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BBeaeHHe 

B HaCToHme~ pa6oTe paccMoTpeH MeTOA pac'ieTa MeaneHHoro pesoHaH-

CHOI"'O Bb!BOA8 npOTOHOB 113 C11HXp0¢830TpOH8 flB3 C 11CnOnh30B8H11eM peso-

HaHCa paAI18nhHbiX 6eTaTpOHHbiX KOne68HI1~ V R = 1/2, ilnH BbiBOAa ny'iK8 C 

Bb!COKO~ :3$$eKT11BHOCThiO He06XOAI1MO AeTanbHO 11CCneAOB8Th OC06eHHOCTI1 

ABI1*eHI1H npOTOHOB B ycnOB11HX pe30H8HC8 C y'ieTOM peanbHbiX xapaKTepi1C-

TI1K M8I"'HI1THOI"'O nOnH 11 CTpyKTypbl YCKOpi1TenH, noao6HOI"'O poaa pacqeTbi, 

/1 2/ 
KaK npaa11no, BbmOnHHIOTCSI Ha 3BM ' • MeaneHHbi~ BbiBOA npoTOHOB anH 

C11HXpo<jJa30TpOH8 paCC'iHTbiBancH Ha 3BM Knacca E3CM-3, 

CXeMa MeaneHHOI"'O BbiBOna, OCHOB8HH8H H8 pe30H8HCe V R = 1/2, npen

/3/ 
no*eHa B pa6oTe • Y cnoa11H, Heo6xoni1Mhie nnH pa3BI1TI1H yKa3aHHoro pe-

soHaHca, non*Hbi cosnaaaThCH B Hapy*HO~ 'iaCTI1 pa6oqeii o6naCTI1 BaKyyM

Hoii KaMepbl yCKOp11TenH /
4 /, ny'iOK, H8XOllHIU11HCH K Ha'iany BbiBOna BO 

BHyTpeHHeii HeB03MyiUeHHOH 'i8CTI1 KaMepbl, TeM 11mr 11HbiM cnoco60M Men-

neHHO CMemaeTCH B pesoHaHcHyiO o6naCTh. MenneHHbiH BbiBon HBnHeTCH pe-

3ynhT8TOM pe30HBHCHOI"'O HapaCT8HHH 8Mnni1Tyn CB060llHbiX KOne6aH11H 11 no-

CTeneHHOI"'O 386poca npOTOHOB Ul1pKyn11pyiOWe!"'O ny'iK8 B 3830p CenTyM- M8I"'-

H11Ta, iln11TenbHOC'r'b BbiBOna onpenenHeTCH CKOpOCTbiO CMeiUeHRH paBHOBeC-

HOH op611Tbl, npoTOHbl BbiBOllHTCS!, T8KI1M o6pa30M, Ha npOT5l*eHI111 

104 .. 5·105 o6opoTOB, B HacToHmeli pa6oTe npennonaraeTcH, 'iTO 11Mnynbc npoTo-

HOB B Te'ieHI1e Bb!B0ll8 OCTaeTCH nOCTOHHHbiM, a ny'iOK 6yneT CMeiUaThCH 

HBPY*Y sa C'ieT MenneHHoro yMeHhmeHI1H MarH11THoro nonSI ycKOpi1TenSI, B 

Ta6n11ue 1 np11aeneHa 38BI1CHMOCTh noKasaTenH nonSI n OT panHyca c pe-

30H8HCHO~ no6aBKO~ L'..n B I 11 II KBa npaHTaX 11 11CXOllH8H 38BHCI1MOCTh n 

OT pan11yca B III 11 IV KBanpaHTax, PesoHaHC Hoe B03MYIUeHI1e iln 38HI1-
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M89T 110 paAHYCY o5naCTb uT R = 2780 CM AO R = 2840 CM>. npH 3THX yc-

nOBHHX cpeAHHH BenH~HHa n 38 o50pOT COCTaBnHeT 0,79, nnH ycKOpHTenH 

c 4-MH rrpHMOnHHeiiHbiMH rrpoMe>KyTKaMH .anHHOH L 3Ta BenH~HHa rrony~aeT

CH H3 Bblp8>K9HHH! 

l --
v R =2 = V 1- n ( l + _L_), 

rr R
0 

(1) 

r.ae R 0 = 2800 CM - ueHTpanbHhiH paAHYC ycKopHTenH, YI3MepeHHH n H L'ln 

5hinH rrpOH3B9A9Hbi rrpH HH.llYKUHH 126000 T'C C W8T'OM 5 t;M, npe.aBapHTenb

Hbl9 8H8nHTH~9CKH9 pac~eTbl 110K838nH 1 ~TO B9nH"'HH8 tl n = 0,3 B YK838H

HOH o5nacTH ( Ta5nHua 1) .aocTaTO~Ha .anH pa3BHTHH pe3oHaHca. "4HcneHHhie 

pac~eThl Ha 38M ITO.llTBep.aHnH 3TO, 

Pe30H8HCHhie ycnOBHH B CHHXpO<jl830TpOHe J183 C03.ll8IOTCH C ITOMOIIIbiO 

4-X rrpOBO.llHHKOB 1 pacrrono)KeHHbiX Ha BepxHeM H HH)I(HeM rroniOC8X I H II 

KBa.apaHTOB yCKOpHTenH (pHC, 1), 

Hy>KHO OTM9THTb, "'TO o5paTHbie BHTKH rrpOBO.llHHKOB 2 H 4 BCer,aa 38MK

HYTbl Ha py)Ky OT R 0 , a o5paTHbie BHTKH rrpOBO.llHHKOB 1 H 3 MOT'yT 5hiTb 

38MKHYThl K8K BHyTpb OT R0 ( B A8nbH9HW9M 3TOT cny~aii H83B8H "rrone 1 "), 

TaK H Hapy)Ky ( "rrone 2"). Cerr'l'yM-MarHHT .anH Me.aneHHoro BhiBo.aa 5y.aeT 

pacrronO)K9H T8K )Ke, K8K H An 5l 5hiCTporo 1 B 11p5!MOnHH9HHOM 11pOM9)KYTKe Me >K

