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BBE,l\EHHE 

un~T 3KCnnyaTa~HH npOTOTHna KOnneKTHBHOrO YCKOPHTen~ T~men~X 
HOHOB noKaa~eaeT, 4TO An~ ycnewHoro ocy~ecTeneHH~ npo~ecca 
cmaTH~ KOne~ Heo6XOAHMO Y4HT~BaTb nepeXOAH~e npo~eCC~ B KaMepe 
aAre3aTOpa npH BKn~4eHHH nHTaHH~ KaTyWeK CTyneHeH cmaTH~. npH 
3aAaHH~x napaMeTpax cxeM nHTaHH~ Ill H Bbl6paHHOM eapHaHTe Hcnonb
aoeaHH~ yanoe 111 aAreaaTopa enH~HHe nepeXOAH~x npo~eccoe cKa
a~eaeTc~ Ha epeMeHaX 200 -:- 400 MKC OT MOMeHTa BKn~4eHH~ nHTaHH~ 
KaTyweK II H IV cTyneHeH cmaTH~. Ha npoTOTHne KYTH HccneAOBanHcb 
H npHMeH~nHcb paanH4Hble cxeMH~e peweHH~ An~ noAaeneHH~ enH~HH~ 
Ha npo~ecc cmaTH~ nepexoAH~x npo~eccoe. nocneAoBaTenbHO c HH
AYKTHBH~MH Harpy3KaMH, HanpHMep, BKn~4anHCb HHAYKTHBH~e APOC
cenH Hac~~eHH~. OHH noaeon~nH nony4HTb YAOBneTeopHTenbHY~ $op
MY $POHTa HMnynbca, HO Ha KOpOTKHe epeMeHa /AO 50 MKC/; yee
nH4eHHe epeMeHH BXOAa APOCCen~ B HaC~~eHHe CB~3aHO C Heonpae
AaHHbiM yeenH4eHHeM MaCCbl ero cepAe4HHKa H noTep~MH 3HeprHH 
e HeM. YAa4H~M cxeMH~M peweHHeM ~en~eTc~ npHMeHeHHe WYHTHpye
M~x HHAYKTHBHbiX APOCceneC1, 13Knl04aeMbiX nocneAOBaTenbHO C Harpya
KOH. 3ToT cnoco6 nony4eHH~ nnaeHoro $POHTa HapacTaHH~ HMnynbca 
TOKa o6naAaeT P~AOM npeHMy~eCTB: T04HOH perynHpOBKOH epeMeHH 
BKn~4eHH~ WYHTHPYIOQero KOMMyTaTOpa BCerAa MOmHO nOA06paTb OnTH
ManbH~H pemHM pa6oT~ CTyneHeH cmaTH~; aKTHBH~e nOTep~ B MeAH~X 
06MOTKaX HHAYKTHBHOro APOCCen~ Manbl BBHAY TOro, 4TO APOCcenb 
pa6oTaeT orpaHH4eHHOe epeM~ /TOnbKO B Ha4ane H B KOH~e HMnynb
ca/ H aMnnHTYAHOe 3Ha4eHHe TOKa 4epe3 Hero HeeenHKO, CHHma~TC~ 

Tpe6oeaHH~ K MeXaHH4eCKOH H 3neKTPH4eCKOH np04HOCTH H30n~~HH 
o6MOTOK APOCcen~. 

EcnH y4eCTb, 4TO cxeMa nHTaHH~ MarHHToo6paayiO~Hx KaTyweK 
IV cTyneHH cmaTH~ pa6oTaeT e pemHMe wyHTHpoeaHHR OAHOH H3 Ka
TyweK, TO An~ HOpManbHOH pa6oT~ ecex rpynn THPHCTOpH~X KOM
MyTaTOPOB He06XOAHMO BblnOnHHTb PRA Tpe6osaHHH, CB.A3aHH~X B oc
HOBHOM C o6ecne4eHHeM ycnOBHH OTKPbiBaHHR H 3aKpbiBaHH~ COCTaBHbiX 
THpHCTOPH~X KOMMyTaTOPOB. 

CXEMbl $0PMHPOBAHI1fl 1-11-fflYflbCHbiX TOKOB B KATYI!JKAX 
II 1-1 IV CTYnEHE~ CIATI-ifl 

KaK yKaa~sanocb s~we, AnR nony4eHHR nnasHoro HapacTaHHR HM
nynbcHoro TOKa B KaTyWKaX II H IV CTyneHeH cmaTHR nocneAOBa
TenbHO C KaTyWKaMH BKnl04a~TCR WYHT~~ye~ HHAYKTHBH~e APOCcenH. 

