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ABTOMaTH3npoaaHHaH ycTaHOBKa ,!lnH H3MepeHHH OTHOCHTenbHOH 
MarHHTHOH npOHHUaeMOCTH (µ) MarHHTOMHfKHX CTaneH (B 
AaJibHeHllleM -ycTaHOBKa) o6c}')l(JlaeTCll s o6mnx qepTaX s pa6oTe [l}, B HaCTOllllleH p_a6oTe 

6yAeT o6c}')l(JlaTi.cll KOHKpernoe TexttnqecKoe pemettne no ycTaHOBKe, pearrn30BaHHoe s OIUIH. 

YnpomeHHaH 6noK-CXeMa ycTaHOBKH ppe,!lCTaaneHa Ha pnc.1. YcTaHOBKa 
conepJKHT cneny10mne ocHoBHble y 3nu: 1-.llB yxnonHpHuH pery nnpyeMbIH 
CTa6nnn3aTop IlOCTOHHHoro TOKa,, 2-KOMMyTaTop H3MepHTenbHbIX KaTyweK, 
3-3neKTpOHHbIH HHTerpaTop KaHana H3MepeHHH MarHHTHOH HH.llYKUHH B 
(KaHana B), 4~3neKTpOHHbIH HHTerpaTOp KaHana H3MepeHHH 
HanpHlKeHHOCTH MarHHTHOro nonH H (KaHana H), 5-nepay10 H3MepnTenbHYKl 

KaTyWKY, 6-BTopy10 H3MepnTenbHYIO KaTyWKY, 7-KOMilbIOTep, 8-KOHTponnep 
KAMAK, 9-KOMMyTaTop KAMAK, 10-HHTep~eHC un~poaoro BOnbTMeTpa, 
11-un~pOBOH BOnbTMeTp, 12-HaMarHnqnaa10mee ycTpOHCTBO. .B COCTaB 
ycTpOHCTBa 12 BXO,!lHT: 13-HpMO 3neKTpOMarHHTa, 14-IlO,!lKna,!lKH; 
15-non10ca H 16-o6MOTKa B036yJK,!leHHH 3neKTpOMarHHTa. o6pa3eU 17 
HCilbITyeMOH CTann BCTaBnHeTCH B OTBepCTHH B non10cax H npnlKHMaeTCH K 
non10caM cneunanbHbIMH npHlKHMaMn. 9neMSHTbl 13-15 BbIIlOnHeHbl H3 _cTann 

: 

Y3nu 1-6, 11, 12 06pa3·y10T nepMeaMeTp, 
1
ocTarrbHbie - 06ecneqnsa10T 

era pa6oTy B aBTOMll.THqeCKOM pelKHMe H3MepeHHH H o6pa6oTKH 
pe3yni.TaToB · H3MepeHnH. TipnHunn pa6oTbl nepMeaMeTpa, nono6Horo 
ncnonb 3 yeMOMY B ,!laHHOH y CTaHOB Ke' o6c}')K,llaeTcll B pa60TaX [1-6]. 

TI03TOMY aonpocbl, Kaca10mneCH npHHUHila pa60Tbl 
co6CTB8HHO nepMeaMeTpa B 3TOM pa3,!lene. He paccMaTpnaaIOTCH. 3,!l8Cb 
6y.lleT paccMoTpeHa 'pa6oTa ycTaHOBKH a. uenoM, onncaHa OT.llenbHble ·y.3nu 
ycTaHOBKH, a TaKJKe o6cylK,!l8Hbl B?IlPOCbl, Kaca10mnecS1 H3MepeHHH 
HanpHJKeHHOCTH MarHHTHoro nonH a 06pa3ue (3TH aonpocu o6cyJK.llaIOTcH 
TaKJKe B pa6oTe [6], ony6nnKOBaHHOH Ha pycCKOM Sl3b1Ke). 

Bee sneKTpOHHLie y:IDbl ycTaHOBKH Ha pnc.1 a unonHeHbl a CTaH.lla pTe 

KAMAK. cI>opMnpoaaHne apeMeHHOH nnarpaMMbl H opraHH3aUHSI anropHTMOB 
pa6oTbl B03noJKeHbl Ha nporpaMMHoe o6ecneqeHne. TaKoe nocTpoeHne 
ycTaHOBKH Il03BOnHeT: 

-nonHOCTbIO aaToMaTn3npoaaTb npouecc H3MepeHnH; 
-onTHMH3HpoaaTb anropnTM pa6oTu a npouecce K□MnneKcHoH 

OTna,!lKH; 



-llCilOJih30BaTb cepHHHO H3rOTOBJIHBMUe 6JIOKll: aHanoroauil 

KOMMyTa'rop THna KA004 [ 7], HHTepcpeiic llH<tJpoaoro BOJibTMeTpa [ 8], 

KOHTPOJIJiep KpeilTa KAMAK THila KK009 [ 9]. KOHCTPYKTHBHO Y3JIU 1-4 

BUilOJIHeHU a BH.l{e 6JIOKa KAMAK urnpHHOH 3 M H HMeJOT o6mHil 

MarHCTpaJibHUH HHTepcpeiic. 

