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0JlHOH H:3 OCHOBHhiX BenH:'IH:H, onpe)lenSIIOIIIHX 9!jl!jleK-

THBHOCTb KOnneKTH:BHOro MeTOJl8 yCKOpeHH:SI H:OHOB 

pOHHhiMH: KOnbU8MH / 1/ , SIBnSieTCSI Ha6op 9HeprH:H: 

9neKr

U' 
KOTOphiH onpe)lenSieTCSI !jlopMynoft 

u N rk z ) 
k-- -- (M98/HyKnOH 'CM , 

2rrar 0 A 
( 1 ) 

rAe N - tiH:cno 9neKrpoaoa B Konbue c 6onbiiiHM paAHY-

coM r 0 H cpeJlHHM ManhiM paaMepoM a , r k - KnaccH-

qecKHH paAHYC 9neKTpoaa, Z/A - OTHorueHHe aapSIJlHO

CTH: HOHa K M8CCOBOMY lJHCny, k - K09!jl!jJH:UHeHT, CBSI38H

Hhlll C ycnOBHeM yJlep)I{8HHSI HOHOB B KOnbUe, 

nnSI OUeHKH pa3MepOB KOnhU8 He06XOJlHMO 3H8Tb HX 

H3MeHeHHe a npoueccax a)lHa6aTHtiecKoro C)I{BTHSI B a)lre

aaropax (KoMnpeccopax), HaKonneHHSI HOHOB H ycKopeHHH. 

l13MepeHHSI ManhiX pa;MepOB B 9KCnepHMeHT8X no C)I{8THIO 

9neKrpoHHhiX Koneu/
2 

xoporuo cornacyiOTCH c feaynh-

TaTaMH paClJeTOB, nOJl06HhlX npHBe)leHHhiM B / 3•4 , flpo

UeCChi, cne)lyiOIIIHe 38 C)I{8THeM, rpyJlHO MO)lenHpyiOTCH 

8H8nHTH'IeCKH: CTBHOBSITCH cymecraeHHhiMH HenHHeHHhie 

9!jl!jleKThi, B npeHe6pe)l{eHHH HenH:HeliHOCThiO npouecc aa

KonneHHH HOHOB paCCMaTpHBBnCH B/S/, 

Bonpoc o AonycrHMoli aenH'IHHe k o6cy)KJlancH 

B /3,4,6-12,18/ C HCnOnh30B8HHeM pa3nHlJHhiX MO)lenbHhiX 

npeJlCTaaneHH:H, 3HatieHHe k=l COOTBeTCTByeT npe)lenbHQ

MY YCKOpeHHIO, npH KOTOpOM HOHhl C ayneBhiM !jla30Bh!M 
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06'beMOM yaep)!{HB8IDTC51 H8 Kp8ID 8JieKTpOHHOI'O KOJibUa/
3•4( 

B oaHo'laCTH'lHOM npH6nH)!{eHHH no HOHaM oueHKa aenH'lH

Hbi k, caenanHaH B pa6ore16 1, aaer k=114,'1TO npHMep

Ho COOTBeTCTByeT 3H8'leHHID, npHHSITOMY a/7,8,18/.Pacqe

Tbl CT8UHOH8pHb!X COCTOSIHHll ycKopeHHbiX C8MO¢oKyCHpyiD

IUHXC51 8JieKTpOHHO-HOHHbiX KOJieU / 9 •1 O/, npoaeaeHHbie llJIH 

MOlle~~~ npHBOllHT K orpaHH'leHHID k .$ 1/2. 
B I noKaaauo, 'ITO aonycTHMOe aua'leHHe k cna6o 

38BHCHT OT BHll8 pacnpeaeneHHSl nnoTHOCTH 8JieKTpOHOB 

B KOJibUe. 

B uacTOHIUeA pa6ore sonpochl H3MeHeHHH MBllhlX pa3-

Mepos npH H8KOnneHHH HOHOB H yCKOpeHHH KOllbUB, a TaK-

)!{e aonpoc o aonycrHMOti senH'lkfHe k tfccneayiDrc H 

KOJill'leCTBeHHO Ha 38M MeTOllOM yKpynHeHHb!X '48CTllU. 

