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BBEAEHJ.1E 

HacTOR~aR pa6oTa nocaR~eHa 4~cneHHOMY MOAen~poaaH~~ aa~My
TanbHO~ /npOAOnbHO~/ HCYCT0~4~BOCT~ KOnb~CBOrO 3apR~eHHOrO 
ny4Ka 8 C8060~HOM npOCTpaHCTBe, Ha3~BaeMO~ paA~a~~OHHO~ He
YCT0~4~80CTb~ 11. Oco6eHH~~ ~HTepec K 3TO~ HeycTo~4~aocT~ npo
RBnReTCR 8 CBR3~ C pa3pa60TKO~ KOnneKTHBHOrO MeTOAa YCKOpeHHR 
~OH08 3neKTpOHH~M~ KOnb~aM~. 

J.13MCHCHHC OCH08H~X Ben~4~H, xapaKTep~3y~~~X ny40K /3Hepre
T~4CCKOro paa6poca, cpeAHe~ 4aCTOT~ ~ paA~yca o6pa~eHHR 4ac
T~4/, H3y4anocb 4HcneHHo Ha 3BM a pa6oTax 12 • 31 .MoAen~posaHHe 
npOBOAHnOCb AnR AOCTaT04HO orpaH~4CHHOro ~HTepsana BpeMeHH, 
TaK 4TO no nony4eHH~M peaynbTaTaM TPYAHO CYA~Tb o6 ac~MnToT~-
4CCKOM no8eAeHH~ Kone4. MeTOA ~ccneAOBaH~R HeycT0~4~BOCTH12 • 3 ~ 
OCHOBaHH~~ Ha 4MCnCHHOM MHTerp~pOBaHM~ CMCTCM~ Hen~HC~H~X AH$
¢epeH4HanbH~X ypaaHeH~~. orpaH~4Haan 4~cno y4~T~saeM~x ¢ypbe
rapMOHHK 803MY~CH~H. 3TO orpaH~4CH~e npeACTa8nHeTCR Cy~eCTBeH
HWM, TaK KaK nHHC~HW~ HHKpeMeHT paAMa4MOHHO~ HCYCT0~4M80CTM 
pacTeT c y8en~4eH~eM HOMepa rapMOH~K~. 

J.1cnonb3yeM~~ B AaHHO~ pa6oTe MeTOA KpynHWX 4aCT~4 M CCT04-
HaR MCTOAHKa AnR B~4MCneH~H C06CTBCHHWX none~ CHHMa~T orpaHM-
4CHMA Ha 4MCnO rapMOHMK 803My~eHMA M n03BOnA~T npocneAMTb pa3-
8MT~e HCYCT0~4~BOCTH 8nnOTb AO BbiXOAa Ha acHMnTOT~4CCKH~ pe
~MM. B peaynbTaTe BW4HCnA~TcR acMMnTOTM4eCKMe 3Ha4eHMA senM4MH, 
xapaKTCPH3yO~HX HCYCT0~4M80CTb, H HCCnCAYCTCR MX 3a8HCHMOCTb 
OT Ha4anbHOrO COCTOHH~A ny4Ka. 

At.1HAMJ.1KA HEYCT0~4J.1BOCTH PEnHTJ.1BHCTCKOrO 3nEKTPOHHOrO 
KOnbUA B CB060AHOM nPOCTPAHCTBE 

0AHOMCPHOe a3~MyTanbHOC ABM~eH~e 4aCT~~ 3neKTp0HHOrO KOnb-
4a paA1-1yca r0 c penRTMBHCTCKHM !l>aKTopoM y /c4HTaeM ,/3=1 I on~
Cbl8aeTCR CMCTCMO~ ypaBHCHM~ 141 : 
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PHc. I. 3aBHCHMOCTh Z n ncu /n 
---- • 0 
O'I' ll p;JUI ICOJlb[(a B CB060p;HOM 

llpOCTpaHCTBe. 

3,qecb N- 4HCJ10 t<pynHbiX YaCTI-14 
I ecnH N e - 4HCJ10 3J1et<TPOHOB 
B KOJlbl.le, TO OAHOH KpynHOH 
4aCTH4e COOTBeTCTByeT Ne/N 
3J18KTpOHOB/; z·n ncu - HMne,qaHC 
KOJlbi..I~BOro ny4K~. ~OJ1b40 C4H
TaeTCH AOCTaT04HO TOHKHM, Ta
KHM, 4TO pasMep ero ce4eHH, a 
y,qosneTsopHeT ycno81-110 M <<y-9.-, 

a 
M- MaKCHMaJlbH~H HOMep paccMaT
pH8aeM~X rapMOHHK 80SMy~eHHH~ 

CHcTeMa ypa8HeHI-'IH I 1 I onHCbiBaeT pas8~1-TI-'Ie HeycTOH4H80CTH 8 
HepesoHaHcHoM cny4ae, Kor,qa HMne,qaHc Z n,cun He HMeeT oco6eH
HOCTeA B6J1HSH liln=ncu0.3aBHCHMOCTb HMne,qaHCa KOJlbl..la B CB060AHOM 
npOCTpaHCTBe OT HOMepa rapMOHHKH n, nOCTpOeHHaH no cpopMyJlaM 
pa6oT~ 12<noKaSaHa Ha PHC.1.· 6espaSMepH~e nepeMeHH~e e.( 
8blpa>KaiOTCH 4epes aSHMyTaJlbHble KOOp,qHHaTy cp H Ct<OpOCTb cu 

