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npoaeneHO qHCIIeHHOe MonenHpOBSHHe HS 38M HeycTollqHBOCTH THUS 

"aMeAKa" aneKTpOHHD-HOHHOrO KOnbU8 C yqeTOM uenaueAHOCTH noflgpH38UHOH

HbiX CHII. npH pacqeTSX uapaMeTpbl 31leKTpOHH<rHOHHbiX KOIIeU Bbi6Hp811HCb 

BHYTPH 06118CTH HeycTollqHBOCTH IIHHeliHOH TeOpHH. 

noK838HO, qTo KOIIe6aHHSI IIOKSIIbHbiX UeHTpOB MSCC 311eKTpOHHOll K 

HOHHOH KOMUOHeHT HOCSIT xapaKTep 6HeHHH C 8MUIIKTYil8MH UOpSIAKS pa3MepOB 

uyqKa HIIH MeHbllle. 8 o6naCTH, r11e HHKpeMeHT IIHHeliHOll TeOpHH ropa3AO 

6ollbllle neliCTBHTellbHOll qaCTH qaCTOTbl, HSliAeHO CHIIbHOe yMeHbllleHHe CKQ

pOCTH p83BHTHSI HeycTollqHBOCTH, COUpOBOlKASIOIUeeCSI pOCTOM SMUIIHTYA BbiC

IIIHX rapMOHHK. nonyqeHHbie pe3yllbT8Tbl KaqecTBeHHO COrllaCyiOTCH C 3KCUe

pHMeHT81lbHbiMH ASHHbiMH. 

Pa6oTa BbiDOIIHeHa B OT11ene HOBbiX MeTOAOB ycKopeHHH 011fll1. 

Cool5weHHe 015'beAHH8HHOro HHCTHTyTa ~~nepHbiX HCCIIeAOB8HHll. lly6Ha 1979 

Perelsteyn E.A., Shevtsov V.F. 

Numerical Computer Simulation of the Electron 
Ring Kink Instability 

P9 - 12234 

The numerical computer simulation of the electron-ion ring 
kink-instability, taking into account the non-linear character of the 
polarization forces, has been carried out. It is shown that oscil
lations of the local electron and ion component center-of-masses 
are of the character of beats with amplitudes less than the beam 
dimensions. A singnificant velocity decrease of the instability 
development accompanied by the amplitude growth of the highest 
harmonics has been found. The results obtained agree qualitatively 
with experimental data. 

The investigation has been performed at the New 

Acceleration Methods Laboratory, JINR. 
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1. IIpo6neMa ycTOH'IHBOCTH ,nByxKoMnoHeHTHbiX KonhUeBhlX nyq

KOB npH06pena B nocne,nHee BpeMJI 6onhWOe 3Ha'leHHe B CBJI3H 

c pa3BHTHeM KonneKTHBHoro MeTo,na ycKopeHHJI 111. HeycToH'IHBOCTh 

3neKTpOHHO-HOHHOrO KOnhUa, HCnonh3yeMoro B 3TOM MeTo,ne, no 

OTHOWeHHIO K H3rH6aHHJIM 6e3 H3MeHeHHJI 4lopMbl nonepe'IHOrO 

ce'leHHJI /"3MeiiKa"/ npe,ncTaBnJieTCJI HaH6onee onacHoii H3 Bcex 

BH,nOB nonepe'IHhlX KOne6aHHH, nOCKOnhKY OHa orpaHH'IHBaeT Ha6op 

3HeprHH Ha e,nHHHUY ,nnHHbl H KOnH'IeCTBO YCKOpJieMbiX HOHOB !2!. 

Hccne,noBaHHJO HeycTOH'IHBOCTH B nHHeiiHoM npH6moKeHHH nocBJI

meHbl pa60Tbl /
2

"81 . C y'leTOM ManoR HenHHeHHOCTH nonJipH3aUHOH

HbiX cHn npo6neMa H3y'lanach B pa6oTe f.l/.IIapaMeTpbl nyqKa Bbi6H

panHch B6nH3H rpaHHUbl o6naCTH HeyCTOH'IHBOCTH. B OTCYTCTBHe 

BHeWHeii liloKyCHPYJOIUeH CHnbl B ,~/ nony'leHO peWeHHe B BH,ne 

HenHHeHHOH CTaUHOHapHOH BOnHbl H noKa3aHO, 'ITO B03MO)I(Ha HenH

HeHHaJI CTa6HnH3aUHJI HeyCTOH'IHBOCTH npH aMnnHTy,nax Kone6aHHH, 

Manblx no cpaBHeHHJO c pa3MepaMH nyqKa. 

