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6arMaHOBa 3.K., Ka33KOBa r.r., Kam1Hlll4eHKO 8.8. 

.QaT'llllK TOKa IIICTO~~IIIKa n111ra~IIIA OCHOBHOVI o6MOTKIII, 

>Kene:iHo-ToKosoro KaHaria cjJa3orpoHa OI/IA Ill 

P13-91-295 

O6cy>KAaeTCA AaT'llllK nocTOAHHoro TOKa Ha HOMIIIHanbHblvt TOK 12,5 KA • 

. norpewH~CTb npeo6pa30BaHIIIA COCTaB;AeT ~ ,0-:-3_ .QaT'llllK COAe~>KIIIT KaCKaA· 

HO BKJllO'leHHble nepBblvt Ill BTopovi 1113Mep1.1renbHble npeo6pa30sare11111 nocTOAH· 

Horo TOKa, OCHOBaHHbrn Ha MarHIIITHOM cpaBHeHIIIIII noc;OAHHblX TOKOB: Pa~

CMOTpeH np111Hu111n AevtCTBIIIA 'AaT'l"1Ka, np111BeAeHa ero 6no1<:cxeMa, a TaK>Ke 

6noK-cxeMa npeo6pa3osarenA pa36a11aHca HaMarn11111111sa1aLU111x ci111 nocTOAH· 

HblX TOKOB nepsoro 1113Me:p111re11b.HOro npeo6pa30BaTCJ1A noCTOAHHOro TOKa . 

. npeAcrasneHa KoHcrpyKrnsHaA cx~Ma MarH111roMOAYJ1AUIIIOHHoro. y311a nep

soro 1113Mep111reJ1bHOro npeo6pa30BarenA noCTOAHHOro TOKa. 
/ . . . . 

Pa6ora obmonHeHa s na6oparop1-1111 AAePHblX npo6neM OI/IA Ill. 

, Coo6me1me C>61,e.z:urnennoro IDICTHTyTa ;;ne.pnbIX Hccne.aosaHHH. ll~6Jia 1991° .. . , ' . , . ~ ,., ~ 
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• 
nepesqAM.111.norariosa 

8atmanova E.K., Kazak~va G.G:, K~linichenko V .V. 

. Current Transducer for the Power Supply of the Main 

Coil of the Iron-Current Channel-at the JINR Phasotron 

P13-91-295 

A direct current ·transducer of current rating 12.5 kA is discussed. The con

version error is-10-~. The transducer comprises a cascade of the first and second 

.· measuring direct-current converters based on magnetic comparison of direct 

'..~urrents. Th~ J)rinciple of operation of the tra.nsducer is conside~ed, its block- · 

· · · diagram and the block-diagram of. the converter of magnetic force disbalance 

-of direct currents· for the first rneasu.ring DC converter arc given. Tlie circuit 

diagram of the magnetic ·modulation unit of the ~easuring DC. converter is pre• 

. sented. 

Th~ investigation has been performed at the Lab~ratory of Nudear Prnblems; 

JINR. 

· Con1muni~ation oft he Joint ln~titu le for Nuclear R~search. Dubna 1991 .· 
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0AHH.M 0:3' nyTeii noBhIWeHHH HaAe,KHOCTH o6opyAoBamm .fIBJUiercn pe-
3epBHp~Bam1e OTBeTCTBeHHblX Y3JIOB. Pe3epBHpoBaHiie 06ecne1u1BaerTa.K)l(e 

• ' • ' ' 1 

cymecTBeHHOe COI<pameuHe BpeMeHH npoCTO.fl npH peMOHTE!;:'ITO'J3a)K}{O C TO'I
KH . 3peHHH 3cpcpeKTHBHOrO HCnOJib30BaHHH_ BpeMeHH pa60Tbl yci<0pirreJIH. 
B 1986.r; 6hIJIH HatJa!hI pa6oTbI no co3.tiamiro pe:rnpBuoro c11n0Boro npeo6pa- · 

,3oBaTen.R· c peryn11poBaHHeM Ha nepBntJuou·c:TopoHe H ABYX AaTtJHKOB TOKa . 
i:inricncTeMbl nHTaHIIB OCHOBHOH o6MOTKH )KeJie3HO-TOKOBOro K~ana ()KTK)' .. 
cpa30TpOHa Ql1Hl1. TiepBblH H3 °3THX AaTtJHKOB TOKa o6cy)!(,l],aeTc.fI B pa6oTe11~ 
a BTOpoii - B HaCTO.fIIUeM coo6menHH, , • • · , . . , . 

