
COOfilllBHMR 
OfihBAMHBHHOro 

MHCTMTYT8 
RABPHblX 

MCCIBAOB8HMM 

AYfiHa 

P9-92-468 

A.A.BacHJI&es1, C.6.BopmKQOB, B.TI.,n:MHTpHeBCKHH, 
3.A.MSI32, B.A.TenJISIKos2 

YCKOPEHl1E ,n:E:ATPOHOB B KOMTIJIEKCE YHK 
(TIPE,n:JIO)KEHl1E) 

1 MHHHCTepcTBo PoccnitcKon <I>e~epau,uu no aroMHOH :>Hcprirn , MocKRa 
2l1HCTHtyT cj>H3HKH BblCOKHX 3Hepmii:, IlpoTBHHO 

1992 



BBe,lleHHe 

coopylltaeMUH B HHCTHTyTe ~H3HKH BUCOKHX 3HeprHH (H~B3) 

ycKopHTenbHO-HaKOOHTenbHUH KOMnneKC (YHK) npe.nHa3HaqeH ,nnsi 

ycKopeHHH HHTeHCHBHUX nyqKoB npOTOHOB ( .no 5x1o14 qacT./HMnyn&c ) 

B c1rnxpoTpOHHOM pelKHMe I 
11 H npoee.neHHH ~H3HqeCKHX Hccne,noeaHHH Ha 

BTOpH'lHUX nyqKaX OT ~HKCHpoBaHHOH MHWeHH, a TaKllte Ha BCTpeqHl,IX 

npOTOH-npOTOHHl,IX nyqKax ennoTb .no 3HeprHH 3 T3B. B nonHOM BH,lle B 

COCTaB KOMnneKca BXO,llSIT nHHeHHUH YCKOPHTenb C Bl,ICOKoqacTOTHOH 

KBa,npynonbHOH ~OKYCHpOBKOH Ha 3HeprHIO 30 M3B[ 2J,6UcTpOUHKnHpy10wHH 

6ycTepHUH CHHXpOTpOH (25 ru) Ha 3HeprHIO 1,5 f3B[ 3 J,CHHXpOTpOH C 

llteCTKOH ~oKycHpOBKOH Ha 3HeprHIO 70 f3B H TpH CHHXpOTpoHa 

co6CTBeHHO YHK c nepHMeTpOM op6HTU 20777, 8 M H 3HeprHeH 400 f3B 

(600 f3B-B ycKOPHTenbHOM pelKHMe) H 2X3 T3B. B ,neyx nocne,llHHX 

HCnonb3yeTCSI MarHHTHaSI CTPYKTypa co ceepxnpOBO,llHWHMH 3neMeHTaMH. 

nepeue 3Tanu npe,nnonara10T coopylKeHHe ycKopHTensi Ha 3HeprH10 

600 t3B H no3,nHee - o.nHoro H3 Koneu Ha 3 T3B. 

B HaCTOHWeH pa6oTe paCCMOTpem,1 nepcneKTHBl,I B03MOlKHOro 

HCnonb30BaHHH YHK ,nnH ycKopeHHSI MHOro3apS1,llHUX HOHOB C MHHHManbHUMH 

,nononHeHHSIMH H H3MeHeHHSIMH B CHCTeMax KOMnneKca. npo6neMa 

ycKopeHHSI MHoro3apS1,llHUX HOHOB CTaBHnacb H pewanacb Ha MHOrHX 

ycKopHTensix BUCOKHX 3HeprHR B CBSl3H C Hccne.noeaHHSIMH B o6naCTH 

penHTHBHCTCKOR si.nepHOR ~H3HKH. B qacTHOCTH,Ha CHHXpo~a30TpOHe OHHH 

B 1970 ro,ny Bnepe1,1e 61,1nH ycKopeHN si,npa ,neATepHSI c HMnyn&COM 9 

f3B/c 141 
• Il03,llHee TaM lite 6NnH ycKopeHN si,npa renHSI. B UEPH C · 

70-x ro,noe Ha ycTaHOBKe ISR, C03,llaHHOR .nnsi nony<lemrn BCTpeqHl,IX 

npOTOH-npoTOHHUX nyqKOB, TaKllte ycKopsinHCb ,neATpOHl,I Ha - qaCTHUl,I. 

