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AnHKOB 6.A. H AP· 13 - 12376 

YnpaanReMW~ Tpex~a3HWH MOCTOBO~ awnpRMHTenb nepeMeHHOro TOKa 

npeAflO*eHa 3neKTpOHHaR CXeMa ynpaaneHHR Tpex~a3HWMH MOCTOBWMH 
awnpRMHTenRMH nepeMeHHOrO TOKa, B KOTOpo~ HHTepaanw "/ 3 Me*Ay HMnynb
CaMH 3a*HraHHR THpHCTOPOB 3aAa~TCR OAHHM reHepaTOpoM nHnoo6pa3HOrO 
HanpA*eHHR, cpa6aTwaa~HM npH nepexoAe 4epea HOnb Ka*AO~ ~aaw ceTeao
ro HanpR*eHHR, a CABHr Me*AY 3THMH HMnynbCaMH AnR nony4eHHR AHana30Ha 
perynHpOBaHHR OT 0 AO 2/3" paAHaH OCy~eCTBnReTCR nocneAOBaTenbHWM 
aanycKOM reHepaTopa HHTepaanoa "/3 H 3aAeP*KH, ynpaanReMO~ BXOAHWM 
HanpR*eHHeM. AnR pacnpeAeneHHR 80 apeMeHH ynpaanR~HX HMnynbCOB 
HcnonbaoaaH CHHXpOHH3oaaHHWH c OAHOH H3 ~aa ABOH4HW~ C4eT4HK c AeWH~
paTopoM. nyTeM 3aMeHW noCTORHHOH Ao6aB04HOH 3aAeP*KH Ha nepeMeHHy~ 
HO*HO nony4aTb AHana30HW perynHPQBKH CABHra HMnynbCOB B HHTepaane 
0 -i- " paAHaH. 

Pa6oTa awnonHeHa a fla6opaTOPHH RAepHwx npo6neM OHRH. 

npenpHHT 0!S'h911HH9HHOro HHCTHTyTa SI.QepHblX HCCn91IOB8HHA, £ly6Ha 1979 

Alikov B. A. et al. 
13 - 12376 

Controlled Three-Phase Bridge Rectifier 

An electronic circuit for control of the three-phase bridge 
rectifiers of alternating current is suggested. The "/3 intervals 
between the thyristor triggering ignition· pulses are pre-set by a 
saw-tooth voltage generator, which starts when each phase of a net
work voltage transits through zero. To obtain the resulting range 
from 0 to 2/3" rad. the shift between these pulses is made by the 
successive generator triggering of "/3 Intervals and the delay, 
controlled by Incoming voltage. A decoder binary counter which is 
synchronized with one of the phases, is used to distribute driving 
pulses during time. It is possible to obtain the regulating ranges 
of pulse shift in the interval ofo.;-" rad. by means of substituting 
the additional delay constant with a variable one. 

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

Preprint of th., Joint Institute for Nuclear Research. Dubna 1979 

AflR ynpasneH~R aanycKOM T~p~CTOpOB B Tpex¢a3H~X MOCTOB~X 
s~npRM~TenRx o6~4HO ~cnonbay~T HecKonbKO reHeparopos n~no
o6paaHoro HanpR~eH~R, KOMnaparopos, cpaBH~Ba~~~x HanpR~eH~e 

n~n~ c HanpR~eH~eM ynpasneH~R, ~ nor~4ecKy~ c~creMy, aaAa~

~~ ~Mnynbc~ 3a~~raH~R THpHCTOPOB. 
TaKHe c~creM~ peanH3Y~TCR c npHMeHeHHeM or weer~ AO 

OAHOrO reHepaTOpOB nHnOo6pa3HOro HanpR~eH~R, CHHXpOHH30BaH
H~X c ¢a3H~MH HanpR~eHHRMH npoM~wneHHOH ceTH 11•21• Hcnonbao
saH~e weCTH reHepaTOpOBn/ C03AaeT H3BeCTH~e TPYAHOCT~ npH 
B~paBH~BaHH~ BpeMeHH~X CABHrOB Me~AY OTAenbH~M~ HMnynbca
MH aanycKa, rorAa KaK npH pa6ore OAHOro reHeparopa B03MO~Ho 
ynpasneHHe yrnoM CABHra HMnynbCOB 3a~HraHHR T~pHCTOpOB 
B HHTepsane OT 0 AO 60° /2/ . 

