U3BECTHS BbICIHHUX YYEBHBIX 3ABEAEHHWRA

Tou 1V, \& 3 PAQHODHIHKA 1961

PEJIITUBUCTCKOE JUCNNEPCUOHHOE YPABHEHHUE [JIst
BOJIHOBOJHbIX CHCTEM C BUHTOBbBIMH H
TPOXOUJAJIbHBIMH 3JIEKTPOHHbIMH MOTOKAMHU

A. B. 'anonos

Jaercs BbIBOJ [HCNEPCHOHHOTO [ypaBHEHHS, ONHCBHIBAIOIIErO Paclpocnpa=
HeHile BOJIH B BOJHOBOJAAX C PEJNSTHBHCTCKUMH BHHTOBBIMH 'MJIH TPOXOULAJNBHBI-
MH TyykaMH. BblsicHeHa povib PeJIATHBHUCTCKHX 3((EKTOB BO B3aUMOLEHCTBUH
TAKHX TYYKOB C 3aMeJJIeHHBIMH M He3aMeJIeHHBIMH 3JeKTPOMAaTrHHTHBIMH BOJ-
HAMH.

B paGote ['| 6biI0 PacCMOTPEHO B3aUMOAEHCTBUE 3JMEKTPOHOB, [BH-
KYUHXCA 110 HENPAMOJHHEAHBIM TPAEKTOPHUAM, C 3JEKTPOMAarHHTHBIMU BOJI-
HaMH B BOJIHOBOJHBIX CHCTeMax. [IpH OOGBAICHEHHH MeXaHH3Ma B3aUMO-
JAeHCTBUA U BEIBOJE AHCIEPCHOHHOTO YPaBHEHHs, ONMUCHLIBAIOIIErO pacnpo-
CTPaHeHHE BOJH B BOJHOBOJE C 3/JEKTPOHHBIM IIOTOKOM, B 3TOf paGore,
a Tak:xe B page Apyrux [2~*%], OblIM MCMONB30BAHE HEPeasTHBUCTCKHE
yPaBHEHHA ABHXKeHHs 91eKTpoHOB. OfHAKO, KaK yxke 6blio oTMeueHo [335],
B TeX CAydasfX, KOrja B HepeJsTHBUCTCKOM NpPUG/IHXKEHHH 4YacToTa CBO-
60ZHBIX KOMeGaHHH 3/eKTPOHOB B NyuKe He 3aBHCHT OT aMILIMTYAHB (M30-
XpOHHBIE KOJe0aHHus), yueT DeJsiTUBHCTCKHX 3((eKTOB OKa3BBaeTcs Cy-
IeCTBEHHBIM, TAK KAK C HUMH MOXeT OHTb CBA3aH JOMOJHHTENbHHIH Me-
XaHH3M aBTO(A3HPOBKH, O6ECHeuMBAIOLIHH HADACTAHHe 3JEKTPOMATHHUTHHIX
BoJH. FIMeHHO Takasi cuTyauus HMeeT MECTO ISl 3JEKTPOHOB, ABHKY-
IHXCA 110 BHHTOBHIM TPAEKTOPHAM B OJHODOJAHOM INpPOROJBHOM (MO OTHO-
IIEHHIO K OCH BOJTHOBOJAA) MATHUTHOM MOJIE MJH MO TPOXOHJAJbHBIM Tpaek-
TOPUAM B CKPEUIEHHBIX 3/JEeKTPUUYECKOM M MArHUTHOM NOJAX (B peasTH-
BHCTCKOM TpHOJHXKEHHH Macca 3/eKTPOHA H THPOMarHHTHAs 4acToTa
wy = eHy/mc 3aBucAT OT CKOpoCcTH). ITO AenaeT HeOGXOAUMBIM BBeJeHHE
PEeNATHBHCTCKHX TIONPAaBOK B JAHCIEPCHOHHBIE YPaBHEHHS CHUCTEM C BHH-
TOBHIMH H TPOXOMAAJIbHBIMH 3/I€KTPOHHBIMH INyYKaMH, OINHCAHHHIX B [!]
u [*] (cme [°]). B nacrosimeii pa6ore npuBoguTcsi MOAPOGHBI BHIBOA pe-
JATHBHCTCKOTO JHCINEPCHOHHOIO YPaBHEHUs [J/S TaKOro poja CUCTEeM IpH
OOBLIYHBIX B TEOPHMH CJA0BIX CHrHAJAOB (B JMUHEHHOM INPHOJHKEHHH) AOMY-
IIEeHUAX U NPH YCIOBHH, YTO KOHIEHTPALMS 3/JEeKTPOHOB (CHJA TOKA B Myu-
Ke) DOCTATOUHO Mana*,

1. BO3BY)XAEHUE BOJIHOBOOA HENPAMOJIMHEWHBIM 3JIEKTPOHHBIM
MOTOKOM

3anaua o BO36Y:KAEHHH BOJIHOBOJA TOHKHM HENPAMOJHHEHHBIM 3JeKT-
POHHBIM TNyYyKOM OblJa paccMOTpeHa B [!]; MO3TOMY HHXKe HNPHBOAATCS
JHIIb OKOHYaTeJbHble BHIPAXKEHHs AJs MOJs. 3anuueM (ypbe-KOMIOHEHTY
noas, [§]o3gyx<11aemoro B BOJIHOBO/JE, B BHAE CYNEpPHO3HIUH HOPMAJBLHBIX
BO.TH w*

* PesysabraThl, H3/MI0XKEHHBIE B HacTOALLel paGoTe, GblIH MANONL30OBAaHbH B JOKJIaje HA
XIII Tenepaabhoii AccamGiee URSI B cexraGpe 1960 r.[7]. :
** B cucreme CGSE.
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Eo=Y (VIED + ViEs) — T2 (. 202y
S o 1
H,=Y (ViH] + Vi Hy), M
S
rae Ef = ef e *0° | HF = b5 %0 — yanpskeHHOCTH 3J€KTPHUECKOro
¥ MarHUTHOrO ToJiefi HOpMa/lbHBIX BOJH Ha dactoTe ®, Z, — eIUHHYHBIH
BEKTOP OCH 2, MNapalieJbHOM OCH BOMHOBOAA, jo— (QypPbe-KOMIOHEHTA
IJIOTHOCTH Toka j(f) = 5‘ Ju€ do.
CorzacHo [!], A/ BHIYUMCAEHHS AMIIMTYJ HOPMAJAbHEX BOAH Vi yno6-
HO 3amucaTh ypaBHEHHE TOHKOTrO 3JEeKTPOHHOro NyuKa, BO36YKAAIOLIEr0
BOJIHOBOZA, B Hapamerpuueckoii d¢opme r = r(t, t) (v — Bpemsi mpoJera:
3/IEKTPOHOB /0 CEYEeHHs C KOOPAUHATOH 2Z) U nepefiTH B BHIPAXKEHHH IS
V, oT nHTErpupoBaHus N0 OGBEMY BOJHOBOJAA K HHTETPHPOBAHHIO IO Bpe-
MeHH npoJeTa T (T. €. K UHTerPUPOBAHHIO IO TPAEKTOPUSIM 3JEKTPOHOB¥).
ECJII/l, KpoMe TOro, JONyCTUTb, UTO 3JEKTPOHHI B NYYKE COBEPIIAIOT MaJbIe
rapMoHHYecKHe KoJe6GaHHs C YacTOTOH ® OTHOCHUTEJIBHO CTaLMOHAPHOTO
ABHXEHUSL ¥ = Fo(T):

r=1r(x) + ri(z) e’ (Ire.] € D);
©=1(2) + nu(2) €™ (1l K T)

