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H3MepeHKe aneKrpK'IBCKoro aKnonhHOro MOMeHra aneKrpoHa 

C DOMOWhiD KB8HTOBOrO HHTep¢epOMerpa 

C l!OMOWhiD KB8HTOBOrO CBepXnpOBOllS!WBrO HHTepq,epoMerpa, HMCIDWBl'O 

'lyBCTBIHBnhHOCTh 3,10-llfc, onpeaeneHa BBpXHS!Sl rpaHHll8 BBnH'IHHbl 

3neKTfJH'IBCKoro llHnOnhHOrO MOMBHT8 3nBKTpOH8 (8, 1:!:11 ,6),1Q-
23

e,CM ny

TBM H3MepeHH Sl H3MBHBHHH MarHHTHOH HHllYKliHH ¢eppHT8, B03HHK8IDlUHX DflH 

npHnOMCHHH K HCMY 3neKrpH'IBCKoro nonSJ, 

Pa6ora BI>monHeHa B J1a6oparopHH HeiirponHoil ¢H3HKH OllSHl. 

llpeop&HT 06-..eABHeHHOro BHCTBTYT& &JlepHWX &ccne.llOB&RRI. Jly6H& 1977 

Vasiliev B.V., Kolycheva E.V. 

Measurement of the Electron Electric 
Moment Using Quantum Interferometer 

P14 10948 

Dipole 

The upper limit of the electron electric dipole 
moment (8.1±11.6)•lo-23 e.sm had been obtained with the 
help of quantum superconducting interferometer by measu
ring the ferrite magnetic induction change following 
the electrical field application. 

The investigation has been performed at the 
Neutron Physics Laboratory, JINR. 
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3aKOHhl COXpaHeHHH npOCTpaHCTBeHHOH (P) H BpeMeHHOH 

(T) qeTHOCTH, CqHTaBlliHeCH paHee BCeo6~HMH 3aKOHaMH 

llpHpO~W, Janpe~aiDT cy~eCTBOBaHHe 3neKTpHqecKHX ~H

IIOnhHWX MOMeHTOB l3)l;MI y 3neMeHTapHWX qacTHU. )l;eii

CTBHTenhHO, llOCKOnhKY y qaCTHUhl eCTh nHllih O~HO Bhi~e

neHHoe HanpaBneHHe - HanpaBneHHe crrHHa, TO ee 3,ll;M 

MO)I(eT 6hiTh OpHeHTHpOBaH TOnhKO B~Onh CllHHa, nH60 na

pannenhHO, nH6o aHTHnapannenhHO eMy. OnepaTop npocT

paHCTBeHHoro OTpa)l(eHHH ~eHCTByeT no-pa3HOMY Ha Kon
nHHeapHwe BeKTopa cnHHa i H 3neKTpHqecKoro ~Hnonh
uoro MOMeHTa 

d' = r r p c r) d v Ill 

I r - paccTOHHHe ~o uenTpa HHepUHH qacTHUhi, p (r-') 
o6beMHaH nnoTHOCTh Japx~al. TaK KaK nepBwii HBnHeTCH 

aKCHanhHhiM BeKTOpOM, a BTOpOH - nonHpHhiM, BeKTOpa S H 

d~ MeHHIDT BJaHMHYIO opHeHTaUHID I puc. lal H nonyqeHHax 

B peJynhTaTe onepaUHH IlpOCTpaHCTBeHHOrO OTpa)l(eHHH 

HHBepTHpOBaHHaH qacTHUa OKa3WBaeTCH He TO)I(~eCTBeHHa 

nepBHqHoii. OnepauHx o6pa~eHHH BpeMeHH TaK*e npHBO~HT 

K H3MeHeHHIO B3aHMHOH OpHeHTaUHH BeKTOpOB S H d-> 
I puc. 161. llo3TOMy o6Hapy)l(eHHe y 3neMeHTapHhiX qacTHU 

3neKTpHqecKHX ~HllOnhHhlX MOMeHTOB O~H03HaqHO yKaJano 

6hi Ha HapyrneHHe npOCTpaHCTBeHHOH H BpeMeHHOH qeTHOCTH. 

HecoxpaHeHHe npocTpaHCTBeHHOii qeTHOCTH, o6Hapy

)l(eHHoe B cna6hlX B3aHMO~eHCTBHHX, H Haii~eHHOe B pacna

~ax K 0 -MeJOHOB HapyrneHHe T-HHBapHaHTHOCTH He TOnhK,o 

yKa3WBaiDT Ha B03MO)I(HOCTh cy~eCTBOBaHHH 3)l;M Y 3ne

MeHTapHWX qacTHU, HO H ll03BOnHIDT OUeHHTh H3 C006pa)l(eHHH 

pa3MepHOCTH ero BenHqHHy. 
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Puc. la. OnepaflUJI npocmpaH
cmeeHHozo ompaJICeHUJI. 
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Puc. 16. OnepaflUJI 
o6paflleHUJI epeMeHu. 