Konbuo cquraercSI a3HMyranbHO oauopOJlHbiM; ll3Meue

HHH M8JihlX pa3MepOB, CBSI38HHhle C p83Jill'4HhlMll HeycroA

"fllBOCTHMll 83HMyranbHO HeCkJMMeTpll'lHhlX MOJl KOne6aHHA, 

aaecb ue Y'lHTbiBaiDTCH. 

B npaHHToA HaMH Moaenu, npeue6peraH KpllBll3HoA 

KOJibU8 (a/r
0 

<< 1), B Ka"feCTBe yKpyriHeHHbiX 'l8CTI1U Bbi6H

paeM 6ecKoHe'!Hhle 3apH)!{eHHhle uunHHllPhl Kpyrnoro ceqe

HHH c liHHeAHbiMH nnoruocrSIMH Ne u N i , coorserc rsenHo, 

Jll!H 8JieKTpOHOB H HOHOBo Dono6HaSI MOJlellb HCDOllb30Ba

nacb pauee B /l 3/ llJI51 HCCJieJlOB8HH51 HH)!{eKUllll 8lleKTpOHOB 

B aareaarop, Moaenb qacTHU - Koneu npuMeHHnacb B 1 14/ 

npll MOJlel!HpOB8HllH yCKOpeHHH B CT8TH'leCKOM anre3UTOpe. 

Docne 38DOl!HeHH51 KOllbU8 HOH8MH '4HCliO yKpynHeHHhlX 

8li8KTpOHHbiX 'l8CTHU (n e) C'lHTaeM paBHbiM "fHClly yKpyn

HeHHb!X HOHHb!X qac TliU (n i). 

OrpaHH'lllBBHCb HepenHTHBHCTCKHM JlBH)!{eHHeM "facruu 

B nnocKOCTH Manoro Ce'4eHH51 KOllbUa, C"fllTBeM C06CTBeH

Hbie nonH yKpynHeHHbiX 'laCTHU KBB3HcraruqecKllMll. Ha

npH)!{eHHOCTb 8JieKrpuqecKoro nonH, coanasaeMoro yKpyn-

HeHuoA qacruueA copra a 

paBHOA 

4 

C HOMepOM i 1 C'lllT88M 

-> a -> 
E , (x) = 

-> ->a 
X- X i 

2eaNa - .... -~ 
1
2 

lx -xi 

.... ->a 
X- Xi 

2e Na --2-
a a

0 

-> -> a I x - x i I > 2a 0 , 

(2) 

~~ - x ~ I :S 2a o· 

-> ->a 
r]le ee=-lel, ei=Ziel , x H xi- paJlHyc-BeKTOpbi 

TO'leK Ha6mo]leHH51 H MeCTOH8X0)!{lleHH51 'l8CTHUbl, COOT

BeTCTBeHHO; ao - pallHYC yKpynHeHHOll 'l8CTHUbi, BBelleH

Hhlll llJI51 ycrpaHeHH51 He¢H3H'leCKOll paCXOllHMOCTH CHJihl 

B38HMOJlellCTBH51 npH c6JIH)!{8HHH 'l8CTHU, o6ycnoaneHHOll 

HX M8Jlb!M KOJIH'leCTBOM B pacqere. 4HCJieHHOe 3H8'leHHe 

a O H KOJIH'leCTBO yKpynHeHHb!X 'l8CTHU fi noa6Hp8JIHCb 

T8KHM o6pa30M, 'IT06hl npH paBHOMepHOll paCCT8HOBKe 

'l8CTHU no nnOIU8JlH Kpyra o6ecne'lHTb C llOCTa T O'IHO Bbi

COKOll TO'lHOCTbiD JIHHetiHhlll 38KOH HapaCT8HH51 Hanp51)!{8H

HOCTH nonH no paaHycy. 

