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npH HCnonb308aHMH KonneKTM8HOrO yCKOpMTenR TR~enWX MOH08 
IKYTMI 8 Ka4eCT8e MH~eKTOpa TR~enOMOHHOro CMHXPOTPOHa ITMCI 
rpe6yercR npeo6paao8aHMe MOHHoro ny4Ka KYTM c noMo~b~ cne-
4ManbHWX MarHMTOOnTM4eCKHX 3neMeHT08, 8 peaynbTaTe 4ero yMeHb
waeTCR ero 3<)><)>eKTM8Hblf1 3MMTTaHC M o6ecne4MBaeTCfl ero TpaHc
nOpTMp08Ka M cornacosaHMe c TMCoM/l-4/.AnR 3Toro Heo6xoAMMO 

xopowo 3HaTb napaMerpw MOHHoro ny4Ka Ha ewxoAe KYTM - raKMe, 
KaK nonepe4HWf1 M npOAOnbHWf1 pa3Mepw, yrnoBafl paCXOAMMOCTb, 
3HepreTM4eCKMf1 pa36poc, KOTOpWe onpeAenR~TCfl ycnOBMRMM pO~Ae

HHfl H A8H~eHHR HOHOB 8 3neKTpOHHOM KOnb4e. PaHee 06W4HO npeA
nonaranOCb/J,S/, 4TO HOHW coeepwa~T rapMOHH4ecKMe Kone6aHMR 

8 nOTeH4ManbHOf1 RMe 3neKTpOHHOro KOnb4a, a BnMRHHeM C06CTBeH
HOrO KynoH08CKOrO nOnfl MOH08 Ha 3TO ABM~eHMe npeHe6pera1lOCb. 
BJlMRHMe C06CT8eHHWX KynOH08CKMX CMn MOHOB Ha M3MeHeHMe cpeAHe
K8aApaTM4HbiX pa3MepOB 3neKTpOHHO-MOHHOrO KOnb4a npM HaKonneHMM 
MOHOB a30Ta 8 np04ecce C~aTMfl K011b4a 8 aTMOC<)>epe OCTaT04HOrO 
raaa paCCMOTpeHO s/6/. TaM ABH~eHMe MOH08 npeACTa8neHO B 8MA8 
KOJle6aHMf1, npOMCXOAfl~MX 8 noTeH4ManbHOf1 flMe, OnMCW8aeMOH 3$
<)>eKTH8HWM CyMMapHWM KBaApaTM4HWM noTeH4ManoM, TO eCTb npo8eAe
Ha 11MHeapM3a4Mfl KY110H08CKMX CMJl MOH08. npM xapaKTepHOM Anfl 
KYTV1 4Mcne 3JleKTPOH08 N e = 10 13 M 4MCJ1e YCKOpfleMbiX MOH08 ypaHa 
N; = 5·10 10 co cpeAHef1 aapRAHOCTb~ Z -25 171 MX co6creeHHoe 
none TaK~e 3aMeTHO CKa3W8aeTCR Ha ABM~eHMM MOH08 B K011b4e M, 
C11eA08aTenbHO, Ha 8WXOAHWX napaMeTpax MOHHOrO ny4Ka, npM4eM, 
KaK 6yAeT noKa3aHO HM~e, 3aMeTHWe M3MeHeHHR BHOCMT y4eT HenH
Hef1HOCTM KynOH08CKMX CMn MOH08, 

AnR npocroTw 6yAeM npeAnonaraTb, 4TO nonepe4Hoe ce4eHMe 
311eKTPOHHOrO KOJ1b4a - Kpyr paAMYCa a e, a pO~AeHMe MOHOB npo
MCXOAMT pa8HOMepHO no Ce4eHM~ C HyJleBOH Ha4aJlbHOH CKOpOCTb~ 
IMoAenb nacnerra 151 I. B 3TOM cny4ae / 5,S/ nnoTHOCTb o6paao
sa8WMXCR MOH08 Hepa8HOMepHa no Ce4eHM~ K01lb4a M MMeeT OC06eH
HOCTb 8 4eHTpe, a 3a8MCMMOCTb paAManbHOH KynOHOBCKOH CMJlW MO
HOB no Ce4eHM~ KOnb4a MMeeT HenMHeHHWH xapaKTep. 6yAeM TaKme 
C4MTaTb, 4TO HaKonneHMe MOH08 npOMCXOAMT M3 MMnynbCHOrO MCT04-
HMKa HeATpanbHWX aTOMOB 8 Te4eHMe KOpOTKOrO npoMemyTKa BpeMe
HM, 3a KOTOPWH 8 KOnb4e o6paay~TCR TOJlbKO OAH03apRAHWe MOHW, 
nocne 4ero MCT04HMK MOHOB OTKJ1~4aeTCR. npeAnonaraeTCR TaKme, 
4TO C06CTSeHHOe KyJlOHOBCKOe none nepBM4HWX MOHOB Mana M He 
snMReT cy~ecrseHHo Ha MX <l>YHK4M~ pacnpeAeneHMfl. TorAa Ha <)>aao-
soi-1 nnoct<ocn1 p v p I p ~ 0 - paAMYC nonRpHoR cMcTeMbl Ko-
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Op,qHHaT, CBR3aHHOH C ~eHTPOM Ce4eHHR KOnb~a/ nY40K OAHOSapR,q

HbiX HOHOB npe,qcraem~eT co60H nony:mnHnc C paBHOMepHOH BHyTpH 

Hero $a30BOH nnoTHOCTb~ 4aCTH~. 