IlpH6nH)I(eHHe ManoR HenHHeHHOCTH cnpaBe,nnHBO nHWh B6nH3H 

rpaHHUbl o6naCTH HeyCTOH'IHBOCTH, r,ne ee HHKpeMeHTbl Manbl. 

IIpo,nBH)I(eHHe B rny6h 3TOH o6nacTH npHBO,nHT K yBenH'IeHHJO 

OTHOWeHHJI HHKpeMeHTa Yn K ,neHCTBHTenhHOH 'laCTH 'laCTOTbl <<J n 

HeyCTOH'IHBOH rapMOHHKH C HOMepOM n, 'ITO BH.Z.HO H3 puc. 1. Ha 
I' '/: 

3TOM pHCYHKe B nnoCKOCTH a~ , a 2 
2 o6naCTh HeyCTOH'IHBOCTH 

ne)I(HT BbiWe rpaHH'IHOH KpHBOH 1. 3,nech a~ H a ~ - qacTOTbl 

KOne6aHHH 3neKTpOHOB B none HOHOB H HOHOB B none 3neKTpOHOB 

cooTBeTCTBeHHO. KpHBble 2-6 - nHHHH paBHbiX OTHoweHHH y 
1 
I w 

1 
(n = 1): KpHBaJI 2 cooTBeTCTByeT cnyqaJO y 1 I w 1 = 0,1 ; KpHBaJI 

3- cnyqaJO y 1 1<d 1 =0,2; 4- Y/<<J I· 0,3; 5- Y/<<J (. 0,4, 6- y
1

lu>
1
=0,5. 
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a 
1
h , a :/ . Kpu6aJI 1 -Puc.1. 0611acm& ycmou~u6ocmu 6 n11ocKocmu 

zpaHuija o611acmu ycmoii~U60CIIIU /y 1 =0/. 
pa6HbiX omHoUleHuii y 1 I w 1 : Kpu6aJI 2 -
Y1/ w1 =0,2; 4- y 1;w 1 =0,3; 5- y 1 /w 

Kpu6&1e 2- 6 - IIUHuu 
y / w 1 = O,l ; 3 -

=0,4; 6- Yt/w 1 

=0,5. 

C pOCTOM nOJI.flpH3aUHH 3JieKTpOHHOrO H HOHHOrO KOJieU npH6JIH

JKeHHe MaJIOH HeJIHHeHHOCTH CTaHOBHTC.fl uecnpaBe.D.JIHBbiM. ,lJ;JI.fl 

HCCJie.D.OBaHH.fl HeyCTOH'IHBOCTH 6e3 npe.D.nOJIOJKeHH.fl 0 MaJIOH HeJIH

HeHHOCTH nOJI.flpH3aUHOHHbiX CHJI He06XO.IJ.HMO 3HaHHe JIBHOrO BH.D.a 

CHJlbl B3aHMO.D.eHCTBH.fl JIOKaJibHbiX UeHTpOB MaCC KOMnOHeHT Ha 

JD06biX paCCTOJIHH.fiX. 

Bbi'IHCJieHHe noJI.flpH3aUHOHHbiX CHJI, .D.eHCTBYIOIUHX MeJK.D.Y np.II

MOJIHHeHHbiMH nyqJCaMH 3JieKTpOHOB H HOHOB C nOCTO.fiHHbiMH no 

xpyrosoMy ce'leHHIO pa.D.Hyca a JIHneB:uwMH nnoTHOCT.fiMH N (~) 
H N(?) 3JieKTpOHOB H HOHOB COOTBeTCTBeHHO, npHBO.D.HT K CJie.IJ.YIOIUe

MY pe3yJibTaTy: 

. 2Ze~(O) 

4 

f= F:' 1/(±---~)= 
a 

' 2 --- 2 2 1/2 2 
t + 1=-L arctg_!_+~ v_3:_-~ - }_-:{_ arccosL- _!_(1--C) (1+S-), 

rre 1-e 2+e 2rre 2 7T 4 2 

c: 1. /1/ 
1 ~ 2-1 1+ e -2--~ 1-e 2 ~ 1 c 2 Vz c 2 

-- + --- arctg ---v-- - ----arccos-=- - -( 1--~) ( 1 + -~-), 
e TT~ ~- 1 2+ ~ 2rr~ 2 7T 4 2 

1 

~· 
~> 2. 

1 < e :5 2. 

