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OTkpuTHeTo Ha Kapa AHCKMu:

PAAMO LLUYM C KOCMHUYECKHU NMPOU3IXOA

https://public.nrao.edu/gallery/ ¢

O ~1920: kbCH PAAMO BbAHM (A ~15 m, f ~ 20.5 MHz) ce 13noA3BaT 3a portrait-of-karljansky/
TPAHCAHTAQHTMYECKA TEAEOOHHA BPBL3KA OT Bell Telephone
company.

O 1932: Bell Telephone Laboratory noctaear 3aaa4a Ha Karl Jansky
(1905-1950) AQ oTKpUE U3TOYHUKA HA ECTECTBEHMSA PAAMO
CTATUYEH LLIYM M T.HAP. ATMOCAOEPHM CMYLLLEHMS.

Image credit: NRAO/AUI/NSF

O [loCTpoaBa HACOYBALLLO AHTEHA (Merry-go-round), KOato mMoxXe AQ
Ce YMPABAIBA M AQ CKAHMPA HUCKO AO XOPM3OHTA: OTKPMBA, Y€
MNOBEYETO ATMOCADEPHM CMYLLIEHMSA CE ABAXKAT HO CBETKABMLM OT
Tponmyeckm Bypu, A CTATUYHUS LLIYM € C MPOMU3XOA M3BbH
CABHYEBATA CUCTEMA.

O  CKOHMPA MO A3MMYT (OT CEBEP AO M3TOK MO XOPU3OHTA) C
OHTEHATA M MNPABU PAAMO KAPTA HA MHTEH3UTETA HO CMYLLIEHUNETO:
MOKCUMYMA CE ABUMXM MO HEDBETO C Nepmroa 23 Yaca 56 MUHYTH

EeAMH CUAEPUMYEH AEH) M CbBMNAAQ CbC Cb3BE3AMETO CTpeael,
[AAQKTUYHMSA LLEHTBLP).

O [llybamkysa npes 1933 B Proceedings of the Institute of Radio
Engineers, Nature & New York Times, HO OKTPUTMETO OCTABA
HE3AQ0EAI30HO OT ACTOHOMMUTE.
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O Grote Reber, npodecMoHOAEH PAAMOUH)XEHED U PAAMOAIODUTEA,
E€ANHCTBEH MPOABAXKABA PAANOACTPOHOMMYECKUTE HADAIOAEHMS
HO AHCKM.

O 1937: T1OCTPOsSBA B AOMA CU MbPBATA MAPABOAMYHA AHTEHA D~9.5
M PEeOAEKTOP, TbM KATO HE € HAOCTPOEHA KbM CMELMAUYHA
ABAXKMHA, B 3ABMCUMOCT OT BUAQ HO AETEKTOPA BbB CDOKYCA, MOXE
AQ 3QMMCBA CUTHAA B PA3AMYHM ABAXKMHM HO BBAHQATQ.

O TMpOABAXABA HODAIOAEHMSI C HOB AeTeKTOp HA 480 MHz (63 cm) u C
No-TeCeH CHoM (beam), NpPaBM MNO-AETAMAHM PAAMOKAPTU MNPE3
1948. NpaBn HaBALAEHMA HO CAbHYETO. pe3 1954 nocTpogBa
QHTEHA 30 HOBAOAEHMA HO 150 m.

Image credit: NRAO/AUI/NSF



fpoTe Pebep: paanokapTH
HA rAAQKTHMKATA

O 3arno4Ba AQ CKAOHUPA ODAACTTA OKOAO [[OAQKTUYHMS
LLeHTbpP, HeycnelwHo Ha f ~ 3300 MHz (Ham-BmMCcokaTa
Bb3MOXXHA TOrasa yectora) 1 910 MHz, HO ycneLuHo Ha
160 MHz (187 cm) ¢ ~ 10° brAOBA PAAEAUTEAHA
CrnoCcOBHOCT.

[TorpeLLIHO O4AKBA, Y€ EMMUCHLTA € YEPHOTEAHA B, ~ 2, HO
OTKPMBA, Y€ € PAANOEMMCUATA MMA HETOMAMHEH
CMNEeKTbP.

[TyoAmkyBsa npe3 1940 nbpBo B Proceedings of the

Institute of Radio Engineers, caeA ToBa B Astronomical

JOUI"hCIl, ﬂOTBbp)KACIBCIPIKM HO6/\|‘OA€HVIHTO HA ﬂHCKVI 3d FIGURE 2 (a) Grote Reber. Photographed in 1937, when he built the first reflector
LLeHprO HO M/\G"IHMﬂ MbT. radio telescopz. (b 'l\’i-}v;-:'~. radio telescope. The 31-foot-diameter telescope

at Reber’s home in Wheaton, IL. Image courtesy of NRAO/AUL (c) The radio sky

mapped at 160 MHz. This contour map, published in 194 4, shows the intensity of

cosmic radio waves concentrated in a strip of sky along the Milky Way. Image

5
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408 MHz

FIGURE 3 An all-sky map at 408 MHz (Haslam et al 1982). Courtesy Richard Wielebinski, MPIfR.
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FIGURE 19 Radio map of the centre of our Galaxy, using a high resolution
aperture synthesis radio telescope. Altenhoff, W.J. et al., Astronomy & Astrophysics, vol 35,

page 30, 1979, reproduced with permission € ESO. Astronomical Journal 119:207.