np11 nocne,qy~ei:\ cryneH4aroi1 HOHH3a~HH o6pasoaaawHecR e 

KOnb~e HOH~ yBeJ1H4HBa~T CBO~ sapR,qHOCTb .z. 6e3 y4eTa C06cT

BeHHbiX ·KynOHOBCKHX CHJl HOHOB MaJl~H nonepe4!;i~H pa3Mep HOHHoro 

ny4Ka ai saryxaer· npH6nH3HTenbHo KaK z-l/4, MaKCHMaJlbH<ifl 

CKOpOCTb HOHOB · Vmax pacreT .,. Z 1/ 4 , a $a30B~e Tpaet<TOPHH 

ocra~TCR nony3nmmcaMH 1 1•5/. 0AHaKo no Mepe pocra :z Kynol-ioa

cKHe CHn~, nponOP4HOHanbH~e .z 2 , Ha4HHa~T see CHnbHee BnHRTb 

Ha ABH>KeHHe HOHOB ··a 3neKTPOHHOM KOnb~e, 4TO npHBOAHT BBHAY HX 

Hem1HeHHOCTH K. ,qe$opMa4HH $a3oBbiX rpaeKTOPHH. Ecnw npeHe6pe4b 

AHCKpeTHOCTbiO H3MeHeHHR Z H C4HTaTb, 4TO 3aPRAHOCTI:i HOHOB He

npep~BHO a,qHa6aTH4eCKI1 pacTeT /3TO RBJlReTCR ,qOCTaT04HO XOpo

WHM: OT06pa>KeHHeM peanbHOH KapTHH~/l/ /, TO $a30BaR nnoTHOCTb 

4aCTI1~ B o6naCTH, 3aHHMaeMOH ny4.KOM, B COOTBeTCTBHH C Teope

MOH nHyBHJlnR ocraercR pasHoMepHoii~ Tor,qa, npeHe6~eraR'3$$eK

TSMH Kp11BI13H~ KOnb4a~ HanpR>KeHHOCTb nonR HOHHOH KOMnoHeHT~ 

MOlKHO sanHCaTb B BH,qe 
-

p . 
~ I vp(x) I dx 

ji I vr(x) I ·dx 
0 

i ZeN· 
E •' ---L--

p rrRp ' /1/ 

r,qe e - 3ne11eHrapHbiH sapR,q; R - 6onbWOH pa,q11yc KOJlb~a; vP (p) 

$a30BaR TpaeKTOpHR /CHMMeTpi14HaR OTHOCHTenbHO ropH30HTaJlbHOH 

OCH/, orpaHH4HBa~UiaR 06JlaCTb $a30BOH nnOCKOCTH, 3aHHMaeMy~ 

HOHHbl/>1 ny4KOM. EcnH ManbiH pa3Mep 3neKTpOHHOro KOnb4a a ..., a. 
e.:;.. 1 

H nnOTHOCTb 3neKTpOHOB no Ce4eHH~ paBHOMepHa, TO HanpR>KeHHOCTb 

nonR 3neKTpOHHOH KOMnOHeHTbl KOJlb4a, ,qeHCTBY~IlleH Ha 110Hbl, paBHa 

e eN e 
Ep= ~-p. /2/ 

rrRa 
e 

JlerKO y6e,qHTbCR, 4TO B KaHOHI14eCKI1X nepeMeHHbiX q .. p H P•!AMv, 

r,qe ~- Maccosoe 4Hcno; M - Macca nporoHa; rdMHnbTOHHaH HOHa, 

ABHlKYUierocR B nonRX /1/ 11 /2/, 6y,qer HMeTb BHA 
u 

:AMv 2 Ze2 Ne 2 z 2 e2Ni Pdu Jl Vp(x)l dx 
H .. --+ p -· f-· ----·. /3/ 

2 2rr R a~ rr.R o u fl v (x)ldx . 
0 r' 

YpasHeHHe $asosoi1 rpaeKTOpHH onpe,qenRercR H3 ycnoBHR H(p,q) ... W, 

r,qe W - nOJlHaR 3Hepri1R HOHa, H HMeeT BHA 
u 

v 2(p) 
Ze2 Ne 2 2Z2 JNi Pdu Jlvp(x)Jdx 2W 

------- p + J-· a·- ·-+- • 
rrRAMa; rrRAM o u Ji vP (x)Jdx :AM 

0 

/4/ 

2 

nonHy~ 3HeprH~ HoHa y,qo6Ho BblpaaH·Tb 4epe3 ero noreH411anbHY~ 

3Heprl1io B T04Ke HaHOOnbwero y,qaneHHR Pm ( v (p m) .; 0 ). Tor,qa 

ypaBHeHHe $330BO'"J,pae:~~pHH 33~~;~aaeTCR ~~~ 
u • 

z e 2 N 2 ZN· a2 'Pdl(! Jl vP (x) I dx 

v(p). ±/~',- [(p'-·p2)-~' J....!'~. I JS/ 
ITR:AMae m Ne p u /lvr.(x)l dx 

RJ---· 0 
· Ne N· -

Bse,qeM o6o3Ha4eHHR: w .. A- , f • -' • H p = e.._ , ror,qa 
. . ITR: M Ne ai 

v(p) .. w rz 2. f(p.-p ) • /6/ 
ae m 

Pm r,qe ~.-----:--· 
- -· -2 -2 , S1u) /7/ 

f (p • Pm) = ± Pm-·p -(l J -' du • 
-· u 

3 2Zf ae 2 P u . . 
,qecbll .. -(--) ;S(u),. Jlfp(x)Jdx; Sl"·S(l),a 

81 ai 0 

fr ( p) .. f ( p, 1) ~ ± Jr-1---p-2---
11
-. ~}~§--1.!&-u -. -;-u I 8 I 

p u 

COOTBeTCTBYeT rpaHI14HOH <!Ja30BOH TpaeKTOpHH Vp ({i), 113 /6/ H /8/ 
BHAHO, 4TO $OpMa rpaHH4HOH $a30BOH TpaeKTOPHH 3aBHCHT TOnbKO 

or napaMerpa ll· 3-Ta 3aBHCHMOCTb 'noKa3aHa Ha pHc. 1. YpaaHeHHe 

/8/ pewanOCb 4HcneHHO MeTOAOM nocne,qoBaTenbHbiX npH6nH~eHHH. 