QqeBH,IJ.HO, 'ITO 3)l.M 3JieMeHTapHOH 'iaCTHIJ;bl ,IJ.Oll)KeH 
6b1Tb nponopu;HOHaneH KOHCTaHTe B3aHMO,IJ.eHCTBHJI, OTBeT
CTBeHHOrO 3a cyiiJ;e CTBOBaHHe 3)l.M. llCUOJib3Y H .IJ.JIJI o6ec
ne'ieHHJI npaaunbHOH paJMepaocTH ( [ d 1 = l q l· [ L ] ) Jne-
MeHTapHbiH 3ap.R.IJ. e H KOMUTOHOBCKYIO ,IJ.JIHHY BOJIHbl 'laC-
TH:Ubl, ,IJ.JIJI 3)].M 3JieKTpOHa, B 'iaCTHOCTH, UOJIY'IHM 

t -1 
de"' eG (--) , 

m cc 
/2/ 

r.ne e - JapJI.IJ. 3JieKTpoaa, me- Macca 3JieKTpoaa, G -
KOHCTaHTa B3aHMO,IJ.eHCTBHJI, yqaCTBYJOIIJ;ero B !l>opMHpOBaHHH 
3)l.M. 

TaK KaK . P -aaaapaaHTHOCTb aapywaeTCJI B cna6blx 

·5 t 2 
B3aHMO,IJ.eHCTBHJIX, onHCbiBaeMbiX KOHCTaHTOH GW,.10 (IDC)CM 2 

I m - Mace a HyKnoaa/, MO)KHO mKH.IJ.aTL, "'TO 3TO B3aBMO-

4 

.neii:CTBHe yqacTayeT a tllopMapoaaHHH 3)J;M. IlonaraH G...Ow , 
nony"'HM ,IJ.JIH 3)J;M 3JieiCTpOHa 

d e 
·22 

10 e-cM. 

0,IJ,HaKo aepoHTHOCTL HapyweHHX T -aaaapaaHTHOCTH a pac
na,IJ,e K 0 -Me JOHOB, JIBJIHJO~eMCH npoHaneHHeM cna6oro 
BJaHMO,IJ.eHCTBHH. ~OCTaBnJieT npHMepHO l o-3. II03TOMY 
ecTeCTBeHHeH O)KH,IJ.aTb y 3JieKTpOHa 3)J;M BeJIH"'HHbl 

·25 
de "'10 e. CM. 

lionee cTporae pacqeTbl a paMKax paJJIH"'HbiX Mo.neneH: 
aapyweHHJI T - HHBapuaHTHOCTH npuao,a;JIT K ou;eHKaM .nn.R 
3)l.M 3JieKTpoHa, Jie)KaiiJ;HM B 3TOM )Ke HHTepBane 3Hal.le
auH:: to-23 7 to- 2g.cM 111 . 

fiOUbiTKH o6aapy)KHTb 3)l.M 3JieKTpOHa npe.nnpHHH-
ManueL aeo.naoKpaTHo, npu'ieM ace onucaHHble paaee 3K
cnepuMeHTbl paJ.nenHJOTCJI aa .nae rpynnhl: B o.naux onpe
.nen.Rnc.R 3)l.M caMoro 3JieKTpoaa, B .npyrux 3)l.M 3JieKT
poaa Bbi'IHCJIHJICJI H3 HaH,IJ.eHHOrO 3KCUepHMeHTaJibHO 3)l.M 
aTOMa. 

K 3KCHepHMCHTaM nepaoro THUa OTHOCHTCJI: 
l. OnbiTbl no pacce.RHHJO 3JieKTpoaoa aa 12C 1~ 1 

BoJpacTaHHe ceqeHHJI pacceHHHJI npu yrne pacce.RHHH 
0 ·~ TT , CBJI3aHHOe C HaJIH'iHeM 3)l.M y 3JieKTpOHa, UpHBO,IJ.HT 
Kou;eaKe de< 2·l0'16 e.cM. 

