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1. OonaCTb pacnpoCTpaHemur H MexaHH3Mbl npOTOHHOI'O pacna1:ia 

paimoaKTHBHb!X smep 

TTpoTOHHhiit pacnaA - srnnemrn, CBOHCTB0HHOe Heli:Tp<;JHOAe<pllllHTHhlM H30TonaM, 

3HaqHTelll>HO ~naneHltblM OT nnHHH ~ -CTa6HnbHOCTR. TipeACKS38HHSI OTHOCHTenbHO 

o6naCTH pacnpPCTpaH8HHSI 9TOI'O gsneHHSI H ero CBOiiCTB HCXOAm' H3 nonysMnn-

pnqeCKHX MliCCOBhlX 3SKOHOMepHOCTell-~ · o630IJ KOTOpbIX npllB8ll8H B nepB9ii rnaBe 

mrccepTaimn • 

B03MO:lKHhl trecKOJlbKO M8XSHK3MOB npOTOHHOI'O pacnru:1a Mep: 

1. Hc~KaHHe ·npOTOHa 113 OCHOBHOI'O COCTORHHSI. TTepHOA nonypacnaAa aTKX 

RAep MO:lK8T OKa3aTbCSI cymecTBeHHO 6om,me Mepaoro BpeMeHH K3-3a AeilCTBttSI 

KynoHOBCKOI'O n neirrpo6e:lKHOI'O 6apbepOB. 

2. TTpoTOHHhlii pacnaA K3 0:30MepHbIX CQCTORHHii ·C BbICOKHM ·CilHHOM. 

3. .llByxnpOToHHhiii pacnaA. Tipe1:monaraeMoe cymeCTnoaanne Taxoro pacnana • 
RBmieTCSI cneACTBU:eM a<p<peKTa cnapHBaHHSI. 

4. HcnycKBHHe 3ana3llbIBaIOmHX npOTOHOB: Ha nepBOM aTane npoo:CXOAIIT .n03H

TpOHHblii pacnan (1IH60 K -38XBaT) C BbICOKOH aaeprneii, ·aa BTOPOM - BhineT npo

TOHa H3 BD36y:lKI18HHOI'O COCTOBHHSI ixoqepaero l!I1pa. 
\, 

Bonpoc O IlPOTOH.EtOM paCl!M8 RA8P paCCMBTpHBancsr pa3nH'llthlMK BBTQpBMll. 

B o6nacTn RAep c Z < 50, KOTopasr cqnTanacb Han6onee nepcneKTRBHol!: ~nsr 96na.:: 

py:lKeHHSI 3TOI'O gsneansr, aaeprnsr CBSI3H n}10T0Ha npn IlOCTOSIHHOM . Z pe3KO yMeHb

maeTCSI C YM8HbllI8HHeM 'lHCna HeiiTpOHOB. noaTOMY B8pOSITHOCTb o6aapy:lKHTb npo-

TOHHhlli paCnBll K3 OCHOBIIOI'Q ·coCTOSIIIKSI C H3MepHMbIM BpeMeHeM :lKH31IK 

. ' ~2 + 
0,1 > r > 10 cex - HeBennKa (ecnu: r > 0,1 ceK, ~ -pacnaA 6onee ne-

P p 

poSITeH, qeM p. -pacnan) • Boiiee 11epoSiTHoe RBJieHne - 3MHCCHSI 38Il83IlhlBBIOIIlKX 
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" 
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rrpoTOHOB. Ecn11 aaeprm1 f3 -pacrraAa AaHaoro ll30TOIIa paBHa ~{3o ., a aaeprm1 

CBSI3U npOTOHa B AO'lepHeM SIApe B 
p 

CKaTbCSI rrp11 ycnOBllH Q/3 0 ~ B P + E P 0 

, TO 3aIIa3AbIBaIOm11e npOTOHbl 6y,:ryT 11crry

, :EP O - s1Ieprm1 npQ'tolllIOl'O pac11aAa A0-
-14 . 

qepaero SIApa, COOTBeTCTByIOmaSI r D .. 10 CeK. YKa3aHHOe -YCJIOBlle .BbITeKaeT 
~ . 

113 Tpe60B8HHSI, 'i'l'.'O rrocne f3 -pacna.r:ta AO'JilKlibl 3aCeJl£1'bCSI .TaKlle .ypQBHll ·AO'lep--

aero SIApa, npOTOHHaSI mnp11Ha KOTOpbIX Re MeHbme paAHaUHOHHOll:. 

/2/ . 
HaMH µpOBeAeHbl . oneHKU B03MOlKHOCTll IlpOTOHiIOI"O pacnaJ::ia SIAep TSilKenee 

OJIOBa. Tipn Z > 50 11eo6xo.tmMO y'IHTbIBaTb KOHKypemmIO co CTOpOlibl a -pacrraAa, 

KOTOpb!ll: MOlK_eT Ob!Tb 3.[{eCb OCHOBHbIM BHAOM paAnoaKTHBHoro rrpeBpameHHSI. 0Ka3a

Jl0Cb, OAHaKO, 'ITO HCrryCKaHne IIpOTOHOB AOJilKHO Ob!Tb OCHOBHl,iM BllAOM paAHOOKTHB-
. . . 

HOI"O pacrrana Hell:TpOHQAe~HllllTIIbIX H30TOIIOB BCeX aneMeHTOB BIIJIOTb AO BHCMYTa. 

