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HEJIMHEWHDBIE HECTALLMUOHAPHBIE YPABHEHHSA
B3AUMOJAENCTBHUSA 3JNEKTPOHHOI'O NMOTOKA
C SJIEKTPOMATHHUTHBIM NOJIEM BBJIU3H TPAHHULbI 30HBI
BPUJIJIIOOHA

A. I1. Kysneyos, C. Il. Kysneyos

PaccMorpena 3amaua o B3aMMOMENCTBHH DEJSTHBHCTCKOTO 3JEKTPOHHOTO
Ny4YKa H 3JEKTPOMArHATHOTO MNOJA B TNEDPHOLHYECKOH 3JIEKTPOAUHAMHYECKOH
cucreme. CpopmyupoBaHEl HeJHHEAHbIE HECTAMOHADHEIE YPABHEHHS H COOT-
BETCTBYIOLlME [PaHHYHBIE YC/IOBHA MU CaAydas B3aHMOJEHCTBHs BGJM3H rpa-
HHUE 30HB DBpuamosHa. OGCYXAAIOTCS HEKOTOPHIE DPE3Y/bTATH YHCIEHHHX
3KCIEPHMEHTOB C TaKOH CHCTEMOI.

CHcTeMBl, B KOTODHIX 3JEKTPOHHLIH NOTOK B3aMMOJEHCTBYET C 3JeK-
TPOMATHHTHBIM IIOJIEM II€PHOAHUECKOH 3JeKTPOJHHAMHUECKOH CTPYKTYPH,
IIHPOKO NPHUMEHSIIOTCA AJs yCHJIeHHs W reHepauuu koseGanuii CBY auana-
soHa. [Ipu mccefloOBaHHMH CTAalHOHADHBIX DEXHMOB PAaGOTH TaKHX CHCTEM
HCHOJIb3YIOTCA JBa MOJXOJA: BOJHOBOH, COCTOSIIMH B BEIAEJEHUH CHHXPOH-
HOH C TOTOKOM YacCTH UOJIsS, ¥ IHCKPETHHI, OCHOBAHHHH Ha MNpeACTaBJle-
HHH 3JIEKTPOAHHAMHYECKOH CTPYKTYPH B BHJE SKBUBAJEHTHOH CXEMBlHJIH Ha-
6opa CBAI3aHHBIX MHOIONOJIOCHHKOB. O6a 9TH 1OJXOJa Pa3BHUBANUCh B Te-
YeHHe MHOTHX JieT, B3aHMHO JONOJHAA H oforauiast Apyr Apyra, MOCKOJbKY
JUCKDETHHIH moaxox Oosiee MNpPHCNOCOOJeH [Js aHalu3a KOHKPeTHHIX
YCTPOHCTB, a BOJIHOBOH — HJif BBIICHEHHsS OOLIMX 3aKOHOMepHOCTeH, NpH-
CYIIHX CHCTeMaM 3JIEKTPOHHHIH IOTOK — 3JIeKTPOMAarHHTHasi BOJIHA.

B nocnennee BpeMs 3aMeTHOe BHHMaHHe yJIelseTcss HCCIeJOBAaHHIO
HeCTalHOHAPHHIX INPOLECCOB B CHCTEMAaX 3JEKTPOHHEIH MOTOK — 3JIEKTpPO-
MarHMTHas BOJIHA, AJIsl Yero TaKKe NPHMEHSIOTCs BoJaHOBOH [1—3] m puck-
petHnifi [%5] momxoxw. B ciyuae, Korja cmeKTp CHTrHasa JIEXHT B OKpeCT-
HOCTH TDaHHIBl IOJOCH NpPO3PayHOCTH (30HE DpHIIIO3HA) 3JeKTPOAMHA-
MHYECKOH CTPYKTYpHI, HecCTallHOHapHble HeJHHeHHble 3aflayH pewlajiuch [0
CHX IIOP TOJNBKO C HCNOJB30BaHHEM IHCKPeTHOro moaxoxa [%°]. B nanuoi
cTaTbe MBI COPMYyJHPyeM YpaBHEHHS, ONHCHIBAIOLIME HECTallHOHAPHbIE
IPOLECCH B CHCTeMe 3JIeKTPOHHBIA NOTOK — 3JIEKTPOMar{HTHOE IoJie y rpa-
HHIB 30HH DpHaI09HA B paMKax BOJHOBOTO INOAXOJA, M NPHBEAEM HEKO-
TOpbIe Pe3yJbTaThl YHCJIEHHOTO pelleHHsl 3THX ypaBHeHHH. B npuriagHoM
IJIaHe pe3yJbTaThl 3TOH paGoTHl MOryT OHITh MOJIE3HBI IPH HCCIECNOBAHHH
HeCTallMOHAPHBIX H MMIYJBCHEIX NPOLECCOB B JaMmax 6erymie# BOJHBE Ha
HenoyKaX CBSI3aHHBIX PEe30HATOPOB H B DENATHBHCTCKHX YEPEHKOBCKHX re-
HepaTopax.

