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E>eaHorHX JO.Ll. H llP· P9 - 11903 
3KcnepHMeHTOilbHL!e peaynbTOTbl ITO IlOBb!WeHIIIO IIHTeHCHBHOCTH 

ycKopHeMhlX rry'IKOB B CHHxpoq>aaorpoHe Ol1.fl11 11 HX aHaiiH3 

HanaraJOTCH rexuu'leCKHe MeponpiHITIIH no ycosepmencTsoaaHHIO CHcTeM 

CHHxpod,aaoTpoHa, s peavnhTaTe KOTophiX ohinH llOCTUrnyTLI IIUTeHCIIBHOCTK 

4,5 ·101'2 '!/liMIT. np11 yc~opeHIIH rrpoTOHOB, 3 •10 
11 '!ill~m. npu ycKopenHu 

lleliTpOHOB II 2 •10 10 'If liMIT, IIpH yCKOpCHJIH Bilb<jla-qaCTMil, 0f5cy>Kil810TCH 

pe3yiibT8Tbl 3KCIICpHMCHTBilbHblX H TeOpCTH'ICCKHX HCCJlellOBBHHH, 8H8llli3 

KOTOfblX Il03BOilHil yTO'IHIITb rrpellCilbliYIO Hl!TeHCKBHOCTb CHI!Xpo<jla30Tp0118 

(10 1 q/uMn, npH 3lleprlifl HH>KeKUIIH 20 MsB) H HBMCTIITb nyTH llBilbHeli-

wero IIODblWCHHH HHTCHCIIBHOCTH YCKOpHCMblX rry'IKOB, 

PaooTa Bb!IlOilliCHa B naoopaTOpllll Bb!COKHX 3Hepruli Ol1.fll1. 

npenpHHT 06beLlHHei!HOrO HHCTI!TyTa SILlepHblX I!CCIIeLlOB8HHii, lly6Ha 1978 

Beznogikh Yu.D, et al. P9 - 11903 
Results of Experiments on Increasing the 
Intensity of Beams Accelerated in JINR 
Synchrophasotron and Their Analysis 

Technical measures aimed at the improvement of 
synchrophasotron systems are described. As a result, 
intensities of 4.5·10 12 particles/pulse for proton accela
ration, 3·lo 11 particles/pulse for deuteron acceleration 
and 2•10 10 particles/pulse for alpha-particle acceleration 
were achieved. The results of experimental and theore
tical investigations are discussed, which analysis 
allowed to define a limit intensity of the synchrophaso
tron (lo13 particles/pulse at 20 MeV injection energy) 
and to outline the ways for further increasing of the 
intensity of beams under acceleration. 

The investigation has been performed at the Labora
tory of High Energies, JINR. 
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B reqeHHe nocne,nHHX ner Ha cuHxpo$aJorpoHe OHJIH 
6Lin npoBe,neH p.11,n ycoBepWeHCTBOBaHHH ycKOpHTenLHOrO 

KOMOneKCa H BbiDOnHeHbl 3KCOepHMeHTanLHble H TeopeTH

qeCKHe HCCne,noBaHHJI, KOTOpble 003BOnHnH, C O,nHOH CTO

pOHbl, BbiJIBHTb OCHOBHble OpHqHHbl OOTepb nyqKa H OO,nHJITb 

HHTeHCHBHOCTb DO OpOTOHaM ,no ypoBHJI 4,5 •1012p/UMn. 
H, C ,npyrOB CTOpOHbl, HaMeTHTb nyTH ,nanLHeiiwero OOBbi

WeHHJI ero HHTeHCHBHOCTH. KpoMe TOrO, nonyqeHbl HHTeH

CHBHble nyqKH ,neiiTpOHOB H a - qaCTHIJ,, C OOMOIIJ,biO KOTOpbiX 

OpOBe,neH IJ,enLIH pJI,n HHTepeCHbiX $HJHqeCKHX 3KCDepH

MeHTOB. 

1. PAEOThl IIO IIOBh//HEHH/0 34Kl>EKTHBHOCTH 
H YHHBEPCAJIH3Al(HH HH)J(EKL!HOHHOTO 
KOMIIJIEKCA 

a/ C IJ,enbiO nonyqeHHJI HHTeHCHBHbiX OpOTOHHbiX nyqKOB 

Ha BbiXO,ne JIY- 20 - HH:>KeKTOpa CHHXpo$a30TpOHa - 6blna 

yBenuqeHa BBO,nHMaJI B pe30HaTOp JIY-20 B.q. MOIIJ,HOCTb 

.no 5 MB111 B HMnynLce, qro noJBonuno nonyqHTL ycKopeH

HbiH OpOTOHHbiH nyqoK C TOKOM B HM)lynLce 50 MA npH 

MHTenbHOCTH HMOynLCa 600-700 MKC ll, 
6/ ,lJ;nJI OOBbiWeHHJI 34l4leKTHBHOCTH 3aXBaTa nyqKa B 