1 cu-ruo 2v 'h 
e=¢-cu 0 t, (=-·-·, r=xcu t, X =(---1]), /2/ 

X cu 0 0 y 

r,qe cu 0 - cpe,qHRR 4aCTOTa o6pa~eHHR 4aCTH4 B Ha4aJ1bH~H MOMeHT 

8peMeHH: 1J=(L.a·a<'£) /B 3TOH pa6oTe Mbl C4HTaeM 1]<0, HMeR 
cu < cu=cu 0 N e2 

8 8HAY cna6ocpot<ycHpyao~ee MarHHTHOe none I; v= ~e. 2 . - napaMeTp 
21Tr0 me 

6y,qKepa. AnR THnH4HbiX napaMeTpos 3J1eKTPOHHbiX KOJ1el.l 8 t<OJ1J1eKTH8-
• /5/ 

HOM YCKOPHTene TR>KeJlbiX HOHOB 0HJH1 X "'-0, 06 . 0AHOMepHOe paccMOT-
peHHe OCTaeTCH cnpaBeAJ1H8biM flO TeX nop, not<a BblnOJ1HRIOTCR yc
i108HH 

1 N _:_, 1 N - 2 
(=·-N·~ (k,(2 =-N·~((k-( ). 

k=l k=l 

;· cr'2J112 . 1 .,, \, <<-·, 
X 

/3/ 

noporosoe YCilOBHe 80S6y>K,qeHHR r~MOHHI<H C HOMepoM n 8 J1HH8HHOH 
TeOpHH HeyCTOH4H80CTH HMeeT BH,q 51 

( 2 ~. l?nl. fll/ 
nop,n n 

* BnHRHHe 4Hcna Y4HTbli3aeMbiX rapMOHHK Ha pesynbTaTbl Mo,qeJmpo8a
HHR o6cym,qaeTcR 8 npHJlO>KeHHH II. 

2 

MeTO,q peweHHH CHCTeM~ ypasHeHHH /1/ KpaTKO HSilO>KeH B npHno
>KeHHH I. 0TMeTHM TOJlbKO, 4TO npH paccMoTpeHHH HeycTOH4H80CTH 
Mbl MO,[l811HP08ai1H KOilbl\0 15000 KpynHbiX 4aCTHLI H orpaHI-14HJ1HCb 
paccMOTpeHHeM 50 neps~x rapMOHI-1K 80SMy~eHHR /orpaHI-14eHHe 
M =50 o6ycno8neHo npHse,qeHH~M 8~we Tpe6osaHHeM Manoro HSMe~e
HI-'IR nOJlR no Ce4eHHIO no cpaBH8HHIO C lo'ISMeHSHHeM B npOAOJlbHOM 
HanpasneHI-1H/.Hccne,qoaaHHR npOl.lecca paSBHTHR HeyCTOH4HBOCTH 
6~111-1 np08e,qeH~ B WHPOKOM HHT8P8~ne SHa4eHHH H84aJ1bHOro 3Hep-
reTI-148CKOrO pas6poca s KOilblle ·( 2(0) ==0 + 1 ci [~nop.,l A11R 
Tpex THn08 YCilOBHH: 

I - t<aasHpasHoMepHoe pacnpep;eneHHe 80SMy~eHHA no cneKTpy, 
Kor,qa aMnJlHTYA~ 10,20,30,40,48,50 rapMOHHK npHMepHO pa8H~ Me>K~ 
,qy co6oA H SHa4HTenbHO 6onbwe aMnilHTYA ,qpyrHx rapMOHHK; 

II - aMnnHTy,qa nepsbiX nRTH rapMOHHK cna,qaeT no saKoHy 1/n; 
III - s cneKTpe 8ba,qeneHa /HanpHMep, sa C4eT BHewHeA t-lo,qym'l-

4HH/ O,qHa rapMOHHKa /B ,qaHHOH pa60Te nepBaH/, aMnJ1HTYA~ OCT8J1b
H~X rapMOHHK SHa4HT8ilbHO MeHbWe. 

B Ka4eCT8e OAHOro HS cpe,qCTB KOHTpOJlR sa peSyilbTaTaMH C4e
Ta HCnOJlbSOBailOCb pa8eHCT80 

_ _ M _ T 

((r)=((0)+2~ ReZn nru { 1An(x)J 2 dx, 
n=l • o 0 

1 N -in¢k 
/51 

A = (fn(ru,t)dc.>=- ~ .e . 
n N k=l 

norpeWHOCTb 8 /5/ B paSJ1H4H~X sapHaHTaX COCTa8JlRJ1a K KOHL\Y 
C4eTa jr- 10/ npHMepHO 2,5%. 0TM8THM, 4TO peaJlHSOBaHH~H B npor
paMMe cnoco6 B~4HCJ1eHHR HHTerpana 8 /5/, OCHOBaHH~H Ha K8a,q
paTypHOH ct>opMyne 2-ro nopH,qKa, onpeAeilHJlCR Tpe6osaHHeM MaKcH
ManbHoro 6biCTpO,qeHCTBHfl pa60Tbl nporpaMMbl, n03TOMy cpaKTH4eCKaH 
norpeWHOCTb 6esyCJ10BHO MeHbWe yKaSaHHOH B~We. 

PaccMoTpHM HeycTOH4H80CTb MOH03HepreTH4ecKoro ny4Ka, 
(~~ =0. B npo1.1ecce pas8HTHH HeycToA4HBOCTH np~cnep;HM sa Hs
MeHeHHeM cpe,qHeK8a,qpaTH4Horo pas6poca 8 KOilbl.le (~ct>YHKLIHeA pac
npe,qeneHHH 4aCTHLI no CKOpOCTRM, 6espasMepHOH 3HeprHeA nOilH/ 5/ 

M -
~ " ImZn, ncu 0 2 

W = .:.. Wn H ee cneKTpanbHOH nnoTHOCTbiO W n = 2 ------- I..\ I , 
n=l n n 

ycpe,qHeHHOH no BpeMeHH, SHa4HTeJ1bHO 60JlbWeMy nepHo,qa OC4HilhH
LIHH. 