(D u T — macmtaGel pasMepoB H BpEMEHH, ONpenejseMble TpaekTopuefi
3M€KTPOHOB, CTPYKTYPOH H UaCTOTOH BBICOKOYACTOTHOrO TMOJA), TO MJId
amnautyn V* Gynem uMerh:

* 7(2) .
Vi=+ —{im o [Gsi {ro(’.)}]*dt +
- @)
(710 + D6(5) 1] EF{ ro<—->}},

1.2
0

_l_.

rae ti?—BpeMs IIpoJieTa, COOTBETCTBYIOULEE HAUALy H KOHIY My4dKa, /p—I0-
CTOSIHHAag CocCTaBjsiollass Toka B nyuke, N, — HOpMa BOJHE, Uy(t) =
= Fo(7) — CKOPOCTb 3JEKTPOHA B HEBO3MYIIEHHOM NOTOKe, 3HaK [|* o3na-
yaeT KOMIIEKCHO-CONpSMKEHHYIO BeJuuuHy, a yepes Gy 0Go3HaueHa cuia
JlopenTua:

G = EX + 7‘ [0, H7] . 3)

Buipaxenuss (2) u (3) moayueHbl AJf BOJAHOBOAA 0e3 MOTEPb; KAK MOKa-
san JI. A. BafinmrellH, ux o6o6umenue Ha Caydaidl BOJHOBOJA C TOTEPSAMH

cBonuTes K 3amene |Gi|* — Ef — ¢! v, HS] B unrerpane B (2).

2. BOJIHOBOJ, C BUHTOBBIM 3JIEKTPOHHBIM NMYYKOM, HAMPABJISIEMBIM
NPOOOJNbHBIM MATHHUTHBIM NMOJEM

1. suocenue 3AeKMPOHA 8 NOAE INEKMPOMAZHUMHOL B80.AHbL.
B peasTMBMCTCKOM TpPHOMMMKEHUH [BH)XXEHHE 3JeKTPOHA B MOCTOSIHHOM

* AHAJIOIHMYHAsl 3aMeHa mepeMeHHHIX Gblia Hononb3oBana [lladpanoseiM [?] mpu BbIYHC-
JIEHHH JUJEKTPHUECKOIl TIPOHHIIA@MOCTH TIIa3MBbl.
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maruuTHoM Hy = 2,H, 1 BHICOKOYACTOTHBIX 3/eKTpuuyeckom E. W Maruur-
HoM H_ 1oasx omuceiBaeTCsl ypaBHEHUEM

g(mr)——e{fa:Jr%v,hmlt]}, (4)

rie m = my(l — r*}/c*)~1%, m, — macca mokosi, € — aGCOJMIOTHAsA BEJIHYHHA
3apsiia 3JeKTPOHA, a TOUKA 03HAuaeT NOJHYIO [POU3BOAHYIO IO BpPEMEHH.

CoraacHo (4), B OTCYTCTBHE BBHICOKOYACTOTHOTO TOJS 3JIEKTPOH, HMEI0-
A TPOAOJBHYIO CKOPOCTh U, = U; W NONEPEYHYI0 CKOPOCTb U, [ABH-
AKEeTcs 1O BHHTOBOH JIMHHMH, OIIMCHIBAEMOH B unnuﬂnpnqecxux KOOpJHHATAX
r, 8, z ypaBHEeHHAMH

r=r,=17,/og, 0 =0,=uwyr, 2=2,=7U;T, (%)
2 —_
rae oy = efl/mc — rupomaruuthas uwactrora, m = my(1 — 85— p3)7"?,

.B.: =v,/c, ,BJ. = 7"1./0'
PaCCManHBa 1 BBICOKOYACTOTHOE I0Je :‘WIeKTpOMaFHHTHOﬁ BOJIHBI

E_= Vye(r, B)e-ikzeivt RH_ = V h(r, Q) ez givt (6)

KaK BO3MYUIEHHE M CUMTaAsA OTKJAOHEHHS TPEEKTOPHU 3JEKTPOHA OT BHHTO-
BOi JauHuU (5) MaJiBIMU:

r=ry+ ry, lr 1 K D,
MOJYYHM CJeAYIOLHEe YPABHEHUs NEPBOTO NPUOJIMKEHHS:
1y =rRy+ 0,r,00+ 2, Zy;

. ) . ‘U" . e
ri—v,0 —B ”(“'31 r —{—-vl@l—l———u)ﬁzl):——-vo(;,;

UV, m
- o ¢
re® + wyr; 4 B2 (‘”H"x +7,9; + o z1>‘= — ViGoe;

L

(4

‘2'1 + BIIBL7'2< ‘”H’:l + rogl + E,'—'2'1) =—~e-‘ VoG,

roe 2= (1 — @ —p2)7, R, ©,, Z,— e AMHAYHblE BEKTODEL, & G,, Geo
1t G; — KOMIOHEHTH CUJBL JlopeHTua aisi BOJMHB €JHHHYHOH aAMILIHTY/IBI:

G = g(ro, Bp)e-ite, g—e+ —1 [v,4]. ®)

Mmes B BUAYy HCMOAB30BaHHE B JanabHeiimieM ¢GopMmyJasl (2) Aas amm-
JHTYZ HOPMA/IbHBIX BOJH, OyleM MCKaThb pemlenusi ypasHewuit (7) B BHAE
¢yukuuit or T u ¢

ri= () et p () et

rae p,(<) e’'— obuiee peueHue oaHOpPoAHO# (G =0) cHCTeMH, COOTBETCT-
Byiomeil (7), KOTOpoe OMUCHIBAET COOCTBEHHBIE BOJIHEI JEKTPOHHOTO Myuy-
Ka NpH TNpeHeOpexUMO MajloM NpOCTpaHCTBeHHoM 3apane ['|. Tloaaras

B (7)) —= d——}- iw ¥ pasaarasa nepuoaudeckyio GyHkuuio g(z) U uCKoMoe
‘C .
peutenue #(7) B paan Pypee:
G =Y G T g G = G, Ry + Gon 0yt GonZy;

Z
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— V i(nopy —kv | )z piot. _
ry= Y r,eMHTEIR R e — p Ry - 100,0, + 2,Z,, (9)

n
das Koaq)(pnuuemba T ©,, 2, DONyUUM ypaBUEHHS: -
[(B0,)? + 20 w2 ] r, + iAox*(1 — B2 ) onre®, +

. e
+ lA(”n"‘2 B i p.LwHZn = E VOGm;

— iBo,2(1 — B2 ) wpr, + (Aw,)22(1 — B2 )10, +
. ‘ (10)
+ (Amn)2 »? B B.LG = ,_n‘ ViGen;

— iAo x8 B ohr, + (A0,)%8 3.r0, +

-+— (A(!)n)27,2( 3‘1) = % VoGzn,

rae

Gen=r)_1.—. Y {et‘)'i‘len hr}ewmg dé (ll)

