
r.r.Ka3aKoBa, B.B.KaJIMHWieHKO 

CT AEl1Jil1311POBAHHbIH 11CTOl.JHl1K . 
IIOCT051HH0f0 TOKA ,IlIDI IIMT AH1151 
OpMOTKl1 EETA-CIIEKTPOMETPA 

'-

P13-96-326 



Ka3.'lKO!ia r :r.,.Kam-iHH4eHKO B.B'. . .• . . ' 
•cTa6HnH3HP,OBaHHb.iH:HCT0411Htnoc-ro~HHOro·T1oirn': ·• 
]lJlll IlHT-aHHll o6MOTKH. 6eTa-cnel(Tp0MeTpa · .. 

' . ; - , • . .• ,. ;- • • I .. • < 

'• .-, <~:·:·._ ::'•';:::·: _ ..... ; .. _,- .,., .. ''.-:<,."· ., ."'" ::":'•.::--~·· ,.\ l / ~-" ~ ---: --,,· ·.-·,<_:-, '. ::··-~~ ',-"" _:'" :, ·~ 

·.: .'"' OnncaH ... CTa6HnH3HpOBaHHbIH HCTOlJHHK',. n,oCTOllHHOro TOK a. JUill' irnrnHHll 
06Mo;i(11 \6ern-'cneKTpoMe~pa. JlH'ana3011 •. perynHp<lBaJ{H·ll._::TOKa· cocrn.BJIHe~. 
0,3,::::..:20 . A, : fibMHHMbHO_e :11~~p~)KeHHe' HC!OlJHHI~a :.' 39 )( Be1.1HlJHHb~ . He-·. 

CTa6HnhliO~TH-·TOKa;'H: riynbcauH~ COCTaBnllI~lT·~ 10~3, npi1 pa6otJeM TOKe .· I.A:: 
fl P!f Beae~bl •. 6noK-CXt!~bl HciotJ~~~~. ~ 'Jl~1:'IHI~~ Tb Ka/ a.T.aK)Ke inpHi!'uHniiani.tthie 
cxeMhI 'pl!Jla Y3nos/_.... · · ·· ·· · · · ··" .... , .. ,. • • ·, :-

~- • 4" __ a.0~'<- ~- ~ ~•r,• ~ ":, -,,.;,- ~.;•:• ••,,• ,_ ,- '; ::~~,:~.::-~ -, '. ,,', •( • 

: Pa6orn' BblllOn11e11a B Jla6opa-icipHw·llJJ.epHbIX npo6neMOl,UIH: 
' >;,,-, -\, ; .. • ·, 

'Kazakova G.G., Kalinichenko.v'.v: 
· Stabilized Direc·t~'current Power• Supply Unit for the- Winding, of:· 

.. the, ~eta:Spectrometer , . . 'r · < . : . ·•• .,. , · .• . · . . -. . . 
• • ·:~-- "" - .··" • ·_ • ,:_ •• ". • .' I I , .,.; '-:: .'. .' : • ~ •• ·•- - - :... , • • -- .; • .--_. _-, .'.' 

· .. ,.• •. Stabilized DC power supply unit forthe:winding.ofthe_beta-spectrometer.is· 
,de.st.ribt.!d. The controHed·c·urrent range ofthe~unit is 0.3-::-20 A; the voltage·rating 

. ofthatis 30 i Th~ current~instability 'aqd puisatfon, v~lues are 1
:-: w:f a(the 

operating currentl _A: The:block diagram~fthe unit arid of the currehtfransducer, 
the· circuit diagrams of its blocks are 'given.'· · . . . 

. y .. -'·. '• ..... · ... · ... : . : · .... ···• ... •. . •·' 
The investigation. has been performed at .th .. eLaqoratory of Nuclear Prnblen1s, -HNR. .. . . . ... . 



YnpomeHHall 6noK-CXeMa CTa6HJIH3HpOBaHHOro HCT0'IHHKa n0CT0llHH0ro T0Ka 

)J.Jlll nHTaHHll o6MOTKH 6ern-cneKTpOMeTpa [ 1] npe,ncTaBJieHa Ha pttc. l. licTO'IHHK 

conep)l(HT BbinpllMHTeJibHbIH arperaT 1, TpaH3HCTOpHbIH peryJillT0p Il0CT0llHH0ro 

T0Ka 2, ,naT'IHK TeMnepaTypbl 3, nepBbIH 4 If BTOpOH 5 lf3MepHTeJibHbie npeo6pa30-

BaTeJIH (naT'llfKH) nocT0llHH0ro T0Ka, cxeMy cpaBIIeHHll 6, ycHJIHTeJib T0Ka 7, 
HCT0'IHHK onopH0ro uanpll)l(eHlfll 8, UHclJpoaHanoroBblH npeo6pa30BaTeJib 9, 6noK 

CBll3H 10, nepeKJIIO'laTeJib pe)l(lfMa pa60Tbl lfCT0'IHHKa s, H3MepttTeJibHYIO cxeMy 

TenJIOBOH 3all{HTbl 11, lfCilOJIHlfTeJibHbIH aneMeHT TenJIOBOH 3all{HTbl 12 If o6paT

