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ttccne.n:o:saHll.e pea.KURR { n, ex) Ha peaoHaHcHwc HeiiTpoHaX HHTepec
ao B .n;Byx acneKTax. Bo-nepBIJX, aTo HOBHR KaHB.Jl pacna.n;a KoMnaya.n:-co
cToJllil'lii, Ka.KHMR .fIBJIJIIOTCJi HeRTPOH}il,le peaoHaHCH, T.e. OTKPHBaeTCR HO
~ paa,~eJl HetiTpOHHOH cneKTPOCKOnBB. BO-BTOPIJX,. 3TO HOB~ BB.n; cx
pacna.n;a - pacna.n: oqem, CJlOlltHHX BHCOKOB036yJK.n;eHHIJX KOMnaya.n;-coCTORHHH. 

HetiTPOHHl,le peaoHaHCH - BeCDMa npHBJleKaTeJlI>HaJi .n;M HCCJle.n;OBaHHJi 
06.naCTD B036yllt.n;eHHti aTOMH!,JX H.n;ep. 3.n;ecb HeCMOTPH Ha B!,JCOKyro 3HeprHID 
B036yJK,n;eHBH H.n;pa, a, cne.n;o:saTeJU,HO, R 6om,myn IlJlOTHOCTb YPOBH~ti. 
3KCnepHMeHTaTOP nonyqaeT B03MOlltHOCTb HayqaTb MHOllteCTBO HH.n;HBH.n;yaJU,
Ill,IX COCTORHRti H,n;ep, RMe!OlllHX 6om,molil Ha6op pa3JIRqff!,JX TMOB B036yJK,Ue
w. 

0.n;HaRO 3Ta CJlOXHOCTb pe30R8.HCHIJX COCTOJiHHti npHBeJla K TOMy,qTo 
HMeJO!l(liHCJi B pacftopIDKeHBH ~H3HROB 3KCnepHMeHTaJU,}il,IH MaTepHaJl CHCTeMa
TH3RPOBaJlCR r.naBHHM 06pa30M aa 6aae CTaTHCTHqecKc»i TeOpHR, B OCHOBY 
KOTOPOH llOJlOllteHa KO~enUHR COCTaBHOro H.n;pa H.Eopa. YcnexR TaKoro 
no.n;xo.n;a K onacaHilD B!,JCOKOB036yllt.n;eHHIJX H,n;ep HeCOMHeHHll, oco6eHHO KO
r.n:a .n:eno KacaeTcH cpe.n;HBX napaMeTpOB roaHMo.n;ei\cTBHH (cHJlOBIJX qiyHR
UHlil, aanpBMep), IlJlOTHOCTH YPOBHeti, ycpe.n;aeHHIJX_ HettTpOHHIJX ceqeaatt. 

B TO lite BpeMJi Ha onuTe Ha6J1ID.n;aeTCJi PH.n: ajxpeKTOB, He yK.na.n;u:sam
~HXCJi B npOCTYD cxeMy npe.n;em,aott CTaTHCTHqecKOti MO,n;eJIR. 3TO - ~JlYK
TYauHH ycpe.n;HeHHblX ceqeHHtt C nepHo.n;oM B HeCKOJlI,KO .n:ecJITKOB H COTeH 

KHJ103JleKTPOHOBOJlbT, TpaRTYeMHe B HaCTOSllllee BpeMJI Ka.K npOJIBJleHHe 
BXO.n;HUX COCTORHHlil, aaanoroBue COCTOHHHH, KOppeJIJIUHH pa3J1HqHIJX Bepo
JiTHOCTeil pacna.n:a KOMnayn.n;-cocTOJiHHtt H T • .n;. HaJlRqHe no.n;o6HIJX OTKJlO
Hem CBH.n;eTeJlI,CTByeT O TOM, qTo llOJlI,30:BaTbCJi npe.n;em,aott cTaTHCTR
qecKOH Mo.n;em,n npH Oill!CaHHH CBOHCTB HetiTpOHHIJX peaoHaHCOB HYlltHO C 
OCTOPOlltHOCTbID. Oco6eHHO qeTKO OTKJlOHeIDtll OT cTaTRCTRqecKOlil MO.n;eJIR 
npOHBJlHDTCJi B aacTOSllllee BpeMR B HCCJle~OBallWlX cpaB!iRTeJlI,HO nerKmc 
H,n;ep C A~ 100. IlO-BHJUlMOMY, 3TO 06cToJITeJlI,CTBO I\\OlltHO RHTepnpeTH
poBaTb KaR yxaaaHRe Ha TO, qTo H8HTPOHHHe peaOHaHCl,I He JiBJlRDTCJi 
"qRCTl:lMH" KOMnayH.n;-COCTORHWIMH, XOTJi R 6JlR3KH K HRM, oco6eHHO B 
06JlaCTH TIDK8JlllX H,n;ep. 
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3HaqHT,Heo6XO,ItHMO YTOqHeHHe npeAem.HoH CTaTHCTHqecnoil TeopHH, 
nOHCKli HOBl:llC nO,ItXOAOB R OllRCaHIDJ BHCOKOBOs6yllt,IteHHmc COCTOHHHH,BKJllO
qaJI nocneAHlOID cTa.nruo yCJIOlltHerum npH nepexoAe B KOMnayH,D;-COCTOHHHH. 
0AHaKO OAHMM li3 TOJ)MOSOB ,nam.Hefunero pa3BHTM Teop:im BHCOKOB036yJJt
,neHHHX C()_CTO.fiHHH HBMeTCR He,nocTaToqHoe 11RaqecTB011 Cyll(eCTByroll(ero 
aKcnepHMeHTam,Horo MaTepHaJia, ero cpaBHHTem,Hoe o,nHoo6pasHe. 3Hrui 
TOJll,KO HeHTPOHHUe li nonnue raMMa-!IlHpHHU, TPYMO HMeHThCH Ha 60Jiee 
MeKBaTHOe OnHcaHHe CBOHCTB HeilTPOHHHX pesoHaHCOB, qeM 8TO AeJJaeT 
CTaTHCTliqecKaJI TeopM. IloaTOMy RpaHHe JJteJJaTeJll,HO aKcnepHMeHTam.Ho 
liCCJie,nOBaTh BOSMOlKHO 6om.mee qliCJlO napru.,eTpOB pesoHaHCOB H BX H3Me
HeHHe c aHeprHeit Bos6yllt,Ite.HruI SI;IU)a. 

Heo6XO,ItHMO nepeXOAHTh K Hsyqemm HOBHX KaHaJlOB pacnMa COCTaB
HHX ,mep, H B CB.fi3H c aTHM HCCJie,noBaHHe peam,um ( n, 0() Ha pesoHaHc
HHX HeHTPOHax npe.ncTaBnHeT HeCOMHeHHUH HHTepec. 3Aech HHqiOJ)Mru,uno 0 
pacnMal<IIIHXCR COCTOR:HHHX HecyT He TOJll,RQ naprnram,lll,Je, HOH nonHUe 

0(-WHPHHH. K COJJtaJieHHJo, H3-3a 6om.moro RyJIOHOBCKOro 6aphepa .nM 
OC-tJaCTHU B cpe,nHIDC H TRJJteJIHX ,mpax cetJeHHe peaKnru,: ( n, OC) oqelih 

MaJIO (Ha 5 H 6oJiee nOPRJn{OB HIDKe, qeM .nM peaRnH.ll ( n, I ) ) . Ilo-
8TOMY. ee HsyqeIDie Tpe6yeT MOIIQil,IX HCTOqHIU(QB HettTpOHOB, cnernram,HHX ' 
,neTeKTOPOB H CTaJio npOBOAHThCH JlHllJ.t, nocJie,nHee ,necmnJieTHe. 

MsyqeHHe cnenTpoB BTopzqHUX qacTHU ( 'Y -RBaHTOB H 0( -qacu~) 
B HeMTPOHlil,JX peaK~ cos,naeT CBOeo6pasHUtt MOCT Mew HeffTPOHHOH 
qJH3HKOtt H ,mepHott cneKTpOcROllReil. ~OT 11MOCT"·nosBQMeT, C OMOil 
CTOPOHH, nOJiytJHTh HOBI,Ie CBe,nelll!R O lill3KOB036yJJt,neHHl:llC COCTOHHHHX, 
HsyqeHHeM KOTOPHX 3rumMaeTCH ,mepHM cneKTPOCROnM, a, C ,npyroit, -
BHRCHHTh B03MOJJtHOCTH HcnOJlhSOBaHHH p.ima TeopeTaqecKHX Mo,nenen H 
no,ItXO,nOB,pacnpocTpaHeHHHX B ,mepHoit cneKTPOCKOilH.11, ,nJl.fi JJytJIIlero no
HHMaJiliJi npHpo,nu HettTpOHHHX pesoHaHCOB. 

