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llPHMEHEID1E MAriD1THhlX YCHJIHTEJIEA 

,ll,JIH H3MEPEID1H H CT ABHJIH3AUHH 

BOJihWHX llOCTOHHHYX TOKOB 



B TeXHHKe ~H3H~ecKoro a KcnepHMeHTa AJIH cTa6HJIH38UHH HanpH~eHHOCTH 

M8rHH THOrO nOJIH B 3830pax 3JleKTpOM8rHHTOB Tp8HCnOpTHpOBKH 38pH~eHHbiX 

~8CTHU WHpOKO HCnOJib3yroTCH CHCTeMhl, BeAyiUHe CT86HJIH38UHro "no TOKy". 

Tpe60B8HHe no TO~HOCTH CT86HJIH38UHH TOK8 B036y~AeHHH 3JleKTpOMarHHTOB 

B T8KHX C H CTeMaX COCT8BJIHeT :t 0,01 ~ 0,05%. 

Ba~Heiiweii COCT8BHOH ~8CTbro CHC TeMbl Bb!COKOTO~HO.H 

UHH TOK8 HBJIHeT CSI H 3MepH TeJlbHOe ycTpOHCTBO t 3JleMeHT). Yl. MeHHO 3THM 

ycTpOHCTBOM B 3 H8~HTeJibHOH CTen eHH onpeAeJISiroTCSI AOCTH~HM8SI TO~HOCTb 

CTa6JIH38UHH TOK8 H Bb!60p yCHJIHTeJlbHb!X H perynHpyroiUHX 3BeHbeB CHCTe-

Mhl 8BTOM8TH~eCKOrO perynHpOB8HHSI. 

Yl.3MepeHHe CTa6HJIH3HpyeMoro TOK8 no naAeHHro Hanp~eHHSI H8 3T8-

JIOHHOM COnp OTHBJieHHH SIBJIHeTCH H8H6onee pacnpOCTpaHeHHb!M CnOC060M0 

HaweAillHM npHMeHeHHe H B pa3pa6oTKax nocneAHHX neT /1 I. Heo6xoAHMOCTb 

HCnOJib30B8HHH BbiCOKO~yBCTBHTeJibHb!X yCHJIHTeJieH CHrH8Jl8 paCCOrJI8COB8HHSI 

B H3MepHTeJibHb!X yCTpOHCTB8X C 3T8JlOHHb!MH COnpOTHBJieHHSIMH ( IUYHT8MH) 

A068BJIHeT K H3BeCTHOMY HeAOCT8TKY T8KHX CHCTeM (60JiblliOH paCXOA 3JleKTpo-

3HeprHH, He06XOAHMOCTb BOAOOXJ18~AeHHS!) eme OAHH OTpHU8TeJibHblft MOMeHT

Tpe60B8HH e 383eMJieHHSI BXOAHOH uenH, ~TO 38TPYAHSieT KOHTpOJib H30JlSIUHH 

CHJlOBbiX ueneii. KoHTpOJib H30JlHUHH CHJIOBbiX uenei:l: HMeeT onpeAeJieHHOe 3H8-

~eHHe, T.K. H8JlH~He TOKOB yTe~eK MO~eT CyiUeCTBeHHO (c y~eTOM Tpe60B8-

HHH Bb!COKOH CTa6HJibHOCTH) H3MeHHTh BeJIH~HHy MarHHTHOrO ITOJISI B 3830pe 

nHTaeMOrO 3JleKTpOM8rHHT8. 

