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B H8CTOHmee BpeMH B 8KCnepUM8HT8nbHOll unepaoll ~B3HK8 B yc1topHTen&noll T8XHHK8 

IIIHPOKO HCl!Onb3yJOTCsi paanB'IHble aneKTpOMarHHTbl C TOKSMB Boa6ylKJleHBH OT 8/lBHllll AO 

H0CKOilbKUX Tb!CH'I aMnep. ilnu HX l!HTSHHH H006XO/lHMbl CT86UDH3HpOB8llllbl8 HCTO'IHBKB DOC-

TO!IHHoro TOK& C nnanaoll perynHpoBKOll B0DH'IHHbl TOKa D 11~rpya1te B IIIHpOKOM )lHana-

30H8 3H8'18HHll. 06b!'IHO Tpe6yeMan CTa6HnbHOCTb I II ne)KHT n npeAenax 0,01 ,i-0,001%. 

HaH6onee IIIHpoKo llDH 8TOfi nenH ucnonb3yJOTC!I BCTO'IIIHKH DHTSHRH C CHCT0M8MH CT8-

6HnR38UHH, B KOTOpblX B0DH'IHH8 CT86HnH3HpyeMoro TOK& KOHTpOnHpyeTC!I no naneHRIO aanpu

lK8HHH 118 8T8DOIIHOM conpOTHBnemrn (mynTe). 1-iMeJOTCH H npoMb!IIID8Hl!bl8 o6pa3Dbl ycTpollcTB 

no110611oro THna. B H3MepHT8IlbllblX 8n0M011T8X TaKHX cTa6HnH38Topon npoH3BOAHTCH cpanne

HHe na11e11H!I 11anp!llK8HH!I na my11Te C 8T8Il0llllblM 11anp!1lK8HHeM (o6b!'IHO a;n.c. HOpManbHOro 

aneMe11Ta). 0AH8KO Hp!'I paapat50TK0 BblCOKOCTa6unbllblX CHCT0M DHTSIIHH Ha COTHH H TblCll'IH 

8M1!8p 0'10llb TPYAHO C031l8Tb llOCT8TO'IIIO CTat5HnbHbl0 myHTbl H3-<38 6onbllIOl! MomaoCTH (110 

ll0CKODbKHX KHnOBSTT), p1;1cce1rnaeMoll 8THMH COilpOTHBneHH!IMH. HeooxonHMO OTMeTHTb TaK-

JKe, 'ITO CHraan OIIIHOKH B aTOM c11yqae nonyqaeT<;H Ha DOCTO!IHHOM ToKe, a TPYA!IOCTH coa11a

HHH Bb!COKO'IYBCTBHT8/lbHblX CT80HilbllblX ycanHTenell llOCTOHHHOro T01ta··xopomo H3B8CTllbl. 

B ODHCbIB88MOll CHCT8M8 CTa6HnH38IlHH, t5noK-CXeMa KOTOpoll npuaeneaa Ha pHc. 1, 

B8DH'IH118 TOK& I H KoBTponHpyeTCH no nanp!l)K8HHOCTH MarHHTnoro nonB, C031l8B88MOro 

cneuuanbllb!M 11e6onbllIHM 8n8ltTpoMarH~TOM, '18pe3 OOMOTKH ltOTOporo nponyclt88TCH H3M8-

p!18Mb!A To1t. CxeMaTH'18C1tHl! qepTe)K 11aT'IH1ta T01ta noKaaan na puc. 2. HanpH)KeanocTb 

MarHHTHOro nonu M8lKJlY nonJOCllblMH na1tOH8'1HHlt8MH (2) H3M8pHT8nbHOro aneKTpoMarnHTa 

BM 38BHCHT OT TOJta, np0Te1taromero qepea OOMOTKH_ MarnuTa (3), qucna BHTKOB B 06-

MOTKax, BenH'IHllbl aaaopa M8lKJlY nonJOCHblMH H8KOH8'1HHlt8MH H CTenenu CB!l3H HMeJOmerocu 

B /l8T'IHK0 UOCTO!IHHOro MarHHTa (1) ~ MarllllTHOll CHCT0MOA H3M0pHT8/lbHOro aneKTpoMar-

HHTa. CnenonaTan&no, BM COCTOHT B3 llBYX KOMUOll8HT - nonu: OT UOCTOHHHoro MarnHTa 

