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1. BeeoeHue 

B nocne,IJ,Hee apeMH ace 6onblliHH HHTepec Bbl3biBaiOT 

Jl,IJ,pa, y,IJ,aneHHble OT nonOCbl 6eTa-cTa6HnbHOCTH. 3TOT 

HHTepec o6ycnoaneH TeM, 'ITO npH H3MeHeHHH COOTHOllleHHJl 

Me:>K,IJ,y 'IHCnOM npOTOHOB H 'IHCnOM HeHTpOHOB B Jl,IJ,pe ero 

CBOHCTBa CHnbHO MeHJIIOTCJl, H ,IJ,nJl Jl,IJ,ep B,IJ,anH OT nonOCbl 

6eTa- CTa6HnbHOCTH O:>KH,IJ,aeTCJl nOJIBneHHe HOBbiX THnOB 

pa,IJ,HoaKTHBHoro pacna,IJ,a, HOBbiX o6nacTeii ,IJ,ecjJOpMaUHH, 

HOBbiX COCTOJIHHH. Il03TOMY BeCbMa aKTyanbHbiM CTaHOBHT

CJI BOnpOC 0 B03MO:>KHbiX MeTO)l,aX CHHTe3a TaKHX Jl,IJ,ep. 

0.IJ.HHM H3 cnoco6oa nony'leHHJl Jl,IJ,ep, o6e,IJ,HeHHbiX HeiiT

poHaMH, JlBnBIOTCJl Jl,IJ,epHble peaKUHH, Bbl3biBaeMble YCKO

peHHbiMH TB:>KenbiMH HOHaMH. IlpH CnHJI,HHH TB:>Kenoro HOHa 

C B)l.pOM-MHilleHbiO o6pa3yeTCJl, KaK npaBHnO, COCTaBHOe 

B)l.pO, KOTOpoe y:>Ke HMeeT HeKOTOpbiH He)l,OCTaTOK Heii:TpOHOB 

no cpaaHeHHJO c HyKnH,IJ,aMH, ne:>KaiUHMH Ha nonoce 6eTa

cTa6unbHOCTH. B npouecce ,IJ,eBo36Y:>K.IJ.eHHB cocTaBHoro B,IJ,pa 

npOHCXO)l,HT npeHMyll(eCTBeHHOe HCnapeHHe HeiiTpOHOB, KOTO

poe npHBO)l,HT K eme 6onbllleMy o6e,IJ,HeHHIO Jl,IJ,pa HeHTpOHa

MH. O,IJ,HaKo no Mepe o6e,IJ,HeHHJl B.IJ.pa Heii:TpoHaMu ao3pa

CTaeT 3MHCCHJI npOTOHOB,KOTOpag orpaHH'IHBaeT B KOHe'IHOM 

HTOre B03MO:>KHOCTb nony'leHHB CHnbHO HeHTpOHO.IJ.e<iiHUHTHbiX 

B,IJ,ep. 

XoTB K HaCTOJIIUeMy apeMeHH HMeeTCJl 6onbllloe 'IHcno 

pa6oT no B,IJ,epHbiM peaKUHJIM no,IJ, ,IJ,eHCTBHeM TB:>KenbiX HO

HOB, O,IJ,HaKO ny6nHKaUHH no 3aKOHOMepHOCTBM o6pa30BaHHB 

B,IJ,ep C CHnbHbiM ,IJ,e<iiHUHTOM HeHTpOHOB H3BeCTHO HeMHOrO. 

K 'IHcny nocne.IJ.HHX MO:>KHO OTHeCTH pa6oTbl /1. 2 I. B pa6o

Te /I/ npoaHanH3HpOBaHbl 3KCnepHMeHTanbHble ,IJ,aHHble no 

BbiXO)l,y HeiiTpOHO.IJ.e<iiHUHTHbiX H30TOnOB KCeHOHa, 6apHB 

u uepHB; a pa6oTe /2/ npHBe,IJ,eHbl peJynbTaTbi pac'leToa 
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ceqeHHB o6pa30BaHHH HeBTpOHO.D.elPH:U:HTHbiX HyKnH.D.OB 
B peaK:U:HHX nO .D. .D.eBCTBHeM T H:>KenhlX HOHOB Ha OCHOBe MO
.n.enH HCnapeHHH HyKnOHOB. 

