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S u m m a r y 

The magnetic dipole moments ~J of com
pound states (neutron resonances) in hol
mium and terbium have been obtained by the 
neutron resonance energy shift method. 
This shift ~E (formula 2) is due to the 
polarization fN of nuclei at ultralow 
temperature in hf magnetic fields H inside 
ferromagnetic samples. For cooling a 3He/ 4 He 
refrigerator/7/ was used. Shifts of reso
nances (Fig. 2) in neutron transmission 
were measured by time-of-flight method 
( 'L = 58 • 5 m , ~ t = 4 ~sec ) at the booster at the 
pulsed reactor IBR-30 with 40 MeV Linac. 
The ~E and ~J -results are given in Table 3. 
The g - fa c t or s (g= ~/J ) d e d u c e d from t he s e 
data and those reported earlier /3,5/ are 
presented in Fig. 4. The mean value 
g = 0.34~0.22. The intrinsic dispersion 
~g =0.51~0.20 was obtained from the statis
tical treatment of data. Both, g and 
~g -values were compared with theoretical 
predictions in the frame of the thermody
namical approach /11,12/ and found to be 
consistent. Results point out to the 
distinct fluctuations of magnetic moments 
of neutron resonances. 

BeeoeHue 

Cpe,IJ,H napaMeTpoB, xapaKTepH3YIOIUHX aToMuoe .R.IJ.po, 

Ba)I(HOe MeCTO 3aHHMaeT ero MarHHTHbiH MOMeHT. B HaC TO

JIW:ee BpeMJI H3MepeHbl MarHHTHble MOMeHTbl OlfeHb MHOrHX 

JI,IJ,ep, npHlfeM He TOllbKO ,lJ,llJI OCHOBHbiX, HO H ,lJ,llJI B036y)I(

,IJ,eHHbiX COCTOJIHHif. 0,IJ,HaKO BCe 3TH ,IJ,aHHble OTHOCJITCJI 

K o6naCTH B036y)I(,IJ,eHHJI JI,IJ,pa 3HalfHTellbHO UH)I(e 3HeprHH 

CBJIJH ueiiTpoua. Me)I(.IJ.Y TeM cymecTayeT o6nacTb xopowo 

HJylfeHHbiX COCTOJIHHH Jl,IJ,ep llpH 3HeprHH, 6nH3KOH K 3Hep

rHH CBJIJH ueiiTpoua /ueiiTpOHHble peJouaucbl/, B KOTopoii 

MeTo,IJ,aMH ueiiTpouuoii cneKTpocKonuu nonylfeua o6rnupna.R 

uu$opMai.I,HJI o nono)l(eHHH ypoaueii, ux wupuuax u cnuuax, 

HO llOllHOCTblO OTCYTCTBOBanu ,IJ,aHHble 0 MarHHTHbJX MO

MeHTaX 3THX COCTOJIHHH. TaKHe lliHpOKO pacnpocTpaueHHble 

MeTO,IJ,bl, KaK Mecc6ay3pOBCKaJI ClleKTpOCKOllHJI HllH BOJ

MyW:eHHbJe yrnoBLJe KoppenJIU.HH, ue Mornu 6bJTb npuMeneHbi 

K BhlCOK03HepreTHlfeCKHM COCTOJIHHJIM C BpeMeHaMH )I(HJHH 

- 10-l .')C. Me)I(,IJ,y TeM CBe,IJ,eHHJI 0 MarHHTHbJX MOMeHTaX 

KOMnayu,IJ,-COCTOJIHHH npe,IJ,CTaBllJIIOT 3HalfHTellbHbiH HHTepec, 

Tal< KaK npupo,IJ,a MarHHTHbiX MOMeHTOB 3THX COCTO.RHH:ii 

HMeeT CllO)I(HbiH xapai<Tep, H HJylfeHHe HX llOCTaBn.ReT 

HOBYIO HHcPOpMai.I,HIO 0 JI,IJ,pe. 

Bnepable ua B03MO)I(HOCTL HJMepeHHJI MarHHTHbiX Mo

MeHTOB HeHTpOHHbiX peJOHaHCOB yKa3an <J>.JI.lllanHpO /1' 2/. 
llM 6binO npe,IJ,llO)I(eHO HCllOllb30Ba Tb ,IJ,llJl onpe,IJ,eneHHJI Mar

HHTHbiX MOMeHTOB 3HepreTHlfeCKHH C,IJ,BHr pe JOHaHCOB B 3K

cnepHMeHTaX c non.RpH3oaauubiMH ueiiTpouaMH unu non.Rpu-

30BaHHLIMH JI,IJ,paMH, B03HHKalOW:HH Ja ClfeT CBepXTOHKOrO 

B3aHMO,IJ,eHCTBHJI MarHHTHOrO MOMeHTa .R,IJ,pa C BHyTpHaToM

HbiM MarHHTHbiM noneM. BenHlfHHa 3uepreTHlfecKoro C.IJ.BHra 
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pe30HaHCa. ~E /B cpaBHeHHH CO cnyqaeM OTCYTCTBHJI nonH
pH3aUHH/ ,nnH nponycKaHHJI nonHpH3oBaf!HbiX ueiiTpouoo 
qepe3 HenonHpH30BaHHYJO MHllleHb onpe,nenJieTCJI Bblpa:>Ke
HHJIMH: 