3aMeTHaSI KOHKypeHUHSI co CTOpOHbI a ~pacnana MOlKeT npoSIBHTbCSI Jlllmb AJISI SIAep 

C 'IHCJIOM Hell:TpOHOB HJlll npOTOHOB, HeCKOJlbKO IIpe.BbIWaIOmHM MaI"H'l:ec11:ne 'IIICJla 

50 n 82. l130TOIIhl, KOTOpble OYAYT ncnyCKaTb· Ilpll paAHOaKTHBHOM pacnatte IlpOTOHhl, 

o6pa3YIOT o6mripHyIO OOJiaCTb, KOTOpaSI IIOKa3alia Ha PHC. 1. C yBenn'leHneM z aJiep

I"HSI CtlSI3U IIpOTOJia BC0 6onee miaBirO 38BHCll'X" QT 'JllCJIB .HeiiTpOJIOB. TIOS'l"QMy A;JlSI 

KalKAOI"O aneMeHTa TSilKenee OJIOBa MOlKIIO YK83£iTb OT ABYX AO '10Tblpex H3QTOIIOB, 

YAOOHbIX AJlSI ll3Y'Ie.Hllst IlpOTO.HHoro pacna.r:ta ll3 OCHOBHOrO· COCTOSIHIUI 

-1 -12 . 
( rp.,, 10 - 10 ceK). TaKHe H30TOIIbl' HMeromne Re'leTHQe 'IHCJIQ IlpOTOHOB, 0003-

Ha'leHbl Ha pnc. 1. Ilpn aHann3e BOIIpoca 06 SMHCCHH 3aIIa3/lb!BaIOmnx IIPOTOHOB TSilK0-

nee onoaa aeo6xon11Mo y'JHThlBaTb BJlllSilille 6om.moro xynoaoBCKOro 6apbepa. Ha 

npoTOHfiYIO mnpnay B030YlKAeHHblX COCTOSIHUll: AO'lepHnX .smep. no .HaIIIllM ouea~aM 

cneayeT, 'ITO aMUCCHSI 3ami3AhlBaIOmnx npO'l'OHOB AOJI;)KJia llMeTb MeCT() u upu Z>50. 

2. O6aapy2Ke1IHe SIBJieJIHSI SMHCCHH aana3llbIB8lOIUHX npo'l'0H0B 

8KcnepnM8HTbI, uenb KOTOpbIX 3aKJIIO'l8Jl8Cb B IIOHCKax SIBJieHllSI IIPOTOHHOI"O 

pacnaAa pannoaKT!i:8HblX SIAep, 'IIpoBOAHJIHCb •Ha BHYTPeHHeM IIy'IKe• 310-,caa.-HMeTpO

Boro UIIKJIOTpoaa TSilKeJlbIX HOHOB OI1SII1, Ily'IQK TSPKeJihlX HOHOB OOM6apnnpoaan MU

IlleHb 113 HllK8JISI; SIApa OT)l8'1H,- BblneTaBmne H3 MnweHn, TOpM03HJlHC1, B c6opm1xe. 

BbICOKO'laCTOTHQe HaIIpSilKeHne Ha nyaHTaX )lllKJl0TpOH8 :r;tepHOAH"leCKH BbIKnro'laJIOCb. 

B IIpoMelKyTKax_. ME!lKAY cryCTKaMn IIY'IKa C IIOMOmhlO Tenecxona· perHCTpllpOBBJIHCb 
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/~_~,._._, 

3apSilKeHHbie 'laC_THUbI, B03HllK8Billlle rrpn pa.ctnoaKTllBHOM pacnane nponyKTOB SIA0pHblX 

peaKUHii, TeneCKOII COCTOlIJl 113 ABYX nponopunoaanbH~X C"leT'iHKOB, OAllH H3 KOTO

PbIX 113Mepsm YA0JlbfiYIO HOHH3aUHIO "!aCTHU ( />,. E/ />,. X) , BTOpOH OblJl irpeAHa3Ha'leH 

. /3 4/ 
AJlll H3MepeHHlI aHeprHn. ~ pe3yJlbTaTe 6bIJIO OAH03Ha'IHO ycTaHOBneno • o6pa-

20 
30BaHHe B peaKUHH Ni+ Ne SIAep, HCnycKaBillllX Ilpli pa.ctnoaKTllBHOM pacnaAe npo- , 

TOHbl. 8TOT BblBOA CAeJiaH Ha OCHOBaHHH H3MepeHHlI YA0JlbHOll: HOHn3aUIIH 'ISCTHU II 

110 HX TOpMOlKeHHIO B rrornOTHTeJilIX. 

llaJlbHell:mee H3y"leHne o6aapylKeHHbIX U3Jly'iaTeneii rrpoTOHOB IlpOBO)lHJIOCb C 

HCIIOJlb30BaHneM npyroll: ycTaH.OBKH. HApa OTAa'IH TOPM03HJIHCb . B c6opHHKe, BbIIIOJI

HeHHOM B BHAe AHCKa, KOTOpblii rrepHOAH'ieCKH IIOBOpalIHBaJICSI Ha 180° •. HaKOIIneH.

HalI aKTHBHOCTb npn 8TOM rrepeHOCHJISCb K BXO)lHOMY OKHY TeJieCKOIIa, COCTOlIBmero 

H3 nponopunoaanbHOI"O C"leT'IHKa, H3MeplIBill0I"O ynenbHYIO HOHH3SUHIO qacTHU, II KpeM

HHeBOI"O IIOBepXHOCTH0-6apbepHoro AeTeKTOpa. 

