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BaeoeHue 

Cornacuo npuuuuny 3KBHBaneHTHOCTH, "ua6nro,IJ,aTeJib, 

HaXO,IJ,Hil{HHCH B JaKpblTOM Hll{HKe, HHKaKHM CDOC060M He 

CMO)I(eT ycTaHOBHTb, DOKOHTCH Hll{HK /B O,IJ,HOpO,IJ,HOM/ rpa­

BHTa:UHOHHOM DOJie HJIH )l(e HaXO,!J,HTCH B DpOCTpaHCTBe, CB0-

60,IJ,HOM OT rpaBHTa:UHOHHblX DOJICH, HO ,!J,BH)I(eTC.R C YCKO­

peuueM, Bbl3blBaeMhlM npHJIO)I(eHHblMH K HIUHKY cunaMH" /l I . 
lfHblMH CJIOBaMH, pe3yJibTaTbl JII06blX JIOKaJibHblX 3KCDepu­

MeHTOB, npoBe,IJ,eHHbiX B CHCTeMe, na,IJ,aiOII.{eH C eCTeCTBeH­

HblM ycKopeuueM, xapaKTepHbiM ,IJ,JI.R cymecTByromero rpa­

BHTauuouuoro DOJIH, 6y,IJ,yT TO)I(,!J,eC'tBeHHbl pe3yJibTaTaM 

OllblTOB B HHepuuaJibHOH CHCTeMe. 3TOT npHHUHll, Jie)l(all{HH 

B ciJyu,IJ,aMeHTe o61l{eH TeOpHH OTHOCHTeJibHOCTH, HeO,IJ,HOKpaT­

HO npoBepHJIC.R 3KcnepuMeHTaJibHO. OnbiTbl 3TBewa, Cay­

Jepuca, ,lJ,HKKe, liparHHCKOrO, 0KOHOBa/2/ C BblCOKOH TO'I­

HOCTbiO ,!J,OKa3aJIH ero cnpaBe,IJ,JIHBOCTb DO OTHOWeHHIO K 

cTaTH'IecKoMy rpaBHTauuouuoMy nonro 3~MJIH H Conuua 

,IJ,JIH CaMblX pa3H006pa3HblX 06'heKTOB - MeTaJIJIOB H ,!J,H3-

JieKTpHKOB, pa,IJ,HOaKTHBHblX H Hepa,IJ,HOaKTHBHblX Bell{eCTB, 

3JieMeHTOB C pa3HblM OTHOWeHHeM 'IHCJia HeHTpOHOB Ha 

npOTOH B .R,IJ,pe, ,IJ,JIH 'laCTHU H aHTH'IaCTHU. 

Heo,IJ,HOKpaTHO BblCKa3blBanucb coo6pa)l(eHHH o TOM, 

'ITO B HaCTOHII.{ee BpeM.R HHTepeCHO H Ba)I{HO npoBepHTb 

3TOT npHHUHll ,IJ,JI.R Bell{eCTBa, H,IJ,pa KOTOpOrO llOJI.RpH30BaHbl. 

AKTyaJibHOCTb TaKOH llOCTaHOBKH CBH3aHa C TeM, 'ITO BO 

BCeX 3KCnepHMeHTaX THna/2/ pe3yJibTaT He'lyBCTBHTeneH 

K HanH'IHIO COCTaBJIHIOII.{HX rpaBHTa:UHOHHOrO DOJI.R, OllHCbl­

BaeMblX He,IJ,HaroHaJibHblMH KOMDOHeHTaMH MeTpH'IeCKOrO 
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TeH3opa. HanH'iHe B o6pa3ue nonHpH3oBaHHhlx H~ep/cnH­
HOB/ ~ano 6hl B03MO:>KHOCTL npH6opy B npHHUHne pearHpo­

BaTL TaK:>Ke H Ha KOMnOHeHTLI nonH, OnHChlBaeMble nepe­

.KpeCTHbiMH qneHaMH MeTpH'ieCKOI'O TeH30pa g 0a *. 
HecMoTpH Ha Ba:>KHOCTL TaKoii npoBepKH npHHUHna 3K­

BHBaneHTHOCTH, 3KCnepHMeHT 3TOI'O THna PO CHX nop He 

nOCTaBneH H3- 3a CnO:>KHOCTH "B3BeWHBaHHH" nonHpH30BaH­

HOI'O o6pa3Ua H nHKBH~aUHH HerpaBHTaUHOHHbiX 3~eKTOB 
/B nepByiO O'iepe~L MarHHTHbiX/. 

PaccMoTpHM ~pyry10 nocTaHOBKY onLITa no npoBepKe 

npHHUHna 3KBHBaneHTHOCTH ~nH KOMnOHeHT gfu, OCHOBaHHYIO 

Ha llpHMOM B3aHMO~eHCTBHH 3ne.KTpOMarHeTH3Ma H rpaBH­
TaUHH. 

YpaeHeHUJI MaKceeAAa e zpaeumafiUOHHOM noAe 

CnpaBe~nHBOCTL ypaBHeHHii MaKcBenna B HX Tpa~HUH­
OHHoii 4lopMe orpaHH'ieHa o6nacTLIO nnocKoro npocTpaHCTBa -

