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npoBelleHa TeopeTK'IeCKSSI OUeHKS 9~KTKBHOCTH HHlKeKUKK npOTOHOB 

B cnnxp()(j>aaorpon OHHH npn aneprna 20 MaB c BbipaBHHBSHKeM K MOilY

nSiuneA 9HeprKH, 0nTHMH38UKSI napaMeTpOB HHlKeKUHH Cllenana C nOMOWbJO 

38M E3CM-6. npnBelleHbl onTKMSnbHbJe napaMeTpbl BbipaBHHBSTenSI 

H MOilynSITOpa 9HeprKH. 06cyJKil8JOTCSI oco6eHHOCTH HHlKeKCKH neATpOHOB 

H nerKKX SIIlep. 

Pa6oTa BbJOOnHeHa B na6opaTopaH BbiCOKHX anepraA OHHH. 

Coo6wenae 06'1oeJUIHeaaoro BBCTBTYT& •.aepawx accne.aoB&Hai . .IJ.y6na 1978 

Kadyrov R,B,, Popov V,A., Stepanyuk V,L, 9 - 11188 

Injection of Particles into a Synchrotron with Energy 
Debunching and Modulation 

Theoretical evaluation of efficiency of injection of protons 
into a synchrophasotron at 20 MeV with energy debunching and 
modulation has been performed. Optimization of injection para
meters was performed using the BESM-6 computer, Optimal para
meters of the energy debuncher and modulator are given. The 
characteristic features of deuterons and light nuclei are discussed. 

The investigation has been performed at the 

Laboratory of High Energy, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06 .. ee)uHeHHWU UNCatnJ.)Ia JIC)epHWX UCC.IIeOOeGNUU.llJI6NG 

)l;nJI ycneWHOH HH:>KeK~HH B CHHXpO«<la30TpOH He06XO,D;HMO, 

'IT06bl BBO,IJ;HMble npH llOMO~H MarHHTOOllTH'IeCKOH CHCTeMLI 

BHYTPI> aaKYYMHOH KaMepw 'laCTH~LI o6xo,D;HnH ace npemn

CTBHJI Ha nocne,D;yro~ux o6opoTax. Haa6on&wee 'IHcno qac

TH~ 6y,D;eT 3aXBa'leHO H YCKOpeHO ,IJ;O KOHe'IHOH 3HeprHH 

a TOM cnyqae, ecnu Haa,D;eHo H BW,D;ep:>KaHo onpe,D;eneHHoe 

COOTHOWeHHe Me)I(,IJ;y napaMeTpaMH BBO,D;HMOrO fiY'IKa H 

Bb16paHHOrO pe:>KHMa YCKOpeHHJI. .6y,D;eM Ha31a1BaT& napa

MeTpaMH HH:>KeK~HH Cne,D;yro~yiO CHCTeMy BenH'IHH, OTHO

CJII.QHXCJI Henocpe,D;CTBeHHO K fiY'IKy: W O - paBHOBeCHaJI 

3HeprHJI HH:>KeKTHpyeMbiX qacTH~; ± Ll p I p - pa36poc no 

HMnyn&CaM; ±y - pa36poc yrna Me)I(,IJ;y BeKTOpOM CKO

pOCTH 'laCTH~bl H KaCaTen&HOH K op6HTe HH:>KeK~HH; ±b 
pa36poc pa,D;Han&Horo nono:>KeHHJI 'laCTH~ npu aneTe I b -
nonywupaHa HH~neKTopa/, a TaK:>Ke aenH'IHHLI, xapaKTepu-

3YJOI.QHe Bb16paHHLIH pe:>KHM HH:>KeK~HH: B0 - aenH'IHHa 

MarHHTHOrO llOllJI B MOMeHT Ha'lana HH:>KeK~HH; t 11 - BpeMJI 

HH:>KeK~HH; a - K03~H~HeHT 3aXBaTa B pe:>KHM YCKOpeHHJI; 

r 3 ¢¢ - ~~eKTHBHOCTb HH:>KeK~HH; m- rny6HHa MO,D;ynJI

~HH 3HeprHH HH:>KeKTHpyeMOrO ny'IKa. 

