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Ha CRHXpo<flaaoTpOHe 011HI1 B H8CTOSimee BpeMSI peanR30B8H MeTOJl 

yCKopeHRSI ae~Tp0HOB1 OITHC8HHhl~ B pa6oTe/1/. 

0CHOBH8SI RJleSI paCCMOTpeHHOrO MeTOJ18 yCKOpeHHSI COCTORT B TOM 1 

'ITO pe)KHMbl pa60Tbl cymecTByromHX yCKOpSiromHX CHCTeM ( <flopHH)KeKTOp, 

nRHe~Hbl~ yCKOpHTenb 1 CRHXpo<flaaoTpoH) Bbi6Hp8IOTCSI T8KRMR 1 npH KOTOpbiX 

CKOpOCTb Jle~TpOHOB B MOMeHT nepeXOJ18 R3 OJlHO~ yCKOpSirome~ CRCTeMbl 

B 11pyryro 6brna 6br paBHa rronoBRHe CKopocTR rrpoToHoB. B Ka"!eCTBe HH)KeKTo

pa ae~TpOHOB RCITOnb3yeTCSI IlpOTOHHhl~ nHHe~Hbl~ YCKOpRTenb C ceTO'IHO~ 

tPOKyCHpOBK0~ 1 KOTOpblft IlpH yCKOpeHHH ae~TpOHOB nepeBOJlRTCSI B pe)KRM 

JlBO~HO~ KpaTHOCTH ape~<fla yCKOpSieMblX '18CTHU. 

Pe)KHM ycKopeHHSI ae~TpOHOB oTnH"!aeTcSI oT pe)KRMa ycKopeHHH rrpoTo

HOB B cne11yromeM: 

1. HanpH)KeHRe Ha ycKopRTenbHO~ Tpy6Ke ¢opHH)KeKTopa yMeHbruaeTcH 

npH6nH3HTenbHO B aBa paaa. 3To HenocpeacTBeHHo cneayeT H3 ycnoBHSI 

(1) 

floaTOMy B ¢opRH)KeKTOpe Jle~TpOHbl llOn)I(Hbl YCKOpHTbCH 110 8HeprHH ( B Hepe

nHTHBHCTCKOM IIpH6nH)KeHHH) 

~ m ~ ¢op. 
W d 't'OP = __ d (-~- (3 '±'op )2 = _l_ 

2 2 d 2 W p 285 K8B. 

2. DnHHB nepnoaa ycKopeHHSI L n nnHe~Horo ycKopnTenSI CBH3aHa co 

CKOpOCTbiO (3 n,s ycKOpSieMO~ "'8CTHUbl cneayromHM COOTHOllieHHeM: 
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L n = q {3 n, s A ' ( 2) 

rne A - nmma BOJIHhi ycKopsuomero rrom1, q - KpaTHOCTh npeil:¢a ycKopSie-

MOil: 'l8CTHUbl ( )lJISI IIpOTOHOB q = l ) o 

EcnH BBOJlHTb neli'TpOHbl B JIHHeMHbiH yCKOpHTeJib CO CKOpOCTb!01 p8BHOH 

_L_ f3 O,s,p 
2 

, H rronyqaTb rrocne ycKopeHHSI neil:TpOHhi co cKopocThiO -
1- f3 , 2 k,s,p 

TO ycKopeHHe neil:TpOHOB JlOmKHO IIpOHCXOJlHTb C Kp8THOCTb!O npeil:cjla q = 2 

IIpH COXpaHeHHH cymeCTBY!OIUeil: reoMeTpHH rrepHO)lOB ycKopeHHSI H 'l8CTOTbl 

ycKopSI!OIUero rronSI ( 143,5 Mru) o 

PaccMoTpHM, KBKHM nonJKeH 6biTb rrpnpocT suepnm neil:TpoHOB ua KalK

JlOM H3 yCKOpS!!OIUHX rrpoMelKyTKOB flY JlJISI TOrO, 'lT06bi 6b!Jl0 o6ecrreqeHO 

ycKopeHHe C KpaTHOCTb!O npel!:cjla q = 2 ITO BCeMy JIHHeli'HoMy YCKOpHTeJI!Oo 

npHpOCT 9HeprHH CHHXpOHHOrO IIpOTOH8 IIOCJie IIpOXOlKUeHHH ycKOpSI!OWero 

rrpoMeJKyTKa paBeH 

fl. W n, 8 ,p = ( e 6, 
0 
L nT n cos ¢ 8 ) P , ( 3) 

rne e - 38pSIJl IIpOTOH8 1 /i, 
0 

- cpenuee 8MIIJIHTYJlHOe 3H8'leHHe H8IlpSilKeHHOCTH 

ycKopSI!OIUero aneKTpHqecKoro rromi, ¢ s- CHHxpoHHaSI ¢aaa, T n- cjlaKTop 

BpeMeHH rrponeTa n -ro rrepHonao 

fleBy!O 'l8CTb cjlopMyJihl (3), 6~3 yqeTa peJISITHBHCTCKOil: IIOIIp8BKH 1 MOlKHO 

38IIHC8Tb B BH)le 

l 2 2 2 
fl.Wnsp =(Wns-Wn-1 s) =-2 [moe (f3ns-f3n-1 s)]p=(Eof3ns fl.{3n s)p, 

• ' ' • • • t • ( 4) 

rne E 0 = m 0 c 
2 

• Torna H3 ( 3) H ( 4) rrpHpocT cKopocTH rrpoToua rrocne rrpo

XOJKJleHHSI yCKOpS!!OWero rrpoMeJKyTK8 6y)leT paBeH: 
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fl. {3 n,s,p 
= ( e lj, 0 l n T n COS ¢ B ) 

E 0 f3n,s 

npH Kp8THOCTH Jlpel!'cjla YCKOpSieMOrO )leli'Tp 

CyWeCTBY!OIUeil: 'l8CTOThl yCKOpS!!OWero IIOJISI CKOpOC 

H3 COOTHOWeHHSI 

L n = 2 {3 n ,s' d A • 

nocKOJlbKY )lJlHH8 rrepHO)lOB ycKopeHJ.Ifl Ln 

IIOTpe60B8Tb1 K8K 3TO ylKe 6binO CK838HO Bb!We 1 

J.I
1 

COOTBeTCTBeHH0 1 IIpHpOCT CKOpOCTH )lelJ:TpOH8 H 

MeHbiUe COOTBeTCTBY!OIQero rrpHpOCT8 CKOpOCTJ.I rrp 

fl.~ __ 1_/).~ 
1-' n,s, d - 2 fJ n,s, p 

3arrHweM ¢opMyny (5) JlJISI neil:Tpoua: 