Unseen cosmos, p.49
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AKTUBHU NIMAAKTUYHMU

SAPQ U HEPHU AYNKH

O O

O O O

h’r’rps://www.eso.orq/public/news/e500846/

1964: Zel’dovich npeaAnoAarq, 4e€ B 4APATA HA AKTMBHUTE TAAQKTMKM MAMA MACKMBHA YEPHA AYTMKA

1969: N0 NnoAoOME HO PAAMOHADAIOAEHMATA HA TE3M AKTUBHM TAAAKTMKK, Donald Lynden-Bell
MNPEANOAQrd, Y€ B LLEHTbPA HA HALLATA [QAQKTUKQA CbLLLO MMA YEPHA AYNKA

1974: ~3.5 cm (34 km-mHTepdbepomeTbp) Bruce Balick & Robert Brown nokasear, 4e obAacTTa HA
CUAHO paamomsAbiBaHe B CTpeaAel, — Sagittarius A* — uma pasmep 1-3 AbroBm CEKYHAM

LLeHTpaAHMA 0OekT Sgr A* e HabAKAQBAH B paamo 1-230 GHz (30 cm-13 mm)
[TOKQ3BA CbLLLO PI3KA MPOMAHA B APKOCTTA — OT PEHTTEHOBM HODAIOAEHMS

B npoAbAXEHME HA 16 TOAUHM CE KOHCTPYMPAT OPOUTUTE HA 3BE3AU, ODUKAAALLLM OKOAO Sgr A* — ot
MHADPAYEPBEHN HODBAIOAEHMS (~2 um, 0.1”): MACATA HA LLEHTPAAHMSA ODEKT CEe OLLEHABA HO 4 MUA.
CABHYEBM MACU M € C PA3MEP MO-MAABK OT PACTOAHMNETO AO HOM-OAM3KATA OPOUTA (S2) — OT KOETO
CAEABQ, Y€ B LLEHTHPA HAO HALLATA FAAQKTMKO MMA YEPHA AYMKA


https://www.eso.org/public/news/eso0846/

MeTeopu

FIGURE § Meteor radar at Jodrell Bank. This radar was the first instrument to
set up at this |

Unseen cosmos, p.16

O Bernard Lovell, paAapHM HODAIOAEHMS MO BPEME HA BTOPATA CBETOBHA
BOMHQA, MOCTPOABA PAAAP HA 20 MMAM OT YHMUBEPCUTETA MAHYECTLP C
LLEA TBPCEHE HA €XO OT KOCMMYHU AbYM (Cosmic ray showers)

OTKPMBA X0 OT METEOPMU, BKA. MPE3 AEHST U B ODAAYHO BpEME

[TOCTPOSBA HOB MOLLLEH PAAAP, M3MOA3BAMKM HOCOYEHA BEPTUKAAHO | _
PAAMOAHTEHA-NAPABOAOMAEH pedoaekTop (D =218 foot, 66.4 m), A ~ 2 6 The 218-foot
m, beamwidth ~ 2°

radio IL'lL'\;(‘r[‘.L' al :‘"'\il\ Il Bank, Cenprad 1%

Unseen cosmos, p.17




PaaunokapTa Ha
AHApOMeEAQ

O OrpaHMYEeHMETO HAO PUKCUPAHATA AHTEHA B Jodrell
Bank ce 3a00MKAAS C MPOMIHA OPUEHTALMATA HA
NPUEMALLLOTA OHTEHA — A C BBPTEHETO HAO 3EeMATA CTABA
Bb3MOXXHO OMMCBAHETO HO OOAQCT MO HEDETO A0 15°:
HABDAKACQBAT PAAMOUIABYBAHETO OT [AAQKTMKATA M OLLLE
HAKOAKO M3OAMPAHM M3TOYHMKA

1950: HOMPAOBEHA € MbPBATA PAAMOKAPTA HA
FAAQKTMKATA AHAPOMEAQ (CMUPAAHATA CTRYKTYPA B

PAAMO EMUCUS € OT ODAACTUTE HA HEYTPAAEH BOAOPOA)

O TlocTtaBg ce HOYOAOTO HAO HOBATA obcepBaTtopuma Jodrell
Bank Observatory, MOHTUPOBKA alt-az

Unseen cosmos, p.18
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FIGURE 7 The Andromeda Nebula. A radio map made in 1950 with the 218-foot
paraboloid radio telescope at Jodrell Bank. Courtesy of Oxford University Pr

Monthly Notices of the Royal Astronomical Society.

FIGURE 8 A modern radio map of the Andromeda Nebula. A radio map made
in 1974 with the 100-metre radio telescope at Effelsberg, Germany. A short
wavelength was used, giving the telescope a narrow beam only 5 minutes of arc
across. Berkhuijsen, E. M., Astronomy & Astrophysics, vol 57, page 14, 1977, reproduced with permission

L SO,



1984: ~50 cm

Unseen cosmos, p.47
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FIGURE18 Radio map of the Andromeda Nebula, showing a bright source at the centre.
An early example of a map made using an aperture synthesis telescope, the WSRT.
Bystedt, J.E.V. et al., Astronomy & Astrophysics, vol 56, page 277, 1984, reproduced with permission © ESO.



