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Kaknmu 6biBatoT OTKPbITUA?

Heoxurangarie

[NMpcorvBhpevalyme «3gpaBoMy

[ToHg9THBIE HA cAOBax

CTaBsiLue He TOYKY, @ MHOTOTOYKE
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[opsaYasa (HO cybbeKTUBHANA) OecsATKa

OTKpbITNA @anunes n ero COBpEMEHHMKOB
- [1atHa Ha ConHue

- ['opbl Ha JlyHe

- CnyTHUKM FOnuTtepa

- ®a3bl BeHepbl

- 3Be3abl B MrieyHom [yTu
OTKpbITUE YpaHa

3Be3aHble napannakchl
Me>x3Be3gHas cpega

Mwup ranakTuk

PaclwinpeHne BcerneHHom

KBasapbl

PenuktoBoe nany4veHue
OK30MSIaHeTbl: ropsiume rnuTeps.l
YCKOpeHMe pacLuMpeHnNs BCENEHHOW

B cnncok He nonanu:

» TeMHO€E BEeLLEeCTBO 1 YepHble Ablpbl
* Kocmunyeckme nyym n HEUTPUHO

* [lossBNeHne crnekTpanbHOro aHanmsaa
» BceBonHoBble HabnMaeHUsa



CeMHaguaTbi BEK HA4YMHaeTcH ...

| PasHble Nogun B pasHbix CTPaHax He3aBUCUMO
=4} cnonb3osanu noas3opHble Tpy6 Ans

| HabniogeHna HebecHbIX Ter.

s OOHako Hanboree OCMbICIIEHHO K 3TOMY Aeny
. nopgowen Manuneo Manunen.

MM 6bina caoenaHa cepust OTKPbITUIA, MHOTUE

# 113 KOTOPbIX HE3aBMCKMO BbINN CAenaHbl 1

j ApyrMMmu uccrnegoBaTensiMu.

Hans Lippershey







Uem Ba)XHO?
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OTKpbITUE cUcTeMbI cnyTHUKOB KOnNuTepa aaBano sipkuii U BCEM MOHATHbLIA NpUMep
TOro, YTo 3emnsi He ABNSAETCA LLEHTPOM BpaLLEHUs BCEro Ha CBETE.



[1aTHa Ha ConHue

[MaTHa Ha ConHue nHorga 6bIBaoT HACTONBbKO
OonbLWMMM, YTO BUOHBbI HEBOOPYKEHHLIM [F1a30M.

OpgHako Teneckonuyeckue HabnwaeHusa
NO3BONMNKM HabMAATL NATHA PErynsapHo.




Yem BaXXHO?
Nota bene!

Hanunune nateH Ha ConHue — 04HO M3 HEMHOIMX aCTPOHOMUYECKUX OTKPbITUMA,
KOTOPOE BOLLIFIO B NMOrOBOPKM!.

Bbina NnpogeMoHCTpUpoBaHa «HeuaeanbHOCTb» KIH4YeBOro oobekTa
HaaNyHHOro mMupa.

T.K., N9THA NOABNSATCA U Ucye3arT, TO 3Ha4YnT ConHue N3MeH4YnBoO.
Ypnanocb yBuaeTb BpauleHne ConHua.
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Uem Ba)XHO?

Tak xe Kak MUKPOCKOTIN NMNoKkasast Hann4dne MnKkpoopraHn3mosB, He BUANMDbIX [11a3dy,
TaK N TeNecKorn OTKPbI1 KapTUHY, rMa3omMm He BUANMYIO.

I'Ipmqu cTano siCHO, YTo nogasndtoLlee 60NbLINHCTBO 3BE3[
HEBOOPYXEHHbIM T1a30M YBUAOETb HEJIb3A4.

OTO roBOPUT O TOM, YTO MUP N YETTOBEYECKUI Ila3 HE «NOAOrHaHbI».




OTKpbITUE YpaHa

YpaH — 00BOMbHO SAPKNK O0OBEKT. Ero HECKOMBbKO pa3 BHOCUMNM B KaTtanoru
Kak 38e3ay. Ho noHagobuncsa MoLHbIA MUHCTPYMEHT U XOPOLUUMA
HabntogaTernb, YTOObl YCTAHOBUTL UCTUHHYIO NpUpoay obbekTa U TeM
camMbIM — pa3aBUHYTb rpaHmubl ConHevYHon CUCTEMBI.