HbIH )J.H0)]. VD3. Ha 6noK-CXeMe Il0Ka3aHbl TaK)l(e uenH K0MMYTaUHH BbinpllMH

TeJibH0ro arperaTa 1 (MarHHTHblH nycKaTeJib IlM C ero KOHTaKTaMH), aneMeHTbl 

3aIUHTbI (nnaBKHe npe.noxpamnenH FS l-FS3 ), aneMeHTbI ynpaBneHHll (KHOnKH 

«BKJI», «OTKJI»), aneMeHTbI curnanH3aUHH (cBeTo,nno,nbI VDl, VD2). 
O6cy)l()].aeMblH CTa6HJilf3HpOBaHHblH HCT0'IHHK IlOCT0l!HH0ro T0Ka npe,nCTaB

JilleT co6oii KOMne11cauHOllHblH CTa6HJIH3aTop T0Ka C nocne,noBaTeJibHbIM peryJill

TOp0M T0Ka. Harpy3Ka (o6MOTKa L 6ern-cneKTpOMeTpa) n0)].KJIIO'leHa K BblX0.D.Y 

nOCT0llHH0ro T0Ka BbinpllMHTeJibH0ro arperaTa 1 qepe3 nocne,noBaTeJibH0 coenu11e11-

3~3808 
saru nM 

FS! I n ,f>' EJ 2 
~ 

F,52 
B _,, r EJ Ud L 

• F53 
C _,, 

EJ I r 

VOi ;?'f,:,'f,:i,,:u,. 

~T~n. 
nM:l 3 

nMI ~ V□2 ,,,,?{,p_ :--i 
2i'-<11. 

fl nM2 

nM 

Pttc,l. YnpoweHHall 6JJOK-CXCMa CTa611JIH3HpOBaHHOro HCTOqHHKa nOCTOllHHOro TOKa AJ]ll nHTaHHll 

o6MOTOK 6eTa-cneKTpOMCTpa 

,.~\u;; .. : ... ~ .. 11 li(zr,(rj'T l 
. v~,._.·.u m:::_a~-~~ ..... 
. il"ISJIHQ"ff:K t, · _ ... 



Hble TpaHJIICTOpHb!H perymnop 2 II lIJMepHTeJibHbJe npeo6pa30BaTemI noCTOHHHO

ro ToKa (MTITIT) 4 H 5. B MTITIT 4 H 5 crn6mmJHpyeMbiii TOK/ npeo6paJyeTCH 
. H 

B a,neKBaTHoe Hanp»,KeHHe, KOTopoe c BhIXO,lla MTITIT 5 nocTynaeT Ha OJ:lHH HJ 

BXO,llOB 6JIOKa cpaBHeHHH 6. Ha BTopoii BXO,ll 6JIOKa cpaBHeHHH 6 no,llaeTCH Hanp»

,KeHHe C Ja,llaT'IHKa BeJIH'IIIHbl TOKa /H: npH pyqHOM ynpaBJieHHII (noJIO)l(eHHe I 

nepeKJIIO'!aTeJIH S) TaKHM Ja,llaT'IHKOM HBJI»eTCH reJmnoT R 17, nO,llKJIIO'leHHbIH K 

HCTO'IHHKY onopHoro Hanp»,KeHHH 8; npH ynpaBJieHHII OT 3BM (nOJIO)KeHHe 2 

nepeKJIIO'!aTeJIH S) Ja,naT'IHKOM cny,K1'.n umppoaHanoroBhiii npeo6paJoBaTeJih 

(U:ATI) 9. OTMeTHM, '!TO U:ATI 9 HMeeT cpe,llcTBa JJ.Jrn pyqHoii JanHcH KO.Ila ycrnBKH 

TOKa, TaK '!TO U:ATI 9 MO,KeT 6b!Tb HCnOJibJOBaH B Ka'!ecrne Ja,llaT'IHKa TOKa Ha

rpy3KH II B pe,KHMe pyqHoro y~paBJieHHH HCTO'IHIIKOM. IlpH OTKJIOHeHHII BeJIH

'IIIHbl TOKa . /H OT ycTaHOBJieHHOro JHa'!eHHH Ha Bb!XO,lle 6noKa cpaBHeHHH 6 

npOHJOH,lleT IIJMeHeHHe BeJIH'IIIHbl CHrnana paccornacoBaHHH. Ha ynpaBJIHIOIUIIH 

BXO.ll peryn»Topa TOKa 2 cHrnan paccornacoBaHHH no,llaeTc» qepeJ ycHJIHTeJib 

TOKa 7, no):( ):(eHCTBHeM MeHHIOIUeroc» CHrHaJia paccornacoBaHHH TOK HarpyJKII 

TaK)l(e HJMetrneTCH, npH6JIH,KMCb K ycTaHOBJieHHOMY JHa'!eHHIO, H y,llep,Kl1BaeTCH 

6JIH3KO K 3TOMY JHa'!eHHIO C OTKJIOHeHHeM, paBHblM BeJIH'IHHe ,lleiicTByIOmero pac

cornacoBamrn B KOHType cTa6w'mJaUHH (aBTOpery1mpoBaHH»). 

MllllT 4 CJIJ)!(HT wrn TO'!Hom HJMepeHHH BeJIH'IUHhI TOKa /", BhIXO.ll :noro 

MllllT nO,llKJIIO'laeTc» K BHemHeMy HJMepHTeJIIO TOKa: Ilono,KettHe 3 nepeKJIIO'la

TeJI» s cooTBeTcTByeT HyJieBOH ycTaBKe TOKa HarpYJKH. 

