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n~6Me HapyweHHR aKCHanbHO~ CHMeTpHH npH pacnpOCTpaHeHHH HH
/,11\ TeHCHBHoro 3neKTpOHHoro nY4Ka B ~HnHHAPH4eCKOM nHHe~HOM BaKYYMH.

HOM KaHane npHBOART K nonepe4HOMY CMe~eHH~ nY4Ka H paaBHTH~lU
 
( 

ero nonepe4HMX KorepeHTH~X Kone6aHH~. npH AOCTaT04HO 60nbwo~· ... 
AIlHHe KaHana HapaCTaHHe a~mnHTYAbl nOCJ1eAHHX MO>KeT Bbl3b1BaTb no
repa nY4Ka. TaKHM 06paaOM, AonYCTHMaR AllHHa KaHana OKa3b1BaeT

.;~ ! \ 
I, _. \. CR B npRMO~ 3aBHCHMOCTH OT AOCTH>KHMO~ T04HOCTH ~CTHpOBKH ero 

onTH4eCKHX 3neMeHToB/ 1/ . 
K ~aKTopaM, Hapywa~~M aKCHanbHY~ cHMMeTpH~, OTHOCHTCR 

H MarHHTHoe none 3eMnH. Ero BenH4HHa He npeBblwaeT 0,5 rc. OA
HaKO eCJ1H HanpaBJ1eHHe KaHaJ1a COCTaBJ1ReT c BeKTopOM nOJ1R yrOJ1, 
6J1H3KHi1 K n/2, TO npH OTCYTCTBHH MarHHTHblX 3KpaHOB ero BnHR
HHe Ha nY40K Ha 6onbwo~ AnHHe MO>KeT OKa3aTbCR c~ecTBeHHblM. 

PaCCMOTpHM Y4acToK Ape~~a nY4Ka AnHHO~ B 1M. nYCTb ~KYCH
Py~aR CHCTeMa npeAcTaBneH3 ABYMR n0J1y6ecKoHe4HblMH COJ1eHOHAa
MH, Me>KAY KOH~aMH KOTOpblX B cepeAHHe paCCMaTpHBaeMOro Y4aCTKa 
HMeeTCR 3aaop AJ1HHO~ À. npeAn0J10>KHM, 4TO Ha BceM Y4aCTKe HMe
eTCR OAHopOAHoe, nepneHAHKYJ1RpHOe TpaKTY MarHHTHoe none. 

BapbHPYR À H 3HeprH~ nY4Ka, B 3TO~ npOGTO~ MOAenH MO>KHO no
J1Y4HTb HarnRAHY~ KapTHHY BnHRHHR nOJ1R 3eMJ1H H o~eHHTb pOJ1b 
CTPYKTYPHb/X HeOAHopOAHOCTe~ $OKYCHPy~e~ CHCTeMbI. 

3aAa4Y O ABH>KeHHH nY4Ka 6YAeM pewaTb 4HcneHHO, npeAnOJ1araR 
,-------_..._--'_.""--".	 ~ 

" ero CTa~HOHapHblM. nO npH4HHaM, KOTopble nOAPo6HO H3nO>KeHbI B pa
6oTe/ 1/ , npHMeM AnR onHcaHHR ero AHHaMHKH npeAcTaBneHHe B BHAe 
OAHO~ MaKpo4acTH~bI, T.e. 6YAeM C4HTaTb nY40K HHTeo6pa3HblM. TorJ 

~' Aa HCKn~4eHHe BpeMeHH H3 ypaBHeHHR ABH>KeHHR B AeKapTOBb/X KOOP

1, AHHaTax CBOAHT a'aA.a4Y K CHCTeMe ABYX AH~~epeH~HanbHblx ypaaae
HH~ aropor-o nopanxa AnR ~YHK~Hl;1 x tz ) H y(z), onHCblBalOU.lHX Kore
peHTHY~ TpaeKTopH~. 

