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dxcnepuMent HTAJIOH

e OkcnepumeHnt IITAJIOH HaueneH Ha pemeHue psaa |
aKTyaJlbHBIX npo0iem COBPEMEHHOMU aCTPOHOMUH,
acTpou3uKH. Cpean  KOTOpBIX  OOHapyXeHHE U
UCCJIEIOBaHUE  acTPOPU3MUECKHMX  HCTOYHUKOB TramMma-
U3IIyYEHHUS]  CBEPXBBICOKMX  JHEPrui,  HCCIEJOBaHUE
MEXaHU3MOB TI'€HEepalMd raMMa-KBaHTOB B TaKMX OOBEKTax |
KaK JIBOMHBIE CHUCTEMBbI, CBEPXMACCUBHbIE UYEPHBIE IBIPHI; a
TaKK€  BBUSICHEHHE  TPHUPOABl  KOCMHUYECKUX  Jyde
CBEPXBBICOKMX OJHEPrUid M MEXaHU3MOB HX TEHEpaluu.
bnaronapss paboTe YepeHKOBCKHUX TEJIECKONOB MOSBISIETCS
uHdopmaruss O Takux OOBeKTax Hamed [amakTuku, Kak
OCTaTKM CBEPXHOBBIX 3BE3/, M YHHUKAIbHAs BO3MO>KHOCTh
IIPOBEPKU  MOJENEH POXKICHUSA KOCMUYECKUX Jydedl B
YAApHBIX BOJHAX OCTaTKOB CBEPXHOBBIX.

e Taxxe, B oskcnepumente [IAJIOH npoBoasrcs
| MCcClleOBaHUsI  CKOIUIEHUW  TaJIaKTUK, HOPUPOIBI  sAlEp
FaJJakTUK U KOCMHYECKHUX MCTOYHHUKOB C JKCTPEMAJIbHBIM
SHEPIOBBIICIICHUEM, U3y4YCHHE MEK3BE3HOM u
MEXKrajnakTH4YEeCKON cpeabl o HAOJIIOACHUSIM
: BHETAJIAKTUYECKUX OOBEKTOB MPU CBEPXBBICOKUX IHEPIHUsX.
nanz i ' B  Hacrosmee BpeMs ~ KaTtaJor  METarajlakTUYECKHUX
) uctouHukoB, HaOmogaemMelx [ITAJIOH, BxirouaeT AKTHUBHEIC
lanaktnueckue Sfapa, Haxoasumecs Ha  Pa3IMYHbBIX
KOCMOJIOTHYECKUX PACCTOSHUAX. |aMMa-aCTpOHOMHUYECKHE
i HCCJICAOBAHUA KBA3apOB M AKTHUBHBIX TaJIAKTUYCCKUX SICP pec
SIBIIAIOTCSI MOIIHBIM HMHCTPYMEHTOM U3YYEHHS CKOPOCTH NGC 1275
ITPITIITEEIIIEEEY. oOpa3oBaHMs KPYNHOMACHITAOHBIX CTPYKTYp M OOBEKTOB BO ““*
RA BceneHHoiél, M TeM caMbIM CTPYKTYpbl U 3BOJIOLHHU
fec ey e Bcenennoit B pamkax teopun bonbmioro B3peiBa, a Takxke
p oSl MO3BOJIAT TPOJUTH CBET HA NPHUPOAY CKpPBITOM TeMHOH "'
MaTepUH U PETUKTOBbIE OOBEKTHI paHHEN BceneHHoi.

e Kpome toro, B skcnepumente IIIAJIOH pa3BuBaercs
AJbTCPHATUBHBIA  METOJ  JIETEKTUPOBAaHUS  HEUTPHUHO
CBEPXBBICOKMX S3HEPruil Ha BBICOTaX TOp — IO MIHUPOKUM
aTMOC(EpHBIM JIMBHIM, T€HEPUPYEMBbIM HEHUTPUHO B TOPHBIX
xpeOTax.
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BBICOKOI'OPHAA OBCEPBATOPHUS HIAJIOH AJIATOO

3epkanbHblii TamMa-Teneckon [IAJIOH sBnseTcs enTMHCTBEHHBIM JECUCTBYIOIIMM TaMMa-
Tesieckonom Poccuiickon Penepanud U OJHOU U3 YETBHIPEX TEIECKONMUYECKNX YCTAHOBOK B

CEBEPHOM IOJyIIapuU BEAYIIUX UccienoBanus B ToB-Hol 001acTi YHEPTrui.

« IInomans chepruyeckoro 3epkana 11.2 m?
e Paauyc KpuBH3HBI 3€pKaja 8.5 M

*  YTIubl MOBOPOTA 3€pKaja:

—  a3UMyTaJIbHBIN 0°-360°
— 3CHUTHBIN 0°-110°
e TouHoCTh HaBeaeHU Ty1aBHOU ocy <(.1°
*  UYucno horoymHoxutenen 144 (12x12)
* VYroix o030pa > 8°
 Bec 6 TOHH

® AHBT-&BHMYT&HBH&H MOHTHPOBKaA

ITo mepenanHoli B MHAUIO TEXHUYECKOW TOKYMEHTALUU
teneckona IIAJIOH B ATOMHOM HCCIIEIOBATEIHCKOM
IeHTpe WM. baba HM3roTOBJIEHO HECKOJBKO MOJI00HBIX
TEJIeCKOTIOB I BHOBBH OTKPBITOM oOcepBaTOpuWH, Ha
OAHOM Mepuauane ¢ nepeanom Jxycanbl-KuseHs.




BBICOKOI'OPHAA OBCEPBATOPUA
HTAJIOH AJIATOO

3epkanbHbli  ramMma-teneckon — [HTAJIOH  aBmsercs
€OIMHCTBEHHBIM  JICUCTBYIOIIMM  T'aMMa-TEJIIECKOIOM
Poccuitickori  @Penepaumd U OAHOM U3 UYETBIPEX
TEJIECKOMUYECKNX YCTAHOBOK B CEBEPHOM NONYIIAPUH

BEIYIINX HccaeqoBanus B ToB-Ho# 00acTy SHEPTHil.

« Tlnomans chpepuyeckoro 3epkana 11.2 m?
e Paauyc KpUBU3HBI 3€pKajia 8.5 M

*  YIJbl TOBOPOTA 3€pKaJIa:

—  a3UMYyTaJbHBIN 0°-360°
—  3C€HUTHBIN 0°-110°
e TounocTts HaBeneHus riraBaon ocu <0.1°
* Yucno poroymHoxurenen 144 (12x12)
* Vroia o030pa > 8°
 Bec 6 TOHH

e DKBaTropualibHasi MOHTUPOBKA



[HTAJIOH-2

Kaxxnpiit 13 TEJIECKONMOB CTOMT B 00CEpBaTOPUHM JIJIsl IPEAOTBPAIICHUS Pa3pyIIAIONIETO BIUSHUS
OCaJKOB, 3arPA3HEHUU U 3aCBETOK HA CHCTEMBI TEJIECKOIOB.



CBeTOnpUEMHUK HUMEET HauOOJbIINEe B MHUpPE
YIJIOBBIE pa3Mepbl >8°. DTO MO3BOJSET BECTHU
KOHTpPOJb ()OHA OT 3apPSHKEHHBIX YaCTHIL
KOCMUYECKOTO H3JIYYeHHS] M MPO3PAuYHOCTH
aTMoc(pepbl  HEMPEPHIBHO, B  IpoIllecce
HaOJIIOJICHUH, a TakXXe PacHIUpseT ILIONIAIb
HAOTFOACHUS u, CJIeI0BATENBHO,
s pexTuBHOCT,  HaOMOACHUN.  MeToauka
OJIHOBPEMEHHOTO TIOJy4YeHHs] MH(POPMALUHU O
dboHE KOCMHUYECKUX Jyuyeld ¢  JIMBHSX,
WHUIIMMPOBAHHBIX TaMMa-KBAaHTAMH SIBJISIETCS
YHUKAJIbHON U MPUMEHSIETCS B SKCIEPUMEHTE
[ITAJIOH c camoro Hayaia ero paboTbl. DTa
METOJMKA CIIYXXUT YBEJIWYEHUIO IOJIE3HOIO
BPEMEHHU CIIC)KCHHS 32 UCTOYHUKOM, TIPU 3TOM,
YTO OCOOCHHO Ba)XHO, YCIIOBUS HAOJIOJCHUS
UCTOYHMKA W (OHA, TakWe Kak TOJIIMHA U
COCTOSIHUE aTMocdepbl OCTarOTCs
OJIMHAKOBBIMH.
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Pixel distribution the focal plan of the 10m 2 mrad
reflector: top left: 109 PI‘I(‘.[R (1993-1996); top rlghl: 15 Pix(‘.ls
(Dec.,1996); 331 pixels (Oct., 1997); 541 pixels) 3.6°

Takolt cmoco®0 HEIOCTyNneH MAPYrMM TaMMa-aCTPOHOMHYECKUM
HKCHEPUMEHTAM M3-32 MEHBIIETO TOJISI 3PEHUS] HUCIOIb3YEMBIX B
Mupe TeneckornoB. KpoMe Toro, mmpokuii yroia o630pa mo3BOJSET
3alUChIBATh  MOJHOCTBbIO, M TNPAKTUYECKH 0€3 HCKaXKEHUH,
HEIEHTpaJIbHbIC TUBHU, TPUXOAIINE Ha paccTossHUugX 6onee 30 M oT
OCH TeJIeCKOIa, KOJUYECTBO KOTOPBIX cocTaBisger Oonee 95% ot
BCEX, PETUCTPUPYEMBIX TEIECCKOIIOM.

:'*“{ Hanpasnenune npuxona nepBUYHON
YaCTUIIbI, TIPU MEPBUYHOM aHAIIM3E,
OmnpeaensaeTcss ¢ TOYHOCThIO 710 0.1°.
JlanpHenmmu, pa3pabOTaHHbBIN
CIICIUAJIBHO TSI TEJICCKOIIOB
IITAJIOH u ocHOBaHHBII Ha METOME
perynsipuzaiiui TUXOHOBa, aHaIU3
yJIy4dlllaeT TOYHOCTh OIPEICIICHUS
110 BennuuHEBI MeHbien 0.01°.
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Kpurepuu or6opa
1) a<20°; orcekaetr 72% ¢ona
2) Length/Width>1.6; orcexaer 49% ¢ona
3) OTHOIICHWE WHTCHCHBHOCTH YEPEHKOBCKOTO
CBeTa B S4YCHKE C HaWOOJBIIUM CBETOM K
WHTECUBHOCTH B BOCBMH OKPYXAIOIIUX SYCHKaX

INT0>0.6; orcekaer 92% ¢ona
4) OTHOIIEHWE WHTCHCUBHOCTH YEPEHKOBCKOTO
cBeTa B s4Yeiike C HaWOOJBIIUM CBETOM K

MHTEHCUBHOCTH BO BCEX OCTAJbHBIX SYCUKaX,
WCKIJIIOYas JIEBSTh YEEK B LIEHTPE

INT1>0.8; orcekaet 88% ¢ona

5) paccTosiHue MEXIYy SUYEUKOM, COOTBETCTBYIOIICH
HalpaBJICHUI0O HAa MCTOYHUK H  SYCUKOU C
HAauOONBIIUM  TOTOKOM  MeHbIie 3.5  sueek
Distance<3.5 orcekaet 50% ¢ona
AHanM3 pacnpelesieHHl NOKa3ajd, 4YTO BKJAJ
(pOHOBBIX — TNPOTOHHBIX COOBITHH B TraMMa-
coObITHs cocTaBjisger He O0ojgee 10%, T. e.
orcekaercsa 99,93% ¢ona, Torrza kak mnoreps
raMMa-KBaHTOB, 110 NPOBEAEHHBIM OLEHKAM He
npesbimaer 35%, 4YT0 yuyMTBHIBaeTcsi B

MmoCjJeaAyIeEM aHajlinse.
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OIHOU M3 BAKHEUIINX PE3YJIBTUPYIOIIUX XAPAKTEPUCTHUK MMAPAMETPOB TEJIECKOIA BMECTE
C TPUMEHSIEMBIMH KPUTEPHUSMH OTOOpa SBJISETCS UYBCTBUTEIBLHOCTh K IOTOKY raMma-
m3nydeHusi. UyBCTBUTEIBHOCTh TEIECKOMA OMNPEAECHACTCS KaK MWHHMAIbHBIA ITOTOK
raMma-u3JiIy4deHusi, JETEKTUPYEMbIA Ha OMPEICIIEHHOM YPOBHE JIOCTOBEPHOCTH.

B ramMmma-acTpoHOMHUM NPHUHATO T'OBOPUTH O YYBCTBUTEJBLHOCTH K NMOTOKY raMma-
U3JIyYeHUs, HA0JI01aeMOMYy OT HCTOYHUKA 3a S50 yacoB Ha ypoBHe 50.

Mei1 onipeniensiem O B xkéctkoil hopmynupoBke Li&Ma dopmyna 17 [T.-P. Li and Y.-Q. Ma,
Analysis methods for results in gamma-ray astronomy Astrophys. J. 272, 317-324 (1983)] .
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B nuanazone suepruii or 800 I»B go 50 TsB,
Omaromapsi OOJBIIIOMY IIOJIO 3pEHUS TEIECKoIa,
YyBCTBUTEJIBHOCTh OrPAaHUYUBACTCS TOJBKO (POHOM
KOCMHUYECKHUX Jy4eH, MPOIICAIINX KPUTEPUU O0TOOpa,
Opyd 3TOM B paccMaTpMBAaEMOM JHAIA30HE CIEKTP
KOCMUYCCKHUX Jyuded wusBecteH: F(E) ~ E-172
MuHUMAJILHBIA JAeTEKTUPYEMBbIA HHTErPaJbHbIN
noTok npu 3Hepruu 1 THB cocraBasier

~21 X101 em2 cexl.

B mmanmazone osHeprmi 1 TeB — 50 Ts3B
MUHUMAJIbHBIN IETEKTUPYEMBINM UHTETPATIbHBIN ITOTOK
nagaer g0 ~8X10¥ cm? cex’!, a 3arem, mpu
sHeprusix > 50 TsB, yBenmuuuBaercs  u3-3a
OTPAHUYEHHOTO TOJIS 3PEHUS TEJIECKOIIA.



Hampasnenne mnpuxoma NEpBUYHOM YaCTULBI, a 3aTeéM M IIOCTPOCHHE

0.12 ———————F——F——

I | n300pakeHust NPOU3BOAUTCS B JIBA ATAlA.
010~ a_ Y Ha nmepBom »Tamne 11l Kaxa0ro oTOOpaHHOrO MO OMKUCAHHBIM KPUTEPHUSIM OTOOpa
Foege, 1 JIMBHS  HMINYTCA KOOPJAWMHATHI TOYKM HMCTOYHUKA JIMBHA HAa  IUIOCKOCTH
0.08 - Jon%s 1 cBerompueMHHKa. M300pakeHHe JIMBHS B MaTPHUIE XapaKTEPU3YETCS DIUTHIICOM C
o | Cafa050. 1 IJIaBHOM OCBIO, HIPEJCTaBISAIONIEN COOOH NPOEKIUI0 OCH JIMBHS Ha IUIOCKOCTb
< 0061 "ofateecca, 1 cBeTompHeMHHKa. VICTOYHMK ramma-IMBHA HAaXOAWTCA Ha MPOJOHKCHHH OONBIIOM
g T ®0a8,2a%0, %0, 1 OCH TaKOro 3JUIMIICA CO CTOPOHBI MAKCMMyMa JIMBHS COOTBETCTBYIOILIECH Hadaly
0.04 - “DEgEEEEQEEgnu% 7 Kackaga. PaccrosHue OT LEHTpa TSXKECTH H300paKEHUsI JIMBHS JO IOJIOKECHUS
o0 - D°335§§E§§3§§32 | ucTOYHMKA — D 3aBUCHUT OT PaCCTOSAHMsI, HA KOTOPOM TIPHUIIEN JIMBEHb U, B PE3YIIbTATE
ser °°S83382 | BBITAHYTOCTH JIMBHsA, Xapakrepusyemoro mnapamerpoMm Length/Width. Oty
0; | 3aBMCMMOCTbH MOXHO 3anmucarh B Bujge D = Bx[1—(Length/Width)'].  OnTumansnoe
L 3HaueHue Kod(puuueHTa mnponopuuoHagpHocTh B = 5.1 BbpIOpaHO Tak, 4YTOOBI
16 18 20 22 24 26  pacopeneieHUE HAIpaBICHUH MPUXO0Ja JUBHEW MO yriam ObUI0O MUHUMAJIBHBIM IO
Length/Width LIMPUHE U LEHTPUPOBAHO 10 TOYKE NOJIOKEHU UCTOYHUKA HA MaTpULIE.
0.12 11— Bropas xoopauHata B mpeacrasisieT coOoi yroy HakIoHa OOJIBLION OCH 3JUIUIICA U
- 1 MOXeT ObITh onpezesieHa yepe3 napamerp Distance.
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V.G, Sinitsvna, V. Yu bSinitsyna,
Astronomy Letters, 2014, Vol. 4k, Nos. 2-3, pp. 75 Light pool on ground
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Distanc
V.G, Sinitsvna, V. Yu bSinitsyna,
Astronomy Letters, 2014, Vol 40, Nos,
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Fa—83.

Hamnpagienne npuxona nepBUYHON YaCTHUIIbI, & 3aTEM U IIOCTPOECHUE
N300pakeHUs MPOU3BOAMUTCS B JIBa JTAra.

Ha mnepBoMm »sTame i1 KaXAoro OTOOPaHHOTO IO OMUCAHHBIM
KpUTEPHUSM 0TOOpA JIUBHS UIIYTCS KOOPAUHATHI TOYKH MCTOYHHUKA JTUBHS
Ha IUIOCKOCTH CBETONpUEMHHUKa. M300pakeHue JUBHS B MaTpHIIe
XapaKTEepU3yeTCsl JUIMIICOM C TJIABHOM OChIO, MPEICTaBIIAIONICH cOO0M
MPOCKIMI0 OCH JIMBHS Ha IUIOCKOCTh CBETONpPHUEMHHUKA. VICTOUHMK
raMMa-JIiBHSL HaXOJWUTCS Ha MPOAODKEHHH OOJIBIIOW OCH TaKOro
AJUIAIICA CO CTOPOHBI MAaKCHUMyMa JIMBHS COOTBETCTBYIOIIEW Hayaily
Kackaza. PaccTosHME OT IEHTpa TSHKECTH H300paKEHUS JUBHA 0
MOJIOKEHUSI MCTOYHMKA — D 3aBUCUT OT pPacCTOsIHUSA, Ha KOTOPOM
Opuilesn  JUBEHb W, B pe3yJibTare  BBITIHYTOCTH  JIMBHA,
xapaktepuzyemoro mnapamerpoMm Length/Width. 3ty 3aBucumoctb
MOKHO 3anmcarhb B Bune D = Bx[1—(Length/Width)™'].  OnrumansHoe
3HaYeHue ko3 duimenHTa nponopiuoHaibHoctd B = 5.1 BbrIOpaHO Tak,
4YTOOBI pacmpenesieHue HalpaBJIeHU MPUX0Ja JUBHEW MO yriaM ObLIO
MUHUMAJIbHBIM MO IIMPUHE W IEHTPUPOBAHO MO TOYKE MOJOKEHUS
HMCTOYHUKA HA MaTpUIIE.

Bropas xoopaunara B mpeacrtaBisier coOOM yrosi HakJIOHa OOJIBIION
OCH 3JUIMIICAa M MOXKET OBITh OlpeiesnieHa yepe3 napamerp Distance.