npH p• 0 ace $a3oe~e rpaeKTOPHH - nony3nnHnCbl, OHH onHc~ea

~T ABHlKeHHe HOHOB, nepeCeKa~UIHX OCb ny4Ka. EcnH ll > 0, TO yme 

He ace HOHbl nepeceKa~T ocb. <lla~oBaR rpaeKTOpHR /cenapaTpHca/, 

pasrpaHH4HBa~~aR HOHbl, nepeceKa~~He 11 He nepeceKa~UIHe ocb, 

OOHCblaaercR $opMyJloH /7/ npH 

Ill Pm .. Pm e, npH4eM Pme onpe,qenR-

' "' eTCR H3 ycnOBHR 

.8"- .. ;;.:..;;,_ 

.2 .4 .6 .8 1. 
Pnc.l 

p2 ,. ll ~me S(u) 
me 

6 
--u du. 191 

Ha pHc. 1 nyHKTHPOM noKa3aH~ ce

naparpHCbl, COOTBeTCTBY~He p.-1 
H 4. 

npH Me,qneHHOM H3MeHeHHH na

paMeTpOB Z , a e , ai 11 R .a,qHa-

6aTH4eCKHM HHBapHaHTOM RBnReTCR 
nnoUiaAb, OXBaT~BaeMaR $a30BOH 

TpaeKTOpHeH / 9/, HnH B HaWeM cny-

4ae ,qnR rpaHH4HOH TpaeKTOPHH 

ai 

I - p p dq l., J I vf'(p) I dp .. const./1 0/ 
0 
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Ecn11 C411TaT b, 4To 8 Ha4anbHbiH MoMeHT np11 Z .. 1 , R .. R0 , w,. w0 
11 a6 =ac0 Man~A pa3Mep 110HHoro Konb~a co8naAaeT c pa3MepoM 

3neKTPOHHOrO 'KOnbL~a, a rpaHI-14HaH <)>a30BaH TpaeKTOpi-1R ff' (pO) 
0• 

nonyannHnc, TO H3 a,ql-1a6aTH4ecKoro HH8apHaHTa, Hcnonb3YR 161 
11 nepexo,qR K nepeMeHHoA p , nonyYHM 

111/ "i - 21 - 2 1 
f I ( I t a. . a. rr 

v1• p) dp"" w'. Z -..l Jl f f' (p) I dp .. w y.Z..::..J... 81''" w
0 

ae fir (p)l dp .. w
0 

a --, 
o ae o ae 00 ro eo4 

OTKy,qa CJle,qyeT 3aKOH H3MeHeHHR pa3Mepa HOHHOro ny4W:a ai"' -~: 
!f ae

0 -2 - TT 
a. =ae - , 1121 

' .Z 4'81 
- a - R 

r,qe a e"' --.!?,.. ; R "' -
aeo Ro 

Hcnonb3YR 1121, nepenHweM TaKme 8~-

pameHHe ,qn.R p.·: 

8 312 - -112 
ll' ~ -· Z f a R TT e • 1131 

KaK noKa3anH pac4eT~, 3a8HCHMOCTb 8XOAR~eA 8 1121 8enH4HH~ 
_!f __ . oT "., nony4eHHaR npH peweHHH ypa8HeHHR 181, c xopoweA 
481 .... 

T04HOCTbiO I.S::1%1 On>1Cbl8aeTCR nHHeHHOM <)>yHK~HeH 1+i p. lnpl-1 

11· ~5 1. Tor,qa ,qnR 3aKoHa H3MeHeHHR nonepe4Horo pa3Mepa HOH

Horo ny4Ka nony4aeM npocToe 8~pameHHe: 

;rl 312-
- - f .Z a e 
a.2"' -. a 6 ( 1 + ----= ..... - ) . 1141 

' . .t.. /.R' 

3aKOH 113MeHeHHR MaKCHManbHOH CKOpOCTH HOH08 B KOnb~e cne,qyeT 

1-13 161: 

j --,· -
- vmax Z ai 
v "' ---· = - -- ff' , 1151 max w ,... - max • 

n. ae 

r,qe 8enH41-1Ha fr max onpe,qenReTCR np1-1 peweHI-11-1 ypa8HeHI1.A 181. 113 

pac4eTOB cne,qyeT, 4TO senH4HHY ff'max MOlKHO TaKme annpoKCI-1MI-1po-

8aTb., XOT.R H C MeHbWeM T04HOCTbiO (.;55%), npOCTOH 3a8HCHMOCTbiO: 

f -
f' max-

1-1 Tor,qa 

1 
TT 

1+ 1r p. 
1161 

,---.. 
v .::: y ~- -la--1 ----rn- . 1171 

max R z3 1 %; a (1+ .!_ ___ ;;) 
e /R-

0TCIO,qa 81-1AHO, 4TO XOTH <)>opMa rpaHI-14HOM <)>a3oaoA TpaeKTOpHI-1 

Cl-1nbHO 3a8HCI-1T OT ll' npOH38e,qeHVIe V~ ax ai :;: 1 npV16nVI31-1TenbHO 
COXpaH.AeTC.A. 11cnonb30BaHHble 8 /I/ 3a8VICV1MOCTVI aiO,. z-1/4 1-1 
- l/4 4 -v m axo .. z cne,qyiOT Vl3 I 1 I VI I 17 I npVI ( ... 0 ' R "'1 1-1 a e .. 1. 