npH HHTerpHpOBaHHH 3THX ypaBHeHH~ 6YAeM Y4HTblBaTb TaK>Ke 
BeCbMa cyutec r seuaae AIlR KorepeHTHO~ AHHaMHKH canu , ofiycrtoarteu
Hble B03HHKHOBeHHeM enexrpauecxoro H MarHHTHoro H306pa>KeHH~ 
nY4Ka B npOBOAR~HX nOBepXHOCTRX BaKYYMHO~ KaMepbl. 3TH ypaBHe~ 

lil11	 HHR BMeCTe c nrOCTO~ cxeMO~ Bbl4HcneHHR CHn H306pa>KeHHR npHBe
AeHbI B pa60Tel I. 

l/li AnR onpeAeneHHocTH 6YAeM C4HTaTb BaKYYMHY~ KaMepy paCCMaT
pHBaeMoro Y4aCTKa XopOWO npOBOAR~e~ MeTannH4eCKO~ TPy6o~ c pa
AHYCOM 3,5 CM. 3TO cooTBeTcTByeT Ape~~BblM npOMe>KYTKaM YCKOPH
TenR n~Y-30. TOK nY4Ka B03bMeM paBHb/M 200 A. OnblT pa60TbI HH'1-...--,.,.----,
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meKTopHoro Y4~ciKa n~Y-30, a TaKme TeopeT~4eCK~e o~eHK~ nOKa

3~Ba~T, 4TO HaAemHoe YAepmaH~e paA~anbH~x pa3MepOB nY4Ka c Ta

KO~ ~HTeHC~BHOCTb~ B npeAenax anepTYP~ Tpe6yeT npOAonbHoro $0

Kyc~Py~~ero MarH~THoro nonR co cpeAH~M 3Ha4eH~eM HanpRmeHHOCT~
 

300 rc. n03TOMY nnOTHOCTb TOKOB B coneHO~Aax, ~Me~~~x 60nbWO~
 

~ Man~~ paA~YC~ COOTBeTcTBeHHO 20 CM ~ 10 CM, B~6epeM TaKoA,
 
~ 4T06~ BAan~ OT 3a30pa HanpRmeHHOCTb nonR paBHRnaCb 300 rc. 

rny6~Ha npOBana nonR B 3a30pe 6YAeT onpeAenRTbCR Ben~4~HO~ 

À. TaK, np~ À = 10 CM npOAonbHoe nqne B ~eHTpe 3a30pa naAaeT ~ 
'AO Ben~4~H~ 203 rc. npQeK~~~ KorepeHTH~X TpaeKTop~~ Ha nepneH

A~KynRpHY~ oc~ KaHana nnOCKOCTb AnR 3Toro cnY4aR npeACTaBneH~
 

Ha p~c.l. U~$p~ Y Kp~B~X 0603Ha4a~T 3Hepr~~ 'nY4Ka B M3B. T04

K~, coeA~HeHH~e 3BeHbRM~ nOMaH~X, COOTBeTCTBY~T nonomeH~RM 

nY4Ka ~epe3 KamA~e 5 CM no oc~ z, KOTopaR 06pa3yeT c x ~ y
 
npaBY~ TPO~KY ~ HanpaBneHa B CTOPOHY AB~meH~R nY4Ka. nonepe4

Hoe nohe 0,4 rc HanpaBneHO 3AeCb no oc~ x.
 

B~AHO, 4TO np~ H~3K~X 3Hepr~RX npOBan MarH~THoro nonR B co

4eTaH~~ c He60nbWO~ ero nonepe4Ho~ KOMnOHeH~~ AenaeT TpaeK

TOp~~ BeCbMa 3aM~cnOBaTO~. Ecn~ npH 3TOM TaK~X npÓBanOB 6YAeT
 
HeCKonbKO, TO B $YHK~~OHanbHO~ 3aB~C~MOCT~ Ben~4~H~ CMe~eH~R
 

OT 3Hepr~~ ~n~ npOAonbHoro nonR cneAyeT om~AaTb Han~4~R pe30

HaHCOB. Pe30HaHCHY~ CTpYKTYPY, KaK B~AHO ~3 p~CYHKa, HeTpYAHO
 
CMOAen~pOB~Tb, nOA6~paR nOAXOAR~ee none B COOTBeTcTBY~~~X $a

30B~X COCTORH~RX nY4Ka Ha nnOCKOCT~ xy.
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C pOCTOM 3Hepr~~ npOBa~ MarH~THoro ~onR OKa3~BaeT Bce Me