B A8HHOH cTaTbe paccMaTpHsaeTCSI pa3pa6oTaHHaSI B fla6opaTopHH Bbi

COKHX a HeprHii OM HM CHCTeMa cTa6HJIH3aUHH 6onbworo nocToSIHHoro TOKa, 

KOTOpaH npH ycJIOBHH Bb!COKOH TO~HOCTH o6naAaeT 3H8~HTeJibHOH npoCTOTOR, 
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H8A8*HOCTbiD H o6ecrre~HB88T B03MO*HOC Tb 3~~eKTHBHOrO KOHTpOnH H30n HUHH 

CHnOBNX uerreA 1 ~TO B H3BeCTHOA CT BITBHH rapaHT HpyeT BhlCOKYID CT a6HnbHOCTb 

M8rHHTHOrO ITOnH B 3830pe ITHT88MOrO 3neKTpOM8rHHT8 . 

~3BSCT Hhl cny~aH HCITOnb30B8HHH AnH H3MepeHHH 6onbWHX ITOCTOHHHNX 

TOKOB T8K H83NB88MNX "ApOCCenbHhlX ABnHT eneA" 1 OITHC8HHNX B 12 ~31 • 8 YKD-

38HHNX yCTpOHCTB8X1 HBnHIDillHXCH AH~~epeHUH8nbHhlMH MarHHTHhlMH ycHnHTe

nHMH 1 H3 MepeHHB 6onbWOrO ITOCTOHHHOrO TOK8 OCyWBCTBnHSTCH KOMITSHC8UH-

OHHHNM MBTOAOM rryTeM Cp8BHBHHH H3MBpHBMNX 8MITep-BHTKOB C 8MITep-BHT

K8MH KOMITeHCHpyroWHMH. ~3MepeHH8 6onbWOrO ITOCTOHHHOrO TOK8 CBOAHTCH 

K BhlCOKOTO~HOMy H3M8p8HHID 3H8~HTBnbHO MBHbWero ITO BenH~HHe KOMITBHCH

pyJOWero TOK8 B MOMBHT 6anaHC8 8MIT8p-BHTKOB yrrpaBnSHHH1 T . e . ITpH HyneBOM 

cHrHane Ha BbiXOAe ycHnHTenH. YKa3aHHoe ycTpoAcTBO B co~eTaHHH c Bbrco

KOCTa6HnbHbiM HCTO~HHKOM KOMITeHCHpyroruero ( OITOpHOrO ) T OK8 MO*BT 6b!Tb 

HCITOnb30B8HO B K8~8CTBe BhlCOKO~YBCTBHTSnbHOrO H3M8pHTBnbHOrO 3 nSMBHT8 

CHCTBMhl 8BTOM8TH~BCKOrO perynHpOB8HHH. 

Ha pHC.l H306pa*BH8 rrpHHUHITH8nbH8H CXSM8 CHCT BMhl CTa6HnbHOrO TOK8 

C AH~~epeHUH8nbHb!M MarHHTHb!M ycHnHTeneM Ha BXOAe. CHCTBM8 COCTOHT 

H3 CnBAYJOWHX OCHOBHNX 3neMeHTOB: fn - reHepaTOp ITOCTOHHHOro TOK8 (TK

na ni04) I 3M - TIH T88Mb!H 3neKTpOMarHHT , M ilT - MarHHTHbiH A8T~HK T OK8 1 

LlT - TOKOBbi A AenH T enb 1 E O T - 6noK orropHoro T OKa , . BT - THpaT pOHHbi A 

BbiiTpHMHTenh Bo36Y*ABHHH reHepaTopa ( TH na ET-4), E CY - 6noK ceT o~Horo 

ynpaBne HH H. 

Mar HH THb i H .aa T'iHK T a K a 

8 K8~8CTB8 A8T~HK8 TOK8 HCTIOnb 3yBT CH AH~~epeHUHanbHNA M8rHHTH NH 

ycHnHTenb 1 Bb!llOnHeHHbiA Ha CTaHAapTHbiX yc Hn HT enHx T Hrra T Y M - A 2-ll . T a 

KOH ycHnH T e n b o6ecne~HB88T H3MepeHHe 8MTiep- BH T KOB BenH~HHOH AO 2 00 ~ 

~ 2 5 0 8B . 3 T a BenH~HH8 onpeAenHST CH IT O Ha rp e By 06MOT OK y n paBne HH H.1 ~e

pe3 KO T OpbiB rrp o n yCK88 T CH KO MTIB HCHpyro ruH H OTIOpHbi H TOK . IlpH YK838HHbiX 

