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NPEAUCIIOBUE

TpeTbe u3naHue Hallell KHUTM BBIXOAWT B 3aMeudaTresibHOE BpeMsl AJisi
ACTPOHOMHUECKUX HCCMEeIOBaHUN U Jo0HTe el acCTPOHOMHUHU. £ HMelo B BU-
oy paxe He ctosbko on Actponomuw, o6bsBaenHslii KOHECKO, ckosb-
KO YCIEIIHBIH 3amycK LeJoH TMJesiibl KOCMHYECKHX TeJeCKONOB CaMblX
pasHBIX AManasoHoB. K 3aciyxeHHOMY BeTepaHy — TeJjeckony Xab6ax,
PEHTreHOBCKUM TeJjieckonaM Horomon u Yarndpa, ramma-teseckony Mume-
epas — TPHUCOeNMHHUMUCh Teseckonbl Cnumuep w lepuiess B MHppaKpac-
HOM, [l1aHK B MHAIMMeTPOBOM U Pepmu B ramma-nuanasoHe. 3amylieH
Tesieckon Kenaep I/ TOWCKa MJaHeT. HempepbiBHO COBepIIEHCTBYHOTCS
U paboTaloT 3aMeyaTesbHble Ha3eMHble ONTHYECKHE, FaMMa- U pajuoTeJie-
ckonbl. B EBpone cTpoUTCs TpaHAHO3HBIH HH3KOYACTOTHBIH pPagnoTesIeCKOMN
JIODAP, BricoKO B AHmax CKOpPO BCTYNHT B CTPOH CyOMHJIIHMETPOBBIH
pannoteneckon AJIbMA, BoT-BOT MpoH3oHieT 3amycK KOCMHUYECKOro pa-
IUOHHTepdepoMeTpa. DTO 03HAUAeT, YTO B camoe OJMrKailliee BpeMsl Hac
XKJeT HOBOe, OUeHb 3HAuUTeJbHOE INPOABHXKEHHe 10 NMyTH No3HaHus Bce-
JIEHHOH.

ABTop Omaromapen Mspatenbckomy momy «Axanemnepuonuka» HAH
Ykpaussl, B kKotopoM B 2005 T. BHILLIO 2-€ M3aHHe HAllled KHUTH, AUPEK-
topy Usnarensckoro noma E.T. Bakapenko u 3am. nupekrtopa JI. ®. Kyp-
TEHKY 3a paspelleHHe HCIOJb30BaTb €ro B AaHHOM H3JaHUM U CHeJaTh
JOCTYIHBIM GoJiee IIHPOKOMY KpYry uuTateseid. ABTop OsaromapeH CBO-
uM kosseram A.A. Konosasnenko, M. A. Cumopuyky u B.A. Illenesnesy
3a c/le/laHHble 3aMeyaHUs W JONOJHEHUs, a TakxkKe CTyAeHTaM Kadenpbl
KOCMHUYeCKOH pagro(U3nKh XapbKOBCKOTO HALMOHAJNbHOrO YHHBEPCHUTETA
uM. B.H. Kapasuna 3a momolib B ycTpaHeHHH psiia HETOUHOCTEH W Ore-
YaToK.

B.M. Konmoposuy

YkaxeM Ha HCTOUHUKU N00ABJEHHBIX HJIIOCTPALUHA ¢ 6JarogapHOCTBI0 HX
aBTOpPaM, He yNOMHHAsl PUCYHKH, Mepeliefiine W3 1-ro u3gaHusi KHUTH:

Puc. 1.1 — Be6-caiit HST u Chandra, a Takxe »xypHan «3emnas u Bce-
JeHHast», http://hubblesite.org/; http://chandra.harvard.edu/; puc. 2.2 — BeG-caiit
NRAO http://www.nrao.edu/; puc.2.4 — http://www.jb.man.ac.uk/; puc.2.6 —
http://www.mpfir-bonn.mpg.de/div/effelsberg/; puc.2.18 — Be6-caiir NRAO,;
puc. 2.23 — http://alma.nrao.edu/; puc. 3.1 — http://sohowww.nascom.nasa.gov/;
puc.4.12 — W3 xuuru: «Cosmic masers: [rom protostars to black holes»,
2003; puc.4.19 — U3 o63opa «Parks multibeam pulsar», MNRAS, 2001,
puc. 4.21 — Be6-caiit NRAO; puc. 4.28 — http://www.eso.org/; puc. 5.3 — BeG-
caiitr NRAO, http://hea-www.harvard.edu/XJET/; puc.5.7 — BeG-caiit NRAO;
puc. 5.14 — http://hea-www.harvard.edu/XJET/; puc. 5.17 — http://hubblesite.org/;
puc. 5.18 — no pa6ore . Canpmepca u ap. Ap. J., 1988; puc.5.19 — mno paGore
1. d. Mupabens u gp. A & A, 1991; puc. 5.20 — no paore Y. ITukoka B 6. «The
epoch of galaxy formation»; puc. 5.21, 5.22 — http://hubble.nasa.gov/; puc. 5.23 —
no pa6ore ®patina u np. Nature, 1998.



NPEAUCIIOBUE
(k nepBoMy M3aaHHUIO)

Bropas nosnosuHa XX Beka xapaktepusyercss OypHbIM pa3BUTHEM acT-
poHOMHMYeCKUX HccaenoBaHui. Eme 50 neT ToMy Hasam mop acTpoHOMHeH
noapasyMeBa/y HaykKy o BcesieHHOH, OUTH Bce DaHHBIE O KOTOPOH ueJsioBe-
4eCcTBO MOJy4aso, U3ydas 3JeKTPOMaTrHHUTHbIE BOJIHBI, MPUXOASIINE K HaM
U3 KOCMOCa Yepe3 y3KOe «ONTHUECKOEe» OKHO LIMPHHOH OKOJIO OKTAaBHI.

B HacTosiiee Bpems, u3yuas BceseHHy10, acTPOHOMHSI HCIIOJb3yeT
OTPOMHBIN IMAaNa3oH 4acTOT WIHMPHHON okoso 5O OKTaB, KOTOPBIH NPOCTHpa-
eTCsl OT CBEPXAJMHHBIX PAJHOBOJIH JI0 KECTKUX raMma-sydyed. ACTpoHOMHUS
cTasa BCeBOJIHOBOH. OHAa C YCIIEXOM HCHOJb3YyeT TaKXKe KOPMYCKYJSPHOE
U3JlydeHue, HanpuMep HeHTpUHO. MOXKHO C MOJHBIM NPABOM YTBEpPXKAATh,
yro B XX (a Temepb yxe u B XXI) Beke Mbl MepekMBaeM DEBOJIOILHIO
B aCTPOHOMMH, 3HaUeHHe KOTOPOH BIIOJIHE CPAaBHHUMO C PeBOJIOLHeH BpeMe-
Hu KonepHuka, Kensepa u Tanunes.

HMcnosb3oBaHue 11 H3yyeHHS] KOCMUYECKUX 0OBEKTOB 3/1€KTPOMArHUT-
HBIX KoJleGaHUH ¢ 4YacTOTAaMU, OTJUYHBIMU OT ONTHUECKHX, Hayasnochk B 30-e
ronel XX Beka. [lepBbiMU Oblid pagnoBosiHbl. C TOH MOPBI pagHoacTpPOHO-
MHH yIAJ0Ch OTKPBHITh LEJbIH Pl HOBBIX OOBEKTOB U SBJEHHH.

JlpeBHelilas U3 HayK — acTPOHOMHUS — sIBJISI€TCA U OLHOH U3 HauboJee
nonynspHblX. C BO3HUKHOBEHHEM PalHOACTPOHOMHH Hapsily C HAayUHBIMH
paboTaMH, B KOTOPBIX M3Jarajucb ee MeTOAbl ¥ HauboJee CyIIeCTBEHHbIE
JOCTV2KEHHS], HauaJli BBIXOAWTh W HayuHO-Tonyssipable KHUrH. OnHako npo-
LlecC yCOBEpLIEHCTBOBAHUS PAAHOACTPOHOMHUYECKHUX HHCTPYMEHTOB U HC-
CJIe[IOBAHUS Ha HHUX Pa3BHUBAIOTCS CTOJb OBICTPO, UTO HAYUHO-TIOMYJIspHAs
JIUTEpaTypa He YCIIeBaeT UX CBOEBPeMEHHO ocBellaTbh. Hala xHura cra-
BUT CBOEH 1LIe/1bI0 B KaKOH-TO Mepe BOCIOJHHUTb 3TOT Mpobes, pacckasas
B CaMbIX OOLIMX YepTax O TOM, YTO MOTYT y3HaTb pagvoacTpoHOMbl 0 Bce-
JIEHHOH M KaKMMH CPEACTBAMH OHM €€ M3Yy4aloT.

BBenenue, nepBylo, 4YeTBepPTyl0 M IIeCTylo IVIaBbl KHHTH Hamucal
B. M. Kontoposuy, BTOpylo, TpeTbio U nartyto riasel — C. 4. Bpayne.

Mbl crapanuch 06X0IUTbCS 110 BO3MOXKHOCTH 0e3 MaTeMaTHKH U JHILIb
U3pelKa HCIIOJb30BaNH ee B oObeMe, NOCTYIHOM UHTATe/I0 CO CPeJHHUM
o6pasoBaHHeM. B cruckax JuTepaTypbl Mbl OTAAJHU TIPeATNIOYTEHHE HCTOYHHU-
KaM, JOCTYIIHBIM LIMPOKOMY UHTATeJI0, U He CTAaBUJM Mepel co60H 3amauu
JaTh MOJHYI0 OUOIHOrpaduio MO BOMPOCAM, 3aTPOHYTHIM B KHUTE.