pe:>KHM ycKopeHHJI 6bln pa3pa6oraH H ycraHoBneH Ha Bxo,ne 

JIY- 20 WHpOKoanepTypHbiB rpynnupoBa renL, KOTOpbiH yBe

nuqun yron JaxBaTa ,no 180° Ha Bcex ycKopJieMbiX nyqKax, 

qTO B 2 pa3a yBenHqHnO HHTeHCHBHOCTb OpOTOHHOrO H JI,nep

HOrO nyqKOB Ha BbiXO,ne nHHeBHOrO ycKOpHTenJI H COOTBeT

CTBeHHO B KOnLIJ,e CHHXpolilaJOTpOHa/
2
/. 
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B/ qpe3Bbi'IaHHO Ba)KHOe 3Ha'leHHe ,II,JIJI yMeHbWeHHJI 
TeMna pocTa noTepb ny'IKa B KOnbu;e cuuxpo<lla3oTpoua 
H3- 3a nepece'leHHJI pafioqeii TO'IKOH nonoc uenuueiiublx pe-
30HaHCOB CBJI3H /Ha Ha'laJibHOM 3Tane YCKOpeHHJI/ HMeeT 
OnTHMH3aD;HJI npou;ecca HH)KeKD;HH C TeM, 'IT06bl noJiy'IHTb 
ny'IOK 'laCTHU Ha opfiHTe YCKOpHTeJIJI C MHHHMaJibHbiMH 
aMnnuTy,IJ,aMH 6eTaTpouublx Kone6auuii. Haunyqwue pe3yJib
TaTbl no HHTeHCHBHOCTH YCKOpeHHOrO ny'IKa 6biJIH ,IJ,OCTHr
HYTbi 3KCnepHMeHTaJibHO B pe)KHMe HH)KeKD;HH C MO,IJ,yJIJID;HeH 
3HeprHH HH)KeKTHpyeMOrO ny'IKa, KOr,IJ,a MaKCHMaJibHble 3Ha
'leHHJI r -aMnnHTY.IJ. cyw;ecTaeuuo yMeHbWaJIHCb. B uacToJI
w;ee apeMJI, nocne coJ,IJ,aHHJI npeu;H3Houuoro nporpaMMHoro 
ycTpOHCTBa ,IJ,JIJI MO,IJ,YJIJITOpa 3HeprHH/3/, noJiy'leH ny'IOK 
B KaMepe ycKOpHTeJIJI C aMnJIHTy,IJ,aMH CBOfiO,IJ,HbiX KOJiefia
HHH B npou;ecce HH)KeKD;HH, He npeBOCXO,II,JIID;HMH 10 CM, 

'ITO JIBJIJleTCJI cyw;ecTBeHHbiM MOMeHTOM B noJiy'leHHH HH
TeHCHBHbiX ycKopeuublx ny'IKOB. 

r I ,ll;nJI noBbiWeHHJI 3<ll<ileKTHBHOCTH HH>KeKTopa npu yc
Kopeuuu Jl,IJ,epuoro ny'IKa B uaqaJibHOH 'laCTH pe3ouaTopa 
JIY- 20 ycTauoaneua npoMe>KyToquaJI neperopo,IJ,Ka/ 4/ H3 
Me,IJ,H /nocepenuue nJITOH Tpy6KH npeii<lla/. HanpJI)Keuue 
Ha YCKOpHTeJibHOH Tpy6Ke <1>11 npH YCKOpeHHH Jl,II,epuoro 
ny'IKa cTano paauo 630 KB /BMecTo 300 KB/. llpu 3TOM 
HHTeHCHBHOCTb YCKOpeHHbiX ny'IKOB ,IJ,eHTpOHOB H t.l -'laC
THU ua BbiXO.IJ.e JIY- 20 /no cpaaueHHIO c npe)KHHM pe)Ku
MoM/ B03pOcna COOTBeTCTBeHHO B 3 H 5 pa3. 

B uacToJlwee apeMJI B pe3yJibTaTe npoaeneuublx ycoaep
weucTBOBauuii HH)KeKu;Houuoro KoMnneKca ua ero BbiXO,IJ,e 
,II,OCTHrHyTbl CJie,IJ,yiOID;He HHTeHCHBHOCTH YCKOpJleMbiX nyq
KOB: 

npoTouuoro - 50 MA /10 14 p/uMn./, 
neiiTpouuoro - 10 MA /2.10I3d/UMn./, 
a -qacTHU - 0,8 MA/1,5·10 12 a/uMn./. 

