
B . 8 .BacHJibeB' 8. r . rpe6mrnHK ' 8 . r. CHMKHH 

qyBCTBY1TE~bHbll1 CBEPXfIPOBO~Hll{MH 

KBAHTOBhlH MArHMTOMETP 

Pl3 - 6942 



,. 

' 

B .B.BacHJibea, B.r .rpe6HHHHK, B.r .CHMKHH 

'1¥BCTBl1TEJibHhlft CBEPXIIPOBO,MUU1:A 

KBAHTOBH:A MAPHI1TOMETP 

Pl3 - 6942 



J 

Pa3pa6oTaHHbIH H onHCaHHbIH B pa6oTe /l / CBepxnpoBO.!l.llIUHH 

.!lBYXKOHTaKTHblH HHTep<l>epoMeTpH"leCKHH MarHHTOMeTp no3BOJI.llJI 

noJiy"laTb OTHOCHTeJibHO BbICOKYIO "IYBCTBHTeJibHOCTb K MarHHTHOMY 

noJIIO: 4.10 - 7 3PCTe.na npH noCTO.llHHOH BpeMeHH npH6opa, 6JIH3KOH 

K 1 ceKyH.ne. 

0.nHaKO He06XO.!lHMOCTb HacTpOHKH KOHTaKTOB TaK, "IT06M HX 

KPHTH"leCKHe TOKH H conpOTHBJieHH.11 B CMewaHHOM COCTO.llHHH 6bIJIH 

npH6JIH3HTeJibHO 0.!lHHaKOBbIMH 12!, npe.ncTaBJI.llJia 3Ha"IHTeJibHYIO 

TPY.!lHOCTb. 3ToT He.nocTaToK ycyry6n.11nc.11 Heo6xo.nHMOCTblO Ha

cTpoii.KH KOHTaKTOB npH Ka)IC,!lOM OXJia)IC,!leHBH .no reJIHeBOH TeMne -

paTypw. ABTOpbI pa60TbI /3/noxaJaJIH, "ITO ecJIH JaMeHHTb nocTo.11H

HbIH TpaHcnopTHblH TOK B HHTep<l>epoMeTpe pa,nBO"laCTOTHbIM, TO 

.nm1 Ha6JIIO,!leHH.ll KBaHTOBoro 3<1><l>eKTa, B03HHKalOIUero npH H3Me

HeHHH MarHHTHOro IlOTOKa, .!lOCTaTO"IHO HaJIH"IH.11 0.!lHOro KOHTaKTa 

e ceepxnpoeo.n.11IUeM KOJibUe. 

IlpHHUHil pa6oTbl TaKoro ycTpOHCTBa MO)ICHO IlOH.llTb, paccMoT

peB cxeMy. IlOKa3aHHYIO Ha PHC. 1, r .ne L H c - HH.!lYKTHBHOCTb 

H eMKOCTb pa,nHO"laCTOTHOro KOJie6aTeJibHOrO KOHTypa, B036y)IC

.naeMoro BHeWHHM reHepa TOpOM r, Lo - HH.!lYKTHBHOCTb CBepx -

npoBO.Il.llIUero KOJibUa, J - TO"le"IHblH KOHTaKT. 

IloJIHbIH MarHHTHblH IlOTOK, CB.113aHHMH c KOJibUOM, eCTb cyMMa 

noTOKa <f>uC03,!laeaeMoro CBepxnpoBO.!l.lllUHM TOKOM I, TeKyIUHM no 

KOJibUY. H IlOTOKa </> K'C03,!laeaeMoro KOJie6a TeJibHbIM KOHTYPOM 

B npOHH3bIBalOIUero KOJibUO: 

/1/ 

Tax KaK ceepxnpOBO.!l.llIUHH TOK npoTeKaeT no KOHTaKTy, TO ero 

eeJIH"IHHa onpe.nen.11eTc.11 paeeHCTBOM ,l).)ICoJe<l>coHa: 

] = ] Sin 211 
Kp. 

