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B3aHMOA~i1cTBHe crycTKa c OAHH04HbiM HMnynbcoM ycKopRIO~ero no
nR, ABHmy~HMCFI B OAHOM HanpasneHHH CO cryCTKOM, OTBneKaFtCb OT 
Kpaes~x ycnoBHi1 H npeAenbHO cxeMaTH3HPYR 3aAa4y, MOmHo HccneAo
BaTb, paccMaTpHBaFt nHHei:\HyiO BOnHOBYIO ~enb - AnHHHYIO nHHHIO 6e3 
noTepb, 3aMeHFt~YIO peanbHYIO 3aMeAnRIO~YIO CHCTeMy. 

CBOi1CTBa pacnpOCTpaHFIIO~HXCFI B nHHHH HMnynbCOB TOKa H HanpFt
meHHR, B036ymAeHH~X 3aAaHH~M ABHmeHHeM 3apFtmeHHOro cryCTKa, 
paccMoTpeH~ s pa6oTe n1-1pca Ill*. M~, s AOnonHeHHe K ero nocTa
HOBKe 3aAa4H, npeAnonomHM, 4TO B MOMeHT t = 0 Ha ~eKOTOPOM 
Y4aCTKe nHHHH B03HHKaeT HMnynbC CTOpOHHero nonR, B KOTOpOe no
naAaeT crycToK. B pe3ynbTaTe B3aHMOAei1cTBHFt H3MeHFteTcR ero cKo
pocTb. AnR 3aM~KaHHFt 3aAa4H, KaK o6~4Ho, A06aBHM ypasHeHHe 
ABHmeHHFI crycTKa. 

nycTb nHHei:\HaFt nnOTHOCTb 3apRAa cryCTKa 3aAaHa B BHAe $yHK~HH 

q = q(z- x(t)), /1/ 

rAe x(t) - KOOPAHHaTa ero ~eHTpa Mace, v 
3aPRAa nony4HM s~pameHHe: 

x (t) ** .QnR nonHoro 

Q 

T 

( q(z-x(t))dz. 

--Jl 

PHc. I 

l 

/2/ 

CHCTeM~ C BKnl04eHH~MH B nHHHIO 
HAeanbH~MH 3a3opaMH, 6nH3KO pac
nonomeHH~MH K caMoi:i nHHHH. 
MemAY 3THMH 3a3opaMH MOmeT ABH
raTbCFI cryCTOK, TaK, 4TO CHno
B~e nHHHH OT 4aCTei:\ 3aPFtAa 6YAYT 

OKaH4HBaTbCFI Ha y4aCTKe nHHHH, 
noKanH30BaHHOM B ero OKpeCTHOC
TH. 

EiyAeM C4HTaTb, 4TO U cooT
seTcTByeT HanpRmeHHIO 3neKTpo
MarHHTHoi1 BOnH~ B nHHHH. 3apFtA 

*CM. TaKme ll.opHnniOeH, M.napoAH 121, §88. 

**.QnR ynpo~eHHFt 3aAa4H paccMaTpHsaeM cna6o penRTHBHCTCKHi:i 
cny4ai1; f3 = v/c, y =(1-{32)-112 -1. 
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cryCTKa, AB~my~erOCR BAOnb 3aMeAnR~~eH C~CTeM~, HaBOA~T TOK~, 

KOTOp~e AOfiaBnR~TCR K TOKaM, COOTBeTCTBy~~~M 11CTOpOHHei1 BOnHe11
• 

TorAa nony4~TCR c~cTeMa ypasHeH~H /eM. e~e 131 , cTp. 212, 
a TaKme np~nomeH~e 1/: 

au=_fl.!_, 
az at 

2L = -c1!!.. 
az at /3/ 

KpoMe Toro, ~3 3aKoHa coxpaHeH~R 3aPRAa ~MeeM: 

/3'/ 

Ecn1-1 npeACTaB~Tb ce6e, 4TO Ha HeKoTopoM y4aCTKe ni-IHI-11-1 c Hei1 
11 CI..IenneH 11 nepeMeHHbiH no BpeMeH~ CTOpOHH11H 11HAYKI..II-10HHbiH noTOK 
¢(z, t), TO 3TOMY 6yAeT COOTBeTCTBOBaTb 3KB11BaneHTHaR CXeMa 
C BKn~4eHHbiM nocneAOBaTenbHO B ni-1HI1~ 11CT04H~KOM 3.A.C• C pacnpe
AeneHHOH nnoTHOCTb~ ~(z, t) 11 OKOH4aTenbHO CI1CTeMa npi1HI1MaeT B~A= 

au a1 - ~ - f- + & (z t) az '. at . • 
a I 
az 

au a 
-C- + -q(z- x(t)) at at /4/ 

Beni141-1Hbl f, C 6yAeM C411TaTb nocTORHHbiMI1. np1-1 cna6oM penRT~BI-13-
Me npOAOnbHaR COCTaBnR~~aR 3neKTpl14eCKOrO nonR* 

au 
az /5/ 

11 3aMbiKaiO~ee CI1CTeMy ypaBHeHI1e 6yAeT /np11 411Cne 4aCTI-11..1 B cryCTKe 
N I I-1MeTb BI-1A 

m 0N~ = f E q(z- x(t)) dz "" - f q(z- x(t)) au(z, t) dz. /6/ 
dt z -oo az 

AnR KOHKpeTHOCTI-1 pacnpeAeneHI1e 3apRAa Aanee npi1H11MaeTCR s BI-1Ae 

2 

q(z-x(t)) -p e-a[z-x(t)l2 
- 0 

* CM., Hanpi1Mep, /41. 