fl. f3 n,s,d 
( e lj, 0 ~ T n cos ¢ 

E 0 {3 n,s 
) d 

~OpMyna (8) IIOK83hlB8eT, 'ITO ecnH yCKOpS!Tb Jl 

'lT06bi IIpHpOCT CKOpOCTH H8 rrepHO)le 6b!Jl 6b! Te 

IIpOTOH8 (Toeo H8 l-oll: Kp8THOCTJ.I npeil:cjla), TO HBI 

9JieKTpH'leCKOrO IIOJISI H8 OCH pe30H8TOp8 )lOJllKHB 

qeM rrpH ycKopeHHH rrpoToua ( T,K, E Od = 2 E Op ) , 

M8fl B pe30H8TOp, COOTBeTCTBeHHO B 4 paaa Bb!We 

CTpyKUHH yCKOpS!!OIUeil: CHCTeMbl H B03MOlKHOCTSI 

3TOT B8pH8HT SIBJISieTCSI uepeaJibHb!M, 

PaccMoTpHM nBa BapHaHTa ycKopeHHSI neil:Tpl 

npeil:¢ao 
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Ln=q,B n,s A' ( 2) 

a BOIIHbi ycKOpSI!O!Ilero ITOIIS1 1 q - KpaTHOCTb .llpeil:!jla YCKOpS!e

( .llliSI rrpOTOHOB q = l ) , 

.llHTb .lleil:TpOHbl B IIHHeil:Hbiil: yCKOpHTeiib CO CKOpOCTbi0
1 

paBHOil: 

H IIOIIy'IaTb IIOCIIe YCKOpeHHSI .lleiJ:TpOHbl CO CKOpOCTb!O _1_ ,8 , 
2 k,s,p 

,lleiJ:TpOHOB .llOn:>KHO IIpOHCXO.llHTb C Kp8THOCTbiO ,llpeiJ:!jla q = 2 

H cymecTBYIO!Ileil: reoMeTpHH rrepHO.llOB YCKOpeHHSI H 'I8CTOThl 

rronSI (143,5 Mru). 

HM, KBKHM .llon•eH OhlTb rrpHpocT BHeprHH .lleil:TpoHoB Ha Ka•

IO!IlHX rrpoMe•yTKOB nY .llnSI Toro, 'ITOObl OblliO o5ecrreqeao 

paTHOCTb!O ,llpeil:!jla q = 2 no BCeMy IIHHeil:HOMy YCKOpHTemo. 

aaeprHH CHHxpoHHoro npoToHa nocne npoxo•.lleHHSI ycKopSiromero 

BeH 

~ W n , 8 ,p = ( e {i, 
0 

L nT n cos ¢
8 

) P , ( 3) 

ITpOTOHa, &, 0 - cpe,llHee BMniiHTY.llHOe 3HB'IeHHe HanpSI*eHHOCTH 

neKTpHqecKoro nonSI, ¢ s- CHHXpOHHaSI ¢aaa, T n- ¢aKTop 

Ta n -ro nepHOJla, 

Tb !jlopMyiibl ( 3) 1 6e3 y'IeTa penHTHBHCTCKOil: rrorrpaBKHt MO*HO 

e 

l 2 2 2 
Wn-t,s) =z-[m 0 c (,Bn,s-,Bn-t,s)]p=(Eo.Bn,s ~,Bn,s)p•( 4 ) 

• Tor.lla H3 (3) H (4) npHpocT cKopocTH npoToHa nocne npo

SIIO!Ilero rrpoMe*YTKa 5y.lleT paBeH: 
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~ ,8 n,s,p 
e &0 L T cos 
---'---"n- n 

( 5) 
¢ B ) 

p 
= ( 

EO,Bn,s 

DpH KpaTHOCTH Jlpeil:¢a ycKopSieMoro Jleil:TpoHa q = 2 H coxpaaeHHH 

Cy!lleCTBYIO!Ileil: 'I8CTOTbl YCKOpS!IO!Ilero IIOnH CKOpOCTb Jleil:TpOH8 orrpe,lleiiHTCSI 

H3 COOTHOIIIeHHH 

L n = 2 ,8 n ,s, d A · 

DocKonhKY JlnHHa rrepHOJlOB ycKopeHHSI Ln 

ITOTpe5oBaTb 0 KBK 8TO Y*e Obi!IO CK838HO Bbiiiie, 

( 6) 

He MeHSieTCSI, HeOOXO.llHMO 

'ITOObl ,8 = _l_ ,8 
n,s,d 2 n,s,p 

H, COOTBeTCTBeHH0 0 ITpHpOCT CKOpOCTH Jleil:TpOHa Ha 3830pe Obln B JlB8 pa3a 

MeHbllle COOTBeTCTBYIO!Ilero ITpHpOCTa CKOpOCTH npOTOHa, T.e, 

l 
~ ,8 n,s, d = -2- ~ ,8 n,s, p 

3arrHIIIeM ¢opMyny ( 5) .lliiSI Jleil:TpoHa: 

~ ,8 n,s,d 
( e & 0 L n T n cos ¢ 

E 0 ,8 n,s 

( 7) 

) d ( 8) 

cflopMyna ( 8) ITOKa3biBaeT, 'ITO eCnH YCKOpS!Tb Jleil:TpOHbl TaKHM o5pa30M, 

'ITOObi npHpocT cKopocTH Ha rrepHOJle ohm Obi TeM •e caMbiM, 'ITO H JlnSI 

ITpOTOHa ( T,e, Ha 1-oil: Kp8THOCTH Jlpeil:!jla), TO HaiTpSI*eHHOCTb ycKOpSIIO!Ilero 

aneKTpH'IeCKoro nonS! Ha ocH pe3oHaTopa Jlon•Ha 5hiTb B JlBa pa3a Bhnue, 

'!eM rrpH ycKopeHHH rrpoToHa ( T,K, E Od = 2 E Op ) , a B,q, MO!IlHOCTb, BBOllH

MaSI B pe30HaTop, COOTBeTCTBeHHO B 4 pa3a Bbiiiie, DpH cymecTBYIO!Ileil: KOH

CTpyKUHH yCKOpS!lOIUeil: CHCTeMbi H B03MO)!(HOCTSIX CHCTeMbl B, 'I, nHT8HHSl 

8TOT BapHaHT SIBnSieTCSI HepeanbHbiM, 

PaccMoTpHM JlBa BapHaHTa ycKopeHHSI Jleil:TpoHoB Ha BTopoil: KpaTHOCTH 

.llpeil:¢a. 
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I. DpHHHMllH so BHiiMBHiie Bbipa>KeHHH ( 5) H ( 8), a TBK*e ycnoBHH 

( 1) H ( 7), nony'IHM 

( tf, L n T n eos </> 8 ) d 
0 

_l_(tf, 0 T L cos</> ) • 
2 n n s P 

0TKyaa B npearronO)K8HHH T n = const , cp
8 

= const 6yneM HM8Tb 

l 
{f, Od = -2-{f, 0 P ' ( 9) 

T.e. cpeAHee aMnnHTYAHOe 3H8'!8HHe HBIIpH)KeHHOCTH yCKOpHIDIII8I'O nOnH npH 

yCKOpeHHH nell:TpOHOB Ha Kp8THOCTH Apell:!jla q = 2 B ABB paaa MeHbllle 

cpenHell: HanpH)K8HHOCTH yCKOpHIDIIlero nOJlH npH yCKOpeHHH npOTOHOB (oea 

y'leTa HaMeHeHHR T -cpaKTopa). 

