CoBpemMeHHasa acTPOHOMMUS
7
COBPEMEHHbIE TeNecKornbl

Cepren lNonos
(TAULL MI'Y)



PakT 1

ActpoHomMmuna - Ha6mopaTrensHan Hayka

B acCTpOHOMMUM HEBO3MOXHbI NMPAMbI© 3KCNEePUMEeHTbI
C MsyvyaemMmbiMmm o6 bexTamm.
JTO YHUKaNbHOE CBOMCTEBO AJIA €CTeCTBEHHbIX HayK.




PakT 2

B Teneckon He CMOTPSAT rnasom

HauuvHasa ¢ 19 Beka B acTpoHOMMM cTana
coukcupoBaTt nsobpaxeHue Ha choTronnacTtuHke,
UYr0o6b1 NOTOM geTanbHO o6paborarts.

Cenvyac NnpMeMHMKMUN INeKTPOHHbIE.

BHe BMaAMMOro guana3oHa rnas soobuwe 6ecnoneseH.




PakT 3

BaxxHeMuwen cocrasnaouem paborbl
acCTpPOHOMOB fiBnsierca o6paborka AaHHbIX.

CpepHeCTaTUCTUYECKMM ACTPOHOM 3aHAT
obpaboTkom paHHbIX.

U3o06paxeHun, KoTopbie Bbl BUAMTE,
OObIYHO ABNAIOTCA MTOrOM ANUTENbHOM
M CNO>XXHOM o6paboTku.
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PakT 4

AcTpoHOMMS CTaJa BCEBOJIHOBOM

HabniopgeHuna Beayrca or pagmo A0 raMmmMma-nyJem.
A Tak)Xe eCTb HEMTPUHHAaA aCTPOHOMMSA,
M3y4YeHue KOCMUMUYECKHUX fniyyem, a Ha noaxope
rpaBMTauMOHHO-BOJTIHOBAaA aCTPOHOMMA.




PakT 5

Ha6Gnmoparenu He Bcerga cuaar y TeneckKkona

PasymeeTca, KOCMUYEeCKUe 3KCNnepuMeHTbl
yNnpaBnAlOTCA AUCTAHLUUOHHO.

Ho m HaseMHble BCce 4yauie ynpasnfaloTCA uspaneka.
Kpome TOro, 4acto MHCTPYMEHTOM ynpasnaer
KOMaHAA MH)XXEHEepPoB, a aCTPOHOM NUllb
ONUCLIBAETCA B 3afiBKe UTO U KaK Habnopgartb.




PakT 6

ACTpOHOMMSA — HacTb (PUIUKM
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BOoNbLWMHCTBO AaCTPOHOMOB B MMpe
NOoNy4YuMnm nNepByro creneHb no pusuke



PakT /

ACTPOHOMBbI CYMTAIOT HA CyNepKoMNnbioTepax

MHorme actpoHoOMMUYeCKue sagaum
TPEGYIOT KOoJmioCcCalibHbIX BblYUMCIIUTEJIbHbIX pecypcCcoB

Température [millions of degrees]
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PakT 8

OCHOBHBIE pe3ynbTaTbl NONY4aloT Ha
GonbLIMX AOPOrMX MHCTPYMEHTAaX
KOJJIeKTUBHOIO0 KOHKYPCHOIO MCNosib30BaHMA

Giant Segmented Mirror Telescope Wide Field Camera 3
Munnuapa gponnapoB 6e3 annapaTtypbl 132 MnH. $



PakT 9

MHorme paHHble OTKPbIThI

e KpynHble poporme MHCTPYMEHTbI AOJKHbI
acdhdheKTMBHO MCNOoJNb30BaThCA

e ANeMeHT COpeBHOBaTeNIbHOCTH
nosbilwaeT 3chheKTUBHOCTb

e Heo6xoauma nepenpoBepKa BaXKHbIX pe3ynbTaroB
Hes3aBMCMMbIMM UCCreaoBaTenamm




PakT 10

NMy6nukyerca 6onee 1000
OpUruHasbHbIX CTaTem B Mecsll.