O6paTHbIH ,lllIO,ll VD3 npe,llOTBpamaeT BOJHHKHOBeHHe nepeHanpH,KeHHH B ue

n»x peryn»TOpa 2 11 HarpYJKH L npH JanHpaHHH peryn»TOpa 2 . 
. Ba,KHeiimHM YJJIOM CTa6HJIH3HpOBaHHOro HCTO'IHHKa noCTOHHHOro TOKa, cy

mecTBeHHbIM. o6pa30M BJIHHIOIUHM Ha TO'IHOCTb CTa6HJIH3aQHII TOKa, HBJI»eTCH 

MllllT. B 'o6c~aeMOM HCTO'IHHKe HcnoJihJyeTc» MllllT c MarHHTHhIM cpaBtteim

eM nocTOHHHhIX TOKOB (MarnHTHhIH KOMnapaTOp) [2], npH 3TOM MllllT nocTpoett 

Ha OCHOBe MarHHTHOro MOJ:lYJIHTOpa c Y.llBOeHHeM '!aCTOTbl, BBO,ll KOTOporo B pa6o

'lyIO JOHY ocymecTBJIHeTCH IlYTeM MeWJeHHOffi IIJMeHeHHH KOMnettcnpyIOmero TOKa 

[3]. MarnHTHblH MOJ:lYJIHTOp c Y.llBOeHHeM 'laCTOTbl HCnOJibJyeTCH B Ka'!eCTBe )le

TeKTOpa ttepaBHOBeCHH HaMarHH'IHBalOIUHX CIIJI (H.C.) B npeo6pa30BaTeJie HepaBHO

BeCHH H.c. YnpomettHM 6.noK-cxeMa MllllT noKaJai-Ia Ha pnc.2 (oTMeTHM, '!TO 

MllllT 4 H 5 H,lleHTH'IHbI). 

MllllT co,llep,KHT MarHHTOMoeyn»unoHHhiii yJeJI /, reuepaTOp BoJ6y,KJ:leHH» 2 
c BblXO,llaMH OCHOBHOH (F) II Y.llBOeHHOH (2F) '!aCTOT, q>aJO'IYBCTBHTeJibHbIH )leTeK

TOp 3, ycHJIIITeJib nocTOHHHOro TOKa 4, 3TaJIOHHblH peJHCTOp 5, )laT'IIIK HaCbl

meHHH MarHHTOnpoBO,llOB 6, 6annaCTHb!H pe3HCTOP 7 II pe3HCTIIBHblH ,lleJIHTeJib 8. 
MarnnTOMO.llYJI»UHOHHbIH Y3eJI (MMY) 1 co,llep,KHT pa6o'!He MarnnTonpoBo

J:lhI Tl H T2 coorneTCTBeHHO c o6MOTKaMH BoJ6~eHH» WI H W2, MarnHTHhIH 

3Kpau T3, HJMepHTeJibHYIO w II KOMneucaQHOHHYIO w K o6MOTKH. 
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Pttc.2. YnpomeHHlUI 6JIOK-CXeMa HJMepHTeJILHOfO npeo6pa30BaTe.Jlll IlOCTOJIHHOro TOKa 

fettepaTOp BOJ6y)l()leHHH (fB) 2 CO,llep,KHT MYJihTIIBH6paTOp (3MaIOIUHH reHe

paTOp) 9, nepBbIH JO H BTOpoii 11 TpHrrepbl co C'leTHbIM BXO,llOM (,llemneJIH 'laC

TOTbl Ha 2), nepBblH 12 H BTopoii 13 HMnyJibCHbie ycHJIHTeJIH, OKOHe'IHbIH ycII

JIIITeJib 14. IlepBblH TpHrrep co C'leTHbIM BXO,llOM JO n nepBblH HMnyJibCHb!H ycH

JIIITeJib 12 Bb!pa6aTbIBalOT Hanp»,KeHHe np»MOyroJibHOH cpopMbl 'laCTOTbl 2F, 

KOTOpoe B Ka'leCTBe KOMMYTHPYIOIUem ( onopttoro) IlO):(aeTCH Ha COOTBeTCTBYIOIUl!e 

BXO,llbl cpaJO'IYBCTBHTeJibHOro ):(eTeKTopa 3. 
Ha Bb!XO):(e BTOporo TpHrrepa co C'leTHblM BXO):(OM 11 Bb!pa6aTbIBaeTCH nocne

,llOBaTeJibHOCTb np»MoyroJibHbIX HMilYJibCOB Hanp»,KeHHH C '!aCTOTOH IlOBTOpeHHH 

F. flpH 3TOM WIHTeJibHOCTH IIMilYJibCOB II nayJ Me)l()ly HIIMH paBHbl. 3TO IlOJBOJIHeT 

nonyqHTb Ha Bb!XO,lle OKOHe'IHOro YCHJIIITeJIH 14 nepeMeHHOe Hfillp»,KeHHe np»MO

yroJibHOH cpopMbI (uanp»,Kem1e BoJ6~euHH MMY, no)laBaeMoe Ha o6MOTKH WI 

H W2), WIHTeJibHOCTb IlOJIO,KHTeJibHOH nonyBOJIHbl KOTOporo paBHa WIHTeJibHOCTII 

ero OTPHUaTeJibHOH IlOJIYBOJIHbl. IlpH TaKOM COOTHOilleHHH JKaJaHHOe Hfillp»,Ke

HI!e He CO,llep,KHT '!eTHbIX rapMOHHK, '!TO HBJI»eTCH O,llHHM HJ OCHOBHbIX Tpe6o

BaHHH K reHepaTopy B036~eHHH MarHHTHOro MO.llYJIHTOpa C Y.llBOem1eM '!aCT0Tbl. 