BpeMH nponeTa npoToHa 'lepea ycKopHIDWHll: npoMe)KyToK cocTaBnReT 

a 
p 

0, 25 ne pHOAa YCKOpHIOUl8I'O IIOJIS! ( AJ1H Hll88J1bHOI'O cny'IBH "np51MOy-

ronbHOA BOJ1Hhl"), II09TOMy B OOCY)Kll88MOM BapHaHTe ycKopeHH51 aeli:TpOHOB 

apeMH rrponeTa neATpoHa cocTaBHT a " -= 0,5 nepnoaa. 0THoweHne T -!jlaK

T -
TOpOB B cnyqae yCKOp8HH51 npOTOHOB H ll8HTpOHOB paBHO __ P_ = V 2 

Td 
ecnH npeHe6pe'lb npOBHC8HH8M nOnH BHyTpb TpyooK llpeA!jla. 

C yqeTOM yKa3aHHoroH3MeHeHHH T-!jlaKTopa cpeaHee aMnnHTyllHoe 

3H8'!8HH8 Hanp51)1(8HHOCTH yCKOpHIDIIl8I'O nonH npH ycKopeHHH ll8HTpOHOB 

oyAeT paBHO: 

I T P _;: --= 07J: 2 L"Op T ' l90p 
d 

{i, Od 

TaK KBK nY HM88T C8TO'IHYID ¢6KyCHpOBKy, TO IIpH ycKopeHHH aeATpOHOB 

(q=2) 38M8THO AOn)KHO CK838TbC51 Cy)KeHHe oonaCTH 38XB8'18HHhlX B YCKO

peHHe ¢aa na-sa paananbHoA ne¢oKycnpoBKH. 

;'" 

B naeanbHOM cny'lae AnH nonH "rrpHMoyronbHoll: BonHhl " Bhl'IHcneHHH 

IIOK83hlB8IDT/2/, qTo CeTKa ooecrreqHBaeT paAH8J1bHyiD yCTOA'IHBOCTb B 00-

naCTM ¢aa 

-</>< __::_0-2a). 
2 

Dpn ycKopeHHH neli:TpOHOB a = 0,5) o6nacTb !jlaa, ofiecrre'IHBaiDmag 

cTaounbHhle paauanhHhle Kone6aHH51 1 yMeHhlllaeTCH ao HynH. DpreHcaane 
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nom1 a TpyoKH apell:!jla eme oonee ycyryonseT aTo~ 

Tb!BBH, qTQ HBIII nHHei!:Hb!ll: yCKOpHTenb He HBnHeTCH 

Obi 0)1(Hll8Tb HeKOTOpOll: KOHe'IHOll: HHT8HCHBHOCTH Ha 

KB yCKOpHTb aell:TpOHbl B 9TOM pe)KHMe OKaaanaCb 0 

2. PaccMoTpHM ycKopeHHe aell:TpoHoB npH a 

TpeoyeT HeKOTOpOll: nepeaenKH yCKOpHIDIIlell: CTpyKT~ 

cnyqae TaKaH nepeaenKa aaKniD'IaeTCH B cneayiDme 

Ha TpyoKH apell:!jla ycTaHaBnHBaiDTCH HacaaKH c 

BllB08 BCe YCKOpHIDIIlHe IIpOMe)KyTKH. 

Ha pHc. 1 noKaaaHbi KpHBbie !jlaKTopa BpeME 

ycKOpHTenB nY-9 llnH cny'laH ycKopeHH51 IIpOTOHOB H 

CTH OT OTHOCHTenbHOll: CKOpOCTH 'IBCTHU. 

KpHBaH 1 - aKcnepHMeHTanbHO CHHTbill: T 

2 a = 2,0 CM1 BXOll TpyoKH apell:!jla 38KpbiT !jloKyCJ 

cpaBHeHHH HaHeCeHa KpHBBH 2 - TeopeTH'IeCKH paCC 1 

2 a = 20 CM ( B npeanonO)KeHHH 1 'ITO BXOllH851 ane~ 

pyiDmell: ceTKH). 

Pacq~T npoHaBOllHncg no !jlopMyne 

sin 7T a I 
T 

n 

I 0 ( ; : K a ) 

J.1a cpaBHeHH51 KpHBbiX 1 H 2 BHAH0 1 'ITO HX XOl 

7Ta 

paanH'IHe. 

KpHBaR 3 - TeopeTH'IeCKH pacc'IHTaHHbill: T -(j 

neli:TpOHHbiA BapHaHT g d = g P I 2 (a npennono*e 

pyiDIIlHX ceToK), 2 a= 2,0 eM, g - nnHHa yc 

Ha cpaBHeHHH KpHBbiX 2 H 3 BHllHO, 'ITO ecnH 

g 
pOHHbill: BapHaHT g d = + OCTBBHTb anepTypy Tp 

no anHHe ycKopHTeng ( 2 a = 2,0 eM), TO noTpeoye'l 

oTpHuaTenbHbiA aaKnoH ycKopsiDmero nons no anHf 

ManbiX f3 d aHa'leHHe T d cymecTBeHHO MeHbme, 

COOTBeTCTByiDIIlHX 3HaqeHHHX {3 • p 

0 xapaKTepe OTpHUaTenbHOI'O HBKnOHB B Y' 

cyllHTb no KpHaoll: pHc. 2, rae B rrpoueHTax noKaaaH 
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HHMHH BO BHHM8HHe Bblp8)1(8HHSI ( 5) H ( 8), a T8K)I(8 ycnOBHSI 

rrony'IHM 

( lf, L n T n eos cp 8 ) d 
0 

_I_ (~ 0 T L cos ¢ ) · 
2 n n s P 

penrroJ10)1(8HHH T n = const , cps = const 6yaeM HM8Tb' 

I 
~ Od = -2-&, 0 P ' ( 9) 

8MIIIIHTYilH08 3H8'I8Hlle H8IIpS1)1(8HHOCTll YCKOpSIIDill8PO IIOnSI IIpH 

eii:TpOHOB H8 Kp8THOCTH Jlpeii<jla q = 2 B llB8 paaa MeHbllie 

pH)I(8HHOCTH YCKOpSIIDlliero rronsr IIpll ycKopeHHH IIpOTOHOB (6e3 

HeHHH T -cpaKTopa). 

rrponeTa IIpOTOH8 qepe3 yCKOpSIIDlliHll IIpOMe)l(yTOK COCT8BIISieT 

rrepnona ycKopHIDwero rronH (nnsr nneanbHoro cnyqaH "rrpHMoy

Hbi"), II03TDMy B 06Cy)l(!l88MOM B8pll8HTe YCKOpeHHSI aeiiTpOHOB 

Ta neihpoHa cocTaBHT a d "' 0,5 rrepHona. 0THoweHHe T -cpaK-

T -qae ycKopeHHH IIpOTOHOB H aeiiTpOHOB p8BHO __ P_ = y 2 
Tct 

peqh rrpoBHCaHHeM rronsr BHyTpb Tpy6oK apeti<jla. 