I coananaeMoro npoTeltaJOmHM no KSTYIIIKaM CT80HnH3HpyeMbIM TOKOM 

H 
• EcTeCTD0HHO, 'ITO MarnHTHbl8 nonu Bn R MoryT BKDJO'ISTbCH Kalt cornacno, 

Tait H BCTpeqno, TO ecTb 

Ta1tHM ot5paaoM, npn c~a6un&HhlX pa3Mepax aaaopa H aanaanoA MarHHTnoll cnuaa c 

UOCTOU:HHblM MSrHHTOM 381!8'18 CTat5HnH38llBR TOKa Ill CBO)lHTCU: K CT80HDB38llHH MarHHT-
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uoro non11 BM B 3a3ope D3M8pDT8nbBOro :meKTpoMar1u1Ta. ECllll none BM BOM8p-

l!Cl1B88TCII nocTOHHHblM D paBHblM BMo • TO, nocKonhKy BT = f(I H ) ' Bennq11ay 

CTa611nD3HpyeMoro TOKa I 
H 

MO}KHO H3M8HHTb M8HHH KOMllOH8HTy nonH BU , TO 8CTb 

perynnpyll CBH3b llOCTOHHHOro MarHHTa C MarHDTHOi! CHCTOMoi! )l8T'll!:Ka TOKa. 

M3MepeHD8 HanpHlK8HHOCTD MarHDTHoro nonH B 3a3ope D3MepnTenbHOro aneKTp0M8rllHTa 

npoD3BOJlDTCH npa noMomn aneKTponnoro napaMarHHTHoro pe3onaHca (:3IlP). B naT'lHKe nc

/1/ 
non1,,3yeTCS1 nornoma10ma11 KaMepa ( 6), OllHCaHHasi B pa6oTe • Ilono6uble cncTeMU D3Mepe-

/2,3/ 
HIISI TOKa no .HMP oocyJKAanHCb B pa6oTax 1 0)1118110 HCBOnb30BaHD8 anp npencTannsieTCSI 

6onee nenecoo6pa3HblM1 nocKonhKY cnruanbl aneKTpOHHoro napaMarHIITHOro pe3oHaHca 3ga,m

TenbHO HHT8HCDBH89 c11rnanoB 11uepaoro MarHDTHoro pe30H8HCa, 8 MB8HHe_o Tpy)lHOCTH npn

M8H8HHH cnepXBbICOKO'laCTOTBOi! TBXHDIIH HBnH8TCH B aacToHmee Bp8MH H8COCTOSIT8nbHbIM. 

BNnyc:m:aeMbl8 npoMbllll/18HHOCTblO xnHCTpOHHbl8 reuepaTOpbl HBnHIOTCH yno6HblMH D Ha)l8}Kllbl

MH npn6opaM11. Cepb83HblM nocTOHHCTBOM .HMP 11nnsieTcH Manasi mnpnua nnHHD nornomeHHH. 

HanpnMep, AnSI BOllbl C no6aBKOi! He6onbmoro KonH'l8CTBH napaMarHDTHbIX DOHOB 
-4 

·AB n~ (0,1 ¾ 1,0).10 Tn. PeaoaaHCHHH nHHHSI )lD!p8HDnnDKpHnrn11pa3una, HaH6onee lllllp0KO 

npHM8HH8Moro npn aa6n1011eann :3IlP pa6oqero nemecTBa, B aecKonbKo pas mnpe. 011aaxo 

MSI CDCT8Mbl CTa6DJIJl31lHDH BallC.Hbl Kalt OT30CHTenbHaH m11pnaa pe3oHaHCHOi! IIHHHD AB /B n 
Tax H OTHOW8HH8 cnrnan-myM, BOCKOnhKy B KOH8'lHOM IITOre paapemeane H3M8pHTenai! Mar-. 

HHTHOro non11, OCHOBaHHblX Ba .HMP ImH anP, npH perncTpannn _MaKCBMyMa peaoHaBCBOi! 

KpHBOi! no MOMOBTY nepexona npoH3BOIIBOi! cnraana qepe3 Bynh, onpenenSieTCH BblpalKQBHQM 

BM;_ ABn/k 0 B, 

r11e BM -nenuqnaa cnyqai!aoi! norpem11ocTH B onpeneneunn MoMeHTa axCTpeMyMa cnruana 

nornomeunn, B -aenH'lHHH D3M8pH8MOro MarallTBOro nonH, ko -oTHOIII8HD8 HMllnDTYllbI 

pe3oaaacuoro cnraana nocne 11111jlljlepeHA11poaaa11si K ypoBHIO myMoB. Bennqnaa cTa611nna11py-

anpyeMoro nonn BMo Bbl6paaa panaoi! 0,13 Tn, cneuonaTenbBo, npn 11aMepea11n non11 

11aT'll!:KOM aa :3IlP c nnljleannnnKpnnr1111pa311noM B Ka'lecTae pa6oqero nemecTBa 
-4 

A B n = 6. 10 Tn) II o6bI'lHOM 3Ha'leHIID ko ?: 200 cnyqai!HaH norpemHOCTb D3MepeHlli! 
-3 

BM s s.10 %. 