8MIT e p-BHTK8 X yc Hn HT e n b pa60T88T BHe 30Hhl "nO*HhlX Hy n e Av. 06MOTKH yn

paBn e HH H ~epe3 nepeKnro~aTenb YC T8BKH T OK8 (IlYT ) 38ITHTbiB8 JO T C H KOMTI BH

CHpyroruHM TOK OM o T 6noKa o n o pHoro T OKa ( EOT) 1 a H3 MepHeMbi M TOK npo-
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TeKaeT '-1epe3 wnHJibKY , OXBa'-leHHYJO TOpOHJJaMH yeHJIHTBJIBH. 8 biXOJl MilT B03-

nei1e T ByeT Ha 6JIOK eeTO'-IHOrO ynpaBJIBHHH THpaTpOHHhlM BhlrrpHMHTBJlBM B03-

6yMJlBHHH B eJiy'-lae OT KJIOHBHHH aMrrep- B HTKOB H3MBpHBMhlX OT aMrrep- BHTKOB 

onopHbrx. 

fl enHrenb roKa 

Ilm1 paewupeHHH JlH8IT830H8 H3MBpHBMbiX H eTa6HJIH3HpyeMbiX TOKOB npH

MBHBH TOKOBhlH JlBJlHTBJlb. IleJIHTBJlb H3rOTOBJlBH Ha 6a3e 2-X H3MepHTBJlbHhlX 

wyHTOB 1500a, 75 MB (eM. cjJoTo 1). K oHeTpyKTHBHO nenuTeJib BbiTIOJIHeH 

eJieJJyJOWHM o6pa30M . Ha KBMJlOM WyHTB e OJlHOH eTOpOHbl OTJJBJIBH e nOMOWb!O 

cjJpe3epOB8HHH BMeeTe e '-!aeTbJO MBJlHOH KOJlOJlKH OJlHH pHil M8HraHHHOBhlX nnae

THH (eeero HX 7) H OTOrHyT non yrl!OM 900. illyHTbi CO e T OpOHbl ynOMHHYTO-

ro BhlWB pe3a OTTOpUOBhlBaJOTeH H eoeJJHHRJOTeH noeneJJOBaTBJlbHO e nOMOWbJO 

nai1KH eepe6poM. MeJJHBH WnHllbKa ( d = 16 MM) , OXBa'-!BHH8H T OpOH .Q8MH 

yeHJIH T eJiei1 , npunaHBaeTeH K eoeJJHHHTBllbHbiM nJiaHK8M (oTp e3aHHbiB '-!BeTH 

MBJlHbiX KOllOAOK) OTOrHyTbiX M8HraHH HOBbiX rrnaeTHH. illnlf llbKa e ye HJIHT B llH

M H OK83hlBaeTeH BKlliO'-IBHHOH noenenoBaTBllbHO e OJJHHM 113 eeMH pHJJOB MaH

raHHHOBhlX rrnaeTHH COeT8BHOrO WYHTa. IlellHTBllb TOK8 B eO'-!BT BHHH e OnHeaH

HbiM BblWB MilT n03BOllHBT paeWHpHTb JJHana30H e T a6HllH3HpyeMoro TOKa AO 

1500 a . 

