


HeTt. Camag 6onbluag n3BectHas
3Be3ga «aTa Knng» B 200 pa3s 6onblue
MNo Macce.

A CBETUT B HECKOJIbKO MUIIMOHOB pa3
apye.

[lo3TOMY XXMBET HEQONTO.

Bpsan nn ectb 3B€30bl 60/bLIE. HO
PAHbLLE MOT N OBbITb.

B3aopBseTcs.




* Bcnbiwka CBepXHOBOW OJ/INTCH ! Io |
HEeCKOJ/IbKO MeCsLEB

* CBerHOBaFI CBEeTUT KaK uesiasd
raJ1IaKTKa

A B ranakTmnkax obblyHO 10-100
MUNIMAPO0B 3BE3M.

* B Hawen NanakTtrnke CBepxHOBas 6GbIBaAET
pa3 B ~ 6O NeT.

BLUE MAGNITUDE

 Bo Bcem Habnwgaemom BceneHHom - !
HECKOJIbKO pa3 B CEKYHOY
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SN 1574 (Tycho)

SN 1054 (Crab)
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YTO6bI 06ecneynTb 60/bLLY MOLLHOCTD,
* Hy>kHa Macca 60/blie, YeM Y 3BE3/bl
* Inn TO OOIKEH 6bITb B3PbIB

CaMblt 2PPEKTUBHbBIN MCTOUYHUK SHEPTUNN —
NnageHne Ha YepHyto Oblpy.

* 10 407 OT MC?

* B TEPMOSIAEPHOW peakuym — MeHee 1%

* MC? 3TO OYEHb MHOIMO — 20 KT T.2. Ha 1
rpamMm










ona HabnoaeHua 3a UCMNbITAHUAMMU
f0epHOro opy>xus B 1960X IT.
aMepMKaHLI,bI 3anycmm4 12 CNYTHUKOB
Vela .. : = o [







[lo raMMa-mnanyyeHuo!

YTo 31O Takoe?




* BpenHo ons 300poBbs (OAMH M3 MopaykatoLLMX GakTOPOB A4€PHOro B3PbiBa)

* [TpoHMKatoLasa CNoCOBHOCTD.

* TpyaHO NOCTPOWUTb 3€PKaN0 WA NINH3Y.
TpyaoHO onpenennTb HanpaBaeHMe Ha UCTOUYHUK U3YYEHUS.
MOYKHO C MOMOLLIbIO TPUAHTY AL, ?\

[loaToMy B cnuctemMe Vela 661510 MHOTO
(Mo TeM BpeMeHaM) CnyTHUKOB. f'
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* 1967 . KTO-TO NpoBOAMUT d4epHble UCMbITaHUS HenouMu-rpe!

‘U HUKAKUX cNnepoB o
TONBbKO

raMMa-usnyudyeHue! .|

e

counts/second




Compton
Gamma-ray

observatory
B (CGRO)
. il npuéop BATSE
1091-2000
20k3B-2M3B
Pioneer Venus Orbiter
(PVO)
1978-1992

100k2B - 2M3B




WIND — cnyTHUK NASA

1994-2025
20k2B-20M3B

Konus - raMMa-cnekTpoMeTp
OTUN M. Nodode,
CaHkT-lleTepbypr




CnyTHUK

Foapbl

KonunyecrtBo
CcoObITUMN

PesynbTaTt

Vela

1963-1970

24

SHeprus
Mpodonnb
HanpasneHue

PVO

1978-1988 (1992)

273

SHeprud
Mpodunb

CGRO/BATSE

1991-2000

2700

SHeprud
Mpodunb
CnekTtp
HanpasneHue

Konus-WIND

1994-2025

~1000

AHeprus
Mpodonnb
CnekTp




7.7 Years of BATSE Observations: 2292 GRBs




* PaBHOMepHOe No HanpaB/EeHUIo
 Baanu MeHbLle
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Ecnu B Hawel ManakTuke — roe? . qﬂﬁffnrm,m;:jﬁ; i ;f
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— MOAOLAR DA0CKAR




Ecnv B ConHeYHou cucreme?
TonbKOo Ha nepupepunmn

Ecnu BHe Nanaktukum — rpe?
NOCMOTPUM
http: //www.atlasoftheuniverse.com



http://www.atlasoftheuniverse.com/
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[Nepndepuna ConHeuHOM CUCTEMDI

Bnvykaniwasa okpecTHOCTb ConHua B AMCKe ['anakTuKu

[epundepmna Hawemn ['anakTUKu

CBepxaasibH1N KOCMOC




[Mepundepra CoONMHEYHOW CUCTEMDI
KOMeTHbIe aapa (XonoaHble NbabILLIKK)

bavxanwasa okpecTHocTb ConHua B AMCKe [ anakTUKu
HUYEro HET (CNIMLIKOM Masio O6bEKTOB, MO0 TE e KOMETHbIE S4pa)

[epundepmna Hawemn ['anakTUKu
CTapble HENTPOHHbIE 3BE3bl - NPOLYKT 3BOJIOLMM 3BE3A.