oM yKa3aHHoro H3MeHeHHsr T -<jlaKTopa cpeaHee aMrrnHTyllHoe 

IIpH)I(eHHOCTH YCKOpSIIDWero rronsr llpH ycKopeHHH JleiiTpOHOB 

&, Od 

I T P 

2 &, Op --T- = 0,7 ~o 
d p 

nY HMeeT CeTO'IHYID cpoKyCHpOBKy, TO IIpH ycKopeHHH neii:TpOHOB 

HO llOII)I(HO CK838ThCH Cy)l(eHHe o6naCTH 38XB8'IeHHbiX B YCK0-

~3-38 pannanhHoii ae<jloKycnpoBKH. 

llhHOM cnyqae llliSI IIOIIH "rrpsrMoyronhHOll BOIIHhl " Bhl'IHCneHHSI 

21, 'ITO ceTKa o6ecrreqnBaeT panHanhHYID ycTOH'IHBOCTh B o6-

-¢< __::_0-2a). 
2 

KOpeHHH ll8llTpOHOB a = 0,5) o6nacTh cpa3, ooecrreqHBaiDwaSJ 

paananhHhle KOne6aHHS1 0 yMeHhlli8eTCSI llO Hynsr. np0BHC8HH8 
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rronsr a Tpy6KH apeti<jla ewe 6onee ycyry6nsreT aToT <jlaKTop. OaHaKo y'IH

TbiBasr, 'ITO H8W IIHHeiiHbiii YCKOpHTellb He sransreTCSI "llliHHHbiM", MO)I(HO 6blliO 

6bi 0)1(HJl8Th HeKOTOpOti KOHe'IHOii HHTeHCHBHOCTH Ra abiXOile nY, HO llOIIbiT

Ka yCKOpHTb JleiiTpOHbl a 3TOM pe)I(HMe OK838118Cb 6e3yCIIeWROii. 

2. PaccMoTpHM ycKopeHHe aeiiTpoHoB rrpH ad = __!_ = 0,25 
{3d A 

, 'ITO 

Tpe6yeT HeKOTopoti rrepeaenKH ycKOpSIIDWeii CTpyKTypbl nY. B rrpocTell:weM 

cnyqae TaKasr rrepenenKa 3aKniD'IaeTcsr B cneayiDrueM. 

Ha Tpy6KH apell:ljla ycTaaaanHBaiDTcsr aacaaKH c TeM, 'IT06bi yMeHbWHTb 

aaaoe ace YCKOpSIIDutHe IIpoMe)l(yTKHo 

Ha pHc. 1 rroKaaaHbi KpHabie <jlaKTopa speMeHH rrponeTa nHHell:Horo 

yCKOpHTenH nY-9 llliSI cnyqag ycKopeHHSI IIpOTOHOB H neiiTpOROa a 38BHCHMO

CTH OT OTHOCHTellbHOll: CKOpOCTH 'I8CTHU. 

KpHBasr 1 - 3KcrrepHMeHTanbHO CHSIThlii T -<jlaKTop/3/ (anepTypa 

2 a = 2,0 eM, axon Tpy6KH npell:<jla 3aKpbiT <jloKycHpyiDmell: ceTKoll:). llnsr 

cpaaHeHHSI aaaeceHa KpHBasr 2 - TeopeTHqecKH paccqHTaRRbill: T -ljlaKTop nnsr 

2 a = 20 CM (a rrpenllOIIO)I(eRHH, 'ITO aXO/lH8SI arrepTypa Re HMeeT ljloKyCH

pyiDIUell: ceTKH) • 

Pacq~T rrpoH3BOilHIICH no <jlopMyne 

T 
sin 17 a I 

n TTa 1 0(~-a) f3nA 
Jil3 CpaBReRHH KpHabiX 1 H 2 BHilH0 0 'ITO HX XOil HMeeT RecyweCTBeRROe 

pa3nHqHe. 

KpHBasr 3 - TeopeTH'IeCKH pacc'IHTaRRbill: T -ljlaKTOp rrpH rrepexone aa 

neiiTpOHHbill: aapHaRT g d = g P I 2 ( B rrpennono)l(eRHH oTcyTcTBHsr ljloKycH-

PYIDIUHX 

H3 

ceroK), 2 a= 2,0 eM, g - nnHRa ycKopsriDmero rrpoMe)l(yTKa. 

Cp8BReHHH KpHBbiX 2 H 3 aHilHO, 'ITO ecnH IIpH rrepexone H8 nell:T

gp 
pOHHbill: BapHaRT g d = -;z- OCT8BHTb arrepTypy Tpy6oK apetiljla HeH3MeHROH 

no llliHHe yCKOpHTensr ( 2 a = 2,0 CM) 0 TO noTpe6yeTCH OCyuteCTBHTb 60llbillOH 

OTpHUaTenbHb!ll: H8KIIOH yCKOpSIIDlliero IIOIIH ITO /liiHHe yCKOpHTenH, T.K. IIpH 

ManbiX f3 d aHaqeaHe T d cymecTaeHao MeRbwe, qeM 3Ra'IeHHe T P npH 

COOTaeTCTayiDlliHX 3H8'IeHHHX {3 • 
p 

0 XapaKTepe OTpHUaTeiibHOPO H8KIIOH8 a YCKOpSIIDl.UeM none MO)I(HO 

CyllHTb no KpHBOii pHCo 2, rne a npoueRT8X IIOK838HO OTHOCHTenbROe yMeHb-

7 
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IIJeHHe T d B 38BHCHMOCTH OT cKopocTH 'laCTHU f3 d • B KalKa oil TO 'IKe KpHBofi rro 

ocH opAHH8T 3H8'1eHHe T AJISI npoTOHOB npHHSITo 38 100%. KpHB8SI pac. 2 
p 

IIOCTpOeH8 H3 KpHBhiX 2 H 3 pHC. 1, 

OcyiiJeCTBHTb sKcrrepHMeHT8JibHhiM rryTeM oTpHuaTeJibHhiil HaKJIOH B yc

KopSIJOIIJeM rrone, IIOK838HHhiil H.8 pHC, 2, - 38):18'18 He O'leHh IIpOCT8SI, KpoMe 

TOI'O, II pH CTOJlh 60JihUIOM H8KJIOHe ( 35-40%) SJieKTpH'19CK8SI IIpO'IHOCTh rrepBblX 

ycKopSI!OIIJHX rrpoMelKyTKOB MOlKeT oKa38TbCSI aeaocTaTO'IHoil. ITosToMy arrepTy

phi Tpy60K apei!<fla IIO ):IJIHH9 yCKOpHT9JISI ( B aei!TpOHHOM B8pH8HT9) IIpHHSITbl 

rrepeMeHHbiMH (CM, T86JIHUY H8 CTp, 12) C T8KHM paC'IeTOM, 'IT06bi B rrepBOM IIpH6JIH-

:lK9HHH H3MeHeHHe T d B 3aBHCHMOCTH oT f3 d 6hmo rroao6Ho H3MeHeHHJO 

T P B aaBHCHMOCTH oT f3 P • Ha pHc. 1 rroKa3aHa crnalKeHHaSI KpHBaSI ( KpH-

B8SI 4) HaMeHeHHSI T d AJISI Aei!TpOHHoro BapH8HTa flY -9 rrpH g d = ~;