1. Hecranvonaphble ypaBHeHMS BO3GYXAEHHS 3JIEKTPOAMHAMHUECKOH
cTpyKkryphl. Hanbosee pacnpocTpaneHHbl#i cnoco6 moJgydeHHA HeCcTalHOHap-
HHIX YpaBHEHHH COCTOHT B TOM, YyTOGH BHINOJHHTH IpeoGpasoBanne dypwe
[0 YacTOTe€ B COOTBETCTBYIOLIMX CTAalMOHAPHHIX ypaBHeHuax. OJHako NpH
HCC/IEIOBAHAH TIPOLECCOB B OKPECTHOCTH 30HH Dpu/Jio3HA HA 3TOM NYTH
BO3HHKAIOT TPYJHOCTH. [leHCTBUTENBbHO, TPaJUIMOHHO HCIONL3yeMHEe ypaB-
HeHHS BO3GYXIEeHMS 3JeKTPOAHHAMHYECKOH CTPYKTYpH [®] comepxart oco-
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GeHHOCTb Ha KPHTHYECKOH YacToTe o, COOTBETCTBYIOLleH TrpaHHIE 30HHI.
Wssecrna momudukanuss ypasHenuii [7°], rae oco6eHHOCTb ycTpaHeHa,
OIIHAKO M B 3THX YPAaBHEHHAX 3aBHCHMOCTH KO3((HIIHEHTOB OT YacCTOTH
SIBHO He BbipaxkeHH. Ilo sTol mpuuMHe MHl BOCHOJb3YeMCSl ypPaBHEHHEM
BO30yXMeHHs NEePHOAMYECKON 3JEKTPOIMHAMHYECKON CHCTEMBI, INPEeAJIo-
xeHHHM B [8]. Ero oTHUHMTeNbHOH uepTOi sIBJSIETCS SIBHBIA BHA BpeMeH-
HBEIX 3aBHCHMOCTEH, TaK UTO HeoOXOAMMOCTb B npeoGpasoBanuud dypbe no
4acToTe OTnajgaer. Brlpaxenue IJs 3JEKTPHYECKOTO MOJS BHIIVIALHT CJie-
IXyomuMm o6pasoMm [8]:

E(x,9,2,8) = S0 Cou () Eyo (x — 1, y,2) — grad @ (x,y,2). (1)

3necs Esx (X, Y, ) — cooTBeTcTBYyIOIIMA HAa60p COGCTBEHHBIX (DYHKIHH,
d — nepHOX CTPYKTyphl, ®(X,Y,2) — NOTEHUHAN IOJS MPOCTPAHCTBEHHOTO
3apsana, a KoapduuueHTs Csy(f) OmpeessiOTCS IIOTHOCTHIO BO36GYKAAI0-
IMHX TOKOB J (X, Y, 2, 1):

O_C;";!Q —i 2 Oim Conmm (£) =

. (@
=— j‘j(x, 9, 2,t) Exo(x — nd,y,2) dx dyd-.

B ¢opmyne (2) uHTerpupoBaHHe BeJeTCS IO BceMY 00BEMY 3JEKTPOAHHA-
MHYECKOH CHCTeMBHl, @sm — KO3(D(HIMEHTH pasjoxeHHS B pal Dypoe ne-
puonuueckoii GyHKuME ©=0s(k), ompeaesioucl 3aKOH IUCIEPCHH S-TO

THIIA KOJieOaHuH: )
s (k) = 3 @smethmd, 3
m

Beaen 3a [18] 6ynem noJsaraTh Y3KHMH YacTOTHHIl M IPOCTPaHCTBEHHHI
CIEKTPHl 3JEKTPHUYECKOro MOJisi ¥ TOKa. Torza, B 4acTHOCTH, B COOTHOILUE-
HusaX (1)—(3) MOXKHO OCTaBHTb ONMH THN KoJeGaHWil M BCe CYMMHI 1O
HHIEKCY § omycTuTh*. Bymem Tak:Ke cyurtarth, 4TO COOCTBEHHHE (DYHKIUH
c1a60 MEHSIOTCS 10 TOJMUIMHE 3JEKTPOHOrO IyyKa, H IpeHeOperaTb NOJeM
npocTpaHcTBeHHOro 3apsaja. Torxa ypasuenus (1), (2) ynpomarorcs u npu-

HHUMAIOT BHJ
Ex(x,t) = 3 Cn(t) Eox(x—nd), 5
n PO T

(o)

9 Cant(‘.)- — i Y 0, Crm () = — y I(x, ) Ese (x — nd)dx, (4)

rae I(x, t) — nepemeHHast cocraBJisiioulas TOKa Iyuka, 3amHiieM ypaBHe-
HHuA (4) B ¢Gyphbe-IpeACTaBJIEHHH IO KOODAHHATE:

Ex(f) = Eqn X Cp(t)eitnd,

.

