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lfaMepHTeJibHhle npeo6pa3oBaTen:~ nocro.sniimro TOKa (HIIIIT), imcrpoe!I- . 

Hhle Ha OCHOBe ManmTHOro cpaBHeHHSI nOCTOSIHHhIX TOKOB, IlOJIYlJRlIH mHpOKOe 

pacnpocrpaHeHHe [1 ]. Ba30BhIM Y3JIOM TaKHX HIIIIT SIBJISieTCSI npe66pa3cma-

- TeJih HepaBHOBeCHSI aMnep:..BHTKOB · nocroSIHHhIX TOKOB •. OWIHM _H3 mHpoKo HC

. IlOJlb3yeMhIX B HIIIIT 51BJI51eTC51 npeo6pa3oBaTeJib. ~epaBHOBCCHSI aMnep-BHT-. 

KOB Ha ocHoBe MaraHTHoro MO~YJISITopa, AeHCTByrom,ero no npHHL\Hny YABoe

HHSI 11aCTOThl (MaI'HHTH0ro · MOAYJISITopa c YABOeHHeM ii:aCTOThl). MamHTHhIH . 

MOAYJISITOP 3TOro THna o6JIMaeT BhICOKOij tJYBCTBHTeJibHOCTblO H MaJihIM Apeii:.. 

q>OM HYJISI [l ]. Ero HeAOCTaTKOM 51BJI51eTC51 HaJIH.:me JIO)KHhIX HyJieH Ha BhIXOA:.. 

HOH CTaTH11ecKoii xapaKTepHCTHKe (H, cooTBeTCTBeirno, Ha BhIXOAHOH CTaTH11e

cKoii · xapaKTepHCTHKe npeo6pa30BaTeJI51 HepaBHOBeCHSI aMnep-BHTKOB),'lJTO 

- Bhl3hIBaeT onpeAeJieHHhle TPYAHOCTH nim HCilOJib30BaHHH TaKoro Y3Jia .B CHCTe

Max H3MepeHHSI H.lIH cra6H.lIH3al\HH nocTOSIHHhIX TOKOB_ 6on1,moii CH.llhl. HIIIIT, 
npeo6pa3oBaTMh HepaBHOBeCHSI aMnep:..BHTKOB KOToporo BhlnOJIHeH Ha ocHoiie . , _,, ,, . . . 

MaI'HHTHOro MOAYJISITOpa C YABOeHHeM 11aCTOThl, B AaJihHeiimeM AJISI KpaTKOCTH 

6y'AeM Ha3hJBaTb HIIIIT Ha OCHOBe_MaI'HHTHOro MOAY~SITOpa C YABOeHHeM qac-
_TOThl. · . . · · _ 

L(n~ ~a6H.lIH3aTopoH nocrosi:ttHoro TOK~ B JlSIII 005111 pa3pa6oTaH 

HIIIIT, 6JIOK-CXeMa KOTOporo npeACTaBJICHa Ha PHC.1. Ha OCHOBe 3TOH pa3pa-

6oTKH 6wrn cnpoeKTHpoBaHhl HIIIIT Jia HOMHHaJibHhle TOKH AO 4 KA (pAA: 0,6; 

J ,0; 2,0; 4,0 KA) AJISI cra6H.lIH3HpoBaHHhIX ucro11HHK0:e miTaHHSI MamHTHhIX 

· 3JieMeHTOB 1\HKJIOTpoHa Y "'.120K · (TeXHHlJeCKHH npoeKT 1\HKJIOTpOHa Y-120K 
6hIJI.pa3pa6oTaH AJISI Pecny6nmrn Ky6a B 1989 r.). . . 

