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AsMmeHVIe crycTKa aapRmeHH~x 4aCTVIU c nepeMeHH~M 3neKTPM4eCKVIM 
TOKOM s6nVI3M HeogHopogHOCTVI HanpasnR~~ero KaHana conposomgaeTcR 
VI3MeHeHVIeM 3neKTPOMarHMTHOi1 3HeprVIVI / 11MaCCbl 11 / cryCTKa VI noTepRMVI 
3HeprMVI Ha nepexogHoe M3ny4eHVIe. HaMeHeHMe KV1HeTVI4ecKoi1 3HeprVIM 
crycTKa c onpeAenReTcR ypasHeHVIeM 
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- 1 -+ \2 ... 2 r,Qe W=-r(Ec, +(He)] VI 

8rr Sz- cpegHVIe /no BpeMeHVI/ 3Ha4eHVIR BenVI-

4VIH~ nnOTHOCTVI 3ReprVIVI 3neKTpOMarHVITHOrO nonR CryCTKa VI Z-KoMno
HeHT~ BeKTOpa noi1HTVIHra nOnR nepeXO,QHOrO M3ny4eHVIR, COOTBeTCT
BeHHO; a- nosepXHOCTb, orpaHV14VIBaro~aR 06beM V , no KOTOPOMy 
B~4VICnReTCR VIHTerpan, npegcTaBnRro~VIi1 3Ha4eHVIe 3HeprVIVI CryCTKa. 

AnR onpegeneHMR Ec, He /HanpRmeHHOCTei1 3neKTpoMarHMTHoro 
nOnR cryCTKa B BOnHOBOAe/ VI nOTOKa 3HeprVIVI nepeXOAHOrO M3ny4eHVIR 
B CVICTeMe peWVIM cneAy~~yro Kpaesyro 3aga4y 3neKTPOAVIH8MMKM. nyCTb 
cryCTOK 4aCTVIU ABVImeTCR CO CKOpOCTbro~C npRMOnVIHei1HO BAOnb OCVI 

Z CVICTeMbl, COCTOR~ei1 Vl3 nony6eCKOHe4HOrO Kpyrnoro BOnHOBOAa pa
AVIYCa d* , KOaKCVIanbHO pacnonomeHHoro BHYTPVI 6eCKOHe4HOi1 Tpy6~ 
Kpyrnoro ce4eHMR c paAVIYCOM a(a>d)s o6nacTM z >0. 

npeAnonomVIM, 4TO B npouecce ABVImeHVIR COXpaHRroTCR $OpMa, pa3-
Mepbl VI 4VIcno 4acn1u B crycTKe. Bo36ymAeHHoe 3neKTpoMarHVITHOe 
none B CVIny OCesoi1 CVIMMeTpMM CVICTeMbl cryCTOK - BOnHOBOA OnVICbiBa
eTCR eAVIHCTBeHHOi1 KOMnOHeHTOi1 BeKTOpHoro noTeHUVIana(A¢) .KpaeBaR 
3aAa4a B UMnMHAPvr4ecKoi1 o6nacTvr (O.<r <a, 0 < ¢ < 2rr, -oo <z<oo) pewaeTCR 
gnR sonHosoro ypasHeHVIR 
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1 .JLcr~)--':..1....+ P. +k 2 'A¢=o ar ar r2 az2 /2/ 

npvr KynoHoscKoi1 KanV16posKe noTeHuVIana divl =0 c rpaHV14H~MVI yc
nosvrRMM: 

A¢= A¢,+ 'A¢= 0 npM r= a, -oo<z<oo, r=d, O<z<,.,, /2a/ 

*PaC4eT~ npOBOARTCR B UVInVIHAPVI4eCKOi1 CVICTeMe KOOPAVIHaT lr,¢,z! 
OCb BOnHOBOAHOi1 CVICTeM~ COBMe~eHa C OCbro Z . 
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All v rAe . ¢ - seKTOPHb:>1 
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noTeHLII-1an nonA nepeXOAHOro l-13ny4eHI-1!'1, 1-1 c yc-
nos1-1eM Me~KCHepa 1 Ha pe6pe: 

f %r (rA¢) - O(z-Y,) np1-1 Z-+ 0, r =d. 1261 

Pewey1~e AaHHO~ Kpaeso~ 3aAa41-1 cy~ecTsyeT H FIB~!'IeTcA eAI-1HCTBeH-
HbtM • -+ -+ 

