 a.e. [o/0BH
U XBOCTHl XOPOILIO BHUIHBI, MOTOMY UTO YaCTHIBI MbIJIH OTPAXKAT COJ-
HEUHBI CBET, a ra3 TaKKe MOXKeT MepenusaydyaTh ero B CIeKTPaJbHbIX
auHusaX. KpoMe TOro, cBeT paccenBaeTcCs BelleCTBOM XBOCTA M TOJIOBHI.
MHTepecHO, UTO KOMETHl HCMYCKAIOT Ja)Ke PEHTTeHOBCKOe uaJjyueHue!
OHO BO3HHKAeT U3-32 B3aUMOJIEHCTBUS MOHW30BAHHBIX YACTHIL COJIHEUHOTO
BeTpa ¢ MOJeKyJaMu aTMocdep KOMeT.

ExerogHo kK ConHuy npmnbnmxarTca 4eCATKN KOMET.
['MranTckuii XBOCT KOMETHhI, nepeceKa}omHﬁ HO.}1H668, — Kpa-

CUBefilllee 3peJullle, U YyUeHble NaBHO MBITAJUCh MOHATH NPUPOLY ITOTO
siB/JeHHUsl. DoJIbIIOH BK/aA B M3yueHHe KOMeTHbIX XBocToB B XIX B. BHec
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®enop Bpenuxun. [[a30BbIe XBOCTHI KOMET, B OCHOBHOM COCTOSIIIIE H3 HOHH-
30BaHHBIX aTOMOB, HampasJjeHbl pssMo 0T CoJIHIA, TaK KaK Ha HUX OUEHb
3((PeKTUBHO BO3/IeHCTBYET co/HeUHbIH BeTep. [ToaToMy eciu KoMmera yna-
asietcst o1 CoJHIA, TO OHA JETHT Brepe XBOCTOM. [IbliieBble XBOCTBI GoJee
HU30THYThbI, MOCKOJbKY YAaCTHUIIbI MbIJIK JOCTATOYHO THAXKEJ/Able W BJAWIHHUE
COJIHEUHOT'O M3JyUeHHs M BeTpa Ha HUX He CTOJb CHJAbHO. HampaBnenune
TaKHUX XBOCTOB 3aBHUCHT M OT HalpaBJeHHs JIBHKEHHs] KOMETH, H OT OpH-
€HTAallud KOMeTHl oTHocHuTesbHO CoJHIA.

Exeronno k CoJiHIy NPHOIHKAIOTCS JECATKH KOMeT. B ocHOBHOM
9TO <HOBbI€» KOMETbI, HMEIILIHEe OUYEeHb 6O0JIbIIIHE nepuoabl OGpalLIeHI/IH.
Ecan yuecTb, UTO HECKOJbKO MPOX0xaAeHUH BOIM3U CoJHIIA CTAHOBSATCS
1Jist KoMeT (aTa/ibHbIME (OHH Pa3pyLIalOTCst HIH, MOTEPSiB GOJBIIYIO YaCTh
JIETYUYMX BEIIEeCTB, CTAHOBATCS HEOTJIHYHMBI OT ACTEPOMAOB), a BO3PACT
CosHeuHOH cucTeMbl cocTaBJgseT Gojee 4,5 MJPA JeT, TO Mbl NPHIEM
K BBIBOMY, UTO TJIe-TO Ha OKpaWHaX J0J/KeH ObITh pe3epByap, coleprKaliuii
COTHHU MHJUIMAP] KOMETHBbIX sijep. MIMeHHO TaKyio TMnoTe3y BbICKa3aJl
B 1950 r. SIu Oopr (Jan Oort), npoaHa/u3HPOBAB MapaMETPbl KOMETHBIX
op6ut. B ero uecth 3TOT pe3epByap Ha3biBaloT o6gakom Oopra.

O6nako Oopta — pe3epByap KOMETHbIX A4ep,
coaepXalmnin COTHN MUINTMApPA0B TakKUX O6GBHEKTOB.

O6.sako Oopta mpoctupaetcss oT rpanuil nosica Koitnepa npu-
MEPHO [0 MOJIOBHHBI PacCTOSIHUS [0 OJanmuaiiux 3sesn (T.e. Gojee uem
100000 a.e.). OueHKH MOKA3bIBAIOT, UTO B HEM COAEPKHUTCS GoJjiee
10! komerHbIx sinep. OcHOBHast Macca 00'b€KTOB HAXOJMUTCS HA Paccro-
sauuu 6osee 10000 a.e. Ecau op6uTa KOMeTH UMeeT GOJbIIYIO MOJYyOCh
MeHee 10000 a.e., To u3-3a B3aUMOEHCTBHUS C NJMaHETAMH-THTAHTAMH
CO BpeMeHeM OHa M OyaeT BbiOpolieHa U3 COJNHEYHOH CHCTEMBI, HJIH
npeBpaTUTCs B KoMeTy ceMmeiicTBa [Onurepa. [letanu mpoucxXoxaeHHUs
3TOH CTPYKTYPHl MPOTOJMAKAIOT 00CYXKAATHCS CIENHATUCTAMH.

[To omenkawm, mosaHast macca o6naka Oopra cocTaBjaseT OT He-
CKOJIbKMX €JHHHILl 10 HECKOJbKHX HAeCSTKOB Macc 3eMJ/H. Boiaesasior
BHellHee 00/1aKO U BHYTpeHHee, IpaHHLa MeXAy HUMH IPOXOAUT NPHUMEPHO
Ha 20000 a.e. Bunumo, o6saaxo ¢opMupoBajsoch B jBa sTana. [lepbiii
HUMeJl MeCTO BO BpeMs M cpasy Inocje (OpMHPOBAHMS MJAaHET-THIAHTOB.
He6ouabiine o6 bekTl — Oyayline KoMeTHble sapa — 3a0pacblBajaHCh
MaCCHBHBIMHU TJIaHETAMHM HA BBICOKHE BHITSIHYTbIE OPOUTBI. 3aTeM, eCJH
6oJsbline nmoayocu komeT gocturanu 10000 a. e., nox peiicTBueM rpasu-
TaUHMOHHOrO noJist I'a/lakTHKK mepureaui UX OpOMUTHI NMOBBILIAJACS, H OHH
OKOHUATEJNbHO CTAHOBHJHUCH 00'beKTaMH oOsaka Oopta. Bropo#t atan mpo-
XOJIMJ BO BpeMsl no3dneu msaceaown bombapouposku. Torga B pesy/brare
MHUTPAllMH TJIAHET-THTaHTOB, crnycTs npumepHo 600-650 mJaH JeT mocae
o6pasoBaHusi Co/IHEUHOH CHCTeMBbI, MPOU30IIIa CYIIeCTBEHHAs! NepecTpoiKa
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OpOUT, B pe3yJbTaTe KOTOPOH MHOKECTBO TeJl, HAXOAUBILMXCS BO BHELIHEM
aucke 3a op6urtoil Henryna (Ha paccrosiHun okoso 30 a. e.), mepeuuio
Ha 0oJ/iee BBICOKME TpPAeKTOpPHH IBHKeHHs Bokpyr CoJgHua. YucaeHHbie
MOJIe/IN TOKA3BIBAIOT, YTO POCT YHCJAA KOMET B O6JaKe MPOAOJAKAJCS
MOYTH MHJIHAP] JIET.

Op6wuTbl KOMeT B o6nake OopTa n3ameHst0TCA Nog,
[eNncTBMeM BHELWHNX BO3AEeNCTBUIA. B pesynbTtaTte KOMeTbl
MOryT nonagaTtb BO BHyTpeHHMe obnactm ConHeuyHonm
CNCTEMbI.

Bcero usBectHo 6osee 5000 xomer. Hecko/abKO COTEH KOMET
NPHUHALIEKUT K TaKk Ha3piBaeMoMmy ceMmedcTBY IOmutepa. Op6uTH 3THX
00'beKTOB, H3HAUAJbHO PACMOJ/ATABIINXCS B OCHOBHOM B TaK Ha3bIBAEMOM
paccesarHom ducke 3a op6utodl HenrtyHa, 6blin uaMeHeHbl IOnurepoM,
ClleJIaBILIMM HX IepHojbl Gojee KopoTkuMu (Menee 20 JieT), a pacCTOsIHHS
B mepureann — O6osee 6JU3KUMU K COJHILY, UTO MO3BOJSET PEryJ/sipHO
M MHOT'OKPATHO UX HabmoaaTh. Takwke CyIIeCTBYeT HECKOMbKO THICSU KOMET,
pPOACTBEHHBIX KoMeTe ["ajiesi, ¢ OTHOCHTENbHO GOJBIIUMH OPOUTATBHBIMA
nepuogamMu ob6paiierust (6osee 20 ger).

Kowmetnl u3 o6saka Oopra HCHBITHIBAIOT BJIUSIHHE TaJaKTHUECKOTO
rPaBUTAIlMOHHOTO MOTEHIIMAJa, a TaKkKe 3Be3[, MpoJeTalluX BOJIU3N
CousHiia. B pesyJsbrate 3T0Or0 OpOUTH KOMET MEHSIIOT CBOIO OPUEHTAIHIO
OTHOCHTEJbHO TJIOCKOCTH SK/JIMINTHKH H MOUTH PABHOMEDPHO 3aroOJHSIOT
npoctpancTBo. CO BpeMeHeM H3-3a BHEILIHEro BJHWSHUS MEPUTENHH HEKO-
TOPBIX W3 HUX YMEHbIIAIOTCSl, HA HUX HAUMHAIOT BO3JEHCTBOBATH MJaHe-
THI-TUTAHTHl, © B UTOTe HEKOTOpble U3 3THUX KOMETHBIX siiep MOonagaioT
BO BHyTpeHHHe o6jacTu COJMHEUHOH CHCTEMBI, I'/le UX MOXHO HaGJMI01aTh.
B 6aunxaiiiiee BpeMst ¢ 3ayCKOM TaKMX HHCTPYMEHTOB, Kak GOJbIIONH
o63opubiit Teseckon LSST (Large Synoptic Survey Telescope, Boabiiioii
00G30pHBIH TeJTeCKOMN), MOXKHO OyaeT HaOM0AaTh OOJbIIee KOJHYECTBO
KOMeT, YbH TepHUTeNuH Jexar aanbiie 3 a.e. ot CoJHIa, rie akTUBHOCTh
KoMmeT (T.e. HCIapeHue sipa) elle He BeJNHKa.

CoBpeMeHHBIE HCCJ/IEOBAHMS MOKA3bIBAIOT, UTO CyAbO6a KOMET
U3 pa3HbIX ceMeHcTB MOoxeT GbITh pa3/inuHoil. Komernl cucrembl OnuTepa,
MPOUCXOJISAIINE U3 PACCESTHHOTO JUCKA TPAHCHENTYHOBBIX 06'bEKTOB, CO Bpe-
MeHEM IepecTaloT MPOSIBJAITh AKTHBHOCTb, U Mbl PETUCTPUPYEM HX Kak
acTepouIbl (MHOTHE OKOJIO3€MHblE aCTEPOHAbl — 3TO ObIBIIHE KOMETHI).
A nosaronepuoanueckre KomeThl u3 o6/gaka Oopra mocjae HeCKONbKHX
MPOXOXKIEHUH TIepUTe/Hs, TT0-BUANMOMY, Pa3BaJHUBAIOTCS, HE OCTaBJsIs
KPYNHBIX (parMeHTOB. [IpUUHHBI 3TOTO 10 KOHIA He sCHBI. B03MOXKHO,
B KoMeTaxX ceMelicTBa IOmnuTepa MeHblle JeTYUHX 3JeMEHTOB, TaK Kak
3HAUYUTEJNBHYIO YaCTh BPEMEHH OHHU MPOBOAWIM He CTOJb fajgeko ot CoJHIa,
KaK MX pOJCTBEHHHKH M3 obmaaka Oopra.
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TexHmn4yeckum nporpecc nos3sonun K Havany 1990-x rr. BN/IOTHYHO
nprnénmanTbCcs K BO3MOXHOCTU Noncka ak3onnaHeT. Cpasy He-
CKOJIbKO NOoAX040B NO3BOINIAN OTKPbIBATb MJIAHETbI Y Pa3HbIX TUMOB
06bekTOoB. [MepBbi ctopnpu3 6bin cBAI3aH C O0GHapPY>XeHMeM nnaHeT
y HEMTPOHHOI 3Be3Abl (pagnonynbcapa), BTOPOi — C OTKPbITUEM
ropsiymx NUTEPOB, MIAHET-TMIFaHTOB, 06pPAaLLAOLLNXCSH OYEHDb
6nun3Ko ot cBomx 3Be3f. Ceryac [OCTOBEPHO N3BECTHbI HECKOMBbKO
TbICSIY MJIAHET N €CTb MHOIMeE ThICAYM KaHOMAAaTOB, B OCHOBHOM
06GHapy>XeHHbIX NyTeM HaGMAEHU C MOMOLLbIO KOCMWUYECKO
ob6cepBatopum Kepler. HekoTopble n3 HUX MO CBOMM NapamMeTpam
He MOXO0XW HM Ha ofHy nnaHeTy ConHEeYHOM CNCTEMbI, Aa U cama
CTPYKTypa MHOTIX 9K30MJaHETHbIX CUCTEM oTnmyaeTcs ot ConHeu-
HOI. B n3yyeHnn sak3onnaHeT HabnogaeTcs 3Ha4YUTENbHbIN N Obl-
CTpbI nporpecc. [NoCTOAHHO NOSABASAKOTCA HOBbIE MHCTPYMEHTbI,
Nno3BONSAIOLLME COBEPLUATL HOBbIE OTKPbITUS, N KaXAble HECKOIbKO
MecsLEeB aCTPOHOMbI NOJy4atoT HOBbIE BaXKHbl€ pe3ynbTaThl B 9TOW
obnactu nccnegoBaHun.



3.1
Cnocobbl 06HapyxeHus
N N3y4eHNa 9K3onnaHeT

Ha Bompoc, kakas sk3onjaHeTa Gblia OTKpPbITA MEpPBOH, HET
OJTHO3HAYHOTO OTBeTa. EC/M roBOPUTH O MEPBOM JOCTOBEPHO OGHApPY-
JKEHHOM 00beKTe MaaHeTHOH Macchl BHe COJMHEYHOH CHCTEMBI, TO 3TO
njaHera y myJabcapa, oTkpeitTas B 1992 r. Ecau Mbl roBopum o mnep-
BOH JOCTOBEPHO OOHAPYXKEHHOH MJaHeTe Yy HOPMaJbHOH 3Be3bl, TO 3TO
51 Tleraca b (1995 r.). OgHaKo MOXHO IOBOPHTb M 0 GoJjiee PaHHHX
(koner 1980-x rr.) pa6orax. B ogHoM cayuae Obl JOCTOBEPHO OTKPBIT
00'beKT BOKPYT HOPMaJbHOH 3Be3[bl, XOTs [0 CHX TOP HET TOYHOH OlLIEH-
KM ero mMaccol (M MO3TOMY HEsSCHO, TO JIH 3TO HTaHTCKas MJaHeTa,
TO JK Oypbifi Kap/auk). B apyrom cayuae bl 3amogo3peH o6beKT MJia-
HETHOH Macchl, HO He XBaTaJ/Jo TOYHOCTH, U MOATBEPAHUTbL €ro yAasoch
JIMUIb TOMABI CIYCTS. DTH NJAaHEThl OblIM 0OHAPYKEeHbl METONAMH TaHMHHTra
(T. €. MO MU3MEPEHHIO U3MEHEHHH BPEMEH MPHUXO0Aa UMIYJ/IbCOB, B JAHHOM
cjlyyae — paauolNyJ/bcapa) U JydeBbIX cKopocTed. OnHaKO HEKOTOpbie
CMELHANUCThl CYUTAIOT, YTO MOJMHASA YOEXKAEHHOCTb HAyYHOTO COOO0IEeCTBa
B CYLIECTBOBaHHH 3K30IJAHET MOSIBH/IACH TOJbKO IOCJAEe Havyajda OTKPLITHS
TPAH3UTHBLIX IJaHeT. B ueM ke mpeuMyllecTBa W HEJOCTATKH Pa3HbIX
MeTOLO0B OOHAPYKEHHs 3K30MJaHeT?

AnekcaHpgp Bonbuwan n Oenn Opavin B 1992 r. oTKpbIN
nepsyto NnaHeTy, 0bpalLlaloLLyoCca BOKPYr nynbcapa.

MOXHO BBHIIETHTh BOCEMb METOJOB, KOTOPBIE MO3BOJSIOT OTKPHI-
BATb MJIAHETH Y APYTHX 3Be3[ (a TaKKe B HEKOTOPHIX CJAYUAsiX OJHHOUHBIE
MJIAHEThI, CBOOGOJHO JIETAIIHE B MPOCTPAHCTBE):
1. MiaMepeHue BapuHaliu JyueBbIX CKOPOCTEH 3Be3J.
2. Hab/onenne NpoxXoxKIeHHUs MJaHET MO THUCKY 3Be3/bl
(TpaH3UTHI).
3. TalitMHHT TPaH3HMTOB, ABOHHBIX CHCTEM H MYJAbCHPYIOLUINX
HCTOUHHKOB.
. GoToMeTpHUeCcKOe MHKPOJIHH3UPOBAHUE.
. AcTpoMeTpHueckoe MHKPOJHH3UPOBAHHE.
. AcTpoMeTpHuecKkre M3MEPEHHS] CMEIEeHHs 3BE3I.
. BbIIIQJIeHI/Ie BKJana TJIAaHEThI B MOJHOE H3/JYUYEeHHE CHUCTEMBbI.
. [TomyueHne npsMbIX H3006paKeHHUH.
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Bo/bIIMHCTBO M3 3THUX CHOCOG0B y2Ke XOpoLIo cebsi 3apeKOMEH/I0-
BaJ/Id, a HEKOTOPbIE MOKA HEAOCTATOUYHO TOUHBI, HO JOCTHIHYT HEOOXOAUMOH
TOYHOCTH B OJukKaiiieMm Oyayuiem.

Merton syueBbIX CKOpPOCTeil OCHOBAH HA TOM, UTO 3Be3jla COBeplla-
eT JIBMXKeHHSs TOJ AeHCTBHEM I'paBHTAlMK TJaHeT. B mpocreiiiiem cayuae,
KOTJla €CTb OfiHA IJaHeTa (MJH e OJHA W3 IJIAHET HAMHOIO TsKelee
OCTAJIbHBIX), Mbl HMEEM JIEJI0 C aHAJIOrOM JABOHHOH CHCTEMBI: IBA TeJa Bpa-
AI0TCST BOKPYT 06I1ero meHtpa mace (6apuiieHTpa). Mbl He MOXEM BHIEThH
MJIAHETY, HO BUANM 3BEe3[Y, H, aHAJU3HPYs €€ CIEKTP, Mbl MOXKEM H3MEPHUTDH
JIOIJIEPOBCKOE CMellleHHe JIHHUH, COOTBETCTBYIOIEe NPOEKIUH 0pOHTaIbHON
CKOPOCTH Ha Jiyu 3peHust (HampaBjieHHe OT HAGMIOTATENsI K 3BE3ME).

Mwvwenb Manep n Anabe Keno B 1995 r. oTKpbiv NepByto
nnaHeTy (ropauyuni onnTep), obpalyaloLLyocs BOKpYr
HOpManbHOW 3Be3[bl.

Mpnes 6pla oueBUAHA y2Ke TABHO, HO CYIIECTBOBAJ PSii TeXHHUYe-
cKuX npob6seM. Bo-nepBbIX, HAIO U3MEPSITh CKOPOCTh 3BE3/Ibl C TOUHOCTHIO
Mopsiika METPOB B CeKyHIY. Bo-BTOpBIX, 3TO Ham0 IeaaTh B paMKax
JIJIMHHOW cepuu HabuoneHui. [1po6aeMbl ynasoch pelnTh JHIIb K cepe-
nuHe 1990-x rr., UCNoJb3ysl Ha3eMHble TeJecKOoTNbl. Pe3yapTaToM cTajo
o6HapyKeHnne Mumenem Maiiepom (Michel Mayor) u Hunbe Keso (Didier
Queloz) mianersl y 3Besnbl 51 Ileraca.

B Hacrosiiiee BpeMsi TOUHOCTh H3MepeHu# no sddexty omaepa
npesocxonuT 1 M/c, onHAKO A5l OOHAPYKEHHs TAaKHM CIOCOGOM MOJIHOTO
aHajora 3emau HeoOXoauMa TouHocTb Ha yposre 0,1 m/c. Kpome Toro,
AKTUBHOCTH 3B€3[ M UX MYJbCAlHH MEIIAI0T BHICOKOTOUHBIM H3MepPEeHUSIM
C TIOMOIIIbI0 METO/Ia JYUeBHIX CKOpocTell. Buanumo, ciaenyioiee moxosenue
JETEKTOPOB CMOXKET JOCTHYb 3TOT'0 ypoBHS. [loka Ke TakuM crnoco6oM
B OCHOBHOM OTKPBIBAIOT WJHM 00Jiee MAaCCHBHbIE MJAHETbI, H/IH JerKHe
TJIAaHEThl Y MAJOMACCHBHBIX 3BE3[ ¢ MEHbILIMMH, UeM y 3eMJ/d, OpOuTa/b-
HBIMH TI€PHOJAMH.

DTOT METOJ MO3BOJSIET ONPENEeNUTh MACCy TUIAHETHI, €CIH U3BECT-
Ha Macca 3Be3jbl. HeonpeneneHHOCTh H3MepeHHsT 3aBUCHT OT HEU3BECTHOT'O
HAKJOHA OpPOUTH K Jyuy 3peHus. OIHAKO B MOJABJSAONIEM GOJMbIIMHCTBE
cayuaeB (87%) oueHka 6Ge3 3HaHHMS yIyia HAK/JIOHA OTJHYAETCH OT HCTHHHOIO
3HAUEHHS] MeHee ueM B JBa pasa.

Ha ceropnsitinuii feHb GOJMbIIMHCTBO 3K30M/IaHET ObIO OTKPLITO
METOJOM TPAH3UTOB — TPOXOXKAEHHUS TJIAHETHI MO JUCKY 3BE3/Ibl. DTO MpHU-
BOJIHUT K MajleHHI0 6JiecKa, MOCKOJMbKY SPKUH 3BE3/IHBIH THUCK OKA3bIBAETCS
YaCTHUYHO 3aKpbIT GoJsiee TeMHOH msaHeToH. [TameHne o6BIUHO COCTaBJSET
OT HECKOJDbKHX NEeCATHTBICAUHBIX IO IMapbl AeCATKOB TBICSYHHIX (T. €.
OT COTBIX J0JIefi MPOLEeHTa 10 Mapbl MPOLEHTOB) — 3TO OYeHb HeGOJbIlIHEe
BeJMUUHbl. KpoMme Toro, a/si HafiexkKHOTO OGHAPYXKEHHUST 3K30M/JIaHEThI

Cepreii MNonoe
BceneHHas 8 6



He0OX0IMMO 3apEruCTPUPOBATh HECKOJIbKO TPAH3UTOB, T. €. HEOOXOJAMMBI
cTabu/bHblEe BHICOKOTOUHBlE H3MepeHHus. V3-3a BaUSHUS aTMOC(epbl NpU
Ha6JI0IeHUsIX ¢ 3eMJIM IOCTHYb TAKOH TOUHOCTH TPYJHO, MO3TOMY HauboJjee
(O (PeKTHUBHBI KOCMHUUECKHE MPOEKTHI.

Kocmunueckasn ob6cepatopus Kepler — nepBbiin KpynHbIA
cneunann3npoBaHHbIi KOCMMNYECKUA NPOEKT AN NoMcka
TPaH3NTHbIX 9K30MNaHeT.

s moMcKa TPaH3UTHBIX MJAaHET MCIHO0J/Ab30BaJOCh HECKOMbKO
KOCMHYECKHX allaparoB, OJHAKO CAMOH MOIIHOH «MAalUHHOH OTKPLITHH»
cra/na kocmuueckas obcepsatopusi Kepler, sanymennas 8 2009 r. I[1popa-
6otaB n0 2013 r. B mItaTHOM pexxume u HaGJaoas okoso 150000 3Be3n
B HampaBJeHUH co3Be3nuil Jlebenb u Jlupa, 3TOT anmapat oGHapYKHJI
HECKOJIbKO THICSY IJIAaHET W AECSATKH ThICSY KaHAMAATOB B I1aHeThl. Hauu-
Hast ¢ 2013 r. annmapat pa6oraer 6e3 dukcauuu 06/acTH HaOJMOIEHUH,
CKaHUpysl He6O W MpoAoJ/Kass OTKPBIBATH MJAHEThl U U3yUaTb 3BE3[bl.

Ecau u3BecTeH pasmep 3Be3[bl, PH HCHOJAb30BAHUH TPAH3HUT-
HOTO MEeTOa YAaeTcsl UBMEPUTb paauyC MJAaHEeThl, a B PEIKHX CJaydasx
onpefesuTh U ee maccy. Ha cerogHsimiHMi IeHb H3BECTHO HECKOJbKO
COTEH IJIaHeT, 1/ KOTOPbIX OJHOBPEMEHHO M3BECTHBI U Macca, H paguyc
(uacto 310 TpeGyeT HCMOMb30BAHUS IBYX PAa3HBIX METOIOB HAGJIONEHHUI),
UTO T03BOJSIET AenaTh 6oJee HaaexkHble BBIBOABl O COCTAaBE TAKUX Te.l.

Hanwnyme nnaHeT Bbi3biBaeT HabNogaemble
nepuognyeckme oTKNIOHEHUA B ABVMXEHUN KOMMOHEHT
[BOWMHbIX 3Be3[.

Cawmblii epBbIfi 00'bEKT MJIAHETHOH Macchl OblI 0OHAPYXKEH METO-
AoM Tailmuura. Ec/in Mbl HaG/of1aeM NepUOJAHUYECKHH CUTHAJ, TO IBHKEHHE
HCTOYHHKA CHI'Ha/a OTHOCHTEJNbHO GApHIEHTPA H3-3a MPUCYTCTBHS MJIAHETHI
OyneT MPUBOIUTH K CABHTY MOMEHTOB MPHUXOAA UMIYJAbCOB. MCTOUHHKOM
CUrHasa MOXeT ObITb, HANpUMep, NYJIbCHUPYIOIHUH Oe/Ibli KapiuK, a MOXKeT
ObITb HEeHTpOHHAsl 3Be3fa — paauonyJabcap. MiMeHHO y Takoro o6bekra
PSR 1257 + 12 Anexcanap Boabiman (Aleksander Wolszczan) u deia
®paita (Dale Frail) B 1992 r. o6Hapy KWK TPH IJIAHETbl MaJiO#i Macchi.

Kpome Toro, Ha/muuue njaHeT MPUBOAUT K cOOSIM B MepHoje IBOK-
HBIX CHCTEM, UTO TaKxkKe MOXKHO HabJgionaTh. [IpuMepoM sBjsieTcs cucTema
NN 3wmen, cocrosmas U3 KpacHoro u 6esoro Kap/auKoB. TiiaTeabHbIH
aHa/nu3 opOUT 3Be3[ B 3TOH JABOHHOHU MpPHBEJ K BBIBOAY O CYLIECTBOBAHHH
B HeH IBYX I/JaHET-THI'aHTOB.

HeckosbKo 0COGHSIKOM CTOUT METOJ TalMHMHra TPaH3UTOB (transit
timing variation). B maHHOM ciydae c60M MPOMCXOAAT BO BpeMeHaX TPaH3H-
TOB IUIAHET, YTO BbI3BAHO BJHSIHHEM JPYrUX (HETPAH3HTHBIX) MJIAHET B TOH
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Ke cucreMme. MameHsiercss Kak BpeMsl TPaH3UTa, TaK M €ro JJIUTEIbHOCTD.
Takum croco6om (B mepByw ouepenb Mo gaHHbIM Kepler) oTKpbITO yaxe
JIOBOJIbHO MHOT'O OG'bEKTOB.

Cuenylouye aBa MeTOJla CBSI3aHbl C T'PABHUTAIIMOHHBIM JHH3HU-
poBanueM. MaccuBHble Tesa HCKaXaloT BOKPYr cefs reoMeTpHIo Npo-
cTpaHcTBa-BpeMeHH. [ToaToMy cBeT, Npoxois MUMO HUX, OyleT H3MEHSTh
HallpaBJeHHe CBOEro ABHKeHHUs. Ec/M MeXa1y HaMH U 3Be3/10H-HCTOUHH-
KOM OKa3blBaeTcs Apyrasi 3Be3ja W/H Nof00HOe MaCCHBHOE TeJ/O, TO OHO
BBICTYNAET B POJIH IPABUTAIIMOHHON coOHparollell MUH3bL. [1oaTOMYy nepBbIi
3(bpeKT cBs3aH ¢ yBeanueHHeM OjecKa 3Be3/bl-HCTOYHHKA.

MN3mepeHune KpumBow 6necka Nnpy MUKPOIUH3UPOBaAHUN
No3BONAET OTKPbIBaTb HEBNAMMbIE MaJIOMaCCUBHbIE
CNyTHUKW 3Be34.

XapakTep KpUBOH GJiecKa MPU MPOXOWAEHHU I'PABUTALHOHHON
JIMH3bl MEX1Yy HCTOUYHHKOM W HaOJgaTe/eM 3aBUCHT OT CBOHCTB JIMH3BI.
3Be3y MOXHO CUHTATh TOUEUHOH JUH30H. OMHAKO ec/H y Hee eCTh CIyT-
HHK, TO €T0 MPUCYTCTBHE OTPA3UTCSl B KPUBOH GjieCKa MPH JUH3HPOBAHHUH.
JlaHHBIA MeTOJI, Ha3bIBAOIIHUICS (hOTOMETPUYECKUM MHKPOJIHH3HMPOBAHUEM,
M03BOJIsIeT 0OHAPYKHBATh TaXKe MaJOMACCHBHbIE CIyTHHKH 3Be3l. [lepBoe
Takoe OTKpbITHe OblI0 ciaeqano B 2003 r., u celluac ecTb yxe JAeCATKH
MJiaHeT, 0OHAPYKEHHBIX TAKHM METOIOM.

[IpeumyIiiecTBOM 3TOTO METOMAA SIBJASETCS BO3MOXKHOCTb OTKPbI-
BaTh IJIAHETHl HA JaJeKUX OPOUTAX B HECKOJIbKO aCTPOHOMHUECKHX €TMHHMIL
(4TO COOTBETCTBYET OPOHUTAJIBHBIM NEPHOIAM B HECKOJDBKO JIET) 32 KOPOTKOE
BpeMmsi. Ho ecTh y 3Toro MeTosa W HeIOCTATOK: MUKDPOJHH3UPOBAaHHE —
yale BCero OJHOPa30BOe COOBITHE, H TOC/E ero 3aBeplleHHs] Mbl He MOKEM
BHOBDb HAaGJ/II0IATh 3BE3/ly-JHH3Y H €€ IMJIAHEeThl (XOTS eCTh U HCKIIUECHHS,
KOrJa 3Be3[a-JHH3a Obljia 3aTeM OGHAPYKEHA HENOCPEACTBEHHO).

AcTpomeTpuyeckimne HabnogeHnsa ¢ MOMOLLbIO
KOCMMYECKINX annapaToB N Ha3eMHbIX UHTepgePOMETPOB
NO3BOJNAT OTKPbIBaTb 9K30M/IaHETbI.

Kpome nuameHenus 6Jecka 3Be3Ibl-UCTOUHUKA TaKkKe U3MEHseTCs
ee noJoxenue. Oxupaercs, 4yTo KocMuueckui reseckon Gaia («[aiis»)
MO3BOJUT B OJuKaliliiee BpeMsi 06HAPYKUTb 3(PHEeKT acTpoMeTpUue-
CKOro MHUKPOJIMH3UPOBAHHUSl HAa HEHTPOHHBIX 3Be3/aX H UEPHBIX IbIpax.
[ToTeHnMasbHO BHICOKOTOUHBIE HabJ/I0AeHUsT B OYAYIIEM MOT'YT TO3BOJHTh
00HApYKUBATh TaKUM 00pa3oM M 00bEKTHI MJIAHETHBIX MAacc, BHICTyHAIOLIUe
B pOJIM JIUH3bl. B TOM umc/e ¥ OMHHOUHBIE OG'bEKTHI MJAHETHBIX Macc,
M0 KaKMM-TO NMPUUYHUHAM OTOPBABILIHECS OT CBOUX 3BE3J MU POJUBLIHECS
Cpasy ONMHOYHBLIMH.
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C kocmuueckuM Teseckonom Gaia CBI3bIBAIOT €LI€ OJHH acTPoO-
MEeTPHUECKHH MEeTOJ MOMCKA 3K30IL1aHeT. [Ipu BpallleHHH 3Be3bl BOKPYT
fapULEHTPa CHCTEMbl MO2KHO OOHAPYKHTh He TOJbKO H3MEHEHHe ee JyueBoi
CKOPOCTH, HO H COGCTBEHHO cMelleHHe. Pasymeercs, oHO KpaiHe Mao,
OMHAKO BBICOKOTOUYHbBIE HU3MEPEHHUS MOJMO0KEHHS 3BEe31 MOJ2KHBI MO3BOJHUTDH
npoBeaeHUe Taknx uamepenuil. [1o ouenkam, Tounoctu npu6opos Gaia
OyIeT 10CTaToOuHO Asist 3Toro. TakKe TaKMM METOIOM MOXKHO OOHADPY2KHBATDH
IIAHETDI, HCIO/Ib3Ys HAa3eMHble HHTep(pepoMeTphl. IperMylecTBOM TaKoro
I0AX0fla ABJIAETCS TO, UTO, 3HAs MACCY 3BE3/bl, MOXKHO HENOCPEACTBEHHO
onpeae/uTb Maccy IJiaHeThI.

Bce nepeyruc/aeHHble METOAbl B HEKOTOPOM CMbICJ/E SABJAAIOT-
Cdd KOCBEHHBIMH, MOCKOJIbKY Mbl HE BHAWM IIJIaHETHI HeHOCpeﬂCTBeHHO,
a uamepsieM 3(Q(eKThl, BI3BaHHbIE HX NpHCYTCTBHEM. OIHAKO CYIIECTBYIOT
METO/IbI, MO3BOJISAIIINE HEINOCPEACTBEHHO YBUAETh CBET JAJEKHX IJIaHeT.

[TepBblii Takoll MeTOH CBS3aH MMEHHO C BblAeJEHHEM BKJa-
Ja MJaHeTbl B o0llee W3JydyeHHe 3Be3Abl U ee CIyTHUKOB. Hanpuwmep,
B CcJayuae TpaH3HTHOﬁ IJIaHEThl (eCJH/I OHa dBJsdeTCd I0CTATOYHO MOUIHBIM
HCTOYHUKOM CO6CTBeHHOFO HJIK OTpa>XeHHOTO I/ISJIyLIeHI/IH) Mbl MO2KeM
yBI/IJleTb HE€ TOJIbKO INaJeHue 6JI€CK3 CHCTEMBI HpI/I TpaHSI/ITe, HO H pOCT
6/ecKa B T€ MOMEHTHI, KOTJa OJHOBPEMEHHO BHIEH H BECh JIHCK 3BE3[IbI,
¥ IUCK TaHeThl. TakuMm crocoGOM yaasoch U3YUMTh CBORCTBA HECKOJIbKHX
IJ1aHeT, HanpuMep B cucreme Kemaep-70.

BkJjaj miaHeThl MOXHO BbIIEJAHTb M H3yuas CHEKTpbl. JIMHHH,
U3J/lyyaeMble MJIaHeTOH, BO-NepPBbIX, OYAyT COOTBETCTBOBATb APYTHM CKOPOCTSIM
¥ cmewatbes (M3-3a apdexra Jonaepa) OTHOCHTEIbHO 3BE3AHBIX JHHHH.
A BO-BTOPBIX, M0 CBOHCTBAM JIMHHE MOXKHO TIOHATh, YTO OHH CBSI3aHBI C OTHO-
CHTEJIbHO XOJIOAHBIM BELIECTBOM. DTOT METO/ TAKXKE YCIEIHO HCIOMb3YETCS.

B HeckonbKMx necartkax cnyyaeB yaanocb Nonay4yuTb
HenocpencTBeHHble N306paXXeHnsa MOoJIOAbIX 9K30MNaHeT.

HakoHell, B peakux ciayuasx yAaeTcs HemoCpeACTBEHHO MOJYYHTb
u3o0paxenus: naavet. Kak npasujo, peub uier o6 o6bekTax, KOTOpbIe
HaXOJSITCSl AOCTATOYHO JAJeKO OT CBOMX 3B€3] M K TOMY 2Ke I0CTaTOYHO
MOJIOJIbI, YTOOBI SIBJASITHCST MOIIHBIMH HCTOYHHKAMH (B OCHOBHOM B HH(pa-
KPACHOM JIHAIa30He).

[Toc/ie cBOEro poKaEHHUS MJIAHETHI-THTAHTHl B TeUEHHE J0JIT0ro
BpPEeMEHH MPOJO0/IKAIT MEeJNEeHHO CKUMATbCs, UTO TIPUBOAUT K BbIIE/IEHHIO
sHepruu. Portocepnbl Takux mIaHeT MOryT uUMeTbh Temiepartypbsl 1000-
2000 K. 9roro oxasbiBaeTcs AOCTATOUYHO, YTOOB! ¢ MOMOLIBIO KPYMHEHIINX
HA3eMHBIX Te/IeCKOIOB MOJAYUYHTb UX H300paXKEHUs U JaXe CHEeKTPbl. SIpKuM
npuMepom siBasercs cuctema HR8799, B xoTopoil HemocpeacTBEHHO
BHIHbI YETBIPE IJIAHETBHI-THIaHTA, yIaJeHHbIe OT CBOEH 3Be3/bl HAa AECATKU
ACTPOHOMHUYECKHX eIHHHIL.
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3.2
OCHOBHbIe TUNbI 3K30MJ1aHeT

B CoJ/iHeuHO# cucTeMe TJIaHeThl Je/SITCS Ha JIBeé OCHOBHbBIE T'PYTI-
Ibl: 3eMJIENOJO0HbIE U IIaHeTH-TuranThl (Ypan 1 HenrTyHd yacto Bblae/sior
B OTAEJNbHYIO TOATPYNNY JeASHBIX MHranToB). OOGHApYKEHHE HECKOJbKHX
TBHICAY 3K30MJIAHET MOMOIVIO CYUIECTBEHHO PACHIMPHUTH KJaCCH(PUKALUIO
BO3MOXKHBIX THIIOB IJIaHET.

Jannble HaOMIOACHUN MO3BOJSIOT ONPEeJUTh MacCy MJaHEeTH,
ee paauyc, pacCTosiHHe OT 3Be3[bl U KOJHUECTBO 3HEPrHH, MoJayuaeMmoe
OT 3Be3/bl. B oueHb peAKHX c/ayuasiX yaaeTcs U3MepHUTb APYyrue mnapa-
MEeTpbl, BKJAIOUAs Aaxe aTMOocC(hepHble, HO 3TH UCKJAIOUEHHS] HE BJAHUSIOT
Ha OCHOBHYIO KJaCCH(UKAUHUIO THIIOB IJAHET.

CoBpemeHHas knaccudunkaums 3K30n1aHeT B OCHOBHOM
6a3mpyeTcsa Ha M3MEePEHNN NX Macc, paguycoB
1 pacCTOSHNA OT 3Be3Mbl.

[TnaneTsl (DOPMUPYIOTCSI B OKPY2KAIOILIEM MOJIOLYIO 3BE31y AHCKE,
cocToslIlEM M3 Tasa H mblid (raza mo macce GoJiblie). Binke onpeaeneHHOro
KPHUTHUECKOTO PACCTOSIHUSI OT 3BE3/Ibl (3TO TaK HA3BIBAEMAS] CHE208ASL AUHUS)
TaKue COeIUHEHHUs], KaK MeTaH, aMMHaK, YIVIEKHCJBIH ra3, Boaa u Jp., Cylie-
CTBYIOT B BHJI€ ra3a, a MBUIMHKH COCTOSAT B OCHOBHOM M3 KPEMHHsl, MarHusi,
yriepoja u xejesa. 3a CHEroBOH JMHHEH MeTaH, BOIa U ApyrHe Mojo0Hble
COeJIMHEHHsI 3aMep3aloT, MO3TOMY BO3MOXKHO 00pa3oBaHHe JIEASHBIX MBUIHHOK,
a MOTOM H 6oJjiee KPYMHBIX JeASHBIX Teqd. [109ToMy MOXKHO BBIIEIHTH TPH
OCHOBHBIX KOMIIOHEHTa, KOTOPBIE MOTYT BOHTH B COCTaB TJIAHET: BOAOPOL
¥ TeJWH B BHJE Tasa, pasjuuHble «/IbIbl» (B HeApax IJaHET OHH MOTYT
He MPUHUMATb MPHUBBIUHYIO HaM (OPMY TBEPIOrO Jbla) U <KaMHH» (K HHM
TaK:Ke OTHOCST 2Ke/Ie30 U €r0 COeNHHEHHUs], U MIPH 3TOM B HeIpPaX MACCHBHBIX
MJIAHET TsKEJble 3/JEMEHThl MOTYT He (POPMHPOBATH TBEPIOE SIIPO).

I'Iapameprl nnaHET onpenendarTCca napamMmeTpamMmmn
npoTonjlaHeTHOro AMcka n nXx MmectTom poxxgeHma B HEM.

DBOJIIOLIMOHHO TapaMeTphl MJaHeT 3aJaloTcsl CBOHCTBAMH MPOTO-
MJIAHETHOTO JMCKa. XUMHUECKHH COCTaB JIUCKA COOTBETCTBYET 3BE3JHOMY
COCTaBy — TaM JOMHHHUDPYIOT BOAOPOI H TeJHiH, a KOJIHUECTBO GoJjee
TSRKENBIX 3/J1eMEHTOB HeBeauKo. [Ipuuem saementoB rpynnsl CNO 6Goablie,
yeM Mg-Si-Fe, uto o0bsicHgeTcs CBOHCTBAMH TePMOSIEPHBIX peakLHi
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B 3Be3/laX U HHTEHCHBHOCTbIO BHIGpPOCA pas3HbIX MPOAYKTOB CHHTE3a
B MeX3Be3aHy cpeay. [losToMy Bce MacCHBHbBIE MJaHETbl — TasoOBbIE,
a JelsiHble B CPEIHEM TsKejlee KaMEHHBIX.

Ecau njianeta chopMupoBadach BAaJdd OT 3BE3/bl, 38 CHETOBOH
JIMHHEH, TO 0KOJIO TOJIOBHHBI cocTaBa (6e3 yuera armocdepbl) NPHIETCS
Ha BOAY W JPYTHE <JbJbl», a MOJOBHHA — Ha 00Jee TSKeJable 3/J1eMEHTHI.
[Tpu GopmMHpOBaHHM BHYTPH CHErOBOH JHHHH J0JS JbIOB Maja (CKaeM,
cefiuac Boga B cocraBe 3emuan coctasaser 0,02% no macce). OKoso IBYyX
TpeTell MPUXOJAUTCS HAa CH/JIMKATBI, a OCTABIIASCS TPEThb — HA 3JEMEHTHI
IPYTNb XKeaesa.

OCHOBHbIE KOMMOHEHTbI NJIaHET — 3TO BOAOPOAHO-
rennesble rasoBble 060/104KN, «ibAbI» N «kKAMHWU».

JlaHHble HaOMIOeHUH MO3BOJSIOT BBIACGANTH YeThipe OCHOBHBIX
THna nJaaHeT. [lepBbli — 3TO rasoBble T'MTaHThl, TPUMEPOM KOTOPBIX
apasiercsl fOnurep. Bropo#t — sensiHble ruranthl, nono6Hble Hentyny.
Tperuii — cBepx3eMJd, MJaHETHl C MacCaMH OT HECKOJbKHX 3€MHBIX
10 noJsell HemTyHHaHCKOH. M, HakoHell, 4yeTBepTBHIH — 3TO Keje3HO-Ka-
MEHHble IJIaHeTbl THHAa 3eMJIH.

Cpenu maHeT-rUraHTOB MOXKHO BBIAEJIHTb HECKOJBbKO MOAKJAC-
coB. Bo-mepBbIX, 3TO Tak HasbiBaeMble copsiiue ronumepsl. TaK HA3bIBAIOT
MacCHBHble Ta3oBble MJAaHETHhl, pacrnoJaramoumecss BOJIH3H CBOMX 3BE3[
(opOuTasbHBIE TIEPHOIBI X COCTABJSIIOT MEHEe HEeCKOJbKHX JHEH). AHaju3
MOKAa3bIBAET, YTO YHCJIO TAKHX TJAHET HEBEJIUKO, OHH UMEIOTCs JIUIIb OKOJO
1% 3Besan conneunoro tuna. TeM He MeHee, OCKOJbKY HMX J1€rKO HalJI0AaTh
U METOJOM TPaH3UTOB, H METOJOM JYyUeBbIX CKOPOCTEH, CpeH M3BECTHBIX
IJIaHeT UX A0Js BesquKa. K 3ToMy THNy OTHOCHJACh U NepBast JOCTOBEPHO
o6HapyKeHHas TJaHeTa OKOJI0 HopMaJbHOH 3Be3nsl — 51 [leraca b.

Bblp,eﬂF”OT YyeTbipe OCHOBHbIX TUNa MnJjiaHeT.
ra3oBble rmraHTbl, negssHble rMraHTbl, CBEpPX3emiun
n 36Mﬂ6|’|0p,06Hble nnaHeTbl.

OCo6eHHOCTBI0O MHOTHX TOPSIUMX IOTIUTEPOB SIBJSIETCS OTHOCHTEJb-
HO 6OJIBIIOH pajnyc: GJU30CTh 3BE3/bl MPUBOJUT K BHICOKOH TeMIepaType
ux atMocep, MaaHeTa MOJydYaeT HOMOJHUTENbHYIO SHEPTHIO, H ee aTMOC-
(epa «pasmyBaeTcsiy. Kak HMEHHO MPOUCXOAUT Pa3orpeB HeAp, OCTaeTCs
npeiMeToOM AMCKyCcCHH. HekoTopble W3 3THX MJaHET HACTOJbKO OJIH3KH
K CBOHM 3B€3/laM, UTO WX aTMoc(epbl HAUMHAIOT AKTHUBHO HCMAPSITHCS HJN
neperexkaTb Ha 3BE3[Y.

Bropo# noarpymnmno# ra3oBbX THTAHTOB MOXKHO CUHTATh HauboJjee
MacCHBHbIe MJaHeThl ¢ MaccamMu okoJso 10 macc IOmurtepa. B ux Hempax
CTAHOBHUTCS OYEeHb BAXKHBIM TaK Ha3blBAEMOE€ BblpoJicOeHie BelleCTBa.
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HMHurepecHbM HabJMI0Ja€MBIM MPOSIBJAEHHEM 3TOTO SIB/ISIETCS YMEHbIIEHHE
pamuyca IJaHeThl ¢ POCTOM ee MacChl.

JlensiHble TUTaHTBI THNa HenrtyHa ABJASIOTCS OJHHUM H3 CaMbIX
pacrnpocTpaHeHHbIX THUMOB MJaHeT. [IpuueM OoHM MOTYT BCTpedyaThbCsi
He TOJbKO BIAJH OT CBOMX 3Be3M, KaK UX MPOTOTHNH B COJMHEUYHOH
cucTeme, HO W BOJMH3H 3Be3M (ropstude HENTYHLI) — 3aBEIOMO BHYTPH
CHETOBOH JIMHUU. DTO 03HAYaeT, YTO TJIAHEThl CYIIECTBEHHO MHUTPHPOBAJIN
B MPOTOIJIAHETHOM JHUCKE OT MECT CBOEro pPOKAEeHHS K COBPEMEHHOMY
MOJIOXKEHHIO (3TO OTHOCHTCH M K TOPSYHUM IomUTepam). ¥ JeIdHbIX THraH-
TOB Macca BHelLIHeH BOAOPOAHO-TeNneBOH 000JOUYKH COCTAaBJ/SIET MeHee
MOJMIOBUHBI MacChl MaHeThl. Tsikesbie aneMeHTol — Mg-Si-Fe — rakxe
He BHOCSIT OCHOBHOT'O BKJaja B MOJHYI0 Maccy. [JoOMHHHPYIOT yTaepof,
KHCJIOPOI U a30T, oOpasyioline (uaiie BCEro B COEIUHEHHH C BOLOPOIOM)
«KHUIKWH Jief» MPH BHICOKOM JTABJAEHHUH.

Cropnipusom craJjio o6HapyKeHHe CBepX3eMesb — BO3MOXKHO,
€aMoro pacrpoCTpPaHEHHOTO THIA TJIaHeT B ['ajlakTHKe, KOTOpBIE TIPH 3TOM
oTcyTcTBYIOT B CoJiHeUHOH cucTteme. [leTaqbHbIll aHAMN3 MTOKA3bIBAET, UTO
6oJiee TOJOBUHBI 3Be3] CMEKTpadbHbIX KjaaccoB oT F po K umeror xota
6Bl OJHY TIIAHETY C MAacCOH MPUMEPHO OT MOJYTOpa A0 AEeCsTKA 3eMHBIX
Ha opOHTe C MEPHOAOM OT HECKOJbKHUX NHEH 10 HECKOJbKHX MECSIIEB.

CBepx3emMnu ABNSAKTCA CaMbiM pa3HOOOpa3HbIM
N MHOTOYMC/IEHHBIM KJ1IaCCOM 3K30rMJ1aHET.

Bo3Mo0xkKHO, 4TO COCTAB M CTPYKTypa MJaHET C MaccaMH
OT HEeCKOJNbKHX Macc 3emau 1o mMacchl HenryHa moryt ObiTb BecbMa
pasubiMu. [lo Bcell BUIMMOCTH, CO BpeMeHEM MOXHO OyIeT HaJexHO
BBIIEJAUTh HECKOJNbKO OCHOBHBIX moarpynm. [lepsag — 3To co6cTBeH-
HO CBEPX3€MJIH, Y KOTOPBIX JOMHHHPYeT TBepaoe sapo (kak y 3emin).
Bropass — 3TO MHHH-HENTYHBI, B COCTaBe KOTOPBIX MHOTO GoJsiee JerKHX
3JIeMEHTOB (JIbJOB) M HEPEJKH MOIIHbIE Ta30Bble 000JMOUKH, KOTOPbIE XOTS
¥ COCTABJISIIOT JIUIIb HECKOJbKO MPOIEHTOB OT MOJMHOH MacChl, HO 3aTO
BHOCSAT CYLIECTBEHHbIH BKJ/al B BUIUMBIE pasmep. BodMoxHO, B TpeTblo,
OT/AEJ/bHYIO, TOArPYNNY MONAAyT TaK Ha3blBAeMble MAAHENbl-0KeaHbl,
B COCTaBe KOTOPbIX, KaK MOJAaralT, MHOTO BOAbl B pa3Hoil ¢opMe, HO HET
TOJICTOH aTMocgepnl (Takoi Kak y MHHH-HENTYHOB). B cpeanem cpemn
3TUX TPeX MOATPYMI MHUHU-HENTYHBI JOMKHBl ObITh CAMBIMH TSIXKEJIbIMH,
a TBep/ble CBEPX3EMJH — CaMbIMH JerKuMHu. OHAKO €CTh W HHTepec-
Hble HCKJIOUEHHs], KOTOPbIE TMJA0X0 BIHUCHIBAIOTCS B OOIIYI0 KAPTHHY. DTO
He CJIMIIKOM YIMBHTEJ/]bHO, €C/IH YYHTbIBATbh MOTEHLHANbHOE pa3HooOpasue
napamMeTpoB NPOTO3BE3AHBIX TYMAHHOCTEH M BO3MOXKHble 0COOEHHOCTH
00pa3oBaHus MAaHET B KAKHX-TO OTHEJNbHBIX Cayydasx.

Pas/iuune Macc W cocraBa MJaHeT NPUBOIUT K PasdHOH cpej-
Hel TAOTHOCTH. MHTepecHO, UTO HAUMEeHbIasl MAOTHOCTh HaOJM0IaeTCs
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He Yy caMbIX GOJbIINX Ia30BbIX THraHTOB. UT0Obl HaGPaTh TOJACTYIO raso-
By 000/10UKY, HEOOXOIMMO MACCHBHOE SIIPO, KOTOPOE COCTOHT H3 3Je-
MEHTOB TsKeJee reqaus. [1o 3ToH MpHUKMHE He CYIIECTBYET HEJHKOM
BOJOPOJHO-T€/JIMEeBbIX TJaHEeT U, HA000POT, OUEHb MACCHBHBIX IJaHET
6e3 BOMOPOAHO-TEMHEBBIX 000/J0UEK, KPOME TeX CjaydaeB, Korga 6Ju30CTh
K 3Be3Jle TPUBeJa K UCMAapPEHHI0 WM CTEKAHUI0 BHENIHHUX cjoeB. [losaTomy
CaMyio HM3KYIO TJIOTHOCTb UMEIOT HEKOTOPhIE «HEJIOTHIaHThI», Y KOTOPBIX
He ycmeno c(hOpPMHPOBATHCS AOCTATOYHO MacCHBHOE PO (MpUMepPHO
10 macc 3em/H), OlHAKO OHH T€M He MeHee CMOIJIH HAKOMHTb MyTeM
AKKpEIHUU JIOCTATOYHO TOJCTYI0 arMocdepy.

Ona dopmumpoBaHMa MacCUBHOI NAaHEeTbl NyTeM
aKKpeuwnmn raza Heo6xoaMmo TaXenoe A[po.

Heo6xoauMocTb MacCHBHOIO siapa /s GOPMHPOBAHHS Ta30BOTO
rMraHta o0'bsSICHSIET W 3aBUCUMOCTb YaCTOTHI BCTPEYAEMOCTH 3THX MJAHET
OT TaK Ha3blBAEMOH Memariu4Hocmu 3Be3[bl, T. €. OT 10JH 3/J1eMEeHTOB
Ts2KeJsiee reqius B ee coctase. [IpH HM3KOH MeTaJIMUHOCTH B MPOTOIJIA-
HETHOM JINCKe HeJOCTATOYHO MaTepuaJga [J/si CO3AaHHs MACCHBHBIX SIEp.
A BOT yacToTa BCTpeuaeMOCTH 0oJjiee JerkHX KaMEHHBIX IJIaHeT ¢ Maccoi
Nopsiika 3eMHOH He JEeMOHCTPUPYET CHJIbHOH 3aBUCHMOCTH OT 3BE3IHOH
MeTaNJIHYHOCTH.

CylIecTBeHHO, UTO CTPYKTypa IJaHET-TUTaHTOB 3HAUMTEJbHO
MeHsieTcsl co BpeMeHeM. [Ipoucxoaur cxkaTve U ocefaHue 6oJjiee TsAKeJbIX
3/71eMeHTOB O/HKe K LHeHTpy. Hanpumep, requil u3 BHEIIHUX CJI0EB MOXKET
BblIaJaTb BO BHyTpeHHHe. B pesy/ibTate Takoro mpouecca, K npHMepy,
BHewlHKe caou [OnuTepa obenHeHnl reqaueM. [lepepacnpene/senue BelecTsa
MPUBOAKT K 3HAUHTENbHOMY SHEPrOBbIIE/IEHHIO (2 BOT PAJHOAKTHBHbBINA
pacnaj /s NJaHeT-THTaHTOB He BHOCHUT 0OJbLIOIO BKJaAa B SHEPrOBbI-
nesenune). TTo3TOMY MOJIOIbIE THTAHTHl MOTYT ObITh GOJbIE H TOpsUee,
yeMm 6oJjee mpoaBoonnoHHpoBaBiine. C HAOMOAATENbHONH TOUKH 3PEHUS
3TO MPUBOJUT K TOMY, UTO [/ OOJbIINX MJAHET C BO3PACTAMH HECKOJBKO
JeCATKOB MHJIIMOHOB JIeT W MEeHee MOXKHO I0J1y4aTh IpsiMble H300paKeHHs
B MK-nnanasone, Tak Kak, ¢ OfHOH CTOPOHbBI, CaMH IJIAHETHl SIBJSIOTCS
JOCTATOUHO SIPKUMH o0beKTaMu, a ¢ apyrod — B MK-uactu crnektpa cset
3BE3/bl y2Ke He Tak MellaeT HabJ/I0JeHHUSIM.

,D,ﬂﬂ NOCTpOEeHNA AeTalibHbIX MOAGHGI?I Henp noka
He XBaTaeT 3KCnepmmeHTalbHbIX AaHHbIX.

HPEHCTHBJIEHI/IG O Heapax IJIaHeT BO MHOIOM OCHOBaHO Ha pacye-
TaX, TaK KakK ﬂaéopaToprIe SKCIIEPUMEHTBI HE MO3BOJAIOT BOCIIPOHU3BECTH
Jaxe yCJ/JA0BHUA B 3€MHBIX HeApaX, HE TOBOPsA y2Ke O HEHTpPaJbHbIX YaCTAX
nJjaHeT-rurantoB. OaHaKo maxke CyliecCTBYyoIIHe JaHHbI€ MO3BOJAIOT CAe/1aTh
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HHTepeCcHble MpeacKadanus. Hanpumep, 6o/ee MacCHBHbIE aHAJOTH 3eMJIH
JO/KHBL MIMETb TBEPLOE JKeJNe3HOe SO, UTO MPUBOIUT K OTCYTCTBUIO MOLI-
HOrO MAarHUTHOTO MoJisl. [1pu 3TOM MarHUTHOE MOJIe CUMTAETCS CYIIECTBEHHBIM
(hakTOpOM JJIs1 PA3BUTHS CJAOKHBIX (POPM KH3HH, MOCKOJBKY OHO 3allIUIIAeT
TMJIAHETY OT 3BE3[HOTO BETPa U MPENOTBpALAeT MOTEPIO Ta30B U3 aTMOCHEPDL.
[TosToMy Kese3HO-KaMeHHbIe, HO TIPU 3TOM CJHIIKOM MaCCHBHBIE IMJIAHETHI
(0coGeHHO BOKPYT KPACHBIX KapJHKOB) He CJelyeT paccMaTpHBATb KaK
XOpOIlIHe KaHAUAATH B MOTEHLIHAMbHO OOUTaeMble IJIaHeTHI.

3.3
dopmumpoBaHmMe n MUrpaumns
nnaHeTr

B KH3HM NJaHETHOH CHCTEMbI MOXKHO BBIIEJNHTH HECKOJbKO
5TAMoOB, OCHOBHbIE W3 KOTOPBIX CBSI3aHbI C MMEPHOIOM ee (POPMHUPOBAHHS
¥ crTaHoBJeHHs. [TepBylo CTaauio MOXKHO Ha3BaTh MPOTO3BE3AHOH, B 3TO
BpeMsi IPOUCXOJUT CXKATHE CPABHHUTEJNbHO IJIOTHOIO XOJOAHOIO CIyCTKa
Me2K3BEe3JHOH Cpejibl, U3 €r0 OCHOBHOH Macchl c(hopMUpYyeTCs 3BE3/a
(n1n HeckoJbKO 3Be3s). OIHAKO HW3-3a BpALEHUS M HAJMYH MATHUTHOIO
noJisi B cpefe Takxke (GOPMHUPYeTCs MUCK BOKPYT 3Be3Ibl (€C/IH peub HIeT
0 IBOHHOH cHCTeMe, TO THUCKH MOryT 06pa30BaThCsl U BOKPYT Kaxao#H
M3 3Be3J, U BOKPYr Bcell cucrembl). [TocTeneHHO B QHMCKE, COCTOSIIEM
W3 rasa W MblIHM, HaunHaeTcs: (popMHUpOBaHHe Bce GoJjiee KPYNHBIX 0G'bEKTOB,
4YTO MO2KET B HUTOr'e NpUBECTH K BOSHHKHOBEHHIO IJIAHETHOH CHUCTEMBI.
Hasinuue 1mogo6HOro 3Tana crajo MepBbiM LIANOM B MOJEJNAX 00pa3oBaHHsl
mianer eie co Bpemen Kanra (Immanuel Kant) u Jlansaca (Pierre-Simon
de Laplace).

NMmmanyun KanT n MNMbep-CumoH Jlannac — aBTOpbI
nepBbIX PeanncTNYHbIX Mogenen obpasoBaHus
ConHe4vyHoOM cUCTEMDI.

HauasnbHast Macca U coCcTaB BellleCTBA B MPOTO3BE3HONH TyMaH-
HOCTH 3a/1al0T MHOTHE CBOHCTBa Oyaylieil miaHeTHOH cucteMbl. [locKo/bKy
cojlepKaHue 3/7eMEeHTOB B CPeJHEM OJMHAKOBO U JOMHHHDPYIOT BOAOPOJL
1 requi (okoso 98% mo Macce), TO MacCHBHBbIE MJAHETHl MOTYT OBITh
TOJIbKO I'a30BbIMU. BO-TIepBHIX, TOMBKO 3THX 3/JE€MEHTOB JOCTATOYHO MHOTO,
a BO-BTOPBIX, JlaKe B Cjydyae BO3SHUKHOBEHHSI TBEPAOTO MPOTOMJIAHETHOTO
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Aapa u3 6oJiee TsKeJbIX 3JEeMEHTOB OHO cpagy 2Ke aKKpeuupyeT MHOro
rasa, 1 B OKOHYaTe€/JbHOM COCTaBe IJIaHETbl BCE€ PAaBHO 6y,U,y'T JOMHHHPOBATH
JIETKHEe JIeTyuHe BelleCcTBa.

MapameTpbl NnaHET B NePBYIO ovepenb onpenenstoTca
CBOMCTBaMM NPOTO3BE3AHOM TYMAHHOCTW.

TBepable maaHETH MOTYT OBITH B OCHOBHOM JKeJ/ie3HO-KaMeH-
HBIMH, TaK KakK B TMPOJAYKTaX 3BE3JIHOI'0 HYKJIEOCHHTE3a M3 BCEX TSKEJbIX
3/eMEHTOB, COCOOHBIX 00pa30BbLIBATH TBepAble TeJa, mpeobJaaganT
JKeJjie30, KpeMHHH U MarHui. TakxKe B MPOTO3BE3AHOM OOJaKe MOCTAaTOU-
HO MHOT'O yrJjepoja M Kucjaopoaa. BmecTe ¢ BogopoaoM OHHM 06pasyioT
coenuHenus (BOAy, MeTaH, yIJEKHCJALIH ras), CIOCOOHLIE B peaJbHbIX
YCJOBHSIX MPOTOIJAHETHOTO AHCKA CTAHOBHUThCS JbaoM. [losTomy Brasu
OT 3Be3/Ibl, KpOMe KeJe3HO-KaMeHHbIX, MOTYT BO3HUKATh U JeJsiHble
TBepJible TeJa.

HepBOHaLIaJIbHO POCT NbIJIMHOK B AUCKE MPOUCXOAHUT 3a CUET
CJIMTMAHUS, 9TOT TPOIECC AOBOJIbHO OBICTPO MPUBOAUT K 06pPa30BAHHUIO TeJ
MHJIUMETpoBOro pa3Mmepa. OqHAKO fasee BO3HUKAIOT MPOOJIEMBI.

JlBurasich B ra30BOM JMCKe, TeJa pa3MepaMH OT CAHTUMETPOB
JI0 METPOB OU€Hb GHICTPO TEPSIIOT PHEPTHI0 M BHIIAAAIOT Ha 3Be3Ny. DTO
MPOUCXOAUT GYKBAJIbHO 38 COTHHM HJIM THICSUH JIET — CJHUIIKOM OBICTPO,
4TOOGBl OHU MOTJIM CTAaTh KPYMHBIMH. KpoMme TOTO, MPU CTOJIKHOBEHHH TaKHX
TeJ OHH He CJAMMNAITCS, a pazpyluaircs, npo6stcs. [Ipu aToMm ux rpa-
BUTAIUS ellle CAUIIKOM cjaba, uToObl He JaTh Pa3JdeTeTbCs OCKOJKaM
cronxkHoBeHus1. [ToaToMy y Hac celiyac HeT YeTKOTO MOHMMAHHS, KaK M3 TeJ
MHUJJIUIMETPOBOTO pa3dMepa (OPMHPYIOTCS TJaHETE3UMaJdu C pa3aMepaMu
B JIECATKU KHJIOMETPOB U GoJiee.

3a cueT cnmnaHma NbIMHOK (hopMuUpytoTCs Tena
MWNIMMETPOBbIX pa3MepPOoB.

CyliecTByeT HECKOJIbKO KOHKYPHPYIOIIUX THIIOTE3 O TOM, Kak
(hopMHpYIOTCS TOCTATOYHO KPYIHBIE TaHeTe3uMmansu. Hampumep, moryr
BO3HHMKATb TAKHe a3pOJMHAMHUYECKHE YCJOBHsl, 4TO 00pa3yeTcst «ra3oBbli
MELIOK», 3aMo/JHEeHHbIH KaMHAMH. OHH MOI'YT CKOJIJIANICHPOBaTh, chop-
MHPOBAB TBEPJOE TEJ0, KOTOPOE MPOJIOMKHT aKKPELUHPOBATh «IEGEHKY>
(pebbles), yBeanuuBasi cBow Maccy (3TO He eJMHCTBEHHbIH ClieHAapHH,
CYLIECTBYIOT U APYyTHE).

B nporomsianeTHOM AMCKe TMPOTEKaeT ABa mporecca. Bo-nepsbix,
nJaHeTe3MuMaJ/Id B3aUMOAEHCTBYIOT APYT C APYroM, craskuBaioTcs. [Ipu
5TOM MOXKHO TOBOPHTb O TOM, YTO KPYIHBIE IOTJIOUAIT MEJKHX — 3TOT
[ePHOJ HA3bIBAIOT CTaJMeld OJMUrapxXHueckoro pocra. Bo-BTOPBIX, MOIYT
CJIOKUTBCS YCJAOBHS, NPU KOTOPBIX KPYMHbIH 006'beKT HAaYHET aKTHBHO
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AKKPELHpPOBaTh «IIeOGEHKY» — TeJ/a CAHTHMETPOBLIX pa3MepoB. DTO BaXKHO
I/l TIOSIBJICHHs] MACCHUBHBIX I'a30BbIX IJIAHET.

[leso B TOM, UTO JIeTKHE TBepAble MJaHETBbl 3eMHOH T'PYIIIbI
MOryT (hOpMHPOBATHCS OTHOCHTEJNBHO J0OJT0, N1ECSITKH MHJJIHOHOB JeT,
3a cueTr B3aMMOJEHCTBUs MuaHeTe3nManel (Hanpumep, Mepkypuii u Mapc,
BO3MO2KHO, SIBJASIOTCS UMEHHO TAKHMH <IOCJAEIHHMH W3 MJaHeTe3HuMa-
Jield» — CaMbIMH KDYIHBIMH K3 BBDKHBILIHX), OJHAKO /IS POCTA THFAHTOB
ecTb 6oJiee KECTKHH mpened.

[na nosBneHna nnaHeTbl-rMraHTa HEO6XoAMMO co30aTb
MacCCUnBHOeE AP0, NOKa eLle B AMNCKe COXpaHWCcS ras.

['asoBas cocraBs/isiolias NpOTONNAHETHOTO IHCKA OTHOCHTENbHO
GBICTPO PACCEHBAETCS H3-3a M3JyueHHs 3Be3/Ibl (2 B HEKOTOPHIX CJayuasix
M M3-3a U3JAyueHHs OJU3KHX 3Be3n). Hal/ofeHust MOKasbiBaIOT, UTO IHCKH
B cpeaHeM »XuUBYT MeHee 10 MjH jeT. COOTBETCTBEHHO, [J/si aKTHBHOIO
pocTa Macchl MAAHETHI-THFAHTA €CThb JHIIb HECKONBKO MHJJIHOHOB JeT.
Jl1s Havasa Takoro pocTa HE0OXOAHMO NOCTATOYHO GBICTPO CPOPMHPOBATH
TsKe/10e SAPo ¢ Maccoi okoso 20 3eMHBIX. DTO fBJAgeTCd NpobaeMoh
J/151 TEOPETHYECKUX CLEHApHEeB, U MOJHOH SCHOCTH 3[eChb HeT.

Taxxke cyuecTByeT npo6/emMa 00bsICHEHHS CYLIECTBOBAHHUS IlJa-
HET-TMIaHTOB Ha PACCTOSIHUAX 6oJiee HECKOMbKHX aCTPOHOMHUYECKHX €IHHHIL
or 3Be3abl (Hampumep, B u3BecTHOH cucreMe HR 8799, rie nosyuenbl
mpsiMble H300paXKEHUsT UeThpeX THTAHTCKUX MaHeT). PaccmaTpuBaeTcs
BO3MOXKHOCTb I'PaBHTAllHOHHOH HEYCTOHUYHBOCTH B MPOTOMJIAHETHOM JHCKE,
B pesdyJbTaTe KOTOPOH cpady MOIYT BO3HHKATb AOCTAaTOYHO MaCCHBHbIE
00'beKTbl (B YaCTHOCTH, H3BECTHO, UTO TaK MOTYT (pOPMHPOBATHCS MaJO-
MACCHBHbIE 3Be3/bl U Gypble KapJHKH). DTOT MPOLECC TOIKEH JOMHHHPO-
BaTh UMEHHO Ha 0OJBLIMX PACCTOSIHUSAX OT 3Be3[ B HaubGoJee MaCCHBHBIX
NPOTOMNNAHETHBIX THCKAX.

[a30BbLIN NPOTOMN/IAHETHbLIN JUCK paccenBaeTcs
3a 10 MJIH neT.

M3-3a Ha/Muusl B LEHTpe AMCKA MCTOUHHKA SHEPIHMH — 3BE3/bl —
TeMmIepaTypa B HEM MajaeT Mo Mepe yaajeHHus oT ueHTpa. Ha BHyTpeHHei
rpaHuIle AMCKa Ja)e CHJAUKATHbIE W YTJEPOAHBbIE MbUIHHKH MOT'YT ObITh
MCIMApeHbl, & BO BHEIIHUX YaCTSIX IUCKA BO3MOXKHO CYIIECTBOBAHHUE JIEASHbIX
vactull. [l pasHbX JbA0B (Boma, yrapHbid ras, aMMHaK d T. 1.) CHErosas
qunust (em. pasgen 3.2 «OCHOBHbBIE THIbI 9K30MJAHET») MPOXOAUT HAa pas-
HOM pacCTOSIHMH, MOJIOXKEHHE 3TOH I'DAaHHUIIbl TaKKe 3aBHUCHT OT CBOHCTB
3Beabl. [l mapaMeTpoB HOBOpOxaeHHOro CoJIHIIA CHEroBbie JHHHH (115
PA3HBIX THIOB JIbIOB) COOTBETCTBYIOT PACCTOSIHUIO OKOJ0 3-5 a. e. [po-
necc GOpPMUPOBAHHUS MJAHET 32 CHEI'OBOH JIMHHEH HECKOJBKO OT/IHYAETCS
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OT pOCTa Macc TeJ BO BHYTPEHHHX 4YacCTSX AMCKA. B yacTHOCTH, TaMm
He Tak ocTpa npobsaeMa «CaHTUMETPOBOTO Oapbepay, TaK Kak JelsHble
TeJja MOTYT CJAUNATbCSl MPH COYAAPEHHUSX, 00pasys phIXJable CTPYKTYpPHI
Jaxke MPH TaKUX HeGOJbIINX pa3Mepax.

[To mepe hopMHpOBaHHUS TIAaHETHl B3AUMOJEHCTBYIOT C JTHUCKOM.
XapakTep 3TOro B3aUMOJEHCTBUS 3aBUCHT OT MAcCChl MJIAHETHl H TIOBEPX-
HOCTHOH (IIPOMHTEr pUPOBAHHON MO BBICOTE) IMUIOTHOCTH B AHCKe. BakHed-
UMM [POLIEeCCOM SBJASETCS MHUTpPalUsl MJaHeT, MO3BOJsIIAsS 00bICHUTD
Kak psj netanedl crpoeruss CoJHEUHOH CHCTEMbl, TaK M CYyIeCTBOBAaHUE
TaKUX IJIAHET, KaK TOpsiude I0MUTEePhl U ropsurde HeNTYHBI, pacloJarai-
HIUXCST OYeHb OJM3KO OT CBOMX 3Be3J, B MecTax, I'/le OHH HHKAaK He MOTJIH
c(opMHUpOBATHCS.

3a cHeroBow NMHUEN BO3MOXHO (hopMmnpoBaHume
nepsiHbIX Ten.

Murpauusi MpoUCXOJUT H3-3a 0OMeHa 3Heprueldl U MOMEHTOM
UMIyabca (OpOUTANbHBIM MOMEHTOM) MEXIY MJAAHETOH W IUCKOM. B npuH-
1yrne, B pe3y/abTaTe TaKOro B3aHMOJEHCTBHS TJIaHETa MOXKET KaK MpuOJIu-
KATbCS K 3Be3/e, TaK U YAaAThCsl (CHTyalUs] TAKKE MOKET OCJI0KHHTHCS
M3-3a MPUCYTCTBUSI BTOPOH GJH3KOH MacCHBHOU muaHeTbl). Ho oGbruHO
MHTpalys B ra30BOM JHMCKe Hampap/jeHa K 3Be3ie. BbiiessioT a1Ba OCHOB-
HBIX THIA MHTpPAlMU. B mepBoM cjyuae miaHeTa HEJIOCTATOUHO MACCHBHA,
4yTOObl CHJIBHO M3MEHHTDb paclipejie/ieHHe BelllecTBa B AHcKe. BoanelcTByst
Ha ra3, oHa (opMHpyeT chHpaJjbHble CTPYKTYPbl BHYTPH M CHapy>KH CBOEH
OpOMTBI, a TaKXKe MEeHsIeT pacllpefeseHHe rasa npsiMo Ha cBoel opOuTe
(bopmupyeTcst Tak HasbiBaeMasi MOJAKOBOOOpasHasi CTPyKTypa). B urore, kak
NpaBUJoO, TJIAHETA MEJJIEHHO ABHXKETCS BHYTPb, K 3Be3fe. TeMn MHUrpaluu
IPH 3TOM peXKHUMe 3aBHUCHT OT MAcChl MJaHeThl. [l Macchl mopsiika 3eMHOM
CKOpPOCTb JIOCTaTOYHO MaJsa. A BOT MJaHETbl B HECKOJbKO pas Tskejee
MOTI'YT MHTPHPOBAThb MOJ NeHCTBHEM AAHHOIO MeXaHH3Ma OuYeHb ObICTPO
U JJa)Ke BHINAgaTh Ha 3BE3MY.

N3-3a B3anmopgemcTema ¢ NpPOTON/IaHETHbIM ANCKOM
nNaHeTbl MEHSAIOT CBOE NMOJIOXXEHME.

WMHuTepecHo, 4To cBoell rpaBUTalMell JOCTATOYHO MaCCHBHAs MJa-
HeTa «pacTajJKHBaeT» Ta3 Ha cBoeH opbute, (GOPMUPYST B UTOre 3aMETHYIO
eJab B AHCKe. DTO MPOUCXOIUT CJIEAYIOMIHM 00pa3oM: YaCTHIBI Ha GoJiee
HU3KOH (ueM IUIaHeTa) OKOJIO3BE3IHOH OpOUTe UMEIOT GOMbIIYI0 (UeM IIaHeTa)
CKOpOCTb M TIPH B3aHMOAEHCTBHH C IJIAHETOH OTHAIOT € YacTb HEPTHH
M TOPMO3SITCS, ONyCKasiCh Ha elle GoJiee HU3KYI0 OKOJNO3BE3IHYI0 OPOHUTY
M TeM caMbIM ellle GoJiblie yaajssch oT miaHeThl. C yacTHIaMH Ha Gojee
BHICOKHX OKOJIO3BE3AHBIX OPOHMTAX MPOMCXOJAMT aHAJOTHUHBIA Mpolece,
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HO IlJIaHeTa, KoTopas ABUraercsi ObicTpee, Tellepb pasroHsieT 4acTHLY
(mepenaet el sHepru), B pesy/bTaTe Uero 4acTHIA MEPEXOTUT Ha GoJee
BBICOKYI0O OPOUTY M TOXKe yhajsieTcs oT miaaHeTbl. TakuMm o6GpasoM mJja-
HeTa mbITaeTcsi cPOPMHUPOBATH BOKPYT cebsl MycToe MPOCTPAHCTBO, XOTS
MPUTEKAIOIIHHA CBEPXY H CHH3Y (IO TOJIIMHE IHCKA) ra3 Memaer A0GHThCs
3TOro B MOJIHOH Mepe.

[Io mMepe pocra Macchl IJIaHETH! LIe/Ib CTAHOBUTCS BCE LIMpE, MOKa
HAKOHell ee MIMPHHA He JOCTUraeT TOMMIMHBI IuckKa. O6GBLIYHO 3TO NMpOHC-
XOIUT MPU Macce MJAHEThl MOpPsIKa HECKOJIbKHUX HeNTyHHaHCKuX. Temnepb
BELIECTBO HE MOXKET MPUTEKATb CBEPXY M CHHM3Y, U Ha OpOUTE MJaHeThl
B AHCKe o6pasyeTcs BHAHMAS Iiedb. Takue o6pa3oBaHHsl AEHCTBHTEIBbHO
HaGJ/II0IAI0TCS B POTOMJIAHETHBIX THCKAX (OHH HEJABHO GblIH OGHAPYKEHDI
npu HaGJIOIEHUH C TTOMOIIbIO cHCcTeMbl TeseckonoB ALMA, Atacama Large
Millimeter/submillimeter Array, ATakamckasi MH/IIMMETPOBas/CyOMUIIN-
MeTpoBasi aHTeHHas pemiertka, cM. pasgena 13.4 «Paanoreseckomnbi»). 1o
NPUBOAUT K COBEPIIEHHO HOBOMY, BTOPOMY, PEXKHUMY MHTpAlIMH.

Mwrpaumnsa nnaHeT Heobxognma gnsa o6bLACHEHUSA
CyLLECTBOBAHMA ropsvmnx onmMTepos.

Murpauusi BTOporo THia, KoTopasi HauMHaeTcsl MocJ/e BO3HHK-
HOBEHHS LIEJMH B JUCKe Ha OpOUTE MNJAHETHl, IPOUCXOJUT MelJeHHee
M MpPaKTHYECKH He 3aBUCHUT OT MJAAHETHOH MacChl — BCE€ B OCHOBHOM
onpeneJ/sieTcsi CBOMCTBAMU AucKa. [IpH 5TOM MOXKeT MpOLOJ/KATBCS POCT
TMJIAHETHOH MAcCChl, MOCKOJMBKY OHA He MOJHOCTBIO OT/Je/eHa IIeablo OT IBYX
KpaeB JUCKa: MeXIy HUMH M NJIaHEeTOH NepeGpolleH «MOCT», 10 KOTOPOMY
NPOJOJIKAET TeUb BEIIeCTBO.

NMocne ncyuesHoBeHMs ra3oBOro Aucka naaHeTbl
n nnaHeTe3mmMmanm NnponosKarT B3aMMOAEeNCTBOBaTb

APYT C APYTOM.

CylLIecTBYIOT H IpYrue peKUMbl MHTpalui (PaBHO KaK W MOJIH-
(UKalMK yKe MepeuncaeHHbiX). DTa 06JaacTh elle HeIOCTATOUHO H3yUueHa
M C TOUKH 3PEHHS] TEOPHH, H C TOUKH 3peHHUs HaO/oaaTe/IbHbIX JaHHbIX. Kak
Obl TO HU ObLIO, B Pe3yJabTaTe MUTPALUH B MJIAHETHOM JMCKE HA MOMEHT €ro
paccestus (1. e. mpuMmepHo cnycts 10 MJIH JeT moc/e POHKIEHHs! 3BE3/IbI)
MOJIOKEHHS MJIAaHET MOTYT CYLIECTBEHHO OTJIMYATHCS OT MEPBOHAUYAJIbHBIX.
Kpowme Toro, sHauuTe/sbHasi MUTpAllMs CaMbIX MAaCCHBHBIX MJAaHET OJHKe
K 3Be3/le eCTeCTBEHHLIM 00pa3oM MPHUBOAUT K U3MEHEHHSIM OpPOUT BceX
6oJiee JIETKHUX TeJl, BCTPEUalolUXCsd UM Ha MyTH, NepeBois ux Ha GoJgee
HHM3KHe OPOMTHI /KM BbiOpachiBasi U3 BHYTPEHHUX yacTed cucTeMbl. AHa-
JIN3 apXUTEKTYPbl COTEH U3BECTHLIX MJIAHETHLIX CHCTEM MOKa3bIBAEeT, UTO
B cpelHeM OJMXKe K 3Be3[e BCE PABHO OKAa3bIBAIOTCS JIETKHE TJIAHETH, 1aXe
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€CJIM MPOUCXO/INJA CYILIECTBEHHAs] MUTPAIIHUS CAMBIX MACCHBHBIX M3 HHX.
[To-BUAMMOMY, 3TO CBSI3aHO U C OCOGEHHOCTSIMM MHUTpallMM, U C paclpe-
JleJieHHeM TJIaHeT Pa3HbIX MAcC MO MepBOHAYA/IbHBIM MOJOXKEHUSIM OpPOUT.

[Toc/sie paccesiHHs ra3oBOro AMCKa MJaHETHl U MJaHETe3HMaJ/H
MPOAO/KAIOT B3AUMOAEHCTBOBATh APYT C ApyroM. Ha sTo#l ctaauu, Kpome
CYIIECTBEHHOTO M3MEeHEeHHs OPOUT JIETKHUX TeJ 33 CUeT B3aUMOAEHCTBHUS
¢ HauboJjiee MAaCCHBHBIMH, TaKXKe MOXKET MPOUCXOAUTh W MUTpAlHs KpPyTi-
HBIX MJaHeT (Kak 3TO nMeJo mecto, HanpuMmep, B COJHEUHOH CHCTEME).
Takum o6pasoM, napamMeTpbl OPOUT MOTYT MEHSIThbCS ellle Ha MPOTSKEHUH
COTEeH MHJ/IJIMOHOB J€T, MOKa OCTAalTCA AOCTYIHbIE M/ BSaI/IMOILeI;'ICTBI/IFl
Jerkue teja (acTepoHbl, KOMETHbIE SIIPa, JIETKHE MJIAHETe3UMAaJH | T. 11.).
Ho B nesom nepuon ¢opMHpoBaHHs 3aBepllaeTcss BCKOpe IMOC/Ae HCYes3-
HOBEHHS JHCKa.

O6uwan cxema o6pa3oBaHuUsA MIAHETHbIX CUCTEM
TakoBa: c)XaTue rasonblieBoro obnaka, dopmupoBaHmne
3Be3[bl N ANCKa BOKPYr Hee, poCT U B3aMOLENCTBUE
nnaHeteammanen, popMmnpoBaHmMe NNaHeT B ANCKe

N X MUrpayms.

Kakoe-to Bpems B cucTeMe elle HabJ/1101aeTcsl TaK Ha3biBaeMbli
OCTATOYHBIH OUCK. OH MOMOJHSAETCS NbbI0 B pe3yabTaTe CTOJNKHOBEHHH
OCTalOUUXCsl HEeOOMbIIUX TeJ, B OCHOBHOM Ha GOJbUIMX PACCTOSHHUSX
ot 3Be3anl (uro B CoJHEUHOH cHCTeMe MPHUMEPHO COOTBETCTBYET GYay-
memy nosicy Ko#nmepa 1o 3moxu mosgaHed TsKea0H GoMOapaIHPOBKH).
Co BpeMeHeM MHTEHCHBHOCTb CTOJKHOBEHHH MafaeT, U OCTATOYHBIH JHCK
TaKxkKe pacceuBaeTcsl.

B nanpHefiniem opOUTHI MJIAHET MOT'YT MpeTepreBaTh H3MEHEHHS
3a cUeT B3aMMOAEHCTBHS APYT C APYTOM WJM C APYTHMH 3BE3LAMH, €CJH
cucrema KpaTHasi. BaxubiM sBJasietcs apdexr Jlunopa — Kosau, npuso-
JISKUH K KoJlebaTebHOMY H3MEHEHHIO 3KCIEHTPUCHTETOB M HAKJIOHEHHH
OpOUT TOJ BJHMSHHEM BHEIIHMX MAaCCHBHBIX TeJ B TOH e CHCTeMe.

AddekTbl JIngoa — Kozam n ApkoBCKOro nrparot
Ba)XHYIO POJib B 3BOIIOLUN OPONT Ha NPOTSHXKEHNI
CyLeCcTBOBaHMA NNAHETHON CNCTEMDbI.

Ha He6oJbiine Tesa BJAMSIHHE OKAa3blBA€T H3/JAyUeHHE 3BE3Jbl
nocpenctsoM a¢pdexra SApkosckoro. OH Obl1 npeackadan B 1900 r.
uHxKeHepoM MBaHoM SIpkoBckuM. D(P@PeKT COCTOUT B HEU3OTPOIHOM
HCIyCKAHUHU HU3/yYeHHs] HEPABHOMEDPHO HArpeThiM BPAIIAIONIHMCS TEJNOM.
OH siBJIsIeTCSl CYILIECTBEHHBIM /Il ACT€POHAOB H, HAKAMJIHUBAsCh, 32 BPeMs
CYILIECTBOBAHUS CHCTEMbI MOXET CYIIECTBEHHO MEHSTb UX OPOHTHI, KaK
NoBHILIAsH, TaK U MOHHXKAasl UX. AcTepoua Kak Obl nmpuobpetaeT caabblit
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«(OTOHHBII JBHUraTeNb», KOTOPbIH MOXET Pa3TOHSTH MJIH TOPMO3HUTH €ro
B 3aBHCHMOCTH OT HamlpaBJ/ieHHs COOCTBEHHOT'O BpalleHHs] OTHOCHTEJbHO
OpOUTANBHOIO JBUKEHHSI.

[lnaHeTsl, pacrnonoxeHHble 04eHb OJU3KO OT 3BE€3[bl, MOTYT
B3aMMOJEHCTBOBATh C HEH 3a cueT MPHUJAUBHBIX CHJ. Ecau opOUTaIbHBIH
MepHOJ MJIaHeThl Kopoue MepHoAa BpallleHHs] 3BE3[bl, NPU/IHNBHBIEC CHJIBI
TOPMO3SIT ABHKEHHE IJIAaHETHl 0 OpOUTE, NMPH 3TOM IJIAHETa MEePEXOAUT
Ha 6oJiee HH3KYI0 OPOHUTY M MOXKET CO BpeMeHeM YNacTb Ha 3Be3[y.
B ciydae ra3oBbIX MJIAHET MOTYT TaK»Ke NPOMCXOAUTb UCIAapeHHe BHELIHHX
000/I0U€K M aKKpellHsl BellecTBa MNJaHeThl Ha 3Be3Ny.

Op6uUTbl NNaHET N3MeEHAITCA Ha PUHANbHbIX CTaaUAX
aBonouunn 3Be3abl.

Hakownel, niaHeTsl MOTYT CHOBA Ha4yaTb MEHSITb CBOH OPOUTHL
Ha (PMHAJbHBIX CTANUAX CYLIECTBOBAHHS 3BE3JIbl, KOTJA OHA HAUMHAET ITpe-
TepIieBaTh CYIIECTBEHHbIE BOJIOLMOHHbBIE U3MEHEHHs], TIPeBPallasiCh B IUTaHT
¥ cOpacbiBasi BHEIIHHE CJAOH. DTO MPUBOIUT K YMEHBIIEHUIO 3BE3THON
Macchl. ['paBUTAlIMOHHOE MOJIe 3Be3/Ibl 0C/Ia0eBaeT, B pe3y/bTaTe IMJIaHeThl
U JIpyTHe TeJa MepexofsT Ha Gosee BBICOKHE OPOUTHI, a TPH 3HAUHTENbHOH
TOTepe MacChl 3Be30H CHCTEMAa MOXKET IOJHOCTBIO PA3pPYIIHThCS.

PagpylieHue miaHeTHOH CHCTeMbl HEHM36eXKHO MPHBOMUT K TOSIBJIE-
HHUIO TiaHeT-6ponsr (rogue planets). Kpome Toro, BeposiTHO, UTO MACCHBHbIE
MJaHeThl MOTYT (OPMHPOBATHCS IO 3BE3AHOMY MexaHu3My». Celuac
M3BECTHO HECKOJbKO MACCHBHBIX OJMHOUHBIX MJaHET (B OCHOBHOM OHH
oGHapy KeHbl PH MOUCKAX KOPHUHEBHIX KapJHKoB). Kpome Toro, naectHbl
[JIAHETHl B [ape ¢ KOpUUHEBBIMH Kap/inkamu (Hampumep, cucrema OGLE-
2016-BLG-1195Lb, o6HapyxeHHass ¢ MOMOIIbI0 MHKPOJHH3HPOBAHHS).
Hakownel, usBecTHa uHTepecHedmas cucrema 2MASS J1119-1137,
cocrosilliasi U3 IBYX MACCHBHBIX IJaHeT ¢ mMaccamu 3-5 macc HOmnurepa.
DTy napy yaasoch U3YUHTb MO MPSIMbIM H300PauKEHHUSIM, TOJIYUEHHBIM
¢ nomotibio Tegseckona obcepsatopun Keka (W. M. Keck Observatory)
(cum. pasnen 13.3 «CoBpeMeHHbIE ONTHYECKHE TENECKOMbl U MPOEKThI
GJIKafIero GymayIeros).
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3BE3/bl

U UX 3BOJIOLIUA

PacctosiHmna po 3se3pq,

YcTonumBoCTb 3B€3 1 UX CTPYKTypa
Ownarpamma lepuywnpyHra — Paccena. Lledbenpbl
[BOWHbIE N KpaTHble 3Be3Aabl. AKKpeLuusa
O6pa3zoBaHune 3Be34. Tpy HaceneHus

CmeHa TepmMosifiepHbIX peakumnia
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105
108
111
116
121
124
128
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3nech peyub NONAET 0 Tak Ha3biBaeMbIX HOPMaJsibHbIX 3BE3[axX —
o0ObekTax, B Hefipax KOTOpbIX UAET TEPMOSAEPHbIA CUHTE3. B pe-
3ynbTate 3TNX peakumnin Ierkme afeMeHTbl, Ha4MHasa ¢ 0ObIYHOI0
BOOOPOAa, NpeBpaLyatoTca B Tshkenble. [lna 3anycka cuHTe3a
HY>XHbl JOCTaTO4YHO BbICOKVE TeMmnepaTtypa 1 nnotHocTb. O6e Benu-
YMHbI PErYNPYIOTCA MacCoV 3Be3/bl, YTO 3aaeT HVXKHUIA npenen
Ha ee Maccy, KOTOPbI 3aBUCUT OT XMMMNYECKOro cocTaBa N 06bI4YHO
cocTtaBnsaeT npumepHo 0,08 maccbl ConHua. bonee nerkue o6bek-
Tbl OTHOCAT K OypbIM (KOPMYHEBBIM) Kapnvkam. CamMble MacCUBHbIe
3Be3abl, poxkgatowmecs cenvac B Hawem lNanaktmke, MeoT Macchbl
meHee 200 CoNHEeYHbIX.

3Be3qbl, BUANMbIE HaMW Ha HOYHOM Hebe, BXOOAT B COCTaB Hallew
FfanakTnku. TUNUYHbIE PAaCCTOAHUA MeXay 3Be30aMu B CONTHEYHOMN
OKPECTHOCTN N3MepsTcsa cBeToBbiMU rogamu. MHorme 3se3gbl
BXOOAT B COCTaB KpaTHbIX cucTemM. CaMbiM NPOCTbIM NPUMEPOM
ABNAIOTCA OBOMHbIE 3B€3bl, OOpaLaloLmmecsa BOKPYr O0LLEero LeH-
Tpa Macc, HO eCTb CBA3aHHble CUCTEMbI N3 TPEX, YETbIPEX N faXKe
wecTu 3Be3f.

OBonouMs 3Be3abl B NEPBYIO o4epeb CBA3aHa C XxapakTepom npo-
TeKaHUA TepmMosafepHbIX peakuuii B nx Hegpax. OH 3aBUCUT B OC-
HOBHOM OT Macchbl 3Be3bl. Ha BTOpOM MecTe CTOUT XMMNYECKUM
COCTaB, OT KOTOPOro TakXXe 3aBNCAT MHOIMe napamMmeTpbl, HO COCTaB
MOJI0AbIX 3BE3[, BapbMPYyeTCH B HE CANLWIKOM 60onbLINX Npeaenax:
npumepHo Ha 70-75% 3Be3abl COCTOAT 13 Bogopoaa U Ha 25-28%
N3 renuis, Ha nonto 6onee TAXENbIX 9NE€MEHTOB 006bIYHO NPUXOLOUT-
cAa meHee 2% macchbl.

MpoJomKNTEeNnbHOCTb XIN3HM 3Be3bl 3aBUCUT OT ee Macchbl. [N
CaMblIX TAXe/bIX 06bEKTOB 9TO BPEMS COCTaB/IAET OKOJIO MUIIMOHA
net. lnsa caMbIX IerkKux — MHoOrme gecatkm Munnnapnos. B koHue
CBOEI XN3HW 3B€3[bl B OCHOBHOM MPEBPALLalOTCH B KOMMNAKTHbIE
06beKTbl: 6eble Kapnnkm, HEMTPOHHbIE 3BE3Mbl NN YEPHblEe
Oblpbl. O6pazoBaHMe HEMTPOHHbIX 3Be3[, (M B HEKOTOPbIX Cy4Yasax
YepHbIX Ablp) COMPOBOXAAETCA BCMbILWKOA CBEPXHOBOA.



4.1
PaccTtossHna no 3se3pn,

[TpoGsema u3MepeHHsl pacCTOSIHMH 10 3Be3l Urpaja BaxKHYIO
poJib B UCTOPHUH aCTPOHOMHUHU. EC/IM HCXOAUTH M3 THIOTE3bl O TOM, UTO
3BE3[Bl — 3TO JaJjJeKHe COJHIA, TO MOXKHO Cpasy MOJYUYHTb HEMJIOXYIO
OLIEHKY: caMble OJIU3KHE HAXOISITCS MPUMEPHO B COTHH THICSAY pas Jasbliie
Halllero CBeTH/a, TaK KaK BHINIAAAT npumepHo B 10! pas cnabee!. Onna-
KO C KOHCEpPBATHBHOH TOUKH 3peHHs CHTYalusi o6paTHas: HeOGXOIHUMO
HU3MEPHTb PACCTOSIHUS [0 3Be3M, U €CJU OKaxXKeTCs, UTO PacCTOSIHHUS
[0 BHIMMbIX HEBOOPYKEHHBIM I'M1a30M HCTOYHHKOB MPUMEPHO B MHUJJIHOH
pas 6oJiblile aCTPOHOMHUECKOH €IHHHMIBI, TO 3TO OYAET MPSMbIM U HAIEXK-
HbIM apryMeHTOM B MO0JIb3Y TOTO, YTO 3TO COJHIIENOA0OHbIE 06 bEeKTH
u CosHue — 3Besja.

Bupumbie rnasom 3se3pabl npumepHo B 10''-10'3 pas
cnabee ConHua.

[Ipo6aemMa COCTOUT B TEXHUUYECKOH CA0KHOCTH M3MEPEHHs] pac-
CTOSIHMH 10 CTOJb JadeKnx o0beKToB. Ele COTHH JieT Hazaa acTPOHOMBI
MOHSIH, uTO BpamieHue 3emyan BoKpyr CoJHIIA JaeT BO3MOXKHOCTH OIpe-
JeJUTh PacCTOsIHUS 10 3Be3A. Ec/au Mbl BbhiOepeM KaKylo-HHUOyIb OJIH3KYIO
(HanpuMep, SIPKYI0) 3BE3Y U MPOBeAeM ee HalJwofeHus1 22 MapTa, a MmoToM
TIOBTOPUM HX 22 ceHTsI6ps, TO MOJYyUHM /iBa ceaHca HabJ/IofAeHNH U3 NPHUMEPHO
MPOTHBOMOJMOXKHBIX TOUYEK 3€MHOH OPOUTHI, OTCTOSIUX APYT OT Apyra MouyTH
Ha 300 miH KM. Buaumoe mosioxeHHe 3Be3/ibl CMECTHTCS OTHOCHTE/IBbHO Gojiee
Jajekux 3Be3 (KaKk CMelaeTcsl BHAUMOE MOJIOKEHHe OJMHU3KHX MPEAMETOB,
€CJIH Mbl CMOTPHM Ha HHX TO OJHHM, TO APYT'MM rsa3oM). Takoe cMmeleHue
Ha3bIBAIOT Mapa/iaKTHUECKHM, a CaMy BeJHUHHY yIyia — MapaglakcoM
(B M3MepeHHH PACCTOSIHHE OGBIYHO HCHOAb3YIOT MOJOBUHY YIJa CMEIEeHHS,
T. €. TOT yroJ, MojA KOTOPbIM €O 3Be3/bl Oblia Obl BUAHA GOJblIas M0JYOCh
3eMHOH OpOHUTHI, 3TO TaK Ha3blBaeMbIH TOIUUHBIH Mapanakc JaHHOH 3Be3-
1bl). M3MepeHue mapajiaKTHYeCKOro CMEIIEHHs! MO3BOJIUAO Gbl HE TOJbKO
U3MEPUTb PACCTOSHUS [0 3BE3[, HO M HAIpPSMYIO 0Ka3aTh BpallleHHe 3eMJH
Bokpyr CoJiHua. Ho HacKo/bKO BeJMKO 3TO cMelleHHe?

Ecau 3Be3abl noxoxu Ha CoJiHIE, TO MUHHMAJbHOE PACCTOSIHHE
JI0 HUX — HECKOJ/IbKO CBETOBBIX JeT, a 0XKHJaeMoe CMelleHHe COCTABUT

1 3aMeTHM, 4TO HEMOCPEeACTBEHHOE H3MEPEHHE Pa3HHUIIbI B 6anecke CoJHIA U 3Be31 —

KpaﬁHC HempocTasa 3ajava.
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BCEro JIMIIb OKOJ0 OfHOM yrioBoil cekynan (1"=1/3600 rpaayca). Takue
YIJIbl HEBO3MOXKHO ObIIO H3MEPHUTb HE TOJBKO 0 H300peTeHHsl TeJeCKOIa,
HO U ellle Ha MPOTsKeHUu ABYX croseTui. Jluib B 1830-e rr. cpasy Tpoe
YUEHBIX B Pa3HBIX CTPaHAX CYyMeJH 3TO CHeJAaTh.

CambI TOYHbI MeTo4 N3MEPEHNSA PACCTOAHUN
00 3Be34 — napannakTu4yeckunia.

Bpuranckuii actponom Tomac Xenmepcon (Thomas Henderson),
pa6oraBmni B HOxkHO# Adpuke, BoiOpan njsi HaGMOAEHUH caMylo, Kak
oKasaJsochb, 0/1M3Kyl0 U3 sipkuX 3Be3q — anabdy LlentaBpa. B 1833 r.
OH TpoBeJ HabJ/I0feHHs] U TOJAYUYH/ 3HAUeHHe MapaJs/gakca MmpuMepHO paB-
HbIM 1", a paccTosiHMe 10 3Be3/bl, COOTBETCTBEHHO, OKOJIO TPEX CBETOBBIX
Jget. OIHAKO caM OH IoJaraj, 4To ero U3MepeHHst HeAOCTATOYHO TOYHDI,
¥ ony6GJUKOBaJ CBOM pedyJ braThl Julllb B 1839 r. Bacuauit Ctpyse
(Friedrich Struve) na6umioga/i u3 Tapry ogHy M3 sipyailinX 3Be3[, BHUIH-
Mbix B EBporne, — Bery. B 1837 r. oH ony6/auKoBaJ/ nepBble pe3yabTaThl,
HO, KaK eMy M0KasaJoch, He AOCTHI JOCTATOYHOH TOYHOCTH H MO3TOMY
NPOJOJIKUJ HaOJIOAEHHS, IPeICTaBUB HOBble AaHHble B 1839 r. ®punpux
Beccenpb (Friedrich Bessel), padorasuuii B Kénurc6epre, He craji BHIOH-
paTh sIpKUil 06'beKT, a B3sia 3Be3ny 61 Jlebens, obaagaronlyo 60JAbIIHM
cOGCTBEHHBIM JBUKEHHeM, — W He nporagaji. B 1838 r. on omy6/ankoBasn
JOCTATOYHO TOUHBbIE Pe3YJbTAThl: MapaliaKc 0Ka3a/csi paBHBIM MPUMEPHO
0,3", T. e. 3Be31a HAXOAUTCS HA PACCTOSIHUU OKOJO 10 CBETOBBIX Je€T.

Mapcek B 206 265 pa3 60nbLUe aCTPOHOMMNYECKON
eaunHuMubl — pacctossHma ot 3emnum go ConHua — v paBeH
3,26 cBeToBOro roga.

Mamepenus napa/jiakCcoB — 3TO CaMblii PSIMOH M TOYHBIH C1I0COO
M3MepeHHs] PACCTOSIHUH 110 3Be3/1. ACTPOHOMBI IazKe MPUAYMAJH CIIEHHAIbHYIO
BEJMUYHHY — Mapcek. DTO PacCTOSIHUE [0 3BE3/Ibl, Yel IOMUUHBIA MapaJiake
paBeH OJHOH yI/10BOH cekyHie. OQMH nmapcek NnpuMepHO paseH 3,26 cBeTo-
Boro roja, uian 3,1x10!® cm. OnHako naxke camble GJIM3KHE 3BE3Ibl HMEIOT
napaJiakc MeHee 1", a ©3MepsiTh CTOJIb MaJjible yriibl ¢j0kHO. [lo 1990-x rr.
TaKUM CIOCOOOM PACCTOSIHHSI C XOpOUIeH TOYHOCTBIO H3MEPSIUCH JIHIIb
B TpelesaX COTHH MapceK, NpHueM [J/si JOBOJbHO HEOOJBbIIOr0 YhC/Ia
3Be3n. B 1989 r. 6bin 3amynieH acTpoMeTpudeckuii cnyTHHK Hipparcos
(High Precision Parallax Collecting Satellite, CnyTHHK /151 H3MepeHHsI
NapaJ/akcoB C BHICOKOH TOUHOCTbBIO, aKDOHHM CO3BYY€H C UMEHEeM JIpeBHe-
rpeueckoro actpoHoMa I'unmapxa Hukefickoro), paGota KOTOPOro mosBo-
JIMJIA 32 HECKOJBKO JIET C JOCTATOYHOH TOUHOCTBIO H3MEPHTh PACCTOSHHS
[0 JECSTKOB TBICSIY 3Be3[ B Ipenenax coTeH mapcek. Ceiiuac Ha opOuTe
paboraeT cryTHUK Gaia, KOTOPBIH MOMOXKET HAlEXKHO M3MEPSITh PACCTOSHHUS
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y2Ke JI0 COTeH MHJIHOHOB 3Be3l B npenenax 10000 napcek, 4To MO3BOJIUT
BIIEPBbIE CO3/IaTh TPeXMepHYI0 Kapty [anakTiku (TOuHee, ee MOJOBHHbI).

Jlo mosiBjieHHs] EPBLIX pe3yJabTaToB, moaydeHHbx Gaia, nJs
3Be3/] Ha pPacCTOSIHUSIX 6oJ/iee TBHICSIUM CBETOBBIX JIeT He OblJI0 BO3MOXHOCTH
HaJeXHBIX MacCOBbIX H3MepeHuH. [losTomy 6blin paspaboTaHbl Apyrue
MeTonbl. [lepBblif U3 HUX — METOJ I'PYNINOBLIX NapaJ/laKCoB.

OTOT MeTOoJ NMPUMEHUM A/ OJM3KHX PACCESHHBIX 3BE3AHbIX
CKOIJIEHHH, B nepBylo ouepenb ['man u [lnesn. Bce 3Be3nbl cxommeHus
IBHXKYTCS BMECTE, HO Mbl MO2KEM H3MEPHUTb UX MHIMBHUIAYaJbHblE CKOPOCTH:
BIOJIb Jy4ya 3peHuss — 1o saddekry Homnaepa, nepneHAUKY/ISIPHO JyUy
3peHusi — 1o ux cMmenleHnio Ha HeGe. [Tockonbky CosHlle IBHKETCS
OTHOCHTEJIbHO CKOIVIEHHH, TO H3-3a 3(P(eKTa MepCcleKTUBb HaM KaxKeTc,
4yTo Bce 3Be3ibl ['nan u Ilnesn jeTsaT B OfHY TOUKY — Tylda HalpaBJ/eHbl
BEKTOPBI UX CKOpOCTEH, U3MepsieMble ¢ 3eMJH. DTO MO3BOJSET ONpPeeNHTh
PaccTOsiHUSL 10 CKOIIEHHH, UTO 10 HeaBHEro BpeMeHH OblLI0 KpaiHe BaxHo,
MOCKOJIbKY B PacCesiHHBIX CKOMJEHHsX HabJ/I0fal0TCsl TaKhe IepeMeHHble
3Be3/Ibl, KaK Ledeunibl.

MeTop rpynnoBbix NapaniiakcoB NO3BONAET U3MEPSATb
paccTofHUa A0 61N3KMX pacCeAHHbIX CKOMIEHNA.

Llecdenapl — 3TO 3BE3[bI-TUTAHTHI, EPUOAHUECKH MEHSIOIIHE
cBoil Gueck. [lepuon nameHneHus: 6jiecka 3aBUCHT OT CBETHMOCTH 3BE3JIHI,
TaK YTO, HBMEPUB 3TOT MepPHoA (YTO LOCTATOUHO MPOCTO) U 3HASI BUAMMBIH
6/1ecK 3Be3/bl, MBI Cpa3dy MOJydaeM OlLeHKY yAajJeHHOCTH. Ho mikanay pac-
CTOSIHUH, ompenessieMblX Mo 1edensaM, Hy»KHO OTKaau6pOBaTh, H3MEPHUB
paccTosiHUs 10 HUX He3aBUCHUMBIM criocofoM. K coxalsieHuto, 10 HelaBHETO
BpEMEHH M3MEPUTh PACCTOSIHHUS 110 Lle(densl ¢ MOMOIIbIO MeToa TapaJsJiak-
ca He ynaBaJjoch. Jluib B XXI B. ¢ MOMOILIbI0O KOCMHYECKOTO TeJIecKomna
Hubble («Xa66s») yaasoch H3MepUTh Mapa/IaKChl HECKOJIbKUX JECSITKOB
uedens (Bkaouas ¥ caMm npororun — geqabra Lledes, 10 KoTopo# okasanoch
npumepHo 1000 CBETOBBIX J€T) C TOUHOCTHIO B HECKOJIBKO MPOIEHTOB.
Hesanoaro no storo Hipparcos namepus mapasiakcbl HEKOTOPBIX Hedens,
HO C HEIOCTATOYHOH TOUHOCTBIO (camble GJM3KHE 3BE3MbI ATOr0 Kjaacca, KpoMe
anoMasibHoM [TosistpHoii, HaxoasTest moutd B 1000 CBETOBBIX JIeT OT Hac).
[TosToMy foJdroe BpeMsi B OCHOBHOM HCIO0J/Ib30BaJ/OCh (POTOMETPHUECKOE
paccTosiHHe 10 PACCesIHHbIX CKOMJIEHHWH, B KOTOPHIX HabJ/I0faMu 1leerbl.

PacctosHusa oo yuedeng MOXXHO N3MeEpPUTb, 3HasA Nepunog,
N3MeHeHunsa nx bnecka.

CDOTOMeTpI/IquKOG pacCTodAHUA 10 CKOIIJIEHHS OIpeAeJ/isoT CJae-
AYOIIAM 06p330M. PaccesiHHble CKOILJIEHHS — 3TO OTHOCHTE/JIbHO MOJIOJbIE
00beKThl. Bce 3Be3abl B KaxJI0M OTAE/AbHO B3SITOM CKOIMJEHHH HMEIOT
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IPUMEPHO OJMHAKOBBIH BO3PACT M HAXOMASTCS MOUYTH HA OJHOM H TOM
)Ke paccTossHuH. [TosToMy Ha auarpamMme IBeT — 3Be3[Has BeJHUYHHA
(3r0 BapuanT nmarpammbl [epummnpyHra — Paccesa, cM. OIHOWMEHHbIH
pasges 4.3) oHM pacrosaraloTcs BIOJb TaK HasbiBaeMoH ['JaBHO#H mocse-
J1OBATEJ/JIbHOCTH. HOCTpOI/IM TaKue auarpaMMmbl OJ10 HECKOJAbKHUX CKOIJIEHHH
(nanpumep, I'nag u [laesa) ¢ UBBECTHBIMH PAaCCTOSTHUSIMH, HCIOJAb3YS
a0COJIIOTHBIE 3BE3AHbIE BeJUUYHHDLI (MM CBETHMOCTH) BMECTO BHAMMBIX
BeJMUKH. [l/ist IPYTUX paCCEsHHBIX CKOMJEHHH (C HEH3BECTHBIMH pac-
CTOSIHHSIMH) CO CXOJHBIM XMMHYECKHM COCTABOM 3Be3]l Mbl TaKKe MOXKEM
MOCTPOUTDH AHarpammbl ['epuiinpyHra — Paccesa, HO TOMbKO /151 BUIMMbBIX
3BE3JHbIX BEJ/JIHUYHH. Ecsan 66 MBI MOTVIM HCIIOJIL30BATb H IJId HUX abco-
JIOTHBIE 3BE€3HbI€ BEJ/JHYHUHDI (I/I.HI/I CBeTI/IMOCTb), TO BCE aUarpammbl OJs
CKOTIJIEHHH OJIHOT'O cocTaBa coBmaJju Obl. Tenepb monpobyeM COBMECTHTD
JMarpaMMbl [/ CKOTJIEHHH C M3BECTHBIMH H HEM3BECTHBIMH PACCTOSTHHUSIMH.
[lis moc/ieIHUX 3TO JACT HaM Pa3HOCTb MEXAY BHAHMOH M aGCOJIOTHOH
3Be3IHOM BeanurHO#. 10 9T0H pasHOCTH (M NMPH H3BECTHOM MEXK3BE3IHOM
TOTJIOLEHHH) Mbl MOXKEM OMNPEAEIUTh PACCTOSHHE J0 CKOIJIEHHS.

A6GcontoTHasa 3Be3gHasa BENMYMHa — 310 6neck, KOTopbia
nmena 6ol 3Be3aa, Haxoasacbh Ha pacctosaHMKM 10 napcek
OT Hac.

Hakoner, 3Hast n1octaTo4HO 60JbIIOE KOJHUECTBO TOUHBIX PACCTO-
SIHUH 10 XOPOLIO H3YyUEHHLIX 3BE3[, aCTPOHOMBI MOT'YT IOJYy4YaTb OLEHKH,
UCTIOJb3Ys IeTa/bHble 3Be3/iHble mapameTpbl. CKaxkeM, 10 CreKTpy KakoH-auto
3Be3/Ibl MOXKHO HAHTH IOXO0XKYI0O Ha y2Ke M3BeCTHOM paccTosiiud. CpaBHHUBas
HX TapaMeTphl, MOXKHO TOJNYUYHTD OLICHKY PACCTOSIHHS 10 M3ydaeMOH 3Be3[bl.

4.2
YcTom4ymBoCTb 3Be3/,
N NX CTPYKTYpa

YCTOAUMBOCTD 3BE3J ONpEAeaseTCss PABHOBECHEM ABYX CHII:
rpaBUTALMA CTPEMMTCH CXKATb 3BE3/Y, a BbIIEJIEHHE SHEPTHUH B TEPMO-
AIEPHBIX PeaKUMAX NMPUBOLUT K NABJEHHUIO (1aBJICHHIO U3/IyYEHHS H ras3o-
BOMY [aBJIECHHIO), KOTOPOe NPOTHBOAEHCTBYET c2KaTHIo. [1pu 3TOM 3Besna
HAXOAMTCS B COCTOSIHMHM THAPOCTATHUECKOro paBHOBecHs (MM KoJdefjeTcs
BOJIU3U HETO).

Cepreii MNonoe

BceneHHasn 1 08



OHeprusi Bble/seTCs BO BHYTPEHHUX 00JACTsX, a 3aT€M B OCHOB-
HOM MepefaeTcs K MOBEPXHOCTH, OTKyIa M3/1yuyaeTcs B BHAE 3JeKTpoMar-
HHUTHBIX BOJIH. [Ipu 3TOM uacTh sHepru# (OGBIUHO HECKOJIbKO MPOLEHTOB)
YHOCHTCSI HEHTPHHO HEeMocpeICcTBeHHO 3 obsacTell TepMOsiIepHbIX peakiuH,
MOCKOJIbKY HeJpa 3Be3]l MPO3pauHbl AJsI STHX YaCTHIL. SIIpo 3BE3Abl HMEET
TeMIIepaTypy OT HECKOJbKHX MHJ/UIMOHOB I'PalyCOB H BbIlllE, a OBEPXHOCTb —
ot metee ueM 3000 K npumepro 1o 100000-200000 K (Huskue temmepary-
pBI S1Ipa M MOBEPXHOCTH COOTBETCTBYIOT JierKiM 3Besziam). CylecTByer iBa
OCHOBHBIX crocofa nepeiaud SHEPTUH OT HeAp K MOBEPXHOCTH — KOHBEKIHUS
U U3J1yueHHue, H 06a MexaHH3Ma peasu3yloTcsl B 3Be3/aX.

YcTtonumBocCTb 3B€34bl onpenensaeTcs paBHoBecMem
MeXagy cunamm rpaBuTaun n gasneHuns.

B masomaccuBHbBIX 3Be3nax (¢ maccoi menee 1,2-1,3 cosneu-
HbIX), [Jle TOpeHHe BOJOPOJA CB3aHO B MEPBYIO ouepelb C pp-LenoyKoH,
TeMI BblJeJeHHUs] SHEPTHU He CJAUIIKOM Besuk. [TosToMy ee mepeHoc
BO BHYTPEHHHUX yacTax (OJHKe K sIpPY) MOXKET OCYLIECTBJAATLCA B OCHOB-
HOM H3JayueHHeM. B GoJsiee MacCHBHBIX 3Be3Jax, B KOTOpPbIX Ha [ylaBHO#
nocsenoBatespHocTu npeobaagaer CNO-1IHK/I, SHEPTHH BbHIIESIETCS
6oJibllle, co3naeTcst 6OJBIIOH I'PaJHeHT TEMIEPATYPhl, © B UTOT€ BO3HUKAET
He0OXOMUMOCTb B KOHBEKTHBHOM TI€PEHOCE SHEPTHH.

3Hepr|/|;| nepepnaeTcsd oT Heap K NoBepxXHOCTn
n3nyyeHmem m KOHBGKLI,I/IGI?I.

Bo BHemHux yactsax cutyanus obpatHasi. F3-3a oTHOCHTe/b-
HO HEBBICOKOH TeMINepaTypbl BO BHEIIHHX CJOSIX MA/JOMACCHBHBIX 3Be3[
cpella CTAHOBUTCSI HEJOCTATOYHO Tpo3pauHoil. [ToaTomy nmepeHoc sHeprun
H3JyUeHHEM CTAaHOBHUTCS He3((EKTHBHBIM, H 3aMyCKaeTcsi KOHBEKIIHS.
B maccuBHBIX 3Be31aX BeIeCTBO OoCTaeTcCd MOJHOCTbIO MOHU30BAHHDLIM,
a TIOTOMY cpelia JO0CTAaTOUYHO MPO3pauHa, U U3JAyueHHe CIpaBJseTcs C mepe-
HOCOM 3HEPTHH K CaMOH MOBEPXHOCTH.

KosuecTBO JyuncTON SHEPTHH B 3B€3[aX MOMKET ObITb HACTOJ/b-
KO BeJIMKO, UTO YPe3BhIYAHHO BAXKHYIO POJb HAUMHAET UI'PaTh JaBJeHHE
cBeta. [Ipu pocTe Macchl 3Be3/bl pacTeT TEMIT SHEPrOBbIIENEHH s, B HTOTe
BO3pacTaeT CBETOBOH MOTOK BO BHEIIHUX 06/acTsaxX 3Be3Abl. OH He TOJbKO
BHOCHT OCHOBHOH BKJIa[ B JaBJ/JIEeHHE BO BHEIIHHUX YaCTAX MACCHUBHBIX 3BE3],
OH MOXeT OBITb HaCTOJbKO Be€JIMK, YTO HAaYHET «CAYBATb» HApPY2KHbIE€ CJIOH.
Yewm Gosibllle Macca 3BE3/Ibl, TEM CHJbHEe 3BE3[IHBIH BeTep U GOJblile TOTepst
macchl. [TosTomy camble MacCHBHBIE 3Be3/ibl OUEHb OBICTPO «XYIEIOT.

st 3Be3/bl JI060H Macchl MOXKHO OTPENeNUTh MpeaeabHYI0
CBETHMOCTb, €€ Ha3blBalOT 3/JIMHITOHOBCKOH. OGBIYHO YeM MacCHBHee
3Be3aa, TeM OJHXKe ee CBeTHUMOCTh K IpenebHOMY 3HaueHHI0. 3Be3na
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¢ maccoii B 20-30 pas 6oJiblile COMHEUHOH HUMEET MpeflebHYI0 CBETH-
MOCTb, B MHJUIHOH pa3 MpeBocXomsiiyio cseTumocTb Cosnua. [Ipu sToMm
HabJ/I01aeMasi CBETUMOCTh TaKUX 3Be3]l Ha [VIaBHOH MOCJ/eN0BaTebHOCTH
6odbirie conHeunor npumepro B 100000 pa3. CaMble MacCCHUBHbIE 3BE3/Ibl
MMEIOT OUeHb BBICOKYI0 CBETHMOCTb, HO OHA BCE XK€ MEHbIe MPeAeabHOM.

HemnpospayHocTh BeliecTBa 3BE3Ibl 3aBHCHUT OT COJEPKAHHUS
TSDKEJBIX 3/JeMEeHTOB, 03TOMY Yy MaJOMeTaNIHUYHBIX 3Be3]l BeTep ciabee.
CoOTBETCTBEHHO, Mpele/bHasl CBETUMOCTh TaKXKe 3aBHCHT OT MeTaJ-
JUYHOCTH 3Be3bl. 3HAUUT, OT 3TOTO MOXKET 3aBHUCETb H MpelebHas
Macca. UeM MeHblIe cofiepKaHHE 3JEMEHTOB TsKeJIee Tedus, TeM, Mo BCeh
BHIUMOCTH, 00Jibllle MOXKeT ObITb MakKCHMaJibHasd Macca 3Be3fn. [lJas Tak
HA3bIBAEMOT'0 COJNHEYHOr0 (THIMHYHOTO ceHyac JJisi MeX3Be3IHOH Cpejbl
Hauiedl [amakTHKK) cocTaBa 5Ta BeJHUYHHA COCTABJSET HECKOJIbKO COTEH
COJIHEYHBIX MacC B CJydvae HeBpalllaloUIMXCs 3Be3d. Bo3MoxKHO, 0cobeH-
HOCTH 3Be31000pa3oBaHusi (Hampumep, CoCOGHOCTh KOJIANICHPYHOIIErO
rasa OCThIBATb M (pparMEeHTHPOBATb HA OTAEJNbHblE CTYCTKH, UTO TaKKe
3aBUCHT OT XHMHUYECKOTO COCTABA) OMpPEAESOT Gojiee HU3KUH BepXHHH
npezies Ha mMaccy. [lepBbie 3Be3/bl ¢ KpailHe HU3KHUM COMIEPKAHHEM TSKEBIX
9/1eMEHTOB MOTJIH UMETbh MacChl B HECKOJNBKO COTEH COJNHEYHbIX. Takxke
Ha TpeleJqbHYI0O CBETHMOCTb H MacCy MOXeT BJHITH BpallleHHe 3Be3[bl.

[aBneHwne cBeTa BHOCUT BKNag B 6anaHC cun BHYTpM
3Be3f. 1ot 9 eKkT pacTeT ¢ Maccoii 3se3abl.

Hanuune KOHBEKTHBHBIX 000/0UEK y Ma/JOMACCUBHBIX 3BE3J
MPUBOANT K BaXKHBIM MOCJEACTBUSIM. Takne 06'beKThl MOTYT UMETh CHJbHbIE
MarHUTHBIE MOJISI HA MOBEPXHOCTH. DTHU MOJISI MOCTOSHHO 3BOJIOIHMOHUPY -
10T, co3/iaBasi 06sacTH ¢ GOJIBIIONH MAarHUTHOH HEpPruei, KOTOpas MOMKET
BbIIEJSITHCS B BHJI€ 3BE3JIHBIX BCTbIlIeK. Kak mpaBuso, ueM MeHbllle Macca
3BE3/Ibl, TEM IJy02Ke KOHBEKTHBHAS 060J0YKa (/s MacC HHIKE MPUMEPHO
TPETH COJHEYHOH BCsI 3Be3[a CTAHOBHUTCS KOHBEKTHBHOH) H TeM MOIIHEe
BCTIBbIIIIEYHAsT aKTUBHOCThb. KpacHble KapJHKH, Ubsi Macca B HECKOJBKO
pa3 MeHbIlle COJHEUYHOH, N3BECTHBI KaK HCTOYHUKH YACTBIX U MOIIHBIX
Bemblliek. B mocsennyie roapl 60JbIIYI0 CTATUCTHKY 10 3THUM SIBJAEHUSM
cobpasa kocmuueckuit teseckon Kepler.

SBGSJJ,bI NMMerT oTpuuaTes/ibHyIO Tern10eMKOCTb, UTO
co3paeT ycnoBuma anda camoperynagumn.

3Be3/bl ABJSIOTCS OUeHb YCTOHYHBLIMH H CTAOMJAbHBIMH 00beK-
TaMu Osarojapsi Tak Has3blBaeMOH OTpHLATENbHOH TemioeMKocTH. Eciu
TeMIepaTypa B IEHTPaJbHOH YaCTH 3Be3/bl yBeJaHuuBaeTcsl (Hampumep,
BO3PACTAET TEMI TEPMOSIIEPHBIX PEAKIHH), TO JOMOJHUTENbHOE 3HEPro-
Bblle/ICHHE TIPUBEAET K Pa3lyBaHHUIO 3BE3bl U TEM CAMBIM YMEHbIICHHIO
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ee temnepatypbl. [lagenue TemmepaTtypbl, B CBOIO ouepelb, NpPUBEIET
K YMEHbIIEHHIO TeMIa TePMOSIIEPHBbIX peakluil. 3a cueT Takoi camopery-
JSIUM C OTPUIATE/bHOH 06paTHOH CBSI3bIO 3BEe3/la BEPHETCSl B HCXOAHOE
cocTosiHMe. AHAJMOTHYHO OYAYT Pa3BUBATBLCS COOBITHS, €CaH KaKHUM-TO obpa-
30M YBEJHYHUTCS OTBOJ TeIlja: JaBjeHHe YyHajeT, 3Be3/a CO:XKMEeTCs, UTo
NpHUBELET K POCTY TeMHepaTypbl U IVIOTHOCTH, YBEJAUUHUTCH TeMI Tep-
MOSIIEPHBIX peaKLHui, ¥ 3Be3a CHOBA BEpPHETCS B MCXOJHOE COCTOSIHHE.
OTpuuaresnbHas TEMJIOEMKOCTb MO3BOJSET 3BE3/laM COXPaHATb PaBHOBECHE
B TeueHHe IJUTEJIbHOTO BPEeMEHH.

OTpuuarenbHasi TENJIOEMKOCTb 3Be3[] CBsI3aHa C TeM, YTO OJHOH
M3 OCHOBHBIX CHJI, ONpeNe/sonX HX COCTOSIHHE, SIB/sIeTCS TpaBHUTa-
1usi. AHaJOTHUYHBIE SIBJE€HHSI CBOHCTBEHHBl U GoJiee MPOCTBHIM CHCTEMaM,
HalpuMmep NJaHeTaM M CIYTHHKaM. Ecau Mbl 3aTOPMO3UM ABHIKEHHE
CIIyTHHKA, TO OH, NOTEPSB 2HEPrHIO, ONYCTUTCS Ha GoJiee HU3KYI0 OpOUTY,
HO MpPH 3TOM CKOPOCTb €ro ABHXKEHHS BO3pacTeT: OTOUpas 3HEpPTHIO,
Mbl YBEJIHUMBAEM KHHETHUECKYIO HEPIHI0 CMYTHUKA. DTOT KaXyILIHHCS
napajaoKc Jerko MOHSIThb, €CAU BCIIOMHHUTb, UTO B IOJ€ TATOTEHUs TeJa
HUMEIOT OTpHLATeNbHYI0 NMOTeHIMaAbHYI0 3Hepruto. [losHas sHeprus cmyT-
HUKa JEHCTBUTENbHO yMEHbIIAeTCsl, KaK M J0J/KHO ObITh. KnHeTHueckas
SHEPrHsl pacTeT, HO MPH 3TOM pacteT (0 MOAYJI) U OTpUIATENbHAS
NOTeHLHaNbHas SHEPTHS.

1 TaKUX CHCTeM, HaXo[sLIUXCS B PABHOBECHH B I'paBUTAIIH-
OHHOM T0JIe, BEPHA TaK Ha3blBaeMasi TeopeMa BHpHaga. OHa TJIACHT, UTO
NOTEHUHAJJAbHAs HEPTHUsl M0 MOIYJ/AI0 pPaBHA YABOEHHOH KHHETHUECKOH.
J1s1 3Be31 po/ib KHHETHUYECKOH SHEPTHH BBINOJIHSIET BHYTPEHHsISI SHEPTHs,
CBSI3aHHASl C JaBJeHHEM rasa, T.e. KHHeTHUeCKas 3Heprus IBHKEHHS
COCTABJIAIOUIUX €ro YaCTHIL.

4.3
Ouarpamma lepylwinpyHra —
Paccena. Llechengbl

OrpomHy10 poJb B BU3ya/H3alHUH NapaMeTpoB 3Be3[ H CBOHCTB
UX 3BOJIOLMHK UrpaeT auarpamma [epuwmmnpynra — Paccesa. B TunuuHom
COBPEMEHHOM BHJIe OHa CBSI3bIBAET CBETHMOCTb 3BE3J C HX TeMIepaTypoH.
OpHako o6Ge BeJHMUHHBl TPYAHO HU3MEPHUTb HAMPSIMYIO, IIO3TOMY 4acTO
UCITOJ/b3YIOT BapHAHThl AHArPaMMbl ¢ APYTHMH NapaMeTpaMH, CBSI3aHHBIMU
CO CBETHMOCTBLIO M TeMIIepaTypoi.
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CMEKTPAJBHBI KNACC

Dwnarpamma lepuwinpyHra — Paccena. Mo ropn3oHTanbHOM 0cK ciieBa Hanpaeo OT-
JIOXKeHbl crnieKTpanbHble Knacchl (OHU OTpaXkatoT TEMMepaTypy 3Be3[ — OT ropsymnx

K XOJI0fHbIM), 0 BEPTNKaJIbHOV — CBETUMOCTI (ApKme BBepXy, criabble BH3Y) B eau-
Huuax ceeTumocTy ConHua. OCHOBHbIE NOCNEeAOBaTENLHOCTY COOTBETCTBYIOT pas-
JINYHBIM CTaAUSAM 3BONOLMN 3Be3[, (0QHaKo NOCNenoBaTe/IbHOCTY He IBNIAOTCS 9BO-
JOLUMOHHbIMM TPpeKamu). BonbLuyio YacTb CBOEl XN3HM 3B€3a NPOBOAUT Ha Tak
Ha3biBaemol [MaBHo NnocnepoBaTeNbHOCTU, NPEBPALLas BOAOPOL B renuii.
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Jlsi onpenesieHnsi CBETUMOCTH HeOOXOJUMO 3HATh PACCTOSIHHE
1o 3Be3bl. OIHAKO, €C/IH MBI MCIIOJNb3YeM 3BE3J/Ibl OJHOTO CKOTJIEHHS, BCE
OHH JIeXKAT TMPUMEPHO HA OJIHOM PACCTOSIHMU OT HAC. 3HAUMT, MOXCHO MPOCTO
HCIIOb30BaTh WX HaG/0gaeMbiil GJecK (3BE3NHYI0 BEJHUMHY) KaK Mepy
OTHOCHTEJNBHOH cBeTHUMOCTH. TouHOe ompefe/ieHHe TeMIEPaTyphbl TaKkKe
SIBJSIETCS HEMPOCTOH 3amavel, OHAKO MOXHO HCIOJb30BaTh Pa3/uuyHbIE
CleKTpajbHble XapaKTepHUCTHKH (HarpuMep, TaKk Ha3blBaeMble MOKa3aTesH
[[BeTa, KOTOpPble MOXKHO B TEPBOM NMPHUOJIHKEHUH MPEACTaBUTh cebe Kak
uBeT 3Be3bl). UIMEHHO TaK W MOCTYIaJH MepBble HCC/eN0BATENH.

Ownarpamma lNepuwnpyHra — Paccena cBs3biBaeT
CBETUMOCTb 1 TEMNepaTypy 3BE3[,.

[JlnarpamMma MoJyumsaa cBoe UMsl B uecTh JiHapa [epruimpyHra
(Ejnar Hertzsprung) u enpu Paccesna (Henry Russell). Cepuuimnpysr
JJIsl CBOUX MEPBBIX IMATPAMM HCIOJb30BaJ 3Be3Jbl CKOMIeHUus [laessl,
a Pacces ucmo/ib3oBas 3Be3Ibl C PACCTOSHHAMH, OMpPENeNeHHBIMH TeM
WM MHBIM 06pa3oM. HemocpeacTBeHHbIE H3MEPEHHST TeMIIepaTyp He OblIn
JOCTYIIHBI, T03TOMY Pacces HCMo/Mb30Ba/l Tak Has3biBaeMble CIIEKTpabHble
KJacchl 3Be3fl, a [epuIinpyHr — XapaKTepHYIO JJIHHY BOJHBI, COOTBET-
CTBYIOIIYI0 MAKCHMYMY CIEKTpa (10 CYTH, IBET 3BE3/Ibl).

OcHoBHas 4yacTb 3Be3q Haxogutca Ha MaBHoOM
nocnepgosaTtenbHOCTM guarpammbl lepulunpyHra —
Paccena.

OnHako nepBbli OMyGIMKOBAaHHBIH IpaMK TAKOIO THIA HE MPUHAA-
nexkan He [eprmpyHry (KOTOpbIH onmy6GauKoBaJ CBOH pesyabratshl B 1911 1.),
uu Pacceny (B 1913 r.) — ero nmoctpoua B 1910 r. Tanc PosenGepr (Hans
Rosenberg) rakxe st 3Besn [lies, HCNoMb3ys CreKTpaibHble KAACCHI,
onpee/aseMble N0 COOTHOUICHUI0O HHTEHCHBHOCTEH JIMHHUH B CIEKTpE.

[Tosio)keHHe 3Be3/bl HA AHArpaMMme CBETHMOCTb-TeMIepary-
pa JaeT HaM INpejAcTaBjdeHUe H O padmepax 3Besl. Manyuenue 3Besiml,
Hanpumep CoJHUA, NPUOIM3HUTENbHO MOXKHO OMMCATh 3aKOHOM H3/1y4eHHS
abconoTHO yepHOTO Teqaa ((popmysoi [Tnanka). CBeTHMOCTb MPHU 3TOM
noguuHsercs 3akoHy Credana — BoJblmaHa: oHa NponopuUUOHaJ/IbHA
IOMIaH MOBEPXHOCTH (T. €. KBaApaTy pajdyca 3Be3/bl) H UeTBEpPTOH
crenenu ee TemnepaTypbl. COOTBETCTBEHHO, BBICOKOH CBETHMOCTBIO MOTYT
00/1alaTh W/ 3BE3/Ibl C BBHICOKOH TeMNepaTypoi, WIH 3BE3[bl C GOJMbIIAM
paguycoM (06a BapHaHTa PeaNU3ylOTCs B MPHPOJE).

OcHOBHOH 0COGEHHOCTBIO paclipejiesieHHs 3Be3/ Ha JHarpamme
[epuwnpynra — Paccesa siBisercs Tak HadbiBaeMasi [ 1agHas nociedosa-
meavHocmy. OKasanoch, 4YTO MoAaB/solee GOJMbIIMHCTBO 3BE3/ MONAafaeT
Ha T0JI0CY, TAHYILYIOCS OT JIEBOrO BepPXHEro (MOIIHbIE 3BE3/Ibl C BHICOKOH
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TEMIEepaTypoi MOBEPXHOCTH) K MPABOMY HHKHeMy yriy (c/iabbie 3Be3jibl
C HH3KOH TeMmepaTypoii — KpacHbie kap/auku). Cefiuac Mbl 3HaeM, 4To,
[OMAB B OMPEIEJEHHYI UacTh [JIABHOH MOC/AeI0BaTEIbHOCTH (Kyla HMEH-
HO, B MEPBYIO OYepelb 3aBHCHT OT MACCHI), 3B€3/la MPOBOJAUT TaM OKOJIO
90% cBoet KHM3HH. DTO camasl AJUHHASI CTafMs, HA KOTOPOH MPOUCXOAUT
npeBpalleHne BOLOPOAA B TeJHH.

Ha ctagnun MaBHOM nocnegoBaTe/ibHOCTU MPONCXOANT
npespawieHmne Bogopoaa B reini.

[To OKOHYAHHH TEPMOSAEPHOrO TOPEHUsI BOAOPOAA B AApe 3Be3-
Ibl OHa TNoKuaaeT [JaBHYI0 1OcC/aeg0BaTeIbHOCTD. [JanbHellnas XKU3Hb
3Be3Ibl — 3TO €€ MyTellecTBHe Mo auarpamme [epurmnpynra — Pacceda.
B 3aBHCHMOCTH OT MaccChl 3TOT IyTh (3BOJIOLHOHHBIA TPEK) MOXKET ObiTh
§oJiee UM MeHee 3aMbICJOBATHIM.

3esnnl tuna CoJHLA cMewlalTca BOpaBo (GoJjee HU3KHE
TeMIepaTyphbl MOBEPXHOCTH) M 3HAYMTENbHO BBEPX (POCT CBETHMOCTH),
npeBpalasch B KPACHBIX THTaHTOB. B KoHIle CBOEH »KH3HH OHH COpaChl-
BAIOT BHEIIHHE 060JI0YKH (KOTOpBIE MOTYT ObITh BHIHBI KAK IJIaHETapHbIE
TYMaHHOCTH) H TPeBPALIaloTCs B OeJible KapJauKH.

MaccuBHbIe 3BE3[bl 3HAUMTENBHO CMELIAIOTCs BIPABO H HEMHOIO
BBEPX, BO3MO2KHO, BBIHCHIBAA METJIH Ha guarpamme. FIX HasblBalOT PKUMH
THFaHTAMH M CBEPXIMIaHTAMH. B KOHIE CBOEH XKH3HH OHM Yalle BCEro
BCIBIXHBAKOT KAK CBEPXHOBbIE H OCTABJMAIOT MocJje cebs HeHTPOHHbIE
3BE3/Ibl, 4 HHOTAA U YePHbIE JAbIPHI.

[TosioeHre 3Be3bl Ha [JIaBHOM MOC/€0BATENBHOCTH, 8 TaKKe
ee 3BOJIIOLUUOHHBIH TTyTh 3aBHCAT HE TOJbKO OT MACChl, HO M OT HAYa/JbHOTO
XUMHUECKOro cocTaBa. MajsoMacCHBHbIE 3BE3/bl C CHJAbHO ITOHHIKEHHBIM
ColepKAHUEM TSKEJBIX 3J€MEHTOB HEMHOIO CIBMHYTHl OT CTaHAApPTHOM
['1aBHOH MocJe0BaTeIbHOCTH BJE€BO (B CTOPOHY GoJiee BBICOKHX TeMIlepa-
TYp) ¥ HEMHOIO BBepX, 00pasys MapaJjjiefbHyi0 MOCJAeI0BATENbHOCTD CY6-
KapJanKoB. B 00HKX uepTax 3BOJIOLHS MaJOMeTa JIHUHbIX 3B€3[ [0 OKOH-
YaHWK TOPEHHS BOLOPOJAA B sipe MOJOOHA SBOJIOLMH 3BE3J C COJHEUHBIM
COCTABOM, HO KOHKPETHHIH BHI TPEKOB MOXKET OTJIHUYATHCS, OCOOEHHO /ISl
MACCHBHBIX OO'bEKTOB.

MonoxeHne 3Be3bl Ha MaBHOM nocinenoBatesibHOCTIM
n ee aposiloUuna onpenendaroTcd B nNnepByro ovyepenb
Maccom, a TakXXe XMMUNYeCKMM COCTaBOM.

3Be3/bl CO CXOAHBIM MOBeeHHeM Ha auarpamme [epuuunpyHra —
Paccena rpynnupytorcs. B uacTHOCTH, HEKOTOpPbIe MYJAbCHPYIOIINE 3BE3Ibl
3aHMMAIOT CTPOro onpeneseHHble o6aacTd. CaMble H3BECTHBIE U3 HUX —
nedenan, OHU MONAJalT B TaK HA3blBAEMYI0 MOJOCY HeCTaOUIbHOCTH.

Cepreii MNonoe
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Lledeunan moayyu/au cBoe Ha3BaHHE MO 3Be3Ae-IPOTOTHIY.
[Tepemennoctb geqabthl Lledes omucan B 1784 r. Maxon [ynpaiix (John
Goodricke). K nedeungam oTHocHTCS W camas sipKasi 3BesJa B KpPaTHOH
cucteMe [lomspHoii 3Be3nbl. Apuctapx Benomnoabckuii, uccaenys CrneKTphl
neabtol Lledes, B 1894 r. o6Hapyx)u/, 4To JydyeBast CKOPOCTb 3TOH 3BE3/IbI
nepuoauuecku uamensercd. OfHAKO TOTAA HE yAaJoCh MOKa3aTb, YTO 3TO
CBSI3aHO MMEHHO C MyJsbcalusiMi (cam Besonosbeckui mosaras, 4to Takas
MePEMEHHOCTh 00'bSICHSIETCS IBOHCTBEHHOCTHIO 3Be3/ibl). OKOHUATENBHO
CYILECTBOBAHHE MyJAbCAlMH CTAJIO SICHBIM Mapy NEeCSTHICTHH CIyCTs, B OCHOB-
Hom Gaaropaps paGoram Xapaoy lersu (Harlow Shapley). Tem e meHee
NpHYHMHA TAKOrO MOBEIEHHs OCTaBasach HESCHOH ele GoJsee MoayBeKa.

Ledenabl — 310 nynbcupytowme 3se3nbl-rmraHThbl.

Wnes mexanuama paboThl Hedens 6blja BhiICKazaHa ApTypom
AuuuurronoM (Arthur Stanley Eddington) eme B 1920-e rr.: ec/iin Bo BpeMsi
nyJ/ibcaiyi GyeT MeHsIThesl (YBEMUMBATLCS BO BPEMSI PACIIMPEHUSI H YMEHb-
IAThCsT BO BPeMsl CXKATHsI) MPO3PAUHOCTb 3HAUUTENLHOTO CJIOSI BEleCTBa
BHYTPH 3BE3/Ibl, TO NMEPUOJAHUECKOE «3aTUPaHUe» U3JIyUEHHs CMOXKET MOJI-
JepKuBaTh 9TH KoJsebanus. A B 1950-e rr. Cepreii 2KeBakuH BHEC OCHOB-
HOU BKJIAJ B pellleHHe 3arajku myJbcanui uedens (M HEKOTOPHIX APYTHX
MyJAbCUPYIOLINX 3BE3[), MOKA3aB, UYTO YaCTHUHAS WOHH3ALHUS BOLOPOJAA
U rejids MOXKeT MPUBOAUTH K HEOOXOAUMOMY H3MEHEHHIO MPO3PAuHOCTH
c/10eB 000/I0UKH 3Be3/lbl HA HYKHOH ray6uHe. [Ipy cKaTHH yacTb 3Hepruu
HIEeT Ha MOHU3AIIMIO, 8 He Ha TOBBINICHHE TEeMIEePaTyphl B CJ0€, PH 3TOM
BO3pacTaeT NJOTHOCTb. B pesy/brare BeleCTBO CTAHOBUTCH MeHee Mpo-
3payHbIM, M M3/1y4YeHHe, KaK MOopLIeHb, HAYHHACT TOJIKATb BEIIECTBO HAPYXKY.
[Ipu 3TOM NpPO3pavuHOCTbL pacTeT, U3JAyueHHe MOKHIAeT CJAOH, U 060/M0UYKa
BHOBb HAQUMHAET CKUMATHCS. DTOT LMK/ MOBTOPSIETCS CHOBA M CHOBA.

Mepwnop nynbcauum uepeng ceasaH ¢ UX CBETUMOCTbIO,
4YTO NO3BOJIAET UCMONIb30BaTb 3TN 06BEKTLI AN
onpepneneHns pacctosHNA.

Taxo# nuk/a pab6oraeT TOJbKO B cjayuvyae 3aJjeraHus 3amnupaio-
11ero cjosi Ha HYKHOU ray6une. Co6J0jleHHe 3TOTO YCJIOBHS B MEPBYIO
ouepeb onpenensieTcss TeMnepaTypoi 3Be3abl. [1oaToMy Ha auarpamme
[epumnpynra — Paccesa Bo3HHMKaeT HOCTATOUHO y3Kasi, MOYTH BEPTH-
KaJ/ibHasl MoJ0ca HeCTaOUAbBHOCTH, TJle U PacroNoKeHbl MPAaKTHYECKH BCe
THTBI PETYJSIPHO MYJAbCHUPYIOUUX C HOCTATOUYHO GOJBIIOH aMIJUTYA0H
3Be3n. Ceituac crpositcs GoJsiee JeTanbHble MOJAENH MYJIbCAlUH, KOTOPbIE
MOTYT OG'bSICHSTbH OUEHb CJ0XKHOE MOBeJeHHe HEKOTOPhIX 06'beKTOB,
JEMOHCTPHUPYIOLIUX BapHALlUU TEPHOJOB, PAa3J/JHUHblE THIbI MYJabCalHi,
UX COYETaHHs W 3BOJIOLHIO.
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BaxxHo#i oco6eHHOCTbIO Ledena siB/aseTcs TO, UTO IEPUOL
ux nyJabcauri (on cocraiser or 1 go 100 nHeil) cBSI3aH CO CBETHMOCTbIO.
Aro ycranosusia B 1912 r. Fenpuerra Jlesurt (Henrietta Leavitt), usyuas
nedennnl Manoro Maresnanosa O6/aka. [Tocko/bky negenab — TUraHThl,
T. €. 00JIalal0T BBICOKOH CBETHMOCTBIO (0OBIYHO OHA B HECKOJbKO ThiCAY a3
[PEBOCXOHUT COJMHEUHYI0), Y2Ke CTO JIeT Ha3ajl X MOXKHO ObLIO HAOJMIOIATH
B COCeIHUX rafakTukax. MimeHHo 3T0 mo3Bosuio B 1920-e rr. DaBuHy
Xa66ay (Edwin Hubble) n apyrum nccienoBaTensiM OMpeaequTh TPUPOLY
CHUpaJdbHBIX TYMAaHHOCTEH W MPOAEMOHCTPHUPOBATH, UTO 3TO TMI'AHTCKHE
3BE3JHblE CHCTEMBl, MOJO0HbIE HAlllel W HaXOASIIIHECs Ha PacCTOSHHUSAX
B MUJ/IIMOHBI CBETOBBLIX JeT. B HacTosiuiee BpeMsi Le(enabl HCIOAb3YIOT
KaK OJIHy U3 OCHOB ONpeJe/eHHUs] PaCCTOSIHUH 0 IPYTHUX TaNaKTHK.

B nocaennue roapl 6marogapsi paboTe KOCMHUYECKOrO TeJjlecKona
Hipparcos, a nozanee kocmuueckoro teseckona Hubble, ypanoch ¢ BbICOKO#H
TOYHOCTBIO U3MEPHUTDH NAPAJIAKChHl /1S HECKOJIbKHX AeCATKOB Ledena. IDTo
MO3BOJIU/JIO YTOUHUTbH BHEra/JaKTHUECKYIO LIKaJdy pacCTOSHUU Guaromaps
Jqydiiedl Kaau6poBKe onpefiesieHns PACCTOSIHUH 10 1edenaMm.

4.4
IBOVHbIE N KpaTHblE 3BE34bl.
AkKkpeums

HMckaodas camble JMerKHe, OKOJO MOJOBHHBI 3Be3/ BXOAHT
B (pu3uuecKH (rpaBUTALIMOHHO) CBSI3AHHbBIE KPATHbIE CHCTEMbl, B HEKO-
TOPBIX CJyuYasix OHM HaO6J/I0JAI0TCs axKe HEBOOPYKEHHBIM T'J1a30M MU
B HeOOJbIIOH JIOOUTEeAbCKHH Teseckon. OQHAaKO JBe 3Be3Jbl, BHIH-
MBI PSIIOM Ha HeOe, HeoOs3aTe/bHO 00pas3yloT Mapy: 3TO MOXKeT ObITh
caydaiiHod npoekuuei. st ycTaHOBJeHHUS (DU3UUECKOH CBSI3H Jyulle
BCETr0 OGHAPYKUTh BpallleHHe BOKPYT OOIIEro IeHTpa macc (Hemocpen-
CTBEHHO MO CMEUIeHHI0 3Be3[ MJH [0 UX CKOPOCTSIM, OllpeaessseMblM
no cnektpy). MHorna (B mepByto ouepelab B OuUeHb MIHPOKHX Mapax
¢ GOJbIIKUMH OPOMTANbHBIMH MEPHOJAMH) 3TO HEBO3MOXHO CleaaTh
(nanpumep, BmioTh 10 2016 r. mpomgo/Ka uCh CIOPBl O TOM, o6pasyer
au Tlpokcuma LleHTaBpa rpaBHTAlLlMOHHO-CBSI3AHHYIO TPOHHYIO CHCTeE-
My ¢ aByMs 3Besgamu anb(bl LleHtaBpa). Torma (akT cBS3H MOXHO
YCTaHOBHUTbH HJIH 110 OJHHAKOBOMY PACCTOSIHHIO, /M MO OJHHAKOBOMY
COGCTBEHHOMY JIBHXKEHHIO 3Be3[ (CMEIeHHI0 Ha HeGe M3-3a MX JBHKEHHUS
oTHOocUTeabHO CoJHLA).

Cepreii MNonoe
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CyuiecTBYIOT He TOJbKO ABOHHBIE, HO MU TPOHHBIE, a TaK¥Ke
CHUCTEMBI U3 YeTbipeX, MATH U Ja)Ke IIeCTH 3Be3J, TPABUTALIMOHHO CBS-
3aHHble Apyr ¢ Apyrom. Bosee 10% 3Besn (onaTh e, HCKAOYASA CaMble
JIETKHE) BXOJHT B COCTAB TPOHHBIX HJIM CHCTEM GOJjiee BHICOKOH KPAaTHOCTH.
OnHako B TaKMX CHCTeMax BCerja peajn3yeTcss MepapXuueCcKHH MPHHIHII.
Hanpumep, TpoiiHas cucrteMa ycTOHYMBA TOJbKO B TOM CJyuae, €CJH
JBe U3 Tpex 3Be3l 00pa3yloT TeCHYI0 Mapy C pacCTOSHHEM MEeX1y HHUMH
CYIIECTBEHHO MEHBIINM, UeM PACCTOSIHHE [0 TPeTbell 3Be3ibl (Hampumep,
kak [Tpokcuma LleHTaBpa B cucreme agbgbl Llentaspa). UHbIME coBaMH,
3Be3/la B KaXKblii MOMEHT BPEMEHH MOXET MMeTb TOJbKO OIHOr0 GJH3KOTO
cocefla, €C/iM CHUCTeMa YCTOHYMBA.

Okono nonosuHbl 38e3g Tvna ConHua BXoguT B OBOWVHbIE
CUNCTEMDI.

PaccrosHue Mexay KOMIOHEHTAMH MOXET CHJAbHO BapbHpPO-
BaThbcsl OT cucTeMbl K cucteMe. C OIHOH CTOPOHBI, OHO OrpaHHYEHO
BO3JeHCTBHEM 3Be3J APYr Ha Apyra, a MmoToMy He MOXKeT COCTaBJ/sTh
MeHee HEeCKOJbKHX 3BE3IHBbIX PAIHYyCOB (€C/JAH TOJIbKO 3BE3[bI HE HAXOMATCS
Ha ObICTPOl craauu causinusi). COOTBETCTBEHHO, CPEAH HOPMAJbHBIX
3BE3J caMble TECHble Napbl MOTYT 06pa30BbIBATh KpacHble KapJHKH,
a BoOOllle CPelH TeJs 3BE3IHBbIX MacCc — KOMIaKTHble 06bekThl. Hanpu-
Mep, U3BecTHa napa 6eqbix kapaukos HM Paka, nenatomasi onun 060pot
BCEro JHUUIb 32 MITh MUHYT; Teja B 3TOH cUCTeMe UMeloT opOuTaJbHbIe
cKopocTH 6GoJiee MUJJIHOHA KuiaomMeTpoB B uyac! C apyroii cTOpoHBHI,
JBOHHbIE CHCTEMbI HE MOTYT ObITh OU€Hb MIHPOKUMH (T. €. ¢ GOJbIIOH
OpOHTOH), MOCKOJbKY HX MOTYT Pa3pyIIUTh MPOJETAIIIHE MHMO 3BE3/Ibl
WM X CyMMapHoe Bo3fieficTBHe (MHOTHE 3BE3JIbl POXKIATCS B MJIOTHBIX
rpynnax M CKONJEHHSX, TaK YTO pa3pylleHHe LIHPOKHX Map MOXKeT
MPOUCXOAUTH OUYeHb paHo). [103TOMYy CHCTEM HIHPE HECKOJNbKHX JeCsT-
KOB TBICSY aCTPOHOMHUYECKHX €JHHHI] MPAKTHUECKH He ObIBAeT, U YHUCJ/O
IIPUMEPOB cUCTeM OOJIbIIEro pa3Mepa OueHb He3HauuTeabHO. OOLIYHO Ke
paccTosHHe MexK1y KOMIOHEHTaMH ABOHHBIX COCTaBJsSeT OT HECKOJNbKHX
JI0 HECKOJIbKHX COTEH aCTPOHOMHUYECKHX eIUHHUIl (B CPefHEM OHO MEHbIie
1Jist GoJiee JIETKUX map).

Cuctembl BbICOKOI KPaTHOCTY MMEIOT Mepapxmyeckoe
YCTPOWCTBO.

OGBIYHO KOMITOHEHTHI TBOHHBIX CHCTEM HE CJHIIKOM Pa3/anualTcs
Mo Maccam, OTJauuMs 6ojiee YeM B HECKOJBbKO pa3 SIBJASIOTCS TOBOJBHO pefl-
KUMU. Jlerkre 3Be3/ibl C MeHbIIEH BEePOSITHOCTbIO 06pa3yIoT Maphl, Y CaMbIX
MaJIOMAaCCHUBHBIX 3TOT MOKa3aTesab BCero Juilb 0KoJao 20%, u Hao6opoT,
cpenu 6oJiee MacCUBHBIX 06pasyioT mapbl 6osaee 80%.
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CyluecTByeT HeCKOJbKO ClieHapHeB 06pa30BaHus IBOHHBIX 3Be3[I.
[lepBblll BapHaHT COCTOUT B TOM, UTO CXKHMalolleecs <«sIApo» BHYTPH
MOJIEKY/ISIPHOTO 06J/1aKa MOXKeT HayaTb 110 TeM HJH MHBIM NpHYMHaM (par-
MEHTHpPOBaTbCs. B pe3ynbTarte BHYTPH «sigpa» (HopMHpPyeTCs He OfHA
3Be3/a, a HEeCKOJbKO, o0pasylolmux cBsdaHHylo cucteMy. CoBpeMeHHOe
MOJE/AHPOBAHHE TTOKA3BIBAET, YTO XOPOLIMM KAaHAWJATOM B IIPHUMHBI (ppar-
MEHTalUHu siBJsieTcs: TypOy/JdeHTHOCTh B oOsake. BTopo#l cuenapuii cBs3an
¢ (pparmeHTalHeld MPOTO3BE3AHOrO AUCKA, 3TOT MEXaHHU3M OCOOEHHO HHTe-
peceH /151 CO3[aHHs TECHBIX CHUCTeM. TpeTHH clieHapui CBs3aH CO B3au-
MojileHCTBHEM 3Be3/, 00pa3yoIUXCs MJIOTHOH I'PYNNOH, B KOTOPOM TaKxke
BAXKHO yuacTHe rasa, akkpeuupyemoro 3seagamu. OnHAKO JOCTOBEPHO
OTIpe/Ie/INTh, KaKHe CUCTeMbl 00pa3yioTCsl B Pa3HBIX CIIEHAPHUIX U C KaKOH
YaCcTOTOH, NOKa He NOJyvaeTcs, TaK YTO CAesJaThb OKOHYATeNbHBIH BHIGOP
MEX]y CUEHApHSIMH 3aTPYAHHUTEIBHO.

Jlerkmne 3Be3abl pexxe 06pas3yoT ABOMHbIE U KpaTHble
CUCTEMbl, MaCCMBHble — valle.

B AOCTAaTOYHO TECHBIX IMapax 3Be3[bl MOI'YT HauaTb B3aUMOJIEH-
CTBOBAaTb: OOMEHHBATBHCS BELIECTBOM H Jaxe CJAHBATbCS. DTO NMPHBOAUT
K IOSIBJICHHIO Psila MHTEPEeCHbIX CHCTeM, 0COOEHHO Ha MO3JAHHX CTalHsX
3BOJIIOLUH, KOTa B ABOHHOH cHCTeMe yKe C(POPMHPOBANHCh KOMIAKTHbIC
00beKTbl — OeJible KapJAUKH, HeUTPOHHDbIe 3Be3/1bl UM YepHbIe IbIpHI.
(TTockoJIbKY KpaTHbE CHCTEMbl YCTPOEHBI HepAPXHUECKH, HHTEHCHBHOE
BSHI/IMOIIGI;ICTBI/IG BCerga mpouCXoauT MEXAYy ABYMS 3Be€3daMH, TaK 4TO
B JaJIbHeHllleM MOHIeT peuyb UMEHHO 06 3TOM.)

Bokpyr kax10# 3Be3[bl CyllecTByeT 00.1aCTb, Ile OHa KOHTpPO-
JUpyeT ABH2KEeHHEe BellecTBa, — 3TO TaK HasblBaeMasi moJsocTb Pomia.
B nBofiHo# cucteme nosoct Pora 06pasylor GUrypy, NoXoxylo B CeUeHHH
Ha 3HaK «0eCKOHEYHOCTb», COIIPHKACasiChb B TaK Ha3blBaeMOH BHYTpeHHeH
touke Jlarpanxa. CyuiecTByer 1Ba OCHOBHBIX CLEHapHsi IepeHoca BelecTsa
C OJHOTO KOMIIOHEHTa ABOHHOH HA APYTOH.

B TecHbIX 4BOMHbIX CUCTEMAX NPOMCXOOUT OOMEH
MacComn.

BO-HepBbIX7 OJHa HU3 3Be31 MO2KeT CTaTb UCTOYHHKOM MOILI-
HOTO 3Be3AHOro BeTpa. BemrecTBo 6yneT mokumaTh ee moJgocTh Porra
U YaCTHUYHO MO2KET 3aXBaTbIBATbCHd COCEIOM. Ecau 970 KOMNaKTHBIH 00b-
ekt (Gesblii KapJ/auK, HEHTPOHHAS 3Be3/la WJIM YepHas Abipa), TO MajeHHe
3aXBAaUEHHOTO BEINeCTBa Ha HEro (3TOT MPOLECcC Ha3bIBAIOT aKKpelHei)
NPUBEIET K 3aMETHOMY SHEPTOBbIAEAEHHIO. AKKpels MOKET HATH Kak
B [IOYTH CUMMETPHYHOM pexkuMe (TaK HasbiBaeMas cpepHueckass aKkkpe-
1Ms), TaK U ¢ 06pa3soBaHHEM aKKPELHOHHOIO AMCKA.

Cepreii MNonoe
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AKKpelMOHHbIe TUCKH Bcerjga o6pa3yloTcs BO BTOPOM CII€HapHH
nepeHoca BellleCTBa. B HeM OIMH W3 KOMIIOHEHTOB 3alOJIHSIET CBOIO
noJiocth Pola, 4To MPOUCXOAUT, HATIpUMEp, MPH MpeBpallleHHH 3Be3/Ibl
B KPACHOT'O T'MIaHTa, WM XKe pa3dMep MOJOCTH yMeHbIIaeTcsi MpH cO/InxKe-
HUM KOMIIOHEHT. BeliecTBO HaunHaeT mepeTekaTh B COCETHION TMOJOCTh
Poma yepes BHyTpeHHIOIO Touky Jlarpanxa. V3-3a Gosbuioro Mmomenra
UMIyJbca (yrJ0BOr0 MOMEHTA) 3aXBAUEHHOE BEIIECTBO HE MOXKET cpasy
ynacTh Ha BTOPYH 3Be3ay (0COGEHHO €C/H 3TO KOMMNAKTHBIH OGDHEKT),
M03TOMY OHO 3aKPyUHBaeTCsl B KOJbIO, KOTOPOe H3-3a BSIBKOCTH pac-
NJbIBA€TCS B TUCK.