X, X 
r.D.e e- 3ap.II.IJ. :meKTpOHa, Z- 3ap.II.IJ.HOCTb HOHa,~~~ -~ ~ __ g ___ _j__ 

2 1 a a 

OTHOCHTeJibHOe paCCTO.fiHHe MeJK.D.Y JIOKaJlbHbiMH UeHTpaMH Mace 

ny'IKOB. MaKCHMyM nOJI.IIpH3aUHOHHOB CHJibl .lJ.OCTHraeTC.fl B 06JiaCTH 

3Ha'leHHB ~:: J-2: HeJIHHeBHbiB xapaKTep nOJI.flpH3aUHOHHbiX CHJI 

f HJIJDOCTpHpyeT puc. 2. KpHBa.fl 1 nocTpoeua .D.JI.fl cny'la.fl, 

KOr.D.a nJIOTHOCTb 'laCTHU B nonepe'IHOM Ce'leHHH ny'IKa paBHOMep

Ha.fl, KpHBa.fl 2 - .li.Jl.fl CJiy'la.fl, KOr.IJ.a nJIOTHOCTb pacnpe.IJ.eJieHa 

no 3axouy N . (~) = N <O? e - 2 ~2 1101
• llpH nocTpoenHH KPHBoii 3 e,t e,1 

2 HCnOJib30BaJIOCb BblpaJKeHHe f(~) = ~ / (1 ~ ~ ) H3 pa60Tbl 1111, 

npH nocTpoeHHH KpHBOB 4 - BblpaJKeHHe f(e = ~ - ~ 3 .D.JI.fl 

nOJI.IIpH3aUHOHHOB CHJibl B CJiy'lae CJia6oii HeJIHHeBHOCTH. H3 pHCYHKa 

BH.D.HO, 'ITO npH6JIHJKeHHe CJia6oii HeJIHHeBHOCTH cnpaBe.D.JIHBO npH 

~<0,5. 

f 
J 

.6 

A 

.2 

0 f 2 3 4 s ~ 
Puc.2. 3a6UCUMOC111b nOIIJipU3UijUOHHOU CU/Ibl f 0111 OIIIHOCUIIIellbHOZO 
c.we111eHUJ1 ijeH111P06 .wacc ~; Kpu6aJI 1 - pac~e111 no (Jop.wy11e /1/, 
Kpu6aJI 2 - nAOIIIHOCIIIb ~ac111Uij 6 ce~eHuu pacnpeoeAeHa no zayc
co6y 3UKOH)', Kpu6aJI 3 - f(~) =~I (1 + ~ 2), Kpu6aJI 4 -
r<e = e - ~ 3. 

fipaKTH'IeCKH HaH60JibWHB HHTepec npe.IJ.CTaBJI.fiiOT CJiy'laH, KOr

.D.a yn/w n ::: 1. HanpHMep, OTHOWeHHe JIHHeiiuoro HHKpeMeHTa 

pa3BHTH.fl ueyCTOB'IHBOCTH K .D.eHCTBHTeJibHOH 'laCTH 'laCTOTbl 

ueyCTOB'IHBOB MO.IJ.bl KOJie6aHHH C n =1 .li.JI.fl THnH'IHbiX napaMeTpOB 

3JieKTpouuo- HOHHbiX Koneu cocTaBJI.fleT y 
1 
I w 

1 
.:: 0,6 .;- 1. Ha .D.H

arpaMMe o6nacTH ycTOH'IHBOCTH, noKa3anuoB: ua puc. 1, TO'IKH, 
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COOTBeTCTBYIOII.\He KOnH'IeCTBY HOHOB Ni =5 ·10 11 H 7 ·10 11 B JneKT

pOHHOM KOnbue pa.nuyca R=3,5 c.M c ManbiM nonypaJMepoM a= 
=0,2 C.M, 0603Ha'leHbl llH4JpaMH 1 H 2 COOTBeTCTBeHHO. llonHoe 

'IHCnO JneKTpOHOB B KOnbl.le N e =10 13
, HX penJITHBHCTCKHB 4JaKTOp 

Ye=33,3. llpHBe.IJ,eHHble napaMeTpbl 6nH3KH K nony'leHHbiM B 3KCne

pHMeHTe no yCKOpeHHIO HOHOB aJOTa 112-' · 

Hccne.noaaHHe HeycToii:'IHBOCTH c napaMeTpaMH, Bb16paHHbiMH 

.IJ,aneKO OT rpaHHJ.lbl o6naCTH ycTOB'IHBOCTH, .D.OID«HO npOBO.IJ,HTbCJI 

6e3 npe.nnono)KeHHJI 0 Manoii: HenHHeBHOCTH nonJipH3al.lHOHHbiX CHn. 

PeweHHe 3TOB Ja.IJ,a'IH B03M0)KH0 TOnbKO 'IHCneHHbiMH MeTO.IJ,aMH. 