Cy~eCTBY~T TaK~e APYrHe CHCTeM~ ynpasneHHR, B KOTOp~X 
~CnOnb3yeTCR C~HXpOHH30BaHH~~ C CeTb~ nepeMeHHOrO TOKa 
reHeparop wecT~KpaTHOH 4acror~ c nor~4eCKOH cxeMo.:1, pacnpe
AenR~~e.:1 ~Mnynbc~ aanycKa so speMeH~. YnpasneHHe yrnoM 
CAB~ra ~MnynbCOB 3a~~raHHR B TaKHX C~CTeMaX pean~ayeTCR 
cMe~eH~eM ¢aa~ reHeparopa wecTHKpaTHOH 4acror~ ~~ CxeM~, 
pean~3Y~He 3TOT npHH~Hn, AOBOnbHO CnO~H~, TaK KaK Heo6xo
AHM~M ycnOBHeM npaBHnbHOCTH HX pa60T~ RBnReTCR CTa6HnbHOCTb 
~ T04HOCTb 4aCTOT~ reHeparopa ~nH npeo6paaosarenR. 

B HacroR~e.:1 pa6ore npeAno~eHa cxeMa, B Koropo.:1 HHTepsan~ 
rr/ 3 Me~AY ~MnynbcaMH 3a~~raHHR THp~CTOpOB 3aAa~TCR OAH~M 

reHeparopoM nHnoo6paaHoro HanpR~eHHR, cpa6ar~sa~~HM npH 
nepexoAe 4epea "O" Ka~AOH ¢aa~ ceresoro HanpR~eHHR, a 
CAB~r 3THX HMnynbCOB AnR nony4eH~R AHana30Ha perynHpOBKH 
or 0 AO 2/3rr paAHaH ocy~ecrsnReTCR nocneAOBarenbH~M aanyc
KOM reHeparopa ~HTepsanos rr/ 3 H 3aAeP~KH, ynpasnReMOH BXOA
H~M HanpR~eHHeM. AflR pacnpeAeneH~R BO BpeMeH~ ynpaBnR~~X 
~MnynhCOB ~cnonb30BaH CHHXPOH~30BaHH~H C OAHOH H3 ¢a3 
AB0~4H~H c4eT4~K c AeWH¢paropoM. 

6noK-cxeMa ycrpos7tcrsa ynpasneHHR noKaaaHa Ha pHc. 1. 
Ha 6nOK B~AeneHHR HHTepsanoB rr/3 ~ HMnynbCOB npHBR3KH 

nocrynaer c~Hyco~AanbHoe HanpR~eHHe rpex ¢aa. KoMnaparop~ 
B~AenR~T nepeXOA~ 4epe3 HOnb HanpR~eH~H OTAenbH~X ¢a3 
/ABa paaa aa OA~H nepHOA/. 

HMnynbc~ nepexoAOB 4epea HOnb c B~XOAOB onepa~HOHH~X 

ycHn~rene.:1 0 1,2,3 nocne AH¢<1lepeH~HposaHHR nocryna~T Ha 
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EJ!OK 

lliOlMml!ll 

I!MliY .llCOB 
llPilBI!3JG!: 

P11c. 1. 6JlOK-cXeMa CI1CTeMbl ynpaBJleHI1.R Tpex$a3Hb1M MOCTOBbiM 
Bblnp.RMI1TeJleM. 

TpaH311CTOp T4 11 11HBepTop De /p11c. 2/, Ha Bblxo~e KOTOpblx 
nO.RBJl.RIOTC.R 11MnyJlbCbl C 11HTepBaJlOM 77/ 3 pa~l1aH /p11c. 2, 3, 
T04Ka A/, aanycKa1011111e reHepaTop c~BI1HYTbiX 11MnynbCOB Ha 
3IleMeHTax Dl, cl' Ce. 04. npl1 3TOM Tpl1rrep cl. CereHe
paTopa onpOKI1~blBaeTC.R 11 aan11paeT BblXO~HOH TpaH311CTOp IlOrl1-
4eCKOrO 3JleMeHTa C OTKpblTbiM KOJlJleKTOpOM 0 l, nocne 4ero 
Ha411HaeTc.R aap.R~ eMKOCTI1 RC-~en11 Ha 11HBepcHoM sxo~e KOMna
paTopa 0 4 .8 MOMeHT paseHCTBa n11noo6paaHoro Hanp.R~eHI1.R 
11 ynpaB!l.AIOl!lero Hanp.R~eHI1.R U0 Ha sxo~ax KOMnapaTopa, Ha ero 
BblXO~e nO.RBJl.ReTC.R OTpl1~aTe!lbHblH nepena~ Hanp.R~eHI1.R, KOTOPbiH 
B03Bpal!laeT Tpl1rrep C1,Ce B 11CXO~HOe COCTO.AHI1e, np11 3TOM 
KOH~eHcaTop 0,25 MK<t> RC-~en11 6blcTpo paap.R~aeTc.R. 0Tpl1~a
Te!lbHblH nepena~ Hanp.R~eHI1.R c BbiXO~a norl14ecKoro 3JleMeHTa 
C~4epe3 ~11$$epeH411PYIOUIYIO ~en04Ky 3~nycKaeT 6JlOK ynpaBil.Re-

