


Bopo*4os C.6., ~MHTpHescKHH B.n. P9 80-410 

4HcneHHOe MDAenHpoBaHHe ~a30TPOHHOro saxsaTa 
ny4Ka AnR YCTBHOBKH 11~11 

Pa60TB OOCBR~eHa BHanH3Y ABH*eHHR 4BCTH4 B 4CHTpanbHOH 
o6nacTH cHnbHOT04HOro ~asoTpoHa OHflH. Ee 4enb~ RBnReTCR 

C03AaHHe 4HCnCHHOH MOACnH OP04eCca ABH*eHHR sapR*eHH~X 4aC
TH4 OT HCT04HHKa HOHOB AO MOMeHTa YCTaHOBneHHR ~a30TpOH

HOrO PC*HMB yCKOpeHHR. 8 nporpaMMC AnR 38M, npH OOMO~H 
KOTOpOH HCCnCAOBanocb OOBeACHHe OY4KB, Y4HT~BanOCb paAHanb
HO-~B30BOC H BepTHKanbHOC ABH*CHHC 4aCTH4, a TaK*e 3~eKT~ 
npocTpaHCTBeHHoro sapRAa. B pesynbTaTe 6~na onpeAeneHa 
HHTCHCHBHOCTb yCKOPCHHOrO ny4Ka, OKa3aswaRCR paBHOH 
40-45 MKA, CAenaHa 04eHKa s¢$eKTa npocTpaHcTseHHoro sapRAa, 
nony4CH~ AOOYCKH Ha CTpyKTypy MarHHTHOro nonR B 30He 
nepsoro ~asoeoro Kone5aHHR. 

Pa5oTa BblnonHeHa B Jla6opaTOpHH RACPHbiX npo6neM OHflH. 

Coo~eHHe 06~eAHHCHHoro HHtTHTyTa AAePHWX HCCnCAOBaHHH. ny6Ha 1980 

Vorozhtsov S.tL, DmitriE>vsky V.P. pg 80-410 

Computer Simulation of the Beam Capture 
for the JINR Phasotron 

The analysis of the particle motion in the center 

AHanH3y ABH*eHHfl 4aCTH4 B 4eHTpanbHO~ o6naCTH CHnbHOT04HOrO 
¢aaoTpoHa O~.fl~ /ycTaHOBKa 11¢ 11

/ 
111 noceRtqeH PflA pa6oT. TaK, 

B AOKnaAe/2/ paccMaTpHea~TCfl OC06eHHOCTH ¢a30BOrO ABH*eHHR 
4acTH4 e MeAHaHHO~ nnocKOCTH ycTaHOBKH "ell". B cepHH coo6tqe
HH~ O~.f!H 13"51 o6ocHOBb1BaeTcfl eapHaHT reoMeTpHH 4eHTpanbHO~ 
o6naCTH ¢a30TpOHa npH nonO*HTenbHOM noTeH4Hane Ha pa3PflAHO~ 

KaMepe HCT04HHKa HOHOB. 
B HaCTOfltqe~ pa6oTe onHcbleaeTCfl 4HCneHHafl MOAenb npo4ecca 

ABH*eHHfl 3aPfl*eHHbiX 4aCTH4 OT HCT04HHKa HOHOB AO MOMeHTa yc
TaHOBneHHfl ¢aaoTpOHHoro pe*HMa ycKopeHHfl. Pac4eT ABH*eHHfl 
ny4Ka BeAeTCfl Anfl OCHOBHOrO eapHaHTa reoMeTpHH yCKOpfl~HX 
3neKTPOAOB/B/ /pHc. 1/. 
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PHC. 1. reoMeTpHfl OCHOBHOrO 
pHaHTa 4eHTpanbHO~ o6naCTH 
YCTaHOBKH 11¢ 11

• 

lit. -
wr 

sa-

npH MOAenHpoeaHHH aaxeaTa 
ny4Ka Y4HTbleanocb KaK paAHanb
Ho-¢aaoeoe, TaK H eepTHKanbHOe 
ABH*eHHe 4aCTH4, a TaK*e Kon
neKTHBHble B3aHMOAe~CTBHfl B 
ny4Ke. B Ka4eCTBe HCXOAHOro 
eapHaHTa 4HcneHHO~ MOAenH 
4eHTpa "ell" 6blna npHHflTa npo
rpaMMa Anfl 36M, HanHCaHHafl 
D. Thouroude Anfl KnaccH4ec-
Koro CHHXP04HKnOTpoHa UEPHa 171• 

nporpaMMa 6blna npHcnoco6neHa 
Anfl BblnOnHeHHfl 4HCneHHOrO 
MOAenHpOBaHHfl ¢a30BbiX KOne-
6aHH~ npH WHMMHPOBaHHH MarHHT
HOrO nonfl YCTaHOBKH 11¢ 11

• 

XAPAKTEP~CTHKH YCKOP~TEn.fl 

B ErO UEHTPE 

OcHOBHble xapaKTepHCTHKH yc
KOPHTenfl, BnHfl~~He Ha nose
AeHHe ny4Ka e 4eHTpanbHO~ of
nacTH, npHBeAeHbl Ha pHc.2,3. 
0603Ha4eHHfl Ha 3THX pHCyHKaX 
cneAY~He: 
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PHc.2. XapaKTepHCTHKH paAHanb