IlOCI<OJll,KY BpeMeHa l!W3HH T~HX B036Yllt,It8HHHX COCTORHHtt, RaRHMH 
HBJl.fiIDTCR HeffTPOHHHe pesoHaHcu, Ha MHoro nop,mnoB npeBHI!lalOT. ,mepHUe 
BpeMeHa, MI,! MOJJteM paccMaTpHBaTh pesoHaHCH Rax RBa3HCTa6HJlhHUe H ro
BOPHTh 06 ·. 0(-pacnMe HeitTpOlilillX pesOHaHCOB no aHaJiorHR c 0(-pac
nMOM OCHOBHHX·cocTOHHHff. AJlh!pa-pacna,n ROMnayH,D;-COCTO~ff ,naeT BOS
MOJJtHOCTh a6cTparHpOBaThCH OT MHAHB~aJll,HOH CTPYRTypu pacna.n8.IOl!lero
CH COCTOHHM, cyll(BCTBeHHO J)aClllHIJR:eT ·,ItHallasoH aHeprHit 0(-pacnMa 
(,nM Heo,nHMa.;..144 aTo npHBO'AMT K pas~e B nep:eo,nax nonypacna,na oc
HOBHoro H KOMnayH,D;-COCTOJ'Ilillff Ha 30.nop,mnoB). 3TH H .npyrne oco6eH
HOCTH n03BOJUUOT Ha,neHThCR Ha noJiytJelll'le HOBOH HHqiop.1anru,: HO CaMOM 
MeXaHHsMe 0(-pacnMa npH HSytJeHHH peB.Ruu ( n' 0(). 
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HaJIHqHe CBeTOCHJll,HOro HeilTPOHHoro cneRTpoMeTpa no BpeMeim 
nponeTa Ha 6ase HMnym,cHoro peaRTopa HEP H cos,naHHe opHrHHam,-
HHX CBeTOCHJll,HHX ,neTeRTOPOB 0(-qacTH~ nosBOJIHJlO B 1965 r. no.riy
qaTh nepBHe pesyJlhTaTH no HSMepeHHID no~ 0(-IIlHPHH HeilTPOHHHX 
pesOHaHCOB ( c&iapHti-14 7 H CaMapHff-14 gl~ ) , a B 1967 r. BnepBHe HS
MepHTh cneKTPH 0(-tJaCTHl{ B OT,neJlhHHX peSOHaHCax (CBMapHtt-147/2/). 

HacTOmJtaJI ,n:eccepT~ no,nBOAHT HTOrH ,necRTHJieTHHX 8RCnepHMeH
TaJll,HNX HCCJie,nOBaHHH P~aRUHH ( n, 0() Ha pesoHaHCHHX HeilTpOHa.X. 3a 
8TO BpeMR HaMH 06HapyJJteH 0(-pacna,n 60Jiee tJeM ,nJl.fi CTa pesOHaHCHHX 
COCTOSIHHH IlO'lTH nonyTopa ,neCRTKOB ,mep B IIlHPOROM MallasoHe aTOMHWC 
BecoB OT IUiHKa-64 ,no raqiHM-177. ifaMepeHU npH~Ham,Ho HOB!Ie xa
paKTepHcTHKH HeilTPOHHHX peSOHaHCOB - noJIHHe H napJ:U1aJlhHHe 0(-IIlHPH
HU. BnepBHe npoBe,neH CTaTHCTH'leCKHH aHaJIHs pacnpe,neJieHHH noJIHHX H 
napnHaJlhHHX 0( -IIlHPHH, no.71yqeHH yRasaHM Ha BOSMOJJtHI,Ie OTKJIOHeHM B 
noBe,ne.HJll!l nOJIHl:llC H napuaam.HIDC 0(-mHpHH OT CTaTHCTHqecRHX saKOHO
MepHocTett. IlpHBO.nRTCH pesy.ill>TaTH cpaBHemur :rncnepHMeHTaJlhH!lX ,naH
HHX c npe,ncnasaHruIMH pasBHBaeMoro B nocneAHee BpeMH no.71yMHRpoc~o-

. nHtJeCROro no,ItXo,na K OilHCaHHID BHCOROB036yllt,IteHHUX COCTOHilHil ,mep' 3/. 
no CYTH ,ne.na B Jia6opaTOpHH HeiiTPOHHOfi ~H3HRH OllilH HaqaTI,I Hccne

~OBaHH.fi HOBOro KaHaJJa BSB.HMO,neficTBIDI pesoHaHCHHX HefiTPOHOB CQ cpe,n
HEMH H T.fIJJteJII,!MH ,mpaMH H aKcnepHMeHTaJll>HO HsyqeHU OCHOBHHe (06l11He) 
SaROHOMepHOCTH SToro npouecca. IlpeAJlO~eHa OilTHtieCRaJI Mo,neJlh AJI.fi 
onHcaHIDI B3aHMO,neficTBHR rny60KO no,n6aphepmnc 0(-qacTHl{ c fl.JU)aMH. 

Msno~eHHHe B AHCCepTauHH pesyJlhTaTI,I Hccne,nOBaHHfi Heo,nHORpaT-
HO ,nORJia,nHBaJIHCh Ha KOHqiepeHuaHX H CHMilOSHyMax: 'ABYX BcecorosllliX 
ROHqiepeHIU1.fIX no HeiiTpOHHOii qJHSHRe (KHeB,1971 H 1973 rr), H8CKOJJI,
RHX eJJtero,nHWC COBemaHHHX no ,mepHofi cneRTPOCROilHH H CT.PYRType ,m
pa, Ha CoBell(amm no nepcneKTHB&I HCnOJlhSOBaHM HefiTPOHHOfi cneKTpo
CROnRH Oly6Ha, 1970 r.), MeJJt,nyHapo,nHOM cHMnos:ayMe no cTpyRType ,mpa 
(}Iy6Ha, 1968r.), Mellt,ItyHapo.nHoil KOHqiepeHUiIB no CT.PYKType ,mpa (TOKHO, 
1967 r.), II Mellt,ItyHapo.naoii 1<0HqiepeHnHH no ,mepHHM ,naHHHM ,nJl.fi peaRTO
poB (XeJlhCHHKR, 1970r.), MeaozyHapO.nHOH ROHqiepeHIU1H no H3ytieHHro CTPYK
TyPH H.IU)a c nOMOUU,ll HeiiTPOHOB (EyAanemT,1972 r.), IT fleaozyHapo,nHOM 
CHMilOSeyMe no cneRTPOCROillm raMMa-Jiytiett PMHaUHOHHOro saxBaTa Hett
TpOHOB H CB!I3aHHHM BonpocaM (IleTT8H, ro.llJJaHMJI,1974 r.) H p.ima 
.npyrHX COBell(aHRH. 3THM pesyJlhTaTaM 6HJIH nocrunneHU neKUHH Ha III 3HM
Heii mRone no _Teopnn SI;IUla H ~HSHKe BHCOKHX aHep!'Hfi (leHHHrpa~,1968r) 
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n Me)K.eyHaPOAHOli J11Rone no cTpyKType ~ (AJiymTa,1972 r.). Boero 
no 3THM MHiillM BWDAO 6onee 30 ny6Jll!RB.UHi1: B COBeTCIGIX H sapy6ez
Hill{ HSAaHW (B TOM qncn/1,2,8,9,12,15,27-32,36-47,51/). 

I. HeKoTopue BOnpocu aJU,ipa"."pacn~a H].tep 

AJI.&ipa-pacn~ aTOMHWC JUJ;ep HBJIReTc.F( OAHH.M RS "~eBHeil:nmx" 
HHCTpyMeHTOB HsyqeHHSI CTPYKTypu .a,nep, a TaRze OTAeJr&HIDC CTOPOH 
AHl.ru.lHRH BHYTPHRAePHWC npoueccoB. OAHaRo B TeqeHHe HecROJU,RHX 
AeCRTHAeTHli HCCAeAOBaACH Jlli!DI, ex -pacn~ OCHOBHllX COCTORlUlH. Bno
cneACTBIDI 3TO npnBeno K HeRoTopoMy "Hacu111eHID'.)" HHTepeca R am,ipa
pa,nnoaRTHBHOCTH B uenOM. 

Ho sa nocneAime 10-15 JieT npoHsomeJI saMeTHHil:·cRaqoR B 3Rcne
pHMeHTaJI.&HHX HCCJieAOBaHH.RX a.J!I4a-pacn~. Pa60TH Ha nyqRax 6HCT
pux npoTOHOB IlOSBORHJJH CHHTesHpOBaTI, HOB!le ~. ~neRae OT oo
JJaCTH CTa6HJU,HOCTH, qTO B-HeCROJU,KQ pas pacnmpano qHCJIO ex-aR
THBHWC .a,nep • .llAA mnpoKoro Kpyra . .a,nep C Il0MOU1hl0 peaR~H ' n, ex) 
6un HccneAOBaH ex-pacn~ BllCOKOBOS6yJK.IteHHl:DC ROMilayM-COCTO.ffil.d 
H].tep. C Il0MOU1hl0 sanaSAUBa!OlllWC (H.DY111HX BCJieA sa 6eTa-pacnaAOM) ex
qacT~ n peruc~a ( n, l CX) noJiyqem,1 nepBue cBeAeHM 06 ex-pacna
Ae · npOMezyTotiHmc BOS6yJK.IteHHl:DC COCTOrumfi. Bee 3TO npnBeJio R IlOHBRe
HHIO HOBOfi HHq)Op.la~H, qTQ B CBOJci"oqepe~·cTHMynapo:saJIO AaJI.&Heltmee 
pasBHTHe TeopHH · ex-pacna,na, BOSHID<mea_ IlO'ITR 50 JleT Has~. ROrAa 
ouna pemeHa RBaHTOBOMexaHHqecRaH s~aqa npommHoBeHRR: am,ipa-qac-

THllll tiepes c<pepRtI:eCRH cRMMeTpHqlllrlt RYAOHOBCRHli oapi,e/41. 