AcTpoHOMMSA nNepeXxuBaeTt ctaauio 6ypHoro passuTus,
BO MHOIFOM CBA3aHHYIO C pa3ButuemMm m 3cpheKTUMBHbIM
Mcnonb3oBaHMeM HabnogarenbHOM TeXHUKM.

Mbl XKMBeM B OMeHb MHTEepecHoe BpeMmMs ...

BOT TOJNIbKO Korga xe
BCe 3TO UmMtath?




ACTPOHOMMUA

AcTpomMeTpus i AcTpodunauka
N3mepeHune koopanHaTt Hebechas
1 BPEMEHM MEeXaHukKa dunsmka HebecHbIX Ten
_ [1B>xeHne HebecHbIX Ten PacuBeT: cenyac

Pacupet: 19 Bek

_ PacuBeTt: 18 Bek — HoBoe: MHCTPYMEHTDI
HoBoe: nynocapHas

nepsas norosmHa 19 Beka
acTpoOMeETPUsS,

HoBoe: Teopusi OTHOCUT., XaocC
CNYTHUKMN




AcCTpoMeTpus

[lporpecc B TOYHOCTU
N3MEPEHNIN CBA3aH C
pPasBUTUEM TEXHUKM.

[na namepeHns BpemMeHu
aCTpoOHOMUYECKNEe
cTaHOapTbl cenyac

He MCMOoSb3YyHTCS, HO B
Oyayliem cutyauuss MOXeT
N3MEHNTLCA bnarogaps
HabnaeHnaM
pagnonynbcapos.




1609.04172

CnyTHuK Gaia BrnepBble JacT HaM TPEXMEPHYHO KapTy NOMoBUHbLI ManakTuku.



BTtopoun penuna Gaia

PesynbraTter 22 MmecsaiieB HAOJIIOOeHUH.

Koopauuater u 0J1eck 1.7 Miipa 00bEKTOB.
ITapanmakcel 1 cOOCTBEHHBIE IBUMKEHUI JJI 1.3 MIIpI.
A Tax:ke paguaJibHBIE CKOPOCTH, TeMIIepaTyPhI

U IpyTHe IapaMeTphl OJIs MHOMKEeCTBA 3Be3/I.

14000 maseix Tea CostHEeYHON cCUCTEeMHBI.

1804.09365




HebecHaa mexaHunkKka

B cepeanHe 20 Beka HOBbIM
KMto4eBbIM MOMEHTOM cTar
pacyeT opbuT CNYTHUKOB.

Cenyac ons pacyeta TpaekTopum
B ConHe4yHon cucteme yxe
NPUXoOUTCS NCMONb30BaTb
Teoputo OTHOCUTENBLHOCTN.




[leBATas nnaHerta

B TeyeHune HecKonbKkux net
HaKannmeBalTCs AaHHble, KOTOPbIE _
CBMOETENBLCTBYIOT B MOMb3y TOrO, T S
yTo B ConHe4yHou cucteme
MOXET ObITb eLle oaHa
MacCuBHasA NnaHeTa.

Planet Nine

Distant Kuiper Belt Objects (magenta) o

B aHBape 2016 r. nosiBUNach paboTa  Petentperendiculrobiects bl
BatbirHa n bpayHa, koTopas

BblBesia oocy>xgeHne Ha HOBbI

YPOBEHb.

discovermagazine.com

OpOuTbl ganekmx Manbix Ten
OKa3blBaKTCS OCOObLIM
CrnocoboM «BbICTPOEHbI».
YT100bI 0OBACHUTL 3TO
MOXHO NPUBIIEYL TMNOTE3Y

O CYLLEeCTBOBaAHUM MNaHETbI
C MaccoWu B HECKOSIbKO
3€MHbIX U

>10 pas ganbLue nyToHa.

Havyanuncb akTUBHbIE MOUCKU
NEeBATON NNaHEeTHI.