2. B .naHHoii: pa6oTe Ja.na'la o nonepe'IHoii: HeycToii:'IHBOCTH 

JneKTpOHHO-HOHHbiX KOneu paCCMaTpHBaeTCJI B MO.IJ,enH )KeCTKHX 

WHYPOB, Me)K.IJ.Y KOTOpbiMH .IJ,eBCT&yeT B03Bpall.\a1011.\a.ll CHna f(,;) = 

= ,;/(1 + ,; 2). YpaaHeHH.II .D.BH)KeHHJI noKanbHbiX ueHTpoa Mace 

JneKTpOHHOB H HOHHOB KOMnOHeHT 3anHWeM B BH.IJ,e: 

2 2 2 
a.;-1 a.;-1 a.;-1 
--- + 2---- + - = {3 f(,;}, 
aT 2 araO ao2 1 

a2,; ~ =- f3 2r<.;l, 

ar 2 

/2/ 

r.ne {3
1 

=a 
1
1 w 5 , {3 2 = a 2 I cv 5 - 6e3pa3MepHble Kaa.npaTbl qacTOT 

KOne6aHHB JneKTpOHOB B none HOHOB H HOHOB B none JneKTPOHOB 

COOTBeTCTBeHHO, r = w O t - 6e3pa3MepHoe BpeMJI. 

PeweHHe CHCTeMbl ypaaHeHHB /2/ 6y.IJ,eM HCKaTb B cne.IJ,ylOII.\eM 

BH.IJ.e: 

N ( 1) (2) . 
.;

1
= !. 1¢k (r)oos[k(v

0
r- n(J)] + ¢k (r)sm[k(v

0 
r-nO)]l, 

k= 1 
/3/ 

N (3) (4) . 
.;

2 
= !. 1¢k (r) cos[k(v r- n())] + ¢k (r) sm[k(v r- nO)]!, 

k= 1 n n 

r.IJ,e cf> ~i)(r) (i .~ 1- 4) - JaBHC.IIli.\He OT BpeMeHH K034l4JHI.lHeH-

Tbl, v
0 

= w
0

/ !dO - .IJ,eii:CTBHTenbHaJI 'laCTb 6e3pa3MepHOB 'laCTO-

Tbl HeyCTOB'IHBOB MO.IJ,bl KOne6aHHB, n - ee HOMep. 

llocne nO.IJ,CTaHOBKH 4JopMyn /3/ B ypaBHeHHJI /2/, YMHO)KeHHJI 

o6eHx qacTeii: paaeHCTB Ha cos[m('"nr -nO)] H sinlm(u 0 r -nO)} 

(m ~ 1. ... , N) H HHTerpHpoaaHHJI HX a HHTepaane 0,277 no nepe-

6 

MeHHOB v 
0 

T - n(:l nonyqaeM CHCTeMy .D.H4l4JepeHUHanbHbiX 

ypa&HeHHB .IJ,n.ll onpe.IJ,eneHHJI K034l4JHUHeHTOB cf> ~) (r) (i = 1- 4): 

d2¢(1) d¢(2) 
k 2 2 (1) k (c) 

---=k (v -n) ¢ -2k(v -n)---+{3 1fk 
dr 2 n k n dr 

2 (2) (1) 
d ¢ k 2 2 (2) d¢ k (B) 
---=k (v

0
-n) ¢k +2k(v

0
-n)---+{31fk, 

dr2 ~ /4/ 
2 (3) (4) 

d cf> k 2 2 (3) dcf> k (C) 
---- = k vn¢ k - 2kvn----- {32f k 

dr 2 dr 

2 (4) (3) 
d cf> k 2 2 (4) d¢ k (B) 
---- = k v ¢ + 2kv ----- {3 f • 

2 nk nd 2k 
dr r 

3.IJ,eCb f \:') H f ~) - K034l4JHJ.lHeHTbl cJ»ypbe CHnbl f: 

(C) 1 217 
fk =--:- ( fcos[k(v

0
r-n0)]d(v

0
r-n0), 

17 0 

(B) 1 217 
fk = -- ( fsin(k(v T- n(J)j d(v T - n(}), 

17 n n 
0 

/5/ 

HanpHMep, ecnH r<.;> =- .; - .; 
3 /cnyqaii: Manoii: HenHHeii:HOCTH/, 

TO 

r<c) = <¢ (3) _ .-~.. (1) )
11

_ ~[(.+. (3) _ .-~.. (1) ) 2 (.+. (4) _ .-~.. (2) )2]1 
1 1 '~-'1 4 '~-'1 '~-'1 +'~-'1 '~-'1 ' 

/6/ 
f(S) = (¢ (4) _ ¢ (2) )1 1 - ~((¢ (3) -¢ (2) )2 + (¢ (4)- cf> (2) )2]! . 