Ha pHc. 1 cnnoruuoti nHHHeti noKaaaua paaHanbHa51 aa

BHCHMOCTh o6eapa3Mepeuuoro co6craeuuoro non51 paauo

Mepuo 38p51)!{eHHOrO UHJIHHllp8 C KpyrnhiM Ce'leHHeM pa

llHyca a ; OCT8JibHb!e KpHBble HJiliiDCTpHpyiDT 8TO )!{e 

none, Bhl'lHCJieHHOe K8K cyMM8 noneti yKpynHeHHhlX 

'l8CTHU C ycpeaHeHHeM no yrny npH p83JIH'lHb!X 3H8'leHH51X 

a0 H n • 8hr6paHHhie anH pacqera napaMeTpbr a 0 / a= 1o-1, 

fi= 132 Jl8IDT TO'lHOCTb Bbl'lHCJieHH51 nOJI51 UHJIHHJlpa He 

HH)!{e 10%. 
Hcnonh3Y51 ¢opMyny (2) H y'lHTbiB851 MarHHTHOe CT51-

rHB8HHe 8JieKTpOHOB 1 ocna6nHIDIUee KYJIOHOBCKYID CHJIY 

B y2 pa3 (y - penHTHBHCTCKHll ¢aKTOp JlBH)!{eHHH 8JieKT

pOHOB B KOJibUe), aanHIIIe M ypaBHeHH51 llBH)!{eHHH yKpyn

HeHHb!X 'l8CTHU: 

d
2 e ne ni 
x. e (e)->e 

my--1 =--I E . (x . )- e I 
dt2 y 2j=1 JX 1 j=1 

(i)(->e 2 2 e 
Ejx xi )-myw0 vx (t)x i, 
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d2 z e ne ni 
i =-~ ~ E(e)t e)- (j) -> e 2 2 e 

my--w y2j=l jz xi ej~lEiz(xi)-mywovz(t)zi+myw(t), 

2 ... i na 
d xi (a) ->i 

AM -7.2 = Ze ~ . ~ E i <xi ) , 
dt U]=l 

(3) 

E(r/al 

6 

E(l) 1.0 

Q4 

U3 

Q2 

0.1 

ao r Q2 a+ 06 as f.O -a 

Pac.l. PaaaanbHa.H aasacaMOCTb co6cTseaaoro non.H pasao

Mepao aap.H.)!{eHHoro UHJIHHapa Kpyrosoro ce'ieHH.H - cnnow

Ha.H JIHHH.H. PaaHanbHa.H aaBHCHMOCTb Toro .)!{e non.H, Bhi'iHC

neaaoro B Moaena yKpynHeHHhiX qacrau npH napaMerpax: 

-0- ao/ a = 0,045} l.JHCJIO yKpynHeHHbiX 'iaCTHU 

-o-- a 0/ a = 0,1 N = 648 
-*""" a()la = 0,22 
-8- N = 132l 

--+ -- N = 428 1 
-x- ~/a = 0,1, 

a 0/ a = 0,22 

N = 132 

rae m H M - MaCChi aneKTpoaa H HyKnoaa, vx w o, 
Vz WQ - 'iaCTOTbl 6eTaTpOHHbiX KOJie6aHHH 9JieKTpOHOB BO 

BHeWHeM none,COOTBeTCTBeHH01 B paaHaJibHOM H aKCHaJib

HOM HanpaBJieHHSIX1 WQ - 'iaCTOTa o6pallieHHSI 9JieKTpOHOB 1 

myw(t) - BHelliHSISI yCKOpSIIOIIIaSI CHJia. 