.D./ Y)Ke B pa6oTefs/ 6blno noKa3auo, 'ITO uanuque aJH
MyTanbublx BapHaD;HH npOH3BO,IJ,HbiX Maf'HHTHOrO nOJIJI no 

dB d2B 
panuycy I ~ ; ~ H T . .IJ../ JIBJIJleTCJI O.IJ..HOH H3 OCHOB-

HbiX npH'IHH noTepb qacTHU B uaqane npou;ecca ycKopeHHJI 
3a C'leT ,IJ,eHCTBHJI pe30HaHCOB BbiCOKOrO nopJI,IJ,Ka. fi03TO-

4 
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MY nanbueiiwaJI pa6oTa no noablweHHIO HHTeucuauocTH 6blna 
uanpaaneua, C O,IJ,HOH CTOpOHbl, Ha KOMUeucau;HIO C nOMOIU;blO 
CHCTeM KOppeKD;HH a3HMyTaJibHbiX rapMOHHK MarHHTHOrO 
nonJI, H, c npyroii cTopoubl, ua ycTpaueuue npH'IHH, nopo)K
,IJ,aiOw;Hx 3TH rapMOHHKH/6/, "PaC'IHCTKa" Be,IJ,yiU;ero MarHHT
HOrO nOJIJI CHHXpo<ila30TpOHa n03BOJIHJia noJiy'IHTb B yCTOH
'IHBOM 3KCnnyaTaD;HOHHOM pe)KHMe HHTeHCHBHOCTH yCKOpeu
HbiX ny'IKOB, KOTOpble npuaeneubl HH)Ke. Pauee auanoruq
Hble pe3ynbTaTbl Mornu 6b1Tb nonyqeubl nocne ,IJ,JIHTeJibHOH 
onTHMH3aD;HH pe>KHMa HH)KeKD;HH H TIU;a TeJibHOH KOppeKD;HH 
aenywero MaruHTHoro nonJI. 

2. 3KCIIEPHMEHTAJibHME PE3YJibTATbl 

a/ llpoTOHHbiH ny'IOK 

llpu uccnenoaauuu BJIHJIHHJI npocTpaucTaeuuoro JapJI,IJ,a 
ua nuuaMHKY qacTHU B npou;ecce ycKopeHHJI npe,IJ,cTaBJIJIJI 
HaH60JibWHH HHTepec npoTOHHbiH ny'IOK, BeJIH'IHHa KOTOporo 
nocne yKa3aHHbiX BbiWe ycoBepweHCTBOBaHHH HH)KeKUHOH
HOrO KoMnneKca .IJ.OCTHrana 50 MA/uMn., 'ITO npu nnuTeJib
uocTH HMnynbCa 600 MKCCOCTaBJIJIJIO CBbiWe 1,0·l014pjuMn. 
llpH 3TOM 'IHCJIO 'laCTHU B KBa3H6eTaTpOHHOM pe)KHMe npH 
MO,IJ,YJIJID;HH 3HeprHH HH)KeKTHpyeMoro ny'IKa COCTaBJIJIJIO 
3·10 13 p/uMn. llpu JaxaaTe B pe)KHM ycKopeHHJI 1·10 13 

npOTOHOB 'laCTb 'laCTHU nona,IJ,aeT B nOJIOCY ,IJ,eHCTBHJI na-
paMeTpH'IeCKOrO peJouauca v "' 1 , 'ITO no,IJ,TBep)K,IJ,a-

z 2 
eTCJI H3MepeuHeM TeMna pocTa noTepb B npou;ecce ycKo-
peHHJI. I13Mepeuue HHTeucuauocTH ycKopeuuoro ny'IKa noKa-

13 
Jano, 'ITO npu JaxaaTe ua ypoaue 10 qacTHU TeMn pocTa 
noTepb cywecTaeuuo B03pacTaeT Ja C'leT pe3Koro Bbmana
HHJI 'laCTHU B nepBble 10-20 MC no BepTHKaJIH. TeM ue Me
nee B pe3yJibTaTe ynyqweHHJI xapaKTepHCTHK MarHHTHOrO 
nOJIJI ycKOpHTeJIJI, HaCTpOHKH CHCTeM KOppeKD;HH MarHHTHO
ro nOJIJI, a TaK)Ke BBe,IJ,eHHJI pe)KHMa HH)KeKD;HH C MO,IJ,YJIJID;H
eii 3HeprHH y,IJ,aJIOCb noJiy'IHTb HHTCHCHBHOCTb ycKopeHHOrO 
ny'IKa B yCTOH'IHBOM pe)KHMe ua ypoaue /4+4,5/•10l2pjuMn. 

llpu xopowo uacTpoeuuoM ycKopuTene ua6JIIO,IJ,aeTCJI 
uefiOJibWOH pa36poc B HHTeHCHBHOCTH YCKOpeHHOro ny'IKa. 
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3TOT pa36poc, ITO-BB)l.BMOMy, CBJilaH C ciJmoKTyal{BJIMB 

napaMeTpoa BH')KeKTBpyeMoro nyqKa. B ma6Au14e npuae.IJ.eHLI 

HeKOTOpLie xapaKTepHble l{BKnLI pe')KBMa YCKOpeHBJI. 