Mbl xoTHM TO6JIATONAPUTBL HAIIMX KOJIJIEr, W B MepBYI0 Ouepelb
I1. B. bnnoxa, M.T. Kosecuuka, B.T. [Tucapenxko, 3a nosesHele 3aMmeuanus,
KoTopble cTapanuch yuectb, E. M. Baaciok, H. A. CrenanoBy, A.Il. Mu-
pomiHuyenko, JI.T. [lramHuk — 3a momollb B BBINOJHEHHWH (hoTorpadui,
PUCYHKOB M TalJIHLI.



NPEAUCIIOBUE
(ko BTOpOMY HM3AaHMIO)

C MOMeHTa BbIXOZla NEPBOrO M3AaHUS KHUTH Ipouo 6ojee 20 JjerT.
D10 ObLIM oAbl MOPA3UTEBLHOTO PA3BUTHS BCEX BETBEH aCTPOHOMUH, B TOM
4yucje U paguoacTpPOHOMHH, KOTOPOH MocBsilleHa KHUra. Kpome toro, xo-
TS NJAHUPOBANH TepeH3aHHe Mbl BMeCTe, 3aKaHYMBAThb €ro MPUXOAUTCH
TOJIBKO OIHOMY K3 aBTOpOB. VI3MeHHWJ/CS He TOJBKO B3IJIsiA HAa MHOTHE
npoluecchl B oKpy2katleM Hac bosbiom mupe. MiaMeHnuscs U oKpyKaroLui
Hac OJIMKHUE MHpP, U3MEHMJICS W Hall MOTeHLUHAJbHBIH UnTaTenb. B aTom
U3LaHUU MBI JaeM CCBIIKM TakXe M Ha calTel MHTepHera, rme MOXHO
HaWTH BaKHYI0 MH(OPMALMIO W KOTOPble Terepb CTaj{ BIIOJHE NOCTYIHBI
3aMHTEPECOBAHHOMY yHTaTeso. Psii pasnesoB KHUTH CYIIECTBEHHO JAOMOJ-
HeH HoBo# MH(popmauuell. Ho B 1esom u ee miaH, U comep:kaHue 60Jb-
IIMHCTBA IJ1aB BbIAEpPXKaJ/Hd HCIBITAaHHE BpeMeHeM W COXpaHeHbl B KHHTe.
[naBel, HamucaHHble B cBoe BpeMs C. 4., s crapascs, M0 BO3MOXKHOCTH, He
U3MEeHSITb, a CTPEMUJICS OTPAaHMYMBATBLCS JONOJHEHUAMH K TeKcTy. Ho He
Bcerga 3To ObLIO BO3MOxkHO. Jlo6aBjeHHWe HOBOrO Marepuana Hen3HexHO
Tpe6oBa/IOo COKpalleHH# NepBOHAUAJbHOI0. DTO OTHOCUTCS MNpexJe BCero
K IJIaBe O TeJIeCKOMNaX, pa3Max CTPOUTENbCTBA KOTOPBIX 38 9TH TOMbI OTpe-
6oBaJs Obl HaUCAHUS OTAENbHOH KHUTH. DTO OTHOCHUTCS TaKxkKe K pasfesy,
NOCBALLIEHHOMY HccjenoBaHuto CosHua u miaHeT CoJIHEUHOH CHCTEMBI.
3nech MopasuTesbHbIE YCIIEXH MOCAETHUX JIeT U MPHOPHUTET JIEXKaT BCE XKe
B Opyrodl o6JacTH M TeXHHUKH U crekrtpa. [losaToMy ykasaHHBle pasnesibl
C HEKOTOPBIMM COKpAILIEHUSIMH OCTaBJIeHbl B NE€pPBOHAYa/JbHOM BHIE, Kak
oHM Obliu HanucaHbl C. d. Hanbosbluve no6aBieHUss 1 U3MEHEHHS KOCHY-
JIUCb BHEraJaKTHUeCKOH pafinoacTPOHOMHH, HcciaenoBaHus LleHTpa Haruei
[anakTUKH, ONHCaHUS KOCMMYECKHX Ma3epoB, U, KOHEUHO Xe, UCCJ/eNoBa-
HUS PEJIUKTOBOrO H3JyUeHHS] U KOCMOJIOTHH.

ABTop GnaromapeH coTpynHHKaM PanuoacTpoOHOMMYECKOr0 MHCTHUTYTa
u Hucruryra paguodusuku u snektponukd HAH VYkpaunb 3a nomotis
B paboTe Haj NepeusnaHheM KHUTH. B ocoGenHoctn M.A. Cuugopuyky
u E. 0. Bannunkosoii, a Takxe W. A. 2KutpeHko 3a caMoOTBepKeHHOe BOC-
npou3BeneHre pucyHkoB, B. B. 3axapenko, O. M. ¥Ynbsinoy u JI. B. 3nopuk
3a CKaHWpOBaHHe 1-ro W3IaHHs KHUTH, OCJIYKHUBLIETO OCHOBOH JJISi HAMHU-
caHus HoBoro Tekcta, I'. B. TonyOHu4ell 3a ero npesppapuTesnbHoe pefaKkTH-
poBanue. JI. B. 3nopuk u JI. H. Ocranuenko 3a 6bicTpyio ¥ 6e30TKa3HYIO
TNOMOIIb B HaleyaTaHWH HOBHIX cTpaHul. Moum kossneram E.IO. Banuu-
koBo# 1 C. B. CrenkuHy 3a nomolub B NofA60pe COBPEMEHHBIX MaTepHAaJIOB.
Hanexxne MuxaiinoBHe u Hpune CemeHoBHe Dpayne s GsaromapeH 3a
LeHHble MaTepuasbl U3 apxuBa CemeHa fkoBseBuua. Penakuuu XypHasna
«Papnodusuxa u PagnoacTpoHoMusi» — 3a paspelleHHe BOCIIPOU3BECTH PSifL
MaTepuasoB, B TOM YHCJle [IePCOHAJIHIO U3 100UeHHOr0 H3JaHus XKypHaJa.
A.B. Menio u A. A. KoHoBaJ/leHKO 3a IieHHbIE JOTOJHEHHSI B COOTBETCTBYIO-
mux Mectax Tekcra. JI. H. JIuTBUHeHKO 3a mocTosiHHy0 nonnepxkKy. bes
HeoueHuMo# nomoiwtu f. C. dukuBa 3Ta KHUra HUKOrga Obl He MOSBUJIACH.

¢l 6maromapeH MOWM JOMAIIHHM 3a TIOMOLIb U TepIIeHHe.



HEBUAUMbIA MUP
(BMecTO BBegeHuUA)

Ha noBepxHocTH 3em/iM 4YesioBEK HalexKHO 3alIMIIEH OT MPo-
HHUKAWIIMX KOCMHUYECKHX M3JYyYeHHH MHOTOKHJOMETPOBOH TOJILEH
atMoc(epsl. OHa He MponyckaeT HH PEHTIeHOBCKOe, HU ellle 0oJjee
JKeCTKOe TraMMa-u3JjyuyeHHe, B 3HAuUTesJbHOH Mepe — OJjaropaps
TOHKOMY CJIOK0 030Ha — 3a/lepP2KHUBaeT y/bTPa(uo/eTOBOE H3Jyde-
Hue CosHua. B schyio 6e3o6maunyio moropy Mel BuauM CoJHle,
a HOUbIO 3Be3[bl JHLIb [OTOMY, YTO B aTMoc(epe eCcTb <«OKHO»
NPO3PaYHOCTH /151 CBETA, T. €. 3JIeKTPOMAarHUTHBIX BOJIH OITHYECKOT0
auanazona. TeicsiueleTHSIMM 4eJIOBEUeCTBO ueprnasno HH(OpMaLHIo
00 okpyxatwlleld Hac BceseHHo#, rasias B 370 okHo. Ilis GoJjee
IOJUHHBIX — HH(PaKpPaCHbIX W MUJJIUMETPOBBIX 3JIEKTPOMAarHUTHBIX
BOJIH — TIIPO3payHOCTb atMmocdepsl yxynmaercs. Camble AJUHHBIE
BOJIHBI, UCIIOJIb3yeMble [JIl paJMOBellaHusi, He NPONYCKaloTCsl HOHO-
cepoil — Npo3pauyHbIM B ONTHYECKUX JydyaX U NOTOMY HEBHAMMBIM
NPOBOASLIMM CJIOEM, OKYThIBAIOLMM 3eMJII0 Ha BBICOTaX B HECKOJIbKO
COT KHJIOMETPOB. 3aMeuaresbHO, UYTO MeXAy 3THMH JAHaNa3oHaMH
JIEXKUT ellle OJHO OKHO Mpo3payHOCTH. Uepe3 Hero 4yesoBeyecTBO
TaKKe C JaBHUX BpeMeH MorJo Obl HabaonaTh BeeseHHyo, ecan 6ol
Joau obsnanany paguoraasaMmi. PainoBo/HbBl — OT JeKaMeTpOBBIX 0
MHJIJIUMETPOBBIX BOJIH — CBOOOJHO NMPOHHUKAIOT M3 KOCMOca Ha 3eM-
JII0, IOCTHUrasl ee MOBepXHOCTH. Ho 114 yesioBeka 3T0 HeNMOAXOAALIMH
JIMana3oH ¢ YUCTO OMOJOTHYECKOH TOUKHM 3peHHS — MpPHUpOAa He obec-
rneuuJia Jofael (1 >KHBOTHBIX) COOTBETCTBYIOIIUMH OpPraHaMH UyBCTB.
Tosnbko TexHMYeckas LMBHJM3allMsA, AaB JIOAAM paguo, N03BOJHJA
YBUIETh «HEBUIUMYIO CTOPOHY» BceseHHOH. D10 Obl1 NMepBbIH Mpo-
pBIB. 32 HUM NOCJeI0BANH APYTrHe, KOraa Obld BbIBeleHbl Ha OpOUTY
paKeThl, HCKYCCTBEHHBIE CITYTHUKU W MeXKIJaHeTHble Kopabsu. Cra-
Jla I0OCTYIHOH MH(popMaLHsl, 3aKJ/0UeHHasl B TOM LUMpoYyaillieM 1ua-
Ma3oHe JJIMH BOJIH, KOTOPHIH 3afepxkuBaeTcsi atmochepoit. M Torga
4eJIOBEK yBHUJeJ BcesieHHYI0 BO BCeM MHOIOLBeTbe ee H3Jy4YeHHH
(puc. 1). B panmuosmyyax ypmajoch BHepBble AETaJbHO PacCMOTPEThb
Hally 3Be3[HYyI0 cHUCTeMy — [a/nakTHKy — ¢ ee 3aBUTbIMH B CIIH-
panb «pyKaBaMH», THe COZep:KaTcs ra3d U OOJIBLIMHCTBO MOJIOABIX
ropsiunx 3Be3n. B pamuo- ¥ uHGppakpacHOM [ManaszoHax yaasoch
yBuzieTb ee LIeHTp, CKpbITHIH 3aBecod MbliM (KaK Kasajlocb paHee —
HaBeYHO) OT JIIOACKUX TJ1a3, BOOPY’KEHHBIX JIYUIIHMH ONTHYECKUMH
TeseckonaMu. Ha cueTy paguoacTpoHOMHM LeJBIH PsJ 3aMedaTrelib-
HBIX NOCTHKEHHH. DTO OTKPbITHE PENHUKTOBOTO H3JyUeHHs, OCTaB-
erocst OT rpasHano3Horo «bosblioro B3peiBa». OTKpbITHE CaMbIX