TaM lite Ha SPS C 1986 - 87 rr. 6unH nonyqeHU 160 H 32S c 3HeprHeA 

200 f3B/HyKn. AHanorHqH1,1e pa60T1,1 npoeo,nHnHCb B BpyKxeReeHe (CWA) 

Ha npoTOHHOM CHHXpoTpOHe AGS ( 160 C 3HeprHeR 15 f3B/HyKn. H 28Si C 

3HeprHeA 14,6 f3B/HyKn.) B HaCTosiwee epeMSI B CBSl3H C B03pacTalOWHM 

HHTepeCOM K H3yqeHHIO HOBoro · COCTOHHHSI si,nepHoro eewecTBa 

KBapK-rnlOOHHOA nna3Ml,I -coopylKaKlTCSI ycTaHOBKH .nnsi ycKopeHHSI TS!lltenux 

HOHOB ,no ynbTpapenSITHBHCTCKHX 3HeprHA. 3,necb HMeeTCSI B BH.llY 

Konnaa.nep RHIC e BpyKXeABeHe r.ne 6y,neT ,llOCTyneH ,nng 

3KCnepHM8HTaTopoB Ha6op qacTHU OT npOTOHOB C :rneprHeA 250 f3B H 

ceeTHMOCTblO z 1031 CM- 2c-1 ,no Au C 3HeprHe8 100 f3B/HyKn. H 

CBeTHMOCTblO z 2x1026 CM- 2c-1 . KpoMe Toro, H3BeCTHO, qTo B 6onbWOM 

a,npoHHOM Konnaa.nepe UEPH (LHC) noMHMO npoTOH-npOTOHHl,IX H 



npoTOH-3JieKTpOHHLIX ny'IKOB npe.nycMaTpHBaKlTCll TaKl!Ce 208Pb - 208Pb 

BCTpe'IHLle ny'IKH C 3HeprHeH 1312 T3B B CHCTeMe ueHTpa Mace H 

CBeTHMOCTbKl ~ 1X1028 CM- 2c- 1 . 

B CBll3H · C BLiwecKa3aHHLIM IlOHllTeH HHTepec K pacwHpeHHKl 

BO3MOlKHOCTeH H npH,naHHKl HOBoro Ka'leCTBa YHK, B coopylKeHHe 

KOTOporo BKJia,nLIBaKlTCll 6oJibWHe MaTepHaJibHLie pecypcLI. B Ka'leCTBe 

MHHHMaJibHoro BapHaHTa B 3TOM nJiaHe 3,nec& paccMaTpHBaeTCll 

.neRTpOHHLIH pelKHM, B KOTOpOM npe.nnoJiaraeTCll .nocTHrHyTb 3HeprHH 

BilJIOTb .no 1, 5 T3B/HYKJIOH B o,nHOM ny'IKe •. EOJibWOH HHTepec npe.n

CTaBJilleT _TaKl!Ce H3y'leHHe BO3MOlKHOCTeH ycKopeHHll ny'IKa IlOJillpH3OBaH-

HLIX .neHTpOHOB. B pa6oTe [5] ylKe 3aTparHBaJiaCb TeMa coxpa-

HeHHll IlOJillpH3aUHH npOTOHHOro ny'IKa B 6ycTepHOM CHHxpoTpOHe 

Y-1, 5 H B npoTOHHOM CHHXpOTpOHe , Y-70. 3,necb npe.ncTaBJilleTcll, 

'ITO OlKH,naeMLie 34><PeKTLI .nenOJillpH3aUHH ,nJill .neHTpOHHoro ny'!Ka MeHee 

cymecTBeHHLI, 'leM ,nJill npoTOHOB. 

1. o6mne ~H3H'leCKHe npe.nnocLIJIKH ,nJIH nepexo.na 

K .neHTpOHHOMY ,nHana3oHy 

nocKOJibKY ace ycKOpHTeJIH KOMilJieKca (3a HCKJIKl'leHHeM JIHHeHHOro 

YCKOpHTeJIH-HHlKeKTOpa) llBJlllKlTCll CHHXpOTpOHaMH C l!CeCTKOH 

~OKYCHpOBKOH, nepexo.n K ,neHTpOHHOMY .nnana3oHy onpe,neJIHeTcH 

~H3H'leCKHMH oco6eHHOCTllMH pa60TLI 3Toro THna ycKopHTeJill. 

