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1. B B e a e H H e 

J13yYJ:eHBe a - p8CII8.118 S!BnSieTCSI O.llHH>vl H 3 OCHOBHbiX MeTO.llOB RCCne-

nosaHRSI csoikTB aTOMHbiX SJ.Uep. OnHaKo cna6aSI rrpoHHua eMoCTb KynoHoBcKoro 

6 a p bepa SJ.Upa .unSI a - 'l8CTHUbl IIpHBO.lllf_T_~ cym ecTBeHHOMY C y)l{eHHJO K py-

ra 8TOMHbiX SI.Uep, KOTOpb!e MO)I{HO HCcnenosaTb C IIOMOUlbJO a - pacrra.ua . 

npaKTHYJ:eCKH STO H30T0Ilbl aneMeHTOB C Z > 84 H HeCKO:JbKO H 3 0TOIIOB ( B 

OCHOBHOM HCKYCCTBeHHbiX) pe.UK03eMenbHbiX aneMeHTOB. 

1-fHT~peCHYJO B03M0)1{H0CTb paCUIHpeHHSI Kpyra a - 8KTHBHbiX SI .Uep rrpe.u-

cTaBnSieT Bo36y~eHHe SI.Upa rrocne 3axsaTa Terrnosoro HnH pe3ouaucuoro 

Heil:TpOHa. npH :3TOM SHeprHSI BbineTaJOUieil: a - 'lBCTHUbl B03p8 CTaeT Ha 

BenH'lHHY SHeprHH CBSI3H He HTpOHa B Si.llpe H IIpOHHuaeMOCTb K ynOHOBC KOrO 

6apbepa Si.llp8 oqeHb CHnbHO B03pacTaeT (HaiipHMep, .UnSI 
144

N d Ha 30 IIOpS!.ll 

KOB) • 

BrrepBbie peaKUHSI ( n , a ) IIpH B036y~eHHH TSI)I{enbiX SI.Uep Teiin OBbiMH 

149 I ll HeilTpoHaMH 6blna o6Hapy)l{eHa MaKijlapnaHoM H AnMo.uosapoM ua Sm 

H Xeil:ljleTUeM c COTPY.llHHKBMH Ha 
147 

Sm, 
149 

Sm, 
14 3 

Nd /2/ H 
12 3 Te /3/ . 

lliHpOKHe IIOHCKH peaKUHH ( n , a) Ha TerrnoBblX ueil:Tpouax 6 btnH rrpe.urrpn -

HS!Tbi AH.upeeBbiM H CupoTKHHbiM, KOTOpbte o6cne.uoBBnH 6onee 40 p a3nH'lHbiX 

H30TOIIOB B o6naCTH 8TOMHbiX BeCOB 143 ,:S A 5;. 239 /4/. J1MH 6 b!nH Ha6nJO-

.ue Hbi a - 'l8CTHUbl B cnyqae 
14 3 

Nd ! 47 
Sm, 

14 9
Sm 

t 51 
H En • llnSI oc-

T a nbHbiX H3 0TOIIOB rrony'leHbl nHIDb BepXHHe OUe HKH Ce'leHHSI pea KUHH H8 T eii-

noBb iX ueilTpoHax. 

/ 
11ccneiloBaHHe peaKUHH ( n , a ) HB pe30 H8 HCHblX He iiT pOH8X IIpOBO.llHT-

CSI Hameii rpyrrrroi!:. OblnH H3MepeHbl a -IDHpHHbl OKOnO 40 pe30HaHCOB B pe-

8KUH B ( n, a) · Ha Si.llp8X-MHIDeHSIX B6nH3H 38MKffYTOH Hei!:TpOHHOK o6onO'lKH 
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N..S2 (
143 

Nd .. 
45 

Nd 147 Sm H 149 Sm) I 5-7 I, a T aKJKe rrony"'eHbi rrepBbie 

CBe.QeHIHI 0 CIIeKTpax a - "JaCTHU B OT.QenbHbiX peSOHaHcax181, 

HacToHmaH pa6oTa HBnHeTcH rrpo.nonJKeHHeM rro.no6Horo po.na Hccne.no

BaHHH B HOBOH1 HeHSy"'eHHOH C TO"'KH speHHH a -paCIIa.Qa o6naCTH aTOMHbiX 

SI.Qep, 3.QeCb IIpHBO!J.HTCSI rrepBbie pesynh TaTbl IIOHCKOB peaKUHH (n , a) LinS! 

"'~THO-"'~THbiX COCTaBHbiX H.Qep, HMeJOlliHX HeCKOnbKO HyKnOHOB CBepx SaMK 

HYTbiX o6onO"'eK C N = 50 H z = 50 , 3TH o6naCTH aTOMHbiX S!.Qep 6onee 

rrepcrreKTHBHbl C TO"'KH SpeHHSI B03MOJKHOCTH Ha6nJO.QeHHSI a -pacrra.Qa BOS6yJK

neHHbiX COCTOSIHHH, Bbt6op KOHKpeTHbiX SI.Qep , rrpenHaSHa"'eHHbiX anSI HCCne 

.QOBaHHH1 ocymeCTBnS!nCSI Ha OCHOBaHHH pesynbTaTOB p8C"'~TOB a -lliHpHH 

ITO CTaTHCTH"'eCKOH TeopHH (eM, HHJKe) , 

2. MeToi!HKB HaMepeHHii 

Ha HMrrynhcHoM peaKTope YIEP c MHKpoTpOHOM B Ka"'eCTBe HHJKeKTopa191 

6btnH rrpoBe.QeHbl IIOHCKH peaKUH H (n, a ) 
95 105 

Ha HL!pax-MHweHHX Mo, Pd, 
123 T~ . 129 

X.. 3HeDriHI He HT DOHil OIIDeoemiiTI!Cb ITO MeTOllV BDeMeHH IIDO-

neTa, McrronhsoBanHCh rrponeTHbie 6asbi I~ H ::SU M , t1peMeHHoe paspeweHHe 

.QflH OT.QenbHbiX cepHH HSMepeHHH yKasaHO B Ta6n , I. 

B Hccne.noBaHHHX peaKUHH 
95 

Mo (n, a l HCIIonhsosancSI MHorocnoit

HbiH rasOBbiH CUHHTHn.JiSIUHOHHbi H .QeTeKTOp/ IOI 6es ¢oHOBbiX rrpoMeJKyT

KOB, paCCTOSIHHSI MeJKAY rrnaCTHHaMH 6binH yBenH"'eHbl AO 4,5 CM H Me)KLly 

HHMH 6hlnH BBe.QeHhl Ce TKH 1 Ha KOTOphle IIO.QaBa nOC b gneKTpH"'eCKOe H81IpH

JKeHHe , K aJKLibiH rrpoMeJKyTOK MeJKLIY rrnacTH HaMH rrpocMaTpHBancSI "'eTbipbMH 

cpo TOYMHOJKHTenSIMH cf>3Y -49, HMITynhC bl C KOTOpb!X CyMMHpOBanHCb , Kpo M e 

Toro , pa6o"'ee aasneHHe ras a - CUHHTHnnSITOpa 6bino yMeHbllieHo c 240 MM 

Hg .no 180 MM Hg. TaKoe HsMeHeHHe peJKHMa pa6oTbi aeTeKTopa rrosso

nHno rrony"'aTb 6onee KOpOTKHe BO BpeMeHH HMIIYflb Cbl CUHHTHnnHUHH B KCe-

HOHe , IIOMeweHHOM B 9ne KTpH"'eCKOM none, a cneLIOBaTeflbHO, CHHSHTb BLIBOe 

cPO Hbl .QeTeKTOpa, 

-=-

j 
l 

I 
' , 

j 

j 

~ . I 
.J 

. ---. 

B rroHcKax peaKuHit 10 5 Pd(n, a 
HCITOnbSOBancH TOT 2 

TOflbKO HMITynbCbl C IIpOTHBOneJKalliHX ¢oTOyMHOJKJ.!Teneif BKnJO"'all 

Ha CyMMHpOBaHHe , a HMITynbCbl C K8lKL!Or'O CYMMaTOpa IIO.QaBanH• 

COBIIa.QeHHH, KOTOpaH yrrpaBnHna CXeMoii: rrporrycKaHHH , Ha BXOA 

IIyCKaHHH IIOCTyrran rrpoCyMMHpOBa HHbiH CHrHan CO Bcex 4 cpoToy 

a HMrrynhc c BbiXOLia rro.nasancH Ha LIHcpcjlepeHuHanbHbiii: 
LlHCKpHMHF. 

peJKHM pa60Tbi IIOSBOnHn B HeCKOflbKO pas CHHSHTb IIOCTOSIHHbie 

TOpa H B 3-IO pas (B SaBHCHMOCTH OT .QHaiTaSOHa ITO 

HO HeHTpOHHOH BCIIbllliKH ) yMeHblliHTb ¢oH .QeTeKTOpa 

BpeMeHH C 

H11 IIY"!Ke. 