TouHoCTH oOmpeAeneHns KaXAOW W3 OTUX KOOPAMHAT COCTaBJISIOT
0.07°% 0.01° 1 0.045° = 0.01° COOTBETCTBEHHO JIsI CPEAHUX 3HAYCHUU
napameTpoB Length/Width u Distance.

length/width > 1.6 distance < 3.5
— - .
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Astronomy Lettors, 2014, Vol

I, MNos, 2

a3,

pp. 785,

Ha BTOpOoM »3Tane mnpoBOAWUTCA JONOJIHUTEIbHBIN
aHaJdW3  KOOPJAMHAT HCTOYHHMKAa  TaMMa-JIMBHEM,
MOJIYyYCHHBIX ~HAa TEPBOM  JTame, MW  HUIIETCS
pacrnpeieieHUe WHTEHCUBHOCTHM TaMMa-U3JIyYeHHS B
HUCTOYHUKE. Haxoxnenue pacrnpeneseHus
MHTCHCUBHOCTH  M3JIy4Y€HUS  TaMMa-KBaHTOB B
UCTOYHUKE [(7) CBOAUTCS K PEUICHUI0 MHTETPAJIBLHOIO
ypaBHeHus @pearonbma 1-ro poxa:

F{‘-} — r IKFU H}I{HJH}H

raie K(r, s) — saapo, ompeaensieMoe kKak I'ayccoBo
pPa3MBITHE TOYKH C BEIMYMHAMHU MOJYIIAPUHBI 0P,

Op, onpenenseMbiMd Ha mepBom dtare. Koppekuus
HaOmogenuit  (I'onuapckuii, UYepemamyk, Srona,
1985), mnpuBeAeHHbIX Ha pUC. a, MPOBOJAUIIACH
pelIeHrueM MHTETPaJIbHOTO ypaBHEHUS B
MPEJINOJIOKEHUN, YTO €r0 TOYHOE PENMICHUE — TIajKas
HEOTpUlaTeibHAsg (YHKIHUSI, OTPAaHUYECHHAs CBEpXY,
VIJIOBBIE  pa3Mepbl HUCTOYHUKA OTPAHUYEHBI, U
pelIeHre 3aBEOMO HAaXOJMUTCS BHYTpU 00JaCTH,
ompezaensieMo Ha 1miepBom odtane. Ha puc. 0
OPUBEACHO  CKOPPEKTHPOBAHHOE  PaCIpEICICHUE
WHTCHCHUBHOCTH  TamMMma-kBaHToB I(r), #»(SE) -—
paccTosiHUE Ha I0T0-BOCTOK OT sapa NGC 1275 B
rpagycax. B pesyibTare BTOPOro 3Tama TOYHOCTH
HAaXOXIEHUSI KOOPJAMHAT HCTOYHHUKA TaMMa-JIMBHEU
noBblmaercss B ~10 pa3 mo CpaBHEHUIO C IEPBBIM
IaroM, W CTAHOBHUTCS BO3MOXKHBIM OIPEICICHHE
pacrpeiesieHus] MHTEHCUBHOCTH TaMMa-U3JIyYeHHs B
UCTOYHHUKE U €0 OKPECTHOCTSIX.



SHALON sky-map catalogue of y -quantum sources 800 GeV —100TeV (2016)
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Metagalactic sources
& Active Galactic Nuclei
® Extragalactic Supernova

OO0 uCTOYHUKE 3asBIISIETCS KaK O 3apEerUCTPUPOBAHHOM, €CJIM OH OOHapykeH Ha ypoBHe 5S¢ (Li&Ma dopmyna 17) u
TOTJIa OH BKJIFOYAETCS B KaTaJIOT (CM. TaOJIHIIa U KapTa).

I[EU'ILHCIEIHHG Ha6JIIOIl€HI/IH HMEET CBOEH HCJIBIO IMMOJYUYCHUC CHAYAJIa UHTCTPAJIBHOT'O CIICKTPA, a 3aTCM, CIICKTPAJIbHOT'O

SHEPreTUYECKOT0 PACTIPEICIICHUS U KapThl U3TyUYEHUS.

OOHOBNIEHHE NAaHHBIX JUIS KaXKJIOr0 MCTOYHMKA KaTtajora mpoucxonut 1 pa3 B 4-e roga. 31ecb MUMEETCS BBUIY:
O0OHOBJIEHUE CTIEKTPAIBHOTO YHEPTETUUECKOTO PACIIPEACIICHUsI, KapThl U3Ty4YeHUS U (€CIU €CTh) CBEACHHUI O MOTOKaX BO

BpCMs BCIIBINICK NCTOYHHKA 3a HpOI_IIeI[H.II/Iﬁ IMCPHUO/I.

B ciiy4dac CTAaOWJILHBIX HMCTOYHHUKOB Ha6J'I}OI[CHI/I$I IMPpHUOCTAaHABJIINBAIOTCA,
OQHCPIreTUICCKOC PACIIPCACICHUC B MAKCUMAJIbHO HMIMPOKOM SHCPICTHICCKOM JITHAITa30HC (T.e. MOCJICAHAS TOYKA ITOJTYyYCHA

Galactic sources
B FPulasars/PWN
@ Neutron stary’ Black hole

Ha YpOBHE ~ 3G U IOCTOBEPHOCTh HE YBEIMUUIIACH 32 MOCIEAHNE 25 4acoB HAOIIOCHUH)

@ shell-type SNR

KOoraa TIIOJIYYCHO CIICKTPAJIbHOC



SHALON catalogue of v -ray sources 800 GeV — 100TeV (2017)

Source Source type Observed Flux,| Distance Detected™* | Detected at high energies| Detected at very high energies
em’s” by SHALON Experiment/year Experiment/year
Galactic kpe
Crab Nebula Plerion, PWN (2.1240.12) 107 2.0 1995 COS-B/1987 ¥ (FermiLAT/2009) Whipple/1989 '
* Geminga Radio-weak pulsar/Plerion | (0.48+0.07) x10™" 0.25 2000° COS-B/1981 '* Crimea/2001 ** MILAGRO/2007 %
* 3¢ 58 Plerion, PWN (0.56+0.15) x10™" 26-32 2012" FermiLAT/2009 ' (VERITAS/2006 UL)
SNR 1181 (?) Plerion, PWN (?) (1.40£0.43) x10™* | 2.6-3.2(?) 2012" FermiLAT/2009 */ -
G54.1+0.3 Plerion, PWN (0.97+0.35) x10™ 6.2 2015 FermiLAT/2009 VERITAS/2010
* GK Per(Noval901) Classical Nova (0.3140.14) x10™* 0.46 20157 - -
* Tycho’s SNR Shell-type SNR (0.52+0.04) x10™ 25-335 1998* FermiLAT/2011 ** VERITAS/2011 *
Cas A Shell-type SNR (0.64£0.10) %107 3.1 20117 FermiLAT/2010 *° HEGRA/2001 **
* G166.0+4.3 Shell-type SNR (1.07£0.46) x10™" 45 2016
IC 443 Shell-type SNR (1.69+0.58) x10™ 1.5 2012" EGRET/1996 *' (FermiLAT/2009) MAGIC/2007
* yCygni SNR Shell-type SNR (1.27£0.11) x10°" 1.5 2013" EGRET/1996 *' (FermiLAT/2009) VERITAS/2013 °'
* Cygnus X-3 Binary (0.68+0.04) %10 10 1997° EGRET/1997% (FermiLAT/2009"") Crimea/2009 ** (Crimea/1975 %)
*2129+47XR Low-mass X-ray Binary | (0.19£0.06) x10™? 6.0 2006 - -
* Her X-1 Binary (0.45£0.18) <10 6.6 2012" - (Whipple UL)
* MS7 Planetary nebula (0.30+0.17) x10°™"* 0.7 201" - -
Extragalactic Mpc | z
*NGC 1275 Seyfert Galaxy (0.78+0.05) 10" | 71 |0.0179 1997° FermiLAT/2009 *! MAGIC/2012 ®
* SN2006 gy Extragal Supemova (3.71£0.65)x10"% | 73 [0.019 2007 = =
IC 310 Radio Galaxy (0.89+0.09)x10™" &1 [0.019 2017 FermiLAT/2010/ MAGIC/2010
Mkn 421 BLLac (0.63+0.05) x10" | 124  [0.031 1995' EGRET/1992 *(FermiLAT/2009) Whipple/1992 **
Mkn 501 BLLac (0.86+£0.06) x10™ | 135 [0.034 1997' EGRET/1999 V'(FermiLAT/2009) Whipple/1996 **
Mkn 180 BLLac (0.65+0.09)x10™ | 173 [0.046 2009" FermiLAT/2009 ¥ MAGIC/2006 **
* 30382 Broad Line Radio Galaxy | (0.95+0.33)%10"* | 230 |0.058 2010" (Fermil. AT UL) " -
* 4(C+31.63 FSRQ (0.72£0.22)x10™ [ 1509 ]0.295 2013 FermiLAT/2010 ¥ -
% (0J 287 BLLac (0.26£0.07)x10"% | 1576|0306 | 2005 (L) 2010" FermiLAT/2009 *' (MAGIC / 2009 UL) ** MAGIC/2017
* 30454.3 FSRQ (0.43£0.07) x10™ [ 5489 [0.859 2000° FermiLAT/2009 * (MAGIC / 2009 UL)
* 4C+55.17 FSRQ (091£025)x10™ |5785 |0.896 2013 FermiLAT/2011 ¥ -
PKS 1441425 FSRQ (0.52£0.23)x10"% | 6133 0.939 2016 FermiLAT/2015 VERITAS/2015%
B2 0218+357 FSRQ (0.48+0.22)x10"% | 6250 |0.944 2017” FermiLAT/2015 MAGIC/2015
* 1739+522 (4c¢+51.37) FSRQ (0.49+0.05) x10"* [ 9913 [1.375 2000° FermiLAT/2010 * =
* B2 0242+43 FSRQ (0.58+0.20) <10 [16865 [2.243 2015% FermiLAT/2010, 2011 -
* B2 0743+25 FSRQ (0.37+0.16) x10"%  [23466 [2.949 2015 FermiLAT/2010, 2011 -




_leV Gama ray emission from SuernovaRemnants
3958 ‘SNH&I) ";': Crab Nebula S




Table 1. The catalogue of galactic ~v-ray sources by SHALON with parameters for spectrum
fitting in form of power low with exponential cutoff F'(> E) o E* x exp(—E/Ecuioft)-

Sources Observable flux® k. Eeutor . TeV  Distance, kpc Type
Crab Nebula (2.12 £ 0.12) —1.36 £ 0.09  19.0 £2.0 2.0 PWN
Geminga (0.48 £ 0.07) —0.39 + 0.05 544+1.0 0.25 PSR or PWN
3C 58 (0.56 £ 0.15) —1.33 £ 0.12 — 3.2 PWN
(54.140.3 (0.97 £ 0.35) —1.43+0.14 — 6.2 PWN
Tycho’s SNR (0.52 £ 0.04) —0.93+0.09 35.0+£5.0 3.1-3.3 Shell-type SNR.
l1Cas A (0.64 £ 0.10) —0.91+0.11  10.3£2.5 3.1 Shell-type SNR
1C 443 (1.69 £ 0.58) —1.94 + 0.16 - 1.5 Shell-type SNR.
G166.04-4.3 (1.07 £ 0.46) —1.95 4+ 0.44 — 4.5 Shell-type SNR
~Cyegni SNR (1.27 £ 0.11) —0.93+£0.09  20.1 £4.2 1.5 Shell-type SNR
GK Per (0.31 £0.14) —1.90 + 0.36 — 0.46 Classical Nova
[ICyg X-3 (0.68 £ 0.04) —1.15+0.08  75.0+£10.2 10.0 HMX Binary
4U 2129447 (0.19 £ 0.06) —0.424+0.12  10.0 £3.0 6.0 LMX Binary
Her X-1 (0.45 4+ 0.18) - — 6.6 LMX Binary
M57 (0.30 £ 0.17) - — 0.7 Planetary nebula

“Integral flux at energy > 800 GeV in units of 10712 em=2 57!

bnaronapst pabore 4epeHKOBCKHUX TEJIECKOMOB MOSBISAECTCA MHPOPMALIMS O TAKUX 00BbEKTax Hamleil ['anakTuku, Kak OCTaTKu
CBEPXHOBBIX 3BE3J], U YHUKAJIbHAs BO3MOXXHOCTh MPOBEPKU MOJIETEH POXKIECHUS KOCMUYECKHUX JIyuyeld B YJIAapHBIX BOJIHAX
OCTaTKOB CBEPXHOBBIX.




GK Per (Nova 1901)

Nova Persei 1901 (GK Per) ogna u3 nHaumbomee
WHTCHCUBHO HAOJIIOJAa€MbIX W H3yYaeMbIX BO BCEM
IIMPOKOM JUAIMAa30HE 3JIEKTPOMArHUTHOIO CIEKTpa
000JI04€K KJIACCUYECKHX HOBBIX. ONTHYECKHE HaHHBIE
JEMOHCTPUPYIOT B3aUMOJCHCTBHE BBIOPOCOB HOBOM M
OKpy»arolero raza. boiee Toro, octaTok HOBOW ObLI
3apEerucTpUpPOBaH paauoTresiekonoM VLA Kak MCTOYHHK
HETEIUIOBOT0, TMOJIIPU30BAHHOTO  PaAuO-U3TyUCHHUS.
PesynpTaThl  3TUX  HAOMIOJEHUW  JTEMOHCTPUPYIOT
CYLIECTBOBAHUE CXKATOW yJApPHOM BOJIHBI MEX3BE3THON
cpenbl. B pentrene o6onouka Bokpyr GK Per Bnepsbie
Obuta oTkpeiTa B HaOmoaeHusx ROSAT, a 3arem
HaOII0ICHUS TPOJOJDKIIIMCE Teneckonom Chandra. B
HaOmonenussx  Chandra, B yacTHOCTH, OBLIO
OOHApy»KEHO PEHTIC€HOBCKOE M3JIyUYeHHE OT TOH XKe
MOMYJISIIAA ~ DJIEKTPOHOB,  UYTO  TEHEPUPYIOT U
paguounsnydyenue. OOHapyKeHUE PEHTTEHOBCKUX JIyuen
oT 00O0JOYKM OCTaTKa CBEPXHOBOHW, MPOUCKOSAIINX
NEPBUYHO OT TOPMO3HOI'O U3IIYUYEHHUS PEIATHUBUCTCKUX
AJIEKTPOHOB  YCKOPEHHBIX HAa  YJIapHOW  BOJHE,

The Composite image of GK Per: NpEAIoIaracT CyILIeCTBOBAaHUE Y-U3IYyYECHUS KaKk B

. pe3yinbTare m°-pacmaia, TAaK MW BTOPUYHBIX pp
° X-rays (blue) from Chandra ObSCI’VatIOIlS B3aMMOJICICTBHI, a TakXe BO3MOKHOI'O BKJIaga OT

. thical data (ye]]ow) from NASA'S 00paTHOro KOMITOHOBCKOTO paccesHHs. Pe3ynbTarsl

Hubble Space Telescope Haomonenu Chandra mokasamu, utro GK Per mmeer
p P CXOJICTBO C KJIACCOM OCTAaTKOB CBEPXHOBBIX, KOTOPHIC

 radio data (pink) from the National ssanmoneiictyror ¢ wmonexymapusMi — o6nakamm,

Science Foundation's VGI’y Large Array nogoono OCH IC 443 (3 + 30)x103x1er), HO
HaxoJAIIMMCS Ha OoJyiee paHHUX dTalax >BOJIOIHH.




GK Per (Nova 1901)
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CrekTpajlbHOE 3HEpPreTUYECKOE pacCHpelesieHue Y-U3JIyYeHUs
cBepxBbeicokux dHepruii o GK Per (Nova 1901) mo mganHHBIM
teneckomna [ITAJIOH (2015)

Kak wucrounuk, comnpoBoxnarommii NGC 1275, GK Per
cucrematuiecku Habmogaercs teaeckornom ITTAJIOH (111 gacos ¢
1996 no 2012 rox) B sicHble O€3JIyHHbIE HOYM IO 3€HUTHBIMU
yriamu oT 5 110 35 rpamxycos. [Ipu 06paboTke maHHBIX HAOTIOIEHUH,
GK Per 6511 3apeructpupopan teneckonom [HIAJIOH npu sHeprusx
ooubire 2 TAB Ha ypoBHe 9.20, onpenensemom no Li&Ma:

Ik per G2TeV) = (0.29£0.13)010-'2 cm2s™!

The image of GK Per by SHALON (grey scale);
Red lines - Chandra X-ray image of GK Per (Noval1901)

AHaJIN3 HANpaBJICHUN MPUXOAA Y-JINBHEW BBISBUII
OCHOBHYIO 00JacThb M3JIy4Y€HHUs, COBMAJAIOLIYIO C
MOJIOKEHHEM LeHTpanbHOro ucrounuka GK Per, u
Hajau4ue cnaboro W3IydyeHus OT O0OOJIOYKH,
BUJAUMOIO, TaKXe€, U B PEHITEHE TEJIECKOIOM
Chandra.

Bnepseie OBLIIO 00HapyXEeHO U3IIyYEHUE
CBEPXBBICOKMX JHEPruil OT KJIACCUYECKOW HOBOM
GK Per (Nova 1901), sBasitonieiicsi, mo-BUIuMOMY,
OCH o0osioyeyHOro THMNa HA paHHEM JTame
sBOoMmONMKA, W €€ O000J0YKH, BHIUMOM H B
PEHTTE€HOBCKOM JIMANa30HE SHEPTHUM.

Dec.

43d55.2" =

3.63
43d54.3'

4.90

6.17
43d53.4'

7.38

3h31.32 3h31.20" 3h31.08' RA



Cassiopeia A (1680 yr.)

Kaccuones A (Cas A) camblif MOJIOJION U3 UCTOPUUYECKUX OCTATKOB
CBEpPXHOBBIX B Hamieu ['amakruke. Spkocts usnyuenuss Kaccuonen
A BO BCEM HaA0JII01a€MOM DJIEKTPOMArHUTHOM CIIEKTPE JENIaeT 3TOT
UCTOYHUK YHHUKAJIbHBIM OOBEKTOM [IJII U3YyYCHUS SIBJICHUU B
OCTaTKaX CBEPXHOBBIX MPHU BBICOKUX U CBEPXBBICOKMX JIHEPTHSIX.
Bnepsrie Cas A Obut oOHapykeH B ToB-HOM nmama3zoHe sHeprwii
teneckonom HEGRA  (2001) wu, mno3gHee, NOATBEPKIEH
teneckonmamu MAGIC (2007) u VERITAS (2010). [Ipu BbIcOKHX
sHepruax oT 500 MsB no 50 I'sB wuznyuenue or Cas A ObLIO
oTKpbITO B 3kcniepumenTe Fermi LAT (2010).

The composite image of Cas A SNR.

Infrared data from the Spitzer Space Telescope are colored red;
Optical data from the Hubble Space Telescope are yellow;
X-ray data from the Chandra Observatory are green and blue.

Cas A naOmronanaces teneckornom HHIAJIOH 74
yaca ¢ 2010 o 2014 roasl B sicHble O€3JIyHHBIE
HOYM MOJ] 3€HUTHBIMU yriaamu oT 13 po 35 Cas A e

¥ EGRET T Whipple [ VERITAS D ec
10_ = B Fermi LAT * CAT O MAGIC E
rpagycoB 72 waca. Kaccuones A Oblia o HEGRACT A SHALON

3apeructpupoBana teneckonom IAJIOH npu
sHeprusx Oonbmre 0,8 THB Ha ypoBHe 19,10
onpenaensiemom no meroay Li&Ma. Cpennee
3HaUCHHUE TIOTOKAa TpHU dHeprusix Oombiie 0.8
ToB gngs Cas A, mo JaHHBIM TeJIECKOIa
IITAJIOH, cocraBnser:

= -12 2o-1 ' ; ' =L 23h2346,6"  23h23'31,2"  23h23'16,8" 3102,4"
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Cassiopeia A (1680 yr.)