~E ~ fnH l[l + 2/(2I + 1)]11 
1 

-11I I, J I + 1/2 

~E - ~ fn H [ (l + 1/1)11 I - 11 1 ] , J I - 1/2, /1/ 

a .nnH nponycKaHHJI uenonHpH30BaHHbiX ueiiTpOHOB - qepe3 
DOllHpH30BaHHYJO JI,IJ;epHYJO MHllleHb 

~E = - f HI [l - 1/ (21 + 1)(1 + 1)]11 - 11 I, J =I+ 1/2 
N 1 I 

~E = - fNH (f1 1 - 11 I) ' J = I - 1/2. /2/ 

3,neCb H- MarHHTHOe none Ha JI,D;pe, fn H fN- DOnHpH3aUHJI 
HeHTpOHOB H H,nep, I H J - CDHHbl H,IJ;pa- MHllleHH H KOM
nayH,n- H,npa, 11 I H 11 1 - MarHHTHble MOMeHTbl COOTBeTCTByiO
~HX COCTOJIHHH. 

Cno:>KHOCTb 3KcnepuMeuTa CBH3aHa B nepay10 oqepe,nb 
C ManOCTblO Ha6niD,naeMoro 3!W>eKTa. )J.eHCTBHTenbHO, ecnH 
npHHJITb MaKCHMallbHO B03MO:>KHble BenH'IHHbl nonJipH3aUHH, 
paBHble e,IJ;HHHUe, H MaKCHManbHOe 3Ha'leHHe MarHHTHOrO 
DOllJI H = 107 3, KOTOpOe MO:>KeT 6b1Tb nony'-leHO Ha H,IJ;pax 
HeKOTOpbiX pe,D;K03eMenbHbiX 3neMeHTOB, TO npH pa3HOCTH 

11 J- 11 I = 11 N jo,nHH JI,IJ;epHbiH ~arHeTOH/ BeJIH'IHHa C,IJ;BHra 
COCTaBHT BCero OKOnO 3.10 3B. 3TOT C,!J;BHr cne,nyeT 
cpaoHHBaTb c co6cToeHHOH lllHpHHOH ypooHH, c·ocTaBnHIO~eii 
OKOno 0,1 3B. 

TaKHe 3KCnepHMeHTbl 6blnH Ha'-laTbl HeCKOnbKO neT Ha-
3a,IJ; B 06'be,IJ;HHeHHOM HHCTHTyTe H,nepHbiX HCCne,nooaHHH/3/ . 
H3 ,nayx B03MO:>KHbiX oapuaHTOB 3KcnepuMeHTa, OTMe'-leu
HbiX Bblllle, HaMH 6bln Bb16paH MeTO,!J; nponycKaHHJI HeDOnJI
pH30BaHHbiX HeHTpouoo qepe3 nonHpH30BaHHYIO g,nepuyro 
MHllleHb. MeTo,n H3MepeHHH c nonHpH30BaHHbiMH ueiiTpo
HaMu, peanH3ooaHHbiH o .6pyKxeiioeuel 4 ~ ocno:>KHeH no6oq
Hb1MH 3!W>eKTaMH H, no- BH,!J;HMOMY, Hy:>K,naeTCJI B ,nopa60TKe. 

4 

B H&lllHX nepBbiX pa6oTax 6blnH nony'-leHbl 3Haqeyu)l 
MarHHTHbl~ MOMeHTOB ,!J;llJI HeCKOllbKHX pe30HaHCOB 16 'fi:r .3/H 
161' 16 3 Dy 5/. B HacToH~eii pa6oTe 6bmH H3Me,J>eHbi Mar
HHTHbie MOMeHTbl ,!J;llJI pe 30HaHCOB l 59Th H 16 ·>If o, npooe
,neH CTaTHCTH'-leCKHH auanH3 ,IJ;aHHbiX no g -$aKTOpaM H 
cpaBHeHHe pe3yllbTaTOB C TeOpHeH. 

3KcnepuMeH111 

H3MepeHHJI npooo.nunucb no MeTo,ny opeMeHH nponeTa 
ua HMnynbCHOM peaKTope H.6 P- 30 c HH:>KeKTopoM npu 
,nnHTenbHOCTH HeHTpOHHOrO HMnynbCa 4 MKC H nponeTHOM 
paccTOJIHHH 58,5 M. CxeMa 3KcnepuMeHTa npuoe,neHa Ha 
puc. 1. B Ka'leCTBe MHllleHH ucnonb30Banucb nnacTHHKH 
H3 MeTannH'IeCKHX Tep6HJI H rOnbMHJI TOn~HHOH COOTBeT
CTBCHHO 1 ,8.10 21 H 0,6.1021 JIO/cM2, $eppOMarHHTHbie npH 
TeMnepaTypax HH:>Ke 219 K u 20 K. Bbi6op H,nep, c KOTOpbi
MH npooo.nunucb uccne,nooaunH, 6bm o6ycnooneH HanH'IHeM 
y,no6HbiX ,IJ;nH H3MepeHHJI HH3K03HepreTH'-ICCKHX pe30HaHCOB 
u 6onblllHMH BHYTPCHHHMH MarnHTHbiMH nonHMH I II 
= 3,1.10 63 y Tep6nH H 7,3.106 3 y ronbMHH/. llocne.nuee 
o6CTOJITCnbCTBO Ba:>KHO KaK C TO'IKH 3peHHJI BenH'IHHbl 
c.naura i\E, nponopunoHanbHoro II, TaK u ,nnH nony'leHnH 
BbiCOKOH nonHpH3auuu H,nep BHYTPH ,noMeHoB npu oxna:>K
,neHHH. llpu 3TOM cpe,nHHH nonHpH3aUHH no oceii MHllleHH 
B OTCYTCTBHe BHelllHero nonH paoHa HyniD, 'ITO ynpo~aeT 
HafiniD,IJ;eHHC C,!J;BHra peJOHaHCOB. 

