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KocMmunyeckasa pagnaumsa sonmsm 3emnm

Earth's magnetic fielc

Radiation belts

Near-Earth Space Radiation Environment



Kocmuyeckaa pagnauunsa sonmsn J1yHbl

Near-Moon Space Radiation Environment
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Earth's Radiation Environment

Galactic cosmic rays



Galactic Cosmic Rays

Solar activity
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HentpoHbl Ha JlyHe n Mapce
PnroeHc

HenTpoHbI
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GCR & neutrons



GCR/ SINP I\/ISU model
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Motok, 1/(cm2 ¢ MaB)

Neutrons generation in regolith
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GCR & neutrons

Shielding
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GCR spectra under the shielding
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Albedo neutrons spectra under the shielding
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SEP
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SEP distribution function(MSU
model)
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SEP modellinc

From Nymmik's SINP/MSU SEP model:
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SEP dynamics & spectra
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Calculated and experimental fluences of SEP protons
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Motok, 1/(cm2 ¢ MaB)

Neutrons generation in regolith
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Presenter
Presentation Notes
Further, we shall see some examples of our calculations in comparison with the data of the online ESA’s information system SPENVIS. 
In this slide the energy and LET spectra of the particle fluxes are shown
RB protons and electrons, 
GCR protons and nuclei,
SEP (protons and ions).
 Dashed curves – the data of the online ESA’s information system SPENVIS
Solid line – the data calculated according to our models 
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Presenter
Presentation Notes
Finishing my report, I shall show two examples of the output data which can be obtained as a result of application of our codes for the SEE rate prediction in the spacecraft orbit. 
In the left figure we see the SEU rate (for RAM in ISS orbit) depending on the thickness of spherical shielding. The different curves are the data calculated for average (bottom lines) and peak (top lines) values of SEE rate under impact of fluxes of the trapped protons, the galactic particles and the SEPs.
In the right figure the SEE rate variations in ISS orbit are shown under impact of particle fluxes of different radiation fields.

It is all that I wanted to tell. Thank you.



I'KJI
(IMpoToHbI,
HOHBI)

CKJ
(ITpoToHbI,
HOHBI)

IIpoToHbI, HOHBI,
HelTpoHsbI NEUtrons

Oxkpan (Al) screen

danToM

Helitponsl

OueHKa paanMalMOHHOIo pUcKa Ans yenoBeka Ha JlyHe
BbINONIHEHA ANA Pa3HOW NPOAOIIKNTENIbHOCTU JNTYHHbIX 3KCNneanuun
MU C YYETOM HaxXoXAeHUs Ha NoBepxXHOCTH JlyHbI 3alMTHOIO 3KpaHa.



CpegHeTkaHeBasd akBMBaneHTHaqa gosa (H)
om 'KJI, CKJI u HeumpoHos

Bknag HEUTPOHOB B 3Ha4YeHUe H 3Ha4ynTenbHo
MeHblLEe BKnaga 3apaXeHHbIX YacTul, npu
TONLWMHEe antoMNMHUEBOIo 3KkpaHa meHee ~30
r/cM2 ” cpaBHUM Mpu OOrbLUEN TOSLWMHE
9KpaHa;

3Ha4vyeHue H, 5, OXKngaemoe 3a rog oT YacTtumu
CKI1 (r = 1%), Bbllle 3Ha4YeHnsa Hryq
CosnaBaelvloe yacTtmuamu NKJ1 Bo BCem
amnanasoHe pacCMOTPEHHbIX TOMLWKWH 3KpaHa
BO BpeMs MakCMMyMa COJTHEYHOWN aKTUBHOCTMN,
N Npu TONLWKUHE 3KkpaHa meHee 10 r/cm2 - BO
BpeMA MUHUMYMaA COSTHEYHOU aKTUBHOCTMW.

