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B xonme 06paboTKu NaHHBIX, TTOJy4eHHBIX B KocMuuyeckoM akcniepumenHTe HYKJIOH, monyyeHs! pe3yibra-
ThI, UMeOILIIMe BaxkHoe acTpodusndeckoe 3HaueHue. C nmomoinipio naketa GALPROP peniena obpartHast
3agava pacripoctpaHeHus KJI ot ncrounuka (6J13Koi CBEpXHOBOIT) 10 HabI0aaTelIsl, TOCTPOEH TTOKOM-
TMIOHEHTHBIN CHEKTP B UCTOYHUMKE, MTOKAa3aHO, YTO B UICTOYHMKE HAOIIONAETCS CUCTEMATUYeCKOe U3MEHe-
HHE CTeTIEHHOTO MHIeKca (HaKJIOHA CIIEKTPa), YTO MOXKET ObITh MHTEPIIPETUPOBAHO KaK HETIOTHASI MIOHU-
3alMsI KOCMUYECKUX JIydeil B MOMEHT YCKOpeHUs Ha pOHTE yaapHO BOIHBI CBepxHOBOI. [1pu aHanuse
CIEKTPOB ITO MATHUTHOM XXeCTKOCTH U3Y4eHBI ITTOTOKU siiep a30Ta M CYMMAapHBIN CITEKTP PEIKUX SIIep C He-
yeTHbIMU 3apsigamu ot 9 o 19 (F, Na, Al, P, Cl, K). [TocTpoeHbl OTHOIIIEHUSI TOTOKOB HEUETHBIX U UETHBIX
saep. OGHapyXeHO, YTO CITEKTP PENKHMX HEUYETHBIX simep Oosiee KeCTKUI, YeM CIEKTP OOMIBHBIX YETHBIX
sanep (Z= 10—20) B obmactu MarHUTHBIX >kecTkocTteir 300—10 000 I'B.
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BBEAEHUE

HMccrnenoBaHne XxMMHUUYECKOTO cocTaBa U dHepre-
TUYecKoro crnekTpa rajjaktnyeckux KJI naet BaxxHy1o
uHbopMaluio o GU3MKE raJakKTUYEeCKUX MUCTOYHU-
KOB KOCMUYECKUX JIyuyeli-cBepXHOBbIx 3Be3n. Ha-
omonaemblie v 3emin criekTpbl ['KJI cyliecTBeHHO
OTJIMYAIOTCSI OT CIEKTPOB B MCTOYHUKAX, TaK KaK
TPAHCIIOPT TaJIaKTUYECKUX KOCMMYECKMUX Jy4Yell ¢
>kecTKocThio MeHblle 100 TB numeet nuddy3rnoHHBIH
xapakrtep, ¢ KoadduuueHtoMm nuddy3uu, 3aBUC-
IIIeM OT XeCTKOCTU. [Ipu 3TOM OTAENbHBIM BaXKHBIM
BOIIPOCAM SIBJISIIOTCSI BO3MOXKHbBIE OTJIMYMSI CIIEKTPOB
OOUJIBHBIX U pEenKuX saep. st n3ydeHusl CIIeKTPOB
WCTOYHUKOB HEOOXOMMO PEIIUTh OOpaTHYIO 3a1a4y
pacnpoctpaHeHuss KJI yepe3 rajakTM4ecKylo MexX-
3BE3IHYIO CpEMy.

PELLIEHUE OBPATHOU 3AJIAYM
PACITPOCTPAHEHMUA

s peuieHus oOpaTHO# 3agauyM pacrpocTpaHe-
HUS ObLJIU MCIIOJb30BaHbl PE3yJbTaTbl MOJIEIMPOBA-
Hus mupoko uzsectHoro naketa GALPROP, B ko-
TOpPOM 3aj1a4ya pelIaTcs B IpsIMOM ITPpUOIVKeHUH [1].
IIpu sTOM OBIT MCHONB30BAH HAOOpP IapaMETPOB

Iuddy3noHHON Mojenu pacnpocTpaHEeHUs, MOJy-
YeHHBIN KoJuIeKTuBOM Koyutabopauun HELMOD Ha
ocHoBe MoHTe-Kapio MoaenupoBaHus [2].

