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S u m m a r y 

A numerical solution is given for 
a problem about the excitation of a closed 
inhomogeneous structure by a dense moving 
electron bunch. The corresponding group of 
the Maxwell equations is solved by the 
finite-difference method. The method is 
simple and economical when realizing on 
computer as compared to the known methods 
that use the Fourier-series expansion. The 
main difficulty is to overcome the instabi­
lity phenomena. 

A rather stable method of counting has 
been found in the process of numerical expe­
riments, carried out on the basis of theore­
tical results. 

Pac~eT SH6KTpOU8rHBTHYX nonel, BOS6y~aeuax ~BHK6HH6U DHOTHYX 

cryCTKOB HXB nyqKOB SH6KTPOHOB B H60AHOpO~HHX CTpyKTypax,npe~CTaBXS-

6T 6on~mo~ BHTepec ~XH KOXX6KTBBHYX UeTO~OB ycxopeHHS/I/. YCKOpHSC~, 
penaTHBKCTCKKl cryCTOK TpaTHT qacT~ CBOel aHeprHH Ha Baayqeaae CTO­

pOHBKX aapa~oB, Boa6y~aeuoe ero aneKTpaqecKHU noxeu npa npoxere ua­

uo npoc!paHcTBeHHYX ueo~uopo~aocTel. B~o aHaT~ pacnpe~eneHae noxa 

B~O~ DO!OK8 SJI8K!pOBOB H YU6!~ O~SHHB8T~ DOTepa 8H6prHH Ha aanyqe­
HHe/I/. 

Haae o6cy~aerca pacqer Boa6y~eHHH Heo~uopo~Hol crpyKrypw, 

OCHOBaHHHl H8 M6TO~HK6 1 OTXBqaOH OT HCDOH~30B8HHOl paaee (cu •• aanpH­

uep/2-4/). CoorBeTCTByJODtaH rpynna ypaHHeHHl llaxcBexaa c paapbiBHHM 

npOCTpaHCTB8HHHM pacnpe~6JI6HH6M nXOTHOCTH !OK8 (KOUnaKTHHl cryCTOK 

axeKTpoHoB B BH~e ropa npauoyroa~Horo ceqeHHH) pewaerca Henocpe~cT­

BeHHO U6TO~OU KOHeqsax paaHOCTel/S - B/663 K8KHX-XH6o 8H8XHTH~6CKHX 
paaxoaeHHl. naHauaKa nonHol KapTH noxa (~9000 Toqex B ceqeHHH CTPYK­

TYPH H 600 maroB no BpeueHH) C~T86TCa Ba cnC-6200 sa 2 qaca 40 YH­

HyT. STo Bpeua coaauepHMo c Bpeueaeu, KoTopoe npa acnoa~aoBaHHH "u&­
To~a BHpTyaJI~HbiX lj)OTOHOB 11• pacXo~yeTCa Ha o(5cqeT 5-6 TOqeK. 

0CHOBHH6 Tpy~HOCTH CBHSaHH C yCTpaH6HH6U H86JIJ0~86UHX npH cqeTe 

HBJI6HBl HeyCTOl~BOCTH. YCTOl~BHl M6TO~ cqeTa 6HJI H~6H B npo~ecce 
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qzcneHHUX SKCnepHU6H!OB, llOCTaBHeHHHX Ha OCHOBS nonyqeHHHX B TeOpHH 

peaynLTaToB. ITop~oK zanoaeHHH TaKoB. Cnaqana ~aeTcH uaTeuaTzqecxaa 

nOCTaHOBKa 3~aqa. nanee npHBO~HTCfl pacqeTHHe ~OpUyXHo 3aTeU o6cya­

~aDTCH BOnpOCH yCTQ~qeBOCTHo 

Ceqeaze paccua!pHBaeuo~ Heo~Hopo~Ho~ CTPYKTYPH c nepexo~HHU 

yqacTKOU npe~CTSBH6HO Ha pHCyHKe HH&e: 
~· 

_GO--

~Si 
st 

/ / / / / /1/ 

'/ 

I/ I 

I 

51~ I 
5.5 v 

I 

0 ~ 

qepea 

30HTaRLHH6 
~ 1,, !> 2. 0003HaqeHH COOTB6TCTB6HHO BepTHKaRLHr.le H ropH­

yqaCTKH rpaHHUH ~ o6naCTH 2 : ~ =- ~ ~ U 3 ~ 
1 

6' 