1601.05438, 1603.05712




AcCTpodun3unka

Cenvac actpodusnka dakTny4ecku
SIBNSIETCS CUHOHMMOM aCTPOHOMUMN.
OTO ofHa U3 caMblX ANHAMUYHbLIX HaYK.
BypHbLIN nporpecc cBA3aH C TEM,

YTO Mbl MOXEM MOKa €eLLe CTPOUTb

Bce bonee KpynHblE UHCTPYMEHTBI.

B actpodusnke BaxkHa u
HabngatenbHas, N TeopeTndeckas
cocTaBnstoLme.




ACTpPOHOMUA —
HabnoaarenbHas Hayka
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[nasHasi ocoObeHHOCmMb acmpoHoOMUU
cocmoum 8 moM, 4Ymo 8 Hel rnpsiMou
3KcriepuMeHm 3aMeHeH Ha HabrmdeHUs.



HabnoaoeHna, HabnoageHus,
HabnaoeHns ....

‘ ‘&% .

B pagno- n B peHTreHOBCKOM Auna3oHax



[1peBHAA acTpOHOMUA

N3MepeHuna yrnos
C MOMOLLbIO
NPOCTENLLMX
[Npnbopos.

OnpepeneHune
X OTHOCUTENbHbIX | [§
B\ nonoxeHuii 3se3n | &

‘ W NSIaHeT. -

&/ Hy 1 KOHe4YHo e
8 onpenenexHve
BPEMEHM.




[lepBble Teneckonbl

W @IMSS- Firenze

1564-1642 1609-10 rr.



PedpakTtopbl 1 pedriekTopbl




Teneckonbl-pedpaKkTopsl

Evapiaca

Findarscopa | \

Dhjactive lans

e
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O6bekTnBOM sBisieTcs cobupatoias nnMH3a (UM cuctema JimH3).




Teneckonbl-penekTopbI

1668 roa OB6bEKTMBOM ABNAETCA BOrHYTOE 3epKaso.



3a4yeM HyXXeH Teneckon???

1. Camoe rnasHoe: 4Tobbl cobupatb 6onblue ceetalll!
YeMm 6onblie yaaetcsa cobpaTtb CBeTa —
TeM 6onee cnabble 06bEKTbI Mbl YBUAUM.

Konnyectso cBeTa 3aBUCUT OT ANAMETPA obbekTMBa

2. YT0bbl paccMoTpeTb 6onee Menkue aetanu (yBenumyeHue).
[penensHoe yBennyeHue t1em bosblue,
yeM bosiblle aMaMeTp 0bbeKTMBa.

[AnameTp 3payka rnasa 5-8 mm.
[lepBble Teneckomnbl — CAaHTUMETPBI.
KpynHble coBpeMeHHbIe TesleCKonbl —

o 10 meTpos.
Crposwmecs 30-40 meTpoB.

wikipedia.org

[lpoekTbl — 4o 100 mMeTpos!!!!



CobupatoLlaa nnowanb

bonblle sHeprun —
bonbLe gpoToHoB!

E=hv
h=6.63 10-27 apr/c

1 3pr =107 Ox
13B=1.6 1012 3pr

MoTok f=L/41rd?
[OQHeprmna/nnowanb/Bpems]
UTobbl yBMOETL CNabble NCTOUYHUKM -

HaMm Hago cobupaTtb SHEPTUIo
c 6onbLuon nrowaan.



3Be30Hble BENMUYnNHbLI

5 — 100 :1 breck 3Be34 MOXXHO U3MEPATb
B 3BE3HbIX BEMNYNHAX.
o OT0 norapudmmnyeckas BenmymHa,
1 — (100)5 : 4YTO MO3BOSSIET B paMKax pasdyMHOM LUKanbl
~ 2512 XapaktepusoBaTtb bonblune namMeHeHna brecka.

Y(m1—mo) /b
OT 3Be3abl HyreBON 100( ' 2)/
3Be3aHOW BENMUYUHDI
Mbl Nofy4Yaem
NPUMEpPHO ™My — Mo
1000 kBaHTOB

B CEKYH[y Ha KB. CM
Ha aHrcTpem. Sun Moon Venus Vega

J C _i'-J =) ) J:_:'

-25 -20 -15 -10 -5 “0 +51 +10 +15 +20 +25

very bright Sirius  faintest very faint
rl [ 3

Apparent brightnesses of some objects in the magnitude system.