OCHOBHLIMH napaMeTpaMH CHHXpoTpOHOB C l!CeCTKOH ~OKYCHpOBKOH 

llBJlllKlTCll! 

a. 3HepreTH'leCKHH HHTepaaJI ycKopeHHll, 

6. 'laCTOTHLIH .nHana3OH ycKopeHHll, 

B • .nnHaMH'leCKHe xapaKTepHCTHKH H KpHTH'leCKall 3HeprHll, 

r. npe,neJibHall IlJIOTHOCTb 3apH.na B 6aH'le, 

,!1. npe,neJibHLIH BaKyyM B KaMepe, 

e. CBeTHMOCTb. 

npH 3TOM no.npa3yMeaaeTCH coxpaHeHHe MarHHTHOH CTPYKTYPLI KOJieu, 

a TaKl!Ce npe,neJibHOH HH,nyKUHH MarHHTHoro IlOJill. 

a. 3HepreTH'leCKHH HHTepBaJI ycKopeHHH 

ilOJIHaH 3HeprHH 'laCTHULI paBHa 
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,llHilOJlllMH, R = 

eo p - pa.nnyc KpHBH3HLI op6HTLI B ,llHilOJlllX, B -

2rr 
HH.llYKUHll MarHHTHOro IlOJlll B ,nHilOJlllX. 

B peJillTHBHCTCKOM cJiyqae (E » E) HMeeM 
0 

E ~ Pc. (3) 

H3 (2),(3) Henocpe.ncTBeHHO cJie,nyeT, 'ITO npe,neJI&Hall IlOJIHall 

3HeprHll ycKopeHHOH qacTHULI B 3a,naHHOH CTPYKType MarHHTHOro IlOJlll 

(Bmaxkf'Le
0
= const) nponopuHoHaJI&Ha 3apH,ny ycKopHeMOH qacTHULI (e), 

T. e. npoTOHHOe KOJibUO, COOTBeTCTBYKlmee 3Hepnrn 3 T3B, 6y,neT 

y,neplKHBaTb TaKlKe H ,neHTpOHLI C 3HeprHeH 3 T3B. 

6. qacTOTHLIH ,nHana3OH ycKopeHHll 

TaK KaK qaCTOTa o6pameHHH Ha 3aMKHYTOH.op6HTe paBHa 

~c 
f = - (4) 

L 
eo 

TO qacTOTHLIH ,!1Hana3OH onpe,neJIHeTCH TOJibKO CKOpOCTbKl HOHa (~C) Ha 

HHl!CeKUHH H Ha KOHe'IHOH 3HeprHH. 

E 
B HepeJillTHBHCTCKOM cJiyqae (7 = - ~ 1) 
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w 
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0 

(5) 

r.ne W - KHHeTH'leCKall 3HeprHll H ID - - Macca qacTHULI, 3,nec& 

,naJibHeHWeM npHMeHeHHe CHMBOJia 

C~OPMYJIHpoaaHHLIX ycJIOBHHX 

npoTOHOB H ,neHTpOHOB paBHLI. 

KOHCTaHTLI 

npH peJillTHBHCTCKOH 3HeprHH (7 >> 1) 
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f - 1 -

2~ 

npe.nnoJiaraeT, 'ITO 

nponopUHOHaJibHOCTH 
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lliHpHHa qacTOTHOH IlOJIOCLI B 3TOM cJiyqae 
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B. BHHaMHqecKHe xapaKTepHCTHKH H KpHTnqecKaH 3HeprHH 

B paMKax O,UHoqacTnqHOH TeOpHH ( 6e3 yqeTa rrpocTpaHCTBeHHOro 

3apH,ua ) 6eTaTpOHHUe qacTOTU 3aBHCHT TOJlbKO OT CTPYKTypu 

MarHHTHoro IIOJIH H He 3aBHCHT OT 3apH.ua H Maccu YCKOpHeMOH qacTHUU 

B CHHXpOTpOHHOM pelKHMe. 