10™ e Jns  omucanusa chnekTtpa y-uznydenuss Cas A,
HaOmromaemMoro B amamnazoHe sHepruid 500 MbsB- 10

TsB, paccmaTpuBarOTCS JBa OCHOBHBIX MEXaHU3Ma
IFEHEpAallUd Y -KBAaHTOB BBICOKMX M CBEPXBBICOKHMX
SHEpruil: 00paTHOe KOMOTOHOBCKOE pacCesHUE U pacmaj
HEUTPAIBHBIX T-ME30HOB, POKIAEHHBIX B CTOJIKHOBEHHUAX
ANep KOCMMYECKHX JYy4Yed C MEK3BE3AHBIM TIa30M.
CIUTOIIHBIMU JIMHUSMM TIOKa3aHbl CIEKTPbl B Clydae
aPOHHOTO IPOUCXOKIAEHHUS Y-U3ITyUYECHHSI CBEPXBBICOKUX
o — sHepruid. ILTpux-myHKTHpHAs KpuBas MPEICTABISAET
: cOOOM CIEKTp Y-KBAaHTOB MOJY4YEHHBIA B MPOIECCE OT
00paTHOr0 KOMITOHOBCKOTO paccesHus. [1oTok y-myueit
14 POXAEHHBIX B Ipolecce OOpPaTHOr0 KOMIITOHOBCKOTO
N paccesaus pu B = 0,3 mI” umeeT 3HaueHus B ~ 5 - 8 pa3s

MEHbIIIe HA0JII0AaeMOro B dKcriepuMenTax; npu B = 0,12

¥ EGRET %  Whipple O VERITAS
m @ FermilAT * CAT O MAGIC Cas A
& HEGRA CT A SHALON
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CHekTpaJlbHOE  DHEPreTUYECKOe  pacIpeliesieHue  Y-U3JydeHus
BBICOKMX M CBEPXBBICOKMX JHEpPrui no naHHbIM Teneckona [ITAJIOH
(A) B cpaBHEHHM C JaHHBIMHM APYTHX SKCIEpHUMEHTOB [Abdo et al.  s8ds1y |

2010; Berezhko E G, Piihlhofer G, Volk H J, 2003 ] .
The y-ray source associated with the Cas A SNR was detected above
800 GeV in observations of 2010 — 2014 yy. with a statistical
significance of 19.1c Li&Ma with a y-ray flux above 0.8 TeV :
I, ,,(>0,8TeV) = (0,64+0,10)x10!2 cm2s! 58d48Y
OOHnapyxenne y-u3mydeHusi or Cas A mpu sHeprusix 5-30 ToB u

KeCTKUU crieKTp npu 3Heprusix <1 TsB cBuaerenscTByeT 00 aApOHHOM
IpPOUCXO0XKIeHUU YV-lTydyel B Cas A.

3,7

5,05

Chandra image of Cas A (X-ray) red lines ; i . S ' .
The grey scale image shows the TeV-image by SHALON 23h24.0 23h23.7 23h23.4 Ph3TRA



Tvcho’s SNR (1572vyr)

Ocratok cBepxHoBoii Tycho’s SNR (SN 1572)
MPUBJICKATENICH [IJI1 HUCCIEIOBAaHUNW U TEOPETHYECKUX
npeacKa3aHui Osaromapsi BBICOKOKAUY€CTBEHHBIM
U300paKEHUSIM U CIEKTpaM, MOJYYEHHBIM C MOMOIIBIO
oocepBatopuii XMM-Newton u Chandra. OH wumeer
noutn  cdepuyeckyro  Gopmy, UYTo yAOOHO IS
mozaenupoBanus. Bozpact Tycho’s SNR  xopoio
u3BecTeH u coctasisier 435 ner. Ho pammyc sToro
OCTaTKa CBEPXHOBOM M3BECTEH HE TaK TOYHO. 3HAYCHHE
paadyca 3aBUCUT OT MPHUHITOTO PACCTOSIHUSA, KOTOPOE
ONPEACIISIIOT Pa3sHbIMU METOJIaMH, OTKyJa BEJIWYUHA
pangnyca Tmonydaercs npuMmepHo 2-3 nk. Takxke, He
U3BECTHBI TOYHBIE 3HAUYEHUS U  XAPAKTEPUCTUKH
MEX3BE3IHOU Cpeabl BOKpYr octatka. CpaBHEHHE
pEe3yJAbTATOB MOJICTUPOBAHUS OCTaTKa CBEPXHOBOM C
HaOmoaeHusamu Tycho’s SNR mo3BoJiieT MOPOSICHUTH
3HAYCHUS HEW3BECTHBIX IMapaMETPOB U CYIUTh O
MEXaHU3ME B3pbIBa CBEPXHOBOIA.

Nudopmansi 0 pacnpenesieHM KOCMHYECKHUX Jydyeld B OCTAaTKaX CBEPXHOBBIX MOXKET OBITh
MoJy4eHa W3 raMMa-aCTPOHOMHMYECKHX HAOJIOJEHUM, MOCKOJbKY, FaMMa-KBaHTbl CBEPXBBICOKHX
SHEPrUuil TEHEPUPYIOTCS JIEKTPOHHOU U aJPOHHON KOMIIOHEHTAMH KOCMUYECKHUX JIydyeld B 00OpaTHOM
KOMIITOHOBCKOM PAacCE€IHUM U B CTOJKHOBCHUHU AJPOHOB, NMPUBOMAIINX K POXKICHUIO T°-ME30HOB C
MOCJIEIYIOLIHAM UX PaciagoM.



Tvcho’s SNR (1572vyr)
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Recently, Tycho’s SNR was also detected at GeV energy range by
Fermi LAT (@) (2017). The Tycho’s SNR spectral energy distribution
by SHALON (A) (1996 - 2010) comparing with VERITAS (o)
(2009), Fermi LAT (@) (2010, 2011) and theoretical models [Volk H.J.

Berezhko E.G. Ksenofontov L.T., 2008].

In observations of 1996 year a new galactic source was detected
by SHALONS in TeV energies. This object was identified with
Tycho's SNRs with integral flux of (0.52+0.04)x1072 em s,

statistical significance of 176 Li&Ma.

The image of Tycho’s SNR by SHALON (grey scale);
Red lines - Chandra X-ray image of Tycho’s SNR

OskuIaeMblii TIOTOK Y-KBAaHTOB OT pacnaza i’ Fy ~Ey'1
npoctupaercsa a0 ~30T>B, Torga kak MoTok ramMmma-
KBAaHTOB T'€HEPUPYEMBIM MPOILIECCOM O0OpaTHOTO
KOMITOHOBCKOTO paccessHusi oOpe3aeTcs  BbIIIE
Heckoiabkux TaB. I[loatomy, oOHapykeHHe ramma-
u3nnyuyenus npu 3Heprusix 10 - 80T>B teneckonom
[ITAJIOH sBasgeTca CBUIETEIBCTBOM AJPOHHOTO
npoucxoxaeHus. JlomomHurenbHas uHopmMarus o
napamerpax uctouHuka TychoSNR mnomyuena B
paMKax HEJIMHEMHOM KHHETUYECKOM TEOpUH U3
nanHbix  Teneckoma IITAJIOH: paccrosame d
HaxoauTcs B mpexaenax 3.1-3.3 Kmk, MIOTHOCTh
Mex3BE3MHOM cpeapl Ny = 0.4-0.5 cm3, npu sToM
IOTOK TraMMa-KBaHTOB OT pacmaga n°  Oyner
npoctupatbes moutu g0 100 TaB.

0,50

Dec f - Tycho's SNR |
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64h12'|-
64h09'
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v Cygni SNR

v Cygni SNR — Onu3kuii OCTaTOK CBEPXHOBOM
obosoyeyHoro tumna (I — 2 Kmk), KOTOPbIM UMEET
YIJIOBBIE pa3Mepbl ~1° U 000JI0OUECUHYIO CTPYKTYDPY,
BUAMMYIK) B PaJHO0 W PEHTITEHOBCKOM JIMAIla30HE
sHepruii. vy Cygni SNR cyliecTBeHHO cTapiie
TaKuX OCTAaTKOB CBEpXHOBBIX Kak Cas A u Tycho’s
SNR, ero Bo3pact omnenuBaerca kak 5000 — 7000
aer wu, npegnonoxurensHo, OCH vy Cygni
HAaXOJMUTCS Ha CTaJUM PAHHETO aauabaTUYeCcKoro
pacimupenusi. HaOmroneHus OCTaTKOB CBEPXHOBBIX
Ha Pa3HbIX 3Talax 3BOJIIOIUU JAIOT BO3MOXKHOCTH
YCTAaHOBUTh MEXAHU3M YCKOPEHUS KOCMHUYECKUX
ay4ei 10 sHeprui BIoTh 10 10193B.

Oo6nacts Jlebens (Cygnus-X), K KOTOPOM OTHOCHUTCS
1 onvcaHHas ABouHasa cucrema Cyg X-3, COnepxKur
psI MOTEHUHUAJIBbHBIX UCTOYHUKOB [3B-oro u TaB-
Or0 U3JIYyYEHUs, HEKOTOpPbIE U3 KOTOPBIX ObUIH
OOHapYy’>KEHBI MPHU BBICOKHUX DHEPIrHUAX TEIESCKOIIOM

The radio astronomy image of yCygni SNR,

from the Canadian Galactic Plane Survey Fermi LAT (2009 - 2013) u pamee Teneckornom
(CGPS) EGRET (1995, 1996) , a Takxe mpu CBEPXBBICOKHUX
sHeprusax  ycraHoBko — Milagro  (2011) wu

yepeHKOBCKUMH Teneckonamu Whipple (1998) wu
HEGRA (1996).



yCygnl SNR (age of ~ (5 +7) X 103 years)

OcobeHHOCTH OCTaTKa CBEPXHOBOM, BUJIIMBIC B DPEHIICHE,

-9
10 ' o i panmo, a Takke U TpB-oM nuamazoHe dHEPruii MOTYT OBITH
3 o pe3yabTaTOM HAIM4Hs YAAPHBIX BOJH, MOSBHUBIIUXCS TPH
0 w[ 9 eo Y Cygni SNR B3aNMOJIEHCTBHI BHIOPOCOB CBEPXHOBOH C OKPYKAIOMIEH
@ 10 ® ¥ Q : ; 4
N ¥ 5L ] cpemoii. M3mydeHue  CBEPXBBICOKMX  JHEPIMH  MOXET
= » 23 Bl . HOPOUCXOIUTh H3-32 0OpPATHOrO KOMITOHOBCKOTO pAacCesHHS
@ g 1 T E}Q T : YCKOPEHHBIX  JJIEKTPOHOB.  Takue  BBICOKODHEPTHYHBIC
b 10 x 1 DJIEKTPOHBI TaKKe TeHEPUPYIOT PEHTTEHOBCKOE
@ p’ CHHXPOTPOHHOE H3JIy4Y€HHE BHIUMOE [0 HETCIUIOBOMY
= ™ RO X crenenHomy crnektpy. Ho B [E. Aliu2013] 6pui0 moxa3aHo
m" 10 "¢ ° T 7 OTCYTCTBME TAKOM KOMIIOHEHTHl PEHTTEHOBCKOTO W3JIy4YEHUS
= 1 kak B NW uyactu, Tak U u3 mojoxkenus SE oOomuku, rme
~ &l Ha0Mr01at0TCsl MakcuMyM TaB-oro uznyueHus.
% 10 "k 7 AwHanu3 HampaBlieHHH TpUXOJda Y-JUBHEH BBIIBUI JIBE
N © EGRET /\ SHALON A obmactu wm3nmyueHuss By Cygni SNR: ocHOBHas Ha Ioro-
= ul > AGILE <« e VERITAS 1 Bocroke ob6omoukn OCH, u Bropas Ha ceBepe. Ilpu
10 O % PetsiTAT ¢ MILAGRO . i paccmarpuBaeMbIX dHeprusx >0,8 ToB ocHOBHOI BKIax Kak B
: o MOTOK YaCTHIl, TAK U B MOTOK SHEPrud MaET 00JIacTh FOro-
N ® Whipple ~ BocTouHOro kpas obosnoukn OCH. Taxxke obmactu T3B-oro
10" il TAMMA-M3IYdeHns koppenupyior ¢ NW ou SE wactamu
10’ 10° 10 10" 10" 10 10" 10" o60nqtn<1z1 BUAMMOM B paauo auamnazoHe 1420MI'n ma CGPS
E, eV (red linc~ _
e .. Dec.t %f § )
The spectral energy distribution of the gamma-ray emission B2, vCygni SNR
. . . . 1,88
from yCygni SNR by SHALON (A, 240h) in comparison with ;
other experiment data EGRET, AGILE, Fermi LAT, Whipple,
VERITAS, MILAGRO (35 TeV). —— 449
TrB-oe ramma-uziayueHue MOXKET MPOUCXOIUTh Ojarojaps
YCKOPEHHUIO aJpPOHOB HA YJapHON BOJIHE, B3aMMOJEHCTBYIOIIEH € . L
BEIIECTBOM OKpYyXarouien cpensl. IlpousBenénnas [I.V.
Gosachinskij2001] omeHka IUIOTHOCTH TIOKa3aja, 4YTO OHa 40d24' ¢ .
JOCTaTOYHA, YTOOBI M3 YKa3aHHBIX 00JIacTeil HaOJr0Malcs MOTOK
raMmma-u3ay4deHus, IPeICTaBICHHbIN Ha criekTpe. TakuM oOpazom, 22
NETEKTUPOBaHUE raMMa-u3inydeHus ¢ sHeprusmu 0.8 — 50 T>B u3
NW u SE ugacreit o6omouku yCygni SNR yka3piBaeT Ha aapOHHOE 40400 e

MMPOUCXOKIACHHUC raAMMa-U3JIYYCHHA B 9TOM OCTATKC CBCpXHOBOfI.

20h24.0' 20h21.6' 20nh19.2' RA



IC 443 age of (3 = 30)x10°%yr.

The composite image of IC 443 SNR.

Radio data from the Dominion Radio Astrophysical
Observatory  are colored green;
Optical data from the Digitized Sky Survey
are red;
X-ray data from the Chandra X-ray Observatory
are blue.

Ocratoxk cBepxHoBoii (OCH) IC 443 saBusercs
U3BECTHBIM  HWCTOYHUKOM  paguo, ONTHUYECKOTO,
pEeHTreHOBCKoro u M»sB — TaB-oro y-usnydeHwus.
IC443 5710 OoCcTaTOK CBEPXHOBOM 000JIOUEUHOTO THIIA,
UMEIOIINN YIJII0BOU pasMep ~ 45’ B paauoanara3oHe.
OH MMeEET CIOXHYIO CTPYKTYpPYy U COCTOUT U3 JIBYX
000JI0YEK-CETMEHTOB  pa3HOTO paauyca. Bospact
ATOr0 OCTaTKa HE ONPEAEIEH: HEKOTOPBIE OLCHKH
yKa3blBAIOT Ha TO, 4ro 3T0 Mojogon OCH c¢
BO3pacToM ~ (3—4)x10%y, Apyrue CKIOHSIIOTCS K TOMY,
4TO OH CTapie, U Bo3pacT coctasisieT (20-30)x103y.
IC 443 gaungerca omaum n3 OCH, xortopsii
HAWJIy4YIIUM 0O0pa3oM MOJAXOAUT JJIsi HMCCICAOBAHMS
CBSI3U MEXKITY OCTaTKaMu CBEPXHOBBIX,
MOJIEKYJIIPHBIMU OOJJAKAMH W UCTOYHHUKAMHM TaMma-
KBAaHTOB BBICOKMX M  CBEPXBBICOKMX JHEPIHUU.
[Tocnennue HAOMIOACHUS NAJIM yYKa3aHWE HA TO, UYTO
IC 443 B3auMOJEUCTBYET C OKPYXKAIOIINM OCTaTOK
CBEPXHOBOM MEX3BE3NHBIM BEIIECTBOM. biu3koe
PacloJIOKEHUE IJTOTHBIX BBIMETAEMBIX
MOJICKYJISIPHBIX 00JIaKOB M oOnacTeit uamyueHus I 2B-
TaB-HbIX raMma-JIyuen, 3apETUCTPUPOBAHHBIX
EGRET, Fermi LAT, MAGIC wu VERITAS
MO3BOJIIET PACCMATPUBATH 3TOT OCTATOK CBEPXHOBOMU
B KaUYE€CTBE UCTOYHUKA KOCMUYECKUX JIYUYECH.



IC 443 SNR (age of ~ (3 + 30) x 103 years)

| paccmaTrpuBaercsi pacnaja  T°-ME30HOB,

JIJI;I onucaHus crekrpa y-uzinyueHus [C443 ¢ sHeprusimMu
100 MaB — 7 T3B, kak OCHOBHOM MEXaHW3M TIE€HEpaluU
POXIEHHBIX B

{ CTOJIKHOBCHHSX sIICP KOCMHYECKHX JIydeil ¢ MEK3BE3THBIM

OOpaTHOE€  KOMITOHOBCKOE  paccesHue He

i OOBsICHSET HaOIIOJAeMbIl CHEKTp, T.K. HET H3BECTHOIO
] spkoro ucroynuka ()OTOHOB B JAHHOMN 00JIACTH.

| Anamms
| KOppEISILIMI0 MaKCHMYMOB
1 smepruii 800 I'3B — 7 T3B ¢ m3IydeHHeM HaGIIIONAEMbIM
i Fermi LAT [34], takxe T>B-HOe m3nmyueHune Ha 1ore u
| 1oro-samaze KoOppelupyeTr ¢ pPAacCHOJIOXKEHHUEM ILIOTHBIX

HAlPaBJIECHUN TNPUXOAA Y-JIMBHEW  BBIABUII

HU3JIYYCHHA B  JAHMAIIA30HC

BBIMCTACMBbIX MOJICKYJISAPHBIX 00JI1aKOB.

107 e
3@ 1] IC 443
e &
g : * .ﬁaaes cee ege :
77 e o ] rasom.
%107 z T O
H‘ SN
3 L/ hiAs
~ -12 / . * ii
= 10 E o/ J,#?l\ T
NFE / a f&' J /\";\
HS 13 m EGRET ¢ MAGIC T
10°F O O FermiLAT * Veritas
m -decay A SHALON
10-14- 1 % gl e pg et on pemeerdl o soemnd mosnseimedl] n 1w nedt o e
10’ 10° 10° 10" 10" 102 10°
E, TeV

IC 443 6p11 3apeructpupoBad B TeV y-ydax TeaecKOmom
MAGIC (2007), a 3atem noareepxkaéH VERITAS (2009) u
SHALON (2011-2016) (A). I'amma-u3nyydeHHe BBICOKHX
snepruit IC 443 Obuto 3aaerektupoBaHo EGRET (1995) u
Fermi LAT (2010) B amamazone suepruii 500 MeV - 50
GeV. CmmomHoW JWHHMEH TIOKa3aH CIEKTP Y-KBAaHTOB

CBCPXBBICOKHX 3H€pFHﬁ AIPOHHOT'O ITPOUCXOKIACHUA.
IC 443 was detected by SHALON (27h) with the integral
flux above 0.8TeV:

I 1c443 >0,8TeV) = (1,69i0,58).10_12 cm 2!

with a statistical significance of 9.7¢ (Li&Ma).
CGPS image of IC 443 (radio) red lines ;

Dec.

22d48' -

22d30' -

22d12'

The grey scale image shows the TeV-image by SHALON (2011-2015)
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1,49
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RA 6h14.4'



G166 0+4.3 SNR (age of ~ 24 x 103 years)

g G166.0+4.3 (VRO 42.05.01) sBnsgercs ocraTkom

B CBCPXHOBOW C HEOOBIYHOM CTPYKTYpO#, KOTOpas

COCTOUT H3 cdepruueckor 000J0YKHM Ha CEBEPO-

: dsocToxe, nepecekaeMoil  OOIBIION  KPBUIOBHIHOM

RS OMIIOHCHTON Ha [0ro-3armaje, PacIIMpSIOIYIOCs B
; flcpene ¢ HU3KOIT IIOTHOCTBIO.