H?-¢aaosoro ABHmeHH~. 
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PHc.3. XapaKTepHCTHKH cso-

60AH~x KOne6aHHH. 

f - 48CTOT8 YCKOp~IOll!ero non~; f - npOH3BOJ:IH8~ 48CTOTbl no Bpe

MeHH; A b - (j)aaoea.R nnol!laAb cenapaTpHCbl; W - KHHeTH4ecKa.R 3Hep'" 

rl!l.R paBHOBeCHOH 48CTHI.Iblj cp
8

- paBHOBeCH~.R (j)aaa; 8 4 - aMnnHTy

A8 ocHOBHOH rapMOHHKH MarHHTHOro non~; 8 - cpeAHee MarHHTHoe 

none; 

R dO 4 
tg(y ) =- --

4 N dR 

npH aanHcH non~ B BHAe 

B = 8 + B 
4 

cos (Nt/r + 0 
4

) , N = 4 

n = 
d ln8 
dlnR 

/2/ 

/3/ 

/4/ 

Q •• u Q2 
R , Q z - 48CTOTbl CB060AHbiX KOne?aH

2
HH 48CTHL\; ZM - MarHHT-

Ha~ (j)OKYCHpOBKa 48CTHLI no 001 Z; Q ZEMAX - M8KCJ.1ManbHa.R 

B 3aBHCHMOCTI-1 OT (j)a3bl 3neKTPH4eCKa.R (j)OKyCHpOBKa 4aCTJ.11.1 no Z lSI. 

MaKCJ.otMYM orH6aiOl!leH Z- ABHmeHJ.ot.R onpeAen.ReTcfl no (j)opMyne ~-..... 

1 N£4 1 1 
<I> z = [ 1 + -- tgy 4 ( 2 + 2 ·)] ' 

y'QzM 2 (Qz+N) -a (Qz-N) -a /51 

2 

"' 

; '\ 

i:~\ 
L 

:.u; 

J(MKA) 

80 
70 
60 

10 

', 6e3 npocrp. 
---3apAAa 

.......__ ~ ~nocrp. 

~JlOM 

20 30 J.O t (HKC) 

PHc.4. 3aBHCHMOCTb HHTeHCHB

HOCTH ny4Ka OT BpeMeHH. 

-10 0 5 
1 HHIK~23HKC --~ I 

PHc.5. AH<!>(j)epeHLIHanbHa.R HH

TeHcHBHOCTb ny4Ka B 3aBI-1CJ.1-

MOCTH OT MOMeHTa 1-iHmeKL\HH. 

r1=1e 
N2 

a = -n + N·2-n -1 
84 

£ 2 2 ) 
_4_(1 + tg y 4 ' . 2 

--. £ = -4 B 

Hs pHc.3 BHAHO, 4TO e cTaTH4ecKoM npH6nl-1meHHI-1 c T04HOCTbiO 

5% npH aHanH3e noTepb~CTI-11.1 Ha CTeHKaX AYaHTa MO)f(HO C4HT8Tb 

cnpaseAnHeOH Ol\eHKY y'Qz <llz "" 1. AHHaMJ.ot4ecKHH npo1.1ecc MomeT 

BHeCTI-1 KOppeKI.IHIO B 3TY 38BHCHMOCTb, TaK KaK B 30He Ha4anbH~X 

paAHYCOB J.13MeHeHHe >KeCTKOCTJ.1 CHCTeMbl Henb3~ C4J.1TaTb MeAneHHbiM 

npo1.1eccoM. Y4eT npocTpaHcTseHHoro sap.RAa ny4Ka TaK>Ke npHBeAeT 

K 6blCTPblM I-13MeHeHH~M /no cpaBHeHHIO C nepHOAOM (j)a30BbiX KOJ1e6a

HHH/ nnOTHOCTI-1, 4TO MOmeT npHBeCTH K He06XOAI-1MOCTH 41-iCneHHOrO 

pac4eTa AHHaMI-14eCKHX npo1.1ecco8 8 Te4eHHe nep8oro ¢asosoro 

Kone6aHJ.1R. 

3AXBAT nY4KA 

0CHOBHbiMI-1 80npocaMI-!, KOTOpble BCTaiOT npJ.-1 HCCneAOBaHJ.1J.1 HH>KeK

LIHH 8 yCKOpHTenb, RBn~IOTC.R HHTeHCHBHOCTb H Ka4eCTBO 38XBa4eH

HOrO 8 pe>KHM ycKopeHHR ny4Ka. Ha pHc.4 npe~aasHc~
MOCTH HHTeHCJ.1BHOCTI-1 ny4Ka OT BpeMeHH An~ aMnnHTYAbl yCKOp~IO

l!lero non.R Vm=50 KB H TOKa oTcoca J.13 11CT04HJ.1Ka 100 MA. MoMeHT 

speMeHJ.1 t"" 0 xapaKTepH3yeTC.R cosnaAeHHeM 48CTOTbl yCKOp~IOlller'o 
nonR c LIHKnOTPOHHOH 48CTOTOH s LleHTpe ycKopHTen~. PaapbtBbl 

Kpi1BbiX B o6naCTJ.1 t"' 20 MKC CB.R38Hbl C np.eKpall\eHHeM 11H>KeK1.1J.1H 

H3 HCT04HHKa. BpeM.R HH>KeKI.IJ.1H onpeAenRnOCb 6e3 y4eTa Z -ABHme

HH~ 48CTHLI H fiblnO P88HO 23 MKC /pJ.1C. 5/. 

