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HefiT!)omme pe80H8HCH HBJim)TCR B8CbM8 CHO.lKHW,ffl COCTOHHRlIMil, 
li .I{M Ill oxmcamur o6wmo npHBH8K88TCH CT8THCTlflI8CK8H Mo,nem,. 
HmiepaeMl:lff. B H8fiTpoHHon CII8KTPOCKOmm: Ha6op p880H8HCHI,JX napaMeT
pOB ( E 

O 
, r , r.i , rb' , r, , J ) ncnom,syeTca, KaK npaBnno, .nM no

nyqeHHfI ycpe,nHemwx xapaKTepRCTHK Bos6yig.n;eHHoro a.npa n aHaimsa 
CT8THCT:lfq8CKl!X 88KOHOM8pHOCTefi. 0.n;H8KO .I{M BWICH8Hl'IJI CHOXHOfi 
npnpo.zn,i p880H8HCIWX COCTORHIDfHeo6xowm 6onee o6nmpHuff Ha6op 
xapaKT8PHCTHK mJ,Il;lIB:imyam,HUX p880H8HCOB, Henocpe,nCTB8HHO CM
samrax C Ill CTPYKTypofi. K T8KHM xapaKT8pHCTliK8M CH8lJY8T npH -
'IHCRMTb nomru:e cc -nmpHHU n naprmam,HUe - °' - n pa.nnaqnoHHUe 
mnpmm. Ho ecnn cneKTpoMeTpH'leCKHe nsMepemm ( n , ~ ) -peaKinra 
Ha p880H8HCH!:lX HefiTpOH8X llpOBO,ItfITCR B H8CTOSilll88 Bpewr BO MHO
rroc na6opaTopnmc, TO Hccne,noBaH:rur ( n, ex. ) - pea.1<qnn Ha peso
HaHcHUX HefiTpOHax .no croc nop llpOBO,ItfITCH nRmb B OIDIH. 3TO CBR-
88HO C T8M, 'ITO RCCH8,I{OB8IDJ8 p880H8HCHI,JX peaKUHtt ( n , 0(. ) .naxe 
Ha 6naronpHHTHl:lX H,npax HBM8TCH TPY.n;HO:lt 3KCIIepHM8HTam,Hofi sa,na
qett H8-88 O'I8Hb M81IIDC C8'!8mn\ 3TOfi pea.KqRR H 6om,moro BHXO,na 
~ -xea H8 KOHKypHpYJ:)11!8fi peaKitnH ( n , i ) ( 6 (r'!, oq / 6 ( t1 , ~ ) ~ 

"-IO + I0-8), a T8Kl!t8 ns-sa Manwc HHT8HCHBHOCTefi pesoHaHClillX 
HeffT!)OHOB y COBP8M8HHHX HMIIYHbCHHX HCTO'IHRKOB HefiT!)OHOB. 

IlepBH~ H8M8p8HHH peaKitnH ( n,cx ), B OCHOBHOM, ,I{M pe,nK088-
Mem,HWC 3H8M8HTr, ~OB8.I{8HU B 06HaCTH T8IIHOBHX 3Heprn:lt H8MTpO
HOB (HanpHMep, 1 ). K coxanemno, npH pa6oTe c T8IIHOBHMH 
HefiTpOH8MH HHTepnpeTaqHJI IIOHy'I88MWC pe8yfilT8TOB 06U'IHO 88Tpy,n
H8H8 ns-sa OTCYTCTBRIJ CB8.I{8HHH O BKHa,ne OT,I{8JII,Hl:lX p880H8HCOB 
B TOT HRH HHOH 0<.-nepexo.n li, KPOMe.Toro, OTCYTCTBY8T B08MOX
HOCTb npocne,nHTb xapaKT8p IIOBe,neHHR naprmam,HWC CX --IIIHpIDI npn 
nepexo,ne OT pe80HaHC8 K pesoHaHcy. 

Hann'lll'e Ta,oro CB8TOCHJII,Horo HMITyJII,CHoro HCTOtJ1IBK8 He:ltT
POHOB, K8K JffiP 21, Il08BOJmHO H8'!8Tb B I965 ro.ny B JIH~ Ollilli 
H8M8p8HM ( t1, ()( ) -pea.KqHH Ha pe80H8HCH!:lX He:ltTpoHaX, IIpOBO~
MHX rpynno:lt IO.Il.IIonoBa, c qem,10 nonyqeHHJI nommx °' -mnpIDI 131. 
B I96? ro.ny 6wm II0Hy'I8HU II~B,e CII8KTpH • 0( -pacrra.na OT,nem,
HHX HefiTpOHH!:lX pe80H8HCOB • OHR YK838HH Ha CYII!8CTB8HH08 
OTJm'IH8 0C -pacrra,na KOMIIayH,n-COCTOSJmn\ OT <X-pacrra.n;a OCHOB-. 
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HHX COCTOJIHmi. 0Ra3aJIOCl>, '<ITO B CJIY'l88 OC -pacna,na ROMIIayim- ' 
COCTDJIHmi BHTeHCHBHOCTI, nepexo,na B OCHOBH08 COCTomme ROHetmo
ro .IJ,IU)a He SJBJIJJ8TCJI npeo6Jia,naDll!ei1, RaR 3TO HM88T t.18CTO B CJIYlla8 

oc-pacna,na li3 OCHOBHHX COCTOmmff ~eTH0-~8THHX JJ,nep. 9TOT pe
ayJII,TaT OTpaxaeT Bmrmme CTPYRTYPH BOS6Yll,ll;8HHOro .IJ,IU>8 Ha B8po
HTHOCTI, ero oc-pacna,na. Ta:ltlW o6pa30M llOSJBJIJJ8TCJI BOSMOl(HOCTI, 
llOJIY'l8HIDI miq)OpMaIUIB O CTPYRTYPe BOS6yx,neHHoro .IJ,IU)a. 
,CCJI8,I{OB8HRH cneRTpOB IX -pacna,na He!Tpomrax pesoHaHCOB 