Haxo:>K,D;eHHIO ycnoauB: onTHMan&Horo 3axaaTa qacTH~ 
a CHHxpoclla3oTpoH OHJIH nocaJII.QeHbl pa6oTw TeopeTH'Iec

KOrO xapaKTepall-3 / H 3KCnepHMeHTan&Hble, C OllHCaHHeM 

,D;eHCTBYIO~Hx ycTaHoBoK 14 - 61 . B pa6oTe 161 npuae,D;eHw 

OllTHMall&Hble napaMeTplal HH:>KeK~HH ,D;llJI llHHeHHOrO YCKO

pHTenJI JIY- 9 /BbiXO,D;HaJI 3HeprHJI 9 M 3B/ c BblpaBHHBa

HHeM H MO,D;ynJI~HeH 3HeprHH B COOTBeTCTBHH C pOCTOM 

MarHHTHoro nonJI 3a apeMJI HH:>KeK~HH. 

C 3anycKoM naHeB:Horo ycKopaTenJI Ha 3HeprHIO 

20 M3B ycnoBHJI HH:>KeK~HH H3MeHHnHc&. YaenH'IeHHe 3Hep-
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rHH HH:>KeKD;HH npHBO,IJ;HT K yMeHLWeHHIO mara CBOpa'IHBa • 
HHJI MrHOBeHHOH Op6HTLI B KOllLD;e CHHXpoclla30TpOHa, 'ITO 
paBHOCHllLHO yMeHLWeHHIO CKOpOCTH HapaCTaHHJI MarHHT • 
Horo nonJI. HeTpHBHanLHOCTL 3Toro nono:>KeHHJI no,IJ;'Iep
KHBaeTcJI B pa6oTe 131 . YsenH'IeHHe 3Hepruu HH:>KeKu;HH 
npH HeH3MeHHOH CKOpOCTH HapacTaHHJI MarHHTHOrO nonJI 
yxy,IJ;waeT ycnoBHJI o6xo,IJ;a HHcllneKTopa, B peJynLTaTe qero 
B03pacTaiOT Tpe6oBaHHJI K napaMeTpaM HH:>KeKTH· 
pyeMoro DY'IKa. llpH yKa3aHHLIX ycnOBHJIX MaKCHManLHaJI 
BellH'IHHa K03rW!Hu;HeHTa 3aXBaTa a 3aBHCHT OT CTeneHH 
ODTHMH3aD;HH napaMeTpOB pe:>KHMa HH:>KeKD;HH C y'leTOM 
peanLHLIX xapaKTepHCTHK DY'IKa Ha BXO,IJ;e B KaMepy CHHXPO" 
cllaJoTpoHa. B HacToJI~eB: pa6oTe c,IJ;enaHa Te~peTH'IecKaJI 
ou;eHKa 3rW!eKTBBHocTB HH:>KeKu;HH npu 3Hepruu 20 M3B 
C BLipaBHHBaHBeM B MO,IJ;YllJID;BeH 3HeprBB. 

1. Bl:JPABHHBATEJib H MO,llYJI.RTOP 
3HEPFHH JIY-20 

)J.nJI DOBLIWeHBJI HHTeHCBBHOCTB YCKOpJieMoro DY'IKa 
He06XO,IJ;HMO, BO·nepBLIX, yMeHLWHTL 3HepreTB'IeCKBii pa3• 
6poc BBO,IJ;HMLIX 'laCTHD; H, BO"BTOpLIX, npOMO,IJ;ynHpOBaTL 
ax 3Hepruro B onpe,D;eneHHLIX npe,IJ;enax. B HaCTOJI~ee spe
MJI o6e 3TH cllYHKD;HB BLinonHJieT BLICOKO'IaCTOTHLIH pe3o
HaTop, npBHD;Bn ,IJ;eHCTBBJI KOTOporo H TeXHH'IeCKOe YCTpoB:
CTBO OnHCaHLI B pa6oTe 161

. PaCCTOJIHHe fA OT BLIXO,IJ;a 
nBHeHHOrO YCKOpHTenJI ,IJ;O MeCTa ycTaHOBKH pe30HaTopa, 
Ha3LIBaeMOe y'laCTICOM ,IJ;peiiclla, BL16paHO paBHLIM 9 M. 