TaK KaK HCCne,nyeMbie pe30HaHCbl Tep6HJI H rOllbMHJI, 
napaMeTpbl KOTOpbiX 161 npuae.neHbl B ma6A. 1, He nepeKpbi
aaiOTCH, OKa3anOCb B03MO:>KHbiM H3MepHTb npOXO)I(,!J;eHHe 
HeHTpOHOB qepe 3 ofie MHllleHH, CTOJI~He B KpHOCTa le O,IJ;Ha 
3a ,npyroB.. KpuocTaT c pacToopeuueM 3He B 4IIe / 7 o6ec
nequaan CTa6HnbHYIO TeMnepaTypy 0,04 K, npH KOTOpOH 
nonHpH3aUHH H,nep BHYTPH ,noMeHoB fN2: 0,98. )J.nH pa3py
llleHHH nonHpH3aUHH TeMnepaTypa no.nuuManacb .no 1,5 K. 
llpH 3TOM OCTaTO'-IHaJI nonHpH3aUHJI COCTaBnHna 0,08 ,IJ;nJI 
Tb H 0,29 ,nnH Ho, 

llepexo.n OT o.nuoB. TeMnepaTypbl K ,npyroB. 3aHHMan 
oKono qaca, 'ITO .nenano ueoo3MO:>KHbiM qacToe qepe.noaa
HHe H3MepeHHH c nonHpH3auueii H 6e3 uee. B ualliHx 3K-
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3 4 

n 

~ 
2 5 1 ~ 

Puc. 1. CxeMa 3KcnepuMeHma. 1 - eaKyyMHble HeumpoHoeo
Obl, 2 - K0/1/IUMamopbl, 3 - MUWeHu U3 me/1/lypa u cypbMbl, 
4 - Kpuocmam, 5 - MuweHu U3 mep6uJI u 20/lbMUJI, 6 -
oemeKmop HeumpOH06. 

Ta6ull8 I 

ilapaMeTpH BCCHe~OBBHHHX pe30HaHCOB 
Tep611H II rOJibMJUI 

H,!ij>o-ammeu:& ,,.9 TC IS"9Tf? 69 Tt f65 Ho tiD 1-fo 

auepraa E0 aB 3,35 4,99 II,I 3,93 I2,7 

r ... MaB 0,34 0,08I 7,8 2,I 10,5 

~ MaB 80 87 85 

2 I 2 4 4 

cnepuMeHTax H3Mepeuue c ,IJ;aHHOH nonxpu3aQueil npo,IJ;o~a
nocb 12 'lac. B ycnoauxx pe,IJ;Koro qepe,IJ;oaauux oco6oe 
BHHMaHHe o6pamanOCb Ha KOHTpOnb BpeMeHHOH CTa6Hnb
HOCTH aceil annapaTypw. KpoMe Toro, Y'IHThlBax ManocTb 
H3MepxeMoro 3clxlJeKTa, He06XO,II;HMO 6binO HMeTb B03MO~
HOCTb 06'beKTHBHOH OQeHKH TO'IHOCTH H3MepeHHJI C,II;BHra :'lE. 

Kourponb apeMeHHOH lllKanbi auanu3a ropa ocyme cranxn
cx C DOMOIL\biO penepHbiX pe30HaHCOB Tennypa H cypbMW, 
MHUleHH H3 KOTOpblX DOCTOJIHHO HaXO,II;HllHCb B DY'IKe HeHT
pOHOB, KaK 3TO noKa3auo ua puc. 1. HeilrpoHbi, npollle,IJ;
lllHe 'lepe3 MHllleHH, perHCTpHpOBanHCb ~H,II;KOCTHWM CQHH-
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THJIJHIQHOHHbiM ,IJ;eTeKTOpOM/B/, a BpeMeHHOH cneKTp HaKan
nHBancx B auanH3Hpywmeil cucTeMe 191, C03,IJ;auuoil ua 6a3e 
Manoil Bbi'IHCnHTenbHOH MalllHHbl TPA-1001. Bcx H3Mepu
Tenbuax cucTeMa o6ecnequaana B03MO~HOCTb pa6oTw npu 
3arpy3Kax OKono 3.105 UMn/c, 'ITO 6bmo ueo6xo,IJ;HMO ,IJ;nx 
nony'leHHJI BbiCOKOH CTaTHCTH'IeCKOH TO'IHOCTH. 

CneKTp, nonyqeuuwil 3a 12 'lac. H3Mepeuux, nepe,IJ;a
aancx Ha 3BM E3CM- 4 H 3anHCbiBancx Ha MarHHTHYIO neu-
1Y ,IJ;nx ,IJ;anbHeilllleil o6pa6oTKH. Ha puc. 2 noKa3aH y•mcToK 
TaKoro cneKTpa. Ilocne 3Toro Meuxnacb TeMnepaTypa MH-
llleHeil B KpHOCTaTe, H H3MepeHHe OOBTOpXnOCb . .[I.Ba 
cneKTpa cocTaanxnu napy ,IJ;nH coaMeCTHOH o6pa6oTKH. Bcero 
B xo,IJ;e 3KcnepuMeHTa 6bina nonyqeua 31 napa TaKux 
cneKTPOB. 