Gon = l ( (€2 — Buh) e~ d

U A(nn - 0w — k’v" + noy, E = WHT.
Pewmenus ypasuenuii (10) umeroT BHI:

e G,nA(on _— i ng(t)H
Yrpn—— VO A ’
m Amn—l A(“)n @pt1
v { iG,,0n + Ge, o, Gzn By B + Gon® ) :
0 - 2
Aw,_, Aw, Ao, 1, (Aw,)? f
e Gzn(l *p%:)_GBnB:;BJ.
2,, == — Vo -
m (Aw,)?
nOJIyquHbIe BBIDAXKEHHUA IJd r 9 H 2, TNOoKasblBaioT, UTO TakK Xe€, KakK
U B HepeJlﬂTHBHCTCKOM an6JIH)KeHl/”/] BO3Myu1eHHe co3aBaeMoe 3JEeKTPO-

MAarHHTHOH BOJIHOH B BHHTOBOM 3/JI€KTPOHHOM IOTOKE, OTHOCHTE/NbHO Be-
JHKO B TOM CJyudde, eCJad NPH HEKOTOPOM 7 = p

r0@n=

£ (12)
m n—l1

‘Au)p"E!u)—k'U“—l——ple << Oy, O, (13)
Ipn BLHIOJIH@HHH  YCIOBUA (13) pan (9) aas r, uMeeT KoueyHoe YIHCIO
,Pe30HAHCHHIX" uneHoB mnopsiaxa |dw, |~ u |Aw, [-%. Caeayer, oauako,

OTMETHTS, uTO Tenephb (B peJIﬂll/lBI/lCTCKOM npnﬁmmcnnu) c/laraemble 10-
palKa lAw,,l 2 noABJAIOTCA He TOABKO B 2;, HO M B ;. 3o yKasbiBaer
Ha BO3MOJKHOCTb He TOJIbKO HPOJOJIBHOMN, HO TaKMXe ¥ a3UMyTaJbHOR rpyn-
NHPOBKU 3JEKTPOHOB. [locneanss, KaKk HeTPyAHO BHAETb, 0OYyC/JOBJEHA
3aBHCHMOCTBIO TMPOMArHUTHOH 4acToThl ®, OT CKOPOCTH M CBfA3aHa ¢ ¢a-

30BOH HEYCTOHUYMBOCTBIO OPOUTANLHO-YCTORYUBOTC ABHIKCHHS PEAATHBHCT-
CKOTOQ 3/1CKTPOHA B MarHutHoMm nosae |°|.
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2. Jducnepcuonnoe ypasHerue 0451 80AHO0800G C BUHMOBHLM NYLKOM.
[pu BecbMa MaJOH KOHLEHTPAIMH 3JIEKTPOHHOrO MOTOKA (ManoM IpPOCT-
PaHCTBEHHOM 3apsiie) CTPYKTypa IHOJsi B BOJHOBOLE C IYYKOM JOJKHA
MaJ0 OTJAHYATBCSA OT CTPYKTYPH MO/ B ,XONOLHOR® CHCTEME; B YACTHOCTH,
MOCTOSIHHBIE PACIPOCTPAHEHHST HOPMAJbHBIX BOJH R NOMXKHB OHTb 6./1H3-
KU Ry *:

ky — kog =0ky, |0] K 1.

Ecan, xpoMme TOro, N5 ONHOH M3 HOPMAJBHBIX BOJH BBHIIOJHEHO YCJIOBUE
pesoHanca (UM ,CHHXpOHH3MA")

o — kv + pog = ekyv,y, |e| <1, (14)

To-u B paxax (1) ans mosas B BOJIHOBOME U B pafax (9) Aas BO3MYILEHHS,
€031aBaeMOT0 2JeKTPOMarHUTHLIM TOJEM B NYyuYKe, MOXKHO IpeHe6Gpeub
Hepe30HaHCHBIMU ujieHaMu. Takum o06pa3oM, YUYHTHIBas Bsanmozleﬁcmne
NyuKa TOJBKO C OJHOH M3 HOPMAJbHBIX BOMH** (,CUHXDOHHOH“ B CMHIC/JE
(14)), noxacrasassa (12) B (2) 1 coxpaHas JULIb 4jeHH Hopsiaka 81 (8 —e)2
NOJYYHM NPUOIHKEHHOE AHCIEPCHOHHOE YPaBHEHHE IJs BOJHOBOAA C BHH-
TOBBIM NIYYKOM B CJejylouleM Buae (MHAEKC S, YKasHBaloUui Homep CHH-
XPOHHOH BOJIHBEI, B JaJbHeilieM He BblHI/ICbIBaeTCﬂ)

k= — £ o Y {iG,P (1~ ) —
©om oy N (o — kv + poy)?

“ . (15)
— | Gep 2B — (Gop Gop + GopGap) B1B. + OCs, 8)},

rae O(s, 8) — ocratouHslfl ujeH, cogepxamwuii ¢ ¥ & B CTeNeHH eMHHUIA
H BBIUE. 3aMeTHM, Y4TO NPU 3aZaHHOH YacToTe ypaBHeHue (15) aBasercs
KyOHUECKHM OTHOCHTEJLHO R M B cayyae JOCTATOUHO MaJoil PacCTPOHKU &
BCeraa HMMeeT KOMILIEKCHO-CONpsiKeHHble KOPHH. DTO 03HAyaeT, 4TO B BOJ-
HOBOJIE C BHHTOBBIM NYUYKOM Ha.uyacTOTax, ONpejessieMblx ycaoBHeM (14),
MOTYT CYILECTBOBATb KaK 3KCIIOHEHIHAJbHO-CNANAONHe, TAK H IKCIOHEH-
IIHaJbHO-HAPACTAIONIYE BOJIHHI.

Ilpu p = 0 (1. e. w=Ryvy) ﬂncnepcuom{oe ypaBHenue (15) onucoiBaer
CHCTEMY THNA JiaMnbl ¢ Geryiuefl BOJHOH, HO C BHHTOBHIM PeaSITHBHCTCKUM
nyuykoM; npu p=0 u B, =0 nosyuenHoe ypaBHeHHe sBAseTCA, O4EBHJHO, pe-
JATUBUCTCKUM 0600LIEHHEM AUCIIePCHOHHOTO YpaBHEHHS OﬁbquOH J'IBB [*°].

3. B0oH0800 co caa00 persmusucmcKusm BUHMOBBLM ny'mou llmx

1860 PeNATHBHCTCKOTO 3MEKTPOHHOTO IOTOKA, Y KOTOPOro B~ B ~8°«1,
B npaBo#t yactu (15) ciaesyeT YUYHTHIBATH TOJNbLKO CJaraeMbleé C HauMeHb-
weil crenenslo B. Heo6xoaumo, ogsaxko, UMeTh B BHAY, 4TO B TAKOM Iyd-
K€ 3/eKTPOHBl JBHXYTCA IO BUHTOBBIM TPaeKTOPHAM, PAAHYC KOTOPHIX,
BOOG1Lle TOBOPS, MaJl [0 CPABHEHHIO C AJHHOM BOJHH, 6aroaaps uemy Kosd-

