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Beeoe11ue 

llpHMeHeHHe TIOHCa PorOBCI<OrO ,!J,nH H3MepeHH11 HMnynL

COB TOI<a HMeeT PH.D. ,!J,OCTOHHCTB, I< qucny I<OTOphlX MO~HO 
OTHeCTH: 

1/ OTCYTCTBHe Henocpe,IJ,CTBeHHOrO I<OHTai<Ta C H3Mepge

Moo uenLJO, qTo Y.D.06Ho ,IJ,nH H3MepeHHH a awcoi<oaonLTHMX 
uen11x; 

2/ Manoe BXO,!J,HOe COTipOTHBneHHe; 

3/ llpOCTOTa H3rOTOBneHH11 H Ha,IJ,e~HOCTI, B 3I<CnnyaTa
UHH. 

Heo6xo,IJ,HMOCTh o6ecneqHTh BhiCoi<yiO ToqHoCTh H3Mepe

HHH B HCTIOnh30BaHHH TIOHCa qacTO HrpaeT pewa10~yl0 ponh. 

)J.nH 3TOrO HY~HO H3rOTOBHTh TIOHC, o6na,IJ,alO~HH ,!J,OCTaToqHo 

6onhiiiOH TIOCTOHHHOH HHTerpupoBaHH11. Cno~HOCTh COCTOHT 

a TOM, qTo 3Ta aenuquHa orpaHuqeHa /I<or,IJ,a 3a,IJ,aHM pa3-

Mepw H qyBCTBHTenhHOCTh TIOHCa/ H3- 3a cyweCTBOBaHH11 

B ero 06MOTI<e ai<THBHOrO COllpOTHBneHH11. C npHMeHeHHeM 

.eppHTOBMX cep,IJ,eqHHI<OB TOqHOCTh H3MepeHH11 HenHHeHHO 

H3MeHHeTC11 B COOTBeTCTBHH C 3aBHCHMOCThlO MarHHTHOH 

llpOHHQaeMOCTH Cep,IJ,eqHHI<a OT HanpH~eHHOCTH MarHHTHOrO 

non11. )J.onyCTHMOe H3MeHeHHe TOqHOCTH Hai<na,IJ,MBaeT Orpa

HHqeHHe Ha Mai<CHManhHYIO BenHqHHY MarHHTHOrO TIOnH, Ha

Chi~aJOwero cep,IJ,eqHHI<. 

HH~e H3no~eH Me!O.IJ., HCTIOnh3YlOIUHH yi<a3aHHMe orpa

HHqeHH11 I<ai< OCHOBHMe llpH pacqeTe TIOHCa PorOBCI<OrO • .He

XO,!J,HMMH ,IJ,aHHMMH ,IJ,nH Hero cny~aT napaMeTphl HMTiynhca 

/aMnnHTy,IJ,a, ,IJ,nHTenhHOCTh/ nepaHqHoro TOI<a H TOqHOCTh ero 

H3MepeHH11. fipHBe,IJ,eHhl 3I<CnepHMeHTanhHhie pe3 ynhTa Thl, 

nonyqeHHMe ,IJ,nH paccqHTaHHhiX 3THM MeTO,!J,OM TIOHCOB. 
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Memoo pac'lema noJJca PozoecKozo 

)l.nR K03clK}1HUHeHTa caMOHH.IJ.YKUHH L o6MOTKH rroBca Po

roacKoro H ee aKTHBHoro corrpoTHBJieHHB r crrpaae,IJ,JIHBhl 

cooTHOllleHHR L,L 0 N 2 H r, P,.P N. 3,IJ,ech L 0 - HH.IJ.yK

THBHOCTh ofiMOTKH Ha BHTOK, P,. - rrepHMeTp ceqeHHB ofi

MOTKH, p - corrpoTHBneHHe e,IJ,HHHUhi ,IJ,JIHHhl rrpoao,IJ,a, N -
'IHCJIO BHTKOB OfiMOTKH. C IIOMOIUhiO 3THX COOTHOllleHHB, 