HOCTb perHCTpaUHH a -"'aCTHU yMeHbWHnacb ITO CpaBHeHHIO C lip€ 

KO Ha 30%, 3TOT BapHaHT neTeKTOpa B peJKHMe eCTeCTBeHHbiX CI 

(6es sneKTpH"'eCKOro ITOnS!) IIpHMeHSI!TCH H .Q!TSI IIOHCKOB peaKUI 

AHanorH"'Hbie cpoHOBbie ycnoBHH 6binH rrony"'eHbi rrpH H3y"'eHHJ 

UHH 
123

Te (n, a) 
C IIOMOIUbiO HOHH3aUHOHHOH KaMepb!l8/, KOI"'.Q.E 

Ubi perHcTpHposanHcb B ysKOM aMrrnHTYAHOM OKHe. T aKoe pa.c 

B .QeTeKTHpyJOmeif arrrrapaType 6binO CBH3aHO C TeM , "'TO CeqeHJ 

(n, a ) 
Ha HccneayeMbiX HSOTorrax O"'eHb Man hi LiaJKe rro cpa BHeHJ 

HHHMH Ha H30TOITa~ CaMapHH H HeOAHMa15-7/ 
H 6wnH HCIIp060BaH 

yMeHbllieHHIO cpOHOB LieTeKTOpOB a - "'aCTHU , 
Hb! e Mepb! ITO 

CpaBHHBaH 9TH ABa OCHOBHblX THIIa LieTeKTOpOB
1 

HYJKHO OTM€ 

CTOTy KOHCTpyKUHH H 9KCIInyaTaUHH HOHHSaUHOHHOH KaMepb! , npHMeJ 

CTbiX MHWeHeii: ( C TOfllllHHOH LIO 
rronoBHHbi rrpo6era a -"'aCTHU, BI 

H3 MHWeHeif ) B HOHH3aUHOHHOH KaMepe HeBblr'OAHO, TaK KaK B 9 'I 

IlpH.QeTCSI HCII01Tb30BaTb 6onee lliHpOKOe aMITnHTy.QHOe OKHO, "'TO 

OTHOWeHHe 91jJ¢eKT/cpoH , cf>OHOBbie yCnOBHSI B CUHHTH1TflSIUHOHHOM 

II03B01TSIIOT HCII01Tb30BaTb TOnCTbie MHWeHH 06IUHM BeCOM .QO 20-3( 

XOTSI TaKOH LieTeKTOp 6onee CflOJKeH B H8CTpOHKe H 3!!:CITnyaTaUHH 

Hbie XapaKTepHCTHKH pa3nH"'HbiX peJKHMOB pa60Tbl .QeTeKTOpOB 6 : 
CaHbl OT.QenbHO, 

llnH perHCTpaUHH y -ny"'e if B H3MepeHHSIX ~ 5 Mo(n, y ) · 

_III! CSI JKJ.!.QKOCTHOH CUHHTHfl1TSIUHOHHoiH AeTeKTOp }'- ny"'eH , 

5 
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B noucKax peaKUHH 
105 

Pd ( n , a ucnonh3osancg T OT *e neTeKTop, 

TOnbKO HMrrynhCbl C rrpOTHBOne*aiUHX <jJOTOyMHO*HTeneH BKnJO'lanHCb rrorrapHO 

na cyMMHposanHe , a HMrrynhCbi c Ka~oro cyMMaTopa n ona s anHCh na cxeMy 

cosnaneHHH, KOTopag ynpasnRna cxeMoH nponycKaHHR. Ha s x on cxeMbi npo

nycKaHHR ITOCTyrran rrpocyMMHpOBaHHblH CHrHan CO BCeX 4 <jJOTOYMHO*HTeneH, 

a HMnynhc c Bbixona nonasancR na nH<jJ<jJepe nuuanhHbiH nHcKpHMHHaTop. TaKOH 

pe*HM pa60Tbl IT03BOnHn B HeCKOnhKO pa3 CHH3HTb ITOCTORHHbie <jJOHbl neTeK

TOpa H B 3-}0 pa3 ( B 38BHCHMOCTH OT nHaiT830H8 ITO BpeMeHH OTHOCHTenb

HO HeHTpOHHOH BCITbllliKH) yMeHblliHTb <jJoH neT eKTopa H8 rryqKe . 3<jJ<jJeKTHB

HOCTb perHCTp8UHH a - 'l8CTHU yMeHblliHn8Cb no cpaBHeHHIO C rrpe*HeH TOnb 

KO Ha 30%. 3TOT B8pHaHT neTeKTOpa B pe*HMe ecTeCTBeHHbiX CUHHTHnnRUHH 

(6e3 sneKTpH'leCKOrO nonH ) npHMeHHnCR H nnH nOHCKO B peaKUHH Xe(n ,a). 

AnanorH'lHbie <jJoHOBbie ycnoBHR 6binH nony'leHbi rrpH H3y 'leHHH peaK-

UHH 
123

Te (n, a) C nOMOIUbiO HOHH38UHOHHOH K8Mepbl/8/, KOrna a -'l8CTH 

Ubl perHCTpHposanHCh B Y3KOM aMrrnHTynHOM OKHe. T aKoe pa3Hoo6pa3He 

B neTeKTHpy!OIUeH annapaType 6binO CBR38HO C TeM, 'ITO ceqeHHH peaKUHH 

(n, a ) Ha HccnenyeMbiX H3oTonax O'leHh Man hi na*e no cpa BHeHHIO c ceqe-

HHHMH Ha H30TOrra;x: C8M8pHR H HeOnHM a /5 - 7 / H 6binH HCflp060BaHbl pa3mi'l -

Hbie Mepbi no yMeHbllieHHIO <jJOHOB neTeKTOpOB a - 'l8CTHU. 

CpaBHHBaR STH nBa OCHOBHbl X THna neTeKTOpOB, HY*HO OTMeTHTb npo

C TOTY KOHCTpyKUHH H SKCnnyaTaUHH HOHH38UHOHHOH KaMepbl. 0pHMeHeHHe TOn

CTblX MHllieHeH ( C TOniUHHO H no rronOBHHbl rrpo6era a - 'l8CTHU, BbineTa!OIUHX 

H3 MHllieHeH ) B HOHH38UHOHHOH KaMepe HeBblrOnHO , TaK KaK B STOM cnyqae 

rrpHneTCH HCfiOnh30B8Tb 6onee lliHpOKOe 8MflnHTYnHOe OKHO , 'ITO y xynrnaeT 

OTHOllieHHe :3<jx!>eKT/<jJoH . <l>OHOBb ie ycnOBHR B CUHHTHnnHUHOHHOM neTeKTOpe 

fi03BOnHIOT HCITOnb30B8Tb TOnCTbie MHllieHH 06IUHM BeCOM no 20-30 rpaMMO~ 

XOTR TaKOH neTeKTOp 6onee cno*eH B HaCTpOHKe H S~crrnyaTaUHH. 0onpo6-

Hbie xapaKTepHCTHKH pa3nH'lHbiX p e *HMOB pa60Tbl neTeKTOpOB 6yllyT OfiH

C8Hbl OTJlenbHO. 

ilnH perHcTpauHH y -nyqel{ 

CR *HnKOCTHOH CUH HTHnnHUHOHH o iH 

B H3MepeHHRX ~~ Mo(n, y )· 

. Ill! 
neTeKTop }'- nyqe11 • 

5 
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B KaqeCTBe MHil!eHeii, o6nyqaBiliHXCSI IIOTOKOM pe30HaHCHbiX HeiiTPOHOB, 

HCIIOnb30BanHCb KaK ecTeCTBeHHbie CMeCH H30TOIIOB ( Pd , Xe ) , T8K H 060-

rameHHhle H30TOIIhl 
123 

H Te • DannanHii rrpHMeHSincSI B BHne 
95 Mo 

95 123 
cfJonbrH TOnllJHHOH 10 MHKpoH, Mo H Te HaHOCHnHCb TOHKHM cnoeM 

Ha amoMHHHeBbte nnaCTHHbl TOnlliHHOH 0 ,5 MM MeTOLlOM, OIIHCaHHbiM 11. TO!I.IH-

KOBOHI 121 , XapaKTepHCTHKH o6pa3UOB, THIIbi HCIIOnb30BaHHbiX neTeKTOpOB 

H HeKOTOpbte npyrHe MeTOLlH'IeCKHe naHHbte IIpHBeneHbl B Ta6n . 1. 

