HoBble oTeyecTBeHHbLIE U 3apVOeXHble
CTaHOBKU (ODU3UKU KOCMUYECKUX
nvyem m pelwlaemMmbie npoonemMbl.




KocMmunyeckmne nyym

ATmvmochepa

Prc. 5. Cxema anepMo- KacEaHoro NpOoUSscen B ar
Moo pe, B ey narate COyanpesm NPOTOMA KOs
MIANSCKMX NYMSR © ROIDOM ATOMB BO MY XA OHPASoe
BANNGE T 0 T maaor, 2 -Meson nopogin snek-
TP CHHO- HOTOMHEE ANBerHL (NOKA3IOM B NPABOH YacTH
PAGY HEO) . T MeoMit Memspm posan HOo i T Meon

N DORANEHHME T-MEIOHM BIOROMD MOKOASHNA,
HAOTE T MASOHOD PAcAEtL, NHROAHE MO , M pes.
TOH CMOMHE BLIOOKON JHOPIE SNLCOESH NOPSOUTL 0
ATMCOPOPS 300 AGCATIEN NOXONOHUA W O0pado-
BATE MUNNMOHEL M MANASKO PR s;ggno«.u “ACTUY,
FEHOTHNOONA CRABMMML MO Ty COOON, « TOK HOIM-
BASMEIS WMPOKHE OTMOCD SPHLIS NUEH N

Puc.1

Kocmuyeckne nyum 6binu
OTKpbITbl Buktopom 'eccom B
1912 r. BO BpeMs noneta Ha
BO34yLWHOM wape. bnarogapga
TOMYy, 4YTO 3emnsi obnagaer
aTMocepoun, OHu
NpeacTaBnsaoT cobon
anbTEPHaTMBHbBIN YCKOPUTENAM
cnocob HabnoaeHus
9JfIEMEHTapPHbIX YacTuL U
B3aUMOOEUCTBUN MeXay HUMM.
B 30-x rogax npoLwunoro Beka
[Mbep Oxe OTKPbII LUMPOKME
aTMOCJOEpPHbIE NINBHU
KocMunyeckux nyden (LLAJT).



PasButue a0epHoro Kkackaaa

B LWAJI npoucxognT passutue a4epHOro
Kackaga oT nepBUYHOU YacCTULlbl BbICOKOU
SHeprun, HanetawLlen B atmocdepe 3eMnun Ha
A4po atomMa Bosgyxa. Yucno vyactuy B LUAJI,
HanpumMmep Ha ypoBHe mop4a B panoHe MockBbl,
cocTaBnseT npumepHo 2 mrnH. Cxema LUAIJI
HaNMoOMWHAaET TPEKU YacTul, B Kamepe BunbcoHa.
UeTKko BblAenAaTCA 3 COCTaBMAIOWNX NNBHA —
OT 3N1IEKTPOMArHUTHbIX B3aUMOOENCTBUN
(aNeKkTpoMarHMUTHbIN Kackan), Kackagbl OT
CUNMbHbIX U cnabblx B3anMOOENCTBUN.



CyLecTBYIOT 2 OCHOBHbIX cnocoba perncrpaumm 4yactuy — 1) permcrpauma
CUMHTUNNAUMOHHBIMU OETEKTOPAMU, Korga fiMBeHb YacTul poXxaaeT B
BELLECTBE-CLUNHTUINATOPE 3NEKTPOH-QOTOHHYIO napy, 1 2) peructpaunto
YyacTuy, Mo YepeHKoBCcKoMY m3nydeHuto (Y), nanyyaemomy vyactuuamu,
OBWXYLLMMMUCS CO CKOPOCTbIO, 60orbLLEN CKOPOCTM CBETA B cpeae. [JnuHa
BOSTHbI Y nexxuT B BUOUMOW YacTu CnekTpa, No3TOMY OCHOBHYIO YacTb
YEepPEHKOBCKOro AeTekTtopa obpasytoT 3epkana, permcTtpmpyrowme 3ToT CBeET.
Ob6a cnocoba perncrtpaunm MMeT CBOU MAKOChI U MUHYCbI U JOMKHbI
B3aMMHO OONOMHATbL Apyr Apyra. Eule oanH TMn OeTekTopoB — AETEKTOpPLI
TMna "rnas myxu" — ynasnmsatoT U3fiy4eHne aToMoB a3oTa B atMmocdepe,
BO3HUKatoLwee npu npoxoxaeHun LWATI, ¢ nomowubto Tpybok
dOTO3NEMEHTOB.

