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Hsaaoa C.T., PeweTHHK0Ba K.A., <l>HnHnnoBa H.A. 9 - 11370 

K HenHHellaoA Te0pHH B3BHM0llellcTBHR sneKTp0HH0ro nyqxa 
c nnaaMoll . 

PaccMaTpHBaeTCH a runp0llHHBMHqeCK0M npu5nu)Ke8HH aenHHeirnag CTa
UH0Hapaag aa~aqa 0 B3BHM0lleliCTBHH pennTHBHCTCKoro nyqKa C OllHOpOllHOll 
aeorpam1qeeaoll nnaa!'.foii. nyqox H nnaaMa• aaMaruHqeHbI, qTo noaaonneT 
cqaTaTb ;IBff)KeHHe 0llH0MepeblM. HemrneiiHOCTb CBSl3BH8 C BnHRHH8M B0llHbl 
ea- llBll)K8Hl!e 3118KTp0H0B nyqxa, llBH)K8HHe sneKTp0H0B nna3Mbl npennonaraer

. 'cg naueiiHbIM. 
B pa6oTe nonyqeao 5onee roqeoe, qeM.. uaBecTHoe B- nHTeparype, eem1eell

eoe sonuoBoe ypaBeenHe. Haiinea ero nepab1il uarerpan. 3To noaaonuno onpe
nem1-Tb aaaqeaee aMnmll'}'llbl B011Hbl,B035y)Kll80MOil nyqK0M B nna3Me H C00TBeT
CTB,eHH0 saeprHlo sneKTp0MarHHTH0ro nonn K8K q>yHKUHIO T0Ka H seeprHH 
nyqxa. 

HoBblil crroco6 peweHHR ypaaneHHSI noaao11Hn pacwapHTb o5nacTb 
npHMeHeHHH reopuu Ha cnyqall penSil'HBHCTCK0ro llBH)KeHl!SI nyqKa B CHCTeMe 
K00p.ctHHaT, llBH)Kyl!leftCSI C q>a30B0ii CK0p0CTbIO B0nllbl·, qTo paaee He paCCMBT

pHBanocb. 

Pa6oTa- Bblil0llHeHa a Ornene H0BblX MeTOll0B ycKopeHHR OIHIH. 

Coo6111enee O6benirnennoro HHCTHTyTa 11nepnbIx uccnenoaaault. ny6aa IG78 

Ivanov S.T., Reshetnikova K.A., Filippova N.A. g- - 11370 

On Non-Linear Theory of the Relativistic Beam and 
Plasma Interc:i-eti.on 

A non-linear stationary solution for relativistic beam and uni
fonn unlimited plasma interaction is considered in hydrodynamics 
,approach. 'The beam and plasma are magnetized. That allows one 
to consider the motion to be one - dimensional. Non-linearity 
iS connected \-.ith the wave effect on the electron beam- motion« 
Plasma electron motion is thought to be linear. 

Non-linear wave equation has been obtained. The equation 
fs of a finer character, than the- known one. It's first integral has 
been found~ This permitted to determine the wave- amplitude- value
e xcite-d by the beam in plasma and, hence, the electromagnetic 
field. energy as the current and the beam energy function. 

The utilization of the new method of the solution has allowed 
to enlarge the range. of the theory application on the occasion of 
relativistic beam motion in the coordinate system moving with the 
phase- \,ave velocity. It hasn•t been considered earlier. 

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

Communication· of the Joint Institute for Nuclear Research. Dubna 1978-

@ 1978 06bellHHeHHblll BHCTHTyT J111epHbl]( sccnenoBaHBil .ay6Ha 

l-faBeCTHO, 'IT0 npH ,D,BH)KeHHll 3JieKTP0HH0ro ny11Ka 

qepe3 nna3MY B, CHCTeMe '•• IlPH- onpe,D,eJieHHhIX YCJIOBHJIX 

M0)KeT pa3BHTbCJI .I{0B0JibH0 CHJlhH~JI 3JieKTpocTa'fH'leCKaJI 

HeycTOH'IHB0CTh~ B pe3yJILTaTe KOTOP0HB03HHKaeT 3JleKTpo

MarHHTHaJI B0JIHa, ;a• ny110K TepJ1eT 3Heprmo. Bonpoc .- o 

BeJIH'IHHe aMilJIHTY.D.hl'l TaKOH . BOJIHhl npe.I{CTaBJIJleT 6onb1IIOH 

HHTepec· _.D.JIJI PJIJJ.a 3a:r(a'I ycKopuTeJibHOH TCXHHKH H nna3-

MeHHOH 3JieKTp0HllKH. 