5, 6/ llOSBOJillJIII Ta!Olte onemrTI> cnpaBe,IJ;m!BOCTI, CTBTHCTR'JeCROro 
no,nxo,na R OIDl'CaHmo saROHOM8pHOCTei1 0£ -pacna,na Hei1TpOHHHX peso-
HaHCOB. KpOM8 Toro, HS aHaimsa cneRTPOB 0£ -~acT:rm OT,neJIJ,HHX 
peSOHBHCOB, a B TeX CJIYllaHX, Ror.na HSB8CTH!l TOJII,RO noJIHHe 

OC ..:.umpmm, HS 8H8JIZSa me CTaTHCTR'J8CRilX pacm,~eJiemni 6HJill 
llOJIY'l8HH cmnw ,nJIH pJJ,na ROMIIayYm-COCTOHHllil 16 , • CJie,nyeT eme 
OTMeTZTl>, '<ITO nepBHe pesyJII,TBTH no ( n, CX ) -peaRIUIB HBllJIHCI, 
npe,nnocsJIRol .D:JIJJ cos.namm ;°fH~eCRott MO,ne,m ( n' 0(, ) -pearo:nm' 
paSBHBa8MOH B.H.~MBHOM 8 ' a TBiate CTm.lYJIHI)OB8JIH paapa60TRY 
OT){8JII,HUX pas,neJIOB llO~OCROllR'JeCROro no,nxo,na R CTpYJtType 
BHCOROBOS6Yl!,Il;8HHHX H,n8p 97. 

P8ql8pHpyeMaH ,nzccepTatnm llOCBHmeHa nepBHM HCCJie,noBBHIIHM 
oc-cneRTpOB B peaRitHHX 149 Sm (n,oc) 146 Nd .I! 
143 

Nd ( n, ~ ()( ) 14 
o Ce Ha pesoHaHCHHX HelTpoHax. B Hett saTpa

rnBBeTCH PH.n BOilpOCOB, RBCaDll!HXC./1 cos,namm H ycoBepmeHCTBOBa-
HM OC -cneRTpOM8Tp8, M8TO.ztmm npOBe,neHIDJ HSMepemn1 H o6pa60T-
RH aRcnepm.i:eHTaJII,HHX ,namrax, IlpOBO,nliTCH 06CY1r,IteHHe llOJIY'l8HHUX 
pesyJII,TaTOB. Oco6oe BHl!M8HH8 B ,nzccepTSIUIB y,neJIHeTCH npoBo,nz
MblM Bll8PBHe HCCJI8,Il;OB8HHSM ( n 1 ~ ex.) -pea_RIUIB. Ha pesoHaHCHHX 
HettTpoHax. 

TJiaBa I CO,IJ;8:pm!T o6sop OCHOBHHX 8RCll8PBM8HTSJII,HHX HCCJie
,Il;OBSHd' OC -pacns.na ROMIIayYm-COCTO.rmml, o6pSSYJllllBXCH llOCJI8 ss
XBaTS HettTpOHS .IJ,IU)OM. 06CYlr,ItSDTCJI pesyJII,TBTH HCCJI8,Il;OBamnl pe
SJtnHH ( n , Ol ) HS TellJIOBHX HelTpOHaX H BOSMOltHOCTI, IIOJIY'l8HRII qJH
s~eCROi1 imipopMSnHH, a Taltlle OTMe~DTC./1 He.nocTaTRH, npHCYll!H8 
8THM HCCJie,noBaHIDDI. 

" 
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B IlOCJie,nHeM pas,neJie 3TOii rJIBBH pacCMOTpeHll pa60TH no HC
CJI8,IJ;OBSHIDO oc-pacns,na HettTpoHHHX pesoHSHCOB, CilCT8M8THSHpOB8-
HH OCHOBHH8 pesyJII,TSTH 3THX ps6oT. 

Bo BTOpOii rJiaBe ,nzccepTSlU{H HSJioxeHS MeTo~eCK8H ~aCTI, 
IlpOBe,neHHHX HSMli HCCJie,noBamni • .nseTCH npe,ncTaBJieHHe O MHOroMep
HOM SHaJmse 3KcnepHM8HTSJII,HHX ,nsHHHX; npHBO,nHTC./1 OIIHCSHJie Me
TO,IJ;S BpeMeHH nponeTa B cneRTpOCKOIIHH HeiiTpOHOB; o6CYll,ll;BeTCH 
BH6op THna oc. -cneKTpOMeTpa' OTBe~aDmero Tpe60B8HHHM, npe,n'I,HB
JIHeMliM npH HCCJI8,Il;OB8HHH CX. -pacna,na HeiiTpOHHHX pe30H8HCOB. 

