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1. BBe,l(eHHe 
TIpoBe.lJ.eHHble paHee paCLfeTbl[l] nOKa3aJIH, LfTO npH 3HeprHH HIDKeKUHH Wj = 0,3 M3B 

H KpaTHocTH YCKopeHH5I h = 18 ueHTpaJIbHa5I o6nacTb lJ,HKnOTpoHa HMeeT cnHWKOM MaJIble 

nonepeLfHbIe aKcenTaHCbI .lJ.n5I YCKopeHH5I CHnbHOTOLfHoro nyLfKa. ,l:(mI ysenHLfeHH5I 

aKcenTaHCOB 6bIJIa nOBbIweHa ::meprH5I HH)KeKlJ,HH H YMeHbweHa KpaTHoCTb YCKopeHH5I. 

TIapaMeTpbI, Hcnonb3yeMble .lJ.n51 paCLfeTOS, npe.lJ.CTaBneHbI B Ta6nHlJ,e 1. 

T 6 1 na JlHUa apaMeTpblUHKJlOTpOHa 

THn lJ,HKnOTpoHa CeKTOpHbIH 

YCKOp5leMa5I LfaCTHlJ,a .n;eHTpoH 

3HeprH5I HH)KeKlJ,HH (M3B) 0.5 
KOHeLfHa51 3HeprH5I (M3B) 15.0 
HHTeHcHBHoCTb (MA) 10 

Maf"HHTHaSi CHCTeMa 

l.{Hcno ceKTOpoB 4 

YrnOBa5I npOT5I)KeHHOCTb ceKTopa (0) 30 

Me)KnOnIOCHoH 3a30p (CM) 3 
Pa.lJ.HaJIbHa5I npOT5I)KeHHOCTb nonlOca (CM) 15 +165 
Cpe.lJ.Hee MarHHTHoe none (Kf'~ 5 
MaKCHMaJIbHb[H tPnaTTep 1.45 

YCKOPSIlOlUaSi CHCTeMa 

l.{Hcno L\-3neKTp0.lJ.OB 2 
Pe30HaHCHa5I LfaCTOTa (MrlJ,) 49.5 
YrnOBa5I npOT5I)KeHHOCTb L\-3neKTPo.n;oB ( 0) 12.5 
lIll:IpHHa YCK. menH (0) 2.5 
AKcHanbHa5I anepTYpa (CM) 2.0 
Pa.D.HaJIbHa5I npOnl)KeHHOCTb (CM) 15 +165 
Bl.{-Hanp5l)KeHHe (KB) 100+350 

)l,HHaMHKa ...aCTHU 

l.{acToTa o6pameHH5I (MrlJ,) 4.125 
KpaTHOCTb )'cKojleHH5I 12 
Ha60p 3HeprHH (M3B) 0.4+1.2 
IDaI' Op6HT: Ha HIDKeKUHH (CM) 8 

Ha BbIBo.n;e (CM) 5 
qacToTbI cBo6o.n;HbIX Kone6aHHH: pa.n;HaJIbHbIX 1.1+1.2 

aKCHaJIbHbIX 1.0+1.2 
I 

2. 3c1)(lJeKTbl npocTpaHcTBeHHoro 3apH,l(a - aHaJIHTH'IeCKHe ou;eHKH 
CHnbI npOCTPaHCTBeHHoro 3ap5l.n;a B lJ,HKnOTPOHe MO)J(HO pa3.lJ.enHTb Ha CHnbI 

nonepeLfHoro H npo.n;OJlbHOro .lJ.eHCTBHH. TIonepeLfHbIe CHnbI npOCTPaHCTBeHHoro 3apAAa 

npe06Jla.D.aIOT B ueHrpe UHKJIOTPOHa H B OCHOBHOM OCna6n51IOT BePTHKaJIbHYlO tP0KYCHPOBKY. 
TIpo.n;onbHble CHnbI npHBO.lJ.5lT K pa36pocy 3HeprHH, KOTOPbIH npSlMO nponOpUHOHaJIeH 

cpe.n;HeH HHTeHCHBHOCTH nyLJ.Ka H o6paTHO nponOpUHOHaJIeH nonHOH tPa30BOH WHpHHe. 
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2.1. Ou,e1l.Ka 8JlUJlII.UJI nOnepelf1l.0l0 npocmpa1l.Cm6e1l.1I.0l0 3apRoa 
TaK KaK np06JIeMa nonepel.lHoro npoc-rpaHCTBeHHoro 3apR;l:la ;l:lOMHHHPYeT Ha HH3KHX 