1. KoMnoHeHT~ Ec, Hcs~41-1Cnl-1M, pewa!'l Kpaesy~ 3aAa4y 121 c 
rpaHI-1'-IHbtM ycnos1-1eM 
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K cny1.1atO w = - k - vn , z s > z . 3AeCb Is , w = kc , b 5 , z s - cVIna, 
I.JaCTOTa VI KOOPAI-1HaTbl TOKa cryCTKa, o( X) - genbTa-<t>yHKLIVIFI .lJ,1-1paKa, 
W < W Kp - KpVITI-1'-IeCKaJ'I I.JaCTOTa BOnHOBOAa pagVIyCa r = a , C - CKO
pOCTb cseTa, J 1 ( vn a) = 0 , N 1 ( x)- <I>YHKLIVIA He~MaHa nepsoro no
PFIAKa, J1(x)- <I>YHK~l-1!'1 5eccenR nepsoro nopAAKa, wTpVIX o3Ha4aeT 
A1-1<l><!>epeH41-1POBaHVIe <I>YHKLIVIVI 6eccenR no apryMeHTy. 

Hcnonb3YA npeo6pasosaHI-1R flopeHLia gn!'l 1.1acTOT~ VI sonHosoro seK
Topa, a TaK>Ke Bbtpa>KeHVIR gnA HanpA>KeHHOCTe~ 3neKTpV14eCKOrO VI Mar
Hl-1THOrO none~. AnA nnoTHOCTI-1 3Hepr~VI 3neKTPOMarHVITHoro nonA 
crycTKa B Cl-1CTeMe KOOPAVIHaT BOnHOBOAa nony1.11-1M: 
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AHanorl-1'-IHO Ha~geM Bbtpa>KeHI-1e AnA E_. Benl-141-1Hbt k 1-1 W
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B3ATbt s CVI
CTeMe KOOPAI-1HaT, B KOTOpO~ cryCTOK nOKOVITCR. 

2 . .LJ,n.A Bbt4VIcneHVIA noToKa 3HeprVII-1 nepeXOAHOro l-13ny4eHVIR Heo6xo
A1-1Mo pewl-1Tb 3aAa4y o AVI<!>paKLII-11-1 nonA crycTKa Ha KOHLie nony6ecKo
He4Horo sonHOBOAa. AnR 3Toro, c noMO~btO Kpaeso~ saAa'-11-1 /2/ -
- 1261, l-1CnOnb3Y.A rpaHI-1'-IHOe ycnOBI-1e 
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1-1 <t>opMyny 141, nonyi.JHM HHTerpanbHOe ypasHeH!-1e Ha nonyoc1-1 s Bl-1Ae 
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KOTO~Oe .ABn.AeTCR HeKOppeKTHO nOCTasneHHO~ 3aAa4e~ no m.AAaMa
py/2 • Amt HaxmKAeHI-1R peweHI-1A 17 I Hcnonb3YeM MeTOA peryn.Apl-13alll-11-1 
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A.H.T~xoHoaa { 21. 8 Ka4eCTBe anrop~TMa nocTpoeH~A np~6n~meHHoro 
peweH~R ~cnonbayeM cTaT~cT~4ecKyro perynRp~aa~~ro 2/ ¢YHK~~~ pe-, 
weH~R, Ha~AeHHbiX c noMOil.\bro npeo6paaosaH~R ¢ypbe. PerynRp~3oaaH
Hoe peweH~e /7/ onpeAenReTCR c noMOil.\bro aHcaM6nR rnaAK~x ¢YHK~~~. 
¢ypbe-KOMnOHeHTbl KOTOpbiX ~MeroT HOpManbHble pacnpeAeneH~fl C pas
HbiM Hynro MaTeMaT~4eCK~M om~AaH~eM ~ C A~Cnepc~e~, paBHO~ 

<I F
8
{W)I 2 > .. ~1 ¢;= M-I t,U 2 (t~., W

8
). 

3Aecb ¢2=a 2 w-2exp{-w 2a-2!, a- napaMeTp perynRp~aa~~~. M- o6-
Ulee 4~Cno ¢YHK~~~, BXOAflll.\~X B CTaT~CT~4eCK~~ aHCaM6nb /M .. 2Mo+l! 
'S=-M0 ,-M0 +1, ... ,M 0 /. 8 Ka4ecTse ~cKOMoro peweH~R /np~ M->oo/ 
Bbl6epeM MaTeMaT~4eCKOe om~AaH~e peWeH~fl /7/ no CTaT~CT~4eCKOMY 
aHCaM6nro, np~ 3TOM CpeAHeKBaApaT~4eCKOe OTKnOHeH~e OT MaTeMaT~qe
CKOro om~AaH~R ecTb ow~6Ka peweH~R. 