AKerLWIFI Ha KOMNaKTHble 0O0bEeKTbI npmsoanT
K NoABIEHNIO APKUX, YaCTO PEHTreHOBCKWMX, NCTOYHWMKOB.

Teopus akkpenuu Hauaja pa3BuBathes eile B 1940-e rr. Tpy-
JaMu GpuTaHCKUX yueHbix — ['epmana Bougn (Hermann Bondi), ®pena
Xoisia u Peiimonna Jlurtarona (Raymond Lyttleton). HoBoe passurue
OHA TIOJyYHJ/a MOCJAe OTKPBITHS MEPBBIX PEHTI€HOBCKUX HCTOUYHHKOB
B ABOHHBIX cuctemax B 1960-e rr.

B 1972-1973 rr. Hukonait 1llakypa u Pamnn CioHsieB mocTpou/n
TEOPHIO AUCKOBOH aKKpEeUHH, SIBJASIOIIYIOCS B HacTosillee BpeMsi 6a30BOM
MOJIeJbI0, MO3BOJISAIONIEH PACCUNTHIBATL HaOJMIOfaeMble CBOHCTBA aKKpeLH-
PYIOLIMX KOMIAKTHBIX 00'b€KTOB. DTa MOJAeJSb NPUMEHHMA H /s APYTHX
CHTYallHi, B KOTOPbIX 06pa3yloTcss TUCKH (aKTHBHBIE siIpa FajakTHK,
MOJIOJIble 3Be3/bl U T. /1.). BOJIbIIONH BK/AA B PasBUTHE TEOPHH aKKpPeIHH
rakxke BHecan Kun Topu (Kip Thorne) u Mrops HoBukos, xoTopbie
BIIepBblE NMOCTPOMJAH MOJE/b C JOCTATOYHO IMOJHBIM yueToM 3(p¢heKToB
00ILEeH TEOPHUH OTHOCHTEJbHOCTH.

CnunaHue aByx [OCTAaTOYHO MaCCUBHbIX 6ENbIX KapINKOB
nprBOAUT K BCMbILLKE CBepXHOoBoOW Tuna la.

[Ipy mageHWH Ha KOMNAKTHBIH 00BEKT M NMPH 06pa30BaHUH aKKpe-
[IHOHHOT'O AMCKA MPOHCXOAUT CHJIbHBIH pa3orpeB BelllecTBa, MO3TOMY
Mbl HaGJI0laeM aKKpelupylolre o6beKThl KaK sipkue MCTOUHHMKH. Eciau
aKKpelus WAeT Ha HEHTPOHHYIO 3Be3Ny WJ/H UEPHYIO IbIPY 3BE3MHOH
MacCCBhl, TO OCHOBHAsl YaCTh SHEPIUH YHOCHTCSI PEHTTEHOBCKHM H3JMYUYEHHEM.
D(PPEKTHBHOCTL SHEPrOBBIIEJAEHHUS MOXKET NOCTHTATh AECITKOB MPOIEH-
TOB OT NpeAeJbHO BO3MOXKHOTO 3HaueHus (mc?). Takue MCTOUHHKH ObIIH
BIIepBblE OTKPBLITHI C IOMOLIbI0 KOCMHUECKHX annapartoB B 1960-e rr.,
a HauuHas ¢ 1970-X rr. crTa/jqu OAHHM M3 OCHOBHBIX HCTOUYHHKOB HH(OP-
MallKd O HEHTPOHHBIX 3Be3[aX W YEPHBIX AbIPax.

Oco6oe MeCTO 3aHMMAIOT CHCTEMbI, COCTOSIIINE CPasy H3 ABYX
KOMIIAKTHBIX 00'beKTOB. KX C/AHUSHUS MPHUBOISIT K MOSIBJACHHIO MOIIHBIX
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MCTOYHHKOB pasHbixX KjaaccoB. Celiuac M3BECTHO HECKOJbKO JBOWHBIX,
COCTOSAIMX M3 JBYX GeJbIX KApPJIHKOB W/ JBYX HEATPOHHBIX 3BE3Jl, 4 TaK¥kKe
CHCTEMbI M3 6eJIOTO Kap/AHKa W HEeHTPOHHOH 3BE3JIbl.

CoisiHusT IBYX GeJIbIX KAPJUKOB MPHBOST K BCIIBILIKE CBEPXHOBOH
tuna la. [Iis a3TOoro Heo6X0AUMO, YTOOB CyMMapHasi Macca CJAWBAIONINXCS
00'beKTOB MPEBOCXOAUAA KPUTHUECKYI0. CBEPXHOBbBIE 3TOTO THIIA SIBJASIOTCS
OJIHUM M3 OCHOBHBIX TOCTABIIMKOB TSDKE/BIX 3JeMEHTOB (B MEpBYO ouepeb
TPYTIBL 2Kejie3a), MOCKOJAbKY OOGBIYHO MPOMCXOIUT TMOJHOE paspyllieHHe
B3PBIBAIOIIETOCS 06'bEKTA.

CJiisiHUsT IBYX HEATPOHHBIX 3BE3[ MPHUBOAAT K MOSIBJCHHIO KOPOT-
KOro ramma-periecka. [Ipi 3ToM TakxKe MPOUCXOIUT Bbife/eHHe SHEePru
¥ Ha GoJiee NJIMHHBIX BOJHAX — BCIBIXHBAIOT TAaK Ha3biBAEMble KUAOHOBbLLE.
Kpowme Toro, Takue cOGHITHS BaXKHDLI C TOUKH 3PEHHS CHHTE3a Psila TSKENbIX
5J1eMeHTOB (HampuMep, 30J0Ta), POKAAIOLIMXCS B GuICTpoM (r-) mpoiecce
(cMm. pasgen 5.2 «Xumuueckas sodioist Beenennoi. 3Beaan»). Hakowerl,
CJ/IUSIHAST HEUTPOHHBIX 3BE3[L SIBJIAIOTCS HCTOYHHKAMH TPABUTALMOHHBIX BOJIH.

CnusaHunsa ,D,BOI\/‘IHbIX HeﬁTDOHHbIX 3Be34 N YEPHbIX AbIP
conpoBoXxpaarTCcA MOLLHbIM rpaBUTaLMOHHO-BOJIHOBbIM
BCMnJjieCKom.

[lepBblii TPaBUTAIIMOHHO-BOJHOBOH BCIJIECK OblI 3aperucTpH-
poBan ycranoBkamu LIGO (Laser Interferometer Gravitational-Wave
Observatory, JlagepHo-uHTEeppepoMeTpruUecKasi rpaBUTALIHOHHO-BOJHOBAS
o6cepBatopust, cM. pasiesa 13.9 «JleTeKTopbl rPaBUTALIHOHHBIX BOJIHY)
ocenbio 2015 T., IPUUUHON COOBITHS CTAJIO CJAUSHHE IBYX UEPHBIX JIbIP.
Buiaropapsi 6osblioit Macce cauBaoUXcsi 06'beKTOB BCIJIECKH MOXHO
00HAPYKHUBAThb HA KOCMOJIOTHUECKHX PACCTOSIHUSX, MPEBLILIAIOLIMX MHJI-
JMap CBETOBLIX JeT. [l pacueTa TeMa TaKUX COOBITHH BaXKHO XOPOILO
TIOHMMATb 3BOJIOIMIO IBOHHBIX 3Be3/. CJ/HsAHUS HEHTPOHHBIX 3BE3J MPO-
HUCXOJST yallle CAUSHUHA C yuyacTHeM YepHBIX AbIp, 3aTo OOJblias Macca
NOCJeIHUX NO03BOJSET BUAETb TaKHe COOBITHS ¢ OOJMBLIMX PACCTOSHU.
Celiyac paHHbBIe C TPABUTALHOHHO-BOJHOBBIX JE€TEKTOPOB MO3BOJSIOT
YTOYHHTb KapTHHY 3BOJIOLHH IBOHHBIX 3BE3J.

Cepreii MNonoe
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4.5
O6pazoBaHue 3Be3[.
Tpwn HaceneHunA

3Be3anl 06pa3yioTcesl U3 06JaKOB rasa M MbLIH B MpoIlecce UX CxKa-
Tusi. COOTBETCTBEHHO, MPOIECC 3Be3/1000pa30BaHUsI 3aBUCHT OT CBOHCTB
rasza: mJIOTHOCTH, TEMIePaTypbl, XUMHUECKOT'O COCTaBa, TypOyJeHTHOCTH,
MarHUTHBIX MOJEH U APYTUX TapaMeTpoB.

[Tporecc GopMupoBaHuUsi MEPBLIX 3BE3J HAUAJCS CIYCTS JAECSITKH
MUJIIMOHOB JIET MOCJe HavaJja paciidpenust BcesieHHO#, Korga ras comaep-
JKa/sl 0OueHb MaJjoe KOJHUYeCTBO 3JeMEeHTOB TsiKesee reqaus. BosHukiine
M3 3TOH Ccpefbl 3Be3/bl OTHOCAT K Hacesenuio Il (MHorza BMecTo TepMHHA
«HACEeJIEHHEe» HCIMOJb3YIOT <MOMYJSALUsA» HIH IOKOJeHHe»). B Hacrosiiee
BpeMsl TaKue 3Be3J/ibl C HYJEBBIM COIEPKAHUEM 3JEMEHTOB TsKesee Teust
He o6HApYKEeHBbl HA B HALIUX OKPECTHOCTSIX, HU MPU HAGJMIONEHUSIX JaJeKHX
00'beKTOB B MoJIoJ0H BcejieHHOH.

MepBble 3Be3abl, BO3HUKLLINE L3 ra3a NepBMYHOro
cocTaBa, OTHOCAT K HaceneHwuto lll.

CulenyoumMii BaXXHbIH 3Tan CBsi3aH ¢ HayajgoM (OPMHPOBAHHS
Hawe#l [ajakTHKM, KOTJa BEUIECTBO yXkKe OblJO HEMHOTO 06orauieHo
TS2KEJNbIMH 3JeMeHTaMH 6Jarofapsi B3pbiBaM MEPBbIX MACCHBHBIX 3BE3JI.
[lepBble mapy MH/ANHAPAOB JeT TeMN o0pa3oBaHusl 3Be3/ B ['ajakTuke OblI
oueHb BeJquK. Ha paHHux stanax (opmupoBaHus [ajakTHKH U BO3HUKJA
6oJibliasi 3Be3[HAs MOMyJsns — HaceseHue [I, B 0CHOBHOM 3Be3[bl 3TOH
HONYJSUUH HaXOASTCS B rajo W LAPOBLIX CKOIVICHHSIX, a TaKxkKe B GaJsKe
(cm. pasnea 8.1 «Crpykrypa [aakTHKHY).

B Nanaktuke BbigenatoT gBa 3Be3gHbix HaceneHusa: | n ll.
3Be3abl HaceneHus |l 6egHbl anemeHTaMu TaXenee
renuvs, a 3ee3abl HaceneHusa | merT NpuMmepHo
COJIHEYHbIN cocTaB. Kpome Toro, y HNX pasHbie
KMHemMmaTmyeckume CBOMCTBA.

Haxownel, npouecc 3Be31006pa3oBaHus MPOJOIKUICS B JTUCKE
FanakTuKH, rge uaeT U cefiuac. XuMHueckud cocras anaktuku (rasa
¥ 3Be3J B Hel) MeHSeTcs, HO yKe He CJHIIKOM CYLIeCTBEHHO, OH IPUMEPHO
COOTBETCTBYET COJIHEUHOMY, M BCe 3Be3[bl ['aJaKTHKH C TaKHM COCTaBOM
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oTHOCAT K HacesaeHuto [. Hacesnenus [ u Il BnepBble ObLIM BblAeJdeHbI
B 1944 r. Basbrepom Baane (Walter Baade) mo pesy/nbraram cpaBHeHHs
3Bes] Hamed [ajakTHKKM CcO 3Be3faMH TyMaHHOCTH Angpomens (M31).

[Tpouecc hopMupoBaHus 3Be3[ BHI3bIBAET €llleé MHOI'O BOMPOCOB,
OJIHAKO B OOIIMX YepTax KapTHHA MPEACTaB/SIEeTCs SICHOH, 0COGEHHO TpHMe-
HHUTEJbHO K COBPEMEHHOMY 3Be3foo0pasoBanuio. PasBurue Hab/101aTeNbHbIX
BO3MOXKHOCTEH 103BOJSIET BUAETh pas/HuHble 3Talbl 00pa30BaHUs 3BE3[:
HauMHasi OT NOSIBJIEHHUS YIIOTHEHHH B MOJIEKYJSPHBIX o0/aKaX U 3aKaHUHBast
MOJIOIBIMH 00'b€KTaMH, BBIXOISIIMMHU Ha [VIaBHYIO MOC/A€f10BaTENbHOCTD
U ellle OKPYKEHHBIMH TPOTOMJIAHETHBIMH MJIH OCTATOUHBIMH JHCKAMH.

3Be3bl poxaaloTcsa B pesynbraTe Koslanca BHyTPEeHHUX
yacTell MoneKynspHbIX 06/1aKOB.

Mouiekynsipable o0/aKa coaepaKaT NPaKTHUECKH BeCb MOJEKYJIsp-
HBIH Bogopoa B [anaktuke. MIX cpenHsisi MIOTHOCTb OOBIYHO COCTABJSIET
HECKOJIbKO COTEH aTOMOB BOAOPOJA B KyOHUECKOM CAHTHMETpPE, a MacChl —
OT COTeH 10 MUMIHOHOB Macc CoJHIla. BHyTpeHHsAsS CTpyKTypa obJaaka
JOBOJIbHO CJIO2KHAsA: BbIACAAIOT CI'YCTKH, B KOTOPbIX MOT'YT O6paSOBbIBaTbCH
3Be3/bl, U IIPOTO3BE3/IHbIE Spa, TAe 3TOT MpoLece yxKe uiaeT. B crycrkax
IJIOTHOCTb COCTABJSIET OT TBHICSYU 10 COTHH THICSY aTOMOB B KyGHUECKOM
CaHTHUMETpE, a B TPOTO3BE3AHBIX IPaX — IMPEBOCXOIUT CTO THICSY ATOMOB
B KyO6uueckoMm caHtumetpe. Cpennsisg temnepatypa B objakax 10-30 K,
B CT'yCTKax OHa 4yTb MeHblIe, a B MNPOTO3BE3AHbLIX dAApaX 4YaCTO AdaxKe
ke 10 K. Tunnunbie pazmepsl 06/1aKOB — HECKOJbKO Mapcek, CrycT-
KOB — MeHee 2 rapcek, a padMepbl MPOTO3BE3AHBIX SAeP HCUHCASIOTCS
yaKe IeCATKaMH ThlCS4 aCTPOHOMHUYECKHX €IHHHMIL.

B o6sakax cyliecTBYIOT MOILIHbIE TypOy/JeHTHblE MOTOKH U Mar-
HUTHBIE 110J1s1, o6ecreurBalIue yCTOHUMBOCTh ob/aka. B mpouecce cxkaTusi
W MOoJ AeHCTBHEM TypOy/NE€HTHOCTH BO3HHKAIOT YIVIOTHEHHS, Macca KOTOPbIX
MPEBOCXOIUT KPUTHUECKYHO (TaK HA3BIBAEMYIO [PKHHCOBCKYIO MacCy), ¥ TOra
HauMHAaeTCsl KOJJAMC, NPUBOASIIMHA K o6pa3oBaHuIo 3Be3A. [Iporossesna
aKKpeluupyeT ras, noka OH He 3aKOHUHTCS HJ/IM [10Ka H3JyueHHe 3Be3bl
He HauHeT MOHH3UPOBATh, HarpeBaThb M OTOpachiBaThb rasd. Ec/au cxkatue
HayaJoch, TO NMPOTO3Be3/a (POPMUPYETCS] OTHOCHTEIBLHO GBICTPO — 3a MHJI-
JIMOH JieT (2 MACCHBHbIE 3Be3Jbl 1axke ObICTpee).

[leTanbHoe paccMOTpeHHE YCJIOBHH CoKaTHS rasa Moj JAeHCTBHEM
rpaBuTanuy Boimoanua B 1902 r. [keiivme Mxunc (James Jeans), B uectb
KOTOPOTO H ObIJIM Ha3BaHLI COOTBETCTBYIOIIHE KPUTHUYECKHE BE/JAUYH-
Hbl — JOKHHCOBCKHMe Macca M ajauHa. OH rmokasaJ, 4To /s CI'yCcTKa rasa,
HaXOJSIIIEroCsl B paBHOBeCHH (KaK MPAaBHJIO, €r0 BHYTPEHHEE [aBJeHHE
YPABHOBEILINBAETCS TABJCHHEM BHEIIHEH Cpelbl U CHJIOH IpaBUTALMH),
CYIIECTBYIOT KpUTHUECKasi Macca U pa3Mep, MpH MPEBLILIEHHH KOTOPLIX
HauUHMHAETCST CXKATHE.

Cepreii MNonoe
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EcTb npoctoe 00'bsICHEHHE 3THX KPUTHUECKHX YCJAOBHH: CHJA
rpaBUTALlMHd YpaBHOBEIIeHA IPAJHEHTOM AaBJAEHHs, MPH POCTE MACChl
(a sHaunT, ¥ pasMepa) CHja TPaBUTALMKM BO3PACTAET, B UTOre OHA MOOEXK-
JaeT, U HauMHaeTCsl CxKaThe. Bosee netaibHOe 06bSICHEHHE 3aK/II0UAETCs
B PACCMOTPEHHMH XapaKTEePUCTHK MPOTHBOGOPCTBYIOUIMX MpolieccoB. B xome
CKATHSI CT'YCTKA CHJIbl TPaBUTAIIMH PACTYT, CTYCTOK MPOAO/KAET CXKUMATh-
Csl, U y 3TOTO MpOoIecca eCTh XapaKTepHble BpeMsl B CKOPOCTb — BpeMsi
H CKOPOCTb CBOGOAHOTO MaaeHusi. PaBHOBeCHe MOXKeT GbITh BOCCTAHOBJIEHO
pPOCTOM JaBJIeHHsI, XapaKTepHasi CKOPOCTb 3TOr0 Mpolecca paBHa CKOPOCTH
3Byka. Ec/au BpeMsi mepecevyeHusi CTycTKa 3BYKOBOH BOJIHOH MeHblie Bpe-
MeHH CBOOOTHOT'O TajeHHs, paBHOBecHe GymeT BOCCTaHOBJAeHO. Ecan ke,
Hao60poT, BpeMsi CBOGOJHOTO MaleHHs] MEeHble — CXKaTHe MPOJOJAKHTCS.

Konnanc 6onbworo cryctka raza conpoBoXpgaeTcs
dparmeHTaymen. Noatomy 3Be3abl 0ObIYHO POXKAAKOTCS
rpynnamm.

B pea/qibHOCTH YCJ/JAOBHSA HayaJ/a CKaTHUA BBITVIAAAT ropasao CJ/A02K-
Hee, NOCKOJIbKY HeOOXOIUMO YUHMTLIBATh CJO0XKHYIO CTPYKTYPY CTYCTKOB,
a TakxKe Hajnyue TypOyJeHTHOCTH M MAarHUTHHIX moJjed. OlleHKH MmoKa-
3BIBAIOT, UYTO B peajibHOH MexK3BEe3JTHOH cpele MOTYT KOJJIAncHpOBaTh
MOJIEKYJIsIpHble 06JlaKka B I1€J0M WJH UX BHYTPEHHHE YacTH, YCJAOBHS
CXKATHUS 3aBUCAT OT TeMIMepaTyphl U MJIOTHOCTU. [Ipu cxKaTHM ra3 Moxer
HarpeBaTbCsl, UTO BeAET K POCTY HdaBJ/€HHs, TTIOITOMY H606XOIII/IMO, YTOObI
OH MOT JOCTATOYHO OBICTPO OCTHIBATh. B MewkK3Be3mHOH cpene 3TO OCy-
[IECTBJSETCS H3MyUeHHEM MOJIEKYJ W MbLIH. EC/aIM OCcThIBaHME HOCTATOUHO
a3(pdeKTHBHO, a cpela CUJIbHO TypOy/JeHTHa, TO B Mpollecce KoJJarnca
CrycTKH OyAyT (pparMeHTHPOBATHCS, B pe3y/abTaTe 4ero BO3HHKAET MHO-
»KecTBO nporo3Bedn. OHH MPOAOMKAIOT aKKPEIHpoBaTh ras (KOHKYpHpys
3a HeFO), W B UTOI'€ BOSHHUKAET IpyIlIma H/AHW CKOIlJIEHHE 3BE3[.

YcaoBust B MoJ100H BeesieHHOH, Korma ras enle He Obll o0oraiieH
3/JeMEHTaMHU TsKeJjee Teusi, CylleCTBEHHO OT/JIMYAJINCh OT COBPEMEHHBIX:
TOTZA ellle He CYIIECTBOBAJMO OCHOBHBIX MojieKysa (CO u ap.) W MblIH, OTBe-
YaIoIIMX 332 OCThIBAHHE CXKMMalollerocsi 06/aKa MocpefacTBOM H3JyUeHHsl.
[TosTOMY OCHOBHBIM OXJ/1A}/IAIOIIMM areHTOM SIBJISIICS MOJIEKYJISIPHBIN BOJOPO,
H,. ITockonbKy 3Ta MO/IEKy/a CHMMETPHYHA, OHa He ABAAeTCA 3(P(PEKTHBHBIM
u3JayuaTeseM, H 3TO OCJA0KHSeT 00pa3oBaHUE TEPBOr0 TMOKOJEHHUST 3BE3I.

YcnoBusa poxgeHuns 3se3g B mononon BceneHHom
OT/INYANNCb OT COBPEMEHHDbIX.

B panneil BceseHHO# H3-3a cylllecTBOBaHHUS M pocTa (JIyK-
TyallMi MJIOTHOCTH BO3HHUKAIOT TaK Ha3bIBaeMble MHHH-TaJ0, COCTOSIIIHE
M3 TEMHOTO BEIIeCTBA U BOJOPOAHO-TeIHEeBOro rasa (cM. raasy 10 «Mup
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raJakTHK», a tTakke pasged 12.4 «CnekTp mepBUUHBIX BO3MYIIEHHH»).
B nocratouHo mMaccHBHBIX rajo (okoso MuinoHa Mace CosHIa, GoJbliast
YaCcTh MACChl OMPEIE/SIeTCsl TEMHBIM BEIIECTBOM) BO3HHKAKOT YCJAOBHS s
Havasa 00pa3oBaHus 3Be3f. [leTajqu 3TOro npolecca ocTaloTcs I0Ka Hesic-
ubiMu. [lepBble pacueTsbl MOKa3blBa/JdM, YTO B OCHOBHOM BO3HHUKAIOT OY€Hb
MaccuBHble 3Be3fbl (cotHu Macc CoJHIIA) — YacTO OfHA HA MHHH-TAJIo.
OHM 10/IKHBI OB JOBOJIBHO GLICTPO 3aBepllaTh CBOIO 3BOJIOLHUIO, 060-
ramasi cpefy TsKe/JbIMH 3JeMeHTaMH M NpeBpallasch B YepHbIE bIPHI
¢ maccamu 100-200 cosnneunbix. OgHAKO TOC/ENYIOlIee KOMIIbIOTEPHOE
MOJIe/IMpOBaHHeE MOKa3aJ/o, uTo B HaceseHuH Il MoryT Bo3HHMKATh rpymnimbl
3Be3JI, CoMepKAIIHE U TOCTATOUHO Jerkue (¢ MacCoi MopsiaKa COMHEUHOH)
o6beKkThl. Hekortopble M3 caMbix Jerkux 3pesn nonyasuuu I1I moran
JOXKHTb W 10 HALIMX JHEH, XOTs MokKa Takue 00'beKTbl He OOHApYIKEHHI.

Mbi Habnogaem pasnnyHble cTaguu dopmMmmpoBaHms
3Be3[, BKJIloYasi NpoTo3Be3gHble sapa n camm
npoTo3Be3abl.

[1pu mpuMepHO COJIHEYHOM COCTaBe Tasa (popMHUpOBaHHE 3BE3[IHI
3aHUMAET OT HECKOJbKHX COTEH TBHICAY (B C/ydyae MaCCHBHLIX OG'bEKTOB)
JI0 HECKOJIbKHUX JECATKOB MHJIHOHOB JieT (/i MacChl HEMHOT'O MEHbIIe
cosHeyHo#). [Toka BelecTBO HOBOJIbHO MPO3PAYHO U MOSTOMY MOXKET
ObICTPO OCTHIBATH, BBIIEJIUBIIMHCS CT'YCTOK JOCTATOUHO GBICTPO CKUMAETCS
oT paamepoB mopsiaka 0,1 mapceka no cotuu paauycoB CoJHIIA — BO3-
HUKaeT mpoTo3Besna. OHa MPOAOMKAET MENJEHHO CHKUMATHCS M aKKpellu-
poBaTh ras (Takue OGbEKThl HAG/IIOMAIOTCS KaK MOIIHbIe HH(paKpacHbie
MCTOUHHKH). HakoHel, TeMnepaTtypa B HeIpax BbipacTaer A0 AOCTATOYHO
60J/IbIINX 3HAYEHHH, UTOOBl HAYaJHUCh TEPMOSsIepHbIE PeaKInH TpeBpale-
HHS BOJOpOJA B rejuid. B 3TOoT MOMeHT 3Be3na oka3biBaeTcs Ha [ JlaBHOH
nocJ/aenoBaTe/JIbHOCTH.

4.6
CmeHa TepmMosifepHbIX peakumnia

DBOJIOLMS 3Be3[bl — 3TO B NEPBYIO ouepelb HUCTOPHUS Tep-
MOSIIEpPHBIX peaklMil B ee siape. 2KH3Hb 3Be3/bl HAUHHAETCS CO CTAAUH
ee (popmupoBanud. Euie no nonaganus Ha ['aBHyI0 moc/enoBaTe/bHOCTD
B ee Helpax HUAYT HU3KOTEMIEpaTypHble TEPMOSAEPHbIE PEaKIMH — Tpexie
BCcero ropenue aeitepusi. OTHAKO MOMCHO CUHMTATB, UTO 3BE3/1a OKOHUATENbHO
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C(1)0[3Ml/IpOBaJIEle7 KOrja HauMHaeTcsl cTabu/IbHBIH CHHTE3 TeJnsl U3 BOIOpOAA.
Y I0CTaTOYHO MACCHBHBIX 3Be3] BIOCJ/EACTBHH MOI'YT HaydaTbCsd peaKlHuHu
CHHTEe3a ApPYTrHux, 6oJiee TsDKEJBIX 3JeMeHToB. Korma 3amachkl Kakoro-to aJe-
MEHTa NMOAXOAAT K KOHIY, peaKlHWHu NpeKpauamTcd, U 3Be3Ja HauuHaeT
CXKUMaTbCA AJad COXPAaHEHHS THAPOCTAaTHUYECKOro paBHOBECHS. dto MpHUBO-
OUT K MOBBIIIECHHWIO TEMIIEPATYpbl U MJIOTHOCTH B €€ HeapaxX, H, €C/JAU OHH
JIOCTHTAIOT HEOOXOIUMBIX KPUTHUYECKHUX 3HAUYEHHUH, MOTYT HadaTbCsd peaKlnn
cuHTe3a 6oJjiee TSXKeJNbIX 3JeMEHTOB.

B xoge aBonounmn 3se3gbl NPONCXOANT CMEHa
TepmMosaOepHbIX peakLuii B ee Hegpax.

[IpeBpalenue Bojopoaa B reJiMii — 3TO He OfHA peaklLHd,
a nenas nenodka. bojsee Toro, cyumecTsyeT JBa He3aBUCHMBIX KaHaJja
cuHTe3a reusi. [1epBblii JOMHHUPYET B MaJOMACCHBHBIX 3Be3aX (BK/HOUAsI
CoJHIle) U HA3BIBAETCS PP-IIEMOUKOH, MOCKOJIbKY BCE HAUMHAETCS B3aHMO-
JEHCTBUEM JIBYX NMPOTOHOB (3TOT KaHAJ CHHTe3a GblI BIEPBble PACCMOTPEH
l'ancom Bere (Hans Bethe) B 1939 r.). [IBa npoTtoHa, Gyayudd IOJOKH-
TeJbHO 3apsKEHHBIMH YaCTHIAMH, HCIBITHIBAIOT CHJAbHOE KYJOHOBCKOE
orrajkuBanue. [Tostomy /st 9Toi peakuuu (Kak U JJsi MHOTHX JAPYTHX
B TEPMOSIIEPHOM CHHTE3€) HEOOXOIHMbl HE TOJNbKO BBICOKASI MJIOTHOCTh
U TeMIepaTypa, HO M TAKOH KBAaHTOBBIH 3(p(eKT, KaK TyHHe/JHpOBaHHE,
MO3BOJISIONIHE YaCTHIIAM TIPEOJ0JNETh KYJOHOBCKUH Gapbep (mepBHIM
KBAaHTOBOE TyHHe/JHpoBaHHe paccMoTpes ['eopruit 'amos B 1928 r. npu
paspaGoTke TeopHH ajbda-pacnana).

JlBa mpoToHa 06pasyioT usoron He (IMIPOTOH), MPH 3TOM Bbile-
Jasietcs sHeprus. baaronapst 6eta-pacnany OQMH H3 IPOTOHOB IIpeBpalla-
eTcsl B HEHTPOH, HCIycKasi MO3UTPOH (KOTOPBIH TYT Ke aHHHTHJIHPYET)
U 3JeKTpoHHOoe HeHTpuHo. [lonyuuBliniics nediTepuil 3axBaTbiBaeT ellle
OMH NpOTOH, 06pasys renuii-3 (3He) ¢ oigenennem suepruu. Hanee
BO3MOXKHBI TpH NyTH. [lepBbili: reauii-3 B3aUMOAEHCTBYET C TaKHM XKe
aapomM, o6paays requii-4 (jHe) u 1Ba mpoToHa ¢ BbIIE/JIEHHEM SHEPTHH.
[Ba apyrux nyTH MAYT 4yepe3 B3aUMOAECHCTBHE rejusi-3 ¢ reaneM-4.
VX UTOroM Takxke CTAHOBHUTCS CHHTE3 rejus-4, MJI0C N0 XOAY peakLui
HCIYCKAIOTCS HEUTPHHO W BbIIEJ/SETCS SHEPrHs.

Cynbb6a 3Be3gbl 1 3anyckK NnocneayrLwmnx peakuymnin
3aBNCAT OT TeMnepaTypbl B Hegpax, koTopas
ornpenenseTcs maccom 3se3gbl.

B Gosee MaccHBHBIX 3Be3gax TOMHHHPYeT TaK Ha3blBaeMBIH
CNO-uuka (on umeer Mecto u B CoJiHIle, Tlle OTBeUaeT MeHee ueM
3a 2% sHepro.biIe/ieHus ). B 3TOM KaHajle TaKke eCThb HECKOJbKO [EenoueK
peakuuii. OCo6GEHHOCTBIO 3TOTO LUKJA SIBJASETCS TO, YTO AJSI MPOTEKaHHs
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peakivii He06XOIUMO TPUCYTCTBHE sIep yraepoja, a3oTa W KHUCJIOPOJA,
BBICTYNAIOMINX B POJIK KaTasusatopa (MPH 3TOM a30T M KHCJOPOA CO3/a-
I0TCSl U HUCUe3aloT B IMpollecce 1MKJIA, cM. pasaena 1.2 «Peaxuuun B CoaHile.
Heittpuno»). Mtorom peakuydii BHOBb SIBJSIETCS CHHTE3 Tejiks-4 U3 deThipex
NPOTOHOB C BbIAEJEHHEM SHEPTHH W HCIyCKaHHEM HeHTpuHO. BrepBbie
3TOT UK/ Obl1 pacecmorpen Kapaom ¢oun Baitzexkkepom (Carl Friedrich
von Weizsicker) u 'ancom Bere B 1938-1939 rr.

Korna Bomopon B siipe 3Be3/ibl HCUEPIIAH, PeaKIUK TPeKpaiaroTcs.
OHeproBbiIe/IeHHEe MAJAEeT, U PO HAUMHAET CKUMAThCS, UTOOBI COXPAHHUTD
I'HIPOCTATHUYECKOE PABHOBECHE, U MPU 3TOM HarpeBaeTcsi. ¥ 3Be3/l C Maccoi
MeHee MOJOBHHBI COJMHEUHOH HarpeB siipa OKa3blBaeTCsl HEIOCTATOUHBIM
IJIsT 3aMycKa caefylollled peaklMM — CHHTe3a yriepojaa. B atom caydae
MJOTHOCTh B Siipe pacTeT, MOKa ra3 He TepelieT B BHIPOXKAEHHOE COCTO-
ssHue — obpa3yeTcs TeaueBbli Geblil Kapauk. OIHAKO, MOCKOJbKY BpeMsi
SBOJIIOIMH CTOJIb MAJOMACCHBHBIX CBETHJ MPEBBIIIAET COBPEMEHHBIH BO3pacT
BcesienHo#i, HU oflHA 3Be3/ia ellle He MPOIlIa 3TOT MyTh 0 KOHIA.

B 3Be3pgax ¢ maccom MeHee NnoJIoBMHbl CONMTHEYHOMN
peakunmn ocTaHaBNIMNBaKTCA NOC/Ie CUHTE3a renns.

Y 3Be3n TsxKe/ee NPUMEPHO MOJOBUHBI Macchl CoJ/iHLIA HHAaS
cyabba. Ilpu cxkatum siapa teMmmepaTypa B €ro BHELIHHX CJAOSIX MOXKeET
MOBBICHTbCS HACTOJ/IBKO, UTO HAYHET TOpPeTh COXPAHMBLIMHCS CHapyXkH siapa
BOJIOPOJT — BO3HHKAET TAaK Ha3blBaeMblH CJ0€BOH HCTOYHHK. DHEProBbI-
Jle/leHle JOCTATOYHO BEJIMKO, 103TOMY BHeLIHssl 000/104Ka paclIupseTcs.
Temnepartypa MOBepXHOCTH NaJaeT, HO MOJHAas CBETUMOCTb 3Be3/bl BO3-
pacTaet: MOsIBJASEeTCST KPACHBIH T'HTaHT.

B 3Be3pgax ¢ maccom ot 0,5 no 8 macc ConHua peakuynn
He uayT Aanblle CMHTe3a yrnepoga 1 Kmcnopoga.

Poct Temneparyphl B gape npuBeleT K Havya/ly TEpPMOSIEPHOro
ropenus requs. [Ipuuem y 3Be3n ¢ maccoiil meHee 1,8 co/iHEeUYHOH BelecTBO
B siipe yCMeBaeT JOCTHYb BBIPOKAEHHOTO COCTOSIHHSI, MO3TOMY 3axKHra-
HHe Trejisl HOCHT XapakTep BCHbliku?, [eqinii mpeBpaliaercs B yriaepos
B TaK HasbiBaeMOH 3-anbda peakuuu: ABe ajdbda-uacTuubl (sapa reaus-4)
00pasyloT HecTaOUAbHEIH $Be, u, mpexie yeM OH pacmafaeTcs, TPeTbs
ajb(a-yacTuila BCTyMaeT B peaxiuio, GopMupys sapo yriaepona-12. [lepsas
peakuus uier ¢ HeGOJbLIOH 3aTpaTOH HEPruH, 3aTo BTOpas — C GOJ/bIIUM
sHeproBbiieeHreM. CBETHMOCTb 3B€3/bl HA 3TOH CTaguH OOJbIIe, YeEM
Ha [JlaBHOH ToOCJ/Ie0BaTe/IbHOCTH, HO caMa CTajus MpPH 3TOM KOpoue.

2 BblCTpO BO3pacTaeT TEMI TOPEeHHd reJiusg, OJHAKO PE3KOro BCIIJIECKa CBETHMOCTH

3BE31bI MPH 3TOM HE MPOUCXOIHUT.
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Ecsau temmneparypa B siipe AOCTATOYHO BBICOKA (4TO 3aBHCHT
OT Macchl 3BE3/ibl), TO YIJIEPOA MOXKET B3aUMOJEHCTBOBATH C a/jb(a-4acTh-
e, o6pasyst kucjaopoia. [1o oKOHUAHUM TOPEHHUs Tesusl BO3HUKAET yTJje-
pomHo-KHcaopoaHoe siapo. OHO TakKe CO BpeMeHeM HAUMHAEeT CHKHUMAThCS,
U TIPH 3TOM BO3MOXKHO MOSIBJEHHE CJA0E€BbIX MCTOYHHKOB [BYX THIIOB:
BOJOPOAHOrO (pacroJ/oxKeH Bbilie) U requesoro (Hmxke). Ha 31oit cragnu
3B€3/1a MOXKET CTaTh KPACHBIM CBEPXTUTAaHTOM C PAaAMyCOM 0 MHJJIHAp/A
KHJIOMETPOB. B KOHIle KOHIIOB, ecyu Macca 3Be3/ibl MeHee 8—10 co/HeuHbIX,
cocTapJsiolasi 60JbLIYI0 YACTh Macchl 3Be3[bl 000J0UKa OyneT cOpolieHa,
i o0pasyercst yriaepoaHo-kucaopoaubiil (CO-) Geblii KapJuk.

B 3Be3max ¢ maccoit 6osee 8—10 comHeuHBIX TeMmmepaTypa B sipe
MOXKET MOBBICHTbCS 10 3HAUEHHH, OTKPBIBAIOIIMX BO3MOXKHOCTH [J/is Ja/b-
HeHIIero TepMosiIepHOTO CHHTE3a — BILIOThH /IO 3/71€MEHTOB TPYIIIHI 2KeJe3a.
Kaxxpast mocsenyiomias ctaaus ropeHUs KOpoue Mpeablayieid u TpeGyeTt
60Jiee BBHICOKOW TeMIlepaTyphl B HeJIpax.

B AO0pax Ta>XesbiX 3Be3 CUHTE3 NAET BMJ10Tb
ao 06pasoBaH|/|s'-| 9NIEMEHTOB rpynnbl >xenesa.

Bce HaunHaeTcsl co CTaaMu FOpeHHUs yriepoia, Korjaa jABa siapa
3TOr0 3/eMeHTa B3aUMOAEHCTBYIOT, CHHTE3UDPYsl HEOH, HATPUH WU Mar-
Hu#. HaTpu#i B OCHOBHOM 3aXBaThiBaeT MPOTOH, MpeBpalllasich B HEOH
U anbda-uyactuny. [103TOMy OCHOBHBIM MPOAYKTOM TOpPEHHsl yraepona
ABJsIETCsT HEOH (MI0C HeGOJbIIoe KOJMHYecTBO Martus). CylecTByioT
KaHa/bl 06pa3oBaHUs GesqbIX Kap/JIHKOB ¢ KHCJAOPOAHO-HEOHOBO-MarHHEBHIM
(O-Ne-Mg) cocraBoMm. [ljist 3TOr0 HamO MPEIOTBPATUTH AaJbHEHIIHE Peak-
1M, YTO MOXKET ObITh JOCTHTHYTO, HalpuMep, cOPOCOM BHELIHHX CJIOEB
IpH B3PHIBHOM HauaJjle TOPEHHUs yTI/epoja B BBLIPOKICHHOM BeLIECTBE.

OTMeTHM, UTO y 3BE3[bl C MaCCOH B JECSATKH COJNHEUHBIX HET
CTAJMM, aHAJOTHUYHOH K/JIACCHUECKHM KPACHBIM I'MTaHTaM, Tak KaK HX 000-
JOUYKH OBICTPO HCTEKAIT H3-3a CHUJIBbHOrO 3Be3AHOro BeTpa. [loaTomy
UX IBH2KeHHUs 1o auarpamme [epummnpynra — Paccesia HOCAT B OCHOBHOM
rOPU30HTAMbHBIA XapakTep.

B xope asonounm 3se3fa nepemeLyaertcs no gnarpamme
lepuywnpyHra — Paccena. Knio4yeBblie TOUYKIN CBA3aHbl

C BbIKJ/IIOYEHNEM U BKJIIOYEHMEM PA3NINYHbIX
TepmMosaaepHbIX peakumni.

Caenyolelt siBasieTcss peakuus TOpPeHHsl HEeOHa, KOTOPBIH Ipe-
BpallaeTcsl B MarHui, saxsaThiBas aJdb(a-uactuny. [Ipn Temnepatype
Boie 2 Mjpa K HauuHaercs TepmosiiepHoe ropeHue Kucjaopona. Camblii
BAaXKHBIH KaHaJ/J TakoH peakllMM — MpeBpalleHue IBYX siiep 3TOTo 3Je-
MEHTa B KPEMHHH.
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Haxonen, mpu 5 MJpI rpafgycoB HAYT PeaKUHUH C yUacCTHEM
kpemuust. [Tpucoenunsist K cee anbha-uacTuiibl (POKAAIINHECS B MPOIIECCE
pacrmaja 4acTH KpeMHMsl Ha MarHui W requid-4 moa BosnedcTBHEM (POTOHOB
BBICOKOH SHEPrHH), OH MOCAEN0BATENbHO TaeT Cepy, aproH, Kajablui H T. 1.
STa 1enouka 3akaHuuBaeTcsl (DOPMHpPOBAHUEM KeJje3Horo siapa. [locae
3TOr0 3Be3]a, BeposTHee BCero, NpeBpallaeTcss B CBEPXHOBYIO.

4.7
CBepxHOBbIe

Cy1ecTByeT HECKOJIbKO THIIOB CBEPXHOBBIX. [lepBOHAYaA/IbHO neie-
HHE Ha THIIbl POUCXOAMIO HA OCHOBE HAGJIOIATEbHBIX TaHHBIX (CIEKTPHI,
KpUBble G/iecka), HO ropasjio BaxkKHee OT/IHUYHEe B (DH3HUECKOM MEXaHH3ME.
Cy1ecTByeT /iBa TPUHLHKIHAJALHO Pa3HBIX THIA CBEPXHOBBLIX. [lepBbie — 3TO
CBEPXHOBBIE C KOJJIANCOM s1Apa, Y KOTOPBIX BCIBIIIKA SIBJASETCS (PHHATbHBIM
AaKKOPJOM 3BOJIIOIIMH MacCHBHOH 3BE3Jbl, Ube AP0 MOTEPSIO YCTOHUHBOCTD.
Kak mpaBu/o, 1moc/ie BCOBIILKH CBEPXHOBOH TAKOrO THMA OCTAETCS KOM-
MaKTHBIH OCTAaTOK — HeHTpPOHHas 3Be3Ja WJH yepHas Ablpa. BTopoil Tun
CBEPXHOBBIX — 3TO TepMOsiIepHble B3PBIBbI Oe/bIX KapJHKOB. B 3ToM ciyuae
BBIPOXK/IEHHBIH 3BE3HBIA 0CTaTOK (6eJ/Iblii KapJaKK) H0CTHraeT KPHTHYECKOH
Macchl, YTO MPUBOAUT K TEPMOsAepPHOMY B3pbIBY. Halle Bcero Ipu 3ToMm
BCE BEUIECTBO OKA3bIBAETCSl PACCESHHBIM B OKPY2KaloLIEeM MPOCTPaHCTBE.
CBepXHOBbBIE € KOJJIAICOM $iipa MOT'YT OTHOCHTBCS K Pas3HbIM MOAKJ/AC-
cam — IIL, 1IP, Ib/c u ap. BapbiBbl Ge/bIX Kap/JAHKOB — 3TO CBEpPXHOBbIE
tuna la. Kpome Toro, MaccuBHble 3Be3/bl MOI'yT 3aKaHUMBATb CBOIO XKH3Hb
6e3 B3pbIBa, UX sIApa MPHU 3TOM MPEeBPAILAIOTCS B UEPHbIE JbIPHI.

B3pbiBbl CBEPXHOBbIX CBAAI3aHbI C NpoLeccamMu B Agpax
MaCCUBHbIX 3Be3[, Ha (pMHaNbHbIX CTagnAX 3BONOLMN
WK CO B3PbIBaMI CBEPXKPUTNYECKUX GENbIX KApSINKOB.

3Be3bl-NPapOIUTE/IH CBEPXHOBBIX C KOJIJIANCOM sipa XapakTe-
PH3YIOTCSI TeM, UTO YIJIEPOA B HUX 3a)KHTAeTCsl, KOTJa BEIIECTBO spa elle
He HaXOIMUTCS B BBIPOXKAEHHOM cocTosinnk (MHaue obGpasyercss O-Ne-Mg
Geqblil Kapauk). DTo NMO3BOJsIET B AajbHElIIeM NPOHTH LENouKy Tep-
MOSIIEPHBIX peakLUHi BIVIOTb 10 (POPMHPOBAHHS XKesle3HOro siapa (ecau
3Be3/la He B30PBETCs paHblle H3-3a HEYCTOHUMBOCTH KHCJIOPOIHOTO spa,
cM. HuKe). ['panuna, pasaessiomast B3pbIBAIOIUIHECS H HEB3PBIBAIOLIHECS 3Be3-
Ibl, COOTBETCTBYeT MaccaM Ha ['1aBHOH Moc/ie0BaTe/IbHOCTH B AHANAa30He
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8-10 macc Couanua. TouHoe 3HaueHHEe 3TOH T'PAHUUYHONH MacChl 3aBHUCHT
OT MapaMeTpoB 3Be3/bl (XHMHUECKHH COCTAB, BpAILECHHE) H €€ 3BOJIOLHHA
(stBJIsteTcst /M 3Be3/1d KOMIIOHEHTOM TECHOH JBOHHOH CHCTEMBI).

B 3aBHCHUMOCTH OT MacChl 3B€3/1bl CBEPXHOBBIE C KOJJIANICOM
Spa MOT'YT CHJABHO OTJAHYATHCS APYT OT APyra Mo MeXaHH3My B3pbiBa
(13-3a pasHbIX CBOMCTB siIpa) U 10 HAGJIOAAEMbIM TPOsiBJAEHUsIM (H3-3a pas-
HOH CTPYKTYPBI BHELIHHX CJIOEB).

Cynbb6a sagpa MmaccMBHOM 3Be3bl B NEPBYIO o4epeab
3aBUCUT OT €e Macchl.

Camble JierkHe U3 B3pbIBAIOLIUXCSH 3Be3[ I0POKAAIOT 0COOLIH
THIl BCIILILIEK — CBEPXHOBbIE C 3aXBATOM 3JEKTPOHOB. ¥ TAaKHX OO'BEKTOB
eule He c(HOPMHUPOBAJIOCH 2KeJIe3HOe SAPO, U MX HeApa COCTOSIT U3 KHC-
Jopoja, HEeOHa M MarHusl. flapa MarHHsI U HEOHa HAUMHAIOT 3aXBaTbIBATh
9JEKTPOHBI, NIepecKakuBasl Ha OJHY KJETKy Hasdal B Tabmauie MeHaeneesa.
OTO NPUBOAMT K Ja/bHeHIIeMy CXKAaTHIO siipa, MOCKOJbKY BOCCTAHOBHTD
THAPOCTaTHYECKOE paBHOBecHe He ynaeTcs. [Ipouecc npopo/kaercs, noxa
He HauHeTCsl B3PbIBHOE TepMOsiIepHOe ropeHHe KHUCJIOPOJa, SIPO CXKHMAETCs
U JaJblie, peBpallasch B HEHTPOHHYIO 3Be3y. A BHEIUHHH HabJiofaTe/b
BHIIUT B3PbIB CBEPXHOBOH.

Y GoJsiee maccuBHbIX 3Be3M (npumepro 10-80 macc CoJiHua, TOU-
Hble 3HAYEHHs MJI0XO H3BECTHbI M 3aBUCSAT OT MHOXKECTBA MAPAMETPOB) KOJI-
JIaTICUpyeT 2KeJie3Hoe s1p0. BHYTpeHHHe YacTH 3Be3/bl TepsioT YCTOHUHBOCTD
He 10 MpHYHHE MaJeHHs AaBJAEHHs], a TOTOMY UTO MPH CXKATHH OHO Tenepb
pacreTr MelJieHHee, 4YeM 3TO HeOOXOAUMO Ji/1si BOCCTAHOBJECHHUSI PAaBHOBECHSI.
Hanpumep, 3T0 MOXKET NMPOUCXOAUTH M3-3a AUCCOLHALMH (He/eHHUsT) siaep
KeJjie3a (POTOHAMH MJIM M3-3a 3aXBaTa 3/JE€KTPOHOB sApaMH, HO Telepb Bce
HAUMHAETCSl He ¢ MAarHHUs U HEOHA, a C JEMEHTOB TPYIINbI XkKeJjesa.

KoJssanc sapa npoposmkaercs, Moka He JOCTHraeTcsl siiepHas
IJIOTHOCTb. B 3TOT MOMEHT MPOMCXOAUT TaK HasbiBaeMblid oTckKok (bounce).
YHpyrocTb BHYTPEHHHX YacTeld pe3Ko BO3pacTaeT, a BHEILIHHE YaCTH
NafaloT Ha HUX, H POUCXOMAT ABA COOBITHS. Bo-nepBbiX, HApYKY HAUMHAET
JBHUraThCsl yaapHast Bo/iHA. Bo-BTOPBIX, 3aMyCcKalOTCst ypKa-Mpouecch®, mpu
KOTOPBIX TMPOTOHBI 3aXBATHIBAIOT 3JEKTPOHbBI (a4 HEHTPOHBI — MO3UTPOHDI),
[pPH 3TOM HCIYCKAKTCS HEHTPHHO (MM AHTHHEHTPUHO).

3 YpKa-nporecchl — 3TO MPOILECCH yHOCA SHEPTHH M3 SIpa 3BE3/bl C MOMOMLIbIO Hefi-
TpuHOo. BriepBeie aToT Mexanuam 6ol npensoxken B 1940 r. Feopruem ([lxopmxem) [amoBbiM
1 Mapuo llIén6eprom (Mario Schenberg). [Ipoucxoxaenre HasBaHus [aMoB 00'bACHHA B CBOEM
KkHure «Mosi mupoBast aunusi: Hedopmasbhast 6uorpacpus» (M.: Hayka, 1994): «Mbl Ha3Baau ero
ypKa-IpoLeccoM, OTYaCTH 4TOObl OTMETHTb Ka3HHO, B KOTOPOM Mbl BIIEPBble BCTPETH/HCH, H OTYa-
CTH MOTOMY, YTO ypKa-MpoLecc MPHUBOAUT K ObICTPOI OTKAuKe TEN/I0BOH SHEPTHH H3HYTPH 3BE3JBI,

noao6HO 6LICTp0My HCUYC3HOBEHHUIO JICHET U3 KapMaHOB HUIPOKOB B Kaguno na Ypf(a».
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OcHoBHasi 2HepPrusi MpH KoJJance CBs3aHa CO CaKATHEM S11pa,
T. €. C BblAeJeHHEM I'DABUTAlIHOHHOH MOTEHUHAJbHOH 3Hepruu. Manavasmb-
HO, 0 HayaJja KoJJjarca, sapo Moxoxe Ha OeJ/iblH KapJuK U MPH Macce
OKOJIO 2 COJIHEUHBIX UMeeT pa3Mep MOpPSIKA HECKOJbKHX ThICSU KHIOME-
TpoB. B pesdynbTaTe KaTacTpO(UUECKOTO CXHKATHS 10 Pa3MEPOB B IECATKH
KHJIOMETPOB BBIIEAAETCS OTPOMHAs HEPrHs, mpesocxonsmas 10% spr
(10% k). B ocHOBHOM 3Ta 3HEpPrus MepexoIuT HMEHHO B HEHTPHHO,
KOTOpble M3-3a BHICOKHX TeMIlepaTypbl H MJIOTHOCTH KaKoe-TO BpeMsi
«3anmepThly BHYTPH 3Be3ibl (OHA /st HUX HempospauHa). Uro6bl mpo-
U301IeJ B3PbIB, HYXKHO MepelaTh 3Ty SHEPruio yaapHoi BojdHe. CuenaTthb
3TO HEMNPOCTO, U B HACTOsIIee BpeMsl MPOJOJ/KAITCS TUCKYCCHH O TOM,
KaK 3T0 mpoucXoAuT. OCHOBHOH THIOTE30H N0JT0€e BpeMs Oblja HMEHHO
nepejgaya SHEpPrHH OT HEHTPHUHO pacuiupsioleiics 060/104Ke, HO ceiyac
paccMaTpHUBalOTCS M APYyrve BapHaHTBI, B KOTOPBIX BAXKHYIO POJb UIpaeT
MarHuTHOE T0Jie WJH APyTHe MPOLECCHI.

MaccusHblie 3Be3gbl ¢ Maccamum meHee 30 macc ConHuya
B OCHOBHOM [alOT HENMTPOHHbIE 3BE3Abl.

Kak Gbl TO HH Gbl10, Mbl HaGJi0la€M CBEPXHOBbIE, a 3HAUMT,
yCJIOBHS /IS B3pbiBa co3fatorcs. KnHeTnueckas sHeprusi paciiupsionie-
rocd BellecTsa cocrtasgasger okoao 10°! spr (10* Tx) — npumepno 1%
OT MOJIHOH 3HEPTHH CBepXHOBOH. UTOOB MpH 3TOM Hab./i01anach sipKas
BCIBILIKA, YaCTh SHEPrHU AOJKHA BBIAEJSITHCS B BHIMMOM IHAanasoHe.
Jlig 3TOr0 €CTh HECKOJBbKO BO3MOXKHOCTEH.

Bo-nepBbix, yaapHasi BOJIHA, NPOXOJsi CKBO3b BHELIHHE YaCTH
3Be3/ibl, HAPEBAET HUX. 3aTe€M 3Ta FHEPTHsl MOCTENEHHO BHICBEUHBAETCS
B BHUAHMOM [AHanasoHe. Bo-BTOpbIX, B pe3y/bTaTe B3PbIBA CBEPXHOBOM
(3T0 0COGEHHO BAXCHO [/l CBEPXHOBBIX la, Tjie HeT BHellHeHd 060J0YKH,
B KOTOPOH MOXHO GbLIO Obl 3aMACTH SHEPTHIO) CO3AAETCsT GOJBIIOE KOJH-
4eCcTBO PafHOAKTHBHBIX 3JEMEHTOB, Npexae Bcero Hukens-56 (PNi). dror
9/JeMEHT 3aTeM MpeBpaliaercss B Ko6aabT-56 M HaKOHel B CTaOUJAbHOE
xene30-56. Tlpu 3TOM BblIENsIETCS] SHEPTHSI, KOTOPYIO Mbl H BHIMM Kak
BCIIBILIKY CBEPXHOBOH €O CriafaHHeM OJecKa MHOTAA B TeUeHHe COTEH [IHeH
nocJe TOCTHXKEHHsT MakcuMyma. Kak mpaBu/o, BbicBeurBaeMasi HEPrus
MeHbllle KHHETHUECKOH 3HEPTUH B3PbIBA.

Konnanc cBA3aH ¢ HEBO3MOXHOCTbIO NOAAEPXKMNBATD
rmppocraTnyeckoe paBHoBecue B agpe.

MHorpa xoJjsanc He OCTaHABAHWBAETCS — TOrAA POXKAAETCH
yepHasi ablpa. DTOT MpoLeCcC He COMPOBOxKAAETCS B3PbIBOM. HenaBHo
MOSIBUJNUCH TepBble HENOCPEeACTBEHHble HabJ/0faTe/ bHble CBUAETENb-
CTBa B MOJb3Y 3TOro: 0OHAPYKEHO HCUE3HOBEHHE MACCHBHBIX 3Be3[,
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He CONMpOBOXKAAdeMOe BCIBIIKOH. Bo3dMoxkeH U MPOMeKYTOUHBIH cayydail.
KoJsinanc ocranaBauBaeTcss — MOSBJsETCS NPOTOHEHTPOHHAS 3Be3a,
NPOUCXOIUT B3PHIB, HO HAa KOMNAKTHBIH 006'beKT MpOJoJ/MKaeT BbINaaaTh
BelllecTBO. Ecau Macca ero jgopacteTr 10 KPUTHUECKOH, TO MPOU30HAET
KOJIJIaliC B UepHYI0 AbIPY. Ecau ke BbIieJeHHe 3HEPrHUu TMPH OTCKOKe
OKa)KeTCs CJAHUIIKOM HE3HAYHTEJbHBIM, TOTJA B3PBHIB HE NMPOHU30HIET,
a BBINaJleHHe OOJbIIOH MacChl HAa MOSBHUBIIHACS KOMMNAKTHBIH OOBEKT
npuBeaeT K (POPMHPOBAHUIO YEPHOH JBIPHI.

OHeprna cBEPXHOBOW C KOMIancom sapa cBA3aHa
C BblAeNneHmnem rpaBNTaLMOHHON NOTEHUMNANbHOMN
aHeprun.

Haxkoner, oueHb MaccuBHbie 3Be3inl (mpuMepHo 150-260 macc
CousHila) fal0T 0COOBIA BH CBEPXHOBBIX Ge3 ocTaTKa. DTO CBEPXHOBbIE
¢ poxieHuem map. B KHCAOPOMHBIX siIpax TaKUX 3Be3[A TeMmllepaTypa
BBIPACTAET HACTOJbKO, UYTO SHEPTHH (POTOHOB OKA3bIBAETCS JOCTATOUYHO [JIs1
POXKIEHHST 3JEKTPOH-MO3UTPOHHBIX Map. DHEPTUsl HAET He Ha TOJIepKaHHe
JABJEHHUS, & HA POXKIEHHE HOBHIX YACTHIl, U B pe3yJbTaTe HauHHAETCs
KOJIJIaTC, MOCKOJABKY HapyllaeTcs THApPOCTaTHUECKOe paBHOBecHe. Ecuan
Macca 3Be3[bl He CJHIIKOM BeJHKa, TO TepPMOsiIepHOe ropeHHe KHCJA0POoaa
MOXeT OCTAHOBHTB KOJIJIAIC, H TOTJA OYeHb MOIIHBIA B3PBIB PA3HOCUT BCIO
3Be3ny 6e3 ocratka. Ec/iu ke 3Be3na oueHb MacCHBHA, TO 00pasyeTcs
yepHas abipa.

3Be3abl ¢ Mmaccamum ot 30 po 150 macc ConHua
B OCHOBHOM MOPOXAAIOT YepPHbIe Ablpbl.

[Tocniennue cramuu *KU3HH OYeHb MAaCCHBHBIX 3Be3[l, MPEAIIEeCTBY-
IOLIHEe OKOHUATEeNbHOMY B3PbIBY M3-3a POXKJEHHS Tap, MOT'YT CONPOBOKIATh-
Csl MyJIbCallUSIMU C OYeHb OOJIbIIUM BbleneHHeM 3Hepruu. [lo cBeTuMoCTH
OHH COOTBETCTBYIOT CBEPXHOBBIM, HO TOJIHOE SHEPrOBbIAE/JEHHE MPH TaKHX
Ny/AbCalHsAX, KOHEUYHO, MeHbIlIe, MOCKOJAbKY HE MPOHCXOJHUT CHJABHOTO
ckatust (T. e. HET Bbiie/IeHHs] GOJIBIIONH IPABUTALMOHHOH MOTEHIHAMLHON
SHEPrHH) U POWIECHUSI HEHTPHUHO.

3Be3abl ot 150 o 260 macc ConHuya MoryT B3pbiBaTbCA
6e3 ocTaTka.

B noc/nennue roapl 06HAPYKEHO MHOTO HEOOBIUHBIX CBEPXHOBBIX
C OYeHb BBLICOKOH CBETHUMOCTbIO MJIM HECTaHAAPTHOU KpuUBOH OJjecka. s
UX 00'bSICHEHHUS] TPUBJAEKAIOTCS pa3J/nuyHble MeXaHu3Mbl. OTMETHUM Cpean
HUX JOMOJMHUTENbHOE BbiIeJeHHe 3HEepruH B pedyJjbTaTe 06pa3oBaHUSs
OLICTPO Bpalaolieiicss HeUTPOHHOH 3Be3/bl C CUALHBIM MATHUTHBIM TOJEM.
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amensisi cBoe BpalleHHe (Kak 9KCTPeMasbHBIH PagnoNy/bcap), TaKoi
00BEKT MOXKeT MOCTABJ/ATH JOMOJHUTENbHYI0 SHEPrHI0, CPABHUMYIO C MOJHOH
KHHETHYECKOH 3Heprued B3pbiBa.

CBepxHoBble TUMNa la — 310 TepmMosfepHbIA B3pbIB
MacCcUBHOro 6enoro kapnuka.

Ecaun cBepXHOBHIE, CBSI3aHHBIE C MACCHBHBIMH 3B€3[1aMH, MOT'YT
ObITh OUEHb Pa3HBIMH, TO CBEPXHOBHIEe THMA la, HAO60POT, OUEHDb MOXOKH
IpyT Ha Apyra. DTO CBS3aHO C TeM, UTO B3PHIBAIOTCS OUYEHb MOXO0KHE
00 bEKTHl — CBEPXKPHUTHUECKHE OeJible KapJauKH.

N3BecTHO, uTO 17151 Ge/IbIX KapJHKOB CYIIECTBYeT BEPXHHH Tpenes
Macchl, Ha3blBaeMblil yaHapacekapoBCcKuUM. OIHAKO 10 Mepe pocTa MaccChl
elle 0 IOCTHXKEHHsI 3TOTO Mpefiesia B HeIpaX KOMMAKTHOTO 00'b€KTa MOTYT
CJIOXKHUTBCSI YCJAOBHS [Jis1 TEPMOsIIEPHOTO ropenus yraepona. [Tockosbky
6eJIblil KAPJUK COCTOUT M3 BBIPOXKIEHHOTO BEIECTBA, TO OH HE MOXKET ObICTPO
OTpearupoBaTh Ha BbIeJeHHE SHEPTHH U BOCCTAHOBUTH paBHOBecue. [lo-
3TOMY TPOUCXOAUT TEPMOSIIEPHBIA B3PHIB, MOMHOCTbIO Pa3pyILAIOLIHN 3BE3MY.

MaccusHble 3Be3abl B3pbiBaloTCs B Halwlewn NanakTtuke pas
B 30-50 neTt. benble KapnuKmM — B HECKOJIbKO pas3 pexe.

EcTb 1Be OCHOBHblE BO3MOXKHOCTH yBeJHUEHHS] MacChl 6eg0ro
KapJ/ukKa, o6e peajHu3yloTcsl B TECHBIX ABOHHBIX cCHCcTeMax. DTO WJ/H MocTe-
TeHHasl aKKpelusi BellecTBa 3Be3[bl-COCEKH Uepe3 BHYTPEHHIO TOUKY
Jlarpanxa, uau causiHue ABYX 0eJ/IbIX KapJaHKOB C CyMMapHOH Maccoi,
npeBocxoasilell Kputnueckyo. [lo Bcell BugumMocTH, o6a KaHajla MOTYT
ObITb peanu3oBaHbl B npupoae. OQHAKO AaHHble HAOGIOIEHUN CBUAETE/b-
CTBYIOT B MOJIb3Y TOrO, YTO OCHOBHAs J0J/1s1 CBEPXHOBBIX THINA la cBsizaHa
CO CJMSIHUAMH 0eJIbIX KapJ/HKOB.

B nameii ['anakTuke cBepXHOBBIE C KOJJIANCOM siipa B CpelHEM
npoucxonsaT pa3d B 30-50 Jer, a cBepxHoBble THHA la — B 5-10 pas pexe.
K coxanenuio, 3a Bce BpeMs Te/eCKONUUECKUX HalJ/I0feHUH He ya/noch
YBUIETh HU OIHOH BCHBIIKKU B Hamiedl ["amaktuke. Camoit 6/1M3KOH CBepX-
HOBOH 3a mocJ/ennue roabl 6biia SN1987A, BenbixHyBiiasi B 1987 r.
B Bosbiiom MaresnanoBom O6ijake. OT Hee Jaxe ynanoch 3aUKCHPOBATH
HEeHTPUHHBIH CHUT'HAJ, MOATBEPAUBUIMH MPaBUABHOCTb HAlIMX Ga30BBIX
npefcTaBJAeHUH 0 (PU3HKe 3TOro Inpolecca.

[Ipu BcmbllIKe CBEPXHOBOH OJeCK B MAKCHMYMe MOXKET B MH.JI-
JUapibl pa3 NpeBoCcXOAUTh cBeTHMOCTb CoJIHLA, a caMa JJIUTE/bHOCTD
BCIIBILIKH HCUHCaAseTcss MecsaMi. [ToaToMy cBepXHOBbIE XOPOLIO BHIHBI
Ha GOJIbUIMX PACCTOSIHUAX, H HX MOXHO OOHApy>KHTb Ja)ke CHyCTsl 3Ha-
YUTe/JbHOE BpeMsl Mocjae MakcuMyMma Ogecka. Baaromapsi coBpeMeHHbBIM
o630paM Heba ygaeTcss OTKPbIBATh COTHH CBEPXHOBBLIX B I'OMl B JajJeKHX
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ranaktukax. Oco6oe 3HaueHHE NPUIAETCH U3YUEHHI0 CBEPXHOBHIX THMA la,
[OCKOJIbKY OHH BaXHbl [/ KOCMOJOTHUYECKHX NPHAOKEHHH (MMEHHO
C MX MOMOLIbI0 BIEpBble ObLIO0 OGHAPYKEHO YCKOPEHHOE pacLIHpeHHe
Bcenennoit).

B makcumyme 6necka CBETUMOCTb CBEPXHOBOW MOXET
NpPeBOCXOANTb HECKOIbKO MUNTNAPAO0B CONTHEYHDbIX.

B3pbiBbl CBEPXHOBBIX BCEX THIIOB HUI'PAlOT GOJBLIYIO POJb B 3BO-
JIOLIMK Bce/sleHHOH, MOCKOMbKY B pe3yJ/bTaTe 3THX COObITHH CHHTE3UpY-
ercsi 60JbllIOe KOJHUECTBO TSIXKEJbIX 3JEMEHTOB, KOTOpble BblGpachiBa-
I0TCSl B MEXK3Be3[HYI0 cpeny. B3pbiBel 3Be31 MEpPBOTO MOKOJEHHSI — TakK
HazblBaeMoro Hacesenus III — cmorsm y»ke Ha paHHUX 3Tanax KU3HH
BcesieHHOH 060raTuTb a3 3/eMeHTaMH TsaeJsee Iefids, UTO ObLI0 BaXKHO
J/151 KOCMHUECKOH 3BOJIIOIHH.
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B paHHen BceneHHOM NNOTHOCTb 1 TemMnepaTtypa Obiiv CINLLKOM
BbICOKW A1 NOSIBEHNSA COCTaBHbIX CTPYKTYp. B nepBble MrHo-
BEHUS nocie poxaeHus Bo BceneHHoM He MOru cyLecTBoBaTb
haxke afpa a/IeMeHTOB nepuoguyeckonr cuctemol. OgHako cnycTs
HECKOJIbKO MNKPOCEKYH[ NOCe Havyana paclmpeHuns cTano
BO3MOXXHO BO3HUKHOBEHME NMPOTOHOB — AAep Bogopoaa. B nHrep-
Basie OT HECKOJIbKMX CEKYH[, 10 HECKOIbKMX MUHYT LU npouecc
NepBNYHOI0 HYKIEOCUHTESA: MPOTOHbI M HEMTPOHbI 00 bEeANHANNCH
B bonee cnoxHble agpa. Mo okoHYyaHUK aToro npouecca Bece-
NeHHas okasanacb cocTtosLeln Ha 75% (no macce) ns sogopona

1 Ha 25% — n3 rennsa. KonnyectBo 6onee TAXeNblX 3/IEMEHTOB
6b110 NpeHebpeXMMOo Marno.

OcrtanbHble anemMeHTbl GOPMUPOBANNCH NO3XKE. DTeMEHTbI ierye
XKene3a rmaBHbIM 06pa30M nony4yaroTCA B pe3ynbraTte Tepmodanep-
HbIX peaKLl,VIﬁ B 3Be€3[aX, KOTopble N0 OKOHYaHW CBOEro >XU3HEeH-
HOro LKA BbIbpacbiBalOT YaCTb HApaboTaHHbIX 9J1IEMEHTOB B OKPY-
)Kalolee NPOoCTPaHCTBO. ANeMeHTbI «wkenesHoro nuka» (Fe, Ni, Co)
B OCHOBHOM 06pa3syloTca 1 nonagatoT B MeX3Be3[HYH0 cpeay B pe-
3ynbTaTe BCMNbILLEK CBEPXHOBbIX pa3HOro Tuna. Takmm >xe o6pasom
obpasyloTca n MHorve 6onee TAXenble anemMeHTbl. HakoHel, YyacTb
TAXEbIX 3JIEMEHTOB (Hanpumep, 30/10T0) MoryT (hopMUpPOBaTbCA

B pe3ynbTaTe C/INAHNA HEMTPOHHbIX 3Be3[, B BOMHbIX CUCTEMAX.



5.1
[MepBnYHbIN cocTaB. Peakymn
B paHHewn BceneHHon. [NepBble
3Be3bl

Hapsny ¢ HaG/i01eHHEM PENUKTOBOIO H3J/yUeHHUS, ONpeae/eHHeM
napamMeTpoB KpyNnHOMAcWITaOHOH CTPYKTYPbl U JaHHBIMH 10 IHHAMHKE pac-
LIMPeHUs] BUIMMOH yacTH BceseHHON Moesb TepBHUHOIO HYKJAEOCHHTE3a
SIBJISIETCS] OJIHOW U3 OCHOB COBPEMEHHOH KOCMOJOTHH.

AnemMeHTbI TaXenee renmsa B OCHOBHOM (hopmMupytoTcs
B 3Be3[axX WM B KaTacTpounyeckumx npoueccax,
CBSI3aHHbIX CO 3B€3HbIMI OCTaTKaMW.

[To mMepe pacmupenust BeeseHHoil ee Temmeparypa M MJIOTHOCTD
YMeHbIIaloTCA. CHYCTH HECKOJIbKO CEKYHH IMOocCJ/Je HayvaJa paCllhupeHHd,
Korja temneparypa chuxkaerca 1o 103-107 K, cospatorcs yc/aoBus 1st
NPOTEKAHUS TEPMOSIAEPHBIX peaKLHuH.

lMepBUYHLIN HYKNEOCUHTE3 NpOoTEKaeT B Nepurop,
OT HECKOJIbKMX CEKYH[, A0 HECKOJIbKX MUHYT nocne
Ha4yana pacwumpeHusa BceneHHon.

[TepBbiMu 00pasyioTcs sapa aedtepus. OnHako oHU 3(PHEKTUBHO
«CroparoT» B NOCJACAYIOMINX pEeaKUHdaX, U JHIIb HHYTOXKHOE KOJHYECTBO
9TOr0 U30TOMNA MONAaJAeT B NepBbie 3BE3JIbl U MEXK3Be3HbIH ra3d. [Toatomy
HU3yuaTh e€ro nepBuuHOe OGU/IHME OUEeHb HENmpocTo. B mocjenHee Bpemsi
9TO ylaeTcs cleJaTh MyTeM H3YUYeHHs] CIeKTpa OueHb NaJeKHX KBasapoB.

3aTeM HacTymaeT ouepeib 6ojee TsKEABX smep. B uacTHOCTH,
(dopmupyeTcst 6oJ/blIoe KoanuecTBoO saep reaus-4 (*He). Onnaxo sHaum-
Te/JbHasA 4aCTb MPOTOHOB HE IOMaaaeT B COCTaB CJ/AOKHDLIX AAEpP IO NMPUYHHE
HEXBATKH HEHTPOHOB, KOTOPHIX HA 3TOH CTAJHWH NMPUMEPHO B CEMb pas
MeHbllle. DTO CBSI3aHO C TeM, UTO HEHTPOH HEMHOTO TsKeJjee MPOTOHA,
NMo3TOMY B paHHel BceseHHOH (GopMmHpyeTcsl pa3HOe KOJHYECTBO 3THX
yacTHil. B sipe requs-4 aBa mpoTOHA ¥ JBa HEHTPOHA, H, ecau BceneHHas
COCTOHUT TOJIbKO M3 BOAOpPOAA W TeJHs, a OTHOLIEHHE YHCJaa HeﬁTpOHOB
U MMPOTOHOB COCTABJAECT 1/7, MOXKHO JIETKO MOACYHUTaTb, YTO Ha OAHO AApPO
requs npugercs 12 nporoHos (siiep Bomopompa 'H). Macca simpa resms-4
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TpUMepHO B 4 pasa GoJblle MacChl MPOTOHA, MO3TOMY 0.5 Tequsi (1o Macce)
Bo Bcesiennoii cocrapaser 4/16 (r.e. 1/4), a noas Bogopoga — 3/4.

Mo oKOHYaHWM 3NOXN NEPBUYHOIO HYK/IEOCMHTE3A
6apnoHHoe BelecTso BO BceneHHoOM B OCHOBHOM
cocTtounT N3 Bogopopaa (75%) u renumsa (25%).

Honst a/1eMeHTOB TskeJsee reqaust Bo BceseHHOH B 3Ty 310Xy
KpaiiHe MaJjia, MOCKOJIbKY TPUCOeIHHEHHE HEHTPOHOB U MPOTOHOB K TeJHio-4,
a Takxe o0'belHHEHHe ABYX saep reausi-4 (anbda-uacTuil) He TPUBOIUT
K 00pa30BAHHIO YCTOHUMBLIX siiep (TAKOBHIX ¢ MaccaMu b H 8 He cylie-
ctByet). M3 Gojiee TSKEBIX 3JEeMEHTOB 00pPa3yIOTCs TOMbKO HEGOJbIIIHE
kosuuecTBa 'Li n "Be (6epu/sinii 1ocTaTOYHO GBICTPO MpeBpallaeTcs
B JIMTHH, 3axXBaTbiBasi 3jeKTpoH). OnHako BceeseHHast 10CTaTOUHO GBICTPO
pacuiipsieTcs: (ee MJIOTHOCTD MafaeT) U ocTeiBaeT. Kpome Toro, nocreneHHo
CTAHOBMTCSl BaXKHBIM pacmnaj CBOOOAHBIX HEHTPOHOB. [ToaTomy crmycTsi
IIPUMEPHO TBICSAUY CEKYHJ TEPMOsiIepHbIEe peaKIMU MOJHOCTbI0 MpeKpa-
IAI0TCsl, ¥ XUMHYECKHH COCTaB OCTAaeTCsl MOCTOSIHHBIM 10 06pa3oBaHUs
MePBBIX 3BE3/.

[lepBble MOAENH NEPBUYHOIO HYKJEOCHHTE3a MOSBHIHCD
B 1940-e rr. B pa6orax Pasnbpa Aabdepa (Ralph Alpher), I'eoprus
FamoBa u PoGepra Xepmana (Robert Herman). TTo6ounbiM adderTom
3THX paboT CTaJ/o MpeAcKa3aHHe CYIIECTBOBAHUS PEJIHKTOBOTO H3/MYyUEHHs
U JO0CTAaTOYHO TOYHOE TeOopeTHUecKoe olpejesneHHe ero TeMIepaTyphl.
B konue 1960-x - nauame 1970-x rr. sTa Tema aKTHBHO pas3BUBAaJach,
¥ B HACTOSILIMH MOMEHT TeOpHsl IIePBHUYHOTO HYKJ/JIEOCHHTE3a SBJ/SETCS
pa3BUTHIM pasfe/ioM acTpodu3uku paHHeld BcesenHol. ToyHOCTbL pacueToB
MIePBUYHOI0 HYKJEOCHHTE3a MOCTOSIHHO PACTET, IOTOMY UYTO JaHHble 3KC-
NEePUMEHTOB MO3BOJSIOT YTOUHITH CEUEHHUs psila TEPMOSIIEPHBIX peaKIHi,
TaKxKe yTOYHsIeTCs BpeMsl XKM3HM cBoGoaHOro HedTpoHa. Kpome Toro,
NpeacKa3aHusi MOJIe/IM MePBUYHOIO HYKJ/JIEOCHHTE3a TIOCTOSIHHO TPOBEPSIIOTCS
Ha OCHOBE pe3yJbTaToB HAOGJIONCHHH.

OCHOBbI MOgENN HYK/TIEOCMHTE3a Obl1M 3aN0XKEHbI
B 1940-e rr. Anbpepom, lamoBbIM 1 XepmaHOM.

Ianuble HaG/IIOIEHHHA PEJIUKTOBOrO H3/yueHus (B mepByl oue-
pelb MoJydeHHble ¢ nmoMouiblo cnyTHUKOB WMAP u Planck) mossosas-
I0T JOCTATOUYHO TOUYHO OMpPEAeHTh KOJHUeCTBO OApPHOHHOTI'O BellecTBa
BO BcesleHHOH. DTO 1aeT BO3MOXKHOCTb C BBICOKOH TOYHOCTBIO pacCUMTaThb
0XKHJaeMOoe COOTHOLIEHHE PAa3JHUYHBIX H30TOIOB MO0 OKOHYAHHH 3MOXH Tep-
BHUHOTO HyKJeocHHTe3a. Eciu Obl BK/Iaa 6aPHOHOB B MOJHYIO MJIOTHOCTD
BcenenHoit 6bla1 Bbhillle, 10451 requsi-4 Boapocsa Obl, a 10Js1 AelTepus
U requsi-3 — ymaJja, MoCKOJbKY OHH TOTAA aKTHBHee NepepabaThlBaHCh
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6bl B reqnii-4. Conepkanue JUTHS BeleT cebs Gosiee CA0KHBIM 06Pa3oM.
B utore maccoBas poJas renus-4 Bo BceseHHOH Ha MOMEHT OKOHYaHHSA
3MOXH MEPBHUYHOTO HYKJAECOCHHTE3a COCTaBJSIET UyTh MeHee 25%, m0Js
sogopoga ('H) — 75%, a Ha ocrajbHble 3/J€MEHTHl U HX M30TOIbI MPH-
XOJIUTCS CYIIeCTBEHHO MeHblie 1%.

Hab6monenns conepanusi pa3/iuuHbIX 3JE€MEHTOB, TAKHX Kak
D, 3He, “He, "Li, B TOM 4HCJie ¥ B OYeHb JAJEKHX OO'bEKTAX, KOTOphIe
Mbl BHAUM TAKUMH, KAKUMH OHH OBLIM MHJJIHAPABI JEeT Hasal, a TakikKe
B OUEHb CTApbIX 3Be3/llaX — CaMbIX MEPBHIX B Halled ["ajnakTuke, moxa-
3BIBAIOT, UTO MOJ€J/b MEPBUUHOIO0 HYKJEOCHHTE3a HAXOAUTCS B XOPO-
[ieM COIJIACHH C pesyJabTaTaMu HabuogeHui. OQHAKO MoaydeHHe MTaHHbIX
0 NEPBUYHOM XHMHYECKOM COCTaBe §IBJISETCS OYEHb HENPOCTOH 3ajauved,
MOCKOJIbKY PeakllMH B 3Be3[ax WU JIPYyTHe MPOIEeCChl MOCTOSTHHO MEHSIOT
XMMHUeCKHH cocTaB BcesieHHOH, a HaG/0aTh MEPBUUHOE BEIIECTBO HEMNO-
CpeICTBEHHO Mbl MoKa He MoxkeM. CyIIecTBYIOT BOMPOCH ¢ 06'bSICHEHHEM
HaO6J/I01aEMOT0 COJIePKAHUS JUTHS, HO TaKue MpoBJeMbl He CTaBSAT MOJ
COMHEHHE MOJe/b B ILIEJOM.

[aHHble No PeNNKTOBOMY N3/Ty4EHMIO MO3BOJNIAIOT
onpeaennTb NIOTHOCTb 6apUOHOB 1 TEM CaMbiM
YTOYHUTb NpefcKasaHus Mogen nepBnNYHoOro
HYK/1€0CNHTEe3a.

5.2
Xnmmnyeckas 9BotoLns
BceneHHon. 3Be3abl

JleTanbHble HCCAENOBAHUS MO3BOJSIOT C BBICOKOH TOYHOCTBIO
OTpE/IeIUTh OTHOCHTE/IbHOE cojiepkaHue a/eMeHToB B CodiHile (Tak Hasbl-
BaeMblil COAHeYHbLE XuMUHecKul cocmas), B IPYyrix 3Be31ax, MeX3BesIHOH
cpene. CoaepxaHue pasauuHbIX 37eMeHTOB B COJIHEUHOH cucTeMe Takxke
XOPOLIO MU3BECTHO — OHO COOTBETCTBYET COCTABY TYMAHHOCTH, U3 KOTOPOH
o6pasoBasach CojHeuHasi cucteMa. Bce 3TO M03BOJSIET BIOJHE HadeXKHO
CYAHTb U O COIEPXKAHUH 3/1eMEHTOB BO BcesieHHOH.

CaMbIMH pacrpocTpaHeHHbIMH (6/arogapst HePBUYHOMY HYKJIEO-
CHHTE3Y) SIBJISIIOTCS BOAOPOA U reqiil. B fecsiTKy camblx 4acTo BCTpeuaro-
LIUXCS 3JIEMEHTOB BXOAAT TaKXkKe KHCJIOPOJ, yIJIePOA, HEOH, XKeJ/e30, a3orT,
KpPeMHHH, MarHu#, cepa. DTOT psifl 3J€MEHTOB B MOPSIKE YMeHbIIeHHs
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pacnpocTpaHeHHOCTH MJaBHO MagaeT BIJIOTh 10 BHCMYyTa (IpH 3TOM
9/JEMEHTHl C UYETHBIM UHCJOM YaCTHI[ B siipe 0ObIUHO 4yTh GoJee pac-
npoctpaHenbl). [Tocie BUCMyTa B COIEPKAHHU 3JIEMEHTOB HAOJMHOfAETCS
cepbe3Hoe CHHXKEHHE, W MOC/Ae0BATENbHOCTh 3aKAHUHBAETCSl HA ypaHe
(6osiee TsKeJBIE sApA HEYCTOHYHBBI, B HX COIEpIKAHHE B MPUPOJIE KpaiHe
Masio). PopMHpPOBaHHE BCEX ITHX JMEMEHTOB B OCHOBHOM CBSI3aHO CO 3B€3-
JIaMHd M MX OCTATKaMH, HauuHasi co 3Besn HaceseHus I, poxparoiuxcs
CIYCTSl IECATKH MHUJIHOHOB JieT nocie Boubiioro B3pbiBa. [Ipu sTom
Jaxe MeXrajakTuueckue o0Jjaka, HabJ/ogaeMble ¢ GOJMBIIANM KPACHBIM
CMellleHHeM, yKe XOTb HEMHOI'0, HO O0OrallleHbl 3JeMeHTaMU TsiKesee
reJus, B MepPBYIO ouepenb Gjaromapst B3pblBaM MePBOTO MOKOJEHHS 3Be3]l
(nacenenus III).

3Be3bl MOTYT HUMETh pa3/HUUHble MapaMeTpPhbl: TeMIepaTypy,
paaMep, BpeMsi KH3HH, BHYTPEHHIOW cTPpyKTypy. KioueBbiM nmapamerpom
IJst 3TUX OG'bEKTOB SIBJSIETCS Macca, KOTOpasi BAPbHPYET MPUMEPHO
OT HECKOJIbKHX COTBIX n0Jed 10 coted macc CouHua. OfHAKO BCe 3BE3/IbI
00'beIUHSIET TO, UTO B MX HEJpPax HAYT TEPMOsAepHble PeaKIUH: JerKue
9/IeMEHTbI peBpalanTcs B 6ojee Tsxkensie. C MOMEHTA CBOErO MOsIBJE-
HHSI IMEHHO 3Be3[bl (H MX OCTATKH) ONPENE/SIOT XHMHUECKYIO SBOJIOIUIO
BceseHHOI — M3MeHeHHe COIEepPKAHUS PA3JIHUHBIX SJMEMEHTOB.

Bopgopop v rennin — camble pacnpoCTpPaHEHHble
anemeHTbl Bo BceneHHo. OcTanbHble 3N1€MEHTbI

B OCHOBHOM (pOpPMMPYIOTCH B pe3ynbTaTte 3B0NoLUN
3Be3[, I X OCTaTKOB.

Boasbiie Bcero BpeMeHH Job6as 3Be3na MPOBOJUT HA CTaHH
[1aBHO# Moc/ie10BaTe/IbHOCTH, TAe HAYT peaKlMH NpeBpalleHHs Boaopoia
B rejinil (OHMM M3 TMEPBBIX TAKYI HIEK paccMoTpesa ApTyp DIAHHTTOH).
Takum o6pasoM, 6rarogapst CyliecTBOBaHHIO 3Be3/] Bo BceneHHOH MaccoBast
JI0J1s1 BOAOPOJA HelpepblBHO yMeHbluaeTcs. OQHAKO Ha TeqHd peakluu
OCTaHaBJMBAIOTCS JHIIb B CAMBIX JETKHX 3Be3[axX, a B JPYTUX OHH HAYT
Ja/blle — BIVIOTb O 3JEMEHTOB «KeJEe3HOTO NMHKAaY».

TepmosaaepHbie peakunmn B Aapax 3sesq nayt
[0 9N1IEMEHTOB «KENEe3HOro nmKa».

TepmosinepHble peakllMd B 3BE3AHBIX HeAPaX HAYT MPH BbHICO-
KOH TeMIepaType H MJIOTHOCTH, MOCKOJbKY MOJMOXKHTENbHO 3apsKeHHBIM
sApaM sl CJAUSIHHSL HY?KHO NPEOoJ0JeTh KyJOHOBCKHH Gapbep, CBSI3aHHbIH
C 3JEKTPOCTATHYECKHUM OTTAJKUBAaHHEM. DTO MPOUCXOAUT GJaroaaps
KBaHTOBOMY TYHHe/HpoBaHHI0. Takoil mpouecc BrepBble Gbl pacCMOTPEH
['eopruem 'amoBbIM, a 3aTeM BaxKHBIH BKJaA B pazpaboTKy aToro addexra
B MpPUMEHEHHH K 3BesnaM BHecau Pobept Atkuncon (Robert d’Escourt
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Atkinson) u ®pun Xoyrepmanc (Fritz Houtermans). Hakonen, B xoHie
1930-x rr. I'anc Bere u Kapa ¢on Baiingekkep mocTpou/au Mojesb
ropeHus BOAOPOJAa B 3Be3[aX.

Ha mepBoM 3Tame Bogopon mpeBpaiaetcs B requd. [as manb-
HEHIIUX peaklui HyxXKHbl 6oJjiee BBHICOKHE MJAOTHOCTH U TEMIepaTypHl,
II03TOMY OHH HMAYT TOJbKO B 60Jjiee MACCHBHBIX 3Be3fax. DTH CTaiHH
BIlepBble OblIH MOAPO6GHO paccMoTperbl Ppenom Xo#aoM. 3aTeM B JgeTa-
JISIX MOJieJb HyKJeocHHTe3a Oblia padpaborana B 1950-e rr. B paborax
Amcrepa Kamepona (Alastair Cameron) u rpymnbl yueHbIX ¢ y4yacTHEM
Dpena Xoiina (3Hamenntast cratbs B2HF — Bep6umk, Bepoumx, Xoii,
dayaep). TepMosaepHble peakilMd B fApax 3Be3J HAYT C BbieJeHHEM
SHEPTUH BILIOTH [0 3/E€MEHTOB I'PYIIBI JKese3a (TaK Ha3bIBAEMOTO «KeJes-
HOTO MHKa»), a CHHTE3 00Jiee TSKE/bIX 3/71eMEHTOB HAET C MOrJOLIEHHEM
9HEepPruM, MO3TOMY OHH B g1paxX 3Be3l He 06pasyloTcs.

C TOUKHM 3peHHUs XUMMHUECKOH 3BOJIOIUHN BceseHHOH BaxHO
He TOJMbKO CO3/aTh 3JEMEHTbl, HO U BBIOPOCHTb MX B MEK3BE3IHYIO Cpely.
3HauuTeNbHAS YaCTh JEMEHTOB, CHHTE3HPOBAHHAS B MPOIIECCE HKU3HEHHOTO
IMKJa 3Be3/Ibl, HAKATJIMBAETCS B ee siape. Bo BHENIHIOI Cpely OHH MOTYT
MONacTh TOJBKO B pe3y/bTaTe KaTacTPOoPHUECKHUX MpoleccoB. TakuMmu
npoueccamMi B NepBYIO ouepellb sIBJSIOTCS B3PbIBbl CBEPXHOBBIX. DTO MOTYT
ObITh CBEPXHOBLIE, CBSI3AHHbIE C KOJIAIICOM $iipa MACCHBHOH 3BE3[bl, HJIH
JKe CBepXHOBble ThMa la (TepMosiiepHbIil B3pbIB Gesoro Kap/uka). Bo Bpemsi
B3PbIBA POUCXOAUT HE TOJMbKO BBIOPOC 2JEMEHTOB B OKPYKAIOLLYIO Cpely,
HO U CHHTE3 HOBHIX 3/eMeHTOB. Kpome TOro, HoBble 3JeMEHThl BO3HHKAIOT
W TIOC/Ie B3PBIBA 34 CUET pacrajia 06pas3yolnxcs pafloaKTHBHBIX U30TOTOB.

Hapsiny ¢ ognHOUHBIMH 3Be3aaMH (HJH IIHPOKHUMH IBOHHBIMH)
TeCHble 3Be3JHble Napbl MOI'YT BHECTH CBOH 0COOBLIH BKJ/an GJarogaps
9K30THUECKHM IpoleccaM, NPOTEeKAOUIUM B TaKUX cUcTeMaX. M3BecTeH
(heHOMEH HOBbIX 38€30. B HUX BelleCTBO HAKANJIUBAETCs B pe3y/bTaTe
aKKpellMH Ha 6esoM KapJuKe B TEeCHOH IBOHHOH cucTeMe, a 3aTeM B HaKO-
MJEHHOM BeIlleCTBE MPOUCXOAHUT TEPMOsiiepHBIH B3pbiB. Habaonenus
TMoKa3aJjH, 4To COPOILIEHHOEe BelleCcTBO 06OTallleHo sApaMH yriaepoaa, a3oTa
u kucaopoga (CNO). Ilo Bceit BUIHUMOCTH, 3TO He siipa, CHHTE3HPOBaHHbIE
B pe3yJsbTaTe BCIBILIKH, a BELIeCTBO M3 BHEIIHHUX CJ0eB 0e/0oro KapJ/uka.
TaxuM 06pa3oM, BCIIBIILIKH HOBBIX IOMOralT cOpachiBaTh 4acTb BELIECTBA,
HAKOIJIEHHOTO B siIpe 3Be3[bl B TeUeHHE ee 3BOJIOLHUH.

Bonblioe KoNMYecTBO 3N1€MEHTOB CMHTE3MpPYETCS
1 BblbpacbiBaeTCA BO BHELLHIO cpeay B pe3ynbrate
BCIMbILLIEK CBEPXHOBbIX.

AHaJ/oromM BCHBIILIEK HOBBIX 3Be3J ABJASIOTCS BCIBIIIKH peHTre-

HOBCKHX 6apCcTepoB, TOJIbKO aKKpEIUsl U HAKOIJIeHHe BELIeCTBA B JaHHOM
caydae TIPOUCXOMAUT He Ha OeJsblil KapJHK, a HA HEHTPOHHYIO 3BE3NY.
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B pesy/bTaTe TakuX BCIBIIIEK [0JMKHO MPOHUCXOAUTH 06pa3oBaHue 3Je-
MeHTOB ¢ MaccaMu 10 110 aTOMHBIX €IMHHI] 3a CUeT OBICTPOrO 3axBaTa
npotoHoB. Ecan 310 BenectBO 3(p(heKTHBHO cOpACHIBAETCS B OKPYKAIOLLYIO
cpeny, TO TaKOH ClleHapui BHOCHUT GOJBIION BKJAM B COfepKaHHe GOTaThbiX
[POTOHAMH OTHOCHTEJNbHO JErKuX sifep (He TsKejee TeJIypHs).
DKcTpeMabHBIM PUMepPOM cOpoca BelllecTBa Oe/bIX KapJ/JaHKOB
ABJSAIOTCS cBepxHOBble Tuma la. [1pu cansHuu AByX 6eqbIX KapJauKOB,
cyMMapHasi Macca KOTOPBIX MPEBOCXOAUT KPUTHUYECKYIO, WU MPH JJIH-
TeJIbHOW aKKpelWH BellecTBa Ha Ge/ibld KapJuK MPOUCXOAUT MOIIHBIN
TEPMOSIIEPHBIH B3PbIB, NPUBOIAIINNA K MOJHOMY pasJjery BemiectBa (mpu
5TOM TaKKe WAYT peakild cuHTe3a). OCHOBHASI UaCThb JKejesa, OKpPYKalo-
1Iero Hac, NOsIBU/IACh UMEHHO B pedy/abTaTe Takux coOblTHH. Kpome rtoro,
OTPOMHOE KOJHYECTBO JKesle3a, CHHTE3HPYEeMOr0 MaCCHBHBIMHU 3BE3/1aMHU,
no 6oJibIlIed YacTH OKa3blBaeTCsl BHYTPU HEHTPOHHBIX 3BE3J U UEPHHIX
JBIp, TJle pa3pylllaeTcss U He MonajaeT B OKpYyKalollee MPOCTPAHCTBO.

Opr>Ka|ou.|,ee Hac >xene3o B OCHOBHOM 06513aHO CBOMM
npoumcxoxpeHmem B3pbiBam 6enbix KapnankoB.

Jlasmexo He Bce TsKeJsble 3/JeMEHTH 06pa3yloTcs B sApaX 3Be3l.
Peaxuun 06pa3oBaHusl TSKEJBIX 3/1€MEHTOB, He CBSI3aHHBIE C TEPMOSIIEPHBIM
FOpPEHHEM B siipaxX 3Be3l, /ST Ha HECKOJbKO TPyMN. DTO MeIJEHHbIH (S-)
nporece, ObicTpbif (r-) mpoiecc U p-mpoiece (CBSA3aHHBIN C P-siApaMy,
B KOTOPBIX MHOTO MPOTOHOB).

s-mporece, npeanoxenubiid JJonanabaom Kiaedronom (Donald D.
Clayton), cBsidaH ¢ Me[JEeHHbBIM 3aXBaTOM HeHTpoHOB. B s-mporiecce
06pasyroTcsl 31eMeHTBl ¢ CaMBIMH Pa3HBIMH MacCaMH, HO OH 6GoJjiee BaxkeH
IJsl 3JeMeHTOB ¢ Maccamu sinep MeHee 100, a Takxke B palioHe macc
138 u 208. [NocTaBmIMKOM HEHTPOHOB B OCHOBHOM SIBJISIIOTCSl PeaKIUH
saxBarta anbpa-uacrui sapamu C u 22Ne. TlepBast peakuus gaer '°0
U HEeHATPOH, a BTopad — 2°Mg ¥ HeHATpPoH. S-mpouecc HAET B MEPBYIO
ouepellb BO BHEIIHHX CJO0SIX 3BE3/-THTaHTOB, MO3TOMY 00pasyloliuecs
B 3TOM TIpOIleCCe 3JEMEHTH NMOTOM Jerko MomagaloT B MeX3Be3IHYI0
cpeny B peadyabrare c6poca obosouek. OcBo6OKIEHHBIE B pe3yJbTaTe
s-Tpolecca HeHTPOHBI JErKo NMPOHHUKAIOT B sIIpa, a 3aTeM B pesyJ/bTare
fera-pacrnana, T. €. HCIyCKaHHs 3/€KTPOHA, MPEBPAIIAIOTCS B MPOTOHbIL.
Takum 00pa3oM MPOUCXOTUT Tepexol 3jAeMeHTa B Tabsauie MeHaeneeBa
Ha OJIHY KJIETKY BIIPaBo.

Slnpa MoryTt 3axBaTbiBaTb HEHTPOHBI H OUYeHb ObICTPO (r-mpo-
ecc): CKOPOCTb 3axBaTa NPH TOM CYLIECTBEHHO IPEBOCXOAUT TEMII
6eTa-pacrnaga. JTO MO3BOJSET IPH HAJUYMHU OYEHb MOIIHOTO MOTOKA
HEeATPOHOB 3a KOPOTKOE BpeMsl MPOJABUHYTHCSI B CTOPOHY TSKEJbIX SIEP.
Takoil mporecc peanuayercst B IByX OCHOBHBIX C/y4asiX: B3PbIBbI CBEpPX-
HOBBIX C KOJIJIANICOM SiIpa U CJAUSIHHE HEHTPOHHBIX 3Be3n. B oGoux cayuasix
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€CTb MOUIHBIA TTOTOK HEHTPHHO (M aHTHMHEHTPHHO), KOTOPBIH CIIOCOGCTBYET
TMOSIBJICHHIO 3JIEMEHTOB, Gorateix HedTpoHamu (BmioTh 10 ypana). CoBpe-
MeHHble pacyeThbl MOKa3blBAIOT, UTO 3JeMEeHThl ¢ Maccoh sapa Gojee 140
B OCHOBHOM CHHTE3UPYIOTCS NPU CAHUSIHUAX HEHTPOHHBIX 3BE3[.

s-npouecc — 3T0 MeAJIEHHbIN 3axBaT HEMTPOHOB,
KOTOpPbI/ et B 0605104Kax 3B€34-TMraHTOB.

Pacnan o6pa3oBaBIIUXCSl PATHOAKTHBHBIX 3JE€MEHTOB BHOCHT
GOJ/bIIOH BKJAJL B KpUBbie 6/ieCKA CBEPXHOBBIX (HA MO3JHHX CTAIHsX)
U B CBETHMOCTDb IOKA €IIE THINOTETHYCCKUX «KHJIOHOBBIX», BO3SHHKAIOLINX
B pe3yJbTaTe CJAMSAHHUS HEHTPOHHBIX 3BE3..

r-npoLecc — 370 GbICTPbIN 3aXBaT HEMTPOHOB, KOTOPbIN
naeT Npu B3pbiBax CBEPXHOBBLIX U CIUAHNAX HEUTPOHHbIX
3Be3q.

Oco6bifl, Tak Ha3bIBAEMBIH p-TMpoliecc HEOOXOAUM /ST CO3MaHHUS
goraThix nportoHamMu saaep. K HuM oTHOcsiTCs, Hanmpumep, "*Se, 92Mo, '29Te,
190pt, OGcysknaercs ABa BapHaHTa p-Ipoliecca: HiIH B 91p0 100aBJSIOT-
csl IPOTOHBI, UJW U3 Hero ybuparoTcs HeHTpoHbl. B HacTosiiee Bpems
HeT MOJIHOM SICHOCTH B TOM, KaKOH BapHaHT $IBJsieTCs Mpeo6.alalolium,
MOCKOJIbKY TOKa He BBISIBJAEHBI acTpo(u3nuecKue ClleHapuH, B KOTOPHIX
cpasy ¢ HYKHOH 3(h(PeKTHBHOCTBIO co3laBaduch Obl Bce p-siapa. 1o Bcei
BUJUMOCTH, YaCTb TaKuX siaep (QOpMHUPYeTCs B pe3yJbTaTe BLIOMBAHUSA
HEHTPOHOB (POTOHAMH. DTO BO3MOXKHO B ropsiuel 1jasme, MpH TeMmepaType
2-4 MJpa rpagycoB, KOTJa MO BelleCTBY MPOXOAUT (PPOHT yAapPHOH BOJHBI
BO BpeMsl BCHBIIIKA CBEPXHOBOH. B03M02KHO, UTO MOIIHBIH MOTOK HEHTPHUHO
MOMOraeT B 3TOH e CUTyallud c(hOPMHPOBATH ellle HEKOTOpPble p-sapa.

Nlntnin, 6epunnnin n 6op obpasyroTcsa B peakumax
CKanblBaHUS C y4aCcTNEM KOCMUNYECKUNX NyYen.

Haxonen, nmutuii, 6epusinii u 6op (GopMHUpPYyIOTCS B TaK Ha3blBae-
MbIX PEAKIUsIX CKaJibiBaHus (HeGOJIbIIHE KOMMUeCTBa HaoTona 'Li o6pasyrores
TAKXKEe B Pesy/bTaTe MEePBHUHOTO HYKJIECOCHHTE3a): YaCTHIb KOCMHUECKHX
Jyudeil, obsajalomine 0O/NbIIMMH SHEPTUsIMH, HAJeTAl0T Ha spa U pacKaJbl-
BAalOT X C 00pa3oBaHHEM JIEMKHX 3/eMeHTOB. BeposiTHOCTb B3auMomeHCTBUS
YaCTHIIbI C SIIPOM HEBEJHKA, T03TOMY TaKHe PeaKIHd MPOUCXOISIT TOBOJbHO
pelKo, U 3THX 3JEMEHTOB B IPHPOJAE A0BOJbHO Majo. MHTepecHo, 4TO
He TOJIbKO NPOTOHBI KOCMHUECKHX Jyuyel MOryT o6pa3oBbIBaTh Jerkue sapa
B pe3y/bTaTe «HaJeTaHUs» Ha siApa KUCJAOpPOda, yrjiepona, a3oTa H T. A.
B MeX3Be3lHOH cpene, HO U Hao6opoT — CNO-sgapa KoCMHUECKUX Jyueit
MOT'yT B3aHMOJEHCTBOBATb C BOLOPOJOM M esIMeM B MEXK3Be3[HOH cpene.
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B pesysbraTe KocMuueckue syun o6oramaiorcs LiBeB-sopamu mo cpas-
HEHHIO C THIHYHBIM COJIHEUHBIM XMMHUYECKHM COCTABOM.

Vi3Mepsisi XMMHUECKHH COCTaB 3Be3Jl Pa3HbIX BO3PACTOB, MOXKHO
U3y4yaTb XHUMHUYECKYIO 3BOJIONMIO Hamlell [ajakTHKM U APYTHX TaJaKTHK.
BaxxHbl#l BKJIaL B 3Ty 06sacTh ucciaefnoBaHuil BHecsa Beatpuc TuHncaeh
(Beatrice Tinsley), nanucasuiasi B 1970-e rr. psin pyHIaMEHTAJIbHLIX CTATEH
T0 3BOJIIOLHH TaMaKTHK, B TOM YHCJE H B KOHTEKCTe H3MEHEHHsl COfleprKaHus
pas3/MUHBbIX 3/1eMeHTOB. HalbuofeHus: MOKa3kpBAIOT, UTO HauboJee CTapble
3BE3/Ibl OKA3BIBAIOTCS GEIHBI TSKEJIbIMH (TszKejiee Tefinsl) 3JeMeHTaMu.
KayecTBeHHO KapTHHA XMMHUECKOH SBOJIOLUHM B HACTOSIILIEE BpeMs Mpef-
CTaBJ/IsIeTCsl MOHSATHOH, HO B HEH €CTh €llle MHOI'0 HePEelIeHHBIX MPOOJIeM.
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HOMNAKTHbBIE
OB BEKTbI:
BEJILIE KAPJIUKK
N HEUTPOHHBIE
3BE3/[bl

6.2 HeTpoHHbIE 3BE3bI
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CyLiecTByeT TPy OCHOBHbIX TINMa KOMMNAaKTHbIX 0ObEKTOB: 6enble
KapnuvKm, HEMTPOHHbIE 3Be3[bl N YEPHbIE Ablpbl. Bce Tpy moryt
ABNATbLCA (PMHANbHLIMIN cCTagnAMUY 3Be3gHoM aBontoummn. Kpome
TOro, YepHbIe Ablpbl MOTYT BO3HUKATb Ha paHHMX 3Tanax 3BoNoLMn
BceneHHoM n B pe3dynbraTe konnanca o6nakos rasa. Bce Tpm tuna
00BbEKTOB CBA3aHbI C O4EHb MHTEPECHON (DN3UKOW, MOCKONbKY
BELLECTBO BHYTPU N/ NN B OKPECTHOCTU 3TUX 06GbEKTOB HaXoauTcs
B 9KCTPEMaJIbHOM COCTOSIHUN. DTO AenaeT HabntopgaTenbHble NPO-
SIBNIEHUNA 3TNX 06BHEKTOB Pa3HOOOpPa3HbIMU 1 3aXBaTbIBAOLLVMMU.

C TO4KM 3pEHNSA aCTPOHOMOB, MeXAY 3TUMU 06beKTaMM TaKkXKe
€CTb MHOIo obuwero: 6yay4m KOMMNOHEeHTaMW OBOVMHbIX CUCTEM, OHI
4acTo NPoABNAIT ceba bnarogaps akkpeumnmn BewecTsa Ha HUX,

a OANHOYHbIe 06bEKTbI MOTyT ObITb 06Hapy>XXeHbl bnarogaps rpasu-
TaUVIOHHOMY MWKPONVMH3NPOBaHMIO.

BewiecTtBOo 6€nbIX KAPNMKOB 1 HEMTPOHHbIX 3B€34, 06CcyXXaaeMbIx

B 9TOI rnaBe, HAXOOUTCSA NPY O4EHb BbICOKOW NAIOTHOCTU. [oaTomy
ONS UX onncaHnsa HeobxoaMMO NPUMEHATb KBAHTOBYHO MEXaHUKY.
O6a Tna 06beKTOB POXAAKTCH FOPSAYMMM, MOITOMY B TEHEHNE
HEKOTOPOro BpeMeHU X MOXHO BUAETb 6narogapsa TenioBoMy
N3Ny4YEeHMIO NOBEPXHOCTN. HEMTPOHHbIE 3BE3bl, 06N1agan MoLL-
HbIMIM MArHUTHLIMW NONSIMK, @ YacTO U ObICTPbIM BpaLLEHNEM,
HabngaloTca Takxke Kak paguonynbcapbl, MarHMTapbl n gpyrme
TUMbl NCTOYHNKOB.



6.1
benble Kapnukun

Besble KapJAUKH — 3TO KOMIAKTHblE OGBEKTHI, SIBJASIONIIHECS
(bMHANbHBIM TIPOAYKTOM 3BOJIOIMHU MajJOMAaCCHBHBIX 3Be3Jl C HauaJbHbI-
Mu Maccamu MeHee 8-10 cosmHeunbiX. [Ipu Tunuynom paaumyce ot 5000
1o 10000 kM Gesble KapJuKH 06/Jafal0T THNHYHBIME Maccamu oT 0,5
1o 1 macceol Comuna (mpu 3ToM Gojiee TsKe/ble UMEIOT MEHbIINE pagnyc).
DTO COOTBETCTBYET MJIOTHOCTH BelIECTBA OKOJO TOHHbI Ha KyOHUYeCKHH
cantuMeTp. CTOJb BBICOKAs TJIOTHOCTb AeNaeT MX BeCcbMa HEOOBIUHBIMU
00'beKTaMH, AJs1 OMUCAHHSI KOTOPBIX HEOOXOAMMAa KBAHTOBAs MEXaHHKA.

Mpwn aBonounn sgpa 3se3nbl TMna ConHua obpasyetcsa
6enbin KapnNnNK — 06bEKT, yCTONYMBLIA Gnarogaps
KBaHTOBOMY 3ahdekTy — 3anpeTty lNaynn.

TpyaHo ckasdaTh, KTO W KOrJa OTKPBII NEPBbIH Oesblil KapJauk
U Kako# o0beKT Obli1 uaeHTH(hUIKMpoBaH nepsbiM. B 1844 r. ®punpux bec-
cesib MoKasad, uto y Cupuyca — sipuaiiieii 3Be3bl HOUHOTO Heb6a — eCThb
HEBUIMMBIH KOMIAHLOH A0CTaTOYHO Gosbinoi Maccol (Cupuyc B). YBumetnb
ero cmor B 1862 r. Asman Knapk (Alvan Clark), Ho b B 1915 1. crajo
SICHO, YTO 3TO HUMEHHO OeJIblH KapJaHK, KOTOPBIH 10 CHX MOp OCTAETCS CaMbIM
GJM3KHM M3 BCEX M3BECTHBIX aCTPOHOMaM (0 Hero MeHee 9 CBETOBBIX
qet). Vcropust apyroro KaHauaata, 6e/0ro KapJauka B TPOHHOH cHcTeMe
40 Dpupana, HaunHaeTcst B 1783 r., Korna Yuiabsim ['epiienb o6HapyKH,
qyTo y 3Be3abl 40 DpumaHa ecTb CyTHHK. Ternepb HAM W3BECTHO, UTO ITOT
CIyTHHUK $IBJsIeTCS] Mapod U3 6esoro U KpacHOTo KapJauka. MimeHHO st
40 Opunana B Bnepsbie B 1910 r. 6b11 mosydeH AOCTATOUHO XOPOIUIUH
CIIEKTP, YTOOLI ONpeleUTh ero TeMrneparypy u paguyc. CyuiecTByeT U Tpe-
THH KaHmugaT — 3Be3ga Ban Maanena (Van Maanen star). DTo nepBblid
00HAPYXKEHHDbIA U 10 CHX TOP caMblil OIM3KHH U3BECTHBIH OMUHOUHBIH OeJblii
KapJHK, HaXOMSLIUHACSA HA paccTOsSTHUU 14 cBeTOBBIX JeT oT Hac. Kak Gesbii
KapauK ero uaeHtuduunposan Busiem Jleiren (Willem Luyten) B 1923 r.,
KOTOPBIH, COOCTBEHHO, U BBEJ/ CaMO Ha3BaHHE MOAOOHBIX 00bEKTOB.

Opupgpunx beccenb B 1844 r. o6Hapy>Xnn HEBUONMbIIA
cnyTHUK Cupuyca, okasaBLIMACA 6enbiM KapinKom.

Mrak, acTpoHOMHUECKHe HAOMIOIEHHS MOKA3a/H, UTO Y 3Be3/ eCTh
CIYTHHUKH, 00JafalolIke MacCcoH, KaK y 3Be3l, PaiHyCOM, KaK y MJaHeT,
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M BBICOKOH TeMmmepatypoil (oTcrona u GeJiblii IBET, IABLUIKH HA3BAHHE STOMY
tuny o6bekToB). Ho okasasioch, uto gaxce B Hauaje XX B. (pusuka Obljia
He B COCTOSIHUM OO'bSICHUTH MPUPOLY 3THX OOBHEKTOB.

[IpocTble pacueThl MOKa3bIBAIOT, YTO PACCTOSIHHUS MEXAY aTOMaMu
B 0e/IbIX KapJuKax MeHbllle, YeM padMep OpOHTHI 3JeKTPOHA B aToMe. DTO
03HayaeT, YTO BCe aTOMbl HOHM30BaHbl. Tako# crnocod «oTpbiBay» 3/1€KTPO-
HOB HasblBaeTCsl MOHM3aLMeH AaB/JeHHeM. Ec/u paccuuTaTb paccTosiHHE
MEXKIy 3JEKTPOHAMH, OHO OKaXeTCs MeHblle IJHHBl BOJHBI Ae Bpoitis
I/ 3THX YaCTHIL.

Yro6bl onucaTb YCTPOHCTBO Oe/bIX KapJaHKOB, MOHAA00H/I0ChH
JOKAAThCS CO3[aHHsI KBAaHTOBOH MexaHHUKH. Heznpa Gesblx KapJHKOB HaXo-
JSITCSl B COCTOSIHUH TaK Ha3blBAEMOT'O BHIPOXKIEHHOTO rasa. Ero riaBHOH
0COOEHHOCTBIO ABJSIETCS TO, YTO JaBJ/eHHEe B OCHOBHOM OIpele/sieTcs
He TeMIlepaTypoi BellecTBa, a ero MJOTHOCTbIO. B o6biyHOM rase s
orpeeJ/ieHUsl 1aBJEHHSI BA2KHO, C KaKOH CKOPOCTBIO JBHXKYTCS YaCTHIIBI.
A 31echb MWIOTHOCTb HACTOJBKO BEJNHKA, UTO CKOPOCTb JABHKEHHS (T. €.
TeMIepaTypa) yKe He TaK Ba)KHa. BellecTBO COMPOTHBJSETCS CIKATHIO
13-38 KBAHTOBO-MEXAHHUECKHX MPHYHH — KM3-3a MpuHImNa (3ampera) [ayiiu.

Panbd ®aynep B 1926 r. nocTpownn nepByto Teopuio 6enbix
Kap/INKOB.

DJIeKTPOHbI ABJSAIOTCH (PepMHOHAMH (YACTHLAMH C MOJYLE/bIM
CIIHHOM), U MX MOBEJeHHe OMHUChIBaeTcs1 cTaTHCTHKOH Pepmu — [lupaka.
CornacHo npunnuny [laynu, nBa ¢epmMHOHAa He MOTYT OJHOBPEMEHHO
HAXOMUTHCS B OJHOM H TOM K€ KBAHTOBOM COCTOSIHHH (IPYTHMH CJIOBaMH,
TaKHe YaCTHLBl C OAMHAKOBBLIMH NapaMeTpaMH He MOTYT OJHOBPEMEHHO
HAaXOANTHCS BHYTPH HEKOTOPOrO OUeHb MaJjoro o6bemMa MPOCTPAHCTBA).
DTO CBOHCTBO, MO CYTH, SIBJASETCS OCHOBOH XUMHHU. A B GeJibIX Kap/JauKax
OHO NPHUBOJMT K TOMY, UTO HX BEIECTBO CONPOTHBJSIETCS CXKATHIO, KOTJa
3JIEKTPOHDBI MBITAIOTCH YIIAKOBATHCS €lle IJIOTHEe.

Y 6enbix KapaMKOB CyLLECTBYET npeaenbHasa macca.
Cnuwwkom TsXenble Kapnumkin B3pbiBaloTcA (CBEpXHOBas
Tuna la) unn KonnancuMpytoT, NpeBpaLlasicb B HEMTPOHHbIE
3Be3abl.

Teopust 6eqbx KapJaukoB Oblia pa3pab6oraHa B KoHue 1920-x —
Hauase 1930-x rr. [lepBasi BaxHasi pabora npuHaatexut Pansdy Paynepy
(Ralph Fowler), nokasasiiemy, uto Ge/ible KapJUKH YCTOHUHMBBI GJaroapst
JABJEHUIO BBIPOAKIEHHOIO T'a3a 3JMeKTPOHOB. 3aTeM NocaeoBal psaa paGoT
Anmynga Crounepa (Edmund Stoner), Busbrenbma Augepcona (Wilhelm
Anderson), SIkoBa ®penkesisi, CyGpamanbsina Yannpacekapa (Subrahmanyan
Chandrasekhar) u JIba Jlangay. B 1930-e rr. Gbuin copmynupoBaHbl
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BCE OCHOBHbIE MOJIOXKEHHS TEOPUH OeJsblX Kap/aukoB. B uyacTHocTH, 6blIO
NOKa3aHo, YTO CYLIECTBYeT BEPXHHUH Npejes AJdsi MAacChl 3THX 00'bEKTOB
(cefivac on HasbiBaetcs npederom Handpacerkapa).

CaMmble TsKeJble U3 U3BECTHBIX B HacTosillee BpeMs GesblX Kap-
JIUKOB HMEIOT MaccChl 0KOJIO 1,3 CO/MHEUYHBIX, caMble Jerkue — okodso 0,2.
WHTepecHo, 4TO Jerkue KapJ/HKH JO/KHbl BO3HUKATb U3 JIETKUX 3BE3J,
HO IpH Macce MeHee npuMepHo 0,8 co/HEYHOH CBETHJ/IO He ycleeT 3aKOHUMTb
CBOIO 2KH3Hb, [Ja’K€ €C/IH OHO BO3HHK/O IOYTH cpady nocje BoJblioro B3pbl-
Ba. Tak uTo cambie Jerkue Gejible KapJHKH BO3HUK/N B IBOHHBIX CHCTEMax
B pesyJ/bTaTe npoliecca oOMeHa BELIECTBOM, a He M3 OJHHOYHBIX 3Be3J.

BeJiblii KapauK ¢ Maccoi GoJiblle YaHApaceKapoBCKOH (IpuMepHO
1,4 maccer CoJiHila) TepsieT YCTOHUHBOCTD M KOJJIATICHPYET B HEATPOHHYIO
3Be3ny. OfHAKO yallle BCEro yr/epoaHO-KHCJOPOAHble (eJ/ble KapJ/HKH
uyTh paHbliie (MPH HEMHOTO MEHbIIEH Macce) CTAHOBSATCS HEYCTOHUHBBHIMH
OTHOCHTEJbHO Hauaja B HUX TEPMOSIIEPHOH peaklMH TOpeHHus yriaepona,
NpUBOJSiLIEH K B3PbIBY — CBEPXHOBOH THMa la.

CybpamaHbsaH YaHgpacekap B 1931 r. o6ocHoBan
CyLLLeCTBOBaHMe BEpPXHEro npepena macc 6enbix
Kap/MKOB. ATOT XXe pe3ynbTaT He3aBUCUMO OT HEro
6b1n nony4yeH 3gmyHpom CtoHepom, Bunbrenbmom
AHpgepcoHom u JIbBom JlaHpay.

Byayun mpoayKTaMu 3BOJIOIHMH MHOTOUHCJAEHHBIX MaJOMacCHB-
HBIX 3Be3], Oesble KapJUKH M CaMH SIBJASIOTCS BECbMa MHOTOUYHCJEHHbBI-
MH, UX YHCJO COCTaBJsieT Gojee HECKOJIbKHX NMPOIEHTOB OT BCEX 3Be3]
[anakTHKH, T.e. 1eCATKH MHUJIHAPIOB. VI3BECTHBI AECATKH THICSY GeJbIX
KapJuKOB, B MOJABJsIONIEM GO/BIIHHCTBe — B Hailed ["amaktuke. O6Ha-
pPY2KHBATh CTapble OJHHOUHblEe 00'bEKTHl 3TOTO THUIIA HEMPOCTO — OHH
yCIEBAIOT OCTBITH 10 TEMIIEPATYP B HECKOJBKO THICSY TPALyCOB, UTO MpPHU
HeOOJbIIOM pafuyce nenaeT UX OYeHb CAa0BIMM UCTOUHHKAMHU. [TosTomy
OHY BHJIHBI B OCHOBHOM B COJIHEUHOH OKPECTHOCTH Ha PACCTOSIHUSIX MeHee
1000 cBeToBBIX JeT. BeliecTBO BHYTPH OCTBIBIIUX O€J/BIX KAPJIUKOB MOXKET
nepefiTH B HOBOE COCTOSIHHE — KDPHUCTAJNIH30BAThCSI.

BeJible KapJuKu MOIyT OueHb GbICTPO Bpalathesi. CaMble GBICTpEIE
M3 HHX UMEIT MepPUObl (T. €. «CyTKH») MEHbIle MUHYTHI, H [PH pazMmepe
00'beKTOB, CPABHUMOM C padMepoM 3eMJH, CKOPOCTb Ha 5KBATOpEe JOCTHIraeT
THICSYH KHJIOMETPOB B CeKyHay (MOpsiIKA MPOILEHTa OT CKOPOCTH cBeTal).
Kpome Toro, Gesble Kap/JauKH MOI'yT 00pa3oBaTb OYeHb TECHYIO JBOHHYIO
cHCTeMy ¢ GOJIBIIONH OpOGHTANBHON CKOPOCTHIO. PeKOp/ MPHHAIIEKHT CHCTEME
HM Paka, rie «rog» IJIATCS OKOJMO 5 MHHYT, T. €. OpOUTaJdbHAsi CKOPOCTh
IPEBOCXOIUT MHJUIMOH KMJIOMETPOB B uac. Takas cucTeMa J0J/2KHA ObITh
MOIIHBIM HCTOUYHHKOM T'PABUTAILIMOHHBIX BOJH, KOTOpPble MOXKHO OyIeT 3ape-
THCTPHPOBATH C TOMOIIBI KOCMHUECKOro Ja3epHoTo HHTepdepoMeTpa,
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takoro kak npoekt eLISA (Evolved Laser Interferometer Space Antenna,
YcoBeplieHCTBOBAHHBIH KOCMHUECKHUE J1a3epHbIA HHTEp(EpOMeT]).

[TepBbie oOGHapyKeHHbIE GeJjible KapJAHKH SIBJASIOTCS KOMIIOHEH-
TaMM JBOHHBIX CHCTeM. BIoc/eCTBHH 0Ka3a/ao0Chb, YTO ABOHCTBEHHOCTb
6e/IbIX KapJHKOB MOXET TPHUBOANUTH K BAaXKHBIM IOCJEICTBHIM: B3pbIBAM
M CHHTE3Yy 3/1EeMEHTOB.

B 10CcTaTOYHO TECHBIX CHCTEMax Ha HEKOTOPOH CTaJuH 3BOJIOLHH
BELEeCTBO MOXKET HauaTb IepeTeKkaTh ¢ OJHOH 3Be3/bl HAa IPYryl0 — HauyMHa-
eTcsl akKpellusi. 3aXBaT BelllecTBa GesbIM KapaUKOM MPUBOAUT K MOSIB/ICHUIO
MHTEPECHbIX HCTOYHHUKOB H3JyueHus. [lagenue | r BeuiecTBa Ha Gesbli
KapJ/IuK MPUBOJUT K BblaesaeHHio npuMepHo 10 mipa K sHepruu, noatomy
MOTOK rasa ¢ HOPMaJbHOH 3Be3[bl HA KOMIAKTHYIO SIB/ISETCS NMPHYHHOH
MOLIHOI'0 U3J/yuyeHHsl. ECTb HECKO/NbKO THIOB HCTOYHHKOB, CBSI3AHHBLIX
C aKkpeuueld Ha GeJ/ible KapJHKH: HanpuMep, nojspbl. CBoe Ha3BaHHE OHH
NOJYUH/IN GJarogapsi CUJAbHOH TMOJSPU3ALNN UX H3JAYUEHHs, UTO CBSI3aHO
C MOLIHBIMH MATHUTHBIMH TOJSIMH G€J/IbIX KapJAHKOB.

B Hawew MNanakTnke HaxogaTca AeCATKN MWINNAPLOB
6enbiX KapJINKOB.

MarHuTHble TOJs1 OeJbIX KapJduKOB MOTYT AOCTHraTh OYE€Hb
60JIbLIMX BEJHUHH — B MHJAHAPA pas Goubiunx, uem y CosaHua. Bopo-
yeM, MoJ0OHbBIe 00'bEKTHI PEIKH, OIHAKO [aXKe THIMHUHbIE GeJible KapauKH
MOTYT UMETb CHJbHbIC MAarHWTHDLIC T10Jisd, B TBICAYHW W JdaxKe€ B MHUJ/AJTHOHDI
pa3 6oJbllle COMHEUHDIX.

[Tossipbl OTHOCSITCSI K KaTAKJAU3MHUECKHM MEePEMEHHBIM 3BE3IaM.
Kak cjenyer u3 MX Ha3BaHHsl, 9TH UCTOYHHKH MOKA3bIBAIOT GOJbILIHE BapH-
anuu Ojecka. Ho cpelu HUX €CThb HCTOUHHKH, Ubsl IEPEMEHHOCTh HMeeT
JNEHCTBUTENbHO KaTacTpOpHUECKHH XapakTep, — 3TO TaK Ha3biBaeMble
HOBbI€ 3B€3/bl.

Bcnbiwka HOBOM — 3TO TepMOSiAePHbIA B3PbIB
Ha NOBEPXHOCTM aKKpeumpytowero 6enoro kKapnmka
B A BOMHOWM ccTEMeE.

Bo BpeMs BCHBIIIKH HOBOH GJECK CHCTEMbl MOXET BO3pPAcCTH
B MHJ/IJIMOHDbI pas. Bes MOIIHBIX TEJECKOIIOB 3TO BbBITJIAAUT KAK IMOSIBJEHUE
HOBOH 3Be3lbl Ha Hebe, OTCIONA M HasBaHue, KoTopoe eile B XVI B. maJa
sTuM oobektaM Tuxo Bpare (Tycho Brahe) (mpaBna, na6.onan oH To, 4T0O
Mbl Telepb Ha3blBA€M CBEPXHOBOW, HO MOHAMOOHAUCH COTHH JIET, UTOOBI
pasoOpaTbcst B 3TOM). 3aTeM 6/1eCK Ha NPOTSIKEHHH HECKOJNbKHX MeCcsIleB
CrajaeT, BO3BpalllasiCh K MepBOHAYAJNbHOMY 3HAueHHI0. Bemblllika HOBOH —
3TO TEPMOSIIEPHBIA B3PbIB HA MOBEPXHOCTH 6eJ0ro KapJ/uka. BeriecTso,
nepeTeKalolee Ha Hero CO 3BEe3JIbl-COCENKH, COCTOUT U3 BOAOPOMIA U TeJHsl.
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[To mepe Hakon/eHHsl BELIECTBO YIJOTHSIETCS H pasorpeBaercs, Moka
HAaKOHell He JOCTHUraloTCsl yCJAOBHUS [J/s Haua/la TEPMOSIEPHOH peakiud —
U TOTJla MPOUCXOJMUT B3pbIB. Halle Bcero Mbl HaGJI0faeM HMEHHO TepMOsi-
JepHoe ropeHue Bojopoja (B Harieid [ajakTHKe 3TO MPOUCXOMUT MPUMEPHO
MOJICOTHH Pa3 B TOM, XOTsl HE BCE CJAydYad yIAeTCsl 3aperuCTPHPOBATD),
HO MOTYT [POMCXOAUTb M BCIIBILUKH, CBS3aHHbIE C FOPEHHEM IeJHusl.

Ecsin Ha Gedblii KapJauK TeveT JA0CTaTOUHO MHOTO BEIecTBa, TO,
Kazajochb Obl, OH MOxeT ObICTPO HApaCTHUTb CBOIO MaccCy, AOCTHUb Tpefena
(6utr3KOro K uaHApPACEKAPOBCKOH Macce) U B3opBaTbest. OIHAKO ualile BCero
TAKOW MpPOIleCC 3aHUMAET MHOIO BPEMEHH M3-3a BCMBIIIEK HOBBIX (HJH
UX aHajsoros). [IpH 3TOM MOYTH BCe HAKOIMJIEHHOE BEIECTBO COPACHIBAETCS,
U mpollecc HaunHaeTcst cHavasa. OJHAKO CYIIECTBYIOT IBOWHBIE CHCTEMB,
Ybsl 3BOJIOLIMS B KOHLE KOHIIOB 3aBepllaeTcsl B3PbIBOM 0e/0ro KapJuka.

Cefluac noJsaraloT, YTO OCHOBHAs 4acTb CBEPXHOBLIX THHA la
NPOUCXOAUT MPH CAUSHUAX Oe/bIX KapJ/JHKOB, Ubsl CyMMapHasi macca
PEBOCXOAUT MPEedbHY0 (eC/aH CyMMapHas Macca HH¥KE, TO MPOCTO
00pasdyeTcsi MACCUBHBIH OBICTPOBpAIIAIOIINICS Oeblil KapJauK, BO3MOXKHO,
C CHJIbHBIM MarHUTHBIM T0oJeM). B rajakTuke Bpoje Haleid OHH c/yda-
I0TCS1 pa3 B IBe-TPHU COTHH JeT. Takue CBePXHOBbIE SIBJASIOTCS BaXKHBIM
NOCTABLIHUKOM TSXKEJbIX 3/J1€MEHTOB, MOCKOJ/JbKY OOBIYHO MPOUCXOAUT
MOJIHBIH pasJeT BelecTBa 3Be3jbl (B OTJIHUYHE OT CBEPXHOBBIX C KOJI-
JIATICOM sifipa, Te 3HauuTeJbHAas Macca OCTaeTCs B BHAE KOMIAKTHOIO
00beKTa — HEHTPOHHOW 3Be3/bl WJIH YepHOH Abipel). KpoMe Toro, atu
CBEPXHOBbIE BaXKHbl /151 KOCMOJIOTHYECKUX HaOJ/I0JeHUH, OHH NaloT BO3-
MOXKHOCTb OTIPEI€NHUTh PACCTOSIHUE 0 TaJaKTHK, B KOTOPBIX HAXOASTCS.
Mwmenno HabmoneHusi cBepXHOBbIX Thna la mo3sosuau B 1998 r. oTKpHITH
yCKOpeHHe pacliupeHusi BeeseHHOH, KoTopoe Mbl CBSi3biBaeM C J1eHCTBHEM
TeMHO# sHeprun (cM. pasmen 11.6 «YckopenHoe paciinpenue BceseHnHoi.
Temuast sueprusi. Bynyiiee BcenenHoi).

CsepxHoBble TNa la — 3710 B3pbIB 6€n10ro Kapnuka.

Ecau CyMMapHasd Macca CJ/AUBIINXCA KapJHKOB 3aME€THO 60J1b-
e 1{21Hﬂ,paCeKapOBCKOI‘/JI7 TO CBEpPXHOBad MmoJayydaeTcsd 0c06eHHO MOIIHOH,
IIOCKOJIbKY B peaKlHuAX NPUHHUMAET yyacTHe 66ablas Macca. Takue BCIbIILI-
KH TO2Ke Ha6JII0JarTCs ACTpOHOMaMH.

MNHorpa B pesynbrate Konnanca 6enblin Kapank MoxXxeT
npeBpaLlaTbCcsa B HEMTPOHHYIO 3Be3ay.

Xots vaie Bcero Oe/iblid KapJ/IMK IOJTHOCTbIO B3pbIBAaeTCH, Ha6paB
60.HbIHyIO MacCy, HHorga MOKeT MPOHUCXOAHTHL KoJljaaIlc C 06pagoBaH1/1eM
HeﬁTpOHHOﬁ 3Be€3[bl; AJisd 3TOr0 KapJHuK OOJ2KEH ILOﬁpaTbCH A0 YaHApa-
CEKapoOBCKOIr'o mpeaeJ/sa U HEe B30OpBaTbCH. OTO BO3MOXKHO C M3HAUaJbHO
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MaCCHBHBIMH 00'beKTaMH, COCTOSIIIUMU M3 KHCJIOPOJAa, HEOHA W MarHwus.
HefiTpoHHbIE 3BE3[bl MOTYT, MO-BUAMMOMY, BO3HUKATb W IMPH CJAUSHHUSX
JIBYX MACCHBHBIX (€/IbIX KapJUKOB, U TPH TIOCTENEHHOH aKKpelnn Ha KapJjuk
B IIBOHHOH cHCTeMe.

Oco6yto posab B acTpoU3UKe UTPAIOT CUCTEMBI, COCTOSIIHE
u3 6esoro KapJauKa u pajdomny/bcapa. B Takux mapax Ha6./i00al0TCs camble
MaCCHBHBIE U3 U3BECTHBIX HEHTPOHHBIX 3BE3/I.

6.2
HenTpoHHbIe 3BE34bl

He#iTpoHHbIe 3Be3[bl — 3TO KOMMAKTHbIE 00HEKThI, COCTOSIIIHE
U3 BBIPO2KIEHHOI'0 HEHTpoHHOTO BellecTBa. CBOOGOMHBIE HEHTPOHBI HecTa-
O6UJIbHBI U pacrnafaloTcsl Ha MPOTOH H 3JEKTPOH C UCMYCKaHHEM aHTHHEH-
TpuHO (Gera-pacmaj ¢ MePHOAOM MoJgypacnaga uyTb 6ojsee 10 MHHYT).
Ho B HEKOTOpHIX YCJOBHSIX, B YACTHOCTH B HeApaxX HEHTPOHHBIX 3Be3[,
HEHTPOHBI CTAHOBATCS CTAaOU/IbHBIMU U TepecTatoT pacnagaatbes. O6bIYHO
MoJi Ha3BAHUEM «HEHTPOHHbIE 3BE3/bl» 00bENUHSIOT LEJNbIH KJIacc KOM-
NaKTHBIX 00'b€KTOB, K KOTOPHIM OTHOCSTCSI TaKXKe KBapKOBble 3BE3[Hl,
rHMepoHHble 3Be3/bl U JPYrue THMbI 00bEKTOB CO CXOXKHMH XapaKTepH-
CTHKaMH M HCTOpHeH 06pa3oBaHHS.

Hefitponnble 3Be3nbl siBJAsAIOTCS (GUHAIBHOH CTafneld 3BOJIOIHNN
MaCCHUBHBIX 3Be3/l. 3Be3/bl C HauaJbHBIMH MaccaMu npumepuo ot 10
1o 30 co/HeUHBIX Macc, UCUepnaB TEPMOSIEPHOe Toplouee, MpeTepreBanT
KoJJ1alc siapa, KOTOPbIH CONPOBOXKAAeTCs BCIBIIKONH CBEPXHOBOH. B urore
o6pasyeTcsi KOMIAKTHBIH 00bEKT C MacCod ¢ Maccod 1-2 coMHeUYHBIX
[macc] u pannycom 10-15 km.

HenTpoHHble 3Be3abl 06pa3ytoTcsa B pe3ynbTaTe B3PbliBOB
CBEPXHOBbIX.

Béubliast yacTb CBepXHOBBIX C KOJJIANCOM siipa MPUBOAUT K obpa-
30BaHHIO HEHTPOHHBIX 3Be3l. COBpEMEHHBIH TeMIl POXKAEeHHsT HEHTPOHHBIX
3Be3q B Hauell ['asmaxkTuke cocrapasietT npumepHo 2-3 o6bekra 3a 100 Jer,
TaK 4TO 3a BpeMs KH3HH [alakTHKH B HeH 00pa3oBasoch HECKOJIBKO COTEH
MHJIJIMOHOB HEHTPOHHBIX 3Be3A. [IpuMepHO MOJOBHHA M3 HUX NMOKHHYJA
["anakTuKy M3-3a 60JbIIMX Havya/JbHBIX CKOPOCTEH, CBSI3aHHBIX CO B3pbI-
BAMH CBEPXHOBBIX M/MJH PAacMaJaMH TECHBIX ABOHHBIX CHCTeM, B KOTOpbie
BXO/IMJIM TIPAPOJUTEN HEHTPOHHBIX 3BE3I.

Cepreii MNonoe
BceneHHas 1 54



HefitponHble 3Be3/ibl Hab/IIOAAOTCS KaK aCTPOHOMHYECKHE HCTOY-
HHUKH pa3HblX THIOB. Haubosee MHOrOUHC/IEHHBIMH H H3BECTHBIMH SIBJISIOTCS
paguony/abcapbl. Ha moment nanncanus kuura (2017 r.) X H3BECTHO
6osee 2500, a B CKOPOM BpEMEHH 3TO UHC/IO CYLIECTBEHHO BO3pacTeT
6marompapsi paboTe HOBBIX PaJMOTENECKOIOB.

JleB JlaHpay npeanonoXxmn cywecTBoBaHMe o06bekTa
3Be3[4HO MaccChbl C NIOTHOCTbIO NopsAKa AAEepPHON.
Banbtep baage n ®pwuy LiBnkkn npeackasanv poxageHuve
HEMNTPOHHbIX 3BE3[, B pe3y/bTaTe BCMNbILEK CBEPXHOBbIX.

HefitponHble 3Be3abl ObliM OTKPBITHL B 1967 r. Kak paguomyJbca-
pbl. OTKpbITHE ObIIO HEOXKHIAHHBIM: HECMOTPSl HAa TO YTO B LIEJIOM MHOTHE
CBOHCTBA HEHTPOHHBIX 3Be3[ OblIM MPaBHJAbHO ONHCAHbBI TEOPETHKAMH
10 UX 0OHAPYKEHHUSI, MOLIHOE MyJAbCHpYIOLIee PalHonu3ayUeHne MpeacKa3aHo
He Obi10. OCHOBHOH BKJal B OTKpbITHE BHecaa [kocesnnn Bean (Jocelyn
Bell). B 0CHOBHOM 3a 3TOT pe3yJbTaT e€e HAyUHbIl PYKOBOAUTENb DHTOHH
Xbiouw (Antony Hewish) noayuns Hobeaeckyto npemuio 1o ¢pusuke (10,
4yTo caMa beJss He Oblia BKJAIOYEHA B CIIMCOK JaypeaToB, CYHTAETCS OLHOH
M3 caMbIX KPYMHBIX OIIHGOK B HcTOoprH HoGeneBekux mpemuii mo (pusnke).

oxocenvH benn n AHTOHM Xblouw B 1967 1. OTKpbINA
paguonynbcapbl.

MHTepBas MeXI1y MOCAEI0BATENbHBIME HMITYIbCAMH PaJHOMYJIb-
capa — 3TO MepPHOJ BpalleHHs HEHATPOHHOH 3Be3abl (HHOrAAa 3a 06OPOT
HaO/IOAIOT BA UMIIyJAbca OT 0OOMX MarHUTHBIX IOJIIOCOB, COOTBETCTBEHHO,
HHTEPBAJ MEXJAy HMIYJbCAMH PaBeH MOJOBHHE 06opoTa). MexaHH3M
pagvou3ayueHHs My/AbCapoB A0 KOHIA He SICEeH, XOTs MOHSTHO, UTO peub
HIET O KOTePEHTHOM H3/yUYeHHH, pPOKIaloleMcsi B MarHuTocdepax Hek-
TPOHHBIX 3Be3/. MHOTHe mysabcapbl HAGJIOIAIOTCS U B APYTHX HHANA30HAX
(HeKoTOpBIE — BO BCEX: OT PAgHO- A0 TaMMa-). PEHTreHOBCKOe H3JaydyeHHe
NyJAbCapoB C KOPOTKHM IE€PHOAOM I[03BOJSET cleaTh UX MpeKpacHbIMH
OPHEHTHPAMHU /ISl CHCTEM HE3aBHCHMOH HaBHI'ALMH MEXKIVIAHETHBIX CTAHLHH
(rakue cucrembl HasbiBaloT XNAV, X-ray pulsar-based navigation and
timing). [TepBble KOCMHUECKHE AMNAPATHI, TECTHPYIOLIHE Ty TEXHOJIOTHIO,
y2Ke HaxoisTcsl Ha op6uTe — 3T0 kuTalckui cnyTHUK XPNAV-1, a Taxxke
nemonctpanuonnas cucrema SEXTANT (Station Explorer for X-ray
Timing and Navigation Technology) B coctaBe unctpymenta NICER
(Neutron star Interior Composition Explorer) Ha 6opty MexayHapomHoi
kocMuuecko# cranuun (MKC).

Kpome 3Toro, onuHouHble HEUTPOHHBIE 3Be3bl HAOGMIOAAITCS KaK
MOJIOJIble OCTBHIBAIOIIHE OOBEKTHI, MATHUTAPbl U UCTOUHHKH APYTHX THIIOB.
Takoke GOJIbIIOE KOJMYECTBO HEUTPOHHBIX 3Be3M (COTHH MCTOYHHKOB) MOXKHO
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BUIETb B TECHbIX IBOHHBIX cHcTeMax O/sarofaps akkpeuuu. PeHTreHOBCKHe
UCTOUHHUKH 3TOro THUna ObliM OOHAPYXKEHbl HAa HECKOJbKO JeT paHblie
paguonynabcapos, B 1962 r., 6aarogaps pa6ore Pukkapno [[:KHUaKKOHH
(Riccardo Giacconi) n ero xoJqier. OIHaKO J0Ka3aTh NPHCYTCTBHE B 3THX
PEHTTEHOBCKHX MCTOUYHMKAX HUMEHHO HEHTPOHHBIX 3Be3[ YAaJd0Ch JHIIb
B Hauajse 1970-x rr.

AKTUBHOCTb psifja HEMTPOHHbIX 3B€3[ CBA3aHa
C BblAeNEeHNEM 3HEPTM MArHNTHOro nons (Tokos).
Camblin ApKMiA NpmMmep — MarHmTapbl.

HeiiTpoHHble 3Be3apl 00/1a1aI0T PSIIOM 3KCTPEMaNbHBIX CBOHCTB,
4TO Je/aeT UX KpalHe HHTepecHBIMH 00beKTaMH C TOUYKH 3peHHUs (yH-
JaMeHTaNbHOH (U3UKH. BellecTBO B HEHTPOHHBLIX 3BE31aX HAXOIUTCH
B YCJOBHSIX, KOTOpPble HEJLOCTHXKHMBl B 3eMHBIX J1a60paTOPHUSIX: CBEPX-
CHJ/IbHASI TPABUTAIIUS HA MOBEPXHOCTH, CBEPXCHJbHbIE MAarHUTHBIE MOJs
U CBEPXBBICOKAsl MJOTHOCTh B Hejpax.

V3 Becex HaG/ogaeMbix 06beKTOB (33 MCKIOUEHHEM YEPHBIX JIbIP)
HeHTpOHHBIE 3Be3/bl HanboJee KOMIAKTHBI, UX pajuyc Haubojee GJIU30K
K IIBAPIIIHIbIOBCKOMY pajguycy (pajnyc HeBpallamolencst YepHOH ABIPHI
JUIsST IAHHOH Macchl, cM. pasaen 7.1 «Ilpupoma uepHbix abip. Kostames).
Tak HasbiBaeMast BTOpasi KOCMHUECKasi CKOPOCTb (CKOPOCTh yGeraHus)
Ha NMOBEPXHOCTH HEHTPOHHOH 3Be31bl cocTaBJ/seT npuMepHo 0,3 ckopocTu
cBeta. Ecaii Macca HeATPOHHOH 3Be3/bl MPEBbIIAET MPeAeIbHYI0 (0KOJIO0
2,5 maccel CoJiHIIa), TPOMCXOAUT KOJIANC B uepHyto apipy. s pacue-
Ta CTPYKTYpPbl U MHOTMX CBOHCTB HEHTPOHHBLIX 3Be3] HEOOXOAUM yuer
3(ppeKToB 001IeH TEOPUH OTHOCHTE/JIbHOCTH.

M3BecTHble HEHTPOHHBIE 3Be3Abl 00/1aNal0T CHAbHBIMH Mar-
HATHBIME TToasgMu: oT 108 1o 10" T'c (s cpaBHeHHs: MoJe HA MarHUT-
HOM moJioce 3eMau cocrapgaser MeHee 1 ['c). Bosbliag BeMuMHA 11014
YaCTHYHO JOCTHTAeTCsl COXPAaHEHHEeM MAarHUTHOTO MOTOKAa MPH CXKATHH
spa 3Be3Mbl, MOPOXKIAAIOIIEH KOMIAKTHBIA 00'bEKT, a YaCTHUHO CBsI3aHa
C reHepamnued moJs.

[na onncaHnsa CBOMCTB HEMTPOHHbIX 3BE3[ HE06X0AMMO
npMMeHeHne KBaHTOBOW Teopuun 1 o6Len Teopmnn
OTHOCWUTENbHOCTMN.

Henpa xoMnakTHBIX 06'b€KTOB COCTOSIT W3 BEIIECTBA BHICOKOH
MJIOTHOCTH, B LIEHTPaX HEHTPOHHBIX 3BE3Jl B HEKOTOPBIX MOAE/SAX OHA MOXKET
NPEBOCXOIUTD siIepHYI0 TIOTHOCTh B 10-15 pas. MccienoBanue takoro
BEIIECTBA B JaOOPATOPHBIX YCJAOBHSIX HEBO3MOXHO, MO3TOMY acTpO(U3H-
yecKHe JaHHble 110 KOMIIAKTHBIM 00'be€KTaM SIBJSIIOTCS 1I€HHBIM HCTOUHHKOM
UH(pOopMalUK AJis1 IAepPHOH (PUBHKH.

Cepreii MNonoe
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HabGuopate/ibHble TPOSIBJACHHS U3BECTHBIX OAMHOYHBIX HEHTPOH-
HbIX 3BE€3Jl CBA3aHbI C TPABHUTALIMOHHOH 3Heprueil (akkpelus), Bpalia-
TENLHON BHeprued (pagrony/bcapbl), TEMIOBOH sHEprued (oCTHBaIINE
HEHTPOHHBIE 3BE3Jbl) WJIH SHEPrHed MarHUTHOrO MOJsT (MATHUTADEL).

B cayvae akkpeluu BellecTBO cocena Mo ABOHHOH cHCTeMe HJH
ra3 M3 MexX3Be3JHOH cpelbl 'PaBUTALMOHHO 3aXBATbIBAETCS HEHTPOHHOH
3BE3[0H, pasroHsieTcsl B NOJe TATOTEHHS 10 BLICOKOH CKOPOCTH, a 3aTeM
B aKKPELMOHHOM MOTOKE WJH HEeNoCpPeICTBEHHO MPH B3aUMOAEHCTBHH
C TIOBEPXHOCTBIO 3HAUUTENbHAS] YACTh KUHETHUECKOH SHEPTHH HU3JMyuaeTcst
(B OCHOBHOM B PEHTTE€HOBCKOM J[HATIA30HE).

B cayuae paguonynabcapoB ObICTpoe BpallleHHE HEHTPOHHOH
3Be3/bl (H3BECTHbIE PAJHONY/IbCAPBI HMEIOT MEPHOIbI BPAILECHUST OT MHJLIH-
cekyHabl 10 10 CeKyHI) ¢ CHIbHBIM MArHUTHBIM TMOJIEM MPUBOIHUT K YCKO-
PEHHIO YaCTHL ¥ FeHepalHy 3JeKTPOMArHUTHOIO HU3J/yYeHHSI.

B cayuae ocTbiBalLUX HEHTPOHHBIX 3Be3/ Mbl HalJ/I01aeM
TEIJIOBOE U3JyueHHe MOJIOA0H (0 HECKOJNbKHX COTEH ThICSY JIeT) Heli-
TPOHHOH 3Be3/bl ¢ TeMNEepaTypoi MOBEPXHOCTH OT HECKOJbKHX COTEH
TBICSIU JI0 HECKOJBbKHX MHJJHOHOB I'PafycoB. B OCHOBHOM Takue MCTOUHHKH
HaGJI01aI0TCST B MATKOM PEHTI€HOBCKOM AManasoHe (3HePruu KBaHTOB
OT JECSITKOB 10 COTEH 3JEeKTPOHBOJBT). HO y HEKOTOPBIX TEM/I0BOE H3Jy-
yeHHe O0HAPYKEHO TaKxKe B ONTHUYECKOM [IMalla3oHe CIIeKTpa.

HakoHell, MarHUTapbl, COIVIACHO MPHUHSTOH B HACTOsIEe BpeMs
MOJIe/IH, BHICBEUMBAIOT B PETYJSPHOM HMJIM BCIBILIEUHOM PEXKHUME IHEPTHIO,
3aMaCeHHY0 B OUY€Hb CHJIbHOM MATHUTHOM MoJjie (MOXHO TaKxke MOBOPHTD
00 SHEPruH MOIIHBIX JEKTPUUECKHUX TOKOB, TEKYIIMX B KOpe HEHTPOHHOH
3BE3JIbl U CO3AAILINX MArHUTHOE MoJe). Bo BpeMsi THraHTCKHX BCIBIILIEK
CBETHMOCTb MarHuTapa MOXeT MPEBOCXOAHUTDL I[OJHOE 3HeproBblaede-
HHe BCeX 3Be3[ raJlaKTHKH BMeCTe B3STbIX. Maruurapbl ObIIH OTKPBITHL
B 1979 r., B nmepBylo ouepenpb Gsarogapsi pa6ore rpynnsl EBrenusi Masena
B Pusuko-rexuuueckoM HHcTUTyTe UM. A. D. Modde.

HefiTpoHHbie 3Be3/bl GbIIM TEOPETHUECKH MpPeACKa3aHbl B paboTax
Basnbrepa Baane n ®puua Lipukku (Fritz Zwicky), a raxxe JIba Jlannay
eme B 1930-e rr., oqHAaKO BMNJAOTH OO0 HACTOSIIETO BPeMEHH B (PU3HU-
Ke HEHTPOHHBIX 3BE3J CYIIECTBYeT psijl MPUHLUHIHAJILHBIX HepeLIeHHbIX
BOIIPOCOB. BHyTpeHHee cTpoeHHe 3THX KOMIAKTHBIX 00'bEKTOB OCTAETCS
npo06/aeMOi, YTO BbI3BBAHO HEIOCTATOYHBIM MOHHMAHHEM CBOHCTB BelIECTBA
NpPU NJOTHOCTH, B HECKOJBKO Pa3 MPeBOCXOASIIEH sIE€PHYIO.

B paHHHX MojeJssiX Mpeano/aaranoch, 4To KOMIAKTHbIE 3BE3[Ibl
B ocHOBHOM (10 90% 10 Macce) MO/KHBI COCTOSITb U3 HEHTPOHOB — OTCIOAA
U HCTOpPHYECKOEe Ha3BaHHe, KOTOPOE 4acTO NPHMEHSETCs KO BCeMy KJaaccy
o6bexToB. [locaenyouye ucc/ief0BaHus NOKa3aaH, YTO CYLIECTBYET MHOT'O
Pa3JIMYHBIX BO3MOXKHOCTEH /11 BHYTPEHHEr0 CTPOEHHSI KOMIAKTHBIX 00b-
ekToB. HecMOTpsi Ha CyllecTBEHHbIE YCUJIHSI TEOPETHKOB M HabJionaTesned,
JI0 CHUX MOp He M3BECTHO, KaKas M3 HUX peaju3yeTcsl B MPUPOJE.
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B cTpyKType HEHTPOHHOH 3BE3/bl BBUIESIOT KOPY (BHYTpPEHHIOK
M BHEIIHIOW) U 1po (BHyTpeHHee W BHellHee). BHelHsst Kopa uMeeT
TOJIILMHY TOPSIIKA HECKOJbKHX COTEH METPOB U COCTOHT B OCHOBHOM
M3 MOHOB 3/JEMEHTOB TPYIIbl kKeJje3a U BBIPOKAEHHBIX 3J€KTPOHOB.
Kpome cambiXx HapyKHBIX CJI0€B, BHEUIHSII KOpa TBepAas, MOCKOJbKY
MOHDBI Gsarogapsi CHJAbHOMY 3JEKTPOCTATHYECKOMY B3aHMOAEHCTBHIO
MEXKIy 3aps2KeHHbIMM YacTHLUAMH (OPMHPYIOT TaK Ha3blBAEMYIO KYJO-
HOBCKYy0 perieTky. Bo BHyTpeHHel kope (TOJIIMHON OKOJMO KHJIOMETpA),
rie BO3MOXHO CYLIECTBOBAHHE CHJ/IbHO O0OTallleHHBIX HEHTPOHAMH siiep
3/1eMEHTOB, HaUMHAeTCs nmpolecc GOPMUPOBAHHUS TaK HA3blBAEMbIX HEM-
TPOHHBIX KameJjb. [IpH CTOJMb BHICOKOH MJIOTHOCTH CBOOOAHbBIE (HE BXO-
JSIIHe B siApa) HEHTPOHBI OKA3bIBAIOTCS yCTOHYUBBIMU. 1011 CBOGOMHBIX
HEHTPOHOB pacTeT ¢ yBeJHYEHHEM IJOTHOCTH BIyOb Kopbl. HeldTpoHbl
BO BHYTpeHHeH KOope MOTYT HaXOQUTbCsl B CBEPXTEKyueM COCTOSIHHH.

CBowicTBa BHYTPEHHErO AApa HENMTPOHHbIX 3BE3[,
N3BeCTHbI KpamHe nnoxo. CyuiecTByeT pag runores

0 NoBefeHNM BewecTBa Npy CBEPXBbICOKOW MNJIOTHOCTN,
Hanpumep Takoro Kak KBapkoBoe BeLLeCTBO.

BHeluHee sapo uMeeT pasMep HECKOMbKO KHJIOMETDPOB. Ero cBoii-
CTBa OTHOCHTE/JIbHO XODPOLIO MOHATHHEL. [laoTHOCTH cocraBasger ot 0,5
0 2 sIepHBIX MIOTHOCTeH (siiepHas IOTHOCTh — OKoao 3 X 10 r/cm?).
BeliecTBO B OCHOBHOM COCTOMT M3 HEHTPOHOB, IPOTOHOB, 3JEKTPOHOB
¥ MIOOHOB. [IPOTOHBI TaM MOI'YT HaXOAHTbCS B CBEPXTeKydyeM (CBepXIIpo-
BOJAIIEM) COCTOSTHHH.

CBoiicTBa BellleCTBAa BO BHYTPEHHEM spe M3BECTHH KpaiHe
110X0. [1JIOTHOCTh TaM B HECKOJBKO pa3 MPEBOCXOAUT AnepHyio. OCHOB-
Hble 00CY2KIaeMble THIOTE3bl BK/IOYAIOT B ce0s MOsBJIEHHE THUIIEPOHOB,
o6pa3oBaHHe MMOHHOIO WM KAOHHOI'O KOHJEHCaTa, MosBJeHHe KBAapPKOBO#H
MaTepuH.

Cepreii MNonoe
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®dopmanbHO YepHble Ablpbl MOKA eLe 0CTalTCA MNMMNOTETUYECKUMN
ob6bekTamun. OgHako B HacTosALLee BpeMs Nosly4eHO MHOXECTBO
Hay4HbIX JAaHHbIX MO CaMbIiM Pa3HbIM aCTPOHOMMNYECKUM UCTOYHU-
Kam (B nepByto o4epenb peyb NOET O MAaCCUBHbIX 06beKTax B LieH-
TpaXx raiakTuk, a Takxe 06 aKKpeunpyrLwmnx KOMnakTHbIX obbekTax
B [BOMHbIX CMCTEMAX), KOTOPble 06 bACHAKTCA TOJIbKO B paMKax
aTton mopgenu. Noatomy ¢ acTpodr3m4eckom TOUKIN 3PEHNA MOXKHO
cymMTaTh, YTO YEPHbIE ObIPbl CYLLECTBYIOT, XOTS PS4 BONPOCOB O fe-
Tanax ux prsnyeckmnx CBOMCTB OCTAaeTCSA OTKPbITbIM.

Maccbl n3BeCTHbIX KAHAWNOATOB B YepHbIe AbIPbl IEXaT B LUINPOKOM
avanasoHe: oT 3-5 macc ConHua (06beKTbl B TECHbIX ABOMHbIX
cmncrtemax) 0o AecAaTkoB Mmunnmapaos macc ConHua (cBepxmaccmBs-
Hble 06bEKTbI B ralakTUYeCKMX LeHTpax).

Bonbloe KonmMyecTBo cambix pa3HOO6pPa3HbIX AaHHbIX (OT pa-
Ono- o raMMa-guanasoHa) no aTum o6bekTam HeJaBHO 6b110
OOMOJIHEHO 0GHapyYXXeHMeM rpaBUTaLMOHHO-BOJIHOBbIX BCM1ECKOB
OT CJZINAAHU YepHbIX Oblp 3B€3OHbIX Macc.



7.1
Mpupopa yepHbIX gbip. Konnanc

dyHnameHTa/ bHblE CBOHCTBA YEPHBIX ABIP AENAIOT HX CAMbIMH
3araJOYHbIMH 00'beKTaMH B Ipupone. HepHylo AbIPY MOXKHO ONpPELe/HTD
KaK 00/1aCTb, KOTOPYIO H3-3a CHJIBHOI'O HCKPHUBJEHHS NPOCTPAHCTBA-Bpe-
MEHH He MOXKeT MOKHHYTh HUKAKOH curHa/. ['paHHIly 4yepHOH AbIPBI
HA3bIBAIOT 20pPU30HMOM. YTIPOLLAS, MOXCHO CKa3aTb, YTO 3TO [NOBEPXHOCTb
HEeBO3BpaTa, JaxKe CBETOBbIE JIYUH, NONAaB MOA FOPH3OHT, HE MOI'YT BLIHTH
Hapyxky. Takoe moHUMaHHEe YepHBIX AbIP BO3HHK/O oKosao 100 jeT Hazan
noc/e MmosiBjeHus1 o6uledl TEOPUH OTHOCHTEJNbHOCTH.

O6wan Teopmsa OTHOCUTENBHOCTU co3faHa Anb6epTom
OnHwTenHom B 1915 r. MatemaTtmyeckme acnekTbl
Teopuu 661N OAHOBPEMEHHO U HE3AaBUCMMO
pa3paboTaHbl Jasngom MNnbb6eptom.

B XVIII B. Hokon Muuean (John Michell) u IMbep-Cumon
Jlanmac o6cyxnan BOBMOXKHOCTD CYIIECTBOBAHHUS TeJ, Ha TOBEPXHOCTH
KOTOPbIX BTOpPasi KOCMHUECKasi CKOPOCTb HAUHWHAET MPEBOCXOIUThH CKO-
pOCTb CBeTa, M MO3TOMY OHH «OyayT uepHbIMH». ONHAKO Takasi HaWBHAsI
KOHIIENUHs fajseKa OT COBPEMEHHOI'0 MOHUMAHHUsl PUPOAbI UePHBIX AbIP,
KOTOpOe Hauajo gopmupoBaThes 6iarogaps pa6oram Kapaa IlIBapuumiabia
(Karl Schwarzschild) HenocpeacTBeHHO mocae CO3AaHust 06l TeOpUH
OTHOCHUTEJNbHOCTH. 3aTeM Pa3BUTHE MPENCTaBJEHHHA O YEPHBIX AbIpax
NpoAoKHIOCH yKe B KoHie 1950-x — Havajse 1960-x rr., B mepByio
ouepennb mocsae paborol [laBuga Puukenbmreidna (David Finkelstein),
B KOTOPOH Obljla paccMOTpeHa NPHUPOAA TOPU30HTA COObLITHH. OTKpHITHE
KBa3apoB, HEHTPOHHBIX 3Be3/, a 3aTeM W MepPBbIX KaHIUIATOB B YepHbIE
JBIPbl TIPUIAJI0 AOMOJHUTENbHYI0O MOTHBALIMIO TEOPETHYECKHM paboTaM.