AY II H Ill KB8Ap8HT8MH YCKOpHTenH. Kpaii ero 3830pa (cerrTyM) Haxo

.llHTCH Ha paCCTOHHHH 20 CM O T rrpOAOnbHOH OCH 11pHMOnHH9HHOT'O 11p0M9)KYT

K8, 

2, JlOCT8HOBK8 381!8'lH H MeTOI! p8C'leT8 

npH MO,llenHpOB8HHH MeaneHHOT'O pe30H8HCHOT'O BhlBO.ll8 rrpOTOHOB H8 

38M 110 011HC8HHOH BbiWe CXeMe paCC~HThiBanaCb TOnbKO pa.aHanbH8H rrpo

eKUHH TpaeKTOpHH B M 8T'HHTHOH M9,llH8HHOH rrnOCKOCTH y cKOpHTenH ( Z = 0 , 

B R =0, B cp= 0 ) , ITOCKOnbKY B .ll8HHOM cny~ae BepTHK8nbHbiX p e 30H8HCOB IT05-

nH30CTH HeT, KpoMe TOT' O, rro.a o5Hhi H pac~eT 110Tpe5oBan 5 h i Ha 38M Knac

c a E3CM-4 cnHl!lKOM 5onb lllOH a aTpaTbi BpeMeHH. 
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R ( e M ) 

2750 
2255 
2760 
2765 
2770 
2775 
2780 
2785 
2790 
2795 
2800 
2805 
2810 
2815 
2820 
2825 
2830 
2835 
2840 
2945 
2850 

Ta6n Hua 1 

1 • n Jtsa~
PA!r - · 

n +L'in 

0,2 
0,36 
0,46 
0,52 
0,555 
0,59 
0,62 
0,65 
0,705 
0,78 
0,88 
0,995 
I,OI5 
1,03 
0,95 
0,875 
0,845 
0,85 
0,9 
0,975 
I,I6 

m • IY 
Jtsa.-pasr 

n 

0,2 
0,36 
0,46 
0,52 
0,555 
0,59 
0,62 
0,635 
0,655 
0,67 
0,68 
0,695 
o, 715 
0, 73 
0,75 
o,76! 
0,795 
0,83~ 

0,9 
0,97~ 

I,I6 

3aBHCHMOCTb OT paa.HyCa n ·OK838TenSI nonS! n C pe30H8HCH01i 

KOll L'in B I H Il KB8Ap8HT8X . yCKOpHTeiTSI H HCXOAHoe pacnpeA 

n B III H IV KB8Ap8HT8X, 
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R = 2840 CMo, npH 9THX yc

BBrrS!eT 0, 79 • .ilrrSI YCKOpl!TerrSI 

L aTa BerrHqHHa nonyqaeT-

( 1 ) 

opHTerrSI. YlaMepeHHSI n H lln 

waroM 5 r.M. npeAB8pHTerrb

IIHqHH8 fl n = 0,3 B YK838H-

3HTHSI pe30H8HC8. 4HCrreHHble 

flB3 C03A8!0TCSI C IIOMOlllh!O 

: H HHMHeM IIOIT!OC8X I H II 

BOAHHKOB 2 H 4 BCeraa 38MK

;)BOAHHKOB 1 H 3 MoryT ObiTh 

:or cnyqal H83BaH "none 1"), 

SI MeaneHHoro BhiBoaa 6yaeT 

tonl!HeHHOM IIpOMeMyTKe MeM

ero aaaopa (cenTyM) Haxo-

rrpSIMOrrHHeiHoro npoMeMyT-

l pac'lera 

ICHOro Bb!BOA8 IIpOTOHOB H8 

Cb TOnbKO p8AH8nbH8S! rrpo

lCKOCTH YCKOpHT9ITSI ( Z = 0 , 

THK8nbHb!X pe30H8HCOB IIOO

TpeOOBan obi Ha 3BM Krrac

IH. 

R (eM) 

2750 
2255 
2760 
2765 
2770 
2775 
2780 
2785 
2790 
2795 
2800 
2805 
28IO 
2815 
2820 
2825 
2830 
2835 
2840 
2945 
2850 

Ta6nHua 1 

l R IT :na.-
Jl8.!T --· 

n+6.n 

0,2 
0,36 
O,% 
0,52 
0,555 
0,59 
0,62 
0,65 
0,705 
0,78 
0,88 
0,995 
1,015 
1,03 
0,95 
0,875 
0,845 
0,85 
0,9 
0,975 
1,16 

1i • IY 
EBA.-paar 

0,2 
0,36 
0,46 
0,52 
0,555 
0,59 
0,62 
0,635 
0,655 
0,67 
0,68 
0,695 
o, 7!5 
0, 73 
0,75 
o, 765 
0,795 
0,835 
0,9 
0,975 
I,I6 

3aBHCHMOCTb OT PBAHyCa n ·OK838TenH nonH n C pe30H8HCHOH A068B-

KOH 6. n B I H II 

n B III H IV 

KB8ApaHT8X . yCKOpHTeiTH H HCXOAHOe pacnpeAeneHHe 

KB8Ap8HT8X. 
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&.i&oa 

~/!111//lii i '(//( //(4, 81JUHUrlTJJI'fOt 

f I > 11.1' f1 , It HU31CHUU nO/lOt 

PHC.l. 1 - CHCTeMa nonS!pHbiX KOOpAHHST; pacnono>KeHHe pe30HaHCHOA o6MOT

KH H CeDTyM-MSI'HHTa npH MeaneHHOM ·BbiBOAe, 2 - npOBOAHHKH pe-

30HSHCHOA 06MOTKH Ha BepXH8M H HH>KH8M nomocax I H · II KBSA

paHTOB YCKOpHTenH, 

6 

ilBH*eHHe npOTOHOB B M8 I'HHTHOM none CHHXp0~830TpOHa (npH OTC~ 

CTBHH YCKOpeHH~) OnHChlB8nOCb C nOMOWb~ nonHhlX (aenHHe8pH30B8HHl 

ypaBHeHHH: 

d 
2 

R 

d l 2 
R(~)2 

d l 

e 
R _i_2_ B 

d t z • mr 

2 

R~+2 ~-~=--...::._~ B , 
dt dt dt me dt z 

(2) 

3AeCb B z - BepTHKBnbHa~ KO MnOHeHTa non~ yCKOpHTen~, e H m - 38[ 

H MaCca rrpOTOHa, c - CKOpOCTb CBeTa, I - BpeM~, ( R ,¢)- rron~pHbie KO< 

AHH8Thl, lleHTp non~pHOH CHCTeMhl KOOpAHHaT B KB*AOM KB8Ap8HTe yCKO[ 

Ten~ COBIT8A8eT C UeHTpOM KpliBH3Hbl KB8Ap8HT8 (pH C. 1), 3<)l~eKTHBH8~ ill 

Ha KBanpaHTa yCKOpHTen~ no 83HMYTY He38BHCHMO OT panuyca npHHHMana 

paBHOH rr /2 • 3To ~Bn~eTc~ nepBbiM yrrpoweaHeM np11 pacqeTax. B AE 

CTBHTenbHOCTH 3~8KTHBH8~ nnHH8 KB8Ap8HT8 Ha U8HTp8nbHOM paAHyce r. 

