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BB£,llEHl1E 

B HaCTO~~ee BpeMR paAMoHyKnMA lllfu OTH~CMTC~ K rpynne n~TM 
l\MKnOTpOHHbIX paAMOHYKnMAOB, MrpalO~MX Ba)l{HYIO ports B RAepHO~ Me­
AMl\MHe / 670 a, 81m Kr, 111 In, 123 1 , 201T£/ . 5blno noxaaauo , 4TO 
111 In MO)l{eT 6blTb ycneumo Mcnonb30BaH npl1 noxanaaauaw M onpene­
neHMM onyxone~, B MccneAOBaHI1RX nMM$aTM4eCKo~ cMcTeMbl, An~ no­
ny4eHMR MHor04l1cneHHw~ Me4eHWX coeAMHeHM~ /l /. 

"nR l\enoro pRAa in-vivo MccneAoBaHM~ MeAneHHWX 6Monor~4ec­
KMX npOl\eCCOB, KOTopwe He06xoAMMO Ha6nlOAaTb B Te4eHMe 1-3 AHe~ 

nocne BseAeHMR npenapaTa, l11fu MMeeT 6naronpMRTHwe xapaKTepM-
CTMKM pacnana, Ero ne paon nonypacnana oaseu 2,83 AH., 
100 %-~ 3n~KTpoHHW~ 3axsaT npM pacnaAe npMBOAMT K B036ymAeHHoMY 
COCTORHMIO l11Cd, «oropoe CHMMaeTC~ KaCKaAOM raMMa-nY4e~r C auep­
rMe~ 171,3 M 245,4 K3B M I1HTeHCMBHOCTblO 90,3 % ~ 94 %. CqoTBeT­
CT8ylO~l1e ycpeAHeHHwe 3HeprMM /11 MHTeHCMBHOCTM/ KOHBepCI10HHWX 
3net<TpOHOB HM3KM: 144,6 K3B /10%/ 11 218,6 K3B /6%/. 3He~rM~ 
O)l{e-311eKTpoHoB paaua -fO K3B. 3Heprl1M raMMa-nY4e~ 111 In Ha­
XOARTCR B onTMManbHo~ 06nacTI1 An~ <l>oTOnI1KOB, per acr papyexux 
KOMMep4eCKMMI1 raMMa-KaMepaMM M cKeHHepaMM nM60 no OTAenbHOCTI1, 
111160 cyMMapHo /184 $OTOHa Ha 100 aKTOB 3neKTpOHHoro 3axB~Ta/. 
B nocnenae» -c n y ua e AOCTMraeTCR ny-uuaa CTaTI1CTI1Ka I1nM 60nee 6bl­
CTpoe HaKOnneHl1e AaHHWX. 

111 I ­npl1Hl\l1nManbHwe cnoc06w nonY4eHM~ n , KaK 3TO I1nnIOCTpM­
pyeT Ta611.1, BK11lO4alOT npRMwe 11 KOCBeHHwe peaKl\I1M ero 06pa30­
BaHM~. 3TOT cnMCOK He MC4epnbiBaeT acex B03MO)l{HOCTe~, Hanpl1Mep, 
112 Sn ( y, n ) 111 Sn .. 111In 1 21 • 

"nR pacuer a Q-senl14l1H 6blnl1 I1CnOJlb30BaHbi 3Ha4eHI1~ aTOMHblX 
Macc, B3RTble M3 paOOTb/ 31 • npl1 onpeneneua 11 He06xOAI1MO~ na60­
paTopHO~ 3HeprMM HaneTalO~MX 4aCTI1l\ An~ 3aAaHHblX ~AepHblX peaK­
l\MA paCC411TblBanl1Cb MX 3HepreTM4eCKI1e noporM. "pyro~ Ba)l{HbI~ 

$aKTOp - KynoHoBcKI1~ 6apbep 11 3l1J<1>eKTMBHbll1 6apbep, 06b~CHRIO~l1e 

TYHHenbHwi1 -3 l1J<1>e KT 141 , BblCOTbl KOTOPblX TaK)I{e npl1SeAeHbl B 'Ta6n . 1 . 
Paccxorpeaae 3HepreH14eCKMX noporoa M Gaps epoa pa3nl14HbiX ~Aep­
HblX peaKl\1111 nOKa3~IBaeT, 4TO 111In MO)l{eT -6 b1Tb nony-rea Ha 'KOM­
naxruux l\MKnOTpOHax C 3HeprMel1 4aCTI1l\ ~ 20 M3B, HO uexoropue 
peaKl\1111 Tpe 6YlOT 60nee BbiCOK03HepreTI14eC KMX MauiMH. 

