I'nasa 1

I/ICXOJIHLIQ BOJ/IHOBBIC YPABHCHUA
H HEKOTOPbIC TOYHBIC
HX p€lieHus

§ 1. BosnoBble ypaBHeHMst

B obmem Buae BOJHOBOE ypaBHEHHE Uit CKAISIPHON (PYHKUUH
nons U(r, t) B HEOQHOPOAHOH cpefie ¢ YacTOTHOU AMCIepcHueit 3amnu-
cbiBaeTcs Kak [2, 16, 40, 46]

V2 1 9°
U—C—zgz—{L(U)}zo. (1.1

3neck MMHERHBIN UHTErpanbHblil onepaTop L(U) umeeT Bu:

LU) = j &(r,t — 1U(r, 1)dx. (1.2)

—oo

Ypasuenne (1.2) onpenensier 3aKOH AUCIIEPCHH CPefbl, B KOTO-
poOii BOJIHOBOE IOJI€ 3aBUCHUT OT CBOMX 3HaYEHUU B MpeAbIgyIIHE
MOMeHTbI BpeMenH T < t. [Ins (1 — t) < 0 siapo &(r, t— 1) obpawmaercs
B HYJIb B CHJTy IPUHLIMIIA MPUYHHHOCTH.

Ecnu U(r, ?) siBnseTcst pemenueM ypaBHeHus (1.1), To kaxpas
CHEeKTpajbHasi KOMIIOHEHTA MO

u(r, ) = ;—n j U(r, 1) exp(ion)dt (1.3)

YAOBJIETBOPACT YPAaBHCHHIO Feneronbua

2
Voiu+Zeu=0, (1.4)
C

rae yHkuua &(r, w) ompepensiercss Kak npeoOpasoBanue Pypbe
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snapa €(r,1):

a(r,m)=§ | &r.nexptions. (1.5)
0

3pmech HUXHHMA Tpefen MHTEerpUpPOBaHUS 3alaH HyJIEeBbIM, IO-

CKONBKY (DYHKUHMSI € UMEET HyJIEBbIE 3HAYCHHS A ¢ < 0.
Dynkuun U(r, 1) 1 u(r, ) cBi3aHbl MeXNy coboi o6paTHBIM

npeobpaszosanueM Pypre

oo

Ur,1) = j u(r, ®) exp(—ion)do.

—o0

Ecnu yacroTtnas RUCIICPCHUST B Cpe€Ae OTCYTCTBYET, YTO COOT-
BETCTBYCT CHHTYJIAPDHOMY SIIPY

E=¢,(r)d(r—1),
TO BOJIHOBOe ypaBHeHue (1.1) npeBpamaercs B ypasaenue danam-
Gepa
g, °U _
c? or?

B atom cnyuae ¢ynxuus e(r, o) = gy(r) B ypaBHennn I'ebMrons-
1a (1.4) He 3aBHCUT OT 4aCTOTHI.

Hpyroii yacTHbIil caydail 0606umennoro ypassenus (1.1) — ato
ypaBuenue Knefina—T'oppona (YKI):

ViU - 0. (1.6)

19U o]
VU -——-—LU=0, 1.7
ot (17
KOTOPOMY COOTBETCTBYET siipo € B (1.2)
e(r,t)=98(t)— @, (1) Jilw, ()], (1.8)

t

JaCTOTHO-3aBUCHMAs JURJIEKTPHYECKast IPOHULAEMOCTS € B (1.5)
2
o (r
e(r,co)=l~#(22. (1.9)
w
H TUCTIIEPCHOHHOE COOTHOIIIEHHE

o’ =] +k%c. (1.10)

3pech @ — Kpyrosas 4acTOTa IIOCKOH OJHOPOJIHOH MOHOXpOMa-
THYECKO#l BOJIHBI, W, — COOCTBEHHAst KPYroBasi 4aCTOTa BHYTPEHHUX
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OCLHJUIATOPOB Cpefbl, K — BONMTHOBOE YMCJIO, C — CKOPOCTh BOJIHBI B
cBoGogHOM npoctpancTBe (npu w; = 0). CKOpOCTh ¢ SBIAETCS KOH-
CTaHTOM /i1 KOHKPETHOrO THIIAa BOJIHOBOTO [BUXKEHUS U HE 3aBUCHUT
OT cpenbl. [I1s1 971eKTPOMAarHUTHBIX BOJIH 3TO CKOPOCTb CBETA B BaKy-
yme. CBOMCTBa cpefibl paclpOCTpaHEHHs 3afalOTCA Yepes pacnpene-
JIEeHHE 1O MPOCTPAHCTBY NMapaMeTpa w;. Mbl OCTAaHOBUMCS Ha 3TOM
ypaBHeHHH 6ojiee NOgpoOHO, MOCKOIBLKY O0nbluas 4acTb MOHOIpa-
¢uH cBsA3aHa IMEHHO C €r0 PELUICHUSIMH.

