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BBE,[IEHHE 

KoMMyTaTop TOKa a ~3BeCTH~X cxeMax $OPM~poeaH~fl ~MnynbcH~x 
MarH~TH~X noneH/1,2/ flBnfleTCfl OAHHM ~3 Ha~6onee eamH~x 3neMeH
Toe, 3a4aCTY~ onpeAenfl~~~M OCHOBH~e napaMeTp~ ~ TeXH~K0-3KOHO

M~4eCK~e noKa3aTen~ ycTaHOBK~. 

11cnonb30BaH~e B Ka4eCTBe KOHMyTaTopoB eeHT~nbHbiX yCTPOHCTB, 
COCTOfl~~X ~3 COBpeMeHH~X T~p~CTOPOB ~ A~OAOB, COeA~HeHH~X B na
pannenbHo-nocneAOBaTenbH~e 6noK~, no3eonfleT ycnewHo pewaTb eam
HY~ Anfl $~3~4ecKoro 3Kcnep~MeHTa 3aAa4y - $OPM~poeaH~e MarH~T

H~x noneH co cnomH~M epeMeHH~M ~ npocTpaHcTeeHH~M pacnpeAene
H~eM. C noM~b~ 3T~x ycTpoHcTB e~nonHfl~TCfl TaKme Tpe6oeaH~fl, 

HanaraeMble Ha KOMMyTaTop ycnoe~flM~ coepeMeHHoro 3Kcnep~MeHTa: 
- e~coKoe pa6o4ee HanpflmeH~e; 
- 6onbWOA ~MnynbCH~H TOK; 
- 6~CTPOAeHCTB~e, AOnroBe4HOCTb, HaAemHOCTbi 
- OTCyTCTB~e TepMOCTa6~n~3a~~H, CBeAeH~e AO M~H~MyMa yXOAa 

a nep~oA 3KcnnyaTa~~~; 
- B03MOmHOCTb npocToro peryn~poeaH~fl pa6o4ero HanPflmeH~fl 

/~MnynbcHoro TaKa/ a w~poK~x npeAenax; 
- CBeAeH~e AO M~H~MyMa BpeMeHH~X HecTa6~nbHOCTeH ~ nepeXoA

H~X npo~eccoe c ~enb~ o6ecne4eH~ft c~HxpoHHOH pa6oTbl c 3neKTpo
$~3~4eCKOH annapaTypoA; 

- 3KOHOM~4HOCTb, T.e. Man~e noTep~ M~HOCT~ Ha KOMMyTaTope, 
He6onbWaR noTpe6nfleMaR M~HOCTb a ~en~ ynpaeneH~fl; 

- AOCTynHOCTb aBTOMaT~3a~~~, Hanp~Mep, pa6oTa Ha n~H~~ C 3811; 
- npo~3BonbHOe pacnonomeH~e KOMMyTaTopa a npocTpaHcTee ~ AP· 
K HaCTOR~eMy epeMeH~ HaKOnneH 6onbWOH on~T C03AaH~R KOMMyTa

TOpOB, OTBe4a~~X 6onbW~HCTBY nepe4~CneHH~X B~We Tpe6oeaH~H/3,4/. 
B AaHHOH pa6oTe on~c~ea~TCR np~H~~n nocTpoeH~R, KOHCTPYKT~e

H~e OC06eHHOCT~ ~ OCHOBH~e napaMeTp~ pa3pa6oTaHHOrO B 0Ht1Y KOM
MYTaTopa AnR CXeM ~OpM~poeaH~R ~MnynbCH~X MarH~TH~X noneH 6e3-
mene3H~M~ MarHHTaMH KOMnpeccopa 3neKTpOHHO-HOHH~X Kane~. 