PerynRp~3osaHHOe peweH~e ~MeeT B~A= 
00 

1 f d i wz .F(z,a)=-=. we F(w,a), 
J'21T 

!8! 

rAe 

ID(w)l"2 t,U 2(a,w) ·C (w) 
F(w,a) = -±....,_--,--

11 D(w)l 2t,U 2(a ,w) + [ 1'1C+(w)] 2 !D(w) 
~ L 2 (-oo ,oo). 

'Ow~6Ka perynRp~3oaaHHoro peweH~R 1'1 F onpeAenReTcR ¢opMyno~: 

¢.2 ly, 
t.F .. t.c+ ·t"-l dw [I ocw)l2 .p2cw.a)+Ct.<)2J /9/ 

rAe D(w)- ¢ypbe-KoMnoHeHTa <!>YHK~~~ I ¢n eiwn( z- ZJ) 
n 

¢ypbe-KoMnoHeHTa s~pameH~R 
, C+(w)-

1 oo iwnz 
- ( 1 + sign z ) • I C n e 
2 n,.J 

f\nR Bbi4~CneH~fl HanpRmeHHOCT~, nnOTHOCTe~ TOKa, 3Hepr~~, noTOKOB 
3Hepr~~ 3neKTpoMarH~THoro nonR s 3TO~ aaAa4e paapa6fBTaHo MaTeMa
T~4ecKoe o6ecne4eH~e AnR ·4~cneHHbiX pac4eTos Ha 38M 31 Ha ocHose 
MeTOAOB 'perynRp~3a4~~ ~ 8~Hepa-Xo.n¢a-¢oKa /I/, CpasHeH~e peaynb
TaTos 4~cneHHoro MOAen~poaaH~R c noMOil.\b~ 38M, nony4eHH~x Ha oc
Hose 3T~X MeTOAOB, n~eACTaBnReT CaMOCTORTenbH~~ ~HTepec ~ B Ha
CTORI!.\e~ pa6oTe He o6cymAaeTCfl. YKa~eM TOnbKO, 4TO B npeAenax 
ow~6K~ 4~cneHH~x pac4eToa pe3ynbTaT~ MeToAa perynRp~3a~~~ , 
cosnaAaroT c AaHH~M~, nony4eHH~M~ c noMOil.\bro MeTOAa 8~Hepa-Xon¢a

¢oKa. 
'3. Hchonb3YR s~pameH~R AnR HanpRmeHHOCT~~ none~ crycT~a ~ 

nepeXO~Horo ~3ny4eH~fl, B~4~Cn~M sen~4~H~ W ~ Sz . noACTaB~B 

4 

~, 

\J 

) 

BblpameH~R AnR W ~ S z s ypasHeH~e /1 I, 4~cneHHO npo~HTerp~pyeM 
ero np~ cneAYroll.\~X 3Ha4eH~RX napaMeT'pos c~cTeMbl crycToK-sonHoBOA: 

• a .. 8,0 ; d .. 1.0 ; b s.. 0,1 ; k ,. 0,01 ; Z s'" 5,0 

14 /a caHT~MeTpax/; 1 < y ::;, 50 , Is ,. 1 a , N -10 '/ N - 4~cno 4aCT~~ B 
B cryCTKe/. 0THOC~TenbHafl norpeWHOCTb Bbi4~CneH~R nOAbiHTerpanb
H~X B~pameH~~, xapaKTep~ayeMaR OCTaT04HO~ CYMMO~ 3KCnOHeH~~anbHO 

CXOARI!.\~XCR PRAOB B /4/, He npeBbiWa~T 1 Q-6 , PeweH~e ypaBHeH~R 
/1/ Ha~AeHO AnR ABYX cny4aes: 

a/ {3>0., E(Q) .. c0 -constnP~ t .. o, 
6/ {3<0, d0)=£0 -constnp~ t-0. 

PeaynbTaT~ pac4eTOB noKaaaH~ Ha p~cyHKe, rAe np~BeAeHa aas~c~
MOCTb np~pall.\eH~R /~n~ y6biBaH~R np~ {3 < 0 I K~HeT~4ecKo~ 3Hepr~~ 
cryCTKa /a OTHOC~TenbH~X eA~H~~ax/ OT CKOpOCT~ ero AB~meH~R; 
L'l£+"'x.:: 5 M3B, tlc~ax.:: 15 M38, (11Ymax40). 
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tt~-:E:-~z 
o,s po 

