ACTPOHOMUYECKMe
HabraeHUA
M3 KOCMOCa

Cepren Monos.




Habnaogatb M3 kocMoca goporo

KocMuueckuiu teneckon
nMeHun Xab6na (CLUA)
CTOUMOCTB. OKOJI0 $6 MJIPA.

$10 M/Ipg C yHETOM SKCII/lyaralmm.

PeHTreHOBCKUM CNYTHUK
«Yangpa» (CLLA)
CTouMOCTb.: OKOJ/1I0 $2,8 MJIpA.

KocMunueckunm Teneckon
nMmeHun [hxenmca Be66a (CLLA)
CTouMocTb co3qamns: > $5 mapa.
CTOUMOCTb AECITU/IETHEN
IKcriyaraym: > $1 map4.



http://content.time.com/time/photogallery/0,29307,1912203 1913321,00.html

CpaBHUM.....

US AIR FORCE / STAFF SGT BENNIE J. DAVIS Il
<« BACK

B-2 Spirit: $2.4 billion
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HabaoaeHnsa ns kocMmoca

HabntogeHns B gnanasoHax
CNeKTpa, B KOTOPbIX 3eMHas
aTMocdepa Henpo3payHa

Bbicokoe kauecTBO n30bpaxkeHus:
KapTUHKA «HE APOXUT» U
3Be3/bl «HE MEpPLLAIOT»

Bo3MOXHO co3aaHue
YCTQHOBOK OY€Hb
6osblworo pasmepa

Bceraa xopowada noroaa
Ad XOp A AocTynHo Bce Hebo



[MornoweHue

MepuaHue



[lornoweHmne B atmocdepe

Atmospheric

Gamma Rays, X-Rays and Ultraviolet
Light blocked by the upper atmosphere
{best observed from space).

|

Visible Light
observable
from Earth,
with some
atmospheric
distortion,

Most of the

Infrared spectrum Radio Waves observable
absorbed by from Earth.

atmospheric

gasses (best

observed

from space).

Long-wavelength
Radio Waves
blocked.
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MornoweHmne B YO n VK

Atmospheric Absorption Bands
1 10

Total Absorption
and Scattering
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[aMMa-acTpoOHOMUA B KOCMOCe

l.;| . 'Ab

g™, Camoe XeCTKoe u3nyveHme.
B

ity _'\g;a_“

=2 MHOrMe HeMcToBble NPOLECCHI

v “';

771 NPUBOASAT UMEHHO K U3NyHEHMIO
->=": FaMMa-KBaHTOB.

KoMnToHOBCKasi raMMa obcepBaTopus

™,

Explorer 11



Fermi— coBpemeHHasa ramma-obcepBaTopus

The Fermi LAT 1FGL Source Catalog

ermi

Garmira cay

Space Telescope

) AGN LR e T A gk gy "] SNR

AGN-Blazar = . % i v -
[ | AGN-Non Blazar PSR PWN
© No Association ] Starburst Galaxy < PSRW/PWN
[1 Possible Association with SNR and PWN + Galaxy Globular Cluster
Possible confusion with Galactic diffuse emission > HXB or MQO

Credit: Fermi Large Area Telescope Collaboration



www-qlast.stanford.edu

Yctponcteo getektopa Qepmm LAT

1 incoming gamma ray Large Area Telescope
HeT dpokycmpoBkw.

PernctpupytoTcs YacTuybl.
[Mpnyem — BTOpUYHbBIE!

Anticoincidence
Detector (background rejection)

Conversion Foll

dectionpoaibonpe 0 W7 Kk =
Particle Tracking

[ns HacTpoiiki npubopa ero Hago [N | Y B NE— || Detectors

KasmbpoBaTb.

