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1. B B e JJ. e H H e 

HccnenoeaHHe peaKUHH (n • a ) Ha pesoHaHCHbiX Hei!:TpoHax naeT 

B pyKH 3KCITepHMeHT8TOpOB CITeUH$H~eCKHe B03MO~HOCTH. C 0/J.HOft CTO

pOHbi, 3TO IT03BOnsleT H3Y~8Tb Bb!COKOB036y~JJ.8HHbie COCTOSIHHS! SIJJ.8p C pa3-

peiii8HH8M0 JJ.8Tb KOTOpoe CITOC06Ha TOJlbKO H8i!:TpOHHaS! CIT8KTpOM8TpHS!o 

C JJ.pyi'Oi!: CTOpOHbi, 'rrpOCTOTa' Bbin8T8JOII(8i!: anb$a-~aCTHUbl H JJ.OBOJlqHO 

pasBHTasr TeopHsr a -pacrrana rrosBonsrJOT HanesrTbCSI Ha 6onee rronHbii!: aHa-

J1H3 rrpHpO/J.bl ypOBHei!:, J18~81I(HX ITpH 3HeprHH CBS!3H H8i!:TpOH8 B S!JJ.pe, 

a TaK~e MexaHH3Ma a -pacrrana B036y~JJ.8HHbiX COCTOSIHHi!: SIJJ.ep. 

OnHaKo rrocTaHOBKa TaKHX aKcrrepHMeHTOB saTpynHeHa BcnencTBHe 

M8J10H B8J1H~HHbl C8~8HHS! peaKUHH ( n, a ) H 6onbiiioro $oaa KOHKYPHPYJO-

wei!: peaKUHH (n, y ). llo H8CTOS!II(8rO Bp8M8HH HCCJ181lOB8HHS! peaKUHH 

(n, a ) ITpOBOJJ.HJJHCb Ha T8ITJ10Bb!X Hei!:TpOH8X OT MOII(Hb!X peaKTOpOBo C ITO

MOII(b!O rronyrrpOBOJJ.HHKOBbiX /J.8T8KTOpOB H HOHH38UHOHHOi!: K8M8pbl 6h!J1H 

ITOIIY~8Hbl C8~8HHS! p88KUHH H8 T8ITJ10Bb!X Hei!:TpOH8X H CIT8KTpbl a -~aCTHU 

JJ.JJS! penK038M8J1bHbiX H30TOITOB 
143 Nd 11

•
21

, ursm 
111

, l4
9 Sm 

11
-4

1 

/'J/ 
• EbmO rroKasaao, ~To nnsr yKa3aHHbiX srnep u(n, a ) / 17 (n, y) .. 
-9 10 • CrreKTpbi a -~aCTHU OK838J1HCb COCTOSIII(HMH H3 rrepe-

XOJJ.OB B OCHOBHOe H rrepBOe B036y~JJ.8HHOe COCTOS!HHe t H TOJlbKO B pa6o-

/5/ 
Te MaK$apnaliHa H OaKei!: rrocne 3Ha~HTeJJbHoro ycoBepiiieHCTBoBaHHSI 

M8TOJJ.HKH B CITeKTpe a -~aCTHU H3 peaKUHH 
149 Sm (n, a ) o6aapy~eHo 
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r 
10 a -rrepeXOAOB1 IIOJIOFIHH8 H3 KOTOpb!X HAeT H8 HeH3BeCTHbie paHee ypoB-

• 
HH AO'Iepaero SIApa. 0AH8KO HHTeprrpeTaUHSI rronyqeHHhiX /l8HHbiX B 3H8'IH-

TeJibHOH CTeiieHH 38TPYAHSieTCSI TeM, 'ITO 38XB8T TerrnoBbiX HeitTpOHOB 'laC

TO o6ycnoBneH BKJI8/lOM HeCKOJibKHX pe30H8HCOB C pa3JIH'IHhlMH xapaKTepH-

CTHK8MH. 

Eonee IIOJIHYIO H OAH03H8-'IHYIO HH$OpM8UHIO 0 MexaHH3Me peaKUHH 

( n, a ) MOryT A8Tb H3MepeHHSI C pe30H8HCHhiMH HeitTpOH8MH. Ho, IIOTOKH 

T8KKX HefiTpOHOB1 HMeJOrnHeCSI B paCIIOpSI)IWHHH 8KCIIepHMeHT8TOpOB1 Ha 

HeCKOJibKO IIOpSIAKOB MeHbllie IIOTOKOB TeiiJIOBb!X Hefi~pOHOBo 008TOMY 3AeCb 

H8B03MO)KH0 IIpHMeHSITb AeTeKTOpb! paaMepoM Bcero B HeCKOJibKO KB8A-

paTHb!X C8HTHM8TpOB. 

OepBbie HCCJieAOB8HHSI peaKUHH ( n, a ) Ha pe30H8HCHbiX HefiTpoHaX 

6bJnH rrpoBeA8Hbl 8BT0p8MH Ha MHllieHH H3 ecTeCTBeHHOit CMeCH H30TOIIOB 

/6/ 
caMapHSI • 3aTeM 6binH IIpOH3Be)leHbl H3MepeHHSI H8 o6orameHHb!X H30-

Torrax ua Nd H 
145 Nd /7/ 95 M taaT /8/ 

1 a HeA8BHO - H8 H30TOII8X 0 H e o 

Paapa6oTaHHhiH H8MH raaoBbiH CUHHTHJIJISIUHOHHhiH aeTeKTOp C MHOrOCJIOHHOH 

/9/ 
MHllieHbiO o6naaan 60JiblliOH CBeTOCHJIOH1 HO He II03BOJIHJI rrpOBOAHTb aHa-

JIH3 a -'I8CTHU ITO 8HeprHH1 IT08TOMY H3Y'I8JIHCb JIHllib ITOJIHbie BepOSITHO-

CTH a -paCII8A8 OTAenbHhiX B036y)KJleHHhiX COCTOSIHHH SI/lep. 

l1aMepeHHSI crreKTpoB a -'laCTHU AJISI ABYX peaoHaHCOB 
147 Sm 6binH 

ocymeCTBJI8Hbl C ITOMOllibiO ABOHHOH HOHH38UHOHHOM KaMepbl C ceTKOH B pa-

6 
I 10/ 

OTe • 

B HacToSimefi pa6oTe rrpHBOASITCSI peaynbT8Thi n:ccneaoaaHHSI peaKUHH 

( ) 149Sm n, a Ha H30TOIIe 1 a TaK)Ke AOnOJIHeHHbie H yTO'IHeHHbie no CpaB-

/6, 7/ 
HeHHIO C ony6nHKOB8HHb!MH paaee /l8HHbie no HCCJieAOBaHHIO peaKUHH 

( n, a ) Ha HaoTonax 
143 Nd , 145 Nd , 147 Sm B o6nacTH 8HeprHH HefiTpo-

HOB OT 0,04 AO 900 8B. 
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2. MeTOIJHKa H3MeP,eHH1i 