3 



-100 moifo 
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P~c.6. XapaKTep~cT~K~ ycKo
pAIO!J.ler-o 3a3opa ~CTO'-IH~K-

1 dl 3aBYIOIMOCTb (---) Ha PYIC.5 
f dt --

onpeAeJlflJlaCb no senYI'-I~He saxea-
4eHHoro B yCTaHOBYIBWYIHCR pem~M 

ycKopeH~R TOKa /nnaTo Ha pv.c.4/ 
npYI YIHmeK4YIYI 1-13 YICT04HY!Ka Ha 
nepYIDAe B4 nonR s~a~a~o~e 
~3, yKa3aHHOM Ha-~'3TOT 
AYianasoH $as onpe,qenAncA v.s 
ycnos~A nona,qaH~fl YacT~4 Ha 
BXOAHOe OTBepCT~e nynnepa. 

Ha p~c.6 (Wn)• (¢n) - 3Hep
rHA ~ $aaa YacT~l.IW Ha sxo,qe 
nynnepa, (wr), (.,) - Ha6er ¢a3bl 
B4 1-1 yron nosopoTa 4aCT~l.lbl npH 
nepece4eHYIYI npocTpaHcTsa Y~c

T04~'"1K-nynnep. 

r nnowHaA KpH eaR Ha PYIC. 4 
COOTSCTCTByeT paC4eTy HHmeKL!YIYI 
ny4Ka np1-1 y4eTe Ae¢OKYCHPYIO!J.le-nynnep. 
ro B03AeHCTBHA npOCTpaHCTBeHHO

ro sapR,qa Ha Z-.qsv.meHYie 4aCTH4. nony4eHHaA HHTeHCIIIBHOcTb ny'-1-
Ka xopowo cornacyeTcfl c D4eHKaMH, npHse.qeHHbiMH B pa6oTe 1 11 .• 

Ha pY!c.?-9 npeACTaeneH~ H3o6pameHHR ny4Ka e pasnH4HWX Koop
AHHaTax. Uv.¢paMH ~ 6yKBaMH naTHHCKoro an¢asHTa yKa3aHo KOnYI-
4CCTBO MaKp04aCTH4, COOTBetCTBYIOUlHX ,qaHHOH HS06pamaiO!J.leH T04Ke 
/6yKBbl J.1CnOJlb3YIOTCfl npv. '-lv.cne '-laCTI-14, 6onbweM 9/. Ha p~c. 7 . 
ny'-IOK npeACTasneH B KOOPAHHaTaX Ha4aJ1bHbiX 3Ha4eH!-1H (¢~ cp O) 
paAMa!1bHO-¢a3osoro ABHmeHHR 4aCTH4. M3 3Toro pHCYHKa BHAHO, 
uTo see 4aCTH4W, pacnonomeHH~e HHme rpaHM4W cenapaTpHcw, 6YAYT 
nOTepRHW B npo4eCce AaJlbHeAwero YCKOPCHHA ny4Ka. C,,qpyroA 
CTOpOHbl, 4aCTH4bl C 60J1biiJHMI-1 H84aJ1bHbiMH 3Ha4eHYIAMH ¢

0
>5 rpaA/MKC 

TepR101CA Ha CYICTeMe nynnep-HCTO'-IHYIK s Te4eHYie ne~soro ¢asosoro 
Kone6aHHR. KpoMe Taro, nHw b 4aCTH4bl c HaL! an bHbiMYI <PasaMv. ¢