AOcosnoTHasa 3se3aHas BefimdmHa

M=-2.3log(— I ) AbcontoTHas 3Be3gHasa BennynHa —
f(10pc) 3Be3qHas BefM4nHa, KOTopylo 38e3aa
f(10pc) = . Bl vena 6bl Ha paccTosiHn 10 nk.
An(10pc)
_ 10, AbcontoTHaga 3se3gHasa BenndnHa ConHua +4.M8
m-M=-25log({(—)")

Fs
Y

m - M= -5log({10/d) = 3logd

Absolute
magnitudes

Apparent
magnitudes



[ loka3aTenu uBeTa

3Be3Has BennymHa 3aBUCUT OT UCMONb3YEMOro gMana3oHa CrekTpa.
EcTb HeCKonbko POTOMETPUYECKMX LLKan.

Pa3HOCTb 3BE3OHbIX BENMNYMH OOBbEKTA B pa3HbIX Anana3oHax

ABNAETCA rpyboi XapakTepUCTUKOW ero cnekTpa. oy 3B€3bl HYIEBOM BEMUUNHBI

B nonoce (U, B, V) Mbl nony4aem
OKOS10 MUSSIMOHA KBAHTOB

| B CEKyHAY Ha KB. CM.
Standarfig’Photometric Filters

RELATIVE TRANSMISSION —>
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ASCC-2.5 catalog

Distance < 80 pc (error < 12.5%)
Schmidt—Kaler (1982) ZAMS (solid)
Lejeune+(2001) Z=Z, isochrones (dashed)

0.5 1 1.5

B-V color (mag) Eric Mamajek (CfA)

5000 6000 7000 8000 9000 10,000
WAVELENGTH (angstroms




YrnoBoe pa3peLleHune

Onpepensietcs agnameTpom!
(yron B pagmaHax)

[MpumepHO ogHa yrnoBas cekyHaa
Onga cuHero (BMAMMOro) ceeta
n gnametpa Teneckona 10 cm.

[na KpynHbIX TENECKOnoB (OKOIo MeTpa)
Ha4YMHaeT orpaHNYNBaTbLCS
napameTpamu atMmocdepsbl.

MaclTtab nsobpaxeHnsa nokasbiBaeT KakoMYy Yriy COOTBETCTBYET
eauHn4YHas anvHa B oKanbHOWM NITOCKOCTY:

L [cek. ayru/mm] = 206265 / F [MM]



OnTtnyeckue teneckons! 17-19 BB.

Pa3mepbl 1 Ka4yecTBOo
TEeNIeCKonoB pocC/u.

CaMbi 60/1bLLON

PednexTop nopaa Pocca TENECKON-PedpaKTop

182 caHTumeTpa (1845 r.) MMEeT AnaMeTp 1 meTp.



YHUBEPCUTETCKME 0OCEPBATOPUN




OnTunyeckne Teneckornsobl
B Ha4yane 20 Beka

iepkckuin pedpatop (102 cm). 1897 rog.  MayHT BUCoH.
’ e ) Pednektop (152 cm). 1908 .

B ABaALIaTOM BeKe B «BOMHE TesiecKonoB>» nobeannu pednekropoi!



CoBpeMEHHbIE OMNMTUYECKNE
Teneckonobl

BTA 6 MeTpoB Gemini 8 MeTpoB



bonblLiune Teneckonsl

Great Paris Exhibition
Telescope
(lens at the same scale)
Paris, France (1900)

®
Yerkes Observatory Large Sky Area
(40" refractor MurEObject Fiber
tens %iﬁ;;ﬁg lggyscale) Sp_lt_a‘itroscopic Gran Telescopio
Wisconsin "-139'3) He?)gi:.;%?ﬂlfa Canarias Mauna I\egsl‘-:lg&aeii

La Palma, ;
. (2009) Céanary Islands, (1993/1996)
p

° (2007)
Hooker
(100") Hale (200")
Mt Wilson, Mt Palomar, )
Califomia Califomia
(1948)