HaMH 6wnu npe.n.npHHHTbi 3KCI1epuMeHTbi c :u:enbiO 
B03MO:>KHOrO nonyqeHHH HOBbiX HeBTpOHO.IJ.edJH:U:HTHbiX H30TO
nOB 3neMeHTOB B o6nacTH 3a CBHH:U:OM. B xo.n.e 3TH X 3Kcne
pHMeHTOB 6blnH nonyqeHbl .n.aHHbie no BbiXO.D.Y HeBTpOHO.D.e
lPH:U:HTHbiX H30TOnOB dJpaH:U:HH H pa.D.OHa, o6pa3yJOI:u;HXCH 
npu o6nyqeHHH upu.n.uesoB: MHIIIeHH HOHaMH 20 Ne .3TH .n.aHHhie 
npe.IJ.CTaBnHJOT HHTepec C TO'IKH 3peHHH O:U:eHKH KOHKypeH:U:HH 
Me:>K.IJ.Y HCnapeHHeM HeBTpOHOB H 3MHCCHeB npOTOHOB npH 
.D.eB036Y:>K.D.eHHH TH:>KenbiX COCTaBHbiX H.D.ep. 

2. MemoouKa :JKcnepuMeHma 

llpuMeHeHHe Macc-cenapaTopa Ha nyqKe 6oM6ap.n.upyJO
Il\HX qaCTH:U: B 3KCnepHMeHTaX no H3y'leHHJO H.D.epHbiX peaK:U:HB 
H ux npo.n.yKTOB .n.aeT .n.ononHHTenbHbie B03MO:>KHOCTH. B qacT
HOCTH, pa3.n.eneHHe npo.n.yKTOB peaK:u;HB: no MaccaM ynpoi:u;a
eT HX H.IJ.eHTHlPHKa:U:HlO H C03.IJ.aeT ny'lWHe ycnOBHH .IJ.flH H3-
MepeHHH ux pa.n.uoaKTHBHoro pacna.n.a. HapH.D.Y c 3THM 
6wcTpaH Mace- cenepa:u;HH HyKnH.D.OB no3BOnHeT onpe.n.enHTb, 
KaKHM cnoco6oM o6pa3osanocb JI.D.po: Henocpe.n.cTBeHHO 
B H.IJ.epHoB peaK:U:HH HnH nyTeM, HanpHMep, a -pacna.n.a. 

B HaCTOHII.\HX 3KcnepuMeHTax .n.nH u.n.eHTHlPHKa:u;uu 
npO.IJ.YKTOB H.IJ.epHbiX peaK:U:HB 6bin npHMeHeH 3fleKTpOMarHHT
HbiB Mace- cenapa TOp Ha nyqKe T H:>KenbiX HOHOB 
3MCHAllTH /3-5/.o6nyqaeMaH MHIIIeHb pacnonaranacb He
nocpe.IJ.CTBeHHO B HCTO'lHHKe HOHOB Macc-cenapaTopa. B Ka-

qeCTBe MHWeHH HCfiOflb30BanHCb .D.Be HPH.D.HeBble dJonbrH, 
O.IJ.Ha H3 KOTOpbiX, TOflll\HHOIO 5 MKM, 6bma ycTaHOBneHa BO 
BXO.IJ.HOM OKHe HOHHOrO HCTO'iHHKa, a .n.pyraH, TOflll\HHOlO 
20 MKM,- BHYTPH KaMepbl HOHH3a:U:HH HCTO'lHHKa BCne.n. 3a 
nepBOB. 

'70 
06nyqeHHe MHIIIeHH npOBO.IJ.HflOCb ny'IKOM HOHOB - Ne , 

ycKopeHHbiX Ha :U:HKnoTpoHe Y-300 .n.o 3Hepruu 200 M:JB. 
llOTOK HOHOB Ha MHIIIeHb COCTaBnHn - 10 I l HOHOB B CeKYH.D.Y. 