Ha Ha4aJlbHOH CTa,qHH HeycTOH4H80CTH 8 COOT88TCTBHH C pesynb
TaTaMH JlHHeHHO~ TeOpHH/5/npOHCXOAHT 3KCOOH8HL\HaJ1bH~H POCT 
BOSMy~eHH~X B8J1H4MH. B~COKHe rapMOHHKH HapacTaiOT 6~CTpee /p;JlR 
rapMOHHKH C HOMepOM n i1HH8HH~H HHKpeMeHT npo,qOJlbHOH HeycToA-
4HBOCTH KOJ1b4a s cso6op;HOM npocTpaHcTse./2 / y ~ - n213 I H Hacb:
~aiOTCH paHbWe. Ha c!>YHKLIHH pacnpep;eneHHH 4aCTJ.14 no CKOpOCTRM 
npH scex Tpex THnax Ha4aJ1bH~x ycnosHA o6pasyeTcR nposan 
/pHc.2a/. noneBaH 3HeprHH /p~c.3/Ha 3TOH CT8p;MJ.1 H8YCTOH4HBOC-

3, 
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PHc. 2. Pa.cnpe,o;eneHHe tiaCTH~ no cKopoc'l'HM npH pasBHTHH 

HeyCTOHtiHBOCTH MOH03HepreTHtieCKOrO nytiKa. 
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PHc. 3. HsMeHerme 3HeprHH nonH W co apeMeHeM ,!l;JlH 

KOJII:.~a C [ 2(0) =0, illTpHXOBMI JlHHHfl - Hatia.J1bHble 

ycnoBHH THna I, lllTpHxnyHKTHpnaH- THna n, cnnom

naH - nma ill. 

• $ 

H1 3aKJ1104eHa B OCHOBHOM B Bb1CWI-1X rapMOH!-1KaX /pi-1C. 4a/. BpeM.A 

nepeXOAa HeycTOA4~BOCT~ 8 HeJl~HeAHWA pe~I-1M onpeAeJlHeTC.A Ha-
4aJlbHWM~ BeJ11-14!-1HaM~ aMnlli-1TYA B03MymeH~A /B nepayiO 04epeAb rap
MOH~K c 6onbW~M~ HOMepaMI-1 n I ~ np~-1 En (r=O ) "'- 0, 001 E ~ax cocTas

nRno ~r-=1,5+2,0- 2(y{)- 1 - 30(yt0 )-.1 

3BOJ110~1-1R $YHK~~~ pacnpeAeneH~R ny4Ka Ha HeJli-1HeAHOA CTaA~I-1 
HeyCTOA41-1BOCTH SaBHCHT OT Ha4aJlbHWX yCJ10BI-1A. ECJlH ny40K BHa4a

ne 6wn npOMOAYllHPOBaH Ha OAHOA rapMOHMKe, TO npOHCXOAHT ero 
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PHc. 4. Y cpe8HeHHbJe cneKTpbi sHeprHii nomi npH HeycToH:
tiHBOCTH C ( 2 (0) =0. llpoMeJKYTOK BpeMeHH, B TetieriHe KOTO

poro npOH3BOAHJlOCb ycpe,o;neH:He, yKasan Ha p:HCYHKe. 
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pa36~eH~e Ha gsa crycTKa, KOTdp~e s ganbHeAweM paapywa~TCA 
/p~c.26,s/. 3TOT npo4ecc aHanor~4eH Ha6n~gasweMycA paHee np~ 
pa3S~T~~ HeyCTOH4~BOCT~ B OAHOMOAOBOM pem~Me 14(np~ gpyr~X Ha-
4aflbH~X XCflOBMAX /B cneKTpe HeCKOflbKO rapMOHMK/ npOMCXOAMT 
YWMpeH~e KOflb4a 6e3 geneH~A Ha cryCTKM. 

KaK BMAHO M3 PMC.3, Ha CTagMM pa3BMTOH HeyCTOH4MBOCTM npoMc
XOAMT HeKOTOpOe YMeHbWeHMe 3HeprMM nonA M ee acMMnTOTM4eCKOe 
3Ha4eHMe W 00 ""' W ( r= 10) :, 0,02 npaKTM4eCKM He 3aBMCMT OT Ha4anb-
H~X ycnoeMA. OgHospeMeHHO npoMcxogMT nepeKa4Ka 3HeprM~ no 
cneKTpy ~3 B~CW~X rapMOHMK B HM3WMe /p~c.46-r/. 

npM M3y4eH~~ npogOflbHOH HeyCTOH4MBOCTM KOflb4eBoro ny4Ka 
C otn~4H~M OT HYflA Ha4aflbHWM 3HepreT~4eCKMM pa36pOCOM npemge 
ecero o6pa~aeT Ha ce6A BHMMa~Me cnegy~~MA $aKT: pa3B~TMe He
ycTOH4MBOCTM npOMCXOAMT B' OCHOBHOM 3a C4eT BWCWMX rapMOHMK, 
TeX, KOTOPble cor naCHO pe3yflbTaTaM fl~HeHHOH Teop~M ABnA~TCA 
gonoporoBWMM. 3TOT pe3ynbTaT Ha6n~gancA KaK npM l~~-0,2 /no
por0eoe 3Ha4eH~e AflA 10'-A rapMOHMK~/, TaK H npM { 2 (0) =0,8 
/noporosoe 3Ha4eHMe gnA 2-A rapMOHMKM ']~ 

2 
=0,56, TaK 4TO 

cornaCHO flMHeHHOH TeOpMM S036ymgaTbCA MOm~T TOflbKO 1-A rapMO~ 
H!-1Ka/ H He aaeMcen OT i-Mna Ha4anbHbiX ycnosMA. BHa4ane /a cor
nacMM c npegcKa3aHMeM flMHeHHOH TeopHM/ aMnnMTYA~ S03My~eHMH 
SbiCOKHx rapMOHMK ,Ha4MHa~T yMeHbWaTbCA. OgHaKo yme 4epea 
~T -0,1 3HaK geKpeMeHTa MeHAeTCA Ha npOTMBOnonOmHWH M npOMCXO
AHT MX 6biCTpoe B036ymgeHMe /pHC. 5/. 