* B paccmaTpHBaeMoil ciicTeMe HapsiLy C BOJHAMH, GJM3KMMH 1O CTPYKTYPE HOPMadb-
HBIM BOJHAM «XOJVIOJHOrO» BOJHOBOJa, CYHIECTBYIOT BOJIHBI, GJIH3KHe K COGCTBEHHBIM BOJI-
HaM 3JekTponHoro nyuxa. CofcrBesHble BOJHBL BHHTOBOTO Myyka 0Jaromapst npocrpaH-
CTBEHHOl MOXyJIAlHH ¢ mepronoM D =27V, [0, HMMEIOT NPOCTPAHCTBEHUbIE TaPMOHHKY
NMOCTOAHHbIE _PACMIpPOCTPANEHHT KOTOPLIX MPH MAJOM IPOCTPAHCTBEHHOM 3apsine npu6.uu‘

© + P‘*’

HKEHHO DPaBHBI kan(m— e
v i

. Huxe paccmartpupaercs ,pesouaHcHmi* cayuaii, Koru,a

k3“,‘l’) = kys (ycnosue (14)); nmpu 3TOM, OYEBHAHO, NMOCTOAHHBIE PACHPOCTPAHEHHA BCeX
COGCTBEHHBIX BOMH 6au3Kn R

** TlpeanonaraeTcs, 4TO BOIHOBOE HUMCIO R,  HEBHIPOXKIECHHOE; B MPOTHBHOM CayHae,
(a Takke B caydae .rpynnnl GAH3KHX BOJlHOBbIX uncen Ry = ko > ... =k )1'{e06x0-

AMMO YWHMTHIBATH B3auMolelicTBHE IIyuKa C HECKOJbKHMH BOJHAMH, ard aana'la 6yner
PICCMOTPEHAa B IPYroM MecTe,
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¢Gunuents G, Takxe MOTYT Cofepxarh Maablit napamerp £y uan .. Jedcr-
BHTEJBHO, €CJAH JONYCTHTb AJS NPOCTOTHL, UTO RyC ~ o, |V|e||~|V\h[, ~
~ kole| u By ~ B, ~B, To, cornacuo (11), | G_,? ~[G@p+1|2~|0 +1| ~
~|e|2 p%7l. TIocKOMBKY NpPH HE CJAMIIKOM MajdblX TOKax /. llOHpaBRH due
BXOAfLIME B JHCIEPCHOHHOE yPaBHEeHHE, MOTYT GbiTh MOPHAIKA g2, yKa3an-
Hasi 3aBUCHMOCTb @, OT p 3acTaBAfeT YUYMTHIBATH B 1D/ BO# uacTh (15) Te
yjJeHB a06aBKa O( g, 8), KOoTOpHIE coaepxaT § B Gosiee HU3KOH Crenewu,
YyeM cJaraeMble, BLINHCAHHbIE B SBLOM BH/S €.

Takum oO6pazom. yuuThIBasi, KaK H paHblle, B3auUMOAeHACTBHE TOTOKA
TOJNBKO C CHHXPOHhux BC.IHOM, moacTtasass (12) B {2) n coxpaHssi Te uae-
HBl, KOTOPBLIE, COIlJIACHO CHeJNaHHBIM BBHIILIE OIelKuaM, MOTYT OKasaThCs
nopaaka 6—'(3 —¢)~2B* u &0 — &)~!, moayuam caeayloLLlee JUCIEPCHOH-
HOe ypaBHeuHe:

8(?5 — )P = ]0 k

A I AL
~~o
. k . : ,
+ (" - 5) 2—/;~ l —4 Im(G,p Gep) + l Gr(p_l_) 2 + 21m (Gr(p._g) G(:)(p—-l)) “I‘ (16)

H
+1Gap—1) P = | Grips 12 + 21m (Gopr1y Gos) — | Gopin|” + O(s, ?’)]} ,

roe U, =mo? [2¢e —  npomosbHoe* Hampsienue myuka, K, = o /v,
ky = wylv,, 8 = (k — ky)/k,, a paccTpoiika ¢ ompegeasiercs (BOPMyJIOH
(14); ormeTuM, 4T0 Mpu BbYKCAeHUM KodddunnentoB Gop u G,, BXOAA-
KX B npaBylo uacTb (16), B dopmynrax (11) MOXKHO He yuYMTHIBATHL Mar-
HHTHOE ToJie.

Ilpu odenp caabmix TOKax /), koraa B mpasoit gactd (16) MOxKHO
npeHe6peub BTOPHIM CaaracMbIM, IPONOPIUOHANBHEIM (8 — &), JAucCmepcdon-
HOE ypaBHeHue HUMeeT BHA™:

]0 ke {
2U, kN

xapaKTepHmﬁ ans JIBB wau JIOB Thma ,0“ [10!] (B3aumopmeficTBue Tuna
,O“[']). Tlpn mocratounc: maach (QUKCHpOBaHHOW paccTpoilke & ypasHe-
e (16a) Bceraa umeet KC mn.,€hCHO-COMPSKEHHD € KOPHH, OJMH H3 KOTOPLIX
COOTBETCTBYET HApPACTalo:leH ROJHE.

B caysae B3auMoJeiicTBHS 31€KTPOHOB C MEI/NE€HHOH 3JeKTPOMarinuT-
HOM BOJHOH HAa uYacToTe o = k', (p = 0) Hapacranue BOJHH (yCHJcHIIE)
006yca0BJIEHO, KaKk M B 00niuHo# JIBEB, npogosassofi rpynnupoBKkoi 3JeKT-
POHOB h UEDEHKOBCKHMM H3yueHHeM o0pa3oBaBLIKXCs CrycTkoB. Mure,ecHo
OTMETHTb, YTO AJS1 BHHTOBOL. IyYKa YCUJAEHHE OKA3hIBAETCH BO3MOXHBIM
W NIph B3aUMOLEHCTBHH C MELJIEHHBIMH - £-BOJIHAMH, He HMeW MK Tpo-
JOJIbHOH KOMIIOHEHTHI 3/eKTPkut CKOTO MOAY; PPYNNHPOBKA  3TOM Cayude
o6ecrneynBaeTcs 1ioNeLeUHM MATHUTHBIM DOJICM (MepBoe caaraemoe 8 h-
rypHbix cko6iwax (16)) u u3Meredue: CEODOCTH BfallleHusi 3/JeKTpPo:a
BCJIEJCTBHE H3MeHenn, Macchl (BTopce caaraemoe)**,

[Mpu p # O yparueune (16a), taxme xak u (15), Hmeetr KoMIAEKCIO-
CONPSXKEHHBIE KOPHHU JWin 3aMCAJEHHBIX W JAsl HC3aMEIJIeHHBIX BOJH.

B3 — )7~ —

G| — BzJ. [Gep |2 } ) (16a)

* B npasoit yacTH AMCNEPCHOHHOTrO ypapHenus (19) .BTopoit u3 paGot ['] oTcyTCTByeT
cJjaraemog —B"l | Gypl* , o6ycnoBsieHHOE YUCTO, PENSTUBUCTCKHM (PPEKTOM — 3aBHCH-
'MOCTBIO MacChl 3/1€KTPoHa oT cKopocTH. Heo6xomumoe HcrnpasieHne ykasaHo B i2].