1 . nPIIHL.llln nOCTPOEIHHI 

B OCHOBY npHH4Hna nocTpoeHHfl T~pHCTOPHOro /~n~ A~OAHOro/ 
KOMt~yTaTOpa Ha 6a3e THPHCTOpOB 00b14HOrO /Ta6neT04HOrO/ HCnOnHe
HHR T~na T-500 /B-500/ nonomeHa MOAYnbHaR c~cTeMa, no3BOnR~~afl 
AOCTaT04HO npOCTO CKOMnOHOBaTb KOMMYTaTOp Tpe6yeM~X pa604HX 
napaMeTpOB - HanpRmeHHR, TOKa, 4aCTOT~ CpafiaT~BaH~R. 
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Ho,qynb /pHc.l/ npe,qcTaBnReT 

Co60H KOHCTPYKTHBHy~ rpynny, co
CTOR~y~ H3 ,qeCRTH CHJlOB~X nony

npOBOAHHKOB~X npH6opoe - THpHCTO

POB HJlH AHOAOB C CHCTeMaMH o6ec

ne4eHHR npHmHMHOro YCHJlHR, OXJlam

AeHHR, 3anycKa, KOHTpOilR, 3a~HT~, 

ysnaMH noAK11~4eHHR H ycTaHoeo4-
H~MH 311eMeHTaMH. 

TpH MOAY11R o6be,qHHR~TcR a 6noK 
H MOHTHpy~TCR B KapKace CTaH,qapT

HOH CTOHKH 11 BHWHR 11
• 113 6J10KOB, 

npH HX napannenbHo-nocne,qoeaTenb

HOM COeAHHeHHH, COCTaBilReTCR KOM
MyTaTOp. KonH4ecTeo 6noKoe a o,q

HOM KOMMyTaTope onpe,qe11ReTCR 

KOHKpeTH~MH YCJlOBHRMH HX pa60T~. 

npHMep KOMnOHOBKH KOMMYTaTOpOB 

npHBe,qeH Ha PHC.2 /JlH~eBaR CTO

~OHa/ H pHc.3 /T~JlbHaR CTOPOHa, 
r,qe BHAHa OWHHOBKa KOMMyTaTOPOB/. 

PHc.2 

KoHCTPYK~I-1R Mo,qynfl noseonfleT I-1Cn011b3oeaTb 11t06ble Tl-1nbl Cl-111o

BbiX TI-1PI-1CTOpOB 1-1111-1 A1-10AOB Ta611eT04HOrO I-1Cn011HeHI-1fl 6e3 ,qon011HI-1-

Te11bHO~ Ha11aAKI-1. BamH~M npe!-1My~ecTBOM KOHCTPYK~I-11-1 a yc110BI-1fiX 

B~COKI-1X Hanpfl~eHI-1~ fiB11fleTCfl ee CI-1MMeTpl-1fl OTHOC!-1Te11bHO aHO,qa 

1-1 KaTO,qa KOMMyTaTopa. 

PHc.3 

2. nP11HUI1ni1AnbHAB CXEMA 

nocK011bKY OCHOBHOH KOMnOHOB04HOH e,q!-1HH~eH KOMMYTaTOpa fiB11fl

eTCfl MOAY~b, paccMOTPI-1M ero npi-1H~I-1n!-1a11bHY~ cxeMy /pHc.4/, r,qe: 

T 1"'"1' 10 - Tl-1pHCTOP~, ill Hi 10 - CHMMeTpH4H~e OrpaHH4HTe11H HanpH
~eHHR, R 1 ~R 10 - e~paeHHBa~~He conpoTHB11eHHfl, n 1 ~n1o- 311eMeHT~ 

ceeTOBOH HH,qMKa~HH, Tp. - I-1MnY11bCH~A TpaHC$OpMaTOP sanyCKa TH

PHCTOpOB. 

Rto 

8, 8to_ ,r 

:.a :.a 

r, 
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PHc.4 
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KOMMyTa'Top, COCTaBileHHbiH H3 TaKHX MOAYileH, MO>KeT COAep>KaTb 
OT AeCRTKOB AO COTeH BeHTHile~ H AOil>KeH ~YHK~HOHHPOBaTb KaK eAH
HOe ~enoe. 3TO OCHOBHOe Tpe6oBaHHe BblnOilHReTCR B nepey~ 04epeAb 
HHAHBHAYallbHbiM nOA60pOM BeHTHileH no HX napaMeTpaM, a TaK>Ke CXeM
HbiM nyTeM, T.e. BBeAeHHeM B CXeMy KOMMyTaTopa AOnOilHHTellbHbiX 
31leMeHTOB, o6ecne4HBa~HX TO>KAeCTBeHHOCTb TeX HllH HHbiX napaMeT

