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YepeHKOBCKUM CBET B BOJIE U B BO3YXE
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Pacnpenenenue ceera onpeneinsercd OIIYP anexkrpoHoB u
IIPOAOJIBHBIM PA3BUTHUEM JIMBHS — KACKAJHOHW KPHUBOM.
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TynkuHckas nonuHa. Peka Upkyr.
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HepaznuuauMocTs (GopMbl KACKaIHBIX KPUBBIX
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N3MepsieMble IapaMeTphl [lepsuunoe sapo E, , A?
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Q175 9 EO 9’ ?
Xmax |
FWHM ~ AX r/cm?
AX = X/c0s0 — X, .
Kpyruszuna ®IIP P~ H, ., km
H o= (To/grad(T)((X,ay €080 /X )Corad - 1) — H_ )/cos0 ]
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CORSIKA: PacueTHble NpOCTpaHCTBEHHEIE
pacrpeaeiacHus 111 1T yHKHCKOM JT0JIUHBI.
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CORSIKA: Pacuer
IUIs1 YCTAaHOBKHU TyHKa
675 M HaJl ypOBHEM
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Jlocmuenymas mouHocmo
xapaxmepucmuk LIIAJI:

DHEPrus NEpPBUYHON YacCTHIbI E
(oTHOCHTENIBHAsA TOYHOCTEL 15%
cucteMarnueckas morpenrHocts < 10%)

[ myOnna makcumyma X, ..
(cyuaiinas ommbka < 30 r/cm?
CHCTEMAaTHYECKas IOrPEIHOCTE < 7 r/cM? )



Hauaio paboT 1o s3KcrnepuMeHTaIbHOMY HCCIICI0BAHUIO
4epeHKOBCKOTro cBera 1AL

OyHKIMS MPOCTpaHCTBEHHOTO pacnpencaeHus (PIIP):
OxkcniepuMenThl Ha [Tamupe — H.M. HectepoBa u A.E. UynakoB. — 1958 1,
Pacuetsl @IIP - B.1.3anenun u A.E.Uynakos — 1962 r.

®opma umnyinbca: Pacuetnas padora FO.A.®@omuna u I'.b.Xpuctuancena
— 1971~ DKcneprMeHTallbHas paboTa B
Axytcke A.A.Cuinaesa u @.B.I1Iukanosa — 1970 — 1973 rr.

BmecTo onpeneneHns (popMbl Kackajia 1o TOYKaM, U3MEPATH JIBE
KOJIMYECTBEHHBIE XapAKTEPUCTUKH — SHEPTUIO E 1 myOnHy Makcumyma
KackagHou kpuBou X .. — 1975 .



OkcnepuMeHThI 1970 — 1990 rompos.

[IpoBOAWIUCH O MHUILIMATUBE U O] OOIIIUM PYKOBOJICTBOM
I'.b.Xpuctuancena

KOJIJICKTUBAMM.
HUUSD MT'Y (Mocksa),

NK®UA D CO AH CCCP (Skytck),
Caml'yY (CamapkaHn).



Camapkang — 1980 -1985
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AxyTck: mmoTtHas ycraHoBka 1984 - 1990

Cpennune OIIP ms 4

SHEPTUU
ot 7-101° 1o 4-10155B

[IyHkTHD — CcTapbie
riagkue QyHKIUN
Q ~ (1+R/R,)*3

lg(Q/(boror-cm?3B1))
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HeIaaKue PyHKINH.
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OxcrepumeHT QUEST: cpeanune OIIP nisa pa3zandHbixX
3CHUTHBIX YIJIOB
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COBpPEMEHHBIE DKCIIEPUMEHTHI

[IpoBOAATCS MO MHUIIMATHUBE U 1101 OOIITUM PYKOBOJICTBOM
JI.LA. Ky3pmnueBa
KOJJIEKTUBAMM:

HUWAD MI'Y n UAN PAH (Mocksa),
HUNIID UT'Y (UpkyTck),

Typunckuii yauBepcuteT (Mranms),
J23U-Lounten (I'epmanusi):

1994 — 1995 — Tynka-4

1996 — 1999 — Tynka-13

1998 — 2000 — QUEST na ycranoBke EAS-TOP B UTanuun
2000 — 2004 — Tynka-25

2005 — 2009 — Tynka-133
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YcranoBka TyHka-25




JleTeKTOPbI YePEHKOBCBKOI'0 CBETA




TyHka-25: npuMepbl pEKOHCTPYKILIMM ITapaMETPOB JIMBHEH

[TapameTpsl,
U3MEPSIEMEIC B
KayKIOM COOBITHU.