CABHUETO B POAUOBBAHM

O

O

O O

O O

CrnokomHOTO CABHLE — HIMA 3HOYUTEAHA EMUMCUS

AKTMBHOTO CABHLLE — CUAEH PAAMOUITOYHMK MO BPEME
HO CAbHYEBMU M3OYXBAHMS

George Southworth (Bell Labs.), AOKAGABQ TeMMEPATYPU
10 000 K HO KbCH BbAHM — EMMCUI OT XpOMOCoepaTa

Ha AbATM BbAHU ~1.5 M, Joseph Pawsey (ABCTPAAMS),
AOKAQABQ TEMNEPATYPU OT 1 MUA. K — emmnucug ot
KOPOHATA

1944: Tpote Pebep HADAIOAOBA PAAMOEMUCUS

CAbHYEBM paAMO obcepsaTtopmm B CeB. AMeEPUKQ,
EBpona, ABCTpAAMA, AU — AMHOMUYHM CNEKTPOTPAMM U
PAANO-XEAMOTDAdOU

http://secchirh.obspm.fr/

https://cdaw.asfc.nasa.gov/CME list/

NoRH 17GHz

2017-09-08 22:50:01


http://secchirh.obspm.fr/
https://cdaw.gsfc.nasa.gov/CME_list/

IOnutTep u Apyrmte NAGHETHU OT
CABHYEBATA CUCTEMA

O 1955 (USA): 22 MHz (14 m), C LeA HODAIOAEHME HA
MBIAIBMHATA PAK, CAEA MPEMMHABAHE HA ONUTEP Npe3
30HATA HO HODAIOAEHME CE OTKPMBA M EMUCKUS OT
ATMOCCPEePATA HA NMAQHETATA

D Tl Mo

O POAQPHUM HODAIOAEHMS (30 KAPTKU HA NMOBBPXHOCTTA U
PACTOAHMUS):

T O

1946: AyHQTQ (30 NbpBUM MbT OT Zoltan Bay - YHrapus) — no-
KbCHO C€ MPABAT AETAMAHM KAPTM HA MOBbPXHOCTTA

19612: BeHepa (eAHOBPEMEHHO B HIKOAKO CTPAHM) — 30
TOYHO OMPEAEAIHE HA PA3ZCTOAHMATA B CABHYEBATA CUCTEMA

o

1965: Mepkypuh ] L

e

82

86 B4
. = “lc ' v RIGHT ASCENSION

(OKOAOOCHO BbpPTEHE | OPOUTAAHO BbpPTEHE = 3:2) -
FIGURE14 A contour map of Jupiter at wavelength 20 centimetres. R published
vith permission of Annual Review of Astronomy and Astrophysics, from Radio images of the planets’,

de Pater, [, Vol 28, 1990; permission conveyed tnrough opyrignt Ciearance Center, In

Unseen cosmos, p. 34



CnupaAHaTa cTykpypa H
Ha FaAakTUkaTa :

Jan Oort (Netherlands) AaBa 30A04Q HA CTYAEHTA
Hendrik van der Hulst AQ okTpme cnekTpaAHa
AVHUSA B PAAMO-ODAQCTTA, KOATO AQ MOXE AQ C€E
HABAIOAQBA

21-cm AvHUA (1420 MHz) e oTkpumTa 1
HAOOAIOAQBAHA 30 MbPBM NbT B CALLL, a nocAe 1 B
XOAQHAMS 1 ABCTPOAMS, 3Q0PAHEHA AUHUSA, MPU
NPOMIAHA HA CMNMHA

1958: HOBAIOAEHMSA HO HEYTPOAEH BOAOPOA HA 21
CM 4pPE3 AOMAEPOBM OTMECTBAHUA — AMATHOCTUKA
30 AMHOMUKATA HA [ QAQKTMKATA

HaBAOAEHME MO AbYA HA 3PEHME AQBA CAMO
PA3MNPEAEAEHME HO CKOPOCTHTE, M3MOA3BAMKM |
MOAEA OT CKOPOCTUTE CE MU3BEXAQT PA3CTOIHMATA FIGURE1S Amapofhydrogenin

bservations ma

the Milky Way galaxy, drawnin 1958 by combining
LiiN . \»v“ “ \
1: i
‘ letherland d Australia. This
4 i 1 spech ] line o dae in Ihg' I\C{eru.‘-kaJ\ v.lhi Austral
wydrogen spectral ine |
i she eniral arm struct Ol Ol
was the first map to show the spiral arm t ..a.u.u
O, P
Oxlord Unaersity Press and the Monthly Netices of the Koyat A

Unseen cosmos, p.44



KpM1BA HA BbPTEHE HA [AAQKTMKATA: Ype3
CMNEKTPOCKOMMA HA 3BE3AU U
PAANOHADAIOAEHMI HO MEXAY3BE3ZAEH Q3

[TOAOOHU KPMBM COA MOAYYEHM U 30 APYTH
FAAQKTUKM

B L B
RADIUS (KPC)

FIGURE D The rotation curve of the Milky Way. The curve, which is found from

measurements of velocities of stars and gas, shows how the rotation increases
from the centre out to a distance of around 15,000 light-years, and continues at

more than 200 kilometres per second as far as measurements can be made.

R e MWLl Clemens 1985, Reproduced by permission of the A AS.




PQAMOraAQKTUKM

O 1946: James Hey oTKpuBA QOAYKTYMPALLL
PAAMOCUITHAA OT Cb3BE3IAMETO Aebea

O [loka3Ba ce, Y& PAAMOEMUCUATA MABA OT ODEKT C
KOMIMAOKTHM PA3MepPK MOAODOHM HA 3BE3AQ — T.HAP.
PAAMOTAAAKTMKA Cygnus A

HeOOXOAMMO € TOYHO M3MEPBAHE HA MO3MLMATA HA
PAAMOUITOYHUKA, 3A AQ CE CPABHM C OMTUYECKM
HAOAKOAEHUS

FIGURE 28 James Hey (a) and the record of a fluctuating signal from Cygnus (b).