171 

rAe a - "napaMeTp <t>opMbl 11
• KoHcTaHTa Po onpeAenReTCR ~3 ycnoe~R 

/2/ ~ pasHa p
0 

= eNy' ~ • 
• 2 

1-13 /4/ ~ /6/ nerKo BbiBeCTI-1 /y4~TbiBaR e~e, 4TO M_A_(..!..._) 
dt 2 

aq 
= - fU-dz I 3HepreT~4eCKoe cooTHoweHI-1e 

at 

• 2 t2 
M~l w w + 2 - 1 2 t1 

t2 00 

( dt ( &Idz, 
t1 -oo 

w 

3Hepr~R, 3aK~4eHHaR s none. 
np~HI-1Ma~TCR cneAY~I-1e Ha4anbHble ycnOBI1R: 

/8/ 

/9/ 

1/ nnOTHOCTb CTOPOHHeH 3.A.C. B OCHOBHOM pacnpeAeneHa Ha y4aCTKe 

-
h 1 < z < _h 1 •• II II •• Aei1cTsyeT s Te4eHI-1e KOHe4Horo npoMemyTKa speMe-
2 - - 2 

H~ 0 ::; t ~ T. KoHKpeTHO np1-1MeM: 

- .!!_ z2 
&(z,t) =f

0
[a(t) -a(t-T)}e 2 -1/2 

h = h 1 

rAe a(~) - eA~H~4HaR <!>YHK1..11-1R, fo - KOHCTaHTa. 

/10/ 

2/ AO MOMeHTa t = 0 /KOrAa BKni04HnOCb CTOpOHHee none/ l..leHTp 
cryCTKa ABHraeTCR C noCTORHHOH CKOpOCTbiO v0 . Ha4anbHble pacnpe
AeneHI-1R seni-14HH U, I MOmHO HaXOAI-1Tb Tenepb 1-13 peWeHI-1H CHCTeMbl 
/4/ npH & = 0 H 3aAaHHOM 3aKOHe ABI-1meHI-1R cryCTKa X(t) = V O t. 
nocne 1-1CKnl04eHI-1R nepeMeHHOH I 1-13 /4/ nony4HTCR ypasHeHI-1e 

/11/ 

/12/ 

0603Ha4HM au I 
at t-= o 

1/1 (z) • U(t, z) I = ¢(z) 
t= 0 

/13/ 

H npaey10 4aCTb ypasHeHHR /11/- 4epe3 f(t, z), 
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1141 

PeweHHe ypaaHeHH~ 1111, YAOBneTaop~~~ee Ha4anbH~M ycnoBH~M 1131, 
KaK H3BeCTHO, 3anHC~BaeTC~ B BHAe 

U(t, z) = ~ [¢(z + Kt) + ¢(z- Kt)] + 

1 Z + Kt t 
+ 2K r t/l(~)d~- !3... r dt' 

z-Kt 2 0 

z+K(t-t') 
I f ( t ', z ') dz' , 

z-K(t-t') 

' 1151 

au= 2._( a¢(z +Kt) + a¢(z -Kt)) + .;_K [tjl(z +Kt) -tjl(z-Kt)) _ 
az 2 az az ,:,K 

t 
K ( dt'( f(t', Z + K(t- t')) - f(t', Z- K(t- t'))] 
2 0 

1161 

EcnH CryCTOK OTCYTCTByeT, TO npH HyneB~X Ha4anbH~X ycnOBH~X 1131 
An~ Ez - cocTaen~~~~~eA "eonHbl cTopOHHero non~" - nony41-1TC~ H3 

1111 H 1161 

u < t < '1' 

\

,:,t: 

fo 

2 h 2 
- -[ z-K(t-T)) 

e 2 + 

1171 

npH t > T. 

117 I cooTBeTCTayeT ABYM pacXOA~IJIHMC~ e npoTHBonono>KHbiX Hanpaane

HH~x CO CKOpOCTb~ K HMnynbCaM. 

B COOTBeTCTBHH C 161, 171 H nHHeAHOCTb~ 3aBHCHMOCTH peWeHH~ 
1151 OT npaaoA 4aCTH ypaaHeHH~ 1111 An~ CYMMapHoA c~nbl, AeAcT
By~~eA Ha crycToK, nony4aeTc~ a~pa>KeHHe 

1181 

auc06· -a[z-x(t)]
2 

• e dz , 
az 

5 c<> t z+K(t-t') 2 
uco ·= ..!i± r dt' r _a_q[z'- x(t')]dz'. 