EnoK onopHoro roKa 

8 Ka'-!eCTBB 6noKa OITOpHoro T OKa HeiTOllb30BaH TpaH3 H e TOpHhlH e T a6!fJIH-

3aTOp T OKa / 4 / , eMOHTHpOBaHHhlA Ha KO~yxe noTeHUHOMeTpa- .aaT'-IHKa THna 

P317 ( eM . cjJoTo 2). B exeMe e Ta6 11 JIH3aTopa H e TO'-IHHKOM onopHoro HanpH~e

HHH e nyM a T JJBa e Ta6HJIHTpOH8 THITa Il8 1 8E, a B Ka'-!eeTBe 3 TallOHHOrO eonpo

THBllBHHH - JlBK8Jlbl n epenena HHOro ITOTBHUHOMeTpa- JJaT'-!HKa THna P317 , eonpo

THBllBHH e KOTOporo YMBHbWBHO .QO 999,9 OMa . IlnH TeMnepaTypHOH KOMneHea

UHH npHMBHBHbl AHOJlbl Il7f (2 WT.), BKJIJO'-IBHHbie B uenb 3 T allOHHOrO eonpo

THBllBHHH . CTeneHb TepMOKOMneHeaUHH perynupyeT eH WYHTHpy!Oll.llflvi eoPpOT H3-

llBHHBM R 2 0 • KoHe T pyKTHBHO yKa3aHHbie BbiWe JJHOJlbi p a3.MemeHbi Ha OJJHOM 
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MeaHoM paaHaTope c TpaH3HCTopaMH T2 H T 3 • DpHMe HeHHe paaHaTopa anSI 

M a n oMOUlHbi X TpaH3HCTp OB T2 H T3 (MD13 H MD26B) no3Bonano 3Ha'!HTenb

.HO ( B 4r-5 pa3) COKp8THTb Bpe MH H BenH'!HHY TeiinOBOI'O "Bb!6era" CXeMbl 

nocne BKnJO'!eHHSI. Onwca.HHbiH 6nox onop.Horo TOKa o6ecne'!HBae T H3Me.HeHHe 

KOMn eHCH pyJOIIIero T~a B npeae nax 20 +- 60 Ma npH C T 86HnbHOCTH He Xy)!{e 

~ 0,005% ( KOHTpOnL.Hble H3MepeHHH B T e'!e.HH e 48 '!8COB) . D pH 3TOM K03 cpqlH

UHeHT C T86HnH38UH H no HaiipSI)!{eHH!O nHT8HHSI COCT8BnSIJOT BenH'IHHY nopSiaKa 

3000, a T eMnepaTypHbiH apeiicp npH HarpeBe Ha 20°C - H e 6onee 0,01 %. _ 

BnoK ceroqHoro ynpaBneHHH 

DpHMe.HeHH e B xa'IeCTBe H3MepHTen&Horo aneMeHTa Mai'HHTHhlX ycHnH

Teneii C nonO)!{HTC nbHOH o6pa THOH CBH3b !O o6ecne'IHB8eT BblCOKy!O 'IYBCTBH

TenbHOCTb1 HO Bb!3b!B8eT onpeaeneHHble TpyaHOCTH B CBSI3H C HX 6onblllOH 

noCTOSIHHOA BpeMe.HH. Un SI o6ecne'ICHHSI yCTOH'IHBOH pa60Thl CHCTeMhl C T86H

nH38UHH B paCCM8TpHB8eMOM cnyqae HCnOnb30B8H8 2-KOHTypHaSI CXeMa pe

rynHpOB8HHSI ( CM. pHc.2) 
151• DpH Taxoii cxeMe ocymecT BnHeTCH 6biCTpoe 

perynHpOB8HHe no HanpSI)!{ e ;IH!O I'e.HepaTopa nHT8HHH H MeaneH.HOe ITO TOKY 

aneKTpOM8I'HHT a. CHCTeMa yCTOH'IHB8 1 ecnH HHCpUHOHHOCTb KOHTypa CT86H

nH3~UHH no T OKY 3H8'IHTenbHO npeBbl!llaeT HHepUHOHHOCTb KOHTypa CTa6HnH-

38UHH no .HanpSI)!{CHH!O. 3T O nonO)!{e.HHe aoCTHI'8eTCH B OIIHCblB8eMOH CHCTCMe 

rryTeM 3aKopa'IHBBHHSI o6MOTOK (2) ycHnHTeneii MUT (eM. pHc.1 ). 

