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BBE,llEHHE 

3¢¢eKT paClIlHpeHKfI paBHOBeCHbIX Op6HT B CTImHOHapHblX MarHHT

HbIX nomIX, npe.llnO:>KeHHbID: B pa60Te /11J 6bIn HcnOnb30BaH B TeopeTH

lIecKHX H 3KcnepHMeHTanbHbIX pa60Tax' 2, 31 )J,nH C03.llaHKfI CHCTeMbI 

BbICoK03¢¢eKTHBHoro BbIBo.lla nYIlKa H3 ceKropHblx QHKnOTpOHOB Tuna 

"Me30HHbIX ¢a6pHK". npH 3TOM npe.llnonaranOCb, liTO MarHHTHaH CHCTeMa 

YCKOpHTenH COCTOHT H3 N OT.lleJII/HbIX CeKTOpOB, H aMnnHTY.lla N - H 

rapMOHHKH COH3MepHMa no BenHlIHHe CO 3HalleHHeM Cpe.llHero MarHHTHoro 

nonH MarHHTHOH CHCTeMbI. 

npe.llCTaBnHeT onpe.lleneHHblH HHTepec Hccne)J,OBaHHe B03MO:>KHOCTH 

npHMeHeHHH 3¢¢eKTa paClllHpeHKfI op6HT B CHneMax BbIBO.lla )J,nH MarHHT

HbIX CHCTeM C OTHOCHTenbHO He60IJbllIOH BapHaQHeH nonH «(), KOTopaH 

onpe)J,enHeTCH KaK OTHOllIeHHe aMllJIHTY)J,bI OCHOBHOH rapMOHHKH K BenH

lIHHe cpe)J,Hero MarHHTHoro nonH. 

B )J,aHHOM C006lQeHHH npOBe)J,eHO 06lQee paCCMOTpeHHe TaKOH B03

MO:>KHOCTH H BbInOnHeH KOHKpeTHbIH pacqeT npHMeHeHHR 3¢¢eKTa pac

llIHpeHKfI Op6HT (3PO) B CHCTeMe BbIBO.lla H- -HOHOB Me30HHOH ¢a6pHKH 

TRIUMF. 

1.0Elll11E COOTHOllIEHI1H ,llJIH 3PO 

113BecTHO {2/, liTO paCllIHpeHHe paBHOBeCHblX op6HT B 3a,llaHHOM 

)J,Hana30He Pa,llHYCOB Bbl3bIBaeTCR HenHHeHHoH 3aBHCHMOCTblO B)J,onb 

pa,llHyca aMnmUY.llbl OCHOBHOH rapMOHHKH Be)J,YlQero MarHHTHoro nonR. 

B nepBOM npH6nH:>KeHHH 3¢¢eKT paCllIHpeHHH onpe.llenReTCH cne)J,YlOlQHMH 

Bblpa:>KeHKflMH 12/. 

dr ~p ~W 
-- = a -- a --, (1) 
r p 132E 

a'" [1 +n + _1_(82 +fd)]-l (2) 
2N2 

r)J,e a - K03¢¢HQHeHT YllJlOTHeHHH (paCIllHpeHKfI) paBHOBeCHbIX Op6HT 
f dB BN 

no cpe)J,HeMY pa,llHYCY (r), N - lIHcno ceKTopOB, n ~ - -- f=o--
9 dr' Bf2 d BN r2 d2i3NBapHImHH nomi, S = -- -, d = -- ---; p. {3, E, W - HMnynbc, CKO

B dr n dr 2 
POCTb, nOnHaH H KHHeTHlleCKaH 3HeprKfl lIaCTHQbl. 

npH BbIBO.lle npH6nH:>KeHHOH ¢opMynbl (2) Hcnonb30BanHCb cne

)J,YIOIQHe HCXO)J,Hble COOTHOllIeHHR: 

"'-llidtHiiLit IOICTl'ryt I 
IICfIBWX liCC .1~.aJBlulll 
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(3E ~ eBCA, 
(3) 

- "" 
B B(r) + ~ BkNcos[c1l (r) - kN 

z k ~ 1 kN 

r dA -1 


11.=(1+nl---'
A dr 

r,ll;e B - MarHHTHOe nOJIe B nJIOCKOCTH CHMMeTpHH, A - 6e3pa3MepHhlfiz 
K03q,q,HuHeHT, 3aBHCRmHH TOJIbKO OT napaMeTpoB CTPYKTYPbl MarHHT

Horo nOJIR. 

BbIproKeHHe ,ll;JIR A HaxO,ll;HTCR H3 ypaBHeHHH nBH:1KeHHR H C TOll 
1 u 

J'iOCTblO,ll;O N2 nJIR OCHOBHOH rapMoHHKH MarHHTHOrO nOJIR onpe,ll;eJIR

eTCR ypaBHeHHeM 

3 2 1 3(2
A - A - -- (sA - -- =0. (4)

2N2 4N2 

Henocpe.nCTBeHHO H3 HaxO,ll;HTCR :~ H nOJIYllaeTcR q,OPMYJIa (2), 

KOTOpylO HCnOJIb3yeM ,ll;JIR npe,ll;BapHTem'Horo aHaJIH3a. 