Y3eJI 2 npe.l{CTaBJIHeT co6oii Ha6op repKOHOBUX pene K1-K4, 

ynpaBJIHeMUX . C MarHCTpaJIH KAMAK nyTeM 3ailHCH .l{BOH'-IHOro KO.l{a B 

ynpaBJIHIOlllHH perHCTp. CxeMa COB.l{HHeHHH Y3Jia 2 C H3MepHTeJibHUMH 

KaTyillKaMH 5,6 noKa3aHa Ha pHC. 2. KOMMiTaTop H3MepHT9JlbHUX KaTyill&K 

no KOMaH.l{aM C MarHCTpaJIH · KAMAK -nO.l{KJIJ04aeT H3MepHT9JlbHUe KaTyillKH 

5,6 KO BXO.l{aM HHTerpaTopoa 3 H 4. KOHTaKTU pene K2.1, K4.1 

nO.l{KJII04aJOT Bxo:.Uu HHTerpaTopoB K o6meil WHHe, YMBHbillaH HaBO.llKY Ha 

BXO.l{ll ·B pemHMe xpaHeHHH. 

HHTerpaTopu 0.l{HHaKOBU no CXeMHOMY H KOHCTPYKTHBHOMY pemeHHHM 

H 0"I:JIH4aJOTCH .llpyr OT .llpyra J!Hillb HOMHHaJiaMH apeMH3a.l{aIOlllHX !leneil. 

DpHHllHnHaJibHaH cxeMa HHTerpaTopa li306pameHa Ha PHC.3. HHTerpaTop 

COCTOHT li3 npe!lH3HOHHoro onepa!lHOHHOro ycHJIHTBJIH (DA1) co CXeMOH 

6aJiaHCHpOBKli (R1,R2), BpeMH3a.l{aIOmeil RC-!lenH H CXeMU c6poca 

(K5,R1). DpHMeHeHHe B naHHOM liHTerpaTope npe!lH3HOHHoro 

onepa!lliOHHOro YCHJIHTBJIH TJina · AD707CQ, KOH.l{eHCaTopa c MaJIUMH TOKaMH 

yTe4KH H -K03<1J<1JHllHeHTOM a6cop6!lHH no3BOJIHJIH nOBUCHTb T04HOCTb 

HHTerpHpOBaHHH 3a C4eT CHHmeHHH .l{peilcpa BUXO.l{Horo HanpHmeHHH .l{O 

0,5 MB(MHH. 

KOHCTPYKTHBHO liHTerpaTopu BllnOJIHeHu Ha OT.l{BJlbHUX nJiaTax Ii 

HaXO.l{HTCH BHYTPH 3KpaHHPYKlillliX Komyxoa. C6poc HHTerpaTopoa 

npOH3B0.l{HTCH KOMaH.l{OH C MarHCTpaJIH KAMAK . nyTeM 3anHCH .l{BOH'iHOro 

Kana B ynpaBJIHIOlllHH perHCTp . 

.ItayxnoJIHpHUH perynHpyeMUH "CTa6HJIH3aTop nocTOHHHoro . TO Ka, 

ynpomeHHaH npHH!lHnHaJibHaH cxeMa KOToporo npe.l{cTaaneHa Ha pHc. 4, 

nocTpOeH no KOMneHCa!lHOHHOH cxeMe C ycHJIHTeJieM HanpHmeHHH B !lBnli 

o6paTHofl CBH3H. <l>opMHpoaaHHe onopHoro HanpHmeHHH Uref 

ocymecTBJIHeTCH 12-6HTOBhIM ! UH<tJpoaHaJioroBUM npeo6pa30BaTeJieM DAC 

co cxeMoil peaepca (DA1,DA2,K). cxeMa peaepca H UHcppoaHanoroauil 

npeo6pa30BaTeJib ynpaBJIH~TCH C MarHCTpaJIH KAMAK npH noMOlllli perHCTpa 

RG. 

BUXO.l{HOH KacKa.l{"nocTpoeH no nayxnneqeaoil cxeMe H COCTOHT li3 

KOMnJieMeHTapHOH napu MOlllHUX COCTaBHUX TpaH3HCTOpOB (VT1,VT2) H 
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PHc.4. YnpomeHHaH np11Hu11n11anbHaH cxeMa ,nByxnonHpHoro peryn11pyeMoro 
CTa611n113aTopa ITOCTOHHHOro TOKa 
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ynpaBJHIIOIUllX TpaH3llCTOpHUX onTonap (VU1, VU2). TaKoe peweHHe 

no3BOnl!eT ocymecTBl!Tb ranbBaH11qecKyKJ pa3Bll3KY CllnbHOToqHoro 

llCTOqH11Ka n11TaHllll (± 24 B) OT cna6oToqHoro (± 15 B) II yeen11q11Tb. 

aMnn11Ty.ny BUXO,UHOro HanplllKeHl!ll .no ± 22 B. Harpy3KOH · BUXO.UHoro 

KaCKa,na llBJIJIIOTCll nocne,noBaTenbHO coe,nl!HeHHUe o6MOTKa 

3neKTpoMarHI1Ta 16, ll3Mepl!TenbHUH WYHT RW, 3TanoHHUfl pe3llCTOp R:n·• 

BUXO.UHOH TOK. npoTeKall qepe3 R13T'' npeo6pa3 yeTCll B HanpmKeHl!e. 