. YapomeHHrut 6JIOK-CXeJ\'.la AaTtJHKa TOKa npeACTaBJieHa Ha pHC.1. On CO• 

Aep)l(HT ABa KaCKaAHO 'BKJIIO'IElHH1'IX' H3MepineJibHblX npeo6pa30BaTeJIH' 1 
'H 2. fuMepm{MhIH.··TOK I no.U:aeTC.fI Ha BXOA H3MepHTeJihHOro npeo6pa30Barn

JIH 1, ·BbIXOAHOH TOK KOTOporo I K1 ' nocTynaeT, Ha BXOA H3MepnTeJibHOro 

npeo6pa3oBaTeJI.R 2. BhIXOAHOH TOKH3Me~uienhHoro npeo6pa3oaaTenn IA 
npoTeKaeT no 3TaJIOHHOMy;pe311CTOPY RaT. H C03AaeT ua HeM naAeHne Ha
np.R)l(eHIUI UA, KOTo.poe .fIBJI.ReTC.fI ~hIXOAHhIM uanpm1<euneM AaTttHKa TOKa. 

' B : OCHOBY pa6oThl H3MepHTeJibHhIX. npeo6pa3°0BaTenei1 ,1 n 2 nOJI~)l(~H 

npHHQHn MarHHTH()rO cpaBHeHH.fI noCTO.fIHHhIX TOKOB. l13Mep11TeJibHhlH npe~ 

o6pa3C>BaTeJib_ 1 CO]];ep)l(HT ~3Mepmenhuyio o6MOTKY (1101). C 'IHCJIOM_BHT
' KOB WM, , KOMneHcauHomiyro o6MOTKY' (KOl), c tJHCJIOM BHTKOB W ~ , npe~ 
o6pa30BaTeJib. pa36anaHca; 1 . (TIP!) HaMarHH'IHBaI?IUHX CHJI (u.c.)' ycHJIH

TeJih 1 no~TO.fIHHOro TOKa (YTITl), perynnpyeMbIH HCTO'IHHKi' (Pill) no-
', ' ' ' . ' . . ·. , ~ 

CTO.fIHHOro TO~a. 
l13rviepHTenhHbIH npeo6pa3oaa: 

Tem; · 2 coAep)l(HT H3MepHTeni.H'yro 

o6MoTKY (1102) c _tJHcnoM BHTKOB 
W 112 , i0Mneucau110H0y10 o6MOTKY. 

(K02), ahmonuenHyro H3. oTAenh
HbIX . ceKQHH C pa3HhIM 'IHCJIOM 

BHTKOB, npeo6pa3oaaTeJii, pa36a- , 
naHca 2 (TIP.2) H.c;, ycHJIIITenb 2 

nocToRHirnro TOKa (YTIT2), KOM
MyTaTop K ceKUHH KOMneucau11_ou
HOii o6MOTKH H _3TaJIOHHhIH pe3H-
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---------~_J 11 • c:rop RaT: , 
• l13MepHTeJibHhrn npeo6pa30Ba~ . . 

TeJIH 1 H 2 HBJI.fIIOTC.fI 3aMKHYThIMH' Pnc:1. YnpomeHH!lfl 6noK-CXeMa naT'IHKa T~Ka; 
© 06-1,enHHa;HhIH HHCTHTY! RnepHhIX 11ccnenosaHHH lly6Ha, 1991 
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CHCTeMaMH aBTOMaTIBieCI<oro peryJIHPOBa.HIUI cne,r.uu1~ero THna, geii:CTBHe 

I<OTOpbIX HanpaBJieHO Ha IlO)];)];ep:>Ka.HHe 6anaHca H.C., C03)];aBaeMbIX COOTBeT