N1 
f.S 

10 

0,5 

Ho H 
12.7 11,1 

s~ 

6.24 

r---

T6 
4,99 

Ho 
J,{)2 

Tl! 

3,35 

L ·~~~0~------~~~-------~~--------~L-------~~~------~~~t 
Puc. 2. Y<tacmo K 3KcnepuM eHma/1 bH020 cneKmpa, no/ly'le HHo-
20 3Q 12 'IQC06 U3MepeHUU. t - HOMep KQHQ/IQ QHQ/IU3QNIOpa, 
UIUPUHQ KQHQ/IQ 2,5 MKC. N - 'IUC/10 ONIC'Iemoe HQ KQHQ/1 
6 eOUHUijQX 10 6 • 
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06pa6omKa 3KcnepuMeHmaAbHbiX oaHHbiX 
u pe3yAbmambl 

06pa60TKa Ka)K,D;OH naphl cneKTpOB llpOBO,D;HJiaCh He3a

BHCHMO OT OCTaJihHhiX. 3TO ll03BOJIHJIO BhiHBHTh B03MO)K

Hhle annapaTypHhle OIIIH6KH H ,D;aBaJIO 06'heKTHBHhiH KpHTe

pHH ,D;JIH on.eHKH TO'IHOCTH pe3yJihTaToB. Onpe,D;eJieHHe C,D;BH

ra pe30HaHCa B CITeKTpe C llOJIHpH30BaHHhiMH H,D;paMH OTHO

CHTeJihHO ero ITOJIO)KeHHH ,D;JIH HeiTOJIHpH30BaHHOH MHIIIeHH 

ITO'IHee, ,D;JIH MHIIIeHH C MaJIOH OCTaTO'IHOH llOJIHpH3aiJ.Heii:l 

npoH3BO,D;HJIOCh cne,D;YJOIIJ.HM o6pa3oM. llycTh F':' H f ': 
I I 

'IHCJIO OTC'IeTOB B j-oM KaHane BpeMeHHOrO aHaJIH3aTopa 

,D;JIH ,D;Byx paccMaTpHBaeMhiX cneKTpoB. Pa3JIH'IHe B cneKT

pax, nOMHMO H3y'laeMOrO C,ll;BHra, MO)KeT 6hiTh o6yCJIOBJieHO 

KaKHMH-JIH60 H3MeHeHHHMH BO BpeMeHHhiX xapaKTepHCTHKaX 

annapaTyphi, 'ITO npHBe,D;eT K C,ll;BHry no OCH a6CIJ.HCC, HJIH 

H3MeHeHHeM MOIIJ.HOCTH peaKTOpa, 3lPlPeKTHBHOCTH ,D;eTeKTO

pa, lPOHa, 'ITO npHBe,D;eT K paCT H)KeHHIO HJIH C,ll;BHry cneKTpa 

no OCH Op,D;HHa T. 

06pa3yeM Teneph HOBhiH cneKTp B BH,D;e 

a F* 
F T = (F* - __ i L\t)k + "" 

i i at '~-' 131 

H 6y,D;eM HCKaTh MHHHMYM lPYHKIJ.HOHaJia 

x 2 
= 2 (F~- FT) 2 w.' 

I I I 
141 

BaphHPYH napaMeTphi ,1\ t, k H ¢. B Bhipa)KeHHH 141 \\ i 

CTaTHCTH'IeCKHH BeC Ka)K,D;OH TO'IKH, a CYMMa 6epeTCH no 

BCeM KaHaJiaM, BKJIIO'IalOIIJ.HM paCCMaTpHBaeMhiH pe30HaHC. 

Haii:,D;eHHhiH TaKHM o6pa30M napaMeTp c"H xapaKTepH3yeT 

BpeMeHHOH C,D;BHr ,D;aHHOrO pe30HaHCa B O,ll;HOM cneKTpe 

OTHOCHTeJihHO ,D;pyroro. TaKaJI o6pa60TKa no MeTO,D;y HaH

MeHhiiiHX KBa,D;paTOB npOBO,D;HJiaCh )l;JIJI BCeX pe30HaHCOB, KaK 

penepHhix, TaK H uccne,D;yeMhiX. Cpe,D;Hee B3BeiiieHHoe 3Ha

'leHHe < L\t> no penepHhiM pe 30HaHcaM xapaKTepH3oBano 

C,ll;BHr BpeMeHHOH IIIKaJihl, o6ycJIOBJieHHhiH annapa TypHhiMH 

npH'IHHaMH. Pa3HOCTH r i = ~t i-~t>, r,D;e j - HoMep pe3o

HaHca, ,ll;JIH Tep6HJI HJIH rOJihMHJI xapaKTepH30BaJIH C,ll;BHrH 

YPOBHeii:, CBJI3aHHhle C nOJIJipH3aiJ.HeH JI,D;ep H CBepXTOHKHM 

B3aHMO,D;eHCTBHeM. 
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OnucaHHaB npon.e,D;ypa npHMeHHJiaCh ,D;JIJI o6pa6oTKH Ka)K

,D;oii: H3 31 naphi cneKTpoB. TaK KaK Ka)K,D;aH napa cneKTpoB 

JIBJIHeTCJI nOJIHOCThiO He 3aBHCHMOH OT OCTaJihHhiX, TO nony

'leHHble ,D;JIH j- ro pe'30HaHCa 3Ha'leHHJI T j ,D;OJI)KHbl 6hJTb 

HOpMaJibHO pacnpe,D;eneHhi BOKpyr cpe,D;Hero 3 Ha'leHHB < r i > , 
Bbi'IHCJieHHOrO ITO BCeM napaM, a IIIHpHHa pacnpe,D;eJieHHH 

,D;aeT 06'heKTHBHYIO OIJ.eHKY TO'IHOCTH H3MepeHHH. 