4 

MeTOAHKa pac4eTa 113MeHeHVIR pa3Mepoa aneKTPOHHOrO KOnb~a ae 
aHanorVI4Ha onHcaHHOH 8b1We AJ1R V10H08. TaK, HanpHMep, 8 Mo,qenH 

aneKTPOHHoro KOnb~a 6e3 3HepreTH4ecKoro pa36poca !WI era no

nepe4H~e pa3Mep~ onpe,qenRIOTCR 3J1eKTpOHaMVI, HMeiO~J.1MVI Hyne80H 

MOMeHT OTHOCVITenbHO ~eHTpa nonepe4HOrO Ce4eHVI.R KOnb~a VI C08ep

Wai0~11MVI pa,qVIanbHble KOne6aHV1R B KOnb~e no,qo6HO VIOHaM, T9r,qa, 

eCnVI npeHe6pe4~ C06CTBeHH~MVI CMJ1aMH aneKTPOHOB, 8nVIRHVIe KOTO

PbiX Mana no CpaBHeHVIIO C KynOH08CKVIMVI CvtnaMVI VIOHOB VI 8HeWHVIM 

$OKyCVIpyiO~VIM MarHHTHbiM noneM, TO ypaaHelj!VIe rpaHV14HOH <)>a30BOH 

TpaeKTOpVIVI ,qn.A TaKHX aneKTPOHOB V1MeeT 8HA 

e {3c e -
v f'"" If"' a e f f' (p ) , 1181 

1191 . .,. ..-..·------~----
r,qe ~ _ 2 -· 

• 'R Z . 1 - - 2 2 IS( ) e - - 2 2 K f - ai ai _ . ae u 
fr (p)• (1-p )v +-_--[u{p--)ln--+u(-·-p)(lrr- +-·J---du)]. 

2 .... -2 - -2 . u a e .. e p a a. 8I _, 
e 1 ji~ 

- r. N R 
3,qecb p ,.. . ...£.... ; K ,.,. ~ ; r e - KJ1aCCH4eCKI-1M p'a,q11yc 

a,; 17}t)a2 I 
iii 

aneKTP_o-

Ha; C - CKOpOCTb C8eTa;o Y"" (1-{32) 1 2-penRTI18HCTCKI-1H <)>aKTOp 

aneKTPOHOB I y .. yo np;1 R"" Ro 11 a npo~ecce cmaTV1.A Konb~a 
y R: corrst I; u(x) - <!>YHI<I..IHR XeaHcaiiAa; v - 6e3pa3MepHa.A 4acTo

Ta 6eTaTpOHH~X KOne6aHV.M 3neKTpOHOB 80 BHeWHeM MarHVITHOM none 

Ill B none 110HOB, HaKOnJleHHbiX 1-13 OCTaT04HOro ra3a. nocKOnbKY Mbl 

paccMaTpl1aaeM Konbi..IO Kpyroaoro nonepe4Horo ce4eHI1R, TO nonara

eM, LITO 4aCTOTbl KOJ1e6aHI1H BO B3aHMHO nepneHA11KynRpH~X Hanpa8-

neHH.AX paaHbJ. np11 xapaKTepHbiX ,qn.A KYH1 napaMeTpax K'- 2,5. 
I-13MeHeHI1e nonepe4HOro pa3Mepa 3!1eKTPOHHOrO KOnb~a HaXOA1o1T

CH TaKme 1-13 a,ql1a6aTM4eCKOro 11HBapl1aHTa 11 MMeeT BVIA 

< -a.!..) 2 ... ·~!!.Ll.. , 
R 'Se 1201 

r,qe 1 I 
Se"" f lr;(x) I dx, ·se 0 - f 1r;0 (x)\:dx. 

0 0 
0TMeTI1M, 4To a 4acTHOM cny4ae ni1HeHHOM 3a811CVIMOCTI1 KynoHo8-

CK11X c11n 110HOB S( u) = S I u 2 BblpameHI1.R 181 1-1 I 191 6y,qyT MMeT b 

811/.l ------ r -2 /_.2 1181 
f .. J (1- p ) ( 1 - -·) [' 2 V(1-p 2) (1-(Z ~-) 

a2 1211 

h----- -- ----- ' 
-2 - - - 2 . -2 -2 e ... K£ R .Z _ ai 1 ai _ a

6 
p a, 

ff'"" 1-p2),) +- _ -[a(p-·-).ln-+a(---p)(ln-+(1---~))], 
a 2 a· ii2 a a~ a. 2 

e e e 1 1 
1221 
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a ~3MeHeH~er::-'a; Oi2£!!:8..~.1J.~!:!CTI 1 Bbloa~eH~eM 
-2 - J R . r €Z 3/2ae 2 (z3 /2"3_e 
a. "' a -- ( / 1 + ( - ro:: - ) + -..:.....,. __ ) 

1 
e Z 2y'R 2VR 

/23/ 

Bee cKa3aHHoe s~we cnpaeeAn~eD np~ ycnoe~~ a 1 <ae,TaK KaK 

np~ p >ae ~3MeHTieTCTI B~A HanpTimeHHOCT~ nonA 3neKTpOHHO~ KOMno

HeHTbl Konbl.la /2/. Hcnonb~..L!)/ ~ /14/, nerKo noKa3aTb, 4To 

a· - -1/4 ~ 
--

1
- s (ZR) V-=.- (1+ .!!....11 ). /24/ 

ae a, 8 

KaK 6yAeT B~AHO ~3 AanbHe~wero paccMoTpeH~TI, npH nocTOTIHHOM 

paA~yce Konbl.la (R .. 1) ycnoa~e -~- .51 BblnonHTieTCTI np~ scex 

3Ha4eH~TIX napaMeTpOB € ~ Z, npeACTaBnR~~~X npaKT~4eCK~~ HHTe

pec. npH nepeMeHHOM ~ aamHo, 4To6w Ha Ha4aribHO~ cTaA~~ 3aPT~A
HoCTb ysen~4~aanacb 6wcTpee, 4eM yMeHbwaeTCA paA~YC Konbl.la, 