ITaker GALPROP paccunTteiBaeT TpaHCIIOPT Ya-
CTUL B MPUOIMKEHUU U3OTPOITHON nuddy3nuu, rie
I Py3noHHbINH Koa3duuueHT D 3aBUCUT OT Mar-
HUTHOM XXE€CTKOCTH CIEeAyIOLIUM 0O0pa3oM

D = Dy(R/R,)". (1)

M3-3a TOro, 4TO XapaKTepUCTUUYECKOM BEIUIMHOMN
IJIsT MexaHu3MOB pacrpoctpaHeHuss KJI sBiasercs
MAarHUTHasl XeCTKOCTh, @ B KOCMUYECKUX DKCIEPU-
MEHTaX U3MEpPsIETCs DHEPryusl Ha YacTUlly, SHEPreTH-
YeCKUil AUaIa30H U3MEPEHNI OITHOIO SKCIEPUMEHTA
HeIOoCTaToYeH IS ITOCTpOeHUs Moneln. [lostomy
IJIST paclIUPEeHMsT Ouara3oHa SKCIIEpUMEHTATbHBIX
JaHHBIX B aHAJIM3 BKJIIOYEHEI ABa 3KCIIEpUMEHTA —
HYKIJIOH [3—5] (aBa MeTOOa M3MEepEeHUI — KMHEMa-
TUYECKUI U K1accuyeckuii kamopumetp) u ATUK [6].
COBMECTHBIN aHAIN3 JAHHBIX Pa3IUYHBIX SKCIIEPH-
MEHTOB paHee ITpuMeHsiicd B [7].

Z[I[f[ pPEeIICHUA 3a4a4u riepexoaa oT Hab0gaeMoOM
B JIOKAJIbHOM OKPY>KE€HUM CIICKTpa K CIICKTPY B HC-
TOYHMKE UCITIOJIb30BaJIaCh ClIeayromad METoAuKa:
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Puc. 1. 3aBUCUMOCTb MOKa3aTeIsl CIIEKTpa B UICTOYHUKE
OT HaOJIIOIAeMOro IOKa3aTesl CIIeKTpa st (GPUKCHUPO-
BaHHBIX 3HauYeHUit Dy 1 J.

— Jutst Kaxnoro Dy v O U3 ypaBHeHUs1 | B 1narnaso-
HE TpeX CTaHIAPTHBIX OTKJIOHEHUM OT MOJyYCHHOM
meTogoM MoHTe-Kapio BeJIMYuHBI CTPOUJIOCH Ce-
MEMCTBO HaOJIIOAAEMBbIX CIIEKTPOB C PA3JIUUYHBIM T10-
Ka3aTeJeM HAKJIOHA CIIEKTPA B UCTOYHUKE (Yiq,);

— 00J1aCcTh, COOTBETCTBYIOIIAST TUATIa30HY KCITe-
pPUMEHTAIBHBIX JaHHBIX, allITIPOKCUMHUPOBAJIACh CTE-
TIEHHON 3aBUCUMOCTBIO, TAe IMoKa3aTesb HaKJIOHa —
CBOOOIHBIN ITapaMeTp;

— JUTST KaXKIOTo TaKOTO CeMECTBA ToJIyJaiach 3a-
BHUCHUMOCTh HaKJIOHA CIIEKTpa B MCTOYHUKE OT Ha-
KJIOHa HaOJII0maeMOro CIEKTpa, ITOJIydeHHasl 3aBU-
CHUMOCTb almnpoKCUMUPOBaIach MPsIMOIA, M 3HasI Ha-
OJIrojaeMBbIii HAKJIOH CIIEKTPa U3 YpaBHEHMUS TIPSIMO
MOXHO ITOJIyYHUTh CIIEKTP B ICTOUHMKE.

