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BBEAEIH1E 

Korna- c r ano B03MO}!(HbIM yckopeüue r sxenux 1-10HOB AO pemH~BI-1CT

CKI-1X 3Heprl-1~, 6wnl-1 npeAnomeHw pa3Mwe npoeKTw nOCTpOeHI-1~ Cl-1nb
HOT04HWX YCKOpI-1Tene~ T~menwx 1-10HOB, n03BOn~~~I-1X YCKop~Hl-1e 1-10HOB 
AO ypaua Ha penRTI-1BI-1CT~Kl-1e 3Hepnni1 11,21. C 3TI-1M canaaaa Heo6xOAI-1
MOCTb pac4eTa cOOTBeTcTBY~~I-1X 3a~I-1T 1-1 Co3AaHI-1~ H3Mep~TenbHO~
 

I 
\ TeXHHKI-1 A03I-1MeTpl-1l-1. An~ pac4eTa 3a~~T 6wnl-1 pa3BI-1TW nporpaMMW,


/ 3/,TaKpa60Ta~~~e KaK no MeTOAY MOHTe-Kapno 1-1 Ha 6a3e 6Qnee 
npOCTWx MeTOAoB BW4I-1CneHI-1~/4/. AnA Bcex Me!OAOB paC4eTà Tpe6yeT
C~ AeTanbHa~ I-1H$opMa~l-1~ o TOpM03HWX cnoco6HoOTflX S 1-1 OCTaT04HWX 
npo6erax R pen~TI-1BI-1CTCKI-1X 1-10HOB I-1nl-1 ~parMeHToB peaK~I-1~. 

B HaCTo~~ee BpeM~ CYllIeCTBYIOT paauue nfiorpaMMbl An~ pacve r a 
Benl-141-1H S 1-1 R.U nporpaMMHo~ CI-1GTeMe HIT 31 paC4eT ocy~ecTBn~eTCH 

f" 

,'''' 
SPAR / 5 /.3Tac nOMOlllblO nporpaMMW nporpaMMa npe~e6peraeT Y4eTOM 

16/,HeKOTOpwX BamHWX pen~TI-18I-1CTCKI-1X nonpaBOK. KaK nOKa3an Ane~ 
3TI-1 nÓnpaBKI-1 OKa3blBalOT cyuiec r acuuce Bnl-1~Hl-1e Ha T04HOCTb p'aC4eTOB, 
ocoõeuuo B cnyvae 04eHb T~}KenbIX 1-10HOB. nporpaMMa RDEDX, pa3BI-1Ta~ 

CanbMOHOM 17/, KOTopaA no CBoe~ $1-131-14eCKO~ OCHOBe 6nl-13Ka K paÕOTe 
AneHa/8~ BKn~4a~T Bce BamHwe nOnpaB~I-1, n03TOMY RBn~eTC~ CYllIeCT
BeHHO õonee T04HO~, 4eM 161. HeAoCTaTKOM 3T9~ nporpaMMbl aanne r ca 

/'	 HeCKonbKo rpy6w~ Y4eT HI-13K03HepreTI-14eCKO~ oGnaCTI-1, rAe,HanpI-1Mep, 
1-10H1-13a-41-10HHble no r euuaanu 1-1 D6on04e4HblC non..eaBH:1-1 paCC41-1TbIBaIOTC~ 

c nOMo~blO npocTwx npl-16nl-1meHHWX $opMyn. npeHe6pçraeTCR 1-1 Z2.
OC~l-1nn~~I-1~MI-1 TOPM03HblX Ce4eHI-1Ç1 19- 11/. nporpàMMa HeYAo6Ha An~ " 

pacve'r a .ÇOCT aBHblX MI-1WeH$~. 
I 

'1. 

Ilpor paso-ta STOPo\J /82 ôuna pa3BI-1Ta An~' npl-1MeHe,HI-1~ B 04eHb WI-1 . ;,'{/ 

POKO~ 06naCTI-1 3Heprl-1~ 112/. OHa paCC41-1TWBaeT TOPM03HYIO cnocb6~ 'O 

HOCTb 1-1 OCTaT04HW~ npo6er B AI-1ana30He 3Heprl-1~ üT 1 K3B/a.e.M. AO 
10 r3!3/ a ie . M. C Y4eTOM KaK AOnOnHI-1TenbHblX napaxe r poa 6oM6ap,QI-1p.ylO
~I-1X 4aCTI-1~, raK 1-1 Bcex $1-131-14eCKI-1 AOCTOBepHWX 3HaHI-1~ o np04ecce 
TopMQ)KeHI-1~ 1-10HOB' B Be~eCTBe. AononHI-1TenbHbl~ npOCMOTP 1-1 peBI-131-1fl 
nporpaMMW, oco6eHHo An~ paC4eTa npl-1 ra3006pa3Hwx MI-1WeHflX, fiwnH 
npOBeAeHW B 1984 r. CpaBHeHl-1e 3KCnepl-1MeHTanbHWX 1-1 TeOpeTI-14eCKI-1 . 
paCC41-1TaHHWX TOpM03HWX cnoco6HocTeÇ1 1-13nOmeHO B 113~ 

B BWcoKo3HepreT1-14eCKO~ o6na~TI-1 MomHO I-1CnOnb30BaTb cpaBHeHl-1e 
Anéua 16/. 

B HaCTo~~eA paGOTe npeACTaBneHW HQBwe Ta6~I-1~w An~ TOpM03HO~ 

cnoco6HOCTI-1 1-1 OCTaT04Horo npofiera Tfl~enwx 1-10HO~ 

KOHCTPYK~1-10HHWX 1-1 AeTeKTI-1PYlOllIl-1X MaTepl-1anax. 3TI-1 

~. ( -------
<:l	 !, 1'J>.í)k-C~l.üj\~ ~rlb.1U tl~tlifiYT ,
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B paSnl-14HWX 
AaHHwe MorYT 

IIJIC'l'IITYT JlAOpULIX Ifcan~oDlU1JIA ,UytSaa, 1985. 1 



6~Tb HCnOnb30BaH~J HanpHMep, B MeTOAe paC4era 3a~HT, npeAnO~eH
HOM B /4/ 

PAC4ETbl 
I 

. • B Ta6n.l nepe4HCnR~TCR Bce MaTepHan~, AnR KOTOp~X npOBoAHflHCb
 
pac-reru . B Ka4eCTBe THnH4HblX KOHCTPYKLlHbHHblX H 3a~HTHbIX M~TepHa


nOB 6~nH Bw6paHW 6eTOH, mene30 H MeAb. Aanbwe B Ta6nHLlW BKn~4eHW
 

AaHHwe AnR BOAW J KOTopaR RBnReTCR BalliHWM cpeACTBOM oxnamAeHHR
 
H Hcnonb3yeTcR B Ka4eCTBe MOAenbHoro Be~eCTBa AnR HMHTS4HH 4eno

Be4eCKoro Tena l~aHTOM~/. THnH4H~MH AeTeKTopHWMH MaTepHanaMH RB

nR~TCA nneKCHrnaC J B03AYX, L1F.KOTop~e 4aCTO BCTpe4a~TCA npH
 
A03HMeTpH4eCKHX H3MepeHHAX aÕnH3H YCKop~Tene~ BblCOKHX 3HeprH~
 
ICM. /14//. 

Kpowe Toro, B Ts511.1 npHBoAflTCA HCXO.qHbIC AE1HHbIC 'pacuero s': 
MaKpoCKonH4eCKaR nll0THOCTb P I np04eHTH~~ IMQCCOO~e npoueHT~ I 
HnH 311eMeHTH~~ COCTaB MHweHH. 

B Ta6n.2 npHBOAATCA HOH~, AnA KOTOPWX npOOO~HnHCb pac4eT~. 

lt10Hbl 12C , 22Ne , 40Ar , 56Fe H 238 u Bbl5p<:lHbl 1<01< Tli1nH4Hble, «or opue 

nnaHHpyeTcR YCKOPRTb 8 npoeKT~PYCMWX YCTDHOOKOX. npOTOHW H anb~a
4aCTHLlw RBnA~TCA npeACTDBHTenRM~ 40CTo nOnY~OOM~X $parMeHTOB 
peaKLlHH .. 

Pacueru BenH4HH S H R npOBO~HnIi1Cb AJ1~ YK'DGOHHbIX HOHOB BO acex 
MaTePHa~ax MHweHH. TOPM03HSfI cnOCOÕl-lOCTb ADOTCfI 8 eAHI:lIdLiP.2L.:t1~BI €M 
H OCTaT04Hbl~ npoõer - 8 CM. B BbICOK'03HCprOTH4eCKO~ 06naCTH 

I 
OCTaT04H~~ np06er AOCTHraeT MBKpOCKOnH~OCKHX UH04eHH~ nó BenH4HHe, 
n03TOMY npRMoe YKa3aHHe BenH4HH S H R OMOCTO MOCCOBO~ TOPM03HO~ 

cnoc06HOCTH S/o H R· i> C4HTaeTCR õcnco YAOOHblM ~11f1 npaKTHKH. Ta
KHM 06pa30M, 3Ha4eHHe OCTaT04Horo np06ero npRMO C8A3BHO c pa3
MepaMH KOHCTPYKLlH~. ~ 

EcnH nOHag06RTcR'3TH 3Ha4eHHA B MaCCOB~X CAHHHuax, nepec4eT 
'MomHO npOBOAHTb c nOMo~b~ nnOTHOCTe~ H3 T86n.1. SH64eHHA S ~ ~ 

npHBOARTCR B AHana30He 3HeprHH OT 10 M3BI a . e. M. AO 10 r3BI a. e. M.o 
B 55 warOB. TI 3Tb~ WKane TopM03HaA cnoco6HOCTb HHTopnonHPyeTcR 
nHHe~HO H OCTaT04HW~ np06er - KBaApaTH4Ho.3Ha4eHHA AnA 3HeprH~ 

HHme 10 tbB/a.e.M. B r aõru-uu 13 -;. 161 He BI<nI04eHbl, XOTA npor pa-oaa 
STopm~/82 npHHLlHnHanb HO no aaonne r .paC4eT 11 B 3TO~ o611acTH. COOT
ae r ç r eeuuue 3Ha4eHHR Y4TeHbl, KO~ie4Ho, B BenH4111Hax R. 

, 3KoTpanoflRLlHR K APyrHM HOHaM npOBOAHTCR cneAY~~IIIM 06pa30M: 
1. AnR paC4eTa S MomHO HCXOAHTb H3 Toro npeAnonomeHHR, 4TO 

HOHW OAHoro 3neMeHTa npH OAHHaKOBO~ C~OpOCTH HMe~T OAHHaKOBY~ 

TOPM03HYlO cnoc06HOCTb IHCKn~4eH\.1e: npH 04eHb HH3KIIIX 3HeprHRX 
Ba*H~~ ponb Ha4111HaeT HrpaTb RAepHaR TopM03RaR cnoc06HOCTb/. 3TO 
03Ha4aeT, 4TO B ASHHOM cnY4ae AnR COOTBeTCTBY~~HX 3HeprH~ HOHOB 
B t138/a.e.M. TopM03HaA cnoc06HOCTb onpeAenneTCR HenocpeACTBeH

HO,3Ha4eHHRM\.1 H3 Ta6nHUW. 
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Taõriaua 1
Ilno'rnóc-rr, H COCTaB MHIlIeHH 

" MaTepHaJI 
lIJIOTHOCT:b 

t5/g c~:-3 
3JI8r,i8HT COCTaB 

Macca(%) 

CTeXHor...m~pIDI 

OeTOH 2,45 

~ O 

Si 
H 

Fe 

45,75 
20,09 

i13.71 
1,73 

-
-
-
-

... 

l1KeJI8S0 

)I 

7,874 Fe 100 -

M8,lUl 8,65 \Cu 106 -

,BO,Ita 1,0 
O 

H 

-
-

J 

1 

2 

JIIOCIiT 1,2 

C 

O 

H 

-
-
-

6 

1 
t8 

N - .53,21 

B03.nyx* 'Ü,00129 
O - 14,31 
Ar - 0,64 

1 

LU' (HaT.) 
(TLD-I00) 

2,3 
ti 
F 

-
-

1 

1 

f

"\ 

" 

...., * Ilpn 1I0pMéDlhllbl~ ycnoBI-HIX 

Taümnta 2 

llOII,bl, acnon s aoaannue B paCtICTaX 

I' 
;vIZnOH 

l H 1 1,0078 
4H I 2 4,.0026 

-12 C 6 12,0000 
'~./ 2~Ne 21,99147 

40Ar 18 39,9624 
... 26 '56p e 55,9349
". . 2~8U 92 2)B~0508 L 
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TopM03Ha5I crrOC06HOClI'f) pa.3JlHl.IHbIX HOHOB B .6eT0ne 

Ta6JlHu;a 3 

Iípoõer pa3JlHl.IHbIX HonOB B õerorre 

Ta6JlHu;a 4 

,. 