N
3
p/ru.m 

N2oP!HNID 
r'V moP /IDt.rr 

NIOO of tr;; ,, 

I 2 3 4 5 6 7 

-T3 13 r:: 13 13 13 13, -T3 1,2.Iu- 1,2.10 1,2o.10 1,15.10 1,15.10 1,1.10 ,25.1ur 
12 12 -T2 12 -T2 _T -T2 6.10 6,0.10 6,5.1ur 6,3.10 6,2.1ur 6,25.1u- 6,5.1ur 
-T2 12 12 12 12 12 12 4,3.1ur 4,5.10 4,6.10 4,6.10 4,7.10 4,6.10 4,6.10 

36,0 37,5 37,0 40,0 41,0 42,0 37,0 

3KcnepBMeHTLI C npe)l.enbHOH BHTeHCBBHOCTbiD npOTOH· 

HOrO ITY'IKa npOBO,!J,BnBCb llpB MaKCBManbHOH 3HeprBB 'lac

TBI.{ 100 M 3B I t s 100 Mc/, 'ITO CBJilaHo c orpaHB'IeHBJl· 

MB, o6ycnoaneHHLIMB pa)l.Bal{BOHHOH 06CTaHOBKOH, cyll{eCT· 

BYIDII.{BMB B HaCTOJlll{ee BpeMJl. 

Ha pUC. 1 ITOKalaHbl KpBBLie pOCTa BHTeHCBBHOCTB yc

KOpeHHOrO ITY'IKa /1,2/ B 3aBBCBMOCTB OT KOnB'IeCTBa 

'laCTBI.{ B KBa3B6eTaTpOHHOM pe')KBMe )l.nJI palnB'IHbiX 3Ta· 

ITOB pa3BBTBJI yCKOpBTenbHOrO KOMITneKCa CBHXpociJa30TpO

Ha OHJIH. 
KpU6QJI 1 COOTBeTCTByeT HHTeHCHBHOCTH npoTOHHOrO 

ny'IKa nocne lanycKa JIY- 20. BB.IJ.HO, 'ITO npe.IJ.enbHaJl 

BHTeHCBBHOCTb B yCKOpHTene B TO BpeMJl )l.OCTHrana ae

nB'IBHbl 2,5·10 ll p/UA4n. B npaKTB'IeCKB He JaBHCena OT 

BenH'IBHbl TOKa BH')KeKTBpyeMoro ITY'IKa /TOK BH')KeKI.{HH 

10 MA/. 
Kpuea.R 2 cooTBeTCTayeT BHTeHCBBHOCTB B ycKopBTene 

nocne BBe)l.eHBJl npel{BlBOHHOH MO)l.ynJll{BB 3HeprHH BH')KeK

TBpyeMOro ny'IKa, yaenH'IeHBIO ToKa BH')KeKUBB .IJ.O 50 MA 
B HMITynbCe B pa6oTe CBCTeMbl KoppeKI.{BB MarHBTHOrO 

nonJI. 

AHanBl 3kcnepHMeHTanbHbiX .IJ.aHHwx noKaJwaaeT, 'ITO 

Cyll{eCTBYIDT lHa'IBTenbHble pe3epBbl B ITOBbiWeHBB BHTeH· 

CBBHOCTB ycKopeHHOrO ITY'IKa llpOTOHOB KaK 3a C'leT yae-

nB'IeHBJI TOKa BH')KeKI.{BB, TaK B 3a C'leT yBenB'IeHBJI K03ciJ-

6 
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ciJuuueHTa JaxaaTa a pe')KBM ycKopeHBJI, KOTOPLIH B HacToJI· 

ll{ee BpeMJl Man B COCTaBnJleT aenB'IBHY =" 30-40'fo. 

6/ II y q K B )l. e H T p 0 H 0 B B a - q a C T B 1.{ 

Ilocne ycTaHOBKB npoMe')KyTO'IHOH CTeHKB B Ha'lanbHOH 

qacTB peJoHaTopa nBHeiiHoro ycKopBTenJI, yaenB'IBBWeii 

~ tJ : I : :tt: I i : I ! : i i l I ! IIIII I I I I 
T ~I NYCK)QOm~ 1 

t \1 

5 · · ' ! I 

, I 3 . : ; I : l .UR . L_.: ... ---l~·tiH ' :Hnll! I 
17 I 

2 

1 I ~---+---.:--~ 

1---:-

' '' 2 --t-
I 

' I I .. lt" t d-' I t KT~ 

3 ~ s S 7 a f01z 2 3 4 5 6 7 8 9 (Oil 2 3 4 s 
Puc. 1 
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TOK HH~eKTOpa, Ha nepBOH KpaTHOCTH B CHHXpO~a30TpOHe 
nony'leHbl cne,D,yiOll(He HHTeHCHBHOCTH 'laCTHl.J, C 3HeprHeH 
4,7 F3B/HYKA.: 

