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AKKyparos B.A., rna30B A.A., Hos~KOB a.n. 
C~creMa cra6~n~3a4~~ ¢a3~ sropo~ rapMoH~K~ P9-92-14 

np~BOARTCR cxeMH~e peweH~R, o5ecneY~Ba~~~e nOCTORHCT-
80 ¢a3~ BTOpo~ rapMOH~K~ OTHOC~TenbHO nepso~ 8 pe~~Me 11

flat-top
11 

YCKopeH~R C TOYHOCTb~ ±0,5° np~ Yacrore oc
HOBHO~ rapMoH~K~, pasHo~ 39,609 Mr~. On~c~saercR cnoco5 
a5con~rHo~ np~BR3K~ ¢a3~ sropo~ rapMoH~K~ K nepso~ c ~c
nonb30BaH~eM ~H¢opMa4~~ 06 ycKopeHHOM nyYKe. Annaparypa 
~cnonbJosanacb np~ ~ccneAoBaH~RX 3cjxpeKra pacw~peH~R JaMK 
HYT~X op5~T Ha 3neKTPOHHO~ MOAen~ KOnb4esoro ~~KnorpoHa. 

Coo6me1111e 001>e . .nrneH11oro H11cnnyra ~;.epHb'.X HCc.1e:iosa11H11 . lJ.y611a 1992 

nepesoA asropos 

Akkuratov V.A. , Glazov A.A., Novikov D.L. 
Second Harmonic Phase Stabilization System P9-92-14 

The circuit units stabilizing the phase of the second 
harmonic with respect to the first one in the flat-top 
accelerating regime with a ±0.5 accuracy at the first 
harmonic frequency 39.609 MHz are presented. The method 
of absolute fixation of the second harmonic phase to the 
first harmonic using accelerated beam data is described. 
These units were used during experimental research of 
the closed orbit expansion effect on .the electron model 
of the ring cyclotron. 

The investigation has been performed at the Laborator, 
of Nuclear Problems, JINR. 
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KaK orMe4anocb paHee 11 • 21 , npv1 npoaeAeHv1v1 3Kcnepv1MeHTOB 
no v1ccneAOBaHll1~ 3¢¢eKTa pacwv1peHll1H 3aMKHYTblX op6ll1T Ha 3neKTPOH
HOA MOAenv1 Konb4esoto 4v1Knorp0Ha (3MKU) c v1cnorib30BaHv1eM pemv1-

,Ma "fl at-top" ycKopeHv1H AnH OAH03Ha4HOCTll1 pe3ynbrara v1 ero no
.· BTOpHeMOCTl/1 npeAbHBnH~TCH AOBOnbHO meCTKll1e Tpe6oBaHll1H K·.c-ra-

6l11nbHOCrn napaMeTpos ycKopv1rensi v1, s nepsy~ oi.iepeAb, .· K cra6v1nb-
Hocrv1 napaMerpos yCKopH~~eA BblCOK04acrorHoA cv1creMi,1.· B pa6o-
re 131 npv1BeAeHw cxeMw v1 onv1caHw ycrpoAcrsa, .c noMo~b~·KOTopwx 
noswweHa cra6v1nbHOCT~ 6on~~ll1HCTBa napaMeTpOB BWCOK04aCTOTHOA 
Cll1CTeMW 3MKU. 0AHaKO B yKa3aHHOA swwe pa6ore OTCYTCTByeT onv1ca
Hll1e KOMnneKca ycrpoAcrs, npeAHa3Ha4eHHoro AnH cra6v1nv13a4v1v1 ¢a-
3W HanpHmeHll1H BTOpoA rapMOHll1Kll1. 

/J,eAcT,Bll1Tef.lbHO, KaK ll13BeCTHO, K 3TOMY napaMeTpy npv1 ll1CnOnb-
30BaH~ll1 pemv1Ma "fl at-top" yci<opeHv1H npeAbHBnH~TCH oco6eHHo .· ·. 
mecrKv1e rpe6osaHll1H. Tak, Hanpv1Mep, B cv1creMe cra6v1nv1~a4v1v1 ¢a3w 

rperbeA (sropoA):rapMbHv1Kv1 
YCKOPH~~ero HanpHmeHll1H v13O
XPOHHOro 4ll1KnorpoHa PSI 141 

o6ecne4l!1BaeTCH CTa6ll1nbHOCTb 
¢a3W Ha YPOBHe 0,03° npv1 
4aCTOTe rpeTbeA, rapMOHll1Kll1 
:150 Mr4: . 