PeaynbTBTbt H3MepeHHii o6pa6aTbiBanHCb LlBYMSI crroco6aMH • 

B cnyqae 
95 

Mo rrpoBonHnHcb H3MepeHHSI Bbtxon a a - 'IBCTHU H 

Y - KB8HTOB B OTnenbHbiX pe30HaHC8X ( N a H N y COOTBeTCTBeHHO), 

Torna 

~-
NY 

( w 1 r 
a a a • .....!.. . K 

1 r 1 
( 

y 
w 

y y y 

ra (1) 

r-· 
y 

rn e c a H c y acfl~eKTH BHOCTH perHCTp8UHH cnyqaeB peaKUHfi(n,a) H 

(n , y ); w 
a 

H Wy - T e n e C Hbte yrnbt 1 B KOTOpblX perHCTpHpy iOTCSI a - 'I8 CTH-

Ubi H y -K B8HT bt ; l a H l y - BpeMeHa H3Mepe HH H C OOTBeT C TBYIOIIIHMH 

LleTe KTOp8MH , B OTnH'JHe OT npenbiLlYIUHX pa60T 15,6/ 3Ae Cb M bl He MOrlll! BOCIIOllb-

30BaTbCSI Ll ii SI OIIpeneneHH SI K 1 H3MepeHHSIMH B T e iiiiOBOH 0 6II8 CTH HeHTpO-

HOB, T,K, TaM 9 T H peaKUHH He Ha6niOJl8 IIHCb 1 H OIIpeaen SIIIH K I H3 napa n-

neiibHbiX H3MepeHHH Bbi X OLl8 a - 'I8CTHU B HCCn eayeMbiX pe 3 0 H8 HC8X H 

1 43 
pe30H8HC8 X Nd , Llli SI KOT Opb!X H3BeC THbl BenH'IHHbl l a H 

I ' y • DpH 9TOM HCIIOllb30BanHCb HeA8BHO y TO'IHeHH b ie KBHT eKOM H nono -

Bb!M H OTIIH'I8lOilJHeCSI OT orry6IIHKOB8HH biX H MH p a H e e B p a6oT el 61 3 H8'Ie

HH51 a -1IIHp11H lll!SI peaoHaHCOB C E 0 = 127, 136, 180 11 705 9 B H 

la.;:8 ,5~1 , 7; 33~ 11; 1, 7~0,6 11 16~8 M K 9B COOTBeTCTBeHHO, 

3~eKTHBHOCTI1 perHCTpaU 1111 ~ 11 (y nnSI BccnenyeMoro a neMeH-

Ta paBH bi : 
k 

f a • a l a 

f = b f k 
y y 

rne HHJleKC k OTHOCHTCSI K HOpMHpOBO'IHOMy a neM eHTY 
143 Nd, 

• 

DorrpaBK8 a paCC'IHTbiBanacb n . PeraKOM Ha Bbi'IHCnH' 

rronpaBKa b orrpenenHnacb c IIOMOillbJO H3MepeHHii OTHome. 

nyqefi B peaoHaHcax HOpMHpOBO'IHoro H HccnenyeMoro aneME 

(n, y l - neTeKTopa B peJKHMe coBnaneHHH H cyMMHpoBaHHSI I 1 
k 

TH'IHOCTH reoMeTpHH W a "'W a H W y :.: lU k 
y , a Ta 

v = t v ( HaMepeHHSI rrapannenbHbte) , To 

b l~ NY Na r ~ r - ( -- --> -- . 
a Y a 1 N k N 

y a y 

B Topoii MeTon o6pa60TKH He Tpe6yeT H3MepeHH51 Bb!X 

B OTnenbHbiX pe30H8HC8X, J1aMepS!lOTCSI TOnbKO BbiXOLlbl a 

c n enyeMoro H HOpMHpOBO'IH o ro o6paauoB, KpoMe Toro , Heoe 

rrapaMeTpOB HCCnenyeMbiX H H O pMHpOBO'IHbiX pe30H8HCOB H HG 

Ka HeHTpO'iOB C 9HeprHeH, 

EcnH o6paaubt TOHKHe (n a << l) 
0 0 'ITO 06bt'IHO Bb 

H81IIHX MHIIIeHeii, TO MO)!{HO IIOK83aTb
1 

'ITO 

rae 

K2 • 
fa 

f , ·a 

r 
a 

k k 

r 1,8 
aK --- E N 

2 r 0 a 
g n 

k r wa ta gin 
_ a_ ) ( ---

w l IE 1,8 Na k 
a a 0 

k 
no -- ' n 

0 

~ - KOni1'JeCTBO SILlep B o6paaue , E 0 - 9Hepri1SI COOTBeTC 

aoHaHca . Dpi1HHMaeTcSI, 'ITO nnSI peaKTopa .11EP c BOLlSIHbtM 

- < IIOTOK HefiTpOHOB Ha e)li1H11UY 9Hepr11H H3MeHSieTCSI KBK E 

p 8C'IeTbl ITO cfJopMyne ( 3) HCIIOllb30B8l!HCb Lll!SI BCeX H 

H30TOIIOB, TipH 9TOM rrapaMeTpbl HeHTpOHHbiX pe30H8HCOB 
14: 

I 131 123 95 1o5 
H3 pa60Tbl , pe30H8HCOB Te , Mo Pd 

129 Xe Ha I 15/. 
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• 

nonpaBK8 a paCC'IHTbiB8ll8Cb n. PeraKOM HB Bbl'IHCliHTellbHOH MBIUHHe, 

nonpaBKa b onpeaensJnaCb C ITOMOillblO H3MepeHHH OTHOIUeHHSI BbiXOLIB Y -

ny'Ieii: B peaoHaficax HOpMHpoBO'IHoro H HccnenyeMoro sneMeHTa npH pa6oTe 

(n, y l -lleTeKTopa B pe)I(HMe coBnaaeHHii: H cyMMHpoBaHHSI I 111. Ma-aa HLieH-

TH'IHOCTH reoMeTpHH W =W 
a 

k 

a H w =w k 

y y 
= t k 

v v ( H3MepeHHSI napannenbHbte), TO 

b I~ NY Na 

1 a TBK KBK 

r ~ r -< -r- --l --. 
a Y a N k NY l2) y a 

BTopoii: Me TOLl o6pa60TKH He Tpe6yeT H3MepeHH5I BbiXOLia y - ny'IeH 

B OTilellbHblX pe30H8HCaX. YfaMepSI!OTCSI TOllbKO BblXOLlbl a - "18CTHU H3 HC-

cneayeMOI'O H HOpMHpOBO'IHOI'O o6pa3UOB. KpoMe TOI'O, He06XOLIHMO 3H8HHe 

napaMeTpOB HCClleLtyeMbiX H HOpMHpOBO'IHbiX pe30H8HCOB H H3MeHeHH5I ITOTO

Ka HeHTpO.'iOB C 3HeprHeii: . 

EcnH o6pa3Ubt TOHKHe ( n a << 1) 
0 1 'ITO 06bt'IHO BbiiTOliHSieTCSI Llll5I 

HBIUHX MHIUeHeii:, TO MO)I(HO ITOK838Tb 0 'ITO 

r E 1,8 r • K --- N 
a 2 g r 0 a 

n (3) 

rae 

k k k grn r k 
£a wa ta 

K2 "' <-- _a_) no 

£ w rE 1,8 Na k n 
, a a a 0 0 (4) 

no - KOliH'IeCTBO SILlep B o6paaue, E 0 - 3Hepi'H5I COOTBeTCTBYJOillei'O pe-

30H8HCa. npHHHM8eTC5I 1 'ITO Llll5I peaKTOpa l1EP C BOLISIHbiM 38MeLiliHTeneM 

ITOTOK Heii:TpOHOB Ha eaHHHUY 3Hepi'HH H3MeHSieTC5I KBK E -o,8. 

Pac'IeTbl ITO <flopMyne ( 3) HCITOllb30B8liHCb Llll5I BCeX HCClleLIOBBHHb!X 

H3 0TOITOB. npH 3TOM napaMeTpbl Heii:TpOHHbiX pe30H8HCOB 
143 

Nd 

I 131 12a 95 to 5 
H3 pa60Tbl 1 pe30H8HCOB Te Mo Pd 

129 Xe aa I 151. 
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3. Pe3ynbTB.Tbi H3MepeHHH 

flpe.>KAe '!eM nepeiiTH K H3llO)I(eHHIO KOHKpeTHbiX peayllbT8TOB1 OTMe-

THM aeKoTopbie oco6eaaocTH a - pacrrana rrocne aaxaaTa peaoaaHCHbiX aeii:

TpoHOB. 8 HallleM cnyqae BCe Rllp8-MHilleHH HMeiOT OCHOBHbie COCTOSIHHSI C 

ITOllO)I(HTellbHOH 'IeTHOCTb!O H nonyuenbiM CIIHHOM /
16/ • flOSTOMY IIOClle 38X

B8Ta peaoaaacaoro ~ - aeii:Tpoaa o6paayeTcR cocTORHHe c rrono)I(HTenbaoii: 

'IeTHOCTb!O H uellbiM 'leTHbiM HllH He'leTHbiM 3H8'1eHHeM CIIHHa ( CM. CXeMbl 

pacnana aa pac. 1 H 2). Cornacao aaKoHy coxpaaeHHR 'IeTHOCTH a - pacnan 

TT + 
B OCHOBHOe COCTOSIHHe 'IeTHO-'IeTHOf'O llO'Iepaero Rllp8 C J J) ( T.e. nepe-