HaqanbHhie ycnoBHSI anSI·yKpynaeHHbiX aneKTpoaos" 

aaaaBaJIHCb TaKHM o6pa30M 1 'iT06bi CHCTeMa HeB3aHMQ

aeii:CTByiOIIIHX 'iaCTHU 6bina 6JIH3Ka K CTaUHOHapHOH 1 CO

OTBeTCTBYIOIIIeii: MHKpOKaHOHH'ieCKOMY pacnpeaeneHHIO B 

'ieTbipexMepHOM «tJaaosoM npocTpaacTse /Is7. EcnH Kyno

HOBCKHe nonpaBKH K 'iaCTOTaM KOJie6aHHH BO BHeWHeii: 

SIMe HeBeJIHKH 1 KaK B paCCMaTpHBaeMOM H8MH CJiyqae, TO 

CHCTeMa B38HMOaeii:CTByiOiaHX 9JieKTpOHOB aocTaTO'iHO 

6JIH3K8 K CT8UHOHapHOMY COCTOSIHHIO, HMHTHpyiOIIIeMy 

9JieKTpOHHoe KOnbUO nepea 3arpy3KOH HOHOBo 

3arpy3K8 "yKpynHeHHbiX HOHOB" OCyiiieCTBJISIJI8Cb aaHa-

6aTH'ieCKH (aa HeCKOJlbKO nepHOaOB 9JieKTpOHHbiX 6eTa

TpOHHbiX KOJie6aHHH) o llnSI pacqeTa HCnOJib30B8JI8Cb ynpo

IIIeHH8Sl Moaenb. BMecTo yqeTa nocneaosaTenbHOii: HOHH3a

UHH STOMa cpaay HH.)!{eKTHpOBBJIHCb MHOr038pSiaHhie HOHbl 

c VA= 0,1. 
0THOWeHHe N i IN e Bbi6Hpanocb TaKHM, 'iT06hi B KOHUe 

aarpy3KH BbinOJIHSIJIOCb YCJIOBHe CaMo4JOKYCHpOBKH 
ZN. 

1/y 2 < fN < 1, rae 4JaKTOp Heii:TpaJIH38UHH fNF ~· 
e 

"YKpynHeHHbie HOHbl" BBOaHJIHCb B ny'iOK nopUHSIMH, pas-

HOMepHO no BpeMeHH 1 C HyJieBbiMH Ha'iaJibHbiMH CKOpOCT.H

MH H COBMeiiiaJIHCb C 9Jl8KTpOHaMH 1 HOMepa KOTOpbiX Bbi-

6HpaJIHCb cnyqaii:HbiM o6paaoM. 

Bnaronap.H TaKOMY Bbi6opy nnoTHOCTb pO.)!{AaiOIIIHXC.H 

HOHOB nponopUHOHanbHa nnOTHOCTH aneKTpOHOB. 

llpH aarpyaKe HOHOB 'iaCTOTbl Vx H V z C'iHTaJIHCb no

CTOSIHHbiMH H senH'iHHa W= 0. Koraa HaKonneHHe HOHOB 

aaKaH'iHBanocb, y6Rpanocb saewaee 4JoKycHpyiOmee none 
H 'iHCneHHO MOaenHposanCSI CaMo4JoKyCHpyiOIIlHHCSI aneKT

pOHHQ-HOHHbiH ny'iOK. 3aTeM 8AHa6aTH'ieCKH BKJIIO'iaJIOCb 

ycKopSIIOmee none no aaKoay: 
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8 

kl w = wrrpeA 

t - t 1 

t 2- t;" ' 

1' 

tl ::; t :s t2 ' 

(4) 

t > t 2' 

r,ue Wrrpe)J, - npe,uenbHO ,uonyCTHMOe yCKOpeHH e, KOTO

poMy COOTB8TCTByeT Ha6op 8HeprHH ( 1 ) C k = 1 R 

pa3M8pOM a sneKTpOHHOrO KOnbU8 B KOHU8 C)K8THSI. 