CTBYIOIUHMH H3MepHTeJibHbIMH H I<OMneHCal..UfOHHhlMH o6MOTI<aMH. B CTa

UHOHapHOM pe:>KHMe pa60Tbl HX COCTOHHHe OilHChIBaeTCH COOTBeTCTBeHHO 

COOTHOllleHIUIMH 

1w111 - IK1 wt< 1 = LllWA 1 , 

It<l W112 - IA WK2 = LllWA2 , 

rAe W K2. - 'IHCJIO BHTI<OB, BI<JIIO'leHHhIX I<OMMyTaTopoM KB uenb TOI<a i~ , 
I A - BhIXo)];Hoii: TOK YilT2, 6. I WA 1 H 6. I W A2 - cooTBeTCTBeHHO geI1cr

ayrom0:e paccornacoBa.HIUI B I<OHTypax aBToperynHpOBa.HIDI, npH 6oJiblllOM 

yCHJieHHH B I<OHTypax aBTOperynHpOBaHHH BeJili'IHHbl 6.IWAl. H 6.IWA2 
npeHe6pmKHMO MaJihI, 6.IW~ 1 = 6.IW A2 "' 0. Jifa 3THX cooTHorrieHHH no

nyqaeM 

IA= IW111 W112 /W"-1W.i<2. 

BhIXO)];HOe Hanpn:>KeHHe UA gaTtJHI<a TOI<a.paBHO 

UA = IRs-rYi111 W112/Wi<t.WK2· 

IlorpelllHOCTb npeo6pa30BaHnH TOI<a I B HanpH:>KeHHe UA onpegenHeTCH, 

rnaBHblM o6pa30M, norpelllHOCTblO H HeCTa6HJibH_OCTblO 3TaJIOHHOro pe3HCTO

pa RaT., a Ta1<:>Ke gpenq>oM HYJIH npeo6pa3oaaTeneii: pa36ana.Hca H.c. IlPl 

H IlP2. Ilpo6JieMa norpelllHOCTH npeo6pa30BaHHH MO:>KeT 6hITh npe)];MeTOM 

cneuHaJihHOro TeopeTH'leCI<Oro HCCJie)];oBaHH.fl H BhlXO)];HT 3a paMI<H HaCTOH

mero coo6meHnH. 

Ilpeo6pa30BaTeJib 1 pa36aJia.HCa H.C. BhinOJIHeH Ha OCHOBe MarHHTHoro 

MO)];YJIHTOpa, B036y:>KgaeMoro O)];HOilOJIHpHblMH HMilYJihCaMH 12•31 • EnoI<

cxeMa IlPl n:pegcTaBneHa Ha pHc.2. 

IlPl cogep:>KHT nepBbIH H BTOpOH reHepaTOpbl O)];HOilOJIHpHbIX HMnyJib· 

COB (r0111 H rOl12), )];eMO)];YJIHTOp (.[() H MarHHTOMO)];YJIHUHOHHhlH y3eJI 

(MMY) , I<OTOphIH BI<JIIO'laeT pa6otJHe MarHHTonpoBO)];hI Ml H M2 cooTBeT

cTBeHHo C o6MOTI<aMH B036y:>KAemrn OBl H OB2, a TaI<:>Ke TaI< Ha3hIBaeMh_IH 

MarHHTHblH 3I<paH M3. 06MOTI<H H3MepHTeJibHa.fl 1101 H I<OMneHcaUHOHHaH 

KOl .flBJI.flIOTCH o6IUHMH )];JIH MarHHTonpoBogoB Ml, M2 H M3. B MMY Hc

nonh3yroTcn MarHHTOilpOBO)];bl I<OJihUeBoro THna. Ha pHC.3 npe)];CTaBJieHa 

I<OHCTpyI<THBHaH cxeMa MMY. 3gecb MarnHTHhIH 3I<paH o6pa30Ba.H TpeMH 

MarHHTonpoBo.n;aMH Cl, C2 H C3. OcTanhHhie o6o3HatJeHnH cooTBeTCTBYIOT 

npHHHTbIM Ha pHC.2. 

! ()t,},c.,.:• ;;·. ,wi_.,:' • .,:,,:y;:,:y">J ! 
ru.t":SJ~Ba m:c :,,innmmV'J 

_ ____fr1Sfflolt~JEH. _ 



Pnc.2. EnoK-cxeMa: npeo6p113oBa• 

Tena 1 p1136anaHca HaMarHH'IHBaJO· 

mnx cnn (IIPl). 