Ofibl'IHO 3JieKTpOHHhlH ny'I0K xapaKTepH3yeTCJI napaMeT-

. -- ii 1 :! - -
poM S ~/12 f(-'--U.-),rJJ.e /j ,-~- V - Ha'laJILHaJI CK0p0CTb ny11Ka, 

2fi · • L - · 

f - , (L,- p 2 )" t 2 
_P peJIJITHBHCTCKHH cl>aKTOp IlY'IKa, 11 b , ii p • 

uaqaJibHble • IlJI0TH0CTH 3JieKTp0H0B ny11Ka H nna3Mbl co-

0TBeTCTBeHH0. # .D;m1 xapaKT-epHCTHKH 3JieKTpOMarHHTH0H 

E2 
. o E B0JIHhl BB0JJ,HTCJl napaMeTp T/ = -----1r=--=-- • r)J,e o • aM-

8u m oc nby 

irnHTYJJ.a HanpJI)KeHH0CTH Il0JIJI 'BOJIHhl. 

3aBHCHMOCTb BeJIH'IHHhl TJ OT napaMeTpa .8 H3y'laJiaCb 

e PJ1.D.e pafioT 
11- 3 ·· . B

1
1.· Jl.li.<l>aiiHfiepr, B . .D;.lllanupo 

H B.H.lllee~eHKO Ha ocHoee KBa3HJIHHeiiHoii TeopHH nony

'IHJIH 

17--00,156S. /1/ 

B pafioTe : 2 ,- P .H.KoBTYH H A.A. PyxaJJ,3e 3ano)KHJIH ocH0BLI 

HCJIHHeiiHOH TeopHH B3aHMOJJ,eHCTBHJI peJIJITHBHCTCKoro 

:meKTP0HH0ro ny11Ka C nna3MOH J:(JIJI CTaIJ;H0Hapuoro C0CT0JI• 

HHJI CHCTeMbl. Oun Il0Ka3aJIH, 'ITO JJ;JIJI S<<l 

3 



1/ co 0,4 S. /2/ 

B pa6oTe IS/ aBTOpLI CH.IIJIH orpaHH'leHH.11 Ha MaJIOCTh napa

MeTpa S H JUI.II S_-s5 HallIJIH 'IHCJieHHO: 

11 -- --~•5S 

(1 t;5>2 
/3/ 

KaK cne.u.yeT H3 /3/ , npH 8=0.& Ha6mo.u.aeTC.II MaKCHMYM 

1/ • .u.anee, c po CT OMS. BeJIH'IHHa 11. y6LIBaeT. 