HHAYKUHH 126000 I'C COCTaBn~eT 89052•, 4 e T bipe np~MOnHH8HHbiX rrpOMB*Y 

Ka yCKOpHTen~, nnHHOH 800 CM KB*AbiH, paCCM8TpHBanHCb KSK CB060AH 

npOCTpaHCTBO, 

lln~ C0Kp8W8HH~ Bp8M8HH CYeTa CHCT8M8 ypaBH8HHH (2) 6hlna 38M8H 

H8 OAHHM ypaBH8HH8M C HHTerptrpOB8HH8M ITO ¢ : 

2 B I 
R~ - 2 (~}2-R2=- --z-[R 2+ (~)2]32 

d¢
2 

d¢ B R J¢ (3) 
zo 0 

noa nonV"!BHI!H STOI'O VP8BH8Hii~ I!CITOnb30B8HO paBeHCTBO P c =- B ,IJ R c 

I'Ae Bl o - Ei8PTI!K8nbH8~ KOMITOH8HTa non~ Ha U8HTP8nbHOM pall~VCe R 

Y1 HTei'p!ipOB8HHe ITO cp YA06HO T8K*8 TeM, "'TO HOMepa o6opOT' 

OTC"'I!TblB8~TC~ qepe3 2 TT 

B rrpoMe)KYTKax MB*AY KBanpaHTBMR 3HB"!eHH~ R I! 
dR --acp rrepe 

"'HTbiBanucb c BbiXona npenhtnywero KBanpaHTa Ha Bxon cneny~wero 1 

QJOpMynaM: 
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IOJKeHHe pe30H8HCi10lt 06MOT

:aoae, 2 - npoBOLlHHKH pe-
~ nomocax I H ·II KBSLl-

ilBH*eHHe ITpOTOHOB B M8I"HHTHOM none CHHXp0~830TpOH8 (rrpH OTCYT

C T BHH yCKOpeHH ~ ) OITHChlB 8 nOCb C ITOMO!llb~ ITOnHhlX (HenH HeapH30B8HHhlX) 

ypaBH eHHH: 

R ( __i1:_ ) 2 

d l 

e 
rnr 

(2) 

3JleCb 8 z - Bep THKanbH8~ K OMITOHeHT8 non~ YCKOpHTen~ , e H rn - 38p~ll 

H Macca rrpOTOHa , c - CKOpOCTb CB8T8 1 t - BpeM~, ( R ,cp) - ITOn~pHbl8 KOOp-

llHH8T bl, UeHTp rron~pHOH CHCT eMbl KOOpllHH8T B K8*1l0M KB81lp8HTe YCKOpH

Ten~ COBIT81l8eT C U 8HTpOM Kpl1BH3Hbl KB81lp8HT8 ( pHC, 1 ) , 3cp~eKTHBH8 Sl llni1-

H8 KB81lp8HT8 YCKOpHTenSI ITO 83HMYTY He38BHCHMO OT p81lHYC8 npHHHManaCb 

paBHOH rr/2 • 3To ~BnHeTc ~ rrepsbiM yrrpomeHHeM rrpH pac'-!eTax. B aeii

CTBHTenbHOCTH 8¢¢eKTHBH8~ AnHH8 KB81lp8HT8 H8 UeHT panbHOM paaHyce npH 

HHilYKUHH 126000 I"C COCT8Bn~eT 89052• , 4 e T bipe ITpS!MOnHHeHHbiX npoMe*yT

K8 yCKOpHTen~, AnHHOH 800 CM K8>KilblH 1 paCCM8TpHB8nHCb K8K CB060AHOe 

ITpOCTpaHCTBO, 

llnH COKpameHH~ BpeMeHH CYeTa CHCT eMa ypaBHeHHH (2) 6hlna 38MeHe

H8 OllHHM ypaBHeHHeM C HHTei"pHpOB8HHeM ITO rp : 

(3) 

fiPH rronyY:eHiiH 8 T OI"O YP8BHeHii~ HCITOnb30B8HO paBeHCTBO P c =- B • Q R o 

I"Ae BZ o - E\ePTiiK8nbH8SI KOMITOHeHT8 IT On~ H8 U eHTPanbHOM pallliVCe H (I 

Y! HTei"p!ipOB8Hiie ITO rp YA06HO T8K*e TeM , 'ITO HOM epa 060pOTOB 

OTCY:IiTb!B8 10TC~ Y:epe3 2 TT 

R d R 'd"Cf> rrepec-

'l li T biBanliCb C BbiX Oil8 rrpeAh lllYWei"O KB8Ap8HT 8 H8 B XO.Q Cneay~mero ITO 

ljJopMyna M: 

7 



d R 
R = R + B biX 

BX, B b! X de/> 

BOO 

RBbiX 

d ~X d R Bb!X d R BblX )2 • ___!!QQ_ • 
--- = +( 2 

clef> d cf> d cf> R Bb!X 

(4) 

