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AnaHOoTan s

TeopeTraecKn N3y9EeHO PACIPOCTPAHEHNE MPEIETBHO KOPOTKOTO (JNIATETbHOCTHIO B OJTAH
epno; KOeGaHus) UMITyIbCa JEKTPOMATHUTHOTO TONSt B CPefe, O0MaIaiomeil IByMsa paB-
HOBECHBIMU COCTOsiHUAMU. VIcciaenoBaHue OCHOBAHO Ha PEIIEHUW CUCTEMbI ypaBHeHuii Makc-
Bena— Hodbdunra. Ilonydennbie perenns OMUCHIBAIOT CTAITMOHAPHOE PACIIPOCTPAHEHUE JJIEK-
TPOMArHUTHOTO UMITYJIbCA B TAKOM Cpeie.

KuaroueBsble ciioBa: npeaeabHO KOpOTKI/IfI UMITYJIbC, CETHETOIJICEKTPUK, YeIJUHCHHAd BOJIHA.

BBenenue

OueHb KOPOTKHE UMITYJIhChI 3JIEKTPOMATHUTHOTO W3JTY Y€HNsT, COIEPIKAIIIE HECKOh-
KO MePHOIOB KOJIEDAHWMH MM Jazke TOJBKO TIOJIOBUHY Meprojia KOJeDaHUs HATIPSJKEHHO-
CTH TIOJIfA, TIPUBJIEKAIOT TIOCTIEIHIE TOIbI GOMBINOH HHTEPEC KaK € TOYKN 3PEHNS TEOPHH,
TaK U [T MPUKIAIHBIX 33139, [TIaBHON 0COBEHHOCTBIO TAKUX TTPEIETHHO KOPOTKUX HM-
nysbcos (ITKN) apasierca orcyTerBue Hecyieii (BbICOKOYACTOTHOM ) BOJIHBL — 9TO IIPOCTO
BCIIJIECKH 3JIeKTpoMaranTHoro uanydenusi. Crekrp ITKW mocturaer cBoero MakcuMyMma
Ha HYJEBOH 9aCTOTE.

1. DopmyampoBKa MOOEIN

[IycTp mitockas S7eKTPOMArHUTHAA BOJIHA pacmupocrpanserca Baoiab ocu OX | Bek-
TOP MOJIAPU3ANUE BOJHBI K U BeKTOp mongpusanuu cpesl P HanpasieHbl BIOJb OCH
0Z:E=(0,0,E,), P=(0,0,P,). MarauTHasi MPOHNUIIAEMOCTh CIUTAETCS TOCTOSTHHON

" paBHOI euaUTIE. /719 TIITOCKOI BOJIHBI BCe IEpEMEHHbBIE HE 3aBUCAT OT Y U z. B Taxoit
reOMeTpUH BOJIHOBOE YDaBHEHUE 3aIMCHIBAETCS KaK

PPE_10°E  n°P "
ox2 2 Ot2 2 ot

Bmech = FE,, P = P,. Ina onucanus 3BOJIONAA OJISPUA3AIIE (DEPPOITEKTPUIECKOI
cpenpl Gyaer ucnosb3oBana GheHoMeHosornueckasa Moieab Jlannay — Xasaraukosa [1]
PUMEHUTETIHHO K OJHOOCHOMY (heppo3siekTpuky [1, 2]. Ecan npeHeGpeds nporeccamu
penakcanuu, 70 ypasHenue Jlangay — XalaTHUKOBa TPUHUMAET BU],

0*pP .

I~ +2AP +4BP° = E. (2)

ot
B teopun Jlanmay 3asucumocts mapamerpa A ot temmeparypsl nmeer sun A = a(T —
—T.), oae a — HeKOTOpas [OCTOSHHAS, XapaKTepU3yIouias cBoicTBa cpebl, 1. — TeM-
neparypa ¢dba3oBoro nepexoza (Hiu KpuTHUeckasd reMieparypa), B — nosoxuresbHasi
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koucTanTa. Kosddurment I BBoguTcs 1iist obecredennsi HyKHOH PA3SMEPHOCTH U MO-
JKeT ObITh BbIPazKeH 4epe3 4acToTy MATKOH Mojbl wi = 20 ta|T — T,|.