B HaCTO.llll(eM .. coo6ll(eHHH Ha OCHOBe peweH~.11 caMo

corJia_COBaHHOH CTaUHOHapHoii 3a,IJ.a'IH YTO'IH.lleTCH .3aBHCH· 

MOCTh BeJIH.'IHHhl T/ OT napaMeTpa s. McnOJih3yeTC.II IlOCTa

HOBKa 3a,IJ.a'IH,· ,IJ.aHHa.11 B pa6oTe 121. PaccMaTpHBaeTCH He

orpaHH'leHHaH O,IJ.HOpO,D.Ha11 nna3Ma H peJIHTHBHCTCKHH 3JieK

TPOHHLIH ny110K._ ,ll;BIDKeHHe . 3Jie~TpOHOB nJia3Mhl C'IHTaeTC.11 

JIHHeHHhIM, HeJIHHeHHOCTh CB.113aHa c. BJIH.IIHHeM BOJIHLI Ha 

,IJ.BH>KeHHe 3JieKTpOHOB ny11Ka. McnOJih3yeTC,8 HaJIH'IHe CHJlh· 

Horo MarHHTHOro IlOJI.11, 'ITO Il03BOJI.lleT C'IHTaTh ·,IJ.BIDKeHHe 

O,IJ.HOMepHbIM. B OTJIH'IHe OT 121 B HaCTO.llll(e:ii pa6oTe y11u

TLIBaIOTC.II B nony11eHHOM ypaBHeHHH HeKOTOpLie OT6pacLI

BaeMLie paHLWe 11neHLI H npHMeH11eTCH .u.pyroii cnoco6 

peweHH.11, 'ITO. pacwup.11eT o6naCTb npHMeHHMOCTH TeOpHH 

Ha 6oJILWHe 3Ha11eHH.11 napaMeTpa S. 

121 a a a a 
BBO,IJ.HM, KaK H B ,nepeMeHHYIO (;,ac:·=

0
t-• a'E-=-V-J'z' 

s s 

r.u.e V • ~a30Ba.ll CKOPOCTb BOJIHLI. B Ka'leCTBe HCXO,IJ.HLIX 

BCilOJIL3yeM BOJIHOBLie ypaBHeHH11 . ,IJ.Jl.11 _noTeHl.(HaJIOB IlOJl.11 

H YCJIOB~e JlopeHua: 

v 2A- 1 a 2i 
~2- a t 2 °" - 4 77 t /4a/ 

v2<1>_...! a2<1> 
c2at2=-4rrp, /46/ 

div A+ L a<I> . 
C aT=O: 

~ -/4B/ 

4 

/ 

,ll;m1 Hanp.11>KeHHOCTH IlOJl.11 E HMeeM: 

E=-.1 -#- a<1> _ 1 a<1>. 
C at i)z vy2 at; /5/ 

r.u.e y 2 
0 (1-{-3 2 )-

1 
, {:3 '"':!_ _ 

C 

M3 / 4/ npH ycJIOBHH: 
a2<1> 
a{2- = o npu nb ~no , n P -= nPo • 

r.u.e no ,n Po • IlJIOTHOCTb 3JieKTpOHOB ny11Ka H IlJia3Mhl npH 

<I>~ o. HMeeM: 

. 2 <1> 2 2 2 ( ._ ..:. n -n· ) · J!_, __ -~4rrc /3 y e nb n p b
0 

Po 
2 a(; .. . /6/ 

McnonL3yeM cne,IJ.yIOIQHe COOTHOllleHHH, nony11eHHLie B pa6o

Te hi: 
f3-f-3o 

Ilb=Ilo {-3-{3b 

Yb (l-f3{3b) .f e<I> 2 2=yo (l-{3{30 ), 
m

0
c y 

r.u.e f:3b ~P-
c 

Vb· CKOpOCTb 3JieKTpOHOB ny11Ka, 

V . 
{-3 -= __ Q_, Vo - CKOpOCTb 3JieKTpOHOB ny11Ka npH cf>., o. 

0 C 

n b • IlJIOTHOCTb 3JieKTpOHOB ny11Ka. 

/7a/ 

/76/ 

,ll;n.11 3JieKTpOHOB IlJia3Mbl HCilOJIL3yeM JIHHeHHOe npH6JIH)KeHHe 

- f3 
n = n (1 + ~ ) 

p p f3 , 

ecfl_. f.3 = --··2 2 
p m

0
c y f3 

/Ba/ 

/86/ 

5 



Bae,neM o6o3HaqeHHB: 

y , = y y b (l - /3 /3h) ; y; = y Yo (l - /3 f3 0) ; /9a/ 

e<I> ¢=.----. 
rnoc2yy~ 

/96/ 

Tor.na /76/ M0:>KH0 3ailHCaTb B BH,ne 

¢-al-]';_. 
Y.o 

/IO/ 

KaK BH,nH0 H3 /IO/,.. npH y '·~1 (yb "'Y) aenHqHHa ¢ 
.nocTHraeT MaKCHMaJibH0ro 3HaqeHHJI. O603HaqHM 3T0 3Ha
qeHHe qepe 3 <h -:cf, 

0 
: 

1 ¢ 
0 

= t - -;- = 1 - ..; 1 _ a2 , 
Yo 

a2=1--1--_ 

y'2 

2 
a = 

(/3-f3of 
(1-(3 (30)2 

Bbipa:>KeHHe /I I/ M0:>KH0 3anucaTb B BH,ne 

a2 - 2 ¢
0 

t- ¢ ~ "' 0. 