XOll C M8KCHM8llbHOH ::mepraeii: a - '18CTHUbl 1 a cnenoBaTellbH0 1 H BepORT-

HOCTbiO) MO)I(eT llpOHCXOllHTb TOllbKO H3 pe30H8HCHblX COCTOS!HHK C 'leTHblM 

CIIHHOMo 8 pe30H8HC8X C He'IeTHbiM CIIHHOM a - p8CII8ll B03MO)I(eH TOllbKO 

H8 BOa6y.>KAeHHbie COCTOSIHH.SI 1 T .e. C MeHbllleii a - IIIHpHHOii. TaKoil: s4KjleKT 

aa6niOnancSI paaee 
161 

H aaoraa MO)I(eT 6biTb acrronbaosaa anSI orrpeaeneHHR 

crmaa soa6y)l(lleaaoro cocTvRHHSI. B aallleM cnyqae paaaHua B rrpoaauaeMo

CTH a - 'I8CTHU lliiSI nepeXOllOB B COCTOSIHHR 0+ H 2+ MO)I(eT COCT8BllRTb OllHH

llB8 IIOpRllK8 H H8611IOlleHHe peaoHaHCOB C He'IeTHblMH CIIHH8MH CHllbHO 38T-

pyaaeao. 

M on H 6 a e a - 95. B HH>KileD: qacTH pH c. 1 rrpaseaeaa aaBHCHMOCTb '!Hen a 

OTC'IeTOB neTeKTOpa a- 'I8CTHI1 OT ::meprHH 38XB8'IeHHbiX HeiiTpOHOB lliiSI 

95 143 95 
B.Qep-MHIII€HeH Mo H Nd ( KpHBaSI 1) H llllSI Mo OTllellbHO ( KpH-

BaSI 2). B sepxaei 'I8CTH pHcyHKa aana aaanorH'IHaR KpHBaR, rronyqeaaasr 
95 

IIpH .QeTeKTHpoB8HHH y -KBaHTOB H3 o6nyqaeMOH HeHTpOH8MH MHilleHH Mo. 

3Ta KpHBaB CHHManacb npH apeMeHHOM paapemeHHH 12 aceKIM. Ha 3Kcne-

pHMeHT8llbHOU KpHBOH lliiSI a -'I8CTHI1 OT'IeTllHBO BHllHO yaenH'IeHHe OTC'Ie-

H3 
TOB nereKTopa a - qacrau a o6naCTH rrono)l(eHHSI peaoaaacoa Nd c 3Hepra-

eii 121, 135, 180, 408 a 705 3B ( KpHBaR I) a T8K)I(e B o6nacTa nonoJKeHHR peaoaaa-

cos '~Mo c 3Hepraeii: 553, 899 a 1145 3B (KpHBble 1 a 2). CneAyeT OT M eTHTb, 

'ITO He H861110ll8eTCSI rrpeBblllleHHSI ~eKTa H8ll ~HOM B o6n aCTH CHllbHOro 

95 
peaoaaaca Mo c 3HeprHei 45 3B. 3TO eme paa nonTBep)l(llaeT, 'ITO 

yBenH'!eHHe 3H8'IeHHH Na Ha KpHBOH 1 HnH 2 HenE3SI o6~SICHHTb perHcTpa-

uHeif Y - KBafiTOB H3 pea.KIIHH 
95 

Mo ( o, )' ) • 

8 

L ·~ 

0 6pa60TKa pe2~'llbTaT0:9 rrpOBOllHllaCb KaK ITO <jlopMyne ( 2) 

<jlopMyne ( 3). Llm1 orrpeneneHIHI K 1 H K 2 6blll0 HCITOllb30B8HO ' 

3Ha'leHHe ITO 4 pe30HaHCBM 
143 

Nd • 0TKnoHemiR oT cpenHero He 

15%. 8 Ta6n. 2 IIpHBeneHO 'IHCllO OTC'IeTOB a -'laCTHU llllSI OTllE 

30HaHCOB H 3Ha'leHHS! a - IIIHpHH. LlnR pea oHaHCOB1 IIpOS!BllS!IOIIIHJi 

UHH ( n, y) H He ITpOS!BHBIIIHXCS! B peaKU HH (n,a) , BepXHHSI ( 

IIIHpHH naeTCSI C BepOS!THOCTb!O 95%, T. e . 3a BenH'IHHY l a B3S!"I 

3<jJ<jleKTa H <jloHa ITlliOC llBOHHaH CTaTHCTH'!e CK a R OIIIH6Ka. MO)I(HO OT 

polllee cosrraneHHe peaynbTaToB o6pa6oTKH TeM H npyrHM MeTono~ 

123 
Tenn y p -123. PeaynbTaTbi H3MepeHHii: peaKUHH Te( n, a l c o I 

143 
peaKUHeii: Nd (n, a) (llllS! HOpMHpOBKH) ITpHBelleHbl Ha pHC. 2 

KpHBaR ). flyHKTHpHaR KpHBaSI rrposeneHa no HaMepeHHSIM KsHTeK 

B MaCIIITa6e 1:8 H xapaKTepHayeT BbiXOll a - qacTHU rrpH Bo:;~6y)l( 

• 143 N 
TpOHaMH pa311H'!Hb!X 3HeprHH TOllbKO Rllep d • HaMepe HHSI 

H 3 
Nd( n, a l 6brnH rrposeneHbr c BpeMeHHbiM paapellleHHeM 0, 

t23 ·r < l a peaKUHH e n,a - C paapellleHHeM 0, 16 MKCeK/M, '!eM 

eTCSI paaHHUa B IIIHDHHe peaoHaHCOB Ha TO H H llDVTOH KDHBO ii: . Coc 

nse KpHBbie , MO)I(HO aaMeTHTb, 'ITO ysenH'!eHHe ~~a B o6nacTH 

pe30HaHCOB 
12 3 T e 

eii: 123 Te ( u • a ) ' 

c 3 Hepraeii: 96, 235 H 275 3B o6ycnosne1 

, a He 
123 

Nd (n, a l. 

liHCllO aaperHCTpHpOB8HHblX a - 'laCTHU llllR oTnenbHbrx 1 

H B.bl'IHClleHHbie 3H8'!eHHS! a - WHpHH IIpHBelleHbl B Ta6n. 2. 0 6pc 

H3BOllHllaCb IIO <jlopMylle ( 3). LlnH pe30HaHCOB C E 
0 

= 96, 235 H : 

- /17/ 
HHManocb r y -1 y = 104 ± 9 M 3B • BepXHSISI ouemca a - [1 

e TCS! C aepOS!THOCTb!O 95%. 

8 CBSI3H C M8110H CTaTHCTH'!eCKO ii: TO'IHOCTb!O BbiBOllbl 0 Be 

IIIHpl!Hbi H 3Ha'IeHHH CITHHa llllH pe30HaHCa C E 0 =275 3B 1 ITO-BHllH 

nyeT C'IHTaTb npenaapHTenbHbiMH. 

f1 ann an a if - 105. B H3MepeHHRX aaBHCHMOCTH N 
a OT 3HeprHJi 

B rrpenenaX CTaTHCTH'!eCKOH TO'IHOCTH He Ha6niOllallOCb yBenH'IeHH~ 

105 
C'IeTOB Hall ypOBHeM <jloaa B o6naCTH ITOllOJKeHHS! pe30HaHCOB p 

9 



06pa60TK8 pe2~'llbT8T0:!3 ITpOBO[lHliBCb KBK ITO cpopMyne ( 2) , TaK H ITO 

cpopMyne ( 3) . ilm1 oiTpeneneHHSI K 1 H K 
2 6blll0 HCITOllb30BaHO cpet:tHee 

3Ha~eHHe ITO 4 pe3oHaHC8M 
143 

Nd , 0TKliOHeHHSI OT cpertHero He ITpeBb!llialiH 

15%. B Ta6n . 2 ITPHBeAeHo ~He no oTc~eToB a - ~acTHU AliSI OTAenhHbiX pe

aoHaHCOB H 3Ha~eHHSI a -lUHpHH, ilnSI pe30H8HCOB 0 ITpOS!BliSI!OlUHXCSI B peaK-

UHH ( n, y) H He ITpOS!BHBlUHXCSI B peaKUHH (n,a) , BepXHHH OUeHKa a -

lUHpHH ABeTCSI C BepOS!THOCTb!O 95%, T,e, 38 BeliH~HHY l a B3S!Ta pa3HOCTb 

scpcpeKTa H cpoHa ITliiOC ABOHHaSI CTaTHCTH~eCKaSI Ollii16Ka . Moli<HO OTM e THTb XO