B AaJI.&HeltmeM TeOpHR ex-pacn~a c<pep.0qecRHX .a,nep HeO,nHOKpaT
HO COBepmeHCTBOBaJ18.CI,. IlJIOAOTBOPlillM OKasaJIOCI, HCilOJU,SOBaHHe BOA
HOBllX ~HKurui MOAeJJH o6onotieK AM Bbl'JHCJieHRH BepoRTHOCTelt o6paso-
:eaHHH ex.;.qacT~ BHyTPH .a,nepHoro IlOTeH~aJia (Manr,. TOJIJCyR H 
BpJOCcaap H AP/5 ) • 3TO nOSBOJmJIO npaBZJlbHO OilHCaTI, OTHOCHTeJlbHUe 
(HO He a6cOJIBJT1Uie) BepO!lTHOCTH (X-nepeXOAOB. HoB!:rtt :sapKaHT Teo
PHH ex -pacn~a. He COAepllt~Hlt B. RaqeCTBe CB060,nHOro napaMeTpa 
~ye o6pesaimH .a,nep.Hllx caJI R0 , 6uJI npeAJIOllteH Xa!)aAolt 11 Pay
mepo;:/61. BoJiee IlOCJieAOBaTeJU,lllrlt BapHaHT Ta.Roil: HHTerpaJU,HOil: <pop-

_MYJIH AAA OilHCaHHR BepoHTHOCTH ex-pacnaAa pasBHBa8TCH B HaCTOH-
111ee BpeMH C .r .Ka..n;MeHCRHM H B.lf .illyl)MaHOM; ,IIoKasaB CytllBCTBeHHYJ) 
POJU, IlOBjPXHOCTH ~ B <popr,rnpoBalm.H BUJleTaJ0111ei1: ex-qaCTHJlll, 3TH 
aBTopi/7 CBHSllB8.lOT AaJlhHelimHti nporpecc B pasBHTIDa Teopna ex-pac-
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n~a c yqeTOM npouecca ex-K.nacTepHsawm HyKAOHOB Ha noBepxHo

cTn R,I!.pa. 

II. A.1Jl4a-pacn~ KOMnayM-COCTOHRRli 

3axBaT MeAJieHlillX Hei1:TpOHOB HBJUieTCH oqeru, ampeKTHBRblM MeTOAOM 
BOs6ylK,ll;eHRR: OTAeJlbHllX ROMnayim-coCTOHHHH Mep. 3TH COCTORIIIDI pac
n~aJOTCH r.naBHRM o6pasOM 6JlaI'o~pH HchycKamm y-rrnaHTOB. Kpai-ine 
peAKO npOHCXO~T (X-pacnaA B O,nHO HS COCTOHHHli AOtiepHero JUWa. 
IIpH 3TOM BW101lHHIOTCH onpeAeJieHHHe npaBRna OT60pa no op6HTalll>HOMY 
MoMeHTy ex-qacTH!Ul H CllRHaM H qeTHOCTHM HatiaJlbHOrO H KOHetIHoro 

COCTOJlHHfi. 
B TeopHH MepHWC peaR~li napiumlll>HaH mHpHHa (X-pacnaAa BOS-

6y>K,IteHHoro COCTOHHM ( i ) B KOHeqHoe COCTOHIIBe ( f ) c op6HTalll>
HHM MOMeHTOM BllJ1eTaI0111ei1: (X-qacTHllll C-1) OilHCHBaeTCH BupallteHHeM 

rlll..,, = 21~;r,Pr1. ('i > 

rAe ·Yd.iJl - aMnJIHTyAa npHBeAeHHOi1: ex-nJHpHHll, P- qiaKTOP npo-
HHWieMOCTH noTeHUiiaJU,HOro Mepnoro 6ap1,epa. A IlOJIHaH ex-nmpmm -

BllpallteHHeM 
f:; ,:: 2 r, yl;r, Pr,. c2> 

,llJUI napwiaJlbHllX (X-llll'lp~H cTaTHCTHtiecKaH TeopHR R,I!.epHllX peaK
WIM npeAfioJlaI'aeT pacnpeAeJieHHe T.1ma x.11-KBa.JU)aT c V=1 (pacnpe,eJie
irne IlopTepa - ToMaca), a ,Il,JUl noJIHWC cx-umpnH Mu npeMOJIOlltHAH 
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1, 

'ITO 

a 

l 'p - D < r ... >= 2<l"'->L r, - zrr 
- fl 

L Pr1, 
fl 

(3) 

V3c)> _:_ {r,"F}i)1/~ Pri , (4) 

rAe D - cpeAHee paccTorurn.e Mellt,ny_pacn~al00\UMl1CH cocTORHHRMH c 
)l.aHHllM CIIBHOM H qeTHQCTI,IO, '!iqi aif,AieKTHBHOe 'Il1CJ10 CTeneHeii CBO-

Clo,Il;ll:. 
06wmo P,-

1 
pac~qHT1:rnaeTCR B 1rnasrurnacc.11tiecKOM npR6AHllteH.11l

1
0/, 

o,IJ.HaKO JiornqHee 3TO )l.eJ!aTI, C IlOM0111blO OilTHtieCKOi-i MOJJ.ElJUI, OilRCllEa!O-' 
meii B3UUMOAeHCTBRe ex-qacTRJlll C ocTaTOqH!lM _MPOM. 

fl<>crwru,Ky_ B aacTOfllllee BpeMR He cy111ecTByeT "e,nRHoro" qieuoMeHo-
norntiecKoro IlOTeHUHa~ 'IDI (X-qacTm.~. Mll BOCilOJll>SO~CI, npeAJIOl!:8-
HHeM c.r .Ka,nMeHcKoro'11 R CKOHCTpy.11p6:ea1m onTHqecKHli noTeH~aA 
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(OII) cJie,eyromHM oopaaor/121. ,lleilcTBHTeJ1.bHa;:r qacT.b OII noJiyqaeTcJI yc
PG,ll,He1rneM O.IJ;HOHyKJIOHHLIX cpeHOMeHOJIOrHqecmIX IlOTeHUliaJIOB no IlJIOTHOCTll 
pacnpe.n;eJleHHJI HyKJIOHOB B ex-traCTIU~e. a MHI1Ma;:r (e.n;HHCTBeHHHH CB0-
00,ll,H!ru napaMeTp) .:. onpe.n;eMeTcJI ,HCXO.IJ:H ns naH.eyqmero OillicaHM a6co
Jl!OTHHX 3HaqeHHtt cpe.IJ;HHX llOJlH!i!X ex-wHpHH, IlOJlytieHHHX HaMH B 3KClle
PllMeHTe (cM.HHJKe). 

IlOCKOJ1.bKY, KaK MH yJKe OTMeqaJIH, HettTpOHHHe pesOHaHCH, BeC.bMa 
BepoHTHO, eme He HBJIHIOTCJI qncTUMil KOMnayn.n;-cocTOJUIHHMn, B03HnKaeT 
60J1.bWOH IlHTepec K IlOHCKaM H BHHBJieHHIO npnpo.IJ;H HecTaTncTnqecxnx aqi
weKTOB B 3TOH, B03MOJKH0 1 eme nepeXO.IJ;HOH ,OOJ.taCTH 3Heprn» B030yJK.n;e
HHJI R.n;ep. K COlKaJieHnIO, noKa HeT o6me» Teopnn, onnCHBaHX!le» cBo»cT:sa. 
BHCOKOB036yllt,ll;eHHIDC COCTOJIHHH R.n;ep, IlHHe, treM CTaTncTnqecxne. B 
TO JKe BpeMJI HallpaBJieHHOCT.b Hawnx HCCJie.n;OBaHHH n IlpaBHJl.bHOe IlOHnMa
HHe HX peayJ1.bTaTOB BO MHOrOM 3aBilcHT OT COCTOJIHilH TaKHX "HecTaTH
CTnqecxnx" Teopail. 

l-IeKOTOPHM HCKJlIO'!eHHeM B 3TOtt CHTYaWIH JIBJl.lieTCJI .IJ;OBOJl.bHO OOlllHH 
no.n;xo.n; K OilHCaHHIO BHCOKOB036yJK.n;eHHHX COCTOJIHHH, pasBnBaeMHH IlOCJie.n;
Hee BpeMJI B.r.CoJiom,em.iM H COTPY.n;HHKaMH/3 , 13/_ IlocTpOeHHHe HMH BOJl-· 
HOBUe <pyHKUlill B036yllt,ll;eHHHX COCTOJUIHH HMeIOT Bec.oMa 061l1!1l1 BH.n;, n, KaK 
cJie.n;cTBne aToro,cJio~ n He Bcer.n;a npnro.n;HH .n;Jl.lI KOJllfllecTBeHHux pac
treToB. 0.n;HaKo IlOJIBJl.lieTCJI B03MOJKHOCT.b.HeKOTOPHX KaqecTBeHHHX 3aKJl!O
'l.eimH, noaB01l.l!IOU!liX, B qacTHOCTH, npe.n;cxaaaT.b onpe,neneHHHe oco6eH
HocTH peaKUliH ( n, ex) Ha pesoHaHCHHX HetlTpoHaX, treM MH BOCil0Jl.b3yeM
CJI npn anaJIHae nawax axcnepHMeHTaJl.bHHX .n;aHHHX. 