KaK cJIe,ll;YeT H3 (2), BBe,ll;eHHeM KBa.D;paTHllHoH HeJIHHeHHOCTH B 

OCHOBHYIO rapMoHHKY nOJIR, a HMeHHO BbI6opOM BTOPOH npOH3BO,ll;HOH 

3aBHCHMOCTH BN (r), KOTOPaFI ,ll;JIR paCIllHpeHHR op6HT nOJI:lKHa 6bITb 

oTpHD;aTeJIbHOH, MO:1KHO perYJIHpOBaTb B IllHPOKHX npeneJIax CTPYKTYPHYIO 

CeTb paBHOBeCHblx op6HT npH 3a.D;aHHOM Ha60pe :meprHH 3a 060pOT. 

nOcJIe pR,ll;a npe06pa30BaHHH Bblpa:>KeHHe (2) MO:>KHO 3anHcaTb 

B BHlI.e 

2 
- - 1 ))d B N B r [ 2 + 2N 2 (1 + n _ _ • 

------ S a-- - -3 
dr 2 er 

113 (5) cJIenYeT, lITO npH 3a,ll;aHHOH KOHe1JHOH :meprHH YCKopReMOH 1JaCTH

UbI (Sxr) H BbI6paHHOH CTpYKType MarHHTHOrO nOJIR BeJIH1JHHa BTOPOH 

npOH3Bo,rumH, Heo6xonHMOH MR peaJIH3aD;HH 3a,D;aHHOrO paCIllHpeHHR 

op6HT (a), nponOpUHOHaJIbHa 1/ef 3. nO:nOMY ,ll;JIR peaJIH3aIlHH 3q,q,eKTa 

paCIllHpeHHR op6HT B MarHHTHblX CTPYKTYpax C MaJIOH BapHaIlHeH Heo6

XO,ll;HMO COOTBeTCTBYlOmee YBemi1JeHHe cpe,ll;Hero pa,D;Hyca PaBHOBecHOH 

Op6HTbI. 

nepHO,ll; 06pameHHR qacTHD;bl B MarHHTHOM nOJIe C nepHOnHtlecKoH 

BapHan;HeH OnpeneJIReTCR Bblpa:>KeHHeM 

r
T ~C(l + a) --- (1 + alT (6)

(3r 0 ' c(3 
"" 

2 

rne TO - nepHo,ll; 06pameHHR B H30XPOHHOM nOJIe; a K03q,q,HQHeHT, 

yqHTblBalOmHH Y,ll;JIHHeHHe Op6K1bl H3-3a OTJIHllHR ee $OpMbl OT OKPY:>K

HOCTH.i r;,., Eo /zeBo ' B nepBOM npH6JIH:>KeHHH 3TOT K03q,q,HUHeHT paBeH 

[_.....:_~_ )2 (7)a 
2 ' 

2A(N - 1 - n) 

B H30XPOHHOM pe:1KHMe (T '" TO) 3aBHCHMOCTb Cpe,ll;HerO nOJIR onpe,ll;e

JIReTCR q,0PMYJIOH.. 
2 2 1/2

B(r) = B 0(1 + a) / A [ 1 - t. (1 + a) 

rne t. = r /r "", B 0 - H30xpOHliOe nOJIe npH r O. B 30He paclllHpeHHR 

H3-3a cymecTBeHHoro H3MeHeHHR A H a H30XPOHH3M nBH:>KeHHR qaCTHl( 

HapywaeTcR. BeJIHllHHY q,a30Boro C1J,BHra B 3TOH 30He MO:>KHO onpeneJIHTb 

H3 BbJpa:>KeHHH '2' 

1 L\r. 
AlP 217,q· }; [1 - --1 _~I" (9) 

2 
ajYj r i 

r,ll;e CYMMHpOBaHlol.e no i cooTBeTcTByeT llHCJIY 060POTOB B 30He pacwHpe

HHR Op6HT. 3TOT q,a30Bb1H c,ll;BHr B03MO:lKH0 MHHHMH3HpOBaTb COOTBeT

CTBYlOmeH KoppeKUHeH cpenHero MarHHTHOrO nOJIR. 

qacToTbl cB060nHblx KOJIe6aHHH B 30He pacwHpeHHR TaK:>Ke H3Me

HRIOTCR. ,llJIfi oueHKH 3Toro H3MeHeHHR MO:>KHO HCnOJIb30BaTb q,OPMYJIbl/2I 

2 2 1 2
Q2 Q20 I ....!:_ (s2 + f d) • Q = Q 0 + --(S - f d) • (10) 

r r 2N2 z z 2N2 

rne Q rO • Qzo - 1JaCTOTbl HenocpenCTBeHHo nepen 30HOH peCIllHpeHHR. 

113 (10) cJIenYeT, 1JTO B 30He pacIllHpeHHR qaCTOTa aKCHaJIbHblX KOJIe

6aHHH YBeJIHqHBaeTCR, a Pa,D;HaJIbHbIX - YMeHblllaeTcfI, OnHaKO Bcer,ll;a 

Q2 l/a. AeTaJIbHOe paccMoTpeHHe ,ll;JIR KOHKPeTHOH MarHHTHoH CHCTeMbl 
r 

Heo6xonHMo npOBo,ll;HTb c nOMOlIlblO qHCJIeHHblX paC1JeTOB Ha 3BM. 

2. QI1CflEHHOE MOAEfll1POBAHI1E 3PO 

AJIR qHCJIeHHOrO MOneJIHpOBaHHR 3q,q,eKTa paCIllHpeHHR paBHOBeC

HblX op6HT Ha 3BM EC-1010 C03,ll;aH naKeT npOrpaMM, 06eCneqHBaIOIUHH 

npHeM H 06pa60TKY HCXO,ll;HOH HHq,OPMauHH, 3a.D;aHHOH Ta6JIHlJHbiM cnoco

60M, BblqHCJIeHHe Heo6xonHMbix napaMeTpoB H q,YHKQHH H Bbl,lJ,allY no

JIyqeHHOH HHq,opMaIlHH Ha rpaq,onOCTpOHTeJIb 14/, Bce nporpaMMbl pa60
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TaIOT B ,n:HaJIorOBOM peJKHMe H n03BOJIHIOT B npouecce CqeTa onepaTHBHO 

BHOCUTb HSMeHeHUH HCXO,n:HbIX napaMeTpOB C nyJIbTOBOro ,n:HCnJIeH EC-IOI0. 