B C/lydae (Dele/I 3TO NPOBOANIOCH S Calorimeter
B LUEPHe. (energy measurement)



https://www-glast.stanford.edu/instrument.html

PeHTreHOBCKasa aCTPOHOMMUA

Max-Planck-Institut fiir @’7

RUSAT Januar 2003 extraterrestrische Physik &

[lepBble pakeTHble 3ayncKu AeTEKTOPOB Al o . .
HaYaaMCb NOcne BOVHbI Ha TpodeiHbIx GAY. UHURU (1970)
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THE ROSAT X-RAY SKY AROUND ORION THE OPTICAL SKY AROUND ORION

’
5

- 5 - -

fomaa 2 Max—Planck—Institut fiir extraterrestrische Physik 2™ Max—Planck—Institut fiir extraterrestrische Physik




[IponopumoHaibHbIe CHETUNKM

atar Track ers

Creation of discrete avalanches in a proportional counter

Original ionisation events SHADOW CAMERA (1 of 3)

Partition
Path of / / _ Mask

ionising particle : &‘3“&”&‘?‘

Boundary of
avalanche region

Anode wire (+ ve)

S

Discrete avalanches




sjsew-papod-siqi/abed/iuajuod/sa=bs/sa An’|di//:d1y

CdTe layer (ISGRI)
Csl layer (PICSIT)

http://integral.esa.int/integ_payload_imager.html

Koavpyrouwmne Mmacku



CoBpeMeHHas peHTreHoBCKad aCTPOHOMMUSA

dokycupytoLwas onTrka

. Chandra

% 5 ?.N“b $‘-\
&

Chandra XMM-Newton
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3epkasia Kocoro nageHusa Ans
PEHTreHOBCKWMX Te/1eCKONMOB

i T Ny _
ll\ .""'. W v )
4 Nested Paraboloids ‘-ﬁ 'i\j\ N
4 Nested H rboloids + .. M
e ¢ S
|

Field of View

+5 Deg
‘ 4

Focal
Surface

g .

\\\/ ;

“
~ ]

10 meters

XMM-Newton mirrors during integration

Mirror elements are 0.8 m long and from 0.6 m to 1.2 m diameter Irage courtesy of Doxnier Satzllitensysterne GrbH

European Space Agency -




heasarc.gsfc.nasa.gov

NUSTAR

Deployable Mast

L oseeeeer.

/ / / ; N/ \‘\ - $ . fﬂ -. ',. ‘.
///////// S/ “'/‘v

Focal Plane/
Detectors




MHPpakpacHaa acCTpOHOMMUS

MHorune actpodusnyeckue
npoueccol nyywe Habnoaatb
B VIK AnanasoHe.

B nepByto ovepeab —
poXXAeHue 3Be3] U NJaHeT.

HeobxoanMo oxna)kaeHue
annapaTypbl, YTO NpUBOAUT
K KOPOTKOMY CpPOKY paboThl.

Image © 2006 NASA

v ~
mage © 2006 TerraMetrics °meglem

fepwenb CnnTuep



1202.1883

KapTta sk3onnaHetbl HD 189733b

[0 A@HHBIM O 3aTMEHUSIX YAANOCh NOCTPOUTb KAapTy 3K30M/IAHETHI.
[opsiuee NATHO B 3KBAaTOpUanbHON obnacTu.

NHdpakpacHasa kKocMmyeckas
obcepBaTopums umenm Cnmtuepa.



KocMunyeckmm Teneckon

.

‘v

HecmoTpsi Ha AMameTp «BCEro NLWb» 2.4 M
Tesieckon rno psAy napaMeTpoB MPEeBOCXOAUT
KpynHenLwmne Ha3eMHble MHCTPYMEHTbI.

Kpome Toro, oH MoxeT Habatogate B YO n UK.

v



Carina nebula

Visible

" Infrared’
"%
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[Tpnbopbl Xabbna

Teneckon MoXeT CTPOUTb M306paxkeHus
M NoayyaTb cnekTpbl B Bugmumom, MK n YO
AManasoHax cnekTpa.

Primary mirror

Ultraviolet

Spectrometer
(COS)

HabatoaeHne obbekToB
Secondary y
mirror A0 31 3B€34HOUN BE/INYUHDI

Imaging
Spectrograph
(STIS)

Wide Field
Camera (ACS) Camera (WFC3)
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AcTpomMeTpuyeckme HabaaeHNa U3 KOCMOCa

Hipparcos

Ha6J'II-OAEHMF| N3 KOCMOCa NpounsBeIn peBO/TIOUNIO B aCTPOMETPUN.

CnyTHuk Gaia

Bnepeble 4aCT HAM

w3 .. TPexmepHyo KapTy

NoJIOBUHbI [aNnakTUKMN.