1 4 . y s Derdilicd oo y
(a) Hencoup/Galaxy. (b) Repninted by permission from Macmilian Publishers Lia: Nature riey, |

3 | . : : } » A ' { Yo e (4 irc"wd 1CR 4
't al 1046 ‘Fluctuations in Cosmic Radiation at Radio-Frequencies’ woi. 155 © 1046.

Unseen cosmos, p.83



B ABCTPOAUA CE€ NOCTPOABA
MHTEPADEPOMETBLP C MO-TOAIMA
PA3AEAMTEAHA CMOCOBHOCT,
AQBHO 30 HODAKDAEHMA HO
CABHLLETO U CAbHYEBU NETHA,
KOMTO Ce M3MOA3BA 30
HOBOOTKPUTUTE PAAMOUITOYHMLIA

Unseen cosmos, p.27
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FIGUREN Distribution of radio brightness across the Sun: (a) at along wavelength
(2.5 m, 120 MHz), where the corona dominates; (b) at a short wavelength (9 mm,
33 GHz), where the inner part of the corona is seen brightly at the edge of the
chromosphere.



POAUMOTQAQKTUKMU

O

O

1948: John Bolton (Australia) n3anoA3sa MHTEpPdOEPOMETLP,
MNOCTPOEH 30 HADAOAEHMI HO CABHLLETO U CABHYEBM METHA

OT MHTEPPEPEHTHMA CUTHAA OMPEAEAR MO3MLMATA HA
M3TOYHMKA Cygnus A, C TOYHOCT HOCTM OT TPAAYCQ,
MbPBOHAYAAHO BE3 AQ € OTKPUT APbK ODEKT MAM 3BE3AA B
OAM3KATA OKOAHOCT

Hammpa oLe Tom NOAOOHM PAAMOUITONHMKA, TIXHATA
NO3MLMA U T CPABHIBA C OMTUYECKM BUAMMM ODEKTH,

OTKPMBA, 4e ToBa ca: M87 (in Virgo), Centaurus A & Crab
Nebula (B HOLLATAO rAAQKTUKA)

Unseen cosmos, p.84

FIGURE 20 John Bolton (a)

His interterometer 1

sed a single antenna, mounted on a «

Sydney. Pointing near the horizos

and tne 273!\1 mterferometer record ol



PaAUMOraAaKTUKH

EAHOBpeEMEHHO, Npe3 1948: Martin Ryle & Francis
Graham-Smith (UK) CbLLLO M3MOA3BAT MHTEPDEPLOMETHP
30 HOBAIOAEHMS HO CABHLETO M CAbHYEBM METHA

1949: HaOAOAOBAT Cygnus A, HO OTKPUMBAT BTOPUM PAAMO
M3TOYHMK, MNO-OAM3BK AO CEBEPHMSA NOAIKOC (BPEMETO HA
ANATPAMATA AGBA ABAXMHATA, PEKTA3LLEH3MITA, O
CTEMNEHTA HA BIAOBO ABMXKXEHME — LLIMPUHATA,
AEKAMHALMATA)

Tosa e 1.Hap. Cas A (Cassiopeia A) — C MOMOLLLTA HA
ACTPOHOMM C MO-MOLLIHM TEAECKOMM — OTKPUBAT, 4e
ODEKTA € OCTATbK OT M3BYXBAHE HA CBPBXHOBA

[TOCTPOSBAT MO-MOLLLEH (TPAH3UTEH) MHTEPADEPOMETLP,
AQBALLL MO3MLUMMTE C TOYHOCT 1, C KOMTO MOTBBPXKAQBAT
HO6/\|'OAeHMﬂTCI oT /A\BCTDCV\VWI FIGURE 30 (a) Martin Ryle and the author are shown um\‘,ruutin;: the inter-

ferometer intenna. (b) The radio sources Cygnus A and Cassiopeia A recorded

17.00

with an inerferometer at Cambridge in 1949. (a) Bruce Elsmore. b) Courtesy of Oxford

ity Press and the Monthly Notices of the Roval Astronomical Society

Unseen cosmos, p.8¢ [EEE



OT nosmummTe, ornpeAeAeHm B KEMMOPUMAX, M3MOA3BAMKM s
HOM-MOLLLHMS TOraBA TeAeckon — Mount Palomar e LU o
Observatory 508 cm, Walter Baade & Rudolf Minkowski e

40 300

OTKPMBAT ACAEYHA TAACKTUKA s 8 e S A= -

o CnekTbPA HA TAAAKTMKATA CE OTKPKBA, HE€ AMHUKMTE CA FIGURE 31 The Cygnus A radio galaxy mapped using the Ryle 5 km Radio
OTMECTEHUN KbM ‘-IepBeHMSI KpC“/l —T.€. TOAJKTHMKATA Ce lelescope at Cambridge in 1974. Courtesy of Oxford University Press and the Monthly Notices
otaaAeqaBa (z = 0.056) 1 Mo 3aKAHA Ha XbObA Ce f the Royal Astronomical Society.

onpeAeAs PA3CTOSHME OT 10 MMA. CBETAMHHM TOAMHM

30 AQ Ce ONPEeAEAM MO-TOYHO ODEKTQ,
PAAMOHADAIOAEHUATA TPIOBA AQ OLLEHAT BIAOBMA PAIMEP
HQA U3TOYHMKA

[1O4TM e AHOBPEMEHHO TOBA Ce NPaBU B CHUAHM,
Kermmbpuax m AXXoapeA baHK (TOM CbLLLO AQBAT U
CTPYKTYPQATA): BUAMMA TAAAKTUKA — HAKOAKO AbTOBM
CEKYHAM, PAAMOTAAAKTUKA — HIKOAKO ABrOBM MMHYTU

