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KoppeK~~R aMnn~TYAH0-4acTOTHOH xapaKTep~cT~K~ 
8.4. reHepaTopa c~Hxpo~~KnOTpoHa np~ noMo~~ 
aHOAHOro MOAYnRTOpa 

~R KOppeK~~~ aMnn~TYAH0-4aCTOTHOH xapaKTep~CT~K~ 
c~Hxpo~~KnOTpOHa OH~H ~cnonb308ancR aHOAH~H MOAYnRTOp, paa
pa6oTaHH~H 8 HHH3$A. 

$opM~po8aH~e np~ noMo~~ aHOAHOro MOAYnRTopa pac4eTHOH 
aMnn~TYAH0-4aCTOTHOH xapaKTep~CT~K~ n0380nReT yMeHbW~Tb Ha 
20% MO~HOCTb, nOTpe6nReMy~ 8,4, C~CTeMOH np~ TOM ~e yp08He 
~HTeHC~8HOCT~. 

Ecn~ yp08eHb nOTpe6nReMOH MO~HOCT~ OCTa8~Tb TaK~M ~e, 
KaK 8 06~4HOM pe~~Me pa60T~, TO ~CnOnb308aH~e MOAYnRTOpa 
AaeT 803MO~HOCTb y8en~4~Tb . ~HTeHC~8HOCTb Ha 40%. -

Pa6oTa 8blnOnHeHa 8 na6opaTop~~ RAePH~X npo6neM OH~H. 

CooiSweHHe OISbellHHeHHOr'O HHCTHTyTa SlllepHbiX HCCnellOB8HHA, nyiSHa 1979 

Glasov A.A. et al. 
P9 - 12620 

Dee Voltage-Time Dependence Correction of the 
JINR Synchrocyclotron by means of an Anode 
Modulator 

The anode modulator, designed by SRIEPA, was used for 
the dee-voltage time dependence correction of the JINR 
synchrocyclotron. Forming the calculated dee voltage-time 
dependence by the anode modulator allows one to descrease 
by 20% the r.f. power with the same level of the beam in
tensity. At the same time it is possible to increase with 
the anode by 40% the beam intensity with the routine level 
of r.f. power. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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BBE,QEHHE 

AMnn~TYAH0-4aCTOTHa~ xapaKTep~cT~Ka /A4X/ B.4. c~cTeM~ 
c~Hxpo~~KnOTPOHa Ha 680 M3B o6naAaeT 3Ha4~TenbHOH HepaeHo
MepHOCTb~ no A~ana3oHy. HMe~~ee MecTo pe3Koe noH~meH~e aMn
n~TYAbl /"npoean"/ ycKop~~~ero HanpRmeH~~ Ha 4acTOTe 15,4 Mr~ 
np~BOA~T K yMeHbWeH~~ ~HTeHC~BHOCT~ ~3-3a ~a30B~X nOTep~l/, 

KoppeK~~~ A4X MomeT 6~Tb 4acT~4HO ocy~ecTeneHa ceT04HOH 
MOAYn~~~eH 121 reHepaTopa ~COKOH 4aCTOT~ /r84/, a TaKme 
T~aTenbHOH HaCTpOHKOH pe30HaHCHOH C~CTeM~/l/. 0AHaKO Ha~6o
nee 3~~eKT~BHa aHOAHa~ MOAynR~~R, TaK KaK OHa n03BOn~eT yee
n~4~Tb aMnn~TYAY ycKop~~~ero Hanp~meH~R Ha npoeanax e A4X 
~ yMeHbW~Tb aMnn~TYAY Ha y4aCTKax, rAe oHa npee~waeT een~-
4~Hy, He06XOA~MY~ An~ yCKOpeHH~ 4aCT~~ 6e3 ~a30B~X noTepb. 