TO ecTb 4To6w s~nonHTinOcb ycnos~e ~R > 1. Ecn~ paA~YC ~HmeK
~.~~~ HOHOB B~6paH TaK, 4TO BHa4ane yCnOB~e He BWnOnHTieTCTI, TO 

3TO npMBeAeT K TOMY, 4TO pa3Mep HOHHOrO ny4Ka 6yAeT 6onbWe 

3neKTPOHHoro. B 3TOM cny4ae aA~a6aTH4ecKaA 3aBMCMMOCTb pa3Me

pa HOHHOrO ny4Ka MeHTieTCTI. TeMn paCTa 3aPTIAHOCTM ~OHOB HeCKOnb

KO 3aMeAnTieTCTI, a 3aTyxaHMe ai B 3aB~CHMOCT~ OT Z ysenM4~Ba

eTCTI. Ha HeKOTOPOM paA~YCe a e M ai BHOBb cpaBHMBaKHCTI H TOrAa 

BC~ npeAWAY~ee paCCMOTpeH~e CTaHOB~TCTI cnpaBeAnMBWM. 

Ha p~c.2 noKa3aHo, KaK yMeHbWaeTCTI pa3Mep 3neKTPOHHOrD KOnb

l.la KYT~c poCTOM'€Z npM pa3n~4HOM 4Hcne HOHOB (€:N 1 /NeJ 

AnA cny4aTI HenMHe~Horo /cnnowHwe KpHswe/ .~ nMHe~Horo /nyHKTHp

Hwe KpMBWe/ xapaKTepa KynOHOBCKHX CMn MOHOB. 3AeCb M H~me 

npeAnonaraeTCTI, 4To paAMYC I<Onbl.la nocTORHeH ( R • 1) , K ,. 2,5 11 

v a0,5. 3AeCb me npMBeAeHa npM6n~meHHaTI KpHBaTI aA~a6aT~4eCKOro 

Oe 
' 1. 

.9 

.8 

. 7 

.6 

.5 
0 .1 .2 .3 

6 
PHc.2 

.. 

.4 

M3MeHeH~TI pa3Mepa 3neKTpOHHOrO 

KOnbl.la /WTp~x-nyHKTHp/: 
r---

-2 11 K(Z 2 KI:Z 
a 2 v 1+ ( -- ) - -·--r , /25/ 

e 2v 2 2v 

nony4eHHaTI ~3 $opMynw /22/ a npeA

nonomeH~~ ai ,. ae, TO eCTb COOT

BeTCTBy~~aTI cny4a~ nMHe~H~X Kyno

HOBCKMX CMn ~ COBnaAa~~HM pa3Me

paM 3neKTpOHHOrO H MOHHOrO KOne1.1 . 

BMAHO, 4TO B cny4ae Hen~He~HWX 

c~n 3aTyxaHMe a, cMnbHee, 4eM 

npM nMHe~HWX ~ C POCTOM € 3TO pa3-

n~4Me B03pacTaeT. BHAHO TaKme,4To 

npM6nHmeHHaTI ¢opMyna /25/ AOCT·a

T04~o xopowo oTpamaeT ocHOBHY~ 3a

KOHOMepHOCTb ~ npH6n~meHHe TeM 

ny4we, 4eM 6onbwe (. 

!\ 
~I I I 

' 
i 
I 

' 

'~ 

0;1~ 
1. ·--·-·--·-·-
.8 

.6 ----------~-----------:~ ----
.4 

.2 

......... -== ....... ..,.. ._,. --..·~·-·-·-·-· 
- (]l -1/4 
n=(L,. ·-a· =i! .-r ... 

0 
l 

10 20 30 40 :D 

PHc.3 

CneAyeT 3aMeTMTb, 4TO ecTb PTIA $aKTopos~ HanpMMep pacceTI

H~e 3neKTpOHOB Ha ~OHaX, 3aMeAnTI~~~X 3aTyXaHMe ac. no3TOMY 

B AanbHe~weM HapTIAY C COBMeCTHWM aAMa6aTM4eCKMM 3aTyXaHMeM 

pa3Mepos 3neKTpOHHoro M MOHHoro Konel.l paccMoTpeH AnR npMMepa 

TaKme cny4a~ M3MeHeHMTI napaMeTpOB. ~OHHOrO ny4Ka npM nOCTOTIHHOM 

pa3Mepe 3neKTpOHHOrO KOnblla (a e = 1). 

Ha p~c .. 3 AnTI cny4aTI N .. 1013 ~ N ... 5·1010 noKa3aHo M3MeHe-
--- e 1 

HMe pa3Mepoa ~OHHOro KOnbl.la C pOCTOM Z np~ nOCTOAHHOM a
0 

/nyHKT~pHaR Kp~aaTI/ ~ c Y4eTOM era 3aTyxaH~TI /cnnowHaR KpMBaTI/. 

3AeCb me AnTI BTOporo Cny4aTI noKa3aHO ~3MeHeHMe ai B cny4ae 

m1HeHHO~ 3aB~C~MOCH1 KynOHO?CK~X C~n l~OHOB /WTPMx-nyHKT~p/, 

a TaKme 3aB~CHMOCTb aio,.z- 1 ~ Ha p~c.3 TaKme np~BeAeHbl COOTBeT

CTBY~~~e M3MeHeHMTI MaKCMManbHO~ CKOpOCTM MOHOB, OTHeCeHHO~ K 

imax~ zl/4 - MaKCMManbHO~ CKOpOCT~, onpeAeneHHOH 6e3 y4eTa 

C06CTBeHHWX KynOHOBCKMX CMn. 
- a· 

Ha PMC. 4 noKa3aHo M3MeHeH~e a6coniOTHbiX a 1 .. --'-· ~ OTHo-
----- a· aco 

CMTenbHbiX ai • +c pa3MepoB MOfiHOrO KOnbl.la AnTI Cny4aTI COBMecT-

HOrO aAMa6aTM4eCKOro 3aTyxaHMTI pa3MepOB 3neKTPOHHO-~OHHOro 

,KOnbl.la, a TaKme M3MeHeHMe ai npM nMHeHHOM XapaKTepe KynOHOB

CK~X CMn. B~AHO, 4TO B cny4ae 6onbWOrO 4~Cna MOHOB (€ • 0,05) 