06bl4HO 111 In nonyuacr npa 06ny4eHMM MI1WeHei1 cepe6pa a-4a­
CTMl\aMI1 a peaK4MM 109Ag Ca, 2n) 111 In 15- 111 • MI1WeHel1 KaAMMR---...----,

l~ t. \, . , .: J j,j ~ RHcnrryr 
Y·$. · t' ,. . , .... " . ~-r:¥' 1tl _ .~ I . • •• :11. (. . , ,. , ;)n~I•.!.tl ir_ 6t.-'SriHOTEKA ~ 



Ae~TpOHaMIo1.B peaK~Io1RX 110Cd(d.n )n11 In. 111Cd(d,.2n) 1,11 In/6.10-121 

Io1JlIo1 npoToHaMIo1 B peaxuaax 111Cd(p.n) ll1In \;t112.Cd(p,Z-n)111In/5.6.13-1~1 

B~XOAw l11fu B RAepHwx peaK~Io1Rx Ha cepe6pe ropa3A~ Hlo1me, 4eM 

1013 MIttWeHe~ KaAMIo1R, 06JlY4eHHbiX npOTOHaMIo1 'CM. Ta6Jl. 6/.' OAHaKo 

111 In, nOJlY4eHHbl~ 1013 Cd Mlo1weHeH, COAep>l<Io1T ua KOHe~ 06JlY4eHIo1R 

r aiose 101 APyrltte HYKJlIo1AbIIo1HAIttR: 109In IT1h= 4,34/, lfO In / T Yz = 

= 4,9 ld 101 114m In /T Y2 = 49,5 AH. /. nOCJleAHIo1~ KYKJlIo1A, Io1MelOllllo1i1 

OCHOBHwe raMMa-Jly4101 CJleAYlOllllo1X 3Heprlo1~ /K3B/ 101 Io1HTeHCIo1BHOCTe~ 

1%/: 191,6 /16,7/; 558 /3,6/ 101 725,2 /3,5/, 3aMeTHO yBenlo14101­
BaeT paAIo1a41010HHYlO A03Y AnR na4lo1eHTa: A03a OT 1 MKIo1 1111n 
B 80 pas Me~pwe, 4eM OT 1 MKIo1 114mIn / 15/. YpoBeHb nplo1Meclo1 

114 mIn B npenapare , nOJlY4aeMOM 1013 06JlY4eHHoro npOTOHaMIo1 Cd, Me­
HReTCR OT (J,003%/141 AO 3% 151 OT aKTIo1BHOCTIo1 l11In. 3TOT ypo­


BeHb 3aBIo1CIo1T OT CTeneHIo1 060rallleHIo1R MaTeplo1aJla Mlo1weHIo1 101 BKJlaAa
 

OT COOTBeTcTBylOllllo1x RAepHWX peaK4101~. To-me Io1MeeT MeCTO 101 nplo1 06­


JlY4eHIo1101 Ae~TpoHaMIo1, KorAa 3arpR3HeHIo1R OT 114mIn B pRAe CJlY4aeB
 

AOCTlttralOT 6%. 
06JlY4eH~e cepe6pa 3He 101 a-4aCTIo1~aMIo1 nplo1BOAHT K 06pa30BaHIo11O 

1111n 6e3 CJleAOB 114 mIn. OAHaKo peaK411tR 109Ag( 3He. n)l11 In 
He nOAXOAIo1T AJlR nOJlY4eHIo1R l11rn 1013-3a CJlIo1WKOM HIo13-KOrO BbIXOAa, 
...2 MKKIIt/MKA-4 Ha KOHe~ 06JlY4eHIo1R /5. 16/. 

CpaBHlttTeJlbHOe Io1CCJleAOBaHlo1e nepe4101CJleHHWX nYTe~ nOJlY4eHIo1R 

111 In Ha KOMnaKTHblX MeAIo1~Io1HCKIo1X ~Io1KJlOTpOHax nOKa3'bIBaeT, 4TO 
Halo16oJlee BbICOKIo1~ BblXOA 11 In nOJlY4aeTCT! B peaK~Io1Io1112Cd (P. 2n )1I.11In 
C BblCQK0060rallleHHbiM 112 Cd ~51 • 

AJlT! roro , 4T06bl aufipar e Halo1nY4w~e YCJlOBIo1R AnR nOJlY4eHIo1R 

I11 1n, Tpe6yeTCR Io1H¢opMa~Io1R 0 ¢YHK4Io1RX B036ymAeHIo1R peaK~Io1~ 06­

fJa30BaHIo1R 111 In 101 n0604HbiX nponyxroa , a r a K}l{e 06 HX suxonax 
1013 TOJlCTblX Mlo1weHe~/13. 16 - 25/. Taxae AaHHbie 1013BeCTHbi He AJlR scex 

peaK411t~, xoropue nplo1BOART K OQpaS-OBaHIo1IO 111 In. B 4aCTHOCTIo1 

AO HacToRlllero BpeMeHIo1 HeT TaKo~ Io1H¢opMa~1011o1 AJlR peaK~Vl~ 113,i14Cd 

C BbfcoK03HepreTIo14ecKIo1MIo1 nporouax« ;Ep> 30 ~t3B ,npRMo~ nyr s noriy­
4eHIo1R 111 In, Ta6Jl. 1/. .' 

~CCJleAOBaHIo1IO 3TIo1X peaK~Io1~ lit pa3pa60TKe MeTOAa OTAeJleHIo1R 
111 

In OT KaAMIo1R ITOCBRllleHO HaCTORlllee Io1CCJleAOBaHlo1e. 