Pa3JIHqne BO3HHKaeT B sennqHHe KpHTHqecKOH 3HeprnH, 

rrpn 3a,UaHHOM KO3¢q}HUHeHTe pacmHpeHHH 3aMKHYTUX op6nT a= 

orrpe.uenHeTcH H3 

E 
0 

E 
kp Va 

(8) 

KOTOpaH 
P oL 

eo 

L oP 
eo 

T.e. ,UJIH 3a,UaHHOH MarHHTHOH cTpyKTypu sennqnHa KpHTHqecKOH 

3Heprnn B_O3pacTaeT no cpaBHCHHIO C rrpOTOHaMH B A pa3, r .ue A -

qncno HYKJIOHOB .uaHHOI"O HOHa. HMeeTCH HeCKOJlbKO cnoco6os nepexo.ua 
[ 6, 7, 8] 

HJIH ycTpaHeHHH KpHTHqecKOH 3HeprnH ,OIITHMaJibHOCTb rrpnMeHeHHH 

KOTOpUX .UOJilKHa paccMaTpHBaTbCH B Ka*.llOM KOHKpeTHOM cnyqae. 

r. rrpeneJibHaH IIJIQTHOCTb 3apHna B 6aHqe 

ITpe,ueJibHaH IIJIOTHOCTb 3apHna IIO 

!pHKCHpoBaHHOH .UJIHHe 3aMKHYTOH op6HTU 

KOJie6aHHH (Q ): 

norrepeqHoMy aipipeKTY npH 

(L ) H qacToTe cso6onHux 
eo 

z 

E 7
3

(3
2 

EP 2 

0 

IC - (9) 
e2 E2 

0 

rne 3HaqeHHH 7,(3,P COOTBeTCTBYIOT 3Heprnn HHlKeKUHH B KOJibUO. 

ITpH 3HeprHH HHlKeKUHH B HepeJIHTHBHCTCKOH o6JiaCTH ( 7 ::: 1) 

coxpaHeHHH qacToTu o6pameHHH qacTnu C (3 = (3 J Bu palKeHne ( 9) 
d p 

yrrpomaeTCH 

IC - E , 
0 

(10) 

T.e. npeneJibHaH IIJIOTHOCTb .ueHTpOHHOI"O rryqKa s 6auqe 6y.ueT s .UBa 

pa3a 6onhme. 

H 

BJIH peJIHTHBHCTCKHX 3Heprni1 HHlKeKUHH 

MarHHTHOH lKeCTKOCTH (Pd= Pp) rronyqnM 

E ::: Pc ) H O.UHHaKOBOH 

4 

n 

.;. 

1 
IC (11) 

E2 
0 

qTQ npHBO.UHT K qeTupexKpaTHOMY yMeHbllieHHIO rrpe,ueJibHOH IIJIOTHOCTH 

nei1TpOHHOI"O nyqKa. 

0,UHaKO ue scerna BO3MOlKHO BUIIOJIHeHHe ycJIOBHH (3 (3 HJIH 
p d 

BH.UY p = p . B 3TOM cnyqae (9) npeo6pa3yeTcH K 
d p 

EB
2 

I 

IC - - (12) 

E2 
0 

rne Bl - HH.UYKUHH B .UHIIOJIHX npH 

BO3MOlKHOCTb peaJIH3aUHH npoMelKyToqHoro 

HHlKeKUHH H3 (12) cnenyeT 

BapHaHTa MelK.UY (10) H (11). 

n. ITpeneJibHUH BaKyyM B KaMepe 

3ip!peKTU MHOI"OKpaTHOro KYJIOHOBCKOro pacceHHHH B KOJibUeBblX 

ycKOpHTeJIHX .UJIH npoTOHOB H nei1TpOHOB MOlKHO cpaBHHTb IIO 

cpenHeKsanpaTHqHoMy pocTy aMIIJIHTY.UU 6eTaTpOHHUX KOJie6aHHH. rrpn 

!pHKCHposaHHOH .UJIHHe 3aMKHYTOH op6HTU, O,UHHaKOBUX .UHHaMnqecKHX 

xapaKTepHCTHKax (Q ,Q) H BaKyyMe 3TO OTHOllieHHe MOlKHO rrpencTaBHTb 
[ 91 r z 

B snne 

!I, 
<a2, - (13) 

Pf32 

rne !f.= Le
0
v, v - qncno o6opoTOB, Heo6xo,unMux .UJIH ynsoeHHH aHeprnH 

HHlK8KUHH (KHHeTnqecKOH), PH (3 B3HTU npH 3Heprnn HHlK8KUHH. 