TepMHH «4epHasi AbIpa», MO BCeH BUIMMOCTH, MEPBOH HCMOJb-
soBaja duH dBuHr (Ann Ewing) eume B 1964 r., uepes HeCKOJbKO JeT
3TO CJI0BOCOUETAHHE CTaJI0 MomyaspHbiM Oiaromaps [kony Yuaepy (John
Wheeler), a B Havage 1970-X rr. TepMuH cTaj OGIIENPUHSATHIM.

B npupose uepHble AbIpbl B NEpBYI0 ouepelb AOJKHBI 06paso-
BBIBATHCSI B pesyJbTaTe KoJianca 3Besjl (3TOT Mpolecc HAeT H B Hallu
aun). Hewns6exxHocTh KoJjianca 6blia npogeMoHcTpupoBaHa B 1939 r.
B pa6ore PoGepra Omnnenreiimepa (Robert Oppenheimer) u Teoprus
BosikoBa (George Volkoff) Ha ocnose crareit Puuapaa Toamena (Richard
Tolman) u JIbBa Jlangay. IlepByio peafMCTHUYHYIO MOIEJNDb KOJlIamca
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nbleBoro obsaka paccuutanu B 1939 r. Po6epr Onnenreiivep u Iapriang
CHaitnep (Hartland Snider).

bxoH Mwuuenn (1783) n Nbep-CumoH Jlannac (1796)
He3aBMUCUMO ApYyr OT Apyra BbiCKasanu Ngaewo

0 CyLLEeCTBOBaHUW NNIOTHbIX MaCCUBHbIX 06GBHEKTOB,
KOTOpble 6yayT YepHbIMW, MOCKOJIbKY CBET HE CMOXET
X NMOKNHYTb.

Jlist ycToiuMBOCTH 00'beKTa (HalpUMeEp, sipa 3BE3/bl) HEOOXOAUMO,
4TOObI rpaBuTalust (KOTOpast CTPEMHUTCST C2KATh 00'bEKT) YPABHOBEIIMBAMAC
naBjaeHueM. B TedyeHue KM3HH 3Be3/bl JaBJAeHHE B OCHOBHOM TOJIEPHKHU-
BAeTCsl 3a cUeT TEePMOsAEPHBIX peakuui B sape. [Tocse oKOHYAHHS LHKJA
peakiuii (cM. rviaBy 4 «3Be3ibl H MX 3BOJIOIHUS») 3Be3/a MPeBpaIlaeTcs
B OJIMH M3 TPeX THIIOB KOMIAKTHBIX 00'bEKTOB: Ge/blil KapJauK, HEHTPOHHYIO
3Be3y (cMm. riaBy 6 «KoMmmakTHble 00bEKThI: GeJble KAPIUKH U HEHTPOHHbIE
3BE3JIbI») WM YEPHYIO ABIPY.

BepxHunin npegen Ha maccy HEMTPOHHOM 3BE3Abl
Ha3biBaeTcsa npegenom OnneHrermmepa — Bonkosa. MNpn
60nbLEen Mmacce NPOMCXOOUT KOJ1anc B YEPHYIO ObIpy.

UepHas abipa MOKeT 06pa3oBaThCsl B pe3yJbTare MPSIMOro KOJ-
Jiarca siipa MacCHBHOH 3Be3lbl. B 3TOM cilyuae, Mo-BHAUMOMY, He TIPOUCXOIUT
SPKO#i BCIIBILIKH CBEPXHOBO#H (HeIaBHO MOSBUJMCDH MepBble HAOGJMOIATE/bHbIE
CBHJIETE/IbCTBA B M0Jb3Y TAKOro clieHapusi). Takke Kosuianc MOMeT cHavaJa
NPHUBECTH K 00pa30BaHHUIO MPOTOHEHTPOHHOH 3BE3[bl, a 3aTeM BCJAEICTBHE
AKKpelLHd JTOMOJTHUTENbHOH MAcChl WM 3aMeJlIeHUsT BPALIEeHH s TIPOUCXOIHUT
OKOHUYATE/IbHBIA KOJUIalic ¢ o0pasoBaHueM ropusoHra (cMm. Huxke). Hakowerl,
uepHasi Jbipa MOKET BO3HHKHYTb, €CJU HEHTPOHHAs 3Besna (Hampumep,
B TECHOH JBOMHOH cHcTeMme) HaGepeT Maccy GOoJblle KPUTHUECKOH.

YepHast fbipa ONUCHIBAETCS BCETO JHIIb TpeMs MapaMeTpaMu:
Maccoi, MOMEHTOM HMIyJbCa H 3/JEKTPHUECKHM 3apsiioM (3TO Tak Ha3bl-
BaeMmasi «teopeMa 00 OTCYTCTBHH BoJioc»!). BusyasbHo Hawbojee SpKAM
06pa3oM sIBJIsIeTCS] HCUe3HOBEHHE MAarHHUTHOTO T10JIs NpH KoJarnce. Ha6ao-
Jare/ibHasi TIPOBEPKA «TeopeMbl 00 OTCYTCTBUH BOJIOC» CBSI3aHA C MOUCKOM
OTKJIOHeHHH oT MeTpukr Keppa (cM. HIKe), OMHUCHIBAIOIIEH BpallaKIIHecs
He3apsikeHHble UepHble IbIPbl B 00IIeH TEOPUH OTHOCHTE/JbHOCTH. [loka
TaKUX OTKJIOHEHHH He oGHapyKeHO.

1 HasBanue teopembl B3aTo u3 (dpaspl [xkoHa Yusiepa «Y uepHOH AbIPBI HET BOJOCY,
B KOTOPOH «BOJIOCBI» — 3TO MeTadopa JMo0bIX Ha0/a0JaeMbIX CHAPY2KH OT TOPH30HTA YE€PHOH JbIPBI
XapaKTepPHCTHK, KPOMe MacChl, MOMEHTAa HMITy/bca M 3JeKTpudeckoro sapsaa. Cam Yusaep B Gosee

MO3IHUX MHTEPBbIO OTAAET aBTOPCTBO 3Toi MeTadopbl SkoBy Bexenurreiiny (Jacob Bekenstein).
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OmnucaHue CBOHCTB UepHOH ABIPbI BeeTCs B TEPMHHAX METPHKH
(MaTeMaTHUECKOH KOHCTPYKIIMH, ONpee/siolieli CBOHCTBA MPOCTPaH-
CTBa-BpeMeHH), MOCKOJbKY HeoOxoauM yueT sdpdextoB OTO (uin Kako-
ro-To BapHaHTa pacilupeHHst 3TOH Teopuu). OOIUKUM CBOHCTBOM BCEX
peuIeHUH ABJASeTCs CYILIeCTBOBAHHE BHYTPH YEPHOH ABIPBHI CHELHANbHON
00/1aCTH — CHHIYJSPHOCTH, TJie, HAIpUMep, 3HaYeHHe IJIOTHOCTH (opMaJib-
HO CTAHOBHUTCSH GECKOHEUHbIM. B 3aBHCHMOCTH OT CBOHCTB 4e€pHOH JABIPHI
CHHTY/ISIPHOCTb MOXKET HMeTb pa3Hble CBOWCTBA, B TOM 4HCJae H (POopMY.
CorsacHo runoTe3e 0 KOCMHUECKOH 1IleH3ype, BCe CHHTY/ISIPHOCTH Haxo-
JSITCSI BHYTPH FOPU30HTOB (T. €. He CYIIECTBYET TAK HA3BIBAEMBIX TOJIBIX
CHHTYJIIPHOCTEH, OHH CKPBITHI OT HAGJIOAATeNeld TOPH3OHTAMH YEPHBIX JIbIP).

BbicTpoe BpawieHne HEMTPOHHOW 3BE3Abl MOXET
npenoTBpaTUTb KONNanc, faxe ecnm ee macca 6onblue
npenenbHOM, pacCYNTaHHOW A1 HEBpaLlatoLwerocs
obbekTa.

Camo#l mpocTol siB/sieTCsl HeBpalllalliasicss He3apsKeHHast
yepHasi Aplpa, KoTopas onuchiBaeTcsi MeTpukor Bapummnabaa. B psae
c/y4yaeB 3TO SIBJASETCH XOPOIUUM NMPHOMHAKEHHEM /ST ONIUCAHHUS CBOHCTB
Ha0J/110aeMbIX KAHAWAATOB B UepHble ABIPbI: B PeajbHBIX YCJAOBHSX 3apsiL
JIETKO KOMIEHCHPYeTCsl MPUTOKOM UYaCTHL[ ¢ TIPOTHBOMOJOXKHBIM 3HAKOM
3apsilia, a BpallleHHe CTAHOBUTCS CYILECTBEHHBIM JIMIIb MPH MPUGIHKEHUH
K Tpele/bHOMY 3HAueHHI0 (KOTOpOe MPUMEPHO COOTBETCTBYET BpAIEHHIO
CO CKOPOCTDHIO CBETA HA TOPH30HTE YEPHOH ABIPHI).

OnHaKo HepeaKo aKKpelusl BellecTBa WJH CJAUSIHUE ABYX YePHBIX
JbIp NMPUBOAAT K OLICTPOMY BpalleHHI0. B Takux c/yvasix [/s ONUCAHHS
NON00HBIX acTPO(U3HUECKHX 00'bEKTOB HEOOXOAUMO NPUMEHATh METPHKY,
KOTOpYIo BriepBbie onpenenaua B 1963 r. Poit Kepp (Roy Kerr) s Bpa-
matoulericss HesapsizkeHHOH uepHOH Abpipbl. HabuoaeHus MoKasbBaKoT, UTo
BHEIlIHHe 00/1aCTH HEKOTOPBIX KaHIHAATOB B UepHbIE AbIPbl COOTBETCTBYIOT
TaKoMy CJyudalo.

B cayuae merpuku Keppa Bo3HMKaeT MHTepecHBIH apdekr
yBJIeYeHHs cucTeMbl oTcyeTa. O6beKT, NONaBIIMH B OKPECTHOCTH Bpa-
HiaIesics YepHoi Abpbl?, GYET BOBJIEUEH BO BpalleHHE H3-3a CBOHCTB

2 Muorue s¢ddekrol, npeackadanusie OTO, He CBSI3aHBI ¢ KAKMMH-TO OCOOBIMH CBOIi-
CTBaMH YePHBIX IBIP, a MPOSIBJSIOTCS B CAMBIX PA3HBIX CHTyalHsX. B cayuae uepHBIX ABIP 3TH 3¢-
(heKTHl JMHULb MOTYT AOCTHraTh GO/bLINX 3HAUEHHUH Gsarogapst 60JbIIOH KOMIAKTHOCTH 3THX 00b-
eKTOB (OTHOILIEHHE MaCcChl K PajHyCy), a MO3TOMY B HEKOTOPHIX CJAyYasx HX Mpolle HaOJao0aaTh
uMeHHO TaM. [laHHBIH 3G GeKT He HCK/IUEHHE, OH CYLIeCTBYeT B OKPECTHOCTH JMI0OOTO MaCCHBHOTO
Bpamlaoulerocs Tena. B yactHOCTH, OH GBI 9KCMEePUMEHTANbHO MPOBEPEH M MOATBEP:KIEH Ha Op-
Gure 3eM/H C MOMOLIbIO HCKyceTBeHHBIX cnyTHHKOB LAGEOS, LAGEOS II (2004 r.) u Gravity
Probe B (2011 r.).
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NPOCTPAHCTBA-BPEMEHH, B KOTOPOM OH OKa3ajcsi, — 3TO TaK Ha3blBaeMbli
apdpexr Jlense — Tuppunra.

MeTpHKa HeBpallamleiicss 3apsiKeHHOH UepHOH IbIpbl HOCHT
uMeHa PelicHepa u Hopacrtpéma, a MeTpuka Bpallaolieics 1 3apsiKeH-
Holi — Keppa u Hpiomena. OgHako B MPHU/A0KEHUH K HaOAI0IaeMbIM
00'beKTaM OHHM MaJIOIIPUMEHHMDI, XOTsl CYLIECTBYIOT MONBITKH 00'bsiCcHe-
HHSl 3K30THUYECKUX aCTPOHOMHYECKHX HCTOYHHKOB MOJE/ISIMH C y4aCTHEM
3aps2KEHHbIX YEePHBIX JbIP.

MeTpI/IKa B COBpPEMEHHbIX TeOpUMAX rpaBmUTaLnn
onpependaer CBOMNCTBA npocTpaHCTBa-BpeMeHN.

[lBe rnaBHble OCOOEHHOCTH YEPHLIX AbIP — TOPH3OHT COOBITHH
W CHHTYJ/SIPHOCTb. ['OPH30OHT COOBITHH HHOTJA NMPEACTaBJASIOT KaK MeMbpa-
HY, MPOHHUIIAEMYIO JHUIb B OAHY CTOPOHY. C TOUKH 3pEHHUs yAaJeHHOTo
HabJ/10aaTe/1s, NafaoleMy npeaMeTy AJs JOCTHKEHHs TOpH30HTa TpefyeTcst
6eckoHeyHoe BpeMs. KpoMe Toro, no mepe npubJAHKEeHHUS K HeEMY Bce
3aMeTHee CTaHOBHUTCS 3((EeKT IpaBUTALHMOHHOIO KPACHOI'O CMeIleHHs.
OpHako, ¢ TOUKH 3peHHs Majgaiolnero HabJamogaTens, BCe MPOUCXOIUT
3a KOHEYHOe BpeMsl, MPHYEM JOKAJbHBIMH 3KCINEPHMEHTAMH OH HHKaK
He MOXKeT YCTaHOBHTb MOMEHT IepeCeueHHs] TOPU30HTA — CaM FOPH30HT
SIBJSIeTCS He (DU3HYECKOH, a JIMIIb KOOPAUHATHOH OCOOEHHOCTHIO.

Pasmep ropusonrta B Merpuke lIBapumu/abiaa onpeneJsieTcs
npoctoi popMynoH, sBJAseTCS CHepuuecKd CUMMETPUUHLIM U 3aBUCHUT
(MHEHHO) TOJMbKO OT Macchl. B Gosee c/10:kKHBIX MeTpHKax (a/s Bpa-
WAMAXCA /U0 3apAkKeHHBIX YePHBIX JAblp) BO3HHKAET HeCKOAbKO
KPUTHUECKHX PaJUyCOB.

A BoT cuHryaspHoctb siBasiercssi B OTO nctuHHOH oco6eHHO-
croio. Pomxkep IMenpoys (Roger Penrose) u Cruen Xoxuur (Stephen
Hawking) mokasanu Hen36eKHOCTb (POPMUPOBAHHKST CHHIYJSIPHOCTEH B paM-
kax OTO. Jlio60# 06bEKT, MONABIIWN MOA TOPU3OHT COOBLITHH, MOMagaeT
B CHHI'YJSIPHOCTb, U pacyeT ero AajdbHeHleld cyAbObl 0Ka HEBO3MOXKEH.
B peuwennu [IBapumuiabaa (HeBpaiiawoiieficss He3apsiKeHHOH YepHOH
JbIPBI) CHHTYJ/ISIPHOCTH SIBJSIETCS] TOUEUHOH, a B cJydyae BPALAOIIAXCS
YepHBIX AP — KOJMBLOM. B HEKOTOpPBLIX, MOKAa HENOATBEPAKAEHHBIX, T€O-
pusix (Hampumep, MeTIEBOH KBAHTOBOH TPABUTALIMH) yIaeTCsl H30ABHTHCS
OT CHHIyJAspHOCTeH. B npyrux monenssXx CHHTYJSIPHOCTH MpHOOGpeTaroT
MHTEpecHble NO0MOJMHUTE/bHbIe CBOHCTBA.

B actpodusnke BBIIEJASIOT HECKOJABKO THIIOB Y€PHBIX ABIP. DTO,
BO-NEPBLIX, EPBUUYHbIE YEPHBIE ABIPHI — THIOTETHYECKHE OO'BEeKTHI,
BO3HMKaloLIHe B paHHell BceseHHON. Bo-BTOpBIX, UepHble AbIPbl 3BE3IHBIX
Macc, SIBJSIOLIHeCs MPOAYKTAMH 3BOJIOIMH MAaCCHBHBIX 3Be3a (cylie-
CTBYIOT [€CSATKH KAHIHAATOB B TaKue 00'bEKThbI). B-TpeTbuX, cBepxMac-
CHBHbIE UepHble IbIpbl. HakoHel, BBIAESIOT Tak»kKe KJIacC YepPHBLIX AbIpP
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NPOMEXKYTOUYHBIX Macc (Mex(uy 3BE€3/IHbIMHU H CBerMaCCI/IBHbIMI/I), KOTOpbIE
ObLIH npuayMaHbl B Kaue€CTBE€ T'HIIOTE3bI, 06'bSICHSIIOLLEH CBOHCTBA Tak
Ha3blBa€MbIX YJ/JbTPaMOUIHbIX PEHTIT€HOBCKHX HCTOYHHKOB.

Papuyc LLBapuwmnnbga — 3710 paguyc ropm3oHTa
COO6bITUI ONA HEBpALLAOLWENCA He3apPsAXKEHHOM
YepHOW Oblpbl.

YepHble AbIpbl yaaeTcs HaOMoaaTh 6/arogaps aKKpeuuH, rpaBy-
TauHOHHBIM 3 (ekTam (0T IPOCTOro BpallleHHs] 0G'bEKTOB BOKPYT YEPHBIX
JbIP 10 I'PABHTALMOHHOTO JHUH3HPOBAHHS), 4 TAKKE 33 CUET HCIYCKAHHs
IPaBUTALMOHHBIX BOJIH JBOHHBIMH YEPHBIMH AbIPAMH.

CornacHo rmnoTtese o0 KOCMUYECKOM LieH3ype, BCe
o6pasylomrecs CUHIYNAPHOCTM OOMKHbI 6bITb 3aKPbITbI
rOpU30HTOM.

B nameit [anakTHKe HOMKHO CyllecTBOBAThH 0KoJa0 100 MiaH
YepHBIX IbIP 3BE3IHBIX MAacC (COOTBETCTBEHHO, OJMXKalIlas OIHHOYHAS
yepHas Ablpa J0J/2KHA HAXOAMTbCS Ha paccTosiHud nopsiaka 100 cBeToBbIX
JIeT OT Hac). Bouabiyio yacTb 3THX 06'bEKTOB KpaiHe TPYIHO HaGJMIOAATE.
B nacrosiiee BpeMsi eCTb HECKOJIBKO C/1yuaeB HaG/I0OfE€HHS IPAaBUTALUOH-
HOI'0 MUKPOJIMH3UPOBAHHUS, KOTOPblEe MOXKHO OO0'bSICHUTb JHH3UPOBAHUEM
Ha YepHBbIX AbIpaX, a TaKxKe HECKOJbKO JeCSTKOB HaleXHbIX KaHIHIaTOB
B UepHbIe ABIPHl B TECHBIX JBOHHBIX CHCTeMaX.

7.2
Kangunpgatbl B YepHble Obipbl
B TECHbIX IBOMHbIX CNCTEMAX

B nHacrosiiee BpeMsi OCHOBHbIE KAHAMIATHI B UepHbIE AbIPHI 3BE3I-
HBIX MacC HaXOISTCS B TE€CHBIX JBOMHBIX CHCTeMaX. DTO CBS3aHO C TeM,
YTO Ha/juyue OJM3KOrO KOMIIOHEHTa JeJaeT BO3MOXKHBIM KaK MOsIBJAeHHE
spKoro (0OBIYHO PEHTTEHOBCKOTO) HCTOYHHKA 3a CUET aKKPELHH, Tak
U olpefie/ieHUe NapaMeTpoB KOMIAKTHOTO 00'beKTa, Aaioliee BO3MOAKHOCTD
HUIeHTU(ULIHPOBATh €r0 B KaueCTBe KaHAMIATA B UePHbIC JbIPHI.

BrinaseHue BelllecTBa Ha UEPHYIO IbIPY MOXKET MPOUCXOAUTH Kak
0e3 BblgeJeHHs SHepriud (aKKpeLys MblIH), TaK U C BblAeJIeHHEM GOJbIIOT0
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KOJIMUeCTBa 3HEPruHu, AocTuraiouei 42% or MakcUMa/JbHO BO3MOXKHOTO
3HaueHHst, paBHOro mc? (Takoe MPOUCXOAUT MPH AHHUTHJSALKH). [T03TOMY
aKKpelusi Ha MaKCHMaJbHO BPAILAIOULYIOCsl UEPHYIO ABIPY SIBJSETCS BTOPBIM
1o 3(p(heKTHBHOCTH MEXaHU3MOM Bble/eHHs] SHEPIHH B NIPUPOJE U yCTyMaer
JIUIIb AHHUTHJSIIMN. YUHUTBIBasi, YTO KOJIMUYECTBO aHTHUBEIECTBA KpalHe
OrpaHHYeHO, aKKpelLus Ha 4YepHble JbIpbl ABJ/geTCs caMbiM 3(Q(MEeKTHBHBIM
€crnoco60oM BBIe/NEHHS SHEPIUH CPEelH LIHPOKO PaclpoCTPaHEHHBIX.

AKKpeumnsa — npouecc BbinageHms BewecTsa
Ha MAaCCUBHbIN 06BHEKT, NPOUNCXOAALLNIA B OCHOBHOM
3a cYeT rpaBMTALMOHHOIO NPUTAXXEHMNS.

Ecau nmapamolee Ha 4epHYlO Iblpy BelleCTBO o0pa3yeT Tak
Ha3blBaeMbli aKKPEIIMOHHBIH IHUCK, 32 CUeT BSA3KOCTH OHO pa3orpeBaeTcs
JI0 BBICOKHMX TeMIepaTyp, UTO NPUBOAMUT K BbIAEJNEHHIO 0OJBLIOTO KOJIHYE-
cTBa 3Hepruu. Teopus AHCKOBOH aKKpeUUH HAaua/ja aKTHBHO PAa3BHUBATHCS
B Hauaste 1970-x rr. B kJ1accnyeckux pab6orax Hukosas Llakypsl, Pamunna
CronsieBa, Urops Hosukosa u Kuna Topna.

Monoctb Powa — ob6nactb BOKpYr 3B€3A4bl, B KOTOPOM
€e rpaBUTaLUnsa KOHTPONMPYET ABMKEHNE NETKNX TE.

BosblIoil MOTOK BelllecTBa MOxKeT ObITh o0ecrnedyeH B TECHBIX
JIBOMHBIX cHcTeMaX. Ha ompesie/ieHHOM 3Tare 3BOJIOLHH YepHasi Ablpa MOXKET
MUMeTh B KaueCcTBe KOMIAHbOHA 3BE3Jy, 3aMOJHHBILIYIO CBOIO MoJaoCTh Poiia
(cm. paspen 4.4 «[IBoiiHble W KpaTHble 3Be3abl. AKKpelus»). BeliectBo
HAUMHAeT aKTHUBHO NepeTeKaTb Ha YepHYIO IbIpy 4epe3 Tak HasblBaeMylo
BHYTPEHHIO TOUKy JlarpaHxa, B peay/bTate (pOpPMUPYETCs aKKPELHMOHHbIH
JHMCK U MOSIBJASIETCS IPKUHA PEHTTeHOBCKHH HCTOUHHK.

CBeTHMOCTb aKKpeLHUpYyIollero HCTOYHHKA HMeeT BepXHHUH npefed,
Ha3blBaeMblH 3IMHI TOHOBCKOH CBETHMOCTbI0. Ero mnosiBjeHHe CBSI3aHO
C NaB/JeHHEM CBeTa: MOTOK H3/JIYUeHHs MOXKeT CTaTh HACTOJbKO BeJHK,
YTO OCTAHOBUT Najalollee BELECTBO. DTOT IMpejesa 3aBHCHT OT MacCChl
aKKpeuupylouero o6’bekta U CBOHCTB MajaloUlero BeLlecTBa, B CJY-
yae peasUCTHUYHBIX ABOHHBIX CHCTEM C YEPHBIMHM IbIPAMH OH COCTaBJ/SIET
OKOJIO MMJIIHOHA cBeTHMOCTell CoJHIA [/ YePHOH AbIpbl MACCOH OKOJIO
25-30 cosueunsix. [1penes JHUHEHHO pacTeT ¢ POCTOM MACCHI, O3TOMY AJist
00'bsICHEHHS] HCTOUHHKOB CO CBETHMOCTSIMU MOPSIIKA HECKONbKHX MHJIJIH-
OHOB WJ/IM JECSITKOB MHJJIHOHOB cBeTHMocTeld CoJHIa GBIIN MPeaaoXKeHbl
YyepHble IbIPbl IPOMEKYTOUHBIX Macc, uMmeroline 6oJjee BBICOKMH mpefedl.

B 1BOHHBIX cHCTeMaX BO3MOXKHO AOCTATOUYHO HaJeXkHOe ompe-
JleJieHHe MacC KOMIOHEHT. Ha/nuune sipKoro peHTIeHOBCKOTO MCTOYHHKA
M03BOJIsSIeT 3aM0J03PUTh MPUCYTCTBHE B CHCTEME KOMIIAKTHOTO 00beK-
Ta — HEHUTPOHHOH 3Be3[bl UM YepPHOH AbIpbl. OTCYTCTBHE peryJsipHbIX
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My bCallil U3JIyYeHHs], a TakKe HEKOTOpBIE CIeKTpPaJjbHble 0COOEHHOCTH
MOT'YT 1aTh KOCBEHHble apryMEHTHl B MO0Jb3Yy U€PHOU [IBIPHI, OKOHUATE/Ib-
HbIH BBIBOM [€JaeTCsl 110 M3MepeHHI0 Macchl. [ls HEATPOHHBIX 3Be3J
cyuiecTByeT BepxXHuE npenen macchl (npenen Onmnenreiimepa — Bouikosa),
KOTOPBIH cocTaBaseT npuMepHo 2-3 maccel Coanua. Ecan nabmaione-
HHS MOKa3blBAIOT, UTO Macca KOMIAKTHOTO 06beKTa MPeBOCXOIUT TPH
COJIHEUHBIX, TO OH CTAHOBHUTCS XOPOIIUM KaHAHIATOM B UepHBIE TBIPHI
(THMUYHbIE H3MEPEHHbIE MACChI UE€PHBIX JBIP B IBOHHBIX CHCTEMAX COCTAB-
JasiioT 5-10 COMHEUHBIX).

BHyTpeHHsa Touka JlarpaHxa — MecTo coegMHEeHNs
nonocten Powa B oBOMHOM cucrteme.

[lepBbIfi XOpOLIMI KaHIUAAT B YepHbIE IbIPBI Obl1 OTKPHIT B HAaua-
Jge 1970-x rr. DTo peHTreHOBCKasl ABOHHAs cucrema Jlebenp X-1, B KOTO-
PO CIMYyTHUKOM KOMIIAKTHOTO O0'bEKTa SIBASETCS sSpKasi 3Be3la-THTaHT.
O1eHKH MacChl KOMMAaKTHOTO 06'beKTa MOKasaJu, YTO OHA, BepOosTHee
BCEro, MPeBOCXOAUT TPHU cosHevHbIX. Cefiuac H3BECTHO HECKOJbKO JeCsT-
KOB KAHAHAATOB B UEpHbBIE AbIPHl B PEHTTE€HOBCKUX JBOHHBIX CHCTEMaX,
B GOJIbIIMHCTBE W3 HUX CIYTHHKOM KOMIAKTHOI'O 00'bEKTa SIBJISETCS MaJio-
MacCHBHasi HOpMaJbHasi 3Be3[a. 3HAUHUTE/JbHYI0 YacThb BPEMEHH TaKue
CHCTEMbl TIPOBOJSIT B TAK HAa3biBAEMOM CIOKOWHOM COCTOSIHHH, KOTrja
PEHTTEHOBCKAsl CBETHMOCTb CTAHOBUTCS KpaiHe HH3KOH. DTO CBOHCTBO
SBJISIETCS] KOCBEHHBIM apryMeHTOM B 10J/b3y T'HIOTE3bl 0 YEPHOH JbIpe,
MOCKOJIbKY B CHCTeMaX ¢ HEHTPOHHBIMH 3Be3JlaMH SHEPrOBbIAeNeHHE
He TajaeT J0 TaKUX HU3KHUX yPOBHEH.

Mopenb gnckoBon akkpeuunm bbia co3gaHa B paboTtax
Hwukonas Wakypbl, Pawnpa CroHseBa, iropsa HoBukoBa
n Knna TopHa B Hayane 1970-x rr.

dopmanbHO CylIEeCTBOBAHME YEPHBIX ABIP OCTAETCS THMOTe-
30H. JlokaszaTb OTCYTCTBHE IIOBEPXHOCTH M HaJH4yHe FOPU30HTA Y acTpo-
(usnueckoro obbekTa — cJoxkHasg 3agava. OQHAKO CYLIECTBYET P
XOPOLIUX KOCBEHHBIX apryMEHTOB B MO0J/b3Yy YepHBbIX Ablp. OAHH U3 HHUX
CBSI3aH C OTCYTCTBHEM (peHOMEHa PEHTIeHOBCKHX 0apcTepoB B cHUCTeMax
C KaHAMJATaAMH B YEpHbIC AbIPHl: HAKAIIMBAHHE Te/IHS Ha IOBEPXHOCTH
aKKpeuupyomeid HeATPOHHOH 3BE3/bl IPUBOANUT K TEPMOSICPHOMY B3PLIBY,
Ha6J/I01aeMOMY KaK MOIIHAs PEHTTeHOBCKAsi BCIIBIIIKA, & B aHAJOTHYHBIX
CHCTEMax C KaHAHJATaMH B YepHbIE ABIPbl TaKHe BCIBIIIKH He Ha0J/0/a-
1oTcsl. Camoe npoctoe 00bsSICHEHHE COCTOHUT B TOM, YTO HaKalJUBaHHUS
BElIeCTBA He MPOUCXOAUT H3-3a OTCYTCTBHUS MOBepXHOCTH. K coxanenuio,
3TO JIMIIb KOCBEHHbIH apryMeHT, U OH He MOXET CJY>KHTb OKOHUaTe/bHBIM
JI0Ka3aTe/bCTBOM CYIIECTBOBAHUS UEPHBIX ABIP.
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B Hacrosimiee BpeMmsi HauGoJsee HaleXKHBIMH CBHIETEIbCTBAMU
B MOJIb3Y CYILIECTBOBAHHSI YEPHBIX JBIP SIBJIAIOTCS HAGJMIOIEHUs TPABHUTAIIHOH-
HO-BOJIHOBBIX BCI/IeCKOB. [lepBoe Takoe co6biTHE OBIIO 3aPEeTHCTPUPOBAHO
ycranopkamMu LIGO B cenrssbpe 2015 r., Kkorga Ha6J/101a/M0Ch CAUSTHHE
JIBYX KOMIAKTHBIX 00'beKTOB ¢ MaccaMu okosio 35 u 30 macc Cosnua. Bech
KOMILJIEKC HaGJI01aTeNbHBIX TaHHBIX MPEKPacHO OGbICHSIETCS B paMKax
MOJIE/IH CJIMSIHUS BYX UEPHBIX IbI.

7.3
CBepxmaccuBHbIEe YEPHbIe Ablpbl

V3BecTHbIe HAM CBEPXMACCHBHBIE UePHBIE ABIPHI PACMOMATAIOTCS
B IIeHTpaxX rajJakTHK. B OCHOBHOM peub HIET O rajJakTHKaX, 06./afaolux
BBIPAXKEHHOH c(epuuecKoH COCTaB/sIONIEH — TaK Ha3biBAEMBIM OaJKeM
(cm. pasmesn 10.3 «CBepxmaccuBHBIE YepHbIE JbIPbl U aKTHBHBIE SAPa>).
[TostoMy, ckaxem, HeGOJbIlIHE HPPETY/sIpPHbIE IaJaKTHKH, a TaKkKe IHC-
KOBble TajJakTHKH 6e3 6a/ika, Mo Bcei BUAMMOCTH, HE COIEpaKaT CBEpX-
MAaCCHBHbBIX UepHbIX Ablp. OOblYHO yeM Godblie Macca Gasixa, TeM 6oJblie
Macca 4epHOH ABIPBI, XOTSl €CThb MHOT'O TPHMEPOB OTKJOHEHHH OT 3TOH
NPOCTOH 3aBHCHMOCTH.

KBasapbl n 6nasapbl — CBEpPXMaCCUBHbIE YEepHbie Oblpbl,
KOTOpble HaXO[ATCA B LLEHTPaxX KPYMHbIX ranakTUK n MoryT
NPOABNATb BbICOKYIO aKTUBHOCTb.

CaMbIM HaJIeXKHBIM CIOCOOG0OM MIEHTH(UKAIIUH CBEPXMACCHBHON
UepHOH AbIPBI M ONpee/eHUs] ee MacChl sIBJseTcsl HabJ/I0eHHe BpallleHH s
00beKTOB Ha GJU3KOM PAaCCTOSSHHH BOKPYT Hee. DTO MOTYT ObITb 3Be3-
nbl (Kak B cjayudae Hauieil [aJakTHKH), ra3 WJIH MasepHble HCTOUHHKHS.
B nocsaenHeM ciayuyae ygaetcs ¢ BBICOKOH TOYHOCTBIO OMpeNe/siTh MacChl
JBIp B rajlaKTHKaX, PacloJ/ioKEeHHBIX B JeCSATKAX MHJJIHOHOB CBETOBBIX
jget ot Hac. Kpome TOro, ecTh HECKOJbKO KOCBEHHBIX CMOCOG0OB OLEHKH
Macchl UepHOH IbIpbl, B TOM YHMCJe OCHOBAHHBIX Ha H3BECTHBIX Koppe-
JSMSAX Macchl ABIPHl ¢ KAKUMU-HUOYIb MapaMeTpaMM TrajJakTHKH HJH

3 Masep — HCTOYHHMK KOTePeHTHOrO M3JyyeHHs B MHJJIHMETPOBOM H CAHTHMETPOBOM
JlManas3oHax BOJH. B acTpOHOMHH Ma3epHble HCTOUHHKH MOI'YT BO3HHKATh B arMocdepax 3Be3/-TH-
FaHTOB M B MOJIEKYJsPHBIX 00/aKaX B Mex3Be3AHOH cpene. Manyuenue cpsizaHo ¢ nepexojgaMu

MeXIy MOJIeKY/ISPHBIMH YPOBHSIMH C HHBEPCHOI 3aCe/NeHHOCTDIO.

Cepreii MNonoe
BceneHHas 1 70



NpPUHHMAaeMOro uaJayueHus. HakoHel, 3anof03puTh CylleCTBOBaHHE
CBEPXMACCUBHOH YEpHOH ABIPHl Mbl MOXKEM MO HAGJIOAEHHSIM aKTHBHOCTH
B rajJakTHUeCKOM spe.

Cama uzes1 0 CylIeCTBOBAHHHM CBEPXMACCHUBHBIX YEPHBIX AbIP
NOsIBU/IACh TI0c/ae 0OHAPYKEHHsT KBAa3apOB — TOUEUHBIX UCTOUHHKOB paIo-
uaaydenus. Hekoropble 3 HUX OblIM HACHTH(MHLUUPOBAHLI U B ONTHYECKOM
JManasoHe Kak KBa3uaBeaiaHble (ToueuHbie) 00beKThl. OIHAKO OOBSICHUTD
UX CIEKTPHI HE ylaBaJjoch, Moka 370 B 1963 r. He cuenan Maprun muar
(Maarten Schmidt). CrekrpaJjbHble JHHHH ObLIH HACHTH(OHIMPOBAHBI MOC/E
yueTa UX 3HAUUTENbHOrO KPacHOTO CMEIlleHHs], H KOCMOJIOTHYecKasl HHTep-
npeTauus CMelleHHs 1e/aJja KBa3apbl CAMbIMH Ja/JeKHMH W3 M3BECTHBIX
Ha TOT MOMEHT HCTOYHHKOB. PaccTosiHMe 10 HUX HCUMC/SETCS MUJIHAPIAMH
CBETOBBIX JieT (IIPH 5TOM MepBble UCC/EN0BAaHHbIE KBa3aphl 0KA3a/qHCh
cambiMu Osin3kumu K Ham!). COOTBETCTBEHHO, CBETHMOCTb 00'bEKTOB
OKa3blBa/Jlacb KpalHe BBICOKOM.

B 1963 r. MapTtuH LUMnaT o6LAaCHUA caBUT NNHUA
B CMEeKTpax KBa3apoB KOCMONOrMYeCKMM KpacHbIM
cmMeuleHmem. ATo Aano BO3MOXXHOCTb U3SMEpPATb
paccTossHUA 00 HUX.

Kpome Toro, 6bia o6HapyKeHa NepeMeHHOCTh 6/ecKa KBa3apos
B ONTHUYECKOM jauanazoHe ([jst caMoro GJAM3KOr0 M MEePBOr0 HICHTH-
¢unupoBanHoro kBasapa, 3C 273, 310 cnenanu B 1963 r. Anexcauap
lapos u IOpuit Edpemos, ncnoabays faHHbE «CTEKJASHHOH OGUOG/IHOTE-
Ku» — xpanuinua ¢oromnactuiok — TAMII). Beictpasi nepeMeHHOCTD
TOBOPUT O HeGOJbIINX pa3Mepax HCTOYHHMKA. B ciayuae KBa3apoB pasmep
OKa3blBaJ/Icsl CPaBHUMBIM ¢ MaclutTa6oM CoOJHEYHOH CHCTEMbl, IPUTOM UTO
CBETHMOCTDb MPEBOCXOJAM/IA TAKOBYIO Y HEKOTOPBIX KPYIHBIX TraJaKTHK.
910 TpebGOoBa/NO HOBOIO HEOOBIYHOI'O UCTOYHHKA 3HEPTHH.

['unortesa, KOTOpyio MpeAaoxkuand SIKoB 3edbI0BHUY U DIBUH
Coumurep (Edwin Salpeter), mosBoasieT pemuth 3T# mpobaembl. CBepx-
MacCHBHasl depHasl Ablpa MPH Macce 0KoJo 50 MJIH COMHEUYHBIX HMeeT
paauyc, MpuMepHO paBHBIH | a.e. a3, mpuTsAruBaemMblii YepHOH ABIPOH,
U3-3a 00JBLUIOTO MOMEHTA HUMIYJ/bca (OPMHUPYET AKKPEIMOHHBIH AMCK,
9(p(PEKTHBHOCTb SHEPrOBbIIEAEHUSI B KOTOPOM MOXKET COCTaBJSTb NECSITKH
npoueHToB. [Ipy 1ocTaTOUHOM KOJMHMYECTBE Majalollero BellecTBa TakKas
yepHasi Iplpa MOXKET UMeTb CBETHUMOCTb BIIOTh [0 TPHJINHOHA CBETH-
mMocTte# CoJHIIA, YTO MHOTOKPATHO MPEBOCXOAHUT TOJNHYIO CBETHMOCTh
Hauell [anakTuKH.

B Hacrosiiee BpeMsi JOCTATOYHO TOUYHO M3MEPEHbl MacChl 1eCsT-
KOB CBEPXMAaCCHBHBLIX YepHBIX Ablp. CaMmble TsKesble H3 HHUX JOCTHTAlOT
10 mapn macc CosHla, a caMble JeTKHe — HECKOJIbKHX ThICSY COMHEYHBIX
Macc (MpH MEeHDbIINX 3HAUEHHSX JbIPA HE CMOXKET YAEPKAThCs B IEHTPE
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Jaxe HeOOJbILION I‘aJIaKTl/IKI/I). Ho macca qepﬂoﬁ ABbIPbI BCerga CyUIEeCTBEHHO
MeHbllI€ MacCcChbl raJJaKTHKH, B KOTOpOﬁ OHa pacIioJJ0xKeHa.

NcTouyHmnK, nepeMeHHbI Ha XxapakTepHOM MacLuTabe
BpemeHun T, He MOXeT MMeTb pa3Mepbl U3y4aloLen
obnactm 6onee yem L = cT, rge ¢ — CKOpOCTb CBeTA.

OnHoli M3 caMbIX XOpPOLIO H3YUEHHBIX SIBJSETCS 4YepHas Ablpa
B HeHTpe Hamed [ajakrnkn — o6bexkt Sgr A* (Crpenen A*) ¢ maccoit
0KOJIO 4 MJH cosHeuHbIX. Paccrosinue 1o Hee oko/o 25000 cBeTOBBIX
JIeT, BOKPYT Hee yaaeTcss HaGMIOATh JBHXKEHHE 3Be3J, 4TO M JaeT TOo4-
Hoe ollpejesenue Macchl. Huskas agdekTHBHOCTb akKpeuuu Ha Sgr A*
MOATBEPKIAET €r0 HAEHTH(PUKAIUIO B KAUueCTBE YePHOH AbIpbl (BELIECTBO
He KOHTAKTHPYeT C IMOBEPXHOCTBIO, a YXOIUT I10J TOPU3OHT, HE yclieBasi
BBICBETHTb CBOIO 3Hepruio). B anpese 2017 r. Gbuid npoBeieHbl HAG/IIONEHHS
Sgr A* ¢ mOMOILIBIO TPAHCKOHTHHEHTAJIbHOH CHUCTEMbl PAIHOTE/IECKONOB
Event Horizon Telescope («Teseckorn ropusoHTa CoObITHIEY). DTH HAG/IO-
JIeHUs] IPU3BAHbI MPOAEMOHCTPUPOBATh HalHuHe 3(P(PEKTOB, XapaKTePHBIX
VUMEHHO JIJISl UEPHBIX JIbIP, a TaKKe ONpeleqUTh MapaMeTphl [eHTPaJbHOTO
MaCCHUBHOTO 00'beKTa.

OdhekT rpaBUTaLMOHHOIO KPAaCHOI0 CMELLEHNSA
NPMBOOUT K TOMY, YTO CBET, UCXOOAALWNIA M3 obnactmn

c bonbwen rpaBuTaumen, BoirnagnT gna Habnopartens
NOKpPaCHEBLUNM.

Kpome Toro, HaG/oeHHsST aKKPELUPYIOLIKUX YepPHBIX AbIp (M CBEpX-
MACCHBHBIX, U 3BE3[HBIX MACC) MOTYT MO3BOJHUTH H3MEPUTH TEMIl HX Bpa-
IeHUs. DTO CBSI3aHO C TeM, UTO aKKPELHOHHBIH AUCK HE MOXET MOAOUTH
npsMo K ropusoHTy. B OTO cyuiecTByeT NoHsITHE «IOCJ/EIHsIs YCTOHUH-
Basi op6uTar, Ha Gojee GJM3KUX PACCTOSIHUAX YCTOHUYMBOE OpOHTANbHOE
NBUKEHHE HEBO3MOXHO, MOCKOJ/bKY Majaiolllee BelleCcTBO MO CHHPATH
OueHb ObLICTPO HomnajaeT MoJ ropu3oHt. [l1s HeBpallawllehcss yepHOH
JBIPBI MOCJ/EAHSsT YCTOHYMBasg opOUTa pacroJaraeTcss Ha Tpex LIBapll-
IHJABAOBCKUX paguycax, a AJsi Bpallalolleldcss — 3aBUCHT OT rapamerpa
BpallleHHs YepHOH AbIpbl (M OT HAMpaBJEHHsI BpalleHUs Belectsa). Yaiie
BCEro BElIeCTBO BpalllaeTcsl B Ty »Ke CTOPOHY, UTO M 4yepHasi Iblpa, B 3TOM
cJayuae paguyc nocjaeqHedl yCTOHUUBOH OpOUTHI MOXKET ObIThb MeHbIIE, UeM
B LIBAPIIIH/AbIOBCKOM CJyuae.

Bo BHYTpeHHHX 4acTsX aKKPELHOHHOIO JHCKA HEProBble/NeHHEe
NPOUCXOOUT Haubosee 3(P(PEeKTUBHO, HO MPHU NPUOIHAKEHHH K UepHOH AbIpe
CTAHOBHUTCS Bce GoJiee CYILECTBEHHBIM I'PABHTALMOHHOE KpacHOe CMelleHHe.
Ecau uanydeHue AHCKA CONEPAKHUT KaKylo-aHOO0 CIEKTPaJbHYIO AeTalb
(4yacTo 3TO JIMHHS CHJAbHO MOHH30BAHHOIO XKeJjesa ¢ sHepruei 6,4 xksB),

Cepreii MNonoe

BceneHHasn 1 7 2



to ee Bua (npocduib) Gyaer aehOpMHPOBAH: MOSIBUTCS TAK HA3bIBAEMOE
«KpacHoOe MJevy0o», CBS3aHHOE C M3JyueHHeM BHYTPEHHHX YacTeH MHUCKa,
ISl KOTOPOTO BEJHKO I'PaBUTAIlMOHHOE KpacHoe cMmelleHHe. [To crenenu
«MOKPACHEHHUSI» STOTO M3JAYUYEHHS] MOXKHO ONpPeNe/UTh, HACKOJbKO G/JH3KO
JIUCK TIOAXOIUT K YEpPHOH JbIpe.

B Bompoce NpouCX0XKIEHHS U 3BOJIOLMH CBEPXMACCHBHBIX yep-
HBIX JbIP €CTb ellle MHOTO HesicHOoCTeH. HaBepHsika peanusyeTcss MEXaHHU3M,
B KOTOPOM BCE HAUHHAETCS C MACCHBHBIX 3Be3j HacejeHus III (cambie
nepBbie 3Be3/bl BO BeejeHHoi). Baarogaps 0COGEHHOCTAM XHMUUECKOTO
cocTaBa (HpaKTI/I‘{eCKI/I MoJIHOE OTCYTCTBHE 2JIEMEHTOB TsKeJ/ee rem/m)
OHH MOTJVIM JOCTHraTb MAaCC B COTHH COJIHEUYHBIX, a B KOHIIE CBOEH KH3HH
npeBpanlaiuch B YepHbIE AbIPbl ¢ Maccoil 0Ko/ao 200 co/sHeuHBIX. 3aTeM
B IIpollecce MepapXHuyecKOoro CKy4YMBaHHUS 3TH 4YepHble AbIPbI MOoNaga/iu
B (hopMHpYIOILHECS TaNaKTHKH U J0BOJbHO OLICTPO, OYAYYH MACCHBHLIMH
00'beKTaMH, OCeJa/H B UX LIEHTPAJ/bHBIX YaCTAX, I/le 34 CUeT aKKpelHH
(¥ WHOTIA CJAWSIHUS C APYTHMH UEPHBIMH JBIPAMH) HX MAacCa MOCTENeHHO
pocaa. [TocteneHHo poc/aa U Macca HEeHTpaJdbHOH chepuueckoil cocTas-
JISIOIIeH TaJakTHKH (370 0O'bSICHSAET KOPPEJSIHI0 MACChl YePHBIX JbIP
¢ mMaccamu Gaqmked). TakuM MyTeM MOXHO K HAaCTOSIEMY BpeMeHH
HapacTUTb Maccy 10 MUAIHapaoB Macc CoJsHua.

Macca 4yepHon Abipbl B LeHTpe Hawen Manaktnkmn
(okono 4 mnH macc ConHua) onpeneneHa ¢ NOMOLLbIO
HenocpencTBeHHOro HabnaeHMs ABNXKEHUSA 3Be3[,
BOKpPYr Hee.

OnHako Takoi MeXaHHM3M He O0'bSICHSIeT CYLEeCTBOBAHHUS Mac-
CHUBHBIX YEPHBIX [IBIP CIYCTS BCEro JHUIb COTHH MHJJIMOHOB JeET MOC/ae
Havya/ja (pOPMHPOBAHUS 3Be3M M rajakTHK. Takue o6beKTbl U3BECTHHI,
Hanpumep, 6/arogapsi Ha6/01eHUSIM OYeHb Aa/JeKHX MOLIHBIX KBa3apoB.
J1st uX 06bsICHEHHSsI HYXKHbl 60/blIMe HauajJbHble MAcChl «3aTPAaBOYHBIX>»
YEepHBIX ABIP. DTO BO3MOXKHO, €CJIH MPOUCXOAUT KOJJIANC AOCTATOUYHO
60J/IbIINX Ta30BbIX 00J1aKOB, JAIOLIUX B HTOre YepHble AbIPbl C MaccaMH
B TBICSIYM M AECSATKH TBICAY COMHEYHbIX. Takue 00bEKThl, NONaB B LleH-
TpaJibHblEe YACTH T'aJaKTHK, MOTYT A0CTATOUHO GHICTPO (3a COTHH MMHJI-
JIMOHOB JIET) HAPACTHTH MACCHl 0 MUJJIHAPAA CONHEUHbIX, 00'bICHHB TEM
CaMbIM CYLIECTBOBAaHHE aKTHBHBIX silep BHICOKOH CBETHMOCTH B MEpPBbIH
MHJJIHAPA JeT XKHU3HU BcesneHHOH.

Haxkownern, cyuiecTByeT clieHapu#, B KOTOPOM MacCHBHBIE Uep-
Hble AbIpbl (POPMHUPYIOTCS 34 CUET 3BOJIIOLHH IVIOTHLIX CKOIJIEHHH 3Be3j
B siipax rajakTuk. [Tocje HOCTHXKEHHS HEKOTOPOH KPUTHUECKOH IJOT-
HOCTH B LIEHTPE CKOIJIEHHs] 3Be3/lbl HAUMHAIOT aKTHBHO CJAUBATHCS IPYT
C APYTOM, UTO B MTOTEe MPHUBOAMUT K MOSIBJEHHIO UEPHOH ABIPHI.

Faea 7
YepHble Abipbl 1 7 3



CBepXMacCHBHbBIE UepHbIE ABIPHI MOTJIOLIAIOT HE TOJIbKO OKpPY-
JKAIOIKMH ra3, HO W 3Be3[bl, MJMaHeThl U Apyrue o6beKThl. HekoTopbie
U3 HUX MOTYT ObITb Pa30PBaHbI MPUAUBHBIMH CHJAMH MPH NMPHOJIHKEHUH
K TOPH3OHTY (ecau TOMBKO OO'BEKT HEe SBJSETCS OUYEHb MPOYHBIM, KakK,
HarpuMmep, HeHTPOHHAS 3Be3na WM OesNblil Kap/auK, a Ablpa — CJIHIIKOM
MaCCHBHOH; XOTS Jake OueHb MJOTHble 00'beKThl OYAyT pa3opBaHbl
NPUJAUBHBIMH CHJAMH BHYTPH UE€pPHOH IBIPbI NIPH NMPHUOJIHKEHUH K CHHIY-
JISIPHOCTH, HO 3TO MPOHAET He3aMeUYeHHbIM /ISl BHeLIHero HabJionatens —
BHYTpU ropusoHTa). Takne COGBITHS HAGMIOAATCS KAK PEHTTEHOBCKHE
BCIIbIIKH, OHU MOTYT AJUTbHCA MeCdlaMHu W/AHW TogaMH, IO Mepe TOro Kak
BeIlleCTBO pa3pylLIeHHOH 3Be3[bl 06pa3yeT NUCK BOKPYT UYepPHOH AbIPHI
¥ MOCTENeHHO aKKpeuupyer Ha Hee. OTCyTCTBHE MOIUIHOTO H3JyUeHHUS,
CBSI3aHHOTO C KOHTaKTOM MaJaloIIero BEUeCTBA H MOBEPXHOCTH, SIBJSETCS
JIOTIOJIHUTENbHBIM apryMeHTOM B I10/1b3Y HaJHUYHSl TOPU30HTA y CBEpX-
MaCCHUBHBIX 00'bEKTOB B raJlaKTHUECKHX LIEHTPaX.

Mpwn cnnaHnmM gByX YepHbIX Ablp NONYyYMBLUAACA
yepHas ablpa MOXET NPMOBGPECTN CKOPOCTb B COTHMN
KNIOMETPOB B CEKyHAY. OTO TaK Ha3biBaeMbi ahdpekT
rpaBUTaLMOHHO-BO/THOBOW paKeTbl.

Hauunnas ¢ konna 1960-x — nauasia 1970-x rr., ¢ pa6or [loHaJjb-
na Jluagen-Beana (Donald Lynden-Bell), actpoHoMbl moJiaraior, 4To
B IIEHTpe Ka)X[I0H raJlaKTHKH C JOCTAaTOYHO KPYMHBIM Ga/jKeM N0JKHA
HaXOAMTbCS CBEpPXMacCHBHAsl uepHasi Aplpa. Hab/ioneHus: B 11e10M MOJ-
TBEPAAAIOT 3Ty KAPTHHY.

OaHaKo B peKUX C/lydasx CBEPXMACCHBHBIC YepPHbIE JbIPbl MOT'YT
NOKHIATh LEHTPa/dbHble YaCTH TaJakTHK. B pesy/abrare CAUSHHS IBYX
YEepPHBIX Iblp NMPOUCXOAUT H3JyUYeHHE I'PaBUTALHMOHHBLIX BOJH, KOTOpbIE
YHOCSIT HEPTUI0 U MUMIYJAbC U3 CHCTeMbl. Ec/M Macchl Iblp He paBHHI,
3TOT mpouecc He OyAeT CUMMeTPHUYHBbIM. [locse causiHUS MoJyuuBLIasics
IbIpa MpUOOpPeTaeT UMIYJbC (BBIMOJHEHHE 3aKOHA COXPAHEHHS HUMITYJIb-
ca JOCTUraeTcsl TeM, UTO PABHLIH M NMPOTHBOIOJ0XKHO HalpaBJAEHHbLIH
HMITY/IbC YHECEH TPABHTALMOHHBIMH BOJHAMHU). Takoil ekt rpaBUTalH-
OHHO-BOJIHOBOH paKeTbl MOXET Pa3oTHATh 00'bEKT 0 CKOPOCTEH B COTHH
KHJIOMETPOB B CEKYHAY, UTO AOCTATOUYHO /51 MOKHAAHHS LEHTPAJbHOH
YacTH rajJakTHKH. A ec/i Macca TajJakTHKH HeBeJNHKa, TO 00'beKT MOXKeT
MOJHOCTHIO €€ MOKHHYTD.

[IBe uepHBIE IBIPBl MOTYT OKa3aTbCsl B LIEHTPE TraJaKTHKH
B pesy/bTaTe CJAMSHUS ABYX 3BE3[HBIX CHCTEM, KaxKias U3 KOTOPBIX HMeJa
0 CBEPXMACCHBHOH 4yepHOH nbipe. Ha onpeneseHHOM 3Tarne 3BOJIOLHH 3TO
JOCTATOYHO YaCTbIH Mpollecc, U B HacTosillee BpeMs MU3BECTHLI HabJIio0-
JaeMble KaHIUAATH B IBOHHBbIE CBEPXMACCHBHBIE YepHble Nbpbl. [To Mepe
COMMKEHUST 9TH 00'BEKTHl HCIYCKAIOT I'PABUTAIIMOHHBIE BOJIHBI, & B MOMEHT
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C/AMSHUS MPOUCXOAUT MOLIHBIH IPABUTALIHOHHO-BOJHOBOH Bcrseck. st
o0HapyKeHHsl TAaKUX COOBITHH TJIaHHPyeTCs cO31aThb KOCMHUECKHH KCIe-
pument eLISA, nogoGubiii HazemHbIM ycTanoBkaM LIGO u Virgo (nassan
B uecTh co3Besnus [leBnl). Takxe CBOH BKJAA B MOMCK JJIHHHOBOJHOBOTO
I'PaBUTALIMOHHOTO M3JyUeHHs] OT Map CBEPXMACCHUBHBIX YEPHBIX ABIP MOTYT
BHECTH acTpoMeTpHyeCKHe HaO0J/I0JeHHss U TaHMUHT MHJ/JIHCEKYHIHBIX
paguonyJ/abcapos.

HcciienoBanue HemocpeACTBEHHBIX OKPECTHOCTEH CBEPXMACCHB-
HBIX UEpHBIX [IbIP COMpPSAKEHO ¢ GOJbLIMMH TPYAHOCTSIMH. [[Ba Haubosee
HCC/IeIOBAaHHBIX 00'b€KTa — 3TO UepHasi JAblpa B LleHTpe Hauel [ajnak-
THKH (CBepXMacCHBHas M camas OJHM3Kas, IO3TOMYy ee YIJIOBOH pasmep
JOCTATOYHO BEJIHK), a TakKxKe 4yepHas Ablpa B rajsaktuke M87 (coueraer
OueHb OOJIbLIYI0 MACCY C OTHOCHTE/IbHO HEGOJBIINM PACCTOSIHHEM OT HAC).

YepHasa gbipa B ueHTpe ranaktmkm M87 nmeet maccy
4-5 mnpp macc ConHuya. [1o aTo ranakTUKm NpMMepHo
50-55 M/IH CBETOBbIX J1ET.

M3yueHre OKpecTHOCTEH UepHBIX IbIP BO3MOKHO B pagvoaHana-
3oHe MerogaMu uHTepdepomerpuu. C 3TOH Leablo co3nan npoexkt Event
Horizon Telescope, 060'beIUHSIOMIHNH HECKOMNBKO HHCTPYMEHTOB, pa3bpocaH-
HBIX 110 BceMy 3eMHOMY wwapy. Habi/ioneHus B MHIJIUMETPOBOM AHANA30HE
C MOMOIIBIO 3TOH CHCTEMBI TE/JIECKOINOB TMO3BOJSIOT U3yuaTh O/HkKalIIne
(HeCKOJIbKO pajiiyCcoB 4epHBIX AbIp) okpecTHocTH Sgr A* u M87. Croi
BKJIaJl CMOT'YT BHECTH W KOCMHYECKHEe MPOEKTHI, B KOTOPBIX OIUH W3 paIHo-
TEJIECKOIOB, COCTABJIAOILUX HHTEP(EPOMETPHUECKYIO CHCTEMY, HAXOAUTCS
Ha PACCTOSIHUH B COTHH THICSY KHJIOMETPOB OT 3eMJIH.

[lepBbIM yCHEHIHBIM MPOEKTOM TakKoro Tumna sipasercs «Paano-
aCTPOH», OCHOBOH KOTOPOTO SIB/ISIETCS POCCHACKHH cnyTHUK «CriekTp-P».

7.4
[lepBUYHbIE YEepHbIe Ablpbl
n ncnapeHme XoKnHra

B HacTOAWMH MOMEHT B aCTPOHOMHYECKHX HAOGJI0LEHHUAX
Mbl HEe MOXKEM HENMOCPEeACTBEHHO HCCJAEA0BATh 00/1AaCTH, MpHJeraolne
K TOPU30HTY coObITHH. Kpome Toro, coBpeMeHHble (PU3UUECKHE TEOPUH
He MO3BOJISIIOT C JOCTATOUHOH TOUHOCTBIO U HAAEKHOCTHIO OJHOBPEMEHHO
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YUHTHIBATH 3P(HEKTH KBAHTOBOH (DH3HKH U CHJIBHOTO HCKPHBJIEHHST POCTPAH-
CTBa-BpeMeHH. DTO MPHUBOMHUT K TOMY, UTO B (PM3MKE UEPHBIX JbIP OCTAETCs
MHOT'O HESICHOTO, U pa3Hble TeOpeTHUYeCKHEe MOAXOAbl MpeaaraloT oYeHb
pasHble OTBETHL. B elie GoJbliell CTeNeHH 9TO MPUMEHUMO K HeIpaM YepHBIX
JbIP, OTKyIa HH(OPMALUs TPUHIUITHAABHO HE MOXKET TIONAcTb BO BHEIIHHH
mup. CyIIecTBYIOT pasHble MOAENH 06'bEKTOB, KOTOPblE MBI OOBEAHHSIEM 101
06LIUM TEPMHHOM <«UepHBIE TBIPBI» H KOTOpPBIE C acTPO(pHU3UUECKOH TOUKH
3peHHUsT BBIIVIMAT KaK Kiaaccuueckue yepHele awipel OTO.

Haub6osiee BaxkHble pe3y/bTaThl M0 (pU3HKe YepPHBIX IbIP ceiuac
MOJIyYaloT C MOMOIIbIO TPABUTAIMOHHO-BOJHOBBIX 1€TEKTOPOB. 3HAUUTE/b-
Hble HaEX/bl MOXKHO CBSI3bIBATH U C MHTeP(epOMeTPHUECKUMU HAGJI0/E -
HHUSIMH OKPECTHOCTEH CBEPXMACCHBHBIX YEPHBIX JIbIP GOJIBIIOTO YTJIOBOTO
pasMepa. B mepcrexTHBe MOXHO 0XKHAATh, YTO GyneT oGHApYkKeH KpaiiHe
HHTepeCHBbIH 3(PeKT HCmapeHHs YepHBIX ABIP. DTO MO3BOJHT CYILIECTBEHHO
NPOABHHYTHCS M B MOHMMAHUH (PU3UKH 3THX O6'bEKTOB, U B MOHUMAHHH
NPUPOJIbl IPABUTALMU M KBAHTOBBIX MPOIIECCOB.

['vnoTtesa 06 McnapeHUH YepHBLIX Ablp Oblja pa3BUTa B CTaThe
Crusena Xokunra (1975). Dra paGora BO MHOIOM OCHOBaHa Ha 00CYKIEHHH
(c SlkoBom 3esbroBuuem u AsekcanupoMm CTapoGHHCKHM) KBaHTOBBIX 3(deK-
TOB BOJIM3HM UEPHBIX JABIP BO BpeMsi BU3nTa XokuHra B MockBy B 1973 r.

[Tpouecc ucnapeHust YepHbIX AbIP — KBaHTOBBIH 3(hdekT. Poxe-
HHe YACTHI U U3JIYUYeHHs MPOUCXOMUT CHAPYICU TOPU3OHTA, T. €. YACTHUIIbI
U U3/yueHHe He MepeceKaroT ropu3oHT. [l poxKaeHUs YacThll HeoO6X0AUMa
9HEpPrusi, KoTopas uepraeTcsl U3 MacChl YePHOH AbIPBHI, TaK YTO MO Mepe
TeHepaluH 4acTHIl pa3Mep M Macca KOMHNAKTHOTO 00beKTa YMEHbIIAITCS.

TeMmnepatypa H3/1ydeHHs YePHOH ABIPHI 3aBHCHT OT €€ MacChl:
4yeM GoJblle Macca, TeM HHXKe TeMrnepaTypa. B a6co/oTHO# mycToTe Bce
YyepHble IbIPBl UCTAPSIUCH Obl, OMHAKO HA CaMOM JeJe KOCMOC He MYCT:
OH 3aroJIHEH He TOJNbKO BEIEeCTBOM, HO U uaiyueHreM. HauGosbluunii BKaaz
B €ro MJIOTHOCTb HEPTHHU AaeT PEJUKTOBOE H3JyueHHEe C TeMIepaTypou
(B Hacrosimee Bpems) okojo 2,7 K. CoOTBETCTBEHHO, YepPHBIE IBIPHI
C MeHbIIeH TeMImepaTypol B HallM AHH OYyAYT PacTH 3a CUeT MOIIOIEHHs
PEJHKTOBOT'O M3MyUYeHHsI. B peaquCTHUHBIX YCAOBHSX TOJbKO UePHBIE IbIPHI
€ Maccoil MeHbllle MacChl KPYMHOr0 acTeporaa (HMX pasmepbl — MOpsiaKa
pasMepoB aTOMOB H aTOMHBIX sII€p) JOJKHbBI TOCTENEHHO HCIapsaThest (ecsu
y HHMX HeT [PYroro UCTOYHHKA MACChl, HALIPUMEP CBS3aHHOTO C aKKpeluei
BEIeCTBA U3 OKPY2Kalollel cpefbl).

HcnapeHue 4epHBIX AP — 3TO J0CTATOYHO MeEJJIEHHBIH Mpoliecc
(kpome ¢uHanbHBIX cTannil). TeM He MeHee 3a BpeMs :KH3HH BceseHHOM
MepBHUHBIE YepHBIE ABIPHI ¢ MaccaMd MeHee 10'° © 10/mKHBI GBITH HCMa-
putbcsi. COOTBETCTBEHHO, €CJH TePBUYHBIE YePHBIE ABIPHI CYIIECTBYIOT
U TUIOTEe3a 0 XOKHHTOBCKOM HCIAPEHHH SIBJISETCS BEPHOMH, TO B HACTOsILee
BpeMsi 4epHble ABIPbl C MepBOHAYAJNbHONH Maccoi nmopsaka 10'° r sakan-
YUBAIOT CBOE CYLIECTBOBAHHE. DTOT MPOLECC J0JKEH CONPOBOKIATHCS
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JOCTATOUYHO MOIIHOH BCIBIIIKOH, BUAUMOH C PACCTOSIHUSI B HECKOJbKO
COTEH CBETOBLIX JeT.

UYepHble IbIPbI TaKUX HEOOJbIIHX MAacC MOTJIH POXIAThCS B paH-
Hell BceseHHOH B mepBble N0JM CEKYHABI MMOCJe Hadaja paclIHpeHHs.
Korna cpenHsisi mJIoTHOCTh BellecTBa Obljla OYeHb BeJMHKA, (PAYKTyallHuH
MJOTHOCTH MOTJIM JOCTHTAaTh 3HAaYeHUH, TpebyeMbIX A/s1 06pa3oBaHHS
YepHbIX AbIp. KoqnuecTBO MEPBUUHBIX YEPHBIX ABIP M MX paclipejiesieHue
[0 MaccaM OCTaloTCsl mpeaMeToM AUCKyccHH. JIoOble KOHKpeTHble NTaHHble
N0 MEePBUUYHLIM YEepPHBIM AbpaM PacCKaxyT HaM MHoOroe o6 yCJAOBHSIX B paH-
Hell (BOBMOXHO, Cpasy I0C/Je OKOHYaHHs CTaiud HH(QJIsunKu) BceseHHOM.

[Toycku HcnapsifOLIMXCsl YEPHBIX IbIP BEAYTCS B IBYX OCHOBHBIX
HampaBJeHusX. [leppoe — 3TO MOUCKH COOCTBEHHO BCIBIIIEK, KOTOPBIE
MOTYT Ha0J/101aThCsl He TOJMbKO B raMMa-AHana3oHe, HO H, HAaNpuUMep,
B paauvonuanasdoHe. Tak, OfHOH M3 TUNOTE3 A/ 0OBSCHEHUS TaK Ha3bliBae-
MbBIX OblCIPbIX PAOLOBCIACCKOB ObI0 HMEHHO HCIAPEHHE YePHBIX Ibp (3Ta
runoTe3a He MOATBEPAM/IACh U Oblaa oTBepruyrta). I[Toxa, K coxajleHHIO,
He BbISIBJIEHO KaKUX-/JAHO0 COOBITHH, KOTOpblE MOI'YT CUHTATbCSl HAdEXKHBIMH
KaHIUIaTaMHd BO BCIJIECKH HCHAPSIIOIIUXCS YEePHBIX JBIP.

Bropoe HampaB/ieHHe MOUCKA CBSI3aHO C MOHUCKOM JIOTIOJHUTE/b-
HOTO BKJIajla YacTHIl, POKIAeMbIX B peaysbTate ucnapenus. Mues cocrout
B TOM, YTO NPH UCHAPEHHH IbIP POKAAIOTCS YACTHIbBl U AHTUYACTHIHL.
AntuBemiectBa Bo BcesieHHO! KpadiHe MaJjio, MO3TOMY CYIIECTBEHHBIH
JIOTIOJIHUTE/IbHBIA BKJa1 (HallpUMep, B KOJHMYECTBO MO3UTPOHOB MJIM AHTH-
[IPOTOHOB) MOXKHO OblJIO Obl 3aMETHTb. AHAJNM3 JAHHBIX O COCTABE KOCMH-
YECKHUX Jyyed He MO3BOJSIET M0KA FOBOPUTH O TOM, UTO TAKOH OXHMIAeMbli
JOTIONHUTENbHBIH BKJIAA B KOJUYECTBO aHTHUYACTHIL OOHAPYXKEH.

Haxkonen, pasauuHble acTpopu3ndecKre MeTObl HCIOAb3YIOTCS
J/151 TIOUCKOB MEPBUYHBIX YEPHBIX IbIP MO UX FPABUTALUOHHOMY AEHCTBHIO.
Hanpumep, nepBuuHble UepHbIE IbIPHl MOTYT BLICTYNATh B POJH T'PaBH-
TallUOHHBIX AUH3. [TouCKH Takux 06'bEKTOB TaKxKe He Mand pe3y/bTaTa.

B Bompoce o (puHANBHBIX CTAAUSIX UCMAPEHHUST YePHBIX JbIP €CThb
MHOTO HesicHoro. Hampumep, B paMKax TeOpHH TeTJEBOH KBAHTOBOH rpa-
BUTAUUHU (DUHAJNbHBIE CTAJAMHU HCIAPEHUs MPOXOAAT HEe TaK, KaK B MOAE/H
XokuHra. [TosTomy oOHapy2KeHHe 3TOTO SIBJACHHSI U U3YUEHHE ero CBOHCTB
OblIM Obl KpaliHe BaXKHBbIMH [JIs1 (PyHAAMEHTAJbHOH (DU3HKH.
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Hawa lanaktuka (MneyuHbi MyTb) — KpynHasa cucTema, coctosLas
N3 TEMHOrO BELLeCTBa, 3Be3[, ra3a u nbinnv. Mbl He MOXeM BULETb
lanakTnky cHapy>Xm, NO3TOMY HE 3HaeM MHOrMX geTanem ee CcTpo-
€HUnSA, OQHaKO HaM M3BECTHO, YTO 3TO AMCKOBas cnupasibHas ranak-
TrKa. B ueHTpanbHOM YacT HaxoguTca 6anmk — chepompanbHbIn
KOMMOHEHT ManakTnkm pazamepom HeCKOJIbKO TbICAY CBETOBbIX JIET,
a B CaMOM LIeHTpe pacnofoXeHa CBEpXMacCnBHasa YepHas gbipa
MacCOI OKONO 4 MJIH COJIHEYHbIX. [lonepeyHnk 3Be34HOro Ancka
lFanakTnkn coctaensaet okono 100000 cBeTOBbIX NET, TOALWMHA

€ro B AeCATKM pa3 MeHblle grameTpa. Hawa 3se3ga HaxoguTtca
BGIM31M NOCKOCTN gMcka — npmmepHo B 25000-27 000 cBeTOBbIX
NeT OT ero LeHTpa, N03TOMY Ha Hebe Mbl BUAMM KPacuBYHO NOJIOCY
MneuHoro Myt — 310 0OCcHOBHaA Mmacca 3Be3p, lanakTukm (Bcero
X B HEW HecKonbko coTeH Munnmapaos). Macca 3Be3q cocTaBnser
npumepHo 100 mnpp macc ConHua, Ho ocHoBHas (90% no macce)
cocTtaBnawwan ManakTuky Ham He BUAHa: AUCK Norpy>keH B cepo-
nganbHoe raso paamepomM OKOM0 MUIJINOHA CBETOBbIX NIET, COCTOS-
Lee B OCHOBHOM M3 TEMHOIO BelyecTBa.

lanakTmnke okono 13 Mmapg NeT, Tak YTO B HE €CTb OYEHb CTapble
3Be3abl. OgHaKo B AMCKEe NPUCYTCTBYET MHOIO ra3a W nbijivi, NO3TOMY
1 cenyac Tam npogoskaeTca npouecc 3se3foobpasoBaHus. bnaro-
Lapsa 3TOMy pa3 B HECKOJIbKO AeCATKOB NIET BCMbIXMBAKOT CBEPXHO-
Bble, 06orallas MeXx3Be3Hylo cpeay TsHXKebiMU 3/ieMeHTaMn.

Hawa lNanakTtmnka He ogMHOKa: y Hee eCTb [EeCATKN Kap/IMKOBbIX
CMNYyTHMKOB 1 napa 6onblMx cocenem — TyMmaHHOCTb AHOpoMebl
n ranakTmka B TpeyronbHuke. BmecTte oHn hopmupytotr MecTHyro
rpynny ranakTtuk.



8.1
CrtpykTtypa lanaktmkn

OCHOBHBIMH CTPYKTYPHBIMH KOMIOHEHTAMH ["a/laKTHKH SIBJSIOTCS
OUCK, 6anmk u rajo. B nedTpadbHOl yacTu ['aJakTHKH Tak»XKe BBIIECASIOT
Tak HasblBaeMbli 6ap, u/in nepembluky. [losmHas macca [ajmakTHku cocras-
JaseT okoJao Tpuiananona macc CoJqniua, 60JblIas ee 4acTh MPUXOIUTCS
Ha rajo, cocTosillee B OCHOBHOM M3 TeMHOr'o BellecTBa. Macca 3Be3j
coctasJsieT 0Koso 100 MJIpA COMHEUHBIX, H 3TO B OCHOBHOM 3BE€3/Ibl THCKA.
XapakrepHblii pasmep (auameTp) aucka coctasiser okoqo 100000 cse-
TOBBIX JIET, & CPEAHSIS TOJNUIMHA — HECKOJbKO ThicsSu. Basmk HaxomuTcst
B LleHTpanbHOH yacTu ["a/lakTHKH, HMeeT OKpyrayio (opmy, pasMepbl
B HECKOJIbKO ThICSIU CBETOBBIX JIET M B HECKOJBKO pa3 Jjerde aucka. ['amo
pa3MepoM B COTHH TBICSY CBETOBLIX JIEeT OXBaTblBaeT BCIO ['ajaKTHKY.

OcCHOBHble KOMMNOHEHTbI MNakTMKN: anck, 6anax v rano.

3Be3/bl Ha HOYHOM Hebe — 00bekThl Haueil ["amaktuku. [Tosoca
Muaeunoro [lyTtu, comepaKariass MUMJIHAPABl 3BE3[, — 3TO €€ OCHOBHAs
4acTh, AucK (Hamia ['aJaKTHKa OTHOCHTCS HMEHHO K IHCKOBBIM FaJaKTHKaM).
Kpome Toro, B Aucke MHOro rasa W TbLIH,  HMEHHO MO3TOMYy MieuHbIH
[IyTh He BHIVISIAUT POBHOH «HeGECHOHW MAOPOTOH», a Ka)eTcs MecTaMH
«KJIOUKOBATBIMY»: CAMH 3Be3[Ibl pPacCIpejieseHbl 10CTATOUHO PAaBHOMEPHO,
HO rasolblieBble 06J/aKa MOrJolalT cBeT 3Be3ln, U B Mueunom [TyTu
MOSIBASIIOTCS TPOXKUAKH U TPOBAJDBI.

CnupanbHble pyKaBa BblAENAKTCA, MOTOMY YTO B HAX NAET
3Be3006pa3oBaHMe U NPUCYTCTBYET MHOIO MacCUBHbIX
APKNX 3BE3L4.

N3-3a HamMuust 6OJbILIOIO KOJTHUECTBA ra3a U IMbLIH B MJIOCKOCTH
JIUCKa OTPOMHOE KOJIHYeCTBO 3Be3[ ['ajJaKTHKH OKa3blBAETCSI CKPBITHIM
ot Hac. OfHAKO Ha/JWyMe MJIOTHOH MeXK3BE3[HOH Cpe/bl MPUBOAUT K (op-
MHPOBAHHUIO HOBBIX NOKOJIEHHH CBETHJ, TaK YTO 3BE3IHBIH TUCK CONEPXNKHT
MHOTO MOJIOABIX 00 beKTOB. [I03TOMY TaM NPHUCYTCTBYIOT H MAaCCHBHBIE
3BE€3/Ibl BLICOKOH CBETHMOCTH, 00J/aJalliie KOPOTKHM BpeMeHeM »KH3HH.
VIMeHHO OHM OUYepYMBAIOT CNHMPANbHBIH y30p rajakTHK, MOCKOJbKY, KaK
NpaBu/10, HMEHHO B CIIHpAJbHBIX pyKaBax HauboJ/ee akKTHUBHO HAET 3Be3-
JgooOpas3oBaHue. Mexy TeM eCTb B JUCKe M CTapble 3Be3/bl, POAUBILIHECS
B HEM, HEKOTOPBIM M3 KOTOpHIX, Kak CoJHIY, HECKOJIbKO MHU/IIHAPIOB
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JeT. A camble cTapble — POBECHHKH ['aJlaKTHKM — MOTJIM MOMNajaaTh
B HEro B pe3yJbTaTe JUHAMHUECKOH 3BE3JHOH 3BOJIOIMH WJIH MOTJIOLIEHHUS
raJlaKTHK-CIy THUKOB.

s onpenenenust aeranellt cTpykTypol ['anmakTHKM Heo6XOIUMO
JOCTaTOUHO TOYHO HU3MEPSITh PACCTOSHHUS IO Pa3HbIX 00BEKTOB, MpeXIe
Bcero 3Be3n. OnHAKoO MOKa TOYHBIE PACCTOSIHHS, B MepPBYIO ouepeab 6.a-
rogapsi pa6ore crnytHuka Hipparcos, [OCTyNHBI JHUIIb /151 HECKOJAbBKHUX
JIeCSTKOB TBICSIY 3BE3[ B MpeJiesaX MPUMEPHO THICSYM CBETOBBIX JIET OT Hac.
B 6aukaiiiine rogapl CTaHYT AOCTYIHBI TMOJHBbIE TaHHble HAOJIOMEHUN
KocMHuueckoro tejeckona Gaia. DTo macT U3MepPEHUS] PACCTOSHUHI MJs
COTeH MHJIJIMOHOB 3Be3]l BIJIOTH J0 JECSTKOB THICSY CBETOBLIX JeT. Torma
CTaHeT BO3MOXHBIM TIOCTPOUTH KapTy pacrpefiesneHusi U JIBHKEHHUs 3Be3/
NpHUMepHO TOJOBHHBI Hamlell [anakTuku. [loka ke B Bompoce ee CTpoeHHs!
€CTh CYyIlleCTBEHHbIe HESICHOCTH.

Ecsin 6bI MBI MOTJIM MTOCMOTPETh Ha Hally ['aJaKkTHKy CO CTOPOHHI,
TO B MEPBYI0 ouepelb yBHIEAU Obl AUCK, UcHycKawolui okoso 80% Bcero
cBera aakTuku. DTO CBSI3aHO KaK C TeM, YTO B JHCKe COCpPeNOTOUYEHA
60/bIIIasi 4acTh 3BE3/, TaK U C Te€M, YTO CPeIH HHX MHOTO SIPKHX 00HEKTOB,
MOCKOJIbKY TaM MIET Mpolecc 3Be31006pa30BaHHSI.

rAJIO
(@]
—<— 0BJIAKO .
O HEMTPAJIbHOIO
BOAOPOAA
(@] O
(@]
(@]
[UCK ci::3 Oo o BANMK
N\ /\cg °
[ [ ] o ]
o o o o
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O=<—1lAPOBOE CKOMJIEHUE
o (@]
TEMHOE BELLECTBO

CxemaTtunyeckoe nsobpaxeHune Hawwen anakTnky ¢ Auckom, banmkem
1 3Be3aHbIM rano. Bes ManakTuka norpy>xeHa B OrpoOMHOE raso TEMHOro BelecTBa.
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XOTsl IUCK He MMeeT Pe3KOH I'PaHHMIlbl, MOXKHO TOBOPHTb O €ro
xapakTepHoM paamepe. OH TsHeTCs 10 PACCTOSIHUHA B HECKOJMbKO JECsT-
KOB TBHICSIU CBETOBBIX JeT OT HeHTpa ['aJaKTHKH, MOCTENEeHHO CTaHOBSCH
Bce 6oJjiee pa3pexKeHHBIM. B HeM BBHIIE/SIOT JBE COCTABJSIONINE: TOHKHH
U TOJCTBIH AUCKH. TOHKHH AMCK TOMHHHpPYET C TOUKH 3PEHHST HCITYyCKaeMoro
U3J/IYUEHHUsI: HMEHHO TaM COCPEJOTOUEHO OCHOBHOE KOJHYECTBO 3BE3I,
1 TaM (OPMHUPYIOTCS cliMpasbHble pyKaBa. [leTajqu ClHpaJbHOH CTPYKTYpHI
Hailell ["aJakTHKe OCTAlTCS 0 KOHIA HESCHBIMH.

Onck — camasa 3ameTHas YacTb [anakTmku, B HeM
cocpepnoTodeHa 66nbLuan YacTb 3Be3[.

ToHKHH NMCK HMeeT XapaKTEepHYIO MOJYTOJIUIUHY OKOJIO
1000 cBeTOBBIX JIET, a TOJNCTHIH MPUMEPHO BTPOE TOJIIE. DTOT KOMIOHEHT
[anakTHKK BBIIEJNIN OTHOCHTENBHO HEeaBHO, JHWb B 1983 T., OH cocToUT
U3 6oJsiee CTapbiX 3Be3[, UeM TOHKHH TUCK, C MEHBILIHUM COAEpPKAHHEM
TSKeNbIX 3/MeMeHTOB. KnHeMaTHKa 3Be3/l B HEM OTJHYaeTCsl M0 CBOMM
XapakTepUCTHKaM OT 3Be3] TOHKOIO JHMCKa, MOBEPXHOCTHAs SIPKOCThb
TOJICTOTO JAMCKA B HECKOJbKO pa3 MeHble. ToJCTBIH AUCK MO/MKeH Obl1
copMHPOBATHCS IOBOJBHO OBICTPO (MeHee yeM 3a MUJIHAP[ JET), KOra
["asnakThka Obla ele MOJMOJOH.

B uenrpa/bHoil yacT [aNaKTHKU HAXOAUTCS 3BE3NHBIH Ga/lIK —
«B3ayTue». Ero macca npesocxoaut 10 mipa comHeunbix. s pa3mepos
W Macchl Hallero AMcka 6ajiIK He OueHb KPYMHBIH, a B OCTa/JbHOM Halla
lajaKTHKA 1OBOJILHO THMHYHA (€C/M CPABHHUBATH €€ C JAPYTHMH THIaHTCKHMH
CIHPaIbHBIMU TANAKTHKAMH).

Banpxk — oaHa M3 caMblX cTapbix yacTell ["ajakTHKH, BO3pacT
OCHOBHOH Macchl 3Be3l B HeM npesblliaeT 10 miapa get. Tam maJgo rasa,
a TIOTOMY MaJ/Io MOJIOJBIX 3Be3[. PagMepnl 6anixKa COCTABISIOT HECKOJIbKO
ThICSIY CBETOBBIX JET.

Tak:Ke B IeHTpaJbHOH 06/aCTH MOXHO BBIAEAUTH TaK Ha3bl-
BaeMblii 6ap — mepeMbluKy (HHOrJa rOBOPAT Jaxke o ABYX Oapax). XoTd
«reorpaduuecku» 6ap HaXOQUTCS BHYTPH 0ajll1Ka, OH SIBJSETCS 3/1€MEHTOM
JUCKa. DTO IUHAMHYECKas 3Be3JiHas CTPYKTypa, UMelollas BHITSHYTYIO
(hopMy, BO3MO2KHO, HTpalolllasi BaxKHYI0 po/ib B (POPMHPOBAHHH CIHPAJbHBIX
PYKaBOB.

BbangX — ogHa U3 cambix CTapbiX CTPYKTYpP
ManakTnkn.

Camasi mpoTsi2keHHas1 4yacTh [aJakKTHUKH — ee raJjo, COCTOsIlee
B OCHOBHOM W3 TEMHOTO BEIlleCTBa, XOTs TaM €CTh W ra3, U 3Be3ibl. Mx
JIBUXKEHHE He M0X0XKe Ha TOoBeJleHHe 3Be3[l JMCKa, KOTOPble BpalllaloTcs
B OJIHOH MJIOCKOCTH M B OJHY CTOPOHY BOKPYT IleHTpa. 3Be3Jbl raJjo
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JNBUXKYTCS TIO BBITSHYTHIM op6uTaM, MepeceKasi TUCK TOJ pa3HbIMH yrJia-
MH, a B IIeJIOM TaJjo Bpamiaercs MensneHHo. CaMmble najekue 3Be3[bl rajo
HAXOJSITCS HA PACCTOSIHUU GoJiee MOJYMHJJIMOHA CBETOBBIX JET OT IeHTpa
FanakTuxy.

Korma MBIl TOBOpUM 0 GOJBIINX padMepax rajo, peub HIET B mep-
BYIO ouepelib O TEMHOM BelllecTBe. [10/I0BHHA MacChl rajso cocpeaoToueHa
BHYTPH paauyca OKOJIO MOJYMHJ/JHOHA CBETOBBIX JIET. 3BE3JHOE TaJjo
ropasiao KommakTHee (XapaKTepHBIH pasMep — AECATKH ThICSU CBETOBBIX
Jet). Boigessior BHyTpeHHee rano (1o-BUAMMOMY, (DOPMHPOBAJIOCH OLICTPO,
BMecTe ¢ 0a/jaxeM, Ha PaHHUX CTaAusIX 5BOJIONUH ['alaKTHKH 3a cyeT
KOJJIATIca MPOTOraJaKTHUECKOro rasda) U BHeliHee rajo (GpopMHPOBasOCh
M032Ke, B OCHOBHOM 3a CYeT TOIJIOIIeHUs] KapJAHKOBBIX T'aJaKTHK-CIYT-
HUKOB). TaKKe K rajo OTHOCST CHCTEMY IIAPOBBIX 3BE3IHBIX CKOMJIEHHH.

lFano TemHoro BelecTsa — camas 60nbLIas N MacCMBHaA
yacTb [anakTukn.

3Be3/bl rajsio UMEIOT OYEeHb MaJjioe CONEePHKAHHUE TSHKENbIX /JIeMeH-
ToB. K cuacTbio, HEKOTOpPbIE M3 HUX MOXHO H3yYaThb JOCTATOUYHO AETANbHO,
MOCKOJIbKY OHH mpoJeratoT U BO6in3u Coqnna. [IpumepHo onHa 3Be3na
13 1000 B co/HEUHBIX OKPECTHOCTSIX OTHOCHUTCS K raso. Takue o6beKThl
MOXKHO BBIIE/SATH MO MX JIBHKEHHIO: OHH MEePeceKalT rajakTHUeCKUH AHCK
1o GOJBIIKM YTJIOM H ¢ GOJBIIOH CKOPOCTHIO.

OcHoBHas macca 3Be3[ CCI)OpMI/IpOBaﬂaCb B nepsBblie
HEeCKOJIbKO MUnnnapnos neT >KN3HN FanakTukwn.

M3yuarh raso Apyrux rajJakTHK CJ0XKHO, MOCKOJbKY BCE OHH
COCTOSIT M3 OTHOCHTEJbHO HEeGOJBIIOr0 KOJMUECTBA CTapbIX 3Be3[, MJI0X0
BUAMMBIX C GOJBIIOTO paccTOsiHUs. JIMIIb 1/ TYMaHHOCTH AHJIpOMeabl
(M31) u rasakruku B Tpeyrosbhuke (M33) y Hac uMeIOTCH 10OCTATOUHO
noapoGHble JaHHBIE TI0 UX 3BE3[IHBIM rajo. B OynyineM BBeleHHe B CTPOH
HOBBIX TeJNEeCKOMOB GOJBIIOr0 AHAMeTpa TMO3BOJMUT NETaJbHO HCCAEN0BATh
3TH CTPYKTYpHI B GoJiee TaJeKHX TrajakTHKaX.

[Tocko/bKy raso, 0co6eHHO BHelllHee, (DOPMHPOBAJIOCH B MPOIeC-
ce CKYuMBaHHUsl B 3MOXY, KOrja MPOUCXOIU/IO0 HHTEHCHBHOE TOIJIOIeHHe
raJaKTHK-CIyTHUKOB, TAM MOXET HaXOAHUTbCS JOBOJBHO MHOTO MaCCHBHBIX
YEpPHBIX JIBIP C MACCAMH OT COTEH JI0 JAECSITKOB THICSU COJNHEUHBIX, CBSI3AHHBIX
C paspylIeHHbIMH cyTHHKaMH. OJHAKO Moka Ha6J/01aTh UX HE yIaeTcs.

B ucropun dopmupoBanus ['ajaKTHKH CyIIECTBYeT MHOTO BOMPO-
coB. [lo-BupumMomy, epBbIMU BO3HUKJHM 6aJjixkK U BHYTPEHHEE raJjo, 4To
MU3BECTHO 10 COJEPXKAHUIO JEMEHTOB B 3Be3/laX 3THX KOMIIOHEHTOB.
CoBpeMeHHbIe MOjIe/IM MOKAa3bIBAIOT, UTO MOJOBHHA 3BE3JHOH Macchl cdop-
MHpOBaJach 3a mepBbie 4 MJPA JET 3BOMIOIMUA. 3aTeM TeMn (OPMHUPOBAHHUS
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3Be3/] CYLIECTBEHHO yIaJ IPHMEPHO HAa MHJ/WIMAP] JIeT, a Moc/e HeOOJ/bIIOH
naysbl cJerka Bo3poc M OCTaBaJCsl IPUMEPHO HEH3MEHHBIM [0 HalIUX JHeH.
Camble cTapble 3Be3/bl ['aJaKTHKH HaXoJsITCSl B IIAPOBBIX CKOMJEHHSIX
U BHYTpeHHeH vacTH 0aJ/iika, caMble MOJOoJble — B TOHKOM JAucKe ["anak-
tuku. [locaennsis cocrapJsiomas o6pa3oBajach Mo3xe BCeX, 0COOEHHO
ee BHELIHUe YaCTH, KOTOPble POC/H M0 Mepe HaTeKaHHs rada ¢ GOJbIIUM
opOuTaIbHBIM MOMeHTOM. Ha nepBbIX sTanax HCTOpHH ['alaKTHKH C/AHSHHUS
C IPYTHMMH KPYMHBIMH 3B€3JHBIMH CHCTEMaMH MOIJIH MTPaThb 3aMETHYIO
poJib, HO nocjenHde 10 MJIpA JeT COOBITHH TAKOTO THNA He MPOUCXOIH-
JIO — TOIVIOWAJNCH JHIIb MeJNKHe CIyTHHKH, HeCOCOOHbIe CYLIeCTBEHHO
u3MeHuTh cTpyKTypy amaxktuku. Cijienbl BAUSHUS KapJAUKOBBIX TaJaKTHK
MBI BHIUM B Pa3HbIX yacTax Hamed [anakTuku. Hampumep, K HUM OTHO-
CATCSl 3BE3JIHbIC NIOTOKH — OCTAaTKH Pa3pyLICHHBIX CIIyTHHKOB, KOTOPBIE
HaOJ/I0AI0TCSl B FallaKTHUECKOM raso. Takxke CYIIeCTBYIOT Te€OpeTHUeCKHe
MOJIe/IH, MOKa3blBaIlIHe, UTO MPOX0XKAEeHHE HeOOJNbIINX TaNaKTHK-CIYT-
HUKOB uepe3 JTHUCK MOXKET BJHUSITb Ha CTPYKTYPY CHHPANbHBIX PYKaBOB.

8.2
Hawe mecto B lanakTuke
N CTPYKTYpa HaLINX
OKPECTHOCTEN

CouHlle HaxoQuTCst Ha paccrosinuu okojao 25000-27 000 ceero-
BBIX JIET OT LeHTpa [‘a/aKTHKH MOYTH TOYHO B MJOCKOCTH €€ JUCKA, MEXIY
JBYMsI KPYIHBIMH CIHpaJbHbIME pyKaBaMu (pykaBom Ilepcest U pykaBoMm
Crpenbua-Kuis). Ceituac CoJiHile HAXOAUTCS B TaK HA3LIBAEMOM MECTHOM
pykaBe (pykaBe OpHOHA) — OTHOCHTEJNbHO HEGOJBIIOM 00pa30oBaHHK (HHO-
ra ero Jae Has3blBalOT «OTPOCTKOM» — Spur), ¢ KOTOPbIM FeHeTHUEeCKH
CBSI3aHbl HEKOTOpbIE SIPKHE MACCHBHbIE 3BE3/bl B HAILIMX OKPECTHOCTSIX.
Cawmo xke CoJiHlle ¢ 3THM PYKAaBOM HENMOCPEICTBEHHO He CBsSI3aHO — Hallla
3Be€3/la UMEET BO3PACT TMOUTH D MJPH JET U COBEpIIUIa yKe MHOTO 060-
pPOTOB BOKpYT IleHTpa [‘ajJaKTHKH.

CousHile BpaiiaeTcst BOKPYT LieHTpa [anakTHKH C JMHEHHOH CKOpo-
ctbio 0kosio 220 kM/c. THIHYHBIE CKOPOCTH OTHOCHTE/ILHO OJIH3KHX 3Be3J|
JMCKA, TaK¥kKe ydacTBYIOIIMX B 3ToM Bpamienuu, 10-30 km/c. 3pesanas
MJOTHOCTb B HAIIMX OKPECTHOCTSX COCTABJSIET NMPUMEPHO OJHY 3BE3Iy
Ha 250 Ky6uueckux cBeToBbIX JieT (wian 0,14 3Be3abl Ha KyOHUeCKHii mapcek).
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CorstacHo MHOrMM oueHKaM, CoJIHIIE HaXOAUTCs BOJH3H Tak
Ha3blBAEMOH 30HBl KOpomayuu, Toe CKOPOCTb BpallleHUsl 3Be3l paBHA
CKOPOCTH JIBHKEHHsI CIHpaJjbHoro ysopa'. [Tosromy Halua 3Be3ga OTHOCH-
TeJ/JbHO PEeAKO OKa3blBaeTCsl BHYTPU KPYIHBIX CIHPaAdbHBIX PYKaBOB, IIe
BcTpevaeTcs: 60Jbine 06/JaKOB ra3a M MBIIH, a TaKXKe Yallle BCIbIXUBAIOT
CBEPXHOBBIE W BbIllle HHTEHCHBHOCTH KOCMHUECKHX Jayued. HekoTopbie
yueHble TOJaraloT, 4To 3T0 GJIaronpHsITHOE 00CTOSITENbCTBO MOXKET HUI'pPaTh
CYIIECTBEHHYIO POJb B J0JATOBPEMEHHOH 5BOJIIOINH KHU3HU HA 3eMJle.

ConHue HaxoguTca B6IM3U 30HbI KOpOoTaLun.

B co/iHeuHOH OKPECTHOCTH BBIIE/SIOTCS BE BAaXKHBIE CTPYKTY-
pol. [TepBas cBg3aHa co CBOHCTBAMH MEX3Be3[HOH Cpeibl U Ha3blBaeTCs
Mectupim myseipem (Local Bubble), a Bropas — ¢ pacnpeaesneHuem
acconuanuii Mosoabix 3Bess (1o mosic [yina).

[Tosic I'ynpa 6bi1 uaeHTU(OULHPOBAH HAOMIOAATENSIMH HECKOJAbKO
croseTuil Hasdal. BeLio 3amMeveHo, UTO pacnpeneseHne sIpKUX 3Be3J Ha Hebe
He coBmajaer ¢ miaockocTbio MJseuHoro ITyTH, a MoxeT 6bITh 06bSICHEHO
CyLIeCTBOBAHUEM APYroH IJOCKOCTH, HAK/JIOHEHHOH K rajJakKTHUYeCKOH
npumepHo Ha 20 rpamycoB. CBoe Ha3BaHHe TOSIC MOJYYUJI 10 UMeHH DBeH-
mkamuHa Tyana (Benjamin Gould), xoTst oH Gbljl HE EPBOOTKPBIBATENEM
(BUAMMO, MEPBBIM O HEOOBIUHOM pACIpe/e/eHHH IPKUX 3BE3J 3arOBOPHII
Ilxon Tepmeas (John Herschel) B 1834 r.), HO mepBbIM JeTajbHO HCCJIE-
noBaJs 3TOT Bompoc B 1870-e rr.

Mosc lynpga o6pa3oBaH accoumaymaMm MoOnoabiX 3Be3[,.

[Tosic mpencrasasieT co60i BHITAHYTHIH TOop pa3dmepom 1000-
2500 cBeTOBBIX JIeT, HEHTP KOTOPOro Jexut npumepHo B 400-500 cre-
TOBBIX I'OIaX OT Hac. DTa CTPYKTypa o6pa3oBaHa HECKOJNbKHMH AECSTKAMU
aCCOIMAlMH MOJIOABIX 3Be3Jl, ee BO3PACT COCTABJSIET HECKOJBKO AECSTKOB
MHJIJTHOHOB JIeT, TaK uTo CoJHIle 0Ka3a/JloCh BHYTPH HETO COBEPIIEHHO
cayuatiHo. [losHas mMacca mosica cocTaB/sieT OKOJIO MHJ/IJIHOHA COMHEUYHBIX
Macc, 66/blasi ee yacTh MPUXOIUTCS HA MEXK3Be3IHBIH ras.

OTHOCHTE/IBHO HeGOJBIIOH BO3pACT Mosica MPUBOAUT K TOMY,
4TO B HEM MPHUCYTCTBYET AOBOJBHO MHOI'O MAaCCHBHBIX 3Be3l. Dijaromaps
3TOMY TEMIl BCIBIIIEK CBEPXHOBBIX B HAlllel OKPECTHOCTH OKAa3bIBAETCS
TPUMEPHO BTPOE BHIIIE CPEIHEr0 HA AHAJOTHYHOM PACCTOSIHHM OT IEHTpa
lanakTukn (BHe CIHpAJbHLIX PyKaBoB). [IpUMepHO [BE TPETH CBEPXHOBBIX
B okpectHocTH 1000-2000 cBeTOBBIX JIEeT B MOCJEeJIHHE MHUJJIHOHBI JET

1 3amMeTHM, 4TO pa3Hble MOJACHCTEMBbl PYKaBOB B ['alakTHKE MOTYT HMeTb PasHylo YrIJ/o-

BYIO CKOPOCTb. HOSTOMY MOXKHO TOBOPHTH O HECKOJIbKHX 30HaX KODOTAaIlHH. COOTBETCTBEHHO,

CoJIHIIe MOXKEeT HaXOAMThCsl BOJIU3H JHIUIb OJHOH H3 HHX.

Cepreii MNonoe
BceneHHas 1 86



CBfI3aHbI ¢ mosicoM ['yana. DTo, B CBOIO OUepe/ib, BeleT K MOBBIIIEHHO-
MY COJIEPXKAHHUIO MOJIOJIBIX HEHTPOHHBIX 3BE3J]] B HAIIUX OKPECTHOCTSX.
B a6coqoTHBIX 3HAYEHHAX 3TO HeOGOJblIasd BeanurHa (IeCATKH 00'bek-
TOB), HO NPUCYTCTBHE B OJHKA#IIEM COJHEUHOM OKDPYKEeHHH (IPHMEpPHO
[0 THICSIUH CBETOBBIX JIET) HECKOJbKHX MOJOIBIX TOPSAUMX HEHTPOHHBIX
3Be3n (Tak HasbiBaeMasi «BesukosemnHast ceMepkay) CBSA3bIBAIOT UMEHHO
¢ nosicom ['yana.

[IprunHbl BO3HUKHOBEHHSI TAKOH CTPYKTYPHI 10 KOHIIA HE SICHHI.
Haub6oJsiee BeposiTHON cuMTaeTCsl MOJIe/b, B KOTOPOH MOSIC BO3HUK B Pe3yJb-
TaTe MajieHus KPYMHOTO MOJIEKYJSPHOTO 06JaKa Ha TajJaKTHYeCKUH TUCK.
Habogenus nmoxkasbiBaioT, 4To B [‘a/aKkTHKE MOXKET ObITb MHOTO MOJOOHBIX
o0pa3oBaHUH.

MecTHbI Ny3bipb — NOKanbHasA 06nacTb MNOHMXEHHOW
NIOTHOCTN MEX3Be3QHOW cpefbl, 3aN0o/IHEHHas
ropss4mMm rasom.

MecTHBIH My3blpb — 3TO KOMIIAKTHAS HECUMMETPHUYHAsI 06JacTh
B MEXK3BEe3[IHOH cpejle, MPAKTHUECKH CBOOOIHASI OT MOIVIOMIAIONIETO Belle-
cTBa. [IM0THOCTD MEXK3BE3IHOTO rasa TaM MOHHXKEHa, OHa COCTaBJASeT
okos10 1 atoma Bogopoga B 20 ¢cM® — NpPUMEPHO Ha MOPSIOK MEHbIIe, YeM
B Cpe/lHeEM Ha COJIHEYHOM pacCTOsSIHUM OT LeHTpa [amakTuku. [TmoTHOCTB
BellleCTBA BHYTPH MY3bIpsi HepaBHOMepHA: Hanpumep, BOu3n CoJHila
HaXOQUTCSI TaKk HasbiBaeMoe MecTHOe Mex3Be3aHoe 06/aK0, MJIOTHOCTD
B KOTOPOM B HECKOJbKO pa3 Bblllle, 4eM B CpeJHeM B mysbipe (ecTb
U IPyrue HEeOJHOPOAHOCTH).

OTa 06/1aCTh MOHNUKEHHOH MJIOTHOCTH Pa3MEPOM HECKOJBbKO COTEH
CBETOBBIX JeT Obla BIepBble HAeHTHPHUIMPOBAHA B KoHIle 1960-Xx rr.
CorylacHO COBPEMEHHBIM MOJEJ/ISIM MYy3bipb (POPMUPOBAJICS HA MPOTSKEHUH
MMJIJIMOHOB JIET 3a CUeT BETPOB MACCHBHBIX 3Be3[ U BCIbIIIEK CBEPXHO-
BbIX. [loc/ienHsisi cBepXHOBasi MOJMKHA Oblia B30PBAThCs MEHEee MHJJIHOHA
JeT Hasall, TaK UTO Halle MoJoXKeHHe BOJHU3U LEHTPA 3TOH CTPYKTYPHI
SBJSETCS CJIyYaHHBIM.

[Ty3bIpb YaCTHYHO 3amMoJHeH ropstuedl mia3moi (¢ Temmeparypoi
JI0 MHJJIMOHA TPAIyCOB), H3/y4YeHHe KOTOPOH HaG/I0JaeTcss B PEHTIeHOB-
CKOM JHamasoHe.
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8.3
Mpupopa cnpanbHbIX pyKaBoOB

BoJblas 4yacTb MaCCHBHBIX raJlakKTHK BHE KPYMHBIX CKOTJIEHHH
ABJISIIOTCST COMPaJbHBIME. MoIlHbIe crHpalbHble pyKaBa (HHOTIA HX elle
Ha3bIBAOT BETBSMH) TaJaKTHK, MOLOOHBIX Hallel, comepxar G0Jblioe
KOJMUEeCTBO MACCHBHBIX 3Be3[ ¢ 6OJbIIOH CBETHMOCTbHIO, KPYTHbIE KOM-
IJIeKChl HOHM30BAHHOTO BOAOPOAA, a TaKyKe MACCHUBHbIE MOJEKYJspHble
obnaka. Bce BMecTe yKasblBaeT Ha TO, YTO TaKHe pyKaBa — 3TO 006JaCTH
AKTHBHOTO 3Be31000pa3oBaHus’.

XoTs1 mo goTorpausiMm MOXKeT MOKa3aThCsl, YTO B pyKaBax
MJIIOTHOCTh 3Be3[] CYIIECTBEHHO BhILIE, HA CaMOM feJse 3To He Tak. [li1oT-
HOCTb TaM OOBIYHO TMOBBIIIEHA JHUIIb OUYeHb HE3HAUUTEJNbHO. [le/0 HMEeHHO
B Ha/JIHYHH OYeHb SPKHX, KaK MPaBUJIO0, KOPOTKOKHUBYILUX OOHEKTOB, UTO
CBSI3aHO C MOBLILIEHHOH MJOTHOCTBIO rada. Hasnuuue cnupaneit o6bIUHO
CYLIECTBEHHO He MOBBILIAET MOJHBIH TeMl (OPMHPOBAHHS 3Be3[ B rajak-
THKe, HO JIOKA/JH3yeT ero HMEHHO B pyKaBax.

CnunpanbHble pykaBa — 06/1aCT aKTUBHOIO
dopmmnpoBaHua 3Be3f.

Bpie/ii0T HECKOJBbKO THIIOB CNUPaJbHLIX ratdakTHk. [1pu kaac-
cuukauuu UX (HOpM CyLIECTBEHHBIMU SIBJSIOTCS Pa3HOOOpasHble MOp-
(hosoruueckue netanu. Bo-nepBbiX, BaXKHO, €CTb JH Y TaJakKTHKH 6ap —
IeHTpa/JdbHasi MepeMbluka, BO3HUKAIONIAsl BO BHYTPEHHEH YacTH THUCKa
13-3a MepecTPOHKH OpOUT 3Be3/l. Bo-BTOPBIX, HACKOJIBKO CHIBHO 3aKpyUeHbI
cnupaJju. B-TpeTbux, cTPyKTypa caMHUX CIHUPAJbHBIX BETBEH MOMKET ObITh
pasauuHoil. Hanpumep, cyuecTByOT raJakTHKH ¢ GOJMbLIMM KOJMHUECTBOM
MeJKuX ((paoKKy/JaeHTHBIX) pyKaBoB (kak NGC 2841), mHOTOpyKaBHbIE
rajgakTuky (kak M33) W, HAKOHEIl, raJakKTHKH C Mapoi MOIIHBbIX pyKa-
BoB (grand design, KoTOpbIE ellle HHOTA HA3BIBAIOT YIOPSIOUEHHBIMHE),
OXBaTbIBAWOLIKUX Bech AucK (kak M51). Haiuune Gosiee MOLIHBIX H IPO-
TSYKEHHBIX PYKABOB MOXKET COUETAThCSl C MPUCYTCTBUEM MeHee 3aMEeTHBIX
U TMPOTSIKEHHBIX (KaK 3TO, BHAMMO, MPOUCXOAMUT B Hamed [anmaktuke).
PasHble THIIBI pyKaBOB MMEIOT pa3HOe MPOUCXOXKAEHHE.

2 JIMCKH rasakTHK, coaepKauue OueHb MaJio XOJIOAHOro rasa, a CJeaoBaTeNbHO, H MO-
JIOBIX 3BE3J, TOXE HHOrJa UMEIOT CIHPAJbHYIO CTPYKTYPY. OHa cBsi3aHa C YMJIOTHEHUEM CTapo-
ro 3BE3JIHOT'0 HAceJEeHHUsl AMCKa U Bcerjaa GoJee pasMmbiTa 1 caabo KOHTpacTHa MO MPHYHHE OTCYT-

cTBHs o6sacTell 3Be31006pa3oBaHHs.
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PaccmaTpuBaloT TpU MeXaHM3Ma: BOJIHBI IJIOTHOCTH, JIOKAJAbHbIE
HEYCTOHYMBOCTH M BO3MYIIEHHS®, MPUJIHBHbIE BO3ieficTBus (Croma xe
MOYKHO OTHECTH HE TOJBKO BJIHSIHHE COCEIHMX IaJaKTHK, HO U BO3JEHCTBHE
fapa Wi HEOCECHMMETPUYHOTO (TPEXOCHOTO0) GaJIKa H/IH rajgo TEMHOTO
BelecTBa). DTH MeXaHH3Mbl He HCKI0YaloT Apyr apyra. OpHaKo 0GbIYHO
JIOKaJ/IbHble BO3MYILEHHSI H HEYCTOHUMBOCTH CBSI3aHbl C (DJIOKKYJECHTHBIMH
CHHpAJsIMH, a YNOPSJOYCHHble CIIHpA/JIH — C IPUJIHBHBIM BO3JACHCTBHEM
WJH BJIHSIHUEM TajJaKTHYecKoro 6apa, H OHHM ONUCBLIBAIOTCS TE€OpHeH BOJH
NJIOTHOCTH.

CrnupajbHble CTPYKTYPHl TaJaKTHK MOT'YT MO-Pa3HOMY BBITVISAETh
B pasHbIX AHamnaszoHax crnextpa. [1pu 3Tom mpoucxoxaeHue (MexaHH3M
reHepaidu) cnupaJjei, BHIMMBIX B PasHBIX AHANA30HAX, MOXKeT ObITh
pasHbiM. Pas/inunble TUIBL pyKaBoB MOr'yT o6/ajaTb U pa3HbIMH KHHeMa-
THUECKUMH CBOHCTBAMH.

CyLiecTByeT HECKOJIbKO TUMOB CNUpabHbIX PyKaBoOB
N MexaHN3MoB ux hopMurpoBaHUA.

CnupanbHbI y30p BpallaeTcsl B Ty 2Ke CTOPOHY, 4TO M 3BE3Mbl
JMCKa, HO UX YIVIOBble CKOPOCTH MOI'YT He coBnagatb. OOGbIYHO CIHpaJH
SBJSIIOTCS OTCTAIOIIMMH — JABHXKEHHE 3Be3[ AHCKA HAIpPaBJE€HO B Ty
Ke CTOPOHY, Kyla ofpallleHa BHIYKJAOCTh ChHupasu (a BHELIHHE KOHIIbI
crupased HampaB/eHbl Haszaj). [IpUMepoM HUCKJKYEHHH U3 3TOr0 MpaBH/a
sBasietcs rajtaktuka NGC 4622, pHelHue cnvpaJ/yd KOTOPOH HarpasJ/eHbl
BHEIIHUMH KOHIIAMH 10 XOIy BpalleHHst aucka (y 3TOH rafiakTHKH eCTb
TaK2ke BHYTPEHHHH pyKaB, OPMEHTHPOBAHHBIH OOBIYHLIM 00pPa3oM OTHO-
CHTEJ/IbHO JBHXKEHHUS 3Be3J IMCKa). DJ/iHKe K LEeHTPY rajakTHKd (BHYTpH
paguyca KOpoTalMH — PacCTOSIHHSL, HA KOTOPOM YIVIOBble CKOPOCTH CIIH-
paJbHOrO y30pa W 3Be3J COBMAJAKT) CKOPOCTh BpAIllCHUSI 3BE3J JHUCKA
IpPeBbIIAeT CKOPOCTb ABHXKEHHS PyKaBoB. COOTBETCTBEHHO, 3Be3/bl U ra3
06BIYHO BXOISAT B PYKaB C BHYTpeHHeH (BOrHYTOH) cTopoHbl. CHapyku
OT paguyca KOpoTalHH HaOgonaeTcs oOpaTHast KapTHHA.

Ha6.oneHust He MOTYT MOKa3aTb AWHAMUKY (H3MEHEHHs) CIH-
pasbHOr0 y3o0pa, MOCKOJbKY XapaKTepHble BpeMeHa 3TOro Inpolecca o4eHb
BeJUKH. [T0o3TOMY MoJe/ M reHepalldd U 3BOJIOLUMH CHHpajJeld B OCHOBHOM
U3YyualoTcsl cefiuac MeToIaMH KOMIIBIOTEPHOTO Moae/upoBaHus. OmHAKO
UTOT'HM CPABHEHHUSl PE3y/abTATOB 3TOTO MOAENUPOBAHHUS C HAOJIOLCHUSIMU
raJakTHUECKHUX CTPYKTYP AOBOJILHO NPOTHBOPEUYUBBI.

BosbmuHCTBO MeXaHH3MOB BO3HHKHOBEHHS PYKaBOB TaK HJH
MHaye CBS3aHO C BOJNHAMHM IIOTHOCTH. B COOTBETCTBHH C 3TOH rumote3oi

3 WHbIMEH c/oBaMH, OﬁpaSOBaHI/IC JIOKAJbHBIX HCOILHOPO}IHOCTCﬁ (HaanMcp, CBSI3aHHDbIX

C JIOKAJAbHBIMHA HeyCTOﬁ'{HBOCTHMI/I }Z[HCKB), KOTOpbIE PaCTATHBAIOTCS B CIIUPAJICBUIHBIC OTPE3KH }ILI/I(p*

(hepeHINAIbHBIM BpPalleHHEM.
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cnupaJjbHble BeTBH MPEACTABJASAIOT COO0H YIJIOTHEHHS B MEK3BE3IHOH cpefie
W pacrpejiesieHUH 3Be3l. B pe3y/ibTaTe TeX WM UHBIX NMPHUUHUH BO3HHUKAET
06J1aCTh CHHpanbHO# (opmbl, obaanaoiias 6ojee CUIbHBIM T'PABUTALUOH-
HbIM MOTEHIIHAJ/IOM, NIPUTSTHBaloNIas 3Be3nbl U raz. OHa pacrnpocTpaHsieTcs
MO0 TUCKY TaJaKTHKH, COXPaHsis CBOIO (hOpMy, a B ee MOMIEPKAHUH B pa3HbIe
MOMEHTBI BPEMEHH YYaCTBYIOT pasHble 3Be3fbl (I0I0GHO TOMY Kak B IBH-
YKEHUHU BOJIH MO BOJAE yYaCTBYIOT pa3Hble MOJEKYJbl, He MepeMellaoluecs
BMecTe ¢ BOJIHOH). TToBbIllIeHHAs TWIOTHOCTb CPebl IPHBOAUT K TOMY, 4TO
B pyKaBax yYallle MPOUCXOAST CTONKHOBEHHUS] MOJMEKYAsIpHbIX 06JaKkoB. Takxke
obsaka ¢ 6oJbliel BePOSITHOCTbIO CTAHOBSATCS HECTAOUIbHBIMUA OTHOCHTE/BHO
(hopMUpOBaHHUSI 3BE31 UMEHHO B pykaBaX. TakuM 00pa3oM, KJIIOUEBHIM Pe3yJb-
TATOM JIEeHCTBUSI MHOIMX MEXaHH3MOB 00Pa30BaHUs CIHPAJbHONH CTPYKTYPBI
ABJseTcsd coOMpaHHe ra3a B pyKasa.

Habaonenns B3auMoaeHCTBYIOIMX raJaKTHK MOKa3bIBAIOT, 4TO
NPUJIMBHOE B3aUMOJCHCTBHE MEXKAY HUMU MPHUBOAMUT K IeHepallMd PyKaBOB
KaK HelmocpeiCcTBEHHO B NHCKaX, TaK U B BUAE MepeMblueK, COeAUHSIIO-
MKUX TaJaKTHKH, MPUJIMBHBIX XBOCTOB M APYTUX BHEWIHUX AeTaned. [Ipu
CAUSHHUSX caMble BHEIIHHE pyKaBa MOTYT NE€HCTBUTEJNbHO MPEACTABASTH
co60i CH/JbHbIE YIJOTHEHHS B paclpejie/eHHH 3Be3[ M rasa, KOTopble
6b11M c()OPMUPOBAHBI MPUAUBHBIMH CHJIaMH. Takue o6pa3oBaHUs MOTYT
coXpaHsTbCsl MUJHApAbl jgeT. OMHAKO pyKaBa BO BHYTPEHHHUX 06/1aCTsX
JUCKOB, BO3HUKAIOLIME MPU B3aUMOJCHCTBUU FaNaKkTHK, [0 BCeH BUAUMOCTH,
SIBJISIIOTCSL BOJIHAMM IJIOTHOCTH. PacueThl MOKa3bIBAIOT, UTO MOC/E MOIIHBIX
B3aUMOJIEHCTBHUH CIUpaJH MOTYT KUTh OoJee MUAIHAPAA JET.

B orinune oT ynopsimoueHHbIX criupased, (JIOKKyJeHTHBIE PyKaBa,
Mo BCeH BHIUMOCTH, OOBIUHO MPENCTABJSIOT COOOH JOKa/IbHBIE SIBJACHHS,
CBSI3aHHbIE C HEYCTOHMUHMBOCTIMH HJIU B3aUMONEHCTBUSMH B MEXK3Be3IHON
cpene. MeJsikue cnupaneBUIHble 00pa30BaHHUSI HENMPEPBLIBHO POKIAIOTCS
U HCYe3alT 3a AeCSITKH MHJAJHOHOB JeT. /19 BOSHUKHOBEHHS TaKHX
PYKaBOB HaJliuHde BHELIHMX BO3MYILEHHH (CJAHSHHUS, Hajlnuue Gapa H T.II.),
KaK MPaBUJIO, HE SIBJASETCS CYILIECTBEHHBIM.

fAipkocTb cnupanem o6bACHAETCA HaNNYNEM MaCCUBHbIX
3B€3[ BbICOKOI CBETMMOCTM.

Ha6monenus: nokasblBatoT, 4To yHopsiiloueHHble pyKaBa HAMHOTO
yallle BO3HHMKAIOT Y Ta/akTHK ¢ 6apoM /M KPYIHBIMH CIIyTHHKAMH, a TaK»Ke
y TaJakTHK B CKOINICHMSX W INIOTHBIX rpynnax. [Ipu 3ToMm B rajgakTHkax
MOTyT paboTaTb pa3Hble MEXaHH3Mbl (DOPMHPOBAHHUS CIIHPAJLHOIO y30pa.
[axce B cayuae rajakTuk ¢ 6apom, 110 BCeHl BUAHMOCTH, He CYLIECTBYeT
€IMHOT0 MeXaHH3Ma, MPHBOJSIIEr0 K MOSB/ACHHIO CIHPAJIbHBIX BETBEH.

Takxke MOTYT BO3HHMKATh TaK Ha3blBaeMble THHAMHUYECKHE pyKaBa
(MX TaKKe HHOIJA HA3BIBAIOT MaTepHA/IbHbIME). B 3TOM ciyuae peub He HAET
0 BOJIHAX IJIOTHOCTH, U CKOPOCTbL pyKaBa He OT/IHYAETCsl OT CKOPOCTH
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BpallleHHs 3Be3]| raJakTHKH. B TakoM pykase MOBbIlIEHA IVIOTHOCTb BELIECTBA
(B mepByl ouepesb 3Be3j), COOTBETCTBEHHO, MOJ AEHCTBUEM TPABHTALMH
Tyna cobupaeTcs ra3, B pe3yJ/bTaTe 4ero cozuaroTcs 6/1aronpHsATHBIE YCAOBHS
JUISl POXKJIEHHST HOBOT'O TIOKOJIeHHsI 3Be3/. Ec/au raza mMajo, TO TakoH pykas
Oy/leT mpecTaB/aTh cO00H MPOCTO YIVIOTHEHHE B 3BE3THOM paclpe/e/eHHH.
[lopo6uble pykaBa MOI'YT ObITb OY€Hb JOJT0KHBYLIHMH.

YacTo cnupann BO3HMKAIOT B pe3ynbraTte
B3aMOLENCTBUSA C ranakTMKaMu-cnyTHUKamMum unm
N3-3a LEeHTpanbHOM nepembiykm (6apa).

XapaKkTepHCTHKH CIHPAJbHOrO y30pa Hauled ["aJakTHKd H3BECTHBI
HeloCTaToOuHO Xopouo. ITo Bcelt BUAMMOCTH, B Hel eCTb KaK YIOpsIo-
YeHHble CIIUpPa/H, TaK U (JIOKKy/JeHTHble pykaBa, CoJHLE pacno/oxeHo
BHYTPH OJHOTO M3 (PJOKKYJIEHTHBIX PYKaBOB MEXy IBYMS MOILIHBIMH
pykaBaMu. [lo/siHOe 4MC/0 cUpaNbHBIX PYKaBOB Pa3HbIX THIOB IOKa
He M3BeCcTHO. B HauboJjiee OOLIENPUHATBIX MOE/SIX NPUCYTCTBYIOT UeThipe
GOJIbIIMX pyKaBa (MOJIHOE YHCJIO OTBETBJEHHE M (DIOKKYJIEHTHBIX AeTalei
YCTAHOBUTH HEBO3MOXKHO), U3 KOTOPBIX O KpaiHeH Mepe IBa UMEIOT BOJI-
HoBy10 mpupoay. OfHaKo HOBbIE faHHbIE (B MEPBYIO OUepe/b MOJyUeHHbIE
KOCMHUECKHM TejieckornoM Gaia) MOI'YT H3MEHHTb 3TY TOUKY 3DEHHS.

8.4
PaccefAHHble n LapoBble
CKonaeHwuns

3Be3bl B OCHOBHOM 00pasyloTcs rpynnaMmu. HekoTtopble U3 Takux
IPYNN OKa3blBAIOTCS JOCTATOYHO IJIOTHBIMH M MACCHBHBIMH, YTOObI Cylie-
CTBOBAaTb IPOJO/IKUTENbHOE BpeMsl, IPYrHe CJAUIIKOM Majbl U GLICTPO pac-
NajaoTcs MOA BAHUSHAEM BHELIHMX BO3JAEHCTBHH U COOCTBEHHOH AHHAMHUKH.

3Be3abl B OCHOBHOM pPOXAaKTCA rpynnamm
N3 MONEKYNAPHbIX 061aKOB.

Bbie/1910T HeCKO/IbKO THIIOB rpym 3Be3l. OCHOBHBIE M3 HUX — 3TO
IapoBble CKomaeHns (00bYHO HauGo/Iee MACCHBHBIE M CTaphble), OTKPbIThIE
(nnu MHAaue — paccesiHHbIE) CKOIUIEHHSl M 3Be3jHble accouMaluu (camble
JIeTKHE U MOJIOAbIE).
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[[lapoBbie cKOTMJEHHS MOJYYHJIH CBOe Ha3BaHue B 1789 r.
oT Yuabsima [epuiensi. B Hawieit ["anakTtuke uspecTHo Gojee 150 mapo-
BbIX CKOTJeHUH. [ToMHOE UX YMCI0 MOXKET ObIThb Ha HECKOJBKO AEeCSITKOB
6oJble. DTO cTapble 06pa3oBaHUsl ¢ THMHUYHLIM BO3pacToM okogo 10
MJpPA JeT U 6oJjee. KX pasamep cOCTaB/sSET M0 HECKOJbKHX NECSTKOB
CBETOBBIX JeT. OHM ABHXKYTCS 110 BBITAHYTHIM OpOUTaM NOJ Pa3HbIM
HAKJOHOM K JIMCKY, MHOIJIa yXOAs OT lleHTpa ['a/lakTHKH Ha COTHH ThICSU
CBETOBBIX JIET.

LLlapoBble ckoneHnss — oAHN N3 caMblX CTapbIX
o6pa3oBaHum B NlanakTuke.

Macchl mapoBBIX CKOMJAEHUH OOBIUHO COCTABJASIOT OKOJIO
100000 macc CoJHila, a camble TsKeJble U3 HHUX JOCTHTal0T HECKOJIb-
KMX MHJIJTMOHOB COJIHEUHBIX. BCsl 3Ta Macca B OCHOBHOM OIpejieJisieTcsi
3BE€3JIaMH, I'a3a U TEMHOTO BEIlleCTBAa B CKOMJEHUsIX HeMHOro. OTCyTCTBHE
6OJIBIIOr0 KOJIMUECTBA Ta3a MPUBOAUT K TOMY, UTO HOBbIE NMOKOJIEHHS 3BE3[
He BO3HHKAIOT, BCE 3Be3/bl B CKOIMJEHHUSX CTapble, a 3HAUUT — MaJo-
MacCHBHBIE. A TOCKOJbKY LIAPOBble CKOMJEHHs (OPMHPOBAJHUCH JaBHO,
KOTIa Co/lep:KaHHe TSIKEJNBbIX 2JEeMEHTOB B rasde ObLIO MeHbIle, OHH HMEIOT
HU3KYI0O METaJJIHUHOCTD.

CylecTByeT HECKOJbKO ClleHapueB 06pa3oBaHHs 1IAPOBHIX
ckomyienuii. OCHOBHOH Tpe/rnoJaraeT KoJuilanc KpymHOro MOJIEKYJISIPHOTO
o6/aKa, cnoco6HOTO GLICTPO MOPOAUTH MHOTO 3Be3Hd 6e3 CYIIeCTBEH-
HOH MoTepH rasa. YCJAOBHS JJs1 3TOTO CYLIECTBOBAJMH B MPOIIJIOM, KOT/a
raJakTHKM aKTHBHO POCJ/M 34 CUET CJAUSHUH U TOTJIOLIEHHH, Ha KPaCHBIX
cmernenusx z = 2-3 (oxoso 10-12 mapa et Hasan). K coxanennio,
MOKa Mbl He MOXEM HEeNoCpeJCTBEHHO HabJI0aTh Mpollecc (OPMUPOBAHHUS
HIaPOBBIX CKOMJEHUH B CTOJb JAaJEKOM TPOIIIOM, B Halleil [anakTuke
Takue mnpouecchl He UAYT yxke 6onee 8-10 mapa sqer. OgHako npoiecc
00pa3oBaHUsI MOJIOJbIX MACCHBHBIX CKOMJIEHHH, CXOAHBIX MO CBOMM Xapak-
TEPUCTHKAM C IIAPOBBIMH, MOXKHO HAOJIOAATh B HEKOTOPBIX CJAMBAIOIIUXCS
raJakTHKax, IJie B HACTOsIIIee BpeMsl peau3yloTcsl THIHUHBIE A/ 3TOXH
¢ z = 2-3 ycJaoBwus.

B wapoBbix cKkonieHnsaX 3a c4eT B3anmMogencTemsa 3sesp
o6pa3yeTcs MHOIrO PEHTFreHOBCKMX ABOMHbIX CUCTEM.

YacTb wapoBbX cKolJeHHH Haweld [NamakTuku o6pasoBanach
B ee CIyTHHUKaX, a MOTOM OblJa 3aXBaueHa BMECTe CO CBOWMHM rajaKTHKa-
mu. Kpome Toro, HeKoTOpble CKOIJIEHUS] CAMHU MOTJIH ObITh HEeGOJBITUMH
raJakTHKaMHd WJM LEeHTPaJbHbIMH 3BE3IHbIMU CKOTJEHHUSIMH TaJaKTHK,
HO C TeX Mop ObLIM He TOJbKO 3aXBaueHbl Hallled, HO U CYIIECTBEHHO
«obonpanbly. PagdyMmeeTcsi, ueM MaccHBHee TaJakKTHKa U ueM OoJblie
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CIIyTHUKOB OHa IOIVIOTHJA, TeM 6oJbllie y Hee HIapOBbIX CKOIJIEHHH.
B cayuae neHTpasbHbIX raiakTuk (kak M87) cueT MOMKET HATH HA MHOTHE
TBHICSIYM MACCHBHBIX CKOIJIEHHH.

LuapOBbIe cKomieHna MoryTt HaC4nTbiBaTb 0 HECKOJIbKUX
MWNINOHOB 3BEe3A.

MaccuBHOe, HO HeIOCTATOYHO MJIOTHOE CKOIJIEHHE MOKeT ObITb
ObICTPO pa3pylleHo BCKope mocje o6pa3oBaHusi, B MEePBYI0 ouepelb MpH-
JIUBHBIMH CHJ/IAMH THTAHTCKHX MOJIEKYJSPHbIX 06JaKoB. UTOOBI BBIKHTD,
CKOTJIEHHE JO0J2KHO 06pa3oBaThCsl BHE JHCKA, a 3aTeM OBICTPO YHTH
Ha BBICOKHE OpPOUTHI, U YCJOBHS [Js 9TOTO BHOBb 00€CHNEUUBAIOTCS MPHU
CJUSIHUM ranakTUkK. Kpome Toro, He BbRKHMBAIOT H3HAYAJAbHO JEIKHE U pas-
peXKeHHble CKOIJIEHHs, YTO NMPUBOIUT K HHXKHEMY Ipele/]y Ha HadajbHYIO
Maccy 3THX 00'b€KTOB MOpPsIKa HECKOJIbKHX AeCSATKOB Thicsiu Macc CoJHIA.

LLlapoBble ckonaieHns B OCHOBHOM 06pa3oBanmncb OKOM0
10-12 mnpp net Hasapg (z = 2-3), korga 6bin BENUK TEMI
CNNAHNA ranakTuk n opmMmmpoBaHusa 3Be3q,.

M3-3a BBICOKOH KOHIIEHTPAIMK 3BE3/bl B IIAPOBHIX CKOMJEHHUSIX
AKTHUBHO B3aMMOJEHCTBYIOT APYT C APYroM. DTO MPUBOAUT K HECKOJbKHM
BaXKHBIM 3 dekTaM. Bo-nepBhiX, 3BOJMNIOIHOHUPYET CKOMJIEHHE B LENOM:
BbIAEAsIeTCs 6oJee MIOTHOE SAPO, Kyla OoCelaloT MacCHBHBIE 3Be3[bl
M HX OCTaTKH (KOraa-To Oblja MOMYJSAPHOH Haes 0 CyLIeCTBOBAHHH Mac-
CHUBHBIX YEPHBIX JBIP B LIEHTPAX CKOIJIEHHWH, OHAKO Temnepb SCHO, YTO 3TO
He TakK: Mo KpalHeH Mepe, €CJM YepHBbIe AbIPHl U BCTPEUaloTCsl B MIAPOBBIX
CKOIJIEHHSIX, TO MPOUCXOAUT 3TO JOCTATOUHO PEIKO), a IBOHHBIE CHCTEMBI
C MaCCHBHBIMH 3Be3JaMH «pPasorpeBaloT» HacejeHHe CKOIJeHHs (T.e.
He T03BOJISIOT 3Be3JaM MPUOOPECTH COBCEM MAJyl0 3HEPrHi0), He JaBasi
copMUpPOBATH €IMHBIH MAaCCHUBHBIH 00beKT. Bo-BTOpPBIX, TecHble COJMHU-
JKEHUS NMPUBOAAT K 00pa3oBaHMIO JBOHHBLIX 3Be3J W/IM OOMEHY KOMIIO-
HEHTaMH cHucTeM, 6jarogaps yeMy Mbl BUAMM B MIAPOBHIX CKOTIIEHHSIX
MHOTO PEHTTeHOBCKHMX MCTOUYHHUKOB, SIBJSIONIMNXCS ABOHHBIMH CHCTEMaMH
C aKKpPEelUUPYIOUIMMH KOMIIAKTHBIMH 06'beKTaMH.

Paccesinnble (MM Tak HasbiBaeMble OTKPBITHIE) CKOIJIEHHSI — 3TO
6oJiee MoJsiofble 00'bEKTHI, BO3HUKAIOIIWE U B HacTosilee BpeMms. OTHUM
U3 CaMbIX M3BECTHBIX PACCESHHBIX CKOIJIeHWH saBJ/sioTcs: [laesmpl, xopolno
BUAMMbBbIE Ha HauleM HeGe HEBOOPYKEHHBHIM rsaszoM. Bospact [lnedan —
120-130 mau ser, a pacctosinue 10 HUX — 0KoJo 400 CBETOBBIX JIeT.

[1aBHOE OT/INUKE OTKPHITHIX CKOIJIEHHH OT acCOIMAlUi COCTOUT
B TOM, UTO CKOIJIEHHS] U3HAUAJNbHO SIBJSIOTCS TPABUTAIIMOHHO CBSI3aHHBIMU
06'b€KTaMH, HO 32 COTHH MHJIJIMOHOB WJIM MHJJIHADP/bI JIET MOCTENEHHO pa3-
pylIaiTcs, MOCKOJAbKY BO3HHKAIOT B JAUCKE TaJaKTHKH, Te MHOTO BHEIIHHX
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Bo3aeicTBHi. M cKomJjieHus, U accolMallid BO3HHKAIOT B pe3yJ/bTaTe
(hopMHpOBaHHSI 3BE3/ B KPYIHOM MOJEKY/JAsIpHOM obJaKe. B ckommeHusx
KOHIIEHTPAIUS 3Be3[ 0OBIYHO COCTABJSET HECKOMbKO IITYK B KyOHUYECKOM
napceke, 4To MPH pasMepe B HECKOJbKO MapCceK MPUBOIUT K MOJMHOH UHC-
gedroctd 10 100000 3Be3sn (X0Td OOBIUHO B CKOIJIEHHSIX JIHILD HECKOJIbKO
TBICSIY 00'bE€KTOB). B acconuannsx KOHUEHTpPALHsl HA MOPSAOK MEHbIIE,
a paaMepbl — Gouibliie. COOTBETCTBEHHO, 5TH 00pa30BaHHs M3 JIECATKOB
WJIH COTEH 3Be3Jl H3HAUa/JbHO He CBSI3aHbl TPABUTALIMOHHO, H MOCJE pac-
CesiHHsI raza caMu ObICTPO pachajaloTcsl Ha Mmaclitabe BpeMeHH MOpsiaKa
JeCSITKOB MUJIJTMOHOB JieT. THIMHYHBIH BO3PACT PACCESIHHBIX CKOMJIEHUN
cocrtapJisieT nopsiaka 100 MJH JeT, HO eCTh U JOJAT0XKUTENN C BO3PACTOM
HECKOJIbKO MHJ/IIHAPIOB.

PaccesHHble ckonneHns 1 accoumaynm BO3HNKaKT
B ancke MNanakTnkm n B HacTosiLee BpemA4.

OTKpBITbIE CKOIJIEHHSI B OCHOBHOM BO3HHKAIOT B CHHPaJ/bHbBIX
PyKaBax, H MX HCIOJb3YIOT A/ OTCAEHKHBAHUA CTPYKTYPbl CIIUPAJbHOIO
ysopa Hauedl [ajmakTiku. Bee 3Be3bl paccessHHOrO CKOIJIEHHST HJIH acco-
[MALMH HMEIOT TIPUMEPHO OJMH BO3DACT H XMMHYECKHH cOCTaB. A BOT
B IIAPOBBIX CKOIJIEHHSAX HAO/I0AA€TCA MHOTO MPHUMEDPOB 3BE3/ C PasHbIM
COCTABOM, /I O0bACHEHHS Yero NPUAYMaHO HECKOJbKO Mopesel. Taxxke
CYIIECTBYIOT MIAPOBbIE CKOILICHHUS, [Ie 3BE3MHOE HACEeJEHHE Pas3/iuyaeTrcs
¥ 1o Bo3zpacty (BO3MO2KHO, 5TO KakK pa3 «000JpaHHble» KapJHKOBbIE
Fa/MaKTHKH).

3Be3aHble accoumaumm He CBA3aHbl rPaBUTALMOHHO
n ObICTPO pacnagaloTcs.

Habaogath paccessHHble CKOMJEHHSI, 0COOEHHO Ha GOJbIINX
paccTosIHUAX, HENpocTo. K3BecTHO HECKO/bKO ThICSY TaKUX CKOIJIe-
nuil B paguyce no 6000 cserosbix JeT oT CosHua. Mx nosepxHocTHAs
NJIOTHOCTb cocTaBJ/seT okoao 100 Ha KBaapaTHBIH KHJONApcek, uTo AaeT
OLIEHKY TIOJIHOT'O YHcJa TakKux ckomeHuil B [anaktuke — okoso 100000.
KosinuecTBO 3Be31 B accolMalMsX elle MeHblle, MO3TOMY HaGMI0AaTh
UX ellle CJA0KHee, H ceduac B COMHEUHOH okpecTHOocTH (mpumepHo 6000-
7000 cBETOBBIX JIET) H3BECTHO OKOJIO COTHH TakuxX oGpasoBaHuii. [To Bceit
BUMMOCTH, JaHHble KOCMHUECKOro Teseckona Gaia momMoryT cyuecTBeHHO
NPOABHHYTHCA B BONPOCE M3YUEHHUS CKOIIEHHH M aCCOLHALMH.
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8.5
CBepxmaccumBHan YepHas
nbipa — Sgr A*

B uentpe Hameli ["aJakTUKH HaXOOUTCS CBEPXMACCHBHAs uepHast
JbIpa, Macca KOTOpPOH cocTaBJsieT 0kKoJao 4 MJIH comHeuHbX. COOTBETCTBY-
IOIIMA el HCTOYHHMK H3/aydeHus o6osHavaioT Sgr A* (Crpedsern A*). 1o
caMblil 6IM3KUH K HAM NpUMEp CBEPXMAaCCHBHOH UEpPHOH ABIPHI, MO3TOMY
JAQHHBIH 00'bEKT aKTHMBHO HCCJAEAYETCSl B PAa3HBIX JHaNa3oHaX CIeKTpa.

Sgr A* — cBepxmaccunBHas YepHas ablpa B LLEHTpe
Hawen ManakTnku.

Baaronapst HaG/101eHUSM IBHKEHHS 3BE3Jl BOKPYT' UCPHOH AbIPHI
noJ IefiCTBHEM €€ TPHUTSKEHHUS YAAJI0Ch ONpele]UTh ee MacCy C BBICOKOH
TouHOCThIO. OnHAKO B MacliTabax [alakTHUKH Macca 3TOH YepHOH AbIPHI
MaJja, a MO3TOMY OHAa OKa3blBaeT BJWSIHHE HA 3BE3IHYIO THHAMHKY JHILIb
B CBOUX OJIMKAHIINX OKPECTHOCTSIX.

Macca yepHowm gblipbl B LeHTpe Hawen lanakTnkm —
okono 4 MmnH macc ConHua. Paamep ropusoHTa (paguyc
LLBapuwwmnbpa) gomkeH coctaBnaTb 4yTb MeHee 0,1 a. e.

PannoactpoHomuueckre HabJ/0eHUS TO3BOJSIOT OLEHUTh pasMep
HCTOUHMKA. B Hacrosiiiee BpeMsi yana/aoch «mnofo6paTbes» K 4epHOH Ablpe
Ha pacCTOSTHHE BCEro JHIIb B HECKOJbKO ee nuamMeTpoB. PaGora cucteMbl
tesieckonoB Event Horizon Telescope no/kHa Mo3BoMUTb MPOHAGIIOIATD
00/1aCTb HEMOCPEACTBEHHO BOJIHM3H OPH30HTA COOBITHH.

Sgr A* aBnaeTcs OTHOCUTENbHO C/IabbiM NCTOYHMNKOM.

HecmoTps Ha Gosbuiyio Maccy, HCTOYHHK SIBJASETCS OTHOCH-
TeJbHO cJab6biM. B CMOKOHHOM COCTOSIHUH TMOJIHAs CBETUMOCTh Sgr A*
BO BCeX JHMAaNas3oHaX BCEro JHUIIb pPa3 B CTO MPEBOCXOAUT COJHEUHYIO.
Hanomuum, uro npu macce 4 mun macc CosHila npemesbHast (3IuHT-
TOHOBCKas) cBeTHMOCTb (cM. pasgen 7.2 «KaHaumarbl B YepHbIe IbIPbl
B TECHBIX IBOMHBIX CHCTeMax») cocrasjser npumepro 100 mjpa cBe-
tumocTed ConHua. Huskasg cBeTUMOCTb CBSI3aHa KaK C HU3KHM TeMIIOM
akkpenuu (0KoJ0 OfHOH cTOMHJIHOHHOH Macchl CoJiHIA B T'OJ), TaK
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M ¢ HU3KOH 3()(EeKTHBHOCTBIO BbIIE/EHHsI SHEPTUH (HEPTHUST YHOCHTCS
MOJ, TOPH30HT YEPHOH ABIPbI).

WMuorpa Sgr A* neMOHCTPUpPYeT BCIBILIKH, HAa6J/I0/laeMble B Pas-
HBIX JHana3oHax. B peHTreHOBCKUX JyuaxX BCIBIIKH MPOUCXOMST MTPUMEPHO
pas B JeHb (uacToTa MX TOSIBJEHHS MEHseTCs CO BpeMeHeM). B mepuon
CHJIbHBIX BCIJIECKOB I10JIHAs CBETHUMOCTb MOXET BO3pacTaTbh Ha mapy
nopsiikos. HaGumopanuch eMHHYHbIE TIPUMEpHI BCIBILEK, KOIa CBETHMOCTb
JOCTUra/sa NOYTH MHUJJIHOHA cBeTUMocTel CoJHua.

OnHaKo B MPOULIOM aKTHBHOCTDb Hallell CBepXMAaCCHBHOH UepHOH
JBIPBI MOTJIa ObITh 3HAUMTE/IbHO Bbille. [IepBbIM apryMeHTOM B MOJb3Y
aTOro craso oTKpbeiThe Muxaunom PeHuBueBbiM ¢ coaBTopamu B 2004 r.
PEHTI€HOBCKOI'0 H3J/1y4eHHsl OT MoJieKyJaspHoro ob/aaka Sgr B2, naxons-
merocs B 400 cBeToBwIX rogax ot Sgr A*. O6uenpuHsaToe o6bsiCHEHHE
9TOr0 M3JYyUeHHsI COCTOHT B TOM, uto npumepHo 400 ger Hazan (Ges
ydyeTa TOTO, YTO CBET OT LieHTpa [ajJakTHKH A0 HAC HUAET NPUMEPHO
25000-27000 Jsier) cBepxMacCHBHAs yepHas [bipa Obljia CYLIECTBEHHO
6oJiee MOILIHBIM MCTOUHHKOM PEHTTeHOBCKOT'O HU3JAyUeHHs. DTO U3JNyueHHe
no6pajock 10 ob1aka Sgr B2 u Hakaya/so ero sHepruei, KoTopyio 06/aaKo
MOCTENEHHO BbICBEUHBAET.

Jlpyrum OTKpBITHEM, CBSI3aHHBIM C MPOIIIOH aKTHBHOCTBIO Sgr A*
crano o6Hapyxenue B 2010 r. ¢ momMoibio HaGJIIOJEHUH KOCMHUYECKOH
raMmma-o6cepBatopueid Fermi («®epMu») rHraHTCKUX My3biped B LEHTpe
lanakTvKH — Tak HasbiBaeMbIX mysbipeit ®epmu (Fermi Bubbles). Paamep
ny3bipell, TAHYMUXCS B 06€ CTOPOHBI OT MJOCKOCTH ["a/laKTHKH, COMOCTaBUM
¢ paccrosgaueM ot Cognua no Sgr A*. CunTtaeTcs, YTO OHH MOTJH OBITDH
c(hOpMHPOBAHbl MOLIHBIM HEPrOBblAENECHHEM LEHTPANbHOH YePHOH IbIpHI,
NPOU3OLIEIINM HECKOJIbKO MHJJIMOHOB JIeT Hasal.

AkTMBHOCTb Sgr A* nHorga cyLecTBEHHO BO3pacTaeT.

[Toka He cyliecTByeT TPSIMOTO TOATBEPKAEHHS, UTO Sgr A* —
3TO HUMEHHO uepHas Ablpa. OJHAKO apryMeHThl IPOTHUB BCEX NPEIIOAEHHbBIX
aJbTEPHATHB JOCTATOUHO CHJAbHBL. Hamnpumep, npupoay LeHTPaJbHOrO
HCTOYHHKA HeJ/b3s1 OOBSICHUTD CKOMJICHHEM OTAEJbHBIX C/1a00CBeTSIINXCS Tell
BPOJIe CTapbIX HEHTPOHHBIX 3Be3[ HJH OeJ/biX KapJUKOB. AHaA/U3 NoKasal,
uTo Jo6asi CTO/b MACCHBHAS U KOMIAKTHAsSI CHCTeMa JOCTAaTOUHO OBICTPO
CKOJIJIANICUPYET B YEPHYIO ALIPY.

BaKHBIM apryMeHTOM B TI0Jb3Y MHTEPIPeTalHu MPUPOABI HCTOU-
HUKa Sgr A* kak 4yepHOH ABIPHl CJYXKHUT TOT (PaKT, YTO Mbl He BHAUM
M3JYyUYeHHs] OT KOHTaKTa ¢ TMIOTeTHYEeCKOH MOBepPXHOCTbI0. Bee HabJ110-
JaeMoe H3JyueHHe, CyAs M0 ero CNeKTPaJbHbIM CBOHCTBAM, BO3HHKaeT
B najamooluieM noToke. ManyueHHe oT KOHTAKTa C MOBEPXHOCTbIO JOJKHO
6blJ10 OBl TPEBOCXOAUTL M3JyUeHHe MOTOKa JJs1 BCeX U3BECTHBIX THIIOB
00'bEKTOB, KPOMe YepPHBLIX Ablp, HO €ro He BHIHO.

Cepreii MNonoe
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B 6mukaiiiem OyayluieM ¢ MOMOLIbIO HAGMIOAEHHH CO CBEPXA/IHH-
Ho# 6asoit (VLBI) B pagronranasoHe Ha BBICOKHX 4yacToTaX (CyOMHMJIIH-
METPOBBIH IHANA30H) MOXKHO GYET MPOBEPUTH BAaXKHOE MpeACcKa3aHHe —
«TeHb YEePHOU AbIpbl». PacyeTnl mokasa/u, 4To Bpallaollascs yepHas Ablpa
C UCTOYHHKOM H3J/yUeHHs] BOKPYT Hee OyIeT UMeTb XapaKTePHBIH BHI.
Yro6bl 3TO YBHAETb, HEOOXOIUMO AOCTHYb YIJIOBOTO pa3pelleHusi, 103B0-
JISIIOLIET0 PACCMOTPETh AETa/i C pa3MepaMH NopsaKa paguyca rOpH30HTA.
[TapameTpnl cuctembl Event Horizon Telescope mo3BoJsioT HaaesaTbCs
Ha perucrtpaunuio storo acddekra B Oauxkaiiiee Bpems. bosee nerasnbHbe
JlaHHbIE 110 CBOHCTBAM «TE€HH» I03BOJSAT MPOBEPSTb TEOPHH I'PABHUTALHMH
U aJbTepPHATHUBBI UEPHBIM JIbIpaM.

8.6
CnyTtHukun lNnaktnkn. MectHasa
rpynna

Cuenapuu o6pa3oBaHHsl rajJaKTHK B CTaHAAPTHOH KOCMOJIO-
THYECKOH MOJENU C XOJMOAHBIM TEMHBIM BEIIeCTBOM H KOCMOJOTHUECKOH
nocrosHHoi (Taxk HaspiBaeMas ACDM-mogedb, cM. pasgena 11.5 «Cocras
Bcenennoit. TeMHOe BelnecTBO») MPEACKa3bIBAIOT, YTO MHOTHE FaJaKTHKH
TUMNA Hallleld SIBASIOTCS UJeHAMH TPYIN U OKPYXKeHBI JeCSTKAMU KapJ/H-
KOBBIX CIyTHHUKOB. B camowm jsene, co BpemeHn Xa66.a, MpeiaoKHUBIIETO
Ha3BaHWe MecTHasi rpynna, U3BECTHO, UTO Hamia ["ajakTHKa, TYMaHHOCTh
Anppomenst (M31), ranaktuka B Tpeyronbauke (M33), MareJjiano-
Bbl O6GJaKa U MHOXKECTBO KAapJMKOBBIX TaJaKTUK 00pasyloT CBSI3aHHYIO
CHCTEMY.

Hawa Nanaktnka n rymaHHocTb AHgpoMebl, a TakXe
OKOJ10 COTHM 60onee MenKmMx ranakTuk o6pasytor
rpaBUTaALNOHHO CBA3aHHYy0 cuctemy — MecTHylo rpynny.

Ceiiuac MBI 3HaeM, UTO ee pa3Mephl COCTABJSAIOT 0K0oJ0 10 MaH
CBETOBHIX JIeT W OHA HAXOJUTCH B 00JACTH IMOBBILIEHHOH MPOCTPAHCTBEHHOH
KOHILIEHTPAIUK TaJaKTHK, LIEHTPOM KOTOPOH SIB/ISIETCS CKOIJIEHHE B CO3BE3-
nun [desbl. Macca MectHo#t rpynnbl coctaBaser (2 — 3) x 102 macc
CoJtia. CaMble MacCHBHbIE KOMIOHEHTH — 310 M31 (mpumepHo 1,5 x
102 macc Comnua) u Hama [anaxtuka (~10'2 macc Cosnua), npu 3ToM
Macca B OCHOBHOM OGeCIeuMBAaeTCs TEMHBIM BEIECTBOM.
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Yueso KapJauKOBBIX raJakTHK MecTHOH I'pyIbl BeJHKO, ceiuac
HX H3BECTHO HECKOJBKO JECSITKOB, M MOCTOSIHHO OOHAPYKUBAIOT HOBbIE
c/iabble 00'b€KTHl C MaJsiol MOBEPXHOCTHOH sipkocThio. Tak, Hampumep,
KpymHasi rajakTuka (MoJOBHHA U3JYUEHHUs] IPUXOAUT U3 06JIACTH PAIUYCOM
6osee 1 Kujomapcek), yCTymaiomas no pasmepam TOJbKO MaresaHOBBIM
O6nakaM U KapJauKoBo# rasakTuke B CTpesblie, H3-3a CBOeH HH3KOH
TIOBEPXHOCTHOH SIPKOCTH OblJIa OTKPBITA HA pacCTOsHUU Bcero 120 kuio-
napcek ot Cosnua qaumb B 2016 r. Kpome toro, B MecTHO# rpyrre
JIOJDKHO GBITh MHOXKECTBO (MHOTHE JECSITKH) OTHOCHTE/NbHO HeOOJbIINX
rajo TeMHOTO BEILEeCTBA, KOTOPble TaK W HE CTaJ/H rajJaKTHKaMH, MOCKOJIbKY
TaM He HayaJjcs MPolLecc aKTHBHOTO 3B€31000pa30BaHHUS.

Paamep MecTtHowm rpynnbl — 10 M/IH CBETOBbIX JIET.

Eule HeIaBHO CUMTANOCH, UTO GOJbIIOE KOJIHUECTBO TaKHX 00b-
eKTOB (rajso M3 TEMHOTO BELIECTBA C HEGOJDBIIMM KOJIHUYECTBOM rasa,
KOTOpble MO0 Macce MPUMEPHO COOTBETCTBYIOT KAapJHKOBBIM TaJaKTH-
KaM), MpeJCKa3blBaeMOe pacueTaMH, siBJAsSeTCsl OTPOMHON MPoGAeMOK /st
ACDM-Mopnenn, MOCKOJIbKY YHCJAO0 M3BECTHHIX KapJAHKOBBIX TadaKTHK
Obl10 HA MOPSAOK MeHblle. OIHAKO KOJNHYECTBO H3BECTHLIX rajaKTHK
MaJIofl Macchl U pa3Mepa BBIPOCJIO, a pacueThbl C YUeTOM POJH GapHOHHOIO
BellecTBa MOKa3aJ/i, UTOo JHLIb HeGoJbllas YacTb TEMHBIX TaJo Ha CaMOM
Jeqe TposiBasieT ce6si Kak raJjakTHKH. Bosee TOro, acHMMeTpHs B pacrpe-
JIeJIeHHH TaJaKTHK, MOoJNyueHHas B pacyeTax, MOATBEPKAAETCS NAHHBIMH
HaOJI0eHNH. DTO CBSI3aHO C TeM, YTO GapHOHBI B 6OJbIINX MaciiTabax
pacnpenenensl B BosokHax. Cefiuac Becb 3TOT KOMILIEKC NAHHBIX €IHHBIM
00pa3oM HEIJIOXO BOCIIPOM3BOJAUTCS B TAKHX KOMIBIOTEPHBIX MOAEJsX,
kak npoektol [llustris 1 EAGLE (Evolution and Assembly of GaLaxies
and their Environments) (cM. pasmen 15.3 «Uuc/aeHHBIH 3KCIepUMEHT
H MOJIEJIUPOBAHHE).

KapnukoBbie ranakTUky NocTeneHHOo NorowakTcs
6onee KpynHbIMW.

Hama MecTHasi rpynna He siBjsieTcst HCKatoueHueM. bosee Toro,
OHAa B Mepy THUIIHYHA, U B €€ OKPECTHOCTH eCThb MoJ00HbIe 06pa30BaHUSI:
HampuMmep, rpynmna B LleHTaBpe Ha paccTOsIHUM OKOJO 4 Meramapcex,
BKJIOUatomasg B ce6q ramaktuky M83 u Cen A.

Ntorom ssontounmn MecTHom rpynnbl 6ygeT cnusiHue
NpaKkTU4eCKM BCeX 06HEKTOB, BXOAALLMX B HEE.

DBoJolsi MecTHOH Ipynnbl Mpopo/KkaeTcst U ceifuac. Kap/aukoBbie
CTyTHHUKH, TOCTETIEHHO PACcCEHMBAsICh, MOTJIOMIAIOTCS KPYMHBIMH Ta/JlaKTHKAMH.
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ATO NPUBOAUT K TOMY, UTO B rasio (HampuMep, Haiie# [alakTHKH) OT TaKHX
CIYTHHKOB OCTalTCs Muieiddnl (M0og00HO TOMY KaK METEOpPHble MOTOKH
ocTalTcsl Ha opouTax Komert, pasdpyuaembix Cosniem). [TepBbiil KpyIHbBIA
uieii B rano 6ui1 o6HapyxkeH B 1998 r., oH cBs3aH ¢ U3BECTHOH KapJ/u-
KOBOH rajakTuko# B Ctpesblie.

B03MO2HOCTb JeTa/dbHOIO H3YUYEHHS I'PABUTALMOHHOIO MOTEH-
uuaja ['aJakTHKH ¢ OMOUIbI0 HAOJ/I0eHHs 11ed(oB 006Ccyx)KaaeTcs: 1aBHO.
B Hacrosiiee BpeMsl aHa/MU3 3THX OCTATKOB KapJHKOBBIX TajJaKTHK M03BO-
JisieT BOCCTAHOBUTb (pOPMY Tajio W pacrpele]eHHe BellecTBa B HEM B Mac-
uta6e, npespimatonieM 100000 cBeTOBBIX JeT.

[Tor/ionieHne MeJqKHX TajJaKTHK KPYMHBIMH — He eIMHCTBEHHBIH
3BOJIIOLMOHHBIN Mpollecc B HalleHd Tpymrne rajsakTHK. Ha macmrabe Mui-
JUapAOB JeT OyLyT TeCHO B3aUMOJEHCTBOBATbL M caMble KPyHHble U/eHbl
MectHo#t rpynnbl. Cefiuac TyMaHHOCTb AHApPOMebl NPUOJIHAKAETCS K HaM.
B 2012 r. BnepBble ynasoch IOCTATOUHO TOUHO U3MEPHUTH €€ TPEXMEPHHIH
BEKTOP CKOPOCTH, M 3TO TMO3BOJNHUIO PACCUUTHIBATH MOAPOOHBIE CIIEHAPHH
sBo/ollk MectHo# rpynmnsl. [1puMepHo uepes 4 mapa qet Haua [anakThka
u M31 mpoiinyT oueHb 6/M3KO APYT OT Apyra U HAYHETCS MPOIECC C/USHHS,
KOTOPBLIH 3aiiMeT OKOJ/10 3 MJIPA JeT, BIOC/AeACTBUH K HUM HNPHUCOEAHHUTCS
u M33. [lerann ucxoia CAUSHUSI HE SICHBI, HO, OUEBHIHO, BCE TPH raJaKTHKH
COJILIOTCSI BOEIMHO, NOPOANB HOBYIO Ta/laKTHKY, KOTOpasi ye MOoJyuyusaa
coobcTBeHHoe UM — Munkomena (Milky way + Andromeda). CoJnie
K TOMY MOMEHTY YK€ MpPeBpPaTUTCSl B Oesblil KapJauK, KOTOPBIH, BEPOSIT-
Hee Bcero, O6yneT HaXoAuTbcsl Ha okpauHax Muikomennl. [To ncreuenun
npuMepHo 150 mjpn et B MecCTHOH rpymre co/ablOTCs MPAKTHUECKH BCe
00'bEKTDbI, OcTalooluecss B Hell, a HeGoJbllas 4acTb KapJHKOBLIX rajak-
THK, Ha000pOT, MOKHHET ee B pe3y/]bTaTe B3aUMOACHCTBHH C KPYNHBIMH
YJeHAMH TPYTIbL.

maBa 8
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OCHOBHble KOMMOHEHTbI MEX3BE3[4HOIN cpenbl — ras, Mbljib, MarHnNT-
Hble NONA N KocMUnYeckume nydn. [as n Nbuib cnyXkat MaTepuranom
O1s1 HOBbIX NOKONEeHNM 3Be3. B cBoto ouepenb 3Be3abl, 3aKOHYMB
CBOW XXN3HEHHDbIN LMKJ, cOpacbiBaloOT YaCTb BeLecTBa 06paTHO

B MEX3Be3[Hylo cpepny, oborallas ee HapaboTaHHbIMU B Xo4e peak-
UNA TAKEeNbIMU dN1eMeHTaMU.

BnepBble HageXHble AaHHble O CyLLEeCTBOBAHNIN 3HAUYNTENbHbIX
Macc BeLecTBa Mexay 3se3fgamu (Tam, roe gaxe He 6b10 3aMeTHO
HW CBET/bIX, H/ TEMHbIX TYMaHHOCTe) 6b11 nosyyeHbl B 1904 .
MNoranHom MaptmaHom (Johannes Hartmann), koTopbii npoaemMoH-
CTPUpOBas NornoLleHme cBeTa B IMHUAX KanbLs, UCCrieaysa crnekTp
3Be3abl genvra OpuoHa.

