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BBE,l{EHHE 

HacTOJJ.II\aJJ. pa6oTa JJ.Bn.a:eTc.a: 3aBepweuueM u,uKna uccne
AOBaHBH CDBHOB HeHTpOHH~X pe30HaHCOB peAK03eMenLH~X 
B30Tonoa, npoBOABM~X aaTopaMB B nocneAHBe roA~ lt- 4 I 
MeTOAOM MHO>KecTaeuuocTB raMMa-KBaHTOB 15 I . 167

Er u 
173 Yb 6wnu a~6pau~ B cuny uawero TpaABU.BOHHoro uu-

Tepeca K B3y'leHBIO napaMeTpOB HeHTpOHH~X pe30HaHCOB 
peAK03eMenLu~x JlAep. KpoMe Toro, 

167 
Er u 

173
Yh -

nocneAHBe 'leTHO-He'leTH~e B30TODbl B 3TOH o6nacTB, He 
BCCneAOBaHHble AeTanLHO C u,enLIO onpeAeneHB.H CDBHOB 

pe30HaHCOB. 

H3MEPEHHB H PE3YJihTAThl 

Mw ue 6yAeM ocTanaunuuaTLC.H ua onucauuu 3Kcnepu
MeHTa B o6pa60TKB AaHH~X, 0 'leM AOCTaTO'IHO DOAp06HO 
cKa3auo B npeA~AYII\BX pa6oTax 1 1-4~ )J,n.a: npuroTooneuu.a: 
o6pa31J,OB M~ pacnonaranB OKBCbiO 3p6B.H B KOnB'IeCTBe 
78 2, o6orallJ,eHHOH 167 Er AO 94,6~, B OKBCbiO BTTep6B.H, 
o6orall\eHHOH 173 Yb AO 89,7~ B 88,1~, 0611\BM BeCOM 60 2. 

H3Mepeuu.a: c 173 Yb 6~nu u~nonueu~ .an.a: ABYX TOllii\BH 
21 21 2 173 

o6pa3U.OB 13,4 .10 u 1 ,4· 10 JIO/c.M no Yb I, 
npB 3TOM nopor B KaHane OABHO'IHOrO C'leTa paBH.HnC.H 
2,3 M3B, B Kauane coanaAeHBH- 0,1 M3B. Cnuuoawi 3clMileKT 
y 173Yb oKa3ancJl AOCTaTO'IHWM I -12~1 AnJl naAe>Kuoro 
pa3AeneHBJJ. ua6nJOAaeM~X pe3ouaucoa ua ABe rpynnw. B yc
noBBJJ.X pa3pewaiOII\eH cnoco6uocTH uawero cneKTpoMeTpa 
Mbl CMOrnB onpeAenHTb CDHHbl pe30HaHCOB 

173 
Yb B o6-

naCTH AO 600 3B. B HHTepaane AO 110 3B nama CDHHOBaJI 

3 



H,D;eHTH$HKaD;HJI UOnHOCTbiO COBUa,D;aeT C ,D;aHHLIMH, npHBe
,D;eHHbiMH B / 6 / , O,D;HaKO eCTb HeKOTOpOe pacxo)I(.IJ:eHHe B 
onpe.neneHHH CUHHOB C pe3ynbTaTaMH pa60Tbl /7/ . 

H3MepeHHJI c 167 Er npoBO.IJ:HnHCb TaiOKe .nnJI .IJ:BYX 
TOniD;HH o6pa3D;OB /6,4· 10 21 H 1 ,6·10 21 110/CM 2 no 