B aanbHeHWeM pa3SHTHe HeyCTOH4~SOCTH HOCMT CXOgHWH CO cny-
4aeM ( 2(0) =0 xapaKTep, XOTA B 4enoM OHa npoTeKaeT 3Ha4HTenbHO 
cna6ee - MeHbWHMH OKa3~Ba~TCA aMnnMTYA~ B03My~eHH~X BeflH4H~ 
Ha HenHHeHHOH CTagHH, 3Ha4HTeflbHO MegneHHee pacTeT H 3HepreTH-
4eCKHH paa6poc B KOflb4e·ACHMnTOTH4eCKOe 3Ha4eHHe 3HeprMH nonA 
W OKaawsaeTCA npaKTH4eCKH He3aBHCR~HM OT BenH4HH~ Ha4anbHO
ro paa6poca a ny4Ke I l 2 (0) =0,1; 0,2 H 0,8 Ha pHc.6a-6s cooT
BeTcTBeHHO/ H npHMepHO B 4 pa3a MeHbWe, 4eM B cny4ae ~~0)=0. 
CxogHaA aaBHCHMOCTb ypoBHA eoa6ymgaeMwx npH pa3BHTHH HeycToA-, 
4MBOCTH noneA OT Ha4anbHoro paa6poca B KOnb4e Ha6niDganacb 
npH 3KCnepHMeHTanbHOM M3y4eHHH npogonbHOH HeyCTOH4HBOCTH/B/. 

BpeMeHHoe H3MeHeHMe cneKTpanbHOH nnoTHOCTH 3HeprHH Wn HOCHT 
TaKOH me xapaKTep: BHa4ane 3HeprHA nonA B OCHOBHOM 3aKniD4eHa 
B B~CWHX rapMOHHKaX, C B~XOAOM HeyCTOH4HBOCTM Ha HenHHeHH~H 

pemHM npOHCXOgHT 3$$eKTHBHaA nepeKa4Ka 3HeprHH H3 B~CWMX rap
MOHMK B HM3WMe /pHc.7a,6,e/. AnA Taro 4T06bl npoeepHTb, ABnReT
CA nH pacnpegeneHHe 3HeprMH no cneKTPY /TMna H3o6pameHHwx 
Ha pHc.4r, 7e/ acHMnTOTH4eCKHM, ogHH H3 sapHaHTOB I {~0) =0,8, 
Ha4anbH~e ycnoBMA THna 1/ 6wn pacc4HTaH go r=18. CpasHeHHe 

_, T=10 - 7'=14 
pacnpegeneHHH Wn=: I I Wn(t')dt' /pHC.]B/ H wn _ _!_, r Wn(t')dt' 

T=7 4 T=lO 
/pHc.]r/ noKa3~BaeT, 4TO H306pameHH~H cneKTp MOlKHO C4HTaTb 
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PHC. 5 . 3aBHCHMOCTb aMnnHTY.Z:V,I rapMOHHKH nonH OT ee HQ
Mepa Ha Ha~anbHOH CTagHH HeyCTOH~HBOCTH, CnnOWHaH nH
HHSI- T =0; IIITpHXilYHKTHpHaH - T =0, 5; IIITpHXOBaH - T = J , 0: 
a/ li2(o) =0,2; 6/ {lto) =0,8. 

ycTaHOBHBWHMCA. AHanorH4Ho·acHMnTOTH4eCKHM /H He aasHcA~HM oT 
eenM4HH~ Ha4anbHoro paa6poca H Ha4anbH~X ycnosHA/ ABnAeTCA pac
npegeneHHe rny6HH~ MogynA4HH 1An1 2 no rapMOHHKaM /pHc.8a,6/. 
KaK 6~no OTMe4eHo s pa6oTe/ 6~aasHCHMOCTb B4 cHrHana OT 4aCTOT~ 
Ka4eCTBeHHO nOBTOpAeT KPHBY~ Zn~). CornaCHO COOTHOWeHH~ 

eNe 
En= --v. Z An 3TO B03MOlKHO, ecnH see senH4HHbl An npH6-

11r(J n,ncuo 
flM3HTenbHO OgHHaKOSbl. KaK SHgHO H3 pHc.8, HMeHHO TaKaA CHTya-
4MA Ha6niDgaeTCA Ha CTagHM pa3SHTOH HeyCTOH4HBOCTH. Ha PHC.9 
noKa3aHa aaBHCMMOCTb 3HepreTH4ecKoro paa6poca s KOflb4e~pe
MeHM, Bbi4HcneHHoro no $opMyne /3/ gnA ny4Ka c ;: 2(0) =0, 8. KaK; 
SMgHO H3 pMCYHKa, TeMn ero pOCTa He nagaeT C Te4eHHeM speMeHM. 
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~ PHc.6. 3aBHCHMOCTh 3HeprHH nonH OT BpeMeHH npH 
(2M=0,1 /a/, { 2(0) =0,2 /6/ H { 2(0) =O,p /B/. 