3aBHUCUMOCTb ITOKa3aTeJIsl CIIeKTpa B UCTOUHUKE OT
HaOJII0TaeMoro ToKa3aTelIsl TIpeacTaBiieHa Ha puc. |
7151 GUKCUPOBAHHEBIX TTapaMeTpoB Monenu. [1ogo6-
HOe MoAeIupoBaHUEe ObLIO TPOBEACHO IJIs BCEX
OOMJTBHBIX SIAep M TTOTydeHBI HAKJIOHBI crieKTpoB KJI
B UcTOYHUKe. [lojydeHHBIe 3HAYEHUSI OYEHb UyB-
CTBUTEJIBHBI K MapamMeTpaM MOJIEJIM pacipocTpaHe-
aust KJI — nipexxe Bcero Dy u .

3aBUCUMOCTD OT IapaMeTpa O oXumaeMa v mpe-
CKa3bIBaETCs YIIPOILICHHOM MOJEbIO PACIIPOCTpaHe-
Hus Leaky box [8], 3aBucuMocTb ke oT Dy MOXXHO Ha-
OJ1r0AaTh TONBKO B AU(PGYy3MOHHOI MOAEIN paclpo-
cTtpaHeHusl, Leaky box e K Heil He YyBCTBUTEJICH.
[ yMeHBIIIeHUsI CUCTEeMaTUIeCKOM HeomnpeaeaeH-
HOCTU IIOCTpOE€Ha pa3HOCTh MOKa3aTeliell HaKJIOHAa
CHEKTPOB TS U OCTAJIbHBIX OOMJIBHBIX 3JIEMEHTOB
B U3MepsieMoM auanaszone D, u d.

Ha puc. 2 noka3aHa pa3Hulila MeXy ImoKaszaTejieM
HAKJIOHA CIIEKTpa TeJNsI U OCTAIbHBIX OOWIBHBIX
MEepBUYHBIX gAep, BKIodas HUKedb., CTaTUCTUYE-
CKY€ OLIMOKM epEeCYNTAHbBI U3 OLIIMOOK U3MEPEHHO-
ro HAKJIOHA CIIEKTPOB, BEPXHSS W HUXKHSST KpUBast
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Puc. 2. 3aBucumoctb Ay OT 3apsiaa siipa.

COOTBETCTBYIOT COOTHOIIEHHE Dy ¥ O, TIPU KOTOPHIX
BbIYMCIIIEMAas] pa3HUIla MUHUMaJIbHA 1 MaKCHUMaJIb-
Ha COOTBETCTBEHHO. IM COOTBETCTBYIOT ABE JIMHEI -
HBIE allpoOKCUMaluu, 6oJjiee moJjorasi UMeeT HaKJIOH
6.9 - 1073 £ 5- 1073 (Ay/Z). Takum 06pa3oM mpsimMast
3aBMCUMMOCTb TOKa3aTeJIs HAaKJIOHA CIIEKTPa B UCTOY-
HUKE OT 3apsiaa siapa KOCMUYECKUX JIydeil B 1uana3o-
He oT 25 1o 1500 I'B cratuctuyecku odecrieyeHa Kak
MHWHHMMYM Ha YPOBHE 9 cCTaHIAPTHBIX OTKIIOHEHUA.

DTOT pe3yJbTaT MOATBEPKIAeT paHee MOJTyYeH-
Hoe HaOmomeHne Koyurabopamuu ATIC [6]. Taxke
yKazaHhe Ha 3TOT 3(P(@eKT MOoJy4eHO MO JAHHBIM
AMS-02 1 HEAO-3-C2 [9] ntocjie yueTa COJTHEYHOM
monynsauuu B makere HelMod.