Puc. 2. CUMHTUNNALUMOHHLIA OETEKTOP C OTOKATOAOM, CUUHTUNNSATOPOM U CUCTEMOM
NPOMEXYTOYHbIX AMHOLOB YCUNEHUA.



Puc. 3 3epkano 4epeHKOBCKOro JeTeKkTopa.
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Puc. 4. KOHyC 4YepeHKOBCKOIo n3ny4eHusa yactuubl B atmocdepe.



CeTun YCTaHOBOK

B coBpeMeHHOM MUpe CYLLECTBYHOT CETU YCTAHOBOK C
NPEUMYLLIECTBEHHO CLUMHTUNNALUUOHHBLIMUN U
NPENUMYLLIECTBEHHO YEPEHKOBCKUMU OETEKTOPAMU, KOTOPbIE
NMbO yXXe NoCTPOEHbI, NMBO HaxoOATCs B CTaanu
ctpoutenbcTBa. CUMHTUNNALUNOHHBIE OETEKTOPLI
ycTaHOBMNEHbI B eBponenckon obcepsatopumn 'paH Cacco
(nTanbsHckne Anbnbl), B bakcaHckon HenTpmHHOU
Obcepeatopumn (BHO), B kntanckon obcepsatopum "Tnodet”,
camMoWn BbICOKOropHom obcepBartopuu B mmpe "Hakantas"
(Konymbua — 6200 m Hag ypoBHeEM Mopsi). YepeHKoBCKMe
OETEKTOpbl yCTaHOBMNEHbI B bankanbckon HentpuHHom
obcepBaTopun, Cpean3eMHOMOPCKUX NOABOAHbIX
obcepBaTopusax, Ha KOxxHom Nontoce (ycTtaHoBka "AmaHaa'),
camou bonbLion B Mmupe obcepBatopumn "Tlbep Oxe"
(ApreHTuHa), AnoHckon obcepBaTtopun "CynepkammokaHaa".



Puc. 5. YepeHkoBckun aetektop obcepBatopum "lNbep Oxe". Ha xonme
pacrnosioXXeH Teneckon Tuna "rnas myxm".
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Puc. 6. MNpuHuunmnanebHasa cxema getektnposaHus LLAJT B obcepBaTtopum BecemupHas

CE€Tb NAMMaA-TENIECKOINOB.



Bce 3TW YCTaHOBKU OETEKTUPYIOT
YepEeHKOBCKMN CBET OT raMmmMa-nyyvyen.

Puc. 7. Teneckonbl ceTn pacnonoxeHol B CeBepHon AMepuke
(Konnabopauus VERITAS — kaHboH KntT lNuk — o6cepsatopumn WHIPPLE),
Teneckon MAGIK Ha KaHapcknx octpoBax, konnabopauns HESS B KOxxHom
Adopuke, anoHckun teneckon KANGUROO B AscTpanuu.



Puc. 8. lNpuHuunuanbHas cxema eTeKTUpOBaHUA raMmma-nyyen
Teneckonamu konnatopaunn VERITAS.



Nornth

Puc. 9. 9Tta o6cepBaTopusa npeacraBnsieT co6ou BOAHbLIW MHOrOCsIONMHbLIU 6GaccerH 8-mu
MeTPOBOM rMybuHbI, 060pyAOBaHHbLIN YePEHKOBCKMMU AieTeKTOpaMu.
HenTpuHHbIE Teneckonbl PerucTpupyroT HeMTPUHO KOCBEHHbLIM OOpa3oM No NpoayKTam
pacnaga 3Tux HectabunbHbIX YacTul. Hanbonee gonroxuBywen hpakumen pacnaga HeUMTPUHO
ABNSAIOTCA 3apsAXKeHHble MIOOHbI, ANMHA Npobera KOTopbIiX B aTMocepe 3emnu gocturaer

COTEeH MeTpoOB. MMeHHO nx PErMCTPUPYOT AETEeKTOPbI TeJfieCKOMNnoB.



Cxema cnaboro pacrnaja MOHOB

Cxema cnaboro pacrnaga MIOOHOB OMATb BKIMOYAET HEUTPUHO,
KOTOPbIE HE PETNCTPUPYHOTCA HEMOCPEACTBEHHO. DNEKTPOHbI
obpasyoT B atMmocdepe OH, NPenATCTBYIOLWLNK peErncTpaumu.
Bpems XunsHm mooHa 1 ~ 2.2 x 10-6 c. 3a 9T0 BpPEMS OH OOIMKEH
ObITb 3aperncTpmpoBaH getektopamu. CeTb COBPEMEHHbIX
HENTPUHHbIX TESIECKOMNoB, paboTtatowmx ¢ Y, nokpbIBaeT BeCb MUP.