KOTopoe yc11n11eaeTcll 

Hel!HBepTllPYKlIUllH BXO.U 

yc11n11TeneM HanpHlKeHllll II 

OY DA3. Yc11n11Tenb HanpHJKeHllll 

Knacc11qecKoH cxeMe 

AD707CQ. Ben11q11Ha 

llHCTpyMeHTanbHOro yc11n11Tenll Ha 

3TanoHHOro pe3l!CTOpa BU6paHa 

nocTynaeT Ha 

eunonHeH no 

3-X OY THna 

113 pacqeTa 

Ml!Hl!ManbHOrO eu.neneHllll Ha HeM TennoBOH 3Hepr1111 II paBHa 0,1 OM. 

Hanpl!JKeH11e, eu.nenl!eMoe Ha wyHTe ( Rwl, nocTynaeT Ha y 3en 9, 

qTo no3BOnlleT ll3Mepl!Tb 

BOnbTMeTpOM. 

een11q11Hy TOKa B Harpy3Ke umppoeuM 

HacTpOHKa cTa611n113aTopa 3aKnKJqaeTcll B 6anaHCllpOBKe 

npeo6pa30BaHHH onepau110HHUX yc11n11Tenell: ll ycTaHOBKe K03¢¢l!UlleHTa 

HanpHJKeHllll B TOK no.n6opOM pe3l!CTOpa R3. 

HanoMHllM, qTo onpe.neneH11e OTHOCHTenbHOH MarHHTHOH 

npOHl!UaeMOCTll µ C noMOIUb!O nepMeaMeTpOB npOll3 B0.UllTCll nocpe,nCTBOM 

ll3MepeHllll npo,nonbHOH COCTaBnllKJIUeH MarHHTHOH llH.UYKUllll BB o6pa:iue II 

npo.nonbHOH cocTaBnHKJIUeH HanpHJKeHHOCTll MarHllTHOro nonH H Ha 

noBepxHOCTll (Hnll B6nl!3ll noBepXHOCTll) 06pa3ua. np11 3TOM ll3MepeHHUe 

3HaqeHl!ll B ll H .nonJKHU COOTBeTCTBOBaTb OCHOBHOH Kpl!BOH llH.UYKUllll, 

qTo .nocTHraeTCll npl!MeHeHHeM MeTo.na KOMMYTllpOBaHllll ,nnll ll3MepeHllll B 

II H. PaccMaTpl!BaeMall ycTaHOBKa 06ecneq11BaeT ll3MepeHHe B II H 

( COOTBeTCTBeHHO KaHanu B ll H) B pellCl!Me KOMMYTllpOBaHl!ll, KOTOpUH 

ocymecTBnHeTcH c noMOIUbKJ ,nByxnonHpHoro peryn11pyeMoro cTa611n113aTopa 

nOCTOHHHOro TOKa. npaKTllqecKll Bee MeTo.nu onpe,neneHllll llH.UYKUllll B 

o6pa3uax OCHOBaHU Ha 3aKOHe 3neKTpOMarHllTHOH llH.UYKUllll. ITpH 3TOM 

llH.UYKUllll paccqllTUBaeTCll KaK OTHOWeHHe MarHllTHOro noTOKa, 

B036yJK,naeMoro B o6pa3Ue (11 npoxo.nHmero qepe3 ceqeH11e H3Mep11TenbHOH 

KaTyWKll), K ceqeHHIO 06pa3ua, TO ecTb onpe,nenHeTCll HeK?TOpoe 

cpe,nHee 3HaqeH11e llH.UYKUllll. 

Onpe,neneH11e Hanpl!llCeHHOCTll MarHHTHOrO nonll B 11ccne.nyeMOM 

66pa3ue ocymecTBnl!eTCll C nOMOIUblO ll3MepHTenbHUX KaTyweK • .naTqllKOB 

(XOJIJIOBCKIIX, Hanp11Mep), a TaKJKe noTeHu11anoMeTpOB II OCHOBaHO Ha 
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HeH3MeHHOCTH TaHreHUHaJibHOH COCTaBJIHIDmea HanpHmeHHOCTH ITOJIH Ha 

rpaHHUe .UBYX cpe.n [10]. TaKHM o6pa30M, HanpHmeHHOCTb MarHHTHoro 

ITOJIH B o6pa3Ue MOmeT 6UTb onpe.neneHa nocpe.ncTBOM H3MepeHHH 

HanpHmeHHOCTH ITOJIH Ha ero ITOBepXHOCTH. 