3KcnEP~MEHTAnbHA~ 4ACTb 

A. Mlo1weHIo1 101 06JlY4eHIo1e 

Ce4eHIo1R Cd(p.xn)fu peaK~Io1~ onpeAeJlRJlIo1 MeTOAOM CTOnKIIt ¢dJlbr. 

3TOT MeTOA n03BOJlReT Io1CCJleAOBaTb ¢YHK~1011o1 B036ymAeHIo1R KalliAoro 

Tlo1na peaK4101H 101 Bw6paTb OnTIo1MaJlbHW~ 3HepreTlo14ecKIo1~ Io1HTepBaJl 

AJlR ~OJlY4eHIo1R ~CKOMoro npoAyKTa C MKHIo1MaJlbHWM KOJllo14eCTBOM npH­

Mece~. 
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Ta6JlUZ1a 2 
1130TOTIHbIH COCTaB /%/ MHllIeHefI Cd 

o:PHP·U 113 U 114(4 

i 

I 

I06Col 1,25 0,01 0,01 J. 
lO8eol- 0,89 0,01 0,01 
IIOCoL 12,5 0,12 0,10 
~11(,cL 12,8 0,12 0,11 
112U 24,1 1,98 0,34 
113U 12,2 95,8.:tO,3 0,28 
114U 28,7 2,47 98,9,:tO,1 
116Cd, 7,5 0,21 0,27 

6blJU1 I-1Cn0J1b30BaHbl CTOnKII1 MeTaJ1J11-14eCKI-1X oons r npaponuor'o 

111 o6ora~eHHor6 KaAMII1f1.MeTaJ1J1I114eCKII1I:1 KaAMII1I:1, 060ra~eHHbll:1 11130­
TOnaMII1 113 Cd 111 ~1td, n0J1Y4eH 1-13 rOCYAapCTBeHHoro <t>oHAa cTa6111J1b­
HblX 1-130Ton'oB CCCP. f130TonHbll:1 COCTaB MaTepll1aJ1a MII1WeHel:1 npaaeneu 
B Ta6J1.2. 

CTonKa €OC~OflJ1a 1113 23+25 npOHYMepoBaHH~X AII1CKOB AlI1aMeTpOM 
10 MM, Bblpe3aHHbiX 1113 oone r TOJ1~I-1HOI:1 -0,13 r/cM 2 AJ1f1 113Cd 
111 114 Cd 1-1' 0,24 r/cM2 AJ1f1 npaponaor-o KaAMII1f1. ,llJ1f1 06J1Y4eHI-1f1 co­
6l11paJ1aCb c ronxa 4epeAYIO~II1XCfI APyr C APyroM AI-1CKOB 113Cd 1-1 114 Cd 
06~el:1 TOJ1~II1HOI:1 -6,8 r/cM 2 111 CTonKa AII1CKOB 1113 npl-1pOAHOro Cd TOJ1­
~II1HOI:1 -6,3 r/cM 2 . 

MII1WeHII1 06~~4aJ1I11Cb B~BeAeHH~M ny4KoM npOTOHOB C 3Heprll1el:1 
63±1 M3B B Te4eHII1e 0,5 4 Ha 1-130XpoHHOM ~II1KJ10TpoHe Y-240 8 ~H­

cTII1TyTe f1AepH~X I-1CCJ1eAOBa~1I11:1 AH YCcP.nOrJ10~eHlI1e 3Heprl-1111 npo­
TOHOB KamA~M AII1CKOM Cd pacc4I11T~BaJ10Cb no AaHH~M Ta6J11-1~/26/ • 
~HTeHc~BHoCTb npOTOHHoro ny4Ka OrpaHlI14l11BaJ11-1 HeCKOJ1bKI-1MI-1 COTHfI­
Mill HaHoaMnep AJ1f1 1I136emaHII1f1 J10KaJ1bHOrO ne pe r peaa Cd ITnn =321 °C/ 
111' ero II1CnapeHII1f1. B Ka4eCTBe MOHII1TOPHOI:1 peaK~1-11-1 AJ1f1 onpeAeJ1eHII1f1 
I-1HTeHCII1BHOCTII1 npoToHHoro nY4Ka, npOXOAfI~ero 4epe3 MII1WeHb, CJ1Y­
ml-1J1a peaK~II1f1 27Af(p,3pn)24Na , Ce4eHII1e KOTOpol:1 AJ1f1 E p = 65 M3B 
paBHO 10 M6 /27/. 

,llJ1f1,06nY4eHII1f1 cTonKy <t>OJ1br nOMe~aJ11-1 B AepmaTeJ1b MI-1WeHII1, 
BCTaBJ1f1eMbll:1 B 6J10K, oXJ1amAaeM~1:1 BOAol:1. Ilo cne 06J1Y4eHI-1f1 MII1WeHI-1 
TpaHCnOpTlI1pOBaJ1111 B TflmeJ10M CBII1H~OBOM KOHTel:1Hepe B paAI-10XI-1MII14eC­
KYIO J1a60paTopll1lO O~R~. Pa60Ta C MI-1WeHblO Ha4l11HaJ1aCb 4epe3'-50 y 

nocne KOHija 06J1Y4eHI-1f1, 3a 3TO speMfi nOJ1MOCTblO pacnaAaJ1I-1Cb KO­
POTt<O>KI-1BY~lI1e paAllloHYKJlIl1,Qbl. 