BpeMeHH. llpHCYTCTBHe rpaBHTaUHOHHOI'O nonR BnHReT Ha 

COOTHOWeHHH Me:>K~y HanpH)I(eHHOCTHMH noneii H HX HH~y.K­

UHHMH H TeM CaMbiM HeCKOnLKO H3MeHJieT BH~ ypaBHeHHH 

3neKTpo~HHaMHKB. Cna6oe CTaTH'iecKoe rpaBHTaUHOHHoe 

none Be~eT, B 'iaCTHOCTH, K nOHBneHHIO y "BaKyyM:a" OTnHq­

HbiX OT e~HHHUbl 3neKTpH'ieCKOH H M:arHHTHOH npoHHUaeMo­

CTeH /3a/. Pe3ynLTHPYIOIUHii no.Ka3aTenL npenoM:neHHJI "Ba­

KYYMa" HaH6onee HarnJI~JIO npORBnReTCJI B B3BeCTHOM, 

3KCnepHMeHTanLHO Ha6nro~aeMOM HCKpHBneHHH nyqeii CBeTa 

rpaBHTaUBOHHLIM noneM: ConHua. Y'lfeT CYJUecTBYIOIUero 

B paMKax OTO BnHJIHHJI Ha 3neKTpoMarHeTH3M rpaBHTa­

UHOHHOI'O nonJI, OnHCbiBaeMOI'O KOMnoHeHTaMH g 0a,Be~eT K 

nOJIBneHHIO nepe.KpeCTHOI'O 3ciMlleKTa - B03HHKHOBeHHIO Mar­

HHTHOH HH~YKUBH y BaKyy.wa no~ ~eHCTBHeM 3neKTpH'I.feCKOI'O 

nonJI. PaccMoTpHM 3TOT 3ciMlleKT no~po6Hee. BTopas napa 

ypaBHeHHH MaKCBenna B KOBapBaHTHOH lPOpMe H.WeeT BB~: 

•TaKHe KOMnOHeHTbl C03~aiOTC.II 3a C'ieT BpaJUeHH.II rpa­
BHTHPYIOIUHX Ten H B onpe~eneHHOH w:epe 3KBBBaneHTHbl 
KOMnOHeHTaM MarHHTHOI'O non•, B03HHKaJOU.UIM B BaKyyMe 
3a C'ieT BpaJUeHH_. 3ne.KTpB'ieCKB 3apJilKeHHbiX 06'1oeKTOB. 
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aFik 

axk 

4rr . i -- -] - c /1/ 

EcnH rpaBHTaUHOHHoe none C'lfHTaTL cna6biM H cTauHo­

HapHLIM, MeTpH'ieCKHH TeH30p MO:>KeT 6biTL 3anHCaH B BH~e: 

ik 0 k ik 
g = i - y /2/ 

npH'ieM yaf3 = 0 npH a f- {3, B TO BpeMH KaK y a 0 f- 0. Bbi­

nHCbiBaH H3 /1/ ypaBHeHHe ~nH Mai'HHTHOI'O nonH B npe~­
nono:>KeHHH OTCYTCTBHH peanLHbiX npOCTpaHCTBeHHbiX TOKOB, 

nony'l.fHM: 

F ak 1 a - af3 
. ;k = -- -(y-gF ) =0. 

-- k 
y-g ax 

/3/ 

PacKpoeM KOBapHaHTHYJO npoH3BO~HYIO ~nH cTaUHOHapHoro 

cnyqa.11: 

a 1 a(3 
--(--F )=0 /4/ 
ax {3 v-:g 

B nepei~eM OT KOHTpBapaaHTHbiX 

HeHTaM TeH3opa nonR: 

K KOBapBaHTHbiM KOMnO-

_a_ (-1- F ya 8f3, __ a_(_1_F ( oa of3_ oa of3, 
{3 - · yo g g - {3 - · oo g g g g ' 

ax y-g ax y-g 

y'iBTW:&a.ll, 'iTO B BHTepecyroiUeM Hac npa6na:>KeHBB cna6oro 

non.11 

1 ii oa 
= 1' g = 1, g = - g oa 

/6/ 
y-g 

a TaK KaK, no onpe~eneHaro/3a, 6 I, 

F = E ao a F a{3= Ba{3 ' /7/ 

nonyqaw: 

B =LE,g]. /8/ 
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3,n;ecb g - TpexMepHhiH BeKTOp, npoeKli,HH KOTOporo paBHhl 

nepeKpeCTHhiM KOMnOHeHTaM MeTpHl.fCCKOrO TeH30pa goa , 

E - nanp1DKeHHOCTh 3JieKTpH1.fecKoro nonH, B - HH,IJ;YKU.HH 

MarHHTHoro nonH. IIpHae.nennhiH ynpomeHHhiH BhiBo,n; 3~eK­

Ta OCHOBaH Ha TOM, l.fTO .3KCnepHMeHTanhHO B03,IJ;eHCTBHe 

rpaBHTali,HH Ha 3neKTpOMarHeTH3M qpe3Bhl'laHHO cna6o 

H BCe 3$4JeKThl MO:>KHO Cl.fHTaTb a,n;,n;HTHBHhiMH H Bhll.fHCnHTh 

He3aBHCHMO. Iionee CTporo yKa3aHHhiH 3cb<PeKT paCCMOT· 

peH B / 3 a • 4, 5/ C yl.feTOM B03,IJ;eHCTBHH CTaTHl.fCCKOrO nonH 
H l.fneHOB BTOporo nopH,n;Ka lfi/. 

BeK1110P g 

CornacHo /
36 I, aeKrop g MO:>KeT 6hiTh npe,.a;craaneH 

B BH,n;e: 

gl 2k __ · (~X~ l. 
7'R2 /9/ 

3,n;ecb m - MOMeHT HMnyni:.ca apamawlll,erocH rena, n 

e,n;HHHl.fHhiH BeKTOp B HanpaBJieHHH Ha6nro,n;aTenH, pacnona­

rafOill,erOCII na paccTOHHHH R.Jlerxo y6eJI.HTbCH, •no, spa­

~aH rena na6oparopHhiX Macuna6oa, HeB03MO:>KHO nony'IHTh 

CKOnhKO-HH6y,n;h 3aMeTHhiX C 3KCnepHMeHTanhHOH fOl.fKH 

3peHHH BenH'IHH BCKTOpa g. lJ03TOMY HHTepeCHO paCCMOT­

peTb 3Ha1.feHHH BeKTOpa g, KOTOphie MOrJIH 6bi Cylll,eC fBO­

BaTh B 3CMHOH na6opaTOpHH 3a C'ICT ,IJ;BH:>KeHHJI KOCMH'ICCKHX 

Ten npH HapyiiieHHH llpHHli,Hna 3KBHBanCHTHOCTH. 

ITpe.nnono:>KHM, liTO Haiiia na6opaTopHH /aMecTe c 3eM­

neB:/ He na.naeT cao6o.nno a none TB:roTeHHH, co.J.naaaeMoM 

KOCMH'ICCKHMH TenaMH, a ,IJ;BH:>KeTCH npJIMOnHHeHHO CO CKO­

pOCThlO Va no KaCaTenhHOH K HCTHHHOH TpaeKTOpHH B ,n;aHHOH 

ee TO'IKe. 