powee COBITaAeHHe pe3yllbTaTOB o6pa60TKI1 TeM 11 ApyrHM MeTOAOM, 

12 3 
Tenny p - 123. PeaynbTaTbi H3MepeHHii peaKUHH Te ( n , a) coBMeCTHo c 

peaKuHeif 
143

Nd(n,a) (AnSI HOpMHpOBKH) ITpHBeAeHbi Ha pHC, 2 (CITliOWHaSI 

KpHBBS! ) , IlyHKTHpHaSI KpHBaSI ITpOBeAefia ITO 113MepeHHSIM KBHTeKa H IlOITOBa 

B MaCwTa6e 1:8 11 xapaKTepH3yeT Bb!XOA a - ~aCTHU IT pH B0.36Yli<AeHHH Heif-

143 
TpoHaMH pa3llH~HbiX 3HeprHif TOllbKO S!Aep Nd Yf3MepeHHSI peaKUHH 

143 
Nd( n, a ) 6biliH ITpoBeAeHbi c BpeMeHHbiM paapeweHHeM 0 , I MKCeKIM, 

123 1' ( ) a peaKUHH e n , a - C paapeweHHeM 0 , 16 MKCeKIM, ~eM 11 06bSICHS!-

eTCSI Da3HHUa B WHPHHe peaoHaHCOB Ha TOH 11 ADvroif KPHBOH, CpaBHHBaH 3TH 

pe30H8HCOB 
123 Te 

eli 
123 

Te ( u, a ) , 

c a HeprHeii 96, 235 11 275 aa o6ycnoBneHo peaKUH

• a He 
123 

Nd (n, a ) • 

'4acno aaperacTpHpoBaHHbiX a - 'i8CTHU AliSI O TAellbHbiX pe30H8HCOB 

H Bbl~HClleHHbie 3Ha~eHHS! a -lUHpHH ITpHBeAeHbl B Ta6n, 2, 0 6pa60TKa ITpO

H3BOAHllaCb ITO cpopMyne ( 3) , ilnSI pe30HaHCOB C E 
0 

= 96, 235 H 275 3B 11p11-

HHMaliOCb [' y -f Y = 104 ± 9 M 3B 
1 11 I . BepxHSISI oueHKa a - wHpHHbi Aa

eTCH C BepOS!THOCTb!O 95%, 

B CBS!3H C MaliOH CTBTHCTH~eCKOH TO~HOCTb!O BbiBOAbl 0 BeliH~HHe a -

lUHpHHbl H 3Ha'ieHHH CITHHa AliSI pe30HaHCa C E 0 =275 3B 0 ITO-BHAHMOMy, cne-

AyeT C'iHTaTb ITpeABapHTellbHbiMH, 

IT ann a A H ii - 105. B H3MepeHHSIX GaBHCHMOCTH N 
a OT 3HeprHH HeKTpOHOB 

B ITpeAenaX CTaTHCTH~eCKOH TO~HOCTH He Ha6niOA8liOCb yBeliH'ieHHS! 'iHCna OT-

C'ieTOB HaA ypOBHeM cpoHa B o6naCTH ITOliOll<eHHS! pe.30H8HCOB 
105 

Pd BITliOTb 

9 



JlO SHeprHH H9HTpOHOB 350 SB. B o6naCTH Bb!We 100 SB y 
105 

Pd HMeeT

CSI MHOrO 6JIH3KO paCIIOJI0)1(9HHb!X pe30HaHCOB, H pa3peweHHe 0,16 MKCeK/M 

H9JlOCTaTO'IHO JlJISI HX pa3Jl9J19HHSI. 0o3TOMY paCCMaTpHBanacb TOJibKO o6naCTb 

105 
3HeprHH HH)I(9 100 SB, rJle H3B9CTHbl CIIHHbl BCeX p e 30HaHCOB Pd. llnSI nony-

qeHHSI BepXHeH OU9HKH la HCIIOJib30BaJIHCb TOJibKO ypOBHH C J 11 
=2+ (eM. BbiWe). 

Ha6moJlaeMbte cqeTbt H BepxHHe 3Ha'IeHHSI a - wHpHH npHBeJleHbt B Ta6n.2. 06-

pa6oTKa npOH3BOJlHJiaCb 110 cpopMyJie ( 3). 

K c e H o H - 129. EbmH rrpoBeJleHbt JlBa H3MepeHHSI , nepBoe 6e3 KanH6poBO'IHOH 

143 
nnacTHHbt Nd 0 BTOpOe C KaJIH6pOBO'IHOH IIJiaCTHHOH. TaKaS! IIOCT8HOB-

Ka 9 KCnepHM9HT8 CBSI3aHa C T9M 0 'ITO B 06JiaCTH nOJIO)I(9HHSI pe30HaHCa C 

129 
E 

0 
= 125,8 3B ( eJlHHCTBeHHbiH pe3oHaHc Xe 

rHH H9HTPOHOB HH)I(9 350 SB) HM99TCSI P930HaHC 

WHpHHOH. B S TOM cnyqae JlJISI OIIpeJleneHHSI 

M OHHTOp HeHTpOHHOrO IIOTOKa. 

t 
a 

c J" .. o+ 

143 Nd 

H t k 
a 

B o6nacTH saep-

C 6 0JibWOH a 

HCIIOJib30B8JICSI 

H a sKcnepHMeHTanbHOH KpHBoii Na He Ha6nJO)laJIOCb npeBbiWeHHSI 

129 
'IHCna OTC'I9TOB Hall ypOB HeM cpoHa B o5naCTH IIOJ10)1(9HHSI pe30H8HCOB Xe 

c 9 HeprHei1 HH)I(e 150 9 B. BepxaHe oueHKH a - WHpHH, nonyqeHHbte no cpop

Myne ( 3), npnBeJleHbi B Ta5n. 2. 

4. 06cy)f{aenHe pe3ynbT8TOB 

T paKTySI a - pacnan KaK KBaHTOBo M exaaHqecKHH npouecc npoHHKHOBe

HI-!51 a - 'I 8C THU bl q epe 3 nOT9HUH8JibH biH 5apbep SIJlpa, Mbl M0)!(9M npeJlCTa

BHTb BepOSITHOCTb a - pacnaLfa ( HJIH a - Il!HpHHy ) KaK npoH3B9Jl9HHe JlBYX 

MHomnT enei1: 

(5) 

IV 
I a 

T fa p. 

OepBbiH MH0)!(1fT9Jib 0 a 0 9CTb B9pOS!THOCTh o5pa30B8HHSI a - 'I8CTHU bl 

Ha IIOB9)JXHOCTH S!Jlpa , B T OpOH MHO)!(HT9Jib 0 p , y'IHTbiBaeT BepoSITHOCTb 

npOHHKHOBeHHSI a - qacTHUbi qepe3 KynoHOBCKHii H u eHTpo5e)I(Hbi i1 ( ecnH 

a - 'I8CTHU8 BbiJieT Ae T C £ > 0 5apbepbi S!Jlpa. 

10 

MHO)I(HT9Jib f 0 onpeJleJISI9TCSI BHyTpeHHHMH CBOHCTBal 

JlOH pacnaJlaJOmerocSI cocTOSIHHSI, a Jl nSI napuHaJibHbtX a - nep' 

CTBOM" ypOBHeH MaTepHHCKOro H JlO'Iepaero SLQep, M9)1(JlY KOT'< 

JlliiT a -nepeXOJl. p acqeT 3 TO H B9JIH'IHHbl Ha OCHOBaHHH Teo 

JleJieH B H8CTOS!lli99 BpeMSI IIpOBOJlHTCSI JlHWb JlJISI a - pacnaJla < 

nepBb!X B036y)I(Jl9HHb!X COCTOSIHHH HeKOTOpb!X S!Jlep ( CM. HanpHM< 

qae a - pacna)la BbiCOKOB036y)I(Jl9HHb!X COCTOSIHHH OU9HK8 

B03MO)I(H8 IIOKa JIHWb Ha 6a3 e CT8THCTH'I9CKOH TeopHH, KOTO 

STOT MH0)1(HT9Jib CO Cp9JlHliiM paCCTOSIHHeM M9)1(LlY ypOBHSIMlil 

pacna)laJOwerOCSI COCTOSIHHSI S!Jlpa D npOCTbi M Bblp8)1(9Hif 

D 
a --;-;r 

EcnH a -pacnaJl cocTaBHoro S!Jlpa o6ycnosneH 3axsaTOM pe3< 

Tpoaa, BenHqnaa D HMeeT onpeJleneHHOe 3Ha'IeHHe H JlJIH 6o1 

ORa H3B9CTH8 H3 H9HTpOHHOH CII9KTpOCKOnHH /17/. 