The Neutrino Telescope World Map
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27.09,2004 V. Kazz: Fishing for Newtrinos

Puc. 10. CeTb paboTaroLlmnx U CTPOSLLNXCA YHEPEHKOBCKUX HENTPUHHbIX TENECKOMOB.
Teneckonbl CETU NO3BONSAT NPOABUraTbCA B 061aCTb BbICOKMX 3HEPTMW N UCCIeaoBaTh

3aKoHbl PM3NKM B JaHHOW obnacTtu.



HenTpuHHOE OKHO BO BCENEHHVIO.

YenoBe4yecTBO OTKPLINO

HOBOE — HEUTPUHHOE
OKHO BO BceneHHyio.
OcHoBHas uenb
NpPOBOANMbIX
nccnegoBaHuUn —
dyHOameHTanbHas
dousunka. BosmoxkHagd
npuknagHas uenb —
bopbba 3a HOBbIE
HEW3BECTHbIE cenyac
NCTOYHUKN SHEPTUMN.

Particle and Astrophysics with v Telescopes

MNoutrine Oscllatiens:
Direction, Energy, Flavor

27.05.2004 U ¥atz: Psbing for Reutsinos

Puc. 11. lUkana aHepruin, noaBrnacTHbIX
HEeUTPUHHbIM Teneckonam. 1 Gev =1 mnH. 3B.
B panoHe ctaHuun AMyHAceH—CKOTT Ha KOXXHOM
nontoce HaxoasaTcAa cTposawmmnca pgetektop lce Cube
n paboTarowmn HeUTPUHHbIN aeTekTop "AmaHaa".



ﬂgyrme YCTAHOBKW

Caenyromnii mar B sxenepuMente no KJI VB —co3nanne KOCMHIECKHX

ONTHYCCKHX ACTCKTOPOS. J{Ba HANPABICHHA: (TCICCKON M «IIHPOKOYIOIbHAR
Kamepay. IIpHEIHN AciicTBHA- HaOMOASHHE (PIyOpPECHEHTHOrO H PacCceAHHOro

gcpeHkoBekoro csera HIAJTL

N EUSO telescope on ISS

Puc. 12. [etektuposaHue LLAJI n3
KocMmoca.
Konnabopauwus Ice Cube (cTtaHUus
AmMyHAceH—CKOTT)

NHTeHCcHBHO pa3pabaTtbiBaloTCs
NPOEKTbI APYrMX YCTAaHOBOK,
OCHOBaHHbIX Ha NPUHLMNUANbHO
HOBbIX METOAAX perncTpaumnu.

Tak, HarpeTbI KaHas FIMBHS
n3ny4vyaeT pagmoBOSiHbI
(n3nydeHue AckapbsiHa). OnbIThbl
No ero perucTpaumm NpoBoasTCs
MeXayHapoaHown konnadopauyuen
Ha KO>xHOM nontoce. AKycTuyeckme
BoSiHbI OT LLAJI pernctpupytotcs B
OKeaHe CUCTEMOM rMapodooHOB,
KoTopas Oblfia co3gaHa B rofdbl
"XornogHowu BoMHbI" ANa 3awnThl
OT NOABOAHbIX NOAOK. OTU
MeTOoAbl HE ABMSATCHA CEroaHs
TOYHbIMU METOOAMMN.
NccnepgoBaHna B 3TOM
HanpaBneHn HOCAT MOUCKOBbLIW
XapakTep.



Eiffel Tower as comporison AMANDA -A (t0p) 2o0med in om ome
(true saling) AMANDA -BL0 (bottom) optical module (OM)

Puc. 13. Cxembl yctaHoBoK AMAHLIA 1 Ice Cube Ha KOxxHoMm nontoce. Ons
CpaBHEHUS NpPMUBELEH PUCYHOK andbeneBon balluHu,



OBHapyXeHne ocLNNAALINA
HEUTPUHO
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Puc. 14. MexaHn4yeckaa moaesnb HENTPUHHBIX OCLUMNNSALUMA HA NpuMepe
CUCTEMbI CBA3aHHbIX MasiTHUKOB.



ctaHoBKa "CvnepkamuokaHae"

Puc. 15. YepeHKOBCKNM KOHYC OT MIOOHA NonagaeT Ha OETEKTOpPbI
ycTaHoBkM "CynepkamunokaHge", n3obpaxeHHon B paspese.