K8K y)Ke yKa3bi B8nocb, CMeweHHe paBHoaecHol!: op6HTbi Hapy)Ky npOH3-

BOaHTCSI 3a C'leT MeaneHHOrO yMeHbllieHHSI BO BpeMeHH OCHOBHOrO nonR ycKo

PHTenSI, TaKHM o6pa30M, OCHOBHOe none BO BCeM yCKOpHTene 6yaeT ~yHKUH-

eli: speMeHH, ao6aso'IHOe none B H ll KBaapaHTaX OT BpeMeHH He 3a-

BHCHT, nocKOnbKY H3MeHeHHe OCHOBHOrO nonSI BO BpeMeHH Mano ( = 10-3rc/o6o

pOT), B nepBOM BapHaHTe nporpaMMbl OHO C'IHTanOCb nOCTOSIHHbiM B Te'le

HHe o6opoTa H H3MeHRnocb aHcKpeTHO. B aanhHel!:weM y'IHTbiBanocb H3MeHe

HHe nonSI Ha Ka)KaOM ware HHTerpHpOBaHHSI, H OCHOBHOe H ao6aBO'IHOe none 

C'IHTanOCb B aaHHOM paC'IeTe a3HMyTanbHO-OaHopoaHbiM BO BCeX KBaapaHTaX 

yCKOpHTenR ('ITO S!BnS!eTCSI BTOpb!M ynpO!lleHHeM), a no J:JaaHy Cy OnHCbiBanocb 

KaK ~HKUHSI n ( R) H L'1n ( R) • B cny'lae 38BHCHMOCTH noKa38TenH nong 

d B z B 
n = ----. z 

d R ""1r OT p8aHyC8 Bbipa)KeHHe nonS! 'lepe3 n ( R ) H B z o 6y-

n e T HMeTb BHA 
R 

- J n ( R l 
B z( R, n l = B R -R-·- dR 

z 0 e 0. 
(5) 

C y 'leTOM H3MeHeHHSI BO BpeMeHH ( OT o 6opoTa K o 6opoTy) none B III H IV 

KB8ap8HTaX 6yneT: 

R 

-J n( R ) d R 
R R 

Bz( R,n l = Bzo eO (1 - yN), (6) 

dB z 
3aecb yao __ d_t_ T 

Bzo 
- 6e3p8~ wepH8SI CKOpOCTb H3MeHeHHSI nong 38 

o6opo•r; r - nepnoa o6p8lllE:lHHR npoToHa; N - HOMep 060pOT8, OTC'IHTbl BAe-

MbiA OT Ha'lana CMeiiieHHSI paBHOBeCHOl!: op6HTbl nepy)Ky, nepBOH8'1anbHO 6bl-

na Bbi6p8H8 senH'IHH8 B z = 330 rc/ceK, np~ KOTOpol!: paBHOBeCH8SI Op6HT8 

8 

.J 

I 

CMeCTHTCSI, H8RpHMep, C R = 2790 CM ao R = 2800 CM 38 38 

STOM cny'l8e y = Yn = 0,177,10-
7

• 

B I H II KB8ap8HT8X yCKOpHTenSI K OCHOBHOMY nomo ao6 

3aBHCSilllee OT BpeMeHH none, ~oaaaB8eMoe pe30H8HCHblMH 06MOTK8 

)Ke Bbipa)KeHHOe 'lepea B z o : 

s.<R,n+~n) =B.o I 

R 

-J, -lr dR 
e o 

a 
.f n+~n 

(1-yN)+(e-R'o -R-dR 

R 

-(~ dR 
ItoR l+AI -e 

R 

CnaraeMoe 

A= eR~ T dR - (n+L'1n 
· - e Ii'o R dR 

R 

BBOaHTCSI TOnbKO anSI 

'nonSI 1', npH p8CilOnO)KeHHH ilpOBOaHHKOB B K8Mepe H8 p8aHyC 

2815 CM R I= 2810 CM, T,e, 3TO T8 TO'IK8 0 rae ao68BO'IHOe nc 

npOBOaHHKaMH paBHO aymo, noCKOnhKY anSI yao6CTB8 Bbl'IHCneHHSI 

HHl!: npeaen HHTerpHpOB8HHSI BCeraa Bbi6p8H p8BHblM R o , HI 

BBOaHTb Cn8r8eMoe A, 'IT06bi Bz (2810, n ) = Bz (2810 

K8K y)Ke yK83biBanocb, nepea H8'18noM BbiBOa8 ny'IOK 6yaE 

BO BHyTpeHHJOJO 'laCTb K8Mepbl H p8BHOBeCHaSI op6HTa 6yaeT HMe'l 

phil!: p8aHyc RH. 3To 03H8'18eT, 'ITO npH pc=-eB,. 0 R 0 sena· 

B H8'1anbHbil!: MOMeHT BpeMeHH Ha R H aon)I(Ha 6biTb H3MeHeH8 

npH 3TOM Mbl HCXOaHM H3 p8BeHCTBa Bz 0 R o = k R p 8 z ( R H ) 

Bz (RH) "' 
Bz(n+L'1n ,R l+Bz(n,R) 

- cpeaHee none H8 p8aH) 

B OKOH'IaTenhHOM BHae none B Ill H IV KB8ap8HT8X 

R 

J 
n(R) 

- -- dR 
R R 

B z (R , n)=kBzo e 0 (I-yNl, 

B I H II KBanpaHTax 
R 

-f~ dR 
B z (R,n+i\n)=kB z O (eR O R 

.finH cny'I8SI . 'nonH 2" 

HHeM: 

B z B 

Rn+~n R n 
-J--R--dR -JJRdR 

{1-yNl+( e RO - e Ro l+ A I . 

H II KB8ap8HT8X OllHCbiBaeTC 

9 



(4) 

>IX 

:Hol!: op6HTbl HapylKy npOH3-

!MeHH ocHOBHoro nonS! ycxo-

1 YCKOpHTene 6yaeT ~YHKUH-

~paHTax oT speMeHH He sa

peMeHH Mano ( ~ Io-3rc/o6o-

~nOCb noCTOSIHHbiM B Te"'e

HilleM y'IHTbiBanocb H3MeHe

CHOBHoe H no6aso'IHOe none 

tOLlHbiM BO BCeX KBaJlpaHTaX 

a no panHyCy OnHCbiBanOCb 

:cHMOCTH noxasaTenSI nonS! 

qepes n ( R ) H B z o 6y-

(5) 

o6opoTy) none a III H IV 

N)' (6) 

:>pOCTb H3MeHeHHSI nonS! 38 

) Mep o6opoTa, OTC'IHThiBRe

epylKy. llepBOHa'!anbHO 6bi

•Topol!: paBHOBeCHaSi op6HT8 

1 
.J 

I 
J 

CMeCTHTCSI, HarrpHMep, c R = 2790 CM ao R 2800 eM sa 38 Mcex. B 

aToM cny'!ae y .. Yo= 0,177.10-7 • 

B I H II KBaapaHTaX YCKOpHTenSI K OCHOBHOMY nomo ao6aBHTCSI He 

3aBHCSilllee OT speMeHH none, 903aasaeMOe pe30H8HCHblMR o6MOTKaMH H TaK

lKe BbipalKeHHOe qepes B z o : 