/5 -8/ 20 
BbmO ycTaHOBJl0HO ' 'ITO IlpH o6ny'qeHnn MHilleHH H3 HHKeJISI HOHaMn Ne 

o6pa3yeTClI npOTOHHalI aKTHBHOCTb c nepHOAOM nonypacnaAa 85:!:.15 MCeK, B cneKT

pe IIPOTOHOB STOI"O 113Jiy'iaTeJISI nonyqeno ABa MaKCHMyMa C aHeprneii 5i0:!:.0,2 MaB 

H 5 ,6±.0,2 MaB. Ha OCHOBSHHH AaHHblX · ·o ~ npo6ere lIAep OT)laqn H OTHOCHTeJlbHO cna-

6oii 3SBHCHMOCTll BblXOAa IIpOTOHHOii aKTHBHOCTH OT MaTepHana MHmeHH ( Ni ' Cu • 

Al , Ta ) CAenaH BbIBOA, 'ITO yKa3aHHalI aKTHBHOC~ CBlI3aHa C pacrraJlOM .()AHOI"O 

. 17 2021 
113 nponyKTOB peaKUHH rrepeAa'in Ne , Mg ' • O"leBHJlHO, "ITO B ASHIIOM cny"!ae 

HSOJIIOAaJIC.lI H30TOII Ne 17 
- H3Jly'iaTenb 3aIIa3AbIBaIOmHX IlpOTOHOB, ll3Y'i8HHblii IIOA-

. /9/) 
po6ao B IIOSIBIIBillllXClI 1103lKe pa6oTaX (CM. • 

I 'I 
0AHOBpeMeHHO c IIpOTOHHOll: aKTllBHOCTbIO Ne OblJIO o6HapylKeHO eme .[{Ba 

n3ny'laTensi; 3arra3Ab1BaIOmnx npOTOHOB, nMeBmnx, cyASI 110 npo6eraM SIAep OTJla"ln,. 

MaCCOBble 'IHCna, paBHhle H_eCKOJlbKHM )leCSITKaM. TiepBblll: 113 ·HHX ·HMen rrepnon rrony-

. . ~ 

pacrrana 21,1:!:,4,5 ceK n nonyqancSI B SIAepHbIX peaKllHlIX Nl+Ne (E· 20 > 90 MaBJ 
If . Ne 

II NI+ 0 (l~oie"'87-100 MaB). neplIOA nonypacrraAa BTOporo II30TOIIa HSXOAHJIClI B 

nnTepBane 35-120 cex, oa rronyqancSI rrpn o6ny'<leRnn Ni 
60 

(o6onomemte 9$,4%) 

HOHaMH O ie c a11eprneii 55-68 MaB. CrreKTpbl IlpOTOHOB aTHX nany'laTeneii B o6meM 

IIOAOOHbI, OHH HM0IOT CJIOlKHyIO CTpYKTYPY - or116aromall 'crreKTpa AOCTHraeT MaKCHMY-

Ma rrpn aaeprun IIpOTOHOB ..2,5 MaB, MaKCHMaJibHBlI aueprIISI npOTOHOB paBHa 

- 3,5 MaB. I1JleHTH~HKaUHlI STUX ABYX H30TOIIOB o6ner"leHa TeM, "!TO HCKJIIO'iSIOTClI 

1!3 paCCMOTpeHHlI Bee SIAPS C Z>'N , KOTOpbie AOJllKHbl HCilb!TblBaTb C:Bepxpa3pemeH-
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+ -1 . -2 
/Ible f3, -nepeXOD:bl C BpeMeHeM lKll3Hll -: 10 - 10 CeK. tincno H0ll3BeCTHblX 

smep C z > N • KOTOpb!M MoryT 6bITb npmmcaHbl o6aapylKeRHbl8 p -aKTBBHOCTll, or

paHn'leHo. Oan pacnon.olKeHbl B HenocpencTBeHHO!i 6nnsocTn OT ll3BeCTHblX B30TOllOB, 

ll09TOMY noporn: peaKD:Bli, IIPBBOD:SllllBX K BX o6pa30BaHBIO, rrpencxa3b!B8IOTCSI C no-

CTBTO'IHO!i TO'l:HOC'n>lO ( "' l M:m). YCT8HQBJI8HO B pesyJlbTaTe, 'ITO nepn:on nony-

pacna)la 35 - 120 ceK OTHOCBTCSI K Kr 73 , a 

saHa c pacnaJIOM Kr 72 nnn Se ee 

p - 8KTl!BHOCTb C T 1=21,1 ceK CBSI-
1 2 . 

3, lisy'le!tlle npOTOHHoro pacrraJia smep TSilKenee onoBa 

92 20 92 22 94 2C 1. B lU{epHbIX· peaKD:BSIX Mo + Ne , Mo +Ne u !,Jo, + Ne nony'leah1 nso.;.. 

TOllbI, HCIIYCKaBmne ·aaxta3D:blBBIOmHe llpOTOHbl C nepno)laMH :rronyp-acnaJia 4,2:!:.0,2 CeK, 
/1011/ 

19,3:!:.0,7 CeK, 13:t.2 .CeK n 60-80 CeK • • Hsny'laTenb npOTOHOB C T1/2 = 19,3 ceK 

., . ./11,12/ ..,d102 u . c•12. 
ub!JI IIOJiy'leH T8KlKe B peaxnnn r + C aa Bb!B8D:E'.!HHOM IIy'!Ke 

/13/ C HCII0Jlb30B8Hll.8M MeTOD:BKB co6np8HHSI ruiep OTD:a'ln raSOBO!i CTpye!i , 

Kpn8b!e BbIXona 8TBX aKTBBHOCTe!i .II()K838Hbl Ha pnc. 2 B 3, oa:n xapaKTepHbI 

)lJISI peaKnnfi 'c ncnapeHBeM HeliTpOHOB ns COCT8)3.HOT'O SIJlPa, .no IIQJIOlK8HllIO MaKcn-