BbIXO,ll TpHrrepa 11 IlO,llKJIIO'leH KO BXO.llY HMilYJibCHOro YCHJIHTeJIH 13 qepe3 pm

)leJIHTeJibHbIH KOH)leHcaTOp C (R-pe3HCTOp YTe'IKH) •. 
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O6c}')l(J]:aeMhIH HITITT npe.ncTarurncr co6oii JaMKHyryIO c11cTeMy aBT0MaT1111ec

Koro peryn11poBaHIIH cneMmero nma: ero BhIX0,!lH0C HaIIpllJKCHIIC U ttTTTTT «cne-

AIIT>> Ja sxo,nHhIM T0K0M /H. Pa6oTa no,no6HhIX HITITT ('ITO KacaeTCll K0HTypa 

aBT0peryn11poBaHIIH, npeo6paJoBaTenll HepaBH0BCCIIll H.C. II ,npymx YJflOB) 0IIIIChl

BaeTCll B pa6oTax [4,5]. Bxo.nHoii TOK II BhIX0AH0e HaIIpllJKCHIIe HITITT CBl!JaHhI 

cooTH0IIIeHIIeM: /H = KUttnnr r,ne K = NK/NR
3

, NK II N - 1111cno BIITK0B K0M-

neHcau110HHoii w II 113MepIITenhHOH w o6MOTOK C00TBCTCTBCHH0, R - H0MII-
K 3 

HanhH0e 3Ha'ICHIIC C0IIp0TIIMCHIIll :nanoHH0ro pe3IICT0pa 5. 
ITp11se,neM KoHcTpyKTIIBHhie ,naHHhie MMY Ha HOMIIHanhHhIH TOK 20 A. 

B MMY 11cnonhJYIOTCll Marn11Tonposo~1 Konhuesoro mria. Pa6011He MarHHTonpo

B0Ahl Tl ~ T2 IIMCIOT paJMepi.1 31 x 24,5 x 5 MM, a MarnHTHhIH sKpaH T3 -

33 X 22,5 X IO MM. ~rn 113rDT0BflCHlfll MarHHT0TTp0B0,!l0B lfCII0flh30BaHa neHTa 113 

aMopqmoro JKeneJa 71KHCP TonmH11oii 20-30 MKM. O6MOTKH BOJ6y~e1rnll WI 

If W2 Bhlil0nHCHhl npoB0,!l0M IT3B-2 0 0,28 MM " co,nepJKaT II0 200 BlfTK0B. M.oM

IICHCaI.\II0HHM o6MOTKa WK HaM0TaHa TCM )KC IIp0B0A0M If lfMCCT I 000 BlfTK0B. 

I13MepHTCnhHM o6MOTKa w BhIII0nHeHa B BMC 0AH0ro npoxo.nHoro BlfTKa (Me,n

HM Tpy6Ka 7 x I, MM). 

Ha pHc.3 ·hp11se,neHa npIIHUIIIIIIanhHM sneKTp1111ecKM cxeMa 6noirn HITITT, 

co,nepJKamero Bee Y3nh1 reHepaTopa B036}')1(J]:eHHll 2, a TaKJKe ¢a3011yecrnHTenhHh1ii 

,neTCKT0p 3 II YJJihl 7, 8. H11JKe IIPIIB0AIITCll C00TBCTCTBlfC Me~y cpynKUIIOHMh

HhlMII YJflaMlf CXCM pHC.2 II 3. 

3a.n:arom11ii reHepaTOp 9 BhIIIonHeH Ha Tpex sneMeHTax 211-HE MC DD I. 

qacTOTa reHepau1111 onpe,nenlleTCll 3Ha'IeHIICM IIOCTOllHHOH BpCMCHH.RlCI. 8 Ka

'ICCTBC nepsoro IO II BToporo / 1 TpHrrepoB cnJJKaT D-TpHrrephI MC DD2. ITep

Bhlii IIMIIJnhCHhiii yc11n11Tenh 12 co.nepJKHT TpaH3IICTOphl VT7, VTIO II TpaHctpop

MaTop Tl. BTopoii IIMnynhCHhlH yc11nIITCJih 13 If OKOHC'IHhlH ycHnIITenh 14 BhJII0n

HCHhl coorneTCTBCHH0 Ha TpaHJHCTopax VTI, VT2 If VT3, VT4. 3neMeHThI C2, 

RS II Rl4 co0TBeTCTBYJOT sneMeHTaM C, R 11 7 6noK-cxeMhI. PeJHCTIIBHhIH .nen11-

Tenh 8 co,nepJKHT pe3HCTOphl Rl3, Rl7 If R21. <l>aJ011yecTBHTenhHhIH ,neTeKTOp 3 
BhmonHeH Ha TpaHJHCTopax VT5-VT9 11 BKnro11aeT B ce6l! pa3Bll3hIBaromHii TpaH

cqiopMaTOp T2 If pe3IICTOphl Rl5, Rl9, R20 H R22: Ero c11rnanhHhIMlf sxo,naMH 

cnJ)l(aT BhlBO,!lhl o6MOTKlf W 3· 

EannacTHhlii pe3IICTOp Rl4 (sneMeHT 7 Ha 6noK-cXeMe puc.2) orpaHH'IHBaeT 

TOK B uenu nocne,noBaTCJihHO coe,nHHCHHhlX o6MOTOK B036y~eHHll WI If W2. 