B RHIT OHHH 6uno HCCJie.noBaHO pacnpe.neneHHe MarHHTHoro ITOJIH 

B6JIH3H noaepXHOCTH UHJIHH.UpHqecKoro o6pa3Ua [6]. nnR BUITOJIHeHHH 

H3_MepeHHH HanpHmeHHOCTH ITOJIH B6JIH3H ITOBepxHOCTH o6pa3ua 6una 

H3rOTOBJieHa cneuHaJibHaH H3MepHTeJibHaH rOJIOBKa C .naTqHKOM XOJIJia. 

UHJIHH,UpHqecKHH 06pa3eu ycTaHaBJIHBaJICH B HaMarHHqHaavmee ycTpOHCTBO 

nepMeaMeTpa, OITHCaHHoro B [5] (KOHCTPYKTHBHaH cxeMa 

HaMarHHqHaavmero ycTpoHcTBa 3Toro nepMeaMeTpa npHBe,neHa Ha pHc.1 B 

pa6oTe [3] ). H3MepeHHH H npOH3B0,UHJIHCb cne,nyvmHM o6pa30M. naTqHK 

Xonna B npouecce H3MepeHHH nepeMemancH B Me,UHaHHOH ITJIOCKOCTH 

(lUIOCKOCTH xz. npH Y=O) BOKpyr UHJIHH.UpHqecKoro 06pa3ua ( no 

OKPY~HOCTH) B npe.nenax OT oq .no 360° ( o 0 s as 360° ). nHaMeTp 

06pa3ua - 23 MM, pa6oqaH .UJIHHa 06pa3ua (paccTOHHHe Mem.ny nonvcaMH 

HaMarHHqHaavmero ycTpoii:CTBa)- 50 MM, pacCTOHHHe Mem.ny ueHTpOM 

,naTqHKa XOJIJia H noaepXHOCTbID o6pa3ua COCTaBJIHJIO ~ 1,15 MM, pa3Mep 

pa_6oqeii: 30HU ,naTqHKa Xonna- 0, 45 X 0, '15 MM. naTqHK XOJIJia 

opneHTHpoBaH TaK~M o6pa30M, qTo6u o6ecneqHTb H3MepeHHe npo,nOJibHOii: 

COCTaBJIHIDmea (TO ecTb Y- COCTaBJIHIDmea) HanpHmeHHOCTH ITOJIH B MecTe 

pacnonomeHHH .naTqHKa B6JIH3H noaepXHOCTH 06pa3ua. BBH.UY MaJIUX 

pa3MepoB pa6oqeii: 30HU ,naTqHKa XOJIJia o6ecneqHBaIDTCH npaKTHqecKH 

ToqeqH~e H3MepeHHH H(a). 

Ha pHC. 5 npe.ncTaBJieHa 3a_BHCHMOCTb H( a) /Ho OT yma a 

npH HH.UYKUHH B o6pa3ue B= 1,8 Tn; 3,necb Ho - 3HaqeHHe H( a) npH a=O. 
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BeJIHqHHa HanpHmeHHOCTH MarHHTHoro IlOJIH B6JIH3H. noaepxHOCTH o6pa3ua 

H3MBHHeTCH OT TQqKH K ToqKe. IT03TOMY H3MepeHHOe cpe,nHee 3HaqeHHe 

HH.UYKUHH B o6pa3ue B o6meM cnyqae He COOTBeTCTByeT H3MepHeMOii: B 

TOqKe Ha noaepXHOCTH (HJIH B6JIH3H noaepxHOCTH) o6pa3Ua 

HanpHmeHHOCTH MarHHTHoro IlOJIH, qTo npHBO,UHT K IlOHBJieHHID 

cymecTBeHH0.H OlliH6KH npH onpe,neneHHH µ . IT03TOMY B nepMeaMeTpax C 

uenhv CHHmeHHH norpelliHOCTH onpe.neneHHH µ HCilOJib3yeMUH MeTO,U 

H3MepeHHH HanpHmeHHOCTH MarHHTHoro IlOJIH 

a6JIH3H noaepxHoCTH J 06pa3ua •.nonmeH 

H Ha noaepXHOCTH (HfH 

o6ecneqHaaTb onpe,neneHHe 

cpe,nHero 3HaqeHHH HanpHmeHHOCTH H ( a He 3HaqeHHe H B KaKOH-JIH6o 

.J TQqKe). ITpH 3TOM yKa3aHHUe H3MepeHHH cpe,UHHX 3HaqeHHii: B H 'H 

,UOJUKHbl npoH3B0,UHTbCJI Ha O,UHOM H TOM JKe yqacTKe o6pa.Jua. 