Ha puc. 1 noKa3aHa nocne,IJ;oBaTenLHOCTL H3MeHeHHJI 
npo,D;onLHoro cllaJosoro o6'LeMa npoTOHHLIX crycTKOB B npo
u;ecce cy:>KeHBJI pa36poca no uw:nynLca:w. Taw :>Ke HaHeceHLI 
rpaHHD;LI o6naCTB 3aXBaTa no BMnynLCaM B CHHXPOclla3o· 
TpOH, KOTOpLie COCTaBnJIIOT ±0,15~. KaK BB,IJ;HO B3 pHCYHKa, 
y:weHLWeHHe pa36poca no BMnynLca:w c 0,7'fo ,IJ;o 0,2~ 
Ha ,IJ;aHHOM y'laCTKe ,D;peB:clla npOHCXO,IJ;HT npH a:wnnBTy,IJ;e 
BLICOICO'IaCTOTHOrO HanpJilKeHBJl Ha ~enB pe30HaTopa, pas
HOB 300 KB I 3nnBnc 3/. O,IJ;HaiCo ,IJ;nJI Toro 'IT06LI o6ecne
'IBTL MO,IJ;YllJliUIJO 3HeprBB Ha 3~ nyTeM B3MeHeHBJI c)a3W 
HanpB:>KeHHJI Ba pe3oHaTope oT -45 o ,IJ;O +45° Ja spew:JI 
HMnynLca t 11 - 900 MKC, awnnBTy,IJ;a HanpJilKeHBJI ,IJ;OJDKHa 
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r'atNIIIII OfAtCTn 
JlUAU. IO 
ftMitA~C.tM a 
cuno~.twrro• 

Puc. 1. llpot~ecc cyJICeHuJI pa36poca no UMnYAbcaM 6 npo-
1/IOHHOM czyc111Ke; 1 - nep6oHa'laAbHbu'l ¢cl3o6blii o61>eM 
CZYC111Ka ~p /p = :!:.0,7f{o; 2 - U3MeHeHUe ¢cl3060ZO OO'be
Ma nocAe opeii¢a Ha y'lacmKe fA = 9 M; 3 - ¢cl3o6blii 
o61>eM czyc111Ka nocAe npoxoJICOeHUJI ~qeAu 6blpa6HU6a111eAJI 
npu UMnAUIIIyOe Hanp.IIJICeHUJI Ha lqeAU 300 KB; ~ P /p = 
= :t:.0,2tfo; 4 - ¢cl306blii o61>eM czycmKa nocAe npoxoJICOeHuJI 
~qeAu 6blpa6HU6a111eAJI npu aMnAumyoe Hanp.IIJICeHUJI Ha ~qeAu 
430 KB, ~p /p = :!:.0,4tfo. 

6LITL nosLiweHa ,IJ;O 430 KB. B 3TOM cnyqae cllaJoBLIH o6'LeM 
crycTICa o6o3Ha'leH 3nnBncoM 4, pa36poc no BMnynLcaM 
COCTaBnJieT ±0,4~. 

Ilpe,IJ;cTaBnJieT BHTepec paccMoTpeHBe npou;ecca cy:>Ke
HHJI pa36poca no u:wnynLcaM He ,IJ;nJI scero nyqJCa HH:>KeK· 
Topa B u;eno:w, a TonLICO .D;nJI ero JI,D;pa, pa36poc no BMnynL
CaM B ICOTOpOM paBeH ±0,4~. qBCllO 'laCTHD; B JI,IJ;pe COCTaB
nJieT 80+65~ /ecnB npHHJITL rayccoso pacnpe,D;eneHHe qac
THD; DO BMnynLCaM B cryCTICe/. 