X8 [HaOmronaercs CYIIIECTBEHHOE OTJINYHE B
BREN (DOCTPAHCTBCHHOM  DACIPEACICHHE  U3Ty4CHHS
SRR BIIIMOM B PEHTTCHE U B paJuo-IHUarna3oHe.
B | 1300pakeHne, HaOII0aeMoe B PaJlo, HMEET YETKYIO
~ chepHIecKyo CTPYKTYPY C KPBLIOBUTHOM
KOMIIOHEHTOM C OYEHb APKUMHU Kpasmu. Torga Kax
M300paXe€HUE MCTOYHKKA, BUTUMOE B PEHTIEHOBCKOM
Juarna3oHe, HE HMMEET TaKOll CTPYKTYphl C SIPKUMHU
KpasMHu, a B OCHOBHOM IMPEJICTABISIET COOOM sipKOe
NATHO B O0JACTU KPBUIOBHUJHONW KOMIIOHEHTHI.
[TockosbKy Takas CTPYKTypa OCTaTKa MOXET OBbITh
pE3YJIbTaTOM CTOJIKHOBEHHS yAapHOM BOJHBI C
pa3pblBOM IIOTHOCTH B  MEXK3BE3AHON  cpene,
G166.0+4.3 cTaHOBUTCS KaHAWIATOM IJsI M3YYCHHUS
YCKOPEHHMSI YacTHI] Ha YyJapHBIX BOJIHAX B OCTaTKax
CBEPXHOBBIX JI0 BBICOKHX M CBEPXBBICOKUX YHEPTHM.




G166.0+4.3 SNR (age of ~ 24 x 103 years)

G166.0+4.3 nadmoganack teiaeckornoM IHHTAJIOH 21 gac B

2015 u 2016 romax B sicHble O€3JIyHHBIE HOYH TMOJ
- 10t G166.0+4.3 3eHUTHBIMH yriiamu oT 13 mo 35 rpamycoB. B pesynbrate
w® : mznyyenue ot G166.0+4.3 ObUIO  3aperucTpUpPOBAHO
E teneckonom LIITAJIOH mpu sueprusix 6onpme 0,8 THB Ha
> o ? 5 %‘QLAA ypoBHE 6,26 ompeaensemom o merony Li&Ma. Cpennee
= ‘ | LA 3Ha4YeHHE TMOTOKa Tpu HHeprusx Oompmie 0.8 TrB nmms
% K G166.0+4.3, mo manueiM Teneckona IIIAJIOH, cocraBiser:
~ 1
= I.,,,>0,8TeV) = (1,4910,25)10!2 cm2s"!
= : O Fermi LAT Cnexktp B auamazoHe sHepruil 08.-6 TsB onuceiBaercs
4 SHALON CTETICHHBIM 3aKOHOM:
) _10 _ A
0™ ettt I(> Ey) = (1.49£0.25)x 10712 x g 19904
10 10 10 10 10 10
E, eV
CrekTpaabHOE DJHEPreTUYECKOE pachpeelieHne y-usnydenus — Dec.| ' S L |
CBEepXBbICOKNX 3Hepruil oT (G166.0+4.3 mo maHHBIM Teneckomna g16600+4'% 0,43
IIIAJIOH (2016) u Fermi LAT. o . _ e
o 1,4
O06nacTi W3IYyYEeHHS CBEPXBBICOKMX DSHEPTrUM MO JTaHHBIM p "
[TAJIOH koppenupyloT ¢ CEBEPO-BOCTOYHOM U  IOTO- — a .
3allalHOM KOMIIOHEHTaMHM BHUJWMBIMHA B PaJUO0 JIUANA30HE I © | B
o ® 6
sHepruil o gaHHbeiM CGPS (kpacHbie koHTypsI). [Ipu 3TOM - . )
3y
TrB-oe wusmydyeHue Oojiee CYIIECTBEHHO OKOJO 3amajaa, B o
KPBUIOBUIHOW KOMITOHEHTE, TIJI€ pAaclOJIOKEH MakcuMym — 42d24'} . .
PEHTTEHOBCKOrO u3nydeHus BuguMmbli ROSAT (4épHble . . . 9 ¥
KOHTYPBI). . e .
) ) 42d00’ : . . — >
The grey scale image shows the TeV-image by SHALON 5h28.8" 5h26.4" 5n24.0' RA



3¢ 58(SN1181) age of (2 + 5)x10%r. or 1181y.?

. - . r
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¥ o T e w el

The composite image of 3¢58

Optical data from the 1.3m McGraw-Hill
are yellow;

Wcrounuk paano uzaydeHus 3¢ 58 nmepBoHaYaabHO ObLI
aCCOLIMMPOBAH C MCTOPUYECKUM OCTAaTKOM CBEPXHOBOU
SN1181. Ilo cTpykrype  pachnpeneieHusi  €ro
PaIuOSPKOCTH  OH KJIACCU(DUIIMPOBAH KakK IUJICPUOH,
mog00HO OCTaTKy CBEPXHOBOM KpaboBugnas
TYMAaHHOCTb. B IalbHEUIIEM PEHTT€HOBCKUM TOYEYHBIN
UCTOYHUK B IEeHTpe 3¢58 ObLT MACHTU(PUIHUPOBAH Kak
BO3MOKHBIN nyJjbcap, a B MOCJIEYIOIINX
UCCJIEAOBAaHUAX OBLIO OMNPEAEICHO PACCTOSIHUE [0
o0bekTa — 3.2 knk. B pe3ynbTate B PEHTIEHOBCKOM
Jauarna3oHe TejeckornoM YaHnpa ObUT OTKPBIT IMyJIbcap
J0205+6449, mocie 4dero mocieaoBago OOHAPYKEHHE
cnaoeix nynbcaruii o PSRJ0205+6449. Ilocne storo
Ka3aJIOCh, UTO OOBSICHEHUE MOJMUTKA TYMAHHOCTH OBbLIO
noiaydyeHo. Ho BO3HUKIM CephE3HBIE MPOOJIEMBI.
Cucrema 3C58/J0205+6449 coBmamaer IO CBOUM
KOOpAnHaTam ¢ 828-TH JIETHUM OCTATKOM CBEPXHOBOW
SN1181. Ongnako, AMHAMHYECKHM BO3pAaCT MyJbcapa
5400neT onpenenéHHbIA W3 CKOPOCTH 3aMEJJICHUS
myjiabcapa, TakKe Kak W JUHAMUYECKUH BO3pacT
5000+£2250meT, COOTBETCTBYIOWIMM CPEIHEN CKOPOCTH

X-ray data from the Chandra X-ray Observatory pacIIupeHus 3C58, onpenesi€HHbINA U3 CPAaBHEHUS PAJIUO

are blue.

n3oopaxenuit B 1973 u 1998 rogax teneckonom VLA,

HE COOTBETCTBYIOT BO3PACTy UCTOPUYECKOW CBEPXHOBOU
SN1181.



3C 58 age of ~ (2 = 5) x 103 or exploded at 1181 .

wlO'“- TT 3C 58
IO_HZ_TT* T%TTTTT Il |
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E’dF/dE, TeV em’s
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Oo0bexT 3C 58 mopoben Crab mo MHOrMM mMnapamerpam
KpOME CYIISCTBEHHOI'O OTJIWYHSA B SPKOCTH M pasMmepe,
Ha0JII0/IaeMbIX B PAJNO U PEHTTCHOBCKOM JIHAMa3oHe. JTH
pa3nu4usl MOTYT OBITh OOBSICHEHBI PAa3HBIM BO3PACTOM
octatkoB. HaOmronenus 3C 58 B 007aCTH BBICOKHX U
CBEPXBBICOKMX JHEPrUii MOTYT IIOMOYb MPOCIEIUTH
IBOJTIOIIMIO IYJIBCAPHBIX TYMaHHOCTEH OT MOJOJBIX, JO
OoJiee cTaphIX TUIEPUOHOB.

3C 58 mnaomogancsa teneckoriom ITAJIOH 79,2 gaca ¢

® FermiLAT '3 2011 mo 2015 rompl B sCHbIE O€3IyHHbIE HOYM O]
0 E ;3 g:;ﬁé‘;?l(lli i'gli: energy) 3€HUTHBIMHU yTiiamu oT 15 1o 35 rpamgycos. 3C 58 Gbut
O MAGIC '14 BHOEpBbIE 3apeructpupoBad TeneckornoMm [IIAJIOH mnpwu
105 bt it i i i i sHeprusx Oomnpiie 0,8 TaB Ha ypoBHe 9.26 ¢ HOTOKOM.
10° 10° 10" 10" 10" 10" 10" HenmaBno, 3C 58 ObII MOATBEPXKAEH B HAONIOICHUSIX
E, eV MAGIC.
The spectral energy distribution of the y-ray emission from Dec.

3C 58 by SHALON (A) in comparison with other

experiment data.

The integral energy spectrum of 3¢58 can be well described
by a power law with the index -1.33+0.12. The observed
integral flux of 3¢ 58 above 0.8TeV is

I,55(>0,8 TeV) = (0,56+0,15)x1012 cm2s7!.

with a statistical significance of 9.2¢ (Li&Ma).

Image of 3C 58 in the energy range 800 GeV -12 TeV
by SHALON (grey scale); in comparison with data
from X-ray by Chandra (red lines)

0,560

1,44

64d49.8' -

3,20

64d48.9' | -

4,92

2h5.73' 2h5.64' 2h5.55' RA



Geminga (age of ~3+4 x 10° years)

Geminga is the closest known pulsar to Earth. It is

10°k Cabe _ ; one of the brightest source of MeV — GeV y-ray, but
T e ’i Geminga i the only known pulsar that is radio-quiet. The
"'E 10 |/ observations of Geminga by SHALON in 1999 year
; e i had yielded the detection of y -ray emission from
el (U f 1  this object and it have been intensively studied since
o T ﬁ IT | then. Also this object it suggested to be a Geminga
T 107t Zr: 4 supernova remnant with expected age of ~ 3.4x10°
= @= 1% 1 years. The extended VHE emission from Geminga
W 10 : _ {1 (in SHALON, Milagro observations and Fermi LAT
f O @ Fermi LAT (PWN) A SHALON : ) o )
: ¢ Fermi LAT (PSR) m MILAGRO 5 detection and upper limits) could arise from the
10" PP T T e PWN associated with the Geminga SNR.
E, eV

Dec
The value Geminga flux obtained by SHALON (1999-  "44%*|
2012) is lower than the upper limits published

before. Its integral y-ray flux at E>0.8TeV is found
to be

0,793

3,14

'-
17d45,6 5,48

(0.48+0.07)x102cm2s1 (7.66 Li&Ma)
Image of Geminga in the energy range 800 GeV -15 e
TeV by SHALON (grey scale); in comparison with
data from X-ray by Chandra (red lines) nasE)

10,2

12,4

6h33.96' 6h33.84' 6h33.72 RA
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wel " mirror Cherenkov telescope are presented. The

» B e e ¥ TeV y-ray emission of classical nova GK Per, that

Dec.| £

| ©=gene  7CygniSNR aj:—- "nygi‘{jNR .~ could be a shell-type supernova remnant on early
L b R . 1 el pg: ‘{NQ?\E . evolution stage, was detected for the first time by
] M ) i :
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MICROQUASAR

ChnekTpajibHOe  JHepreTuyeckKoe
pacnpejejieHie TaMMa-u3JIy4YeHHs
or Cyg X-3. A — naHHbIE
HA3eMHOI'0 YepPeHKOBCKOIo

tejieckona IMAJIOH (3a mepuop
1995 — 2016 rr.) B cpaBHeHHM C
JAAHHBIMHU APYTrUX IKCIEPUMEHTOB:
TIBET, ¥ HEGRA, EAS-TOP,
Whipple, CASA-MIA, Kiel, Havera
Park. Yépubie TOYKH
NMPEACTABJIAIT apXUBHbIE JTaHHbIE
u3 Cordova, (1986).

17

Cygnus X-3

Cygnus X-3 — mekyJsipHasi JBOWHAs PEHTIE€HOBCKasi CHCTEMa
otkpbiTas 50 et Hazaj, cocrosiei u3 38e36l Bonbha-Paiie u
KOMITAaKTHOTO 00BEKTa, KOTOPKIH, BOZMOXKHO, SIBJSIETCS YEPHOI
JOBIpOH. OTOT O0O0BEKT HAOMIOJAeTCs BO BCEM JIHANa3OHE
anekTpoMarHutHoro crnekrpa. Cyg X-3 oauH W3 HaumOoliee
SIPKUX PEHTIC€HOBCKUX HMCTOYHUKOB, TMPOSBISIIONIANA  Kak
OBICTPYIO TEPEMEHHOCTh, TaK H JJIATEIbHBIC TIEPHUOIBI
BBICOKOM M HHM3KOW WHTEHCUBHOCTH H3Iy4deHHUs. Takxke OH
SIBJISIETCSI HAauOoJiee CUIBHBIM HCTOYHUKOM PAJMO HU3ITYyUYCHHS
Cpenu PEHTTCHOBCKUX JBOWHBIX CHCTEM; OOHApPYXHBAET W
TUTAHTCKUE PAJUO BBIOPOCHI M PEISTUBUCTCKUE HKETHI. [Ipum
3TOM AaKTHUBHOCTh B paJWO [MANMa30HE TECHO CBs3aHA C
PEHTIEHOBCKMM HW3JIYYEHHEM Ha pa3IMYHbIX [EPHOJIax.
OCHOBBIBasICh Ha PETUCTPALIMM BBICOKOIHEPTUYHBIX TaMMa-
JTyuel, ObUTO BBICKA3aHO MpeAnooxkenue o ToM, uro Cyg X-3
MOXXET OBITh OJHUM U3 HauboJiee MOUIHBIX HCTOYHUKOB
3apsOKEHHBIX YaCTHUIl KOCMUYECKHX JTyuel B ["anakTuke.
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For example, the images of Cyg X-3 in
silent period at 2005 and flaring period
of 1997y are shown in comparison.
There are no features revealed at flaring
periods found at 2005y. The last two
significant increase of very high energy
gamma-quantum flux have detected in
May 2009 and October 2011, which 1is
correlated with flaring activity at lower
energy range of X-ray and/or at
observations of Fermi LAT. Earlier, in
1997, 2003 and 2006 a comparable
increase of the flux over the average
value was also observed

Cygnus X-3

Cyg X-3 has been regularly observed since a 1995 with SHALON
telescope during the 303.2 hours in total. All observations were
made with the standard procedure of SHALON experiment during
moonless nights with zenith angles from 4 to 35 degree. The
gamma-ray source associated with the Cyg X-3 was detected above
800 GeV with a statistical significance of 41.20 Li&Ma with a y-

ray flux above 800 GeV :

F(E,>0,8 TeV)=(6.810.4)x10"13 cm2s"!
The gamma-ray energy spectrum in the energy range from 800
GeV to 85 TeV i1s well described by a power law with an

exponential cutoff,

I(>E, )=(6.8£0.4) X 10 13 X E, 108009 X exp(—E,/75TeV)cm 2!
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B teuenue Bcero Bpemenu HaOmoaeHus ¢ 1995 roma, Cyg X-3 nposBiisisl ce0s Kak HECTAOWJIBHBIA MCTOYHHUK U3ITyYCHUS
CBEPXBBICOKHX AHEPruid. bbulM 3aperucTpupoBaHbl MEPUOAbl KaK C HU3KMM YPOBHEM IOTOKA, B JIBA pa3a MEHbIIE CPEIHETO
3HAQ4YE€HUS, TaK U BCIIBIIIKA U3IyUYEeHHS C TOTOKOM B ~ 10 mpeBbIIIAONIMM CpEIHEE 3HAUCHUE.

JIyisi BBISIBIIEHUST BO3MOXKHBIX KOPPENAIMA W3Ty4eHHUs B Pa3HBIX JUANa30HaX HSHEPTUU, B TOM YHCIE TMPU BBICOKUX U
CBEPXBBICOKHX DHEPIHUsX, ObLJIM COMOCTABICHBI MOTOKH Tamma-u3inyudeHus ot Cyg X-3, nonydennsie Teneckornom [1IAJIOH,

C MOBCACHHUECM HCTOYHHMKA B APYIrUX JHAIIa3oHax SHGPFHﬁ).

Jlist 4ero OBUIM COBMECTHO MPOAHAIM3UPOBAHBI JOCTYITHBIE

ceeroBbie kpuBbie Cyg X-3, 3a mepuoa ¢ 1995 mo 2016 rr., B xéctkoMm (15 — 50 k3B, Swift/BAT, 40 — 70 xaB, BATSE),
msarkoMm (3 — 5 k3B, RXTE/ASM, 2 — 5 k3B, MAXI) peHTreHOBCKUX AMaIa3oHax, a TakkKe B pajauoauanasone 2,15, 4,8, 11,2
ITu (PATAH), 15 I'Tu (RT/AMI u OVRO) u npu Boicokux 3neprusix 100 MaB — 100 I'3B (nannbie skcnepumenta Fermi
LAT) u nannsie teneckona IHITAJIOH npu cBepxBbicokux 3Heprusix 800 I'3B — 100 T>B.
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Oo6HapyxeHo, yTo 3apeructpupoBanHbie Teneckornom ITAJIOH neproabl BHICOKONH MHTEHCUBHOCTH U BCTIBIIIKK U3ITyYEHHUS
Cyg X-3 mpu sHeprusix > 8003B npoucxoauiu mnpu onpeaeaiéHHOM COOTHOIIEHUU aKTUBHOCTH MPU HU3KUX IHEPTUSX, B
paguo U peHTTE€HOBCKOM JIMAMa30Hax.

[ToBbimennspit moTok TAB-0ro ramma-msnydeHus HaOMIOJANCS B MEPHUOJ]] HU3KUX MOTOKOB PaTMOM3IyUYCHUS Ha CIaje /10
3HaueHuii ~ 10-20 mJy 3a 4 — 7 nuewt no yBenuuenus 10 ypoBHs ~ 300 — 600 mly, Tak Ha3bIBaeMasi CpeIHsIsl BCIIBIIIKA. (CM.
1995 MJD 49979; 1996 MID 50397; 1997 MJD 50693). Ilpu sToM B auarna3oHe MSITKOTO PEHTT€HOBCKOTO H3ITyYECHHS
perucTpupyercs moBblllieHHass akTUBHOCTh. B 2009 roxy mpu MID 55092 naGmioganach BCHBIIIKA HM3IyY€HUS MpU
CBEPXBBICOKMX JHEPIrHsiX B MOMEHT OYE€Hb HU3KOW AKTHUBHOCTM B pajuo Juamna3zoHe C MOoTokoM ~14mlJy Ha ¢one
MOBBIIIEHHON AaKTUBHOCTHM B MSTKOM peHTreHe. llocnemyromieil BCOBINIKKA PaJu0 HU3TYyYEHUS HE MPOU30LLIO0, a IMOTOK
MOBBICWIICS /10 YPOBHS CIOKOMHOTO cocTOsiHUS ~ 120 mJy.
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Bo-BTophIX, yBenmueHue moToka T2B-oro m3myuyeHHs MPOUCXOAUT B mpenenax 1-7 mHed 10 OOIBINON, OCHOBHOM
BCTIBIIIKHN cO 3HaueHus MU ToToka 1000 — 9000 mJy Ha oHE BBICOKOTO YpOBHS MOTOKA B MATKOM PEHTTE€HE W HU3KOI'O B
#eécTkoM peHtrene. (cm. 2001 MJID 52142; MJD 52172; 2006 MJD 53937; 2009 MJD 54988).
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[ToBbimennspit moTok TAB-0ro ramma-msnydeHus HaOMIOJANCS B MEPHUOJ]] HU3KUX MOTOKOB PaTMOM3IyUYCHUS Ha CIaje /10
3HaueHuii ~ 10-20 mJy 3a 4 — 7 nuewt no yBenuuenus 10 ypoBHs ~ 300 — 600 mly, Tak Ha3bIBaeMasi CpeIHsIsl BCIIBIIIKA. (CM.
1995 MJD 49979; 1996 MJID 50397; 1997 MID 50693). Ilpu 3ToM B nuamna3zoHe MSTKOTO PEHTIC€HOBCKOTO H3IyYEHUS
perucTpupyercs moBblllieHHass akTUBHOCTh. B 2009 roxy mpu MID 55092 naGmioganach BCHBIIIKA HM3IyY€HUS MpU
CBEPXBBICOKMX DJHEPrUSX B MOMEHT OUYCHb HH3KOW AaKTUBHOCTH B pPaaWO [uana3oHe ¢ moTokoMm ~14mlJy Ha d¢one
MOBBIIIEHHON AaKTUBHOCTHM B MSTKOM peHTreHe. llocnemyromieil BCOBINIKKA PaJu0 HU3TYyYEHUS HE MPOU30LLIO0, a IMOTOK
MOBBICUJICS 10 YPOBHSI CHOKOMHOTO cocTosiHus ~ 120 mly.
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N3menenne xapakrepuctuk wusnyudeHus Cyg X-3 B 2009 romy mpociexeHbl OT BenoblIKK (Puc. 4€pHble TOYKH),
MPOU3OMIEANICH B IEPUO BHICOKMX TMTOTOKOB MSITKOT'O PEHTI€HOBCKOTO M3YyYE€HUS] M HU3KOTO YPOBHS B )KECTKOM PEHTICHE,
3a 8 qHel 10 0odbIIoN paauo BembllkY. Jlanee, B ceHTs0pe, HaOMI0AAIOCh MOBBINIEHHE UHTEHCUBHOCTU THB-HBIX ramma-
KkBaHTOB (Puc. cuHue KBaaparsl) Ipy HU3KUX 3HAUYCHUSAX MMOTOKA PAAUOU3Iy4YeHUs, Ha crajae, 10 ypoBHs ~ 10mlJy Ha cnage
CBETOBOM KpHBOM B MSTKOM pEHTT€HE W TNpU HapacTaHUU B JIMANAa30HE MKECTKOTO PEHTTEHOBCKOTO H3IIy4YECHHUS.
[Tocnenayrouuii criajy THTEHCUBHOCTH WM3Jy4YEHHUSI CBEPXBBICOKMX DHEPIHil XapaKTepHu3yeTcs CIeKkTpoMm Ha Puc. (myctbie
KBagpaThl). [Ipy HU3KUX PHEPTHUSAX B yKa3aHHBIM NEpPUO] HAOIIONAMCh IMOBBIIICHHbIC 3HAYCHHUS TOTOKOB HM3IYyUYCHHUS B
KECTKOM PEHTTE€HE, HU3KUH MTOTOK B MSITKOM PEHTIE€HE U CIIOKOWHBIN B paIn0-IUaIia3oHe.
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[Ipu ananmmu3e cBeTOBOM KpuBOiM monyueHHo Ha Tteneckorne IITAJIOH Obulo OTMEUEHO, YTO TEPHUOABl HHU3KOU
VHTEHCUBHOCTH MWCTOYHHMKA TIPU CBEPXBBICOKMX DHEPrUAX MNPUXOMITCA HA HWHTEPBAJIBI HHU3KOM aKTUBHOCTH B

paanoIMana3oHe U B MSITKOM PEHTTEHE, ITPU 3TOM MOTOKH KECTKOTO PEHTTE€HOBCKOTO M3MyueHus Boicokue (cm. 1998, 2005,
2012).