HccneaoBaHHH peaKUHH (n,a) Ha H3oTorrax peaKHX 3eMenb rrpoBo

UHnHcb Ha HMrrynbCHOM peaKTope HBP c MHKpoTpoHoM B Ka'leCTBe HH)KeK

Topa. 3HeprHH HeHTpoHoB orrpeaenHnacb MeToaoM BpeMeHH rrponeTa. Bpe

MeHHoe pa3pemeHHe cocTaBnHno oT 0,03 no 2 MKCeKIM, rrponeTHoe pac

CTOHHHe 30 - JQO M, 

llnH perHCTpaUHH 

THnnHUHOHHbiH aeTeKTOp 

a -'laCTHU HCITOnb30BancH KCeHOHOBbiH CUHH

/9/ 
a -'IBCTHU c MHorccnoHHOH MHmeHbiD • Kce-

HOH HBXOUHnCH B aneKTpOCT8TH'I9CKOM ITOne HarrpH)KeHHOCTbiD 800 BOnbTICM 1 

'ITO IT03BOnHnO Ha UBB ITOpHUKB yBenH'IHTb CBeTOBOH B'b!XOU KC9HOH8, lle

T9KT0p a -'laCTHU o6nanan cneayiDlllHMH rrapaMeTpaMH: 

2 
1) nonHaH rrnomanb MHmeHH 0, 7 M • 

2) 3!jJ!j>eKTHBHOCTb perHCTpaUHH y -KBBHTOB B ITOnHX y -KBBHTOB 

10
8 

y leeK, € y :S 10-
8

• 

3) 3!jJ!jJeKTHBHOCTb perHCTpaUHH a -'laCTHU H3 peaKUHH ( n, a ) , 

( = 0,3 -+ 0,4. 
a 

4) Co6cTBeHHhiH !jJoH aeTeK'l'opa "'20 HMrrynbcoBIMHH. 

KoHCTpyKUHH aeTeKTOpa a -'IBCTHU IT03BOnHna COCTBBHTb MHOrocno1i:

HYJO MHlli9Hb TBKHM o6pa30M1 'ITO 'lepeaoBanHCb CUHHTHnnHUHOHHbi9 rrpoMe-

)KyTKH c HccnenyeMhlM H3oTorroM H rrpoMe)KyTKH 6e3 H30Torra. C'I~T 'IHCna 

HMITynbCOB B rrpoMe)KyTKaX 060HX THITOB rrpOBOUHnCH He38BHCHM0 1 'ITO aa

Bano B03MO)KHOCTb OJlHOBpeMeHHO C HCCn9UOB8HH9M peaKUHH ( D, a ) 

H3MepHTb !jJoH Ha rry'IKe H9HTpOHOBo 8 OUH01i: cepHH H3MepeHHH (CM,Ta6n,J) 

~..---:' 
Hcrronb3oBanHCb norronHHTenbHbie ceTO'IHbie aneKTpOJlbi rrocpeaHHe cuHH-

THnnHUHOHHbiX rrpoMe)KyTKOB. B CBH3H c yBenH'IeHHeM paccTOHHHH Me)Kny 

rrnaCTHHBMH ITOnHBH ITnOlllBJlb MHlli9HH yMeHblliHnBCb Ha 30%, B TO )1{9 BpeMH 

8TO H3M9H9HHe KOHCTpyKUHH )leTeKTOpa IT03BOnHnO CHH3HTb BenH'IHHy C06-

CTB9HHOrO !jJOHB )leTeKTOpa Hero 'IYBCTBHTenbHOCTb K y -KB8HT8M ITO'ITH 

BUBOe, 

5 
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Ta!SnHUa I 

XapaKTepHcTHKH MHweaeA H pe*HMa pa6oThi a oT.nenbHhrX ceptHlX 

MHW9Hb Bee MHWeHH 05oi'aiUeHue, TonwHHa cno.sr K011H'I9CTBO Paapeweuue BpeMH PeJKHM 

no sneMeHTy
1 % no aneMeHTY, cnoeB no auepi'HH H3M8p8HHH, pa5oTbr x/ 

I' MI'/CM2 Hel!TpOHOB, '18C .o.eTeKTopa 
MKC9K/M 

30,5 4,6 12 
2,0 21,5 

B Nd - 0,10 IIO 

16,6 - 4,75 6 0,10 56 A Sm 
0,60 100 

<ll 
B 148 17,7 2,66 12 0,03 140 Nd 

II,B 
73,2 

2,66 8 O,IO 75 B,C 

144
Nd 32,3 84,6 4,87 12 O,IO 74 B 

149 
Sm 33,35 94,6 10,0 6 0,10 120 A 

x/ CuuHTHnnHUHOHHbtll AeTeKTop pa5oTan 

A - c <jloHOBbiMH npoMelKyTKSMH, 

B - 5ea <jloHOBbiX npoMeJKyTKOB, 

C- C llOUOnHHTenbHbiMII C9TO'IHbiMH aneKTpOil8MH, 



~ 

~ .\-

~1 ,, 

'l 

8 Ka'leCTBe MHllieHeM HCITOnb30BanHCb CnOH OKHCeM HeOAHMa HnH ca-

MapHSI 1 HaHeceHHhie Ha amoMHHHeByro rrouno)!{l{y, MeTOAHKa HaHeceHHSI 

.1111 
orrHcaHa ToMHKOBOH • XapaKTepHCTHKH Hcrronh3oBaBrnHXCSI o6pa3UOB H3 

ecTeCTBeHHhlX CMecei!: H30TOITOB CaMapHS! H HeOAHM8 1 a T8K)!{9 H3 o6rameH-

148 145 Nd " 149 Sm 
HhiX H30TorroB Nd. 1 • ., rrpHBeueHhi B Ta6n. 1. 

B HarneM 3KcrrepHMeHTe H3MepSincSI BhiXOA a -'laCTHU B 3BBHCHMOCTH 

oT aHeprHH Hei!:TpoHoB. OuHoBpeMeHHo c perHcTpauHei!: a -'laCTHU perHcT

pHpOBanHcb H Y -ny'IH H3 MHlli9HH C ITOMOlllbJO ueTeKTOpa THIIa MoKCOHa -

P 
/12/ 

eSI 1 H9'1YBCTBHT9nbHOrO K $opMe CIT9KTpa y -nyqeH: B OTAenbHhlX pe-

30H8HC8X. 

C'!eT a -'laCTHU H 

cneAyiOlllHMH $aKTOpaMH: 

y -KB8HTOB B OTAenbHOM p930H8HC9 orrpeuenSinCSI 

N ( • w t ¢A r ;r. 
a a a a a ( 1) 

N -=£ w ·t¢Ar;r. y y y y y 

rue E H E - a$$eKTHBHOCTH perHCTp8UHH cnyqaeB peaKUHM (n,a) 
y a 

H (n , y ) H W - TeneCHbl9 yrnhi 1 B KOTOpbiX perHCTpHpyiOTCSI 
y 

COOTB9TCTBYIOlllHMH A9T9KT0p8MH a -'laCTHUbl H y -KB8HThi; t a H ty 

BpeMeHa H3Mep9HHM COOTBeTCTBy!OlllHMH Ll9T9KT0p8MH; </> ITOTOK H9RTpO-

HOB; A - rrnomaub pe30H8HCa IIOA KpHBOi!: rrporrycKaHHSI; r 
COOTBeTCTB9HHO IIOnHaSI 1 paAH8UHOHH8SI H a -lliHpHHbl p930H8HCa. 

8 3TOM cnyqae HM99T M9CTO COOTHOlli9HHe 

THU1 y -KB8HTOB H BpeMeHa H3MepeHHM, 

r a 



Koa$c!>HuHeHT k MO)KeT 6biTb nerKo onpe.oeneH npH O.OHOBpeMeHHOM H3-

MepeHHH cqeTa a -qaCTHU H y -KB8HToB' B TennOBOH o6naCTH 8HeprHfi, 

r.oe H3BeCTHbl no .OpyrHM pa6oTaM BenHqHHbl a$$eKTHBHbiX ceqeHHH peaKUHH 

(n,a) H (n,y) 

a (n•a) Ny 
k "' ( ----. --) . 