pOB. 
~llR CHilOBbiX AHOAOB H THPHCTOpOB napaMeTpbl nOApa3Aell~~TCR 

Ha HeCKOilbKO rpynn: no HanpR>KeHH~, TOKY, COnpOTHBileHH~,- M~

HOCTH noTepb, KOMMyTa~HOHHbiM RBileHHRM; TeMnepaTypHble H TenllOBble. 
B cooTeeTcTBHH co cTaHAapTaMH C3B CHilOBOH AHOA xapaKTepH3yeTcR 
nRTHaA~aTb~ OCHOBHbiMH napaMeTpaMH, CHilOBOH THPHCTOp - ABaA~aTb~ 
BOCeMb~. 04eBHAHO, 4TO C03AaTb COCTaBHOH KOMMyTaTOp H3 31leMeH
TOB, TO>KAeCTBeHHbiX no BCeM napaMeTpaM, HeB03MO>KHO. 3aAa4a cy
~eCTBeHHO o6ner4aeTCR TeM, 4TO OCHOBHble napaMeTpbl BeHTHileH Tec
HO B3aHMOCBR3aHbl MelKAY C060H H 3aBHC~T OT YCilOBHH H pe>KHMOB pa-

60Tbl. 
CTa6HilH3a~HR HanpR>KeHHR Ha OTAellbHbiX THpHCTOpax B HMnYilbCHOM 

pelKHMe /npo~ecc OTKpb1BaHHR-3aKpb1BaHHR/ H HX 3a~HTa OT KOMMyTa
~HOHHbiX nepeHanpR>KeHHH OCy~eCTBilR~TCR CHMMeTpH4HbiMH OrpaHH4HTe
llRMH HanpR>KeHHR. Knacc no HanpR>KeHH~ orpaHH4HTelleH AOil>KeH 6b1Tb 
HH>Ke HllH paeeH KllaCCY no HanpR>KeHHO COOTBeTCTBY~HX THpHCTOPOB. 

~llR O~eHKH BllHRHHR Ha napaMeTpbl CXeM nHTaHHR HCCileAOBallHCb 
HeKOTOpble xapaKTepHCTHKH orpaHH4HTelleH 12-ro Kllacca no HanpRme
HH~. CxeMa 3aMe~eHHR npH6opa npH HanpR>KeHHRX, MeHbWHX HanpRme
HHR llaBHH006pa30BaHHR, npHBeAeHa Ha PHC.S. rne: Ry< - rnn~0-

THBileHHe yTe4KH npH6opa, Cg - AHHaMH4eCKaR eMKOCTb, Rg - AH
HaMH4ecKoe conpoTHBileHHe. 

,----R-gr ~--., 

0 0 

PHc.5 PHc.6 

npyt HanpR>KeHHH 1 KB conpOTHBileHHe yTe4KH COCTaBilReT RyT :: 
:: 10 MOM; Cg :: 1 Q3 nell H Rg :: 5.1 Q2 OM. HMnYilbCHble HcnbiTaHHR 
B pe>KHMe llaBHH006pa30BaHHR npOBOAHilHCb npH HanpR>KeHHH, B ABa 
pa3a npeeblwa~~eM Knacc npH6opa no cxeMe, npHBeAeHHOH Ha pHc.6 
/C = 4700 n$; RH = 1·103 OM/. Oc~HilllOrpaMMbl Hanp~>KeHHH Ha Ha
rpy3Ke 6e3 orpaHH4HTellR /KpHBaR 1/ H C HHM /KpHBaR 2/ npHee
AeHbl Ha PHC.]. 

·) 

) 

U /KB/ 

PHc.7 

AMnllHTYAHOe 3Ha4eHHe ToKa, 
npoTeKa~~ero 4epe3 npH6op, AOCTH
rano 250 A; KOMMYTHpyeMaR 3Hep
rHR np~-1 AllHTellbHOCTH HMnYilbCa 
TOKa TH :: 10 MKC cocTaBilRila 6 Am. 