Mbi MO.UenRpoaanR KOnhUO c napaMeTpaMH, 6nR3KHMH 

K paC'!eTHb!M napaMeTpaM KOnhUa B KOHUe C)K8THSI B 

a.ureaarope YTI1 1161. l..JRcno sneKrpoHOB 6hmo Bhi6paHo 

paBHhiM N = 1013 ,6onbiiiOif panHyc r 0 = 4 eM, Manbie 

pa3M8pb! C)K8TOrO KOnhU8 a r = a z = 0,2 CM, penSITHBH

CTCKRH cpaKTOp sneKTpOHOB y =40, 'l8CTOTbi 6eTaTpOHHb!X 

KOne6aHRH B enHHHU8X 'l8CTOTbi o6pameHHSI v r =0,95, 

Vz =0,32. 0THOIII8HH8 'lHCna HOHOB K 'lHCny sneKTpOHOB B 

KOHUe HanycKa COCT8Bn5In0 N /N e = 2·10-~ <t>aKTOp H8HTpa

nR38UHH C'lHTanC.H paBHb!M 0,2. 
YpaaHeHHSI .UBH*8HH.H (3) HHTerpRpoaanHCh no MeTo.uy 

A.uaMca 117 I Ha 3BM, IIIar HHTerpHpoaaHHsr no 6eapaa-

MepHOMY BpeMeHH T = wot Bb!6Hpancsr paBHb!M ~T = 
= 0,03 70,06. 

Docne CH.HTHSI BH8IIIH8H cpOKYCHpOBKH KOHTpOnHpoaanC.H 

38KOH COXpaHeHR.H nonHOH 8HeprHH, KOTOphll BhlnOnHsrncsr 

C TO'lHOCTbiD no 1%, 
Ha pHc. 2 H 3 npencraaneHhi H3MeHeHHSI, cooraercr

BeHHo, panHanbHOrO H 8KCH8nhHOrO pa3MepOB sneKTpOH

HOrO (KpHBhle 1) H HOHHOrO (KpHBhle 2) ny'IKOB llpH 38-

rpy3K8 'l8Tblp8X "yKpynHeHHb!X HOHOB" 'lepe3 K8)K,llb!8 

~T = 2TT. KpHaasr 3 nocrpoeHa nnsr Mo,uenH a.uHa6arH-

qecKoro H3M8H8HHSI p83M8pOB B npe,unonO)K8HRH, 'ITO 

rpaHHUbl 8n8KTpOHHOrO H HOHHOro llY'lKOB COBna,uaiDT R 

HM8IDT BHn snnRnCOB, 8 nnOTHOCTH o6eRX KOMTIOH8HT llO

CTOSIHHbl no C8'l8HHID 151, 
KaK BHnHo R3 pHcyHKOB, npaanonono6He TaKoA ynpo

meHHOA MO,llenR ~OBOnbHO XOpOIIIO nonTB8p)KnaeTC51 'lHC

neHHb!M Mo.uenRpoaaHHeM *. nocne aanonHeHRsr KOnhua 

* MaiiiRHHhiA 8KCnepHM8HT no H3MeHeHHID aapsrnHOCTR HO

HOB npH HeH3MeHHOM HX '!Hcne nan TaK*e xopoiiiee cornacRe 

c Mo.uenbiD, aHanorR'lHOH I 51. 

I 

' 

\ 
I 

l;,.l; (·10 
1
) 

Ill 

06 

04 

02 

OD 
2 J ~ 5 6 7 8 g 

T/2:1 

PHc. 2. I1aMeHeHRe ao apeMeHH panRanbHhiX paaMepoa 

sneKTpOHHOro Xe (1) H HOHHOrO Xj (2)ny'!KOB llpH Hanon

H8HHH Konbua HOHaMH. KpRaasr 3 - R3MeHeHne paaMepoa 

B MonenH 151 
l,t., (· fD 1

) 

16 

1.4 

f2 

ID 

DB 

06 

04 

02 

00 2 3 4 s 

~ 

6 7 8 g 
T/2Jf 

PHc. 3. l13MeHeHRe BO apeMeHH aKCRanhHhiX paaMepoB 

sneKTpOHHoro z e (1) R ROHHoro z i (2)ny'IKOB npH Hanon

HeHRH KOnhU8 ROH8MH. KpHB8SI 3 COOTB8TCTBy8T MO

nenR I 5 I . 
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HOHBMH 'iBCTOThl KOne6aHHI BneKTpOHOB B none HOHOB Qe 
H HOHOB B none BneKTpOHOB Qi npHMepHO paBHbl 