ECJIH Ha HHlK8KUHH co6JIIO,UeHo paBeHCTBO Pd= Pp, TO .UJIH 

HepeJIHTHBHCTCKOH 3HeprHH H3 (13) cnenyeT <a2, 
d 

2<a2
,, qTo 

p 

CBH3al!O C yMeHbllieHHeM CKOpOCTH nei1TpOHOB npn HHlKeKUHH H 

yMeHbllieHHeM qHcJia o6opoTOB npn y nsoeHHH 3HeprHH .UJIH O.UHHaKOBUX 

Ha6opos aHeprHH 3a o6opoT. 

B peJIHTHBHCTCKOM cnyqae rrpn pd= pp HJIH .UJIH uepeJIHTHBHCTCKOH 

3Heprnn npn (3 

<a2, = <a2,. 
d p 

d 

(3 Ha HHlKeKUHH H3 (13) Henocpe.ucTBeHHO cnenyeT 
p 

PacnpeneneHne IIO aMIIJIHTy.UaM 6eTaTpOHHUX KOJie6aHHH s paMKax 

3TOH MO,UeJIH pacceHHHH Ha OCTaToquoM ra3e nonqHHHeTCH 

3aKOHY Penes:i: 
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F(a) = 
a 

e 
<a2> 

TaKHM o6pa30M, 

.neHTpOHHOMY rryqKy 

rrpoaepKe 

no 3cpqieKTY 

TOJlbKO HepeJIHTHBHCTCKaH qacTb 

HHllCeKUHH, 

e. CBeTHMOCTb 

a 

2<a
2

> 

rrpH rrepexo.ne 

MHOrOKpaTHOro 

KOMITJieKca ,ltJIH 

(14) 

OT rrpOTOHHoro K 

pacceHHHH rro.nnellCHT 

cnyqag p = p 
d p 

IlpH 

oueHKY CBeTHMOCTH ( L) ,ltJIH .neHTpOHOB MOlKHO c.nenaTb. rronaraH 

O,ltl!HaKOBl,IMH cpe,nHeKBa.npaTHqn1,1e pa3Mep1,1 rryqKa B MecTe BCTpe'l, 

'laCTOTY o6pameHHH qacTHU H 'lHCJIO 6anqeH B UHPKYJIHPYIOilleM rryqKe .nm1 

o60HX BapHaHTOB. B 3TOM cnyqae HMeeM: 

2 

L N • (15) 

r.ne N - qHCJIO qacTHU B UHPKYJIHPY~llleM rrytJKe. 

2. oueHKa rrapaMeTpOB .neHTpOHHOro pellCHMa 

Ha ocHoBaHHH paccylK,neHHH pa3,nena 1 c.nenaeM oueHKY rrapaMeTpoa 

pa6on1 YHK B .neHTpOHHOM pellCHMe. COOTBeTCTBYIOlllHe pe3yJibTaTH 

npHBe,neHH B Ta6JIHUe I a cpaBHeHHH c rrpOTOHHl,IM BapHaHTOM, npH'leM 

JtJIH .neHTpOHOB rrpHBe.neHH 3HaqeHHH TOJlbKO Tex napaMeTpOB, KOTopue 

OTJIHqalOTCH OT rrpOTOHHoro BapHaHTa. 

3HeprHH HHllCeKUHlf B 6ycTep Bl,lqHCJIHJiaCb. HCXO,ltH H3 3a,naHHOH 

MHHHMaJibHOH qacTOTl,I o6pameHHH npoTOHOB f = 0, 7467 Mru TaKHM 
p 

o6pa30M, B COOTBeTCTBHH c (1) H (2) CTaJia H3BeCTHa BeJIH'lHHa 

HHJtYKUHH IlOJIH rrpH HHllCeKUHH. 

rrpe,neJibHOe qHCJIO 'laCTHU B UHPKYJIHPYIOllleM rrytJKe • orrpe,neJIHeMoe 

C,ltBHrOM 'laCTOTl,I aKCHaJibHl,IX CB060,nn1,1x KOJie6aHHH BCJie,ncTBHe 

KYJIOHOBCKoro pacTaJIKHBaHHH, MOllCeT 6UTb Bl,l'lHCJieHo e COOTBeTCTBHH c 

(9) no CJie,nylOil(eH ~OpMyne 1101
: 

r.ne r 
p 

r 

N 
d 

= 
r 

p 

d 

'1d(7!-1) fd 

7 (7
2
-1) f 

p p 
p 

H rd - KJiaCCH'leCKHe pa,nHyc1,1 

6 

N, 
p 

(16) 

rrpOTOHa H .neHTpoHa. ITpH 3TOM 

('1 

\ 

(\ 

IJ 

I 

I 

Ta6JIHUa I 

.JIHHAK npoTOHU ,nel\TpOHU 

3neprHH na auxo.ne (M3B) ....................... •.•••• 30 •.. 60 
AMHJIHTy.na HMilYJibCa TOKa (MA) .................•. •••••• 67 76 