OCHOBHble nporpaMMbI Cos,n:aHHOrO naKeTa HCnOJ1bSYIOT CJIe.n:yIOW;He 

aJIropUTMbl, nOJIyqeHHble HS aHaJIHTHqeCKHX BblpaJKeHHM (3), (4): 

1) npOrpaMMa ALFA 
B28 	 2 r BN dB N 3 NA -A --._.-.A-- o.n2 4N 22N2 dr 	 S2 

(11) 
r 	 dB r dA-1

a(r) 	= [ 1 + - • - + -- • -]
8 dr A dr 

OCYW;ecTBJIHeT pellIeHHe Ky6HqeCKOrO ypaaHeHHH MH A H no sa,n:aHHbIM 

Ta6JIHuaM cpe,n:Hero nOJIH H OCHOBHOM rapMoHHKH onpe,n:eJIHeT HCxo,n:HbIe 
¢>YHKUHH A(r) H a(r). 

2) nporpaMMa EFRO 

dA A r 
== - [1 - aU + - ~~)]

dr ra 13 dr 

dB N 3BN 2N 282 	 (12) 

-- - - + --_. A(A - 1 ) 
dr 2rA rBN 

ocyw;eCTBJIHeT (MeTo,n:oM PYHre - KYTTa 4 nOpH,n:Ka) pellIeHHe C»CTeMbI 

(12) H no Sa,n:aHHOM Ta6JIHue cpe,n:Hero nOJIH H Sa,n:aHIiOM HOBOM ¢>YHK

u;HH a (r) HaxO,n:UT HOBbie SaBHCHMOCTH napaMeTpa A H OCHOBHOH rapMoHH

KH nOJIH B N{r), 06eCneqHBaIOW;He sa,n:aHHOe pacllIHpeHHe Op6HT. Onpe,n:e

JIHIOTCH TaKJKe nepBble H BTopble npoH3Bo,n:HbIe OT BN (r) • nporpaMMa 

nOSBOJIHeT BhInOJIHHTb MHorOKpaTHble UHKJIbI paCqeTa H nocTpoeHHH 

¢>YHKu;HH A(r). BN(r) ,n:JIH pasJIHtJHbIX a (r) • 
3) nporpaMMa nRUN ocyw;eCTBJIHeT pellIeHHe ypaBHeHHH pa,n:HaJIb

HOro ,n:BHJKeHUH SapHJKeHHOM qaCTHUhl. I1cxo,n:Hble Ta6JIHUbI MarHHTHoro 

nOJIH SanHCaHbI Ha ,n:HCKOBble ¢>aMJIbI. 3aBHcHMoCTb B N(r). HaH,n:eHHaR 

nporpaMMoH EFRO, MOJKeT onepaTHBHO nepe,n:aBaTbCH B cooTBeTcTBYIO

Iu;HH ¢>ai1J1, H saTeM C nOMOW;bIO nRUN onpe,n:eJIHeTCH TpaeKTopHH qaCTH

UbI B cTaTHqeCKOM H ,n:HHaMHqeCKOM peJKHMaX npH :nOM HOBOM ¢>YHKUHH 

BN(r) H Sa,n:aHHbIX HaqaJIbHhIX YCJIOBHHX. npH Sa,n:aHHOM HaqaJIbHOM 

pa,n:HaJIbHOM 3MHTTaHCe C nOMOW;bIO npOrpaMMbI nRUN MOJKHO onpe

,n:eJIHTb HSMeHeHHe pa,n:HaJIbHOrO 3MUTTaHCa npH npOXOJK,n:eHHH SOHbI 

paCllIHpeHHH Op6UT B 06JIaCTH BbIBO,n:a YCKOpeHHOro nyqI<a. 

O,n:HOBpeMeHHO C HHTerpHpOBaHHeM npOrpaMMa nRUN onpe,n:eJIH

eT ,n:JIHHy Op6UTbi H Ha KaJK,n:OM 060pOTe Bbr,n:aeT SHaqeHHH TIT0 H ¢la
SOBblH _c,n:BHr ,n:aHHOH qaCTHu;bI (III). npOBO.n:H KoppeKu;HIO Ta6JIHUbI SHa

qeHHM B(r) Henocpe,n:cTBeHHO B ,n:HCKOBOM ¢>aHJIe, B03MOJKHO MHHHMH

SHpOBaTb ¢>asoBbIH C,n:BHI' npH COXpaHeHHH Sa,n:aHHOro paCllIHpeHHH Op6HT. 

npH 3TOM onpe,n:eJIHIOTCH TaKJKe qaCTOTbI pa,n:HaJIbHbIX KOJIe6aHHM Ha KaJK
,n:OM 	HS TpaeKTOpHM. 

Bbl6paHHble 3aBHCHMOCTH BN(r) H Ber) BBO,n:HTCH 3aTeM B npOrpaM

MY, ocyw;eCTBJIHIOW;YIO HHTerpHpOBaHHe nOJIHblX ypaBHeHHH ,n:BHJKeHUH 

B Sa,n:aHHbIX 3JIeKTpH'IeCKHX H MarHHTHbIX nOJIHx. npH 3TOM YTOtIHHIOTCH 

BCe napaMeTpbI H onpe,n:eJIHIOTCH qaCTOTbI aKCHaJIbHblX KOJIe6aHHH. 
4 

C nOMOIu;bIO Cos,n:aHHOrO naKeTa nporpaMM 6bIJ10 npOBe,n:eHO qHC

JIeHHOe Mo,n:eJIHpOBaHHe 3¢>¢>eKTa paCllIHpeHUH Op6UT B SOHe BbIBo,n:a 

UHKJIOTpOHa TRIUMF. 