:meprHRX, nOCJIe;l:lyIDmHe paCqeTbI C;l:leJIaHbI;l:lJIR 3HeprHH HIDKeKQHH. ,AeHcTBHe 

nOnepeqHoro npOCTPaHCTBeHHoro 3aplI;l:la npolIBJIlIeTCR B BH;l:le YMeHbllIeHHR qaCTOTbI 

6eTa-rpoHHbIX KOJIe6aHHH. BHaqaJIe npOH3Be;l:leM OQeHKY C;l:lBHra qaCTOT, BOCnOJIb30BaBllIHCb 

CJIe;l:lYIOmHMH q,opMYJIaMH[2]: 

Q2 __ Q2 _ 4nroar2"'x /:ir 
Z %0 y3 /:ir + &' r;l:le X - nJIOTHOCTb npoc-rpaHCTBeHHOro 3apMa, npH 

3JlJlHnTHqeCKOM nOnepeqHOM CeqeHHH cryCTKa H paBHOMepHOM pacnpe;l:leJIeHHH 3aplI;l:la 

paBHa 

81 

Qzo=l,O, p=0,023, rod=O, 767'10.16 
CM (KJIaCCHqeCKHH PaAHYC ;l:leHTpOHa), 


r",=cl2Jif=1l57.5 CM. 


/:ir=2 CM ,&=2 CM - pa;l:lHaJIbHbIH, aKCHaJIbHbIH pa3MepbI CryCTKa, I.1rp=n:l6 Bll ­
q,a30BalI npOTlI)KeHHOCTb cryCTKa. 

3HaqeHHe aKCHaJIbHOH qaCTOTbI AJIlI TOKa 20 MA YMeHbllIHTClI Ha 0,3, qTQ ;l:lOnYCTHMO. 

,AaJIee 6bIJIH npOH3Be;l:leHbI oueHKH npe;l:leJIbHoro TOKa (;l:lJIR Tex )Ke napaMe'rpoB) C 

HCnOJIb30BaHHeM UHJlHH;l:lpHqeCKOH MO;l:leJIH nyqKa[3], npe;l:lnOJIaraIOmeH paBHoMepHYIO 

nJIOTHOCTb 3aplI;l:la. CJIe;l:lYlOmHe ;l:lOnymeHHR: a) aKCHaJIbHalI qaCTOTa B ueH-rpe UHKJIo-rpOHa 

MeHbllIe, qeM roPH30HTaJIbHalI; 6) aKcenTaHC YCTaHOBKH MHOro 60JIbllIe, qeM 3MHTTaHC 

nyqKa; B) nyqOK crpynnHpoBaH C q,a30BOH llIHPHHOH /).rp. npHBOART K q,0PMYJIe: 

I - ~(.iJI Rn2 (& 12J2( f1 'PJ 
lim - 4 Z oP'L.zo Roc;, 2rc) 

10 - YHHBepCaJIbHbIH TOK AJIR ;l:leH-rpOHOB 10 ~ 31 MA, (py)10 -Alfven - TOK. 

COrJIaCHO 3TOH q,opMYJIe npe,lleJIbHbIH TOK 1Um =22 MA. 

2.2.0u,eIl.Ka OeiiCm6UJ1 npOOOllb1l.0l0 npOCmpa1l.Cm6e1l.1I.0l0 3apROa 
BJIHlIHHe CHJI npO;l:lOJIbHOro npoc-rpaHCTBeHHoro 3aplI,lla npHBO,llHT K pa36pocy 3HeprHH 

nyqKa, qTO MO)KeT npenlITCTBOBaTb pa3,lleJIeHHIO Op6HT, He06xo,llHMOMY ,llJIlI 3q,q,eKTHBHOrO 

BbIBO;l:la. Pa36poc 3HeprHH, BbI3BaHHbIH npoc-rpaHCTBeHHbIM 3apR,llOM, He lIBJIReTClI JIHHeHHOH 

q,YHKQHeH q,a30BOro pa3Mepa nyqKa. 