Ecn~, OAHaKo, o6paT~TbC~ K ~YHK~HH pacnpeAeneH~~ ~acTH~ no 
CKOpOCT~M, TO MOmHO ~CKn~~HT~ noTep~HHWe ~aCTH~W lpHC.10, 
ece ~acT~~bl· c ( > 4, 31 ~ nepec~HTaTb 3Hepren1~ecKHi1 pa36poc An~ 
OCTaeweroc~ crycTKa. nocTpOeHHa~ TaKHM o6pa30M 3aB~CHMOCTb 
~3o6pa~eHa Ha pHc.9 nyHKTHpHoi1 nHH~ei1. HTaK, An~ ny~Ka c oT
n~~HbiM oT Hyn~ Ha4"anbHbtM 3HepreTH~ecKHM pa36pocoM I ( (Of~." 0, 1 I 
Ha CT3AH~ pa3BHTOH HeyCTOH4HBOCTH npOHCXOAHT 3aMeAneHHe TeMna 
pocTa 3HepreTH~ecKoro pa36poca e KOnb~e OAHOBpe·MeHHO c no,Tepei1 
HeKoTopoi1 ~acTH ~aCTH~ I -11% np~-1 [ 2(0) =0, 8 K MOMeHTY epeMeHH 

T=181. -2 
Aonoporoeoe eo36ymAeHHe BbiCWHX rapMOHHK e eapHaHTax ( (~ 

0,1.;. 0, 8 _yKa3btBaeT Ha He06XOAHMOCTb Bbi~CHeHH~, ~Bn~eTC~ nl-1 
ycnQBHe (2W)> 1 noporOBbiM C y~eTOM HenHHeHHWX B3ai-1MOAei1CTBHH. 
Pe3;nbTaTbl MOAenHpoeaHH~ noKaaanH, ~To ennoTb AO [~0) =10 npM 
pa3JiMl!HbiX Ha4anbHbiX ycnOBH~X npOHCXOAHT lxoT~ 1-1 3aMeAneHHOe 
BO epeM~HHI pa3BHTHe npOAOnbHOH HeyCTOH~MBOCTH, a Ha HenHHeHHOH 
CTaAHH AOCTHra~TC~ npM6nH3HTenbHO Te )l(e, 4TO H npl-1 z 2(0) $ 1 , 
3Ha4eHH~ B03My~eHHbiX BenM~MH. 

TaKMM o6pa30M, ~HcneHHOe MOAenHpoeaHHe paAHa4HOHHDi1 HeycToi1-
4HBOCTH nOK33btBaeT, ~TO Ha HenMHeHHOH CTaAHH npOHCXOAHT 33MeA
neHHe TeMna pocTa 3HepreTH~ecKoro pa36poca npH OAHOBpeMeHHOi1 
noTepe ~aCTH~ H3 KOnb4a.AcHMnTOTH4eCKMe 3H3~eHH~ 3HeprHH H rny-
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~~H~ MOAYnH~~~ OKa3~Ba~TCH npaKT~4€CK~ He3aB~CA~~M~ OT Ha4Bilb

HOrO COCTORH~fl ny4Ka /pacnpeA€Jl€H~A no CKOpOCTRM ~ as~MyTy/, 

sa ~cKn~4eH~eM cnyYaH MOH03HepreT~4ecKoro ny4Ka. no saaepweHH~ 

nepexoAH~X npo~eccoa cpeAHee 3Ha4eH~e rapMOH~K~ nnoTHOCT~ oKa

s~aaeTCR npaKT~4€CK~ He3aB~CR~~M OT ee HOMepa. HeycTOR4~BOCTb 

B036YMABeTCA TBKMe ~ np~ 3HB4€H~RX HB4BilbHOro 3HepreT~4eCKoro 

pas6poca a KOnb~e, 3HB4~TenbHO npea~wa~~~x noporoa~e a n~HeR

HoR Teop~~. 

nPHJlOlKEHHE I 

C~CTeMa ypaaHeH~R /1/ 4~cneHHO ~HTerp~poaanacb MeTOAOM 

PyHre-KyTTp 4~ro nopRAKa. B ysnax ceTK~, noKpbiBweA ~HTepaan 

/0,2 rr I, Bbl4~cnRnOCb 3neKTP~4eCKOe none c ~cnonb30BBH~eM 

6~cTporo npeo6pasoaaH~R ~ypbe. 3apRA 4BCT~~~ pacnpeAenRncR 

MeMAY ABYMR COCBAH~M~ ysnaM~ o6paTHO nponop~~OHanbHO paCCTOR

H~~ ,t:\o HJ.1X /MeTOA 11 C]ou·ds in cells"/. 3aTBM np0~3BOAJ.1Jl0Cb 

npAMoe npeo6pasoaaHMe ~lpbe, M HBRAeHH~e rapMoH~K~ nnoTHOCTH 

YMH!)man~Cb Ha ~MneABHC Z n,nwo ny4KB B CB060AHOM npOCTpBHCTB€. 

np~MeHeHHe 06paTHOro npeo6pa30BBHHA ~ypbe ABBano 3HB4eH~fl ae

n~4J.1H nonA B ysnax. 4~cno Y3I10B L HB CeTKB B~6~panOCb TBK~M 

o6pasoM, 4T06bl YAOBneTaop~Tb ycnoBHIO M << L << N. 0TMeT~M, 

4TO nepaoe J.13 3TJ.1X HepaBeHCTB 1103BOnAeT 06XOAJ.1TbCR 6ea crna

H!J.1BBH~R llOill'l. B TJ.111J.14HOM BBPHBHTe M=50' L =2048' N =15000. 

Pas6poc no cKopocTRM o6ecne4~sancR paccTaHOBKoR Ha paBHOM "pac

CTORH~~·· /B npOCTPBHCTBe CKOPOCTeR/ N ~=5 4BCT~~. C~na, AeRcT-

ByiO~Bfl HB 4BCTM~Y B AaHHOR T04K€ J.1HTepsana /0,2 rrj, B~4~CnR

naCb C nOMO~biO nHHe~HOR ~HTepnonR~J.1~ nonA J.13 6JlJ.1MBAWHX ysnos. 