H arrepTypax, H3M9HSIIOIUHXCSI IIO rrepHOJl8M yCKOp9HHSI COI'JI8CHO Jl8HHbiM T86JIH

Ubl, KpHBaSI pacc'IHTaHa TeopeTH'IecKH 6ea yqeTa BJIHSIHHSI <floKycHpyJOUIHX 

C9TOK. 0IITHM8JibHbiil IIO)l60p XapaKTepa H8KJIOH8 yCKOpS!!Oill9I'O IIOJISI OCyiUeCTB

JISIJICSI SKCIIepHM9HT8JlhHO HCXOJlSI H3 M8KCHM8JibHOI'O TOK8 yCKOpeHHbiX aei!T

pOHOB H8 BhiXOJle nY. Ha pHc. 3 IIOK838H8 SKcrrepHMeHT8JlbHO rroao6paHH8SI 

KpHB8SI pacnpeAeJieHHSI M8l'HHTHOI'O IIOJISI BAOJib o6pa3yJOUiei! pe30H8TOpa 

(B rrepBOM npH6JIH:lKeHHH COOTBeTCTByJOUl8SI pacnpeneneHHIO HanpSI:lKeHHOCTH 

sneKTpH'IeCKOI'O nOJISI BJlOJib OCR pe30H8TOpa), TipH YK838HHOM pacnpe

aeneHHH M8l'HHTHOI'O noJISI H86JIIOA8JICSI M8KCHM8JlhHblil yCKOpeHHbiH TOK aeii

TpOHOB H8 Bb!XOJle JlHHeiiHOI'O yCKOpHTeJISI, 

Tiocne yCT8HOBKH H8C8):10K H8 Tpy6KH npei!<fla H IIOJIY'I9HHSI OIITHM8JihHOI'O 

pacnpeAeneHHSI yCKOpS!!OUiero noJISI B03MO:lKeH He60JihiiJOi! yXOJl yCKOpSI!OUieil 

'18CTOThl. B STOM cnyqae, K8K nOK83biBaeT <flopMyJia ( 6), IIOA60pOM SH9pl'HH 

<flopHH:lKeKTOpa H ypoBHSI yCKOpS!IOUiero B, 'I, nOJISI MOlK9T ObiTb 

neHO CHHXpOHHOe ycKopeHHe '18CTHU, 

BOCCT8HOB-

Tiocne nepeCTpoiiKH JIHHeiiHOI'O ycKopHTeJISI 6bJnH IIpOBe)leHbl SKCIIepH

MeHTbl no ycKopeHHIO aei!TpOHOB B ny -9. Jlei!TpOHhl, rrpeaBapHTeJibHO yCKO-

peHHbl9 B ljlopHHlKeKTOpe ):10 sHeprHH 285 KSB, nerKO 38XB8TbiB8JIHCb B pelKHM 

ycKopeHHSI H8 2-oi!: Kp8THOCTH Jlpei!ljla, 0IITHM8JibH8SI H8CTpOHK8 BC9X napa

MeTpOB nY -9 n03BOJIHJI8 IIOJIY'IHTb AeiiTpOHHbiil TOK H8 ero BbiXO):Ie IIOpSI):IK8 

200 MK8 B HMIIYJibCe ( T HMII, = 350-400 MKCeK), 'ITO IIpHMepHO B 6-7 pa3 

M9Hb11Je npOTOHHOI'O TOK8, 

8 

t.,., '".!~ 
'.~ :( 

.:i; 
J_.~::' 

3aMeTHM, 'ITO eCJIJf 6bi nY -9 HMen KB8AI 

ycKOpeHHe AeiiTpOHOB H8 2-oi!: Kp8THOCTH apei!ljla 

6bi noJiy'IHTb, He H3M9HSISI reoMeTpHH yCKOpSIJOUie 

peHHbiil aei!TpOHHblH TOK 6biJI 5bi npnMepHO H8 IIC 

Hblil/4/ • 

.llsyxaaaopHaH rpynrrHpOBKa Aei!TpOHOB 

KaK y:lKe OTMe'lanocb BhiiiJe, npH ycKopSI!OI 

TeJibHOH Tpy6Ke <flopHH:lKeKTOpa, paBHOM U 

aeRTpOHHhlil TOK H8 BhlXOJle JIHHeiiHOI'O yCKOpHT91 

rrynbce. CHRlKeHHe ycKopSIJOUiero noTeHuHana aa 

pa38 ( U = 570 KB npH ycKopeHHH npOTOHOB 

IIJ9HHIO napaMeTpOB IIY'!Ka, HHlKeKTHpyeMOI'O B 81 

JIHH9HHOI'O yCKOpHTeJISI. 

/5/ 
B pa6oTe 6hm paccMoTpeH MeToA npe 

HHSI ny'IK8 H8 BXO):Ie JIHHeHJIOI'O YCKOpHT9JISI HOHI 

rpyrrnHpOBaTeJISI C Tpy6KOil apeit<fla, paCCTOSIHH9 ~ 

paMH aa3opos KoToporo onpeaenSieTcSI no ljlopMyr 

L=K1,8 OA, s, 

rJle K 
1 

Mo:lKeT npHHHMaTb aHa"!eHHSI 1,5; 2, 

TIOCJI9AOBaTeJibHOe p83BHTHe STOI'O M9T0Jl8 

"!8CTH ycKOpSI!OUieH CTpyKTyphl npHBOJlHT K CXe 

HOI'O rpynnHpOBaTeJISI, TipH"!eM paCCTOSIHHe Me~ 

2-ro a8aopa rpynnHposaTeJISI H sneKTpH"!eCKHM 

npoMe:lKyTK8 CTpyKTypbl flY onpeAengeTCSI B 

e =<K 2 + 
TT/2 -1¢ .. ,1 I ) 

211 

K2 MO:lKeT npHHHM8Tb 3Ha"'eHHSI 0,5; 1,5; 2,5 

B paccMaTpHsaeMoM cny-qae ycKopeHHSI neiiTpOH' 

B03MO:lKHOCTb noAHSITb H8npS!:lKeHHe H8 yCKOpHTE 

( U.<f> "' 600 KB), 6biJIO peaJIH30B8HO AB8 B8pH8H 

HOI'O rpynnHpOBaTeJISI, 

9 



aaBHCHMOCTH OT CKOpOCTH "'aCTHU {3d • 8 Ka)K]:IOit TO"'Ke KpHBOit ITO 

Ha"'eHHe T anH npoTOHOB rrpHHHTO aa 100%. KpHBaH pHc. 2 
p 

H3 KpHBbiX 2 H 3 pHC. 1. 