2 0 z-K(t-t') at'2 
1191 

B I 191 He y4HTbiBaeTc~ none, ao36Y>KAeHHoe B nHHHH paaHoMepHo 
ABHraBWHMC~ AO MOMeHTa BKn~4eHH~ CTOPOHHeA BOnH~ cryCTKOM. 

EcnH a eenHKO lnpH a_. "" HMeeM T04e4HbiA crycToKI, Bb14Hcn~~ 
HHTerpan e Bblpa>KeHHH An~ F ~rop. MeTOAOM Jlannaca, orpaHH4HBWHC b 

rnaBH~M 4neHOM, HaXOAHM * 

28 2 _ 8 2 _ 8 2 npH 0::; t 'S.. T, 

{ 

- ~x(t)2 - E(x(t) -Kt)2 - .!!(x(t) + Kt) 2 

Qf 
FCTOJl =-~ 120/ 

Z 2 - ~[ x(t)-K(t-T) ) 2 - ~[ X(t)+K(t-T) )2 - -~x(t)-Kt)2 - ~(X(t)+Kt)2 
8 +8 -8 -8 

npH t > T. 
8bi4HCneHHe MeTOAOM Jlannaca BTOporo 4neHa B 1181 C y4eTOM Bblpa
>KeHH~ 1191 OKa3~BaeTC~ AenoM 3Ha4HTenbHO 6onee cnO>KH~M, T.K. 
napaMeTp a BXOAHT H B 1191. nocne nOACTaHOBKH B /191 B~pa>KeHH~ 
An~ q H COOTBeTCTBY~~HX AH$$epeH~HpOBaHHA An~ F~6 · 6yAeM HMeTb 

Q2~a2 oc t . 2 •. Fco6. 
z 

~~- [ ( ( dt'dzi-X(t') + X(t')[ Z- X(t') + K(t-t')] + 
TT -oc O 1221 

2a 
·( ')2 [ ( ') ( ')]2l -aHz-x(t)] 2 +[z-x(t')+K(t-t')]~ 

+ xt z-xt +Kt-t 8 -

*T04HOe B~pa>KeHHe: 

-ax2(1- ala1) -(ax2+h~t212) [ p!la1 p~/a1] 
2e - e 8 +8 , 

O<t<T, 

t > T . 

1211 
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t 
- ( ( dt'dz I-X(t')2 + X(t')[ Z- X(t')- K(t- t')) + 

-oo 0 
/22/ 

• 2 ( ')]2! -al[z-x(t)]
2
+ [z-x(t') -K(t-t')]

2
l) 

+ 2a x(t ') [ z - x (t ') - K t- t e . 

neps~~ H3 ABO~H~X HHTerpanos B /22/ npH B~6ope Ha4anbHOrO ycno
BHR v(Q) > 0 CTa~HOHapHO~ T04KH He HMeeT /CKOpOCTH ABH~eHHR 
cryCTKa H COOTBeTCTBY~~e~ 4aCTH B036Y~AeHHO~ BOnH~ npOTHBOno
nO~Hbl/, no3TOMY B AanbHe~WeM 3TOT 4neH MO~HO B006~e OT6pOCHTb. 

CTa~HOHapHO~ T04KO~ BTOporo HHTerpana RBnReTCR t' = t, 
z = x(t) , - npH ycnOBHH, 4TO x(t) -1 K. B cny4ae x(t) = K , 4TO 

COOTBeTCTByeT pe30HaHCHOMY B036Y~AeHH~, CTa~HOHapHaR T04Ka 
cTaHOBHTCR KpHTH4ecKo~. B HeKpHTH4eCKOM cny4ae nocneAOBaTenbHOe 
Bbi4HCneHHe 4neHOB aCHMnTOTH4eCKOrO paano~eHHR npHBOAHT K cne
AY~~e~ rpaAa~HH. lnaBHbl~ 4neH paano~eHHR /c y4eToM MHO~HTenR 

a 2 nepeA CK06Ko~ B /22//, HMe~H~ nOPRAOK -a, TO~AeCTBeHHO Hc-
4e3aeT. CneAY~~H~ 4neH, nopRAKa a 112 H, cneAoBaTenbHO, pac
XOAR~H~CR npH a-+ oo, T. e. npH nepeXOAe K T04e4HOMY cryCTKY *, 
oKa3biBaeTCR nponop~HoHanbHblM x /c He o6pa~a~~HMCR s Hynb cno~HbiM 
Ko3¢¢H~HeHTOM/. AonycTHM, 4TO 3TOT 4neH npH nOACTaHOBKe s ypas
HeHHe ABH~eHHR MO~HO BKn~4HTb B MaCey CryCTKa, AenaR TaKHM o6-
pa30M 11 nepeHOpML1POBKY MaCCbl 11

• TorAa OCHOBHbiM 4neHOM B CHne 
CaMOAe~CTBHR F~6 • OCTaeTCR 4neH, He 3aBHC~~H~-OT a, a Aa~ee Cne
.4YIU I 4Jit=Hbl L U I ~.H14d I t=JibHbiMIII L I t=nt=Hl'lMIII a. YIMIII Uyl-jt=M npt=Ht=UIJt=l d I b. 