(1917) Gemini North Subaru o

Mauna Kea, Telescope Thirty Meter Telescope

Hawaii (1999) Mauna Kea, Mauna Kea, Hawaii (planned 2022)
Hawaii (1999)

= i

-
&

&

8.5 M — camble bonbLune
LenbHble 3epkana.
Bornee KpyrnHble — CErMEeHTHI.

T
i
HOHCHH
esseese
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Human
at the

LN _ \ ; European Extremely
.......... H J ' Large Telescope

P : Cerro Armazones
° Very Large Telescope : H i anned } same scale
Cerro Paranal, Chile £ E : Chile (planned 2022) i a a

Hubble Space (19982000 Y - i 0
James Webb Telescope ' ) y . ¥
Space Telescope  Low Earth :
Earth-Sun L2 point Orbit
(planned 2018) (1990)

Ma?ellan Telescopes Giant Magellan Telescope
as Campanas, Las Campanas Observatory,
Chile (2000/2002) Chile (planned 2020)

Overwhelmingly Large Telescope .
| {cancelleg_ﬁ
Tennis court at the same scale Arecibo radio te at the same scale Basketball court at the same scale




http://www.tivas.org.uk/socsite/scopes.html

Cucrtema KaccerpeHa

Cassegrain Telescope

Secondary mirror Primary mirror
(hyperboloid) (paraboloid)
\ /
H_F_:___________—_———--“' ;f
C A \
Prime focus assegrain Eyepiece
focus



Cucrema Pnun-KpetbeHa

Hyperbolic secondary mirror Hyperbolic primary mirror

Ritchey - Chrétien (RCT)

KoMnakTHOCTb U HCTPYMEHTAa



http://www.quadibloc.com/science/opt03.htm

dokyc Kyaa

HenoaBuXHble OOKYChI

dokyc Hacmuta

rrrrrrrrrrrrrr

http://www.faculty.virginia.edu/ASTR5110/lectures/optics1/optics1.html



ELT

PeanbHble cxeMbl MOryT ObITb CIIOXHEE
SARRARRARIAYIT M copepaTb HECKOMbKO OOMOMHUTENbHbIX
OMTUYECKUX INEMEHTOB.

Quaternary
mirror (M4) 1111111

Fifth
mirror (M5) 11|

Tertiary
mirror (M3) 8

Primary mirror (M1) Nasmyth focal surface

https://www.eso.org/sci/facilities/eelt/telescope/design/ ME (coude)



http://www.eso.org/public/teles-instr/technology/active_optics/

AKTBHagA onTuka

AI3meHeHne napamMeTpoB rMaBHOMo 3epkarna
c Yyactotom meHee 1 'y Ang KomneHcauuu

o'

Wavefront
SENSOC

Comel _tttttttttttt

Pa3NUYHbLIX U3MEHEHNN ero popMbil.

PO
,‘_‘-',-.‘

PaspaboTaHa
nHxxeHepom ESO
Raymond Wilson

Ewe npolle paboTaTtb

C CErMEHTUPOBAaHHbI
3epkanamu

b g

Sy L AT ol B = BN

MU

http://www.atnf.csiro.au/outreach/education/senior/astrophysics/active_optics.html



http://cfao.ucolick.org/ao/how.php

light from target

Deformable
Mirror

AJanTnBHaga onTuka

i light frem reference beacon

Y

— Collimator

Beam Splitter
(dichroic) Camera

Science
Instrument

Wavefront Analysis
Image Post-Processing
Actuator Control

Without Adaptive Optics

Y

e Y

With Adaptive Optics



[na3, doTto, N3C
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Beyeckumn rnas’

[lpeoen — c4eT OOTOHOB.



CnekTpockonus

of & Prism Sqpei 1r-:::|;|.t|:l|l

Light from star through telescope

y

/ Small slit in telescope’s focal plane

o "\Diﬂmaion grating Photodetector

Kollimator Gitter

Computer

vom Teleskop

Kamera

CCD (Detektor)




ACTpOHOMUYECKME Nprnodopbl

Ha VLT pabotaet okosno 20 npnbopos.