AHaJms pa60TH paspa6oTaHHHX HBMli CII8RTPOM8TpOB ()( -~aCTHil 
TaRHX, RBK raso'aH CnHHTHJIJIJJnHOHHSH RaMepa C npHM8H8HH8M 8JI8KT
pH~8CRoro IIOJIH IO/, mecTHCeJtnHOHHBH HOJIBS81U{OHH8H KaMepa H 
,nByJCC8JtnHOHH8H HOHHSSlU{OHHaH RSMep' ?OSB01IRXlll{SH pa60TSTI, co 
meJieBHM KOJIJmMBTOPOM (2 X 30) c~ fr, IIOK8SHBS8T rrepcneKTHB
HOCTI, HCilOJII,SOBaHIDJ nocJie,nHeil npn HCCJI8,Il;OB8Hllll oc.-cneKTpOB 
HS peSJtnHH ( n' ex ) HS pesOHSHCHHX HeiiTPQ.HBX. 9TB KSMepa H l'IC
IlOJII,SOBSJIBCI, B HSll!HX HSMepe~ (BCTSBKa Ha pnc.I). 
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BHxo.n oc-~aCT:rm HS peSKnHH 14 g 5 m ( n , o£ ) B SSBHCH:
MOCTH OT BpeMeHH npOJI8TS B TI011HOM aMTIJIHTy,nHOM ORHe 
(BepxHSm RpHBaH) H B OKHe ex:. (HHltHJJSI Iq>HBaH) • 
BcTaBKa - CX8MS YCTSHOBKH HOHHsannoHHOtt KaMeps Ha~
Ke Hei!TpOHOB. 

5 



B 8TOtt xe rJI8B8 o6cYlt,IJ;a8TCJI Bmmime pas~ q>alt'!OPOB 
Ha paspemeime <X-cneKTpoMeTpa. Oco6oe BHl!MaHne Y.ne.1IJieTCSJ nc
CJI8JI.OBSHIDJ IlOB8}1.8HHH HOHHSaUHOHHOtt KaMeps Ha IIy'<l:KaX m.mym.cHoro 
peaKTopa B ycJIOBrunt m.mym.cHoro H nocTommoro o6nyqeHHH B 6om.
mmc noJIHX CJia60HOHHSBPYDIIIHX qacTmt. BHJia peKOHCTpYBPOB8H8 3Kcne
p.HMeHTaJIJ,H8H ycTaHOBKa. 8TO llOSBOJIHJIO llOBHCHTI, CT86ruIE,HOCTb pa-
60TH cneKTpoMeTpa H J'M8HI,lllllTb, a B pg~e Cl!yli88B HCKm:l'llITb ae
JIHHeIDrae BCKIDlteHHH B Cll8RTpOM8TpHqeCKOM TpaKTe, BOSHHKall!llBe IIpB 
neperpysKax. 

C qem.10 pacmiq>emm BOSMOl!tHOCTB axcnepmAeHTam.aott ycTaHOB
KlJ 'AM MHoroMepaoro aHaJIHSa B Hee 6HJI8 BB8'AeHa P.83P,a6oTaHHaa 
HaMH aJieKTpOHH8H ClJCTeMa K01IJIHM8nHH Cl -traCTHil ,r27. KoJIJJl'IMa
UWJ ll03BOJIH1Ia llO'AaBIITb lm3K03HepreTHtlllIDl "XBOCT" CC -mmoB, 
o6yCJIOBJieHHID1 o.:-qaCTmtaMH, BHJieTall!J!HMH llO'A MaJJHMR yrJiaMH K 
IlOB8pxHOCTH MmlleHH, 'ITO 'AaJIO B03MOl!tHOCTb B1l,Il;e1111Tb 6Jm3KOJI~
lll3e cx-mnnm M8Jiott l'!HTeHCIIBHOCTH (pnc.2). 
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Pnc.2 CneRTp °'-qacTmt 
nocJie saXBaTa Ten
JIOBHX HeffTpOHOB 
R,Iij)OM 

14 3 Nd ! 

a - C npDeHeHBeM 
ycTpOICTB8 KOJIJIHMa
tnm cc -qacTmt, 

B - 6es KOJIJmMaxnm. · 

t 
l 

" . \ 
11 
l 
I 
! 
I 
' 

,, 
t 

I 
' 

KpoMe Toro, ncnom.soBaHIIe cncTeM!l KO)l)IHM8Inil! B 3 pasa YMem,ma
eT ~OH. 8TO C:BH38HO C BB8'A8Hli8M 'AOllommTem.Horo napaMeTPa OT-
6opa npn perncTpaunn oc. -qacTmt. 

B nocJie~eM p8S'AeJie 'A8eTCH OIIlJC8HlJe 6JIOK-CX8MH ycTaHOBKH. 
IIapaMeTpa aKcnepm4eHT8Jll>Hott ycTaHoBKII: noJiesHaH IlJIOU\8,IU, t.mme-
HH S = I400 c-;?, paspemeHHe no aaeprnn ex -qacTmt .:1 E"' = 
= IBO + 300 KaB npn E ... ~ IO MaB aa ~ax m.myJIMHoro peaK-
Topa. 

TpeTM rJI8B8 ,nRCCepTaunn llOCBJillleHa Hs~eHllJO peaKUHH 
143 Nd (n,~oc, 14°Ce Ha pesoaaHCHHX HeffTpOHax. B Hett npe'A

CTaBJieHO: ormcaime npoBe'Aemmx H8MH B3Mepemni Ha IIY'llt8X m,mym,c
HOrO peaKTOpa, TeopeTlI'leCKOe ormcaHBe peaKUHII ( l"l, r ex ) , M8TO
,nHK8 o6pa6oTKIJ pesym.TaToB nSMepeHHA n o6cYJ!('AeHIJe nonyqeHHUX 
'ASHJIHX. 