HcTO'lHHK HOHOB HarpesancH .n.o TeMnepaTypw-2300° K, 
'ITO o6ecne'lHBano 6biCTpyiO .D.HlPlPY3HlO npO.IJ.YKTOB H.IJ.epHbiX 
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peaK:U:HB H3 HPH.D.HeBOB MHWeHH. llpO.D.YKTbl H.IJ.epHbiX peaK:U:HB 
HOHH3HpOBanHCb . 3neKTpOHHbiM y.n.apOM H cenapHpOBanHCb 
no MaccaM MarHHTHbiM aHanu3aTopoM. HoHw 3a.D.aHHoB: 
MaCChi BbiCa:>KHHanHCb Ha Me.IJ.HbiB npHeMHHK, Henocpe.D.CT
BeHHO Ha KOTOpbiB 6wn HanpaBneH nonynpOBO.D.HHKOBbiB 
Si(Au).D.eTeKTop a -qacTH:U:. TenecHhlB yron, B npe.n.enax 

KOToporo o6ecnequsanacb perucTpa:u;uH a -qacTH:U: cqeT'lH
KOM, COCTaBnHn 10'1o OT 4rr -HMnynbCbl C nonynpOBO.D.HHKO
BOrO C'leT'lHKa nOCTynanH Ha MHOrOKaHanbHbiB aHanH3aTOp. 

3. 3KcnepuMeHmaA&H&Je pe3yA&mam&l 

B 3KcnepuMeHTax H3MepHnHCb swxo.n.w npo.n.yKTOB H.n.ep
HbiX peaK:U:HB, o6pa3yl01l\HXCH npH o6nyqeHHH HOHaMH 20 Ne 
upu.n.uesoB: MHIIIeHH, co.n.ep:>Kall\eB .n.sa H30Tonai; I Ir H I %Ir, 
B npHpO.IJ.HOM COOTHOIIIeHHH l38,5t1o H 61 ,5'1o COOTBeTCTBeH
Hoi. Bwxo.D.bi onpe.n.enHnHcb no cqeTy a - qacTH:U: pa3.n.eneH

HbiX HYKflH.IJ.OB. 
Ha puc. 1 B KaqecTBe unniOcTpa:u:uu npuse.n.eH cneKTp 

3HeprHB a -qaCTH:U: cenapHpOBaHHbiX HyKnH.D.OB C MaCCOBbiM 
qucnoM A = 204 u ux npo.n.yKTOB pacna.n.a. J\nH Kanu6~o.BKH 
no 3Hepruu ucnonh30BancJI npenapaT HJ I

2Bi u I
2

Po 
I Ea = 6,047; 6,0898 H 8,7854 M3B 6J, nonyqeHHbiB 
MeTO.D.OM OCa:>K.IJ.eHHH 3neKTpH'leCKHM noneM 220 Rn ,3MaHH
pyiOI:u;ero H3 nopOIIIKa OKHCH TOpHH. 

H.n.eHTHlPHKa:u;HJI Ha6nJO.n.aeMbiX a -u3nyqaTen.eB: no Z 
npOH3BO.IJ.HnaCb no H3BeCTHbiM 3Ha'leHHJIM 3HeprHB a -qac
TH:U: /7-'J/. Cpe.n.u Bbi.D.eneHHbiX HyKnu.n.os npucyTCTBYJOT npo

.D.YKTbl JI.D.epHbiX peaK:U:HB 204 Fr I E a = 7,03 H 6, 97 M :JBI, 
204 Rnl6,42 M:JBI,204At 15,95 M:JBiu ux .n.oqepHHe H.n.pa-
200 At 16,47 u 6,42 M:JBI, o6pa3osaswuB:cH B pe3ynhTaTe 
a -pacna.n.a 204 Fr ,a TaK:>Ke 200 Po 15,86 M:JBI, o6pa3oBaB-
IIIHBCJI B pe3ynbTaTe a -pacna.n.a 204 Rn. qaCTb JI.IJ.ep 

204
At 

o6pa3osanacb B pe3ynbTaTe 3neKTPOHHoro 3axsaTa204 Rn. 
llpHMeCH COCe.D.HHX no MaCCOBOMY 'iHCny HyKnH.D.OB He 

Ha6nJO.D.aJOTCH. 
Pacna.n. HaKannusaeMhlX Ha KonneKTope Macc-cenapa

Topa HYKflH.D.OB B cnyqae, KOr.D.a BpeMJI .D.H~Y3HH npo.n.yK-
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Puc. 1 .. CneK111P 3Hepzuu a - 'laC111Uij npoOyK11106 JIOepHbiX 
~ peaK!lUU c ..waccoebiM <~UCAOM A= 204 u ux npooyKmoe pac
., naoa. PeaKijUJII91, 193 Ir + 20 Ne . 3HepZUJI UOH06 20 Ne -