np1-1 AOCTI-1meHHM HeKOToporo Z = Z0 I Z0 = 8 npM HenMHeHHbiX 1-1 

~ = 15 npM n~He~H~x CMnax/ pa3Mepw 3neKTpOHHoro ~ I-10HHoro 

Kone4 CTaHOBTITCTI paBHWMM. 
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3aTeM paCCMaTp~sanOCb Bfl~HH~e Hen~HeAH~X KynOHOBCKHX CHn 
~a napaMeTp~ HOHHoro ny4Ka nocne pa3AeneHHH 3neKTpOHHoA H 
HOHHOA KOMnoHeHT npH ero ABHmeHHH s npQCTpaHCTBe APCA$a 1-2 Ml 
AD nosopoTHo-$OKYCI1PYIO~eA ni1H3bt 12•3/. PacnpeAeneHHe 110HOB BHyT
P~ rpaHI14HOA $a30BOH TpaeKTOPI1~ npeAnonaranocb OAHOPOAHbiM B 

.coOTBeTCTBI111 c TeopeMOH nl1yBI1nnH. B 3TOM cny4ae co6CTBeHHaH 
KynoHoBcKaH c11na ny4Ka onpeAenHeTCH aHanori14HO 111, c TOH n11wb 
pa3HH~eA, 4TO rpaHI14HaH $a30BaR TpaeKTOPI1H HCCI1MMeTpH4Ha oT
HOCI1TenbHO ropi130HTanbHOH OCI1, a ee $OpMa onpeAenHeTCR np11 
peweHI1.J'I CI1CTeMbl ypasHeHI1R AB11meHI1H N npo6HbiX 4aCTI1~, Haxo
AR~HXCR Ha H6H. 3Ty CI1CTet-ly ypaBHeHI1fl MOmHO 3an11caTb B B11Ae 

dui .. C S(pi). 
dr Pi 1261 

dpi 
(i7'"'' Uj' i- l, ... N. 

3AeCb 'Pi 11 Uj - KOOPA11HaT~ 11 CKOpOCTI1 4aCTI1~, HOpMI1POBaHH~e 

Ha MaKCHManbH~e Ha4anbH~e 3Ha4eHI1R a 10 11 Umaxo ; T - HOPMI1-
pOBaHHOe speMR; C- KOHCTaHTa, 3aBI1CH~aR OT HOpMI1pOBKI1 11 napa
MeTpOB ny4Ka; 'S(pj)- nno~aAb $a30BOH TpaeKTOPI111 ny4Ka, 3a

Knl04eHHaR MemAY 0 11 p . • 
PeweHHe CI1CTeM~ 12~1 no3BOnRe~ Ha6niOAaTb 113MeHeHI1e KOH¢Hry

pa~l111 ¢a3osorQ o6oeMa ny4Ka, xapaKTepa co6cTseHHbiX KynoHOBCK11X 
Cl1n 11 pacnpeAeneHI1H 4aCTI1~ ny4Ka no CKOpOCTflM 11 KOOPA11HaTaM. 
npl1 3TOM nno~aAb, 3aKni04CHHaH BHYTPI1 rpaHI14HOH $a30BOH TpaeK-
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TOpl111 6~na sen~411HOH, no KOTOpoA OCy~eCTBnRnCR KOHTPOflb T04HO
CTH •C4eTa. 0THOCI1TenbHOC OTKnOHeHI1e ee OT Ha4anbHOro 3Ha4eHI1H 

s npo4ecce c4eTa He npes~wano seni14HH~ 10-3• 
Ha p11c. 5 noKa3aHa HOPMHposaHHaR 3aBHCI1MOCTb co6cTBCHHbiX 

KYJlOHOBCKIIIX CHfl HOHHOrO ny4Ka no ero CC4CHI110 cpa3y nocne pa3-
ACflCHI1H 3flCKTpOHHOA 11 HOHHOA KOMnOHeHT ADH Tpex cny4aes: 1 -
rpaH114a ny4Ka Ha ¢a30BOH nnocKOCTH - 3flflHnc C pasH6MepHOH 
BHYTPI1 Hero ¢a30BOH nnOTHOCTbiO 4aCT114; 2 - rpaHI1~~ ny4Ka -
ABa COOCH~X 3flJ111nca, ¢a30BaH nnoTHOCTb MCmAY KOTOp~MH paBHO
MCpHa, a B OCTanbHOH o6naCTI1 pasHa HYDIO; 3 - rpaH114a ny4Ka -
¢a3oBaR TpaeKTOPI1H, Ae¢opMI1poaaHHaH c y4eTOM AeAcTBI1R co6cT
aeHHbiX t<ynoHOBCKHX c11n, on11caHHoro BbiWe I p11c. 1 I (it .. 1,2). BTopoA 
Cfly4aH B KaKoA-TO CTeneHH COOTBCTCTByeT YCDOBHRM pOmACHHR HO