MOI1 aa~ep~KI1 /p11c. 1,2/, BblnonHeHHblH no aHanor114MoA cxeMe 
Ha 3JleMeHTax D 3' c 3' c4' 05. npl1 B03BP<Jl!leHI111 6JlOKa 
3a~ep~K11 B 11CXO~HOe COCTO.RHI1e aanycKaeTC.R O~HOB116paTOp 
C~B11ra 11MnyJlbCOB Ha yrOJl 11/ 6 pa~l1aH, BblnOJlHeHHbiH Ha 3JlBMeH
TaX E 1.E e 11 Eg- 3a~HI1M <!>POHTOM 11Mnynbca 3Toro o~HOBI16paTopa 
3anycKaeTC.R O~HOB116paTOp CTp0611pOBaHI1.R B

1
,Be, onpaWI1BaiO

lli11H cxeMbl "11" Ha 3IleMeHTax N,P 11 W. 
np11 3TOM ~Ili1TeJlbHOCTb BpeMeHI1 ynpaBJl.ReMOH 3a~ep~KI1 

3a~aeTC.R BXO~HbiM Hanp.R~eHI1eM, a O~HOBI16paTop C~BI1ra KOMneH
CI1pyeT C~BI1r Me~~y$a3HbiX Hanp.R~eHI1H Bblnp.RMI1Te!l.R no OTHOWe
HI110 K $a3HbiM Hanp.R~eHI1.RM, nOCTynaiOU111M Ha BXO~bl 6JlOKa 
Bbl~eileHI1.R 11MnYilbCOB C 11HTepBaJlaMI1 77/ 3 pa~l1aH. nocKOJlbKy B 
Ka~~OM 113 ynpasn.ReMbiX reHepaTopos aa~ep~Ka BbiXO~Horo 
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11Mnynbca MeH.AeTc.R B 11HTepsane OT 0 ~o 11/ 3 pa~l1aH, o6111ee 
113MeHeHI1e 3a~ep~K11 6y~eT paBHO 2/377 pa~l1aH; np11 3TOH 
3a~ep~Ke ~o6aBJl.ReTC.R nOCTO.AHHa.R 3a~ep~Ka, COCTaBJl.RIOllla.R 
11/ 6 pa~l1aH, C03~aBaeMa.R O~HOBI16paTOpOM C~B11ra. 

BpeMeHHble ~11arpaMMbl ~Il.R Tpex Tl1n114HbiX cny4aes cyMMapHoA 
aa~epmKI1 noKa3aHbl Ha p11c. 3a,6,s. 

An.R pacnpe~eneHI1.R 11Mnynbcos B oT,qe!lbHbiX KaHanax aanycKa 
TI1PI1CTOpOB npi1MeHeHbl C4eT411K11 11MnYilbCOB Q, 11HBepTOpbl L, 
,qewl1$paTOPbl N, P, W 11 cxeMbl "11" Ha BbiXo~ax N, P, W. · 

Cyl!leCTBeHHbiM MOMeHTOM npaBI1IlbHoA pa6oTbl cxeMbl .RBil.ReTc.R 
npi1B.R3Ka K HynesoMy nepexo,qy nepsoA <t>aabl (R) Tpex<t>aaHoro 
Hanp.R~eHI1.R /T04Ka B /. npi1B.R3Ka peaJll13yeTC.R c6pocoM C4eT-
411Ka Q nocne OKOH4aHI1.R 11Mnynbca cTpo611posaHI1.R, cne~Y10111ero 
3a 11MnyJlbCOM O~HOBI16paTopa CABI1ra, KOTOpblH, B CBOIO 04epe~b, 
Bbi3BaH 11MnyJlbCOM reHepaTopa CABI1HYTb1X 11MnyJlbCOB, Cpa6oTas
WI1X B 11HTepBaJle YrilOB OT - 77/ 3 AO 0 pa,ql1aH OTHOCI1TeJlbHO 
11Mnynbca npi1B.R3KI1. CocTO.RHI1e C4eT411Ka Q nepeKJll04aeTC.R aa,qHI1M 
<!>POHTOM 11MnyJlbCa CTp06a, n03TOMy 11MnyJlbCbl c6poca AOil~Hbl 
11MeTb AOCTaT04HYIO Ail11TeJlbHOCTb, 4T06bl y~ep~aTb C4eT411K Q 
B HyJleBOM COCTO.RHI111. 