16 7 Er I. Ilopor B KaHane O.IJ:HHOqHoro cqeTa sapbaposancJI 
OT 2,3 ,D;O 3,0 M3B, B KaHane COBUa,D;eHHB HCUOnb30BanHCb 
nopora 0,1 H 0,2 M3B, a TaiOKe aMnnHTY.D:Hble OKHa B npe
.nenax 0,1-1,5 M3B. KpoMe Toro, 61a1no npose.neHo H3Mepe
HHe B pe:>KHMe TPOBHLIX cosna.neHHB /c noporaMH 0,1 M3B/. 
Bapaan;HJI pe:>KHMOB HJMepeHHB c 16 7 Er 6blna o6ycnosneHa 
CTpeMneHHeM HaRTH ycnOBHJI, ,D;aiOID;He HaH60nbWHB CUHHO
BblB J$41eKT. B 3aBHCHMOCTH OT Bb16paHHbiX pe:>KHMOB CUHHO
BLIB J$41eKT MeHJincJI OT 7 .no 18o/o. PeJynbTaTLI, nonyqeHHble 
,D;nB pa3HhiX TOniD;HH o6pa3D;OB H pa3HblX noporOB, cpaBHHBa
nHCb Me:>K,D;y C06oB, qTo ,D;aBano B03MO:>KHOCTb npOKOHTpOnH
poBaTb ycToB:qasocTb cnHHOBOB a.neHTH$HKaD;HH. IIonyqeHHble 
HaMH 3HaqeHHB CUHHOB pe30HaHCOB 167Er OXBaTblBaiOT o6-
naCTb .no 280 3B. B o6nacTH .no 100 3B HawH peJynbTaTbi 
xopowo cornacyiOTCB c .naHHLIMH pa6oTLI 161 . 

Ha f?UC. 1 H 2 npe.ncTasneHbl npaMepbl speMeHHLIX cneKT
poB 

16 
Er a 173 Yb nocne ax o6pa6oTKH. PeJynbTaTbl 

cnHHOBOB H,D;eHTH$HKan;HH pe3oHaHCOB 167Er H 173 Yb npa
se.neHLI B ma6A. 1 H 2. 

IIonyqeHHLie HaMH .naHHble noJsonBIOT c.nenaTb on;eHKH 
cpe,D;HHX paCCTOBHHB Me:>K,D;y pe30HaHCaMH ,D;nB pa3HblX CUHHOB 
B cnyqae 167 Er HMeeM 

D=9,3±1,03B,D;nB J 
D = 7,5 ±0,6 3B .nns J 

B cnyqae 173 Yb 
D = 20 ± 2 3B .nnJI J = 2, . 
D = 14,0± 1,3 3B .nns J = 3. 

3, 
4; 

HcnonbJYB cse.neHHB o HeBTpOHHLIX wapaHax H3 pa6oTbl/6 / , 

Mbl nonyqana 3HaqeHHB canoBbiX $yHKUHB .nns H30Tona 167 
Er 

0 
S = 2,3± 0,8 .nns J = 3 
5°-=2,0±0,5 ,D;nB J =4, 

.nns H30Tona 17 3 Yb 
s0 

=1,5±0,5.nns J =2 
0 S =1,2±0,3 .nns J =3 

/B e,D;HHHD;aX 10-4/. 
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Puc. 1. 3p6uu-167. CnAowHaJI Kpu8aJI - cneKmp 8 peJKuMe 
co8naoeHuu, mo~Ku - cneKmp 8 peJKuMe oouHo~Hozo c~ema. 
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Puc. 2. H111mep6uil-173. CnAOWHaJI KpueaJI - cneK•P apexuMe 
coenaoeHuii, 1/IOttKu - cneKmp e pexuMe oouHOttHozo ctte•a. 
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IJOO 

/900 

l!JOO 

9 

EoaB 

5,99 
7,92 
9,39 
20,2 
22,0 
26,2 
27,4 
32,8 
37,6 
39,4 
42,2 
50,! 
53,5 
59,9 
62,1 
62,8 
69,4 
74,4 
75,7 
79,3 
85,4 
9!,2 
94,7 
97,5 
98,2 
!07,6 
II2,9 
II5,5 
!3!,4 
r42,2 
r42,9 
!50,4 

Ta6JimlB I 
CIDI1Dl ueih'pomna pesoHaucoB ~~>l Er 

~ 
3 
4 
3 
4 
3 
3 
4 
4 
4 
3 
3 
4 
(4) 
3 
4 
3 
4 
4 
4 
3 
3 
4 
(4) 
4 
(4) 
3 
4 
3 
4 
4 
4 
4 