B pa6oTe 131 coAep)K8.TCH 

OCHOBHbJe CBeAeHIIH no 06-
cy)K,!l;aeMOMY npeo6pa3oBaTe

mo pa36aJiaHCa H.C. 3AeCL 
onncaHa pa6oTa npeo6pa3o
BaTeJIB pa36anaHca H.c., 06-
cy)K,!l;ru<>TCH Tpe6oBaHHH 
I<: napaMeTpaM rOIU H rO112, 
npHBeAeHbI TeXHH11ec1<:ne pe
IIIeHHH no BbIIlOJJHemno 

ro111, ro112 n .n. 

ro1.-12 
r--1 -----
1 MH0 
I I 
I M1___,~_L --:-

1
-!-L- I 

I I 

l M3--- : 
I ,......_ I 
I M2--t-+--L.- I 
I I L__ --:-1-L-J Al 

______ _J 

ro1.n 

KYnrt 

Pa6oqne MarHHTonpoBOAbI Ml H M2 HMeIOT pa3MepbI 145x135x5 MM, 
a MamHTonpOBOAbl M8 Cl, C3 - 270x140x50 MM n C2 - 270x160xl00 MM. 

)lrrH H3rOTOBJieHHH MarHHTonpoBOAOB Ml H M2 ncnoJIL30BaHa JieHTa H3 Ma
TepHaJia 79HM TOJIIUHHOH 0,1 MM, a AJIH H3rOTOBJieHHH MarHHTOnpOBOAOB 
Cl-C3 - rreHTa H3 MaTepHaJia 50Hil. O6MoTKH Bo.36y)K,!l;eHHH OBl n OB2 BbI

norrHeHbI npOBOAOM Il8B-2 ¢ 0,85 MM n COAep)ICaT no 1236 BHTKOB Ka)K,!l;aH. 

KoMneHcawmHHaH 06MOT1<:a KOl BbIIlOJIHeHa npOBOAOM IlB)l ¢ 5 MM 
H COAep)ICHT 237 BHTKOB. l13MepHTeJILHaH o6MOTI<:a 1101 BbIIlOJIHeHa B BHAe 

OAHOrO npOXOAHoro BHTI<:a (MeAHbIH TOKOnpOBOA ¢ 50 MM c KaHaJIOM 
¢ 12 MM 'AJIH OXJia)l(AaIOUleH BOAbI). Pa6oqan qaCTOTa rOl11 H rO112 -

100 ru, aMnJIHTYAa n AJIHTeJILHOCTb HMnyrrLCOB COOTBeTCTBeHHO 12 A, 
~ 1,5 MC n 0,05 A, - 8 MC. 

PeryrrnpyeMbIH HCTOqHHK 1 nocTOHHHOro TOI<:a BbIIlOJJHeH Ha OCHOBe 

THPHCTOpHoro ynpaBJIHeMoro BhlnpHMHTeJIH C HHAYKTHBHbIM (pHJILTpOM 

AJIH CHH)ICeHHH ypoBHH nyrr1,

cauHH TOI<:a. Ta1<:oe peIIIeHne 
o6ecneqnBaeT BbICOKYIO Ha
Ae)ICHOCTb H3MepnTeJILHoro 

npeo6pa30BaTeJIH 1, HO He HB
JIHeTCH OnTHMaJILHblM C TOq
KH 3peHHH AOCTH)ICeHHH BblCO· 
KHX MeTporrorH11eC1<:HX xapa1<:-

Pnc.3. KoHCTPYKTHBHaJI cxeMa 

MarHHT0M0J:IYJIIIIUf0HH0rO Y3Jia. 

{",:,, .. ' 
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TepHCTHK npeo6pa30BaTerrH. OAHaKO npH 3TOM norpeIIIHOCTL npeo6pa30Ba
HHH He npeBbIIIIaeT - 10-3 , qTo BnoJJHe AOCTaTo~o B AaHHOM crryqae. 

