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P6-94-402 

, IIpoBeAeHa 3KCnepHMeHTaJihHaSI ou;eHKa IlOJiyqeHHSI 1231 B peaKD;HH 
.1 24Xe (y, n) 123Xe,=> 1231 Ha JiirneiiHOM ycKopHTeJie sJieKTpoHOB JIY3-40 

(JIH~ ~M.Cl>p;11Ka). MHmeHh H3 npHPOAHOro KceHciHa (5 r/ cM2) cTaHTaJIOB~M . 
KOHBepTOpOM(3:3 r/cM2). o6JiyqaJiaCh CpeAHHM TOKOM3JieKTpOHOB 40,4 MKA C 
;·Heprn~H 31 MsB. B nepecqeTeHa 124Xe C 06ora~em1eM 100% BeJIHqHHa 

' ' ,, '·1 ' ' '' ,· . 

'Hapa6oTKH 1231 COCTaBJISIJia 70 MKH/qac .. (± 20%). IloKa3aHO, qTo 
HHTeHCHBHOCTb 'H ·. ~mepmSI 3JieKTpOHHOI'O nyqKa JIY3.:,4o . AOCTaToqHhI' AJISI . 
np0H3BOACTBa He M~Hee 2 KH 1231 3a ceaHc Ha MoMeHT H3B.iJeqeHHSI ero H3 

' . . . , . ' 
MHmeHH. '. 

· P~6oTa BhIITOJIHeHa B, Jla6opaTOpHH 51AepHhIX npo6~eM 0115111. . . . ' . ' . , 

... • : . . . 

'Coo6U1eH11~ Ot'n.e;i11HeH~ciro 11HCT111)'Ta l!]lepHblX liCCJie;ioB~lll-lH. ,IJ;y6Ha, 1994 ... 
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Production of 1231 by Photonucl~ar Reactions on Xenon. 
atLinacLUE-40 of FLNP JINR. . . 

•• ', • I ,' f >~ . ',.' 

The 1231 yield was measuredexperimentallyfor 124Xe (y,n)'-123Xe => 1231 
reaction at Hnac LUE.:40 of Fr~nk Laboratory of Neutron . Physics 
(Ee=}I MeV and 40.4 µA intensity). T.h.e gas target with natur~l xenon 

(S·g/ cm2) was irradiated by bremsstrahlung beam generated via Ta convertor 

(3,3 g/cm2). '.fhe 1231 yield &om 10Q% eriri~hed 1,
24Xe extrapolated f~om our 

experimentally dete~ined data using .. natxe, , amonts to 70 · mCi/h. · 
Consequently as shown in the paper the intensity and energy of electron· beam 
of LUE.,.40 make it possible the production rate of 1231 equal 2 ·Ci EOB for 
irradiation time. · · · · 

The investigation has b~en performed at the-Laboratory of Nuclear Prob-'-
lenis, JINR. . . . 

, . .. . . ' 
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l.BBeJJ;eHne 

ll30TOII 
123

1, 51:JJ;epHo-¢~:mqecKHe xapaKTepH~THKH KOTOporo (Tu/= 13 ~. 

E, = 159 K3B, 82 % Ha picrraJJ;) CTHMYJIHpOBtl.JIH ~JaqHHa51 C 1962 r. [l ] ero 
' y ; ,:. ' ' ' . ' .. ,' . . :,· ' . ·. . ' .·• 
nrnpoKoe rrpHMeHeHHe B 51:JJ;epHOH MeJJ;HIJ;HHe JJ;JI51 JJ;HarHOCTHKH pa3JIHqHhIX 3a6o"". 