Be~X%'1'HOC'l'l> 

99 
roo 
98 
roo 
IOO 
roo 
roo 
roo 
IOO 
IOO 
98 
roo 
70 
100 
90 
90 
IOO 
IOO 
!00 
IOO 
90 
roo 
70 
100 
62 
roo 
90 
roo 
90 
roo 
100 
96 
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Ta6.llmla 2 

Ta6nHua 1 ( rrpo.uon:lKeHHe) CDHHH HeATpo~JDlX pesoHaHCOB 11-?. ~ b 

E;o j BeposrrHOCT:& 
aB % 

I 2 3 
153,2 3 93 r7,6 2 roo 

r57,6 (3) 31,4 2 roo 

159,5 4 92 ,, 35,6 3 roo 

162,2 4 100 45,r 2 roo 

I65,r 4 90 

1 
53,4 3 roo 

166,3 (3) 60 58,8 3 roo 

r68,3 4 90 66,r 3 roo 

176,8 3 90 68,8 2 97 

178,4 4 100 74,4 3 100 

184,6 4 100 76,0 2 100 

191,3 4 95 96,3 3 roo 

195,9 3 90 105,5 2 100 

209,8 (3) 70 . III,O 2 roo 

217,2 4 roo II5,r 3 100 

223,2 4 100 r24,2 2 100 

228,6 (4) . !28,7 3 roo 

230,2 (4) !34,6 3 100 

235,5 (3) 145,2 2 100 

237,6 (3) 154,0 3 100 

238,4 (4) !55,6 (3) 

247,0 (4) !69,0 3 100 

249,2 (3) I 197,2 3 100 

258,0 4 roo 204,7 2 100 

263,3 4 100 

1 

210,1 3 95 

274,3 (3) 22r,6 2 98 

280,1 4 100 226,3 (3) 70 

282,9 4 100 229,4 2 100 

288,9 3 roo 250,6 3 100 
256,6 3 100 
277,5 2 100 
283,4 (2) 60 

8 9 



Ta6nnua 2 '(npoaon*eHne) 

286,! (3) 5? 
303,4 3 roo 
306,4 3 roo 
3I?,? 3 IOO 
324,3 3 IOO 
340,2 3 98 
35!,2 2 IOO 
36!,9 2 IOO 
3?1,5 2 IOO 
392,8 3 9? 
405,I (2) 66 
420,0 3 IOO 
429,8 3 96 
439,r 2 IOO 
44?,? 2 IOO 
459,8 3 IOO 
488,0 3 IOO 
5!3,8 (2) 69 
528,4 3 IOO 
548,4 3 IOO 
5?4,2 3 9I 
605,2 3 IOO 
6!8,9 3 IOO 

OECY~~EHHE PE3YHhTATOB 

Pe3yJILTaTbl .AJIJI 
167 

Er H 
17 3yb coBMeCTHO c ,AaHHbiMH, 

nony'leHHbiMH 3a nocne,Auee BpeMJI HaMH H ,ApyrHMH aBTopa

MH ,AJIJI 'leTHO-He'leTHbiX H30TOnOB pe,AK03eMeJILHbiX JI,Aep, 

n03BOJIJIIOT ell{e pa3 paCCMOTpeTL BOnpoc 0 CnHHOBOB 3aBHCH

MOCTH CHJIOBOB ciJyHKUHH B :HOB 06JiaCTH aTOMHbiX JI,Aep. 

Bonpoc o cnHHOBoii 3aBHCHMOCTH ueiiTpouuoii CHJIOBoii ciJyHK

UHH JIBJIJieTCJI B onpe,AeJieHHOB CTeneHHciJYH.AaMeHTaJILHbiM: 

3aBHCJIT JIB CHJibl B3aHMO,AeBCTBHJI HeiiTpOHa C JI,ApOM OT 

10 

t 

j 

1 
i 

.It 
I 
I 

\ 
~ 

B3aHMHOB OpHeHTauHH H BeJIH'IHHbl CnHHOB'? 3TOT BOnpoc 

nOCTOJIHHO Bbl3biBaJI HHTepec. 10 JieT Ha3a,A B pa6oTaX 

c1Jpauuy3CKHX ciJH3HKOB 110 I 6blna OTMe'leua .AJIJI uexoTopblx 

JI,Aep 3aBHCHMOCTL CHJIOBOB ;YHKUHH OT cnHHa. B 1969 2. 