SYCTEP npoTOHU ,nel\Tponu 

KoHetJHaH 3HeprHH (KHHeTH'leCKaH) (f3B) ......... ...... 1,5 • ; ..• 1,05 

HHTeHCHBHOCTb B HMilYJibCe (qacT/UHKJI) .......... ,,.9X10+ll 1,ox10• 12 

UHPKYJIHPYDlllHl\ TOK(MA) •.•...••••.••••.•••.•.•••. •.•••• 425· • .... 483 
KpHTHqecKaH 3HeprHH (KHHeTH'leCKaH) (r3B) ...... ..... 2,55 •.•• 5,096 
HHJtYKUHH MarHHTHOro IlOJIH Ha HHllteKUHH(TJI) ......• .... 0, 139 • •.• 0,278 

.nHana3oH H3MeHeHHH qacTOTU (Mru) ............... o,747+2,79 0,747+2,32 

Y-70 npOTOHl,I i:tel\TpOHU 

KoHetJHaH 3HeprHH (KHHeTH~ecKaH) (r3B) ......... ••••••• 70 ••••.•• 69 

HHTeHCHBHOCTb B UHKJie ('laCT./UHKJI) ............ 1,1x10• 13 1,2x10• 13 

UHPKYJIHPYDlllHlt TOK (MA) ......... , ..••........... ...... 357 405 
KpHTH'leCKaH 3HeprHH (IlOJIHaH) (r3B) ••..•••••.•• •••• 8,876 ... 17,738 

I 
nuana30H H3MeHeHHH NacTOTl,I (Mru) •...........••• .5,56+6,1 4,66+6,06 

YHK-I H YHK-II (peJKHM BCTpe'!IIUX ny'iKOB) npoTOHl,I i:tel\TpOHU 

3HeprHH c.u.M.(T3B) ........................... .•••.. 2,2 •..•• 2, 19 

IlOJIHaH Tpe6yeMaH HHTeUCHBHOCTb ('!aCT./UHKJI) •..• 2,4X10+ 14 •. 6x.io• 13 

UHpKyJIHpyDmHlt TOK (MA), ....•........ , .....• ,, .• •••••• 554 • •••.. 139 

CBeTHMOCTb (CM- 2 X ceK- 1
) •• ................... ..1x10• 32 .6X10+ 3 0 

KpHTH'leCKaH 3HeprHH (r3B) ..................... .•••. , .42 •.•.•.. 84 

YHK-I npoTOHl,I ,nel\TpOHU 

MaKCHMaJibHaH 3HeprHH (r3B) .................... •••••• 600 ••••.. 599 
peJKHM BCTpe'lHUX ny'lKOB .................. •••••• 400 • ••••. 399 

IlJiaHHpyeMaH HHTeHCHBHOCTb ('laCT./UHKJI) •• 6X10 14 1,5 X10 14 

UHpKynupy10mul\ TOK (MA) •••••••.••••......•.•••.• ••••• 1385 . .347 

YHK-II npoTOlll,I i:tel\TpOHl,I 

MaKCHMaJibHaH 3HeprHH (T3B) •••••••••........•.• , .•••.. 3 I ..... 3 

nnaHHpyeMaH HHTeHCHBHOCTb (qacT./UHKJI) .. 6x10 14 1,5 x:10
14 

UHpKy JIHpy1>mul\ TOK . (NA) ••••........••.........•• ••••• 1385 347 

YHK-II H YHK-III (peJKHM BCTpe'!Hl,IX nyqKoB) npOTOHU ,nel\TpOHU 

3HeprHH c.u.M.(T3B) ........................... ...... 6 ..... 6 

ITOJIHaH Tpe6yeMaH HHTeHCHBHOCTb ('!aCT,/UHKJI) •..• 2,4x10• 14 • . 6x10• 13 

CBeTHMOCTb (CM- 2X ceK- 1
) •• ................... 2,8x10• 32 1,7X10+ 3 l 
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cqHTaeTCR, qTo nonycTHMllH cnBHr qacTOTll, 3MHTTaHC nyqKa H ~aKTOp 