R il. R 

-~ -lr dR 
e (1-yNl+(e 

rio 
n+~n 

- --dR 
0 R 

- f_: d R 

-e RoR l+Al. (7) 

R R 

.rn+~n -f ~ dR -1i'n-R--dR 
CnaraeMoe A= eRo R - e o BBOaHTCSI TOnbKO anSI OnHCSHHSI 

'nonS! 1'. llpH pacnonolKeHHH nposoaHHKOB B KaMepe Ha paaHycax 2805 H 

2815 CM R I= 2810 CM, T.e. SITO Ta TO'!Ka, rae ao6aBO"'HOe none MelKay 

npOBOLlHHKaMH paBHO Hymo. lloCKOnbKY anSI YLl06CTB8 Bbl'IHCneHHSI nonS! HHlK-

HHl!: npeaen HHTerpHpOBaHHSI BCeraa Bbi6paH paBHblM 

BBOaHTb cnaraeMoe A, "'T06bi Bz (2810, n ) = 

R o , Heo6xoaHMO 

Bz (2810, n+~n). 

Kax yJKe yxasbmanocb, nepen Ha'!anoM BbiBoaa ny"'OK 6yne'i CMemeH 

BO BHyTpeHHIOIO "'aCTb KaMepbl H paBHOBeCHaSI op6HTa 6yJleT HMeTb HeKOTo-

pb!l!: paJlHYC RH • 8To 03Ha"'aeT, 'ITO npH pc=-e B,. 0 R 0 BenH"'HHa nonS! . 

B Ha'lanbHb!l!: MOMeHT BpeMeHH Ha R H JlOnlKHa 6biTb H3MeHeHa B k pa3, 

npH SITOM Mbl HCXOJlHM H3 paBeHCTBa Bz o R o = k R p B z ( R H ) , rne 

Bz(n+~n ,R l+Bz(n,R) 
B z ( RH) = -------.r------ - cpenHee none Ha panHyce RH 

B OKOH"'BTenhHOM BHJle none B J1I H IV KBaapaHTBX 

R 

-f n(R) dR 

Bz(R,nl:okBzo eRo R (1-yNl, 

B I H II KBaJlpaHTaX 
R 

-f~ dR 
B z (R,n+L\nl=kBzO (eROR 

(8) 

(9) 

llnSi cny'laSI . 'nonS! 2" 

HHeM: 

B z B H 11 KB8Jlp8HTaX OnHCbiBSeTCSI Bbip8)Ke-

9 



R 

- f ~ dR 

B ( R , n +i'J. n ) == B k ! e R 0 R 
z zO 

R -J n+ l'ln R n 

( 1-yN )+(e Ro -R- d R !/R"" d R 
-e 0 ) I ' I C. 

(10) 

3necb 

R 2 
. ( L'l.n 

C = e -R'o -R- d R 
R2 . B naHHOM cny~ae 

p8HH81-fY pat::mycy YCKOpH:TenSI1 H8'IH:H8SI C KOTOpOI'O 

COOTB8TCTByeT BHYT

~ n = 0 • lleneHH:e 

Bz(R,n+i'J.n) H8 B8II1i~HHY C rrpHBOAHT K paBeHCTBy rroneH Bz(R,n+i'J.n) 

H B z I R , n ) eo BHyTpeHHeH ~aCTH KaMepbi, H a pH c. 2 rrpHeeneHo pacrrpe

neneHHe B z ( R ) B III li IV KB81lp8HT8X ( Kp!iB851 A) 1i B I 1i II KB8A

paHT8X AII51 "non 51 1" ( KPHB851 1) H "rron51 2" ( KPHB851 2) rrpH BenH~HHe L'l.n30,3. 

KaK BlillHO li3 8THX KpliBhlX, B cny~ae 11
ITOII51 1• BO BHyTpeHH8H ~8CT!i KaMe

phi CylUeCTByeT rrepBa51 I'8pMOHHK8 83H:MyTaiibHOH 8CiiMM8TpHH 1 8MIIIIHTYil8 

KOTOpol 38BHCHT OT paAHyCa, HarrpHMep, Ha R = 2790 CM 8MITIIHTYil8 8TOH 

rapMOHHKH COCT8BII518T 0 1 148% OT 8 z o • 

0JIHC8HHe IIporpaMMbl 

fl porpaM~a JJ.II5I paC~eTa M8AII8HHOI'O Bb!BOJJ.8 COCT8BII5III8Cb C y~eTOM 

Tpe60B8Hii51 liCITOIIb30B8HH51 MliHHM8IIbHOI'O BpeMeHH C'I8T8 IIpli YAOBII8TBOpli

T8IIbHOH TO~HOCT!i peayiibT8TOB, fi08TOMy llii51 Bbl~liCII8Hii51 B z ITO <jJopMyli8M ( 8) 1 

r[R,' d R 
( 9) H ( 1 Q) 6biiiH rrpeneapHTenbHO nony~eHhi <jlyHKllHH f 1 = e - o"'~< 11 

-f~dR 
f 2 = e Rt\ R B BHL\8 Ta6nHU C W8f'OM 0,2 CM, Ta6nHUbl <jJyHK!llill f 1 

If £2 rrony~eHbi c a6comoTHOH TO~HOCTbJO 1o-1
0. TeKyume 3Ha'IeHH51 f 1 

If ! 2 B rrpouecce HHT8I'p!ipOB8Hl15I H8XOAHIIHCb IIHH8HHOH HH'I'epiiOII5IUH8H 1 

'ITO 06eCTI8'IIiB8IIO He06XOAHMYIO TO~HOCTb Bbi~HCneHHH (3H8'I8HH5I 11 li f 2 , 

rrony~eHHhle KB8Ap8Tii~HOH HHTepnOII5IUHeil, OTnH~aiiHCb OT COOTB8TCTBY!OlUHX 

3H8~8HHH f 1 li f 2 , nony~eHHbiX IIHH8HHOH liHTepnOII5IUHeil, M8HbWe, ~eM 

Ha 10-6 % ). AHaiiHTH~ecKoe np~ACTaBneHHe f1 H f 2 B BHAe p5IJJOB oKa

aanocb Heuenecoo6pa3HhtM H3-aa yBenH~eHH51 BpeMeHH c'IeTa, 

Hf.l pH:c. 3 npHBeJJ.eHa 6noK-cxeMa rrporpaMMbi MenneHHoro BbiBOJJ.a 

( rrporpa MM8 888), !1 HTei'p!ipOB8Hii8 ypaBH8Hii51 ( 3) rrpOH:3BOAH:TC51 MeTOJJ.OM 

PyHre-KyTT a ( Cfl-0045). B cooTBeTCTBHH c BTHM rrporpaMMa cocTOHT H3 

2-x OC:IOBHb!X ~aCTeil; 6IIOK Bbl'IHCneHH51 npaBOH ~8CTH ypaBH8Hii5I F 1i 6IIOK 

10 

IDO.S 

995 

9~0 

-p -JO ·20 · 10 R. 