200 M3B. TOAUIUHa MUIUeHU 25 MKM. 

TOB peaKI.J;HH H3 MHWCHH KOpoqe HX BpeMeHH :lKH3HH, MO:lKHO 

npe,!l,CTaBHTL 4JopMyJIOH: 

N(t) = Y ,n K [t- .!...o- e-At )1 ., a A ' /1/ 

r.D.e N (t )- qucno a -pacna.D.OB HYKJIH.D.a, 3aperucTpuposaHHLIX 

Ha npHeMHHKe Macc-cenapaTopa K MOMCHTY BpeMeHH t 

nocne Ha'laJia 06Jiy'ICHH.ft- H3MepeHH.ft; Y - BLIXO,!l, HYKJIH,!l,a 

B .ft,!l,epHOH peaKI.J;HH, OTHeCeHHLIH K O,!l,HOH 6oM6ap,!l,upyiOII.J;eH 

'laCTHUe; IJ - 'IHCJIO 'laCTHI.J;, 6oM6ap,!l,HpyrowHX MHIIICHL B 

e,!l,HHHUY BpeMeHH; T/ - nonHa.ft 31}14leKTHBHOCTL MaCe- cenapa

Topa H perucTpupyiOweii annapaTypw; Ka- .D.OJIH a -pacna,!l,a 

B pacna.D.e HYKJIH.D.a; A- nocTOHHHaH pa.D.HOaKTHBHoro pac

na,!l,a. 

4ucno a -pacna.D.OB .LJ.O'IepHero npO.D.YKTa ,!l,aeTCH BLipa-

:lKCHHCM 
A 2 ,...,\ t A 1 ,...,\, t 

N (t)K K [ t ---0-e I )----0-e 2 )I 
I I a2 At<A:r\1) A2(AI~) 

--------------------- ' /2/ 
K [ t - _l_ (1 - e -A I 1

) ] 
al A1 

N
2 

(t) 

r .D.e K 1 - .D.OJIH pacna.D.a / a - pacna.D.a HJIH 3·neKTPOHHoro 

3axsaTa/, npuso.D.Hwero K o6pa3oBaHHIO .LJ.O'IepHero H.D.pa, 

a HH,!l,CKCaMH 1 H 2 npH npHBC,!l,CHHLIX BLIWe CHMBOJiaX OT

MC'ICHLI COOTBCTCTBCHHO MaTepHHCKOe H ,!l,O'ICpHee H,!l,pa. 

PaC'IeT BLIXO,!l,OB npO.LJ.YKTOB B H,!J,epHLIX peaKI.J;H.ftX npo

H3BO,!l,HJIC.ft no 4JopMyJie /1/; y'leT HaKOnJieHHLIX ,!l,O'IepHHX 

.ft,!J,Cp - no 4JopMyJie /2/. 0THOCHTCJILHLIC BLIXO,!l,LI H30TOnOB 

4JpaHUHH u pa.D.oHa, o6pa3yrowuxcH npu o6nyqeuuu upu,!l,uesoii 

MHUICHH HOHaMH 20 Ne C 3Heprueii 200 M3B, ,!l,aHLI Ha puc. 2. 
fiOJIHOH TOJiillHHLI HpH,!l,HCBOH MHWCHH 6LIJIO ,!l,OCTaTO'IHO/IO/ 

,!l,JI.ft CHH:lKCHH.ft 3HeprHH HOHOB
20 Ne ,!l,O BCJIH'IHHLI HH:lKe KYJIO

HOBCKOrO 6apLepa, paBHOrO B na6opaTOpHOH CHCTCMC 

-100 M3B. 
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4. 06cyJKOeHue aKcnepuMeHmaAbHbiX peayAbmamoe 

06pa30BaHHe H30TOITOB 4lpaHD;HJI H pa)J.OHa npH B3aHMO

)J.eHCTBHH HOHOB HeOHa C HpH)J.HeM MO:>KeT npOHCXO)J.HTb 

B pe3ynbTaTe CRHJIHHJI .IJ.BYX CTanKHBaiD~HXCJI JI)J.ep H no

cne)J.yiD~eH 3MHCCHH HeHTpOHOB H npOTOHOB H3 B036y:>K)J.eH

HOrO COCTaBHOrO JI)J.pa. 3HeprHJI B036y)K)J.eHHJI COCTaBHhlX 

JI.IJ.ep 211 Fr H 213 Fr, o6pa3yro~uxc11 no.IJ. .IJ.eiicTBHeM HOHOB 
20 Ne c 3Heprueii 200 MaB, .IJ.OCTHraeT 145 MaB. 3Toii 