3TOT rnaBH~~ 4neH CHn~ CaMOAe~CTBHR OKa3~BaeTCR nponop~HOHanb
HbiM 'x'(t). TaKHM o6pa30M nony4aeTCR HeKOTOpoe Ka4eCTBeHHOe COOT

BeTCTBHe CO cny4aeM YCKOpeHHOrO ABH~eHHR 3apRAa B CB060AHOM 
npocTpaHcTse. 

B~nonHHB B /22/ HHTerpHposaHHe no Z*~ npHBeAeM /22/ K SHAY 

Fco6. 
z 

Q2 K 2 ~a3/2 t • 2 • 2 , , 2 
( dt'l-x(t') +aX(t') [x(t)- X(t )-K(t- t)] + 

2y 217 0 /23/ 

- !![x(t)-x(t')- K(t-t')] 2, 
+ x(t')[x(t) - x(t')- K(t- t')]le 2 

*KoHe4HO, 3TH paCCY~AeHHR MO~HO B KaKo~-TO Mepe paccMaTpH
BaTb TOnbKO C Ka4eCTBeHHO~ CTOpOH~. 

** ~aK y~e CKa3aHO, nepB~M ABO~H~M HHTerpanOM B /22/, He HMe~
~HM CTa~HOHapHO~ T04KH, npeHe6peraeM. 

6 

.. 

nocne PRAa npeo6paaosaHH~, HHTerpHposaHHR no 4acTRM c y4eToM 
TOrO, 4TO npOHHTerpHpOBaHH~M 4neHOM THna 

- F [ x (t) - Kt- x(O) ] 2 

[ x(t) - Kt- x(O)] e 

MO~HO acHMnTOTH4eCKH npeHe6pe4b *, 

t/J(t, t') =-; [x(t) - Kt- x(t') + Kt')
2 

nony4HM s~pa~eHHe 

/24/ 

/25/ 

- CHMMeTpH4HaR ¢YHK~HR t H t'. 3To 06CTOJ'ITenbCTBO OKa3~BaeTCR 
YA06Ho ~cnonbaosaTb npH peweHHH ypasHeHHR /6/ MeTOAOM HTepa4H~. 
3anHC~BaR /6/ B HHTerpanbHO~ ¢opMe, HMeeM (M ~ m0 N): 

2 3c.l 3 1 2 t t" t CTOp. 
x(t) =x(o) _ Q K ~· £ fdt" r S(t",t')dt'l +J.. r F <t')dt'. 

2M y 2rr o o M o z 

rAe S(t", ~J,,., - CHMMeTpL14HaR ¢YHK~HR, CTOR~aR nOA HHTerpanOM B 
/24/, a l''z- ·r· {t) onpeAenReTCR COOTHOWeHHeM /Z 1/. B CHny CHMMeTpHH 

¢YHK4HH S ABO~HO~ HHTerpan B /26/ MO~HO 3anHCaTb B CHMMeTpH4-

HOM BHAe: 
t t 

..L r r s<t ", t ') dt "dt • 
2 0 0 

Heo6XOA11MO 3aMeTHT b, 4TO t ', t" BXOART B /26/ KaK B RBHO~ ¢0pMe, 
TaK H B HeRBHO~ - 4epe3 ¢yHK41110 X(t), nonaraR X(t) = Y, T .e. 

t 
X(t) = XO + ( y(~!it. 

0 

nony4HM, 4TO 

t" 

t/J(t", t') = - .!!..[x + r y(~!it- xo 
2 0 0 

t, 2 

- ~ £ r £ y (0 - Kl d~. 
2 , 

t 

t' 
r y(~lit- K(t"-t')J

2 

0 /27/ 

* X(t) - X O- Kt - paCCTORHHe, Ha KOTOpOe K MOMeHTY t paaow-
nHCb 4eHTP~ cryCTKa H CTOpOHHe~ BOnH~. 
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06o3Ha41>1a Y = y- K 

HOMY a1-1Ay: 
1>1 Y41>1T~aaH /21/, np1-1aeAeM /26/ K OKOH4aTenb-

Y(t) =x(O) -K-
Q2K3f>a3/2 / / S[( t;' Y(.;)de-)2]dt'dt" + 

,-- , 
2My'2" o o t 

/28/ 

1 t CTOp t' 
+- r F ·ct', x 0 +Kt'+ r v<0d.f)dt', 

M o z o 

YA06HOMY AnH npoaeAeHI>1H 1>1Tepa~l>1~. 
O~eHI>1M Tenepb 3Heprl>1~, 3anaceHHY~ a 1>1Mnynbce cTopoHHero nonH. 

npl-1 OTCYTCTal-11>1 cryCTKa 1>13 /4/ AnH TOKa a ni>1H1>11>1 a cny1.1ae ~YHK~I-11>1 
ao36Y~AeH1>1H, 3aAaHHO~ COOTHOWeHI>1eM /10/, nony41>1M 

r-

I CTOp. (z, t) 
v' 21T f O K • C fh 'h 
---''----:{4>(v'..!::-(z +Kt)) -4>(y'-(z -Kt)) 

2h 1/2 2 2 

-4>(4(Z+K(t-T))) +4>(j~(Z-K(t-T)))I, t>T, 
/29/ 

rAe 4>(x) - ~YHK~I>1H nannaca /1>1HTerpan aepoHTHOCTI-1/. np1-1 0 < t < T 
s /29/ oTcyTcTay~T nocneAH1>1e asa 1.1neHa. TaK KaK Wffil = n Tn ~~ 

!81 nony1.11>1TCH 

CTOp. (t) w2 
t 
( dt ( ~I dz. 