HIIIIT COAep)KHT MaI'HHT0MOAYJISIL\HOHHhIH y3en:), reHepaTop Bo36y~e

HHSI 2 c BhIXOAaMH ocHOBHOH (F) _ Ii YABOeHHoii 11aCToT (2F), · ¢a3011yBCTBHTeJI&-

. H~H AeTeKTop 3, AOIIOJIHHTeJihHhIH reiiepaTOp Bo:i6y~eHHSI 4,-_6noK nHKOBhIX 

AeTeKTOPOB 5, YCRlIHTeJib IlOCTOSIHHOro TOKa 6; 3TaJIOHHhIH pe3HCTOp 7, AeTeK

TOp Hachlm,eHHSI MamuTonpoBOAOB 8, TeilJioBoe pen:e 9, c:BeToBoii HHJlHKaTOp 10, 
6aJIJiaCTHhIH pe3HCTop 11 H pe3HCTHBHhIH AeJI~TMh · 12 . .. _ · · 

MamuTOMOAYJISIL\HOHHhlif y3e.n (MMYfl coAep)KHT pa6011ue MamHTonpo

BOAhl_Tl, T2 H T3 COOTBeTCTBeHHO c_o6MOTKaim,B036y)I<AeHH.sI.Wel;_ we2' H 

we3' MaI'HHTHhl_H 3KpaH T4, H3MepHTeJibHYIO o6MOTKY w, ceKL\HH Kor.meHCal\H-

. OHHOH o6MOTKH wkI ,: wk2' •.. wkn' BhlnOJIHeHHe ~()Milt!H~ll,HOHHOH o6MOTKH -

MMY B BHAe · OTAeJI&Hhlx H30JI)!POBaHHhIX ceKu;Hii 06ecne11uBaeT B03MO)KHOCT& 

peaJIH30BaT& B HIIIIT KOM6HHHpoBaHHoe ypaBH9Bem:nBaHHe [2 ]. 

~ .- © 06!.eAHHCHHblH i:iu~iuyr llACPHblX HCCJl~A0B3HHH, ~6;;a, 1995 
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P11c.l. BJI0K-CXeMa H3MepHTeJ!bHOl'O npeo6pa:ioBaTeJlll Il0CT0llHH0l'O T0Ka 

reHepaTop B036y~eHH51 (rB) 2 COAep)KHT MYJibT~lBH6paTOp (3MaIOIIJ,HH 

reHepaTOp)'13, nepBbIH 14 H BTOPOH 15 TpHrrephl co ClJeTHhIM BXOAOM (AeJIHTe_

JIH 11acr0Thl Ha 2), nepBhIH 16 H BTopoii 17 HMnyJihCHhle ycH.lIHTeJIH, OKOHetJHhIH 

ycHJIHTeJih 18. IlepBhIH TpHrrep co c11eTHhIM BXOAOM 14 H nepBhIH HMnyJihCHhlii 

yCH.lIH_TeJib 16 Bblpa6aTbIBaIOT uanpSI)KeHHe npSIMOYI"OJibHOH q>OpMhl 'llaCT0Thl 

2F, KOTOpoe B KatJeCTBe K0MMYTHPyro~ero': (onopHoro) IlOAaeTCSI Ha COOTBeT

CTByIOm,He BXOAhl q>a301JyBCTBHTe.rihHOI"O AeTeKTOpa 3. 

Ha BhIXOAe BTOporo TpHrrepa CO ClJeTHhIM BXOAOM 15 Bhlpa6aThIB_aeTC51 no

CJieAOBaTeJibHOCTb npSIMOyroJihHhIX HMilYJibCOB HanpSI)KeHHSI C 11aCTOTOH IlOBTO

peHHSI F. IlpH 3TOM AJIHTeJibHOCTH HMilYJibCOB H nay3 Me~y HHMH paBHhl. 3To 

Il03BOJI51eT no.11y1JHTb Ha BhIXOAe OKOHelJHOro YCRlIHTeJISI 18 nepeMeHHOe HanpSI