Yf3-38 9KCnOH9HUH8JibHOrO na)l9HH SI MHO)I(HTeJISI p C 

9 HeprHH a - 'IaCTHUbl HaH5onee HHT9HCHBHbie nepeXOilbl llOJI)I(H 

HH3WHe H 3 pa3p9W9HHhlX COCTOSIHHH C 9 HeprHe H B035ymll9HHSI 

5 JIH)I(8 HWH9 K HHM COCTOSIHHSI. TaKHM o5pa30M 0 B lf3B9CTHOM BI 

THCTH'I9CKOH TeopHH 

I CT 

a 
c 

217 
~ 

!) p IY • 

rJle CyMMHpOB8HHe npOHHUaeMOCTeH BeJleTCSI no B03MO)I(Hb!M 

MOM9HTaM e H KOH9'IHbiM COCTOSIHHSIM S!Jlp8 , npaKT 

orpaHH'IHTbCSI y qeToM ypoBnew noqepaero Slllpa c E 
803 

- E min 

CT 
B H8WHX oueaKaX r a HCnOJib30BaJIHCb B9JIH'IHHbl Pp 

Hb!e na}laKHHOH I 191• 

llnSI Cp8BHHB8 HHSI CO CT8THCTH'I9CKO H TeOpHeH Mbl IIOJih:2 

HHMH 3H8'I9HHSI M H 0 ra , LlJISI K8)1(JlOrO H30TOna, H H 8 pHC. 

( BM9CTe C orry5JIHKOB8HHbiMH paaee Jl8HHbiMH KBHT9K8 H Dono I 

11 
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MHO)I{HTenh f 0 
orrpeaenHeTCH BHyTpeHHHMH CBOACTB8MH Hapa, rrpHpO -

aoJ;i pacrranaromerocH cocTOHHHH, a anH rrapuHanhHbiX a - rrepexoaos H "cpoa

CTBOM" ypOBHeH M8TepHHCKOrO H AO'Iepaero Mep, Me)I{Ay KOTOpb!MH rrpOHCXQ

AHT a - rrepeXOL\. p 8C1.JeT 3TOH BenH'IHHbl HB OCHOB8HHH TeOpeTH'IeCKHX MO-

aeneJ;i B H8CTOHIUee BpeMH rrpOBOAHTCH nHillb anH a - pacrraaa OCHOBHOrO HnH 

rrepBbiX B036y>t<aeHHbiX COCTOHHHH HeKOTOpb!X HAep ( CM. HarrpHMep,/18/) . 8 cny-

a - pacrraaa Bb!COKOB036y)I{AeHHbiX COCTOHHHH oueHKa BenH'IHHbl f 
a 

B03M0)1{H8 ITOK8 nHillb H8 6a3e CT8THCTH1.JeCKOH TeOpHH , KOTOp8R CBH3biB8eT 

<!TOT MHO)I{HTenb CO cpeaHHM paCCTOHHHeM Me)I{AY ypOBHRMH B OKpeCTHOCTH 

pacrraaaromerocH cocToHHHH Hapa D rrpOCTbiM Bbipa>KeHHeM 

a (6) 

EcnH a -pacrraa COCT8BHOro HApa o6ycnoBneH 38XB8TOM pe30H8HCHOrO k~H-

TpoHa, senH'II!Ha D HMeeT orrpeneneHHoe 3Ha'leHHe H nnH 6onhlliHHCTBa Haep 

OHB H3BeCTH8 H3 HeMTpOHHOH CITeKTpOCKOITHH /17/• 

!13-38 3KCITOHeHUH8nbHOrO rraaeHHH MHOlKHTenH p 

3HeprHH a -'18CTHUbl H8H60nee HHTeHCHBHbie rrepeXOAbl AOnlKHbl HATH B H8H -

HH3Il1He H3 pa3pellleHHblX COCTOHHHH C 3HeprHefi B036yl!<aeHHH E mIn~ 0 H 

6nH)I{8HiliHe K HHM COCTOHHHH. TaKHM o6pa30M 0 B H3BeCTHOM Bblpa>KeHHH CTa

THCTH'IeCKOH TeOpHH 

[' C T 

a 
r 

211 
(7) 

rae CyMMHpOB8HHe rrpoHHU8eMOCTeH BeAeTCH ITO B03M0)1{Hb!M op6HT8nbHbiM 

MOMeHT8M H KOHe'IHblM COCTOHHHHM Hapa 0 ITp8KTH1.JeCKH MO)I{HO 

orpaHH'IHTbCH y'leTOM yposnen AO'IepHero HL\pa c E 803 - Emln::; 1,5 M<~B. 

B H8IliHX oueHK8X r aCT HCITOnb30BanHCb senH'IHHbl p p • paCC'IHT8H -

Hbie llaaaKHHOH 
1 191

• 

ilnH Cp8BHHB8HHH CO CT8THCTH1.JeCKOH TeOpHeH Mbl rronb3osanHch cpeu-

HHMH 3Ha'leHHHMH 0 ['a 0 AnH K8lKAOrO H30TOIT8 0 H H8 pHC. 3 ITOK838H8 

( BMeCTe C orry6nHKOB8HHbiMH paHee A8HHblMH KBHTeKa H florroBa AnH ll30T0 -

11 



rros Sm 15• 7 I H ucrrpasneHHbiMH aaHHbiMH 161 anH Nd 38BHCHMOCTb OT 

MaCCOBOrO 'IHCna OTHOWeHBSI cpeaHHX 3KCnepBMeHT8nhHbiX a - WHpHH K Te-

opeTB'IeCKHM: 

f'a 

f'CT = 
a 

211 
D ~ 

" 

f'a 
(8) 

ptf 

B cny'lae, ecna a - pacnaa B ocaosaoe cocTORHBe rrpeo6naaaeT, KaK aTO 

aMeeT MecTo y 
144 

Nd a , no-saaaMoMy, y 96 Mo , 124 Te a apyrux 

Raep, rae rrepsoe soa6y~eaaoe cocTORHBe ao'lepaax Raep pacrrono~eao ao-

BOnbHO Bb!COK0 1 Mbl nony'iaeM1 'ITO 

f' a 

f'CT 
11 

82 __ o_ 

D 
s 

a 
( 9) 

rae o 2 
- npBBeaeHH8Y 

0 
a - mapaaa nepexoaa B ocaosa.oe cocToYHBe. 

ITo aaanoraa c aeiiTpoaaoii cneKTpocKoiiHeii senB'IHHY S n B aaaaoM 

cny'lae MO~O H83B8Tb a - '18CTH'IHOH • CBnOBOH cpyHKUBeii~ • 

Y cpellHeHHe 3KCnepBMeHT8nhHbiX 3H8'1eHHH a -mHpHH IIpoH3BOaBnOCb 

s ocaosaoM no seeM aa6niOnaeMbiM peaoaaacaM, KpoMe Toro, acnonb30BaiiHCb 

sepXHHe oueHKB f' a 1 HO IIHWb Te, rae 3KCnepBMeHT liBBan TO'IHOCTb1 CpaB-

HBMYIO c oueHKaMB no cTaTBCTB'IeCKoii TOOpBH. He rrpBBOaYTCY anecb sepXHHe 

oueaKB a - mBpBH nnst 'leTao-lfeTHbiX Rnep MHmeaeii: nannanBY B xceaoaa 

CT 
OHH IIOKa Ha HeCKOnbKO nopHJtKOB Bblille COOTBeTCTBYIOWHX BeiiH'IHH f' a 

8 TeX cny'laYX1 KOraa CIIHHbl pe30H8HCOB H3BeCTHbl ( CM. Ta611Hny 2) 1 B corna

CHH C cpOpMynoii: (9) 6blnH HCnOnh30BaHbl TOnbKO Te pe30H8HCHble COCTOHHHH1 

H3 KOTOpbiX paapemeH a -nepexoa B OCHOBHOe COCTOHBHe ao'lepBHX HUep. 

DnH cocTaBHbiX Raep 
1 411 Sm D 

130 Xe c uenbiO ysenn'leHHH cTaTHCTH'Iecxoii 

LIOCTOBepHOCTH peaynhT8TOB 6blnO HCIIOnh30BaHO cpenHee IIO BCeM HCcneao-
- CT 

BaBillHMCSI pe30H8HC8M1 H IIOny'leHHaH BenH'IHHa r CpaBHHBanacb C f' , a a. 
yc)lenaeaaoii: no a -nepexonaM KBK B ocaos&oe, Tax H nepsoe soa6y~ea-

aoe coc.TOYHHll. B cny'lae 
115 Mo Mbl npBIIHCan:H TpeM caMbiM cRnbHbiM B 

peaKIIHR ( D 1 a ) pe30H8HC8M 3H8'1eHHe CIIHHa J = 2 K8K H8B6onee Be-

OOSITHOe ( CM. HHlKe) • 

12 

ITpa sarnRae aa puc. 3 o6pamaeT aa ce6R BHHMaaae To 

anSI BCeX cnyqaeB, rae 3KCIIepHMeHTanbH8SI TO'IHOCTb aOCT8TO'IHI 

aeHHSI CO CT8THCTH'IeCKOH TeOpBeii S < 1 . 
' a -

Oaaotl: ua rrpa 

CHCTeMaTH'IeCKOrO paCXO~aeHHSI TeOpHH C 3KCIIepHMeHTOM SIBnRe 

cTaTHCTH'IecKaR TeopHR rrpearronaraeT aanaqae ycpeaueHHSI se 

a -pacrrana KBK no H8'18nhHbiM, T8K H no KOHe'!HbiM COCTOSIHH 

TO BpeMSI KaK B 3KC11epRMeHTe Mbl HMeeM ycpenaeHHe ITO H8'18nb 

SIHHSIM ( IIO pe30H8HCaM), 8 B KB'IeCTBe KOHe'IHbiX COCTOSIHHH OTI 

rrpaBHnO, TOnhKO OCHOBHbie COCTOSIHHSI1 cymeCTBeHHO CIIeUBcpH'IHb 

rrpupoae. 