910 caenan Bunbawm lepwens B 1781 roay.
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3BE3HblE Naparnakchl

3Be3abl — ganekue ConHua?
B TeueHne BEKOB HEKOTOPbLIE YYEHbIE TaK AymManu,
HO BbINU N cepbe3Hble OCHOBaHUS A1 COMHEHUN.

Heobxoanmo 66110 0bHapyxnTb NPocTon apdexT.
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npeameT TO OAMH, TO APYrUMm
rra3om, TO OH COBUraeTcs
Ha poHe Bonee ganekux.

[MapannakTunyecknn caBur

. TaKk MOXHO 13mepsThb 13-3a ABWKEHUS 3emnu
§ pacctodHune 0o AOBOJIbHO BOKPYT ConHua_
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THOMAS HENDERSON

®. beccernb. Tomac XeHOepcoH
Bera. 1837 r. 61 Jlebena 1838 . Anbda LleHtaBpa 1833



Uem BakHO?

BnepBble HagexHo Oblf 3a4aH MacluTab Mex3Be3HbIX PACCTOSTHUMN.
OTO [Jano OCHOBY AnA bornee yBepeHHbIX pacCcy>XaeHui n o 3sesgax,
N O CTPYKTYpe [[anakTuku.
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OTKpbITUE MEX3BE3QHOU cpeabl

B TeuyeHune coTeH net cymtanochb
YTO MNPOCTPAHCTBO MeXay 3Be3q
MyCcTO, COBCEM MYCTO.

B 1904 rogy WNoranH MaptmaH
CMOT MOJTy4UTb CNEKTP, KOTOPbIN
OLOHO3HAa4YHO roBOpwUI, YTO CBET
3Be3bl YaCTM4YHO MnornoLuancs

«ro goporey, T.e.Mexay 3Be3gamu.

NoraHH NapTmaH

A STIS absorption spectrum

»

o A beam of light coming 1o Earth frem & distant quasar passes through
numercus intervaning gas clouds in galaxies and in intergalactic space,
These doeuds of primeval hydregen subtract spadlic colors Irom the beam.
The resulting ‘sosorpticn spectrum, recordad by Hubtie's Spaca Telescope
Imaging Spectrogreph {STIS), Is used 1o detemne the distances and

chemical composition ¢f the invisiols clowds.

Final absbrption
spectrum
recorded by STIS

»
»

v

Cumulative
absorplion
spectra

Subtracted —
by cloud 1

Sublracted—-
by cloud 2

Subtracled
by cloud 3




Uem Ba)XHO?

BO-I'IepBbIX, Hanuume Mexs3Bes3gHomn cpenbl CUIIbHO BITNAET Ha

HabngaemMocCTb 3BE3A.

TonbKO npaBUrbHbIN
y4eT nornoLeHns
nossonun TpromMmnnepy
NOCTPOUTb KAYECTBEHHO
BEPHYIO CXeMY Halleu
[[anakTukn.

«[ranaktuka Fepiens»

/ Obnaka

B CTpenbue

\COJ‘IHU.G

Kapteyn Model (1922)

~15kpe

kpc = kiloparsec = 1000 pc

«BceneHHaga KantenHa» 1922

Bo-BTOpLIX, HANM4ne mexsse3gHou cpeapbl
KpauHe BaXXHO AJ15 NOHMMaHUA nNpoLeccoB
doopMnpoBaHUa 3Be34, X IBONOLNN K
XUMUYECKON 3BontoUnmn lanakTukn.






Benukun cnop

1920 Great Debate

[uraHTckue Bce TymaHHOCTU
3Be3gHble Haxo4ATcA
CUCTEMbI — BHYTPW HaLleun
«3Be3aHble [[@anakTuku
OCTpoBa»

HeTo4yHOCTN BbINn
B aprymeHTaumm
0beunx CTOPOH,
OHaKo B LENoMm
NpaB okasarsics
[epbep KepTtuc.

OTBeT ganu
HabnOeHns.

[ebep KepTtuc Xapnoy Wennun



Packpbinacb 6e3aHa ...

[aBHbIN pe3ynbTaTt bbin nonyyeH B 1922-23 .
AaBUHOM Xabbnom. C noMoLLbO HOBOTO
2.5-MeTpOBro Tefieckona emMy yaanoch
0OHapyXuTb Ledenabl B HECKOMbKNX
ONM3KNxX ranakTukax, Ha4mHasa ¢ M31 —
TymaHHOCTM AHApoMeabl (MepBble U3 HUX
obHapyxun yHkaH B 1922 r.). 31O Aano
BO3MOXHOCTb OnNpeaennTb pacCTOAHME.
B ToMm ke 1922 r. SpHCT InuUK nNpeanoxur
MeToA onpeaenieHnst pacCcTosiHUM, KOTOPbIN
nokasan, 4to M31 HaxoguTca 3a npegenamm
Hawen [[anakTuku.