(3) 

a(n•y) Na th 

EcnH 3HaqeHHe ath (n, a ) HeH3BecTHo, TO Heo6xo.OHMO npoBeCTH H3Mepe-

HHe cqeTa a -qaCTHU H Y -KB8HTOB .On51 H3yqaeMoro H30TOna O.OHOBpeMeH-

HO C .opyrHM H30TOnOM1 .On51 KOTOporo H3BeCTHO 3HaqeHHe k 

KanH6pOBOqHblH K08¢cpHUHeHT onpe.oen51eTC51 COOTHOIIleHHeM 

k = k I l 

E (Ea I ) 

( (E ) 
aj 

Bl ·--. B 
I 

, J1cKOMbiH 

(4) 

rne HHneKc i COOTBeTCTByeT BenHqHH8M1 OTHOC511JlHMC51 K HCCne.oyeMOMy 

H30Tony; K H30TOny C H3BeCTHbiM 3HaqeHHeM KanH6pOBOqHoro KO

B - COOTBeTCTBYIOIJlHe BenHqHHbl aHeprHH CB513H no-a$$HUHeHT8 k 

cne.oHero He fiTpoHa B Hape, Bbipa)KeHHe ( 4) nonyqeHo c yqeToM Toro, qTo 

.onH .oeTeKTopa y -nyqefi THna MoKCOHa-Pe51 a¢cpeKTHBHOCTb perHcTpa-

UHH aKTa pa.OH8UHOHHOrO 38XBaTa Me.oneHHOrO HeHTpOHa nponopUHOHanbHa 

8HeprHH CB513H HefiTpOHa, 

k 

Ton a 

flo.oo6HbiH MeTOll KanH6pOBKH npHMeH51nC51 npH Onpe.oeneHHH 3HaqeHH51 

14:5 
.on51 pe3oHaHCOB Nd no KanH6poBoqHoMy Koa$$HuHeHTy .on51 H30-

143Nd H .onH pe3oHaHcoB 
147 

Sm - no Koa$c!>HUHeHTY .on51 H30Tona 

149 Sm. KanH6poBoqHbie H3MepeHH51 npH aToM npoBonHnHGb Ha ecTeCTBeH

HOii: cMeCH H3oTonoB. B o6oHx cnyqa5J.X MO)KHO noKa3aTb nyTeM pacqeTa, 

qTO a$¢eKTHBHOCTH perHCTp8UHH a -qacTHU .On51 nepeXO.OOB B OCHOBHOe 

8 
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6l!H3KHo 

B TOM cnyqae, Koraa pa3peweHHe no sHeprHH Hel!:TpoHoB HeaocTa-

TO'IHO H ITHKH Ha KpHBbiX (n • a ) H (n, Y ) coaep)I(8T HeCKOllbKO pe30H8H-

COB, OTHOWeHHe C'leTOB a -qaCTHU H y -KBaHTOB B ITHKe 6yaeT COC-

II(Na) I 
I ( cpA r ) 
I r a I ( 5) k 

l (N ) 
1 

- cpA 
r 1 <- )1 I y Y 1 r 

rae i - HoMep pe3oHaHca, aa10mero BKnaa B aaHHbiH ITHK. B TOM cnyqae, 

ecnH ( cp A I r ) I;; const 

HliH rrpH r » r 
n Y 

H M8liOM H3M9H9HHH ITOTOKa H9HTpOHOB B rrpeaenax 

aaHHOH rpyiTITbl pe30H8HCOB1 Mbl HMeeM: 

( 6) 

3. Pe3yllbT8'J:bi H3MepeHHl!: 

B Ka'leCTBe rrpHMepa pe3yllbT8TOB HaWHX H3MepeHHH Ha pHc. 1 H 2 

rrpHBeaeHbl KpHBb!9 C'leTa a -'18CTHU H3 peaKUHl!: (n , a ) Ha o6orameHHbiX 

H30Torrax 
143 

Nd H 
149 

Sm B 38BHCHMOCTH oT sHeprHH Hel!:TpOHOB ( HH)I(-

HHe KpHBbJe) • B BepxHel!: '18CTH pHCyHKOB ITOK838H C'leT y -nyqel!: H3 

peaKUHH (n, Y ) 1 rronyqeHHb!H B T9X_ )1(9 ycnOBHSIX. 

llnSI 6onee TO'IHoro orrpeaene~HH rrnomaael!: pe3oHaHcoB B peaKUHH 

(n, a H YTO'IH9HHSI B9liH'IHHbl cpeaHero paCCTOHHHH Me )Kay ypoBHSIMH JlliSI 

9 
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0~--~-L~~~U----L~~~-U~--~--L-~~~~--L-~~~~ 

300 

.., 
Sm(n,a) 

PHc, I, 3aBHCHMOCTb c'!eTa a -'laCTHU (I!HJKI!Hsi KpHBaH) H y -KBai!ToB 

(BepXIIHH KpHBaH) OT 31!eprHH l!eHTpOIIOB B H3Mepei!HHX C paa-

Jlenel!l!biM H30TOIIOM 
149 Sm • nyi!KTHpl!aH KpHBaH COOTBeTCTByeT 

tPDHy, 

10 
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1500 

143Ndcn.a) 
..... 

1000 

500 

1500 

1000 

143
Nd(n,oc) 

500 

,.1"·xe 
R 
II 
II • I 
II T 
II 
II 
iJ 
II 

L1J - -.. ,., 

1ZfJe 

PHc. 2. 3aBHCHMOCTb C'leTa a -'laCTHll ( HH)KHSISI KpHB8SI) H y -KB8HTOB . 

(BepXHSISI KpHB8SI) OT 9HeprHH H9~Tp0HOB B H3MepeHHSIX C pa3-

neneHHbiM H30TonoM 
143 Nd 

11 
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H30TOITOB Nd ITpoBoaHnHcb aoiTonHHTenbHbie H3MepeHHSI cqeTa Y -nyqeii: 
f 

B 38BHCHMOCTH OT 8HeprHH Heii:TpOHOB C pa3peweHHeM 6 HCeK/M. 

Pe3ynbTaTbi o6pa6oTKH ITnowaaeH: IToa pe3oHaHcaMH B peaKUHSIX 

(n,a) H ,(n, y 

BenH'iHHbl r a 

Ha H30TOIT8X CaMapHSI H HeOaHMa ITpHBeaeHbl B Ta6n. 2. 