C yqeTOM OTMeqeHHUX q>aKTOpOB npe,ncTaBJIHeTCH uenecoo6pa3HUM 

HCilUTaHHH MarHHTHUX MaTepHaJIOB B nepMeaMeTpax npoH3B0,UHTb Ha 

o6pa3uax, BUilOJIHeHHUX B BH,Ue ~PYTKbB Kpyrnoro ceqeHHH (UHJIHH.UPOB), 

a ,UJIH H3MepeHHH H B 06pa3uax HCilOJib30BaTb .naTqHK, co,nepmamHH .nae 

UHJIHI!.UpHqecKHe KaTylliKH. KaTylliKH pacnonaraIDTCH KOaKCHaJibHO .npyr 

OTHOCHTeJibHO .npyra Ha meCTKOM KapKace, B K_OTOpUH BCTaBJIHeTCH 

o6pa3eU (KOaKcHaJibHO OTHOCHTeJibHO KaTyllieK). ITpH 3TOM BHTKH nepBOH 

KaTylliKH .UOJimHU KaK MOmHo 6nHme npHMUKaTb K no_aepXHOCTH 06pa3ua. 

nnHHa BTOpoii:· KaTylliKH .nonmHa 6UTb paBHa .UJIHHe nepaoa· KaTylliKH; 

KOJIHqecTBO BHTKOB BO BTopofi Ka.TylliKe .nonmHo 6L1Tb paBHO KOJIHqecTBY 

BHTKOB a ·nepaoii:. ToJimHHa HaMOTKH KaTyllieK .UOJimHa 6UTb KaK MOmHo 

MeHhllie. ITpH BLIIlOJIHeHHH 3THX ycJIOBHii: MOmHo cqHTaTb qTo BTopaH 

KaTylliKa B TaKOM ,naTqHKe OXBaTLIBaeT nepayv. 

MomHo noKa3aTb (B o6meM BH.ne), qTo npH 

nocJie,noBaTeJihHO-BCTpeqHQM coe,nHHeHHH nepaoii: H BTopoii: KaTyllieK 

o6ecneqH'aaeTCH ( C IlOMOmbID HHTerpaTopoB H .npyrHX Heo6xo.UHMUX Y3JIOB) 

f H3MepeHHe HanpHmeHHOCTH MarHHTHoro ITOJIH B 061,eMe Mem,ny .UBYMH 

t 

11 
. ! 
I 
\ 
l 

KaTylliKaMH, TO _eCTb TaKOH ,naTqHK Il03B0JIHe_T H3MepHTb HanpHmeHHOCTb 

MarHHTHOro ~OJIH B6JIH3H noaepxHOCTH o6pa3ua, npHqeM o6ecneqHBaeTCH 

H3MepeHHe HM9HHO cpe,nHero 3HaqeHHH HanpHmeHHOCTH H Ha TOM yqacTKe 

HCnLiiyeMo~o· o6pa3Ua, KOTOpLIH IlpHMUKaeT K 3TOMY ,naTqHKY ( OXBa.qeH 

3THM .na~qHKOM), . ITpH HCilOJib30BaHHH TOJibKO nepBOH _ KaTylliKH ( BTOpaH 

KaTylliKa OTKJIIDqeHa) ,naTqHK o6ecneqHaaeT H3MepeHHe HH.UYKUHH 

MarHHTHoro noJIH (ero cpe.nHero 3HaqeHHH) Ha TOM me yqacTKe 

HCITLITyeMoro o6pa3ua. 

Pe~HM H3MepeHHH HH.UYKUHH BB o6pa3Ue ocymecTBJIHeTCH CJie,nyvmHM 

o6pa3o,M: KJIIDqH Kl.1 H K4.1 pa3MLIKaIDTCff, a KJIIDqn K2.1 H K3.1 

3aMLIKaIDTCR (CM. PHC.1,2). ITpH 3TOM KaTyrnKa 6 OTKJIIDqaeTCH OT BXO,Ua 
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HHTe,paTopa 4, a KaTyrnKa 5 nonKnroqaeTCSI KO Bxony HHTe,paTopa 3, TO 

ecTb KaHan B BBOnHTCSI B pa6oTy. 
Ben:nqnHa H3MeHeHHSI A<I> 1 Ma,HIITHO,O IlOTOKa <I> l npoxonHmero 

qepe3 ceqeHHe nepBOH KaTyillKH, onpenenSieTCSI ( Ha OCHOBaHHH 3aKOHa 

3neKTPOMa,HHTHOH HHnyKUHH: e =-W d:
1 

) KaK 

l t2 
A<I> =- ,,, f e dt, 

1 " t1 1 
( 1) 

rne W - q11cno BHTKOB nepBOH H3MepHTenbHOH KaTyillKH 5, e1-3.n.c., 

B036yi1maeMaS1 B nepBOH H3Me_pHTenbHOH KaTyrnKe, t1 H t2 

COOTBeTCTBeHHO HaqanbHUH H KOHeqHUH BpeMeHHUe npenenu 

HHTe,p11poBaHHSI. 

BuxonHoe HanpHmeHHe ua 

nonaeTcSI 3.n.c. e 1, paaHo: 

HHTe,paTopa 3, Ha axon KOToporo 

. 1 
UB=-,:fe1dt, 

B 

(2) 

rne ~8-IlOCTOSIHHaSI apeMeHH HHTe,paTopa 3. H3 COOTHOilleHHfi (1) H (2) 

nonyqaeM· 
A<I> = ~ U /W. 