YpasHenue (1.7) BcTpedaeTcss B JUTEpPAType TakXe MOJ Has-
Banusmu "ypaBHenue KieitHa—T'oppona—®oka" u "nuHeapu30BaH-
Hoe cuHyc-ypaBHeHne ['oppgona”. YKI' onuceiBaeT mIMpOKHMA Kiacc
BOJIHOBBIX IPOIIECCOB, HAUNHAasi OT MEXaHMYECKUX U KOHYasi KBaH-
ToBoMexaHndeckumu. OOliiee CBOKCTBO BCEX PA3HOPOMHbBIX BOIHO-
BBIX [IPOLIECCOB, ONUChbIBaeMbIx ypaBHenneMm Kieina-I'oproxa, 3a-
KJIIOYAeTCa B TOM, YTO B Cpefie CyIIecTBYeT "BO3Bpalllalouias cuia”,
OpONOpLHOHANbHAS BO3MYIIEHHIO M NPOTHBONONIOXHAS €My IO
3Haky. B wactHoctu, YKI' ncnosb3yercs [iasi ONHCAaHUS MalbIX
MEXaHHYECKHMX KoeGaHHi CHCTEMbI CBS3aHHBIX MasTHUKOB (60Jb-
mMe KojaeGaHus ONMUCHIBAIOTCS CHHYC-ypaBHeHueM ['opnona). ¥Ycio-
BHE MaJIOCTH KOJieOaHuit BbIPAXKaeTCsl B BO3MOXKHOCTH 3aMeHbl sin U
Ha U. B aTtoM cnydyae w; — coGCTBEHHasl 4YacTOTa MAasTHUKOB [2, 9].
YpaBuenue (1.7) onuceIBaeT pacIpOCTPaHEHHE JIEKTPOMArHUTHbIX
BOJIH B METAJNIMYECKHUX BOJTHOBOJAX, 3A€Ch NapaMeTp ; COOTBETCT-
ByeT KPUTHYECKO# YacToTe BOIHOBOAIAa. B kBanTOBO#M Mexanuke YKI'
MCTIONB3YETCs AJIsi ONUCAHUS CKAJIIPHOTO (IICEBAOCKAISIPHOrO) MOJIS,
COOTBETCTBYIOIIEro OeCCIHHOBBIM YacTHLiaM (HallpUMeD, IICEBAOCKa-
nspHbIM Tt-Me30HaM). Kpome toro, ypasaenue Kieina-I'opnona
SIBISIETCS ACHMITOTHYECKHM JJIs BCEX THNOB AUCIEPCHH JIEKTPO-
MarHUTHBIX BOJIH [PH HOBBIIIEHAH YaCTOThI . ITO CTAHOBUTCS MO~
HSTHBIM, €CJIM Y4€CTb, YTO NPH MOBBILIEHHH YAaCTOThHI BOJIHA B3aUMO-
NefiCTBYET TOJIBKO C HAMMEHEE HHEPLIMOHHLIMU HOCUTE/ISIMH 3apsifia —
3JIeKTpOHaMH, 0Opa3yOLMMH "yIIPYTHi 3JI€KTPOHHbIH ra3"” (Hampu-
Mep, B pEHTI€HOBCKOM [IaNa30He 3JIEKTPOMAarHUTHBIX BOJH) [13, 14].

Ho, BeposTHO, Hau6Gosnee mupoko YKI' ucnonssyercs B paspene
panuodu3MKH, CBI3aHHOM C paclpOCTPaHEHHEM KOPOTKHX (Heka-
MeTpOBbIX) panuoBoiH (3—30 mI'n) B nonocgepe 3emnu. B mocnen-
HeM ciiydae ckansipHast ¢yHKuusi U paccMaTpHBaeTCsl KaK KOMIIO-
HeHTa anekTpuyeckoro Bektopa E, a m; UMeeT CMBICHT JIEHTMIO-
POBCKOI1 4acTOThI 3JIEKTPOHOB HOHOCGepHOU mna3Mbl. MHorpa o,
Ha3bIBAIOT KPUTHYECKON YaCTOTOH I1a3Mbl. Y paBHeHuE (1.7) onucel-
BaeT pacnpocTpaHeHHe BOJIH 6€3 yyeTa 3aMarHM4€HHOCTH IU1a3Mbl
(MarHuTHOrO nousisi 3eMIHM) Ha 4acToTaX, KOrfa JBUKEHHEM HOHOB
MOXKHO IpeHeOpeYb.