0 

/30/ 

HMeeT CM~Cn paCCMaTpl>1aaTb speMH t>T, T.e. nocne OKOH4aHI>1H Ae~
CTBI>1H 1>1CT04HI>1Ka CTOpOHHero nonH. C y4eTOM TOro, 4TO ~(z,t) lt>T ,Q, 

nony1.1aeM 

cTop. (t) 1 

W t> T 

h 2 2 -..j2; 2 T -2K t "" -x2-xv'2hKt 131 ; 
=- -

17
-f KC r e dt I 4>(x) e dx. 

h 0 0 

B o6~eM cny1.1ae 1>1HTerpan~ a /31/ np1>1XOAHTCH a~41>1CnHTb 41>1CneHHO. 
Ecn1-1 paccMaTpl>1aaTb Cl>1nbHOe 3aMeAneHI>1e B ni>1HI>11>1 1-1 KopoTKI-1~ no ape
MeHI-1 1>1MnynbC, TaK 4TO y' 2hKT < 1, TO nony41>1M np1>16n1-1~eHHOe Bblpa
~eH1>1e 

w~Top.(t) - ; ~ CK
2 T 2 f~. /32/ * 

* 41>1cneHH~~ C4eT nOKa3~aaeT, 4TO /32/ no nOPHAKY seni>141>1H~ He 
04eHb oTnl>14aeTcH oT /31/ 1-1 a APYrl>1x cny4aHx. 

8 
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J' 

.) 
J 

Ha~AeM Tenepb 3Heprl>1~ nonH a ni>1HI>11>1, ao36Y~AeHHoro Heao3My
~eHH~M Aa1>1~eHI>1eM cryCTKa. 3AeCb MO~eT BCTpeTI>1TbCH TPYAHOCTb: 
3Hepri>1H ao36Y~AeHI>1H npl-1 CTa~I>10HapHOM AB1>1~eHI>11>1 C Vo - K, T.e. 
coanaAeHI-11>1 CKOpOCTI-1 cryCTKa C $a30aO~ CKOPOCTb~ aonHbl a n1>1HI>11>1, 
cTaHOai>1TCH 6ecKoHe4HO~. B Ae~cTBI>1TenbHOCTI>1 TaKo~ cny1.1a~ Hepea
neH, T.K. OH COOTBeTCTayeT pe30HaHCHOMY B036Y~AeH1>1~ nonH crycT
KOM, Aa1>1~Y~I>1MCH CTa~I>10HapHO 1>1 6eCKOHe4HO AOnro. no3TOMY HY~HO 
paccMoTpeTb peweH1-1e AnH KOHe4Horo 1>1HTepaana apeMeHI-1, a3HB 
Ha4anbHble 3Ha4eH1>1H AnH I. U. PeweHI>1eM ypaaHeHI-1~ /4/ AnH cTa
~1>1oHapt-:oro Aa1-1~eH1>1H crycTKa ( ~"' 0, v = v 0 >0) c Hynea~MI-1 
Ha4anbH~M1>1 ycnoai>1HMI>1 AnH U fiyAeT 

v 
u o:-(~ K ----- (z-vot) 

v~o [ q(z- Kt) + q(z + Kt) ], /33/ 
+-2- K-VQ K+VO 

rAe Z o = (i/ C) 
112 

- xapaKTepi>1CTI>14ecKoe conpoTI>1BneH1>1e ni>1HI>11>1. Co
oTaeTcTay~~ee peweH1-1e AnH I eCTb 

vo q( v2 
1 - (vo/K)2 z- v ot) + _Q_[ q(z- Kt) 

2 K- Vo 

q(z + Kt) ] • 

K + VO 

H3 /4/,/33/1-1 /33'/ cneAyeT, 4TO :! !t=O= ri~ q(z-v0t)!t=O 

/33/ 

1>1 B o6paTHO~ BOnHe U _ =- Z 0I_. no3TOMY MOMeHT t = 0 MO~HO C41>1-
TaTb MOMeHTOM aneTa cryCTKa a n1>1HI>1~, np1>1HI>1MaH, 4TO npl-1 Z = 0 
n1-1H1>1H Ha caMOM Aene 1>1MeeT Ha4ano 1-1 Ha BXOAe Harpy~eHa Ha xa
paKTepi>1CTI>14ecKoe conpOTI>1BneHI>1e Zo. 6epeM BOnHy u+,conyTCTBY~~y~ 
HanpasneHI-1~ Aa1>1~eHI>1H cryCTKa, 1>1 HaXOA1>1M C y4eTOM /7/: 

wcr. (t) 
+ 

t "" r dt' r u ~dz 
o -oo +at 

Q2 F v~Ki' -f<K- \Qp t2 
17 

[1-e ]. /34/ 
2$<K- v0)

2 

OTC~Aa 3Hepr1>1H, TepHeMaH crycTKOM Ha so36Y~AeHI>1e n1-1H1>11>1 np1-1 
Vo -~ AnH apeMeH, He Cni>1WKOM OTnl>14a~~1>1XCH OT t = 0, OKa3~aaeT
CH paaHO~ 

Wcr.(t) 
+ 

2 3/2 3 
Q a voZo 2 
----t. 
4$ 

1351 

/34/ noKa3~aaeT, 4TO np~-1 v 0 ~K KOnl>14eCTso,3Heprl>11>1, nepeAaHHO~ 
crycTKOM non~ 3a ace speMH AB1>1~eHI>1H, OCTaeTCH orpaHI>14eHH~M. 