/3. 
2. Q 0 biT bi T H n a "g-2" 1 

• 
-+ 

qacTuu;a .IJ.BH)KeTCJI a MarHHTHOM none H no KpyroaoH: 
TpaeKTopHH a nnocKOCTH, nepnea.nuKyn.RpaoH: H. llpH aa
JIH'IHH 3)l.M CnHH 'iaCTHIJ;bl npeu;eCCHpyeT BOKpyr Hanpaa-

rt. ..... ....., -+ 
neHHJI 11 u aoKpyr aanpaaneHHJI E .., [ H x v ] , · Ja c1.1eT 
'iero B03HHKaeT cnaraJOIIJ;a.R non.RpH3aUHH PH , napannenL
Ha.R H. llJMepeHue aMnJIHTY.IJ.bl HJMeHeHHJI PH .naeT .IJ.JIJI 
3)l.M 3neKTpoaa: d < 4.10' 16 e. cM. 

e 
3KcnepHMCHTbl BTOpOH rpynnbl Tpe6yJOT ,IJ.OnOJIHHTCJib-

HOrO 06Cy)K,IJ.eHHJI. 
Bonpoc o aenH"'HHe cyMMapaoro 3)l.M cacTeMbl JapJI

)KeHHbiX 'iaCTHIJ;, 3)l.M KOTOpbiX OTJIHqeH OT HYJIJI, 6biJI 
paccMoTpea llia4lclloM 141 . OH noKaJan, 'ITO a npe.nnono)Ke
HHH O,IJ.HHaKOBbiX pacnpe.neneHHH JapJI,IJ.OB H 3JieKTpH"'eCKHX 
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~HnOJihHhiX MOMeHTOB B CHCTeMe raMHJihTOHHaH ee B3aHMO· 

~e~CTBHH C nOCTOHHHMM 3JieKTpH'IeCKHM noJieM B HepeJIH· 

THBHCTCKOM CJiy'lae He CO~ep~HT 'IJieHOB nepBOrO nopH~Ka 

no 3)l,M. To eCTh CYMMapHhl~ 3)J,M TaKO~ CHCTeMM paBeH 

Hynw. O~HaKo ecnu npu nepexo~e B ypaBHeHHH )J,upaKa 

K HepeJIHTHBHCTCKOMY npe~eJiy /nOCTOHHHaH TOHKO~ CTpyK· 

Typhi a _. 0 / coxpaHHTh 'IJieHM BToporo nopH~Ka no a , 
TO K raMHJihTOHHaHy B3aHMO~e~CTBHH ~ofiaBHTCH 'IJieH, 

~ - 3TTM G /5,6,71 JIHHeHHMH no ......, • Tor~a, KaK noKa3aHo B pa oTax , 

aTOMhi, HMemll.(ue HecnapeHHhie 3JieKTPOHbi, npuo6peTamT 

3$4JeKTHBHhl~ 3JieKTpH'IeCKH~ ~HnOJibHbl~ MOMeHT 

d , Rd 
a e /3/ 

r~e R - Ko3$4luuueuT ycuneuuH 3)J,M 3JieKTpoHa B a To

Me; d e • 3JieKTpH'Ie CKH~ ~HnOJibHhl~ MOMeHT 3JieKTpOHa. 

Ko34KlJuuueuT ycuneuuH R JIBJIJieTcJI cynepno3uuue~ 
K03$4JuuueuToa ycuneuuH 3)J,M HecnapeuuMx 3JieKTpouoB 

aToMa - R 1 . B pa6oTe .' 61 noKa3auo, 'ITO R 1 6biCTpo 

B03pacTaeT c yaeJIH'IeuueM 3ap.11~osoro 'IHCJia Z ( R 1 - Z 4 
) 

H npHHHMaeT 60JibWHe 3Hal.feHHJI ~JIJI 3JieKTpOHOB C MaJIM• 

MH op6uTaJibHhlM u rJiaBHMM KBaHTOBhlM 'IHCJIOM. CyM

MapuM~ K03~HUHeHT YCHJieHHJI 3)J,M 3JieKTpOHa B aTOMaX 

MeHHeTC.Il OT 3JieMeHTa K 3JieMeHTY B WHpOKHX npe~eJiaX 

H ~OCTHraeT BeJIH'IHHhl -130 ~JIJI a TOMOB Cs . 
Ko BTOpOMy THny OnhlTOB OTHOCJITCJI 3KCnepHMeHThl 

c aTOMHhlMH ny'IKaMu. TaK, uanpuMep, ecnu ny'loK aTo

MOB Cs nponycTHTb qepe3 nocTOJIHHhle napaJIJieJibHhle 

3JieKTpH'IeCKOe H MarHHTHOe noJIJI, TO B03HHKaiOII.(ee npH 

3TOM pacll.(enneuue 3HepreTH'IeCKHx ypoBHe~ Mo~eT 6MTh 

onpe~eJieuo MeTo~oM MarHHTHoro pe3oHauca. 3Kcnepu

MeHTaJibHO '
81 ~JIJI 3)J,M a ToM a Cs 6MJIO Ha~~eHo d c 

8 
< 

</0,8±1 ,8/ .10"
22

e. CM. 0TCIO~a npH y'leTe K03~HUHeHTa 
ycuneuuJI 3)J,M 3JieKTpoua B aToMe cs noJiy'leHa cne~yw
ll.(aJI oueuKa ~JIJI 3)l,M 3JieKTpoHa : d e < 3 ·1 0 "24 e. eM. 