1 1 1 41 1 1 1 

,lJ.eii:CTBHTenbHa.ll 'laCTb 'laCTOTbl I' 
0 

H HHKpeMeHT f' = y 
0

/ w O 

onpe.nen.IIIOTCJI H3 .IJ,HCnepCHOHHOrO ypaBHeHHJI JIHHeii:HOB TeOpHH 

HeyCTOB'IHBOCTH THna "3Meii:Ka": 

{31 {32 
---+-= 1. 
(v-k)2 v2 /7/ 
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HaqaJibHble ycnoBHJI Bbl6HpanucL cne,nyJOUUIM o6pa3oM: see 

Ko3cWJuu;ueHTbl <i> ~i) c k > 1 nonaranHCb paBHblMH HYJIJO, <f>C 1) = 

= <f>\l) (0) « 1, cp (:) 0
' 0, a K03cWJHn;HeHTbl cp i2)H <f> \ 3 ) onpehe-

JIJIJIHCb H3 peweHHJI CHCTeMbl JIHHeHHblX ypaBHeHHH, COBna,naJOilleH 

C CHCTeMOH /16.1 - 16.4/ pa60Tbl /9,'. IJpH TaKOM Bbl60pe HaqaJib

HblX YCJIOBHH C napaMeTpaMH {3 1 H {3 2 , Ja,naHHblMH B o6naCTH 

ycTOHlfHBOCTH, xo3ciMllHUHHeTbl ¢ ~) He H3MeHJIJOTCJI so speMeHH. 

CHCTeMa ypaBHeHHH /3/ lfHCJieHHO pewanaCb Ha 3BM C HCnOJib" 

JOBaHHeM cxeMbl A.naMca /13/ qeTsepToro nopJI,nxa. )J.eii:cTBHTeJI&HaJI 

qaCTb qaCTOTbl ''n H HHKpeMeHT r n HaXOllHJIHCb H3 ypaBHeHHJI /7 I 
/14/ 

c noMOillbJO nporpaMMbl C204-MULLRC. BbllfHCJieHHe xo3$-

4Juu;ueHTOB Cl>ypbe rc;)H fk8
) OCYilleCTBJIJIJIOCb no nporpaMMt: E206 -

- TRICOF 114~ 
11ccne.nosanuc& HeJIHHeHHble Kone6aHHJI B caMo$oKycupyJOilleMcJI 

3JieKTpOHHO-HOHHOM nyqxe. 

IlpaBHJibHOCTb pa6oTbl nporpaMMbl nposepJinac& ua .nsyx TecTo

BbiX Ja,naq:ax: B pelKHMe MaJIOH Ha,nKpHTHlfHOCTH pe3yJI&TaTbl pacqe

TOB no ypaBHeHHJIM /4/ cpaBHHBaJIHCb 1/ C peweHHJIMH ycpe,nHeH

HOH CHCTeMbl /19/ pa60Tbl /9/ H 2/ C peweHHeM CHCTeMbl /2/ 

B BH,ne HeJIHHeHHOH CTan;HOHapHOB BOJIHbl. B nepBOM CJiyqae Mbl 

orpaHHlfHBaJIHCb B cyMMax /3/ o,nHHM qneHOM pJI,na N = 1, n = 1, 

napaMeTpbl Bbl6upanuc& paBHblMH a 1=a 2 =0,1257. PaJJIHlfHe B se

JIHlfHHax aMnJIHTY.ll KOJie6aHHB, nonyqeHHblX 3THMH .llBYMJI cnoco6a

MH, He npeBbiWaeT 6o/o. Bo BTOpOM cnyqae Mbl Bbl6HpaJIH N =10, 

11=1, a1 = a 2 =0,13. Puc. 3 HJIJIJOCTpupyeT speMeHHYJO 3aBHCHMOCTb 

nOJIJipH3aUHH ~ KOMnOHeHT KOJibUa, noJiylfeHHYIO lfHCJieHHbiM pewe

HHeM CHCTeM /4/ H /3/ - KpHBaJI 1, H peWeHHe CHCTeMbl /2/ 

B BH,ne HeJIHHeBHOB CTaUHOHapHOB BOJIHbl - KpHBaJI 2. 113 pHCYHKa 

BH)lHO, 'ITO peweHHJI COBna,naJOT C Y.llOBJieTBOpHTeJibHOB TOlfHOCTbiO. 

Pa3JIHlfHe MelK,ny HHMH 06'bJICHJieTCJI Bbl60pOM HyJieBblX HalfaJibHblX 

YCJIOBHB )lJIJI BCeX aMnJIHTy,n· C HOMepaMH k> 1 H KOHelfHblM lfHCJIOM 

lfJieHOB B CyMMaX /3/. 0TMeTHM, lfTO pa3JIHlfHe MelK,ny peweHHJIMH 

y6~o~saeT c TelfeHHeM speMeHH no Mepe yseJIHlfeHHJI aMnJIHTy.n 

rapMOHHK C HOMepaMH k > 1. 