B ¢usmke nmna3Mel 3TOT THI BOJIH Ha3bIBaeTCs JIEHTMIOPOBCKHM.
"JIeHrMIOpOBCKHE BOJIHBI BO3HHKAIOT NPH HapylIEeHUH KBa3WHEH-
TPaIbHOCTH IU1a3Mbl, T.€. IPH CMEIIEHHH 3JIEKTPOHOB OTHOCHUTEIIBHO
HOHOB. Bo3HHKaroIee MPH 3TOM 3JIEKTPUYECKOE MOJIE CO3[AET KBa-
3UYNpPYTYIO CHIIY, KOTOpasi CTPEMHTCS BO3BPAaTHTh 3JCKTPOHBI B MO-
JIOXEHNE paBHOBecusA. Tak Kak 3JIEKTPOHb!I 3HAUNTENBHO JIerye no-
HOB, TO KOJIEOAHUS JIEKTPOHOB TI0J] AEHCTBHEM 3TOH KBa3UyNpyrou
CHJIBI IPOMCXOMUT NPH NPAaKTUYECKH HEMIOABIKHBIX HOHAX" [7].

IpepcraBum sppo € uHTErpaibHOro oneparopa (1.2) B Buge

€(r,1) =€4(r)d(t) + h(r,1). (1.11)

Takoe npepcraBieHne gacT HaM BO3MOXHOCTH B JajbHEHIIEM
pa3iIAyaTh YUCTO BOJIHOBbIE 3(ppeKThI, CBsI3aHHbIE C O-(hbyHKIMEHN,
YHCTO JUcCepCcUOHHbIE 3(pheKThI, CBsI3aHHbIE C A-PYHKIUEN, onpefne-
JSOLIEH YaCTOTHYIO JUCIIEPCHIO.

IlepenumeM ncxomHoe BONHOBOe ypaBHeHHe (1.1) ¢ ydyeTom
npencrasnenust (1.11):

U 1
V2U—€—ga7——2—M(U)=o, (1.1a)
rme
t 2 oo 2
M(U)=_J; %;zﬁ(t—r)umdr =! %(r)ua—r)m. (1.22)

ITonyuyum pnst BonmHoBOro ypasHeHusi (1.1a) ypaBHenune OanaHca
HEPruy B COOTBETCTBHH C METOTUKOM, onucanHou B [9, 11]. C aToi
uenpto yMHOXUM (1.1a) Ha mponssoguytro dU/dt n 3anuiuem

a U p
ot (a:) i—( )dTJ az(t o)U(o)do |-

_ 2%y, (1.12)
ot
3aTeM npubaBuM K JieBoH yactd (1.12) unen

aVU) 9
VU ——=~ —(VU)?
ot at( 2 Vo J

U BbIUTEM ero xe. Jlerko BHACTH, YTO

2W g, gy V0 _ (auvu)
ot ot d
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CnepgoBaTenbHO, ypaBHeHHe GanaHca aHepruu and (1.1a) umeer
CNefyouil BUA:
aw

=-V.P,
o

rae
e, (U ¢ 9%
W= — ——VU + | —=(v)dt 1-0)U(o)do
2(at) (VUy? j ()jaz( (©)
(1.13)
— [IJIOTHOCTb 3HeprI/m BOJIHOBOTO I10JId, A
, 0U Wy
ot
— MJIOTHOCTB IMOTOKA 3HCPFI/II/].
AHaJOTHYHBIM CIIOCOOOM IMONY4YHM ypaBHEHHE OanaHca IHEPruu

nns ypaBHeHust Kneina—I'oppoHa (1.7), T.e. yMHOXHM €r0 Ha Npou3-
BogHyio dU/dt n nepenuiueM B Buge

0 oU 1 W2 , oU
U —ViU =0. 1.12
at( ( ot J ] ot U=0 (1.122)

P=—c U (1.14)

IIpopenas onucaHHbIE BbIlIE ONepalud, KOTOpbIE Mbl NpUMe-
HIIM 151 o0uIero ciaydasi NIpou3BOJIbLHONW AUCHEPCHH, HAUAEM, YTO
IIOTHOCTBb MOTOKA 3HEPIuH BbIpaxkaeTcs Toil ke ¢opmynoii (1.14), a
IJIOTHOCTb 9HEPTUH BbipaxkaeTcs 6osee npocToi ¢popmMyaoi

2
W:Ji{(%(tl) +c2(VU)2+c02LU2}. (1.15)

B cnepyromux naparpacgax Mbl pacCMOTPHM P TOYHBIX pelle-
Huit ypaBHeHust Kneitna-I'opgoHa, KoTOpble O4EHb MHTEPECHBI C
TOYKHU 3peHHUs1 (PU3NKH BOJHOBBIX HPOLECCOB B JUCHEPrUPYIOHIUX
cpepax.