C,qs11r · MOMeHT a c6poca onpe,qen.ReTc.R R-S Tpl1rrepaMI1 Ae ,A 3 
Fe, F 3 11 cxeMoA F1. BblnOilH.RIOl!leA <!>YHK~I110 "111111" np11 OTPI1~aTenb
HbiX 11MnyJlbCaX. ECI111 B MOMeHT nO.RBJleHI1.R 11MnyJlbCa c6poca 
B T04Ke B 6JlOK 3a,qep~K11 11 o6a OAHOB116paTopa HaXOA.RTC.R 
B 11CXOAHOM COCTO.AHI111 /3TOT CJly4aH COOTBeTCTByeT CYMMapHOH 
aa~ep~Ke MeHbWe 77/ 3 pa~l1aH/, Ha Bblxo,qe norl14ecKoro 3JleMeH
Ta F 1 6y,qeT HI13KI1H nOTeH~I1ail, KOTOpbiH He n03BOJl.ReT onpOKI1-
HYTbC.R Tp11rrepy A e•'A3 . 0Tpl1~aTeiibHbiH 11Mnynbc npi1B.R3KI1 1 
nocTynaiOU111H Ha BXOAbl A e 11 Fe. 11HBepTI1pyeTc.R 3IleMeHTOM ~A e· 
~11<t><!>epeH~I1pyeTC.R 11 4epe3 11HBepTOp •A4 c6paCbiBaeT 3aAH11M 
<tJpOHTOM C4eT411K Q. 

Ecn11 cyMMapHa.R aa,qep~Ka pasHa 11Ill1 6onbwe 11/ 3 pa,ql1aH, 
11Mny!lbC npi1B.R3KI1 nO.RBI1TC.R np11 Ha!ll141111 11MnyJlbCa Ha BblXO,qe 
OAHOBI16paTopa C~BI1ra, np11 3TOM Tpl1rrep ·Ae ,A_3 onpOKI1HeTC.R 
11Mny!lbCOM npi1B.R3KI1 11 c6poca He npo11aoA~eT. nocTyna10111ee 
c Bblxo,qa cxeMbl F 1 paapewa10111ee HdnpH~eHI1e Ha ynpaBil.RIOl!leM 
BXO~e 3JleMeHTa A3 COXpaH.ReTC.R ~0 OKOH4aHI1.R 11MnyJlbCa CTpo6a. 
nocne OKOH4aHI1.R 11MnyJlbCa CTp06a Tpl1rrep Ae,A 3 BepHeTC.R 
B 11CXO~HOe COCTO.RHI1e OTPI1~aTeJlbHbiM nOTeH~I1aJlOM Ha BbiXO,qe 
F1 .0Tpl1~aTe!lbHbiH nepena~ Hanp.R~eHI1.R Ha BbiXO~e Ae c6poc11T 

C4eT411K Q, KOTOPbiH OCTaHeTC.R B HyJleBOM COCTO.RHI111 AO CJle,qyiO
l!lero 11Mnynbca cTpo6a /p11c. 36/. 