/II/ 

/12/ 

/13/ 

3 ,I.,. ,I.,. ~ /2/ HaqeHHe 'f' -=.,... O Ha3bIBaeTCJI aMnnHTY,IJ;0H HaCbII.J..teHHJI 
KaK noKa3aHo a 141 , ycnoaue /I I/ - 3T0 ycnoBHe 3axaaTa 
3neKTp0HOB 3neKTpOMarHHTHOH BOnHOH B penBTHBHCTCK0M 
cnyqae. 

ll3 /IO/ HeTpy,nH0 Bblpa3HTb CK0p0CTb 3neKTP0H0B qepe3 

nenuqHHY ¢: 

6 

(1- <p) _..!_ ya2- 2cf, + <p 2 
+ /3 

f3 c: /3 ------- ·------- /14/ b --------
(1-cf>h./3 va2 -2¢,+¢, 2 

B .nanbHeihueM 6y,neM paccMaTpHBaTb MeHbWHe 3HaqeHHJI 
cKopocTH /3 / 3HaK - nepe.n KOpHeM/. 
Ilo,ncTaBnBB B / 6/ Bblpa:>KeHHJI /7a/, /8/ H_ / I 4/, nonyqHM: 

9 2 
_fl_p_ 1- 112 ¢ -, _ 1_.2 J3~ K. r __ -~Q..-1'_L __ .. 1 1. 

2 p O y 
d 1/' o ya 2 - 2 ¢ +¢ 2 

r.ne t/J - (<) t. v.) - qacT0Ta B0nHbl, 

2-
J = !!!~!.1..J) 

P m <v2 ' 
0 

y O = ( 1- f:32 f 112 
.0 • 

v 2 "' 4 1r e 
2
n 0 

o rn <<.12 

a = 

0 

(3-/30 

1 - f3 f3o 

/15/ 

YpaaHeHHe /15/coana.naeT c ypaBHeHHeM /2,6/ pa6oTb/ 2 ' 

npH <p << l , qT{) , B K0HeqHoM 1nore~ CB0,nHTCJI K ycnoBHIO 
S<..-'. 1. 
liy,neM pernaTb ypaBHeHHe /15/, He HaKna,nbIBaB orpaHnqeuuii 
Ha napaMeTpbI, BX0,nJ11.J..tHe B ypaBHeHHe / 15/. 

Haii,IJ,eM•IlepBbIH HHTerpan ypaBHeHHJI /15/: 
~ 

· 2 2 · 2 ~ 2 fi -·-----· --cp 2 __ v ¢ i..21 ____ Y-, {ay'a2 -2¢+¢2 +¢1,C, 
p O y . 

0 

. d,1. 
r.ne ¢ -0, aJ-·. 

/16/ 

HeTpy,nwo noKa3aTb, qTo BennqnHa 
ManbH0ro 3HaqeHHJI npH ¢.., o. 
O6o3HaqnM -</>max~ ¢ a 

¢ 2 _,IJ;0CTHraeT MaKCH-

Tor.na 

2 /3 2}' 2 2 
C ..,,-12 -21· -- a 

'Pa O 
Yo 

Ilono:>KHM ¢ · 0 npH ¢ ~ ¢ a • 

/17/ 

7 



lfa /16/ npi y11eTe /17/ nony11HM: . . . 