8. COBPEMEHHOE COCTOHHI1E CI1CTEMbl BbIBO,UA 
J H--110HOB HA UI1KJIOTPOHE TRIUMF 

Me30HHaH ¢>a6pHKa TRIUMF npe,n:CTaBJIHeT co60H H30XPOHHbIH 

,J UHKJIOTPOH C llIeCTbIO ceKTopaMH, YCKOPHIOI.IJ;HH H--HOHbl ,n:o MaKCHMaJIb

HOM 3HeprHH 520 M3B C HHTeHCHBHOCTbIO ,n:o 170 MKA 151 . BbIBO,n: nyqKa 

ocYW;ecTBJIHeTCH nep~apH,n:KoH H--HOHOB B npoToHbI Ha TOHKOH yrJIe

po,n:Hoil ¢>OJIbre, KOTOPaR MOJKeT YCTaHaBJIHBaTbCH Ha pasJIH'lHblX pa.n:u

ycax H a3HMYTax, oCYllI.eCTBJIHH TaKHM 06pasOM perYJIHpOBaHHe 3HeprHH 

H HanpaBJIeHHH BbIBo,n:a nyqKa. 

B HaCTOHw;ee BpeMH B03HHKJIa He06xo,n:HMOCTb BblBo,n:a nyqKa H-

HOHOB 6e3 nepesapH,n:KH. 3TO 06'bHCHHeTCH paspa60TKoH npoeKTa BTOPOH 

cTyneHH YCKopUTeJIH B BH,n:e 6bICTPOUHKJIHqeCKOrO UHKJIOTpOHa, ,n:J1H 

HHJKeKUHH B KOTOPbIH Tpe6YeTCH nyqOK W -HOHOB 161. Pas,n:eJIeHHe CO

ce,n:HHX op6HT B SOHe KOHetJHbIX pa,n:HYCOB npH Ha60pe 3Hepr"" 3a 060

POT!1W 340 K3B COCTaBJIHeT -1,5 MM. 'uJIH C09,n:aHHH BbICOK03¢>¢>eKTHB

HOH CHCTeMbI BbIBo,n:a He06xo,n:HMO B SOHe BbIBo,n:a CYllI.eCTBeHHO YBeJIlI. 

qHTb (B 57 10 pa3) pa3,n:eJIeHHe coce,n:HHX Op6UT ,n:JIH B03MOJKHOCTH HC

nOJIbSOBaHHH 3JIeKTpOCTaTHqeCKOrO ,n:e¢>JIeKTopa npH MHHHMaJIbHbIX 

nOTepHx HHTeHCHBHOCTH. 

B HaCTOHl.IJ;ee BpeMH HMeIOTCH ,n:Ba npe.n:JIOJKeHHH 171 : 

1) B 06JIaCTH BblBo,n:a no nepHMeTpy YCKopUTemI YCTaHaBJIHBaIOT

CH TpH ,n:onOJIHHTeJIbHblX p~oHaTopa, pa60TaIOIu;He Ha qeTBepToH HJIH 

nHToH rapMoHHKe qaCTOTbl ,n:YaHTOB. npH 3TOM Ha60p 3Hepr"" sa 060

pOT Ha pa,n:Hycax ,n:eHCTBHH 3THX peSOHaTopOB YBeJIHtIHBaeTCH OT 340 ,n:o 

920 K3B/06,H ,n:OCTHraeTCH pas,n:eJIeHHe Op6UT,n:0 4 MM. 

2) Bos6YJK,n:eHHe KOrepeHTHbIX pa,n:HaJIbHbIX KOJIe6aHHH B paHOHe 

peSOHaHCa Q r = 3/2 (W =428 M3B) C nOMOl.IJ;bIO BbICOKOqaCTOTHoro ,n:e

¢>JIeKTopa, pa60TaIOw;ero Ha qaCTOTe, PaBHOH nOJIOBHHe qaCTOTbI ,n:YaHT

HOH CHCTeMbI (11,5 Mru) • 3THM MeTo,n:OM pas,n:eJIeHHe MeJK,n:Y COCe,n:HHMH 

op6HTaMH, B COOTBeTCTBHH C pactJeToM, MOJKHO YBeJIHqUTb ,n:o 6 77 MM. 

4. PE3YJIhTATbI QI1CJIEHHOrO MO,UEJII1POBAHI1H 3PO 

,UJIH 30HbI BbIBO,UA UI1KJIOTPOHA TRIUMF 

XapaKTepHOH oc06eHHocTbIO YCKopUTeJIH TRIUMF HBJI~eTCH CPaBHH

TeJIbHO HHSKHH ypoBeHb MarHUTHoro nOJIH (B max= 0,58 T; Bk "" 0,46 T) H 

COOTBeTCTBeHHO C 3THM 60JIbllIOH pa,n:uyc (r k '" 785 CM). 003TOMY, KaK 

CJIe,n:yeT HS ¢>0PMYJIbI (5), HecMOTPH Ha MaJIYIO BapHauHIO MarHHTHOrO 

nOJIH (fk ", 0,26), npHMeHeHHe 3¢>¢>eKTa paCllIHpeHHH Op6HT B :nOM 
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~KnOTpOHe n03S0nHT CYll(eCTBeHHO (B 15-20 pa3) ysenHlJHTh pa3,l1,eneHHe 

COCe,ll,HHX op6HT B 3a.u.aHliOH 30He pa.u.uycos npH npHeMneMblX SenHlJHHax 

STOPOH npOH3BO,ll,HOH OCHOBHOH rapMOHHKH nOM (Bs') . 
HalJanhHble ,lI,8HHbIe, He06xo,ll,HMble ,lI,nH HcnOnb30BaHHH SbIWeOnHCaH

Horo naKeTa nporpaMM, B3HThi H3 pa60Tb1 /7/ . qacToTa YCKopHlOll(ero 

HanpH)KeHRH (11.'4. 23 Mru; KpaTHOCTh YCKopeHHH q == 5; r"" =1038 CM; 