eCJIH 3a~HKCHpOBaTb pa3Mephl cep,IJ,el{HHKa IIOB:Ca, BeJIH'IHHY 

qyacTBHTenLHOCTH VIi = R 11/ N /r.IJ.e R 11 - aenuquHa co

IlpOTHBJieHHR Harpy3KH/ H 3Ha'leHHe IIOCTORHHOH HHTerpHpO

BaHHR T"' L/ ( R II + r), MO)I(HO Bbi'IHCJIHTh KOJIHqeCTBO BHTKOB 

OfiMOTKH H BeJIH'IHHY COIIpOTHBJieHHR Harpy3KH ITO ~OpMyJiaM 

N= 

v 
(-.-+pp)r 

l s 
-----'-·---

Lo 

RH = (vI i)N /1/ 

IIo,IJ,cTaH~BKa B rrepay10 H3 ~opMyn /1/ paaeHCTB N =P1111 / kD H 

p =-=a I D , /r.ne I' HI! - ,IJ,JIHHa BHyTpeHHero rrepu:MeTpa 

cep,D,e'IHHKa, D - ,nHaMeTp rrpoao,na, k > 1 - Ko3cW>HuHeHT, 

xapaKTepH3YIOJUHB IIJIOTHOCTh HaMOTKH, a - K03cWJHUHeHT 

rrporropuuoHaJILHOCTH/ ,naeT B03MO)I(HOCTh orrpe,nenHTh 3aau

cHMOCTh IIOCTORHHOB HHTerpHpOBaHHR OT ,IJ,Ha:MeTpa rrpo-

BO,IJ,a 

T= 
_ L 0 f 811 D __ . 

v 
k(-.- + ap 

l s 

113 Hee CJie,IJ,yeT, 'ITO IIpH BhiDOJIHeHHH yCJIOBHB 

V/i =PSP /2/ 

,IJ,OCTHraeTCB HaHfiOJiblllaR BeJIHl{HHa nOCTOJIHHOB HHTerpHpo-

BaHHR T max , ,IJ,JIB KOTOpOH cnpaBe,IJ,JIBBO COOTHOllleHBe 

4 

T 
max 

L
0 

C
811

/2k(V /i)D. /3/ 

MarHHTHoe none, ,IJ,eHCTBYIOIUee Ha cep,neqHHK nosca 

PoroaciCoro, sanseTCJI CYMMOB noneB:, C03.IJ.aHHWX nepBH'IHWM 

TOKOM i H TOKOM OfiMOTKH in . Kor,na nepBH'IHWB npOBO,IJ,HHK 

npOXO.IlBT no OCH CHMMeTpHH TOpOH,IJ,aJILHOB CHCTe:MW, CBJI3L 

Me)I(,II,y BeJIH'IHHaMH TOKOB H HanpJI)I(eHHOCTLIO :MarHHTHOrO 

nons nocne npeo6pa3oBaHHJI 3aiCoHa A:Mnepa 3anHllleTcJI 

B BH,IJ,e: 

i =(H£ -i)/N, • 
r,ne e - cpe,IJ,HJIJI ,IJ,JIHHa Cep,IJ,e'IHHICa. IIepBHl{HWB TOK H TOK 

B OfiMOTKe TaiC)J(e CBJI3aHLI Bpe:MeHHLIM COOTHOllleHHeM 

L din (R ) . M di -- + +£ l =- --dt H n dt /4/ 

I L = 11 11 o_s- N 2 
£ H M = /1 /1 ro~ N ' r .ne /1 11 0 - MarHHTHaJI 

rrpoHuuaeMOCTh cep,ne'IHHICa, S - nnoiUa.IJ.L nonepe'IHoro ce

'leHHB o6:MoTKH, t - ICOOP.IJ.HHaTa ape:MeHH/. IIocne,IJ,HHe .naa 

ypaBHeHHJI no3BOJIJIIOT HaUTH ypaBHeHHe ,IJ,JIJI HanpJI)J(eHHOCTH 

:MarHHTHOrO nOJIJI 

r ( d H / dt ) + H "' i / £ , 

pellleHHe KOToporo .naeT Bhlpa)J(eHHe 

1 -t/r t v 'r 
H ( t) = - _e_ f i ( v) e ' d v . 