HcCJI8'AOBaHHe peaKUHA ( n I r OC ) 'AaeT YJIHKaJIDHYJO B03MOXHOCTI, 
llOn:ytmTI, HH~Op,48Qm'.) 06 ~ -nepeXO'A8X M~.111'.'AY KOMnaynn-cocTOHHIDIMH 
B6JIH3l'! aHeprmI CMSH HeffTpOHa. B STOA MyxCTYIJ8H118TO:lt peaKU:ml 
CHaqaJia BH1IeTaeT M.III'Kmi ~ -KB8HT ( E 'a' ~ 2 MaB), a saTeM 
HCnycKaeTCSJ CX. -qacTmta. CaMHM Y'A06IrnM R,Iij)OM ]J.1I!J HSMepeHHH Ta
Kott peaKUHII HBJUieTCH 14

?. Nd , Tax xax npe.nnoJiaraewe - ex. "".qac
TmtH ns upoqecca { n , t °' ) pacnoJiara10TCJ1 no :meprim Mear,ny 'ABY
MH rpynnar.m ex -qacTmt ns peaxxnm ( n,oc ) °'~ n cx 1 ,cooTBeT
CTB~ nepeXO'AaM B OCHOBH08 H nepBoe B036yimeHHoe COCTOIDIIDI 
}

4 °Ce , paS'AeJieHHHe mrrepBaJIOM I,6 MaB. IIocJie OCiHaremm 
peaKUHII 143 Nd (n,~cx) Ha TenJIOBHX aettTpOHax lI3 , r'Ae pe-
aJIBsy~TCH, _ B OCHOBHOM, C:BHSaHHO~ COCTOHlffl8 144 

Nd ( E O =--6 aB) 
C J"= 3-, HaMH 6HJI lISMepeH CIT8KTp OC-tJBCTHq B peSOHBHCe 
143 Nd c £

0 
= 55,3 aB ( J-;; = 4-) /I4/. 

CneKTp nocJie BwmT8HIDI ~OH8 npe'ACT8BJieH H8 pHc.3. 
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F.Ic .3 CneKTP 0<. -ttac"" 

Tmt B pesoHaHce 

55,3 aB ( J1t =4-). 
BapH8HT IIO,!II'OHRH, 

COOTB8TCTBYJOunrl1 

H8ZM8HLmett B8JIH

tJHH8 f': 

!II 

zo 

10 

-10 

-20 

20 30 iO 5<) 60 10 
" n 

a - cneRTp ex, , 

B - CIIBKTP ( ~ ex. ) -pac
na,na, 

C - cywapHSJI ltpHB8H 

TaK KSK pesoHaHC 55,3 aB HB.1IH8TCH c,ra6UM, TO }1.M HSMepeHRH 

cneKTp8 CC -tt8CT:ml I!pH ero pacna,ne npllllllJlOCL HCIIOJU,3OB8TL Mlil-

meHl> c 6om.moil TOmitHHOfi (2,2 vr/mf'), 'ITO C.l!I1II,HO YX11I]11.1!I1IO . 

aHepreT.l!I'lecKoe paspemeHHe. Iloci(o,r:r,xy npHMOtt ex -Iiepexo.n ns 
r. _ 140c . C I,. , +) 

COCTOJmM C J = 4 B OCHOBHO8 COCTomnl8 e = 0 
sanpel!leH, cneKTp co,nepimT TOJU,KO rpynny 0( 1 H ex -ttaCTHllH 

HS pearoum ( n, i O'. ) • CneRTl) a.H8.JIH3HpOBaJIH no M8TO,llY H81™8HL

nrax KBa.npaTOB, llCIIOJll,3YH 8KCll8pm.!eHT8Jll,HYJ) qJOM" }1.1IH nima <X 1 

H TeopeTHtJ8CKYJ) cpOpMY }1.1IH pacnpe,ne11eHHH O'. -tJSCTmt HS peaKmm 
143 Nd ( n, ! °' }. IIomrrKa onncamm cneKTl)a TOJll>Ro mtlUl;II.m& 

HS pearonm ( n I(\'.. ) 6u11a OT6pomeHa I T8K KSR Yl)OB8HJ, }1.OCTOnep

HOCTH 6WI Boero I%. :6om,moe paCXOJr,Il;e!Il!e·no,rytJeHHWC cetteHHf! pe

a:rtmm 143 Nd ( n, ~ oc. ) }I.rut T8II1IOBWC Hef!TpOHOB ~3~ an

TopaMli pa6OT 38CT8BH1IO HBC BmIOJIHHTL H3M8pem!H 7I5 
HS !8II1IOBWC 

H8f!Tl)OH8X 8TOtt peaKUIIH B HSillllX yc,rommx C HCIIOJU,3OB8HH8M yr,ro

BOro OT6opa I!pH perHCTl)Sqm{ ex. -ttaCTHU (pnc.2). Pesym,TaTB H3-

MepeHHtt IIpHB8}1.8Hll B T861IHUe I. B 8TOil xe T861IHU8 }I.SHH Oitemm 

f'i°' }1.JISI pesoH8HC8 123 Te c E0 = 2,34 aB H pesoHaHca 
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C E0 = I8,3 aB, llOJiy1l8HHH8 Ha OCHOBamm HalIIHX HSMepeHd, a 