Q e=-2, Qi =-2·10-1
(a eJlHHHUBX wo ). nocKOnbKY Qe>>vz , 

CKOpOCTb CHgTHg BHeiUHel ~OKYCHpOBKH He JlOn*HB OKB-

3biBBTb cymeCTBeHHOI'O anHgHHg HB pa3Mepbl ny'iKB. nos

TOMY B MOJlenH ~OKYCHpOBKB BhiKnlO'ianacb MI'HOBeHHOo 

PesynbTaThi MoaenHpoaaaug caMo~oKycHpyiDmerocg 

ny'iKB, KOTOpOe npOBOJlHnOCb ang JlOCTBTO'iHO 6onbiUOI'O 

npoMe*yTKB apeMeHH 1'\T = 376,8 (6 nepHOJlOB HOHHbiX 

Kone6aaul), npeacTaaneHhi Ha pHc. 4,5. HyMepauHg KPH

BhiX HB BTHX pHCYHKBX TBKag *e, KBK H Ha pHC. 2,3. Ha 

npoTg*eHHH pac'ieTa pacnnhiBBHHg ny'iKa He aa6niDaanocb. 

x,,x, (•10 ;) 

2.0 

IB 

1.6 

1.4 

1.2 

tO 

DB 

0.6 

0.4 

0.2 

110 
81 82 8J ~ 85 &6 17 88 89 90 

T/2K 

PHc. 4. PaauanbHhie pasMepbi sneKTpOHHoro xe (1) 

H HOHHOI'O X· (2) DY'iKOB B pe*HMe caMOif>OKYCHpOBKH. 

KpHaaSI 3 coo~aeTCTayeT /5/. 

10 

2,,2, (•10
1
) 

2.0'r---------------------, 
18 

16 

D' 

02 

00~--~~--~----~--~~--~~--~----~----~--~ 
81 82 83 8~ 85 86 87 88 89 90 

Tj2r 

PHc. 5. AKcHanbHhie pasMepbi 8neKTpOHHoro z e (1) 

H HOHHOI'O Z i (2) ny'iKOB B pe*HMe CBMO~OKYCHpOBKH. 
Kprrsag 3 - Moaenb / 5/. 

B MOMeHT speMeHH T 1 = 577,8 BKniOqanocb ycKopgiOmee 

none ( 4). C'irrTamiCb ~neilyiDIUHe aapHaHThi: 1) k = 1 
T 2 - T l = 10 . 2) k = - T 2- T l = 20 . 3) k = .2_ TT 

T2 -T1=60. ' rr' ' "'J 
YcKopeHHe 6es pasaana KOnbua aa6n~aanocb TonbKO 

a nepaoM aaprraHTe. Ecnrr y'ieCTb yMeHbmeHHe ManhiX 

pasMepoa Konbua npH sanonHeHHH ero HOHaMrr a pac'ieTe 

npHMepHO B 2 pa3a II HCllOnb30B8Tb B ~OpMyne (1) 9TH 

p83Mepbi 0 TO MO*HO 3aKniO'iHTb, 'iTO JlOnyCTHMOe MBKCH

ManbHOe 3HB'ieHlle k 6nH3KO K 1/6. 
Ha pHc. 6,7 ang aapHaHTa 1 noKasaao H3MeHeHHe ao 

BpeMeHH paCCTOgHHg Me*llY UeHTp8MH MBCC 8neKTpOHHOI'O 

H HOHHOI'O ny'iKOB D npH BKniO'ieHHH ycKopeHHg (pHC. 6) 
H npH noCTOgHHOM yCKOpeHHH (pHC. 7). 