10 Hesudumbiti mup (6mecmo ssederus)

[NTornouieHue
MEX3BE3IHON cpenoit
9 i 4 4
é%ﬁm//
§ CIyTHUKYT
% Paketst
S
%&; 3o
AtmocdepHoe 15}
e T
—_— G TIOTJIOIIEHE 2 ¥ AtMochepHoe
Otpaxenue S H,0, CO,u mp. E nogo%eHne
noHochepoir = N o N,, O,, O u ap.
3 B [Tornoiexnue
}' CamoneTs! AUIOHBL ¢ g30HOM
Pazu/rocsmb k/ oT

A 10M Inm 10cm lem Imm 0,Imm 10°A 10°A 1A
Panuonmnanaszon HK V& Pentren l'amma
Iara3oH

Puc. 1. OxHa «mpo3pauHOCTH» B aTMocdepe AJis 3J1eKTPOMarHUTHEIX BosH. [Toka-
3aHbl 06/1aCTH TOIVIOLIEHHs MeXK3Be3IHOH cpeflof (BBepXy) U atMocdepoil (cHU3Y).
B npomexyTke Mex1y paauo- U ONTHYECKHM OKHAMH eCTb «(OPTOUKH», B KOTOPBIX
TaKKe BO3MOXKHBI Ha3eMHble M3MepeHHs. B 06sacTAX Hempo3payHOCTH aTMoc(epsl
M3MepeHHsl TpPOBONATCS B 3aBHCHMOCTH OT J[Halnas3oHa C IOMOILbIO CaMOJIeTOB,
6asJIOHOB, PAaKeT, CMYTHHKOB, YTO CHMBOJHYECKH H300paXKEHO Ha PHCYHKe

Ja/leKuX U M03TOMY CaMbIX <«IOHBIX» OOBEKTOB BO DBcesjieHHOH —
KBa3apoB. OTKpBITHE HEHTPOHHBIX 3Be3Jl — IYJIbCAPOB, OBICTPO Bpa-
IIAOUIUXCS pafuoMaskoB Halleld [anakTHUKW, sBJAIOLIMXCS Cpelo-
TOYEHUEM 3IKCTpPeMaJsbHBIX CBOHCTB — CBEPXCHUJBHBIX MarHUTHBIX
noJied, CBePXTeKy4eCTH HEHTPOHHOU KUAKOCTH W MaKCUMAaJIbHBIX
nioTHOCTel BellecTBa. OTKpBITHE H300WJHUST MEXK3BE3NHBIX MOJe-
KyJ, B TOM YHCJe CJOXKHBIX OpraHUYeCKHUX COelUHeHHH, KOTOopble
MOTYT HMeTb OTHOILUEHHe K MPOUCXOKIEHHIO XKU3HU. A HabJrofeHns
BOJIH, TreHepupyeMbiX B KopoHe CoJiHIIA, PAaAHOCHTHAJBI OT KOCMH-
YeCKMX Mas3epoB, NPUXOIsLIHe U3 MeCT POXIEHHUS 3Be3l, Pafuo-
U3JlyueHHe OCTAaTKOB B3PBLIBOB CBEPXHOBBIX — CaMBIX TPaHIHO3HBIX
SIBJIEHUH B 3Be3IHOM Mupe [ajakTHKH, AAIOIIKMX >KU3Hb IyJbCa-
paM ¥ pOXAAWIIUX KocMHdeckue jydu! Mup, npencras/siBLIMiCS
paHee [0OBOJIBHO €IMHOOOpa3HbIM, KOTAA CUYUTA/IM €ro COCTOSILIUM
NpakKTHYeCKH TOJbKO M3 3Be3[, HANOMHHAET, KaK JIOAT Temnepb
TOBOPHTb aCTPOHOMBI, Call HJIM 300MapK, HaceJeHHbIH IPUUYAJUBBIMH
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co3aHUAMHU | pasHOOGpasHeHNX «pacuBeToK» U (Gopm. Hanbosee
MHOTOYHUCJ/IEHHBI B 9TOM «300I1apKe» (pOTOHbI TEIJIOBOTO0 PEJHUKTOBOTO
M3/JaydyeHuss U HedTpuHo. Ha kaxkablii atom BellecTBa Bo BceseHHO#
MPUXOIUTCS OKOJIO MHJJIMapaa KBAaHTOB 3TOTO H3JydeHHs (U, MO-
BHIUMOMY, CTOJIbKO e HeHTpHHO). Ero Temnepatypa — Bcero okoJio
TpeX rpagycoB, OTCUHHUTAaHHBIX OT abCoJIIOTHOTO HYJIA. PaBHoBecHbBIM
(TEHJIOBbIM) ABJAETCA TaK2kKe H3JydeHHEe 3B€3[, LUBET KOTOPbIX 3a-
BHCHT OT TeMIlepaTypbl UX MOBEPXHOCTH (MOpsiAKa HECKOJbKHX Thi-
csiu TPaaycoB). 3a4acTyl PaBHOBECHBI KOCMHUECKOe HH(paKpacHoe
U pEeHTreHoBCKoe u3nydeHusi. Ho KocMmudeckoe paduousayuexue,
KakK MpPaBHJIO, OUeHb CHJIbHO HepaBHOBeCHO (puc. 2). OHO CBHIETENb-
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Puc. 2. CnexkTp KOCMHYeCKOro 3/eKTPOMAarHUTHOIO H3/y4eHHs], CO3JaBaeMbli

00beKTaMH pPa3/UYHON NPHUPOABl — «(pOH», Ha KOTOPOM <«BHUIHBI» OTAEJbHBEIE 60-

Jlee sIPKHe HCTOUHHKH: | — JUCKpPeTHble PaIHOMCTOUHMKH, 2 — uepHOTeJbHOe

usayuenue 2,7 K; 3 — undpakpacHble HCTOYHHKH; 4 — ONTHYECKOE H3JydeHHe

HOpMaJIbHbIX TalakTHK; & — HeHaOJojgaeMblil yabTpaduoseT; 6 — peHTreHOBCKoe
u3jyueHue (@ — MsTKoe, 6 — XKeCTKoe)

CTByeT 0 OypHBIX MpoLeccax YCKOPeHHWs 4acTHL (3/JeKTPOHOB) MO
ckopocTel, OJIM3KUX K CBETOBBbIM, IpUYEM H3JyueHHe MPOUCXOAUT
B MarHUTHBIX I0JISIX, KAK PeryJsipHbIX, TaK U XaO0THUECKUX, CHJIOBBIE
JIMHUM KOTOPBIX HEepeoKO HACTOJbKO 3allyTaHbl, YTO He BBIEJSIOT
KaKHX-A1M00 TperMyllecTBEHHBIX HalpaBJ/eHUH, 10 KOTOPBIM MOTIJa
Obl COPUEHTHPOBATHCH MAOCTATOYHO MAJNHMHHAS MAarHWTHas CTpeJKa.