** Ecn paccMaTpHBaTh BPAILAIOWMACA 3MEKTPOH KK MarHHTHbI AUNOIb, TO HapacTa-
‘HHE . 3/IeKTPOMArHHTHOK  BOJHEl MOXKHO- OOBSICHHTh KaK Pe3y.ibTaT TIPYNNHPOBKH TaKHX MH-
noJieil B MaryuTHOM TOJe BOMHBI K SEPEHKOBCKOrQ H3/yueHHs 06pa30BaBWIAXCA CTYCTKOB.
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Hapacranue 31€KTPOMarHHTHBIX KoJe6GaHuil CBA3aHO B 3TOM CJyyae C aB-
TO Ha3HPOBKOH OCLHJASITOPOs (BPAlUAIOUIMXCSA 37eKTPOHOB) [°|, mpuyem
nepBuifi ujeH B (GHUIypHbiX CKoOkax (16a) cooTBETCTByeT rpyHIHpPOBKE
3@ CcYeT CMeUIEHHs BLOJb NMOCTOSAHHOTQ MarHHTHOrO NOJAs (IPOCTPAHCTBEH-
Has PacCOPTHPOBKA), 4 BTOPOH — 3a CYET 3aBUCHMOCTH YacTOTH Koaeba-
Hifi «y OT aueprun vactuusl W (dasoBas paccopTHPOBKA). 3HAK MHHYC
nepe |Gopl® o6ycaoBacH TeM, uto doy/dW < 0.

OTMeTuM, uTG (1paBas yacTh ypaBHeHus (15), mpUrogHoro AJs CyllecT-
BEHHO PEJNATHBHCTLKHX IYUYKOB, COAEPKHT LOMOJNHUTENBHOE CJaraemoe,
nponopuuonaasioe 2Re |Gap Gzp) B3, Hetpyano Bumers, uto 3to caa-
raevoe COOTBeTCTBYeT J0GABOYHOH MPOCTPAHCTBEHHOH pPAaCCOPTHPOBKE
OCIHJISITOPOB, OOYC/AOBNEHHON pa3jiuuueM HX MPOLOJBHBIX CKOpocTef,
P ueM PA3HULA B CKOPOCTAX TNOSIB/sSEeTCS B pe3y/bTaTe H3MeHEHHs Mac-
Cbl OCIUANSTOPOB, 3asHCALLell, B PEIATHBUCTCKOM C/lyuyae, OT 3SHEepruu
nonepeuHblx Kosebannit W. -

11pH OTHOCHTEJBHO CHJBHBIX TOKaxX [, (HO HE HACTONBKO CHJBHEIX,
4TO BO3HUKAET HEOOXOAMMOCTb ydeTa C/iaraeMuix mnopaaka (8 —e)® u
(3 —-2) B B ocrarounoM ustexe O(g, 3) — B YACTHOCTH, WIEHOB, 00YC/AOB-
JerHBIX IPOCTPAHCTBEHHBIM 3apAJ0M) M JOCTAaTOYHO MaJioii CKOPOCTH B mpa-
BOH yacTd (16) MOXHO COXPaHHTb TOJNBKO CJaraeMoe, NMpONOPUHOHAABHOE
(3 — ¢). IlucnepCcHOHHOe ypaBHEHME IIPH 3TOM OKA3BIBAETCHA KBAAPATHHIM
OTHOCHTEJIbHO TOMPaBKH O:

MDD [0 k(’ * !

33 —e) =2 —¢—14Im (G, G},) — | Grp—n|® —

(0. ) 4U, kagN[ ( » Gap) — | Grip—)

— 2lm (G, (p_])Gz)(ﬂ—!))A— iG@(P“I) P+ [Gl(a+ltl2 - (1606)

— 2Im (Crpin Gy} + Gon 7],

T. €. ¥MeeT B, XapakTeprmift aas cucrtem Ttuma. ,M¢ [1&12] (ssaumo-
leficteie THna ,M* [']). OTo ypaBHeHne yxe HEe CONEPKUT PEAATHBUCT-
CKHX 10NPasBoOK M COBNANAET C ypaBHenueM (2J) BTOpo#l uactu paGoTh['|
(C vueTOoM yka3sanHofi B [*]| 3ameHb). BO3MOXHOCTH 10sIBJ€HUS HApacTao-
JIHX BOJH NPH B3aUMCAeHCTBHM Tuma ,M“ onpexpesnsieTcsi 3HaKOM KBan-
paTHO#l ckoOkM B (166) M CyLIECTBEHHO 3aBUCHT OT CTPYKTYPH T0Js
B BO.IHOBOAE. OTMeTUM, YTO eCau €a (V. ) U e,ty, &) — HAEACTBUTEALHEIE
@yekmuu u p = 0, To mpaBasi 4acTb (16¢) C TOUHOCTLIO 10 UYJEHOB MOPSA-
xa 3* obpamaercst B HyJb, OTKYAad CJ€1VeT, YTO B 3TOM CJAydae Ha ua-

¥

c10Te ® =~ Ryv, B3auMojaeHcTBue Tuiia ,M“ He urpaer poJu.

4. [Ipssmoyzonsretl 804H0800 ¢ BUHMOBLLM nyiKOM. PaccMOTpum
B KayeCTBe NpUMepa NPAMOYTOJbHHEIA BOJIHOBOA, B KOTOPOM €/1a00 peastu-
BHCTCKHE BHHTOBOII NYyuYoK B3aumogefcTsyeT ¢ BoJHoft Tuna TE,, Ha ua-

crote o = Rrg, vy + oy (p = — 1). J[licnepcuonsoe ypapnenne (16)
3 3TOM CJyuae 3amuIleTcs 8 BHAE:

S ’\ P [ 47: ” 1 . "2.

(3 — ) = % —(akrr, )7t | o L2

o 4U0 C ﬁll

(17)

2 / _
+ (6 —¢) 22 akpp, ] 2 cos? (——ﬂ—x)
wp € b a

(cOn3HAueHus MPUBEJEHH Ha pné. 1). BsaumogefictBue tHna ,M“ B pac-
CMaTPHBAEMOM NPHMEpE (IIPH B3AHMOACHCTBUN MYUKa C ,ORICTPOR® 3EKTPO-
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MarHuTHOX BOJMHOM™) HEe NPHUBOAMT K YCHJIEHHIO 3JEKTPOMATHUTHHIX KO-
saeGaHuii, a, Ha000POT, YMEHBbINIAeT HapacTaHHe BOJHBL, OGYCJOBJEHHOE
B3aumosedcrsuem tuma ,O“. Baaromapst atomy ¢ pocroM Toka [, (mpu
(UKCHDOBAaHHOM CKOPOCTH 3MEKTPOHOB M NeHCTBUTEJIBHOH yacrore o)
KO3(pPHIHEHT HADACTaHUSA BOJIHBI
Y Im(d) ymenbwmaercs, HauuHad C
nexortoporo /3", W TpH Aajb-
HefilueM yBeaudeHuu [, MOXCT
ynactb 10 HyJd.
JlucnepcuoHHoe ypaBHEHHE
L5  BOJIHOBOJA, 3aMOJHEHHOrO
C1a60KOHLIEHTPUPOBAHHOH  He-
PaBHOBECHOH MAarHUTOAKTHBHOM
nJa3Mof, BCE  3JEKTPOHH B
KOTOPOH HMEIOT OAHHAKOBHIE
CKOPOCTH ¥, M ¥U,, NoJyyaercs
yCpeJHeHHEeM TIpaBOH  4acTH
(17) (B o6wem cayuae (15) uau
(16)) no monepeyHOMy CeueHHIO.
B paccmarpuBaemMoM  cayuae
yCpeaHeHHe CBOAUTCA K 3aMeHe

cos? (E x | na 1/2.
a

5. ITonockoseic 80410800 ¢ surmosolm nyskox. Jas Boawer TEM
B NOJIOCKOBOM (JIEHTOUHOM) BOJIHOBOJE, ITOJIHOCTHIO 3aMOJTHEHHOM 3/1€KTPOH-
HbIM TIOTOKOM C BHHTOBBIMH Tpaemopnamu ypaBHenue- {15) npu p = — 1
NpHMET BHI:

1 0?2 1 ofyn
B(B—'—aZ=~————” [2 n—1)— 0 —e #], 17a
) 5w Eal B ( ) —( ) on (17a)
rae o, = (4ne?/m)N,, N,— KOHUEHTpAUusi 3JEKTPOHOB, M. — IOKA3aTe/b

npesoMJIeHNs cpeubx 3ano.rmmomeﬁ BOJIHOBON. VIHTepecHo OTMeTHThb, uTO
npu n. =1 B3aumogeilicteue tHna ,O“ B Takofi cucTemMe OTCYTCTBYET;
o6bACHAeTCa 3TO TEM, YTO JBa MexaHu3Ma (Da3HPOBKH BPAAIOUIUXCS
3/JIeKTPOHOB PA6GOTAIOT B IPOTHBONOJIOXKHBIE CTOPOHH (BsanMHaﬂ KOMIeHca-
UHA ABYX MEXAHU3MOB ($a3upoBKH NOsSICHEHA € KBAaHTOBOH TOUKH 3pe—
uusi B [°]). BaaumopefictBue thna ,M“ Ha uyacrore o == wy(l — Byn.)

(p = — 1) He NPUBOAHT K HeyCToﬁanocm. OaHako, KaK HeTPYAHO BH-
JieTb, HAa 4acToTe, COOTBETCTBYyIoOlleidl aHoMmaabHoMYy abdexty [onnaepa:
o>~ oy/(Byn.— 1) (p =1), 3HaK nepea BTOPHIM cJaraeMblM B KBajapar-
Holi ckoOke (17a) meHsiercsi Ha OOpaTHHI{; B 3TOM CJyyae B3aUMONEHCT-
BHe Tuna ,M“ yBenuuusaer Ko3a(pGdHUIUEHT HapacTaHus koJjebaHuii.

6. O6 uccaedosanuu OucnepcuoHHO20 ypaswerHus. JlucnepCHOHHOE
ypaBHenue (15) uau (16) cBA3biBaeT NOCTOSHHBIE PACMPOCTPAHEHHUS BOJIH,
6JM3KMX BOJIHE THIA § B XOJOJHOM BOJHOBOZE, C 4acTOTOH w (mompaBKH
K TIOCTOSIHHBIM PaclpOCTPAHEHHUS OCTaJbHBLIX HOPMAAbHBIX BOJIH, B 4AaCTHO-
CTH, BOJIHBL THIIA — §, DPaCOPOCTpaHsloliefics HaBCTpeuy ,CHHXPOHHOH®,
MHOT'O MeHblue omnpeaeasieMbix ypaBHeHueM (15)). TeMm caMBIM NOJHOCTBIO

peuiaeTcs 3ajaavya o pacnpOCTpaHeHun BOJIH B G@CKOHEYHOH cHcTeMe™ ™,

*[lpu p > 1 (B3aumojeiicTBie ¢ MeIJEHHBIMH SNeKTPOMANHUTHLIMH BOJIHAMH) B3al-
Mmozeiicteue Tina «M» mpuBOANT, BOOGILE TOBOPS, K HEYCTOHUNBOCTH. Herpyano Bhiaets,
YTO 9Ta HEYCTONYHBOCTh, COXpaHsiolLasicss B cayuae p= 1 nnpu B =0, casasa c¢ amo-
MaJIbHbIM atpdexTom I[onn.nepa [13].

C#* 0. minax ‘HeycToiuHBOCTH GECKOHEUHBIX CHCTeM oM., HanpiMep, [16].
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[1pu m3yyeHun cuCTeM KOHEYHOH IJMHBI CAeJLyeT pasjuyarh ABa BO-
npoca: a) MCCJAe]0BaHue * aBTOHOMHOH (T. €. IpM PaBHOM HYJIO BHEILIHEM
CHIHAJ/@) CHCTeMbl HA YCTOHYMBOCTD H 6) HCCJIENOBaHHE PACIPOCTPAHEHHS
BO.TH C 3aJaHHOH 4acTOTOH (BHEWIHEro CHrHajxa) B YCTOHYMBOH CHCTeMe.

OueBuiHO, UTO B aBTOHOMHOI CHCTeMe HU NOCTOSIHHYIO PAcIpoCTpa-
HeHH R, HM 4acTOTy Kose0aHHH# o Heab3st CUHTATh, BOOOILLE I'OBODH, 3a-
paHee 3a1aHHBIMH — OHM ONDPENEJSIOTCH AUCIEPCHOHHHIM YDaBHEHHEM THIa
(15) coBMecTHO ¢ KpaeBHIMHM YCJAOBUSIMH HAa KOHUAx cucremsl. [lpm uccae-
JOBAHUM PACIPOCTPAHEHHS BOJH B YCTOHYHBOH CHCTEMeE 4acTOTy ® (YacToTy
BHEUIHErO CHrHa/Ma) MOXKHO CUUTATh 3aAaHHOH.AeHCTBUTENBHON BEJHUHUHOMN.
YpaBuenus (15)—(17) ompezensiioT B 3TOM cJayuae MONPaBKH K IOCTOSIH-

* HbIM DacnpoCTpaHeHUd HOPpMaJbHBIX BOJIH, @ KpaeBble YCJOBHA ITO3BOJIAIOT

BHIPA3UTh UX aMILIMTYAbl Yepe3 aMIJIUTYLy BXOJHOTO CHUTHAJA.

Mbl He 6yJeM OCTaHABAMBATBCA 31€Ch HA MCCJIENOBAHUMH YC/IOBHH ca-
MOBO3OYXKIEHHS M YCHJICHUSA 3J1EKTPOMATHUTHBIX KoJeGaHH# B BOJHOBOAAX
C HenpsMOJIMHEAHBIMHE 3/J€KTPOHHEIMH NOTOKaMH. [lcOepCHOHHEIE ypaBHe-
nusa (15)—(17) u xpaeBble yCJAOBHA s NMQJAEH H TOKOB HA KOHUIAX BOJI-
HOBOJA COBMANAIOT Mo (opMe C THCIEPCHOHHBIM YpaBHEHUEM M KpaeBBIMH
ycaoBusimu o6puHbIX JIBB u JIOB, 4yTo u36aBiasieT or HEOGXOAHUMOCTH HX
CreLHanbHoro HceaenoBanus. OTMETHM TOJBKO, YTO HEYCTOHUYHBOCTH (re-
Hepauus) M yCUJIEeHHe BBICOKOYACTOTHHIX KOJeGaHuil OKa3hBalOTCA BO3MONK-
HBIMH TIpH B3aHMOJEHCTBHH 3JEKTPOHHOTO MNOTOKA KaK C 3aMelJIeHHBIMH,
TaK U C He3aMe[JJEeHHBIMH (NMONMYyTHEIMH HJX BCTPEUHEIMH 110 OTHOLIEHHUIO
K TMOTOKY) 3/IeKTPOMAarHUTHBIMH BoJHaMu (cM. [Y]).