H3 npuse~eHHbiX pe3yJibTaToB BH~Ho, 'ITO onMThl BToporo 

THna JIBJIJIIOTCJI HenpJIMhlMH, HO Cyll.(eCTBeHHO 6oJiee 'lyB· 

CTBHTeJibHbiMH. 

B pa6oTe /9/ 6wJI npe~Jio~eH ell.(e o~HH 3KcnepuMeHT 

.IJ.JIH H3MepeHHH 3)J,M aToMa. HccJie~yeMoe Bell.(eCTBo, co-

6-

~ep~all{ee aTOMhl C uecnapeHHhlMH 3JieKTpOHaMH, noMe· 

ll{aeTCH B CHJibHOe 3JieKTpH'IeCKOe noJie. 3JieKTpH'IeCKHe 

~HnOJibHbie MOMeHTbl aTOMOB 06pa3Ua, a BMeCTe C HHMH 

H CnHHM BhlCTpaHBaiOTCH B~OJib HanpaBJieHHJI npHJIO~eHHO· 

ro nOJIH, B pe3yJibTaTe qero MarHHTHhl~ nOTOK B o6pa3Ue 

H3MeHHeTCH Ha BeJIH'IHHy 

\ll>= i2~_a S E *_. 
fla 

/4/ 

r~e da - 3)J,M aToMa o6pa3ua; E * - HanpJI~eHHOCTb 34l· 

lileKTHBHOrO 3JieKTpH'IeCKOrO nOJIJI, ,IJ,e~CTBYIOII.(ero Ha aTOM 

o6pa3ua; S - nnoll.(a~b cel.feHHJI o6pa3ua, nepneH~HKYJIJip· 

uoro HanpaaJieHHIO BHeWHero noJIJI; 11 a - MarHHTHbi~ Mo

MenT aTOMa; K • MarHHTHaJI BOCnpHHM'IHBOCTb o6pa3Ua. 

Co3~aHHe KBaHTOBbiX CBepxnpOBO~Hli.(HX HHTeplilepoMeTpOB, 

06Jia~affill{HX BbiCOKO~ 'IYBCTBHTeJibHOCTbffi K H3MeHeHHIO 

MarHHTHOrO nOTOKa.~aJIO peaJibHYIO B03MO~HOCTb nOHCKa 

3)l,M 3JieKTpoua B onbiTe TaKoro Tuna. 

CymecTBeHHbiM MOMeHTOM a no~roToBKe onHCbiBaeMo

ro 3KCnepuMeHTa HBHJICJI Bbi6op o6pa3Ua, KOTOphl~ ~O~eH 

y~oBJieTaopHTb cne~ymli.(HM Tpe6oaaHH.IlM: 

1/ BhiCOKaJI KOHUeHTpaUHH a TOMOB, HMeiO.I.QHX HeCna • 

peHHMe 3JieKTpOHbl, 

2/ B03MO~HO 60JibWH~ K03$4JHUHeHT YCHJieHHH 3)J,M 

3JieKTpoua B aToMe, 

3/ BhlCOKaH MarHHTHaH BOcnpHHM'IHBOCTb, 

4/ MaJiaJI 3JieKTpOni!OBO~HOCTh .H ,BhlCOKaH 3JieKTpH· 

l.feCKaH npO'IHOCTb, 

5/ OTCYTCTBHe napa3HTHbiX 3$4JeKTOB. 

3KcnepHMeHT HpOBO~HJICJI Ha HHKeJib·UHHKOBOM $ep

pHTe, KOTOpbl~ HMeeT OTHOC.HTeJibHO BhlCOKYIO 3JieKTpH'IeC • 

Kyw npo'IHOCTb - .IJ.O 2 KB/cM, aecbMa BhlCOKOe .. y~eJibuoe 

conpoTHBJieHue npu renueBo~. TeMnepaType, HecKoMneFcu

poBaHHhie MarHHTHbie MOMeHTbl HOHOB Fe+S _ f1 Fe+S ~4/l~lO/ 
H B CBJI3H C HaJIH'IHeM U,eHTpa HHBepCHH B ero Kyfiuqe~.,;t<O~ 

peweTKe He ,IJ,aeT JIHHeiHoro MarHHT03JieKTPH'IeCKoro 3~
llleKTa '

111
,cnoco6Horo HMHTHpoaaTb 3~eKT 3)l.M. MarH~tT· 

HaH npoHuuaeMOCTb TaKoro llleppuTa npll renueaoi TeMnepa

Type, K co~aJieHHIO, ueBbiCOKa u pasHa npuMepHo 11 . 