TIOJIHbIH pa36poc 3HepmH nOCJIe n o60pOTOB, BbI3BaHHbIH JIHHeapH30BaHHOH qaCTblO 

npoc-rpaHCTBeHHoro 3aplI,lla, MO)KHO oueHHTb no q,opMYJIe[3] ,BbITeKaIOmeH H3 ,llHCKOBOH 
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2,8kn < 1 > 27f n
 
I.1tp Pmax 


OueHKH 6bIJIH npOH3Be,lleHbI AJIlI cJIe,llyIDmHX ,llaHHblX: 

KOJIHqeCTBO 060pOTOB n=20, /3max=O, 126, <[>=20 MA, pa36poc 3HeprHH COCTaBHJI 

LJUsc=2,1 M3B/HYKJIOH. 
KOJIHqeCTBO 060pOTOB n=17, /3max=0,126, <1>=20 MA, pa36poc 3HeprHH COCTaBHJI 

LJUsc=1,5 M3B/HYKJIOH. 
nHHeHHalI qaCTb npoc-rpaHCTBeHHoro 3aplI,lla MO)KeT 6bITb KOMneHcHpoBaHa flattop­

pesoHaTOpoM. ,AeHCTBHe HeJIHHeHHOH qaCTH np0,llOJIbHoro npoCTPaHCTBeHHoro 3apR,lla 
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npHBO,llHT K OrpaHHtfeHHIO Ha npe,llenbHblH TOK nytfKa, CB5I3aHHOMY C pa3,lleneHHeM op6HT. 

BOcnonb3yeMcSI Cne,llYlOlllHM KpHTepHeM pa3,lleneHH5I Op6HT[3]: 

I U r (I1rpJ fJrnav, 
< in2.8kO. 2ft' -;T 

r,lle Vf KOHetfHlUI. :meprnSl, in - npHHHMaJ1aCb paBHOH 0,3 H Onpe,lleAAeT ,llOnlO 

HenHHeHHoro pa36poca HanpSl)l(eHH5I OT nHHeHHoro: 

OUsc(HeJlllHeilHbZU) 5 in .t1Vsc(JlUHeUHbIU). 

B pe3ynbTaTe npe,llenbHblH TOK, ,llOnYCKalOlllHH pa3,lleneHHe Op6HT, npH n= 20 COCTaBHT 

12MA 

3. lJuCJleHHOe MO)J,eJlHpOB8Hue 

3.1. OnmUMaJlblf6le YCJl06UR OJlR UIfJICeKu,uu u,elfmpaJlblfOii QaCmUl(61 

)1.nSl paCtfeTOB ,llHHaMHKH nytfKa 6e3 Y"leTa npOCTpaHCTBeHHoro 3ap5l,lla HcnOnb30BaJ1aCb 

nporpaMMa MOVIDE, BHYTPH KOTOPOH HHTerpHpOBaJ1HCb nonHble ypaBHeHIDI ,llBH)I(eHH5I 

3ap5l)l(eHHOH tfaCTHUbl B :meKTpOMarHHTHOM none UHKnOTpOHa, Bq-Hanp5{)l(eHHe nHHeHHO 

pocno OT 125 B ueHTpe ,llO 250 KB Ha BbIBO,lle, wHpHHa YCKOP5llOlllHX llleneH MeH5InaCb 

nHHeHHo OT 2 ,llO 5 CM. 

B KatfeCTBe CTapTOBOro yrna ,llnSi paC"IeTa ,llHHaMHKH tfaCTHU 6bIn B35IT a3HMYT <P 0°, 

KOTOPblH pacnOnO)l(eH 3a 37,5° ,llO Cepe,llHHbl nepBoH YCKopSilOllleH lllenH. Ha 3TOM a3HMYTe B 

TpexMepHoM <l>a30BOM npocTpaHcTBe (r, r', \II), r,lle \jI - CTapTOBlUI. <l>a3a tfaCTHUbl 

OTHOCHTenbHO BQ-HanpSl)l(eHH5I, npOBO,llHnC5I nOHCK OnTHMaJ1bHOH tfaCTHUbl, KOTOPlUl. 

o6na,llaJ1a 6bl K KOHUY TpeTberO o6opoTa MHHHMaJ1bHOH aMnnHTY,llOH pa.nHaJ1bHblX 

Kone6aHHH H HaXO,llHnaCb B6nH3H MaKcHMYMa BQ-Hanp5l)l(eHH5I B MOMeHT nponeTa 

YCKOP5llOlllHX llleneH. l...{eneBlUI. <l>YHKUH5I BH,lla X = Ar (CM) + \jI/lO (OB1.I), r,lle Ar - aMnnHry,lla 

pa,llHaJ1bHblX Kone6aHHH, HcnOnb30BaJ1aCb B npouecce nOHCKa OnTHMaJ1bHOH tfaCTHUbl. 3TH 

paCtfeTbl noKa3aJ1H, tfTO HeB03MO)l(HO O,llHOBpeMeHHO ,l106HTbC5I HyneBblx pa.nHaJ1bHblX 

Kone6aHHH H MaKCHMaJ1bHOro Ha60pa :meprHH. MHHHMaJ1bHOe 3HatfeHHe ueneBOH <l>YHKUHH 

OKa3aJ10Cb paBHblM 0,7, tfTO COOTBeTCTBOBaJ10 "IaCTHue C Ar = 0,5 CM H \jI = 2,00BQ. B 

MOMeHT cTapTa :na "IaCTHua HMena Cne,llYlOlllHe napaMeTpbl: r=31,42 CM, r'=1,41 CM, 

\jI =-400BQ. Ha pHC. 1 nOKa3aHa TpaeKTOpHSI OnTHMaJ1bHOH tfaCniUbl B TetfeHHe nepBblx Tpex 

060pOTOB. 