'. ,•;·'-.' ... 
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Ha pHc.l npHBeAeHa cxeMa nHTaHHR 

II cTyneHH cmaTHR, rAe C- HaKo

nHTenbHaR eMKOCTb /90 MK~/;Tl 
OCHOBHOH KOMMyTaTop; Tw- WYHTH

PYIOLIIHH KOMMyTaTop; LAp. - HHAYK
THBH~i1 APOCCenb /4,5 MrH/; LH -
MarHHT006pa3yi01.11He KaTyWKH C 
/2,2 MrH/; R1,R 2 - aKTHBH~e co

npoTHeneHHR APOccen.R H KaTyweK. 
Ao MOMeHTa BKnl04eHHR KOMMyTa

Topa TJt0 < t< tw) cxeMa npeA
cTaen.ReT co6oi1 o6bi4Hbli1 Kone6a-

PHC. I 

TenbHbli1 KOHTYP CO cna6~M 3aTyXaHHeM (R l + R 2 << 2p) p 

= y'(LH+LAp)/C H nepHOAOM T=277y'(LH+LAp)C. npH 3aAaHHbiX 3Ha-

4eHH.RX L II H C nepHOA T 6yAeT onpeAen.RT bCR eenH4HHoi1 ·LAP; cneAo
eaTenbHO, AnR o6ecne4eHHR nnaeHoro HapacTaHH.R TOKa e KOHType 

Heo6XOAHMO Bbmom-lHT b ycnoeHe LAP >> L H. 
B MOMeHT epeMeHH t = tw BKnl04aeTc.R KOMMyTaTop Tw• ToK APoc

cenR LAP nepexeaTbiBaeTc.R B ~enb KOMMyTaTopa Tw• TOK e Harpy3Ke 
Ha4HHaeT B03pacTaTb. B~pameHH.R An.R TOKOB B APOCCene JAP H Ha
rpy3Ke JH HMeiOT BHA/2 /: 

cos (2"tw/T) t - t w 
----- . sin (277 + ¢) , 

cos¢ T w 

U0 - 3ap.R,qHoe 
H3 ycnOBHH 

HaHMeHbWero BnHRHH.R nepeXO,[IHbiX npo~eCCOB Ha 3neKTpOHHO-HOHHOe 
KOnb~O. 

npH 3a,qaHHbiX napaMeTpax cxeMbl nHTaHHR 111 epeMeHH T w:S: T/4 npo

~ecc OTKP~BaHH.R THPHCTOPOB HMeeT PRA oco6eHHOCTei1. B MOMeHT 
tUI = T/4 Hanp.RmeHHe Ha THpHCTOpax KOMMyTaTopa paBHO HYniO, 

a B nocne.QYIOLIIHe MOMeHTbl epeMeHH .CTaHOBHTC.R o6paTH~M. C npHXO,[IOM 
Ha THPHCTOp~ HMnynbca 3anycKa HX CTPYKTypa HaC~I.IIaeTC.R HOCHTen.R
MH, COnpOTHBneHHe na,qaeT, HO TOK He MOmeT ,[IOCTHrHyTb eenH4HHbl 
TOKa y,QepmaHH.R. npH 3TOM B CXeMe B03MOmHO B03HHKHOBeHHe KOne-

6aHHH Hanp.RmeHH.R c 4aCTOTOH f ~10 5 r~. Kone6aTenbH~i1 KOHTYP 

o6pa3yiOT AHHaMH4eCKa.R eMKOCTb THPHCTOPOB KOMMyTaTopa CA H HH,QyK
THBHble 3neMeHT~ cxeMbl L. Kone6aHHR B03HHKaiOT TaKme npH 3anycKe 
KOMMyTaTOpa WYHTHPOBaHH.R e6nH3H T04KH tUI = T/4, KOr,Qa Ha THPHC
Topax eCTb nonomHTenbHOe ,HO He,QOCTaT04HOe ,QnR ,[IOCTHmeHH.R TOKa 
y,qepmaHH.R Hanp.RmeHHe. 3TOT pemHM onaceH ,QnR THPHCTOpOB KOM
MYTaTopa, T.K. KOne6aHH.R Hanp.RmeHH.R npHBO,[I.RT K KOne6aHH.RM TOKa 