_‘?_%El i Y 0pCacn () = — 21 5 T.(6) Epe=td dk,  (5)
T

[Mocne HexkoTOpHX InpeoGpasoBanuil, HCHOAB3YS opMydy I eihnd =
. . » n
= 2n 3} 9(k—2nm/d), us coornomennit (5) MOIKHO NONYYHTh
m’ L

~ * Ycaopuem 3TQro SBJSETCSI MaJOCTh INHDHHBI YACTOTHOTO CHIEKTpa MO0 CPABHEHHIO
c HalHHOﬁ TOJIOCEL HENPO3pavHOCTH, leiMblKaIOIU,eﬁ K paccMaTpuBaeMou 30HE Bpn.nmosﬂa.
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OE,

— o (R)E, = — Ey, Z Inyanmya Ecktanmya - ‘ (6)

m

¥30CTb TPOCTPAHCTBEHHOIO CIEKTPa NO3BOJSET CUMTATh HECHHXPOHHBIMH
BCe WJIEHHI ¢ HOMepamu Mm=~(0 B mpaBoit 4acTu ypaBHeHus (6) u npene6peun
HX BRJaAOM®:

OE1/0t — iw (k) B = —o” (ko) k2 R (k) 1/2. 7)

3accb  BBeleHO  yAo6HOe A JaJibHefiurero oGoOsHauenue R(k) =
=2]Eq|?/0” (ko) k3, wTpuxu o3navaoT Iuddepenuuposanue.  IIycTs
CIIEKTP CHrHaJa COCPEJOTOYEH B OKPECTHOCTH KPHTHYECKOTO 3HAYEHHS BOII-

HOBOrO 4HCJa kg, COOTBETCTBYIOIIEro T'paHHUEe 30HH Bpuimossa. Torza
MOXKHO HOJIOXKHUTH

R(k) = R (ko) +R’ (ko) (k—ko), (k) = 0ot (0" (ko)/2) (k—ko)2. (8)

Pasnoxenne ¢yHKuuE © (k) HauuHaeTcs C KBaAPATHYHOLO 4JieHa, IIOCKOJb-
Ky Ha TpaHHLEe 30HH JAHCIHEPCHOHHAs XapaKTepHCTHKa o=w (k) uMeeT
3KcTpeMyM U o’ (ko) =0. Torza ¢opmysna (7) npuHHMaeT BHL

0L _ oy — LB gy, —
ot
" (B B3 - ~
=~ 2O B R, + R ) — R L. ©)

Brinosinum ob6paTHoe nmpeo6pasoBanne Pypbe IO KOOPAHHATE U OIHOBpE-
MeHHO NepefileM K aMIJIHTyAaM Hojis U TokKa & (X, f), KOTOpble CBS3aHHI
¢ BY nonem n TokoM cootHoueHHSIMH Ex (X, 1) =Re[& (x, t)exp (iwot—ikox) ]

u 1(x,t)=Re[J (% t) exp (iwol—ikox) |:
08  io"(k) 0'& o (k)K]

oJ
i D/

T T2 am 2 [R (ko) / — IR (Ro) ax]' (10)
DT0 U ecTh HCKOMOE HeCTalFiOHapHOEe ypaBHEeHHe BO30YXKACHHS.

YCTaHOBMM COOTBETCTBHE MEXKIy BBEACHHHIM HaMH IapameTpom R (%o)
H TPaJHIHOHHBIM IIapaMETPOM TEOPHH 3JIEKTPOJAHHAMHUECKHX BOJHOBELY-
IMAX CHCTeM — conpoTuBieHueM cBsi3u K (o). Iag storo BocmoJab3yemcs
JHEpreTHYeCKUMH coobpaxeHuaMu. F3 cooTHomenus (7) HeCHOXHO INO-
JYUHTD

3] Ex|2/0t = —o” (ko) £3 R (k) Re[T1E%]. (11)

C npyroii cropousi, 0Ws/0t=—RelE /2, rie W, — cnekTpajibHas MIOT-
HocTh 3Hepruu. HsBectno, uto Wy=Pu,(k), rae P=|Er|?/2k*K(0) —
COOTBETCTBYIOIIHHA TOTOK MOIUHOCTH, a Ur(R)=w’(k) — rpynmnosas cKo-
pocte. Mcnonb3yst 3TH COOTHOILEHHS ¥ BTOpOe U3 ypaBHeHHi (8), Haxomum

R () = im [ K (oan 220 (12)

Beauunny R(ko) Gymem Hajiee HasbBaTb MOAM(DHIMPOBAHHBIM CONPOTHB-
JIEHHCM CBA3H.