6.	 M3MepeHI-1f1 111 aHaJ11113 pe3YJ1bTaTOB 

l-13MepeHlo1.A .aKTII1BHOCTII1 Ka>KAOrO AI-1CKa Cd 1-13 MI-1WeHHOM C60PKI-1 06­
pasuoa npOBOAI-1J11-1 C nOMO~blO raMMa-cneKTpoMeT'pa, cocroauier-o 
1-13 Ge(li)-AeTeKTopa /06beM 4D CM 3, pa3peweH~e 1,2 K3B Ha J1I-1H~1I1 
E y = 122 K3B 57 Co / 111 4096-KaHaJ1bHOrO auannaaropa , COeAI-1HeHHOro 

C 3BM EC-l0l0. 3<t><t>eKTI-1BHOCTb AeTeKTopa OnpeAeJ1f1J1I-1 C nOMO~bm 
Ha60pa -CTaHAapTHbIX ~CT04HI4KOB / 152 Eu, 57~o, 203 Hg, 137 Cs, 5,4Mn, 
60Co/. PaAI-10aKTII1BH~e HYKJ1I11A~ B 06J1Y4eHH~X 06pa3~ax I-1AeHTII1<t>I-1~I-1­
pOBa111-1 no 3Heprll1f1M COOT8eTCTBYIO~I-1X <t>OTOnI-1KOB. AKTI-1BHOCTb Ka>K-

Aoro AI-1CKa onpeAe11f1J1I-1 no pe3Y11b­
TaTaM cepll1l11 ~3MepeHII1I:1 /5+8 pa3/

UCX09HbIlJ! ~ 
pccrnsop npOMb~Ka 3AfOeHm B II1HTepBa11e OT 60 AO 500 4 noc­
8.2M HBr 8.2M HB 2M HBr J1e KOH~a 06J1Y4eHI-1f1. TaKol:1 A11I11­19 I 

Te11bHwl:1 I-1HTepBaJ1 1-13MepeHII1f1 no­6t­
380111-111 AOCTOBepHO onpeAe11I-1Tb 
npl-1MeCb 114 mIn; 06pa60TKY 1113­

MepeHHblX raMMa-cneKTpOB npOBO­
• /28/

AII1J11-1 no nporpaMMe 3TAn , no­
J1Y4eHHb/e 3Ha4CHII1f1 aKTI;1BHOcTel:151­
lI1-CnOJ1b 30"BaJ1111 AJ1f1 pacuer a ceue ­
HI-1I:1 peaK~II1~ 06pa30BaHI-1f1 111 B~XO­

AOB HyKJ1I-1AOB lo1HAII1f1. 

41­ B.	 PaAII10XII1MI-14eCKOe 
s un e n e n n e I-1HAI-1f1 
1-130611Y4eHHb1X 
MI-1WeHel:1 Ka.QMI-1f1 

3r	 
MeTOA OTAeJ1eHII1f1 paAI-10Il1HAI-1f1 

B COCTOflHlI1111 6e3 HOCI-1Te11f1 OT MaK­

POK0111-14eCTB 0611Y4eHHoro KaAMII1f1 
II ­ 6~11 pa3pa60TaH Ha OCHOBe AaHH~X 

r 9 pa3111-141-1111 K03<t><t>II1~l-1eHTOB pac­n, 
npeAe11eHI-1f1 1-10HOB I-1HAI-1f1 1-1 KaAMII1f12~ 
Me>KAY KaTI-10HI-1TOM Tl-1na ,llaY3KcIr ­

1-r1 

---U.1. .u LL 

10 20 30 40 
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50xtr. j;f paC1=BOpaMIIl 5POMIIlCTOBOAOPOAHO~ KIIlCilOTbl B 3aB\ttCIIlM.0G.TIi1 

OT ee KOH~eHTpa~IIlIll/29/. 05IlY4eHH~~ MeTaIlh~4eC~IIl~ KaAMIIlA paCT­

sopana B ropfl4eA 8 M HBr, nOIlY4eHHbl~ paCTBOp nponyckarur xepes. 

KO~OHKY C AaY3Hc 50x4 IBr~~opMa/. B COOTBeTCTBlIl1ll C BeIllll411lHaMIIl 

KD 1Il0HOB Ag", Cd 2+ III In3+ B BIIlAe KOMnileKCHblX 5POMIIlAHbiX aHIIlOHO.B 

[InBr4 1- I pasuux COOTBeTCTBeHHo <1 ~ <1 III -80, 1Il0HbL IIlHAIIl~ cop­

611lpOBaIllllcb aa cnone , a- Ka,c:v.1I1lA III BOSMO>KHble n plllMeCIIl paAIIlOaKTIIlB.- qO',~ 