, 

1,~EvlA:'.1u I'1W'rONS ALPllM; 
1.00+1 9.1~J+1 3.6(,+2 
1.50+1 (,.67+1 2.66+2 
2.00+1 5.31+1 2.12+2 
2'.50+1 4.45+1 1.77+2 
3.00+1 3.85+1 1.53+2 
3.50+1 3.40+1 1. 36+2 
4.00+1 3.06+1 1.22+2 
4.50+1 2;.79+1 1. 11+2 
5.00+1 2.57+1 1.02+2 
5.50+1 2.38+1 9.50+1 
6.00+1 2.23+1 8.88+1 
6.50+1 2.09+1 B.35+1 
7.00+1 1.98+1 7.,89+1 
7.50+1 1.88+1 7.48+1 
8:00+1 1.79+1 7.13+1 
8.50+1 1. 71+1 6.81+1 
9.00+1 1.64+1 6.52+1 
9.50+1" 1.57+1 6.27+1 
1.00+2 1.51'+1 6.03+1 
1.50+2 1.13+1 4.53+1 
2.00+2 9.36+0 3.75+1 
2.5'0+2 8.16+0 3.27+1 
3.00+2 '7.36+0 2.95+1 
3.·50+2 6.78+0 2.72+1 
4.00+2 6..35+0 2.54+1 
4.50+2 6.02+0 2.41 +1 
5.00+2 5.16+0 2.31+1 

2.22+15.50+2 5.54+0 
6.00+2 5.37+0 2. t5+1 
6.50+2 5.23+0 2.09+1 
7.00+2 5.1Ü"+0 2.04+1 
7.50+2 5.00+0 2.00+1 
8.00+2 4.91+0 1.97+1 
8.50+2 4.83+0 1.94+1 
9.00+2 4.76+0 1.91+1 
9.50+2 4:70+0 1.88+1 

4.64+0 1.86+11..00+3 
1.50+3 4.34+0 1.14+1 

-2.00+3 4.24+0' 1.70+1 
2.50+3 4.21 +0 1.69+1 
3.00+3 4.21 ...0 1.69+1 
3.50+3 4.22+0 1.69+1 
4.00+3 4.25'+0 1.70+1 
4.50+3 4'.27+0 1. 71 +~ 
5.00+3 4.30+0 1.72+1 

5.50+3 4.33+0 1.73+1 
6.00+3 4.35+0 1.74+·1 
6.50+3 4.38+0 1.75+1 
7.00+3 4.40+0 1.76+1 
7.50+3 4.43+0 1.77+1 
8.00+3 4.45+0 1.78+1 
8.50+3 4.47+0 1.79'+1 
9.00+3 4.50+0 1.80+1 
9.50+3 4.52.+0 1.81+1 

1;00+4 4.54+0 1.82+1 

c-1i NE-2O AR-40 FE-56 U-238 
1.2f>+:1 8. flM+3 2.44+1\ 4.41+4 2.41+') 
2.38+) 6.50+3 1.:;3+4 3.59+4 2.21+5 -
1.90+) 5.23+) 1.60+4 3.04+4 2.•05+5 
1.59+3 4.40+3 1.37+4 2.65+4 1.91 +5 
1.38+3 3.82+3 1. 21+4 2.39+4 1.79+5 
1~ 22+3 3.39+3 1.06+4 2.16+4 1.69+5 
1.10+3 3.05+3 9.75+3 1. 97+4 1.'60+5 
1.00+3 2.78+3 8.93+3 1.82+4 1.52+5 
9.23+2 2.56+3 8.25+3 1.69+4 1.45+5 

8.57+2 2.38+3 7.68+3 1.'58+4 1.39+5 
.8.01'+2 2.23+3 7.19+3 1.48+4 1.34+5 
7.53+2 2.09+3 6.77+3 1.40+4 1.29+5 
7.12+2 1.98+3 6.40+) 1.)3+4 1.24+5 
6.75+2 1.88+3 6.08+3 1.26-r4 1.20+5 
6.43+2 1.79+3 5.80+3 1.20+4 1.16+5 
6.14+2 1.71+3 5.54+3 1.15+4 1.13+5 
5.89+2 1.64+3 5.32+3 1.11+4 1.10+5 
5.66+2 1.5173 5.11+3 1.06+4 1.07+5 

5.45+2 1.52+3 4.92+3 1.03+4 1.04+5 
4.09+2 1.14+3 3.71+) 7.76+) 0.40+4 
3.38+2 9.43+2 '.0;+3 6'15+3 7.22+4 ] 
2.95+2 8.23+2 2.6F+3 s. 4+3 6.43+4 
2.66+2 7.42+2 2.42+3 5.09+) 5.87+4 
2.45+2 6.84+2 2.23+3 4.70+' 6.29+4' 
2.30+2 6.41 +2 2.09+) 4.40+' 5.97+~ 

2.18+2 6.08+2 1.99+) 4.18+3 5.71+4 
2.08+2 5.81+2 1.90+) 4.00+3 5.50+4 

2.01+2 5.60+2 1.0)+3 '.85+) 5.3Y+4 
1.94+2 5.42+2 1.77+3 3.7)+3 5.18+4 
1.89+2 5.28+2 1.7)+3 3.63+3 5.06,+4 
1.85+2 5.16+2 1.69.+3 3.55+3 4.96+4 
1.81 +2 5.05+2 1.65+J 3.48+3 4.87+4 
1.78+2 4.97+2 1.62+3 3.4i+3 4.79'+4 
1.75+2 4.88+2 1.60+J ,.) +3 4.72+4 
1.72+2 4.81+2 1.57+J 3.J1+3 4.66+4 
1.70+2 4.75+2 1.55+' 3.27+3 4.60+4 

1.68+2 4.69+2 1.53+3 3.23+3 4.55+4 
1.~7+2 4.39+2 1.43+3 3.02+3 4.28+4 
1.53+2 4.28+2 1.40+3 2.95+' 4.18+4 
1.52+2 4:25+2 1.39+3 2.93+3 4.15+4 
1.52+2 '4.'2-5+2 1.39+3 2.93+3 4.14+4 
1.53+2 4.27+2 1.40+3 2.~4+3 4.15+4 
1.54+2 4.29+2 1.40+3 2.96+3 4.17+4 
1.55+2 4.32+2 1.41+3 2.97+3 4.19+4 
1.56+2 4.34+2 1.42+) 2.99+3 4.21+4 

1.5.7+2 4.37+2 1.43+3 3.01+3 4.23+4 
'1.58+2 4.40+2 1.44+3 3.0:H3 4.25+4 
1.59+2 4.42+2 1.45+3 3.0/1.+3 4.28+4 
1.59+2 4.45+2 1.45'+3 3.06+3 4.30+4 
1.60+2 4.47+2 1.46+) 3.08+3 4.32+4 
1. 61+2 4.50+2 1.47+3 3.09+)' 4.34+4 
1.62+2 4.52+2 1.48+3 3.11+3 4.35+4 
1.63+2 4.54+2 1.48+3 3.12+3 4.37+4 
1.63+2 4.56+2 1..49+3 3.14+3 4.39+4 

1.64+2 4.5'8+2 1.50+) 3.15+3 4.41+4 
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,.n~v/At.:U PROTO:lS ALrJl~S . C-1<> 
1.00+1 h.~O-? 6.19-2 2.21-? 
'.50~1 1.27-1 1.26-1 4.37-? 
2.00+1 2.11-1 2.11.-1 7.19-2 
2.50+1 3.1~-1 3.14-1 1.O'f--1 
3.00+1 4.36-1 4..35-1 1.4f.-1 
).50+1 5.15-1 5.73-1 1.92-1 
4.00+1 7.30-1 7.28-1 2~44-1 
4.50+1 9.01-1 B.98-1 3.01-1 
5.00+1 1.09+0 1.bR+o 3.63-1 
5.50+1 1.29+0 1.29+0 4.30-1 
6.00+1 1.51+0 1.50+0 5.02-1 
6.50+1 1.74+0 1.73+0 5.78-1 
7. 00 +.1 1.99+0 1.98+0 6.60-1 
7.50+1 2.25+0 2.24~ 7.46-1 
8.00+1 2.52+0 2.51+0 8.36-1 
8.50+1 2.80+0 2.79+0 9.31-1 
9.00+1 3.10M 3.Q9+O 1.03+0 
9.50+1 3.42+0 3.4\:)+0 1.13+0 
1.00,+2 3.74+0 3.73+0 1.24+0 
1'.50+2 7.61+0 7.57+0 2.52+0 
2.00+2 1. ~5+1 1.24+1 4.12+0 

-2.50+2 1.82+1 1.81+1 6.01+0 
3.00+2 2~47+1 2.4,+1 8.14+0 
3.50+2 '13.18+1 3.16+1 1.05+1 
4.00+2 3.94+1 3.91+1. 1.30+1 
4.50+2 4.75+1 4.71t1 1.56+1 
5.00+2 1).60+1 ..5.56+1 1.84+\ 
5'.')0+2 6.49+1 6.44+1 2.14+1 
6.00+2 ".40+1 7.35+1 2.44+1 
6.50+2 8.35+1 8.23+1 2.75+1
7.00+2 9.32+1 9.24+1 3.07+1 
7.50+2 1.03+2 1.02+2 3.39+1 
8.00+2 1.13+2 1.12+2 3.12+1 
8.50+2 1.23+2.,1.22+2 4.06+1 
9.00+2 1.34+2 1.33+2 4.40+1 
9.50+2 1.44+2 1.43+2 4.75+1 

1.00+3 1.55+2 1.54+2 5.10+1 
1.50+3 2.67+2 2•.64+2 8.77+1 
2.00+3 3.83+2 ).80+2 ... 1.26+,2 
2.50+3 5.02+2 4.98+2 1.65+2 
3.00+3 6.21+2 6.16+2 2.04+2 
3.5.0+) 7.39+2 7.33+2 2.43+2 
4.00+3 8.57+2 8.50+2 2.82+2 
4.50+3 9.75+2 9.67+2. 3.21+2 
5.QO+3 1.09+3 1.08+3 3.59+2 

5.50+3 1.21+3 1.20+3 3.97+2 
6.00+3 1.32+3 1.31+3 4.35+2 
6.50+3 1.44+3 1.43+3 4....73'+2 
7.00+3 1.55+3 1.5.4+3 5.10+2 
7.50+' 1.66+3 1..65+3. 5.47+2 
8.00+3 1.78+) 1.76+3 5.85+2 
8.50+3 1.89+3 1.87+3 6.21+2 
9.00i:3 2.00+3 1.98+3 6.58+2 
9.50+3 2.11 +3 2.09+3 6.'95+2 
1.00+4 2.22+3 2.20+3 7.31+2 

UE-22 
1. (,2-2 
3.09':2 
4.97-2 
7.26-2 
9. q2-2
1.30-1 
1.64-1 
2.01-1 
2.42-1 
2.86-1. 
J.34-1 
3.84-1 
4.38-1 
4.95-1 
5.54:..1 
6,.17-1 
6.82-1 
7.5Q-1 
8.20-1 
1.66+0 
2.72+0 
3.96+0 
5.36+0 
6.89+0. 
~.54+O 
1.03+1 
1.'21+1 
1.40+1 
1.60+1 
1. 81+1 
2.02+1 
2.23+1 
2.45+1 
2.67+1 
2.89+1 
3.12+1 
3.35+1 
5.76+1 
8.28+1 
1.08+2 
1. "34+2 
1.60+2 
1.85+2 
2.11 +2 
2.36+2 
2~ 61+2 
2.86+2 
3.10+2 
3.35+2 
3.60+2 
3.84+2 
4.08+2 
4.32+2 
4.56+2 
4.80+2 