* D10 MOKHO clellaTh, €CJAH WINDPIHHA NPOCTPAICTBEHHOrO CIEKTpa Masia 1o CpaBHe-
HHIO ¢ BeauuuHo# 2m/d.
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2. YpapHenus ppuxenus. IIpuBeieHue ypaBHeHHii K Ge3pasmMepHOMY
RHAY. 3anmuueM HeauHefiHOe peSITHBUCTCKOE YpaBHEHHE JABHIKEHHS 3JeK-
TPOHOB B CJleAyiolleM BHIE:

d do/dt
at Y1 — (o, — dojdty k—2c—2

riae 0==wof—Fkot — (a3a 3JIeKTPOHOB OTHOCHT@NBHO BOJIHH, € — CKOPOCTh
cBeTa, e — 3apsij SJEeRTPOHAa, m — ero Macca noxos. I'paHWYHEE YCJIOBAA
IJs TydKa Ha BXoJe B IIPOCTPAHCTBO B3aHMOJAEHCTBHS HMEIOT BHJ
dé
Olx—0 = 0,, a = 0y — kYo, (14)
X =0

rie 6 — HauaJbHOe 3HaueHHe (asbl, Vg — CKOPOCTb 3JIEKTPOHOB, CBSI3aHHAS
2eu 14 en/2mc?
m (14 eu/mc?)?
BeiieHM COCTaBASAIONIYI0 KOHBEKIMOHHOTO TOKA NyYKa, CHEKTp KOTO-
pO#t JIeXHT B OKPECTHOCTH YACTOTH @o. MeIEHHO MeHSIOmasncs aMILIHTy A
J(x,t) Bhpaxkaercs Torma uepes (asoBbie KOODIHHATH 3JEKTPOHOB COOT-
T

Re [& (x, #) e'], (13)

e
m

C YCKODSIOIIHM HalpSXXEHAEM U COOTHOUIEHHEM 73 =

I )
HomeHueM [6]: J(x,f) = 2 J' e~0(x,1,00)d0y, rne lo — mocTosiHHAT CoO-
T
0

CTaBJAIONIAS TOKA MyYKa.
IMepefinem najiee x Ge3apa3MepHHIM NEPEMEHHBIM:

E=ckyx, 1=_J., F g s=[ 1y R (k) ]’“’

1, kouez‘\'o(l""fo)’ uo (1 + 7o)
e = _;. 2o’ (k). (15)
3aech yo= — PEJNATHBUCTCKHH Macc-()aKTop, a & HrpaeT poJb
V1—%c?

napaMeTpa B3aHMOJEHCTBHS, aHaJOrHYHoro napamerpy Ilupca B Teopum
MPOLIeCCOB BAAJH OT IPaHHUB 30HE Dpmianiossa [3]. BymeM, kak o6niuno,
CYHTATb B3aMMOJEHCTBHE IyuKa

wi E’z o W TOJS CAabhiM, YeMy JOJKHEI
© COOTBETCTBOBATh MaJjble 3Haue-

HHs mapamerpa e. Ilonmaras
€< 1, coXpaHHM B COOTHOIIEHHAX
(11), (13) u (14) uneHs mepso-
ro HeHCye3alollero nopsjgka Io .
e. B pesyabrare umeeM

oF
——— { ——=——I’
e + i




roe u=signco”(ko). B:—_."_)Q__._kg‘z_}.‘!
Skovo

CUHXPOHH3M IIyuKa C.BOJIHOU KPHTHYECKOH YacTOTH. YTOOLI MOSICHHUTDL CMBICJ
p ¥ B, Ha puc. | NoKasaHO B3aHMHOE PACHOJIOXKEHHE AHCIEePCHOHHHX Xa-
DaKTepPHCTHK Nyyka (©=~KUg) M NepHOAHYECKON CTPYKTYDPHl NPH Pa3JHYHBIX
B B6ansu BHCOKOWAacTOTHOH (p=-——1) M HU3KOuacTOTHOH (w=1) rpanuu
30 Bpunnosna. B ypasnennsx (16) ocTaBiieH OAMH 4JieH, NPONOPIKO-
HaJibHBIA & (v=2eyZ). OH MOMXKeT GHTH He MaJbM B CHABHO pPeNSTHBHCT-
CKOM cJsyyae, KOTAa yo>> 1. B HepeqaTHBHCTCKOM H €1a60 peNSaTHBHCTKOM
cyyasix ero cijeinyer OTGpOCHTb.