I<:: . =- ---!: -- •• 

-0,.1' 
f<O 

·1 ... --------

HaMeHeH~e K~HeT~4ecKq~ 3Hepr~~ 

crycTKa Bbi4~CnReTCR aa npoMemyTOK 
speMeH~, npes~warolll~~ speMR ¢opM~
posaH~R nonR nepeXOAHoro ~any4e~ 
H~R, T.e. Ho paCCTORH~l'IX OT KOH~a 

nony6ecKoHe4Horo sonHOBOAa, npe
s~waroll.\~X An~HY ¢opM~posaH~fl nonR 
~any4aeM~X sonH /4( KaK noKaaan 

w 
pac4eT, np~ {3 If> 1 ~ np~ penRT~-

B~CTCK~X CKOPOCTRX AB~meH~fl 
CryCTKa ( y >> 1),3neKTpOMarH~THafl 
"Macca" ero a o6nacT~ z <0 6onb
we, 4eM B o6nacT~ z < 0 ~ onpeAe
nReT!=R CYMMO~ "Mace" nap~~anbHbiX 
rapMOH~K; oHa soapacTaeT c ysen~-
4eH~eM CKOPOCT~ cryCTKa ~ Ce4eH~fl 
sonHOBOAa. 8 4aCTHOCT~, 3To cnpa
BeAn~so AnR crycTKOB c nocTORHH~
Mbl3aPRAaM~ ~ TOKaM~ (k .. Q).4~c-
neHHOe ~ccneAOBaH~e 3aB~C~MOCT~ 
¢YHK~~~ f d a • ·g z OT CKOpOCT~ AB~
meH~fl cr/cTKa noKaaano, 4TO noTe-

P~ 3Hepr~~ Ha nepeXOAHOe ~3ny4eH~e yMeHbwaroTCR c pocToM y ~ 

- d -
I f ctcr sz~ < I - f ct v. w 1 • 

a dt v 

TaK~M o6paaoM, np~ nepeMell.\eH~~ crycTKa ~3 o6nacT~ z.<O a o6nacTb 
z > 0 ,KaK B~AHO ~3 ypasHeH~R /1 I, ~36biTOK 3neKTPOMarH~THO~ 11Macc;>l'' 

crycTKa 
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l'.fdv·W .. -{fdv·WI - fdv.wJ l >0 
V V z>O V z.<O 

CBfl3aH C yeeJH14eHII1eM K111HeTII14eCKOi1_3Heprll1111 cryCTKa, npll14eM Jlii1Wb 
He3Ha4111TeJlbHafl 4aCT!> ee ( 0,11 f d v. WI ) pacxoAyercR Ha 1113JlY4eHII1e. 

v . 
np111 o6paTHOM AB111ll<eHII1111 ({3 <0) 3Heprll1fl 111HAYLIII1POBaHHOrO nOJlfl Tpa-
TII1TCfl Ha yeeJ11114eHII1e C06CTBeHHOi:1 3JleKTpOMarHII1THOi:1 3Heprll1111 crycT
Ka 111 Ha nepeXOAHOe 1113Jly4eHII1e. 

Heo6XOAII1MO OTMeTII1Tb, 4TO eCJ1111 YCKOPfl~~ee none C03AaeTCfl He 
C nOMO~b~ BHeWHII1X none!>~, a B pe3yJlbTaTe B3aii1MOAei>ICTBII1fl cryCTKa 
C HeOAHOPOAHOCTb~ CII1CTeMbl, KaK B AaHHOH 3aAa4e, TO 111MeeT MeCTO 
<!Ja30Bafl <!JOKYCII1pOBKa, 111 YCKOpfl~~afl CII1Jla ~BJlfleTCfl KOrepeHJ,"j-10~. 

B pa6ore/5/ AaH aHa111113 3<!><!JeKTII1BHOCTII1 noAo6Horo cnoco6a <t>a3oeoi>l 
$OKYCII1POBKII1 B CII1CTeMaX C 60JlbWOi:1 Hanpr~meHHOCTb~ BbiCOKOllaCTOTHO
ro nonr~. 
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HET ~H nPOBE~08 8 8AWEA BHB~HOTEKE? 