AR-40 
1.1 ')-2 
2.07-2 
3.20-2 
4.54-2 
6.09-2 
7.83-2 
9.77-2 
1.19-1 
1.42:"1 
1.61-1 
1.94-1 

'2.22-1 
2.52-1 
2.84-1 
3.18-1 
3.53-1 
3.89-1 
4.27-1 
4.67-1 
9.36-1 
1.53+0 
2.22+0 
3.00+0 
3.85+0 
4.77+0 
5.74+0 
6.76+0 
7.83+0 
8.93+0 
1.oh1 
1.12+1 
1.24+1 
1.36+1 
'1.49+1 
1.61+1 
1.74+1 
1.87+1 
3.20+1 
4'.60+1 
6.02+1 
7.45+1 
8.87+1 
1.03+2 
1.17+2 
1.31+2 
1.45+2 
1.59+2 
1.73+2 
1.86+2 
2.00+2 
2.13+2 
2.27+2 
2.40+2 
2.54+2 
2.67+2 

n':-"i6 
9.61-1 
1e .66,,2 
2.51-2 
3.49-2 
4.59-2 
5.81-2 
7.16-2 
8.63-2 
1.·02-1 
1.19-1 
1.37-1 
1.57-1 
't.77-1 
1.99-1 
2.21-1 
2.45-1 
2. 69-t 
2.95-1 
3.21-1 
6.36-1 
1.03+0 
1.49+0 
2.01+0 
2.58+0 
3.19+0 
3.84.f.O 
4.52+0 
5.23+0 
5.96+0 
6.71+0 
7.48+0 
8.27+0 
9.08+0 
9.90+0 
1.07+1 
1.16+1 
1.24+1 
2~ 13+1 
3.06+1 
4.00+1 
4.95+1 
5.90+1 
6~84+1 
7.78+1 
8.71+1 
9.63+1 
1.06+2 
1.15.+2 

. 1.24+2 
1.33+2 
1.42+2 
1.51+2 
1.60+2 
1.69+2 
1.77+2 

U-238 
,q.97-3 
1.51-2 
2.06~2 
2.1;(,-2 
3.30-2 
3.98-2 
4.70-2 
5.46-2 
6.25-2 
7.08-2 
7.95-~ 
8.85:"2 
9.78-2 
1.08-1" 

'1.18-1 
1.28-1 
1.38-1 
1.49-1 
1.61-1 
2.8fJ-1 
4.40-1 
6.14-1 
8.06:"1 
1.00+0 
1.19:8
1.40 
1.61 +O 
1.83+0 
2.05+0 
2.28+0 
2.52+0 
2.76+0 
3.00+0 
3.2':+0 
3.50+0 
3.76+0 
4.02+0 
6.70+0 
9.49+0 
1.23+1 
1.52+,1 
1.80+1 
2.09+1 
2.37+1 
2.65+1 
? 93+1 
3.21 +1 
3.49+1 
3.76+1 
4.04+1 
4.31 +1 
4.58+1 
4.85+1 
5.12+1 
5.39+1 
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Ta6nH~a 5t, , Ta6nH~a 6 
TOPM~;HaH' cnocoõrroc r-s pa3J1HQHbIX HOHOB B JKeJIe3e • ',' Ilpoõe r p aarmsnrsrx HOHOB B )Kene3e 

\ ~ 

" . 

M}~V/AMU PROTONS ALPHAS C-12 NE-22 .AR-40 FE-56 U-238 " MEV/AMU PROTONS ALPHAS C-12 NE-22 AR-40 FE-56 U-238 
1.00+1 2.25+2' 
1.50+1 ,1.66+? 

9.03+2,8.00+) 
6.66+2 5.99+3 

2.16+4 
1.64+4 

6.09+4 
4.88+4 

1.11+5 
9.06+4 

6.24+5 
5.70+5 

l.,.00t1 
1.50+1 

2.62-2 
5.24-2 

2.58-2 
5.17-2 

9.16-3 
1.78-2 

6.69-34.74-3 
1.26-2 8.40-3 

3.92-3 
6.71-3 

3.98-3 
5.97-3 

2.00+1" 1.34+2 5.35+2 4~83+3 1.33+4 4.08+4 7.74+4 5.28+5 2.00+1 8.61-2 8.52-2 2.90-2 2.00-2 1.29-2 1.00-2 8.12-3 
2.50+1 1.13~2 4.52+2 4.07+3 1.13+4 3.52+4 6.79+4 4.9J+5 2.50+1 1.27-1 1.26-1 4.26-2 2.90-2 1.81-2 1.39-2 1.04-2 
3.00+1 9.81+1 3.93+2 3.54+3 9.82+3 3.10~4 6.16+4 4.63+5 3.00+1 1~75-1 1.73-1 5.82-2 3.94-~ 2.41-2 1.82-2 1.29-2 
3.50+1 8.72+1 3.49+2 3.15+3 8.74+3 2.78+4 5.59+4 4'.38+5 3.50+1 2.29-1 2.27-1 7~60-2 5.12-2 3.09-2 2.29-2 1.55-2 
4.00+1 7.87+1 3.15+2 2.85+3 7.90+3 2.53+4 5.12+4 4.15+5 4.00+1 2,89-1 2.87-1 9.59-2 6.43-2 3.84-2 2.81-2 1.83-2 
4.50+1 7.20+1 2.88+2 2.60+3 7.23+3 2.32+4 4.73+4 3.96+5 4.50+1 3.56-1 3.53-1 1.18-1 7.88-2 4.66-2 3.38-2 2.12-2 
5.00+1 6.64+1 2.66+22.40+36.68+32.15+44.40+43.79+5 " 5.00+14.28-1 4.24-1 1.42-1 9.45-25.,54-23.98-22.43-2 

5.50+1 6.18+1 2.48+2 2.23+3 6.22+3 2.01+4 4.12+4 3.63+5 5.50+1 5.06-1 5.02-1 1.67-1 1.11-1 ~50-2 4.64-2 2.7~-2 
6:00+1 5.79+1 2.32+2 2~09+3' 5.82+3 1.88+4 3.88+4 3.49+5 .< 6.00+1 5.90-1 5.85-1 1.95-1 1.30-1 7.52-2 5.33-2 3.00-2 
6.50+1 
7.00+1 

5.45+1 
5.16+1 

2.,18+21.97+35.49+31.78+4 
2~07+2 1.87+3 5.19+3 1.6S+4 

).67+4 
3.40+4 

3.37+5 
3.25+5 

6.50+1 
7.00+1 

6.79-1 
7.74-1 

6.73-1 
1.67-1 

2.24-1 
2.55-1 

1.49-18.61-2 
1~69-1 9.16-2 

6.07-23.42-2 
6.84-2 3.78-2 

,. 

7.50+1 
8.00+1 

4.90+1 
4.68+1 

1.96+2 
1.87+2 

1.77+3 
1.69+3 

4.94+) 
4~71+3 

1.6b+4 
1.53+4 

3.32+4 
3.17+4 

3~t5+5 
3.à5+5 , 

7.50+1 
8.00+1 

8.73~1 
9.78-1 

8.65-1 
9.69-1 

2.88-1 
3.23-1 

1.91-1 
2.14-1 

1.10-1 
1.22-1 

7.66-2 
8.52-2 

4.15-2 
4.53-2 

8 •.50+14.47711.79+21.62+34.51+31.46+43.04+42.96+5 " 8.50+11.09+0 1.08+0 3.59-12.37-11.36-19.41-24.92-2 
9~00+1 4.29+1 1.72+2 1.55+3 4.32+3 1.4:0+4 2.92+4 2.'88+5 9.00+1 1.20+0 1.19+0 3.96-1 2.6~-1 1.49-1, 1.0)-1 5.33-2 
9.50+1 4.1)+1 1.65+2 1.4,9+3 4.16+) 1.35+4 2. 84"+-4 ?81+5 . 9.50+1 -1.32+0 1.31+0 4.35-1 2.88-1 1,..64-1 1.13-1 5.74-2 
1.00+2 3.98+1 1.59+2 '1;44+3 4.01+3 1.30+4 2.72+4 ,2.74+5 '~ 1.00+2 1.44+0 1.43+0 4.76-1 3.15-1 1.79-1 1.23-1 6.17-2 
1.50+2 2.99+1 1.20+2 1.08+3 ).02+3 9.84+3 2.06+4 2.22+5 1.50+2 2.91+0 2.88+0 9.58-1 6.32-1 3.56~1 2.42-1 1.10-1 
2.00+2 2.49+1 9.96+1 9.00+2 2.51+3 8.19+3 1.72+4 1'. 91t5 ~f 2.00+2 4.75+0 4.71+0 1.56+0 h.03+O 5.78-1 3.90-1 1.67-1 
2.50 t 2 2.18+1 8.71+1 7.87+2 2.20+3 7.17+) 1.51+4 1.71+5 2.50+2 6.90+0 6.85+0 2.27+0 1.50+0 8.37-1 5.63-1 2.33-1 
3.00+2 1.97+1 7.87+1 7.12+2 1.99+3 6.49+3 1.3b+4 1.56+5 3.00+2 9.33+0 9.25+0 3.07+0 2.02+0 1.13+0 7.57-1 3.05-1 
:h50+2 
4.00+2 

1.82+1 
1.70+1 

7.27+1 
6.82+1 

6.57+2 
6.H+2 

1.e3+3 
1.72+) 

5.99+) 
5.63+3 

1.26+4 
1.18+4 

1.10+5 
1.62+5 " 

3.50+2 
4.00+2 

1.20+1 
1.48+1 

1.19+1 
1.47+1 

3.94+0 
4.é8+O 

2.59+0. 
3.21+0 

1.45+0 
1.79+0 

9.69-1 
1.20+0 

3.78-1 
4.49-1 

4.50+2 
"> •.00+2 

1,.62+1 
1,55+1 

6.47+1 
6.20+1 

5.85+2 
5.60+2 

1.63+) 
1.56+3 

5.34+3 
5.12+) 

1.12+4 ,,1.55+5 
1.08+4 '1.50+5 I 

,4.5'0+2 
5.00+2 

1.78+1 
2.10+1 

1.77+1 
2.08+1 

5.87+0 
6.91+0 

3.86+0 
4.54+0 

2•.15+0 
2.53+0 

1.44+0. 
1.69+0 

5.23-1 
6.01-1 

5.50+2 
6.00+2 
6.50+2 
'7.00+2 
7.50+2 
'8.00+2 
..8.50+2 

1.49+1 5.98+1 
1.45+1 5"..79+1 
1.41+1 5.64+1 
1.30+1 ~.52+1 
1.35+1 5.41+1 
1.33+1 6.32+1 
1.31+1' 5.2,4+1 

5.40+2 
5.24+2 
5.10+2 
4.99+2 
~.89+2 
4.81+2 
4.74+2 

1 ..51+) 
1.-46+) 
1.42+3 
1.)9+3 
1.37+3 
1.34+) 
1.)2+) 

4.93+3 1.04+4 
4.79+) 10.01+4 
4.66+) 9.8)+3 
4.56+)"' 9. 61t ) 
4.47+) 9.42t3 
4.40+3 9.27+3 
4.))+3 9.1)+3 

'1.45+5 
1.r..14,1:"'5 
1.38~5 
1.36+5 
1,.33+5 
1.31+5 
1.29+5" 

'.. 