3. BOJIHOBOA, C TPOXOWUOAJIBHBIM JEKTPOHHBIM HNOTOKOM,
HANPABJSIEMbIM CKPEMIEHHBIMH 3JEKTPUYECKUM U MATHHUTHBIM
NOJISIMH '

1. Jsuxcenue snexmpona 8 noae 804He. Moayab CKOPOCTH YACTHILLL
ABMXKYylIeHcss B ckpelleHHH X noaax E,= — E Y, u H,= H X,, B na6o-
paTtopHoii cucreme oTcueta K He ocTaercsi, BOOGLIE TrOBOPS, MOCTOSHHBLIM,
M, CJEIOBaTe]bHO, PeNATHBUCTCKME YDABHEHHs MepPBOro MNPUGAHKEHHUS,
anajsoruunsie (7), UMEOT B BTOM CJayyae IepeMeHHble (IepHOAHYECKHe)
roapdunuente. IlostoMy oxasniBaercss GoJsee yZOOHBIM paccCMaTpUBaTh
JABH)KEHHE YacCTHUIBl B CHCTe- ’
Me K’, nBuxyuieiics OTHOCH-
TeJabHO K CO CKOPOCThIO Jpeii-
da vy =cEy/H,. Baroi cucre-
se* Eo=0, Ho=H,(1—¢})"
1l B HYJEBOM HNpPUOIHKEHHU
(B OTCYTCTBHE BHICOKOYACTOT-
HOTO NOJA) 3JEeKTPOHH JABH-
KYTCA IO OKPYHKHOCTAM, Je-
KalHUM B IJAOCKOCTH Y’ 2
(puc. 2):

r 14 ’
r'= o, 0 = @0= (!JH‘C',

’

rie og =efy/me, m =
',2)—1/2 .

:”lo(l—pl y BJ_='UJ_/C.

YpaBHeHuss NepBOro NMPHONMKEHHA, OMUCHLIBAIOIIHE ABHKEHHE 3J€KT-

poHa B moJae Geryuie#t Boaubl (6), B cucreme K’ coBmanawor c (7), ecan
B INOCJAeAHMX NOJOXKHTE Py =0 M yyecTb APYrylo OpHEHTALHUI0 OCel

* B nanbeiilleM Bce BeJHUNNb B €HcTeMe K/ oTMeualorcs ITPHXaMH.
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KOOpAUHAT (BaMEHIdTb 2 Ha JCI). Ecan Bocmosab3oBaThcd pasnomennﬂmu
—i |k'z (‘! ) o't T o't .
[ - 2, Gre" o s

A n

G =g)e

, o inel <t 't .

— H

rl-L rn € e ’ (18)
n

ron="rnRo + ryOy en+an0§ G, =G Ro+ GenO¢ + GxnXo
(3nech G, — xoMnoHenTsl Pypbe CUIBL Jlopentua (8) B cucreme K,
z,=r 0 Cos(w}, ")), To aas kosdduunenTos r,, 8, n x, 6ynem, corjac-

n
HO (12), MMETh:
, e G;nAm'—ngan )

ro= ’
" m’ Vo Aw;l._ Aw, Awn+l :
2
' ' X 8
ro@ _£ OJ' i Gy (I)H - G(-)nA“)H Rt 0,9'; : (19)
l AU)”__‘ A(J)n A(l)n+1 (Au)ll)b
X =L Vi Gmg; Ao, = o' + no,
m (A(.!)H)

rie V, = V, — aMniuTy1a BOJIHBL

2. Bo30yoicoeHue 804H0800a pPEAIMUBUCIMCKUM MPOXOUOALLHOLM™
nysxox. B npaByo uyacte Gopmyas (2) AJf aMIVIMTYL HOPMaJbHBIX BOJH
BXOJAT BeJMUYMHBL Fio M %) ~ — 2ju/Vp, (Vo — NPOROJABHAS COCTaBAAIOLIAS
CKODOCTH B HEBO3MYIUIEHHOM MyuKe), H3MepeHHble B Ja00paTOpHO# cucTe-
Me K; mo3ToMy HafieHHOe BO3MYILEHHE F; JOMKHO ObITb MNEepPeCyuTaHo
B K B COOTBETCTBUU C NpeoGpa3oBaHUEM JIopeHTua. ITpu arom neo6xoau-
MO HMETh B BHAY, YTO B BBIPaXXE€HHH /IS F; NMOSABAAETCA AOTIONHHTEALHO
nepeMeHHas COCTaB/AMOWAs, CBA3AHHAA C NPEOOPA3OBAHHEM. BPEMEHHU

t’=v.(t—zpﬁ/c)=~/.[(t——z0[3,;/c)—zlp—c"]—t(t) 3"

KoMmoneHTsl BekTOpa | B JHHEHHOM NPUOGIHKEHHH TPeo6pasyloTcs, Kak
HeTPYAHO 1O0Ka3aTh, MO QopMyJaM:.

n=x(G0)
. . )’0 P o
yo= i ) + 22 (—a;ﬁ—m—am%; o
oz, 8 1
2= 2 (0] = e =

; =)
dty ¢ 1—=FBy
rue B(')y = 'u(’)y/c, Boz = Vp,lC, Ugy H Uy, — COCTABJAIOIIME HEBO3MYUIEHHOH
ckopoctu B cucreme K.
Hcnoabs3ys 5TH COOTHOLIEHUS, a TaKke GOopMyJiHl peobpasoBanus JJs
cuinl Jlopentua G (cM., nanmpumep, []): -

* B pesaTHBHCTCKOM mpuémm«eunu TPaeKTOpHH MGKTPOHOB B HeBosmyluerHHOM Hyliv
Ke OTAWYHbL OT PPONOIHIB] (M.
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G\=G, —»8,00.G.); (21)

il

G = N (BO.L = 1}0_1_/6‘),

L
MOZHO 110Ka3aTh, YyTO B NepBOM (JAHHEHHOM) NPUOJIHKEHHH

[ 1) (G| *de = [ n(AIGLIro(®), t]*dt =
: | (22)

= j (%) [Gilr (<)) *ax.

CootHomenre (21) cunbHO YHpOILAeT BHIKJIAAKH, HEOOXOAHWMBIE MJisl BBI-
ypcJaeHHs ammaurysn V.

3. Jlucnepcuonnoe ypasHerue O0As B0AH0800A C MPOXOUOAAbHbLM
anexmpornsm ny4xom. Cuny Jlopentna G B (22), neficTByQUIyI0 HA Ya-
CTHY C e/m’ = 1 B mo/jie HOPMAJBHOM BOJIHB, MOXHO pPAa3/I0XKUTh B PsiL
dypre, ananoruunuii (18):

G; — g;(’:,) e—i[ k('JS 2(')(1’)’;1»’{’] _ E G"le i (m;)f'+nm;_]-.') (23)

¥ oTanuaiouuiics ot (18) sHauenueM yacTOTH w, HeTpyaHo BuAE€Tb, 4TO
YacTOTH M TOCTOSIHHBIE DPACIPOCTPAHEHHsT HOPMAaJbHOH BOJIHBI B CHCTE-
me K u K’ cBsizanel Gopmysaamu

B TO BpeMsi KaK aHaJOTMYHEIe BHIPAXEHHs AJs BOJHH (6) C moCTOAHHOH
pacrpocTpaHeHHss kB MMeloT BUA:

k/“:‘(k'—gpﬂ); u),='/.((l)-—k‘v[|). | (243)
c

OrpaHuuumcsi, KaK ¥ B Cl1yyae BHHTOBOrO NMYyuKa, JOCTATOYHO CJa0HI-
MH TOKaMH, KOIJa M3MEHEeHHe MOCTOSIHHBIX PaclpoCTPAHEHHS HOPMAaNbHBIX
BOJIH, OGYCJOBJIEHHOE NPUCYTCTBHEM 3JEKTPOHHOTO MOTOKAa, Majao: .