CBepxaanbHUN KOCMOC (KOCMONOrMYyecKne raMmMma-BCnneckm)
KaKMe-TO MOLLIHbIE B3PbIBbl B JANEKMUX raNakTUKaxX




~ 1 pa3 B CYyTKU

e [Nlepndepma CoNHEeYHOM CUCTEMDI
prdep 1075 BT/M?

KOMeTHble aapa (XonoaHble NbAbILLKA)
SneKkTpuyeckme bypm B TpeCKaoLWEMCS Nbay?

* [lepudepmna Hawen [[anaKkTnKm
CTapble HEUTPOHHbIE 3BE3Obl - NPOAYKT B3pPblIBOB CBEPXHOBbIX.
3BE300TPACEHUNAT

* CBepXxaasbHUMN KOCMOC
Kakme-TO MOLLHbIE B3PbIBbI B JANEKMX raslakTUKax
KaTacTpopunyeckume B3pbiBbl 3BE3L7




* [lepndepus Hawen [[anakTnKu
CTapble HEUTPOHHbIE 3BE30bI

* CBepxaasbHUM KOCMOC
KaKMe-TO MOLLHbIE B3PbIBbl B AA/IEKMX FalaKTUKaX




1o _ [10 aHeprmm Morno 6bl NOJOUTMN..
Ho cnmwKoM MegneHHo,
C/INLLKOM 4acTo,

: Masio raMMa-umn3ny4yeHus

N NnTenbHOCTb cObbITUA (~1 CEeK)
OrpaHUNYMBaET pa3Mep 06beKTA
I (300 000 KM)

BLUE MAGNITUDE

SN 1987A

0 50 iI00 150 200 250 300 350 400
DAYS AFTER MAXIMUM LIGHT




B 1974 r. Xanc v Tannop B Apecubo oTKpbinu
paguonysbcap, nepmoa KOToporo

LUK/IMYECKU MeHsanca. P=59Mc+-0.5MC

Nepunon usMeHeHU- OKOJ10 8 YACOB.

* B 1993 I. OHM NOAYUYUIN HOBEEBCKYIO MPEMMUIO.
* [lovyeMy?




O Earth

Oka3sbiBaeTcs, eCTb 6onee TOHKUN 3P PeKT.
* [lepnon B 7.7 HaCOB YMEHbLLAETCH
Ha 16 MKC B rof

JTO oKa3asiacb ABOMHas HEUTPOHHAaA 3Be3aa. X

Pulsar

* (OpPBUTA CXHMMAETCH HA 3MM B rof).
* TeM caMbIM BbISIN OTKPbITbI FPAaBUTALMOHHbIE
BOJTHbI




O Earth

Oka3sbiBaeTcs, eCTb 6onee TOHKUN 3P PeKT.
* [lepnon B 7.7 HaCOB YMEHbLLAETCH
Ha 16 MKC B rof

JTO oKa3asiacb ABOMHas HEUTPOHHAaA 3Be3aa. X

Pulsar
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* (OpPBUTA CXHMMAETCH HA 3MM B rof).
* TeM caMbIM BbISIN OTKPbITbI FPAaBUTALMOHHbIE /

BOJIHbI

Cray.
* 1o HeMnHyeMoro ciauaHus taps
’O”a!

HEeUTPOHHbIX 3BE3[ ocTaeTcd ~300 MJIH net! Waye,




Hapo yBunaetTb CBOMMU ra3aMm.

MbI XOoTUM 6bICTpO U TOYHO HAaBECTU ONTUYECKUN TeNnecKomn Ha raMMa-BCMNJ1ecK.

BeppoSAX (1996 - 2002)

PeHTreHOBCKMM KOCMUYECKNN TenecKkon
[TpoHabntogan 1082 BCMN/IECKOB
Paspeluatollass CnoCoObHOCTb 5 Y/l MUHYT



GRB 970508

BeppoSAX 1 gpyrve CnyTHUKK

Bce Teneckonbl MMpa 1UCKasun..