B AaHHOH pa6oTe np~BOARTC~ pe3ynbTaT~ ~ccneAOBaH~H,npoee
AeHH~x Ha C~HXpO~~KnOTpOHe C BHOAH~M MOAYnRTOPOM, pa3pa6o
TaHH~M An~ ycTaHOBK~ I 

1~ 11 131 • np~ ~OpM~poeaH~~ A4X c nOMO~b~ 
aHOAHOrO MOAYn~Topa 6~n~ ~cnonb30BaH~ pac4eT~ aMnn~TYAHOH 
xapaKTep~cT~K~ 6e3 ~a3oe~x noTepb no AaHH~M ~3MepeH~H np~ 
pa6oTe B.4.reHepaTopa c MaH~nyn~TopoM 14 1 . . 

nporpaMMa 6~CTPOAeHCTBY~~ero MOAYn~TOpa Ha6~paeTCR ~3 
ABaA~aT~ A~CKpeTH~x npRMoyronbH~x ~Mnynbcoe, c He3ae~c~MOH 
peryn~pOBKOH aMnn~TYA~ KamAOrO ~3 H~X. ,l\n~TenbHOCTb KamAoro 
~Mnynbca pasHa 1/20 pa604eH 4aCT~ ~ana30Ha rB4 He3aB~C~MO 
OT 4aCTOT~ MOAYn~~~~. 

B cxeMe ynpaeneH~R MOAYnRTOPOM npeAYCMOTpeHa B03MOmHOCTb 
6~cTpo o6Hapym~Tb y4aCTK~ A4X c ~3n~wHe 6onbw~M~ ~n~ HeAOCTa
T04H~M~ aMnn~TYAaM~ np~ noMo~~ nepeMeweH~R cTpo6-~Mnynbca, 

non~pHOCTb, aMnn~TYAa ~ An~TenbHOCTb KOTOporo MOryT ~3Me
H~TbCR B HymH~X npeAenax. 

MeTOA~Ka HecKonbK~x eap~aHTOB KoppeK~H~ A4X c~Hxpo~~KnoT
poHa 01-1~1-1 npH nOMO~~ aHOAHOrO MOAYn~TOpa On~caHa HHme. 
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§ 1. YCTPAHEHHE "nPOBAnOB" B AMnnHTYAH0-4ACTOTHO~ 
XAPAKTEPHCTHKE 

nepeA Ha4anOM ~ccneAOSaH~R pa6oT~ C~HXpO~~KnOTpOHa C aHOA
H~M MOAYnRTOPOM 6~na onpeAeneHa sas~c~MOCTb ~HTeHc~sHOCT~ 
SHyTpeHHero ny4Ka OT yCKOpR~~ero HanpR~eH~R Ha 3axsaTe. Pe
synbTaT~ ~3MepeH~H ~ COOTSeTCTSY~~~e pe~~M~ reHepaTOpa C 
MaH~nynRTOPOM np~SeAeH~ S Ta6n~~e. 

Ta6n~~a pe~~Mos pa6oTbl c~Hxpo~~KnoTpoHa c MaH~nynRTopoM 

Ea/KB/ 5,5 6,0 6,5 7,0 7,5 

u /KB/ 13,5 15 '0 16,5 17,5 19,5 
ao 

IK/A/ 7,2 8,4 9' 1 10,2 11 '0 

1c /A/ 1 '7 1,9 2,1 2,4 2,5 

a KH6jctJ 71 90 114 136 155 

aKH 76 107 144 200 220 

BHa4ane nporpaMMa ynpasneH~R MOAYnRTopoM 6bma cctJopM~po

saHa a s~Ae npRMoyronbHOro ~Mnynbca, An~TenbHOCTb KOToporo 
no speMeH~ pasHa pa6o4eA 4aCT~ nep~oAa MOAYnR~~~ /p~c. 1/. 
AMnn~TYAa ycKopRIO~ero HanpR~eH~R Ha AYaHTe 6b1na ycTaHosne
Ha paSHOH 15,0 KB, 4TO COOTSeTCTsyeT cneAYIO~eMy pe~~MY re
HepaTopa np~ pa60Te C MaH~nynRTOpOM: aHOAHOe HanpR~eH~e 
E a = 6,0 KB: TOK KaTOAa IK = 7,2 B; TOK ceTK~ I c = 1,37 A. 