B .3KCnepHMeHTe K Ta6JieTKe, H3rOTOBJieHHO~ H3 HHKeJib • 

UHHKOBOrO $eppHTa /~HaMeTpOM 1 CM H TOJIII.(HHO~ 1 MM/, 
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llOMe~eHHOB Me:>KAY o6KnaAKaMB nJJOCKOf'O KOH,IJ.eHCaTopa, 

npuKna.u.blsanocL 3neKTPH'IecKoe none E. Top~osLie nosepx

HOCTH o6pa3~a nocne WnHI)OBKH noKpbiBaJJHCL cnnaBOM 

In- Ga .IJ.JUI o6ecneqeuux ua.u.e:>KHoro KOHTaKTa c o6Kna.u.

KaMB Kou.u.eucaTopa. Bo3HHKaiOil(He B pe3ynLTaTe npuno:>Ke

HHR 3neKTpH'IeCKOf'O nons H3MeHeHBJI Maf'HBTHoH BH.IJ.YK~HH 
perHCTpHpOBanBCL C nOMOIUblO KBaHTOBOf'O CBepxnpOBO,IJ.Jl· 

mero HHTePI!>epoMeTpa, cxeMa KOToporo 6blna onucaua 

pauee 1121
. 

Onpe.u.eneuuyiO Tpy.u.uocTL B .u.auuoM 3KcnepuMeHTe Bbl-

3biBaeT nepe,ll.a'la Maf'HHTHOf'O nOTOKa OT o6pa3~a K ,IJ.aTlfB· 

Ky HHTepl)epoMeTpa. IlpH pa6oTe C 06bl'lltblM .IJ.BYXBH,IJ.yK-

THBHbiM O,IJ.HOKOHTaKTHbiM ,IJ.aT'IHKOM llHMMepMaHOBCKOf'O 
/13 I -~ 

Tuna , HMeiOil(HM K034>Ii>H~HeHT CaM03KpaHBpOBKB -10 , 

,IJ.JJJI 3TOH U,eJJH MO:>KHO ucnonb30BaTb CBepxnpOBO,IJ..Il~H 
Tpaucl)opMaTop noToKa. HcnonL30Bauue TaKoro TpaHc~p
MaTopa OKa3blBaeTCJI u,enecoo6pa3HblM npu- HCcne,llOBaHHH 

o6pa3u,OB 6onbworo o6'beMa. O.u.HaKo onbiT notca3blBaeT. 

'ITO 6onLwue o6pa3u,bl TPYJJ.HO xopowo JaKpenHTb, 'IT06bl 

B ,IJ.OCTaTO'IHOB Mepe H36aBBTbCJI OT BH6pau,Hii. B HaWeM 

cnyqae ysenuqeuBe o6'beMa o6pa3~a se.u.eT .TaK:>Ke K 3Ha

'IHTenbHOMY nOBbiWeHHIO pa6oqero HanpJilKeHBJt, 'ITO uey.llo6· 

HO C TeXHB'IeCKOH TO'IKH 3peHBJl. KpOMe TOFO, nepBB'I· 

uaJI KaTyWKa TpaHcclJ'opMaTopa, uaMoTauuaJI Ha o6pa3eU, 

CHJJLHO HCKa)KaeT 3neKTpH'IeCKOe none, CHH:>KaJl ero 34iclleK

THBHOe 3Ha'leuue. Bb1weyKa3aHHble npH'IHHbl no6y,JJ;BnB uac 

OTKaJaTLCJI OT HpHMeHeHBJI CBepxnpOBO.IlJIIUero TpaHcli>op

MaTOpa nOTOKa B BCnOJib30BaTb B :nc:cnepBMeHTe O,IJ.HOBH· 

AYKTBBHbiB ,llaPIBK, nO.Il06HblB onucaHHOMY B 
113~ 'IYBCTBH· 

TeJJbHOCTb KOTOpOrO K B3MeHeHHIO BHemuero Maf'HBTHOf'O 

DOJlJl 3Ha'IBTenLHO BblWe 'IYBCTBBTeJibHOCTB o6W'IHOf'O CaMO· 

3KpaHBPYIOIUe r<t Jla T'IHKa. 
'IT06bl MaKCBMaJJLHO yBenB'fBTb CBJ13b o6pa31(a C Aa.T· 