INomydeHHBIN pe3ynbTaT MOXHO WHTEPIPETUPO-
BaTh HECKOJIBLKUMU CITOCOOAMU:

— KaK 0COOEHHOCTh CpeIbl BOKPYT CBEPXHOBOIA, B
KOTOPOI MTPOUCXOIUT ycKopeHMe. Takast cpena MO-
XKeT OBITh oOoralleHa TSDKEeIbIMU 3JIeMEHTaMU OT
3BE3MHOI0 BEeTpa mepen B3phIBOM CBEPXHOBOM. DP-
¢deKT Torma oOyCIOBJICH pamuajlbHBIM HACJIOCHUEM
pasIMIHBIX 31eMeHTOoB [ 10, 11];

— KaK HETOJIHYIO MOHU3ALUIO TSKEJIBIX SIaep KOC-
MUYECKUX JIYYei TIpU YCKOPEHUU Ha YAApHBIX BOJI-
Hax MpU B3pbIBaX CBEPXHOBLIX 3BE3I;

— KaK 3aBUCHUMOCTh 3D HEKTUBHOCTA WHKEKITUH
B Ipollecce YCKOPEHUsI OT COOTHoleHust A/Z [12].

[Tosy4eHHBII C BBICOKOI CTaTUCTUYECKOM JOCTO-
BEPHOCTBIO IJIsI BCEX SIIEpP KJIACCUYECKOTO HYKIIE-
OCHUHTEe3a, pe3yJbTaT IMO3BOJIUT CYIIECTBEHHO yTOY-
HUTH MEXaHU3MBI B3phIBA CBEPXHOBBIX 3BE3I M T1O-
cinenytomero yckopenuss KJI Ha ymapHBIX BOJIHAaXx,
MIPOELIPYEMBIX 3TUMU B3pbIBAMU.

CIIEKTPbI PEAKUX AJEP

[Ipu ananu3e nHOpMaUH, ITOJIYICHHON B 9KC-
nepumeHTe HYKJIOH, Bo3HMKaeT BoIpoc, oTjinya-
JOTCS JIW CIIEKTPHI PeOKUX M OOMIBHBIX smep. Kak
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ITOTOKU U CINEKTPAJIbHBIE MHAEKCHI PEAKUX U OBUJIBHBIX AJEP
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OownbHble: Z= 10, 12, 14, 16, 18, 20
Penxue: Z=9, 11, 13, 15, 17, 19
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Puc. 3. OTHOIIEHNE CIIEKTPOB PEAKUX W OOWIIBHBIX SIIEP.

MpPaBUIIO, OOMIIBHBIMU SIBJISTIOTCS SIIPa ¢ YETHBIM 3a-
pSooM, HaUMHAs C yIiepoaa, peIKUMU — HEUYETHBIE
sanapa (a3ot, @Top u T.4.). EcTecTBeHHO, MCKaTh BO3-
MOXHBIE pa3JIM4Ms CIIEKTPOB B LIIKaJI€ IO MAarHUTHOI
XecTkocTh. CIIOKHOCTh pabOThI CO CIIEKTPaMU Peli-
KUX sIIep 3aKJII0YaeTcsl B TOM, UTO 13-3a KOHECYHOTO
3apsIIOBOTO pa3pellleHUs BO3MOXKHA ITepeKauKa 13 CO-
cemHMX OOMIBHBIX gnep. IloaToMy NpUIIIIIOCH HC-
T10JIb30BaTh 00JIee KECTKUE KPUTSPUU 11 MASHTU (DM~
KalWu siIep: OTOMPAIMCh TOJIBKO sifipa ¢ Z = Z,  0.4.

