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[1naH nekunu

* lcTopuna oTKpbITUA KOCMUYECKUX NyYven

« Bknag uccnegoBaHUM KOCMUYECKUX NTyYEN B
don3nKy anemMeHTapHbIX YacTull

« Cnocobbl nccnegoBaHMA KOCMUYECKUX NTyYen

» HazeMHble 3KCnepuMeHTbI N CCnegoBaHUs B
aTMmocdrepe 3emnu

* AlcTopnyeckmne KoCMmMYeckmne aKCnepmMeHTbl U
X pe3ynbsraThl

* YTO Mbl 3HaeM 0 KOCMUYECKUX ny4vax
« 3aragku, KOTopble He pacKpbITbl 40O CUX MOP



3aragka anekrpockona

lapnb KynoH (1736 —
1806)



[lepBble Hay4HbIe rMnoTesbl

 [lepBble Hay4Hble
rMnoTesbl cTanu
noABNATLCA Nocrne
OTKPbITNA B 1896 T.
AHpu bekkepenem
(1852 —1908)
NpUpPOaHOU
PaaNOaKTUBHOCTM.




Paspagka anektpockona

* Pa3pagka 3a c4eT
dooHOBOM pagmaLunu,
MOHN3NPYIOLLLEN Ta3 B
aneKTpockone

* Ho oTKyna bepeTcs
9TO pagunaunoHHoe
n3nyvyeHume?
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OTpULUaBLUNX HAanNnime KOCMmNYeCKnx
nyyeun

 lloTnaHackun usmk
Yapnb3 BunbcoH
(1869-1959) B 1901 r.
nomMecTun
9NEeKTpoCKon B
KaneaoHUNCKNn
XKENe3HO40POXHbIV
TOHHENb



Uem ganblie oT 3eMi1n, TeM
pagnaunm mMeHbLue?..

Teop'op An b6epT
Bynbd [OKKenb
(1868 — 1946) (1860-1927)




1 BCce-Taku pagnaymsa KOCMUYECKOro
nponcxoxgeHumalll

,“i BpeMﬂA )
| paspsagku R
’
y)
/
A
s
/1999
BukTop 'ecc (1883 - >
1964)
MonéT 1912 roga BbicoTa

nogbema



o0\

—

S~

SR

o
/S : - ‘¥ Y
A - - -

J

VICTOR_HESS, 1712

-




OTKpbITUE NO3NTPOHA
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Kamepa BunbcoHa obpasua 1912
roga

boToxamepa
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| o et ; doTorpadms TpeKos
R yacTuy

TPAEKTOPHA
YACTHIH




OTKpbITUE NO3UTPOHA

B 1929 r. . B. CkobenbLbiH (1892 - 1990), nomecTuB kamepy BunbcoHa B
MarHUTHOE roJsie, HEONPOBEPKMMO [oKa3sar, YTO B COCTaBe KOCMWUYECKOro
N3NYYEHUST MMEKOTCA 3apsKEHHbIE YacTULbl—aNeKTPoHbl. OH OBHapyXun
cnabo W30rHyTble MarHUTHbLIM MNOSIEM credbl Takux 3rekTpoHoB. Ha ero
doTorpacpusax 6binm u cnegbl, cnabo W3OrHyTble B MNPOTUBOMOMOXHYIO
9NIeKTPOHaM CTOpPOHY, OOHAKO C YBEPEHHOCTbK CcKasaTb 4TO-NMbo
onpeaeneHHoe o0 YacTuuax, octaBmBLLKX 3Tu cneabl, CkobenbLbiH HE MOT.



OTKpbITUE NO3UTPOHA

B 1932 r. amepukaHcknun puamk K. AHOepcoH (1905 — 1991)
BBENT ycoBeplueHcTBOBaHMe B MeTog CkobenbublHaA: OH
NPMMEHNN MarHUTHOE MnoJsie, B AEeCATb pa3 cunbHee nong,
npumeHaBwerocsa CkobenbubiHbIM. [lpn 3TOM OH cpasy
OOHapyxun N3OrHyTblE cnenpbl, npuvHagnexawme
OTPUUATENIbHO U TMOJSIOXKUTENBbHO 3apsiKeHHbIM YacTuuaMm:
9rIeKTpPOHaM 1 MPOTOHAaM, KaK OH Aymarsi BHavarne.