£ T 0 

)l.nB npu:MeHeHHJI no sea B 6onLlliHHCTBe cnyqaea ,no eTa

TO'IHO 3a:MeHHTL cllYHKUHIO i(t) npJIMOyrOJILHLIM HMnyJILCOM, 

.IJ.JIHTeJILHOCTL t 11 KOToporo coana,naeT c peanLHOB, a a:Mn

JIHTy,IJ,a paBHa :MaiCCHMaJILHOH BeJIHl{HHe nepBH'IHOrO TOICa imax. 
)l.ofiaBHB K 3TOMY npe,IJ,nOJIO)J(eHHIO YCJIOBHe HHTerpHpOBaHHJI 

t << r MO)J(HO ,naTL oueHICy aepxHeB: rpauuue :MarHHT-
11 ' 

Horo nons, .neB:cTBYJOIUero Ha cep,ne'IHHK: 

Hs: 
1 max 

£ 
tl1 

/5/ 
r 

5 



XapaKTepuaJI JaBHCHMOCTb J.1 = J.1 (H) MaruaTuoii: npo-

HHIJ;aeMOCTH clleppHTOB OT uanpJI:>KeHHOCTH MarHHTHOrO nOJIJI 

npaae)leua ua puc. 1. B o6nacTH H3MeHeHHJI MaruaTuoro 

nOJIJI, r)le BblnOJIHJieTCJI uepaBeHCTBO 

11 (H) ~ J.1 (0) 161 

I J.1 (0) - uaqaJILHaJI MarnHTHaJI npoua:u;aeMOCTLI, HHJlYKTHB

uocTL o6MoTKH ue MeHLWe nepaoua"'aJILHOii a, KaK cne)lyeT 

H3 auTerpana ypaaueHHJI 141 I 

. Rn+r t . ( )d i 1 +---[1 v z;=--
n L 0 n N' 

TO"'HOCTL H3Mepeuaii: ue xy:>Ke, "'eM npa Manoii: aeJIH"'HHe 

MaruaTuoro non11, uacblll.\aiOlUero cep)le"'HHK. YMeHLweuae 

pac"'eTHOrO 3Ha"'eHHJI Ha"'aJibHOH MarHHTHOH npOHHIJ;aeMOCTH 

npHBe)leT K pacwapeHHIO yKa3aHHOH 06JiaCTH. 0)lHaKO HC· 

nonLJOBaTh TaKyiO B03MO:>KHOCTL ue acer)la Y.ll06uo, TaK 

Jli(l-lj 

)J(O) 

H 
O'OI7.Sicmvi"Jt1.R o&acmo 

V.J/"fe>He>HV..R /70/l.R 

Puc. 1. 3aeucuMOC111b MaZHU111Hoil npoHut~aeMocmu tfieppumoe 
0111 HanpJIJKeHHocmu MaZHU111Hozo noAJI H. 
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KaK oua CBJIJaua c yaenaqeuaeM pa3Mepoa cep)le"'HHKa. 

llo3TOMY MO:>KHO C"'HTaTb, "'TO uepaBeHCTBO 161 onpe)leJIJieT 

)lonycTHMble npe)leJibl o6nacTH HJMeneHHJI MaruaTuoro no

JIJI. 
llpH CKa"'Ke nepBH"'HOrO TOKa "'YBCTBHTeJibHOCTb nOJICa 

co apeMeueM 3Kcnoueu:u;aaJILHO cna)laeT. «<>yuKUHIO exp(-tl r) 
npH BblnOJIHeHHH COOTHOWeHHJI 10 t ::;;r y:>Ke MO:>KHO npe)lCTa

BHTb ee JIHHeHHbiMH "'JieHaMH pa3JIO:>KeHHJI C )lOCTaTO"'HO 

XOpoweii: TO"'HOCTblO 1- 20/ol, BeJIH"'HHY nOCTOJIHHOH HHTerpa

pOBaHHJI o:o;eHHTb no cllopMyJie 

r:<; 
100 tl1 
-~~---- 171 

r)le ~ - BeJIH"'HHa H3MeHeHHJI "'YBCTBHTeJibHOCTH, onpe)leJIJie

MaJI 3Kcnoueu:u;aaJILHbiM cna)lOM, Bblpa:>Keua a npo:u;euTax. 