B 0= 0,3016 T. I1cxoAHaH 3aBHCHMOCTh cpeAHero MarHHTHOrO nonH COOT

BeTCTBosana H30XPOHHOMY nomo, HCXO,ll,HaH OCHOBHaH rapMoHHKa BbI6pa

Ha nocToHHHOH H PaBHOH as'" 0,12 T. ¢la3a OCHOBHOH rapMOHHKH H3Me

HHeTCH no CnHpanH ApXHMe,ll,a 4> 6 = r 126,5. 30Ha ,lI,~HCTBHH 3cpcpeKTa 

pacwHpeHHH 0p6HT Bbl6paHa S ,lI,uana30He 3HeprHH 480';' 490 M3B, XOTH 

MorYT 6blTh Bbl6paHbI H ,lI,PyrHe 3HeprHHB 06nacTH 400 -;.. 500 M3B. Ta6

nHUbI r. B. B6 6bIJlH COCTaBneHbl ,lI,n,II ,lI,Hana30Ha pa!J.UYCOB 760:S r :s 
.::;; 796 CM. 

113 paClJeT~l no nporpaMMe ALFA 6bIJlH onpeAeneHbI HCXO,ll,HbIe 

3HalJeHHH napaMeTpOB a H AnpH 'H'" 765 CM: a H '" 0,44; AH'" l,Ol. 

JlnH nonYlJeHHH He06xo,ll,HMOrO pa3;a;eneHHH op6wr Bbl6paHO a max'" 4. 

TIpoTH)KeHHOCTh B,lI,Onh pa.u.Hyca 3Toro MaKCHMYMa npHMepHo paBHa 

aMnnHTY,lI,e HblHY)K,lI,eHHbIX pa.u.Hal1bHbIX Kone6aHHH. OKOHlJaTenbHaH 

cpopMa 3aBHCHMOCTH a(r) HbI6paHa H proynbTaTe UHKl1a paClJeTOH no 

nporpaMMe EFRO. 

Ha pHc.1a H306pa)KeHa Hbl6paHHaH 3aBHCHMOCTh a (r) - nYHKTHp. 

TaM )Ke npHHe,ll,eHa, COOTBeTCTHYIOll(aH 3TOMY pacwHpeHHIO, 3aHHCHMOCTh 

OCHOBHOH rapMoHHKH B,lI,onb pa.u.Hyca B 6 (r) • TIPH BbIlJHCl1eHHH 3TOH 

3aBHCHMOCTH 6bIJlH Sbl6paHbl: r H = 765 CM; B H '" 0,12 T; A H "" 1,0l. 

at BiT)_ 8, 
O,V(qf2 a) 

a 
5 

lRM,28) 7§Oill7~ ~ A7A ('~ 1v

~, '1'VV IJ\{~ . 
PHc.1 

6 

Ha pHc.2 HapH,lI,Y C OCHOBHOH 

rapMOHHKOH npHBe,ll,eHbI TalOKe 

rpacpHKH nepBOH H BTOPOH npoH3

BO,ll,HblX (B 6' B 6' ) B 30He pac

IIIHpeHHH Op6HT. 

113 paClJeTOB no nporpaMMe 

EFRO HaH,lI,eHO, lJTO npH H3MeHe

HHH a max OT 3 ,lI,O 4 BenHlJHHa 

oTpHuaTenhHOH BTOPOH npOH3Bon

HOH OCHOBHOH rapMoHHKH H3Me

HReTCH npHMepHo Ha 20%. 3THM 

onpe..u.eJlHeTCH ,lI,onycK Ha TOlJHOCTb 

BbInOnHeHHH B
6 
(r). 

TIpe,ll,BapHTeJlbHOe BbIlJHCne-

HHe no nporpaMMe nRUN panu

anbHblX TpaeKTopHH lJaCTHU nOKa

3ano, lJTO Bbl6paHHaH 3aHHCHMOCTb 

OCHOBHOH rapMOHHKH MarHHTHoro 

nonH B 6 (r) n03B0l1HeT nonYlJHTb 

pa3,l1,eneHHe Me)K,ll,Y cocenHHMH 

paHHOBeCHbIMH Op6HTaMH,lI,O 3 CM. 

TIPH 3TOM nOHBHnCH CPa30BbIH 

1 

I 

CnBHr, ,lI,nH MHHHMH3aUHH KOTOPO
It

86 
ro 6bIJla npOBe,ll,eHa He60JlbWaH (MTIO'I~J 
KoppeK~H cpe..u.Hero nonH. B 

oOCHOBHOM :na KoppeKUHH CBe

naCb K onYCKaHHIO ypOBHH B Ha , 
\ -0.2 

1,9 • 10-3T H He3HalJHTeJlbHOMY \ 
\ 

H3MeHeHHIO CPOPMbI Ha KOHelJHbIX -O,lt"""'" fI 
'. 86pa.u.uycax. Ha pHc.1a H306p8.)KeHa "~"·"~~\"~_I -0,6

3aBHCHMOCTb CKOppeKTHpOBaHHO

ro cpeAHero nonH B,lI,onh pa.u.Hyca -8 . -o,SJ 
(8). Ha pHc.16, H306p8.)KeHa pa- I '8 I I 3~tnO I 7 0 790 8 eM)
,lI,HanbHaH TpaeKTopHH, COOTBeT