TaKaR nporpaMMa ynpasneH~R MOAYnRTOpOM ·6~na Sbi6paHa AnR 
nposepK~ ~AeHT~4HOCT~ aMnn~TYAH~X xapaKTep~CT~K S.4. C~CTe

Mbl C MaH~nynRTOpOM ~ C MOAYnRTOpOM. 
HHTeHc~sHOCTb, per~cTp~pyeMaR KaMepoA 11 KH" 111, s 3TOM 

cny4ae pasHa ~HTeHC~SHOCT~ np~ pa6oTe C MaH~nynRTOpOM aKH= 
90/107K. Ha 4acToTe 15,4 Mr~ s o6o~x cny4aRx Ha6niOAancR 

* BepXHRR ~~C!Jpa S Sblpa~eH~~ aKH COOTSeTCTSyeT sen~4~He w 

~HTeHC~SHOCT~ 6e3 nOAa4~ HanpR~eH~R Ha CfJOKyC~py~~ee ycTpO~-
CTSO 1 5 1 
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PHc.1. Or~6a~aR ycKOPR~ero HanpR~eHHR Ha AYaHTe /saepxy/, 
MacwTa6 no ropHSOHTan~ 1 KneTKa = 1 Me, no sepTHKanH 
1 KneTKa = 5 KB; ynpasnR~~HH HMnynbc Ha BXOAe MOAYnRTOpa 
/BHHSy/. 

"nposan" s aMnnHTYAe Ha AYaHTe AO 11,5 KB, speMeHHaR npOTR
~eHHOCTb nposana 300-400 MKC. 

AnR sanonHeHHR "nposana•• s aMnnHTYAe ycKopR~ero HanpR
~eHHR Ha 4acToTe 15,4 Mr~ AO yposHR 14,0 KB /pHc.2/ npRMo
yronbHaR ctJopMa ynpasnR~ero HMnynbca 6~na s~AOHSMeHeHa npH 
nOMO~H nporpaMM~ ynpasneH~R MOAYnRTOpOM. npH 3TOM TOKH reHe
paTopa cTanH IK = 8,6 A, Ic = 1,65 A, a ~HTeHCHSHOCTb no
SbiCHnacb AO aKH = 124/151. 

§ 2. C!JOPMHPOBAHHE PAC4ETHO~ A4X 

AanbHe~waR pa6oTa no C!JOPMHposaHH~ A4X npoHSSOAHnacb Ha 
OCHOSe pesynbTaTOS pac4eTa aMnn~TYAHO~ xapaKTepHCT~KH, o6ec
ne4HSa~~e~ ycKopeHHe ny4Ka 6es ct>asos~x noTepb np~ MHHHManb
HO~ nOTpe6nReMOH SbiCOK04aCTOTHO~ MO~HOCTH. 
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P~c.2. Or~6a~~aH ycKopH~~ero HanpH~eH~H ~ ynpaenH~~~~ 

~Mnynbc nocne KOMneHCal.\~~ "npoeana" a A4X. 

MeTOA~Ka ~opM~poeaH~H xapaKTep~cT~K 6~na cneAY~~e~: no 
3aAaHHOMY 3Ha4eH~~ aMnn~TYAbl Uao Ha 4acTOTe aaxeaTa, pac-
4eTH~e 3Ha4eH~H aMnn~TYA~ Ua pac4 (t) AnH ecero A~anaaoHa 
4aCTOT B COOTBeTCTBy~~eM MacwTa6e HaHOC~n~Cb Ha npo3pa4HY~ 

nneHKY, KOTopaH noMe~anacb nepeA 3KpaHOM oc1.1~nnorpa~a. Ha 
BXOA OCI.\~nnorpa~a nOAaBanacb or~6a~~aH B~COK04aCTOTHOrO 
c~rHana c AYaHTa, aMnn~TyAa KOToporo KoppeKT~poeanacb np~ 
n0MO~~ CXeM~ ynpaeneH~H aHOAH~M MOAynHTOpOM. $opM~poeaH~e 
xapaKTep~cT~K~ ocy~ecTenHnocb np~ noMo~~ ABaAI.\aT~ ~Mnynb

coe, Ha KOTOp~e pa36~Ta pa604aH 4aCTb nep~OAa MOAYhHI.\~~. 
noA60p YCKOPH~~ero HanpH~eH~H Ha Ka~AOM y4aCTKe npo~3BOA~n
CH TaK, 4T06~ ~HTeHC~BHOCTb OCTaeanaCb TO~ ~e CaMO~, 4TO 
~ np~ pa60Te C MaH~nynHTOpOM. 