FIGURE 32 Thejet in the Cygnus A radio galaxy. The central black hole is the origin

CTpykTypata € HABAIOAQBAHAO C HOBUA TEAECKOTN B
Kemmbpunax — 1.Hap. aperture synthesis, 1 cm, 1"
Unseen cosmos, p.26

. . 1 1 1 1 ™ 1 r
of a jet whose energy is dissipated in the diffuse outer lobe of hot gas. VLA map a

6 cm wavelength. (Perley et al. 19084). Reproduced




VLT, 6 cm, 300 000 ly: twin-jet, twin-lobe (hotspots)

116 MHz

VLA, 4.9 GHz, Perley et al. (1984)

162 MHz

https://www.astron.nl/lofarscience2013/presentations/
Session5_mckean.pdf
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1950s: Cambridge 3C catalog

OTKpl/IBCIT 470 PAANO N3TOYHMKA C NO3NLLMM, YCTAHOBABAT C€ ONTUYHMNTE U3TOYHULLA

HoB nHtepdoepometsp B Jodrell Bank (Lowell Telescope, 115 km baseline): pasaeAnTeAHa CMOCOOHOCT MNOA,
3", Cyg A ce pa3AeAd HO ABE KOMMOHEHTU, KAKTO MOBEYETO MU3TOYHMLM, HO 4 0BEKTA OCTABAT TOYKOBM
M3TOYHMLM (C pasmepu noa 0.5%) — Hapuyart v quasar — quasi-stellar objects

3C 273 — 4pe3 AYHHA OKYATALMA CE OMNPEAEAS MOMNLUMITA HO OOEKTA AO 1" CbBNAAQLLL CbC 3BE3AA OT 13-TA
3BE3AHA BEAMYMHA, OT OTMECTEHMTE CMNEKTPAAMHU AMHMM HO OOeKTa ce onpeaeas: z = 0.158, oTKpmBAT AXET

30 OCTAOHAAUTE TP 00eKTa onpeAeAaTt. z = 0.3675, 0.425, 0.545
1965: Maarten Schmidt otkpmea HOB kBa3ap: 2C?,z=2.012

Apyru HabA0AEHUSA

@)
O

1956: Walter Baade nokassa, 4& eMUCUATA OT AXXETA B M87 € NOAIPU3MPAH (3HAK 3A CUHXPOTPOHHAO eMUCKS)

AGNs, Seyfert galaxies

O 1965: Alan Sandage oTKpmBA PAAMO-TUXM KBA3APU



Radio galaxies — quasars — AGNs

1964: Edwin Salpeter/Yakov Zel'dovich
HE3ABUMCMMO €AMH OT APYT Cb3AOBAT TEOPUS
30 LLEHTPAAHMSA 00ekT B AGN — 4epHa AYrka

HABAIOAQBAHM CA CAMO ABQA BUAQ: ABOUHMU
CUCTEMM C YepHA AYNKa ¢ 10-20 CAbHYEBM
MACKU UAU HEPHU AYTIKM C MUAMOHM
CABHYEBM MACU B LLEHTBPA HA TAAQKTUKM

EAMH 1 CbLL, OEHOMEH, MMALLL YHEPHA AYMKA
KATO U3TOYHMK HO EHEPIUg, C PA3AMKA B
PAAMNOAPKOCTTA — KATO MPU
PAANOTAAQKTUKUTE HE CE PA3AMYABA
LLEHTPOAEH OOEKT

OOBOOOLLLIEH MOAEA (HEPHAO AYIMKQ,
AKPELMOHEH AMCK, AXKETOBE, TOPYC)

FIGURE 35 Unified model of the cores of 1

Unseen cosmos, p.102




ESO latest news:

M87's black hole

https://www.eso.org/public/news/eso1907/2lang

“Astronomers Capture First Image of a Black Hole

O

The shadow of a black hole is the closest we can come to an image of the black hole itself, a completely dark object from
which light cannot escape. The black hole’s boundary — the event horizon from which the EHT takes its name — is around
2.5 fimes smaller than the shadow it casts and measures just under 40 billion km across. "If immersed in a bright region, like a
disc of glowing gas, we expect a black hole fo create a dark region similar to a shadow — something predicted by
Einstein’s general relativity that we've never seen before," explained chair of the EHT Science Council Heino Falcke of
Radboud University, the Netherlands. "This shadow, caused by the gravitational bending and capture of light by the event
I/?A%r;zo%lrevkeﬁlsl a lot about the nature of these fascinating objects and has allowed us fo measure the enormous mass of

's black hole.”

Supermassive black holes are relatively tiny astronomical objects — which has made them impossible to directly observe
until now. As the size of a black hole's event horizon is proportional to its mass, the more massive a black hole, the larger
the shadow. Thanks to its enormous mass and relative proximity, M87's black hole was predicted to be one of the largest
viewable from Earth — making it a perfect target for the EHT.

Although the telescopes are not physically connected, they are able to synchronize their recorded data with atomic
clocks — hydrogen masers — which precisely time their observations. These observations were collected at a wavelength
of 1.3 mm during a 2017 global campaign. Each telescope of the EHT produced enormous amounts of data — roughly 350
terabytes per day — which was stored on high-performance helium-filed hard drives. These data were flown to highly
specialized supercomputers — known as correlators — at the Max Planck Institute for Radio Astronomy and MIT Haystack
Observatory to be combined. They were then painstakingly converted into an image using hovel computational tools
developed by the collaboration.”