H~X HYKIlIllAOB cepe5pa OCTaBaIlIllCb B paCTBope. Allfl nOilHoro YAaIle­

·HHfI CIleAOB Cd KOIlOHKY T~aTeIlbHO npOM~BaIlIll KOH~eHTp~poBaHHoA 

HBr. PaJJ.HoIllHAIIl~ BblMblBaIlIll illS KdIlOHKIIl paCTBopOM 2 M HBr /Plll.c. 1/. 
XIllMIIl4ecKIIl~ Bb~XOA ~HAIIlR 6bIIl paBeH - 90%. PaAlIloHYKlllllAHYIO 411lCTOTy' 

npoaepana , IIlS'Mepfifi raMMa-cneKTp npenapar a , BblAeIleHHoro illS o6ny­

4eHHoro KaAMIIlR qepes 5 AH. notne KOH~a 06IlY4eHIIlFI. 8 cneKTpe 

6blIll-1 BIIlAHbl raMMa-IlIllHIIlIll, npIllHaAIle>Ka~lIte TOllbKo 111In/ 17 1 H.. 245 K3B 
l'l cYMMapFfbl~ nlllK OT IIlX COBnaAeHIIlFI nplll HSMepeHlIl1i1 AeTeKTopOM 

. 4T-7 K381 III 114mIn 11"90 K381. 

PE3ynbTATbl· Itt Of5CY}f{AEH.lttE 

A. 3KcneplllMeHTanbH~e $YHK~KIIl Bos5Y>KAeHIIlFI 

Ce4eHHfI peaK~H~ H3Cd'p,3n) 111 1n , 114Cd ( p , 4n) 111 In
 
III 114Cd(p,n)'114mIn 5b1Il\;t onpeneneau B saBIIlCIIlMOCTIIl OT 3Heprlllilf na­


AalO\UII1X IiPOTOHOB •. nOIlY4eHHbie peSYIlbTaTb~ np-HBeAeHbl B Ta6Il.3 1ft" 4
 
III Ha plllc.2 III J. BeIllll411lHbf npencr aanae.r cpeAHeaplll~MeTlIl4eCKlIle
 

SHa4eHHfI HeCKOIlbKIIlX 1Il3MepeHI71I:1. OWIIl5KIIl HSMepeHHHblX Ce4eFtIll.:1 III au­


XOAOB o~eHeHbl B ± 20%. OHH onpeAeIlFIIOTCfI oWlIloKaMIIl CTaTIIlCTIIlKIIl·
 

C4eTa, IIlSMepeHIIl~ 3~~eKTIIlBHoCTIIl perlltCTpa~1Il1ll raMMa-llY4eA Ge(Li)­


A.eTeKTQPoM, re.oMeTplllH IIlsMepeHIIlA, AaHHblX pa cnana , onpeneneuua
 

TOll~HHbl ~oIlbr Cd, 3HepreT~4eCK-HX nOTepb npoToHoB, BpeMeHIIl 06­


nY4eHIIlFI H oWIIl5KaMIIl, CBRsaHH~MH C MOHIIlToplllpOBaHlIleM nY4Ka npOTO­


HOB.
 

HSBeCTHO~. 4TO ~yHKL.tIllt-1- Bos6Y>KAeHIIlFI xepakrepaayor ca TaKIIlMIIl
 

napaae r pasta , KaK M'aKclIlMaIlbHoe 3Ha4eHHe c'e4'eHHfI peaKLtIllA, ero
 

nonoxe-rae B saBIIlCIIlMOCTH OT 3HeprHl-1,' SHa4eH14e ero WIIlPIllHbl Ha no­


IlOBIIlHe BbICOTbf. HSMepeHlltfi nOKaSbIBaIOT, 4TO peaK",HfI t1~d(p.3nillIn
 
HMeeT U = 682 M5 nplll E = 32 M38 III E 1/ 2 h = 14 M38 B l-1H­

MaKe P- MaKC
 

r epaane 24-:-38 M3B; DeaK~IIlFI 114 Cd(p,4n)l1tln IIlMeeT O"M8KC =500 M5
 

npa Ep = 4z M38 l-1 E 1/2 h = 17 M38 B IIlHTepBaIle 35";-52 M38.
 
MaKC
 

3TH AaHHbie Allfl YKa3aHHbiX peaK~IIlA nonyveua anepaae •
 

KaK BIIlAHO, ,Ha4aIlbHaR 3HeprlllR 1Il3Y4eHH~x peaK~IIlA
 

(~,xn) HaxoAIIlTcfI B xopoweM corIlaCIIlH C BenIll4I1lHO~ 3HepreT1Il4eCKO­

ro nopora peaKQIIlA, a IIlSMepeHH~e ~Y~KQIIlH Bos6Y>KAeHlIlfl, corIlaCHO
 

1 Is 111 Ta6.fluL}a 3
CetIeHHH Cd (P, 3n) In -peaKIJ,HH H BbIXOAbI 

111rn H 114mIn AJm TOHKHX MHllIeHeIi KaK cPYHKIJ;l-UI 

3HeprHH npOTOHOB 

JU. aIepru npOTOHOB (MaB) CelleHHe 06­ OOO,It 1Wc0,I{o6paa- ~aaOBaHKa IIIIn II4JftII1nOB BXO.n!BWCOJt cepezaaa IIIr h (Me) 

~~) ~~) 
I 63,4-62,7 63,0 78 122 
2 61,8-61,1 61,5 78 127 
3 60,3-59,s 59,9 82 138 
4 58,fr5?,8 58,2 85 144 
5 56,9-56,1 56,5 92 143 
6 55,.2-54,4 54,8 101 155 
'/ 53,5-52,6 53,0 102 172 
8· 51,,6-50,7 51,2 III 185 
9 49,7-4&,8 49,3 122 199 0,05 