O6cy)K,!l;aeMbIH peryrrnpyeMbIH HCTOqHHK nOCTOHHHoro TOI<:a COAep)ICHT 

cnrroBOH Tpexcpa3HhIH TpaHccpopMaTOp, Tpexcpa3HYIO THpHCTOPHYIO MOCTOBYIO 

~

I cxeMy BhlnpHMJieHHH, CHCTeM. y HMnyJILCHO-q>a3oBoro ynpaBJieHHH THpHCTO
paMH n crJia)ICHBaIOlllHH APOCCeJII,. IlapaMeTpbl Pl11: HOMHHaJILHblH TOK -

53 A, HOMHHaJILHoe HanpH)ICeHne - 35 B . 

. , 1, B ,aKmO•eHne yKa>KeM, OTO YTITl ewnoJIHeu ua ocuoee cxeMHbtx peme-
HHH, o6hl~O Hcnon1,3yeMblX B CHCTeMaX aBTOMaTnqec1<:oro peryJIHpOBaHHH. 

Ilpeo6pa30BaTeJII, 2 pa36aJiaHca H.C. HMeeT rn61<:y10 CTPYKTYPY, KOTopan 
H3MeHHeTCH B 3aBHCHMOCTH OT pe)ICHMa ero pa60Tbl / 4• 51 . B pa6oqeM pe)ICH

Me IlP2 HMeeT CTPYKTYPY I , a B pe)ICHMe BBoAa - CTPYKTYPY II , npmeM 
yI<:a3aHHbie CTPYKTYPbl cymecTBeHHO OTJIHqaJOTCH Apyr OT Apyra. 

B cTpy1<:Type I npeo6pa3oBaHHe pa36arraHca H.c. ocymecTBJIHeTCH c no

MomLro MarHHTHoro MOAYJIHTopa, AeHCTBYIOUlero no npHHUHny. YABOeHHH qa
CTOTbl. Ilpeo6pa30BaTeJIL pa36aJiaHCa H.C. Ha OCHOBe MarHHTHoro MOAYJIHTopa 
c YABOeHHeM qacTOTbl o6rraAaeT caMbIMH BblCOI<:HMH MeTporrornqeCKHMH xa
paI<:TepHCTHI<:aMH, qTo HBJIHeTCH onpeAeJIHIOlllHM MR pa6oqero pe)ICHMa. CTa
TnqecI<:aH xapa1<:TepncTH1<:a npeo6pa3oBaTerrn pa36arraHca H.c. B 3TOM crryqae 
HMeeT "JIO)ICffbie ·Hyrrn", oAHaKO 3TOT HeAOCTaTOK npH rn61<:0H CTpyKType 
npeo6pa3oBaTerrn He HMeer cymecTBeHHoro 3HaqeHHH. 

B CTpy1<:zype II npeo6pa3oBaHHe pa36anaHca H.c. ocymecTBJIHeTCH c no
MOlllLIO MarHHTHOro MOAYJIHTopa, B036y)K,!l;aeMoro OAHOilOJIHpHblMH HMnyJIL· 

caMH. CTaTH11ec1<:an xapa1<:TepncTn1<:a · TaKoro npeo6pa3oBaTerrn pa36anaHca 
H.C. He HMeer "JIO)ICHbIX Hyneu", 3TO CBOHCTBO HBJIHeTCH onpeAeJIHIOUlHM AJIH 
pe)ICHMa BBOAa. YXYAIIIeHHe MerporrornqeCKHX xapaI<:TepHCTHK npeo6pa30Ba

TeJIH pa36arraHca H.c. B CTPYKType II He HMeeT B AaHHOM crryqae cymecr
BeHHoro 3HaqeHHH. 

KpoMe MOAYJIHUHOHHoro reHepaTopa, cpa3oqyBCTBHTeJILHOro AeTeKTopa 
H AeMOAYJIHTOpa npeo6pa30BaTeJIL pa36anaHca H.C. COAep)ICHT 6rro1<: ynpaB

JieHHH, KOMMyTaTop, Aa~HI<:H HaCblllleHHH MarHHTonpOBOAOB H APYrHe Y3· 
Jihl 14• 51 . IlepexoA OT OAHOH crpy1<:Typbl npeo6pa3oBaTerrH K APyrou ocyme

CTBJIHeTCH c n0Mom1,10 KOMMYTaTopa, K<>TopbIH no 1<:oMaHAaM 6rro1<:a ynpaB• 
JieHHH BKJIIOqaer B AeHCTBHe npncymyro AaHHOH CTPYKType COBOKynHOCTL 
3JieMeHTOB H CBH3eH. Errol<: ynpaBJieHHH Bbipa6aTLIBaeT KOMaHAbl B COOTBeT-

1
1 CTBHH C HHcpOpMauneu, nocTynaromeu B Hero OT AaTqHKOB HaCblllleHHH Mar-

·1 HHTonpOBOAOB MarHHTHoro MOAYJIHTopa. 