ESO latest news:

M87's black hole

30 HODAKAEHMETO CA
M3MNOA3BAHM 8 HO3EMHMU
PAANOTEAECKOMNA

@)

O O O O

O O O

ALMA
APEX
IRAM 30-meter telescope

James Clerk Maxwell
Telescope

Large Millimeter Telescope
Alfonso Serrano

Submillimeter Array
Submillimeter Telescope
South Pole Telescope

https://www.eso.org/public/news/eso1907/2lang



Artist impression

Credit: ESO
https://www.eso.org/public/
news/eso1907/<lang

Relativistic Jet <

Accretion disc

Event horizon

Singularity

At the very centre of a black hole, matter.
into a region of infinite density called a singuk
All the matter and energy that fall into the black f
The prediction of infinite density by general refativity ik
the breakdown of the theory where quantum effects

Event horizon , S/ngu/ar 18%
This is the radius around a singularity where matter and energy

cannot escape the black hole’s gravity: the point of no return.
This is the “black” part of the black hole. ‘

Photon sphere
Although the black hole itself is dark, photons are emitted from near
hot plasma in jets or an accretion disc (see below). In the absence of
these photons would travel in straight lines, but just outside the event hoti.
of a black hole, gravity is strong enough to bend their paths so that we see
a bright ring surrounding a roughly circular dark “shadow’.

Photon
sphere

Relativistic jets \.‘ A
When a black hole feeds on stars, gas or dust, the meal produces jets of particles : ’
and radiation blasting out from the black hole’s poles at near light speed. N

They can extend for thousands of light-years into space.

Innermost stable orbit
The inner edge of an accretion disc is the last place that material can
orbit safely without the risk of falling past the point of no return.

Accretion disc

A disc of superheated gas and dust whirls around a black hole at inmense speeds,
producing electromagnetic radiation (X-rays, optical, infrared and radio) that reveal the

black hole’s location. Some of this material is doomed to cross the event horizon, while other parts
may be forced out to create jets.
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CBoboaHa (free—free) emmncina Ha
SAEKTPOHN, NP1 NPEMMNHABAHE B NMOAETO HA FIGURE 21 The arrival time of a pulse from a pulsar is delayed by electrons in
MOOTOH "“‘nez interstellar space. The delay is greater for lower frequencies, as seen from the

arrival time in 28 adjacent frequency bands. From 1620 to 1400 MHz the delay

increases by 8o milliseconds. Patrick Weltevrede, Jodrell Bank Observatory.
Unseen cosmos, p.55




MArTuTHO NOAe Ha

f[aAQKTUKATO

[TOUAOXKEHMI OT HODAIOAEHMSA HA KBA3APM:

O Tllokas3sa ce, Y& PAAMOEMMCUIATA UM € MOAIPUINPAHA — HOB HOYMH AQ CE HOMEPU MATHUTHOTO
MNOAE HO MEXAYNAQHETHATA CPEAQ NO AbYA HA 3peHme — Faraday rotation

@)

MArHUTHOTO NOAE HA [ AAQKTMKATA CAEABO OPUEHTALMATA HA PbKABUTE

O CUuMHTMAALME HO PAAMOEMMUCUA — M3MOA3BA CE 30 AMATHOCTMKA HA TYPOYAEHLMATA B
MEXAYMNAQHETHATA CPEAQ



Gravitational lens

[ToUAOXKEHMS

O 1979: Dennis Walsh HabAloaasa (Jodrell Bank Observatory)
ABOMKQ KBA3APM C MOYTM EAHAKBA PAAMOAPKOCT, HA 5.7,
OMTUYHMTE CMEKTPM 1M HO ABATA CA HA Z = 1.4 — TOBA € MbPBUAT
NPUMEP HA FPABUTALIMOHHA AELLLO

FIGURE 30

Unseen cosmos, p.103



Pulsars

Antony Hewish & Joselyn Bell (UK) msrpaxxaar
HOBA PAAMOOHTEHA 30 HODAKDAEHME BAPMALIMATA
—1/10 sec — HO KBA3APM — MOPAAM €EKT
M3BECTEH KATO CLUMHTUAQLLMS

N3rpaxxaat noAe ot 2048 aHteHn, 3.7 m

IOAM 1967 J. Bell oTKpMBA HOB M3TOYHMK, YUMTO
CUIHOA CE CbCTOM CAMO OT OAYKTYALMM, C
PA3AMYEH UMHTEH3UTET, HO 6€e3 ce HaOBAIOAOBA

E>XXEAHEBHO Foodl' hiceinkon of pelees

Hoemspun 1967: NOBTOPHOTO HODAIOAEHME HA },_. & 1419
CUMHOAQ C NO-ACDBLP npme/\glqu, MOKQA3BO Cepms

OT MMNYACKM HO MHTEPBAA 1. seC — NO-KbCHO ce Mevan kv 1
O3HA4YaBA KATO PSR B19219+21 +§ Hnhly ”7.