IlepBaJI IlOil!i!TKa 3KCnepHMeHTaJl.bHO 06HapyJKHT.b peaxnruo ( n • ex) Ha 
TenJIOBHX HettTpoHax .n;JIJI JI.n;ep 6oJiee ymeJIHX, treM 6op, 6HJ.ta c.n;e.mrna, 
IlO-Bll.n;HMOMy, ~appa.n;JKH B 1952 r 11~. 0.n;HaKO peayJ1.bTaTH 3THX ll3Mepe
HHH (Ha ll30TOilUX UliHKa) BH3HBa!OT OOJ1.bll!Oe COMHeHRe/15/. B .IJ;aJl.bHeii
WeM, ocoeleHHo B 6o2£ ro,nax, K naytreHHro peaKUliH ( n ,ex) B Tennooon 
06.nacTn o6paT,JICJI cparumTeJl.bHO wnpoxan Kpyr nccne,noBaTeJieii B 10 
CTpaHax/

16
-

25
• 0.n;HaKo llTOrH 3THX HCCJie,noBaHilli OKaaam,:cI, .IJ;OBOJl.bHO 

CKPOMHHMH: 

a) peaKUHJI aKcnepHMeHTam,Ho o6napyJKeHa Ha 6 TJIJKeJIHX R.IJ:pax; 
6) _ c.n;enaH K_aq·eCTBeHH!i!tt BHBO.IJ; o TOM, qTo CTaTHCTHtieCKM Mo.n;e;p, 

ex-pacna,n;a nyqwe onncHBaeT aKcnepHMeHTam,HHe .n;aHHHe, treM o.n;Hotrac
Tnq~16/; 

B) o6HapyJKeHl26/ aa.n;epJKaHHHii ex -pacna.n; - peaKUli.ll ( n;'(ex). 

8 

CJie,eyeT OTMeTHT.b, qTO TaKHe HCCJie.n;OBaHM, B IlPHHW!lle, MO!'yT 

.n;aBaT.b Jllilil.b KatreCTB6HHyIO HHqlO];MaWl!O - c.eyqaiJHyIO BHOOPKY napIU1aJ1.b
HHX ex-wnpnH ,llJIJI o.n;uoro HJlll cyMMH H6CKOJ1.bKHX ( C HenaBeCTH!lMll Beca
MH) pesOHaHCOB. 3.n;ec.b Tpy.n;Ho Ha.n;eJIT.bCJI Ha IlOJiy'l.eHHe HHOH HHqlO!)Ma
UliH, 'l.6M R.n;epHo-cneKTPOCKOilll'l.€CK8Jl: 0 HHJKHHX COCTOJIIIIDIJ{ .n;oqepHero 
R.n;pa. TOJl.bKO Ha pesoHaHCH!i!X HeilTPOHaX MOJKHO HCCJie,llOBaT.b C IlOMOUU:,!O 
peaKUlia (n , CX) BCe cBoeo6paa:ae ex -pacna.n;a KOMnayH.n;-cocToJIEHil R.n;ep. 

m. MeTO,llHKa H3y'leHHJI ex-pacna.n;a HeiiTPOHHHX peao
HaHCOB aTOMHHX R.n;ep 

P.im oco6eHHOCTeii peaKUliH ( n, ex) (MaJIHe ceqeHHJI, 60J1.blll0H qJOH 
OT KOHKypHpyro111nx peaxIU1tt ( n, n) H ( n, l ) , MaJIHH npo6er ex-qacTH
m,r B Be111ecTBe MHWeID1) npe.n;~JIBJl.lI!OT cneIU1qmqec1<11e Tpe6oBaHHJI K.BH6o
PY MeTO,llHKll .IJ;Jl.lI ee H3ytreHM. CymecTBeHHHMH xapaKTepHCTHK8MH HeilTpOH
HOro cneKTPOMeTpa ,llOJllKHH OHT.b 60J1.blll8$I CB6TOCHJ.ta H B03MOJKHOCT.b 06.ey
tJ.aT.b Mn!lleHH 60Jl.bllJOH nno111a.n;H. ,lleTeKTOPH ll cneKTPOMeTp!i! ex -'l.aCTHU 
,llOJllKHH Il03BOJIJIT.b pa6oTaT.b c MH!ll8HRMH paaMepoM 103-104 cM2 , 6UT.b CTa
OHJl.bHHMH B pa6oTe, HetryBCTBHT6J1.bHblMH K raMMa-H3JJY'l.elll1IO H H6HTPOHaM • 

MccJie.n;oBaHHe peaxUHn ( n, ex) Ha peaoHaHcH!i!x HeiiTpoHax npoHsBo
.IlHJIOC.b Ha HMllyJ1.bCHOM peaKTope MEP 06~e.n;HHeHHoro HHCTHTyTa R.n;epHHX 
HCCJle,llOBaHHH. CneKTpOMeTpHJI uettTpOHOB ocy111ecTBJIJIJ.taC& M6TO.IJ;OM BpeMe
HH npoJieTa. 06H'!HO H3MepeHHJI B€JlllC.b B peJKHMe COBM8CTHOH pa60TH Jlll
Hel1Horo ycKOPHTeJl.lI 3Jl8KTPOHOB JJY3-40 H peaKTOpa HEP B KatJ.eCTBe 6y
CTepa C paaMHOJKeID1eM qacna HeHTPOHOB B HMnym,ce ~200. 3TO Il03BOJIJI
Jl0 npH nepBHqHOH wnpnHe HMnym,ca HefiTPOHOB Ha llOJlOBHHe Bli!COTH ~ 4 
MKCeK HM8T.b ,llOCTaToqHyIO AM per.acTpaUlill peaKUlill ( n, (X) RHTeHCHB
HOCT.b HettTpOHOB Ha nponeTHHX oaaax,..., 30 a 100 M. t!acTOTa BCllH!lleK 
COCTaBJIJIJJa 100 ru, MOll1HOCT.b B HMllyJ1.bce ,-,20 MBT. 

Ha nepBOM a-rane ocy111ecTBJJJIJICJI noHcK peaKUliH ( n ; ex) B peaoHaH
cax OT.IJ;61II,HHX JI,llep, perHCTPHPOBaJICJI BHXO,ll ex-qacTHU H onpe.n;eJIJIJlllC.b 

• IlOJIH!i!e (X -IllHPHHH. Ha BTOPOM aTane ,llJIJI R.n;ep H peaOHaHCOB C MaKCH
MaJII,H!i!M BHXOAOM ex-tiaCTRU ocymecTBJIJIJ.taC.b cneKTPOM6TPM ex- -qacTHU 
H onpe.n;eJIJIJIHC.b napIU1aJ1.bHHe ex -mnpHHH nepexo.n;oB B oT,neJl.bHHe cocToJI
HM ,noqepHero JI.n;pa • .llJIJI Kallt,ll;oro H3 3THX aTanOB paapa6aTHBaJlllC.b CBOH 
,neTeKTOPH - ctJ.eT'lHKR R cneKTpOMeTpH d,._ - tiaCTHU. 

B TajJIHue .1 npe,ncTanneHu xapaxTepHcTHKH cos,naHH!i!X B Ha!llen rpyn
ne .neTeKTOPOB d- - qacTHU - raaoBoro CUliHTHJlJLIIUliOHHOro .neTeKTOpa C 
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aJieKT~.11qeCKHM IlOJleM/27•28/, MHOroceKUliOHHOH npononuaoHa.lU>HOti Ka-

8 i ~t~ Mepi/"9 •301 H paannqHHX TlllOB_ HOH.113auaoHHHX Kru.:e/
31 

•
321. lia pHc.1 

~ ~ 2 ~ ~----- g g g co "-l' MOlltHO Bll,ll;ST!, HSKOTOpble ocodeHHOCT.11 KOHCTPYKIW! .n:eTeKTOpOB. 
00E-tUID(\j H 0 
t::: ;,:; u :s: Pl Pl nJIJI STHX .n:eTeKTOPOB 61rna C03,n:aHa cneuaa.lU>HM 3Jl0KTpomrna, HC-

1

, I pq Pl nom,aownqc.r, CHCreua perHcTpa~m MHorOMepHoi1 HH~:pMauaH na MarH.11T-

: ~~ ~ 2 8 o HOH JISHTe/33/. 
l=tl..o :>' 0 0 0 m..; E(e I g I ~ ~ MmneH.11 ,n:JlJi Il0.11CKOB .11 .113yqem1H peaRurut (n , C(.) .113rOTaBJl.11BaJIBC.I, 
P, . 
o ::r C1l ~ g g B B.11,ne TOHKHX paBHOMep.lfilX CJIOSB Ha a.11Bl,1.11Hld0BUX no,n:JIOJKI(aX, KaK npa-
E-t :s: :x: :x: C\2 C\2 . 