Ha puc. 2 npe,D;cTasneH npou;ecc O,IJ;HOBpeMeHHoro BLipas
HBBaHHJI cneKTpa B MO,IJ;ynJID;HH 3HeprHH ,IJ;llJI 'laCTHD; JI,IJ;pa. 
A:wnnBTy,IJ;a HanpBlKeHHJI Ha ~enB peJoHaTopa BLI6paHa 
pa.BHOH 430 KB, a cllaJa BJMeHJieTCJI oT -45°,IJ;O +45°. KaK 
BB,IJ;HO Hl pBcyHICa, HaBny'IWee cylKeHBe pa36poca no BM
nynLca:w npOHCXO,IJ;BT Ha ICpaJIX, ICOr,IJ;a 3Ha'leHHJI cllal 6nHJ· 
ICB K 45°. 
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Puc. 2. IIpotJecc ocmoepeMeHHozo et.rpaeHueaHu.JI cneKmpa 
u MOOY.II.JifJUU 3Hepzuu · O.II.JI npomoHHt.rx czycmKoe c Ha'la.llt.
Ht.rM pa36pocoM uMny.llt.coe !'\ p lp = .t.0,4,. AMn.11umyoa 
Hanp.JIJKeHU.JI Ha &~~e.llu pe3oHamopa 430 KB, (Ja3a Hanp.JI
xeHu.JI U3MeH.JiemcJt om -45° oo +45 °. 

Ha puc. 3 noxa3au auanoruqu:wi npouecc, uo npu aM
nnuTy,ne HanpJI)I(eHBJI 300 KB. 3Ta aMnJIBTy,na COOTBeTCT
ByeT OnTBManbHOMY B:WpaBHBBaHBIO 3HeprBB npB HyneBOB 
4la3e, qT06bl nony"'IBTb TOT )l(e K034MIIB.UBeHT MO,nyJIJIUBB 
3Hepruu, clla3y uanpJI)I(eHBJI ua menu pe3ouaTopa ua.no 
B3MeHJIT:t. OT -60 ° .no +60 °. Cy)l(euue pa36poca no BMnynb
caM nposcxo,nuT nyqme, "'I eM B cnyqae, npe,ncTaaneHHOM 
ua puc. 2. B .nuana3oHe B3MeHeHBJI clla3 OT -45°,no +45° 
1'\p I p ::: 0,15~ , u numb a o6nacTu B3MeHeHBJI clJa3 oT 
45° .no 60 ° !'\ p 1 p yaenuquaaeTcJI .no ±0,2~. 

2. 3~EKTHBHOCThHH~BK~HH 

Pac"'leT 3cllcileKTBBHOCTB BH)KeKUBB CBO,nBJICJI, KaK B B 
pa6oTe l61 , K WaKCBMB3aUBB clJyHK.UBB 

r-3cprp = a • t 11 , 
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Puc. 3. IIpoijecc oOHoepeMeHHozo et.rpaeHueaHU.JI cneKmpa 
u MOOY.II.JifJUU 3Hepzuu O.II.JI npoliOHHt.rx czycJIKoe c Ha'la.llt.
Ht.rM pa36pocoM uMny.llt.coe 1'\plp = .t.0,4,. AMn.11umyoa 
Hanp.JIJKeHU.JI Ha &~~e.llu pe3oHallopa 300 KB, (Ja3a Hanp.Jixe
HU.JI U3MeH.Jiemc.JI om -60° oo +60 °. 

r,ne r 3 cpcp - 34lclleKTBBHOCTb BIDKeKUBB, t 11 - BpeMJI BH
)I(eKUBB, a= a{3 • a 

8 
- K034MIIBUBeHT 3aXBaTa "'laCTBU B pe

)I(BM ycxopeHBJI, a13 - xo34MiluuueuT 3axaaTa B 6eTaTpou
u:wi pe)KBM ycxopeHBJI, a 8 - xo34MiluuueuT 3axaaTa B cuuxpo
TpOHHbli pe)I(BM. 