'IBKOM BHTepcllepoMeTpa~ Topeu, .u.aT'IBKa 6wn oTwnBclloBaH 

B BnnOTHYIO DpB:>KaT K 3a3eMJJeHHOB oOKJJaJlKe KOH,IJ.eHCaTO· 

pa. 06pa3ell BMeCTe C ,naT'IBKOM DOMeUUlnBCb :S aMnyny, 

nosepx KOTopoii o,nesancB cBepxnpoBo,JJ;a~ii 3Kpau, Blro

TOBneHHbli B3 CBBHIJ,OBOB l)onbf'B B BMe~B clloPMY "6y

TbiJIKB" /puc. 2/. Ko3tl!cllHllBeHT ocna6neHHJI sueumero Mar

HHTHoro nonJI JlnJI TaKOf'O 3Kpaua 6biJJ BeCLMa BblCOK B 

8 

J 
:a 

~J 
:I 

Puc. 2. BHympeHH.RJI ocHacmKa aMnyAbl ceepxnpoeoo.RUiezo 
K60H11106020 UHlllep(/JepoMelllpa 0A.R U3MepeHUJI 3,[{M 3AeKm
poHa. J - MOOYA.RijUOHHO.R Kal/lyUIKO, KOliiYUIKO KOAe6ameA&
H020 r<oHmypa; 2 - oamttuK uHmepf/iepoMempa; 3 - Kopnyc 
aMnyAbr; 4 - ceepxnpoeoO.RUIUU 3KpaH; 5 - (/Jeppum; 6 - o6-
KAaoKu KoHoencamopa. 

cocTaBnJin npuMepHo 108 . AMnyna onycKanacb B renuesy10 

sauHy, H nocne OKOH'IaHHJI nponecca oxna)KJleHHJI o6pa3u,a 

H aMnynbl npOBOJlHnHCL H3MepeHHJI. 
3):{M HOHa }i'e+3 no pe3ynLTaTaM ,IJ.aHHOf'O 3KCnepHMeH· 

Ta MO:>KeT 6b1Tb onpe.u.eneH KaK 

11Fe+3 ~4> 
d .. -· /5/ 

Fe+a E *·S(4rr K k) 
u +3 /10/ 

3.u.ecb f1 Fe +3 = 4 fl E - MarHHTHblB MOMeHT uoua Fe 
~<I> • B3MeHeHHe Maf'HHTHOf'O nOTOKa qepe3 ,naT'IHK HHTep· 

l)epoMeTpa, B03HBKaiOmee npu npuno:>KeHBB 3JJeKTPB'IecKo

ro non.ll K o6pa3UY c nnoll(a.IJ.LIO S , E* - uanpB:>KeuuocTb 

34>clleKTBBHOf'O :JneKTpB'IeCKOf'O ITOJIJI, ,IJ.eBCTByiOIUero Ha BOB 

B Ky6B'IeCKOB KpHCTanJJB'IeCKOii perueTKe; COf'JJaCH0/
141 

E *,.. 2+t 

3 
E /6/ 

9 



I E - uanp1DKeHHOCTb 3neKTpuqecKoro nonH, npuno)Keuuoro 
K o6pa3u.yl. 

)l,nH onpe,II.eneHHH HanpH)KeHHOCTH 3$$eKTHBHOrO 3neKT
puqecKoro nonH E * .IJ.OnonHHTenLHO noTpe6oaanocb H3Me
pHTL .IJ.H3neKTpuqecKyro npouuu.aeMoCTL £ dJeppuTa. H3Me
peHHH noKa3anH, qTo ,II.nH HHKenL-IJ,HHKOBOrO dJeppHTa npH 
HH3KHX TeMnepaTypax H qaCTOTe - 100 Tij f = 2,2±0,2. 

)l,nH · onpe.IJ.eneHHH 3)l,M no dJopMyne 151 ueo6xo.IJ.HMO 
3HaTL TaK)Ke K03$$uu.ueHT 4rrKk I k - K03$$uu.ueHT 
CBH3H MarHHTHOrO nOTOKa o6pa3IJ,a H ,II.aTqHKa HHTepdJepo
MeTpa, onpe.IJ.enHeMLIH reoMeTpueii 3KcnepuMeHTal. )l,nH 
H3MepeHHH K03tiJ4>HIJ.HeHTa 4 7T K k 6bin HCnOnh30BaH cne
.II.YIOIIJ,HH npHeM. )l,aTqHK HHTepdJepoMeTpa noMeiiJ,anCH B 
KanH6poBaHHbie KOnLIJ,a renLMrOnbiJ,a, KOTOpble C03,II.aBanH 
O,II.HOpO,II.HOe MarHHTHOe none C HanpH)KeHHOCTbiO 