9 



Eem1, HanpHMep, HeKoTopoe 3Ha4eHHe t = t 1 8eJlHKO, TO Aa>Ke 3a AO
eTaT04HO 60JlbWO~ npOMe>KyTOK 8peMeHH t-t 1 npaKTI-14eeKH He 
npoHeXOAHT HaKOnJleHHR 3Heprl-11-1, nepeAaHHO~ nOJliO. 3To 6biJ10 OTMe-
4eHO 8 /1/, np~-1 Vo ~K 8eJli-141-1Ha nepeAaHHO~ 3Heprl-11-1 MO>KeT 6b1Tb 
onpeAeJleHa 1-13 /35/. 0Ha ey~eeT8eHHO 3aBHeHT aT napaMeTpa rpyn
nHpOBKI-1 eryeTKa a /xapaKTepHoro pa3Mepa a- 11 2 I 1-1 paeTeT npo
nopl.IHOHaJlbHO t 2• 

4To6~ OpHeHTHPOBaTbeR npl-1 B~6ope aMnJlHTYA~ ~eTOpOHHero nOJlR, 
MO>KHO epaBHI-'ITb /31/, /34/ 1-1111-1 /32/ 1-1 /35/, 8~6pae, HanpHMep, 
epeMR t paeH~M senH4HHe f/K, rAe E - AJlHHa eeKLI~-'~~-'~ "peanbHO~ 
Jli-'IHI-11-1 11

• TorAa, BBOAR eenl-141-'tHY 

() /36/ 

1-13 /32/, /35/ HaXOAHM (l3<jJ = K/C, 13
0 

= v
0 

/C, r = cT): 

If I IQI ash 1'4 (P.JJ.)S/2 Zo tc 
0 = -===- (-2 -) 

v 2rr() 13¢ 
1371 

B eOOTBeTeTBI-11-1 C 1-13JlO>KeHHO~ TeOpHe~ MO>KHO paeCMOTpeTb 41-'te
JlOBble napaMeTpbl. nyeTb Jli-'IHHR HMeeT napaMeTpbl 13¢= 0,2, Zo=86 OM. 
CrycTOK 3neKTpoHoe e 41-'teJlOM 4aeTH4 N = 1013 1-1 a= 10 /T.e. xa-

1'2 D~KTeDH~M n~~MPnnM a-' n 0,3? Ml ~MPPT w~u~n~wyn r~npnrT~ 

13 0 = 0,195. nyeTb eTopoHHee none xapaKTepH3yeTeR 11 8peMeHeM 
BKJ1104eHH~{~HepaTopa 11 

T = cT = 0, 5 M 1-1 xapaKTepHeTH4eeKHM pa3-
MepOM h = 1 M. B eooTeeTeTBHH c /37 I "aMnJlHTYAHble 3Ha4eHHR11 

AnR Hero np~-1 AilHHe eeKLI~-'~~-'~ f = 2,5 M onpeAenRIOTeR Ta6n1-14e~: 

() 3,2 0,062 0,035 

r
0 

B/M I ,5· 10 6 

3aMeTHM, 4TO fo ey~eCTBeHHO 3aBHeHT OT napaMeTpa rpynnHpOBKI-1 
eryeTKa a. TaK KaK np~-1 xapaKTepHOM pa3Mepe eryeTKa ~ 1 eM na
paMeTp a AOJl>KeH 6b1Jl 6b1Tb ~ 10\ TO 1-1 see BeJll-141-'tHbl BTOPO~ eTpOKI-1 
Ta6Jll-1l.lbl 1 HaAO 6biJ10 6bl YMHO>KHTb Ha -1 ,8·10 2

• 

Ha p1-1e.2 e npOH3BOJlbHOM MaewTa6e npeAeTa8neHbl rpa$HKH HM
nynbea E~Top.(~), ~ = ct (eM. <t>opMyny /17/ 6e3 MHO>KHTenR - f/2) 
npl-1 h -l/Z= 0,45 M. B TaKO~ <!>OpMe I-13MepHJ11-1 6bl 3TOT HMnynbe He
nOABH>KHble Ha6J110AaTeJ1H, HaXOAR~HeeR eOOTBeTeTBeHHO 8 T04KaX 
Z = 0,02, Z = 0,51-1 Z =2M /Kpi-'IB~e 1,2,3/. 