Pacnpe,neneuue qacTBU no yrnaM, ceqeuu10 crycTxa u 
BMnynbCaM annpOKCBMBpOBanBCb pacnpe,neneHBeM raycca, 
npB"'IeM MaKCBManbHble OTKnOHeHBJI COCTaBBJIB: Y = 
= 3·10'3 pao, b = ±2,5 cM, !'\pip = ±0,4~ lpaccMaT
puaanocb TOJibKO JI,npo nyqxal. 3a,naqa onTBMB3auuu napa
MeTpoa BH)I(exuuu pemanac:t. ua 3BM. Pe3yn:t.TaTbl pacqe
TOB npuae.neu:w B •a6.11U~Je. B n.1 •a6AUIJW npBBe,neu:w pe-
3yn:t.TaTbl pacqeTa pe)KBMa BJDI(e~BB 6e3 BWp&BBBBaHBJI 
u wo,nynJIUBB 3Hepruu ,nnJI JI,npa nyqxa I !'\pip = ±0,4~1, 
B n.2 - C BblpaBHBBaHBeM B wo,nyJIJIUBei 3HeprBB ,nJIJI BCero 
nyqxa lew. puc. ll, B n.3 - ca:wpaBHBBaHBe:w u :wo,nyJIJIUBei 
3Hepruu ,nnJI JI,npa nyqxa I !\pip = ±0, 15~1. 

B nocne.nueM cnyqae pa36poc no uwnyn:t.ca:w cooTBeT
CTByeT rpaBBUaM o6naCTB 3aXBaTa B CBHXpOclla30TpOH. 
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Ta6.11u~a 

N ill!.,% m,% t H •MKC 
B0 .rc a T3qxp t 

p MKC 

1 ±.0,4 - 408 227,32 0,096 39 
2 ±.0,4 3 927 228,92 0,071 66 
3 ±.0,15 3 858 22 0,156 134 

TaKBM o6pa30M, npsMeHeHBe swpasHBBaTenJI - Mo.nynJITopa 
3HeprBB n03BOnJieT nOBLICBTL 3tlMiJeKTHBHOCTb BIOKeKUBH 
npOTOHOB B CBHXpol}la30TpOH npBMepHO B 3 pa3a. 

3. OCOEEHHOCTH HH)J(EK/.tHH ,l{EHTPOHOB 
H JI,l{EP JIEFKHX 3JIEMEHTOB 

B HaCTOJIIUee BpeMJI Ha CBHXpOI}Ia30TpOHe OCYJUeCTBnJI
IOTCJI pe)I{BMLI YCKOpeHHJI ,neiiTpOHOB, a TaK*e JI,nep nerKBX 
3neMeHTOB, ,nnJI KOTOpLIX OTHOWeHBe 3apJI,na K Macce 
pasHo 0,5. llo3TOMY sonpoc BH)I{eKUBB Taxsx JI,nep npe.n
cTaBnJieT npaKTB'IeCKBH BHTepec. 

ITpe,nsapsTenLHoe ycKopeHBe .neii:TpOHOB se,neTCJI sns
Heii:HOM ycxopsTene Ha BTopoii KpaTHOCTB. B pe3ynLTaTe 
Ha BLIXO,ne B3 nBHeHHOrO YCKOpBTenJI BX nonaaJI 3HeprHJI 
COCTaBnJieT 10 M3B /5 M3B/HyKA./, a CKOpOCTb paBHa 
nonoBBHe cKopocTB npoToHos. HecMoTpJI Ha :no, Ha'lanLHoe 
none B BpeMJI BH)I{eKUBB OCTaiOTCJI TaKBMB )l{e, KaK B ,nnJI 
npOTOHOB. 

,lJ;nJI yMeHLWeHBJI pa36poca no BMnynLcaM H Mo.nynJIUBB 
3HeprBB ,neiiTpOHOB B HaCTOJIJUee BpeMJI BCnOnb3yeTCJI TOT 
)l{e pe3oHaTop, 'ITO B .nnJI npoTOHOB. O,nHaKo senB'IBHa 6a3LI 
,npe:iil}la fA = 9 M B 3TOM cnyqae OKa3LIBaeTCJI He OnTB
ManLHOH. 