JieBaHnii: (m;HTOBHJJ;Hoii: )KeJie3hI, ~eqenn', rroqeK, ·cepJJ;u;a, Mo3ra, oiiyxoJieii:); 

MO)KeT 6biTh rroJiyqea ··c Han6oJihmeii: CTenetthJO paJJ;HOHYKJJHJJ;Hoii: qncTOThI rrpn 

06Jiyq~HHH 124Xe ~ pea,KIJ;H,51}(; ·, . . . . . 
,. ' ' ., 

124xe'(p, 2n) 123cs => 123xe (1) 
,,,,; 

')24xe (p 'p ) 123xe ·=>1231'. 
" . ' n , ' - '. ' ' '. '.'',, 

(2)' 

., 124Xe(y, n) 1,23Xe .;173I; - -· 

124xe (y, p) 1231, 
, > ' ' ' 

I:, 

Bo31,1o~HocTh .· HHJJ;ycTpnaJihHOro 'noJiyq~HH51 BhlCOKcio6orameriaoro _ 124Xe '' 

(99 % >': rrpnBeJia K KOMMepqecKOM)' npOH3BOJJ;CTBY 60JiblliHX KOJIHqecTB (> > · 1 Kn ' 

' 3a c~attc ~6Jiyq~Hmi) y~hTpaq~cTO~ 1231. -B HaCT051~ee BpeMR TaKoii: 'cnoco6 
., , . 123 . 124 · ,· • . · · · . 

npon3BOJJ;CTBa · .· I H3 .. Xe iiaJia)KeH B r.rnpoBoii: npaKTHKe _Ha npoTOHHhIX yc-

KopnTem1x cE '::; 30 M3B B KapJicpy3 (CIJPf)' BaHKyBepe (KaHaJJ;a) ,-3ii:HJJ;XO-, 
. . .. . . . p :.· ,• . . '," . . . ' ", 

BeHe .<foJimiHJJ;n51) (2-;-4]. B 1987-:-89 rr. CIIIA n .slr,ioHH51 KyrinJin HeMeu;Ky10 

TexHo.i10rn10 (2 l n BHeJJ;puJin ee B ,npon3BOJJ;CTBO. B 1988 r. B ·PHU «Kypqa­

TOBCKHii: .· HHCTHTYT» 6bIJJa 3aKOHqeHa pa3pa6o;i<a' T(!XHOJIOI'HH 06Jiyqeu1rn" 
124

Xe Ha IJ;HK.n~Tl)OHe ~ Il;Jiy.ieHH51 12~1 H Haqa;bl pa60TbI no ~~, BHeJJ;p~~HJO, 
. 3imepiiieHHh~e B 1994 r~ ' [ 5 ]. . . .· ·,_. ' ' ' ; ' . . . _.- . '' ' ' ' 

iI:m1,KpynHo;-1acmTa6Horo npo~3BO~CTB? qncroro 12~1 H3 KCeHOHa B03MO~eH 

ew;e OJJ;HH DYTh; JJ;O KOHIJ;a IlOKa npaKTnqecKH HHKeM He peaJJH30BaHHbiii:: HCilOJib-

, 30BaHne - · QJ0;051JJ;epHOH> . -'• peaKIJ;HH 124Xe.(y, n),123Xe => 1231 • , ,-- (6--9 ] . 

. fI pmiaBoii'll:reJihHOCTb , B .• 3TOM Oiy'-lae · HH)Ke (npnMepHO.' HeCKOJib~O, JJ;eC,SITbIX 
. '. ' ~· ' . ' - . '' ' ' , ' ' ' ,, . . 
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MKn/(MKA•q) rro cpaBHeHHJO c peaKu;neii: (p, 2n) (Ao ~10 MKn/(MKA•q)), HO 

ycKOPHTeJIH 3JieKTpOHOB MOryT KOHKypupoBaTh C IJ;HKJJOTPOHaMH, T.K: 

CTOHMOCTb HX H3rDTOBJieHH51 H 3KCilJJyaTaIJ;HH cymeCTBeHHO HH)Ke, qeM npOTOH-

HhIX. Pa3pa6~TKa TeXHOJIOrHH IIOJiyqeHH51 
123

1 H3 o6orameHHOro 
124

Xe npn 

o6JiyqeHHH KCeHOHa TOpM03HhIM H3JlyqeHHeM Ha 3JieKTpOHHhIX YCKOpHTeJI51X 

Tpe6yer pemeHH51 TeX )Ke npo6.neM, qTo H H" rrpoTOHHhIX IJ;HKJJOTPOHaX, a HMeH:. 