6aHqHpOBKH onHHaKOBll B o6oHX cnyqaRX. oueHKa BllTIOJIHReTCR npH 

3HeprHH HHl!CeKUHH B ycTaHOBKy. onpenenR10mHM ~aKTOpOM nJIR 

HHTeHCHBHOCTH nyqKa BO BCeH uenoqKe ycKOpHTeJieH, BXOnRmHx B 

KOMTIJieKC (mrnaK, 6ycTep, Y-70, YHK-I, YHK-II), RBJIReTCR 3Haqemie 

npeneJibHoro qHcJia qacTHU, nonyqaeMoe B HacToRmee B peMR B Y-70. 

OnHaKO B npouecce peKOHCTPYKUHH Y-70 OlKHnaeTCR noqTH TIRTHKpaTHOe 

yBeJIHqeHHe qHcJia qacTHU BllBeneHHoro nyqKa. HcxonR H3 3Toro 

o6cTORTeJibCTBa H paccqHTllBaJIHCb BeJIHqHHll HHTeHCHBHOCTH neHTpOHOB, 

npHBeneHH!le B Ta6nHue I. ITpH 3TOM npennonaraeTCR, qTo 

3~~eKTHBHOCTH 3axBaTa B pel!CHM ycKopeHHR, npoBonKH qepe3 ycTaHOBKY, 

nepe6aHqHpOBKH ( Y-70) H BllBona nyqKa nnR npOTOHOB H neHTpOHOB 

onHHaKOBll H HMeIOT 3HaqeHHR, nocTHrHyTue B HaCTORmee BpeMR. 

HHTeHCHBHOCTb UHPKYJIHpy10mero nyqKa: 

eNf 
rf 

I 
C q 

rne q - KpaTHOCTb qacTOTll 

qacToTe o6pameHHR qacTHU. 

ycKopR10mero noJIR 

(17) 

f ·no OTHOIUeHHIO K 
rf 

ITpH 3anaHHOH MarHHTHOH l!CeCTKOCTH KOJieU (Bp) B COOTBeTCTBHH C 

(1) onpeneJIReTCR KOHeqHaR· 3Heprm:I ycKOpHTeJieH H no (4) H (8) 

qacTOTa o6pameHHR H KpHTHqecKaR 3HeprHR ycTaHOBOK. HOBIIM MOM8HTOM 

no cpaBHeHHIO C npoTOHHUM BapHaHTOM 3necb RBJIReTCR TIORBJieHHe npH 

ycKopeHHH neHTpOHOB KpHTHqecKOH 3HeprHH B nHana3oHe 3HeprHH YHK-I. 

o MeTonax nepexona KpHTHqecKoH 3HeprHH ylKe ynoMHHanocb B pa3nene 1. 

oueHKa 3HeprHH BCTpeqHUX nyqKoB B CHCTeMe ueHTpa Mace 

(c.u.M.) np03BonHJiacb no H3B6CTHOH ~OpMyJie[ll): 

ECUM =c
2
v'(m

2 
+m

2
+2m m '¥'¥(1-/3/3)], (18) 

• • • ot o2 ot o2 1 2 1 2 

rne m
01

,m
02

- Maccu noKOR qacTHU H (3
1

,/3
2 

yqHTUBaIOTCR anre6paHqecKH, 

T.e. co CBOHMH 3HaKaMH. 

nHHaMHqecKHe xapaKTepHCTHKH nonepeqHoro nBHl!CeHHR neHTpOHOB 
' (co6CTB6HHUe qacTOTU, orH6a10mHe H T.n. ) B uenoqKe ycKOpHTeJieH 

OT 6ycTepa no YHK-I TIOJIHOCTblO 3KBHBaJieHTHU xapaKTepHCTHKaM 

nJIR npOTOHHoro pel!CHMa. TaKHM o6pa30M, nJIR onHHaKOBUX 3MHTTaHCOB 

HHlK6KTHpyeMUX H3 JIHHeHHOro ycKOpHTeJIR nyqKoB npoTOHOB H neHTpOHOB 

H HHTeHCHBHOCTH neHTpOHOB, npH KOTOpOH KYJIOHOBCKHH - cnBHr 

6eTaTpOHHUX qacTOT paBeH HJIH MeHbWe cnBHra nnR npOTOHOB, 

cor nacoBaHHe nonepeqHoro 3MHTTaHca nyqKa neHTpOHOB · c aKcenTaHCOM 

ycKOpHTeJieH KOMTIJieKca MOlKHO cqHTaTb o6ecneqeHHUM. 