HcnonbsoaaH~e ceToK c npMMeHeHHeM 6~cTporo npeo6pasosaHHH 

~ypbe 1103BOn~no yMeHbWJ.1Tb apeMH B~4J.1CI1eHJ.1fl AeRcTByiO~eR HB 

4BCTJ.1~Y C~n~ no cpaaHeHMIO C npAM~M ee HaXOMAeHHeM npHMepHO 

a 3 ·10-3 M ·N pas, 4To np1-1 npi-1BeAeHHbiX BbiWe xapai<TepHbiX 3Ha4e

HHHX napaMeTpOB ABeT B~Hrp~W BO BpeMeHH 6onee 4eM HB Tpl-1 llOpRA~ 

Ka. BpeMR HB OAHH war B PBC4BT€ HB OAHY 4BCTI-1~Y COCTBBnRilO 

2,8· 10-4 c Ha 3BM CDQ-6500 1-1 8,5·10-4 c Ha 3BM o3CM-6. War 

MHTerpHp08BH~f1 paBHRnCR .. f:lr =2, 5 · 1 Q-3 
' . 

AnR cpasHeH~fl pacYeTa Ha ceTKe c peweH~eM, nony4eHHbiM 8 pe-

synbTBTe HenocpeACT8eHHOrO J.1HTerpJ.1p08BHJ.1fl CJ.1CT€M~ /1/ MeTOAOM 

PyHre-KyTTB 4-ro nopRAKa, 6~na pe~eHa aaAaYa o pasaMTHM paAHa

~I-'IOHHOR HBYCTOA4M80CTM MOH03HepreTM4€CKOrO KOnb~a, KOrAB B 

MMileABHCe Z n,nwo OTnM4Hbl OT HynR nepBbl€ 10 rapMOHJ.1K /4~CJ10 

KpynHbiX 4BC"f.!.1~ N=1320, 4MCI10 ysno"B Ha ceTKe L=512, TaK YTO Ha 

a~cwy~ rapMoH~Ky npHXOA~TCR oKono 50 yanoa/. CpaaHeHI-'!e ABYX 

peweH!.1R, np!.1BeAeHHbiX Ha p1.1c. 1.1 , noKa3bleaeT xopowee J.<lx co8naAe-
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PHc. II . 3aBHCHMOCTb aMriJlHTYAbl ,o,eBRTOH rapMoHHKH nonH 

OT BpeMeHH. CITJIO!UHBH JllUUiJI - peruemte UOJlytJ:eHO Henocpep,

CTBeHHbiM HHTerpHposamteM CHCTeMhJ I I I MeTo,o,oM PyHre

KyTTa, IliTPHXOBBR - C UOMOmbW CBTKH. 

H!.1e. BMeCTe C T€M HBI1M4J.1e ~B30BOrO CA81-1ra, 8enM4!.1HB KOTOporo 

3B8MC!.1T KaK OT HOMepa rapMOH!.1KI-1, TaK J.1 OT 8~6paHHO~ CBTKH, 

MO)I{BT 11PJ.180A~Tb K cy~eCTBeHH~M OTn!.14!.1fiM MrHOBBHH~X 3HB4eHJ.1H 

8€I1M4~H, H€ M€Hflfl B CPBAHBM BpeMeHHOro J.1X n08BAeHHA. 

nPHJlOlKEHHE I I 

CornacHo peaynbTaTaM Jli-1HeRHoR TeopH~ npoAOilbHOR HeycTo~4!.1-

socT!.1 KOI1b~€80rO ny4KB 8 CB060AHOM npOCTpaHCT8e HHKpeMeHT 803-

paCTB€T c HOMepoM rapMOHHKH KBK n 2 ' 3 • PesynbTaTw 4HcneHHoro 

MOAenMpOBBHHfl TBKme roaopRT 06 onpeAeilRIO~eH pon1-1 BWCW!.1X rap

MOHHK 8 npo~ecce pa3BJ.1THR H€YCTOR4!.1BOCTH. BMeCTe C TeM !.13 OA

HOMepHOCTI-1 3BAB4H 8WTeKaeT orpBHJ.14€H!.1e Ha MBKC~MailbH~R HOMep 
r 

paccMaTpHaaeMbiX rapMOHHK 803My~eHHR nmax<<y aQ· TaK~M o6pasoM, 

nocneAo8aTeilbHOe !.13y4eH!.1e npoAOnbHO~ ycTOR4~180CTM Konb4eaoro 

ny4KB HYmHO npo80AI-1Tb B PBMKaX A8yMepHoro PBCCMOTpeHHR. C 

~eilb~ H3yYeHHR 8n!.1RHMR 4!.1cna yYHTweaeM~x rapMOH~K 6wno ~poae

AeHo HeCKOilbKO PBC4€TOD cnmax=1 0 M T€MJ.1 me HB4BI1bHbiM!.1 ycnOBHR

MH, 4TO 1-1 AilR nmax=50. 0CH08HWe 3BKOHOMBPHOCTJ.1 PB38!.1TJ.1R He

yCTOR4J.180CTM /pOCT 3HepreTJ.14eCKOro pas6poca B 11Y4Ke, 8peMeHHaA 

3BOJ110~!.1R cneKTPBJlbHOH llJlOTHOCTI-1 3HeprHM/ COXPBHfi~TCR. 8 TO me 
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PHc.l2. 3aBHCHMOCTb 3HeprHH rronH OT BpeMeHH /Z2 (0) =0/ 
rrpH pasniPIHOM •mcne y<rHTbJBaeMbiX rapHOHHK. CnnonmaH 
nHHHH -nmax=50, illTPHXOBaH-nmax=IQ. 