CHuMKM Xabbna







PacLunpeHmne BCerneHHon
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YTo ObINnO Hago?

CIMNEKTPbI — ytobbl onpegennTtb ckopocTu

+

METOL OMNPEAENEHNA PACCTOAHNWN

Camas apkas 3Be3fa B ranakTuke.
[MnoTesa: OHM JOBOSIbHO OAVMHAKOBbI



Kak aTo paboTaeTt?
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Kak aTo pabortaet?
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Uem ganblue ranaktnka — Tem ObICTpee oHa yaansieTcs.
LleHTpa paclumpeHus HeT. Ecrin mbl nepenetnm B ApYroe MecTo,
TO KapTWHa pacLnpeHns He N3MEHNTCS.

e ®




Uem Ba)XHO?

B0O3MOXHO, 3TO OAHO U3 HEMHOIO CaMbIX-CaMbIX Ba)KHbIX OTKprTMIZ B NCTOPUMN.

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern  Dark Ages Developmeant of
380,000 yrs. Galaxios, Plancis, otc.

Quantum B 8
Fluctuations

181 Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years

Bca BceneHHas npeacrana 3Bof0LNOHUPYOLLEN
Yaoanocbh paspelmnTb MHOIMe napagokchl.

C Opyron CTOpOHbI, Nepes y4eHbIMU BCTano
MHOrO HOBbIX 3a4au.

KapTuHa mmnpa npetepnena COBEPLUEHHO
pagukanbHOe N3MEHEHNE.

Begb gaxe SUHLWITENH BEPUI B
CTauMOHapPHY BCENEHHY!IO.






Pa3ragka

JInHMN B cneKkTpe CUSIbHO COBUHYTLI.

B cootBeTCcTBME C paclunpeHne BCeneHHom

9TO COOTBETCTBYET O4YeHb H0SIbLLIOMY PacCTOSAHMIO
(B cnyvae 3C273 — 2.4 mnpa cB. NneT).

3Ha4YUT — 3TO YPE3BbIYANHO MOLLHbIE UCTOYHUKM,
HO NpPW 3TOM OYeHb HEDONbLUNE MO pasmepy
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PennkrtoBoe n3any4yeHume

[Mocne pabot ®puamaHa n OTKPbITUS pacLUUPEHNST BCENIEHHOW CTarno SACHO,
YTO B CBOEWN MONOAOCTN BCeneHHast nmena 6onbLyto nioTHOCTb.
Ho 6binia nu oHa nNpu 3TOM ropayen nnn XxonoaHomn???

I"Ipanu'leaﬂ MoJernb Obina NOCTPOEHA Ha OCHOBE pacC4e€Ta CNHTE3a rering.

UToObl yCNeTb co3daTh renuim B paclumpsitoLLeNCs
@ -@ — 8 UL BceneHHon, Hago, YToObl OHa Oblfia He TOSbKO
Deuterium MNSIOTHON, HO N TOPSIYEN.

OT 3TOMN ropsaAven arnoxm Ao HaWMX OHEN OOSTKHO
3 : 3 & o G110 OOXNTb N3nyyeHune, N3pAaaHoO OCThIB.

Deuterium  Deuterium Helium-3

Deuterium  Deuterium Tritium A
1% SAE
3 , a # @ e
; — | e !"

L
Deuterium  Helium-3 Helium-4 \‘\ —
$ fHb— dp.o '\ g\

Scanned at the American \ :
Institute of Physics ' e

Panbd Anbdep eopruii Famos

Deuterium Tritium Heliurmn-4




HeoXXngaHHOEe OTKpbITHE

XOTS PENUKTOBOE U3ryvyeHne Oblfio NpeackasaHo, U ero criedbl ero NPUCYTCTBUSA Aaxe
OblNn N3BECTHbLI (HO HE pacno3HaHbl), 1 ObIfIN NMaHbl UCKaTb €ro LieneHanpaBfieHHO,
caMoO OTKPbITME MPOU30LLITO AOCTAaTOYHO CllyYanHo.

NMOMEXMU! LLIYM B PAONOIDUPE!!!!

Ho, nocne oTKpbITUSA, 0CO3HaHWE TOro, YTO ObINO HaAEHo
MPULLIO 04YeHb ObICTPO, MOTOMY YTO TEOPETUKM YXKE XOanu.