10 

Ha pHe.3a npHBeAeH rpa<!>HK cKopoeTH cryeTKa, ycKopReMoro eon
HO~, e napaMeTpaMI-1 f 0 = 1,3 ·10 3 B/M, h = 1, l3<jJ = 0,2, KOrAa 
peaKI..IHR eo6eTeeHHoro nonR He Y41-1TbiBaeTeR. CrycToK HH>KeKTHpoeaH 
8 MOMeHT t = 0, KOrAa Ha4HHaeT Ae~eTBOBaTb ''reHepaTOp eTopoH
Hero nOJ1R 11

• BHAHO, 4TO BHa4ane npoHeXOAHT HeKOTOpoe yeKopeHHe 
erycTKa, 3aTeM, o6rOHRR BOJlHy, OH nonaAaeT 8 OTPHI..IaTeJlbHYIO <l>a3y 
1-1 3aMeAnReTeR, noToM BHOBb Ha4HHaeTeR yeKopeHHe. TaKHM o6pa3oM, 
HMeeT MeeTO aBTO<!>a3HpOBKa. 

Ha pHe.36/ KpHBaR 1 eOOTBeTeTsyeT eny4al0 () = 0,062 Ta6J1Hl.lbl, 
KOrAa pedKI..II-'IR eo6eTBeHHOrO nonR 11 BbiKJ1104eHa 11

, a KpHBaR 2 - eny4al0, 
KOrAa 3Ta peaKI..IHR Y4HTbleaeTeR. KpHBaR 3 - eny4a~ yeKopeHHR npH 
() = 0,31 H 6e3 y4eTa peaKLI~-'~~-'~ eo6eTeeHHoro nonR. npH ee y4eTe 
eryeTOK nepeeTaeT yeKOPRTbeR - "npoeanHBaeTeR 11 BHyTpb BOJlHbl 
/KpHBaR 4/. Kp1-1eaR 5- eny4a~ yeKopeHHR npH () = 0,062, e y4eToM 
peaKI..IHH eo6eTBeHHOrO nOJlR, HO npH Ha4aJlbHO~ CKOpOeTI-1 13o = 0,205, 
T.e. HeCKOJlbKO npeBbiWaiOU\e~ <!>a308YIO CKOpOeTb 80J1Hbl /13<jJ= 0,200/. 
Be3Ae 6biJlO npHHRTo N = 1 0 13. 

PIIc. 2 

ft~ 2 1 
Q,3 3 

o.~~.r~~ 
o s n 

PIIc. 3 

a/ 

~=ct( .. ) 

6/ 

noene Taro, KaK saKoH A8H>KeHHR erycTKa x~) /HanpHMep, cooT-
8eTeT8YIO~H~ KPHBO~ 2 Ha pHe.3/ onpeAeJleH, MO>KHO, nOJlb3yReb 

/19/, Bbi4HeJ1HTb E co•!. au z =--·-,y4HTbiBaR /17/, nony4HTb KapTy pae-az 
npeAeneHHR Ae~eTByiO~ero Ha eryeToK nonHoro nonR: E~6· (z, t) + 

II 



PHC. 4 

+ EcTOP·(z t). B cooTseTCTBIH1 c 3H1M aaMe4aHI1eM 6bl1111 CAeJlaHbl Bbi411C-z ' CTOp. 
11eH11~. Ha p11c.4 np11BOA11TC~ penbe~ non~ Ez .B11AHO, KaK cHa4ana, 

s npo~ecce pa6oTbl pacnpeAelleHHbiX 11CT04H11KOB cTopoHHero non~. 
E~T0P·pacTeT, aaTeM ~opM11PY~Tc~ ABe pacxoA~~11ec~ BOJlHbl. Ha p11c.5 
noKa3aH penbe~ nonHoro non~. BonHa, B KOTopo~ AB11~eTc~ crycTOK, 
Ae~opMI1pyeTc~ 11 4aCT114HO 11 BbleAaeTc~" HaBeAeHHbiM "sTop114HbiM

11 

noneM. AMn1111TYAa soJlHbl, yxoA~~e~ sneso, HeMHoro 113MeH~eTc~ 
aa c4eT "oTno4KOBaswe~c~" 4aCTI1 HaBeAeHHoro non~ /rpa~11KI1 np11-
seAeHbl B OTHOCI1TellbHbiX eA11HI1~ax/. 

B aaK11~4eHI1e asTop sblpa~aeT 6naroAapHOCTb B.E.~111lb~osy 
11 o.r.m11HOBY 3a nOMO~b B nOCTpOeHI111 peJlbe~HbiX rpa~I1KOB C 11CnOJlb-
30BaHI1eM 3BM, a TaK~e A.6.KyaHe~osy 11 3.A.nepellbWTe~HY aa no-

ne3Hble aaMe4aHI1~. 

12 

PHC. 5 

nPIHlO~EHHE 

A11~~epeH~11py~ /11/ no z, y411Tb1BaR /5/, /3/ 11 nepeXOAR K ~ypbe
npeACTasneHI1~ no speMeHI1, MO~Ho aan11caTb: 

d 2! KOHB. 