3.2. AKcenmalfc61 l(elfmpaJIblfOii o6Jlacmu YCKopUmeJlR 

):(mt paCtfeTa aKcenTaHCOB CHatfaJ1a reHepHpOBaJ1HCb cnYtfaHHblM 06pa30M Ha60Pbl 100 

tfaCTHU B 5-MepHoM <l>a30BOM 06'beMe (r, r', z, z', \II), KOTOPblH OKPY)I(aJ1 OnTHMaJ1bHYIO 

tfaCTHUY. BapbHpOBaJ1HCb CPa30BlUI. npOT5I)I(eHHOCTb cryCTKa, ero nOnepetfHble pa3Mepbl H 

0pHeHTaUH5I oceH 3nnHnCOB Ha <l>a30BbIX nnOCKOCT5IX. 3aTeM 3TH Ha60Pbl tfaCTHU 

YCKopnnHCb B TetfeHHe Tpex 060pOTOB. B KatfeCTBe orpaHHtfeHHH, onpe,llen5llOlllHX 3HatfeHHn 

aKcenTaHCOB UHKnOTpOHa, B ,llaHHOM cnYtfae 6bInH HCnOnb30BaHbl Cne,llYlOlllHe nOnO)l(eHIDI: 

• pa.nHaJIbHlUI. npOTn)l(eHHOCTb CBo60,llHOH OT tfaCTHU 30HbI Me)l(,llY HH)I(eKTHpyeMblM 

nYtfKOM H COBepWHBWHM O,llHH 060pOT ,llOn)l(Ha 6bITb He MeHee 1a CM~ 

• aKCHaJIbHblH pa3Mep nY"IKa He ,llOn)l(eH npeBbIwaTb 0,75 anepTYpbl A-3neKTpO,lla. 

B pesynbTaTe paCtfeTOB 6bInH nonY'ieHbI Cne,llYlOlllHe 3HatfeHHSI aKcenTaHCOB : 

- pa.nHaJIbHblH Er=1261t MM·MPa.n; 

- aKCHaJIbHblH Ez= 251t MM·MPa.n; 

- <l>a30BbIH EIf'= 30° BQ. 
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Ha pHc.2 npHBe,tteHbI Ha 4>a30BbIX nJIOCKOCTHX pa.z:tHaJIbHOrO H aKCHaJIbHOro ,ttBH)I(eHIDI 

CTapTOBbIe nOJIO)l(eHHj{ 100 qaCTHU, COOTBeTCTBYlOlllHe aKcenTaHcaM ueHTPaJIbHOH 06JIaCTH 

UHKJIorpoHa. Ha pHC.) nOKa3aHbl nepBbIe 060pOTbi 100 qaCTHU, 3anOJIHHBWHX aKcenTaHC 

UHKJIorpoHa. Ha PHC.4 npHBe,tteHbI aKCHaJIbHbIe rpaeKTOpHH 3THX )l(e qaCTHU. 3aMeTHO 

YBeJIHqeHHe aMnJIHTY,tt aKCHaJIbHblX KOJIe6aHHH npHMepHo B ) pa3a BO BpeMj{ nepBblX ,ttByx 

o60poTOB. npHqHHa pOCTa aKCHaJIbHbIX aMnJIHTY,tt OCTaJIaCb nOKa HeBbIj{CHeHHoH. BecbMa 

BepOjITHO, "ITO 3TOT 4>aKT CBj{3aH C TeM, "ITO qaCTOTbI CB060,ttHbIX nOnepeqHblX KOJIe6aHHH Ha 

nepBOM o60poTe 6JIH3KH (Q, =1,1, Qz =1,05), a Ha BTOPOM H nOCJIe,ttylOlllHx 060poTax 

npaKTHqeCKH COBna.z:taIOT (Q, ~Qz ~1,2). 
no cpaBHeHHIO C npe,ttbl,ttYlllHM BapHaHTOM UHKJIorpoHa YBeJIHqeHHe 3HeprHH 