'lyncTBIITellbBOCTb naT'lHKa TOita 3aBHCHT, KpoMe Toro, OT COOTHOIII8HDH BenH'lDH noneA 

BT II Bn , a TaxlKe OT cnoco6a ax BKnIO'leHHSI ( cornacao 11nn BCTpeqgo). Ecnn npn-

HSITb nns nnanaaoaa MarHDTHbIX ironei! 0 ·+ 0,2 Tn nnaei!ny10 3aBDCHMOCTb nonn BT oT 

TOKa qepe3 o6MOTKY 18 , T.e~ '!To BT = ·cl B 1 To OTHOCHTenbB08 H3M8H8HH8 

MarHDTHoro nonn ABM/ BM B aaaope H3M8pHT8nbHoro aneKTpoMarHHTa 6yneT CBH-

3HBO C OTHOCDTenbHbIM D3M8H8HD8M TOKa B aarpy3K8 MH /I H 

HHBMH:-

4 

cneny10mnMn cooTaome-

'"'(~, 

.I 
l 
• 

\ 

ABM /BIi 

A8w /8w 

t\JH /lu 

l+Bn/BT 

t\Ju /la 

1-• I\J /BT 

,. cornac11oe BJUIJO'le.BBe, 

BCTpeuoe nxn10'1e.BBe. 

Tax11M. o6pa30M, qyBCTBDT8m.HOCTb naT'lllK8 TOKa, a cnenonaT8nhHO, D CT9ll8Hb CTa6HIIH3aBDH 

CY1118CTB8BHO H3M8HSIJOTCH npB nepeCTpoAxe BelIH'IHllbl CTa6HJIB311pyeMoro TOKa. IlpH cornac-

HOM BlUIIO'l8HIIJI noneA Bn D BT 'IYBCTBHT8nbHOCTb naT'IHlta yM8Hblll88TCH C ynenH'l8-

HD8M 8n (paCCMaTpJIBaQTCH, 8CT8CTB8HBO, cnyqaA, xortta BIi - 8w., - CDD&t ) 

a np11 BCTpe'lHOM - ynenD'IHB88TCH. :3TO 11eo6xon11Mo Y'lHTbIBaTb npH KOHCTpyHpoBaHDH naT'lB

xa n Bb16ope naana3oaa perynHposaHHsr Toxa , 

0.!IBDM H3 OCHOBHblX <jJaxTOpoB, onpenenHIOlllHX TO'lHOCTb CTa6HnD3anDll Toxa, HBnS18TCSI 

CTa6HnbHOCTb napaMeTpoB MarHDTHOi! CJICT8Mbl ll8T'IHK8. IloCKOnhKY xapaKT8pHCTHitH M8rHHT

HOi! CHCT8Mbl (pa3M8pbl MarHHTonpooo11a, B8JID'lHHbl 3a30poB, BenJl'IHBa KOMBOB8HTbl M8rHDT

Horo nonH Bn H T.n.) ·cHllbHO 38BHCSIT OT T8MB8p8TYPbI, B ltOHCTPYKllllll naT'lBKa non}Klla 

6blTb npenycMoTpeHa lK8CTK8SI <jlnxcanHH 3a3opoB B TeMnepaTYPHaSI CTa611nH38BBH, nn6o T8p

MOKOMll8Hcan11H OCHOBBbIX KOMBOH8BT M8rHBTBOil CDCT8Mbl. B ll8T'l11Ke, ljlororpaljln11 KOTopo

ro BOKa3aHa Ha pHc. 8, nonroca MarHHTa ( 2); aBK8pBb18 OOnTbl, <jJHKCHPYIOlllH8 Bennqnny 38-

aopa; K8TylllKH (S); BOCTOSIHHbli! M8rHHT (1) H nnacTHHa, HH KOTOpoi! MOBTHpyeTCsr M8XaBH3M 

nepeMemeBHSI BOCTOSIHHOro MarHHTa, o6TeK8IOTCSI T8pMOCT8THp0BaHHOi! oonoi!, BOCTyna10mei! 