2 2 
·2 ·22 2/JY 2 2 2] ch ~ I' ,.1._ + 2v -- [a _,.1._ -aya -2¢ +¢ • 
'a p'f'a o y 'f'a a a 

0 

IlpH ¢a =¢
0

• </>a ·,cp 
O 

H3 /18/ nony'IHM: 

2 
2 2 2 2 f:3 y 2 2 

cf> ·, v ¢ + 2 v --- ( a -</>0 ) 
o p o o Yo 

/18/ 

/19/ 

lfa /19/ O'leBHAHO, 'ITO v! < 1, T .K. </>o <a? . Benu

'IHHY T/ - Ei B HaWBX nepeMeHHbIX MO)KHO 3anucaTb B BHAe 

,i_ 2 ,2 R-6 ....: 2 
'+-' Yo ,-, y 11"" __ i!, __ 

48a/32y2v2 
p 

/20/ 

,D,nH BbI'IHCileHBJI 71 - KaK <iiYHKUHll ·s Heo6XOAHMO onpeAeilBTb 

2 2' 2 l 1/ ,2 ii 
BenH'IHHbl- Vv ·• Vo , a = --- Yo npu 3aAaHHbIX ,._, , 

Hcnonb3yeM 3aKoH coxpaHeHHJI 3Hepruu-: 

.!:IL. 
np 

E 2 2 ( ) 2 (- - - - ) ---- t m c · n. vb+ n y "'m 0c nbyb + n y . 811 0 IY p p p p /21/ 

3aMeTBM, 'ITO B 3TOH 3aAa'le H.,., 0. <l>H3H'leCKHH CMblCil 

COOTHOWeHHJI /21/ - B TOM, 'ITO B OAHOPOAHOH HeorpaHu-ieH

HOH CHCTeMe Ha'lailbHaH 3HeprHH 'laCTBU ny111<a H nna3Mbl 

paCXOAYeTCH Ha C03AaHBe '3IleKTpOMarHHTHOro IlOilJI_B H3Me

HeHHe 3HeprHH qacTH:U KOMilOHeHTOB CHCTeMbI. ,D,nH cp = O_, 
KOrAa q;~¢o ,n =Ilo,yb=Yo' Ilp=Ilpo=Tip 'Yp =fp. 
COOTHOWeHHe /~l/ MO)KHO 3anucaTb B BHAe 

2· 
2 (:3y2 

cpo .., 2 --;y (v2 Y -v8Yo), 
Yo 

rAe 

,8 

~1 
r' 

1/ 
t\ 

\' 
' _.,1 

v 2 

2 
VO 

3-
411 e nb 

= 2 
m

0
w 

2 411e no 

2 m0 w 

2 
=V•V 

p 

-
nb 

V=-:--, 
np 

2 411e2ii 
V = p 

P m w2 
()' 

2 
113 /22/ ~ Y'IHTbIBaH /I I/, onpeAenHM Vo : 

V 2 =""i°, 2 y _ iro: 1)2-
0 Yo 2,82y\ • 

0 

3anuweM /19/ B BHAe 

2 2 2R22 
( y ' - 1 )(1 - v ' ) = 2 v l::'..._.L ( y ' - 1). 

0 p O y O 
0 

IloACTaBHM /23/ B /24/ : 

(y; -1 )2..+yg(l-v:)(y ~ -1 }~4S 
3
q 

r~(! 

R2 2 
q=~v2 

{:3 6y2 p 

S= _l_ v1/3a2 _ 
21/3 ,.., y 

/2/ 
A11anoru11Ho pa6oTe 

2 1 
V = ---

p 1 +2 -o 

npHMeM: 

/23/ 

/24/ 

/25/ 

/26a/ 

.9 



rAe 

, 
(3-{3 a •y o "' - .!::'..!L ,.,. __ Q.._ « 1 • 

(3 f3 YY0 

IIonmKHM 

, 1 a2 - , a 1 
y - = - • y =y • y=y. y "'1' -- « . 