tiOnyqanHCb yMHO)KeHHeM 8KCITepHMeHTanbHbiX OTHOWeHHH 

I 13, 14/ . 
r aIry Ha 3Ha'ieHHSI ry , B3SITbie H3 pa6oT , HnH Ha cpea-

HHe 3H8'!eHHSI r y ( CMo Ta6n. 3) • 

B OWH6Ky BenH'IHH r a BKnJO'!eHbl nHWb ITorpewHOCTH B OITpeaene-

HHH ITnowaaeii: ITOa pe30H8HCaMH Ha KpHBbiX C'!eTa a -'!aCTHU H y -KBaH-

TOBo C10aa He BOWnH OWH6KH B OITpeaeneHHH cpeaHeH paaHaUHOHHOH lliHpHHbl 

(oKono 20%) 1 a T8K)Ke B OITpeaeneHHH KanH6pOBO'IHOrO K08~~HUHeHTa k 

( 10% anSI H30TOITOB CaMapHSI H OKOnO 25% anSI H30TOITOB HeOaHMa) • 3TH 

OWH6KH ITOCTOSIHHbl anSI BCeX a -WHpHH .aaHHoro H30TOITa , HX BBeaeHHe 

a MaCKHpOBano 6bi ~nJOKTyaUHH -WHpHHo 
~ 

HecKonbKO 3aMe'!aHHH o6 8KCITepHMeHTanbHbiX aaHHbiX. Heo6xoaHMO 

OTMeTHTb1 'ITO B HaWHX ITepBbiX H3MepeHHSIX a -lliHpHH anSI H30TOITOB He0-

/7/ 143 
aHMa ITpH HOpMHpoBKe ITo TeiTnoBoMy ce'!eHHJO Nd 6bma aoiTyrueHa 

OWH6Ka 1 Bbi3BaHHaSI Hey'!eTOM BKnaaa aOITOnHHTenbHOro C'!eTa y -ny'IeH 

oT 3axBaTa Heii:TpoHoB ITpHMeCHbiMH SiapaMH caMapHSI B 3Ha'!eHHe N y ( ~op-
143 

Myna ( 3)). B CBSI3H c 8THM Bee 3HaqeHHSI a -wHpHH anSI H30TOITOB Nd 

"145 Nd n n HCITpaBneHbl. pH'IeM TeiTepb ITpHMeHSinHCb 4 MeToaa HOpl\-11:-

pOBKH: a) ITO ~OpMyne (3), HO C yqeTOM BKnaaa y -nyqeft OT 0,5% 
/13/ 

ITpHMecH Siaep caMapHSii b ) HCITOnb3YSI ITa_paMeTpbi pe3oHaflca E 0 = 4,37 aB , 

H 3 BeCTHyJO 3aBHCHMOCTb ITOTOKa HeHTpOHOB OT 8HeprHH H aaHHbie H3MepeHHSl 

cqeTa a-qaCTHU B pe30H8HCe H TeiTnOBOH o6naCTHj c ) HCITOnb3YSI OaHOBpe-

,145Nd) 
MeHHbie H3MepeHHSI BbiXOaa a -qaCTHU B pe30HaHCaX 4,37 8B ~ 

147 /10/ 
H 3,4 8B ( Sm) C ITOMOIIlb!O aBOHHOH HOHH38UHOHHOH KaMepbi' j d) HC-

ITOnb3ySI H3MepeHHSI Bbixoaa a -qacTHU H y -KBaHTOB anSI H30ToiTa 
143 

Nd 

B TeiTnOBOH H pe30HaHCHOH o6naCTH. nnSI pe30HaHCa 4,37 3B 9THMH MeTo-

12 
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tu Nd 4,36 3- 51 
43,! ~ 

102 ~ 63 

143 
Nd - 6 3- 86 

55,8 (4-) 80 
127 3- 94 
I35 3- 70 
159 (4-) 83 
180 3-

187 (4-) 
408 3-
705 3-

f 

f1potwn>KeHHe Ta6n. 2 

3940.±90 8,6.±0,5 4,4.±0,8 
'760_±60 2,3.±0,3 1,4j0,2 ,- cir 
16o,±40 3,3J:I,O 2,0.±0,8 

98000.±300 59.±16 51.±13 
30.±15 4.±2 3,2.;!:1,6 

1980.±!60 91.±!3 86+12 \{);) 1 ~. c:: 
5250.±240 48Q±45 '32§t30 ~~~ ~I 

40.±25 .:: 2,5 <.:. 2 
380.±45 28.±6 17.±4 
., 10 s6 ~ 4 

1760.±130 550.±160 42Q±I20 
280.±50 225.±100 170.±100 

14 
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aaMH 6btnH ITOny'IeHbl COOTBeTCTBeHHO CneayJOIIIHe 3Ha'IeHHSI a -IIIHpHH: 

( ( tr 
0,34; 0,40; 0,4:\l H 0,68 MKSB. HaMH B3SITCY CIJvaHeB3Be~eHHoe 3Ha'IeHHe 

0,44 :!:_ 0,08 MK3B 0 ITO KOTOpOMy H fiDPMHpOBanHCb a r 
a -umpHHhi 

14aNd " 145 Nd • BCeX OCTanbHhiX pe30HaHCOB H30TOITOB n 

CaM a pH H:- 1 4 9. B peaKUHH (n, a ) Mhi Ha6n10aanH 27 pe3oHaH

coB HH*e 100 SB ITO aHeprHH Heii:TpoHoB. Bhirne 56 SB aHepreTH'IeCKoe 

pa3perneHHe 6htn0 HeaoCTaTO'IHhiM anSI BhiaeneHHSI OTaenbHblX pe30HaHCOB 0 

H 3KCITepHMeHTanbH8SI KpHBaSI aaeT CYMMapHbiii: C'IeT ITO HeCKOnbKHM pe-

30H8HC8Mo K C'IaCTbJO, pe3oHaHChi B ITpeaenax Ka*aoii: H3 rpyiTIT HMeJOT 

He O'IeHb OTnH'Ia!OIIIHeCSI Heii:TpOHHbie lliHpHHbi 0 IT03TOMy cornaCHO Bhipa*e-

HHJO ( 6) oTHorneHHSI ITnomaaeH: B C'IeTax (n, a) H (n, Y) ITOa ITHKaMH anSI 

rpyiTIT pe30HaHCOB 6yayT 6nH3KHMH K OTHOllieHHIO COOTBeTCTBYIOIIIHX cpea-

HHX lliHpHHo 

SIX C 

la 

B H3MepeHHSIX c o6orameHHhiM H3oToiToM 6hmH yTO'IHeHbi BenH'IHHhi 

anSI qeTbipeX HH3KOne*aiiiHX pe30HaHCOB 0 ITony'IeHHhie B H3MepeHH-

" /6/ 
ecTecTBeHHOH cMeCbJO H3oToiToB caMapHSI • HeTO'IHOe 3Ha'IeHHe 

/6/ 
anSI pe3oHaHca 17,1 aB B paooTe CBSI3aHo1 ITO-BHaHMOMy, C He

H7 
ITpaBHnbHhiM y'IeTOM BKnaaa cHnbHoro pe3oHaHca apyroro H30ToiTa Sm 

C Eo·= 18,3 3Bo 

CaM a pH ii:- 14 7, 3Ha'IeHHSI a -lliHpl!H anSI 8 pe3oHaHCOB ITony'IeHbl 

ITpH H3y'IeHHH peaKUHH (n, a) Ha ecTeCTBeHHOii: CMeCH H30TOITOB CaMa

/6/ 
pHS! 

149 
Pe3ynbTaThi H3MepeHHSI c H30TOITOM Sm IToKa3anH, 'ITO ITHK B cqe-

Te a -'IaCTHU B H3MepeHHSIX c ecTeCTBeHHhiM caMapHeM ITpH E 0 ==40 aB 

149 
ITpHHaane*HT B ocHOBHOM pe3oHaHcaM Sm c E 0 = 40,2 SB H 41,3aB, 

/6/ 
= 39,9 aB, KaK ITpenrronaranocb paHee 

147 
a He pe3oHaHcy Sm c E 0 

H e o a H M- 1 4 5. PeaKUHSI 
145 

Nd(n, a) Ha6n10aanacb BITepBbie. 113-

MepeHhi a -rnHpHHhi anSI Tpex pe3oHaHCOB. TipH aToM ITpeaiTonaranocb, 

'ITO BeCb C'IeT a -'IaCTHU B ITHKe 1 COOTBeTCTBYJOIIIeM Hepa3perneHHhiM 

15 
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pe3oHaacaM c E 0 = 102 H 103 ss, npHHanne*HT pe3oHaacy c E 0 = 102 sB, 

HMeJOIUeMy 6naronpHSITHhiH CUHH J 11 = 3...; ( pe30H8HC C Eo= 103 SB HMe-

eT J" =4-). 