3HeprHH )J.OCTaToqHo )J.RJI HCnapeHHJI 9-10 HeHTpOHOB, ecnH 

npHHJITb, qTo )J.RJI HCITYCKaHHJI HeHTpOHa, ITOMHMO 3HeprHH, 

Heo6XO)J.HMOH )J.RJI pa3phlBa CBJI3H HeHTpOHa C 11.IJ.POM, Tpe-

6yeTCJI e~e 4-5 MaB, KOTOphle YHOCJITCJI B BH)J.e KHHeTH

qeCKOH 3HeprHH HeHTpOHa H 3HeprHH conpOBO:>K)J.aiDUUIX 

y-KBaHTOB. llo3TOMY BhlXO.IJ.hl HyKnH.IJ.OB 4lpaH:u;H11 O:>KH.IJ.anHCb 

annoTb .IJ.O H30TonoB .c MaccoBhlMH qucnaMH A = 201-202. 

KaK BH.IJ.HO H3 puc. 2, 201 Fr H 
20~r He Ha6nro.IJ.a10TC11, a Bhl

XO.IJ.hl 6nH3KHX K HHM H30TOITOB 4lpaHD;HJI Manbl ITO cpaBHeHHIO 

C BhlXO)J.aMH COOTBeTCTBYIO~HX H30TOITOB pa)J.OHa. 

Ha6niO)J.aeMoe COOTHOllleHHe BhlXO)J.OB HYKRH)J.OB 4lpaHD;HJI 

H pa)J.OHa MO:>KHO 06'bJICHHTb, ao-nepBhlX, KOHKypeH:o;HeH 

CO CTOpOHbl )J.eneHHJI, 60RbllleH )J.RJI 'HYKRH)J.OB ll!paHD;HJI, BO

BTOphlX, 3MHCCHeH npOTOHOB npH )J,eB036y:>K)J.eHHH COCTaBHhlX 

JI)J.ep ll!paHD;HJI. Iionee )J,eTanbHO yqacTHe 3MHCCHH npOTOHOB 

MO:>KeT fihlTb paCCMOTpeHO nyTeM COITOCTaBneHHJI 3KCITepH

MeHTanbHhlX pe3ynbTaToB c pe3ynbTaTaMH pacqeTa. 

06pa30BaHHe pa3nHqHhlX npO.IJ.YKTOB B JI)J.epHhlX peaK

D;HJIX )J,aeTCJI cne)J.yiO~HM COOTHOllleHHeM: 

Y(xn+yp) :!. xiT G.kfa (E) P (E*,xn+yp)dE, 
k:l I C 

/3/ 

r)J.e Y (xn + yp) - BbiXO)J. HYKRH)J.a B JI)J.epHOH peaKD;HH, co

npOBO:>K)J,aeMOH HCITYCKaHHeM X HeHTpOHOB H y ITpOTOHOB; 

ac (E) - ceqeHHe o6pa3oBaHHe cocTaBHoro 11.IJ.pa; G ik 

OTHOCHTenbHaJI BepOJITHOCTb 3MHCCHH HeHTpOHa (i=n)HRH 

npOTOHa (i = p) Ha pa3nHqHhlX CTyneHJIX (k== 1,2, ··· X+Y) )J,eB03-

6y:>K.IJ.eHHJJ cocTaBHoro JI.IJ.pa; Gn =In/(I~+lp +la +lr); 

G - [' I (r: +f' +I~ +If); P (E*,xn + yp) - BepoJITHOCTb 
p- p n p a . 

nonHoro .IJ.eBo36y:>K.IJ.eHH11 cocTaBHoro JI.IJ.pa B pe3ynbTaTe 

3MHCCHH x HeiiTpoHOB H y npoToHoB. CyMMHpoaaHHe pac-
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npocrpauJieTCJI ua ace B03MO:>KHbie KOM6Hnau;HH oqepe,n
HOCTH 3MHCCHH HeHTpOHOB H npOTOHOB, HHTerpHpOBaHHe 
Be,IJ;eTCJI no BCeMy ,IJ;Hana30HY H3MeHeHHR 3HeprHH 6oM6ap
,IJ;HpyiOIIJ;HX 'laCTHIJ; B MHllieHH. 