FORS 1 and FORS 2
FOcal Reducer and
. low dispersion

FLAMES — Fibre Large Array SPHERE - Spectro-Polarimetric
Multi Element Spectrograph ngh contrast Exoplanet REsearch mstrument

http://www.eso.org/public/teles-instr/vit/vit-instr/




Teneckonbl-poboTbl 1 0030pbI HEDA

MACTEP



BceBonHoBas acTPOHOMUA

HabnioaeHns Tenepb NpoBOAAT
BO BCEX CreKTpasnbHbIX AMana3oHax:

e Paano

e IHppakpacHOM

e ONTUYeCcKoMm

e YNbTpadnoneToBoM
e PeHTreHOBCKOM

e [aMMa

Pa3Hble Anana3oHbl MPUHOCAT
NH(POPMaLINIO O pa3HbIX NpoLieccax.




PagnoacTpoHOMUA

KocMunyeckoe paanounsnyyeHue 6bi10 OTKPbITO B 1932 roay.
Ho pa3BuTMe paamoacTpOHOMUM Ha4vyanocb TobKO nocse Bropon MnpoBon BOMHBI.

[1Ba BMa TENECKOMOB: «Tapenkmu» N «porynbkun»



CoBpeMEHHbIE paauoTenecKkonbl




Poccumnckue pagmorteneckonol

-4_

LWy nu unl"v51 i - ' l

: v' I lu‘ ”
\

N nBa
Teneckona
B [lyLWMHO:
BCA n [IKP




MHTepdepomeTpbl

Bbicokoe yrnosoe paspelueHune
To Source B HanpaBneHun, COeANHSAIOLLEM
[1Ba Teneckona.

V,=Vcos(wt)

—| JWVWM

R=(V2/2)cos(wT,)




Teneckon ropn3oHTa cobbITUN

B 2019 r. 6yayT npeacTtasneHbl pe3ynbsratbl MO LEHTPY [anakTuku.



OnTtuka n pagmo

..

sstrial Planet Finder lnterf‘erometer >

>

R .




PagmnoacTpoH

KocMnueckumn
NHTEpdEepoMeTp

PekopaHoe
YrnoBoe pa3speLleHue




[aMMa-acTpoHOMUA Ha 3EMIIE

Bnetas B atMocdepy 3emnu

raMMa-KBaHT OYeHb BbICOKOIN 3HEPrm Jiray

NPUBOAMT K MOSIBIEHMIO BCTIbILLIKM :‘

B OMTMYECKOM [IMarnasoHe. Particle & ~ 10 km




He TonbKo aneKkTpoMarHMTHbIE BOJSHbI

OT KOCMUYECKNX 06EKTOB NPUXoANUT HE TOJIbKO
SNIEKTPOMAlrHUTHOE U3JTYHEHUNE.

Ha 3emMnto npuneTatoT pa3nnyHble YacTuULbl:
MPOTOHbI, NEKTPOHbI, HEUTPUHO ...

KpoMe Toro, CyLecTBYHOT T.H. FPaBUTALMOHHbIE BOJHBI.



O 4yeM paccKkasblBatOT KOCMUYECKUE
IIY4YM N NOYEMY OHUN BaXKHb

KocMunueckue nyum -
3TO OAHOBPEMEHHO U 06bEeKT, U MHCTPYMEHT UcCciefA0BaHUA.

1. HoBbIM KaHan MHMopMauunmn.

2. Bonpoc o nponcxoxaeHmu v 3BOJIIOLUN.
3. OTKpbITUE HOBbLIX YacTuL. ECTeCTBEHHbIE YCKOpUTENMN.
4. B Nanaktnke KJ1 AMHaMUYeCKN BaXHbl.