HOB B6Jll1311 nosepXHOCTI1 3neKTPOHHOrO KOJ1b4a. 
Ha p11c,6 noKa3aH~ 3aBI1CHMOCTH MaKCI1ManbHoA cKopocTH 110HOB 

oT nonepe4Horo pa3Mepa ny4Ka Ha Ha4aJlbHOM y4aCTKe APCA$a np11 
OAHHaKoa~x Ha4aJlbH~X ycnoBI1RX ~ pa3H~x xapaKTepax pacnpeAene
HHR KYJlOHOBCKI1X CI1Jl: AJlR JlHHCHH~X KYJ10HOBCK11X CHJl IKp~BaH 31 
11 AJlR Ha4aJlbHOro pacnpCACJlCHI1H KYJ10HOBCKI1X CHfl, COOTBeTCTByiO
~HX cny4aRM 1 11 2 pl1c.5 IKPI1B~e 1 11 21. Bee Tpl1 KPI1B~e pacc411-
TaHbl A'JlR Z .. 25 11 P• 0,005. KaK cneAyeT 113 p11c.6, y4eT Heni1-
Hei1Horo xapaKTepa KYJ10HOBCKI1X CI1J1 HCCKOJlbKO noB~waeT Te~n pa
CTa nonepe4HOH CKOpOCTI1 110HOB, OAHaKO 8 CJly4ae pomACHI1R 110HOB 
B6Jli13H nosepXHOCTI1 3JlCKTpOHHOrO K0Jlb4a 3TO YBCJ1114CHI1e HC3Ha411-

TCJlbHO. 
Ha pt-~c.7 Kpi1BaR 1 11JlJliOCTpl1pyeT H3MeHeHI1e MaKcHManbHOA CKo

pocTI1 ~os a npocTpaHCTBe APeA¢a, pacC411TaHHOe 6e3 y4eTa 113-
MeHeHI1R napaMeTpOB 110HHOrO ny4Ka np11 HaKOnJlCHI111 HOHOB: Kpi1-
B~e 2 11 3 COOTBeTCTBYIOT napaMeTpaM 110HHOrO ny4Ka C y4eTOM AeA
CTBI1R KyJlOHOBCKHX CI1Jl npH nOCTORHHOM 121 11 nepeMCHHOM 131 pa3-
Mepax 3JleKTpOHHoro KOJlb4a. Kp11BbiC p11c. 7 npcTpoeHbl s KO?f,AHHa
Tax, HOpMHpOBaHHbiX Ha Ha4anbHbl.::i pa3Mep ny4t<a ai "'ae 7:- 1,., MaK-
CHMaJlbHYIO Ha4aflbHYIO CKOpOCTb Vmax •Wo zll4. O O \ 
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Ha PHC.7 noKa38HO TaKme /An~ C11Y48R KpHBO~ 1/ OTHOCHTenb
HOe 113MeHeHHe 3$$eKTHBHoro 3MHTtaHCa fO /npOAOflbHOro 1-11111 no
nepe4HOro/, T.e. 31111HRCa MHHHM811bHO~ nno~aAH C ~eHTpOM B Ha-
4ane KOOPAHHaT, OnHC8HHOrO BOKpyr KOH$Hrypa~HH ny4Ka Ha $a3o
BO~ nnocKoCTH. 6~cTpoe yeenH4eHHe £o a Ha4ane pasneTa ny4-
Ka /npH611H3HTeflbHO B 1,5 paia/ CBR3aHO t Ha4aJ10M H3MeHeHH~ 
{!JopMbl ny4Ka Ha ¢a30BO~ nnOCKOCTH /pHC. 8/; ·aT 31111HRTH4eCKm1 
/1/ AO 11nonaCTH nponennepa 11 /2/. CTOfl KpHBO~ £o COOTBeTCT
eyeT OKOH4aTeflbHOMY ¢opMHPOBaHHIO 11110RaCTH 11

, a nocneAYIO~H~ 1111-
He~Hbl~ pOCT £o CBR3aH C HCKPHBfleHHeM 11110naCTH 11 /3/ B pe3ynb
TaTe HellHHe~Horo xapaKTepa KynoHOBCKHX c11n ny4Ka. B c11y4ae nH
He~H~X KYflOHOBCKHX CHfl £Q OCTaeTCR ROCTORHH~M C T04HOCTbiO 
-2%. 

B npo~ecce pasneTa ny4Ka pacnpeAeneHHe nnoTHOCTH e HeM CTa
HOBHTC~ 6onee paBHOMepH~M H xapaKTep 3aBHCHMOCTH C06CTBeHH~X 
KY110HOBCKHX CHn npH611HmaeTCR K nHHe~HoMy. Ms pHc.S 8HAHO, 4TO 
Ha4aflbHa~ HeflHHe~Ha~ 3aBHCHMOCTb CHfl~ /1/ K KOH~Y Y4aCTKa . 
APe~¢a cTaHOBHTc~ AOBOJlbHO 6nH3Ko~ K JlHHe~Ho~ /4/. Ha pHc.9 
noKa3aHo H3MeHeHHe HOPMHpOBaHH~X Ha4aJlbH~X pacnpeAeJleHH~ 48C-
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TH~ no KOOPAHHaTaM H CKOpOCTRM npH ABH*eHHH HOHHOro ny4Ka B 
npocTpaHcTee APe~¢a. Kp1-1e~e 1 cooTBeTCTBYIOT T04Ke paaAeneHH~ 
KoMnoHeHT ny4Ka An~ cny4aR paeHoMepHoro pacnpeAeneHHR ¢aaoeoi1 
nnOTHOCTH 4aCTH~ BHYTPH 31111Hnca /MOAellb·nacneTTa/, a KpHB~e 
2 - KOH~Y y4aCTKa APe~¢a. npH 3TOM nyHKTHpHWe KPHBWe XapaKTe
PH3YIOT OTHOCHTellbHOe pacnpeAeJleHHe 4aCTH~ no RPOAOllbHWM /BA011b 
ABHmeHHR ny4Ka/ HllH nonepe4HWM KOOPAHHaTaM (z,r) H CKOPOC
T~M ( U z , U r ). CrillOIUHWe KPHBble COOTBeTCT BYIOT A011e n011HOrO 4HCJ1a 
4aCTH~, HMeiO~HX OTHOCHTellbHYKl npOAOllbHYIO /HnH nonepe4Hyl0/ KO
OPAHHaTy H CKOpOCTb MeHbWe 3aAaHHOH, 113 ·':HHX pacnpeAelleHHH 
/cnnOWH~e KPHBble/ BHAHO, 4TO I< KOH~Y npocTpaHCTBa APeH¢? nnoT
HOCTb 4aCTH~ B ~eHTpa11bHOH·4aCTH ny4Ka, a CJleAOBaTellbHO, H CH