,Ay6ueucxaJI rpynna aBTopoB I tl npo,Aenana no,Apo6Hb1B cTa

THCTH'IecxHii aHaJIH3 CnHHOBOB 3aBHCHMOCTH CHJIOBbiX ciJyux

UHB ,AJIJI WHpOKOrO Kpyra JI,Aep, ,AJIJI KOTOpbiX K TOMY BpeMeHH 

CTaJIH H3BeCTHbl CnHHbl 3Ha'IHTeJILHOrO 'IHCJia pe30HaHCOB. 

IlpHBJie'leHHe YTO'IHeHHbiX ,AaHHbiX 0 CHJIOBbiX ciJYHKUHJIX ,AJIJI 

OT,AeJILHbiX JI,Aep, a Ta~e aHaJIH3 60JILWOrO 'IHCJia JI,Aep 

n03BOJIHJIH aBTOpaM pa60Tbl IHI C,AeJiaTL BbiBO,A 0 TOM, 'ITO 

3KCnepHMeHTaJILHble ,AaHHble no BCeB COBOKynHOCTH JI,Aep 

He npOTHBOpe'laT rHnOTe3e 0 paBeHCTBe s -BOJIHOBLIX HeiiT

pOHHbiX CHJIOBLIX ciJyHKUHB ~JIJI pa3Hb1X CnHHOBbiX COCTOJIHHB. 

B 1972 2. B pa6oTel8/ 6biJIH cuoaa npoauanH3HpoaaHbl 

CHJIOBble ciJyHKUBH B OCHOBHOM ,AJIJI pe,AK03eMeJILHbiX JI,Aep, 

nony'leHHble npeHMYIUeCTBeHHO B Caxne I 143
• 

145Nd, 147
• 
149

sm, 

155, 157 Gd ' 163 Dy' 165 Ho ' 167 Er I. B :noii pa6oTe OTMe

qaeTCJI pa3JIH'IHe CHJIOBLIX ciJYHKUHB B 3aBHCHMOCTH OT CnHHa 

H ,AenaeTCJI nonbiTKa OnHCaTL 3KCnepHMeHTaJILHble ,AaHHble 

BBe,AeHHeM CnHH- CnHHOBOrO 'IJieHa B ,AeBCTBHTeJILHYJO 'laCTL 

onTH'Iecxoro noTeHuHana. 3xcnepHMeHTaJILHble ,AaHHble, no

CJI}')KHBWHe aBTOpaM pa60Tbl lSI OCHOBaHHeM ,AJIJI 3aKJIJO'Ie

HHJI 0 Cyll{eCTBOBaHHH CnHHOBOH 3aBHCHMOCTH S ~ , npHBe

,AeHbl B ma6A. 3, TaM )Ke npHBe,AeHbl 3Ha'leHHJI CHJIOBbiX 

ciJyuxuHii, nony'leHHble B nocne,Auee apeMJI. BH.AHO, 'ITO 6onee 

n03,AHHe pe3yJILTaTbl ,AJIJI60JILWHHC}f' H30TOnOB Cyll{eCTBeH

HO OTJIH'IaiOTCJI OT ,AaHHbiX pafiOTbl • HOBble pe3yJILTaTbl, 

COOTBeTCTBYIOIUHe OUeHKaM S ~ no 6onee IIIHpOKHM 3Hepre

TH'IeCKHM HHTepBaJiaM HJIH no 60JILWeMy 'IHCJIY ypOBHeii C 

H3BeCTHbiMH CnHHaMHf HMeiOT JIH60 npOTHBOnOJIO)KHbiB 3HaK 

cnHHOBoro 3cllciJexTa I 43 Nd , 16
by 1. JIH6o yxa3biBaJOT ao

o6IUe ua ero OTCYTCTBHe I 145N d, 147· 149 Sm , 157 Gd , 
167 

Er I. Bnonue O'leBH.AHO, 'ITO npH MaJIOM 'IHCJie pe 3ouau-

coa B03MO)KH0 nOJIBJieHHe pa36poca 3KCnepHMeHTaJILHbiX 

3Ha'leHHB S lnQH ycJIOBHH paBeHCTBa HCTHHHbiX 3Ha'leHHB 
0 s 0 147 S 1 + 112 H 1 - 1/2 . Tax, uanpHMep, .AJIJI Sm , 