H.B.Ky3Heuyoe u dp., 8 ne4amu
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1E+2 min Radiation risk
Dose ...
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CpeaHeTKkaHeBas aKBMBarieHTHas [103a, C3B

PacuyeTHble 3HauyeHus cpe,quTKaHeBoM 3KBMBaANEHTHOW O03bl (CI'IJ'IOLIJHbIe KpI/IBbIe), CO34aHHbIEe

notokom vactuy KJ1 (kpuaga 1) n CKJ1 (kpmBble: 2-1%, 3- 3%, 4- 10%) B 3aBUCMMOCTN OT
NPOOOIMKUTENBHOCTU NYHHOW 3KCNeamumn B nepnogbl MUHUMYMa (BEPXHUIN PUCYHOK) U
Makcumyma (HUKHUA PUCYHOK) COSTHEYHOM aKTUBHOCTU Ha NoBEPXHOCTU JlyHbl 3a 3aWUTHbLIM
aKkpaHom TonwuHom 10 r/icm2.



BbiBOO

e [1pn ypoBHe pagnaunoHHoro pucka 3%
nporHo3vpyemas 4rmMTenbHOCTb
npebbIiBaHNSA YerioBeka Ha NOBEPXHOCTU
JlyHbI HEe gomkHa npeBbIWaTh nonytopa
MECSILIEB BO BpeEMSA MaKCMMymMma
CONMHEYHOW aKTUBHOCTU N 1 roga BO BpeMS
MWUHUMYMa CONMHEYHOW aKTUBHOCTU, eCnn
Npuv 3TOM nepcoHarsn 3aluLleH
antoMUHNEBBLIM 3KpaHOM TosnwunHon 10
r/cM2.



Probabilistic Assessment of Radiation Risk
for Development of Protection Systemwith
Conceptual Lunar Habitat
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Future mission planning based on the probabilistic analysis
of the risk and shielding vr\]/ltrg_the current conceptual lunar
abitat:

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

At solar maximum, longer lunar missions up to
210 days are possible.

-Crew selection provided.
-Mitigation strategy easily utilized.

NASA cancer model to be updated with probability of
causation based on the reported data.




Problems of GCR modeling
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Problems of SEP modeling

1.Solar ejection forecast
2.Low statistics at high SEP energies



MoaenupoBaHue pagnaluoOHHbIX YCI0BUA U
pacueTtbl 803/0aUHOUYHBbIX 3¢ PeKToB

AO/MTHKHbI 6bITb AONOJ/IHEHDbI

MOHUTOPUHIOM KOCMUYECKOM paanaumm B
peasibHOM BpeMeHMU

Modeling of space radiation and doses/SEE
effects calculations

have to be supplemented by real-time
monitoring of space radiation



Llenn MOHUTOpPUHTra:

onpeaeneHne peasbHOro YpoBHA BO34ENCTBMA KOCMUYECKOW
pagnaunm Ha KA 1 yctaHoBNeHUE KOppenAaLMOHHbIX CBA3EN
OTKa30B B bopToBbIX cnctemax KA ¢ pagamaumoHHbiMM
BO34ENCTBUAMMU;

pekomeHaauunmn no ynpasneHuto KA B ycnosuax
N3MeHAKLWeNnca pagmaumnoHHOM 06CTaHOBKM C LLEe/Iblo
CHUXEeHNA HEeraTMBHOMO BAUAHUA KOCMUYECKOU paanaumm;

peEKOMeHAaUUKN Pa3paboTyMKam N KOHCTPYKTOPam BOpTOBbIX
CUCTEM C LEe/IbF0 MMHMMM3ALNM MOPaXKaoLLEero BO3AencTems
KOCMMYECKOW paanauunu;

YTOYHEHWNE U COBEPLUEHCTBOBAHME CYLLLECTBYOLMX
AMHAMUYECKUX moaenen paamaumu.