B cootsercteuu ¢ (16) AE~1 n At~ —3T0 XapakTepHble MaciITa-
6nl msmenenusi BeaumunH /(& t) u F(E, 1). [lockoabky E~ex u v~e, To
OTCIOia CcJlefyeT, 4TO MaJIOCTb IapaMeTpa & eCcTh YCJAOBHE MeJJIEHHOCTH
u3Menenusi amnautyn J(x,¢), & (x,{) u, COOTBETCTBEHHO, Y30CTH HX IpO-
CTPaHCTBEHHOrO H BPEMEHHOIO CIEKTPOB.

— napamerp, XapaKTepHSYIOUIHH pac-

3. MocraHoBKa rpaHHYHBIX YCJAOBMH Jasi noas. IIpu mHccaefoBaHHH
HEeCTallMOHaPHBIX NPOLIECCOB y TFPaHHUIBE 30HE DpuaiiosHa Heo6X0OAUMO
YYHTHIBATL OTPA’KEHHs BOJH OT KOHILOB 3JEKTPOAHHAMUYECKOH CHCTEMH.
DTO CBSI3aHO C T€M H3BECTHHIM OGCTOSATENbCTBOM, YTO KOI(PDHUMEHTH OTpa-
JKEHHs BOJIH OT CTHIKOB NEPHOJHYECKOH CTPYKTYpPbl C NMOABOASIIIHM H OTBO-
JAIIEM BOJHOBOLAMH CHJIBHO MEHSIOTCA ¢ yacTOoTOH BOJM3H TpaHHIBl HO-
JIOCH! IIPO3PaYHOCTH, TaK UTO OKa3bIBAETCS HEBO3MOKHBIM OOECHeYHTb IOJ-
HOe cOrJIacoBaHHe B CKOJb-HHOYAb IMMPOKOM yacToTHOM HHTepBaje. C apy-
rOfl CTOPOHE], HeCTaHOHaPHEIE MPOLECCH XapaKTEPH3YIOTCS XOTS H MaJlbiM,
HO KOHEYHBIM II0 LIMPMHe YacTOTHHIM crekTpoM. [loaToMy oTmessHble cmek-
TpajibHble KOMIOHEHTHI CHrHAJa Hen30exkHO OYAYT HCHIHITHIBaTh OTPaKeHHI.
B cranmonapHO# TEOpHH YCJIOBHA Ha KOHIIAX CHCTeMB OGBIYHO 3aJalOT,
BBOJAS OmnpejiesieHHble KO3 GHUMEHTH oTpaxeHus. UToOH pacmpoCTpaHHTb
3TOT MOAXOJX Ha aHAJH3 HeCTANHOHAPHEIX NPOIECCOB, HEOOXOAUMO GHLIO OH
HCIIOJIb30BATh KOHKPETHBIE UACTOTHBI€ 3aBUCHMOCTH MOJAYJsS H (a3sl Koad-
GHUIMEHTOB OTpaxeHus (B3ATHIE U3 SKCIePHMEHTa HJH W3 YHCJHEHHBIX pacye-
TOB) H NIPHBECTH HX C IIOMOIIBIO YHCJAEHHOro npeobpas3oBaHHs Pypre K He-
KOTODHIM BpPEMEHHHIM OIlepaTOpaM, CBSI3BIBAIOIIMM KOMILIEKCHBIE aMILIHTY-
IBl MafaloliMX U OTPaXKEHHBIX BOJH Y KOHLUOB cHcTeMbl. Mu H36epeM Apy-
roif, MeHee I'POMO3ZKHI TOAXOJX K NOCTAHOBKE TDAHHYHBIX YCJOBHH, He
UCHOJNb3YIOKA pa36brenne noJsl Ha nNpsMyio H o6paTHyio BosHH. Ilpu sToM
CBOHCTBA CTHIKOB I€PHOAHYECKOH CHCTEMBI H BOJHOBOJOB XapaKTepH3YIOTCS
He K02(h(QUIHEHTOM OTPaxKeHHs, a HeKo-

TOPEIM HOBHIM NapaMeTPoM, MJIAaBHO 3a- 1 2
BHCSILIMM OT YacTOTHl HaXe Yy TPaHULH
30HH DBpuiiiosHa.