Ha p~c. 3 cnnowHo~ n~H~e~ noKa3aHa aae~c~MOCTb Ua (t) 
np~ pa6oTe reHepaTopa c MaH~nynHTOPOM AnH E a = 6 '0 KB .. no
MaHaH n~H~H ~306pa~aeT paC4eTHble aMnn~TYAbl U a ;J3C''I ( t) , 
AOCTaT04Hble AnH ycKopeH~H 4aCT~I.\ 6ea ~a30BbiX noTepb. Kpy-
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~04KaM~ Ha TOM ~e rpa~~Ke noKa3aH~ aMnn~TYA~, KOTOp~e Tpe-
6oeanOCb nOAAeP~~eaTb Ha AYaHTe np~ pa6oTe C MOAynHTOpOM 
AnH TOrO, 4T06bl ~HTeHC~BHOCTb He yMeHbW~naCb. 113 rpa~~Ka 

B~AHO, 4TO Tpe6yeMble aMnn~TYAbl a npeAenax 10% coenaAa~T c 
paC4eTH~M~ BO BCeM ~HTepeane YCKOpeH~H. 

U~ J OCH. /"J nod.= 4360/260 ; 
KB MaHHnynRrop 

Ea=6.0t<B Ug.;'15t<B 

h=8.4A O(KH.=9Qj107 

FM=167fll 
MoCiynRrop 

IK=8.2A Ug;15kB 

Ic=1.5A P = 38.6 kBm 

Ic=1.9A P =39kBm O(KH =124/151 
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P~c. 3. AMnn~TYAH0-4aCTOTHble xapaKTep~cT~K~ c~HXPOI.\~KnoT
poHa np~ Ua

0 
= 15,0 KB. 

§ 3. OCHOBHbiE PE3YnbTATbl 

KoppeKI.\~H A4X AnH paaH~x Uao Ha aaxeaTe npo~3BOA~nacb 
np~ nOMO~~ MeTOA~K~, On~CaHHO~ B § 2. 

BHa4ane Ha aaxeaTe 6~na ycTaHoeneHa aMnn~TYAa 
Ua

0
=16,5 KB, 4TO cooTeeTcTeyeT cneAY~~eMy pe~~MY reHepaTo

pa np~ pa6oTe c MaH~nynHTOpoM: Ea = 6,5 KB, Ia =9, 1 A, 
l c; = 2,1 A, P = 45,5 KBT, aKH = 114/144. 

Ha p~c. 4 np~eeAeHbl peaynbTaTbl ~opM~posaH~H A4X AnH 3Toro 
cny4aH. KaK ~ np~ Ua0 = 15 KB /p~c. 3/ Tpe6yeMble aMnn~TYA~ 
6n~3K~ K paC4eTH~M, MO~HOCTb reHepaTOpa HeMHOrO yMeHbW~nacb 
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/IK = 8,4 A, Ic = 1,55 A, P: 40,1 KBT/, a HHTeHCHBHOCTb 
HeCKOJlbKO B03pOCJ1a (aKH = 122/156 ). 

~~ 
Joctt. 11noa. =4360/260; 

MaHMOynRTop 
Ea= 6.5kB Ug,.•16.5kB 

IK =9.1A o( KM.•11 4/144 
Ic •2.1A P=4S.SkBm 

1\ 

~o\ 
1 ~5 ~I\ 

~ ~ 
'-

10 

FH:167r~ 

MooynRTop 
IK =8.4A Ug:16.5 
Ic=1.5SA P ::40.1 kB 

«KH=128/156 

{

- C MIHMnynftT . 

Ug :n 6ea noTepb 

tr t"\ f '-....~ 

IL l_ 
/ ro-

/ !""0-
I 

t\.. '- "o- I 0 

I 
If 

2D 13!) 
---

PHc.4. AMnnHTYAH0-4aCTOTH~e xapaKTepHCTHKH CHHXPO~HKJ10T
poHa npH Ua

0
= 16,5 KB. 