/2/ 

3.necb JKp. - KpBTH"leCKHH TOK KOHTaKTa, </> 0 - KBaHT MarHBTHOro 

nOTOKa. 
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IlO.llCTaBJUl.11 /2/ B /1/, nony'IHM: 

¢ l - fKp.L
0 

Sin2rr ~~l _ =¢ 
'f'o K 

/3/ 

rpa¢HK 3TOH ¢YHKUHH noKa3aH Ha pHC. 2 B npe,llnOJIO)l(eHHH 

2rr L 0 J Kp. > ¢ 0 • ECJIH noTOK 

¢ K = ¢Kl+ ¢ K2Sin wt ' 
/4/ 

r,lle ¢KI - H3Mep.11eMbIH MarHHTHblH noTOK, ¢ K2" noTOK, C03,llaBae

MblH pa,llHO'laCTOTHbIM TOKOM, TOr,lla, KaK BH.llHO H3 pHC. 2, 

aMnJIHTy,lla KOJie6aHHH ¢ l 6y,lleT pa3JIH'IHa B JaBHCHMOCTH OT Toro, 

paBHO ¢ ~lueJIOMY HJIH nonyuenoMy 3Ha'leHHIO KBaHTa MarHHTHOro 

nOTOKa </> O , 

PaJHHUa 

nOTOKa ¢1 
CTaBHT/4/ 

!\ v 

B 3 .,ll. c ., HH.llYUHpyeMOH B KOH Type 3a C'leT H 3MeHeHH.ll 

B KOJlbUC .llJl.11 3THX .llBYil: KpaiiHHX cnyqaeB, co -

Lo(u <Po 
2M 

/5/ 

3.lleCb (u - 'laCTOTa, Ha KOTopoii B036y)l(,llaeTC.ll KOHTyp, COBna,llaJO

IUa.11 c ero pe30HaHCHOH qacTOTOH; M - B3aHMOHH.llYKUH.ll KOHTypa 

H KOJibua. )J,onOJIHHTeJibHa.11 pa,llHO'laCTOTHa.11 3 .,ll. c.' ,llaBaeMall 

ypaBHCHHeM /5/, H3Mep.11eTC.ll H CJIY)l(HT Mepoii npHJIO)l(eHHOro 

MarHHTHoro noTOKa ¢Kl . 
...._ B 3KcnepHMeHTe no,llo6Ho TOMY, KaK 3TO 6hIJIO C,llenatto 

B /4/,To'le'IHbIH KOHTaKT C03,llaBaJIC.ll c noMOIUblO OCTPO JaTO'ICHHoro 

HH06HeBoro BHHTa, KaCaJOIUeroc.11 nJIOCKOrO nonHpoBaHHOro TOpua 

,llpyroro HH06HeBoro BHHTa. 06a BHHTa 6blJIH pa3MeJ!leHbl, KaK 

noKa3aHO Ha pHC. 3, B HH06HeBOM UHJIHH,llpe .llJlHHOH 20 MM 

H ,llHaMeTpOM 10MM. )],Ba OTBepCTH.11 ,llHaMeTpOM 2 MM, npocBep

JieHHbie B UHJIHH,llpe H COC,llHHeHHbie npope3bl0 WHpHHOH 0,2 MM, 

o6pa30BbIBaJIH HH.llYKTHBHOCTb, wyHTHPYJOIUYJO .ll)l(OJe¢coHoBcKHH 

KOHTaKT. HacTpOHKa KOHTaKTa npOH3BO,llHJiaCb npH reJIHeBOH TeM

nepaType nO,llBO.llOM 3aTO'leHHOro BHHTa, ocyIUeCTBJI.lleMblM c no

MOIUblO 'lepBll'IHOro pe,llyKTopa, KOTOPblH ynpaBJI.llJIC.11 CHapy)l(H 

KpHOCTaTa. 