Ha pv1c.l npv1BeAeHa 6noK
cxeMa YCKOpH~ero BblCOK0-
4acroTHOro nv1raHll1H 3neKT
poHHoA MOAenv1 KOnb4esoro 

· 4v1Knorpot·fa.. nyHKrnpoM 
Ha 3TOM pv1cyHKe O6BeAeHW 
Cll1CTeMbl, BXOAH~ll1e. B KOHTYP 
cra6v1nv13a4v1v1 ¢a3~ sropoA 
rapMOHll1Kll1, 4aCTOTa KOTOpoA 
AnH 3MKU sw6paH~ pasHoA 
79,2 Mr4. , 

$yHK4ll10HanbHO Cll1CTeMa 
·cra6v1nv13a4v1v1 ¢a3w sropoA 
· rapM~Hv1Kv1 3MKU cocrov1r 

v13 cneAY~~v1x ycrpoAcrs: 
YABo'v1r'e'ri'st 4aCTOTbl .· .· 

Puc. I , BnoK-cXeMa YCI<OPHio~ero Bbl- ll1 3neKTOOHH'o'ro ¢a3ospauiare-
C0K0qacT0TH0ro nuTaHHH 3MKU. nH (pv1c.2), r Ck, ic. ... :,; . -;;d,i\ llH:nrryT I 
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cxeMW cnomeHMR ycpeaHeHHO~ ¢a3hl OCHOBHO~ rapMOHMKM M ¢a30-
soro aeTeKTopa (pMc.3), 

cxeMbl ycMnMTenR, so36ymaato~ero reHepaTop BTopo~ rapMoHMKM 
(pMc.4). 

CxeMa 3neKTPOHHOro ¢a3oBpa~aTenR (pMc.2a) - MOCTOBaR, B OAHO 
M3 nne4 KOTOPO~ BKnto4eH BapMKan KB1096, K03$¢M4MeHT ero nepe

~~ 
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Puc.2. IlpuH~unuarrhHaH cxeMa 3rreKTPOHHoro ¢a30Bpa~aTerrH 
(a); npuH~UilUaIThllaH_ CXeMa yp;BOUTeITH tiaCTOTbl .(6). 
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Puc·. 3. IlpuH~urimUibHb1e cxeMbJ: crro)KeHJ-rn, ycurruTerrH u ¢a30-
Bor~ p;eTeKTopa. 
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Puc. 4. CxeMa ycurruTerrH B036y)K,!l;eHUH 2-ii rapMOHUKU. 

KpWTMR no·eMKOCTM COCTaBnReT 4,5-6,5. YnpasneHMe M3MeHeHMeM ¢a~ 
3W 3neKTpOHHoro $a3ospa~aTenR (pMc.2a) Mee cTa6MnM3a4MR ocy
~ecrsnRtoTCR c $a3osoro aeTeKropa (pMc.3), B KoTopoM Mcnonb3YIOT~ 
CR AMOAW 418. CMrHan Ha ¢a30Bhl~ aereKTOP noaaeTCH co cxeMw 
cno>KeHMR CMrHanoB ycpeaHeHHO~ ¢a3bl C ABYX ayaHTOB OCHOBHO~ 4a
CTOThl (39,609 Mr4) M CMrHana c ayaHTa BTOPO~ rapMOHM~M .. 
(cM. pMc.1 M 3).8 cxeMe cnomeHMR M ycMnMTenR (pMc.3) Mcnonb3y- · 
IOTCR TpaH3MCTOpbl TMna -KT904A C 3a3eMneHHO~ 6a30~. . . 
·.· C $a3oBoro aereKTopa cMrHan noaaeTCR Ha sxoa onepa4MOHHciro 
YCMflMTenR YnT .TMna· 153446 (pMc;2a), OAMH M3 BXOAOB KOToporo · 
3a3eMneH M co3aaeT Ha swxoae pa3HononRpHoe HanpRmeHMe.· 3TM~ 

1 
.. HanpR>KeHMeM ocy~eCTBnReTCR ynpasneHMe. 3neKTPOHHblM ¢a30Bpa~aTe

' neM' T. e. ocy~ecTBnReTCR cra6MnM3a4MR ¢a3bl HanpR>KeHMR BTOpO~ 
rapMOHMKM OTHOCMTenbHO ycpeaHeHHO~ ¢a3bl HanpR>KeHMR OCHOBHO~ 
rapMOHMKM. 