! HeynusurensHo, kak 3ametus U. C. IIIKJ0OBCKHIL, UTO ¢ ApeBHEHALIMX BpeMeH
oco6oe BHHMaHHe INpPUBJEKANH «HeOeCHble CTPaHHHKH» — IJIaHEThl U KOMETHI.
JloBJisi KOMeT B HOBOe BpeMsl cTajia CBOeOOpPA3HBEIM CIIOPTOM U NpUBeJa K CO3LaHHUIO
B 1781 r. 3HamMeHuTOro Karasora Meccbe He3Be3IHBIX 00bEKTOB, MELIAIOILIUX ObICT-
poMy OGHApYy:KEHHIO KOMET, C «I1epCOHAXKaMU» KOTOPOTO MBI ellle BCTPeTHMCS.
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TakoBo H3/yueHHe pagvoralakTHK, NPOUCXOJsllee H3 KOJOCCA/b-
HbIX 00JIaKOB IJIa3Mbl, BO3MOXKHO, BbIODOLUEHHbIX M3 MaTepUHCKOH
rajlakTUKH{, Hab/M0aeMblX B COBPEMEHHbIE PaHOTeeCKOIbl. TaKoBEI
Xe panguo- u ontuueckoe (!) usnyuenns KpaboBuaHON TyMaHHOCTH —
0CTaTKa BCIBILIKA CBEPXHOBOH, MPOU3OLIEAIIeH OKOJIO THICSYH JeT
TOMYy Haszai u (urypupymiolleil B cnucke Meccbe nox Homepom 1.
1 takoBo ke, M0O-BUAMMOMY, U3JyuyeHUe aKTUBHBIX siliep TajakTHK,
ropsluMX HecTallMOHAPHBIX OOBEKTOB, CTOJb OTJIMYAIOLIUXCH OT Ha-
ILIero OTHOCUTEJ/bHO crokoiHoro MJeuHoro Ilytu. Bo3moxHo, Takum
SIBJISIETCS U H3JyUeHHe KBAa3apOB — CaMBIX MOLIHBIX PaIHOH3JYy-
yatesedl BcenenHoél. Bosiee TOro, aTH ke yCKOpPeHHble [0 peJs-
THUBHUCTCKHUX CKOPOCTel 3JIeKTPOHbI, NepenaBasi MpH CTOJKHOBEHHSX
4yacTb CBOeH 3Heprud (POTOHAM, 3aCTaBJ/SIOT CBETUTb pajuoralak-
THKM W KBa3apbl U B DPEHTreHOBCKOM [HaNa3oHe, MpeBpallas X
B OOBEKTbl U PEHTTeHOBCKOH acTPOHOMHH. Temepb yKe HEMBICAHMO
o0CyX/eHUe cTpoeHUs BceseHHoH 6e3 UCIIOJNb30BAHUS NAHHBIX pa-
JNUOaCTPOHOMMU M BooOlle Bcell Gorareiilliell HEONTUYECKONH UH(Op-
MaluHu. ACTPOHOMHSI, UCTIONB3YS AUAMIA30H OT YKECTKUX raMMa-J1ydei
[0 IJUHHBIX PaHOBOJIH, y2Ke CTaja BCEBOJHOBOH. B 3TOM pesysbrar
BEJUKOU TEXHUUEeCKOH peBOJIIOLUM, MPOU3OLIelledl B aCTPOHOMHUU
B XX Beke. KoHel| Beka 03HaMeHOBaJCS T'PAHAMO3HBIMU OTKPBITHS-
MU: oOHapyxXeHHeM (JIyKTyalHUH pPeJUKTOBOrO PafHOU3JyUYeHUS —
«OTTHUCKOB» 3apOJbIILIEH COBPEMEHHBIX 3BE3HBIX CUCTEM, OTKPBITHEM
YCKOPEHHOro paciurpeHus BcesieHHOH mon BJMSIHHEM aHTUTPaBUTA-
LUHM BaKyyMa, pacKpblTHeM TalHbl KOCMHUYeCKUX raMMa-BCIlJIeCKOB,
HaOJ/IIOfleHHueM uepe3 TpaBUTAllMOHHbIE JIMH3bl IOHBIX CBEpXJAajeKHx
(maxke 6oJiee najieKUX, UeM KBa3aphl) TaJaKTHK, OTKPBITHEM MHKPO-
KBa3apoB B HallueH [ajakTuke, U, HaKOHell, 0OHApyKeHHeM yxe 60-
Jiee COTHH IMJIaHeT, 00pallaoliyuXcsi BOKPYT 3B€3[ COJHEUHOro THIA.
XXI Bex MOCTOHHO MPUHSI 3Ty dcTadeTy: PEeBOJIOLUS MPOAOJIKAET-
csl. Ho ecTb elle ofHa cToOpoHa COBpeMeHHOH acCTPOHOMMHU: OHA cTaJsa
sBosouuoHHOH. Kak Hukorgma, B HeOblBajioM einHCTBe BceseHHas
NpeACTaBJsieTCs] HAaM B Pa3BUTHH: acTPOHOMHYECKAs, XHMHUECKas,
froJsoruyeckasi, reoJloruueckasl 3BoJIIOLUHY COCTABJSAIOT €AUHBIH 00-
pas U3MeHeHHUs U pa3BUTHA, IPOHU3ABIIUH BCIO HayKy XX, a Tenepb
u XXI Beka?. K 06CyIEHHIO 3BOJIIOLMOHHOH KapTHHBI MMPa MEI
U NepelieM B IepBOH IJaBe.

% HaronoGuie mpo6seM [nibGepTa B MaTeMaTHKe, COPMYTHPOBAHHBIX MM C Ha-
crymyeHreM XX Beka, matpuapx actpoHomud Asan CaHAHIXK cOpMYyJTHpOBal
acTpoHOMHUecKHe NpobJeMbl, KoTopble XX Bek mepenaer Beky XXI (cM. »KypHan
«IIpupona», Ne 3 3a 2003 r.). Jlaypeatr HoGeneBckoii nmpemuu akanemuk B.JI. TuH-
30ypr HEOLHOKPATHO (DOPMYJIMPOBAJ CIIUCOK BaxKHEHIIUX 1pobJeM Mo GU3uKe U acT-
po(u3MKe Ha NepesoMe BEKOB.



IF'masa 1

XX-XXI BEK — PEBONOLUA
B ACTPOHOMUH

B 3To# rnaBe MBI BMecTe C yuTaTeseM OPOCHM OOLIME B3V Ha
COBpPeMEeHHOe COCTOSIHHE TeX MpelcTaBjeHWd o BceseHHo#, KoTOpble
00pa3yloT OCHOBY, (PYHIAMEHT BCEH NeATeJbHOCTH acTPOHOMOB, Ka-
KUMH Obl METOJA@MU OHH HHU TI0JIb30BAJHUCh. DTH MPENCTABJEHHS B TO
JKe BpeM$l XapaKTepPU3YIOT OCHOBHBIE NOCTUKEHUS (PU3UKHU U acTpo-
HOMHM HAllero BeKa, BIEpPBble CO3LABIIMX BEJUUYECTBEHHYIO H, IO-
BUIMMOMY, HEIIPOTHUBOPEUUBYIO HAYUYHYIO KAPTHHY MHpPA «B LEJIOM».
Ha sToMm (hoHe B nanbHeiilieM H3/10KEHHUH Mbl CMOXKEM y2Ke IeTalbHO
pacckasath O JOCTHXKEHHUSX, METONAX U IMepCleKTUBAX pPaguoacTpo-
HOMMUH.

4 uvesioBek, f nmocpenuHe Mupa.

3a MHOI0 MHpHanbl UH(Y30pHi,

[Tepeno MHOIO MHpHalbl 3BE3[.

§ mMexxny HUMH Jier Bo BeCb CBOH pPOCT —
JIBa Gepera cBsi3yiollee Mope.

JIBa KocMOCa COeIHUHHUBIIUH MOCT.