0 
> 

>-29 o nony4aiOT npM nepece4eHH~ ycKopfiiOU~ero 3a3opa YICT04H~K
nynnep ADCTaTO'-IHbl£1 rlOJ10lKYITeJ1bHbiH CABHr no ¢a3e, npH KOTOpOM 
o6ecne4V.BaeTCR 3!1eKTPH4CCKaR $OKYCYIPOBKa no Z-ABYI>KeHI-110. 3TOT 
3$¢eKT npYIBOAHT I< nOP.BJ1CHHIO CB060AHOrO OT 4aCTH4 npQCT~aHCTBa 
s6nH3H cenapaTpHCbl Ha $a3o8oA nnocKOCTYI ny4Ka (¢, ·. ¢) /p1-1c, 8/. 
0TCYTCTBHe 4aCTYI4 C MaJlbiMH aMnm1TyAaMH (j>a30BbiX KOJ1e6aH~ 
/s6m13V. paBHOBeCHOH $a3bl HeT 4aCTYI4/ 06bf!CHReTC.A TeM, '-ITO 
'-l<lCTV.Libl C Ha4aJ1bHbiMH (j>a3aMltl (¢ 0>-1°) He MOryT o6orHyTb KOH(j>ltlrypa
l\.110 M:::TO'IHHK-nynnep Ha 1-oM o6opoTe • npyt paCCMOTpeHVIYI I 
pHc.8, rAe ny40K noKa3aH HaKaHyHe 3asepweHHR 1-ro $a3osoro 
Kone6aHHR, MOY.<HO Ha6J110AaTb CMe~eHHe HeKOTOpbiX '-laCTYil.l 8 Hanpas
JleHYIV.oOTPYil.laTeJlbHWX $aa. BepTYIKanbHbl~ pa3Mep ny4Ka cornacHo 
PYIC, 9 COCTaBn.AeT ""1 CM, 
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np~ llOfly4eH~~ .qaHHWX, np~ae.qeHH~X Ha p~c.]-9, ~3 ~CT04H~Ka 
~H>KeKT~poeanocb 1582 MaKpo4aCT~I.1bl. Pacnpe.qeneH~e. 4acT~L1 no 
3¢¢eKTaM nOTepb .qaHO B C!leAYIOil.\€:11 Ta611~1.1e: 

3¢¢eKTbl C y4eTOM npOCTp. 
3apfl.qa 

oe3 Y4€Ta 
npocTp. 3ap.R.qa 

3axaa4eHHWIIi ny40K, % 
noTepJ-1 110 Z , % 

BoaspaT a 1.1eHTp, % 

9 
58 
33 

Bn~RHHE BAPHA~HH nAPAMETPOB UEHTPA YCKOPHTEnR 
HA nYllOK 

13 
49 
38 

np11 MO.Qell~POBaHH~ HHlK€K1.1H~ ny4Ka paccMaTp~BaJlOCb Bll~RH~e 
H3MeHeHMR pa3J1~4HWX napaMeTpOB Ha MHTeHCMBHOCTb M .qpyrHe xa
paKTep~CT~K~ ny4Ka. B paMKax LleHTpa eo~MOlKHO aapbMpoaaTb TaK~e 
napaMeTPbl, l<aK cpe.qHee MarHMTHOe none B, 4acTOTa noaTopeHMR 
4~1<1108 BbiCOK04aCTOTHOrO nOJlfl f , BepT~KaflbHaA anepTypa .qyaH-

MO.[( u n Ta ~ paMKH D 1 • paccTOAH~1e Mem.qy AYaHTOM 11 paMt<o~ t , aMn!l~Ty.qa 
HanpRmeHH.R 84 1-(a .qyaHTe Vrn, npOH3BO.qHaR 4aCTOTbl ycKOp.AIOLqero no
Jlfl no speMeH~ f ~ .qp. 

nocKOJlbKy pac4eT c Y4€TOM npOCTpaHCTBeHHoro aapR.qa Tpe6yeT 
3Ha4~TeflbHoro apeMeH~ 38M, Dl.leHK~ sap~al.l~~ napaMeTpoa npoao
I~~JlMCb fl npeHe6pe>KeH~~ KOJllleKT~BHbiM B3aHMO.qe:liCTB~€M 4aCTMI~ 
llY4Ka. 

BoaMyl!leH~e 

~B = ~Brn. 

cpe.qHero MarH~THOrO llOJlfl MMeeT B~A 

2 
R o 2" 

2 2- ·cos(--. R), 
R 0+ R L !6/ 

rAe 6bl110 npMHl'ITO R0 =20 CM, L = 20 CM. 3TO OTKJ10Hel~}1e toiarH~THOrO 
nOJlfl OT Tpe6yet~oro 6m13KO no <!JOpMe M no Bell~ '-I~ He 'K TOMY, 4TO 
6bl110 nony4eHO Ha MOAeJl~ MarH~THO:Ii CMCT€Mbl ycTaHOBK~ 11¢ 11 /10/, 
no.qo6Hoe ~CKa»<eH~e llOJll=t llp~BOAMT I< 3Ha4~TeflbHOMy ~3MeHeH~IO 
napaMeTpa K I "" e 25 pas no cpaaHeH~t~IO c ~CXOAHbiM/. B peaynb
TaTe 3Toro MC4eaaeT MrHoseHHaR cenapaTp~ca pa.q~aJ1bHo-¢aaoaoro 
AB~JI<eH~H A11R HeKOTOPbiX pa.QI1ycoa. 0AHaKo, KaK B~AHO 113 p11c. 1 0, 
ny40K He ycneaaeT cpear~posaTb Ha cTOJlb 6brCTPble no cpaeHeHI110 
C nepMO~OM ¢a30BYX KO!le6aH~~ ~3MeHeH~~ napaMeTpOB M noTep~ 
cocTaBJl.RIOT npH ~Brn=±10 rc acero 10% OT nepsoHa4a11bHOIIi ~HTeH
c~aHOcT~. Hy»<Ho, o.qHaKo, OTMeT~Tb, 4TO np~ pac4eTe 6e3 y4eTa 
Z··.qBM>KeH~.R noTepH COCTaB~1111 ,30% npH TeX me 3Ha4eHI1J'IX ~B 

06MlCHeHMe TaKoro pa311M4~.R B Be11~4~He noTepb CBR3aHO C noR~ne-
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H~eM CB060.qHO:Ii OT 4aCTI1L\ no
JlOCbl a6n~3~ cenapaTp~Cbl, 
Ha6ntO.QaeMolli npH y4eTe z-.qaH
meHM.R. np~ 3TOM ~3MeKeH~e 
pa3Mepoe nno~a,q~ cenapaTp11cw 
MSHbWe CKa3YsaeTC.A Ha Be11M4~

He noTepb ny4Ka. 