HH)I(eKUHH H YMeHbweHHe KpaTHoCTH YCKopeHHj{ npHBeJIH K CYllleCTBeHHOMY YBeJIHqeHHIO 

(B 7 pa3) pa.z:tHaJIbHOro aKcenTaHca ,tta)l(e npH 60JIee )l(eCTKOM ero onpe,tteJIeHHH (paHee 

,tteKJIapHpOBaJIaCb cBo60,ttHM 30Ha 5 CM). <t»a30BbIH aKcemaHC TaK:>Ke BbIpOC H OqeBH,ttHO, qro 

OH MO)l(eT 6bITb ellle YBeJIHqeH, eCJIH pa.z:tHaJIbHblH 3MHTTaHC HH)I(eKTHpyeMoro nyqKa He 

6y,tteT npeBbIwaTb 1001t°MMoMpa,tt. AKCHaJIbHblH aKcemaHC npaKTHqeCKH He H3MeHHJICj{, H 

npHqHHa 3TOro 3aKJIlOqaeTcj{ B pOCTe aKCHaJIbHbIX aMnJIHTY,tt no HeBblj{CHeHHbIM nOKa ,tt0 

KOHua npHqHHaM. B03MO)l(HO, l.fTO MbI Ha6JIIO,ttaeM ,tteHCTBHe Pa3HOCTHOro pe30HaHCa CBj{3H 

Qr - Qz =0. 

PHC. 1. nepBbIe rpH 060poTa ueHrpaJIbHOH qaCTHUbI 4>a30BOro 06'beMa 

2.S 

2,0 • of·· • . .,•.,.t.;
•"..-r.....",.. . . 

a' ••••• • .,.-.,.' a):.:-.. 
0,5 

0,4 

0,2 

'E' 
-2.00 
a..... 

-0,2 

-0,4 

... ...
fII•• •... \ ."':-­

••1' "". . '...... 
• , c­ ... ,.,... ,"" ...~ 
.:, 4 ~ 

b) 
0,0 -\--.-...,---.--,---.----.--.....---.--.....-.--....--1 


30,0 30,5 31,0 31,5 32,0 32,5 33,0 
 -0,4 -0,2 0,0 0,2 0,4 

R(cm) Z(cm) 

PHC, 2. CTaproBble nOJIO)l(eHHj{ nyqKa Ha 4>a30BblX nJIOCKOCTHX pa.nHaJIbHoro a) H 

aKCHaJIbHOro 6) ,ttBH)I(eHHj{. llnollla,ttH, 3aHHMaeMbie nyqKOM, COOTBeTCTBYfOT aKcellT8.HCaM 

UHKJIorpOHa 
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30 
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X(cm) 

PlIC. 3. IIepBble TplI o6opoTa 100 qaCTlIl.I" npe.llCTaBJUHOIl.l,lIX tPa30BbIH: 06'beM nyqKa, paBHblu 

aKcenTaHcy l.I,eHTPaJIbHOH: 06JIaCTlI l.I,lIKJIOTpOHa 

z (em) 

2.50 

Axial t~ajectory 
dturn= .01 D Q= 1 U=12S. h=12 Fmi= -4.3 Fma= -2.3 f~ 4.125 

I I I 

2.00 -----~------r-----:-----

1 .. 50 - - - ­ ~ - - - - - -,- - - - - - ~ - - - ­

1.00 

.50 

.00 
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1.00 

1.50 

2.00 

2.50 
.00 

I I 

.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 
T URN S 

PlIC. 4. AKCIHUlbHble TPaeKTOplIlI 100 qaCTlIl.I" npe.llCTaBJUHOIl.l,lIX tPa3OBhIH: 06'beM llyqKa, 

paBHbIU aKcenTaHCY l.I,eHTpaJIbHOH o6JIacTlI l.I,lIKJIOTPOHa 
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3.3. 3tjJljJeKmbl npocmpaHcm8eHHolo 3apRoa 
)1,ml paCqeTOB HCnOJIb30BaJIC~ nporpaMMHblH KOMnJIeKc[4], B OCHOBe KOToporo JIe)l(HT 

nporpaMMa NAJO [5], C03Jl:aHHM Jl:JI~ paCqeTOB Jl:HHaMHKH qaCTHQ B CeKTOpHblX 

UHKJIOTpOHax GANIL. 
B OCHOBe nporpaMMbl: 

HHTerpHpOBaHHe Jl:H<p<pepeHUHaJIbHbIX ypaBHeHHH MeTOJl:OM PYHre-Kyrra (mar 

HHTerpHpoBaHH~ 0.5°); 