GRE 970508

J. Heise, and J. in 't Zand, Space Research Organization of
the Netherlands, Utrecht; E. Costa, M. Feroci, L. Piro, P. Soffitta,
L. Amati, and M. N. Cinti, Istituto Astrofisica Spaziale, CNR,
Frascati; F. Frontera and G. Zavattini, Universita di Ferrara: L.
Nicastro and E. Palazzi, Istituto Tecnologie e Studio Radiazioni
Extraterrestri, CNR, Bologna; A. Tesseri, G. Gandolfi, M. Smith, H.
Muller, D. Ricci, and A. Coletta, BeppoSAX, Rome; and M. Tavani,
Columbia Astrophysics Laboratory and Istituto di Fisica Cosmica e
Tecnologie Relative, CNR, Milan, report: "On the basis of the
satellite attitude reconstruction of the BeppoSAX observation
during GRB 970508, the position of the x-ray counterpart of the
burst in the Wide Field Camera WFC2 is determined to be R.A. =
6h53m28s, Decl. = +79017'.4 (equinox 2000.0), with a 3' error
radius (99-percent confidence level) that is offset 2'.9 from the
preliminary position reported on IAUC 6649. There are no
catalogued sources within the error region. MNo other x-ray sources
in the field-of-view of both WFCs were detected for independent
verification of the satellite attitude.”

H. E. Bond, Space Telescope Science Institute, writes: "I have
found a starlike variable source within the error box of GRB 970588,
based on CCD observations with the Kitt Peak 0.9-m reflector.
Between May 9.19 and 10.18 UT, the source brightened by about 1.8
mag in the V band, and on May 10.18 was at V about 26.5, V-I = +08.9.
This starlike source 1s located at R.A. = 6h53m49s.2, Decl. =
+79016'19" (equinox 2000.8), within both of the error boxes given
above and on IAUC 6649. The variable is about 3" east and 13"
south of a slightly brighter star. Although the brightening

o (rather than fading) may make the identification with the GRB
s dubious,

follow-up observations are desirable.”

3 T N
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GRB 970508

KpacHoe cMmelleHre z = 0.835

BbiBOA: raMMa-BCMNAECKM HAXOAATCS Ha KOCMOJIOTMYECKUX PACCTOAHUSIX.
CnepcTtBue: oOHM ABASIOTCA MOLLHEWLLMMM B3pblBaMK BO BceneHHom.




GCN — MexxayHapoaHas ceTb Habnopgartenen T T o
GCN CirCl.l lar 253 /compa.rison star

Subject  GRB19990123 observations
Date 1999-02-08T17:31:107 -
From Christian Veillet at CFHT <veillet@cfht.hawaii.edu=

Christian Veillet reports:

The optical transient (0T) associated with the gamma ray burst '_
GRB990123 has been observed with the new wide field camera CFH12k
at the prime focus of the 3.6-m CFH Telescope for three consecutive
nights on 1999 Feb 5.6, 6.6 and 7.6 by C. Veillet in the course
of the French GRB follow-up program at CFHT (M. Boer, CESR, C. Veille /

OT and surrounding galaxy
A composite image of the field around the 0T has been made
from eighteen 1O0min exposures (six per night). Using the standards
published by Nilakshi et al. (GCN 252), the mean R magnitude
of the OT averages to R = 23.45 (0.1) on 1999 Feb 6.6.
Images of the field, with a detection limit of R=25.0 (3 sigma),
can be seen at the Web site http://www.cfht.hawaii.edu/~veillet/grb99
No object is detected in a radius of 5" centered on the OT.

This message may be cited. s n®

GRB990123 field
CFHT 3.6m - CFH12k - 1999 Feb 7.6, 8.6, 9.6 —.130mn R




MASTER
South Africa

MACTEP

MACTEP MIPSUER

Bankan Argentina
(2010) (2016)
|

MACTEP
MASTER Mexico AMYP

(2014) (2014)

MACTEP
KaBka3
(2008)
MACTEP
BocTpaxkoBo
(2002) %
MASTER
Canary
(2015)



[TpOCTPAHCTBEHHbIN MOUCK A1 ObICTPOrO OTOXAECTBEHNS HAMOEHHOIO HA HEDGE OObEKTA
C KatanoroM. Heuyetkunit npocTpaHcTBeHHbIN JOIN.