10 47,8-46,9 47,3 138 224 
II 45,9-44,9 45,4 159 254 0,06 
12 43,8-42,8 43,3 186 311 d,06 
13 41,6-40,6 41,1 245 411 0,09 
14 39,4-38,3 38,8 326, 539 0,14 
15 37,1-36,0 36,6 461 725 0,12 
16 34,~,6 34,2 606 1005 0,29 
17 32,3-;31,0 31,7 682 1143 0,27 
18 29,7-28,4 29,0 629 1045 0,31 
19 26,9-25,3 26,1 518 868 0,30 
20 23,8-22,3 23,0 263 409 0,18 
2I 20,5-18,7 19,6 37 64 0,18 
22 16,6-14,4 15,5 ,14 23 0,51 
23 12,0-9,2 10,6 3,0 5 0,40 
24 5,S. 3,3 4,0 7 0,.03 

6 
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Ta6J1u7.1a 
CeqeHMH 114 Cd (p, 4n) 1-11 In., 114Cd (p ,4 n )114rn In 
peaKI..\MH Ii BblXOAbI 1111n Ii 114 mIn AJIH TOHKHX 

MIimeHeH KaK ~YHKUHH 3HeprMH npOTOHOB 

JiJi aIeprWi llpOTOHOB (Ma13) 
oopas- . . 
~B BXo.alBWCo~ oepenaaa 
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I 
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3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

62,7-61,8 

61,1-60,3 

59,~58,6 

57,8-56,9 

56,1-55,2 

54,4-5.3,5 

52,6-51,6 

50,7-49,7 

48,8-47,8 

46,9-45,9 

44,9-43,8 

42,&-41,6 

40.0-39,4 

38,3-37,1 

36,0-34,9 

33,6-32,3 

31,0-29,7 

28,4-26,9 

25,3-23,8 

22~3-20,5 

18,7-16,6 

14,4-12,0 

9,2-5,8 

62,3 

60,7 

59,0 

57,3 

-55,6 

54,0 

52,1 

50,2 

48,3 

46,3 

44,3 

42,2 

40,0 

37,7 

35,4 

33,0 

30,4 

27,6. 

24,6 

21,4 

17,6 

13,2 

7,5 

119 

129 

14Z 

160 

178 

2fJl 

257 

309 

367 

451 

486 

500 

462 

385 

243 

98 

22 

10 

8 

s 
5 

3 

I 

208 

210 

244 

279 

308 

366 

459 

548 

638 

?73 

864 

881 

814 

651 

406 

166 

37 

17 

14 

10 

6 

8 

2 

8 

8 

9 

9 

9 

12 

II 

10 

II 

II 

12 

15 

14 

16 

15 

18 

22 

26 

29 

38 

90 

178 

39 

0.,8 

0,8 

O,H 

1,0 

0,9 

1,2 

1,1 

1,0 

1,1 

1,1 

1,2 

1,5 

1,4 
1,6 

1,4 

1,8 

2,1 

2,6 

2,8 

3,7 

9,1 

17,2 

3,9 
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reopua , HaYIttHalOTCfl auuie KYIlOHOBCKOrO fiaps e pa C 04eHb Hltt3KlltX 
3Ha4eHItti1. 3aTeM. Ce4eHlttfl 113 Cd I p, 3n) l11In Itt 114Gd(p.4n)U1 In 6bl­
CTpO pacTyT C YBenltt4eHHeM 3Heprlttltt npOTOHOB, AOCTlttralOT MaKCItt­
MaIlbHoro 3Ha4eHlttfl, nocne 4ero YMeHb.WaIOTCfl, coxpauaa "XBOCTOBY1011 
4aCTb B sucoxoauepre'rw-reckofi ofinacr u. Ce4eHVtR 3TMX peaK~I1i1, 
KaK nOKa3~BaIOT nOIlY4eHH~e pe3YIlbTaT~, 6IlH3KItt Ce4eHlttflM peaK­
'-'1tti1 111 Cd (p, n ) 111 In H 112 Cd (p, 2n ) 111In ! 13, 17/ , 06bl4Hq HcnOIlb­
3yeMblx AIlR nony-reuua l11 In • Cnenyer OTMeTIttTb, 4TO B HItt3K03Hep­
reTItt4eCKO~ 06IlaCTl1 IttMeeTCfl HeonpeAeIleHHOCTb B pe3YIlbTaTax, KO­
TOPYIO MomHO nDlttnlttC~Tb BKIlaAY OT peBKUItti1 (p,xn) Ha nplttMeCflX 
ll1Cd Itt 112Cd B o6orallleHHblX 1l3Cd Itt 114Cd /Ta6Il. 2/. 