ITa,n:eHIIe HanpllJKCHIIll Ha 6annaCTHOM pe3HCTOpe Rl4 co,nepJKHT lfH(pOpMaI.lHIO 0 

CTeneHH HaChlIUCHlfH MarHHTOnpoBO,!lOB HITITT. O,nHononynepHOAHhlH BhIIIpllMH

TCnh Ha ,nuo,ne VD2 c qmnhTpOM R3C2 u orpaHH'IHBaJOIUIIM pe3HCTopoM 14 l!Bnll

eTCll OAHHM H3 YJflOB ,naT'IHKa HaCblIUCHlfll ManrnTonpOBO,!lOB 6. Ha BXOA SToro 

BhIIIpllMHTCnll no,naeTCll Hanpl!JKCHlfe C 6annaCTHOro pe3HCTOpa Rl4, aero BhlXO,n-
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Pttc.3. TTpttH[{HTTHaJILHaJI 3JleKTpH'-1eCKaJI cxeMa 6JIOKa, CO)lepitrn1Uero retteparnp B036yi+:JleHHll H !fiaJo-
4YBCTBHTeJILHLlii )lereKTop 

HOC HaIIpllJKCHIIC U IICIIOflh3YCTCll ,nm, ,neTCKTIIpOBaHIIll nepexo,na MarHIITOnpo)lH 

BO,!lOB B COCTOl!HlfC HaChllUCHIIll. 

Ha p11c.4 npHBe,neHa npHHUHTTIIMhHM sneKTp1111eCKM cxeMa 6noKa 11ITITT, 

co,nepJKamero yc11nHTCJih nocTOllHHOro TOKa 4, YJnhl ,naT'IIIKa HaChllUCHlfll MarHII

TOIIpOBOAOB 6 II STanOHHhlH pC31fCTOp 5, ponh KOTOporo BhlIIOflHllCT R 18. 

YCHnlfTCnh noCTOllHHOro TOKa (YITT) 4 co,nepJKHT ycunHTeJlh HanpllJKCHHll Ha 

MC nA2 H ycHnIITCflh TOK a Ha TpaH31ICTOpax VT I, VT2. HanpllJKCHIIe u ¢Jl C 

Bh!XO,na q>a30'IYBCTBIITCJihHOro ,neTCKTopa 3 11epe3 KOHTaKT 4a nocTynaeT Ha mrnep

TIIPYJOIUlfH BXOA MC nA2. K IICIIHBepmpymmeMy BXOAY MC nA2 'Iepe3 .nenHTeJlh 

R3, R4 no,nKnJO'IeH KOH,ne11carnp Cl, Ha KOTOphIH 11epe3 KOHTaKT SI II pe3HCTop 

Rl3 no,naeTCll Hanpl!JKCIIHC C Bh!XO,na MC nA3 (BhlXO,n ,naT'IHKa HaChllUClll!ll Ma

rHlfTOnpOBO,!lOB 6). YITT oxea11eH MecTHoii 0Tp11uaTenhHOH CBl!JhIO (RS, C2). 
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Puc.4. 0plfHUlflllfarILH3.ll 3JleKTplf'leCK3.ll cxeMa 6noKa ycwmn:.llll l!OCTOllHHOfO TOKa u .uaT'llfKa HaCLl

meHlfll MarHlfTO!lpoBO.UOB 

K KOHTaKTaM 6a H 6c 6JIOKa IlO.[{KJIIO'lena KOMneucaUHOHHaH O0MOTKa WK' 

B KornpyID no.naeTCH KOMneHCHPYIDlll.HH TOK /K c Bbixo.na YITT. B uenh TOKa /K 

BKJIIO'leH TaK)Ke 3TaJIOHHhrii pe3HCTOP Rl 8 qepe3 TpaHccpop~iarnp conponrnneHHH 

[6], KOTOpbIH BbinOJIHeH Ha MC .UA4 H TpaH3Hcrnpax VT4, VT5. 3m Mepa 
(BBe.r:teHHe TpaHccpopMaTopa conpOTHBJieHHH) Il03BOJIHeT npaKTH'leCKH npe.nornpa
Tl!Tb cymecTBeHHOe yxy.nrne1me qaCTOTHblX CBOHCTB I1TITIT, KOTOpoe npOH30lll
JIO 6bI npH npHMOM BKJIIO'leHHH OTHOCHTeJibHO 6oJiblllOro conpOTHBJieHHH Rl 8 
(B HallleM cnyqae co6cTBeHHOe aKTHBHOe conpOTHBJ1eH11e o6MOTKH w COCTaBJIHeT 

K 

- 10 OM, a R 18 - 301 OM). ,Ueno s TOM, 'ITO npHMaH TpaHccpopMaTOpnaH CBH3b 
Me)K.ny o6MOTKaMH H3Mep11TeJibHOH w H KOMneucauHOHHOH w MO)KeT Ob!Tb scp-

K 

cpeKTHBHO HCilOJlb30BaHa ATIH cpopMHpoBaHl!H lllHpOKOH nOJIOCbl nponycKaHHH 
HITITT npn ycnoBHH, 'ITO cyMMapuoe aKTHBHOe conpoTnsne,me B uenn o6MOTKH 

w OTH0CIITeJibHO HeBeJIIIK0. 
K 

.UeTeKTOpOM HaCbllll.ellHH MamHTOnp0B0.[{08 11.ITITT CJIY)KHT noporoBaH cxe~ia 

11a TpaHJIICT0pe VT3. 4epe3 KOHTaKT 7a Ha ee BX0.[{ nocTynaeT ttanpH)KeH11e u.uH· 