C BenH4HHOH dJ/dt, HaMHOrO npeBbiWaiOI.IIeH AOnyCTHM~e 3Ha4eHH.R, XOT.R 

aMnnHTYAa 3Toro TOKa HeeenHKa. 
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B TaKOM pemHMe B03MO>KHO OTKpbiBaHHe KOMMyTaTopa B ~enOM. 
Ho OHO 6y,qeT conpoeom,qaTbC.R fionbWHM pa36pOCOM OTKPbiBaHH.R OT
,QenbHbiX THpHCTOpOB no epeMeHH, 4TO npHee,qeT K HepaBHOMepHOMY 

pacnpe,qeneHHIO HanpRmeHHR Ha HHX 1-1 3Ha4HTenbHbiM nepeHanpRmeHHRM 
Ha TeX THPHCTOpax, KOTOp~e OTKpbiBaiOTC.R nocne,QHHMH. KOMMYTHpye
Ma.R 3HeprHR 3ai.IIHTH~X 3neMeHTOB /CHMMeTpH4H~X orpaHH4HTeneA 
Hanp.RmeHH.R/ TaKme MOmeT npeB~CHTb .QOnyCTHMOe 3Ha4eHHe, 4TO npH
Be,QeT K B~XOAY nocne,QHHX H3 CTPO.R. 

PemHM 3anyCKa KOMMyTaTOPOB npH HH3KHX Hanp.R~eHH.RX onaceH 

e1.11e TeM, 4TO napa3HTH~e KOnefiaHH.R B KOHType C A - L HaKnaAbiBaiOT
C.R Ha ~POHT HapacTaHH.R OCHOBHOrO TOKa H npHBO,[I.RT K BbiBOAY H3 
CTPOR THPHCTOPOB, 

B cxeMax nHTaHHR c wyHTHpyeM~M .QpocceneM TaKoi1 pemHM Mo~eT 
HMeTb nHWb cny4ai1H~H XapaKTep /c6oi1 B CHCTeMe CHHXPOHH3a~HH, 
HaBO,[IKH Ha ynpaBn.RIOLIIHe Ka6enH/. 

lllyHTHPOBaHHe KOMMyTaTOPOB He60nbWOH eMKOCTbiO /2 7 4/ MK~ 
Cyl.lleCTBeHHO ofiner4aeT ycnOBH.R OTKP~BaHH.R THPHCTOPOB, T.K. 
TOK pa3p.R,Qa eMKOCTH CKna,Q~BaeTC.R C HapacTaiOI.IIHM TOKOM H CyM

MapHbiH TOK npee~waeT BenH4HHY TOKa y,QepmaHH.R. npH 3TOM Heo6-
XOAHMO npHH.RTb Mepbl, 4T06~ npOH3BO,QHa.R TOKa pa3p.R,Qa WyHTHPYIOI.IIeH 
eMKOCTH He npee~wana .QonycTHMoro 3Ha4eHH.R, 

CxeMa nHTaHHR KaTyweKIV cTyneHH cmaTHR npHee,qeHa Ha pHc.2, 
r.Qe C 1 =~=115 MK~- HaKonHTenbH~e 

I l I 
eMKOCTH; LAP = 4. 5 ~~rH - WYHTH
pyeM~i1 ,qpoccenb; L H = L 1 + L 9 + 2M 
HHAYKTHBHa.R Harpy3Ka /2,2 MrH/; 

l l 
c, 

L 1o L 2 - HHAYKTHBHOCTH KaTyweK; 
M- K03$QH~HeHT B3aHMHOi1 HHAYK~HH; 
Tl' T 2 - OCHOBH~e KOMMyTaTOPbl; 
TWl- KOMMyTaTOp WYHTHPOBaHH.R 

APOCCenR; Tw2 - KOMMYTaTop WyH
THPOBaHH.R KaTyWKH IV CTyneHH 

cmaTHR. 

PHc.2 

Pac4eT cxeM~ npHBe.QeH e pa-

6oTe 121• Ha PHC. 3 npHBeAeHa oc~Hn
norpaMMa TOKa B Harpy3Ke, KOTOp~i1 

HMeeT cnOmHyiO 3aBHCHMOCTb BO 
BpeMeHH. ~OpMa HMnynbca H aMnnHTYAH~e 3Ha4eHH.R TOKOB B HH,QyK

THBH~X 3neMeHTaX 3aBHC.RT OT BpeMeHH BKnl04eHH.R WYHTHPYIOLIIHX 
KOMMYT aTopoe T w 1 H T w2 • 