Hcnonh3YH cllopManLHO npaaHno nopeHu.-npeo6paJoaa­

HHH TeH30pOB, nonyl.fHM B TaKOH npHMOnHHeHHO H paBHOMep­

HO ,IJ;BH:>Kylll,eHCH CHCTeMe: 

6 

"oa = __ 1 __ [g' oa (1 + 
"' v2 

1-­
c2 

2 a a 
v) v •oo v ,aa] - + -g + --g . 
c 2 c c 

3,n;ech lliTpHXH OTHOCHTCH K CHCTeMe KOOp,IJ;HHaT, nOKOHlll,eH­

CH OTHOCHTenbHO ll,eHTpa TH:>KeCTH CHCTeMhl HCTOl.fHHKOB 

rpaBHTaU.HOHHoro nonH. Tax xax rpaBHTaU.HOHHoe none 

3Be3,n; B 3eMHOH na6oparopHH cna6oe,g' oo H g' aa onpe­

.nenHM no cllopMynaM illaapll,lliHnh,n;a /3 B/: 

g' 00 - 1 + 2kM 
Rc~ ' 

g ,aa = 1+ 2kM 

Rc 2 

v 
H, onyCTHB qneHhl BTOpOrO nopH,n;Ka no C , nonyl.fHM 

oa , oa 
g = g 

a 
+ 4~· ..!L 

c c 2 • 

3,n;ech cp - HblOTOHOB noTeHli,Han 3Be3,IJ;. 

/10/ 

/11/ 

TaKHM o6pa30M, HHTepecyiOlli,HH Hac BeKTOp g B pac­

CMOTpeHHOH CHCTeMe onpe,n;enHeTCH KaK CYMMa ,IJ;BYX cnarae­

MhiX 

g = gl + g 2' 
nepaoe H3 KOTOphiX eCTh 3cllclleKT nonH MOMeHTOB apalll,eHHH 

HenO,IJ;BH:>KHhiX 3Be3,n;, KOTOpoe onpe,n;enHeTCH no cilopMyne 

/9/, H BTOpoe - pe3ynLTaT penHTHBHCTCKOrO ,D;BH:>KeHHB 3eM· 

nH B none CTaTH'IeCKOrO noTeHli,Hana: 

v ¢ v 3 
g = 4- -- = 4(-) 

2 c 2 c c 

/12/ 

B npe,n;nono:>KeHHH paBeHCTBa va op6HTanbHOH CKOpOCTH ,n;nB 

KpyrOBOH op6HThl: 

va = V kM. 
R 

/13/ 

H3aecTHo/7 / 'ITO c MaKCHManLHOH cKopocTLlO /paaHoii 

npHMepHO 250 KM/C/ OCylll,eCTBnBeTCB ,IJ;BH:>KeHHe 3eMnH 

BMeCTe CO BCeH ConHe'IHOH CHCTeMOH BOKpyr IJ,eHTpa 

ranaKTHKH, no3TOMY 

\g2\ = 2,3·10-9 ' /14/ 
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~'vc 1. Kapmo 3EC.':JC1iG;'C grfa 3t:~ :;r\: /.{clic6 omMe<>€ua 

un.r;e,u:cu. a/ Co36<-3cue Jlef:c<~fo'. <il'L1u3u i'Of.'U-30H11ta, c/ co-
3ecidi.<C Jlc6cdJt e6JiU3u .:H'ht<»W. 

~ 

a 

TPH nopJI,nKa MeHLwe. CpaBHHMoe no aenHqHHe c /14/ none 

BeKTopa g 1 nonyqaeTCJI 3a cqeT apall\eHHJI ranaKTHKH 

BOKpyr caoero ueHTpa. CornacHo ,naHHhlM acTpoHoMHH,B 

3TOM ,nBH:lKeHHH HY:lKHO Bhl,nenJITL .nae ranaKTHqecKHe co­

cTaBJIJIIOII\He - llJIOCKYIO H C~epHqecKyiO. 3Be3,nhl, HaceJIJIIO· 

11\He C~epHqecKyiO COCTaBJIJIIOII\YIO, CKOHUeHTpHpOBaHhl B 

UeHTpaJILHOH 06JiaCTH H JI,npe ranaKTHKH H HMeiOT 60JILWHe, 

HO cnyqaii:HhlM o6pa30M OpHeHTHpOBaHHhle CKOpOCTH Bpall\e­

HHJI. ll03TOMY MO:lKHO cqHTaTL, qTo OHH He C03,naiOT 3HaqH-
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TenbHOrO nonJI g1 .3Se3,ZJ;bl, HacenJIIOUUie nnOCKYJO COCTaSnJIJO• 
~y10, KOH~eHTpHpYJOTCJI Ha nepH~epHH - S ranaKTHqecKHX 
seTssx. Oua ~opMHPYJOT OTHOCHTenbHO TOHKHii .ZJ;HCK I puc.21, 
spa~aiOUUiiiCJI soxpyr ~eHTpa ranaKTHKH no 3aKOHY Ken­
nepa, npaqe:y spa~eaae so scex pyxasax oc~ecTsnseTcJI 
s OAHY H TY lKe CTopouy. Cornacuo acTpo~H3HqecKHM ,ZJ;aH­
HbiM, nonyqeHHbiM sa ocaose pacqeTos OopTa, Macca nnoc­
xoii KOMnOHeHTbl pasHa 0,8.10 44z, p'w-yc nnOCKOii KOM· 
noHeHTbl npHMepHO paseH 5.1022 

CM S • JeMnJI HaXO.ZJ;HTCJI 
Ha nepH~epHH ranaKTHKH, Ha paCCTOJIHHH npHMepHO 3.1cY 2cM 

oT ee ~eHTpa. HHTerpaposauaeM s npe.ZJ;enax nnocxoii 
cocTasnsro~eii nonyqa:y no ~opMyne 191: 

- 10 
1 g 

1
1 = 2,5· 10- . 1151 

Puc. 2. CxeMamu-.ecKoe uao6paxeHue TaAaKmuKu, euouMoii 
c "pe6pa ". PacciiiO.RHue e napceKax. floAoxeHue 3eMAU 
OIIIMetleHo cmpeAKoii. 