I
. ~ ~ B.11JIO, H3 o6orameHHIDC .1130TOilOB. 

t g! )!JIJI napaJ1J1eJ1.I,HOi1 perncTpaua.11 Buxo.n:a v -nyqefi B Tex lite peaoHaH-
1=[ I ' ij ID~~ ; § cax ( OTHOCHTe.111,lillil MeTo.n: onpe,n:eJieHM (j., -!llllp,rn) .11CilOJTh30BaJIHC.I, Cll,HH-

~ ffi ;,:; :,-,5 o O O THJIJl.HUliOHH!:le .n.eTeKTopu l -!JYqeti T.lilla MoKcoHa :- Pes/341, JIB6o .n:e-
E-< a.>:S: C:0. I O I O O '/35/ /fl f'; w,~ CY) H H TSKTOP IlOJIHoro norJiomeHIDl'' , cna6o qyBCTBHTeJl.I,Hble K H3MeHeH.11l'lM 

g•§' ia ~ qJO:pMbl cneKTpa ,-.nyqeti JJJIR .n:aHHOro H30TOna. 
C1l a: 

11.. ro TaKHM o6paaoM coqeTrume "Me,n:JieHHoro" - MJIBpoceKyH.n:110ro, HO 

m Pl ,-... CB0TOC.11Jl.I,HOrO cneKTPOMeTpa HetiTPOHOB no BpeMeHH nponeTa (peaKTOp 

'i'§ ~:. i ,.._ fil>P) c Me,nJieHHblM.11 .n.eTeKTOpaMH oC. :-qacTHU, o6Jia,n:aKXll.11MH 6om,m.11MH pa-
~ 11j u ~--- ~ 8w ~ 0 ~ ~ 60qHMJ! IlJIOl!la,nm.lH, Il03BOJ1.11JIO C03,n:aT.I, yH1IBaJ1.I,HyJO ycTaHOBKy ,ll.Jlfl nay-

~ t gill'~ C?.U;. C?.'+ C?. ':j! 0 ~'=i! qeHHJI peaKUli.11 ( n , d,J Ha peaoHaHcHb!X HetiTpoHax. 
E-t O'lP' 0.1'< OH 01:'- 0 'S/' 0 Ol{) 
CJ _,Q)J:2. ......, ._, -

x:, :x: c; E-t Q) 
oos::x::x: 
.::'..'""s! :s: "' __ _ _ IY. HaMepeHWI noJIHUX n napuaaJU,HblX 

1 1 1 aJ1.I,qia_-mnp,rn 
Pl :S: 
ts:~ f-t .--...:s:: e-. u oo>ce :s: ]leTeKTOPbl aJU,qia_-qacTHU pacnonaraJIBc.r, Henocpe,ncTBeHHO Ha nyqKe 
;,:; ,'I (1j :s:U ::,,-... 0 0 0 0 0 0 JHff ~ c: i'.::: I:'- I:'- m "-l' ~ ~ HetiTpoHoB B paapuBe BaKYYMHPOBaHHoro HetiTpoHoBo.n:a ( cM. p.ic. 2) • 3a-

i:ls' :x: ~ ::::r--- o. MeTHoe y .ny'lilleHHe cneKTPOMeTBHH aJU,qia.-qacTHU .n.ano .11cnom.aOBaHHe me-

JIBBOro KOJlIDlMaTopa (30x2 CM } H o6Jiyqemrn MR!llSH.11 y3KHM nyqKoM Heti-

~'~ ---- 0 0 0 0 TpOHOB no.n. CROJ1.I,3JII!{.11M yrJIOM (pHc.2) • 
c?:x: C\2 0 0 0 0 0 5~ 5 ~ ~ g g g HaMepeHHe flOJIHHX o<. -nrnpHH npoBe.n:eHO K HaCTO.f!IUeMy BpeMeH.11 .ll.M 

~ ~ --- H t-t illHPOKOro Kpyra aTOMHblX smep OT uaHKa-64 .n:o raj)HHJI-177. IlpH aTOM aa-

a~ 6 fil. I~ I perHCT~HPOBaHHb18 am,qia-mHpHHbl H3MeIUIIOTCJI OT 10-3 aB .n:M UHHKa-67 

~ o, i ~ §'~ 5;,:; 5 ,ll.O 10- aB ,ll.JlJi ra,n:oJIHIDrn-155. B TaC>JIHUe 2 IlpHBe,ll.eHbl XapaKTepHCTHKH 

~ ~ ~ ~ )a;,:; ! j---- I ycJioBHi! .11aMepeH.11ti am,qia-m.11pHH .ll.JlJi 16 JI.D,ep. 

~ ~ ~ ~---- i ~ ~ gi~ ~---- Onpe~eJieHHe c,{. -IDHPHH npoBO,n:HJIOC.I, OTHOCHTSJl.I,HblM MeTO,ll.OM. Pe-
al :S: E-t :X: 5:1~ 0 :Il :Il Cil'--' :x:~ ~ ( ~') i:1 OP, ::::rs-- :X:_,'I , ~.ci---- 0 g o"' aym,TaTbl HOpM.11pOBaJIHC.I, Ha 3Ha'!eHHJI aqxpeKTHBH!:lX ceqemm peaKurut n.,"'-

:s: 0 ..,_Eis O 0:: - <:::c:i :S: :S :s:~ _ 
E-< f;; ,is:,:s:

0 
i§~ 11j ]§ u 8, --- - B 06.IJaCTH TeilJIOBblX Heifl'pOHOB Ha H30TOnax CaMapruI-149 H HeO,ll.HMa-143, 

(I) :ll:llJ:-., mE-< 00'·0 ~mo ~m n 6 E-t 111 :x:--- oo :X: :S 0 :S:Y :X: P,E-< El P, , H3MepeHHble .n;pyrHMH aBTOpaMH. JlJI aToro .llH O npoBO,Il,KJillC.I, O.JWOB,PeMeH-
Q) 0 :.:: isl c:., 0 H ::l" ,:s; Q) C1l ,'I Q) I N /36/ 
I=[ gj g ;§ ::::r g. ii g. 21\J ;:j ~ 1\3 Hble H3MepeliHJI B!iXO.n:a d.. -qacTHU H , -KBaHTOB ( 0( H N, ) 'Tor~a 

i:-,S :S:Uf-< :s~c:: <=t:,:;~ ~~ 

II 
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_G, - k_l:k:. , (5) 
ri - Nv 

r.I(e k CO.I(epJJGIT TJ'°JlI:,RO xapa.R'repHCTHRH .I(eTeRTOPOB of. -"laCT~ H r-
RBaJlTOB H onpe.I(eJIJieTCR nyTeM H3Mepeirall B TellJIOBOH 06JiaCTH: 

-I O(n.ot) Ny I · G) 
k - a(n;y) Noc.. -ren11. ( 

Jin6o BHXO.I( y-.nyqefi He H3MepneTCR, HO TOr.I(a Heo6XO.I(RMO sHa
HHe napaMeTpOB HCcJie.I(yeMHX H HO:p.!HpOBO'IJHHX pe30HaHCOB, saROHa H3-
MeHeHHR IlOTORa HefiTPOHOB C aHepr.aeli H OTHOmeHHR 'IHCJia suep, BXO.I(R
mnx B HCCJie.I(yeMHn H Ra.1m6pOBO"lHHll o6pasm/37/. 

Ha pHc.3 B RaqecTBe npHMepa npHBO.I(RTCR pe3yJ1I:,TaTH H3MepeHHJI 
BHXO.I(a ol.-"laCT~ .a· 1-RBaHTOB npH 06.ny'IeHHH CaMapHR-149 pesoHaHc..: 
HHMH HefiTpOHaMH. PesyJ1I:,TaTH H3MepeHrur aMilJlHTY.I(HHX cneRTPOB o<.-"lac
T~ B OT,eJlI:,Hr pesOHa.Hcax peam:nm 147sm (n ,o<.)144Nd npHBe.I(eHH 
na pac.4 2 •

38 
• KpoMe Toro, aMn~!fY.Zume cneRTP' ~-qacTHU HsMepn

J!HCl> B pesoHaHcax Heo.I(RMa-143/39 , 1ieo.I(RMa-14. 5 32 H caMapHR-149 
/40/_ . . 

IlOHCRH pe8l<UHH ( n 'ol) Ha pesoHaHCHHX ( H TellJIOBHX) HefiTpoHax 
B 06.nac~H suep 6oJiee TRJKenHX, qeM raqiHHll, IlORa He .I(aJIR IlOJIOJJGITeJlI:,
HHX pe3yJ1I:,TaTOB. B H3MepeHHRX Ha ecTeCTBeHHOH CMecH H30TOilOB oc
MM .I(JIR He'IeTHHX H30TOilOB c A = 187 H 189 Mli IlOJiy'IJHJm/41/ .JIHml, 

Bepxirae. ouemm o(. -mHPHH, HaxoJJ,m11Hecn Ha ypoBHe sHa"leHHll, npe.I(cRa-
3HBaeMHX CTaTHCTH'IeCKOll MO.I(eJlI:,JO. T8l< 'ITO .I(aJlI:,Het'!Illee y Jiy'IllleHHe Me
TO.I(H'IJeCRHX B03MOJKHOCTefi .I(OJIJKHO JIH60 IlPHBeCTH R IlO.I(TBePJK.I(eHHIO cra
THCTH'IJeCROH TeopHH, JIH60 R HHTepecHHM npoTHBope'IJH.RM c Hell. 