OTMeueHBI, TaKKe, BCIBIIMIKH, TPOUCXOMAIINEC HAa (OHE BBICOKOTO YPOBHS IMOTOKAa B MSTKOM DPEHTTCHE W HHU3KOU
AKTUBHOCTH B )XECTKOM PEHTICHE B Mpejenax 2 - 6 JHEeH mocie cpefHuX U paauo-Benbiek (1995, 1997, 1999, 2014).

B ClIydadx, KoOrJa BCIIbBIIIKa PpEeruCcrpupoBalaCb MNEJIUKOM, TO CCTb PCrUCTPUPOBAIMCH U TIMOBBINICHUC W CIIAJ
HWHTEHCUBHOCTU UCTOYHHUKA. JUIMTEILHOCTD HADACTAHUSI MHTCHCUBHOCTH COCTAaBIISLIA OT 1 Mo 4-X JHEH. a crial — OIUH JICHb.
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Cygnus X-3

Jlist HaI€KHOTO OTOXKAESCTBICHUS OOHApy ) KeHHOro uctouHuka ¢ CygX-3,
MBI BBITIOJIHAJIIM BPEMEHHON aHAJIM3 JUIsl TIOMCKAa OPOUTAIILHOTO TIEpUoja
4.8 gaca, KOTOpHbIH sBiIsieTCs ocobeHHocThio Cyg X-3.

CeeroBas kpuBas Cyg X-3 B obOmactu »sHepruii >0.8 TaB,
noimyyeHHoe ¢ nomouipro teneckona [ITAJIOH, cBépuyras c
OopOuTaIBLHBIM TIEpHOIOM 4,8 yaca.

[lItpuxoBass JUHUS MOKa3bIBAET YPOBEHb CPEIHEr0 WHTErpajbHOro
notoka Cyg X-3, peructpupyemoro tesneckornom [ITAJIOH.

CseroBsie kpuBble Cyg X-3 npy HU3KUX SHEPTUAX CBEPHYTHIE C

OpOUTAIBHBIM TIEPUOIOM IO JIaHHBIM IKCIIEPUMEHTOB:

Fermi LAT (100 M»B — 100 I'3B);

ISGRI (20 — 40 x3B);

BATSE (20— 100x3B);

RXTE/ASM (2 — 12 x3B)

RXTE/PCA (3 — 15 kaB);

JEM-X (6 — 15 x3B);
CBEpPTKM CBETOBBIX KPUBBIX B IIPEACTABICHHBIX JMANa30HAX SHEPTUNA UMEIOT
OJIHY M Ty K€ aCCUMETPUUHYI0 (OpMy C MEJIEHHBIM MOABEMOM U PE3KUM
cnagoM. IIpu 3TOM KpuBblE IpPH BBICOKHX M CBEPXBBICOKMX SHEPIHUsX, B
OTJIMYME OT KPHUBBIX B PEHTIEHE, MUMEIOT JIONOJHUTENbHBIA JIOKAIbHBIN
MakcuMyM B obmact (¢asbr 0.3 u 0.2 mus sxkcnepumentoB Fermi LAT u
IJAJIOH cooTtBeTcTBEHHO) Ti00ambHOr0 MHMHMMyMa. Kpome Toro,
HaOmoAaeTca cABUr a3kl MUHUMYyMa KpPUBBIX IIPHU Pa3HBIX dHEPTUsX. Tak,
MUHUMYM TioToka 1o AaHHbIM [ITAJIOH onepekaer MUHUMYM pEHTTE€Ha Ha
~0.2 no daze u orctaét Ha ~ 0.15 oT MUHMMYMa TOTOKa U3MepeHHoro Fermi
LAT. B pabote 0buto mokazaHo orcraBaHue ~ 20 MHUHYT M€Ky KPUBBIMH
BuguMbiMi B MsirkoM XTE/ASM (2-12 x9B) u xéctkom OSSE (44-130
k9B) pentrene. Ilo3xe, ObUTO MpenCTaBICHO HE3HAUYMTENLHOE, B TpEeiax
MOTPENIHOCTH OTpEeNIeHNs, OoTcTaBaHue 1o ¢aze Ha (5,5 = 8,6) MUHYT
Mexay xeéctkum 40 — 100 k3B (mansabie ISGRI) u MATKUM pEHTIEHOM B
nuarnaszone 15 — 40 koB (nannsie IBIS).
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Cygnus X-3

JUist BBISICHEHMST MEXAaHU3MOB TIEHEpAlUU H3JIyYEHHs CBEPXBBICOKHX
DHEPrUuil B UCTOYHMKE Ba)XHBIM MHCTPYMEHTOM SIBJISIETCS CIEKTP raMma-
U3ITy4EHHUs], a B CIIydyae JBOMHBIX CHCTEM BO3MOKHOE M3MEHEHUE CIEKTpa
¢ opOutanbHOM (ha30i MOXKET yKa3blBaTh Ha MECTO IPOUCXOXKICHHUS.
OHEPreTUYecKrne CHEKTPbl raMMa-KBaHTOB C dHeprusmu > 800 I3B ot
Cyg X-3 ObUIM HOCTPOEHBI ISl HHTEPBAJIOB OpOUTaIBHBIX (ha3:
1) 0.0=¢9<0.05; 0.45=¢p=1.0;
WNuTepBan opOUTaIbHON MOIYJALMH C HAaWBBICIIMM 3HAYEHHEM IOTOKA
OKOJIO HI)KHETO COEIWHEHHs. DHEPreTUYECKUW CIEKTP HU3Iy4YEeHHs W3
MHTEpBaja OMKMCBIBACTCS C MOMOIIBI OTHOCUTEIBHO MSTKOTO CTENIEHHOTO
3aKOHA C SKCIOHEHIIMAJIbHBIM 00pE3aHueM:

I>E, )=(1.5£0.4) X 10712 X E, 1155010 X exp(-E,/20TeV)cm 2s™!
2) 0.12<¢<0.25;
JIOTIOTHUTENbHBIA JIOKAJBHBI MaKCUMyM IOTOKa B OOJAacTH BEPXHETrO
COCIMHEHNS COOTBETCTBYET HHTEpPBANIYy. OHEPIreTUYECKUH  CHEKTP
U3JIy4eHHUs] U3 JIaHHOI'O HMHTEpBajia OpOUTAIbHOM MOAYJSLUUA BO BCEM
nuanazone 3Hepruid ot 800 I»B go 100 T>B Xxopormio omuckiBaeTCs
XKECTKUM CTEIIEHHBIM CIIEKTPOM :

ICE, )=(0.672£0.10) X 10712 X Ey—0.93io.o9 cm 2s!

3) 0.055¢<0.12; 0.25<9<0.45;
WHuTepBan COOTBETCTBYET OpPOMTAIBHON MOIYJIALMA C MHUHHUMAaJIbHBIM
IIOTOKOM OKOJIO BepxHero coeauHeHus. CHEKTp M3IydYeHHs HWHTEpBaja
ONMCBIBAECTCS KECTKMM CTEIEHHBIM 3aKOHOM C 3KCIIOHEHLHAJIbHBIM
obpe3aHuem
I>E, )=(0.4£0.08) X 10712 X E, 070=099 X exp(~E,/14.5TeV)cm s !
top: CBeTOBa aQ#4 KDHUBas Cyg X-3,
NoJdydYyeHHasd ¢ NOMOIbIO TeJaecCKOTINa
IIMAJIOH, c¢cBEpPHYTa s C opOUTAaJTADb HBM

nepuongomMmM48u ac a.
I ~dd~swe £ '« vV Q2 b vt~ cevmntens L CTITAT OOONT



Cygnus X-3
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NASA art

JleTekTUpoBaHuE Y-U3Iy4YCHUS B
UHTEpBaje  OpOUTAIBHBIX (a3
COOTBETCTBYIOIINX BEpXHEMY
COEMHEHUIO (IOTIOTHUTENBHBII
MaKCUMyM) TIpU  CBEpPXBBICOKHUX
SHEPIUsX B MIUPOKOM JUara3zoHe OT
800 I»B nmo 100 ToB c¢ xéctkum
CIEKTPOM 0e3 MIPU3HAKOB
oOpe3aHus yKa3bIBaeT Ha aJIPOHHOE
MPOUCXOXKJIEHUE  OOHAPY>KEHHBIX
dboToHOB. BeposiTHee Bcero umeer
MECTO YCKOpEHHE JaCTHI]
Osarosapsi B3aMMOJICUCTBHIO JKETa
C BelecTBoM 3Be31bl Bonbga-Paiie
B MOMEHTBl ~ 3aTMEHHUSI  €IO0
[EHTPAJIbHOTO O0BEKTa JBOWHOU
CHUCTEMBI

Cygnus X-3

bb110 0TMEYEHO, YTO BCNBIIIKY akTUBHOCTU Cyg X-3 B AMana3oHe YHEPTHil
Boiie 0,8 TaB, mpoucxoaar 6;iu3ko, B npenenax 7-8 qHed, K CPeIHUM U OOJbIINM
panuo-BenbinikaM. Takoe MOBeJeHHE CBSA3aHO C MOIIHBIMHM BBIOpOCAMHU Macc U3
HEHTPAJIbHBIX  O0JacTel  BOKPYr 4YEpHOW  JAbIPbl,  COMPOBOKIAIOIIMMUCS
pPacCIpOCTPAaHEHUEM PEIATUBUCTCKUX YJIApPHBIX BOJIH, B KOTOPBIX IPOUCXOJUT
ObicTpas U 3¢ ¢eKTUBHAS TeHEepalus PEeNATUBUCTCKUX JJIEKTPOHOB W MArHUTHBIX
noneii. Ilpm »TOM OOHapykeHHas opOHWTambHAs MOAYJSAIUS  U3ITyYEHUs
CBEPXBBICOKMX HEPI'Mil CTaBUT OIPaHUYEHUE HA pa3Mepbl U3Iydaromed 00JIacTu.
OOpaTHOE€ KOMIITOHOBCKOE paccessHue (OTOHOB (BETpa) 3BE3Abl-KOMIIAHbOHA
Bonbda-Paiie Ha 351eKTpOHAX CBEPXBBICOKUX YHEPIHH €CTECTBEHHBIN KaHAUAAT JJIsI
OOBSCHEHMS] W3JIyYeHHUs JIBOMHONM CHUCTEMBl TIpPU CBEPXBBICOKUX SHEPIHsIX.
ObpaTHOE KOMIITOHOBCKOE PACCESHUE MPSIMO POKIAAET MOIYJISIUIO MIOTOKA TaMMa-
U3ITy4YeHUs] M3-32 OPOUTANBHOTO ABMKEHHUS. MakCUMyM MNpPOUCXOJUT B MOMEHT,
korga Goronbl 3Be3abl Bonbda-Paiie mepepaccenBaroTCs B HampaBICHUU
HaOmonarena. CBa3b oOOHapyXeHHas Mexay 13B-bIM ramma-uziaydyeHueM u
BCHBIIIKAMU PAJUO0-U3IyUYECHUS MPEAINOIAraeT, YTO JIEKTPOHBI BBICOKHUX SHEPTHAN
HaxoIATCS B PEIATUBUCTCKUX JDKETax. OTH JIJIEKTPOHBI BBICOKMX JHEPrui
pacmnoJiararoTcs B IByX CUMMETPUYHBIX TOJIOKEHUSIX B PEISTUBUCTCKUX BHIOpPOCAX.
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SHALON observations of Active Galactic Nuclei
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Table 1. The catalogue of extragalactic y-ray sources observed by SHALON with parameters for spectrum fitting in the form of a
power low with exponential cutoff F(> E) o« EM X exp(=E/E cuofs)-

Sources Observable flux“ ky, Ecuorr, TeV  Distance, z Type
NGC 1275 (0.78 + 0.05) -2.18+0.12 32+7 0.018 Seyfert
SN2006 gy (3.71 £ 0.65) -3.10 + 0.30 44+19 0.019 SN

IC 310 (0.89 + 0.09) —0.84 + 0.10 13 +3.9 0.019 RG

Mkn 421 (0.63 + 0.05) —1.51 +0.18 10+ 3 0.031 BL Lac

Mkn 501 (0.86 = 0.06) —1.48 £ 0.15 11+£3 0.034 BL Lac

Mkn 180 (0.65 + 0.09) —1.84 £ 0.15 73+2.2 0.046 BL Lac

3¢382 (0.91 +0.14) —1.05+0.11 21 +7.0 0.0578 BLRG
4C+31.63 (0.73 £ 0.16) —1.13+0.16 10.4 +£ 3.2 0.295 FSRQ
0J 287 (0.26 + 0.07) —1.14 £ 0.11 95+ 1.2 0.306 BL Lac

3C 454.3 (0.43 +0.07) -0.52 +0.12 6.2+ 1.0 0.859 FSRQ
4C+55.17 (0.90 + 0.16) —1.40 £ 0.15 54+2.1 0.896 FSRQ
PKS 1441+25 (0.52 £ 0.23) - - 0.939 FSRQ
1739+522 (0.49 + 0.05) -0.50 £ 0.18 6.1 +1.2 1.375 FSRQ
B2 0242+43 (0.58 + 0.20) — — 2.243 FSRQ
B2 0743+25 (0.37 £ 0.16) — — 2.979 FSRQ

@ Integral flux at energy > 800 GeV in units of 10~ 2¢m=2 57!

IIpoBondATcs nccneqoBaHUs CKOIUIEHUH TajlakTUK, IPUPOABI sSAep ralakTUK U KOCMUYECKHX MCTOYHHUKOB C 3KCTPEMAJIbHBIM
SHEPrOBBIJEIICHNEM, U3YYEHNE MEXK3BE3IHON U MEXTaIaKTUUECKON Cpelbl 10 HAOJIOEHUSIM BHETANAKTUUYECKUX OOBEKTOB
IPU CBEPXBBICOKUX JPHEPrusix. B Hacrosiimee Bpemsi Karajor MeTarajJakTHYeCKHMX HCTOYHUKOB, HaOmomaembix LITAJIOH,

BKJIIOYaeT AKTHUBHBIE I ajlakTHUECKHE }Iz[pa, HaXO0IAIMKUCCA Ha PA3JIMYHBIX KOCMOJIOTHYCCKUX PACCTOSHHUAX




NGC 1275 (z = 0.018)
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] In 1996 year a new metagalactic source are detected
NGC1275 ] by SHALON in TeV energies. This object was
| identified with Seyfert galaxy NGC 1275 (z=0.0179).
The y-ray emission from the position of NGC 1275
éﬂ@% 'I' was detected above 800 GeV with a statistical
| I . ] significance of 31.46 (for 271.2 hours). The integral y-
\ SI%‘ 1 ray flux for this source is found to be
N 1 (0.78£0.05)x10'2 cm2s! at E > 800 GeV . The
energy spectrum of NGC 1275 at 0.8 to 20 TeV can be

-~ -
-
-
-
-
-
-
xH
Euﬂ‘ 15
AT

A SHALON' 96-12

; Fermi' 11 Upper limits: \ B 2 _ . I .
& Magic' 11 = Whipple \ 1 approximated by the power law F(>E;)c E ¥, with
) P archivedata ~ ~ ® EGRET & Veritas'09 7t kv: -2.24 £ 0.09. The variations of the y-ray flux on
10" 10" 10" 10* 10 the year scale are no more than 20% of average value.
v, Hz

Overall spectral energy distribution of NGC 1275. The TeV energy
spectrum of NGC 1275 from SHALON, 15 year observations in Dec
comparison with other experiments: Fermi LAT’09-11, MAGIC’10-11
and upper limits: EGRET’95, Whipple’06, Veritas’09 and models 41d31.2"

The available high and very high energy data for NGC 1275 are well
fitted in CM model with three components (Colafrancesco S et al. 2010),
in which the most energetic and smaller blob produces a synchrotron
self-Compton emission observed at y-ray energies red curve). B0 L

The Seyfert galaxy NGC 1275 has been also observed with Tibet Array
(>5TeV) and Veritas telescope at energies about 300 GeV at 2009. The

radio-galaxy NGC 1275 has been recently detected by Fermi as a _
d28.8'

source of high-energy y-rays. NGC 1275 was recently detected at
energies >100 GeV with MAGIC in observations of 2010 — 201 1yy. R PRI RERHST RA
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10-35 ©@® NGC 1275 |  Jlns anHanusa usiy4eHHs CBS3aHHOTO C SIPOM IOIMONHHUTEIBHO ObLIA
10 ¢ ®s BbIJIEJICHA KOMIIOHEHTA M3JIYYCHUS] COOTBETCTBYIOIIAS IEHTPATbHON
10'°ér s obmactu NGC 1275 pasmepom 32". CrekTp, COOTBETCTBYIOIIUI
10" F ® Q {1  wm3nmydenumio ueHtpanbHON o6nactu ranaktukr NGC 1275 mo naHHEIM
10'"; : teneckona IIIAJIOH, mnpencraBieH Ha  pUCYHKE  UYEPHBIMU
10'12; {1{; T TpeyroibHukamMu. HaGmiogaembie teneckorniom ITAJIOH ob6nactu

PN * : M3JIyYEHUs Y-KBAHTOB CBepXBbICOKMX sHepruilt NGC 1275 xopomio
i ] *4‘ : KOppeNupyeT ¢ 001acTsAMHU U3NydeHus: GOTOHOB B auarnazone 1,5-3,5
10'”:g A A IIAJIOH '%6 - 12 k3B. Taxxe HalimeHa koppessiiusi uzinydeHus ¢ sHeprusimu 0,8 — 40
1{)'15;; S 5;:811(:11.11 ‘{Q T3B U peHTreHoBckoro usinydyeHuss u B auanazone 0,3 — 7 k3B.
107} Upperlimits @opMHUpOBaHUE MPOTIKEHHONW CTPYKTypel BOkpyr NGC 1275,
10-1?; : z‘e':i::f;‘;‘ 7 §  TPOCTPaHCTBEHHO —COBNAJAIOIIEH C OONACTAMM ~PEHTTECHOBCKOTO

sf o T U3ITyYCHHSI, MOXET MPOUCXOIUTH OJlaroiapsi MEXaHU3MaM CBSI3aHHBIM
10 10" 10° 107 100 10° 10" 10> C IeHepaluel peHTreHOBCKOM CTpyKTypsl (Pabuan u ap., 2000, 2006;

E, T>B Uypazos u ap., 2000).
D
PacnipenencHue sipkoCTH PEHTTEHOBCKOTO M3Iy4YeHHs W HaOirogaemoro - €€ NGC 1275

TsB-HOrO  WM3MydYeHUs  J[EMOHCTPUPYET  PE3KOE€  YBEJIMYEHUE
MHTEHCUBHOCTA Cpa3y 3a [peAeliaMu Iy3bIpeld, HaJayBaeMbIX
LHEHTPaJIbHOW YE€PHOW IBIPOM M BUIUMMBIX B Paayd0 IHUANA30HE. ITO
CBUJETEIBCTBYET O TOM, 4YTO TEHEPUPYIOUIME PEHTIEHOBCKOE
U3Jy4eHHE 4YacCTULbl, BBIMETAIOTCA U3 00JacTH paguojo00B Moj —41d31
JABJICHUEM  KOCMHUYECKMX  JIyded W  MAarHuTHbIX  TOJIEH,
reHepupyronmxcs B BioOpocax mnenrpa ramaktuku NGC 1275 (dabuan
u ap., 2006; Uypasos u ap., 2000). O6pa3zoBaHue CTPYKTYp, BUIUMBIX B
T3B-HBIX ramma-iayyax, MNPOUCXOOUT Oyiarogaps B3aUMOIECHCTBUIO
KOCMUYECKHX JIydeld CBEpPXBBICOKMX OSHEPIMM C Ta30M BHYTPHU
ckorieHust Ilepcess u momgorpeBy MeEX3BE3AHOTO ra3a Ha TPAHUIE
Iy3bIpEN, HAJyBAEMbIX LIEHTPAIBHOU YEPHOU IBIPOW, HAXOIAIIEHUCT B  41429'
ranaktuke NGC 1275.