* CM. seTanbHOe onucaHune
", B1609.04153

GAIA



[Tpesenbl TOYHOrO M3MepPEeHMS PACCTOSHU
Gaia (2020)

O]
Soleil

incertitude sur sa position incertitude sur sa position

etaoile etaile

http://gaia.obspm.fr/kids-ninos-bambini/le-satellite-gaia/article/gaia-encore-plus-precis-74



1609.04172

[lepBbin penns gaHHbix Gaia




[Tonckm ak3onnaHeT




http://kepler.nasa.gov

KpuBble baecka npu TpaH3nUTax
TraﬂSit ng h-t Curves MageHne 6aecka MOXeT COCTaBAATb

TblICAYHbIE NN AaXe JeCATUTbICAYHDbIE
A0J11 NMOJIHOIMO NMNOTOKaA.

Kepler 4b Kepler 5b Kepler 6b Kepler 7b

Kepler 8b

1.000 s

Flux oses

0.990

Phase (hours) Phase (hours) Phase (hours) Phase (hours)

Orbital
Period
(days)

Heobxoa1mo npoBoAUTbL M3MepeHUs,
COXPaHAsA TOYHOCTb B TeYEHME HECKObKMX
nepuogoB obpalleHns NaaHeTbl.

b3
-
w
=
@
N
2
=
5
=

0.00
Orbital Phase
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TeMn OTKPbITUSA TPAH3UTHbLIX NAIQHET

All transiting planets
Keplea

WASP

HAT

CoRoT

OGLE
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KocMunueckmm
NHTEepdepoMeTp

PekopaHoe
YrnoBoe paspeLleHue




Kocmuyeckmm npoekT eLISA

2.5 MUAIMapAa AON1ApOB
NASA cHana cBoe prHaHCMpOBaHWe
Cenyvac ESA ogobpeHa 3asiBKa Ha 3anyck
e YMNpPOLLEHHOIO BapuaHTa B 2034 T.
e e i s st A B HOBOM BUAe NpoekT Ha3BaH eLISA.

[ S Y[ T———\~—— B 2016 . NASA BepHynoch B npoekT!



KocMumnyeckue syuu

BO3MOXHO, UTO cneayloWwmM LWarom
B U3YUYEHUN KOCMUYECKUX NyYen
CBEpPXBbICOKMX 2Heprun oyaet
3anycK creymanbHbIX KOCMUYECKUX
annapaTos.

3aja4a: n3yyeHme peakmx 4acTul OYEHb
BbICOKUX 3HEPIUMN.




O630pbl

ROSAT ALL-SKY SURVEY Bright Sources

Aitcff Projection
Galactic Il Coordinate Systern

Energy range: 0.1 - 2.4 ke¥
Number of RASS-l sources: 18811

Hardness ratio: -1.01-0.41-0.210.210.611.0

{soft -= hard : magenta - red - yellow - green - cyan)

WISE

FERMI
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CnytHnk WMAP (CLUA)

3agayva MHCTPYMEHTa — M3yyeHme MMKPOBOJSTHOBOIO (PesIMKTOBOro) ooHa,
HecyLlero nHgopmaumto o Monoaon BeceneHHow.

TO eCTb 3TO KOCMOJIOrMYECKUI Npubop.

OaHaKo, NOCKOSbKY Ha PEIMKTOBOE MU3/Ty4YEHME HaKIadblBaEeTCS

N3NTy4EeHNE Hallen ManakTuKK, CNYTHUK MONyYna BaXKHENLYIO MH(OPMaLMIo
O CBOMCTBaX Hallien 3Be34HOWN CUCTEMBI.



Pesynbratel cnyTHMKa Planck

HabntopeHnsa MnkpoBonHoBoro oHa Ha 100 - 857 My

; '. .v ) ., : -
8 rst light suruey e
at high galactic latitude”~__

£33 /)55 2

-

,,"_ scimmﬁ rS
. lin the Milky Way
SR L8

(c) ESA, HFI and LFI consortia, July 2010




1409.5738

BICEP2 vs. Planck

YCTaHOBUTb NUCTUHY NOMOI0 TO, YTO [1aHK
MoXeT HabstoaaTb Bce HeOO Ha pa3HbIX YAcTOTax.




2031)

(

ATHENA

AcTpoHOMUA XXI| BeKka

JWST (2022)