0 2 0 0 {3y2 

TorAa H3 COOTHOWeHH.JI /25/ nony'IHM: 

a 3 afJ 4S 3 
-· (1 I· --- ) ·a - • 

f3 4 f34 

Ilpu ycnoBHH 

af:3 
---- «1 

4 

/266/ 

/27/ 

/28/ 

ypaBHeHHe /27/ MO:>KHO peWHTh MeTOAOM nocneAOBaTenhHhlX 

npu6nu:>KeHHH. B peJynhTaTe nony'IHM: 

2 2/3 s 
a·-------. 

s 
f3 (1 l- --,-- ) 

2413 

• 

/29/ 

CooTHOWeHHe /20/ ~nH pacccMaTpueaeMoro cnyqa.JI MO:>KHo 

.3ailHCaTh B BHAe 

') 

(y' -l)N/34 a4f34 _o, ______ . ----- . 
4S3 v 2 16S 3 1/ 

p 

IIo.o;cTaBn.JI.JI /29/ e /30/, HaiiAeM: 

10 

s 
T/ -= ------ . ---- • 

2 413( 1 1- _s __ )4 
24/3 

/30/ 

/31/ 

JlerI<O IlOI<a3aTh, 'ITO BenH'iHHa 1/. 1<a1< qiyHI<UH.JI S HMeeT 

MaI<CHMYM npH S.,-,0,83, 'ITO cor.:iacyeTC.JI c YTBep:>KAeHHeM 

pa60Thl 131 . IlpH s« 1 HMeeM pe3ynhTaT pa6oThl 
121 • 

T.e. 11-=- 0,4S. CooTHOWeHHe /31/ cnpaBe,l\IlHBOilpHycnOBHH, 

'ITO ,l\BH:>KeHHe 3ne1<TpOHOB nna3Mhl ITO.I\ BOJ,l\eHCTBHeM 3ne1<T

poMarHHTHOH BOilHhl, B036y:>K,l\aeMOH IlY'iI<OM, nHHeHHO. 

Ycnoeue nHHeiiHOCTH HJBeCTHo: ¾- << 1. C y'ieToM 

COOTHOWeHHH /86/ H /96/ ero MO:>KHO JailHCaTh e BHAe 

~«1. 
f3 2y 

/32/ 

HJ /32/ , HMe.H B BHAY / 11/, MO:>KHO HaHTH npe,l\enhHoe 3Ha

'ieHHe napaMeTpa Y; • HH:>Ke KOToporo ,l\BH:>KeHHe 3ne1<TpOHOB 

nna3Mhl nHHeiiHo: 

(yo') = 1 + c/J2y, 
np 

r,l\e c << 1. 

/33/ 

Ka1< BH.l\HO 11_.3 /33/, ,l\nH penHTHBHCTCI<HX nyq1<OB (y ,;, 1), 
Aa:>Ke All.JI nHHeiiHOB nna3Mhl, ABH:>KeHHe 3ne1<TpOHOB IlY'II<a 

B CHCTeMe I<OOP.l\HHaT, ,l\BH:>KYll.leHC.ff C q>a30BOH CI<OpOCThlO 

BOilHhl, MO:>KeT HMeTh pen.HTHBHCTCI<HH xapaI<Tep (y' >1). . O-
B 3TOM cnyqae OTI<a:>KeMC.JI OT npe,l\nono:>KeHH.ff, 'ITO 

<Pa =<po, 0,1\HaI<O ocTaBHM cf>a =¢, 
0

• COOTHOWeHHe /18/ Tor

Aa 6y,l\eT HMeTh BH,l\: 

2 2 
'2 22 2f3Y(2 ) cf> ,.,v cb

0 
+2v

0
-- a -¢,

0
• 

a P. Yo /34/ 

r,l\e 

v 2 = v-v2 y - iYo -1)
2 

o PY 2n22·, 
o P YY0 

/35/ 

11 



TT · 2 
....,mi BeJIH'IHHbl Vp npHMeM 

r.ne 

2 
V 

p 
1 . 

1+ 2 o 

f3y-f3o Yo 
0 -~ -----

(3y 

C yqeTOM /7 / , 
Yo 

y-y +<p -
0 

... __ o __ o_ y 

/3 2y 

lb /34/ H /35/ nony'IHM: 

p2 2-
v 2, [¢2 +2. Yr_,i,(a2 -¢ )] 

/36a/ 

/366/ 

/37/ 

. P O y2 O 
¢2 '"" ___________ o __ ---- - -- - --- --- - --- --- /38/ 

a ,2 
y 2 

1 + ~-(a -<b ) 
• .2 . 0 Yo 

IlonO)KHM B /38/ Y ""'Y, Yo ·= <Yo )np npH 3TOM 

( Y ~ )np onpe,nem1eTCJ1 H3 /33/. 