Hee 3aMeTHoe Bn~~H~e. CMe~eH~e me nY4Ka c OC~ CHa4ana YBen~
4~BaeTCR, 6narOAapR POCTY nonep~4eHO~ c~n~ nOpeH~a, a 3aTe~ 

YMeHbwaeTCR BcneACTB~e penRT~B~CTCKoro YBen~4eH~R MaCCbl ~ np ax
T~4eCK~ He~3MeHHoro ~Mnynbca c~nbl nocne AOCT~meH~R anexrpõa a
M~ CKopOCTeH., cpaBH~MblX co CKOpOCTblO CBeTa. 

Ha p~c.2 nOKa3aH~ 3HepreT~4eCK~e 3aB~C~MOCT~ Ben~4~H~ MaK
C~.ManbHoro YAaneH~R nY4Ka OT OC~ rrnax Ha paCCMaTp~BaeMOM MeT
POBOM Y4aCTKe" Ape~$a AnR p aanu 4HblX 3Ha4eH~H À. Ben~4~Hbl À 

B caHT~MeTpax YKa3aH~ ~~$paM~ Y Kp~B~X. OH~ COOTBeTCTBY~T rny
6~HaM npOBana nonR B ~eHTpe 3a30pa AO )00, 203, 132, 87, 60, 
43 ~ 13 rc. nYHKT~pOM OTMe4eH paA~Yc anepTYP~. TeHAeH~~R K ,oc
na6neH~~ c pOCTOM 3Hepr~~ Bn~RH~R npOBana npOAonbHoro nonR 
HaxoA~T 3AeCb RBHoe BblpameH~e B cn~RH~~ acex Kp~ B~X B np aaoã 
4aCT~ p~CYHKa. 3aB~C~MOCTb TYT OKa3~BaeTCR npaKT~4eCK~ "n~He~

HO~ ~ OT 3Hepr~~, ~ OT Ben~4~H~ nonepe4Horo nonR,~ OT An~H~ 

Y4aCTKa. 
AHan~3 AB~meH~R Ha npOCTOM Y4aCTKe Ape~$a yme n03BonReT 

AenaTb HeKOTopble npennonoxeuaa o TOM, KaK nOBeAeT cefia nY40K 
B TO~ ~n~ ~HO~ peanbHO~ YCKop~TenbHO~ CTpYKType. B Ka4eCTBe 
KOHKpeTHoro np~Mepa paCCMOTp~M ~H'meKTopHbIH Y4aCTOK YCKop~TenR 

n~Y-30. 

OH npeACTaBnReT c060~ nocneAOBaTenbHOCTb ~3 

pOB~X YCKop~TenbH~X ce~~~~, KamAaR ~3 KOTOp~X 

3Hepr~~ nY4Ka 300 K3B YBen~4~BaeT Ha 250 K3B. 
~pe~$OB~e npOMemYTK~ MemAY ceK~~RM~ cnerKa 

12 nonYTopaMeT
nepBOHa4anbHYIO 

p~3n~4aIOTcR 

~ B cpeAHeM ~Me~T An~HY 50 CM, TaK 4TO 06~aR An~Ha CTPYKTYP~ 

24,5 M. 
~oKyc~Py~aR C~CTeMa C03AaeT npOAonbHoe MarH~THoe none, 

Ben~4~Ha KOToporo BHYTP~ ceK4~~ Kone6neTCR c nep~OAOM B 12,5 CM 
~ OTKnOHeH~eM OT cpeAHero 3Ha4eH~R ~ 5%. MemAY ceK~~RM~ npo
AonbHoe none ~MeeT np~B1n~ c rny6~Ho~ ~ 60%. 