HO: o6ecrreqeHH51 HMe)KHOCTH pa60Tbl r.rnmeHH, aBTOMaTH3aD;HH yrrpaBJieHHSI 

BCeM rrpou;eccoM o6JiyqeHH51, C03JJ;aHirn cncreM KOHTpOJJsi Momaocrn JJ;03hl 

HOHH3Hpy10m,ero H3JiyqeHH51, TeMnepaTyphI H JJ;aBJICHH51, CHCTeMbl Mep 6e3onac­

HOCTH B CJJyqae aaapnii:HblX CHTyau;nii: H, HaKOHeu;, aBTOMaTH3HpOBaHHOH 

JJ;HCTaHIJ;HOHHOH CHCTeMhl rrpoBeJJ;eHHSI PMHOXHMnqecKoro BbIJJ;eJieHH51, oqnCTKH 

n KOHu;eHTpnpoaaHH51 u;eJieBoro paJJ;HOHYKJJHJJ;a B qmpMe, Heo6xoJJ;HMOH JJ;JI51 

noCJJeJJ;yJOw;ero npnrOTOBJieansi paJJ;HO!papMau;eBTnqecKnx npenapaTOB. 

Uenh npoBeJJ;eHHOro 3KcnepnMeHTa 3aKJ110qanach a onpeAeJieHnn BeJIH­

qnHhI Hapa6oTKH 
1231 B QJOTOSIJJ;epHhIX peaKIJ;H51X 

124Xe(y, n) 123xe 2,08 q- 1231 (13,1 q) 

/3+ . , 3.3. 

npn o6JiyqeHHH npnpOJJ;HOro KCeHOHa (0, 1 % 124
Xe) Ha nyqKe TOPM03HhIX !pOTO­

HOB ycKopnTeJI51 JIY'.3-40 JIH<l> 011.5111. 3Ta BeJIHGHHa SIBJI51eTCSI 6a3oBoii: npn 

ou.euKe B03M0)KHOCTH KOMMepqecKoro HCllOJih30BaHHSI JIY'.3-40 AJISI npOH3BOA-

CTBa KOpoTKO)KHBymero PMHOHYKJJHJJ;a 1231 c u;eJihJO ero AaJihHCHIIIero npnMe­

ueumI B KJJHHHKax. 

2. 3KcnepnMeHT 

B 3KCnepnMeHTe HCilOJib30BaJIHCb: 

1) JinueiiHhlii: ycKopnTeJih 3JieKTpoHOB JIY'.3-40, 

2) MHIIIeHHOe ycrpoHCTBO, BKJJJOqasi ra30BYJO MHlliCHb - KaMepy o6Jiy-

qeHHSI KceHoua, oHa )Ke KaMepa pacnaAa 123Xe, 

3) CHCTeMa KpnoreHHOH 3arpy3KH H Bhlrpy3KH KCeHOHa, 

4) cncreMa H3BJJeqeun51 1231 H3 KaMephl pacrraJJ;a, 

5) CHCTeMa KOHTpoJI51 KaqeCTBa 1231, 
6) KOMMYHHKaIJ;HOHHa51 CHCTeMa, 

7) paJJ;no6noJiornqecKa51 3aw;nrn. 

faMMa-KBaHTbl reHepnpoBaJIHCb 3JieKTpOHHblM rryqKoM C E = 31 M3B H 
, e 

cpeJJ;HHPd TOKOM le= 40,4 MKA. 3JieKTpoHbI TOpM03HJJHCb B ey-KOHBeJ)Tope, CJJ;e-

JiaHHOM H3 TaHTaJia TOJIID;HHOH 2 MM (3,3 r/ CM2). 06w;asi: rrpoJJ;OJl)KHTeJib~OCTb 

~ 
____ .,_,, 
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• 
pa60Thl YCKOPHTeJUI COCTaBmma 9 11acon, H3 HUX 7 11acoB (- 80%) 06.11y11a.n:ach 

MHmeHh. 