10 

Bpall(eHHe .ZJ;pyrHX ue6eCHbiX Ten ,ZJ;aeT SKna.ZJ;, KOTOpbiM MO)I(· 
uo rrpeue6peqb. 

IIpuse.n.eHHbie o~eHKH nons sexTopos g crrpase.n.nusbi 
s nopeu~esoii cucTeMe oTcqeTa, .ZJ;SHlKy~eiics npsMona­
ueiiuo s rpasuTa~HOHHOM none ranaKTHKH lxacaTenbHO 
K HCTHHHOii TpaexTopual. B 3eMHOii na6opaTopuu,na,ZJ;aiO~eii 
S rpaSHTa~HOHHOM none ranaKTHKH CS060.ZJ;HO, COrnaCHO 
IIpHH~HIIY 3KSHSaneHTHOCTH SeKTOp g )J,OJI)I(eH 6b1Tb paseH 
uymo. 

3KcnepUMeHmaAbHbiU noOXOO 

IIposepxa rrpuu~urra JKsusaneHTHOCTH B TaKOM ac­
rrexTe MOlKeT 6b1Th CSe,ZJ;eHa K H3MepeHHIO MarHHTHOH HH­
.IJ.YKUHH s o6'beMe, r.n.e rrpucyTcTsyeT JneKTpuqecxoe none, 
HnH, Toquee,K H3MepeHHIO H3MeHeHHJI MarHHTHOH HH.IJ.YK~HH 
rrpu H3MeHeHHH opueuTa~HH JnexTpuqecxoro nons. Hau-
6onLrnas qySCTSHTenLHOCTb S H3MepeHHH ManblX MarHHTHblX 
J~eKTOS S HaCTOJI~ee speMJI rronyqaeTCJI npH HCIIOnh30Sa­
HHH csepxrrpOSO)J,JI~HX KSaHTOSblX HHTep~epoMeTpos/9, II/. 
Hx )J,eHCTBHe OCHOSaHO Ha TOM, qTo MarHHTHblH IIOTOK, 
3aKJIJoqeHHhiH SHyTpH csepxnpOSO.ZJ;JI~ero KOHTypa, coxpaHJI· 
eTCJI IIpH H3MeHeHHJIX MarHHTHOrO IIOnJI, C03)J,asaeMLIX KaK 
SHeiiiHHMH, TaK H SHyTpeHHHMH no OTHOilleHHIO K KOnh~Y 
HCTOqHHKaMH. EcnH TaKOH KOHTyp npe.n.cTaSHTh ce6e S SH,ZJ;e 
.IJ.SYX CSepxrrpOSO)J,JI~HX KOne~, CSJI3aHHhiX CsepxnpOSO,ZI;JI~H­
MH rrposo.n.aMH I puc. 31, TO ycnosue coxpaHeHHJI MarHHT­
HOrO IIOTOKa IIpHSe)J,eT K S03HHKHOSeHHIO SO SCeM KOHType 

Puc. 3 
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He3aTyxaJO~ero TOI<a npu H3MeHeHHB MarHHTHoro non.&, 

npOHH3biBaJO~ero O,AHO H3 :HHX I<OJie~. 3TOT TOI< MO>J<eT 

6LITb H3MepeH lBO BTOpOM I<OJIL~el C Y'feTOM 3cllcllei<Ta 

J<BaHTOBaHHJI MarHHTHOrO nOTOJ<a H 3cllcllei<Ta ,lbK03eclJcoHa 

C qpe3Bb11·laBHO BhiCOI<OB TO'IHOCTbiO / 11 • 12/, 3Jiei<TpH'IeCI<Oe 

none B o6~eMe y~o6Ho co3~aTL c noMo~LIO 3ap.&>I<euuoro 

I<OH~eHCaTopa. 

PaccMoTpHM aonpoc, npuae~eT JIB nowe~eHue I<OH~eu­

caTopa BHYTPH Tai<oro caepxnpoao~JI~ero I<OJIL~a I< H3-

MepJieMLIM 3c}M)IeJ<TaM? fipe~OJIO>KHM, 'ITO Hanp.&>I<eHHOCTb 

3JieKTpH'IeCI<OrO nOJI.H B nJIOCI<OM I<OH~eHCaTOpe, BeJ<TOp 

gu ocL Hamero caepxnpoao~B~ero I<OJIL~a opueHTHPOBaHLI 

B3aHMHO nepneH~HI<yJI.&pHo I puc. 41 Tai<, 'IT06LI MarHHTHLiii 

noToi<, B03HHI<aJO~ii B I<OH~eucaTope cornacuo clJopMyne 

181, MOr Bhi3BaT.b TOI< B CBepxnpOBO~.&~eM I<OJib~e. ~JIJI 
UpOCTOThl MO>I<HO nOJIO>I<HTb, 'ITO O~Ha H3 06I<Jia~OI< I<OH· 

~eHcaTopa u KOJIL~o uaxo~.&TC.& npu uyneBoM noTeH~ane. 

Ecnu BTOPYJO o6J<na~I<Y 3ap.&.AHTL, TO 3Jiei<TPH'Ieci<oe none 

B TaJ<OB CHCTeMe 6y~eT C~eCTBOBaT.b B 3a3ope I<OH~eH· 

caTopa u B 3a3ope we~y BTopoii o6I<na~oi u I<OJib.~OM. 

h-
E2 

E1 

t -

·-

....... 