3. PacCMOTpHM HeJIHHeBHble OTHOCHTeJibHble KOJie6aHHJI 3JieKTpOH

HOrO H HOHHOrO KOJien;, KOr,na lfaCTOTbl KOJie6aHHH a lf2 H a ';2 JielKaT 
1 2 

B o6nacTH HeycTOHlfHBOCTH. Ha puc. 4, 5 noKa3aHbl speMeHHble 

3aBHCHMOCTH OTHOCHTeJibHblX CMellleHHB JIOKaJibHblX n;eHTpOB MaCe 

~l H ~2 npH y/w 1 = 0,1 - pUC. 4 H Y/Wl =0,3 - puc. 5. 

8 

J 

\ 

~ .. ~ 
I . 

:::: r0 
~~~~~~! II 1: I II ~ 
I ,I 01 J II II : 1 

I I 
0 

. at 

·02, • 

-0.3 
j 

-Oif ~J.L.1- 1. 1 L I 20 <0 60 10 100 120 J<O 160 T 

Puc.3. H3MeHeHue OIIIHocumeAbHOU noA.Rpu3at~uu eo epeMeHu: Kpu
ea.R 1 - pac'le111 no ypaeHeHU.RM /3/ u /4/, Kpuea.R 2 - peweHue 
6 euoe HeAUHeUHOU CIIIUI.IUOHapHOU 60AHbJ. 

KonuqecTBO qneHOB pJI,na cocTaBJIJieT N = 1, 11= 1, seJIHlfHHbl ~ 1 H ~ 2 
BtllfHCJieHbl Ha a3HMyTe e =0. PacqeT c N=10 npH Tex lKe napaMeT

pax llOKa3aJI, lfTO BeJIHlfHHbl MaKCHMaJibHblX CMellleHHH OTJIHlfaJOTC.II 

OT llOJiylfeHHbiX B pacqeTaX C N=1 He 6onee lfeM Ha 4o/o. 113 pHCYHKOB 

BH)lHO, 'ITO no Mepe yseJIHlfeHHJI y 1 / w l aMnJIHTY.llbl KOJie6aHHB 

j 

Q5 
~ . 

·45 

·j 

-15 

- 2. L__-------~--
0 2G 40 60 10 100 120 J40 J.6D JIO 200 220 240 260 '260 T 

Puc.4. 3aeucuMOCIIb 0111HOCUIIeAbHbJX cMellleHuu :JAeKIIpoHoe ~ 1 
/Kpuea.R 1/ u uoHoe ~2 /Kpuea.R 2/ 0111 epeMeHu npu y 1 /w 1 = 0,1. 
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10 ~0 60 •o 100 110 140 {fO JIO lOO 21fJ 240 2'0 210 T 

Puc.5. To :re, '1110 u Ha puc. 4, y 1/w 1 =0,3. 

ueHTpoB Mace pacTyT, HO ocTaiOTCJI MeHbWe paJMepoB nonepe'IHoro 

ce'leHBJI nyqxa <c; < 0,3) B o6nacTa, r.n.e naHeiiHaJI TeopBJI npe.n.

cxaJwBaeT BX HeorpaHB'IeHHbiH poeT. AMnnBTY.ll.bl MaKCBManbHbiX 

cMeiUeHBil JaBHCJIT He TonbKO OT OTHoweHHJI y 1 I w 1 , ao a OT 

a6coniDTHbiX JHa'leHHH HHKpeMeHTOB a qacToT. H3 peJynbTaTOB 

'IBCneHHOrO C'leTa cne.n.yeT, 'ITO llpB HeB3MeHHOM 3Ha'leHHB y / (,J l 

aMDnHTY.ll.bl KOne6aHBH yBenH'IHBaiOTCJI npH pocTe 'laCTOTbl w 1,'1TO 

COOTBeTCTByeT UpO,li.BIDKeHHIO B 06naCTb napaMeTpOB a 2 -'' a 1 
/neBwil BepxHHil yron o6nacTH HeycTOH'IHBOCTB Ha puc. 1/. TaxHe 

napaMeTpw He npe.n.cTaBnJIIOT oco6oro BHTepeca .n.n• xonneKTHBHbiX 

YCKOpHTeneA HOHOB C 3neKTpOHHbiMB KOnbUaMB. B .n.anbHeii:WeM Mbl 

B3y'lanH ycTOH'IBBOCTb KOne6aHBH B o6naCTH, r.n.e a 2 <-< a 1• 

PeJynbTaTw o.n.Horo B3 pac'leToB B 3Toii: o6nacTB npe.n.cTaBne

Hbl Ha pUC. 6. IlapaMeTpbl 3neKTpOHHO·HOHHOrO KOnbUa Bbl6paHbl 