CTBHTb 9KCITepHMeHT8nbHhiM ITyTeM OTpHUaTenbHhitl HaKnOH B yc

one, rroxaaaHHhiii Ha pHc. 2, - aaaaqa He o"'eHb npocTaH. KpoMe 

Onb 6onblllOM HaKnOHe ( 35-40%) aneKTpH"'eCKaH ITpO"'HOCTb ITepBhiX 

rrpoMe)KyTKOB MO)KeT OKa3aTbC51 He]:IOCTaTO"'HOit. 009TOMy anepTy

peit~a ITO AnHHe yCKOpHTeng (B aet!:TpOHHOM B8pH8HTe) ITpHHHTbl 

(eM. Ta6nHUY H8 CTp. 12) C TaKHM paC"'eTOM1 "'T06bi B ITepBOM ITpH6nH-

HeHHe T d B aaBHCHMOCTH oT f3 d 6hmo nono6Ho H3MeHeHHJO 

CHMOCTH OT {3 P • Ha pHC. 1 ITOK838Ha crna)KeHH851 KpHB851 ( KpH-

eHeHH51 T d nnH net!:TpoHHoro BapHaHTa JlY -9 npH g d = ..!§..f-

HaMeHHIOIUHxcH no ITepHOil8M YCKOp9HH51 COrnaCHO )laHHbiM Ta6nH

paCC"'HT8Ha TeopeTH"'9CKH 6e3 y"'eTa BnH51HH51 ~OKyCHpyJOIUHX 

anbHhiit 1Ton6op xapaxTepa HaKnoHa ycKopHIOIIlero ITOnH ocymecTB

HMeHTanbHO HCXOill'I H3 MaKCHManbHOrO TOK8 yCKOpeHHbiX neitT

XOile JlY. Ha pHc. 3 noKa3aHa 9KcnepHM9HT8nbHO ITOil06paHH851 

peneneHHH MarHHTHoro nong Bnonb o6paay10met!: peaoHaTopa 

pH6nH)K9HHH COOTB9TCTBYIOIU851 pacnpeneneHHIO Hanp5I)K9HHOCTH 

oro nonH anonh ocH peaoHaTopa), TipH yxaaaHHOM pacnpe

HHTHoro nong Ha6niOnancg MaKCHManbHbit!: ycxopeHHbiH TOK neit

Ixone nHHeHHoro ycxopHTeng, 

CT8HOBKH Haca)lOK Ha Tpy6KH npet!:~a H ITOny"'eHHH OITTHManbHOro 

5I YCKOpHIOIUero nong B03MO)K9H He6onblliOit yxon YCKOp51101U9H 

9TOM cnyqae, KaK ITOKa3biBaeT ~OpMyna ( 8) 1 ITOil60pOM 9HeprHH 

a H YPOBHH YCKOpHIOIUero B."'. nonH MO)K9T Ob!Tb 

HOe yCKOpeHHe "'aCTHU, 

BOCCTaHOB-

ITepecTpoiiKH nHHeitHoro ycxopHTenH 6binH ITpoaeneHbi aKciTepH

KopeHHIO neitTpOHOB B JlY -9. Aet!:TpOHhi, ITpenBapHTenbHO ycKo-

ifH)K9KTOpe llO 9HeprHH 285 K9B1 nerKO 3aXBaTbiBanHCb B p9)KifM 

2-ot!: KpaTHOCTH llpeit~a. 01TTHManbHa51 HaCTpot!:Ka BCeX IIapa

II03BOnHna ITOny"'HTb net!:TpOHHbitl TOK Ha ero Bb!XO)le ITOpl'IIlKa 

ITynbce ( T If MIT, = 350-400 MKCeK) 1 "'TO ITpHMepHO B 8-7 paa 

HHOro TOKa, 

8 

,.A 

~'~~;~ 
i1ti 

'r.t 

'')), 

3aMeTHM 1 "'TO ecnM 6bi JlY-9 HMen KB81lpynonbHYIO ~OKyCHpOBKy, TO 

ycKopeHHe ll9HTpOHOB Ha 2-oit Kp8THOCTH npeit~a B 9TOM cnyqae MO)KHO 6binO 

6bi ITOny"'HTh, He H3MeHHH reoMeTpHH ycxopHJOIUeit CHCTeMhi. OpH aToM ycxo

peHHbiit neitTpOHHblit TOK 6bin 6bi llpUMepHO Ha IIOpl'I)lOK M9Hblll9
1 

"19M ITpOTOH

Hblti/4/ • 

ilByxaaaopHaH rpyiTITHpOBKa get!:TpOHOB Ha BXOge JlY-9 

KaK y)Ke OTMe"'anOCb Bbllli9 1 ITpH YCKOp51101UeM ITOT9HUHane Ha ycKOpH

TenbHOH Tpy6Ke ~OpHH)KeKTopa, paBHOM U = 285 KB
1 

6bin rrony'JeH 

nei1TpOHHbiH TOK Ha Bb!XO)le nHH9t!:Horo yCKOpHT9nH, paBHbitl 200 MKa B HM

nynbce. CHH)KeHHe yCKOp51IOIUero ITOTeHUHana Ha Tpy6Ke ~OpHH)K9KTOpa B llBa 

paaa ( U = 570 KB llpH yCKOp9HHH llpOTOHOB) llpHBeno K pe3KOMy YXYil-

1119HHIO ITapaMeTpOB ITY"'K8 1 lfH)K9KTHpyeMoro B aiTepTypy yCKOpll:IOIUero KaHana 

nHH9HHoro YCKOpHTeng, 

/5/ 
B pa6oTe 6bm paccMoTpeH MeTon npenBapHTenhnoro rpynnHpoBa-

HHR ITY"'Ka Ha BXO)le nHHet!:noro YCKOpHTeng HOHOB C IIOMOIUbiO 2-3a30pHoro 

rpynnupoBaTenll: C Tpy6Kot!: npeit~a, paCCT051HHe M9)KJlY aneKTpH"'9CKHMH U9HT

paMH aaaopoB KoToporo onpenenReTcR no ~opMyne 

L=K 1 {3 0 ..\, s, 

rae K 1 MoJKeT npHHHMaTb aaa>JeHHH 1,5; 2,5; 3,5 H T.a. 
TiocnenoBaTenbHoe paaBHTHe aToro MeTona npHMeHHTenhHO K Ha"'anhHot!: 

"18CTH yCKOp51101U9H CTpyKTypbl npHBOllHT K CXeMe COBMeiUeHHOrO 2-3830p

Horo rpynnHpoBaTeng. TipH"'eM paCCTOHHHe M9JKllY aneKTpH"19CKHM U9HTpOM 

2-ro aaaopa rpyiTnHpoBaTeng H aneKTpH"'eCKHM ueHTpoM 1-ro ycxopRJOIUero 

npoMeJKyTxa cTpyKTypbi JlY onpeaenHeTcH B aToM cnyqae no ciJopMyne 

e =<K 2 + rr/2 -lcPs,l I ) f3s,O ,\ • 
2rr 

K2 MO)KeT npHHHMaTb 3Ha"'eHHll: 0,5; 1,5; 2,5 H T.n. B CBR3H c TeM, "'TO 

B paccMaTpHBaeMoM cny"'ae ycxopeHHR neATpoHoB cymecTByeT OITpeneneHHaH 

B03MO)KHQCTb nOilH51Tb H81Ipll:)K9HHe Ha YCKOpHTenbHOt!: Tpy6Ke ~OpHH)K9KTOpa 

( U . .p "" 800 KB), 6binO peanH30B8HO llBa BapHaHTa COBM91U9HHOro llBYX3a3op

HOro rpyniTHpoBaTenR. 