Pespyapu 1968: nydbamkauma B Nature, oTKpmTH

Ca oLle 3 TakKMBA 0BEKTA, A NPEANOAOXEHMETO

30 HEYTPOHHA 3BE3AA TOM € CAMO EAHA OT

M30POEHUTE Bb3MOXKXHOCTH FIGURE 38 The first pulsar

1974: A. Hewish noAydyasa HOBEAOBO HArpPaAQ 3a 1.337 seconds.

oTKpUTHETO OT J. Bell

Unseen cosmos, p.109



O OB9CHEHMETO CEe OKA3BA BEYe NyOAMKYBAHO B Nature

OoT Franco Pacini, KOUTO NPEANOAQrd, Y€ B LLEHTbPA HA
PaAkKOOOPA3HATA MBIASBMHA MMA HEYTPOHHA 3BE3AC
(KQTO PE3YATAT OT KOAQMNC HA 3BE3AQA MO
NPEeANOAOXEHME HA Fritz Zwicky), KO € CbC CMAHO
MATrHUTHO MOAE M Ce BbPTM ObP30 — LLLE MOXE AQ CE
306eAEXM KATO PAAMOMITOYHMK.

O Thomas Gold nybAmkyBa NnoAOOHO ctatmg B Nature
O

B CAy4aM, Y& EHEPIMITA HA M3TOYMHMKA MABA OT
BbpTEHE — TPIOBA AQ CE 300eAexm 300aBIHE HA
MMIYACUTE, A AKO € B PE3YATAT HO OCLIMACLLMM —
MYACAPBT HIMA AQ Ce 3000BU

Unseen cosmos, p.123

FIGURE 39 The dipole magnetic ficld round a neutron st

confined within a ‘velocity

ar. The pattern is
of light cylinder’, within which the whole pattern

with the neutron star, A gion
oalord harcadd 1 et i hioh
accelerates charged parucies 1o very mg

originate above the polar region and in a

Yoo ol old abowe the nalar #
rotates large electric held above the polar re

energies. Radio and other radiation
vacuum gap at the boundary of the
polar region. Within the equatorial regions the particles are confined to the field
observable. The

lines and no radiation is field lines from the polar regions

penetrate the cylinder, and ped particles (electrons and positrons) can flow

out ‘.‘-'\;E‘J\.




1968: David Staetlin & Edward Reifenstein
HABDAKACQBAT 30DABIHE HO MYACOPA B
PakooBpa3HATA MbrASBMHA OT 33 AO 33.2
MUANCEKYHAM

1969: Peter Goldreich & William Julian
Cb3AABAT TEOPUS 30 MATHETOCHOEP T OKOAO
HEYTPOHHATA 3BE3AQ, OT KbAETO MPOM3AM3A
PAAMOUN3IABYBAHETO

-
<
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v
=
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=
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<

CAEABAT MHOTO APYTU HODAIOAEHMA HA
NYACAPM HO ABAXMHM OT 3.7 m A0 11 cm
(Owens Valley Radio Observatory)

Parkes Multibeam Pulsar Survey — okoAO
2000 M3BECTHM NYACAPA (CRNEKTPAAEH
QHOAM3/PYypUE TOAHCTADOPMALLMS,
OBTOKOPEAQ LLVIﬂ) 0 0.2 0.4 0.6 0.8 l

POPMATA M CEYEHMETO HA NMYACA AABA
MHAOOPMALMA 30 PAAMOM3ABYBALLIMSA CHOM,
HADOAIOAQBQA CE€ PA3LLUMPEHUNE HAO HUCKM
4ECTOTH

FIGURE 42 The Crab pulsar profile at a low radio frequency (610 MHz), showing
a precursor pulse,

Unseen cosmos, p.127



30 OTKPUBAHE HO HEW3BECTHM B
PAAMOMYACAPU CE M3MOA3BAT
BOEMEBU PEAOBE B APYM
AbAXMHU HO BbAHATA

PEHTTEHOBM U TAOMAO-TEAECKOMMU
MOTQAT AQ HODAIOAQBAT
BUCOKOEHEPTETUYHMTE DOTOHMU,
HO COMO OT CATEAUTM — KATO
HAOOAIOAEHMATA CE HATPYMNBAT 34

NO-AbABI MEPUOA OT BpEME (HAA
rOAMHQ)

EAHM OT HOM-MNOCTOAHHUTE
4YACOBHMLIM BbB BCeAeHaTa (C
M3KAOYEHME HA T.HAP. glitch)

Unseen cosmos, p.126
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FIGURE 41 Pulse shapes recorded from the Crab Pulsar in radio, visible light, X-rays, and
gamma-rayz. All these profiles are shown for two complete periods. ( Abdo et al. 2010).




Cosmic microwave

background

Ham-BOXKHUAT MPUHOC HA
PAAMOACTPOHOMMATA — B KOCMOAOTUITA

O HabAIOAEHMS HO HOM-PAHHATA BCceaeHa
CAEA EMOXATA HO PEKOMDUMHALME, T.HAP.
MNOCAEAHQA MOBLPXHOCT HA PA3CEMBAHE
(oueHka 3a temneparypa o1 4000 K, z =
1500, npm NOCTMXMMIM OKOAO Z = 10)

O BMAMMQTA CBETAMHA € OTMECTEHA HA
OKOAO T um -1 mm

O WM3ALYBAHETO TPAOBA AQ € HOBCAKbAE OKOAO
HaC

O 1961: Edward Ohm (Bell Telephone Labs.)
M3CAEABO KOAKO € MPUHOCA OT y' b
P /dlﬂi | h
[[AAQKTUMKATA HA /7 €M, 13MNOA3BAOHA 3Q //
PEMMCTPALMG HO CATEAUTH Ak 7 - —
111 A X 1A > e L34