A. Tapkosckuil

OTKPbITUE TAJIAKTUKHU
U bOJ1bLLONU BCEJIEHHOM

Hauano XX Beka B ¢usuke nogo6HO 3aTullblo nepen Oypel:
KaxKyluascs sICHOCTb, [TOJIHOTA — CBSI3HAsl W [OCJefoBaTesbHasH Kap-
THHA MHpPA; TOJbBKO HECKOJbKO 00JauKOB Ha 3TOM SICHOM Hebe, U3
KOTOPBIX UyThb 1103Ke TPSHYJIH 'POMOBbLIE yAaphbl, B30pPBaBLINeE KJjac-
CUYEeCKyl0 (PU3UKYy M O3HAMeHOBaBILUHE POXKIeHHe peJIATHBUCTCKON
U KBAaHTOBOH MeXaHHMKH. B acTpoHoMHHM — mnpencTaBseHue o Oes-
TPaHUYHOM MHpe 3Be3l U 3Be3[IHBbIX CHCTeM, YCTPOEHHbIX [0100-
HO Hamield CoOJIHEUHOH CHCTeMe, TOPXKEeCTBO HbIOTOHOBCKOTO 3aKO-
Ha TsiroTeHus. Janeko mosaan Oypu «pPeBOJIOLUHME», Pa3pyLIHBLIMX
«XpycTaJsbHble c(epbl» U PACIPOCTPAHUBLUMX 3aKOHBI «IOAJYHHOTO
mMupa» Ha Bcio Beesennyio, «Hecdetnor CosiHIIA TaMm TopsiT, HApOIHI
TaM W KpPyT BekoB», — nwucas eule JlomoHocoB. 1 B To ke Bpe-
MsI — TYMaHHOCTH, U3yudaeMmble ['eplieseM W ero mnocjiefoBaTessiMHU
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B KpyIHeHllne TesecKonbl. K Hauasy Beka 3aBepllaeTcss CTPOUTEJb-
CTBO ellle 0o/lee KPYIHBIX TeJeCKONoB, B ToM uucie 60-, a 3aTeMm
1 100-noiimoBoro pedaekropa Xehsa Ha rope MayHt-BuscoH, cbir-
paBlllero 3ameyarte/ibHyl0 POJib B Ja/jbHEHIINX COOBITHAX. [lesiTesb-
HocTh JIk. Xeiina oTpaxkajia HOBBI 3Tam B CTPOWUTENbCTBE TeJje-
CKOIOB M acTpoHOMMHU. Ec/iy paHblle caMM acTPOHOMBI LIJIU(OBAIH
crekaa (u lamunedt, u Hoioton, u lepmens), To XIX Bek — Bek
MPOMBILIJIEHHOCTH U HHXKEHePUHM — [03BOJIUJ CO3[aTh HEJOCTYIHbIE
TPyLy ONMHOYEK MallMHBl 1/15 HabgaoneHus 3a BceseHHo#. Jrtot
npouecc Tpoposkaetcs U moHbiHe. B 1948 r. Hauanm pneficTBOBaTh
200-n10iMOBbIH (MSATUMETPOBLIH) XEHJOBCKHH TeJjecKon B oOcepBa-
topun MayHTt-Ilanomap. B nauasne 80-X, Koraa BHILJIO TpeAblayllLee
U3JaHue 3TOH KHUTH, KPyNHEeHIIUM B MHpe OBl «ILeCTUMeTPOBBIH»
teneckon Akagemun Hayk CCCP. O ycraHoBieH Ha CeBepHOM
KaBkaze 6;13 ctanuubl 3esneHuykckas B 1977 r. Cefiuac B Mupe pa-
6oTaer esas apMaga ONTHYECKUX TeJeCKONOB C 1HAaMeTPOM 3epKaJa
mecTb U 6osee MeTpoB. Cpenn HUX «J[>)KeMHHH» — 1Ba 8-MeTPOBBIX
«6am3Hena» Ha rope MayHa Kea Ha [aBaiisix, ueTblpe 8-MeTpoBBIX
TeJeCKolla Ha MYCTBIHHOM BBICOKOTOPHOM MjaTo B Yusu, obpasylo-
l[Me ONTHYeCKUH HHTepdepomerp, o aBa 10-mMeTpoBEIX TesecKkomna
Ha [aBalax v B YUusan. DT Teseckombl, a TakxKe HX MeHbIIHe
M0 pasMepaM TMapTHEPHl HCIOJNB3YIOT CaMyI0 COBEpIIEHHYIO COBpe-
MEHHYI0 aJallTUBHYIO ONTHKY, 3JeKTPOHUKY, IPUEMHUKH HU3JyUeHHSI.
Ha op6ute ycrnemHo TpyauTCcs 3aC/ay>KeHHBIH BeTepaH, KOCMUYECKHH
TeJiecKon MMeHH Xab6ga ¢ nuameTpom 3epkana 2,4 m (puc. 1.1) co
cBoMMH MoJionblMH naptHepamu (cMm. [lpenucsiosue). Cronb BesnuK
Mporpecc B aCTPOHOMHMYECKOH TeXHHMKe cerofHs. Ho 3T mpoexThl
y2Ke TaK JOPOTH, YTO HEJOCTYIHBI OTAEJNbHBIM CTPaHaM, U SIBJASIOTCS
pe3y/NbTaTOM YCIEIIHOTO MeXKTOCYyIapCTBEHHOTO COTPYIHHUECTBA.
BBenenue B cTpoil 60/IBLIMX Te/IECKONOB MO3BOJNUJIO YXKe K JBa-
AUaTbIM FOfaM IPOLLIOro BeKa B OOLIMX UepTax 3aBeplIUTb Npolecc
OoTKpbITHS Hawed [anakTuku W Bosbiiodt BcesnenHo#. 3emas, yxe
pas oromenuas ot [lentpa Muposnanusi Ha nepudeputo ConHedHON
cucreMbl, Ternepb BMecTe ¢ CoJiHLIEM OKasasnach Ha MepuUdepHH Ha-
mero 3Be3gHoro ocrpoa — Mujeunoro Ilytu, a oH cran ogHOU U3
NbIIMHOK MeTaranakTuky, cofepkalleidl MOUTH CTOJIBKO K€ rajak-
THK, APYTMX OCTPOBOB, CKOJIBKO 3Be3[ B KaXKIOM TaKOM OCTpOBe.

PACLUUPAIOLLUKUCA MUP

Mexnay TeM B (U3HMKe MPOUCXOAUIH KDYIHEHIIHE COOBITHS.
K 1916 r. DiiHmTeldH 3aBepuius co3faHue OOIIEeH TEeOpUH OTHO-
curesbHoctd (OTO). Kak yacTHble ciaydau 3Ta TeOpHsI CONEPINKHT
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[Tanenu coaHeYHBIX CaeTo3almMTHAsT KPHIIIKa
OaTtapeit 6Ji0Ka 3epKai

CityxeOHblil MOAYJIb

byiok 3epkanbHOt
CHCTEMBI BBICOKOTO
pa3peleHust

ITpuemHuK
peHTFGHOBCKOFO\fﬁ? s
M3JTyYeHUs Fow
BBICOKOTO -
paspereHust
Orcek JundpakiimoHHast Teneckon
CIIETKA C 3epKaJIoM
Hay4YHBIX p
HHCTHYMEHTOR Paguoantenna BBICOKOTO
Py rnepeaayn JaHHbIX paspeLieHust
T13C-cnektpomeTp JBurarenbHas
6 yCTaHOBKa

Puc. 1.1. Kocmuueckuit Teseckon umenu D. Xa66sa (a). PentreHoBckass KocMuye-
ckasi obcepBaropust «Haumgpa» (6)

U HBIOTOHOBCKYIO TEOPHIO TSTOTEHHS, W CleLHaNbHyl (4acTHYH)
teoputo otTHocuTebHOCTH (CTO). Ecaiu CTO chopmynrpoBana diiH-
wrediHoM B ogHod pabore (1905 r.), To mpu coznanuu OTO okoH-
yaTesbHOU (hOPMYNUPOBKe ypPaBHEHUM MpeflllecTBOBalA Lesasi cepus
paboT, MOKJManoB — OYyKBaJbHO Ha KaxKIOM IOCJeAYyIOIeM 3acefia-
Huu [lpycckoii akamemun HayK. JlOCTHKEHHS] CMEHSIJIUCh OTCTYII-
JNeHUssMH. VM, HakoHell, ypaBHeHHsl TOJy4YeHbl — camble OOlIHe,
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camble KpacHBble M caMble TPYAHble ypaBHEHHS] (PU3UKH, OIMHUCHI-
BalOIllME TATOTEHHE KaK pe3y/JbTaT HCKPUBJIEHHS MPOCTPAHCTBA—
BpeMeHU. M3 HUX BBITEKaNW TPU 3HAMEHUTHIX 3(deKTa: 0ObsICHEHHE
BpalleHUs «mepurenus» Mepkypus, NpenckasaHhe BABOe OoJiblile-
ro, yeM no HblOTOHY, OTKJIOHEHHs CBeTa NPU NPOXOXKIEHHH MHMO
ConHlLa ' M «rpaBUTAlMOHHOE» KpacHOe CMellleHHe uacToTH. B Hare
BpeMsi — BpeMsl JIa3epOB U CIIYyTHUKOB — TOYHOCTH U BO3MOXHOCTH
JKCIIePUMEHTa BO3POCJN HACTOJBKO, UTO nenbi#t psan ahdekros OTO
(ue roBops yxke o CTO) moxTBepKaeH B «1a00PaTOPHBIX» YCIOBHSX.
Ho Torna ko/snyecTBeHHOE MOATBEPKIEHHE IKCIeAUIMel A. DnuHTr-
ToHa B 1919 r. adekrTa OTKIOHEHUS CBeTa BO BPEMSI COJIHEYHOTO
3aTMEeHHUSl [IPOM3BeJI0 CEeHCAlMIo, [aJeKo BBILIeAIIYI0 3a MpefeJsl
YHACTO HayyHo# JuTeparypbl. Cropbl 00 OTHOCHTENBHOCTH CTaJsu
HeOTbeMJIEMOH 4YepTOH HHTe/JeKTyasbHOH >KHU3HU 3TOTO BpPEMeHH.
B wesom cutyamusi Xopomio OMUCHLIBAETCS SMUTPAaMMON, M3BECTHOH
no nepesony C. Mapiuaka, nepBbele 1Be CTPOKM KOTOPOH MpHHaAJe-
)at anrauiickomy noaty A. Iloyny u mocssimensl Hetotony: «bBein
3TOT MHUp raybokod TbMoH okyTaH. Ila Gyner ceer! UM Bor siBuics
Hetoton. Ho catana Hemonro xnan peanima. [lpuinesn DUHITedH —
M CTaJio BCe, KaK paHblies. [locse co3nanus ypaBHeHUH DUHIITEHHA
HayaJ/IuCh [OUCKH HX peuwleHUH. IMeHHo Torma Obl10 HaileHO 3aMe-
yaresnpHoe peweHde K. IlIBapuimunpna, Tanbliee B cefe CI0KHOCTH
MIEOJIOTUH KOJJIanca U «4YepHBIX AbIP», YTO B TOJHOH Mepe CTajio
SICHO JIMLIb BMOCJEACTBHUU. B MOHATONH B TO BpeMsi 4acTH 3TO OblLJIO
CTaTHuecKoe cepryecKH-CUMMETPUUHOe pelneHHe. Cam DUHIITEHH
UCKaJl TaKXKe CTaTHUeCKHe, He 3aBUCSIIME OT BPEMEHHU peLIeHHsl, KO-
TOpBIe JOJIKHBI OblJIM OBl OMUCATh CYlLIecTBYIOIY0 Beenennyo. as
3TOr0 eMy MPHUIIJIOCh BBECTH NOMNOJHUTEJbHBIH «KOCMOJOTMYECKHUH»
yjieH (UTO MOMepeMeHHO CUMTAJ0Ch Pa3HbIMH HCCJENOBATENSMH TO
BeJIMUAHIIed 3acJayrod, TO BeJudallled OWHOKOH DUHIITeHHA 2),
KOTOPBIH 1103BOJISIJI HAWTH TakHe pelleHHs, HO OHM COlepxKaju HC-
TOYHUKH «MaTepPUU» W «II0Jisi» U BHOCHJN CBOeOOpa3Hble TPYAHOCTH
B TEOPHIO.