9 
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I BapRaHT, Yla)KeKURH B 3-RA 3a3op ycKopmomeA cTpyKTypbi 

B <~TOM cnyqae rrepBbie JlBe Tpy6KH JlpeM>a ObinR cHHTbi H 3aMeHeHbi 

HOBbiMH C TeM paC'I~TOM, 'ITOObl JlBa rrepBblX 3a3opa BbliiOllHHllH 4JyHKUHIO 

llBYX3a3opaoro rpyrrrrHpoBaTenH, Tpe6yeMoe aarrpH)KeHHe HH)KeKUHH B03pocno 

JlO 400 KB, npH :3TOM HH)KeKTHpyeMbiA TOK Ha BXOJle B arrepType lJHHeHHOrO 

ycKOpHTenH B03pOC B JlBa pasa, a yCKOpeHHbiH TOK Ha BbiXOJle llHHeHHOrO 

ycKOpHTenH - B 4 pasa ( 8()() MKa), T,e, O>KH)laeMbiH :;~4>4JeKT yBenH'IeHHSI 

ycKopeHaoro ToKa B JlBa pasa oT aeitcTBHH rpyrrrrHpoBaTenH Obin rronyqeH 

9KCIIepHMeHTanbHO, 

II BapRallT, YIH)KeKURH B 5-biH 3a3op ycKopsuomeA cTpyKTypbi 

B aTOM cnyqae rrepBbie qeTbxpe Tpy6KH ycKopHIOUieit cTpyKTypbi ObinH 

CHHTbl R 3aMeHeHbl HOBbiMR C TaKRM pacq~TOM, 'ITOObl 3-HH H 4-b!H 3a30pbl 

BbliiOnHSinH 4JyHKURJO 2-sa30pHoro rpyiiiiRpOBaTenH, a JlnSI rrepBblX JlBYX 3a30-

pOB «t>aKTOP rrponeTHOrO BpeMeHR Obin Bb!OpaH paBHbiM aynJO, noaToMy rrepBbie 

llBa 3a3opa qacTRUaMH rrrporrycKanHcbr 6e3 H3MeaeHHSI HX aaqanbHoit aaep

rRR (B rrepBOM IIpROnH)KeHRR), B 3-eM H 4-0M 3a3opaX OHH rpyiiiiRpOBanHCb 0 

a pe3oaaacaoe ycKopellRe Ha'IRHanocb c 5-ro 3asopa. Tpe6yeMoe aarrpH)KeHRe 

RH)KeKURH IIpH 9TOM B03pOCnO JlO 525 KB, TOK Ha BXOJle B arrepType nHHeH

HOrO yCKOpHTenSI B03pOC B 2,5 - 3 pa3a, a yCKOpeHHblit TOK Ha BblXOJle nH

aeitaoro ycKopHTenSI - B 6 pas ( 1200 MKa), 

Ha pHc, 4 JlnSI cpaBHeHHSI cxeMaTH'IeCKH rroKasaaa reoMeTpHSI aaqanb

aolt qacTR yCKOpSIIOUieit CTpyKTypbl nY -9 II pH ycKopeHHR IIpOTOHOB ( CIInOlllHOit 

KOHTyp) H ycKopeHRR )leitTpOHOB (rryHKTHpHblit KOHTyp CO lllTpHXOBKOA) iipH 

RH)KeKUHR B 5-biH 3a3op ycKOpSIIOineit CTpyKTypbi, npH'IeM MaCmTaOHbie COOT

HOllleHRSI Tpy60K Jlpeit4Ja H yCKOpSI!OinHX rrpoMe)KyTKOB IIO OCH z COXpaaeHbl 0 

a IIO pallRYCY MaClllTaOHbie COOTHOllleHHH B3S!Tbl iipOH3BOnbHblMH, 

Ha pHc, 5 rrpHBeJleHbi KpHBbie 4JasoBoH rpyrrrrHpOBKR JleitTpOHOB B 3a3o

pax JlByxsasopHOrO rpyiiiiHpOB8TenSI ( 3-Hit H 4-blit 3a30pbl 1 pHC, 4) B KOOp

~W JlRHaTaX -w::-;;-- t cp 
4 

J rile cp 
4 

- 4Jasa qaCTRUbl BO BTOpOM 3a3ope ( 4-biH 
s,O 

3a30p CTpyKTypbi) rpyiiiiHpOBaTenSI, nyHKTHpHbie iipS!Mbie pHC, 5 yKa3biBaiOT 

rpaHHUbl 4Ja30BOrO 3aXBaTa B pe)KRM yCKOpeHHSI {3 ¢8 ) 
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Ha pHc. 6 noKa3aHbi «t>asoBbie TpaeKTOpHH 

B nY-9 B 3aBHCHMOCTH OT rrepHOJlOB ycKopeHHSI m 

Pac'I~T .PasoBbiX TpaeKTOpRA rrpoH3BOJlRnCH rro 

MaM aa 3BM THIIa CDC • 3Ha'leHHe 4>aKTopa rrpone• 

Jloro rrepHoJla ycKopeHHSI 6panocb cornacao KpHBOit 

B SaKniO'IeHHe aBTOpbl C'IHTaiOT CBOHM IIpHSI 

6naro)lapHOCTb n.H. WepCTHHOBy, B.YI. XpeHoBy, r 
noBy, IO.B. npocTRMKRHY R YI.n. ronoBaHJO sa IIOMOU 

MeHT8nbHblX paoOT. 

nHTepaTypa 

1. JO • .a. BeanorHx H ~p. Bl1Hl1Tl1, NP 879-89, 1 

CTp. 202, 1989; npenpHHT Ol1Rl1, P9-4214 

2. n. AnbBapeu H ~p. flpooneMbi COBpeMennoJ 

3. n.n. 3HHOBbeB H ~p. npenpHHT Ol1Rl1, 51S 

4, Th. Sluyters. Preprint CERN 64-22, C 

5. JO • .a. BeanorHx. flpenpHHT Ol1Rl1, P2-521f 

PyKonHcb nocTynHna B H3AaTenbCKHA 

8 ~espang 1971 rona. 
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BaoHaHT. Ha*e~ua~ B 3-HA ~a3o bl 

OM cnyqae nepBbie llBe Tpy5~H llpeA!jJa 5binH CHS!Tbl H 3aMeHeHbl 

TeM pacq{!TOM 0 'IT05bi llB8 nepBbiX 3830pa Bhii10llHSillH «f>yHKilHIO 

aoro rpynnHpoBaTenH. Tpe5yeMoe HanpH*eHHe HH*eKUHH Boapocno 

• f1pH 8TOM HH*eKTllpyeMbiA TOK Ha BXOlle B anepType IIHHeAHoro 

g B03pOC B llBa pa3a, a ycKopeHHbiA TOK Ha BbiXOlle llHHeAHoro 

g - B 4 pa3a ( 800 MKa), T.e. O*HllaeMbilt 91)xJ>eKT yBellH'IeHHSI 

ro TOKa B llB8 pa3a OT aeltCTBHH rpynnHpOBaTe.ng 5bill no.nyqeH 

HT811hHO. 