Ha puc. 3 npHBe,D;eHhl rucTorpaMMhl ,D;JIJI pe3oHaHCOB 

Tb 13,35 3BI, llo I 3,93 3BI H O,D;Horo H3 penepHhiX 

pe3oHaHcoB I Sb 6,24 3BI. 3,D;eCb )Ke nnaBHOH KpHBOH HaHe

ceHo HopMaJibHOe pacnpe,D;eneHHe co cpe,D;HHM 3Ha'leHHeM, 

-40 -20 0 20 40 '7: -40 -20 0 20 -{5 0 f5 ~ 

Puc. 3. PacnpeoeAeHue 3KcnepuMeHmaAbHbiX 3Ha'leHuu ape
MeHHbiX coau2oa r OA.R pe3oHaHcoa a/ Tb - 3,35 :JB, 
6/ flo - 3,93 3B, a/Sb - 6,24 3B. IlAa6Hble AUHUU
HOpMQAbHble pacnpeoeAeHUJI 60KPY2 <r> C oucnepcueu, o6yc
A06AeHHOU moAbKO cmamucmu~eou 'lUCAa omc'lemoa 6 cne~empax. 

paBHbiM < T j >, H ,ll;HCnepcHeH, Haii:,D;eHHOH npH pacqeTe no 

MeTO,D;y HaHMeHbiiiHX KBa,D;paTOB Ha 3BM H Y'IHTbiBaiOIIJ.eH 

TOJibKO CTaTHCTHKY 'IHCJia OTC'IeTOB B CITeKTpe. BH,D;HO, 'ITO 

IIIHpHHa rHCTOrpaMMhl XOpOIIIO COrJiacyeTCJI C O)KH,D;aeMOH 

IIIHpHHOH HOpMaJihHOrO pacnpe,D;eJieHHH, 'ITO yKa3hJBaeT Ha 

OTCyTCTBHe 3aMeTHhiX CHCTeMaTH'IeCKHX OIIIH60K B H3Me

peHHbiX cneKTpax. 

B ma6A. 2 H 3 npHBe,D;eHhi 3KcnepHMeHTaJibHbie ,D;aHHhie 

o C,D;BHrax ,D;JIB pene~HhiX pe3oHaHCOB H pe3oHaHcoB Tb H 

Ho. 0IIIH6Ka cpe,D;Hero 3Ha'leHHB < ,> Bhi'IHCJIHJiacb qepe3 

,ll;HCITepCH10 3KCITepHMeHTaJibHbiX 3Ha'leHHH T. llepeXO,ll; OT 

BpeMeHHOrO C,ll;BHra K 3HepreTH'IeCKOMY npOBO,ll;HJICJI no 

H3BeCTHOMY COOTHOIIIeHHIO ~E =- 2E0 r/t, r,D;e E 0 H t 

3Hepr.uB pe3oHaHca H BpeMB nponeTa He:ii:TpoHa. 
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Ta6.1D1Il8 2 

3xcnepHMeHT8HLHYe ~HHYe o c~BHrax penepHWX 
pe30H8HCOB 

.a;u>o-MIIDieHL I 123 Te tllst 'z'sc IZ3sg IZJ Te 

aHeprB.R: Eo aBI 2:33 6,24 15,4 21,6 24,1 

C[j HC -1,~,5 -1,7!1,8 0,2±1,0 -1,s±1,2 3,1±1,6 

H,!U>O-MiiWeHL 

E., aB 

Lt"> HC 

t:llf"> uaB 

Ta6mur,a 3 

3xcnepiMeHT8HbHHe ~aHKYe 0 C~BBrBX H MBrHHTHHX 
MOIIeH'l'8X pe30B8HCOB tf

9 rf' 11 ' 6
" H0 • 

1S3Tg -f>9Tf5 1>9T(J t6<> H .. 

3,35 4,99 II,1 3,93 

-6,'7!3,1 3,8±6,2 -1,s±2,2 -9,7±3,2 

19 ± 9 -2o±33 31 ± 39 36 ± 12 

f'J (R.It.MarH)l -0,2±1,0 4,3±3,7 -1,7±4,4 1,s±0,7 

16'>1-fn 

12,7 

-0,2±1,4 

4 ± 30 

3,9±1,9 

)J.nH HaXO>K,lJ.eHHJI MarHHTHhiX MOMeHTOB KOMnayH.D.- CO

CTOJIHHH B Bhlpa>KeHHe /2/ llO,lJ.CTaBnHnHCh 3KCnepHMeH

TailhHhie 3Ha'leHHH u: H H3BeCTHhie KOHCTaHThi II H I' 1 • 

)J.nx Tep6ux 11 1 = 2,0 H .n.nx ronhMHH 11 1 = 4,0 x.n.epHhiX 

MarHeToHa/1 o;. BMecTo x.n.epHoH nonxpu3aU.HH f !'; ucnonh-

30Banacb pa3HOCTh nonHpH3aU.HH npu .lJ.BYX yKa3aHHhiX Bhlllle 

TeMnepaTypax MHllleHH. Ilony'leHHhie TaKHM o6pa30M 3Ha

'leHHH MarHHTHhiX MOMeHTOB llpHBe,lJ.eHhl B ma6/l. 3. 