HacTpOHKa KOHTpOJIHPOBaJiaCb no BbICOKO'laCTOTHOH BOJibT-aM -

nepHOH xapaKTepHCTHKe KOHTaKTa/ 4/ .IIocne O,llHOKpa THOR HaCTPOHKH 

,lla T'IHKH BbI,llep)l(HBaJIH no HeCKOJlbKY ,lleC .llTKOB UHKJIOB OXJia)l(,llCHHe -

HarpeB 6e3 JaMeTHOro H3MeHeHH.ll CBOHX napaMeTpOB. )J,aT'IHK 6bIJI 
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HH.llYKTH8HO CB.113aH c KOJie6aTeJibHblM KOHTypoM, nHTaeMblM Bbl" 

COKO'laCTOTHblM TOKOM noCTO.llHHOH BeJIH'IHHbl OT BHeWHero reHe

pa TO pa. C8epxnpoBO.ll.llIUa.ll Ka TYWKaHH.llYKTH8HOCTH KOJie6a TeJibHOro 

KOHTypa, BeJIH'IHHOH = 3.10-7 rH, pa3MeIUaJiaCb B O,ll;HOM H3 

OTBepCTHH ,na T'IHKa. B Ka'leCT8e eMKOCTH KOHTypa HCnOJib308aJIC.11 

KOH,neHcaTOp THna KCO - 390 n¢. )J,o6poTHOCTb KOHTypa nonyqH

nacb 6JIH3KOH K 1000, qacToTa - OKono 16 Mru. BeJIH'IHHa CB.113H 

,D;aT'IHKa c KOHTYPOM no,11;6Hpanacb ,ll;JI.11 nony'leHH.11 MaKCHMaJibHOH 

'IY8CT8HTeJihHOCTH Is/ -BbICOKO'lacToTHoe Hanpg)l(eHHe Ha KOHType 

YCHJIH8aJIOCb YCHJIHTeJieM, nep8b1H KaCKa,11; KOToporo, co6paHHbIH 

Ha repMaHHe80M noJie80M TpaH3HCTope, pa6oTaJI npH reJIHe80H 

TeMnepaType /pHc. 4/. )J,aJibHeliwee YCHJieHHe no 8blCOKOH'laCTOTe, 

,neTeKTHP08aHHe H YCHJieHHe no HH3KOH qacTOTe no380Jl.llJIH 8bl,D;e

JIHTb CHrHaJibl Ha YP08He ,D;eCJITblX .llOJieH MHKP080JlbTa /npH8e,D;eH

Hbie KO 8XO.llY I. IlpHHUHnHaJibHble cxeMbl ycHneHH.11 H npeo6pa309a

HH.11 CHrHaJia noKa3aHbl Ha PHC. 5 H 6. 
H3Mep.ReMoe MarHHTHOe none C03,D;a8aJIOCb c noMOIUblO Ka TYWKH 

/aHaJIOrH'IHOH KaTyWKe HH.llYKTH8HOCTH KOHTypa/, KOTOpa.11 pa3-

Me1UaJiaCb 8 ,npyroM OT8epCTHH ,D;aT'IHKa. OT HH3KO'laCTOTHOro 

reHepaTopa qepe3 3TY KaTyWKY nponycKaJIC.11 MO.llYJIHPYJOIUHH TOK 

paJJIH'IHOH ¢opMbl. TaK, ecnH MarHHTHoro none HJMeH.RJIOCb no 

nHJI006pa3HOMY 3aKOHy, TO Ha 8blXO,D;e MarHHTOMeTpa Ha6JIJO,D;aJIC.ll 

xapaKTepHblH cHrHaJI /pHc. 7 /, no KOTopoMy 6blJIO y,11;06Ho 8ecTH 

TOHKYIO HaCTpOHKy. 

)],JI.II Toro, 'IT06bl H36e)l(aTb 803,D;eHCT8HJI 8HeWHHX nepeMeHHblX 

MarHHTHbIX noneii, ,D;aT'IHK OKpy:>KaJICJI C8epxnp080.llJllUHM 3KpaHOM. 