41d32'

41d30’

3h19'55" 3h19'50" 3h19'45" 3h19'40"



NGC 1275
HOJIY‘IGHHLIG JaHHBIC Inpu CBCPXBBICOKHX

10® e —————————1————— SHEPIusiX, a UMEHHO H300paKEHUS TATAKTUKH U
e€ OKpeCTHOCTEW, a Takke MepEeMEHHOCTh
NGC 1275 W3IydeHHs, yKasbIBAalOT Ha TO, 4T0 T15B-0e
raMMa-u3JydeHHe oOpa3yeTcs B  pe3yjbTare
L[EJIOr0 psijia MPOILECCOB: a UMEHHO, YacTh 3TOTO
W3JTyYEHUS TeHEPUpPYETCs B pe3yJibTare
PEISATUBUCTCKUX BBIOPOCOB B cCaMOM  Sfpe
ramaktukn NGC 1275. Torma kxak Haad4dwe
NPOTSKEHHOU CTpYKTYyphl Bokpyr NGC 1275
CBUJICTEJILCTBYET 0 B3aUMOJICHCTBUU
KOCMHUYECKHX JIyd€d W MarHuTHBIX TIOJIEH,
TEHEePUPYIOITUXCS B BBEIOpOCax LIEHTpa
rajakTHKH, C Ta30M ckoruieHus [lepces.

Loaiiian
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A [MIAJIOH' 96-12

Fermi' 11 Bepxuue npeaebl: .\.\ " ]
Magic' 11 = Whipple I Dec
apxuBHble 1anabie ®© EGRET € Veritas' 09 1 ]
Ip | 1 | 1 1 1 | | | | 1 | | | | |f| NGC 1275
1014 1018 1022 1026 41432’
v, I'n

Overall spectral energy distribution of NGC 1275. The TeV energy
spectrum of NGC 1275 from SHALON, 15 year observations in i
comparison with other experiments: Fermi LAT’09-11, MAGIC’10-11

and upper limits: EGRET 95 , Whipple’06, Veritas’09 and models.

Hamnune wusnydyenus B namanazone sHeprut 1 - 40 TsB wu3
IEHTPAIIBHONW 00ylacTu pa3zmepoM ~32" BOKpYT sijipa TaJTaKTUKH
NGC 1275 (u€pHble TpEyroiabHUKH), a TaKXKe KpPaTKOBPEMEHHas
NEPEMEHHOCTh  M3JIy4YEeHMs, YyKa3blBa€T Ha  MPOUCXOXKICHHE
M3JIy4EHUs] CBEPXBBICOKMX DHEPIUH B PE3YNLTATE TEHEPALUU 4400
JUKETOB, BBIOPACHIBAEMBIX IIEHTPAJBHON CBEPXMACCHBHOM 4YEpPHOU

neipoii ramaxtun NGC 1275. 3h19'55"  3h19'50"  3h19'45"  3h19'40" p o

41d30'




IC 310 (z = 0.019)
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Overall spectral energy distribution of IC 310. The TeV energy
spectrum of IC 310 from SHALON in comparison with other
experiments: Fermi LAT’09-11, MAGIC’10-11.

The radio morphology of such type of galaxies consists of a bright
"head", which is located at the core of the galaxy, and "tail" of a
radio lobe pointing away from the center of the cluster (Fig.). The jet
direction is determined by the motion of galaxy through the medium
of cluster. In the case of IC 310, the radio lobe with a length of
about 400 kpc extends in the direction parallel to the line connecting
IC 310 with the center of the Perseus cluster.

The radio galaxy IC 310 (redshift of z = 0.0189) 1s
located in the Perseus Cluster at 0.6° (about 1Mpc)
from the cluster’s central galaxy, NGCI1275. It is
one of the brightest objects of this Cluster of
galaxies at radio frequencies and at X-ray energies.

The y-ray source associated with the IC 310 was
detected above 0.8 TeV by SHALON (157h) with a
statistical significance 17.2¢ determined by Li&Ma.
The main TeV y-ray emission region was revealed
in observations of IC 310 corresponding to the core
of the galaxy. It coincides with the position of
"head" of radio structure of IC 310. Black-and-
white scale presents a radio image of the IC 310
galaxy from WENSS survey, red lines show TeV
structure of IC 310 by SHALON.

#1d24"
Dec

41418’

41d12’

Jh17.4' 3h16.8" 3hl6.2' RA 3hl5.6'



3C 382 (Z =0.0578)
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The spectral energy distribution of 3c 382 by SHALON
(open triangles) in comparison with other experiments.

3C 382 has been detected by SHALON at TeV energies (in
observations of 2009 - 2016 years, 46.3 hours in the total) with a
statistical significance of 9.50. The observations of 3C 382 at the
high energies with Fermi LAT have gave only the upper limit in the

range 0.1-100 GeV.

The structure viewed in TeV y-rays by SHALON can be result of
heating of blowing interstellar medium by the jets similar to one
observed in NGC1275 Seyfert galaxy. No significant emission was
found from the position of core, that is clearly seen in the radio-

image.

3C 382: 1477 MHz - structure by VLA.

3C 382 is a typical Broad Line Radio Galaxy (BLRGQG),
essentially identical to a quasar except that the optical
luminosity. 3C382 is a well-known X-ray source. Its
radio structure shows several quasar-like features. The
core is very bright and there is a narrow jet with the
compact hotspot and with the lobe opposite the jet. In
contrast to blazars, the jets in BLRGs are not pointing
directly toward the observer, and the relativistic beaming
effects and the related jet dominance are only moderate,
so it became possible to investigate both the accretion

i disk and the jet. In our observations we are mainly aimed
1 on the searches for TeV jray emission form 3¢ 382 and

the comparison with estimations
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The spectral energy distribution of 3c 382 by SHALON

(open triangles) in comparison with other experiments.

3C 382 has been detected by SHALON at TeV energies (in
observations of 2009 - 2016 years, 46.3 hours in the total) with a
statistical significance of 9.50. The observations of 3C 382 at the
high energies with Fermi LAT have gave only the upper limit in
the range 0.1-100 GeV.

Ctpyktypa, oOHapyxeHHas B Td9B-bIX TramMma-iydax TeJIECKOIIOM
ITAJIOH wMmoxeT ObIThb pe3yJabTaTOM “‘HarpeBa”  BbIIYyBaeMOWU
MEK3BE3MHON Cpelbl JHKETOM, TMOJAOOHO TOMY, YTO HAOJIIOJaeTcs B
NGC 1275. Ilpu 3ToM He 0OHAPYKEHO CYIIECTBEHHOT'O U3TYUYSHHUS U3
00JacTH sipa, KOTOPOE SICHO BUHO HA PAANO-U300PKECHHH.

3C 382: (color scale) presents a SHALON at 0.8 - 35 TeV.
The contour lines show the 1477 MHz - structure by VLA.

Dec.
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32d42.0'

32d41.4'
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18h35'2.4"
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Markarian 421 (z = 0.031)
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Extreme variability in different wavelengths including VHE
y-rays on the time-scales from minutes to years is the most
distinctive feature of BL Lac objects.

The increase of the flux over the average value was
detected in 1997 and 2004 observations of Mkn 421 by
SHALON and estimated to be

(1.01 £ 0.25)x10°'? cm™?s! and (0.96+0.2)x10"2cm2s!,
respectively.

The similar variations of the flux over the average value
was also observed with the telescopes of Whipple,
HEGRA, TACTIC, HESS (60° — 67°), MAGIC (45°).

The Bl Lac Mkn 421 was detected as the first and the
nearest (z = 0.031) metagalactic source of blazar type of
TeV energy y-quanta in 1992 year using Whipple telescope.
Presently this source is systematic studied by different
experiments: VERITAS, SHALON, TACTIC, HESS,
MAGIC. Mkn 421 is being intensively studied since 1994
by SHALON. As is seen from figure the SHALON results
for this known y-source are consistent with the data by best
world telescopes. An image of y-ray emission from Mkn
421 is also shown. The integral averaged for the period
1994 to 2014 (174h) y-ray flux above 0.8 TeV was
estimated as (0.63 + 0.05) x10-!2 cm2s-!. Within the range 1
- 10 TeV, the integral energy spectrum is well described by
the power law F(>E) oc EM , with =-1.87 = 0.11.

Dec

38d12.9'

38d12.6'

38d12.3'

11h4'28.2" 11h4'26.4" 11h4'24.6"RA



Markarian 501 (z = 0.034)
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The integral y-ray flux in 1997 and 2006 by by SHALON
telescope was estimated as (1.21£0.13)x10°!2 cms-

The detection of Mkn 421 as metagalactic VHE y-ray
source initiated a search for VHE emission from several
other active galactic nuclear of blazar type. This led to the
detection of BL Lac object Mkn 501 (z = 0.034) by
Whipple in 1995. In contrast to Mkn 421, EGRET had not
detected this source, as significant source of y-rays. So
Mkn 501 was the first object to be discovered by as y-ray
source from the ground. An image of y-ray emission from
Mkn 501 by SHALON telescope is also shown. The
integral average y-ray flux above 0.8 TeV was estimated as
(0.86+0.06)x10"12 ¢cms! and the power index of the
integral spectrum is k=-1.87+0.13. The significant
increase of Mkn 501 flux was detected in 1997 with the
VHE ground telescopes all over the world.

Dec
39d46.08"

and

(2.05+0.23)x10"12 cm™s’!, respectively that is comparable
with flux of powerful galactic source Crab Nebula by
SHALON. The last flaring state of Mkn 501 at the very high
energies was detected in the SHALON observational period
between March and June 2009. The flux increase was
detected at 23-24 April and 23-25 May with average flaring
flux of (3.41+0.70)x102cms"!. This increase is correlated
with the flaring activity at lower energy range in
observations of Fermi LAT and VERITAS, MAGIC,
Whipple.

16h53'54.6"

16h53'52.8"

16h53'51.0"

RA



Mkn 180 (Z = 0.045)
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The spectral energy distribution of Mrk 180 from modern and
archival observations.

Mkn 180 was observed by SHALON in 2007, 2009 - 2014, for a
total of 81.0 hours, at zenith angles ranging from 25° to 34°. After
the standard analysis, a clear excess corresponding to a 18.5¢0 was
determined. No evidence for flux variability was found. The
measured integral energy spectrum of Mkn 180 can be well
described by a power law with the index -2.16+0.15. The observed
integral flux above 0.8TeV is

F(E > 0.8TeV ) = (0.65£0.09)x10"2cm™2s"".

Dec

70d 9.6'

70d 9.3'

70d 9.0’

11h36'28.8"'

11h36'27.0"

Mkn 180 is a known extragalactic source of high
frequency peaked BL Lac type (z = 0.045). As the
VHE y-ray emitting AGN1 are variable in flux in all
wavebands the correlations between low energy
emission (for example X-ray) and y -ray emission
have been found. Recently, optical - TeV/GeV
correlation was also found. Mkn 180 was detected in
TeV y-rays by MAGIC during an optical high state.

Earlier, Mkn 180 had been observed by HEGRA
1 and Whipple but were only able to derive flux upper
limits, and EGRET did not detect the source).

11h36'25.2" RA



4¢ +31.63 (z = 0.2935)
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Spectral energy distribution of the gamma-ray emission
from 4C+31.63 by SHALON (open triangles) in
comparison with thr experimental data at high enrgies by
Fermi LAT (2011).

In observations of 2012 year a new metagalactic
source are detected by SHALON in TeV energies.
This object was identified with FSRQ type source
4c+31.63, previously detected at high energies with
Fermi LAT. No high activity of 4C+31.63 in TeV
energies was found.

31d46.08'

31d45.60'

31d45.12'

4C+31.63, at redshift z = 0.295, 1s the
example of FSRQ class of objects.

To collect the data for FSRQ type sources at
large distance range from z< 0.3 to
extremely high z sources from first and
second Fermi LAT AGN catalogue are
observed by SHALON.

4C+31.63 was observed by SHALON in the
2012-2015 at the clear moonless nights, for
a total of 45.7 hours, at zenith angles
ranging from 12° to 35°. After the standard

analysis, a clear excess corresponding to a
9.70 (Li&Ma) was determined.

I,..31.63(>0,8TeV)=(0.73+0.16)¢10'2 cm? s°!

Dec

22h3'12.6"

22h3'14.4" 22h3'16.2"

22h3'18.0"RA.



0J 287 (z = 0.306)
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In observations of 2008, 2009 and 2010 (31.2 hours in total) the

Dec

weak y-ray flux was detected. An excess corresponding to a 6.9 o 20d6.72'

was determined. The observed integral flux is
F(E > 0.8TeV )=(0.26+0.07)x10">cm2s7!,

The flux increase over the detected average flux was found at 14,15
November and 4, 5 December 2010. The average value of increase
is (0.63 +£0.15)x10""2cm2s! (statistical significance of 6.2s) with the
softer energy spectrum with a power law with the index -1.96+0.16.
Also, the high flux was detected at 16 November 2009. The duration
of the flux increase in December 2010 was 2 days with pick
intensity (1.16 + 0.51)x10/?cms7!. No duration of intervals of flux
increase were found in 2009, because the observations were
interrupted due to weather conditions.

20d6.36' B

20d6.0'

8h54'50.4"

8h54'49.0"

8h54'47.5"

. Spectral energy distribution of the y-ray emission from OJ

2 i 287 by SHALON in comparison with other experiment
data EGRET, Fermi/LAT, MAGIC and with theoretical
The open triangles at TeV energies are
1 SHALON spectrum of OJ287; an upper limit at > 0.8 TeV
71 corresponds to SHALON observations in 1999, 2000; the
1 black triangles are the gamma-ray spectrum at the
4 increased flux period of 2010. OJ 287 is the weakest
1 extragalactic source observed by SHALON

OJ 287 was observed by SHALON in 1999, 2000, 2008,
2009 and 2010, for a total of 47.3 hours, at zenith angles
ranging from 22° to 34°. The observations of 1999 and
2000 years does not reveal a y-ray flux from the position of
OJ 287, but only an upper limit of < 1.1x10-B3¢cm2s!,

RA
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To reveal possible correlations of the emissions in
various energy ranges, including those at high and
very high energies, we compared the OJ287 j-ray
fluxes by SHALON in the periods when the
observations were simultaneous with the ones by
the Fermi LAT experiment and data in R-band
(Suhora Astronomical Observatory). A slight local
flux increase can be seen in the period of November
2010 in Fermi LAT data and at R-band, which
corresponds to the above-mentioned jray flux
increase observed by SHALON in 2010. The
increase of OJ 287 flux in 2009 SHALON data
correlates with flares in MeV-GeV energies and R-
band. It was shown that the GeV flares are
produced due to interaction of moving plasma
blobs with a standing shock. The flare correlations
can indicate that the TeV emission observed by
SHALON 1s very high energy population of
particles formed the spectrum viewed by Fermi
LAT, which produced by the synchrotron self-
Compton process occurs in the jet away from the
central core.

Comparison of OJ 287 light curve by SHALON in
the energy range 800 GeV - 35 TeV with data in R-
band and in the MeV-GeV energies by Fermi LAT
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3¢ 454.3 shows the significant flux variability in the different energy
ranges including high and very high energies. The last significant
flaring state of 3c454.3 at TeV energies was detected in the SHALON
observational period of Nov. - Dec. 2010. The flare of TeV flux
detected by SHALON at 10 November 2010 correlates with flux
increase observed at high energies by Fermi LAT at phase of the
plateau and flare in R-band. The flux increase was detected at 02-04
Dec. with flux of (3.41 £ 0.70)x10-"2cms-!. This increase is correlated
with the flares at lower energy range in observations of Fermi LAT and
corresponds to phase of increasing flux the post-flare. Very high
energy flux variation time-scales observed by SHALON are similar to
ones observed at high energies by Fermi LAT.

The short flaring times suggest the parsec-scale size regions of origin
of TeV and MeV-GeV emission.

Dec
16d9.12"

16d8.88'

16d8.64'

22h53'58.56"

3C 454 3 (Z = 0 &594}4 3, at redshift z = 0.859, 1s a well-known

example of blazar class of objects

Spectral energy distribution of the gamma-ray emission
from 3c454.3 by SHALON (open triangles) in
comparison with other experiment data, Fermi/LAT
(2009 - 2011); upper limits by MAGIC (2010).

In 1998 year a new metagalactic source are detected by
SHALON in TeV energies. This object was identified
with FSRQ type source 3¢c454.3.

3C 454.3 was observed by SHALON in the period
from 1998 to 2013, for a total of 69.2 hours, at zenith
angles ranging from 18° to 35°.
Upper Limits: 4 corresponding to a 14.3c was determined.

L 45, 4(>0,8TeV)=(0.4320.07)010 2cm2s"!