TaKBM o6pa30M, 'ITO COOTBeTCTByiOT TO'IKe 3 Ha puc. 1: a l =1 ,43; 
a

2
=2·10-4:w

1
=1,505·10-a;y

1 
=2,135 ·10-2;y/w 1=14,2. IlpH pac'leTe 

B cyMMax /3/ y.n.ep)I(BBanocb 10 qneHoB pJI.n.a. Haa6onee cyiUecT

BeHHbiM MOMeHTOM B 3TOM cnyqae JIBnJieTCJI CHnbHOe 3aMe,ll.neHHe 

pa3BBTBJI HeyCTOH'IHBOCTB. HenBHeHHble B3aBMO,ll.eHCTBHJI B CBCTe • 

Me UpBBO,li.JIT K 3cWleKTBBHOMY pOCTY aMUnBTY.ll. BbiCWHX rapMOHHK. 

IlpH yBenH'IeHHil qacna y'IHTWBaeMbiX B c'leTe rapMOHHK .n.o N =25 
ua6n10.n.anocb eiUe 6onee cHnbnoe yMeHbweuae cxopocTB pa3BHTHJI 

HeyCTOH'IBBOCTB, a .n.anbHeHWBH poeT aMDnBTY.D. KOne6aHBH npoac· 

XO,li.Hn nBWb nocne yBenB'IeHBJI He'leTHbiX K03cWIHUBeHTOB </>(~) .11.0 
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Puc.6. 3aaucuMoc•u o•Hocu•e/II>HI>IX cMellleHuil 3/leK•poHOB ~ 1 

/KpuaaJI 1/, uoHOB ~ 
2 

/KpuaaJI 2/ u no1111pu3aa,uu ~ /KpuaaJI 3/ 
o• apeMeHu. 
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3Ha'leHH:ii:, cpaBHHMLIX C BeJIH'IHHOH aMnJIHTY.llLI nepso:ii: rapMOHHKH 

<j> li), 3TO yBeJIH'IeHHe JIBJIJieTCJI, no-BH,llHMOMy, CJie)lCTBHeM KOHe'I

HOrO KOJIH'IeCTBa Y'IHTLIBaeMLix rapMOHHK. H3Meueuue norapuliiMoB 

aMnJIHTY.ll <1\=(¢~1 )+¢~2)) 1;2 BO BpeMeHH noKa3aHO Ha pUC. 7. 
B pac'leTax MLI orpaHH'IHJIHCb y'leToM 25 'IJieuoa PR.lla /3/, nocxonb

KY ,llaJibHe:ii:wee yBeJIH'IeHHe HX 'IHCJia npHBO,llHT K 60JibWHM 3aTpa

TaM MaWHHHOro BpeMeHH. 

' 
·~ 
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~ -s .r 
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~·~J~ 
IIIII 120 1+0 160 flO ?DO 210 2<0 160 liD • 

-15 
0 20 ~0 60 10 

Puc_J_ H3MeHeHue oec.RiliU'IHbiX 11ozapu(JMoa aMniiUillyO zapMOHUK 
ao apeMeHu_ 

Pe 3YJILTa TLI 'IHcneuuoro peweHHJI cHcTeMLI ypaaueuu:ii: I 4/, 
/3/ C napaMeTpaMH a l H a 2 , COOTBeTCTBYIOII.UIMH TO'IKe 1 Ha 

puc. 1, npe,llcTaaneHLI ua puc. 8. Kone6anHJI noxaJILHLix uenTpoa 

Mace KOMnOHeHT HMeiOT xapaKTep 6HeHHB C MaKCHMaJibHLIMH OTKJIO-

.5 

..:;. 
~ 0 

"" 
-.5 

-I 
d n ~ ~ ~ w ~ n ~ • m m ~ m 

Puc.8. 3a6UCUM0CIIIb OIIIHOCUIIIe/lbHbiX CMell#eHUU 311eKIJipOH06 ~1 
/Kpuaa.R 1/ u uoHoa ~ 2 /Kpuaa.R 2/ o• apeMeHu. Pact~e• 6blnOIIHeH 
OII.R napaMel!lpoa KOIIblla, no/lyt~eHHozo Ha KYTH OHJIH. 
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l 

1 
4 
I 

uenHJIMH nopR,llKa pa3Mepoa nyqxa. Ka'leCTBenuo Taxoe noae)lenue 