Jla KYllOHOBCKoro pacTa11KHBaHH~, JlHWb B -1,7 pa3a 6011bWe cpeAHeH, 
TOrAa KaK B MOMeHT pa3AeneHHR KOMROHeHT ~TOT K03¢¢H~HeHT pae
H~JlC~- 4, 

npoBeAeHH~e pac4eT~ noKa~WBaiOT, 4TO y4eT CD6CTBeHH~X Kyno
HOBCKHX CHJl HOHOB B npo~ecce ¢OpMHpOBaHHR 311eKTpOHHO-HOHHOrO 
ny4Ka npHBOAHT K yMeHbWeHHIO MaKCHMa11bHOH CKOPOCTH HOHOB H, 
ClleAOBaTellbHO, Ha4aJlbHOH yrnOBOH paCXOAHMOCTH H Ha4a11bHOrO 
3HepreTH4ecKoro pa36poca B ny4Ke. npH napaMeTpax KYTH /Z - 25 ' 

N· 
f • *::.:0,005/ YMeHbWeHHe CKOPOCTH COCTaBn~eT 27% B C11y4ae 

nOCTO~HHoro pa3Mepa 311eKTPOHHOrO KOllb~a H ~13% npH y4eTe 3aTy
XaHH~ 060HX pa3MepOB K011b~a. npH 3TOM Ha CT011bi<O me yBe11H4HBa
eTC~ Ha4a11bH~~ pa3Mep HOHHOrO ny4Ka H, COOTBeTCTBeHHO, OC11a6-
11~10TC~ KyllOHOBCKHe CH11W, a TaKme HeCK011bKO MeH~eTC~ XapaKTep 
aaaHCHMOCTH 3THX Cl-111. Y4eT 3THX ¢aKTopoe a npo~ecce nocneAyK>
~ero RPOAOJlbHOrO ABHmeHH~ ny4Ka npHBOAHT K TOMy, 4TO H3MeH~
IOTC~ ero pa3Mepbl, yrnoBaR paCXOAHMOCTb, a TaKme 3¢¢eKTHBHbiH 
3MHTTaHC Hq BXOAe B noaopOTHO-¢OKYCHPYKl~YKl 11HH3y, Bee 3TO He-
06XOAHMO y4HTWBaTb e npo4ecce nocneAYKl~ero npeo6pasoaaHH~ ny4-
Ka /2,3/, 
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P9-82-Hi8 KyaHe~oa A.6., OpeHSeHAO~ B.A. 
BnHRHHe HenHHeHHWX KynOHOBCKHX Cltn HOHOB 
Ha napaMeTpw HOHHOrO ny4Ka KOnneKTHBHOrO YCKOpHTenR 

PaCCMOTPeHO BflHRHHe HenHHeHHWX KynOHOB~KHX CHn HOHOB Ha napaMeTpw HOH
Horo ny4KB KYTH. 00Ka3aHO, 4TO AeHCTBHe C06CTBeHHWX KynOHOBCKHX CHn HOHOB, 
HaKannHBaeMWX B 3neKTPOHHOM KOflb~e, npHBOAHT K YBeflH4eHHO nonepe'IHWX pa3Me
poa HOHHOro ny'!Ka H yMeHbWeHHO CKOpoCTeH HOHOB B KOnb~e. HcnHHeHHWH xapaK
Tep KynOHOBCKHX CHn npHBOAHT K 6onee OwCTPOMY pocTy yrnOBOH pacXOAHMOCTH 
H 3HepreTH'IeCKOro paa6poca HOHHOro ny'!Ka B npOCTpaHCTBe APeH~a no cpaaHeHH~ 
CO CnyqaeM flHHeHHWX KynOHOBCKHX Cltn. 0pH 3TOM MeHReTCR KOH~Hrypa~HR ny'!Ka 
Ha ~aaoeoH nnocKOCTH 11 yaenH4HBaeTCR ero a~eKTHBHbiH 3MHTTaHc . PacnpeAene
Hite 4aCTH~ 8 ny4Ke K KOH~y npOCTpaHCTBB APeH~a CTaHOBHTCR 6onee paBHOMepHWM, 
a 3aBHCHMOCTb KynOHOBCKHX Cltn nplt5nH*aeTCR K flHHeHHOH. 

Pa6ora B~nOnHeHa B 0TAene HOB~X MeTOAOB YCKOPeHHR OHRH. 

C~eHHe 06~eAHHeHHoro HHCTMTyTa RAepHwx HccneAOBaHMH. AY6Ha 1982 

Kuznetsov A.B., Preisendorf V.A. P9-82-168 
The Effect of Non I inear lon Space Charge Forces 
on lon Beam Parameters of Collective Accelerator 

The effect of non I inear ion space charge forces on ion beam parameters 
of KUTI accelerator is considered. It is shown that the effect of space 
charge forces of ions accumulated in the electron ring leads to increasing 
the transverse size of ion beam and to decrease in ion velocities in the 
ring. Nonlinear dependence of space charge forces results in more rapid 
increasing of angle dependence and in the energy spread of ion beam in the 
drift space as compared with linear dependence of space charge forces. The 
beam shape on phase plane changes and its effective emittance increases. 
The distribution of particles in the beam becomes more uniform to the end 
of the drift space and dependence of space charge forces approaches the 
I inear one. 

The Investigation has been performed at the Department of New Accele
ration Methods, JINR . 

Communication of the Joint Institute for Nuclear Research. Oubna 1982 

nepeBOA O.C.BHHOrpaAOBOH. 