VX NNOTHOCTb SHEPrMM MOPSAAKA SHEPrMM MArHUTHOMO &
Noss u TENJIOBOM 3HEPrum rasa. :




CneKkTp KOCMUYECKMX Nyvent

Ha 90% kocMunyeckune nyuu

COCTOST U3 N pOTOHOB, 1 Flinlr_L:mEntlfn: American, {c) 1993
Ha 10% - 13 anbda-yacTuy, PER SQUARE

ocTajibHoe - 6onee Taxenble a4pa, _ METER PER SECOND
3NEeKTPOHbI, U TA.

| PARTICLE

Ana nepBuyHbIX KJ1y 3emnn: PER SQUARE

I1=0.2-0.3 yactuu/(cM2 c cp)
N=10-19 yactnu/cm3
W=10-1235pr/cm3=1 3B/cmM3

<
]
]
T
=
=
[Ax]
=

LE FLLIX

1 PARTICLE
PER SQUARE
KILOMETER
PER YEAR

[MepBUYHbIEe KJ1 NOBEPXHOCTU 3eMNU
NPpaKTUYECKN HUKOr4a He JoCcTuraroT
(nnwb okono 1%,).

RELATIVE FARTIC

BTopunyHble yacTtuubl: Ha 70% MIOOHbI
U Ha 300/0 3ﬂ€KTpOHbI " HOBMTpOHbI. 1le w2 w4 1018 o180

LZHRISTIANSEN

JENHIFER




Declination (2000)

[lponcxoxageHune

[[@naKkTnyeckme KocMm4yeckue J1y4yn B OCHOBHOM
CBA3adHbl C OCTAaTKaMMN CBEPXHOBbDIX.

PeHTreHOBCKOEe M3ny4yeHume octatka ceepxHoson SN1006
FOBOPUT O HANTMYUMN 3NEKTPOHOB C 3Hepruamm 100-200 TaB!

ASCA image of SN 1008 X—ray spectrum of SN 1006
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http://www-cr.scphys.kyoto-u.ac.jp/research/pix/sn1006_i.gif
http://www-cr.scphys.kyoto-u.ac.jp/research/pix/bothspec.gif
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Perucrpaumnsa KOCMUYECKUX rnyven

e MOXHO permcTpmpoBaTb NepBUYHbIE
KOCMUYeCKue fiyuym Hag atMmocdepou

Top of Ha KOCMMYECKUX arnnapaTtax, Uim xe

Atmosphere B CaMOil BepxHeli aTMocdepe Ha
6annoHax

e MOXHO permcTpMpoBaTb ONTUYECKOE
U3nyyeHne, BO3HUKaOLLEEe npu
B3aMMOAENCTBUM NEPBUYHBIX YacTuUL,
C aTMocdepou

e HakoHeL, MOXHO perncTpmpoBaTb
CaMu BTOPUYHbIE YaCTULbl
Ha3eMHbIMU AETEKTOPaMU




HabnogeHnss KOCMUYECKUX NyYen
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PAMELA Monetwbl lNecca (1912 r.)
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[1noc 24 Teneckona.



HenTpuHHbIE - Q—

CHLOHE 37

3KCNEPUMEHTHI Q- -

RACLYHIVEME GH TECHMET LM 98

J_ o ._-'-_+ L"-EI-‘;
Q=814 kaV :

GALL M 71

ARGON 37

1

|
GEHMAMILIM 71
Chloring nautring reaction a3 a path to nautring dataction

NEUTRINER FRAN SUPER-
KOSMISK STRALNING KAMIOKANDE
KAMIOKA, JAPAN
KOSHISK |

srmer“.\.‘ e STMOSE Y,
SKVDDANDE
BERG

Myonneutriner
ger signaler

SUPER vattentanken.