YCKopeHHe - B npH6JIH)l(eHHH TOHKHX JIHH3 (nocTO~HHM CKOPOCTb H KoopJJ.HHaTa), 

TOJIqKH B QeHTpe yCKop~IDI.QeH I.QeJIH, HMeeTC~ B03MO)l(HOCTb pa3MeI.QeHH~ flattop­

pe30HaTopa; 

JJ.JI~ MOJJ.eJIHpOBaHH~ nyqKa HCnOJIb3yeTC~ 100+200 qaCTHQ; 

Jl:eHCTBHe npocTpaHcTBeHHoro 3ap~JJ.a yqHTblBaeTC~ 8 pa3 Ha o6opoTe. MCnOJIb3yeTC~ 
"equivalent continuous method". 

fIporpaMMa JJ.onOJIHeHa nOJJ.nporpaMMaMH, BbllmCJI~IDI.QHMH H30xpOHHoe nOJIe no 

MeTOJJ.Y rOpJl:OHa, KOppeKTHpyIDI.QHMH paCqeTHOe nOJIe, BblqHCJI~IDI.QHMH 6eTaTpoHHble 

qaCTOTbI. 

}1,mI paCqeTOB HCnOJIb30BaJIOCb H30xpOHHoe nOJIe, npeJJ.CTaBJIeHHOe B pa60Te[ 1] . 
Ha60p :meprHH npoHcxoJJ.HJI B TeqeHHe 20 060pOTOB. B KaqeCTBe cTapTOBoro yrJIa 6bIJI B3~T 

a3HMYT q> = - 45°. Ha pHc.5 <pa3a UeHTpaJIbHOH qaCTHl.lbI nOKa3aHa B 3aBHCHMOCTH OT 

paJl:Hyca. 
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i\-~ 

~I~ I 
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II 

-30 
0,2 0,4 0,6 	 0,8 1,0 1,2 1,4 1,6 

Radius (m) 

PHC. 5. <l>a30BOe Jl:BH)l(eHHe l.leHTpaJIbHOH qaCTHl.\bl 

Ha pHC. 6 )laRa 3aBHCHMOCTb 3HeprHH QeHTpaJIhHoH qaCTHQhI OT PMHyca. Ha pHc.7 - qaCTOThl 

CB06o)lHhIX KOJIe6aHHH. 
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Ha60pa 3Hepnm, pe30HaHC He OKIDKeT BJIHjlHHjI Ha ,nBmKeHHe '-IaCTHU, o,nHaKO B ,naJIhHeHmeM 

CJIe,nYeT npOBeCTH )lOnOJIHHTeJIhHhle paC'-IeThl, npOBepjllOIUHe )laHHOe YTBep)l(.l{eHHe. 

3.3.1. n:eHTp 

Ha pHc.8 npe,ncTaBJIeHhI 3aBHCHMOCTH 3<p<peKTHBHhIX aKCHaJIhHhIX 3MHTTaHCOB OT 

3HeprHH )leHTPoHoB B oTcyrCTBHe npocTPaHcTBeHHoro 3apjl,na H )lAA TOKa 20 MA. fu 
pHcYHKa BH,nHO, '-ITO ,neHcTBHe nOnepe'-lHhlX CHJI npocTpaHcTBeHHoro 3apjl,na npHBO)lHT K 

pe3KoMY YBeJIH'-IeHHIO 3<p<peKTHBHOrO aKCHaJIhHOrO 3MHTTaHca B ueHTpe YCKopHTeJIjI, O)lHaKO 

aKCHaJIhHhlH pa36poc npH 3TOM He npeBhlmaeT anepTYphl YCKopHTeJIjI. CJIe)lYeT 3aMeTHTh, 

'-ITO paC'-IeThl no )laHHOH nporpaMMe ,nalOT 60JIee OnTHMHCTH'-IHoe 3Ha'-leHHe aKCHaJIhHOro 

aKcenTaHca -S01t'MM'Mpa)l, '-IeM 6hlJI0 nOJIY'-IeHO Bhlme, '-ITO 06bjlCHjleTCjI Pa3JIH'-IHhIM 

npe)lCTaBJIeHHeM YCKOpjllOIUero nOAA B nporpaMMax H yKa3hIBaeT Ha He06xo,nHMOCTh 

TIUaTeJIhHhlX paC'-IeTOB ueHTPaJIhHOH 06JIaCTH UHKJIOTpOHa. 
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PHC. 8. 3aBHcHMoCTh 3<p<peKTHBHhIX aKCHaJIhHhIX 3MHTTaHCOB OT 3HeprHH ,neHTPQHoB 