8 

c., 3. TeXHHqecKaR peaJIH3aUHR 

KaK 3To BHnHo ·H3 npenunymero, opraHH3aUHR neHTpOHHoro peJKHMa 

pa6on, YHK MOl!CeT 6UTb BUTIOJIHeHa B paMKax TIJiaHHpyeMoro H 

cymecTBy10mero o6opynoBaHHR 6e3 KaKOH-JIH6o cymecTBeHHOH nepeneJIKH. 

En11HCTB6HHOH ycTaHOBKOH, KOTbpy10 Heo6xonHMO BHOBb cciopylKaTb, 

RBJIR6TCR JIHHeHHllH ycKOpHTeJib neHTpOHOB - HHlK6KTOp B 6ycTep. 

OnHaKO, KaK H3B6CTHO, B npouecce nonroTOBKH Y-70 B KaqecTBe 

HHlK6KTOpa YHK npennonaraeTCR yBeJIHqHTb 3HeprHIO HHlK6KUHH B 6ycTep 
I 1 21 

OT 30 M3B no 60 M3B C 3TOH ueJiblO npennonaraeTCR TIOCTpOHTb 

HOBUH JIHH6HHUH ycKOpHTeJib, Ha 3Tane pa3pa60TKH KOToporo MOlKHO 6UJIO 

6u yqecTb Tpe6oBaHHR, I_IaKJianuBaeMue neHTpOHHllM pel!CHMOM, a TaKl!Ce 

HaKonJieHHllH B H$B3 onuT npH npoeKTHPOBaHHH CHJibHOTOqHoro JIHHeHnoro 

neHTpOHHOro ycKOpHTeJIR 1131
• 

KpoMe Toro, Heo6xonuMo npenycMoTpeTb cucTeMy nepexona qepe3 

KpHTHqecKyIO 3HeprHIO B YHK-I, OKOHqaTeJibH!le coo6pal!CeHHR no Bll6opy 

napaMeTpOB KOTOPOH 6ynyT C~OPMYJIHpoBaHu no3nHee, no Mepe 

npopa6oTKH naHHoro npenJiol!CeHHR. 

3aKJIIOqeHHe 

ocymecTBJieHHe neHTpOHHoro pel!CHMa ycKopeHHR MOlKHO paccMaTpHBaTb 

B KaqecTBe HaqaJibHOro 3Tana nporpaMMll ycKopeHHR Ha YHK HOHOB 6oJiee 

TRlK6JillX, qeM Bonopon. 

nnR peaJIH3aUHH 3TOH nporpaMMll noTpe6yeTCR pa3pa6oTKa H C03naHHe 

neo6xonHMllX HCToqHHKOB HOHOB H nopa60TKa HeKOTOpllX CHCTeM 

ycKopHT6JibHOro KOMTIJieKca, B OCHOBHOM HHlKeKUHOHHOH qacTH, CHCT6Mll 

HHnHKaUHH nyqKa H HeKOTOpllX npyrHX. UeJiecoo6pa3HOCTb BllnOJIH6HHR 

3TOH nporpaMMll H TeMn ee ocymecTBJieHHR 6y nyT 3aBHC6Tb OT 

npenJIOl!CeHHllX 3KcnepHM6HTOB, yqHTllBaIOmHx TaKl!Ce CHTyauHIO C 

ycKopeHHeM HOHOB na 60JiblllHX ycKopHTeJibHllX KOMnJieKcax B eBponeHCKHX 

ueHTpax H B CIIIA. HaM npencTaBJIR6TCR. qTo 3a6naroB peMeHHaR 

pa3pa60TKa COOTBeTCTBYIOIUHX MeTonHK H T6XHOJIOrHH RBJIReTCR 

6e3yCJIOBHO noJie3HOH. 
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