Mexny Tem coBerckuil ¢usuk A.A. Ppunman Hamen HecTa-
[MOHAPHBIE pelIeHHUs ypaBHeHWH DUHIITEeHHAa, B TOM 4HCJae U 0e3
KOCMOJIOTUYECKOro 4JjeHa. BHauaje DHHIITEHHY MOKa3ajoch, 4TO

' Ha camoMm gesie, K 3TOMy BpeMeHH Hake caM (hakT OTKJOHEHWS, CBA3AHHBIM
C ycTapeBIlIed HbIOTOHOBCKOH KOPIMYCKYJSIpHOH Teopuel cBeTa, Obla 3a0bIT.

? HenaBHee OTKpBITHE YCKOPEHHOTO paciiupeHust BeeseHHOH, BBI3HIBAEMOTO aH-
TUTpaBUTAllMel BaKyyMa, Tak)Ke CBfI3aHO C 3TOH HIeeld DUHIITeHHA, KOTOPYIO OH
caM OTOpOCHJI B CBO€ BpeMs, CUMTas, 4TO OHa HE COOTBETCTBYeT HaOJIIONEHHSM.
Bosiee monpo6HO MBI pacckaxkeM 06 3ToM B 6-i1 TiiaBe.
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®punman ownbesi, HO BCKOpe OH MpH3HaJ cBoe 3ab/yxiaeHue. B 3a-
BUCHMOCTH OT 3HaKa KPHUBHU3HBI NPOCTPAHCTBA—BpEMEHH pelleHHs
dpunmaHa OMUCHIBAIN «3aMKHYTHIH» HJIH «OTKPBITBIH» OIHOPOAHBIN
MHUp. DTOT MUp Obl1 HectaTHueH. OH 160 pacluupsiics, JUOO CKU-
MaJsicsl, MpUYeM B Cjydae 3aMKHYTOTO MHpa paclIMpeHHe OOJKHO
OBbLJIO CMEHHMTBbCSI CXKaTHeM. A To, Kako# N0JKHa Oblia ObITh KpH-
BH3HA, ONPENEJISIOCh TONbKO MJIOTHOCTbIO MAaTEPUH B COOTBETCTBUH
c unesimu PumaHa u ypaBHeHusiMH DiHITeliHa. OTBeT Ha BoOTpOC,
B KaKOM MHpe Mbl }KHBeM, MOIJIM IaTb TOJbKO HaOJIOAEHHUS.

«B cBeTe y)Ke NOCTUTHYTHIX Pe3y/NbTaTOB CUACT/IWBO HalJeHHOe
KaXKeTcsl TOUYTH camMo coOOH pasyMeromumesi, U J060H TONKOBBIU
CTYyIEeHT ycBauBaeT Teopuio 6e3 Tpyaa. [lozamu ocranuch mogrue
rogpl MOMCKOB B TEMHOTE, MOJHBIX MPeIdyBCTBUH, HaMpsKeHHOe
OXKHWJaHWe, UyepeloBaHHe HaleX1 W W3HEMOXKEHHs W, HaKOHell, Mpo-
pbiB K sicHOCTH. Ho 3TO moliMeT TOJIbKO TOT, KTO MEpeKUJ BCce caM»
(A. DitHwITEHH).

KPACHOE CMELLEHUE

CoBepIIeHHO He3aBHCHMO Ha MPOTSKEHWH MHOTHUX JIET aMepH-
KaHCKHH acTpoHoM J. Xa66.1, nponoskas pa6oty Ha 100-moiMoBOM
XeHJIOBCKOM TeJsleCKore, H3MepsieT CIleKTpasibHble CBOHMCTBA raJak-
THUK — «TyMaHHocTe#» [epuens (puc. 1.2-1.5). Emy ynaercs Bbige-
JUTb B HUX HauboJjiee sipKHUe 3Be3[Hble CKOMJIEHHS W HCCJIEl0BaThb

Puc. 1.2. TymanHocTs AHnpoMens! (cnupanbHas rataktika M 31)
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Puc. 1.4. CnupanbHas ranaktuka M 104, Bunumas ¢ pebpa

ux cnekTpsl. OKaszanoch, YTO 3TH CIEKTPbl OTJIHYAIOTCS OT CIEKTpa
3Be3n Hawero MjeuHoro IlyTu: modTu Bce OHM COBHUHYTHI B OoJjee
IJIMHHOBOJIHOBYIO KPAcHYI0 CTOPOHY CIeKTpa. DTO KpacHoe cmeuje-
Hue z 0Ka3blBaeTcs PasHbIM JJIS Pa3HBIX rajlakTHK. Xab6sy ynasnoch
YCTAHOBUTD AJis1 OJMKANUIINX TaJakTHUK, /51 KOTOPBIX MOXKHO OBLIO
HalTH OoJiee WM MeHee HaleKHble CMOCOObl OMpeleseHHs pac-
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Puc. 1.5. Tanakruka B Llenraspe NGC 5128 (paguoranakruka CenA). Habmonenus
B MK-nnanasone nosBoJM/IM yBHJAETb 33 IbIEBOH IIOJOCOH Pe3y/lbTaT CJHSHHUS:
OKPY?KaIOIILyI0 IeHTP 6OraTyio ra3oM CIHpaNbHYIO rajakTHKY

CTOSIHUH, 3aKOHOMEPHOCTb: BeJMUMHA KPACHOTO CMEILEHHUs] MPOIop-
IMOHAJIbHA PACCTOSIHUIO 10 ranakTukH. [locsenytomas KponoTansas
paboTa TpHBesa B KOHEUHOM CueTe K 3akoHy Xa66ma z = Hr/c.
[Tocrosinnass Xa66sa H B 3TOM 3aKOHe BHayajle CUUTAJNaCh PAaBHOH
500 (km/c) - Mnk~!, a 3aTem, B pesyibTaTe MepecMOTpa IIKasbl
paccTOsiHUM, yMeHbLIMJACh Ha MOPSIIOK; COBpPEMEHHOe ee 3HaueHHe
C JeCATUMPOLEHTHOH TouHocThio H ~ 70 (km/c) - Mnk L

KakoBa xe npupona KpacHoro cmelieHus? Biectsiias unes ero
HHTEpIIpeTAlNK CBsi3asa ero ¢ paciupeHueM Bcenenno#. M3BecTHo,
YTO MpPHY yoAJeHHH UCTOYHUKA JI0ObIX KOJeGaHHH UX YacTOTa YMeHb-
maercs u3-3a a¢dexkra Honnnepa. Eule He Tak naBHO AJsi 00bsiC-
HeHusi 3p¢ekra [lonnnepa nmpuB/eKkasd 3HAKOMOe BCEM H3MeHeHHe
TOHa CBHCTKa MapoBO3a [0 Mepe ero yaajeHHs OT HalJiofaTesisl.
Tenepb mapoBo3bl cTaNH peAKOCTbIO, 3aT0 apdekT Homnmaepa WHPOKO
usBecteH. Ero ndyuarot B wkode, a corpynHuku [AW o6HapyxuBatoT
C ero MOMOLIbIO IMPEBLICUBILIUX CKOPOCTb BoauTesed. Jlonmn/epos-
cKasi pUpoaa KpacHoro cmellenust (mpu z < 1z = V/c) osHauaer
pasberanue rasakTuk. [IponopuuoHalbHOCTb CKOPOCTH yaaseHus V'
PacCTOSTHUIO 7 MOXKeT OBITh JIETKO MOHSTA, €CJW UCXONUTh W3 OIHO-
POIHOTO pacCLIMpPeHHsl, MOJOOHOrO pacLIMpPeHHI0 HaJyBHOTO Pe3HHO-
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BOrO LIAPUKA MJIM pPacTSATHBaeMOH pe3WHKH. TaK Kak pacTsAruBaeTcs
B OJHO M TO K€ YMCJO pa3 KaxKAbl 3JeMeHT, TO CTeleHb yAaJeHUs
y3€JIKOB Ha pe3UHKe MJIM TOuYeK, HApPHCOBAHHBIX Ha IlIApHKe, MpO-
NOpLHOHAJbHA PACCTOSHHUIO MexXAy HHUMHU. DoJjee ynasneHHele OyayT
COOTBETCTBEHHO ObICTpee yHansThCcsl APYT OT ApyTa.

B pacumpsitoueiics Beenennoin —
Ecau 310 fefCTBUTENBHO TaK, —
UTo ThI YyBCTBYyeLllb,
OOGBIKHOBEHHBIH

YeJ0Bex,

Heyuensblii npocrak?

OTH Cropbl 0 KPaCHOM CMellleHbe,
Bossie HUX co3naBaemblil IIyM

He npuBonsT B cMylleHbe TBOH yM.
U korna pasberanbe [anaxkTuk
Hab6ntonaelb B KocCMUUYECKOH MIVIe,
To He cTO/MB TEOpPETHK, CKOJIb MPAKTHK,

O6pariaerb Th B30pH K 3emJe °.