)KeHHe npSIMOyroJibHOH q>OpMhl (Hanp51)KeHHe B036y~eHH51 MMY, IlOAaBaeMOe 

na o6MOTKH Wei H Wei>, AJIHTeJlbHOCTb IlOJIO)KHTeJlbHOH IlOJl)'BOJIHhl KOToporo 

paBHa AJIHTeJlbHOCTH· ero OTPHL\aTeJibHOH noJiyBOJIHhl. IlpH TaKOM COOTHome-

~
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J . • ,~f, ::.':'.'.: 1,,.t,,1! ~,:.~•:lyt ! 
ij. ~_6w~~~~~0_ t 



HHH yKa3aHHOe HanpSl)KeHHe He COAep)KHT 11eTHhIX rapMOHHK, 'ITO SIBJrneTC5I OA

HHM H3 OCHOBHhIX Tpe6oBaHHH K reHepaTopy B036y)l(AeHHSI MarHHTHOro MOAY

JISITOpa C YABOeHHeM 11aCTOTbl. BhIXOA Tpnrrepa 15 ITOAKJIIO'leH KO BXOAY HM

nyJihCHOro ycHJIHTeJISI 1711epe3 pa3AeJIHTeJihHhIH KO~eHCaTOp C (R.:.pe3HCTOp 
yTe'IKH). ;, 

06cy)l(AaeMhlii HTITIT npeACTaBJISleT co6oii 3aMKHYTYIO cncreMy aBTOMa

Tn11ecKoro peryJinpoBaHHSI c nepeMeHHOH (H3MeHSieMoii), crpy~Typoii [3,4 ]. 
KoHcrpyK~HS1 HTITIT- no3BOJISieT peaJIH30BaTh ABe CTPYKTyphl: crpyKTYPY 1 n 

crpyKTYPY 2. B crpyKType 1 AeiiCTByeT npeo6pa3oBaTeJih HepaBHOBeCHSI aMnep

BHTKOB Ha ocHoBe MarHHTHoro MOAYJISITopa c YABOeHneM 11acTOThl. B CTPYK'" 

Type 2 B Ae_iiCTBHe BBOAHTCSI TaK)Ke BTopoii npeo6pa3oBaTeJih HepaBHOBecnSI aM

nep-BHTKOB, B OCHOBy 'KOTOporo IlOJIO)KeHO AeTeKTHpOBaHHe aCHMMeTpHH na-
MarHH'IHBaIOm;ero TOKa [5 ]. . 

IlepexoA OT OAHOH crpyKTYPhl HTITIT K Apyroii nponcxoAHT aBTOMaTn11e

CKH ITOA AeHCTBHeM CHrHaJIOB, Bhlpa6aT&IBaeMhIX AeTeKTOpOM HaCblm;eHHSI Mar

HHTOilpOBOAOB 8. B pa6011eM pe)KHMe l,JTITIT HMeeT CTPYKTYPY ·1. HapyIIIeHHSI 

pa6011ero pe~HMa HTITIT,npH KOTOpbIX MarHHTHhIH MOAYJISITOp C YABOeHHeM 

11aCTOThl BhIXOAHT H3 pa6011eii 30Hhl, (pHKCHPYIOTCSI AeTeKTOPOM HaChlm;eHHSI 

MarHHTOnpOBOAOB 8. 
Ha BhlXOAe sToro AeTeKTopa noS1BJIS1eTCS1 cooTBeTCTByrom;nii cnmaJI, KOTO

phlii ITO JIHHHH A ITOCTynaeT Ha ynpaBJISIIOID;HH BXOA AOITOJIHHTMhHOro reHepa

TOpa no36y)l(AeHHS1 4 n BBO~HT ero B AeiiCTBne. TaKHM o6pa3oM, ocym;ecTBJIS1eT

cS1 riepexoA HTITIT i< CTPYKType 2. ,neiicTBne crpyKTYPhl 2 Hanpa1meHo Ha BBOA 

MarHHTHOro MOAYJISITOpa B pa6011y10 30Hy. IloCJie BBOAa MarHHTHOro MOAYJISITO-' 

pa C YABOeHHeM 11aCTOThl B pa6011y10 30HY Ha BhIXOAe AeTeKTOpa 8 ITOSIBJISleTCSI 

cnmaJI, 06ecne11nBa10~nii BhIKJII011eHne AOITOJIHHTeJihHoro reHepaTOpa B03-

6y)l(AeHHSI 4. IlpoHCXOAHT nepeXOA HTITIT K CTPYKType 1. ' 
·Pa6oTa HTITIT AOCTaT011Ho noApo6Ho 06cy~aeTCS1 B [3,4 ]. BJioKn II sJie