OTKpbITUE MO3UTPOHA

3HamMeHuTas dooTorpadous,
noaTBepauBLLAd CyLLleCcTBOBaHue
nosnTpoHa u ero csouctBa. [103UTPOH
NpoLwen 4epe3 CBUHLUOBYK MSIACTUHY,
noTepsnl  4acTb  9HeprMn Wn  n3rnb
TpaeKkTopuu B MarHUTHOM none
yBenuyuncsa. PacyeéTt nokasan, 4to macca
YacTuLbl paBHa Macce 3reKkTPoHa, a 3apsq
- NPOTMBOMNOJSIOXKHbIN

PoxaeHne anekTpoH-No3NTPOHHOM
nap




...neLle pag oTkpbITUn!

1937, OTKPbITbl MIOOHbI 1 YKa3aH TUMN UX pacnaga;
1947, OTKPbITbI TT-ME30HbI;

1955, ycTaHoBMeHO Hann4vne K-me30HOB, a TakKe U
TSXKeNbIX HENTPAarbHbIX YAaCTULL, — FTMNEPOHOB.

KBaHTOBasA xapakTepUCTuUKa «CTPaHHOCTb»
NOSIBMNAach B OMNbITaX C KOCMUYECKUMU JTy4aMMW.

OKCNEPUMEHTbLI B KOCMUYECKUX JTydax NocTaBUmun
BOMPOC O COXPaHEHNN YETHOCTU, OOHaPYXUNK
npoLeccbl MHOXECTBEHHOM reHepaumm 4YacTtul, B
HYKIMOHHbIX B3aUMOOEUCTBUSAX, MO3BOSNTUMNA
onpenennTb BennYnHy adpopekTMBHOro cevyeHusd
B3aMMOOENCTBUA HYKITOHOB BbICOKOW 3HEPTUA



OTkpbiTHe LWAJI

1934 rogy utanbaHcknn ounsnk bpyHo Poccu
3aMeTus, YTo ABa cyeTymka evrepa,
HaxoadaLmecd Ha pacCTOAHUM OPpYr OT OpYyra,
nHorga cpabaTtbiBanun NpakTU4ecKu
OOHOBPEMEHHO. YBbI, AanbHeunwmne pabdoThbl

MnpoBECTN HE yOaJ10Cb.

Photograph courtesy of the MIT Museum

[Mbep Oxe He3aBUCUMO OBHapyXun
9TOT appekT B 1937 roay.
OpgHoBpeMeHHoe cpabaTtbiBaHUe
HECKOIbKUX AETEKTOPOB Ha
paccTosiHUM nopsigka 100 MeTpOB
rOBOPWUIO O TOM, YTO NpuLLEn LenbIn
NUBEHb YacTuL, BEPOSITHEE BCETO,
NMEIOLLINX 0BLLEE NPOUCXOXKAEHME.
Oxe caenan npaBuiibHbIW BbIBOA, YTO
NUBEHb NMNOPOXOaeTCs BNeTaroLLlen B
aTMocdoepy YacTuLen BbICOKOU
aHeprun.
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Cnocobbl uccriegoBaHus




Pernctpauusa LLUAJ1 Ha 3emne

« 3apsaXeHHble
YyacTuubl

* UepeHKOBCKUN CBET

dnoopeCcUeHTHbIN
cBeT

PagunounsnydeHue




Ha3eMHble YCTaHOBKN

Tunka-133
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Pierre Auger, ApreHTuHa, 3 000 KB.KM,
1600 geTekTopoB YacTuu, 24
doriyopecuUeHTHbIX Teneckona



[lpmep Ha3eMHOro AeTekTopa

DJIEMEHTBI ACTEKTOPA

GPS

dHTCHHA

AHTEHHA CBS3H

DJIeKTPOHHKA Conneunsie Oarapen

Tpu ~ 30cMm [LracTrkoBas
DY €MKOCTb /LIS
AKKYMYJISATOPbI 12 TOHH BOJIBI

31 Oxradpz 2012

N3 npeseHTaunu I A.lLlenkosa (OUAWN, T.
[y6Ha)




[Ipumep onTrU4ecKoro geTeKkrTopa
TyHKa-133




lccnegoBaHust B aTMmocdepe
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[lepBbI KOCMUYECKUN CHETUUK

BepHos C.H. (1910 -
1982)



Ju

~3
N

Cropocms cvema , Umnyeex
P

35

27

Pe3ynkratbl U3aMepeHun

- i T ; T T =
| o | !
i 1 | I
f »
2 |
1: f |
i o 1
[a]
¢ .
VA
1\ X
; 00 M P
| o :
, I !
i 4 epeps:d i
i 8 paduocorsy I
! | A
: [ l . :
A A S
_____ J : I: . +_F_'r_ —
o ; i | i 5 |
1 i i i !
° ; l : i : i
' L | | |
JE8 29 44 /3] 42 43 4y 45 g 47 48 49
MocnoBcroe BpeMA  MUH



Tem BpemeHem B CLLA...