CTBYIOll(aH ueHTpy pa.u.HanhHoro PHc.2 

3MHTTaHCa, B TelJeHHe nOCne,ll,HHX 

,lI,eBHTH 060POTOB nepe,ll, paCIIIHpeHHeM. HalJano 'mCJleHHOrO ClJeTa npH 

WH = 460 M3B, I!1W = 0,34 M3B/06, q = 5. MarHHTHoe nOJle (fl, B 6) H 

K03CPCPH~eHT a COoTHeTCTBYIOT pHc.1a. KaK Ba,ll,HO, pa3,l1,eneHHe Op6HT 

,lI,OCTHraeT Bel1HlJHHhI 2,7 CM. TIPH 3TOM cpa30BbTH C,lI,BHr (11') Ha lJaCTOTe 

06pall(eHHR lJaCTHU COCTaBnHeT 6,4°. B nporpaMMe Y'IHTbTBaeTCH YMeHb

weHHe Ha60pa 3HeprHH H3-3a cpa30Horo C,lI,BHra, KOTOPbTH Ha YCKopHIOll(eH 

lJaCTOTe paHeH 5.11'. Ha pHc.1B npHBe,ll,eHbI aKCHal1bHLIe KOJle6aaHH B Te

'IeHHe nocnenHHX ,lI,eBHTH 060POTOB nepe,ll, 30HOH paCWHpeHHH. CnHpanb

HOCTh BbI6paaa TaKOH BenH'IHHbI, lJT06bT BHe 30Hbl paCIIIHpeHHH 'IaCTOTa 

aKCHanbHblX KOJle6aaHH Q zO == 
== 0,27. TIPH o KOHlJaTenbHbIX "l 
paClJeTaX 6bIJla npHHHTa BeJlHlJHHa 

pa.u.HaJlbHOrO 3MHTTaHCa, paHHaH 

Sr 1,1. fT MM· Mpa.u. npH WH 

.c 460 M3B. Ka)K,lI,aH 'IaCTHua npo

xO,ll,HJla 90-100 060POTOB ,lI,O 30Hb! 

paCIIIHpeHHH. Pa.u.HanbHbIH 3MHT

TaHC OTO)K.lJ.ecTBJlHJlCH UeHTPOM H 

BOCbMbIO TOlJKaMH, p8.BHOMepHo 

pacnOJIO)KeHHb!MH no nepHMeTpy 

3JlJlHnca. 

Ha pHc.3 H306pa)KeHbI pa.u.H

al1bHble TpaeKTopHH Bcex ,lI,eBHTH 

TO'leK 3MHTTaHca B TelJeHHe no

CJIe,ll,HHX 30 060pOTOB. BHAHO, 

'ITO 3Q>cpeKTHBHoe pacwHpeHHe 

npOHcxonHT B TelJeHHe OAHoro 

060poTa. .1lanee pa3,l1,eneHHe Op6HT 

CHOBa YMeHbwaeTCH. 3TO npo

HCXO,ll,HT, Bo-nepBbIX, H3-3a YMeHb

weHHH 3HalJeHHH a npH r >790 CM, 
T 9b • '1M ., 2~ ~ --.-ls. 

BQ-BTOPbIX - H3-3a cyll(ecTBeHHoro 

YBel1H'IeHHH cpa30Boro C,lI,BHra, KO- PHc.3 
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TOPhlH MO)f(eT npHBeCTI-:I K oTpunaTeJIbHOMY Ha60py 3Hepn:lH 3a 060pOT. 

Ha pHc.3 UH<PPaMH Ha,Il nyHKTHpHbIMH JIHHIDIMH nOKa3aHbi pa3JIHlIHble 

a3HMYTbI, Ha KOTOPbIX B03MO)f(H0 YCTaHOBHTb HallaJIO 3JIeKTpOCTaTHlIeC

KOrO ,!l;e<pJIeKTOpa. CJIe,!l;yeT OTMeTHTb, liTO a3HMyT MaKCHMaJIbHOrO pa3

,!l;eJIeHIDI MO)f(HO H3MeHHTb C no

Z' MOI.J..U>IO perYJIHpOBaHIDI BeJIHlIH'l'fC/'\/pa a) 
-fO HbI yCKopHIO~erO HanpH)f(eHIDI, a 

f t TaK)f(e C nOMO~blO nepBOH rap-

MOHHKH MarHHTHOrO nOJIH. 

~{S Ha PHC A H306pa)f(eHhI pa/5j~<~, ,!l;HaJIbHble 3MHTTaHCbI B 30He , 
 pacllIHpeHIDI Ha a3HMYTax 1,2,
~ "''''. 
3,4 B COOTBeTCTBHH C I>Hc.3.fO 
HOMep OKOJIO OCH r' Onpe,!l;e

JIHeT OCb KOOp,!l;HHaT ,!l;JIH ~3MHT

TaHCOB ,!l;aHHOrO a3HMyTa. nHHIDI 
---r--~7fr-r--'j18 ~(, Ha Ka)f(,!l;OM 3J1J1HnCe, COe,!l;~:lHHIO

~aH ueHTp c nepBOH TOf.lKOH,35P 3 'I n03BOJIHeT oueHHBaTb lIaCTOTYj,~~c;,,_ Pa,IlHaJIbHbIX KOJIe6aHHH B ,!l;HHa"~~ -15'0,_" MHlIeCKOM pe)f(HMe. B lIaCTHOCTH, 
3 1(' '" 