XapaKTepHCTHKH HMnYilbCa B pe
>KHMe naeHHHoro npo6oR - ~opMa 

HanpR>KeHHR /pHC.], KpHBaR 2/, 
AllHTellbHOCTb, aMnllHTYAHOe 3Ha4e
HHe TOKa - COOTBeTCTBY~T YCilO
~HRM pa60Tbl 3THX npH60pOB npH 
3a~HTe THPHCTOpOB OT KOMMyTa~HOH
HbiX nepeHanpR>KeHHH e pa6o4HX cxe-
Max nHTaHHR. 

B cTaTH4eCKOM pe>KHMe eblpaBHHBaHHe HanpR>KeHHR Ha 31leMeHTax 
MOAYilR ocy~ecTBilReTCR aKTHBHbiMH conpoTHBileHHRMH R1~R10 /pHc.4/ 

THna TB0-20/5/. 
BH3yallbHaR HHAHKa~HR COCTORHHR THpHCTOpOB H CHMMeTpH4HbiX 

orpaHH4HTelleH HanpR>KeHHR e pa6o4eM pe>KHMe ocy~ecTBilReTcR no 
cee4eHH~ HeOHOBbiX naMno4eK n1~niO• BKI1~4eHHbiX napannellbHO nony
npoBOAHHKOBbiM npH6opaM. YMeHbWeHHe RpKOCTH CBe4eHHR llaMn04eK 
CBHAeTellbCTByeT 06 yMeHbWeHHH conpOTHBileHHR nonynpOBOAHHKOBbiX 
31leMeHTOB, OTCYTCTBHe CBe4eHHR - 0 BbiXOAe HX H3 CTpOR. 6110KH 
KOMMyTaTOpOB KOMnlleKTY~TCR THpHCTOpaMH npeHMy~eCTBeHHO 20 KllaC
ca no HanpR>KeHHO H AHOAaMH 20~28 Kllacca. 3anac HaAe>KHOCTH no 
HanpR»<eHHIO COCTaBil.ReT .. COOTRP.TrTRPI-U-If'\"' ,n.~~ "'!"~~~:~=;::;::::..;;~ ;.;:~i .. li .. iJ 
TaTopoe 2, AllR AHOAHbiX - /2~2,8/ npH pa6o4eM HanpRmeHHH 30 KB. 
0CHOBHble napaMeTpbl OAHOrO 6110Ka THPHCTOpHoro KOMMyTaTopa npHee

AeHbl B Ta611H~e. 

I 
2 
3 
4 
5 
6 
7 

Pa6oqee HanpH~eHHe /KB/ 
AMnnHTygHoe 3HaqeHHe ToKa /KA/ 
AnHTenbHOCTb HMllYilbCa TOKa /Me/ 
qacToTa cpa6aTbmaHHH /fu/ 
HHTepean perynHpoeaHHH no HanpH~eHHID /KB/ 

Hacca 6noKa /Kr/ 
Oxn~eHHe - npH qacToTe cpa6aTbiBaHHH 

6onbme 0,1 ru 

Ta6Jmua 

30 
6 

1,2~2,8 

o, 1 ~so 
1,5~30 

80 

BOgHHOe 

llpHMeqaHHe: gllHTenbHOCTb HMllYilbCa TOKa B CXeMe nepBOH CTy

neHH - 12 MC npH TOKe 2,5 KA. 

Ha 4aCTOTaX cpa6aTb1BaHHR 10; 20; 50 r~ KOMMYTaTOPbl 3KCnllya
THPOBallHCb B pelKHMe 4epeAOBaHHR pa6o4ero ~HKila /1~5/·104 HM-

5 



nynbCOB H nay3~ /15~20/ MHH; KOnH4eCTBO cpa6aT~BaHH~ Ha 3THX 
4aCTOTaX npH HCn~TaHH~X COCTaB~nO 107 HMnynbCOB. 