§ 2. HenckaxkeHHasi nepefaya CUrHaJIOB
B AMCIEePrupylollei cpeje

Hns ypaBuHenus (1.7) cymecTByeT TOYHOE peElIEHHE B BHUJE
HEOAHOPOAHOY MJIIOCKOM BOJIHBI

U = A, exp(—py)expli(ot —kx)}, (1.16)
11 KOTOPOil nmapaMeTp 3aTyXaHHUs p, KPyroBasi HaCTOTa () U BOJIHO-
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BO€ 4YHCJIO k CBSi3aHbI AUCIIEPCHOHHBIM COOTHOLIICHHUEM [AJIs1 HEOQX-
HOPOJHBbIX BOJIH

2 2
k2=%)2———c§—2L—+p2. (1.17)

B yacrtaom cnydae, Korga p = w, /c, T.e. IpH COrIACOBAHMH Mapa-
MeTpa 3aTyXaHus p C NapaMeTPOM ®; OJHOPOJAHON Cpebl, ypaBHEHHE
(1.17) coBnagaeT ¢ AUCNEPCHOHHBIM YPaBHEHUEM ISl OMHOPOMHBIX
BOJIH B CBOOO[HOM IIPOCTPaHCTBE

Takum o6pa3oM, BonHOBasi (PyHKUUS, NPEACTaBUMas B BUIE
CYNeprno3sniuuyd HEONHOPONHLIX BOJH (1.16) ¢ p = w,/c, pacnpocTpa-
HSIOTCsl B CpeJie ¢ YaCTOTHOM IUCTIEPCUEH, ONIUChIBAEMOM YPABHEHHEM
Kneina-T'opgoHa, 6e3 AUCIEpCHOHHBIX UCKaXKEHUH. [[edCTBATENLHO,
nycThb

U= F(ct £ x)exp{—py}, (1.18)

rae F — npoussonbHas (pyHKUUsI apryMeHTa ¢t + x u p = w,/c. Hop-
cranoBka (1.18) B (1.16) npUBOJUT K TOXAECTBEHHOMY PaBEHCTBY.
OTmeTHM, 4TO A/ COTJAaCOBAHHbIX HEONHOPOAHBIX BOJIH HE Cy-
LECTBYET ABJIEHUS " OTCEYKM" HU3KOYACTOTHBIX CIIEKTPAIbHBIX KOM-
MOHEHT € M < ), KAK 3TO UMEET MECTO ISl ONHOPONHbBIX BOJIH.

st HEKOTOpPBIX TUHOB BOJIH € 60JIee CIOXKHOM 3aBUCHMOCTBIO
3aTyXaHusl BAOJIb MOMEPEYHOH KOOpAHUHATHI y, 4eM (1.16), MoxkHO
HaTH HEOJIHOPOJIHYIO CPEMly, B KOTOPOi BOJIIHOBasi (PyHKUMs, IPEN-
CTaBMMasi B BH/EC Pa3JIOKEHHS [0 COOTBETCTBYIOIIMM MOHOXpPOMa-
THYECKUM HEOAHOPOMAHBIM BOJIHAM, PACOPOCTPAHSIETCS B AUCIEPIH-
pyrouieit cpene 6e3 uCKaKeHH.

Hanpumep, eciu

U = F(ct + x)exp{By*}, (1.19)
TO COrJIAaCOBAHHbINA C BOJIHOH APO(PMIb 0, UIMEET BUJ

wp =c*(2B+4B%7).

Ecnu BonHoBast yHKUHMSI UMEET BUJ

U= F(cttx)exp{py+yy'}), (1.20)
TO COTJIaCOBAHHBIA NMPO(UIb BBITIISANUT KaK

o] =cX(p® +61y+6pyy’ +972y*).
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OnHako JIerko nokasaTh, YTO HE CYIIECTBYET TIajfKux (c He-
pa3pLIBHOI NMEPBON NPOM3BOAHOI), OTPAHMYEHHBIX HA BCEH OCH y
(yHKUMI 0151, KOTOPbIE MOXKHO GbLIO GbI COrNacoBaTh ¢ NpoduieM
o, . JJokaxeM 3TO yTBepXKAeHHe OT NpoTuBHOTO. [IpennonoxnM, 4To
takast gynkuus fly) cymectByer. Torna BOJHOBOE MOJIE MOXHO
IpEACTaBUTh KaK

U=F(ctix)f§y). (1.21)

IMopcrasasst U YKI', nonyyum ycJIOBUE COrIaCOBaHUs

Ha ¢yukuuro f{y) HakJI1a[[bIBalOTCsl CIENYIOIIME TPeOOBAHUS:

1) (@*f/9y*)/ f =0, mockonbky ®; He MOXET HMeTb OTpH-
LaTeNbHbIX 3HAYEHUH;

2) | f)|<¢,, T.e. pyukums fy) nonkHa GbITH OrpaHAYEHA HA
BCell OcH y. 31eCh ¢ — MPOU3BOJIBHOE MOJIOKUTEIBHOE YHCIIO.