1 B a 
(3) 

Ecnn npHHHTh, qTO nnomann ceqeHHH 06pa3ua S
5 

11 nepaofi KaTyrnKH S1 
npeHe6pemr.1Mo Mano 0Tn11qaroTCS1 npyr OT npyra (S

5 
;::; S1 ) , a TaKme 

yqecTh, qTQ npH ncnonh30aaHHH Me Tona KOMMyTHpoaaHHSI Ail> 1 =2<l> 1 , 113 

COOTHOilleHHSI (3) nonyq11M 

HnH 

rne c -a 
COOTHOilleHHe 

B=~8Ua /2WS
1 

B=0,5CaUa , 

IlOCTOSIHHaSI KaHana H3MepeHHSI HHnyKUHH, CB 

(4) nonTBepmnaeT,_ qTo e noMOillbID nepaofi 

06ecneq11aaeTCSI H3MepeHHe HHnYKUHH Ba o6pa3ue. 

(4) 

= ~B/WSS. 

KaTyillKH 5 

PaccMOTpHM pemHM H3MepeHHSI HanpSimeHHOCTH Ma,HHTHO,O nonSI H. B 

3TOM pemHMe coennHeHHUe nocnenoaaTenbHO acTpeqHQ KaTyillKH 5 H 6 

nonKm<iqaro-rc::H KO axony HHTe,paTopa 4, a axon HHTe,paTopa 3 

OTKnroqaeTCSI OT KaTyillKH 5 (nnH 3TO,O KnIDqH K1. 1 H K4.1 3aMUKaIDTCSI, 

a KnIDqH K2.1 H K3.1 pa3MUKaIDTCS!). qepe3 ceqeHHSI s1 KaTYillKH 5 

KaTyillKH 6 npoxonHT COOTBeTCTBeHHO Ma,HHTHh!e IlOTOKH <I>1 H <I>2, 

H S
2 

npH 

3TOM KonnqecTao aHTKOa B K'amnofi H3 KaTyrneK paaHO w. IlpH H3MeHeHHH 

IlOTOKOa <I>1 H <I>2 a KaTyrnKaX ao36ymnaIDTCSI" COOTaeTCTaeHHO 3.n.c. e1 H 

e2. B c11ny acTpeqHo,o aKnroqeHHSI o6MOTOK Ha axone HHTe,paTopa 4 

neficTayeT HX pa3HOCTb el-e2. BuxonHoe HanpHmeHHe UH HHTe,paTopa 4 

paBHO: 

8 

I 
~ 

) 

I 
'•" I ~,), 

UH=- ; J(e2-e!)dt, 
H 

rne ~H- IlOCTOSIHHaSI BpeMeHH HHTe,paTopa 4. 

Ben:HqHHLI. H3MeHeHH8 A<I> 1 H A<I> 
2 

Ma,HHTHUX IlOTOKOB 
onpenen:lllOTCll cnenyrom11M o6paJoM: 

l t2 
A<I> =- W J e dt 

1 t1 1 
H 

M> =-...!.. 
t2 
J e dt, 2 W 
ti 2 

OTKyna 

l t2 
A<I> -A<I> =- ·w J (e -e ldt, 

2 i ti 2 i 

(5) 

<I> 1 H <I> 
2 

(6) 

Ecn11 cq11TaTb, KaK H paHee, qTo nnoman11 ceqeHHSI 06pa3ua 

nepaofi KaTyillKH Si npeHe6pemHMo Mano -omm1aroTcll npyr OT npyra, 
S

5
H 

TO 

A<I>i = µµQt.HSI 
H 

A<I> 2 = µµ 0AHSi+µ0AH(S 2-Si), - (7) 
1 ne AH -H3MeHeHHe HanpSimeHHOCTH Ma1HHTH010 non SI, µo - Ma,HHTHaSI 

-1 
IlOCTOl!HHal! ( µo =4n • 10 rtt)> µ- OTHOCHTenhHaSI Ma,HHTHaSI 

npOHHUaeMOCTb MaTep11ana 06pa3ua. 3necb qneH µOAH( s2 -SI) 

npencTaBnHeT H3MeHeHHe MarHHTHO,O IlOTOKa a ao3nyWHOM 3a3ope Memny 

KaTyWKaMH naTqHKa 1. H3 COOTHOill8HH8 (5)-(7), a TaKme c yqeTOM 

TO,O, qTo TipH Hcnonh30BaHHH MeTona KOMMYTHpOBaHHSI AH = 2H, 
ITOJiyqaeM 

1:1n1:1 
H = ~HUH /2W(S2-Sl)µo 

H = 0,5CHUH, ( 8) 

HanpHmeHHOCTH Ma1HHTH010 

C 8 l nonTBepmnaeT, '!To c 

rne CH - IlOCTOSIHHaSI KaHana H3MepeHl:ISI 

nonSI, CH = ~H/µOW(S2-SI). COOTHOilleHHe 

IlOMOillbID naTqHKa ·c nayMSI KaTyillKaMH 

HanpHmeHHOCTl:I 'Ma1Hl:ITH010 nonSI (ee 

~oBepxHOCTH 06pa3ua. 