KaK sa,nHo H3 puc. 4, onTBManLHoe swpaBHBBaHBe 3Hep
rBB Ha 3TOH 6a3e npOBCXOABT npB HanpJI)KeHHB Ha IUenB 
100 KB. HMnynLCHLiii pa36poc .-\PIP yMeHLWaeTcJI 
c ±0,4~ .no ±0,1~. O.nHaKo nps B3MeHeHBB l}la3LI OT -60° 
.no +60° rny6sHa Mo,nynJIUBB 3Heprss m cocTaBnJieT scero 
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Puc. 4. IIpo~ecc ocmoepeMeHHOZO 6blpa6HU6QHUJI u MOi:>yAJI
~uu 3Hepzuu C>eiilllpOHHozo ny'4Ka. Ha'4aAbHblii paa6poc uM
nyAbcoe .-\ p/ P = ;t0,4*, aMn.IIUIIIyi:>a HanpJI:«eHUJI

0 
Ha Jl#e.llu 

6blpa6HU6allle.IIJI 100 KB, fjjaaa U3MeHJie111CJI 0111-60 i:>o +60 ~ 

1~. Ysens'leHBe HanpJI)KeHBJI Ha IUens .no 300 KBo6ecneqs
no 61.1 Heo6xo,nHMYIO rny6BHY MO,nynJIUBB m = 3~ /npB B3-
MeHeHBB l}la3LI OT -60 ° ,no +60 °/ 1 O,nHaKO BMeCTO Cy)l{eHBJI 
3HepreTB'IecKoro pa36poca npos3owno 61.1 ero ysens'leHBe. 

Pac'leT noKa3wsaeT, 'ITO onTBManLHB:JI 6a3a .npeiil}la 
npB yCKOpeHBB ,neiiTpOHOB B JI,nep nerKBX 3neMeHTOB COCTaB
nJieT fA = 4-7-4,5 M. B 3TOM cnyqae .nocTBraroTCJI cy)l{eHBe 
sMnynLcHoro pa36poca .-\p /p c ±0,4~ .no ±0,15~ B He-
o6xo.nsMaJI rny6sHa Mo.nynJIUBH m = 3~ /nps B3MeHeHBB 
l}la3LI HanpJI)I{eHBJI Ha IUens pe3oHaTopa oT -60° .no +60°/. 

,lJ;anLHeiiwee ysenB'IeHBe 31}11}1eKTBBHOCTB BIDKeKUBH npo
TOHOB H JI,nep nerKBX 3neMeHTOB B03MO)I{H0 npB BCnOnb-
30BaHBB CBCTeMLI, COCTOJIIUeii B3 Tpex pe30HaTopoB. llepBLIH 
pe3oHaTop, pacnono)l{eHHLii Henocpe.ncTBeHHO Ha swxo.ne 
BIOKeKTopa, ,noB)I{eH OCYIUeCTBnJITL MO,nynJIUBIO 3HeprBB ny
TeM B3MeHeHHJI l}la3LI HanpJI)KeHBJI Ha ero IUenB OT -45° ,no 
+45~BTopo:ii pe30HaTop, pacnonO)I{eHHLIH Ha paCCTOJIHBB 
f A = 9 M, 6y,neT Cy)l{aTb pa36poc no BMnynLCaM ,neii:TpOHOB 
s · JI,nep nerxsx :JneMeHTOB oT ±0,4~ .no ±0,1~. TpeTBii 
pe30HaTOp, OTCTOJIIUBi OT BH)I{eKTOpa Ha fA = 15 -7-18 M, 

6y,neT Cy)l{aTL pa36poc no BMnynbCaM npOTOHOB C ±0,4~ 

.no ±0,1~. 
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fipH HCll0Jib30BaHHH TaKOH CHCTeM:W 3c)41eKTHBHOCTb HH· 

)KeKUHH npOTOHOB B03paCTeT Ha 30±50~, a ,AeHTpOHOB H 

JI,Aep nerKHX 3neMeHTOB - npHMepHO B 2 pa3a. 
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