TalO!te B8Jlll"lllH8 i;"' 'JIJI 
149 5m , pacctmTaHH8Sl HaMH Ha OCHOB8 

pesym.TaTOB pa6oTli /IS. 
CneRTp ex -tJaCT.Hq HS peaRm ( n, i CX ) 61m pactmTaH /I4/ B paM
RaX R -M8TpH'l!HO:li T80pIDI I?/: 

w~ot(E .. )= 21i~(Bn) [~s"'d,;~>.)/HF(~>.)] ~T,ct(EC() 

r.ne 5W - O,IUIO'IJ:8CTH'l!HaR OU8HRa BattcROII(pa /IS/ nJIJt Marmrrma 
(M) mm 3JI8RTPH'IJ:8CRHX {E) i -nepexo.noB C MYJII.THllOJII.HOCTJ,J) ~ ; 

H F - <paRTopu sanpeTa; Tt °' C E °' J - RoacppmmeHTH npBmmamm 
/Bl .IlM _ oc -tJaCTHn c op6HTam.HHM MOMeHToM C, H cpe,IUiett aHe:p-
r~rntt f 0( B HHTepBaJie aHeprnn A • 

B TeopeTH118CRd cneRTp w~ot ( Eot) MOryT 0,IUIOBp8M8HHO 
.Il8BaTL BRJia.n pasJIHllHlie MYJII.THnOJII.HOCTH 3JI8RTPH"I8CRHX H Mar~HT
lll:lX t -nepeXO,IlOB. Of.JaRO, cpaBHHBaR <pOPMY 8RCnepl!M8HT8JII.HOro 
cneRTpa HS pa6oTu /IS, HsMepeHHoro npH xopomeM paspemeHHH, c 

TeopeTH'IBCRl!MH cneKTpaMH Wi°' ( Eot) .IlM paSJlll'l!HllX '6 -nepe
XO.IlOB, MOJtHO c,neJiaTL BliBO.Il, 'ITO nepexo,nu E 1 ' H M 1 RBJIJm'l'CH 
npeo6Jia,naJDil!HMR. 

CpaBHHBaR aRcnepHMeHT8JII.H08 SHa'!eHHe OTHOW8HIDI W = 
3- 4- 14 3 

= rg"' / fi °' .ltmI Nd , noJiy1IeHHoe no .naHHl:lM Ha Ta6JIH-
nu I ( w = I,6 ± I,3) c TeopeTH'IeCRHM aHa'IeHHeM B npennoJioxe
HHH, 'ITO HM8DT M8CTO TOJII.RO E 1 -nepexonu ( w~iop = 5) HJIH 
TOJII.RO MI -nepexonu ( w:S~p .=:: 0,8)' MOltHO C.Il8JI8TL BllBO,It, 'ITO 

M 1 -nepexonu nrpaDT npeo6Jia,naJODzylO pom. ,nM M!lrRHX t -nepe
xo,noB MEllUJY COCTosnmJIMH B6JIH8H aHeprHH CMSH He:lirpoHa. 

B Ta6JIHne .Il8Hli HIDIHH8 npe.neJIH SH8'!8HIDJ <paRTOPOB sanpera, 
nOJiy1l8HHH8 B npe.nnoJIOlt8HHH, 'ITO ~ -nepexo,nu 8CTL TOJII.RO TH-
na E 1 HJIH M 1 • B rofi xe TaelJIHne npe.ncraBJieHl:l BeJIHtJHH1i 
fl F , pacC'IJ:HT8HHll8 no O,IUIO'!aCTHtJHOff MO,IleJIH .Il1IJI ~ -nepeXO,IlOB 

M8llt,IJ,Y KOMnaYH,I{-ROMnaYH)l ( C - c') H ROMilaYH,I{-llpOCTOe ( C - O ) 

COCTOJIHHIDm. 
TOT <paRT, 'ITO .IlM BCeX HCCJI8,ItOB8HHllX sr.n;ep B8JIH'IJ:HHli 

HF3Kl~-c'loRaSHB8JDTCH 6JIHSRHMH R HF (c-o), RB1IJI8TCH .noBOJII.HO 
H80l!W,I(aHHl:lM. 
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,Ue:liCTBHT8Jll,HO, 8CJIH ~ -nepexo.n THna c-c· onpe.neJIJteTCR 
MaJIORB8SH'!aCTH'lllllMH ROMilOH8HT8MH BOJIHOBliX <pYHRUmi ROMnaYH,I{
COCTORHHff C H c' , TO pesym.TaTll T86JIHUH I YR8SllBaJDT Ha 'lp8S-
Bl:lTJ:8ttHO CHJII,HOe (nopSI.D;Ra D./Dc; ) ymmeHHe, CMS8HH08 C Rore-
peHTHl:lM CyMMHpoBaHHeM no paSJIH'l!Hl:lM ROMnOH8HT8M, .nalDIItHM BKJia.n B 

HCROMIDi i -nepexo.n. TaKoe o6'1>1ICH8HH8 8KCnepHM8HT8JII.HHX <paKTO
pOB sanpeTa llp8.IlCT8BJIJI8TCR M8JIOBepORTHl:lM H, KpOMe Toro, OCTaeT
CR HenoHJITHWl, no'IeMY yCHJI8HH8 ORaSHBaeTCR C xopomett TO'l!HOCTLlD 
paBHllM B8JIHTJ:HHe Do/ De , ROTopaa 88M8THO M8HJI8TCR OT a,npa 
R R,npy. 

lIO-BH.nHMOMY, MOJKHO raue paccMarpHBaTL 6JIHsocTL HF 31"'1(c-c') 
H HF ( C -o) RaK ::rncnepHM8~TaJILHOe yRaSaHHe Ha cymeCTBeHHllfi BKJia,n 
CJIOltHl:lX MHOrORBaSHTJ:aCTH'l!Hl:lX ROMilOH8HT B BOJIHOBll8 <pYHKUHH ROM
naYH,I{-COCTORHH:li. 