~ 

-

': 

5.50+2 
6"00+2 

'6.50+2 
7.00+2 
7.50+2 
8.00+2 
8.50+2 

2.4'3+1 
2.77+1' 
3.12+1 
3.48+1 
3.85+1 
4.22+-1 
4.60+1 

2.41+1 
2.75+1 
3.09+1 
3.~5+1 
3.131+1 
4 ...:19+1 
4.56+1 

7.99+0 
9.11+0 
1.03+1 
1.14+1 
1.27+1 
1.)9+'1 J 

1.5"1+1 

5.25+0 
5.99+0 
6.74~ 
7.52+0 
8.31+0 
9.12+0 
9.93+0 

·2.93+0 
).33+0 
).75+0 
4.18+0 
4.62+0 
5.07+0 
5.53+0 

1.95+0 
2.22+0 
2.50+0 
2.79+0 
3.08+0 
3.38+0 
3.68'+0 

6.81-1 
7.63-1 
8.48-1 
9.34-1 
1.02+0 
1.11+0 
1.20+0 

'9.00+2 
9;5b+2 

1.29+1 
1.27+1 

5.17+1 
5.10+1 

,4.67+2 
4.62+2 

1.)0+3 
1.29+3 

4.27+3 
4.22+3 

9.00+3 
8.09+3 

.1.28+5 
1,26+5 

' 9.00+2 
9.50+2 

4.98+1 
5:38+1 

4.94+1 
5'.33+1 

1.64+1 
1.77+1 

1.08+1 
1.16+1 

5.99+0 
6.45+0 

:3.98+0 
4.29.fO 

1.29+0 
1.39+0 

1.00+3 1.29+1 5.05+1 4.57+2 1.21+3 4.17+3 8.80+3 1'.25+5 1.00+3 5.77+1 5.72+1 1.90+1 1.25+1 6.93+0 4.61-+-0 1.48+0 
1.50+) 1.19+1 
2.00+31.16+1 

~.85+1 
4.66+1 

4.30+2 
4.22+2 

1.20+3 
1.18+3 

).93+3 
3.86+3 

8.29+) 
8.13+3 

1.18~5 
1.16+5 , 

,I 

" 
1-.50+3 
2.00+3 

9.86+1 
1.41+2' 

9.78+1 
1.40+2 

3~24+'1 
4.64+1 

2.13+1 
3.05+1 

1.18+1 
í.69+1 

7.86+0 
1.12+1 

2,45+0 
3.46+{) 

2.50+31.16+14.65+14.21+21.17+33.84+38.10"'31.16+5 "2•.50+31.84+21.83+26.06+13.98+12.21+11.47+14.48+0 
3.00+3 1.16+1 4.66+1 4.22+2 1.18+3 3.86+3 8.13+3 1.1b+5 3.00+3 2.27+2 2.25+2 7.47+1 4.90+1 2.72+1 1.81+1 5~50+O 
3.50+31'.17+14.69+14.24+21.18+33.88+) 

.4.00+3' '.18+1 4.73+1 4.27+2 1.19+3 3.'91+3 
8.17+3 
8.23+3 

1.16+5 
1.17+5 

I" 3.50+32.70+22.68+28.88+15.8)+13.,24+12.15+16.52+0 
4.00+3 3.13+2 3.10+2 1.03+2 6.75+1 3.75+1 2.49+1 7.53+0 

4.50+3 
5.00+3 

1.,19+1 
1.20+1 

4.76+1 
4.80+1 

4.)1+2 
4.34+2 

1.20+3 
1.21+3 

3.93+3 
3.96+3 

8.29+3 
8.35+3 

1.18+5 
1.18+5 

4.50+3 
5.00+3 

3:'55+2 
3.97+2 

3.52+2 
3.93+2 

1.17+2 
1.30-+2 

7.66+1,4.25+1 
8Ô6+1 4.75+1 

2.82+1 
3.16+1 

8.54,+0 
9.54+0 

5.50+3 t.21+1 4.84+14.37+21.22+) 3.99+38.42+3 1• 19+5 ·i '~.' 5.50+34.38+2 4. 35+'2 1.44+2 9.46+15.25+1 3.49+11.05+1 

! 
6.00+3 
6.50+3 

1.22+1 
1.23+1 

4.87+1 
4.91+1 

4.41+2 
4.44+? 

1.23+3 
1.24+3 

4.02+3 
4.05+3 

8.48+3 
8.53+3 

1.20+5 
1.21+5 

6.00+3 
- 6.50+3 

4.80+2 
5.21+2 

4.76+2 
5;16+2 

1.58+2 
1.71+2 

1.04+2 
1.12+2 

5.75+1 
6.24+1 

3.82+1 
4.14+1 

1.15+1 
1.25~1 , 

7.00+3 1.23+1 4.94+1 4.47+2 1.25+3 4.08+3 8.59+3 1.2,1,+5 7.00+3 5.61+2 5.57+2 1.85+2 1.21+2 6;73+1 4.47+1 1.35+1 
-." 7.50+3 1.24+1 4.~7+1 4.49+2 1>.25+3 4.10+3 '8.64+3 1.22+5 7.50+3 6.02+2 5.97+2 1.98+2 L30+2 7.21+1 4.79+1 1.4'5,.1 

8.00.f;3 1,.25+1 5,00+1 ·4.52+2 1.26+3 4.13f3 8.69+3 1.23+5 8.00+3 6.42+2 6.37+2. 2.11+2 1.39+2 7.69+1 5.11+1 1.54+1 
8.50+3 1.26+1 5.03+1 4.55+2 1.27+) 4.15~3 8.74+3 
9.00+31.26+15.06+14.57+21.28+341.17+38.79+) 
9.50+3 1.?7+1 5.08+1 4.60+2 1.ç8+3 4.19+3 8:83+3 

1.23+5 
1.24+5 
1.24+5 

,I 

8.50+3 6.82+2 6.76+2 2.24+2 1.47+2 8.17+1 5.43+1 
8.00+37.22+27.1-6+22.37+21.56+28.65+15.75+1 
9~50+3 7.61+2 7.55+2 2.~d+2 1.64+2 9.12+1 8.06+1 

1.64+1 
1.n+1 
1.83+1 

1.00+4 1.28+1 5.11+1 4.62+2 1.29+3 4~21+3 8.87+3· 1.25+5 \ 1.QO+_4 8.00+2 7.94+2 2.63+2 1.73+2 9.60+1 6.37+1 1.92+.1 
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TopMo3HaH crroco6HOCTb pa3ITI1"tulbIX I10HOB B Ne,IJ;I1 Ilpo6er pa3ITH"lIHbIX HOHOB B' Me,IJ;H 

.. 

l MEV/M.ru PROTONS ALPHAS C-12 NE-22 AR-40 FE-56 U-238 
N.EV/ A],:U PROTONS ALPHA:J C-12 NE-22' AR-40 Fr;-~G l]-2~8 1.00+1 2.55-2 2. 52~2 8.9~-3 6~59-3 4.70-3 3.9~-3 4.12-3 
1.00+1 2.33+2 9.34+2 8.36+3 2# 24+4 6.)1 +4 1.15+5 6.49+5 1.5Q+1 5.08-2 5.02-2 1.73-2 1.22-2 8.2í'-2 6.60-3 6.02-3 
1.50+1 1.73+2 6.92+2 6.23+3 -::1 • '70+4 5.07+4 9.41+4 5.94+5 a.oo-i 8.33-2 8.24-2 2.80-2 1.94-2 1.2~-2 9.80-3 8.09-3 
2.00+1 1.39+2 5.57+2 5.02+3 1.38+4 4.25+4 8.06+4 5.50+5 2.50+1 1.23-1 1.21-1 4.10-2 2.80-2 1.75-2 1.35-2 1.03-2 
2.50+1 1.18+2 4.71+2 4.25+3 1.17+4' 3.67+4 7.08+4 5.14+5 3.00+1 1.68-1 1.67-1 5.60-2 3'.80-2 2.33-2 1.76-2 1.27-2 
3•.00+1 1.02+2 4.10+2 ,3:70+3 1.03+4 3.24-:'"4 6• .\4+4 4.84+5 3.50+1' 2.20-1 2.18-1 7.31-2 4.93-2 2.98-2 2.21-2 1.52-2 
3..50+1 9.11 +1 3.65+2 3.29+3 9.14+3 2.91+4 5.;84+4 4~57+5 4.00+1 2.78-1 2.75-1 9.22-2 6.18-2 3.69-2 2.71-2 1.79-2 
4.00+1 8.23+1 3.30+2 2.98+) S-.27+3 2.65"'4 5.36+4 4.34+5 4.50+1 3.42-1 3.38-1 1.13-1 7.56-2 4.48-2 3.25-2 2.06-2 
4.50+1 7.53+1 3.02"'2 2.72+3 7.57+3 2.43+4 '4.95+4 4.14+5 .- 5.00+1 4.11-1 4.07-1 1.36-1 9.07-2 5.32-2 3.83-2 2.36-2 
5.00+1 6.96+1 2.79+2 2.52+3 7.00+3 2.25+4 4.61 +4 3.96+5 4 '-5.50+1 4.85-1 4.81-1 1.60-1 1.07-1 6.24-2 4.45-2 2.66-2 
5.50+1 '6.48+1 2.59+2 2.34+3 6.5~+3 2.10+4 4.32+4 '.80+5 6.00+1 5. 65~.1 5.60-1 1.87-1 1.24-1 7.21-2 5.12-2 2.9f-2
6.00+1 6.07+1 2.43+2 2.19+3 6.11 +3 1.97+4 4.07+4 3.66+5 6.50+1 6.50~1 ,6.44:'1 2.15-1 1.43-1 8.25-2 5.82-2 3.3 -2 
6.50+1 5.72+1 2.29+2 2.07+3 5.76+3 1.86+4 3.85+4 3.53+5 7.00+1 7.40-1 7'.34-1 2.44-1 1.62-.1 9.34-2 6.56-2 3.65-2 
7.00+1 5.41.+~· 2.17+2 1.96+3 5.45+") 1.77+4 3.66+4 3.41+5 7.50+1 8.35-1 8.28-1 2.76-1 1.83-1 1.05-1 7.3~-2 4.00-2 
7.50+1 5.14+1 2.06+2 1.86+3 5.18+3 1.68+4 3.49+.4 3.30+5 8.00+1 9.35-1 9.26-1 3.08-1 2.04-1 1.17-1 8.1 -2 4.36-2 
8.00+1 4.91 +1 1.97+2 1.78+3 4,94+3 1.60+4 3~ 33+4 3.2€>+5 ,

i 
8.50+1 1.04+0 1.03+0 3.43~1 2.27-1 1.30-1 9.00-2 4.74-2 

8.50+1 4.70+1 1.88+2 1.70+3 4.'73+3 1.'54+4 3.19+4 3.11 +5 9.00+1 1.15+0 1.14+0 3~78-1 2.50-1 1.43-1 9.89-2 5.12-2 
9.00+1 4.51+1 1.81 +2 1.63+3 4.54+3 1.47+4 3.07+4 3.02+5 9.50+1 1.26+0 1.25+0 4. ,1 '6-1 2.75-1 1.57-1 1.08-1 5.52';2-..t: ..... 