~3MepeH~R nOKa3aJl~ 2 , 4TO nepMaJlJlOeB~e cepAe4H~K~ ~HAYKTO
pOB npaKT~4ecK~ nOJlHOCTb~ 3KpaH~PY~T BHYTp~ceK~~oHH~e 06JlaCT~ 

.OT npoH~KHoBeH~R B H~X nOJlR 3eMJl~. 

n03TOMY 6YAeM c4~TaTb, 4TO nonepe4Hoe nOJle 0,4 rc Ae~cTByeT 
TOJlbKO B Ape~$oB~X npoM~mY~Kax. 

Pe3ynbTaT~, nOJlY4eHH~e HaM~ AnR MOAeJlbHOrO Y4aCTKa Ape~$a, 

n03BonR~T npeAnOJlOm~Tb, 4TO OCHOBHO~ BKnaA B CMe~eH~e nY4Ka 
6YAYT BHOC~Tb TOJlbKO nepB~e HeCKOJlbKO TaK~X npOMemYTKOB. A YCT~ 

paHeH~e nonepe4Horo nOJlR B H~X c nOMO~b~ MarH~TH~X 3KpaHOB 
~Jl~ nYTeM ero KOMneHca~~~ AOJlmHO cy~ecTBeHHO YMeHbwaTb CMe~e
H~e. Y~eHbw~TcR OHO ~ np~ CrJlam~BaH~~ HeoAHopoAHocTe~ npOAOJlb
Horo nonR. 
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PaC4eT~ nOATBepmAa~T 3T~ npeA

nOnOmeH~R. Ha p~c.3 npeACTaBneH~2 
rpa4>~K~ 3aB~C~MOCT~ rmax OT N., 
rAe N - HOMep TO~ ceK4~~, BnnOTb 
AO KOTOPO~ YCTpaHeHo nonepe4Hoe 
none. ~H~M~ cnoBaM~, N - 3TO 

~ ... 4~cno pacnonomeHH~x B Ha4ane 

J 
~ 

Ape~4>oB~x npoMe~YTKoB, B KOTop~e 

none 3eMn~ He npoH~KaeT. 

nYHKT~pHaR Kp~BaR COOTBeTCT
ByeT HeKo~ r~noTeT~4ecKo~ 4>0
Kyc~py~e~ c~cTeMe, KOTopaR 
Ha Bce~ An~He 24,5 M c03AaBa~a 
6~ TaKoe me npOAonbHoe none, 
KaK BHYTP~ ceK~~~, T.e. Ge3 rny
60K~X npOBanOB B 3aaopax. 3Ta 
Kp~BaR AeMOHcTp~pyeT Bn~RH~e He
OAHOpoAHocTe~ npOAonbHoro nonR. 

TaK~M 06pa30M, MarH~THoe none 
3eMn~, KaK B~AHO Ha np~Mepe 

n~Y-30, MomeT np~BOA~Tb K 3Ha
4~TenbH~M CMe~eH~RM 3neKTpOHHO
ro nY4Ka c oc~ C~MMeTp~~. no
3TOMY npeACTaBnReTCR ~eneco06pa3
H~M KaHan~ KOpOTKHX YCKop~Tene~ 

f AO 10 Mf pacnonaraTb nOA yrnoM 
5 10 N K rop~30HTY BAonb CHn08~X n~H~~ 

reOMarH~THoro nonR. 6qnbwHe ~e 

PHc.3 MaW~H~ cneAyeT CTpOHTb napan
nenbHo ero rop~aoHTanbHo~ co

cTaBnR~e~ ~ YCTpaHRTb BepT~KanbHY~ COCTaBnR~y~ B Ha4anbHo~ 
HX 4acT~. KpOMe TorO, menaTenbHO H36eraTb HeOAHopOAHoçTe~ 
B npOAonbHOM 4>OKyc~py~eM MarH~THOM none. 