)l;JIJI pac"'eTa no11ca PoroacKoro o6hi"'HO Ja)laiOT ero 

pa3Mepb1, "'YBCTBHTeJibHOCTb, xapaKTepHCTHKH HMnyJILCa 

lcllpOHT, )lJIHTeJibHOCTb H MaKCHMaJibHYIO aMnJIHTY.llYI nep

BH"'HOrO TOKa H TO"'HOCTb H3MepeHHJI TOKa. COOTHOWeHHJI 

111-:--131 a 151-:--17 I )laiOT B03MO:>KHOCTL nonuocTLIO npoa3-

aecTH TaKoii pac"'eT cJie.llYIOll.\HM o6pa3oM. Cuaqana, c no

MOll.\biO cllopMyJibl 17 I, npe)laapaTeJILHO o:u;euaaaeTCJI aenaqaua 

nOCTOJIHHOH HHTerpHpOBaHHJI noJICa. 3aTeM Bbi6HpaeTCJI THn 

clleppHTOBOrO KOJibiJ;a. YcJIOBHJI 151 H 161 n03BOJIJIIOT OKOH· 

qaTeJibHO ycTaHOBHTb BeJIH"'HHY nOCTOJIHHOH HHTerpapoBaHHJI, 

a COOTHOWeHHJI 121 H 131 - B03MO:>KHOCTb ee noJiy"'eHHJI. 

HaKoue:u;, KOr.lla cep)le"'HHK Bb16pau, Bbi"'HCJIJieTCJI qacno 

BHTKOB 06MOTKH H BeJIH"'HHa conpOTHBJieHHJI uarpy3KH no 

cllopMynaM 111. 
qaCTO H3- 3a OTKJIOHeHHJI MarHHTHOH npOHHIJ;aeMOCTH 

0 J.1 cep)le"'HHKOB OTHOCHTeJibHO HOMHHaJibHOH J.1 nOJIBJIJieTCJI 

)lononuaTeJILHaJI owa6Ka HJMepeHHJI o ( t 11 I r ). Ee MO:>KHO 

Bbi"'HCJIHTb no cllopMyJie 

o ( t 11 I r) = ( t 11 /"r )( o J.1 / J.1 ) , 

KOTOpyiO Y.ll06HO HCnOJib30Ba Tb )lJIJI OT6opa cep)le"'HHKOB. 

llpH 60JibWOM KOJIH"'eCTBe BHTKOB norpeWHOCTb, o6yCJIOBJieH

HaJI HCTO"'HOCTbiO H3MepeHHJI BCJIH"'HHbl conpOTHBJieHHJI ua

rpy3KH, 06bi"'HO O"'eHb MaJia, H ee MO:>KHO He Y"'HTbiBaTb. 
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3KcnepuMeHmaAbHble pe3yAr.mamr.r 

HJJIO:>KeHHblii MeTo~ 6wn HCDOJihJOBaH ~JIB pacqeTa 14 

o~HHaKOBbiX DOBCOB PoroscKoro. Hx HJroToBneHHe Dposo~H

noch DO cepHBHOMY TeXHOJIOrH"'eCKOMy Dpou;eccy. 0~HH DOBC 

DOKaJaH Ha puc. 2. 0H CO~ep:>KHT JaMKHYThiB B~OJlh CBoeii 

~JIHHbl JiaTyHHbiB 3KpaH, B KOTOpOM pa3Me~eHa 06MOTKa HJ 

200 BHTKOB, HaMOTaHHhlX Ha ~Ba 4JeppHTOBbiX KOJibU:a THDa 

M 1000HH-3-K125x80x12. )l,nB ycTpaHeHHB DapaJHTHhlX 

KOJie6aHHB Ka~hlB DBThlB BHTOK 06MOTKH qepe3 CODpOTHB

neHHe MnT-0, 125- 1 KOM coe~HHeH c 3KpaHoM 12 I. 
CoDpOTHBJieHHe Harpy3KH COCTOHT HJ pe3HCTOpOB THDa 

MnT. IlpH coe~HHeHHH 3THX peJHCTopos DO cxeMe "3seJ~a" 

H DpH OTKJIOHeHHH DepBH"'HOrO TOKa OT OCH DOBCa MeHhWe 

5 MM DO.HC HMeeT CJie~yiO~e OCHOBHble xapaKTepHCTHKH: 

qyscTBHTenhHocTh - 2 ·10-3 B/A, 
DOCTO.HHHaB HHTerpHpOBaHHB - 0.09 C, 

4JpoHT Depe~asaeMoro HMDynhca - 10 HC. 
)l,aJibHeiimee yBeJIH"'eHHe HeCOOCHOCTH DepBH"'HOrO TOKa C 

DOBCOM H DpHMeHeHHe ~pyrHX CXeM coe~HHeHHB peJHCTOpOB 

CODpOTHBJieHHB Harpy3KH DpHBO~HT K yBeJIH"'eHHIO 4JpOHTa 

CHrHana C DOJIC&. 