MexnnaHeTtHble KA




Cucrtema pagmaumMoHHOro MOHUTOPUHra
B OKOJTI0O3€eMHOM NMPOCTPaHCTBEe

LleHTp pagnauLuoH-
HOro MOHUTOPMUHra
U MoAaenMpoBaHUA —
aHanus
nHcpopmauum MIy

CynepKomMnbio-
TepHbIX ueHTp MI'Y

PagnaumoHHbIN
MOHUTOPUHT

MNMporHos
KOCMMYEeCcKoUu noroasbl
(PAH)

CunTyaumMoOHHbIN LEHTP
paanayuoOHHOM OMACHOCTM -
BbIpaboTKa pelieHumn




AnekBaTHble MOAEeNn K pacyeTbl obecnevaTt 6e30nacHOCTb
NYHHbIX MUCCUN C NOCaAKOMN Ha ee NOBEPXHOCTb;

Bbibop mecTa nocaakm ¢ TOYKN 3peHns co3daHms B OyayLiemM OonroBpeEMEHHbIX
obuTaemMbIx CTaHUM , T.e. — Ha4ana ocBoeHust JIyHbl.

3adyeM ocBoeHue J1yHbl
domamnke kocmunyeckux rnyyen (astroparticle physics)?

JKcnepumMmeHT «HenTpoHUn»
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e But ... devil in details...
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Neutrons, gamma and radio emissions as a source for CR study

HellTpoHbI a160€10 U3 KACKAA0B B JIYHHOM I'PYHTE
I'amMa-KBaHTBI a/160€/10 U3 KACKAA0B B JIYHHOM I'PYHTE

AJb0e0 paauou3JIyYeHUsl KACKA0B U3 KACKAJA0B B JIYHHOM
TPYHTE

Neutrons emissions from 500 TeV protons of GCR
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Ntot on 100 m2

BoccTtaHoBneHUe 3aHeprum nepBMYHOMN YacTULbI
Nno HeUTpoHam anbbeno

Ntot~A x 50 (Enuc/lOOGe\/)O'7
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CneKkTpbl HENTPOHOB Ha NOBEPXHOCTU J1yHbI OT
NepBUYHOro NPOTOHA, siapa renuvsi, KPeEMHUS n

Xenesa ¢ aHeprmnen 15 '9B/HyknoH




BbiBOAbl

Yucno HeumpoHoes, nepeceKkarowux demeKkmopal,
ycmaHoe8J1eHHbIe Ha nosepxHocmu JlyHbI, npu
rnpoxo)xdeHuu nepeu4yHo20 siopa dyepes peaosium,
pacmem c pocmom 3Hepauu kak En%’, u
rnporiopuyuUoHaJiIbHoO Macce rnepesu4Hoco ﬂdpa. dnykTyaumm BbIxoaa

HEWTPOHOB 3aBUCAT OT Macchl sapa. RMS coctaenset 20% ana agep xenesa, 50 % ana agoep renvsa
n 70% pns NnpOTOHOB Mpu 3Hepruax > 10714 aB.

CpeOdHuli pasmep ‘nssmHa’, Ha KOMOpPOM
peaucmpupyemcsi 95% HeumpoHo8 — cocmaeJsisiem
okosio 30 m?, a 70% 3Hepa2uu — OKoJ10 8 M2,

Bpewmsi cbopa curHana — okono 300 MKc.

O6bwmn poH Ha NOBEPXHOCTM NO3BOMUT AETEKTUPOBATL YacTuLbl C 3Hepruen He meHee 300
TaB.

Hanunune Bogopoaocoaepxalimx nopos B MecTte
pa3MelleHMs annapaTtypbl yny4llaeT 3ameaneHue
HEeMTPOHOB U ynpollyaeT permcrtpaumio Kackaaa.

Camoe «MoKpoe» mecTo Ha JlyHe — He camoe nnoxoe Ans
KOCMUYECKUX ny4vyen



LAO — Lunar Astroparticle Observatory
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Obuwas anybuHa peaucmpupyroweu anrnapamypsi 10-20 ep/cm™2, m.e. ~100-200 ka/m "2

lpu obweu macce ycmaHogku ~10 moHH O0CMUXUMO 3HadyeHue 2eomempuyeckoao gpakmopa 150-300 m
N2 cp
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