TaK, aanpuMep, anR pacnaaa qeTHo-'leTaoro Rapa B ocaoBf 

aae aeo6xoaHMO ae TonhKO o6paaosaHHe a -lfaCTBUbi aa nosepJ 

Tasaoro Rnpa (MHO~Tenb fa B cpopMyne (5)), HO H H8nH'IH€ 

nOHOB B Rape B CllapeHHOM COCTOSIHHH. 060388'189 BepoSITHOCTb 

npouecca 'lepea f n ( cymecTseaao, 'ITO f n < 1) • Mhi non: 

BepOYTHOCTb a -nepexOJtOB B OCHOBHOe COCTOYHHe npao6p 

WO =fa f n P • 

floaasneHHe BepOSITHOCTH a -rrepexoaOB B OCHOBHOe COCTOSII 

38M€THTb H DpH aaanuae Cll€KTpOB a -'18CTHU B peaKUHH (n,a)/~ 

po6aee cM/211. 

Dpyroii B03Mo~aeii: npH'IHHOii pacxo~eHHSI aaa'leHBii: f' CT 
a 

MeHTBnbHbiMH aaHHbiMH YBnSI€TCSI HCIIOnb30B8HHe B paC'IeTaX llpOIII 

P t aKciioaeHUHanbHoro rroTeHUHana Hro /22/ . BoaMo~ao, HCIT< 

onTH'I:ecxoro noTeauuana ynyqmuT cornacae TeopeTB'IeCKHX H aB 

TanbHhlx aHa'leHHii a -mupBH. TaKue pac'leThi nna&upyiOTCll. 

DanhH€HmBe uccneaosaHBll a -pacnana c BbiCOKoBoa6y~E 

TOYHHH nn11 6onee mHpoKoro xpyra Hnep IIoasonYT IIpocnenBTb 

38BBCRMOCTB sa (A). He HCKniO'I€HO, 'ITO a -'18CTB'IH8Y • CHnt 

URll' BMeeT CBOB MBHHMYMbl B MBKCBMYMb10 KaK Mbl 3TO aa6n1< 

IIpBMep, JtnY S -BOnBOBOii aeii:TpoHHOH CBnOBOH cpyHKUBB. 
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llpH BSrnHae H8 pHCo 3 o6pamaeT H8 ce6H BHHM8HHe TOT ~8KT1 'ITO 

anH scex cnyqaes, rae axcnepHMeHTBnbHaH ToqaocTb aocTaToqaa anH cpas-

HeHHH CO CT8THCTH'IeCKOH TeOpHeH S < 1 . 
' a -

OaaoA Ha npH'IHH Taxoro 

CHCTeM8TH'IeCKOrO p8CXO~AeHHH TeOpHH C 9KCnepHMeHTOM HBnHeTCH TO, 'ITO 

CT8THCTH'IeCK8H TeOpHH npeanonaraeT H8nH'IHe ycpeaHeHHH BepOHTHOCTeH 

a -pacnaaa K8K no H8'18llbHbiM 1 T8K H no KOHe'IHbiM COCTOHHHHM HAep, B 

TO BpeMH K8K B 9KCnepHMeHTe Mbl HMeeM ycpeaHeHHe no HaqanbHblM COCTO

HHHSIM ( no pe30H8HC8M) 1 8 B K8'1eCTBe KOHe'IHbiX COCTOSIHHH OT06paHbi1 K8K 

npaBHnO, TOnbKO OCHOBHbie COCTOSIHHH 1 cyweCTBeHHO cneuH~H'IHbie no CBOeH 

npHpoae. 

Tax, HanpHMep, anH paCU8A8 'I~THO-'IeTHOrO HAp8 B OCHOBHOe COCTOH 

HHe He06XOAHMO He TOnbKO o6p830B8HHe a -'laCTHUbl H8 noBepXHOCTH COC

T8BHOrO HAp8 {MHO~Tellb fa B ~OpMyne {5)), HO H H8nH'IHe BCeX HYK

nOHOB B SlApe B cnapeHHOM COCTOSIHHH. 0603H8'18H BepoHTHOCTb nocneaaero 

npouecca qepea f n { cymecTseaao, 'ITO f n < 1) 
1 

Mbi nonyqaeM, 'ITO 

BepOSITHOCTb a -nepexOAOB B OCHOBHOe COCTOSIHHe npHo6peTaeT BHA 

( 10) 
WO =fa f n P • 

llOABBneHHe BepOSITHOCTH a - nepeXOAOB B OCHOBHOe COCTOHHHe MO~HO 

aaMeTHTb H npH aaanHae cneKTpos a -'laCTHfi s peaxuHH (n,a)/8,20/. lloA

po6aee cM/21/. 

flpyroii: B03MO~HOH npH'IHHOH pacxo~eHHSI 3H8'1eHHA r :;T C 9KCUepH-

MeHTanbHMMH A8HHhlMH S!BnHeTCH HCnOnb30B8HHe B pacqeTaX UpOHHUaeMOCTeii: 

P t axcnoaeHUHBllbHOro noTeHUHana Hro /22/. BoaMo~ao, Hcnonb3oBaHHe 

OUTH'IeCKOI"O UOTeBnHana yny'IWHT cornacHe TeopeTH'IeCKHX H 3KCUepHMeH-

TanbHhlX aaaqeHHii a -wHpHH. TaKHe pacqeTbi nnaHHpyiOTCH. 

llanbaekmue HccneAOBaHHH a -pacnaAa c Bhlcoxosoa6y~eHHhlX coc-

TOHHBH AnSI 6onee IUHpoKOI"O Kpyra HAep U03BOnHT npocneAHTb CTpyKTypy 

aaBHCHMOCTH Sa (A) • He HCKniO'Ieao, 'ITO a -<~aCTH'IHaH • cHnoBaH tiJyax

naH• RMe~T CBOH MHHHMYMbl H M8KCHMYMb11 K8K Mbl 3TO aa6niOA8eM1 88-

npHMep, AnSI S -BOnHOBO H aeiiTpoHHOii CHnOBOH tiJyHKUHH. 
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KaK OTMeqanoch Bbiwe , pacnpeneneHne (l - WHpHH lll!SI 'IeTHO - 'IeTHb!X 

COCT8BHb!X Hnep B 38BHCHMOCTH OT CTIHH8 pe30H8HC8 p8CIT8!l8eTCSI H8 nBe 

rpyTITibJ 1 KOTOpb!e B 60l!hWeii Hl!H MeHhWeH CTeTieHH nepeKpb!B8JOTCSI Me>Kny 

co6ow 3a c'IeT ¢nJOKTY8UH~ a - wnpnH / 5 - 7/ . PacnpeneneHne a - wnpHH 

B K8>Knoii H3 rpynn MO>KHO onncaTh p8cnpeneneHHeM !lopTep8-ToM8c8/23/ c 

'IHCl!OM CTeneHeH CB0 60llhl II= II rae 11 scp - 3¢cpeKTHBHOe 'IHCl!O OTKpbl -scp 
Tb!X K 8 H8l!OB peaKUHH/24/ 

1 
onpenel!SI9M09 B cnyqae pe8KUHH ( n, a ) H3 COOT-

HOW9HHSI npOHHU8eMOCTeii lll!SI n epexonoB B OCHOBH09 H HH>KHee B036y>Kl19HHbJe 

COCTOSIHHSI noqepHH X Sinep/ 21 / . K aK noK8 3biB8JOT p8C 'IE!Tb1 1 lll!SI HCC119llOB8H

HbiX H8MH SI!l,ep 11 3 cp "' 1 • 3TO 3H8'IeHHe HCIT01Ih30B8110Ch TipH oueHKe Bepo -

SITHOCTeH TOro , 'IT O l18HH8SI B9l!H'IHH8 rQ 
H l!H HHhlM CTIHHOMo 

OTHOCHTCSI K pe30H8HCY C TeM 

B cny'I8e 
123 Te cpen HSI SI a - WHpHH 8 ll l!SI pe30H8HCO B C O C TIHH8MH 

J = 0 l101I>KH8 6b!Th B 500 p83 60llhWe , '!eM r a !ll!SI J = H3-3a pa3 -

H¥Ubl B npOHHU89MOCTSI X lll!SI a - p8C IT8l18 B OCHOBHOe H rrepBoe B036y>Kl19HHOe 