Kor,qa cyMMapHa.R aa~ep~Ka B reHepaTopax n11noo6paaHoro 
Hanp.R~eHI1.R npeBblwaeT 11/ 3 pa,q11aH /p11c. 3s/, np11 no.RBileHI111 
11Mnynbca npi1B.R3KI1 c6poc.RTC.R TPI1rrepbl Fe ,F 3 11 Ae ,A 3 11 c Bbl-
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Clo1CTeMbl ynpaeneHI1R: o1.;-o5- 1YT4025; A,B, E,L -1n5553; F
N,P,W - 1nP551; T1 ,T2 , T 3 - n7015, T4 - KT3125; A 1 -As 
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Plo1c.2. nplo1H~Io1nlo1ailbHaR cxeMa 
1n5554; D - 1n5558; Q - K155HE5; 
A226, see ocTailbH~e AI1DA~ - A18; 
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P~o~c.3. BpeMeHH~e A11arpaMM~ lo1Mnynbcoe AilR Tpex cny4aee cyMMapHo~ 3aAepmKI1 reHepaTopoe 
ni1Il006pa3HOrO HanpRM<eHI1R 11 OAHOB116paTopoe CAB11 ra: a..: 0 .;- 77/ 3 paA. ; 6, B - 77/ 3- 277/ 3 paA. 
oyKBeHH~e 0603Ha4eHI1R COOTBeTCTBY~T T04KaM, yKa3aHH~M Ha pi1C. 2. 



XOAa F 3 Ha BXOA F 1 6yAeT nOAaH HI-13KHI:i noTeHI..IHaJl. npl-1 
B03Bpa~eHHH 6noKa 3aAeP~KH B HCXOAHOe COCTORHHe TpHrrep 
F2 , F 3 TaK~e B03Bpa~aeTCR B HCXOAHOe COCTORHHe, HO B~COKHR 

noTeHI..IHan Ha ynpaenR~~eM BXOAe A3 ocTaHeTcR,T.K. 6noK 
3aAep~KH npH B03Bpa~eHHH B HCXOAHOe COCTORHHe 3anyCTHT 
OAHOBH6paTOp CABHra. 

npl-1 OKOH4aHHH CTp06Hpy~~ero HMnyJlbCa noTeHI..IHaJl Ha ynpae
JlR~~eM BXOAe A 3 CTaHeT HI-13KHM, TpHrrep A2 ,A 3 onpOKHHeTCR 
1-1 c6pOCHT C4eT4HK Q. 

np~-1 He06XOAHMOCTH perySlHpOBKI-1 B npeAeJlaX OT 0 AO rr pa
AHaH HY~HO 3aMeHHTb OAHOBH6paTOp CABHra BTOp~M 6JlOKOM 
ynpa BSlReMOR 3aAep~KH, HCnOJlHeHHbiM no TOR ~e CXeMe, npH 
3TOM BXOA 6noKa 3aAep~KH BKJ1~4a~T aHaJ10rH4H~M o6pa30M, 
a Ha BXOA cxeMbl 11 111111 11 

- F 1 noAa~T noTeHI..IHan aanpeTa c Bbi
XOAa R-8 -TpHrrepa, KOTOp~R CBR3aH C BXOAOM 110rH4eCKOrO 
311eMeHTa c OTKP~TbiM KonneKTopoM. C6poc C4eT4HKa Q ocy~ecT

enReTCR aHanorH4HbiM o6paaoM. 
AnR peanH3al.IHH Heo6XOAHMoro epeMeHHoro pacnpeAeneHHR 

HMnYJlbCOB HCnOJlb30BaH ABOI-14H~R C4eT4HK Q C K03~~Hl.IHeHTOM 
AeneHHR 8 1-1 norH4eCKHe cxeMbl N, P, W. 

Ecn~-1 BXOA~ KOMnapaTopoe, onpeAeJlR~~HX nepexoA~ 4epea 
HOJlb ~a3 ceTeeoro HanpR~eHHR, nOAK11~41-1Tb K Me~AY~a3H~M 
HanpR~eHHRM, OTnaAaeT He06XOAHMOCTb BBeAeHHR OAHOBH6paTOpa 
3aAep~KH, npH 3TOM B~XOA 3JleMeHTa C3 ynpaBnReMOrO 6110Ka 
3aAep~KH HY~HO nOAK11~41-1Tb K OAHOMY BXOAY 3JleMeHTa F1, B~XOA 
3JleMeHTa C4 - K BXOAY OAHOBH6paTopa CTp06a 81,134. np~-1 3TOM 
oTnaAaeT Heo6xoAHMOCTb e TpHrrepe F2 ,F3 , a 311eMeHT F 1 
AOJl~eH 6~Tb ABYXBXOAOB~M. 0AHaKO npl-1 HCnOJlb30BaHHH 3TOrO 
eapHaHTa nOB~Wa~TCR Tpe6oeaHHR K BXOAH~M 1..1enRM onepal.IHOH
H~X YCHJlHTeSleR 1-1 K CHMMeTpl-11-1 ynpaBJlR~~HX 06MOTOK Tpex~aa
HOoO TpaHC~OpMaTopa. 
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