6. TeOpeTltt4eCKltte $YHK~1tt1tt B036ym~eHlttfl 

TeOpeTltt4eCKltte $YHK~IttVl B036ymAeHlttfl peaK~IIti1 113Cd (p, xn) ,x = 

1-;- 5, lit 114Cd (p , xn ) ,x = 17 6 ~ 6b1IlItt" paCC4lttTaHbJ no 1tt3BecTHoi1 
nporpaMMe ALICE, oCHoBaHHoi1 Ha MexaH~3Me paBHoBecH~x Itt npeA­
pasaoeecaux flAepHblX peaK~Ittt:1 B COOTBeTCTBltt1tt C rltt6plttAHoi1 MO­
AeIlbIO/ SO/ • Pacveru nposeneue ua CYBER-KoMnbIOTepe B l-'1HcTVlTYTe 

flAepHblX IttccIleAoBaHItti1. /C ae px , Ilorusurar". 
Pacc4HTaHH~e no nporpaMMe ALICE $YHK~1tt1tt Bos6ymAeHlttfl nOKa­

3aHM Ha plttc.2 Itt 3, OTKYAa BIttAHO~ 4TO OHItt CIleAYIOT omlttAaeMOMY 
XOAY KPIttBOi1. B BblcoKo3HepreTltt4ecKoi1 06IlaCTItt ¢YHK~1tt1tt B036Y>Kp;e­
Hlttfl o r paxaior npeApaBHOBeCHble npo~eCCbl. ftBHO BblpameHHbli1 MaKCItt­
MYM $YHK~1tt1lt B036ymAeHlttfl 113C4(p,3n) Itt 114Cd(p,4n} peaKultti1 nOA­
TBepmAaeT npeAnOIlomeHltte, 4TO B paCCMaTplttBaeMOM 3HepreTltt4eCKOM 
IttHTepBane peaKUIttH npOTeKalOT rIlaBH~M o6pa30M 4epe3 o6pa30BaHltte 
KOMnaYHA-flAep. 3KCneplttMeHTaIlbHafl $YHK~lttfl Bo~6ymAeHlttfl 113Cd(p,3n) 
peaKUltt 1tt xopowo corIlacyeTcfl C pac4eTHoi1 KaK no $OpMe, TaK 
lit no- a6COIllOTHbiM 3Ha4eHVtRM BeIlltt41tlH !pIlfC. 2/. B CIlY4ae 
114Cd(p,4n} 111 In /plttc.3/ 3KCneplttMeHTaIlbHbie Ce4eHl4fl nepexpuaac'r-: 
CR paC4eTH~M.\II no Bcei1 IttccIleAoBaHHoi1 3Heprerltt4ecKoi1 06IlaCTM. 
npo r aaononoxuaa curya ~IItR Ha6IllOAaeTCfl AIlfl peaKI..lMItt 114 Cd(p,n )114mln. 
3AeCb CneAyeT OTMeTIttTb, LiTO paCCMaTplltBaeTCfl 06pa30BaHl1e TOIlbKO 
114 mIn, TaK KaK ce-ie-ure o6pa30BaHlttfl 114 In /T Y2 = 72 c/ HeItt3BeCT­

HO, Vl OHO He onpeAeIlRIlOCb B 3T0i1 pa60Te. 

B• BblX0 A bl 11 1In' Itt 114m In 

111 114m.Buxonu In Itt In , \Il3MepeHHbie B flAepHblx peaxuaax Ha MItt­
weHflX nplttpOAHOro KaAMlttfl \II KaAMlttfl, o6orallleHHoro 1tt30TOnaMl1 113Cd 
Itt 114Cd , KaK <pyHKUlttfl 3Heprltt\l1 npo'rouoa , np\l1BeAeHbl B Ta5Il.3-5 
Itt Ha p\l1c.4-6. OWltt6Ka onpeAeIleHVlR B~xoAOB paBHa ±20% Itt BKIl104aeT 
Te me HeonpeAeIleHHOCTItt, KaK Itt npltt onpeAeIleHltt1tt Ce4eHItti1 peaK~Itti1 
o6pa30BaHlttR 3TlttX HYKIlIttAO~. 
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3AKnI04EH~E 

Bnepsue 1Il3MepeHbi $YHKltllllll B036Y>KAeH~H peaKltlll~ 113Cd(p,3n)111 In.. 
114Cd(p,4n)111In 1tJ 114Cd (p, 4n ) 114m In nplIl 061lY4eHIIllll MlIlweHe~ Ka,QMIIlH, 
o6ora~eHH~x 1Il30TOnaMIIl 113Cd III 114~d, npOTOHaMIIl C 3Heprllle~ 

f S 65 M3B. nOKa3aHa B03MO>KHOCTb nonY4eHIIlH OTHOCIIlTenb~O 60~bWIllX
I. Konlll4eCTB 1111n npH o6nY4eHIIllll 3TIIlX MlIlweHe~ Ha ~30XPOHH~X IIlnlll 

nlllHe~HblX ycxoparennx C 3Heprllle~ 4aCTIIllt - 65 M3B. 
nOnY4eHH~e pe3ynbTaT~ nOKa3~Ba~T, 4TO 1113 o60ra~eHHoro Ka,Q­

<, 
MIIlH 113Cd MO>KHO nonyqnr s 111 In C 60nee BblCOKIIlM BblXOAOM III C 0THO­

"d' 
<, CIIlTenbHO 6oJ1ee HIIl3KIIlMIIl nplllMeCHMIIl /Ha O,QIIlH-,QBa nopanxa/ 11.4mIn 

::a 
E-< no cpaBHeHIIl~ C MlIlweHb~ 114Cd. C ltenb~ YBenlll4eHIIlH B~xo,Qa I1tfu 
c 

\D MO>KeT 6~Tb IIlCnOnb30BaHa TaH,QeMHaH KOMCTPYKltlllR MlIlweHIIl 1113 o6ora­
(1j ~eHHoro / 113 Cd III 114Cd/ Ka,QMIIlH.
0. 