dN/d
55 @ /dy

20 F——Z=10, 12, 14, 16, 18, 20
—7=09,11, 13,15, 17, 19

15+

10

929

st yBenndeHUsST CTaTUCTUKUA CPaBHHUBAJIHNCh CyM-
MapHbI€ TTOTOKU PENKUX siaep ¢ 3apsimamu 9, 11, 13,
15, 17, 19 m o6mnbHBIX siAep ¢ 3apsimamu 10, 12, 14, 16,
18, 20. ITosydyeHHOE OTHOILIEHUE CHEKTPOB Ipel-
CTaBJIECHO Ha pHuC. 3. DTO OTHOIIEHNE PacTeT C po-
CTOM MAarHUTHO XECTKOCTU, YTO TOBOPUT O Ooee
XKECTKOM CIIeKTpe penkux siaep. OmHaKo CTaTUCTHU-
YyecKre OLIMOKN BEeJIUKU U TpebyeTcs OoJiee neTalb-
HbIIA aHauIu3 [JIs ONpeHeJICHUS CTaTUCTUYECKOM
ob6ecneueHHOCTU. [Ipy pa3nMUHBIX ITOpOrax II0 Mar-
HUTHOI )XeCTKOCTH METOAO0M MaKCUMAaJbHOIO MpaB-
JIOIIOmO0MST OIIpeAcsiyIics IoKa3aTellb CIIEKTpa Kak
IJIsl peAKUX, Tak W 1is1 oOWMJIbHBIX saep. Ha puc. 4
MIpeacTaBlICHBI pacHpenenacHUs 10 a0COIIOTHOM Be-
JIMYMHE MOKa3aTeisi UHTErpaabHOTO CIIeKTpa JJIsl MOo-
poroB 400 n 4000 I'B. Oxa3zanoch, 9TO ITOKa3aTeIn
CIIeKTpa OOMJIBHBIX U PEOKMX SACp IIpU IIOPOre II0
MmarauTHoOM XkecTtkocTr 400 I'B paBubl 2.34 £ 0.015
2.24 + 0.025 cooTBeTCTBEHHO. TakuM 06pa3oM, pas-
HUIIA ToKa3aTeJiell Ha ypoBHe 3.40.

3AKJIIOYEHHME

BoirmostHeHHBIN  aHAIM3  BKCIIEPUMEHTAJIbHBIX
JaHHBIX MOKAa3aJl HaJIu4ue HEU3BECTHBIX paHee d(-
(eKTOB B CIIeKTpax KOCMUYeCKMX tydeit. OOHapyke-
Ha IIpsiMasi 3aBUCUMOCTb IToKa3aTeJjIsl HaKJIOHa CIeK-
Tpa B UCTOYHHMKE OT 3apsiaa apa KOCMUYECKUX JTydeid
B amnarma3zoHe oT 25 mo 1500 I'B, ¢ nucnoip3oBaHuEM
naketa GALPROP cnenaHbI OLIeHKH CIIEKTPOB B MIC-
TOYyHMKaX. [loka3zaHO OTIMYME CIIEKTPOB PEAKUX U
OOITBHBIX SIIEP, CIIEKTP PEIKMX HEYETHBIX s1Iep 00-
Jlee XKeCTKMM.

_dN/dy

—Z=10, 12, 14, 16, 18, 20
-—7Z=09,11,13,15,17, 19

1.0 1.2 1.4
v(>400 TB)

O Il
1.0 1.5 2.0
y(>4 TB)

Puc. 4. PacnipenenieHust BOCCTaHOBJIEHHBIX MoKa3aTtesieil MHTerpajibHoro criekrpa st noporos 400 u 4000 I'B.
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Fluxes and spectral indices of rare and abundant nuclei of cosmic rays
according to the data of the NUCLEON satellite experiment

I. A. Kudryashov® *, A. N. Turundaevskiy’, D. E. Karmanov“, I. M. Kovalev*,
A. A. Kurganov“, A. D. Panov*, D. M. Podorozhny*

4 Lomonosov Moscow State University, Skobeltsyn Institute of Nuclear Physics, Moscow, 119991 Russia
*e-mail: ilya.kudryashov.85@gmail.com

During the processing of the data obtained in the space experiment NUCLEON, results were obtained that
were of significant astrophysical importance. Using the GALPROP package, the inverse problem of the prop-
agation of cosmic rays from the source (close Supernovae) to the observer was solved, a component spectrum
was calculated at the source. It was shown that a systematic change in the power index (slope of the spectrum)
was observed at the source, which can be interpreted as incomplete ionization of cosmic rays now of acceler-
ation at the front of the supernova shock wave. Magnetic rigidity spectra analysis was applied for nitrogen nu-
clei fluxes and the total spectrum of rare nuclei with odd charges from 9 to 19 (F, Na, Al, P, Cl, K). Ratios of
odd and even nuclei fluxes are calculated. It turned out that the spectrum of rare, odd nuclei is more rigid
than the spectrum of abundant even nuclei (Z= 10—20) at the magnetic rigidity area 300—10000 GV.
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