Bz •f 
Bzo I• 

10 20 30 fl,CM 

PHc,2, 3aBHCHMOCTb B / B OT paaHy Ca B KB8 J:Ip8HT8XIIl H IV ( 

B KB8J:lp8HT8X I z H "ll npH ' none 1' ( KpHB8SI 1) H npH ' n 

( KpHB8SI 2) • no OCH a6CUHCC OTnO>K eHO pacCTOSIHHe B ;! p 01 

TpanbHOI'O paJJ.Hyca yCK?PHTenli1 IIO OCH OpJ:!HH8T - -~O B np 

II 



R 
- t'l.n J n 
--dR - ""lf"dR ( 

R -eRo )j / C. JO) 

COOTBeTCTByeT BHyT-

.oToporo L'l n -= 0 • lleneHHe 

\ paBeHCTBy rroneti 8 z< H, n+L'l. n) 

H a pH c. 2 rrpHBeaeao pacrrpe-

PHB851 A) H B H [] KB8Jl-

:pHB851 2) ITpH BenH'-!HHe L'l.n30,3. 

BO BHyTpeHHeti '-18CTH K8Me

·HOH 8CHMMeTpHH, 8MITIIHTy.Qa 

H = 2790 CM 8MITIIHTYil8 8TOti 

1Mb I 

BOlla COCT8BIT51IT8Cb C y'-leTOM 

reHH C'-!eTa rrpH YllOBrreTBopa

qacneHHH Bz rro q1opMynaM (8), 
• (~1 rl R 

UlHH f 1 = e -Roir" H 

: CM, Ta6nHUhi QJYHKUHti f 1 

o-10. TeKyume 3Ha'-!eHH.H fl 

Cb IIHHetiHoti HH'I'eprrOIT.HUHeti, 

!CITeHHH (3Ha'-!eHH.H f
1 

H f
2 

'-18ITHCb OT COOTBeTCTByJO!UHX 

HHTepiTOII51UHei1, MeHbWe, '-!eM 

peMeHH C'-!eTa, 

JBMMbi Meaneaaoro BbiBO.Qa 

(3) ITpOH3BOilHTC.H MeTOIJOM 

·THM rrporpaMMa COCTOHT H3 

'-18CTH ypaBHeHH51 F H 6ITOK 

(00,5 

995 

9~0 

-p ·30 ·20 · 10 R. 

Bz •! 
B-;o /o 

10 20 30 p, cM 

Puc,2, 3aeucuMOCTb B I B oT pa,ouyca B KBa,opaaTax III H IV ( KpHeasr A), 
e KBa.opaHTax H zil npu "none 1" (KpHB851 1) H npu "none 2" 

(KpHB851 2), no OCH a6CUHCC OTI!O)I(eHO paCCTOSIHHe B :!:p OT UeH

Tp81!bHOrO pa,ouyca YCK?PHTei!SI,nO OCH Op.OHHBT - ·~O B npoueHTBX, 
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n.......a.. ~ ..,_ ,.,,_, cn-DOU(8Sod maMJ; dno 6*'"U<IIOHUfl8t , 
.ro~ HI1Co1rt.l.lt..,._,.r 'JC'AOGuv G PDfxNu• r~w~.Hcu ~K'IJfflfiQ) 

cn- oolis 
npoip.JI'f111). UHtni1PCJpo6QHUfl CUC'mtf"ftll rJcMf' tPOMH1..11J ~....-.. 
.:'Mff . /(wnma 1 ~.JCU,.t ,"lCt"7rJrAHHoto W(J2Q ICptltnHOtO ff/z) 

PHc,3, EnoK-cxeMa nporpaMMbi MeAneaaoro B biBOAa. 

12 

o6pa60TKH pe3ynhT8TOB ~ , c KOTop&IMH B38HMoaeil:cTByeT CD-0045, B 

38BHCHMOCTH OT 3HaqeHHR 83HMyTa ¢ 8 BbiqHCllReTCR no lPOpMyne (8) z 

anR Ill R IV KBaapaHTOB R !l>opMy naM ( 9) HllH ( 10) - anR I H II KBaapaHTOB, 
Rl A Rl R2fu 

_( ~R -f-lrdR ~ RdR 
BenHqHHhi k , A=e RO - e RO H C=e o BbiBeaeH&I B Haqan&Hhle 

ycnoBRR, l13MeHRR k , Mhi saaaeM pasnRqHbie Haqan&H&Ie nono)l(eHRR paBHOBec-

HOi!: op6RThl, DonaraR c = 1 R 38Ll8B8R A , nonyqaeM "none 1 ". DnR ne-

pexoaa K "nome 2" Heo6xoaHMO rrono)I(HTb A = 0 R 38Ll8Tb C • 

3aBHCRMOCTb liOllR OT BpeMeHH OnpeaenReTCR MHO)I(HTelleM ( l- y N ) 

Kn!f ( 1 - y~) , rae ~ = 2 17 N + ¢ - rronH&Iil: yron oT Haqana cqeTa , ¢ -

T e KyiUHil: yron oT Haqana N + 1 o6opoTa, B 6noKe F' BenRqHHa y~ no-

( I) (2) ¢-¢2 
nyqaeTCR K8K CYMM8 y + y + ~ y , 3aeCb y 

1 
= y N - OTHOCRTellbHOe 

(2) ¢2 
H3MeHeHHe nonR sa npea&ILlYIURe N nonHbiX o6opoToB; y = Y· 2TT- oT-

HOCHTellbHOe R3MeHeHRe nonR OT Haqana TeKyiUero o6opoTa ( 

¢-¢2 
¢2 C'IeTqHK 

yrna oT Ha'Iana o6opoTa); 
'217 

• y - OTHOCHTellbHOe H3MeHeHHe nOllR 

Ha Lln!!He TeKyiUero U!ara HHTerpHpOB8HRR, Hy)I(HO OTM8TRTb
1 

qTo XOTR pesynb

T8Tbl pac'IeTOB CO CTyneH'I8TbiM H HenpepbiBHbiM R3MeHeHHeM nonR cymeCT

BeHHO He 0TllH'I8IDTCR, B H8CTORmee BpeMR H8MH RCnOilb3yeTCR nocneaHHil: 

MeToa. 