Mbl BUanM nposiBNeHnNsa Mexs3Be34HoN cpefbl faXe HEBOOPYXKEH-
HbIM M1a30M: K/louKoBaTtas cTpyktypa MneuHoro Nyt o6bsAcHAeTcA
TeMHbIMU 06/1aKaMM XONOAHOIO0 ra3a v NMbliv, NOMOLAKLLMMMN CBET
3Be3pq. MimeHHO HabnogeHVs MeX3Be3[HOro noroLweHns cBeTa
no3ponuam B Hayane XX B. fokasaTb Hann4me 3aHa4YnTeNbHbIX Macec
BeLLeCcTBa B MeX3Be3[AHOM MPOCTPaHCTBE.



9.1
Mexx3Be3gHblA ra3 v nblinb.
CocTtaB cpepgpbl

MexaBesaHas cpena B Haweld [Nanaktuke Ha 70% (mo Macce)
COCTOMT U3 BOHOponaa u Ha 28% — u3 reaust (Ha OCTAJbHBIE 3/JEMEHTHI
IPUXOAUTCS TpUMepHO 2%). BelecTBo MOXKET HAXOAUTHCS B Pa3HbBIX
cocTosiHUAX. B mepBoM mpuOG/IHXKEHHH MOXHO BBIIEJIHTH [BE TJaBHbIE
COCTaBJISIIONINE: TA3 H MbLIb.

OCHOBHbIE COCTaBNAOLWMNE MEX3BE3QHOMN cpenbl — ras,
MbiJlb, MarHUTHbIE NONA N KOCMWNYECKNE JTy4Yn.

['asa B ['asmakTuke GoJibllle, UM IBIJIH, €r0 IOJHAS Macca COCTaB-
aset okoso 10 mapn macc Conanna. OH MOXKeT HAXOAUThCS B Pa3HbIX
COCTOSIHHSIX B 3aBHCHMOCTH OT €r0 MJOTHOCTH H TeMIepaTypbl H B OCHOB-
HOM COCPEIOTOYEH B rajJaKTHUYeCKOM AMCKe (ec/M He YyKasaHO HHOe, jajiee
paccMaTpUBaeTCs MMEHHO 3TOT ras).

OcHoBHass Macca MOJIEKYNAPHOro rasa cocpenoToyeHa
B NNIOTHbIX o6nakax, 3aHumatowmx 1-2% obbema.

OcHOBHO 00beM TaJaKTHUECKOro ra3a — HOHH30BAaHHBIH BOMO-
POZ, KOTOPHIH MMEeT OTHOCHTEJNbHO BHICOKYIO TeMiepaTypy. [1pu stom
ero MJOTHOCTb HEBEJHMKAa, TaK 4TO 10 Macce J0Js HOHH30BAHHOI'O rasa
COCTAaBJSET JIHIIb YETBEPTh (OCTaJbHOE MPUXOMUTCS HA MOJEKYJISIPHBIH
M HeHTpasbHbIH ra3). 3HAUHTE/bHAS Macca COCPEAOTOUYEHA B MJIOTHBIX
XOJIOAHBIX 00/1aKax MOJIEKYJsSPHOrO rasda, 3aHUMAaIOLIUX JHIIb HECKOJbKO
NPOILIEHTOB OT MOJHOro 06'beMa.

dasza (cocTosiHHE) MEK3BE3IHOH Cpefbl ONpenessieTcss KoMOU-
HalMeld TeMnepaTypbl H MJOTHOCTH MEX3BE3[HOTO rada, B 3aBUCHMOCTH
OT 3THX MapaMeTPOB ra3 MOKET ObITb MOJEKY/ISPHbIM, HEHTPAJIbHBIM HJIH
MOHH30BaHHBIM. BHe MoJeKy/IsapHbIX 00/1aK0B, Ie MJIOTHOCTb IPEeBOCXOIUT
100 aTtomoB Bomopoja B KyGHMUECKOM CAHTHMETpE, BLIAEJSIOT YeTbipe
OCHOBHBIX cocTOstHHsI ((a3bl) rasza (MCK/0OUast 06JACTH HEMOCPEACTBEHHO
BOJIM3H 3BE3M, a TaKxKe HEKOTOpble IPyrue CjaydaH, COOTBETCTBYIOIIHE
B 1[eJIOM HEOOJIbIIOMY OTHOCHTEILHOMY 00beMy). [lepBoe cocTosiHie — 3T0
X0JI01Hasl HeHTpaJbHas cpefa ¢ Temmnepatypoit okono 100 K u mioTHOCTbIO
JeCSITKH aTOMOB B KyGHUYECKOM CaHTHMeTpe. BTopoe cocTosiHMe — 3TO
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TernJasi HelTpasbHas cpena ¢ temneparypoi 6000-10000 K, roe Ha onun
aTOM MPHUXOJUTCSl HECKOJbKO KyOHUeCKHX CAaHTHMeTpOB. TpeTbe cocTo-
siHHe — TeMJasi HOHH30BaHHAs Cpefa, KOTopas [0 CBOMM MapaMeTpam
MOX0Ka Ha TeMylo HeHTpadbHylo. Ee 0cO0EHHO MHOTO BAAJH OT MJIOCKOCTH
JIUCKA, © OCHOBHOH 00'b€M MOHHM30BAHHOTO Ta3a MPUXOAUTCS UMEHHO Ha Hee.
Hakownel, yeTBepTOoe cocTosiHMe — ropsyasi HOHM30BaHHAS CPela C TeM-
neparypo# oxoso 1000000 K, rae Ha 0OQMH aTOM NPUXOAUTCS MPHUMEPHO
100 cM’. D10, KOHEUHO, JOBOJBHO YIPOLIEHHAs: cXeMa Ae/eHHus Ha (asbl,
peasibHasi KapTHHA ropasio CJAOXKHee, B MepPBYI0 ouepenb H3-3a TypOy-
JIEHTHOCTH, MepeMelInBaollell Mex3Be3IHYI0 cpeay.

Macca raza npumepHo B 100 pa3 npesocxogunTt
Maccy nbinn.

KosimuecTBO rasa MeHsieTcsi B 3aBUCHMOCTH OT PACCTOSIHUSA OT LEH-
Tpa ['aJaKTHKKM M OT rajJakTHUeCKOH MJIOCKOCTH. Pa3Hble cocTaB/soOLIUe MPH
3TOM BeayT cebs 1Mo-pasHoMy (X0oTs HaG/I0faeTCst OOLIMHA TPEH yMEHbIIeHHs
MJIOTHOCTH TIPH YIa/J€HHH OT [EHTPa U OT MIOCKOCTH). Tak, MOJIEKyJ/ISIPHOro
rasa MHOTO BHYTpH pamuyca 500 mapcek oT ueHTtpa [amakTHKH — 3TO
TaK Ha3blBaeMasi yeHmparbHas MOACKYASAPHAS 30HA. 3aTeM €ro colepKaHue
najgaet BIVIOTH 10 3-4 Kusonapcek, a Mexay 4 u 6 Kujonapcex MoJexy-
JISIDHOTO Ta3a CHOBA MHOI'O — 3TO TaK Ha3bIBAEMOE MOACKYASIPHOE KOAbLO,
nocJie KOTOPOro HauuHaeTcsi cTaGUAbHOE SKCIOHEHIHAJ/IbHOE CllaJaHue
KOHIIEHTPAllMH. DTa COCTABJ/SIONIAST MEXK3BE3THOH Cpefibl KpaliHe BaXKHa,
MOCKOJIbKY UMEHHO C Hell CBsI3aHO 3Be3nooOpa3oBaHue B [ajakTuke.

B cpegHeM KOHUEHTpauma Mexs3Be3gHonm cpenbl nagaeTt
C yoaneHmem ot ueHTpa [anaktmnkm n ranaktnyeckom
N10CKOCTW.

Habatonaetcs: 60/bI10€e KOJUUECTBO Ta30BbBIX TYMaHHOCTEH pas-
Horo tuna. HekoTopble U3 HUX BO3HHUKAIOT B pedyJbTaTe cOpoca BelecTBa
3Be3gaMu (HampuMep, OCTaTKH CBEPXHOBLIX, MJIAHETAPHLIE TYMaHHOCTH).
Ilpyrue cBsizaHbl ¢ Ta30M, y»Ke HAXOAMBIIHUMCSl B MEX3BE3IHOH cpeje.
ManyueHue TyMaHHOCTeH MOXeET BO3HMKATb H3-3a NEHCTBUH HECKOJb-
KHX MeXaHu3MoB. Hampumep, BOMH3H TOPSUMX 3BE3J BO3HHKAIOT 06JACTH
HOHM30BAHHOTO BOJAOPOAA — 3TO IMUCCHOHHBIE TYMAHHOCTH, XOPOIIO
BUIMMblE B ONTHYECKOM AHanaszoHe. BOJIM3H XOJMOAHBIX 3BE3J, Ube H3JYy-
YeHHe He MOXKET HOHH30BaTh 3HAUHTE/bHOE KOJHYECTBO rasa, BO3HUKAIOT
oTpakare/ibHble TYMAaHHOCTH. HeKoTopble TYMaHHOCTH MOTYT HAGJ/I0IAThCS
B paJ{oMana3oHe H3-3a U3JyueHHsI aTOMOB H MOJIEKY/ B jJuHHAX. O6JaCcTh
OueHb ropsiuero raza (Hampumep, HarpeToro yAapHbHIMH BOJHAMH) Gymer
HCIyCKaTh PeHTreHoBcKoe uanyueHue. A B MK-mnanasone Mex3BesmHast
cpena MOXKeT CTaHOBHUTBLCSA BHﬂHMOﬁ 6ﬂaFO}lapH TEeIJIOBOMY H3/AYUEHHIO MbIJIH.
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[Tblib B Me#3BE3IHON cpejie B IIePBYIO ouepeib NposiBisieT cebs
uepes MoKpacHeHHe cBera 3Be3l (M0L0GHO TOMY, Kak KpacHeeT CoJHIlE WK
JlyHa Ha BocXofie WK 3aKate). DTO ObLIO HATJISIIHO MPOAEMOHCTPHPOBAHO
Po6eprom Tprommiepom (Robert Trumpler) B 1930 r. [Tbuib morsomiaer
U paccenBaeT ()OTOHBI C JJIMHOH BOJHbI MEHbllEe padMepa MbIIMHOK, 03TOMY
CUHAS1 00/1aCTb CIIEKTPa pacceuBaeTcsl B MEPBYIO ouepelb, a KpacHas —
nponyckaercs npakTuyecku 6ecnpensircTBeHHO. COOTBETCTBEHHO, JaHHbIE
HaGJII0JICHUH MTOKA3bIBAIOT, UTO pa3Mepbl MBIJIMHOK MeHblIe MHKPOMEeTpa
U MEJKHX MbUIMHOK ropasno 06oJblle, 4YeM KPYMHBIX.

CpenHsisi TeMnepaTypa Nbljid B ["alakTHKe COCTaB/sIET OKOJO
20 K, mo3ToMy OHa J0/’KHA SIBJASITHCST HCTOUHUKOM HH(PAKPACHBIX BOJIH.
Korna nosisusinch npu6opnl g5 Habuonenuit B MK-nnanasone, Bo3Huki1a
BO3MOXKHOCTb HENOCPEACTBEHHO HabJ/II01aTh H3JAYyUYeHHe IbLIH, a He TOJbKO
ee noryomanmuil apdext. HecMoTps Ha TO YTO MBLIbL COCTABJSET JHIIb
0KO0JI0 1% OT Macchl MeX3BEe3IHOH Cpelbl, OHA UrpaeT GOJbIIYI0 PoJb KaK
C TOUKH 3peHds (PU3HUEeCKUX U XuMHUeCKHX (!) MPOIeCcCoB, TaK H C TOUYKH
3peHust HaOMIOAeHHUH.

MbiNb NOCTOAHHO NOCTaBASAAETCA B MEX3BE34HYIO Cpeay,
B NepBylo ovepenb bnarogaps asesgam-ruraHTam.

[TbIb MOCTOSIHHO MOCTABJISIETCS B MEK3BE3IHYIO CPeLLy, B MEPBYIO
ouepenb Gaarofapsi ee MpPOM3BOACTBY B HCTEKAIOIUX 000J0UKAX 3BE3/-TH-
FaHTOB W MNJIaHETAPHBIX TYMaHHOCTAX, a TaKXKe B 0060J10UKax CBEPXHOBBIX.
[IblTMHKY KpaliHe BaXKHBI C TOUKH 3PEHHUS] XUMHHM MeXK3BE3JHOH cpefbl,
IIOCKOJ/IbKY MHOTHE peaKLHUH, B KOTOPBIX CO3[AI0TCS CJAO0XKHbIE MOJEKY.IbI,
BO3MOKHBl TOJIBKO Ha MOBEPXHOCTH IbIIHHOK.

[TbIIMHKY MOT'YT OPHEHTHPOBATBLCS B MATHUTHOM MOJe€, UTO MPH-
BOIMUT K IMOJSIPU3ALMH U3JAYUYeHHSI. DTO, B UACTHOCTH, IOMOTAeT HUCCAE0-
BaThb CTPYKTYpPY MarHuTHoro noJs ['ajakTuku. MarHuTHblE MOJSI MOTYT
Urpath 0OJbIIYIO POJb B AHHAMHKE MEXK3BE3[IHOH Cpelbl: cpela YaCTHUHO
HOHHM30BaHa, W rady MpoIlle ABUraThCs BIOJb, a HE TOTepeK MoJsi, a KpoMe
TOTO, MarHUTHOE I0JIe B HEKOTOPLIX C/ydasiX MOXKeT OblTb AOCTATOYHO
BEeJIMKO, UYTOObl BHOCHTH CYIIECTBEHHBIH BKJAl B AaBjaeHdHe (Hampumep,
B MOJIEKYJISIDHBIX 0G/1aKaX).

Oco06eHHO CH/IbHO MArHUTHBIE TI0JS BJAUSIOT Ha YaCTHIBI KOC-
MHUYECKHX Jyued — IOCJ/JAeJHEH COCTABJAAOIICH MEK3BE3JHOH Cpelbl.
ITH YaCTHIbI UMEIOT 60JIbIIIHE 9HEPruu, MHOTOKpPATHO IPEBOCXOAsAINE
UX MacCChbl MOKOs, B OCHOBHOM OHH ABJIAIOTCA aTOMHBIMH AApaMH (B nep-
BYIO ouepefib npoToHamu). B [anakTike ycKopeHHe YacTHI[ 10 GOJBIIHX
9HEepPruil MPOUCXOIUT B OCHOBHOM B OCTaTKaX CBepxHOBHIX. Kpome Toro,
MOJIATAIOT, UTO YACTHIbI CAMBIX BBICOKHX SHEPTHH (HEMOCTHKUMBIX MOKA
Ha 3eMHBIX YCKOPHUTEJSX) YCKOPSIOTCS B MOKA HEHM3BECTHBIX BHEraJaKTH-
YeCKHX HCTOYHHKAaX. [1I0OTHOCTb 3HEPTrHH KOCMHUYECKHX JyueH Mo MOopsiiKy

maBa 9
Mex3Be3gHas cpepa 2 0 5



BE€/JMYHHbI CpaBHHMAa C MJIOTHOCTbIO TeIJOBOH 9HEPTruu B MeK3Be3IHOH
cpene, mos3ToMy KOCMHYECKHE JyUHh UrparoT B Hel 3aMETHYI0 pOJib, HarpeBas
H HOHHU3HPYs BEUIECTBO.

9.2
[MornowieHme cBeTa

C ToukHu 3peHud aCTpOHOMa-Ha6JHO,E[aTeJIﬂ, rJaaBHasi poJb Mex-
3BEe3IHOH cpenbl CBdA3aHa C IMOIVIOUIEHHEM HJHW pacCessHHeM H3JAYyUeHHd
JajleKuX HCTOYHHKOB. B pa3JuUHbIX AHalla30HaX 3JCKTPOMArHUTHOTO
CIIEKTpa paGOTalOT pasHble ME€XaHU3Mbl, CBsA3aHHble C TEMH HJAH HHBIMH
KOMIIOHEHTAMH MeX3Be3J1HOH cpenbl.

I'IpmcyTCTBme nblivi npmneBoOanT K NOrMOLWEeHWIo
N NOKpacHEHWMIO CBETa 3BE3[.

Haunem c onrtuueckoro auanazona. B 1904 r. Moranu 'aprman
06GHAPYKHJ TOTJIOLIEHHE CBETA 3Be3/bl B JUHUIAX MEXK3BE3JHOI'0 KaJbllus,
a B 1930 r. Po6ept Tpiomm/iep npoieMOHCTPUPOBAJ, UTO MOKpPACHEHUE
CcBeTa 3Be3J 00'bSICHsETCS] MOIJIOIEHHEM MEX3BE3IHbIMH TbIIUHKAMA
W3JyUeHHs] B CHHEH YacTu crekTpa. [leficTBUTENbHO, N/ BUIUMOTO CBETa
(a rtaxxke masa 6amxkuero MK- m Y®-1nanasoHoB) rJIaBHBIM SBJASETCSH
TOTJIOIIEHNEe CBETa MbIIMHKAMH, MOTJIOIEHHOE H3JyUeHHe HarpeBaeT Mblb,
a 3aTeM mepeussayvaercs Ha 6oJjiee JJIUHHBIX BOJHAX.

[Ibl1b 3(ppeKTHBHO MOTJOLIAET CBET C JJIMHOH BOJHBI MEHblIe
pasMepa MbIIMHOK, MO3TOMY MOSIBJASIETCS CYIleCTBeHHAass 3aBUCHMOCTD
MHTEHCUBHOCTH TIOTJIOLIEHHUSI OT JJAWHBl BOJHBL. sl yabTpadHoseTOBOTO
M3JIYUYeHHs] TaK)Ke Ba)KHO paccesiHhe H3JydYeHHs OUeHb MEJKOH TbLIbIO.

Kpome HenpepbIBHOTO TOTJIOUIEHUST U3/JIYyUeHHS TBLIbI0 CYIIe-
CTBYeT TaKxKe MOTJIOIleHHe Ha OINpejleIeHHBbIX JJIHHAX BOJH HJH B OTHO-
CHTEJIbHO y3KHX JHMana3oHaX. DTO MOXKeT ObITh CBSI3aHO U C MbLIbIO
(Torga moJiochl MOTJIOMIEHHST IOCTATOUHO HMIHPOKHE: HAIPUMEp, H3BECTHbI
J1anasoHbl MOTJIOIEHHSs], CBSI3aHHbIE C JeASHBIMH U CHJINKATHBIMH TbIJIHH-
KaM#), U ¢ rasoM. B rase morJsoiieHne MNPOUCXOAUT KAK B JHHHUSAX 3J€-
MEHTOB, TaK W B JUHHUSIX MoJeKysa. B moc/ennem ciydae MOryT BO3HHKATh
CMeKTpaJbHble MOJOCH, B TOM YHCJe A0BOJbHO HIHpokue. Hanpuwmep,
NPUCYTCTBHE B MEXK3BE3[HOH Cpejle MOJNUIUKJINUECKUX apPOMATHUECKUX
YIJIEBOAOPOLOB (3TH BellecTBa MOTYT BCTPEYaThCs KAaK B BHAE OTHEJb-
HBIX MOJIEKYJ, TaK M B COCTAB€ MbIIHHOK) MPHBOIUT K MOTJIOIIEHHIO
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uzaydenus B UK- n Y®-nuanasonax crnekrpa (XoTst 0ObIYHO TaKHe
MOJIEKYJIbl HAGJIOMAITCS HE B MONJIOIEHUH, 4 B 9MHCCHH).

B PEHTreHOBCKOM Anana3oHe ocnabneHmne n3ny4vyeHmsa
CBA3aHO B OCHOBHOM C I/IOHI/I3aL|,I/IeI7I aTOMOB.

B kecTKOM ynbTpauoMeTOBOM H PEHTTEHOBCKOM IHaNa3oHax
cUTyalus HHas. TaM MorvollleHHe B MepByI0 ouepelb CBSI3aHO C TeM, 4TO
(DOTOHBI MOTYT HOHHM30BaTbh HEHTpaJ/bHble aTOMBI, IPH 3TOM BCSl SHEPIHs
(horoHa nepenaercst 3/1eKTpoHy. COOTBETCTBEHHO, OCHOBHOH BKJAaJl B MOIVIO-
[IeHHe BHOCUT HE Ibljib, a HEHTPAJbHBIH BOAOPOA (XOTS B AeTajbHbBIX
COBPEMEHHBIX MOJEJAX YUHTBIBAETCS W BKJAML b, H BKJIA1 MOJEKYJ).

Hakonelw, 115 »KeCTKOTO PEeHTI€HOBCKOIrO M3JyUeHHs BaXKHOH
OKa3bIBAeTCsI HOHH30BAHHASI MEX3Be3[Hasl cpella, MOCKOJAbKY OCHOBHBIM
NpOLECCOM CTAHOBUTCSI KOMIITOHOBCKOE paccesiHie Ha CBOOOJHBIX 3JeK-
TpoHaX: (POTOH TepsieT CBOI 3HEPrHio, NepefaBasi ee 3JeKTPOHY INpH
B3aMMOJEHCTBHH, B UTOI'e€ PEHTI'€HOBCKHH MOTOK ocJ/abJsieTcs.

B pagnopgmnana3soHe B3anmMogemcTeme co CBO6ogHbIMN
aNeKTPOHaMMN NPUBOANT K «pacnjibiBaHMNIO» CUTHana.

A BOT B paauouanasdoHe MOMVIOLIEHHE MPAKTHUYECKH HeCyleCTBeH-
HO, 3aTO BO3HHMKaeT Apyroil acpekT — nucrnepcus curxaja. KMs-sa Hamau-
4yMsi CBOOOJHBIX 3JEKTPOHOB B HOHM30BAHHOH cpefie 3/JeKTpOMarHUTHbIE
BOJIHBl Pa3HOH JJIMHBl PACHpPOCTPAHSIOTCS C Pa3HOH CKOPOCTbIO, U CHUTHAJ
Ha GoJsiee KOPOTKHX BOJIHAX MPUXOAUT 4yTb paHblie. Ec/AH HCTOYHHMK HCITy-
CTHJI KOPOTKHH HMIIYJ/bC B IIMPOKOH CHEKTPaJbHOH MOJOCE PaJHOBOJIH,
TO JeTeKTOop, paboTaloIlUi B TOM Ke JHanasoHe, 3aperUCTPUPYeT yKe
«paCI/IBIBLIMACSA» 10 BPEMEHH MUMIYJAbC. B c/ayuyae CUABHOH OUCTIEPCHH
HUMIYJ/IbC MO2KET HACTOJbKO U3MEHHTb BPEMEHHOH MpoQuiIb, UTO He Oyaer
JIOCTATOYHO BbIAEJATHCS Ha (hOHE IIyMa M MoToMy He OyneT 3a(UKCHPOBaH
npu6opamu. Kpome Toro, HaquuHe MarHUTHBIX MOJEH B Cpejie MPUBOAUT
K IOBOPOTY IJIOCKOCTH MOJSIPU3AaLMH 3/€KTPOMarHUTHOH BOJIHDBI, UTO TaKxKe
HabJ01aeTCsl.

Paccesiine Ha CBOOOIHBIX 3/1EKTPOHAX (TOMCOHOBCKOE paccesiHue)
He urpaet GOJbIIOH PoMH B 0C/Ia0JEHHH U3/IyUeHHs B MEK3BE3IHOH cpeje,
MOCKOJIbKY €€ MJOTHOCTb HEAOCTAaTOYHO BeJHKa.

OnHako B M0JI00H BeesieHHO# (10 3M0XH peKOMGHHALIMK) KOPOT-
Kasi AnuHa npobera (OTOHOB OGBSICHSNACH HMEHHO 3THM TPOIIECCOM.

BaaumopelicTBHE H3JYUEHHSI C MEK3BE3[HOH CPELOH 3aBUCHUT
OT €€ MJIOTHOCTH (IJIOTHOCTH PA3HBIX KOMIOHEHT — MBLIH, HEATPAJIbHOTO
rasa, CBOGOIHBIX 3JEKTPOHOB — B 3dBUCHMOCTH OT [IMAMA30HA [JIHH BOJIH).
[TosTomy Bce 3(pPeKTh yCHAUBAIOTCS B HANpaBJAECHHH HA LEHTPAJbHYIO
yacTb ["afakTHKH, a Takxke B MmiaockocTH MaeuHoro [1yTu. DTo npuBOAUT
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K TOMY, YTO MHOTHE 0630pb1 BHEra/laKTHYeCKHUX HCTOYHHKOB ITPOBOAAT
He Ha BCEX yuaCTKax Heb6a: BO3HHUKAET «I0J0ca uaberaHusy BOJHM3H IJIO-
CKOCTH TraJJJaKTHYeCKOIro gucka.

Bce Bnabl BO3encTBna MeX3Be3gHoW cpeabl
Ha n3ny4yeHme 3ameTHee B nnockoctu ManakTmnkn.

Pas/inuHble KOMIOHEHTB MEXK3BE3[HOH cpefbl SBJSIOTCS TaK¥kKe
U UCTOUHHKAMH H3/ayueHHsl. C OfHOH CTOPOHDI, 3TO MPUBOIUT K MOSIBJIEHHIO
Hexe/aTeqbHOro GoHa B psiie HCC/IefoBaHUH (HampHUMep, MPH H3yUYeHHH
PEJMKTOBOIO HU3JYUYEHHsI), a C APYrod — K CYLIECTBOBAHHIO KPACHBBHIX
TYMaHHOCTEH Pas3HOTO THIIA.

9.3
KpyroBopoT BeLlecTBa
B MeX3Be34HOW cpepne

3Be3abl 06pa3yloTCsl U3 MEX3BE3HOTO ra3a, OHM BO3HHUKAIOT
B HeApaX MOJEKYJSIPHBIX 00JaKOB, COCTOSIIIHX B OCHOBHOM H3 MOJIEKY-
nsproro sogopoaa (H,) n aTomapHoro resusi ¢ npumecobio mblid. Taxum
00pa3oM, XMMHUYECKHH COCTaB Cpebl onpeenseT Haya/bHbI XUMHUECKHH
COCTaB 3Be3[, U OT 3TOr0 3aBUCSAT MHOT'HE XapaKTEPUCTHKH a/bHEHIINX
TNIPOLIECCOB B 3Be3[e, B MEPBYIO ouepe/b 3TO MPO3PAYHOCTb €€ BelleCTBa.
B npouecce cBoell XKH3HU 3Be3/bl PEBPALIAIOT JIETKHE 3JEMEHTHI B TsXkKe-
Jble. Bpems »u3HM 3Be3a ¢ Maccol GoJblie uyeM npumepHo 0,8 co/HEeUHBIX
MeHblle BPEeMEHH, Npollellero ¢ MoMeHTa o6pa3oBaHus ['ajakTHKH.
JlocTHrHYB NOCJ/IEIHUX CTaAui CBOEH 3BOJIOLHH, 3BE3/bl TeM HJH HHLIM
crnoco6om (3Be3HbIH BeTep, cOPOC 000/0U€EK, B3PbIB) BO3BPAILIAIOT YaCTh
BelleCTBA B MEXK3BE3[HYIO cpely, oforaiias ee TsKeJNbIMH 3JeMEeHTaMH.
[Tocsie nmepemeinBanus (3a cuer TYpOY/JIEHTHOCTH H APYTHX MPOLECCOB)
3TO BeIeCTBO MOXKET BOHTH B COCTAaB HOBOTO MOKOJeHHs 3Be3d. Tak
TIPOUCXOANT KPYroBOPOT BeIlecTBA B ['a/makTHKe.

B Nanaktuke mexay 3se3gamMmm n mMexsBe3gHonm cpenomn
NOCTOAAHHO NPOUCXOAUNT KPYroBOpOT BELLECTBA.

[Touemy ke Bech ra3 B ['ajakTHke He MOxeT GbICTPO MpeBpa-
TUTbCS B 3Be3Abl? Jlesio B TOM, UTO JJs 3B€31000pa30BaHUSs ra3 MOJMKEH
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ObITh MJOTHBIM M XOJOAHBIM. OIHAKO, KaK TOJbKO MOSIBJSIOTCS MEpPBbIE
MaCCHBHbIE 3B€3/lbl, OHH MOUTH CPa3y CTAHOBSITCS MUCTOUHHKAMH MOIIl-
HOT'O W3JyUeHHs] U BETPOB, BO3JAEUCTBYIOIIMX HA MOJEKYJSpPHOE 06JaKo,
B KOTOPOM OHH POAMJHCH. Kpome TOro, BpeMsl JKH3HH CAMBIX MACCHBHbBIX
3Be3/l I0CTATOUHO MaJjo — Mapa MHJAJIHOHOB JeET, TMocjae Yero OHH B3pPbIBa-
I0TCSl KaK CBEPXHOBBIE, OT/aBasl 4aCTb HEPTHH B MOJEKYJAspHOe 006JaKo,
Harpesasi U pa3pyuias ero. Bce 3Tu mpoiiecchl MPUBOAST K TOBOJBHO
HU3KOH 3((eKTHBHOCTH MepepabOTKH rasa B 3Be3[bl: 00JaK0 ¢ Maccol
MO/l MUJJIMOH COJIHEUHBIX MOXKET JaTh B UTOTE 3BE3JIHOE CKOTJIEHHE Mac-
COU, UCUMC/SIEMOH JIUIIb JECSTKAMH ThICSU COJHEYHBbIX Macc. Tak 4To
KPYTrOBOPOT BEIIECTBA OTYACTH Pery/aupyeT CKOpoCcTb U 3(P(PEeKTHBHOCTb
3Be31006pa3oBaHusl, pacTIruBasi ero BO BPeMeHH.

Macca raza B anmakTuke cocrtaBaseT okoqo 10 mapa macc
CouHIla, @ COBpeMeHHBIH TeMn ()OPMHUPOBAHHUST 3Be3/l — HECKOJIbKO Macc
Counua B roa. Koneuno, He Bech ra3 HaxoauTcsl B (hopMe, MPUTOIHON JIJist
3amycka rpoilecca 3Be3000pa3oBaHus, TeM He MeHee C yueTOM BO3BpaTa
rasa B MexsBesaHylo cpeay (Bosspamaercs nopsaka 10% macchl 3a cuer
CBEPXHOBBIX H BETPOB MACCHBHBIX 3Be3/l) HAa (DHHAJBHBIX CTAIUSIX SBOJIOLHH
3Be31 (DOPMHPOBAHHE HOBBIX MOKOJEHHH MOXET TMPOJ0MKATHCS B HalleH
[anakTHKe elle B TeueHHe MHU/AAHAPAOB JeT. OfIHAKO YacTh BeleCTBa
OCTaeTcsl CBSA3aHHOH B KOMMAKTHBIX OcTaTKax (0esible Kap/JuKH, HEHTPOHHbIE
3Be3/bl U UepPHbIe JbIPbl), a TaKike BXOAHT B COCTAB OYEHb JOJIOMHBYIIHX
MaJIOMaCCHBHBIX 3Be3], OYpPhIX KapJdHKOB U mjaHeT. Kpome Toro, 4actb
rasa nepexojiuT B ropsiuee COCTOSIHHE C HHU3KOH MJOTHOCTbIO, U HE BeCh
3TOT Ta3 B OyAylIeM CMOXKET OXJ/JIaIUThCs U BOHTH B COCTaB MOJEKYJSPHBIX
006/1aK0B, YTOOBl CTAaTh ChHIPbEM [/Isl POXKAECHHS 3BE3.

B mex3Be3gHyto cpeny nonagaeTt ras, oboraweHHbIN
TAXENbIMWN 3N1IeMEHTaMM 3a CHET TEPMOSAAEPHbIX peakyunn
B 3BE€3[aX.

CBepxHOBBIE M MOIIHBIE 3BE3[HblE BeTpa HUrpamT GOJbIIYIO
poJib B reHepaluyu TypOy/JeHTHOCTH, Bax<HOH AJIs1 TUHAMHKH Me3Be31HOH
cpeabl. B yacTHoCTH, TypOyJEHTHOCTb XOPOLIO NepeMelnBaeT ras, yro
NPUBOJAUT K BbIPABHHBAHHMIO XMMHUECKOI'O COCTAaBA MEXK3BE3IHOH Cpeibl
B ["anmakruke.

3Be3gHblie BeTpa N CBEPXHOBbIE OKa3blBalOT
OMHaMuMyeckoe BO3[eNCTBME HA MEX3BE3OHYIO cpeny.

B to ke BpeMsd B raJakTHUECKHH NTUCK MOXKET nocTynaTtb rasa
C HUBKHM COAEp2KaHUEM TsKeJ/bIX 2JEMEHTOB. ITO CBA3aHO H C aKeruHeﬁ
rasa, u ¢ norJioueHnem KapJHKOBBIX CIIYTHHKOB. Taxkoi npouecc ObLI
0COOEHHO BaXXeH B TeueHHe MMePBbIX MHUJAMHAPAOB JET KU3HHU [a/akTHKH.
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HaGuoneHust 10CTOBEPHO MOKA3bIBAIOT, YTO XUMHUECKHH COCTAB
3Be3/ ["alakTHKM, POAMBIINXCS B PasHble MEPUOMbI €€ KM3HH, pas3J/nueH.
YeM paHblie B uCTOpUH [amakTHKu copMHpOBasach MOMYJSIUS 06'bEKTOB,
TeM HH2Ke B HHUX COJEep:KaHHe TSKeNbIX 3JeMeHTOB. Hampumep, 3Be3nnl
rajgo cojep:aT ropasao MeHblIe 3JeMEHTOB TsuKesjee Iefus, UeM 3Be3/bl
JUCKA. DTO OAHO3HAYHO CBHUAETEJNLCTBYET O MNOCTOSSHHOM KPYroBOPO-
Te BellecTBa ¢ o0oralleHHeM TSKEJIbIMH 3JeMEHTaMH 3a CueT peakuuh
B 3Be3[aX, a TaK¥ke BCIBIIIEK CBEPXHOBBIX U CJAUSHHH HEHTPOHHBLIX 3BE3I.

YacTb BellecTBa B Xo4e KpyroBopoTa OCTaeTCs CBA3aHHOMN
B KOMMAaKTHbIX OCTaTKax, Nerkmx o6bektax n ropsyem rase
HN3KOM MMIOTHOCTW.

PasHble XMMHUeCKHe 3/JeMeHTHl CO3/1al0TCs B Pa3HBIX PEaKIHUIX
M B PasHbIX Mpolleccax, a HHOTJA M pas3/auuyHbiMH o6bekTaMu. Kpome
TOr0, BaX»XHO, KaK UMEHHO 3JIeMEeHTbl MOCTABJSIOTCS B MEXK3BE3IHYIO
cpeny. Hampumep, xKese3o momagaeT B MeXK3Be3IHbIH ra3 B OCHOBHOM
B pe3y/JbTaTe BCIBILIIEK CBEPXHOBBIX THIA la — TepMosiiepHBIX B3PLIBOB
CBEPXKPUTHUECKHX 6esblX KapJHKOB, a 3TOT MPOIlecC HaAUMHAET HIATH
JIMIIb CITYCTS1 TPOAOJKUTEIbHOE BPEMSsI MocJae MOSIBJAEHHS 3Be3[, TaK Kak
NpapoinuTe I 6esblX KapJuKOB KHUBYT NOCTATOUHO AOJAT0. A BOT BCHBILIKH
CBEPXHOBBIX C KOJIJIAIICOM siIpa MPOUCXOMASIT HAMHOI'O GbICTpee MmocJje
HauaJja 3Be310006pa30BaHusl, a OHH OTBEUAIOT, B YAaCTHOCTH, 3a TaKHe
agemenTh, kak O, Mg, Si, Ca, Ti. [Ipuuem kucjaopoa u Maruui, moma-
Jampilne B MeXK3BE3IHYI0 Cpely, MPOU3BOAITCS MAaCCHBHBIMU 3BE3daMHU
JI0 B3pbIBA, & KPEMHHUH, KaJbllUH U TUTAaH — BO BpeMs B3pbiBa. Broba-
BOK 3Be3J/Ibl Pa3HbIX Macc (POPMUPYIOT 3JE€MEHTHl B PAa3HBIX MPOMOPIHUSIX,
MOSTOMY aHaJHu3 OTHOCHUTEJNbHOTO COMEPKAHUSI Pa3HBIX 3JEMEHTOB T03BO-
JISeT MmoJayuaTh 6oJjiee AeTajbHYI0 MHPOPMAIHIO O CBOHCTBAX 3BE3THBIX
NOMYJSIUH, YUaCTBYIOIIUX B KPYTOBOPOTE BEIIECTBA: MO2KHO OMpeAessiTh
pacrmpeje/seHHe 3Be3] MO HauaJbHBIM MaccaM, a TaKKe BOCCTAHABJAUBATH
HCTOPHUIO 3BE310006pa30BaHuUsI.

9.4
Mex3Be3gHble MarHUTHblIE Nons

B camom xonie 1940-x rr. Busibam Xuaruwep (William Hiltner)
u kon Xosa (John Hall) oGHapyKu/IH, YTO CBET 3BE3J ABJSIETCS MOJIsA-
pusoBaHHbIM. HeMHoOro nosgHee 3ToT (pakT Obl1 00bSICHEH HaJHUHEM
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MeK3BEe3[IHOTO MAarHUTHOrO MoJsi. [leTajpHOe H3yueHHe MarHUTHOTO MOJIs
["amakTuku Hava/J0Ch JHIIb BO BTOPOH mosoBuHe XX B.

AKTUBHOE N3yYeHUE MEX3BE3AHbIX MAarHUTHbIX NONen
Ha4yanocb TONbKO BO BTOpOI nonosumHe XX B.

B Hacrosiiiee BpeMsi CyLIECTBYET HECKOJbKO METOJ0B H3yUeHHS
9TOH cocTaBJ/sioLIeH MeX3Be3HOH cpeabl. B ocHoBe mepBoro meroja
JISXKUT 3eeMaHOBCKOe paclielyieHHe JHHUHA: B MarHUTHOM MoJie MEHSI0TCS
OpOHTHI 3/IEKTPOHOB B aTOME, UTO MPUBOAUT K XapaKTepHOMY pacliern/eHHIo
CIeKTpa/JbHBIX JUHUH. BTopoil MeTOn MCHMONb3yeT BJAHSIHHE MarHUTHOTO
MoJisi HA OPUEHTALNIO TBIMHOK B MEXK3BE3HOH cpejie: CBET 3Be3[l, MPOXOjsl
yepes 3alo/JHEHHbIe TaKOH MBI 00/1aCTH, MOJMSPU3YETCS, © N3MEPEHHS
NOJISIPU3AIHHN TT03BOJSIOT CYIUTh O MapaMeTpax MarHUTHOTO mnoJast. TpeTuit
MeTOJ M3yvaeT coOCTBEHHOe HH(PAKpacHOe H3/yUYeHHEe MblIH: COOPHEHTH-
POBAHHOCTbH MBIIMHOK B MAarHMUTHOM 110/l MPHUBOAMUT K €ro MoJisipu3alltH.
YeTBepThli MeTOA U3MepsieT HHTEHCHBHOCTb CHHXPOTPOHHOIO H3Jyue-
HHSI, KOTOPO€ HCIYCKAIOT IBHKYIIMECsS B MAarHUTHOM T0Ji€ 3JEeKTPOHBHI.
W, HaxkoHel, NSTHIH MeTOA M3yyaeT BpalleHHe MJOCKOCTH MOJsSIpPU3allNH,
BO3HHKAIOILIee TPH PACIPOCTPAHEHHH JHHEHHO MOJMSIPH30BAHHOTO M3J/1yUEHHS
uepes 06/1aCTb, B KOTOPOH €CTh yMOPsI0UeHHOe MarHUTHOE moJie (Tak Hasbl-
BaeMoe (apaleeBcKoe BpalleHue). Pagnomnyabcapbl SIB/ISIOTCS XOPOUIMMH
HUCTOUHHKAMH JIMHEHHO TOJ/ISIPU30BAHHOTO M3JyYeHHs, U UX HaOJ/IofeHHs
MO3BOJISIIOT ONPEeNeIUTh paclpejesjeHle MarHUTHOTO noJst B ["anakTHKe.

B Hacrositiee BpeMst HAYT TUCKYCCHH O MPOMCXOXKIEHHH HayaJb-
HOro (3aTpaBouHoro) mMaruutHoro noJs [anaktuxu. Ho Her comuHenuit
B TOM, 4TO Ha NMPOTSKEHHWH HCTOPHUHM Haued ['aJaKTHKH 3TO MoJe yCH-
JIUBAJNOCh C MOMOUIbI0 AMHAMO-MeXaHH3Ma, B KOTOPOM MeXaHHYyecKas
SHeprus (IBHKeHHE ra3a) MepeKaurBaeTCst B SHEPrHI0 MATHUTHOTO MOJISI.
AHaJjlornyHoe yTBepxKAeHHe BEPHO W [/l MarHUTHBIX MoJieH, HabJ/11aeMblX
B JIPyTHX rasakTHKaxX. Mar{uTo-ruipolMHaMuiecKyie Mpouecch B TypOysu-
30BAHHOH cpejie BeCbMa CJOXHBI, TTIOTOMY CYIIECTBYEeT MHOTO HEsSCHOCTEMH
OTHOCHTEJbHO AeTasell MexaHuaMma ycuJjeHus noJas. B Hacrosiee Bpems
MHOKECTBO HayUHBIX I'DYINIl B MHpe, B TOM uHc/e U B Poccun, paboraeT Haj
KOMIIbIOTE€PHBIM MOJEJAHPOBAHHEM 3BOJIOLIMH MarHUTHBIX TO0JeH ralaKTHK.

KpynHomaclwTtabHoe none lanaktukm ycunmeanocb
ANHaMO-MEXaHN3MOM.

MOHO T'OBOPHUTb O KPYMHOMACIITAOGHOM MarHUTHOM TOJ€e
B [amaktuke (peub uaeT 0 Macmrabax B THICSYH CBETOBLIX JIET) H O MeJI-
KomacirtabHoMm moJie (HanmpuMmep, BHYTPH KaKOro-HHOYAb YMJIOTHEHHS
B MoJIeKy/JIspHOM o6Jjake). KpynHomacuiraGHoe moJjie HMeeT CTPYKTYDY,
oTpaxarollyio raobanbHbie cBolicTBa [amakTuku, a MeaxomaciiTabHoe
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MOXET MMeTb Pa3HYI0 BEJHUHHY H TOMNOJOIHIO B pa3HblX MecTax. KpymHo-
MaciTabHoe 1oJie B AUCKe UMeeT THIHYHYIO BEJIHUHHY MOPSIKA HECKOJIbKHX
JEeCSITUMUJIIMAPIHBIX T0Jed Tecaa (Heckoabko Mukporaycce). Hecmorps
Ha KaXYIIylocs Madylo BeJHUHHY, T0J€e CYLIeCTBEHHO BJHSIET Ha MOBeNeHHE
MOHH30BAHHOI'O r'a3a, MOCKOJbKY JaBJEHHE MArHUTHOTO MOJSI MO MOPSIAKY
BEJIMUYMHBl CPABHUMO C JaBJEeHHEM B MEXK3Be3[JHOH cpene.

Kak u B ciyuae H3yuyeHHs CIHPaNbHOrO y30pa, ONpeLeJsiTh
HanpaJ/eHUs KPYMHOMACIITAOHOIO MarHUTHOro noJjs ["aJakTHKH, HAXOAsCh
B ee IIJIOCKOCTH, OYeHb HENpOoCTO. ¥ Hac HeT MOJHOH YeTKOH KapTHHBI
€ro CTPYKTYpbl, OJHAKO OUEBHIHO, UTO OHA CBsI3aHA CO CTPYKTYPOH CIHU-
pasbHBIX PYKAaBOB.

MarHmntHoe none gOCTaToO4HO BEINKO, YTOObI BNINATL
Ha noBegeHme MexxsBe3fgHoro rasa.

MarsuTHoOe MoJie MPUCYTCTBYET H B rajo [ajJakTHKH, T OHO
HECKOJIbKO ciabee, YeM B JIUCKE, H HMEeT CYLIECTBEHHYIO COCTABJISIOLLYIO
B BepPTHKa/JbHOM (MepreHIuKyJIpHOM JIMCKY) HampasjeHdH. [loje B rajo
yMeHbIIaeTCd IpH yAaJ€HUH OT raJakTHUEeCKOH MJIOCKOCTH C XapaKTepPHbIM
MacmTaboM 5-6 Kujaonapcex.

MeskomaciitaGHoe MmoJjie MOXKeT ObITh YCHJAEHO H 3aMyTaHO
M3-3a CKaTHsl 06/1acTH (C COXpaHEHHEM MATHHTHOTO MOTOKA), MEXK3BEe3/I-
HO# TYypOYJEHTHOCTH, B3PbiBa GJH3KOH CBEPXHOBOH H APYTHX MPOLECCOB.
B YaCTHOCTH, MarHuTHOE I10JIe MO2KET JOCTHUIaTb OOJIbIIOH BEJHUYHMHDI
(coTHH MHKporaycc) B MJIOTHBIX MOJEKYJAsSPHBIX o6jakax (moje pacrer
MPUMEPHO KaK KBaJpaTHBI KOpeHb W3 IJIOTHOCTH rasa). B pesyabrare
noJie BHOCHT CYIIECTBEHHBIH BKJIA/ B JaBjeHHE B 06JaKe U TeM CAMBIM
BJHSIET HA MPOLECC 3Be31000pa30BaHHsI B HEM.

Cepreii MNonoe
BceneHHas 21 2



maBa 9
Mex3Be3gHas cpepa 2 1 3



Cepreni Nonos
BceneHHas 2 1 4



lnaBa 10

MWUP TAJIAKTUK

10.1 Twnbl ranakTuk 217

10.2 O6pazoBaHme 1 B3anmogemncTeme ranaktmk 222

10.3 CBepxmMaccuBHbIe YepHbIe Oblpbl M aKTUBHbIE Aapa 226

10.4 CkonneHmnsa ranakTUK M KpynHomaclutabHas 231
CTPYKTypa

215



Mwp ranakTvk B NOIHO Mepe NpeAcTan nepeg Hamm meHee

100 net Hasap. Ewe B 1920 r. npoLuen Tak Ha3blBaeMblin Benukunin
ancnyT mexay Xe6epom Keptucom (Heber Curtis) n Xapnoy Wennu
0 npupoge TyMaHHocTen. KepTmc oTcTamBan TOUKY 3peHMs, YTO

9TO rMraHTCKMe 3Be3gHble CUCTEMbI, NOA00OHbIe Hawen ManakTuke,
a LWennwn 3awumwan B3rnag, 4To aTo HebonbLuvie 06pa3oBaHuNS, pac-
nonaratowmecs BHyTpn Hawewnm lanakTmkn. Hamtm nctmnHy yganocb
He B Crope, a B pe3y/braTte aCTPOHOMMYECKUX HabntogeHnn. CnycTa
HECKONbKO NeT TpygamMmu psaa acTPOHOMOB y4anocb pa3HbIMU CMo-
cobamm onpeaennTb pacCTOAHMA [0 HEKOTOPbIX N3 CNUPanbHbIX
TymaHHocTel. Pe3ynbraTbl nokasanu, YTo 9TO F’MraHTCKmne 3Be3aHble
OCTPOBa, HaXOASALLMECH B MWIJINOHAX CBETOBBIX JIET OT Hac. Tak
Hayanacb 3Moxa BHeranakTn4yeckom aCTpOHOMMNN.



10.1
Tuvinbl ranakTnk

dotorpauu rajakTHK SBJSIOTCS OJHUMH M3 CAMBIX Y3HABAEMbIX
aCTPOHOMHUYECKHUX M300paxKeHUuH. BoiienasiioT yeTbipe OCHOBHBIX THIA
raJakTHK: 3JJMITHYECKHe, JUH30BUIHbIE, CIIHPaJbHble U HelpPaBHJIbHbIE
(upperyasipubie). CTpyKTypa Ka)X[I0# TaJjakTHKH OTPa)KaeT HCTOPHIO
ee (popMHPOBAHHUSI U 3BOJMIONUU. ECcaU rOBOPUTh O HallleM OKPYXKEHHHU
(¥ He MPHUHMMATH BO BHMMaHHE KapJ/JHUKOBble FajJaKTHKH CaMOH HH3KOH
CBETHMOCTH), TO 3JUIHINTHYECKHE TaJaKTHKH COCTABJAIOT JAulib 13 %,
auH30BUIHble — 20%, a crnupaJjbHble U HelpaBHJbHbIE — OCTaBIIHE-
cs1 67%. OnHako ec/u B3TJSAHYTb HA Hace/JeHHE CKOMJAEHHH TafaKTHK,
TO KapTHHA OydeT WHOH: UCKJIOUMB HEMpPaBHJbHBIE TaJaKTHKH, MOJYUHM,
yto 0K0si0 50-60% cocraB/isior JUH30BUAHBE, 30% — 3JJIHITHUYECKHE,
a Ha crupaJjbHble TPUXOAUTCS Julllb 15-20%, npuyeM OHM, KaK U KapJu-
KOBble Ta/JlaKTHKH BCeX THIOB (BKJIOYAst 3/IMITHYECKHE), PacloJjaraloTcs
B OCHOBHOM Ha MepU(epuH CKOTJIEHHUH.

FanakTnkn MPUMHATO AeNNNTb Ha Ji1MnNTn4eckKkme,
NMH30oBMAHbIE, CrpaZibHble N HeENMpaBWJibHbIE.

Ora rpybas xjaaccuduKalnms — JHUIIb BeplIMHa aiic6epra, eciu
TOBOPUTb O CJOXKHOH Pa3BETBJEHHOH CHCTEME PaHKMPOBAHMS TaNaKTHK
1o UX MOP(OJOTHUECKHM MPHU3HAKAM, KOTOPYIO HCNOJb3YIOT 3aHUMAIOIIHECS
3TOH 06/acThi0 mpodeccuoHanbHble acTPoOHOMBL. C pocTOM HaOM0AaTe/ b-
HBIX BO3MOXKHOCTEH B TajakTHKax OOHapy»KHBAIOTCS pasJHUHble CTPYK-
TYypBl U MX COUETaHHS, YTO JeJaeT KJAacCHU(PUKAIHUIO TOBOJBHO CJI0KHOH
U HeoJHO3HAa4YHOH. KpoMe Toro, ajnsg MHOrMX HaGJ/I0AAEMBIX CTPYKTYP
He MIEHTH()UUUPOBAH MEXaHU3M BO3HUKHOBEHHS, YTO TaKXKe YCJIOKHSET
3aaud CHCTEMAaTH3ALHH.

Mpupopa ranakTnk 6bl1a HaQEXHO yCTaHOBNEHA
B 1920-€ rr., Korga 6o N3MepPEHbI PAaCCTOSAHUA 0,0 HUX.

[anakTuku — panekue o6bekThl. Hama [amakTuka BMecte
¢ TyMaHHOCTbIO AHapomesnl, rasakTukod B Tpeyroabhuke (M33), MareJ-
JaHoBbIMH O6s1aKaMK | ellle HECKOJbKUMH JIECSITKAMU KapJIMKOBHIX CITyTHHKOB
00pa3yioT Tak HasbiBaeMyio MecTHYIO Tpymmy, AMaMeTp KOTOPOH COCTaBJsIeT
0k0/10 10 MJIH CBETOBBHIX JieT. THNHUHBIE PACCTOSIHUS 10 XOPOILO H3BECTHBIX
raJakTHK 3a npefejsaMu MecTHOH I'pynnbl NPeBOCXOAST 3Ty BEJAHUHHY,
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CMUPANBHBE CMUPANBHBE
C NEPEMBYKOM

JJIMNTUYECKUE

KamepToH Xab6na nokasbiBaeT OCHOBHbIE TUMbl ranakTunk: annuntudeckue (E),
NuH30BMAHbIE (S0O), cnunpanbHble (S) U cnupanbHble ¢ nepemMblykoii (6apom) (SB).
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MO3TOMY /ISl 1€Ta/JbHOTO H3YyUEHHUsS] X CTPYKTYPbl HEOOXOAUMBI JOCTATOYHO
KpYIMHbIE TejecKomnbl. [lepBble Xopollre 3apUCOBKH «TYMaHHOCTEH», Kak
UX TOTJa Ha3blBaJ/IH, MOsiBU/IHCH B cepenuHe XIX B. 6maromapsi pa6oram
Busibsima Tlapconca (William Parsons), Jsiopaa Pocca. B wactHocTH, usBe-
CTeH PUCYHOK rajiakTukn Bomosopor (M51) ¢ Xopoluo BHAMMOH CHHpasb-
HOH cTpykTypod. C pocToM HabJ/0JaTe/bHBIX BO3MOXKHOCTEH CTaHOBSITCS
JOCTYNHBIMH GoJiee JeTajbHble UCC/AeI0BaHUS CTPYKTYPHBIX 0COOEHHOCTEH
B rajlakKTHKaX pasHbIX THIIOB.

JloBOJIbHO IaBHO 4acTb aCTPOHOMOB MOA03peBaJja, YTO MHOTHE
«TYMaHHOCTH», 0COGEHHO MMEIOIIHEe CMUPAMbHYIO CTPYKTYpy M HabJjiona-
folecs: BHe miaockocTy Maeunoro I1yTu, siBAsiOTCS Ja/feKHMMH 3B€3HBIMH
cucreMamu (T. e. rajJakTHKaMK), MOAO0OHBIMH Haleid. OfHAKO TOra OfHO-
3HAYHO OMpPEIE/NUTb TPUPOLY ITHX «TyMaHHOCTeH» (a TeM Gojiee MPaBUILHO
OTJIENUTh JEHCTBUTENbHO Ia30BO-NblIEBble TYMAaHHOCTH B Hallell ["ajakThke
OT JaJieKUX 3BE3JIHBIX CHCTEM) OBLIO €llle HEBO3MOXKHO, H OKOHUATENbHAS
SICHOCTb B TOM BOIpOCE MOsIBU/IACH TONbKO B 1920-e rr. B 310 Bpemsi
OnBuH Xa66s U Apyrue yueHble CMOIVIH HIEHTH(MHUHPOBATH J0CTATOYHOE
KOJINYECTBO MepPeMeHHBbIX 3Be3] — ledenn — B OJU3KUX rasakTHKax U orpe-
JIeJUTh PACCTOSIHUSI 10 HUX. B HacTosiliee BpeMs CyIIeCTBYeT HECKOJbKO
METOJIOB OIpPEEJEHUsT PACCTOSIHUE 10 TaaKTHK (Tak Ha3blBaeMasi JeCTHHIIA
paccTosiHUi), NO3BOJSIOLUINX, HAUaB C Hedenl B OTHOCHTEbHO GJIH3KHX
rajakTHKax, nepexofiss OT MeToAa K MeTOMdY, AOCTATOUHO TOYHO H3MepsITh
pacCTOSIHUSL U [0 JajeKHX 00bEKTOB, HAXOASMIIUXCSl OT HAC B MHJJIHApIAX
CBETOBBIX JIeT.

[aakTHKM MOTYT CHJ/IBHO PasjuyaThCs MO pa3MepaM U Macce.
OcHoBHO# (0 Macce) cocTaBJsOIIEH TANAKTHKH SIBJSIETCS] TEMHOE Bellle-
CTBO: BC€ Ta/laKTHKH NOTPy2KeHbl B 00JbliHe, KaK MPaBHJO, J0BOJbHO
OKpYTJI0H (hOpMBI rajio TeMHOTo BellecTBa. Pa3Mepnbl TaKUX rano y Kpyn-
HBIX TaJaKTHK MOT'YT COCTaBJsATb COTHHM TBICSY CBETOBBIX JIET, a MACChl
B 3KCTpeMaJjibHbIX cayuasx npesocxoasat 101 macc Cosnna. Macca 3Besn
B rajlakTHKaX OObIUHO B HECKOJIbKO pa3 MeHblle MacChl TEMHOI'O BellecTBa
(0IHAKO BHYTPH BHAMMBIX MPAHHIL TAJAKTHK 3TH BEJHUYHHBI COMOCTABHMBI),
a Macca rasa W nblid — ellle MeHblle. ["asakTHka THNa Hauled umeer
maccy 10'2 macc CosHIla, U3 HHUX JIHIIL OKOMO 3% MPHUXOANUTCS Ha 3BE3JbI,
a raza B He# npumepHo pa3 B 10 menbue. Camble JieTKHe TaJaKTHKH
HMEIOT Maccy MeHee MHJ/IMOHA Macc CoJHIA.

OCHOBHyI0 Maccy ranakTuKim coCTaBNieT TEMHOEe
BELLECTBO.

Buaymble pagMepsl caMbiX KPYITHBIX TaJaKTHK COCTABJSIOT COTHH
TBHICSU CBETOBBIX JieT. Pasmepbl caMbiX KOMIAKTHBIX IajJakTHK (Tak Hasbl-
BaeMbIX yJbTPAKOMIAKTHBIX KapJHKOB) COCTABJSIOT HECKOJNbKO ThiCHY
CcBeTOBbIX JeT. [To Bcedl BUAMMOCTH, 3TH TaJaKTHKH KOIJa-TO ObLIH OOJbIIe
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M MacCHBHee, HO CHJ/bHOE B3aHMMOJeHCTBHE ¢ GoJiee KPYMHBIMH COCENSIMH
NpHUBEJIO K OONHMPAHHUI0O UX BHEIIHUX 4acTel, U B pe3yabTaTe Mbl BUAUM
TO, UTO KOIJa-To OblJIO KOMINAKTHOH LEHTpa/JdbHOH 4acCTbhiO rajJaKTHKH.

DJIJIMIITHYECKHE TaMaKTHKH B MoJaBJasiolieM G0JbUIHHCTBE
He COepXkKaT XOJOJHOTO ra3a M MblJIU, KOTOPble MOT/IM Obl TpeBpaIaThCs
B 3Be3/bl. [I03TOMY OHH HaceJ/ieHbl CTAPLIMH Ma/JOMAaCCHBHBIMH 3BE31aMH
1 HUMEIOT KEeJATOBAaTO-KPACHOBATHIM 1IBET, CBOUCTBEHHBIH 3THM O00beKTaM.
Takue raJakTHKH MOI'YT ObITh KaK JEerKHMMH, TaK U TsiKeapiMH. Camble
MaCCHBHbIE TaJaKTHKH — 3TO THTAHTCKHE 3JJIHNTHYECKHE CHCTEMbl, HaXo-
JsiMecss B LIEHTPaX KPYMHBbIX CKOMJeHHH rajnakTvk. Kaxk npaBu/io, oHH
(hopMHpoBaNuCh B pedy/nbTaTe MHOTOKPATHBIX CJAHSHHHA M MOTJIOLIEHHUH,
a TakxKe aKKpelnuu 6OJbIIOro KOJIWYeCTBA ra3a, a B LIEHTPAaX TaKWX rajak-
THK HaxoJATCS OYeHb MACCHBHble YepHble JbIpbl. 3BE3/bl B 3/UIMITHYECKHUX
raJakTHKax BPallaloTCs 110 BLITSHYTBIM OPOMTaM, OPHEHTHPOBAHHBIM MOJ
pas3HbIMH yIVIAMH JAPYT K IPYTy, a Kak le/oe 3JJIUNTHUECKHE rajJaKTHKH
BpALIAIOTCsl MEIJIEHHO.

dnnnntTnyeckKkmne ranakTukKm HaceneHbl B OCHOBHOM
CTapbiMn MasioMaCCBHbIMW 3Be30amMun.

MHorue rajJlakTHKH B npoliecce cBoero (opMHpoBaHHs NpHobpe-
TatoT qucK. [losiBjieHHe Tako# CTPYKTYpbl O3HAYaeT, YTO KOraa-To B rajak-
THKY TaK WJH MHAUe MOTMajdo GOoJbIIOe KOJHYECTBO Fa3a CO 3HAYUTE/IbHBIM
MOMEHTOM HMITy/ibca (MHOTJA MCHOJAL3YIOT TEPMHH <YTJIOBOH MOMEHTY),
KOTOPBIH 3aTeM YaCTHUHO MpeBpaliaercsi B 3Be3/bl. B peay/jbraTe BOBHUKAET
CHJ/IbHO YILIOLLEHHAS Bpallaioliascsi CTPyKTypa U3 3Be3J, rada M IblJIH.

JIuH30BUAHDIE TaJaKTHKH, KaK U CHHpa/JdbHblE, UMEIOT IHUCK,
HO B HEM y2Ke HeJOCTAaTOUYHO Tasa /s aKTHBHOI'O 3Be31000pa30BaHUS.
Takue AMCKH He MMEIOT 3aMETHBIX CIIMpaJsel, B KOTOPBIX BeJHK TeMI (op-
MHUpPOBaHHs 3BE3/. .HI/IHSOBI/II[HI)IG ra/JJakTUKH JOCTATOYHO MHOT'OYHCJ/IEHHDI,
0COOEHHO B CKOTJIEHHSIX. B KiaccHueckoM BapHaHTe K/aacCH(UKAIUH, MPE-
JoKeHHOM Xa66s0M (Tak Ha3biBaeMbld KamepToH Xa60sa), OHH 3aHUMAIOT
NPOMEXKYTOUHOE IOJNOKEHHE MEXKAY 3MJIHITHYECKHUMH H CIHPAJdbHLIMH.

HauGonee u3BecTHb cnupajdbHble rajJakTHKH. B ux auckax
JIOCTaTOYHO rasa AJs o0pa3oBaHHUsS HOBBIX MOKOJEHHH 3Be3[, HMEHHO
B CIMpaJbHBIX PyKaBax HAeT HauboJjee aKTHBHOE 3Be31000pa3oBaHHEe —
TaM BO3HHMKaeT 00J/bIlIOe KOJHUECTBO SAPKHUX I‘OJIy6bIX MAaCCHUBHBIX 3Be€3]
C KOPOTKHM BpeMEHeM KH3HH, KOTOPble ¥ OUEPUYHMBAIOT CIHPAJbHBIA y30P,
npugasas emy 6ejo-rony6oBatbiii 1peT. CyllecTByeT HECKOJIbKO MeXaHH3-
MOB 00pa30BaHUsl CIIHPaJeH: CBA3aHHbIE ¢ BO3AeHCTBHEM OIM3KOH rafakTHKH
u/au 6apa BHYTPH CaMOH rajakTHKH, MpolleccaMu 3Be31000pa30BaHUS
u ap. B 1964 r. Lasa-ussio Jluub (Chia-Chiao Lin) n ®psnk Iy (Frank
Shu) 3a/10KHIH OCHOBBI TEOPHUH BOJH IJIOTHOCTH, KOTOpAsi 3aTeM Obljia
HCIOJb30BaHa /51 00bsICHEHUSI MOSIBJAEHHUSI COHpa/JbHOTO y3opa. B sToi
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MOJIeJId CIHpAJ/IH CBSI3aHBI C YIJIOTHEHHEM 3Be3Jl, KOTOpoe B Macuirtabax
raJlakTHKH UMeeT XapaKTep BOJHBI, IBUKYIIEHCS M0 JUCKY C MOCTOSHHON
YIJIOBOH CKOPOCTbIO. DTO YIJOTHEHHE 3Be3[] MPUBOJAUT, B CBOIO OUEpe/lb,
K YIUIOTHEHHUIO rasa 3a cueT (opMmupoBaHusl ob6JjacTH ¢ 6ojee TayOOKUM
IPaBUTALIMOHHBIM MOTEHIIHANOM.

BaxHO MOHUMATh, YTO 3Be3[HAsT MIOTHOCTb MEXIY CIHPAJIbHBIMH
pyKaBaMH JHIIb HEHAMHOTO MeHbllle, YeM B pykKaBaX. PasHHIla COCTOUT
B 3BE3HOM HaCeJieHHH: MAaCCUBHbIE SIDKHe 3Be3/lbl HMEIOT HeGOJbIIYIO
MPOLO/KUTENBHOCTD KU3HH, U MOCKOJAbKY OHH B OCHOBHOM DOXKIAIOTCS
B pPyKaBaX, TO Mex1y BeTBsIMM MX Majo. Crnupa/dbHbIH y30p Bpallaercs,
HO ero CKOpPOCTb Ha Pa3HbIX PACCTOSIHUSIX OT LEHTPA rajJaKTHKH OT/JIHYAeTCs
OT CKOpPOCTH BpalleHust 3Be31 (KpoMe y3KOH 30HBI KOPOTAlWH, BOJH3H
KOTOPOH, Bo3MOxKHO, HaxoguTcss 1 CoJHie). Kak mpaBu/ao, CKOpPOCTb
CMHUPAJbHOTO y30pa MeHbIlle CKOPOCTH BpAIlleHUsI 3BE3/, TaK UTO JOJT0-
JKUBYILIME 3Be3/bl JIUCKA, COBEpIIAIONINE 3a BPeMsl CBOEH KM3HH MHOTO
060pPOTOB BOKDYT IIEHTPa raJaKTHKH, ePUOJUUYECKH JIOTOHSIOT CIIUpAJ/bHbIE
pyKaBa M MPOXOJSIT CKBO3b HHX.

Kpome QuCKOB cO cnupadbHOH CTPYKTYPOH, rae (GopMHpPYIOTCS
HOBBIE TTOKOJIEHHSI 3Be3[, Y GOJBIIMHCTBA CIHPAMbHBIX (M JHH30BHIHBIX)
rajakTHK TakxkKe ecTb 6ajIkH. DTO IleHTpa/bHble 06pa30BaHUSI TPUMEPHO
cepuueckoit (opMbl pa3MepoM /10 HECKOJBbKHX THICSY CBETOBBIX JET, COCTO-
slllie B OCHOBHOM M3 CTaphlX MaJIOMacCHBHBIX 3Be3[l. 3Be3noo6pa3oBaHue
B 6a/I12KaX JIUH30BUIHBIX TaJaKTHK MPAKTHUYECKH He WIET U3-3a OTCYTCTBHUS
HeoOXOJAMMOro JJIsl 3TOTO rada, XoTsl He6oJbllIoe ero KOJMYECTBO HepeiKo
Bce ke HabJ/rogaercsl BOIM3H IIEHTPOB TAaKHX TajfaKTHK. B cnupanbHbIX
rajJakTHKaX ra3 u MOJOJAble 3BE3[bl MOI'YT MPHUCYTCTBOBATh HA JIOOOM
pacCTOSIHUHM OT IleHTpa, B TOM UYHCJe W BHYTPH OajKa, HO 32 PEIKHM
UCKJII0UEHHEM TOJIbKO BOJM3U MJIOCKOCTH 3BE3JHOTO JMCKA.

Cpenu cnupasbHBIX W JUH30BUIHBIX TaJaKTHK OTAE/JbHO BbIIe-
JSIIOT TOJIKJ/IAacChl 00'bEKTOB, COAEPKALIUX 3BE3/HYI0 MJH 3BE3JIHO-Ta30BYIO
nepeMbluKy — TaK HasbiBaeMbld Oap. OnHuM U3 HanGoJiee M3BECTHLIX
npuMepoB Takux rajnakTuk gsasgercs NGC 1300. Cuuraercs, 4To W Halia
[amakTnka uMeeT B 1leHTpe Gap.

FanakTnkm 4acTo UMEIOT NPPETYNAPHYIO CTPYKTYPY
n3-3a B3anmogemncTeums ¢ gpyrnmm (o6bi4HO 6onee
MaCCUBHbIMU) rafakTMKamMmu.

CnupanbHble raJakTHKH MoOryT o6/anaTb 60oraToil MopdoJso-
rueil ¥ UMET pa3HooOpas3Hble MapaMeTpbl. Tak, HampuMep, H3BECTHHI
raJakTHKH C KOJbLAMH — KDACHBBIMH 06pa30BaHHSIMH, NPOHCXOKAECHHE
KOTOPBIX B psifie CJydaeB OCTaeTCsl HesCHbIM. MHorna B OTHe/bHBIH 10J-
KJ/IaCC BBIIEJSIOT TaK Ha3blBaeMble aHEMHUHbIE CIHpaJbHble TaJaKTHKH,
B KOTOPBIX Majo rasza. OTCyTCTBHe aKTHBHOI'O 06pa30BaHHSI MACCHBHBIX
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3Be3J NMPUBOJIUT K MOSIBJEHHIO CIHHPAJbHBIX TaMaKTHK, OTJIHUAIOMIHMXCS
6oJiee KPacHBbIM 1IBETOM.

Hekoroprlie ManoMaccHBHbBIE Ta/aKTHKH He HMEIOT YeTKO Bblpa-
JKEHHOH CTPYKTYpbl, IPH 3TOM OHH KJACCH(PHUHUPYIOTCS KaK HelmpaBHJ/bHbIE
(upperyasipubie). Hacto upperysaspHas CTPyKTypa CBsi3aHa He TOJbKO
C MaJIod Maccod, HO U C B3aHUMOJEHCTBHEM C IPYTHMH rajJaKTHKaMH
(B Haieil cTpaHe GOJbLIOH BKJA B H3yUeHHE B3aUMOJEHCTBYIOLINX rajaK-
THK BHec Bopuc BopoH1oB-BenbsMHHOB, COCTABUBIIMNA MEePBbIH GOJMbIIONH
aTyIac M KaTajor TaKuX 00'bEKTOB) HJH C aKTHBHBIM 3B€371000pa30BAHHEM.
Hanpumep, noapo6Hbil aHa/an3 KHHEMaTHKH 3Be3[ boJbiioro Maresaia-
Hosoro OGJaka (Hauero CnyTHHKa) IOKasaJj, uTO ero CTPyKTypa Oblia
CYIIECTBEHHO BHIOHU3MEHEHA NPH B3aUMOJIEHCTBHHU C Hauiel [anmakTHKOH.
o stoit Mmetamopdosbl, npugasieil O64aKy HpperyaspHbli BHA, OHO,
BO3MO2KHO, OblIO HEOOJbIIOH CUPaNbHON raJakTHKOH ¢ 6apoM. [1pumepom
HelpaBHJAbHON TaJlaKTHKH C BBICOKMM TEMIIOM 3Be31000pa30BaHHs MOXKeT
cayxuth M82 B cospesnuu Bosbiioit MenBeauiipl (1etaibHble HCCIEN0-
BAHUS TOKA3a/d HaJWude y Hee CUpajedl u 6apa).

10.2
O6pa3oBaHme
N B3anmoaencrTeme ranakTmk

[TepBble raJakTHKH HauHHAOT (GOPMHPOBATHCS MPUMEPHO CIYCTS
napy COTEH MHJIJIMOHOB JIET IIOCJIE BO.HbLHOFO BSprBa Hu3 y)Ke CJIO2KUB-
IIUXCSl K TOMY BPEMEHH «CTPOHUTE/JbHBIX OJI0OKOB», COAEPXKAIIUX TEMHOE
BellleCTBO, ra3, NMepBble 3Be3/Abl U UX ocTaTKu. [Iponecc o6paszoBaHusd
raJakTHK nepBble 2-3 MJpPI JeT HAeT oueHb OypPHO, a 3aTeM TOCTENeHHO
CXOJHUT Ha HET.

Mpouecc 6ypHoro hopMmpoBaHMa ranakTuk 3aHNMaeT
HECKOJIbKkO MUNMapaoB NeT.

BeposTHblil clieHapu#l (popMHPOBaHUS FajJakTHK, Ga3upyloLuics
Ha UMCJIEHHBIX MOJEJISIX TOBEIECHHSI MaTepHH B paciuupsitolleiicss BeeseHHoi,
B OOLIUX 4YepTax BBHINISIAUT caeaylomum obpazoM. B panHell BeeseHHo#
BO3HUKAIOT (DIYKTyallMHd B paclpejeseHuH MJIOTHOCTH BellleCTBa, ¢ HEeKOo-
TOPOT0 MOMEHTA 3TH (WIYKTyallHM HAUHHAIOT PACTH, KOHTPACT IJIOTHOCTH
MEeX1y HHMH W OKpy»Kalollel cpenoil yBeauuuBaetcsl. BHauase 3ToT pocT
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o6ecleynBaeT TOJMbKO TEMHOE BEIeCTBO, MTOCKOJbKY 00buHOe (6apHOHHOE)
BEIIECTBO €llle CBSI3aHO C M3/yUYeHHEeM, TPENATCTBYIONNM POCTY MAOTHOCTH.
3aTeM, MocJ/ie 3MOXH PEKOMOMHAILUH, K POCTY (DJIYKTyalud MOAKII0UYAI0TCS
U GapuoHbl. M3HavyasbHO (/IyKTyallMd MJIOTHOCTH BO3HHKAIOT Ha BCEX Mac-
mrabax, HO MeJKHe MPH 3TOM pacTyT OpicTpee. B Kako#-TO MOMEHT OHH
CTaHOBSATCSl MPUMEPHO BJBOE TMJIOTHEE, YeM OKpyKalollue 06JaCcTH TaKOro
JKe pa3Mepa, U pacllupeHHe BceseHHOH mepecTaeT BJIHSATH HA HHMX, a POCT
MJIOTHOCTH B HUX TIPOAOJKAeTcs. BoJjiee KpymnHble QAyKTyallud JOCTUTHYT
9TOH CTaJuHU MO3XKe, Korja paciiupeHue BcejleHHOH y»Ke CYIIECTBEHHO
MOHU3UT CPEIHIOI MJIOTHOCTHL BelllecTBa. [loaTomy Gosee meskue 06beK-
Thl (HanpUMep, rajo TEMHOTO BeleCTBa ¢ MAcCOH OKOJO MHJJIHOHA Macc
CoJiHIIa, B KOTOPBIX 3apOXKIAIOTCS TEePBble 3BE3/bl) BO3HUKAIOT E€PBHIMH
U UMeroT GOJDbIIYI0 CPEIHIOn MIOTHOCTb, a caMble KpymHbie (B HacTosiee
BpeMsl UMH SIBJISIIOTCSI caMble GOJbIINE CKOTJIEHHsT TaJaKTHK) (GopMHPY-
1oTcs nmo3xe (K KpaCHOMY CMELIEHHIO OKOJIO Z = 2, 4TO COOTBETCTBYET
3-4 MmuIpa JIeT Hoc/je Hayaja paclIMpeHHs) ¥ MPOLOJ/KAIOT PACTH B HALLy
snoxy. O GpopMHPOBAHUU NTOCTATOUHO KPYMHBLIX raJaKTHK MOXHO TOBOPHTH
[PUMEPHO C 3T0XH, COOTBETCTBYIOIIEH Z = 10 (0KOJO MOJyMHIIMAPAA JIET
nocsie Bosibiioro B3pbiBa), KOrma BO3HUKAIOT rajo ¢ MacCaMd B IECSITKH
MHITHOHOB Macc CouHIla, CocoOHbIe yAepKaThb CBOeH rpaBUTallMel ras
nocJ/ie MepBOH BCHBIIIKH 3Be31000pa30BaHUSI.

1 hopMUPOBaHHUS TIEPBBIX 3BE3J] U TaJaKTHK CYIIECTBEHHO, UTO
00blYHOE BelecTBO (ras) MOXKEeT OCTBIBATh, TEPsis SHEPTHIO, H CBAJMBATHCS
B IleHTpa/bHble YacTH 060COOUBILUXCS Taj0 TEMHOTO BellecTBa. Ha xpacHbx
cMeleHusaX | <z < 3 KpynHble TraJakTHKH aKKPelHpyIT M3 OKpyKaiolleh
cpenbt Gogbinoe KoqauuecTBo (10 100 macc CodHila B o) XOJOIHOTO rasa,
KOTOpBIH 3aTeM aKTHBHO TepepabaTbiBaeTcsi B 3Be3/bl. [1osiBaeHre 6OJbIIOro
KOJIMYeCTBA MACCHBHBIX 3Be€3Jl, B CBOI0 OUepellb, MOKET 3a CUET B3PHIBOB
CBEPXHOBBIX W MOIIHBIX BETPOB OKa3aTh BJMSHHE Ha 3Be31006pa3oBaHUeE
BIJIOTH /10 TOJHOH €ro OCTAHOBKW W BbIMETAHHS r'a3a W3 OCHOBHOH 4acTH
rajJakTuku. Bce 370 mpoucxoaut Ha (oHe 00'beAMHEHHS] OTHOCHTEAbHO
HeOoJIbLINX raso B 6ojlee KpyINHble 00beKThl MOJ AeHCTBUEM B3aUMHOIO I'pa-
BUTALIHOHHOTO MPUTs2KeHHs. Takum 06pa3oM, 3Be3qHbIEe HACENEHHUs TalaKTHK
HaXOISATCsT TVIYGOKO BHYTPH OOIIMPHBIX (M MACCHBHBIX) I'a/Jl0 TEMHOH MaTepHH.

FanakTnkmn opmMmmpyroTcs B npouecce nepapxm4eckoro
CKy4YMBaHMA N akKKpeLuum rasa.

Hcropusi hopMHpPOBaHUS ONpene/sieT THI rajakThki. Hauunas
¢ 1990-x rr. 6aarogapsi kocMuueckomy Tesgeckony Hubble u cambim
KPYTHBIM HAa3eMHBIM MHCTPYMEHTaM, CPABHUBAsl TaJaKTHKH, HAXOISIIN-
ecsl Ha pasHbIX PACCTOSHUSX OT HAC, Mbl HMe€eM BO3MOXHOCTb H3ydYaTh
HU3MeHeHHe MOP(MOJMOrHH rafaKTHK Ha MPOTSKEHHH MX SBOJIOLUH HAUM-
Hasi ¢ MepBOro MMUJIHAPAA JET UX CYLIeCTBOBaHHs. MoJiojble raqakTHKH
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B CpPeHEM CYLIECTBEHHO OT/JHMYAIOTCS OT TeX, YTO Mbl HabJ/0faeM ceivac
B Haulel OKPEeCTHOCTH, JIMHEHHbIA pasMep UX 3BE3AHOH COCTaBJSIOUIEH
B CpelHEM MeHbllle, B HUX MeHblle TsKeJ/bIX 3/eMEeHTOB, a COolepkKaHue
raza M KoJHUeCTBO MAaCCHUBHBIX 3Be3[ Bblllle. DTO CBsI3aHO B MEPBYIO
o4yepesb € TEM, YTO B NPOIIJIOM Yallle NPOUCXOAUAH B3aUMOLCHCTBHUSA
MeXKy raJlaKTHKaMH, OblJ BbIlIEe TeMIT (POPMHPOBAHMSA 3BE3M, UYeH MAKCH-
MYM MPUXOAUTCS HAa z =2 (TpH C JHUIIHUM MHJIHAPAA JEeT Moc/e Havaja
pacIInpeHust).

BonbLuyto ponb B GoOpMMPOBAHNI 1N 3BONOLNN FranakTUK
WUrpaltT CNNAHNA.

KpynHble rajakTHKH 3aBepIIaloT nepTypOallMOHHBIH TepHOM, TIPH-
MepHO K z =1 (T.e. 3@ HECKOJbKO MHJ/UIHAPIOB JIET), MO3AHEE JIHUIIb Pel-
KHe CJMSHHUSI CO CTOJb 2Ke KPYIMHBIMH 00'b€KTaMH MOTYT CHJIbHO TMOBJHUSITh
Ha UX CTPYKTYpy. DoJsiee Mejikue rajakTHKH OObIUHO MeJJIEHHEee PacXOAyloT
CBOM 3arachl Ta3a, a KpoMe TOro, OHH TMPOAOJ/KAIOT YUaCTBOBAThH B CJAUSIHHU-
X W TI0TOMY TpeTepreBalT 3aMeTHble W3MEHEHHs BILIOTb 0 HAIlMX JHEH.
B Hacrosiiiee BpeMmsi CyLIeCTBYIOT uHc/aeHHble MeToabl (npoekto Illustris,
EAGLE (Evolution and Assembly of GaLaxies and their Environments)
¥ 1p.), TIO3BOJSIOLINE TTPOCIEIUTh SBOJMIOIHNIO TaJaKTHK OT HEOAHOPOJHOCTEH
mwIoTHOCTH Ha z > 100 (MHJ/IIHOHBI JieT mocje Bosblioro B3pbiBa) A0 HAIIHX
JTHEH, TIPUUYEM YPOBEHb JIeTa/U3alluk MOJEJIMPOBAHUSI COOTBETCTBYET COBpe-
MEHHbIM BO3MOXKHOCTSIM HaOJofieHui. B pesy/sbTaTax UHC/AEHHBIX PacyeToB
MOXKHO HaWTH TrajJaKTHKY, MOXOXYI0 Ha MHTEPECYIOIIY0 BaC COBPEMEHHYIO
(HampuMep, Hally), 0 MPOCJAENNTDb, KaK OHa (OPMHPOBaIACH HA MPOTSKEHHH
13 ¢ qummuM MunapaoB Jjet. OfHAKO MHOTHE acTeKThl 3BOJIONNH TaJaKTHK
BCE ellle OCTAITCS HESICHBIMH.

[amakTUKH Ha GOJBIIMX KPACHBIX CMELIEHUSIX Z TPYIHO HabJIto-
JIaTh, MOCKOJbKY OHH BBINJISIISIT OYeHb C/Ja0bIMU: MOBEPXHOCTHAS SIPKOCTh
(6e3 yuera sBoJionud) nagaet Kak (z + 1)*. OnHaKo rajakTHKH B MOJIO-
n0i BcesleHHOH He BBINISAAT MaJeHbKHMH. DTO CBSI3aHO C MOHATHEM
yraoBoro (MJad Tak Ha3bIBAEMOTI'O YTJOMEPHOTO) PACCTOSIHHS, KOTOPOE
(opmasibHO OTpenessieTcs MO MPOCTOH TPUTOHOMETPUUECKOH (opmyie:
M0 M3BECTHOMY JMHEHHOMY padMepy W BUIUMOMY YTJIOBOMY MBI MOXEM
OTIpeJie/IUTh paccTosiHue 10 o6bekra. Jleso B TOM, YTO HAa MOMEHT HCIY-
CKaHHUsI CBETa, KOTOPBIH Mbl cefiuac BHAMM, FajJaKTHKa HaXOAMUJIACh Iopasno
6mmke K HaMm. COOTBETCTBEHHO, OHA MOXKET UMEeTh 3HAUHTEJbHBIH YIJIOBOH
pasmep (mopsiiKka OZHOH yTJIOBOH MHHYTHI, €CJH rajJakKTHKa KPyIHAas).
B Harmueii BeeseHHONH MHHEMYM yIVIOBOTO pasMepa (ec/d CUMTaTh TajaKTHKH
MUMEIOIIHMH B CpelIHeM OIMHAKOBBIHA JMHEHHbIH pasMep B pasHble 3MOXH)
coorBercTByeT z = (1 - 2), a ays Gosiee najeKuX rajakTHK OH pacTteT. DTO
MOTEHIUAJIbHO TT03BOJISIET PACCMOTPETh KPYyMHeHIIHe MOP(OJOTHUECKHE
JeTajd y rajakTik Ha z =6 (4yTb MeHee MHJ/IHAPAA JeT MOC/e Hayaja
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paCU_II/IpEHI/IH) U Jaxke jasjblie. PasBUTHE TEXHHUKH HAOJIOJEHHH TOJKHO
MNO3BOJMHNTL YBHAETH 3MOXY HayaJa CpOpMI/IpOBaHI/IH raJakTHk, KoTtopas
COOTBETCTBYET KpaCHOMY CMEUIEHHIO Z OKOJ/IO 10.

KOMI'IbIOTepHoe MoaenmposaHme No3BOJIAET B AAeTaNnAX
npocneanTb 3BONTIOLUNIO raslakKTUK.

["anakTHKH pacTyT B Ipollecce MepapXHUeCKOro CKyUHBaHHS,
Korjia 6oJiee MeJikue GJOKH (BK/IOUAs 00BEMbI Ta3a) U raJaKTHKH 00belH-
HSIOTCS B 0oJjiee KpymnHble. [Ipoliecc B3aUMOAEHCTBHUS TaJaKTHK MPUBOIUT
K MepecTpoiiKe UX CTPYKTYpPbl H MHTEHCH(DHUKALMK Mpollecca 3Be31006pa-
30BaHMs. B yacTHOCTH, MOTJ/IOLIEHHE MEJKHX CIYTHHKOB JaXKe Ha KpacCHbBIX
cMenenusix z < 0,5 uHOrIa Mo3BoJsieT KPYyNHbIM (M0 Macce) rajsakTHKaMm
3aMETHO yBEJHYUTb CBOM BHIMMbIE pasMepbl K HACTOSILIEMY BpPEMEHH.
Camble MOLIHbE BCHBILIKH 3Be31000pa30BaHusi, OXBATHIBAIOLIME BCIO raJjak-
THKY (TaK Ha3blBAEMbIE YJbTPAMOIIHbIE HHPPAKPACHDbIE TaJaKTHKH) CBsl-
3aHbl UIMEHHO CO C/IHMSIHUSIMH. A B3aUMHOE TIPWJIMBHOE BJHSHHE HA PAHHHX
craausix GopmupoBaHus (KOrga OCHOBHASI MAacca rasa ele He mepenuia
B 3Be3[bl) MOXKET MPUBOAUTL K MOSIBJAEHHIO y FajakKTHK 3HAUHTE/JIHLHOTO
MOMEHTA HMITy/bCa, YTO MOTOM IO3BOJSET UM CTATb JAHCKOBBIMH.

AKTUBHOCTb 1 POCT CBEPXMACCUBHOWN YEPHOW AbIpbl

B LlEeHTpe ranakTmnkim 3aBNCUT OT €€ IBOJIIOLNA, a TaKXe,
B CBOIO o4epeb, MOXeT BNUATb Ha 3Be300006pa3oBaHme
B ranakTumke.

KpOMe TOro, B pesyJbTaTte B3aUMOJEHCTBUSI MOXKET YCHJ/INBATbCA
AKTHBHOCTDb HeHTpaJIbHOfI CBerMaCCI/IBHOﬁ ‘lepHOfI AbIPBI, TIOCKOJIbKY Ha Hee
HayHHaeT aKTHBHee TeUb ras. 9TO, KakK U CJ/HAHHSA CO CBEPXMaCCHUBHBIMHU
YEepPpHbIMH AblpaMH MNOIVIOIIEHHbIX TaJakKTHK, NMPUBOAUT K POCTY MacCChI
HEeHTpaJJdbHbIX 00beKTOB. AKTHBHOCTH CBEPXMACCHBHBIX Y€pPHBIX AbIP,
0COOEHHO B CaMBIX KPYIHBIX TaJdaKTHKaX, MOXKET CYIWECTBEHHO BJHATDH
Ha 3B€3ﬂ006paSOBaHI/Ie B HuX. Cefuac HaOMIOIAIOTCS MIpuUMEpPDI, KOTrga O4YeHb
BbICOKadaA aKTHBHOCTb L[eHTpaJIbHOﬁ ‘{epHOﬁ AbIPbI IPUBOIU/IA K MOIIHBIM
NOTOKaM BellecTBa OT LlEHTpa, KOTOPble BbIMETAJ/JH CYHECTBEHHYIO OOJI0
rasa M3 raJjJakTHK H OCTaHaBJ/AHMBaJ/JdH aKTHBHOE 3863[],006p830BaHI/Ie B HHX.
Taxko#t MexaHH3M MOXKET OO0'bSICHATh MOSIBJEHHE MACCHBHBIX 3JJIHINTHYECKHX
rajJakTHK Ha OOJbIINX KpaCHbIX CMeEUIeHUAX.
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10.3
CBepxmaccuBHbIe YEPHbIe Ablpbl
N aKTUBHbIE A[pa

[anakTHKK SABJSIOTCS SIPKUMH OG'bEKTaMH, OTOMY UTO COCTOSIT
13 OrpOMHOr0 uKcsaa 3Be3f. Ho nHorna B camoM 1ieHTpe (siIpe) rasakTHKH
HAXOJHUTCs MCTOUHHUK, KOTOPBIH 110 CBOEMY SHEPrOBBIIE/EHHIO IPEBOCXOIUT
JeCSTKH MH/VIHAPAOB (MM Jax<e TeCSITKH ThICSY MMJIHAPAOB) 3Be3[ THIA
Counua. Torga Mbl rOBOPUM 06 aKTHBHOM siIpe TaJaKTHKH, <CEpALEeM»
KOTOPOTO sIBJSIETCSI CBEPXMACCHBHASI YepHas IbIpa.

OHeproBbigeneHmne akTMBHOIO AApa B 9KCTPEeMalbHbIX
cny4yasx MOXeT NPeBOCXOANTb CYMMAapPHY CBETMMOCTb
BCeX 3Be3[, 9TOW rafakTukKu.

[lepBble rafakTHKH C aKTHBHBIMH sApaMH ObLIH HAEHTH(PHIUPO-
Banbl Kapsiom Ceiipeprom (Carl Seyfert) no HaG/ogeH|sM CIIEKTPasbHbIX
auHdi B 1943 r. OnHako akTHBHOE H3yuyeHHe MOJ0GHBIX 06 bEeKTOB Haua-
Jgock yxe B 1950-e rr. — ¢ pa3BHTHEM pagHoacTpOHOMHH. K.oueBbIM
MOMeHTOM cTaJqo onpenenenne Maprtunom [lmuarom B 1963 . paccrosuui
JI0 KBa3apos, nocje yero npodsaema o6bsiCHEHHS CYLIECTBOBAaHHS BHera-
JIAKTHUECKHX OUEHb KOMMAKTHBIX (MEHee MHJUIHAPIA KHJIOMETPOB) H OUEHb
MOILHBIX MCTOUHHKOB M3JyUEHHs CTajla BeCbMa aKTyaJbHOM.

B TeueHHe HECKONBKHX JET paccMaTPUBA/IOCh HECKOJIbKO BapH-
AHTOB OO'bSICHEHHS] aKTUBHOCTH TaJIaKTHUECKUX siiep: 6OJbIIOe KOJMHIECTBO
CBEPXHOBBIX, OUEHb MAaCCHBHBIE 3BE3A0MOA00HBIE OO'BEKTHI, MAOTHOE
CKOTIIeHWe 3Be3/ B siApe TraJakTHKH W T. 1. Hakownemn, B 1964 r. fkoB
3eabnosuy, Mrops HoBukoB u uBuH Co/anuTep MpeAnookKHIH, UTO
MOLIHO€ 3HEepTOoBbIAe/eHHE B KBa3apaX M POACTBEHHBIX UM 00'beKTax
MOXKHO O0'bSICHUTbH aKKpelned 6OoJbIIOro KOJHUECTBA ra3a Ha cBepxmac-
CHBHYIO UEPHYIO IBIPY MAacCOH OT AECSTKOB MHJJHOHOB 0 MHJ/IHADPIA
macc CoJqHua.

AKTMBHOE nccnegoBaHue agep ranakTuk Ha4anochb
B 1950-e rr. ¢ pasBuTnemM pagmoacTpoHOMUWN.

B 1969 r. Honanbn Jlunaen-benn npeamnonoxusi, 4To HeaKTHBHbIE

CBepXMaCCHBHbIE UYepHbIe AbIPpbl B HEHTPax raJakTHK MOTYT OBITb YaCTO
BCTpeUaAlOIIUMHUCH 06’beKTaMI/I, IIOCKOJIbKY BpeMs aKTHBHOCTH KBa3apa
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HAMHOTO MeHbllle BpEMEHH JKU3HH TaJaKTHKH. DTO OTKPHIBAJIO MYTh K MOH-
CKY TaKHX CIIOKOHHBIX CBEPXMACCHBHBIX UEPHBIX IbIP U OMNpele/eHHIO
HX CBOHCTB.

B 1964 r. 3enbpoBud, HoBmnkos n Connutep npeanoXxunmn
MopfeNb aKKpeLmnm Ha CBEPXMaCCUBHYIO YEPHYIO Ablpy.

CyulecTByeT cBepXMaCCHBHAsl YepHasi Ablpa M B LIEHTpe HalleH
[amaktuxku. Ee macca coctaBaser okoso 4 miaH macc CoJHIA, U OHA
Hab/ofaeTcsl Kak cjaabbli MCTOUHHK B pa3HbIX AHana3oHax cHeKTpa.
M3apenka nmpoucxoisiT KOPOTKHE BCIIBIILIKH, CBSI3aHHble C MOBBIILIEHHEM
AKTHBHOCTH, HO JlaXKe TOTJa CBETHMOCTb HE MPEBOCXOAUT CBETHMOCTH
SpKUX 3Be3l. OnHAKO MCC/eNOBaHUS I10Ka3a/u, YTO He Bcerga aKTUBHOCTD
5TOH 4YepHOH IbIpbl Obla HU3KOM.

Maccy uepHOH IbIpbl B lleHTpe Hauled [anakTHKH yaanochb
OYeHb TOYHO OMNPeAe/UTb C MOMOIIbI0 HabJMIOJeHHS] BpallleHHus 3Be3[
BOKpYT Hee (BOOOlie, caMble TOUHbIE OLEHKH MACC UEPHBIX JbIP MOXHO
MNOJIyUHUTh, M3yuasi BpallleHHe 006'beKTOB Ha HeOOJbIIOM PAacCTOSTHUH
oT HHX). B Apyrux rajakTHKax Mbl MOXeM Ha0/I00aTh NBHXKEHHE rasa
B OKPECTHOCTH UE€PHOH JBIPBHI HJH BpalleHHe Ma3epHbIX HCTOUHHKOB
BOoKpyr Hee (cMm. pasgen 7.3 «CBepXMaCCHBHbIE YEPHBIE JBIPHI»), UTO
TaKxKe JaeT oueHb TOuHble oleHKH. CyliecTByeT elle pPsii METOIOB,
NO3BOJSIOIHUX ¢ GOMblIeH WA MeHblLIeH TOUHOCTHIO ONpeAe/siTb MacChl
CBEPXMACCHUBHBIX YEPHBIX JBIP.

B ueHTpe Hawem NanakTMKmn HaxoguUTcsa YepHasa abipa
C Maccol 0KOJ10 4 MJTH COJIHEYHbIX.

Ceiiuac Mbl 3HaeM, UTO MPAKTHUECKH BCe TAJAKTHKH C 3aMETHbLIM
GasKeM (LEHTPaIbHOH ChepruecKOl COCTABJSIONIEH) HMEIOT CBEpXMAac-
CHBHble YepHble Ablpbl. Macchl H3BeCTHBIX 00'bE€KTOB 3TOr0 THIA IIPOCTHpA-
I0TCS OT HECKOJIbKUX COTEH 10 Mapbl A€CATKOB MUJIHApAoB Macc CoJHLa.
CyuiecTByeT 3aMeTHast KOppeJsLus MacChl UepPHOH ABIPLl ¢ Maccoil GaJmka
(Ho He mosiHOH Macco#i ranaktuku!). Kak mpaBu/o, uepHble IbIPbl Kak
MHHUMYM B COTHH M TBICSIUM pa3 Jerye CBOMX raJaKTHK.

B konie 1960-x rr. 6b110 0GHAPYKEHO PEHTI'E€HOBCKOE HU3JyUeHHe
akTUBHBIX aaep. Okazajoch, 4YTO HEKOTOpble KBa3apbl H3JAYy4aloT B peHTre-
HOBCKOM [HAMA30He CTOJIBKO K€ SHEPTHH, CKOMbKO H B ONTHUECKOM (Kak
nokasa/u HaGJ/ofenust Ha cnyTHukax Chandra («Hanapa», Ha3BaH B 4ecTb
CyGpamanbsiia Hangpacekapa) 1 XMM-Newton (X-ray Multi-Mirror Mission,
PeHTreHOBCKHH MHOTO3€pKAJbHBIA TesnecKon), GOJbliast YacTb PEHTIeHOB-
CKOro (DOHOBOTO M3J/yueHHsl CBsI3aHa C JaJEeKUMH aKTHBHBIMH sIPAMH TajaK-
THK). DTO MOCTYIKHJIO TOMOJHUTEJNbHBIM aPIYMEHTOM B M0JIb3Y OGDbICHEHHS
UX aKTHUBHOCTH C IOMOLIbIO CBEPXMACCUBHLIX YepHbIX AbIp. [Tosxaue Obli1o
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00HApYKEHO M TaMMa-H3/y4YeHHe aKTHBHBIX SIAep, U cefuac 3TH HCTOYHH-
KM aKTHBHO M3yyaloTCsl BO BCeX JHANa30HAX 3/eKTPOMAarHUTHOTO CIEKTpA.
B psine moneneli ¢ HUIMH CBSI3bIBAIOT POXKJEHHE KOCMHUYECKHX JyueH BBICOKHX
SHEPrui M BLICOKOSHEPIHUHBIX HEHTPHHO, MPOUCXOXKICHHE KOTOPBIX MOKa
OKOHUATEJNbHO HE YCTAHOBJIEHO.

Yem maccumBHee 6anp ranakTmkm, Tem MmaccmBHee
yepHas ablpa B ee LieHTpe.

CylecTByeT MHOTO THIIOB aKTHBHBIX silep TaJakKTHK, UMEIIHX
pasHble HabJonaTe ] bHble NMPOSIBACHHUS: pafinOTaNakTHKH, KBasapbl, O.a-
3aphl, JaHHepbl, CeH(PepTOBCKHE TANAKTHKH U Ip. SHAUUTEJbHYIO T0JI0
HCTOUHHKOB ynaeTcsl OObSICHHTb B PAMKaxX «EIHHOH MOJEJIH», B KOTOPOH
pasHble MPOSIBJACHHUSI aKTHBHOCTH OO'BSICHSIIOTCS Pa3HOH OpPHEHTalHeH
CHCTEMbl aKTHUBHOTO $iipa OTHOCHTE/IbHO HabJoaTe/s. AKKpenupyouas
uepHas Ibipa OKpPYKeHa JUCKOM (Ka)KeTCsl HeBEPOSITHBIM, HO COBPEMEHHbIE
MeTO/bl MO3BOJSIIOT HU3y4YaTh CTPYKTYpPY AUCKOB BOKPYT JajeKHX CBepX-
MACCHBHBIX U€PHBIX JbIP), 4 TAKXKe ras3olblieBbiM TOpoM. U3 BHyTpeHHEH
YacTH 3TOH CHCTEMBI MePNeHIUKY/ISPHO MAOCKOCTH AMCKA MOXKeT OGUThb
cTpyst (JuKeT), BEIIECTBO B KOTOPOH JIBHMKETCS C OKOJOCBETOBOH CKOpPO-
CTbIO, IPHYEM MPOTSKEHHOCTb HEKOTOPBHIX CTPYH AOCTHraeT MHJ/IHOHA
CBETOBBIX JieT! Ec/u Mbl CMOTPUM BAOJIb CTPYH, TO BHIMM OYEHb aKTHBHOE
U ObicTponiepeMeHHoe sifpo — Ousasap. Ecau e Mbl cMOTpuM ¢ pebpa,
TO caM IeHTPaJ/bHbIH HCTOUHHUK 3aKpPHIT OT HAC TOPOM, HO MBI MOXKEeM
BHIETb aKTHBHOCTH, CBSI3AHHYIO C BHELIHHMH 4acTsMH CTPyH (pasymeercs,
BO3MOXKEH H Psi/l IPOMENKYTOUHBIX C/IyUYaesn).

Mol Habnogaem akKTUBHbIE AApa ranakTuK BO BCEX
AnanasoHax cnekTpa.

Mpl Ha6/a01aeM aKTUBHOCTh UE€PHOH IbIPBI, MOKA CYLIECTBYET
JOCTATOUHO MOLIHBIH MPUTOK raza. OQHAKO HHOTAA MPOUCXOAST CIopa-
JUUeCKHe BCIBIIIKH, CBSI3aHHbIE C MPHJAUBHBIM pa3pylleHHeM OTIeJbHBIX
3BE3Jl: €CJHU 3Be3ja MPOoJeTaeT CAUIIKOM GJAH3KO OT YePHOH IBIPHI,
TO MOILHbIE MPHJIMBHbBIE CHJBI MOT'YT Pa3opBaTh ee, MPeBPaTHB B MJOTHOE
o0/saKko raza. Takoe 06/aKo CO31aCT HAa KaKOe-TO BpeMsl aHAJOT AMCKa
BOKDYT UEpPHOH AbIPHl — BO3HHUKAET SIPKUH UCTOUHUK. Takue HCTOUYHUKH
ctanu oTkpbeiBaTh B 1990-e rr., xorpa 6/4arogapsi pabote cnyTHHKaA
ROSAT (ROentgen SATellite, PeHTreHOBCKHI CITyTHHK) MOSIBU/IACD
BO3MOXKHOCTb TIOCTOSIHHOTO MOHHTOPHHTA OOJBIIOTO YHCAa 00'beKTOB
B PEHTTE€HOBCKOM JHanasoHe. VICTOUHHKH, CBsI3aHHblE C MPHJAMBHBIM
pas3pbiBOM 3Be3[, YAAeTCsl HAJEKHO HAEHTHPUUHPOBATH HE TOJbKO
MO WX MOJOXKEHHIO B IIEHTpaX TaJaKTHK, HO ¥ MO XapaKTepHO# crnaja-
omielt KpUBOH GJecka.
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AKTHBHOCTb LIEHTPaJbHOH YePHOH IbIPBl MOXKET ObITb CTHMY-
JUPOBaHA CJAUSIHUEM TaJaKTHK — B 3TOM CJjyvyae MOLIHble NOTOKH rasa
MOT'YT HalnpaBUTbCS B LIEHTPaJdbHYI0 00/1aCTh, TUTasi aKTHBHOE SAPO.
OnHaKo BaXXHO MOMHHTDb, UTO €CJU C/JAHBAIOTCS IBE KPYMHbIEe TaJaKTHKH,
TO B IIEHTPe KaXIOH U3 HUX MOJ/KHA ObITh CBEPXMACCHBHASI UepHas JAbIpa,
U CO BpeMeHeM o0e yepHble Iblpbl OKaXyTcsl B LEHTPe 00'beJAHHEHHOH
rajiakTHKH, 00pa3oBaB TecHyl napy (Takue o6beKTbl HAGJIOAAITCSH).
3ateM noj JedCTBHEM I'DaBHUTAIIMOHHOTO H3JYy4YeHHS M B3aHMOAEHCTBUSA
¢ 00’'beKTaMH B LIEHTPA/JbHOH YaCTH TaJlakKTHKH IbIpbl OYAYT MOCTENEeHHO
COMMKATBCS, TIOKA HE COJBbIOTCS, MOPOAHB MOIIHBIH BCIJIECK T'PABHTAIIHOHHO-
ro u3/ayueHusi. KocBEHHO Takue BCIJIECKH, BEPOSITHEE BCETO, MOXKHO OyneT
3apeTHCTPUPOBATDL MO BBICOKOTOUHBIM HAOJMIONEHHSIM KOPPEJHPOBAHHBIX
c60eB MepHOL0B MUJIHCEKYHIHBIX MYJ/IbCAPOB MJH MO aCTPOMETPHUECKHM
HabJ/I0eHUsIM B paMKax npoekra Gaia, a B OyaylieM HenocpeacTBeHHas
perucTpauus CTaHeT BO3MOXKHOH 0/aronapsi Co3IaHHI0 KOCMHUECKOH
IPaBUTALIMOHHO-BOJHOBOH aHTeHHbI eLISA.

B pe3ynbraTte CNNAHNN ranakTmnk nponvicxogAaT ciamaHma
CcBepXMaCCUMBHbIX YEPHbIX AblP.

[Tocsie causgHUS MOMYUUBIIASCS YepHAs Ablpa MOXKET MOJYUYHTD
3HAUYUTEJ/bHYI0 CKOPOCTb — [0 COTEH KH/JIOMETPOB B CEKYHIY. DTO MOXKET
MO3BOJIMTh €H BBIIETETh U3 LEeHTPa HeOOJbLIOH raJakKTHKH HJH Ke Cylle-
CTBEHHO CMECTHTBCSI H3 CaMOTO IIeHTpa KPYyMmHOH (mocaenHee, BO3SMOMKHO,
HAGJMI0AaeTCsl B HECKOJbKUX TajJaKTHKaX). BblIeT MO/MKeH MPUBOAUTD
K CYLIeCTBOBAHHIO 3aMETHOI'O KOJMYECTBA TSAKEJ/bIX YEPHBIX JIbIP B Tajo
raJakTHK M B MeXKrajJakTHueckoM IpocTpaHcTBe. Takue 00beKTbl MOIVIH
BBIOPACHIBATLCS HA PAHHUX CTaAUsX (POPMHPOBAHHUS raNakTHK, KOIja Macca
UX Taj0 Oblia He CJAMIIKOM GOJIbLIOH M CaMH YepHble ABIPbl ellle He YCIeaH
HaOpaTb OueHb GOJBLIYI0 Maccy.

CBepxmaccumBHbI€ YEPHbIE Ablpbl yCNEBaOT BO3HUKHYTb
B TeYeHMe NepBoro Munnnapaa net xXmsHm BceneHHonm.

Cy1iecTByeT HeCKONbKO BAPHAHTOB MOSIBJEHHS CBEPXMACCHBHBIX
YepHBIX ABIP, U, 0 BCEH BUAMMOCTH, BCE OHH MOT'YT pPeajJU30BbIBATHCS
B npuposne. CaMblil KOHCEPBATUBHBIA MEXaHH3M CBSI3aH C CAMBIMH Mep-
BLIMH 3Be€3/laMH, KOTOpble MOTJIH OBITh BeCbMa MAaCCHBHBIMHM M B KOHIIE
CBOE€H KOPOTKOH KH3HH IMOPOXKAAJH YePHbIe IbIPbl C MACCAMH OKOJIO
100-200 macc CoaHna. B mporecce nepapXuyeckoro CKyYHMBaHHS 3TH
uepHble JbIPbl (UbM MACChl MOIVIH HEMHOT'O YBEJHUHTHCS 33 CUET AKKPEIHH)
nonajaju B LEHTPHl (OPMHUPYIOLIUXCS CTPYKTYp, I/le 3a CUET C/AMSHHN
U Ja/JbHeHIIel aKKPeluH MOCTENEeHHO YBEJIHUMBA/IN CBOKO Maccy. 3a MHOTHE
MHJTHAPAB JIeT OHH MOIVIM BBLIPACTH 0 Macchl B MU/IHapAsl Mace CoJHIa.
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OnHako Ha6J/I0[eHUs MTOKA3BIBAIOT, UTO YK€ Ha KPACHBIX CMellle-
HUSIX z =5 — 10, coycTs BCEro JUlIb COTHH MHJUIMOHOB JIET TOCJe 06paso-
BAaHHUSI MEPBBIX 3Be3[, CYLUIECTBYIOT MACCHUBHbIE UepHbIE IBbIPbl C MacCaMH
B IECSITKH MUJIJIMOHOB COJIHEUHBIX. OT MOMeHTa (DOPMHPOBAHHS «3aPOJIbl-
IIEBBIX» UEPHBIX JBIP TPOLIIO MEHee MHUJJIHApAA JET, H, HauaB C MacChl
100-200 co/sHEYHBIX, HEBO3MOXKHO TaK GBICTPO BBIPACTH A0 IECSATKOB
WJIH COTeH MUIHOHOB. [To3TOMY nepBble 3Be3/bl 31eCh yXKe He MOMOrYT,
HeoOXOIUMBl CLIEeHAPHH, B KOTOPBIX YePHBIE ABIPbI POKIAIOTCS ¢ MaccaMH
B HECKOJIbKO THICSU HJIH Jaxke 1ecsiTKOB Thicsu Macc CoJHua.

[ToaTomy OblIM NMPHAYMaHbl elle 1Ba ClieHapHusi. B olHOM H3 HHX
TIPOUCXOAUT MPSIMOH KOJIJIATIC MACCHBHOT'O 00JaKa rasa B UepHYIO AbIPYy —
3TO TEOPETHUYECKH MO3BOJsIET (POPMHUPOBATH CaMble MACCHBHBIE 3apOJIbIIIN
CBEPXMACCUBHBIX YepPHBIX AbIP C MaccaMH 10 coTeH Thicsiy Macc CoJHLa.
B apyrom cueHapuu K (pOPMHPOBAHHIO YEPHOH ABIPHI MPHBOAUT 3BOJIO-
U MJIOTHOI'O CKOIJIEHHS! 3Be3[ B sApe MOJONOH ralakKTHKH — TaKue
CKOIJIEHUSI pea/ibHO HAGJI0AAI0TCS BO MHOTHUX TajJaKTHKaxX, B TOM UHCJ/e
1 B Haumed. [Toaxonsimue a/si GOpMUPOBAHUS YEPHBIX AbIP CKOMJEHHS
3Be3]l MOT'yT BO3HHMKAThb B rajo ¢ macco# oxkoso 100 man macc CosHia
yKe Ha z = 15. 3aTeM yacTh 3Be3/ CKOIJIEHHS HOBOJbHO GBICTPO MOKET
o0pa3oBaTh B €ro LEHTPaJbHOH 4aCcTH OYe€Hb MAaCCHBHYIO 3BE3/ly C MacCOH
6osee 1000 co/iHeUHBIX, a TAKOH OOG'bEKT OUEHb OBICTPO MOJKEH CKOJI-
JIATICUPOBATh B UepHyIo Ablpy. MHOra, Kak MOKasblBalOT pacueThl, Macca
TAaKOH UepHOH AbIPBl MOKET JOCTHUTATh HECKOJbKHX Thicsau Macc CoJHIA.
B o6oux clieHapusxX MOXKHO MONYUYHUTb JOCTATOUHO MACCHBHBbIE OOBHEKTHI,
KOTOpbIe TIOTOM, aKTHBHO aKKpPELHPYs a3 U CJAUBAsCh C IPYrHMH uep-
HBbIMH JbIPaMH, MOTYT 3@ HECKOJIbKO COTEH MMJIIHOHOB JIEeT NPEeBPATHTLCA
B HACTOSIILIUX MOHCTPOB.

Maccbl YepHbIX Ablp pacTyT B pe3ynbraTte akKkpeumnm rasa
N CAVNAHWNA.

Wrak, c/ausHUS YepHBIX AbIPp M aKKpeUus Ha HUX rasa MOTYT
[I03BOJIUTDL 34 BpeMsl 3BOJIIOUHH HAPACTHUTb MacCy A0 Napbl AeCSATKOB
Munapaos macc CosHna — 6o0Jblie, ueM y He6oJbIIoH rasakTuky. He-
YIUBUTEJNbHO, UTO CaMble MACCHBHbIe UepHbIE AbIPHI HAXOAATCS B LEHTPax
MACCHBHBIX Ta/JaKTHK, PACMOJOXKEeHHBIX OObIUHO B LIEHTpax KpPyMHEHIINX
CKOIIJIEHUH.

Cepreii MNonoe
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10.4
CkonneHmsa ranakTnk
N KpynHomacLutabHasa cTpykTypa

Ha macuira6e, npesocxoasiiem npuMmeprHo 400-500 maH cBeTo-
BBIX JIET, BELIECTBO BO BcesieHHOH pacrnpeneseHo 10CTaTOYHO PaBHOMEPHO.
OJHAKO HA MeHbllleM MacluTabe MOXKHO YBHIETh CKOIJIEHHSI U CBEPXCKOILIe-
HUs rasakTHK. COBOKYIHOCTh CKOTJIEHHH, CBEPXCKOMJ/IEHHH W MHTaHTCKUX
IYCTOT MEXAy HUMH (TaK HasblBaeMbIX BOHIOB) (hOPMHpPYeT KpPYyMHOMAC-
MTa0HYI0 CTPYKTYpY BceneHHOH, HMEIY0 SUeHCTO-BOMOKHUCTHIA BHI.

Ha macwTtabe B COTHU MUANIMOHOB CBETOBbIX N1€T
n 6onbwe BceneHHasa nmeer AYENCTO-BOJTIOKHNCTYIO

CTPYKTYPY.

CKomieHns TaJakTHK HMeIoT Maccy mopsaaka 10'4-10'° macc
CoJHiia (B OCHOBHOM 3TO TeMHO€ BelecTBo). IMEHHO HCC/enoBaHUS
ckorienuit nozponuan Ppuny Lpukku B 1933 r. npuiiTh K BHIBOLY 0 He0O-
XOIMUMOCTH CYILIECTBOBAHHS OOJDIIOH CKPBITOH (HEBUAUMOH) MacChl IJst
00'bSICHEHHsI CKOPOCTEH raslakTHK B 3THX o0pasoBanusx. bapuonHoe Belie-
CTBO B CKOILIEHHSIX B OCHOBHOM COMEPXKHTCSI B BUIE TOPSiUero (IecsaTkH
MHJUIMOHOB TPANyCOB) MEKTaJaKTHUECKOr0 rasa, a Ha 3BE3JIbl MPHUXOJAUTCS
Macca, B CpelHeM B JecsiTb pa3 MeHbliasl.

Paamepnl ckomieHH#H 006bIUHO cocTaB/sioT npumMepHo 10-30 max
CBETOBBIX JIET, B HUX BXOAST OT COTHH JO THICSIY KPYMHbIX TaJaKTHK.
TeHmeHIMIO TyMaHHOCTEH «COOMPATHCS B IPYMIbly (TOra elle He 3HAJN
0 TOM, 4TO 3TO rajJakTHKH) 3amethau Gojee 200 jer Hazax. Ho moctoBep-
HOe 3HAHHE O CYIIECTBOBAHUM CKOIJIEHHH M3 COTEH ra/laKTHK MOSIBU/IOCH
menee 100 ser nazax — B 1920-1930-e rr.

CkonneHumsa ranaktuk nmeroT paamepbl okono 10-30 mnH
CBETOBbIX NIET N 06bIYHO BK/IKOHAKOT COTHU KPYMHbIX
ranakTuk.

KpymnHble cKOM/IeHHs TajJaKTHK B HACTOSIIIUH MOMEHT SIBJISIFOTCS
HanboJsiee MACCUBHBIMU U MPOTSXKEHHBIMU PABUTALMOHHO CBSI3aHHBIMU
crpykrypamu Bo Bceesennoit. Ecan temuas sueprust (cMm. pasmena 11.6
«YckopenHoe pacuinpenue Bcenennot. TemHas sHeprus. Bynyuiee Bee-
JIEHHOH») 00'bACHAETCH KOCMOJOIHUECKOH MOCTOSHHOH, TO CKOIJEHHUS
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raJakTHK COXPaHSTCH W B JajneKoM OyaylieM, OQHAKo OyayT yaansiTbes ApyT
oT apyra. [Ipyrue BapHaHTBl 3BOJIOLUUH TEMHOH HEPTHH MOT'YT NPHBECTH
K MHBIM CHEHApHUsM AajbHellIell 5BOMOIMH KPYTHOMACIITAGHOH CTPYKTYPHL.

MaccuBHBIe CKOTIIEHUSI TalaKTUK B OCHOBHOM C(POPMHUPOBANUCDH
Ha KpacHBIX cMelleHusix z < 2, T.e. npuMmepHo 10 MJpa et Hasaj, OfHAKO
TpolLlecc 3BOJIOLUH CKOIVIEHUH MPOofo/XKaeTcss U B HAlUM AHH. Ha 60Jb-
IIMX KPACHBIX CMEIIEHHSIX Mbl He BHAHUM COOCTBEHHO CKOIJIEHHH — TaM
Ha0J/I01AI0TCS CTYIeHHs, Ha3blBaeMble NPOTOCKONNEHHIMH TalaKTHK,
M Mbl BUIUM HX TAKHMH, KAKHMH OHM ObLIM CHOYCTSl Napy MH/IIHAPAOB JeT
nocqe Bosbiioro B3poiBa. B HacTosIIMH MOMEHT OHM, KOHEUHO, NpeBpa-
THJHCh B CKOTJIEHHS, HO HAGJI0AaTh HX COBPEMEHHOE COCTOSIHHE Mbl yXKe
He CMOXKEM — OHH HaXOISTCS 3a HAIIMM FOPU3OHTOM COOLITHH (CM. pas-
nen 11.2 «[Opu30HT YacTHIl U TOPU3OHT cOoObITHH. Bospact Beenennoir»).
B 2012 r. rpynna simouckux actpodusnko — [3ion Tommukaba (Jun
Toshikawa) u ero KoJiern — 3sasiBuja 06 06GHAPyKEHHH MPOTOCKOTIEHH ST
Ha KPACHOM CMEUIeHHH Z ~ 6, YTO COOTBETCTBYET MPHUMEPHO MUJIHAPLY
JieT 1oc/le Havya/la paclIMpeHHUs.

Cor/iacHO COBpeMeHHbIM MOjieJsIM CYIIeCTBOBAHHE KpyMHOMAc-
mTabHOH CTPYKTYPHl U €e 3JeMEHTOB 00s13aHO CBOWUM IMPOUCXOKIEHUEM
NepPBUYHBIM (JIYKTYyaLHUsIM [JIOTHOCTH, BO3HUKAIOLIUM HA CTAAHH UHQJISLHH.
B ocHoBHOM cTpyKTypa c(hOpMHpPOBAaHA TEMHBIM BELIECTBOM, KOTOpOE
10 Macce MPeBOCXOAUT OOblUHOE BellecTBO NPUMepHO B NsTh pas. Heon-
HOPOAHOCTH B paclpeleNeH’H TEeMHOr'0 BellecTBa HAUMHAIOT PACTH ellle
B paHHel BceseHHOH, a MO0 OKOHYaHWH 3MOXH PeKOMOMHALMM HauMHaeTCst
1 POCT (UIyKTyaluid 06bYHOro (6apHOHHOr0) BelecTBa. [1epBbHIME yCIeBaKT
CKOJIAIICUPOBATh HeGOoJbIIHE HEOAHOPOLHOCTH, I03TOMY B Havaje Bo Bce-
JICHHOH MOSIBJSIOTCS 3BE3/bl, IOTOM Ta/JaKTHKH M JHIIb NOTOM CKOIJIEHHS.
Eue Gosee kpynHble 06pa3oBaHUsi — CBEPXCKOIMJIEHHS — K HaCTOSILEMY
BpeMEeHH He YCIeJ/H CKOJJIANCHPOBATD.

OBoNOUMNA CKONNEHUN N CBEPXCKOMIEHUIA CUNbHO
3aBNCUT OT CBOMNCTB TEMHOI 3HEPrAN.

CBepXCKOMJ/IeHHs TaJaKTHK MOSBHINCH B 00MX0/e acTPO(U3HKOB
B 1958 r., xorna xxopmk Jiibess (George Ogden Abell) nmpeacraBui
CBOW KaTaJsol' CKOMJIEHHH ra/fakTHK, BBIIEJHB B HEM <«CKOIJIEHHS BTOPOTO
ypoBHsi». CBEPXCKOIJIEHHS! SIBJSIIOTCS MPOTS2KEHHBIMH CTPYKTYpaMH pa3Me-
pPOM 10 TOJYMHJIMAPAA CBETOBBIX JIET, BKAIOUYAIOMIUMH B ce0si MHOXKECTBO
OTJIEMIbHBIX CKOTIIEHHH Ta/JaKTHK. Hampumep, CKom/eHHe raJakTHK B CO3BE3-
quu leBbl, K KOTOPOMY OTHOCHTCSl M Hawa [ajakThKa, BXOAHT B COCTaB
cBepxckornJenus: Jlanuakea, koropoe 6b10 uaeHTUHIKMpoBaHo B 2014 r.
N0 KMHEMAaTHKe rajakThk. K rurantckoil Jlannakee otHocutces U Besukuit
AtTpakTtop, oTKpbIThid B 1988 Jlunnen-beanom, — kpynHelilas aHoMaJus
B pacrpeie/eHUH BellecTBa B HAIIMX KOCMOJIOIHUECKHX OKPECTHOCTSX.
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Cynb6a cBepXCKOIIEHHH 3aBHCHT OT MPUPOJAbI TEMHOH 3HEPrHH: BEpOsiITHEE
BCEro, MHOTHE CBEPXCKOIIEHHs] OYIyT pacTArHBATbCS B Xole AajbHeHIIero
pacuupenusi BceieHHOH U Tak M He CTaHYT CBSI3aHHBIMH O0'bEKTAMH.

XapakTepHbl pasaMep 3/IEMEHTOB KpynHomMacLuTabHowm
CTPYKTYpbl — 400-500 MIH CBETOBbIX J1ET.

CBepXCKOIJIEHHsI CBsI3aHbl ¢ (hujaMeHTapHOH (BOJIOKHHCTOMH)
cTpyKTypoi BcenenHnoii. ['urantckue uiaMeHThl, B KOTOPBIX B OCHOB-
HOM CKOHILIEHTPUPOBAHO BeIleCTBO, TEeKyllee B HaMpaB/JeHUH CKOMJeHHH
U CBEPXCKOIJIEHUH, KOTOpble HAXOMASITCS HA MepeceueHur BOJIOKOH, HMEIOT
pasMephl 10 MUJJIHAPAOB CBETOBLIX JeT. Mbl 3HaeM 0 (hujsaMeHTapHOH
CTPYKTYype mo HabOJMI0IeHUSIM TaJaKTHK U TOPSUero MexKraJakTHU4ecKOro
rasa, ognako B 2012 r. Mopr Jlurpux (Jorg P. Dietrich) ¢ coasTopamu
3asIBUJI O MEPBOH HIEHTHU(PHUKAIMK BOJOKHA KPYMHOMACHITaA6GHONH CTPYKTY-
PblI, COCTOSIIIIETO M3 TEMHOTO BellecTBa. DTO yAaJd0Ch CleNaTh 6GJaropapsi
UCI0/b30BAHUIO METOAA CJAa60r0 rPpaBUTALIMOHHOTO JUH3UPOBAHHS: OBLIO
MOKAa3aHo, UTO MEXAY CKOMJAeHusiMHU TajdakTuk Abell 222 u Abell 223
cocpeioToueHa 6oJblasi Macca, HO IPU 3TOM TaM He HaOJ0gaeTcs 10cTa-
TOYHOT'O KOJIMUECTBA Ta/JaKTHK WJK rada JJs ee ob6bsicHeHus. Pa3mep storo
BOJIOKHA cocTaBJjseT 6ojee 10 MJIH CBETOBBIX JIET, a €r0 Macca JO0CTHraeT
npumepro 10' cosHeUHBIX Macc, 4TO COMOCTABHMO C MacCaMH CKOIJIEHHH
rasakTuk. CoBceM HemaBHO, B 2017 r., cTaTHCTHUECKHUH aHAJU3 OOJbIIOTO
KOJIMUeCTBA Map MACCHBHBIX TaJaKTHK, OTMEYalolUuX TOJ0XKeHHe 60raThiX
T'PYTII, TO3BOJU/ MOJTYUHTh HAAEXKHbIE apPTYMEHTH B TOJb3y CYIIECTBOBAHHS
BOJIOKOH T€MHOTO BELIECTBA MU MEXKAY TAKHUMH OO'bEKTaMH.

CkonneHus ranakTnk o6pasyroTcss B OCHOBHOM Ha z = 2
1 NPOAOJKAIOT PacTy B HAWW OHW.

duaMeHTBl OUEPUUBAIOT TMTAHTCKHE MYyCTOTHl — BOHIBL. OHH
Obliy MAeHTH(GUIMPOBAHbl B 1978 r. TpyaaMu HEeCKOJbKHUX TPYI acTpo-
¢usuxkoB — [yuno Kunkapunn (Guido Chincarini), Credana I'peropu
(Stephen Gregory) u Jlapna Tomncona (Laird Thompson), a Taxxe
5CTOHCKHX acTPou3HUKOB Mo pyKoBoacTBoM Slana diinacto (Jan Einasto).
Boiinbl umeroT xapakrepHbie pa3mepbl 10 500 MJIH CBETOBBIX JeET, UTO
CBA3aHO C TaK Ha3blBaeMbIMM OGAPHOHHO-aKyCTHUECKHMH OCUMJ/ISALUSIMU
B paHHell BcesieHHOH He3a10/1I0 10 3MOXH PeKOMOMHAIMH. DTH OCHUIISIHN
CBSI3aHbl ¢ (JIYKTYyalUUsIMU IIOTHOCTH, CYLIECTBOBABIIMMH YK€ Ha MOMEHT
peKoMOHHALIMM, 3aT€M OHH POC/IH, PACTATHBAJINChL H3-3a PACIUMPEHHUs Mpo-
CTpPaHCTBA U CTaJH OCHOBOH 1/ ()OPMHPOBAHUS CTPYKTYpbl BceseHHOH,
34/1aB XapaKTepHbIH MaclITab HEOTHOPOIHOCTH B paclpe/e/]eHuH rajgaKkTHK.

Ha z < 1 sBoJ/ionusi puJIaMeHTOB NPAKTHUECKH OCTAHABJIHBAETCS,
a CKOINIeHHUs NPOJOJKAIOT 3BOJIOLHOHUPOBATD, XOTS U HX POCT 3aMelJIseTCst
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13-3a Hava/a JOMHHHPOBAHHUS TeMHOH 3Hepruu. PopmupoBaHHE CKOIMJIEHHH
OUeHb YYBCTBUTENbHO K KOCMOJOTHUECKHM MapameTpaM, MOCKOJNbKY OHH
HAXOJSITCSl HAa TPaHHLE MeXAy yxke cHOPMHPOBABIIUMHUCS TPABUTALHOH-
HO-CBSI3aHHBIMH CTPYKTYypaMH M TeMH, KOTOPble HHKOTJa He CKOJIATCHPYIOT
U3-3a TEMHOH 3HEPTHH.

Wayuenue popMUpOBaHHSA KPYyNHOMACILITAOHOH CTPYKTYpPbl —
CyLleCTBEHHAasl YacTb COBPEMEHHBIX aCTPOHOMHUYECKHX HCCJ/EeJOBAHHMH,
o6'beIHSA0IAs HEeCKOJAbKO o0JacTell ¢pusuku U actpopusuxu. [leppoii
BAaXKHOH pabOTOH B 3TOM HampaBJeHUHU cTaJjda cTaTbsl EBrenus Jluduuua,
ony6auKoBaHHasi B 1946 r. u nocssilleHHast POCTY BO3MYIIEHHS MJIOTHOCTH
Ha MPOTS2KEHHH KOCMHUeCKOH uctopuu. MayueHue KpynHoMmacuTaGHOH
CTPYKTYpbl aKTHBHO Pa3BHBAJNOCh B Halllell CTpaHe, B YACTHOCTH B HAYYHOH
mikose Slkosa 3ednbaosuua. C 1osiBJ€HHEM KOMIbIOTEPOB OCHOBHbBIE PE3yilb-
TaThl O 3BOJIOLUK KPYIMHOMACIITAOHONH CTPYKTYpPbl MOJAYUYaIOT YHCJAECHHO.
CpaBHeHHe JaHHBIX PACUETOB C HAGJMIONCHHUSMH MO3BOJSET MONYYaTh U yTOY-
HSITb MHOT'HE MapaMeTpbl, BaxKHble /i pa3HbIX o6JacTeldl acTpo(UIUKH.

CkonneHunsa 3anosiHeHbl ropadymm rasom c TemnepaTypoﬁl
B AE€CATKN MUNNTNOHOB rpagycos.

Takke CKOIUIEHHS IaJaKTHK BaxKHbI IUIs1 HCCAEIOBAHUE B 00/1aCTH
(byHIaMeHTaNbHOH (U3HMKH: H3yueHHEe TUHAMHKU CKOIJEHHH MmoMoraer
MPOBOAUTH TECThl PA3JHUHBIX TEOPUH rpaBUTAlUH. Ha maHHBbIE MOMEHT
HAMJYUIIETO COrJIacHsl yaaeTcsl JOOUThCS B paMKax oOliel TeOpUH OTHO-
CHTEJIbHOCTH (C yUeToM TEeMHOro BellecTBa).

PenTtreHoBckHe HaGJMIOEHHS TTO3BOJSIOT H3yUaTh CBOHCTBA TOpsi-
Yero raza B CKOIUIEHHSX TaJaKTHK, UYTO 1aeT BO3MOXKHOCTb OMpENessiTh
napaMeTpbl CKOIJIEHHH W HCC/IeN0BaTh UX MCTOpHIO. ['a3 B (hopMUpyIOIIHXCS
CKOIJIEHHSIX OCTBIBAET, TeUeT B LEHTP M 00pa3yeT IMTaHTCKYIO LEeHTPalbHYIO
rajJakTHUKy, OJHAKO 3aTeM CBEPXMAaCCHBHAsl UepHas Ablpa, HAaXOASIIAsICs
B LEHTPaJbHOH MaCCHBHOH rasakTHKE CKOIJICHHS, CBOCH aKTUBHOCTBIO
pasorpeBaert ra3. AHaJu3 CTPYKTYp B rase MO3BOJSET ONPENSJUTb U HCTO-
pUI0 aKTHBHOCTH YepHOH ABIPHL. [lpeamosiaraeTcs, uTo 3amyCK CIyTHHKA
«Cnekrp-Penrren-I'ammay mospoaut o6Hapyxuth 10 100000 cxoniennit
raJakTHK 10 PEHTT€HOBCKOMY H3JyUEHHI0 TOpSIuero rasa B HHUX (3To Bce
KPYIHbIE CKOIMJIEHUsSI B BUAUMON uacTd BceseHHo#). Bmecte ¢ HaGuo1eHU-
amu a(pexra CionseBa — 3esbaoBuua (paccesHusi GOTOHOB PEJTHKTOBOTO
M3/yUeHHsT Ha 3JEeKTPOHAX IOpsUero rasa CKOIJIEHHH) B MUJIJIHMETPOBOM
JManas3oHe peHTTeHOBCKHE JaHHbIE TMO3BOJSAT CYUIECTBEHHO MPOIBHHYTh-
csl B yTOYHEHHH 6a30BBIX KOCMOJOTHYECKHX MapaMeTpOB, B TOM UYHCJe
Kacaloluxcsi CBOHCTB TEMHOH SHEpPIHH.

Hauwnnas ¢ 1990-x rr. B apceHase acTpo(U3UKOB MOSBUICS
OUeHb MOIIHBIA MeTON [/ U3YyUeHUs] CKOMJIEeHHH raJakTHK, pa3paboTaH-
Hoiii Duronu TadiconHoM (Anthony Tyson). HaG/onast ckBo3b CKOIJIEHHS
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CylLIeCTBEHHO 6oJiee faJjieKHe rajJakKTHKH, Mbl BHAHM HX HCKaKEHHBIMH,
NPUUYUHON HCKAXKEHHUH SIBJASETCS MUCKPUBJEHHE MPOCTPAHCTBA MacCOH
ckonJjieHuss. PaKTHUECKH 3TO FPAaBUTALMOHHOE JIMH3UPOBAHUE, TOJNbKO
3(ppeKT oueHb HEeBENUK, TOITOMY TAHHBIH METOM HA3bIBAIOT CAAObIM AUH-
suposaruen. O6paboTKa U aHA/IU3 HMCKAXEHHBIX H300paKeHUHl 6O0JIbIIOr0
qucaa raJakTHK MO3BOJSIET U3MEPHUTh paclpeneseHre Mace B CKOIJIEHHN
ra/JiakTHUK, BHICTYTAIOUIEM B POJIM JHH3bl, BHE 3aBUCUMOCTH OT TOTO, UeM
ompejiesisieTCsl Macca: 3Be3JaMM, ra3oM WJIH TEeMHbIM BelllecTBOM. Hccie-
JIOBaHHE HEKOTOPBIX CKOIMJEHHH TaJakKTHUK TaKMM CocO60M JaeT caMble
HaaeKHble apryMeHTbl B MOJAb3y CYLWECTBOBAHHUA TEMHOT'O BelleCTBa.
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Hapsgy ¢ 6uonornyeckom aponoumein Ha 3emse paclnpeHne
BceneHHow npeactaBnsaeT cobo OAVH N3 caMbIX FPaHANO3HbIX
npoLeccoB, NponcxogsaLmnx B npnpoge. HabnogeHmsa ogHo3Hay-
HO rOBOPAT HaM, YTO B HacTosdLlee BpeMsa paCcCTOAHNA MexXay
AOOCTaTO4YHO fJanekKnmvinm raiaktmkKkamm yBenmvimBaroTcs, npmnyem
nocnegHme HeCKOIbKO MUIJIIapaoB JIET 9TO MPONCXOANT BCe
6bicTpee n 6bicTpee. MNOTHOCTL BewecTBa CHMXKAETCS, a TemMmrnepa-
Typa 3anosiHsawLwero BceneHHyo na3nyyeHms ymeHbLlaeTcs, a 910
3HaYNT, YTO KOrAa-To MUP Gbis1 3aNOSTHEH FOPAYMM NIOTHbIM Belle-
cTtBoM. Torga He MO0 CyLECTBOBATb HE TO/IbKO 3BE3[, 1 ranakTuk,
He TOJIbKO aTOMOB 1 MOJieKys, HO fa><e npumBbi4Hbli€ Ham 4YacTu-

Lbl — 9NIEKTPOHbI, MPOTOHbI, HEMTPOHbI — HE MO CTabUNbHO
CyLLEeCTBOBaTb M3-3a 9KCTPEMaJIbHO 6ONbLUNX 3HAYEHNIA MJIOTHOCTI
n TemnepaTtypbl.

PacwwunpeHue Hauyanocb noytn 14 mappg net Hazapg,. CnycTta AecaTkum
MWINOHOB NeT NOABUINCH NepBble 3Be3Abl, 3aTeM ranakTmnku,
BMJ1IOTb [0 HACTOALLEro BpemMeHu hopMumpyrTCA CKOMJIeHU

1 CBEPXCKOMJIEHUS raNnakTuk. Ha npoTsaxxeHnm KocmMmnyecKkoi
NCTOPUK MEHSANCA XMMUNYECKINIA cocTaB BeceneHHoli: Bogopopa
CTaHOBWJIOCb BCE MEHbLLE, a KOJINMYECTBO TAXENbIX 31EMEHTOB
YBENNYNBANOCh.

CoBpeMeHHasa KOCMOJIOrMsl Hayana cBoto mctoputo okosno 100 net
Hasag, Korga nosBuaach o6asa Teopus OTHOCUTENbHOCTU 1 Korga
ACTPOHOMbI HAYy4YWUJTNCb N3MepPATb paCcCTOAHUNA 00 AaneKnX ranak-
TUK 1 X CKOPOCTW. MHororo mMbi Nnoka He 3HaeM: YTo 6b1J1I0O B CaMOM
Ha4yane, 4to byaet co BceneHHom B ganekom byayuiem. Ho HoBble
Ba)XXHble OTKPbITUA I'Ipl/l611|/|)KaI-OT HacC K pa3ragkam 3Tunx TaI7IH, no-
9TOMY KOCMOJIOIMSl CTOJIb MHTEPECHA N NpUBNEKaTesNbHa.



11.1
PaszberaHme ranakTuk.
3akoH Xabbna

Teopetuueckue paboThI, MOJOKUBIIHE HAUAI0 COBPEMEHHOH KOCMO-
JIOTHH, TIOSIBUJINCh HEMHOT'O paHbllle KJI0UEeBHIX HAOGMIOAEHHH B 3TOH 06JaCTH.
[lepBy10 KOCMOJIOTHUECKYIO MOJe/b B paMKaX OOLLEH TEOPUH OTHOCHTEJb-
HOCTH paccMorpes caM JiHumTedH B 1917 r. B atom ke roay nosiBusach
1 cratbs Busema ne Currepa (Willem de Sitter), B kotopo#i o6cy2xanach
BO3MO2KHOCTb POCTA CKOPOCTH ¢ paccTosiHueM. OfHAKO B CBOEM MOCTPOEHHH
OUHIITEHH UCXOAUI U3 HIEH O CTAIHOHAPHOCTH BceseHHOH, M5 MOCTHKE-
HHSI KOTOPOH eMy MpPHUILIOCh J00aBUTh TaK Ha3bIBAEMYIO KOCMOJOTHUECKYIO
noctosiHuyto. [lepBrie peanuctuynbie Moaeau B pamkax OTO 6bn paccun-
taubl Asexcaunapom @puamanom B 1922 r., KOTOPBIH MOTYYHI PEIIEHHS AJsT
pacimpsiionedicss win cxumaroniericss Beenennoit. Coenyioniunii BaxKHbIH 11ar
ool caeqnan YXKopxewm Jlemerpom (Georges Lemaitre) B 1927 r.; B cBOMX
nocnenyomux paéorax B Havyajte 1930-x rr. oH man ucueprnbiBarolee o6bsic-
HeHHe JaHHbIM Hab/moaeHud Xa66/a, a TakyKe paccMOTpes psifi Mojiesel, B TOM
YHUCJe U C KOCMOJIOTMUECKOH MOCTOSIHHOM, C Pa3HbIMM 3aKOHAMH H3MEHEeHHSs
Macwra6Horo akropa. K uucsay nocjaefHUX OTHOCHTCS M COBPEeMEHHAsi
MOJleJb, B KOTOPOH NepBble HeCKONbKO MUJ/IJIMAPIOB JeT pacliupeHue Bce-
JIEHHOH 3amepJsieTcs, a 3aTeM — yckopsietcsi. OIHAKO TeopHs 0CTaBajach
JIMIIb TEOPHEH, MOKA He MOSBU/INCH HOBbIE NaHHble HAOJIIOICHUH.

MepBble peanncTNYHble HECTALMOHaPHbIE
KOCMoOJiormyeckme Mogenu 6bi1m NoCTPOEHbI
AnekcaHgpom ®pungmaHom B 1922 r.

TpaIuIMOHHO HCTOPHIO OTKPBITHS paclinpeHusi BeeseHHON HaunHa-
10T ¢ pador Becro Cuaiiepa (Vesto Slipher). B 1914 r. on oGHapyxu1, uTo
HECKOJIbKO TaJIaKTHK YAAJMSIOTCS OT HAC (a He MPUOJIMKAITCS, KaK, HAlpUMep,
TyMaHHOCTb AnmpoMenni). OmHAKO MOKa 3TO GbUIM JHIIb PA3PO3HEHHDIE JAH-
Hble, Hd OCHOBE KOTOPBLIX He ObLIO CIEeJAHO Pellaiollero BbIBOAA, XOTs TaKHe
TMOMBITKA NPeNpHHUMAaIKHCh (HanpuMep, Aprypom DmauHrtoHom B 1923 r.).
KioueBoi#i crana pa6ora dueuHa Xa66sa, koTopbiit B 1929 r. ony6/ankoBasn
CTATBIO C JOCTATOUHO TOYHO M3MEPEHHBIMH PACCTOSTHUSIMH!' 110 GoJjee ueM

1 CucremaTHueckasl omn6Ka B ONpeJe/eHHH PaCCTOSTHUH He MoMelllasfa BEPHO Ompene-

JUTH OOLIMH XapakTep 3aBUCHMOCTH CKOPOCTH YyAaJeHHsd TaJaKTHKH OT PacCTOSHHA 10 Hee.

aga 11
PacwwupeHue BceneHHom 239



JBYX JECSATKOB raJlaKTHK U HX CKOPOCTSIMH, PaClOJOKEHHBIMH Ha OJHOM
rpauke. Tak BO3HHUKJIO 3HAMEHHTOE COOTHOIIEHHE, KOTOPOE MBI Teleph
3HaeM Kak 3aKoH Xab0jga — CKOPOCTDb yHa/feHHs FaJaKTHKH TPOMOPIHOHAIbHA
paccrosiauio: v = Hd, rne v — cKkopocTb rajgakTuku, d — paccTosiHue 10 Hee,
a H — xosdduumenT, Ha3piBaeMblil TOCTOSIHHOH Xab6i1a.

CornacHo 3akoHy Xa66na, CKOpOCTb yaaneHus ranakTnku
NPSAMO NPONOpLMOHaNibHa PaCCTOAHUIO A0 Hee.

K sromy momenty 6saromapsi pa6oram Ppuamana u Jlemerpa
yKe Obla B 0OLIMX YepTaxX roToBa TeopHs, 00bsICHSOLIAS TaKoe MOoJ0-
xkenue gest. B OTO cyuecTByeT noHsiTHEe METPUKH, KOTOPAsl ONMHUCbIBAET
CBOHCTBA NPOCTPAHCTBA-BPEMEHH, T. €. COOTHOLLEHHE MeX1y BpeMEHHLIMH
U MPOCTPAHCTBEHHBIMH KOOPAHHATAMH. B KocMoJOrMH HauboJjee U3BECTHA
Metpuka ®puamana — PobepTcoHa — Yokepa, coaepxkaliasi Tak HasblBae-
MBIl MacIITaOHBIA (PAaKTOP, KOTOPHIH MOKA3bIBAET, KaK MEHSETCS PacCTOsIHUE
Me2Jy YAa/JeHHBIMH APYT OT Apyra o0’beKTaMu co BpeMeHeM. Paccrosinue
MEXY TaJeKUMH 00beKTaMi (MEXIYy KOTOPBIMH YKe HET 3aMEeTHDLIX CHJ)
pacteT co BpeMeHeM, H IocTossHHas Xa66J/a XapakTepuayeT, ¢ KaKoH
CKOPOCTbIO 3TO MPOUCXOAMUT B JAHHLIH MOMEHT.

B npouecce KOCMONOrMYeCcKOro paclunpeHuns ranakTnkm
He OBMXXYTCA CKBO3b OKpyXaloLLee NpOCTPAaHCTBO.

[To monyto mocTosinHas Xa66ja paBHA CKOPOCTH H3MEHEHHS
MaclTabHoro (pakropa, 1nofe/eHHOH Ha caM (aktop. Ee MOKHO onpefe/uTh
13 HaOJ/I0leHUH, U COBpPeMEeHHble JaHHble MOKa3blBaloT, UTO OHA paBHA
npuMepHo 70 KM/c Ha Meramapcek: rajJakTHka, Haxoasumasics B 100 mera-
mapcek OT Hac, yAa/isercs co CKopocTbio okosio 7000 km/c, a ranaktuka
Ha paccrosnuu 200 meramapcek — co ckopoctbio 14000 km/c. ITocto-
siHHas1 Xa606./1a MeHsIeTCsl CO BpeMeHeM, HO B KaXK/Ibli JaHHbIH MOMEHT OHa
O/IMHAKOBA B PA3HBIX 4acTsiX BceseHHOMH?.

Y KOCMOMOrM4ecKoro paclmpeHns HeT LeHTpa, KOTopbliA
Mbl MO 6bl yKa3aTb.

Pacmupenue BceeneHHoii uHOrma ymo6HO MpeacTaBJ/sTh cefe Kak
«pasiyBaHue TpocTpaHcTBay. CKOPOCTb yoaJNeHUs TalaKTHK H3-3a paclid-
peHusa Bcesennoii ne gBjsercs CKOPOCTbIO ABH2KEHHS CKBO3b IPOCTPAHCTBO.
Kpome TOro, BaxkKHO MOHUMATb, UTO Mbl He HAXOAHUMCSI B LIEHTPE ITOTO
pacumpenust (XOTS H BHAKM, YTO BCe JajieKHe raJaKTHKH YIa/sioTcs OT Hac,

2 le/l YCJIOBHH OJHOPOAHOCTH H H3OTPOIHH Bcenennoit, uro BEPHO O/ 6OJIbIINX Mac-

mTabos, TPEBLIIAIOIINX MPUMEPHO MHJ/JIHAPA CBETOBBIX JET.
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M 3TO TIPOUCXOAUT PABHOMEPHO BO BCEX HAIPABJEHHSIX, HO aCTPOHOM B J1I000H
JPYTOi rajlakTHKe BHeJ Obl aHAJOTHUHYIO KapTHHY). Bosee Toro, neHTpa
pacuuupeHnusi B Hauiedl Bcesenno#t Boobuie Het! M coBepllleHHO HEBEPHO
npeacTaB/asaTh cebe, uTo BeeseHHas Korga-To «6blia cxkaTa B OJHY TOUKY»,
MEeCTOMOJIOKEHHE KOTOPOH Mbl MOXKEM yKa3aTb.

CyulecTByeT MHOI'O HE3aBUCHMbBIX apryMEHTOB B I[0Jb3Y TOTO,
UTO MBI HMEEM /€10 HMEHHO C paciiupenneM BceseHHo# (1. e. pusnueckum
H3MEHEHHEM PACCTOSIHUSI MMy rajakTHKamu). Mbl MOXeM pasHbIMHU
crnoco6aMu U3MEpPSITh PACCTOSIHUSL 10 00'beKTOB M CPAaBHHUBATh HX. ¥ Hac
€CTb JIaHHble O TOM, KaK MeHseTCsl CTPYKTypa rajJakTHK H HX CKOTJIEHHH.
AcTpoHOMBI MOTYT HM3yuaTh XHMHUYECKHH COCTaB rasa M 3Be3] Ha PasHbIX
paccTosiHUgX OT Hac. HakoHell, ecTb HECKOJbKO CIElHaNbHBIX TECTOB
(Koppe siiMil WM COOTHOLIEHHH MeXay HaGJ/I0laeMbIMH BEeJHUHHAMH,
HaTIpUMep OTNpeIe/eHHbIMU MapaAMETPAMH TANAKTHK), TO3BOJSIIOIINX CIEIATh
BBIBOJL O TOM, UTO paclliupeHHe BcesieHHOH — eJIMHCTBEHHOE YAOBJETBO-
putesbHOe OO'bSICHEHHE NAHHBIM HAGJI0IEHHH.

Pacmnpenne BcesneHHOH NpPUBOIUT K MOSIBAEHHIO KOCMOJIOTH-
YeCKOT0o KpacHOro cMelleHHsi. MlcTopuuecku CKOPOCTH rajakTHK OblIx
usmepennl (Caadidepom, Xa66/40M U Ap.) HMEHHO MO CMEIIEHHIO JHHUH
B CIIEKTPAaxX rajJakTHK B CTOPOHY GoJsee AJMUHHBIX Bo/H. CKOpPOCTH ompe-
JeJIIUCh B COOTBETCTBUHU ¢ (popmynol n/as addexra [onnepa, ogHako,
Kak OblI0 MMOKAa3aHO MO3[Hee, NPUPOJA KPACHOTO CMEIEeHHUs B JaHHOM
c/lyyae MHas.

KocmoJsiornueckasi cKopocTh yaaJjeHHs TaJaKTHKH MOXET MpeBbl-
aTh CKOPOCTh CBeTa (3aMeTHM, UTO B KOCMOJOTHH BO3MOXKHO HECKOJBKO
pasHbIX ONpele/eHUH CKOpocTed, HO Yallle BCero roBOpSIT O CKOPOCTH
M3MEHEHHs TaK Ha3blBAeMOro COOCTBEHHOI'O PACCTOSIHHUS 10 4acaM HabJ1io-
narteds). Paccrosiiie, Ha KOTOPOM 3TO MPOHCXOMAHUT, JIETKO OMpPEIENHTh
ucxosl U3 3akoHa Xa66qa. [ToBepxHOCTb, HA KOTOPOH TalakTHKH ceiuac
HMeIT CKOPOCTb YAaJeHHs, paBHYIO CBETOBOH, HasbiBaloT cepoil Xab-
6s1a. Mbl MoXKeM Hab/ao0AaTh TaJaKTHKH, Ybsi CKOPOCTh OTHOCHTEJNbHO
HAC B MOMEHT M3/JyueHns (H/HaH cefiuac) MPeBOCXOAMT CKOPOCTH CBETa,
IIOCKOJIbKY CKOPOCTb pacCLIMpeHHsl MeHsJsach co BpeMeHeM. McnyleHHbIH
raJlakTUKOH CBET MOI' B Hauaje yaa/jsiTbCs OT HAc, a 3aTeM HavaJ IpH-
O/IMKaTbCS, KOrJla TEeMIT pacluMpeHHs CHU3HJCS. B urore cser gocturaer
Hac, XOTsl caMa TaJakTHKa BCerja yjaa/siiach U ceifiuac HaXOAMUTCS JajdeKo
3a cepoirt Xab6/1a. DTO paccyxaeHHe MOABOAUT HAC K TOHSTHIO TOPHU-
30HTOB BO BceseHHOI.
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11.2
[OPN3OHT YacTLU N TOPUN3OHT
cobbiTnin. Bo3pacTt BceneHHom

Mpl :uBeM B pacuiupsionieiics BeeseHHOM, a 9TO 3HAUUT, KOTHa-
TO PacCTOSIHHSI MEXAY BceMH o0beKTaMu Oblin MeHble. [Ipomo/mkas sty
SKCTPANoJSIHI0, MOXKHO NPUHTH K TOMY, YTO KaKoe-TO BpeMs Ha3ajl Bce
HaGJ/0jaeMble HAMH 00beKThl ObIJIM CXKAThl B OUeHb MaJeHbKOM 00be-
Me, T.e. pacliupeHdue umesno Hauajo. Ceduac Mbl 3HAeM 3TOT MOMEHT
C IOCTAaTOYHOH TOuHOCTbIO: 13,7-13,8 MJjpa JeT Hazaa. DTO pe3y/abTaT
MHOTOYHUCJAEHHBIX UCC/AE0OBAHUH, UCMOJAb30BABIINX CAMble pasHble AaH-
Hele. C pyrod CTOPOHBI, HET HUKAKHX Hab/ogaeMbiX (akTOB, KOTOPbIE
He BIIHCHIBAJMHUCh Obl B 3Ty KapTHHY.

BceneHHasa nmeeT KOHEYHbIN BO3pacCT, MPUMEPHO paBHbINA
13,7 mnpg ner.

C moMolIbl0 paIHOAKTUBHBIX 3/JEMEHTOB MBI JOCTATOUHO XOPO-
mo 3HaeM Bo3pacT COJHEYHOH CHCTEMbl — OH COCTaBJ/seT UyThb MeHee
5 MJIpa JeT. Moneny 3Be3IHOH 3BOJIOLUHH MO3BOJSIOT OLEHHTh MaKCHMAJb-
HBIH BO3pACT H3BECTHBIX 3Be3[, B Mpelesnax AOMYCTHMBIX MOTPEIIHOCTeH
oH He mpeBocxoauT 13-14 mipna Jjer. Moaeau XUMHUYECKOH 3BOJIOLNNN
BcesenHo# TakxKe coriacyioTcs ¢ 3TOH oneHkoil. HakoHeln, nccienoBanue
IMHAMUKH BceseHHON U (OpMHPOBAHHUSI CTPYKTYP B HEHl Takxke yKa3blBaeT
Ha BO3pacT 4yTh MeHee 14 mupa JjeT. [ToaToMy KOHeuHBIH BO3pacT «MHpa,
KaK Mbl €r0 3HaeM» MOXKHO CUHTAaTh TBEPAO YCTAHOBJEHHBIM (DaKTOM.

TemHoOTa HOYHOro He6a o6bsACHAETCA KOHEYHbIM
BO3pacTom BceneHHOM n KOHEYHOCTbIO CKOPOCTU CBEeTa.

Koneunbl#i Bo3dpacT BceseHHOH MO3BOJsIET PELINTh HECKOJIbKO
napanokcos. OTHUM M3 CaMbIX U3BECTHBIX CPEIN HUX SIBJSIETCS TMapagoKc
Oubbepca, Ha3BaHHLIH B 4eCTb HEMELKOro Bpaua M acTpoHoMa Buisbresbma
Oabbepca (Wilhelm Olbers), nepBooTkpbiBaTe st acTepornaos [lasnana
1 Becra. [Tapagoke Ogabbepca 3akaouaeTcs B caeayiolieM: ecau BeelseH-
Hasi OHOPOJHA W M30TPOIHA W Be3Je 3aMoJHeHa 3Be3JaMH, TO Ha JHHHUH
JM060T0 HAIIero Jyua 3peHHsl BCErja HaXOAMW/JIach Obl Kakas-To (IyCThb
¥ OYeHb JaJeKas) 3Be3la — HO TeM He MeHee HO4YHoe HeGo TeMmHoe!
O6cyxaaTh 3TOT MapagoKC Havya/ W 3a COTHH JEeT J0 POXKIAEHHS CaMoro
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Oubbepca, HO o6bsiCHEHHE ObLIO HAHIEHO JHIIb B paMKax COBPEMeHHOH
KOCMOJIOTHUECKOH MOJEJH.

Bospact BcesieHHO# KOHeueH, Kak M CKOPOCTb CBeTa, U 3a BpeMs
KU3HU BceseHHON cBeT He MOr MpoHTH GecKOHeuHOoe paccTosinue. [asas
Ha JajeKde rajakTHKH, MBI CMOTPHM B MpPOIIJA0Oe, OAHAKO 14 MJpm JeT
Ha3ajl HUKAaKMX TajJakTHK ellle He CyllecTBoBajo. [lostomy s HaGmoAeHHI
HaM JIOCTYIHA JIUIIb KOHeYHasi 06JacTh MPOCTPAHCTBA, U TOTEHIHANbHO
MbI MO2KEM BHAETH JIHIIb KOHEUHOe YHC/IO 3Be3] (M rajakTHk). DTO U eCTb
o0bsicHenne napagokca OJjb6epca (CBOH BKJaA TakKe BHOCHT H KOCMO-
JIOTHUECKOEe KpacHOe CMellleHHe, YMEeHbIIallee SHePrui0 MPUHUMaeMbIX
(hOTOHOB H, COOTBETCTBEHHO, MOBEPXHOCTHYIO IPKOCTDb JAJEKHUX TaJaKTHK).
Mbl He 3HaeM, GeckoHeyHa BceseHHas WM HET, HO Mbl 3HaeM, UTO OHa
6oJibllle 06/aCTH, TOCTYMHOH HaM JJs1 HaG/II0NeHUH.

fOpn30HT YacTuy COOTBETCTBYET PACCTOSAHUIO A0 CAMOro
[anekoro n3 NnoTeHUmanbHO Habnpgaemblix cem4vac
06BbeKTOB.

M3-3a KOHEUHOCTH CKOPOCTH CBETA U TOCTOSTHHOI'O PACIHIHPEHHS
BceseHHOH B KOCMOJIOTHM BO3HMKAeT HECKOJbKO MOHSATHH pacCTOSHHS,
KOTOpble HY2KHBI [/ IOHUMaHHsl paaMepoB HabuofaeMoit obnactu. Korna-
TO IaBHO Bcs Hab/iogaeMast HaMu cefiuac o6/1acTb Oblla cKaTa B KPOXOTHOM
o0’beMe U BCe MOTEHIHAAbHO HabJ/iogaeMble 00'beKThl HAXOIUIUCh OJU3KO
oT «Hacy. Ho BceseHHas oueHb ObICTPO paciiupsiiach, U ec/Iu Obl YacTHIla,
HAXOJUBIIASACS CIYCTsl TPH rojia Mocje Havajga paclIMpeHUsi Ha PaCCTOSIHUU
100000 cBeTOBBIX JeT OT HAC, MOCJAA/da B HAIy CTOPOHY CO CKOPOCTHIO
cBeTa curHas (KOTopeiii Gbl He MOIJIONIAJCS 110 Mepe PacrnpoCTpaHeHHst),
TO Mbl Obl BCe elle He MOIVIM €0 BHAETb, MOCKOJIbKY MCTOUHHK CHrHaJjla
HAXOAUTCSl 32 TOPU30OHTOM — TaK Ha3blBAEMbIM TOPH30HTOM YAaCTHIL.

fOpN30OHT COOLITUIN COOTBETCTBYET PACCTOSAHUIO
[0 CaMOro fanekoro o6beKkTa, ;0 KOTOPOro MOXeT A0NTU
nocJlaHHbI cenvyac CBETOBOW CUrHar.

Ecsau 6B MBI MOTJIM BHUAETh MCTOYHHKH, H3JyUaBIIHE CIYCTS
KOPOTKOe BpeMsl mocJie BoJbIlioro B3pbiBa, TO CBET OT HUX MIej Obl K HAM
13,7 mapn set, T. e. npouesa 6bl nyTh 13,7 Mapa cseToBbix JeT. Ho Bce
9TO BpeMs BceseHHas pacuinpsieTcs, MO3TOMY cedyac TaKOH HCTOYHHMK
HaXOIUTCSl Ha PACCTOSTHUH OKOJO 46 MJpA CBETOBBIX JeT OT Hac. DTO
COOTBETCTBYET HallleMy TOPU30HTY 4YacTHll, H GoJsee Aajekne 06beKThl
MBI BUIETh He MO)KeM. OJIHAKO MepBbie NECATKH MUJIHOHOB JeT He OblIo
HU 3Be3Jl, HU Ta/JaKTHK, U CaMbli JajJeKHUd HCTOUHHUK 3JEKTPOMArHUT-
HBIX BOJIH — 3TO TaK Ha3blBaeMasi MOBEPXHOCTb MOCJ/EIHEr0 paccesiHus,
C KOTOpPOH CBSI3aHO PENUKTOBOE H3JyueHHe. DJEKTPOHBI, pacCenBaBIlINe
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IIPUHUMaeMOe HaMH PEJNUKTOBOE H3JyueHHe, HaXOAATCs Telepb Ha pac-
crosinuu 6osiee 45 MJpa cBeTOBbIX JeT oT Hac. CaMble TepBble 3BE3-
IIbl, KOTOPble Mbl CMOXEM yBHIETh (TOUHee, TO, UTO OT HHX OCTAJOCh),
celiuac HaxoJsITCSl HA pacCTOSIHUU uyTh MeHee 40 MJpPJ CBETOBLIX JeT.
Camble jaJjiekue rajakTHKH, KOTOpble Mbl HalJjiofaeM, cedyac ynajeHbl
Ha 30 ¢ JUIIHUM MHJJIMAPAOB CBETOBLIX JIET.