A clear excess

22h53'57.12"RA



4c +55.17 (z = 0.8965) . . .
——— 4C+535.17, at redshift z = 0.896, is the radio-
1 loud active galaxy clasified as a FSRQ.
4c+55.17 f[w o 1 B 2012 romy Teneckonom IITAJIOH 6si1 06HApYykeH
10 F .|. T- T.OT ) - HOBBIM BHErajakKTU4YeCKMH HMCTOYHHUK T»B-oro ramma-

i a ] wu3nyueHus, OH OB  WACHTUUIHUPOBAH  C

10_ 3 I | T I T T T T

w
g & ﬁ ?' .1 pamHOKBa3apoM C ILUIOCKUM crekTpoM — 4C+55.17.
a0 F & 1 L‘\a%g\' Panee, 3TOT WCTOYHMK OBbLT 3aJETEKTHPOBAH IIPU
13 & ! ) ‘ .Tf BbICOKMX dHeprusx B skcriepuMenTtax EGRET u Fermi
3| 3 |1 LAT c HeoObIMHO JXECTKMM CIIEKTPOM B 00JacTH
Fy 10 E i oHeprmit  MeV-GeV.  4C+55.17  mabmropaics
‘4 : ' _ 1 reneckonom IITAJIOH 61.2 4 B nepuon ¢ 2012 — 2016
a © Archive data - EGRET | ronm mpu semuTHBIX yrmax 13° — 350, Tlotok mnpu
10 & ¢« UVOT ® Fermi LAT 3 N
& s Swift BAT A SHALON i sHeprusax Oonbue 0,8 THB Obu1 onpenenéH Ha ypoBHE

¥ v  Swift XRT 1 8,40 (Li&Ma).

1045 VR TR TR (I S S 1(1]15 I (L | 1(;.:, Y TS, R N [N LA N | I4c+55-17(>0,8TeV)=(0.90i0_16).10—12 cm2 s1
v, Hz Dec

Spectral energy distribution of the y-ray emission from 4C+55.17 by
SHALON (open triangles) in comparison with the experiment data by
EGRET, Fermi LAT (2011). 55d23.4"

4C+55.17 uMmeer CTPYKTYpy MU CIHEKTpaJibHble CBONCTBA MPUCYIIHE
omazapam Ttuna FSRQ. IlepeMeHHOCTh W3MyudeHUsS U BCHBIIICYHAS
AKTUBHOCTbH BO BCEM SHEPreTUYECKOM JHana3oHe, Bkiaodas MeV-GeV, a
Takke U T3B osHeprum, SBASETCS OTIMYUTEIBHONM OCOOEHHOCTHIO
00bekTOB THIA Onazapel. Ho B ciyuae 4C+55.17 nepeMeHHOCTH TOTOKa ~ 55d22.8'
He Obuto oOHapyxkeHo HHU B ToB-oii ob6nactu Ha IITAJIOH, Hu npu
BBICOKMX JHeprusx B HaoOmogeHusx Fermi LAT. JlerektupoBaHue
cTabuiapHOTO TmoOTOKa wu3mydeHuss oT 4C+55.17 npu BBICOKHX H
CBEPXBBICOKMX JHEPrUAX BMECTE CO CIA00W MEPEMEHHOCTBHIO B PaaMO-
JMamna3oHe yKa3blBaeT Ha OTCYTCTBHE OCOOEHHOCTEH-BBHIOPOCOB, — 55d22.2'
00ecTIeYMBAIOIINX BHICOKYIO aKTHBHOCTh BO BCEX JUaIia30Hax dHEPTUM. 9h57'39.6" 9h57'36.0" RA




1739+522 (z = 1.375)
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Spectral energy distribution of the gamma-ray emission from
1739+522 by SHALON (open triangles) in comparison with other
experiment data Fermi/LAT (2009 - 2011). Lines at TeV energies
limit the range of intrinsic spectrum in the source corrected on the
extragalactic background light attenuation.

Two periods of TeV flux increase were detected since first detection
of 1739+522. In observation of 2004 from 8 to 20 June the flux
increase from level of average value up to (1.93+ 0.60) x10->cm2s-!
at E > 0.8 TeV in peak at 12 June 2004 was recorded in two night
observations. Similar high flux increase was detected at 12 May 2005,
but no duration of flux increase were found, because the observations
were interrupted due to weather conditions.

1739+522, at redshift z = 1.375, 1s a
powerful example of blazar class of objects.
In 1999 year a new metagalactic source are
detected by SHALON in TeV energies. This
object was identified with FSRQ type source
1739+522 (4c+51.37).

1739+522 was observed by SHALON in the
period from 1999 to 2016, at the clear moonless
nights, for a total of 119.8 hours, at zenith angles
ranging from 14° to 35°. After the standard
analysis, a clear excess corresponding to a 15.1c
(Li&Ma) was determined.

I,730,52,(>0,8TeV)=(0.4910.05)e10-2 cm 2 s°!
Dec
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Metagalactic sources of very high energy gamma-quanta
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Ha0u01eHusi aKTHBHBIX TaJIAKTUHYECKHX siiep
TaK/Ke MOKET HCIO0JIb30BAaThCHA sl M3yYEeHUS
(ponoBoro wusiaydenus. PoHOBOE U3IyUYEHUE
COCTOMT M3 M3JIyYeHHS] TAJAKTHK, 3BE€31 U
ropsgyed NbLIM, NPOU3BOAUMOIO 32 BCHO
ucropuro Bcenennoii. Ero cmekrp coaep:kur
HHpopManuI0 0 CKOpocTH (opMHUpPOBaAHUA
3B€31 W TaJaKTMK Ha PaHHHUX CTaguAX
pasButus Bcenennou. TiB-Hble ¢(oTOoHBI OT
AAJEKMX HCTOYHMKOB B3aMMOJACHCTBYKOT, B
OCHOBHOM, ¢ MH(paKpacHbIM (poHOM (OTOHOB
NyTéM PE30HAHCHOIO Tpolecca Yy+y—e'e.
3aTem, BCE emié peJSTHBUCTCKHE, 3JEKTPOHBI
caMM  MOryT  HM3Jy4YaTb  T[aMMa-KBaHTHI
MEeHbIINX JHEPruil, 4eM NepBHYHbIH, U.T.1., B
pe3yjabTare, INEPBHYHbIA CHEKTP HCTOYHHUKA
CTAHOBHUTCH HCKAKEHHbBIM B 3aBHCHMOCTH OT
cnekrpa  ¢oHoBOro  usiay4deHus. Takum
00pa3oM, KECTKHE CHEKTPbl HAa0JI0JaeMbIX
AIl'fl ¢ kpacHbiMm cMmemenuem 1.6 - 1.8
NMO3BOJIAT  ONpeldeJIUTh  NOIJIOIIeHHEe  HAa
MEXKIaJaKTHYeCKOM  (POHOBOM  H3JIyYeHHH
(EBL) B Buammoii — uH(pakpacHod 00JacTH
JHEPruu.

de -nle, 2o,
2m*e?

Extly z|”



Extragalactic Background Light
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Spectral energy distribution of EBL:
measurements [9] and models [10, 11, 12, 13]
and EBL shape constrained from observations
of the extragalactic sources by SHALON:
1 -NGC 1275 (z=0.018);
Mkn 421 (z=0.031);
Mkn 501 (z=0.034);
Mkn 180 (z = 0.046);
3c382  (z=0.0578);
(averaged EBL shape from best-fit model and
Low-SFR model)
Upper 1 is for Mkn180 (z = 0.046)
2 —3c¢+31.63 (z=0.295);
0J 287 (z=10.306);
3 — EBL shape from constrained from
observations of 3¢454.3 (z = 0.859);
4¢+51.17(z = 0.896)
4 — EBL shape from constrained from
observations of 1739+522 (z = 1.375)

It has mentioned that the observed spectra are modified by gamma-ray attenuation, i.e.

Fovserved(E) = Finrinsic(E) % exp(t (E; z)) where 1(E; z) 1s optical depth for pair creation for a source at redshift z, and at an
observed energy E. According to the definition of the optical opacity the medium influences on the primary source
spectrum at t > 1, but for T < 1 the medium is transparent, so the measuring of source spectrum in the both range of t
can give the intrinsic spectrum of the source to to constrain the EBL density. The optical depth for sources at redshifts
from 0.031 to 1.375 was calculated with assumption of EBL shapes shown in figure. We used the averaged EBL shape
from best-fit model and Low-SFR model (upper black curve 1) to calculate the attenuated spectrum of Mkn 421, Mkn
501, Mkn 180 and 3¢382 in assumption of simple power low intrinsic spectrum of the source with spectrum index of y =
1.5+1.8, taken from the range of © < 1. The shapes of EBL density constrained from the spectra of the high redshift
sources 4¢.31.63, OJ287, 3c454.3, 4¢+55.17 and 1739+522 are shown with curves 2, 3 and 4, respectively.



Extragalactic Background Light

As it 1s seen from the spectra of close sources (NGC1275, Mkn 421, Mkn 501

and Mkn 180 spectra) the measured spectrum can be fitted by a power law with

an exponential cutoff: F(> E) ~ E"xexp(-E/Ecutofr ) with power indices of about
v =2.1840.12 for NGC 1275; y ~ 1.5£0.2 for Mkn 421, Mkn 501 Mkn 180;

The value of E_ . ranges from 3247 TeV for NGC 1275 and 11£3 TeV for
Mkn421, Mkn 501

We used the EBL shape from Best-fit model and Low-SFR model (curve 1) to
calculate the attenuated spectrum of Mkn 421, Mkn 501, Mkn 180 in
assumption of simple power low intrinsic spectrum of the source with spectrum
index of y = 1.5+0.3, taken from the range of t < 1; As NGC 1275 is a nearest
source its primary spectrum is weakly influenced by EBL and no significant
dependence of spectrum change on models.

The measured spectra for NGC1275, Mkn421, Mkn501, Mkn 180 (black
points) together with spectra attenuated by EBL (lines).
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Extragalactic Background Light

The attenuated spectra of close sources 3¢382 (curve 1 of EBL and y = 1.5 £0.3 ), middle redshift sources 4c+31.63 and
OJ 287 (The shape 2 of EBL and y = 1.2+0.2) and high redshift sources 3c454.3, 4c+55.17 and 1739+522 in assumption of
simple power low intrinsic spectrum of the source are shown with thin lines; the black points are the observational data. For
these sources the slope of intrinsic spectrum is taken y = 1.2%0.2 for the range of t >1. The shape 3 and 4 of EBL density is
constrained from the observed spectra of the hig
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Extragalactic Background Light
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Spectral energy distribution of EBL:
measurements [9] and models [10, 11, 12, 13]
and EBL shape constrained from observations
of the extragalactic sources by SHALON:
1 -NGC 1275 (z=0.018);
Mkn 421 (z=0.031);
Mkn 501 (z=0.034);
Mkn 180 (z = 0.046);
3¢382  (z=0.0578);
(averaged EBL shape from best-fit model and
Low-SFR model)
Upper 1 is for Mkn180 (z = 0.046)
2 —3c¢+31.63 (z=0.295);
0J 287 (z=0.306);
3 — EBL shape from constrained from
observations of 3¢454.3 (z = 0.859);
4¢+51.17(z = 0.896)
4 — EBL shape from constrained from
observations of 1739+522 (z = 1.375)

00JBIIUMHA

KPACHBIMHM CMeEIleHHSIMHM, CBUETEJbCTBYET O TOM, YTO BHETaJaKTHYECKOE
(GoHOBOE H3JIyUeHHE HMeEeT MEHBLIIYI0 CPEeIHIO IUIOTHOCTHL ()OTOHOB, W,
CJIEI0BATEIBLHO, CKOPOCTh (POPMUPOBAHMS TIEPBBIX 3BE3] OblJa 3HAYMTEIBHO HUXKE,

9EM IIPCAIIOJIarajloCh paHEC.



B2 0242+43 and B2 0743+25 (z> 2)

IIpu sueprusix B auanazone 10I3B — T>B cnekTpbl raMMa-u31y4yeHHUs] HCTOYHUKOB
HaXOASIIUXCd Ha OOJIBIINX KPACHBIX CMEIICHUSAX HAUYMHAIOT CUJIBHO IOTJIOIIATHCS, J10
cux mop emeé ciabo W3YYeHHBIM I0JIeM (OTOHOB BHETAJAKTUYECKOTO (HOHOBOTO
u3nydeHusd. [[ns oueHku ropusoHTa Juisl ramMma-usinydeHus B 2014 roxy Ha Teneckomne
[TAJIOH nauanuch HaOMIOAECHUS KBA3apOB C KPACHBIMU CMEIICHUSMHU >2 U3 MEPBOTO U
BTOPOI'O KaTajJoroB AKTUBHBIX rajJaKTUYECKUX sijep, HaOmogaembix Fermi LAT.

B2 0242+43, at redshift z = 2.243, paauorpoMKoe axKTHUBHOE
raJIaKTUYECKOE JIp0, OTHOCAIIMICSA K KIJIACCy PaJMOKBAa3apOB C IUNIOCKMMH CIEKTpamH.
B2 0242+43 nabmogancs teneckornoM IIIAJIOH 14u B 2014 rony. B pesynbsrate u3
obmactu B2 0242+43 mpu sueprusix > 800 I'»B  Obl10 3aperucTpupoBaHO raMMma-
usnydenne ¢ noTokoM (0.58+0.20)x1072cm2s™! na yposHe 4.86. B xoHIle HOAODPS OBLIO
3aperucTpUpPOBAHO JIBYKPATHOE YBEIUYEHHE TMOTOKa (HAJ YKa3aHHBIM YpPOBHEM).
NccnenoBanus okpectHoctet B2 0242+43 paguycom 20° HE BBIIBHIO AaKTHUBHBIX
O0OBEKTOB, TaKUX KaK TraMMa-BCIJIECKHU, WJIM JAPYIHMX MOIIHBIX B [IHPOKOM
YHEPreTUYECKOM JHAara30He, UCTOYHUKOB H3IIYUYCHHS, KOTOPhIE MOTJIH OBl CITYKHTh
KaHIuIaTaMu B UCTOUYHUKH ThB-oro ramma-uznyuenus. Cnucok OamKalmmx 0ObeKTOB
BKJIFOYAET JIBa CJIA0BIX UCTOYHHUKA PAIHO-U3ITyYCHUS U OJUH PEHTTCHOBCKHUI MCTOYHUK,
HE TIOJITBEPKICHHBIE C MOMEHTA MX MEePBOTO OOHapy)eHus B 1999romy.

B2 0743+25, at redshift z = 2.979, Takke OTHOCHUTCS K Kjaccy
paauoKBa3apoB C IUIOCKMMH crekTpamu. B2 0743425 naGmrogancs TeJIeCKOIOM
[ITAJIOH 2lu B mepuox c¢ 2014 — 2016 rox. WHTEerpadbHbli MOTOK
(0.37£0.16)x10 2cm 25! onpenenén Ha ypoBHe 5.90. Tarxke Oblna HCCIENOBaHA
obnacte pamumycom 20° Bokpyr B2 0743+25 ¢ menbio BBISIBUTH MOIIHBIE UCTOYHUKH
U3ITyYEHUsI, KOTOpble MOTJIA Obl OBITh pacHo3HaHBl KaK M3y4aeMblid MANEKUN KBazap.
O6napyxeHo 4-e¢ 00beKkTa THUIa KBazap, KOTOpbIe OBbUTM HUACHTHU(PHUIIMPOBAHBI IO
HabmogenusiMm B V B U u He Obun OOHapy’KeHBI B pajno-Auana3oHe, peHTIeHE U B
MeV-GeV »nsueprusix. [lpoBoasTcss nanpHeWue HaOMIOACHWS W HUCCienoBaHus B2
0242+43, B2 0743+25 u obnacTeil BOKpYT HUX, YTOOBI HAIEKHO YCTAHOBUTh HCTOYHUK
U3ITy4YCHUSI.




° [IpencraBieHbl  pe3yJbTaThl  HAOMIOJCHUN  TalaKTUYECKUX  OCTATKOB  CBEPXHOBBIX
000JI04€YHOTr0 THUIA, HAXOAIIUXCs Ha pa3HbiX 3Tanax 3Bojoiuu: GKPer(Nova 1901), Cas A, Tycho’s
SNR, yCygni SNR, IC443 u G166.0+4.3 monydyeHHBIX C MOMOIIBIO 3€PKAIBHOTO YEPEHKOBCKOIO
teneckona [HTAJIOH. DxkcnepumeHTandbHBIC JaHHBIC MOATBEPIWINA TPEACKa3aHUE TEOPUHU 00 aIpPOHHOM

MEXaHU3Me I'eHepaluu Y-KBAaHTOB CBEPXBBICOKUX IHEPruil B ocTaTkax cBepxHOBBIX Tycho’s SNR, Cas A, yCygni
SNR and 1C443.

° BriepBbie Ob110 00HAPYKEHO M3TYyUEHHNE CBEPXBBICOKUX YHEPTUM OT Kilaccuueckor HoBor GK
Per (Nova 1901), sBasitometics, mo-suaumomy, OCH o06o04edHOro Trimna Ha paHHEM 3Tare 3BOJIIOIUH, U
e€ 000JI0YKH, BUIUMOMN 1 B PEHTT€HOBCKOM JHana3oHe YHEPTUH.

° Cyg X-3 akTuBHO HCCIEIyeTCd BO BCEM JAMANA30HE JJIEKTPOMAarHUTHOTO CIIEKTpa OT
paguoauana3oHa 10  yJIbTPaBbICOKMX dHepruil. IlpencraBieHbl pe3yabTaTbl  JTOJITOBPEMEHHBIX
HaOmonenuit Cyg X-3 mpu sHeprusix 800 I'mB — 100 T2B 3epkaibHbIM 4E€PEHKOBCKUM TEJIECKOIIOM
ITAJIOH. Jlng Haa&XKHOrOo OTOXKIECTBIEHUS OOHapykeHHoro wuctouyHuka ¢ Cyg X-3, BBINOJHEH
BPEMEHHOM aHaJIu3 U HailJleH OpOUTaNbHbIN niepros 4.8 yaca, KOTOpbId ABisieTcs: ocodeHHocThi0 Cyg X-3.
O6napyxena cepusi Benbimek Cyg X-3 npu sHeprusx > 800 ['9B u ux xoppessiius ¢ aKTUBHOCTHIO B
PEHTIEHOBCKOM U paJio Iuana3zoHe. Pe3ynbpTaTel, MOMyYEeHHbIE B IIMPOKOM Jauana3zoHe 3Hepruii ot CygX-
3 B TOM 4MCJIe B TEUEHHE TIEPUOJ0B COOBITUN PENSATUBUCTCKUX BHIOPOCOB OYEHBb BAXKHO VISl OOHAPYKEHUS
CBSI3U M IIOHUMAaHHUs Pa3HbIX KOMIIOHEHT aKKPELUUPYIOIIEH TBOMHON CUCTEMBI.




° Jist NGC 1275 nanHble, MOJy4YEHHBbIE MPU CBEPXBBICOKMX JHEPrUsAX, & MMEHHO H300pa’KeHUs
TaJakTUKU U €€ OKPECTHOCTEN, a TAKKE MEPEMEHHOCTh M3JIYYEHHUs, YKA3bIBAOT Ha TO, 4TO ThB-0e ramma-
U3NydeHre oOpa3yeTcsi B pe3yJIbTaTe IEJIOro psaa MPOLECCOB: a MMEHHO, YacThb 3TOTO0 HM3IyYEHHUS
TEeHEPUPYETCS B PE3yJIbTaTe PEIATUBUCTCKUX BBHIOPOCOB B camoM sjpe ranaktuku NGC 1275. Torga kak
HaJIMYKE NPOTHKEHHOU CTPYKTYpbl BOKpYT NGC 1275 cBUAETEIBbCTBYET O B3aUMOJICICTBUM KOCMUYECKUX
Jydyeld M MarHUTHBIX TOJIeH, TeHEPUPYIOUIMXCS B BBIOpOCaX LEHTpa TaJAKTUKH, C Ta30M CKOIUICHHUS
ITepces.

° Crpykrypa 3C 382, oOHapyxeHHass B TaB-bix ramma-nyudax teneckornom HTAJIOH moxet ObITh
pe3yJIbTaToM “HarpeBa’” BbIIyBaeMOW MEX3BE3AHOM Cpeibl JHKETOM, MOJOOHO TOMY, YTO HAOJIOJAETCs B
NGC 1275. Tlpu 5ToM He 0OHAPYKEHO CYILIECTBEHHOI'0 U3JIyYEHHUs U3 00JIaCTH sipa, KOTOPOE SICHO BUIHO
Ha PaIu0-U300pAKEHUH.