HHTeHCHBHOCTb ,D,eHTpOHHOrO ny'IKa - 3• 10 II d /UMn., 
10 

HHTeHCHBHOCTb nyqKa a -qacTHl.J, - 2·10 a /UMn. 
)J.anLHeHWHe nepcneKTHBbl yBenH'IeHH.II HHTeHCHBHOCTH 

YCKOpeHHOro ny'IKa ,D,eHTpOHOB H a ·qacTHl.J, CB.II3aHbl, B 
nepByiO O'lepe,D,L, e yBenH'IeHHeM TOKa 3THX qaeTHl.J, B HM· 

nynLee Ha BbiXO,D,e HH~eKTOpa nY-20, 'ITO peanLHO oey
ll(eeTBHMO B 6nu~auwee BpeMB, a TaK~e e nepexo,D,oM Ha 
BTopyJO rapMOHHKy BO Be eM U.HKne yeKopeHHB npu ycKope
HHH nyqKa B KOnbl.J,e eHHXpO~a30TpOHa. YeKopeHHe .II,D,ep
HOrO nyqKa Ha nepBOH rapMOHHKe, oeyll.J,eeTBneHHOe Ha 
eHHXpO~a30TpOHe B 197 4 r. noene 3anyeKa HH~eKTOpa 
nY-2Q/7/uMeeT TOT He,D,OeTaTOK, 'ITO BBH.D.Y orpaHH'IeHHO· ' . 
eTH ,D,HHaMH'IeeKoro qaeTOTHOrO ,D,Hana30Ha pa,D,HOTeXHH· 
qeeKOH eueTeMbl yeKOp.IIIOll.J,eH eTaHl.J,HH a3HMyTanLHLIH H 
pa,D,HanLHbiH pa3Mepbl cenapaTpHebi Manbl H COeTaBn.IIIOT eo
OTBeTCTBeHHO 70-90° H 12-24 CM. 3KenepHMeHTbl noKa-
3anH, 'ITO nepexo,D, Ha BTOPYIO rapMOHHKY BO BeeM UHKne 
yeKopeHH.II n03BOnHT yBenH'IHTb HHTeHeHBHOeTb yeKopeH
HOrO ny'IKa ,D,eHTpOHOB H a - 'laeTHU. B 2-3 pa3a. B HaeTO.II
ll(ee BpeM.II pa60Tbl no e03,D,aHHIO TaKOH yeKOp.IIIOll.J,eH CTaHl.J,HH 
npOBO,D,BTe.ll. ll03TOMY y~e B 6nu~auwee BpeM.II B03MO~HO 
nony'leHHe HHTeHeHBHOeTH ,D,eHTpOHHOrO ny'IKa 10

12 
d/UMn. 

H ny'IKa a -qaeTHU - lOll a/ uMn. 

3. TEOPETHlJECKHE IIPE,l(CTABJIEHH.JI 
OE YCKOPEHHH HHTEHCHBHblX IIYlJKOB 

Pe3ynLTaTbl 3KcnepuMeHTanLHbiX ueene,D,oBaHHH, npu
Be,D,eHHble BbiWe, noKa3biBaiOT, 'ITO MHOrO'IHeneHHble pe 30-

HaHCbl, nOBBnBIOll(HeCB npH yBenH'IeHHH KynOHOBeKOrO C,D,BH· 
ra /B TOM quene u pe3oHaHcbl eBB3H 2-ro H 3-ro nopB.IJ.· 
KOB - eM! 5/ I, He BBnBJOTeB Henpeo,D,onHMbiMH H MarHHT
HOe none yeKOpHTenB MO~HO C'IHTaTb Y.D.OBneTBOpHTenLHbiM. 
PaceMoTpHM no,D,po6Hee KaqeeTBeHHYIO KapTHHY, B03HHKaJO
li.J.YIO npu quene JaxBa'leHHbiX B yeKopeHue qaeTHU N3 = 
= 1,1 • 1013. llpHMeM MO,D,enL cryCTKa B Ha'lane YCKOpeHH.II 
B BH,D,e "6aHaHa" 3nnuneou,D,anLHoro ce'leHHB e rayeeoBbiM 

8 

l 

1 
\ 

pacnpe,D,eneHueM nnoTHOCTH B r- u z - HanpaBneHHBX u 
eTeneHHOH 3aBHeHMOeT.t-IO OT a3HMyTa /eM. no,D,p06Hee/5/ /, 
T.e. 

2 2 
(r-R) z 2 3;2 

2 - -"'2 ¢ I 
a b ·<1--) ., 

¢2 

/1/ 
p ( r, z, ¢) = Po" e 

0 

a, b 6nH3KH K nonyocBM nonepe'IHoro ee'leHHB eryeTKa, 
2¢

0 
- a3HMyTanLHa.ll npOTB~eHHOeTL eryeTKa. 