Kopp8RTH08 06'1>1ICH8HHe noJiy1IeHHOro 3RCnepHM8HTaJILHOro pe
aym.TaTa HMeeT llpHHUHnHa:71LHOe SH8TJ:8HHe IlpH 06'1>1ICH8HHH CTpyRTY
Pli BliCOKOBOS6YJm8HHOro a,npa H M8X8HHSMa sr.n;epHHX nepexo.noB Melt
.IlY KOMilaYff.n-COCTOJIHHRMH. 

B TJ:8TB8PTOfi rJiaBe ,IlHCCepT8UIDI onHCUBaeTCR HSMepeHHe peaK-
Ulffl 149 Sm(n,oc) 146

Nd 'llpHBO,nHTCR M8TO.IlHRa o6pa60TKH 
8RCnepHM8HT8JII,HliX ,ItBHHliX H nOJiy1l8HHR xapaKTepHCTHR pesoHaHCOB, 
o6CYJm8lDTCR pesyJILT8Tl:l H8M8p8HliR ( n.~) -peaKUHH Ha a,npax 

149 Sm H 143 Nd , paccMaTpliB88TCR BOSMOlltHOCTI, nOJiy1l8HHR 
HH<pOpMBUHH O CTpyRType Bl:lCOKOB086y!r,IleHHl:lX COCTOJIHHfi a,npa HS 
aHaJIHsa napuHam.JWX oc -mHpHH • 
YcJIOBHR npoBe,neHJWX HSMepeira:li peaKUHH 149 Sm (n,o£) 146 Nd .na-
Hl:l B TB6JIHUe II. 

06pa60TRa pesyJILT8TOB HSMepeHHfi ,ItByxM8pHliX cneKTpOB BpeMR 
llp0118T8 - BMilJIHTy,na B ,nHanasoHe En = 0,025 + I aB II03BOJIH11a 
llOJIY'IJ:HTL 8H8~8HH8 3HeprHH OT~HUaTeJILHOro pesoHaHca, OKasaBme
eca paBHl:lM E0 = - 0,5 ~8•1 aB, n pas,neJIHTI> BKJIB.nH cMSBHHOro 
cocTORHIDI J1• = 3- H peaoHaiica 0,098 aB ( J" = 4-) B oc -nepe
xo.nH Ha HmtID!e KOH8'1!Hl:l8 COCTOJIHHR a,npa 146 Nd /I9/. 
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Pll'c.4. AMnJIBTY,tl.HW! cneKTP 

"'S.r■.al"'Nd 
CC - '18CTHU H8 peBKUHH 

f.•0P9hl 

149 5m (n,oc) B ~ana-
80HB 8HeprH:lt HBHTPOHOB 

'°'" J' E.tl 11 1 0,II + 0,065 aB (o6nacTb 
p880H8HC8 E0 ::0,098 aB). 
IlymtTHpOM OTM8'18H BKnB~ 

◄OOf- I //A/// L... ... .Ll 11 i 
OTPHU8T8JIE,HOro pe80H8HC8 

Eo = -0,5 aB. 
BCT8BK8.- CX8M8 pacna~a 

')I., 

) \ 200f-

KOMII8YH,U-COCTOJmmi SJ.n-
pa 150sm • 

·, ...... .._..., __ .~,,,,,,,,,.:~-L ..... ·,: .. 
lso 200 250 

Ill Ill 11 I I ......... ... er, 

B ~anaaoHe aHeprHA HeilTpoHoB En = 0, 5 + 40 aB aMDJmTY~
HHA cneKTP oc:-'IBCT.IJU C Y~OBil8TBOpHT8JIE,HOff CT8THCTH'l8CKOtt TO'I-
HOCTl>ll 6WI nonyqeH JllillllI, ~1IH. peaoHaHca E0 = 0,8?3 aB c J'' =4-, 
Wl/I OCT8JIJ,HYX·pe80H8HCOB 6HJm ll0ny'18HH llOHHHe OC: -!lIHPJl!Hll• 
Ha p:im • I llOR8 aaHH Bp8M8HHH8 cneKTPH p88KUHH 14 9 5 m ( n, OI ) 
CHSITH8 B ITOHHOM 8MllJmTY.nfiOM OKH8 H B OKHe ~-nepexo~a B OCHOB
H08 COCTOSJHH8 smpa 146 Nd (ct.). HanH'IH8 mraa Ha HJmHeil KpH
BOI O,nH08H8'1HO YJt88HB88T Ha TO, '!TO CITHH H '18THOCTb p880HaHCa 