Puc. 2. BHeUIHUU euo no.Rca P0206CK020. 
8 

I .. 
i 
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KanHfipOBKa DOBCOB C TO"'HOCThiO ~0 2U/o DpOBO,D,HJiaCb Ha 

cTeH~e. 6noK-cxeMa KOToporo Dpe~cTaBneHa Ha puc. 3. 
<l>opMHposaHHe HMDYJihCOB TOKa aMnnHTY.IJ.Oii .D.O 250 A H ~JIH
TeJihHOCThiO ~0 2 MC o6ecne"'HBaeT cneu;HaJibHhiH 3JieKTpOH-

170.PC" 

~cC'bC/<'OeO 

","""-~ 

" 
li~ --,~ 
---- I <I 

f35 

~ 

Puc. 3. liAoK- cxeMa cmem)a OA.R KaAu6poeKu no.Rcoe Po
zoecKozo. 

HhiB 6JIOK. Ila,IJ.eHHe HaTipB:>KeHHR Ha KaJIH6poBaHHOM COllpOTHB

JieHHH Rk no~aHo qepeJ ~enuTenh (R1 ,R2 ) H~ 1024-Ka

HanhHhlii aHanoro-u:u4Jposoii npeo6paJoBaTenh I AU.IT/. TaKoii 

:>Ke AIJ.IT HCUOJlhJyeTCR ~JIR HJMepeHHB CHrHaJIOB C UORCa 

PorOBCKOrO. lJ.H4JpoBOH BOJlhTMeTp H HCTO"'HHK TIOCTORHHOrO 

HanpR:>KeHHR ~aiOT BOJMO:>KHOCTh CJie,D,HTh Ja npaBHJlhHOCThiO 

HJMepeHHB BO BpeMR KaJIH6pOBKH. 

)],JIB TipOBepKH pa60Thl TIORCOB TipH HaTipR:>KeHHOCTH Mar

HHTHOrO TIOJIR, HaCbl~aiO~ero cep~e"'HHK, 6JIH3KOB K ~OTIYC

THMOMY JHa"'eHHIO, nposo~HJIOCh HX HCIThlTaHHe HMnynhcaMH 

TOKa aMTIJIHTy~oii 6 KA H ~JIHTeJihHOCThiO 1,4 MC. KanH6po

saHHhlii no11c PoroscKoro npoMhlmneHHoro HJroTosneHHB 

npHMeHeH ~JIR KOHTpOJIB TOKa, a cpaBHeHHe CHrHaJIOB C TO"'

HOCThiO He Xy:>Ke 20/o OCy~eCTBJieHO Ha ~BYX 1024-KaHaJihHhlX 

AU.IT. 
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3a KlliO'IeHue 

1. lloKa3aHo, qTo rrpH ucrronh30BaHHH rroxca PoroacKoro 

C 4JeppHTOBhiM cep,II,eqHHKOM B liiHpOKOH o6naCTH HenHHeHHOrO 

H3MeHeHHH MarHHTHOH IIpOHH.QaeMOCTH B 3aBHCHMOCTH OT 

HaiipH~eHHOCTH MarHHTHOrO IIOllH, TOqHOCTh H3MepeHHH He 

YXY.IJ.lllaeTcx. 

2. l-13no~eH MeTO.IJ. pacqeTa rroxca PoroacKoro, ucxo.IJ.

HhiMH ,II,aHHhiMH ,II,llH KOTOporo cny~aT rrapaMeTphl HMIIyllhCa 

rrepaHqHoro TOKa H TOqHOCTh ero H3MepeHHH. Pe3yllhTaTbi 

pacqeTa XOpOliiO COrnacyiOTCH C 3KCIIepHMeHTOM. 

ABTOphi cqHTaiOT CBOHM npHHTHhiM ,II,OnrOM Bhlpa3HTb 

6naro,II,apHOCTh M..A.ronyTBHHY 3a llOCTaHOBKY 3a,II,aqu H 

HHTepec K pa6oTe, a TaK~e B.C.Xa6apoay Ja rrpe,II,ocTaane

HHe TQqHOH H Ha,II,e~HOH 3neKTpOHHKH. 
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