06cyJKOeHue pe3y/l&mamo6 

3KcnepHMeHTanhHhie ,lJ.aHHhie HaCTOHII.\eH pa60Thl BMeCTe 

c nony'leHHbiMH paHee B pa6oTax/3, .)/ cBe.n.eHhi B ma6/l. 4, 
r.n.e ,lJ.aHhl TaK>Ke 3Ha'leHHH g -4JaKTOpOB g = V/f .lJ.llH BCeX 

H3 yqeHHbiX pe 30HaHCOB. 
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Ta6mma 4 

3xcnep.ueHT8XLKYe ~HKHe no uarHBTHHM 
IIOIIeHT811 11 fj -4JaKTOpall Hel'rpoiUDiX pe30H8HCOB 

J~,Itep 

fl.Iulo-npo,~;yxr S eB ..f~ 1 flrn 9 
TC -16o 3,35 -o,2 ± 1,0 -0,1 ± 0,5 

ns -16o 4,99 4,3 ± 3,7 4,3 ± 3,7 

Tg -IW II,1 -1,7 ± 4,4 -0,8 ± 2,2 

~j-142 2,72 -0,4 ± 0,7 -0,13 ± 0,23 

'J:)cY- /62 
3,69 -1,8 ± 0,9 -0,90 ± 0,45 

4,35 0,5 ± 1,2 0,25 ± 0,60 'Vy - !62. 
1,7! 2,8 ± 0,5 1,40 ± 0,25 '-i:JCJ - tH 

f--( 0 -1'6 3,93 1,8 ± 0,7 0,45 ± 0,17 

Ho -16& 12,7 3,9 ± 1,9 0,98 ± 0,47 

~ r -t(8 0,46 0,9 ± 0,4 0,22 ± 0,10 

C:r -168 0,58 1,8 :!: 0,9 0,6 ± 0,3 

KaK BH.lJ.HO H3 Ta6nHl.J,hi, TO'IHOCTh H3MepeHHH MarHHT

HhiX MOMeHTOB HeBenuKa: MHHHManhHaH OlllH6Ka COCTaBnHeT 

0,4 x.n.epHoro MarHeToHa. Tpy.n.Ho o>Ku.n.aTh 3Ha'IHTenhHoro 

yny'lllleHHH TO'IHOCTH B .n.anhHeHllleM, TaK KaK y)f(e TaKaH 

TO'IHOCTh Tpe6yeT perHCT~aU.HH C,lJ.BHra C OlllH6KOH, He 

npeBhilllaiOII.\eH /0,5 o-lj.lo-·'3B .n.nx x.n.ep c MaKCHManhHhiM 

cBepxTOHKHM noneM. Kpyr x.n.ep, .n.nH KOTOphiX B03MO>KHhi 

llO,lJ.06Hbie H3MepeHHH6' llOMHMO He06XO,lJ.HMOCTH HMeTh none 

Ha H.D.pe llOpH,lJ.Ka 10 3, orpaHH'IeH H HailH'IHeM HH3K03Hep

reTH'IeCKHX pe30HaHCOB y HCCne.n.yeMhiX H,lJ.ep, TaK KaK C 

yBenH'IeHHeM 3HeprHH HeHTpOHOB OlllH6Ka H3MepeHHJI 3Hep

reTH'IeCKHX C.D.BHrOB 6hiCTpo pacTeT. Bee JTO npHBO.D.HT 

K BhiBO,lJ.y, 'ITO Henb3H O>KH,lJ.aTh B 6nH>KaHlllHe rO,lJ.hl 3aMeT

HOrO yBenu'leHHH 'IHcna Hccne.n.oBaHHhlx ypoBHeil. O.n.HaKo 

y)f(e Ta HHcPOpMaU.HH 0 MarHHTHhiX MOMeHTaX KOMnayH.n.-
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COCTOHHHH H~ep, KOTOpaH llOJiy'leHa, ll03BOJIHeT llpOBeCTH 

cpaBHeHHe C TeopeTHlJeCKHMH OUeHKaMH H C~enaTb HeKo· 

TOphie 3aKmo'leHHH. 

B pafioTaX,'l I, 12 / rrpoBe~eH pacqeT MarHHTHbiX MOMeH· 

TOB B036y)l(~eHHhiX COCTOJIHHH ~ei}JopMHpOBaHHbiX H~ep Ha 

OCHOBe TepMO~HHaMH'IeCKOrO ITOAXO~a H llOJiy'leHbl OUeHKH 

~nH cpe~Hero 3Ha'leHHH g·l}laKTopa H aenH'IHHhl l}lnyKTyauuu 

BOKpyr cpe~Hero. ,lJ.nH ~ei}JopMHpOBaHHhiX H~ep B pe~K03e· 

MeJibHOH ofinaCTH rrony'leHhl O~HHaKOBbie cpe~HHe 3HalJeHHH 

g = Z/ A= 0,1\., uo pa3JIH'IHLie cpe~HeKBa~paTH'IHhle OTKn<~Hej 
HHJI oT cpe~uero: \g::: 0,50 B/ll I H i\g::: 0,25 B pa6oTe' 

12 
. 