30l ~' ~~ " . r ~~ s ~ 0 1 2 3 4 5 7 . 1Jt1CM) 
Q 1h0 21JOJbo i.bo siJo sbo ?to ibo !100 100ll1!00t00f M(),!l (14} 
lo 35 40 -----is ~o Vm(Ka) 
JJr 3,5 4fJ 4~5 S.o tfc~<~) 
-r-::t- -s -~ -~ 
'-- 10 -0 ' 6f.(rc) 

P~c. lO.BapMaL\MR napaMeTpoe 
L\eHTpa yCKOPHTeJ1R 11 11HTeHC~B-

Ha p11c.10 npMae,qeHa aas~
CI1MOCTb ~HTeHC~BHOCTH aaxaa-
4eHHOrO ny4Ka OT 4aCTOTbl 
nOBTOpeHH.R I.IHKJlOB BLJ. na~e
HHe ~HTeHCMBHOCTM npH fMO.[( < 
< 450 rl.l CBA3aHO C He,qOCTa
T04HO:Ii CKOpOCTbiO OTXO,qa ny4-
Ka no paAMYCY OT KOH$~rypal.lM~ 

'nyJ1Jlep-11CT04H~K. flpM 3TOM 
HMeeT MeCTO B03BpaT 60JlbWOrO 
4~CJ1a 4aCT~I.1 B L\eHTp, AflR 

· HOCTb ny4Ki3. f MO.[( > 800 r1.1 paaMepbl . $aao
BO:Ii nno~aAM cenapaTpMcw Abo 
CTOJlb MaJlW, 4TO pe3KO na,qaeT 

4~cno 4acT~Ll c ycT0~4~BWM pa,qMa11bHo-¢asoewM ,qa~meH~eM. MaKcH
MYM ~HTCHCMBHOCTH B 3a~MCI1MOCHI OT f MO,I;1 npeBbiUJae: MHTeHCMB-
HOCTb !HOM B pa6o4e~ T04Ke fMOJI =.543 r1.1 Ha 26/6. 

Ha p11c.10 npe,qcTaaneHbl TaK>Ke 3aB11CMMOCTH ~HTeHc~aHOCTM 
ny4Ka OT aepTMKaJlpHolli anepTyp~ ,qyaHTa. Kat< B~AHO 113 pMc.9, 
anepTypa ,qyaHTa D 1 = 4 CM npM R > 15 eM yeeJl~lll-1 eaeTCfl .qo 
D 2 = 6 CM. npl-1 pac4eTe KP~BOM I(D 1) MeHRJlaCb anepTypa .qyaHTa 

M paMKM .qnn R <15 eM. YMeHbWeH~e ~HTeHCI1BHOCT~ ny4Ka npM D 1 < 
<2,5 CM OfibRCH.ReTCR TeM, 4TO yBeJ1114eHI1e 3JleKTpM4€CKO:Ii $OKYCI1-
pOBK~ 3a C4eT yMeHbWeH~.A D 1 y>«e He MO>KeT CKOMneHc~posaTb 
Z·noTep~ Ha ,qyaHTe npM Mano:li anepType, npM 3TOM BeJ111411Ha D1 6ni13Ka K pa3Mepy ny4Ka no Z, paBHOMY 1 ,8 CM, ec1111 He Y4MTbiBaTb 

npOCTpaHCTBeHHYH sapH.q. 
HymHo OTMeTMTb, 4TO B npe,qenax M3MeHeHM.A D1 C4~Tanocb, 4TO BepT~J<allbHaR anepTypa BJlHReT Jl~Wb Ha 3JleKTpM4eCKYIO <fJOKy

Ci-1POBKY 4acTI1L\. Ha6op 3Hepri1M 4acT~Ll onpe,qeJl.RJlC.R ~cxo.qf! 1113 
npe.qnono>«eHH.A nnocKonapanneJlbHoro· 311eKTPM4ecKoro nonfl Me>«AY 
,qyaHTOM M npOn1BO,qyaHrHo~ paMKO:Ii. 