IMockonbKy ciydail fly) = const HaC He MHTEpECYET, (PYHKUHs
HOJKHA UMETH XOTsI Obl OUH SKCTPEMYM.

PaccMOTpUM TpH BO3MOXHBIX BAPUAHTA.

1. Ilycts A y,,) — MakcumyMm, f(y,,) >0. Torna 0*f19y? < Om ycnosue 1
He BBINOJIHSETCA.

2. Mycts fy,,) — Muaamym, f(y,,) < 0. Toraa 0*flay? > 0, uto TOXE
BEJIET K HEBBIMIOJTHEHHIO yClIoBus 1.

3. Iyets Ay,,) — MakcumyMm, fy,,) < 0 nau fy,) — MEHEMYM, f(y,) 2
> 0, Toraa M3 yCIOBHsS 2 JOJKHA CyIIECTBOBAaTh TOYKa Meperuda, B
KOTOpOH 8°floy? MeHseT 3HaK, YTO TaKXe NMPHUBOJMT K HEBBINOJ-
HEHHIO ycoBus 1.

TakuMm 00pa3oM, NPEATIONOXKEHHE O BO3MOXHOCTH CyIECTBO-
BaHMsl CIafAKOi OrpaHuuYeHHOW (DYHKIHMHM 3aTyXaHHs NPHUBOJMT K
NPOTUBOPEYHIO.

PeanbHO BONHOBas cTpyKTypa tuna (1.18) Moxer cymecTBoBaTh
B BHJI€ NOBEPXHOCTHOW BOJIHBI, IO3TOMY CBOMCTBO COIJIaCOBAHHBIX
HEOJHOPONHBIX BOJIH NEpelaBaTh CHIHANbl 6€3 HCKaXKEHHs MOXHO
ACIOJIB30BATh IS CO3laHMsl OGE3MMCIEPCHBIX BOIHOBOJOB, CIIOCO0-
HbIX paboTaTh Ha YacToTax w < w;. IIpuMepoM Takoro BOJIHOBOJA
JUIsl 2IEKTPOMArHUTHBIX BOJIH MOXKET CITY>KMTb UMIICJAaHCHAs! MOBEPX-
HOCTb, HAXOMSIILASICSL B OHOPOJ{HOM IL1a3Me.

[TycTh BOJIHOBOJHAS MMOBEPXHOCTh PACIOJIaraeTcs B INIOCKOCTH
y = 0. HanpsixxenHocTs anektpudeckoro nons E B monynpocTpan-
crBe y > 0 3amagum Kak

E, = E,exp(—py)expli(wt —kx)}. (1.22)

21



B sTom cnyyae marHuTHOE nose 6yaeT UMeTh cocTaBnsowue H,
u H,, xoTopele onpenensioTcs ¢popmynamu [22, 23, 35]:

H, =—-——l£)—-E0 exp(—py)exp{i(wr — kx)}; (1.23)
Wl

H, =—— E, exp(— py)expli(oor - kn)}, (1.24)
op

v
0

7€ Yy — abCONOTHAs MarHATHAs IPOHALIAEMOCTb.

Jas Toro 4ro6nl HeomHOpopgHast BonHa (1.22)—(1.24) cymecr-
BOBaJia, HEOOXONUMO, YTOObI MMIIEAHC MOBEPXHOCTH YIOBJIETBOPSLI
YCIOBHIO -

z=—=2=i0 _;OHC (1.25)
Hx P Q)L

M3 (1.25) cnepmyer, yTOo HMIEOaHC MAOJXKEH OBITL YHCTO
PEaKTHBHBIM.

OTMeTHM, YTO HEOHOPOMHbIE BOJIHBI, UMeIoIUe TudpPaKIHOH-
HYIO IIpUpOfy, B Oe3nucnepcHoii cpege (w; = 0) 061agaroT 4aCTOTHOMR
JMCIEpCHEH, pUYeM UX (pa3oBasi CKOPOCTh Bcerja MeHslile ¢. B cBoro
o4epenib, a3oBasi CKOPOCTb OHOPOAHBIX BOJIH B AMCHEPrUPYIOLIEH
cpene Bcerna Gonplle ¢. HeonHoponHbie BOMIHBI B AUCHEPrUPYIOLICH
cpefe MOTyT MMETb NPOH3BOJBHYIO (pa30BYI0 cKopocTb OoT 0 go oo,

BKIIOYasi ¢. B nocnegHem ciyyae NpoOHCXONMT MOJIHAsT KOMIEHCAUHUS
acdekToB ucnepcuy 1 U paKkLuH.