9.50+1 4.33+1 1.74+2 1.57+3 4.37+3 1.42+4 2.96+4 2.94+5 1.00+2 1.38+0 1.37+0 4.54-1 3.00-1 1.71-1 1.18-1 5.93-2 
,,1.00+2 4.18+1 1.67+2 1.51+3 4.21+3 1.37+4 2.86+4 2.8J+5 1.50+2 2.77+0 2.75+0 9.13-1 6.02-1 '3.39-1 2.30-1 1.05-,1 
1.50+2 3.15+1 1.26+'2 1.14+3 3.18+3 1.04+4 2.11'+4 2.33+5 2.00+2 4.52+0 4.48+0 1.49+0 9.80-1 5.50-1 3.71-1 1.60-1 
2.00+2 ·2. 6~+1 1. 05+2 -9.48+2 2.64:+3 8.63+3 1.81 +4 2.01+5 2.5'0+2 6.56+0 6.51 +O 2.16+0 1.42+0 7.96-1 5.35-1 2.22-1 ,2.50+2 2.29+1 9.19+1 8.30+2 2.32+3 7.56+3 1.59+4 '1.80+5 3.00+2 8.86+0 8.79+0 2.92+0 1.92+0 1.07+0 7.19-1 2.91-1 
3.00+2 2.07+1 8.30+1" 7.51 +2 2.09+3 6.84+3 1.44+4 1. 65+-5 3.50+2 1.14+1 1-.13+1 3.74+0 2.46+0 1.37+0 9.19-1 3.59-1 
3.50+2 1.92+1 7.67+1 6.94+2 1.94+3 6. 33,J-3 1.33+4 1.8.0+5 4.00+2 1.41+1 1.40+1 4.63+0 3.04+0 1.70+0 1.13+0 4.27-1 
4.00+2 1.80+1 7.20+1 6.51+2 1.82+3 5.94+3 1.25+4 1.71+5 4. 50+.2 1.69+1 1.68+1 5.57+0 3.,66+0 2",04+0 1.36+0 4.97-1 
4.50+2 1.71+1 6.83+1 6.18+2 1.73+3 5.64+3 1.19+4 1.64+5, 5.00+2 1.99+1 1.98+.1 6.55+0 4.31+0 2.40+0 1.60+0 5.70-1 
'5".00+2 1.6)+1 6.,55+1 5.92+2 '.65+3 5.41+3 1.14+4 1.59+5 

5.50+2 '2.. 30+1 2.28+1 7.58+0 4.98+0 2.77+0 1.85+0/ 6.46-1 
5.50+2 1.5B+1 6.31 +1 5.71+2 1.59+3 5.22+3 1.10+4 1'..'54+5 6.00+2 2.63+1 2.60+1 8.64+0 5.67+0 3.16+0 2.11+0 7.24-1 
6.00+2 1.53+1 6.12+1 5·54+2 1.55f3 5.06+3 1.07+4' 1.50+5 6.5'0+2 2.96+1 2.93+1 9.73+0 6.39+0 3.56+0 2.37+0 8.03-1 
6.50+2 1.49+1 5.96+1 5.40+2 .1.51+3 4.93+3 1.04+4 1.47+5 " 7.00+2 3.30+1 3.27+1 1.08+1 7.12+0 3.96+0 2.,64+<> 8.85-1 
7.00+2 1.46+'1 5'.83+1 t 5. 28+2' 1.47+3 4. 82!\-3 1.02+4 1.44..+5 .. 7.50+2 3.64+,1 3.61 +1 1.20+1 7.87+0 4.38+0 2.92+0 9.68-1 

.. 

,'7.50+2 1.43+1 5.72+1 5.17+2 1.44+3 4.73'+3 9.97+3 1.41,+5 .. 8.00+2 4.00+~ 3.96+1 1.31 +1 8.63+0 4.80+0 3.20+0 1.05+0 
• 8.00+2 '1.40+1 5.,,62+1 5.09+2 1.42+3 4.65+3 9.81+3 1.39.+5 8.50+2 4.36+1 4.32+1 1.43+1 9'.41+0 5.23+0 3.48+0 1.14+0

" 
8.50+'2 1.38+1 5.54+1 5.01+2 1. 40+3 4.58+3 9.66+3 1.37+5 9.00+2 4.72+1 4.68+1 1.55+1 1.02+1 5.67+0 3.77-+Ó 1.22+0 
9.00"+2 1.36+1 5.47+1 4.94+2 1.38+3 4.52+3 ' 9. 53+3. 1.36+5 9.50+2 5.09+1 5.05+1 1.67+1 1.10+1 6.11 +O 4.06+0 1.31+0 
9.50+2 1. 35 i.::1 5.40+1 4.98+2 1. 36+3 4.47+3 9.42+3 1.34+5 

1.00+) 5.•46+1 5.42+1 1.80+1 1.18+1 6.55+0' 4.36+0 1.40+0 
1..'00+':3 1:33+1 5.34+1 4.83+2 1.,35+3 4.42+3 9.32+3 1.3,3+5 1'.50+3 9.32+1 9.25+1 3.06+1 2.01+1 1.12+1 7.43+0 2.31 +O 
1~50+3 1.26+1 5.04+1 4.56+2 1.27+3 4.17+3 8.80+3 1.,26+5 

~ 

2..00+3 1.33+2 1.32+2- 4.38+1 2.88+1 1.60+1, ·1.06+1 3.26+0 
" 2.00+3 1.24+1 4.9'6+1 4.48+2 1.25+3 4.10+3 8.65+3 1.24+5 2.50t3 1.74+2 1.72+2 5,~ 71+1 3.75+1 2.08+1 1.38+1 4.22+0" 

2,.50+3 1.24+1 4.95+1 4.48+2 1.25·+3 4.09+3 8.63+3, 1.23+5 3.00+3 2.14+2 2.12+2 7.04+1 4.62+1 2:57+1 1.70+1 5.18+0 
3.00+3 1.24+1 4.97+.1 4.49+2 1.25+3 ·4.11+3 8.66+3 1. 2~+5 ).50~3 2.54+2 2.52+2 8.36+1 5~49+1 }.().5+1 2.02+1 6.13+0.3.5'0+3 1.25+,1 5.00+1 4.92+2 1.26+3 4.13+3 8.71+3 1.24+5 _ 4.00+3 2.94+2 2.92+2 9.67+1 6.35+1 J.52+1 2.34+1 7.08+0 
4.00+3, 1.26+1 5.04+1 4.56+2 1.27+3 4.17+3 8.78+3 1.2,5+5 4.50+3 3.34+2 3.3,1 +2 1.10+2 7.20+1 4.00+1 2.66+1 8.02+0 
4.50+3 1.27+1 5.08+1 4.60t2 1.28+3 4.2.0+3 8.85+3 1.26+5 ;" 5.00+3 3.73+2 3.70+2 1.23+2 8.05+1 4.47+1 2.97+1 8.96+0 
5.00+3 1.28+1 5.12+1 4.63+2 1.29+3 4.23+3 8.92+3 1.27+5 

5.50+' 4.12+2 4.09+2 1.35+2 8.89+1 4.94+1 3.28+1 9.89+0 
5.50+3 1.29+1_ 5.16+1 4.67+2 1.30+3 ,4.26+3 8.99+3 1.27+5 6.00+3 4.51+2 4.47+2 1.48+2 9.73+1 5.40+1 3.59+1 1.08+1 
6.00+3 1.30+1 5.20+1 4'171+2 1.3:1+3 4.30+3 9.05+3 1.28+5 6.50+3 '4.89+2 4.85+2 1.61 +2 1.06+2 5.86+1 3.89+1 1.17+1 ,.( 6.50+3 1.31+1 5.24+1 4/.74+2 1.32+3 4 ...33+3 9.12+3 1.29+5 7.00+3 5.27+2 5.23+2 1.73+2 1.14+2 6.32+1 4.20+1 1.26+1 
7.00+3 1.32+1 5.28+1 4.77+2 1.33+3 4.36+3 9.18+3 1.30+5 1.50+3 5.65+2 5.60+2 1.86+2 1.22+2 6.17+1 4.50+1 1.36+1 
7.5Q+3 1.33+1 5.31+1 4.8~+2 1. 34~3 4.38+3 9.24+3, 1.30+5 8.00+3 6.03+2 5.98+2 1.98+2 1.30+2 .7.22+1 4.80+1 1.45+1 
8.00+3 1.34+1 5.35+1 4.8 +2 1.'35+3 4.4'1+3 §.29+3 1.31 +5 8~50+3 6.40+2 6.35+2 2.10+2 1.38+2 7.67+1 5.09+1 1.54+1 
8.50+3 1.34+1 5.38+1 4.86+2 1".36+3 4:44+3 '.35+3 1.32+5 9.00:1"3 6.77+2 6.71+2 2.23+2 1.46+2 8.1"2+1 5.39+1 1.63+1 
9 ..00+3 1.35+1 5.41+1 ~4.89+2 t.36+3' 4.46+3 9.40+3 1.32+5 9.50+3 7.14+2 1.08+2 2.35+2 1.54+2 8.56+1 5.69+1 1.71+1 
9.50+) 1.36+1 5.44+1 4. 92:+-2 1.37'+3 4.49+3 9.45+3 1.33+5 .. 1.00+4 7.51+2 7.45+2 2~47+2 1.6?+2 9.00+1 5.98+1 ·1.80+1 

)' 
1.00+4 1.36+1 5.47+1 4.94+2 1.38+3 4.51'+'3 . 9.50+3 1.34+5 

9'8' q. 
i 1 
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, t.iEV/ AMU PROT{)~S ALPllAS C-12 NE-22 AR-40' FE-56 U-2313P.íEV/ Mill PH01'OUS ALPllA~) C-12 .NE-22 AR-40 FE-56 U-238 "" 
1.00i::''f 4.59+1 1.83+2 1.63+3 4.33+3 1.22+4 2.20+4 1.19+5 1.00+1 1~2z,...; 1.22-1 4.37-2 3.21-2 2.29-2 1.91-2 2.00-2 

1.50;+1 2:53-1 2.52-1 0.7)-2 6.17-2 4.14-2 3.32-2 3.03-21.50+1 3.31+1 1.32+2 1.11\+3 3.22+) 9.55+3 1.78+4 1.09+5 2.00+1 4.24-1 4.23-1 1.44-1 9.98-2 6.44-2 5.03-2 4.16-22.00+1 2.62+1 1.04+2 9~ 3B+2 2.58+3 7.90+3 1.50+4 1..01+5 2.50+1 6.34-1, 6.32-1 2.14-1 1.46-1 9.16-2 7.02",,2 5.37-22.50+'- 2.18+1 8.70+1 7:83+2 2.16+3 6.7,+3 1.30+4 9.39'+4 
'. ).00+1 8.81-1 8.79-1 2.96-1 2.01-1 1.2)-1 9.27-2 6.67-23.00+1 1.88+1 7,.51+1 6.76+2 ".87+3 5• 91+3 1• 17+4' 8.79+4 3.50+1 1.16+0 1.16+0 3.90-1. 2.63-1 1.59.... 1 1. 18-1 8.06-23.50+1 1.66+1 6.63+1 5.97+2 1.66+3 5.26+) . 1. 06+4 8.27+4 4.00+1 1•.48+0 1.48+0 4.95-1 3.32-1 1.98-1 1.45-1 9.53-24.00+1 1.49+1 5.95+1 5.37+2 1.49+3 4.76+3 9.63+3 7.8)+4 4.50+1 1.83+0 1.8)'+0 6.12-1 4.0Q-1 2.42-1 1.75-1 1.11-14.50+1 ".36+1 5.42+1 4.88+2 1.36+3 4.)5+3 8.85+3 7.44+4 1


1 
5.00+1 2.22+0 2.21+0 7.39-1 4.93-1 2.90-1 2.08-1 1.27-1').00+1 1.25+1 4.'98+1 4.49+2 1.25+3 4.01+3 8.21+3 7.09+4 

i. ~\, 5.50+1 2.63+0 2.62+0 8.77-1 5.84-1 3.41-1 2.43-'- 1.44-'15.50+1 1.16+1 4.62+1 4.16+2 1.16+3 3.7)+3 7.66+) 6.79+4 ' J 6.00+1 3.08+0 3.07+0 1.03+0 6.82-1 3.96-1 2,.,80"7 1 't. 62-16.00+1 '1.08+1 4.31+1 3.89+2 1.0B+) 3.49+) 7.19+3 6.51+4 In 6.50+1 3.56+0 3.55+0 1.18+0 7.86-1 4.55-1 3.20-1 1.80-"16.5<J+1 1.02+1 4.05+1 3.65+2 1.02+3 3.28+3 6.78+3 6.26+4 I) 7.00+1 4'.07+0 4.05+0 1.35+0 8.97-1 5.17·-1 3.62-1 2...00-17.00+1 9.59+0 3.82+1 3.45+2 9.59+2 3.1'0+3' 6.42+3 6.0~+4 
...... 