ceqeaze crycTKa aJieKTPOHOB. B o6xaCTI! .SL. pemaeTca cxe~yD~aa Kpae­
BaH a8,llaqa: 

p~~-~~ 
) '0 lY - ~ '0 't-W" ( ) I er- ~ 'Q"t-- 't "t.lr,J~ 

: our=_ -ou.. + '0\T 
' o t or '0""' 
"-

(I) 

(..(, ( '!. 1 ii! J 0) :: (,t 0 ( "1-1 ~) ) lT ( "'t. 1 i! _, 0) :: 170 ( "(..) j!) ) w ( "t. 
1 
t/ 0) :. 0 

IL I = '0 ~ l = '0 w- I = ~ I :: 0 't-It-/ = '0 7-1¢" I = 0 . 
H '02 H o ~ H H. o "(.. .32. o"'~- 5.2. 

4 

3~6CL \..l.= E"',., ~: E.t.; w-=H'f, 1: c.t _, o~z~tl<:_.. 

{ '""t! ("tli!) c 6 

t("t.~Z~r)= ~·~? 
) / 

( "(, 1 ~) C S'2. '\ 0, 
) 

CrycTOK axeKTPOHOB (~eHTP €> ) ~BH&e!cH no aaKoay: 

r(J)= w;[:~.- B+ 1o J "-(!)= 1-(o)/ r~ o. 

B - nocTOHHHaH, napaueTp ycKopeHHRi ~o - aaqanLaoe nonoaeaze crycT­

xa. HaqanLHHe aaaqeaHH nona onpe~enHDTCH Ha pemeHHH noTeauHanLHO~ 

sxexTpocTaTaqecxo~ a~aqe: 

-a~ <P o .. cf? "~- .L ~~- f( ) ~I= o __, -- + '0 i!... '1. 0 't,. - 't,.,J i! .) 'C 't .. 
~ 

f ('t-1 i!) = { 'i-ftf / 
(::t,i!) c 6' ,J 

0 ) ( "t.,ii!.) c ~ ..... 6" / (2) 

lt 0 ('1-,e)::- tl tlo("t-l'i!)=- 0~ 
';1"1- ) or 

~.t./ = 'Oti. I = ll. I = 
H '0~ 3! 5z. 

o"t.u.. / = o 
'0"(, 

.32. 

PemeHHe (I) y~OBneTBOpHeT aHepreTHqecKOUy COOTHOID6HHD: 

i(ff cu.~+ (j .... ~~1.J:t,ct2 I - ffCtL> ll."') -c,J;vctt) = 
Q i 5t 

l (3) 

=- fH <ttr,__<hvt~oti. 
oQ 

~e:syD qaCTL \}) OOoauaqzu qepea IA. npaByD- qepea I~. IToTepH 3Hep­

rHH Ha HanyqeHMe npH npOXOZ~eHHH UHUO npOCTpaHCTB6HHO~ H60~HOpO~HOC-

TH o~eHHBaDTCR cpasaeHHeu aHalleHM~ I.,_ ~nH 5'2 H yaxoro ~XHHHoro 

npauoyroJILHHKa. 
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B lfJopuynax Blolllle t,=;'ta-1..., <4= N, J.~= !h.-+1.. '1:. , 'l'l' 7.t -
-<'t.~ ~ 4'lt•l.. :t"t.-1...' 

paCCTOHHHe OT OCH 2 COOTB8TCTB8HHO AO HH&ael, cpe~ael B B8pXH81 

CT8HOK Q • }lBCKpeTHJfit 8.HaJIOr COO!HOII8HU (3) 11188! BB~: 

h.l .£ 
Q: 

,..t. ,.t ,.t 0 t ol\ t I< 
( \( .... ~ ... ~.j - lt:j- v;,. 'tt = -tl.: ..C..L. 