B 3TH nasnekue raJakTHKH Mbl HE MOXKEM YKe 10C/1aTh HHKAKOro
COOOLIEHHs — OHM HAXO[sTCS 34 HALIUM FOPHU30HTOM COOBITHH. Bcesen-
Hasl cefiuac paclIUpsieTCs ¢ YCKOPEHHEM, M TaJaKTHKH, HaXOoIslHecs
B HacTOsILIMH MOMeHT B 16-17 MJpI CBETOBBLIX JeT OT Hac, yaajsioTcs
JIOCTATOYHO GbICTPO (OHH HaxomsTcst 3a cdepoil Xa66isa), UTOGB CHIHAJ
He cMor 10 HUX A0oHTH. O6GpaTHOe TOXe BEpPHO: Mbl He CMOXKEM yBH/ETb
COOBITHS, TPOUCXOJSIIIHE cefiuac B 9THX rajakTHkax (0TCIOia W Ha3Ba-
HHE — TOPHU30HT COOBITHH).

11.3
Kocmonormnyeckoe KpacHoe
cMeLlleHmne

OnHUM M3 KJAI0UEeBBIX MOHATHH B COBPEMEHHOHW KOCMOJOTHH
SABJSETCS KpacHoe cMelleHHe. TeXHHUeCKH 3Ta BeJHYHMHA MOKAa3bBaer,
HACKOJIbKO CIABHHYTHI CIIEKTpaJjbHble aeTaqu (JIMHHH H T. 1) ¥ CaM CIIeKTp
B 1esioM. CyllecTByeT HECKOJNbKO MPUYMH TAKOT'O CABHTa, HO KOCMOJIOTH-
yecKasi CTOUT OCOOHSIKOM.

CnekTpbl ganeknx ranakTuk CMeLeHbl B KpaCHyo
CTOPOHY MN3-3a pacwmpeHmns BceneHHonm.

M3BecTHO, UTO T'ynok npub/auKamoLlerocs noesaa uMeer 6oJjee
BBICOKHH TOH, ueM ynaJsionierocsi. ToT 3¢pdeKkT HasbBalOT 3hPeK-
tToM JlonJ/iepa: ecau UCTOUHUK BOJHOBOTO CHIHaJ/a NMPUOAHAKAETCS K HaM,
TO MBI peructTpupyem 6oJsee KOPOTKYIO IJHHY BOJHBI, YeM HCIyCKaeT
HUCTOYHHK, a ecqau yjaajnsercss — 6ojee AauHHYI0. OH BepeH He TOJIbKO AJIS
3BYKOBbIX, HO M [I/ISl 9J€KTPOMArHUTHBIX BOJIH, BK/IOUast cBeT (K BOOOILE [1ist
J06Or0 MEePUOANUECKOTO MpPolecca).

Kpome Toro, cyuecTByeT rpaBUTAlHOHHOE KpacHOe cMelle-
HUe CHTHaJa, KOTOPBbIH uaeT u3 o6/aacTH ¢ Gojee CHAbHOH rpaBUTAlLHEH
B 06sacTb ¢ 6oJiee caaboi. Ero mpuposa COCTOHT B TOM, UTO 4achl UAYT
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[0-pa3HOMYy B PasHOM I'PaBUTAllHOHHOM MoJie (B GoJjiee CHIAbHOM BpeMs
Teuer MemieHHee). COOTBETCTBEHHO, (DOTOH, NMPHIIEAIIHE K HAM H3 06/aCcTH
CHJIBHOT'O TOJISI, KAXETCsI HAM <MOKPACHEBLIMM>.

OJHAKO KOCMOJIOTHUECKOe KPAacHOe CMellleHHe HeJib3sl POCTHIM
crnoco6oM CBECTH HH K JOMJAEPOBCKOMY, HH K T'DABHUTALHOHHOMY C/BHTY.
OHO cBsI3aHO UMEHHO ¢ paciuupeHueM BceseHHo#. BesnnuunHa Kocmo-
JIOTHUECKOTO CMeIlleHHs] 3aBUCUT OT U3MeHeHHsl MacuiTabHoro axropa
BO BpeMsl paclpoCTpaHeHHs] CHTHaJa.

KpacHoe cmelienre o603HauaT 6yKBOi z. ET0 Jerko paccuurath
10 U3MEPEHHOMY CABHI'Y IJIMH BOJH: Z = (A — XO)/XO, rae b — HabGJogaemast
HaMH JIMHA BOJIHbBI, a A, — [JIMHA BOJIHBI MCTOYHHKA B TOUYKE HCIYCKa-
Hust. Ecav kpacHoe cMmellleHre paBHO 1, 5TO 03HAuaeT, UTO JJIMHA BOJHBI
YIBOHJIACh. DTO COOTBETCTBYET pacliupeHHt0 BceseHHON BIBOe 3a BpeMs
JBWKeHUs1 poToHa. [Ipu 3TOM He MMeeT 3HAUEHHSs, KAKOH Oblla CKOPOCTD
HCTOUHHKA B MOMEHT H3JYUEHHs] MU MPHEMa CHUI'Haja, — BAXHO, 4TO
MPOMCXOAUIO BO BPeMsl pacpoCTpaHeHHS.

Kocmonormnuyeckoe kpacHoe cmelleHne 0603HavaroT
cmBoioM z. BennumHa (z + 1) nokasbiBaeT, BO CKONbKO pas
pactaHynacb BceneHHas ¢ MOMeEHTa N3ny4eHust curHana.

Hab6aonaTeau, npoBoaUBILIHE TepBble H3MEPEHHS CKOPOCTEH
rajJakTHK, HCXOAUJ/N U3 NOMJIEPOBCKOH MPUPOIBI KPACHOTO cMelleHus. UYto
HHTEPECHO, TaKasi HHTepPIpeTalys Ha OTHOCUTENbHO HEGOJMbIIHX PaccTos-
HHUAX (MeHee nmapbl MHJ/IJIHAPAOB CBETOBBIX JIeT) He MPHUBOOHUT K 3aMeTHOH
OIHOKEe, H CKOPOCTb MPH 3TOM MOXKHO OLEHHUTb M0 JOIMEPOBCKOH (GopMmydre:
v =cz (B mepByio ouepeb 3T0 00bSICHIETCS] TeM, UTO GJIH3KHE HCTOUHHKH
Mbl BHIUM TaKHMH, KAKHMH OHH OBIIM OTHOCHTE/JIbHO HEJAaBHO, H 3a 3TO
BpeMst mocTosiHHast XaG6/1a He ycresa CyIIeCTBeHHO H3MeHHThCsT). OIHAKO
JJ/1s1 60JIbIINX PaCCTOSIHUH 3TO yKe He Tak.

Ha na6aionaemMoe KpacHoe cMelleHHe MOTYT HaKJaJablBaThCsl
JIOTJIEPOBCKOE ¥ rpaBUTalMoHHOe. [lepBhifi a(h(heKT 0cOGeHHO BaXKeH, Koraa
Mbl TOBOPUM O OJIM3KHX Tra/laKTHKaX. ['aJaKTHKH MOTYT HMeTb 3aMETHYIO
CKOPOCTDb (COTHH KHJIOMETPOB B CEKYH/Y) OTHOCHTEJIBHO CBOErO OKDPYKEHHSI,
TaKHe CKOPOCTH Ha3blBAIOT MeKyJ/sipHbIMH. OHH CBsI3aHbl B NEPBYIO Ouepe/ib
C B3aHMHbBIM BJIMSIHHEM TaJakTHK (HATPUMEp, C IBHIKEHHEM TajaKTHKH
BHYTpH CKomieHust). [Toaromy Ha paccrosHusix meHee 20-30 MJIH CBETOBBIX
JIeT MOryT HabJI0JaThCsl OUeHb CHJ/bHbIE OTKJIOHEHHSI OT 3aKoHa Xab606.a.

Mpouecchbl Ha 60/bLWINX KPACHbIX CMELLEeHNAX BbIrMAaaT
DA Hac KaK 6bl pacTAHYTbIMW BO BPEMEHMW.

KpaCHOG cMelieHrne COOTBETCTBYET M3MEHEHHIO He TOJbKO
OJINHBI, HO WU 4YaCTOTbI BOJIHBI, TaK YTO MOXKHO T'OBOPHTbH 00 M3MEHEeHHHU
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OTHOCHTEJIbHOT'O X0/a BpeMeHH. Ecau 6bl Mbl Hab/01a/d1 B rajJakTHKe
Ha z = 1 yachkl, TO yBHUJe/H Obl, YTO OHH HJAYT B JBa pa3a MeJJjeHHee
Hamux. M Takue 4achl UMEIOTCS: B KaueCTBE TAKOBHIX MOT'YT BBICTYNAaTh
JlajieKue CBEPXHOBbBIE, JIJII HEKOTOPBIX W3 HUX Mbl yMEeM BOCCTAHABJIU-
BaThb MX UCTHHHBIE KpuBble Giecka. Ecan 6e3 yuera adekta KpacHOTO
cMmeleHust 6seck GJM3KONH CBEPXHOBOH CIafiaeT, CKaxKeM, C XapaKTepHBIM
MacutaboM JBe Helead, To Ha z = 0,5 Mbl GyaeM HaGJ0IATh Crajl, 3aMel-
neHubiil B (1 +z) pas (1. e. B mositopa pasa GoJiblile — TPH Heaean). JTo
JKe BEpHO JJIs1 JI060r0 XapaKTepHOro BPeMeHHOro mpollecca: Ha KPacHOM
CMelleHHH z OH Kaxkercss HaMm B (1 + z) pas GoJiee Me/eHHbIM®,

Hauunasa ¢ 1930-X rr. B TeueHHe HECKOJbKHX AECSITH/AETHH
paccMaTpHUBAJIUCh aJbTePHATHBHBIE BAPHAHTBI HHTEPIPETAIMH KOCMOJIO-
IFHYECKOT0 KpacHOTo cMmeleHns. OQHAKO UX MPHUILIOCh OTOPOCHTH MOC/e
CpaBHeHHs MpeNCKa3aHUuH 3TUX MoJesed ¢ JaHHBIMH Habuonenuil. Hamnpu-
Mep, Mbl 3HaeM, YTO BeJHUHHA KPACHOTO CMEIEeHHUs] He 3aBHUCHT OT JIJIUHBI
BosiHbl (B 2016 r. TOYHOCTb TAKMX HAOJIOAEHHH OblJa JOBEAEHA 10 OJIHOH
MHUJIJIMOHHO#), 4TO MPOTHBOPEUYUT PsIIy aJbT€PHATHBHBIX CLEHAPHEB.

Bolid npuAyMaHbl clieldajbHble KpuTepuu (Hanpumep, TecT
ToJ/iMeHa, CBSA3BIBAIOIINI MOBEPXHOCTHYIO SIPKOCTh TaJaKTHK C UX KPACHBIM
CMellleHHeM), pelHa3HaueHHble [Js1 MPOBEPKU MPeACKa3aHHH pasHbIX
mozeseid. OKa3asoch, UTO MOBEPXHOCTHASl SPKOCTh Ta/JaKTHK CHagaeT
B CTPOTOM COOTBETCTBHUH C MPEACKA3aHUSIMU CTAHIAPTHOH KOCMOJIO-
ruueckod momeau (B 1930 r., xorma 6bla NMpeiioxkeH TECT, OHA elle
He Oblla TAKOBOH).

11.4
[eomeTpunsa BceneHHoOM

Jlnst Hab/MoeH|H HaM IOCTYIHA JIUIIb KOHeYHast 00/1acTh — 4acTb
6oubliol BeesneHHOH. ACTpOHOMHUECKHE JaHHblE CBHAETENbCTBYIOT B MOJb-
3y TOro, 4To HabJ/ojaemasi 4acTb NMPOCTPAHCTBA B OOJMbLIMX MaclTabax
OTHOPOJIHA U HU30TPOMHA. DTO SIBJASETCS OCHOBOH HAIUX MpeAcTaBJ/eHUH
o reomeTpuu BceseHHo#. [1pu 3TOM Bce BBIBOABI O mapameTpax 00J/bILIOH
BceseHHON SBJSIOTCS 3KCTPANOJSIIHEH.

3 MO2KHO 5KBHBAJEHTHO OMHCATh 3TO H uyepes yBe/JIHWUYEHHE PACCTOAHHSA MEXIy, CKa-
Kewm, (I)OTOH%]MP[, COOTBETCTBYIOIIUMH Havaay W KOHIY BCHBIIIKH, MO ME€pe paCIpOCTPAHEHHUS CHT-
HaJla B pacumpmomeﬁca Bcenennoit. dto pacCcTodgHHE pacTeT TakK 2Ke, KaK JIJHHa BOJHBI, T. €.

kak (1 +z).
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BcesieHHast MoKeT GbITh KOHEUHOH Wi GeckoHeuHOH (ee 06beM
MOXKeT GbITb KOHEUHBIM WJIH GECKOHEUHBIM), IPH 3TOM KOHEUHOCTb BceseHHO#H
He TI0Jpa3yMeBaeT HaJMHUUs KaKoi-11u60 rpaHuibl. CoBpeMeHHOEe MOHUMaHHe
5TOH CHTYallMd BOCXOMHUT K paGoram Bepuxapma Pumana (Georg Friedrich
Bernhard Riemann), KoTopblil BliepBble OMKUCA] KOHEUHOE, HO Ge3rpaHuuHOe
NPOCTPAHCTBO MOJ0KHUTEJAbHON KPUBU3HLL. B s060oM ciayvae y Hac HeT
OJIHO3HAUHLIX JAHHBIX B M0Jb3Y KaKOH-TO H3 3THX ABYX a/JbTEpPHATHUB.

Hawa BceneHHas BbirnagnT ogHOPOAHOW, N3OTPOMHON
1 MNJIOCKOMN.

['eomerpusa BcesneHHOH XxapakTepusyercs elle HeCKOJNbKHMH
napamerpamu. Mayuarb ronosoruio (popmy) BeeseHHON 1OBOJBHO C/I0XKHO,
MOCKOJIbKY HaM AOCTYIIHA [/ HaGJIOJeHHH JMHIIb Masasi ee 4acTb. A BOT
KPHBH3HA MpocTpaHcTBa BcesleHHO — ropasno GoJee MepcrneKTHBHBIN
npeaMeT HCCae0BaHUH.

Mbl He BUAUM HUKAKUX CBUOETENLCTB B MOJb3y
KOHe4yHocTn BceneHHom nnmn ee HeTpuBManbHOMN
Tononornn.

[IpocTpaHCTBO MOXKET MMETb MOJMOXKHUTENbHYI0 KPUBHU3HY, HyJle-
By10 (IJIOCKOE MPOCTPAHCTBO) M OTPUIATENbHYI0. B MPOCTPAHCTBE MOJIOKH-
TEJbHOH KPUBHU3HLI Yepe3 TOYKY, He JIeXKALlyl0 HA JAHHOH MPSIMOH, HeMb3s
[POBECTH HU OJHOH NPAMOI, He mepeceKkaolelcs ¢ JaHHOH (BCIOMHHUTE,
KaK CXOAATCS MepPHAHaHbl Ha cdepe), a CyMMbl YIVIOB TPEeYyroJdbHHKOB
(Ha xKocMmosoruueckux Macurabax) 6ymayT 6osbine 180°. B mpocTpaHcTBe
HYJ/J1€BOH KPHUBH3HBI (€BKJ/MUAOBA I€OMETPHUSI) uepe3 TOUKY BHE MPSIMOH
MOKHO TIPOBECTH TOJbKO OJHY NPSIMYIO, He IMepeceKarllyocs ¢ JaHHOH,
U cyMMa YTJIOB TpeyroJbHuka paBHa 180°. B mpoctpaHcTBe oTpuua-
TeJbHOH KPUBU3HBI (reoMeTpust JI0GaueBCKOr0) Mbl MOXKEM MPOBECTH
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Tpwv BapuaHTa reoOMeTPUY BCENIEHHOW: C MONIOXKMNTENBbHON KPNBU3HOM,
C OTpULUATENbHOW 1 HYNEeBOW KPUBW3HOM (Nnockana BceneHHas). Hawa BeceneHHas
C [OCTaTOYHOI TOYHOCTbIO ABNSAETCH MNJIOCKOM.

aga 11
PacwwupeHue BceneHHom 247



yepe3 TOUKY CKOJIbKO YTOIHO NPSIMBIX, KOTOPbIE HHKOT/A He MepeceKyTcs
¢ JIAaHHOH, a cyMMa yrJyioB 6OJbIIOTO TpeyroJbHuKa GyneT MeHblie 180°.
B KOCMOJIOrHM 3TH TPH CJyuasi MOXKHO CBsI3aThb C BEJIHUHHON CpenHei
NJOTHOCTH BceseHHOMH, MI0CKOMY MPOCTPAHCTBY COOTBETCTBYET OMpe-
JleJIeHHAsT KPUTHUECKAsl MJIOTHOCTD.

Haunsyuiine Ha cerofHsiliHUK JeHb U3MepeHHs reomeTpun Bce-
JIEHHOH NpOBeleHbl ¢ MOMOLIbI0 HAOGJIOAEHHS PEJIHUKTOBOIO H3J/YUeHHS
(cM. raBy 12 «PesukToBoe uafiyueHne»). M3 s1ux HaG/IOIEHHH MOMXKHO
C BBICOKOH TOUHOCTDBIO OTPEAENHTh OTHOILIEHHE pa3Mepa «3BYKOBOI'O FOPHU3OH-
Ta» (FOPU3OHTA M/Is1 PACIPOCTPAHSIOIIMXCS KOJIeGAHHIH B cpejie) HA MOMEHT
MOC/IETHETO PACCESIHUSI K PACCTOSTHUIO 10 HCTOYHHKA PEJIUKTOBHIX (POTOHOB
Ha MOMEHT WX H3JYyUeHHs, MJII0C HAM H3BECTHO 3HaUEHHE KPACHOT'O CMellle-
HHSI, COOTBETCTBYIOIIee 3moxe pexombuHanuu (z = 1100). Bo BcemeHHbIx
pa3HOH KPUBHU3HBI JHHEHHBIH pa3Mep, COOTBETCTBYIOIHMIH 3BYyKOBOMY I'OPH30H-
Ty Ha z = 1100, umes 6b1 Ha HeGecHOH cepe pasHble YIJIOBble MACIITAGHI.
JlaHHbIEe MOKA3aJIH, UTO B Mpelesaax OMHOOK (C TOUHOCTHIO JIyUllle MPOLEHTA)
reometpust BecenenHoit — miockasi. Koneuto, Haia BeesieHHasi TpexMepHa,
M, TOBOPSI O TOM, UTO OHA «IJIOCKAast», Mbl HMEEM B BUIY TMPHUMEHHMOCTb
eBKJHUJ0BOH reoMeTpuu /s BcesenHol B GoJblioM MacluTabe.

Hawnnyuwine gaHHble Mo KPMBU3HE X TONOIOTUN
BceneHHoM nonyyeHbl No HabnogeHUaM
pennkToBoro ¢oHa.

Bcesennasi MmoxeT o6GJsafaTh HHTEPECHOH M TMOTEHIHAAbHO
00HapYyKUMOH HETpPHUBHAJMbHOH TomoJorued. [IpuueM 3T0 BO3ZMONKHO /IS
BCEJEHHOH ¢ J1I000H KPUBH3HOW: BCIIOMHHUTE, YTO IMJOCKHH JUCT OyMmaru
MOXKHO CBEPHYTb B LIUJIHHADP, a MOXKHO cfiesaTh JucT Mebuyca. TpexmepHas
BCeJIEHHAs] MOKET MUMETh CJI0XKHYIO TOMOJIOTHIO, JaXKe OCTaBasiCh MJIOCKOH.
CkaxeM, oHa U3 BO3MOXHOCTEH COCTOUT B TOM, UTO MPH HEOOJAbIIOM
pasMepe BCeJEHHOH 3a BpeMsl ee CYIIeCTBOBAaHHS CBET MOT OGOTHYTh
ee W Mbl BUIEH Obl KOMHH (KIPH3PAKH» HJIH <IYXH») HaJeKHX 00beKTOB
WU CTPYKTYp. [lpyras BO3MOXKHOCTh CBsi3aHa C Te€M, UTO TOIMOJOTHS
BCeJIEHHOH MOTJIa TOBJHSITh HAa aHU30TPOMHUIO PEJUKTOBOTO H3JyUYEeHHSI.
[Tonck nmogo6HbIX 0COGeHHOCTEH MPOBOJHUJCS MO KaTa/joraM KBa3apos,
MO KapTaM pPeJUKTOBOTO U3JYy4YeHHs] U ApyruMu Metonamu. OIHAKO HHUEro
JOCTOBEPHOT0 OOHAPYKEHO He ObLIo.

[TosToMy B HacrTosilllee BpeMsi Mbl MOXKeM CKasaTb, 4TO Halla
BceseHHass Ha KOCMOJIOTHUECKHX MaciiTabaX ¢ BBICOKOH TOYHOCTBIO:

e MJIOCKas;

e OJIHOPOJHAS;

e U30TPOIMHAS;

e HMeeT 3HAUUTE/NbHO GOJblIMe pa3Mephl, YeM MOTEeHLHAAbHO

MOCTYIHAsT HaM [/51 HaGJoaeHuil 06/1acTh.
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1156
CocTtaB BceneHHon. TemHoe
BELLeCTBO

['oBOpst 0 cocTaBe BelllecTBa, HEMOCPEACTBEHHO OKPY2KAIOIIETO
Hac, Mbl OGBIYHO MOJAPAa3yMeBAEM aTOMBl U MOJIEKYJ/bl. DJEeMEHTH Mepuo-
JMUECKOH cucTeMbl MeHeeeBa, COeHHSSICH APYT C IAPYroM, (GOpPMUPYIOT
Bce MHOTOOGpa3ue BelIeCTB M MaTepuasoB B Haulel ku3Hu. Ha GoJgee
6a30BOM YPOBHE aTOMbI U MOJIEKYJbl C(POPMHUPOBAHBI U3 TPeX BHUIOB UYACTHIL:
[IPOTOHOB M HEHTPOHOB (MX Ha3bIBAlOT GAPHOHAMH), a TAKIKE 3JEKTPOHOB,
koTopble mpumepHo B 1000 pas Jjerue nmpoToHOB U HEHTPOHOB. Elle HA ofuH
mar ray6xe — TMPOTOHBI U HEHTPOHBI COCTOSAT M3 KBAPKOB ABYX THIIOB.
OTHX KBAPKOB U 3/JEKTPOHOB yiKe JOCTATOUHO, YTOOBI OO'BSICHUTH COCTaB
NJaHeT, 3Be3/, TYMAaHHOCTEH, rajJakTHK — BCEro TOro, 4TO Mbl HabJIo-
JlaeM B TeJIECKOIbl, HO HEeJOCTATOYHO /ST TOr'0, YTO6H OOG'bSICHUTH, KaK
Bce pa6oraer. ¥ Hac ectb CraHgapTHas Moje/b (DU3UKHU 3JeMEHTapHbIX
YacTHL, COCTOSIIAS M3 IIECTH THUIOB (apOMaTOB) KBAPKOB, TPEX JENTOHOB
(3/1eKTpOHA, MIOOHA W Tay-JelTOHA), TPeX COPTOB HEHTPHHO, COOTBET-
CTBYIOIMX aHTHUYACTHUIL /51 BCETO TMEePEeUnCJeHHOTO, IePeHOCUHKOB B3aH-
MoaeHcTBHE — 6030HOB ((poTOHA, TMI0OHOB, Z- U W-6030HOB) ¥ 0030Ha
Xurrca. Ho okasbiBaercsi, uto BcesieHHasi B OCHOBHOM COCTOMT He W3 3TOro!

AcrtpoHomuueckne HabJ/IOEHUsS TOKA3bIBAIOT, UTO OCHOBHOH BKJIAJl
B CPEJHIO TJIOTHOCTh BcesleHHOH BHOCSIT TEMHOE BelleCTBO W TeMHasi
SHEPTrHs, a Ha GAPUOHBI MPUXOMUTCS JHIIb OKOJMO 5% OT MOJHOH MIOTHOCTH.
B oTinune OoT TEeMHO!H SHEpPruu, Besae UMeIolleld OMUHAKOBYIO MJIOTHOCTD,
TEMHOE BEILIECTBO CMOCOGHO K CKYUMBAHHUIO (TEPMHHBI «TEMHOE BEIIECTBO»
M «TeMHast MaTepHst» SBJSIOTCS CHHOHUMAMH, B KHHUTE HCIOJAb3YIOTCs 006a).
OTO0 03HAUAET, YTO TEMHOE BEIeCTBO SIB/ISETCS KAKHUM-TO BHAOM YaCTHII,
OJIHAKO 3TO He MOryT 6bIThb uacTuilbl CTaHgapTHOH Monenu. HacTHIbI
TEMHOTO BelllecTBa C/1ab0 B3aUMOJEHCTBYIOT C OOBIUHBIM BEIIECTBOM U JIPYT
C ZPYroM, a TakxKe NPAaKTHYECKH He B3aUMOAEHCTBYIOT (a B HEKOTOPbIX
MOJZIE/IIX U COBCEM HE B3aHMOMAECHCTBYIOT) C 3JEKTPOMAHUTHBIMH BOJHAMH.

bapuoHHoOe BewecTBo cocTaBnsieT meHee 5% macchbl
BceneHHon.

TeMHOE BelecTBO MOKa He 0GHAPYKEHO HEMOCPEeACTBEHHO (T. €.
B 1a60PAaTOPHBIX 3KClepUMeHTax). MMewTcs JHIIb acTPOHOMHYECKHE
CBUJIETEJIbCTBA B MOJb3Y CYIIECTBOBAHUSI TEMHOTO BEIECTBA, CBSI3aHHBIE
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C €ro rpaBUTallHOHHBIM BO3JEHCTBHEM. DTO NaJeKO He MepBbli cayuai,
KOTJa aCTPOHOMBI OOHAPYKHBAKT 00'HEKTHI, KOTOPbIe MPOSIBASIOT ceOsi
JIUIIb TPAaBUTAIIMOHHO: BCIIOMHHUM OTKpbiTHe HenTyHa n oGHapyxKeHHe
HeBuguMoOro cnyTHrka Cupuyca (oKasaBLIerocs BIOCJAEACTBHH GeJIbIM
kap/ankoM). Ho panee 310 Bcerga Oblid 00'b€KThI, COCTOSALIME H3 OObIU-
HOTr'0 BeIeCTBa, MPOCTO MO TEM WJH WHBIM NPHUMHAM HX HEJAb3sl ObLIO
YBHIETb HEMOCPEACTBEHHO (KaK acTPOHOMHUECKHE MCTOUHHKH OHH OblIH
CJHILIKOM CJ1a0bl).

TemHoOe BelecTBO A0/MHKHO COCTOATb
n3 cnaboB3anMoLencTBYOLWMX YacTUL, HE BXOAALMX
B CTaHOapTHYIO Mogaenb.

Hcropusi Toro, 4to Mbl cefiuac Ha3biBaeM TEMHLIM BELIECTBOM,
Hauasach B 1933 r. 6aaronaps pa6oram ®puna LIBukku. Mccnenys cko-
NJIEHUs TaJaKTHK, OH 006paTh/ BHUMaHHE Ha GOJIbLIME CKOPOCTH COCTABJISI-
IOIUX UX 00'beKTOoB. OLleHKH Macc CKOMJIEHUH, OCHOBAHHbIE Ha 3BE3IHOMH
Macce TrajJakTHK, He TO3BOJISIIH OOBSICHUTD CTOJMb BBICOKHE CKOPOCTH MPH
YCJAOBUU cTabGUAbHOCTH ckomyeHuH. Torna LIBUKKH MpeANnoJokKu, 4To
B CKOIJIEHUSIX €CTb KaKOe-TO MeMHOe 8euecmso, rpaBuTalusi KOTOporo
U yAep:KHBaeT rajJakTHKH BMecTe.

Moka nmerotca b aCTpoHOMWM4YyeckKkme ceBmnaeTesnibCTBa
B NMNOJib3y cyLlecTBOBaHA TEMHOIo BellecTBa.

3ateMm, yxe B 1970-e rr., mossuicst psim paboT pa3HbIX aBTOPOB
(Bepa PyGun (Vera Rubin) u np.) no ucciaenoBaHnio cKOpocTeil BpallieHust
rajakTuk (3agoaro g0 aroro, eme B 1930-e rr., aHa/qn3 BpalleHHst TyMaHHO-
cTH AHpoMelbl yKa3blBaJl HAa HaJIMUKe JOTOJIHHUTENbHOH MAcChl, HO aCTPOHOMBI
noJlaraji, YTO BCe MOXKHO OOBSICHUTb C/Ia0bIMH 3BE3[1aMH, Ta30M H MbLIbIO,
a 3aTeM 3TH MCC/IeI0BaHKA Oblid npopo/keHbl B 1950-e rr.). Okasajnoch, uTo
Jla’Ke Ha OKpauHaX TajJaKTHK 3Be3JIbl UMEIOT OOJbIIMe CKOPOCTH, KaK OyITO
UX IBHXKEHHEM yIpaBJaseT GoJblliasi Macca, «pa3Ma3aHHast» 10 TajJaKTHKe.
B cepemune 1970-x rr. 6aarogapsi pa6otam flaHa DHHACTO C COaBTOPAMH,
a rake [xepemu Ocrpaiikepa (Jeremiah Ostriker) u ero kosser crajo
SICHO, UTO TaJaKTHKH B CaMoOM JeJe 00/1a1al0T MACCUBHBIMU TaJjio, MpeBoC-
XOJSIIAMH IO pasMepy M Macce WX BHAHMbIE («3Be3IHbIE») PA3MEpHI.

CoBpemMeHHasa nctopmsa TEMHOro BellecTBa HauMHaeTcs
¢ pabotbl LUBukkn B 1933 T.

B nacrogiee BpeMsda KpoOMe NaHHbIX MO Bpall€HHIO raJaKTHK

H CKOPOCTSAM TaJaKTHK B CKOIVIEHHAX CYLIECTBYIOT W APYrue NMOATBEpP2KIAEC-
HHUA CYyIIEeCTBOBAHHS TEMHOI'O BelleCTBa: JHHAMHKaA Map W IPYyMNIl raJaKTHK,
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HabJI0IeHHe TOPsSUero rasa B CKOMJEHHSIX U TaK Ha3blBaeMoe cuaaboe
rpaBUTAllMOHHOE JHH3HpPOBaHHe. [[OMHUMO 3TOro JaHHBIE 10 POCTY KPYII-
HOMAcCIITaGHOH CTPYKTYpbl BcesieHHOH U MO PeJUKTOBOMY H3JYyUeHHUIO
TakKe CBHUIAETE/JbCTBYIOT B IOJIb3Y Ha/JdWUHs MAacCChl BellecTBa, NpuMEepHO
B MSTh pa3 IpeBblllaliled Maccy 6apHOHOB.

B 1970-€ rr. 661210 06Hapy>XeHo, YTO A8 0O6bACHEeHNS
napamMmeTpoB BpaLLEeHNs ranakTUK Hy>XXHa AOMNONIHNTEeNbHas
mMacca.

OnHuM U3 Jy4IIuX Ha6/0AaTeNbHbIX TPUMEPOB, MOATBEPAKAAIO-
KX TPUCYTCTBHE TEMHOTO BEIIECTBa, siBasiercs ckomienue [Tyas (Bullet
cluster). 9To ABa CTOJKHYBIIHXCS CKOIJIEHHS TAJAKTHK, KOTOPbIE TPOIIIH
CKBO3b JpYT Apyra. [opsiunii ra3, NOKMHYBUIHH CKOTIJIEHHS] B Pe3y/abTaTe
CTOJIKHOBEHHSI, 0KA3aJCsl MeXK/Jy HUMH U HaGJI0aeTCsl B PEHTTE€HOBCKOM
nuanasoHe. B To ke BpeMs HaGJIOAEHHS TPABUTALIMOHHOTO JIMH3UPOBAHHUS
MOKAa3bIBAIOT, UTO CKOIJIEHUS] MO-TpexHeMy o6JanaioT 60JbIIOH pac-
npefeseHHOH MacCoH, KOTOPYIO He/lb3sl 00bSICHUTh 3Be3J1aMH HJIH Ta3oM
B rajsakKTHKax.

TeMHoOe BeLLeCTBO He MOXET ObiTb 6APMOHHbIM.

B konue 1960-x — nauajte 1970-x IT. uccaefn0BaHUsl NEPBUUHOTO
HYKJIEOCHHTe3a, npoBeaeHHbie PoGeprom Baronepom (Robert Wagoner),
Xy6epoM Pusszom (Hubert Reeves) u uX KoJjuieramu, nokasaJj, 4To KOJH-
4eCTBO CHHTE3HPOBAHHOTO TeJqusi, IeHTEPUsT U JUTHS OUeHb CHJIbHO 3aBUCHT
OT MJIOTHOCTH GapHOHOB, KOTOpasi He MoxkeT rnpeBbiath 10% oT KpuTHUe-
CKOro 3HaueHHst (COOTBETCTBYIOIIEro MIOCKo# Beesennoit). CoryiacHo 3THM
pacueTaM, COBpEMeHHOe KOJHMUYECTBO OAPUOHOB HE TO3BOJsIET OO'BSICHUTH
MACCHBHbIE TaJ/I0 TAJAKTHK WJIH <JHIIHIONY MacCy B CKOMJeHHsX. Tax Hauasa
(hopMHpOBATHCST KOHIEMIUS HeOAPUOHHOH TEMHOH MaTepuH.

PocT chnykTyaumin n1OTHOCTU TEMHOIO BellecTBa NpmBen
K 06pa3oBaHMIO ranakTK v UX CKOMJIEHWUIA.

[TepBbIMM KaHAMAATAMH B YaCTHULbl TEMHOT'O BelleCTBa ObLIH
HefiTpuno. o 1990-x rr. He ymaBaJgoch AOCTATOUHO TOUHO OIIEHUTb MacCChl
3TUX YaCTHI], a Mbl 3HaeM, 4To BceseHHasi 3amno/qHeHa PeJHKTOBBIMH
HEHTPUHO (B KaXKIOM KyOMYeCKOM CaHTHMeTpe ux Gojee coTHH). OmnHAKO
B MTO'€ BBISCHWJIOCH, YTO HEHTPHHO BHOCST JIMIIb OY€Hb HeGOJ/bLION BK/AL
B TeMHOE BELIeCTBO H3-3a CBOEH HHU3KOH MaccChl, a Takxke M3-3a c/1aboi
CIIOCOGHOCTH K CKy4HBaHHIO (T.e. K 06pa3oBaHHI0 00jacTell Gojiee BBICO-
KOH MJIOTHOCTH, TAKHX KAK rajo rajaktuk). TeopeTnkaM moTpeGoBa/ioCh
NpelIoKNUTh KaHAUIATOB ¢ HEOOXOAMMBIMH CBOHCTBAMH.
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TemHoe BellecTBO ChIrpajo GoJblIyI0 poJb B HCTOPUH Bcesen-
HO#. [lesio B TOM, 4TO 10 310X pekomOuHauuu (cMm. pasgen 11.8 «Panuss
BcesieHHast») BO3MYIIEHHS MIOTHOCTH B OGBIYHOM BEIIECTBE HE MOIJIH
s¢dexTuBHO pacTu. Hauas ¢ HeogHopogHocred Ha yposHe 0,00001 (urto
HAOJOIAeTCsS 10 PEJIUKTOBOMY M3JyUEHHI0), 00JACTH MOBBIIIEHHOH MIOTHO-
CTH He ycrnesau Obl PeBPaTUTbCS B TFaJakKTHKH H MX CKOILIEHHS K HalleMy
BpeMeHnH. [Tos0KeHMe crac/io TeMHOE BelleCcTBO: HEOJHOPOJLHOCTH B pac-
npele/eHHH 3TOH cocTaB/siolleidl BeejqeHHON MOr/M HauaTbh PacTH MOJ
JIeHCTBHEM TpaBUTALMU TOpPa3ao paHbliue. FIMEHHO 1O 3TOiH NpHYKHHE CTaJ/o
BO3MOXHBIM TIOSIBJECHHE TIEPBbIX 3BE3/, KOTOPbIE NMPOU3BENU TSKE/Ible
sseMeHThl. Ecin 661 B Hamell BeesieHHO#H He Obl/IO Obl TEMHOI'O BEIIECTBA,
TeMHasl 9HepTHUs ycresaa Obl pacTalluTh 0OAPUOHHOE BEIIECTBO 10 TOTO,
KaK OHO HayaJ/o CKJAAAblBATbCS B rajaKTHKH.

YacTulbl TEMHOI'O BeLIeCTBA CJAMLIKOM ¢/a60 B3aHMOAEHCTBYIOT
JPYT ¢ ApPYyroM, U 3TO He MO03BOJSET eMy 06pa3oBblBaThb OUeHb KOMIAKTHbIE
CTPYKTYPBI, TaKHe KaK 3Be3[bl U raJaKTHKH. TeMHOe BEelleCTBO MOXKET
ObITH pacnpenesneHo TOJAbKO B BHIE JTOCTATOYHO PBIXJIBIX CTPYKTYP, 3aTO €ro
MHOTO, TIO3TOMY OHO «yKa3blBaeT» 0APHMOHHOMY BEILECTBY, Kyla ABHIaThCS.
A 3arem 6apHOHHOE BELIECTBO MOXET (POPMHPOBATDH MJIOTHbIE 00BEKTHI
BHYTPH 00/IAKOB TEMHOro BellecTBa (BO BHYTPEHHHX 4aCTSIX H JAHCKAX
raJlakTHK yKe GapHOHHOE BEIeCTBO «YIMPAaBJseTs JBHXKEHHEM TEMHOH
MATEpUH, MOCKOJIbKY B 3THX 06/IACTSIX MPEBOCXOIUT €0 MO Macce).

B page sKCnepmmeHToB y4eHble MNbiTaloTCA nommaTtb
YyacTumubl TEMHOIo BellecTBa B na6opaTopvmx.

B nHacrosiiee BpeMsl CyLIeCTBYeT HECKOJbKO MPEAN0KEHHBIX
TEOPEeTHKAMH XOPOLIMX KaHIUIATOB HA POJb YaCTHL TEMHOTO BeLIECTBA.
O6bIuHO MX o6beauHsOT moj a66peBuarypoid WIMP (Weakly Interacting
Massive Particles — cna6o B3anMofeHCTBYOIHE MACCHBHbBIE YACTHILbL),
camble U3BEeCTHble M3 HUX — HEHTpa/HWHO M IpaBUTHHO. MHorne us o6cyx-
JNaeMblX KaHIUAATOB CBSI3aHBl C TOHSITHEM CYNepPCUMMETPHUH B (PHU3UKeE
YyacTHL. XOPOIUMMH KaHAMAATAMH SIBJASIOTCS TaKxke aKCHOHDL

Cy11eCTBYIOT 3K30THUECKHE CLIEHAPHH, B KOTOPLIX HE HCIOMb3Y-
eTCst KOHIIEMIIMsI TeMHOT0 BelllecTBa (B MEPBY Ouepe/ib peub HAET O TaK
HasbiBaeMOH MOJU(HUIMPOBAHHONH HBbIOTOHOBCKOH nuHamuke — MOND).
OnHaKo Ha CEerOAHSIIIHUHI AeHb OHU MPEACTAaBJSIOTCS KpailHe MaJoBepo-
SITHBIMH, XOTS UCCJ/IeOBaHHSl B 3TOM HalpaBJeHHH MPOAOJIKAIOTCS.

AKTHBHO HIYT MOUCKH TPSIMBIX aCTPOHOMHYECKHX CHTHAJIOB
OT YaCTHL TEMHOTO BELIeCTBA — B MEPBYIO ouepelb 3TO raMMa-H3JaydeHHe,
BO3HHKalollee TPH BO3MOXKHOH aHHHUTMJSLUKM YACTHL TEMHOI'O BellecTBa
CO CBOMMHM aHTHYacCTHLIAMH. [l NpSAMOro NeTEeKTUPOBAHHS YACTHL TEM-
HOT'O BellecTBa BedeTCs Psil SKCIEPUMEHTOB, B OCHOBHOM B MOA3E€MHbIX
Jmab6opatopusx (4ToGbl CBECTH K MHHUMYMY BJIHSIHHE YACTHI[ KOCMHUECKHX
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Jayueit). EcTh TakKe HEKOTOpbHIE HAMEK/IbI, UTO YACTUIIBI TEMHOI'O BEIECTBA
MOTYT ObITb OOHAPY2KEHbl B 9KCIIEPUMEHTAaX Ha KPYMHBIX YCKOPHTEJsX.

CoBpeMeHHast KOCMOJIOTHY€ECKasi MOJIE/Ib BK/IIOUYAET He TOJAbKO OObIU-
HOE BeIeCTBO, HU3JMYUeHHe H XOJMOAHYI0! TEeMHYI0 MaTepHIo, HO U ellle OfHY
COCTABJSIIOILYI0 — MmemHyro dHepewio. DTo Tak HasbiBaeMass ACDM-mozeis,
rje rpeueckoit GyKBoi JsmMGaa (A) 0603HAYAIOT OJHY U3 BO3MOXKHBIX (hOpM
TEeMHOH 3HEPTHH — KOCMOJIOTHUeCcKylo cocrapJjsiounyto, a CDM pacuung-
poBbiBaeTcst Kak «xosopHast teMHast matepusi» (Cold Dark Matter). Dra
Mojiesib 6blia copmyarpoBana B cratbe [lxkepemu Octpaiikepa u [losa
Creitnxapaa (Paul Steihardt) 8 1995 r., HO 00LIENPHHATON CTaja MOC/E
o0Hapy2KeHHs YCKOPEHHOro paclupeHus BcesieHHOH.

3a ncknyeHmem nepmoaa B nepBbie [ECATKU TbicaY neT
B ANHamumke BceneHHOM [OMUHMPYIOT XONOAHOE TEMHOE
BELLECTBO N TEMHaA 9Heprms — 9TO Tak Ha3blBaemas
NCDM-mopenb BceneHHo.

11.6
YcKOpeHHOoe pacLlumpeHune
BceneHHoO. TeMHaa saHeprus.
bynyuiee BceneHHOM

JlocTaToOYHO NABHO yueHble MOHSIH, UTO KpalHe BaXKHO M3MEPUTD
C TIOMOIIbIO HAGTIONEHAH, KaK MEHSICS TeMI paciiupenus Bcenenuoii (1. e.
KaK 3BOJIONHOHUPOBAJ MacIITaGHbI (hakTop). [Jist 3TOro Hy»KeH HaJeXKHbIH
crnocof omnpeneseHusl pacCTOSHUU 10 Aa/JeKHX 00'beKTOB, He3aBHCHMbIH
OT M3MEpPEHHUs] KPaCHOI'0 CMELIEeHHSI.

M3amepenue paccTosiHMH B KOCMOJIOTHH — HeNpocTas 3ajgauva.
Opnako B KoHie 1970-x — 1980-x rr. nosiBU/IMCh BaxKHblE PE3yJAbTAThI
M0 H3YUEHHIO L[ENOTr0 Kaacca aCTPOHOMHUECKHX HCTOYHHKOB, KOTOPBIH MOT
6bl TOMOUb PEelIuTh 3Ty npobiaemy, — 3To cBepxHoBble THna la. C ToukH
3peHust HaGMIONEHUI OHH XapaKTepH3YIOTCS OTCYTCTBHEM JHHHH BOLOPOAA
U HaJUUHEeM CHJbHBIX JHHHH KPEeMHHS B CHEKTpe.

4 X0JIOHOH ee HasbIBalT MOTOMY, UTO €lI€ HAa PAaHHUX CTAAUAX paCUIUPEHUS Bcenen-
HOHM YacCTHIIBI B 3TOH MOJEJNH CTa/jd ABHUTaThCS OTHOCHUTEJNbHO MEAJEeHHO — CO CKOpPOCTBIO, TOpas-

10 MeHblIell CBeTOBOH.
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CgepxHoBble Tuna la — 3T0 TepMosiiepHble B3PBIBBI GeJ/IBIX Kap-
JIMKOB, a MOCKOJIbKY B cpenHeM 6eJible KapJUKH B3PBIBAIOTCS MPH CXOAHBIX
3HAUEHHSIX MACChI, TO TaKHe CBEPXHOBbIE UMEIOT MOX0XKHe KpHBble O/iecKa
1 MaKCHMaJbHYI CBEeTUMOCTHS. IT0 3TOi NpHunWHE TaKHe BCHBIIIKH Ha3bi-
BAlOT cmandapmubimu ceevamu. B pesynbrarte MOYTH ABYX AECATH/ICTHH
uccaenoBanui (Haunnast ¢ padorsl IOpust [TckoBekoro B 1977 r.) acTpoHOMBI
HAYYHJIHCh TI0 U3MeHeHHIo GJecKa U 0 CIEeKTPY ONpeessTh MaKCHMATbHYIO
CBETHMOCTb CBEPXHOBBIX la. 3HaHHEe CBETHMOCTH B MaKCHMyMe OJiecKa
N03BOJIsSIET U3 HAOJ/IONEHUI TOMYUHTh HE3AaBUCHMYIO OLIEHKY PacCTOSIHUS
10 HUX (4 3HAUMT, H [0 FaJaKTHK, B KOTOPHIX OHH HAXOMASTCH).

CBepxHoBble TMNa la — 310 TepmosaaepHble B3pPbIBbI
6enbiX Kap/aINKOB.

Ha npotsizkennn 1990-x rr. HeCKOJbKO I'PyNI yueHbIX paboTaJjn
HaJl UCIIO/Ib30BAHUEM CBEPXHOBHIX la B KOCMOJIOTHH B KauyecTBe CTaHAAPT-
HbIX cBedyedl. B utore B 1997-1999 rr. 6bliM nosyueHbl pe3ynabTaThl,
TO3BOJIMBIINE OTKPBITh YCKOpeHHe pacuiupenus Bcenennoit. Habmonenus
MOKa3aJ/ii, YTO CBePXHOBbIE HAa KpacHOM cMellleHHH OoJblie 0,5 HaxoasaTcs
naJjbiie (BBIMISIAAT ciabee), 4eM 5TO CJAef0Baso Obl H3 CTAHAAPTHOH Ha TOT
MOMEHT MOJeJ/d, B KOTopoil BcesieHHast Bce BpeMsl 3aMelJisieT CBOe pac-
mrpenne. UTo6bl CBepXHOBbIE 0Ka3aJHCh Ha 0oJjee NajeKOM PacCTOSHHUH,
Heo6X0MUMO, UTOObl BceeseHHasi moc/ieHue HECKOJMbKO MUJIJIHAPAOB JET
pacumpsiiach Bce OpicTpee U 6picTpee. 3a 3TH pabotsl Coa [lepamyTrep
(Saul Perlmutter), Agam Puc (Adam Riess) u Bpaitan UImuar (Brian
Schmidt) 8 2011 r. moayuuau HoGeneBckyto mpemuio no (uauke.

YckopeHHoe pacwmpeHune BceneHHoM 6b110 OTKPbITO
B 1997-1999 rr. no peaynbratam HabnopeHnn
CBEpPXHOBbIX TUNa la.

Temn pacumpenuss yio6HO XapaKTepH30BaTb TeM, KaK pacTeT
MaclTabHblil (pakTop. HamoMHuM, 4To 3Ta BesqMUYHHA XapaKTepH3yeT H3Me-
HEHHUSI TaK HAa3blBAEMOro COOCTBEHHOI'0 PACCTOSIHUSI B KOCMOJIOTHH, T. €.
(bH3HUECKOTO PAaCCTOSIHUSI MEX1Y OO'beKTaMH B 3a[aHHBbI MOMEHT BpPEMEHH.
Co06cTBEHHOE PACCTOSIHHE MEXKy Fa/JaKTHKAMH B JaHHBIH MOMEHT BPEMEHH,
t,, HACTOMIbKO OOJIbIIE PACCTOSHHA MEXKAY HUMH B KaKOH-TO MPOLIIbIA MOMEHT
t,, HacKOJBbKO BBIpoC MacwralHbii daxrop: d(t,)/d(t,) = a(t,)/a(t,), rae
d — paccrosinue, a BeqMunMHA a — MacwTabHLIH (pakTop. Okasanoch, 4To
TnepBble NPUMEPHO 7 MJDJ JIET CBOEro cyliecTBoBaHUs Bcesennas (sTo

5 OTMeTHM, 4TO CBEPXHOBBIC la He sgBJASOTCS «OJAU3HELIAMUY, TOCKOJIbKY B pe3yJbTaTte

CAUSAHUS GenblX KapJauKoOB Macca 00 bEKTa MOXKET HpeBSOfITH KPUTHYECKYIO Ha Pa3HYI0 BCJHUYHHY.

10 NPUBOAHUT K OTJHYHUAM B MOIIHOCTH BCIBIIIKH H NMOBEACHHH KpHBOﬁ Gsecka.
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npuMepHo cootBercTByeT z = 0,75) pacumpsiiach ¢ 3amelseHuem (mac-
TaGHbIA (hAKTOP POC BCe MEJJIEHHEe W MeJIeHHee), MOc/ae Uero mnepelnia
K ycKopeHHOMY pacumupeHuto. Celluac 3TOT pe3ynbTaT MOATBEPKAEH
HECKOJNbKMMH HE3aBUCHMBIMM METOJAMH H MO3TOMY SBJSECTCH HAICKHO
YCTAHOBJEHHBIM (PAKTOM.

PacwunpeHune BceneHHom yckopsieTcs nocnegHmne
6-7 mnppg ner.

Takoi noBopoT cOOBLITHH He OblI MOMHOH HEOXHIAHHOCTbIO. Elle
B 1917 r. DiiHmTEeHH B cBOell pab6oTe BBEJ B ypPaBHEHHUS AOMOJHUTEIbHOE
caaraemoe, 3(phekTHBHO paboTallee KaK «aHTUIpaBUTAUHUsS». Takoe
SIBJICHHE BO3HHKaeT B OOLLeH TEOpUH OTHOCHTE/JLHOCTH, €CJAH COOTBET-
CTBYIOLIAST CPela HMEET OTPUIATeNbHOE HaBjaeHHe («Cpedoi» B AaHHOM
cayuae MOxeT ObiTh W (pusnueckuil Bakyym). CjaraemMoe, 0603HAUE€HHOE
rpeueckoil GyKBo# JisiMOna (M), NOMYUYHIO0 HAUMEHOBAHHE <KOCMOJIOTHUECKAS
nocTosiHHasi». BaxXHo# 0CO6EHHOCThI0O KOCMOJIOTHUECKOH MOCTOSIHHON
SIBJSIETCST TO, YTO IJIOTHOCTh €€ 3Hepruu (a 3HAuMT, U €e OTPHUlaTeNbHOe
JaBJeHHE) He M3MEHSIETCs MPU paciiupeHur (Wiu cxKatuu) BceseHHOH.

Kopxk Jlemerp paccmorpes B 1927 r. psim KOCMOJOTHYECKHUX
MoJeJied ¢ yueToM A, B TOM UHCJ€ U TaKylo, KOTopas oueHb GJu3Ka
K coBpeMeHHOH (yckopeHue BcesieHHOH cHauaja 3aMelJisieTcsi, a MOTOM
yckopsiercst). Kpome Toro, Haunnas npumepHo ¢ cepeautbl 1980-x rr.
NOSIB/SIINCH pa3/JHuHble apryMeHThl B MOJb3Y CYLIECTBOBAHHS KOCMOJIO-
ruyeckod nocrosHHoi (uau ee anasora). Tem He MeHee OGHApyKeHHE
YCKOPEHHOI'0 pacluupeHus BcesieHHOH MOXKHO CYHMTATb IVIABHLIM acTpo-
HOMHUUYECKHM OTKpPbITHEM KoHIIa XX B.

Bo3MOXHOCTb YCKOPEHHOro paclunpeHmns BceneHHowm
paccmaTpunBanacb TeopeTukamMmm yxxe AaBHO.

[TpuunHa YCKOPEHHOrO pacUIMPEHHUs AOMOAJIMHHO HE M3BECTHA.
CraHIapTHBIM TOIXOAOM K €ro O0'bSCHEHHIO SIBJASETCS IMIOTe3a TaK
Ha3bIBAEMOH MeMHO dHepeul, PACUIUPSIONIAs TOHATHE KOCMOLOZUYECKOI
nocmosnnod. B onuceiBaoliee pacuimpenne BeenenHoi ypaBHenne ®puj-
MaHa 100aB/seTCs cjaraeMoe, COOTBETCTBYIOLIEE Cpejie ¢ MOM0KHUTENbHOMN
MJIOTHOCTbHIO, HO OTpHUUATEJ/JAbHbIM 1aBJ/JI€HHEM. dusnuecKku MosIBJAEHHE TAKOH
«Cpelbl» MOXKeT ObITh CBSI3AHO CO CBOMCTBAMH BaKyyMa (KOCMOJIOTHYeCKast
MOCTOSIHHASI) HJIH JK€ TO MOXET ObITh Pe3y/bTaTOM MPHCYTCTBHSI KAaKO-
ro-1o (puanueckoro mojs (B MmocjepHeM cjayuae TeMHAas SHEPrHs MOXKET
3BOJIIOLMOHUPOBATH CO BPEMEHEM).

B nepByio MoJOBUHY KH3HH BeeseHHO#, HCKMIOUas HECKOMBKO
JeCATKOB ThICAY JeT B CAMOM Hayaje, B ee MJIOTHOCTH JOMHHHPOBAJIO
BelecTBO (TeMHOe Miac GapuoHHoe). ONHAKO MO Mepe pacllupeHHs
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MJIOTHOCTh BellleCTBa TajaJa, a MJAOTHOCTh TEMHOH SHEPrud OCTaBaJjach
HeH3MeHHOH (3ech Mbl pacCMaTPUBaeM IPOCTOH C/ydyaidl KOCMOJOrHYECKOH
HOCTOSAHHOM). T109TOMY OTHOCHTE/NbHBIH BK/IAJ TEMHOH SHEPIHH B IHHAMHKY
pacuidpeHusi poc. B Kako#-TO MOMEHT «aHTHUTI'paBUTAlUs», CBsI3aHHAS
C TEeMHOH 3Hepruel, crtajga IOMHHHPOBATh. B 3TOoT MoMmeHT Bcesennas
nepeiia K yCKOPEHHOMY PacHIMPEHHIO.

B Hacrosamuii MmoMeHT BceseHnHass pacuiupsieTcsi YCKOpeHHO,
OJIHAKO JIOKaJbHO (€C/IM MJIOTHOCTh BellecTBa B TAHHOM MeCTe BeJIHKa)
pacuiupeHue MOXeT GbITh TpeoaoseHo rpaButanued. [TosTomy cefiuac
npojoJ/KaeTcsi GOPMHPOBAHUE CKOIJIEHHH M CBEPXCKOIJEHHH raJakx-
TuK (Takux, HanpuMep, Kak Jlanuakea). Bynyuiee Bcesnennoit saBucur
OT CBOHCTB TE€MHOH 3HEPTHH.

CoBpeMeHHOe ONMHUCaHHEe UCTOPHU BceseHHOH MPHHATO HAUHHATDH
co craguu nudasuur (cm. Hmke). [Tocsne Hee BLIAEASAIOT TPH OCHOBHDIE
snoxu. [lepass — pajnanMoOHHO-JIOMUHUPOBAHHASI, B 3TO BpeMsi Hau6OJb-
Ui BKJaJ B JMHAMUKY BHOCHT H3JyueHHe, a BcejieHHas pacuiupsiercs
¢ 3amennenueM. OKoHUYaHHE TOH 3MOXH HACTymaeT MPUMEPHO uepes
50000 set nocje BoubiIOro B3pbiBa, HE3aA0/T0 10 3MOXH PEKOMOHHAIMH.
Bo BpeMsi BTopoil 31MOXH OCHOBHOH BKJ/aJ BHOCHT BellecTBO (TeMHOe
mioc 6apronHoe). Ha 310l cramuu TakxkKe MPOUCXOANT 3aMEJISTIOIIEecs
pacminpenue. Hakonen, npumMepHo 6-7 MJpa JeT Ha3aj HauaJgach 310Xa
JIOMHHUPOBAHUSI TEMHOH SHEPTHH, U pacUIMpPEHHe CTaJ0 YCKOPEHHBIM.

Ec/au TemMHast 3Heprusi — 3TO KOCMOJIOTHUECKAsl MOCTOSIHHASL, TO
ee BKJaf OyIeT pacTd mo Mepe paafeta BellecTBa. OQHAKO TpPaBUTAIHOH-
HO CBSI3aHHBIE CTPYKTYpPHI (MJTaHETHBIE CHCTEMBI, FaJaKTHKH, CKOIJIEHHS
raJakTHK, CBEPXCKOIJICHHSI) TAKHUMH U OCTaHYTCS.

Ecan ke TemMHasi Heprusi CBsi3aHa ¢ KaKUM-TO HEM3BECTHHIM
(hU3nYeCKUM TIOJEM U MOXKET MUMETh HETPHUBUAJNBHYIO 3BOJIOIHIO, TO BO3-
MOXKHO HECKOJIbKO paJuKaJ/JbHO OTJHUAIOUINXCS BapuaHTOB. Hampuwmep,
noJie, OTBeUaollee 3a TEMHYIO SHEPTHI0, MOXKET CO BpeMeHeM pachanaTthes,
¥ TOrJa BKJAL TEMHOH 3HEpruu OyaeT yMeHbIIATbcsd (3TO MOX0XKEe HA OKOH-
YyaHHe CTaiud HHQJALHK). B TakoMm cjyyae yCKOpeHHOe pacllHpeHHe
MOXKET CMEHHUTbCSI 3aMe/IJIEHHBIM.

byaywee BceneHHOM 3aBUCUT OT 3BONOLUN TEMHON
aHepruu.

[pyroii BapuaHT mpeaycMaTpUBaeT BO3MOXKHOCTb HEOTpaHHUEH-
HOTO POCTa POJIM TEMHOH sHepruu (Tak Ha3biBaeMasi MOAE/b «OOJbIIOrO
pa3peiBa»), B 3TOM CJjyuae MOCTENEHHO OYyAyT paspyliaThCsi BCe CBsSI3aH-
Hble CTPYKTYpbl. Brpouem, B HacTosiliee BpeMsi 9TOT BAPHAHT CUHTAETCS
CaMbIM MaJOBEPOSITHBIM.

Ha naHHBIH MOMEHT HAM HEHU3BECTHBI NPHPOJA TEMHOH 3HEPTHUH
1 ee sBo/ouus. Ee BKian 3aMeTeH TOJNbKO Ha KOCMOJIOTMYECKHX MacluTadax,
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MO3TOMY JIOKAJbHblE SKCIIEPUMEHTBI MOKA HEBO3MOXKHbBI. ACTPOHOMHUYECKHE
HaOJ/I0eHUS TTO3BOJSIT YCTAHOBUTH BO3MOXKHYIO 3BOJIIOIHIO TEMHOH
SHEPTHH B MPOIIJIOM, a B OJMKafliie roabl HAYHYT paboTy HECKOJIbKO
HaGJI0IaTeNIbHBIX POEKTOB, KOTOPbIE CMOTYT CHeJ/aTh 3TO ellle TOYHee.

Bo MHOrux cMmbicjiaX COBpeMeHHasi 310Xa JOMHHHPOBAHHUS TeM-
HOH HEPTHH MOX0XKA HAa THIOTETHYECKYIO CTalHI0 HHQJSIHH B paHHEH
BceneHHOi.

11.7
Ctagnsa nHbnaynn

B Haubosiee monmy/sipHOH COBPEMEHHOH KOCMOJIOTHUECKOH MOIenn
CTaJUU Topsiued MIOoTHOH BceseHHOH MpeAliecTBYeT MepUOA HHOJASIIIHH.
B reuenne 370l oueHb KOpoTKo# (< 10730 ceKyHABI) SMOXH MPOUCXOMUT
9KCIIOHEHIHAMbHBIA pocT MacwTabHoro (pakropa — BcesenHas paspyBaetcs.
[lepByto Monenp undJsauun pacemorpen Agnexceit Crapo6unckui B 1979 r.,
a B 1981 r. Anan T'yc (Alan Guth) mokasaJj, 4To cragusi HHQJSIHH
NO03BOJISIET PEIIUTb psill K/AIUueBbIX mpobJjeM B kocMoJjoruu. Hakoner,
B 1980-e rr. Auzapefi JIunae npeactaBu/ HECKOMbKO MoJeJ/el, 3aM0KUBIINX
OCHOBBI COBPEMEHHOH HH(/ISIHOHHOH KOCMOJIOTHU. B HacTosiee Bpemsi
CYILIECTBYET MHOXECTBO BaPHAHTOB HH(MJISIHMOHHBIX CleHapHeB (B TOM
YHCJ/e W OCHOBAHHBIX HA TEOPHUH CTPYH). MHOrve M3 TAKHX ClIEHApHEB
€CTeCTBEHHBIM 06pa30M TMPUBOASAT K OHOH U3 (opM MyJbTHBEpca (MyJib-
THBCEJEHHOH, T. €. MHOXKECTBY MapaJ/iie/IbHO CYLIECTBYIOLUIMX BCEJEHHbIX,
B OJIHOH U3 KOTOPBIX Mbl XXHBEM).

Anan T'yc mokasaJj, 4To Hajquude 3TMOXH OBICTPOTO pasayBaHHs
(MH(ISIIHKY) TTO3BOJSIET PELIUTh CJAEAYIOLIHE POOAEMbL:

e 1poGJeMy IOPU30HTA;

e 1poGJeMy OJHOPOJHOCTH M H30TPONUH BceseHHOH;

e MpoGJeMy KPUTHUECKOH MJIOTHOCTH;

e NpoGJeMy OTCYTCTBHSI MAIHMTHBIX MOHOTIOJEN;

e 1po6J/ieMy MepBUYHBIX HEOJAHOPOAHOCTEH.

[Ipo6aema ropusoHTa COCTOUT B caenyiolieM. Ecan 6bl cTanus
HHQJSLHE OTCYTCTBOBaJa, OBIIO Obl TPYIHO OGBSICHUTH OTHOPOIHOCTH
TeMnepaTypbl PEJHKTOBOrO H3ayueHus no HeOy (ortkmonenns mexee 0,0001
OT CpejIHero 3HAUEHHs), MOCKOJbKY pasHble yuacTKu HeGa (pazmepom
GoJjiee rpajayca) COOTBETCTBYIOT 00/aCTSIM, KOTOPbIe H3-3a OBICTPOrO
paclIdpeHUst He MOIJIH yCleTb OOMEHSITbCS CHTHAJaMHM, MO3BOJSIONIUMH
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BbIPABHATb TeMnepatypy. B cuenapuu 6e3 UH(JISILMH TOPU3OHT B paHHEH
BcenenHoli Bcerma pacter GbicTpee, ueM pacTeT MaclITaGHbIH (akTop,
U MOJ TOPHU30HT MOCTOSIHHO MOMAAalnT 06/1aCTH NPOCTPAHCTBA, C KOTOPHI-
MU paHee He OblJIO HHKAKOro KOoHTakTa. B aToM ciayvae ceiiuac Ha Hebe
JOJI2KHBl OB OBITh BUIHBI IE€CSATKH THICSY TaKUX ob6saacTed ¢ pasHoOi
TeMIepaTypol, a 3Toro Ha caMoM jeJe He HabJjiopaercs. Hamuuue amoxu
ObICTPOro pasiayBaHHsl peliaeT 3Ty npobjeMy, MOCKOJAbKY Bcsl HabJona-
emasi yacTb BceseHHol kKorapa-To Obla 3aK/ioueHa B KPOXOTHOM oObeMe,
pasHble YacTH KOTOPOT'o yCHe/ad MPHOOPECTH COrMiacoOBaHHbIE MapaMeTphl
(B 4acTHOCTH, TeMMEpPaTypy).

Ha ctagun nHdnaumm meHee yem 3a 10730 cekyHp,
pasmepbl o6nacTu Bo3pacTtaloT 6onee yem B 102° pas.

Mpo6Gaema KpuTHUECKOH NJIOTHOCTH (OHA 2Ke MpobJ/ieMa TMJI0CKOCT-
HocTH BcejieHHO#) COCTOUT B TOM, UTO COBPEMeHHas MJIOTHOCTb BcesieHHO#
ouYeHb OJH3KA K KPUTHYECKO# (T.e. BeesleHHast ¢ BBICOKOH CTENEeHbI0 TOUHOCTH
ABJSIETCH TJIOCKOH). BricTpoe paspyBanue, Ha MPOTSKEHHH KOTOPOTO MaciuTat-
HBIH (hakTop Bospactaer Gosee yeM B 10%° pas (a B HEKOTOPBLIX BapHAHTAX
ropasio G0JIbllIe), eCTECTBEHHBIM 06Pa30M OG'BSCHSIET 3TO, MOCKOMbKY MPH
CTOJIb CHJIbHOM yBeJHUEHHH 00'beMa BCe HEOJIHOPOAHOCTH BBIPABHHUBAIOTCSI.
DTO TakkKe OO'bSICHSIET OAHOPOAHOCTb U M30Tponuio BceneHHoii.

OTcyTcTBHME MAarHMUTHBIX MOHOMOJIEH (M APYIHX 3K30THUYECKHX
4acTHL, KOTOPble MOIJIH Obl BOBHHKATh B paHHel BcejieHHO#) cHOBa 00b-
SICHsIeTCSl KaTacTPpo(HUeCKHM poCcToM oObeMma. Ec/au Ha paHHeH CcTaguu
BceseHHast mperepriesa nepuoji oueHb ObICTPOro pa3iyBaHHs, TO Tenepb
9TH YaCTHIIbl Pa3HECEHBl HA OTPOMHBIE PACCTOSIHUS, U UX MPOCTPAHCTBEHHAS
MJIOTHOCTh KpaiiHe MmaJa.

Teopus nHNALMA NO3BONSAET PEWNTb pag npobnem
B KOCMOJIOT .

Hakounew, kBaHTOBbIe (D/IYKTyallMHd Ha CTaIUH UHQJISLHU [103BO-
JSIIOT €CTeCTBEHHBIM 00pa3oM CreHepHpOoBaTh MepBHYHbIE BO3MYLIEHHSI
MJIOTHOCTH C HYXHBIMH MapaMmeTpaMu. B perasnsix sta npobsaema Gbliaa
peuwena 'ennanuem YubucosbiM U BsueciaBoM MyxaHOBBIM B Haualje
1980-x rr. MH(asuus mo3BoasieT NoJyunTh MPAKTHUECKH MIOCKHH (Mac-
TabHO-HHBAPHAHTHBIH) CIIEKTP BO3MYIIEHHH MJIOTHOCTH, HA3bIBAEMBIH
crnektpom Xappucona — 3e/baoBuua (BoepBble OH OblI PaCCMOTpPEH
Aneapaom Xappuconom (Edward Harrison) u SxoBom 3esbroBuuem
B Hadajse 1970-x rr.). ¥Yxke B XXI B. Gsarogapst M8MepeHHsIM CITyTHHKA
Planck («Ilnank») Obiid oGHapy»KeHbl HeGOJbIIHE OTKJIOHEHHS OT IJIO-
CKOTO CIIeKTpa, Mmpeacka3aHHble paHee UHOUCOBBIM U MyXaHOBBIM. DTO
cuyuTaercss 6OJbIIAM YCIeXoM HHQJISIIUOHHOIO ClieHapHs.
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OKCIIOHEHIHA/IbHOE pa3lyBaHHE HA CTAAHH HHQJISUMH YCHJH-
BaeT BaKyyMHble (JIYKTyallHd BCeX MoJel, BKJ/A0Yas TPaBUTALHOHHOE.
Tensopuble (uaykryanud (QayKTyalud METPUKH), BO3HUKIIHE HA CTAJHU
HH(JISILEE, B UTore (KOTJa OKA3bIBAKOTCS MO FOPU30HTOM) MPEACTAOT Mepes
HaMM KaK I'DaBHTAlMOHHBIE BOJIHBI, KOTOPble HA3BIBAIOT «PEJIHKTOBBIMUY.
[Ipenckaszanue JOCTAaTOYHO CHJbHBIX TEH30PHBIX BO3MYLIEHHH C MOYTH
IJIOCKMM CIIEKTPOM — IMPAKTHUYECKH YHHKaJbHOE CBOHCTBO MH(JISALHH,
M OHO MOXeT OBITb HCIOJAb30BAHO JJIsI IPOBEPKH 3TOH Moaeau. Haunbonee
NepCrneKTUBHBIMHU MPEICTABMASIOTCS MOUCKH TaK HasbiBaeMoH B-monbl
NOJISIPU3ALUN PENTHKTOBOIO M3J/yUeHHSs.

PasgnyBaHue MpoUCXOOUT 3a CUeT 3BOJIOLUH CKAJ/SIPHOTO MO,
Ha3blBaeMOro HH(MJIATOHOM, KOTOPOE XapaKTepH3yeTcCsl OTPHIATENbHBIM
nasjaenueM. CoraacHo ypaBHeHHUsIM 00lleH TEOpHH OTHOCHTE/NbHOCTH,
Bcesiennasi, 3anosHeHHasi TAKHM MOJeM, 3KCIIOHEHLUHA/AbHO pacUIupsieT-
csl — TOBOPST, YTO Bce/leHHast HAXOMUTCS B BAKYyMONOJOOGHOM COCTOSIHHH.
MHorna ero Ha3blBalOT COCTOSIHUEM JOXMCHO20 8AKYYMA, TTOCKOJNbKY 3TO
He UCTHHHOE BAaKyyMHOE COCTOSIHHE C MHUHHMaJbHOH BO3MOXHOH 3Hepru-
eil. Bo BcesieHHOH HeT YacTHIl, HO MJOTHOCTb HEPTHH KpalHe BHICOKA.
[Ipu pacumimpeHur MJIOTHOCTh BaKyyMa MPaKTHUECKH He M3MEHsIeTCsl, 4TO
U BbI3bIBa€T 3KCIOHEHIHAMbHBIA pocT MacuiTabHoro akropa.

OkoHuaHHe HHQJISUUHM CBSI3aHO C OCUUJJISLHUSAMH HH(JIATOHA.
OHeprusi noJs TPATHUTCH HA POKAEHHE YACTHL, a MOMEHT OKOHUYaHHS
UHOASIIUE MOXKHO CUUTaTh BoabiiuM B3pbiBOM. B 3TOT MoMeHT BceseH-
Hasl 3aMoJHsIeTCsl TOPSTYMM MJIOTHBIM BEILIECTBOM, B HEKOTOPBIX MOJE/sIX
temneparypa Moxer gocturath 10%2° K. TTpu atom Ha cTagnd HHQJSIKEA
U HocJie Hee He IPOMCXOAUT I'eHepalUH SHEPTHH, MOCKOJbKY IpH pas-
nyBaHuu BcesenHas npuoGperaeT GoJbLIYIO OTPULATENbHYIO 3HEPTHIO,
CBSI3aHHYIO ¢ rpaBuTaiued. [TosToMy moJjiHast sHeprust (SHEPrUsi BEleCTBA
noc/ie Bodbiioro B3peiBa MIOC OTPHIATE/IbHAST TPABUTALMOHHAST SHEPTHS)
MOXeT ObIThb KpalHe MaJja MJH Jaxe MOxeT ObTb paBHa Hyiawo. MHoraa
3TOT CLEHAPUH HA3LIBAIOT podcoeruem Beerennoll u3 Hu4ezo.

Mopenb nHpnaunm octaeTcs HenoaTBePXXAEHHOMN.
KnioueBo npoBepKom ABNAETCA NOUNCK NEPBUNYHbIX
rpaBUTaALNOHHbIX BOJIH.

Mogeab HHOAALHH XOpPOUIO coraacyercs ¢ HabJ/I0AaTe bHbI-
MM JaHHBIMH, OJHAKO II0Ka OHa ocTaeTcs runoresoil. Oxupaercs, 4To
B O/nxKaliliee BpeMsl HanGoJ/ee NPsSIMOH NPOBEPKOH 3TOH MoJe/aH CTaHeT
KOCBEHHasl PerHCTpalUsl MePBUYHbBIX I'PaBHTAllHOHHBIX BOJIH, MOPOXK/IEHHBIX
Ha CTAAMU MH(JSLHH.
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11.8
PaHHAa BceneHHasn

B coBpeMeHHBIX MOe/IIX 110 OKOHUYAHHH CTaIHH MHQJSLUH pac-
wupsomascs BeesenHas 3anosHseTcs ropsyuM IJIOTHBIM BelleCTBOM
M U3/TydyeHHeM (B Pas/HUHBIX CIEHAPHAX MIOTHOCTH H TEMIEPATYPHl MOTYT
ObITh pasHbiMK). [TockoabKy cTamusi HHJSIIHE KpafiHe KopoTKas (He GoJee
1073% cexyHI), MBI MOXKEM TIPUHATL 3TOT MOMEHT 3a HOJIb M Ha3BaTb €ro
BoJbiiuM B3pBIBOM.

[Tocsie aToro BeesieHHast nmpopo/KaeT pacIMpsiThes, U 3a KOPOT-
KOe BpeMsi B HeH MPOMCXOAUT MHOXKECTBO BAXKHBIX H HHTEPECHBIX MPOLECCOB
B OLICTPO MEHSIOIIUXCS (puanyecKux ycqaosusix. [lmoTHOCTb U Temnepa-
Typa NafamoT, U B KAKOH-TO OYeHb PaHHMH MOMEHT MPOUCXOAUT BaXKHBIN
nporecc — GapuoreHesuc (00beHEHHE KBAPKOB H IVIIOOHOB B alpOHHI,
B TOM uHcJ/e GapHOHBI), B TeUeHHE KOTOPOTO BO3HHK/A GAPHOHHAS aCHM-
meTpust Beesennoit (nmpeoG/asanne BeliecTBa Haj aHTHBellecTBOM). Kak
UMEHHO 3TO NMPOHMCXOIHUT, NMOKA He SICHO, XOTsl €CTh 00lllee MOHHUMaHHe
HeoOXOAMMBIX /11 3TOro ycjaoBui. Briepsrie ux B 1967 r. copmynupoad
Anpnpett Caxapos:

1. Hecoxpanenue 6apHMOHHOr0 uyHucJa.

2. Hapymienne C- u CP-uHBapuaHTHOCTH.

3. OTcyTCTBHE TEIJIOBOI'O PAaBHOBECHS.

[IepBoe yc/0oBHE O03HAyaeT, YTO MOXKET MEHSATbCS PAa3HOCTD
MOJIHOTO uYHc/jaa 6apHOHOB M HUX aHTHUYacTHL. BTopoe cooTBeTCTBYeT
acUMMETPHUH 3aKOHOB B3aUMOJEHCTBHsI YaCTHIL MPH H3MEHEHHH 3HAKOB
UX 3JeKTPUUYECKHX 3apsiioB U MPH OJHOBPEMEHHOM H3MEHEHHWH 3HAKOB
3apsioB W ellle OfHOTO MapameTpa, Ha3blBAEMOr0 YETHOCTbIO (H3MeHEeHHe
YETHOCTH COOTBETCTBYET 3€PKA/JIbHOMY H3MEHEHHIO CHCTEMbI).

B paHHeln BceneHHOM BO3HMKAET aCMMMETPUS BellecTBa
N aHTUBeLLecTBa.

BosHukalouas acHMMeTpUs KpalHe HeBeJHKa: Ha HECKOJb-
KO MMJJIMAPAOB Map KBapK — AHTHUKBApK NMPUXOMUTCS OAMH <JIHIIHHH»
KBapK, NMPH 3TOM KBAapKH U aHTHKBAPKH MOTYT aHHUTHJAHPOBATbL APYT
c npyrowm, mpeBpauasicb B (poToHbl. B pesy/ibTaTe Ha KaxAbIH KBapK
MPUXOJUTCS HECKOJbKO MHUJIMAPAOB (OTOHOB, U B MJIOTHOCTH Bce-
JIEHHOH MOMHUHHPYeT H3JydeHHe (M ApPyrHe pPeJsITUBHCTCKHE HA TOT
MOMeHT uYacTuipl). [ToaToMy 3Ty CcTaali0 Ha3bIBAOT pAdUAUUOHHO-
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domunuposanrol. Ha Heit MacmTabHbH (paKkToOp pacTeT Kak KBajpaTHLIH
KOpeHb U3 BpPEeMeHH.

CrpeMuTesqbHOE pacliMpeHHe MPUBOAUT K TOMY, UTO TeMIle-
patypa W IJIOTHOCTh OuYeHb ObICTPO MajgaioT. Ha 3Toit ctaauu TpyaHo
paccTaBJ/sITh YeTKHE BpEeMEHHble METKH, MOCKOJbKY BCe MpeBpallleHus,
CBsI3aHHbIE B MEPBYIO OuYepe/b C YMEHbIIEeHHEM TeMIepaTyphl, UMEIOT
HEKOTOPYIO JIUTENbHOCTh, CPABHUMYIO C TEKYIIUM OGBICTPO MEHSIOMIUMCS
Bo3pacToM BceseHHOI.

[Tpu temmepatype okoso 3 x 10'5 K B craHzapTHHX MOIE/AX
paHHe# Bcesenno#t 6030H Xurrca npuo6peraer maccy. B pesynbrate
Z- 1 W-06030HBI CTAHOBSITCS MACCHUBHBIMH, U 3JEKTpocaadoe B3auMOfeH-
CTBHE pasjiesisieTcsl Ha 3JeKTPOMArHuTHOe Hu caaboe sinepHoe. C MoMeHTa
paciuiipenus npoiio npumepHo 107! cexyHbI.

MepBble HECKOJIbKO [,eCATKOB ThiCAY JIET B MIOTHOCTU
BceneHHO [OMUHMPYET U3NyYeHme.

M3-3a BbicOKOH TeMIlepaTypbl U IJIOTHOCTH KBAapKH He MOTYT
00'beIMHATBCS B aPOHBL. B 4acTHOCTH, He MOI'YT CTaOMJ/IBHO CYLLECTBOBATD
GapuoHbl (B TOM uHC/e MPOTOHBI K HEHTPOHLI), a BceseHHast 3amo/iHeHa
KBapK-T/I0OHHOH nia3moi. C MOMeHTa HadaJja pacllupeHHsl MPOULIo
MeHee HeCKOJNbKHUX JeCSiITKOB MHUKPOCEKYHH, W KOorja Temreparypa mnagaet
MPUMEPHO [0 TPHIJIHOHOB I'PAfyCcoOB, HAUYMHAIOT (DOPMHPOBATHCS aJPOHBI —
BO3HHKAIOT IPOTOHLI U HEHTPOHBL. OJHAKO CYlIeCTBOBaHHE 0oJsee CJ0KHBIX
CTPYKTYP — aTOMHBIX §iiep — IO0Ka HEeBO3MOXKHO.

C MomeHTa Bosbiioro B3pbiBa MpoILIO MeHee CeKYHIbl, H MpH
Temnepatype oko/o 10 Mapa rpagycoB HEUTPHHO CTAHOBSTCS CBOOOMHbBI-
MU — BceJsieHHasi 1/1s1 HUX Telepb NpaKTHUECKH Mpo3pavyHa. B HacTosiee
BpeMsl 3TH pPeJHKTOBble HEHTPHHO 3amoOJHSAIOT BceseHHY0, B KaxXI0M
KyOHuecKoM caHTHUMeTpe ux OoJjee cOTHH. VX Temmeparypa ceiffuac cocras-
JasieT okoJso 2 K.

Cnyctsi npumepHo 10 cexkyHA, Korja Temmnepatypa magaet
10 HECKOJMbKUX MUJ/JIHAPAOB TPaIyCOB, aHHUTHAUPYIOT 3JEKTPOHBl H MO3H-
TPOHBI, OCTaBJsIsl U3OBITOK 3/1eKTPOHOB. Ho TeMnepaTypa mokKa CAUIIKOM
BeJIMKA, YTOOBl 3/JI€KTPOHBI U MPOTOHBl MOIJIKM 06pa30BbIBaTh HEHTpa/bHbIN
BOJOPOL.

Yucao NPOTOHOB HE PaBHO YHMCJAY HEHTPOHOB, MOCKOJbBKY 3TH
YACTHIBI UMEIOT pasHble Macchl (HEATPOHBI TsKeJIee, MO3TOMY HX MEHb-
uie). Korna BceesieHHast ocThiBaeT MPUMEPHO 0 MHJJIMAPAA TPaLyCoOB,
HAUMHAIOT WATH SiI€pHblE PEaKIUH: NPOTOHBI U HEHTPOHBI 06 bETHUHSIOTCS,
(hopmupys siipa aToMOB. [1epBbIM CHYCTSl HECKOJMBKO CEKYHJ Moc/e Havanaa
pacmupenus o6pasyetcs nedtepuii. 3aTeM o6pas3yloTcs rejui, JUTHH
U Oepu/uil. OCHOBHOH HYKJEOCHHTE3 NMPOUCXOAHT NMPUMEPHO MENKIY
1-it u b-#i MUHyTaMM C HayaJja pacIldpeHHsl.
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[TocKOJbKY YHCJIO MPOTOHOB B HECKOJBKO pas 6GoJblie 4ncia
HEHTPOHOB, OCHOBHBIM 3/JI€MEHTOM SIBJASETCS BOAOPOM, HA BTOPOM MecTe
HAXOAUTCH reanil. [ledTepuii B OCHOBHOM «CrOpaeT» B peaKIUaX CHHTE3a
requsi, a 00pa3oBaHie GoJiee THKEbIX MEMEHTOB He yCleBaeT MPOU3ONTH,
MOCKOJIbKY CTAGHJbHBIX siI€P M3 MATH WM BOCHMH YaCTHI[ HE CYIIECTBYET
(HeGoJibIoe KoJiHuecTBO 'Be, “Li (opmupyercs npu coenntenun saep *He
u ‘He). CnycTst mapy Thicad CEKyHJ TeMmIepaTypa u MJIOTHOCTb MagaioT
HACTOJIBKO, UTO Ja/ibHeHIe ATepHble PeaKIMH CTAHOBATCS HEBO3MOXKHBIMH.

I'IepBw-le||7| HYK/1eOCMHTEe3 Ha4YMHaeTcd NpumvepHo
cnycTtda MUHYTY nocne bonbworo B3pbiBa n OJINTCA
HECKOJIbKO MWHYT.

[unamuka BceseHHOH MO-TIpexKHeMy OTpefiesisieTCs H3MyUYeHHeM,
¥ 3Ta 3noxa anaures npuMepao 50000-60000 net. [Toce 3TOr0 HauHHAET
JIOMHHUPOBATb BEIIECTBO, B OCHOBHOM TeMHOE, TaK KaK ero B HeCKOJbKO
pa3 6oabliiie o macce. [Tocko/abky MBI MOKa He 3HaeM, U3 KaKHX YacCTHIL
OHO COCTOHT, CJIOXKHO TOYHO YKa3aTb BPeMsl €r0 MOSIBACHHUS], HO 5TO JTOMKHO
TIPOUCXOAUTD JOCTATOYHO PAHO B UCTOPHU BcesneHHOH.

Macumta6Helii pakTOp Ha CTaaWHM TOMHHHDPOBAHHsI BeIlleCTBa
HauMHAeT pacTH GbICTpee — MPOMNOPIHOHANbHO BpeMeHH B cTeneHH 2/3.
CJaenyomuil BaXHbIH 3MH301 — PeKOMOHHAIMs: BEIIeCTBO OCTBIBAET
HACTOJBKO, YTO 3JEKTPOHBI MOTYT yIepaKaThCsl BOKPYT MPOTOHOB H siiep
requsi, U B peay/abrarte BceseHHast CTaHOBUTCS NMPO3pauHOH 111 COOCTBEH-
HOTO M3JYyUeHHsi, KOTOpPOe paHbllle B3aUMOAEHCTBOBAJIO CO CBOGOTHBIMU
snekTpoHaMu. 1ot MomeHT (mpumepro 380000 Jser mocsae Bosbuioro
B3pbIBA) COOTBETCTBYET KpPacHOMY cMelleHHI0 oko/o 1100 (. e. ¢ Tex nop
Macmtabublii aktop Bbipoc mpumepHo B 1100 pas). Ha sarom pacckas
0 paHHell BceseHHOH MOXKHO 3aKOHUHTb — C 3TOrO MOMEHTA MOTYT PacTH
HEOIHOPOAHOCTH B pacrpene/eHdd oO0bIUHOrO BelllecTBa. Yepes AeCcaTKH
(MM MaJible COTHH) MHJUIMOHOB JIET W3 HHX BO3HHKHYT TepBbie 3BE3/bl,
a 3aTeM CIYCTs COTHH MHJIJIHOHOB JIET — TaJaKTHKH.
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BaxxHenwmm nogreepxpeHmnem mopenm ropsaydero bonblioro B3pbi-
Ba CTaJIo OTKPbITUE PENNKTOBOIO M3nydyeHunsa. OcTaBLueecs OT 3Moxum
ropsa4veinn BceneHHom, OHO 3anonHAET BClo BceneHnyto, nmeer yep-
HOTENbHbIA CNEKTP 1 TeMnepaTtypy 4yTb meHee 3 K.

HecmoTpsa Ha npeackasaHns TEOPETNKOB, PESIMKTOBOE N3My4e-

Hue 6bl10 06HapyxeHo B 1965 . cnyyamHo. Cenvac aTo oguiH

13 rMaBHbIX UHCTPYMEHTOB NCC/Ief0BaHNA B KOCMOJIOTMK, MO3TOMY
cyuiecTByeT 60/1bLI0€e KOMMYECTBO Ha3EMHbIX MHCTPYMEHTOB,
npenHasHa4YeHHbIX crneunanbHo aasa HabnaeHNn pennkToBoro
n3ny4yeHus. Kpome 10ro, B KOCMOC 6bIy10 3anyLLEHO HECKOJIbKO
cneumanm3npoBaHHbIX HayYHbIX CYTHUKOB, C MOMOLLbIO KOTOPbIX
yOanocb NoCTPOUTb KapTbl pacnpeneneHnsa Temnepatypbl peMKTo-
BOIrO U3/Ty4eHUNSA Mo Bcemy Heby.



12.1
Mopenb ropsauero bonbLioro
B3pbiBa

Eme 1o Bropoii MupoBoit BoiiHbI niest pacumpsiiolieiics Beenen-
HOH cTasa MpakTHYeCKH CTAaHJAPTHOH KOCMOJOrMYecKod Mmopeablo. OHa
XOPOLLIO yKJaJblBajach B PaMKH OOLIEH TE€OPHH OTHOCHTE/IbHOCTH H IOJ-
JepPKUBANACH HAGTIOMEHUSIME (XOTsl CYLIECTBOBAJMH MPOGJIEMbI C TOUHBIM
HU3MepeHHeM MOCTOSHHOH Xa66Ja, a 3HAUUT, U C ONpeieJeHHeM Bo3pacTta
Bcesennoit). Tem He MeHee CYIIECTBOBA/IH H KOHKYPHPYIOILIHE TEOPHH,
MOCKOJIbKY OCTaBaJ/ICsl Psifi HEpelleHHbIX BONPOCOB. B Mojenu ¢ paciuvpeHu-
eM BCe HauMHAeTCs ¢ BelllecTBa MPH OYeHb BHICOKOH MIOTHOCTH. Ho BaxkHa
au TyT Temneparypa (u usayuenue)? Bo Bropoi mosoBune 1940-x rr.
NOSBUJIOCH TO, YTO IIO3[HEE CTAJIH Ha3blBaTbh MOJE/bIO ropsiuero boJb-
moro B3pbiBa. OKOHUATeNbHOE MOATBEPAKAECHHE 3TOH MOJEJNH MPOU30LILIO0
B cepenute 1960-x rr., koraa ObLIO OTKPBITO PENHKTOBOE H3JYUEHHE,
U cedyac OHO JIEXKHT B OCHOBe HalIMX MpelcTaBaeHHi o paHHell BceseHHOH.

Brepsbie unest ropsidero Bodbioro B3peiBa nosiusach B 1948 r.
B nyb6aukanusx ['eoprusi 'amosa, Panbda Anbdepa u Pobepra Xepmana
(ocHOBOW 1J/i1 HHUX MOCAYXKHJaa cTaThsd ['amoBa 1946 r.). DTH paGoTbl
B OCHOBHOM OBl/IM MTOCBSILIEHBI CUHTE3Y 3JEMEHTOB B paHHel BceseHHOH.

Mopgenb ropsyero bonbLwworo B3pbiBa nosiBUiachb
B paboTtax Anbcepa, lamoBa n XepmaHa.

Yro e npoucxoausno B paHHeil Beesennoii? C MomeHTa Havaja
pacIInpeHHs MPOUIIO HECKOJIbKO CEKYHI, MJIOTHOCTh BEIIeCTBA BEJH-
Ka, a BcesneHHast pacmupsieTcst 10CTaTOUHO MeIJI€HHO, TaK YTO (DOTOHBI
3aMOJIHSIONIETO €€ H3JAYUeHHs] YCIeBAIOT NPUHTH B TEIJIOBOE PaBHOBeCHE
¢ BeuectBoM. [TosTomy moka Bcesiennas HempospauHa, a uaJayueHue
HMeeT TEeMJNOBOH CHEeKTP.

Temnepatypa BceseHHO! mocTeneHHO MajaeT, MpPH BO3pacTe
Bcesennoit oxoso 380000 set (Ha camom meje CTaiusi PeKOMOMHAIMH
pacTsiHyTa Ha JECSTKH THICSAY JIeT, KOrJa TMOCTENeHHO MajfaeT 10/ HOHU-
30BaHHBIX aTOMOB), OHa JocTHraet 3HaueHus okoso 3000-4000 K. I[Tpu
3TOH TeMIepaType HauHHAeTCsl PeKOMOMHALMs BOAOPOAA: 3JMEKTPOHBI
NPUCOEMHSIOTCS K MPOTOHAM, (DOPMUPYS HEHTpasbHble aTOMBl. DHEPTHU
U3JYUEHHUs] U CTOJKHOBEHHH YK€ HENOCTAaTOUHO [/l TOr0, 4TOGBl BHOBb
HOHM30BaTh aTOMbl. POTOHBI M3/JAyUeHHs], 3aMOJMHSIONIETO MPOCTPAHCTBO,
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B3aHMOJEHCTBYIOT B OCHOBHOM C 3JeKTPOHAMH, U, KOTJa MOCJ/e[IHHe OKa-
3BIBAIOTCSl B COCTaBe aTOMOB, BceseHHAst CTAHOBUTCS MPO3PAUHON MJIsI
COOCTBEHHOI0 H3JIyUeHHs.

[To mMepe mpomo/iKeHUs1 paciiupeHusi BeeseHHOl Temmepatypa
PEJUKTOBOIO M3JyUeHHUs] YMEHbIIAETCS B COOTBETCTBHU C POCTOM Mac-
mrabHoro daxropa (I1HHA BOJHBI POTOHOB «PACTITHBAETCS», MPH 3TOM
yMeHbIIaeTcsl X 3Heprusi). PeJHKTOBOMY H3/yUYEeHHIO COOTBETCTBYET
z = 1100, nosromy 3000 K npespatunucek npumepuo B 2,7 K — cospe-
MEHHYIO TeMIepaTypy PeIUKTOBOIO H3JYUeHHUSI.

N3nyyeHmne otaensieTcsa oT BewlecTBa nocne
pekomb6uHauumn cnycta npumepHo 380000 net nocne
Hayana pacLnpeHuns.

KosuuecTBO pe/iMKTOBBIX (POTOHOB OUEHb BEJIHKO: Ha KaX bl
GapHOH ([POTOH /M HEHUTPOH) MPUXOAUTCH HECKOJIbKO MHJUIHAPIOB TAKHX
(hoTOHOB, B HAcTOsIlllee BPeMsi B Kax/IOM KyOHUECKOM CAHTUMETPE CONEPACHT-
cs1 6os1ee 400 oroHOB U3 «MosonoH Bceenennot». Cefiuac Ha peqiMKTOBOE
u3JMyueHne NpuxoauTcst Becero Juiib okoso 0,006% niorHoctn BeeneHHod,
HO B IIPOILIOM TeMIlepaTypa pPeJHKTOBOI0 H3/ydeHHs Oblia Belile. [Tostomy
nepBbie npuMepHo 50000 serT ucTopun BceeseHHOH MMEHHO H3JyueHHE
JNOMHHHPOBAJIO U ONpeNe/syio IMHAMHUKY paciuupenus. C TeX MOp YHCI0
(bOTOHOB Ha OUH GAPUOH HE U3MEHHJIOCh, HO GAPUOHBI OCTAJHChH MPEKHUMH,
a TemIepartypa pe/JHKTOBOTO H3/1yUeHHs Majfalja.

CoBpemeHHasa TemnepaTypa penmKToBoro
nanyvyeHmsa — 2,7 K.

Hecwmorpst Ha To uto Asbdep, [amoB n XepmaH ellle B KOHIIE
1940-x rr. npeackasanu cyuiecTBoBaHue (HOHOBOTO H3JyueHHs (M03xke
¢ Jjerkod pyku HMocuda Ika0BCKOro oHO MOJAYUYHIO HA3BAHHE PEJNHUKTO-
BOT'0, MO-PYCCKHU YACTO I'OBOPAT MPOCTO «PEJNHKT»), HAEHTH(UIMPOBATD
ero ynaJjoch Juib B 1965 T.

Brnpouewm, emie 10 3TOro HECKOJbKO YYE€HBIX B Pa3HbIX 3IKcIle-
pUMeHTaX HaOMa/d CBSI3aHHbIE C PEJIUKTOBLIM H3/ydyeHHeM 3((eKTH,
HO He CMOTJIM TPaBHJbHO pacro3HaTh UX npupony. duiapio MakKesanap
(Andrew McKellar) 8 1940 r. u Yoarep Anamc (Walter Adams) B 1941 r.
3asiBU/IM O HAJMYHK B CIIEKTpe 3Be3lbl A3eTa 3MeeHOcUa JHHUH MOJIEeKY/I
CN u CH. Uro-to (B03MOXKHO, H3/yUeHHe ¢ TemnepaTypoii meHee 3 K)
JOJIKHO OblJI0 BO30Y2KAATh 3TH MOJIEKYJ/bl, YTOObI OHH MOIVIH M3/yyYaTb
B XapaKTepHbIX JHUHUAX. Ho 3TH paGoThl OCTaMHCh HE3aMEUEHHBIMH TEMH,
KTO M032Ke MOI' Obl CBSI3aTb UX € (DOHOBBIM H3JyuyeHHeM BoJblioro B3pbiBa.

3aTeM HacTaJ uepel pagHoacTpoHoMoB. IIpu Temmepatype
0K0J10 3 K MakcUMyM B cleKTpe PeNHKTOBOrO H3Jy4YeHHUs MPHXOIUTCS
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Ha MHJJIUMETPOBYIO 00/acTb. 3aMeTHLIH (oH HoJ/2kKeH HabJ/agaTbCs
U Ha CAHTHMETPOBBIX PANHOBOJIHAX, I/le €ro npoie oO6HAPYXKHUTb IPHU
Ha3eMHbIX HabJ/iofeHusX. Paguona6./aoneHus 101XKHbl OblIM BHISIBUTD €ro,
uB 1955 r. dmuib ae Py (Emile Le Roux) B Hancwu, a 3atem B 1957 r.
Turpan Ulmaonos B IlynkoBo Habaonann KOCMHUECKHH (OH, COOTBET-
CTBYIOIIMH HM3KOH TeMmIlepaType, HO CHOBA He CMOIVIM HAaHTH BepHOE
00'bSICHEHHE HJ/IM IPUBJEYb BHHMAHHE 3KCIIEPTOB K mpobieMe.

Yucno pennkToBbiX (POTOHOB B MuUnnmnapabl pas
npPeBOCXO4UNT YACNO 6apUNOHOB.

Mexy TeM TEOPeTHKH MPOA0J/KAMM HACTAUBATH HA CBOUX Tpe.-
ckasanusax: B 1961 r. Aunpeii [Jopomkesuu u Mropr HoBukoB cHoBa
yKasaJjH, YTo JOJ/KHO CYIIeCTBOBaTh (POHOBOE H3J/yUeHHe C TeMIepaTy-
poil B HECKOJIbKO KeJIbBHH, U [axKe MPEeNJOKH/IN MOUCKATb €ro B JaHHBIX
paanoo63opa, nposegentoro B 1961 r. dusapaom Omom (Edward Ohm).
PoGepr [Mukke (Robert Dicke) u ero coaBropbl B [IpHHCTOHE yKe M/IaHH-
poBaJiM HAUaTh MOUCK PEJIMKTOBOTO M3JIYUEHHs, OJHAKO €ro 00HAPYKHIH
HE3aBUCHMO OT 3THX MpPeII0KeHHH.

PennktoBoe nanyyeHme 6b110 OTKPbITO B 1965 .
MNeHsanacom n BunbcoHom.

Aro cuenanu Apuo IMensuac (Arno Penzias) u Po6ept Buibcon
(Robert Wilson) B 1965 r., npuueM ¢ HCMOJb30BAHHEM TOH K€ aHTEH-
Hbl, KOTOPYIO HCIOJ/b30BaJ /s CBOMX HaOgofeHUi OM 3a HECKOJbKO
Jet 10 sroro. [Iukke ¢ KoJjeraMu IpPaBU/IbHO HHTEDPIPETHPOBAJIHU 3TH
nanuele, a [lensnac u Buabcon 3a cBoe OTKpbITHE mojyuusad B 1978 r.
Ho6eneBckyio npeMuto mo (husuke.

12.2
Kocmonornyeckme gaHHble
no HabnaeHMo pennkra

Pe/ukToBOE H3MyueHHe OOBIYHO XapaKTEPH3YIOT €ro TeMIepary-
poii, ee ycpenHeHHOe 10 BceMy HeOy 3HaueHHe cOCTaBJjseT okoso 2,7 K,
U OTKJOHEHHS] OT HEero OuYeHb HEBEJHKH. DTO caMo Mo cebe HHTEPeCHO,
MOCKOJIbKY pa3Hble 06/1acTH, COOTBETCTBYIOLIME Pa3HBIM «MSITHaM» Ha Hebe
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pasMepoM B Iapy JYHHBIX AHCKOB, He yCIeau Obl 0OMEHSTbCs HH(pOpMalueh
U BBIPABHSTb CBOIO TeMIEpaTypy, ec/u Obl B OUeHb PAHHIOW 3MOXY XKH3HH
BcesienHo# He mpoHcXonuan ocobbie mpouecchl (cM. pasgena 11.7 «Cranus
uHOJAHE>). ONHAKO H3MEPEHHs TeMIepaTypbl B Pa3HBIX TOUKax Heba
JIAI0T JIMIb HEe3HAYNTENbHO (Ha MaJjible JOJIH MPOLEHTa) PasiHuaiolrecs
pe3y/bTaTbl. DTa aHU30TPOIHS TeMIepaTyphbl PEJHKTOBOIO H3J/YyUYEHHS
N03BOJISIET ONPEAEsATh Psill KOCMOJOIMUECKHX NapaMeTpoB.

Pacnpenenenne aHM30TPONHH TeMIepaTypbl PEeJTHKTOBOTO
U3JyuyeHHsl 10 HeOy HMeeT JOBOJbHO CJI0XKHBIA XapakTep. Ero moxHo
paccuMTaTh B paMKaxX 3aJaHHOH KOCMOJIOTMUECKOH MojeJ M, NMPH 3TOM
pas/HuHbIe AeTaldu paclpenesqeHuss ONpeaessioTcss pa3HbIMH KOCMOJIOT -
yeckuMu napametrpamMu. COOTBETCTBEHHO, MPAKTHUECKH BCIO KOCMOJOTHIO
MOXKHO BOCCTAHOBHTb W3 IAaHHBIX MO PEIUKTY (KOHEUHO, HCIMO/Mb30BAHHE
JIOTIOJIHUTENbHBIX TAHHBIX MOBBIIAET TOYHOCTb H JOCTOBEPHOCTH), HO JJIs1
3TOr0 HAJl0 NPOBOAUTH OYE€Hb TOUHbIE HAOJ/IIOIEHHUS, CTABLIHE BO3MOXKHBIMH
To/bko B XXI B.

AHI/ISOTpOI'IVIFl PENNKTOBOIro n3nyd4yeHma no3sBondeT
onpepenaTb KOCMoJsiorm4eckme napameTpbl.

HaGaonaTh pejquKTOBOE H3JMyueHHEe ¢ 3eMJaH JOCTATOYHO
CJI0KHO M3-3a TorJolieHuss B atmochepe. Kpome Toro, /s nmosaydeHus
noJHOH HH(OpPMAllUU HYX)eH 0630p Bcero Heba. [ToaToMy ocHOBHbIE
JlaHHble O PeJUKTOBOM M3/JyUYEHHH OBbIIH MOJYyUYEHBl C MOMOUIbIO KOC-
muueckux anmnaparos COBE (Cosmic Background Explorer, Mccae-
noBaresb KocMuueckoro ¢ona, 1989-1992), WMAP (Wilkinson
Microwave Anisotropy Probe, [laTuuk MHKpPOBOJHOBOH aHH30TPOIIHH,
2001-2010) u Planck (2009-2013). O6pa6oTKa JaHHBIX 3aHHMAaeT MHOTO
BpeMeHH (B YACTHOCTH, BAXKHO YUECTb «JIHIIHEE» U3JyUeHHE, MOPOKAAEMOEe
BHEraJlaAKTHUECKUMH HCTOUYHHKAMH W MbLIbI0 B Halled [afakTuke), mo3-
TOMY Ha MOMeHT Hamucanust (aBryct 2017 r.) KHUrH 06paboOTKA JAHHBIX
cnytnuka Planck Bce ewie npogo/mkaercsi, XoTd yKe Obl10 IpeACTaB/AeHO
MHOT'0 BaXKHBIX PE3y/bTATOB, MOJYUEHHBIX 3THM anmnapaToMm (B TOM uuCJe
H YHCTO KOCMOJIOTHYECKHX).

OcCHOBHbIe fjaHHbI€ N0 PENNKTOBOMY U3NYYEHUIO
Nosy4aloT C NOMOLLbIO CMEeLNann3npoBaHHbIX
KOCMMYECKIMX annapaTos.

Hab6aoneHust Takke MOXKHO TIPOBOAUTH B BepXHeH aTmochepe,
3anyckasi HayuHylo anmnapaTypy Ha BBICOTHBIX aspocraTax. Hakownel,
eCTb HeCKOJIbKO MecT Ha 3emse (AHTapKTHIA, CyXHe BBICOKOTOPbS), Tae
anmapaTtypa MoxeT paGoTaThb ¥ Ha MoBepxHOCTH. HemoctaTkoM 3THX
MOAXOM0B SIBJASIETCSl TO, UTO He yhnaeTcs Hab/MogaTh BCIo HebecHYIO cdepy.
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Tem He MeHee Takue MPOEKTH TaKyKe BHOCAT GOJBIIONW BKJaL B HUCCIeE-
JIOBaHHS PeJIUKTA.

Hab6/to1eHust peJqMKTOBOr0 M3Jy4YeHHs MO3BOJSIOT ONPENE/UTD
reomeTpHuio BceneHHOH, KoTOpasi okasanach maocKoi (cm. pasmen 11.4
«Teomerpus BceseHHo#»). DTO H3MepeHHE BO3MOXKHO OJarogaps Tax
Ha3bIBAEMOMY JOTJIEPOBCKOMY MHUKY B pacrpeieseHHH HEOTHOPOAHOCTEN
pesUKTa MO YIJOBHIM MaciuTabaMm. B paHHeil BcesieHHOH BelllecTBO U U3JY-
yeHHe OblIM JOCTATOYHO TECHO CBSI3aHBI, TaK UTO KOJeOGaHUS U (ayKTyalluu
MJIOTHOCTH BelleCTBa CKa3blBa/JMUCh HA MOBEJEeHUH H3ayueHHs. KojebaHus
B BeleCTBE PaCIpPOCTPAHSIUCh CO CKOPOCThIO 3BYKa, KOTOpasi Toraa Obljia
OYeHb BeJHKa, OJHAKO U OJs HUX CYLIECTBOBAJ CBOH T'OPU3OHT — SByKOBOﬁ.
Hawm BaxkeH pasMep 3BYKOBOTO FOPH30HTA B SMOXY MOCJEIHEr0 PaCCEesTHHUS,
KOT/la PeJUKTOBOE H3/IyUeHHe OTAENHJIOCh OT BelllecTBa. B 3TOM H3JMyUYeHHH
oTrevaTasuch KosebGaHHs BEIECTBA, U Mbl MOXKEM HMX HabJIogaTh, U3ydasi
pacripefiesieHHe TEMIIEPATYpbl pesuKTa 1o Heby. B kakux-To Mecrtax Belle-
CTBO JIBUTAJIOCh K HaM, B KaKMX-TO OT HAac, Ile-TO BelllecTBa GblI0 GOJblIE,
rle-To MeHblle. DTO ABHKEHHE W (PAYKTyallud NPUBEH K HEOTHOPOAHOCTH
B pacnpeieseHHHu TeMIepaTypbl PEJHKTOBOrO M3JyUYEHHS: TIe-TO OHa
Ha THICSUHYIO JOJIO MpoIeHTa 6oJblie, Tae-To MeHblne. Camble GoJblIne
HEOMHOPOAHOCTH (MsATHA, pAaCKHIAHHbBIE MO0 BCeMYy HeGY) COOTBETCTBYIOT
yraoBomy Macuraby okoso 0,6°, U cCBSI3aHBl OHM HUMEHHO C pa3MepoM
3BYKOBOTO TOPHU30HTA. BO BCesieHHBIX C pPa3HON KPUBU3HOW Mbl Obl BHIE/N
pa3Hble KapTHHBl aHU30TPONHUU peJqUKTa. TIaTe/]bHbIH aHaA/MU3 MOKa3al,
uyro Hawa BcejeHHas — mockas, T.e. KMeeT HyJeBylo (Ha COBpEMEHHOM
YPOBHE TOUHOCTH H3MEpEHHH) KPUBU3HY, U Mbl BUAHM 3TH (DIYKTyalllu
TeMmnepaTypbl 6e3 CyIIeCTBEHHBIX HCKaXKEeHHH, CBSI3aHHBIX C KPUBHU3HOH
Bcesennoii.

Hab6niogeHunsa pennkta nokasanu, YTo reomeTpus
BceneHHoOM 6n13Ka K NJIOCKOMN.

HexoToprle mapameTpsl pacnpefieneHus TeMNePaTypbl PeqHKTa
no HeGecHOH cepe CHIALHO 3aBUCAT OT MOJHOH MJOTHOCTH BelLeCTBa
(TeMHOe + GapHOHHOE), IPyTHE — HMEHHO OT J0JH GapHOHOB. BJuaromaps
pa6ore Kocmuueckux annapatoB WMAP u Planck, a rtaxkxke psina Hazewm-
HBIX YCTAHOBOK y HAC €CTb BO3MOXKHOCTb OINpeAeasiTh 3TH HapaMeTpbl
10 HAOJIIONIEHHSM PEJHKTOBOIO MHKPOBOMHOBOTO (hoHA (KAaK MPABUIIO, BAXKHO
JIUIIb TOMOJHUTE/bHO U3MEPUTH TOCTOSIHHYI0 Xa66/a B HAaCcTOsIIee BpeMs
Ha OCHOBE IPYTHX HAG/I0IATENbHBIX JAHHBIX).

Mbl HabJ/01aeM peJqUKTOBOE H3JyueHHe, Mpollejliee yepes BCio
BUANMYIO BcesenHyo. COOTBETCTBEHHO, B XapaKTEPUCTHKAX PENHKTA
OTIIEYaTaNUCh BCS UCTOPHUS M Aaxe KocMorpadus. B ucropun Beenenuno#
Obl1 TIepuof, Korja peKoMOMHHpOBaBlIee OblJIO BELECTBO CHOBA PEHO-
HU30BaJ/J0Ch YJIAbTPAaPHOJETOBBIM H3JyUeHHeM MepBbIX 3Be3/l H KBAa3apos.
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DTO MPOU3OILIIO0 HAa KpacHOM cMelleHuu okoJgo 10, T.e. cnycrs 400
¢ JUIIHUM MHJJIHOHOB JIeT MOCJe Havyaja PAacCUIMpPeHHsl, U Mbl BHIUM
3TO B IaHHBIX MO pequKTy. [lajiee peqUKTOBOE HU3JyuUeHHE JUH3UPYETCS
Ha padHOOOpPAasHbIX CTPYKTypaxX MO MYyTH K HAM, U Mbl MOXEM H3YUHTb
CTATHCTHUECKHE CBOKMCTBA 3THX CTPYKTYp. HakoHell, pesiukToBble (DOTOHBI
B3aUMOIEHCTBYIOT C FOPSIYMM ra3oM B CKOIJIEHHSX ranaktuk (addexr
CioHsieBa — 3eJbI0BHYA), UTO MO3BOJSIET OMPEAEJUTD Pl HHTEPECHBIX
napaMeTpoB.

12.3
IamepeHune TemnepaTypbl
pPENnNKTa B pa3Hble 3rnoxu

[Ipenckaszanue TeMna H3MEHEHHS TeMIepaTypbl PeJHKTOBO-
ro H3JyYeHHs] 10 Mepe pacuiupenust Beesennodl (T.e. mo mepe pocrta
MacuTaGHOro Gaktopa) SIBJASETCsS BAXKHBIM 3/J€MEHTOM KOCMOJIOTHYE-
CKOH Monesu. MHTepecHO, 4TO OHO MOXKeT ObITh MPOBEPEHO, MOCKOJAbKY
U3JyueHHe B3aMMONEHCTBYeT C BEHIECTBOM, H Mbl MOXeM HalJ/101aTh
TOCJIEACTBHS 3TOTO.

EcTb ABa OCHOBHbIX MeTOAa, NO3BONAKOLWMNX N3MEPUTb
TemMnepaTypy PeINKTOBOro U3Jly4eHUs B pa3Hble 3MNoXn:
BO36Y)XAEeHME aTOMHbIX 1 MONEKYNAPHbIX YPOBHEN

n apdekT CroHaeBa — 3enbgoBuya.

CyliecTBYIOT JiBeé OCHOBHBIE METOIUKH, 6/aroaaps KOTOPBIM
MBI MOYKEM H3MEPHTb TeMIepaTypy PeTHKTOBOrO (poHA Ha Pa3HBIX KPaCHBIX
cmemenusx. Eute B 1940-e rr. 6p10 o6HapyKeHo, uTo MoJekyabl CN
B Hame#l ['asakTHke HaxomsiTcsi B BO3GYXKIEHHOM COCTOSIHHH, KaK GYATO
UX <IOJACBEUYHBaeT» H3JIyueHHe ¢ TeMmmepaTypod okoso 3 K. Dt1o 6blio
nepBoe CBUIAETEJNbCTBO B MOJb3Y CYIIECTBOBAHHS PEJUKTOBOTO H3JyUe-
HHSI, HO TOTJAa ero «He ysHaau». OQHAKO mosaHee, yxe mociae 1965 r.,
ACTPOHOMBI COOOPA3HJ/IH, UTO PENHKTOBOE HU3JAyUeHHE TOKHO BO30OYKAATH
pa3/JHYHBle SHEPreTHUECKHe YPOBHU B aTOMax H MOJEKYJ/axX, H 5TO MOXKHO
Ha6JI0IaTh, IIPHYEM He TOJNbKO B Halllell HemoCpeACTBEHHOH OKPECTHOCTH,
HO M Ha OYeHb GOJIbIINX PACCTOSHUSX.

B nacrosiiiee BpeMsi, HCIOJb3Ys NaHHble 10 HAGJIOAEHUAM
M3/1yUeHUs] PA3HBIX ATOMOB M MOJEKY/ (Yriepo, MOJEKYJ/IsIpHbIH BOIOPO,
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CO u zp.), aCTPOHOMBI CMOTJIH MPOCJAEIUTh H3MEHEHHE TEeMIIePaTypbl
peJMKTa Ha MPOTSAKEHHH OOMblIeH YyacTH UCTOPUH BcesneHHONH — HauuHas
C MEePBLIX MHUJJIHAPIOB JET.

N3mepeHunsa no3BonsaoT onpenennTb, Kak
MeHs1acb TeMnepaTtypa pesinkTa Ha4mHas ¢ NepBbIX
MUNINapnos neT.

Bropoit Mmeton cBsizan ¢ apdexTom CroHsseBa — 3e/bl0OBHYA.
DOTOHBI PENUKTOBOIO H3JYUEHHS PACCEHUBAIOTCS HA 3JEKTPOHAX B TOpS-
yeM rasze, HaXOAsIEMCS B CKOTJICHUSIX TaJaKTHK, H OTOHPAIOT SHEPTHIO
y 2/eKTpoHOB (00paTHbiil 3¢dekr Komnrona). B urore B Hampas/ieHuu
Ha CKomieHHe GymeT Hab/J0faTbCsl HEGOJBIIOH, HO BIOJHE H3MEPHMBIH
HeI0CTaTOK (DOTOHOB peNHKTa C IJIHHOH BOJHBI Gojee 2 MM H H3OBITOK
(oTOHOB ¢ 6Gosiee KOPOTKHMHU BOJMHAMH. [10CKOJIBKY MBI MOXKEM OTpENeUTh
CBOHCTBA CKOTJIEHHUS], €IMHCTBEHHBIM HEHU3BECTHBIM OyAeT HauaJbHas
TemrepaTypa 1oJs (OTOHOB, T. €. TeMIepaTypa PeJUKTOBOTO H3JyUYeHHs,
MONAJA0IIEero B CKOIJIEHHs. AHA/IN3 M03BOJsIET ONpPENeNUTh ee ¢ J0CTa-
TOYHOH TOYHOCTHIO, a CPAaBHEHHE NAHHBIX H3MEPEHHH C MpeIcKa3aHUSIMU
TEOPHHU MOKAa3bIBAET, UTO OHH HAXOATCs B corviacHH. Temmepatypa pesuk-
TOBOT'O H3JyueHHs: pacteT B npouwioe Kak T ~ (1 + z), u 310 sBasieTcs
elle OJHHUM HE3aBHCHUMBIM apryMeHTOM B MOJb3y COBPEMEHHOH MOMeH
pacuupsitouieiics BeeseHHOH.

12.4
CnekTp nepBUNYHbIX
BO3MYLUEHNI

Co BpeMeH HpioTOHA MBI 3HaeM, UTO €CJH B paclipelreeHHOM
[0 MPOCTPAHCTBY BEIIECTBE €CTb OT/EJbHbIE CTYIIEHHs, TO CO BpeMeHeM
H3-3a ﬂeﬁCTBHH rpaBuTalilii OHH MOT'YyT HauaTb pacTH (T. €. YIVIOTHATbLCH,
ckuMaThes). B pesysbrare MOCTENEHHO BO3HHKAET 3BOJIOIHOHUPYIOMIAS
CTPYKTypa B pacnpeje/jeHnd BemiecTBa. [logo6HBIH clieHapuil peaJu-
3oBaJjcs B MoJofo# BcesmenHoil. HavyasnbHble ayKTyaluu MJIOTHOCTH,
€CJ/IM OHH OBbLIM TOCTATOYHO BEJHKH, C ONpEeNeNeHHOrO0 MOMEHTa CTaJH
yBEJHUUBATHCS. B HTOre Mbl BHIMM TrajJaKTHKH, CKOIJEHHUs TaJaKTHK,
CBEPXCKOIJIEHHs], BOJOKHA U BOHIbl — KPYMHOMACIITaOHYIO0 CTPYKTYPY
BceseHHOH U ee OTIe/bHbIE 3JE€MEHTHI.
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[Tpu 3TOM craTHCTHUECKHE CBOHCTBA (KaK TOBOPSIT, CIEKT])
NEepPBUYHBIX (DIYKTYallMd MOXKHO yCTAHOBHUTDL, U3yuasi JaHHbIE 1O aHH-
30TPOIMHUH PEJIUKTOBOTO H3JMyUEHHS.

CaMu QJyKTyaluu MJIOTHOCTH OTPEe/sioTCS MOBEIEHUEM TeM-
Horo BelecTBa. OCHOBHAsI TIPUYHHA TOTO B TOM, UTO KOJHYECTBO TEMHOI'O
BEIIECTBA B HECKOJIBKO a3 Gosibliie, ueM GapHOHHOTO (3TOT (aKTop sIBJASETCS
ONpEEJISIIOIINM HauKHAsI ¢ 3MOXH pekoMOuHaluu). Ho B Gosiee paHHIOK 310Xy
Obl/1a ellle OfiHA TPHUYHMHA: JeJI0 B TOM, YTO HEOAHOPOIHOCTH B paclpeeseHH
TEMHOI'0 BEIlleCTBA HAYMHAIOT PAaCTH PaHO, a 0ObIYHOEe GAPHOHHOE BELIECTBO
JI0 PEKOMOHHAIMK CBSI3aHO C (DOTOHAMH, H MO3TOMY (0 OMpENeSeHHOr0
MOMEHTA) HEOJHOPOAHOCTH B paclpeieeHHd 0aPHOHOB PACTH HE MOTYT.

[na o6pasoBaHuMsa CTPyKTypbl BO BceneHHom
Heo6xoANMbl NepPBUYHbIE HEOAHOPOAHOCTIN MJIOTHOCTW.

Korna 6GapuoHbl HAUMHAIOT «HATEKATh» B CO3J@HHbIE TEMHBIM
BelIeCTBOM MOTEHIMAJbHbIE SIMBI, Tyda momnaaalT U ¢oTtoHsl. Ho poct
MJIOTHOCTH 6AaPHOHOB B KAKOW-TO MOMEHT OCTaHaBJAHUBAETCS H3-3a MaB-
JeHust GOTOHOB, HAUMHAETCs pacllupeHHe 3Tod obJgactu. [Ipoucxonsr
aKyCTHUeCKHe OCHHJISIHN B 6apHOHHOM BelecTBe. POTOHBI, MOMaBIINe
B MOTEHILHAJbHbIE MBI, BBIXOIAS W3 HHUX, «IOKpacHeroT» (cTaHyT GoJjee
«xoJi0aHbIME> ). KpoMe Toro, padoraer sdpdext [omniepa: ecin Hsayua-
Iolllee BEILIEeCTBO IBUKETCS B HAIlly CTOPOHY, TO (POTOHBI MOJMYYaT CABHL
B CHHIOIO CTOPOHY cliekTpa (ec/iv oT HAC — To B KpacHyio). Hakoneu,
pPOCT MJOTHOCTH GAPHUOHOB COOTBETCTBYET H POCTY MJIOTHOCTH (POTOHOB,
4TO npuBeseT K 3pGeKTHBHOMY MOBBIIIEHHIO TEMIIEPATYPHl B 3TOH 00JACTH.
CoOOTBETCTBEHHO, B pe3yJ/bTaTe CJ0XKeHHS TpeX 3(P(heKTOB BO3HHKAIOT
CJI0XKHbIe (JIYKTYyallHd TEMIEePATypPbl PEJUKTOBBIX (POTOHOB.

@oToHHBIe PAYKTYallUd Mbl MOKeM OGHApYKHBATh HA YIJIOBBIX
MmaciiTabax MeHee OJHOrO rpaayca, UCC/Ieqysi MUKPOBOJHOBOE PENUKTOBOE
uaayuenue. Camas MollHasa JeTaJjb, TaK HAa3blBAEMBIH donieposckui nuk,
B CMEKTpPEe MOILIHOCTH PEJHKTOBOrO M3JyUeHHsI COOTBETCTBYET YIJOBOMY
pasmepy 4yTh MeHee Tpaayca. DTO pa3Mep 3BYKOBOTO MOPH30HTA HA MOMEHT
pexoM6uHaNMU — 6oJee KpymHble 06JaCTH He yCMeBalOT COBEPIIUTh HU
onHoro nosaykosaebanusi. Ha MeHblinx Macmrabax BHAHBI 6oJjee cjabble
JleTa/u, Ha3blBaeMble aKyCTHUECKUMH MUKaMH, OHU CBSI3aHbl C aKyCTHUe-
CKHUMH OCHHUJ/ISIUSIMH B 6APUOHHOM BelIeCTBE B 3MOXY PEeKOMOHHAIMU.

lMepBMYHbIE HEOQHOPOAHOCTI B pacnpeneneHnmn
NAOTHOCTU BELLECTBA MOXHO M3y4yaTb NO UX criegam
B penmkKkToBoM hoHe.

HaGuonenust mokas3bBalOT, 4YTO HEOTHOPOAHOCTH TEMIIEPATYPBI
M0 OTHOUIEHHIO K ee CpelHeMy 3HaueHHIo cocTas/sor npumepro 0,00001,
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3TO COOTBETCTBYET YPOBHIO (PIYKTyalH# MJIOTHOCTH HA MOMEHT PeKOMOH-
Haluu. BricoTa akyCcTHUECKUX MHKOB B CHEKTPE MOIIHOCTH PEJHKTOBOIO
U3JYUYEHHUS] CUJAbHO 3aBHUCHT OT A0JH OAPHOHOB B MOJHOH MJAOTHOCTH,
a MoJioKeHHe NMUKOB — OT KPUBU3HBI NMpocTpaHcTBa. Hab.oneHus1 no3so-
JISIIOT OTpeJeNHTh, UTO Halla BceneHHast ¢ BhICOKO#H (MeHbIne 1%) creme-
HbI0O TOUHOCTH OIMCBHIBAETCS €BKJAHAOBOH reoMeTpHeH, a 10 O0apHOHOB
B MOJIHOH TJIOTHOCTH cocTaBJjsieT 4-5%.

B coBpeMmeHHO# cTaHIaPTHOH KOCMOJIOTHUECKOH Mojaeau (KoTo-
pas elle HY»JIAeTcsi B HENMOCPEACTBEHHOM MOATBEPKAEHHH) MepPBHUHbIE
(byKTyalluu MJAOTHOCTH CBSI3aHbl CO cTaauedl MHGJsUUU B paHHeH Bce-
genHoi. [lo cBoeil mpupome OoHH KBaHTOBBIE, PJIYKTYHPYET caMoO MOJe,
oTBeuamollee 3a HHPAALNIO, — HH(IATOH. DKCIOHEHIMAAbHOE pa3lyBaHHe
(oueHb OBICTPOE paACUIMPEHHE), KOTOPOE MPOUCXOMUT Ha CTAAMH HHJISIHH,
YCUJ/IMBAeT BaKyyMHble (JIyKTyauuu Bcex noJei. [Toka xose6GaHusi nodas
MaJibl, OHA NPOCTO OCUUJJIUPYIOT, HO, KOTa pacliMpeHHe pacTsAruBaer
UX JI0 MaciiTaboB rOPU30HTA, OHM «3aMep3aloT», 3aCThIBAlOT. Brocsaes-
CTBUM OHM CTAHOBSTCS 3apOAbIIAMU (PAYKTYalUil MJIOTHOCTH, U3 KOTOPbIX
U HauHeT pacTH HabJaiofaeMasi CerofiHsl CTpyKTypa BceseHHoi.

Teopust MHISAINE TIPENCKA3bIBAET, YTO Haua/JdbHblE BO3MYILEHHS
JOJ/DKHBI ObITh MAKCHMAJbHO CAYYalHbIME (rayCCOBLIMH) H UTO Y HHX HET
BblIe/JIeHHOTr0 Maclutaba. FIMeHHO 3TO W MOATBepAKAAETCS B HacToOsllee
BpeMs MO JaHHbIM HaOJMI0ACHUH PeJUKTOBOTO (POHA.

I'Iemequle BO3MYyLLEeHWA MNTOTHOCTW BO3HUMKAIOT
Ha cTagnn I/IHCbﬂFlLl,I/II/I 3a C4YeT KBaHTOBbIX ¢ﬂyKTyaU,Mﬁ.

QayKTyallud MJAOTHOCTH, «3aMep3ILIHe» Ha PasHbIX CTAIHSAX,
UMeIoT pas3/uuHblii MacwTab. M3-3a pacuupenus BceseHHOH 3TOT Mac-
mTab pacTAruBaeTCsl, HO 3TO MPOMCXOAHUT MeIJIeHHee, YeM pacTeT BO3pacT
(MacmTaGHBIH (hakTOp pacTeT Kak KOpPeHb W3 BO3pacTa Ha pajHalli-
OHHO-JIOMMHHPOBAHHOH CTAalHH H KAaK BO3PACT B CTeNeHH 2/3 Ha cTa-
JIMH TOMUHHPOBAHHs BEIIECTBAa). A pasMep rOpU30HTA JHHEHHO 3aBHCUT
OT BpeMeHH (pacTeT Kak BpeMsl B mepBoii crenenu). [TosTomy nmocreneHHO
Gbaykryanuu, uMewlnie pagmep GoJblie ropusoHTa (Takue (JIyKTyaluu
y2Ke He pPACTYT), OKA3bIBAOTCS BHYTPH FOPH30HTA, U MOXKET HAUATHCS
MX JaJbHEHIIHHA POCT.

Kpome Tak HazbiBaeMbIX CKagAspHbIX (IyKTyaluH, TpUBOAS-
UIMX B UTOre K HEOJHOPOJHOCTH pacHpefeseHHUs IJIOTHOCTH BEILEeCTBa,
Ha CcTaanu HHQJISIHH BO3HUKAIOT U TeH30pHble (QuiykTyaunu. Korga onu
OKAa3bIBAIOTCS TOJA TOPH3OHTOM, TO MOTYT HAOJIOJATbCS KaK MePBHYHbIE
rpaBUTallHOHHBIE BOJHBL. EcTb Hamexaa oOHapykKHUTb HX CyLIECTBOBA-
HHUe, u3ydass ocoOble HEOJAHOPOJHOCTH B paclpeje/ieHHH NOJspU3alnun
PEeJIMKTOBOTO H3JyUeHHs.
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AcTpoHomMusa — HabniogaTenbHas Hayka. [psaMon akcnepmMmeHT

B HEVl HEBO3MOXEH (3a pegkmnmum cnydyasamu nayyveHus ten Con-
HeYyHoW cnctembl). lMoaTomy npakTuyeckn BcA MHdopmayums

B aCTPOHOMMIM OCHOBaHa Ha HabnopgeHuMsax. [na aTtoro Heo6xoan-
Mbl NprBGOpbI, KOTOPblE NOMOranu bbl HabnwaaTb cnabble 06bEKTDI
N Mefnkune getanu, HeBUOMNMbl€ HEBOOPY>XEHHbIM [71a30M, a TakxXe
no3eonsnu 6bl GKCUPOBaTb JaHHbIe A1 faNbHENLLIEro aHanmsaa.

CoBpemeHHasi acTPOHOMMS pacrnonaraeT MHCTpPyMeHTaMu gns
HabnogeHn BO BCEX Anana3oHax 3/IeKTPOMarHNTHOroO CrnekTpa,

a TaloKke AeTekTopaMuv HEMTPUHO, KOCMUYECKUX JlyYen 1 rpaBumTa-
LMOHHbIX BOJIH. [locTOsIHHOE coBepLUEHCTBOBaHME CPeacTB Habto-
OEeHUs, POCT NX pa3MepOB, YyBCTBNTENbHOCTU N1 BO3MOXHOCTEN
No3BONSAIOT AeNaTb BCE HOBbIE N HOBbIE OTKPbITXSA, MOMOratoLme
nyylie NoHATb YCTPOMCTBO BceneHHOM.



13.1
[MpnHUKMN paboTbl Teneckona

Teseckon uMeeT ABe OCHOBHblE 3agauyu: coOpaThb KaK MOXKHO
6oJ/Ibllle M3JAyUeHHs] U AaTb BO3MOXHOCTb paccMOTpeThb Gojee MeJKHe
JeTand. DTO OTHOCHTCS K HHCTPYMEHTaM, paGoTalolNM B PasHBIX IHa-
nazoHax crektpa (a Takxe ¢ MONpPaBKaMH HAa OCOGEHHOCTH HE TOJBKO
K TeJeCKoNaM, HO U K JPYIHM THIaAM HaGJoJaTe/bHbIX HHCTPYMEHTOB
B aCTPOHOMHUH). Pasymeercst, MHOIHe J€TATH W MPHHIMIBL paGOTHl pagHoTe-
JIECKOTIOB CYIIECTBEHHO OTJMYAIOTCS OT TAKOBBIX [JIs1 raMMa-00cepBaTOPHUH,
MO3TOMY Pasd/nuusi OyAyT pacCMOTPeHbl OTAeAbHO. OMHAKO MHOTHE 0061IHe
MOJIOKEHHUST BePHBI J/IS1 IIHPOKOr0 AMANa30Ha 3JeKTPOMATHHUTHBIX BOJIH,
U UX yI0OHO paccMOTpeTb Ha MpPHUMepe ONTHUECKHX TeJeCKOIOB.

Y Teneckona nmeloTcsa ABe OCHOBHbIE 3agayn: cobpaTtb
6onblle cBeTa U paccMOTpeTb 6osiee menkune geTtanu.

HeBoopyeHHBIM I'1a30M Ha BceM HebGe MOXKKHO YBHAETbH OKOJIO
6000 3Besn (M3 coTeH MH/AMMAPAOB) Halled [aJaKTHKH, BCEro JHIIb TPHU
rajakTuku (TyMaHHOCTb AHapomenb, Bosbmioe u Manoe MaresiaHoBbI
O6Jiaka) ¥ TSTh MJIAHET, A U TO B HIEAJbHBIX YCJIOBHSAX (CKaXeM, B KOC-
Moce, BJIaJH OT KPYMHBIX TeJ, TJie HeT BJAUSHUS aTMocdephl U /s 0630pa
JOCTYIHa BCcsi HeGecHas cdepa). [lpyrue 3Besfibl, raJakTHKH U IJaHEThI
CJIMILIKOM cJ1a0bl /s TOTO, YTOGHl HAIlK TJia3a CMOTJIH PACCMOTPETh HX.
MHTeHCHBHOCTD NMOTOKA CBeTa OT HCTOYHHMKA MajgaeT oO6paTHO Mporop-
[HOHA/MbHO KBaJApaTy MPOHAEHHOTO PAcCTOSIHHUS, U OT AaNeKHUX 00'beKTOB
B HAlll 3paYOK TMOMAafaeT CAUIIKOM MaJjo (POTOHOB, UTOOBI CeTUaTKa CMOIJia
UX OTUETJIUBO 3a(PUKCHPOBATh. 3HAUUT, HEOOXOMUM Npubop st c6opa
(hOTOHOB.

OnameTp o6beKTMBA — rMaBHbIV NapamMeTp Teneckona.

YCJI0BHO TOBOPSI, TEJNECKON MOXKHO MPEICTaBUTh KaK BOAOCOOP-
HUK, 6OJblIYyI0 BOPOHKY. [Togo6HO TOMY Kak A0xkKAb coOMpaeTcs co BCei
KPBILIK U HalpaB/sieTcss MOLIHBIM OTOKOM B BOLOCTOK, OO'b€KTHB TeJle-
CKONla — €ero OCHOBHasl JeTaldb — coOupaeT cBeT ¢ GOJbILIOH MAOLIAAH
(mpomopuHOHAJAbHON KBajpaTy AuaMeTpa O0'beKTHBA) M HAMPABJSIET €T0
uepes OKYJsIp Ha PETHCTPUPYIOUHA npubop (Hampumep, rjia3 HabJ0/1a-
TeJsis1), B pesy/bTaTe 4ero BHAMMBIH 6jeck (T.e. MOTOK BHIMMOTO H3JYy-
YeHHsT) HCTOUHHKOB Bo3pacrtaert. [laxke HeGOJbIIHe, AAIOLIME HE CJIUIIKOM
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KaueCcTBeHHble H300paXKeHUs, nepBble Tejeckonbl ["anugaes U Apyrux
Habawonateneid Hayana XVII B. m03BOJUIN YBUAETh MHOXKECTBO 00b-
eKTOB M JeTaJjiell, KOTopble paHee ObLIM HEAOCTYNHBI AJs HaOJ0AeHUI
13-3a UX caaboro Gnecka (3Besabl B MJjeunom ITyru u mp.).

B reseckonax [/ BUIUMOTO AHANa30Ha CHEKTPa HCHOJAb3YeTCst
JIBa OCHOBHBIX THIA OG'b€KTHBOB — JIHH30BbIE U 3€pKajbHble (BO3MOKHbI
TakKe KOMOMHAUMH ONTHUECKHUX 3JIEMEHTOB B 3€PKa/bHO-/JIHH30BHIX 00b-
ektnBax). [TOCKOJIbKY acCTPOHOMHUYECKHE HCTOUHHKH HAXOISATCS KpaiiHe
Ja/MeKo, MOKHO CUHUTATh, YTO UX HM3JYyUE€HHE NPUXOIUT K HAM B BHJE
MapaJuie/IbHOTO MyuKa Jyuei, KOTOPbId MOXKHO chOoKycHpoBaTh (cobpaTh
B (hOKyCe) ¢ MOMOILIbI0 COGHPAKIIEH JHH3bI MM NapaGoJuYeCKOro 3ep-
Ka/na. PaccTosinne, Ha KOTOPOM 3epKasjo W/ JHUH3a 00'bEKTHBA CTPOUT
n3o6paxkeHre 0eCKOHEUHO yla/JeHHOro o6beKTa (B ciyuae MapasiebHOro
myuKa Jyueid cOGHpaeT UX B TOUKY), Ha3bIBAETCSl (POKYCHBIM PACCTOSIHHEM.
Ec/in nuamerp o6beKTHBA COCTABJSIET BCEro JHLIb 8 CM, TO OH coOHpaeT
B 100 pas GoJbiie cBera (POTOHOB), UeM 3pPAUOK T/a3a C MAKCHMAJbHBIM
nuametpoM okoso 8 mM. [Ipene6perasi poHoM HOuHOTO Heba, MOTEpSsi-
MH CBeTa M BO3MOXHBIM Pa3MbITHEM H300paKeHHsi, ¢ MOMOIbIO TAKOTO
HHCTPYMeHTa Mbl cMoxkeM yBuAeTb B 100 pas GoJsee c/abble 3Be3Ibl, 4yeM
HEBOOPY2KEeHHBIM IvIa3oM. [IpH 0fMHAKOBOH CBETHMOCTH 3TO COOTBETCTBYET
BiecsiTepo Gojiee najsekuM obbekTaM. CKaxkeM, IVa30M Mbl MOKEM YBHAETb
3Be3ny, nono6Hyio CoJHIly, C pacCTOsIHUSL UyTh 6oJblie 50 CBETOBBIX Je€T,
a B HeOOJDIIOH TeJecKon — ¢ paccTosiHust Gosee ueM H00 CBETOBBIX JI€T.

Bropas 3amaua Tejeckona — MO3BOJHTb PAaCCMOTpeTh GoJee
MeJsiKHe feTanu. Hanpumep, riazom Mbl pekpacHo BUIUM JIyHYy — sIpKHil
00'bEKT C YIVIOBBIM IHAMETPOM Ha HeGe OKOJIO MOJOBHHBI I'pagyca (0KoJ0
30 yrsioBbix MuHyT). Haur ria3 pasauuaer gertajnu ¢ yrjioBbIM padMepoMm
Gosiee ofaHOH yryoBo# MuHyThl (1'). Peasmbubiii quamerp JIyHbl 4yTh MeHee
3500 KM, MO3TOMY IJIa30M Mbl MOXKEM pasJHuaTh HeTajdH JYHHOTO AUCKA
aub pasmepoM Gosee 100 kM. HTo6bl paccMoTpeTh MeHee KpyMHbIe
o6pa3oBaHHsi, HEOOXOIUMbl ONTHUECKHE MPHOOPHI.

MpepenbHoe yrnoBoe pa3pellieHne 3aBUCUT OT guameTpa
Teneckona v oJnHbl BOMHbI N3Ny4eHUs.

O6bexkTuB co3naer u3obpaxeHue HabaOIaeMOTO 06'bEKTA
B (DOKaJbHOH MAOCKOCTH. MBI MOXKeM HemocpeaCcTBEHHO 3a(PUKCHPOBATH
ero (Hampumep, ¢ IOMOILbBIO (POTOMATEPHAJIOB MJIH 3JEKTPOHHBIX MPH-
€MHHKOB H3J/yueHHsI) WIH PacCMaTPUBATh C MOMOIIbIO OKyJjsipa. OKyJsip
cobupaer pacxosiiyecs: Jyur 3a (OKycoM TesJecKona M CHOBa TpeBpaliaer
UX B MapaJJesbHble nyukd. OQHAKO ecJqu Mbl HabJi0gaeM, HalpUMep,
JIBOMHYIO 3Be3Ny, TO MOCJe TPOXOKAEHUST OKYyJspa yroa Mexujay MyuKaMu,
COOTBETCTBYIOIIMMU H300paXKeHUsAM JBYX 3Be3/, OyaeT 6GoJblie: eciau
Ha He6e 3TOT YyroJ COCTABJSI MOMH YTJOBOH MUHYTBI U 3BE3/bl CJAUBAJUCD
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B OJHY, TO C [IOMOUIbIO TEJECKONA MOXKHO UeTKO BHIETb JABE OTAeJbHble
3Be3abl. MIMeHHO Takoi 3(p¢eKT Mo3BOJMU/A OTKPBLITh KpyHNHEHIIHe CHyT-
HukH [OnuTepa, KoTopble HMEIOT AOCTATOUYHBIH /51 HEBOOPYKEHHOTO
rsnasa 6/ecK, HO HaXoAsATCsl CJAMLIKOM OJM3KO K SIpPKOH IJaHeTe-THIaHTy
U [109TOMY HepasJ/H4YUMbl 6e3 TeJecKona.

Koa¢ppuunenrt yseauuenus yria Mexay AByMs OJIU3KHMH HCTOY-
HUKAaMH NIPU HAOJIOJEHHH B TeJNECKOIl HA3blBAIOT Y2A08blM YEeAUUCHUEM
(KpaTHOCTBIO), OHO PABHO OTHOIIEHHIO (DOKYCHBIX PACCTOSIHUE 0G'bEKTHBA
U okyJ/sipa. CocoGHOCTb TesecKona pasanyaTb OJH3KO HAXOASIIHECcs
00'beKThl Ha3bIBACTCS Y2408biM pasdpeuleruen. Jlaxe B UIeaNbHbIX YCAOBHSIX,
KOIJa HaM He MellaeT aTMoc(epa M Bce 3/eMeHTbl Te/eckona padoTaior
6e3 norepb, CyLlecTBYeT Ipele/ Ha YIVIOBOe pas3pelleHue, onpeesaseMblil
BOJIHOBOH IIPUPOJLOH CBeTa.

C ToukHu 3peHHs 3eMHOro HabJjojare/s, jajekas 3Be3ga — 3TO
TOUEUHBbIH HUCTOUHHMK. Ho Bce (poTOHBI OT 3Be3/bl, MONABLIME B TEJAECKOT,
HEBO3MOXHO cOOpaTh B OJHY TOYKY, MOCKOJBKY CBET SIBJISETCS BOJHOH.
N3-3a nudpakuun uzobpaxeHue 3Be3]bl NpeacrtasaseT coboil Habop
KOHIIEHTPHUECKHX KOoJell BOKPYT LEeHTPaJbHOTO SIPKOro AUCKA, W AJs
IBYX OMM3KHUX Ha Hebe 3Be3l Takue HabGOpbI KoJel OyayT HaK/JIaablBaThCs
Ipyr Ha Apyra, Tak 4To, HAYMHAsl ¢ HEKOTOPOr'o YIVIOBOI'O PACCTOSHHS,
Mbl HE CMOKEM pas/aHuuTb UX. UeM Gosblie auamMeTp o0beKTHBA TesecKorna
D u ueM MeHbllle [1JHHA BOJHBI IPUHHUMAEMOTO H3/IyUeHHs )\, TeM Hike (T. e.
Jydiie — H300paXKeHHs ueTue) Mpejes yrioBoro paspelieHus (OH Mpo-
nopiuonaner A/D — OTHOLIEHHIO IMMHBI BOJAHB K IMAMETPY 00beKTHBA).

Ona KpynHbIX TENEeCcKonoB npeaenbHoe yrnoBoe
paspeLueHmne onpeaensaeTca BAMaHNeM aTMmocaepbl.

Ecau He MCnoab30BaTh OKYJ/sIp, a (PUKCHUPOBATH M300paKeHHe
B (DOKa/NbHOH IJIOCKOCTH, TO HaM BaK€H ero maclurad: KakoH yroJ IpH-
XOJUTCSl HA €IHHHULY [J/IMHBL. BaxKHOCTb 3TOr0 MOXHO MOHATh, NPEICTABUB
ce6e 3JIEKTPOHHBIA MPUEMHHK (MATPHILY), COCTOSIIINA K3 MHKCeeH (0Tae/b-
HBIX CBETOUYBCTBHUTEJNbHBIX 3/eMEHTOB). Pasmep Mmukce/s 3agaer npeed
paspelleHHs: CKOMbKO HU YBeJHYMBail M300paKeHHe, BHYTPH OTIE/IbHOTO
MHKCeJ/s1 HEBO3MOXKHO PAaCCMOTPeTh HHKAKHX HOBBIX AeTaneH. ¥YBe/JauuuBas
(hoKyCHOe paccTosiHHe TeJleCKola, Mbl MOXKeM MEHSITb MacluTab: Ha OAMH
NUKCeJb MPUXOAUTCS BCE MEHbIIMH YTr/IOBOH pasMep. YTJaoBoe paspe-
LIEHHEe pacTeT, HO MPH 3TOM MNajaeT SPKOCTb MU300paxKeHHsl, MOCKOJIbKY
Mbl pacnpefeJqseM ero no Gosplieil naowanu. A spkocTb U300paKeHus
3aBHCHT OT TOTO, CKOJIBKO COOPAHO CBeTa, T. €. OT AHaMeTpa 00beKTHBA.
HMMeHHO MO3TOMY A/ MOJNYyUYEHHsI OJHOBPEMEHHO SIPKOTO M300paKeHHS
B (pOKaJIbHOH MJOCKOCTH H XOPOLIEro YIJIOBOTO pa3peleHHss HeoOX0AHUMO
HCIOJb30BaTh TE/JAECKON He TOJNbKO ¢ GOJMbUIMM (DOKYCHBIM PaCcCTOSTHHEM,
HO U ¢ GOJBLIUM AHaMeTpPoOM O0'beKTHBA.
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B peasbHOCTH /IS TENECKONOB IHAMETPOM HECKOJBKO IECSTKOB
CaHTHMETPOB U 6oJiee, paboOTalOUIUX B BUAHUMOM CIIEKTpe, Mpeae/bHoe
YyIJIOBOE pa3pellleHHe ONpeae/sieTcsi He CTOJAbKO MapaMeTpaMH ONTHKH,
CKOJIBKO BJIHsIHMEM aTMoc(epbl. [ToaToMy A5 MHOTHX THIOB Ha6JI0IEHHUH
NpeAnouTHTeIbHee HaGMIONEHNsT U3 KOCMOCA, XOTsI B BHIMMOM JIHAanaso-
He 3eMHast arMocdepa mpospayHa (B OTIHYHE OT YJbTPa(HOJETOBOTrO,
PEHTreHOBCKOTI0, raMMa-, a TAKXKe YacTH MH(PPAKPACHOTO AHANA30HOB).
Kocmuueckuii Teseckon Hubble nnamerpom 2,4 M (B 3-4 pasa menee
pasMepoB KpPyMHEHIINX HA3EMHBIX HHCTPYMEHTOB) MOJYUAeT H300paXeHHs
6oJ/iee BbICOKOTO KauecTBa. OTHOCHTE/bHO He6OJbIION TesecKon Ha 60pTy
KocMuueckoro ammapata Kepler ctan cambiM 3pheKTHBHBIM CPeACTBOM
0OHapyKeHHsl SK30TJIaHET, HAMHOT'O OTIEPEIUB B 9TOM HAa3eMHbIE YCTAHOBKH.
[Ipuunna Takoil BbICOKOH 3(p()eKTHBHOCTH B TOM, UTO M300pax<eHHUs 3BE3J,
nojayudaeMblx Kepler, He MepuaioT, 4TO MO3BOJsET U3MEpPSITh UX OaecK
C BBICOKOH TOUHOCTbIO B TeUEHHE [JIUTEJNbHOIO BPEMEHH.

CobupaeMoe TeJeCKONOM H3/JIyUeHHEe MOXKHO He TOJIbKO HabJIo-
JaThb BH3yaJbHO, HO H (PUKCHPOBATbH C MOMOILbIO MPUOOPOB AJas GoJsee
JeTaqbHoro uayuenusi. Tem Gosiee 4TO OCHOBHYIO HH(OPMAIHIO aCTPOHOMbI
ceflyac MoMyvalT He U3 H300paKeHHH aCTPOHOMHYECKHX OOBEKTOB, a IIyTeM
H3YUeHHs CIIEKTPOB M JPYTHMH criocob6aMM aHaausa uajaydenus. [Tosatomy
3(p(PeKTUBHOCTb TEJAECKONOB [/ HAyUYHbIX HCCJEJL0BAaHHH BO MHOTOM
ornpefe/seTcss He TOJMbKO MX pPadMepoM, HO U KaueCTBOM YCTAHOBJEHHOI'O
obopynoBanus. TeM He MeHee yBeJHUEHHE PA3MEPOB TeJNeCcKoma MO3BOJsEeT
u3yuaThb 6oJjee caabbie 00bEKTHI, UTO KpaliHe BaxXHO MJs BceX oOJacTed
ACTPOHOMHH.

HayuHas achpekTMBHOCTb TENeckona 3aBucuT
OT YCTaHOBJ/IEHHbIX HA HEM [,ETEKTOPOB N3NyYeHUS.

[To cpaBHEeHHIO ¢ BU3Ya/JbHBIMH HAOMIONCHUSIMH TETEKTOPbl TaKkKe
06Ja1aI0T TeM MPEUMYILIECTBOM, UTO MOT'YT HAKamJiHBaTh CBET B TeUEHHE
JIOJITOTO0 BPEMEHH, UTO TO3BOJSIET BUAETH elle 6osee caabble HCTOUHHKH.
Hakowner, onngpoBka nosydaeMblX AaHHBIX 1aeT BO3MOXKHOCTb TPUMEHSITh
CJI0KHbIE aJTOPUTMBI AHA/IN3a, CYLIECTBEHHO MOBLILIAKIINE 3(P(PEKTUBHOCTD
Hccaeq0BaHuH.
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13.2
PedpakTopbl 1 pednekTopsbl

OnTuuecKkHe TeJNeCKONbl MOXKHO Pa3IeqUTh HA JBA OCHOBHBIX
tuna. MIHCTpYMeHTBl, B KOTOPBIX (POKYCHPOBKA CBeTa OCYLIECTBJSETCS
CHUCTEMOH JIMH3, Ha3blBaloTCsl pepakTopamu, a Te, B KOTOPbIX CBET (POKY-
cupyeTcsl 3epKajaMu, — pediaeKToOpaMHu.

Hcropus pedpakropoB Hauastack B 1608 r., u uMeHHO ¢ moMmo-
IbI0 TAKUX HHCTPYMEHTOB OBLJIM CHeJaHbl BCe MepBble BaXKHble OTKpbI-
THSI, BKJIOUasi pe3yabTaThl, MojaydyeHHble [anuiaeeM. PedaekTopbl padHbiX
THIOB Gbli H3o6pereHnl Takxe B XVII B. (0iHH K3 CaMbIX MEPBBIX GbLI
ckoHcTpynpoBan HMcaakom Heiotonom B 1667 r.). OgHako 10 BTOPO#
nososunbl XVIII B. OHM He Urpajau BaXXHOH POJIM B aCTPOHOMHMUECKHX
UCC/eoBaHusX, a HauuHasg ¢ XX CTO/MeTHs BCe KPYHHble HHCTPYMEHTHl —
9TO TeJNECKOINbI-pedIeKTOphI.

B Teneckonax-pecpaktopax 06beKTMB COCTOUT N3 JINH3.

O6beKTHBH NEPBLIX pe(pPaKTOPOB COCTOSIM U3 OJHOH COOHpalo-
e qnH3bl. OfAHAKO CTOJb NPOCTas ONTHYeCKas cXeMa CO3JdeT 3aMEeTHO
HCKaXKeHHOe H3o0paxkeHne (nedeKThl H300paX<eHHs HA3bIBAIOT abeppaliy-
smu). Hanpumep, koapuIHEHT NpesOM/IEHHs] 3aBUCHT OT AJHHbBI BOJIHBI
CBeTa, MO3TOMY JHMH3a He MOXKeT co0paTb JYUH Pas3HOro UBeTa B OIHY
TOUKY — TakoH a(@eKT Ha3biBaeTcs XpoMaTHueckoil abeppaiueid. UTooObl
H36aBUTHCST OT Hee (M APYrux THIOB abGeppaiuii), Oblid padpaGoTaHbl
6oJiee CJIOXKHBlE CHCTEMbl M3 HECKOJbKHX JHH3. Baaromaps 6eicTpomy
nporpeccy HauuHas ¢ cepeaunbl X VIII B. kauecTBO ONTHYECKHX TeJECKOINOB
¢ JuameTpaMu 00'beKTHBOB BIVIOTb 10 HECKOJBKHX J1eCITKOB CaHTHMETPOB
OblJIO JOCTATOYHO BBICOKHM.

[o Hayana XX B. B aCTPOHOMMNIN AOMWUHUPOBaNn
pedpakTopbl.

[1pu u3rotoB/ieHun JUH3 TpeGOBAHHS K TOUYHOCTH (POPMbI MOBEPX-
HOCTH He CTOJIb BEJHUKH, KaK TpeGOBaHHSI K TOUHOCTH MOBEPXHOCTH 3epKaJl
pediekTopoB. Bno6aBok MOBepXHOCTh JHUH3BI c(pepruecKasi, YTo YIpolaer
ee noJupoBKy. Kpome Toro, B TeueHue J0JTOro BpeMEHH He y1aBaJjoCh
cie/saTh 3epKaJja ¢ JOCTAaTOYHO BHICOKHM KO3(D(PHUUHEHTOM OTpaXKeHHs,
no3ToMy B pedJeKkTopax Teps/aoch MHOTO cBeTa. TpeGoBaHHS MHO-
rux acrpoHomuueckux Habmopenuit XVII-XVIII BB. n paxe nepsoit
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nosoBuubl XIX B. (acTpoMerpuyeckre HabJII0ICHNS, BU3yadbHbIE HAGJIIO-
JIeHHsI TJIAHET H T. I1.) XOPOIIO YAOBJIETBOPSIUCH TeaecKonaMu-pedpak-
TopaMu. [105TOMy MMEHHO OHH TJIABEHCTBOBAJH BIJIOThH 10 Hauasa XX B.

OCHOBHBIM HEIOCTATKOM pe(pakTOpPoB, H3-3a KOTOPOTO OHH
B UTOre YCTYNM/IN peduieKTopaM, sBJsSeTCs HeBO3MOXKHOCTb CO3aHus 6OJb-
moro o6bekTHBa. JIMH3a CTAHOBUTCS CJAMLIKOM TsKeN0H U nedopMupyeTcs
M0/l IeHCTBHEM COOCTBEHHOrO Beca (MHTEPECHO, UTO MPH MaJblX IHAMETPAX
JIMH3bI, KAK TPABHUJIO, MEHee MOABEPHKEHBl eOpPMALIUSIM, YeM 3epKaJa).
BoJibline TesecKomnbl-pedaeKTopbl, B KOTOPbIX (POKYCHPYIOLIHUM 3JeMEHTOM
sSIBJISIeTCS] BOTHYTO€ 3€pKaso, JHUIIEHbl 3TOr0 HE0CTAaTKa, MIOCKOMbKY axe
Ts2KeJ/10€ 3ePKaJo MO2KHO MOLLEePKHUBATh C3aAH 110 BCel IJIoLaa, 4TO
no3soJsieT u3bexarb nporuda. Kpome Toro, y pedekTopoB oTCyTCTBYET
xpoMatuueckas abeppauusi. TH LOCTOMHCTBA MO3BOJU/IH pediaeKTopam
Ha kopoTKuil nepuon B KoHue XVIII — nauasne XIX B., Bo Bpemsi paboThl
Yuabsiva ['epiiesisi, cTaTb OCHOBHBIMH MOCTABIIMKAMH HOBBIX OTKDPBITHH.

OnHako jo/roe BpeMs He yIaBajoch AOCTHYb JOCTATOYHO BBHICO-
KOH TOUHOCTH 06paGOTKH MOBEPXHOCTH KPYMHBIX 3epKas. [si TOCTHAKEHHS
HeoOXOAUMOTro KauecTBa M300paxKeHUs OTK/JIOHEHHUS OT TOYHOH (hopMb
He J0/KHBI MPeBHIATh 1/8 OT AJHHBEI BOJHBI HCIOJAb3YEMOTO H3IyUeHHS.
[ToBepxHOCTb 3epkaJja 10JKHA ObITh He chepuueckol, a 6ojee CA0KHON
B H3rOTOBJIEHHH MapaGo/HuecKoi (MMEHHO TaKHe 3epKaja HCHOJAb30BaMUCh
nepeoie 200 Jer mocsae usdobperTeHus pedueKTopa), MO3TOMY CO3AaTh
BBICOKOKAUYeCTBEHHbIH ped/eKTop oueHb HempocTo. KpoMe Toro, nepsbie
3epkaJja OblIM MeTaJJMUeCKHMMH M JOCTATOYHO ObICTPO TYCKHEJH, Tak
4TO HUX MPHUXOAUNOCH 3aHOBO MOJAUPOBaTh. YTOOGH peeKTOphl BbIIIIH
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Ha NepBbIH IJIaH, NOHAA00HA0CH pa3pabdoTaTh TEXHOJMOTHIO H3TOTOBJCHHUS
CTEKJISTHHBIX 3€PKaJj C MOKPBITHEM MOBEPXHOCTH cepe6pom (a mosjaHee
i GoJiee YCTOHUHUBBIM aJHOMHHHEM), YTO MPOU3OIILIO TOJIbKO BO BTOPOH
nosnosuHe XIX B.

K xonny XIX B. pedpakTopbl JOCTHUTIH MPeNeJbHOTO pa3mepa
(uyTb GoJlee OIHOrO MeTpa), M MOCJEIHHE CTO C JHIIHUM JIeT BCe KPYIHble
TeJIECKONDbl ABJASIOTCS pedekTopaMu. Pa3BuTHe TE€XHOJOTHH MO3BOJIHIO
CO3/1aBaTh TOHKHE COCTABHBIE 3€pKaJja MaJjoro yaeabHOro (Ha eIuHH-
Iy MJIONIAAK) BECa, YTO OTKPBLIO JOPOTY K CO3[aHHIO MHOTOMETPOBBIX
HHCTpyMeHTOB. Ha ceroaHsiliHuil 1eHb KpynHeline Ha3eMHble TeJ/1eCKOIbl
HMeI0T JAHaMeTp OCHOBHOrO 3epkaJja 0Kojo 10 M.

B pecnekTopax 06beKTMBOM IBNSAE€TCA BOrHYyTOE 3epKano.

3epkagaa pedaeKTOPOB UMET MapaboJHuecKyo (CHCTEMBb
Hpiotona u Kaccerpena: 4yacTo HCNnoJ/b3yl0TCsi, 0COOEHHO B HEGOJbIINX
HHCTPYMeHTaX), runepbognueckyto (cucrembl Puun — KperbeHa: Hanpu-
Mep, KocMHuecKHi Teseckon Hubble, a Takxe GOJMbLIHHCTBO KPYIHBIX
Ha3eMHbIX HHCTPYMEHTOB) MK cepruueckyio (cucrempr [lmuara) dpopmy
NOBepXHOCTH. POKYC OCHOBHOI'O 3epKaJja OKa3blBAeTCs BHYTPH TeJ1ECKOIa,
[03TOMY TOJBKO HAa OYEHb KPYNHLIX MHCTPYMEHTAX PErucTpHpylolHe
npubopbl MOT'YT OBITh PACHOJ0KEHBl NPSIMO B OCHOBHOM (okyce. OGbIYHO
HCIOJb3YIOTCS AOMOMHUTE/IbHBIE ONTHUYECKHE 3/IEMEHTBI, KOTOPbIE OTBOAST
CBET B CTOPOHY HJIH B OTBEPCTHE B OCHOBHOM 3epKaJjie (IOTMOJHUTE/b-
Hble 3JE€MEHTHl MOTYT TaKxKe KOPPEKTHPOBATh M300paKeHHUsl, MO3BOJSIS
YMEHbUIUTH BiusHue adeppaiuii). CyluecTByeT MHOIO CXEM TeJeCKO-
noB-pe(/IeKTOPOB, Kaxaas U3 HUX HMeeT pasiuyHble NPeHuMYLIecTBa,
U 9TO HUCHOJb3YETCs MPH MPOEKTHPOBAHUH M SKCIIyaTaLHH.