(l),—— (.l)(’)='—“/.1)]|(k—k0)=‘—l‘vu‘k06, ]B[<< 1, (25)

H JOMYCTHM, 4YTO AJsi OXHOH W3 HOPMAaJbHBIX BOJH (,CHHXPOHHOH") I'fu
ONMpEeJEeJEeHHOM IeJOM P BHIIOJHEHO YCJIOBHE pe3oHaHca:

op 4 poy = 1 (0 — ko1 +pop—t) = wvike, ] K1 (26)

ITpu 3THX YC/IOBHAX MOXHO HCKAaTh NONPAaBKM K NOCTOSIHHOH pacmpocrpa-

HEHHS! CHHXDOHHOH BOJIHB, NpeHeOperasi B/AMSHUEM BOJH JPYTHX THIOB.

TMoacrasnss (18), (19) n (22) B (2), npuHumas Bo BHUMaHue (23)—(26)

H COXDaHfs JUUIb 4JeHH mopsaka 6—'(8 — e)—% mnoJayuuM JUCIEPCHOHHOE

ypaBHEHHEe J/151 BOJIHOBO/1A C TPOXOHMJAJBbHEIM 3J€KTPOHHBIM NIYYKOM B CJe-
AylouieM Buae:

. ..

ek = — £ Iy ol — §1)¥

(N ’ o f

m o N [‘” — kv, +P‘”H(1 — 3 )]’2!?

X { | Gx’pl2 - B'J. | Gorp 12 + O,z 9) } .
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‘ Ypapnenue (27) mnoanocTeio aHasornuuo (15). Bosee Toro, MoxHo
.TI0Ka3aTh, 4TO COOTHOIIEHHe (22) CnpaBemJHBO M AJS BHHTOBOTO TNYYKa; .
oTCI0Ja CAedyeT, YTO JUCHepCHOHHOe ypaBHeHue (27) MPHUroJHO AJS BOJ-
HOBO/IOB KaK C TPOXOMIAJBHEIMH, TAK U C BUHTOBBIMU JEKTPOHHEIMH My4-
KaMmu, ecau noia G, NOHUMAaTh KOMNOHEHTY cu/bl JlopenTna B cucreme K’,

napanienbHylo NOCTOSIHHOMY MaruuTHoMy noaio Hj, a moa G, — asumy-
TaNbHYI0 KOMIIOHEHTY B IJIOCKOCTH, neprnenaukyaspuoit F. Bepaxas Bce
'BeJIMYMHBL B NpaBofl uactu (27) uepe3 ux 3HaueHust B J1aGOPATOPHON Cu-
cTeMe orcuera K, HeTPYAHO yOemMThCH, YTO AJAS BHHTOBOro nyuxa (27)
coBmanaer ¢ (15). B ciyuae tpoxomaanbHoro myuka nepexon B K Hele-
JgecoobpaseH, TaKk KaK NPUBOJUT K BECbMA I'POMO3LKHM BBHIPAXKEHHSM.

4. Boan0800 co caab0 peasmuBucmceKum mpoxoudarbHoLm nY4KOM.
Kak y:xke 6b/0 OTMEu€HO B mnpeiblayllleM pasjelse, OCTAaTOYHBIA uJjieH
O,(s, o) mpu £2 < 1 MoxeT colepxkaTb cjaraeMble TOTO ke NOPsAKa, 4TO
1 BoinucaHHble B (27) B aBHOM . BuZe. [lOBTOpsSIi BHIBOJ JHCIIEPCHOHHOTO
ypaBHeHHS AJs 3TOrO C/ayuas W ylep:Kubas UJEHH, KOTODHe MOI'yT OHTH
nopsiaka 871(8 — &)723% u 671(0 — ¢)—!;, mosayuum ypaBHEHUE, B TOYHOCTH
cosnajaoulee ¢ (16), Ho ¢ samenolt G, — G, Gep - Ggrp, - Gyrp
(" u © — noasipHele KOOPAUHATH B INIOCKOCTH Y2).

B pane cayvaes 6osnee ymoOHOH oOKkaseiBaeTCd 3aNMCh INPABOH 4acTu
3TOr0 ypaBHEHMs 4yepe3 MNPOEKIHH JOPEHTLOBOH CH/IB B NPAMOYTOJbHOH
HeNoJBHXKHOH cucTeMe KoopiuHat. [lpousBoas HeoGXOAMMBIE BBIK/IALKH,

NOJYUHM: :
I, R, 1/r 2.
- {lpr PP — —4-_( °:H> [i (Gyp—1) — Gyp+1)) +

U, BN

G,,

33 — ¢)? =

N k *
+ Gap1) + Gepen [P+ (¢ — ©) 57;; [ — 41m (G,,Gyp) + | Gep-1f* +
+ 2Im (Gap—y Gyp—ny) + 1 Gyeo—n F — | Gapan |2+ (28)
+2Im (Gz<p+1) G?wﬂ)) — 1Gyp+1 I’} },

rupe
GP = prXO + Gyp Yo + GszO = -(D—'-{- S ge“iko[zo(‘ﬂ—‘llu'c | dr.

2n 9

CX04CTBO JMHCIIEPCHOHHBIX yPaBHEHHI IOKAa3HBaeT, YTO O6Iuxe CBOKCTBA
CHCTEM C BHUHTOBBHIMH UM TPOXOMIAJNbHBIMH 3/JIEKTPOHHBIMH TOTOKaMHU OJAHHA-
KOBHI; B U4CTHOCTH, Ha BOJHOBOJAHBI C TPOXOMAAJbHBIMH MYyYKaMH MOTYT
GBITH PACIHPOCTPAHEHH! 3aMeYaHUs,CleJaHHBe B pasjene 2, OTHOCHTENbHO
XxapakTepa KOpHeH [JUCIepPCHOHHOTO YDABHEHHS TIPU CHUJBHHX M CJA0BIX
tTokax (B3aumonefictsue tuna ,O% u tuna ,M“), ycaoBudl camMoBO3GYKie-
HUSl, yCHJEeHUS W T. . [IpUMepH TEOPEeTHYECKOTO U IKCIEPHMEHTANbHOTO
HCCAEJ0BaHHsA HEKOTOPHIX CHCTEM C TPOXOMAAJBHBIMM INy4YKaMH MOXHO~
Hafitu B pabore ['°]. .
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RELATIVISTIC DISPERSION EQUATION FOR WAVEGUIDE
SYSTEMS WITH HELICAL AND TROCHOIDAL . ELECTRON BEAMS

A. V. Gaponov
The dispersion equation is obtained for a wave propagation in waveguides with

relativistic helical or trochoidal beams. The significance is elucidated of relativistic
effects in the interaction between the beams and slow or fast electromagnetic waves.