06mHA BKnan HCcnenoBaHHbiX pe3oHaacoB B TennoBoe ce'!eHHe peaK-

145 
UHH Nd ( n, a ) COCTaBnHeT 0,04:!:.,0,0 1 M6apH 0 'iTO COI'nacyeTCSI C Bepx-

/1/ 
Heft OUeHKOH Ce'!eHHSI 0 yK838HHOI'O B pa6oTe 0 U (n ,a ~h :::; 0,1 M6apH, 

H eo Jl H M- 14 3, B nHana3oHe saeprHH: HH*e 410 SB B peaKUHH 

(n, a ) npOHBHnOCb 5 pe30H8HCOB 0 B TO BpeMSI K8K B peaKUHH (n, a)-

14 pe3oaaacoB, DpH 6onbrnHx saeprHHX aeil:TpOHOB aane*HO rrpoHBHnCH 

nHrnb pe3oHaHC c E 0 = 705 SB, 

4, 06cymueaHe oe3ynbTaToB H3MepeaH~ 

Docne 38XBaTa pe3oHaHCHhlX aeil:TpOHOB c ayneBhlM op6HTanbHhlM 

1(3 145 147 149 
MoMeHTOM HnpaMH Nd , Nd , Sm H Sm o6pa3yJOTcsr 'ieTHo-

'!eTHhie HJlpa B B036Y*IleHHhiX COCTOSIHHSIX CO CITHHaMH H 'ieTHOCTblO 

1T - -J = 3 H 4 , 8 ITOJl8BnHJOIUeM 6onbillHHCTBe cny'!aeB B036Y*IleHHe CHH-

M8E1TCSI 3a c'!eT HcrrycKaHHH KacKanoB y -KBaHToB, Anb¢a-pacrran B03-

-5 
6y*JleHHhlX COCTOHHHH ITpOHCXOJlHT MeHee '!eM B 10 'i8CTH cny'!aeB, 

8TO CBSI38HO B OCHOBHOM C Manoil: ITpOHHuaeMOCTbJO KynOHOBCKOI'O 6apb-

epa HJlpa nnH a -'iaCTHU. 

BepoHTHOCTb a -pacnana (HnH 

/15/ 
KaK npOH3BeJleHHe llBYX ¢aKTOpOB : 

ra 
W=r=f·P. 

l 

16 

a -rnHpHHy) MO*HO npe)lCTaBHTb 

( 7) 

1 
~ 

·~ 
i 
~ 

~ 



f1epBblll MHO>KHTeJih - BepOHTHOCTh o6pa30B8HHH a - '!8CTHUbl Ha IIOBepx

HOCTH Hapa - orrpeaenHeTcH BHyTpeHHHMH c8oiicTBaMH, rrpHpoaoii BepXHHX ---··· 
Bo36y>KaeHHbiX ypoBHeii Hapa, Ero Bbi'IHcneHHe rrpencTaBJIHeT 6onhwHe 

TpyAHOCTH B paMK8X COBpeMeHHbiX Monenet'J, CTaTHCTH'IeCKaH TeOpHH CBH3biBa

eT 8TOT MHO>KHTeJih CO cpeL1HHMH paCCTOHHHHMH Me>KAY ypoBHHMH B OKpeCT-

HOCTHX pacrranarowerOCH COCTOHHHH HLlpa rrpOCTbiM Bb!pa>KeHHeM 

(8) 

BTopoii MHO>KHTenh B Bbipa>KeHHH ( 7) y'IHTbiBaeT BepoHTHOCTh rrpoHHKHoBe

HHH a -'IaCTHUbl 'Iepe3 KYJIOHOBCKHH H l(eHTpo6e>KHbiH 6apbepbi HLlpa, 

3KCITOHeHUH8JlhHOe H3MeHeHHe 8TOrO MHO>KHTeJIH C 8HeprHeif a -'I8CTH-

Uhl HBJIHeTCH IIpH'IHHOH TOro, 'ITO HaH6onee HHT8HCHBHhle a -rrepexOLlhl 

HLlYT Ha H8HHH3WHe COCTOHHHH LlO'IepHHX HAep, BeJIH'IHHbl p LlJIH a -pac-

rrana COCTOHHHH0 B036y>KnaeMbiX rrpH 38XBaTe MeaneHHblX 

JlH'IHbiMH HL1p8MH 1 Bbi'IHCJIHJIHCh B pa6oTaX fpHcpqmoeHa H 

/17/ 
H ilanaKHHOH o 

I 

HeiiTpOHOB pa3-

/l6/ 
PacMycceHa 

J.13MepHeMbie H8MH 3Ha'!eHHH a -WHpHH xapaKTepH3yiOT cyMM8pHyiO 

BepOHTHOCTh a -rrepeXOLlOB H8 BCeB03MO>KHbie COCTOHHHH LlO'!epHero HLlpa 

IIpH cpii:KCII:pOB8HHOM HCXOLlHOM COCTOHHHH COCT8BHOrO HLlpa, B Ta6n, 2 

!Ipii:BeLleHbl pe3yJihT8Tbl H3MepeHHH a -WHpHH LlJlH pacrrana OKOJIO 40 B03-

6y>KneHHbiX COCTOHHHH HLlep C8M8pHH H HeOL1HM8 H HeCKOJlhKO 3H8'IeHHH 

a -WHpHH 0 ycpenHeHHb!X ITO rpynnaM pe30H8HCOBo 

3KcnepHMeHT8JlhHbie 3Ha'!eHHH a -WHpHH 0 ycpenHeHHbie no BCeM 

pe30HaHC8M HLlp8 0 HHTepeCHO CpaBHHTh C pe3yJihTaTaMH paC'IeTOB no cTa

THCTH'leCKOH TeOpHH 

r 
a 

D 

217 
( 9) 
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Ta6naua 3 

Cpeuaae a -mHpHHbl H30TOUOB CaMapH!I H HeOAHM8a) 

r MK9B 

CocTaBHoe i" n, as /16,1 i I 
Ma~ /13,14/ TeopB!I 9KCnepHM9HT 

!IAPO 

IHNd 76 80 IS 23 ?,I (13) 

t4~Nd 
60 34 O,I8 - 0,13 (6) 

us, Sm 59 I4 4,7 4,3 0,6 (II) 

uosm 62 6 0,70 0,44 O,I9 (28) 

a) Jln!l nonyqeHH!I ra H3MepeHHbie a -IllHpHHbl CyMMBp0B8ABCb B 9Hepre

THqeCKBX o6naCT!IX HBlKe 410 9B ( 
144Jlid) , 108 9B ( 145 Nd) , 83 9B 

( as Sm) B 100 9B eso Sm) ' 3aTeM nonyqeHHa!l CYMMa uenanacb Ha 

ll'Yl~'r 1JRCno pe30H8HCOB, H3B9CTHblX B ll.8HHOM HKTepeane SHeprHA 

( BAH H8IllB B3MepeHB!I C AeTeKTOpOM y -nyqell). 

I 
18 

·I 

1 
··; 



rne D - cpenHee paccTOSIHHe Me)l{ay ypoBHSI¥H cocTaBHoro Sinpa c aaH-

HhiM 3H8'!9HH9M j 7T !IpH 8HeprHH B036y)I{L{9HHSI 1 paBHOM 8HeprHH CBSI3~ 

HeMTpoHa B Sinpe, a Pe
1 

- rrpOHHuaeMoCTh SiaepHoro 6apbepa anSI a -qac-

THU C op6HTanhHbiM MOM9HTOM e ITpH rrepexoae B i -TOe COCTOHHHe 

noqepHero Siapa. 