JI. MapTblHOB

POXAEHUE PAAUOACTPOHOMUH

Panro — 310 TakXke MogapoK AEBATHAALATOrO BeKa ABAALATOMY.
M. Papapeit, Ix. Makcsesa u, HakoHel, ['. I'epi npoJsiokuau nyTs
K HCCJIe]JOBAHUIO HEBUAUMBIX 3J1€KTPOMAarHUTHBIX BOJIH, 3HaUHUTENbHO
foJlee NJMHHBIX, UeM CBeTOBble. B KOHLle Beka BO MHOIHMX Jabo-
paTopusiXx MHpa C 3IHTY3Ma3MOM 3KCIEPUMEHTHPOBANH C BOJHAMHU
[epua. YecTb OTKPBITHSA PafnO KakK CPEACTBA CBSI3U NPUHAIJIEKUT
A.C. TlonoBy. B 1896 r. B [lerepOypre um BrepBble Obla Moc/jaHa
U MpUHsTa papvorpamma co cjoBamu «lenpux I'epu». B naboparo-
puu . bBpayna B CrpacGypre K HCCJeNOBaHHSIM B 3TOH 006JacTu
npuobuiaercss mojaonod JI. M. Manpenbiuram, Oyayliuid co3partesb
coBeTcko# paguodusuku. To, yto npobosan . Mapkonu, Bpsn /1
cTan Obl JesaTb AOCTATOYHO 3APaBOMBICISAIMN (PU3HK — OTpHLA-
TeJIbHBIH OTBET Ha BONPOC O 3arOPH30HTHOH PaaloCBsS3H Obll1 OUYEBH-
JeH: KakK W Jlyd CBeTa, Ny4YOK PAJHOBOJIH PaCHpPOCTPAHSETCS TOYTH
npsimosinHeiiHo. Ho MapkoHU ycTaHaB/IMBAaeT HE TOJBKO 3arOPH3OHT-
HYI0 — 3a0KeaHCKYI0 pannocBsisb! CyefcTBHEM SIBJASIETCS OTKPbHITHE
HeBUAMMOMH N/a3MeHHOH 060/04KH 3eMJM — HOHOC(hepb — 3epKa-

3 3amerum, uto 3emss, CosHeuHast cucTeMa, Hama lajakTHKa, HeGOJbLIHeE
CKOTIJIEHUsl TaJlaKTHK TPEACTABJSIOT COOOH IPAaBUTALIMOHHO CBSI3aHHBIE CHCTEMBI,
KOTOpbIe He PacCUIHPSIOTCS.
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Jia, OTPaXKAIOLIEr0 AOCTATOYHO AJHUHHBIE 3/JeKTPOMAarHUTHbBIE BOJIHBI.
M3ydeHue nmoHocepsl HOET MapasjiesbHO C Pa3BUTHEM PaJHOCBS3H,
AunatoH, Bpelit u ThloB NpUHHMAIOT OTpaXKeHHbIH OT HOHOC(HEpH
CUTHaJI, HO PafiMOJIOKALUU CYXKAEHO NMOSIBUThCS Mo3/Hee. B Mosonoi
COBETCKOH pecnyO/rKe pasBUTHIO PAAHUOCBA3H yHessieTcss ocoboe
BHUMaHHe. 3HameHuTas UlyxoBckas 6allHsl U pagdOCTAaHIUS UMEHH
KomuHTEpHa — CHMBOJIBI TOH 3MOXH.

Y, naxkoHel, NpoucXoouT cOObITHE, OT KOTOPOrO paiHoacTpOHO-
MUl OTCUHUTBHIBaeT CBoe cyllecTBoBaHue. B 1931 r. ameprkaHcKui
panuouHxkeHep Kaps JHCKHi, WCOBITBIBAS aHTEHHYIO CHCTEMY, 00-
HapyKMBaeT LIYMbl KOCMHUECKOro MpoucxoxaeHus. [lasnee ciemyer
KOPOTKHH, HO BBIpa3uTeJ/bHBIH 3Tall JIOOHUTEJNbCKOH pafinoacTPOHO-
muu. [logoOHO TOMy Kak paHee Te, KOTrO HHTepecoBand Hebeca,
camu 1WaKGoBaNK JUH3bl U MacTepUJH TeJIeCKOIbl, Telepb APYToH
aMepUKaHCKHi pamvounxkenep, Ipot Pebep 4, ctpout y cebs moma
napabo/uyecKylo aHTeHHY AJis aCTPOHOMUYECKHUX HabJ/Ir0leHUH.

Ho nanBuranace BoiiHa. Papgap cras TiiaTenbHO OXpaHSEMbIM
cekpeToM AHIJIMHM, 3allMIIaBLIeHCs OT (PAIUCTCKUX 60MOAPAHPOBOK.
[TepBble coBeTCKHe pafiHOJIOKATOPHl CMOTPeJM B HeO0 MOCKBH yxkKe
B 1941 r. Ho xak ToJbKO OTrpemMesit MocjeH1e BEICTPeJbl, BOEHHAS
TeXHHMKa CTajla HUCIOJb30BaTbCsl B MUPHBIX HCCJelNoBaHUSX. Peasnu-
30BBIBAJINCh JOBOEHHBIE MJIaHbI, UIEH, 3apOKAaBLIMecs 101 06CTpe-
JaMu 1 60MOEeXKOH, BO BpeMsi pabOT Hajl BOEHHBIMH MPOEKTAMH.

B okkynupoBaHHoil [onnanguu ctyneHT Ban e XyscT BbicKa-
3blBaeT MbIC/b O HaOMoneHUH [ajlakTHUKH B paguOJHHHUH OCHOBHOI'O
CTPOUTENIbHOTO MaTepHuana Bcesmennoét — Bomopoma. O6 3TOM MBI
elre pacckaxkeM. Celuac ke [/ HaC Ba)KHO JOCTHXKEHHE YK€ «Bbl-
OUBILENCS B JIOAW», CQOPMUPOBABILIENCS HAYKH PafiHOaCTPOHOMUH —
OTKpBITHE PEJMKTOBOrO U3JY4YeHHs.

B5OJIbLLIOX B3PbIB

Unes «6osbinoro B3peiBa», BbickazaHHas JIx. [aMoBbIM, cBsi3aHa
¢ pacwupenueM Bceenennoii. Pa3 Beenennas pacuupsiercsi, To B mpo-
LIJIOM IIJIOTHOCTb BeLlleCTBa B HeH J0J2KHA Obljla ObITh OYeHb BeJUKA.
Bo/iblIMM NIOTHOCTSIM B HayaJjle paclIMpeHHs MOLJIK COOTBETCTBO-
BaTh W BBICOKHME TeMIepaTypbl. Torma KapTHHa paclLlHMpeHHsl Haro-
MHHaeT KakK Obl OOJIbIIOHW B3PBHIB C PasJ/eTalLIUMHUCH OCKOJKAMH —
rajakTukamMud. Ha pene sta anasoruss HemosHa. CaMu rajakTHKH
06pa30BaJ/IMCh Ha JOCTATOUHO MO3IHEH CTaluM paclinpeHus (U oxJsa-

* 70-s1eTHeMY 106HI€10 STHX COGBITHI GBI MOCBALIEH MHHHCHMITO3HyM «OT Kap-
Ja flHckoro mo MHUKposiHcKHX» B Bynanemrte B 2003 r.
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JKIeHUs1). 3HAUNTEJbHO PaHblle TeMIepaTypbl OBLIM CTOJb BEJHKH,
YTO M3 BCeX BUAOB MaTepuu npeobsanano uanydenve. Buauase usmy-
YeHHe U BeleCcTBO (T.e. COBOKYMHOCTb YACTHL C OTJIMYHOH OT HYJs
Maccod MOKOs) OXJaXKAaJHuch «BMecTe». Ho, HauMHasi ¢ MOMeHTa,
KOTJla BEILeCTBO M3 COCTOSIHHUS HOHU3UPOBAHHOH TMJ/a3Mbl Meperio
B HEHTpaJibHOE COCTOSIHHE, UX MyTH pa3fenuiuch. BaaumonelicTere
M3Jy4eHHUs C BelleCTBOM IOUTH MOJHOCTbIO NpeKpaTuiaoch. C atoro
MOMEHTa H3JIyYeHHe OXJaXKAaJoCh OTAEbHO U CHJIbHee (CM. MOApPO0-
Hee TJ1. 6), UeM BeIECTBO.

[lo ouenkam ['amoBa, K HacTosilleMy BpeMeHH ero TemIeparypa
JOJI’KHA Obl1a yracTb NPUOJIM3UTENbHO 10 MSATH I'PafycoB OT abco-
JIIOTHOrO HyJasi Temrepatyp. Ho Torma 3To ocThiBIIee peUKTOBOE
uznydenue (PH) nosmxHO 66110 CTaTh B OCHOBHOM PaJHOU3/yYeHHEM,
Mofo6HO TOMY Kak IpPH OCTHIBAHHM MeHsieTCsl LBeT pacKaseHHbIX
TeJ — OHH H3Jy4yaloT NpeHMYILlecTBeHHO Bce Gosiee U GoJsee IJHH-
HblE 3JIEKTPOMArHUTHBIE BOJIHBL.