3a cueT MHOTOKPATHOIO TPOXOXKAEHHUS CBETA MO Tpybe TesaecKo-
na, a TakXe H3-3a OTCYTCTBHsI XPOMATHUECKOH abeppaliy Te/eCKOTbl-
pedaeKTopel MOTYT GBITb JOCTATOUYHO KOMMIAKTHBIMH M CBETOCHJBHbI-
MH. SIpKOCTH MOJNyYaeMOTo C TOMOIIbI0 TeJecKona H300paKeHHsl TeM
Bbllle, yeM GoJblie OTHOCHTENbHOE OTBEPCTHE — OTHOILUEHHE JHameTpa
00'beKTHBA TeJecKona K ero GokycHomy paccrosinuio!. [ljist Tesecko-
noB-pepakTOPoOB THIHUHBIMH 3HAUeHHAMH sBJsioTcst 1/10-1/15 (vacto
OTHOCHTE/IbHOE OTBepcTHEe 0603HAUaeTCs KaK AuaMeTp 00beKTHBA B AOJSIX
¢GokycHoro paccrosuusi, Hanpumep f/10), TakHe TeqeCKOMB HMEIOT
JOBOJIbHO GOJbBIIYI0 AJHHY, UTO YCJAOMKHIET MX Kcmayatauuio. s
pedIeKTOPOB XapaKTepHbl ropas3no GoJblIHe OTHOCHTEJNbHBIE OTBEp-
crua — 1/3-1/5 (a unorna naxe 1/2), Takue HHCTPYMEHTHI JOBOJABHO
KOMIIAKTHBI, H 3TO HEMaJOBaXKHBIH (pakTop Ljs ob6cepBaTOpPUi, ec/H

1 WMHorga 3Ty BeJHUHHY HAa3bIBAIOT CBETOCH/IOH, XOTS (hOpMajbHO 3TO Hempa-

BubHO. CBETOCH/JA pPaBHA KBaJpaTy OTHOCHTEALHOTO oTBepcTHs, T.e. (D/f)2,
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3agyMaTtbCd O pasMepax MOJHOIOBOPOTHOIO KymoJa IJsd TeJJeCKoIlla
¢ IHaMeTpoM 00 beKTHBA B HECKOJIbKO METPOB.

Bce coBpeMeHHbIe KpyMnHble TENECKOMNbl ABNSIIOTCA
pednekTopamMmu n3-3a HEBO3MOXXHOCTM CO3AaTb
[OCTaATOYHO KPYMNHYI HepgedopMupyemMyto NNH3Y.

B To ke Bpems mas MOOUTEJNbCKUX Ha0J/I0AeHUH pedpaKTopbl
NPOJOJAKAIT OCTABATHLCS BIOJHE KOHKYPEHTOCNOCOOHBIMH. [l/1si MHOTHX
MEepPBbIM TEJAECKONOM CTAHOBHUTCS HEAOPOTOH pedpakTop ¢ AHAMETPOM
o6bekTHBa 5-10 cM (MK Jaxke KPYMHBIA GHHOKJb, KOTOPHIH TaKiKe MOMHO
OTHECTH K pedpakropam).

13.3
CoBpeMeHHble onTnyeckme
Teneckonbl N NPOEKTbI
6nvxanmwero éyayiwiero

B HacTosiiee BpeMsi KpylHeHllIne Ha3eMHble Te/IeCKOIbl, paboTa-
IOIIFe B ONTHYECKOM JHana3oHe, — pedaeKTOphl ¢ IHaMeTpaMH 00beKTHBOB
8-10 M. Pediextopamu Taxxke sBJAAIOTCS KocMuueckuit Tesieckon Hubble
Space Telescope ¢ nnamerpom 3epkana 2,4 M, a TakKe OYIyLUIHH KOCMH-
ueckuil Teseckon James Webb Space Telescope (JWST, Kocmuueckuit
teqeckon «JlkeidMc ¥360») ¢ COCTABHBIM 3€PKajJoM auaMeTpoM 6,5 M.

KpynHenwmne HazeMHble TeNEeCKOrnbl HaWMX AHEW UMEIOT
OnameTp rnaBHoro 3epkana 8-10 m.

3BaHHE CaMOr'0 KPYMHOTO Te/JeCcKona A0CTAaTOYHO YCJAOBHO,
MOCKOJbKY pasMepbl caMbiX 00JbIIUX 06'bEKTHBOB HOCTATOYHO OJH3KH,
¥ TO3TOMY HayuHas Pe3yJbTaTHBHOCTb 3aBHCHT OT IPYTHX MapaMeTpoB
(THI TesecKOMNa, KOJIHUECTBO U KAUECTBO PEMCTPHPYIOLUIEro 000PYIOBaHHUS,
s hekTHBHOCTD HCo/b30BaHUst). POpPMaTbHO HA MOMEHT HAMHCAHHSI KHHUTH
(aBryct 2017 r.) cambim GoablinM TejseckornoM spasercss Gran Telescopio
Canarias (BoJsbiioit Kanapckuit tesieckomn) ¢ auamerpom 3epkajia 10,4 M,
OHAKO CylLIeCcTByeT eule 6oJjee AeCsTKa HHCTPYMEHTOB C AHAMETPOM
cBbiie 8 M. Cpeau HUX Takhe MPOAYKTHBHbIE, KaK ABa NECATHMETPOBBIX
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teqeckona o6eepatopun Kexka (W.M. Keck Observatory, Mayna-Kea,
laBaiin), uetbipe Bxoadmux B Kommiaeke VLT (Very Large Telescope)
8,2-MeTpoBbIX Teseckorna EBponeiickoit 10:kHoi o6cepBaTopun (European
South Observatory) B Uuau, a Taxxke 8,2-MeTpoBbIH Tejeckon Subaru
(«Cy6apy», Mayna-Kea, TaBaiin), npeBocxojsiine KaHAPCKUE M0 PSLy
napaMeTpos.

Camble KpPynHble 3epKana COCTOAT N3 CErmeHTOB.

CaMble KpyNHBle MOHOJHUTHBIE 3epKaJja yCTaHOBJEHDI
Ha 8,4-merposom Large Binocular Telescop (BoJgbinom Bunokyi/spHOM
teseckorne, MexayHaponnast oocepsatopusi Mayur-I'paM, Apusona). Subaru
u VLT rakxe ocHallleHbl MOHOJHUTHBIMH 3epKaJjlaMH, a BOT Bce GoJee
KpYTHble HHCTPYMEHTHl HMEIOT CerMEHTHPOBAHHbBIE 3epKaja (CcocTosiine
M3 HECKOJbKHX CErMEHTOB).

CermMeHTHpPOBaHHbBlE 3epKaja COCTOST M3 HaGopa OTAENbHbIX
OTPaXAMIIKX 3JeMEHTOB (OObIYHO MIECTHYTOJbHBIX), TAKas KOHCTPYKIIUS
MO3BOJISIET PEIIUTh LeabIH psia mpobaeM. MOHOMUTHOE 3epKaJao SBJSET-
Cs1 OUEHb JOPOTHM B M3rOTOBJEHHH (Ha)Ke TPAHCIOPTHPOBKA KPYMHOTO
MOHOJIMTHOI'O 3epKaJa MpeacTas/isgeT COO0H C/A0KHYI0 TeXHHUECKYIO 3aja-
4y, MOCKOJDbKY 3TO JIEFKO MOBpPEXKAaeMblii HeraGapUTHBIH I'Py3, KOTOPbIH
06BIYHO HEOOXOJMMO JOCTABHTb BBICOKO B Topbl). Kpome Toro, HesaBH-
CHUMO€ yIpaBJeHHEe OTIEeJbHbIMH CETMEHTAMH MO3BOJISIET KOPPEKTHPOBATH
(hopMy 3epKaJjia MpH TMOBOPOTAX Te/IeCKONa W U3MEHEHHH BHEUIHUX YCJIOBHH
(axTHBHAA ONTHKA).

Bax<HeHIMM CBOHCTBOM COBPEMEHHBIX KPYIHBIX Ha3€MHbIX
TEJIECKOIIOB SIBJASIeTCS HCIOJAb30BaHHe AKTUBHOH M aJalTHBHOH ONTHKH.
AxrtuBHas onrtuka, pagpab6orannas B 1980-x rr., mo3BoJisieT UCIPaBJISITh
Hu3MeHeHHs (OopMbl 3epkKaJja, CBsidaHHble C Ae(opMmalyel Mpu MoBOPOTaX
TeJIeCKONa, U3MEHEHHUSIX TeMIepaTypbl U BeTpa. [10CKOMbKY COBpeMEHHbIE
KpyIHbIE 3epKaJja SIBJASIOTCS MU CEerMEHTHPOBAHHBIMH, MJH A0CTATOYHO
TOHKHMH, UX (DOPMOH MOXKHO YNPaBJATb, UIH MAHUMYJIUPYS OTIEJbHBIMU
cerMeHTaMM, UM OKa3blBasi BO3JAeHCTBHE C3alM HA OCHOBHOE 3€pKaJlo.
Takum croco6oM ymaercst HCIPaB/sATh «MeIJeHHbIe» (C XapaKTepHbIMH
BpeMeHaMH (0Jiblile CeKYH/IbI) Ae(opMallnH.

CucremMa aganTHUBHOH ONTHKH siBasieTcs GoJiee CA0KHOM,
U ee HayaJ/JH HCIOAb30BATh Julllb B camoM koHile XX B. [Iporpecc
aJanTUBHONW ONTHKH BO MHOTOM OBL1 CBSI3aH C POCTOM BBLIUHC/IMTENbHBIX
MOIIHOCTEH COBPEMEHHBIX KOMMBIOTEPOB. DTa CUCTeMa MpefHa3HaueHa sl
KOMIIEHCALIHH HCKaXKE€HUH BOJHOBOI'0 ()POHTA, BO3HHUKAIOUIUX B MEPBYIO
ouepelb M3-3a BJAUSAHHS aTMOC]EPHL.

TypOy/ieHTHOCTb B 3eMHOH aTMocepe MPUBOAUT K TOMY, UTO
Ha 3epKaJ/io TeJeCKONa OT JAJeKOro TOUEUHOrO HCTOUYHHKA (Hampumep, 3Be3-
JIbl) TIPUXOJUT He MJIOCKUH BOJHOBOH (DPOHT, a HCKaXKeHHbIH. XapaKTepHbI
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Macmitab HeogHopoiHOCTeH B aTMocepe cocrapiser 10-30 cm, u3-3a yero
1300paKeHHe TOUEYHOTO MCTOYHMKA HAUYHMHAET COCTOSITb H3 OTAE/bHBIX
SIPKHX 3/EMEHTOB — CIIeK/OB, KOTOpble 3a BpeMsl 3KCIO3HILIHH CAUBAIOTCS
B CILIOIIHOH JUCK pa3MepOM OKOJIO /M U4yTb MEHee OJHOH YIJIOBOH CEKYyH-
nbl. [Ipu aToM nudpaKIHOHHBIN TTpeaesa Ha yrJioBoe pa3pelleHne TeaecKorna
MO2KET COCTaBJISITb COTble JOJMU CEKYHAbl, U [/ NPUONHAKEHHUS K ITOMY
npefiesy B ONTHUECKHH TpakT Teseckona (06blYHO B (HOKYC) BBOAHTCS
JIOTIOJIHATE/IbHOE ClelHadbHOe eopMEpyeMOe 3ePKaio (MK HECKOJBKO).
CucreMa ynpaBJeHHUsl CpaBHMBAaeT H300paKeHHe 3TAJOHHOTO HCTOYHHKA
(aro 6O sipkasi 3Bessa, JAUOO yalle <HCKYCCTBEHHAs 3BE3/a» — BO3-
GyKIEHHOE Ja3epOM CBeUeHHe BEPXHHX CJI0€B aTMOC(hephl) C HAeanbHOM
KapTHHOH, Ha OCHOBAHHH Y€ro BbIpa0ATbIBAETCSl YNPABJSIOIIHNA CHTHAJI,
nojaBaeMblil Ha nedopMmupyeMoe 3epkajo. Popma 3epkana MeHsieTCs Tak,
4TOGbl MAKCHMAJIbHO BOCCTAHOBHTH BOJHOBOH (DPOHT (T. €. KOMIIEHCHPOBATH
HCKaXKEHHsI, BHECEHHBbIE aTMOC(EPHO# TYypOy/IEHTHOCTBIO) B OTPaXKEHHOM
notoke. Koppekiinio MOXKHO MPOBOAUTL COTHH Pa3d B CEKYHIY, UTO MO3BOJSET
MPaKTHUECKH MOJMHOCThIO YOpaTh BJAHSIHME aTMOC(EpHOH TypOY/JeHTHOCTH.

CoBpeMeHHble Tenneckonbl 060pyaoBaHbl CUCTEMOIN
afanTBHOW ONTUKN, NO3BONSAIOLLEN YNYYLLNTb YI10BOE
paspelleHmne 3a cHET KomMrneHcaunm atmocgepHbIX
NCKa)XXeHUN.

B nsitepke KpymHEHIIMX TENECKONOB €CTb JBa MHCTPYMEHTa
HecTaHIAapTHOH KOHCTPYKIuH. DTo 10-meTposeiii Hobby-Eberly Telescope
(Xo066u — D6epau, O6cepBatopust Maknonanbaa, Texac) n 9,2-MeTpPOBbBIH
Southern African Large Telescope (Bosibiioii FOHOadpHKaHCKHI Te/IeCKoT,
IOAP). I'naBHbie 3epKaja 3THX TEJNECKONOB HE MOTYT HABOAUTHCS B JIOOYIO
TOUKY He0a, OHH BPALIAIOTCS JHLIb 110 a3UMYTY, 3aTO MPOCTOTA MOHTHPOBKH
(OMOpHO-MOBOPOTHOTO YCTPOHCTBA TEJIECKOMA) JeJaeT 3TH KOHCTPYKIUH
HaMHOTO JienieBje. TeM He MeHee NBMKEHHE y3J0B KPen/eHHs] BTOPHUHBIX
3epkaJs 1moaBoJsieT Habmonath okoqo 70% moctynHoit yactu He6a. [Ipasna,
JUIATEbHOCTD SKCMO3UIHK (HENpPepbIBHOH C'b€MKH) OrpaHHYeHa, a MoJe
3pEHHUS HEBEJHMKO, U OJHOBPEMEHHO HCHOJ/b30BATDh MOJMHOCTbIO BCIO MIOLIALb
cBeTocoOuparoledl MOBEepPXHOCTH HEBO3MOXKHO. 3epKaJja 3THX TeJeCKONoB
CerMEeHTHPOBAHHBIE H UMEIOT chepuueckyto GopMmy, 4TO TaKKe pe3Ko
yMEHbILIAET UX CTOUMOCTb. [10 MHOTMM XapaKTepHUCTHKAM TaKhe MHCTpY-
MEHTBl YyCTyTaloT Tejqeckonam Bpoae Subaru waun VLT, ogHako HHM3Kast
croumoctb ($ 10-20 man nporus $ 200-300 manH) nesaeT Takue CHCTEMBI
npusJjekaTeJbHBIMU. OHH NPUMEHSIOTCS B OCHOBHOM JI/151 CHEKTPaJbHbIX
HCCaeI0OBAHUHI OT/E/IbHBIX ACTPOHOMHUECKHX HCTOUHHKOB.

Beuay 60/bIIOH CTOMMOCTH KPYNHEHIIHX TEJNECKONOB H [JIH-
TeJbHOCTH MX Pa3paboTKH M CcO3AaHHsS GOJblIOe BHUMAHHE YIe/sieTcsi
MOJIePHHM3alMH U 3aMeHe JeTEeKTOPOB, HCIOJb3yeMbIX Ha HHUX, a TaKxKe
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COBEPLIEHCTBOBAHUIO aJTOPUTMOB 00pabOTKH MH(POPMALUHU H COCTABJEHHIO
aKTyaJlbHBIX TporpamMm uccaefoBanusi. CyMMapHasi CTOUMOCTD JETEKTOPOB
paainuHoro tuna (crektTporpadubl, MOJISIPUMETPBI H JpP.), HCIOIb3YEMbIX
Ha KPYTHBIX HHCTPYMEHTaX, MOXKeT ObITh CPaBHUMa CO CTOHMOCTBIO CaMOro
Teseckona. OfHAKO HUMEHHO pa3paboTKa HOBBIX JAETEKTOPOB M HX pery-
JsipHas MOJEPHHU3ALHsl IIOMOraloT B TeyeHHe AeCATH/eTHH 3((eKTHBHO
UCII0/1b30BaTh 0OJbIINE HHCTPYMEHTDI.

CoBepl1eHHO 0co60e MeCTO B HaG/01aTe/IbHOH aCTPOHOMHH 3aHH-
maet Hubble Space Telescope («Xa66/»). DToT 2,4-MeTPOBBIH TeJNeCKOI
cucteMbl Puun — KperbeHa Obli1 BoiBeleH Ha opOUTy matTiaoMm Discovery
(«TuckaBepu») B 1990 r. C Tex mop 060pyAOBaHHE HA HEM HECKOJbKO
pa3 OGHOBJISIIN, UYTO MO3BOJNU/IO B TeUeHHE AECATHAETHH MOAIEPKHBATH
paboToCOCOOHOCTb U HAyUHYI0 KOHKYPEHTOCIOCOOHOCTb MHCTPYMEHTA.
Buaronaps pa6ore Tejeckona BHe NpefesoB aTMoc(epbl Ha HEM MOXHO
He TOJbKO MoJyYaTh M300paxKeHHsl BBICOKOH UeTKOCTH, HO U paboTaTb
B y/AbTpauoJAeTOBOM U OJHKHEM HH(PPAKPACHOM AHANA30HAX.

CyliecTBYIOT MJIaHBI 110 CO3JIaHMI0 ellle 6oJee KPYIHBIX HHCTPY-
MEHTOB: cJjefylolllee MOKOJeHHe Ha3eMHBbIX ONTHYECKHUX TeNeCKONoB Oyaer
MMeTh AuaMeTp riaBHoro 3epkana 25-40 m. Cefiuac netanqbHO mpopaGoTaHO
TPH IPOEKTA, ABA U3 HHUX HAXOISTCS B CTAJMH aKTHBHOI'O CTPOMTE/bCTBA.
Sty GoJblLINe TeJeCKONbl J0/KHBl HauaTh HayuHble HaOmoneHus B 2020-e rr.

[lepBbIM HOBBIM KPYMHBIM Ha3€MHBIM MHCTPYMEHTOM, BEPOSITHO,
craner Giant Magellan Telescope (GMT, T'uranrckuii Mare/aHoB
tejeckon). Ero sepkajo 6yger cOCTOATb H3 CEMH CErMEHTOB, KaXKIbli
pasmepom mo 8,4 M. GMT 6ynetr yctanoB/aeH B Yuau, B o6cepBATOPHUH
Jlac-Kamnanac, u o nsaHy BoiizeT B cTpoil B nepsoii nososuHe 2020-x rT.

CaMblii KPYNHBIH MHCTPYMEHT CJEAYIOLIEero MOKOJeHUs —
European Extremely Large Telescope (E-ELT, dxctpeMasbio Bosbioi
EBponeiickuil Tesieckon) EBponefickoil 10:KHOH 06cepBaTOPHH, KOTOPBIH
O6ynet mocTpoeH psinoM ¢ o6cepBatopueit [lapanan B Yuau u BBeneH
B cTpoll B cepennne 2020-x rr. Ero cermenTrpoBaHHoe noutH 40-mMeTpoBoe
3epKasno OyneT COCTOSITb U3 COTEH OTHEJNbHBIX yMPaBJ/SEMbIX 3/J1€MEHTOB.

B 2020-€ rr. 6ynyT BBEOEHbI B CTPOI HECKONBKO
TeneckornoB gnameTpom 25-40 m.

Haxkonen, cyumectByet npoekt Thirty Meters Telescope
(TMT, TpuauaTHMeTpPOBbIH TeJECKOI), KOTOPbIH MJaHHPyeTCHd yCTaHO-
BuTh B 2020-x rr. B o6cepatopun Mayna-Kea na IaBafisx. CroumocTb
T€JIeCKONOB HOBOI'O MOKOJEHHSI COCTaBUT 0KOJMO $ 1 Mupa (3a Kaxbiii).

CaenyrolwuM 6OJMbLUIMM KOCMHYECKHM TPOEKTOM J0J2KEH CTaTh
James Webb Space Telescope (JWST). Ero 3anyck nameuen Ha 2019 r.
JWST umeer pack/aaapiBarolieecsi CerMEHTHPOBAHHOE 3€PKaJI0 THAMETPOM
6,5 M U B MepBYIO ouepelb NpeAHa3HauyeH 1Js paGoThl B KPACHOH UYacTH
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Buaumoro crnekrpa u MK-guanaszone. CTOUMOCTb TaKMX KOCMHYECKHX
NPoeKToB, Kak Tejseckonbl Hubble u James Webb, ouenb Besuka (¢ yueTom
MHOrOJIeTHEH sKcmyatannd — nopsaka $ 10 mapn), ogHako ux HayuHas
oT[aya ONpaBlIblBaeT BJOKEHHbIE CpPeiCTBa.

Bce 3TH HOBble HHCTPYMEHTHI MO3BOJST PEUIMTH PS BaXKHBIX
BOIIPOCOB, BK/IoYas NPOUCXOA(IEeHHE NEePBbIX rajJaKTHK M OlpejeseHHe
cocTaBa aTMoc(ep 5K30I/MaHeT 3eMHOH Macchl.

13.4
Pagunorteneckonbl

AcTpoHOMHUECKHEe 00'bE€KThI ABJSIOTCA HCTOYHHUKAMH PajiHOU3-
AydyeHus. B KocMoce cyliecTByeT MHOXKECTBO MPOLECCOB, NPUBOAALINX
K MCNYCKAHHWIO PAJHOBOJH: JBHXKEHHE 3JEeKTPOHOB B MArHHUTHOM IOJIE
(LMKJOTPOHHOE W CHHXPOTPOHHOE H3JyuYeHHe), paccesiHie 3JeKTPOHOB
Ha HOHAX B mJasMe (TOPMO3HOE M3JyueHHE), MePeXobl 3JeKTPOHOB
B aTOMaX M MOJeKyJax Ha 6ojiee HH3KHe YPOBHH 3Heprud (Ha/jaydyeHuHe
B CIEKTPAJNbHbIX JHHHAX), HCIYCKAHME 3/JI€KTPOMATHMTHBIX BOJH XOJOMI-
HBIMH 00'beKTaMu (M3/yyeHHe TbLIK U 1p.). Kpome Toro, B pagroauanason
13-32 KOCMOJIOTHUECKOTO KPACHOTO CMEIeHHsI TI0NagaeT CyOMHIMMETPOBOE
1 HH(ppaKpacHOe H3/yYeHHe OYeHb NajJeKHX 00'bEKTOB.

AcTpoHOMM4YeCKMe pagnoHabnogeHns Ha4anmcb
B 1930-e rr., a 6ypHoe pa3BuTtme atom obnactm — nocne
BTopon MnpoBoO BOWMHbI.

[TonbiTkM HaG/0AAaTH HEGECHbIE HCTOYHHKH C MOMOILBIO Pajino-
BOJIH TIPOBOAMJKCH ¢ Havyajsa XX B. BrepBble 06HAapyKHTb paHOU3MYyUYeHHEe
OT acTpoHOMHYeCKoro o0bekTta yaanoch Kapay SInckomy (Karl Jansky) ete
B 1931 r. OH 3aperucTpupoBaJj MOCTOSHHBINH PaJIMOCUTHAJ, TIPUXOJSIIHH
OT UeHTpa/JbHbIX yacTed Hauield [amaktuku. B 1930-e rr. npoBoauauch
U Apyrue paboThl B 3TOM HalpaB/AeHHH, OJHAKO aKTHBHOE pa3BUTHE paaHo-
aCTPOHOMMH HayaJoch TOJBKO Mocje BTopoil MHPOBOH BOHHBI.

Hab6uonenus B paguoananasoHe MO3BOJNUIM MOMYYUTb TaKHe
BaXKHbIE Pe3yJ/bTaThl, KAK 0OHAPYKEHHE PEJTHKTOBOTO nafyuenus (1965 r.),
orkpbiTHe KBasapoB (koner 1950-x rr.) u mysabcapoB (1967 r.), o6Ha-
pyKeHHe paguou3/ayuYeHHs HEeHTPasbHOTO BOAOPONA, 4 TAaKkKe CJA0KHBIX
OpraHHyYeCcKHX MOJIEKYJ H BOIbI B Mexk3BesaHoH cpeme (1960-1970-e rr.),
U MHOTHe JpyTHe.
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ActpoHoMHUeCKHE pafHOHAGJIIOICHUS TIPOBOISTCS B IHANa30HaAX
JUIMH BOJIH OT JoJieii MUusinMeTpa (GoJiee KOPOTKHE BOJIHBI MONIOMIATCS
MOJIeKyJaMH BOJAbl M adora B atmocdepe) 10 30 M (mis 6ojiee NJIHHHBIX
BOJIH HOHOC(epa 3eman Hempospauna)?. DTo TaKk HA3HIBAEMOE OKHO MPO-
3payHoOCTH aTMoc(epbl 3eM/H B pPagHoiualla3oHe.

PapnoHabniogeHumns npoBogaTca Ha A/INHaxX BOJTH
oT npnmepHo 0,3 mm go 30 m.

Habmtonenust B paanofnanasoHe UMEIT CBOIO CHelU(pHUKY, CBsI3aH-
HYI0 C HU3KOH 3Hepruel u 60J/blIOH AJUHOH BOJHBL. B pesynbrate noMu-
HUPYIOT He KBAHTOBBIE, & BOJIHOBBIE CBOHCTBA NMPHUHUMAEMOTO H3JyUYeHHsI.

Papuoresneckonbl MOXKHO pas3fe/MThb Ha 1BAa OCHOBHBIX THIIA.
[lepBBIil THIT IO CBOEMY MPHHUMIY paGOThl SBJSETCS aHAJAOrOM ONTHUYECKHX
TeJIECKONIOB-pe(IeKTOPOB: NOBEPXHOCTb aHTEHHBI HMeeT NapaboaHuecKyio
uin chepuueckyto Gpopmy miasi GOKYCHPOBKH paguous/ayudeHusi. Bropoii
THI aHTEHH He (OKyCHpyeT CHI'Ha/, a BMECTO 3TOI'0 HCIOJAb3yeT OYeHb
60JbIlIOe KOJHUYECTBO OTHENbHBIX MPUHHUMAOUIHUX 3/7eMeHToB. KcraTh,
B OBITY MBI HCHOJB3yeM 00a 3THUX THIA aHTEHH: «TapejKuy /s MpHema
NporpamMM CIyTHUKOBBIX TeJelNporpamM M padHooOpas3Hble BUOpaTOpPHbIE
AHTEHHbI (MPUMEPOM KOTOPBIX SIBJSIIOTCS «POKKH» Y MPUEMHHKOB H TeJie-
BHU3HOHHbIE AHTEHHbI HA KPBIIIAX).

AcTpoHOMHYECKHE PAaJHOUCTOYHHKH OOBIUHO OUeHb cJaabble,
MO3TOMY /IS MX peructpauuu Tpebyercsi co3aHHE YCTAHOBOK C 6OJb-
ol cobupatoleil miaomanbio. Pagmepsl COBpeMeHHBIX PaauoTeNeCKONoB
NOpaXKaloT: B TeUeHHe J0JrOro BpeMeHH caMylo 6oJ/bLIyI0 (POKYCHPYIOLLYIO
MOBEPXHOCTb B PaAMOaCTPOHOMHHU (fa MU B aCTPOHOMHH BOOGILE) HMEJ
305-MeTpoBHIi Teseckon B Apecu6o, a Ternepb PeKOPA MPUHAMMEKHUT
500-merpoBomy Teseckony FAST (Five hundred meter Aperture Spherical
Telescope, ChepruecKnil TeJaeCKON ¢ MATHCOTMETPOBOH ameprypoit)
B Kurae®. DT ruraHTCKHe aHTEHHBl He MOBOPAYMBAIOTCS, HO Iepeme-
[IeHHEe BTOPUYHBLIX Y3/0B (TIe PacHoJOKEHbl BTOPUUYHBIE OTPaXKATE/H
WM TIPUEMHUKH CHTHAJIOB) YCTAHOBKH MO3BOJsSIET HAGJMIOAATD PA3/HUHbIE
HebGecHble 06 beKThl. CaMmble GOJIbIIME MOJHONOBOPOTHBIE AHTEHHBI UMEIOT

2 B onucaHun acTPOHOMHYECKHMX PaHOHAG/IOACHHI BMECTO JJIHH BOJIH YaCTO HCIOJb3Y-
0T 4aCTOTY. DTH BEJHUMHDI CBA3AaHB MEXLy cO60H MpocToil GopMy/oil v =c/A, rae v — yacToTa,
) — IJIMHA BOJHBL, a ¢ — CKOpPOCTb cBera. Hampumep, uactora 300 MI' cooTBeTCTBYeT AJMHHE
BOJHB | M. A M3BecTHasl J/IMHA BOJIHBI M3JyYeHHs HEHTpaabHOro Bogopoda 21 cM COOTBETCTBYeT

yacrore 1,4 I'T'm.

3 dopmanbho pagnoresneckon PATAH-600 CneunanbHo#i actpodusnueckoit o6cepBaTo-
pun Poccuiickoil akagemun Hayk (cranuua 3esenuykckasi, Kapauaeso-Uepkecusi) umeer 60JbLIHIA
pasmep (ero auamerp 576 M), OJHAKO OH SIBJSETCS KOJbLEBBHIM peduekTopom (0TpaxKaTtesab UMeeT

(opmy y3KOro KoJbLa).
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pasmep oxoJso 100 M, npumepamu SIBJASIOTCS Tesaeckon B Dddencbepre
(Tepmanust) u teqaeckon B I'pun-Bank (CIIA).

Paguoteneckonsl, He (poKycHpYIOlLIHe H3NyUeHHE, MOTYT COCTO-
SITh U3 OTPOMHOTO UMCJ/Ja OTAENbHBIX 3JeMeHTOB. Tak, yctanoBka BCA
B [lymuno monq Mocksoii coctout u3 16000 gumoJseli, MOKPBIBAIOIINX
miomanb 6osee 7 ra. A tegseckon YTP-2 mon XapbkoBom (YkpauHa),
SIBJSIIOLIMICS KPYIIHEeHIIeH YCTAaHOBKOH /s IIpHeMa AeKaMeTPOBBIX BOJIH,
uMeeT cobuparouyio miomans 150000 m2.

OnHo# M3 Ba)KHbIX NpoOJeM HAGJMIOIEHHH B paguoavana3oHe
SIBJISIETCS HU3KOE YIJIOBOE pa3pellieHHe OTAeNbHOH aHTeHHHI. [IpenenbHoe
YIJIOBOE paspelleHre MpsiMO TPOMOPIHOHANBHO IJHHE BOJHBI B 06paTHO
NpONOpIHOHAAbHO pasdMepy aHTeHHb (~A/D, rme A — AJHHA BOJHbI,
D — nmamerp aHTeHHbI), B pedyabrare gaxce 100-MeTpPoOBHIH TesecKor,
paboTraoliui Ha BoJHe 21 cM, HMeeT YIJ0BOe pa3pellieHHe B HeCKOJAbKO
pa3 Xyxe uejoBeuyeckoro rqasa. [loaTomy B pagnoacTPOHOMHH aKTHBHO
NpUMEHSIETCSl MeTOJ HHTep(hepoMeTPHUUECKUX HAGJ/I0IEeHHH, MO3BOJSIOMINH
MHOTOKPATHO YJIYUIIUTh yIJI0BOE pa3pelleHue.

Wpnest uHTEpdEepOMETPHH COCTOUT B TOM, YTO COBMeCTHas 06paboT-
Ka CHTHAJOB C IBYX PAIHOTENECKOINOB, Pa3HECEHHBIX Ha paccTosiHue r (Tak
Ha3blBaeMasi 6asa uHTepdepomMeTpa), NIPUBOAUT K YIJIOBOMY PaspelleHHo,
KOTOpoe 00paTHO MPOMOPLUOHAABHO 3TOMY PACCTOSIHHUIO, T. €. BCSI CHCTEMa
paboTaeT Kak TeJecKol pasmepa r (C Mpeie/oM YrJoBOTO pa3pelieHus
~\/r). 1as 3¢ peKTHBHOrO NPUMEHEeHHs Jy4llle, ec/H OIHOBPEMEHHO GyleT
paboTaTh HECKOJNbKO aHTEHH (MPHUEM PACIIONOKEHHBIX HE HA OJHOH MpsSMOi),
MOCKOJIbKY paspellieHrHe nHTepdepoMeTpa U3 IBYX TeJIeCKONOB MaKCHMAJb-
HO B HallpaBJEHHH OTpe3Ka, COEJHUHSIOLIEM MHCTPYMEHTBI, H K TOMY 2Ke
10 Mepe YBeJMUYEHHs] KOJMUYECTBA AHTEHH IOBBILAETCS YYBCTBHTENbHOCTb
1 MOXKET pacIIMpsAThes 00Mias AuarpaMma HampaBaeHHOCTH. [loatomy B Mupe
CyLIECTBYeT HECKOJbKO PAIHOTENECKONOB, COCTOSILIMX U3 GOJbLIOTO YHC/a
AHTEHH, Pa3ie/IeHHbIX PACCTOSIHUSMH OT JECSITKOB M COTEH METPOB JI0 KHJIOMe-
TpoB. COBpPEMEHHBIMH TIPUMEPAMH TAKHX HHCTPYMEHTOB SIBJASIOTCS YCTAHOBKH
VLA (Very Large Array, OueHb Gosibliiasi aHTEHHAs PellieTKa) aMepPHKaHCKOH
Hauunonanbuo#t paguoacTpoHoMuueckod o6cepBaTopu B Hblo-Mekcuko
u ALMA, MexIyHapoIHbIH HAyUHBIH NPOEKT B MycTbiHe ATakama B Yui.

[Nna noBblLWEHNA YINOBOIro pa3peLleHns NnpoBoasaTcsa
nHTepdepomeTprnyeckmne HabnageHus.

YrioBoe paspellieHHe HHTep(pepoMeTpa MOXKHO YBEJAHUYHTD elle
6oJblie, €CaH UCHOJAb30BATh B €IUHOH CEeTH HECKOJNbKO (POKYyCHpYIO-
IIUX aHTEHH, pa3JeJqeHHbIX PACCTOSHHUAMH B COTHH M TBICSUH KHJOME-
TPOB, — TaKOH MeTO[ Ha3blBaeTcsi HHTep(hepoMeTpHeH CO CBEPXIJIHHHOH
6asoil. [IpuMepaMu TakMX cHCTeM sBJsOTCS ameprkanckas VLBA (Very
Long Baseline Array, AHTeHHas pellleTKa CO CBEPXIJHHHBIMU Ga3aMu)
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U MexayHaponublit npoekT Event Horizon Telescope. C nocsaennnm yuenbie
CBSI3BIBAIOT HaleXk/Abl Ha HauboJee AeTajNbHble HCC/AeNOBAHHS HENoCpen-
CTBEHHBIX OKPECTHOCTEH CBEPXMACCHUBHBIX UEPHBIX JbIP B LIEHTPE HalleH
["anakTHKK W ranakTHkn M87.

Pasmep HazeMHBIX HHTep(EPOMETPOB CO CBEPXAJHUHHONH 6a3oH
OrpaHHYeH AHaMeTpoM Hallel nsaHeTbl. Ho MoxcHO 1o6UTbCs ewle 6OJb-
HIero yrJaoBOI'O pa3pelleHus, ecaU pa3MellaTh annapaTbhl B KOCMOCe.
[IpaBaa, ¢ 3TUM cBsizaHO MHOTO npo6JeM. Bo-mepBbiX, KocMHUecKas
AHTEeHHa He MOXeT ObITb OYeHb GOJBILIOH, MOTOMY UYBCTBUTENBHOCTD
uHTepdepomerpa OyfeT OorpaHHUYeHa pasaMepoM KOCMHUYECKOro TeJsecKora.
Bo-BTOpBIX, BBICOKOE YT/IOBOE pa3pelleHHe NOCTHraeTcsi NpeuMyllecTBeHHO
B HalpaBJ/eHHH JHHHUH, COeluHs0IEeH HHCTpyMeHThl. COOTBETCTBEHHO,
€CJ/IM JMLIb OflHA U3 aHTEHH B CHUCTeMe HaxOHUTCS B KOCMOCE, TO TPYAHO
3a KOPOTKOe BpeMsl MOKPLITb HAOJ/I0eHHUsMH C BBICOKHM pa3pellieHHeM
60JbIIYIO MJIOLIAAb. B-TpeTbux, yrioBoe pa3pellleHHe 3aBUCHT U OT JJHHbI
BOJIHBI, @ Pea/n30BaTh HHTEPPEPOMETP B MHIJIUMETPOBOM U CYOMH/IUME-
TPOBOM [MaNa3oHax C yyacTHeM KOCMHUYECKOro TeJecKola KpaiHe TPYAHO.

Hanb6onbliee yrnoBoe paspelieHmne
B aCTPOHOMMW AOCTUraeTCs Npm NCrnoib30BaHUN
pagumonHTepepoMeTpPOB CO CBEPXO/INHHOM 6a30.

Ha cerogHsimiHuil 1eHb ObLIO MPEANPUHSITO HECKOJABKO TOIMBI-
TOK CO3/[aHHsI KOCMHUYECKHX paJHOMHTEp(EpOMEeTpPOB, BCe OHU paboTann
Ha AJHHAX BOJH Gosee 1 cM: smoHckuil mpoekt VSOP (1997-2003 rr.)
¢ 8-MeTpOBOH aHTEHHOH M pOCCHHCKHE npoekT «PamroacTpony (CnyTHHK
«Crnektp-P» 3anymen B 2011 r. u npogo/mkaer paboTraTh U B HACTOSIIIEE
Bpemsi) ¢ 10-merpoBoii anTeHHo#. Ha ceropusinuii neHp «PaguoactpoHy»
NPUHALIEKHUT PEKOPI YIJIOBOrO pa3pelleHusi Cpelid BceX acTPOHOMHUECKHX
npubopoB, paboTalLIUX B pa3HbIX AHanazoHax crekrpa. Ha cBoux pa6ounx
yacToTaX «PagnoacTpoH» NOCTUT PEKOPAHOr0 YIJIOBOI'O pa3pelleHHs,
HEeJIOCTYHOr0 Ha3eMHBIM HHTepdepoMeTpam.

[Tpu pagnoHab./01eHUSIX HEBO3MOKHO OBLICTPO CTPOHUTH A€TasbHble
M300paXKeHHsl HCTOUHHKOB, MOCKOJAbKY OOBbIUHO Ha T0Jie 3PEHHs TeaecKomna
NPUXOAUTCS OYeHb MaJjio UyBCTBHUTEJNbHBIX 3/J€MEHTOB NpueMHuKa. [Tos-
TOMY JJIsl IOJYUYeHHs] H300paKeHUuH Heo0X0AUMO MU MHOTO HabJ/iofeHUH
OIHOH 00JIACTH, WM MCIOJIb30BAHHE CJOXKHBIX METOMHK (HAIpUMep, METOJ
anepTypHOTO CHHTE3a).

Hpyroit npo6jaeMo#i paguoacTPOHOMHH TPAAHLHOHHO CUHTAJNIOCD
He6oJblIoe 110J1e 3PeHHsT HHCTPYMEHTOB. DTO 3aTPYLHSET MOMCK BCIIbI-
XHMBAIOLWKUX U ObICTPONIEPEMEHHBIX HCTOUHUKOB 0€3 TPUITEPOB B APYTHX
JIHanasoHax crnektpa (ecau OHH He HAGJOAATCS OJHOBPEMEHHO BHE
pannoananazona). B mocseqHne rofbl TEXHHUECKHH MPOrPece MO3BOJHII
CYILIEeCTBEHHO MPOABHHYTLCS B HalpaBJeHHUH ObICTPbIX 0630poB Heba
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C JOCTATOYHOH YYBCTBHUTENbHOCTbIO, 0COOEHHO Ha HU3KHX uyacToTax. [1pu-
mepowm siBasiercst mpoektT LOFAR (LOw Frequency ARray, HuskouactorHas
[anTennas] peurerka), cosnanubiii B Hauase XXI B. B EBpone. YcraHoska
COCTOMUT M3 MHOXKECTBA CTAHLHH, PACKUIAHHBIX MO BCEMY KOHTHHEHTY.
O6paboTKa NaHHBIX C HUX MPOBOAUTCS HA CYNEPKOMIIbIOTEPE M MO3BOJSIET
BBHIMOJHATH ObICTPBIE 0630pbl Heba B auanaszoHe 10-240 M.

SKA cTaHeT KpynHenwmm pagmnoacTpoOHOMUYECKNM
NHCTPYMEHTOM B NCTOPUWN.

B Hacrosillee BpeMsi HauMHaeTcsl peajnusanus npoekra SKA
(Square Kilometer Array, AHTeHHasi pelieTKa MJOLIAAbIO B KBaApaTHHIH
Kusometp). DTo camast GoJbliast H aMOUIIHO3HAST PAJH0ACTPOHOMHYECKAS]
YCTAHOBKA, KOraa-aubo co3gaBaBlIasicsl desoBedecTBOM. HacTb aHTEHH
6ynet ycraHoBjeHa B [OxHo# Adpuke, a yactb — B ABctpanuu. Cywm-
MapHas coOMpalolas MIOMAaAb COCTABUT OJMH KBAJPATHBIA KHJIOMETP, UTO
00eCcreyuT HEeBHIAHHYI0 paHee UYBCTBUTEJIbHOCTb K CJAAGBIM HCTOUYHHKAM.
[Tocko/bKYy 3J€MeHTBl YCTAHOBKH pa3MelleHbl Ha OIPOMHOH TepPpHUTO-
puu, 6y1eT TOCTHIHYTO OYeHb BBICOKOE YIVIOBOe paspelineHue. Hakower,
ycTaHoBKa 00J/afaeT AOBOJNbHO GOJbLIMM MO PaguoaCTPOHOMHUECKHM
MepKaM moJieM 3peHusi. [lnanupyercs, uto HaO/MIOAEHNS HA TIEPBOH ovepean
yCTaHOBKHM HaunyTcs B Hauaje 2020-x rr., a Bropas (OKOHUaTe/ bHAs)
ouepenb 3apabotaeT B KoHile 2020-x rr. [To/iHasi CTOUMOCTb 3TOr0 MpPOEKTa
npesbimaer $ 2 mapa.

PannoacTpoHoMHsT — OfHO M3 HEMHOTHMX HampaBJeHHH HCCaeno-
BaHHUM, Ille BO3MOXCHBI HE TOJbKO MacCHBHbIE (HAOJMIONEHHUS), HO H AKTHB-
Hble MEeTOlbl, TaKHe Kak paauo/okauus. B 1960-e rr. akTMBHO HauaJja
pasBuUBaTbcs paauosiokauus niaaHeT COJMHEUYHOH CHCTEMBl, UTO MO3BOJMHIIO
MOJYUHTh YHHKAJAbHbIE JaHHblE O pejdbede BeHepbl, a TakxkKe O CTPOEHUH
MO/IMOBEPXHOCTHBIX cioeB Ha Mapce u Mepkypun. Oco6oe MecTo 3aHMMa-
I0T PaJHoJIOKAIIMOHHbIE UCCJEN0BAHUS ACTEPOUIOB, MO3BOJSIONIUE B Psie
c/IyyaeB ONpelequTh (POpMy STHX Tedl.

13.6
PeHTreHOBCKMe Teneckonbl

ATMocdepa 3eMsu He MPONMYCKAeT PEeHTTeHOBCKHE JYUH, M03-
TOMY HaOJI0JeHHsT B 5TOM AHanasoHe (Ha 3HePrusX KBaHTOB IIPHMEPHO
or 100 3B 10 100 k3B, uto coorserctByeT miuHam BojH or 0,01 go 10 HM)
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BO3MOXKHBI TOJIBKO M3 KOocMoca (HJIH caMOil BepxHed aTMocdephl /s CaMbixX
GOJIbIINX 3HEePruil). PEHTreHOBCKOE H3JYUeHHE COJHEUHOH KOPOHBI GBLIO
BIepBble 3aperucTpupoBano B koHile 1940-x rr., npuuem AeTeKTOp
Obl1 ycTaHOBJeH Ha TpodeiHoi pakere V-2 («Pay-2»), coBepiiuBIiiei
cy6opouTasbubiil mojset. [lepBoiii ucTounuk BHe COMHEUHOH CHCTEMbl —
[BOHHasl CHCTeMa C aKKpelLUpylolled HeHTPOHHOH 3Be310i — Toxe Obli
OTKPBIT B pe3y/abTaTe 3alycka IeTEeKTOPOB Ha pakeTe. DTO MPOU3OILI0
B 1962 r. B skcnepumeHnTe, npoBoauBieMcs Pukkapno xKuakkoHH
C KoJuleraMH. 3a CBOH BKJaJ B Pa3BUTHE PEHTI€HOBCKOH acTPOHOMHH
B 2002 r. Jl>xuakkoHu noayuusa HobGeseBcKyto npemuio no (usuke.
Hab6/oeHyst B peHTT€HOBCKOM AHana3oHe MPOBOIUINCH TAK¥XKe C MOMOUIbIO
npubOpPOB HAa BBHICOTHBIX a3POCTATaxX, OJHAKO [/ HUX JOCTYNHBIM SIBJSIETCS
JMIIb JHANa30H 3HepTHil Bhille 35 K5B, M03TOMy OCHOBHBIE OTKPBITHS
OblJIM CHe/MaHbl ¢ MOMOLIbI0 KOCMHUECKHX annapaTos.

PeHTreHoBcKkume HabnoaeHmnsa BO3MOXXHbI TOJIbKO
N3 KocMoca.

PeHTreHoBCcKasi acCTPOHOMHSI 3aHMMaeT OUYeHb BAXKHOE MeCTO
B HCCJ/e0BaHUH BcesieHHOH, MOCKOMbKY (POTOHBI BHICOKOH HEPrHH HCITy-
CKAIOTCS BELECTBOM B KCTPEMAJbHOM COCTOSIHHH. DTO MOXKET ObITh TEIIOBOE
U3JyueHHe OUYeHb Topsiuell Mmia3Mbl C TEMIEPATyPOH B MUJIMOHBI TPALyCcOB
U Bhlllle. Takasi CUTyalysl peaiusyeTcsi, HalpuMep, B aKKPEIIMOHHBIX IHCKAX
BOKPYT UEPHBIX JIbIp U B CKOIJIEHUSIX raMakTHK. IMEHHO peHTreHOBCKOoe H3/y-
YyeHHe MO03BOJsIeT HAM B MPSIMOM CMbIC/E BHAETb MOBEPXHOCTb HEHTPOHHBIX
3Be3]1. Takyke HCTOYHMKOM PEHTIEHOBCKOIO H3J/1yUeHHs SIBJASIOTCS 3JeKTPOHBI
BBICOKHX 3HEPIUi MPH IBHKEHUH B MAHUTHOM IOJI€, YTO MPOMCXOIUT, HALIPH-
Mep, B MarHurocepax myjabcapoB U MarHUTapoB. HakoHel, cyliecTBYIOT
CIeKTpaJbHble JUHUH B PEHTI€HOBCKOM [IHana3oHe: HalpuUMep, U3BECTHas
K-nunus xkesnesa Ha sHepruu 6,4 xk3B. M3ayueHue Takux JUHUH B AHCKaX
BOKPYT UYEpPHBIX bIp MO3BOJISET ONpeeNsiTh TeMIT BPallleHHsl 3THX 00'bEKTOB.

PeHTreHOBCKMIA grana3oH — 9TO U3ny4yeHume ¢ gJINHON
BOJIHbI 0T 0,01 oo 10 HMm.

[TockosbKy (OTOHBI PEHTI€HOBCKOTO H3JYy4YeHHS HUMEIT 60Jb-
HIYI0 SHEPTHIO, IETEKTUPOBAHUE CYIIECTBEHHO OT/IHYAETCS OT TpPHUMEHsie-
MOTO B ONTHUYECKOH WJH PafHOACTPOHOMHH. B pEeHTreHOBCKOM IHanasoHe
JOMHHUPYIOT KBAaHTOBBIE CBOMCTBA H3JyueHHsI, a He BOJHOBbIe. PeHTre-
HOBCKHE JIyUd OU€Hb TPYAHO (DOKYCHPOBATH, MOCKOJbKY KO3((HUHEHT
npe/omJ/eHusl GOJbLUIMHCTBA MaTEpPHAJOB /51 3TOr0 AMaNa3oHa OYeHb
O6/MM30K K eIUHHIle, KPOME TOTO, PEHTTE€HOBCKHE JyYH OYeHb CHJAbHO
NorJomanTes B BellecTBe. [loaTOMy nepBbie A€TEKTOPHl HMEJH JOBOJLHO
HU3KYI0 UYBCTBHUTEJNbHOCTh H OUEHb IMJOXO€ YIJIOBOE pa3pelleHHe.
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CaMblfi NpoCTOH THI IETEKTOPOB PEHTIEHOBCKUX Jyuel, npume-
HSIBILUXCSI B aCTPOHOMHH, — 3TO CUeTUMKH [efirepa W MponopuuoHaabHble
CUYETUHKH, OCHOBAHHbIE HA MPOU3BOIUMOH PEHTT€HOBCKUMH (DOTOHAMH
MOHHU3alMK rasa. is TOCTHXKEeHHs] XOTs1 6bl MHHHMAaJ/JbHO Pa3yMHOT'O
YyIVIOBOTO paspelleHus nepej AeTeKTOPOM yCTaHABJAMBAJMUCh KOJJIUMA-
TOpPbI, NPONyCKaBUIMe M3JydYeHHe JHULIb ¢ HeGOoJ/bLUIOro yyacTka Heba
IJIOLIAAbI0 HECKOJbKO KBaJpaTHHIX I'paaycoB. MIHCTpyMeHTHl Ha NepBOH
PEHTreHOBCKO#H op6uTa/ibHoi o6cepBatopun Uhuru («¥YXypy») 1mM03BOJSIH
JNOOGUTBCSI pa3dpelleHnsl 0KOJI0 MOJOBHHBL rpaayca. OxHako katagsor Uhuru
BKJ/l0YaJ/l BCEro JHIIb OKOJO TPeX COTeH 00'beKTOB, MHOT'HE H3 KOTOPBIX
yna/aoch CBsi3aThb ¢ UCTOYHUKAMH B APYTHX AuanazoHax. [Toatomy naxe
He0OoJIbIlIoe YIVIOBOE pa3pelleHHe I03BOJMIO0 HayaThb aKTHBHOE H3YUYeHHE
ACTPOHOMHUYECKHX 00'beKTOB B PEHTI€HOBCKOM [HAla30He.

MepBbI pPEHTreHOBCKNIN NCTOYHUK BHE ConHevyHom
cucTeMbl OTKpbIT B 1962 .

Hpyro#i Tunm npu6opoB, KOTOPble HCMOAb3YIOTCS AJS JeTeK-
THPOBAHUS PEHTTEHOBCKUX (POTOHOB, HA3BIBAETCS! CIMHTUJ/ISLHOHHBIMH
netekTopaMu. Pa6ouuM TesOM B HUX SIBJASIOTCSI, HAPUMep, KPHUCTAJLIbI
fionuna Hatpust (Nal) uau Homuna uesus (Csl). [1pu nonagaHuu peHrre-
HOBCKOTO (JOTOHA B BEIIECTBO JETEKTOpPA MPOUCXOIUT HOHHU3AIHS, SHEPTHUS
06pasyIouxcst 3/JeKTPOHOB TEM HJIM UHBIM COCOO0M BO30YKIAeT aTOMBI
WM MOJIEKYJbl (MEXaHH3M 3aBHCHT OT THIIA AE€TEKTOPa), KOTOPbie 3aTeM
nepens3aydaroT B ONTHYECKOM Wiau ¥ P-muanazoHe. DTH BCIBIIIKA MOXKHO
3aperucTpUpOBaTh C MOMOIIbIO OOBIYHBIX (POTOAETEKTOPOB.

PeHTreHoBCKME [eTEKTOPbI 0OLIYHO PErncTPUpPYOT
OTAENbHbIE KBAHTDI.

TakxKe B HayuHbIX npubopax MPHUMEHSIIOTCS TBEPAOTEJNbHBIE
MOJIyIPOBOJAHUKOBBIE JE€TEKTOPbl HA OCHOBE repMaHHs MM TeJd1ypa U Kaj-
mus. Pentrenosckue (OTOHDI, Nonanas B MOJYIPOBOAHHK, MOPOKIAIOT
3/IeKTPOHHO-JbIPOYHbIE Mapbl, KOTOPble MOXKHO 3aperucTpupoBathb. Takue
JeTEeKTOpPbl YCTAHOBJ/EHBI, HanpuMep, Ha eBponefickom crnytHuke INTEGRAL
(INTErnational Gamma-Ray Astrophysics Laboratory, MexnyHapoaHast
actpogusnueckast ramma-o6cepBaTopust, «IHTerpasy), rie ajis 10CTHKEHHS
XOpOLIEero yIVIOBOI'O Pa3pelleHuss HCHOJb3YI0T KOAUPYIOLLYI0 alepTypy.
[lepen meTeKTOPOM yCTAaHABJAMBAETCS MacKa, COCTOSALIAs U3 NPO3PAUYHbIX
U HEINPO3PAyHbIX 2JEMEHTOB, a aHa/MM3 CJA0XKHOH TeHeBOH KapTHHBI 1103BO-
JSIET € BBICOKOH (f/s1 KECTKOTO PEHTTEHOBCKOrO AMANA30Ha) TOYHOCTHIO
BOCCTAHOBUTb KapTy paclipejieseHuss HCTOUHUKOB B MOJe 3PEHHS.

YraoBoe paspellleHHe B PEHTTeHOBCKOM JAHaNasoHe Jaxe
C MOMOUIbIO TMPOCTHIX MPUOOPOB 3aMETHO BhIlE, YeM B raMMa-auanasoHe.
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B uactHOCTH, 3T0 Mo3BoMWI0 B KOHIle 1990-X IT. pelIuTh 3araaky Koc-
MHYECKHX ramma-BcriaeckoB. OqHOBpeMeHHasi peructpanus coObITHS
B raMMa- M PEHTTEHOBCKHX Jy4ax MO3BOJM/A MOJNYUUTh JOCTATOUYHO TOUHbIE
KOOPJIHHATBI, KOTOPbIE ObIIK UCHOJAb30BAHBI JJISI ONTHUECKUX HAOJ/IOEeHHH.
Buaropaps atomy 6blja HaeHTHQHUIMPOBAHA TajJakTHKA, B KOTOPOH TMpo-
U30IIeJ BCIJIECK, U TEM CAMBIM MOJATBEPKIEHA KOCMOJOTHUECKasi IpPUpoIa
3TOrO SIBJIEHHS.

3epkanbHbie poKycupylowme cUcTeMbl NO3BONAIOT
YNYyYLWWUTb YYBCTBUTENIbHOCTb 1 YINIOBOE paspelleHumne
PEHTreHOBCKNX Te/IeCKOmnoB.

Hakonel, cyuecTByeT BO3MOXKHOCTb HCIONb30BaHHS (DOKYCHPY-
foue# ontuku. Ee pazpabotku HauwHas ¢ 1960-x rr. npoBomuan Pukkapmo
IDxuakkonu u BpyHo Poccr (Bruno Rossi). B kpynHoM macintaGe oHa Gblia
BrepBbie npuMereHa Ha cnytHuke HEAO-2 (High Energy Astrophysics
Observatory, BricokosHepreTnueckasi actpouanueckasi o6cepBaTopHs,
uan OGcepBatopus «DiiHwTelH»), 3anyuentom B 1978 r. (10 3Toro
HECKOJIbKO HeOOJbIINX NMPOTOTHIIOB [/ COJHEYHLIX HAOJ/IOACHHUH JeTa/lu
Ha CIYTHHKAX W Ha Gopry opOuTa/ibHOH craHuud Skylab). PeHtreHoBckue
JYUH HE TOJBKO IJIOXO NPEJOMJSIOTCS, HO U IJ0XO OTpaxKaroTcs, Mo3To-
MY HCIIOJB3YIOTCSH 3€pKaJja KOCOro naieHus — Habop BJOKEHHBIX APYT
B JIpyra KOHYCOOOpa3HbIX 3epKaJj ¢ MEeTa/JJIHueCKUM HamlblieHHeM. Jlyuu,
Majfaolye Mol MajbiM YIJIOM K 3epKafiy (MpaKTHUECKH MapafienbHo ero
MOBEPXHOCTH), MOTYT OTPAXKaThCsl © T€M CaMbiM (DOKYCHPOBATBHCS. DTO
N03BOJISIET JOCTHYb U BBICOKOH UYBCTBUTENBHOCTH, H BBICOKOI'O YIJIOBOI'O
paspeLieHusl.

Haunnas ¢ 1970-X rr. peHTreHOBCKAasi aCTPOHOMHSI aKTHBHO
passuBajgach B CIIIA n Espone, a rak:ke B CCCP (Poccun) u Sno-
HHH, cefiuac K MCCJAeNOBaHUAM aKTHBHO moax/ovatorcs Munus u Kurai.
Ha Tekymuii MoMeHT HanGoJ/iee COBEpIIEHHBIMH PEHTTe€HOBCKHMH o6cep-
BATOPUAMH 4BJSIOTCS aMepukaHckuil cnyTHUK Chandra u eBponefickui
XMM-Newton (o6a annmapara sanyuiensl B 1999 r.), rae B KauecTBe
J1eTeKTOpoB ucnoibaytores [13C-MaTpuipl, pa6oTaolile B peHTT€HOBCKOM
nvanagdode. Chandra siB/asieTcsi peKOpPACMEHOM 110 YIVIOBOMY pa3peLleHHIo,
a XMM-Newton — no co6upatoliief NoOBepXHOCTH.

B nacTosiliee BpeMs pa3dpabaTblBalOTCS HOBblE NMOAXOIbI K CO3/1a-
HHIO 3epKaJjl JJIsl PEHTTeHOBCKUX HAOJMIONEHUH, OCKOJbKY CYLIECTBYIOLIas
TEXHOJIOTUS KpaliHe joporasi, a peHTTeHOBCKHe 3epKaJa SIBJASITCS OYeHb
TSKENBIME: CTOUMOCTh cnyTHrHka Chandra npeocxomut $ 1,5 mupxa, a ero
Macca COCTaBJ/sieT UyTb MeHee D T.

[l ucnosnb3oBaHus GOKycHpYIOLIeH ONTHKH Ha 6oJee BBICOKHX
9HEPTUsiX MOHAAOOHUTCS CUCTeMa € GOJbIINM (DOKYCHBIM PACCTOSIHHEM.
[Ipennosaraercs, 4ro OynylIHMH KOCMHUECKHH TesecKon OyAeT COCTOATb
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M3 JBYX alnapaToB, Ha OJHOM H3 KOTOPHIX yCTaHOBJIEH OJOK ONTHKH,
a Ha BTOPOM — JAeTeKTophl. [IpoToTHNOM TakoH yCTaHOBKH SIBJSIETCS
Haxonsmiics Ha opoure cinyTHUK NASA NuSTAR (Nuclear Spectroscopic
Telescope ARray, MaccuB siiepHBIX CIHEKTPOCKONHUECKHX TeJNeCKOINOB),
B KOTOPOM J[B€ YaCTH COEIHHEHBbl pasIBHKHOH (pepmoil. Peanusanus
JByXannapaTHOH KOHLENUHH B cjyyae CBOOOJHOIO ImoJseTa norpebyet
pelleHHus psila CJAOKHBIX TeXHHUYECKHX MPOoOJeM.

PentreHoBckye HaG/IIOCHHS TO3BOJISIOT AOCTATOYHO OBLICTPO MOKPBI-
BaTh GOJIbIIYIO IJIOMIAAb HeGa (ec/au peub He HAET O HaG/IOAEHHSIX ¢ (DOKY-
CHUPYIOLIEH ONTHKOI), UTO CMOCOGCTBYET MPOBEIEHHI0 0030PHBIX HAOJIOICHUH
M MOUCKY TPAH3HEHTHHIX (BCIBIXHBAIOIINX) 00beKTOB. K uncay HemaBHHX
BaXKHBIX OTKPBITHH CJleyeT OTHECTH OOHapyKeHHe MPUJIMBHOTO Pa3pylleHUst
3Be3J] CB€PXMACCHBHBIMH YE€PHBIMH AbIpaMH H PETHCTPALHI0 PEHTT€HOBCKHX
BCIIBILIEK MPH BBIXOAE YAAPHOH BOJIHBI CBEPXHOBOH M3 O0OJOUYKH 3BE3[HI.

PeHTreHoBCKMe HabnogeHnsa byayT ncnonb3oBaHbl Ans
KOCMMWYECKOW HaBUraymn.

B peHTreHOBCKOM jAuanasoHe Ha0J/I0JAI0T He TOJNLKO JajeKHe
00'beKThl, HO U Tesaa CoJsiHeuHoH cucteMbl. [ToBepxHocTh JIyHbI nepeuns-
JIyyaeT COJIHeUHble PeHTTeHOBCKHE JYUH 3a cueT ¢uyopecueHunH. Takxe
6saarogapsi ¢GJayopecleHIHH PEHTT€HOBCKHUMH HCTOUHHKAMH SBJSIOTCS
Mapc u Benepa. KomeTsl HCIYCKalOT PEHTTEHOBCKHE (DOTOHBI B Mpollecce
TaK Has3blBaeMOH mepesapsiikd, KOrja 3/7eKTPOH NepecKakuBaeT OT Hel-
TPaJbHOI'O aTOMa K HOHY COJHEYHOTo BeTpa. IOmuTep CBOMM MOILIHBIM
MAaTHUTHBIM I10J1eM MOXET yAepaHBATb YACTHUIBl JOCTATOUYHO BBICOKHX
9HEepPrui, SBJ/SIOLIMXCS UCTOYHHKAMH PEHTIE€HOBCKUX (DOTOHOB.

Ceiliyac peHTreHOBCKasl aCTPOHOMHS HauHWHaeT NMpuobpeTathb
npaKkTHuecKkoe 3HaueHHe. Bo Bcex BeAyLIMX KOCMHYECKHMX areHTCTBaX
MHpPa HAYT aKTHBHbIE pa3pabOTKH CHUCTEM OPHEHTAlMH M HABHTALUH CIYT-
HUKOB MO HaObJIIOJeHUsIM MY/JAbCaPOB B PEHTI€HOBCKOM auamnasoHe. s
NIPOBEPKH 3TOH TEXHOJIOTMH HAa OPOUTY yaKe 3alylleH KHTaHCKHH CITyTHUK
XPNAV-1, a na 6opry MKC (MexayHapogHOH KOCMHUYECKOH CTAHIIHH)
ycranoBsena cucrema SEXTANT (Station Explorer for X-ray Timing
and Navigation Technology, Ilpubop nns ucc/ienoBaHusi TeXHOJOTHH
HABHUTAIMK C HCIOJAb30BAHUEM PEHTTE€HOBCKOTO H3JyUeHHs MyJbCapOB)
B cocraBe uHcrpymenTa NICER (Neutron star Interior Composition
Explorer, [1pu6op mnst ucciaenoBaHusi BHyTPEHHET0 COCTaBa HEHTPOHHBIX
3Be3n). Takoi# MOAXOM MO3BOJHUT ammapataM, COBEPIIAIOIIHM TOJEThH
K apyruM tesaM CoJIHEYHOH CHCTEMbl, IPOBOAHUTL TOYHOE ONpeleseHHe
CBOETO MOJI0KEHHsT U CKOPOCTH 6e3 CBA3H ¢ 3eMJel.

K yucy 6auKalInX NPUOPUTETHHIX 334U J/Is5 PEHTT€HOBCKOH
ACTPOHOMHH MOYKHO OTHECTH HCCJ/IEIOBAHUS UEPHBIX ObIP U HEHTPOHHBIX
3Be3/l, a TaK)Ke M3yuyeHHe CKOIJEeHHH rajakTHK.

Cepreii MNonoe
BceneHHas 2 9 8



13.6
[aMmma-Teneckonbl Ha 3emne
N B KOCMOCe

K ramma-puanasony OTHOCSIT 3JeKTPOMAarHUTHOE H3JyueHHe
¢ sHeprued xkBaHtoB Bhile 100 x3B. DHeprus raMMa-KBaHTOB CJAMIIKOM
BEJIMKA, YTOObl OHH MOIVIM POXKIATbCSl B TEMJNOBBIX npoueccax. OgHako
BO BcesieHHOH NPOMCXOAUT MHOTO SIBJCHHH, CONPOBOXKIAIOUIUXCS TaM-
Ma-H3/yueHHeM: B YaCTHOCTH, 3TO MOTYT ObITb MPOLECCH Tepexoja siiep
aTOMOB M3 BO30YXKIEHHBIX COCTOSIHHH M aHHMTHJSILUS YaCTHI, a TaKxe
npouecchl ¢ GOJbIINM BbIAEJACHUEM SHEPruH, yIapHbIMH BOJHAMH U peJis-
TUBUCTCKUMHU [BHKEHHSIMH, IPUMEPOM YEer0 MOTYT CJAYAHUTb KOCMHUECKHE
raMMa-BCIICCKH.

Famma-ny4ymn nmeroT aHepruto KBaHToB Bbiwe 100 kaB.

AcCTpoHOMHYECKHE HCC/ENOBAHHS B 3TOH 06/MACTH CMEKTPa MOXKHO
pasie/uTb Ha JBe I'PYNIbL HEMOCPEACTBEHHAs] PETHCTpAIMs raMMa-Jayuer
C TOMOIIbI0 MPUGOPOB, YCTAHOBJAEHHBIX HAa KOCMHUYECKHX ammaparax,
W Ha3eMHasl perucTpauus nyTeM AeTeKTHPOBAHHS BTOPHUUYHOTO H3J/y4eHHS
WM BTOPHYHBIX yacTHll. [ToCKOJbKY KOJHUECTBO raMMa-KBAHTOB yYMeHblla-
€TCsl ¢ POCTOM SHEPruH, KOCMHUYECKHE MPOEKTHl ¢ MpSIMOH perucrpauuer
NO3BOJISIIOT PETHCTPUPOBATH FaMMa-u3/ayueHue 6ojee HU3KHX IHEPTHiH
(10 coTeH rUrasgeKTPOHBOJDBT), a H3JAyUeHHe (G0Jee BBICOKHX SHEPTHii
PErucTpUpyeTcsi KOCBEHHBIMH METOJAMH C TIOMOILbI0O HA3EMHBIX YCTAHOBOK.

Ha xocmMuueckux ammapaTtax MPUMEHSIOT pa3Hble THIbI JETeK-
TOpOB. [leTeKTopbl raMMa-KBAHTOB HHU3KHX 3HEPrHH aHaJOTHYHBI MPH-
MEHSIOIUMCSI B PEHTTeHOBCKOH acTtpoHomuu. Hanpuwmep, npu6op IBIS
Ha 6opty ob6cepatopun INTEGRAL pa6oraer B nuanasone ot 15 k3B
(pentren) go 10 MaB (ramma). DTOT A€TEKTOP COCTOMT M3 KaAMHH-TE/LIY-
PHEBBIX 3JIEMEHTOB, a JJIs MOBHIILIEHHs] YIJIOBOTO Pa3pellleHHs] HCMOMb3yeTcs
METOJ KOIMpPYIOLIEeH anepTypbl ¢ Mackoi u3 Boab(pama. B sxcnepumenTax
«KoHyc» 10 H3yuyeHHIO raMMa-BCIUIECKOB (3TH MCC/IEIOBAHHUS HAUYAJUCh ellle
B 1970-x rr. ¢ mpuGOpoOB Ha MEXKIJIAHETHLIX CTaHIUAX «Benepa 11-14»)
UCIOJb3YIOTCH CUMHTH/VISIIMOHHBIE eTeKTOpbl Ha OCHOBe KpucTasios Nal.

[Ipu GoJ/iee BHICOKMX 3HEPrUsiX HAUMHAIOT MPUMEHSITbCS APYTrHe
MeToAbl. ['laMMa-KBaHT BbICOKOH 3HEepPruM, NPOB3aHUMOAEHCTBOBAB CO CJI0EM
¢osbru (Hampumep, BOMb(PPAMOBOH), TTOPOKAAET JIEKTPOH-TIOZUTPOHHYIO
napy. [anbHefnass perucTpannsi OCHOBaHA Ha OTCAEXKHMBAHHH TpPeKa 3THX

asa 13
Teneckonbl 29 9



YacTUI U u3MepeHun ux sHepruu. Hamnpumep, B netexrtope LAT Ha Gopry
KocMHuecKoi o6cepBaTopud Fermi 3/eKTPOHBI U MO3UTPOHBI MPOXOAST
yepes CJIOW KPEMHHSI, UTO T03BOJSIET ONPEAEIUTh HalPaB/JAeHHE HCXOAHOTO
(oToHa, a 3aTeM morJoialTcss kpuctamiom Csl, 4To gaeT BO3MOXKHOCTh
M3MEPUTD SHEPrHI0 (POTOHA. YTJIOBOE pa3pelleHHe TaKhX MPUOOPOB CHJIBHO
3aBUCHUT OT 3Hepruu Qorona; B ciayyae LAT nias GpoToHOB ¢ 3Heprueit
100 I'sB yr/ioBoe pazpeuenne mMoxet pocturats 0,04 rpamyca, a Ha sHep-
rusgx 100 MsB oHo cocrapJ/sier quiib 3 rpamgyca.

famma-msnyyeHmne MOXHO permcTpupoBaTb HaNpPaMyto
C NOMOLLbIO NPUBOPOB HAa GOPTY KOCMUNYECKINX
annapaTtos.

B pas3/nuuHbBIX 3KCIEPUMEHTAaX HCHOJb30BAMUCh M IPyTHe THIIBI
neTekTopoB. OHH onpefe/sioTcsl He TOJMbKO pabouyell sHepruei, HoO U Mac-
COH ammapara, CTOUMOCTBIO, SHEPronoTpeGJeHHEM U IPYTUMH (paKTOpaMH.
B Gymyiem Ha COyTHHKaX MJIAHHPYIOT YCTAHABIHBATb BPEMsI-IPOEKIHOHHbIE
kamepnl (npoektsl AdEPT, HARPO). Takue npuGopbl HCHOJAb3YIOT B YCKO-
pUTeJbHBIX 3KcnepuMmeHTax, Takux kak ALICE na Boabmowm agponHoMm
KoJssainepe B LIEPH.

HaseMHble yCTaHOBKU perncTpupyroT atmocdepHoe
YyepeHKOBCKOe N3lydeHne N BTOPUYHbIE YacTULbl,
nopoXkaeHHble ramma-KBaHTaMM.

@oTOHBI ¢ 3HEpruel NopsaKa TepaseKTPOHBOJLT PErHCTPUPY-
I0TCS C [TOMOLIbI0 Ha3eMHBbIX ycTaHOBOK. [lomanas B 3eMHyl0o atmocgepy,
(hOTOH BBICOKOH 3HEPTHH MOPOXKAAET MOTOK BTOPHUUYHBIX YACTHL, B YACTHOCTH
3JEKTPOHOB M MO3UTPOHOB. OHH, B CBOIO 0Yepelb, IBHIasiCh CO CKOPOCTHIO,
NpeBbIIAIIed CKOPOCTh CBETa B BO3AYXe, HCIYCKAIOT UePEHKOBCKOE
U3Jy4eHHe B OIITHUECKOM M yJbTpauo/eTOBOM AuanasoHax. FIMeHHO oHO
U PEruCTPUPYETCS TeJNeCKOIaMH.

[l perucTpauuy ONTHYECKUX BCIBILIEK HCIOAb3YIOT CIELHUa/H-
3HPOBAHHBIE TEJNECKOIbI-Pe(IECKTOPBI H UX CHCTEMBI C 3epKajiaMi (00bIYHO
CerMeHTHPOBAHHBIMU) pa3MepaMu okoso 10 m. [TocKOJbKY /st TAKHX
HaOJIOICHUH He HY2KHO BBICOKOE YTIJIOBOE pa3pellieHHe H XOpollee KauecTBO
1300paKeHHUsl, 5TH TeJECKONbl YCTPOEHbl FOpasfo Npolle aHaJOTHYHbIX
YCTAHOBOK JJIsl ONTHYECKOH acTPOHOMHH (COOTBETCTBEHHO, MPH TOM e
JHaMeTpe 3epKasia OHH HaMHOTro felueie). [IpuMepaMu Mog0GHBIX HA3EMHbIX
KPYIHBIX yCTAHOBOK JJIst TaMMa-acTpoHoMuH siBasiiotresst MAGIC (Major
Atmospheric Gamma Imaging Cherenkov Telescopes, BoJbimoit armoc-
(bepHbBId UepeHKOBCKHI ramMmma-teseckorn, Kanapckue octposa), H. E. S. S.
(High Energy Stereoscopic System, Crtepeockonnueckas cucrema Ajs
peructpaiuu [vactuu] Boicokux snepruii, Hamuous) u VERITAS (Very
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Energetic Radiation Imaging Telescope Array System, Maccus TeseckonoB
JUIST PETUCTPAIMK PaJHAINE OUYeHb BBICOKHX 3Hepruil, Apusona, CIIIA).
HaszemHble ramMma-Te/1eCKOMNbl MO3BOJSIOT AOCTHIATh XOPOLIETO
(Mo Mepkam acTPOHOMHH BBICOKHX SHEPTHH) YIVIOBOTO paspelieHHs B 10JH
rpagyca. OnHaKO /151 perucTpalnid acTPOHOMHYECKHX UCTOYHHKOB He0O-
XOIUMO AJIUTE/bHOE BpeMsi Hab/onenni. [1pu masom noqe 3peHust (0OKOJIO
5 rpaaycoB) U BO3MOKHOCTH MPOBOJHTH MOJHOLEHHbBIE HAGMIOMEHHUS JHIIb
B OueHb TeMHble GeanyHHble HOuH (0ko/0 10% BpeMeHH) mJst 0G30PHBIX
HaO/oIeHHi TpeGyeTcsl OueHb MHOIO BpeMeHH. TeM He MeHee 32 HEeCKOJbKO
JeT 00630p raJakTHUeCKOH MAOCKOCTH ¢ momollbio Teqaeckona H. E. S. S.
MO3BOJU/ OOHAPYKHUTh NECATKH HCTOUHMKOB: B MEPBYIO 04Yepelb MyJnabcap-
Hble TYMAaHHOCTH, OCTATKH CBEPXHOBHIX H JIBOMHbIE CHCTEMbI (HECKOJBKO
JIECSITKOB HCTOUHHKOB €llle OCTAITCS HEHIEHTH(OHUIHPOBAHHBIMH).
OnHako HaGawoaaTh GOTOHBI CAMbIX BHICOKHX SHEPruil (IecsTKu
TEPA’IEKTPOHBOJBT U BBIIIE) OKA3BIBAETCS 3aTPYAHHTEIbHO (HX TPOCTO
KpaiiHe maJjio). Tak, Hanpumep, 3a 24 yaca UMCTOrO BPeMEHH HAGJHOICHHH
KpaGoBuaHo#i TymanHocTH (sipkoro ucrtounuka!) ycranoska H. E. S. S.
perucTpupyer JHIIb HECKOJIbKO (DOTOHOB c¢ 3Heprusimu Boiie 30 T3B.
[TosToMy /sl yAbTPaBBLICOKMX 3HEPTHH MbITAIOTCS MPUMEHSATH APYTYIO
MeTOAUKY Hal/IofAeHHss aTMOC(HEPHOTr0 YePEHKOBCKOIO H3Jy4YeHHs. DTOT
crnocof He MO3BOJSET HANPSMYIO NOJyYaTb H300paxeHusi, OJHAKO C MOMO-
b0 00paGoOTKH CHI'HAJa MOKHO ONPENENUTb HallpaB/JeHHe Ha UCTOUYHHK.
Metom COCTOMT B TOM, UTO Ha GOJBINOH MJIOMAIN (IeCATKH WIH B OyIylieM
JlakKe COTHH KBAJIPaTHBIX KHJIOMETPOB) Pa3MEIIalnTCsl UyBCTBHTENbHbBIE
(hOTOYMHOKHTENH, PETUCTPUPYIOIIHE aTMOC(epHOe UePEHKOBCKOE H3/TyUeHHE.
Vmenno tax paGoraer, Hampumep, ycranoBka «Tynka-HiSCORE» (Hundred
Square-km Cosmic ORigin Explorer, [Tpu6op ass ucciaenoBaHusl 4acTHIL
KOCMHYECKOTO TPOUCXOKAEHHS MIOUIAbI0 B CTO KBAaJPATHBIX KHJIOMETPOB),
pacnosnoxeHHass B TYHKMHCKOH no/nuHe BOJINM3HM o3epa baiikads.

N3BecTHO 60N1€e COTHUN NCTOYHUKOB
Ha 9Heprusx sbiwe 1 TaB.

[lpyroil TN Ha3eMHBIX YCTaHOBOK PerHCTPHPYET CaMH BTOPHU-
Hble YaCTHIIbl, MOPOXKIEHHbIE raMMa-KBaHTaMH B atmocdepe. BoasHbie
YyepeHKOBCKHEe [eTEeKTOPBl MPeACTaBJAAIOT COO0H LHCTEPHbI, 3aMOJHEHHbIE
BONOH. [1pu monagaHuy B HUX 3/JEKTPOHBI HCIYCKAIOT U€PEHKOBCKOE H3J1y-
UyeHHe, PErHCTPUpyeMoe (POTOYMHOKHUTENSIMU. YTAOBOE pa3pellleHHe TaKhX
YCTaHOBOK HEBEJHMKO, 3aTO OHH MOTYT paboTaTh MPAKTHUECKH TOCTOSHHO
U MOJYYaloT JaHHBlEe 0 (DOTOHAX OYeHb BHICOKHX IHEPrHH.

Oocepatopus HAWC (High-Altitude Water Cherenkov
Observatory, BricokoropHasi BofHasi uepeHKOBCKast o6cepBaTopusi, MeKcHKa)
COCTOHUT U3 HECKOJbKHX COTEH eMKOCTeH, KaX/as U3 KOTOPHIX CONEPACHT
no 188 T Boabl. OHa MO3BOJSIET PErUCTPHUPOBATL (POTOHBI C IHEPTUSIMHU
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10 100 T3B (nmoutd B MHJJIHOH MH/IJIHAPAOB pPa3 BhIlIE SHEPIHH KPAaCHBIX
(hOTOHOB BHAMMOMH UACTH CIEKTPA).

CyuiecTBYIOT U Ipyrue MeTOAHUKH PETHCTPallM¥ BTOPHUHBIX
yactul. Hanpumep, ciuuHTH/IsIIHOHHBIE AeTeKTopbl yeTaHoBKH Tibet-III nau
CUETUHMKH C Pe3HCTHBHBIMH MuiaTaMu (resistive plate counters) ycraHoBKH
ARGO-YBJ (Astrophysical Radiation with Ground-based Observatory
at YangBaJing, Hazemuas o6cepBaTopusi acTpohru3nuecKol paguannn
B SIHGarzuue). OnHAaKo MOKA OHU MeHee 3(P(eKTHBHDL.

OTne/nbHOE MECTO B TaMMa-aCTPOHOMHMH 3aHHUMAIOT KOCMHYECKHe
ramma-Benseckd. OHU OblIM OTKPBITHL B 1967 T. ¢ OMOIIBIO aMepPHKAaHCKUX
CIYTHHKOB-pa3BeIunKoB Vela (HazBaHHe MPOHUCXOTUT OT MCIAHCKOTO
velar — HecTH 1030p), TpeIHAZHAUEHHBIX [JIsI C/IEKEHUS 3a sAE€PHBIMH
ucnblTanusaMu. M3-3a njaoxoro yrjioBoro paspelleHHs B raMma-auanasoHe
no 1997 r. He yaaBaJioch Jax<e ONpeNe/uTb, Ha KAKHX PACCTOSIHHUSX OHH
npoucxoastT. OfHOBpeMEHHass perucTpauus raMMma- U peHTTe€HOBCKOIO
U3/IyUeHHUsT OT OIHOT'O M3 BCIIECKOB MPUOOPAMH, YCTAHOBJECHHBIMH Ha GOPTY
MTAI0-TOMIAHACKOTO cryTHHKAa BeppoSAX (Beppo — B uecTb HTa/bsIH-
ckoro ¢usuka Jxysenne Oxkuanunu (Giuseppe Occhialini), Satellite per
Astronomia a raggi X — CHyTHHK [UIsl pEHTT€HOBCKOH acTPOHOMHH), TO3BO-
JIMJIA ONpee/UTb JOCTATOYHO TOUHble KOOPAMHATLI coObITHS. B pesynbrare
yAaJI0Ch NPOBECTH ONTHUYECKHE HAOJIONEHHS HA KPYMHBIX TesaecKonax, Obll
OTKPBIT TPAH3HEHTHBIH ONTHUECKHH MCTOUHHMK B Ja/eKOH rajakTHKe, U MOJ-
TBEPAWIACH THIIOTE3a KOCMOJIOTHUECKOTO MPOUCXOKIEHHS FaMMa-BCI/IECKOB.

KocmMunueckme ramma-Bcnieckim cB3aHbl CO CINAHUAMN
HelﬁTpOHHbIX 3Be34 1 CO BCMblWKaMm1 ocoboro Tnna
CBEPXHOBDbIX.

[amma-Beniecky aeast Ha aBa tuna. Koporkue (00bIYHO KOPO-
Ye HEeCKOJNbKHX CEKYH[I) CBS3BIBAIOT CO CAHSHHIMH HEHTPOHHBIX 3Be3[,
a JIHHHBIE (10 HECKOJbKHX YaCOB) — CO B3PHIBAMH MAaCCHBHBIX 3BE3[
¢ ObLICTPO BpAILAIOIIUMHCS AApaMH. B roa HabmogaeTcs HECKOIBKO COTEH
raMMa-BCILIECKOB, 3TO OJHH M3 CaMblX MOIIHBIX B3PbIBHBIX MPOLECCOB,
NPOUCXOASLINX B HacTosilee BpeMsi BO BceseHHOH.

Monck aHHUrMNALMM YacTUL, TEMHOTIO BellecTBa —
nepcrneKkTnBHasa 3afgadya raMmMma-acTPOHOMUMN.

XoTs1 0GBIYHO OCHOBHASI SHEPTHUS BCIJIECKA MPUXOJIMUTCS HA JTHa-
na3oH 3Hepruil fo 1 MaB, nis HeKOTOPBHIX BCMIECKOB ObLJIM MOJYUYEHBI
JaHHble M Ha ropasno 6oJbUIMX 3HEPTHSIX — BIJOTb A0 HECKOJIbKHX
TUras/eKTPOHBOJLT. [leTasu MexaHH3Ma H3JyuYeHHs] raMMma-BCIJIECKOB
OCTAIOTCSl HESICHBIMH, MO3TOMY 3[1€eCh He0OXOIUMbl HOBblE HaOJI0NEHHUSs,
B TOM UHCJI€ ¥ HAa OUEHb BBHICOKHX HHEPIHUSIX.
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Ko/sruecTBO M3BECTHBIX raMMa-HCTOUHHKOB (HE cuMTas Koc-
MHUECKHX I'aMMa-BCIIJIECKOB U COJIHEUHBIX BCIIBILIEK) COCTABJSET ceiuac
HECKOJMbKO Thicssd. OJHAKO B OCHOBHOM OHHM OOHapyKeHbl CIYTHHKOM
Fermi Ha sneprusx Huxke 300 I'sB. C pocToMm 3HEpruM 4Mca0 H3BECTHHIX
HCTOYHUKOB yMEHbIIAETCs, CPeld HUX MHOI'O HeMAeHTH(HUIHPOBAHHBIX
00beKTOB. BOJbIIMHCTBO HAEHTH(HHLUUPOBAHHLIX 'aMMa-UCTOUHHKOB OTHO-
CUTCSl WJIM K TIyJbcapaM, WM K aKTHBHBIM SIIpaM FasJlakTHK, U Ja/bHeHIIne
HaO0JII0/IeHHsT TIOMOTaloT JIy4Ylle MOHSITb 3TH THIbl HCTOUHHKOB M MEeXaHH3MBbl
reHepalyu U3JdyuyeHHs B HUX. Bo3MOxkKHO, caMoil mepcrneKTHBHOH 3ajaved
raMMa-acTpoOHOMHMHU $IBJIsieTCsl 0OHAapy»KeHHe aHHUTHJ/ISIIHOHHOI'O CHIHa-
Jla OT TEMHOTI'0 BellecTBa. Bo MHOrHX MOJe/sIX MpeacKas3blBaeTcs, YTo
YACTHIIBI, COCTABJSOIINE TEMHYIO MaTEPHIO, MOTYT aHHHUTHJAUPOBATH APYT
C Apyrom, nopoxaas raMma-kBaHTbl. OGHapyKeHHe aHHHUTHJISIHOHHOIO
raMMma-cHuraasa Obl10 Obl MPSIMBIM JOKa3aTeJAbCTBOM CYIIECTBOBAHHUS 3TON
cocrapJsiiolell Hauleid BcenenHoi.

13.7
deTeKkTopbl HENTPUHO

He#itpuHo — 3TO Jierkue He3apsiKeHHble YaCTHIIbl, OTHOCSIIH-
ecs K JenToHaM. VI3BecTHO Tpu THNA HEHTPUHO: 3JEKTPOHHbIE, MIOOHHBIE
U Tay, BCE THIMbl HEHTPUHO UMEIOT aHTUYACTHIB. DTH YACTHIIBI OTHOCSITCS
K caMbiM (yHAaMeHTa/JbHbIM — OHH BXOAAT B CTaHAApTHYIO MOJE/b 3Je-
MeHTapHbIX yacThil. C Apyroil CTOpOoHbI, OGHAPYKEHHEe MAacChl Y HEUTPUHO
M OTKPHITHE HEATPUHHBIX OCUMIAUME (B HEKOTOPOM CMbIC/Ie MpeBpalleHHe
OJIHOTO THIA HEHTPUHO B APYroH) sIB/SETCH BaXKHEHIIMM JOKA3aTeJbCTBOM
HernosHOTH CTaHAaPTHOH MOJEJH.

HenTtpmnHo — cpyHOaamMeHTanbHble dN1€eMEHTapHbIe
yacTuubl, y4acTByloWwMe B cnabom B3aMmMonencTBUN.

HefiTprHo 0YeHb MJI0XO0 B3aUMOJAECHCTBYIOT C BEIIECTBOM, MOTOMY
YTO He MUMEIOT 3JEKTPUUECKOro 3apsijia, a TaKXKe He y4acTBYIOT B CH/JAbHOM
snepHoM B3aumoneicTBuu. C OfHOH CTOPOHBI, 3TO AejaeT YaCTHIY TPYIHO-
YJIOBUMOH, € Ipyrod — Mo3BoJsieT efl 6ecnpensiTCTBEHHO MOKUAATh 00JacTH
C BBICOKOH MJIOTHOCTbIO BELIECTBA WJU HAXOISAIIHMECS BHYTPH MAaCCHUBHBIX
06bekToB. HeliTpuHO B 60J/bIIOM KOJMHYECTBE BO3HHUKAIOT B TepMOsiaep-
HBIX peakiusix B Heapax 3Besf (B Tom uucse CoJiHIA) U IPH BCIbIIKAX
CBepXHOBBIX. MIMEHHO [/1s1 perucTpalii TaKuX HEHTPUHO U CO3[JaBaJUCh
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nepsble AeTeKTopbl. O6e 3agaud — perucTpauusi COJHEUHbIX HEHTPHHO
¥ HEHTPHHO OT CBEPXHOBBIX — ObIH YCIEIMIHO pPEeLIEeHHI.

HelTpuHo poxaatoTca B TepMOsAAEPHbIX peakumax
B Heflpax 3Be3[, N Npun BCMbILLKAaX CBEPXHOBbIX.

BriepBble HEHTPHHO OblIH 3aperucTpupoBanbl B 1956 r. (Bmo-
CJEICTBHU 3TO GblIo 0TMeueHO HoGeseBCKoi npemueii) B 9KCIEepPUMEHTAX
Ha simepHOM peaktope. OMHAKO GBLIO SICHO, UTO MPOTEKAHHE TEPMOsIIEPHBIX
peakuuil B Heapax CoJHIA AeNaeT ero J0BOJbHO MOUIHBIM HCTOYHHKOM Heif-
tpuHo. Pait Issuc, Ioxon Baxaa (John Bahcall) u ux KoJuierd, uCrobays
B KauecTBe OCHOBHI Haelo BpyHo [ToHTeKOpBO, co3naJju TepBbIi 1eTEKTOp
acTpousnueckux HedTpuHo B 1968 r. 3a aty pabory Pa# [IaBuc xax
pykoBoauTespb sKcrnepumenta B 2002 r. moayuus HobGeseBckyio mpemuio
no ¢usuke.

Mpues merekTopa oCHOBaHA Ha peakilMH, B KOTOPOH XJop-37
(®"Cl) saxBarbiBaeT 3/1eKTPOHHOE HeATpHHO. B pesynbrare Gera-pacnajga
OJIMH M3 HEHTPOHOB B €T0 siipe TpeBpaliaeTcss B NPOTOH C HCMyCKaHHEM
3JeKTPOHA, U X/10p-37 mpeBpaiaercs B aprou-37 ((7Ar) — pamvoakTHBHbIH
M30TOIN C TepHoAOM Toaypacnana 35 nHei. [las skcrnepumenrta Gepercs
GoJIblIoi 00'beM XJOPCOEpKalero BeliiectBa (B akcnepumente [IaBuca
5TO Obl1 MEPXAOPITHIIEH), A CIYCTsI HEKOTOPOE BPEMSI U3 HETO H3BJEKAETCS
aproi-37, KOJMYECTBO KOTOPOTO COOTBETCTBYET IMPOLIEIIIUM B 00be-
Me JleTeKTopa B3aUMOJEHCTBHIM HEHTPHHO ¢ XJopoM. HToObl H36GexKaThb
HexKeMaTebHbIX (DOHOBBIX COOBITHH, PUBOASIIIAX K TOSIBJACHHIO H30TOIA
aprona-37, Heo6XOAUMO H30JHPOBATH AETEKTOP OT BJIHSIHHS KOCMHUECKHX
Jyded, /i 4ero ero yCTaHABJAHMBAIOT B TVIYOOKOH ILIaxTe.

OxcnepumeHT [l3BHca ynajics — B JeTeKTope Obl1 06HAPYKEH
aprou-37. OQHAaKO ero KOJHYeCTBO 0OKAa3aJoCh IMPUMEPHO BTpPOe HHKe
0XKHMJAHUH, OCHOBaHHbIX Ha Mogeau CoJsiHLA, YTO HNOPOLUIO NPOOAEMY
COAHeYHbLX Helmpuro. DTa npobjeMa Oblla pellieHa yepe3 HeCKOJbKO
JIEeCATKOB JieT 06/1arogapsl OTKPBITHIO NPOLEeCcca HeHTPHHHBIX OCLHJISIIINH,
B XOJie KOTOPOro HEHTPHUHO OAHOro copra (Hampumep, 3JeKTPOHHBIE),
MOXKHO CKa3aTb, MpeBpallaloTcs B APyTHE COPTa — MIOOHHbBIE W Tay-Hef-
TPUHO (MOApPOGHEE O HEHTPUHHBIX OCHM/IALMAX CM. pasaen 1.2 «Peakunn
B CoJnue. Helirpuno»).

ConHe4YHble HEMTPUHO OblNM 3aperncTpmnpoBaHbl B 1968 T.

Ycnex perucTpaldy COJHEUHBIX HEHTPUHO M IOSIBJEHHE HHTE-
pecHellIel 3arafku UX Ae(UIHUTA CTHMYJUPOBAIN CO3JaHUE HECKOJbKHX
YCTAHOBOK /Il PErHCTPallMM 3THX vacTHL. OCHOBHBIM LIHKJOM peak-
uuil cuntesa reaus B CoJHIE sBJsSETCS NMPOTOH-NIPOTOHHAS LENOYKa
(pp-1HMK), coCTOAMIAsT U3 HECKOJbKUX PEaKini, HEKOTOPbIE U3 KOTOPBIX
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HIYT C UCIYCKAHHEM HeHTpHHO. DKcrnepuMeHT [3Buca Oblil UyBCTBUTEJ/EH
B IIEPBYIO Ouepelb K HEUTPUHO C CAMOH BBICOKOH 3HEPruedl — HEeCKOJbKO
METrasieKTPOHBOJDLT (TaK HA3biBaeMbIM GOpHBIM, cM. pasaen 1.2 «Peakiun
B Coutie. Hefitpuno»). HoBble 5KCIEPUMEHTBI UYBCTBUTENbHB U K HEF-
TPUHO MEHBIIMX 3Hepruil, omHako juib B 2014 r. Ha ycraHoBke Borexino
(«BopexcnHO») GblM 3aperuCTPHPOBAHBI COJHEUHbIE HEHTPHHO C CAMBIMH
HM3KHMH 3HEPrHsIMH, BO3HHKAWOLIME B CaMOH MepBOH PeaKIMH pp-LHKIa —
B3aHMOAEHCTBUH JIBYX NMPOTOHOB.

CyuwiecTByeT HECKO/IbKO MEeTO40B perncrpaynm
actpocdmnsnyeckmnx HemTpmHo. OCHOBHbIMIU ABNAKOTCS
pagnoxXmMmMmnyecknin, CLMHTUNNALNOHHDbIN, YePEHKOBCKUA,
a Takxe apdekT AckapbsiHa.

Borexino — moja3eMHbIH 1eTEKTOP, PACHON0KEHHBIH B HALMOHA/b-
Ho#t stabopatopuu ['pan-Cacco B Uranuu. Ero pa6ounii 06beM 3anoJjiHeH
JKHUAKUM OpPTaHUUECKUM CUHUHTHJISTOPOM. DJNEKTPOHHbIE HEHTPHHO YIPYTO
pacceuBalOTCs Ha 3JeKTPOHAX, MepenaBasi UM YacTb 3HEPTHH, a JABHKEHHE
3/JIeKTPOHOB B CIMHTHJ/ISITOPE MPUBOIUT K HU3JyUeHHIO (DOTOHOB, KOTOpPbIE
MOXKHO 3aperucTpupoBaTb. BaaumoneiicTBue aHTHHEHTPUHO C NMPOTOHAMH
B paX MOXKeT NPUBECTH K oOpaTHOMY OeTa-pacnany H pOKIEHHIO MO3H-
TPOHA, KOTOPBbIH TaK»kKe PerncTpUpyeTcsl CUMHTHAISIIHOHHBIM JETEKTOPOM.
EcTb n npyrue cnoco6bl perucTpaluuy GbICTPO ABHIKYLIUXCS 3apsKEHHBIX
YaCTHIL, KOTOPble NPUMEHSIOTCSI B pPa3/JHUHbIX HEHTPHHHBIX AeTeKTOpax.

B nerekrope Super-Kamiokande pa6ounm Tesom siBasieTcst Boja,
3aloJ/HAI0las OIPOMHYIO LUCTepHY. PaccenBasich Ha 3/eKTPOHAX, HEHTPHHO
nepefaeT UM SHEPTHIO, a 3JIEKTPOHBI, IBHrasch ObICTpee CKOPOCTH CBeTa
B BOJIe, HCIYCKAIOT YEPEHKOBCKOE H3/yUeHHEe, KOTOPOe PerucTpHupyeTcs
(DOTOYMHOXKHTENSIMH, MOKPBIBAIOIIUMH CTEHKH LHUCTepHBI. [lo uepeHKoB-
ckoMy uaayueHuto Super-Kamiokande moxeTr perucTpupoBaTb U MIOOHHI,
MOPOK/IEHHbIE B3aUMOJEHCTBHEM MIOOHHBIX HEHTPHHO C BEILIECTBOM 3eMJn
(kcTaTH, 3a OTKpPbITHE MIOOHHBIX HEHTPHHO B CBOE BpeMs TakxkKe Oblia
npucyxaeHa HobGesneBckast npemust). DTO BaXKHO, HAPUMeEp, IJsI Peru-
CTPallMH TaK Ha3blBaeMbIX aTMOC(EPHBIX HEHTPHHO, BO3HUKAIOIIHUX NPH
B3aUMOJCHCTBUH UYACTHUI KOCMHUECKHX Jyuel ¢ Hallle BO3AYIIHOH 060-
JIOUKOH, U U3YUEHHS] HEUTPHUHHBIX OCUHUJ/IISALHHA.

Super-Kamiokande MoxeT ycTaHOBUTb W Hanpas/eHHe MPHXOAa
HEHTPHUHO, YTO JaeT BO3MOXKHOCTb TOUHO OMNpeJeNUThb, UTO HX HCTOY-
HuK — CouHile (MCTOYHHKOM MOT Gbl GBITb W KAaKOH-TO APYro# 00'bekrT,
HalpuMep BCIIbIIKA CBEPXHOBOH B Hawlel ['asmakTHke WM KaKHe-TO Ipyrue
HCTOYHHUKH).

[TpaBna, noka enuHcTBeHHBIM (KpoMe COJIHIA) 3aperucTpu-
pPOBaHHBIM aCcTPO(PHU3HUECKHM HCTOYHHKOM HEHTPHHO cTaja CBEpPXHOBas
SN 1987A, Benbixnyswast B 1987 r. B Bosbiiom Maresnnanosom O6.1ake.
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Hecko/abko HEHTPUHO OT 3TOro COOBLITHS ObLIM 3aperucTPHPOBAHbI C TTOMO-
mblo yeranook Kamiokande II («Kamuokanme II», npentmectBeHHHK Super-
Kamiokande), npyroro BogHoro yepeHkockoro gerekropa IMB (Irvine
Michigan Brookhaven, CIIIA) u nerektropa SAGE (Soviet-American
Gallium Experiment, COBeTCKO-aMePUKAHCKHHA SKCIEPHUMEHT C rajlJIneM)
Bakcanckoii HedTpunHo# o6cepBatopun Ha CeBepHom KaBkase (takxke
Ha HECKOJIbKO 4acOB paHblie cpaboTaj CUHHTH/ISLMOHHBIA AETEKTOpP MOJ
MoH6/aHOM, OJHAKO A0 CHX MOP MPOAOJIKAIOTCS TUCKYCCHH O MPHUPOIE
5TOTO «JHIIHET0» HEHTPUHHOrO BCILIECKA).

B 1987 r. 6b1nn 3aperncTpmpoBaHbl HEMTPUHO OT BCMbILLKNA
cBepxHoBol B bonbwom MarennaHosom Obnake.

BakcaHCKHil 1eTeKTop, KaK U 3KCrepuMeHT [I9BHCa, HCIOMb3yeT
pajMOXUMHUECKHI METOJl PerucTpalid HEHTPUHO, HO PAGOYNUM BJeMeH-
TOM siBJsieTcsi He xJop, a raaiuid (7'Ga). BsanmomeiicTByss ¢ HeHTPHHO,
rajsuid-71 mpeBpaiiaercst B paiHoakTHBHBIH repmanuii-71 (7'Ge), stoT
METOJ 03BOJISIET PETHCTPUPOBATH HEHTPHHO GOJiee HU3KHX IHEPTHH, ueM
B 9KCIIEPUMEHTAaX C XJOpoM. ['epMaHHi MOXHO BHIIENHTb U3 paboyero
TeJa XUMHYECKHMH METOIAMH, W €r0 pachaj Mo3BOJsIeT TOUHO H3MEPHTh
KOJIMYECTBO ATOMOB, CHHTE3HPOBAHHBIX B PEAKIUSAX C HEHTPHHO.

HeliTpuHo c/a6o B3aMMOAEHCTBYIOT C BEHIECTBOM, MO3TOMY IS
MX PEruCTpPalUd HYXKHBI I€TEKTOPbl GOJbIINX Pa3MePOB, OCOOEHHO eCJH
peub HIeT O PEeruCTPali HEHTPHHO BHICOKHX SHEPTHH (TAaKHWX YACTHIL MaJo).
CaMbIM MepCleKTHBHBIM MOAX0A0M CUHTAETCsl HCIIOJIb30BaHHEe YePEHKOBCKHX
JIETEKTOPOB C PaGOUMM TeJOM B BHE €CTECTBEHHOTO 00'beMa BOABL B pam-
KaX 3TOTO MOAXO0/a, MPeyCMaTPHBAIOIIEro CO3MaHHe NEeTEKTOpa 06heMOM
1 kM’, pa3BUBAIOTCS TPH HAMPABJIEHHUS: MOPCKHE JETEKTOPHI, TPECHOBOMHBIE
JIETEKTOPH U JIETEKTOPbl B AHTAPKTHUECKOM JIE[SHOM IIHTE.

na perncrpaynm HEMTPNHO BbICOKNX 3HEPrnii
CO3[al0TCA r’MraHTCKne BoAaHble YepeHKOBCKMe
DeTeKTopbl.

[IpecHOBOAHBIH AeTeKTOp peanusyercs B o3epe bBarikasa: Ha MHO-
JKECTBE TPOCOB, OMYCKAEMBIX B BOIY, PACHOJ/AralTcs ONTHUECKHE MOLYJH
¢ (DOTOYMHOXKHTEJSIMH, KOTOPble PerHCTPUPYIOT BCIBIIIKH Y€PEHKOBCKOI0
U3JYyUYEHHUs] 3apSKEHHBIX YaCTHIl. DTOT MPUHIHUI PEerucTpanuy aHa/loru-
YeH [PYTUM BOAHBIM Y€PEHKOBCKHUM HeTeKTopaM (TakKuM, HAmpUMep, Kak
Super-Kamiokande). [TpenmyiiecTBOM 03€pHO# NPECHOH BOIbI SIBJSETCS
HHU3KHH CBETOBOH (hOH M3-3a HeGOJbLIOr0 KOJHUYeCTBA MHKPOOPTaHHU3MOB
(6HOMIOMHHHCIIEHIIHST) H PAJHOAKTHBHOCTH PACTBOPEHHBIX COJIEH, a TaKkKe
Gosiee croKoiHass 00CTaHOBKA (OTCYTCTBHE CHJBHOTO BOJHEHHs). Tem
He MeHee YCTAHOBKH MOXXHO CTPOHUTb M B MOpPSIX: €BpOIelCKHEe yueHble
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pa3BHUBAIOT HECKOJbKO IMPOEKTOB, 11e/IbI0 KOTOPBIX SBJSETCS CO3JaHHe
KHJOMETPOBOro JeTeKTopa B Bogax Cpein3eMHOro MOpSi.

B Hacrosiiee BpeMsi KpyNMHEHIIHH HEHTPUHHBIH NeTEKTOp —
IceCube («JlemoBuiii kKy6»), paGoratouii B Aurtapkruge. OH sBjsieTCs
pasutnem nmpoekta AMANDA (Antarctic Muon And Neutrino Detector
Array, AHTapKTHUECKHH MACCHB MIOOHHBIX M HEHTPHHHBIX IE€TEKTOPOB),
U ero o6beM cocTaBJjseT NMpUMepHO Kybuueckuit xkuaomerp. B 2013 r.
Obl10 00bSAB/JAEHO O TEePBOH PETHCTPAllMH HECKOJbKHX NeCSATKOB COObI-
THH, U, HECMOTPS Ha TO 4To ycTaHoBka IceCube mo3BoJsieT onpenessiTh
HamnpapJ/eHHs1 PUXoJa 3aperHCTPUPOBAHHBIX HEHTPHHO, TIPOHCXOKIEHHE
3THX YaCTHIL OCTAETCs HESICHBIM.

KpynHenwwunn HenTpuHHbIA geTekTop IlceCube
3aperncTpmpoBan HECKOJIbKO [ECATKOB COObITMIA,
CBSI3aHHbIX C HEMTPUHO BbICOKUX SHEPIUA.
MpoucxoxgeHme aTnx YacTul, OCTaeTcs 3aragkon.

[TpuHuun pa6otsl IceCube aHanoruueH BOAHBIM YepPEHKOB-
CKHUM feTekTopaM. HeHTpHHO B3aUMOAEHCTBYIOT C MOJEKYJaMH BOIBI,
UTO MPHUBOJHUT K MOSIBJEHHIO 3apSIKEHHBIX YACTHIL (3/JE€KTPOHOB, MIOOHOB
HJIH Tay-JeNTOHOB), ABHKYIIMXCS C BHICOKOH CKOPOCTBIO M HCIyCKalO-
IIHX YePEHKOBCKOE H3jyueHHe (MIOOHBI MOTYT MOPOKIATHCS HEHTPUHO
U He B BOJe, a MPHU B3aUMOAEHCTBHUU YacTHI ¢ 3eMJeill, HO OHH TOXe
OyayT 3apeructpupoBanbl). s paGoThl YCTAHOBKH CYIIECTBEHHO, UTO
NPHU BBICOKOM JaBJEHHH, TOCTUTaeMOM Ha TJyOHHe 6oJjee KUIoOMeTpa, Jej
JOCTaTOYHO Npo3paueH Al cBeta. CeTb (POTOYMHOXKHUTE/EH, pa3MelleHHbIX
Ha KabeJsiX, OMycKaeTcs B CKBaXKMHBI BO JIbAY Ha IMyGHHY 10 2,5 KM.
LlerexkTop coctouT U3 86 Takux kabesei, Ha KaxXIOM H3 KOTOPBIX pas-
MeleHo 1o 60 onTHuecKUX MoayJ/eld ¢ (POTOYMHOXKHUTENSMH, PACCTOSHHE
Mexc 1y KabeassMH cocTaBJjsieT 125 M, B pe3y/abTaTe NPOCMaTPUBAETCS
00beM Topsiika KyOHUecKoro KMJaoMeTpa.

CymecTtByeT Moan(HKalKsg BOAHOTO Y€PEHKOBCKOTO TETEKTO-
pa, 4yBCTBUTeJbHAss K HEHTpUHO Bcex THNOB. Ob6cepBatopus Sudbury
B Kanane ncnosbsyer nerekrtop, comepxkamui okoso 1000 T Tskesoit
Boabl D,O (cToMMOCTb BOIBI COCTABU/IA OKOJIO TPETH MHJLIMAPAA KaHAACKHX
[0J11apOB). DTa yCTAHOBKA MOMOT/A HE TOJBKO OKOHUATEJbHO PEIIHTh
npob/aeMy nedUUHUTa COJMHEUHBIX HEHTPHHO, HO U BHeC/a KJAUeBOH BKJAJ
B M3YUEeHHE HEHTPHHHBIX OCLMJJISALHHA.

Hakower, cyiecTByer elie OIUH COCO6 PerucTpalnud HeHTPUHO
BLICOKHX 3HEpPruil, OCHOBaHHLIH Ha 3(deKxTe AcKapbsiHa, MpPeN0KEHHOM
B 1962 r. u npoBepeHHoM B camoM KoHIle XX B. B YCKOPUTEJNbHBIX 3KC-
nepumenTax. HelTpHHO, pacpoCcTpaHsisiCh ¢ BLICOKOH CKOPOCTBIO B Cpeje,
MOPOAKIAIOT KacKal YacTHIl, KOTOPble CTAHOBSITCS HCTOUHHKAMH H3JYyUeHHs],
nog06HOr0 YepeHKOBCKOMY. ToJbKO B caydyae HEHTPUHO H, CKaxeM, Jbja
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B KauecTBe Cpeibl PAaCHpOCTPAHEHHUS] HCIYCKAIOTCS B OCHOBHOM pajHo-
BOJIHBL. Ha 3TOM NpHHLHIE OCHOBAHO HECKOJbKO YCTAHOBOK IO MOHUCKY
nedrpuno. Aurennnl nerekropa RICE (Radio Ice Cherenkov Experiment,
YepeHKOBCKUH JIEMOBBIH PaJHO3KCIEPUMEHT) ObIJIH YCTAHOBJIEHBI HA[
ycranoBko# AMANDA, nianupyeTcsi ycTaHOBKA HOBBIX aHTEHH Ha JeTeK-
tope IceCube. A B cayuae merektopa ANITA (Antarctic Impulsive
Transient Antenna, AHTapKTHUECKast UMIYJIbCHAsI AaHTEHHA) AHTEHHBI
OblIK pacllooKeHbl Ha aspocTare, JgeTaBlieM Hal AHTapKTHKOH. Takue
JIETEKTOPbl YYBCTBUTENbHB K HEHTPHHO CAMbBIX BHICOKHX SHEPTHil (Bbilie
10'°3B), ogHako MoKa OHH He 3apPErHCTPUPOBAJIU HH OJHOTO COOBITHS.

HeiliTpyHHBIE YCTAHOBKH MO3BOJIM/AN PELIUTh HECKOJbKO 3a1ay
B acTpousuke U (pyHAaAMEHTAJIbHOH (DPU3HMKe, a TaKXkKe MOCTABHJIH HOBBIE.
Bo-nepBbiX, Gjarogapsi perucTpaluu COJHEUHBIX HEHTPHUHO OblIO MOJ-
TBEPKIEHO, UTO HCTOUHHKOM 3Hepruu CoJHLA SBJSIOTCS UMEHHO Tep-
MosiiepHble peakuuu. Bojee Toro, nocse peueHus nNpo6/eMbl COJMHEUHBIX
HEHTPHHO MyTeM OOHAPYKEHHS CYIIECTBOBAHUSI HEHTPUHHBIX OCUMJ/ISIHN
(c mOMOIIbIO TeX Ke HEUTPHUHHBIX TETEKTOPOB) H MOC/E PErucTpaluu
HEHTPUHO OT PP-PEaKIUH Mbl HMEEM BO3MOXKHOCTH HAMpPSIMYI0 H3ydaTh
TeMIT pa3JUuHBIX peakiuil B HenpaxX CouHia. Bo-BTophiX, perucrpanus
HeldTpuHO OT cBepxHOBOH SN 1987A moarBepausa mojenb KoJJarca
sipa [/ 00'bSICHEHHUS] 3TOTO SIBJEHUS. B-TpeTbUX, Ternepb Mbl 3HAaeM, YTO
CYILIECTBYIOT KOCMHUECKHE HEHTPHHO CBEPXBBICOKHX HEprui (XoTs moka
He 3HAeM, UTO XKe SBJAETCS UX HCTOUHHKAMH).

13.8
[eTeKTopbl KOCMWNYECKUNX Ny4Yen

KocMHueckye Jyyd — 3TO MOTOKH 4acTHIL (3JeKTPOHOB, MPO-
TOHOB U 00Jjiee TSKEJBbIX ep, a TaKKe HX aHTHYAaCTHIL), PacpOCTpaHs-
IOIUXCA B KOCMHYECKOM mpocTpaHcTBe. OObIUHO K KOCMHUECKHM JydyaM
He OTHOCAT YACTHLBl COJTHEUHOrO MPOUCXOKAEHHUS, HEUTPHHO U (POTOHBI
BBICOKHMX 3Heprui. YacTuupl ¢ sHeprusaMu a0 npumepro 10'® 3B, Bepo-
ATHEE BCEro, YCKOPAITCH B OCTATKaX CBEPXHOBBIX Hamled [ajakTHKH,
a yacTHIbl GoJiee BBICOKHX SHEPrHH (3T0 yKe HCKIIUHTENbHO MPOTOHHI,
JIPYTHe siipa ¥ MX aHTHIAPTHEDBI) HE MOTYT JO0JIOe BpeMs YAePKHBAThCS
MarHUTHBIM moJieM [a/JaKTHKH, a MOTOMY AOJKHBI HMETb MO GOJbIIeH
YacTH BHEraJakTHUYeCKOe MPOUCXOKIEHHE.

[ToTOK KOCMHYECKHX JyUell JOBOJbHO BeJIUK (OHH [Ja)Ke HTPaloT
BaXKHYIO POJIb B AHHAMHKE MEXK3BE3IHOH Cpeldbl ¥ B IPOHCXOMKAEHUH
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HEKOTOPBIX JIETKHX 3JEMEHTOB), OJHAKO C POCTOM 3HEPrHH KOJHUECTBO
qacTul O6bICTPO yMeHblaeTcsl. Ecan HA OTHOCHTENbHO HH3KHX 3HEPrHsX
NOopsiIKa HECKOJIbKUX THra3/JeKTPOHBOJILT KocMUuecKuil netekrop AMS-02
(Alpha Magnetic Spectrometer, MarHuTHbI# a/jba-CIeKTPOMETp), YCTaHOB-
JIEeHHBIH Ha 60pTy MexIyHapoaHOH KOCMHUECKOH CTaHIWH, PETHCTPHPYET
[0 MHJJIHAPAY YaCTHIl B MECSIL, TO YaCTHIBl CAMBIX BBICOKHX 3HEPrHH
pPEruCTPUPYIOTCS €AMHHUIIAMH B TOJ Ha MJOLAAH B COTHIO KBaJApPaTHBHIX
kusoMeTpoB. [IpaBia, W 3HePrun y TaKUX 4acCTHI[ TMFaHTCKHE, B COTHH
MHUJ/JIHOHOB Pa3 NMpPeBOCXO/sIINe JOCTUTHYThle Ha BoJsblioM agpoHHOM
KoJsaiiepe (3TO yKe BIOJHE MAKPOCKOMHUECKHE BEJIHUYHHBI — TAKYH0
SHEPTHI0 UMEET JICTAIUMA TeHHUCHDBIH MfAY, MYLICHHbIA MPpo(eCcCuOHaIbHbBIM
cropremerom!). TTo9TOMY YaCTHIIB ¢ SHEPTHAMH 10 COTEH IMTa’JeKTPOH-
BOJIbT (HHOT/IA laXKe [I0 [ECSATKOB TEPas/eKTPOHBOJDBT) MOXKHO H3ydaTh
HeInoCcpeJCTBEHHO C MOMOILIbI0 KOCMHUYECKHX aNnapaToB HJIH B Oa/JJOHHBIX
9KCIepuMeHTax (T.e. ¢ MOMOIIbI0 NPUOOPOB, YCTAHOBJEHHBIX Ha GOPTY
A9pPOCTATOB), a HA OOJDBIINX SHEPrUsX PAGOTAIT JIUIIb KOCBEHHbIE METO/IbI
Ha3eMHOH perucTpaluy BTOPUYHBIX YACTHIL U U3JMyueHHs. MHOrHe MeTo/bl
perucTpaniy KOCMHUUECKHUX Jyuel pPOACTBEHHBl MPUMEHsIeMbIM JJIsT UCCJle-
JIOBaHHUsI raMMma-Jjyuden.

Kocmunueckne nyym — NOTOKW 3apsA>XeHHbIX YacTunL,
B OCHOBHOM NMPOTOHOB.

Jl1s1 perucTpauun pasJHyHbIX XapaKTePHUCTHK KOCMHUECKHX
Jaydyed (Heprusi, HalmpapJ/eHHe, 3apsij, Macca) MCIOJAb3YIOT Pas/IHyHble
METO/Ibl, MHOT'HE M3 KOTOPHIX OBbLJIH H3HAYa/JbHO OMPOOOBAHH B (hH3HKE
sjeMeHTapHbIX yacTul. CoOCTBEHHO, M3HAYA/JMbHO HMEHHO HCCJ/EI0BAHUS
KOCMHUECKHX J1yuell OblIM OCHOBHBIM CIIOCOGOM H3yUYeHHs 3J€MEeHTapHbIX
4acTUll (M NO3UTPOHBI, U MIOOHBI OB OTKPBITH HMEHHO B pe3yabTaTe
TaKUX HAGJIIONEHUH).

MakcumanbHas sHeprmua 3aperncTpmpoBaHHbIX YacTuL,
npesbiwaeT 102° 3B.

[TepBuunble (KOCMHUECKHE) 3apsKEHHblE YaCTHIB TTPAKTHYECKH
He JOCTUTaloT MOBEPXHOCTH 3eMJ/IH, TIO3TOMY /ISl UX MPSIMOH PerucTpaluu
Heo6X0IMMO MOAHSITh NMPHOOPHl HA/l MJIOTHBIMH CA0sSIMH aTMoc(hepbl. MimeHHO
TaK, 0 UTOraM HaGJAeHHH ¢ Bo3aywHoro mapa, Bukrop Tecce (Victor
Hess) u otxpbin B 1912 r. KocMHYeCKHE JYUYH, 3aMETHUB, UTO 10 Mepe
noJ’beMa TMOTOK YaCTHIl BO3pacTaer.

Kocmuueckne (i Gasi/IOHHBIE) SKCIIEPUMEHTHl MMEIOT CYILECTBEH-
Hble OTPAaHUYEHHs 10 MaccaM M pa3Mepam, 3aTO OHU MO3BOJSIOT ONpeje-
JSITh TIapaMeTpbl YacTHIL HATIPSIMYI0 HEMOCPEeACTBEHHO B aeTekTope. [lis
U3MEpPEeHHsT SHEPTHH YaCTHI[ OOBIYHO HCHOJAB3YIOT CUMHTH/ISITOPBL: YacTHIA
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TOIVIOLIAETCS CJI0EM BELIECTBA, a BCS €€ SHEPrusl NepPexoIUuT B ONTHUYECKYIO
BCHBILIKY, PETHCTPHPYEMYIO (DOTOAETEKTOPOM.

YacTuubl ¢c aHepruein go 10'4 aB nccnepyiot n3 kocmoca.

[lnst u3MepeHus 3apsiia U Macchl Jy4lle yCTaHaB/AUBATb MOCTOSIH-
Hble MarHUTHI, KaK 3TO caenaHo B sxcrnepuMmertax PAMELA (Payload for
Antimatter Matter Exploration and Light-nuclei Astrophysics, Harpyska
[0 HCCJIE[IOBAHUI0 AHTHBEIIECTBA H aCTPO(DHU3HKU JIETKUX siep) Ha GOPTY
cnytHuka «Pecypc-IK» u AMS-02 na MKC. 3apsiKeHHble YaCTHIIbI
OTKJIOHSIIOTCSI MATHUTHBIM TTOJIEM: T0JI0XKHTE/JNbHO 3apsixKeHHble — B OAHY
CTOPOHY, OTPHUIATENbHO 3apsiKeHHble — B APYTyl0, KpUBH3HA TpeKa
(TpaeKTOpHH) TPH 3TOM 3aBHCHT OT MACChl YaCTHIbI H BEJIHYHHBI 3apsifia.

N3mepeHunsa no3BonsaIoT onpeaennTb aHEPruio, 3apag,
1 Maccy YacTuLbl, @ TaK)Xe HanpaB/ieHue OBUXEeHNS.

[l1s ompenesieHuss HAMpaBJAeHHUS ABHKEHHSI YaCTUIl padpaboTaHO
MHOXKECTBO METOA0B. B KOCMHUECKHX 3KCIIePHUMEHTaX HCIOJIb3YIOTCS
JIETEKTOPBI, COCTOSIIIIHE K3 GOJBIIOT0 KOJIHUECTBA CJI0EB (PeleToK), pearu-
PYIOILIMX HA TPOJET YaCTHIBI JeMEHTOB. 3Hasi, KaKHe 3JeMeHThl cpaboTa/au
U B KaKOM IMOPSIIKE, MOXKHO BOCCTAHOBHUTH TPAEKTOPHIO JBH2KEHHUS] YACTHIBL.

YacTuilbl BBICOKHX SHEPTHi JOCTATOUHO PEIKH, W /s UX pPEeru-
cTpaluu noTpeboBaNuch Obl CAUIIKOM OOJbIINE KOCMUUECKHE ammapathl.
[ToaToMy UX perucTpupyioT HHaue: paGOUuM TeJIOM AETEKTOpPa B STOM CJaydae
sBJIsIeTCsl aTMocdepa 3eMJIH.

[Tpu nomagaHWK BBICOKO3HEPTHYHOrO MPOTOHA (MK GoJjiee TsKe-
JIOTO siipa) BO3HHKAET KACKAJ YaCTHI, KOTOPbIH HA3BIBAIOT WUPOKUM
ammocgeproin ausHen. Biaertas B atmocdepy, NPOTOH CTAJKHBAETCS
C MOJIeKyJaMH Ta30B, B pe3yJbTaTe UX B3aUMOJAEHCTBHUS B MEPBYIO Oue-
pelb poXIaroTcs HeHTpaJdbHble MHUOHBI — TaK Ha3biBaeMble MH-ME30HbI
(taxke poxaarorcs K-Me30Hb — KaOHBI, KOTOpble OBICTPO pacragaioTcs
Ha nmuonbl). OHU pacmagaioTcsi, gaBast poxkaeHHe (OTOHAM BBHICOKHX HEP-
I'UH, KOTOPBIE, B CBOIO OUepe/ib, POKIAIOT 3JAEKTPOH-MO3UTPOHHbIE TAPHI.
DJIeKTPOHBI U MTO3UTPOHBI, B3AUMOJEHCTBYS C 3aPS2KEHHBIMH YaCTHIIAMH,
UCIYCKAIOT (POTOHBI BBICOKUX 3HEPTHH, KPOME TOrO, UAET MPOLEecC HOHHU3a-
[[U1 aTOMOB, UTO MOCTABJSIET NOMOJHUTENbHbIE 3/J1€KTPOHBL. B pesynbrate
BCeX 3THUX MPOIECCOB BO3HUKAET TaK HA3bIBAEMbIH 3JEKTPOMArHUTHBIN
Kackaf, ero (DOTOHHYI0 COCTABJSIONIYI0O MOXHO Ha0J/101aTh C MOMOIIbIO
Ha3eMHBIX JETEKTOPOB.

[letrekTopamMu U3JydyeHHs] MOTYT OGbITh Kak (hOKyCcHpYIOIIHE 3ep-
KaJjia, TaK ¥ MpoCcTO (POTOYMHOKHUTENU. KpoMe MpsMOro 4epeHKOBCKOTO
U3JyUeHHs] KacKaja CyIleCcTByeT «BO3AyIIHast (PJayopecleHIUus», XOTs
TouHee OblIO Obl HA3BIBATH 3TO JIOMHHECIHEHIHEH. DTO SIBJEHHE COCTOUT
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B TOM, UTO YAaCTHIIbI BOSGY}KZ[EI}OT MOJIEKYJ/Ibl a30Ta, KOTOPbI€ BbICBEUHBAIOT
SHEPruro BOSﬁyx(ILeHPIH, 9TO M3JAYUYEHHE TaKKe PErucTpUupyeTcsd Ha3eMHbIMHU
YCTaHOBKaMH U NMO3BOJAAECT H3yUaTb YaCTHIbI CaMbIX BbICOKHX aﬂepmﬁ.

HasemHble Ha6mo,qu|/|$| CBOOATCA K permcrpaumm
BTOPWMYHbIX HaCTUL N N3ny4yeHnA.

B pesy/braTe CTONKHOBEHHS YaCTHIL BLICOKOH 3HEPrHH ¢ aTMOC-
(hepHBIMH UAaCTHLAMH TaKkKe POKIAAIOTCS 3apsiKeHHbIE MHOHBI, KOTOPbIE
B OCHOBHOM pAacCMajfialoTcsi Ha MIOOHBl H HEHTPHUHO, NOCTHTAIOLIHE MTOBEPX-
HOCTH 3eMJ/d. [leTeKTHPOBaHHE BTOPHUHBIX MIOOHOB C TOMOIIbIO CIIHHTHJI-
JISIMUOHHBIX MM BOAHBIX UEPEHKOBCKHX JETEKTOPOB YACTO HCHOJb3YETCS
IJs1 UCCJIeIOBAaHHUS KOCMHUECKHX Jy4eH.

Bosee sk3oTHueckuil crnoco6, NOKa He MOJNYyUYHBLUIMH LIHPOKOTO
pacnpocTpaHeHHusi, COCTOUT B PErHCTPALUH PAJAHOBOJH OT LIMPOKHX aTMOC-
(epHbIX JMHBHEH. DTO HU3KOUACTOTHOE (IECSITKH Merarepil) H3JayueHHe
BO3HHKAET TPH PACMPOCTPAHEHHH SMEKTPOMATHHUTHOIO KacKaga (3/7eKTPOHOB
¥ MO3UTPOHOB) B MarHUTHOM moJjie 3emau. Ero cyimectBoBaHue Gbijo
npeacKa3aHo U MPOAEMOHCTPUPOBAHO elle B cepenune 1960-X rr., oagHako
JHULb B IOC/eJHee BpeMsl Hauya/uCh Cepbe3Hble MOMNBbITKH HCIIOAb30BaTh
3TOT METOJ B KaueCTBe CYLIeCTBEHHOIO MOMNOJHEHHUs Gojiee TPaiHLHOH-
HBIX MOAXO0M0B (HaOJIOEeHHE UEPEHKOBCKOTO H3/1yUeHHs U «BO3AYILIHOM
(ayopecueHIHHy, a TAKKe PErucTpaiis BTOPHUHBIX MIOOHOB).

[IpenmyiecTBa KOCBEHHOH PETHCTPAIIMU COCTOSAT B TOM, UTO
MOXXHO PErHCTPUPOBATH OUYEHb PENKHEe YACTHIIbI CBEPXBHICOKHX 3HEP-
ruii — po 10?! 3B. UroGbl Ha6paTh GOJBLIYIO CTATHCTHKY, HEOOXOMMMO
OXBAaTbIBaTh 110 BO3MOXKHOCTH 6OJblIYI0 IJowaab. B Hacrosiiee Bpems
HauboJsee KPYIHBIM TIPOEKTOM siBJsieTcsl o6cepBaTopusi UMeHH [1bepa Oxe
(Pierre Auger) B ApreHTHHe ¢ IJIOIIAAbIO ycTaHOBKH okojo 3000 km?.
B o6cepBaropuu Hcno/b3yeTcsl THOpUIHAs CUCTeMa PerucTpaluu: no Bcel
TEPPUTOPHHU pacrooxkeHo okosao 1600 yepeHKOBCKHX BOAHBIX JETEKTOPOB
JJ1s1 pErMCTpalluy MIOOHOB, M BCIO 3Ty ILIOLIAAb OCMAaTpPUBAIOT 24 Teseckona,
CTPYNIIMPOBaHHbIE B YeTbipe HabJ/0aTe/IbHble CTAHLMU U PErucTpUpYIOLHe
YepEeHKOBCKOE H3JyUeHHe U aTMOC(epHYyIo (yopeclieHLHIO.

WmenHo 6naropapst o6cepBaTopun Oxe yaaaoch MOJMYUHTb 10CTa-
TOUHO GOJIbIIYI0 CTATHCTHKY YacCTHIl ¢ Heprusmu Boie 10! 3B, urolel
NOATBEPAUTh UX BHErajakTHUecKoe MpoucxoxkaeHue. OMHAKO HCTOUHHK
9THX YaCTHI[ IO CHX TIOpP OCTAETCS] HESICHBIM, XOTSI PaCCMaTPHBAIOTCS BO3-
MOXKHOCTH YCKOPEHHSI YACTHI] B KOCMHUYECKHX I'dMMa-BCI/IECKAaX, aKTHBHBIX
spax TrajJakTHK M B YAAPHBIX BOJHAX B CKOIJIEHHSIX FaNaKTHK.

OpnHo#t U3 npobaeM onpene/eHus: IPUPOIbl ATHX KKOCMHUYECKHX
yCKOpHTeJ/IeH» SIBASETCS HEBO3MOXKHOCTb y3HATh TOUHOE HalpaBJeHHE
Ha UCTOUYHHK. DTO CBSI3aHO HE CO CJAOKHOCTSAMH AE€TEKTHUPOBAHHUS UACTHIL,
a ¢ 0co6EHHOCTSIMH MX PacHpoCTpaHeHHs. [leso B TOM, UTO 3apsKeHHble
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YACTHIBl UCIBITHIBAIOT BJHMSIHUE CO CTOPOHBI MATHUTHOTO MOJsI, U Tpa-
€KTOPHH YacTHL ¢ 3HeprusaMu 1o 10'°-10'7 5B okasbiBawoTCs CHABHO
3aMyTaHHBIMH YK€ TajaKTHUeCKHMMH MATHHTHBIMH TMOJSIMH ([O3TOMY OHH
MPOBOJISIT J0JTOe BpeMsl BHYTpH Haiied [ajnaktukun). [Ipu GOJIbIIHX 3HEp-
THSX YaCTHIBI JUIIb €/1a60 OTKJIOHSIOTCS moJseM [ajakTHKH, HO, pacrpo-
CTpaHsiiCb B Te€YeHHE MHJ/IIMOHOB HJ/H JaXx@<€ MHJJIMAPLOB JeT B Mexkra-
JJAKTHYECKOH cpejle, HUCMBITBIBAIOT OTKJOHSIOLIEe BO3AeHCTBHE c/1a0blX
MeXrajakTHUeCKHX IMoJeld. B uTore 3aperucTpupoBaHHOe HallpaBJeHHE
MOXKET OTJHUATbCSl OT UCXOAHOT'O0 Ha HECKOJbKO IPaayCcoB, YTO HCKJ/I0OYAET
TOUHYIO JIOKAJMU3AIIHIO.

O6cepBatopusa Oxxe — KpynHenwas coBpeMeHHas
yCTaHOBKaA A1 U3y4eHNss KOCMUNYECKUNX NyYen.

[pyro# npo6aeMoil H3yUeHHs] YaCTHUL CAMbIX BBICOKMX SHEpPrUH
SIBJISIETCS HEBO3MOXKHOCTb TOUHOTO H3MEPEHHs] SHEPTHH U ompenese-
HHUSl IPUPOABI YacTUlbl. Perucrpanus mHpoKoro arMoc(epHoOro JUBHS
He MO03BOJISIET HA/IEKHO OTPeeNUTh, Obl1 JH OH BbI3BAaH MPOTOHOM, SAPOM
resiusi, KUCJAOpPOAa MM Jaxe »xkeqe3a. OnpejeseHHe 3HePrUH OCHOBLIBA-
eTcsl Ha MCMOJb30BAHHH KOMIIBIOTEPHBIX MOJeJ/eH, KOTOopble MO3BOJSIOT
CBSI3aTb CBOHCTBA JETEKTHPYEMbIX BTOPHUYHBIX YACTHL H/IH H3J1YyUEHHS
C dHepruell MaTEepPUHCKOH YaCTHIBI, HO TOYHOCTb 3TOTO HE OUEHb BeJHKa
(oco6eHHO TpH HaGJIIOAEHHH «BO3AYIIHOH (hayopecueHun»). [Toaromy
JJIs1 U3yUYeHHs] CTaparoTcsl OAHOBPEMEHHO HCIOJb30BaTh pasHble MeTO/bl
(omTHKa, perucrpalys MIOOHOB, PalHOBOJIHbIL).

YacTtuubl ¢ aHeprueii Bbiwe 10'-10'7 3B B 0CHOBHOM
MMEIOT BHeranakTnyeckoe NponcxoXpeHue.

B acrpousnke KOCMHUECKHX Jydell CylIecTBYeT ellle MHOTO
HepelleHHbIX npobiaeM. Kpome BONPOCOB MPOUCXOKICHHS YACTHIL CBEPX-
BBICOKHX SHEPTHH W TOUHOIO0 M3MEPEHHs] UX CBOHCTB ClOla MOXKHO OTHECTH
npobJ/eMy NPOUCXOXKAEHHS H30bITKA MO3UTPOHOB, OOHAPYKEHHOTO ycTa-
Hopkoit PAMELA, MHorue BOIpoChl, CBSI3aHHblE C YCKOPEHHEM YaCTHIL
B raJakTHYeCKMX HCTOUHHKAX, a TaKXKe IMIIOTEeTHUYECKYI0 BO3MOXKHOCTb
PErucTpalUl YaCTHIL CTPAHHOTO (KBAPKOBOr0) BEIECTBA.

[lns peuienusi nmpo6JeM MJIaHUPYETCsl CO3JaHHE HOBBIX YCTAHO-
BOK — M KOCMHYeCKHX NpoekToB (B ToM uucae Ha MKC), n HaseMHBIX
obcepBaTtopuil. KpynHoil Ha3eMHOH yCTaHOBKOH MO ONTHYECKOMY HabJlio-
JICHHIO LIHPOKHX aTMOC(EpHBIX JHUBHEH NoJKeH cTaTb npoekT Cherenkov
Telescope Array (CTA, CeTb uepeHKOBCKHX TeJ/ECKOIOB), B MEPBYIO
ouepeib NpeJHA3HAUEHHBIH /51 TaMMa-acTPOHOMHH. B pamkax artoro
NPOEKTa MJAAHUPYETCsl OCTPOUTDH ABE 00CEPBATOPHH B CEBEPHOM H I0KHOM
noJyuapusix, 4To6bl 0XBaTHTb Bce He6o0. B HacTosilee BpeMst B CEBEPHOM
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noJaymapuu, B mrare KOra, paGoraer ycranoBka Telescope Array (TA,
Certb TeqeckonoB) miomanabio 700 kM2, KOTOpasi SIBJASIETCS aHAJOrOM
o6cepBatopun Oxe. B Hell Takxke HCHOJb30BaHA THOpUHAS CHCTeMa
peructpauun: 500 HA3eMHBIX CHMHTHJISIHOHHBIX TE€TEKTOPOB U TPH
CTaHIIMHU /151 ONTHYECKUX HAOJIOeHHH YePEHKOBCKOTO M3JYyUYeHHs U «BO3-
OyWHOH ¢uyopecuenuuuny. B Poccun naanupyercs 3amyck CInyTHHKA
«'amma-400», a takxke UAYT paboTbl MO pa3BHTHIO NMpoekTa «TyHKa»
BOMM3U o3epa bBarikad.

CyLecTBYIOT MPOEKTHl PETHCTPALUU ONTHUECKOT'O0 H3JMyUeHHS
HIMPOKHX aTMoC(epHbIX JHBHEH M3 KocMoca. B 3ToM cayuae MOXHO Oynaer
MPOCMATPHUBATH KOJOCCAMbHYIO TJIOMAAb (IECATKH MPOILEHTOB MJIOIIANHN
3eMJii), 4TO MO3BOJMIIO Obl PErHCTPUPOBATD PEIKHE YACTHIIBI €Ile OOJbIIHX
9HepPruil (ecgau OHH CYIIECTBYIOT).

13.9
,D,eTeKTOpr rpaBNTalMOHHbDbIX
BOJIH

['paBUTAIIMOHHBIE BOJMHBI — 3TO PACIPOCTPAHSIONIHECS KOJeGaHus]
I'PABUTALMOHHOIO NOJS, NMpeAcKadaHHble DUHIITEHHOM B ABYX paborax
1916 u 1918 rr. I[Tockoabky o611asi TeoOpust OTHOCUTEJIBHOCTH — 3TO
reoMeTpHUeCKasi TeopHus paBUTAlMH, TO YACTO I'OBOPST, YTO I'PABUTALH-
OHHblE BOJMHBI — 3TO BOJHBI MPOCTPAHCTBA-BPEMEHH.

['paBUTAllMOHHBIE BOJMHbBI UCIYCKAIOTCS YCKOPEHHO ABUAKYIIUMHUCS
o6bekTaMu. OHAKO [/ 3TOTO MOAXOAAT HE BCE BHIbI IBH2KEHHUS: CKaXKeM,
BpAlAIOIIHMACA MAeaNbHBIH 1ap He OyaeT HCTOYHHKOM TPABHUTALIMOHHBIX
BOJIH, KaK W LMJIMHIP, BpallaloLMHCS BOKPYT CBOEH OCH, a BOT Bpallaiole-
ecst BHITSIHYTO€E TeJIO Bpojie Mstua [yisi per6u (MpH BpallleHHH BOKPYT OMHOH
M3 CBOUX KOPOTKHX OCEf) reHepHpyeT TPaBUTALMOHHBIE BOJHbL [ paBUTAIH-
OHHBIE BOJIHBl MOTYT TaKXe HU3Jy4aTbCsl U MPH My/AbCALHMOHHBIX H3MEHEHHUSIX
(opmbl Tesia (HO OHA OMATH Ke He JO/LKHA ObITh HAEAJbHO CHMMETPHUHOK).

CKOpOCTb TPaBUTALIMOHHBIX BOJH B 00LIEeH TEOPHUH OTHOCHTEb-
HOCTH paBHa CBeTOBOH. Kak W Jpyrue BOJIHBI, IpaBUTAIMOHHBIE 06JaTAI0T
YacTOTOH M [JIMHOH BOJIHBI (9TH BEJHUYHMHBI, KAK H Y JIOOBIX BOJIH, CBSI3aHbI
Mexay co6oii). Hactora BOJIH CBSI3aHA C XapAKTEPUCTHKAMH HCTOUHHKA
(HampuMep, ¢ YaCTOTOH BpAallEHUs] HJIH MYJIbCAIUH).

B acTpodusuke cyiiecTByeT HeCKOJIbKO MOTEHIHANbHBIX 10CTa-
TOUHO MOIIHBIX HCTOYHHKOB I'PAaBUTAIMOHHBIX BOJH. CaMmble NJIUHHBIE
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BOJIHBI CBSI3aHBI C MpoOLIeCCaMU B paHHe# BceseHHOi Ha cTamuu HHQJISALMH.
Mx MaxkcumaJjbHasl [IJMHA BOJIHBI 110 MOPSIIKY BEJHYHHBI COOTBETCTBYET
pasmepy BUAUMOH uacTH Bce/ieHHOH, a MHUHHMAaJ/IbHAsE YacToTa oGpaTHa
ee Bo3pacty. [lanee 3amMeTHbIH (DOH TPAaBUTAMOHHOTO H3J/YUYEHHS MOTYT
COCTaBJSITH IBOHHBIE 3Be3/bl B HalleH ['afakThke, a Tak»kKe Mapbl CBEpPX-
MAaCCHBHBIX UEPHBIX ABIP B LEHTPaxX AaJeKuX rasakTuk. CAHSHHS CBEpX-
MAaCCHBHBIX YepHBIX ABIP TOJ/KHBI MOPOXKIATH I'PABUTAIOHHO-BOJHOBbIE
BCIJIECKH, [IIHHA BOJIHBI TIPH 3TOM GyleT COCTaBJATh MPHUMEPHO OT HOJeH
(1 a.e.= 150 MJIH KM) 10 COTHH, a 4aCTOTA — OT HECKOJbKHX [0 T0JeH
MUJIJINTEPILl B 3aBUCHUMOCTH OT MacCC CJ/JAHUBAMOUIUXCsA AbIP.

CunbHbIMN aCTpO('bI/ISVI'-IeCKI/IMI/I MNCTOYHMKaMWM
rpaBMTalMOHHbIX BOJIH B NMNEPBYIO o4yepenb ABNAIOTCA
cnmnBawLwmecd 4epHblie Ablpbl N HeﬁTpOHHbIe 3Be3abl.

UepHble ObIpbl 3BE3AHBIX MACC NMPU CAUSHHH AAIOT BCIJIECKH
Ha 4yacToTe OT JeCSITKOB 0 cOoTeH repu. Yem GoJblie macca, TeM HHxKe
4acToTa, MOCKOJAbKY Y YepHBIX IbIp pa3Mep MpsMO MPOIMOPIHOHAJIEH Macce,
a 3HAUHUT, C POCTOM MacCChl PACTYT MePHOABl OOpalleHHUs MPSIMO Tepen
CJMSIHHEM M JJHHA UcnyckaeMod BoJHbIL. CJ/HBaloliuecss HEUTPOHHbIE
3BE3/bl JOJKHBl 1aBATb OCHOBHOH CHrHaJg Ha yactore okoso | xl'm.
MmeHHo moa Takue cCOOBITHSI — CJHSHHS KOMIAKTHBIX 00'b€KTOB 3BE3/-
HBIX MacC — MPOEKTHPOBA/IMCH HAa3eMHbIE JadepHble HHTEPPEpPOMETPHI
LIGO u Virgo (M IMEHHO TaKHe CHIHaJbl YAaJ0Ch YJIOBHTb B CEHTAOpe
2015 r. u mosxe). HakoHell, B3pbiBbl CBEPXHOBBIX MOTYT JaBaTh CHIHAJ
Ha 4acTOTe B HECKOJDbKO KHJOTepLl.

Perucrpauus rpaBUTallMOHHBIX BOJIH Pa3HOH AJHHBL TpeOyeT
pasublx noaxonoB. Ceiiyac pazpaboTaHO 1IeCTb METOAOB AJs HabJiofe-
HHS TPABUTALUMOHHBIX BOJIH, TPH U3 HHUX SIBJASIOTCS HEMOCPEACTBEHHBIMH,
a Tpu — KocBeHHbIMH. OHAKO, Mpexae ueM nepedTH K MeToaaM oOHapy-
JKEHHsI, HAIOMHUM, OTKY/la B3s/laCh YBEPEHHOCTb B CAMOM CYII€CTBOBAHHH
IPaBUTALHOHHBIX BOJIH.

MepBble feTekTopbl FPaBUTALVMOHHbIX BOJIH Ha4anu
ctpounTb B 1960-€ rr. 31O O6bI/I p€30HAHCHbIE aHTEHHDI.

B 1975 r. Paccean XaJgc (Russel Hulse) n dxkosed Teiaop
(Joseph Taylor) oTKpbLIH HEOOBIUHbIH PagHONyabcap, BXOSIIHA B COCTAB
JBOHHOH CHCTEMBI, COCTOSIIIENH U3 ABYX HEHTPOHHBLIX 3Be3l. [lo mepe o6pa-
IEHUST BOKPYT 0oOLIero LeHTpa Macc Takas cUcTeMa 3a CUeT M3JyueHHS
IPaBUTALIMOHHBIX BOJIH TepsieT JOBOJbHO MHOro sHepruu. [lofimath 3TH
BOJIHBI CJIOKHO, HO 3aTO MOXHO YBHIETb MOCJAEICTBHUS MX H3JYyUYECHHS:
Be/lb BOJIHBl YHOCSIT UMIYJbC U SHEPTHIO, U TIO3TOMY OPOUTANbHBIN MEPUOJ
CHUCTEeMBbI COKpalaeTcs. AHa/JAU3 pe3yJabTaToOB HAOJMIOAEHUH 3TOH CHCTEMBI
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noKasaJj, 4To ee MOBelJeHHe NpeKkpacHo onucbiBaeTcs B pamkax OTO
(3a aru paborsl Xanc u Teisop Gblin yrocToeHbl HoGeseBCKoi npeMun
no (usnKe). DTO SABJSAETCS MOATBEPKICHHEM TOTO, UTO CHCTEMA HCIYCKAeT
I'PAaBUTALIMOHHBIE BOJHBI.

Ha camoM Je/ie TIOMCKH I'paBUTAIMOHHBIX BOJH HAUa/dHCh €llle
paubiue, B 1960-x rr., korga [lxosed BebGep (Joseph Weber) nauadn
CTPOHUTDL IlepBble AETEKTOPhl — TaK Ha3blBaeMble PE30OHAHCHBIC AHTEHHBI.
['paBUTalMOHHAS BOJHA OKa3blBaeT Ha TeJNO WJ/H CHCTEMY TeJ AeHCTBHE,
COOTBETCTBYIOIlee MPUAMBHOMY. Eciu y Hac ecTb, HanmpuMep, KycoK MeTas-
Jla, TO TOJ JHeHCTBHEM BOJHBI OH HayHEeT BUOPHUPOBATH, U HA HEKOTOPOH
(pe3oHaHCHOI) yacTOTe 3TO BHIBOBET JOCTATOYHO CHJIBHBIH 3(P(eKT, KOTO-
Pl MOXKHO H3MepHTh (HEIOCTATKOM PE30HAHCHBIX AETEKTOPOB SIBJSETCS
TO, UTO OHH HUMEIOT XOPOUIYI0 UYBCTBUTE/NbHOCTDb JHILIL B Y3KOH MoJoce
BOJIH3H PE30HAHCHOH UacTOThI, 06bIUHO TpeBocxomsiedt | kI'um). Bebep mis
3TOTO NMPHUMEHSI Mbe30JaTYHKH, €ro NePBbIH JOCTATOUHO UYBCTBUTENbHbIH
JeTeKTop Hauaj c6op AaHHbIX B 1965 r., a ¢ 1967 r. 0OH HEOAHOKPATHO
3asIBJIS/I O PETHCTPALIMKM CHUTHAJIOB. Broc/ieicTBUH HUKTO HE CMOT BOCIPO-
M3BECTH 3TOT Pe3y/bTaT, MO3TOMY BbIBOAB BeGepa cuMTatoTcsi HEBEPHBIMH,
OJIHAKO OH TMOJIOXKWJ/ HAaya/ 0 aKTHBHBIM MOMCKAM T'PaBUTAIMOHHBIX BOJH.

LdencTteue rpaBnTauMoOHHOM BOJIHbI HA TE€10 U CUCTEMY
Ten ABNAETCA NPUINBHbIM.

Hauunast ¢ 1970-x rr. u 10 KoHuia XX B. B CTPOil ObLIO BBEIEHO
HECKOJIbKO /IeCSITKOB PE30HAHCHBIX AeTeKTopoB, B ToM uucjae u B CCCP
(B Poccum). TTo mepe pasBHUTHSI TEXHOJOIHH OHH CTAHOBHJHCH BCe GoJiee
CJIOXKHBIMH M 4YBCTBHUTEJAbHBIMH. UTOOBI MOBHICUTb YYBCTBHUTE/JIbHOCTb
U U306aBUTbCS OT IIYMOB B YCTAaHOBKe, MOCJ/eIHHE OOJbIIHE TETEKTOPHI
TAKOr0 THMNA, NOCTPOEHHBIE B MTa/uH, OXJMaxIadl 10 CBEPXHU3KHX TeMIle-
patyp. IIpoBoan/cst coBMECTHBIH aHa/MU3 NaHHBIX HECKOJbKHX JeTEeKTOPOB,
4TOOBI 110 COBIMAJEHHIO CHUT'HAJOB BHISIBUTH peanbHoe coObiTHe. Ecan 6bl
[POM30IIIe MOIIHBIA I'PaBUTAIIMOHHO-BOJIHOBOH BCIIECK (CKAXKEM, CJHSTHHE
HEHTPOHHBIX 3Be3/ B Halled [anakTHKe u/iu GJU3Kas CBEPXHOBAsSI), TO MOXKHO
OblI0 HAaAesATbCS YJIOBHUTb CHI'HAJ C MOMOLIbIO 3THX YCTaHOBOK. OaHaKo
yUeHbIM He MOBe3J0, JaXKe BO BpeMs BCHBIIKH cBepXHOBOH SN 1987A
B Bosbmom MaressanoBom O6Jjake He pa6oTajd HU OJHMH YJIbTPAKPHOTEH-
HBIH J1eTeKTop. Dpa TaKHX YCTAHOBOK 3aBeplin/ach ¢ oKoHuaHHeM XX B.,
HACTYMHJ Yepes IpPyruxX AeTEeKTOPOB.

B 1960-e rr. 6blia BbIIBUHYTA HAEs HCIOJb30BAaHUS [/ pEru-
CTpAllMH T'PABHTALMOHHBIX BOJH Ja3€pPHBIX HHTEeP(EpPOMeTPOB, MOJOOHbIX
unreppepomerpy Matikenabcona. [IpuHUMI MeTOAA COCTOHUT B TOM, UTO
IPaBUTAlIMOHHASL BOJIHA BHI3bIBAET B YCTAHOBKE MPHJ/IHB, NMPH 3TOM OJHO
n/ieyo uHTepdepoMerpa OYAeT pPacTATHBATLCS, a IPYroe — CHKHUMATHCS
(MeHSIIOTCSL PACCTOSTHHST MEXKY CBOGOIHO MOJBEIIEHHBIMU 3€PKAJAMH, MEXKLY
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KOTOPBIMH «GerarTs JasepHbie Jyun). DToT 3ddeKT npUBeeT K H3MEHEHHIO
HHTep(EPEHIIMOHHOI'0 CUI'HAJIa HAa IE€TEKTOPE, U €r0 MOXKHO 3aperHCcTPHpPO-
BaTb. OCHOBHasi IpoGseMa COCTOUT B TOM, UTO TPaBUTAlMs — camoe caaboe
U3 ueTbipeX (PyHIaMeHTa/JbHbIX B3aHMOAEHCTBHH, a TOTOMY BO3IeHCTBHE
CHr'HaJa Ha JeTeKTop OyaeT oueHb caabbiM. MomHOCTh (CBETHMOCTH)
I'PaBUTALlHOHHO-BOJIHOBOI'O BCILIECKA MOXKET NPHOMMKATLCSA K MPeAeabHON
BeJIMUMHE, Ha3blBaeMOH MVIAHKOBCKOH CBETHMOCTDbIO H BbIpazKaeMOH MPOCTHIM
cootHomenuem ¢’/G (rme ¢ — ckopocTh cBeTa, a G — HbIOTOHOBCKAs
rpaBUTAIIMOHHAS TIOCTOSIHHAS), 3T BEJHUHHA SKBHBAJEHTHA MPUMEPHO
10% cBerumoctsim Cosrna. OQHAKO, HECMOTPST HA CTOJb KOJIOCCABHYIO
MOIIHOCTb, 3aPETHUCTPUPOBATH I'PABUTAIMOHHO-BOJHOBOH BCIJIECK OUEHb
CJIOXKHO: TIPU pasMepe HHTepdepoMeTpa MOPsAKAa HECKOJIbKHX KHJIOME-
TPOB M3MEHEHHEe [JIUH IJe4Y COCTABUT JHLIb 10J10 pasMepa nporoHal Tem
He MeHee NpobJ/eMy UyBCTBHTENbHOCTH YIAaJ0Ch PELIMTD.

CoBpeMeHHble YyBCTBUTENIbHbIE [ETEKTOPbI
rpaBUTaALMOHHbBIX BOJIH AABNAIOTCA /1Ta3ePHbIMN
nHTepdepomeTpamu.

Ha nporsixkeHuu napsl 1ecsTKOB JeT pazpabaTbiBaJHCh TEXHO-
JIOTHH M CO3/aBajUCh NPOTOTHIBI U YCTAHOBKH HeGOJBLIOIO pa3Mepa,
YyBCTBUTE/bHbIE K COOBITHAM Ha HEGOJbILIOM PAacCTOSSHUM OT Hac. OKOH-
yaTeNbHON 1eablo ObLIO cOo3laHue MHTep(hEepOMeTpPOB, PACCUHTAHHBIX
Ha TapaHTHUPOBAaHHBLINH pe3ynabrat. Mcmoabays acTpodusnueckre NaHHBIE,
MOXXHO BBIUHCJHUTHL TEMI C/JAUSIHUSI HEHTPOHHBIX 3BE3J M UEPHBIX JAbIP
3Be3aHbIX Macc. COOTBETCTBEHHO, MOXKHO OLEHHTb PAaCcCTOSIHHE OT Hac,
G/IMKE KOTOPOTO CJMSIHUS TPOUCXOMSAT HOCTATOUHO 4acTo (CKa)eM, valie
ueM pas B MecsIr). Jlajee pacCUNTBIBAIOTCS MApaMeTpbl YCTAHOBKH, KOTOpast
CrocoGHa PerucTPUPOBATH CHMHAJ C TAKOTO PACCTOSIHHS (/151 CJAMSHHN
HEHTPOHHBIX 3Be3[ 3To npumepHo 200 Meramapcek, a JJ/s1 YEPHBIX JbIp
3BEBIHBIX MACC OHO elle GoJbliie — Gojee MUIHAPAA CBETOBBIX JET).

Bbiio HauaTo ABa TMPOEKTa, paCCUMTAHHBIX HA PETHCTPAIHIO
takux curHano: LIGO u Virgo. Amepukanckuii npoext LIGO Bkaouaer
JIBe YCTAHOBKH ([JIs1 HAIEXKHOH PErHCTPALMH HEOGXOMUMO, UTOOBI CHIHAJ
yBHJIENH XOTs1 Obl IBa I€TEKTOPA), MOCTPOEHHbIE B pasHbix koHiax CIIA
(Ha oro-BOCTOKE U ceBepo-3anane). EBponeiickast Virgo ycraHoBjeHa
B Mranuu Henaneko ot [1usbl.

Ocenbio 2015 r. nocjie ouepeaHOro 3anaHHPOBAHHOTO OOHOBJIE-
Hus yctaHoBoK LIGO ¢ nesblo MOBLILIEHHS YYBCTBHTE/ABHOCTH YCTAHOBKH
3apa6ora/nu, u kK siHBapio 2016 r. ynasoch 3aperncTpupoBaTh TPH CHrHAJMA
OT CJMSHHMSA YEePHBIX AbIp 3Be3AHbIX Macc. Hauasnach 3pa rpaBUTalHOH-
HO-BOJIHOBOH aCTPOHOMHMH.

YToObl PETHCTPUPOBATD CJAHMSHUS CBEPXMACCHBHBIX UE€PHBIX AbIP,
HY2KHbI IETEKTOPbl GOJBIIOTO pa3Mepa, MOCKOJbKY IJIHHA TPaBUTAIMOHHbBIX
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BOJIH B 9TOM CJyuae KpaiiHe BesqHKa (OHA COOTBETCTBYET CYyMMapHOMY
pasmepy CJaHBAKOIIKXCS 00beKTOB). [l 9TOr0 pa3paGaThiBAOTCS TPOEKThI
KOCMHYECKHX Ja3epHbIX HHTephepoMeTpoB. B obumux ueprax uaes MeToja
perucTpalmu noxoxa Ha ucnoJb3yemble B ycraHoBkax LIGO u Virgo,
HO Ternepb MHTeP(pepoMeTp HMeeT pa3Mepbl B MUJIJHOHBI KHJIOMETPOB
u Bpamaercs Bokpyr CosuHua. MHTepdepeHus na3epHbIX JyueH 03BoJseT
U3MEPUTb M3MEHEHHEe PACCTOSIHHSI MEXAY TpeMsl KOCMMUECKHMHM anmnapa-
tTaMd (OIMHOUYHBIA MPOTOTUI TAKOTO AMNAapaTa, eBPOMEHCKUH CIYTHHK
LISA Pathfinder, B xoniie 2015 r. Gbl yCHElHO BbIBeAeH HA OPOUTY /51
0TpaGOTKU U TMPOBEPKH HEKOTOPHIX TeXHOJMOTH#). Takoil mpoekT 0100peH
EBpomnefickuM KOCMHYECKHM areHTCTBOM, 3aMyCK ero MpeiBapuTe/bHO
HagHaueH Ha 2034 r.

paBUTaLMOHHbIE BOMHbI ObININ OTKPbITbI 0CEHbIO 2015 T,
Korga Ha yctaHoBKkax LIGO o6Hapy>Xunn nepsblie CIUSIHUS
YepHbIX AbIp.

[l KOCBEHHOH perucTpalyy paBUTALMOHHBIX BOJH OT CBEpX-
MaCCHBHBIX YEPHBIX JABIp Obl pa3dpaGoTaH KOCBEHHBIH acTpo(U3nueCcKHui
MeTof, npeayiokeHHbid B 1978 r. Muxannom CaXHHBIM. DTOT METOJ OCHOBaH
Ha MOHMTOPHHI'€ HECKOJBKHX PaJHOIY/IbCAPOB: €CJAH IPABUTALMOHHAS BOJMHA
MPOXOIUT B MecTe HAaOJMIOAEeHH s, TO cpady sl BCeX HaO/0IaeMbIX Ty/bCapoB
OyeT 3aperuCTPUPOBAHO OTKJIOHEHHE BO BPEMEHH MPHXONA HMIYAbCOB (KOTO-
poe B ciayuyae MUJJIHCEKYHIHBIX PaAHOMy/AbCaPOB U3MEPSIETCS C TOUHOCTBIO,
CPAaBHUMO# C TOYHOCTBIO JIYUIIHX ATOMHBIX 4acoB). Celuac CyIIecTBYIOT TPH
npoeKrta nmo nmoucky takux c6oes: espomnefickuit EPTA (European Pulsar
Timing Array, EBponeiickuii mpoeKkT 1o HaG/II0JeHHI0 MACCHBA [MHJIHCE-
KYHAHBIX] my/abcapos), asetpaquiicknit PPTA (Parkes Pulsar Timing Array,
[TpoeKT Mo HaOJIOIEHHI0 MACCHBA [MHJITMCEKYHAHBIX]| MYJAbCapoB ¢ MOMOLIbIO
paanoreneckona [Tapkc) u amepukanckuii NANOGrav (North American
Nanohertz Observatory for Gravitational Waves, CeBepoamepukaHckas
HaHOTrepieBast 06cepBaTOPUst AJst OGHAPYKEHHUST TPABUTALIHOHHBIX BOJIH).
BBox B sxcmayaTtanuio HOBHIX KpymHbiX pamuotesneckornoB (FAST, SKA)
MO3BOJIUT CE/IATh 3TOT METOJ elle 6osee TOYHBIM H 3((HEKTHBHBIM.

Ona perncrpaymuv rpaBUTaLMIOHHbIX BOJTH

OT Nnap CBEPXMAaCCUBHbIX YEPHbIX AbIP, a TAKXe
KOCMOJIOrMYECKMX FrpaBUTaALMOHHbIX BOJIH MCMOJb3YIOTCA
KOCBEHHble acTpodunsnyeckme MetTogbl.