H3 T8pMOCTaTa TC-15. 

nns Ocna6n8HHSI BnllSIHHH BB8WHHX M&rHDTBblX noneil ll8T'IHK 8KpaHllpOBaB. 

Ilornoma10ma11 KaMepa, npu noMoDtH KoTopoi! Ha6n10naeTC11 aneitTpOBBbli! napaMarHHTBbli! 

-peaoaaac npencTaBnH8T co6oi! peaoaaTop npoxonaoro THna, B KOTOpoM paaMemea o6paaen H3 

naljleHHnn11xp11nrnnpaauna. ClteMaTH'lecxuil qepTelK xaMepbI npuneneH na pnc •. 4. PeaoHaTop 

H8CTpoeH Ha qaCTOTy .. 3700 Mrn JI IIMeeT no6POTBOCTb .. 350. 06paaen (4) 061.eMoM 

6 MMS noMemaeTCH y 3aKOp0'l8HBOro KOHAa BBYTp8HHero CBllpHnbHOro npoBOAHIIKa (3). Oc-

HOBHble pa3M8pbl peaouaropa D - 2,5 MMJ D = 8 MMi 
a 

L = 4,3 MMi La - 12 MM. 

"Cnupanb B8MOT8Ha M8llHbIM nocepe6peHBblM npoBO.!IOM llHaM8TpoM 0,5 MM. 'lucno BDTKOB 

cnnpallH N - s. 

IlnTa8TCSI p830HaTOp KnHcTpoBBblM reaeparopoM, 'l8CTOT8 KOToporo CTa6nnH3HpoBana 

cucTeMoi! an~MaTnqecKoi! no11cTpoi!KH qacTO~bl ( Ail'I). B xaqecTne STanoanoro peaonaTopa 

ncnonb3yeTcsr peaoaaaCHblil oonaoMep THBa BCT-10, HMe10mui! aa qacroTe • 4000 Mrn 
-3 0 

T8MnepaTypBbli! xoa<j,,j,HBH8HT 'laCTOTbl (TK'I) .. 0,8.10 % Ha 1 c. IlpHBBDnHanbBBH CX8M8 

CHCT8Mbl Aill{ BOK83HH8 Ha pHC. 5. nn11 nonyqeHHH CHrHana OWH6KH BpHM8BH8TCH H8rny6o

KaH MonynHBHH 'lBCTOTbl xnHCTpOBHOro renepaTopa nonaqeA Ha OTpaJKaTenb KnBCTpoHa MO-
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eynupyioinero BSnplilK8JIJISl c 'lSCTOToit 50 1trD: H SMIIJIHTYllOit 0,05 B, reBepaTOp 'lSCTOTl,l 

50 1tril ( T 4 ) co6paB IlO cxeMe eMJtOCTBOII Tp8XTO'lltH C 1tone6aTem.B1,1M ltOBTypOM B JteD:H 

1tonn:e1tTOpa, HanpSI:acemre MOllynSIJtn llOtl8eTClI BA OTp8lKaT81Ib qepe3 P831len11Tem.B1,11! TpaRC-

q,opMSTOp. Ueno'llta ·C 8 R 11 c o5MoTJtol! TpaRcq,<>pMaTopa Tp 
I 

o6pa3yeT cjla:JoBpa-

inaTeru.. Pe30BaBCBblit YCHnHT8m, lt8Clt0JlBOro THna C Tpa.iiccjlopMaTOpBbIM Bl>lXOllOM ( ·r. 
T2 ) HM&eT. ycxneue .. 10

8
• 4>aao'tyBCTBHT81IbBbll! YCHIIH'l'81U, ( r. . Jl 1 :: .1l4 

npu Jtoaq><j,miueBTe npeo6pa30BABHlI 40 nHBeea B npeAenax !10 B BblXOllBOro BanplI)K8BHB, na

T8Bl{8 cjla30'f1BCTBHT8JiblIOro . YCHnHTenB ocyineCTIIIIB8TClI llBYXTaltTBblM Tpaacq,opMaTop!IbIM 

1tacltaAOM ( Ta' , TT ) • 

IlpHHJtHnuaru.aalI cxeMa TpaJtTa ll8T8ltTllpOBaBHlI H ycan&BHB p830B8BCBOro CHrBana 

anP npuBeAeaa Ba puc. a; MarBuTaoe none B aaaope aaMepuTem.aoro anexTpoMaraaTa 

M01lyn11:py8TCB C 'laCTOTOII 5 xrn llBYMB nocnet10BaTenbBO BltnroqeaBblMH KaTymxaMH (5) LI 