Bxo,n;JIIIJ;He B I}JopMynbi /3/ napu;uanbHble wupHHbl ,nnJI 
3MHCCHH HeHTpoua In, npOTOHa Ip H ,nnJI ,neneHHJI If MO:>KHO 
Bbipa3HTb qepe3 napaMeTpbi Bo36y:>K,neuuoro JI,npa ua ocuoae 
cTaTHCTH'IecKoii Mo,nenu ucnapeHHJI, npe,nno:>Kenuoii Baiic
Koni}JoM /II~ H Mo,nenu ,neneuuJI liopa H Yunepa /I 2zB npe,nno
no:>KeHHH 3KCnOHeHu;HallbHOH 3aBHCHMOCTH nllOTHOCTH ypoB
HeH JI,D;pa OT 3HeprHH B036y:>K,neHHJI p(E*) -exp(E*/T),r,ne 
T- TeMnepa rypa JI,npa, H npu 3Hepruu B036y:>K,neHHJI cymecr
BeHHO 60llbWeH noporOBbiX 3HeprHH ,IJ;llJI 3MHCCHH 'laCTHIJ; 
u ,neneuuJI napu;uanbHbie wupHHbi onpe,nenJIIOTCJI cne,nyiO
IIJ;HM o6pa3oM: 

In /Ir -

2 T A2/l 

--- exp [(Br -Bn )/ T I , 
Ko 

N 
I I I - -- exp [ ( B + C V - B ) IT 1 , n p z p p n 

/4/ 

2 2 
r,ne K 0 =h /(gmr 0 ) ; m- Macca ueiirpoua; g- crarucru-
qecKHH I}JaKrop, paBHbiH ,nnJI ueiiTpoua ,n;ByM; r 0 - napaMeTp, 
onpe,nenJIIOIIJ;HH pa,nuyc JI,npa B 3aaucuMocru or Maccoaoro 
qucna; Br - 6apbep ,neneHHJI; B n H B p - 3HeprHH CBJI3H HeHT
poHa H npOTOHa; CVP (C<S:..l ) - 3ctxlleKTHBHaJI BbiCOTa Kyno
HOBCKOrO 6apbepa no OTHOWeHHIO K BbllleTy npOTOHa H3 
ao36y:>K,neuuoro JI,npa. 

B Ka'leCTBe I}JyHKUHH P (E*,xn+yp )MO:>KHO ucnonb30BaTb 
C HeKOTOpbiMH H3MeHeHHJIMH I}JopMyny, nonyqeHHYIO )J.:>KeK
con /I3/ ,nnJI ucnapeuuJI ueiirpouoa. O,nuo H3 H3Meueuu8, 
Koropoe ueo6xo,n;HMO auecTu B I}JopMyny B cnyqae peaKu;Hii 
nony'leHHJI CHllbHO HeHTpOHO,IJ;ei}JHIJ;HTHblX JI,D;ep, CBO,IJ;HTCJI 
K TOMY, 'ITO YCllOBHeM CHJITHJI B036y:>K,IJ;eHHJI COCTaBHOrO JI,D;pa 
,IJ;Oll:>KHO 6b1Tb CHH:>KeHHe 3HeprHH B036y:>K,IJ;eHHJI ,IJ;O BellH'IHHbl 
HH:>Ke 3HeprHH, ueo6xo,n;HMOH ,nnH BbineTa nporoua, nocKonb
KY nopor ,IJ;llH HCnapeHHH npOTOHa H3 HeHTpOHO,D;ei}JHIJ;HTHOrO 
JI,D;pa 6y,neT HaHMeHbWHM: HH:>Ke 3HeprHH CBH3H HeHTpOHa H 
6apbepa ,neneuuH. 
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llpe,nenbuaJI 3HeprHH ( B P + E P ),HH:>Ke KOTopoii 3MHCCHH 
npOTO"Ha OKa3biBaeTCJI HeB03MO:>KHOH, MO:>KeT 6b1Tb onpe,nene
ua KaK 3HeprHJI, npu KOTopoii npouuu;aeMOCTb KynouoacKoro 
6apbepa CHH:>KaeTCH HaCTOllbKO, 'ITO 6onee BepOJITHbiM 
CTaHOBHTCH HCllyCKaHHe y -KBaHTOB. 