E O = 9 aB J7• = 3- (nepexo~ 4--- o+ aanyemr>. B 6onee 
ll08,nHlil HSMepeHWDC ll0.71HHJC °' -mHPHH 150sm 20 6uno YCT8HOB
X8HO, ·no 8TOT p830H8HC HB1IH.8TM ~6neTOM C 8Hepr:wu.m Co.= 
= 8,9 '9,2 aB. AHaXHs peaym,TaTOB Hamel pa6oTH /I9/ .0 pa6o -
TH 120 ll08B0.7ll1Il IIpHllHC8Tl> CllHH 3- p880H8HCY B ~6neTe C 6oXb

meff aHeprxeff. 
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B 8TOi1 l![8 rrurne o6cYE,I(aeTCSJ cnpaB8,IVIHBOCTD CTaTHCTH'i8CKO-,;'· 
ro no.mco.n:a npH OnHC8HHH CX -pacna,Ita Heih'pOHHllX pe30H8HCOB. 
IlpH H3MepeHHH pe8KUHH 143 Nd ( n, i cc) 6IVIH napam1em,HO no,ry-
'i8HH nomrae 0(.-IIIHpHlll,I .n:rur psma peaoHaHCOB B HHT8pB8X8 8H8p
rHH HeRTpOHOB En= O,I + ?IO aB • .Ivm peaoHaHCOB 143 Nd 
co CilHHOM 3- B ll01IHYD 0(.-IIIHpHHy npeHMy111eCTB8HHmt BKxa.n: ,IJ;8DT 

0(.-nepexo.Ini B ocHOBHoe cocTomIHe ( l = 3) (~ IO<>%) Ha-aa 
CHID,HOro YM8HI,M8HRJI i[iaKTOp' '1'0HHll88MOCTH ,IJ;11SI cx-nepexo.n;oB 
Ha B036YE,I(eHHHe COCTosnmJJ 6 • B 8TOM c,ry-qae cxe,JJYeT 0~8TI,, 
'ITO pacnpe.n;exeHH8 .n:rur 8THX nrapHH corxacHO CT8THCTH'i8CKOI Teo
p:im no.n;'!fflHSieTcs 1-. 2 -pacnpe.n;exemm c ~ = I (pacnpe.n:exeHHe 
IIopTepa-ToMaca l 2I1). CpaBHeHHe pacnpe.n;exemn! axcnepmceHTam,-
HHX <X -mHpHH C paC'i8THHM (pHc.5) CBH.n8T81ll,CTBY8T B noxr,ay 
pacnpe.n;eneHHJJ IIop-rera-ToMaca. 

N(~,>X) 
143 140 

Nd cn,o<.) Ce 
J'f= 3-

5 

0 0...'-:1:---.L.....--L.--L.....1...J-1...LLL-----1.......l..L-L..J....J 
1 X 

PHc.5 
HflTerpaxr,Hoe 
·pacnpe.n:exeHHe nap, 
nHam,ma ex -um:
pHH. I'HCT0rp8MM8 • 
8KCll8pmleHTam,
HHe peaym,TaTH, 
CllXOIDH8JJ XHHM -
pacnpe.n:exeHHe 
IlOPT8P8-TOM8Ca • 

IIpoBe.n;eHHOe B rxaBe IY o6CYE,1(8HH8 8KCnepHM8HT8,U,HHX .n;aHHHX 
B Tepwmax llO,ryMHKpOCKOn~ec,oro no.mco.n:a ,IJ;M 0IlHC8HM CTPYRTY
PH Hei1TpOHHHX pe80H8HCOB 22 , noaBOMeT c.n:exSTI, psm K8'i8CTB8H~ 
HHX 38KJIJ)'i8Hd OTHOCHT81ll,HO BOXHOBOft cp,YHKUHH BHCOKOB036YJ(.I(8H
HOrO smpa. Tax, Hanpmrep, aHaJIHa ex -cneKT~O, npH pacna.n:e 
HeiTPOHHHX pe30H8HCOB 14 7 5 m H3 pa60TH S YRB3HB88T HS 
YB8XH'i8HH8 (B cpe,IJ;HeM) npHB8,IJ;8HHOff BepOJJTHOCTH oc-nepexo.n:a 

14 

B nepBoe B036YE,I(eHHoe (O.n;HDq)OHOHHOe) COCTOJJHHe no cpaBHemm 

C COOTB8TCTJ3Yl)meA B8XH~O, .IJ:JIJJ oc.-nepexo.n:a B OCHOBHOe COCTOJJ
HHe. B T8PMHH8X pa60TH 22 8TO MOl!C8T 03HaqaTr,, 'ITO BKna.n: qe
THP8X- H meCTHKB83H'i8CTH'l'.HHX KOMilOH8HT B BOXHOBYD ~YHKtUm BH
COKOB036YE,I(eHHoro COCTOJJHRJI 3H8"qHT8XeH. F.cJIH B j'R83BHHOt1 BOX
HOBOA iliYH:KnHH meCTH- H BOC~Ba3H~aCTH'iHlle KOMilOH8HTH cymecT
B8HHH, TO CXe,JJYeT o~aTI, 9 OTHOCHT8XI,Horo YCHH8HHJJ oc -ne
pexo.n;oB Ha .n;Bj'X~HOHHll8 COCTOJJHRJI. 0,IJ;HSKO no penr,TaTaM H3M8-
pelmii CX -Cll8KTPOB ,3 peaKQm1 14 7 5 m ( n , oc ) H 

149 s m ( n, ex) /I9 o~aeMoe ycMeHHe Ha6nimaeTCSJ X:Hmr, .n:ns 
Manoro tmcxa peaoHaHCOB. B03MOl!CHO, 8TO ocn.srcHSieTCSJ TeM, 'ITO 
CHXa (pp8I'M8HT8nHH KB83H'iBCTH1IlmX COCTOJJHHA no ypOBHIIM, Xel!Ca
mHM B6XH3H aneprmr c~aH-HeATpoHa, yMegr,maeTcs no Mepe pocTa 
'iHCXa RBaaHqacTHll / 23 , B peayxr,TaTe qero llPOJJB)Il{J{)TCSJ HH,IJ;HBH
.JJY81ll,HH8 oco6eHHOCTH pe30H8HCOB. 