Y. CBOHCTBa aJU,qla-mHpHH 

Co6pa.HHHe B HaCTO.Hlllell pa6oTe .I(aHHHe no nap@aJlI:,HHM H IlOJIHHM 
o(-mHpHHaM HellTpOHHHX pesoHaHCOB RBJIR!OTCR nepBHMH 3KcnepHMeHTaJ1I:,

Hb!MH pesyJ1I:,TaTaMH T8l<Oro po.I(a. Il03TOMY npe.I(cTaBJIReT HHTepec HaqaTl, 
llX aHaJIH3 C ~O'IJKH speHHR 0611U1X saKOHOMepHOCTell pacna.I(a ROMnayH.I(
COCTORHHll, onHcHBaeMHX cTaTHCTH"lecRofi Tecp11ell. 0.I(HaKO B CBR3ll c 
OTMe'IJaB!llHMHCR BHllle 3KcnepID,1eHTaJlI:,Bh!MH Tpy.I(HOCT.RM~. llM6KXW,~CJl B !la
llleM pacnopRJKeHHH CTaTHCTH'IJeCRH~ Ha6op naprma}lI:,H1D( H IlOJIHHX ol... -
mHpHH noKa He MOJKeT ll.I(TH B cpaBHeHHe c COBpeMeHHWAH Ha6opaMH.Hett
TPO.lillliX H napUHM!,~HX 1-lllHpHH; no,11yti:eHHIDC ycHJIHRMH ueJioro psua,,, 
.na6opar6pnll BO BCeM 'MHpe;' 0.I(HaKO npn usyqemm iloBoro RiiHaJia pac
na.I(a, cBRsaHHoro c BHne-roM cnollllioll' tiacTHUH, HecoMHeHHo, 'npe.I(cTaB-
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JllilOT l1HTepec ll KaqecTBeHHble BliBO.IU,I ll aHaJllis B03MOlllliOCTeii no.nyqe
HIDJ opnr11HaJ1I,HOii l1HqlO:pMauRli B 6y )J.Yl!leM. 

CTaTl1CTHqecKM Teopmr npe.n;cLta3h!BaeT, qTQ napUllaJl.I,lll,Ie lllliPRHhl 
heiiTpOHHhIX pesoHaHCOB ,ll;OJL'KHli qJJJyKTyllpOBaTI, corJiaCHO pacnpe,neJieH.HIO 
IlopTepa - ToMaca, T.e. KaR x:a-KBa.npaT-pacnpe.n;eJieHHe c q:acJIOM cTe
neueN CBodo.n;u V = 1 • 3KcnepRMeHT IlO,ll;TBep;imaeT 3TO )\JlfI CJiyqaJJ Heii
TPOHHhlX ll napUllaJl.I,HliX pa.naaqaoHHUX nrap.1m •. Mu IlOilh!TaJlllCI, npoBeCTl1 
TaROe cpaBHeHHe ,nJlfI ol.-lllliPl1H. lja pnc.5 npe,ncTaBJieHu 3KCIIepRMeH
TaJ1I,HOe (racTorpaMMa) R TeopeTaqecKoe· (cnJiomHM KPRBM c \) =1) pac
npe.n;eJ1emm napUllaJ11,HhDC o(-mRpRH caMapmi-148 .nJlfI nepexo.n;a B ocHOB
Hoe cocTORHRe· ueo,nllMa-144. B ripe,neJiaX RMeIOmeiicR B HaineM pacnopmm
Hl1l1 axcnepru~eHTaJl.I,HOH HuqiOpMauRll MOlKHO rOBOPRTI, 0 corJlaCRR C Teo
p11eii. Bhlllle .nauo pacnpe.neJieHHe nra:pRH .nJIR cl -nepexo,noB B nepBoe B03-
6yllt,I\eHnoe cocTORHHe Heo,nllMa-144. HeKoTopoe cyJKeHlle aKcnepIJMeHTaJ11,
uoro pacnpe.n;e}leHllR o6'b.llcHJ'IeTcR TeM, qTo s.n;ec1, .naIOT BKJla,nu o<. -qac
TRIU:l c op6aTaJ1I,HUMR MOMeHTaMH I = 1 , 3, 5. B aToM c.nyqae, ecJIH HeT 
KoppeJllIURa B KaHanax peaKqaR c pasma1M11 I , To,cornacHo qiopMyJie (4), 
,ll;OJllKHO 6h!TI, Vag;~ 2, Ha qTo, IlO-BHMMOMY' ll yKa3UBaeT 3KCnepRMeHT. 

Pacnpe.n;eJieHHR IlOJlHWC ol - mapHH cpaBHHBaJlliCI, C XR-K:sa,npaT 
pacnpe,neJieHllJJMl1, .n;JIR KOTOPUX V3q, IlO,ll;C';lllTUBaJlOCI, corJiaCHO (4). 
Xopomee cor Jiacue no.nyqeHo .IIJlfI o{ -1n:1:1pnH caMapRJI-14 7 co /nHHaMU r 
11 4-. PesyJ1I,TaTa ,nJlfI caMapnR-149 npe.ncTaBJieHhl Ha puc.6 42/. 3.n;ec1, 
TaRJKe I1MeeTcR xopomee corJiacne aKcnepUMeHTa c Teopue» .IIJlfI pesoHaH
coB c JJ(= 3-. B TO lite BpeMR JIM pesoHaHCOB c JJ(= 4- corJiacue 

C TeopeTaqecKOH KPUBOH ( VTeop = 2,5) OTCYTCTB]8T. 3Kcne~IIM,.HT .n;a
eT V 3KC ~ 14 ( nyHKTUp) • J{OIIOJIHHT8J1I,Hl,JH aHaJlli3 CHTyauRH' 42 . ( no
IlliTKa yqecT1, nponymeHHue 3 pesoHaHca, norpemuocTn B onpe.neJieHHH mR
pnH) IlOKasaJI, qTQ V 3KCil = 8+ 14, a BepORTHOCTI, CJiyqaiiHO UMeTI, 

\1 aKc> 8 OKasaJiac1, MeHI,me 2 %. 
TaKoii pe3yJ1I,TaT Tpy.n;Ho IlOHJ'ITI, C TQql(H speHRJI CTaTUCTHqecKoii 

11.0,IleJlli, TeM 6oJiefr' qTO Hamn l13MepeHRJI cneKTPOB ol -qacTim B HHl!tlillX 
pesOHaHCax C J = 4- IlOKa3UilaJOT' qTO OCHOBHOH BKJ!a.n; B o(_ -mnpney 
BHOCRT TOJlI,KO 1i3 nepexo.na!40/. C, 

J{JlfI OCTaJl.I,HliX RCCJie.n;oBaHHWC HaMR R.n;ep Haclopu pesOHaHCOB cyme
CTBeHHO MeHI,me, Il03TOMY aHaJlH3HPOBaTI, RX IIOI<a H8JII,3R. B .n;aJII,HeiimeM, 
BepORTHO, MOlKHO 6y.neT IlOJiyqaTI, l1HTepecHyID RHgJO:pMaUl'IID. B qacTHOCTH, 
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B 06.nacn1 ,necpOJJMHpo:samrnx ,mep no pacnpe,neJ1emuo noJllillX o( -lll.ll.p1rn 
MOJKHO cy.D,RTI, 0 HaJl.ll.'lHH (HJl.ll. OTCyTCTBRH) KOppeJIRUHfi .nM nepexo.noB 
Ha ypoBHH, RBJlmoll(HeCR '!JleHa.MH O.I(HOM poTaIJ,FIOHHOH ITOJIOC✓517. 

Cpe,nHHe 3Ha'lemm IlOJlH!lX o( -lll.ll.PHH, IlOJlY'leHH!le HaMH .l{JlR .no
BOJlI,HO nrnpoKoro Kpyra smep, np.0.Be,nenu B Ta6Jl.ll.ne 3. 3,nec.r, TaKJKe 
npaBe,neHO 'lHCJIO 3aper.0.cTpHpOBaHHllX pesoHaHCOB - N , aqipeKTHBHOe 
TIHCJIO cTeneHefi cBodo,nu (corJ1acHo (4) ) , a Tamite cpe,nHee Bper.ui: lKH3-
HH HOMnayH,n-COCTORH.ll.R OTHOCHT8J1I,HO o( -pacna,na. B TOM CJlYtiae, ec
Jl.ll. perun.um ( n , o() Ha ,naHHOM smpe • He Ha6mo.na.na.c.r,, np.0.BO.JJ.l!TCR Bepx
H.ae onemm lll.ll.PHH c ,I\OCTOBepnocTI,JO 95 %. 

IlpHBe,neHHHe B Tad;rnne 3HatieHHR < ro(> .11CilOJlI,30BaJl.ll.CI, HaMH 
)(JlR Bu6opa MHHMOM qacTH cqiepH'l8CKOrO 0IlTH'l8CKoro noTeHIJ,FiaJla ,nJlR 
rJ1Y60I<0no.n6ap.r,ep11ux ol -tiacTn/12/. CorJ1ac.11e TeopeTntiecK.ax H aKc
nepHMeHTaliH!lX o(_ -nmp1rn np.0. ~ = 2 MaB, HJIJl!OCTPHPY8MOe pnc. 7 ,MOJK-
110 C'lliTaTI, y,nOBJ18TBOPHT8JlI,H1lM .naJKe B 06JlaCTH ,neq>OpMHpOBaHH!lX smep. 