MYMOB qJYHKnnfi B¢36ylKD:8HBSI 6bma npone)leHa lU(eHTB4lBKannsr H3JIY'l8T8Jieil: CT½= 

= 4,2 n 19,3 cex, IlonolKei'In:e_ M8KCnMyMa, ceqeHnsr peas:nnn c ncrrapeHneM . .aeliTpOHOB 

orrpe)l8JllleTCSI CJieJ:tyIOmBM 0.6pa30M: 

X -

(E_max ) =Q+r,r-=2IT+E 
X X X !=I I y ( 1) 

rne Q x - nopor peax1mn, T, - cpe,::utSISI TeMrrepaTypa n i ... xacxane ncnapeHriSI, 
/14/ E y - aneprnsr, yHOCHMaSI y -ny'laMn. AneKcaanepOM B CnMOHOBbIM . . Ha npnMepe 

peaxim!i c ncnap_eHHeM HeliTp.onoa, np.nao.run;11nx K nsOTOnaM Dy , 6~110 noxa;aao, ~To 
E , 

" cna6o saBncnT OT x n paana, rrpnMepao, 5 .. 5,5 MaB. EcTe-BeJIB'IBHa 
X 

CTBeHHO npe;nnonIDKHTb, 'ITO 13 cnyqae- ll30TOIIJ:ra .. -rennypa ( B HameM CJIY'j'.ae nony'l_a-
'. Ex . . . 

[!Qg, COCTBBHOe 5J.JlPO - Tennyp) BeJin'InHa -- H3MeHRTCSl Mano • .!lnSI 110.!lC'leTa 
f X 

-"- 8KCllepBMe-HTaJn,m,te- Ce'lemUI 6b1Jllt OTJIOpMHPOBa.HI,I Ha n.pmt~ .ce'Ieane, Qk 
X /1/ 

IIBXO)lBJIHCb IIO Ta6nnnaM Mace KaMepoaa • Hsny'laTenb C T 1/2 = 4,2 ceK nneHTH-

itinunpoBaH, TaKBM -06pa30M, KBK Te toe • ero 4JyHKllllSI B036YlKll8HHSI "9 pnc. 3 
. . E 

cooTBeTCTByeT peaKnn11 Mo92 ( Ne 20 , 3n ) Te 109 c ~JIB'lllHoii T =5,3:!:.l,3 Maa. 

8 

JJ.1111 cpaBneunsr ys:aJKeM, 'ITO B npennonolKeHnn Jipyroro aapnaHTa Mo92(Ne 20, 4n )Te Ioa 
E 

rronyqaeTCSI + = 1,4 :!:. 1 MaB, T,e. llBHO sanmKeHHaSI B8JIB'IHHa, l13Jiy'laTenh C 

T i/2 =19,3 ces: SIBJISI8TCSI H30TOIIOM Te 111 
• nelicTBBTenhHO. ero 4JyHKUll!l -B036ylK -

ll8HBSI Ha pnc. 3 COQTBeTCTByeT peaKI{BB M692 (Ne 22 , 3 n) Te t 11 c Bem£<m:HOii 
E . --t-= 4,5 :!:. 1,5 Man. 

2. Ilpn· o5ny'leHHn Mo 92 HOHBMB Si 21 
Ha6rironannch npOTOHHbie nsny'la,Tenn 

c nepnoJioM rronypacnana 10,4 ":!:.1,5 ces:, 20,5 :!:. 2,4 ceK, 62:!;_15 ceK, 4,0~_1 ,0 cex 

n 0,80 :!:.0,35 ce~, KpnBble Bb!XOJ:ta 9TBX aKTHBHOCTeli BM8IOT 4JopMY, xa

paKTepeyro nnsr ncnapnTeJibHbIX peaxunl!:, npOTeKaromnx 'lepes cocTaBHOe SillPQ, Ha 
( 

OCHOBBHHB 8KCnepnMeHTaJibHblX BeJIH'IHHbl -L. llJ!SI 9THX KPHl'lb!X MOlKHO npnnn-
c V 

caTb T½ = 10,4 -ceK ll30TOrry Ba 118 (ae ncKnro'leHbl Cs -115 n Xe 113 ) ; trepnon 

ue 
nonypacna)la 0,8 ceK TaKJKe MOlKHO OTHeCTH K Ba ,. npyrasr B03MOlKHOCTb-Cs 116

i 

Ba114 , Cs 114, Xe 113
; nep.n:o;n 

Xe 114, 

T ½ =20,5 ces: IIpli!fannelKHT OJ:tHOMy B3 H30TOIIOB: 

nonypacnana 4,0 ceK OTHeceH K Ba 
118 

, Cs 
115 

n:nil: 

3. TaKnM o6pasoM, o6aapylKeHo, po Kpall:a:e!i Mepe, IlleCTb nsny'laTen~!l sana~ 

llblBB!Omnx llpOTOHOB TSilKenee onoaa. CneKTpbl '.i)THX nsny'laTeneii. COCTO!IX ll3 6om,,.. 
. , , lff 

IlIOro 'IHCJia nna:nl!:. Ha pnc. 4 IIOS:a3aH llJISI IIpHMepa cneKTP IIpOTOHOB Te I no-

ny'leHHbI!i c paspellleHHeM 25-30 xaB, HaMn 6bln npoBeJieH aa:anns y cpe;naenao!i 4Jop-
1 u IOi , 