3. KOHCTPYKTHBHWE OC05EHHOCTH 

Bee 3neMeHTbl MOAYn~ MOHTHPYIOTC~ Ha CTeKnOTeKCTOnHTOBOH nnaTe 
pa3MepaMH 45x36x2 CM. Heo6XOAHMOe npHmHMHOe YCHnHe BeHTHneH 
K paAHaTopaM OCYUieCTBn~eTC~ BHHTOBOH napoH: Tpaeepc - wapHHPHbiH 
ynop. npHMeHeHHe wapHHpHoro ynopa cnoco6cTeyeT paeHoMepHoMy 
pacnpeAeneHHIO npHmHMHoro ycHnH~ no nn0111aAH Ta6neTOK eeHTHneH. 

TennOOTBOA OT BeHTHneH OCYUieCTBn~eTC~ paAHaTopaMH BOA~Horo 
oxnamAeHH~ cne~HanbHO~ KOHCTPYK~HH, rAe npeAYCMOTpeHbl 3neMeHT~ 
IOCTHPOBKH paAHaTOpOB OTHOCHTenbHO nnaT~ H BeHTHne~ OTHOCHTenb
HO paAHaTopoe. Ha paAHaTopax HMeiOTC~ YCTaHOB04H~e KpOHWTeHHbl 
An~ MOHTama orpaHH4HTeneH Hanp~meHH~. CHrHanbH~e naMn04KH pac
nonomeH~ Ha nH~eBOH CTOpOHe nnaT~; HMnynbCH~~ TpaHC$OpMaTOp 
aanycKa THPHCTOPOB, wnaHrH CHCTeMbl BOA~Horo oxnamAeHH~, orpa
HH4HTenH Hanp~)!{eHHH H BblpaBHHBaiOIIIHe pe3HCT0pbl - Ha T~nbHO~ CTO
poHe. 

MOAYnH YCTaHaBnHBaiOTC~ H ¢HKCHPYIOTC~ B KapKace CTO~KH 11 8Hw
H~11 Ha B~COKOBOnbTH~X H30n~Topax npH nOMOIIIH KpOHWTeHHOB C $H
rypH~MH naaaMH. 

0CHOBH~e npeHMYUieCTBa AaHHOH KOHCTPYK~HH: - ~,.... ................ ,... ............ -..... ,,.................................... ... ..... -....... _ ................ __ ..... ·-··-··-· 
................ - ..... , , ,...,"""', • ..., .... • ........... , oo·•J • ...... • ....,,... .... J M..., .... • ,,, ........ ,.,,...r, ...,~'-" l J'lgnDII"'I 

ABYCTOPOHHHM oxnamAeHHeM BeHTHneH KaK CO CTOpOH~ aHOAa, TaK 
H KaTOAa; 

- KOMnaKTHOCTb H npoCTOTa B H3rOTOBneHHH; 
- TeXHOnOrH4HOCTb B npOH3BOACTBe. 

4. CXEt1A YnPABnEHH.R KOMMYTATOPMH 

Tpe6oeaHH~ K CXeMe ynpaeneHH~ COCTaBH~MH THpHCTOpH~MH KOM
MyTaTOpaMH CBOA~TC~ K y4eTy cneAYIOUIHX 06CTO~TenbCTBf6/: 

1/ CKOpOCTb HapacTaHH~ TOKa ynpaen~10111ero HMnynbca AOnmHa 
6~Tb AOCTaT04HO B~COKOH (dJ3an./dt). ~ npOTHBHOM cny4ae B03HH
KaiOT paCXOmAeHH~ B MOMeHTaX BKnl04eHH~ OTAenbH~X THPHTOpOB H,KaK 
cneACTBHe 3Toro, nepeHanp~meHH~ Ha HHX H B~XOA H3 CTpO~. 

2/ ,[lnHTenbHOCTb HMnynbCa 3anycKa AOmt<Ha 6b1Tb AOCTaT04HO~ An~ 
OAHOBpeMeHHOrO BKnl04eHH~ BCeX THPHCTOPOB KOMMyTaTopa. 

3/ AMnnHTYAHOe 3Ha4eHHe TOKa HMnynbca aanycKa AOJlmHo 6b1Tb 
e~we HOMHHanbHoro nacnopTHoro 3Ha4eHH~ AJl~ o6ecne4eHM~ CHHXPOH
Horo cpa6aT~BaHM~ THpMCTOPOB. 