~6CTOAHH9. fiOCKOllhKV BeDOATHOCTh T OrO . 'ITO a -WHDHH 8 6vneT B COTHH 

p83 60llhW9 r a , ITp8KTH'I9CKH p8BH8 Hy1II01 Mbl MO>KeM H 8 OCHOB8HHH nonyqeH -

Hb!X HaMH 3 H8'IeHHW rrpnrrnc8Th pe3oHaHC8M 
1 23 Te c E 0 = 96, 2 3 5 H 2 7 5 3 B 

J" ~ o+ 
95 

ilnA Mo IT01IO >K9 HH9 He C TOllh orrpen eneHHO, ITOCKOllhKy 38 C 'Ie T 

p83 HHU b l )3 npOHHU8eMOCTSIX p8C'IeTbl l1810T r a ( J = 3 )=i-ra ( J = 2 ),a KpO 

Me TOr0 1 H3Me~eHHbie H8MH Bel!H'IHHbl r (l H8 ITOpAllOK M9HhW9 paCC'IHT8 H

HbiX ITO C T8THCTH'I9CKOH MOAel!H ll l!SI J = 2 . flo 3 TOM Y 3H8'I9HH9 C ITHH8 J = 2 

ITPHTIHCb! BaeTCSI HaH6onee CHllhHblM pe30H8HC8M B peaKUHH 
9 5 

Mo ( n , a ) 

c E n = 554 , 899 H 1145 3B l!HWh KaK Han6onee BepoSITHoe . Pe30H8HCy 

95 Mo c 

3Ha'IeHne 

E 0 = 45 3B 1 cor nacHo HawHM H3MepeHHSI M , c nenyeT rrprrrrnc a Th 

J = 3 K8K H8H6onee rrpenTIO'ITHTel!hH09 1 ITOCKOllhKY ITpH J = 2 

BepOATHOCTh BCTpeTHTh pe30H8HC C r a = 1 I 1000 r a paBHa BCero 2 % . 

flon y 'IeHHhle H8MH 3H8'IeHHSI CTIHHOB pe30H8HCOB 
95 Mo ITOl!HOCTh!O CO 

rnacyJOTCSI c pe3yl!hTaTaMH HenaBHe~'I pa6oTbi KoceBa n np./25/ . 

B 3aKnJO'IeHn e aBT Ophl Bhlpa>KaJOT CBOJO 6naronapHoCTh ~.n. W a rrnpo 

3 8 rrone3Hbie o6cy>KneHHSI , H .T oMHKoBo w 3a H3rOT OBneHne MHweHei1, B .Ce

MeHoBy, rrpHHHM8BWeMy Y'I8CTHe B H3MepeHHSIX H o6pa60TKe pe3yllhT8TOB 

no 
9 5 Mo J H fl .Per8Ky 3 8 npoBeneHHe pSI!l8 pacqe T OB H ITOMO!Uh rrpH. H3Me -

14 

peHHSIX. ABTOpb i 6naronapHbi B . C . 3onoTapeBy H ero coTpynHHK 
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TaOmuta 2 

Jl,JJ;po- J<:0,3B r a , MK3B 
J Na M!tlill8Hh 

no ~BMyJJe no cjJ ogl.!yJJe 
( ) -

95Mo 45 , I 3* - 75_: 52 s 0, 0!6 ~ o, 0!9 
I58, 5 3* 63_:35 ~ 4, 5 ~ 4, 0 
358, 2 3* 4I_:32 ::: 3, I s I , 6 
553 ,9 2* I23+4 0 6 , ~3 , 8 6 , 3~ 3 , 6 

899 2* 239+55 22+!3 I6+12 
II45 i ' 266+59 48+29 39+25 

I 23Te 2,334 I* 2+8 so, 004 
24 , 1 rf - I+9 ~ 0, I 
35 , 9 - 3+I O ::: 0, 35 
96 , 9 0 45_:II 3, 3_: I , 9 
235 , 3 0 44_:14 . 5, 3_:3, 8 
275 0 27_:12 3, 4_:2, 9 

I05 Pd !3 , 2 2* 4+I2 ~ 0, 06 
30, 2 2* 5+!3 ~ 3, 4 
78, 5 2* I3_: I4 ~ 0, 6 

I29xe 9, 4 I* ~ o, 004 
92 , 2 I* I6_:II ~ 0, 02 
125, 8 rf 7_:II ::: 0, 03 

* ) 3Ha48H!t!R Cn!t!HOB pe 30HaHCOB B3RThl !t13 pa00T/I4,I!, 25/ . 
B pacqeTax r ;T ,JJ;JJR 

95Mo 1t1 
123Te 3Ha48H!tle o npHBO-

,l!;!t!TCR no ,JJ;aHH~M paOOT/26 •27/ COOTB8TCTB 8HHO. 
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PHc . 1. 3 asHcHMOCTh '!Hcn a OTC'Ii'!TOB neTeKTo pa a - 'laCT HU oT as· 

Hel!T p o HOB B HsMepeHHHX c pasnen eHHbiMH H30TOIIBMB 
95 

Mo 
( KpHBBH 1) H pas.neneHHbiM H30TOIIOM 

9 5 
Mo ( KpHBBH 2 B MS• 

2 : 1) . B sepxHell 'IBCTH pHcyHKa - aHan orH'IHBH KpBB B H .nnH 

UHH 95 .MO (n, a ) f B - aHe p r HH C B !I3B Hei!TpOHB B H.llpe 1 J : 
H '11\THOCTb pe30H8HCHbiX COCTOHHHli COCTBBHOrO H.llp8 0 I fT -

H qeTHOCTb cocTOHHHll .noqepHero H.npa. BHH3Y pH -

cyHKB rroKasaHo rronolKeHHe HssecTHbiX pesoHaHCOB B 
95 

Mo 
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PHc. 1. 3aaHCHMOCTb '!Hcna OTC'Il!ToB neTeKTopa a -'laCTHU oT aaeprHH 

aei!Tpoaoa a HaMepeHHHX c paaneneHHbiMH 1130TonaMH 95 Mo u 
143 N d 

( Kp11B8H 1) II paaneneHHbiM 1130TOUOM 
9 5 Mo ( Kpi!B8H 2 B M8CWTa6e 

2 : 1). B aepxaeA 'ISCTII pHcyHKa - aaanorH'IHaH KpHBaR nnR peaK

UBI! 95 Mo ( n , a ) , B - aHeprHR CBR3H aei!Tpoaa B Rnpe 1 J rr -cnHH 

II ql!THOCTb pe30H8HCHbiX COCTOHHII~ COCTSBHOrO Rnpa, I fT - CUIIH 

II qeTHOCTb COCTOHHHil JlO'Iepaero Rnpa. BHH3Y p11-

CyHK8 noKaaaao nonoJKeaHe HaaecTHbiX peaoaaacoa B 9 5 Mo 11 143 Nd. 
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Puc. 2. 3asuc BMOCTh qucna oTcq~TOB neTeKTopa a - qacTuu OT aaepruu 

aeiiTpoao s B aaMepeauBx c paaneneHHhiMB uaoTonaMu 1 23 Te u 143Nd 
( KpBBrui ) ) R C paaneneHHhiM B30TOnOM 143 Nd ( KpBBBSI 2 B MBCWT8-

6e I : 8). B auay pucynxa noKaaaao nono~eaue uase c THhiX peaoaaa
c o s B 123 Te u 14 3 Nd. 
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Puc, 3, Cpasaeaue cpenaux a aaqeauii a -WHpHH, nonyqeHHbiX B 31 

pHMeHTe 1 C paCC'IHT8HHbiMH no CT8THCTH'IeCKOH TeOpHB AUSI I 

Hb!X SIAep: sa =fa I r ~T ( 0 - cpeaaee no peao.HaHCaM, AUll 

paapewea a -nepeXOA B OCHOBHOe COCTOSIHHe AO'Iepaero Sin 

e - cpeaaee no sceM aa6moaaeMbiM peaoaaacaM, 

ouenKa) . 
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10 
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0,1 
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PHc, 3, CpaBHeHHe cpeJlHHX a Ha'leHHll a -uiHpHH , nony'leHHbiX B aKcne-

pHMeHTe, C paCC'IHT8HHblMH no CT8THCTH'IeCKOll TeopHH JlflH pa3nH'I 

HbiX H}lep: sa .. ra I r ~T ( 0 - cpe}lHee no pe30H8HCaM, JlflH KOTOpblX 

p aapeweH a -nepeXOJl B OCHOBHOe COCTOHHHe JlO'IepHero HJlp81 

e - c peJlHee no BCeM Ha6niO}l8eMblM pe30H8HC8M, X - BepXHHH 

oueHKa) . 
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