PaccMoTpeuue Bblpa:>KeHHJI ,nnH I}JyHKUHH P(E*,xn+ yp /I 3 / 
noKa3biBaeT, 'ITO B 3TOM cnyqae, HanpHMep ,IJ;llH HYKllH,IJ;OB 
I}JpaHIJ;HH H pa,D;OHa C O,IJ;HHM H TeM :>Ke MaCCOBbiM 'IHCllOM, 
MO:>KHO HCnOllb30BaTb 

f ac ( E) P ( E*, xn) dE 

fa (E) P [E*,(x-l)n+lp]dE 
c 

A 

( B P + E P) ,nnH Fr 
-------·,c--
( B +E ),nnH ""Kn 

p p 

/5/ 

Tor,na Ha OCHOBaHHH COOTHOWeHHH /5/ H I}JopMyllbl /3/ OT
HOWeHHH 3KCnepHMeHTallbHbiX BbiXO,IJ;OB COOTBeTCTBYIOIIJ;HX 
HYKllH,IJ;OB I}JpaHIJ;HH H pa,D;OHa MO:>KHO onpe,nenHTb cne,nyroiiJ;HM 
o6pa3oM: 

GniGn2 ··· G nx Y ( AFr) 

y (~) 
-------------------------x 

X 

(Gpl Gn2 .. G nx+ Gni G p2 Gn3" .. Gnx + ... +Gnf···GJix-I't px 

A 
( B P + E P) ,nnH Fr 

X 
(B +E ),nnH Rn p p 

/6/ 

CooTuoweuue /6/ H 3KcnepHMeHTanbHble 3Ha'leHHH Bbl
xo,noa H,nep I}Jpauu;HJI H pa,noua ucnonb30Banucb ,nnH yTO'IneuuH 
HeKOTOpbiX oco6eHHOCTeH 3MHCCHH npOTOHOB npH ,neB036y:>K
,IJ;eHHH COCTaBHbiX H,IJ;ep I}JpaHIJ;HH. fiony'leHHble B 3KCnepHMeH
Te OTHOWeHHH BbiXO,IJ;OB, paBHbie 

y ( 205Fr) / y _(205Rn ) = 0,30; 

y (204Fr)/ y (20'1ut) =0,042;' 

y ( 203Fr) I y ( 203Rn) = 0,012; 
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conocTaBmlnHCh c pe3ynhTaTaMH pacqeTa. Heo6xo.IJ;HMhle 
)J;nJI BhlqucneHHH 3HaqeHHB B n , B p H B f 6hlnH B3BThl H3 
pa6oThl /14/. BhlcoTa KynouoBcKoro 6aphepa .IJ;nB BhlneTa 
npoToua Bhlqucnsnach no o6I.QenpHHBTOH ~opMyne npu r 0 , 
B3BTOM,KaK H B paooTe/13/.paBHhiM 1,2.lo-I3c..w: 

V r = 1,2 Z/(l+AI/3) M3B, 
r.IJ;e Z H A - nopB.IJ;KOBhiH HOMep H MaCCOBOe qucno OCTaB
meroCB nocne 3MHCCHH npoToHa B.IJ;pa. )J,ns oueuKH E P uc
nonh30BanHCh .IJ;aHHhie H3 pa60T no HCCne.IJ;OBaHHIO 3MHCCHH 
3ana3.IJ;h1Baromux npoTOHOB. 113 3THX pa6oT /eM., uanpu
Mep, /15/ / cne.IJ;yeT, qTo 3MHCCHB 3ana3.IJ;hiBaroi.Qero npo
ToHa B o6naCTH TB)I(enhiX 3neMeHTOB(Hg) OKa3hiBaeTCB Me
uee BeposTuoB:, qeM ucnycKauue y - nyqeii: npu E P <j),3 V P • 

3To .IJ;aeT .IJ;nB H3oTonoB 4lpauuus H pa.IJ;oua E P - 4,5 M3B. 
llpH pacqeTaX H30TOnHhiH COCTaB HpH.IJ;HeBOH MHIUeHH 

yqHThiBanCB. 
PacqeThl npoH3BO.IJ;HnHch ua 3neKTpouuoB: BhlqucnuTenh

uoB: Mamuue li3CM -6. 3uaqeuus C u T BaphupoBanuch. 
Haunyqmee cornacue pe3ynhTaToB pacqeTa u 3Kcnepu