HcnoJib308aHHe 3KpaHa, H3rOT08JieHHoro HJ C8HHU080H ¢onbrH, 

n0380JIJIJIO CHH3HTb 3TO 803,D;eHCT8He npHMepHO Ha TPH nop.11,D;Ka. 

tly8CT8HTeJibHO?:Tb MarHHTOMeTpa 6blJia npH6JIH3HTeJibHO pa8irlt 

10 -B 3/CeK 1 2 H orpaHH'IH8aJiaCb He wyMaMH pa,D;HOCXeMbl, 

a ¢n10KTyauH.11MH 8HewHero MarHHTHoro non.11, npoHHKaJOIUero qepe3 

3KpaH. 

A8TOpb1 6naro,napHbl E.M.PycaK08Y H H.H.Bono,neHK08Y Ja 

IlOMOlUb 8 H3rOT08JieHHH ,naT'IHK08. 
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Pee. 1. r . eq. reuepaTop, R • orpaHH'IHTeJibHOe conpoTHBJieHHe, 
LH c . HH.!lYKTHBHUCTb H eMKOCTb KOJie6aTeJlbHOrO KOHTypa, 
L 0. HH.!lYKTHBHOCTb ceepxnpOBO.!lllIUero KOJlbUa, WYHTHPYIOIUaJI 

.!l)l(OJe<t>couoecKHH nepexo.!l ] , > • yceneTeJib. 
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Pee. 2. H.nntocTpaue11 npeuuena ,!leHCTBHJI pa.!lHO'laCTOTHoro Keau· 
TOBoro MarHHTOMeTpa. ¢ K" MarHHTHblH IlOTOK, HaBO,!lHMbIH KO" 
Jie6a TeJibHbIM KOHTYPOM B CBepxnpoBO.!lJIIUeM KOJlbUe. ¢ l" IlOJIHbIH 
MarHHTHbIH IlOTOK, npOHH3bIBatoIUHH KOJlbUO. JKepHbJMH JlHHHJIMH 
o603Ha'leHbl yCTOH'IHBble y'laCTKH aMnJIHTYJJ:HOH xapaKTepilCTHKH 
ycTpOHCTBa, WTpHXOBbIMH CTpeJIKaMH • 3Ha'leHHJI IlOTOKOB, co • 
OTBeTCTBYIOIUHe nepexo.n:aM H3 o.n:uoro YCTOH'IHBOro COCTOJIHHJI 
B .n:pyroe npH yeeJIH'leHHH H YMeHbWeHHH nOTOKa ¢ K.U.e<t>paMH 
I H 2 o603Ha'leHbl 3Ha'leHHJI pa.n:Ho'laCTOTHblX IlOTOKOB KOHTypa 
H OTKJIHKOB ceepxnpoBOJJ:llIUero KOJlbUa ua HHX npH cpe.n:HHX 3Ha· 
'leHHJIX MarHHTHOrO IlOTOKa, paBHbIX uenoMy H nonyuenoMy 'IHCJIY 
KBaHTOB he/ 2 e. 
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PHC. 3. 1 - HH06HeBbIH UHnHH.LJ;p, 2 - HH06HeBblH BHHT c rronH
poBaHHOH TOPUOBOH IIOBepXHOCTblO, 3 - OCTp03a TO'leHHbIH HH06He -
BblH BHHT' 4 - KOHTpraH:xa. 
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PHc. 4. CxeMa rrpe.nycHnHTem1. Ilpl'IMoyronhHHKOM Bb1,neneHa 
'laCTb CXeMbl, KOTOpall pa6oTaeT rrpH renHeBOH TeMrrepaType. 
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~HC. 5. IlpHHUHIIHanbHal! cxeMa ycHnHTenl'I BblCOKOH 'laCTOTbl. 

PHc. 6. IlpHHUHIIHanbHall cxeMa ,neTeKTopa H ycHnHTenll HHJKOH 

'l:aCTOTbl. 
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Pee. 7. 0CUHJlJ10rpaMMa CHrHana Ha BblXO,Ile MarHHTOMeTpa /eepx -
KBR TpeK/ npH H3MeHeHHH MarHHTHoro non.11 no nenoo6pa3HOMY 
3aKOHY6 /HH)l(HHB TpeK/. Ilepeo.n BblXO.IlHOrO CHrHana paeeH 
6.10- rp/c. 
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