+ (~)2 
E = -iw~ --:--- /nl I 

~¢ zw dz2 

K 

=c-· 
npi1MeHI1M Tenepb APYrO~ nOAXOA· 6yAeM paccMaTpi1BaTb 3JleKTpo

A11HaMI14eCKI1 B036Y~AeHI1e OAHOrO 113 HI13W11X Tl1nOB BOJlH CTpyKTYPbl. 
nycTb fA. (rJ. , w) - nonepe4Hbl~ ~opM~aKTOP cocTaBllR~~e~ E z,\ non~ 
AaHHO~ MOAb!, j zw - nllOTHOCTb TOKa, C03AaBaeMoro ABI1~Y~I1MCR 11CT04-
HI1KOM /crycTKOM/. HHTerp11pyR no Ce4eHI1~ KaHalla CTpyKTypbl, 11MeeM 
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J j zw f ,\ (r , w) ds f,\ I~HB. (z) 
s 

rAe f,\ - HeKOTOpaH ycpeAHeHHaH 8en~4~Ha. 3neKTPOA~HaM~4eCKOe 
ypa8HeH~e, onpeAenHta~ee 8036Y>KAeH~e CTpyKTYPbl, eCTb /eM. 151 

/: 

zw (z) ' ;n21 

2 -112 
rAe Y¢ = (1-f3q:) , 
60AHOrO npocTpaHCT8a. 
171 nony4~TCH 

c 0 - A~3neKTP~4ecKaH npoH~~aeMOCTb c8o
Ecn~ CKOPOCTb cryCTKa f3 -{30 , TO 8 cny4ae 

ikz/ f3o 
e 

0TCtOAa 8~AHO, 4TO np~ {3 0 - f3¢ « 1 4neHOM k
2 8 CK06Ke 8 /n2/ 

MO>KHO npeHe6pe4b. TaK~M o6pa30M, /n2/ np~8eAeTCH K 8~AY, no3-
80nHIO~eMy ycTaHOB>Hb cooT8eTCTBHe c /nl I. 
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19. DHO~H3HKa 

Py6~H C. 6. P9-83-361 
Baa~MOAe~CTB~e 3neKTPOHHoro crycTKa, AB~*Y~erocA a aaMeAnA~e~ n~H~~. 
C ~MnynbCOM yCKOPA~ero nonA, ~Me~~M KOHe4HY~ 3anaceHHy~ 3Hepr~~ 

B np~6n~*eH~~ 3KB~aaneHTHO~ ~en~ paccMaTp~aaeTcA an~AH~e co6cTBeHHoro 
nonA OA~H04Horo nnoTHoro 3neKTPOHHoro crycTKa Ha npo~ecc ycKopeH~A ero 
~MnynbCOM CTOpOHHero nonA B 3aMeAnA~e~ CTpyKType. 3aAa4a CBeAeHa K 
peweH~~ 3aMKHYTO~ C~CTeM~, COCTOA~e~ ~3 ypaBHeH~~ An~HHOH n~H~~, COOTBeT
CTBy~~X ~MnynbCHOMY B036Y*AeH~~ n~H~~ CTOPOHH~M ~CT04H~KOM ~ TOKOM, Ha
BeAeHH~M AB~*Y~~MCA cryCTKOM , ~ ~3 ypaBHeH~A, onpeAenA~ero 3aKOH AB~*eH~A 
c ryCTKa. npeACTaBneH~e np~rOAHO np~ HepenAT~B~CTCK~X ~n~ cna6o penAT~BHCT
CKH X CKOpOCTAX ABH*eHHA nocneAHero. nyTeM HCnOnb30BaHHA o6~HX CBOHCTB pe
weHH~ ypaBHeHH~ AnHHHO~ nHHH~ OKa3anOCb B03MO*H~M CBeCT~ BC~ CHCTeMy 
K OAHOMY HHTerpOAH¢$epeH~~anbHOMy ypaBHeHH~, YA06HOMy AnA peweHHA 
MeTOAOM ~Tepa~H~. B peaynbTaTe onpeAenAeTCA 3aKOH ABH*eHHA cryCTKa H B03-
6Y*AaeMOe AOnOnHHTenbHO none . npHBeAeH~ nPHMep~ pac4eTOB. 

Pa6oTa a~nonHeHa a 0TAene HOB~x MeTOAOB ycKopeH~A OHRH . 

Rubin S.B. P9-83-361 
Interaction of Electron Bunch , Moving in a Slow Line, with an Impulse 
of Accelerating Field of Finite Accumulated Energy 

In the approximation of the equivalent circuit the Influence of a self
field of the electron dense bunch on the process of acceleration by the 
impulse of the external field In a slow wave structure is considered. The 
problem is reduced to the closed system that consists of the equations 
of the transmission 1 ine corresponding to the Impulse excitation of the 
external generation and with current induced by a moving bunch and of the 
equation determining the law of the bunch motion. The presentation is ap
plicable to the nonrelativistic and weakly relativistic velocities of 
the latter motion. By the usage of general behaviour of the equation solu
tions with the 1 ine length It appeared to be possible to lead the whole 
system of the equat ions to one integrod i fferential equation that Is con
venient for the iterations. As a result, the law of the bunch motion and 
the field excited in addition are determined. Some examples of the 
calculations are given . 

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