Aa11ee 6~ HCCJleAOBaH pemHM c aMnJlHTYAOH ycKopR~~ero 
HanpRmeHHR Ha saxeaTe Ua

0
= 17,5 KB, 4TO cooTeeTcTeyeT cJle

AY~~HM napaMeTpaM reHepaTopa npH pa6oTe c MaHHnyJlRTOPOM: 
Ea = 7,0 KB, IK = 10,2 A, Ic = 2,4 A, P = 56,6 KBT, aKH = 
136/200. 

B 3TOM 3KcnepHMeHTe noc11e Toro, KaK npH pa6oTe reHepaTo
pa C MOAYJlRTOpOM 6~11a nOJ1y4eHa HHTeHCHBHOCTb aKH = 139 6e3 
~KYCHpy~~ero HanpRmeHHR, Ha 4aCTOTaX saxeaTa 6~11a nOAHRTa 
aMnJlHTYAa ycKopR~ero HanpRmeHHR AO Uao = 22,5 KB npH TO
Kax IK = 10,4 A, Ic = 2,05 A npH noTpe6J1ReMOH MO~HOCTH 
p = 52,5 KBT. 

TaKHM o6pasoM, 6~11 noJ1y4eH pemHM reHepaTopa, no MO~HOCTH 
6J1H3KHH K pemHMY pa60T~ C MaHHnYJlRTOPOM, npH4eM HHTeHCHB
HOCTb yeeJ1H4HJ1aCb AO 3Ha4eHHR aKH = 172/252, BMeCTO 
aKH = 136-200 /pHc.S/. 
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PHc. 5. AMnJlHTYAHO- 4aCTOTHbte xapaKTepHCTH KH c yeeJ1H4eH
H~M HanpRmeHHeM Ha saxeaTe. 

noJ1y4eHH~e B 3TOM 3KCnepHMeHTe 3aBHCHMOCTH U a<t) B pe
mHMaX pa60Tbl reHepaTOpa C MOAYJlRTOpOM H MaHHnyJlRTOpOM npeA
CTaBJleH~ Ha pHc.S. CpaeHeHHe saeHCHMOCTeH Ua(0 H pemHMOB 
reHepaTopa noKa3btBaeT, 4TO XOTR HanpRmeHHe C MOAYJlRTOpOM 
B Ha4aJ1e yCKOpeHHR cy~eCTBeHHO B~We, nOTpe6J1ReMaR MO~HOCTb 
Aame MeHbwe, 4eM npH pa6oTe c MaHHnyJlRTOpOM. 3To o6bRCHR
eTCR nepepacnpeAeJleHHeM aMnJlHTYA 8.4. HanpRmeHHR Ha AYaHTe 
B COO~BeTCTBHH C 3aTyXaHHeM ~a30B~X KOJ1e6aHHH B npo~ecce 

yCKOpeHHR. 
B pesyJlbTaTe HCCJleAOBaHHR KoppeK~HR A4X npH pa3J1H4HbtX 

aMnJlHTYAaX ycKopR~~ero HanpRmeHHR Ha saxeaTe 6btJ1a noJ1y4e
Ha H306pameHHaR Ha pHC.6 3aBHCHMOCTb aKH OT noTpe6J1ReMOH 
MO~HOCTH P npH pa60Te reHepaTopa C MOAY11RTOPOM. AJ1R cpae
HeHHR Ha TOM me pHCYHKe npHBeAeHa 3aBHCHMOCTb aKH(P) npH 
pa6oTe reHepaTopa c MaHHnyJlRTopoM. Hs cpaeHeHHR KpHe~x BHA
HO, 4TO HHTeHCHBHOCTb B pa604eM . pemHMe aKH = 144 MOmHO no-

11Y4HTb C MOAYJlRTOpOM npH MO~HOCTH, npHMepHO Ha 20% MeHbWeH, 
4eM C MaHHnyJlRTOpOM, HJlH npH TOH me noTpe6J1ReMOH MO~HOCTH 
/npHMepHO 45,5 ~BT/ C MOAYJlRTOPOM MOmHO nOJ1Y4HTb HHTeHCHB
HOCTb Ha 40% 60J1bWe. 
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P~c.6. 3a8~C~MOCTb ~HTeHC~8HOCT~ OT noTpe6nReMOH 
MOUIHOCT~. 