§ 3. Kpyrosbie cTaniHOHapHbIe BOJIHbI

HeopHoponHasi cranpoHapHasi BOJIHa
U(r,0)=r" expli(wt —k,0)} (1.26)

pY BBHINOJIHEHAH YCIOBUMA W = W, U k, = +n YAOBJIETBOPSIET ypaBHe-
Huio (1.7), 3anucaHHOMY B [HJIMHPHYECKON CHCTeMe KOOPAMHAT 7, ¢,

z[24]:
li(,a_’f) 19U 0U_ 10U
ror\' or) r*o¢* 9z c* o

2
(O]
-—U=0. (1.7a)

®opmyna (1.26) onuceIBaeT CTaMOHAPHYIO BOJIHY B OJ{HOPOTHOM
cpefie, BpaIaIoUIyrOCsl BOKPYT ueHTpa r = 0 ¢ yriioBbIM BOJHOBBIM
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qucnoM k, = xn. Cnyyai k, = n = 0 cienyeT UCKIIIOYMTD, NOCKOMbKY
IIpH 3TOM OTCYTCTBYET BOJIHOBOE JIBUKEHUE.

B0O3MOXHOCTBb CYIIECTBOBaHMUS B ODHOPORHOMH cpefle 3aMKHYTOMH
HEOJHOPOOHOH BOJIHBI, BpalllalOLUENRCsl BOKPYI HEKOTOPOTro LEHTPa,
AOCTaTO4YHO MPOCTO MOsICHSIeTCA pe3yAbTaTaMy, NOJYYEeHHbIMA B § 1.
OueBHnpHO, 151 CYIECTBOBAHUS TaKOW BOJIHBI HEOOXOUMO, YTOOBI
ee JoxkanbHas (pa3oBasi CKOPOCTh paBHSJIACH HYJIIO B LIEHTPE H
AuHERHO Bo3pacTasia nmo paguycy. IIlpm aToMm nokanbHbId KO3(-
(punueHT 3aTyXaHus p; NOJIKEH HU3MeHsATbcs orT © gao 0 npu
HU3MEHEHHH paccTOsIHUSA OoT 0 10 © U = ;.

Jlerko ybeguThbecs, YTO TaKMM CBOMCTBOM oOnajgaet ko3addu-
UMEHT 3aTyXaHHs JIOKaJIbHO-IUIOCKOH HEOXHOPONHO! BOJIHBI, B BUJIE
KOTOPOH MOXHO npenctaButhb (1.26):

U(r,0) =r" expli(or —ky0)} = exp(p,r)exp{i(or —k,0) };

Inr
pL=h—.
r

Bonue! Tuna (1.26) uMeroT oco6eHHOCTD JTUO0 B HYJIEBOU TOYKE
koopauHat (npu n < 0), n1u6o Ha OeckoneuyHocru (mpu n > 0).
ITockonbky paccmaTpuBaeMblii BOJHOBOH MNpoLiEcC CYIECTBYET
TOJILKO MPH ® = ®;, B KAYeCTBE NMPUIOKEHHUs LIpA n < () ero MoXHO
ACNONIb30BaTh B OTKPHITBIX PE30HATOpPaxX MJIsl ONpENesieHUus 3JIeK-
TPOHHO¥M KOHLICHTPALUY II1a3Mbl.

Kak u B npegbinymnieM cnydae, HeogHoponHasi BojiHa (1.26) mo-
3KET CyIIECTBOBATh B BUJIE MOBEPXHOCTHON BOJIHbI HAJl UMIIEaHCHOH
rpaHunei. Beegem nunmHapuueckyio cucteMy KOOpAMHAT M pac-
CMOTPHM B Ka4eCTBE TPaHULIbl MIOBEPXHOCTb LUIMHAPA, PACTIOIOXEH-
HOTO BOJIBb OcH z. I1ycTh HanpsKEHHOCTD 2NeKTpUu4YecKoro noss E. B

MPOCTPAHCTBE ¥ 2 Iy, [IIE ¥y — PaguyC LWIHHAPA, 3a8acTCsl KaK
E, = E;r" exp{i(of — nd)}.
[Ipu sTOM MaruuTHOE Mone 6GyAeT UMETh cocTasnsomue H, u H:

n

H =
®

Eor"‘l exp{i(wt-nd)};

r
0

in -1 .

Hy, =———E,r"" exp{i(wt —no)}.

WU,
Kak # B mpepsigylnieM ciyvae, AMIENAHC MOBEPXHOCTH UMeEET

4YHCTO PEaKTHUBHBIN XapakTep:
. O,

Z=i DHolo .

n
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[ToBepXHOCTHBIE CTPYKTYPBI C HEOGXOAUMBIMH CBOICTBAMH, KaK
[Is1 BOTHOBOJA, TaK M [JIs1 PE30HATOPA, MOTYT OBITh BBINIOJHEHDI
1160 B BUje peGPHUCTOH METaNIIHIECKOH IOBEPXHOCTH, TNGO B BHIE
Cl10d IU3JICKTPUKA Ha METAINYeCKOd noanoxke [22, 23, 35, 70].

