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lonozation current

B 1912 r. Buktop N'ecc goctur BbICOTbI ~5KM
In 1912 Victor Hess reached ~5 km

Electroscope

yd
KocmMmunyeckoe

| n3nyyeHune?
| Cosmic radiation?

MoHusauma Bo3nyxa
Tonization of air
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KocMuyeckue nyum

FanakTnyeckue
KOCMUYEeCKUe ny4u

BHeranakrnyeckue
KOCMUYEeCKue
nyyu

Cosmic Rays




LLEPH%Bbonbwon agpoHHbIN Konnanaep

CERN : Large Hadron Collider




MakpocKonunyeckue aHepruu
KOCMMNYECKUX fnyvyeu
Macroenergy of CR particles

Mariya Sharapova’s kick the ball



OTKyaa npunetenu

3TN «CTPaHHUKN BceneHHoOn»??7?
Where are they from these
\Wanders of the Universe”




[Mlocne 2-u MnpoBOou BOUHDLI...

KanycTtuH Ap
Kapustin Yar experiments
onboard
R-1 (Fau -2 ) launcher,etc
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1957: Havano
KOCMUWU4Ye€CKOM 3pbl

Space era, since 1957




C.H.BepHoB CCCP, Hosi6pb 1957
3anyck 2-ro IC3

USSR, November, 1957:

The 2nd soviet satellite

Sergey Vernov



[MepBbIN PU3NYECKUN IKCNEPUMEHT
B KOCMoce (Hosi0pb, 1957)

Scientists from Moscow State University
provided the first space physics experiment in space
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N.L.Grigorov A.E. Chudakov

S. N. Vernov
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lNepBble namepeHuna KJl1 B kocmoce
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The first CR measurements
In space

Nov.,2, 1957
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or Experiment

Flux

Calculated CRTaTifudinal
dependence
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Solar flare particles?




“dkennopep —1» - nepBble N3MepPEHUS
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SCIENTISTS WILLIAM PICKERING, JAMES VAN - R
ALLEN AND.WERNHER von BRAUN (LEFT Tg lF\ L

RIGHT) DISPLAY THE UNITED STALES FIRSIL.
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US «Explorer —1,2» - first measurements




PaanauunoHHbIe nosica 3eMnu




= Flaging oy

[

[auiralisar s

PaanaunoHHble nosica 3eMnu




I'IepBoe OTKPbITUE B KOCMOCE — 9HeprmiHbie 4YaCTUulbl,
3axBavyeHHble B MarHUTHoOeE nose 3emMnu

The first discovery in space —
Energetic trapped radiation in the Earth’s magnetic field
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Cepreun BepHoB Ixeunmc BaH AnneH

It is clear that the first space experiments
provided by Russians and Americans independently
brought us to the quite new step
of space environment understanding
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FanakTnyeckue
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COSMIC RAYS PUZZLES
beyond of 100 years of it’s discovery




MupHoe 3Be3aHO0e HeDO
Peaceful starry sky ....

Ae HaxoauTcsa «M1aBaTPOH»
- YCKOPUTESIb KOCMUYECKUX Nnyvyen?




B3pbiB CyrnepHOBOU ~1052 3pr

Supernovae explosion ~10%2%erg




YckopeHHble *
yacmuuk

YCKOpPEeHMe YacTul, Ha ocTaTKax

CBepPXHOBbLIX
Fermi 1949, Krymsky 1977, Bell 1978,....




CBepxHOBbIE

Energy balance
equation (Ginzburg &
Syrovatskii 1964)

~10% of SN kinetic energy

should go to cosmic rays

to maintain observed w,_,
at W =10 erg, v.,. = 1/(30 yr)




[lepBble N3MepPEeHNA KOCMUYECKUX Nyyen
BbICOKUX 3HEpPrmn B Kocmoce

The first HE CR measurements
In space



JKcnepuMeHTbl « NMpPoTOH»

«Proton» experiment : 1965 — 1968

S. Vernov N. Grigorov

Payload mass : 20 ton

Chelomey’s launcher (UR- 500,1965), named “Proton”



AcTpodn3nkKka KOCMUYECKUX Jyyen

COSMIC BRAY FLUXES

DIRECT METHODS

; CM nergy 1 020
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Cosmic Rays Astrophysics




CnyTHUKM «MpoTtoH» - 1,2,3

«Proton -1» - 16.07.1965 — 17.10.1965;
«Proton-2» - 02.11.1965 — 06.02.1966;
«Proton-3» - 06.07.1966 — 16.09.1966

SEZ-13 -4,5 t.



«Pe3ynbTaTtbl «[1IpOTOHOBY»
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«benoe NnATHO» HaAWKUX 3HAHUN O
KOCMUYECKUX nyyvyax
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«26 pekadbpsa 2014 r. 6bin 3anyweH «HyYKNoH»

Ha 6opTy cnyTHukKa «Pecypc —I1 Ne2»
On Dec., 26, 2014 satellite RESOURSE-P #2
was launched with NUCLEON instrument to study
chemical composition of high-energy galactic cosmic rays
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KocMuyeckue nyum ynbrpa-
BbICOKMUX 3HEprumu

['Ae KOHeL aHepreTU4ecKoro cnekrpa
KOCMUYECKuxX yactuu?



AcTpodn3nkKka KOCMUYECKUX Jyyen

102 A 1 09 COSMIC BRAY FLUXES
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JKCTpeManbHble YCKOpUTENU
KOCMMUYECKMNX YaCcTUL —
KOCMUYECKUX NyYen yrnbTpa - BbICOKUX IHEPrumn
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Y =-4,1 (Auger)
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«I'3K — obpe3aHue»
Unu npeaen yckopeHna???