H1 = ai 1 , a = (. 0,90±0,05 PIA , 171 

H H3Me]i>HnCH k 1 - K03~HIJ.HeHT nepe.IJ.aqu BHeumero Mar-
HHTHOrO nonH B ,II.aTqHK: 

<1>1 

k1 = -s-~-;r 1 
181 

3.IJ.ecb Sa- nnoiiJ,a.IJ.L OTBepcTHH O.IJ.HOHH.IJ.YKTHBHoro .IJ.aTqu
Ka HHTep$epoMeTpa; I 1 - TOK B IJ,enH KOneu renLMronL
IJ,a, Bbl3hiBaBWHH H3MeHeHHe nOTOKa B ,II.aTqHKe Ha Benuqu-
HY <1> 1 H3MepeHHH noKa3anu, qTo Ko3$$HIJ.HeHT k 1 
= 0,95±0,08. 3aTeM B none Koneu. BHocuncH o6pa3eu dJep
puTa TaK, qT06bl reoMeTpHH nOBTOpHna reoMeTpHIO Onbl
Ta no H3Mepeuuro 3)l,M 3neKTpoua, u perucTpupoaancH 
TOK I 2, . B IJ,enH KOneu, Bbl3biBaBWHH TO )Ke H3MeHeHHe 
ManiHTHoro noToKa B .IJ.aTquKe <1> 1 . B 3TOM cnyqae 

r:t> 1 ~ I~a(k 1 Sa +4rrKkS), 

0TCio.IJ.a k S ·(I 1- I 2) 
1 a __ ~· 

477Kk= -Sr2 

10 

191 

1101 

i 

~ 

't 

l 

B pe3ynLTaTe Kanu6poBKH 6blno nonyqeuo 3Haqeuue K03$-
$uu.ueHTa 4rrK k = 0,25±0,03. 

Hanuque y HHTepdJepoMeTpa H dJeppHTa WYMOB THna 
1/f He n03BOnXeT BeCTH H3MepeHHH 3)l,M B CXeMe Ha 
nocToHHHOM TOKe. B onucLmaeMoM 3KcnepHMeHTe 3neKTpu
qecKoe none aMnnHTY.IJ.OB 1 KB/cM npHKna.IJ.biBanocb K dJep
PHTOBOMY o6pa3IJ,y B BH,II.e pa3HOnOn1lpHbiX HMnynbCOB C 
qacTOTOB OKOnO -30 Tij. reuepaTOp 3THX HMnynhCOB 
O,II.HOBpeMeHHO Cn)')KHn onopHblM ,II.nX IJ.H$pOBOrO CHHXpOHHO-

/15' -ro ,II.eTeKTOpa , Ha BXO.IJ. KOTOporo no,II.aBanCX BblXO,II.HOH 
cHrHan c HHTepdJepoMeTpa I puc. 31. IlepecqeTHhle ycTpoii
CTBa n03BOnHnH ,II.OBeCTH noCTOHHHYID apeMeHH CHHXpoH
HOrO ,II.eTeKTOpa ,II.O HeCKOnbKHX qacOB . 

Pe3ynLTaT cTaTucTuqecKOH o6pa6oTKH 40 IJ.HKnoa H3-
Mepeuuii, CYMMapHoe BpeMH KOTOpblX 6Lin0 paBHO 3,5 'IQC, 

OKa3ancH paBHblM 

.\r:t> = (4.65 ±4.88)-l0-6 <ll
0

• 

qTo B nepecqeTe ua MarHHTHoe none, perucTpupyeMoe 
0 -113 B 3KCnepHMeHTe, ,II.aeT npHMepHO 3.1 . 

0TCIO,II.a ,II.nH 3neKTpuqecKOro ,II.HnOnbHOrO MOMeHTa HOHa 
Fe +3 HMeeM 

d ·23 
Fe+:r(4.2 ±6,0).10 e.CM. 

7 
8 

Puc. 3 . .b.lloK- cxeMa ycmaHoeKu OA.R U3MepeHu.R 3,4M 3./leKm
poHa. 1 - ycu.11ume.11b uHmeprjjepoMempa; 2 - uHmezpamop; 
3 - YCU.IIU111e.llb; 4 - zeHepamop np.RMOYZO.IIbHblX UMny.llb
coe; 5 - ijurjjpoeoil cuHxpoHHblil oemeKmop; 6 - nepect~em
Ha.R cxeMa; 7 - oamt~uK uHmeprjjepoMempa; 8 - o6pa3eij. 
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Y'IHTbiBaB K031}MliHu,HeHT ycuneHH.II R = 0,52 3)J.M 3nexT

poua a uoue Fe +3 161 , nonyqaeM cne.D;yiOII.J,YIO ou.enxy 

aenHqHHLI 3)J.M 3neKTpOHa: 

-23 
de=(8.1±11,6·10 e.c..w. 