MeHThl 2, 3; 8-18 cocraBJISIIOT OCHOBY CTPYKTYPhl 1 HTITIT, npH 3TOM MarHH

TOilpOBOAhl T 1 H _T2 (c o6MOTKaM~ wel Ii we2 COOTBeTCTBeHHO) Mamit:i:-OMOAY~ 

JIS1~I-io11Horo y3Jia j BXOASIT B CTPYKTYPY 1. B.noirn' 4,5 n MamnTo~p~~OA T3 'c 

o6MOTKoii Bo36y)l(AeHHSI We3_ ~6ecne11HBaIOT 4JopMnpo:s~HHe c-rpyKTYPhl 2 B co-

BOKynHOCTH c oCTaJihHhIMH 6JioKaMn n y3JiaMH HTITIT (AOITOJIHSIIOT CTPYKTypy, 

1 AO crpyKTYPhl 2). YcHJIHTeJih nocroSii:rnoro TOKa 6, STaJIOHHhlii pe3HCTop 7, 

Mal'IIHTHblH 3KpaH T4, 0?:-10TKH W, wkl' wkl : .. wkn SIBJISIIOTCSI ~6m;HMH AJISI 

o6enx crpyKTyp., ,nonoJIHHTeJihHhlii reHepaTop B036y)l(AeHHSI 4 MO)KeT 6b1Th 

CHHXp0HH3HpOBaH OT reHepaTopa B036y)l(AeHHSI 2 ITOAa11eii HMITYJihCOB 11aCTOTbl 

-F Ha COOTBeTCTByIOm;Hii BXOA •. 

Ba)KHO OTMeTHTh, -~ITO Y3Jihl 4-7 COBMeCTHO C TJ, We3' JV, Wkl, Wk2.~·; 

.. ;'Wkn H T4 o6pa3yIOT HTITIT, npeo6pa3oBaTeJih HepaBHOBecnSI KOToporo ocHo.: 
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BaH, KaK yKa3hIBaJIOCh BhIIIIe, Ha AeTeKTHpOBaHHH aCHMMeTPHH HaMarH~'IHBa-

10m;ero TOKa (HTITIT c npeo6pa3oBaTeJieM HepaiiH0Becm1 aMnep-BHTKOB TaKoro 

Tuna B AaJihHeiiIIIeM AJISI KpaTKOCTH 6yAeM Ha3hIBaTh HTITIT Ha OCHOBe AeTeK

~HpOBaHH51 acuMMeTpuu HaMamn11uBaiouiero TO.Ka). 3ToT oTHOCHTeJihHO npo

croii HTITIT ~o)KeT 6h1Th, ncnoJih30BaH caMOCTOSITeJihHO [6 ],' Ho ero TO'IHOCTh 

Htt)Ke, 11eM y HTTTTT iia 6a3e MarnuTHoro MOAYJISITopa c YABOeHHeM 11acTOThl. 