O OTKPUBA HUCHK CODOHOB LLIYM CbOTBETCTBALLL i laneris. - 5 APIURTY
Ha 22 K (pe3yATATLT BKAIOYBA MPUHOCK M OT SRR EEE Sl i e
PAAMO CUCTEMATA OT TUIM horn)

https://www.cv.nrao.edu/~sransom/web/Ch3.html#Sé



Cosmic microwave
background

Arnold Penzias & Robert Wilson nasar s
Bell Telephone Labs. n MHCTaAMPAT HOB
NPUEMHUK C HOM-AODBPATA TOrasA
4YYBCTBUTEAHOCT M HUCbK CODCTBEH LLIYM

CAEA MOYNCTBAHE HA AQHTEHATA, OCTABA
npuHoc oT 3.3 K, MABALLL OT BCUYKM
MNOCOKM

B cbLLOTO Bpeme Robert Dicke ce
OMUTBA AQ MOCTPOU AHTEHA U
NPUEMHMK, 30 AQ HOMEPU CUTHAA OT
oKOAO 3 K, octartek oT fToAemms B3pums

Bernard Burke CBbp3BO ABETE TPYMNU

1978: Penzias & Wilson noAy4yaBat
HobeAoBO HArpaad

Unseen cosmos, p.168




Cosmic microwave

background R

T B
COBE Cosmic : ol
Microwave Background : : \

O M3ABYBAHETO € YEPHOTEAHO HA
Temneparypa ot okoAo 4000 K, HO

MnopPAaAM HEPBEHOTO OTMECTBAHE C€E

HABOAOAOBO HO 3 K (HOMaAeHO C 1 + 7,7 .

~ 1000), HO PAAMO — MHCPPAYEPBEHM : 3

ABAXKMHM. P Ay @ 4

*yt. ., e '..'. ~

Oyrs 400,000 yrs 400 million yrs 13.7 billion yrs
Timeline of the Universe Spitzer Space Telescope * IRAC
NASA / JPLCaltech / A. Kashlinsky [Goddard Space Flight Center) ssc2006-22b

https://www.universetoday.com/135288/what-is-the-cosmic-microwave-background/



I/I3N\epBOHe HA CrNeKTtbpa ou MOTBbPANA OHAKBAHETO, HO
TDFI6BO AQ € AJAEeYHEe OT 3€MHUN PAANOMSABYBATEAN

I

The smooth curve is the best fit
blackbody spectrum

1989: COBE — Cosmic Background Explorer (John Mather —
Pl, 200 km, 4 rOAMHW) CATEAMT 3A M3MEPBAHE HA

MHJOPAYEPBEHA TEMMNEPATYPA B MM-AMANA30H M HO PAAMO
4EeCTOTH

N3mepBa ce eaHOpPOoAHO CMB, 2.728 £ 0.002 K (meceum no-
KbCHO 1 oT Canada: 2.736 K)

2006: George Smoot & John Mather noAyvyasatr HobeAosa
HarpaAQ
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FIGURE 49 The spectrum of the cosmic microwave background, measured by
the COBE satellite. Reproduced by permission of the AAS.

https://lambda.gsfc.nasa.gov/product/cobe/cobe_images/cmb_fluctuations_big.gif Unseen cosmos, p.169



Cosmic microwave

background

WMAP - Wilkinson Microwave Anisotropy Probe
O 23-94 GHz (CMB: 20-900 GHz, max 160 GHz) 6 S P e sl St i e Ui el S S
O L2, BbPTALL, CE CMbTHMK, 9 TOAMHU
O Kapt1 Ha UAAOTO HeDe C 15’
®)

ACBQA TOYHM CTOMHOCTU HO KOCMOAOTUYHM &
NAPAMETPM KATO: R

Bb3pacT Ha BceaeHaTa (13.7 MUAMOPAQ T.)
KPMBMHAO HO MPOCTPAHCTBOTO (OKOAO 0)

OueHKkM 3a nponopumarta Ha 6APMOHHA
MOTEPUA KbM TbMHA MATEPMUSA U EHEPTUS

https://wmap.gsfc.nasa.gov/universe/bb cosmo fluct.html https://map.gsfc.nasa.gov/media/121238/index.html



https://wmap.gsfc.nasa.gov/universe/bb_cosmo_fluct.html

Cosmic microwave
background

Plank
30, 40, 70, 100-857 GHz

L2, 2.5 TOAVHM, CbLLLO
M3MEPBA MOAIPMIALLMS

AQBQO CTPYKTYPATA HA
TEMNEPATYPHMUTE

OCUMAQUMU (B MUKPO-
KEABMHM) KATO
APOYHKLMA OT bIAOBUS
pasmep

Onpeaensd: 4.9%
OAPUMOHHA MATEPUS,
27% - TBMHQO MATEPMUS,
68% - TbMHO eHeprus

http://planck.ipac.caltech.edu/image/planck13-001a



Cosmic microwave
background

O COBE

O WMAP
O Plank

https://photojournal.jol.nasa.gov/catalog/PIA16874



‘Radio- VLA _ X-Rays, Radio & Visible Light  * X-Rays - Chandra
pa PR F 2l LR HE SR

https://www.almaobservatory.org/en/about-alma-at-first-glance/how-alma-works/how-does-alma-see/#espectroelectromagnetico




Crab Nebula

Crab nebvula

CRAB NEBULA

RADIO INFRARED VISIBLE LIGH!T ULTRAVIOLET X-RAYS GAMMA RAYS \ ; " .
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Radio Infrared Optical Ultraviolet . X-ray

https://en.wikipedia.org/wiki/Crab Nebula



https://en.wikipedia.org/wiki/Crab_Nebula