Mb! rrpoTOHHblX Cll8KTPOB Te H Te , PaccMOTpllM OCHOBHbl8 MOMeHTbl aToro 
1U . . lit + 

aa:annsa Ha npBMepe Te • no-BHllllMOMy, CIIBH B '18THOCTb Te -572 

( H3BeCTHbJe SillPB C 59 HeliTpOHBMB B 'leTHblM z BM8!0T CttlIH-'IE'.!THOCTb. 5/2 + ) • 
Ill + 111 Te HCilbITbIBaeT f3 -nepexon B pasnn'IHbl8 COCTOSIHHSI Sb I OllHBKOi C 

Han60JlbllleH BepOllTJIOCTI,IO sacenSIIOTCSI ypOBHH 3/2 \ 5/2 +, 7 /2 +, COOTBeTCTBYIO-
'f . . . ,n1 

mne· pa3pemeHHbIM f3 -nepexonaM. Saepra~- CBSISR npzy:i:'!Oaa (B ) a Sb- no 
. ' /}/ .P 

)laHHblM pac'!eTHbIX 

'ITO ypoBHn SbJU 

Ta6nnn Mace (aanpnMep ) .. 1,1 MaB. STo osHa'laeT, 

C aa:eprnel!: B036ylKll8HllSI E*> 1,7 MaB llpOTOHOH(fyCTO~"IRBbI,. 

0JIHaKo npn He6onhmnx saa'l~Hnsrx E P = E* -13 P pannannoa:aasr Illnpnita YPQBHeli npe

BbimaeT llpOTOHHy!O ns-sa BmlSIHJISl s:yJIOHOBCS:Oro. 6apbepa. B pesyJlbTBTe , BblXOJl 

llpOTOHOB c aueprl:ISIMH Mellbme 2 MaB IIOABBJleH. C yBeJIH'leaaeM aaeprnn B036ylK-
/ 

neansr OTHOllleHne llpOTOHHOil: mnpnllbI K paJ:maD:BOHf!Oii pacTeT, C 8TllM CB513aHo 

B03pacTaHne, B cpenHeM, HHTeHCHBHOCTB IIPOTQHJiblX JIBHHH B nnanasoae OT 2 no 

3 MaB • .!laJibme orn6aromasr 11pOTOHHQro cneKTpa CHOBa llll8T BHB3 ·. B3-3a yMeHb-
+ 

IlleHnsr saceneHnocTn ypoBne!i B f3 -nepexone, 
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Ycpe1rnemiasr qiopMa np0To1moro cneK-rpa MoJKeT -6bITb on11caHa 

rlll 
COOTHomeHHeM 

pl 
N(E )= I -- p ( E*, J )~O ,-E*). 

P l,J r(J) (/3 + Kl /31J 

(2) 

3necb p ( E*, j ) - nnOTHOCTb ypOBHeft' C MOMeHTOM j nnsr srnpa, 11cnyCK8I0-

111 * 111 
mero npOTOHbI (Sb ) ; E -=EP+BP+E

1
- aHepr11sr B036yJKneHHsr Sb , paBHasr 

. cyMM0 KIIH8TH'I8CKO.ii 8Hepr1111 npOTOHa,_ aHepr1m CBSI3H II: 8Hepr1111 B036yJK,[{8HHSI 

(E ) OCTSTO'IHOro sznpa (Sn llO ), r(l) - mHpHHS ypOBHSI C MOMeHTOM j OTHO-
! pl 

CRTenbHO ncnyCKSHHSI npOTQHS C o6pa30B8Hll8M QCTSTO'IHOro srnpa B COCTOSIHIIII i 
110 + 

TTpllHIIMSilllCb BO BHIIMSHHe ABS COCTOSIHHSI Sn - OCHOBHOe (0 ) H nepBb!H B03-

6yJKneHHblii ypoBeHb, KOTOpblft HaxonHTCSI, no-BHADMOMY (no aHanor1111 c npyrHMH 

'I8THblMH H30TOnaMH Sn 112 
-llB ), np11 a11epr1m "'1,3 MaB II HMeeT cn11H-'I8T-

+ m rn m · . in 
HOCTb 2. r .. r +l:r - lionHasr map11Ha COC'l'OSIHHii·Sb . - wcR++/Q130-E"') 

y I pl + . ,-, ) 
cyMMapHasr BepoSITHOCTb f3 -pacnana II K -aaxBaTa B socToSIH11e Sb 111 c a11ep-

r11eii E* • TTpOTOHHble m11pHHbl ypOBHeii B qlOPMYile (2) paCC'IHTb!BSilllCb no H3B8CT

HOH CT8THCTll'I8CKOii qiopMYne: 

r<ll.,, (2s+1)(2l+1)(2 f+ 1) 

pl 2rrp (E*,y) 
p<f1 (E ), 

p p (3) 

rne s - cmtn npoTOHa. e -op611TanbHb!H MOMeHT npOTOHa, l - cnnH KOHe'IHOro 

no ct1 . /15/ 
COCTOSIHllll Sn , Koaqiqi11n11eliTbl npoH11naeMOCTI!. p (E ) 6pan11cb 113 pa60Tbl , 

D - P. 