1958 .

[>xenmc BaH AneH (1914 -
2006)
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MarHutocdoepa 3emnu

['MnLoepT n Fayce, XVII

CoBpeMEHHbIe

1 — NNasMeHHbIN CIoN,
2 —MarHuTonayasa,

3 — (OpOHT yaapHOU BOSTHbI,

4,6,7,8,12 — opbUTbI KOCMUYECKMX annapaTos,
5—kacn,

9 — COSTHEYHbIN BETEP,

10 — pagnaumnoHHbIe Nosca,

11 — HenTparnbHbIN CII0N,

13 — XBOCT MarHuTocqepbl.




PaanaunoHHble nosica 3emnu

1 — BHEIIIHUM paauallluoHHBIN rmodc 3eMaH (BbicoTa ao 40 000 kwM).
2 — BHYTPEHHHUHU paaualiioHHbBIN nosic (Beicota o 30 000 kwM).
3 — MAarHUTHBIE CUAOBBIE AUHUM.

4— TpeTud pamUallMOHHBIN II0SIC OOHApPYyKEH CO CIYTHUKOB U

o6pa30BaH MEXKTaANAaAKTHN4YECKHNMHA KOCMHNYECKHUMHU Ayd9aMH
(MTKA).



CnyTHUKN cepun INpoToH

Ha 4yeTbipex cnyTHUKax cepumn
"I1pOTOH" ObINKU NOMYyYEHLI
nepsble NMpsiMble
aKCcrnepumMeHTanbHble
mMaTepuanbl 06 3HepreTn4eckom
CneKTpe BCcex YacTtuu, o

10%° 3B, a Takxe 0 3aBMCMMOCTH
ceyeHns NPOTOH-NMPOTOHHOrO
B3aUMOOEUNCTBUSA OT SHEPIUN B
obnactu 10 -10% 3B.

B TeyeHue noytn 20 net
Nosly4eHHble daHHble 00
9HEPreTUYECKOM CMeEKTpE
OCTaBasiMCb HEMOBTOPEHHbLIMU
N ABNANUCH OTNPaBHON TOYKOU
Orns Bcex nccnegoBaHum
NepBUYHbIX YaCTuUL.



Pe3ynbTrathl uccnegoBaHUM
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Kocmunueckue nyun genarca Ha gBa
OCHOBHbIX TUNA

ApepHble peakunm

B3pbIBbl CBEPXHOBbIX a ConHue
YckopeHune ConHeyvHas
MEXMMNAaHETHbLIM NONemM AKTUBHOCTb
[anakTnyeckme ConHeyHble
~1 cm2-¢c NOTOK no ~10%cm=2-c1
SlaepHbIN KOMMNOHEHT
~90% p, ~10% He,
~1% TspKenbIX saep 98-99% npoOTOHLI,
cocTaB
AnekTpoHbl (~1% OT yicna saaep) ~1.5% appa renua

Mo3nTtpoHbl (~10% oT uncna e’)
AHTHagpoHbl <1%

10° - 102" 3B aHeprus 10°-10"" 5B




KpaboBuaHas
TYMaHHOCTb




AHN30TPOMNNA KOCMUYECKNX NTy4Yeu

1.001}— 1

Relative Intensity

Tibet-lll

(5" smoothing)

20 TeV

lceCube-40

(3" smoothing)

-12 -10 8



EcTb N yacTuubl ¢ bonbLien
QHeprunen?..

26
N
>
()
2 25-
»
A
E
2
= 4
= 24 &
Ry
% - JACEE A -Taunb-WaHb ¢ -AGASA
a -Mpoton 4 + - HAxyrck * -TyHka
e -MIY % -Fl's Eye ® : Kascide
® - AkeHo ¢ -Haverah Park
23 I T
14 15 16 17 18 19 20

IgE [eV]






M eLle napy cnos...



CINACKBO 3A BHUMAHUE!