B paccMaTpHBaeMOM HTTTTT C nepeMeHHOH CTPYKTypoii, no cym;ecTBy' 

uMeIOTCSI ABa HTTTTT: ocHoBHoii HTTTTT BhICOKoii TO'IHOCTH Ha ocHoBe MamnT

Horo MOAYJISITopa c YABOem1eM 11acTOThl H AOnOJIHHTeJihHhltt HTTTTT Ha ocHoBe 

AeTeKTHpOBaHHSI aCHMMeTpHH HaMarHH'IHBaIOm;ero TOKa. .nonOJIHHTeJihHhlll 

11TTTTT 06ecne11nBaeT BBOA OCHOBHOro B pa6011y19 30Hy. · 

HTTTTT Ha ocHoBe MarnuTHOro MOAYJISITopa c YABOeHueM 11acTOThl IIIupoKo 

HCnOJih3YIOTCSI caMOCTOSITeJihHO (6e3 AOriOJIHHTeJibHOro 11TITTT)·. Ilpn 3TOM 

npuMeHSIIOTCSI APYrHe cpe~cTBa AJISI BBOAa HX B pa6011y10 30Hy. TaK, HanpuMep, 

BBOA B 30HY Takoro 11TITTT, ucnoJih3yeMoro B Ka11ecTBe AaT11uKa B cra6HJiu3aro-
• .. A O • , 

pe noCTOSIHHOro TOKa, MO)KeT ocym;eCTBJISIThCSI nyTeM MeAJieHHOro H3MeHeHHSI 

KOMneHCHpyrom;~ro _(TOKa /k) HJIH CTa6HJIH3HpyeMOro TOKa / [7 ]. 

B npuiI~nne, B STHX o6oux BapnaHTax BBOAa TOK/ B npo~ecce BBOAa MO)KeT 

H3MeHSIThCSI B npeAeJiax OT HyJieBoro AO HOMHHaJihHOro 3Ha11eHHSI. ECJIH nOA06-

' Hhle H3MeHeHHSI HeAonyCTHMhl no yCJIOBHSIM TeXHOJIOrH'leCKOro npo~ecca, B KO

TOpOM y11aCTByeT TaKoii cra6HJitt3aTop TOKa, TO 3TH BapnaHThl BBOAa He,npneM

JieMhl, n B TaKOM crn6HJitt3aTope CJieAyeT ucnoJih30BaTh HTTTIT c tt3MeHS1eMof1 

crpyKTypoii. 

HTTTIT Ha ocHoBe MamttTHoto MOAYJISITopa c YABOeHneM 11acTOThl, npeA

Ha3Ha11eHHhle AJISI MeTpoJiorutiecKux cucTeM (ucKJI1011aS1 cucTeMhl CTa6uJiu3a-

. ~"" _TOKa)' ~eJiecoo6pa3HO BBOAHTh B pa6011y10 30HY nyTeM MeAJieHHOro H3Me.:. 

HeHHSI KOMneHCttpyrom;ero TOKa /k. Taiue ycTpOHCTBa pa3pa60TclHhl ~ HCnOJih-

3YIOTCSI B JI.sin 011.5111. Pe3yJihTaThl pa3pa60TKH· npeAnOJiaraeTCSI 
ony6JIHKOBaTb B 6JIH)KattIIIee BpeMSI: 

B 3aKJI1011eHue paccMoTpHM Ha3Ha11eHne HeKOTOphlx sneMeHTOB 11TTTIT u 

HX B3aHMOAeHCTBHe. BaJIJiaCTHhIH pe3HCTOp 11 orpaHHlJHBaeT TOK B ~enu no

CJieAOBaTeJihHO COeAHHeHHblX o6MOTOK B036y)l(AeHHSI wel H we2" IlaAeHne Ha-

npSl)KeHHSI Ha 6aJIJiaCTHOM pe3ncrope 11 COAep)KHT umpopMa~uro o creneHH Ha

Mamn11nBaHHS1 (Hacblm;eHuSI) MarnuTOnpoBOAOB 11TITIT. '.:ho HanpSI::>KeHue S1B

JIS1eTCS1 CHrHaJIOM AJISI AeTeKTOpa HaChIID;eHHSI MarHHTOnpOBOAOB 8. 
KaK y)Ke OTMe11aJIOCh, npu Hachlm;eHnu MarnuTonpoBOAOB 11TTTIT (npu Bbl:.. 