á~ 
7.50+1 4.60+0 4.58+0 1.53+0 1.01 +0 5.82-1 4.07-1 2.19-17.50+1 9.09+0 3.63+1 3.27+2 9.10+2 2.95+3 6.10+3 5.83+4 
18 •00+1 5.17+0 5.15+0 1.72+0 1.14+0 6.51-1 A.53-1 2.40-18.00+1 8.65+0 3.45...1 3.11+2 0.66+2 2.81+3 5.82+3 ~.,~5"'4 (: 8.50+1 5.76+0 5.74+0 1.19+0 1.27+0 7.24-1 5.02-1 2.6'1,.118.50+1 8.26+0 3.29+1. 2.97+2 8.27+2 2.68+3 5.57+3 5.47+4 9.00+1 6'.38+0 6.35-..0 2.12+0 1.40+0 7.99-1 5.53-1 2.83-19.00+1 7.91+0 3.15+1 2.85+2 7.92+2 2.57+3 5.34+) 5.32+4 I; 

I' 9.50+1 7.02+0 6.99+0 2,.33+0 1.54+0 ~h.78-1 6.06-1 3.06-19.50'+1 7.59+0 3.03+1 2.73+2 7.60+2 2.47+3 5.,14+3 5.17+4 
f " 1.00+2 7.70tO 7.66+0 2.55+,0 1.69+<;1 9.60-1 6.61-1 3.29'-11.00+2 1-.31+0 2.92+1 2.63+2 7.32+2 2.38+3 4.95+3 '5'.03+4 b • ~1.50+2 1.57+1 '1.56+1 5.20+0 3.43+0 1.93+0 1.31 +O 5.92-1. I 

1;50+2 5.43+0 2.18+1 1.96+2 5.47+2 1.78+) 3.72'+3 4.0474 -
~, 2.00+2 2.59+1 2.57+1 8.56+0 '5. 64.~ 3.17+U 2.1íl+O 9.09.:.1:' _ 2.00+2 4.49+0 1.80+1 1.62+2 4.52+2 1:47+) 3.0'9+3 3.47+4 111 Z.50+2 3.79+1 3.76+1 1.25+1 8.23+0 4.61 +O 3.10+0 1.21+02.5'0+2 3.91+0 1. ')6+1 1.41+2 '3.94+2 1.28+) 2.,q9+3 ,,3.08+4 'I". 3.00+2 5.14+1 5.10+1 1.70+1 1.12+1 6.24+0 4.19+0 1.67+0.3.ào+2 3.52+0 1.41'+1 1.27+2 3.5')+2 1.16+3 2.43+3 2.81+4 ,I 

'I 3.50+2 fi. &2+1 6.57+1 2.18+1. 1.44+1 8.03+0 5.38+0 2.11 +O3.50+2 3'.24+0 1.30+1' ~ .'17+2 3.27+2 1.07+3 '2.24+3 2.... 61+4 ',f 4.00+2 8.22+1 8.16+1 2~7,1+1 1.78+1 9.95+0' 6.66+0 2.54+04.00+2 3.'03+3 1.21 +1 1.. 10+2 3.06+2 9.98+2, 2~ 10+3' 2.83+4 
.' 4.50+2 9.92+1 9.84+1 ).,2;;'+1 2.15+1 1.20+'1 8.02+0 2.97+0,4.50+2 2.87+9 1.15+1 1.04+:; 2.~0+2 9·4.6+2 1.99+) 2.71+4 ....~;' 5.00+2 1.1:;'+2 1.16+2 3.85+1 2.53+1 .1.41 +1 9.45+0 3.42~5.00+2 2.74+0 1. 10+1 9.93+1 2.77+2 9.05+2 1.90+3 2.60+4' 

~ 
/ 

~ 5.50+2 1.36+2 1.35+2 4.~7+1 2.94+1 1.'64+1 1. Ó9+1 3.88+0"
\5.'iO+2 2,.64+0 1.08+1 9'.56+1 2.67+2 8.71+2 1.8)+3 2.52+4 

6.00+2 1.55+2 1.54+2' 5.10+1 3.35+1 1.87+1 1.25+1 4.35+06.00+2 2.56+0 1.02+1 9.25+,1 2.58+2 8.43+2 1.77+..) 2.45+4 ~ 

l 6.50+2 1.75 +2 1.73+2 5.75+1 3.78+1, 2.11 +1 1.41 +1 4.84+0-6.50+2 2.49+0 9.96+0 9.00+1 2.51+2 8.21+2 1.-13+3 2.39-4;4 \ 7.00+2- 1.95+2 1. 93+2 6.42+1 4.22+1 2.35+1 1.57+1 5.34+<>7.00+2 2.43+0 9~72+0 8.79+1 2.45+2 8.à1+2 1.69+3 2. ),4+4 
7.50+2 2.16+2 2.14+2 7.11 +,1 4.67+1 2.60+1 1.74+1 5.8'J+Q~ • 7.50+2 2.38+0 9.53+0 '8.61 t1 2';40+2 7.8'5+2 1.65+3 2.. 30+4 l 

2.35+2' 7.80+1 2.86+1 1.9à+1 6.37+08.00+2- 2.34+0 9.35+0 8.46+1 2.36+2 7.71+2 -1.62+3 2.26+4 1jl 8.00+2 2.37+2 5.1)+1 
8.50+2 2.59-+;2 2.57+2 8.51+1 5.60+1 3.12+1 2.08+1 6.89+Q8.5q+'2 2.30+0 9'.21.+0 8.)2+1 2.32,,+2 7.59+2- 1.60+3 2.23+4 j:' 

2.78+2 9.24+1 6.07+1 3. )8+1 2.25+1 7.43+0 
9.,0+2 2.24+0 8.96+0 8.10+1 2.26+2 7.39+2 1. 56+3 2.18+4 tI · 9.50+2 3.03+2 3.00-+.2 9.97+1 6.55+1 3.65+1, 2.43+1 7.97+0 

1.00+3 3:25+2 3.23+2 {JJ'1+2 7.04+1 3.92+1 2.61'+1 8.51+{) 

9.00+2 2.27+0 9.08+0 8.20+1 2.29+2 7.4R+2 1.58+3 2.20+4 9.00+2 2.8""2 

1.00+3 2.21+0 A.A6+o R.01+1 2.23+2 7.31'4'2 1.54+3 2.15+4' J.r 
1.50"+) 2.08+0 8.31 +O} 7.51+1 2.10+? 6.85+2 1.44+'3 '2.03+4 '. 1.50+3 5.59+2 5.54+2 1.84+2 1.21 +2 6.72+1 4.47+1 1.42+1 
2.00+3 2:03+0 .8.13+0 7.~5+1 2.05+2 '6.70+2 1.4f+3 1.98,+4 2.00+3 8.03+2 7.96+2, 2.64+2 1.73+2 9.65+1 6.42+1 2.01+1 
2.50+3 2.02-tp 8.07+0 7.30+1 2.04+2 6.66+2 1.40+3 1.97+4 2.50+3 1.05+3 1.04+3' 3.45+2 2.27+2 1.•26+2 8.39+1 2.60+1 

1.9'7+4 J, 3.00+3 1,.30+3 1.29+'3 4.27+2 2.81-1'2 ·1.%+2' 1.04+2 3.20+13.00+3 2.02+0 8.08+0' 7.30+1 2.-<>4+2 6.66+2 1.40+3 ~ ,I3.50+3 2.02+0 '8.10+0 7.33+1 2.04+2 6.6B+2 1.41+3 .1.9b+4 3.50+3 1.55+) 1. 53+3 5.08+2 3.34+2 1.86+2 }1.24+2 3.80+1 
4.oo~~ 1 2• 03+0 8.14+0 7-.36+1 2.05+2 6.71+2 1.41+3 1.9 +4 4.00+3 1.79+3 1.78+3 5.90,+2 3.87+2 2.15+2 1.43+2 4.40.+1 

4.50+3 2.04+3 2.02+3 6.70+2 4.40+2 2.45+2 1.-63+2 5:00+14;50+3 2".04+0 8.19+0 7.40+; 2.06+2 6.75+2 1.42+3 1.99+4 
5~00+3 2.06+0 8.24+0 7.44+1 2.08+2 6.79+2 1.43+3 2.<;>0+4 5.00+3 2.28+3 ,2.26+3 7.51+2 4.93+2 2.74+2 . 1.82+2 5~59+1 

/ 5.50+). 2.52+3 2.50+)' 8.30+2 5.45+2 3.03+2 2.02+2 6.18+1
 
e 6.ÓO+3 '2.08+0' 8.33+0 7.53+1, '2.10+2 E..86+2 1.44+ j "'2.02+4
 

5.50+3 2.07+0 8.28+0 7.49+1 '2.09+2 6.82+2 1.44+3 2.0H4 
6.00+3 2.77+) 2.74+3 9.10+2 5.98+2 3.32+2 2.21+2 6.77+1 

.~lt 

6.50+3 2.09+0 B.37+0 7.,7+1 2:11+2 6.90+2 1.45+3 2.0)+4 6.50+3 3.01+3 2.98+3 9.89+2 6.49+2 3.61+2 2.40+2 7.)5i:1 
7.00+3 2.10+0 8.a2-..D 7.61 +1 2.12+2 6.93+2 1. 46-t;3 ?04+4 7..00+3 3.24+3 3.22-t3 1.01+3 7'.01+2 3.90+2 2.59+2 7.93+1,}
 1.15+3 7.52+2 4.18+'2 2.78+2 8.5~+17.50+3 2.11 +O 8.46+0 7.64+1 2.i3+2 1.47+3 2.04+4 7.50+). 3.48+3 3.45+3 

8.00+3 3.72+3 3.69+3 ,1.22+3 8.03+'2 4.47+2 2.97+2 9.69+18.00+3 7.68+' 7. 1.47+)' 
8.5d+3 2.13+0 8.54+0 7.71+1 2.15+2 7.03+2 1.48+3 3.06+4 

2.12TÜ 8.50+0 2.14+2 
6. 67+20+2 2..,b5+4 

8.50.+) _3.95+) 3.92+3 1.30+3 8.'54+2 4.75+2 3.16+2 9.67+1 
9.00+3 4.19+3 4.15+3 1.3,8+3 9.05+2 5.03+2 3.35+2 '1.02+29.00+3 2.14+0 8.57+0 "7.75+1 2.16+2 7.06+2 1.49+3 2.07+4 11: 
9.50+3 4.42+3 4.38+3 1.• 45+3 ' 5.31+? '3.5,3+2 1.08+2 ... 9.5\>+~ 2.15+0 8.61+0 7:78+1 "2.17+2 7.,09+2 1.49+3 2.08+4 9.'.55+2y.J

1.50+) "2.08+4 . 1.00+4 4.65+3 4.61+3 1.5':"3 1.01+3 5.59+2 3.72+2 1.14+2·1 :00+4 2.16+0 0.64+0 7.'81+1 2.18+2 7.12+2 
li 
d 
jl 
f' 
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Ta5JlHll,a 13	 . 
.i " ITp05er pa3JlHqH~X HOHOB B B03Ayxe 
ITOpM03HaH CrrOC05HOCTb pa3JlHqHb~ HOHOB B ~Q3Ayxe	 

\ 

\ i 
1 

~ ~ 
\ 

MEV/AMU PROTONS ALPHAS C-12 rm-22 AR-40 FE-5G U-238 
f· 1.00+1 1.12+2 1.10+2 3.93-+1 ,2.88+1 2.05+1 1.70-+1 1.76-+1 

il
.,MEV/AMU PROTONS AtPHAS C-12 NE-22 AR-40 FE..,56 U-238 .. 1.50+1 2.29+2 2.27+2	 2..69+1 7.84+1 5.54+1 3.71+1 2.97+1

1.00+1 5.07-2 2.03-1 1.81+0 4.81+0 1·3,)+1 2.44+1 1.33+2 2.00+1 3.83+2 3.80+2 1.29+2 8.95+1 5'.76+1 4.50+1 3.70+1 
1.50+1 3,.67-2 1.47-1 1.32+0 3.59+0 1.07+1' 1.98+1 1~22+2 