~ 'll Q 0 ~ "•! s:t 

I :::I-+R 1·-n.t t=IV-7: 
A 1'\. I - " L . 

-

n-"' .. 
J', .. IJ'.. . .. . -+ R. 

•J 'd •• ' 

Iopowee cornacoBaaHe 1A 

BHXLHOC!B qucneaaoro peweaaa. 

JiaC!H SL : no .i!. ,l{JJHH8 Ji 
'faKOa OCiJISCTH npB h. =0 .56, 

H I.., CiWIO OCHOBHHII KpH!epH811 npa­

ITpe~B8pB!8JJLHO c~e! npoBo~Hnca aa o6-

paBaa O){HOI ~ueptll ,l{DHH J2. • Ha 

~ =0.28 CiHXH nonyqeHH yCTOiqBBHe 318-

qeHBH \A. 1 It 1 \h • SaeprerneCKOe COO!HOW8HBe BHDOJJHHJJOCL ~OC!a­
TO~O xopomo npH Cionee uenxou t : npz -r =0.004375 I,.., •0.9476•108, 

In =0.1576•10
9

• 0,l{H8KO npH nepeXO,l{8 K 5t nORBIJJBC& CHJJbHHe OC~JJ­
Jlft~H H t"' 20 •l" • 'b!CJJ8HHHe 8KCnepBII8B!H noK88HBaJI1

1 
q!o H6o6XO~B­

UO yueaima!& marz cerKB. ITpH yuea&meHBH maroB ce!KI B ~Ba paaa Bpe­

lllft cqe'fa Boapocno B 8 pas, oc~JJJift!U!H ocna6JJIII, ao IA 1 I... npo,l{on­

aanB paaHH!&ca B 10 pas. ITpa aTou aeyctoiQBBO cqztaerca npaBHI HH-

rerpan, aaBHCHIIIHI OT aaaqeHHI "" sa uanol ~BHKYlllelca DJIOJIIS,J{Ke G" • 

\7 HS,l{ miOIIIS,l{Kol ueaae! aaSK, 1 ~na xoppexnoro cqeu I.. sa <t 

H806XO,l{BIIO BII8!L 116JIKYD C8!Ky. Jl8XLBelmee JII8HLW8HH8 W&rOB C6TKH DO 

Bcel oeiJJaC!H BHB8JIO CiH SS,l{aqy sa PSIIKH pean&HHX BOSUOXHOC!el SBU 

C}lC-6200. TaK B03HHKJI8 H8o6XO,l{BIIOCT& COS~aHBH JJOKSJJbHOI U6JJKOI ,l{BB­

KYIIl81Cft C8TKB B OKpeCTHOCTB () • ITapalle!pH C8!KB CiHJJB BHCipaau B npo­

~ecce qzcneHHHX axcnepzuearoB aa uo~ex&aol aS,l{aqe, o KOTopol pe~ 

nOI,l{eT HIKe. B non&sy BOSIIOKHOCTH BB6,1{8HBH JJOKSJJbBOI 118JJKOI C6!KI 

10 

rOBOpH4H QHC48HHH8 3KCnepHII8HTH 1 noKa3UBaBWH8 1 QTO BCe HeyCTOIQHBHe 

ftB48HIIft Ha6R~aDYCft B 118401 OKpeCTHOCTH ~ • nanee QHCX8HHH8 3KCne­

pHU8HTH flOKa3YBa4H 1 QTO BCe H8YCTORQHBH8 ftBX8HHH B03HHKa~T nocxe TO­

ro, xax ~ non~aer B •yaxy~" qacr& 52 • Hoxan&aaa uexxaa cerxa 

.Q: C ~=0.056:b: noKpl:iBaer OKpeCTHOCTL (j 1 OrpaHHQ8HHY~ CBepxy 
5 - .... 