11cnom-mTeJibHblM 3JieMeHT0M HBJlHeTCH 3JieKTp0MarHIITHOe pene K 1. '-lepe3 ero 

K0HTaKT s 1 H pe3HCT0p R 13 nepeMeHHOe HanpH)Ke1111e npHMOyrOJibHOH cpopMbl C 

BblXO.[{a .naT'll!Ka HaCbJllJ.el!HH no.naeTCH Ha KOH.[{eHcaTop CI, eCJIH np0H30illJIO na

CbJIJJ.eHI-te ManmTonposo.noa. Ha KOH.r:teHcaTOpe Cl cpopMHpyeTCH .llByxnonHpnoe 

6 

t ! 
. ··( 

: i 

HanpmKem,e mmoo6pa3HOH cpopMbl, no.ll .l{eHCTBHeM KOTOporo TOK /K B o6MOTKe 

W OTHOCHTeJlbHO MeMeHHO HJMem1eTCH OT - / .llO + / . IlpH 3TOM npOHCXO-
K Km Km 

.l{HT IlOHCK pa6oqeif 30Hbl MarHHTHOro MO.[{yJIHTOpa If BBO.[{ B Hee, nocne qero Bbl

XO.ll .naT'lHKa HaCbllll.eHHH ManIHTOilpOBO.[{OB OTKJIIO'laeTCH OT KOH.[{eHCaTopa Cl. 

IlepeMeHHoe HanpmKeHHe npHMoyronhHOH cpopMbI Bb1pa6aThIBaeTcH MC JJ,A3, Ha 

BXO.[{ KOTOpow nocTynalOT npHMoyroJibHbie HMilYJibCbl HanpH)KeHHH C 3a.[{a1011J.ero 

reHepaTopa, BbmonHeHHoro Ha MC. LI.Al. qacTOTa noBTopeHHH HMnynhCOB 

nopH.r:tKa 0, I ru. 
Ha pHc.5 npe.ncTaBJieHa npHHUHillfaJibHaH 3JieKTpH'leCKaH cxeMa 0JIOKa, B KO

TOpOM HaXO.[{HTCH Y3Jlbl, noKaJaHHbie Ha OJIOK-CXeMe pHc.1: cxeMa cpaBIIeHHH 6, 
YCHJIHTeJib TOKa 7, HCTO'lHHK onopHoro HanpH)KeHHH 8, nepeKJIIO'laTeJib pe)KHMa 

paoOTbl S, reJIHilOT MH PY'lHOH ycTaHOBKH TOKa Rl 7. 

CxeMa cpaBHeHHH BbinOJIHeHa Ha MC ,UAL qepe3 ueno'lKY C1R4 JaMbIKaeTcH 

uenh MeCTHOH oTpHUaTeJibIIOH o6paTHOH CBH3H. Ha HeHHBepTHPYIDlll.HH BXO.r:t MC 

,UAl qepe3 KOHTaKT 3a no.naeTCH HanpH)KeHIIe UIUIIlT C BbIXO.[{a I1TIITT 5. Ha 

HHBepTHp)'IOlll.HH sxo.n MC LI.Al Moi:yr 0bITb no.l{aHbI cne.ny1011J.He CHrHaJibI: 

a) qepe3 nepeKJIID'laTeJib S 1.1 HanpH)KeHHe ycrnBKH c renHnorn R 17 (pe)KHM 

pyqHoro ynpaBJieHHH); 

C1 ... 
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Puc.5. 0plfHUH!llf3.IILH3.ll 3JJCKTplf'ICCKall cxeMa 6noKa cpaBHeHHll, yclf.lleHHll u OllOPHOfO HaITpll)l(CHHll 
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6) qepe3 nepe1011oqaTeJib s 1.2 H KOHTaKT 1 Oa HanpR)KeHHe ycTaBKH u C uan 

BhIXOJ:J:a UAIT 9 (pe:JKHM ynpaBJieHHR OT 3BM, pe:JKHM pyqHoro ynpaBJieHHR); 

B) qepe3 nepeKmoqaTeJib S 1.3 Hynesoe HanpR:JKeHtte, qTo coorneTcrnyeT Hyne

Bofi ycTaBKe TOKa HarpY3KH. 

Cttrnan paccomacosaHHR c BhIXOJ:J:a cxeMbI cpaBHeHHR (BbIBOJ:J: 6 MC JI.Al) 

nocTynaeT Ha BXOJ:]; ycHJIHTeJIR TOKa, Bb!IlOJIHeHHOfO Ha TpaHJHCTOpax VTl 

(ycIIJIHTeJib HanpR)KeHHR) tt VT2 (yCHJIHTeJib TOKa). IlHTaHHe KOJIJieKTOpHblX ue

nefi TpaHJttcrnpos VTl H VT2 ocymecTBJIReTcR nocTORHHbIM HanpR)KeHtteM Ud 

c BbIXOJ:J:a BbmpRMHTeJihHOro arperarn 1 qepe3 cpttnbTp VD3, C2. UenoqKa VDI, 

R9 JammuaeT DAI OT BhICOKOro HanpR:JKeHHR Ud (- 50 B), KOTopoe 6yJ:J:eT noJ:J:aHo 

Ha BbIBOJ:J: 6 DA 1 nptt npo6oe . npoMe)KYTKa KOJIJieKTop-6aJa TpaHJHCTopa VT 1. 

UenoqKa G3, R14 cny:JKHT J:J:JIR noJ:J:aBJieHHR BhICOKoqacTOTHhIX Kone6aHHfi, B03-

6~aIOmttxcR B 6110Kax 2, 7 Ja cqeT napaJHTHblX CBRJefi. 