B OTnH'IHS OT 06bi'IHOI'O a -pacrraaa ( a -pacrraaa H3 ocHOBHO-

I'O COCTOSIHHSI Siapa) B cnyqae peaKUHH (n ,a) 

H3B9CTH8 ITO aaHHhiM HeMTpOHHOM CITeKTpOM9TpHH 

nH6o orrpeaenSinach H3 HarnHX HaMepeHHM ceqeHHM 

paaaeneHHhiX H3oTorrax c paaperneHHeM 6 HCeKIM. 

BenH'IHHa D xopo.rno 

/13/ 
( CM,. H8llpHMep, ) 

peaKUHH (n, y ) H8 

B Ta6n. 3 rrpHaeaeHhi TeopeTHqecKHe H aKcrrepHMeHTanhHhie 3Haqe-

HHSI r a anSI 4-x H3oTorroB caMapHSI H HeoaHMa. B CK06Kax yKaaaHo 

qHcno peaoHaHCOB, no KOTopoMy rrposoaHnoch ycpeaHeHHe aKcrrepHMeH-

T8nbHbiX aaHHbiX. 

B 6 
/6,7/ 

OTnH'!He OT !IpeahiayiiiHX pa OT aaecb ycpeaHeHHe !IpOBOaH-

nocb no peaoHaHcaM c o6oHMH 3Ha'!eHHSIMH crrHHa. CTaTHCTHqecKaSI no-

CTOB9pHOCTb 8KC!I9pHM9HTanbHhiX peaynhTaTOB anSI H9KOT0pb!X Siaep eme 

146 
He aenHKa ( HarrpHMep, anSI Nd ycpeaHeHHe rrpoHaBeaeHo TonhKO no 

6 pe30H8HC8M) • B TO )1{9 BpeMSI MO)I{HO B ITepBOM llpH6m!:)I{9HHH OTMe

THTb cornaCHe peaynhT8TOB pacqeTOB ITO CT8THCTH'!9CKOM MoaenH C 8K-

crrepHMeHTOM, 

EcnH rrpoBeCTH ycpeaHeHHe BenH'IHH r a ITO BCeM HccneaoaaHHh!M 

H30TOITBM1 TO MO)I{HO I'OBOpHTb 0 M9Hblll9M 3H8'19HHH CpeaHeM a -lliHpH

Hbl1 rronyqeHHOii H3 aKcrrepHMeHTa, no cpaeaeBHIO c pac'leTaMH no cTa

THCTH'!eCKOM MoaenH. AHanOI'H'!Hbie peaynbTBTbl rrony'leHbl llpH Cp8BH9HHH 

8KCrrepHM9HTBnhHbiX aaHHb!X C pacqeTBMH ITO OliTH'!eCKOM MOaenH Siapa, 

0aHOH H3 rrpH'IHH 1 KOTOpasr M0)1{9T rrpHB9CTH K rroao6HoMy peaynbTSTY 

B cnyqae qeTHO-qeTHb!X COCTaBHbiX Siaep SIBnsreTCH 8~~eKT C!I8pHB8HHH 

HyKnOHOB B COCT8BHOM Slape, KOTOpb!M !IpOHBnSieTCSI H B Cll9KTpaX a -qac-

/10/ 
THU B peaKUHH (n, a ) H rroapo6Hee paccMaTpHBaeTCSI B pa6oTe • 

19 
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1.193 
1.D44 

0.456 

.0 

f: z• 

"tn(n,a) 

"6Nd 
60 • 86 

8 

_j 
150 
BzSm, 

c leV) 

90 
6.5 

5.0 
0.17 
0.094 

143
Nd (n.a) 

• J 

4-

4-

4-
4-

3-

/ __ _ 
,/ ~ 

1.910 o•·---+-

ts9l z• ' ' I / 

9.7 / 1//u 
0 o·nnmnmmn/; // 
c ~ 

':Ce12 

/ 
/ 

/ 

8 

_l 
144Nd. 
60 " 

c lol'l ]' 

127 J 

55 4-

-6 3-

P11c. 3. CxeMbl a -pacnaaa 113 BbiCOKOB035ylK.lleHHblX COCTOSIHIIH COCTBB-

Hb!XS!Aep 
150 Sm 11 

144 Nd. 

f 
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B HarneM cnyqae a$$eKT crrapHB8HH~ HyKnoHOB rrpHBOllHT K yMeHb-
i 

B $opMyne (7), rrocKonhKY nn~ a -nepexonoa B oc-

HOBHOe HnH B036Y*neHHbie cocTo~HHH c E < E Heo6xonHM0 1 qTo-
B03. en, 

6br f yqHTbiBano He npOCTO BepO~THOCTb o6pa30B8HH~ a -qaCTHUbl H8 

noaepXHOCTH ~npa, a BepOHTHOCTb o6pa30B8HHH a -qaCTHUbl npH HanHqHH 

cnapeHHbiX HyKnOHOB1 T,e, COCT8BHOe HUpO HcnycKaeT a -qacTHUY 1 H8XO-

UHCb B XOnOUHOM COCTOHHHHo 

$niDKTY8UHH lliHpHH peaKUHH npH nepexone OT pe30H8HCa K pe30H8HCy 
. 1181 

npHHHTO onHChrBaTb pacnpeneneHHeM ITopTepa-ToMaca c qHcnoM cTene-

Heii: cao6onbr v B KaqeCTBe napaMeTpa, J13B8CTH0 1 qTo V MO)I(8T Me-

HHTbCH OT 1 nnH HeHTpOHHbiX lliHpHH no HeCKOnbKHX nec~TKOB nn~ y -IDHpHH, 

llaHHbie 0 $niDKTY8UHH a -rnHpHH noKa OTCyTCTByiDT, llnH TeopeTHqecKOH 

oueHKH v MO)I(HO aocnonh30BaTbC~ pe3ynhTaTaMH pa6oThi BRneTca 
/19/ 

no cTaTHCTHqecKoMy aHanH3Y pacnpeneneHH~ rnRpHH peaKuHii: a cnyqa~ qac

THqHo oTKpbiTbiX KaHanoa, B npRMeHeHHH K peaKUHH ( n, a) a~eKTHBHoe 

qRcno OTKphlThlX K8H8nOB 

v~,~,"'(~P. 
""!' ft Ll 

( 10) 

Heo6xonRMo oTMeTHTh 1 qTo $opMyna ( 10) BbiBeneHa B npennono*eHHH, 

qTo BepOHTHOCTb o6pa30B8HHH a -qacTHUhi Ha noaepxHoCTH Hnpa nnH 

naHHoro pe30HaHca onHHaKoaa nn~ a -qacTHU1 BbineT8IDlliHX C pa3HblMH 

Op6HTanbHblMH MOM8HT8MH 1 H He yqHTbiBaeT a$$eKTOB napHbiX KOppenHUHH, 

ITpe*ne qeM nepeii:TH K cpaBHeHHID pe3ynhTaToB pacqeToB no $opMy

ne ( JO) C 9KcnepHMeHTOM o6paTHMC~ K pHC, 3, 3necb nn~ HnniDCTpaUHH 

npellCTaBneHbl CX8Mbl ypOBHeM COCT8BHbiX H noqepHHX ~nep H a -nepe-

149 143 
xonos nnH peaKUHii: Sm ( n, a ) H Nd ( n, a ) • Cor nacHo 3aKoHaM 

COXp8H8HHH qeTHOCTR H npaBHnaM cnO)I(8HHH MOM8HTOB KOnHqeCTBa llBH-

21 
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)KeHHSI H3 COCTOSIHHif 3- B03MO)KHbl a -rrepeXOIJ.bl B OCHOBHOe H B036y)K-