81>1 MOJKeTe fiOJfY'IMTb no fiO'ITe nepe'IHCJieHHble HHJKe KHHrH, 

ecJIH OHM He 6biJIH 3aKa3aHbl paHee. 
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3aKa3bl Ha ynOMliHYTbiB KHHrH MOrYT i5b!Tb HanpaBJIBHbl no a,npecy: 
101000 MocKsa, rnasno'ITaMT, n/H 79 

!13.[laTBJibCKHH OT):IBJI 015'be):IHHBHHOrO HHCTHTYTa ll,!lBPHbiX HCCJIB):IOBaHHii 



'IEMA'IWIECKHE KATErOPHH 0YBJJHKAUHA 
OB'bE,llHHEHHOrO MHC'11fTYTA Sl,llEPHYX 

MCCJIE,llOBAHHA 

MHJleKc TeM8TD8 

1, 3KcnepMMeHTanbHaR ~SMKa BWCOKMX 3HeprM~ 

2. TeopeTM~CKaR ~3MKa BWCOKMX 3HeprM~ 

3. 3KCnepMMeHTanbHaR He~TpoHHaR ~SMKa 

4. TeopeTM~cKaR ~3MKa HMSKMX 3HeprM~ 

5. MaTeMaTMKa 

6, ~AepHaR cneKTpoCKOnMR M paAMOXMMMR 

7, ~SMKa TR*enwX MOHOB 

8. KPMoreHMKa 

9. YcKOPMTenM 

10 . AaTOMaTMsa~MR o6pa6oTKM 3KcnepMMe~TanbHWX 
AaHHWX 

11. Bw~cnMTenbHaR MaTeMaTMKa M TexHMKa 

12. XMMMR 

13. TexHMKa ~SM~cKoro 3KcnepMMeHTa 

14. HccneAOBaHMR TBePAWX Ten M *MAKOCTe~ 
RAepHWMM MeTOAaMM 

15. 3KcnepMMeHTanbHaR ~SMKa RAePHWX pea~M~ 
npM HMSKMX 3HeprMRX 

16, AoSMMeTPMR M ~SMKa Sa~TW 

17. TeopMR KOHAeHCMpoBaHHOrO COCTORHMR 

18. HcnonbsoaaHMe ~esynbTaToa M MeTOAOB 
.YHAaMeHTanbHWX ~3M~eCKMX MCcneAOBaHM~ 
B CMe*HWX o6naCTRX HayKM M TeXHMKM 

19. 6M~M3MKa 

.... 
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IMAKOB E.n., Ypa3aK08 3.H., Waa~Ka A.6. 
Pac~eT aaTOYCKOpeHHR KOnb~eaorO cryCTKa ~aCTH~ C TOKOM 
8 nony6eCKOHe~HOH KOaKCHanbHOHCHCTeMe 

P9-82-785 

PaCC~HTaHW aBTOYCKOPR~aR CHna, AeHCTB~aR Ha KOnb~eBOH cryCTOK C OC~Mn
nHpy~HM TOKOM, H H3MeHeHHe KHHeTH~eCKOH 3HeprHH npH nponeTe HM ce~eHMR 
CO~neHeHHR Kpyrnoro BOnHOBOAa C KOaKCHanbHOH nHHHeH. npeACKa3waaeTCR 3Ha~H
TenbHWH npHpoCT 3HeprHH ABH*eHHR B cny~ae, ecnH yMeHbWeHHe 3neKTpoMarHHTHOH 
Maccw crycTKa c 6onbWMM ~McnOM ~acTH~ ( N > 10 11) npeaocxoAHT noTepM 3HeprMM 
Ha M3ny~eHMe. npHpOCT nPOAOnbHOro MMnynbca cryCTKa BW~HCneH nyTeM peWeHMR 
HHTerpanbHOrO/f~BHeHMR ~peArOnbMa 1-ro poAa MeTOAOM perynRpH3a~MM 
A.H.THxoHoaa • 

Pa6oTa awnonHeHa B na6opaTOPHM BW~MCnHTenbHOH TeXHMKH H aBTOMaTM3a~MM 
OH1111. 

tooa.eHMe ~HeHHOrO MHCTMTYTa RAePHWX MCCneA088HMH, AY6Ha 1982 

Zhldkov E.P., Urazakov E.l . , Shvachka A.B. P9-82-785 
Computation of the Autoacceleratlon Force Acting 
on the Ring Bunch of Particles with a Current Hoving 
along the Semllnflnlte Coaxial System 

The autoacceleratlng force acting on the ring bunch of particles with 
oscillating current and the change of Its kinetic energy as a result of 
passing through the section of the cylindrical waveguide with coaxial line 
are calculated. The considerable growth of the kinetic energy of bunch Is 
predicted, If the decrease of the electromagnetlc energy of bunch with large 
number of particles (N > 1011) Is greater than ·losses of energy as a result 
of radiation. As a result of solution the Integral Fredholm equation of the 
first kind by Tlkhonov·s regularization method the growth of longitudinal 
impulse of bunch Is calculated. 

The Investigation has been perfonmed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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