XapaKTep Kpl-'!eo:li I(f) cq.A3aH c yaen~4eHMeM ,qo1111 aaxea4eH- ( 
HWX 4aCTHL\ np11 yMeHbWeHMM lfl 11 COOTBeTCTBYIO~HM B03pacTaH~eM ~ 
nno~a,q~1, qaK11t04eHHOH BHYTPM cenapaTpMcbl. O,qHaKo npM HeKoTopoM 
3Ha4eli~M f npeo611a,qa10~~M CTaHOBHTC.R 3$$eKT B03BpaTa 4aCn1l.l 
e l.leHTP aa c4eT 6onee Me,qfleHHoro oTxo.Qa ny4Ka Ha 6onbWI1e pa
AI1YC~. B~6paHHaR pa6o4aR T04Ka Haxo,q~Tc~ a6nH311 onTMMyMa ~H-
TeHC~BHOCT~. 
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Pe3KOe naAeH~e ~HTeHc~BHOCT~ np~ ~3MeHeH~H (f) H (Vm) 
o6D~CHHeTCH cy~ecTBOBaHHeM noporosoro Ha6opa 3HeprHH 4acT~~a
MH Ha ]-oM 060pOTe, npH KOTOpOM OHH B COCTOHH~H o6orHyTb KOH¢~
rypa~l-110 ~eHTpaiJbHbiX 3I18KTPOAOB paAI-1YCOM ,4 CM /paAI-1YC Kpi-181-13-
Hbl TpaeKTOpHi1 1- ro o6opoTa "'3, 5 CM/ •. 1-13 KpHBOi1 l(V m) CI18Ay
eT, 4TO AJlfl pe>KHMOB yCKOPHT8I1~ C HHTeHCHBHOCTbiO HH>Ke MaKc~t~

Mai1bHOi1/ll/ He06XOAI-1MO IJI-160 nepeCTpa~t~SaTb KOH¢~t~rypa~lt110 ~eHT
paiJbHbiX 3IJeKTPOAOB Ha nOH~>KeHHOe Hanp~>KeH~e Vm, KaK 3TO Aena
eTC~ AJlfl CI-1HXPO~I-1KI10TpOHa l.\EPHa, IJI-160 Bbi6V.paTb Ha4ai1bHOe 3Ha-
4eH~t~e Vm B lt!HTepsane 40-50 KB, a 3aTeM CH~t~)l{aTb vm AO nony-

4eHI-1~ Ab=/100,300/ M3B·HC. 

CB060AH~E PAAMAflbHWE KOnE6AHM~ 

nocTpOeHHa~ paC48THaH MogeiJb HH>KeK~HI-1 n03BOI1~8T npoaHanH-

3~pOBaTb o4eHb samHbli1 AI1H BbiCOKoi1 3¢¢eKTHBHOCTH Bblsoga ny4Ka 
~3 ycKOpHTen~/12/eonpoc o sen~4~He np~o6peTeHHbiX s ~eHTpe ycKo

P~TenH aMniJHTYA cso6ogH~X pag~t~anbH~x Kone6aH~i1. B~4~cneH~e 
MrHoseHHOi1 aMnn~TYAbl pag~anbH~X Kone6aHI-1i1 AR noKaaano, 4TO 
seiJ~t~4HHa ee Heog~HaKosa npH npoxo>KAeHI-11-1 ycKop~IO~ero aaaopa 
BQili-131-1 ~CT04H~Ka ~ C npOT~BOnOI10lKHOi1 OTHOC~Tei1bHO ~eHTpai1bHOi1 
o6naCTH CTOPOH~ gyaHTa, 4TO CBH3aHO C aCHMMeTp~ei1 reOMeTp~l-1 

~~HTpa /p~c.l/. OgHaKo npH R >30 eM aMnn~TYAa AR cTaHOBHTC~ 
OA~t~HaKOBOi1 He3aB~C~MO OT nonomeHH~ ycKOpHIO~ero 3a3opa OTHOC~
TeiJbHO ~CT04H~Ka, goCTHra~ s npegene sen~4~Hbl AR"'3,5 MM. Hym
HO OTMeT~Tb, 4TO s nporpaMMe THOUR 3neKTPH4ecKoe none Me>Kgy 
ycKOpHIO~~MI-1 3IJeKTpogaM~ C411TaeTc~ nnocKonapanneiJbHbiM 1-1 cy~ecT_. 
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P~c.11. PacKa4Ka pag~anbH~X Kone6aHI1i1 np11 Hai1114~H 

1-o~ rapMoHHK~ non~. 
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~ 

I 
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BYIO~I-1M IlHWb Me>Kgy KPOMKaMI1 3IJeKTPOAOB. KpoMe Taro, B03My~eH~e 
nOIJH, BHOCI1MOe ~CT04HHKOM HOHOB, C4~TaiJOCb npeHe6pe>KHMO MaiJbiM. 
3THMH OC06eHHOCTRMH nporpaMMbl• nO-BHA11MOMy, H 06bHCHHeTCR aa
HI'I)I{eHHOe 3Ha4eHI-1e ycTaHOBI1swe~1cH aMnm1TYAbl AR • 

B ~eHTpe yct<op~TeiJ.A cso6ogHble pag11anb Hble Kone6aHI-1fl nogsep
ratoTCH B03gei1CTBHIO pe30HaHCHOi1 pacKa4KH npH B036ymgeHI111 npOCTO-
ro (Q R = 1). napaMeTp~4ecKoro (2Q R= 2) 1-1 Hei1HHei1Horo (NQ R = N) 
pe3oHaHcos. Ha116onee onaCHbiM H BJlHeTcH npocToi1 pe3oHaHc, B036y}f{
AaeMbli1 1-oi1 rapMOHHKoi1 MarHHTHOro nonR B