3a cBoe oTKpbITUe NeH3unac n BuncoHn B 1978 r.
nonyymnnu Hobenesckyto npemutio No donsuke.

—

ApHo lNeH3nac



Uem Ba)XHO?

s . -
j\. Y. - —
p - $ »«r . . A
| e o
g <. - " - & '_'_ - -
= < : ~
- e 3
y * A . * -
: i - % S
2L > s¥ 2 T \>
T . > o o ’ \‘3‘.{’, S N b < . (z\
A e . i ! - . » X, -~ oY P b
lc‘J, -Wr N - . : ] . 2 “ .
P e o ¥ “ £ > 3 \ AT ST TG
. d < d -t 5 : f
e 7:{/"‘-’ ) g Y & R B e J
LT S N AR
N -l 4 - 1 . » . s > »
,_..,.r.n-}‘ ST 3 R o don o . 4[‘ ) 3
WL s . 5 ,.\‘ | ¥ N, '.- I ,_,r‘pﬁx
=y W L% > b A : VS el S8
™ : i S ; o8 e
SN AL PR U b2 ¢ AL LN
SN N ! : S i2 J ek o7
P ! S T » » _- BeYv, L
N o \A.‘ f\\; ; \\ 7 < " \'.f' =
oo TRPRLRY, IR WA j
NS . . * -~ s VO
L Wy ? . . N A
S % Cpe 2%
< . - - R e’ l'-\' . ’/‘.’ : o
VO S _ P N e -
_Es . - o 3 i 1Y
=} S o 3 - G
s o~ G2 EI B

- —

Kpome BaXXHOro nogreepxaeHns mogenu ropsyveu B.,
OTKpbITUE PENUKTOBOIO U3Iy4YEHUA Oano B PyKU YYEHbIM
NOTPACALLNUA MHCTPYMEHT A9 UccnenoBaHuUsa mupa.

B yacTHOCTU, AaHHbIE MO PEMNUKTY NO3BOMNAOT
onpeaensTb reOMETPUI0 BCENEHHOMN,
CaMOJOCTaTO4YHO NMOKa3bIBalOT YCKOPEHNE PaCLLUUPEHMS.




OK30MnaHeTbl

OTKpbITUE 3K30MNMaHET CTano
OLHUM M3 OBYX IMaBHbIX OTKPbITUIA
B acTpoHOMUM B KOHLe 20 Beka.

Celiyac cyLecTBYOT pasHble MeToabl
AN 0OHapY>KeHUs 3K30MMaHeT:
- NyYeBble CKOPOCTM 3BE3/,

- TPAH3UTLI
- TAUMUHT
- MUKPONUH3NpOBaHMeE g *
Bcero oTkpbITo Oonee 800 nnaHer.
“.
3
- e
- 20 AU

November 1, 2009 L'-band 0.5



Kakasa ak3onnaHeTa 6bina oTkpbiTa NepBon?

* [lepBast HageXxHO NoATBEPXKAEHHAs NaHeTa,
BpalLlaroLascs BOKpYr Apyron HopmasibHOW 3Be3[bl,
6bbina otkpbiTa B 1995 rogy Manopom n Keenouowm.
« OgHako ewe B 1992 rogy HagexHeulee obHapyXeHune
nnaHeTbl ObINo caenaHo BonbuLwaHom u dpenrnom,
HO Bpallanacb OHa BOKPYr ... paguonysiscapal
* B 1988 roagy nosisunace pabota Kamnbenna v gp.,
B KOTOPOM roBOPUIIOCh O NSIaHETHOM KaHauaaTe,
HO Ha4eXHO NoATBEPANTb ero yaanoch Tosibko B 2003 roay.
» HakoHeu, B 1989 rogy Jlatam n gp. oTKpbIIM CNyTHUK OQHOW 13 3BE3[,
Yy KOTOPOro Ao CMX NOop Macca OLeHeHa HeoCTaTO4YHO TOYHO,
4YTOObI CKa3aTb nraHeTa 3To unu Bypbin Kapruk.
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Uem Ba)XHO?

oy, o lopsiume ronuTtepsbl!

[epBble OTKPbITLIE CUCTEMBI
oKasanimcb COBCEM HE MOXOXMU
Ha COSTHEYHYIO CUCTEMY.

[MraHTCcKne nNnaHeTbl BpallarTcs
O4YeHb ONMM3KO OT CBOUX 3BE3[,
nHorga cosepiasa obopot
MEHEE YEM 3a CYTKW.