3aRJm'iHTexr,Hag rnaBa co.n;epxBT no.n;Be~eHHe HToroB Hccxe.n:o
Bamn!, H3XOZ8HHHX B .n;HCC8pTaUHH. MOZHO OTM8THTI, CX8.IlYJ:)l!W'8 
IlYHRTH BlmOXH8HHO! pa60TH! • 

I. IlpOB8.IJ:8Hll M8TO,IJ;HqecRHe HCCX8,IJ;OB8HRH, ll03BOJIHBIIIHe paapa6o
T8TI, H HCll01ll,30B8TI, HOBID1 8X8RTpoHHHft cneKTpoMeTpHqecRHfl TpSRT, 
OTJmqaDmmtcs IlOBHlll8HHOA CTa6HXI>HOCTI,D xapaRTepHCTHR H Manoff 
qyBCTBl'IT8XI,HOCTI,D R 60XI>mHM aMnmITy,IJ;OM ( U ~ I03 U 01. ) , B03HH-
R8DmHM B MOM8HT BCilHlllKH MOmHOCTH peaKTOpa. 

2. Paapa60T8HO H BBe.n;eHO B CHCTeMy MHOrOM8pHoro aHaJmaa YCT
poACTBO 8X8RTpOHHOt1 yrXOBOff ROXJill'MaUHH 0( -qaCTHJl. 3To pac
mHpHXO B03MOZHOCTH 8KCll8pHM8HTB1ll,HOff YCT8HOBKH H Il03BOJIHHO 
H86Jm,IJ;8TI, 0( -nepeX0,10i ManoA HHT8HCHBHOCTH B6XH3H 6onee BHCO
KOaHepreTH'ffiHX 6om,mmc 0: -IlHKOB, a Tane cymeCTB8HHO YM8HI,
mHTI, ~HOT MHOrORp8THO-H8HOl!Cerurnx HMnyXI,COB cna60HOID'l3HpYIJmmc 
qaCTHJl~ 

3. IlpoBe.n;eHH nepBHe H3Mepemm napnHBXI>HHX 0( -IIIHPHH 'AM HID!-
HHX peaOHBHCOB 14 

g 5 m H j"l'OqHeHH IlOXHHe OC-llllipl1HH 'AM 

8 HeATpoHHHX peaoHaHcoB 149 sm , xpoMe Toro, onpe.n;eneHa aHep
rrui: CBSl38HHOro COCTOJJHIDI H YCT8HOBHeH cmm ,IJ;JIJJ pe30H8HC8 
9,2 aB. 
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4. IIony,:1eH11 HOB!le H YTO'IH8Hll CTap11e ,n8HHl18 no CX. -WHpHH8M 
H8ATPOHHWC pe30H8HCOB B peaKI.UIB 1 4 3 Nd (rt, Cl ) • Ha OCHOBaHJm 
aTHX ,naHHWC npoBe,neHa ooeHRa cnpaBe,nmJBOCTH CT8THCTH'<18CKOtt Teo
PHH oc.-pacna.na aettTpomrax pe30H8HCOB BllCOKOB036yx,IJ;eHHHX COCTO
mmtt. 

5. BnepBHe H3MepeHa peaIQlHJI 14 3 Nd ( n, ~Cl() Ha pesoHaHCHllX 
H81TpOH8X H npoBe,neH ,neTam,mrli 8HamI3 aTott pe8KOHH. B pesym,
TBTe nony,:ieaa nepBaH HH!pOPMBOHH o MITT'RHX i -nepexo.nax Mellt,IJY 
ROMIIaya.n-cocTOHHIDIMH B6JiliI3H aueprHH CBH3H HettTpOHa. 

6. IIpoBe,neHO o6CYJ1t,IJ;8HH8 aRcnepPIM8HT8JII,HllX ,naHHllX no peBROHH 
( n, ot ) B p8MR8X no1IY},nmpocROnH'<18CROro no.nxo.na ,nJIJJ CTpyKTypll 
BllCOKOB036YJt,IJ;8HHWC COCTOHH:lftt. ienaeTCH nOil!lTK8 nOny,:IHTb CBe
,neHHH O BOHHOBOtt /pyHR:QID! H8ATPOHHl1X pe30H8HCOB. 

0CHOBHl18 M8TepH81W ,nHCCepTaoim ony6HHROB8Hll B pa6oTax 
/I2,I4,I5,I97 H .nonoxeHll Ha ,nByx BC8COD3HIDC KOH(pepeHOHHX no 
aettTpoHHoft WH3HRe (KHen, I9?Ir., I9?3r.), Ha Il M8llt,IJYHapo,nHOM 
CHMIIOSHyMe no cneRTpOCROnHH i -ny,:ieft OT 38XB8T8 aettTpOHOB ll 

CBH38HHllM BOnpocaM (IleTTeH, ronnaH.nW{, I9?4r.}, a TBRJte Ha 
MeJC,ItyHapO,nHOM cm.mos:ByMe no peaROIDIM, Bll3BaHHHM HeftTPOHaMH 
(CMoXeHHOH, qexocxoBaRIDI, I9?4r.). 
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