3a KOHBepTopoM, Ha paCCT051HHH 5 MM, pacno.11ara.n:ach MHmeHh H3 Hep)Ka-

Berom;eii CTaJIH OOO>eMOM .so c:r.i, c BHyTpeHHHM AHaMeTpOM .27 MM H TOJIIIl;HHOH 

CTeHOK 2 MM. l\.iHmeHh COAep)KaJia OKOJIO 30 r npnpOAHOI'O KCeHOHa nOA AaB­

JieHHeM 100 aTM npH KOMHaTHOH ~eMneparype •. Bo BpeMSI 06.11y11eHH51.3TO AaB­

JieHHe nOBhlillaJIOCh AO 200. aTM. KoHTPOJih 3a AaBJieHIIeM KCeHoHa 

npOH3BOAHJIC51 HenpephIBHO,H AHCTaHIJ;HOHHO. 3anOJIHeHne KCeHOHOM 11 ero Bhl:­

rpy3Ka npoBOAHJIHCh Kpn_oreHHhIM cnoco6oM'. B Te11eHne 06.11y11emrn MHmeHh 

OXJia)K]J;a.n:ach TOIi )Ke caMOH BOAOH, lJ:TO H KOHBepTOp. IloCJie OKOH11aHH51 ceaHca 

06.11y11eHH51 MOIIl;HOCTh A03hl HOHH3npyrom;ero H3Jiy11eHH51 Ha pacCTOSIHHH 5 CM OT 

MHmem1 6h1Jla 13 P / 11. . 

MHmeHh noCJie o6~y~emrn BhIAep)KHBaJIH B TelJ:eHHe 5 11acoB ~.1151 CHH)KeHH51 

o6m;eii aKTHBHOCTH H OAHOBpeMeHHO A.1151 pacnaAa 123Xe H HaKOilJleHHSI 1231. 
IloCJie 3TOI'O I'a30BYIO MHmeHh OTCOeAHH51JIH OT MHmeHHOI'O ycTpOHCTBa H 'AO­

CTaBJI51JIH B PXJI JI.Sill, rAe npOBOAHJIH onepa:u;1rn no nony11eHHIO npenapaTa 
1231. JI:.11n 3TOI'O MHmeHh nOACOeAHH51JIH 11epe3 OTBOAHY~ Tpy6Ky K 6aJIJioHy, B 

KOTOphlll nepeKa11HBaJIC51 KCeHOH. IloCJie YAaJieHH51 KCeHOHa CTeHKH MHmeHH 

o6MhIBaJIH m;e.11011HhIM pacTBopoM OM NaOH) 06111HM om,eMOM 53 MJI. 3TO 6h1Jl 

HCXOAHhIH npenapaT 1231, KOTOphlii .CJIY)KHJI A.1151 ;aJlhHeiimHX H3MepeHHH Ha 

cneKTpoMeTpax c Nal(Tl)- H Ge(Li)-AeTeKTopa::r.rn. 

3. Pe3yJihTaThl 

Pe3yJihTaThl HeCKOJlhKHX H3MepeHHH o6pa3ti;OB 
1231 noKa3aJIH, lJ:TO B yc­

JIOBHSIX npoBeAeHHOI'O 3KCnepttMeHTa no no.11y11eHHIO 1231 B peaKJJ;HSIX (y, n) H 
124 · (y, p) Ha Xe (0,1 % B npttpOAHOM KCeHOHe) 6hIJIO Hapa60TaHO 500 (± 20%) 

MKKH 
1231. To eCTh no.11y11eHHaSI Ha npHpOAHOM KCeHOHe BeJIHlJ:HHa Hapa60TKH 

1231 500 MKKH noKa3hIBaeT, lJ:TO eCJIH 06.11y11aTb npH Tex )Ke YCJIOBHSIX o6ora­

m;eHHhIH 124xe, TO aKTHBHOCTh 1231 MOI'Jla 6bl coc;~BHTh::::: 500 MKH. 