Paenpe,D,eneHue nnoTHOeTH 3apB,D,a BH,D,a /1/, KaK noKa-
3biBaiOT H3MepeHHB napaMeTpoB eryeTKa, Hennoxo annpoK
euMupyeT peanLHoe nono~eHue Bell(eu. Eenu nono~HTL 
f3o = vcp/c - 0,2 , a = 30 CM, b = 8 CM, ¢

0 
= 100°, 

TO npu N3 = 1 '1 • 10
13 

paeqeT no MeTO,D,HKe' aHanorH'IHOH 
HenonL30BaHHOH B/5~ ,D,aeT 3~eKTHBHLie 6e3pa3MepHLie 
qaeTOTbl HeKOrepeHTHbiX KOne6aHHH ,D,nB l.J,eHTpa eryeTKa 
/"pa6o'laB TO'IKa "I: 

vr "" 0,56, Vz = 0,40, /2/ 

B TO BpeM.II KaK Ha Kpa.IIX cryCTKa OHH 6nH3KH K 'laCTOTaM 
6e3 y'leTa KynoHoBeKoro non.11: 

0 
v 

r 
0,64, v 0 = 0,87. 

z 
/3/ 

TaKHM o6pa3oM /eM . .D.HarpaMMY qaeToT Ha puc. 2/, 
qaeTHl.J,bl B6nH3H UeHTpa eryeTKa e,D,BHraJOTe.ll no qae,OTaM 
Kone6aHHH .D.O napaMeTpuqeeKoro pe3oHaHca vz = 

2 
H 

,D,a~e nepexo,D,BT 'lepe3 ero nonocy. Eenu 6bl cryeToK 6bln 
3apB~eH paBHOMepHO, TO Bee qaeTHl.J,bl HMenH 6bl O,D,HH 
H TOT ~e e,D,BHr, paBHbiH MaKeHManLHOMY /2/. Tor,D,a B npo
u.eeee yeKopeHH.II Bee qaeTHl.J,bl O,D,HOBpeMeHHO npOXO.D.HfH 
6bl noene,D,oBaTenLHO eepu10 pe3oHaHcoB, Ha'IHHaB c v z = 2 , 
v - v = 0 H T .,D,. Ha eaMOM ,D,ene eHTyal.J,H.II CnO~Hee H B TO r z 
~e BpeMB 6onee 6naronpHBTHa. 

MaKeHManLHLIH e,D,BHr npu HanH'IHH 3aBueuMoeTH Tuna 
/1/ HMeiOT qaeTHl.J,bl B6nH3H l.J,eHTpa /e MHHHManLHbiMH 
pa,D,uanLHo-~a30BbiMH Kone6aHHBMH/. OeTanLHble qaeTHUbl 
cno~HbiM o6pa3oM paenpe,D,eneHbl no BenH'IHHe e,D,BHra B 
3aBHeHMOCTH OT CHHXpOTpOHHbiX pa,D,HanbHO·~a30BbiX H 6eTa· 
TpOHHbiX KOne6aHHH. 
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<!) 
2 

H CHJibHOH 3JIJIHnTH'IHOCTH nonepe'IHOrO Ce'leHHJI cryCTKa, 

KaK B )J.aHHOM CJiyqae, MO)KHO C'IHTaTb, 'ITO C)J.BHr v2 H3· z 
MeHJieTCJI npH6JIH)KeHHO, KaK nJIOTHOCTb 'laCTHIJ, 

~ J.!; - p ( X, Z, R ¢ ) ' x "' r- R. 
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llOCKOJibKY OTKJIOHeHHJI no Z Bbl3biBaiOTCJI 6biCTpbiMH 

6eTaTpOHHbiMH KOJie6aHHJIMH, 3aBBCBMOCTb ~v; OT Z Ha 

CaMOM )J.eJie ycpe)J.HJieTCJI no 3TBM KOJie6aHBJIM C yqeTOM 

B3MeHJIIOllJ,eHCJI no Z nJIOTHOCTB. 

~JIJI peanbHbiX napaMeTpOB crycTKa pacqeThl noKa3bl· 

BaiOT, 'ITO C)J.BBr· MaJIO MeHJieTCJI npB pa)J.BaJibH0-~30BbiX 
CHHXpOTpOHHbiX KOJie6aHBJIX, n03TOMY npB6JIB)KeHHO, no 