1. KoopauHatel ocH - X, Y
2. [ToTOK 4epeHKOBCKOIO
CBETa Ha PacCTOSIHUM 175

M OT OCH - Q175
3. Kpytuzna ®IIP -
P=0Q(100)/Q(200)

lg(Q/(doron-cm?3B1))
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Cpennsis rimyonna makcumyma [HIAJT
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X sy distribution
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X sy distribution
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line — experiment

filled area — simulation

X sy distribution
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X sy distribution
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X sy distribution
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X sy distribution
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X sy distribution
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X sy distribution
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X sy distribution
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DAQ system

() Cluster

Central

santy s
guRonopoRe iy

- Optical link

DAQ
board

= optical
links

to other

clusters O

- ethernet link - 3 RG-58 cables and twisted pair



Layout of Tunka-133

2009 — 19 clusters
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2007 — 4 clusters

Operation: 270 h of clean
weather, 200,000 triggers
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Optical

with 20 cm photocathode
diameter.

The angular aperture is defined
by the shadowing of PMT by
construction. 0 <45°
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“Normal” Cerenkov Light Pulses

“Normal” Cerenkov
light pulses at two
detectors of one of the
clusters at a core
distance ~ 700 m.

Other detectors record

the similar pulse shape.
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EAS core reconstruction outside the array

This was John Linsley who
suggested many years ago to use
the pulse duration for EAS core
distance measurement.

E >5-10175B
Increasing of the
effective areato 4 -9
times

Study of WDF inside the array
from 0 to 1 km. Use it for core
reconstruction increases the
effective area to 4 times.

Study of WFD with the additional
cluster from 0.5 to 1.5 km. Use it
for reconstruction increases the
effective area to 9 times.
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Active Galaxies

The dominant contribution to the total luminosity
is not from stars but from an Active Nucleus

R ~ 30 kpc R~ 2 kpc R ~ 10 kpc
M87

M37 @ Anglo-Australian Observatory '
Photo by David Malin & 2000 Bon Dt / comographiba bom



Core of Galaxy NGC 426l
Hubble Space Telescope

Wide Field / Planetary Camera

Ground-Based Optical/Radio Image HST Image of a Gas and Dust Disk

[

380 Arc Seconds - 17 Arc Seconds -
88,000 LIGHTYEARS 400 LIGHTYEARS




Observed morphologies:
The Fanaroff-Riley classification

FR II or lobe dominated
(classical doubles

FR I or jet dominated

Plume ._

3C 31
VLA

Active
Nuclei

3C 98
VLA Hotspot

-

Plume
N FR II only have J
) Hot-spots! PR

Lobe ~




Possible sites of UHECRSs

acceleration

Active

Nucleus: : Hot -spot:
[ AGN. Jet: Radio FRII radio

a S loud AGNs sources




JIOTIOJTHUTEIIBHBIE JETEKTOPDI
acTpO(PU3NYECKOr0 KOMILIEKCA

Pagunoantennsl Kanzacckoro (CIIIA)
YHUBEPCUTETA

Cucrema
POOOTHU3UPOBAHHBIX
aBTOMAaTHYCCKUX
teneckornoB MACTEP
(TAWII, MI'Y)




BriBoabl

Ha ycranoBke TyHka-133 OyneT mosiydeH 3HEPreTU4eCKU M CIIEKTP
KOCMUYECKHUX JIyueii B auana3zone 101° — 1018 5B,

BbyneT perieH Bonmpoc SHEPTeTHYECKON KATMOPOBKY TMTAHTCKUX YCTaHOBOK.

byneT olleHEHO U3BMEHEHUE C POCTOM IHEPTUU CPEAHETO COCTABA
KOCMUUYECKUX JIYUYEN U HAWJIEHA TIpEACIIbHAA SHEPIUs | alakTUYeCcKuX
KOCMHUYECKUX JIYUECH.

BYJIGT IIPOBOIUTHCA ITOUCK T'MI'AHTCKUX I'aMMa BCIIVICCKOB 1 UX HCTOYHHKOB
B OIITHYCCKOM AHUaIla30HC.
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MHTerpaibHbIN SHEPTETUYECKUM CIIEKTP, ITOJTYUYECHHBIN
B skcriepumente QUEST.

|(E,>3-1015 5B) =

T e < (2.3 0.1emar Q 4ener).10°7

[M—Z.c-l.cp —1]

I(>Ey), [M2cL-cp]

o 7 = —2.09£0.06

@ § ; w
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AOCOIIOTHAs KAJIMOPOBKA SHEPTUH B SKCIIEPHUMEHTE

I(>Eq), [m*ctcp™]

Tynka-25
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