% \KAMIOKANDE

Myonneutring
direkt frén
atmosfiren

MYON
NEUTRING
Myonneutrino
som passerat
genam jorden

TJERENKOV
STRALNING

Cha'ged Current l’:. + dl —= ;} + _If:' + £ Il':f.".'r.:“.lll.'illrf = ] ot 1 |"1-'.|’E." \r":

Reaction .
NC //ﬂ HROTOM

- = ; ;
Neutral Current Uy + d— Uy +D+A E hrestots = 2.2MeV > 0 *n

Heaction

/lllappweb.in2p3.fr/neutrinos/anexp.html

ES DEUTERIUR
U, +e U +e Erosion =0 KEUTRI

Elastic Scattering
Reaction &

x demoies it this reaction will take place with any neutrine.
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HentpnHHaga actpoduasnka
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HewntpuHo ot ConHua HeWTprHO OT B3pbIBOB CBEPXHOBbIX



HabntogeHnsa HENTPUHO

okcnepuMmeHTsl AMANDA

n IceCube B AHTapKTuae

IceCube Array
86 strings, 60 sensors eac
5,160 optical sensors

1,450 meters i DeepCor'e' '
‘ 6 strings optimized
for low energies

Eiffel Tower
4 324 meters
2,450 meters \

2,820 meters — %

bedrock




Strain (107%")

1.0

MpenckasaHbl O6LLEN Teopueit OTHOCUTENbHOCTH.

BO3HMKAIOT NpU CIIMSAHUN HEUTPOHHbIX 3BE3/ U
YepHbIX AbIp.

A Tak)xe npu BpalleHU HEMTPOHHbIX 3BE3/, U
MpY 3BOOLIMN TECHBIX ABOMHBIX 3BE3/.
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[leTekTopbl rpaBUTALMOHHbIX BOSH

[epBbIi AETEKTOP okcnepumeHT VIRGO
Bebepa






I3amMeHeHne OnnHbl Nney

[1poxoxaeHue rpaBBoO/IHbI
BbI3blBaeT NPUNBHbIE CUbI.
MeHseTca AnnHa naey
MHTepdepomeTpa.
3TO MOXHO U3MEPUTb.

Photodetector

OTHOCUTeIbHOE U3MeHeHUe ANNHbI Naey
NPONoOpLMOHaZIbHO aMNAnNTyae
rPAaBUTALLMOHHOWM BOJIHbI.

I3mepeHune nponcxoaut

A,0BOJIbHO C/IOXHbIM CMOCObOM.
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Pa3HoobpasHble WyMbl

BanaoT kak BHeWwHue WyMbl,

TaK U LYMbl caMoro o )
Seismic noise

AETEKTOPA. y Gravity Gradients

Suspension thermal neise
Coating Brownian noise

CoBepluieHCTBOBaHMe

NHCT MEeHTOB B NepBVIO Substrate Brownian noise
py p Y o = i Excess Gas

oyepeb CBA3aHO c bopbbon [EE —— Total noise

C WyMaMu.

L '—;l'lr'— =~

Frequency [Hz]




GW150914 13-50 no
MOCKOBCKOMY BpeMEHN
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OdunumanbHoe obbsBaeHMe 11 peBpans 2016 roga.
3a 16 AHen COBMECTHbIX HabAtO4EHUIN ABYX A€TEKTOPOB
HaZeXHOo 0bHapy>eHOo 0A4HO COBbITUIN — CANAHME ABYX YePHbIX Ablp B >400 MnK OT Hac.



NTaK .....

AcTpoHOMMSA — HabnoaaTenbHasa Hayka.
HabntoaeHmsa uayt Bo BCeX Anana3oHax CrekTpa.

[1ns MHOrMX BUAOB HabntoaeHNN AETEKTOPLI HEOHXOANMO
BbIBOAUTb B KOCMOC.

HabnopatoT He ToNbKO SN1EKTPOMAlrHUTHbIE BOJIHbI,
HO 1 pa3/inyHblE BUAbI HaCTUL.

OTKprTbI rPaBUTALUMNOHHbIE BOJIHbI.

Jlekunn ByayT BblKNagbiBaTbCA Y MEHSA HA canTe
http://xray.sai.msu.ru/~polar/



NCTOYUYHUKIN BCEJIEHHAA

A B. 3acon, K A. llocron

CEPTEW Mnomnos

YHeHbIM 1 Nonynsapu3arop Hayku, ROKTop Gpusnko-
Maremaruyecxux Hayk, npodeccop PAH n naypear
npemuun «3a BepHOoCTL Hayke» 2015 ropa
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