BpeMR ~Me~TCR HeKOTOpWe K0!1~4eCTBeHHWe OT!l~4~R. 3aH~meHHOA 
nO!ly4aeTCR CKOpOCTb pa3B~T~R HeycTOA4~BOCT~. Be!l~4~Ha 3Hepr~~ 

nonR B cny4aenmax =10 B HeCKO!lbKO pas npeswwaeT aHanor~4HOe 
3Ha4eH~e C Umax =50 /p~C. 12/. np~ np~6!1~3~Te!lbHO npaB~IlbHOM 

I cosnaAa~~eM/ 3H~4eH~~ [(r) Be!l~4~Ha '2(r) A!lR nmax=1 0 np~Mep
HO BABOe MeHbWe ' 2 (r) B C!ly4ae UmaJf50. CpaBHeHI'Ie. aMn!l~TYA 
OA~HaKoBwx rapMOH~K 3!1eKTPI-14ecKor6 nonR B o6o~x aap~aHTax no
Ka3biBaeT, 4TO Ha~60!lbW~e OT!l~4~e I'IMeeT MeCTO AilR HOMepOB rapMo
HI'IK c n -nmax =1 0. 

m1TEPATYPA 

1. 60H4-0CMO!l0BCK~A A.r.' nepe!lbWTeAH 3.A. H3B.BY30B. PaA~o-

c)>I-131'1Ka, 1970, T. 13, C. 1 080. 
2. Shchinov B.G. et. al. Plasma Phys., 1973, vol.15, p. 211. 
3. feTMaHOB 6.C., Maxa'HbKOB s.r. OH5JH, P9-9245, AY6Ha, 1975. 
4. 6enOWI'I~K~H n.ct>., nepe!lbWTeHH 3.A.' ~I'IHOB o.r. OH5JH, 9-81-

326, J.\y6Ha, 1981. 
5. CapaH~eB B.n.' nepe!lbWTeHH 3.A. KonneKT~BHOe ycKopeHI'!e 

MOHOB 3!1eKTpOHHWMM KO!lb~aMM. ATOMM3AaT , M., 1979. 
6. Fal tens A. et al. In: Proc. IX Int. Conf. on High Energy 

Accel. California, Stanford, 1974, p. 226; LBL-2488, 
Berkeley, 1974. 

14 

PyKonMcb nocTynMna B 1'13AaTe!lbCK~A OTAen 
5 MapTa 1982 roAa. 

I 
l 

I 

. t 

I 
II. 

l 
. ~ 

.... 

Ill ,2-9224 

A-9920 

A9-l 0500 

A2-10533 

A13-11182 

A17-11490 

A6-11574 

A3-11787 

A13-11807 

ll1,2-12036 

ll1,2-12450 

ll11-80-13 

A4-80-271 

A4-80-385 

AZ-81-543 

til 0. 11 -81-622 

HET nH OPOBEnOB B BAlliEM E~Bn~OTEKE? 
8bi MOJKeTe IIOJIY411Tb IIO IIO'lTe nepe'li!CJieHHble HIIJKe KHI!fll, 

eCJIII OHM He 6biJIII 3aKa3aHbl paHee. 

IV Meli<AYHapo.qHw<l ceM.,Hap no npo6neMaM <!li13HKH BWCOKHX. 
3HeprHH. /ly6Ha, 1975. 

Tpy.qbl Me*AYHapo.q~o>i KOH<!>eoe>H1"'" no W36paHHbiM aonpocaM 
CTpyKTYPbl R.qpa. /ly6Ha, 19]6. 

TPYA"' II CHMn03HyMa no KonneKTHBHbiM MeTo.qaM ycKopeHHA. 
lly6Ha, 1976. 

Tpy.qw X Me*AYHBPOAHOH wKonw MOnOAbiX y~eHbiX no $H3HKe 
BbiCOKHX 3Hepri1H. 5at<y, 1976. 

TPYAbl IX Meli<AYI<apo.qHoro CHMnos.,yMa no RACPHOii 3neKT
POHH><e •. BapHa, 1977. 

ToY/1"' Me*AYHBPOAHoro CHMnos.,yMa no ~o~s6oaHHbiM npo6ne
MaM CTBTHCTH~CCKOH MCXBH.,KH. /ly6Ha, 1977. 

C6opH"'K aHHOTa~I1H 'lN coee111aHHR no R.qepHOH cneKTpOc><o
nHH "' TBOPHH R.qpa. l\y6Ha, 1978. 

Tpy.qbl III Mem.qyHapo.qHOH WKOnbl no HeiiTpOHHOH <l>"'3HKe. 
AJ1ywTa, 1978. 

Tpy.qbl III Me*AYHapoAHoro coae111aHHR no nponop~HoHanb
HbiM H APCH¢QB~M KBHCpaH. f.ly6Ha, 1978. 

Tpy.qbl VI BcecoKJaHoro coBelllaHHR no ycKopHTBJlRM sapR
meHH~x 4BCTH~. f.ly6Ha, 1978 /2 TOMB/ 

TPYAbl V MemAYHapo.qHoro ceMHHapa no npo6neMaH <!>"'3"'""' 
DbiCOKHX 3Hepr><H. /.ly6Ha, 1978 

Tpy.qbl XII Me*AYHapo.qHOH WKOnbl MOnOAbiX y~eHbiX no <l>H3HKe 
DbiCOKHX 3Hepr><ii. np><MOpCKO, HP6, 1978. 

TPYAbl VII BcecOKJ3HOro coae!llaH"'R no ycKop.,TenRM sapR
)!(BHHbiX ~aCTH~, f.ly6Ha, 1980 /2 TOMB/ 

TPYA~ pa6~ero COBCUiaHHR no CHCTeMaM H MeTo.qaM 
aHanHT.,~eCK.HX ilbi~HcneHHi1 Ha 3BM H HX npi1MeHeHHIO 
D TCOPCTH~CCKOH $H311Ke, l\y6Ha, 1979 

TPYAbl MC*AYHapo.qHOH KOH<!>epeH~HH no npo6neMaM 
HCCt<OnbKHX Ten B R.qepHOH $H3HKe. /.ly6Ha, 19]9. 

TpyAbl Mem.qyHapo.qHOH WKOnbl no CTPYKType RApa. 
AJ1ywTa, 1980. 