3Ta onTHTiecKaR Mo,neJ1I, c ycnexOM HCilOli30BaJlac.r, Ha.MR .nM npe.n
cKasaHHR Haa60J1ee nepcneKTliBHHX ,nJlR HCCJ19)(0BaHHR smep. 0Ha JKe HC
IlOJ1I,30BaJlac.r, ,I\JlR oneHKH HaKOilJleHHR ~e~ reJl.ll.R B psme KOHCTPYKIJ,FIOH
HUX MaTepttaJIOB ,nJlR R,nepHUX peaKTopoB'4 /. 0,nHaKO O,nH03Ha'lHOCTI, Ta
Koro omwaHHR peaKIJ,FIH ( n, o() e111e He ,noKasaHa, nocKOliKy Mil noKa He 
na6mo,naJl.ll. MaKCHMyMOB CliJIOBOH q>yHKI.Uill .nM CA. -'laCTHU, B03MOllrHO, B 
CBR3li c TeM, 'ITO OHH ,nOJllKH!l 6UTI, oqeHI, y3KH. 

TaKHM o6pasOM, anaJl.ll.3 a1<cnepI1MeHTaliHUX ,naHH!lX noKasu:saeT,TITO 
B o6ll{ID{ tiepTax npe,nnOJlOJK9HHR CTaTHCTH'lBCKOH TBOPHH npHMBHHM!l .l{JlR 
onncaHHR peaKIJ,FIH ( 0 , o<..) Ha pe30HaHCHIDC H9HTPOHax • C IlOMOl!lT>D 3TOH 
TBOPHH MOJKHO npe,ncKa3aT.r, xapaKTep q>JlYKTyaIJ,FIH o<.-mHpliH H ,naTI, oneH
Kli RX cpe,nHHX 3HatieHHn. B TO JKe BPBMR PM Ha6Jl!O,naBIDHXCR aqxpeKTOB 
yKa3!lBaBT Ha B03MOlKHll9 OTKJIOHeHJi!I B IlOBe,neHHH o{. -IDHPHH OT C TaTH
CTH'leCKHX 3aKOHOMepHOCTeil. 

K TaKHM OTKJIOH9H.ll.RM (nOMHMO Y3KOro pacnpe.neneHHR o(_ -lll.ll.PHH .nM 
pesOHaHCOB c Jrr = 4- caMapHR-149) MOJKHO OTHeCTH H H9KOTOpoe "no
,naBJleHHe" of... -nepexo.noB B OCHOBHOe COCTORHHe .nM COCTaBlillX R,nep ca
MapHR-148, ra,noJIHHHR-156 H raq>HHR_--178. 3TO MOlKHO HHTepnpeTHpOBaTI, 
KaK 3KcnepHMeHTaJlI,HOe IlO,I\TB?JK,neHEe npe,ncKa3aHrul IlOJlyMHKPOCKOilH'le
CKOH Mo,neJl.ll. B.r.COJIOBI,e~3 O HaJlHTilili B cpe,nHBM acppeKTa YCHJIBHHR 
B9PORTHOCTH of.. -nepexo.noB .113 B!lCOKOB036yJK,neHH!lX COCTORP.J'!if Ha O,l{HO
pO,nHOe COCTORHHe 2+ no cpaBHeHHJO c nepexoiw..11 B OCHOBHoe COCTORHHe. 
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Ta6Jlllgg 3 

Co- - Ji l < rol~I(~ .c ro( >~ 
cTaBH. J • N "3cp VaKcn. MKaB MKaB 
.fI.!fQO 
65Zn 112+ 2 1 (0,9±0,8)1a2 (0,84±0,17)102 

68zn r 1 1 (16+16) .1a2 · -15 (57±20)102 

96Mo 2+ 3 1 22+17 
-15 58±16 

10Gpd 2+ 1 1,5 ·1 3+1,0 1,05±0,24 • -1 1 
3 

,. _,_ ~ 4 

124Te o+ 4 1 3 o+2,1 
• -1,8 2,9±0,_7 

144Nd r 7 1 1 16,6 + 7 12,1 ± 2,4 

146Nd T 3 0,26±0,07 0,16±0,03 

148 · Sm 3-: 25 1,8 1,2±0,3 2,4 ± 0,4 4,8 ± 2,2 

-"- 4- 19 2,5 2,4±0,9 1,0 ± 0,2 0,7 ± 0,2 

150sm r 13 2,4 2,9±0,4 0,21±0,05 0,52±0,05 

-"- 4- 15 2,5 7..-14 0,028±0,006 0,067±0,005 

152Eu 3+ 3 2,5 -4 ~4,2.10 (1.33+0,25)10-4 

155Gd 1- 1 2,6 (7+5).10-4 ( 19±6) .10-4 

-"- 2- 3 1,6 (7±4) .10-4 ( 9±2).10-4 

172yb 1- 4 4,4 (2.2±0,8)10-2 19.10-2 

17aHf T 3 4,7 (2,5±1,0)10-2 (1,7±0,3)10-2 

-"- 4- 3 3,7 (2,3±0,9)10-2 (0,64±0,10)10-2 

18805 3 ~0,6 0,20±0,04 

19005 5 ~0,03 0,18±0,03 

158Gd 2- 3 2,0 (3,3±1,9)10-3 4,3.10-4 
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MoJimo yKasaTI> Tam1te Ha Hec0Bniuem1e ycpe,llHeHHHX no l!HrepBaJiau 
14'i'. ' B 100 sB ol.. -m11pnH B pea1<mrn 'Sm ( n, o<.), BUX0.11.1ID1ee sa npe.neJiu 

)];OBepnTeJII,HHX liHTepBaJIOB Ka!< .ZVlfI o<. -m11p11H C onpe.neJieHlillM cn11HOM' 
TaK 11 .nJl.fI cpe.ri;IillX no o6oHM cmrnar/44/. · 

II011cKH Koppe.llJIWiiii M8llt.IJY o/.._ -mnpmJaMH 11 .npyrw.m llll1P11HaMl1 HeH
TPOHHUX pesoHaHCOB He .naJlll IlOJ10lltl1TeJII,HUX pesyJII,TaT0B. 

3aXBaT Me.ri;JieHHoro HettTpOHa 'l8THO-HetJeTHUM impori np11Bo.n11T K 
, o6pa30BaHIDO 'l8THO-'leTHOr.o KOMnayu.n-impa C O)];lli!M 113 .D:BYX B03MOlKHUX 

3Ha'leHRtt CilHHa,OTJlll'laJOII.UlXCJ'I Ha 8.T(l1HHI.JY C 0)];11HaJ<OBOM qeTHOCTbID. Il 
STOM CJIY'lae o( -pacna,Il B 0CH0BHOe COCTOJ'IHl1e CI~ o+, corJiaCH0 sa
K0HaM coxpaHeHM M0MeHTa H qeTH0CTli, B03MOl!t8H T0J!I,K0 )];Jl.fI o.nHoro R3 
CilHH0B pacna.naIDll!erocH C0CTOHHIDJ. 3TO .naeT B03MOlltHOCTI, onpe.ri;eJieHRH 
CllliHa H8HTP0HHUX pesoHaHC0B H3 peaKm!H ( n , 0C..) Jllld0 no HUJlli'lHIO 
d... -nepexo.na B 0CH0BH0e C0CT0HHlie B cneKTpe o( -qacTHU )];Jl.fI .ll,UHf!0I;O 

pe30HaHca, JUI6o HS pacnpe.ri;eJieHHJI Il0JlHHX o<. - IIlliPliH (cM. PHC.6). 
3T0T MeTo.n ycnemHo HCil0J1I,30BaJICH HaM11£Jl.fI cnHH0B0H H.ri;eHTHWliKaUHH 
HeiiiTpOHHHX pesoHaHC0B H8CJ<OJ1I,Kl1X imep' 8 • 38/. 

YI. ,IIeyxcTyneH'laTM peaKUHH ( 17, ( o( ) 

Ha pes0HaHCHHX H8HTPOHa.X 

.I{Jl.fI pima imep B pesouaucax, r.ne np.aM0M o( -pacna.n B ocnoBJJ0e 
COCT0HHHe .n;oqepHero H.IIJ)a 3anpellleH, a ca.Moe HIDKHee C0CT0J'IHlie, Ha I<O
Topoe d... -pacna.n; paspemeH, Jl8)KHT .noB0JII,110 BLJCORO, cymecTB8HHYID 
poJII, uap.rr.ny c pea1<unefl ( n , o() MollteT nrpaTb .ri;ByxcTynentJaTufl npo
uecc, K0r.n;a Il0CJ18 liCilYCRaHHJ'I MJ'IrKOr0 ( -EBaHTU 0CTUBU!88CJ'I B03-
6yllt)];elllie aToro npoMelltYTO'IHOro KOMnayu.n-cocT0HHHH nepe.n;aercH o<.
qacniue (pHC.8). KoHe'lHO, BepoJITF.OCT:E, Bl,:JleTa d-.. -'laCTliUH Ha BT0P0M 
STane B MHJlJlliOHH pas Memme B8POHTH0CT11 BHJ1€Ta BTOporo '( -KBaHTa. 
BnepBue Ha B03M0lKH0CT:E. Tat{oro npouecca yKa3aJlll XeiiiweTu 11 .np./18/, 
a aKc,nepliMeHTaJII,H0 Ha6}1I())];aJlll Ha T8IlJlOBUX neiiiTponax 0aKeM H lt.aKi_iiap-
JlaHH/267. • 