I IlpH HapyIIIeHHH pa6oqero pe)ICHMa IlP2, npHBeAIIIero 1<: HaCblllleHHIO Mar-
' HHTOnpOBOAOB MarHHTHoro MOAYJIHTOpa, B pe3yJILTaTe B3aHMOAeHCTBHH ne-
1. l. peqttcrreHHhIX Y3JIOB npoH30HAeT aBTOMaTHqecI<:HH nepexoA I<: cTpyI<:Type II . 

CTpy1<:zypa II cnoco6Ha ycrpaHHTh rr106hle pa36arraHChl H.c., nocne BOCCTa· 
HOBJieHHH 6anaHca H.C. npoH30HAeT aBTOMaTHtleCKHH nepexOA K CTPYKType I . 
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TaKHM o6pa30M, B0CCTaHaBJIHBaeTCH H0PMaJibHaH pa6oTa H3MepHTeJlbH0ro 
npeo6pa30BaTeJIH 2, KOTOpbIH 6y.u;eT C BbICOK0H TQqHQCTbio ocymeCTBJlHTb 

npeo6pa3oBattHe TO Ka l Kl B TOK I A • 

· MarHHTOMOAYJIHUHOHHbIH y3en IIP2 BbIII0JIHeH Ha qeTbipex KOJihUeBbIX 
MarHHT0rrpoao.u;ax C pa3MepaMH 70x50x10 MM, BbIII0JIHeHHbIX H3 JieHTQqHo
ro rrepMaJIJl0H 79HM . .[{Ba H3 3THX MarHHT0np0B0A0B HMeIOT o6MOTKH B03-
6y)l()];eHHH H HBJlHIOTCH pa6oqHMH, a ABa .u;pyrHX o6pa3yIOT MarHHTHbIH 3K

paH. O6MOTKH B036y)l()];eHHH co.u;ep)KaT II0 450 BHTK0B rrpoao.u;a TI3B-2 
•SZ' 0,35 MM. Pa6oqaH qacTOTa' 300 f'u. KoMrreHCaUHOHHaH o6MOTKa K02 

HMeeT 10 ceKUHH c qHCJI0M BHTK0B C00TBeTCTBeHH0 1, 2, 4, 8, 16, 32, 64, 
128, 256 H 512, IIP0B0A TI3B-2 !Z 0,45 MM. 113MepHTeJibHaH o6MOTKa 1102 
BbIIIOJIHeHa B BH.u;e o.u;Horo rrpoxo.u;Horo BHT:r<a (MeAHbIH :r<pyrJibIH T0:r<onpo

B0A, ceqeHHe ~ 50 MM 2
). 

B o6cy)K.u;aeMOM .u;aHttKe T0Ka HCIIOJlh3YeTCfl TpaH3HCT0pHblH K0MMYTa
T0P, o6cy)K.u;aBlllHHCH B pa6oTe 161 . B :r<aqecTse 1<0MMyTHpy10mHx TpaH3H

cTopoa 3.u;ecb HCIIOJlb30BaHbI TpaH3HCT0pbI KT801. 
YTIT2 BbIII0JIHeH Ha orrepauHOHHOM yCHJIHTeJie THIIa K140YL{1B. O:r<OHeq

HbIH :r<acKa.u; YTIT2 o6ecrreqHaaeT BbIXOAH0H TOK 60 MA H HarrpH)KeHHe 15 B 

(MaKCHMaJlhHbie 3HaqeHHH). 

TipH H0MHHaJihHOM H3MepHeMoM To:r<e (12,5 KA) OTHOCHTeJihHaH rro
rpelllH0CTb rrpeo6pa30BaHHH He rrpeBbI!llaeT 10-3 (rrpH ycJI0BHH KaJIH6poB

KH 3TaJI0HH0r0 pe3HCTopa RaT, C rrorpelllH0CThIO, MeHhllleH 10-3 ). C OKTH6-

pH 1990 r . .u;aHHK T0Ka HaX0AHTCH B OIIbITHOH 3KCIIJiyaTaUHH Ha cpa3oTpOHe 

O11Hl1. 
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