PaccMoTpEM CTHIK  OZHOpOAHOH [ e~~~ | e~ —
M TIepHOAMYECKOH 2 BOJIHOBEAYIUHX CH-
creM (puc. 2). IlpuBmiuHmEE cnocob Puc. 2,

ONMHCAHHUS PAacCesHUsl BOJH Ha CTHIKE CO-

CTOHT B HCIOJb30BAHHH NMAaJAIOUIMX ¥ OTPaKeHHHIX BoJH &(x,0) u &_(x,w).
(M mpefmosiaraeM INOKa, YTO BCE BEJHYHHBI H3MEHSIOTCS BO BPEMEHH IO
3aKOHy ~ eit) B 3TOM (opMaiusMe CBOHCTBA CTHIKA INOJHOCTHIO Xa-

+ A A~ +

A
pakTepH3yloTcsi MaTpuueil paccesinusa A (w):

& A& A ab
) =A%), A= ) (17)
é-/4 é-/, cd
ITycts wacToTa BHEWIHEro CHrHaja o O6/MM3Ka K KPUTHUECKOH YacTOTe @
nepuoanyeckoil cucreMsl 2. Torza pasbuenne nosig BHYTPH 3TOH CHCTEMH
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Ha Najaiollylo H OTPa:KEHHYIO BOJIHEI CTAHOBHTCS HeaJeKBAaTHHIM: Kaxkaas
KOMIIOHEHTa, Ha KOTOpBIe pasjiaraercsd IoJie, HMeeT OCOGeHHOCTb IIpH
©—>Wp, XOTs NOJIHOE moJsie ocobeHHocTedl He HmeeT. [loaTomy GyzneM omuchHi-

BaTb noJie B nepno;mqecxoﬁ cucteMe 2 ¢ IOMOUIBIO BeKTOPa-CTOJI61la (g,),

colepxamero aMmAHTYLy CHHXPOHHOIO TIOJs M €ro IPOH3BOJHYIO IO
KoopauHare. Ilepexol K NMpEICTABJEHHIO HOJS Uepe3 NPSMYI0 H BCTPEYHYIO
A

BOJIHBL OCYILECTBJISIETCSI TIOCPEACTBOM MaTpusl T:

)2 (sl (o), =) 0o
rae p(0) = k(o) —ko. Us (17) u (18) Buaso, uto
(?:), -4t (gl)z‘ (19)

AA

Martpuna AT He uMmeeT ocobGeHHOCTEH, HOCKOJBKY HE HMEIOT ocoOeHHOCcTelH

HH nosHoe moje &, HH ero mpoussojHas &'. IloaToMy 3aBHCHMOCTb 3Jie-
AA

MeHTOB MaTpuubl A7 OT uyacToTH fBJAseTca NaBHOH. IIpm paccmorpenun
npoueccoB B HeGOJIbIIOH OKPECTHOCTH 30HB DpPH/IIO9HA MX MOXKHO CYHTATh
NOCTOSIHHBIMH, T. €.

AA
AT (w) =~ const. (20)

[MpeanonoxiM, 4To na HeKoTOPo# (GUKCHPOBAHHON uacToTe @= OT CTH-
Ka I—2 (puc. 2) Her orpaxenuil (cucrema coraacosaHa). Toraa mosaraem

AN AA
A
Herpyano moxasaTb, YTO [Js COrJacOBaHHOH cHCTeMbl MaTpuuna A BBIrs-
JUT CJAeAYIOIHMM 06pas3oMm:
A
A=(29), (22)
0 a*

rae |a| =7V Ki(Q)/K2(RQ) , Ki, 2 — conpoTHB/enust CBSI3H JAJsI BOJHOBE-
Aywux cucreM | H 2 Ha yacTOTe COrJiacoBaHHs (HoJiaraeM, 4To Q=%=wo).

Toraa
Ap_L(eo (1 =\ _1(e afis) (23)
2 \0a*/ \1 — 1/ia 2 \a* —a*fia

rae BBefcHO o6Go3HaucHue a=f (Q). 13 coornomenunit (19) u (23) moay-
JaeMm:

&y = —‘1-($+$’/ia) HIH %+ia$=w&h (24)
2 dox a

rie &4+ — aMIVIMTYJa Nagaiolled BOJHH B cHcTeMe 1.
Hcnonbayss (15), MOXKHO 3anmucaTh rpaHuuHble ycaoBus (24) B npu-
HSITBIX HaMU 6e3pa3MepHBIX BeJHYHHAX:

dF /3t = —ixF+C, (25)
e x= —— 11 3aMeTHM, uYTO MNapaMcTp % ~ 1
ke’ akouetyo (14 10) ’ &

3aBUCHUT OT TOKa Iydka. HOSTOMy IIpH NPOBEACHHH KOHKPETHBIX DacueTOB
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CJIefyeT MOAAEPKHBATL IOCTOSIHULIM mapameTp x [, rue [ — GeapasmepHas
AJHHA NEPHORMYECKOH CTPYKTYDH. Besnunmna x/ ompefessiercsi TOJNbKO reo-
MeTpHel CHCTCMEL.