BH,!l;HO, HanpHMep Ha a3HMYTe 3,''''-... 
''0" liTO pe30HaHC Q r = 1 npOXO,!l;HT

CH B TelleHHe O,!l;HOrO 060poTa.i ,'~ z~ 
-20 

25 776 t 778 ' 180 t 182 ' 784' 786 Ha pHc.5 npHBe,!l;eHbI 3aBHCH

MOCTH lIaCTOT CB060,!l;HbIX KOJIefucA 
6aHHH Qr, Q z OT Cpe,!l;HerO pa

,!l;Hyca Op6HTbI B 30He pacllIHpe

HIDI (CI1J1011IHble JIHHHH). TaM 

,- , 
/ , 

\ 

,-- .... , 
\ 

" 
0' '\, \ 

Q' ,/,0 
)f(e nOKa3aHbI H3MeHeHHH C,!l;BHra 

<pa3 no lIaCTOTe 06pameHHH ,!l;JIH 

ueHTpa crycTKa ('Po) H ,!l;JIH 
0 

HallaJIbHbIX C,!l;BHrOB ± 3 ('P 1 H 

'P 2 COOTBeTCTBeHHO ) npH W = 
460 M3B. H 

z 

llaJIee 60JIblilOH UHKJI paclIe


TOB 6bm npOBe,!l;eH ,!l;JIH HCCJIe,!l;O


BaHIDI BJIHHHHH 3HepreTHlIeCKoro 


pa36poca B YCKopHeMbIX crYCT


Kax Ha npouecc paCllIHpeHIDI 


paaHOBeCHbIX op6HT. llJIH oueH


KH Pa,rJ,HaJIbHOrO yllIHpeHIDI nyll 


Ka B npouecce paCllIHpeHIDI paB

7Ss(CI'IJ HOBeCHblX Op6HT (or) MO)f(HO 


l'Hc.5 BOCnOJIb30BaTbCH Bblpa)f(eHHeM/2 / 


8 

-ow·r--- , (13)Or m = am f32W 

r,!l;e OW - 3HepreTHlIeCKHH pa36poc B nyllKe nepe,!l; 30HOH paCllIHpeHIDI. 

TaK KaK a H3MeHHeTCH B 30He paCllIHpeHIDI, TO ,!l;JIH BbIHCHeHIDI TOllHOH 

KapTHHbI BJIHHHHH 3HepreTHlIeCKOro pa36poca 6bmo npOBe,!l;eHO lIHCJIeHHOe 

HCCJIe,!l;OBaHHe. 

HallaJIbHbIH Pa,rJ,HaJIbHbIH 3MHTTaHC 6bm TOT )f(e, liTO H B npe,!l;bI,!l;y~HX 

paclIeTax, H ,!l;JIH BCeX TOlleK WH = 460 M3B. 113MeHeHHe 3HeprHH nepe,!l; 

30HOH paCllIHpeHHH ocy~eCTBJIHJIOCb H3MeHeHHeM HallaJIbHOH <pa3bI npH 

WHo npH npOXO,!l;e pa3JIHlIHhIX <pa3 (a TelleHHe npHMepHo 100 060pOTOB) 

B03HHKaeT 3HepreTHlIecKHH pa36poc nepBHlIHoro nyllKa. npH HallaJIbHOM 

H3MeHeHHH <pa3 ±3 0 pa36poc 3HeprHJi nepe,!l; 30HQH pacllIHpeHIDI COCTaB

JIHJI npHMepHo 0,4 M3B. PaclIeT 6bm npOBe,!l;eH ,!l;JIH 15 3MHTTaHCOB pa3JIHlI

HbIX HallaJIbHbIX <pa3. llJIH nocTpoeHHH HTorOBoro rpa<pHKa 6bm BbI6paH 

a3HMyT 5 (pHc.3). 3TOT a3HMyT HaXO,!l;HTCH nOCJIe BToporo yCKopHIO~ero 
TOJIlIKa ,!l;YaHTHOH CHCTeMbI. 

Ha pHc.6 H306pa)f(eHa lIaCTb HaH,!l;eHHbIX 3MHl,"TaHCOB B 3aBHCHMOCTH 

OT 3HeprHH B OKpeCTHOCTH 30HbI paCllIHpeHIDI. BepTHKaJIbHble JIHHHH 

(cnJIOllIHble HJIH TOllKH) OTO)f(,!l;eCTBJIHIOT pa,nHaJIbflble 3MHTTaHCbI. 3MHT

\c "l)! 7,s 
!8~ o 

... 

781ft 
! 

78jl s-~ 

I' l 

j
ill' ~ 
il 

'. 

'. 

I. 

'I 

! 

78 .
! 

78/ o 

IJI~o .: 

• J n:<; ~ l~: <;
/J,jlll ~ 
UJ. i·;~-'--r--'-, '-~-,!-T-' 

"rif I{d'l.5 

:l j ~I 
~w 

• '1485 
W(M3tJ).-

Lf85.~ 
PRc.6 
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TaHCbI, COOTBeTcTByID~He HyneBoH HaqaJlbHOH (j:m3e, 0603HaqeHbI "0". 
CnnOIIIHblMM nMHMHMH BhI,!].eneHhI 3MMTTaHChI, pa36poc 3HeprMH I<OTOPhIX 

(BW '" 0,11 M3B) npMBo,!].MT K YMeHbIIIeHMID cB060,!].Horo npOCTpaHCTBa 

Me)K,!].y coce,!].HMMM 060poTaMM (Sr) npMMepHo B 2 pa3a. 

1i3 npOBe,!].eHHbIX paCqeTOB cne'!]'yeT, qTO cB06p'!]'HaR 30Ha Me)K,!].y 

3MMTTaHCaMM, COOTBeTCTBylO~HMH COCe,!J.HMM 060pOTaM, HCqe3aeT npH 

pa36poce :meprMM B nyqI<e nepe,!]. 30HOH paCIIIMpeHMR OKono 0,2 M3B. 

OTcID,!].a cne'!]'yeT, liTO B03MO)KHhI ,!].Ba pe)KMMa BbIBO'!]'a: 

a) llonHoe pa3,!].eneHHe coce,!].HMx pa.nManhHhlx 3MMTTaHCOB. llPM 

3TOM OTHocMTenbHhIH 3HepreTHlIecKMH pa36poc B nyqI<e He ,!].on)KeH npe

BhIIIIaTb (0,2';' 0,3)· 10-3 ; 

6) HenpephlBHoe nepeKphITHe op6MTaMH 30Hhl paCIl1HpeHHR. llPM 

3TOM nOTepH npH BhlBo,!].e onpe'!]'enHIDTCR OTHOIIIeHHeM Ton~HhI cen

TyMa I< pa.nHaJlbHOMY 3a6pocy, KOTOPhIH C nOMO~blO 3¢>¢>eKTa pacIIIHpe

HMH Op6HT YBenHlIeH ,!].O 2,7 CM. Cne'!]'OBaTenbHO, H B 3TOM cnyqae I<03¢>¢>M

l.(H.eHT BhlBo,!].a MO)KeT COCTaBnRTb OKono 95%. B 3TOM CMhlcn C03,!].aHMR 

OTHOCHTenbHO 60nbIIIoro pa3,!].enellHR Me)K,!].y coce,!].HHMH op6HTaMM. 