nopJI.IJ.KY BeJIB'IBHbl, MO)KHO OD;eHBTb )J.OJIIO 'laCTBD; B D;eHT· 

paJibHOH 'laCTB cryCTKa, C)J.BBr KOTOpbiX npeBbiWaeT 3a)J.aH

HYIO BeJIB'IHHY ~ v; , KaK 'IBCJIO 'laCTBU B cryCTKe C pac

npe)J.eJieHBeM nJIOTHOCTB ,iiO.ii,06HbiM OCHOBHOMY /1/, pa3Mep 

KoToporo no r paBeH 

r/ a = v'l - ~ v 
2 I(~ v 

2 
) z z 0 /4/ 

Ecnu o6o3Ha'IBTb cKopoCTb H3MeHeHBJI ( ~ Vz ) 0 npu 

YCKOpeHHH qepe3 "vz /3Ta BeJIB'IBHa HeCKOJibKO 3aBBCHT 

OT BeJIH'IHHbl C)J.BHra H BpeMeHH/, TO BpeMJI )J.eHCTBHJI pe3o· 

HaHca C WHpHHOH nOJIOCbl p z Ha )J.aHHYIO 'laCTHUY paBHO 

pz 
T "' -.- • /5/ 

v 
z 

a o6mee speMJI .IJ.eHCTBHJI .IJ.aHHoro pe3oHaHca /pacKa'IKH 

KOJie6aHHH BCeH )J.OJIH qacTHD; cryCTKa/ paBHJieTCJI, O'leBH)J.• 

HO, 

~ T "" 
v - vP z z 

v 
z 

/6/ 

3)J.eCb v ~ • 3Ha'leHHe 34Jcl>eKTHBHOH 'laCTOTbl C yqeTOM 

KYJIOHOBCKOrO nOJIJI, COOTBeTCTBYIOllJ,ee cepe)J.HHe nOJIOCbl 

paccMaTpusaeMoro pe3oHaHca. 

B 3KcnepuMeHTax c 3axsa'leHHbiM B cenapaTpucy que

noM. qacTHU 1,1·1013 
.IJ.eHCTBHe napaMeTpuqecKoro pe3o· 

HaHca vz ""1 /2 pacnpocTpaHJieTcJI npuMepHo Ha 15~ qacTHU 

cryCTKa. llpH 3TOM BpeMJI )J.eHCTBBJI jycpe)J.HeHHOe no 

HHTepsany 100 Me/ 6y.IJ.eT onpe)J.eJIJITbCJI 3Ha'leHHeM ;, z 
KOTOpOe )J.JIJI napaMeTpOB CHHXpotlJa30TpOHa COCTaBJIJieT npu· 

6JIB)KeHHO 

vz= 2,5 1/c. /7/ 
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Tor~a apeMH ~eieTBHH napaMeTpaqeeKoro pe3oHaHea 
/6/ paBHO 40 MC, HO 3TO 3HaqeHHe BblqHeneHO 6e3 yqeTa 
ao3MO:>KHbiX noTepb qaeTHU. EenH noTepH eeTb, eKopoeTb 
eMell\eHHH pa6oqei ToqKH, eeTeeTBeHHO, yaenaqaaaeTeJI. 

)J;nJI BbiHeHeHHH TOrO, KaK npH 3TOM H3MeHHeTeJl aM
nnHTy,!J,a Kone6aHHH qaeTHU, He06XO,!J,HMO HenOnb30BaTb ,!l,aH
Hble o apeMeHH npoxo:>K~eHiiH nonoebl pe3oHaHea /5/ H o 
xapaKTepaeTHKax MarHHTHoro nonH yeKopaTenJI, HenoepeJJ.
eTaeHHO onpe,!l,enJIIOU\HX illHpHHY nonOebl H HHKpeMeHT Ha

paeTaHHJI aMnnHTY~bi. 
CJJ.enaHHble paeqeTbl ,!J,nJI pe3oHaHea v z = 112 e ue-

nonb30BaHHeM ~aHHbiX o aenaqaHe nU;J) 6e3 yqeTa KoppeK
UHi noKa3anH, qTO npH eyll\eeTBYIOU\eM eoeTOHHHH MarHHT
HOrO nonJI poeT aMnnHTY~bi z -Kone6aHHi 3HaqaTeneH /npH 
r = 2,5 MC azlaz -2·103/H qaeTHUbl, no~aep:>KeHHble ~ei-

o 
eTBHJO napaMeTpaqeeKoro pe3oHaHea, MoryT ablnaeTb H3 

pe:>KHMa yeKOpeHHH. 
XapaKTepHbiM ~nH pa3aHaaeMbiX npe~eTaaneHHi JIBnJI

eTeJI To, qTo, ao-nepaLix, ~onJI pe3oHaHeHbiX qaeTHU yae
nuqHaaeTeH e poeT OM 06I.Qero qHena qaeTHU H, BO- BTOpbiX, 
qaeno pe30HaHeHbiX qaeTHU B TeqeHHe apeMeHH ~eieTBHJI 
pe3oHaHea /6/ yMeHbmaeTeJI no Mepe Toro, KaK pa6oqaJI 
ToqKa (l;; )

0 
npH6nH:>KaeTeJI K ero nonoee. 

3KenepHMeHT He npOTHBOpeqHT 3THM npe,!l,eTaaneHHJIM. 