II L I • IluTaroTClI MOJlynHpyroinHe lt8TYlllltH ycHnHTeneM MOIIIHOC'rH ( T, , 'TI ) • re-
11epaTOp 'laCTOTbl 5 Krll BblllOnaeu no CX8M8 8MltOCTBOit TpeXTO'lltH ua TpHOll8 ·r 8 • CarBan 

C Jl8T8ltTOpa Jl I 'nocTynaeT Ba peaoaaliCBblit ycHnHT81Ib ( TI .) t B:oa<j,<j,anaeaT ycaneBHB 

KOToporo paBea .. I 00, a 38T8M Ba BX0ll <j,aao'lyBCTBHTenbBoro ycHnHTen!Ii ( T 
2 A1f.1l4)• 

C BbIXOll8 <j,aaoBoro 1leTe1tTOP8 ynpaBn1110inee Hanp11lKea11e U ynp' qepea xoppexTapyroinue 

RC -neno'lltH, nocTynaeT Ba BXO/l perynnpyeMoro BCTO'llIHlta IlHTalIHB, xapa1tT8pHCTHltH 

H cxeMa KOTOporo onpeAenlIIOTClI•IlapaMeTpSMH Barpy3KH. 

OnBCblB88Mblit JlaT'IHK HCnblTblBancB 'B pBAe CBCT8M D:HTaBHB ane1tTpoMarBHTOB C TOlta

MB I R OT R8CKOnbltHX aMnep AO aecltonbltHX COT8H aMnep, 8 ltOHCTPYJtllHH ll8T'IHB:a, nolta-
. 2 

aauuol! Ba PHC,3, JtaTYlllltH Bhlnonaellbl H3 M81lHOII Tpy61tH pa3MepaMH 7xl,5 MM • B Jta)KJlol! KaTym-

Ke 10 BHTKOB. MarRHT!i08 none OT noCTOlIHHoro MarBHTa B'Il H3MeH518TClI B llH8lla30B8 

OT 0,0 I llO 0,07 Tn nyTeM nepeMeineHH51 MarBHTa Me)KJly cxomeRHblMH B8KOB81j'.BHKaMH Mar-

BHTHOit CHCT8Mbl H3MepHT8nbBOl'O aneB:TpoMlll"BHTa, HaMeaeaHe B'Il 1 a Cn8Jl0B8T811hlI01 

H CTa611:n11:a11:pyeMoll aenH'lll:Bhl Toxa narpy3KH 
H 

M0lK8T npOH3BOllHTBC51 xax Bpyqayro, Tait 

H llHCTaa1111:oauo, npa noM0IIIH peB8pCHBHoro . ane1tTpOMOTOpa nro6oro Tana. Ami napbI ltSTY-· 

meK C Ha3BaBHbIMH, napaMeTpaMH pa6o'!HA JlHanaaoa TOlt0B I COCTaBmreT 60~130 a npH 
, H , 

cornac110M Ir 150~0 a npH BCTp8'1HOM BKnIO'l8HHH none!! BT H B•n • HaM8B8Bll8 

JlHanaaoaa CTa6HnH3HpyeMblX TOKOB npoH3BOllH=B. nepeKnIO'l8RH8M 'IHCna BHTKOB B 1ta-r,-m1tax. 

JlnaTenbHbl8 HCnblTSHHB CHCT8Mbl CTa6HnH38)1HH C onHcaBHblM ll8T'lHltOM TOlta (B T8'18-
' '• 

IIHe 4 MBCSIJtea no 8710 qacoa B ABHb) noKaaana, 'lTO qepe3 1,572 qaca·nocne Bltnroqeau,r 

H8CTa6HnbROCTb TOKa I R Re npeBbllll88T. -:!_4, 10-3% 38 ~ 'l8COB pa60Tbl, Koa<li<PHllHBRT 

CTa6unm;ianaa paaeu,. 400. 

B 38Knl0'18RH8 SBTOpbl C'IHTaIOT CBOHM npHRT.1(1,lM llOllI'OM. BUpa3HTb 6naroAapBOCTb 

M.r. AxuMoay, H.A.Kan1IHuy, A,H, · Ko1topeny H X.4>. CanaxaTABBoBy _3a noMoinL B .H3roTOl!

neBHu aneMeBToB H MORT8)K OD:HCSBBblX cxeM. 
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