~ 
2.50+1 5.72+2 5; 67+2- 1.92+2 1.31 +2 8.20+1 6. 28i:l 4.78+1 

2.00+1 2.91-2 1.16-1 1.05+0 2.88+0 8~82+O 1.617+1 1.1}+2 3.00+1 7.94+2 7.87+2 2.65+2 1.80+2 1.10+2 8.29+1 5.95+1 
2.50+1 2.43-2 9.73-2 8.76-1 2.42+0 7.55+0 1.46+1 1.05+2 " 3.50+1 ".05+3 1.04+3 3.49+2 2.35+~ 1.42+2 1.05+2 .,7.19+1
3.00+1 2.10-2 8.40-2 7.57-1 2.09+0 6.61 +O 1.31 +1 9.83+1 

'." 
4.00+1 1.35+3 1.32+3 4.43+2 2.97-+;2 1.7'7+2 1.30+2 8 ..50+1 

3.50+1 1.85-2 7.43-2 6. 69"'1 1.85+0 5.90+0 1.18+1 9.26+1 4. ~0+1 1.65+3 1.63+3 5.47+2 3.66+2 2.16+2 1.57+2 9.88+1 
4.00+1 1.67-2 6.67-2 6.01-1 1.67+0 5.33+0 1-.08+1 8.77+1 t 5.00+1 1.99+3 1.98+3 6.60+2 4.4'1+2 2.59+2 1.86+2 1.13+2 i 
4.50+1 1.52-2 6.08-2 5.48-1 1.52+0 4.88+0 9.93+0 8.33+1 v'''5.50+1 2.36+3 2.34+3 7.83+2 5.22+2	 3.04+2 2.17+2 1.29+25.00+1 1.40-2 5.59-2 5.04-1 1.40+0 4.50+0 9.21+0 7.95+1 6.00+1 2.76+3 2.74+3 9.15+2 6.09+2 3.53+2 2.50+2 1.44+2 
5.50+1 1.30-2 5.19-2 4.68-1 1.30+0 4.19+0 8.60+0 7.61 +1 6.50+1 3:19+3 3.16+3 1.06+3 7.01+2 4.06+2 2.86+2 1.6,1+2 
6.00+1 1. 21-2 4.84-2 4.37-1 1. 21 +O 3.92+0 ,8.08+0 7.)0+1 7.00+1 3.64+3 3~ 61 +3 1..21+3 8.60+2 4. 61~2 3.23+2 1.78+2 
6.50+1' 1.14"'"2 4;55-2 4.10-1 1.14+0 3.69+0 7.62+0 7.03+1 7.50+1 4.12+3 4.09+3 1.36+3 9.04+2 ·5.19+? 3.63+2 1.96+2 
7.00+1 1.07-2 4.30-2 3.88-1 1.08+0 3.49+0 7.22+0 6.78+1 8.00+1 4.63+3 4.59+3 1.53+3 1.01+3 5.81+2 4.04+2 2.14+2 
7.50+1 1.02-2 4.08-2 3.68-1, 1.02+0 3.31 +O 6.86+0 6.55+1 8.50+1 5.16+3 5.11+31.70+3 1.'13+3 6.45-+2 4.47+2 '2.33+2 
8.00+1 9.69-3 3.88-2 3.50-1 9.74-1 3.15+0 6.55+0 6.34+1 9.00+1 5.71+3 5.E.6+3' 1.89+) 1.25+3 7.12+2 4.93+2 2.53+2 
8.50+1 9.25-3 3.70-2 3.34-1 9.30-1 3.02+0 6.27+0 6.15+1 9.50+1 6,.28+3 6.23+3 2.08+3 1. )7+3 7.82+2, 5~40+2 2.73+2 
9.00+1 8.86-3 3.55-2 3.20-1 8.91-1	 2.89+0 6.01+0 5.97+1 
9.50+1 8.51-3 3.41-2 3.07-1 8.56.,.1	 2.78+0 5.78+0 5.81+1 1.00+2 6.88+3 6.83+3 2.27+3 1.50+3 8.55+2 5.89+2 2.93+2 
1.00+2 8.19-3 3.28-2 2.96-1 8.24-1 2.68+0 5.57+0 5.65+1 1.50+2 1.40+4 1.39+4 4.62+3 3,.05+3	 1. 72+). 1.17+3 5.27+2

2.81+3 8'.07+21.50+2 6.14-3 2.46-2 2.22-1 6.18-1 2.01+0 4.21 +O 4,.57+1	 2.00+2 2.30+4 2.28+4 7.59+3 5.00+3 1.90+3 
2.00+2 5.07-3 2.03":'2 1.83-1 5.11-1 1.,.66+0 3.49+0 3.92+1	 2.50+2 3.36+4 J..33+4 1.11 +4 7 ..30+3 4.09+)- 2,75+3 1.13+3 
2'.50+2 4.42-3 ''''~77-2 1. &0-1 4.45-1 1.45+0 3.05+0 3.49+1 }.00+2 4.56+4 4.52+4 1.50+4 9.88+3 5.53+3 3.71+3 1.48+) 
3.00+2 3.98-3 1.59-2 1.44-1 4.01-1 1. 31 +O 2.75+0 3.18+1 3.50+2 5.87+4 5.82+4 1.93+4 1. 27+4 7.11.4.3 4.76+3 1.87+3 

(3.50+2 3.67-3 1.47-2 1. 33-1 3.70-1' 1. 21 +o. 2.54+9 2.95+1 
I 

4.00+2 7.28+4 7.22+4 ,2.40+4 1.58+4 8.81+3 5.89+3 2.25+,3 
4.00+2 3~43-3 1. )7-2 1.24-1 3.46-1 1,.13+0 2.38+0 3.21+1 4.50+2 8.76+4 8.71+4 2.89+4 1.90+4 1.06+4 7.09+3	 2.63+3 

( 5,e.,00+~ 1.04+5' 1.03+5 3.41+4 2,.24,+4 1. 25+4 8.35+3 3.0?+3 
5.00+2 3.11-3 1.24-2 1.12-1 3.14-1 1.02+0 2.16+0 2.96+1 
4.50+2 3.25-3 1.30-2 1.18-1 3.28-1	 1.07+0 2.25+0 3.07+1 

5.50'+2 1.20+5 1. 19+5 3.95+4 2.60+4 1.45+4 9.66+3 .3.43+3 
5.50+2 2.99-3 1.'20-2 1.08-1 3.02-1 9.87-1 2.08+0 2.86+1 6;'60+2. 1. 37+5 1.36+5 4.51+4 2.96+4 1. 65+4, 1.10t4 3.85+3 
6.00+2 2.90-r3 1.16-2 1.05-1 2.93-1 9.56-1 2.01+0 2.78+1 6.50+2- 1. 54+5 1.53+5 5.08+4 3.34'+4 1 ~ 86+4 1. 24+4 4.27+3 
6.50+2 2.82-) 1.13-2 1.02-1 -2.85-1 9.30-1 1.96+0 2.72+1 7.00+2 1. 72+5 1.71 +5 5.67'+4 3.73+4 2.08+4 1'.39+4 4.7.1;+-3 
7.00+2 2.75-3 1,10-2 9.96-2 2.78-1 9.09-1 ,1.91+0 2.66+1 7.50+2 1.91+5 1.89+5 ~.28+4 4.13+4 2.30+4 1.53+4 5.16,+3 
7.50+2 2.70-3 1.08-2 9.,76-2 2.72-1 8.90-1 1.87+{) 2.61+1 8.00+2 2.09+5 2.08+5 .89+4 4.53+4 2.52+4 '1.68+4 5.62+3 
8.00+2 2.65-3 1.'06-2 9.59-2 2.68-1 8.75-1 1.84+0 2.57+1 8.50+2 2.28+5 2.27+5 7.52+4 4.9.4+4 2.15+4 1.83+4 6.08+3 
8.50+2 2.61-3 1.04-2 9.44-2 2.63-1 8.61-1 1.81+<> 2.54+1 9.00+2 2.48+5 2.46+5 8.16+4 5. 36:+-4 2.98.+4 1..99+4 6.5'5+3 
9.00+2 2.57-) 1.03-2 9.31-2 2.60-1 8.49-1 1.79+0 2.50+1 9.50+2 2.67+5 Q.6'1+5 8.80+4 5.78+4 3.22+4 2.14+4 7.02+3 
9.50+2 2.54-3 1.02-2 9.20-2 2.57-1 8.39-1 1.77+Q 2.48-+;.1	 7.50+31.00+3 2.87+5 2.85+5 9.45+4 6.21+4 3.46+4 2.'30+4 
1..00+3 2.51-3 1.ql-2 9.10-2 2.54-1 8.30-1 1. 75+0 2.45+1 1 ..50+3 4.92+5 4. 88 +5 1.62+5' 1.06+5 ·5.92+4, 3.-94+4 1.25+4 
1.50+3 2. )7--3 9.50-3 8.59-2 2.40-1 7.84-1 1.65+0 2.32+1 2.00+3 7:05+5 6.99+5 1.52+52'.32+5 8,.47+4 5.63+4 1.76+4' 

2.29+1 2.50+3 9.19+5 9.11 +5 3.02+5 1.99+5 1.10+5 7.34+4 2.28+42.00+3 2.34-3 9.35-3 8.45-2 2.36-1 7.71-1 1.62+0 
\	 1. '12+6 3.73+5 2.45+5 1.36+5 9.05+4 2.79+42.50+3 2.33-3 9.35,-3 8.45-2 2.36-1	 7.71-1 1.62+0 2.28+1 3.00+3 1.'3+6 

1.33,.6 4.42,+5 1.62+5 1.01+5	 3~3H43~00+3 2.35-3 9.40-3 8.50-2 2.31-1 7.75-1 1.63'+0 2.29+1	 3.'50+3 1.34 +6 ~. 9'1+5 
7'.82-1 2.31+1	 4.00+3 1.55+6 1. 54+6 5.12+5 3. J6+5 1.87+5 1.24+5 3.82+4 • ""' 

3.50+3 2.37-'3 9.48-3 8.57-2 2'.39-1 1.65+0 
4.00+3 2.39-3 9.58-3 8.65-2 2.41-1 '7.89-1 1.66+0 2.32+1'	 4.50+3 1.76+6 1. 75+6 5.80+5 3.81+5 2.12+5 1.41 +5 4.32+4 

9.67-3 8.74-2 2.44-1 7.cJ1-1 1.68+0 2.34+1 5.00+3 1.97+6 1.95+'6 6.48+5 4.26+5 ,2.37+5 1. 57+5 4-•.83+44.50+3 2.42-3 "
 
lJ.00+3 2.44-3 9.77-3 8.83-2 2.46-1 8.04-1 1.69+0 2.36+1 5.50'f-3 2.1'7+6 ,2. "6+6 7.15+5 4.70'+5 2.67+5 1.74+5 5.33+4.
 
5.50+3 2.46-3 9.86-3 8.91-2 2.49-1 8.12-1 1.71 +O 2.38+1
 .:.- 6.00+3 2.38+6 2.36+6 7.82+5 5.13+5 2.85+5 1.90+5 5.82+4
 

;- 6.00+3 2.49-3 9.95-3. 8.99-2 2.51-1 8.19-1 1.12+0 2.40+1 
I 

6.50+3
 2.58+6 2.55+6 8.47+5 5.57+5, 3.10+5 2.06+.5 6.31 +4 
6.50+3 2.51-3 9.07-~ 2.53-11.00-2 8.27-1 1.74+0 2.42+1 7,.60+3 2.77+6 2.75+6 9.13+5 6100+5 3.33+5 2.22+5 6.80+4 .') 