149 Sm' 157 Gd, i63 Dy. 16'tr yaeJIH'IeHHe 'IHCJia pe-

30HaHCOB, ,AJIJI KOTOpbiX onpe,AeJieHbl CnHHbl, npHBO,AHT K 

0 
yMeHLWeHHIO pa36poca S J • B o6naCTlf p;o 320 3B y 

16 3 Dy no 

II 



Ta6JIKUB 3 

cc 
3aaqeHRH ~J ~ qeTHo-HeqeTHHX npoTOHOE 

pe~oseMenbHHX ~ep 

H.npo- 11i 
S- .ro4 S" .ro4 Jinepa- BepoaTHocu 

MHrueHb .I4JI.H I -I/2 ~I +I/2 TYpa ~ C.JIY'lBilH:Ol'O 

a aa6nreHRH 

14?>Nd 7/2- 8,4j;4,3 4,I;t2,2 /8/ -0,21 )' 85 
2,6;!) ,3 5,5±_2,3 /9/ 0,40 /70 

\~StJJ 7/2- 0,64.t0,34 I,70;t0,75 /8/ 1,7 -15 
2,4;t0,9 2,8z.0,9 /9/ 0,17 ,..... 90 

'"'t-sm 7/2- 3,I;tl,9 5,0;t3,4 /8/ 0,18 - 90 
3,9;tl,2 3,8;tl,I /2/ -0,02 ,.... roo 

1 "~95 m 7/2- 3,3;tl,8 7,2±2,4 /8/ 0,35 .? 70 
4,1±1,1 5,8z.1,4 /2/ 0,27 "'85 

I>~GJ 3/2- 1,38z.0,73 1,72±0,60 /8/ 0,33 :> 70 
'n&J 3/2- ~.94;t1,56 2,26;t0,88 /8/ -0,21 .,. 85 

2,I.t0,7 2,3;t0,6 /3/ 0,14 ~90 

\&i.D~ 5/2+ 1,96;t0,65 1,33±0,48 /4/ -0,69 ,-50 
lt'>j)~ 5/2- 0,54.t0,26 1,24±0,40 /8/ 2,4 ""'-'7 

2,1;t0,7 1,00;t0,35 /4/ -1,4 ...., 2ono 320 
3E 

2,5±_0,7 1,9;t0,4 /6/ -0,49 7 70 ,140 
3903B 

~Ltfy- 7/2+ 5,9;t3,1 I, 76+0, 76 /8/ -0,57 -60 
2,3±0,8 2,0;t0,5 H8CT.p. -0,21 "'85 

H~~b 5/2- I,6.t0,5 1,24;t0,35 " -0,60 -60 
•fltl~ 7/[ 2,8±0,6 2,2±0,5 /6/ -0,43 .? 70 
IH\1~ 9/2+ 2,0;t0,6 2,23;t0,65 /6/ 0,18 ~ SJO 

HaWHM ,IJ;aHHbiM H ,IJ;aHHbiM pa60Tbl /G/ CHnOBble 4JYHKUHH 

,IJ;nJJ. pa3Hb1X CIIHHOB OTnH'IaiOTCJI IIpHMepHO B 2 pa3a. OueHKa 

S ~ 110 HHTepBany ,IJ;O 390 3BIIpHBO,IJ;HT K 3Ha'leHHJIM, OTnu

'laiOIUHMCJI Ha 30~. OueHHBaJJ. ,IJ;ocToaepHocTL JHa'leHHii S ~ , 
BCer,IJ;a cne,IJ;yeT IIOMHHTL H 0 TOM, 'ITO OWH6Ka B orrpe,D;eneHHH 

CIIHHa ,IJ;a:lKe O,IJ;HOrO CHnLHOrO peJOHaHCa MO:lKeT CymeCTBeH

HO HCKa3HTL 3Ha'leHHJI CHnOBbiX 4JyHKUHH. 