~ ~&. a ... ?" ~ a1 
Puc. 4 

I 
I 

\ 
J 

HeTpy~HO BH~eTb, 'ITO MarHHTHLie nOTOI<H, I<OTOphle MOrJIH 

6:w B03HHI<HYTL B 3THX 3a3opax 3a c'leT paccwaTpuaaeworo 

3q,q,eJ<Ta, TO'IHO CI<OMUeHCHPYJOT ~pyr ~pyra. 
Mo>I<Ho ~oi<a3a TL TeopeMy, 'ITO npu JIJ06oii I<oHclJurypa~u 

I<OJib~a H nJiaCTHH H npH JII060M HX 'IHCJie HeJib3.H UOJIY'IHTb 

npB Tai<oii nocTaHOBJ<e OTJIH'IH:WB OT HYJI.H CYMMapH:WB Mar­

HHTH:WB nOTOI<. ~eHCTBHTeJibHO, HaJIH'IHe HeHyJieBoro Mar­

HHTHOrO nOTOI<a, npOHH3LIBaJO~ero I<OJib~O, B 3TOM CJIY'Iae 

03Ha'laJIO 6LI HepaBeHCTBO HYJIIO HHTerpana no nJIO~~H 

I<OJib~a OT HanpJI>I<eHHOCTH 3Jiei<TpH'IeCI<OrO UOJI.H, Jie>J<a~ero 

B nJIOCI<OCTH I<OJibUa: 

<I>'= ffdSB' =goy fdyfdxEx. 
c 
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Tai< I<ai< I<OHTYP HHTerpupoaaHH.& B Hamew cny'lae orpaHH'IeH 

npoBO.AHHI<OM I caepxnpoBO.AHHI<oMI, Me~y JIJ06:WMH TO 'I· 

KaMH I<OTOporo, no onpe~eJieHHIO, OTCYTCTByeT pa3HOCTb 

noTeH~aJIOB, TO HHTerpan TO~eCTBeHHO paBeH HyJIJO: 

B 

fdx;Ex= UAB= 0. 1111 
A 

~JI.H TOro 'IT06:W CyMMapHLIB MarHHTHLIB nOTOI< 'lepe3 

TaKoe I<OJib~O CTaJI HeHyJieBLIM, O.AHH H3 3a30pOB MO>I<HO 

3anoJIHHT.b clJeppoMarHHTHOB cpe~oii C MarHHTHOH npOHH~ae • 
MOCTLIO P.¢ » 1. Heo6xo.AHMOCTL npHI<Jia~:wBaTL I< 3TOMY 

3anOJIHHTeJIIO 3Jiei<TpH'IeCJ<Oe none 3aCTaBJI.&eT OCTaHOBHTb 

Bbi60p Ha clJeppHTaX C MaJIOB npOBO.AHMOCTbiO H Y~OBJieTBO· 
puTeJILHoii 3Jiei<TPH'IeCI<oii npo'IHOCTLIO. Tai< I<ai< o6~.& 

TeOpHJI OTHOCHTeJibHOCTH npe~CJ<a3biBa_eT, 'ITO B npHCYTCTBHH 

MarHHTHoro non.& B none Bei<Topa g B03HHI<aeT npupa­

~eHue 3Jiei<TPH'IeCI<oii HH~YI<~HH ;a a ,6 I a He Hanp.&>I<eHHOCTH 
' 3Jiei<TpH'IeCKOrO nOJIJI, B03~eBCTBHe 3TOrO o6paTHOrO 3clJ· 

clJeKTa He OJ<a>J<eT BJIH.HHHJI Ha opueHTa~HIO MarHHTH:WX 

MOMeHTOB aTOMOB B clJeppuTe. Ocuoauwe TeXHH'Ieci<ue H 

I<OHCTpyKTHBHble xapai<TepHCTHI<H HCnOJI.b30BaHHOrO HaMH 

caepxnpoao~JI~ero I<BaHTOBoro HHTepclJepoMeTpa 6onee no~­
po6Ho onucaHw pauee /11. 16/. 

~aT'IHI< HHTepclJepoMeTpa npe~cTaBJIJIJI co6oii ~ayx~w­
po'IHblii O,AHOI<OHTaKTHbiB CKBH~ ~MMepMaHOBCI<OrO TH· 

na /16, 1 8/ B O,AHO H3 OTBepCTHB KOTOporo 6b1Jla BBe~eua 
' 

12 13 

~ . . 



KaTywKa Kone6aTenLHoro KOHTypa. PaHee npoaep;eHHa.ll on­

THMH3aiJ.H.II napaMeTpoa CKBH.D;a H KOHTypa/11• 1 7 I H acnonL-

30BaHHe yp;aqHOH pa.D;H03JieKTpOHHOH CXeMhl ll03BOJIHJIH no­

nyqHTb p;o BBe.D;eHH.II ~eppHTa qyBCTBHTenLHOCTL Ha ypoaHe 

5.1 0-S K6QHI/Ia MarHHTHOrO llOTOKa Ha BbiXO.D;e HHTerpa TOpa 

npa nocTO.IIHHOH apeMeHH, paBHOH ceKyHp;e. OcHOBHa.ll Tpyp;­

HOCTL 3KCnepHMeHTa 3aKJUOqanaCb B COBMeiiJ.eHHH BhlCOKO­

qyBCTBHTeJibHOrO CKBH.D;a C ~eppHTOM 6e3 OTHOCHTeJibHhlX 

BH6paiJ.HH H B TeMnepaTypHOH CTa6HJIH3aD.HH ~eppHTa. 

llpoaep;eHHhle paHee H3MepeHH.II noKa3ana, qTo y acex 

HCCJie.D;OBaHHhlX ~eppHTOB o6paTHMaJI MarHHTHa.ll npOHH­

D.aeMOCTb npH renHeBOH TeMnepaType CHJlbHO CHH*aeTC.II. 

~JIJI HH3KoqacTOTHhlX HHKenL-IJ.HHKOBhlX ~eppHTOB npH re­

JIHeBOH TeMnepaType o6paTHMa.ll MarHHTHa.ll npOHHD.aeMOCTb 

/1 = 7, .D;JIJI MapraHeiJ.-IJ.HHKOBbiX ~eppHTOB - fl. = 5, .D;Jl.ll 

MarHHTO.D;H3neKTp:&KOB CdCrS4 -11=ll, EuO - f1 = 14. 

)l;pyrHM HeO*H.D;aHHhlM .D;JIJI HaC ~aKTOM .IIBHJIOCb KpaHHe 

Me.D;JieHHOe OXJla*.D;eHHe ~eppHTOB H MarHHTO.D;H3JieKTpHKOB. 