AeHHbie COCTOSIHHSI IJ.OqepHero Sill.pa, M3 COCTOSIHHA 4 a -rrepexOil.bi Ha 

+ 
ypoBHH 0 3arrpeiUeHbi 0 B03MO)KHbl rrepeXOIJ.bl TOIIbKO Ha B036y)KIJ.eHHbie COC-

TOSIHHSI IJ.OqepHero S!Apa, T,e, C MeHbiUeif sHeprHeif a -qaCTHU. ~ho IIpHBO

IJ.HT K TOMy, qTO BepOSITHOCTH a. -paCIIaAa H3 COCTOSIHHif 3- B CpeAHeM 

IJ.OII)KHbl rrpeBaiiHpOB8Tb Hall. BepOSITHOCTSIMH pacrraAa H3 COCTOSIHHif 4 H TeM 

6ollbllle 0 qeM Bb!llle IIO SHeprHH paCIIOIIO)KeH rrepBblft B036Y)KIJ.eHHhiif ypoBeHb 

AOqepHero S!Apa C OTIIHqHb!M OT HyiiSI CIIHHOM, TaK KaK 1a(3- ).j, 1a (4-), 

~~~~KTyaUHH a - IIIHpHH AilS! pe30HaHCOB CO CIIHHaMH 3- H 4- He06XOAHMO 

HCCIIeAOBaTb OTAellbHO, 

Pacq~Tbi rro ~opMylle ( 10) rroKa3biBa~T, qTo .ll11H
143

Nd(3-) v 8~= 1,0; 
143 -Nd (4 ) v ~ = 1,8; .lliiSI ocTallbHbiX HCCIIenoBaHHhiX H30TOIIOB v 8~ 
11e)KHT B rrpeAellax 1,6 + 2,5, K CO)KalleHH~, HMe~mHeCH B HallleM pacrropH

)KeHHH 8KCI1epHMeHT811bHbie A8HHbie ( Ta611, 2) HeB03MO)KH0 HCII011b30B8Tb 

B IIOIIHOif Mepe H3-38 OTCyTCTBHSI AilS! 60IIbiiiHHCTBa pe30H8HCOB H,lleHTH-

143 
~HKaUHH rro crrHHaM, ll11H Nd(3l aKcrrepHMeHT naeT v a~ = 1,8 :!:. 1,0 

-2 ~ -2 
( v a~ =21a /(1a -1a· ) ) . 

\{a pHc, 4 rrpencTaBIIeHo pacrrpenelleHHe a -IIIHpHH .lliiSI 15 pe3oHaH-

l49 
COB Sm CO CIIHHaMH 3 H 4, 3KCI1epHMeHT811bH8SI rHCTOrpaMMa IIOCTpOeHa 

c yq~TOM OIIIH6oK B orrpene11eHHH a -IIIHpHH ( Ta611, 2), Ka)K.llOMY 3HaqeHH~ 

1at Ha· rHCTOrpaMMe COOTBeTCTByeT TpeyrOIIbHHK C BepiiiHHOif B TOqKe 1at 

C OCHOB8HHeM, paBHbiM 41'!..1 a! , H BbiCOTOif, paBHOif ~ f'l.1 a.! • TaKHM 

o6pa3oM, IIIIOIU8Ab Ka)Knoro TpeyrollbHHKa paBHa enHHHue, H B rrpene11ax on

Hoi~ CTaTHCTHqecKOif OIIIH6KH (+f'l.1 ) lle)KHT 75% ll1101118.llH TpeyrOIIbHHKa. 
- at 

qHCIIO pe30H8HCOB eme Hell.OCTaTOqHo AilS! Ha,lle)KHOro orrpe,llelleHHSI 3BaqeHHif 

V H 1 .lliiSI 
s~ a 

j 17 
= 3- H 4- COOTBeTCTBeHHO, noaTOMy 6blll8 Cll.e-

118Ha IIOIIb!TKa OIIHC8Tb aKCI1epHMeHT811bHOe pacrrpe,llelleHHe a -IIIHpHH CYM

MOif .llBYX pacrrpenelleHHii THIIa nopTepa-ToMaca c Bec'aMH 9/15 ( J = 4 ). 

H 6/ }5 ( J = 3), 38KpeiiHB T8KHe rrapaMeTpbl KaK fa (4) = 0,05 MKaB 

i 
22 



N(/4.) 

5 

3 

2 

• 

•• 
6 8 

Pnc. 4. 3KcrrepnMeHTanhHoe pacrrpeneneane a -wHpHH anH 15 pe3oHaHCOB 
CO CITHH8MH 3 n4 B peaKUHH 

149
Sm(n,a) 146 Nd (cM.TeKCT) 

n TeopeTn~ecKaH rronroHKa nn$¢epeaunanhHoro pacnpeaeneanH 
B BRae cyMMhi ABYX pacrrpeaeneanii: Tnna ITopTepa-To Maca c 11 ( 4 )= 
= 60, fa(4) = 0,05 MKSB H II (3) = 2,8 H fa(3) = 0,4 MKSB 
( crrnowaaH KpnBaH). 

0,4 MK9B1 HCXOllH H3 ycpenHeHHOM ITO BCeM pe30H8HC8M Benn-

~HHbl r a = 0, 2 MKSB H OTHOWeHHH r (3) I f (4) = 8' Haii:neHHOro 
./1~/ a 

aa ocaoBe H3BecTHhiX npoanuaeMOCTeH • B pe3ynhTaTe sToro 6brnH rrony-

~eHbl 3Ha~eHHH II ( 3) 2,8 H II (4) 60 (cnnowaaH KpHBaH aa pnc. 4). 

06p8W8IDT H8 Ce6H BHHM8HHe T8K~e oco6eHHOCTH ITHTH HH~HHX pe3o-

H8HCOB UQ Sm - BCe OHH HMeiDT OAHH8KOBhie 3Ha~eHHH CITHHa H ~eTHOCTH 

4- a TaK~e coBrranaiDmne B rrpenenax onm6oK H3Mepeanii: Benn~n-

Hbl l a • 3TO llOBOnhHO YllHBHTenhHO, ITOCKOnhKY r a o6hr~ao orrpeae-

nSieTCSI 1-2 rrepexoaaMH, TaK, B H3MepeHHOM cneKTpe a -~acTHU nnH on-
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Horo H3 HHX ( E 
0 

=- 0,098 sB) npeo6na11aeT nHlllb OllHa nHHHSI - a -nepe

XOil B nepBoe B036yJKJleHHoe cocTOSIHHe Jlb'lepHero Slllpa c 177 = 2 + 
1 4

•
51

• 

Bo3MOJKHO, 'ITO TaKaS! KapTHHa o6~SICHSieTCSI 6nH3KO~ npHpOilO~ B036YJKile

HHSI BCeX llSITH ypOBHe~. B CBSI3H C STHM 6binO 6b! HHTepeCHO npOBeCTH 60-

nee TO'IHbie H3MepeHHSI a -ll!HpHH 1 a TaKJKe HCCnellOBaHHSI ClleKTpOB a ;...qac-

THU H y -KBaHTOB JlnSI BCeX yKa3aHHhlX pe3oHaHCOB H cpaBHHTb napuHanb-

Hbie a -'laCTH'IHbie H paJlHaUHOHHbie ll!HpHHblo 

KoppenSIUHSI BenH'IHHbl r a co cnHHOM pe3oHaHca B pSIIle cnyqaeB 

rrpoSIBHnacb B SKcnepHMeHTe. HaH6onee 'leTKO TaKaS! KoppenSIUHSI llOnJKHa 

1(3 140 