~nJJ. OUeHKH CTaTHCTH'IeCKOH ,IJ;OCTOBepHOCTH Ha6nro,IJ;ae

MOrO paJnH,:HjJ S ~ Mbl BOCIIOnL30BanHCL MeTO,IJ;OM, rrpe,IJ;nO-

12 

.. 

t 
I 

I • 

:lKeHHbiM B I 
111

• B •a6A. 3 npHBe,IJ;eHbl 3Ha'leHHJI a/a /B 
0 0 

I I s. + 1/2 - s I - 1/ 2 
o6oJHa'leHHJJ.X pa6oTbl 11 a = 2. , 

0 0 0 0 
- as.+ 1/2 +as._ 1/2 Sj + 1/2+ Sj- 1/2 
a= -- 2 I, xapaKTepH3YJOUUie OTHOCHTenLHoe 

0 
paJnH'IHe SJ 
ro Ha6nro.neHHJJ. 

H COOTBeTCTBYJOUUie BepOJJ.THOCTH cnyqaiiHo

:noro paJnH'IHJI W .HJ 11106.11. 3 BH,II;HO, 'ITO 
0 

3KCUepHMeHTanLHbiM BenH'IHHaM S J ,IJ;nJJ. BCeX H30TOft?• 

Ja HCKniO'IeHHeM JHa'leHHii S ~ ,IJ;nJJ. 145 Nd H 163 Dy H3 8 , 

COOTBeTCTByeT 3Ha'IHTenLHaJJ. BepOJJ.THOCTL cny'laHHOrO pa3-
0 0 

, nH'IHJJ. S I + 1; 2 H S I _ 1; 2 I W :::_ 50~/. EcnH npHHJJ.TL 

BO BHHMaHHe TOnLKO HOBbie ,IJ;aHHLie, TO ,IJ;nJJ. 6onLWeH 'laCTH 

H3 HHX BepOJJ.THOCTLO cny'laHHOro pa3nH'IHJI 3KCUepHMeH

TanLHLIX JHa'leHHii SJ /a npe,IJ;nono:lKeHHH paaeHCTBa He-
0 0 

THHHbiX S1 + 1; 2 H S1 _ 1j?} ,IJ;OCTHraeT 70-90?/o. Il03TOMY 

Cne,IJ;yeT npH3HaTL, 'ITOBbiBO,IJ;aBTOpOBpa60Tbi/S/ OCy{UeCT

BOBaHHH CIIHHOBOH 3aBHCHMOCTH CHnOBbiX 4JYHKUHH y pe,IJ;KO-

3eMenLHbiX H30TOIIOB JJ.BnJJ.eTCJI He060CHOBaHHbiM. 0TBne

KaJJ.CL OT BbiCOKJ>H CTaTHCTH'IeCKOB ,II;OCTOBepHOCTH cnyqaii:Ho

rg paJnH'IHJJ. SJ H paccMaTpHBaJJ. TOnLKO caMH JHa'leHHJJ. 

S J , cne,IJ;yeT IlpH3HaTL, 'ITO HMeiOIUHeCJJ. ceii:qac ,IJ;aHHble 

yKa3biBaiOT Ha TO, 'ITO ecnH CIIHHOBbiH 34l4JeKT H Cy{UeCTByeT, 

TO OH ,II;OCTaTO'IHO Man H He npeBLIWaeT ,IJ;eCJJ.TKOB npoueHTOB. 

B 3TOM cnyqae ,IJ;nJJ. ero Ha,IJ;e:lKHoro o6Hapy:lKeHHJJ. Heo6xo,IJ;H

MO nony'laTL 3KCUepHMeHTanLHble ,IJ;aHHble CO 3Ha'IHTenLHO 

MeHLWHMH OWH6KaMH, 'leM ceii'laC y,IJ;aeTCJI. ~nJJ. 3TOrO 

HY:lKHO H3MepJJ.TL CIIHHbl B HeCKOnLKO pa3 6onLWero 'IHCna 

peJoHaHcoa, nH6o npoao,nHTL rrpJJ.MLie H3MepeHHJJ. ycpe,D;HeH

HLIX Ce'leHHB Ha IIOnJJ.pH30BaHHbiX Heii:TpOHaX H IIOnJJ.pH30BaH

HbiX JJ.,IJ;pax • 
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