):{JIjI 1=0 MA H 1=20 MA 

TaKHM 06pa30M, rrpe,neJIhHhIH TOK MO)ICHO 6hlJI0 6hI C'lHTaTh paBHhIM 20 MA, 'ITO 

corJIacYeTcjI C aHaJIHTH'-IeCKHMH oueHKaMH. O,nHaKo cJIe,nYeT 3aMeTHTh, 'ITO B pac'leTax 

3MHTTaHC BhI'-IHCAAJICjI KaK <PYHKUHjI Cpe)lHeKBa.npaTH'lHoro OTKJIOHeHBjI, TO eCTh He Bce 

'-IaCTHUhl nona.naJOT B 3MHTTaHC, CJIe,nOBaTeJIhHO, peaJIhHhlH npe,neJI no rrOrrepe'lHOMY 

rrp0CTpaHCTBeHHOMY 3apR,ny Haxo,nHTCjI HH)lCe, 'leM 20 MA. 
Ha pHc.9a,6 rrpe)lCTaBJIeHhI pa.nHaJIhHhle pacrrpe,neJIeHBjI 'laCTHU .ll)UI rrepBhIX TPex 

o60poTOB (a - 100 'laCTHQ, 6 200 'laCTHU). BH,nHO, 'ITO pa3,neJIeHHe op6HT COCTaBJIJleT 

OKOJIO 8 CM H npaKTH'lecKH He 3aBHCHT OT KOJlH'leCTBa 'laCTHQ, n03TOMy Bce ,naJIhHeHIIIHe 

paC'leThl rrpoBo,nHJIHCh)lJlR 100 'laCTHU. 
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3.3.2. 30Ra BblBOAa 

,Z:(ml rronyqeHlliI qeTKOro pa3,Zl;eneHUSI Op6HT B 30He BbIBO,Zl;a Heo6xo,Zl;HM HHTeHcHBHbIH 

Ha60p 3HepmH (qT06bI MHHHMH3HpoBaTb ,Zl;eHCTBHe rrpO,Zl;OnbHoro rrpocrpaHCTBeHHoro 

3apMa). TIpH 3TOM H}')l(HO o6eCrreqHTb coxpaHeHHe Ha.,llne)l(amero KaqeCTBa rryqKa B 

rrpOl~ecce YCKopeHHSI, a HMeHHO He ,Zl;OrrYCKaTb pOCTa Pa.,llHMbHOro 3MHTTaHca. B HaUIHX 

pacqeTax Ha60p 3HepmH rr03BonHn YCKOpHTb rryqOK ,Zl;eHrpOHOB ,Zl;O 3HeprHH 15 M3B 3a 20 

060pOTOB. TIpH 3TOM HarrpSl)l(eHHe Ha pe30HaTOpax MeHSlnOCb mfHeHHo OT 100 ,Zl;O 350 KB. Ha 

pHC. 1Oa rrpe,Zl;CTaBneHbI rrOCne,Zl;HHe rpH o6opoTa rryqKa ,Zl;eHrpoHoB. PaccToSlHHe Me)l(,Zl;Y 

o60poTaMH OKono 5 CM, rrpH 3TOM Ha6nlO,Zl;aeTCSI cymecTBeHHoe YIllHpeHHe rryqKa, 

rrpHBOMmee K YMeHbIlleHHIO 30HbI, CBo60,Zl;HOH OT qaCTHI..(,,Zl;O 2 CM. MCrrOnb30BaHHe flattop­

pe30HaTOpa rrpHBO,Zl;HT K HeKOTopOMY ynyqIlleHHIO KaqeCTBa nyqKa (pHc.l06) H, 

Cne,Zl;OBaTenbHO, K YBenHqeHHIO rrpe,Zl;enbHOro TOKa. Ha pHC. 11 a rrpe,Zl;CTaBneHbI pa,Zl;HMbHbIe 

pacrrpe,Zl;eneHHSI qaCTHl.{ nOCne,Zl;HHX rpex 060pOTOB ,Zl;nSl HHTeHCHBHOCTH 10 MA. ,Z:(eHcTBHe 

nHHeHHoH qaCTH CHn rrpO,Zl;OnbHoro rrpocrpaHcTBeHHoro 3apMa cKoMrreHCHpOBaHO 

COOTBeTCTBYlOmHM 3HaqeHHeM <Pa3bI flattop-pe30HaTopa. BH,Zl;HO, qTO pa3,Zl;eneHHe Op6HT 