° 3a nepuon ¢ 1994-2016 rr. teneckonom IITAJIOH naGntonanuch 16 BHeraqakKTU4ECKUX UCTOYHUKOB

raMMa-u3Jay4eHus: CBEPXBBICOKUX AHepruil. [lomydeHnl CrieKTpalibHble PHEPreTUUECKUE pPaclpe/iesiCHUus] B
IIMPOKOM Juana3oHe sHeprui. OOHapyXeHHWE HUCTOYHUKOB TaB-oro ramma-uznyudeHuss ¢ OOJBIIMMU
KPAaCHbIMH CMEIICHUSMH, CBHUJCTEIBCTBYET O TOM, YTO BHETAJAKTUYECKOE (DOHOBOE H3IYyUYECHUE HMEET
MEHBIIYIO CPEJHIOI0 IIOTHOCTh (POTOHOB, U, CIEI0BATEIBLHO, CKOPOCTh (POPMHUPOBAHHUS MIEPBBIX 3BE3]1 ObLIA
3HAYNTEIBHO HUXE, YEM MPEANOIArajioch paHee.




Pacnpenenenne o6nayHocti no BpeMenn, 2011 (RP5.ru)

0O6nayHocTb, %

Pacnpegenenne o6nayHocTi no Bpemenn, sHBapb-nions 2013 (RP5.kz)
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JoctynHoe BpeMsa HabnwaeHusn, oktabpb—HoAbpb 2016 (rp5.kz)
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JocTtynHoe BpeMma HabnwoaeHunsa, Hoabpb 2012 (rp5.kz)

Bpema 70 yacos.

CyMmMapHoOe HoYHOoe BpeMsa AcHOW noroabl 117 yacos.
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JlocTtynHoe Bpemsa HabnwopeHus, mapt 2012 (rp5.kz)
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MMOUCKU HEUTPUHO C DHEPT'UEM 103 - 1016 5B
MO IIUNPOKUM ATMOC®EPHBIM JINBHAM, TEHEPUPYEMBIM B T'OPHBIX XPEBTAX,
T'AMMA-TEJECKOIIOM IIIAJIOH

HeliTpuHHble  TelecKONbl  PEerHCTPUPYIOT  4YEePEHKOBCKOE
U3j1y4YeHHe, TeHEPHUPOBAHHOEe B BOJAe¢ MJIH BO JbAY MpH
NPOXO0KACHUH PeJSITHBHCTCKHUX 3apsKeHHbIX 4yacTull,
POXKIEHHBIX MPH CTOJKHOBEHMAX HEHTPHMHO ¢ HYKJIOHAMH
BemiectBa Jerekropa. IlockoJbKy ceuyeHMe B3aMMOJElCTBUSA
HEWTPUHO YpPe3BBIYAWHO MAJIO, JJIsi PerucTpanuud HelTPHHO
TPeOYIOTCH JAeTEeKTOPbl THTAHTCKUX pa3MepoB. BeiaBuraauces u
HEKOTOpble AaJbTePHATHBHBbIE TMOAXOAbl K pelIeHUuI0 ITOoM
npodyaembl. OIMH U3 KOTOPBHIX — HCIOJIB30BATH BEIIECTBO 3eMJIN
(rop) kak padouuii 00b€M 1JI1 KOHBEPCHH HEHTPUHO B JICNTOH,
KOTOPBIil, 3aTeM, NPH BbIXOAe W3 TIPYHTA, [AAET IIMPOKHIi
aTtMoc(epHblii IUBeHb, a TUBeHb, B CBOI0 04Yepeab MOKeT ObITh
3aperucCTPUPOBAH YePeHKOBCKHM TeJjieckonoM. HaOuonenus
IIAJI, VHUIUMPOBAHHBLIX BTOPHMYHBIMH YaCTHIAMHM  OT
B3aMMOeCTBMH HEHTPUHO, MO yIrjaMu ~ 7° K FOPM30HTY U3
TOPHBIX CKJIOHOB KAaKYTCH IMPHBJEKATEIbHBIMH, TaK Kak
rOpHble LeNH JKPaHMpPyeT A0JHMHY OT (poHa JUBHeill
KOCMHMYeCKHX Jy4eil M CHJIbHO NPOHHMKAKIIMX YACTHUL, TAKHX
KaK MIOOHbI U €IMHCTBEHHOH 4YacTHlel, NMpuIleImie H3-moj
TOPU30HTA MOKET OBLITH HeTPHHO ¢ dHeprueii > 1013 5B. Kackan
¢ HayaubHOii JHeprueii > 10'° 3B BbIXOAMT M3 TpyHTa B
atmocdepy ¢ rayoun 10 300 r/cm? Ge3 cymieCTBEHHOH MOTepH
cymmapHou »JHepruu. IIpm 3TOM 4YepeHKOBCKOe M3JIy4YeHHe
IIMPOKUX aTMOC(epHbIX JIMBHEH, 3apOAUBIINXCA B TOPHOM
CKJIOHE OT HEWTPHMHO W3 JIOKAJBHBIX MCTOYHUKOB H
NMPOJ0IKAIINX CBOE pa3BuTHE B aTMoc(epe M0 HANPABJIEHUIO
OT 3BEé3JHOr0 MCTOYHHKA, OyAeT Ha0JII01aeMO NPH PACCTOSTHHUHA
0T raMMa-TeJlecKONa /10 Ha0JII0IaeMOro ropHOro CKJIoHa GoJjee
7.5 kM Ha wIomwaxu oosee 7105 m2,
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The observations of Cherenkov bursts under the 97 deg zenith angle

SHALON Cherenkov mirror telescope is located at 3338

m a.s.l. The mountain range lies in the east direction and is

/—\ more than 4300 m a.s.l. The mountain range is about 20

\ km long. The mountain slope has a structure which is

irregular on the scales less than typical shower size; it is

7 km covered with the forest. The thickness of matter in the

or ~ 16.5 telescopic field of view 1s from 2000 to 800 kms; viewed

' mountain slope area is > 7 x 10°> m?. For telescope located

about 7kms away from the mountain slope horizontally,
v(¥) the shadow of mountain is about 7¢ in elevation.

Horizont

Canyon

In actual conditions the mirror telescope placement the distance till the opposite slope of the gorge is ~7
km or ~ 16.5 radiation units of length, that is quite enough for the development of an electromagnetic
cascade till the structure characteristic for the rarefied atmosphere. Observations at 97° zenith angle
have been done in cloudless nights in absence of artificial lights and dry air. Reconstruction of shower
coming direction using the analysis of shower shape and position of shower maximum (in case of non-
gamma shower) is performed with accuracy < 0,5° which is enough to judge on whether it upward
shower or near horizontal. Horizontal and down going shower is out of field of view because of narrow-
beaming of Cherenkov telescope relative to ice or water neutrino telescopes.
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MOVCKHW HEMTPUHO C SHEPTHEM 10'3 — 10! 5B IO NIMPOKUM ATMOC®EPHBIM JIMBHSAM,

I'EHEPUPYEMbBIM B I'OPHbBIX XPEBTAX, TAMMA-TEJECKOIIOM IITAJIOH

4 Code = 1114
E =116 TeV

08.10.2004 23.45:4)
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6.1 TeV
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E=82TeV
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Code = 1846
E=17.3TeV
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Habmonenuu noj yriom 97° mpoBOAWINCH B ICHbIE O€37TyHHbIE HOYH B OTCYTCTBHUHU
MCKYCCTBEHHBIX HCTOYHUKOB CBeTa. bpu1o mposeneHo 355 yacoB HabOM0A€HUN 110A
yrioM 97°, 3a 310 BpeMs ObUIO 3aperucTpupoBaHoO 343 YEpHKOBCKUX BCIIBIIIKH.
N3o00paxkenust 348 W3 HUX NPEACTaBIAET COOOW MM PAaBHOMEPHO 3aCBEUYEHHYIO
MaTpHUIly, WM XAOTHYECKH PACIOJOKEHHBIE OOJACTH 3aCBETKU. IJTHU COOBITHS
MOTYT OBITh MHTEPIPETUPOBAHBI KaK OTpakeHHe depeHkoBckoro ceera [IIAJl ot
3aCHE)KEHHOTO  CKJIOHAa TOpbl, WM Kak HMOHM3AIMOHHOE CBEUEHUE IIpH
BEPTUKAJIbHOM MPOXOXKIECHUU IMIUPOKOTO aTMOC(EpPHOro JIMBHSA B MOJE 3PEHUS
teneckona. Ho Takxe OBLIO 3aperucTpUpoOBaHO S5 COOBITHM, O00JagarONIUX
POCTPAHCTBEHHO-BPEMEHHBIMH  XapaKTEPUCTUKAMU  3JIEKTPOHHO-(OTOHHOTO

12
KaCkazaa. DT CcOoOBITHSA BBITJIAAAT KakK I/1306pa}KeHI/I$I IIUPOKUX aTMOC(l)epHBIX

JUBHEHN 3alMCaHHBIX TMPU HAOMIOJECHUSIX B 3€HUT, T.€. moj yrioM (0° U UMEIOT
sHepruto ot 6 g0 17.5 TrB. ®oHoMm, k KackajgaM, HabIOgaeMbIM 1o 97°, MOTyT
OBITh «OTPAKCHUS» YACTHI[ JIMBHS KOCMHYECKHX JIydell OT CKIOHA TOpHI.
Hanpumep, Takue Kak, JUBHHM, MHULIUUPOBAHHBIE YACTHUIAMH, POXKIAEHHBIMU BO
B3aUMOJICUCTBUAX KOCMHYECKUX JIyYE€d CBEPXBBICOKMX HHEPrMid C BELIECTBOM
TOpHOTO CKJIOHA. Emé oauH M3 MCTOYHMKOB YaCTHI] C OOJBIIMMH MOTEPEYHBIMHU
UMITYJIbCAMH 3TO POXKJEHUE IMYYKOB aJpOHOB (CTpyi). BeposTHOCTH poxKaeHus
CTpyd B TIOJE€ 3pEHUS TEJIECKONa Majla IO CPABHEHUIO C BEPOSITHOCTHIO
JNETEKTUPOBAHUS  JIMBHEH, TE€HEPUPOBAHHBIX BTOPUYHBIMU  YaCTUI[AMH  OT
B3aUMOJICHCTBUS HEUTPUHO CBEPXBBICOKHUX SHEPTUM C BEIIECTBOM. .

00

24 Code = 1023
E =109 TeV

]

1 Code =575
4 E=6.9TeV

8§ 10 12

Code = 2100
E =18.1TeV




IMMOUCKU HEUMTPUHO C DHEPI'UEM 1013 - 1016 5B
MO HIUPOKUM ATMOC®EPHBIM JIUBHSM, TEHEPUPYEMbBIM B TOPHBIX XPEBTAX,
TAMMA-TEJECKOIIOM IITAJIOH

IIpoxoskaTcst padoThl MO MOUCKY HelTPUHO ¢ YHeprueii 1013 — 10 3B mo mmpokum aTMochepHBIM JIUBHSIM,
reHepupyeMbIM B FOPHBIX XpedTax ramma-tesaeckonom HIAJIOH.

HeliTpuHHBIE TENECKOIBl PErUCTPUPYIOT YEPEHKOBCKOE W3JIyYEHUE, T'€HEPUPOBAHHOE B BOJE WJIA BO JIbJy IpHU
MPOXOXKIECHUN PEISTUBUCTCKUX 3apSHDKEHHBIX YacTUL, POXKAEHHBIX IPU CTOJKHOBEHUSX HEUTPUHO C HYKIOHAMHU
BellecTBa AeTeKkropa. [IockobKy ceuenrne B3auMOAEHCTBUS HEUTPUHO YPE3BBIYAHO MAJIO, JJIsl PETUCTPALMA HEUTPUHO
TpeOyIOTCSl IETEKTOPHI TUTAHTCKUX pa3MepoB. BoIABUTANUCE U HEKOTOPHIE aJbTePHATUBHBIE MOIXO/bI K PEIICHUIO 3TOU
npo6seMbl. OAMH U3 KOTOPBIX — UCIOJB30BaTh BEIIECTBO 3eMIIU (TOp) Kak pabounii 00bEM 11 KOHBEPCUU HEUTPHHO B
JIETITOH, KOTOPBIN, 3aTe€M, MPH BBIXOJE U3 TPYHTA, Na&T UIMPOKUN aTMOC(EpPHBIN JIUBEHb, a JUBEHb, B CBOIO OUYEPEIb
MOKET OBITh 3aPErUCTPUPOBAH YEPEHKOBCKUM Tesieckomnom [11].

B nacrosimiee Bpemsi Ha Tesieckone HIAJIOH, 3a 355 yacoB Ha0J/Il0AeHU IIUPOKUX ATMOC(EPHBIX JUBHEH MO
00JIbIIMMHU 3€HUTHBIMH YIJIaMH — 97° 3aperucTpupoBaHo S coObITHH € 3HeprusiMu ot 6 1o 17 TH2B, odsagarommx
NPOCTPAHCTBEHHO-BPEMEHHBIMH  XAPAKTEPUCTHKAMH  JJIEKTPOHHO-()OTOHHOI0 Kackaga oOT HeWTpPHHO.
B03MOXKHBIM MEXaHM3MOM NOSIBJCHUSI TAKHUX COOBITHI MOKeT ObITh pacmaj HOBBIX JOJT0KHBYHIUX CHJIBHO-
NPOHUKAKIIUX YaCTULl, BXOAAIIMX B aTMOc(epy U3 3eMJIH H, 3aTeM, PACNAAAIOLINXCH HANPOTHUB TEJIECKONAa M, B
pe3yJibTare, JalOIIMX IMHUPOKHHA aTMoc(epHbId JHMBeHb. B KayecTBe BO3MOKHOIO OOBSICHEHHS MOIYT
PacCMATPUBATHCH CHEHAPHH € HECTAOWJIBHBIMH MACCHUBHbIMH HeHTpuHO [11]. UHTepecHO, YTO OAHA M3 ITHX
MojeIeH COBCeM HENABHO MNpPeAIarajach Ui O0ObSICHEHHMS] NpPEBbIMIEHHUS 3JIEKTPOHHO-NOAOOHBIX COOBITHI B
skcnepumente MiniBooNE Ha yckopuTtene adoparopun ®@epmu (Fermilab).
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CymmapHoe HOYHOE BpemsA ACHOW Norofbl 60 4acos.
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Image plane [MocTpoeHue M300paXKeHMsI ISIUTCS Ha JIBa 3TaIa.

width & - \

1)  Jnsg xaxmoro, oToOpaHHOTO C TIOMOIIBI0 KPUTEPHUEB
0oTOOpa, JWBHS WIMYyTCI KOOPAWUHATHI TOYKH X
CIeqyroIuM crocoboMm. M3o0pakeHue IMBHA B
MaTpUIle XapaKTePH3yeTCs DIUIUICOM, C TJIaBHOU
OCBI0, MIPEJICTABIISIONICH COOO0M MPOSKIIUIO OCH JINBHS
Ha IJIOCKOCTh  cBeTompuéMHUKa.  [losoxeHue
WCTOYHHWKA HAXOIHWTCS Ha IPOJOJDKCHUH OOJBIION
ocH co CTOPOHBI MaKCUMyMa JTUBHS
(cooTBeTCTBYyIOIICH Havaly Kackaga). PaccrosHue ot
HCHTpPA TAXKCCTHU IIATHA OO0 MOJIOKCHUSA UCTOUYHHKA D
3aBHCHT OT PAaCCTOSHHUS Ha KOTOPOM IPHIIEIN JINBEHB
Y, B pE3yJIbTaTe, BEITAHYTOCTHIO JINBHSI.
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OnTumanbHOE 3HAYCHHE Kod(uIeHTa
npornopiuoHanbHocT B = 5,1 (3.1) ObUTO BBEIOpaHO
TaK, YTOOBI paclpelelieHHe HampaBlICHHH MPHUX0Ia
JIMBHEH 10 yriiaM ObIII0O MUHHMAIGHBIM TI0 IIUPUHE U
IEHTPUPOBAHO IO TOYKE IOJIOKCHUS UCTOYHHKA Ha
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] Violk et al.: Internal dynamics and particle acceleration in Tycho’s SNE
Table 1. Models Parameters (Tycho SNE) ".'; 10
= = I <
dkpe | Ng.em™ o By.nG  ByppG K. 1070 FFJFI" 40
31 0.3 3323 420 360 42 40 Ff
i3 04 315 412 3350 31 27 =~
4.0 0.2 4.83 388 320 95 1.7 10
45 0.1 1.6 368 309 15, 24
10
' d, kpe My, cm > ' o)’ 10— eV/(em?s) at 10% < e, < 10'¥ eV represents the
F T g; g'i [Hﬁ- 7 possible limit. The contribution of non-thermal bremsstr 10
_____ a0 oz W ] (INB) emission 15 negligibly small
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Fig.4. Spectral energy distributions of the ~y-ray emission
from Tycho's SNE (total spectrum, which is the sum of all
components, (a), and separately 7" -decay, inverse Compton
(IC) and non-thermal Bremstrahlung (NB) components, (b)),
as functions of <-ray energy e,. calculated for different
source distances, together with the upper limuts measured
by the HEGR4 (H-CT; Aharonian et al.. 2001) and Whipple
(W Buckley et al., 1998) Cherenkov telescopes, the HEGRA
AIROBICC (HA: Prahl & Prosch, 1997) upper limit. and data
presented by SHALON (S; Sinitsyna et al., 2007). The thin dot-
dot-dashed line in Fig 4a represents the IC spectrum that is ex-
pected to be produced in the test particle case.

The closeness of the predicted hadronic and IC ~-ray

might at first sight also be seen to justify the simple consid-
eration that a situation is possible or even likely in which no
nuclear particles are accelerated at all. but only electrons. The
chbserved upper limit on the ~-ray flux might then be explained
by the IC ~y-ray emission in the cosmic microwave background
(CMB) radiation field of the same accelerated electrons which
also produce the observed synchrotron emission.

A simple estimate of the expected IC TeV-emission can
be obtained from the relation e, FI° S, wey /(B3 /8)
which 1s wvalid for the gamma :':a'}' eNErgy e, 1.5 =
1047 (fee /€W (100G By) eV assuming that IC scattering takes
place in the Thompson regime. Here wyy, == 0.3 eVicm® is the
CME energy density. Since according to Fig.2 we have 5, ==
100 eVi{em®s) for her = 1 keV (10 =2 2 % 107 Hz), the expected
IC ~y-ray energy fiux at e, = 15(10pG/By) TeV produced by
the same electrons is e, F,:TC = 10{10pG/ By)? eVijcm?s).
These relations show that the IC ~-ray flux exceeds the
HEGFEA upper limit unless the interior magnetic field is con-
siderably smaller than 10 pG.

In order to illustrate the energy spectrum expected in the
case of inefficient proton acceleration we present in Fig.da a
IC ~yray specttum, caleulated at By = 20 G an with elec-
tron energy distribution function f.(e) = Ae™ exp(—e/ermax ).
which corresponds to the test particle solution. The parameters
A and €, = 13 TeV in this expression were determined by
fitting the observed synchrotron flux ©5, at » = 1 GHz and
v =3 » 10'® Hz (see Fig.2 and 4).

As expected from the results of the nonlinear theory, this
simple test particle theory which considers an inefficient pro-
duction of nuclear CRs is quite inconsistent with the existing
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Astronomy&Astrophysics,

v. 483Ne2, 2008, pp.529 — 535;
“Internal dynamics and particle
acceleration in Tycho’s SNR”

H. J. Volk, E. G. Berezhko,

L. T. Ksenofontov

TAJIOH uHTerpanbHblil HOTOK:
F(>1TeV) = (4.16+0.42) x10-13 cm2s°!

HEGRA BepxHuii npenen:
F(>1TeV)< 5.8 x10-13 cm2s°!

Whipple Bepxuuii npezen:
F(>0.4TeV)< 8 x10712 cm™2s™!

Ann.Rev.Astron.Astrophys,
v. 46, 2008, pp.89 — 125;
“Supernova Remnunts

of High Energy”

S.P. Reynolds
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	 Световые кривые NGC 1275 и Crab Nebula, по данным телескопа ШАЛОН, свёрнутые с орбитальным периодом Cyg X-3 4,8 часа. 