Hcnonbsyst cootnomenune (24) auast cayuas &, =0, HeTpymHO noJIy-
HHTH CJAeAylollee BBRIPAXKEHHE [/ KO3(QOHIHCHTA OTPaxKeHHsi OT CTHKA
1—2 cO CTOPOHHI ICPHOLHYECKOl CHCTEMBL:

I'=[B(0)—a]/[B(e) +a]. (26)

Ota ¢opmyna HaeT yacTOTHYI 3aBHCHMOCTb K03 duIyeHTa OTpaKeHHs
BOJIH3H TPAHHIB 30HBI BpHinosHa. BHe MOJOCH NPO3PAYHOCTH BOJHOBOE
uHcJo f(w) uucro muumoe H |T|=1. BuyTps noJoch NpH npHOJHKeHHH
K KPHTHUECKOH 4acToTe (m—-wo)

'~ —14(2/a) B (0) =—1+(2/a) (k(0) —ko). (27)

Hcnonwbsyss Bropoe u3 ypasuenuii (8), momyuaem I'+1~Vo—ao, T. .
KO9()QHILIIEHT OTPaXKeHHS CHJIBHO MEHSETCS B 3aBHCHMOCTH OT YacTOTHI
BOJIM3H TOYKH @==®o, YTO CBSI3aHO C HAJHYHEM KODHEBOH TOYKH BeTBJe-
HHA™. DTO NMOATBEPKAAeT Hallle 3aMeYyaHHe O HeleJeco06pasHOCTH HCIOJb-
30BAHHS 3TOr0 NapaMeTpa B HECTALUOHAPHOH TEOPHH.

4. Monnas dopmynupoBka kpaeBoii sagaun. CHopMyanupyeM LETHKOM
HECTalHOHAPHYIO HeJHHEeHHYIO 3a/ady O B3aHMOJEHCTBHH 3JIEKTPOHHOTO IIO-
TOKa C 3JIEKTPOMATHUTHBIM MOJICM BOJH3II TPAaHHLBI 30HB DPHIIIOSHA 3JeK-
TPOAHHAMHYECKQH CPYKTYPHl B NPHHSATHIX HaMH Ge3pa3MepHbIX NePEMEHIIBIX:

¥}
OF v i%F 1 pe—s, 28 _ 3
ot 0 &2 0% Je=o
010 36\ oOF .
A el ¢ (Fef — 4 ixF = C,
o ( "'”oa) Re (Fet, [as i ]e-o

(28)

3

2%
1= 1 enan, [T _ir] =0
T 0 E=1
0

Kax H3BecTHO, cHCTeMY 3/IeKTPOHHEIl MOTOK — 3JIEKTPOMAarHuTioe moJe
BOJIM3M TPAHHIEI 30HB DpHJ/IOSHA MOXKHO HCNOJAB30BATh KaK AAfA yCHJe-
HHSI, TaK H [Jig PeHepauuu KojeGaHHH B 3aBICIMOCTH OT napameTpos [, B,
%. B cOOTBeTCcTBHH € 3THM CHCTeMa ypaBHeHHH (28) jxonmyckaer fABa THHA
3axay4. Bo-nmepBHIX, MOXKHO HCCJEJOBATh BPEMEHHYIO 3BOJIOLMIO HEKOTOPOro
HayaJbHOTO pacnpeneneHus nosas Fo(E) B OTCYTCTBHe BHEINHEro CHrHaja
(C=0). Bo-BTOpBIX, MOXHO HCCJIEJOBATh YCHJEHHE CHTHAJa, KOMILJEKCHasi
aMnuTyAa kotoporo C IPOH3BOJBHEIM O6pa3oM 3aBHCHT OT BpeMeHH. 3a-
METHM, YTO YCHJIHBAEMBIIl CHIHAJ MOXKeT NOJaBaTbCsi M CO BTOPOro KOHIA
cuctemnl §=I/. B aToM ciayuae ciejyeT BBeCTH aMIJIHTYAY CHTHaJa BO BTO-

poe TpaHHUHOE YCJOBHE AJs NMOJA: [5— —ixF = C,(x).
4 Eamf

5. Hekoropbie uyucieHHble pe3yabTaThi**. 151 4YHCIEHHOTO pellleHust
ypaBHemnnit (28) Obln pa3paboraH HeSBHBIH KOHEUHO-PA3HOCTHHIH METOX
U cocraBjieHa mporpamMa jaas DBM EC-1022. Meros umeer BTOPO#H mopsi-

* OrMeTHM, YTO aHaJOTHUHYIO OCOGEHHOCTb (KOPHEBYIO TOUKY BETBJIEHHS) HMeeT Ha
KpHTHYeCKO# yacroTe M comportubiene cssnl K [10]. Taxum oOpa3oM, mepexox OT COMNpO-
THBJIEHHST CBS3H K K MOAMQHUHPOBAHHOMY CONPOTHBJIENUIO CBH3I R aHajorHueH Nepexoxy
oT Kosdduiuerra oTpaxeHnus I' K He HMelollleMy OCOGEHHOCTH Napamerpy o. .