TTp11 pac'IeTe pan11an110HHoft m11p11HbI 11cn·om,a0Banacb nonyaMn11p11'lecKasr -ifiopMYna 

/16/ · 111 ' 
CTonOBII II rapBell • ITnOTHOCTb YPOBHei!:. Sb paCC'IHTbIBanaCb Ha QCllOBe uaH-

/17 / 
HbIX rm16epTa a KaMepoHa • 

+ . 
BepOSITHOCTb /3 -nepexona . w /3 + ( Q {3 - E*) B ifiOPMYile (2) MOlKHO aan11-

. ( +K)· 0 . 

caTb B cnenyromeM Bane: 

W ti+ (QR -E*)=F(Ca -E*) M
2

(E*) 
(,-, +t<) ,..,o ,-,o (4) 

F ( QBo -E*+ 113B8CTH8SI ifiyHKUl!.SI 8Hepr1111, onpeAensrnacb HSMII no HOMOrpaMMSM 

nm.1 nepHOllOB /3+ a II K -3aXBaTa, M
2 (E*) - ycpenHeHHblfi KBanpaT MST-

Pll'IHOro aneMeHTa /3-nepexcu:ia. Or116a10mas npOTOHHoro cneKTpa, pacc•mTaHHBsr 

no qiOpMyne (2), 'iYBCTB.JIT8IlbH8 _K Bb16opy BenH'Illll 8 , Qa , r II f' , a TaJCKe 
2 p ,-,o y p . 

K BHllY qiyHKUIIII M ( E*). CpaBHeHHe 8TIIX paC'IeTOB C aKcnep11MeHT8IlbHb!M cneKTpOM 

2 
noKaaano, 'ITO fil pe3KO yMeHbmaeTCSI C pOCTOM E* , OTMeTHM, 'ITO. np11 aHana-

8 

I 
ae naHHbIX 06 11any'iaTensrx aanaanbIB~10m11x HeilTpOHOB B aHanor11'IHOll c11'tyan1111 np11-

2 * 2 . 111 
HIIMS!OT, 'ITO I! He 38BIICHT OT £ , T,e. M = const , <l>opMa cneKTpOB. Te 11 

Tel 09 
ynoBneTBop11TenbHO onHCb!BSeTCSI Bb!palKeHHeM (2), ecn11 npHHHTb M 2 p = con st. 

B peaynbTaTe cpaBH8HHSI paC'IeTHOH KPIIBOii B npennonOlK8HIIII 1,1 2
p"" const C ycpen-

HeHHb!MII 8KCnep11MeHT8IlbHb!MII cneKTpSMH Te 111 
11 Te 

109 
nonytJeHbl ,[{WIHble 0 

' . 
B p II 0130. 8TH naHHble, Hapsrny C npenCK838HIISIMII pa3IlH'IHb!X MSCCOBb!X qlOPMYil, 

npnBeneHbl B Ta6nm10 1. TO'IHOCT?> onpeneneHHSI (' /30 II BP He TSK xopoma, KSK 

XOTenOCb 6b1, 113-38 HeKOTopoii HeonpenerieHHOCTII B BbI6ope r y II r P Eonee 

Ta6n11na 1 

Ill I I;: 0 0 
.Hnpo OnpenensreMasr SKcnep11-8, ~l':s: 0 

is: = ~ cl. 0 Po = CD CD to1s: g. ~ ,;: X Ill CD t;: 
Ben11'111Ha M8HT ::i ~ Ill Po <II ~ Cl 

Ill CD 

= Ill :s: ,is: = <II 
• ::E g,:.:: 

MaB 
<II CJ CJ ~ <II co co ~,;: ~ = :.:: :E: l-. is: 

Te 111 (] /30 6,3-6,9 8,3 7,6 7,9 5,7 5,9 7,0 6.!J 
Sb 111 B 1,3-1,9 1,6 1-,6 1,75 3,2 2,8 2,1 1,7 p 

Te in E P max "' 5,0+0,3 6,7 6,0 6,15 2,5 3,1 4,9 5,0 
-Sb 111 .. _ 0po -BP -0,1 

Te 109 
C /30 7,9-9,1 9,6 9,0 9,3 6,8 7,0 8,25 

109 
Sb B 0,7-1,3 0,7 0,8 0,9 2,8 2,2 1,3 

Te 100 
p 

F p11111x= 7,1-8,I 8,9 8,2 8,4 4,0 4,8 6,95 
-Sb 100 

""Oao -BP 

TO'IHO onpeAenmoTCSI B8nH'Il!.Hbl E ""Clao-B • KOTOpb!e T8KlK8 npllBOnSITCsr B Ta6n.l. 
. _ pma2: ,-., P _ 

Ha 8TOli Ta6nm:ibl BllllHO, 'ITO C HamllMII 8KCnep11MeHTanbHblMII /lSHHb!Mjl SIBHO He co-

rnacyIOTCSI pac'l:8TbI BHHra II Bapna II M. X11nnMaH. B aTHX pa6oTax npencs:aebl""'.' 

BaeTCSI cn11mKOM MenneHHOe 113M8H0Hlle aHepr1111 CBSl31!. npOTOHa C POCTOM HefiTpOH

HOro neqi11n11-ta. CHTyannsr nn11 aKcnep11MeHTa oKaaanacb 6b1 He6naronp11SITHoii, ecn11 

6bI npencKa3aHHe B1111ra II Bapn11 O TOM, 'ITO nepBblfi p -HeyCTOH'IHBblii H30TOn 
' 101 

cypbMbl - . Sb , COOTBeTCTBOBano neilCTBIIT8IlbHOCTII, TSK KSK nony'IeH11e CTOJib 

HeliTpOHoneqi11n11Tllb!X H30TOnOB npo6neMSTH'IHO. 