PacqeT LlBH)I(eHRR npoToHOB HaqHHaeTCR c a3HMyTa ¢ = 0 
1 COOTBeT-

CTByromero BXOLlY B I KB8Llp8HT, B Ka'IeCTBe H8'18llbHbiX YCilOBHH LlllR K8)1(-

aoro npoToHa saaaroTCR dR 

~ Ha STOM a3HMyTe, H a K8)1(LlOM 
R H 

ware HHTerpHpOBaHHR npoBepReTCR ycnoBHe ¢ < 11 / 2 ( CM, 6noK-CXeMy 

nporpaMM&r). HapyrneHRe sToro ycnoBHR 03HaqaeT BbiXOLl Ha KoHeu KBaapaH

Ta, lfT06bi 06ecne'IHTb TOqHbiH BbiXOLl lll8I"'H RHTerpHpOB8HHR 38Ll8IDTCR KpaT

HbiMR 17 I 2 • nocKOllhKY pacqeT B b!B0Ll8 LlllHTellbHOCTbro LlO HeCKOllbKHX LleCRT

KOB MCeK Tpe6yeT Ha 38M KllaCca B3CM-3 (HnR 4) 60ilblll01"'0 BpeMeHH, 6&!

na npHMeHeHa cneayromaR MeTOLlHKa, YMeHbllleHHe MarHHTHoro nonR, T,e. 

CMeiUeHHe op6HTbl Hapy)l(y npOH3BOLlHTCR C 2-MR p83HblMH CKOpOCTRMH y
1 

H Y2 • Bo BHyTpeHHeil: 'IaCTH KaMep&I op6HTa CMema e TCR c HeKoTopoi1 ao-

CT8TO'IHO 60llblllOH CKOpOCTbro y 1 , Do LlOCTH)I(eHHH 38Ll8HHOI"'O paaHyCa 

R I HllH HOMepa 060pOT8 N orp , B KlliD'IaeTCR B TOp8 R MeHblll8fl CKOpOCTb, 

D n R s Toro B 6noKe ~ Ha 83 HMy T e 17 npOH3B OLlHTCfl n p o B epKa y cnoBHfl 
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R > R 1 H 
(2) ) 

N >N x ,BenHqHHbl Y 1 •Y2 'Rl 
orp. 

H N orp. Bbi BeA eHbl 

B HaqanbHbie y c nOBH SI, fl p H pacqeT aX C 2-MS! BenHq HHaMH Y I H y 2 n peA-

BapHTenb HO 6btn0 npOBep e HO, qTO npH ABH)KeHHH nyqKa BO BHyTpeHHeH qaCTH 

KaMepbt q~c~cno o6opoT oB o6paT HO nponopuHoHanhHO y • HanpHMep , q T 06bt 

AOCTHrHyT b R = 2 800 CM qaCTHUe Tpe6yeTCSI CAenaTb 4 1 3 060pOT OB n pH 

Y = 100 Yo H 41 3 4 o6opoTa - npH Y = 10 Yo • Ha ocHoBaHHH sTor o non-

y 
HOe qHcno o60pOTOB c qH T aeT CSI KaK N = N I --

1
- + N 2 , rAe N 1 H N 2 -

l2 
q~c~cno o6opOTOB , npOHAeHHbiX q aCTHUeH CO CKOpOCTb!O Y 1 H Y 2 COOTBeT-

CTBeHHO. 8 nporpaMMe npeAyCMOTpeHa neqaTb yqacTKOB TpaeKTOpHH Ha Ka)K

AOM mare HHT erpHpOBaHHSI Ha npOTSI)KeHHH 128 marOB qepe3 Ka)I(Abie N * 

o6opoTOB. 4 ~c~cno N * T aK)Ke BbiBeAeHO B HaqanbHble ycnOBHSI. PacqeT T pa-

eKTOp HH 3aKaHq HBae T CSI nocne TOrO , KaK OTKilOHeHHe npOTOHa A OC THraeT 

R~ R 2 = 2820 CM, T, e . npOTOH nonaAaeT B 3a3op CenTyM- MaPHHTa. flpH 3 T OM 

neq a T aJOTCSI BenHqH Hhl N R dR 
d(/) 

Ha KOHUaX KB8ApaHTO~ Ha npo-H 

TSI)KeHHH nocneAHHX 10 o60pOTOB. flpeAyCMOTpeHa B03MQ)KH0CTb npepbiBaHH SI 

cqeTa C Bb!BOAOM Ha nep!lJopaUHJO BCeX n apaMeTpOB, He0 6XOAHMbiX AilS! e ro 

npOAOn)KeHHSI, 

Cymec TBeHHbiM S!BnS!e TCSI Bonpoc o Bb!6ope mara HHT erpHpoBaHHSI. H aH-

6onee yAo6Ho 6b!llO 6bt Bocnonb30BaTbCSI pe>KH MOM pa60T bt Cfl- 004 5 c aaT o

MaTHqeCKHM Bbt6pOCOM mara ITO 3aAaHHOii: TOqHQCTH, OAHaKO 3 T O c ymecT

BeHHO yBenHqHBaeT BpeMSI cqeTa. flOST OMY 6b!ll Bbt6paH pe)KHM C n o CTOSIH

HbiM marOM, n nSI Bbt60pa OITTHManbHOH BenHqHHhl mara OAHa H T a )Ke Tpa

eKT OpHS! HHTerpHpOBanaCb C pa3HhlMH maraMM H pesynbTaThl cpaBHHBanHCb, 

flpH mare HHTerpHpOBaHHSI rr l 32 nocne 3 0 00• 4000 o6opoTOB rny6HHa sa6-

poca oTnHqanach Ha 1 eM, a yron Ha "" 0 ,04 MpaA no cpaBHeHHJO c pe

synbTaTaMH, nonyqeHHhiMH npH mare rr I 64 , T,e, rr I 32 o6ecneqHaaeT npH

eMneMyJO TOqHOCTb, B ee OCHOBHbte paC'leTbl npOH3BOASITCSI C maroM rrl 32 • 

flpH 3TOM Ha pacqeT OAHOrO o6op o Ta Tpe6yeTCSI 1 , 1 CeK, 0AHaKO Ka)I(AbiH 

pas npH nepex oAe K HHOH KoH~iJHrypaUHH n o nS! c n eAyeT npoBepS!Tb, AOCT a T oq

HyJO nH T o q Ho<;Tb o6ecn eqHBaeT mar rr I 32 . 

x) .Qng opraHH38UHH cpaBHeHH51 'IHCna o6opO'!'OB C N * (eM, HH>Ke) H C N orp . 