B paMKax rrpoae~eHHhiX paclJeToB pe3ynLTaThl ~nH coce~

uux H~ep He pa3JIH'IaiOTCJI, 'ITO rro3BOnHeT HaM rrpu cpaBHe

HHH c Teopueu paccMaTpHBaTL ace rronyqeHHLie 3Kcrrepu

MeHTanLHLie pe3yJibTaThl KaK e~HHhiH CTaTHCTH'IeCKHH aH· 

caM6nL. 

113 paCCMOTpeHHH 3Ha'leHHH g, rrpHBe~eHHhiX B ma6A. 4 
H Ha pUC. 4, MO)I(HO 3aKJllO'IHTh, 'ITO pa3JIH'IHH Me)l(~y HHMH 

3aMeTHO fiOJihiUe, lJeM BeJIH'IHHa OIUHfiKH H3MepeHHJI. 3To 

yKa3LIBaeT ua uanuque l}lnyKTyauuii g OT pe3oHaHca K pe3o

HaHcy. 

E ~anLHeHIUeM Mbl 6y~eM npHHHMaTb, 'ITO Hafimo~aeMaH 
~HcnepcHJI g -li!aKTopoa D 11 CKna~LIBaeTcH H3 ~Byx He3a

BHCHMhlx KOMITOHeHTOB: HCTHHHOH ~HCITepCHH f)llC' ofiyCJIOB

neHHOH I}JH3HlJeCKOH npHpO~OH MarHHTHhiX MOMeHTOB, H 

~HCITepcHeH [)
0111

,CBH3aHHOH C OIUH6KaMH H3MepeHHJI: 

DH = 0Hc+ 0 olli" /5/ 

llpH BbllJHCJieHHH cpe~Hero 3Ha'leHHH g He06XO~HMO 
llpHHHMaTb BO BHHMaHHe pa3JIH'IHYIO TO'IHOCTb H3MepeHHH 

~JIJI pa3HhiX pe30HaHCOB, T .e. fipaTb B3BeiUeHHble 3Ha'leHHJI 

g .• Y'IHTLIBaJI uanuque HCTHHHOH ~ucrrepcuu, B Ka'leCTBe 
I 

BeCOB llpHHHMaJIHCb BeJIH'IHHbl 

w. - (D ~ ;\g 2)- 1 
I HC i ' /6/ 

r~e ~g i · OIUHfiKa H3MepeHHJI g i , 

TaK KaK aenH'IHHa D 11c 3apaHee He H3BecTHa, 6LmH 

ucrronL30BaHLI rrocne~oBaTeJILHhle rrpufinH)I(eHHH. B Ka'leCTBe 

rrepaoro rrpu6nH)I(eHHH ~nH g 6Lino B3HTO cpe~Hee apul}l-
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r;, 1Hi6 161 Dy 161Dy 165Ho 167 Er 
4.99 2.72 4.35 3.93 046 

4 r- 159T6 l 1s9TB 161Dy 163Dy 165Ho 167 Er 
335 11.14 3.69 1.71 12.7 0.58 

3 

2 

1 l I l i 
t ~ J 

0 I t 
1 

' i 
i 

f 
: f 
3 

Puc. 4. 3Ha'leHUJI g- (JaKmopoe ecex uccAeooeaHHbiX pe3o
HaHcoe. 

MeTH'IeCKOe ITO 9 pe30HaHCaM g(l) = 0,31. 113 paCCMOT· 

peHHH HCKJllO'IeHbl ~Ba pe30HaHCa Tep6HJI C 3HeprHeH 4,99 
H 11,1 3B, TaK KaK HX OIUH6KH 3HalJHTeJibHO rrpeBbiiUaiOT 

OCTaJibHhle H rrepeKpbiBaiOT BeCb ~Harra30H I}JnyKTyaUHH 

BeJIH'IHH g, C HaH~eHHbiM 3HalJeHHeM g(l) fihlna paCC'IHTaHa 

~JIH 3THX )l(e pe30HaHCOB Hafimo~aeMaH ~HCITepCHH 
9 

l . - •) t: 
D (1) = - ~ (g. - g (l )) - = 0, 4J, 

II 8i=l 1 

KOTOpaH OKa3aJiaCb 3aMeTHO fiOJihiUe, lJeM ~HCITepCHH, CBH-

3aHHaH C OIUHfiKaMH H3MepeHHH ~JIJI TeX )l(e pe30HaHCOB 

l..,A.2 , D = -- .-. D g = 0, 1 2 • 
ow 9 i 

0TCIO~a fihlna rronyqeHa OUeHKa ~JIJI HCTHHHOH ~HcnepCHH 

D ( l) = D ( l) - D = 0, 33 . 
HC H Olll 

llO~CTaBJIHH ee B Bblpa)l(eHHe /6/, MO)I(HO HaRTH Beca \\. H 
- 1 

cpe~HeB3BeiUeHHOe 3Ha'leHHe g(~ = 0,33. 3TOT pe3yJibTaT 

He H3MeHHeTCH llpH BKJllO'IeHHH ~BYX HCKJllO'IeHHhiX BhiiUe 

pe30HaHCOB TepfiHH H3- 3a HX Manoro CTaTHCTH'IeCKOrO BeCa. 
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PacqeT .IJ.Hcnepcuu DH c aecaMH w i 

D (2) ~ ~ ( g . - g)2 
w. I ~ w . 