OTkpbITUE 3k30nnaHeT B 90-e IT. He NPOCTO NOATBEPAUIIO OABHIOK rMMNOTE3Y.
Bbino nokasaHo, YTO MUP NNaHETHbIX CUCTEM OYEHb MHOTOOOpPAa3€eH.
OT0 cTaBUT Nepen y4eHbIMU HOBbIE BaXKHble BOMPOCHI.



Possible models of the expanding universe
[ Decelerating universe - Coasting universe

Accelerating universe

By determining the rate of expansion of the universe we live in,
astronomers are able to better estimate the age of the cosmos. If
the universe is decelerating, it is likely to be young. But ifit is
coasting or accelerating - expanding faster as a repulsive force
pushes galaxies apart - it is probably older.




KaK OTKpbINn

ABTOPbI OTKPbLITUA HAONAaNU ganeKkue cBepxHoBblie Tuna la.
Onsa 3TUX NCTOYHUKOB Mbl YMEeeM onpeaensaTtb CBeTUMOCTDb.

Ha BepxHeM pucyHKe nokasaHa T.H. Anarpamma Xabbna
ANS CBEPXHOBbIX. 10 ropn3oHTanbHOM OcK — KpacHoe
CMelLLleHMe, a No BepTUKanbHOWM pa3HOCTb BUAMMON U
abCONTHOM 3BE3AHOW BENTUYUNHBI.

Ha HXHEeM pucyHKe rnokasaHo OTKIOHEeHMe pasHOCTH
BMOAMMOWN N abCOnTHON 3BE3AHOW BENUYNHDBI OT
npeackasaHum ogHOW 13 ctaHO4apTHbIX MOOESEWN.

B aTo mogenu Bcs NNOTHOCTbL obecnevynBaeTcs
0ObI4HOWM (BKMOYas TEMHYI0) MaTtepuen n coctaBnseT
0.2 OT KPUTNYECKOM NIIOTHOCTH.

Takke TOHKOM LTPUXOBOW NIMHMEN NOKa3aHa Moaesb
Ang NoCKon BCENIeHHON, LEeNMKOM COCTOSILLEN U3
0BObIYHOro BeLLEeCcTBa.

CnnoLHOM XNPHOW NUHUEN NOKa3aHa MoAenb,
Hauny4wmm obpasomM onuceiBatoLast AaHHbIe
HabnaAeHNN CBEPXHOBLIX. TO MOAESb MNITOCKOW
BCENEHHOW, rae TEMHas QHEPrna sIBNSIETCA
KOCMOMNOrn4eckon nocTossHHOM U ee BKNaa B

MNOJSTHYIO MNOTHOCTb COCTaBNSAET 76 NPOLEHTOB.

— 0,=0.24,0,=0.76
- ©,=0.20, ,=0.00
- 0,=1.00,2,=0.00




Uem Ba)XHO?

YckopeHune paclunpeHns BCeNeHHOW BNseTCS
OOHUM M3 BaXKHENLLMX SNIEMEHTOB KapTUHbI MUPa.

CTaH,EI,apTHaFI NHTEepnpetrauna —
TEMHaA 3HeEPrnd — roBOpPUT O TOM,
YTO OCHOBHOW BKJ1af B NMMNOTHOCTb
BCENeHHOWN BHOCUT 3TOT KOMMOHEHT.

739, DARK ENERGY 23% D&R‘k.‘,ﬁﬁggl

OB6HapyXeHne YyCKOPEHHOro pacLunpeHmns
CTaBUT TpyAdHble 3ada4uun nepen PU3nKou.



[Touemy MUMEeHHO 3TK OeCATb?

OHU USMEHAIIU KAPTUHY MUPA

Ha nepBbin B3rnsia, npoTuBopeYnnmu
34paBOMY CMbICHy.

Kapteyn Model (1922)

Possible models of the expanding universe

CTaBWn HOBbIE BOMPOCHI.
~15k [ Decelerating universe Coasting universe Accelerating universe
CosgaBarnu 0CHOBbI pasBUTHS. ) T I

kpc = kiloparsec = 1000 pe

[aBanu HoBble BO3MOXHOCTMW. e = ;

By determining the rate of expansion of the universe we live in,
astronomers are able to better estimate the age of the cosmos. If

the universe is decelerating, it is likely to be young. Butif it is »*
coasting or accelerating - expanding faster as a repulsive force

pushes galaxies apart - it is probably older.