IlocKOJlhKY 3KCnepHMeHT 6h1Jl BhlnOJIHeH He npH. onTHMaJihHhIX yCJIOBHSIX, ~ 

3TY BeJIHlJ:HHY CJieAyeT paccMaTpHBaTh KaK MHHHMaJlhHyro. ·Ilpe)K]J;e BCero, Ha 

JIY'.3-40 JIH Cl> eCTh peaJibHaSI B03M0)KHOCTh nOAH51Th 3Hepmro 3JieKTpOHOB AO 36 

M3B H TOK AO 57 MKA, 11To no3BOJIHT yBeJIHllH~h Hapa66TKY 
123

1B 1,1 H 1,42 

pa3a COOTBeTCTBeH~O. JI:anee, KOJIHlleCTBO 1231 3aB~CHT O_T BpeMeIIH o6~yll~HH51 

(t,) H BpeMeHH OT KOHJJ;a 06.11y11eH1rn AO c6poca KCeHOHa (9. IlpH 0nTHMaJlhHOM 

tb = 13 11 napa6oTKa MO)KeT 6h1Th yBe.11H11eHa B 1,65 pa3a no cpaBHeHnro c tb = .7 11 
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(npOAOmKHTeJihHOCTh 3KCn03HJJ;HH Hamero 3KCnepnMeHTa). TaKHM o6pa30M, 3a 

ClJ:eT 3THX cpaKTOpOB Hapa6oTKY B OAHOM ceaHce MO)KHO nOAH51Th AO 1300 MKH 

(500 (MKH) • ~.1 • 1,42 · 1,65). 

MO)KHO npnBeCTn TaK)Ke AOnOJIHHTeJihHhle OlJ:eBHAHhle cpaKTOphl YBeJIH-

11eHH.sI KOJIHlleCTBa 
1231 B OAHOII napTHH, a HMeHHO: 

a) 3aMeHa TaHTaJIOBOI'O KOHBepTOpa Ha IlJlaTHHOBhIH (1, 14), 

6) H3MeHeHtte KOHcrpyK:u;Hn Mnmt:HH TaKnM o6pa3oM, 11To6bl IlJIOTHOCTh 

KCeHOHa no npo6ery q>OTOHOB 6h1Jla yBeJIHlleHa MHHHMYM B 1,5 pa3a: C 5 r/ CM
2 

AO 7,5 r/cM
2 

(1,5). 

3a ClJ:eT 3THX KOHCTPYKJJ;HOHHhIX pemeHHH aKTHBHOCTh B OAHOM ceaHce· Ha 

BpeM.sI ts MO)KeT 6b1Th AOBeAeHa AO 2200 MKH. 3TOro KOJIHlleCTBa AOCTaTOlJ:HO 

AJI.sI 06ecne11eHH51 H30TOnOM 1231 Bcero MOCKOBCKOI'O pemoHa. 

4. BbIBOAhl 

Pe3yJihTaThl nepBOI'O 3KCnepnMeHTa Ha JIY'.3-40 noKa3hIBaIOT: 

1) npttHJJ;HnHaJihHYIO B03MO)KHOCTh H nepcneKTHBHOCTh opraHH3a:u;ttn Ha 

6a3e 3TOI'O YCKOpHTeJI.sI KpynHOMaCmTa6Horo npOH3BOACTBa 
1231 B KOJIHlJ:eCTBe 

80 + 100 Ktt B I'OA, 

2) Heo6xOAHMOCTh npoBeAeHirn BToporo 3KCnepHMeHTa C y11eTOM BCex cpaK-

TOpOB, BJIH.sIIOIIl;HX Ha yBeJIHlleHHe KOJIHlJ:eCTBa 
1231. 

ABTOPhl 6.11aroAapHhl AHpeKJJ;HH 0115:1]1 3a cp1rnaHCOBYIO IlOA]J;ep)KKY Hamero 

3KcnepttMeHTa H B.M.Jly111HKOBY, B.11.Cl>ypMaHy, B.M.UynKo-CttTHHKOBY 3a 

HHTepec K pa6oTe. 
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