** TlosHoe H3J0XKEHHEe H aHAJH3 YHCJIEHHBIX PE3YJbTATOB HE BXOAMT B LENH JAaHHOH
CTaThH H COCTABHT MpPEAMET OTACJLIOrO COOGUICHIA.
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JOK anipoKCUMAaUMH 110 NPOCTPAHCTBEHHON KOOPAHHATE M NEPBHIH IO Bpe-
MmeHHO#H. Ha puc. 3 u 4 mpuBejieHBl pe3yJbTaTHl pacuera Hpolecca yCTaHOB-
JIeHHsI KojsieOaHMil B CHCTeMe B OTCYTCTBHE BHEIIHEro CHrHasla AJs ciaydas
B3aMMOJENCTBUS NyuKa M 108 BOJH3H BBICOKOYACTOTHOH TI'DaHHIE 30HH
BpusiiosHa [pH CJAeAYIOIIHX 3HAYEeHHAX mnapamerpoB: [=45 B=],
xl=4,5, v==0. Ha puc. 3 nokasassl 3aBHCHMOCTH aMILUIUTYAH HOJS Ha
KOHIIaX CHCTeMbl OT 06e3pasMepHOro Bpemeni. Pe3yJbTaTel pacueToB IOKa-
3HIBAIOT (B NPOTHBONOJIOXKHOCTb peXk¥MaM OXHOBOJHOBOTO B3aHMOJEHCTBHSA
[*2]) HanuuyMe KOHEUHOrO MO BeJHYHHE CHTHa/Ja Ha OOOMX KOHIAX CHCTe-
Mhbl, YTO CBfI3aHO CO CHeHH(pUKOH
B3aHMOAEHCTBHA Y TPaHHIB 30HH
Bpunnosna: u3jayyeHHOe CrpyONIHPO-
F(0)  pammbiM TOKOM mOJE pacmpocTpa-
©  HfAeTcd HO 3JEKTPOJHMHAMHYECKOH CH-
creMe B 06e CTOpPOHH. [loMHHHDOBa-
HHE BBIXOJHOI'O CHTHAajla Ha JIEBOM
KoHue cucreMsl (E = 0) oGbsacHAeTcs
TEM, 4TO 3HayeHHe mapaMerpa B=1
COOTBETCTBYET HepeceyeHHIO AHCIep-
CHOHHBIX XapaKTepHCTHK Iy4YKa H IO-
Js Ha ydyacTKe, OTBeyaiouiem oGpar-
Hoil BosiHe (cM. puc. 1, cayuaii B>0,
p=—1). luHaMHKa NpPOCTPAHCTBEH-

L HOTO pacmpejiesieHHs] NOJsl II0Ka3aHa

0 225 45 675 97T ya pnl::. 4. OTMeTHM, 4TO B OTJHYHE
or [+2] He Ha6JIOfaeTCs YETKO Bhipa-

Puc. 3. JKEHHOTO pACIPOCTPAHEHHS 3JIeMEeH-

TOB KapTHHB (rOpGOB M BIAJHH) B Ka-

KOM-1160 onHOM HampapiaeHud. @opMmupyiomascs B peayibTaTe Nepexon-
HOTO Mpolecca KapTHHA pacnpefesieHHsl MOJsi MMeeT BOJHOOOpasHBIH Xa-

paxTep H3-3a uHTepdepeHUHH NpsMO# u 06paTHOH COCTABJSOIMX CHHXPOH-
HOTO TOJS.

IF

0,6

0.4

0,2

7N\

v=0 3,375 \/ 5,0625

m
2,25 3,9375 5,625

a\

ﬁ
IFl 28125 45 615
06 |
04r

0,2 f\

Puc 4,

B 3akJioueHHe aBTOpH XOTeJaW Obl BHpasuTh GJaarogaprocts . H.
Tpy6euxoBy 3a BHHMaHHe K paGore u JI. B. Byarakosoii 3a momoup B
NpOrpaMMHDPOBAHHH 3aJlauH M NPOBEJEHHY UHCJIEHHBIX Pacyeros.
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CapaToBckuil rocyfapcTBenHbli MMocrynuna B pegakuuw

YHHBEPCHTET 25 HoaGpa 1983 r.

NONLINEAR NONSTATIONARY EQUATIONS OF INTERACTION BETWEEN AN
ELECTRON BEAM AND ELECTROMAGNETIC FIELD NEAR THE BOUNDARY
OF THE BRILLOUIN ZONE

A. P. Kuznetsov, S. P. Kuznetsov

A problem of interaction between a relativistic electron beam and electromagnetic
field in the periodical structure is considered. Nonlinear nonstationary equations and
corresponding boundary conditions are formulated for the case of interaction near the
border of Brillouin zone. Some results of numerical experiments with such a system
are discussed.