COXPaHSIeTCSI. Ha pHC. 12 npe,Zl;CTaBneHbI <pa30BbIe rroprpeTbI rryqKa ,Zl;nSl nepBbIx H nOCne,Zl;HHX 

rpex 060pOTOB. Ha6nlO,Zl;aeTCSI cymecTBeHHoe YIllHpeHHe rryqKa no 3HeprHH B rrpol.{ecce 

YCKopeHlliI. AnSI 20 MA He y,Zl;MOCb rronyqHTb pa3,Zl;eneHHbIX op6HT (pHc.116). B03MO)l(HO 

(cornaCHO aHMHTHqeCKHM Ol.{eHKaM) YBenHqHTb rrpe,Zl;enbHbIH TOK, YMeHbIllHB qHCnO 

o60poTOB, O,Zl;HaKO nonbITKH YBenHqHTb HarrpSl)l(eHHe rrpHBenH K poery Pa.,llHMbHOro 

3MHTTaHca. 

4. 3aKJ1IOQeHHe 

YBenHqeHHe 3HepmH HH)l(eKl.{HH H YMeHbIlleHHe KpaTHOCTH YCKopeHHSI npHBenH K 

cymecTBeHHOMY YBenHqeHHIO aKcemaHca l.{HKnorpOHa. 

CHnbI rrpOCTpaHCTBeHHoro 3apSl,Zl;a ,Zl;OnYCKaIOT pa60TY YCKopHTenSl B pe)l(HMe 

pa3,Zl;eneHHbIX op6HT C npe,Zl;enbHbIM TOKOM rryqKa 10 MA. 

TaK KaK B l.{eHTpe l.{HKnorpoHa YCKopeHHe npOHCXO,Zl;HT B HerrOCpe,Zl;CTBeHHoH 6nH30CTH 

OT pe30HaHcoB Qr - Qz =0, Qz =1, cne.D;yeT H3MeHHTb MarHHTHYIO cHcTeMY YCKOpHTenSl Hnu B 

CTOPOHY ycuneHHSI aKcHMbHOH <POKYCHPOBKH,Zl;O Qz =1.2+1.3, Hnu B CTOpOHy YMeHbIlleHlliI 

Qz ,Zl;O 0.9+0.95, a TaK)l(e npoBeCTH ,Zl;OrrOnHHTenbHble paCqeTbI, C l.{enblO HCCne,Zl;OBaHlliI 

BnHSlHHSI pe30HaHcoB Ha ,Zl;BH)l(eHUe qaCTHl.{. 

ABTOPbI BbIP~aIOT CBOIO rny6oKYlO npH:maTenbHocTb E.M.CbIpeCHH}' 3a rrOAAep)l(KY 

rrpH rrpOBe,Zl;eHHH pa6OTbI. 
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BOpmKllOB C.D. H L{p. P9-2000-274 
.llHHaMHKa 'IaCTHll C ytleTOM BJIHSHIDI "POCTpaHCTBeHHOrO 3apAAa 
B CHJIbHOTO'IHOM llHKJIOTpOHe 
(.llejhpoHHbIH BapHaHT) 

IIpHBeL{eHbI pe3YJIbTaTbI 'IHCJleHHbIX paC'IeTOB OCHOBHbIX XapaKTepHCTHK 
CHJIbHOTO'IHOro llHKJIOTpOHa, IIpeL{Ha3Ha'IeHHoro L{JIS IIOJIytleHIDI IIytlKa L{eHTpO­
HOB C KOHe'IHOH 3HepnfeH 15 M3B. IIpeL{CTaBJIeHbI aHaJIHTH'IeCKHe H 'IHCJIeHHbIe 
OlleHKH 3cpcpeKToB "pocTpaHcTBeHHoro 3apAAa Ha L{HHaMHKY 'IaCTHll. IIOKa3aHO, 
'ITO CHJIbI "pOCTpaHCTBeHHOrO 3apSL{a L{OIIYCKaJOT pa60TY YCKOpHTeJIS B peXHMe 
pa3L{eJIeHHbIX Op6HT C IIpeL{eJIbHbIM TOKOM IIytlKa 10 MA. 

Pa60Ta BbIIIOJIHeHa B JIa60paTopHH AAepHblx IIp06JIeM HM. B.II..IlJK:eJIeIIOBa 
OIDIH. 

Coo6meHHe 06'benHHeHHoro HHCTJIryra AAepHblX HccnenOBaHHH. Jly6Ha, 2000 
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The calculations of beam dynamic characteristics of High-Current Cyclotron 
for deuteron beam of 15 MeV energy are presented. Analytical and numerical esti­
mations of space charge effects are given. Current limit due to space charge forces 
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