HcToqHHK onopHoro HanpR:lKeHHR (HOH) Bh!IlOJIHeH no cxeMe, on0cam1ofi 

B [7], H coJ:J:ep)KHT MC Jl.A2, cTa6HJittTpoH VD2 H pe3HCTOpb1 R7, R8, RIO, Rl2 H 

R15. HarpyJKofi HOH RBJIReTcR J:J:eJIHTeJih R16, R17. 

Ha pttc.6 IlOKaJaHa npHHUHilHaJibHaR 3JieKTpttqeCKaR cxeMa 6110Ka, COJ:J:ep)Ka

mero H3MepttTeJibHYIO cxeMy TenJIOBOH JalL{HTbl 11 H HCilOJIHHTeJibHblH 3JieMeHT 

TeIIJIOBOH JalL{HTbl 12. 3J:];eCb )Ke ycJIOBHO IlOKaJaH J:];aTqHK TeMnepaTypbl. 3, B Kaqe

crne KOToporo cny:JKHT TpaHJHCTop VTl 7 B J:J:HOJ:J:HOM BKJIJOqeHHH. TpaHJHCTop 

VTl 7 ycTaHOBJieH Ha PMHaTope TpaHJHCTOpHoro peryJIRTOpa IlOCTORHHOro TOKa 2 
H BKJIJOqeH B nneqo HJMepHTeJibHOro MOCTa, B KOTOpblH BXOJ:];RT TaK)Ke pe3HCTOpbl 

Rl, R3, R4 H RS. MocT nttrneTCR OT napaMeTpttqecKoro crn6ttJIHJaTopa HanpR

:lKeHHR, BbmonHeHHom Ha TpaHJHCTope VTl H crn6011nTpoHe VDl. HacTpofiKa 

MOCTa ocyi.ll,ecTBJIReTCR TaKHM o6pa30M, qT06bI npH Bb!IlOJIHeHHH YCJIOBHR 

TP<Tp
11

o·n noTeHUHaJI Ha HeHHBepmpYJOmeM (BbIBOJ:J: 3) BXOJ:J:e MC DAI 6hm BhI-

rne noTeHL{HaJia Ha ero HHBepmpYJOmeM (Bb!BOJ:J: 2) BXOJ:];e (3J:J:eCb T - TeKymee p 

3HaqeHHe TeMnepaTypbl PMHaTopa TpaHJHCTOpHOro peryJIRTOpa IlOCTORHHOro TO

Ka, Tp
11

on - J:J:onycTHMoe JHaqeHtte TeMnepaTypbI aToro paJ:J:naTopa). B 3TOM cny-

qae Ha BbIXOJ:J:e MC DAI (BbIBOJ:J: 6) Bbipa6aTbrnaeTCR noJIO)KHTeJibHoe HanpR)KeHHe, 

qepe3 CBeTOJ:];HOJ:]; VD2 npoTeKaeT TOK, qacTb 3TOro 'fOKa IlOCTynaeT B 6a3y TpaH-

3HCTOpa VT2 H noMep)KHBaeT ero B OTKpbITOM COCTORHHH. 3TO, B CBOIO oqepeJ:J:b, 

06ecneq0saeT OTKpbITOe COCTORHHe HCnOJIHIITeJibHOro :;meMeHTa TenJIOBOH Ja

IUHTbl - THpHCTOpHoro KJIJOqa, Bb!IlOJIHeHHOro Ha OnTpOHHblX THpHCTopax VD3, 

VD4, coe)l;HHeHHblX no CHJIOBOH uenH BCTpeqHo-napanJieJibHO. TaKoe COCTORHHe 

COOTBeTCTByei- HOpMaJibHOH pa6oTe HCToqHHKa, qTO HHJ:J:HUHpyeTCR cseqeHHeM 

caeTOJ:J:HOJ:J:a VD2. 

Ilptt neperpeae TpaHJHCTOpOB TpainttcTOpHoro peryJIRTopa (T > T ) na-p p11on 

J:J:eHne HanpR)KeHHR na VTl 7 yMeHhrnaeTCR H noTeHUHaJI Ha BbIBOJ:J:e 2 MC DA 1 
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9b, T3 

le I ,.L. 

PHc.6. OpHHUHTTHaJJbHall 3JleKTpH'-!eCKall cxeMa 6JJoKa TelUI0BOii 3atUHTbl TpaH3HCTOpHoro perymnopa 
TT0CT0llHH0IU T0Ka 

cTaHOBHTCR BhIIIIe noTenuttana 11a ee BbIBOJ:J:e 3. Ilptt 3TOM na BbIXOJ:J:e MC DA I 
HanpR:lKeHHe yMeHbIIIaeTCR J:];0 1,5-2 B, qTo npHBOJ:];HT K JanupaHHIO Tpa113HCTOpa 

VT2 H, coorneTcTBenno, THpHcTopnoro KJIIOqa VD3, VD4. 3To BbIJhIBaeT OTKJIIO

qentte o6MOTKH Marnttnmro nycKaTeJIR ITM OT ceTeBoro HanpR)KeHHR u BblKJIIO

qentte HCTOqHHKa. IloKa neperpea 6yJ:J:eT coxpaHRTbCR (T > T ), 6yJ:J:eT OTCYTCT-
P Pilon 

BOBaTb CBeqeHHe CBeTOJ:];HOJ:];a VD2 H TenJIOBaR JalL{HTa lie Il03BOJIHT BKJIJOqllTb 
HCTOqHHK C IlOMOIL{bIO 3JieMellTOB ynpaBJieHHR. 