He06XOAHMbl, KpOMe OCHOBHOf'O C'l e '!''IHK8 llOflHOf'O 'IKCfla 060p0'1'0B N , 

eme AB8 BCllOMOf'aTeflb HbiX C'leT'II!K8 o6opOTOB N ( 
1

) H :1'( 
2

) 
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neTanbHhle qHcneHHbie pacqeTbi , n p OBeAe HHbie OnHCaHHhiM Bl: 

1-l OM o n03BUilSIJOT npOH3BeC:l'H aHanH3 ABH)KeHHSI npOTOHOd AnSI A ilH 

B hiBOAa AO 20 MCeK H 6onee. 

B HacToS!mee Bpe M SI n porpaMMa MeAne HH oro BbiBOAa HCnonb::! 

Bhi6opa OnTHManbHOI'O HaqarrbHOI'O nOilO)KeHHSI paBHOBeCHOH op6 HT 

lll9HHSI npOBOAHHKOB B KaMepe, B enHqHHhl H liJopMbl nonS!. 

B 3 a KnJOqeHHe aBTOpbl ITOnh3Y JOTCSI cnyqaeM n o6naroAa p HTb n 
CKyJO sa y q acTHe B COCTaBneHHH n e pBOI'O Bap Ha HTa n porpaMMbi, 

flHrepaT yp a 

1. J, 'N.Beniot, K. B .Conner, J.Kirchg essner, F', C .Shoemaker. F 

of the First National Particle A ccelerator C o nference, W. 

1.965-IEE Nuc. Sc,Trans. , val. NS-1.2, no 3 , 962 (1.965; 

2, M . Q.Barton. BNL, AApD-86 1.965, 

s. K . n. Mbi3HHKOB, llpenpHHT OMRM P-2587,.lly6Ha, 1988. 

4 . H,G,Hereward • .iloKna,a HB Me)l(.l!YHBPO.l!HOif KOHcjJepeHIIHH no yCJ 

.ily6Ha, 1983. 

PyKonHCb nocTyn Hna B H3AaTenbCKHK OTAe" 

25 neKa6pR 1968 rona. 
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N orp. BbiBeaeHbi 

Y 1 H y 2 npea-

IlY'IKa BO BHyTpeHHefi '18CTH 

O>Ho y • H anpHMep, 'IT06bi 

caenaTb 413 o6opoTOB npH 

• Ha OCHOBaHHH a Toro non-

, f'):le N 1 H N 2 -

::Tb!O y l H COOTBeT-

qaCTKOB TpaeKTOpHH Ha Ka*

III8f'OB 'lepe3 K8*Llbie N * 
:bHbie ycnoaHSI, P ac'leT Tpa

OHeHHe 11p0TOH8 LlOCTHraeT 

cenTyM- MaNIHTa, OpH 8 TOM 

KOHUaX KB8Llp8HTO~ Ha npo-

a B03MO*HOCTb npepbiB8HHSI 

·poa, Heo6xoaHMbiX anSI ero 

IIIara HHTerpHpoaaHHSI, HaR

M pa6oT bi C0-0045 c aaTo-

•CTH, 0LlH8KO 8 T O CyiiieCT-

Bbi6paH pe*H M C IlOCTORH

bl IIIara oaHa H Ta *e Tpa

pe3y1lbTaThl Cp8BHHB811HCb, 

000 o6opoToa rny6HHa 3a6-

Mpaa no cpaaHeHH~ c pe

e. rr /32 o6ecne'IHaaeT npH

H3BOLlSITC R c IIIaroM rr I 32 . 

SI 1,1 ceK, OaHaKo Ka*LlbiH 

~ayeT IlpOBepSITb , LlOCT8TO'I-

!, HKlKe) H C N 
Ol'p. 

iopOTOB ~ , 
2) 

lleTa1lbHbie 'IHC1leHHhie pac'leTbi, npoaeaeHHbie onHcaHHbiM Bbiiiie MeTo

~OMi ll03B011R~T llpOH3BeCTH 8H811H3 LlBH*eHHR npOTOHOd Ll11R Ll11HTe1lbHOCTH 

Bb!B0Ll8 LlO 20 MCeK H 6011ee, 

B HaCTOSIIliee BpeMR nporpaMMa MeLl1leHHOf'O BbiBOLla HCI101lb3yeTCR Ll11SI 

Bbi60pa OllTHM81lbHOf'O H8'181lbHOf'O 1101lO*eHHR paBHOBeCHOfi Op6HTbi, pa3Me

IIIeHHR llpOBO):lHHKOB B KaMepe, Be1lH'IHHbl H cjlopMbl llOJIR • 

B 38K1liO'IeHHe aBTOpbl 11011b3Y~TCR C1ly'laeM no6naroaapHTb n. 3 aJCaMeH

CKYIO 38 y'laCTHe B COCT8B1leHHH IlepBOf'O B8pH8HTa nporpaMMbi, 

flHrepsr yps 

I. J, 'N,Beniot, K.B. Conner, J.Kirchgessner, F', C. Shoemaker. Proceeding 

of the First National Particle Accelerator Conference, Washing ton, 

1.965-IEE Nuc.Sc.Trans. , vol. NS-1.2, no 3, 962 (1.965). 

2. M.Q.Barton. BNL, AApD-86 1.965. 

3. K. n. Mbi3HHKOB. llperrpHHT OHRH P-2537,,lly6HB, 1966. 

4. H,G,Hereward. £!oKJI81{ HB MeJK,aynspo,anoif KOH¢epeHUHH ITO yCKOPHTeJIHM, 

£Iy6ns, 1963. 

PyKonHCb nocTynana B K31laTenbCKHK OTUe,. 

25 neKa6pA 1968 rona. 
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