7.00+3'2.53-3 1.01-2 9.15-2 2.55-1 8.33-1 1.75+0 2.44+1 I 7.50+3 2.97+6 2.95+6 9:78+5 6.42+5 3.57_+5 2.38+5 7.28'+4 
).17+6 3.14+6 11,.04+6 6.85+5 );Sl +5 2.~3+5 7.76+4 

8.00+3 2. 7-) 1.03-2 9.29-2 2.59-1 
7 ..50+3 >2._~-3 1.02-2 9.22-2 2.57-1	 8.40-1 1.77+0 2.'45+1 I 8.00!"3 

8.46-1 1.78+0 2.4.7+1 r 8.50+3 3.36+6 3.33+6 1. 1'1+6 7.27+5 4.04+5 2.69+5 8.24+4 
8.50+3 2.59-3 '.04-2 9.36-2 2.61-1 8.52-1 1.79+0 2.49,+1	 9.00+3 3.55.+6 3.52+É 1. J7+6 7.68,+5 4.27+5 2.8'4+58·r+4 

9.50+3 3.75+6 3.71+6 ,1. ~3+6 . 8.10+5	 4.50+5. 3.00+5' 9. 8+4'9.00+3 2.61-3 ..1.04-2 9.43-2 2.63-1 8:58-1	 1.81+0 2.50+1
 
1.82+0 2.52+1
9.50+3 2.62-3 1.05-2 9.49-2 2.65-1	 8.64-1 1.00+4 3.94+6 3.90+.6 1.29+6 8.51+5 4.73+5 3.15+5 9.65+4 

1.00+4 2.64-3 1.06-2 9.55-2 2.66-1	 8.69-1 1.83+0 2.53+1 
\ 
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TopMosHaH CTIOCOBHOCTb paSITHQHWX H9HOB B LiF.	 
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('.... 

I"j,;-,,(,	 MEV/AMU PROTONS ALPt~S C-12 NE-22 AR-40 PE-56 U-238
~~i:V / A~~~I l'HO'I'ON:i ALl'IIA:; C-l;' Nl';-?? /\/(-40 U-2)F~ 

1.00+1 6.81-2 6.74-2 2.41-2 1.77-2 1.26-2 1.05-2' 1.09-2
1.00 ..1 tI. 3~+1 1. Yl+2 ? 'H" I '1. ,:/0+; 2.22+4 4.01+4 2.17+'.1
 J, 1.50+1 1~40-1 1.38-1 4,79,-2 3.38-2 2.27-2 1.82-2 1. 66~21. so-: (,.02+1 2.41+7 2.1(,+) '). B')+; 1.7'.1+4 .3.2')+4 2.ÚO+~ 
2.00+1 2.34-1 2.32-1 7.90-2, 5.47-2 j.53-2 2.76-2 2.27-2
2.00+1 4.7B+l 1.91+2 1• '(i'+ J 4.71+) 1.4';+4 2.7';+4 1.A')+~
 3.4'6-1 1.17-1 8.00-2 5..01-2 3.84-2 2.94-2
2.')0+1 ).99+1 1.60+2 1.44+1 ).97+) 1.24+4 2. )~+4. 1. 72+~ ! 2..50+1 3.49-1 

\ 3.00+1 4.84-1 4.80-1- 1.62-1 1.10-1 6.72-2- 5.07-2 S.65-23.00+1 ).4')+1 1~ 38+2 1.24+) 3.44+) 1.0~+4 2.15+4 1. (,1+~
 
3.50+1 6.38"'1 6.33-1 2.13-1 1.43.i.l . 8.66-2 6.42-2 4.40-2
.3.?0+1 3.0~+1 1.22+2 1.10+) 3.0';+3 9.69+3 1.94+4 1.52+:'
 
4.60+1, 8.12-1 8.05-1 2.70-1 1.81'-1 1.08-1- 7.92-2 5.20-2
4.00+1 2.74+1 1.10+2 9.8R+2 2.74+3 8.76+3 1. Tf+4 1.44+':;
 
4.50+1 1.0CHO 9. 95.L.l 3.33-1 2.23-1 1.32-1 9.55-2 6.04.-2
4.50+1 2.49+1 9.99+1 9.00+2 2.50+3 8.02+3 1.63+4 1.37+5
 
5.00+1 1.21+0 1'.20+0 4.02-1 2.68-1 1.58-1 1.13-1 6.93-2	 ,


5.00+1 2.29+1 9.'19+1 8.20+2 2.30+3 7.40+3 1.51+4 1.31+5
 
5.50+1 1.44+0 1.43+0. 4.77-1, 3.18-1 1.85-1 1.32-1. 7.85-2 

~
 

5.~0+1 2.13+1 8.53+1 7.69+2 2.14+3 6.88+3 1.41 +4 1. 25+';	 «'
6.00+1 1.68+0 1.67+0 5.57-1 ~3.71-1 2~ 15-1 1.52-1 8.82-2
s.oo-i 1.99+1 7.97+1 7. Hj+2 2.00+3 6.44+3 1.33+4 1.20+5 
6.50+1 1.94+0 1.93+0 6•.43-1"" 4.21-1 2.47-1 1.74-1 9.82'-2


6.50+1 1'.87+1 7.48+1 6.75+2 1.88+.3 6.07+3 1.25+4 1.15+5
 
7.00+1 2.22+0 '2.20+0 7.34-1 4.87-1 2.81-1 1.91-1 1.09-1


7.00+1 1.76+1 7.07+1 6.37+2 1.77·+) 5.74+3 1.19+4 1.11 +5
 
7.50+1 2.51+0 2.49+0 8.30-1 5.50-1 J~ 16-1 '2.21-1 1.19-1


7.50+1 1.67+1 6.70+1 6.05+2 1.68+3 5.45+3 1.13+4 1.08+5
 
8.00+1 2.82+0' 2.79+.0 9.31-1 6.17-1 3.53-1 2.46-1 1.31-1


8.00+1 1.59+1 6• .38+1 5.76+2 1.60+.3 5.19+3 1.08+4 1.04+5
 3.11+0 1.04+0 6.86-1 3.93-1 2.72-1 1.42-1
8.50+1 3.1;4+0
8.50+1 1.~2+1 6.09+1 5.50+2 1.5.3+2 4.96+3 1.03+4 1.01+5
 
9.00+1 3.47+0 3.44+0 1.15+0 7.59.:..1 4.33-1 3.00-1 "l.54-1	 ....
9.00+1 1.46+1 5.84+1 5.27+2 1.47+3 4'.76+3 9.89+3 9.82+4
 9.50+1, 3.82+0 3. 79i;0 1.26+0 s, 35-1 4.76-1 3.28-1 1.66-1\


9.50+1 1.40+1 5.61+1 5.06+2 1.411'.3 4.57+3 9.51+3 9.55+4
 
, 1.00+2
 4.'19+0 4.15+0 1.38+0 9.14-1 5.20-1 3.58:-1 -1.79-1

1.00+2 1.35+1 5.40+1 4.87+2 1.36+.3 4.4Q+3 9.17+3 9.30+4
 1.85+0 1.05+0 7.10-1 3.21-1
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2. ~3 nYHKTa 1 cneAye~ npOCToe CooTHoweH~é AnA B~4~cneH~~ oc
TaTo~~oro Rp06era R\~oHa c Macco~ Ml,ecn~ AnR 3TOrO *e 3neMeH-. 
Ta npofie r Rt 
~3BeCTeH': 
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np~HHMaeTcn no~JHcKO HB npenpHHT~ ~ coo5~eHHR 05beAHHeHHoro HHCTHTYTa 
RAepH~X HccneAOD8HHH. 

YCTDHoaneH8 cncAy~~an CTOHMOCTb nOAnHCKH Ha 12 MeCR4eB Ha H3AaHHR O~~~. 
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C006mEHHH, KPATKHE C006mEHHH, nPEnPHHT~ H C60PHHKH TPYAOB 
KOH~EPEHl.lHtl, H3AABAEMbiE 06bEAHHEHHbiM HHCTHTYTOM H,liEPHbiX HCCilE
,liOBAHHtl, HBilHIOTCH O~HUHAilbHbiMH nYoilHKAl.lHHMH . 

Cc~nK~ Ha C006mEHHH ~ nPEnPHHT~ OHHH AOn~H~ COAep~aTb cne
AY~~~e 3neMeHT~: 

- ~aM~n~~ ~ ~H~4~an~ asTopos, 
- COKpa~eHHOe Ha3BaH~e HHCT~TyTa /OHHH/ ~ ~HAe Kc ny6n~Ka4~~, 

- MeCTO ~3AaH~A /,lly6Ha/ , 
- rOA ~3AaH~A, 
- HOMep CTpaH~4~ /np~ He06XOA~MOCT~/. 

np~M e p : 

1. llepe ywu H B.H. u o p. OHHH~ ?2 - 84 -649~ 

1Jy6 H a~ 1984. 

Cc~nK~ Ha KOHKpeTHy~ CTATbiO, noMe~ei-IHYtO e c6opHI1Ke , AOn~Hbl 

COAep~aTb : 

~ ~aM~nMM ~ MH~411an~ aBTOpOB, 
- 3arnae~e c6opHMKa, nepeA KOTOP~M npi1BOAATCA C OKpa~eHH~e 

cnosa: "B KH. 11 

- COKpaweHHOe Ha3BaH~e HHCTI1TyTa /O~HH/ 11 11HAe KC 113AaHI1A , 
- MeCTO 113AaHMA / Jiy6Ha/ , 
- rOA 113.QaHI1A, 
- HOMep CTpaHM4~. 

np~Mep: 

Ko.11na1<08 H. rJ:i . B I<H. XI Mexay Ha pooHIJIU 
cu~no3u y~ no Roe pH ou 3./le l<mpo Hu?< e , OHHH, 
1Jl3-84-5 3, 1Jy6 Ha, 1984, c . 26 . 

CaeuH H .A., C~upHo e r . H . B c6 . "Kpam1<u e 
c o o6!14eHUR OHHH"~ N 2- 84 ~ 1Jy 6 Ha ,l 984,c . 3. 

XeHHHrep ID. 16-85-121 
Ta6nHI.\bl )J,aHHblX TOpM03HOH CITOC06HOCTH H OCTaTO'liHOrO npo6era 
AJIR penRTHBHCTCKHX TR)I(enbiX HOHOB B pa3Hb!X KOHCTpyKQHOHHblX 
H AeTeKTHpym~x MaTepHanax 

B pa6oTe llpHBe)J,eHbl TOpM03Hbie CllOC06HOCTH H HOHH3a!-IHOHHbie 
238 . 

npo6erH HOHOB BITnOTb AO U C :meprHeH OT 10 M3B/a.e.M. AO 
10 r3B/a.e.M., BblllOnHeHHbie 110 nporpaMMe STOPOW/82. MHHHManb
HaR 3HeprHR HOHOB, iJ,OCTYilHaR 3TOH nporpaMMe - I K3B/a.e.M. 
B Ka'lleCTBe MaTepHanOB, AJIR KOTOpb!X llPHBO!J,RTCR TOPM03Hb!e cno
C06HOCTH H HOHH3a!-IHOHHbie npo6erH HOHOB, Bbi6paHbl xapaKTepHbie 
AJIR YCKOPHTeneH KOHCTPYK!-IHOHHbie, 3~THbie H t\eTCK1'0pHbie MaTe
pHanbi. B pac'lleTax Yl.!HTbiBanHCb Bee H3y'lleHHbie B HacTon~ee BpeMn 
KaK penRTHBHCTCKHe, TaK H HH3K031lepreTH'lleCKHe llOilpaBKH ,.[(OilOnHH-· 
TenbHan peBH3HR nporpaMMbl STOPOW/82 6bma npoBeAeHa AJIR ra3oo6-
pa3HbiX MHmeHeH. 

Pa6oTa BbmonHeHa B Jla6opaTOPHH Rl=\ePHblX npo6neM OIUHL 
Coo~-eHHe O~~enHKeHHOro HHCTHTyTa RAep~X HccneAOB8HHA. n~Ha 1985 

UepeBOA aBTOpa 

Henniger J. 16-85-121 
A Table of Data Stopping Powers and Remaining Ranges for 
Relativistic Heavy Ions in Different Constructional and 
Detecting Materials 

Stopping powers and ranges of ions up to 238uwith energy 
from 10 MeV/a.e.m. to 10 GeV/a.e.m., done according to 
STOPOW/82 program are presented. The minimum ion energy acces- . 
sible to this program is I keV/a.e.m. Constructional, shiel
ding and detector materials tipical to accelerators are cho
sen as materials for which stopping powers and ranges of ions 
are presented. All r€lativistic and low energetic corrections 
studied now were taken into consideration in the calculations. 
Additional revision to the STOPOW/82 program was done for 
gaseous target. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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