D:l 
o 
E-<	 B 3aKn~4eHlIle as ropu Bblpa>Ka~T 6narO,QapHOCTb r pyrme I..l~KnOTpo­
(1j 

E-< Ha Y-Z40 /KlIleB/ 3a npOBe,QeHlIle 06nY4eHIIl~, B.D.5pY,QaHIIlHY
 
,.Q 

III A.$. HOBropo,QOBY 3a 06ecne4eHIIle pafio'ru 1Il3MepIllTenbHO-BbI4I1lCnlll­

~ TenbHoro lteHTpa OT,Qena, O,QIIlH 1113 Hac /3.Pypa>K/ B~pa>Ka~T'6naro­(Y') 

Q) 
0. ,QapHOCTb B.r.KanIllHHIIlKOBY 3a IIlHTepeC III nO,QAep>KKY pa6o~~. 

'::s:
Q) 
::;::
 
::f
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3a~ueBa H.r. HAP. 
~YHKUHH Boa6Yll(AeHHR peaK4HH 113,114,n p

14P·Cd(p,xn )1 11In 

H auxona I11ln npa 0611Y4eHHH MHweHeH KaAMHR 
nporoxaau c 3HeprHe~ - 65 M3B 

MeTOAOM CTonKH ¢ollbr HaMepeH~ ~YHK4HH B036Yll(AeHHR 
H 11"'cd(p,4n )111 In peaKl.\HH B 3HepreTH4ecKoM HHTepBalle 

P6-88-911 

11SCd(p,3n)11IIn 
63 -.3 M3B. 3KcnepHMeH­

TallbH~e peaYllbTaT~ cpaBHHBa~TCR c TeopeTH4eCKHMH $YHK4HRMH Boa6yll(AeHHR, pac­
C4HTaHH~MH no nporpaMMe ALICE, oCHoBaHHoH Ha rH6pHAHOH MOAellH RAepH~X peaK­
UHH. B TOM ll(e 3HepreTH4ecKOM HHTepBalle onpeneneuu 3<l><tleKTHBHble ce4eHHR 

pn 14 PCd(p,xn) 111 In peaKl.\HH. Onpenerieuu auxonu I11ln H KOllH4eCTBO npHMece~ 
p114mln B TOHKHX H TOllCTblX MHweHRX rt a Cd , 114 Cd H n 14PCd, 0611Y4eHHblx npOTOHa­

MH c Ha4allbHoH 3HeprHeH 63±1 M3B. KYMYllRTHBHble BblXOAbl 1111n H3 3THX MHweHeH 
6~llH paBH~ 16,7; 15,7 H 10,4 MKH/MKA-4 COOTBeTCTBeHHO. Paapa60TaH MeTOA pa~ 

AHOXHMH4eCKoro BblAelleHHR HHAHR B COCTORHHH 6ea HOCHTellR Ha 0611Y4eHHo~0 KaA­
MHR, OCHOBaHH~H Ha paallH4HOM nOBeAeHHH HOHOB HHAHR H KaAMHR B CHCTeMe KaTHO­
HHT AaY3KC 50x4 - paCTBopbl BBr pa311H4Ho~ KOH4eHTpa4HH. OnpeAelleHa paAHOHYK­
llHAHaR 4HCTOTa KOHe4Horo npenapaTa Illln 

Pa60Ta aunonueua B Jlafioparopaa RAepHblX np0611eM OHHH. 

I1penpHHT 061>eAHHemlOro HHCTHTYT8 anepusix accnenoaasaa. )ly6H8 1988 

nepeBo 

Zaltseva N.G. et at. 
Excitation Functions and Yields 
Using l1S,114,na.t Cd(p,xn)l11In 
Protons 

Excitation functions for ~he 

p6-88-911 
for l11 ln Production 

Reactions with 65 MeV 

l1SCd(p,3n)111 In and 114Cd(p,4n)l1fln reac­
tions were measured by the stacked-foil technique In the energy range from 
63 to 3 MeV. The results were cpmpared with theoretical calculations based 
on the hybrid model using the well developed computer code ALICE. For the 
same energy range, the effective cross-sections were determined for the 
n&cCd(p,xn)111 In reactions. At the Initial proton energy of 63 MeV for pro­
duction of I11ln from l1SCd, 114Cd and nUCd the cumulative yields were found 
as 16.7; 15.7 and 10.4 mCI/~Ah, respectively. The contamination of the unde­
sired nucllde 114mln was determined. The carrIer-free 1111n activity was sepa­
rated from the cadmium cyclotron-target by procedure based on Ion exchange 
chemistry. The radlonucl Ide purity of the final radlolndlum was determined. 

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