CornaeHo puc. 3npa N:~= 1,1-10
13

/KpaaaJI 1/ TeMn 
noTepb Haa6onee BbleoK a Haqane npoueeea /JJ.o 20 Me/; JJ.a
nee, BBe~eHHe eeTOK /KpHBbie 2,3, r)J.e TOK HH:>KeKUHH orpa
HHqeH O,!I,HOH H JJ.BYMJI eeTKaMH/, 3aMeTHO eHH:>KaeT 3TOT 
TeMn. KaK BH~Ho H3 puc. 3, yMeHbilleHHe qaena JaxaaqeH
HbiX qaeTHU B 2 pa3a yMeHbilla.eT ~OnJO noTepJIHHbiX qaeTHU 

e 600/o ,!1,0 300/o. 3aMeTHM, qTO B 3TOM enyqae npH cPOPMH
poBaHHH 6anaHea noTepb aeKnroqaroTeJI pe3oHaHebl vz=ll2, 
v - v = 0 3v = 2. r z • z 

B 3aKnroqeHHe paeeMoTpHM aonpoe o npe,!l,enbHOi HH-
TeHeHBHOeTH nyqKa eHHXPOcPa30TpOHa. IlpoBe,!l,eHHble 3Kene
pHMeHTbl, a TaK:>Ke cPH3HqeeKHe eoo6pa:>KeHHJI, pa3BHTbie 
ablme, JJ.aiOT oeHoaaHHe nonaraTb, qTo npe,!l,enbHaJI HHTeH
eaaHoeTb nyqKa yeKOpHTenH/He TOnbKO eHHXPOcPa30TpOHa/ 
Mo:>KeT npeaLimaTb T .H. npe~en no npoeTpaHeTBeHHo
MY 3apJ1~Y /eM. TaK:>Ke pe3ynbTaTbl, nonyqeHHble a pa6o-

12 

N!JCK 

f, !IC 1<. 

(00 me 
Puc. 3 

Te/8,' /. Iloene,!I,HHH, KaK H3BeeTHO, onpe,!l,enJieTeJI, KaK 
qaeno qaeTHU B eryeTKe, npH KOTOpOM KynOHOBeKoe none 
eJJ.BHraeT qaeTOTbl Kone6aHHi JJ.O 6na:>KaH:mero napaMeTpH
qeeKoro pe3oHaHea. HaeKonbKO aenHKO Mo:>KeT 6b1Tb 3TO 
npeBblilleHHe, 3aBHeHT OT THna yeKQPHTenJI H ero TeXHH

qeeKoro eoeTOJIHHJI. 
B yenoBHJIX eHHxpo«lla3oTpoHa npH JaxaaTe a eenapaT

puey 6onee qeM 1013 qaeTHU eHnbHO yMeHbillaiOTeJI qaeTOTbl 
Kone6aHHi, oeo6eHHO v z • AHanoraqHbli cPH3HqeeKHi 3«P
«PeKT npoJIBnJieTeH H a KBaJa6eTaTpOHHOM pe:>KHMe npH N/3= 
== /2+ 3/.1013; yaenaqeHHe aMnnHTY~ z-Kone6aHHH H eo
oTaeTeTayroi.Qero pa3Mepa nyqKa no aepTHKanu MO:>KeT or
paHHqHTb MaKeHManhHoe JHaqeHHe Nf3 • B eyll\eeTBYIOU\HX 
yenoBHJIX, KaK noKaJLIBaJOT oueHKH H 3KenepaMeHT, 6onee 
eyi.QeeTBeHHbiM OKa3hiBaeTeJI e,!I,BHr qaeTOTbl npH cPOPMHp0-13 
aaHHH eryeTKa a npoueeee yeKopeHHH. IlpH N 3 = 1,5·10 
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qacToTa z -xone6auuil u6nn3H ueuTpa crycTKa uoo6IUe 
o6pall.{aeTCB B uynb. llpu xopoweil xoppeKUHH n(n(O)->const) 
H B03MO)KHOM yuenuqeHHH CKOpOCTH npOXO)K,I(eHHB napaMeT
puqecKOrO pe30HaucajuanpHMep, WOPCHpOBKOH MarHHTHOrO 
nonB ua uaqanhHbiX 30 MC ycxopeuuB/ qucno ycKopBeMbiX 
qacTHU MO)KeT Bee )Ke npeB30HTH KynoHOBCKHH npe,nen, 
KOTOpbiH ,nnB CHHXPOWa30TpOHa npH 3HeprHH HH)KeKI.{HH 
20 M3B B uaweil npe.nhiAYIUeil pa6ore19/ 6bln oueueu, KaK 
paBHbiH npuMepuo 7 ·10 12 p/uMn. llpu qucne Jaxuaqeuublx 
qaCTHU nopB,nKa 1 ,3 • 1013 H BbiOOnHeHHH yKa3aHHbiX yc
noBHH /a TaK)Ke COOTBeTCTBYIOIUHX KOppeKUHH pe30Hau
COB 3- ro H 4- ro DOPBAKOB/ HHTeHCHBHOCTb yCKOpHTenB 
MO)KeT AOCTHraTb 10 13 pju.Mn. 
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