I! I I I 

npHBO.D.HT I< BenuquHe D H (2) = 0,38 .IJ.nH 9 pe3oHaHCOB. 
Cne.IJ.yromee npu6n~eHHe .IJ.ano npai<TH'ieCI<H coana.IJ.aromue 
c npe.IJ.bi.IJ.YmHM pe3ynbTaTbl 

g = 0,34 H Dll = 0,38, 
I<OTOpble MO:lKHO C'iHTaTb OI<OH'iaTenbHbiMH. 

06bi'iHaH npoi.J;e.IJ.ypa OI.J;eHI<H CTaH.IJ.apTHOH OWHfii<H cpe.IJ.
Hero 3Ha'ieHHH H3 Hafinro,II.aeMOH .IJ.HCnepCHH npHBO.IJ.HT I< pe-
3ynbTaTy 

g = 0,31± 0,22. 
,[l,n.!I OI.J;eHI<H OWHfii<H .IJ.HCnepCHH BOCnOnb3yeMCH COOTHOWe
HHeM 

') 

"0 =\1~--D n H 11' 
n - l 

/7/ 

CooTHOWeHue /7 I cnpaae,II.nHBO .IJ.nH cnylfaiiHoii Bbi6opi<H 
o6'beMOM n cnylfaiiHoii aenHlfHHbl, pacnpe.IJ.eneHHoii no Hop
ManbHOMY 3ai<oHy c .IJ.Hcnepcueii Dll /eM., HanpuMep,/11/j. 
B HaWeM cnylfae 3TH ycnOBH.!I MO:lKHO ClfHTaTb npu6nH:lKeHHO 
BblllOnHeHHbiMH, nOCI<Onbi<Y OWHfii<H H3MepeHHH MeHbWe HnH 
paBHbl BenHlfHHe HCTHHHbiX !jJnyi<Tyau;HH g. 

Ou;eHI<a no <jJopMyne /7/ .D.aeT i\Dil = 0,19. 3Ta :lKe 
owu6I<a Mo:lKeT 6b1Tb npunucaua u HHTepecyromeii Hac ae
nHlfHHe D11c, Tai< I<ai< norpeWHOCTb 0

0111 
3HalfHTenbHO MeHb

we. 0I<OHlfaTenbHO nonylfaeM .IJ.nH HCTHHHOH .IJ.HCnepcuu 
D11c = 0,26±0,19 u .IJ.nH cpe.LJ.HeKBa.IJ.paTHlfHOro OTKnoHeHHH 
i\g= 0,51±0,20. Owu6I<a aenH'"IHHbl i\g nonylfeHa KaK Me.IJ.u
aHHOe 3Ha'ieHHe H3 HHTepaana owu6oK D11 c . 

ConocTaBHM Tenepb 3KCnepuMeHTanbHble u TeopeTu
lfeCI<He ou;eHI<H. Cpe.IJ.Hee 3Ha'ieHHe g, nonylfeHHoe B 3Kcne
puMeHTe, COBna.IJ.aeT C TeopeTHlfeCI<OH OI.J;eHI<OH g = 0,4 
H He HY:lK.IJ.aeTcJI B I<OMMeHTapHHX. qTo I<acaeTCH pa36poca 
~<jJai<TOpOB, TO 3KcnepHMeHTanbHOe 3HalfeHHe ~g corna
cyeTCJI C ou;eHKOH 0,5 H3 pafiOTbl /II/ H HeCI<Onbi<O BbiWe 
3HalfeHHH 0,25, npe.IJ.CI<a3aHHoro B pa6oTe /I 21. 0.IJ.Hai<o B 
3Toii nocne.IJ.Heii pa6oTe OTMeqanocb, 'iTO 3Ha'ieHHe 0,25 
HBnHeTCH MHHHManbHOH OI.J;eHI<OH, H 6blnH yi<a3aHbl nyTH ee 
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yaenuqeHHH. Tai<HM o6pa30M, nonyqeuuwe HaMH 3I<cnepu
MeHTam.Hwe .IJ.aHHble no MarHHTHbiM MOMeHTaM I<OMnayH.IJ.
COCTOHHHH H.IJ.ep nO.IJ.TBep:lK.IJ.aiDT TeOpeTH'ieCI<He OI.J;eHI<H .IJ.nJI 
cpe.IJ.HeH aenH'"IHHbl g -<jJai<TOpOB H yi<a3biBaiDT Ha cpaBHH
TenbHO BbiCOI<Oe 3Ha'ieHHe lilnyi<Tyai.J;HH MarHHTHbiX MOMeH
TOB, XOTJI CTaTHCTH'ieCJCaJI Ha.IJ.e:lKHOCTb nocne.IJ.Hero 3ai<nro
qeHHJI ocTaBnHeT :lKenaTI. nyqwero. 

B 3ai<niD'ieHHe C'iHTaeM CBOHM npHHTHbiM .IJ.OnroM Bblpa
~HTb npH3HaTenbHOCTh H.M.WpaHKY 3a HHTepec K pa6oTe, 
r .r. liyHaTHHY 3a none3uwe o6cy:lK.IJ.eHHH, T .C.A<jJauacbe
aoii, li.A.Po.IJ.HOHOBY, B.A.Baroay, III.Canau - 3a noMomL 
B nO.IJ.rOTOBKe annapaTypbl H npoBe.IJ.eHHH H3MepeHHH. 
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