MeHTa no BhiXO.IJ;aM H30TOnOB 4lpaHUHB H pa.IJ;OHa Tpex MaC
coBhiX queen A = 205, 204 u 203 6hlno nonyqeuo npu 
C = 0,6 u T = 1,8 M3B. llonyqeuuoe 3Haqeuue C = 0,6 
uecKonhKO HH)I(e auanoruquoB: Benuquuhl, uaB:.IJ;euuoB: B pa-
6oTe I I/ .IJ;nB ueB:Tpouo.IJ;ell!uuuTHhiX s,nep B o6nacTH Kceuoua
uepHB. 34xlJeKTHBHaB BhiCOTa KynoHOBCKOrO 6apbepa .IJ;nB 

BblneTa npOTOHOB H3 B.IJ;ep ll!paHUHB B KOHKypeHUHH C npo
uecCOM HCnapeHHR HeHTpOHOB, OTBeqaJOI.QaB C = 0,6, co
CTaBnBeT 9 M3B. 3To o3uaqaeT, qTo B o6nacTH A -205 
34l¢eKTHBHaB 3HeprHB CBB3H npOTOHa B H30TOnax ll!paHUHB 
CTaHOBHTCB paBHOH 3HeprHH CBB3H HeHTpOHa H 3MHCCHB 
npoTOHOB uaquuaeT KOHKypupoBaTh c ucnapeuueM ueii:Tpo
HOB npH .IJ;eB036y)I(.IJ;eHHH B.IJ;ep, npenBTCTBYB TeM CaMhiM 
o6pa30BaHHIO HeHTpOHO.IJ;ell!HUHTHhiX H30TOnOB 4lpaHUHB C 
MaCCOBhiMH qucnaMH, MeHhiUHMH 205. 

3aMeTHM, qTo nonyqeuuas Benuquua C = 0,6 xapaK
Tepu3yeT C060IO 34l¢eKTHBHYIO Benuquuy KynoHOBCKOrO 
6aphepa no OTHomeHHJO K ucnycKauuro npoToua ua Bcex 
3Tanax .IJ;eB036y)I(.IJ;eHHB cocTaBHoro s,npa, uaquuas oT ua
qanhuoB: 3HeprHH B036y)I(.IJ;eHHB H KOHqas noqTH OCHOBHhiM 
COCTOBHHeM. Ha nocne.IJ;HeM 3Tane ,neB036y)l(,neHHB, KOr.IJ;a 
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OCTaToquaB 3HeprHB B036y)I(.IJ;eHHB B.IJ;pa CTaHOBHTCB MeHh
IUe 3l{epruu CBB3H ueii:Tpoua( E * < B n ),Ho ocTaeTcB 6onh
meB:, qeM B p+0,3 Vp ,ucnapeuue ueii:Tpoua CTaHOBHT.CB ue
B03MO)I(HhiM, a ucnycKauue npoToua 6y.IJ;eT 6onee BeposT
HhiM, qeM 3MHCCHB y -KBaHTa. Ha 3TOM 3Tane ucnycKauue 
npOTOHa HMeeT OTHOCHTenhHO BhiCOKYIO BepOBTHOCTh 
( G >> G ) , cooTBeTCTByromyro oqeuh HH3KOH Benuquue 

p n 
y,nep)I(HBaromero npoToH KynouoocKoro 6aphepa. 3THM 341-
ll!eKTOM, no- BH)J;HMOMY, MO)I(HO 06bBCHHTh nOHH)I(eHHYJO Be
nuquuy KynoHOBCKoro 6aphepa .IJ;nB BhlneTa npoTOHOB npu 
o6pa30BaHHH CHnhHO HeHTpOHO,nell!HUHTHhiX B,nep. 

ABTOphi Bhipa)l(aJOT rny6oKyro 6naro.IJ;apuocTh aKa,neMHKY 
r .H.cl>nepoBy 3a BHHMaHHe K pa6oTe. ABTOphl 6naro.IJ;apBT 
TaK)I(e A.H.lio6poocKyro u H.C.HBaHoBa3a noMomhBnpoBe,ne
HHH HaCTOBmHX 3KCnepHMeHTOB. 
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