B nepa~a~e .D;HH nocne noMeiiJ.eHHJI TaKoro o6pa3ua B renae­

BYIO BaHHY ero OCTaToqHa.ll HaMarHHqeHHOCTb MeH.IIeTC.II Ha­

CTOJibKO CHJlbHO, qTO MarHHTOMeTp perHCTpHpyeT H3MeHe­

HHe llOTOKa CO CKOpOCTbiO HeCKOJlbKO KBaHTOB HJIH .D;a*e 

.D;eCJITKOB KBaHTOB B CeKyH.D;y. Il03TOMY TOqHhle MarHHTHhle 

H3MepeHH.II Ha ~eppHTaX npHXO.D;HTC.II npOBO.D;HTb TOJibKO 

qepe3 HecKOJILKo Hep;enL nocne noMeiiJ.eHHJI ~eppaTa B *HA­

KHH renau. 

HaMH 6~a~na npep;npHHJITa nonhlTKa aecTH H3MepeHHJI, 

llO.D;.D;ep*HBaJI ~eppHT npH KOMHaTHOH TeMnepaType. ~JIJI 
3Toro ~eppHT noMeiiJ.ancJI BHYTPH cneuaanLHoro "aHTHKpao­

cTaTa", rp;e no.D;.D;ep*HBanacL TeMnepaTypa, 6nH3Ka.ll KKoM­

HaTHOH /10 - 15° C/, a cHaPY*H aHTHKpaocTaTa pacnona­

ranacL renHeBaJI BaHHa C KBaHTOBhlM HHTep~epOMeTpOM 
H caepxnpoBO.D;JIIIJ.HM 3KpaHoM. OT 3Toro MeTo.D;a, Ka3aa­

werocJI BeCLMa nepcneKTHBHhlM, npHWJIOCb OTKa3aTLC.II H3-

3a Tpy.D;HOCTeH .D;OCTaToqHo *eCTKOrO KpenneHHJI MaCCHB­

HOrO ~eppHTa BHYTPH HHTep~epoMeTpa qepe3 CHCTeMy 

MOCTOB aHTHKpHOCTaTa. 
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3KcnepHMeHTaJI:t.HO llpOIIJ.e OKa3anOCh HCll0Jlh30BaTb .D;n.ll 

H3MepeHHH ,D;OCTaToqHo 60JibWOH KpHOCTaT, 3anaca )l(ll,li;KOro 

renH.II B kOTOpOM XBaTaJIO 6onee qeM Ha MeC.IIIJ.. B TaKOM 

KpiiOCTaTe B TeqeHHe nepBWX .D;BYX C UOJIOBHHOB He.u;en:t. 

npOBO.D;HJIOCb OXJia>K,D;eHHe ~eppHTa, a 3aTeM, KOr,u;a CKOpOCTh 

H3MeHeHH.II UOTOKa ycTaHOBHJiaC:t. MeH:t.We KBaHTa B qac, 

BenHCb H3MepeHH.II. 

Ba*HwM napaMeTpoM ~eppHTa, c ToqKH 3peHH.II ero 

npHrO,D;HOCTH .D;Jl.ll .D;aHHOrO 3KCUepHMeHTa, .IIBJI.IIIOTC.II ero 

3JieKTponpoao.u;HocT:t. H 3JieKTpaqecKa.ll npoqHocT:t. • B CBJI-

3H C TeM, qTo O.D;HOBpeMeHHO MaJIOH 3JieKTponpOBO,D;HOCThiO 

H 3HaqaTeJI:t.HOH 3JieKTpHqeCKOB npoqHOCThiO/.D;O 2 Ke/CM/ 
npH reJIHeBOB TeMnepaType o6nap;aeT WHpOKO.D;OCTYUHWB 

HH3KoqacTOTHhlB HHKeJI:t.- IJ.HHKOBWB ~eppHT, OUHChlBaeMWH 

3KCnepHMeHT npOBe,D;eH HMeHHO Ha HeM. 

06wqao B 3KCnepHMeHTaX CO CKBH.D;OM MarHHTHWH UOTOK 

OT HCCJiep;yeMoro 06'beMa UO.D;BO,D;HTC.II K HHTep~epoMeTpy 

c noMOIIJ.LIO cneuaan:t.Horo caepxnpoao.u;JIIIJ.ero TpaHc~op­

MaTopa llOCTO.IIHHOrO UOTOKa /20/. IlpHMeHeHHe TaKOrO 

TpaHC~OpMaTopa Y.D;06HO He TOJibKO C TeXHHqecKOB TOqKH 

3peHH.II,. C llOMOIIJ.hiO TpaHC~OpMaTopa llOTOKa MO*HO CYIIJ.eCT­

BeHHO yBeJIHqHTh qyBCTBHTeJI:t.HOCTh HHTe~epoMeTpa/W/, 
acnonL3Y.II nepaaqHyro KaTymKy H o6pa3eD. 6on:t.moro o6'Le­

Ma. 0.D;HaKO B HaWeM cnyqae HCUOJlh30BaHHe ~eppHTa 6on:t.­

moro o6'LeMa Heuenecoo6pa3Ho, TaK KaK ero Tpy.u;Ho 3a­

KpenHTL. IlpH HCllOJib30BaHHH MaJIWX HCCJie,u;yeMWX o6pa3-

IJ.OB npHMeHeHHe CBepxnpOBO,D;.IIWero TpaHC~OpMaTopa He­

paiJ.HOHaJibHO, TaK KaK HeCMOTp.ll Ha HeKOTOpWe TeXHHqeCKHe 

y.u;o6CTBa npHBO,D;HT K 3HaqaTeJI:t.HOMY CHU*eHHIO qyBCTBH­

TeJibHOCTH I 21/ .Ilo3TOMY MW Haui.JIH uenecoo6pa3HWM noMe­

CTHTb ~eppHT BMeCTe C 06Kna,u;KaMH KOH.D;eHCaTopa np.IIMO 

BHYTPH CKBH.D;a C .D;HaMeTpOM OTBepCTH.II 3 MM jpuc. 5/. 
~HaMeTp BTOporo OTBepCTH.II CKBH,D;a, qepe3 KOTOpoe ocy­