1
• AHaiJI-13 nosegeHHfl 

ny4Ka B 3TOM CI1Y4ae MO>KHO npOI13BeCTI-1 MHTerpl1pOBaHI1eM YKOp04eH
HbiX ypa BHeHMi1 /lSI AI1fl aMrlill-1 TYAbl A R 1-1 ¢a3bl 0 R paAMan b HbiX KOne-
6aHHi1: 

np11 a 2=11 

dAR R€1 1 
-- = --1-cos[(a-1)11+f:3]·sin(a-1)" 

dt/J 2"QR a -·1 

dOR 

1 . 
- --cos[(a+l)1T+f:3l·sin(a+1)1Tl, 

a+ 1 

--= 
R€ 1 

21TQRAR 
1-

1
-sin [ (a-1)" + {:3] sin (a -1) rr + 

a - 1 dt/J 

+ -
1
-sin[(a+l) 1T+f:3l·sin(a+l)"l, 

a+ 1 

np~t~ a= -1 

dAR Rt: 
--- 1 dt/J -- --2-cosf:3, 

dOR 

dt/J 

R€ 1 
~A sinf:3 

R ' 

171 

!8! 

B1 1 " 8 R 
rge € 1 = -:--, a=- -Q · , f:3 = tjJ 1 + 2 + -Q-- , tjJ 

1 
- ¢aaa Mat<-

B R R 
Clt!MyMa 1-ol::\ rapMOH11KH fl0I1H. no aHanor~H C Z -gBI1>«eHI1eM Clii-1Ta-
I10Cb, 4TO or~t~6aiO~af! yQR <IJR"' 1. 3aBMCMMOCTb aMnm-nygbl 1-ol::\ 
rapMOHMKI-1 B1 OT pag11yca Bbl6!-1panacb B BV!ge 

b B 1=aR exp(c·R), 191 
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Bml R~ Rm 
r,qe a= 6 , 

R mexp (c, Rm) 
CHMYM 1-oi:i rapMOHHKH, 

b = 2 , c =- 2 , Bm1 - MaK-
(R c-R m) (R c-Rm) 

Rm - T04Ka MaKCHMyMa, R 
0 

- T04Ka nepe-
r116a. 

~ pac4eTax 6biJJH .npHHRTbl napaMeTpbl R m = 3 eM, R c = 10 eM, 
t/1 1 =10°, Bm1 =10 rc, np11 KOTOpbiX nony4aeMafl aaBHCHMOCTb B1(R) 
I eM. p11c. 11 I 6biJJa 6nH3 Ka K H3MepeHHOi:1 Ha Mo,qenH Ma rHI-1THoi:1 Cl-'lc-
TeMbl. Ha p1-1c.11 noKaaaHo pa3BI-1TI-1e peaoHaHca QR=i ,qnA paa-
!11-14HbiX 3Ha4eHI-1i:1 B m 1 1-1 ~B m· HecMOTpfl Ha TO, 4TO Ma KCI-'IMYM 
1-oi:i rapMOHHKI-1 ,q·ocn-1raeTCfl a 1-'iHTepeane R < 10 eM, aMn!11-1Ty,qa 
AR no4TI-1 He I-13MeHReTcfl a 3TOM pai:1oHe. 3TOT 3$$eKT o6bfiCHfl

eTCfl MBJlbiM 41-1CJ10M 060pOTOB ( "'49), KOTOpble 4BCTI-1l.IB COBepwaeT 
a 3Toi:1 o6naCTI-1. 111-1Hei:1Hbli:1 poeT A E a 3aBI-1CI-1MOCTI-1 OT pa,q1-1yca 
Ha6niO,qaeTcfl a 3oHe 15 eM < R < .30 eM I= 140 o6opoToa/. 3aTeM 
I-1Me10T MeCTO 61-'ieHI-!fl pa,ql-!aJlbHbiX KOJJe6aHI1M 11 BbiXOA 4aCTI-1l.lbl B 30HY 
ycTaHOBI1awei:1cfl aMnJll-lTYAbl. AHanl-13 pacnpe,qeneHI-11':1 4BCTI-11..1 no ycTa
HOBI-1BWI1MCfl A R yeT. /pl-1c.12/ noKa3aJ1, 4TO HeCMOTpfl Ha TO, 4TO 
60JlbWafl 4aCTb 4aCTI11..1 ~-!MeeT aMnJ111TYAY 1-,0 < AR < 1 ,5 CM, eepXHflfl 
rpaHI11..1a cneKTpa 4aCTI11..1 AOCTI-1raeT AR MAX "" 3, 5 CM • .Qrlfl TOrO, 
4T06bl He ,qonycTI-1Tb ,qanbHei1wero yaenl-14eHI-1fl AR, Heo6xo,qi-1MO 
orpaHI1411Tb aeni141-1HY 1-oi1 rapMOHI-1KI1 nonfl a 30He pa3BI-1TI1fl peao
HaHca 20 CM < R < 30 CM ,qonyCKOM B 1 < 4 rc. 