6 

CxeMa 6noKa aanycKa, npMMeH~eMa~ e cMcTeMe MMnynbcHoro nMTa
HH~ KaTyWeK KOMnpeccopa YCKOpMTeJlH TRmen~X MOHOB,nOKa3aHa Ha 
pHc.8. 

...... 
.7(A} PHc.8 

16 PHc.9 

I~ tCf 

U~)l r(~,) 

lO 12 I• ~ 
II ll 

10 

16 

I~ B I 

t2 

10 20 JO t,O 50 60 N(.vT) 

Ha pHc.9 npHBeAeH~ Harpy304H~e xapaKTepHCTHKH 6noKa aanycKa, 
e~nonHeHHoro no 3To~ cxeMe. KpHea~ 1 - aaeHCHMOCTb aMnnHTYA~ 
TOKa HMnyJlbCa 3anycKa OT 4HCJ1a THPHCTOPOB B KOMMyTaTope N; KpH
BaH 2 - 3aBHCHMOCTb dJ 3an./dt OT N; KPHBaH 3 - 3aBHCHMOCTb aM
nJlHTYA~ HanpHmeHHH HMnyJlbCa 3anycKa OT N. 

BHAHO, 4TO cxeMa YAOBneTsopReT seeM nepe4McneHH~M Tpe6oea
HHHM, ecnH OAHMM 6JlOKOM 3anycKa ynpaBJlHIOTCH OAHOBpeMeHHO He 
6onee 60 THpHCTopos; epeMH OTKP~BaHHR THPHCTOPOB TMna T-500/6/ 
COCTaBJlHeT npM 3TOM He 6onee 1 ,5 MKC. 

7 



31\KJ1104EH~E 

Tl1pi1CTOpHble /A110AHble/ KOMMYTaTOpbl, paapa6oTaHHble B 0TAeJ1e 
HOBbiX MeTOAOB ycKopeHI1~ 11 113roTosneHHble OnbiTHbiM npoi13BOACTBOM 
O~R~ Ail~ cxeM n11TaH11~ 11MnY11bCHbiX KaTyweK KOMnpeccopa 311eKTPOHHo-
110HHbiX KOJ1e4 11 COJ1eHOI1Aa BeAy~ero no11~ YCKOp~~eH ceK41111,K Ha
CTO~~eMy speMeHI1 3KCn11yaTI1PY~TC~ 6o11ee CeMI1 JleT; 11X OTJ1114a~T 
BbiCOKI1e 3KCn11yaTa4110HHble Ka4eCTBe 11 COOTBeTCTBI1e TeM BbiCOKI1M 
Tpe6osaHI1~M, KOTOpble C~OPMY1111POBaHbl BO BBeAeHI111 K AaHHO~ pa-
6oTe. 
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6apa5aHOBa n.M. H AP· 
THPHCTOPH~H KOMMyTaTOP Anfl cxeM ~OPMHpooaHHfl 
HMnynbCH~X MarHHTH~X noneH 

9-83-762 

OnHc~oaeTCfl npHH~Hn nocTpoeHHfl, KOHCTPYKTHBH~e oco5eHHOCTH H ocHOBH~e 
napaMeTp~ THPHCTOpHoro /AHOAHOro/ KOMMyTaTopa Anfl CXeM ~OpMHPOBaHHfl 
HMnynbCH~X MarHHTH~X noneH 5e3~ene3H~MH MarHHTaMH. npHBeAeH~ AaHH~e 

no cxeMe 5noKa ynpaoneHHfl KoMMyTaTopoM . 

Pa5oTa o~nonHeHa B 0TAene HOB~x MeTOAOB ycKopeHHfl OHRH. 

Barabanova L.M. et al. 
Thyristor Commutator for Schemes of Formation 
of Impulse Magnetic Fields 

9-83-762 

The principle of design and constructive peculiarities and the main 
parameters of thyristor (diode) commutator for schemes of formation of 
impulse magnetic fields by non-iron magnets is described. The data on 
the scheme of monitor unit of the commutator are given. 

The investigation has been performed at the Department of New 
Acceler~tion Methods, JINR. 
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