H CHX3y rpaaH~e~ .Q. ; no i!. Jl Deer WHpHHY l8•h. • Y3XH UeXKOR 

C8TKH noxyqanrca npOCTHU ~8R8HH811 aqeeK KpynaoR CeTKH. B IIOMeHT no~­

KRII'Q8HIIft lleJIKOR C8TKH H8,l(OCTaDI!IHe 3HaQeHHH U. 
1 

\T 
1 
~ B yaxax 

Jl~ nORYQaDTCft ~RH8IHOI HHTepnOAB~HeR no Y3Rall KpynHOR CeTKH. llpH 
-* nepexo~e or l: l'l.·"t. x l = ("-+ 4}'t a~ Jl.,; cqHraerca nan cxoea 

*~ ~* c 't = T . IIpH arou cxeBa H cnpaBa paauepH .. H... yuea&manrca pOBHO 

Ha ~ C K~OI CTOpOHHo ECXH sa paCCMaTpHBaeUHR HHTepBax BpeMeHH 

~earp G' nepemen H3 o~aoR aqeiKH KpynHOI cerKH B )(pyryD, uexxaa 

CeTKa C~BHraeTCH Ha 1,_ BnpaBO B HanpaBReHHH OCH C. OTHOCHTeX&HO 

ee pacnonozeuu aa nnocxocrH B uouear 1. = 11,. 't • He~ocraDIIIHe ~Ba 

p~a cnpasa noxyqanrca AHHeiHoR HHrepnoxa~HeR no yaxau KpynaoR cer­

n. Ecn n B paccuarpHaaeuwR HHTepsan "t" ~earp 6' nepeMelllanca 

BHYTPH KaKOR-ro HQ8RKH KpynHOI C8TKH 1 He nepeceKaR ee rpaHH~, TO 

RHH8IHOI BHTepDORH~Hel ~OnOXHB~TCB He~OCTa~I!IHe nesoe H npaBOe -. 
"KpHJI&a" ~ • Bae~eaHe uenxol cerKH cylllecrseaao ycxoEHHXO crpyK-

rypy nporpauuH, speus cqera ysexHQHXOC& B 4 paaa. Ho aa raxou nyru 

y~anoc& noxyquu xopomee corxacoBaaHe TA H In 

MeJIKaH CeTKa CO~epxHT 4632 TOQKH 1 !00 H3 KOTOpHX npHXO~HTCH 

ua ~ • Menxaa cerKa ~BHzerca c nxolll~Kol rax, qro pacnoxozeHHe b 
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OTHOCHTeX»HO U6HKOI C6TKH He U6HH6TCH. llocne BB6~6HBH U6AKOI C6TKH 

:apeua C'leTa y:aenaqanoc» :a 4 paaa. Ecnz 6~ cqer :aenca c maraua ~ , 

-,::• Ha :ace lit ~ , :apeua cqera y:ae:aH'D!JIOC» 6li :a 125 paa. Jlna ocao:a­

HOI ~HaH'lecKolit uo~enu (B=35) aaeprerHqecKoe cooraomeaBe nocne no~­

Kn~qeaHa U6JIKOI U6TKH CTQJIO BlillOJlHHT»CH C ~BYMH 3HQKaMH: npH 1=£, 

J 11 = 0.126•109, In= 0.125•109• 

Taaeu o6paaou, O!HOCHT6JlbHO cqeTa c pa:aaouepaolit ceTKOlit peayn»­

TaT ynyqmznca aa 3 nopH~Ka. Cpa:aaeaBe saaqeaBI I~ ~nH ~ z ysKo­

ro ~JlHHHoro npauoyron»HHKa (2,8x66) noKas~aeT/10/, ~o :a paccua­

TpB:aaeuol uo~ene npH s~aHHHX napauerpax ~BHseaza crycTKa norepa 

SHeprHH Ha BSJIY'l6HBe npB npOXOSA6HHH H60~HOpO~HOCTH H6B6JIHKH. 

llepexo~BU K o6Cy~6HBD M0~6JI»HiiX S~aq, C nOUO~D KOTOpliX 61iJI 

Ha~~eH ycrol'lHBiil uero~ cqeTa. llpes~e :acero c nouo~D o6HtJHoro uero­

~a ~yp»e/7/ 6~na ycraao:aneaa ycToAqa:aocT» s~aqa Komm ~na annpoKcH­

ua~B no cxeue ~aaca c nepecqeTou no KpecTy CHCT6Uii: 

"l.l <;)-..9 <)l =-<)i 

')..,. -
<)£. - ~"' W" -+-'d '1. '1,. 