06ecneq1:1aaeTcS1 H3MepeH1:1e. 

cpenHe,o 3Ha'!eHHSI) a6n11311 

HanOMHl:IM, qTo nnSI TO'!HO,O onpeneneHHSI HanpSimeHHOCTH 
Ma1Hl:ITH010 nonSI B o6pa3ue 

0

Heo6xon11MO l:13MepSITb HanpSimeHHOCTb 

HenocpencTBeHHo Ha era noaepxHOCTH. Hcnonb3oBaHHe nnH onpeneneHHH 
µ 3HaqeHH8 HanpSimeHHOCTl:I Ma,Hl:ITHO,O nonSI, l:13MepeHHUX B6nl:131:1 
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noBepxHOCTH 

norpelllHOCTH 

o6pa3ua, np11ae.neT K nOHBJieHl!lO .nonoJIH11TeJib HOH 

B onpe.neneHHH µ. JlJill yMeHbllleHHll yKa3aHHOll 

.nonoJIHHTeJibHOll norpelllHOCTH He06XO.llHMO no H3MepeHHUM B6JIH3ll 

noBepXHOCTll 06pa3ua 3HatJeHHllM Hanpl!lKeHHOCTll MarHl!THOrO nOJill. 

onpe.nenl!Tb COOTBeTCTBYIOllll!e HM 3HatJeHllll HanpHJKeHHOCTH Ha caMOll 

noaepXHOCTll. nonpaBO'lHUe K03C!XIJl!UHeHTU, ycTaHaBJil!BaIOI11lle CBll3b MeJK,ny 

BeJill'll!HaMl! HanpHJKeHHOCTll nOJill Ha noaepXHOCTll o6pa3Ua ll B6Jill3H ero 

noBepXHOCTll, MoryT 6UTb Hafi.neHU c noMOlllblO 'll!CJ!eHHUX pactJeTOB 

pacnpe.neneHllll nOJill B 3JieMeHTaX HaMarHll'IHBaIOI11ero ycTpofiCTBa ll 

B 06pa3ue [2,3]. 
np11Be.neM HeKOTopue KOHCTpyKTl!BHUe napaMeTpU O.llHOro · 113 

aapl!aHTOB .naTtJl!Ka C .llBYMll KaTywKaMH. nepBall ll BTopall KaTylllKll 

co.nepJKaT no 460 Bl!TKOB npoao.na IT9B-2 0 0,1 MM. HaMOTKa BUnonHeHa B 

qen1pe CJ!Oll ( B KaJK.nofi• KaTYIIIKe). .llJ!l!Ha HaMOTKH COCTaBJilleT 15 MM, 

TOJIIIIHHa _HaMOTKll KaJK.uofi KaTYIIIKH -0,6 MM. cpe.nH11e .n1-1aMeTp11 nepaoh 11 

BTOpofi KaTyllleK cocTaBJilllO_T COOTBeTCTBeHHO 24, 8 

3HatJeHHll). BUBO.llll nepBOll KaTylllKH CBHBaIOTCll 

ll 27 MM· 

(HatJano ll 

. ( pactJeTHlle 

KOHeU) 11 

.nanee Bl!TOll napofi npOBO.llHHKOB no.nKJIIOtJalOTCll K COOTBeTCTBYIOllll!M 

BXO,llaM KOMMyTaTopa 2. AHaJIOrlltJHO BUnOJIHl!eTCll no,nKJIIO'-!eHl!e BTOpOfi 

KaTylllKH. 
onpe.neneHl!e CB ( nocTOllHHOH KaHaJia H3MepeHHll HH.UYKUHH B, CM. 

COOTHOllleHHe (4) ) npol!3BO.lll!TCll c noMOlllblO o6pa3UOBOfi KaTylllKll 

B3al!MHOH HH.llYKTHBHOCTll no c:raH.napTHOH MeTO.lll!Ke [ 10]. B mm OIHll1 

.llJ!ll 3THX 1-1cn11TaHHH HCnOJib3yeTCll Mepa B3aHMHOH HH.UYKTHBHOCTH Tl!na 
-3· P5009 ( M =10x10 rH). l13MepeHHe BllXO,llHOro HanpHJKeHllll HHTerpaTopa 

ocymecTBJil!eTCll npll 3TOM C nOMOlllblO u11¢poaoro BOJ!bTMeTpa Tl!na B7-34 . 