B 3aKn~4eH~e aBTOp 6narOAap~T ~.M.MaTOpy 3a ~HTepec K pa
60Te ~ 4eHH~e 3aMe~aH~R. 
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Pa~HTRHcKHH C.A. P9-ê7-299. 
reOMarHHTHoe CMe~eHHe 3neKTpOHHoro nYYKa 
B YCKopHTene n~Y-30 

4HcneHHO Hccne~oBaHQ BnHRHHe cna60ro nonepe4~oro MarHHTHoro nonR Ha ABH~e~ 
HHe HHTeHcHBHor~ 3neKTpoHHqro nY4~~ B nHHeHHo~ '~HnHHAPH4ec~oM'BaKYYMHOM ~aHa
~e. 3aAa4a pewanacb B paMKax npocToH MÓAe~H c HHTeb6paaH~M nY4KoM. npH 3TOM 
Y4HTWBanHcb 3apRA~ H TO~H H306pa*eHH~t HaBOAHMWe B npoBoAR~eH nOBepXHocTH 
BaKYYMHoH KaMep~. Hccne~oB~Ha 3aBHcHMOC~b CMe~eHHR ~Y4Ka c OCH ~aHanat B~aw
BaeMoro nonepe4H~M MarHHTH~M noneM, OT 3HeprHH H OT cTeneHH HeoAHopoAHOCTH 
npOAonbHóro ~OKycHPy~ero nonR. B~nonHeH~ paC4eT~ CMe~eHHR nY4Ka A~R YCKOPH
TenbHoH CTPYKTYP~ nH~-30. Ha' 3TOM npHMepe nOKaaaHo, 4TO MarHHTHoe none 3eMnH 
Mo~eT npkBoAHTb K 3Ha4HTenbH~M cMe~eHHRM. nOKaaaHo TaK~e, ~TO crna~HBaHHe 

HeoAHoRoAHocTeH npOAonb~oro nonR y~éHbwaeT c~e~eliHe B HeCKonbKO paa. CAenaH 
B~BOA 0,~en~co06pa3HoCTH opHeHTa~HH KOpOTKHX YCKopHTene~ BAonb cHndB~X nH~HH 
reOMarHHTHoro nonR H He06xOAHMOCTH ero yCTpaHeHHA B Ha4anbHoH 4aCTH 60nbWHX 
MaWHH. 

Pa60Ta B~nonHeHa B na60paTopHH HeHTPoHHOH ~HaHKH OH~~. 

C006UU!HHO 061>eAHHeHHOro HHCTHTYT8 RJlepHblX HccneJlOBpHHA. ):ly6HB 1987 
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"n~peBOA aBTopa 

". "Rakityansky S.A. P9-87-299 
Geomagnetlc Dlsplacement of the Electron Beam 
In ihe' LIU-30 Accelerator 

\" 

An l nf l uence- of a weak la te ral .maqne t l c f Ie l d upon the metion of the in
.tense, e l ec't ron beam Inslde a l Inea r cyllndrlcal .vacuum channel is .numer l ce l l y] 
exp l ored , The prob 1em isso lved Ih the framewor'k of a s.lmpI e mode I wl th 

,a t~read-l'~e beam. It also takes Into ,account the chargJ ~nd c~rre~t of the' 
lmaqe , lnduced 'In conduc tlnq surface of the vacuum tube , The dependence of 
the' beam displacement from the axis, caus~d by the lateral magnetic field, 
on the energy a.nd on the degree of nonuniformity of ~he longitudinal focusing 
field Is explored. A calculatlon o f the beam dlsplacement 'for the'llU-30 

-acce l era t lnq s t ruc ture Is performed. I t Is shown by thls example that the 
earth magnetlc fleld may cause a slgnlflcant dlsplacement. It Is also ~hown 

that a smoothlng away of the longitudinal fleld nonunlformltles reduces ,tne 
dlsplacement by some times. A concluslon about advisablllty bf orlentation'1 of ~he short accelerators along the geomagnetlc llnes and abo~t Indlspensa
billty of a remova I of geomagnetlc fleld In b~glnn)ng parts of t~e long

~ 1~~1 

mashines Is made~ 

The Investigatlon has been p~rformed at the Laborafory of' Neutron 
Physics, JINR. , !" 
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