Bropoii kocBeHHbIH MeTof, npeatokeHHbd B 1990 r. Baagumupom
BparuHckum U ero KoJuieraMi, CBsi3aH C BBICOKOTOUHBIMU acTPOMETpHUYE-
CKHMH HaGJIOfleHUsIME GOJIBIIOrO uKc/a 3Be3A. [1pu mpoxoxaeHun uepes
HaOJoaTe s TPABUTAIIMOHHON BOJIHBI (PeUb HIET O MepPUOoAaX OT Heleb
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[0 MecsilleB, T. €. HCTOYHHKAMH TaKHX BOJIH JOJKHbBl ObITb B OCHOBHOM
CBEpPXMACCHBHbBIE UepHbIE [bIPbI, KAK U B CJAyuYae MOHHTOPHHTA MYJbCAPOB)
uaMepsieMble TOJI0KEHUsS 3Be3/ Ha HeGe OyIyT onpeieseHHBIM 00pa3oM
MU3MEHSIThCSl Ha KpailiHe He(oJblnylo BeqnunHy. COBpEMEHHBIH aHA/IU3
MOKa3bIBAET, YTO MOJHBIX JAHHBIX KOCMHYECKOro teseckona Gaia MoxeT
ObITb JOCTATOYHO /51 OOHAPY2KEHHs CUT'HAJA.

HakoHelr, /st MOMCKOB KOCMOJIOTHUECKHX (MEPBUYHBIX) IPABUTA-
IIMOHHBIX BOJIH NIPUMEHSIETCS COBCEM APYroH noaxon. EnuHCTBeHHas Haje-
JKJa XOTs1 OBl KOCBEHHO Y3HAaTbh YTO-TO 06 3TOM (peHOMeHe B O/rKaiiieMm
OyayleM — 3TO 3apeTHCTPUPOBATH OINpeaeNeHHble OTKJIOHEHHS B KapTaX
NOJISIPU3AIMH PEJTUKTOBOTO H3/yueHHUsl. [IepBHUHBIE IPAaBUTAIIMOHHBIE BOJIHbI
BO3/EHCTBOBA/IN HA BEILIECTBO B paHHeH BcesieHHOH, H 3TO BO3AelCTBHE
«OTIIeYaTaloChy B CBOHUCTBAX PENHUKTOBOIO H3JyUeHHs, HCIYLIEHHOTrO
B 310Xy peKoMOuHauuu — mnpumepHo cnycts 380000 jget mocse Havana
pacluupeHusi. AHanu3 pe3y/abTaToB, NOJYUEHHBIX C MOMOLIbIO NPHOOPOB
cnytHuka Planck, He mo3Bo/n/ 06HAPYKUTb 3TOT cUrHag. Celuac Hamex-
JIbl BO3JIATAIOTCS HA PSIl HA3EMHBIX MPOEKTOB (B OCHOBHOM HAOGJIOEHHS
npoBoasiTcs U3 AHTapKTHAB ¢ nomolbio ycraHoBok BICEP3, Background
Imaging of Cosmic Extragalactic Polarization — Ilpu6op nss usamepenus
NOJSPU3ALMH KOCMHUYECKOr0 pesuKToBoro uaiyuenus, Keck Array — Mac-
cuB paguoresneckonoB Keka, South Pole Telescope — Panunoresneckon Ha
FOHOM ToJII0Ce), KOTOPbIE H3YUalT MOJSPU3ALHIO PEJTHKTOBOTO MHKPO-
BOJIHOBOTO (poHa. HekoTopbie HHMIASIUOHHBIE KOCMOJNOTHUECKHE MOJAEIH
NPeACKa3blBAIOT, UTO CHUTHAJM MOXET OBITh JOCTATOYHO CHJ/bHBIM, YTOOBI
ObITh 3apPEerHCTPUPOBAHHBIM yKe B OJHKANIINe TOAbI.
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OcBo€eHMe KOCMOCa YeNTOBEKOM OTKPbII0 HOBYHO CTpaHMLy B NC-
cnepoBaHuu BceneHHom. Bo-nepBbix, NosiBuiacb BO3MOXHOCTb
HabnogeHnsa B guanasoHax, 419 KOTopbIX 3eMHas aTmocdepa
Henpo3payHa. Bo-BTopbIX, CTano peanbHbIM HENOCPELCTBEHHO
nay4datb Tena ConHe4YHom cNCcTeMbl 1 YCNOBUS B HEN C MOMOLLbIO
KOCMMYECKMNX annapaTos, a MHOrAa Aaxe Bo3BpaliaTtb Ha 3eMJiio
o6pasubl ansa 6onee getanbHOro aHanmsa B nabopartopusax. Munnotu-
pyemas KOCMOHaBTMKa Tak)Xe BHEC/1a CBOW BK/1af, B KOCMUMYecKumne
nccnenoBaHuMA: 3TO U PEMOHT KocMuyeckoro teneckona Hubble,
n ncenepoBaHua JlyHbl, U co3pgaHme 60nbLlLINX AONTOCPOYHbIX
KOCMMYECKNX CTAaHLWI C XOPOLLUNM 3HeproobecrnevyeHmnem m otT-
HOCUTENIbHO HN3KOI CTOMMOCTbIO BbiBOAA annapaTtypbl Ha opouTy,
n nccneposaHua 3emnm n3 kocmoca. Kpome npuknagHbix 3agay
B Xo[e Takou paboTbl peLwatotca n hyHaameHTasnbHble (B TOM Yumc-
Nle nMelLMe OTHOLWEeHE K acTpodunsnke).



14.1
Hab6nogeHmna n3 kocmoca.
Kocmuyeckme Teneckornbl

EcTb HECKOJNbKO BaXXHBIX MPHYMH, JAeNalolnX HeoOXOAHMbIMH
acTpOHOMHUECKHe HalJ/I0JeHHsT U3 KOCMOCA, HECMOTPsI Ha MX BBICOKYIO
CTOUMOCTb W CBSI3aHHBbIe ¢ 3THM pHucKH. [lepBas cocToUT B TOM, 4TO
3deMHasi aTMocdepa HenmpoadpauHa AJsl KeCTKOH KOPOTKOBOJHOBOH YacTH
crekTpa (raMma-Jyud, peHTTeHOBCKOE H3JyUeHHe H XKEeCTKUH yabTpadu-
0JIET), a TaK¥Ke [/ YaCTH HH(PPAKPACHOTO K MUKDOBOJHOBOIO IHANA30-
HOB. KcTartu, croia e MOXHO OTHeCTH HalJI0/leHHs] KOCMHUUECKHX Jyudei
U3 KOCMOCA, OT KOTOPBIX A0 MOBEPXHOCTH AOXOJST JIHIIb HJIH BTOPHUHBIE
YaCTHUDL, H/IH H3MYUYEHHE LIMPOKHUX aTMOC(epHbIX JuBHEH. BTopas npuuuHa
CBSI3aHa C TeM, UTO 3eMHast aTMoc(epa «IMOPTUT KAPTHHKY» (ma)ke B TOH
4acTH CIEKTpa, M KOTOPOH OHAa Mpo3pauHa): 3a cueT aTMocdepHOi
TYpOY/JIEHTHOCTH H300paXeHHe «APOKHUT» (UTO He MO3BOJSAET HOOGUTHCS
BBICOKOTO YIVIOBOTO paspellieHHs) H «Mepiaer» (UTo orpaHHuMBaeT TOU-
HOCTb (POTOMETPHUECKHX n3MepeHni). Hakonel, TpeThbsi mpuuHHA CBsI3aHa
C CO3JaHUeM YCTAaHOBOK, AJsl KOTOPLIX Ha 3eMJle NMPOCTO HEAOCTATOUHO
MeCTa: 3TO MOTYT ObITb pPaiHOMHTEP(EPOMETPLl C 0OUeHb 00JbIIOH 6a30H
(«PamroacTpoH») WK IPABUTALMOHHO-BOJHOBHIE IETEKTOPbI, MPeIHa3HA-
YeHHble ISl PErHCTPAlMH BOJIH Goubiuoi pinHbl (eLISA).

Ha6mo,quv|f-| B HEKOTOPbIX AMana3oHaX CrneKTpa
BO3MOXHbI TOJIbKO 3a npeaenamm aTMOC(bepr.

dopma/abHO 3pa acTPOHOMHUECKHX HAOJMIONEHHH M3 KOocMoca
Hauyasach 5 aBrycrta 1948 r., korna Ha TpodeiHol pakere V-2 Gbli1
3anylleH PEeHTTeHOBCKHH IeTeKTop, 3a(pUKCHpPOBaBIIMH udaydeHne CoJH-
na. C moMouiblo JeTEKTOPOB HA paKeTax ObIO CAEJaHO elle HECKOJbKO
BAaXHbBIX OTKPBLITHH, BK/OYasi o6HapyxeHHe HcTouHHKa CkoprnuoH X-1
(Sco X-1) — nBoiiHO# cHCTEMBI C aKKpeUUpyIollel HeHTPOHHOH 3Be3-
JoH. OfHAKO MOTOK HAYYHBIX PE3YJbTaTOB PE3KO BO3POC C MOSBJEHHEM
ACTPOHOMHUYECKHX CIYTHHKOB, MO3BOJSIOLIIMX NPOBOAUTH MJIUTENbHbIE
MHOT'OKpaTHble Ha6JII0eHHS.

Yxke B anpese 1961 r. Ha 6opry cnyrhuka Explorer 11 6bua
3amylleH NMepBblil raMma-Tesaeckon. bojee cepbe3Hblit HHCTPYMEHT, pabo-
TN B CAMOM JKE€CTKOM JManasoHe CIeKTpa, OblI BhiBeIeH Ha OpOHTY
B 1967 r. Ha cnyrauke OSO-3 (Orbiting Solar Observatory, OpourasibHast
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CoJIHeUHast 06CepPBATOPHsI), H C €ro MOMOIIbIO YAAIOCH HIEHTH()UIHPOBATH
nepBble HHAMBUAYAJNbHbIE FaMMa-HCTOUHHKH. KpoMe TOro, peHTreHOBCKHH
JIETEKTOp Ha ero GOpTy cTaj MepBbIM PEHTTE€HOBCKHM TeJNEeCKOIOM, yCTa-
HOBJIEHHbIM Ha CIyTHHKE, U C MOMOIIbIO 3TOTO MHCTPYMEHTAa BIEPBbIE
ylaJoch HaGM0AaTh U3/JyueHHe HCTOUHHKA Sco X-1 B TeueHHe A0CTaTOUHO
podaroro speMenu. CuaenylomuM G0/MbLUIMM LIAroM Bllepef B KOCMHUECKOH
raMma-acTpoHoMHuH cTan cnyTHHK Cos-B, koropblit 6b1 pa3paboran Espo-
NeHCKUM KOCMHUYECKHM areHTCTBOM M 3amyiieH B 1975 r.

BHeaTmocdepHble HabnogeHMsa NO3BONAOT NoyvyaTb
6onee BbICOKOE Ka4eCTBO ONTUYECKMX N30OparkeHNA.

Cpenn MHOXKeCTBa raMMa-CIyTHHKOB BTOPOH MoJMOBHHH XX B.
BhIessieTcss ramMa-o6cepBaTopus Compton Gamma Ray Observatory,
CGRO («Komnron»), BuiBesennas Ha op6ury B 1991 r. [Tpu macce B 17 1
3TO CAMBIil TsKEMbIH acTPOPU3HUECKHH CIIyTHHK B UCTOPHH, H 3TOT PEKOPI,
MO BCEH BUIMMOCTH, TIPOAEPAKHUTCS OUEHDb AOJTO.

PeHTreHoBCKME HabnogeHMsa NO3BOANAN OTKPbITb
aKKpeuupyrLe HENMTPOHHbIE 3B€3bl N YEPHbIE AblpPbl.

Beuny BaxkxHocTH HaOJ/I0A€HHH B raMMma-iHanasdoHe B KOCMOCe
MOCTOSTHHO paGoTaeT HECKOJIbKO COOTBETCTBYIOIIMX MHCTPYMEHTOB. MHOTIA
3T0 He0OJbIINE JeTEKTOPDI, BLIIOJHAIOLINE POJIb AONOJMHUTENbHOH HArpy3Ku
(kak npu6opsl 3xkcnepumenta «Konyc» Ha cnyrHuke Wind («Berep»,
MOCKOJIbKY anmapaT H3ydyaeT COJMHEUHBbIH BeTep)), HHOTAa — GOJblIHe
YCTAHOBKH Ha CIElHAJH3HPOBAHHBIX CIyTHHKaX (Takux kak Fermi u Swift
(«BBICTpPBIA», MOCKOJbKY anmapat cnocoGeH GbICTPO Pa3BOPAUHBATHCS
B CTOPOHY raMMa-BCIIeckoB)). Takxke MPOLOMKAIOTCST PA3PA6OTKH HOBBIX
MUHCTPYMEHTOB.

[Tpouecchl, NpUBOASIIIME K IFeHepalUHH raMMa-Hu3J/JayueHHus,
He ABJ/IFI0TCS TelJIoBbLIMH. OHHU CBSI3aHBl HJH C CYLIECTBOBAHHEM YaCTHIL,
YCKOPEHHDBIX 10 BLICOKHX 3HEPrHH, MM C SIEpPHLIMH NpoleccaMu. A BOT
PEHTIeHOBCKOE M3J/yueHHe MOKeT ObITb M TeIJOBbLIM, H HETEeNJNOBLIM.
B npupoze peanusyercs oueHb MHOI'O CLleHApHeB, NPUBOASLIMX K HCIY-
CKAHHUIO PEHTTeHOBCKHUX JyueH, MO3TOMY HEYAHBHUTE/IbHO, UTO PEHTre-
HOBCKHE HCTOUYHHMKH BeCbMa MHOTOUHCJEHHBl, H pa3BUTHE 3TOH BETBH
HaGJMI0IaTeIbHOH aCTPOHOMHU TpUHECAO (U TMPOLOJKAET MPUHOCHTD)
MHOI'0 HOBOH MH(pOpPMaUHH, BOCTPeOOBAHHOU KaK acTpPOHOMaMH, Tak
U (PU3HKAMH.

[lepBoil cnenya/ n3upoBaHHON PEHTTEHOBCKON obcepBaTopuel cTas
ganyuieHublil B geka6bpe 1970 r. annapat Uhuru. K HacTosiieMmy mMomeHTy
Ha opOUTe MOObIBAJO OTPOMHOE KOJHUECTBO allapaToB, MPOBOAUBLIMX
HaOJ/II0fICHUSl B 9TOM JMaNasoHe, — KaK KPYIHble CIIyTHUKH, CO3JAaHHbIE
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BEAyIIUMH KOCMHYECKHMH ar€HTCTBaMH, TaK H He6oJIbllIHe l'IpI/I60pr, paspa-
6oTaHHblEe U CO3JaHHble B SlnoHuu, MHauu u KI/ITae, BbIBE€JEHHbIE Ha Op6PITbI
C MOMOIIbI COOCTBEHHLIX HOCHTEJNEH CO CBOMX KOCMOAPOMOB. OrHocHu-
TeJ/JbHasgd AOCTYIHOCTb paGOTbI B 3TOM JHanasoHe OTYacTH OObSICHSIETCS
BOCTpeGOBaHHOCTbIO MOHHUTOpPHHIa OTAEJAbHBIX UCTOUYHHUKOB HJ/IH YUYaCTKOB
He6a 3HAUUTENBHOH TIJIOMIAAN AaXKe C TMOMOIIbI0 HEGOJbIINX HHCTPYMEHTOB.

Kocmuueckume ramma-scrnseckm okono 30 net octaBanumcb
CaMom Xry4yemn 3aragkowm B actpodunsmke.

BaxXHbIMM 3TanaMu B Pa3BUTHH PEHTTEHOBCKOH aCTPOHOMHH
CTaHOBMJIOCH MOSIBJI€HHE HOBBIX CIIYTHHKOB, MO3BOJSIONIUX MPOBOIUTH
0030pbl He0a Ha HOBOM, 3HAUUTENbHO GoJiee BLICOKOM YPOBHE UYyBCTBH-
TEJNbHOCTH, WJIH PEHTTE€HOBCKHX TEJ/JECKONOB C PEKOPAHBLIMH XapaKTepH-
CTHKAMHM [J/151 U3YyUeHHS OTIEJNbHBIX HCTOUHHKOB. K 0630pHBIM CHYTHH-
KaM, ChI'paBIIUM GOJbIIYI0 poJib, cjienyeT orHecTH ROSAT, xorophiit
B 1990-e rr. npencraBu/ no/HblH 0630p He6a B MITKOM PEHTI€HOBCKOM
nuanasone, 1 RXTE (Rossi X-ray Timing Explorer, O6cepBatopus ajisi
U3YUEHHs BPEMEHHbIX XapaKTEPUCTHK PEHITEHOBCKHX HCTOUHHKOB HM.
Poccu), npoBoauBiinii B TeueHue 15 JeT MOHHTOPHHT PEHTIE€HOBCKHX
HCTOUHHUKOB MO BceMy HeOy, u3Mepsis UX BpeMEHHBEe M CHEKTpaJ/bHble
XapaKTepPUCTHKH.

Oco60 CTOUT BBIIENUTb HHCTPYMEHTBI, KOTOPbIE ObIIH YyCTaHOBJIE-
HBI Ha OpOUTANbHBIX KOCMHUECKHUX CTaHIUSAX. C OMHOH CTOPOHBI, UCIIOJb-
30BaHHE KOMILJIEKCA CTAHIIUH SIBJASETCS JOCTOMHCTBOM: HHXKE CTOUMOCTH
BbIBOJA HA OPOMUTY, CHH2KAIOTCS PUCKH, €CTb BO3MOXKHOCTb HCIOJ/b30BaTh
9HepreTHUYECKHEe PeCypPChbl U CPeACTBA CBsA3H cTaHUMH. C Ipyroi CTOPOHHI,
TPYAHO MPOBOAUTb BBICOKOTOUHbIE HAGJIOACHHS, TIOCKOJIbKY CTAaHUUH TPYIHO
HJIH HEBO3MOXHO C JI0OCTATOYHOH TOUHOCTBIO CTAGU/IN3HPOBATH (HAa HHX
pa6oTratoT JIH, QYHKIHOHUPYIOT CUCTEMbl XKH3HeoOecleueHus U Japy-
roe oGopynoBanue). ONTHUECKHE, PEHTTEHOBCKHE U YAbTPa(HOJETOBbIE
TesiecKonbl (B OCHOBHOM MpeJHa3HaueHHble A HaOumoneHus1 3a CoJHIIEM)
IPUCYTCTBOBAJHN y2Ke Ha cTaHUMM Skylab, a mosgHee BaXKHBIM LIArOM CTall
3anmycK acTpouanuecKoro mMoay/st «KBaHT», MPHCTHIKOBAHHOTO K CTaHIMH
«Mup» B 1987 r. Moay/ab coaepxan HECKOJIbKO HHCTPYMEHTOB, T03BO-
JIUBIIUX, B YACTHOCTH, TOJYUHTb PEHTT€HOBCKHE CIEKTPbl CBEPXHOBOH
SN 1987A. Ceiiuac Ha MexnyHaponHOH KOCMHYECKOH CTaHIMH paboTaeTt
penrreHosckuii gerekrop MAXI (Monitor of All-sky X-ray Image),
CO3JAaHHBIH ANOHCKMM KocMHueckuM areHtctBoM (JAXA), a HemaBHO TaM
HauaJ/ cBoto pa6oty npubop NICER, B ocHOBHOM NpeJHa3HAaYeHHbIH 115
U3YyUeHHs] HEHTPOHHBIX 3BE3JI.

Ha6Jtonenus B y/abTpaduoseTe ¢ MOBEPXHOCTH 3eMJIH TaKxKe
HEBO3MOXKHbBI. [TepBbIM KPYIHBIM MPOEKTOM (HE MpeJHA3HAUEHHBIM /I
uayuenust Counua) craa cnytiuk IUE (International Ultraviolet Explorer,
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MexcayHapoaHblii Teqeckon Y ®-guanas3oHa), BbIBeIeHHBIH Ha OPOUTY
B 1978 r. u npopa6oraBmiuii moutu 20 Jjer. XoTs1 370 OBl BCETro
JHIIb 45-CaHTUMETPOBBIH Te/ecKon (HeGOJbIIOoH M0 3eMHBIM MepKam),
OH BIlepBble CMOT MOJYYUTb OFPOMHOE KOJHYECTBO YJAbTPaHOJIETOBLIX
CIEeKTPOB CaMbIX Pa3HBIX HeOGeCHbIX 00'bEKTOB B XOPOILIEM pa3pelieHHH;
CpeAH Mpouero ObIM NOJyUeHbl BaXKHble pe3yJbTaThl 10 3BE3IHLIM BeTpaM
1 MEeX3BEe3IHOH cpefe.

[Ipumepom 3(ppeKTHBHOH MHCCUM C UETKOH 3amaued sBJjser-
cs1 yabrpaduonerosbiii cnytiuk GALEX (Galaxy Evolution Explorer,
Anmapar st H3yUEHHs] 3BOJIOIMH TAJaKTHK) C TEJIECKONOM THAMETPOM
50 cM, mpenHa3HAUYEHHBIH [J/s1 U3yUEeHHUs] 3B€31000pa30BaHHsI B rajsaKkTH-
kax. 3a moutu 10 set paboThl GBIIM MOJYUYEHBl JaHHBIE MO COTHSM THICSY
raJakTHK, 4YTO 0KasaJochb KpalHe BOCTpe0OBAaHO BO BHeraJakTHUeCKOH
ACTPOHOMHH.

3eMHasi aTMoc(epa Helmpo3pavyHa U ¢ APYrod CTOPOHBI BUAMMOH
YacTH CHeKTpa — B MH(PAKPACHOM IHanazoHe. DTO U3JydeHHEe XapaKTepHO
JIJIs1 OTHOCHTEJNbHO XOJMOJHBIX 00'beKTOB: MOJIOJBIX 3BE3J, MOJEKYISIPHOrO
rasa, mblJIH, MPOTOMNJMAHETHBIX TUCKOB, TaK YTO H3yueHHe HebGa B MHPpa-
KPACHBIX Jy4aX HYKHO IMpexIe BCero /s MU3yueHHus 3Be31000pa30BaHHUS.

B 1983 r. Ha opbuty 6blia BhiBeleHa opOHUTadbHAs 06CepPBATOPHUS
IRAS (InfraRed Astronomical Satellite, MexxayHnapoaubiii uH(paKpacHblii
ACTPOHOMHUYECKHI CIYTHHK), 3agaueil KOTOPOH CTa/l0 CO3[aHHe MepBOro
noJiHOro uH(ppakpacHoro o63opa Heba. [las 3Toro anmapat OblI YKOM-
naexkToBaH 60-CaHTUMETPOBHIM TEJECKONOM H 3aMacoM KHIKOTO TeJus
(oco6ennocTbio pabotsl B UK-nnamnasone siBasercss HEOGXOAMMOCTh OXJIa-
MIATh JAETEKTOPBI, @ HHOTA M CaMO 3€PKaJ0 10 KPHOT'€HHBIX TEMIEpaTyp).
MmeHHo 3amac xJagareHTa oGbIYHO SBJ/SETCS JUMHTHPYIOWHUM (aKTOpPOM
JJ1s1 TIPOJOJ/IKUTENbHOCTH NoA06HbIX MUccuil. IRAS mpopa6oTtas oxoiso
roja, HO J10Jroe BpeMsi IMEHHO ero 0630p Obl1 JYYLIHM B CBOeH 00JaCTH.

NHdpakpacHble HabnoaeHNa No3BoNAIOT N3y4vaTb
poXxpeHwne 3Be3pg U NaaHerT.

B 2010 r. cnyrauk WISE (Wide-field Infrared Survey Explorer,
Annapar ajist 0630pHbIX cbeMok B MK-nnanasone) nposes 0630p HebGa
B MK-1nanasoHe Ha HOBOM ypoBHe. XOTsl OH Takxke Obl OCHAlLleH HeGOJb-
UM TeJecKornoM auaMmetpoMm 40 cM, 0JHaKO pa3BUTHE TEXHOJOIHH MO3BO-
JIMJIO BBIATH HA COBEPUICHHO APYTOH YPOBEHb Pe3y/bTaTOB 0€3 YBEJHUCHHUS
pa3MepoB, MaccChl MJIH CTOMMOCTH ammapara.

[l u3yueHus OTAe/]bHBIX HCTOUHUKOB B HH(paKpacHOM Juarna-
3oHe yxe B XXI B. B KocMOC Obl/IH BbIBEI€Hbl KOCMHUECKHE TeJ/1eCKOIIbl
Spitzer («Cnutuep») u Herschel («[epiesb»), KOTOpbie CYII€CTBEHHO
000raTH/N Halle MOHMMaHHE TOro, Kak 00pasyloTcsi 3BE€3/bl H MJaHETHI.
Herschel ocHalleH 1e/bHBIM 3epPKaJOM PEKOPAHOTrO (1Jist aCTPOHOMHUECKHX
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KOCMHYECKHX 3epkaij) anamerpa 3,5 M. DTOT PeKOp, BUAKUMO, GyAeT MOGHT
¢ s3anyckoM Ttejeckona James Webb, 3epkaso kotoporo, Bnpouem, 6ynet
COCTABHBIM, T. €. MHOTOCEIMEHTHBIM (M PACKJATHDBIM).

KauyecTBO n306pakeHnn, Nosly4aeMbIX TENECKOMOM
Hubble, HegocTynHO Ha3eMHbIM MHCTPYMEHTaM.

Ha6aonenus U3 KocMoca aKTyadbHbl M /sl ONTHYECKOTO
JIHana3oHa, MOCKOJbKY OTCYTCTBHE aTMoc(epbl MO3BOJsET MOJAyYaTh
H300paxKeHHsI OUEeHb BBICOKOTO KauecTBa. MjeasbHbBIM MPUMEPOM 3TOTO
yYTBEPKIEHHs siBJsieTcsl paboTa KocMuueckoro teqeckona Hubble. Drtot
HHCTPYMEHT OCHalleH 2,4-MeTpPOBBIM 3€pPKaJjoM, COBCEM HeOOJ/bIINM
[0 3eMHBIM MepKaM, OAHAKO IO LeJOMY psily NapaMeTpoB TeJsecKOoIl
CYLIECTBEHHO NPEBOCXOAUT HazeMHble 10-MeTpoBble rurantbl. Kpome Toro,
Hubble npoBoaut nabmonenusi B 6auxnHem Y P- u 6amxuem MK-nuana-
30HAX, YTO PACLIMPSIET €ro BO3MOXKHOCTH. BO3MOXKHOCTb PEMOHTHPOBATH
U MOJEpPHHU3HPOBATh HHCTPYMEHT BO BpeMsl CHeLHaNn3HPOBAHHBIX MHC-
CHH MIATTJIOB MO3BOJHAA JOCTHYL OUeHb OGOJBIIOH MPOAOJJAKHTENbHOCTH
Hay4YHOH MporpaMMbl TeJecKoma, uTto caenajno Hubble ogHum u3 cambix
5(Q(EeKTUBHBIX TEJNECKONOB B HCTOPHH. [IpaBia, U caMbiM J0porum (mpuuem
¢ GOJIbIIUM OTPHIBOM).

AcTtpomeTpuyeckunin cnyTHUK Gaia BnepBblie NO3BONUT
NOCTPOUTb TPEXMEPHYIO KapTy NMOJIOBUHbI HaLLEen
FanakTukun.

KauecTBO H306pakeHUI Ba:KHO M IJIs1 pEllIeHHs] acTPOMeTpHUe-
CKHX 3alau — OINpeleseHns] TOUHOTO IMOJIOKEHHST 3Be3 U UX H3MEeHEeHHH.
[TepBbIM acTpoMeTpHUUECKUM CIYTHHKOM Gbl1 Hipparcos KoTopblii m03BoJHI
C MOMOIIBIO MApa/JIAKTHUECKOTO MEeTOJa TOUHO H3MEPHTb PACCTOSIHHUS
1o 6oJbloro yuc/aa 3sesn B npepesnax npumepHo 1000 cBeToBbIX JeT
or Cosanua. HoBblli kocmuueckuil annapat Gaia Jo/KeH pelIUTb 3Ty
3agauy yKe /s TMOJOBHHBI ['aJaKTHKH — BILIOTb 1O PACCTOSTHHUH MOYTH
30000 cBeTOBBIX JET.

MaccoBoe OTKpbITME 9K30MJIaHET CTasl0 BO3MOXHbIM
6naropaps pabote cnytHmka Kepler.

OrcyrcTBHE aTMOC(EPHBIX MepllaHWH MO3BOJsIET OUYEeHb TOUHO
U3MepaThb 6J1eCK 3Be3/ M ero BapHaluH. DTO CTaJJ0 KJIIOYeBbIM MOMEHTOM
1/ OOHApYKEHHUsl TPAH3UTHBIX 3K30MJaHET H aCTPOCEHCMOJOrMHUeCKHX
uccaenoBaHuil. [lepBbiM crelMain3upoOBaHHBIM aNnapaToM AJs 3THX ledel
obwt eporneiickuit CoRoT (Convection, Rotation and planetary Transits —
KonBekiusi, BpallleHHe W TPAH3UTHI MJIAHET), a ele Gojee 3(P(HeKTHBHBIM
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SIBJSIETCSl KOCMUUecKu# Teseckon Kepler, KOTOpbIH coOBepLIN/ HACTOSILLUH
npopuiB, OTKpbIB Gojiee 1000 sk3omianer u npeacraBus okoso 20000 kaH-
JIUIATOB /s JaJbHEHIIEro MOATBEPKICHHUS U H3YUEHHS.

Jnst pelieHHs] HEKOTOPHIX 3anay TpebGyeTcsi OTHOCUTENbHO
OBICTPBIH AOCTYT cpagdy Ko Bcemy HeOy. XOpOIINUM MPUMEPOM TaKOH 3amauu
SIBJISETCSl M3yueHHe PeJHKTOBOrO M3JyUeHHs: IPU Ha3eMHbIX HabJliofe-
HHSX JOCTYIHBIM OKa3blBae€TCS JHUIIb OTHOCHTEJIbHO HEeOGOJbILIOH yuacToK
Heba, a /s NPOBeAEeHHUs TOJHOLLEHHOI'0 aHa/In3a HeoOXOIUMO MOJYUYHUTD
JaHHble co Bcell HeGecHOH cdepbl. [ToaTOMYy UMEHHO cepHsi CHYTHHUKOB —
COBE (Cosmic Background Explorer), WMAP (Wilkinson Microwave
Anisotropy Probe) u Planck — mnosBoJiu/ia moJsyudTh BaxKHEHIIHe [Jis1
KOCMOJIOTHH Pe3YJIbTaThI.

Haxounel, cyliecTByIOT THIIBl YCTAHOBOK, KOTOPLIM Ha 3eMJe
NPOCTO He XBAaTHT MecTa, B MEPBYIO ouepelb 3TO aKTyaJsJbHO A/ HHCTPY-
MEHTOB, paboTalolMX B paguoaranazone. [IepBoil NONBITKOH B 3TOH o61acTH
ool simoHckud npoekt VSOP (VLBI Space Observatory Programme),
B KOTOPOM CIIyTHHK C PaJHOTE/eCKONOM Ha GOPTY HAXOAHWJCS HAa OTHOCH-
TeJbHO HU3KOH opOuTe, paboTasi B CBSI3Ke» ¢ Ha3eMHBIMH MHCTPYMEHTAMH.
BropbiM cran poccuiickuil npoekT «PagvoacTpoHy, B KOTOPOM YAa/a0Ch
coznath HHTepdepomerp ¢ 6azoit Gosee 300000 KM, TOCTUTHYB PEKOPIHOTO
YIJIOBOTO pa3peLieHusl.

Bodbline ycTaHOBKH MOTPeOGYIOTCS U [/ PErHCTPALUH I'PaBH-
TAllMOHHBIX BOJH HU3KOH uyacToThl. Ha 2032-2034 rr. HamMeueH 3amyck
esponeickoil muccuu eLISA (Evolved Laser Interferometer Space
Antenna) — 3T0 KOCMHUECKHH JazepHbiii uHTepdepomerp (Mog06HBINH
LIGO wau Virgo, cm. pasmen 13.9 «[leTeKTOpbl rPaBUTALMOHHLIX BOJHY),
paccTosiHHe MeXAYy CIHYTHHKaMH KOTOPOI'O COCTABHUT OKOJO MHJ/JHOHA
KMJIOMETpPOB. B 4acTHOCTH, 3TOT NMPOEKT MO3BOJIHT 3apPETHCTPHPOBATD
rPABUTAIIMOHHOE M3JyUeHHE OT IBOMHBIX CBEPXMACCHBHBIX UEPHBIX IbIp'.

BoiBOp, annapaTtoB B KOCMOC No3BondeT co3naBaTb
aCTpOHOMUNYECKMME YCTaHOBKM 6onbLunx pa3mepos.

AcTpoHOMHUECKHe HAGJIOIEHUST U3 KOCMOCA, KaK TPaBHJI0, OUeHb
noporu. CTOUMOCTb Jaxe HeOOJbIINX annapaToB 0O0ObIYHO MPEBOCXOIUT
$ 100 manH, a KpynHedilpe OPOEKTH 00XOAATCH B MUJIHAPABI LONAAPOB.
[TpumMepoM TakKuX MPOEKTOB SIBJISIOTCS TaK Ha3blBaeMble BeJqUKHe oOcep-
sBatopuu (Great Observatories) NASA, k kotopbiM otHocsTcs Hubble,
Compton, Spitzer u Chandra — camble coBepllleHHble KOCMHUECKHE
TeJIECKOIbl JsI YeThipeX OCHOBHBLIX AMANAa30HOB (BUAMMDIH, ramma-,

1 rpﬂBHTﬂHHOHHbIC BOJIHbBI OT TAKHX UCTOYHHKOB UMEKT OYE€Hb GOJIbLLIyIO JJTUHY (MI/IJI*

JINOHBI U J1aXXe COTHH MHJ/JAJIHOHOB KH.}IOMeTpOB), MO3TOMY Ha3€MHBIC YCTAaHOBKH CJ/JAHWIIKOM MaJbl I/

perucTpannuu TaKuxX BOJIH.
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VK- u penrtreHoBckuit). OnpHako NMpH TIHIATEJIbHOM TOAXOAE K BBIGOPY
MEeTO/I0B, HaOJI0JaTeNbHBIX TIPOTPAMM, a TaKkKe MPHU KaueCTBEHHOH o6pa-
00TKe JaHHBIX (BKJIOYasi NPEJOCTaBJEHHE OTKPBLITOTO AOCTYNA K apXuBaM
M KECTKMH KOHKYpC Ha HaGJ/ii0Jare/bHOe BpeMs) yaaercs MoJaydaTh OueHb
60J/IbILIONH HaYUYHBIH BBIXOJ, UTO C JUXBOH ONpPaB/AbIBAET BBHICOKHE 3aTPAaTHI.
Kpowme Toro, B X0/ie cO31aHUsI TAKUX MPOEKTOB pa3pabaThIBAIOTCS HOBbBIE
TEXHOJIOTHH, KOTOPbIE 3aTeM KOMMEPIHAJH3UPYIOTCs (B TOM UHCJ/e T03BO-
Jsisl B JlaJibHElIlIeM CO3[aBaTh MeHee JOPOTHe, HO OueHb 3(P(eKTHUBHbIE
KOCMHUECKHE MHCCHH).

CTOUT OTMETHUTh, UTO OTPOMHBIH BKJAaJ B aCTPOHOMHIO BHEC/IH
He TOJIbKO (a 4acTo M He CTOJbKO) OYeHb GOJbLIME KOCMHUECKHe 00cepBa-
TOPUH, HO M HeOOJbIIHE H OTHOCHTENbHO HEAOPOTrHe MPOEKThl, TaKHe KaK
cnyTHukd cepun Explorer, kK kotopeim otHOocsiTes GALEX, Swift, Uhuru,
WMAP, COBE, RXTE u NuSTAR, uiu takue npoektsl, kak CoRoT
1 coBceM HeGoJbioi (53 kr) kanauckuil anmapar MOST (Microvariability
and Oscillations of Stars, MUKpOBapHATHBHOCTb H KoJieGaHHsl 3Be3J).

14.2
Monetbl K Tenam ConHe4yHON
cucTembl

Tena CosiHEUHOH CHCTEMBI BBIAEJSIOTCS CPEIU NPYTHX acTpo-
HOMHUYECKHX 00'b€KTOB BO3MOXKHOCTBIO X HEMOCPENCTBEHHOTO HU3YUeHHSs
C MOMOIIbI0 KOCMHUECKHX annapatoB. OTO MOXET ObITh JUCTAHIIMOHHOE
Ucc/efoBaHHe ¢ OPOUTANBHBIX U/ MPOJETHBIX TPAEKTOPHH; HCTO/Ab30BAHHE
CTAllMOHAPHBIX MOCAJI0OYHBIX MOAYJIEH; MPUMEHEHHEe CaAMOXOIHBIX alapaTos,
nepeMelIalouXcs 10 MOBEPXHOCTH; HAKOHEIl, BO3BpaT Ha 3eMJio 00pasiion
KocMHUecKuX Tes. 3a 60 JeT KOCMHYEeCKOH 3pbl BCe 3TH CMOCOOBI ObLIN
NpUMEHEHBl HA MPaKTHKE.

[TepBoil MeXMJaHETHOH CTaHIMEl cTaJja 3amylleHHas B sSHBape
1959 r. «J/Iyna-1». C Toro BpeMeHH pasHbIMH CTpaHaMH OBLIO pPeasn3o-
BAaHO OTPOMHOE KOJHYECTBO MPOEKTOB MEXKIJIAHETHBIX aBTOMATHUECKHX
CTaHIHH, MO3TOMY 3/eCh MBI JHIIb KPATKO PACCMOTPHUM HECKOJIbKO
OTJeJbHBIX TIPUMEPOB, OXBATHIBAIOIINX BCE OCHOBHBIE THITBl HCCJEN0BAHHH
U Bce TUNBI 06'beKTOB COJHEYHONH CHUCTEMBI.

CaMbIM TIPOCTHIM THIIOM HMCCJEIOBAHUS MJAHET W JPYTUX 06b-
ekToB COJIHEUHOW CHUCTEMBl SIBJASETCS MUX H3yueHHe C OpOMTAJbHBIX HJH
IPOJETHBIX TpaeKTopuid. TakuM cnoco6om Oblix uayuenbl JIyHa (Hanpumep,
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B 1959 r. «JlyHa- 3» BmepBble MOJyuH/aa H300pa»«KeHUsT 0OPAaTHOH CTO-
pOHBI), BCE IJIAHETHl U MHOTHE M3 UX CIYTHHKOB, HEKOTOPbIE KOMEThI
U acTepounbl. PekopacMeHoM B CBOeM pojie siBasieTcsl anmapat Voyager 2
(«Bosimkep-2»), sanyuieHHbid B8 aprycre 1977 r.

C nomMoLbio KOCMUMYECKIMX annapaToB Gbiin
nccnepoBaHbl Bce nnaHeTbl ConHEeYHOW cucTeMbl.

[TepBoii neabio Voyager 2 (1 ero «Ginsnena» Voyager 1) cran
[Onutep, KoToporo kocmMuueckuil annapat goctur B 1979 r., 6bu10 MoayYeHO
MHO2KECTBO BBICOKOKAYeCTBEHHbIX H300paKeHUH MJaHeThbI-THraHTa U ero
cnyTHHKOB. JlaHHble ¢ 006ouX annapatoB Voyager NPUBE/IH K OTKPBITHIO
ByJKaHH3Ma Ha crnyTHuke Mo, kpome Toro, 6/arofaps BLICOKOMY KauecTBY
CHUMKOB OblI0 06HAPYKEHO HECKOJNbKO HOBBIX CHYTHHKOB M KoJel IOnu-
Tepa. [ToMuMO kKaMep anmnapaTthl HECJH MHOXKECTBO IPYTHX HHCTPYMEHTOB
IJIs1 TIOJyueHHs] HH(OPMAUKH O MAarHUTHBIX TOJSIX TJAaHET, CBOHCTBAX
IJIa3Mbl U KOCMHUYECKHX Jy4Yei.

B 1981 r. Voyager 2 npubausuics k CaTypHy, rie ¢ IOMOILIbIO
pazuoannapaTypbl IpoBeJ HCcleloBaHHe BepXHel aTMocgepbl 3TOi IMjaHe-
Thl, 4 TaKxKe MOJYYH/]I MHOI'O KaueCTBEHHbIX CHHMKOB KOJIell H CITyTHHKOB.
[Tocsie rpaBUTAllMOHHOIO MaHeBpa amnnapar Obl/l HalpaBsJaeH K YpaHy.

B 1986 r. Voyager 2 ctas mnepBbIM MpoJieTeBIIUM BOJIU3H Y paHa
anmnapaToM, KOTOPbIH MOAPOGHO UCC/IEN0BA/ 3Ty TJIAHETY U CHCTEMY ee KoJell,
a Takxke OTKpbl1 Gosee 10 HOBBIX CNYTHHKOB MW H3YUHJ YXKe HU3BECTHBIE.
Brulnu nosyyeHbl BayKHblE pe3y/bTaThl O HEOOBIYHOH CTPYKTYype MAarHMUTHOTO
noJst Ypana. [lo HacTosiliero BpeMeHH HUKaKHe Jpyrue anmapaTbl He moce-
IWa/dH YpaH U ero CHCTeMY.

MexxnnaHeTHble CTaHLUW NO3BONAIOT HE TONIbKO Noy4yaTb
N306pa)keHns B BbICOKOM KayecTBe, HO 1 NMPOBOAUTb
HenocpencTBeHHble N3MEPEHNSA N 9KCNEPUMEHTbI

B OKPECTHOCTU 1 Ha noBepxHocTu Ten ConHevyHon
CNCTEMDI.

B 1989 r. Voyager 2 c6ausuicsi ¢ HenryHowm, 310 Takxke
ObLI0 MepBbIM (M €IMHCTBEHHBIM HA CETOMHSIIHUE [eHb) MPOXOKICHHEM
KOCMHMUECKOro anmapata BOJM3H AaHHOH miaHeThl. [locse saToro Tpaek-
TOpHS amnmapaTta CHOBA Oblja CYIIECTBEHHO H3MEHEeHa, W OH OblJ HalpaB-
JIeH K rpaHuiiaM reanocdepbl. B HACTOSIIMA MOMEHT YacTb anmapatyphl
Voyager 2 (kak u Voyager 1) npomo/kaer pa6oratb. O6a anmapara
nepearT YHHKaabHyw HHpopMmaluio ¢ pekopaHoro (Gosee 115 a.e.
B cayuyae Voyager 2 u okosio 140 a.e. B ciyuae Voyager 1) paccrosinus,
ynaasisicb or Cosrua npuMepro Ha 500 maH kM (Gosee 3 a.e.) B rof.

Cpenu MHOXECTBAa KOCMHUECKHX amlNapaToB, H3yUaBLIMX MJIAHETHI
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C MPOJIETHBIX HJH OPOUTAJBHBIX (T.€. C BBIXOAOM Ha OPOUTY MJAHETHI)
TPAaeKTOPHUH, CTOUT OTMETHTb MexXIIaHeTHYI0 cTaHiuio New Horizons. Ona
CTasla TIepBbIM KOCMHUECKHM amnmnapaToM, focTurium [liayToHa, ¢ ee momo-
1IbI0 YAAad0Ch MOJYUUTh YHHKaAbHble H300paxKeHusl 3TOH KapJauKOBOH
NJaHeThl, a TakxKe ee crnyTHUKOB. [lyremecTBue 3aHsmo noutu 10 Jer:
3amyck npousoies B siHBape 2006 r., a anmapar npoJeTres Ha MHHUMAJbHOM
paccrosinuu ot [lnyrona B uiosne 2015 r. [lo myTH ¢ momomnibio anmnapara
ObLIM NoMyyeHbl H300paxkeHus: IOmurepa U ero CyTHHKOB, a B JaJsbHeH1ieM
New Horizons niaHupyeTrcsi HCMOJAb30BATH [IJs1 U3YUEHHUS] HECKOJbKHX
HeOosbinx 06'beKTOB B mnosice Kofinepa.

Camble panekme KocMmumyeckume annapartbl HaxoaaTcA
Ha paccTtossHm 6onee 100 a. e. ot ConHua.

MoxeT 1MoKasaTbCsl CTPAHHLIM, HO, HECMOTPS Ha OTHOCHTE/b-
Hylo 6Ju30CcTb MepKypusi K HaM, U3yuaTb €ro cjoxHee, ueM IOmnutep.
[TosToMy K 3TOH MJaHeTe OblIO HE TaK MHOTO MOJETOB, U He OBLIO HU
oNHOH mocaaku. Ha cerogHsiiHuii neHb HanGoJjee feTasnbHble TaHHbIE
10 3TOH MUIaHeTe moJyueHsl ¢ nomoiibio cnytiika MESSENGER (Mercury
Surface, Space Environment, Geochemistry, and Ranging — TloBepx-
HOCTb, KOCMHUECKOE OKpYKEeHHe, reoXUMHsl U Kaprorpadus Mepkypus),
KoTopbi# Obl1 3anyiieH B 2004 r. u Bbillles Ha OPOUTY HCKYCCTBEHHOTO
cnytHuka Mepkypus B 2011 r. B 2015 r. mporpamMa Gblia MOJHOCTbIO
3aBeplleHa, B YaCTHOCTH MOCTPOEHHl caMble MoApoOGHbIe KapThl MepKypus,
U MeXIJaHeTHasi CTaHlMs Obla CBefieHa C OpOUTHI.

Hakonen, ynomsHeM MexmaHeTHylo ctanuuio Cassini, koropas
6bla 3anymiena B 1997 r., a B 2004-M goctursia cBoed 1en — CHCTe-
Mbl CartypHa. CTaHuusl Hecsa crnyckaeMblil annapat Huygens, KoTopblil
coBeplIMJ nocaaky Ha cnyTHHK CatypHa Turan, objagaroliui maoTHOH
a30THOH aTMoc(epoi. B pesy/ibrare OblH MOJMyUeHbl YHHKA/AbHbIE JaHHbIE
06 3TOM CIyTHHKe, NMO3BOJUBIINE [axe 3aloJ03PUTh CYLIeCTBOBAaHHE
Ha HeM 3K30THuecKuX (opM kusuu (cM. paszaen 16.1 «2Kusup B Cosneu-
HOil cucreMes). Cassini B Teuenne 13 JieT yCrelHoO HCCIAEN0BAT CHCTEMY
CarypHa, NoJyuYuB KpacHBeHIIHe H300paXKeHUsl 3TOH MJaHeTbl U cle/aB
psiL BaXKHBIX OTKpbITHH. Hanpumep, Obliin o6HapyKeHbl KPHOBYJIKAHBI
AHuenaga — cnyrtHuka CaTypHa, — (DOHTaHHPYIOLIHE BOLOH MOAJNETHOTO
okeaHa. 15 ceurssops 2017 r. annapat Cassini GblJ CBeleH C OPOUTHI
u Bomtes B atMocepy CatypHa.

[Tocanka Ha MOBEPXHOCTb — CJIOXKHAsI OMepalys A/ MeXIIaHeT-
Ho# craniuu. [lepBas msirkasi nocanka Ha JIyHy ymanach Toabko B 1966 T.
(«JTyna-9»). MHorde monbITKM MATKOH mocaaku Ha Mapc n Benepy Obiin
HeyfauHbIMH. B ciyuae BeHepbl 3T0 BO MHOroM GblIO CBSI3aHO C 3KCTpe-
MaJIbHBIMH YCJIOBUSIMH Ha IJIAHETE, UTO BIEPBblE BBISICHU/IOCH C MOMOIIbIO
anmnapaTtoB cepuu «BeHnepa».
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3anyuienHast B 1967 r. «Benepa-4» nepesnaBana uHpopMaLuio
Ha 3eMJl0 BO BpeMs cliycka B aTMmocgepe, HO Oblja pa3pylieHa KoJoc-
cajJbHbIM AaBjeHueM. [locaenymoiine anmapaTthl CO3AaBAaNUCh C YUETOM
9TUX JaHHBIX, U B UTOre «Benepa-7» B koHie 1970 r. cMor/ia COBEpILHTh
MocajKy ¥ nepenaTb HH(GOPMAIHIO ¢ TTOBEPXHOCTH TaHeTHl. «BeHepa-9»
n «Benepa-10» B 1975 r. ornpaBu/iu Ha 3eMJI0 MepBbie U300paKeHHUSsI
NMoBepXHOCTH, a «BeHepa-13» u «Benepa-14» — mnepBble 1BeTHBIE H30-
Opaxkenust (a TakxKe MPOBEJNH AHAMH3 TPYHTA).

Mcnonb3oBaHme po60TN3NpPOBaHHbIX MOOUIbHbIX
nccnepoBaTenbCckux naboparopmin NO3BONSAET NojlyyaTb
Ba)KHYO Hay4HyI0 MHpopmayumio 6e3 HeobxogmmocTun
NUNOTUPYEMbIX 3KCNEeQULNIA.

Eue Gosee c/a0XKHOH 3agaueil sBJsieTCS NMOCAAKa HA MaJble
Tesa — KoMeThl M actepouabl. B 2014 r. cnyckaemomy annapaty Philae
(«PuJibi»), 3anylieHHOMY Ha GOpPTY KOCMHUECKOro ammapara Rosetta,
yaas0ch COBEPIIMTh TMOCAAKY Ha MOBEPXHOCTb KoMeTh 67P/UypiomMoBa —
[epacumeHKo W mepenath OTTyna HaHHble. [loTeHIManbHO Takue HccJe-
JIOBAHHSI BAXKHDBI [/ TOHUMAHHUS MpoLeccoB (GOPMHPOBAHUS U 3BOJIOLUH
CoJ/IHeUHOH CHCTEMBI.

Bbrnoxnmunyeckmne naboparopmnm paboranu
Ha nosepxHocTm Mapca.

OcHOBHOH 3agauell MeXKIVIAaHETHBIX CTAHUMH SB/SETCS MOJyUeHHEe
HOBOH HayuHOH HMH(pOpPMalMH O CBOHCTBAX M3yuyaeMblX 00'bEKTOB, UTO
MOXKeT ObITb JOCTHTHYTO OTIPABKOH CJO0KHOTO Ja6opaToOpHOro 060pYLOo-
Banusi. Hanpumep, Ha annaparax Viking 1 u Viking 2 («Bukunr-1, 2»),
COBEPILIMBUIMX MOCAAKy Ha rnoeepxHocTb Mapca B 1976 r., 6ni1a ycra-
HOBJIEHA amnmapatypa s OHOJOTHUECKHX 3KCIEePUMEHTOB M OOHApY-
JKEHHsI XKHUBBIX MHKPOOpPraHuaMoB Ha Mapce (pe3ynbTaThl OKasaauch
OTPHUIATENbHBIMH).

[pyroii cnoco6 cyllecTBEHHO PaCIMPUTL HH(POPMALMIO O Tesaax
Co/HEeYHOH cHCTeMbl — OTHpaBKa MOOUJbHBIX YCTaHOBOK, CIIOCOOHBIX
nepeMelaTbesl Mo AOCTATOUHO GOJbIIOH TEPPUTOPHUHM M NPOBOAUTH aHA-
JIU3bl B Pa3HbIX MecTaX MOBEPXHOCTH. [lepBbIMH TaKMUMH ammapaTaMu
obn «JlyHoxomer» (1970 u 1973 rr.). Cpeas COBpeMEHHBIX MOLOGHBIX
YCTPOUCTB OJIHUM M3 CaMBIX yCMEIIHBIX siBjasieTcsi mapcoxon Opportunity
(«BaaronpusiTHasi BO3MOXKHOCTb). F3Haua/ibHO €ro mporpamma, HauaTast
B 2004 r., 6b1a paccuntana Ha 90 MapcHaHCKUX JHEH, OJHAKO ammapart
npojpoJ/kaer coio pa6ory u B 2017 r. C nomounpio Opportunity 6biin
0OHapyKeHBl CJjelbl CYIeCTBOBAHUS OOJbIIMX 00'bEMOB XKHUAKOH BOABI
Ha MoBepXHOCTH Mapca B MpoILIOM.
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Pasymeercsi, HEBO3MOKHO OTNPABUTh HAa KOCMHUYECKOM ammapa-
Te CTOJIb XK€ COBEpLIEHHYIO HAYYHYIO annaparypy, Kak yCTaHOBJEHHYIO
B 3eMHBIX JaGopaTopusx. [TlosTomMy ajisi pellieHHs] MHOTUX 3a/lay UIeaJbHbIM
siBJsieTcsl BO3BpaT o6pasioB Ha 3emio. Brepsblie 3T0 yaajnoch cienaTb
B pe3yJbTaTe MUJAOTHPYEMbIX MOJETOB Ha JIyHYy B paMKaX TMpPOTrpaMMbl
Apollo («Anosuion»). Onxako B 1970 r. JyHHBIE IPYHT MOMa/ HA 3eMJIO
6iaromapsi paboTe aBTOMaTHUYeCKOH craHuuu «JIyHa-16», a mosnHee 3Ty
orepanuio moTopuan «JIyna-20» (1972 r.) u «Jlyna-24» (1976 r.). [Toay-
yeHHe 06pasLOB U3 PasHbIX Touek JIYHBl C Pa3HBIMU I'e0JOTHYECKHMH
CBOHCTBAMHU MO3BOJSIET TOUHEE BOCCTAHOBUTb HUCTOPHIO (DOPMHPOBAHHUS
Hallero eCTeCTBEHHOr'0 CIyTHHKA, a TaKxkKe pado6paThCsl B €ro 3BOJIOLHH.
B o6pasuax, 1ocTaBjaeHHBIX Ha 3eMJio «JIyHOH-24», 6Gbli0 06GHAPYKEHO
MIPUCYTCTBHE BOJBL.

MpoBogunnck nocagkm annapaToB Ha KOMETbI
n actepounppbl.

YHHMKaJbHBIM COUETAHHEM IIOCAJKH Ha MaJjoe Tejo (acTepou)
M BO3Bparta o6pasioB cTajsa paboTa simoHCKoH muccun Haeabusa, samyieH-
Hoit B 2003 r. HecmoTpsi Ha MHOTOUHC/IEHHbIE TEXHUUYECKHE CJI02KHOCTH,
nposenast B 2005 r. uccaenoBanus acrepouna 25143 Virokasa, anmapar
COBEPILUJ MOCAAKY Ha €ro MOBEPXHOCTb. Bb coGpaHbl 06pasibl IPyHTA,
koTopble B 2010 r., XoTs U He 6e3 mpobJeM, HO ObLIH AOCTABJAEHBl Ha 3eMJII0,
rle UX yIajJoCh U3YUYHTh B Ja6OPATOPHUSIX.

OTBET Ha BONPOC O CyLLEeCTBOBaAHUSA XMN3HN B ConHeYHOM
cucteme (BHe 3emMnun) fOMKHbI AaTb aBTOMaTnyeckme
MeXnjaHeTHble CTaHLnN.

Baaronapsi pabore psina aBTOMaTHUECKMX MEXKIJIAHETHBIX CTaHUMH
yaaeTcsl IPOBOJUTh HEMoCpeACTBeHHOe H3yueHrue MHOrux tesa CoJsHeuHoH
CHCTEMBbl Ha YpPOBHE, OTUYACTH CPABHHUMOM C JAHHBIMH Ie0U3NUYECKHX
HCCJIEN0BAHME (10CTATOYHO AOITOBPEMEHHBIH MOHHTOPHHT M 30HAHPOBAHHE,
aHaJu3bl 00PA3II0B «HA MECTEe» H MX J0CTABKA B 3eMHble Ja00PATOPUH).
DTO N03BOJSAET, BO-NEPBHIX, JyUlle MOHIATb YCAOBHS BO BHELIHHUX CJOSIX
U Helpax MJaHeT M IPYTHX KOCMHUECKHX TeJ, Gsarogapsi ueMy MOXKHO
FOBOPHTb O BO3HHKHOBEHHMHM CPaBHHUTEJNbHOH MJaHeTosornu. MHorue
acnekTol (OpMHUPOBAHUSA JeTajded peqabeda, 3BOJMIOLMK KaAUMaTa H Ap.
OCHOBAHBI Ha CXOAHBIX (PU3HYECKHX TIpolleccax: CKaxKeM, MapHUKOBBIH
sapdext B atmMocdepax 3eman u Beneprl, opMupoBaHHe feTasell pefbe-
¢a Ha Mapce u Turane. Bo-BTOpbIX, HCC/AEL0BAHUS NPOJAUBAIOT CBET
Ha (hopMHpOBaHHe U 3BOJMOLHMI0 COMHEYHOH CHCTEMBI B LIe/JIOM. B-TpeThux,
JIeTaqbHOE M3yueHHe pPa3HOOOpasHbIX MaaHeT BOJIU3H HAC TMO3BOJSIET
¢ 00J/IbIIOH YBEPEHHOCTbIO IMOAXOAUTL K BOIIPOCAM H3yueHHs elle GoJee
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pPasHOOGPa3HOro «300MapKa» 5K30ILIAHET, O KOTOPBIX y HAC €CTh JHIIb
BeChMa Or'paHHUEHHbIE JaHHbE. [109TOMY MHOrHE BBIBOIbI O CBOHCTBAX
[UIAHET BOKPYT IPYTHX 3BE3Jl OCHOBAHBI HA HAIIEM MOHHMAHWH YCTPOHCTBA
niaHeT Co/MHEYHOH CHCTEMBI.

Pasywmeercst, ocTaercs psii BaXXHBIX HEPEIIEHHBIX MPOGJEM.
Hanpumep, Takoil Ba)cHbIH BONPOC, KAK BO3MOMKHOCTb CYIIECTBOBAHHS
npoctedmnx GopM xku3HH Ha Tesax COMHEUHOH CHCTEMBbl B HACTOSIIEE
BpeMsi (EBpona, duuenan) uin B npouuioM (Mapce). OTBer Ha HEro MOXKHO
GyeT MOJMYUHTh C MOMOIIbIO GYAYIIHX MEXKIIAHETHHIX AlapaToB, KOTOPbIe
ceiluac paspabaTbiBAOT BeAyIHe KOCMHUECKHE areHTCTBa. B pasnbHediem
3TO MOXET MO3BOJUTH Pa3o6paThCs B BOMNPOCAX MPOUCXOXKIECHHS JKH3HH
1 ee PaclpoCTPAaHEHHOCTH BO BcesieHHOH.

14.3
13yueHmne 3emnm n3 Kocmoca
1 NccnenoBaHMAa OKOJI03eMHOrro
NPOCTPAaHCTBA

C camoro Haya/la KOCMHUECKOH 3pbl HauyaJoch M3yueHHe 3eMJH
C MOMOIIbI0 KOCMHYECKHX anmnapartos. [lepuon ¢ utosisg 1957-ro mo neka6pb
1958 r. Gbl1 00'bsiBJEH MeXIYHAPOIHBIM I'eOPU3UUECKUM TOJOM, B 3TO
BpeMsl MPOBOJHUJCS DSl CKOOPIAHHHPOBAHHBIX IPOTpaMM 10 M3YUEHHIO
Halllell MJaHeThl: B YACTHOCTH, C HCIOJb30BAHHEM PAKET U CIYyTHHKOB.
B oxrsa6pe 1957 r. Gbl1 3amylieH NepBbIH UCKYCCTBEHHBIH CHYTHHK, a YkKe
B 1958 r. ¢ nomomeio cnytHukoB Explorer 1 u Explorer 3 6bi10 mocToBep-
HO MOATBEPKAEHO CYLIECTBOBAHHE PAJMALIMOHHBIX MOSICOB B MarHurocgepe
3emsn (Tak HasbiBaeMoro nosca Ban Aasena). B mae 1958 r. 8 CCCP
Obla 3anylueH TsxKe bl « CyTHHK-3» ¢ GOMbIIMM KOJIHY€CTBOM HAyUYHOH
annapatypbl Ha 60pTy, ¢ TIOMOILBIO KOTOPOH H3yuastach aTMocdepa 3eMiH,
ee MarHuTHoe 10Jle, a TaKXKe KOCMHYEeCKHe JYUH.

N3yueHune 3emnm n3 kocmoca o6veguHsaeT B cebe
dyHOaMeHTanbHy0 HayKy U YACTO NpPUKIagHble 3afayn.

C TeyeHueMm BpeMEHH IOsABH/JAHUCDH CIIEIHAJH3UPOBAHHbIE CITYT-

HUKH JIJIs] U3yUeHHs] 3eMJIM U3 KOCMoca. DTa TeMaTHKa CUMTaeTcs KpaiiHe
BaXXHOH, MMO3TOMY Ha Hee 3aTPauyMBalOTCsl 3HAUHTeJNbHble pecypchl. Tak,
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B NASA B 2015-2016 rr. ucc/ienoBanust 3eMJ/d U3 KOCMOCA HMENH
GoJiee BbICOKHE Oromker (moutu $ 2 Mapa B ron), yeM KaKAbli U3 Tpex
JAPYTUX HayuyHbIX pasge/noB (acTpodusuKa, IJaHeTHbie MCCJ/el0BaHHs,
resquousnka). OueHb HHTEHCHBHO 3Ta 06/1aCTh UCCJAEIOBAHUI pa3BHBA-
etrcsl B EBpone, KoTopas cefiuac JUAUPYyeT B 3TOM HampaB/JaeHuH. M maxe
He6oJIbIlIHe CTPAHbI, HE MMeIolIne KPYMHbBIX KOCMHUECKHX MPOTrpamm, CTpe-
MSITCSI CO3/1aBaTh COOCTBEHHbIE CITyTHHUKH, TpeHA3HAUEHHbIE /IS PelleHus]
KaKUX-TO JIOKAJbHBIX MPHUKJAATHBIX 3a/au, CBSI3aHHBIX C HAGJIIOJEeHUIMA
U3 KOCMOCA, WJIH COTPYIHUYATH C GOJbIIUMH areHTCTBAMH.

HccnenoBanust 3emsu U3 KocMoca 06'beUHSIOT Kak psifi PyHaa-
MEHTAa/JbHbIX HAayUHbIX, TAaK U MHOXKECTBO MpHUKAATHbIX mpobaem. Celuac
BBIAESIIOT TaKHe NMPHOPUTETHbIE HANPaBJAEHHs, KaK H3yUeHHe 3arpsi3HeHHUsI
OKpY2Kalolle# cpelbl, pasjuuHbie acleKThl 3IpaBoOXpaHeHns (Hampumep,
UCCJ/IeIOBaHMsI, CBSI3aHHBIE C PAaCMpOCTPaHEHHEM MAJSIPUH B 3a60/10UEHHBIX
MECTHOCTSIX, WJIM POJIb Pa3pylleHHsi 030HOBOI'O CJIOsI B pocTe 3a60/1eBaeMOCTH
pPaKoM KOXH), HCCJAEeJ0BaHHsI 9KOCHCTEM H OMOpPA3HOOOpa3Hsi, U3yueHHe
3eMHOH KOpBI (CI0Ja BXOJAHUT H NPOTHO3HPOBAHHE 3EMJETPSACEHHH, H MIOUCK
[0JIE3HBIX HCKOMAEMbIX, H M3yUeHHe BYJKAHOB), HAO/MIOJEHHE 3a H3MEHEHH-
SIMH KJIUMaTa, MOHUTOPHHT M MPOTHO3HPOBAHHE MOTO/bI, H3yUeHHEe BOTHBIX
pecypcoB (BK/OUas U3yUYeHHE JIEASTHOTO MOKPOBA).

Mpo6bnema rno6anbHOro M3MeHeHUa KnmmaTa TpebyeTt
NOCTOAHHOIO0 KOCMWUY€CKOro MOHNTOPUHTra.

Cpeny KOHKPETHBIX aKTyaJbHbIX BOMPOCOB BBLIE/SIOTCS MPOTHO3
O/IMKANIINX CEePhEe3HBIX KJINMATHUECKUX H3MEHEHHH (Hampumep, CBSI3aHHBIX
C TastHHEM JIbJIOB), TOBElEHHE OKEaHHUEeCKHX 3KOCHCTeM (HcueprnaHue
PBIGHBIX PECYPCOB), MMHAMHKA KOJHUECTBA Pa3pPYIIMTENbHBIX TPOMHUECKHX
[UKJIOHOB, paclpocTpaHeHHe GoJie3Hel.

Kpome naccmeHbIX HabnoaeHNn NCNoNb3yeTcs akTUBHOE
30HOMPOBaHME NOBEPXHOCTU 1 aTMocdepbl C MOMOLLbIO
pagapoB 1 na3epos.

[1si u3ydyeHus: napamMmeTpoB o6oJoueKk 3eMJad W MUX THHAMHKH
HCIO0J/Ib3yeTCs OOIIMPHOE Pa3HOOOpas3ue HHCTPYMEHTOB. KpoMe moJgyue-
HHs M300payKeHHH B PA3HBIX CNEKTPAJbHBIX AHANA30HAX HCHOJb3YHTCS
M aKTHBHBIE METOJBl 30HAMPOBAHHS, B OCHOBHOM C IOMOIIbIO pPagapoB
U JHAapoB (Ja3epHBIX pagapoB, NMPUHUMAIOIIMX OTPAXKEHHOE HJIH pacce-
SIHHOE J1a3epHOe H3JyueHHe). DTO MO3BOJSET M3yUaThb COCTAB 3€MHOMH
atMocdepbl Ha pa3HbIX BBICOTAX, a TaKXKe pelllaTb MHOXECTBO APYTHX
3ajay, HaAlpUMep CTPOUTb TOUHBbIE KapThl BHICOT pesbeda, 4ToO, B YacT-
HOCTH, JAaeT BO3MOXKHOCTb NpPEACKa3blBATh KPYIHble OMOJ3HH. Takxe
JMCTAHLHOHHbIE H3MePEeHHs] MO3BOJISIIOT C BBICOKOH TOYHOCTBIO H3MEPSTh
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YpPOBEHb BOAHBIX MPOCTPAHCTB — KaK MOpPeH W OKeaHOB, TaK U 03ep,
4TO UMeeT OIrPOMHOE TPHUK/IAJHOE 3HAUEHHE M3-3a YIPO3bl 3aTOTJEHHS
NpuOpeKHBIX PAHOHOB MPHU TOBBIIIEHUH YPOBHS MHPOBOTO OKeaHa, Yyrpo3sbl
HABOJHEHUH WJIH 3aCYyXH.

BaxxHo#i 3amaueil, uMeloleld OTHOLIEHHE K KJAUMATY H IMOTOJE,
SBJSIETCS H3MepeHHe COJHEYHOH MOCTOSIHHOH — KOJIHYecTBa SHEPTHH,
npuxonsie or Coanna. [Ia1s 3Toro Takxe HeOOXOIUMBI CMYTHHKOBbBIE
u3mepenusi. Xorsd GopMajnbHO 3TO oTHOCUTCS K (puduke CoJHIA, TEM
He MeHee M3-3a BaXKHOCTH 3TOTO MapaMeTpa JJis MOJENUPOBAHUs 3€MHOTO
KJUMaTa MoAo0Hble U3MepPEHHUs] TPAJAULMOHHO BKJAUAIOTCS U B MPOTPAMMBI
reo(pu3nuecKux HUCC/AeI0BAHUH.

Toabko rao6anbHble CIyTHUKOBblE HAGJMIOAEHHUST MO3BOJSIOT
C BBICOKOH TOYHOCTBIO H3yuaThb T'pPaBUTALlMOHHOE MoJe 3eMJH H ero
BapuallMi: 5Ta 3ajavya pemrasach B pamkax npoektoB GRACE (Gravity
Recovery And Climate Experiment, DxcriepuMeHT 10 H3yueHHIO TpaBUTA-
LMOHHOTO MmoJist U KauMara, sanyuieH B 2002 r.) u GOCE (Gravity field
and steady-state Ocean Circulation Explorer, Annapat /s M3ydyeHusl
rPaBUTALMOHHOIO TOJS M MOCTOAHHBIX OKeaHHuecKuX Tedenuid, 2009 r.).
M3amMepeHus rpaBUTAllHOHHOTO TIOJISI BaXKHBI J/Is1 U3YUYEHHSs 11e/10r0 psifa
BOTIPOCOB, TAKHX KaK MOCTPOEHHE KAPT OKEaHCKHX TEeUeHWH, HCc/eloBaHHe
TasiHUs JIeMHUKOB, a TaKxKe H3yueHHe MOCJAeJICTBUH 3eMJ/eTpPSICEeHUH.

MporHos norofgbl 6a3npyeTca Ha CNYTHUKOBbIX AaHHbIX.

Oco6eHHOCTbIO TEO(PU3UIECKHUX HUCCAETOBAHUN SIBJASETCS HEOO-
XOAUMOCTD JIJIHTENbHOTO MOHHUTOPHHTA, MOCKOJAbKY MHOTHE KOpPPEeJsIIny
(HampuMep, U3MEHEHHe YHC/a yparaHoB B 3aBUCHMOCTH OT CPeIHEH TeMre-
paTypbl) 3HAUHMO MPOSIBJASIOTCS TOJBKO Ha OOJBIIMX MaciiTabaX BpPeMeHH.
[Tostomy TpebyloTcs MOCTOSSHHblE HAOJIOACHUS, NJs Uero HeoO6XOAUMO
MoJIIePXKUBATH OPOUTAJbHBIE TPYNIUPOBKH CHYTHHKOB, OCHAI€HHBIX
cooTBeTCcTBYOIUMHE npubopamu. Cefivac Ha op6UTe MOCTOSIHHO pabo-
TaeT HEeCKOJbKO JEeCSITKOB CIYyTHUKOB /ISl M3YUeHHs] 3eMJH, CO3IaHHbIX
pa3HBIMH CTpaHaMHu. Jlumepamu B 3TOH 06/acTH SBJSIOTCS EBponeiickoe
KocMHueckoe areHTcTBo U NASA.

B HacTosiLlee BpeMsa ana nccnepnoBaHumsa 3emnm
N3 KOCMOCa NOCTOAHHO PaboTalT HECKOJIbKO AECATKOB
CNyTHNKOB.

['oBOps 0 cCOBpeMEeHHBLIX HCCJAELOBAHUSX 3eMJH M3 KocMmoca
B Poccuu, MOXKHO BBbIIE/IHTb CEPUIO M€OCTALHOHAPHBIX CIYTHHKOB «JJeK-
Tpo-JI», mpeqHa3HAaUEHHBIX AJS KOMIJIEKCHBIX HCCJ/eJ0BaHHH B 00JacTH
KJIUMaTOJ/IOTUH, 3KOJOTHH, MOHHUTOPUHTA MOTO/bl, 3YyUEHHs] MAaTHUTHOTO
NO0JISE U PEUICHUS] HEKOTOPBIX APYTHX CMEXKHBIX 3ajad.
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Bo MHOrWX cjyyasix Ajs MOJyd4eHHs HeoOXOAMMOH HayuHOH
MH(POPMALMH HYXKHbl HE TOJbKO KOCMHYECKHe HaOJ/I0NeHHs], HO U paboTa
METeOCTaHIUH Ha MOBEPXHOCTH, a TAKKe MCC/IeJOBAHHUS C IIOMOIIbIO Teo(u-
3HYECKHMX PaKeT, caMoJIeTOB W 0a/lioHoB (aspocTtaToB) B arMocdepe (dactb
Harpy3kM KOCMHYECKHX almapaToB CO BpeMEHEM JIO0J/KHbl B35ITh Ha ce0si
GoJiee JelieBble GeCU/IOTHBIE JeTaTe/IbHble alnaparh). DTO HEOOXOAMMO
U /s Ka@uOPOBKH M3MEPEeHHH, U [/ T0JYUYeH s AOMOJHAKINX JaHHBIX
1 TpebyeT KOOPAHHALKH HCC/IEN0BATENbCKUX MPOrPAMM, OCYILECTBJIAEMbIX
3a4acTyio pa3HbIMM BEIOMCTBAMH B Pas3HbIX cTpaHaX. Kpome Toro, yacto
KOCMHUYECKHEe OaHHbIE Hy}KHbI JJIs UCIIOJIb3OBAHUSA B KOMHbIOTeprIX Moge-
19X (IPOTHO3 TOroAbl, H3MEHEHHEe KJIMMATa, MOBEeJeHHEe SKOCHCTEM H Ip.).
[TosTOoMy HEOGXOAMMO COIVIACOBLIBATbL TPeOGOBAHUS AHAMMTHKOB C IOAXOLAMH
paspaGoOTUMKOB CIYTHHKOB M MPOrpaMM HaGJIOJeHHs, a JaHHble MOHHTO-
PHHra 1ocJe NePBUYHOA 00paGOTKH H0J/KHBI MONafaTh B OTKPHITHIA JOCTYII.

MOHUTOPMHI NpUpPOAHbIX KaTacTpod — ofHa M3 3agaud
CNYTHMKOBbIX HabngeHUA.

Crout 0c060 NOAYEPKHYTb, UTO HCCJAENOBAHUS 3eMJH M3 KOcMoca
CBSI3aHBI CO MHOTHMH T/106a/bHBIMH NPOGJAEMaMH, HMEIOIIHMH OTHOIICHHE
K GoJsblIOH MoJIMTHKE. B mepBylo ouepeab 3TO BOMNPOCH! IM106GA/IbHOTO
M3MEHeHHs KJHMaTa, /s PeryJHpOBaHUS KOTOPBIX HYXHBI MEXKIYyHApO-
Hble corsamenus. [Ias X JOCTHXKEeHHsT HeOOXOAMUMBI HaleXKHble MOJAE/H
W MPOTrHO3bI, KOTOPbIEe MO2KHO COCTaBHUTL TOJBKO TPH Ha/JHUHH PETyJ/asapHOro
BCECTOPOHHEr0 MOHHTOPHHTa 3eM/H M3 KOCMoca.

144
[MnnoTnpyemasi KocMoOHaBTUKA

Hcropust NHIOTHPYEMBIX KOCMHUYECKHX MOJETOB MPEKPACHO OIH-
CaHa BO MHOXECTBE KHHUT W cTaTeid. MOXKHO BbIIENUTb HECKOJBKO 3TAloB
OCBOEHHS KOCMOCA 4e/0BeKOM. Bo-IepBbIX, 3TO OTHOCHTENbHO KOPOTKHE
1oJIeThl HA OKOJIO3eMHble OPOUTHI, HAYMHAs C UCTOPHYECKOIo cTapTa
nepsoro kocMoHanTa 12 anpesas 1961 r.; B pasHble NepHOAbl TPHU CTPAHBI
(CCCP, CHIA u Kwuraii) y»Ke OpOULIA 3Ty MEPBYIO CTaAUI0 PAa3BUTHSA
MUJAOTHPYEMOH KOCMOHABTHKH. BO-BTOpBIX, aMepHKaHCKHe JIYHHBIE JKCIIe-
JMILUH, peasn3oBaHHble B KoHIle 1960-x — nauase 1970-x rr. B-tperbux,
cosnanue KocMuyeckux cranuui (Skylab, «Camorb»y, «Mup», « TAHbIYH>,
MKC) u poarospemeHHoe npe6GbiBaHHE HA HUX — 3TOT 3Tall YCHEIIHO
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MpOAOJ/KACTCSA U B HAlIM AHH. HakoHel, OTAeNbHO CJAeAyeT BBIIENUTb
nporpammy Space Shuttle — KOCMHUECKHX UeNHOKOB, MO3BOJHUBIIYIO
pea/in30BaThb MHOXKECTBO MHTEPECHBIX H BAXKHBIX IIPOEKTOB, B TOM UHCJE
U B aCTPOHOMHH, OJJHAKO 3aKPBITYI0 H3-3a aBapHil H BHICOKOH CTOMMOCTH.

Jl1s1 pa3BUTHSA aCTPOHOMHH M acTpPo(HU3WKH MEPBBIH 3Tal BHeC
HeOOMbLION BKJAJ, MOCKOJNbKY B €0 OCHOBHYIO 3a/lauy BXOAHJ/IO B IE€PBYIO
ouepelb pelleHHe TEeXHHUECKHX M MEIHKO-(PHU3HONOTHUECKHX MPOOJIEM.
A BoT B Xole pea/jM3alUH JYHHOH mporpaMMbl ObLIO MOJYYEHO MHOTO
HOBBIX CBEJEHHH O HalleM eCTeCTBEHHOM CHYTHHKe: Ha 3eMJio OblIo
npuse3eHo 382 Kr o6paslloB JYHHBIX MOPoA. Broc/aencTBUH BO MHOTHX
Jna60opaTopusIX MHpA YUYeHble MOMYUH/IH BO3MOXKHOCTb paGOThl C HUMH, YTO
MPUBEJIO K YTOUHEHUSIM JTATHPOBKH MOSIBJEHHUS JYHHBIX KPaTepOB U XUMH-
yeckoro coctasa JIyHubol. Mitorom crasna ypapnas momenb (popMHPOBaHHUS
Halllero CIyTHHKA.

Kpome c6opa o6pasiioB, noaydyeHnus gororpacduit u 6ypeHus
aCTPOHABTHl yCTAHOBUJHM Ha JlyHe Gosee 2 T HayuHOro 060PYIOBAHHSI.
Brlin npoBesieHbl ceficMO/IOrHUeCKHEe UCCAeIOBAHUST U H3MEPEHHs TpaBUTa-
IIMOHHOTO MoJs1 JIyHbl, MOJyUYeHbl MarHUTOMeTpUUeCKHe JaHHble. Bro6aBok
ObIIM YCTaHOBJIEHBl YT'OJNKOBBIE OTpaXKaTe/u, KOTOpPble 3aTeM MO3BOJMH/IN
IIPOBOAUTD JIa3ePHYIO JOKALHMIO JIYHBI, YTO BA2KHO W [/ pELIeHUs 3aj1ay
(byHIaMeHTaJbHOH (PU3HKH, a HMEHHO /15 NPOBEPOK TEOpHH IpaBUTALHUH.
B pesysabTaTe Bcell 3TOH aKTHBHOCTH B paMKax nporpammbl Apollo Hako-
MJIEHO OIPOMHOE KOJHYeCTBO HAayUHBIX JAHHBIX, KOTOPbIE JIErJIH B OCHOBY
okosio 3000 Hay4HBIX MyOJaUKaLKi.

B xone nyHHoun nporpammbl Apollo 6b110 nony4eHo MHOro
Ba>XHbIX Hay4YHbIX pe3y/bTaToB.

HaunGosbmuii BK/Ia1 THIOTHPYEMOH KOCMOHABTHKH B acTpodHu-
3UKY CBsI3aH ¢ paboToH KocMHYecKHX cTaHUUH. [TepBbIM Mo-HacTosiieMy
ychemHbiM (C TOUYKH 3peHHst acTPO(PU3HUECKHX PE3YJIbTATOB) MPOEKTOM
crana cranuus Skylab, danymennas B 1973 r. Xora Tam nmo6GbiBanu
9KMIAXH BCEro JHWb Tpex KopabJueil Apollo, TeM He MeHee Ha CTaHLHH
OblJIM IPOBEJEHbl Bax<Hble acTpoHOMHUecKkHe HabJ/ioneHUs. B nepsylo oue-
pelb 3TO Kacaercsl uccaenoBaHuil CouHLa, 1/ 4ero OblIH HCIOJb30BaHbI
yabTpauoseTOBble U PEHTI€HOBCKHE NeTeKTOphl. MiMeHHO HabJ/oneHUs
¢ 6opra Skylab nosBo/iMAH OKOHUATENbHO MOATBEPAHUTH CYIIECTBOBAHHE
KOPOHAJMbHBIX JbIp. KpoMe TOro, ¢ moMoIbio 15-CaHTUMETPOBOTO TeJecKoma
¢ 00'b€KTHUBHOH NPU3MOH NPOBOAMIKCH yJAbTpaduo/eToBble HabJII0AeHHS
3Be3J, C MOMOLIbI0 PEHTIE€HOBCKOTO JETEKTOpa BEJIHCbh HCCJ/EeJL0BAHUS
ra/JakTHUECKHX HUCTOYHUKOB, TaKXKe IMPOBOAUNOCH H3YUYeHHE 30HaAKANbHOIO
CBeTa, KOMET U KOCMHUECKHX JyUeH.

OTtmetnM, uto eme B 1971 r. Ha kocMuyecko# ctaHuuu «CaJor-1»
OBl yCTaHOBJEH yabTpaduoneToBblil Teseckon «Opuon-1». OgHako
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U3-3a TeXHUUECKHX MpoOJeM, KOTOpble NMPUBENH K COKPALUEHHIO CPOKa
9KCIJyaTalUH CTAHUHUH, C €r0 MOMOUIbIO ObLIO MOJYUeHO OYeHb MaJjo
BaXKHBIX HAyUHBIX pe3yJabTaToB. Ha 3anyieHHo# B KoHlle 1974 r. cTaHuuu
«Camot-4» ¢ nomoibio npubopos «duaun» u PT-4 ynanocb uameputhb
PEHTIeHOBCKHE CMeKTPbl HECKOJIbKHX TaJaKTHYeCKHX HCTOYHHKOB B JBOH-
HBIX CHCTeMax ¢ aKKpeUUPYIOUIMMH HEHTPOHHBLIMH 3BE3AAMH W UYE€pPHBIMH
neipamu. Ha cranumsax «Cadqior-6» n «CanoT-7» Takxke MPOBOAUINCH
ACTPOHOMHMUECKHE HCCJeIOBaHUs B pa3HbIX QuanaszoHax crektpa. OgHa-
KO BaxXHBbIH wWar Oblj clesaH ¢ 3aMyCKOM Ha OpOUTY CTAHUHUH HOBOTO
nokoJseHus: — «Mup».

AcTpoHOMMYeckme HabnaeHNs Ha KOCMUYECKnNxX
cTaHumax Hav4anucb B 1970-x rT.

K cranumn «Mup» OblJIHM NPUCTBIKOBAaHBI MOAyJaH «KBaHT»
u «KBanut-2» ¢ acrpopusuuyeckum o6opynoBanueM. Oco6eHHO HHTEPECHbIE
pe3yJabTaThl ObIIK MOJAyueHbl ¢ moMolibio ob6ceppaTopun «<PEHTIEH»
Ha 6opTy Moay./s «KBaHT»: ¢ ee MOMOLIBIO YAAJ0Ch HCC/e10BATh PEeHTre-
HOBCKOe H3JjydyeHHe cBepxHOBOH SN 1987A B Bosabmom MaressanoBom
o0J/laKke, TakxKe Obl1 MCC/AEN0BaH PsJl FaJaKTHUECKHX UCTOYHHKOB C HEH-
TPOHHBIMH 3Be3/laMH U YepHbIMH JblpaMu. CieyeT OTMETHTDb, YTO B COCTaB
o6cepatopun «PEHTTEH» BX0aM/I0 HECKONBKO UHCTPYMEHTOB, BKJIOUAsT
paspaboTtannble B ['epmanuu, BenukoOputanuu, Janun u Hunepaanmax,
TaK 4TO 3TO OblIa B MOJHOM CMbICJ/e C/10Ba MeXAyHapoAHas o06cepBaToOpHsl.

B pasHoe BpeMs Ha op6uTanbHbIX CTAaHLMAX
npoBOAWNNUCHL HabnaeHNA BO BCexX Anana3oHax
9NEeKTPOMAarHUTHOro cnekTpa.

Ceftuac acTpoduanueckie Ucc/ae0BaHUs NMPOBOAIATCS Ha Mex-
JLYHapOJHOH KOCMHUYECKOH CTaHLMM, rie paboTaeT AeTEKTOP KOCMHUYECKHX
ayueit AMS-02, anonckuit pentreHoBckuil gerekrop MAXI, a taxxke
ycTaHoOBJeH peHTreHoBCkHH Teseckon NICER nssa uccienoBanust Hedi-
TPOHHBIX 3Be€3J B ABOHHBIX CHCTEMaX M OTPaGOTKH CHCTEMbl HaBHIaLUH
0 PEHTI'E€HOBCKUM MyJ/bcapaM (K ellle HECKOJNbKO aCTPOHOMHUYECKHX MpPO-
eKTOB IJs1 ycTaHOBKM Ha MKC, B TOM uuc/e pOCCHHCKHX, HaXOAsATCS
B CTaaul pa3paGoOTKH).

Hanbonee BaXkHble pe3ynbTaTbl Obl NONYYEHbI
B PEHTr€HOBCKOM 1 ynbTpadnoneToBoM granasoHax.

[IpenmylecTBa KOCMHUECKHX CTAHIMH CBSI3aHBI ¢ GoJiee AelieBOH
JIOCTaBKOH 060pYIOBaHHUS, KOTOPOE 3aT€M MOXKHO HACTPAMBATh, NOTMOMHSATD
U PEMOHTHPOBAaTb. Kpome TOro, CTaHIMs MO3BOJSIET UMETh GoJiee BBICOKOE
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sHepronoTpebaeHue U JaeT elle HeKOTOpble TeXHHUYEeCKHe MPEeHMYILIeCTBa.
Brpouewm, y pacnoJ/ioxkeHust Ha 60PTY KOCMHUECKHX CTaHLUHUH €CTb M Helo-
cratkd. Cpefa BOKPYT CTAHIMH B JOCTATOUHOH CTENEHH 3arpsaHeHa, uTo
BPEIHO Uil 060pyIoBaHUs (HampuMep, sepKaj Tejaeckornos). M3-3a npu-
CYTCTBHUSI 5KHUIMAaXKa CTAHIIMU He CJAUIIKOM CTa0HJAbHBI, UTO HE TMO3BOJSET
OYeHb TOYHO M B TEUEHHE J0JI0 BPeMEHH MMO3HLHOHHPOBATDH TEJ/EeCKOIH,
CYLIECTBYIOT OrPaHHUEHHUSI 110 HABEJEHHUIO TEJECKONOB Ha HY2KHble 00'bEKTHI
1 10 IJUTENbHOCTH 3KCNO3ULMHU. HakoHel, cTaHUMH HAXOAATCS HA HU3KOH
OKOJI03eMHOH opOHTe, Ie BO3MOXKHBI He Bce HabJjioneHus. Tem He MeHee
KOCMHUECKHE CTAHIMH ObIM M OCTAIOTCS MECTOM, Ile YCIEUHO MPOBOASTCS
MHOTHE acTpo(hU3UUECKHEe HUCC/AETOBAHUS.

Kocmuueckne yenHoku (maTTabl) nporpamMmbl Space Shuttle
HEOJHOKPATHO HCIOJ/b30BA/JMUCh [/ 3alyCKa acTPOHOMHUYECKHX CIYTHH-
koB (Chandra, Compton u MHorux apyrux). CambiM H3BECTHBIM BKJIa0M
IIATT/IOB B aCTPOHOMHIO SIBJISETCS 3aMyCK, PEMOHT H MOJEpPHH3allUsl KOcC-
mMHueckoro Tejeckona Hubble.

Kocmuueckn#t tesmeckon Hubble 6bii1 BoiBesieH Ha opOUTY
B 1990 r. yennokom Discovery. M3-3a TeXxHHUECKHX MPOCUETOB, AOMY-
[IEHHBIX MPU CO3JaHUH MHCTPYMEHTA, MOTPe6OBAJICS €r0 PEMOHT, /IS Yero
B 1993 r. k Teseckony ormnpasuics marta Endeavour («Crpemsenues).
Ero sxunax ycneuHo npoBe/ 00C/ayKHBaHHE TeJaeCKola, B Xoae KOTOo-
poro B KOHCTPYKIHIO ObIIM YCTAHOBJ/IEHBI JOMOJHUTE/IbHbIE ONTHYECKHE
sjeMeHTHl. 3areMm emie yerbipe pasa (B 1997, 1999, 2002 u 2009 rr.)
K TeJEeCKOIMy OTHPABJ/S/IH aCTPOHABTOB HAa GOPTY MIATT/IOB IS MOJEp-
HU3alMH 060pya0BaHHUsl. DTO Mo3BoJauao Hubble B TeueHue 6Gosee uem
YeTBEPTH BEKa OCTABATbCS e[Ba JM He JYUYLIHM TeJ/eCKONOM, padoTaloluM
B ONTHYECKOM AHana3oHe (OH TakkKe BeleT HaGJIOAEHHS B yJabTpadu-
0J1eTOBOM H OJ/IM2KHEM MH(pPaKpacHOM JAHaNa30Hax, UTO CYLIECTBEHHO
pacIIHpsieT ero BO3MOXKHOCTH).

Mcnonb3oBaHue WATTIOB NO3BONINIO HE TONIbKO
oTpemoHTuMpoBaTtb Hubble, HO n B TeueHmne papa

neT NpoBOAUTbL €ro MoAepHM3aLnto, YTO YBENNYINIIO
ONNTENbHOCTb PaboTbl N 9 HEKTNBHOCTb MHCTPYMEHTA.

B Hacrosiiee BpeMsi 06CYKIAI0TCS PAa3/IHUHbIE TPOEKTH CO3/IaHHUS
MOCTOSIHHON 0GUTaeMOi JYHHO! 6a3bl, TAe TakxkKe MOxKeT ObIThb pa3MelleHO
1 acTpoHOMHuecKoe obopynoBaHue. [1o Bcell BUIMMOCTH, OMHOH M3 HauboJ/ee
pPa3yMHBIX W€l O MPOBEJIEHHH aCTPOHOMHUECKHX HabJ/ofeHH# Ha JIyHe
SBJSIETCS BO3MOXKHOCTb pa3MelLleHHsS PaJHOTEeNeCKONOB Ha 00paTHOH
CTOpPOHE Hallero eCTeCTBEHHOTO CIYTHHKA, I'le MUHHMAJbHO BJAHsSHHE
noMeX, CBSI3aHHBIX KaK ¢ MarHutocepoi 3eM/d, TaK H C HCKYCCTBEHHBIMH
HCTOYHHKAMHU IIYMOB.
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BonbLuyto YacTb CBOEro BpeMeHU aCTPOHOM NPOBOAUT He y Te-
neckona, a y KoMmnbtotepa. Bo-nepBbix, HabnoaeHNsA Ha KPYNHbIX
NHCTPYMEHTaxX 00bI4HO He TPeOYIOT NPUCYTCTBUSA Y Teneckona
CO6CTBEHHO CaMOro y4eHoro (a B cnyyae HabnogeHnin ¢ nomo-
b KOCMUNYECKNX MHCTPYMEHTOB 3TO NMOMNPOCTY HEBO3MOXHO).
Bo-BTOpbIX, MHOIME HabnpgaTeNbHbie CUCTEMbI (PYHKLVOHNPYIOT

B aBTOHOMHOM peXxunme (Teneckonbl-po6oTbl). B-TpeTbrx, o0CHOBHas
YyacTb paboT yueHoro-Habngatens cBoanTca K 06paboTke [aHHbIX,
4yTO TPEebyeT 60/bLLIOIrO KOMYECTBA BPEMEHU, CIIOXHbIX YUACTTEHHbIX
METO[0B N BbICOKNX BbIYMCNUTENbHbIX MOLHOCTeN. [la n TeopeTu-
K1 4acTo NPOBOAAT MHOIO BPEMEHM 3a KOMMbOTEPaMM, MOCKOJbKY
npsAMble 3KCNePMMEHTbI B acTPO(d31Ke 06bIMHO HEBO3MOXKHDbI,

HO MOXXHO NPOBOAUTb YNC/IEHHbIE 3KCNEPUMEHTbI, MOAENNPYS
00beKTbl 1 MPoLLEeCChbl HA KOMMbIOTEpPE.

B coBpemeHHOIn acTPOHOMUNI CYLLLECTBYET HECKOIbKO BaXXHbIX
TeHaeHunin. Bo-nepBblx, 3T0 60/1bLLION 06bEM NoNyHaeMbIX OaHHbIX
(big data). Bo-BTOpbIX, OTKPbITOCTb Hay4HOI MHMOpMaLMn 1 ee pac-
npocTpaHeHne Yepes nHTepHeT. U, B-TpeTbux, cosgaHme eanHbIX
6a3 faHHbIX, a B NepcnekTnBe — BUPTyanbHOM 06cepBaTopumn,
KoTopasi o6beaunHmMna 6bl B cebe Bce [OCTYMNHble AaHHble (3a BClO
NCTOPUIO aCTPOHOMUNYECKNX HabnogeHnn) B egmHom copmare,
4YTO NO3BONINT Cpasy nonyyaTb NHgopmMaymo 06 06bekTax BO BCEX
OuanasoHax Ha 60/bLUNX BPpEMEHHbIX MHTepBanax 1 CpaBHMBATb

€e C HOBbIMW AaHHbIMWU.

AcCTpoHOMUMSA — O4EHb MHTEPHALUMOHaNbHasa Hayka. [loaTomy n gns
Hay4yHOro obLeHsa Heo6XoANMbI KOMIMbIOTEPLI 1 CETU.



15.1
YnpaBneHne NHCTPyMEHTaMu,
Teneckonbl-poboThbI

O6pa3 acTpoHOoMa y TeJjecKomna B 6alllHe Ha KpbIllle, Kyaa OH IMOA-
HHUMaeTCcsl 0 BUHTOBOH JECTHHUIIE, YXOOUT B IIPOUIJIOE. KOHG’{HO, TaKue
MeCTa ellle COXPAHUJIUCh, MHOTHE U3 HUX CTaJH MY3€sIMH HJH HCIOJb3YIOTCS
JUIST TIPETIOIaBAHUs U SKCKYPCHH, XOTsI HHOTJIA TaM TPOBOASTCS U HACTOSIIIHE
HayuHble HaOmoneHusi. TeM He MeHee Toc/eqHHE NECSITHAETHS pabouee
MEeCTO acTPOHOMAa-HaG/oaTe/Is BCe Yallle BBITVISIUT COBCEM MO-APYroMy.

PasBurtHe TeXHUKH NpHUBE/JIO K TOMY, UTO aBTOMAaTHKa 6bICTpee
U TOUHEEe HABOJUT TEJECKOIN B HYXKHYIO TOUKy Heba, ueM HabJ/r0gaTesNb
cnocobeH caenaTh 3To BpyuHylo. [Iporpamma HaGJ/I0feHUI MOXeET ObITh
3apaHee 3alucaHa B MaMsIThb KOMIbIOTEpA, JaHHblE TaK»Ke 3aMUChIBAIOTCS
ISl lajbHENIero u3yueHust, i pabora Haba0IaTeNsT CTAHOBUTCS TOPA3io
0oJ/iee TBOPUECKOH: MOCTAHOBKA 3a1au, 06paboTKa TaHHBIX H MX aHAJH3.

YnpaBneHmne TeNeckonom 4acTo MOXHO NPOBOAUTb
yAaneHHo.

Konrtposb 3a X010M HAaOMOAEHHH MOXKHO MPOBOANHTb AUCTAHLIHOH-
HO. DTO TeM 6oJjee aKTyalbHO, YTO HabJ/I0faTeNH, KaK NPABU/IO, HCHOJ/b-
3YIOT MHCTPYMEHTHI, PACMONOXKEHHbIE B PAa3HBIX yacTsAX cBera: B HOxHOM
Amepuke u ABcrpasauu, Ha [aBaiisix U B AHTapKTuie, B Apu3oHe U Ha
Kanapckux octpoBax. HacTo HeNoCPeACTBEHHO PSIAOM C TE/IE€CKOINOM HeT
Jaxke KOMaHIbl HHKEHEPOB M TEXHHKOB, TOCKOJBKY MPH HaIe:KHOH paboTe
TEXHHKH HET HEOOXOJIUMOCTH B MOCTOSIHHOM MPHCYTCTBHH ueJoBeKa (XOTs,
KOHEUHO, HEOOXOJHM MEPHOAHUECKHH OCMOTP). DTO OTKPBLIO BO3MOKHOCTh
CO3/1aHHSI TEJNECKONOB-POGOTOB.

Bce 6onbluee pacnpocTpaHeHMe NONy4YakT TENECKOonbl-
po6oTbl. Kak npaBnno, aTo He6oNbLINE NHCTPYMEHTDI,
paboTalowme aBTOHOMHO.

[Ipy ynoMMHAaHHH aBTOHOMHO PaGOTAIOLIUX HAYUHBIX HHCTPY-
MEHTOB MepBOE, YTO MPUXOAUT B TOJNOBY, — 3TO KOCMHUECKHE HCCJAE0-
BaHUs. B camoM nese, HaG/01aTe/ b MOKET HAXOAUTHCS PSAOM TOJMBKO
B TOM cJyuae, eC/H HHCTPYMEHT YCTaHOBJEH Ha 0O6HTaeMOH KOCMHUe-
cKo# craHimu. OJHAKO yYallle BCETO TeNEeCKOTbl BCe-TaKH YCTaHAB/IUBAIOT
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Ha aBTOHOMHBIX CIYTHHKaX, TaK YTO HX HAOJIOAEHHS TNPOXOAST B OCHOBHOM
B aBTOMAaTHUeCKoM pexuMme. Ha 3emsie KoMIblOTepHOE yNpaBJ/eHHe Haua-
Ju onpo6oBaTbh HA HOBBIX KPYIMHbLIX HHCTPyMeHTaxX B koHie 1970-x rr.,
MOCKOJIbKY CTOHUMOCTb TaKHX CHCTeM Oblla BecbMa BbicOKa. B HTOTE,
MePBbIM GOJIbIIUM TEJIECKONOM ¢ KOMIBIOTEPHBIM yTpaBJeHHEM CTaJjl BBe-
neHHbIH B cTpoil B 1974 . uetbipexmeTpoBblii Anglo-Australian Telescope,
AAT (Aursno-ABcrpaguiickuii Tejseckorn). OQHAKO TeXHHUYECKHH Mporpecc
NpUBEJ K 3HAUHUTEJNbHOMY YAELIeBJEHHIO HANEKHBIX POGOTH3MPOBAHHBIX
CHUCTEM H CHCTEM JMCTAHUHOHHOIO YIpaBJeHHs, TaK 4TO ceHuac cyluie-
CTBYEeT MHOXECTBO HAa3€MHbIX HHCTPYMEHTOB ¢ OO'bEKTHBAMH AHAMETPOM
OT HECKOJIbKUX CAHTHUMETPOB [0 HECKOJbKHX METPOB, paGoTaIOINX B PEKHU-
Me TeJeCKOMnoB-po6OTOB.

M3BecTHBIM NpUMepoM siBJAseTCS IBYXMeTpoBbIH Liverpool
Telescope, LT (JIuBepnyabCcKuii Te/€CKOI), yCTaHOB/AECHHBIH Ha KaHapckux
octpoBax. OH BXOAMT B GpuTaHcKylo cucteMy RoboNet, Bkatouarouiyo ele
JBa IBYXMETPOBBLIX TeJeCKOMNa, TaK Ha3biBaeMble TejecKonbl Posnkca —
ceBepubiii Faulkes Telescope North Ha octpose Mayu (CaBaiin) u 10XKHbBIH
Faulkes Telescope South B ABcTpanun (OHH aKTHBHO HCIOJIb30BAJIHCh
TaKKe 1Jisi 00pa3oBaTe/bHbIX 1e/ei). [JJOCTOMHCTBOM Te/lecKOnoB-po6GoTOB
SIBJIsSIeTCS1 X CIOCOOHOCTb OBLICTPO pearupoBaTb Ha HOBblE 3afaHHs, UTO
Upe3BBIYAHHO BaXKHO MPH HAGJIOJIEHHH TPAH3HEHTHBIX (BCIBIXHBAMOIIHX)
UCTOYHHKOB. Hanpumep, eciu KOCMHUYECKHH anmnapaT OTKpbIBaeT HOBBIH
ramMma-BCIJIeCK, CHTHAJM C HEro MOXKEeT HEeMOCPEACTBEHHO MOCTYMHUTD
B CHCTEMY yTIpaBJEeHHUS TesaecKona-po6oTa, KOTOPbIH HABOAUTCS B HYXKHYIO
TOYKy He6a, a yyacTHe 4esJOBeKa B 3TOH MpOILEeAype JHIIb 3aMeNJIHI0 Obl
ee. Ceiluac paspaboraHbl crelnanbible cucTembl (Hanpumep, SkyAlert,
«HebGecHoe omoBelieHne»), MOANUCUHKA KOTOPBIX (4 HMH MOTYT ObITb
M aBTOMATHUECKHE CHCTEMbI) MOJYYAT YBEIOMJEHHSI O TPAH3HEHTHDBIX
COOBITHSIX B peajibHOM BpPeMEHH, H Ha OCHOBE MOJYUYEHHOI'0 COOOLIeHHS
po6OT MOXKET caM MPUHSThH PElIeHHe O TPEePbIBAHUH TEKYIIeH MPOorpaMMbl
NJs1 HaOJMI0JeHUH HOBOTO HCTOUYHHKA.

Mownckn onTYecknx BCnblEeK NCTOYHMKOB raMma-
BCMJIECKOB 1 MOTEHLMaIbHO ONacHbIX acTepouna0B
MOTUBMPOBANN pasBnNTNeE ceTeil He6oNbLINX
pPO60TU3NPOBAHHbIX TENIECKOMOB.

[Touck oNTHYECKHUX CHTHAJNOB OT KOCMHYECKHX IaMMa-BCILIECKOB
MOTHBHPOBAJI CO3/laHHE HECKOJNbKUX CeTell M3 HeGOJbIINX POOOTH3HPOBAH-
HBIX TE€JIECKONOB (HJIH TEJECKONOB yaajseHHOro aoctymna). [IpumepoM Moxer
cayxuth cicrema RAPTOR (RAPid Telescopes for Optical Response).
B Poccuu takum npoektom sBasietcst cetb MACTEP (MoGuabhast Actpo-
Homuueckas Cucrema TEJeckonos-Po6oToB), pacnosaraiomas HeCKOJbKUMH
MHCTPYMEHTAMH KaK y HAC B CTpaHe, TaKk W 3a ee mpefenaMu (BKawYast

Cepreii MNonoe

BceneHHasn 346



10)KHOe noJyinapue). Hannune HeCKOJNbKHX MHCTPYMEHTOB B Pas3HBIX
TOYKAxX 3eMHOT0 11apa M03BOJseT, BO-NEePBbIX, H30eXKaTh HEBO3MOKHOCTH
HaO0J/II0IeHUH M3-3a JHEBHOTO BPEMEHH HJIH MJIOXOH TOTOIbI, & BO-BTOPBIX,
MPOBOIUTH MPU HEOOXOJAUMOCTH HENpepPBIBHBIH MOHUTOPHHT aCTPOHOMHUE-
CKOTO HCTOYHHKA. PazyMmeercs, BHIOJHSAS 332U MO MOUCKY OTMTHUYECKHUX
TPAH3UEHTOB OT r'aMMa-BCIIJIECKOB, HHCTPYMEHTHI IOIyTHO MOT'YT pellaTh
MHOKECTBO JAPYTHX 3a[ay, MOCKOJbKY OOBIYHO 3TO MHCTPYMEHTDI C LIHPOKHM
N0JIeM 3PEHHSI U B UX «CETH» MOMafaeT MHOXKECTBO PA3/HUHBIX HCTOYHHKOB.

Tesneckonbl-po6OTHl YCMELWIHO UCHOABb3YIOTCS /51 0030PHBIX
nporpamMm. B yacTHOCTH, /ST MOUCKA M U3YyUEHHsS aCTEPOHIOB, BKJIOUAs
NOTEHIIHANbHO ONACHbBIE, CYLIECTBYET HECKOJbKO MPOEKTOB, TAKHX KaK
LINEAR (Lincoln Near-Earth Asteroid Research, MccaenoBanust 0Koso-
3eMHBIX aCTepOMIOB B JaGopatopun uM. JluukoabHa), Catalina, Spacewatch
(«Kocmuueckuit no3op»), Pan-STARRS (Panoramic Survey Telescope
and Rapid Response System, Cucrema TesecKkonoB naHopaMHoro o63opa
i GBICTPOTO pearupoBanus). HaGuofeHust B paMKaX Kax/JI0ro MmpoeKTa
BEyTCSl HA HECKOJbKHX aBTOMATH3HPOBAHHBIX MHCTPYMEHTAX C THIMHYHBIMU
pasmepamu ot 0,5 10 1,5 M, 060pyIOBaHHBIX XOPOLIUMH IU(POBBIMH Kame-
pamH, N03BOJAIOWHUMH 3(PEeKTHBHO 00HAPYKHUBATb U M3yuyaTb HeOOJbLIHE
ObICTPO ABHAKYLIHECSH 00BEKTHL.

PoGoTu3npoBaHHble HHCTPYMEHTDBI TaKxKe BHOCAT GOJbILOH BKJAAL
B U3YyueHHE TepeMeHHbIX 3Be3[, MOMCK COOBITHH MHKPOJHH3HPOBAHHUS,
MOCTPOEHHE KPHUBBIX OJieCKa CBEPXHOBBIX U OOHapyxKeHHe KoMeT. C pocToM
pasMepoB TeNecKonoB OyneT pacIlUpsATbCs CIEKTp pelllaeMblX 3anad,
B YACTHOCTH B HEro MOTYT BOHTH CHEKTPOCKOTHMUECKHE HCCJ/eT0BAHHSI.
Takke MOHHTOPHHI M MOHUCK ONTHYECKHX TPAH3HEHTOB CTaHOBSTCS GoJee
AKTyaJ/IbHbIMH B CBSI3H C HayajoM HaGJIOfE€HUH I'PaBHTALHMOHHO-BOJHOBBIX
BCIJIECKOB M ¢ OYIYyLIMM BBOJOM B CTPOH TaKHX MHCTPYMEHTOB, KakK
cucrembl pagroresneckonoB SKA u ramma-teneckonoB CTA (Cherenkov
Telescope Array, MaccuB 4yepeHKOBCKHX TeJeCKONoB). B wacTHocTH,
B pamkax nporpamMmbl RoboNet niaHupyercsi mocTpolka YeTblpexMeTpo-
Boro anaJjora JluBepny/abckoro tesneckona. CoBpeMeHHble TEXHOJOTHU
M03BOJISIIOT JaXKe TAKUM I'MIaHTaM HayaTb HAaOJI0AEHHUS HOBOH LIeJH CIyCTS
BCErO0 JIHIIb JECSITKH CeKYHJ Mocje MOJyueHHs] CHTHazma (BpeMmsi pearu-
poBaHHsl HEOOJMBLIMX HHCTPYMEHTOB HCUHC/SETCS CEKYHAAMH JaxKe NpPH
NepeHaBe/IeHHH B MPOTHBOMOJIOXKHYI0 TOUKY Heba).

Cy1iecTBeHHO, YTO POOOT-TEJAECKOI MOJMKEH He TOJMbKO BHIOJ-
HSTH TMPOTpaMMy HaOJMIOfeHHH, HO U CJAEIUTb 3a MOTOAOH, YCAOBHUIMH
B GamHe (Temmepatypa, TypOy/JI€HTHOCTb W T. I.) H MPUHUMATH COOTBET-
cTBylolMe pewenus. Hanpumep, nepexon K Apyroi yacTH NpOrpamMbl,
€CJ/IM HYKHBIH 00bEKT 3aKPbIT 06/1aYHOCTbIO, UM OKOHUaHHE HAOJMIOAeHUH
U 3aKpbiTHe OallHH, €C/M HAJBHUraeTCs HOXKIb.

PasBuTHe aBTOMAaTH3alMU HEGOJbIINX HHCTPYMEHTOB 0Ka3aJo
60J1b1II0€ BJAUSIHHE Ha JIOOUTENbCKYI0 acTpoHoMHUI0. CyliecTByeT 60JbllIoe
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KOJIMUECTBO TeJ/JEeCKONOB-POGOTOB M TENECKOINOB yAaJeHHOro I0CTyIa,
HaO0J/I0ICHUSl HA KOTOPBIX MPOBOASAT JMIOOUTENH. DTO MOTYT OBbITb HAYyUHBbIE
1 006pa3oBaTe/ibHble HAG/IIOIEHUSI HJIH kKe NPOCTO (hopMa MHTE/IEKTYaIbHOIO
¥ BBICOKOTEXHOJMOTHYHOTrO nocyra. CyIIecTBYIOT KOMMepUECKHe CHCTe-
Mbl, KOTOpbIE TPEAOCTABJSAIOT PagdHble YCJAYTH: OT KOPOTKHUX HaOMIOIeHUN
JI0 YCTAaHOBKH TEeJNECKONOB IMOJA KJI0Y Ha CIeLHaIbHO 060PYLOBAHHBIX
IJIOLAAKAX B MECTaX C XOPOLIMM aCTPOKJHMATOM.

15.2
O6paboTka gaHHbIX. Big data

Oco6eHHOCTb aCTPOHOMHH COCTOUT B TOM, UTO BCIO HH(pOpPMalHIO
00 uayuaeMblX 00beKkTax (ec/au HCK/IUUTh HeKOTOpbie Teda CoJHeuHOMH
CHCTEMBI, K KOTOPBIM MOXKHO IMOCJIAaTh KOCMHUECKHe ammapaThl A/ H3yUeHHsI
Ha MecTe WJIH /sl 3a60pa U BO3BpaTa 06pa3iloB HA 3eMJII0) Mbl MOJYyUaeM
¢ moMollbio uadnayuenus. [loatomy o6pabGoTka AaHHBIX HAOMIOJEHUH UTpaeT
OUeHb BaXKHYI0 poJib. YTOOBl y3HATh UTO-TO HOBOE O (hU3HKe HeOeCHBIX
TeJl, MPUXOJUTCS IPUMEHSITh OUEHb CJI0KHbIE METO/bl aHA/MM3a HAGIIOAEHUH.
K cuacTblo, mocsnenHue necsiTU/aeTHsI BCe JaHHblE Cpa3y »Ke perucTpH-
pyilorcsi B IU(POBOM BHIEe, UTO obJeryaeT pa6oTy U AaeT BO3MOXKHOCTH
HCIIONb30BaTh CaMble COBPEMEHHbIE YMCJEHHbIE METOJDL.

MHorue KpacuBble aCTPOHOMHYECKHE M300paKeHHs, KOTopble
nyO6JMUKYIOTCS B TIOMYJ/SIPHOH JIUTEpaType, SIBJSIOTCS Pe3yabTaTOM CJ0KHOTO
npouecca paboTbl ¢ HCXOAHBIMH JaHHBIMH. Ho camoe riaBHOe — H30ILIpeH-
Hasi 06paboTKa Hy»Ha JJIs1 NOJYUEHHUs] HAYUHBIX Pe3y/abTaToOB, MOCKOJbKY
MHOTHE OTKpPBITHSI COBeplIaloTCcsl 6YKBANbHO «Ha Tpejese BO3MO2KHOI0.

AcTpoHOMMYECKNE AaHHble NOABEPratoTCA CII0XKHOW
06paboTke n aHanM3y ¢ NCNOJIb30BaHMEM NepenoBbIX
YMCNEeHHbIX METOAO0B.

O6pa6oTKa JaHHBIX Ha NYyTH K OKOHYaTe/JbHOMY Hay4HOMY
pe3yJbTaTy MOXET COCTOATb U3 MHOTHX 3TanoB. CHauasa HYXKHO MO BO3-
MOXKHOCTH OT()HJIBTPOBAThL PasJHUHblEe LIYMbI, CBI3aHHbIE CO CBOHCTBAMHU
Kak Hab/iogaeMblX 06beKTOB, TaK H AETEKTOPA, T. €. BBIIEIUTb COGCTBEHHO
CHT'HAJ, KOTOPBII MBI XOTHM aHa/JMu3upoBaTh. CHIHAJM MOXKET ObITh HE NPO-
cTO cJabblM, OH MOXeT OBbITb HHMXKe yPOBHsSI IIYMOB, HO TeM He MeHee
B psiie ciaydaeB paGoTa ¢ JaHHBIMH IO3BOJSIET €r0 HAeHTH()UIHPOBATH
¥ OTAENUTh OT MapasuTHOro curHaja. [lajee cam aHa/M3 MOXeT OBITh
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CBSI3aH CO CJOXKHOH 06pabGOTKOH: MOUCKOM MEPUOIUUYHOCTH, UJH MTOUCKOM
cHrHaJja onpejaejeHHoH (GopMbl (€C/H Mbl TOBOPUM O BPEMEHHBIX PSlax),
WJIM UJIeHTU(HUKALMEH CIEeKTPaJbHbIX JUHUHA Ha (DOHE allpHOPH HEHU3BECT-
HbIX BausHui (3dert [omaepa, rpaBuTaloHHOe cMmeleHue, 3(PdexT
3eemana u mMHOroe apyroe). Hakonen, Korja nosydeHbl Hay4yHble NaHHbIE,
0CcBOGOXKIEHHBIE OT (DOHOBBIX IIYMOB, U TIOJYYEHBI TTapaMeTPbl aCTPOHOMH-
YeCKHX HCTOUHHKOB, CJAOXKHBIH aHA/JM3 MOXKET TOHAJ0OUThCS /ST TOUCKA
KOppeJsiliuii MeXJ1y CBOHCTBAMH pPa3HbIX OO'bEKTOB, [JIs1 COMOCTABJAEHHS
JIAHHBIX HAGJIIOEHHUH C TEOPETHUECKUMH MPEACKA3aHUSIMH U KOMIbIOTEPHBIMU
MoOjie/IsSIMU. B 4acTHOCTH, OTAe/NbHYIO NpobJeMy NpeacTaBJaseT aBToMaTH-
yecKas kJgaccuukanusi o6 beKTOB U COOBITHH mpu o6paboTke 0630pOB
HebGa. B Hacrosllee BpeMs /s 3TOrO BCe yallle MCIOMb3YIOT HEHpOHHbIE
cetn — ofyuaeMble KOMIbIOTEPHbIE CHCTEMBbI, TPUTOJHBIE [JIs1 pElleHHs
psina 3agau (B 4aCTHOCTH, A/ paclo3HaBaHHS 00pPa30B).

na aBTomaTtmnyeckonm knaccnpmkaunm
aCTPOHOMMYECKMNX NCTOYHMNKOB MPUMEHSIOT
HEeMpPOHHbIE CEeTN.

AcTpoHOMHS TIOCTENEHHO MeHsieTcs. Bee 6GnbIIYIO pOJib UTPAOT
KpYIIHbIE POEKTHl, TeHePUPYIOIIHe OTPOMHOE KOJHUYECTBO MH(MOpPMALUH
B Xole 0030pHbIX HabuofeHHH. [Ipn 3TOM acTPOHOMBI 3aUacTyi0 He TOJIBKO
He CHJST y TeJeCKONOB, HO JaxKe He 3aHUMAIOTCs MePBHUHOH 06pabOTKOM
OTPOMHBIX MOTOKOB JAHHBIX — 3TO BBIMOJHSIETCS CMElHaNbHBIMU MPO-
rpammamu (pipeline). Hanpumep, B npoekre SDSS (Sloan Digital Sky
Survey, CioanoBckuil mudpoBoi 0630p HebGa) 3a OAHY HOUb HAG/IOIEHHI
reHepupyetcs okoqo 200 rura6adit uHpopManuu. [IpoekThl cienyioiiero
nokoJeHuss 6YIyT NaBaTh y»Ke MHOro TepaGalT DaHHBIX B I€Hb, TaK
4TO acTPOo(HU3UKA CTAHOBUTCS HAYKOH, UMeIOIeld Nesno ¢ «OOJbIIHNMH
nanubiMu>» (big data).

B npoexTax coBpeMeHHBbIX HHCTPYMEHTOB, Takux Kak SKA, cro-
HUMOCTb 00ecHeunBaIuX paboty (BK/IOUAs NEPBHUHYI0 06pabOTKY HaH-
HBIX) CYINEPKOMIbIOTEPOB CTAHOBHTCSI 3aMETHOH YaCTbIO MOJHOH CMETHI.
Y TesileCcKOIOB B yIaJeHHBIX MecTaX, TAKHX Kak ['aBaiickue ocTpoBa, BO3-
HHUKAIOT NpoG6JeMbl ¢ Nepenauell JaHHBIX: MEXKIY OCTPOBAMH M MaTePUKOM
HET LIKPOKONOJOCHBIX ONMTOBOJOKOHHBIX KAHAJOB C GOJbILIOH MPOMYCKHOH
CMOoCOOHOCTBIO, a CIYTHHKOBAs Tepegaya He MOXKeT 06ecrneunuTb MOTOK
JTAHHBIX, COOTBETCTBYIOIIHHA TPOU3BOJUTENbHOCTH OYAYIIHX TEJECKOTMOB.
[Tpu co3naHuu HEKOTOPBIX MPOEKTOB HA CIYTHHKAX OOCYXKAAETCs YCTaHOBKA
(uabTPOB, KOTOPHE GYAyT OTCEKATh 4YacTh ClEKTpa (T.e. HCKYCCTBEHHO
YMEHbIIATD 10 HYJIsl 4yBCTBHUTEJNBHOCTb B HEKOTOPOM JHAMA30HE [IJHH BOJIH),
MOCKOJIbKY BCIO MOJYy4YaeMylo Ha JeTeKTope MH(OPMAIHIO HEBO3MOXHO
Oyzret mepenaTb Ha 3eM/i0. DTO CTABUT COBEPIIEHHO HOBbIE 3aJauu Mepes
ACTPOHOMHUYECKHM COOOLIECTBOM.

maea 15
KomnbloTepbl B acTpOHOMUN 349



MHorue OTKpHITHSI COBepLIAOTCS He Gjarogaps HOBbIM HabJitofe-
HHsIM, a Gaarofapsi 6oJiee THIATENbHOMY W H30LIPEHHOMY aHAJH3y HAHHBIX
(data mining). A B HOBBIX Ha6J/I0JATEJbHBIX NPOEKTAX YaCTh OTKPBLITHHA
COBepIIaeTCsl yKe He JIOAbMH, a KoMIbloTepamu (HampuMep, oOHapyKeHHe
acTepormoB B Gosbikx 0030pax HebGa Bpoge Pan-STARRS). Dt1o osHauaer,
UTO BAXKHBIMH CTAHOBSTCSI HE TOJBKO TEXHOJNOT'HH CO3[aHHsI TENECKOTOB,
HO H TeXHOJIOTHMH PaGoThbl C AaHHBIMH (B TOM uHCJe yike COOPaHHBIMH).
[TosiBu/ICS Haxke HOBBIH TEPMHH — QCMPOUHOPMAMUKA.

be3 coBpeMeHHOIN KOMNbIOTEPHOM 06pabOTKM AAaHHbIX
MHOrMe aCTPOHOMMNYECKMe OTKPbITUS HNKOr4a He Gblin
Obl caoenaHbl.

CoBpeMeHHOH TeHAEHIHEH SIBJSeTCS OTKPBITHIH TOCTYM K TaH-
HbIM (MIOCTENEHHO 3TO Jla)Ke CTAHOBHUTCS TpebGoBaHHeM). B HEKOTOPHIX
c/Iyuasix, HallpuMep NpPU O6G30PHBIX HAGJIONEHHSIX HA CHYTHHKAX, MaH-
Hble MOT'YT Cpa3y MonajaThb B OTKPHITBHIH AocTyn. Ho o6biuHO Tpynmnam
hceaenoBare/ied (CKa)keM, aBTOpaM 3asBKH Ha HaOJMOAEHHS KOHKPETHOH
o6sacTu Heba) MPENOCTAB/SIETCS HEKOTOPHIH MEPUOL BPEMEHH, B TeUeHHe
KOTOPOTO JaHHBIE HAXOMSTCSl B 3KCKJ/IO3MBHOM pacrnopsnkeHnH. OgHaKo
M0 HCTEUEHHH HEKOTOPOTo CpoKa (ualle BCEro 5TO OfWH TO[) JaHHbIE
HOMAaAyT B OTKPBITHIH JAOCTYIl BHE 3aBHCHMOCTH OT TOTO, YCIIEJH JH aBTOPbI
3asiBKU 00paboTaTh U ONYOJHMKOBATH JAaHHbIE, UTO MOACTErHBaeT PaGoTy
¥ TI03BOJISIET TIOJHEE HCHOJAb30BATH MOJYyUYeHHYI0 HH(popMaluio. Bee 310
NPUBOJHUT K TOMY, UTO C T€YEHHEM BpPeMEHH BCE aCTPOHOMHUYECKHE JaH-
Hble cTaHOBsATCA obuenocTynHbiMu. Hanpumep, npoext SDSS asasercs,
10 MHOT'HM OLIEHKaM, CaMbIM TPOAYKTHBHBIM B HCTOPHH aCTPOHOMHH HMEHHO
6sarofapsi OTKPBITOMY AOCTYINY K €ro JaHHBIM. B acTpoHOMHM NaHHble
YacTo AEJST HAa TPU OCHOBHBIX YPOBHSL.

[TepBblii — 3TO «chipble gaHHble» (raw data): To, 4TO HaNPSIMYIO
CUHMTBIBAETCS C IETEKTOPOB (B ciydae GOJBIIOrO KOJAHUECTBA TAKHX JAHHBIX
OHH vallle Bcero He xpansrcst). Taxas nH(OpMAIns COIEPKUT MHOKECTBO
apreakToB, CBSI3aHHBIX C JAETA/SMH yCTpPOHCTBAa HHCTpyMeHTa (moBpe-
JK/IeHHBle MMHKCeJNH Ha MaTpHIle, H3BeCTHbIE BUIBI LIyMa HJH Mapa3uTHOrO
CHI'HAJIa, H3MEHEHHe UYBCTBHTEJNbHOCTH MPUGOPOB cO BpeMeHeM). Pa6o-
TaTh C TaKOH MH(pOpMalKeH, KaK MPaBHIO0, MOTYT TOJIbKO CIHEIHATUCThI,
MOCBSATHBIINE NOCTATOUHOE BpeMsi 00paboTKe JaHHBIX ¢ KOHKPETHOTO
MHCTPYMEHTa W 3HalolIHe ero 0CO6EHHOCTH.

CnoxHble MeToAbl aHann3a NO3BONAIOT BbiAeNATb cnabbie
CUrHanbl Ha (poHe LWYMOB.

Cuenyiouuii ypoBeib — 3710 «noJyhabpuxarei» (data products):
UH(pOpMalus, KOTopasi yxKe Npolaa nepsHuHyto o6pa6oTky. Bo MHOTHX
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coBpeMeHHbIX (0COGEHHO KPYIHBIX) MPOEKTAX 3TO [€NaeTCsl aBTO-
MaTHuecKH. Takas uH(opMalusl NOCTyNHA AJS HCIOJb30BAHHUS Y¥Ke
6oJiee MIHPOKOMY KPYTy HccJ/eloBaTesed, MOTOMY 4TO OHa NepeBeleHa
B KaKOH-TO JOCTAaTOUYHO pPAcCHpOCTPaHEHHBbIH W XOpOIIO OMHCAaHHBIH (hop-
mar (nwanpumep, FITS — Flexible Image Transport System, I'u6kas
chcTeMa nepenavyd U300paXKeHui). DTH JaHHbIE HMEET CMbICJ XPAHUTh
ISt la/IbHEHIIero HCMoMb30BaHUs (B TOM UMC/E B OTAaJeHHOM GYAyIIEM).

Hakonen, TpeTu#l ypoBeHb — 3TO Hay4Hble JaHHBIE: MOMYUYEHHbIE
(1 06bIUHO OTYGJIHKOBAHHDBIE) HAYUHbBIE pe3yibraThl. OMHAKO HH(pOpPMAIIUS
MOXeT ObIThb MCNOJb30BaHa M JaJjblie /s pasauuHblx nejed. Kak npa-
BUJIO, 31eCh AJs1 paGOThl C JAHHBIMHU Yy2Ke He TpeOyITcs crnenuduueckue
HABBIKA U MPOTPaMMBI.

ACTpOHOMMYECKIME [aHHbIE HE06XOAMMO XPaHNTb Kak
MOXXHO [0/ibLUeE.

Oco6eHHOCTb aCTPOHOMHMUYECKHUX AAHHLIX COCTOUT B TOM, 4TO
OHHM HMEIOT IIeHHOCTb B TeueHHe BecbMa MPOAOJAKHUTEIbHOTO BPEMEHH.
OTO pasuTeJbHO OTIHYAETCS OT CHTyaUHUH B APYTHX 00/1acTAX (DUBHKH,
rje BCeraa BO3MOXKHO MPOBECTH HOBble, 6oJjiee TOUYHbIE 3KCIEPHMEHTHI
(Ha GoJsiee KaueCTBEHHOM OGOPYNOBAHHH, MO0 HOBBHIM METOIHKAM H T. I.).
[TosToMy npsiMble HaHHble (U3HUECKHX HKCIIEPUMEHTOB, MPOBEIEHHBIX
IEeCATKH JeT Ha3al, UMeI0T OOBIYHO JHUIIb HCTOPUUECKYIO II€HHOCTb —
caMmble BaXKHble pe3y/bTaThl 3THX ONbITOB TaK WJIH HHave OMyO6/JHMKOBaHBI
B HAYYHBIX CTaThsX. B acTpoHOMHMH 3TO He Tak. ACTpOHOMHUYECKHE TaHHbIE
HAJ0 XPaHHUTb KaK MOCHO J0Jblle, NOCKOJbKY 1JIsl HAC MOTYT ObITb HHTe-
pecHbl faXke JaHHble Thicsiue/eTHeH TaBHOCTH H3 KaKUX-HHOYIb KHTaHCKHX
XpoHUK. [ToaTOMYy BO MHOrMX 00CepBAaTOPHUAX AECATHACTHIMH COOHPAJIHCh
IJis1 JajbHeHIero HCHoJ/Ab30BaHUs «CTEKJsIHHble OMOMHOTEKH» — CHHMKH
Ha ¢oTorpapuueckux miaactuHkax. CKaxeMm, HMEHHO CTeK/sHHasi 6ubJu-
oreka TAMII (FocynapcTBEHHOTO aCTPOHOMHUYECKOTO HHCTHTYTA HM.
[T.K. lllrepu6epra) MI'Y nosBosusa B cepenune 1960-x rr. cpasy xke
BBISIBUTH MEPEMEHHOCTh NMEePBOTO HAeHTH(HIIMPOBaHHOTO KBa3apa 3C273.

[TosHbI 00'beM HMEIOLIMXCS ACTPOHOMHUECKHX JAHHBIX B HACTO-
siee BpeMs OLlEHHBaeTCsl B metabaiThl, a B Oaumxaidiiie rofpl (6arogapst
MOSIBJIEHHIO HOBBIX GOJBIINX HAGIOIATENbHBIX MPOEKTOB) OH MPEBBICHT
HECKOJIbKO JecsATKoB (uau gaxe corten!) merabair. Ceifuac 06beM JaHHBIX
yIBauBaeTCsl PUMEPHO 3a TOA-[Ba, YTO BO MHOTOM CB$SI3aHO C COBEpIIEH-
CTBOBaHHEM MaTpHil (Temepb CUET HAET HA TMTaMHKCEJH).

VneanbHbiM npuMepoM «GoJblinX gaHHbiX» (big data) B Hayke
aBjsiercs Bosabmod anpouusldl kKoJggaaiaep B LIEPH, moTok manubix
¢ KoToporo cocrasaseT 6ojee 10 merabaiiT B rog. B acTponomuu nep-
BBIM MPOEKTOM, CTOJKHYBIIUMCS C NEHCTBUTE/NbHO OUeHb GOJbIIUM
MOTOKOM JIaHHBIX B paMKaX eIMHOH HalOJsioaaTe/bHOH MporpaMmbl, CTaan
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rpaBHTALMOHHO-BOJIHOBBIE geTeKTopbl LIGO (cMm. pasmen 13.9 «Jlerek-
TOPBI TPABHTALMOHHBIX BOJIH»): MOCJAE MOIEPHHU3AIMH 3a roj HabJe-
HUI HaKalJUBaeTcs NMPUMEPHO neTabalT naHHbIX. OXugaeTcs, UTO 3TOT
MOTOK JAaHHLIX Oymer mpeBsoiaeH mpoektramu SKA (cm. pasmen 13.4
«Paguoreneckonbi») 1 LSST. TToc/ienHuii craHeT KpynHEHIIHM 0030pHBIM
TEeJIECKOIIOM B MCTOPUM aCTPOHOMHH — C 3€pKajoM JuaMeTpoM Gojee 8 M
¥ yJbTPaCOBPEMEHHOH KaMepoH ¢ 3,2-THramuKce/JbHOH MaTpuuei (Toxe
caMo# 6OJIbIIOH B HCTOPHH). [TMKOBBIH MOTOK CBIPBIX AAHHBIX C KaMEpb
3TOr0 MHCTPYMeHTa OyAeT B Xoae HaOJMI0AeHHH NOCTHUraTb MPHUMEPHO
3 rurabaiiT B cekyHay, B To BpeMs kak Ha SKA Gyner nocturaTh nopsiaka
necsiTka Tepa6GaiT B ceKyHMy!

MOTOK HOBbIX aCTPOHOMMYECKUX AaHHbIX B 6/1MKaLem
O6yayliem coctaBuT 6051ee HECKONbKNX OECATKOB
netabanT B rog.

JlaHHbIe MOTYT XPaHHUThCS B BHIe (aiioB (Hampumep, CHUMOK
KaKoi-To o6jacTu Heba) WJAW B BHae 6a3 AaHHBIX (IpOCTEHIIHHA MpH-
Mep — KaTajor 060'beKTOB). DTH MOAXO/b 0BOJBHO CHIBHO OTJAHYAIOTCSE:
B MIEPBOM CJydae 3TO aHAJOTHUYHO XPAHEHHIO OTCKAHUPOBAHHOH CTpPAHHIIBI
TEKCTa B BHJE PAaCTPOBOrO H300paKE€HHUs, a BO BTOPOM — XPaHEHHIO YxKe
pPACIO3HAHHOTO TEKCTa, [0 KOTOPOMY BO3MOXEH MOUCK. BTopoii crnoco6
CyILlIeCTBEHHO yA0oOHee JJs NoJb3oBaTesel, NOCKOIbKY M03BOJsSET MPOBO-
JUTb OBICTPBLIH MOUCK HYXKHOH HH(OPMALMU U CONOCTABJ/AThH €e C IPYyTUHMH
nanHbiMu. [TosToMy BaXKHOH 3amavell sB/sieTCSl XpaHeHHE MAKCHUMaJabHO
BO3MO2KHOTO KOJHYECTBa MH(OPMALHK HMEHHO B BHAe 0as.

KomnbloTepHOe MmogennpoBaHume Takxxe AiBNseTca
NCTOYHUKOM 60/bLLINX 06bEMOB MHOPMALUN.

Eule o0HUM HCTOYHHKOM OGOJBIIUX JAaHHBIX B aCTPOHOMHH
SBJSIETCS] KOMIIBIOTEPHOE MOJEJNHPOBaHHE, B TEPBYI0 ouepenb GOJbIINX
KOCMOJIOTHYECKHX NpoueccoB. B HUX pacueThl HAYMHAIOTCS HA KPACHOM
cMernteHnn okojio z = 30 (mpumepro 100 muiH JeT mocje Hayaja pPaciiu-
pEeHHs1), a AeTasu3alus TOXOIUT 0 PACUETOB MAapaAMETPOB OTAEJIbHBIX
rajJakTHK B Hawy 3moxy. [Ipu sTom mojyuaeMble B pacueTax M300pazKeHHs
BMOJIHE CPABHUMBI C peasbHO Hab/A0JaeMOH KapTHHOH. YUWTBIBas, UTO
06CUNTBIBAIOTCS OOJbIIHE 06 beMbl MPOCTPAHCTBA € GOJMBIINM KOJIHYECTBOM
rasakTHK, Takhe KOMIbIOTePHble MOJEJH TMOPOKAAI0T OrPOMHBIE 06 BEMBI
uHpopmauuu. Pedy/bTaThl 10J0OGHBIX pacueToB BOCTpeGOBAHBI HCC/E10Ba-
TeJbCKUMHU I'PYNIIaMH 110 BCEMY MHpY, PHUYEM peub HAeT He O (PHHAJbHBIX
MHTETPaJbHBIX JAHHBIX, & O MOJHOM AOCTYyIe: TaKhe KPYMHble MPOEKThI
BBICTYNAIOT B POJIH «HUCKYCCTBEHHBIX BCEJNEHHBIX», 3JEMEHTBl KOTOPBIX
yueHble MOT'YT CPaBHUBATH C HabJ/IIOIEHUSIMH peanbHbIX 00'beKTOB B MOUCKaX
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HOBBIX KOppeJ/ILUHH U 3aKOHOMepHOCTeH. B Xo1e HeKOTOPBIX KOMIIBIOTEPHBIX
9KCIIEPUMEHTOB CIIeLHA/IbHO BOCIHPOU3BOAST «HCKYCCTBEHHBIE 0030DbI»,
AHAJIOTHYHBIE 110 CBOUM CBOHCTBAM peasibHbIM, PACCUMTBIBAs HAOJMIOAaEMble
napaMmeTpbl MOJEJ/NbHbIX 00'bEKTOB.

[Ipu paGore ¢ GOJbIIMMH JAHHBIMH B 4CTPOHOMHH BO3HHKAET
TaK»Ke HHTepecHas npob/eMa HX BH3yaau3alud. DTO KacaeTcs U JAHHBIX
HaGJoaeHUi (HarpuMep, OrPOMHbBIE KATAJOIH C COTHSIMH MHJIJIHOHOB
ACTPOHOMHUECKHX HCTOUHHKOB), U TAHHBIX KOMIbIOTEPHOI'O MOAENHPOBAHHS
(HanpuMep, BH3yasH3aldsi 3BOJIOINHH KPYMHOTO CKOIIEHHS TajJaKTHK).
C pocroM 06'beMOB HH(OPMALIMKU OCTPOTA 3TOH MPo6GIEeMbl TOJIbKO BO3-
pactet. [TosTOMy B acTpoHOMHH pa3pabaTbiBAlOTCS CIleLHa/bHble NaKeThl
nporpamu, noapoJsmouue 3pQPeKTuBHO paboTaTb ¢ GOJMbIIMMH 00'beMaMu
JAHHBLIX B I'pa(MuecKoM pexuMme.

15.3
YncneHHbIN aKkcnepnMeHT
n mogenmnpoBsaHume

B acTpoHOMHH H3-3a KOJOCCAJbHOH YAaJ€HHOCTH H3ydaeMbIX
06bEKTOB, a TaKxKe H3-3a UX COGCTBEHHBIX MaclITaG0B HEBO3MOXKHO
MpOBeJeHHe MPSMBIX SKCEPUMEHTOB H H3MePeHHH (HCK/ouast HEKOTOpbie
o6bekTol CosiHeuHo# cuctembl). Kpome Toro, MHOrHe mporecchl mpouc-
XOIST HA OUeHb JJHMHHOU IIKaje BPeMeHH, H3-3a Uero Mbl (haKTHUECKH
BUJIUM JIHUIIb CTATHYHBIE (DpaTMEHTBI SBOJIOIMOHHBIX MOC/EI0BATENb-
HocTel. [losToMy coBeplieHHO oco60e MeCTO B acTpoH3HKe 3aHHMaeT
YHCJAEHHOE MOJE/HPOBaHHE H3yYaeMbIX NMPOLECCOB.

3-3a HEBO3MOXXHOCTIM NPAMOro aKCnepmnmeHTa
B acTpodursmnke 60/bLIOE pacnpoCTPaHeHMe NosyyYnno
KOMMbIOTEPHOE MOAEeNNpPOBaHMe.

[Ipumepnl cuTyanui, Koria B acTpouanke NpUMEHsIETCsT KOM-
NbIOTEpHOE MOJEeNHPOBAaHNE, MHOTOUUCAEHHBl U Pa3HO06pasHbl. [10CKOIbKY
HauboJ/iee paclpoCTPAHEHHBIM COCTOSIHHEM BElleCTBA B aCTPOHOMHUYECKHX
00'beKTax ABJ/SETCS IJa3dMa, 4acTO HUCIOJb3YIOTCS MAarHUTOIHUIPOAHHAMH-
yecKHe vucieHHble Mojaesad. OfHAKO OHH MOTI'YT ObITh JONOJNHEHbl He0OXOIHU-
MOCTDbIO yueTa SIIEPHbIX M TepPMOSIEPHBIX peaKlHi, a TaKkKe 3K30THYeCKHX
COCTOSIHHE BelllecTBa (HampuUMep, MPH pacueTax B3PHIBOB CBEPXHOBBIX).
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B actpodusnueckux MarHUTOTHAPOJUHAMHUUECKHUX pacyeTax
3a4acTyl0 HeOOXOAUMO YUHUTBLIBATH CBOHCTBA TYpOYJeHTHOCTHU, HajdUUyHe
yIAPHBIX BOJMH U APYTHUX CJAOKHBIX JAJs1 pacueta CTPyKTyp. B urore mHorue
BAXKHbIE€ 3a/1aUd 10 CHUX TIOpP OCTAKTCS He 0 KOHIA pPellleHHbIMHU, HECMOTPS
Ha HMCNOJb30BAHHE KPYMHEHUIMX CYNEPKOMIBIOTEPOB H MEPENOBLIX aJTOPUT-
MoB. K X 4mcay OTHOCSITCSI MOJE/NH B3PBIBOB CBEPXHOBBIX, 06pa3oBaHue
NEepBbIX 3Be3[l U MHOroe Jpyroe.

Crnenndukoii acTpou3nuecKoro MOJeJUPOBAHUS SIBJSETCS
U3yuyeHHue MOomyaAsuuil 60JbLIOTO YHC/AA CBSI3AHHBIX CHJAAMH TPaBUTALMH
06'b€KTOB, Kax/JblH M3 KOTOPBIX B MEPBOM MPHOJHKEHHH MOXKET CUH-
TaTbCsl MaTepHa/ bHOH TOUKOU. VMI3BecTHO, UTO ykKe 3amaua Tpex Tena 6e3
JOIIOJTHUTEJ/bHBIX prOHleHI/Iﬁ HE HUMeeT aHaJUTHYECKOI'o peleHusd B BUIAE
KOHEUHOTI'0 BBIpaXKeHHs. B acCTPOHOMHH MOT'YT BCTpeuaThCs CHUTYyallUH,
Korga HeoOXOAMMO PAacCUUTATh MOBeleHHe aHcaMmOJ/s1 U3 MUJJIMOHOB B3aHU-
MOEeHCTBYIOIUX APYT ¢ ApyroM Tea. Hampumep, 3To MoxkeT ObITb pacyer
3BOJIIOLIMH 1IAPOBOTO CKOTJIEHUS UJAU MOBeleHHEe 3BE3[HOTO HaceJaeHHs
rajJaKkTuK IpHu HUX BS&I/IMOILG?ICTBI/II/I.

Cneuyndunkom acTpodun3nkm ABNAETCA B3aMOLENCTBUE
MHOrMX Ten NocpeAcTBOM rpaBmTaLmu, a Takxxe gemicteme
acpdekToB OTO B cunbHOM norne.

MopenupoBaHue ABHKEHHs MHOTHX TeJl MOJ JeHCTBHEM rpa-
BuTaiiu (n-body) UrpaeT CTO/Mb BAXHYIO POJb B ACTPOHOMHH, UTO /s
pelieHus1 Nof0OHBIX 3a/lau Jaxke pa3paboTaHbl ClelHa/IbHbIE anmnapaTHbie
cpencrBa (rak HaspiBaemble Gravity Pipe — GRAPE), kotopoie cyiue-
CTBEHHO YCKOPSIIOT pacueThl TMOBeIeHHUs raJaKTHK U IPYTHX OG'bEeKTOB.

PacueTbl B3pbIBOB CBEPXHOBbIX, CINAHUN YE€PHbIX Oblp

n hopMmnpoBaHMA KPYNHOMAaCLITAaOHOM CTPYKTYpPbl
BceneHHoM ABNAKOTCA APKUMMN NPUMEPaAMMN NMHTEPECHbDIX
3apay ona KOMMNbTEPHOro MoAENNPOBaHNSA

B acTpodunsunke.

CrieurpUUHBIMH SBJASIOTCS U 33a[a4H, CBSI3aHHBIE C HEOOXOIUMO-
CTbIO IeTa/MbHOTO yueTa 3((eKToB 00lIel TEOPUH OTHOCHTEIBHOCTH B CHJlb-
HOM T0Jie (TMIPEee/IbHBIM C/IyuaeM SIBJISETCs PacueT CJAHSHHUS YepPHBIX IbIp).
PasBurie MeTon0B unc/eHHoro peruennst ypasaenuin OTO Gbiio (4 siBJsieTCst)
MOTHBHPOBAHO B MEPBYIO ouepeb 3arnpocamu acTpodusnkos. Tak, Hampumep,
IS0 HY2K/L TPaBUTALIHOHHO-BOJIHOBLIX aHTEHH ObLIO PACCUMTAHO HECKOJBKO
COTEH TbICSY BAPUAHTOB CJAUSHUHA HEHTPOHHBIX 3BE3J M UEPHBIX IbIP, UTOOLI
NOJYyYUTh (POPMBI 0XKHIAEMOTO CUI'HAMA. DTO MOTPeGOBANO HECKOJIbKHX JIET
paboThl psiia HAYUYHBIX T'PYNI B Pa3HBIX CTPAHAX M CTAJ0 HHTepecHeHIIeH
BBIUMC/HUTE/NbHON 3a1auell B COBPeMEHHOH acTpo(U3HKeE.

Cepreii MNonoe
BceneHHas 3 54



[TockosbKy B aCTPOHOMHH B KauecTBe MCTOYHHKA HH(OpPMAIHUU
Mbl MO2KEM HCII0Jb30BATh JHUIIb H3/1yueHHe HEeGECHBIX 00'bEKTOB, BaXKHBIM
9/1eMEHTOM MHOTHX 3alau MOJAEeJMPOBAHUSI CTAHOBUTCS pacueT H3J/yuya-
Te/JbHBIX CBOMCTB MCTOUHHKOB: CIIEKTPbI, HapaMeTphl TMOJSIPU3AIMU H IP.
3avacTyio Takhe pacueThl OC/TI0XKHEHbI HEOOXOAUMOCTBIO yUeTa MHOXKeCTBa
netajeid (HampuMep, OrPOMHOTO YHCJA CIEKTPAJbHBIX JHHHI), a TaKKe
(PM3UUYECKHMH YCJOBHSMH, KOTOPble HUKOT/A HE HCCJAEN0BAMHCh B J1a60-
pPATOPHOM peXKHMe H3-3a SKCTPEeMa/JbHOCTH TeX HJH HHBIX MapaMeTpOB.
Bu6/IHOTEKH PACCUMTAHHBIX CIIEKTPOB SIBJSIOTCS UpPe3BBIUAHHO BOCTpe-
GOBAaHHBIMH, U MX, B UACTHOCTH, UCIOJb3YIOT KaK BXOAHbIEe JaHHBIE /s
pPa3HoOOpa3HBIX KOMIIBIOTEPHBIX MOAE/EH.

MHTepecHBIM METOJOM UYHCJEHHOTO MOJEIMPOBAHHUS, KOTOPBIH
AKTHBHO MPHMEeHsIeTCs /51 UCC/IeN0BAHHS acTPOo(PU3NIeCKUX 3a1ad, sBJs-
eTCsl TaK Ha3blBaeMblH NONYAAUUOHHbI curmes3. Pa3nuualoT 1Ba BapuaHTa
5TOTO MeToja. [1epBHIil HCMOJb3yeTCs /sl MOJEJNHPOBAHHUS HHTErPaJbHBIX
XapaKTePUCTHK GOJbIINX 3BE3IHBIX MOMYJSIUNA, U C MOMOIIBIO TAKOTIO
MOJIX0/1a, HAPUMED, PACCUMTHIBAIOT HHTErPa/bHblE CHEKTPhl TaJaKTHK, U4TO
BAXKHO [I/1s1 HHTEpIpeTaluu Ha6/10faTe/bHbIX JaHHBIX. Bropoit — GoJjee
pasHoo6pa3HbIil U pacnpoCTpaHEHHbIH — MPUMEHSIETCS /Il MOIETHPOBAHHUS
9BOJIIOLIMH M HA6/II01aTeJbHBIX MPOSIBJIEHUH TOMYJISIIHA aCTPOHOMHYECKHX
00'beKTOB, TAKUX KAaK PaIHOMY/JIbCapbl HJIH TeCHble JBOHHBIE CHCTEMBI.
PaccMoOTpUM ero HecKoJbKO MoapoGHee.

BaxxHom 3apgaden gnsa YNCNEeHHOro MogenmpoBaHuMs
ABNIAAETCA UcciefoBaHMe 3BONIIOLNN N HabntoaaTenbHbIX
NposiBNEHUNI NONyNALMIA NCTOYHMKOB — MONYNALMOHHbIN
CUHTES.

[IpakTHuecku M0OG0H KOMIBIOTEPHbIH 3KCIEPUMEHT B acTpo-
(hu3uKe peulaeT OAHY M3 JABYX 3ajnad. Bo-mepBhiX, 3TO npeackazaHue
CBOHCTB KakKMX-TO 00'b€KTOB /5l MOCJAENYIOMIHUX HAG/II0NEHUH C HCIO/b30-
BaHHMEM HOBBIX METOJOB M MPUOOPOB. Bo-BTOPBIX, 3TO MPOBEpPKa Hallero
NIOHUMAaHHS TPUPOADLI YKe HabJogaeMblX 00'beKTOB /M HX MONMYJSIUM.
Hanpumep, npu pazpaGoTke TeseCcKONOB BCeria BO3HHKAET HEOOXOAUMOCTD
OLIEHUTDb, CKOJIbKO HOBBIX HCTOUHHKOB Pa3HBIX THIOB CMOXeT OOHapy-
JKUTb YCTaHOBKA. DTO THUIMYHAS 3ajaua [Js MONYJsSIHOHHOTO CHHTE3a.
Mpbl 3ak/jajabiBaeM B MOJeJb HayajdbHble NapaMeTpbl 00'b€KTOB, TEMII
UX POXJEHHsl, IBOJIOIIMOHHbBIE 3aKOHBl M Ha KaXKI0H CTagUH PaCCUUTHI-
BaeM Hal.0JaTe/]bHble CBOHCTBA MCTOUHHUKOB. B urore, comeuias (M,
KaK rOBOPST, CBOPAUHBAsI) PE3Y/IbTAThl MOAEIUPOBAHUS C MapaMeTpaMu
YYBCTBUTENbHOCTH IETEKTOpA, MONYyUHUM NpeacKadaHue [/ KOHKPETHOIro
HHCTPYMEHTA.

BosmoxHa 1 o6paTHasi CUTyallusl: Y HAC €CTb NaHHble HalJofe-
HMH, U MBI HCHOJb3YeM HX /IS POBEPKH aleKBATHOCTH HAlllero MOHMMAaHHUS
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HavdaJbHBIX ITapaMeTpOB 00'b€KTOB, HX 3BOJIOUHUHU UJIH HabGAI0JaTeNbHBIX
HpOHBJ’IeHHﬁ. Haan/IMep, B MOIYJAIHOHHOM CHHTE3€ Mbl MO2KEM CPAaBHH-
BaTb MOJ€J/M C pa3HbIMU HaydaJbHbIMH YCJOBHUAMHU HJAHW 3BOJIOLUHUOHHBIMHU
3aKOHAaMH Ha npeaMeT COOTBETCTBHSA AJaHHbIM HHﬁJHOII,GHI/lﬁ, npoBepssa TeM
CaMbIM THIIOTE3bl O MapameTpax, HabM01aTh KOTOpbI€ HENMOCPEeACTBEHHO
HEBO3MO2KHO.

3agaum KOMNbIOTEPHOIo 3KCNepMMeHTa: NpoBepka
Ha4vasnbHbIX YC/IOBMNI 1 3aKOHOB 3BOTIOLMU NyTEM
COMOCTaB/IEHNA pac4yeToB C HabnaeHNaAMM, a TakXKe
NnpPorHo3mpoBaHue gna oyaywmx HabnogeHn.

Hanpumep, ¢ oqH0# CTOPOHBI, MBI MO2KeM HCIO0J/b30BaTh Habop
NpPeanoJoKEeHUH I/ TOTOo, 4TOObl METOJOM IOMYJ/SLHOHHOTO CHHTE3a
paccuuTaTh KoJHuecTBO (M CTATHCTHUYECKHE CBOHCTBA) PaIHOINYJ/bCAPOB
Pa3HBIX THIOB, KOTOPblE CMOXKET B OyaylleM o6GHApYKHUTb ycTaHOBKa SKA.
Jlo6aBuB B MOM€e/b 3BOJIOIHUIO AIBOHHBIX CHCTEM, MBI MOXKEM PAaCCUHTATh,
CKOJIbKO IMyJbCApPOB B Mape C UepHBIMU IbipaMu 6yaeT ob6HapyxeHo. C apy-
rOi CTOPOHBI, MOXKHO HCIOJb30BATh COBPEMEHHbIE JaHHBIE O MyJbcapax
(c yuetoM 4yBCTBHTE/JbHOCTH Pas3HBIX 0630pOB), 4TOGHI MOMPOGOBATH
BbISICHUTb, YMEHbLIAETCs JU MAarHUTHOE I10J1e 3THX HEHTPOHHBIX 3Be3[
B IIpoliecce MX 3BOJIOLUHH. [T 3TOr0 MOXKHO MPOBECTH PACUETHI C MOMOLIBIO
MONYJSILHOHHOTO CHHTE3a, U3MEHsIsl NapaMeTpbl 3BOJIOUHH MATHUTHOTO
noJist ¥ 106UBAasiCh HAWJAYUIIEr0 COrJIACHS C HAGJIOAEHUSIMH.

[l1st ToMy/IIIMOHHOTO CHHTE3a, KaK M JJIsT MHOTHX JPYTHX BHIOB
KOMIIbIOTEPHOI'O MOJE/NHPOBAHUS B acTPO(PHU3UKE, CYLIECTBYET MHOIO
00L1eI0CTYIIHBIX IPOrpaMM € OTKPBLITBIM KOAOM. DTO, K CYACTbIO, JOBOJbLHO
pacnpocTpaHeHHasi TeHaeHUHUsl. CyLUIECTBYIOT IENO3UTAPHH, B KOTOPBIX
HAXOAATCS COTHH HCXOMHBIX KOIOB MJIsl PelleHHs] Pa3JHUHBbIX acTpodu3u-
ueckux sanau (Hanpumep, cailt ascl.net — Astrophysics Source Code
Library, ASCL). Pagymeercs, 0 pe3yJbTaThl pacueToOB BO MHOIHX CJIyuasx
nenatotcs o6menocTynHeIMA. OCO6EHHO 3TO aKTyalbHO B cayuae GoJbLIOro
KOCMOJIOTHYECKOT'0 MOJAENUPOBAHHUS.

KommnbloTepHoe MoaennpoBaHue MelJIeHHO, HO BEPHO JABHKETCS
K peasu3allid «BCeJEeHHOH B KoMIbloTepe». HenaBHO BaxHble HOBbIE
pe3ysbTaThl ObLINM MOJYUYEeHbl B TMOAXOAE «CBEPXY BHHU3»: MOJE/JIHPOBAHHE
HAYHHAETCS B OTHOCHTEJNbHO MOJIOAOH BCEJIEHHOH (CHYCTsI A€CATKH MHJI-
JIMOHOB JIeT T0C/Ie Hauaja pacilMpeHHs ), 3a1aeTcsl COCTOSIHHE BellecTBa
BO BCEJIEHHOH (10/M TEMHOIr0 BELIeCTBA, TEMHOH 3HEPrHH, OOBLIYHOIO
BEIeCTBAa, H3JAYyUeHHs], THHAMHKA PACIIMPEHHS U T. J.), HEOJHOPOIHOCTH
B paclipe/ie/ieHHH MaTepUH U Apyrue napamerpbl, KOTOpble B JAHHOM Cjyuae
paccMaTpHBAIOTCS KAK HauajbHble (MX MOJYUYEHHE CAMO MOXKET OCHOBbI-
BATHCS HA UHC/ACHHOM MOJEJIMPOBAHHU (0Jiee PAHHEH MCTOPUH BCEJEHHOM),
a TocJie 3TOro M3yvyaeTcsi BOSHUKHOBEHHE M SBOJIOIHMS KPYMHOMACIITAGHOH
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CTPYKTYPBI BcesleHHOH. [lepBble Takue pacueThl HaYaJUCh OKOJO MOJMyBeKa
Ha3aj, OJIHAKO HOBble TEXHHUECKHE BO3MOXKHOCTH TO3BOJSIOT NOOUTHCS
OT'POMHOT0 TIporpecca B TOUHOCTH M JIeTa/lH3alHH.

3agauen-makcumMym ABASIETCA CO3[aHME «KBCENEHHOM
B KOMMNblOTEpPE» — OT bonbLIOro B3pbiBa A0 OTAENbHbIX
ranakTuk.

[IpuMepoM HelaBHHX pacueToB, HAYMHAIOUIMXCS C MEPBHUHBIX
HEOJHOPOAHOCTEH MJIOTHOCTH U 3aKAHUMBAIOLIMXCS AETaqu3alluell Ha yPOBHE
CTPYKTYPHBIX 3/JIeMEHTOB KapJHKOBbIX TaJaKTHK, siBaseTcs npoekt Illustris
u ero passurue IllustrisTNG (The Next Generation), a Takxke apyrue
aHaJOTUYHble TPOeKTH, Kak, HanpuMmep, EAGLE. Pesyabrats Illustris
MOYKHO CPaBHHBATb C HaOJ/IIOJCHUSIMH KaK Ha YpPOBHE MapaMeTpPOB KPYIHO-
MaclITaGHOH CTPYKTYpbl, TAK M Ha Maciutale TPYII rajakTHK (Hampumep,
MecTHO# Tpynibl) U J1axKe HA MacliTaGe OTAENbHBIX rajJakTHK. MoxHO
HAHTH B pacueTax rafakTHKY, MOX0XKYI0 Ha HAGMIOIAeMYIO, H OTCAEIHTD
ee HCTOPHIO, H3YUHB (POPMHUPOBAHHE TeX WM HHBIX CTPYKTYp. Pasymeercs,
KOMIIbIOTEPHBIE MOJENH He MOT'YT BOCIIPOH3BECTH BCe MHOTooOGpasne
peaJibHbIX MPOLECCOB, NMPOUCXOISIUX Ha pasHbX Maciitabax. OpHako
COBEpLICHCTBOBAHHE MoJeJ/el M03BoJseT pellaTh Bce GoJjee MHPOKHM
Kpyr mpo6JeM, CONoCTaB/sisl ¢ HaGJMIOAEHUAMH Pe3yJabTaThl PacueToB.

Pasymeercs, B KOCMOJIOTHUECKHX pacyeTax C BBICOKOH cTere-
HbIO JeTa/U3alHH He NMPOUCXOJUT PeaNbHOT0 MOJENHPOBAHHS KaXKIOTO
OT/IeJIBHOTO 3/1eMEHTa CTPYKTYpHl. MHBIMH c/l0BaMH, KOTJa pacueThl J0X0-
JST 10 CBOHCTB OTAE/NbHBIX FaNlaKTHK, HE NPOUCXOAUT MOJENHPOBAHUSA
3Be31000pa3oBaHusl B Hell, HAUMHAsl C HEOJHOPOJHOCTEH MeK3Be3qHOH
cpenbl. BmecTo 3TOro B 60/bLUIOM MOAEIHPOBAHHH HCIOJAb3YIOTCS JaHHbIE
JeTaNbHbIX PAacueTOB 3Be31000pa30BaHHUsI, HA OCHOBE KOTOPBLIX C(HOPMYJIH-
POBaHbI OMNpe/e/eHHble 3aKOHOMEPHOCTH, MPEACTABAEHHbIE B aHATUTHUYECKOM
Il TabandHoM BuAe. [IpOMCXOANT C/AMSHHME MOAXOAA KCBEPXY BHHU3»
(oT KOCMOJIOrHMH K raJlakTHKaM) ¢ MOAXOAOM «CHH3Y BBepx» (OT CBOHCTB
MEXK3BE3IHOH Cpefibl K rasakThke). KpoMe TOro, aTu naHHbIE MOXHO 00'be-
JMHATD C TOMYJ/ISSLHOHHBIMH pacyeTaMH, B pe3yJ/bTaTe Yero Mbl IOCTENEeHHO
NpUOIHAKAEMCST K «PeaJHCTHUHON BCEJEHHOH B KOMIIBIOTEPES.

maea 15
KomnbloTepbl B acTpOHOMUN 3 5 7



15.4
BupTyanbHaa o6cepBaTopusd

O1eHKH MOKA3bIBAIOT, UTO MOJHbBIH 06'beM MUMEIOLIUXCSl aCTPOHO-
MHUECKHX MaHHLIX u3MepsieTcsl meTabaiitamu. A B GjuxkaiiiieM Oyayliem
C BBOAOM B cTpoii Takux ycrtaHoBok, kak SKA, LSST, CTA u ap., temn
MOJyUYeHHs] TaHHBIX COCTABUT NECSATKH neTabadT B roal DTo He TOJbKO
npsiMble NaHHble HAGJIONEHUIH, HO U Pe3yJbTaThl KPYMHBIX UHCJEHHBIX
HKCIIEPUMEHTOB, PacyeThl Pas/JUYHBIX MapaMeTpoB (HarmpuUMep, CreKTpaJb-
HBIX) MU MHOrOe JApyroe. B CBsI3H ¢ 3THM BO3HHMKaeT HECKOJbKO MPOGJEM.