Pe3ynbTaT~ ~3MepeH~H ~HTeHC~8HOCT~ 8 3a8~C~MOCT~ OT aMn-
n~TYAbl yCKOpRIOUiero HanpR>KeH~R Ha 3aX8aTe aKH (Ua ) AnR 

- 0 A8YX 3Ha4eH~~ MarH~THOro nonR npeACTa8neH~ Ha p~c.]. 1-13 rpa-
~~K08 8~AHO, 4TO TO >Ke 3Ha4eH~e ~HTeHC~8HOCT~ MO>KeT fi~Tb no-

ny4eHO np~ MeHbWeH aMnn~TyAe ycKopRIOlllero HanpR>KeH~R, ecn~ 
pafioTaTb Ha fionee 8biCOKOM MarH~THOM none, TaK KaK np~ 3TOM 
noH~>KaeTcR npo~380AHaR Ha 3aX8aTe ~ y8en~4~8aeTCR 8peMR 
3ax8aTa 4aCT~LI 1 11. 
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P~c.]. 3a8~C~MOCT~ ~HTeHC~8HOCT~ OT aMnn~TYAbl 

ycKopRIOUiero HanpR>KeH~R Ha 3ax8aTe np~ pa6oTe 
reHepaTopa c MOAYnRTopoM. 

3AKJ1104EHHE 

KoppeKI..I~R A4X np~ noMOlll~ aHOAHOro MOAynRTopa n0380n~na 
no cpa8HeH~IO C MaH~nynRTOPOM CH~3~Tb nOTpe6nReMyiO MOUIHOCTb 
Ha 20% ~n~ np~ TOH >Ke noTpe6nReMOH MOUIHOCT~ no8~C~Tb ~HTeH
C~8HOCTb Ha 40%. 

OnbiT pa6oTbl c aHOAHbiM MaH~nynRTOPOM noKa3an, 4TO np~ no
MOlll~ aHOAHOrO MOAYnRTOpa MO>KHO nony4~Tb Ha C~HXPOI..I~KnOTpo

He CTafi~nbHOe 3Ha4eH~e 8 COTH~ pa3 nOH~>KeHHOH ~HTeHC~8HOC
T~, 4TO 6~no He803MO>KHO np~ ynpa8neH~~ 8.4. reHepaTopa Ma
H~nynRTopoM. YMeHbWeHHOe 3Ha4eH~e ~HTeHC~8HOCT~ MO>KeT 6b1Tb 
nony4eHO np~ nOH~>KeH~~ 06Uiero ypo8HR aMnn~TYA YCKOPRIOlllero 
HanpR>KeH~R AO yp08HR, AOCTaT04HOrO AnR yCTOH4~80rO 8036y>K
AeH~R 8.4. reHepaTopa c nocneAYIOlli~M noKanbHbiM noH~>KeH~eM 
aMnn~TYA TOnbKO Ha 4aCTOTax 3aX8aTa. 
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AHOAH~H MOAYnRTOp n0380nRef TaK*e ynpa8nRTb aMnn~TYAOH 
YCKOpR~ero HanpR*eH~R Ha H~*H~X 4aCTOTaX A~ana30Ha, 4TO 
8eCbMa noneaHo np~ pa6oTe c pacTR*KOH ny4Ka C-3neKTPOAOM, 
TaK KaK np~ 3TOM nORBnReTCR 803MO*HOCTb KOppeK~~~ K03$$~

~~eHTa nepeaax8aTa ny4Ka 8 pe*~M pacTR*K~ C-3neKTPOAOM. 
A8Top~ np~aHaTenbH~ B.A.AneKcee8y aa noArOT08KY K pa6o

Te aHOAHOro MOAYnRTOpa, A.B.WecT08Y - aa y4aCT~e 8 ~3Mepe
H~Rx A4X. 
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PyKon~cb nocTyn~na 8 ~3AaTenbcK~H OTAen 

4 ~~nR 1979 roAa. 