BaoHanT. Hn*eKUHH B 5-hlfi ~a3 bl 

OM cnyqae nepBbie 'leTbipe Tpy5KH YCKOpS!IOUleA CTpyKTypbi 5blllH 

aMeneHbl HOBbiMH C T8KHM p8C'IE!!TOM 0 'IT05bi 3-HA H 4-biH 3830pbi 

4>YHKUHID 2-3a3opnoro rpynnHpoBaTenH, a lliiH nepBbiX asyx 3a3o

nponeTnoro BpeMeHH 6bm Bbr6paH paBHhiM HyniD. IToaToMy nepsbre 

'18CTHU8MH "nponyCK811HCb' 6e3 H3MeHeHHSI HX H8'1811bHOH 8Hep-

BOM npn6nH*eHHH), B 3-eM H 4-oM 3a3opax oan rpyrrrrnpoaanHcb, 

noe ycKopenHe HB'IHHanoch c 5-ro 3a3opa. Tpe6yeMoe HanpSI*eHne 

IIpH 8TOM B03pOCIIO liD 525 KB 0 TOK H8 BXOlle B arrepType llHHefi

HTeng B03pOC B 2,5 - 3 p838 0 8 YCKOpeHHblfi TOK Ha BbiXOlle IIH

- B 6 pa3 ( 1200 MKa). 

Co 4 lliiSI CpaBHeHHSI CXeMaTH'IeCKH nOK83aHa reoMeTpHSI Ha'IBIIh

yCKOpSIIDU{efi CTpyKTypbl nY -9 IIpH ycKopeHHH llpOTOHOB ( CniiOUlHOH 

YCKOpeHHH lleATpOHOB (rryHKTHpHhifi KOHTyp CO lliTpHXdBKOfi) npH 

5-biH 3830p yCKOpS!IDUlefi CTpyKTYPhi. f1pH'IeM M8ClliT85Hbie COOT-

y6oK llpefi«f>a H YCKOpSIIOlllHX npoMe*yTKOB no OCH z COXpaHeHbi
0 

Icy M8ClliT86Hbie COOTHOllieHHSI B3S!Tbl npOH3BOIIbHbiMH. 

c. 5 npnBelleHbl KpHBbie «f>a30BOH rpyrrnHpOBKH aeATpOHOB B 3a30-

30pHoro rpynnnpoBaTeng ( 3-Hfi H 4-hrfi 3a3opbi pnc. 4) B Koop-, 
w 

cp 4 1 rae cp 4 - 4Ja3a 'IBCTHUbl BO BTOpOM 3830pe ( 4-bllt 

rpynnHpoBaTeng. ITyHKTHpHbre npSIMbre pHc. 5 yKa3biBBIOT 

30BOrO 38XBaTa B pe*HM YCKOpeHHSI (3 ¢ B ) 

10 
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Ha pHc. 6 noKaaaHbi «f>aaoahre TpaeKTopnn ycKopSieMbiX lleATpOHOB 

B nY-9 B 38BHCHMOCTH OT nepHOllOB ycKopeHHSI n IIpH /h
0 

= J0 KB/cM. 

Pacq{!T «f>a30BbiX TpaeKTOpHA npoH3BOllHIICSI no pa3pa6oTaHHhiM nporpaM

MaM Ha 3BM THna CDC • 3Ha'leHHe 4>aKTopa nponeTHoro BpeMeHH lliiH Ka*

aoro nepHoaa ycKopeHHSI 5panocb cornacHo KpHBofi 4 pHc. 1. 

B 3aKIIIO'IeHHe aBTOpbi C'IHTBIOT CBOHM npHSITHhiM llOllrOM Bbipa3HTb 

6naroaapHOCTb n.H. illepCTSIHOBy, B.H. Xpenosy, rr.r. Cepo5a5e, rr.rr. ITaa

IIOBy, IO.B. ITpoCTHMKHHy H H.n. ronoBaHID 3a noMOUlh B rrposeaeHHH 8KcrrepH

MeHT8llbHbiX pa6oT • 

nHTepaTypa 

1. IO.D.. BeaHorHx H ap. B11HJ1TJ1, M 679-69, 1969. Pe¢epaT nT3, M4, 

CTp. 202, 1969; npenpHHT 011RJ1, P9-4214, D.y6Ha, 1968. 

2. n. AnbBBpeu H ap. npo6neMbl COBpeMeHHolt f/JH3HKH, M4, 1956. 

3. n.n. 3HHOBbeB H ap. npenpHHT 0J1RJ1, 519, 0.y6HB
1 

1959. 

4. Th. Sluyters. Pre print CERN 64-22, Geneve, 1964. 

5. 10.0.. BeaHorHx. npenpHHT OJ1RJ1, P2-5276, D.y6Ha, 1970. 

PyKonRcb nocTynana B aanaTenbCKRA oTnen 

8 ~Bpana 1971 rona. 
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HaMeHeHHe anepTyp Tpy6oK ApeA~a B aaBHCHMOCTH 
OT HOMepa Tpy6KH 

Houep TPY«'KB ~HaMeTp anepTYPH 1 uu 

3, 4, 5 15 

6, 7' 8 16,8 

9, 10, 11 18,6 

12, 13, 14 20,5 

15, 16, 17 22,4 

18, 19, 20 24,6 

21' 22, 23 26,6 

24, 25, 26 29,2 

27, 28, 29 

t 31 ,o 
30, 31' 32 
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H pe~oH~mopo. 
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Puc. 3. HopManuaoaaHHaH KpuaaH onTuManbHOro pacnpe.QenenuH MarHUTHoro 
nonH B.QOnb o6paayromeA peaoHaTopa npu .QeATpOHHOM YCKOpeHUU B nY-9. 
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PHc. 5. KpHBbie cpa3oBol! rpymmpoBKH Llel!TpoHOB B 3a3opax LIBYX3a-
30pHoro rpymmpoBaTemr ( 3-Hl! H 4-biH 383Dpbi CTpyKTyphJ). 1 - aHepreTH
qecKHl! pa36poc crpyrrrrHpoBaHHhiX qacTHU rrocne rrpoxo*LieHHH 1-ro 3a3opa 
rpyrrrrHpoBaTenH (3-ro 3a3opa cTpyKTYPhi). 2 - aHepreTHqecKHl! pa36poc 
crpyrrrrHpoBaHHhlX qacTHU rrocne 2-ro 3a3opa rpyrrrrHpoBaTenH (4-ro 383opa 
cTpyKTypbJ). Ha KpHBhiX 1,2 yKa3aHhi cpa3bi qacTHU B 1-oM 3a3ope rpyrr
mrpoBaTenH. lllTpHXOBb!MH mrHHHMH 0003HaqeHbi rpaHHUbl OonaCTH 38XB8T8 
ITO cpa3aM 3 cp 
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