3AKmOqr~HI1E 

llpOBe'!]'eHHoe lIHcneHHoe Mo,!].enMpOBaHMe ,!].nR l.(HKnOTpOHa TRIUMI<' 

nOI<a3aJlO npMHl.(HnHanbHYID B03MO)KHOCTb npHMeHeuHR 3¢>¢>eI<Ta paCIIIM

peHMH paBHOBeCHhlX Op6MT ,l])lH ocy~ecTBneHMR BhICoK03¢>¢>eKTMBHoro 

BhlBo,!].a H- -MOHOB H3 :noro YCI<OpHTenH. O'!]'HoBpeMeHHo HaH.J,eHhl I<pH

TepMH, npH BhInOnHeHHH KOTOPhlX 3¢>¢>eKT pacIIIMpeHHR Op6HT MO)KeT 

6hlTb C ycnexoM McnOnb30BaH B M30XPOHHbIX l.(MKnOTpoHax C BeCbMa 

MaJlbIM OTHOCHTenbHhIM 3HaqeHHeM OCHOBHOH rapMOHHKH MarHHTHoro 

nonH. 
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2. TeopeT~4eCKa~ $~3~Ka e~coK~X 3Hepr~~ 

3. 3Kcnep~MeHTanbHa~ He~TpOHHa~ $~3~Ka 
4. TeopeT~4ecKa~ $~3~Ka H~3K~x 3Hepr~~ 

5. MaTeMaT~Ka 

6. HAepHa~ cneKTpocKon~~ ~ paA~OX~M~~ 

]. $~3~Ka T~*en~x ~OHOB 

8. Ko~oreHHKa 

9. YcKop~Ten~ 
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11. B~4~cn~TenbHaR MaTeMaT~Ka ~ TeXHHKa 

12. X~M~R 

13. TexH~Ka $~3~4ecKoro 3KcnepHMeHTa 
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~AePH~MH MeTOAaM~ 
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npH H~3K~X 3HeprH~X 

16. ~03~MeTp~~ H $~3~Ka 3a~~T~ 

17. Teop~R KOHAeHc~poeaHHoro cocTORH~R 

18. Hcnonb3oeaH~e pe3ynbTaTOB ~ MeTOAOB 
$YHAaMeHTanbH~X $~3~4eCK~X ~ccneAOBaH~~ 
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BopHcoa O.H. H ,z:r,p. 

Bo3MO)KJ{OCTb npHMeHeHHR 3!f>!f>eKTa pacwHpeHHR op6HT 
a cHcTeMe BbiBo,z:r,a nyiJKa QHKJIOTpoHa TRIUMF 

P9-86-600 

llOKa3aHa npHHQHnHaJibHaH B03MO:IKHOCTb npHMeHeHHfl 3!f>lf>eKTa 
paCIIIHpeHHH paBHOBeCHbiX op6HT (3PQ) B CHCTeMaX BbiBO,lJ,a ,lJ,Jifl MarHHT· 
HbiX CHCTeM C OTHOCHTeJibHO He60JibWOH BapHaQHeH MarHHTHOro llOJIH f • 

llpoBe,z:r,eHO o6mee paCCMOTpeHHe TaKOH B03MO)KJ{OCTH H BhillOJIHeH KOH· 
KpeTHhiH IJHCJieHHhiH paciJeT npHMeHeHHfl 3PQ B CHCTeMe BhiBO,lJ,a H-:HOHOB 
"Me3oHHoii: !f>a6pHKH" TRIUMF npH cJie,z:r,yromHX napaMeTpax: W "= 
= 460 M3B, 1\~ :0.34 M3B/o6, KpaTHOCTL ycKopeHHR q = 5, B 0=0,3016 T, 
B 6=0,12 T, B mu= 0,58 T B ,z:r,Hana3oHe pa,z:r,Hycoa 760 ::; r ::;796 (eM). 

PaccMoTpeHo BJIHRHHe 3HepreTH'IecKoro pa36poca B ycKopHeMhiX crycT
Kax Ha npoQecC paCWHpeHHR paBHOBecHbiX op6HT. 

Pa6oTa BhmOJIHeHa B Jla6opaTopHH H.z:r.epHhiX npo6JieM OHHH. 

Coo611leHHe 06t,e,u,IUieHHoro IUICTHtyra g.z:r.epHI>IX uccne,u,osaHHii.lly6Ha 1986 

llepeBo,z:r,O.C.BHHOrpa.z:r.OBOH 

Borisov O.N. et al. P9-86-600 

A Possibility of the Equilibrium Orbit Expansion Effect Application 
in the Extraction Zone of a Cyclotron Beam 

A principal possibility of the equilibrium orbit expansion effect (OEE) 
application in the extraction zone for magnetic systems with regard to 
small magnetic field variation £ is shown. General consideration of this 
possibility is performed, and the concrete numerical calculation of OEE 
application in extraction zone of H- ions of the TRIUMF meson factory 
is carried out. The parameters are the following: W " = 460 MeV, 1\W = 
= 0.34 MeVjturn, harmonic mode q=5, B 0 = 0.3016T, B6 = 0.12 T, 
nmax = 0.58T in 760 ::; r ::; 796 (sm) radius region. The effect of ener

gy spread in the accelerated bunches on the equilibrium orbit expansion 
process is considered. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1986 
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