MmeHHO 3TO M3/1ydeHHe (TeMmmepaTypa ero okasanachb okoJso 3 K)
1 OblJI0 O0OHapy»eHO paauoacTpoHoMamu B 1965 r. HMceropus or-
KPBITHS BecbMa ApamatuyHa. Il Toro 4To6bl OOHAPYXKHTbH MIYM,
COOTBETCTBYIOLLUH PEJUKTOBOMY M3JYUYEHHIO, HY>KHA UCKJIOYUTENb-
HO coBeplleHHasi paauonpueMHas annaparypa. B CLIA wusBecTHBIN
¢usuk P. Jlukke ¢ cOTpymIHHKaMH CTPOUJM MOA0OHYIO anmapartypy,
Hazlesich POBepUTH runotesdy I'amosa. Mexay Tem HeobxonuMasi s
3TOr0 aHTeHHas CHCTeMa C MaJOLIYMSIUMMH NPHEMHHKaMH Oblia
yxke cosnaHa ¢upmoi «besn» s cnytTHUKOBOH cBsizu (puc. 1.6).
IlBa mosonbix akcnepuMeHtatopa, A. [lensuac u P. Buscon, Haya-
JI1 CHCTeMaTHyecKue H3MepeHHs paanodoHa [ajakKTHKKW Ha CaHTH-
MeTPOBBIX HJMHAaX BoJH. K cBOeMy ynuB/eHHIO, OHM OOHAPYKHJIH,
MoCJie HCKJIOUEHHUS] BCEX MCTOYHUKOB IIyMa, W30TPOMHYIO KOMIIO-
HEHTYy ¢ TeMmepaTypod okojo 3 K, KoTopylo HHMKaK He YHaBajoCh
UCKJIOUUTh. B rpynne [lMKke cpa3y MOHSJIH, YTO OTKPHITO PENHKTO-
BOe M3JyuyeHHe, U OOBSICHUJIN 3aMeuaTesbHBIH pedysbraT [lensuaca
1 Buscona. Bekope 3TOoT BbIBOA MOJYYHJ OOTMOJHUTENbHOE TIOATBED-
XKIeHue. Benb B CaHTHMeTPOBOM paiMOAHANa3OHE JIEKUT TOJBbKO
4acTh KPUBOH PAaBHOBECHOTO PEJIMKTOBOTO M3Jy4eHHs, COOTBETCTBY-
olasi Kaaccuueckod obJsactu 3akoHa Pajes—JxuHca. C pocTom
YacTOTHl MJOTHOCTb SHEPTHUH U3JyUeHHs] MPOXOAUT dYepe3 MaKCHUMyM
(KOTOpBIH U ONpefessieT «LBET»), CBA3aHHBIH yKe C KBAHTOBOH NpH-
pONOH H3/ydeHHs — raza POTOHOB. DTO 3HAMEHHUTHIH 3aKoH [lnaHka,
B KotopoM BrepBble B 1900 r. mosiBUsach KBaHTOBAsi MOCTOSIHHAS.
MakcumyM U nocseyOUIUH cran JeXar y»Ke B TPYIHOH [J51 Ha3eM-
HBIX H3MepeHHH MUJIUMEeTPOBOH obsacTh cnektpa (puc. 1.7). 3nech
BeCbMa BeJIMKH OLIMOKH 3KCIEepUMeHTa, HO TMoc/eqHHe NaHHble, I0-
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Puc. 1.6. PynopHas aHTeHHa, ¢ MOMOLIbIO KOTOPOH OBIIO OGHAPY?KEHO PENHUKTOBOE
U3JTydeHue

|
N

a | Uzmyuenne 3 K

& qepgoro Tena Puc. 1.7. Pacnpenenenue 3Hepruu
= —15 - B CIIEKTPEe DABHOBECHOTO H3JyUe-
o—16 L Hus (pacnpenenenue [lnanka) u akc-

nepuMeHTa/bHble TOYKH, COOTBET-
CTBYIOLINME PEJUKTOBOMY HU3Jy4YeHHUIO
(T = 2,7K, paHHHe H3MepeHHST).
B nacrosiimee Bpemsi H3MepeHHbIE OT-
KJOHEHHUSl OT IJIAHKOBCKOH KpPUBOH
; . - . B He MPEeBBIIAIT COTOH NO0JU NPOLeH-
10 10 10 10 10 ta (cM. ri. 6)
JInvHa BOJIHBI, CM

2

|
—_
=
T

|
—_
=)

Ig F, apr/(cm
|
&

JIydeHHBIe C HCIIOJb30BaHHEM KaK Ha3eMHbIX, TaK M KOCMHUYECKHX
CPelCTB, YBEPEHHO CBHUIETENbCTBYIOT O IJIAHKOBCKOM XapakTepe
KpHBO# (0 uem GoJiee MOAPOOHO OyIeT paccKa3aHOo HUXKE).

Bosiee Toro, B pesysnbraTe mouTH ABaALATHIETHEr0 HarpaBJeH-
HOTO 3KCIIePUMEHTA/JbHOTO W TEOPeTHYECKOro Moucka Oblid oOHa-
pyxensl (aykryauun PH, uto mpexkne Bcero moaTBep:KIaeT mpa-
BUJIBHOCTb COBPEMEHHBIX INpeacTaBjJeHHH 00 3BoJMIOLHH BceseHHOM.
O6Hapy:keHbl UX YIJI0Basi aHU30TPOIHS, MPOSBJASIONIASCS, B UACTHO-
ctd, B CaxapoBCKHUX MHUKaX Ha yrjaax Mopsika AecsiTka MUHYT IYTH,
a Takxke IMoJsipHU3allus, Hecylre OeclleHHYI0 HH(pOpMaLHIo 0 paHHeH
BcenenHoi.
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Urak, Topsiuasi Becenennasi, BoJsibiioll B3peIB U pa3JIMUHBIE €0
CJAeICTBUSI — OT 00pa30BaHHUS JETKUX 3JEMEHTOB 10 06pa3oBaHHs
raJlakTHK W3 NepBoHaYa bHBIX (PJYKTYalMH BellleCTBA — BCe yKJa-
NIBIBAETCS] B €IMHYI0 KAPTUHY, MO3aWKYy, B KOTOPOH OTHEJbHbIE YACTH
COTJIACYIOTCSl IPYT € APYTOM HJIM MO KpakHeH Mepe A0CTaTOYHO MHUP-
HOo yxuBatoTcs. [lo-BUaMMOMY, IJIaBHOE NOCTHXKEHHEe — B eUHCTBE
¥ JMHAMHYHOCTH KapTHHBI, BOCCO3JaHHOH Haykod XX Beka, JJs
KOTOPOH CTajl XapaKTePHBIM 3BOJIIOIHOHHBIA ClIEHAPUH, B OTJIHUME
OT «KJIaCCHUIIM3Ma» MPOLIJIBIX BEKOB.

CyAbbbl 3BE3]]

OBOJIIOLMOHHBIMU CTa/lld M HAllM MpPeACTaBJeHUS O 3Be3/ax.
3Be3la Kak CHMBOJI BEeUHOCTH W HETJIEHHOCTH M3JaBHa Obl/1a JMo6HMa
nosraMu. «Ubsi CyIIHOCTb HeU3MeHHa, — O 3Be3[bl, c/laBa Baml!...
He BejlaeTe Bbl HM APSIXJIOCTH, HU TJeHa», — 3TH CTPOKM TioTueBa
HarnoMHua acTpousrk JI. M. OsepHo# Kak nprMep NPOTUBOCTOSIHUS
M093UM U acTPOHOMHH. Brpouem, ObliM W GoJiee MPOHHLATENbHbIE
MO3ThI.

Bes xkajlocTH HAC CMepTh PasuT:
U 3Be3nsl elo cokpyuiaTcs,

" Connua eto motyarcs,

U BceM MupaM OHa IPO3UT, —

nucada I'. IlepkaBuH.

U Bce e mo33uu TPYAHO KOHKYPUPOBATh C COBPEMEHHON HayKOH.
Actponombl XX BeKa CMOIJIM YBHETh, KAaK 3BE3[bl JKUBYT U YMHpa-
I0T U KaK OHH pPOXKJAKTCs OYKBaJbHO Ha HALIMX Iya3ax.

3Be3[bl — 3TO THTAHTCKHE TepMOsiiepHble KOCTPbI, ropsilive BO
BceneHHo#l. KBaHTOBasi MexaHuKa fAaja KJ0O4Y K [OHUMaHHUIO HC-
TOYHHKA UX HEPTHHU: 3TO sJepHOe roproyee, KOTOPOe B HACTosILee
BpeMsl (DU3UKH B COTPYAHHYECTBe C HH)KEHepaMH XOTAT MPHUCIOCO-
OUTb K MHPHOMY, yIpaBJ/seMOMY HCIOJb30BaHHI0 Ha 3emse. «Her
HMYEro Mpolie 3Be3lbl», — cKazal DLIMHITOH O, Y meficTBUTe/bHO,
B 3Be3nax Tuna Hamero CoJiHLA «TOPUT» BOLOPOI, BHICOKAs TeMIIe-
paTypa Help U CBS3aHHOe C Hed JAaBJeHHe NPEeNATCTBYIOT CXKAaTHIO,

5 DToT Tesuc, BIPOUEM, HECKOMBKO MOKOJEGANH pe3y/bTaThl SKCIEPHMEHTOB
JlsBUca Mo OOHApyXKeHWIO COJIHEYHBIX HEHTPHUHO, HOJTONETHUH MayHAepOBCKHUH
MHUHHMYM COJIHEUHOH aKTHBHOCTH W OOHAapy»KeHHe CTOMHHYTHBIX MyJbCalUil ero
MOBEPXHOCTH, IJIOXO YKJAIbIBAIOIIMUXCS B TPHUBBIUHBEIE IIpeACTaB/eHUs. B mokmnane
C CHMBOJHYHBIM Ha3BaHHEM «3arajkd COJHEYHOH aKTHBHOCT