4. 06pamaeT Ha ce611 BHIIM8Hlle ManOCTb a6conIOTHbIX Ce'IeH11li, npencTaBneH

Hb!X Ha pac. 2 II 3. STo Bbl3B8HO npeJKne BCero TeM, 'ITO He BCe cny'iall f,+ -paCIIallS. 
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MaTepHHCKOro llllpa 'npHBOllllT K npOTOHOHeycTofiqnBblM COCTOllHH.llM. ·BepOllTHOCTb 

+ -
.(W ) aMnccnn aanaanbIBaromnx npOTOHOB npn /3 -pacnane B npennonoJKennn 

p 2 
M p = con st onpenenlleTcsi no cpopMyne: 

o13 r 1 JJ{E*) 
I. J o P - F { Q - E"') d £* 

BP r<', {E*) - /30 
\V 

p 
I.•~(0/3 -E*)dE* 
1 on o 

, (5) 

rne r< J) ='I. r (J) 
P pl 

ripn Han6onee BepOllTHbIX 3HaqeHHllX B ll 
p 0 /30 Mb! nonY'm-

nn nnll Te 111 W., ., 0, 2 % n nm1 Te 
111 

WP"' 3%. rionepeqnoe ceqeHB:e peax:1u1a 

C HCnapeHHSM X HefiTpOHOB' rrpnBonronnx K 'npQToHOH36blTOqHbJM ru:paM, orrpeAe-
T 

mieTCSI, B rrepBy!O pqepem,, rrponaBeAe.lUieM OTHt:>CllTeID,.B;bIX lt8HTpOHHbIX mnp:wr ~ _ r . r 
no BCSM X CTyrreHllM ncrrapHTenbHoro K8CKBA8. BennqnHbl "°7 , l'Ae r - non-

HaSI wnpnHa er,,, r + r 
n P 

, cymeCTB0HHO MeHbrue 8Allltll!lbl, 'l'aK KBK IIPOTOltbl 

B cocTaBHOM SIApe HMSIOT M81ty!O SHeprmo CBSI3H IIO cpaBHCHHIO C HefiTpOH!1Ml!. 8To 

lKS o6CTOSITenbCTBO B coqeTaHnn c Bb!COKHM y:r'JIOBblM MOMeHTOM COCT8BH0l'O smpa 

npnnonnT K TOMy, qTO smpo B Koltne ncnapHTSnbHOro K/lCKaAa OK83b!B89TC.ll B COCT0.11-

Hllll C SHeprHefi B036yJKA0HllSI, paBHOfi npn6mi:anTeJlbHO alteprHn CB513ll - lleil:TpOHa 

( 10-15 MaB), neirTponmrn wnp1rna K<Yroporo npaitTnqecKn. paBRa nynro na-aa Manon 

nnOTHOCTII: KoHeqHb!X COCTOSIH.llil:, .11cnape1tne JKe llpOTOHOB B03MOlKHO BBllJ:ty MaJIOll 

SHeprllH CBSI3H. BepOSITHOCTb Toro, ~o ll3 aTGro COCTOIDill.11 He nponaoil:neT ncnape-n . 
HHS IlpOTOHEi, onpenenm:lTCSI !p8KTOpOM ; ( r., ry+rt:> \ KOTOpblli M())K8T 6bITb TRK:lKS 

cymecTBSHHO MSHbWe SAHHllllbl. CpaBHSH.lle BbIXOllOB Te 109 
rrpn 06.IIy'ieltmi Mo 92 

9-4 - ,/ ~ 
H Mo HOH8Mll Ne 20 (cM. pnc. 2 ll 3) II03BOJISI9T orrpeA8JlllTb np01!3B8AeHne 

oT1tocnTeJlbHbIX nettTpoHHbIX runp.1111 .ttJIH nepBb!X llBYX cTyrreneil peaxumr 

Mo 94 
( Ne 20 

, Sn) Te 109 

r r 
( _n ) ( _n) = 0, 15. 

r 11 ◄ r 113 

(6) 

C IlOMOI!lb!O (6) 61,rnn BbiqncneHbl OTHOCHTSID,liblfi HefiTpOHHbie wnpnltbl Bcex CTynenett 
94 20 ,. 

ncrrapnTenbHOro K8CKBAa peaKUHH Mo (Ne • 5n) . ToqHoCTb oneHKll B8JIH'illll r . f 061,1qao He oqeffb BbICOKa na-aa neonpeAe,ieHHOCTn B yqeTe BnHSIHHll KynQHOB-

cKoro 6apbepa Ha B0POllTHOCTb ncrrapeHnll npoToHa. B ABHHOM lK0 cnyqae ST8 HS-

onpeAeneHHOCTb 61,ma HCKJI!Oqena. rionyqeHHble A8HHbl8 II03BOJIHJI.11 T8KlK8 Oll8HHTb 

BennqnHbI ~ AJISI · Bcex c-ryneaett peaxnnn Mo 92 {Ne 20
, 4 - 6n ) Te 108 

- 1 oe , 
r r 

Ha ocuoBaHHH Bb1qncneHHbIX oTHoweHuii: f n · naMep,eHHbIX ce_qe11nil:, 11:crrpaBneH-

10 

HblX Ha BepOHTHOCTb SMHCCJW.. 3aIIa3Ab!B8IOmnx IIPOTQ_HOB imst Te 
109 

(W "'3% ),, r · . lM P 
Haii:neHO, qTo !p8KTOP -+ B peaK!lllllH Mo 92 {~e 20,3n)Te paneH- .. 0,5. Hc-

nom,ayH STOT -peayJibTBT, MOlKHO OllS'HBTb cpaKTOP _::__r_ AJIH peaK!lHil: 

92 20 r 
A' { Ne , 4 - 6 n ) • Ecnn- A~HTb, 'iTO cpe.zmnii: yrnoaoil: MOMeHT COCTSBHOl'O 