S....lllrc 

=-A-=-10fc 
IZlZI-A;olllrc 

N 

20 

P1-1c. 12. Pacnpe,qeneHI-1fl 4aCTI-11..1 
ny4Ka no aMnJli-1Ty,qaM ceo6o,q
HbiX pa,q11a11 bHbiX KOJ1e6aHI1M. 

10 ..,. 

YsenH4eHI-1e Al-1cnepcl-11-1 cneKTpa 
4aCTI-11..1 no A R np1-1 Hanl-141111 B 1 f 0 
no cpaBHeHI110 C 11CXOAHOM o6bfiCHfl
eTCfl pa3Jli14Hb1M 41-1CJ10M o6opOTOB, 
coeepwaeMbiM 4aCTI-1l.laMI-1 e 30He 
pa3BI-1TI-1fl peaoHaHca ecne,qcTB"\e 
pa,ql1aJJbHo-$aaoeoro ,qs1-1meH1-1fl 
110HOB, 

3AK11104EHHE 

B peaynbTaTe 411CJleHHor.o Mo,qe
!11-1poeaHHfl Ha OCHOBe C03,qaHHOH 
nporpaMMbl THOUR np01..1ecca 11H
meKI..II-11-1 ny4Ka B ycTaHOBKe 11 $ 11 

YCTaHOBJleHo: 
a/ np11 TOKe OTCOCa 1-13 110HHO

ro 11CT04HI1Ka 100 MA 1-1 Bb16paHHOH 
reoMeTpl111 l..leHTpailbHOH o6naCTI1 
/AJ1fl nony4eHHOH npl-1 MaKeTI-1pOBa
HHH 4aCTOTHOH nporpaMMbl ,qyaHTa/ 
11HTeHCI1BHOCTb ny4Ka nOCJle nep
aoro $aaoeoro Kone6aHI-1fl MomeT 

! 

J 

( i 

AOCTHrHyTb 3Ha4eHI-1M 40-~5 MI<A /aMn!11-1TYAll YCI<OpfliOUiero HanpSlH<e
HI-1fl - 45-50 KB/. YKa3aHHafl HHTCHCHDHOCTb MOII!CT 6b1Tb nony4eHa 
Ha npe,qeJlbHOM pa,qHyce yCI<OpeHHSl /270 CM/ npH OTCYTCTBI-11-1 noTepb 
H3-3a HapyweHI-1Sl npOCTPBHCTDeHHOi:1 YCTOi141-1DOCTH 1-1!111 OTimOHeHI-1fl 
l..leHTpa ny4Ka /Me,qi-1BHHSfl nnOCI<OCTb/ B 30He PBAI-1YCOB /60-270 CM/. 

6/ Co6cTeeHHoe 3nei<TpH4ect<oe none ny41<a /,qame np1-1 Ha11H41-11-1 
nynnepa/ HB4HHaeT CKa3biBaTbCfl Ha aenH4HHe aapR,qa, aaxaaTbiBae
Moro BHYTPb o5nacTH, 3aKJ1104eHHOi:1 ~HYTPH cenapaTpHcbl nepaoro 
$a30BOro KOJle6aHI-1fl /MaCWTa6 3$¢eKTa- 30-35%/, OAHBKO OCHOB
Hble noTepH ny4Ka CBS13aHbl C He,qOCTBT04HOCTbiO BKCI-1B!lbHOi:1 $OKy
CI-1pOBKI-1 ny4Ka e 11HTepaane pa,qHycoa /5+15/ eM. YaenH4eHI-1e >l<ecT
KOCTI1 $OKYCI1p0BKI1 B 3TOH 30He MOmeT ,qaTb yBeJ1114eHI-1e I-1HTeHCI1BHO
CTI1 e 2 73 pas a. 

B/ nony4eHbl ,qonyCKI1 Ha CTPYKTYPY MarH11THOro nO!lfl B 30He 
nepeoro $aaoeoro KOne6aHHfl t<at< no eeni-14HHe nepeoi:1 rapMOHI-11<11, 
TaK 11 no BeJ111411He OTK!10HeHI1fl Cpe,qHero nOJlfl OT paC4eTHOrO, 411c
!1eHHble BeJ1114HHbl ,qonyCKOB MOryT 113MeHfiTbCfl B 3aBI1CI1MOCTI-1 OT xa
paKTepa OTKJloHeHI-1fl cpe,qHero nonfl oT pac4eTHoro, a Ta~<me OT 
I-13MeHeHI1fl aMn!11-1TYAbl rapMOHI-1KI-1 e 11HTepeane pa,q11ycoe nepeoro 
¢aaoeoro Kone6aHI-1fl. Paapa6oTaHHafl nporpaMMa noaao1111T 3$¢eK-
TI1BHO pewaTb BOnpoc 0 ,qonyct<aX B l..leHTPBJlbHOH 30He Ha CTBAI-111 
WI-1MMI-1pOBaHHfl MarHI1THOro nOJlfl, 

AeTOPbl 6naro,qap~T A.A.rnaaoea 11 H.r.lllaKyHa aa MHoro41-1cneH
Hble o6cym,qeHI1fl peayn b TaToe pa60Tbl. 
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