XOAe H3 pa6011eii 30Hhl) no CHrHaJIY C BhIXOAa 6JIOKa 8 npOHCXOAHT nepeXOA 

11TITIT K cTpyKType 2. ECJiu aapyIIIeHne pa6otJero pe::>KnMa 11TTTTT Bhl3BaHo 

CJiy11attHhIM «3aMarHHiiHBaHHeM» ero MarHHTOnpOBOAOB, AeHCTBHeM CTpyK

TYPhl 2 STO <<3aMamn11nBaHne» 6yAeT 6hlc-rpo ycrpaHeHo n pa6o,rnii pe)KHM 6y

AeT BOCCTaHOBJieH. ECJIH «3aMarHH'IHBaHue» He 6yAeT ycTpaHeHO (HanpuMep, 
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113-3a B03HHKIIIeii B HTTTTT HencnpaBHOCTH) B TeqeHne OTHOCHTeJibHO AJIHTeJih
HOI"O. HHTepBana. BpeMeHH, TenJioBoe pene 9 oTKmoqHT nHTaHHe HTTTTT (B03-
AettCTBHeM cHmana C Ha cooTBeTCTBYIDW.Htt HcnoJIHHTeJihHhltt sneMeHT). Ten
;10Boe pe.ne 9 H3MepS1eT TeMnepaTypy 6aniiacTHOI'O pe3HCTOpa 11, KOTOpaSI npH 
<~3aMamHqHBaHHH>> MarHHTonpoBo~oB HTTTTT 6hlcrpo noBhIIIIaeTCSI BCJieAC;BHe 
pe3KOI'O yBeJIHqe1mS1 ,TOKa B ~enH o6MOTOK B036y)KAeHHSI. OTKJIIOqeHHe IlHTa
.HHSI Heo6XOAHMO AJISI 'npeAOTBpaw.eHHSI HeAOilYCTHMOI'O neperpeBa y3JIOB ' 
HTTTTT. . . 
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· KanHHHqeHKO B.B. ,P 13-95-168 

l13MepttTeJJhHhIH. npeo6pa3cJBaTenh nocTOSIHttoro TO~a 

PaccMaTpHBaeTCSI TeXHHqec:Koe peIIIeHHe no H3MCpHTeJlbHOMY npeo6pa30-
BaTeJIIO IlOCTOSIHHOI'O TOKa (HTTTTT), npeAHa3HaqeHHOI'O AJISI H3MepeHHSI no
CTOSIHHbIX TOKOB 6onbmou CHJihl. IlpHBeAeHa 6noK-cxeMa HTTTTT, KpaTKO 06-
cy)I<AaeTCSI npHH~Hn AeHCTBHSI. )].aHHblll HTTTTT' npeACTaBJISleT co6ou 3aMKHy- ' 
TYIO CHCTeMy aBTOMaTHqecKOI'O perynHpOBaHHSI C nepeMeHHOH (H3M(!HSleMOH) 
crpyKTypou. PaccMOTpeHo Ha3HaqeHHe OTAeJihHhIX y3noB. · 

' ~ 

Pa6oTa BbIIlOJIHeHa B Jla6opaTOpHH ·SJAepHbIX npo6JieM 011.SIH· .. 

Coo6ll\eHHe 06'be,1Hueuuciro ~HCTHT)'TA ~i:iepHblX HC6Iei:iosaHHH.']zy6ua 1995 

Kalinic.henko .V.V. P13-95-168 
Measuring Direct'."Current Converter 

The design of a m~suri~g d.c. converter (MDCC), for nieasurem~nt of 
large-strength direct currents is described. The block diagram of the MO.CC. is• 
given, the principle of operation is briefly discussed. The MDCC is a closed,, 
system of automatic,control with a variable structure. Purposes of individual 
units are considered. · · ' · 

The investigation has been performed at the Laboratory . of Nuclear 
:Problems, JINR. -
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