Mu BilepBue Ha6Jl!O,I(aJIH peaKUHIO ( n , ( o() Ha P,830Ha.HCHUX He»Tpo
HaX (143Nd ( h, yo<.)140ce, Eo=55,3 sB, J'lr = 4->739 ,45/, a TaKllte 
Il0BTOpl1Jll1 H3MepeHHJI B T8IlJl0B0M T0'!Ke ( f',. = 3-) 11 Il0JIY'lUJlli B8PX_%l!O 
oueHKy sToro npouecca .ri;M TeJIJlypa-123. IlpoBe.n;enHuil: HaMH aHaJ111s 39 • 
46/ 3KCnepHMeHTaJII,HUX .ri;aHHUX, Il0Jiy'laeM11X npH H3Y'l8HH11 peaKUHH 
( n , (' o<. ) , Il0KasaJI, 'ITO 0HH .D;aJOT ylllIBUJII,HyIO llHQJO!l,laUHIO O B8P0HTH0-
CTHX r-nepeXO,I:\0B M8llt)];y .TI.BYMH KOMilayH.ri;-COCT0.FIHrulMHo 
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P11c.9 CpaBHeHHe 3KcnepHMeHTam,Horo pacnpe
.n,eneHIDI am,gia-qacTHU B peaKIUIB 
143NJ ( n ,(cx.)140ce. c TeopeT11qec1rn
MH, nocTpOeHHHMll B IlP€MOJlOlKerum pa3-
JiaqHmc MyJll,TllilOJll,HOCTeH nepBHqHHX 

raMrda-nyqeii:. 
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TaK, cpoPMa ct.. -cneKTpa 113 peaKUHll 143Nd ( n ;y ex_.) roBOPHT o 
TOM, qTQ OCHOBHY,IO pom, B. TaKHX raMMa-nepexo.n,ax HrpaIOT E1- HM M1".'" 
nepexo.D;li (pHc.i471), a OTHOmeID1e lllRPHH lycl .n,mi: pe30HaHCOB 6 pa~
Hl:lMH cnHHaMH yKas1rnaeT fill saMeTHYIO pom, M~-nepexo.n,oB B MRI'KHX ne
peXOMX MeJK,ey KOMnayH,IJ,-COCTOJIHMMH cc. -j,, C). 

BwrncneHH!le HaMll sHaqeHHJI pa.n,Hawiommx c11nOB1,1X cpyHKUHH .n,M 
TaKoro THna nepexo.n,oB npe.n,cTaBnem:1 B Ta6n11ue 4. • OHH oKa3anHcr, 

Ta6n11mA 

THU 
1-nepexo.n,a 

c-c 

c-s 

JI;ij)o, J rr 

144Nd r 
4-

124re 1+ 
150sm 4-

Cpe.n,Hee 

100< A< 1601 
1ospd 
116/n I 

S,(M1) .109 

24 ) 

30 l 
13 
20 

157"30 1481 

22±7 
9,5+2,3 

n1160 

SfE1).109 

30 
70 

20 

54+22 /49/ 
53;11 /50/ 

Becr,Ma c5JlH3KID/Jll K COOTBeTC'I'By!O!lU™ BenHqHHaM ,IJ,M ,-nepexo.n,OB 113 
KOMnayH,IJ,-COCTOJIHHH B cpaBHHTenr,Ho npoCTHe Hll3KOB036yJK,IJ,eHHHe c-s 
H3MepJieMHe npa pa.n,HaUHOHHOM saxBaTe HeHTPOHOB. 

0TMeTHM, qTo lllRPHHa ly cL. xopomo ycpe,IJ,HeHa no npoMelKyToqHHM co
CTOJilili.llM, a cne.n,OBaTeR!,HO, HsMepeHHaJI ,IJ,M O),(Horo pe30HaHca ,oHa OT
paJKaeT oc5uurn cBotlcT:aa npouecca l -pacna.n,a Tnna C - C, a TaKJKe ri. -
pacna.n,a BHCOKOB03c5ylK,Il,eHHHX COCTO.illIBfl. 

3aKJl!OqeHHe 

1. 3KcnepKMeHTH, npoBO).\llBIIlHecJI nocne).(HHe 10 JleT B jac5opaTopnH 
HeHTPOHHOH cpll3RKH omrn no 113yqeHHIO pea.KUHR ( n , ol) Ha pesoHaHcH!:lX 
HeHTpoHax, np~BeJlll K IlOJIBJleHHJ) CaMOCTOJITem,Horo pa3.n,ena HeH-

TPOHHOH cneKTPOCKOIIRH. 
2. K HaCTOJillleMy BpeMeHH HOBHe xapaKTepHCTliIBH HeHTPOHHHX pe-

30HaHCOB - nOJlHHe o{, -mHPHH!l - ll3MepeHH ,IJ,M IIlllPOKOro Kpyra ccpepH
qecKHX H ,IJ,e<pOPMHPOBaHHHX B OCHOBHOM COCTOJIHHH JI,IJ,ep OT UHHKa-64 .n,o 
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raqiHRII-177. H3MepeHl:l cneKTPhl o<. -'laCTllU B HeCKOJlI,KP!X ,neCJITKax pe-
30Ha.HCOB ae11eTHliX H30TOilOB cauap,!ll H HeO)U'IMa. 

3. Aaam13 ::rncnepllMeHTaJU,HbJX .nrurnwc noKaaaJI, 'ITO none,neHne o(_ -

rnnpnH HettTPOHHhlX pe30HaHCOD B 0611!HX qepTax IlO,n'lll.HJieTCH CTaTllCTll'le
CKOil Teopnn H,nepHI,JX peaKUHH, KOTOpaH, KaK npaBHJlO, y,nOBJleTBOPllTeJU,
HO OilHChlBaeT ~JIYKTYaUHil o<.-mnpnH, Il03BOJlJieT oueHnTD IlX cpe,nHHe 
3HaqeHl'IH, od~HCHHeT OTCYTCTBHe KoppeJlHUHH C .npyrnMn rnnpnHaMil HeH
TPOHHI,JX pesoHaHCOB, 

4. B TO JKe BpeMH HeKOTOphle aKcnep:11MeHTaJU,HI,Je pe3yJU,TaThl MOJKHO 
llHTepnpeTnpoBaTD KaK yKasaHne Ha HaJlll'lllS OTKJlOHSHl'IH OT CTaTllCTll'lS
~KOH Teopnn,n 'laCTD 113 HHX o6~HCHHTD C TO'lKH speHl'IH IlOJIYMllKPOCKO
nH'leCKO~ TeopnH. 

5. Ilpe,nJIOJKeHa OilTll'lSCKM Mo,neJU,, OilllChlBaJO~aH B3a11Mo,nencTBll8 
rny60KOilO,n6apbepHl,IX ol-qacTRU C H,nPOM, KOTOpaH Il03BOJlJieT npe,ncKa-
3hlBaTD cpe,nmrn 3Ha'l8IDlfI c:J.. -mnp:irn, a TaKJKS MOJKeT OJ<asaTDCH IlOJies
HO!i B acTpo~nsnKe ,nJlJI oueHKn saxnaTa noHOB reJlllH ,npyrIDAn H,npaMn 
npn SBes.nHUX TeMnepaTypax n peaKTOpOCTpoeHHll .nJlJI oueHKn HaKOilJie
HllH reJlllH B KOHCTPYKUHOHHl:lX MaTepnanax. 

6. IloJiy'leHhl HOBUe ,naHHble 06 o<. -pacna,ne J<OMnayH,n-COCTOHHHH, 
nosBOJlllBmne npocne.nnTD o( -pacna,n B nmpoKOM .nnanasoHe aHepr11fi B03-
6yllt,neHnH H,npa 11 IlOJiy'lllTD BSPOHTHOCTll o<.. -pacna,na, He saBllc~e OT 
cTpyKTyphl pacna,naRX.(lerocH cocTOfillllH (cpe.nHne aJU,qJa-mnpnHI,J). 

7. Hccne,nonaHa peaKurur ( n ,y ot ) • IIpoaaaJIH3HpoBa.Hhl pe3yJiua
TH Ta.KllX H3MepeHni H noJiyl!eHH nepBHe CB8A8HHR O BepoRTHOCTHX 
a -nepeXO,nOB M8JJC.nY KOMnayl:1,1(-COCTORHHRW'I. 

8. Paspa6oTaHa n cos,naHa CHCTeMa CB8TOCHJU,Hb!X ,neTeKTOPOB n 
cneKTpoMeTpOB c/.. -'laCTllU 1'I cneUHaJlbHOii 3Jl8KTpOHHirn, Il03BOJlllBillM 
B KOMilJleKce co cneKTpOMeTpHeH H8HTPOHOB no BpeMeHn npoJieTa Ha 
HMilyJlbCHOM peaKTOpe MEP npOBO,nllTD nsMepeHHH IlOJlHWC o<. -rnnpnH Heu
TPOHHHX pesoHaHCOB .no BeJlll'lllH ~ 10-9 aB n llSMepHTD cneKTPhl o<. -'lac
TllU B OT,nSJU,HUX pesoHaHcax. 
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