~~ 

~1 
= -<:li.L_. ~ 

~~ 'h. 

·p·O -0<> <. "t.,~ .. 00 

B~o llOJiy'leHO YCJlOB!ole Ha OTHOW6HH6 waro:a C6TKH d.,;: f ~ 1. • 0CHOBH1i6 

pacqer~ npo:ao~HJlHCL c ~=1/2. ITpH cqeTe c ~ =1 aa6nm~anac» aeycrol­
'llllBOCT». 

Jlanee eccne~o:aanac» ycTolqa:aocr» uo~en»Hol Kpae:aol s~a'lH. Pac­

cuarplll:aanac» paaaocraaa annpoKCHua~HH Kpae:aol s~aqa: 

12 

{ 

~I.L 'JU. 
~=~ 

U.l )(, 0) = 1 (l() 

O~X~i, i~o 

\.t.(A,i-)::=.0. 

06nacu D ~ x ~.! , i :,.O noKp~aeTCH npauoyrOJI»HOI C6TKOH C wara-

UH t , k • Bo BHyTpeHHHX ysnax mcnon»ayeTCH annpoKCBY~HH no cxeue 

~aaca c nepectJeTou no HBHouy KpecTy. Ha npa:aolit rpaHH~e Hcnon»ayeTcH .. ... 
s~aaaoe rpaaBtJHoe ycJio:aee U..N =-- U....,_ 1 , Ha ne:ao£! rpaae~e ecnom:.-

ayerca H6HBHaR annpOKCHU~HR IA,t.: I.A.x no TaKOYy Ha6opy TO'l6K : • : : 

~+!. ( ~\ ... \ ... ... 
IA..1 = ~-j{l-al.);lts.+ oL(!l....!.,U...l- 1(4-ol,)~ ) r = ~ < i "" t - . 

~To61i HCCJ16~0BaT» YCTOlit'lHBOCT» Kpae:aol a~a'lH, CTpOHM Kpa6Biie 
uarpH~/II-12/: 

1.. 1. J. 1. 

K (•> = col c~"- -!J cl. ..,.3.-<t;>- ?> J -~ 
1 !l + - +~ c: 

K~cl:>= ~c~+~D, 

~l. 1 ~- Co6CTB6HH~e 3HQ'l6HHH peaOJI»B6HTHOJit MaTpH~o 

llpu l~l~i K1;o, K~O. Tor~a cornacao ocao:aHol Teopeue/12/ yc­

TOitJH:a~ ne:aaR m npa:aaH nony6ecKoHetJH~e Kpae:aHe a~atJB. Y'lBTiiBaR pe­

syJJDTaT~/131, nonyqaeu ycToltJH:aocT» Kpae:aol a~aqa c ~:ayuR rpaaMuaua. 

HaKoHe~, paccuaTpM:aanac» TaKaR uo~eJI»HaH a~aqa: 
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uU. = olk + 'f(x,.t) 
ot rox / 

t;;.. 0) 0 ~X~ X 

u.(X_,t) = 0,) u. (.x)o) = o 

t(x_.. t) = 
{ 

i, 

o .. 

.)(o ... t "')( s x .... t + 6' 

0 .. X:£ X.+ t " x. + t .p 6' < )( s X. 

3~ech X = 66 (i'\lli4Ha Q. no i. ), G": 0,56 (c-ropoua .JtBlll:&yll!elca nno­

~8AKH B HCXO,JtHOI 38A8'16). nxa paccuatpHBa6MOI UO,Jt6JlhHOI aa,Jta'IM MOX6~ 

ClbiT:b Bbllli!Cai!.O B llBHOII :Bi!,ll;8 pemeHH8 14 B 11SHepreTI4'18CKOU11 COO!HOID6Hil!i. 