Halim yH1KanbHble pa3paboTKu:

GIST — BCcTpamBaHue B Postgres pasinyHbIX TUMOB MOUCKOBbBIX MHOEKCHbIX CTPYKTYP, B TA.
0N NIPOCTPAHCTBEHHOI O NMOMCKA

KNN — anroput™ ang cBepxo6bICTPOrO NoncKa 6amxanilmx cocegen no nHaekcam B b/
pg_sphere — paboTa ¢ AaHHbIMU B ChePUYECKMX KOOpAMHATaxX (B TH. MOUCK)

Q3C — elLle OauH anropUTM BbICTPOrO NMOUCKa B CHEPUUECKMX KoopamHaTax (MCrosib3yeTcs
Ha cnyTHUKe EKA GAIA)




CﬂeKprl cogepiXxat IMHUU nornoweHnda MmeXxxkape3gHoro rasa
Bcnnecku NMPOUCXOAAT B raJlaKTUKaX
B MonoaoM 3B€3aHOM HaceieHnu

A cnuaHusa HeﬁTpOHHbIX 3BE34 AO0/IKHbI NMPOUNCXOANTD AaJIeKO OT TaKUX MecCT....

Y10 )XXe 3TO0?




BbICTPO BpallatoLLascsa CBepxHOBas
C HECUMMETPUYHbBIM KO/1/1ancoM aapa

3arngHyB 4Yepes rnositoc, Mbl MOXEM YBUOETD
camMoe-camoe!

[1oaXoanT MO BCEM XapaKTEePUCTVKAM.




100

ECTb O/IMHHbIE N KOPOTKME raMMa-BCIN/1ECKMU.
BO3MOXXHO, pasHou npupoabl..

KOpoTKMe BCNEeCKM He yOai0Cb OTOXOECTBUTD
C TMNepHOBbLIMU.

80 f

5 60 |
L
S
Z 40

I roe-T1o 0oKHbl 6bITb (0Bda3aTenbHo!) cnmaHms

HEUTPOHHbIX 3BE3[ (M YEePHbIX AbIP) 0 : - .
0.01 0.1 1 10 100 1000

T-;'u} (sec)

[ 0e OHWN?

Toma, Yamazaki, Nakamura 2018







FPaBUTALMOHHDbIE BOJIHbI OTKPbIThbI
B CEHTAIOpe 2015T

(s
Observation of Gravitational Waves from a Binary Black Hole Merger

B.P. Abbott et al.”

(LIGO Scientific Collaboration and Virgo Collaboration)
(Received 21 January 2016; published 11 February 2016)

On September 14, 2015 at09:50:45 UTC the two detectors of the Laser Interferometer Gravitatonal-Wave
Observatory simultaneously observed a transient gravitational-wave signal. The signal sweeps upwards in
frequency from 35 to 250 Hz with a peak gravitational-wave strain of 1.0 x 10~%'_ It maiches the waveform
predicted by general relativity for the inspiral and merger of a pair of black holes and the ringdown of the
resulting single black hole. The signal was observed with a matched-filter signal-to-noise ratio of 24 and a
false alarm rate estimated to be less than 1 event per 203 000 years, equivalent to a significance greater
than 5.16. The source lies at a luminosity distance of 4107 |5 Mpc corresponding o a redshift z = 0.09707;.
In the source frame, the initial black hole masses are 367 M, and 297{M ., and the final black hole mass is
6254 M, with 3.0702M_ ? radiated in gravitational waves. All uncertainties define 90% credible intervals.
These observations demonstrate the existence of binary stellar-mass black hole systems. This is the first direct

detection of gravitational waves and the first observation of a binary black hole merger.

DOI: 10.1103/PhysRevLett.116.061102
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Ho 3TO TpyAHO M3-3a LWMPOKOM HaMPaBNEHHOCTU FPaBUTALIMOHHBIX aHTEHH

Date: 16 October 2017 122000 T
Satellite: INTEGRAL :
Copyright: ESA/INTEGRAL/SPI/ISDC 120000 |- ) | :
poas e s J signal seen by INTEGRAL
GRB 170817A = GW 170817 T 118000 - :
:
> 116000
E : 0. ; il el !
= 114000 — i
|
|
112000 |
:
110000 | ] | I ] | |
3 -2 -1 0 1 2 | 4 5

Time since gravitational wave signal (T ), s
T.=12:41:04:446 UTC on 17 August 2017







KHUTA

- 3ATNALDKW

O ToM, KaKk paboTaeTt
ConHue — ansa 6onbLlUnX u
ManeHbKUX

E. Kupunuek, W. NaH4yeHko.
Heun3secTHoe ConHue. 2021-2024 r
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