B K8'!CCTBe H3MCpHTCnbHOI'O 3nCMCHT8 KOHTypa perynHpOB8HHSI no H8IIpS!

)!{CHH!O HCIIOnb30B8H8 CXCM8 . Cp8BHCHHSI H8 Tp8 H3HCTope. T 1• D aaeHHe .HanpSI

)!{ e.HHSI H a aarpy30'IHOM corrpoTHBneHHH TpaH3H C Topa T
1 

SIBnHeTCSI yrrpaBnSIJO

IIIHM CHf'Ha nOM anSI THpaTpOHHOf'() BbiiipSIMHTenSI B036y)!{aeHHSI. BenH'IHH8 H8-

IIpS!)!{C HHSI f'C.HepaTopa IIHT8HHSI OIIpeaenSieTCSI IIOnO)!{e.HHeM aBH)!{KOB IIOTeHUHQ-

MCTpOB R 1 (rpy6o) H R 8 (To'!Ho). KoHTyp perynHpOBaHHSI rro HanpSI)!{e-

HHJO y'IHTbiBaeT Bo3aeACTBHe MUT rryTeM BKnJO'leHHSI BbiXoaa rrocneaaero B 

uerrb 6a3hi TpaH3HCTopa T 
1

• B Ka'!eCTBe xoppeKTHpy'JOmero 3Be.Ha HCrron&3o

Ba.Ha CMKOCTb C5, IIOaKnJ0'!8eM8SI rrapannenb.HO H8f'py30'IHOMY COIIpOTHBne.HH!O 

R 5 • CxeMa MO)!{CT pa6oTaTb B UHKnH'lecxoM pe)!{HMe, rronyqa g yrrpaBnSIJO

IIIHA CHf'Han OT pene ceTO'IHoro yrrpaBneHHSI ( PCY). 
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llpaKTHt.IeCKHe pe3ynb T8Tbl 

CHCT eMa CT86HnbHOf'O T OK8 HCilb!TbiBanaCb H 80AHOKp8THO rrpH pa60Te H8 

pa3nH'lHbre no rrapaMeTpaM Harpy3KH: MarHH T THrra CD40 

L = 1,71 rH) H nliH3Y THrra Mll15 ( R = 0,4 oMa, L 

R "' 0,134 oMa, 

0,126 rH). llnH-

T enbHhle KOHTp OnbHhle H3M8p8HHH (oT 24 AO 48 'l8COB), I1pOBOAHMhl8 ITOCne 

15 t- 20-MHHYTHOf'O rrporpesa CXBMbl , ITOK83anH, 'ITO TO'lHOCTb ITOAA8p)I{8HHH 

ITOC TOHHC TB8 TOK8 ITHT8HHH COCTaBnHeT OT :!: 0,01 t- 0,02 % B AH8Ila30H8 1200t

t- 300 a ( BepXHHH pa6o'laH TO'IK8 "1500a" I1p8Bbllli88T HOMHHanbHbii% TOK reHe

paTopa ITHT8HHH H AOCTH)I{HMa TOnbKO B UHKnH'lBCKOM pe)I{HMe) AO :!: 0,05% 

IlpH TOKe B 120 a. DOBTOp HeMOC Th 3Ha'l8HHH TOKOB rrpH HBOAHOKpaTHOM BKn~

'leHHH-OTKn~'lBHiiH ne)I{HT B rrpeaenax y Ka38HHOH Bblll!B TO'IHOCTH CTa6HnH3aUHH . 

AsTop rronb3yeTcH B03MO*HOCTb~ Bblpa3HTh 6naroaapHOCTh B.ll. Ka3a

Kosy, BblllOnHHBll!BMY 6onhll!OI% 06'beM pa60T ITO H3f'OTOBneHH~ OilbiTHbiX o6pa3-

UOB H3MepHTenbHbiX H CT86HnH3Hpy~IUHX yCTpolkTB . 
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