MO)I(HO 06'bJICHHTb CJie,llyiOUUIM o6pa30M: yBeJIH'IeHHe aMnJIHTY.ll 

KOJie6aHHH npHBO,llHT K HeJIHHeHHOMY C,llBHry HX 'laCTOT ,llO 3Ha'leHHH, 

Jie)l(aiUHX B6JIH3H rpaHHULI 06JiaCTH yCTOH'IHBOCTH, BCJie,llCTBHe 'lero 

aMnJIHTY.llLI y6LIBaiOT ,llO BeJIH'IHH, npH KOTOpLIX BHOBb Ha'IHHaeT 

npOJIBJIJITbCJI JIHHeHHLIH xapaKTep CHJI. Y CTOH'IHBLie HeJIHHeHHLie 

KOJie6aHHJI Ha6JIJO)laJIHCb npH HCCJie,llOBaHHH pa,llHaJibHOH neycToii:

'IHBOCTH THna "3Meii:xa" 3JieKTpOHHO- HOHHLIX KOJieU /11 • 15/, 

4. Ilpo,llenauuaJI pa6oTa noJBOJIJJ.eT c)lenaTb cne,llyJOII.Uie BblBo

JlLI. 

Hccne,lloaauue peaJILHLIX cun, ,lleii:cTBYJOIUHX Me)I(JlY noxanbHLIMH 

UeHTpaMH MaCC KOMnOHeHT, noKa3LIBaeT, 'ITO npH6JIH)I(eHHe MaJIOH 

HeJIHHeHHOCTH /9 / cnpa&e,llJIHBO, eCJIH BeJIH'IHHLI OTHOCHTeJibHblX CMe

meuuii: uenTpoa Mace MenLwe nonypa3Mepoa nyqxa. 

AMnJIHTY.llLI KOJie6aHHH OTKJIOHeHHH ueuTpOB Mace He npeBblWaiOT 

pa3Mepoa nyqxa ,lla)l(e a cnyqae, xor,lla napaMeTpLI ny'IKOB Bb16pa

HLI ,llOCTaTO'IHO ,llaJieKO B 06JiaCTH ueyCTOB'IHBOCTH (y /w 1 .:: 1). 

Kone6auaJI uocRT xapaxTep 6ueuaii: c MaxcuMaJILHLIMB aMnJiaTy)laMa, 

B03pacTaiOIUBMB C yBeJIB'IeHBeM JIHHeHHLIX HHKpeMeHTOB. 

B o6nacTa napaMeTpoa, .llJIJI xoTopoii: y 
1 
I w 

1 
:: 1, uaii:)leuo 

canLnoe yMeHbweuae cxopocTa pa3BHTBJI HeycToii:'IBBOCTB. B 3TOM 

pe)I(BMe HeJIBHeBHLie B3aHMO,lleHCTBBJI npBBO,llJIT K pe3KOMY pOCTY 

aMnJIBTY.ll BLICWBX rapMOHBK, B TO BpeMJI KaK aMnJIBTy,lla HeyCTOB

'IBBOH nepBOH rapMOHHKB He BCnLITLIBaeT 3aMeTHOrO yBeJIH'IeHBJI. 

B uenoM 3TO npaBO.llBT x cna6oMy no cpaaueua10 c naHeii:Hoii: Teopa

eii: yaenaqeuaJO aMnJIBTY.ll xone6auaii: noKaJibHLIX ueuTpoa Mace 

3JieKTpOHHOB B HOHHOB KOMnoneHT. 

3xcnepaMeHTaJibHO uenaueii:nLie 3~eKTLI ua6JIJO)lanacb B pa6o-
/15/ ~ ~ 

Te , r,lle BCCJie,llOBaJIOCb pa3BHTBe pa,llBaJibHOB ueyCTOB'IHBOCTH 

TBna "3Meii:Ka". AMnJIHTY.llLI KOJie6aHBB UeHTpOB Mace B 3KCnepaMeH

Te 6blJIB cpaBHHMLIMB C pa3MepaMB ny'IKa HJIB MeHbWe. 

H3y'lenae ueycToii:'IHBOCTB Tana "3Meii::xa" B )lauuoii: pa6oTe 

npose)leuo ua ocuose MO,llena )l(eCTKBX ny'IKOB, xoTopaB. npaMeHBMa, 

KOr,lla pa3MepLI ny'IKOB He H3MeHJIIOTCJI CyiUeCTBeHHO BO BpeMeHB 

B pa36pOCOM no BMnyJibCaM 'laCTHU ny'IKa MO)I(HO npeHe6pe'lb. 

CJiy'laB, KOr)la 3TH yCJIOBBJI He BLinOJIHJIIOTCJI, Tpe6yiOT cneuaaJibHO-

ro paccMoTpeHBJI. 
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