'‘CynepkamumokaHae”

YctaHoBKka "CynepkamuokaHge" Haxogutcs 6nns
MecTedka Kamunoka B AnoHnn. OHa npeacTtaBnseT cobomn
bonbLIOV LUNNMHAPUYECKNN Bak C BOJOW, Ha CTEHKaX U
TOpLAX KOTOPOro YCTaHOBIEHbI YEPEHKOBCKME
netekTopbl. Ha aTon yctaHoBKe Oblna gokasaHa
rmnoTtesa o6 ocumnnAUUAX HENTPUHO Pa3fINYHbIX
apomaTtoB (MogoOHO cucTeEME CBSA3aHHbIX MAaATHUKOB).
3a 3TO OTKPbITUE PYKOBOAMUTENL KOSEKTUBA
akcnepumeHTatopoB Macatowwn Kowinbda Bmecte ¢
KITaCCUKOM (PU3NKN KOCMUYECKNX nydyen PanmoHgom
LOesucom nony4dun B 2002 r. HObeneBCKy0 MPEMUIO No
donsuke.



Puc. 16. lopa AHAbIpyK, B palOHe KOTOPOW HaxoaUTCH
BHO AN PAH.



Puc. 17. YctaHoBka "KoBep-2" 1 ee npuHuunmanbHaga
cxema.



"KoBep-2"

[Nog yctaHoBkon "KoBep-2" HaxoAMTCst TYHHENb C MIOOHHbIM
JETEKTOPOM, KOTOPbIV Npeanornaraercs yBenminThb.
YctaHoBka "KoBep-3" HOBOM MexayHapoaHoW konnabopalmu
npeacraBnaeT codbon npaBunbHbIM 6-TN YrofbHUK NoLWaabo
2 KB. KM. PacctosaHne mexay aetekropamu Hosoro "Kospa"
cocTaBuT 4 cM., Toraa Kak Ha yctaHoBke "lbep Oxe" oHO
coctasngaet 300 M. 3TO NO3BOMUT COCPEOOTOUNTL B Mariom
o0bemMe YyCTaHOBKM MOLLIHbIE COBPEMEHHbIE OETEKTOPHI,
MoHuTopupytowme LLIAJI ¢ Ton e BbICOKOM TOYHOCTLIO De3
notepun MHPOPMLMKM O HEM 3a CYET NYCTOT MeXAy
OeTekTopamMun. YCTaHOBKa npeanosiaraetcsd MHOro3Ta)XHOW,
YTO eLle Hboriee NoBbILLAET €€ YYBCTBUTENBLHOCTb MO
CpaBHEHMIO C 3apybexHbIMU aHanoramu. B ee coctaB BonayT
16 KanMbpPOBOYHbLIX YEPEHKOBCKNX TENECKONOB A1 TOYHOro
N3MEPEHNSA TPEKOB MIOOHOB U AETEKTOPbLI TEMMOBbIX
HEUTPOHOB AJ15 U3MepPEHNA aapoHHOU KOMMOHeHTbI LLAIJI.
OpueHTupoBo4daa gata nycka 2011 — 2012 rr.



AcTpodunsnyeckme oobEKTHI

A

BbICOKUX SHEPINU

Possible sources: Zevatrons -
the objects with the relativistic shocks

_.\. A
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Puc. 18. AKTUBHbIE Aapa ranakTuk, yckopsitowme yactuusl oo E ~ 1021.



KocMmudyeckmne oobeKkTbl

KocMunyeckme oobeKTbl CNOCOOHDI
pa3BMBaTb SHEPreTUKY, MOPOXKOALLYIO
N3rny4vyeHune ynosTpaBbICOKNX 3HEPTUN.
[TOHATL MEXaHNU3M 3TOro U3Ny4YeHna —
oAHa 13 3a4ady COBPEMEHHOU (PU3UKMN.



UepHble Oblpbl

The Future of Theoretical

nd oo
( anNdgd COSMc (-’f-w

,I
! Horizon

Singularity
= —_— - ~
\Q:. ——— 2 - |
—— —

XNtz
Y77

\11\ Hd Horizon
Puc. 19. Ontuyeckoe nsnyyeHne

YepHbIX Oblp COMPOBOXAaeTCs
N3ry4yeHne HemTPUHoO.
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Puc. 20. dnddepeHumanbHblin CMEKTP KOCMUYECKUX Ny4eun npu
BbICOKMX QHEPIUAX (3@aBMCUMOCTb NOTOKA apOHOB OT SHEPIUN).
CerogHsa oH coaepXmuT bonbLuMe SKCNepUMEHTarbHbIE OLLINOKN.
YTO4YHEHME cnekTpa — OAUH M3 KITHYEN K MOHUMaHMIO NpUpoabl

MaTtepmnm N 3aKOHOB CbI/I3I/IKI/I.