Is it GZK?

Instead of GZK:
Limit of acceleration ???
...sources running out of

fuel...
(Medino-Tanko)
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Ewe ogHa 3aragka camMbiX
3HeprnyHbIX YacTul MmaTepum

Another puzzle of the end of CR
spectrum



nown unknown”

MarHutHble nonsa BceneHHOM
R, = kpc Z' (E / EeV) (B / uG)"
R, = Mpc Z' (E/ EeV) (B / nG)"

1EeV =101 eV

Extra-galactic B?

B < nG weak deflection

E > 10Y%V
hlactic B deflection Halo B? /
r‘

100 7 (40 EeV/E)
isotropic in sky Milky way,

B""].LG —
10 kpc

- g— | kpC




HeobbluHbIM pe3ynbTaT TA (2014)

Telescope Array Hotspot > 60 EeV

Abbasi et al. 2014



Pa3Hoe HebO?

Anisotropy Hints > 60 EeV TA

arxiv.1404.5890

OXE
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Therefore we need to go to space to catch UHECR !



Cneabl KOCMU4YeCcKUx ny4vyeun B atmocdepe
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Atmosphere as a target for Cosmic Rays

—




TUS (Trek UV Setup) on board
‘LOMONOSQOV” satellite: the first
attempt to catch UHECR from space

Moscow State University, Joint Institute of Nuclear Research,
Sungkyunkwan University (Korea), University of Puebla (Mexico)




PoccUUCKUMN YHUBEPCUTETCKUU CNYTHUK

«KAHOITYC»

[MpoeKT peanuniyeTtcs B pamMkax nporpammbl passutusa MI'y
[Tpoekm noddepxxaH lNpesudeHmom PP (Ne [1p-1796 om 21.06.2010) u ymeepx0eH
nepeyHem riopydeHut lNpesudeHma P® ([1p-22, nyHkm 14).

MNMpoekT B YacTtn akcnepumeHTa TYC ocywectBnsaetcsa B pamkax PKI1 Poccun




VOSTOCHNYI, APRIL, 2016
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ConHue — Hawa
3Be3aa




COnHeYHble YacTuubl




YckopeHue CKJ1 Ha yaapHbIX BOJTHaX

Earth’s
magnetosphere
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WJIN YCKOPEHUE YaCTUI[ B COJTHEUHOM
aTMocdepe”?




PagnauunoHHbIn adpdekT

BCMNbILWKX TUMNa aBrycra
1972




JlyHHas gonroBpeMeHHasi CTaHLusA
)

Ho 1,5 mecsiua
o 1 ropa

At solar minimum (Y2028-2030),
lunar missions to 90 days allowed.




PaanauunoHHbIe nosica —
OCHOBHOMU UCTOYHUK pagnaumMoOHHON ONAaCHOCTU
B OKOJI03€éMHOM KOCMUYeCKOM NpoCTpaHCTBe




KocMmunyeckaa pagmaumnsa Bonm3smn 3emnm
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[Onsa pelieHUs MHOMMX NpakTU4YecKnx sagau
KOCMU4ecKme paguaLmoHHble
YCJTOBMUS HEBO3MOXHO CMOAenupoBaTb Ha 3emne

/

Near-Earth Space Radiation Environment




PagnaunoHHoe BO3aencTBmne

CnyTHUK

KocmMu4yeckas
pagmnauyms

CKII

Bo3oencrtesne MHOrokKOMMOHEHTHOWN KOCMUYECKOWN paguauunm
He Bcerga MOXXHO BOCMPOU3BECTM Ha 3emMne




HeT opbuT, obnacren npoctpaHcTBa U
MHTEepBaroB BPpeMeHU, KoTopble ObIfin Obl
NONMHOCTbLIO paanauUoOHHO O0e30nacHbI.
[Mpobnema nuwb B TOM, HAaCKOJIbKO MOLLHbI
3TN 3P PeKThl...



Kocmuueckasa nporpamma MI'Y:
JKcnepumMmeHTbl Ha 6opTy MKC

HaunHasa c 2001r. Ha 6opTy MKC paboTaet Cuctema pagnaumMOHHOIro KOHTPOns,
pa3paboTtaHHasa n nsrorosneHHaa B HUMAD® MI'Y

e

e




The first “visualization” of HZE

N. Armstrong
B. Aldrin
M. Collins




PagnaumoHHbIN 3 heKT TAXKenbIX
3apsAXXeHHbIX YacTuu

« Intactcell @ Damaged cell

Absorbed dose 0,5 Zv

Electrons



DNA Failure @ HapyweHus [HK

Charged
Molecule of water particle

20 angstrem

particle

+ HEMPO®U3UOJTIOTMYECKU ACNEKT
BO3OENCTBUA T34 !




Spacecraft is a robot, but with elements a manual management by man

LLiupoTa, rpaa

PaagnaumoHHas onacHoOCTb
niaHUupoBaHMe KOCMUYECKUX MUCCUN
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Kocmuyeckasa nporpamma MI'Y: ocHOBHbIe Lenu

HyKnoH NomoHocoB
2014 2016

TaTbaHa-2

— 2009 _ | .
TaTbsiHa T *d ]

2005

Kocmuyeckue nyun e OkonosemMHas
raniakTM4ecKoro u pagvnaums
BHeranakTu4yeckoro
MPOUCXOXKAEHMS

ATmMocdepHble cBeYeHuns
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Cnacmbo 3a BHUMaHue