12 

B /38/ 3Ha'leHHJI a ·'Po . Y ~ paBHbI: 

vYo- 1 
a= 

~ 

Yo 

1 
~=1---;-, 
o Yo 

Y
0 

=y•y~ (1 -a/3), 

a2_,l. = r;-1 
'+'o ----, 2-

Yo 

/39/ 

l 

Ilo,ncTaBnJIJI /38/ c y'leTOM /39/ B /20/, Haii,neM: 

( , -1) 
[ ( , _ l)2 + 48a Yo l (3- 4 

Yo 4 2 
/3 Yo 
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PacqeTbl.Ha 3BM npOBOAHJIHCb npH pa3HblX 3Ha'leHHJIX 

v , y. OHH IlOKa3aJIH, 'ITO npH v -: const H nepeMeHHOM 

y 3aBHCHMOCTb BenH'IHHbl T/ OT S aHanorH'IHa Haii,neH

HOH B pa6oTe /3-/' O,nHaKo MaKCHMYM BenH'IHHbl T/ npH

XOAHTCJI Ha 3Ha'leHHJI S, MeHLUIHe, 'leM Haii,neHHble B 131 . 

Ha pucyuKe npe,ncTaBneHa COOTBeTCTBYIOma,i: KPHBaJI 

11=11 (S) ,nn,i: v= 0,02 npH nepeMeHHOM penJITHBHCTCKOM 

4JaKTope ny'IKa y ,·KaK BH,nHo, MaKCHMYM 71 npuxo,nHTCH Ha-

3Ha'leHHJI S "'0,33. . 
qTO KacaeTCJI 3aBHCHMOCTH 11-- T/ (S) npu y = const 

H nepeMeHHOM ,,. , TO, KaK noKa3anH pac'leThl, ,nn,i: .nuana3oHa 

y = 1,01 -:- 10,51 BenH'IHHa 11 c POCTOM v MOHOTOHHO 

y6bIBaeT. 

Ha OCHOBaHHH Bb1WeH3IlO)KeHHoro MO)KHO c.nenaTb 

cne,nyromue BbIBO,nbl. Ilpu B3aHMo.neiicTBHH pe_n?J:THBHCTC,Koro 

:meKTPOHHOro nyqKa C nna:iMOH cymecTBeHHOe 3Ha'leHHe 

HMeeTf _na)Ke AilJI JIHHeHHOH nna3Mhl,'PeJIJITHBHCTC~HH xapaK

Tep ,nBH)KeHHJI 3JieKTPOHOB nyqKa B CHCTeMe Koop,nirnaT ;.i:(BH-
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3aeUCUMOCmb eeAU'IUHbl ,, 
0111 napaMempa 'S npu 

I' = 0,02. 

>Kymeiic,i: C 4Ja30BOH CKOpOCTblO BOJIHbl. AMnJIHTy,na BOJIHhI, 
B036y>K,naeMOH nyqKOM B nna3Me /a cne,noBaTeJihHO' H K03cl>-
4>HitHeHT Tpattc4JopMaUHH 3Hepruu ny'iKa B 3JieKTPOMarHHT
HYIO 3Hepru10 non,i: ( 11) /,B o6meM cnyqae He onpe,nen11eT
c11 o,nH03Haquo napaMeTpoM S •.. a 3auucuT npu nP , const 
OT ,nuyx napaMeTpou nyqxa: TOKa u :rnepruu. ,l].n,i: nept!xo.na 
K 6oJiblllHM 3HaqeHHHM 3THX napaMeTpOB Heo6xo,neMO r1ecn. 
HeJIHHeHHhIH xapaKTep ,nBH>KeHHH 3JleI<TpOHOB nna3Mhl H no -
nepequoe ,nBH)KeHue 3JieKTpouou nyqKa. 

B 3aKJIIOqeuue aBTOPhI 6nar-0JJ,apHT Touapumeii no pa6oTe 
3a 06Cy)K_neHHe H pJIJJ. QCHHhIX COBeTOB. 
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