rrpoHBnSITbCSI B peaKUHH Nd ( n, a) Ce , TaK KaK MarH'IecKoe no He~T-

uo 
poHaM Slllpo Ce HMeeT nepBbi~ B036yJKJleHHbi~ ypoBeHb rrpH sHeprHH 

1,6 MsB. Pac'leTbl rro tflopMyne (9) JlaJOT B STOM cnyqae r ( 3-)1 r (4-) 
a a 

.. too. 8KcnepHMeHT (eM. Ta6n. 2) yKa3biBaeT Ha HanH'IHe llBYX rpynn 

a -ll!HpHH! nepBaSI C r a ~ 1 , 7 MKSB H BTopaSI C ra ,$. 0,4 MKSB. CITHH 

OTpHUaTenbHOrO pe30HaHCa OllH03Ha'1HO OllpeJleneH_H3 H3MepeHH~ ClleKTpoa 

. I 1 2/ 
a -'laCTHU nocne 3axBaTa TennOBbiX He~TpoHoB ' • TaKaS! pa3HHila 

B a -ll!HpHHaX ll03BOnSieT HaM CJlenaTb 3aKnJ0'1eHHe 0 CllHHaX pe30HaHCOB 

( CM. Ta6nHUY) • 

Ope11naraeMbi~ 31leCb MeToll onpe11eneHHS1 cnHHa pe3oHaHca rro BenH'IH-

He a -ll!HpHHbl B llpHHUHlle He BCerJla OllH03Ha'1eH H B Cyll!eCTBeHHO~ Mepe 

CBSI3aH C pacnpeJleneHHeM a -ll!HpHH (BenK'IHHO~ V stfl) H SHeprHeA nep

BOrO B036YJKJleHHOrO ypOBHSI llO'IepHero Slllpa. 

B ua Nd cnyqae , 11aJKe ecnH npe11nonoJKHTb, 'ITO 

llnSI J 77 = 4-, BepoSITHOCTb Toro, 'ITO pe3oHaHc E 0 

HMeTb CITHH 4-, T.e. r a , cocTaBnSieT Bcero 

v = 
stfl 

184 SB MOJKeT 

-4 
10 . , a llnSI oc-

TanbHbiX peaoHaHCOB eme MeHbllle. CnelloBaTenbHO, cnHH 3 npHITHCbiBaeTCSI 

CHnbHbiM pe30HaHCaM HaJleJKHOo B TO JKe BpeMSI BepOSITHOCTb Ha6nJOJlaTb 

= 0,01 f 
a COCTaBnSieT npH v = 1 

stP 
pe30HaHC C 

HeCKOnbKO rrpoUeHTOBo OosTOMY 3Ha'1eHHe CllHHa 4 npHilHCbiBaeTCSI cna6biM 

pe30HaHCaM TOnbKO KaK HaH6onee BepOSITHoe. 



145 
llnH naoTOITOB caMapng n Nd TaKaH nneHTH~HKaung ypoBHefi coc-

TaBHoro Hnpa ITO cmray aaTpynaeaa, rrocKonf:.Ky rrepBhrfi Boa5y)l(neHHhifi ypo

BeHh no"'Iepaero Hnpa ne)I(HT aHa"'IHTenhHO HH)I(e, l:JeM B cny"'Iae 14° Ce 

3TO ITpllBOllHT K 38M9THOMY rrepeKpb!THIO paCITpeneneHHfi 

nnH ypoBH9fi CO CITHH8MH 3- H 4-. 

a -umpHH 

B TO )1(9 

pe30H8HC C 

147 
Bp9MH MO)I(HO OTM9THTb ( CMo Ta6n. 2), "'ITO nng Sm 

= 3,4 9B ( J TT = 3- I2CJI) HMeeT fa B J0 pa3 6onb

me, l:JeM peaoaaac c E 0 = 18,3 sa ( J 17 
= 4-

1201
). flpnBonnMaH anecb 

147 
nneHTH~HKBUHH peaoaaacoB Sm ITO CllHHBM ITpOTHBOpe'l:HT BbiBOll8M 

Ill 
Xefi~eTua H np. , KoTophre rrpeniTonO)I(HnH, "'ITO Termoaoe ce'l:eHne peaK-

147 
UHH Sm(n,a ) orrpenenHeTcH peaoHaHcaMn 3,4 sB; 18,3 H 27,1 sa. 

fi09TOMY Ha OCHOB8HHH C119KTpa a -'IBCTHU, HCITyCK89MbiX llpH 38XB8T9 

TeiTnOBbiX HefiTpOHOB 5Illp8MH 
147 Sm , OHH ITpHITHCanH CllllH 4 peaoHaH

cy 3,4 aB H 3--peaoaaacy 18,3 aB. OnHaKo BKnan 9THX ypoBHefi B T~rr

noBoe C9"'I9HHe peaKUHll ( R, a), ITOllC'IHTaHHhiH C HCITOnh30B8HH9M r H3 
a 

Ta6n. 2, cocTaBnHeT nHillh 30%. B peaKUHH (n, y) aTn ypoBHH TaK)I(e o5'hHC-

HHIOT ManyiO non10 TeiTnoBoro Cel:JeHHH. TaKHM o5paaoM, nnH o5'hHCH9HHH. 

TerrnoBoro cel:JeHHH " 7 Sm aeo5xonnMo rrpenrronO)I(HTh HanH'IMe oTpHUaTen·h-

Horo ypoBHH. CnenoBaTenhHO, ITO crreKTpy a - "'IBCTHU rrocne aaxBaTa 

TeiTnoBbiX HefiTpoHoB aenb35I cnenaTh aaKniO"'IeHHH o5 a -crreKTpax B peao

HaHcax c E 
0 

= 3,4 H 18,3 aB H o aHa"'IeHHHX crrnaoB. KpoMe Toro, Henaa

ane ll3M9p9HH5I aHepreTHl:J9CKHX C119KTpOB a -"'IBCTHU ll3 peBKUHH (n,a) 
I 101 

B peaoaaacax 147 Sm roaopHT o 5onee cno)I(Hofi cTpyKType ciTeKTpa, 
Ill 

qeM aTo rrpeniTonarann Xefi~eTu n np. ITpH aaannae a -crreKTpa B Ten-

nOBOH o5naCTH, H 110llTB9p)l(ll810T 3H8'19HHH CITHHOB, OllpeneneHHb19 B pa5o-
1201 

Te 

B aaKniO'I9HHe aBTOpbr rrpHHOCHT rny6oKyiO 6naronap&oCTb ITpo~eccopy 

ct>.n. lllarrnpo aa llHTepec K pa6oTe H rrone3Hb19 COB9Tbi, noKTopy B.H. AJ!:npe

eBy aa HHTepeCHbl9 nncKyCCHH, A. nanaKHHOfi aa pac'!eTbl ITpOHHUaeMOCTefi 
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nmi a -qacTHU, M. <f>ypMaH H H • .Haesoii 3a pacq~Thi pacrrpeneneHHH um

pHH, a T8K)!(8 COTpyJlHHK8M na6opaTOpHH HJHTpOHHOH <jJH3HKH 38 IIOMOIUb 

B IIpOB8Jl8HHH H3M8p8HHH H H3I'OTOBn8HHH 8IIIIapaTyphio 

AsTophi 6naronapHhi B.C. 3onoTapesy H ero coTpyJlHHKaM 3a rrpeno-

CTBBneHHe pa3)leneHHhiX H30TOIIOB. 
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