I 

L~ 
I 

4nR MCKfll04eHMR TeMnepaTypHoro ape~¢a CMCTeMbl CTa6MnM3a4MM 
$a3hl BTOpO~ rapMOHMKM ee 3neMeHThl pa3Me~anMCb B jsy~ TepMOCTa
Tax, noaaep>KMBa~MX CTa6MnbHOCTb TeMnepaTypbl C T04HOCTblO 

j 
0' 1 ° C. B OAHOM M3 repMOCTaTOB pa3Me~anMCb _cxeMbl cnoiKeHMR M ¢a-
30B0 f0 AeTeKTopa, B APYfOM - YABOMTenR 4aCTOThl M 3neKTpOHHOro 
¢a3ospa~aTenR. noMMMO 3neKTpOHHOro ¢a3ospa~aTenR B CMCTeMbl · 
noaKnto4eHO ABa ¢a30CABMrato~MX 3neMeHTa (Ha PMC~l o6o3Ha4eHbl 
11 (1)8 11

) B BMAe 50-oMHO~ pa3ABM>KHO~ nMHMM. . 
nocne ABYX4acosoro nporpesa scex 3neMeHTOB ycKopR~e~ Bb1-

COK04aCTOTHo~ CMCTeMw CMCTeMa CTa6MnM3a4MM ¢a3hl BTOpO~ rapMo
HMKM B CTa4MOHapHOM pe>KMMe pa6oTbl noaaep>KMBana ¢a3y BTopo~ 
rapMOHMKM B npeaenax ±0,5°. ~3MepeHMR cra6MnbHOCTM ¢a3w npos9-
AMnMcb Henpe~WBHci B Te4eHMe 14 4~COB pa60TW C nOMO~bto.¢a30MeT-.n 
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pa Tl/Ina (l)K-12 •. Ko3Q)Q)i11U,111eHT CTa61t1nV13aU,111lll Cll1CTeMbl 6nll130K K 10. 
ll,111ana30H JaxsaTa s pe11<111M •CTa6111n1113au,111111 ±1, 5 °,. . ; 

ll,rnl cpa3111pOBKll1 Hanpsi11<eHll1Sl BTOpo111 rapMOHll1K111 OTHOCll1T,enbHO yc
peAHeHHOl/1 nepso~ 111cnonb36san~si ocu,111nnorpacj) Cl-75, Ha ABa pa3-
AenbHblX BXOAa KOTOporo n0Aasan1t1Cb Cl/lrHanbl C KOHTponbHblX neTenb 
ocHOBHoro (nepsoro) 111 ~apMoH111'-teCKoro ~yaHTOB. C111rHan~ noAasa~ 
nll1Cb no cornacosaHHblM Ka6errnM; 111MelOlJ.ll/lM onpeAeneHHblM o6pa30M 
nOA06paHHYIO An111HY. 3aTeM B pell<I/IMe 11 fl at-top 11 yc1<opeHll1Sl CHll1Ma
n111cb rpaQ)ll1K111 3aB111Cll1MOCTll1 paA111yca ycKopeHll1Sl OT HOMepa o6opoTa 
yrnopei-t111si Ha Tpex'npo6H1t1Kax: N12, .N'4 111 N16 (a3111MYTbi 90°, 180°; 
270°). Tpe6yeMoe nono11<eH111e aMnn111TYA~'BTOPOll1 rapMO~ll1K111 OTHOCl,1-
TenbHO nepso~ COOTBeTCTByeT Mll1Hll1ManbHOMY Ha6opy 3Hepr111111 3a 060-
poT, a cneAOBaTenbHO, Mll1Hll1ManbHOMy yrny HaKnoHa 3a8111Cll1MOCTll1 
R = f (~ 06.). CMelJ.leH111e cj)a3~ rapMOHll1Kll1 Ha 3TOM 3Tane OCYlJ.leCT
Bnsinocb BHeceHl/1eM COOTBeTCTBYIOlJ.lero Kan1116poBaHHoro 'y'-taCTKa n111-
Hll1111, n11160 pa3AB1t111<Ho111 n111H111e111, 06ecne'-t111BalOLJ.le111 cMelJ.leH111e no cj)a3e 
C. TO'-tHOCTblO AO 2°. 0KOH'-taTenbHasi noACTPOll1Ka cj)a3~.npo1t13BOA111nacb 
3neKTpOHHblM cj)a3oBpalJ.laTeneM np111 Ha6nlOAeHll1111 11 '-tll1CTOTbl 11 OTAeneHll1Sl 
nocneAH111X op6111T Ha KOHe'-tH~x·paA111ycax ycKopeH111si. 
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