Manbie pasMepbi ny'iKOB a pe*HMe 1 npaKTH'ieCKH He 

MeHgiOTCg, 'iTO nOK838HO HB pH C • 8, I'Jle KpHaag 1 
HnmocTpHpyeT BpeMeHHOe H3MeHeHHe cpeaHeKB8Jlp8TH'iHOI'O 

8KCH8nbHOI'O pa3Mepa 8neKTpOHOB, KpHaag 2 - HOHOBe 
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D(•/0 1
) 

ID 

01 

OB 

07 

06 

05 

01 

OJ 

02 

Of 

~~ 
92 9J ~ 9$ !15 97 , 19 , , 

T/21: 

Pac. 6. PaccTOHHHe D MB:tKAY ueHTpaMH Mace sneKT-
1 

pOHHOT'O H HOHIIOT'O ny'IKOB B Haqane YCKOpBHHH: 1) k==r 
T2 - T 1 = 10 ; 2) k = *- , T 2 - T 1 = 20 ; 3) k = ~- 77 

T2 -T1 =60. 

D·fi
1
P.J u•r------:---r;:---;:-------... 

... ... 

... 
ZIJJ 

t75 
I+' I II II 1 

t.lf t~ '" ~~ t55 "' 16 ''" *• "(u 

PHc. 7. PaccToSIHHB D MB:tKAY ueHTpaMH Mace sneKTpoH

aoro M MOHHOT'O ny'IKOB ilpM yCKOpBHHH, 

12 

. .t 
~ 
"-

"' "' ,: 

"' 

r.n 

7.112 

.,, 

.,, 

.,, 

"/ ~ v-- • 
1611 
"' ... ,. 
W-~----------- ,,, ,;. ,., ~ '" '" m 

Pac. 8. BpeMeHHaH aaaacaMocrh cpeaHeKaanpaTH'lHoro 

aKCHBJlhHOT'O pa3Mepa 3JIBKTpOHOB (1)H HOHOB (2~ 

Ha puc. 9 l'!3o6pax<eHa aaBHCHMOCTh or apeMBHH rryra 

ZCE, KoropbiH rrpoxonar uenTp Mace aneKrpoHnoro 

KOnhua npn ycKopeHHH, nnH rrepaoro aapaanra. KpaaaH 1 -
pe3yJibTaT '-IHCJlBIIHOT'O MODenHpOBBHHH, 2 - paC'-IeTHBSI 

KpHBaH DJ151 cny'la51 yCKOpeHHH KOJibUa 6e3 HOHOB, 3 -
paC'leTHaH KpHBB51 DJIH ABH:tKBHHH 3JIBKTpOHHO-HOHHOT'O 

KOJihUB KBK UBJIOT'O, flpH Bbi6biB8HHH l10HOB H3 KOJihU a 

KpliBaH } JIB:tKHT MB)!<DY 2 li 3 H CTpBMHTCH K 2, l13 

pHC,9 BHDHO, 'ITO HpH Bbi6paHHblX rrapaMerpax HOHbl 

yCKOpHIDTCH aneKTpOHHblM KOJihUOM 6e3 llOTBph. 

Ocnoanhle pe3ynhrarhl npaaenennoro anecb qacnen-

aoro MOL(BJIHpOBBHHH CJIBDYIDillHB: 1 ) pa3MBpbl KOJlbliB B 

npouecce narronnenuH ero aonaMH anonae nocroaepno onpe

nenHmrcH Monenhm /S/ , 2) paaMepbr caMo¢oKycapy!Ome

rocH ITY'IKB He MBHHIDTCH CyllleCTBBHHO ilpH CHHTHH BHBW

HBH ¢oKycupoBKH 11 ycKopeHHH KOJihU a, 3) norrycTHMbiB 

yCKOpBHH51 KOJlblla 6e3 ITOTepb HOHOB COCTBBJIHIDT llpHMBp

HO 1 /6 or npeaenhHO nonycraMoro, cnenymmero aa yc

noaas ynep:tKaHHH onaoro aoaa B KOnhue. 
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PHc. 9. TpaeKropHH ueHrpa Mace sneKrpoHHO-HOHHoro 
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HOHOB ( 8HBnHTH~eCKHfi JEC~eT), 3 - KOnhUO, 3arpy}l<eH
HOe HOHBMH (aHanHTH~eCKHll pac~eT), 
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