IIJ.eCTBJI.IIeTC.II CB.II3h co cqaTwaaroiiJ.ei annapaTypou, 6wn 

paBHWM 2 MM. YKa3aHHoe H3MeHeHHe KOHCTPYKnHH CKBH.u;a 

He UOBnH.IIJIO 3aMeTHO Ha ero napaMeTpW H He npHBeJIO 

K CYIIJ.eCTBeHHOMY H3MeHeHHIO qyBCTBHTeJibHOCTB. 
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Puc. 5. CxeMa pacnoAoxeHUR KOHOeHcamopa u ¢eppuma e 
cKeuoe. 1,4 - o6KAaOKU KOHOeHcamopa, 2 - KaAu6poeo'lHaR 
KamywKa, 3 - OU3AeKIIIPUK, 5 - ¢eppum, 6 - mo'le'lHbiU 
KOHmaKm CKBUOa, 7 - KamyWKQ KOAe6ame.t1bHOZO KOHmypa 
uHmep¢epoMempa, 8 - Huo6ueebti1 cKeuo. 

He,KOTOpble onaceHBJI y Hac Bbi3Bana B03MOlKHOCTL 

3KpaHapoaaHBJI 3JieKTPB'IecKoro nonJI BHYTPBclleppaTa 3JieKT­

pa'leCKBMB 3apJI~aMB, CKallJIBBaiO~MBCJI Ha llOBCpXHOCTB 

o6pa3Ua 3a C'ICT ero KOHC'IHOi llpOBO~BMOCTB B llJIOXOrO 

KOHTaKTa Me~y clleppBTOM B 06Kna~KaMB KOH~eHCaTopa. 
)J,nJI Toro 'IT06bl B36e)l(aTL 3Toro 3cllclleKTa, noaepxHOCTL 

clleppaTa 6blna npaTepTa B O'IBI.UeHa, a o6Kna~Ka a BB~e 
MC~HOH cllonLrB TO~HOH 20 MKM HaKna~biBaJiaCL DJIOTHO 

npJIMO Ha noaepxHoCTL clleppaTa. TaKaJI KOHCTPYKUBJI ~onlKHa 
6blna llpBBO~BTL K B03HBKHOBCHBIO TOKa 'lepe3 4leppBT, 
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•n o .n.eik1 BHTenLHO Ha6nro~anoch JKcnepHMCHTaJILHO. O~Ha­

KO MarHJHHOC DOJIC 3TOrO TOKa E CBJI3B C CBMMeTpB'IHOCTLIO 

J<OHCTpyKllHH, Bo-nepBbiX, MaJJO H, BO-BTOpbiX, He 3aBHCH1 

01 OpHCHTDUBH BCei YCTaHOBKH B npOCTpaHCTBe H llOTOMy 

He MO)I{€1 BLI3B8Th HMBTHPYIOI.Uero 3clxl>CKTa. 

Ka)l(eTCH, '110 O.L(HOH H3 06Kna.n;OK KOH~CHCaTopa MOrna 

CJI}":lf<HTb DOBepXHOC1h OTBepCTHJI B CKBB~e, O~HaKO B 3TOM 

CJI}qae npo60H clleppHTa BCJI K BWXO~y CKBH~a H3 CTpOJI. 

HMCHHO 313 npH'IHHa 38CT8BHna HaC BBCCTH 06Kna~Ky HJ 

M€,1HOH qlOJILrB, CJIY)I(HBWYIO O~HOBpCMCHHO 3KpaHOM OT 

::w~MO)f(HOJ o B nponecce uac1poiiKH npo6oJI. Kanu6poBKa 

"'YBC1 HH1 eJihHOGTR HHTepcllepoMeTpa OCYI.UCCTBn.fiJI8CL C 

:10:\fOUlhH) HC60JihlliOH KBTYWKU, HaMOTaHHOH llOBepx o6pa3UB 

E GJlHH C..iiOH 20 · MHKpOHHLIM npOBO.II,OM. 

)J,JUI ;oro, 'HOObl H36e:W.8:1h B03.II,CHCTBHJI llOMex, CBJI-

711HHW:X C HCC186HJihHOCTbiU BHClliHero MarHHTHOro llOJIJI, 

CJ<HH;J .BMCCTC 1.~ <i;eppHTOM B BCDOMOraTenLHLIMH .L(CTaJIJIMH 

Ohl.ii HPMCIH.CH B CBepxnpOBO,ll&iUUH MarHRTHLIH 3KpaH, H3ro­

: nB:fCIUfbiH HJ uumua H HMCHlliHH fllopMy HCCKOnLKO cnmo­

iUO!HOR wnRH. Ko34xbHUHt:H1 ::nrpaHHpoaauus nonyqHncB 
3 

:>t~ll.d•f& !H,'COI<HM (_11} ).,ll.OCT<~":C'U!G CKa:JaTh, '!TO DO)lHCCC-

?HH' Bnnr:: l'YIO I< ¥pBocTaTy Mannnuoco 6pycKa c Hanpx)l{eH~ 

:',ncn,J:n 7lt.1Jt BOJH!3E llOBCp:X.HOCT!'i E HeCKOJihKO COTCH 3p· 

1 en Hp~J:Eli;~HJIO l< HJMCHCHHJO !HHCl<a B CKBH,ne, MCHhWCM} 

~ C :c "i!U.HitW. Bnyqm caepxnpcrw;unuero JJ<paHa CKBB.ll aMec­

" e C Q_tcppHTOBhiM flOJIYUHJIHHJl.POM 6blJIH OpHeHTHpoBaHM 

aepYHKBJihHO, DOJ10MY 3JICK1pRqecKOC none 6LIJIO BCCI'~a 

:w.np;a::rum ropH10ETaJILHO. B CB.If:lH c JTHM Hama ycTaH_oB­

:•H MOl :ch laperHC1"pHpOBa1.1, HHlhKO npOCI<UHIO BCKTOpa g Ha 

: op1BOH1 a.>1LH}'IO IIJ!OCKOCTh. ,ll,JIJI TOrO, 'IT06bi HMCTb B03-

M<DIUiOCl h H3MCHI!Th yron_ MC)I{,.ll}' 3JICK1pHqeCKB.M noneM 

M HanpaBJH'HHCM BCKTOpa g, BCCh KpROCTaT BMCC1C C nep· 

!HPmoii pa.JlH03neKTPOHHOH annapa1ypoii ycTaHannuBancJJ: 

JW fiOBOpOTHOB nnaTcllOpMe I! MOr llOBOpa'IHB8ThCJl BOKpyr 

Bt'IJI HI<anLHOB ocB. CneuuanhHble Me phi 6LinB npBHBTLI .nnx 

aH1HBBfipaUHOHHOH llO~BeCKH llOBOpOTHOB nnaTcllOpMLI. 