Ha pHc.4,5,6 nOKa3aH~ OC~HnnorpaMM~ TOKOB B WYHTHpyeMOM 
APOCCene, WYHTHpyeMOH MarHHTOo6pa3yiOLIIei1 KaTyWKe H WYHTHPYIOllleM 
KOMMyTaTOpe TUI2.Cynepno3H~H.R 3THX TOKOB ,QaeT OC~HnnorpaMMy, 
noKa3aHHYIO Ha pHc.3. ToK e WYHTHpyeMoi1 KaTywKe L 1 H3MeHReTc.R 
TaK~e no CnOmHOMy 3aKOHy H3-3a HanH4H.R HHAYKTHBHOH CB.R3H 
MemAY KaTyWKaMH L 1 H L 2 /eepWHHa HMnynbCa HMeeT BOrHyTyiO ~op
My/. 
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PHC. 3 PHC. 4 

PHC. 5 PHC. 6 

Ha pHc.7 npHBeAeHa oc~HnnorpaMMa Hanp~meHH~ Ha MarHHToo6pa-
3Y~Hx KaTywKax. BHAHO, KaK npoHCXOAHT AeneHHe Hanp~meHH~ Me~AY 
WYHTHpyeMbiMH H HeWyHTHpyeMbiMH 3neMeHTaMH. 0T4eTnHBO BHAHbl KOM
MyTa~HOHHble 6pOCKH Hanp~meHH~ npH 3aKPb1BaHHH THpHCTOPOB, cno
C06bl nOAaBneHH~ KOTOPbiX npHBeAeHbl B pa6oTel81. 

Oco6eHHOCTH pa6oTbl KOMMYTaTopa T wl paccMoTpeHbl Ha npHMepe 
cxeMbl PHC. 1. .~ 

KoMMYTaTop Tw2 pa6oTaeT B 6onee Hanp~meHHOM pemHMe, 4eM TWl' ~ 
T.K. AHana3oH epeMeHH BKn~4eHH~ tw2 HaxoAHTC~ e6nH3H MaKCHMyMa J 

TOKa B KaTyWKaX L l• L 2 H MHHH
ManbHOrO np~Moro Hanp~meHH~ 
Ha HeM; 3TOT KOMMyTaTop YKOM
nneKTOBaH 6onee 6biCTPOAeHCTByiO-
liiHMH THPHCTOpaMH, HemenH T Wl" 

PHc. 7 

3AKmJ4EHI1E 

CxeMbl ~OPMHpoeaHH~ e MarHHToo6pa3yiO~Hx KaTywKax aAre3aTopa 
YCKOpHTen~ T~menbiX HOHOB HMnynbCOB TOKa CO CnO~HbiM 3aKOHOM 
H3MeHeHH~ BO apeMeHH npo~nH AnHTenbHYIO npoeepKy Ha npoTOTHne 
KYH1. 

BbiCOKHe 3KCnnyaTa~HOHHble noKa3aTenH no3eonHnH npHH~Tb 3TH 
CXeMbl B Ka4eCTBe OCHOBHbiX npH npoeKTHPOBaHHH C03AaBaeMOrO 
e OHMY 011~11 ycKopHTen~ T~menblx HOHOB KYT~-20 141 • 
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6apa6aw n.C. H AP· 9-83-772 
~PMHPOBaHHe HMOYnbCHWX TOKOB CO CnO*HWM 3aKOHOM H3MeHeHHR BO apeMeHH 
B CXeMaX OHTaHHR KOMnpeccopa KOnneKTHBHOro YCKOPHTenR 

PaCCMOTpeHW CXeMW HMnynbCHOrO OHTaHHR KaTyWeK KOMnpeccopa KOnneKTHBHOrO 
YCKOPHTenR,C OOM~b~ KOTOPWX nony4a~T HMnynbCHWe TOKH CO cnO*HWM 3aKOHOM 
H3MeHeHHR BO apeMeHH. 0nHCaHW OCo6eHHOCTH pa60TW THPHCTOPHWX KOMMyTaTOPOB B 
OPHBeAeHHWX CXeMaX. 

Pa6oTa awnonHeHa a 0TAene Hoawx MeTOAOB yc~opeHHR OH~H. 

Barabash l.S. et al. 9-83-772 
Forming of Impulse Currents with a Complicated law of Variation in Time 
in Feed Circuits of a Col.lective Accelerator Compressor 

Circuits of impulse feeding compressor coils of electron-ion rings 
which are used to obtain impulse currents with a complicated law of 
variation in time are considered. Some special features of operation 
of thyristor commutators in the circuits given are described: 

The investigation has been oerformed at the Department of New 
Acceleration Methods, JINR. 
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