3TOT pe3ynhTaT 3Ha'IHTenbHO ycTynaeT B TOqHOCTH 

peJynbTaTy 3KcnepuMeHTa 181 , no TeM He MeHee, ua Haw 

BJrnB.D;, npe.D;cTaBnBeT onpe.D;eneuHLii HHTepec, Bo-nep

BhiX, B CBB3H C TeM, 'ITO OU,eHKa nonyqeHa He3aBHCHMbiM 

cnoco6oM, a, BO- BTOpbiX, BbiBO,IJ; 06 OTCYTCTBHH 3)J.M 

3neKTpOHa Ha ,IJ;aHHOM ypoBHe ~enaeTCB Ha OCHOBaHHH OT

cyTCTBHB 3)J.M aTOMa, H3MepeHHOrO C fionee BbiCOKOB Toq

HOCTbJO. 
Bonpoc o ,IJ;anLHeiweM noBbiWeHHH ToqnocTH HJMepe

HHB 3)J.M 3neKTpOHa B 3KCnepHMeHTe OllHCbiBaeMoro THlla 

HenpOCT. fiyTb CyllJ,eCTBeHHOrO yaenuqeHHB TOqHOCTH Ja 

C'leT llOBbiWeHH.II qyBCTBHTenbHOCTH annapa Typbl HnH 3a 

c'leT yaenuqeHHH apeMeHH HJMepeHHB xa)l(eTcB 6ecnep

cneKTHBHhiM, T .K. ,!J;OCTHrHyTaB BbiCOKaB qyBCTBHTenhHOCTb 

DO non10 Ha ypOBHe 10·t1 Tc orpaHHqHBaeTCB, BH,IJ;HMO, 

cpa3y HeCKOnbKHMH HCTO'IHHKaMH WYMOB, HMeiOII.J,HMH 6onb

WHe llOCTOBHHble apeMeHH: 1/ H3MeHeHHe ypOBHB renHB B 

KpHOCTaTe H CBB3aHHhiB C HHM Me,IJ;neHHbiB ,IJ;pei!lJ napaMeT

pOB ycTaHOBKH; 2/ llOBbiWeHHe ypOBHB llOMeX B ,IJ;HeBHOe 

BpeMB H npOHHKHOBeHHe HaBO,IJ;OK qepe3 3KpaHbi; 3/ MHKpO

BH6paU,HH ,IJ;aTqHKa B none 3KpaHOB H T .ll. 

BoJMO)I(HOCTb JuaqHTenhnoro noablweHHB qyacTBHTenh

HOCTH Ja cqeT Bbi6opa !lJeppoMarueTHKa ,IJ;pyroro Tuna 

He JICHa. Bo BCBKOM cnyqae HaWH llOllbiTKH npoBeCTH 3KClle

pHMeHThi c coe~HHeHHBMH EuO H EuS , cynHBWHMH 

ynyqwenHe peJynbTaTa xax Ja cqeT 6onhwero xo31}MliHu,Hen

Ta ycHneHHB 3)J.M, TaK H Ja cqeT 6onee BbiCOKOB MarHHT

HOB npoHHu,aeMOCTH npH renueaoi TeMnepaType, He yaenqa

nHCb ycnexoM H3- Ja 6onbWOB npoBO,IJ;HMOCTH H ManOR 

3nexTpHqecxoii npoquocTH 3THX coe.D;HHeHHH. Oxono ~eCBTKa 
.D;pyrHX !lJeppHTOB H !lJeppO,II;H3neKTpHKOB llOKaJanH npH re

nHeBOH TeMnepa Type HeBbiCOKYIO npOHHU,aeMOCTb H nH60 

Manyro 3nexTpuqecxyro npoqHOCTb, nH6o BbiCOKYJO 3nexTpo

npoBOAHOCTb. 
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ABTOpbi 6naro~apHbi <I>.JI.lllanHpo H B.K.HrHaToauqy, 

npe.D;nO)I(HBWHM H,IJ;eiO H CTHMynHpOBaBWHM llOCTaHOBKY ,IJ;aH~ 

Horo 3KcnepHMeHTa, a TaK)I(e B.M.JiaqnHoay, A.B.CepMB

rHHy H A.IO.CyxaHoay Ja noMOII.J,b npH no,IJ;roTOBKe pa.D;Ho-

3neKTpOHHOH annapaTypbl. 
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