uoryT ohiTI> TOttlW coc'IHTaHH 1., H I., . llpH C'leTe no cxewe .HaKca c 

nep6C'I6TOII no HBHOIIY KpecTy C ~ 1 paBHHII KpynHOIIY mary OCHOBHOro 

c'!eTa, I~~. • I. cornacymca nJioxo: TaK.,nPH t =36,54 l,.=3,5, 

1 .. :o:4 1 6. flpl4 yueHhUJ6HHH marOB B 5 paa 3HepreTH'I8CK08 COOTHOI!i6Hitl6 

ynoBJI6TBOpH6TCfl C xopowel TOIIHOCThD. Tax 6hiJIH :BHOpaHH marl ueJIKoi 

C6TKI4 B OCHOBHOII C'I6T6. 

TaKHII OOpaaou, 116TO,Jt KOH6'!HiiX paaHOCTel llOBBOJIHJI pe.Hfb Ba:&HyD 

14H:&eHepao-wHai4'16CKYD aa,Jta'ly/I4/. Meto,ll; y,Jto6es 14 aKOHOIIH'IeH B peanl4-

aaq~~~H Ha 9BM no CpaBH6HHD C H3:B8C!HblliH 118TO.JtaliH 1 BCUOllhBYD~IIH ~yphe­

paaJI0:&6HI4fl. 

14 j 

l 

.HKTEPATYPA 

I. K.H.KBSBOB K ~p. S~ I, BHn.2., I97I, 393-440. 

a. B.M.Bo~O!OBCKHI, r.B.BocKpeceHCKHI. Y~H. 88, 209 (I966). 

3. B.M.BOXO!OBCKHa, r.B.BocKpeceHCKHI. Y~H. 94, 377 (I968). 

4. B.raluep. "baatoBaa teopllfl maxy'leHHII", KJI, I956. 

5. C.K.ro~yHoB, B.C.PaoenKHI. "PaaHOCTHHe cxeuH", "HayKa", 111.,1973. 

6. A.A.CaMapcKMH, A.B.rynHH. "Yctoi'IHBocTh paauocTHiiX cxeu", "HayKa", 
M., I973. 

7. K.C.BepeaiH, H.IT.IB,JtKo:s. "MeTO.Jtbl Bbi'IMCJieHHLl'', II, ~M, IL, I962. 

8. H.C .Bax:saxo:s. "'llcneHHiie ueTO.JtH", "HayKa", I973. 

9. H.C.Bax:saxo:s, B.C.BoH,JtapeuKo, E.II.IH.JtKOB, C.H.Cep,JtJJKoBa. "Ilpo­

rpaMuBpoBaHHe • 'IBcneaaue Me~o~~ peweHIH ~HBH'IeCKHX sa,Jtall", OKHH, 
ni0-7707, ny6Ha, I974. 

IO. B.JI.rHHaOypr. 1~H 1 98, Bun.3, 509 (I969). 

II. C.K.Cep.JtJJKOBa, nAH CCCP, T.200, ~I, 39 (I97I). 

I2. ~.K.Cep,JtllKOBa. nAH CCCP, ~.208, ~I, 52 (I973). 

I3. C.H.Cep~mKo:sa. "06 ycTo"'IH:socTH paaHOCTHux KpaeBHX aa,Jta'l c HaKJIOH­

HWIH XapaKTeplriCTI4K811H IIOCTOHHHOrO SHaKa11
1 (IBM H M~) 

1 
Oltilill, 

P5-7592, ny6Ha, (I973). 

I4. H.C.EaxBanoB, B.C.BoH,JtapeHKo, E.IT.l14.JtKOB, C.B.Py6HH, C.H.Cep,Jl;IDKo­

Ba. "IlpK•eHeHHe 116TQ~a CeTOK K paC'IeTy none" BOSOy~eHHH H60,ll;HO­

pO,JtHOI ~~eanhHo npo:so~H~el CTPYKTYPbl ~BI4KY~Irluca crycTKOII aneK-rpo­
ao:s", OHHH, P9-8643, ny6Ha, I975. 

PyKOIIMCb nocryn~r~na B Hs~arenbCK!rl~ or~en 
I6 HJJHH 1975 ro,l\a. 

15 

! I ' -. .......... ________ __ 