HNanee mokaxeM, YTO BpalaroLIasics 3aMKHYTasi BOJIHA GE3 OCO-
GEHHOCTE MOXKET CyHIECTBOBATh U G€3 BOJHOBOHBIX MOBEPXHOCTEIH
B HEOJHOPONHOM Cpefie pacnpocTpaHeHus. [Iinsi 3Toro pelieHre
ypaBHenus (1.7a) OyneM uckaTh B BUE

U = A(r)exp{i(or — k,0)}. (1.27)
Heopnoponnyro cpeny npencraBuM kak
o7 =0 {1+ F(r)}. (1.28)

Hnst ee busnyeckoi peann3yeMoCcTH HEO6XORUMO NOTPE6OBATH
F(r)>-1.

ITopcrasnss (1.27) u (1.28) B (1.7a), nonyuum cBsizb MEXIY fapa-
METpaMHM BOJIHBI U CpefIbl
2 2
¢ |10A ., 0°A
F(r)y=——{—-——A" +—
") o}, |ror or’ r

k2
AT -2 (1.29)

3anaBas, HalpuMep, pacrpeaeacHue aMIuTyabl A(r) Kak

A(r)= Ay —

1+r%°
JICTKO YGC,I[HTBCS, YqTO BOJIHA Cyu.leCTByeT HpPI
k¢ =1;
2
= —=0.125;
O
1
F(ry=————.
(" (1+r%)?

M nna3mel 3TO O3HAYAET, YTO HEOMHOPOXHOCTD JIONIKHA HMETD
UHITIHAPHYECKYIO CHMMETPHIO C MIOHMKEHHEM 3JIEKTPOHHON KOHLEH-
TpaluM B LIEHTpE.

§ 4. O6cykneHne pe3yIbTaToB

ITpusenenHple Bbiilie TouHble peieHns Y KT no3BonsoT caenars

CIIENYOLUHE BbIBOMDI.
1. Jlro6Gas nonepe4nast HEOGHOPONHOCTb MO (KPOME JTHHERHOI
GYHKIMM, HMEIOWEN BE3le HYJIEBYIO BTOPYIO NPOU3BOAHYIO) "TIpPO-
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CBETJISET" Miua3My, yMeHbllasi 4actoTy "orceukn” o, (1.17). Dror
(akT MOXET OKa3aThCsi HHTEPECHBIM NPH pa3paboTKe CnocoGoB
CBSI3M C KOCMMYECKHM amnlapaToM, OKPYKEHHBbIM BO BpEMsI CIIyCKa
9KPaHHPYIOIIHUM CIIOEM ILIa3MBbl.

2. JIroGas nonepeyHasi HEOGHOPOXHOCTH NOJIs (KpOMe JTHHEHHON
¢bynkunu) usmeHsieT pa3oByr0 CKOPOCThb V,=0/k. OTn usmene-

HHSI MOTYT MMETh MacmTab Kak Au(paKLUOHHBIX, Tak U pedpak-
UHOHHBbIX 3¢ dexToB. Hanpumep, B BosnHe (1.18) npoucxomut kKoM-
NeHcalusi RUCIEPCHOHHBIX 3(pdekTOoB AuPaKUUOHHBIMH, YTO HO-
3BOJISIET NEpefaBaTh CHTHAJIbI B IJ1a3Me€ CO CKOPOCTBIO CBETa 6e3
HCKaXXEHHUI.

B Bonne (1.19) u (1.20) mpoucxomur KomneHcauusi pedpak-
UHOHHBIX 3(P(HEKTOB 3a CUET NONEPEeYHON HEONHOPOTHOCTH AMILIN-
TyAb! nons. [ledcTBUTENBHO, ecnu, HanpuMep, B (1.19) monoxuts
1/B > A (3nech A — XxapakTepHasi AJIMHA BOJIHBI), TO MbI GYIeM HMETh
TJIAaBHOHEOJHOPOHYIO CPEAy € NMPOCTPAHCTBEHHLIMH MaciiTabaMmu,
COOTBETCTBYIOILMMH MaciuTabaM pedpakiUHOHHBIX siBieHui. CTaH-
NApTHBIA BapHaHT NPOCTPAHCTBEHHO-BPEMEHHOM IeOMETPHYECKOM
ONTHKH OCHOBAH Ha JIOKAJIbHO-NIIOCKOH OMHOPONHOM MOJIEH BOJIHBI.
B sToit curyaumm Gyger ommu604HO YKa3blBaTh Ha HajH4YHe
pedpakuny, B TO BpeMsi KaK TOYHOE PELIEHHE TOBOPUT 06 ee MOTHOM
OTCYTCTBUM M PaBeHCTBe (ha30BOM U IPYNIIOBOI CKOPOCTEH CKOPOCTH
CBETA C.