J -

HAPS (Te 112 ) OAHH ll TOT lK8 BO BCSX peaKIUIHX, TO, IIpHHHB BO BHHMal!Re yMeHbllle-

HHS SHeprHH CBH3ll IIpOToHa Ha nocnenneii r . 
eM An!I peaK!lHH {4n) - + "' 0,27, {Sn) 

fiony-qeHHble cBeAeHHH o BeJIH'illHBX 

peqHbie ceqeHHH peaxnnil: P/10 
92 

(Ne 20 ,4-6n ) 

CT8AHH HCIIapnTeJibHOl'O KaCKaAa, rronyqa-
r r 9 .. 0,11, {6n) :Lr . ., 0,09. 

r r 
_n_ 'H ----X. II03BOJISIIOT. oneHHTb rrorre-
r r 

Mo92 {Ne 2~ p4-6 n) ' .IIp.HB.OllSlllIHX K 

npOTOHOH36bITO'JHbIM H30TOllaM Te H Sb • Pnc. 5 HJIJIIOCTpnpyeT peayJlbT.!lTbl 

aTHX oneHoK AJIH peaKnnii: (4 - 6 n ) • fioKa-aano, 'iTO rrorrepeqnoe ceqeHHe pea1oum 

92 , 20 108 
Mo (Ne , p Sn) , rrpHBQAHmeil: K 11a0Tony Sb , KOTOpbiil, BepoSITHO, 6nn3oK K p-

HeycTofiqHBOCTH, IIPHMepHO Ha ABB rropsmKA 6om,we ceqeIUIH peaK!lllll Mo
92 

( Ne 20 
, 6 n) B peaym;TaTe KOTOpoii: rronyqaeTcH' Te 

108 
, Aaromnii nocne. 

+ 106 /3 -pacnaAa TO lKe HAPO Sb • Cne.ttOBBTSID,HO, IIOHCKH rrpOTOHHOI'O pacrra-

Aa 3H8'iHTenbHO BbII'OAHee BSCTH B 8KCn~pHM9HT8X C MeTonaxoii:, npeAH83Ha'ieHHOa 

.AJIH perncTpa:unu pacrrana 

B SIAepHbIX peaKllHHX. 

p -aKTHBHblX H30TOIIOB, 06paay10mmtCH nerrocpeACTBe.11,Ho 

3 a K n 10 q e H H e 

0CHOBHbl9 peaym,TaTbl, nonyqeHHble B AHCCepTannu, cneAyromne: 

1. BnepBb!e SKCIIepn!,ieHTBJlbHO o6Hapy,KeHO HBJISHHH acnycKaHH!I 38II83Ab!B8!0-

mHX npOTOHOB. TToKaaano, qTo 38II83llblB8IOmue rrpOTOHbl ncrryCK8IOTC51 npll pacrrane 

Ne 17
, Kr 73 , Kr 72 (Se eg ). 

2. f10K838HO, q'l'O IIpOTOHHb!il: pacrraA AOJilKeH 6bITb OAHHM 11:3 11aa6onee pac-

npOCTpaHeHHblX BHAOB paAH08KTHBHOro npeBpameHHH nerKHX H30TOIIOB aneM8HTOB 

BnnOTb AO BHCMyTa. fipOTOHHblll pacrran H3 OCHOBHoro COCTOS!Hll:£1 Han6onee BepoHTHO 

o6Hapy)l{ll:Tb a o6naCTH Z >. 50. 

3. BbIBOA O B03MOlKlfOCTH npoTOHHOro pacrraAa HASP . C z > 50 IIOUTBSplKAeH 

8KCIIep11:MeHT8JlbHO. 06Hapy)l{8HO, no Kpaii:Heii: Mepe, 6 H3nyqaTenel!.' 38II83Ab!BaIOmux 

IIpOTOHOB THlKenee OJIOBa - ABB H30TOila Tennypa Te 10 9n Te 
111 

n qeTb!pe H30TOIU1 

KC9HOHa-6apxrn C MBCCOBbIMH q11:cnaM11: -113-11-6., 

11 



4. ITpoauanuanpoBaHa qiopMa rrpoT0HHb!X crreKTp0B . Te 109 H Te I 11• YcTaHOB-
+ 

neno, 'ITO KBanpaT MaTpH'IHoro sneMeHTa f3 .-rrepexona peaKo yMeHbmaeTcst c .poc-

T0M 3Heprnn B036ylKJlelllrn Jl0'IepHllX ruxep. Ha cpaBH8HHSI 8KCIIepHM8HTanbH0it <jJopMb! 
2 

crreKT1)0B. c pllC'IeTH6ii (a np.enrrono:1KeHnn M p"' eonst ) orrpeneneno, 'ITO 

. +0 3) T Ill log CQ130 -BP) = (5,o _0:1 MsB I{nst e 11 ((.'130-BP)= (7,1-8,l) Ms& - nnst Te • 

5 • ITpo11aBel{ell llllllmt3 3aK0H0MepHOCTel1 nm1 Ce'Ielllll!: peaKunl!: C. o6pa30B8HH

. eM H30T0II0B cypbMbl ll Tennypa C 3K~peM8nbllblM ~36b!TKOM IIpOT0H0B. 

2.,3,~ ~ IP, 12.. 
. I 4;S; 1 1-S/ 

OcnOBIIbie peaynbTSTbl n11ccepTau1m . ony6mIKOB81lbl B Bllll8 CTBTeit ,;; ~ J>.1' ( • 
1~/ 

a TaKlKe non0lK8Hbl Ha pa3mt'Illb!X aay'IllbIX K0H<jJep ellUHIDC ll C0Beman11mc ' ' ' 
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