onpe.neneHHe nocTOllHHOH CH (nOCTOllHHall KaHaJia H3MepeHHll 

HanpHlKeHHOCTH MarHHTHOro _nOJill H, CM. COOTHOllleHl!e ( 8)), MOJKeT 6UTb 

npol!3Be.neHO no cTaH.napTHOH MeTO,llHKe [10] B coJieHOl!,lle C l!3BeCTHOH 

noCTOllHHOH. B nHn 011Hl1 l!MelOTCll .npyr11e B03MOlKHOCTll ,llJ!ll BUnOJIHeHl!ll 

l!3MepeHllll CH C BUCOKOH TOtJHOCTblO. B qacTHOCTll, .llJ!ll 3TOH uenH 

.naT'll!K C .llBYMll KaTylllKaMH noMemaeTCll B 3a3op 3JieKTpOMarHl!Ta (B 30HY 

C BUCOKOH O.llHOpO.UHOCTblO noJIH). nyTeM peryn11poBaHHll BeJIH'lHHU 

nocTOllHHOrO TOKa B036yJK.neHHll 3JieKTpoMarHHTa HH.llYKUHll B 3a3ope 

H3MeHl!eTCll OT 3HatJeHHll Bl .no 3HatJeHHll' B2 (113MeHeHHe l!HJ:{yK• 

UHH llB= Bl -B), npH 3TOM C nOMOlllblO UH¢poaoro BOJ!bTMeTpa 

l!3MepHeTcH HanpHJKeHHe UHC Ha auxo.ne HHTerpaTopa KaHana· H. no 

nonyqeHHllM'·.naHHUM onpe.nenHeTCll nocTOllHHall KaHaJia H 

10 

f I ' 
,, j 

CH= llH/UHC, 

r.ne llH=llB/µo· 3HatJeHHll 

MarHHTOMeTpa [11,12]. 
HH.llYKUHH B

1 

B np9uecce 

MarHHTOMeTp c .naTtJHKOM Xonna [13]. 

H B2 H3Mepl!IOTCll C noMOlllblO HMP -

Kan116poBKH HCnOJib3yeTCll TaKJKe 

B 3aKJIJO'leHHe paccMOTpHM . anropHTM H3MepeHHll µ. MaKpoanropHTM 

H3MepeHHll µ COCTOHT B cne.nyJOmeM: 

1. Pa3MarHH'lHBaH11e 06pa3ua;' 

2. N UHKJIOB MarHHTHOH no.nroTOBKH 06pa3ua Ha BU6paHHOM TOKe; 1 

3. N2 UHKJIOB H3MepeHHll UB; 

4. N3 -UHKJIOB H3MepeHHll UH; 

5. BUtJHcneHHe µ o6pa3ua no cne.ny10I11HM ¢opMynaM: 

µ = B/µOH.' r.ne 

H = 0,5CHKUH, 

2-
B = 0, 5C

8 
( 23/d) U

8
, 

K = f( Bl, 

C = 0,518!:> Tn/B, C = 0,863X106 (A/M)/B, 
B · H 

d - .nHaMeTp o6pa3Ua,MM; 

6. YBeJIH'leHHe TOKa H nOBTopeHHe nocne.noBaTeJibHOCTH H3MepeHHll, 

C nyHKTa 2, .no nonytJeHHll pe3yJibTaTOB Ha KOHetJHOM TOKe; HatJHHall 

7. Pa3MarHHtJHBaHHe 06pa3ua. 

3HatJeHHll Nl, N2, N3, d, HatJaJibHOe H KOHetJHOe 3HatJeHHll TOKa, a 

TaKJKe Illar no TOKy 3a,na10Tcl! onepaTopoM B HatJane pa6oTu. nocne 
OKOH'laHHll H3MepeHHH no nonytJeHHUM .naHHllM CTpOHTCll rpa¢11K 

3aBHCHMOCTH µ MaTep11ana 06pa3ua OT BeJIHtJHHU HH.UYKUHH BB o6pa3ue. 

UHKJIU MarHHTHOH no.nroTOEJ(H, H3MepeHHll UB H UH npe.ncTaBJilllOT 

co6oi1 cne.nyJOIIIYJO nocne.noaaTeJibHOCTb onepau11i1: 

1. Bu6op KaHaJia H3MepeHHll (B HJIH H); 

2. OTKpUTHe Bxo.na HHTerpaTopa; 

3. nepeao.n HHTerpaTopa 

"l1HTerp11poBaH11e"; 

4 

5. 

l13MepeH11e 

HHTerpaTopa; 

PeBepc TOKa; 

UB 1 ( l!JIH 

H3 

UHl) 

pelKHMa 

.llJ!ll 

6. 11HTerpHpoBaHHe B TetJeHHe 1,2 c; 

"C6poc" B pelK11M 

HatJaJibHoro COCTOllHHll 

7. nepeao.n 11HTerpaTopa H3 pelKHMa "11HTerp11poBaH11e" B peJKHM 
"XpaHeHHe"; 
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8~ H3MepeHHe UB2(HHH UH2) B Haqane pemHMa "XpaHeHHe"; 

9. onpe.neneHHe UB= UB2- UBl (HHH UH= UH2- UHl); 
10.nepeno.n HHTerpaTopa H3 pemHMa "XpaHeHHe" B pemHM "C6poc". 
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