MoTok Pa3HOPOAHbIX aCTPOHOMWYECKMNX OAaHHbIX
NMOCTOAHHO pacTeT.

Bo-nepBblX, JaHHBIX MPocTO MHOro. OpraHusauusi UX XpaHe-
HMS, JOCTYINa K HUM M CHCTEM [OMCKa — OuYeHb HeTpHBHAJbHAs 3ajaua
KaK C TOUKH 3PEHHsS] TeXHHUECKHUX pellleHHH, TaK U ¢ TOUKH 3pEeHHUs
(huHaHCcoB. Bo-BTOpHIX, Ba2KHO HMETb BO3MOXKHOCTbH OBICTPO CONOCTaB-
JATb JAHHbIE, MOJYUeHHble PA3HBIMH YCTAHOBKAMHM B Pa3HOE BpeMsl.
Jl1st 3TOrO HyXKHA HeKasi eIuHasi CUCTeMa, IJie JaHHble MOXHO OBLIO Obl
npeo0pa3oBbBaTh B 00UIeNPUHATBIE (DopMaTLl. B 3Ty cHCTeMy IOJ/MKHBI
GbITh HHKOPIOPUPOBAHbBI (MK MPSIMO B HEH pa3paGoTaHbl) MPOrpPaMMHBIE
MHCTPYMEHTBI [/ HAyuYHOTO aHa/Nu3a, HYKHa Noaaep:xkKa pazpaboTuu-
KOB TIPOTPAMMHOTO ofecleueHusi 1 KOHEUHBIX MoJab3oBaTesel. Bee 310
NnJaHUpYyeTCsl 00beIUHUTD B NMpoekTe MexaAyHapoaHOH BUPTYyaJbHOH
obcepBaTopun — wWww.ivoa.net.

dopmasnbHo paboTa Haj npoekToM Hauyansach B 2002 r., xoraa Gbul
cosnan MexayHapoaHbiii anbsinc BupryanbHoi o6cepsatopun (International
Virtual Observatory Alliance, IVOA). Cefiuac B Hero BXOIHT GoJiee
20 HauMOHAJ/bHBIX BUPTYaJbHBIX 00CEPBATOPUH, a TakkKe 00'beIHMHEHHbIH
eBponeiickuil npoekT u EBpomnelickoe kocMuueckoe areHtTcTBo. Haunbosee
aKTHBHO paboTa HET B paMKaX aMepHKaHCKOH BuptyasnbHOH o6cepBaTOpHH,
rIe COOTBETCTBYyMoIIas AesiTeqbHOCTh Hauvajsach B 2000 r. Ho He orcraer
u EBpona (reM Gosiee 4TO OIHMM M3 KPYNHEHIINX IE€MO3HTAPHEB ACTPOHO-
MHUECKHX JaHHBIX gBJjsercs ueHTp B Crpac6ypre — Centre de Données
astronomiques de Strasbourg, CDS), rue Giarogapst ycuiansam EBpornefickoi
I0KHOH o6cepBaTopuu, 6puTaHckoro npoekra AstroGrid u apyrux rpymnn
yUEHBbIX Takxke pa3pabaThiBa/IUCh U pa3padaTbIBAIOTCS CHCTEMbl XpaHEHHS,
06pabOTKH U TOCTYyIa, KOTOPble B UTOre JOJKHBI CTAaTh YaCTbIO €IUHOH
ceTd. MHOrHe HOBBbIE KPYNHbIE AaCTPOHOMHUECKHE MPOEKTHl pa3pabaThiBaloT
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cBou Oyayuive (opMaTbl JaHHBIX M pPa0OThl C HUMH YK€ C yuyeToM HaeH
BupryaJ/bHoil 06cepBaTOPHH.

BupTtyanbHasa o6cepBaTopumsa Ao/mMkKHa co3fatb eguHoe
none gna pabotbl C aCTPOHOMMUYECKMNMUN [AHHbIMMW.

OcHoOBHasl LieJ/Ib 3TOr0 MPOeKTa — cje/daTb paboTy ¢ aCTPOHOMH-
YeCKUMH JAAHHBIMH MaKCUMaJsbHO 3(h(eKTHBHOH. DTO TpebyeT obecrneueHus
OTKPBITOr'O JOCTyNAa K MaKCHMaJbHOMY KOJMUYECTBY NAaHHBIX B MaKCH-
MaJIbHO YAOGHOH (/11 KOHEUHOrO MOoJb30BaTeNsi — yueHoro) dopwme.
Camast Ba)kHasl cocTapJsioliasi paboThl IPyMIbl MO CO3JaHHI0 BUpTyasbHOI
o6cepBaTOPHH — 3TO pa3paboTKa €IMHOro MpeacTaB/eHusl AaHHBIX. ONbIT
MoKa3aJl, UTO He/Mb3sl MPOCTO «CBEPXY®» BBECTH KAKOH-TO OOIIHHA TPOTOKOJ
W HaJesTbCs, YTO BCe HAUHYT eMy cjaefoBaTb. [loaTomy B Hacrosiiee
BpeMsl HJET A0BOJbHO CJA0XKHasg paboTa 10 Mpoueaypam, KOTopble NO3BO-
JSIT IPpeo0Pa3oBbIBATh yKe HMelolIHecs AaHHble TaKUM 006pas3oM, YTOObI
UX HCII0/b30BAaHHE ObLI0 MaKCHMaJ/bHO yJ00HO MOJMb30BATE/sIM, IpUMe-
HSIIOLUM MOMYJSIPHbIE B aCTPOHOMHH TIPOTPaMMHbIE CPEICTBA.

Cannt BuptyanbHom o6¢cepBaTtopmm — ivoa.net.

Pagpa6orunku BupryanbHoit o6cepBaTOpPUH BBIAEJSAIOT ellle
HECKOJIbKO BaXKHBIX 3aau. DTO co3laHue HHPPACTPYKTYpbl, pa3paboTka
HAYUHBIX TPU/I0KEHUH, MOHUTOPHUHT CYIIECTBYIOLUIUX CETEH M MPOEKTOB
Ha TIpeIMeT UX COOTBETCTBHSI HUCIOJb3YyeMbIM CTaHIapTaM, pa3paborT-
Ka CPeACTB [JIsl yCTAHOBJEHHUS M NOJJAEpPKaHHs TaKOro COOTBETCTBUS
U, HaKOHell, NOAJEepKKa KOHEUHBIX MOJb30BaTesNel.

Cefluac (QyHKIHOHHPYET y2Ke JOBOJBLHO MHOI'O MPOTrPAMMHbBIX
HHCTPYMEHTOB, NOCTYTHBIX [Js1 yIaJeHHbIX M0Jb30BaTe/ell uepe3 UHTep-
HET, MO3BOJSIOMUX paboTaTh ¢ OTPOMHLIMH 06'beMaMH HH(OpMAIUH,
NOJNYYEHHOW Ha pPa3HbIX TeJeCKOoMmaX B paMKaX PasjJHUYHBbIX MPOEKTOB.
Hanpuwmep, BBenst UMs 00'b€KTa WM €TO KOOPAHHATBI, MOXKHO MOJYUHTH
BeCb Ha0oOp AAaHHBIX, y2Ke HHAeKcHpyeMblX BupTyanbHo#H obcepBaTopHed.
Ceiliyac MHOrMe HayuHble NMyOGJHMKallMH y2Ke OCHOBBLIBalOTCS Ha paboTe
C HHCTPYMEHTaMH 00CEpBATOPHH.

B Hacrosiee BpeMsl Belyllye HayuHble 2KYpPHaJbl BHIIBUTAIOT
TpebGoBaHusl, UTOOBI JaHHbIE, HA OCHOBE KOTOPBIX HAMHCAHBI CTaTbH, HAXO-
JTHJIUCh B OTKPBITOM A0CTyTe. BupTryanbHasi o6cepBaTOpHUs TO/MAKHA CTATh
HJ1eabHbIM CPEICTBOM JIJISl 3TOTO B aCTPO(PHU3UKE M CMEXKHBIX TUCIHUTIHHAX.
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C ApeBHMX BPEMEH NOAEN NHTEpPecoBan BONPOC, ECTb /Y XXU3Hb
3a npegenamm 3emnu. C Ha4anom KOCMUYECKOM 3pbl BO BTOPO
nonosmHe XX B. CTan BO3MOXHbIMW 3aNyCKN NCCNefoBaTebCKMNX
annapaTtoB K Tenam CofiHe4YHOV CCTEMbI U MOSIBUNINCb HageXabl
Ha cKopoe 06HapyXeHume XoTa O6bl c/ie[oB NPOCTENLLEN XN3HN.

Ho Bckope oka3anochb, UTO HageXnabl 3T O6bIIV NPEeXaeBPEeMEHHbI-
Mu. TeM He MeHee y Hac OCTaeTCs LWaHC HaWTU XXNBbI€ OPraHU3Mbl
N cnepbl X CyLLEeCTBOBaHUSA Ha NaHeTax u cnyTHMKax. Kpome
TOro, B 6Avkanwme rogbl peanbHbIM CTAHET U3Yy4YeHME COCTaBa
aTmocdep 3emMnenofobHbIX 9K30MIaHET, YTO OTKPOET HOBbIE BO3-
MO>XHOCTIM NO NONCKY XXMU3HU BO BceneHHOM.

[Onsa paboT B paMKax nporpamMmbl Mo MOUCKY XXM3HU yuyeHbie NASA
cchopmynuposanum Takoe onpegenenume: «)KM3Hb — 3T0 camonopn-
LepXunBatoLwasaca XxmmMmmyeckasa cuctema, cnocobHas K 4apBUHOB-
CKOW aBontounmn». [lapeBnHoBCKas 3BonoLUA nogpasymeBaeT
Hann4yme TakMx NPoLLeCCOB 1N ABNEHNI, Kak pa3aMHOXeHne, MyTa-
uunn, 3anncaHHas B AUCKPETHOM BUOEe HacnenCcTBEHHOCTb, OT6Oop.
Taknm 06pa3oM, NOTEHLMAIBHO XXN3Hb MOXET 3aMETHO OT/INYaTbCs
oT 3eMHoln. OgHaKo AOCTAaTOYHO YeTKME KpUTEPMI )i MONCKa y
Hac B NEPBYIO o4epeab CyLEeCTBYOT 411 XKM3HM 3EMHOro Tuna.



16.1
XXn3Hb B ConHeyHOM cucrteme

Jlo Hacrosiuiero BpemeHu B COJNIHEUYHOU CHCTEMe KHU3Hb
He oOHapyXeHa HuUrae, kpome 3emqau. bojsee Toro, He OBLIO BLISIBAEHO
JlaXKe CJeloB CYIIeCTBOBAHHUS KHU3HU HA Apyrux tenax. OnHaKo Hajexna
Ha o6Hapy:KeHHe XKH3HU BCce ellle ocTaeTcss. M0OXHO BBIAENUTb TPH
OCHOBHBIX HallpaBJeHHs MoucKa KaHauaatoB. [leppoe — 310 Mapc, rae,
BO3MOXKHO, B J1aJleKOM MPOIIJOM CYIIeCTBOBAJNU MpocTeiline (popMbl
JKH3HH (M He MCKJ/I0YeHO, YTO OHH COXPaHHJIMCh TaM M ceiuac). Bro-
poe — 3TO KpPyIHbIe JeJsiHble CIYTHUKH MJIaHEeT-TUTaHTOB, TaKHe Kak
cnytHukd Onmutepa Epona, Kannucto u aHuMen, a TakxkKe CHyTHHK
CarypHa DHuesan. Ha mepeuyuc/ieHHBIX KaHAMAATAX PACCUUTHIBAIOT
HAaWTH KHU3Hb (MM C/Ielbl €e MPOLLIOro CYIEeCTBOBAHHUS), OCHOBAHHYIO
Ha BOJie, a BOT TpeThe HalpaBJeHHe He OrpPaHUUHUBAETCs 3eMHBIMH (op-
MaMH KH3HH — Ha cnytHuke CatypHa TuTaHe MOXeT CYILIeCTBOBATh
J)KM3Hb, OCHOBAHHAsl Ha YIJEBOJAOPOAAX.

Xn3Hb nnm ee cnepfbl pacCYNTbIBaOT HaMTWX Ha Mapce
N KPYNHbIX CNYTHUKaX NJ1aHEeT-TMraHToB.

O6cyxknast B 1998 r. BO3MOKHYI0 OMACHOCTh JOCTABKH Ha 3eMJIto
06pasuoB ¢ pas3anuHblx 06beKTOB COJHEUHOH CHCTEMBI, CIELHAIHCThI
NASA Takxe BK/IOUYHJIA B YHUCJAO MOTEHIHAAbHO OMACHBIX 06bEKTOB
acrepoubl THnoB P u D!. Caenano 310 OblJI0 B MEPBYI0 OYEPeb MOTOMY,
4TO 00 3THUX TesJaX H3BECTHO HEMOCTATOUHO, YTOOBI UCKJIIOUHTH HX U3 CIH-
CKa 00'bEKTOB, Ille B «CHSIIEed» (popMe MOTYT COXPaHSIThCS MPOCTEHIINne
¢dopmbl XKH3HHU. BripoueMm, ceifyac Ma/o KTO BKJOUaeT MOAOGHBEIE TeJsa
B psil HanboJsee BEPOSITHHIX HOcUTe/ell xHu3HH B COMHEUHOH CHCTeMe.

Monogbie BeHepa n Mapc mornm 6biTb 06mnTaembimim
niaHeTamu.

Ha Benepe B mpounioMm MOTJIH CYILIECTBOBAThH KJINMaTHUECKHE
yCJOBHSI, TIPUTOAHBIE [JIS1 3aPOXKIEHUS] U CYLIeCTBOBaHHS KU3HH. OnHa
U3 MojleJiell KiuMaTa 3TOH myaHeThl, pa3pa6orannas B 2016 r., mokasbi-
BaeT, UTO B MepBbie JBa MU/AHADAA JET HA TOBEPXHOCTH BeHepbl MOT/IH

1 DTO TEMHbIE (C HHU3KHUM am;6eﬂ0) acTepouIbl KpaCHOBATOTO OTTEHKA, KOTOPBIE, BO3MO2K-

HO, COCTOSIT U3 6OraThx OpraHHYeCKHMH COCIUHEHHAMH CHJIHKATOB C BKJ/IIOYEHHAMH BOAAHOIO JibJa.
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CYIIEeCTBOBATh JAOCTATOUHO GOJIbIINE 3anachl XKUAKOH Boabl. OTUacTH 3TO
CBSI3aHO C TeM, UTO B TO BpeMs cBeTUMOcTh CoOJIHIIA COCTaBJsL/IA JHIIb
70-75% ot coBpemenHod. OnHako B Hallk AHU BeHepa, 6e3ycJ/0OBHO,
SIBJISIETCSI MEPTBHIM MHPOM.

KaumaTtnueckyio ncrtopuio Mapca gensit Ha TPH OCHOBHBIX
nepuona. [lociennre Tpu Mu/AIMapAa JeT OTHOCAT K TaK Ha3blBaeMOH
aMa30HUICKOH 3pe, Ha MPOTSKEHUH KOTOPOH KJAMMAT aHAJOrHueH COBpe-
MEHHOMY ¥ HENpHUToJeH s wKU3HU. OIHAKO Ha MPOTSIKEHUH TEPBHIX IBYX
310X — Ho¥cko# (3,5-4,1 mjpna Jer Hasan) u recrnepuiickoi (3-3,5 mapa
JIeT Hasaj) — KJAAMAT MOT ObITb MPHUIOJEH M/l 3apOKACHUST U PASBUTHS
npocTeiinx (Gopm xku3HU. ['eosiornyeckre 1aHHbIE, MOTYyUEHHbIE C TOMOLIbIO
MapCoOXOJ0B M JPYTHX HCCJ/eI0BATENbCKHX aNlapaToB, CBUAETENbCTBYIOT
0 TOM, YTO B MPOIIJOM Ha MoBepXHOCTH Mapca B GoJsbpuinx o6bemMax
cylecTBOBaJsa KHuaKas Boga. Kpome Toro, B mepBble COTHH MHJJIMOHOB JIET
cBOero cymiectBoBanust KpacHas nsaHera, no-BuiuMoMy, UMeJjia JOCTATOYHO
MOIIHYI0 Maruutocdepy, uTo6bl MPEIOTBPATUTb GBICTPYIO MOTEPIO aTMOC-
(hepHBIX ra3oB. DTO TakKxkKe MOMOraeT OO'bSICHUTb HaJHuhe B Te BpeMeHa
TIPUTOIHBIX JJISI XKU3HU KJAUMATHUECKHUX YCJAOBHH.

Ha Mapce oTcyTcTByeT aHasnor 3eMHOTO Apel(a KOHTHHEHTOB
(TEKTOHHKH TJIKT), TIO3TOMY COBPEMEHHBIH BHJ BHEIIHHX CJOEB BIIOJHE
aHaJOTHYEH TOMY, KOTOPBIH CyIIEeCTBOBAJ 3—-4 MJPJ JeT Hazal, uTo TaKwkKe
MOMOTaeT BOCCTAHABJAUBATH JPEBHUH KJAUMAT MJaHeTh. K coxaJjeHHio,
Mbl [TOKa HE MOXKeM YCTaHOBHTb, ObIIH JIU TEPUOJIbl OTHOCHTENbHO MST-
KOTO M BJIAXXHOT'O KJMMATa JJIHTE/NbHBIMU (COTHH MHJITHOHOB JIET) HJIH Ke
3TO Obl/IM JIHIIb KOPOTKHE 3MU30AbI (B 3TOM C/yyae MOsIBJEHHE KHU3HHU
CTAHOBHTCSI MEHEE BEPOSITHBIM).

Ha Mapce moryT 6biTb 06Hapy>XeHbl cnefbl NPOLUION
XXU3HN Unmn npocTenwine popmbl (6akTepnm) rmy6oko nop,
NOBEPXHOCTLHO.

OnHako, ec/M KU3Hb OJHAXK/Ibl CMOIJIa BO3HUKHYTD, CYIIECTBYIOT
HEKOTOpble HaJex bl OOHAPYKHUTh ee U B HalM AHd. Ha 3emse ectb Gaxkrepuy,
obuTalollre B Kope Ha IyOuHax Gosee KujaoMeTpa. Ecau MX aHa/IorH MOSIBH-
JIMCb Ha Mapce B NepBbIi MUJIHAP/ JIeT €ro CYLIeCTBOBAHHS, TO JajbHeiee
HU3MEHEHHe K/UMaTa He JOJ/KHO OblLI0 Obl CYLIECTBEHHO CKAa3aThCsl HA HHX.
A BoT Ha BeHepe BbICOKast TeMIepaTypa A0CTATOUHO MPOrpeBaeT BHEIHHE
CJIOU TPYHTA, YTOOBl YHHUTOXKUTH JaXKe TaKyl0 YCTOHUHBYIO (DOPMY JKHUBHH.

MHTepecHO, UTO HEKOTOPBIE YUeHBle PACCMAaTPHBAIOT JaXKe BO3-
MO2KHOCTb TOI'0, YTO »KM3Hb BO3HHMKJA Ha Mapce, a 3aTeM Obljla 3aHeceHa
Ha 3eM/l0 BMeCcTe ¢ MapCHAHCKHM BeleCTBOM, BbIOPOLIEHHBIM B pe3YJb-
Tate majgeHns Ha KpacHyio MJaHeTy MacCHBHBIX MeTeOpHTOB (Ha 3emuie
ObLI0 HAHIEHO HECKOJbKO METEOPHTOB MAapPCHAHCKOTO MPOHCXOWIEHHS).
BripoueM, 3TO 10BOJbHO 3K30THYECKAs] THIOTE3A.
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CnytHuk Onutepa EBpona Ha NmpoTsizKeHUH NeCATHAETHH
(kaK MHHHMYM CO BPEMEHH MoJieTa KOCMHUECKHX anmapatoB Voyager |
i Voyager 2) cunTaercsl MOTEHIHAJNbHO OGHUTAEMBbIM 06HEKTOM, TTOCKOJb-
Ky TaM cyllecTByeT rso6anbHblil BoAHbBIH okeaH. CoBpeMeHHble NaHHbIe
MOKa3bIBAIOT, YTO TMIyOMHA €ro MOXET COCTABJSITh MHOTHE JIECSTKH KHJO-
MeTpoB. CHAPYXKH 3TOT OKeaH MOKPHIT JIeASHOH KOPOH TOJMILUHOH OT 2-3
1o 20-30 kM.

B 2014 r. ¢ nomoubio KocMuueckoro teqaeckona Hubble 6bliu
NOJIyUeHbl JaHHbIE O TOM, UTO BOAA MOXKET BbIOPACBIBATBLCS M3 OKEaHOB
EBponbl Hapy»Ky — BO3MOXHO, U3-3a pas3/JoMOB JeAsHOH KOpbl MoA Ael-
ctBueM npuauBHBIX cua fOnurepa. B 2016-2017 rr. B mo/b3y 3ToH runo-
Te3bl MOSIBUINCH HOBble apryMeHTHl, OJHAKO MOJMHON SICHOCTH HA HACTOSIIIHUI
MOMEHT HeT. [l/1g moJiyueHHs AOCTOBEPHBIX JAAHHLIX MOXeET MOTPe6OBaTLCS
OTIIpaBKa CIIelIMaJbHOI'0 HCCJ/e]oBaTeNbCcKOro anmnapara. [laanupyercs,
yro B 2022 1. 151 Mcc/el0oBaHUS JeASHbIX CNYTHUKOB IOmnuTepa 6yner
sanyuleHa esponeiickass mexnianernas cranuus JUICE (JUpiter ICy
moons Explorer, UccaenoBarenn Jeasubix ayH HOnurepa).

Ha EBpone Xn3Hb MOXeT CyLeCTBOBaTb B Ny6oKom
nognefHoOM oKkeaHe.

Cefiuac aKTHBHO pa3pabaThiBAIOTCS MPOEKTHl CHEHANbHBIX MHUC-
cuii k EBporie, HanpaB/ieHHble HA U3YUeHHE ee OKeaHa M TMOUCK JKHU3HH.
Hanuuue BBHIGPOCOB MOXKET YNPOCTUTHL 3Ty 3afauy A0 HCCJAeI0BaHUMH
¢ opOGHUTHI, XOTsI, KOHEYHO, 60J/ee MepPCIeKTHBHOH Obljia Obl TTOCAAKa amma-
paTa Ha MOBEPXHOCTh: M3YUHB MeCTa HEJaBHUX BHIOPOCOB, MOKHO GBIIO
6Bl 1eTabHO HCCJAeN0BATh BellleCTBO, MOCTyNnuBIIee W3 Heap. [Tomumo
3TOT0, MOCAJ0YHBIH MO/YJb MO3BOJUT U3YUaTh OKeaH EBPOIHI, HCTO/b3YS
JIeIUMeTPOBOe paarousaydenue Onurepa, «nIpocBeunBaolieey BHEIIHHE
CJION CIYTHHKA U OTpaxamleecsi OT TOBEPXHOCTH OKeaHa.

[anumen, kak u EBpomna, pasorpeBaercs IONUTEPUAHCKUMH TIPH-
JauBaMu (CBOH BKJIaJ B HAIPEB HeApP BHOCHT M pacnaj pagdoaKTHBHBIX
9/IEMEHTOB), TaK YTO MOJ JeAsSHOH Kopo# [aHMMena TOXKe HOJIKEeH Cylie-
CcTBOBaTh BOAHBIH OKeaH. C 60JIbIIONH BEPOSITHOCTHIO TAKOH OKeaH eCcTh
u Ha KaJsmmcro, mosTomy 3TH JiBa rajujeeBbx cnyTHHKa OnmuTepa Taxike
OTHOCAT K MOTEHIHAJIbHO OGUTAEMBIM.

Ha cnytHuke CatypHa QHuenage HabnopawTca MOLHbIE
BOAsIHbIE BbIOPOCHI.

Ecaun ¢ BoasHbIMH BbiGpocaMH Ha EBpome moka HeT oKOHua-
TeJbHOH SCHOCTH, TO Ha cnyTHHKe CaTypHa DHIeJ/aale Takhue BbIOPOCH
6b111 o6HapyxKeHbl B 2006 r. ¢ MOMOIIbI0 aBTOMATHUECKOH MeXIJNaHeT-
Holi ctanuuu Cassini. Henpa DHuenana, kak U B c/aydae rajujaeeBblX
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cnytHuKoB [OnuTepa, pazorpeBaloTcs MPUAUBAMH H PAJHOAKTHBHBIM
pacnagoMm. B pesy/ibTaTe TaM BBINOJNHSIETCS TPH OCHOBHBIX YCJOBHS MJIsI
BO3HUKHOBEHHSI JKU3HU: HAJHUME XKUIKOH BOIbI, HAJTHUME SHEPTUH U HAJ/HU-
uie OPraHUYeCKHX COeIHHEHHH (MX MPUCYTCTBHE YCTAHOBJIEHO CHEKTpPAJib-
HbIM aHAJU30M BHIOPOIIEHHOrO BeliecTBa). OMHAKO HA JAaHHBIH MOMEHT
HeT YBEPEHHOCTH B TOM, UTO NOAJEAHBIH OKeaH DHUe/ala CYLIECTBYeT
HeIpepbIBHO Ha MPOTSKEHHH JOCTATOYHO AOJAIOr0 BpeMeHH. Bo3MoxkHO,
OH MOSBJISETCS JHLIb HA JECATKH MHJJIMOHOB JIeT BO BpeMs YBeJHUEHHs
BbII€JI€HUS] SHEPTHH B HEIpPaX, U B TAKOM CJydae BepPOSTHOCTb BO3HHK-
HOBEHHMS KH3HH yMeHbIlaeTcsl.

Ha muorux rtenax CoJiHEUHOH cHCTeMbl BCTPeuYaloTCsi OpraHu-
yeckue coennHeHus. [lo Gosblnedl yacTv OHM AOJKHBI UMETh HEGHOJOTH-
YyecKoe IPOUCXO0K/IEHHEe, OJHAKO HeOOXOAUMBl JeTaJ/lbHble HCCJ/eJOBAHHUS.
AHa/nu3 H30TOMHOrO COCTaBa, OTHOCHTE/JBLHOIO KOJMHUECTBA CTEPEOU30-
MepoB (HampuMep, y aMHHOKHCJIOT W CaXapoB), paclpeeseHHst MOJEKYJI
(HanpuMep, mapaUHOB) MO YMCJAY aTOMOB YIrJepojia B LeENd U Apyrue
nofo6Hble JaHHble MOTYT NPeAOCTaBUTh Cepbe3Hble apryMeHThl B M0Jb3Y
6MOJOTHUECKOT0 HJIH HEeGHOJOTHUECKOTr0 MPOUCX0XKAeHNsT 00HAPYKEHHbIX
opraHuueckux coeinHeHni. [Toka cepbe3HbIX yKazaHHil Ha GHOJOTHYECKOE
NIPOUCXOIeHHEe He 0OHAPYKEeHO.

Takoil noxxon MoxeT paboTath U sl (POPM KU3HH, OTIHYAIOLIHXCS
OT 3eMHOH. B 3TOM miaHe camblM HHTepeCHbIM 00'beKTOM B CO/NHEYHOH
cucTeMe siB/sgeTcss TUTaH. DTOT KPYNHBIA COYTHHK, YCTYMAIOLWIMA 110 pas-
MepaM M Mmacce JHlb [[aHMMeny, UMeeT MJIOTHYI0 a30THYI0 atMocdepy,
a Ha ero MoOBepPXHOCTH ¢ momolbio 3oHAa Huygens u cranuun Cassini
ObliIM OOHApy2KEeHbl 03€pa U3 KUAKHUX yrieBonoponos. HekoTopble yueHble
10J/1araloT, YTO XKHUAKHE YIJIEBOLOPOIAbl MOTYT CTaTh OCHOBOH AJISI APYTHX
(hopM KHM3HH, 3aMeHHUB BoAy. Tak /M 3TO, MOTYT II0Ka3aTb JHUIb CIELH-
a/JbHBlEe HCCAe0BaHUS Ha noBepxHocTH TuTaHa.

KniouyeBown 3agave MOXeT cTaTb JOCTaBKa o06pa3uos
BellecTBa C NOTEHLUMaNbHO 06MTaeMbIX 0O bEKTOB
Ha 3eMnio oNsa geTtanbHOro aHanuaa.

Kpome oTnpaBkH GHOXMMHYECKHX J1a00paTOpuii Ha 6OPTY aBTO-
MaTHUECKHX MOCAJOUHBIX MOMYyJeH BaxKHelleld 3agaueil siBaAseTcs 10CTaBKa
06pasuoB Ha 3em/io AJds GoJee deTanbHBbIX HccaenoBanui. K Hacrosimemy
BPEMEHH Yy2Ke JOCTABJ/SIMCh 00pa3Libl BellecTBa KOMeT, aCTePOUIOB U MEXKILIa-
HETHOH MK (a TakkKe, pasymeercsi, GOJbIIOe KOJHUECTBO JYHHOTO IPYHTA).
B ommxariiem OyayiueM MaHAPYETCs: JOCTABKA MAPCHAHCKOTO rpyHTa (MHCCHS
Mars Sample Return Mission, Muccus 1o nocraBke 06pasiioB MapCHAHCKOIO
rpyHTa), a B 60Jiee OTJANEHHbIX MJIAHAX CTOUT JOCTABKA BEIIECTBA C JIESHBIX
CIyTHHKOB TIJIAHET-TUTAHTOB.
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16.2
Xn3Hb Ha aK3on1aHeTax

OnHO# M3 BaxKHEHIIMX M HHTePECHEeHIIMX 3a7ay COBPEMEH-
HOH acTPO(HU3UKHU sIBJsIeTCS OOHapy»KeHHe KHU3HHU B JPYTHX MJIaHETHbIX
cuctemax. CJ0XKHOCTD PeIIEHHS 3TOH 3aJauM CBA3aHa B NMEPBYI0 0YePelb
C TeM, YTO Mbl KpaiHe OrpaHHYeHbl B CpelcTBax HalJ/I0JeHHH, a 0 noJerax
K APYTMM 3B€3JaM MOXKEM JHIIb MEUTaTh.

BTopas c/0XKHOCTb COCTOMT B TOM, UTO HaM H3BECTEH JHIIb
omuH npumep 6uocepnl — 3emHOH. COOTBETCTBEHHO, Mbl (OUEHDb MpH-
GJAM3UTE/NbHO) IpejcTaBaseM cefe yCa0BHs 3aPOXKAEHHS M Pa3BUTHA
2KH3HHU, XUMHYECKHEe HpO]_IeCCbI Hn ux HpOIIyKTbI TOJIBKO IJI YC.HOBI/IFI 3eM-
HOH Guochepbl. DTO MO3BOAAET MPUMEPHO CPOPMYAMPOBATH OKHIAEMbIE
aCTPOHOMHMYECKHE MaKpOmapaMeTphl SK30IIAHET MJIH HX CIyTHHKOB, Ie
NOTEHIHAILHO BO3MOXKHO CYILECTBOBAHHE TAKOH *KH3HH. [l APYTHUX THIIOB
6uocep Mbl He MoKeM c()OPMYJHPOBATH YETKHE KPUTE€PUH IJS BEACHHUS
CKOJIbKO-HMOY/b Pe3yJAbTATHBHBIX IOMCKOB C MOMOILbIO JHCTAHLHOHHbBIX
(TesieckonuuecKuX) HAGIIOAEHUH.

E,U,I/IHCTBeHHbIe Mn3BeCTHblie Ham CbOprI XN3HN — 3€eMHble.

Hakownerw, ciaeayer oTMETHTb, YTO JaXKe B 3€MHOM cJjyudae
Mbl HEJIOCTATOYHO TOYHO NpeACTaB/sieM cebe KPUTHUECKH BaxKHbIE YCJO-
BHUSL IJIS1 3aPOKIECHHUS XKU3HH U TIOC/AeayIolleld sBo/onuu. Hamux 3HaHu#
He XBaTaeT /sl 1eTa/JbHOTO MOJE/IHPOBAHHS KJAMMATHUECKHX CHCTEM, TeM
6oJiee Ha GOJIBIIMX OTpPe3Kax BpeMeHH. Bce 3TO YC/A0XKHSIET MOCTAHOBKY
ACTPOHOMHYECKOH 3ajaud MO MOUCKY OOUTAeMbIX (MM XOTsI Obl MOTEHIH-
a/JbHO OOMTAEMBIX) SK30IIAHET WM HX CIYyTHHKOB.

Ha nosiBiieHne ¥ pa3BUTHE KH3HH MOXKET BJHUSATL MHOXKECTBO
pPa3JUYHBIX (PAKTOPOB, COBMECTHBIH yueT KOTOPBIX NpeAcTaB/seT co6oH
OUeHb CJA0XKHYI0 3agauy. OTOpacbiBas HEH3BECTHblE HayKe 3K30THUE-
CKHe (DOPMBI 2KH3HH, MOXKHO NPUATH K BBIBOAY, YTO KJ/IOUEBBIM (PaKTOPOM
SBJISIETCS] HAJAMuUe KUAKOH Boabl. [lo Bcel BUAMMOCTH, /s MOSIBJAEHHS
U CYLIeCTBOBAHUS NPOCTEHUIUX (POPM KM3HH MOXKHO C(HOPMYJHPOBATH
GoJsiee MSITKHE YCJOBHsI (HAMpPHMeD, MOANOBEPXHOCTHOE CYIECTBOBAHUE
BO/IbI, KaK Ha EBpore uin Juuenane). Ho mocKo/bKy /st AUCTAHIIHOHHOTO
NOMUCKA KHU3HU OyIeT MPUMEHSATLCS B MEPBYIO ouepelb CHEKTpadbHbINA
aHa/u3 atMocdep, To cjelyeT FOBOPHUTb O BO3MOXKHOCTH CYLIECTBOBAHHS
JKUIKOH BOAbI (M 2KM3HH) Ha MOBEPXHOCTH Teqa (B JajbHeHIIeM Mbl OyaeM
paccMaTpuBaTL B OCHOBHOM 3TOT BapHAHT).
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[lns cyuiecTBOBaHHS BOJAbBl Ha NMOBEPXHOCTH HeoGXOAHUMA
JKeJe3HO-KaMeHHasl MaaHeTa THna 3eMiau. DTo 3anaeT JOCTaTOYHO
y3kuil auanason macc: or 0,1 mMaccel 3eman (Macchl HauGoJiee KPYIHBIX
niaHeTe3umaJeit) 1o 10 3eMHbix Macc. BoJjiee Tskesble miaHeThl GyayT
ycneBaTh aKKpelupoBaTh M3 MPOTOMJIAHETHOTO JUCKA AOCTATOYHO TOJ-
cTbhle aTMoc(epbl, B 3THX CJydasX NapHUKOBHIH 3(@eKT yalle Bcero
OyfeT NMPUBOAUTbL K HCIHAPEHHIO BOABI C MOBEPXHOCTH.

Ha nosBneHue u pa3suTme XXM3HW BAUAET MHOXECTBO
¢daKkTOpOB, BCIO COBOKYMHOCTb KOTOPbIX Mbl NOKa
He MOXXEeM Y4YecCTb.

[anee HeoOXoauMO C(OPMY/IHPOBATL apaMeTpbl 3Be3Jl, Bax<Hble
IJIs1 CyLIeCTBOBAaHUS KHU3HU. B nepByio ouepenp ciaenyeT OTOPOCHTDL 3Be3-
Ibl Ts2Kesee HEeCKOJIbKHX COJHEUHBIX Macc, MOCKOJbKY BpeMsi UX 2KH3HH
HEJI0CTATOUHO BEJIUKO [Jsi pa3BuTHsl Guochepnl. Takxke cienyer UCKIOUUTD
M3 paccMOTpeHHs HauGoJjee cTapble 3Be3/bl, TAK KaK B TYMaHHOCTSIX,
13 KOTOPBIX OHH 0OpPa30BBIBAJIUCH, IO/ 9JEMEHTOB TsiKeJjee refius Oblia
HEBEJIMKA, U TaM HHXKe BEPOSITHOCTH MOSIBJECHHST KAK TPUTOJHBIX /s HKU3HU
IJIAaHEeT, TaK M CaMOH XKH3HH.

KnioueBbiM hakTopom A5 3apOXAEHNA N pa3BUTUA
XN3HW, NOgO06HOM 3eMHON, AIBNAETCA Xnakas soaa.

MaJIOBepOHTHO Ha/Huhe XKH3HH Ha IMJaHeTaX BOKPYT CaMbIX
Jierkux 3pe3jl. Kak Mbl yBUAMM B JaJjbHeHIIEeM, 30Hb OGHTAEMOCTH Y TaAKHX
CBETHJI pPaCIoJiaraloTCst Ha HeGOJbIIOM pacCTOSHHH. B UTOTEe Ha MIaHeTH
NEeHCTBYIOT MOIIHBIE TPUJIHBHBIE CHJIBI, MPUBOMAAIINE K CHHXPOHH3ALIHH
COGCTBEHHOTO W OPOUTAJBHOTO BpallleHHs, B pe3yJbTaTe Yero mjaHeTa
BCE BpeMsl [IOBEPHYTA K 3Be3/le OJHOH CTOPOHOH (OTCYTCTBYET CMEHa [HS
¥ HOYH), & KPOME TOr0, 0Cb COOCTBEHHOrO BpAllleHHsI CTAHOBUTCS TepIIeH-
JIUKYJASPHOH TJIOCKOCTH OPOHTHI (OTCYTCTBHE CMEH BpeMeH roja). Bee 310
MOJKET C/IeJIaTh HEBO3MOXKHBIM TMOSIBJCHHE HJIH PasBUTHE KHU3HH. BJH30CTDH
3Be3IBl TaKXKe OTPHUIATENbHO CKashiBaeTCs Ha TJaHeTe H3-3a MOTOKa
3BE3JIHOr0 BETPa M YJbTPAPUOJIETOBOTO H3JIyUEHHs, KOTOPble He TOJbKO
OTPHIATENbHO BJUSMIOT HA PAa3JHuHbie (GOPMBI XKH3HH, HO H CIIOCOOCTBYIOT
norepe maaHeTod atmocdepbl (B 4YaCTHOCTH, BOJIbI).

IIJIH 3alIUThI IJIaHETbI OT 3BE€3AHOI'0 BeTpa HeOGXO}II/IMO MAarHur-
HOE moJie, [JIst KOTOPOTO, B CBOIO OUepelib, TPeOyeTCs HAMHUHE Y MIAHETHI
KHAKOTO Keje3Horo aapa. Kpome Toro, MeasieHHoe BpalleHHe TMIAHETH
mocJ/ie CHHXPOHHU3AINHH COGCTBEHHOTO W OPGHTAIbHOTO MEPHON0B MOKET
HCKIIOUUTH (POPMHUPOBAHHE CHILHOTO MATHHTHOTO TOJIs 1aXKe MPU HAJHUYHH
KHUAKOTO sipa. [10 BCel BUAMMOCTH, 9TO Hajaraer JOMOJHUTE/IbHbIE Orpa-
HUYEHHST Ha BO3MO2KHbIE€ MAaCChbl U JIpyrue mapaMeTphbl 00HTaeMbIX IJaHeT.
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2Ku3Hu Ha nsaHeTe MOTYT yrpoXKaTh BHELIHHE OTpPHLIATENbHbIE
BO3E€HCTBHS, TaKHEe KAK BCHBILIKH OJHU3KMX CBEPXHOBBIX WJ/IH TpOJeET MJa-
HETHOH CHCTEeMbl uepe3 IJIOTHble Mexk3Be3aHble obJjaka. [ToaToMy MOXHO
yTBEpKIaTh, UTO B ['aslakTHKe ecTb 00/1aCTH, TJie AJMUTeNbHOe CTabuIbHOe
pasBUTHE KHU3HU Oosiee BEPOATHO, a €CTb Te, [Ie OHO MeHee BeposiTHO. Tak,
HalpuMep, Ha PacCTOSIHUM MeHee |-2 Ku/omapcek OoT LEeHTpa Hpoluas
AKTHBHOCTb CBEPXMACCUBHOH UepHOH AbIPbl B LeHTpe Halled ["ajakTHKH
MorJ/ia ObITb TYOUTeJNbHON 115 KU3HH. [losoxenne CosHLIa COOTBETCTBYET
HAIUM MPEACTABJAEHUSIM O TOM, I'lle HaXOAsTcsl HauboJgee OaaronpUsiTHbIE
006/1aCTH JI/Is1 TOJAT0KUBYLIMX OGHOC(hep ¢ pa3BUTHIMH (POPMaMH YKH3BHH.

YcnoBusa cyecTBOBaHNSA XXNU3HW HanarawT pag
OrpaHMYEeHMNIA Ha BO3MOXHbIe NapamMeTpbl 3Be3[,
M NNaHeT.

Takxe caeayeT OTMETHTb, UTO He BCe 3Talbl pa3BUTHSI Bce-
JIEHHOH OJHHAKOBO 6JIaFOHpHHTHbI [Jisd CymieCTBOBaHHsA 2KHU3HHW 3€MHOT'O
tuna. Cxopee Bcero, paHHHe 3Talbl 3BOJIOUMH BceseHHOH, paBHO Kak
U OTAAJEHHBbIE OT HAC MEPHOAbl OyAyIIero, He CJAMIIKOM OJaronpHsaTHBI 14
nosiBieHust 6uocep, MogoOHBIX Hallel (HarmpuUMep, B Ja/eKOM OyIyIIeM,
KOTJIa TeMII 3Be3[000pa30BaHus CYLIECTBEHHO YNaJeT U3-3a UCUEpIIaHHus
IPUTOIHOTO [/ 3TOTO ra3a, HeJpa HOBLIX 3eMJ/ENOA0OHBIX IIaHeT OyayT
MeHbIlIe Pa3orpeBaThCsl pacnagoM PaaHOAKTHBHBIX 3JEMEHTOB, UTO MOMKET
cKaszaTbcs Ha uX obutaeMocTd). Ho mpu 06CykIeHHH COBPEMEHHDIX
o6UTaeMbIX TJIAHET 3TO SIBJASETCS C/JAa6bIM OTPaHUUHUBAIOIINM (HaKTOPOM.

OueHKM NOKa3blBalOT, YTO /151 HECKOJNBKHX NPOLEHTOB 3BE3]
tuna CoJsiHIA MepevynC/IeHHble YCJAOBHS AOMKHbBI ObITh BBIIOJHEHBl. DTO
O3HayaeT, YTO TOJIbKO B HawleH [‘ajakTHKe MOTYT CYLIEeCTBOBATb COTHH
MHJ/IJIHOHOB 3Be3[ C TJIaHEeTaMH, NOTEeHIHAAbHO MPUTOAHBIMH AJS1 XKU3HH.
BHpO‘leM, 3TO CJAHILIKOM ONTHUMHCTHUHBIHA B3IVIdA: KaK ObIJIO CKA3aHO BbIIIIE,
Mbl HEIOCTATOUYHO XOPOILIO MOHHMaeM BeCb HaGOp BaXKHBIX (DAaKTOPOB
U HE MOXKEM YTBEp2KAaTb, YTO YHUCJO MNOTEHIHaJJbHO 00HUTaeMbIX IJaHeT
CTOJIb BEJIHKO.

Letann cTpoeHnsa NNaHeTHOM CNCTEMbI N HaNu4ne y
nNaHeTbl KPYNMHOro CNyTHMKA MOTYT UrpaTb BaXKHYK pPOJib
B A4O/IFOBPEMEHHOM Pa3BUTUN XXN3HWN.

Jlsis IIMTeIbHOH 3BOJIIOIMH HEOOXOAHMAa CTAa0HJAbHOCTDH BHEITHHX
ycaoBuil. B yacTHOCTH, Oop6HTa TJAHETHI JOJMXKHA UMETh HU3KHH 3KCIIEH-
TPUCHUTET U GBITh JOCTATOUHO YCTOHYMBOH. B HacTosiliee BpeMmsi qaHHBIE
HaGJIOIeHUH MOKA3bIBAIOT, 4TO aHajord CoJIHEUHOH CHCTEeMbl, B KOTOPOH
OpOUTHI KPYMHBIX MJaHET U 3eMJIU SIBJASIOTCS MPaKTHYECKH KPYTOBbI-
MH, BCTpPEUAIOTCS OTHOCHUTENbHO peako. UucaeHHble pacyeThl 3BOJIOIHUH
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NJAHEeTHBIX OpOUT Ha MacliTabaX MUJIHAPAOB JeT TpeOylT 60JbLIOTO
KOJIMUeCTBA KOMIIBIOTEPHOI'O BPEMEHH, MO3TOMY IIPOBECTH deTaJjbHBIH
aHa/Mu3 [/ Ka)XXI0H MOTEeHIMaJbHO 0OMTaeMOH MJAaHeThl HEBO3MOKHO.
Kpowme Toro, Mbl MoxkeM He 3HaTb BCeX OCOOEHHOCTeH CTPOEHHs! CHCTEMB,
TaK 4TO HE HCKJIOUeHa CHTYyalHs, KOraa Mo AaHHBIM HUMEIOMIUXCsl Ha6Jo-
JeHHH IJaHeTa oTBevyaeT BCeM OCHOBHLIM TPeOOBaHHMAM K MOTEHLHAJBLHO
o0MTaeMbIM IIJIaHETAM, HO ee 3BOJIOLHS Ha 6osablIOM MacmTabe BpeMeHH
UCKJ/I0YaeT PAa3BUTHE CJOKHBIX (POPM KH3HH.

MpocTtenwme popmbl XM3HN, HE hbopMuUpytomne
rno6anbHyto 6mocoepy, Kotopas BNUAET Ha NapamMeTpbl
aTMocdepbl NaHeTbl, MOryT BCTPe4YaTbCA HAMHOIO Yalle.
Ho y Hac noka HeT cnoco6oB ans nx obHapyXxeHus.

BaXHbIM MO2keT ObITh U HaJHUHEe TaKOro HEOOBIUHO KPYMHOTO
CIyTHHKA, Kak JIyHa. Kpome psiza 1OBOJNbHO 5K30THUECKHX TMIOTE3 O POJIH
JIyHBI B 3BOJIOLNK 3€MHOH KHU3HH (HAMpPHUMEp, <HEMPeACKa3yeMOCTh»
BeJHYUHBI PUJHBOB H3-3a OJHOBpPeMeHHOTO BJusHHUS CosHua u JIyHb,
4TO MOIJIO CIOCOGCTBOBATL BBIXOAY JKH3HH Ha CyIIy) €CTh W GoJee
onpeje/ieHHble HeOeCcHO-MeXaHnyeckue apryMmeHTbl. CoryacHO HEKOTO-
pbIM MojessiM, Hanuuue JIyHbl cTaOGu/IM3HPYeT OPHEHTALHI0 3eMHOH OCH
[0 OTHOUIEHHIO K 3KJUNTHKE. Be3d aToro ¢akTopa Ha 6OJbIINX BPeMEHHBIX
Macuitabax MOTJM Obl MPOUCXOAUTH KaTacTpouuecKHe KJIMMaTHYECKHe
M3MEHEeHHUsI, IPENSITCTBYIONHE PA3BUTHIO KU3HHZ,

JlaHHble MOKa3bIBAIOT, YTO HA PAHHHUX 3Talax CBOEro CYIIEeCTBOBA-
HUsl 3emdis Obljla IPaKTHYeCKH Oe3BOJHOMN MJIaHeTOH. DTO CBSA3aHO U C 0CO-
GeHHOCTSAMH ee (OPMHPOBAHHUSL B TOH 06JIaCTH NPOTOIJIAHETHOI'O JUCKA,
re A0Js1 BOIAbI MaJja, U C MpOollecCaMH Ha MEepBbIX 3Tanax CyLIEeCTBOBAHHUS
nyiaHeTsl. Bona Obia npuBHeceHa Ha 3emutio u3BHe. [lo Bceil BUIMMOCTH, 3TO
MPOH30LIJIO B NMEPHOJ TaK Ha3blBaeMOH M03AHeH Tskenoil 6oMOGapaIHPOBKH,
KOrjla Ha 3eMJII0 BbINAIAM0 GOJbIIOe KOJMUECTBO KOMET, acTepoaoB (B yact-
HOCTH, YIVIMCTHIX XOHAPHUTOB) M, BO3BMOXHO, APYTHX TeJ, 60TaThiX BOIOH.
Taxast cuTyauus MoXeT ObITb AOCTATOUHO PEAKOH CpelH MJaHEeTHBIX CHCTEM
TanakTHKH, MOCKOJMbKY TpeGyeTcst coueTaHne psila YCJAOBHH (KOJHUECTBO
MJIAHEeT-THTaHTOB M XapaKTep UX MHUTPAllMH, Hajduuue B 00JACTH BJAUSHHS
9TUX NJaHeT GOJbIIOr0 KOJHUECTBA MaJbIX TeJ C BBHICOKHM COAEPKAHHEM
BOJASIHOTO Jibia U Jip.). CTOMb C/I0XHAsE KOMOUHALUS YCJAOBUH BbIIEASET
3BOJIIOIMIO HAllleH TMJaHeThl CPelu IPYruX MOAOOHBIX Tell.

Takum o6pa3oM, CyIIeCTBOBAHHE PA3BUTBHIX (HOPM KHU3HH TpedyeT
COUeTaHHsl MHOIUX (PaKTOPOB, UYTO MOXKET MNPHUBOAHUTH K OTHOCHTENbHOH
penkocTu 6uocgep, NOAOOHBIX COBPeMEHHONH 3eMHOH.

2 3ameTHM, 4TO CYyUIeCTBYIOT HOBbI€ pacyeThbl, COIVIaCHO KOTOPBIM CTa6l/Iﬂl/I3prlOLLlee

BJHSIHUE .HyHbI MOXKET ObITh CYUIECTBEHHO MEHBLIIHUM, Y€M IOJaranu paHee.
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B 3ax/oueHHe OTMETHM, YTO KPYIHble CIYTHHKH IJIAHET TaKxke
MOTYT ObITb 00HTaeMbIMH. OIHAKO €CJH Mbl HCKJIOUMM PHUMHTHBHBIE (DOPMBI
JKM3HU B NMOMJEAHBIX OKeaHaX, TO pedb MOXKET HWATH JHIIb O KPYIHbIX
o06'bekTax, cpaBHUMBbIX ¢ MapcoM. Takue ClyTHMKH AOJMKHBI ObITh OTHOCH-
TeJIbHO peakuME (Hanpumep, B COMHEUHOH cucTeMe WX Het). 3aTo 6JH30CTh
KPYIHOH IJIaHeTbl MO2ET, BO-IEePBLIX, AaBATb NOMOJHUTEJNbHLIH HCTOYHHK
SHEPrHH B BUJE NPHUJIUBOB, a BO-BTOPHIX, MATHUTHOE TOJI€ MJIAHEThI-THIaHTa
MOXKeT 3alUUTHTb OJM3KHH CIYyTHHK OT BPEIOHOCHOTO BJHSIHHSI 3BE3IHOTO
Berpa. OQHAKO MonagaHue MJIaHeTb-THTaHTa B 30HY OOMTAaeMOCTH TpebyeT
MHTPAllMK B MPOTOIJIAHETHOM JTHCKE, MPHU TOM CIyTHUKH TJIAHETHl MOTYT
ObITb MOTepsiHbL. [1oKa Mbl HE 3HaeM HHU OJHOH 3K30JyHbI, HO B OyAylLleM
MOUCKH KHU3HU PACIPOCTPAHSITCS U HA 3TH OO'BEKTHI, €CAU OHH OYIYyT
yIOBJAETBOPATL 6a30BbIM TPeOGOBAaHUSM K MOTEHLHANbHOH 0GHUTAEMOCTH.

KpynHble cnyTHUKW 3K30MnnaHeT (3K30NyHbl) TakXXe MOoryT
6bITb 0OOMTaeMbIMW.

16.3
OBoHNKN 3emnun. 30Ha
obutaemocTn. bBuomapkepsni

JlaxKe 2KH3Hb 3€MHOT'O THIIA MOXKET CYIIECTBOBATb B KpaiiHe 3K30TH-
YECKHX YCJAOBHSIX: IMYOGOKO MO/ MOBEPXHOCTHIO MJAHETHI, B TyOHHE OKEaHOB
(He FOBOpH y>1<e O TOM, UTO 2KHM3Hb MOXKET HpHHIlHHPIaJIbHO OT/IHYATBCA OT 3€M-
Ho#). OgHako, 00CyKaas MOTEHIHAIbHO OOMTAEMble MJIAHETDI, IPUXOAUTCS
OFpaHI/I‘{I/IBaTbCH JOCTATOYHO paSBI/ITbIMI/I q)OpMaMI/I 2KH3HHU 3€MHOI'O THIIA,
MOCKOJIbKY JIMIIb A1 HUX MOXHO C(OPMYJHPOBATH AOCTATOUHO MOHSITHBIE
KPUTEPHH MONUCKA C TOMOIIbIO THCTAHIIHOHHBIX METOIOB (EC/H 2Ke MH3Hb OCHO-
BAHA Ha CYLIECTBEHHO MHBIX MPHHIMIAX, TO CIeJaTh 3TO I0KA HEBO3MOXKHO).

Mbl paccy4nTbiBaemM HANTU XXN3Hb 3EMHOr0 TMNa.

CoBpeMeHHasl KOHLIEMIIMSI MOUCKA *KHU3HH Ha 3K30MIaHeTax 0a3u-
pyeTcsl Ha TpeX OCHOBHBIX HesX:
1. Unentuduxanus 3emaenoqo6HbIX TJAaHET.
2. HaxoxneHue mjaHeT B 30HEe OOGHTAEMOCTH.
3. Ilouck 6uomapkepoB B aTmochepax MAaHET, COOTBETCTBYIOLINX
ycaoBusim 1 u 2.

aBa 16
XXun3Hb Bo BceneHHom 37 1



OO6HapyKeHHe NTBOHHHUKOB 3€MJH SIBJSETCS TEXHHUUECKH CJIOXK-
HOW 3ajavyeill MO HECKOJbKHUM NMpHYMHAM. Bo-mepBblX, 3TO HeboJblIne
JIeTKHe TIaHeThl, TaK 4TO /s J60r0 MeToia HaGJMI0IeHHs TTOUCK TaKUX
mjaHeT TpebyeT BHICOKOH uyBCTBHTENbHOCTH (cM. pasgen 3.1 «Crocobbl
oO0HapyKeHHsI U H3yUYeHHs] 3K30MaaHer»). Hanpumep, maas oGHapyKeHHs
JIBOHHHMKA 3eMJH METOJOM Jy4eBblX CKOPOCTEH OKO0J/I0 3BEe3Abl, SBJSIO-
weiics apoiinkkom CouHia, TpeGyeTcss TouHOCTh Bhime 10 cm/c, a Takne
NoKa3aTesNH MOKa He JOCTHIHYTBI. A /1 TPAH3UTHOIO METOfa oc/abaeHue
6/1ecka aBoitHuKa CoJIHLA MPH NPOXOKAEHUH TI0 €T0 JUCKY IBOMHHMKA 3eMJIn
cocrasiasier 0,0084% — Ha mpenese 4yBCTBUTEJAbHOCTH KOCMHUECKOIO
Tesneckomna Kepler.

Bo-nepBbix, TpebyeTca HaMTX NaHeTbl, MOXOXNe
Ha 3emnto.

Bo-BTopHhIX, [ HAJEKHOTO YCTAHOBJAEHHs (aKTa noaobus mJja-
HeThl 3emJje HeoOXOAMMO M3MEPHUTh Cpasdy M Maccy, U paauyc TJAaHeThl.
DTO HEMPOCTO, MOCKOAbKY OGBIYHO METOJ JYyUeBBIX CKOPOCTEH MO3BOJSIET
MU3MEPHUTH JHUIIb Maccy (K TOMY K€ eCThb HeONpede]eHHOCTh, CBsI3aHHast
C HEHW3BECTHOH opHeHTauueH OpOUTHI MJAHETHl MO OTHOLIEHHIO K Jyuy
3peHHs), a METOJ TPAH3HTOB — B MEPBYIO OYepelb PajHyC IJIAHETHI.

TeM He MeHee Ha CErogHSILIHHH JeHb M3BECTHBI J€CATKH IJIaHeT,
KOTOpble C BBICOKOH BEPOSITHOCTbIO UMEIOT MACChl U PajUyChl, IPUMEPHO
paBHble 3eMHBbIM. OIHAKO CTOUT yuecTb, UTO MO APYTHM MapameTpam
(merasn cocraBa, BeJHUYHHA MATHHTHOTO TOJIS, MEPHO BpPAIEHHs, HAJIHUHe
TEKTOHHKH [T, HaJMYUe KPYIHBIX CIYTHHKOB, MOA0OHBIX JIyHe, u T. 1.)
3TH «JIBOHHHUKH 3€MJH» MOT'YT CYIIECTBEHHO OTJHYATHCS OT HalleH
MJIaHEeTHI.

Jlerkue HeGoJbIINE MJAHETH MPOIIe OOHAPYKHUBATh BOKPYT
6osee nerkux, ueMm CoJHIE, 3B€3l — C MEHBIIUM pa3MepoM, MacCoH
U CBETHMOCTBIO: TajeHHe 6JgecKa MPU MPOXOXKIEHUH MJaHEThl MO AUCKY
3Be3bl (TPAH3UT) M M3MEHEeHHe JyYeBOH CKOPOCTH 3BE3/bl B 3TOM CJlyuae
oka3biBaloTcsl Gosblie. Takxe MJIaHETH Jerdye 0OHAPYKHTb, €CJAH OHH
HaxonsiTcs OauKe K 3Be3ne. Ho Bce ke He c/aMIIKOM OJH3KO, UTOOBI
Ha TMOBEPXHOCTH Oblla HE CJHMIIKOM BBICOKAsi TeMIepaTypa: 3TO BaXKHO
JIS TIOTeHIHAJbHO O0HTaeMbIX MJaHeT. [lnaHera mo/pKHA MOMagaTh B Tak
Ha3blBAEMYIO 30HY 00umaemocmu.

Bo-BTOpbIX, N1aHeTa [o/XKHa HaXoOUTbCS B 30HE
obuTaemocTu.

TepMHH «OKOJI03Be3aHast 30Ha o6uTaemoctu» (circumstellar

habitable zone) 6bi1 BBemen B 1993 r. B paGore [lxeilMca Kacrtuura
(James Kasting) u ero xosier. o aroro Xapsoy lsmin (Harlow Shapley)
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u H06epryc Crparxonn (Hubertus Strughold) B 1953 r. ¢ pasHbix TOuek
3peHust o0CyxKaa/du, Ha KakoM paccTosiHnd oT CoJiHIIa Ha MOBEPXHOCTH
nJaHeThl MOXKET CYIIeCTBOBATh KuaKas Boga. B 1959 Cy-Illy Xyanr
(Su-Shu Huang) BmepBble HCIOJb30BAJ TEPMHH «30HA OOHTAEMOCTHY
(habitable zone). OmHako mpo6/jeMa NpefeNbHBIX PACCTOSHHH OT 3BE3JIHI,
Ha KOTOpPBIX IIJIaHEeTa elle MoxeT ObITh o0uTaeMoi, o0cyxaanach elle
B XIX B. CoBpeMeHHbIe MOAXOMBI K pacueTaM TpaHHil 06/1aCTH, B KOTOPOH
BO3MOXKHO [JIMTE/JbHOE CYLIECTBOBAHHME XKHUAKOH BOJbI Ha IIOBEPXHOCTH
NJaHeThl, Hauadu npumMeHsathes B 1970-e rr. B pa6orax Maiikna Xapta
(Michael Hart) u ero kosaer.

B camoii mpocToii (popme pacueT rpaHHIl 30HBl OOUTAEMOCTH MOXKET
MPOBECTH JJaXKe IMIKOJAbHHUK. [1peano/sioxKum, 4To eIMHCTBEHHBIM HCTOUHHKOM
TeTia SIBJASIETCS] CBET 3Be3/Ibl. B paMKax «Hy/JeBOTO MPUOIHKEHUSI> MOXKHO
npeHebpeyb BJAHSHHEM aTMoc(epbl U YCTAHOBUTb I'DAHHUHBIE YCJOBHSI:
Ha BHYTpEHHeH rpaHHlle 30HbI OOUTAEMOCTH TeMIepaTypa MOBEPXHOCTH
IJIaHeThl, HarpeBaemoi 3Be3noi, pasHa 100 °C (373 K), a Ha BHewHed — 0
°C (273 K). 3atem Hajio yuecTb, 4TO TeMIEPATypa MOBEPXHOCTH MJIAHETHI
B TaKOH MOJIE/HN CTAaflaeT KaK KBAApPATHBIH KOPEHb U3 PACCTOSIHUS OT 3BE3JIb,
TeMmrepaTypa MoBepXHOCTH KoTopo# uaBectHa. [ CoJHIIAa OHA COCTaBJsIET
npubansutespbHo 5800 K, u ecsiM Mbl IpUMEM [JIsl TPOCTOTHI, UTO 3eMJIs
TOIVIOIAeT BCIO MNAJAIOULYI0 COJMHEUHYIO SHEPrHIo, TO B Pe3yJ/bTaTe MOJyUHM,
YTO TAKOH YIPOIIEHHOH 30HE OOGHTAEMOCTH COOTBETCTBYIOT PACCTOSHHUS
npuMepHo oT 1 1o 2 a.e. OqHaKo B peabHOCTH HEOOXOAUM yUeT MHOTHX
Apyrux 3¢ ¢exToB (B nepByo ouepeib aTMOC(HEPHBIX), UTOOBI TOUHEE pac-
CUMTATh TEMIEPATypy Ha MJIaHeTe U, COOTBETCTBEHHO, TOUHEE ONpPENENHTh
I'PaHULbl 30HBI OOUTAEMOCTH.

Ha cerogHAWHMA geHb NNaHeTbl C MacCoO MeHee
HEeCKONbKNX Macc 3emMnu u/nnm pagnycom MmeHee AByx
3eMHbIX, HaxogsLmecs B 30He 06MTaeMoCTN, OTHOCAT

K NOTeHLUManbHO o6mMTaemMbiM.

BHyTpeHHSIs rpaHHila 30HBI OOUTAEMOCTH OTpee/sieTcsl 3aMyCKOM
HeynepKumoro (runaway) mapHMKOBOTO 3¢ heKTta, KOTOPBIH MNPUBOAUT
K pOCTYy TeMIlepaTyphl. A 3TO, B CBOI0O Ouepellb, — K HCIapeHHI0 BCei
BOJIBI C TIOBEPXHOCTH B aTMocdepy. 3aTeM MoJ AeHCTBHEM YyJabTpaduo-
JIETOBOI'O H3JyUeHHs] OT MOJIEKYJ BOJbl OTPbIBAETCS BOAOPOJ, KOTOPbIH
TepsieTcst aTMocepoit nyaHeThl. PacueTsl mokasbiBaOT, uto ajs CoJiHeu-
HOH cHCTeMbl BHYTPEHHSIS [PaHULA 30HBI 00UTaeMOCTH 0/H3Ka K opOuTe
3emun 1 cocrasasgeTr okoao 0,86-0,99 a.e. Heo6xonuMo OTMETHTD, YTO
5TH pacyeThl MOKa HE YUYUTBIBAIOT MHOTHE OCOGEHHOCTH peabHOro 3eM-
HOT'0 KJIMMaTa, M03TOMY He CTOUT OCOGEHHO OTacaThcsl TOTO, UTO 3eMJsi
6/iM3Ka K BHYTpeHHeH rpaHuile 30Hbl. OJHAKO CO BpPEMEHEM 3TO CTaHeT
BaXXHBIM, TIOCKOJIbKY H3-3a MOCTeNeHHOro pocrta ceTumoctu CoJHIA
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yepe3 HeCKOJbKO COTEH MHJJIHOHOB JIeT Halla IJIaHeTa OKAXKETCs BHE 30HbI
00UTAEMOCTH, U YCJIOBHSI Ha Hell HAUHYT ObICTPO MEHATHCS B CTOPOHY TeX,
KOTOpble Mbl ceffuac HabaonaeM Ha BeHepe: mapHUKOBbLIH 3¢ deKT GbICTPO
YBEJNHYUT TeMIepaTypy MOBEPXHOCTH Ha JAECATKH I'pajycoB.

30Ha o6uTaemocTn onpeaensieTcsa N3 ycnoBms
CyLLLEeCTBOBaHMNA XNAKOW BOAbl HA MOBEPXHOCTU MJIaHETDI.

BHelwHsig rpaHuila 30HBI OOUTAEMOCTH ONpeAe/sieTcss TeM, UTo
JlaXke COBMECTHBIH MapHHUKOBBIH 3(D(eKT, co3naBaeMblii YIJEKHUC/IbIM Ta30M
(CO,) n Bongnpv napom (H,0), He Moxer oGecnedynTb A0CTATOYHO TEMIbIH
KJauMar ¢ ynaseHueM niaHeTsl oT CosHua. CoBpeMeHHble pacyeThl JaloT s
9TOr0 KPUTHUYECKOIO PacCTOSIHUS BeJHUMHY, IPUMEpHO paBHylo 1,4-2 a.e.

B mosionoit ConHevyHo# cucteme, Korga cBeTuMocTbh CoJHLA
cocrapisisia Juiib 70-75% oT coBpeMeHHOH, BeHepa Mor/ia HaXooUTbCS
B 30He obutaemocTd. A Mapc, BO3MOXKHO, BCerga HaxomuJacs U Oyner
0CTaBaThCsl B Hell MpaKTHUeCKH A0 HauaJja npespaileHus CoJHLa B Kpac-
HOI'O0 THUTraHTa.

[l1st paccMoTpeHust pa3HOOOPa3HBIX BAPHAHTOB, KOTOPBIE MOTYT
BCTPETHTLCS B C/Iydae PasHbIX 3Be3/] H IJIAHET, MOHAJLOOHUTCS ydyeT MHO-
JKeCTBa JONOJMHUTE/bHBIX (pakTopoB. Kpome netaneit coctaBa aTMocdepbl
BAXKHBIMH OYAYT NEPHOJ BPALLEHHs MJaHeThl U ee Macca, SKCUEHTPUCHTET
OpOUTHI, HAKJIOH OCH, BeJHUHHA MarHUTHOro noJs. [/s 3Be3a BaXHO yuH-
ThIBaTh He TOJbKO HX MOJHYI0O CBETHMOCTb, HO U OCOOEHHOCTH CIEKTpa,
MOCKOJIBKY JIyYH Pa3HbIX JIJHH BOJH OyIyT MO-pPa3HOMY B3aHMOAEHCTBO-
BaTh ¢ arMoc(epaMi MUIAHET, a TaK)Ke YPOBEHb aKTHBHOCTH (KOJHYECTBO
BCIIBILIEK, UX SHEPTEeTHKY H T. I1.).

CambIMH MHOT'OUHC/IEHHBIMH 3B€3[aMH SIBJISIOTCS KPACHble KapJu-
KH. BOKPYT HMX OTKDPBITO MHOXECTBO 3K30IJIAHET, HEKOTOPble M3 KOTOPBIX
(hopmanbHO NoONaAaT B 30HY oOUTaeMoCTH. M3BeCTHBIMHM NpHUMepaMHu
HeOOJIbIINX TIJIAHET B 30HaX 0OMUTAEMOCTH BOKPYT KPaCHBIX KapJHKOB SIBJISI-
torest [Ipokcuma LlenraBpa b n Heckosbko mianet cucteMl TRAPPIST-1.
OnHaKo y KpacHbIX KapJHKOB HM3Kash CBETUMOCTb, TAK UTO M BHYTPEHHSS,
M BHEIHSSl TPAHHULBI 30HBI PACIOJNOXKEHBl OM3KO K 3Be3Je, U IJaHeTa,
HaXOJSAsCsd B 3TOH 30HE, C BHICOKOH CTENeHbl0 BEpPOSITHOCTH OyaeT
HUMeTh MEePUOJ COOCTBEHHOrO BpallleHHsl, PABHbIH OPOUTAIBHOMY (HACTYIHT
MPUIUBHAS CHHXPOHU3AIHsT). DTO 06CTOSTENLCTBO HEOOXOMUMO YUHTBIBATh
NpHU pacyeTax yCJOBUH Ha MOBEPXHOCTH, W Yalle BCEro Takue MJAaHeThl
He CMOT'YT COXPaHSITb BOLY B KHIKOM COCTOSIHHH.

Kak y»xe Obl710 0TMeUeHO Bbllle, 3eMJsi CO BpeMEHEeM OKaxKeTcs
BHE 30HBI OOMTAEeMOCTH H3-3a pocta cBeTUMocTH CosHua. Takas curyauus
CBOHICTBEHHA BCEM CHCTeMaM, TaK KaK 3HeproBblie/eHHe 3Be3] MEeHsSeTCs
Jaxe Ha cranuu ['1aBHOH nocsenoBarte/bHOCTH. [loaToMy pacueT 30HbBI 06H-
TaeMOCTH BOKPYT KOHKPETHOH 3Be3/bl NIPUBSI3aH K ONpeaeqeHHOMY MOMEHTY
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B €e XKH3HHU. A C TOUKHM 3PEHHSI PAa3BUTHS KH3HH BIIOTH [0 MOSBJICHHUS
JOCTATOYHO CJI0KHBIX (hOpPM, OOHTAIOMIMX HA MOBEPXHOCTH, BAXKHO, UTOOI
NJaHeTa HaXOAUAach BHYTPU 30HBI OOMTAEMOCTH B TeUeHHE TPOIOJKH-
TeJIbHOT'0 BpeMeHH. Ba)KHO 3TO M Ha KOPOTKOM OTpe3Ke BpPeMeHH, M03TOMY
NJaHeThl Ha 3KCIEHTPUUYHBIX OpOUTAX, MPOBOJSIINE JHUIIb HEGOJbIIYIO
4acTb BPeMEHH B 30He OOMTAeMOCTH, SIBJSIOTCS IJIOXUMH KaHAMAATaAMH
IIPH TTOUCKE YKHU3HH.

Cefluac M3BECTHBI 3K30MJ/aHETHl B ABOHHBIX cUcTeMax, o6pa-
HIaloUIMecss WA BOKPYT OJHOTO M3 KOMIIAHBOHOB, HJIH e BOKPYT BCei
JIBOMHOH 3Be3fbl. B 3THX caydasix TakxKe MOXKHO pacCuHUTaTh 30HHBl 06H-
TaeMOCTH, OJHAKO BaxKHO MPH 3TOM HMETb B BHUAY, UTO HEPEIKO OPOHTHI
NJaHeT B JIBOHHBIX CHCTEMax MOTYT MpeTepreBaTh BEKOBbIE H3MEHEHHS,
4yTOo OyIeT NPUBOAUTDL K HX BBIXOLY M3 30HBI OOHTAEMOCTH.

lanakTnyeckasa 30Ha o6uTaemocTu onpegensieTr obnacTb,
rae XXN3HM MeHbLUE YrpoXalT Takme Katakim3mbl, Kak,
Hanpunmep, B3pbiBbl CBEPXHOBBbIX.

Menee cTporum siBJasieTCsl MOHATHE 2aAAKMuU4eckou 30Hu 00u-
maemocmu. B 3TOM ciyvae peub HIET O BO3MOXKHOCTH JJIUTEJNbHOIO CyLle-
CTBOBAHHS U PAa3BUTHS YKHU3HH, KOTOPBIM MOTYT YIpoKaTb TaKHe BHELIHHE
BO3IEHCTBHUS, KaK B3PbIBbl CBEPXHOBBIX, OJIM3KHE TPOJAETHl 3Be3[, NoNagaHue
B TWIOTHBIE MOJEKY/sipHble 06/1aKka. B HEKOTOPBIX 06/1acTSIX TalaKTHK TaKHe
coObITHsI Goslee BEPOSITHBI, B HEKOTOPHIX — MeHee. BbliesneHHoN cunTaeTcs
30Ha KOpomayuu, B KOTOPOH CKOPOCTb [JBHXKEHHS 3BE3/bl JUCKA BOKPYT
LeHTpa raJakTHKH IPUMEPHO paBHA CKOPOCTH cliHpanbHOro ysopa. Torapa
3Be3/la U ee IJIaHEeThl pexke OKasblBaloTcs BOJM3H PYKaBOB, Ile ONAaCHble
BO3aelcTBUS GoJjiee BeposiTHB. MIMEHHO Takoe I0JIOXKeHHe, COTrMacHo
MHOT'UM MoOfessiM, 3aHuMaeT Hauie CoJHIe.

TpeTbUM NYHKTOM Ha NyTW YCTaHOBNEHWSA NOTEHLMANbHOWA
o6mMTaemMocTu nnaHeTbl ABNAETCA 0bHapyXeHue
6mnomapKkepoB B ee aTmocdepe.

OO6HapyKMB IJIaHETY 3eMHOI'0 THINA Ha YCTOHYMBOH MPHUMEPHO
KPyroBoil op6uTe B 30He 00MTAeMOCTH y 3Be3nbl [JlaBHOH moc/aenosa-
TE€JbHOCTH C MOAXOAAUIINM BO3pAaCTOM, Mbl OTHOCHM €€ K MNOTEeHIHAaJbHO
ob6utaeMbiM. CJeIyIOLUM I1aroM J0J/KHO CTaTh H3YUeHHe XapaKTepUCTHK
aTMOC(pepr TaKo# MJIaHeThl. YueHble MbITAlTCs BbIACJ/JIHUTD H860p BE€IIECTB,
IPUCYTCTBHE KOTOPHIX B aTMoc(epe A0/2KHO rapaHTHPOBATb CYLIECTBO-
BaHHUe Ha IJIaHeTe YKHU3HH 3eMHOro Tuma. [1pu aToM cnekTpasbHble JUHUH
COOTBETCTBYIOLIUX MOJIEKYJ/ HOJ2KHBI ObITh OOGHAPYKHUMbl COBPEMEHHBIMU
CpeICTBAMH MJ/IH XOTsI Gbl MHCTPYMEHTAMH, KOTOPble MOTYT ObITb CO3[aHBI
B Oankariem OynyuieM. Takue BellecTBa Ha3blBalOT GHOMapKepaMH.
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[l1si 3eMHOH KHM3HHM BaxKHbl pasHble BellecTBa. Kpome Boabl
¥ KHCJI0POJa BaXKHYI0 pPo/ib B OMOXHMHH HTpAIOT, HaNpuMep, cepa u oc-
(hop, ooHAKO cae/ibl TIPUCYTCTBHUS COETUHEHUH ¢ STUMH 3JeMeHTaMHu OyneT
TpyaHO OOHapy>XHUTb B aTMocdepax MOTeHIHAJAbHO OOHUTAaeMbIX MJaHeT.
Kpowme Toro, BaxKHO BHIOMpATh TaKHe BELIECTBA U UX KOMOWHAIMH, KOTOPHIE
TPYAHO OG'BSICHUTH €CTECTBEHHBIMH HEOGUHOJOTHUYECKUMH (aGHOTeHHBIMH)
npoueccaMu. Tak, HalpuMmep, COCYylleCTBOBAHHE B 3eMHOH aTMmocdepe
kucaopona (O,) ¢ meranom (CH,) u sakuceio asora (N,O) Tpebyer
OGHOJMOTHUECKHUX MPOIECCOB.

K ocHoBHbIM GHOMapkepaMm oTHocAT Moaekyqaor O,, O,, H,O,
CH,, CO,, N,O (HexoTopbie BeleCTBa J0/AKHB NPUCYTCTBOBATH B 3HA-
YUTEJbHBIX KOJHYECTBAX, KaK, HalMpuMep, KUCJAOPO/, MOCKOJAbKY MaJjble
€ro KOJIMYeCTBa MOTYT ObiThb abHOreHHbIMH). MHOT/IAa B CIHCOK BKJIOYAIOT
raioke ammuak (NH,) 1 HexkoTopbie ipyrue coeaunenus. 1o oraesbHocTH
9TH BELIeCTBA MOTYT MUMeTb a0HOTeHHOE NMPOHUCXO0KAEHHEe, HO HaJHUHe
X BCEX BMeCTe C BBICOKOH BEpPOSITHOCTHIO yKa3blBAeT HA IMPOSIBJACHHE
JKU3HH, NMOJOOHOH HallleH.

K ocHOBHbIM BomMapkepam OTHOCAT MONEKYNSAPHbIA
Kucnopopf, 030H, BoAy, MeTaH, YrNeKNCAbI ra3 u 3akuchb
asoTa («Becenawuii ras»).

OO6Hapy KeHHe MPUCYTCTBUS JHHUH OHOMAapKepOB B CHEKTpax
3eMJIeNoI00HbIX MIaHeT — OueHb TpydHas 3anava. Bo-nepBbiX, peub HIET
06 oueHb caabbiX 06'beKTaxX, MOTOMY HEOOXOAUMBI KPYTHbIE HHCTPYMEHTHI.
Bo-BTOpbIX, OCHOBHbIE JIMHHH HAXOAATCS B MH(PPAKPACHOU YacTH CIIEKTpa, e
3eMHasi aTMocdepa HeoCTaTOUHO Npo3payHa. [1o 3TUM MpHUMHAM OCHOBHbIE
pes3yJ/bTaThl, HO-BUAUMOMY, OYAYT NOJAYyYaTh B PaMKaxX CHeLHa/IbHbIX KOCMH-
YecKHX NpoekTos, nmopoGHeix Darwin («[lapsun») u TPF (Terrestrial Planet
Finder), koTopble, K COXaJCHHIO, HE ObUIM BKJIOUCHBI B PEATH3YIOLUIHECS
KOoCMHYecKHe mporpammbl. Ha ceropHsHui 1eHb OCHOBHbIE HAalEX/bl CBSI3aHbI
CO CJIEAYIOLIMM MOKOJNEHHEM KPYITHBIX Ha3eMHBIX TE€JEeCKONOB C AHAMETPaMH
3epkaa 30-40 m u ¢ kocMuuecKnM TeseckornoM James Webb.

[To BCell BUAMMOCTH, MOUCK CHEKTPAJbHBIX JHHHH HQO, CH4,
CO, HyxHO OyaeT BECTH M3 KOCMOCA, TaK KaK OHH JIe)KaT B OCHOBHOM
Ha [VIMHAX BOJIH 0oJee b MKM, a B 9TOM JManasoHe Halia atMocdepa moutH
HenpoapauHa. [l Ha3eMHBIX TesecKonoB OJuxkKaiiied sanauell 6ynet
o6HapyKeHHe KHCJA0pOa B CIEeKTpaX TPaH3UTHBIX MiaHeT. K coxaJseHuto,
4TOOBI HAKOMHUTH AOCTATOYHBIH CHUT'HAJ, TPUAETCS HAGII0AaTh MHOTO MPO-
XO0X(/ICHUH MJIAHEeTHl M0 AUCKY 3Be3[bl, I03TOMY pe3yJbTaT MOXET ObITh
NOJIyUueH JHLb 3a JOBOJbHO JJMUTeJNbHOE BpeMs. PacueTbl MOKa3bIBAIOT,
4TO [JI 3TOTO Jyulle BCEro MOAXOAST TPAH3UTHbIE IJAHETHI B 30HAX
00UTaeMOCTH BOKDYT KpacHBIX KapJaukoB. K coxa/leHHIo, Kak yxe OblIo
OTMEUEHO Bblllle, 3TO He Jy4Ylllie KaHIUAaThl B TBOHHUKH 3eMJH, B TOM
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Yyucae U 10 TOH NPHYMHE, UTO CHJbHOE YJbTPadHO/IeTOBOE H3JMyUeHHE,
BO3HHKAWOllee NMPH MOLIHBIX BCIBILIKAX HA MajJOMAaCCHBHBIX 3Be3/aX,
paspyuiaet MoJgekysabl JHK.

[na o6Hapy>XeHns NNHNIA BCEX OCHOBHbIX bMoMmapKkepoB
noHapobnaTcA cneymanbHbie KOCMUYECKME NMPOEKTbI.

Takke HYKHO TTOMHHTB, UTO O6HTaeMasi IJaHeTa — 3TO He 06s-
3aTeJqbHO TOUHAsl KOMHUsI coBpeMeHHOH 3emiu. CBoiicTBa aTMocdepbl HallleH
nJaaHeThl -2 MJApH JeT Ha3ad 3aMeTHO OTJAHYAJUCh OT CErOAHSIIIHUX,
XOTs 3eMJis1 B TO BpeMsl yxke Oblja o6uTaeMoi. PacueThl yuuTHIBAIOT
U 3TO: MOJEJNUPYeTCsl U3MEHeHHe CIeKTpa 3eMHOH aTMoc(ephl ¢ TeueHHeM
BpEMEHH, M, BO3MOXKHO, 3TO MOMOXKET B Mouckax. ['opas3no tpynHee Gyzer
JI0Ka3aTh CYLUIeCTBOBAHHE YKU3HH, HE MOX0XKeH Ha 3eMHYIO.

16.4
Opyrne bopmbl XXN3HN

Omnpenenenne KHU3HH («CaMOTOANEPKHUBAIONIASACA XUMHUECKAsT
cucreMa, crnocoGHast K JapBHHOBCKOH 3BOJIIOIHH») OCTaBJ/SIET B CTOPOHE
cyluiecTBOBaHKHe (M, BOZMOXHO, HEAPBHHOBCKYIO 3BOJIIOIHIO) TEXHHUECKHX
CHUCTEM HJIH KOMIIBIOTEPHBIX IPOrpaMM, a TakxKe Pa3BUTHE LIMBUJ/IH3ALMH,
OCBOMBIIEH I'eHHYI0 HHXKEHEPUI0 (HCKJI0YAIYI0 eCTECTBEHHBIH 0TGOD
13 GHOJIOTMYECKOH 3BOJIONNK). TaKOH MOAXO/ ONMpaBiaH, MOCKOJbKY JJIs
MOSIBJIEHUST CAMO3BOJIOLMOHUPYIOMIHUX POGOTOB MM KOMIbIOTEPHBIX KOJOB,
PaBHO KaK M BBICOKOPA3BHUTOH LIUBUAM3ALNH, HEOOXOIUM IMpelIeCcTBYOIHH
3Tamn 3BOJIONMH XUMHUYECKHX CHCTEM MO JeHCTBHEM €CTeCTBEHHOro 0T6opa.

CuHTeTnYeckasa 6monorms nokasasa BO3MOXHOCTb
mogudukaunm monekyn OHK.

3eMHasi KU3Hb UCMOAb3YEeT BOAY KaK PacTBOPUTENb U OCHOBaHA
Ha yIJIEePOJHBIX COETUHEHHUSX, a OKHUCAUTE/IEM SIBJASETCS KHUC/AOPOMI, TaKxkKe
60/1b11YI0 pPoJib B OHOXUMHH HUrpaeT Gochop. Bo3MOXKHBI /M HHbIE BapH-
aHTBI, MPU KOTOPBIX OCHOBOH CYIIECTBOBAHHS XKHU3HHU SIBJSIOTCS APyrue
BelecTBa? [loka y Hac ecTh JIMIIb FUNOTE3bl HA 3TOT CUET, HO HEKOTOPhIE
U3 HUX 06CYKJIAIOTCS JOCTATOUHO CEPbEe3HO.

JlaGopaTopHble SKCIEPUMEHTHI TPOJEMOHCTPUPOBAJIH BO3MOXKHOCTh
cymectBoBanus JHK, vcnonb3yomux Apyrue a3oTHCTble OCHOBaHUS (HJIH
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Ke HX KOJIHYECTBO MOXKET OTJHYATHCH OT TOTO, UTO HCIOMb3YIOT BCE CYIle-
ctBa Ha 3emie). Kpome Toro, HeT COMHEHHH B TOM, UTO MOXHO MEHSITh
U pacUIUPSATb CIHCOK aMHHOKHC/IOT, UCHOJIb3YEMbIX XKUBBIMH OpPTraHH3MaMH,
no3ToMy, 6e3yC/J0BHO, BO3MOXKHO CYLIeCTBOBaHHe >XU3HH, OCHOBAHHOH
Ha yrJepojie U BOJe, HO HCIOJb3YIOlIel APyroi «6HOXHMHYECKHH Habop».

AnbTepHaTUBHbIMI PACTBOPUTENAMMN MOTYT GbITb,
Hanpumep, amMmmMmmnak, metaHon, opmMmamMmmpg, a Takxe,
BO3MOXHO, METaH.

Kpowme Toro, Bosa He sBJsIeTCS €IMHCTBEHHO BO3MOXKHBIM
pacTBOpHUTeEM /s obecrnedeHns CyIIeCTBOBAaHUS KH3HH. BedycnoB-
HO, B HEKOTOPOM JHalla3oHe TeMlepaTyp BOJa — JYYIIMH BapHAHT,
0COGEHHO /51 YIJepOAHOH XKH3HH (KpOoMe TOTO, Boda H yriepon GoJsee
pacrnpocTpaHeHbl, YeM BO3MOXKHbIE ajbTepHaTHBb). OQHAKO €CTb U APY-
rue XXKHUAKOCTH, KOTOPble MOTYT BBINOJHAThH 3TY poJb. BakHo, uTo6Hl
3T0 OblM TakK Ha3blBaeMbli MOJSPHBIH pacTBOPHTE/Nb, K YUC/IY KOTOPBIX
MOMHMO BOJbI OTHOCSITCSI CIHPTHI, aMMHAK, GopMaMi (aMHI MypPaBbHHOH
KHCJIOTH) M HEKOTOpPble APYTHE KUAKOCTH. B 9K30THUECKHX YCAOBHSIX
pacTBopuTe/eM MOTyT ObiTh XKuakue cepoposopon (H,S) u yraekucibiii
ras (CO,). HexoTtoprle uccaeqoBaTeNd pacCMaTPHBAIOT B KauecTBe
NOAXO/SIero BellleCTBa Jaxe CEepHYIo, MJIABUKOBYIO U CHHHJAbHYIO KHUC-
aotbl! Pagdymeercs, ecan Mbl MeHsieM pAaCTBOPUTEJNb, TO MeHsIETCs BCS
6UOXHUMHUSI, B TOM UHcJe MmpuaeTcss 3aMeHuTh modaekyay JIHK na npyroi
MOJIEKYJ/ISIPHBIA HOCHTEJIb T€HEeTHYECKOH MH(pOPMALHH.

3ameHa pacTBOpUTENA NPUBOANT K NBMEHEHUIO BCEN
enoxmmmmn.

AMMI/IaK ABJIAETCA OOHUM H3 JAYUIIUX KaHAHWAATOB Ha POJb pac-
TBOPHUTEJIA. BO MHOI'OM OH MOXO02K Ha BOAY, W JOBOJIbHO JIET'KO NMPeACTaBUTb
HeKOTOpre OCHOBBI 6I/IOXI/IMI/II/I C aMMHAaKOM B KayeCTBe paCTBOpI/ITeJISI.
Pagymeercs, 6HOMOJIEKY/bl IPETEPTSIT U3MEHEHHUs: HAPUMep, BO MHOTHX
caydasix OBOHHAs CBS3b YIJIEPOA — KHCJAOPOJ 3aMEHUTCS Ha YIJepon —
azor. OcraBasich XKHUAKHM NpH GoJiee HU3KUX TeMIepaTypax, ueM Boja,
aMMHMaK MOT Obl CJYKHTb OCHOBOH JKM3HHM Ha XOJOAHBIX TesaX. OnHaKo
HEKOTOpble 0COGEHHOCTH 3TOH KHUAKOCTH (HampuMmep, aMMHAuHbIH Je]
TsiKeJiee XKUIKOH (pasbl, MO3ITOMY OKeaH, CKaxeM, MOXET JIerKo Mpo-
MEP3HYTb LEJHUKOM) MOTYT MOMEIIATh PA3BUTHIO MHU3HH GoJiee BbICOKOTO
YPOBHS, ueM GaKTepHaJ/bHBIN.

XopolHM BapHAHTOM SIBJSIETCS CMeCh BOAbI U AMMHAKa, MOCKOJbKY
OHA MOXKET OCTABATbCS AKHUIKON TPU HU3KUX TeMIeparypax, Mo TOH ke MpH-
UYHHE B KauecTBe aJbTePHATHBLI PACCMATPUBAETCS U CMeCh BOJIbI C MEPEKUCHIO
BOIOpOaAa, eule OAHHM XOpPOIIWM KaHAWAATOM B PaCTBOPHUTEJ/IH B XOJOAHBLIX
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MHpPax SIBJASETCS METaHOJ. A BOT METaH SIBJSETCS HEMOJSIPHBIM PacTBOPHTENEM
U Xy2Ke TOAXOIUT Ha POJib «KHUIKOCTH YKHU3HH». KpoMe TOro, KUAKHH MeTaH
TpefyeT HU3KUX TEeMIepaTyp, MPH KOTOPBIX BCe XUMHUYECKHE MPOLECChl Mpo-
TEKaloT MeIJIeHHO, TaK 4TO (JOPMHPOBAHHE CJIOXKHBIX CTPYKTYP, HEOOXOAUMBIX
VIS TIOSIBJIEHUST AKM3HH, MO2KET ObITh HEBO3MOXHBIM. TeM He MeHee HEKOTOpbie
yueHble [0JaraloT, 4To Jaxke MeTaH MOxeT CTAaTb CpPeloH, MPUIOJHOH aJsi
3apO/IEHUST U CYIIECTBOBAHUS KU3HH (Hampumep, Ha TuraHe).

HekoTopbie MOTeHIHATBHO XOPOIHE PACTBOPHTENH (CKaXeM,
(bopMaMu/1) SBJSIOTCS CAUIIKOM PEIKHMH, YTOObl CEPbE3HO PACCMATPUBATH
HX B KAauecTBe OCHOBBI [yist 6uochepbl. OHAKO B HEKOTOPHIX (TOXKE PeaKuX)
YCJOBHSIX OHM MOTYT MPEKPacHO MOJOHTH Ha 3TY POJb.

PaccmaTpuBaioTesi 1 COBCEM 3K30THUECKHE BAPUAHTBHI KHUAKHX
pacTBopuTeJIel, CYLIeCTBYIOWNX TIPH 3KCTpeMabHbIX yeaoBusx. Hanpumep,
5T0 XKUAKUH MoseKyIsipHbli Bogopoa (H,) B Heapax miaHeT-ruraHToB, H/H
JKHAKHH a30T, KOTOPBIH MOKET CYLIeCTBOBATh HA MOBEPXHOCTH CIyTHHKA
Hentyna — Tpurona. 2Kuakuii a3oT paccMaTpuBa/d U KaK PaCTBOPHUTE/b
JUISl XKU3HH, OCHOBAHHOH Ha KpeMHHH (BMECTO yrjepoja).

PaccmaTtpunBaeTcsa BO3MOXHOCTb XXN3HWN, OCHOBaHHO
Ha KpeMHWWK, a He Ha yrnepoge.

2Ku3Hb, OCHOBaHHAS HA KPEMHMH, JABHO MPHAKHJIACH B KauecTBe
s/leMeHTa HayyHoH (paHTacThkH. OIHAKO HEKOTOpbIE HCCJ/EN0BATEe/H COXpa-
HSIIOT HAJeXKIy, UTO U B peasbHOH KHU3HH GHOXUMHUYECKHE MOJHMepPhbl MOTYT
B KauecTBe OCHOBHOIO 3jIeMEeHTa HCIOMb30BaTh KpemHuii (Si). Pasymeercs,
peub JOJ/RKHA HATH 00 YCJOBHSIX, B KOTOPBIX YIVIEPOJHAs »KU3Hb COBEPLICHHO
HEBO3MO2KHA, NIOCKOJIbKY B IIPOTHBHOM cilydae yriepo OyIeT UMeTh cepbe3Hble
NPEUMYLIECTBA C TOUKH 3PEHHS] XHMHH, 4 TaKXKe C TOUKH 3peHHUst OOHJIHS ero
COeNIMHEHHH B TpUposie (HANPUMED, B MEK3BE3IHOH Cpejie 0GHAPYKEHbI MHOTHE
JIECSITKH MOJIEKYJ/l C yYacTHeM YIJIepojia, B TOM UHCJ/E JOBOJBHO CJIOXKHbBIE,
H JIUIIb HECKOJIBKO MOJIEKYJ C aTOMaMH KpeMHHs). TAKHMH YCJIOBHSIMH MOTYT
ObITb OUEHb BBICOKHE /M HHU3KHE TeMIIepaTypbl, a TaKXkKe BBICOKOE IaBJEHHE.

CorslacHO HEKOTOpBIM OlleHKaM, »KH3Hb Ha OCHOBE KPeMHEBO-
J0pofIoB (TaK HA3bIBAEMbBIX CHJIAHOB — aHAJOTOB YIVIEBOAOPOIOB) MOTJ/IA
Obl BOBHUKHYTb B 6eCKHUC/JI0pOoaHOH aTMocdepe, B 6e3BOAHON cpene, MpH
HU3KOH TeMmrepaType W BHICOKOM AaBJEHHH U MpH AeHLUTE YTrepoa.
[Tonamo6uTcs NOAXOASIIIUHA PACTBOPUTENb, KOTOPHIM MOI' Obl ObITh MeTa-
HOJl (MeHee BEpOSITHO, UTO TopohgeT Meran). OIHAKO CpPelHd H3BECTHBIX
HeOeCHBIX TeJ HeT MOAXOMSLINX KaHAUIATOB C MOJOOHBIMH YCJAOBHSIMH.

[lpyrue THUIbl KPEMHHEBOH KH3HHU (HampHUMep, OCHOBAHHBIE
Ha CHJHKOHE HJIM CHJIMKATAaX) cefiuac He paccMaTpPHBAIOTCS KAK peasii-
CTHUHBle. BO MHOTOM 3TO CBSI3aHO C OTCYTCTBHEM NOAXOISLIMX PACTBO-
puTesiell 1/ TeX YCJAOBHH, B KOTOPHIX Takhe (OPMbl TEOPETHUECKH MOTJIH
Obl CyIIECTBOBATD.
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KpeMHHI MOXeT 3aMeHSATb yrJaepoi He MOJHOCTbIO, a JHUIb
YaCTHYHO: OHOXHUMHsI MOXKeT ObITb MOCTPOEHA W Ha yTIJepole, U Ha KPeMHHH
OJHOBPEMEHHO. DKCIIEPUMEHTDI MTOKA3bIBAIOT, YTO B HEKOTOPHIX GHOJIOTH-
YeCKH BaXKHBIX MOJIEKY/IaX YacTh aTOMOB yTJIepoa MOXET ObITh 3aMeHeHa
Ha KpeMHHH. Ho MocKo/bKy CBSI3b yT/epoJ — YIJEpOJ CHIAbHEE, aTOMbI
yraepoja ydaie OyAyT CBSI3bIBATbCS IPYr C APYroM, 4eM C KpPeMHHEM.
Pagymeercsi, KpeMHHH HIpaeT Ba)KHYI0 pOJib B CYLIECTBOBAHHHM 3EMHBIX
OpPraHUu3MOB, H JIETKO MpeACTaBUTb cebe CyLIeCTBA W/IM pPaCTeHHs, Tle
ero BKJaJ elle GoJblie.

erMHI/IGBaFl XWN3Hb Morna 6bl cyuiecTBOoBaTb B O4EHb
QK30TUNYECKUMX yCnoBumax.

Kpome kpeMHHSI 00CYy#AaJUCh U APYTHE 3JMEMEHTbl, KOTOpble
Moryu Obl MOTEHLHAJAbHO 3aMEeHUTH Yyrjiepoa, — 6op, a3oT, gocdop, cepa,
repmaHuii. OJHAKO aHAJ/MU3 MOKA3bIBAET, UTO MPH 3TOM BO3HHUKAIOT CJIOXK-
HOCTH, KOTOPbIE KaXXyTCsl HENpPeOoAOJHMbIMH.

LOna noncka «gpyrov» XXU3HM Heobxoanmbl gpyrmue
6nomapkepbl.

JlabopaTopHble 3KCMEPUMEHTBI, 0COOEHHO B 06JAaCTH CUHTETH-
4eCcKOoi GHOJNOTHH, MOTYT TPOJHUTb CBET HA BO3MOXHOCTb CYILIECTBOBAHHUS
JKM3HH, OCHOBAHHOH Ha APYrux OGHOXHMHUeCKHX HabopaX. Ecau Takasi :KHU3Hb
BO3MOXKHA, HCCJAENOBAHUS TTOMOTYT cOopMy/IHpPOBaTh HAGOp GHOMapKepoOB
1/ ee JUCTaHLIHOHHOI'O MOHCKA.

16.5
SETI

O6HapyKeHHe XOTsl Obl C/IE€l0B CYLIECTBOBAHHS BHE3E€MHBIX
UUBUAU3AUUH Obl10 Obl 'PAHIHO3HBIM COOBITHEM [/ BCEro 4ye/0BevYecTBa
(uTo yK TrOBOPHTH 06 ycTaHOBJeHHH KOHTakTal). OmHaKO, HECMOTPS
Ha cepbe3Hble YCHJIHS, TMpHaaraeMble B TeueHHe GoJjee yeM MoJayBeKa /st
00HApYKEHHsl CUTHAJIOB BHE3EMHBIX LUBHJAM3ALMUH, TAaKOH IOMCK MOKa JaJ
TOJIbKO OTPHIIATEJNbHbIE PE3YJ/bTAThL.

Hcropuueckn nepseiM nosisuscs trepmud CETI (Communication
with ExtraTerrestrial Intelligence, KoMmyHukanusi ¢ BHe3eMHbIM pasy-
MoM), mpeisoxeHHbld B 1965 r. Pynoabpom IMemexom (Rudolf Pesek).
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OIHAKO TOBOJBHO OBICTPO CTAJN0 MOHSTHO, YTO CBsI3b (KOHTAKT) — 3TO
€10 OTAANEHHOTrO GYIYIero, a Moka peub HAET TOJAbKO 0 moucke (search),
nosromy Tepmud CETI 661 3amenen va SETI (Search for ExtraTerrestrial
Intelligence, TTouck BHedeMHOro pasyma). MMenHo sra aG6peBHaTypa
cefuac sBasieTcsi 061IeyNnoTpe6UTeNbHON I/ 0603HAUEHHs IHPOKOTro Kpyra
BOIIPOCOB, CBSI3aHHBIX C M3yueHHeM NPOO6JeMbl I0MCKa U CYLIeCTBOBAHHUS
BHE3EMHBIX LUBHAU3ALHH.

HecmoTps Ha 6onee Yem NonyBeKOBbIE YCUINSA, HUKaKUX
3Ha4YMMbIX C/e0B CyLLeCTBOBaHWUS BHE3EMHOIo pasyma
He o6Hapy>XeHo.

Besyc/10BHO, Bonpochl 00UTaeMOCTH APYTHX MHPOB JAAaBHO 3aHUMAJIH
yMbl YUeHbIX, ucatesedl u ¢unaocodon. Oanako no cepenubl XX B. 3TO
B OCHOBHOM ObUJIM OTJE/bHBIE OTPHIBOUHbIE TEOPETHUECKHE H3BICKAHHS, YaCTO
CBsI3aHHBIE ¢ 06CYKAEHHEM BONPOCOB CYLIECTBOBAHHUS KM3HM Ha Mapce
W CBSI3W C TaMOIIHUMH o6uTatensMu. CoBpeMeHHasi HCTOPHUS MPOBJIEMbl
BHeseMHbIx uuBuiausdauuii u SETI nauunaerca B 1959 r., korna ®uaun
Moppucon (Philip Morrison) u [lxkysenne Koxkonu (Guiseppe Cocconi)
ony0/MKOBaJIH CBOIO paboTy B kypHane Nature, rae oOCYIU/IN EPCIEKTHBbL
MOMCKA CHUTHAJIOB BHE3EMHBIX LIMBHIM3ALUUH B pajHOAHANA30HE.

CoBpemeHHas uctopmsa SETI HaumHaeTcs co cTaTbu
MoppucoHa n KokkoHn (1959 r.).

HesaBucumo ot 3roii paGorel B 1960 r. ®psnk [peiix (Frank
Drake) Haua/ moucku TaKuX CHIHAJIOB Ha 26-MeTpoBOM TeJsieckore B ['pHH-
Bsux (Green Bank) B 3anagnoit Buprunnu. B pamkax storo mpoekra,
nosyuusiiero Hazpanue Ozma («O3Ma» — B UeCTb MPUHIECCHI CTPAHBI
O3 u3 kuuru @. Baywma), HaG/o1a/MuCh 3BE3/Ibl SNCHIOH DpUIaHA U Tay
Kura. C tex mop BO BceM MHpe ObLIO OCYIIECTBJAEHO OKOJIO COTHH TPOEKTOB
MO MOUCKY HCKYCCTBEHHBIX PAJHOCHI'HAJOB BHE3EMHOTO MPOHMCXOKAEHHUS
Ha pasJHUHBbIX pajHOTeNeCcKonax, BK/ouass HauGosee KpynHbie (Arecibo
(«Apecu6o»), PATAH-600, Parkes («Ilapkc») u ap.).

Yxe B 1960 r. Ha4anmcb NONCKM CUTHANOB BHE3E€MHbIX
unBMNM3aunn B pagnogmnanasoHe.

[Touck Obl1 paccyMTaH Ha pasHble BHABI CHI'HAMOB. DTO MOKET
ObITb COOCTBEHHO «IIOCJAAaHHE» — CIelHa/bHbli CHUIHAJ, PHU3BaHHbIH
NpUBJeYb BHUMAHHE K BHE3EMHOH LIMBH/M3ALUHM M, BO3MOXKHO, HECYLIHH
uHpopmanuio o Held. Ho 3TO MOxkeT ObITh U <IIyM», CBI3aHHBLIH ¢ paboTOH
pPasHOOOPAa3HLIX YCTAHOBOK (Hampumep, 3eMJst HEIIOX0 «BHUAHA» C OJH-
JKAHIINX 3Be3/ B pafuojuanasoHe H3-3a paboTbl TeJeBH3HOHHBIX CTAHLMH
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u panapoB). HakoHell, MoxKeT GbITh MepexBaueH CHIHaJI, He MpeIHA3HAUEHHBIH
I/l HAC: HATpUMep, CUT'HAJ MOLUHBIX Pafapos.

XOTsl MHOTOKpPATHbIE TUCKYCCHH OOBIYHO 3aKAHUMBAIOTCSI BHIBOJIOM,
4TO UMEHHO paJMOAMaNa3oH HauboJsee NMPUroJeH /s MOUCKOB CHIHAJNOB
BHE3EMHBIX [IUBH/IU3AIMH, TeM He MeHee 00CYKIAMUCh U APYTHe MOIXOMIbI.
Hawub6oabiiee pazputre noJdyuuia KoHuenuus onmuieckozo SETI, npen-
qoxennast B 1961 r. Po6eprom IIBapuem (Robert Shwartz) u Hapsabzom
Tayncom (Charles Townes), n3o6peraresem jasepa. FIMEHHO BO3MOKHOCTD
MOCHIIATh OUEHb Y3KHE CBETOBBbIE MyUKH C MOMOIIbIO Ja3epa MO3BOJSIET
UCIIOJb30BATh ONTHUECKUH KaHaJ CBS3H. BBIO OCYIIECTBAEHO HECKOJbKO
MPOEKTOB 1O TOUCKY ONTHUECKHUX CUTHAJOB BHE3EMHbIX IUBU/IU3AIHUH
(8 CCCP raxumu paGoramu 3anumasnch Buxropuit [lIBapuman B Creru-
aJbHOH acTpou3nuecKoil 06CepBATOPHH U ero yueHHkH). PaspabarbiBa-
I0TCS MOA00HbIE TTporpaMMbl HaGMIOIEHUH, a Takxke 000pylLOBaHUE [/l HUX
¥ B Hallk AHM. MHOrue 1oJaraioT, 4To TaKOH BH[ CBSI3H NPEANOUYTHTENbHEE
15 Tlepefiaud UH(OPMAlMK MOoC/ae YCTAHOBJIEHUS! KOHTAKTa, KOrja SICHO,
KyJa TOUHO HYXKHO MOCBIIATh CHI'HAJI.

O6cyxKaancsi TakkKe psifi 9K30THUECKHUX TTOAXOI0B MO MOUCKY
HCKYCCTBEHHBIX CHUTHAJOB, OCHOBAHHBIX HA HCIOJb30BAHHH PEHTTEHOBCKOTO,
ramMma- M Jaxke HeHTPUHHOI'O M I'PABHTALHOHHO-BOJHOBOI'O H3JYyUYEHHH.
OaHaKo OYeBHAHO, YTO PAJHOCBA3b M ONTHYECKAs CBSI3b HUMEIOT HEOCIIo-
pHUMble MPEUMYLIECTBA.

Kpome pagno gna noMckoB BHE3EMHbIX LUBUAN3ALUIA
Tak>XXe UCMNob3yKTCA ONTUYEeCcKMe HabngeHus.

OCOGHSIKOM CTOMT KOHLENUHS MOMCKA «KOCMHUECKHX UYAecy,
npemiaoxenHas B cepenune 1960-x rr. Hukosnaem KapnamieswsiM. Ero unes
COCTOUT B TOM, UTO pe3yJabTaT HesTeJbHOCTH PAa3BUTOH TEXHHUYECKOH
UBHJAM3ALUH MOXKET BBITJISAETb KaK TPYAHOOGbSICHUMbBIH HCKYCCTBEHHBIH
UCTOUHHK. [TOTIBITKH OOHAPYXKUTh TaKHe «aCTPOMHKEHEPHbIE» KOHCTPYKIHH
(Hampumep, chepnl [Haiicona®) mpogo/nkatoTes u cefiuac. [lepuognuecku
NOSBJAIOTCS NyO/JIHKALKUK, KOra TOT WM MHOH HEOObIYHBIH HCTOYHHK, 1JIS1
NOBeJeHUSI KOTOPOr'0 He yAaeTcs NPUAyMaThb XOPOLIEro eCTeCTBEHHOTO
00'bSICHEHHS, CTAHOBUTCS NPEAMETOM OOCYXKIEHHS B KOHTEKCTE «KOCMH-
YeCKHX uyaec», Kak Oblio, Hanpumep, co 3Be3noil KIC 8462 852.

Kpome maccuBHBIX MOUCKOB CHIHa/la 06CYXk/Ia/dach U MPOBOAMIACH
JesITeJbHOCTD 110 OTNpaBKe moc/aHui ¢ 3emau. OHa MoJaydHIa HAHMEHO-
Banne METI (Messaging to ExtraTerrestrial Intelligence). B mepsyto

3 Cdepa [laiicona — rumnoreTHyeckas acTpOHHKeHepPHasi KOHCTPYKIHS, TpeloKeHHast
amMepuKaHCKuM (uankoM-teopetrukom Ppumenom [laficonom. OHa npeacrasisier co60H IHFAHTCKYIO
cepuueckyo 06om0uKy (¢ pagHycoMm MOpsiAKa paguyca OpoHT ILIAHET) BOKPYT 3BE3MBI AJIsI MAKCH-

MaJIbHOTO HCIOJIb3OBAHHUS 3HEPTHUH nocJ/1eIHeH.
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ouepeib 3TO paauonocaaHus, HO HHpopMauus o 3emje U ee OOUTATE/IAX
Obljla TaK)Ke pasMellleHa Ha KocMuueckux anmapatax Pioneer 10 («ITno-
Hep-10»), Pioneer 11 («ITuonep-11»), Voyager 1 n Voyager 2. B stom
BOTpoce 0COOEHHO HHTEepPEeCeH I'yMaHUTAPHBIH acMeKT, CBSI3aHHBIH ¢ 0T6OPOM
nockliaeMoi uH(GopMalkn (BK/OUast H300PaXKEHHsI H 3BYK).

PesynbraT neATenbHOCTM pa3BUTOM BHE3EMHOMN
LUBUNIN3ALMN MOXET BbIMMA[eTb KaK HEOObACHMbI
aCTPOHOMMNYECKUNA MCTOYHUK — «KOCMMUYECKOE Hy[0m.

1960-e rr. 6bM BpeMeHeM aKTHBHBIX AUCKYCCHH H MOHUCKOB CHI-
HaJIOB BHE3eMHbIX LuBHAM3aUui. [IpoBoan/cs psn BeTped M KOH(epeHLHH
(B Hamre#t crpane mepBoe coemanue 1o npoGaemam SETI mporuio B 1964 .
B BropakaHckoii actpodusnueckoi obcepBatopun). [IpakTHUeCKH K cepennHe
1970-x rr. Bce ocHoBHBIe ujen B obsact SETI 6bin yxke copmysupo-
BaHbl. BoJblIo#i Bk/Iaa B pa3BUTHE MPOOJIEMAaTHKH MOUCKOB BHE3EMHbBIX
uysuinaaunit BHecan Mocud Wkanosckuit B CCCP u Kapn Caran B CLIA.
KHHUrH ¥ CTaTbU THX aBTOPOB CYIIECTBEHHO TOBJHS/IK HA PAa3BUTHE BCETO
HaTpaBJeHHs M0 HCCAEN0BAHHIO BOIPOCOB, CBS3aHHBIX C BHE3EMHOMH YKH3HBIO.

3a nonseka B pamkax SETI 6b110 peannsoBaHO 0KOJO
100 npoeKTOoB, NPOAOMKAIOT cO3faBaTbCA HOBbIE NMPOEKTDI.

Cpenu KpymHBIX NPOEKTOB MO MOUCKY BHE3EMHBIX LIHBHJIN3A-
M MOKHO yrnomsaHyTb Phoenix («®enukc») u SERENDIP (Search for
Extra-Terrestrial Radio Emissions from Nearby Developed Intelligent
Populations, ITouck BHe3eMHBIX pajHOH3/yYeHHH OT OJU3KHX PAa3BHUTHIX
uuBHian3anui). [yis HaOJMI0IEHHH HCTTONb30BATHCD PASIHUHbIE HHCTPYMEHTHI,
B ToM uucge 300-merpoBas anTeHHa B Apecu6o. B Hacrosiiiee Bpems
cosnaerca npoekt Allen Telescope Array (Maccus TeseckonoB AJiieHa),
KOTOPBIH OymeT cocTosith 13 350 aHTeHH, MpeIHA3HAUEHHBIX /s TOUCKA
pannocurua/aoB (42 u3 HUX yKe paGoraioT). Bojblinyio monyaspHOCTb
noayuus npoekT SETI@home, B pamkax KOTOPOTO BCe KeJaloline MOryT
UCIOMb30BATh CBOM JOMAlHHE KOMIBIOTEPH! A/ pacrpeieseHHoH 00padoTKu
JAHHBIX, MoNyueHHBIX B paMkax npoekra SERENDIP, ¢ uenbio noucka
B F'HTAHTCKOM MAaCCHBE PaJHOJAaHHBIX HEOObIUHBIX 110 CBOMM XapaKTepH-
ctukaM paauocurHanos. B 2015 r. IOpuit MusbHep 00bsIBUA O Havaje
nporpammbl Breakthrough Listen, 3amaueii koTopoii siBjasieTcs MOUCK
CHTHAJIOB BHE3eMHBIX LUBUJAN3AINN B PajlO- U ONTHUECKOM JHANa30HaX.
B 6ynymem mast uyxka SETI 6yneT ncrnonb3oBaThCs U CHCTEMa aHTEHH
SKA (cm. pasgen 13.4 «Pagnore/iecKonbl»).

K coxanenuio, y Hac 10 CHUX MOp He XBaTaeT AAHHBIX AJS XOTS
Obl MPUMEPHBIX OLEHOK PACIpPOCTPAHEHHOCTH IIMBU/IM3ALHH, ¢ KOTOPBIMU
Mbl MOTJIH OBl YCTAHOBHUTb KOHTAKT. Ha HacTOSIIMA MOMEHT BpeMsl KHU3HU
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Hallleldl UBU/IM3ALMH HA CTA[UM CYLIECTBOBAHUSI PAIMOCBSI3H COCTABJSET
Bcero Juiib uyTh Gosee 100 JieT, a UCTOPUS PalMOACTPOHOMUH HACUUTHI-
BaeT U TOTO MeHbllle. YUHUTBIBasA, UTO BO3pacT ['ajakTHKU B CTO MHJJIHOHOB
pa3 GoJiblie U B Hell HaXOAMTCS HECKOJbKO COTEH MHJ/IHApAOB 3Be3[,
MOKHO Obl10 Obl TIPEANON0KHTh HAJHUHE OFPOMHOTO YHCJ/IA BHE3EMHBIX
IUBUIN3AINH, YPOBEHb PAa3BUTHSI KOTOPBIX HA MMJIHAP/IBI JET Olepexaer
Haml. 37ech Mbl UMeeM Jiesio C «mapafokcoM PepMuy, KOTOPBIH CBOTUTCS
K mpoctoMmy Bompocy: «['1me e oHu Bce?» B camom jese, CTONKHYBIINCH
C «BEJUKHUM MOJUaHHeM BcejieHHOW», Mbl OKa3blBaeMcsl Mepejl HeMpoCToH
npo6/aeMoil — OO'bSICHUTH, MOUEMYy TeXHHUECKHEe LUBUJAN3ALUH, TOA0OHDIE
Halell u 6oJiee pa3BUTHIE, CTOJb PEAKH. DTO MOXKET OBbITh CBSI3aHO, HAIPH-
Mep, C HUCKJIOYUTEJIbHBIMU CBOHCTBAMH 3eMJH, C PEIKOCTbIO MOSIBJIEHHS
pPa3yMHOH JKH3HH WJH C HEIOCTATOYHOH JJIMTENbHOCTHIO CTANH, HA KOTOPOH
[MBU/IN3ALHUS CIOCOGHA HA MEXK3BE3IHBbIH KOHTAKT M 3aMHTEPECOBAHA B HEM.

[l/1s1 OlIeHKH YMCJ/1a BHE3EMHBIX IIMBUJIN3AIHH, CTIOCOOHBIX K KOH-
takTy, B 1961 r. OGbl1a npeaiokeHa 3HameHduTas Gopmydaa (oHa xKe
ypaBHenue) [peiika. OHa o6cyKaasach Ha MepBOH Cepbe3HOH BCTpeue
(MuHH-KOH(pepeHunu) B I'puH-BaHK 1m0 mpobjaeMe MOUCKOB U KOHTAKTOB
C BHE3eMHBIMH LIUBU/IM3aLMsAMH. [[peliK 3amucaJj Mmpoctoe ypaBHeHHeE, Iie
0XKHJAeMO€ KOJHUYECTBO IIMBUAN3AINH, CTIOCOOHBIX B HACTOSIIIHH MOMEHT
K KOHTaKTy (B MepByI0 ouepelb IMOCPEACTBOM PalHOCBSA3H), OllEHHBA-
JIOCh KaK MPOU3BEJeHHEe CeMH COMHOXKHTEJeH: TeMN 3Be31000pa3oBaHus
B ['ajiakTHKe; N0J1s1 3B€3]l, UMEIOLIUX IJIaHEThI, MOTEHIHAJbHO MPUTOIHBIE
JUIst XKU3HH (3eMJIeNOI00HbIe TIAHETHI B 30HAX OGHTAEMOCTH); UHC/IO TAKHX
NJaHeT B CHUCTeMe; J0Jisl MJaHEeT, Ha KOTOPBIX MOSBU/IACH YKH3Hb; 10J
06HTaeMbIX TJaHET C PA3yMHOH KH3HbIO; 05 IIMBUIU3AINH, TOCTHTIIHX
COOTBETCTBYIOIIETO YPOBHSI TEXHOJOTHUH; MPOAOTKUTENBHOCTh CYIIECTBOBA-
HHSI UBUJIU3AIMH HA TEXHOJOTHUECKOH CTaMH, KOrJa BO3MOXeEH KOHTAKT.

B 1961 r. 6bina npegnoxeHa dopmyna [penka

ONS OLLEHKN YnNcna BHE3EMHbIX LLMBUAN3aLNN,
CcnocobHbIX K KOHTaKTy. K coxkaneHuto, noka nosoBMHa
KO3 PNLUNEHTOB B 9TOM YpaBHEHUNI N3BECTHA MNJ10XO.

[TepBblil COMHOXKHUTE/Ib U3BECTEH JOCTATOYHO Xopolo: B [‘anak-
THKe o6pa3yeTcsi HECKOJIbKO 3Be3]l B roJ. B HacTosiee Bpems 6Gjarogaps
UCCJEI0BAHUSAM 3K30MJIAHET Mbl HEIJIOXO 3HAEM JOJI0 3BE3[, HMEIOIIHX
mJaHeTsl (B TOM uHcJ/e 3eMJenofo0Hble B 30He OOHTAEMOCTH), U THITHY-
HOe YHCJIO TAaKUX MJaHeT B cucteMme. [IpousBeieHHe 3THX TpeX BEJIHUYHH
1o MOPAAKY BeJMUMHBbI paBHO 1/rof. B G/mxaliiide rofbl M AecaTHe-
THS, BUIUMO, YIACTCSl HA/IEKHO OLEHUTD A0J10 OGUTAEMBIX TJIAHET CpPEex
MOTEHIHAJIbHO MPUTOIHBIX /sl XKU3HU. UTO KacaeTcs MOsIBAEHHsT pa3yMHON
JKU3HH, PA3BUTHSI TE€XHOJOTHH U BPEMEHHU CYILIECTBOBAHHSI TEXHUUYECKHUX
IMBH/IN3AIHNH, TO 3[€Ch CYIIECTBYET MOJHAS HEONPEAEIEHHOCTD — CHTYaIUsi
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Masio uamenusach ¢ 1961 r. [TosTomy moka HeBO3MOXKHO MPOBECTH CKOJIb-
KO-HHOYIb HaIEXKHYIO OLEHKY C MOMOIbI0 GopMyanl Ipeiika.

[To BCel BUAMMOCTH, €C/IH KOrJa-HUOYIb Mbl 0OHADYXHM BHe-
3eMHble [UBUJN3ALUN UM MOJYUYUM BaxKHble Pe3yJbTaThl B 3TOH 06JacTH
(ckaxkeMm, CMOXKEM TOJYUHTb XOPOIIHE OIEHKH i1 MHOXKHUTE/JeH B ypaBHe-
uuu [Ipeiika), ToO 3TO MPOU30HIET He B pe3y/bTaTe ClEelHalu3HPOBAHHBIX
NMOUCKOB B paMkax nporpammbl SETI, a B pesysbraTe acTpOHOMHUECKHX
U3BICKAHUH, Npexae Bcero 0630poB HeOa B PasHBIX JHANA30HAX U H3Y-
YeHHsI SK30IJIaHeT.
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dnunor

[1aBHO# 11e/1bI0 3TOH KHUTH ObLIO KAUECTBEHHOE OMHCaHHe BCeX
OCHOBHBIX 00'bE€KTOB H SIBJEHHH, (OPMHUPYIOLIUX HALlYy COBPEMEHHYIO
acTpopU3HUECKY0 KapTHUHY MHpPa. XOTS MHP YCTPOEH CJI0XKHO M KHHUTY
NPUPOIBI MBI HE MOXKEM HamucaTh 6e3 HCIOoAb30BaHHS MaTeMaTHKH, MHOT0€
BCe-TaKH MOXHO TepefaTh CJA0OBaMH. DTOro Ja)e MOXKeT ObITh A0CTaTOUYHO
NyCcTh [JISl HA4a/JbHOT'O, HO BIOJHE CEPbe3HOTO TMOHUMAaHHUS YCTPOHCTBA
BcesenHoll. B HeKOTOpPOM cMbIC/e 3TO OIHA M3 OCHOB TaK HasblBaeMOH
«TpeTbel KyJbTYpbl», Npell0XKeHHOH nonseka Hazan Yapiabzom CHoy
(Charles Snow) u mpomarananpyeMoil B Hawu aHu [l>koHom Bpoxkmanom
(John Brockman), — roBopuTb 0 HaykKe Kak MOXCHO 6oJiee MOHATHBIM
SI3bIKOM, 4TOOBI €CTECTBEHHO-HayUHOe 3HaHHE CTajo JOCTOsiHueM 6GoJee
HMIMPOKOr0 Kpyra Jiofied, B pe3yabTaTe uero, BO3MOXKHO, TPOH30HAET HEKH
KauyecTBEHHBIH nepexon B ()OPMHUPOBAHUH OOLLETO ONHCAHHS W TOHUMaHHS
MHpa, KOTOPbIH 060raTHUT HAIly KYJAbTYpPYy B LEJOM.

KoneuHo, 6b1710 Gbl cCaMOHAESIHHBIM MONBITATLCS B OAHOH HEGOJb-
LIOH KHHUI'e MPaKTHYeCKH 6e3 (OpMyJI MOJTHOCTbIO OXBATUTH BCIO aCTPOPHU3UKY
U MeTO/ibl aCTPOHOMHMUYECKHX HCcJ/eN0BaHHH. MHOroe H3/10KeHO C/AMLIKOM
KpaTKo, a MOTOMY, BO3MO2KHO, U He BCerjga A0CTAaTOYHO SICHO H HCUepIbl-
Batoiie. Tak 4To BeChb 3TOT TEKCT MOXKHO pacCMaTPHUBATh HE TOJIbKO Kak
KpPaTKUH NYyTeBOAMTE/b, HO M KaK BBeJEHHE B HACTOSLLYI0 COBPEMEHHYIO
actpousuky. Takum o6pasom, BTOPOH 1eJbl0 KHUTH ObLIO MEPEeKHHYTh
MOCTHK MEX[IYy OUeHb IMOINYJSPHBIM H3J/0KEHHEM acTPO(pU3UKH U GoJee
Cepbe3HbIMH YueOHHKAMH, MOHOTpa(pHIMH U 0630paMu.

Ecau Bbl mo6panuch crofia, mpouts Bce 16 riaB, TO Bbl TOTOBbI JBH-
ratbCs JAaJjblile, U Tenepb BaM HYXKHBI (DOpMYJibl, rpauku U Gosiee feTanbHOe
U3JI0XKEHHEe TI0 KaXKAOMy MyHKTY. HaydHo-Tomy/isipHBIE KHHUTH Ha PYyCCKOM
3bIKE C IOAPOOHBIM PACCKa30M O Pa3HBIX 00JaCTsX acTPO(U3HKH H KOCMO-
JIOTHH MO2KHO HauaTb HCKaTb ¢ «KHHXKHOro K/aybay Ha caite «DJ/eMEHTHL.
py»: http://elementy.ru/bookclub. Bosee crenuanbible HCTOUHHKH MO BCeM
pasnenaM Bbl HaliieTe HHxKe B pasiene «PekoMeHIyemasi JUTepaTypa.

OnHako acTpOHOMHMS 3aMeyaTesNbHa TeM, UTO KpOMe OMHCaHHH
Ha CTpaHHLAX KHHT (¢ GopMy/aMH HJH (6e3), KpoMe HayuHO-TIOMYJIsPHBIX
JEeKUHH ¥ BHACOPOJNHUKOB, KDOME KOMIIBIOTEPHBIX CHMYJ/STOPOB M IJaHe-
TapUeB y BCeX y Hac ecTb 3Be3aHOoe He0Oo Hajl rosoBoH. [laxe HeGOJbLIONH
TEeJIeCKOIl MOXKeT T0Ka3aThb MHOTO HHTEPECHOrO: KpaTephl Ha JIyHe W KoJblLia
CarypHa, cnyTHUKH FOnmurepa W pocChbii pacCcesHHbIX 3BE3IHbIX CKOMJEHHUH,
pa3HOLBETHBIE KpaTHbIE 3BE3/Ibl H TYMAHHOCTb AHIpOMe/bl. ¥YBHAEHHOE CBOUMH
rJla3aMH, YBepeH, OCTaHEeTCsl y BaC B MaMSITH M BBI3OBET psil BOIIPOCOB, U BOT
TOT/Ia IPUTOISTCS KHUTH | JieKimd. Ho He 3a6blBaiiTe camu CMOTpPETh Ha 3Be3[pl!
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PekomeHgyemas
nntepartypa

[To BO3MOXKHOCTH 3/leCb NMPUBEIEHbl HCTOUYHUKH HA PYCCKOM
s3bIKe, XOTsS B Hay4HOH pa6oTe aBTOp, HA060POT, MO GOJbIlIel YacTH
HUCIIOJIb30BaJl aHIJI0A3bIYHbIE OpI/IFHHaJIbeIe CTaTbH, HpO(peCCPIOHaJIbeIe
0030pbl © MOHOTPA(HH.

B nepByio ouyepenb xouyercs o6paTHTb BHHMaHUe Ha 0030pHI,
ny6JauKyeMble B AKypHaJje «Ycrnexu (PU3HUecKHX HayK». 3auacTylo B HHX
yIAUYHBIM 00pa3oM COYeTaloTCs TOCTYMHOCTDb /s JOCTATOYHO HIHPOKOTO
Kpyra MOATOTOBJEHHBIX UHTATeJNeH C HAYYHOH TOUHOCTHIO H TOJHOTOH.

HTTP://WWW.UFN.RU

AHr/0513blYHbIE UCTOYHUKH NONALaNH B CIHCOK, €CJAH OHH
XapaKTepPH3YIOTCs HCKJ/IIOUHTENbHO XOPOIIUM H3J/0KEHHEM HJIH e€CJH OHH
IPH XOPOIIEM yYPOBHE JIEFKO HOCTYIHbBI (B MEPBYI Ouepeib 31€Ch peub
uget o6 o63opax, onyOJHKOBAHHBIX TaKXKe M B ApXHBe 3JEKTPOHHBIX
npenpuHToB arXiv.org). Kpome Toro, HeKOTOpble AHMVIOA3BIUHBIE HCTOY-
HUKH YIOMHHAIOTCS, €CJIM OHM aKTHBHO HCIOJb30BA/JMUCh MpH paGoTe
HaJ KHUTOH.

HTTPS://ARXIV.0RG

ABTOp B TeueHue GoJsee yeM 15 JieT BemeT MPOeKT 0630pOB
NpenpuHTOB, ony6/JAMKOBAaHHBIX Ha caiite arXiv.org. CrtaTbH, Bolle/lIne
B 3TH 0630pbl, OTCOPTHPOBAHLl IO TeMaM, a 00630pHbIe CTaTbU 0C060
BblJe/I€HBl. 3/1eCh BBl HaHIeTe caMble COBPEMEHHbIe OTMHUCAHHUST PA3JHUHBIX
ACTPOHOMHUYECKHX 00'b€KTOB M METOLOB HCCJ/ELOBAHHUH.

HTTP://XRAY.SAT.MSU.RU/~POLAR/SCI_REV/CURRENT.HTML

[To/ie3Hbl#l cl0Bapb aCTPOHOMHUECKHUX TEPMHHOB MOXKHO HAHTH
Ha calTe astronet.ru.
HTTP:/WWW.ASTRONET.RU/DB/GLOSSARY

Taxxe B KauecTBe TOJKOBOTO CJOBaps Mosie3Ha kKHUra «Bcesennas
or A o d» (M.: dxemo, 2012), cocraaennas B.T'. Cypmunbim. st cyiie-
CTBEHHO 6oJiee YrayOJeHHOTO M3yuyeHHs] BCEX BOMPOCOB, PACCMOTPEHHbBIX
BbIllIe, MOKHO mocoBeToBaTh KHUTY A.B. 3acoBa u K.A. [ToctHoBa «Kypc
obrier acTpodusnkny. Ha pycckom si3pike 3TO camoe MOJHOE U COBpPEMEH-
HO€e H3J/0XKEHHEe OCHOB acTpOo(U3HUKH Ha YpPOBHE, AOCTYIHOM, HalpuMep,
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CTydEHTaM MJAILIHX KypcoB (PU3HUECKHX (PAKYJAbTETOB U OOJbIIHHCTBA
TEeXHHYECKHX BY30B, OXBaTbIBalolllee BCe KJIOUEBble BOMPOCHI.

Pasymeercs, MHOTO M0JI€3HOH HH(POPMALIMH MOXKHO MOYEPIHYTh
B BUKHNEAHH (0COGEHHO Ha aHIVIMHACKOM s3bike). OIHAKO peKOMEHLyeT-
Csl He OIPaHHUYMBATBLCS STHM HCTOUHHMKOM, a HATH JaJblle MO CChIIKAM
M3 CTaTed Ha OPHUTHHAJbHbIE MAaTepHabl HJIH HayuyHble 0630DHL.
HTTPS:/EN.WIKIPEDIA.ORG

B sakiawouenue cTouT HalmoOMHUTb, YTO MHOTHE€ KJaCCHYECKHe
U HOBBbIE CTATbH MOXKHO JIEFKO HAHTH B OpHUruHaJ/e, BOCHOJb30BABIINCH
cepucom NASA ADS.

HTTP://ADSABS.HARVARD.EDU

ConHue

Hawnb6osee akryanbhbie npodeccruoHa babie 0030pbl 10 COJMHILY
MOXKHO HaHTH B ceTeBoM xypHajte Living Reviews in Solar Physics.
HTTP://SOLARPHYSICS.LIVINGREVIEWS.ORG

06 ucciaenoBanusax CoJ/iHIIA KOCMHUYECKHMHU aMapaTaMd MOXCHO
npoudectb B 0630pe B.[l. KysHenosa «Kocmuueckue ncenenosanust ComHuay.
Cwm.: Ycnexu ¢pusuueckux nayk. T. 180. C. 988-997 (2010).

HTTP://UFN.RU/RU/ARTICLES/2010/9/1/

Takxxe cM. MaTepHaJ/bl 3TOrO kKe aBTopa Ha caite «[locTHayka»
B paszede, nocpsueHHoM CoJHILy.
HTTPS://POSTNAUKA.RU/THEMES /SOLNTSE

[IpekpacHbii 0630p 11-/eTHero muKIa COJMHEUHOH aKTHBHOCTH
comepxurcs B cratbe D. Hathaway «The solar cycle». Cm.: Living Reviews
in Solar Physics, vol. 12, no. 4 (2015).

HTTPS://ARXIV.0RG/ABS/1502.07020

O coJ/iHeUHBIX BCHBIIIKAX MOXKHO MPOYECTb B KpPaTKOM 00630pe
B.B. 3aiiuesa u A.B. CrenanoBa «IIpo6/seMbl (pU3HUKH COMHEUHOH aKTHB-
Hoctuy. Cm.: Yenexu (usnueckux nayk. T. 178. C. 325-334 (2006).

HTTP://UFN.RU/RU/ARTICLES/2006/3/H/
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ConHeyHasa cuctema

Ha pycckoM si3biKe XOPOIIMM HCTOUHHKOM [0 MHOTHM BOIPOCAM,
KAacalollUMCs Halllel cucTeMbl, siBjsieTcst KHura « CoJiHeuHas cucTeMa» Mof
pen. B. Cypauna (M.: ®usmaraur, 2012).

CoBpeMeHHbIe JaHHbIE MO ACTEPOMAAM MOXKHO MOYEPIHYTh B 0630-
pe Y.R. Fernandez, J-Y. Li, E.S. Howell, L. M. Woodney «Asteroids
and Comets» (2015).

HTTPS://ARXIV.0RG/ABS/1507.06578

Jlauneie mo KomeTaM conepxkatcsi B o63ope A. Morbidelli «Origin
and dynamical evolution of comets and their reservoirs». Cwm.: Trans-
Neptunian Objects and Comets, Saas-Fee Advanced Course 35. Volume 35.
P. 79 (Springer-Verlag Berlin Heidelberg, 2007).

HTTPS://ARXIV.ORG/ABS/ASTRO-PH /0512256

Ok3onnaHeThbl

M3-3a TOTO, UTO MOTOK AAHHBIX MO 3K30MJaHETaM TOBOJbHO
BEJUK, OCHOBHBIMH HCTOYHHKAMH HH(DOPMAIUU SIBJISIOTCS OPUTHHAJbHBIE
HayuHble CTaTbU U 0630pbl (KHUTH GbICTPO ycrapeBaiot). HauGosee Bax-
Hble U MHTepecHble paboThl 0 3TOH TeMaTHKe, NosiBUBILKecs B arXiv.org,
co0paHbl B COOTBETCTBYIOLIEM pasfese 0630pOB aBTopa.

HTTP://XRAY.SAI.MSU.RU/~POLAR/SCI_REV/EKSO.HTML

Tem He MeHee 00 CHX MOP XOPOIIMM COOPHHUKOM JaHHBIX
M0 OCHOBHBIM CBOHCTBAM 3K30MJIAHET W (DPU3UKE MPOLECCOB B HUX OCTAETCS
kuura M. Perryman «The exoplanet handbook» (Cambridge University
Press, 2011).

3Be3fbl

Ha pycckoM si3blke OTHOH W3 JYUIIHX KHHT IO 3TOH TeMe sIBJs-
ercst c60pHUK «3Besabl» nox peda. B.I. Cypmuna (M.: ®usmariut, 2009).

O cnocobax U3MepeHHUs] PACCTOSIHHS [0 3BE3J MOXHO Y3HATh
u3 cratbu A.C. Pactopryena «lllkasna paccrosinuii Bo BceneHHOM».
Cwm.: CopocoBckuii o6pasoBartenbHblil xypHad. Ne 2 (1999). OnHako ¢ Tex
mop ¢ moMmolnbio Teseckona Hubble 6biin n3MepeHs mapannakTHUecKHe
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pacCcTodHHA OO0 HECKOJbKHX Ilerel/IZ[, a ceHyac Takxe paGOTaET CIIYTHHK
Gaia, I/ISMepHIOIH,I/Iﬁ napaJijiakChbl I/ OrPOMHOI'0 KOJIMY€CTBa 3B€3/1 BIJIOTb
A0 HeHTpa [anakThukH.

[IpekpacHbiM 0630pOM MO IBOWHBIM 3Be3[aM SIBJASIETCS CTAThs
G. Duchene, A. Kraus «Stellar multiplicity». Cm.: Annual Review of
Astronomy and Astrophysics, vol. 51, p. 269 (2013).

HTTPS://ARXIV.0RG/ABS/1303.3028

A o ux 9BOJIIOIIUU H BSaHMOﬂeﬁCTBy}OHlHM IIBOﬁHbIM cucreMam
K. Postnov, L. Yungelson «The Evolution of Compact Binary Star Sys-
tems». Cm.: Living Reviews in Relativity, vol. 17, no. 3 (2014).

HTTPS://ARXIV.ORG/ABS/1403.4754

CoBpeMeHHOE MOJHOe HM3J0XkKeHHEe MPOILeCCOB, CBA3aHHBIX
C poxiaeHUeM 3Be3l, MOxkHO HalTh B kHure M. Krumholz «Notes on
star formation».

HTTPS://ARXIV.ORG/ABS /1511.03457

HykneocunHres

Xopoliee onucaHue HyK/eocHHTe3a (M NepPBHUHOrO, H CBA3AHHOIO
¢ 3BOJIIOLHEH 3Be3[ W MX OCTATKOB) MOxkKHO HaiTh B ctathe T. Rauscher,
A. Patkos «Origin of the Chemical Elements».

HTTPS:/ARXIV.ORG/ABS/1011.5627

KomnakTHble 06beKTbI: 6enble Kapnuku,
HEMTPOHHbIE 3BE€3bl N YEepPHble Ablpbl

OcHoBbBI (PU3UKH Oe/IbIX KapJ/JHKOB, a TaKxkKe BaxKHble 3MH30/bl
B MCTOPHUHM HX H3YyueHHs1 MOxkKHO Ha#Tu B crartbe [[.I". SIkoBneBa «Pa6o-
ta 9. W. ®penkenas o ,Culax CUENJIEHHS M TeOPUS O€bIX KapJIUKOBY.
Cwm.: Ycnexu (usuueckux Hayk. T. 164. C. 6563-657 (1994).

HTTP://UFN.RU/RU/ARTICLES/199L4/6/G/

[To HelTpOHHBIM 3Be3naM HaubGoJee MOJHBIM H CBEXHUM
HAYUHO-TIONYJ/SIPHBIM HCTOYHUKOM Ha PYCCKOM sI3blKe SIBJSIETCS KHHUTra
C.B. ITonoa «CynepoGbeKThl: 3Be3/bl pazmepoM ¢ ropoa» (M.: AsbnuHa
HOH-(ukuH, 2016).
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[To yepHBIM AbIpaM €CTb MHOI'O XOPOIUUX KHUT. ECJH roBOpPHUTD
0 (PM3HUECKUX OCHOBAX, TO OJHOH M3 JYULINX HAa PYCCKOM SI3bIKE OCTAETCsl
knura Y. Kaypmana «KocMmuueckue py6erku T€OPUH OTHOCHUTENbHOCTH»
(M.: Mup, 1981). Onnako HaG/ofaTe/IbHblE JAHHbIE B 9TOH KHHUTE yCTapeJiu.
Ha pycckom s3bike HemaoxuM o630poMm sBJjasietcst ctaTbs A.M. Yepena-
myKa «YHepHble AbIpbl B ABOHHBIX 3BE3[IHBIX CHCTEMaX M g1pax rajakTHK.
Cwum.: Ycnexu ¢usnueckux Hayk. T. 184. C. 387-407 (2014).

HTTP://UFN.RU/RU/ARTICLES/2014/4/E/

[To (husuke yepHBIX ABIP NMPEKPACHOH cepbe3HOH MOHorpaduei
spasiercst kaura M. 1. Hosukosa u B.I1. ®posoa «Pusnka 4epHbIX AbIP>»
(M.: Hayka, 1986).

HMmeer cMmbica TakkKe 03HaKOMHUTbCs ¢ o63opom M. [l Hosukosa
u B.I1. ®posoBa «YUepubie apipbl Bo Beenennoit». CM.: Yenexu (pU3nuecKux
nayk. T. 171. C. 307-324 (2001). OnHako caMmble COBpEMEHHbIE JaHHbIE
cjenyer uckath B arXiv.org.

HTTP://XRAY.SAI.MSU.RU/~POLAR/SCI_REV/BH.HTML

B kauecTBe NMONYJSIPHOrO paccKasa O YEpHBIX AbIpaX M UX CBOH-
CTBAX, a TaKxKe 0 psige OJM3KUX BONPOCOB MOXHO BCSUYECKH PEKOMEHI0BAThb
kuury K. Topua «Hayka 3a kagpoM. MHtepcremnap» (M.: Mann, MBaHos,
depbep, 2015).

ManakTuka

O cnupa/dbHBbIX PYKaBax W MeXaHH3Max WX (OPMHPOBaHHsST MOXKHO
npouectb B 0o63ope C. Dobbs, J. Baba «Dawes Review 4: Spiral Struc-
tures in Disc Galaxiesy. Cwm.: Publications of the Astronomical Society
of Australia, vol. 31, id. €035 (2014).

HTTPS:/WWW.CAMBRIDGE.ORG/CORE/JOURNALS /PUBLICA-

TIONS-O0F-THE-ASTRONOMICAL-SOCIETY-OF-AUSTRALIA/ARTI-

CLE/DAWES-REVIEW-4-SPIRAL-STRUCTURES-IN-DISC-GALAXIES/SAA-

D9IBBLEC87AS57728FB2L428LLLSBILF

O6 ucTopuu UccAeNOBaHUSI CIHUPANbHOH CTPYKTYPHl MOXKHO TPO-
yecTb B ABYX cTaTbax V.M. Ilawa «BoJHOBBIE TeOpUH CUpaA/IbHOH CTPYK-
Typbl raiaktuk B 1960-e roab». Ha pycckoMm si3bike Ha caiite astronet.ru
JOCTYIMHA MepBast U3 HUX (CM. TakKe cOOpHHK: FICTOPHKO-acTPOHOMHUECKHE
uccaenosanuda. T. 27. C. 102-156, 2002).

HTTP:/WWW.ASTRONET.RU/DB/MSG /1183369 /INDEX.HTML
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Ha anraufickom sispike o6e cTaTbd AOCTYNHBL B arXiv.org.
HTTPS://ARXIV.ORG/ABS/ASTRO-PH/0L06142
HTTPS://ARXIV.ORG/ABS/ASTRO-PH/0L06143

[To mapoOBbIM CKOMJEHHSIM MOXHO MOPEKOMEHA0BAaTb 0630p
J. M. D. Krujssen «Globular cluster formation in the context of galaxy
formation and evolution». Cm.: Classical and Quantum Gravity, vol. 31,
id. 244006 (2014). A mo paccesiHHbBIM CKOIJIEHHSIM H aCCOLHALUAM —
E. Moraux «Open clusters and associations in the Gaia era».

HTTPS://ARXIV.0RG/ABS/1607.00027

MexaBe3gHasa cpepna

Bousbiuoit moapo6ubiii 0630p 0 MeXK3BE3AHOH Cpele MOXKHO
naiitu B apxuBe: R. Klessen, S. Glover «Physical Processes in the
Interstellar Medium».

HTTPS://ARXIV.0RG/ABS/1412.5182

Ha pycckom sizbike M0xkHO mopekomeHaoBaTh KHury H.I'. Bou-
kapeBa «OcHOBH (pH3HMKHM Mexk3Be3nHOH cpeabl» (M.: URSS, 2010).

Mwup ranakTnk

CaMbIM COBpPEMEHHBIM HayuHO-TONYJSIPHBIM H3JaHUEM Ha pycC-
CKOM $I3bIKe, II€JHKOM IOCBSILIEHHBIM FaJaKTHKaM, SIBJASETCS KHHUTa
O.K. Cusnbuenko «IIpoucxoxaeHHe U 3BOJMOIHS ragfakTuky (Ppsi3uHoO:
Bek-2, 2017).

MHoro noJse3Ho# HHPOPMALMK MO TaJaKTHKAM COAEPKHUTCS
B cOOpHUKe «ACTPOHOMHS: TPAJUIMH, HACTOsIIee, OyLyleey MO pelaKinei
B.B. OpJosa, B.Tl. Pemernukoa u H. 9. Coruukosoit (CI16: CII6I'Y
BBM, 2007). Oco60 cTOUT BbiieuTh B 3ToH kHUre cratbu O.K. Cuib-
yeHko U B.Il. PemeTHukoBa.

OO0 ucTopuM H3yueHHsI aKTHBHBIX silep TaJaKTHK MOXHO MOYH-
tath B ctatbe G. Shields «A Brief History of Active Galactic Nuclei».
Cw.: Publications of the Astronomical Society of the Pacific, vol. 111,
p. 661 (1999).

HTTPS://ARXIV.ORG/ABS/ASTRO-PH/9903401
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Knaccudukanus pa3/guuHbX THIOB aKTHBHBIX SIIEp, a TaKxkKe
0CcOOEHHOCTH MX HA6JI0ATENbHBIX MPOSIBJICHHH MpeACTaB/IeHbl B 0630pe
P. Padovani et al. «Active Galactic Nuclei: what’s in a name?», KoTopblii
JnocTyneH B arXiv.org.

HTTPS://ARXIV.0RG/ABS/1707.07134

OmnucaHue 3BOJIOIMH U CBOMCTB CKOIUIEHHH MPHBENEHO B 0630pe:
A.A. Buxyunul U 1p. «CkomieHus ranakTHky. CM.: Ycrnexu (pU3HYeCcKHX
nayk. T. 184. C. 339-366 (2014).

HTTP:/UFN.RU/RU/ARTICLES/2014/4/B/

PacwunpeHmne BceneHHonm

OAHON M3 NYUIIMX HAYYHO-MOMYJASPHBIX KHHUT MO KOCMOJOTHH
octaetcs pab6ora E. Harrison «Cosmology. The science of the Universe»
(Cambridge University Press, 2000).

XOpoLHM CHHTE30M IOMYJ/ISIPHOrO H3J0KEHHS M HaJAHuus AeTanel
(c dopmysaMu U T.1.) B AyXe JYUIIHX 06Pasi0B COBETCKOrO HAy4YHO-
NonyJ/sipHoro xaHpa spJasetcs kaura M. B. Caxuna «CoBpeMeHHasi Koc-
MOJIOTHsI B TonyaspHoM uajaoxenun» (M.: URSS, 2002).

Taxxke ctout orMetuth cBexkyto Kaury C.I'. Py6una «YcTpolicTBo
Hame# Bcenennoit» (®pssuno: Bex-2, 2016).

MHorue acnekThl HCTOPHUHU H3yueHHs1 BceseHHOH MOXKHO
Haiitu B KHure G.G. Byrd, A.D. Chernin, M.J. Valtonen «Cosmology.
Foundations and Frontiers» (M.: URSS, 2007). Kpome Toro, oHa B 1e/ioM
ABJISETCH HEIMJIOXHM YUeGHHKOM 110 KOCMOJIOTHH (KpOMe HEKOTOPBIX acleK-
TOB, CBSI3aHHBIX C TEMHOH SHEPrHei).

OnHoM M3 JIyULIHX HEJaBHUX HayuYHO-NOMYJsSPHLIX KHHUT Ha pyc-
CKOM sI3bIKe siBJsieTcsl HeGodbliasi pa6ora B.[1. PeuernukoBa «ITouemy
He6o TemuHoe» (Ppssuno: Bek-2, 2012). B Heil xopoiuo pazoGpaHa HCTO-
pHsl HCCaeOBaHUH, a TakxKe MPHUBEIEHO OTJAHMYHOE ONHMCaHHWe Mapajokca
Ouabbepca.

[TpekpacHbiM 0630pOM O TEMHOMY BeleCTBY (BKJIOUAs HCTOPHIO
ucceenoBanuii) ssasiercs crarbss G. Bertone, D. Hooper «The history of
dark matter».

HTTPS://ARXIV.0RG/ABS/1605.049093
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Kpome Toro, HenaBHO MOsIBHJIACh MOAPOGHAs 0630pHAsT CTATh
A.B. 3acoBa u ap. «TemHas matepus B rajaktukaxy. Cm.: Ycrnexu (usu-
yeckux Hayk. T. 187. C. 3-44 (2017).

HTTP://UFN.RU/RU/ARTICLES/2017/1/B/

Pazo6parbcst B TOM, 110YeMY CBEpPXCBETOBOE pa3feraHue rajgakTHK
He NPOTHUBOPEUUT HALIUM 3HAHHSIM M UTO TaKOe KOCMOJOTHYeCKHe IOPHU30H-
Thl, MOKHO 10 cTaThsaM C.B. [TonoBa «CBepxcBeToBOe pasberaHue rajak-
THK M TOPU3OHTHl BcesienHoit: nyTanuna B ToHkocTsix» 1 C.B. [Tonosa,
A.B. TonopeHcKkoro «3a ropu3oHTOM BCeJeHCKHX coObITHHY. CM.: Bokpyr
cgera. Ned (2006).

HTTP://WWW.ASTRONET.RU/DB/MSG /1184830

HTTP:/WWW.VOKRUGSVETA.RU/VS/ARTICLE/ 2557/

O CKOpOCTSIX U PACCTOSIHUSAX B KOCMOJIOTHH MOXKHO Y3HaTh
u3 cratbu A.B. Tonopenckoro u C.B. ITonoBa «Xa66/0BCKHH TOTOK
B KapTuHe Habmiogatensy. Cum.: Ycnexu pusauueckux Hayk. T. 184.
C. 767-774 (2014).

HTTP://UFN.RU/RU/ARTICLES/2014/7/F/

HMcropusi o6HapyKeHHs] YCKOPEHHOro paclunpeHuss BceJsen-
HOH XOpoulo omucaHa B HOOENEBCKHUX JEKLHSX aBTOPOB OTKPLITHUS:
B.II. llIlmuat «YckopeHHoe paciuupeHue BcesieHHON mo HabGJ/0IeHUSM
Jafekux cBepxHoBbix». CM.: Ycnexu ¢usuueckux Hayk. T. 183. C. 1078-
1090 (2013); C. Tepamyrrep «HM3mepeHue yCKOPEHHsT KOCMHUECKOTO
pacmupeHnust no ceepxHoBbiMy». CM.: ¥Ycnexu (usnueckux Hayk. T. 183.
C. 1060-1077 (2013).

HTTP:/UFN.RU/RU/ARTICLES/2013/10/F/

HTTP://UFN.RU/RU/ARTICLES/2013/10/E/

PennkToBoe nanyyeHne

C nmoppo6GHbIM H3/M0KEHHEM psiia BOIPOCOB, CBSI3AHHBIX C PeJHK-
TOBBLIM M3/YUCHHEM, MO2KHO O3HAKOMHUTLCS Ha caire.
HTTP://WWW.JB.MAN.AC.UK/DISTANCE/FRONTIERS/CMB/NODE6.HTM

Ha pycckom si3bike MHOrO MOMYJISIPHBIX MaTEpHaNOB €CTh B COOT-
BETCTBYIOLLEM pasjiene Ha caite «IlocTHaykuy.

HTTPS://POSTNAUKA.RU/THEMES /CMB

Omnucanue (/s CNEMHATHCTOB) KOCMOJOTHUECKHX PE3YJbTa-
TOB, MOJYYEHHbIX MO JaHHbIM cnyTHHKa Planck, npusBeneHo B o63ope
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0O.B. Bepxonanosa «Kocmosiornueckue pesy/ibTaThl KOCMHUECKOH MUCCHH

JIlnank”. CpaBHeHue ¢ JaHHBIMH 3KcrnepuMeHToB WMAP u BICEP2».

CwMm.: Ycnexu ¢usnueckux Hayk. T. 186. C. 3-46 (2016).
HTTP://UFN.RU/RU/ARTICLES/2016/1/8B/

Teneckonbl

[To Meromam HaGMOIEHHH 3EKTPOMATHATHOTO HaJ/yueHus (B mep-
BYIO ouepedb ONTHYECKOro u palmo) XOpOIKHM HCTOYHHKOM SBJAETCA KHHTra
«He6o u reneckon» nox pea. B.I'. Cypauna (M.: ®usmaraut, 2008).

O6 UCTOpPHH Pa3BUTHS PEHTTEHOBCKOH aCTPOHOMHH MOXKHO TMPO-
yecTh B craTbe P. [DKHAKKOHH «Y HCTOKOB PEHTTE@HOBCKOH acTPOHOMHMY.
CwMm.: Ycnexu ¢usnueckux Hayk. T. 174. C. 427 (2004).

HTTP://UFN.RU/RU/ARTICLES/2004/4/T/

O ramMa-acTpoOHOMHM CTOMUT MouuTaTb B 0063ope J. Knodlseder
«The future of gamma-ray astronomy>.
HTTPS://ARXIV.0RG/ABS/1602.02728

O HaburoneHUsIX HEHTPUHO MoAPOOGHO HamucaHo B KHure P. Jlxa-
sBapaxaHa «OXOTHHMKH 3a HeHTpHHO: 3axBaTbiBalollasi MOTOHsI 3a MpPHU-
3pavyHOi 3/eMeHTapHOH yactuued» (M.: AnbnunHa HOH-ukiH, 2015).

Takxke 006 U3yueHHH HEHTPHHO MOXKHO IPOYECTh B HOOEJIEBCKHX
aekiusix: P. [1sBuc (ma.) «ITosBeka ¢ cosHeuHbiM HefiTpuHoy. Cm.: Ycme-
xu (usnuecknx Hayk. T. 174. C. 408 (2004); M. Kommuba «Poxnenue
HeHTpUHHOH acTpopusukuy. CM.: Ycnexu ¢usndeckux Hayk. T. 174.
C. 418 (2004).

HTTP://UFN.RU/RU/ARTICLES/2004/4/G/

HTTP://UFN.RU/RU/ARTICLES/2004/4/H/

[To Bonpocam u3yueHHsT KOCMUYECKHX Jyueid MOKHO MOPEKOMEH-
JIoBaTh HecKoJbKo 0630poB: B.C. Ilryckun «[Ipoucxoxienne Kocmuue-
ckux gyueir». Cm.: Yenexu dusuueckux nayk. T. 180. C. 1000 (2010);
K.B. Iltunena, C.B. Tpounkuii «Puauueckie ycaoBHSI B MOTEHIIHANbHBIX
YCKOPHUTENAX KOCMHUECKHX JyUuell CBEPXBBICOKHX 3HEPTHH: OOHOBJEHHAS
qMarpaMma Xw/uiaca U OrpaHudyeHHust U3 1motepb Ha uanydyenue» Cm.: Ycrexu
¢usnueckux nayk. T. 180. C. 723 (2010).

HTTP://UFN.RU/RU/ARTICLES/2010/9/K/

HTTP://UFN.RU/RU/ARTICLES/2010/7/C/
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[To Bcem BompocaMm, CBSI3aHHBIM C I'PaBHUTALIMOHHBIMH BOJHAMH,
crout udyuuth 0630p D. Blair et al. «Gravitational wave astronomy: the
current status», rie onucaHbl UCTOPHUS U COCTOSTHHE JeJ HENOCPEeACTBEHHO
mepea perucTpaireil mepBbX CHTHAMOB oceHbio 2015 r.

HTTPS://ARXIV.ORG/ABS/1602.02872

Tewm, Koro Tema HHTepecyeT HeTajbHee, MOXKHO 0OpPaTHUTHCS
K 0630py B.S. Sathyaprakash, B.F. Schutz «Physics, astrophysics and
cosmology with gravitational waves». Cm.: Living Review in Relativity,
vol. 12, n. 2 (2009).

HTTPS://ARXIV.ORG/ABS/0903.0338

Kocmuueckme nccnegoBaHms

Kocmuueckum o6GcepBaTOpHsIM MOCBsIIIEH XOpOUWHH 0630p
C. Turon «Observatories in space».
HTTPS://ARXIV.ORG/ABS/1102.4955

[To nporpammam NASA u o61ieMy COCTOSIHHIO JieJ1 TIPEKPACHBIM
uTeHHeM sIBJsIOTCS AecsituietHre 0630pbl (Decadal surveys), moctymnHbie
B CETH.

HTTPS:/SCIENCE.NASA.GOV/ABOUT-US/SCIENCE-STRATE-

GY/DECADAL-SURVEYS

MHoro noJse3Hofl HHGOpPMaLUK TaKxkKe MOXKHO HAHTH Ha caHTe
EBpomneicKoro KOCMHUECKOro areHTCTBa.
HTTP://WWW.ESA.INT/

KomnbroTepbl B acTpOHOMMNA

Marepuasbl 10 BceM TeMaM, YIOMSHYTBIM B 3TOH IJaBe, Jy4lle
UCKAaTb CpPed OPUTHHAMbHBIX cTaTedl. CChUIKH HA MHOTHE H3 HHX, a TaK¥kKe
KpaTKHe aHHOTAalLMU cOOpaHbl B COOTBETCTBYIOIIUX pasiesax 0030poB
arXiv.org aBTOpa.

XRAY.SAI.MSU.RU/~POLAR/SCI_REV/NUM.HTML

XRAY.SAI.MSU.RU/~POLAR/SCI_REV/REDUCE.HTML

Cepreii MNonoe
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XXn3Hb Bo BceneHHom

[To Bompocam MPOUCXOKIEHHUS KHUBHH MOXKHO MOPEKOMEHIOBATD
HenaBHIOO KHUTY M. Hukutnna «IIpoucxoxnenue xku3au. OT TyMaHHOCTH
1o kaerku» (M.: Asbnuna HOH-(ukmH, 2016).

[lo pas/uuHbIM acreKTaM H3yuyeHHsl BO3MOKHOCTH CYLIECTBOBAHHS
JKH3HHU BO BceseHHOH MoxHO pekomenpoBaTh kHHI'Y D. Schulze-Makuch,
L.N. Irwin «Life in the Universe» (Springer, 2008).

[To pannum acnexkram npo6aeMmbl SETI u uctopun pa3ButHs
storo HanpasjeHus: B 1960-1980-e rr. mpekpacHbIM HCTOUHHKOM SIBJSIETCS
kuura JI. M. Tunauinc «SETI: TTouck BHeseMHoro pasyma» (M.: ®usmar-
aut, 2004). OT™MeTHM, OJHAKO, UTO B PsAlie MECT B KHHI€ HEKPUTHUECKH
U3JIaraloTcsl JXKeHayuHble UIeH U MOJE/H.

Psiji aHIVIOSI3BIYHBIX MaTEPHAJIOB MO MpoGJeMaM CYIIeCTBOBaHHs
M TIOMCKOB BHE3eMHOMH XHM3HH JIOCTYIeH Ha caiiTe HalHoHaJbHOH akaaeMHH
nayk (CILIA).

HTTPS:/WWW.NAP.EDU/

B uacTHOCTH, N0 TeMe «/[lpyrasi :KM3Hb» MOXHO MTOPEKOMEHI0BATh
oruer «Organic life in planetary systems» (2005), B KoTopoM o6cyxKaa-
I0TCS pa3/iHUHble BAPHAHTH aJbTePHATHBHON GHOXUMHH W TPEIIATAIOTCS
OCHOBHbIE HAMpABJIEHHUs M0 U3YUEHHIO 3TOH TeMbl. TakKe B 3TOH HEGOMBIION
KHHTE KPaTKO 06CYMIAI0TCA XUMHUECKHEe OCHOBBI 3eMHOH JKH3HH.
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