TPYAbl VI MC*AYHapo.qHoro coee111aHHR no npo6neMaM KBaH
TOBOH TCOPHH nonA. AnywTa, 1981 

Tpy.qbl Me*AYHapo.qHoro coBe!llaHHn no npo6neMaM HaTeMaTH-
4CCKoro MO~enHpOBaHHR 8 RAepHO-~H3H4eCKHX HCCneAOBa

H><AX. l\y6Ha, .1980 

p. 60 K. 

p. 50 K. 

2 p, 50 K. 

3 p. 50 K. 

5 p. 00 K. 

6 p. 00 K, 

2 p. 50 K. 

p. 00 K. 

6 p. 00 K. 

7 p, 40 K. 

5 p. 00 K • 

p. 00 K. 

8 p, 00 K. 

3 p. 50 K. 

p. 00 K. 

5 p. 00 K. 

2 p. 50 K. 

2 p. 50 K. 

3aKR3bl na ynOMllllYTb!C KHHfH MO r'YT 6biTb HanpaBnCHbl UO RAP8CY: 
101000 MocKBa, rnaano4TaMT, n/H 79 

H3ARTenbCKHA OTAen 06beAHliCHHOr'O HHCTHTYTR HACPHNX HCCnCAOBRHHA 



TEMA'IWJECKHE KA TErOPHH fiYBJU1KAUHR 

OB'bE,ZU1HEHHOrO IDIGmTYTA H,UEPHWX 

HCCilE,l.\OBAHHR 

HHlleKc TeMaTHKa 

1. 3KcnepHMeHTanbHaR $H3HKa BWCOKHX 3HeprMH 

2. TeopeTH4ecKaA ~3HKa e~coKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTPOHHaA ~H3HKa 

4. TeopeTH4ecKaA $H3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. RAepHaR cneKTpocKonHR H paAHOXHMHR 

7. ~3HKa TA~en~X HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. AaTOMaTH3a~HA o6pa6oTKH 3KcnepHMeHTanbH~X 

AaHH~x 

11. B~4HGnHTenbHaA MaTeMaTHKa H TeXHHKa 

12. XHMHA 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR TBep~x Ten H ~HAKOCTeH 

AAePHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaA $H3HKa AAePH~X peaKUHH 
npH HH3KHX 3HeprHAX 

16. AoaHMeTPHA H ¢M3HKa 3a~Tw 

17. TeopHA KOHAeHCHpOBaHHOrO COCTOAHHA 

18. Hcnonb30BaHHe pe3ynbTaTOB H MeTOAOB 
~YHAaMeHTanbHWX ~3H4eCKHX HCCneAOBaHHH 
B CMe*HWX o6naCTAX HayKH H TeXHHKH 

19. 6H~H3HKa 

.I 

I 

II . \ .,. 

E-<~ 
i 

. 
I ~ 

Berromnn;KHH n.~ .• TiepenbrnTeHH 3.A., m«HoB E.r. P9-82-175 
MoAenupoBaHue paAuau;uoHHOH HeycTOH'iHBOCTH B perrHTHBHCTCKHX 
3neKTpOHHbiX KOnbn;ax 

C IlOMO~biO 'iHcneHHOrO MOAenHpOBaHHH H3y'ieHO pa3BHTHe paAua
IJ;HOHHOH HeyCTOH'iHBOCTH B penHTHBHCTCKOM 3neKTpOHHOM KOnhn;e. 
MeTOA HCCneAODaHHH HeyCTOH'iHBOCTH OCHOBaH Ha 'iHcneHHOM HHTerpu
POB&HHH ypaDHeHHti ,IJ;DIDKeHHH KPYI1HblX qacTHIJ;, MO,IJ;enupyJOillHX 3neKT
pOHHOe KOnhiJ;O. llpocnei!CeHa\ 3DOnJOIJ;HH paCilpe,o;eneHHH qaCTHIJ; IlO 
CKOpOCTHM. lloKa3aHo, qTO Ha HeiTHHeHHOH CTa,IJ;HH HeyCTOHqHBOCTH 
IJpoucxo,IJ;HT 3aMe,o;neHHe ·TeMila pocTa 3HepreTu~ecKoro pa36poca IlpH 
O,IJ;HOBpeMeHHOH IlOTepe qacTHIJ; H3 KOnhiJ;a. H3yqeHO H3MeHeHHe paciJpe 
,IJ;eiTeHHH 3HeprHH DOnH IlO rapMOHHKaM B npon;ecce pa3BHTHH HeyCTOH
quBOCTH, BblHCHeH DOilpOC 06 aCHMIITOTH'ieCKOM ClleKTpe 3HeprHHr.. 
06HapYi!CeHO D030yiK,IJ;eHHe HeYCTOH'iHDOCTH IlpH 3Hat.;:eHHHX HaqanbHOrO 
3HepreTuqecKoro pa36poca B' KOnh:u;e, cy~ecTBeHHO npeDb~aromnx 

noporoBoe B nuHeHHOH Teopuu. 
Pa6oTa BbinOnHeHa B OT,o;ene HODbiX MeTO,IJ;OB ycKopeHHH OIDIH. 

npenpHHT 06~eAHHeHHOro HHCTHTyTa RAePH~X HCCfieAOBaHHH; ayoHa 1982 

Bcloshitsky P.F., Perelstein E.A., Shchinov B.G. P9-82-175 
Computational Study of Radiation Instability in Relativistic 
Electron Rings 

~e development of radiation instability in relativistic 
electron ring is investigated by numerical inteeration of 
equations of motion of macroparticles modeling this electron 
ring beam. The evolution of distribution function during this 
process is shown. The rate of increasing energy spread of the 
ring in nonlinear regime is decreased simultaneously with 
losing part of the particles from the ring. The asymptotic 
distribution of field energy over harmonics is studied. The 
development of instability of the ring 'beam with the initial 
value of spread much greater than threshold value is revealed. 

The investigation has been performed at the Department of 
the New Acceleration Methods, JINR. 
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