Mpumeper (1.19) u (1.20) CBUAETENBCTBYIOT O TOM, YTO CTaH-
flapTHast JIOKaNbHO-MJIOCKAask OHOPOAHAs! MONENb BOJIHbI HE MOXKET
ObITH HCONB30BaHA [IJISl CTPOrOro OMKMCaHUs! peppaklH, TOCKONLKY
B pAfie Cl1y4vaeB laeT OMIMOKY, MO CBOEH BEJIMYHMHE PaBHYIO MaCII-
TabaM pedpaklMOHHBIX SBIEHHIA. B Mopenu mons AJis MONHOro
onucaHusi peppaklM| TOIXKEH, IO KpailHe! Mepe, MPHUCYTCTBOBATh
HEKOTOPbIil apaMeTp, ONpeAesIouMii MONePEeYHYIO HEONHOPON-
HOCTb BOJIHOBOIO NOJIs. DTOT NapaMeTp JONXEH BXOAHMTb U B
NOKa3aTeNb MPENOMIEHHUS A.

3. Hapsany ¢ BonHaMH, pacnpOCTPaHSOMHUMUCS OT HCTOYHAKA B
GeCKOHEYHOCTD, B OTHOPOJHOM AUCIIEPIUPYIOIEN CPENE CYIIECTBYIOT
BOJIHBI, Y KOTOPBIX 9HEPreTHYECKUN LICHTP HaXOOUTCSA Ha MeECTe, a
KaXJ[blil €€ y4aCTOK HENPEPLIBHO MEHSET HAlpaBIEHHE PacHpo-
crpaHenusi. Tounoe pemenne (1.26) no3BosnsieT yTBEPXAaTh, 4TO B
OHOPO[HOM MHUCNEPTUpYIOMEN Cpelle BOJIHA MOXET IOMEHSTh
HanpaBJICeHHE PACIPOCTPaHEHHUs] HA NPOTHUBOMOJIOXHOe. Ecnu Bon-
HoBOe nosie (1.26) pacceds MIOCKOCTBIO, MPOXOAAIIEH BOIH3H TOYKH
r =0, a Ha IIOCKOCTH 3aaTh HEOOGXOAUMBIE TPAHUYHBIE YCTIOBHS, TO
B IIDOCTPAaHCTBE, HE BKIIOYAIOWEM B cebs TOouky r = 0, Oymer
CYIECTBOBATD I0Jie 6e3 ocobenHocTel. B aToM npuMepe BonHoBas
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SHEPTHUsl pacHpOCTPaHsIeTCsl C ONHOU CTOPOHBI INIOCKOCTH Ha JPYrylo,
MEHsIs1 HallpaBJICHUE Ha MPOTHUBOIOJIOXKHOE.

4. Ucnonb3oBaHue apeKTa BpallarolIeicsi BOJHbI B OTKPbITOM
pe30HaTOpE MJiA ONPENEIIEHUs] 3JIEKTPOHHOH KOHUEHTPAIIMM HOHO-
cepHOl mma3Mbl MO3BOJIUT HE TOJBKO ONPEAENSITh 3HAUYEHHUE
KOHIIEHTPaLlUA BOKPYT JaT4MKa, HO M OLIEHNBATh BIUSHUE CaMOro
JaT4YdKa Ha u3MepsieMbli napameTp. CxeMa U3MEpPEHHI MOXET ObIThb
CIefyIolieli: CHTHAaJI OT FeHepaTopa M3MEHSIoIEeHcs 4acTOThl NOo-
faeTcs Ha BO30OyXXAawmue MThIpH pe3oHaTopa. Ilpu coBmagenuu
4acTOThbI F€HEpPATOpPa C ®; BO3HUKAET BOITHOBOMH NPOLIECC U HA MpHEM-
HBIX LITBIPSIX MOsIBUTCA curHan. Ilepexirouass Mogbl n KpyroBoi
BOJIHBI, MOXHO JIOKQJIM30BaTh SHEPTHIO IOJIsl HAa Pa3jIMYHbBIX pac-
CTOSIHHSX OT AaT4YMKa, a U3MEHEHHE 4acTOThl BO3OYXKAEHHUsI pe30Ha-
Topa OyleT rOBOPUTb O CTENEHM HEORHOPOAHOCTH CPERbl BOKPYT
HETO.

5. Bo3MOXHO, pe30HaTOphbl C MMOHUXKEHHEM 3NEKTPOHHOH KOH-
HeHTpauun B 1eHTpe TtHna (1.29) MoryT BO3HHMKATh Ha BBLITSHYTBHIX
BJOJIb MAarHUTHOTO NOJIs1 3EMJIM HEOJHOPOJHOCTSIX HOHOCKEPDI.