HanH•n!e clloHoaoro H3MeHeHHJI HaMarHH'IeHHOCTH clleppH­

T8, CBJ138HHOrO C Me~neHHbiM OCTLIBaHBCM, He ll03BOnHJIQ. 

npRI<ll8P.biBaTL K ~eppHTY fiOCTOBHHOe 3neKTpH'IeCKOe Ha· 

llPR*eHHe. )J,n& nonyqeHHJl BbiCOKOB 'IYBCTBHTCJILHOCTH HB 
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TB/, CBJ13aBBLie c pa6oroii ycrauoaoi< B coce.D;HBX na6opa­
ropuJix. Ilpu 3TOM myMLI uureJ>4>epoMerpa B nepaoii cepuu 
H3Mepeuuii ne)Kanu ua ypoaue 8.10-5 KeaHma noroi<a /yc­
pe.D;ueuo no aceM B3MepeHBJIM 3Toii cepuu/. Tai< I<ai< 
I<OH,IJ;eHCaTop B CI<BB,IJ;e BMen IJ;BnBH,IJ;pB'I.feCI<YIO l}lopMy B 6bln 
COCTaBneH B3 ABYX nonyu;BnHH.D;pOB - l}leppBTOBOrO B .D;B3-
neKTpB'I.feCI<Oro, nonHLIH nOTOI< 'l.fepe3 CI<BB.D;, B03HBI<aJO.­
muii Ja C'l.feT paccMoTpeuuoro rpaaurau;uouuoro 3nei<rpo-

MarHBTHoro 34>1}lei<Ta, MO)KeT 6LITL Janucau B BB.D;e:. 

<I> = l11 - ll ff [ g, E J r d r d 0 • 
s /18/ 

3.D;eCL BHTerpupoaauue AO~o aecTBCL no ce'l.feHBIO /nony­
I<pyry/ l}leppuToBoro nonyu;SnHH.D;pa.PaccMaTpHBaJI cnyqaii 
Ej gu 6ep.11 BHTerpan, nony'l.fBM 

<I>· ln R/r /19/ g 
2(p - UUR 

3.D;ecL R, r B U - pa.D;Bycw 3nei<TPOAOB I<OH.D;encaropa B 
uanpJI)Keuue Me>K.D;y ua:wu, npa'l.feM R/r =10, R = 0,14 CM. 
Y'l.fBTLIBaJI 3Ha'l.feHBJI napaueTpoa, BXO.D;JimBX a paaeucTBo 
1191, npuae.D;euuwe awwe, nony'l.fBM, 'l.fTO B uaweii JeMHoii 
na6opaTopaa 

lgl = <0,6±1,7>·10- 10
• 1201 

3aKAIO'IeHue 

Onucauuwii 3I<cnepaueuT noi<aJan, 'l.fTO a JeMuwx ycno­
·BBJIX, I<ai< B cne,IJ;OBano 0)KB,IJ;&TL, B3 npBHIJ;Bna 3I<BHBaneHT­
HOCTH rpaBBTaiJ;BOHHLie 34>1}lei<TLI, BLI3LIB&eMLie nepei<peCT­
HLIMB I<OMnOHeHTaMB rpaBBTaiJ;BOHHOrO non• g oa , OTCYT­
CTBYIOT, BO BCJII<OM cnyqae, B npB6nB)KeHBB, paCCMOTpeH­
HOM BLIWe. 3TOT peJynloT&T CTaBBT nO.D; COMHeHBe cnpaBe,IJ;­
nHBOCTL pac'l.feroa npeu;eccuu rupoci<ona, noMemeuuoro ua 
cnyTHHI<e 3eMnH /2 2/, )J;eiCTBHTenloHO, CI<OpOCTL npeu;eCCHB 
rupoci<ona 

-n = c rotg 1211 
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,IJ;On)I(Ha OTCYTCTBOBaTL, ecnB B ero CHCTeMe OTC'I.feTa g
0
a=0. 

B nHTepaType cymecTayeT MHeuue, 'l.fTO ci<opocTio npeu;ec­
CHB rupocKona ua op6uTe uci<yccTaeuuoro cnyTHHI<a 

yM y - --
n'- --- [ vx R J + ---l3n <nrn)- m l, 

R3 c2 c2R3 
122/ 

T.e. 

n, - c rot (g l + g 2)' 1231 

r ,IJ;e g1 + g 2 BLI'I.fBCnJIJOTCJI no l}lopMynaM 19 I B I 121, 'l.fTO, 

I<a)KeTcx, npoTBBope'l.fHT peJynLTaTy onucauuoro 3I<cnepu­
MeHTa B npBHIJ;Bny 3I<BBBaneHTHOCTB. 

ABTop HCI<peuue npH3HaTeneu B.M.Jiaquuoay, M.M.Mup­
)Kanunoay Ja noMom~o B no.D;roTOBI<e ann~paTypw B npo­
ae.D;eHBB B3Mepeuuii, a Tai<)Ke P .A.Acauoay, B .li .liparuu­
ci<oMy, B.K.HruaTOBH'I.fy, ,D;.A.KHp)KHBIJ;y, B.JI.JIJ06omuu;y, 
JI.A.Mai<CHMOBY, JI.A.Mui<a3nJiuy, B.H.Orueaeu;I<oMy , 
IO.M.OcTaueau'l.fy, M.H.IIo.D;ropeu;I<oMy, 3.A.IIepen~owTeiiuy, 
JI.A.CMopo.D;BHCI<OMy, JI.qepy, H.A.qepHBI<oay, B.B.illMBA­
TY 3a none3Hble B HHTepeCHble o6Cy)K,IJ;eHBJI. 
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