IlpHHI..IHilHaJibHaR 3JieKTpuqeCKM CXeMa TpaHJHCTopnoro peryJIRTOpa IlOCTO

RHHoro TOK a IlOKaJaHa Ha pHc. 7. On COJ:J:ep)KHT 14 CHJIOBblX Tpa113HCTOpOB 

VT1-VT14, coeJ:J:HnenHbIX napan11e11b110. B uenu 3MHTTepa Ka)KJ:J:oro Tpa11J11cTo

pa BKJIJOqeHbI ypaBHHBaIOlll,HH peJHCTop 0,7 OM H nnaBKHH npeJ:J:oxpaHHTeJib. Co

BMecTHO c ycHJIHTeJibHbIMH TpamttcrnpaMu VTl5 u VTl6 c1111oable Tpa11311crnph1 

o6pa3yIOT COCTaBHOH TpaHJHCTOp, pa60TaIOIL{HH B Kaqecrne 3MHTTep,-rnro IlOBTO

pHTeJIR. Bee Tpa!-13HCTOpbl yCTaHOBJieHbl Ha Memmfi WIHTe (paJ:J:HaTOpe), OXJJa)KJ:J:ae

MOH npoToqnofi BOJ:];OH. B 6110Ke peryJIRTOpa IlOCTORHHoro TOKa IIMeeTCR CBeTO

J:];HOJ:];HaR HIIJ:];HKa1..111R. Ilpu npo6oe KaKoro-111160 CHJIOBOro TpallJHCTopa 11aq1111aeT 

CBeTHTbCR COOTBeTCTBYIOIUHH CBeTOJ:];HOJ:];. Ha IlJIIITe ycTaHoBJieH TaK)Ke Tpa11311CTOp 
VTI 7, RBJIRIOJUHHCR J:J:aTqHKOM TeMnepaTypbI. 

Bb!npRMHTeJibHblH arperaT 1, ynpomem1aR npHHI..IHilllaJibHM CXeMa KOToporo 

np11Be)l;eHa Ha puc.8, COJ:J:ep)KHT Tpexcpa3HblH CHJIOBOH Tpa11ccpopMarnp T II MOC-
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P11c.7. np1111u11n11aJJLHaJI 3JleKTpll'!eCKaJI cxeMa 6JJOKa TJlaH3IICTOpH0fO perym1Topa noCT0llHl!0fO 
T0Ka 

T 

V□ l VD3 VOS 

VD2 VD4 YD6 

P11c.8. YnpoLUeHHaJI np1111u11n11aJJLHal1 3ileKTpH'leCKaJI cxeMa BLinpllMIITeJJLH0fO arperarn 

+ 

Ud 

TOBOH BbinpllMHTeJib Ha cttJI0BblX nonynpoao,nttttK0BblX BeHTlfJillX VDI-VD6. 

ITpHMeHeH cepHHH0 BbmycKaeMblH np0MblllIJieHH0CTblO TpauccpopMaTop nma 

TC311-1,6,380/36 8. CttJIOBble aettTlfJIH ycrattoaneHbI ua craHJlapTHbIX pa,nna-

10 

Topax B0J,nyurnoro oxna)l(JJ.eHttll. 8 arperaTe ttcnoJib3YIOTCll BeHTttJitt Tuna 8-50, 
K0T0pbie nptt Bcex pa60tJlfX pe)KttMax arperara pa6oTalOT C ecTeCTBeHllblM 803)lYlll
llblM 0XJia)K,[l;eHHeM. 

8 3aKJIIO'leHtte npHBe)leM 0CH0BHble TeXHH'leCKHe xapaKTepHCTHKH paccMaT-
pttaaeMoro CTa6ttJilf3HpOBaHHOro HCT0'llllfKa n0CT0l!HH0ro T0Ka. 

I. ConpoTHBJieune uarpy3Ktt - 1,53 OM, H0MHHaJibH0e 11anpl!)Ke1me - 30 8. 
2. nuana30H peryJIHp0BaHHll TOKa - 0,3-20 A. 
3. nttcKpeTHOCTb pery,mpoBaHlfll -·IO MA. 

4. OrnocttTeJibHal! Ollllf6Ka CTa6lfJitt3aUHlf (BKJIIO'lal! Hecrn6ttJibHOCTb H nynb
cautttt) nptt T0Ke I A - 0, I%. 

8 Ta6JittUe npirne)leHbl pe3yJibTaTbl lfCnblTaHttH lfCT0'IHHKa B pa31ItttJHblX pe
)KlfMax. 3a ace apeMH ttcnbITaHttH TeMnepaTypa B noMememm tt3Me1rnnacb He 60-

nee tJeM Ha 5°C, ua6JIIO)laeMble lf3MeHeHttll Hanpl!)KeHHll ceTH C0CTaBJillJIII ± 3%. 
Ta6n11ua 

TOK H3lp}'3KII, A I 2 5 10 15 20 

BL16er 0,15 0,1 0,09 0,04 O,Q3 0,03 
Ja 0,5 'laca, % 

HecTa611JlLIIOCTL 
33 6 '13C0B, % 0,1 0,05 0,04 0,01 0.007 0,005 

Aarnpbl Bb1pa)Ka10T 6naro.napHOCTb B.A.Mopo3oay Ja nocTaH0BKY Ja,naqn n 
f.IT.flemeHKO 3a n0M0)Ub npH rl0)lrDT0BKe MaTepHaJI0B K netJaTlf. 
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