Ilpu A = a(T—1T.) > 0 ypaBaenue (2) COOTBETCTBYeT YPABHEHUIO JABUKEHUs aHIaD-
MOHMYECKOro ocuunaropa dioddunra. B orcyrcreue BHEIIHErO 3/IEKTPUIECKOTO TIOJIst
Cpelia HemoJIIPU30BAHA, TO €CTh B T0JIOKEHUU PABHOBECUS CIIOHTAHHAS MOJIAPU3AIMS,
obosHavenHas Kak Py, pasaa Hymo. [Ipn A = a(T —T,.) < 0 aHrapMOHUYECKHH OCITHII-
agarop copepiuaer (Masuble) KojiebaHus OKOJIO OJHOrO M3 JIBYX BO3MOMKHBIX MOJIOXKEHU
pasuosecus P, = + (|A|/2B)"Y/? | koTopbie 0OTBEYAIOT CHOHTAHHOMN TOIAPH3AINE CPEIbL.
ITon neiicTBueM BHENIHETO 3JIEKTPOMATHUTHOIO MMITYILCA MOMSPUA3AIHASA MOMKET CyIIe-
CTBEHHO OTKJIOHSATBLCs OT TMOJIOXKEHUSI PABHOBECHUS, AHTAPMOHUUIECKUI XapakTep KoJie-
Ganuii 00yCI0BIMBAET MEHEPAIUIO TAPMOHUK, HEJMHEHHOE PACIPOCTPAHEHUE KOPOTKUX
9JIEKTPOMAIHUTHBIX MUMIIYJILCOB U MEPEK/IIOUEHUE MEKIY PA3HOMOIAPHBIMU MOJIOKEHY-
amn pasnoecusd. Cncrema ypasuennii (1), (2) MoxkeT OBITH HCIOTB30BAHA KAK CaMas
npoCTast MOJENb, OMACHIBAIOIIASA PACIPOCTPAHEHNE SJIEKTPOMATHATHBIX BOJH B OJHOOC-
HBIX (DEPPOIJIEKTPUKAX (CErHETOIIEKTPUKAX ).

Jua ynobersa nepeiizieM K 6e3pasMepHBbIM MEPEMEHHBIM, ONPEIEIEHHBIM CJIEILY0-
IUMu (DOPMYIAMU:

T:t/Tv C:x/(CT)v q:P/]D()v (i:E/E(),
T? =T/2|A|, FEZ=8r|A|Pg.

B »1ux mepemenHbIX mosiHas cuctema ypasueruit Makcsemia— Hoddunra nisa smek-
TPOMArHUTHOTO TIOJIf B CerHeTOdIekTprndeckoii cpene (mpu T < Ti.) npencraBiagercs
B BHjIE
2 2 2 2
a¢ ar or or
rne 72 = 2n/|A|, p = (B/|A|)P§. llapamerp HeanHeHHOCTH, 0OO3HAYCHHBIN KaK (i,
CBSA3AH ¢ PABHOBECHOI moaspusamueii Ps coorromennem = P2/(2P2).
Baxkubim orimdmeM o6CcyzKIaeMol 3/1eCh 3aJa49d OT PAacCMOTPEHHBIX panee [3, 4]
ABJIAIOTCH KpaeBble ycnoBudA. g yeuHEHHBIX 3JeKTPOMATHUTHBIX BOJH OHH HMEIOT

CJIeIVIOmUii BU:
e=0, ¢g=qo=+1/2u, T — to0 (4)

W
e=0, q==xq==*V1/2u, T — *oo. (5)

OTH YCIAOBUS OTPAXKAIOT CYNIECTBYIOIMIYIO CIOHTAHHYIO TOJISPU3ANNIO CPEJIbI. YCJIO-
Bue (5) O3HAUAET HAIMYME JOMEHHOH CTEHKHU, [JIe OPUEHTAIMs BEKTOPA MOJIAPU3AINU
MeHsIeT CBOE HaIlpaBJIEHHE.

2. CranuonapHble pelleHus

Cranuonapuble pernienud cucreM ypasHenuil (3) Obuiu mosydenst B [3, 4] aug na-
PA3JIEKTPUIECKOil (ra3bl B MpUOIHKEHNN OTHOHANIPABIEHHOM BOIHBL. Havmu OyayT Haii-
JICHBbI CTAIIMOHAPHBIE pernenus ypapuenuit (3) B dopme Gerymux BosiH B (Hheppo3TeKT-
pudeckoii dasze. [Ipubanrkenne 0IHOHATPABICHHON BOJHLI HE WCHOIL30BAHO.

[TycTh HANPSAYKEHHOCTH SJIEKTPHYECKOTO TOJS W TOJAPU3ANNS ABIAOTCA (DyHKIHU-
JAMH TOJBKO OnHOI nepemennoit ¥ = 7 — (/v, To ectb uinyTca pernenus (3) B Buje
Herymmx Bosn. Ilomaras, 910 mpu 7 — 400 3JEKTPOMATHUTHOTO TIOJIS HET, a BEKTOP
HOJIAPU3AIMN HE MEHSIET CBOEr0 HANPABJIEHWUs, U3 BOJHOBOIO ypaBHEHUs ¢ ydeToM (4)
MOKHO HaiiTH, 4TO

ve = a(q — qo),
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rje mapaMerp « Jig Caydas MOJHOIO BOJHOBOTO yPaBHEHUs OnpesesieH (hopMyJioi
a = y20v?/(1 — v?). B caydae npubivkenus OJHOHAIPABICHHBIX BOJH CIEIyeT HC-
nosb30BaTh hopmyny o = y2v/2(1 — v). OcTapmieecs ypaBHEHIE CIeLyeT W3 BTOPOTO
ypaBHeHust cucreMsbl (3):
24 ;
— — 2 =a(q —qo)- 6
592 4+ 2na (¢ - q0) (6)
BeenmeM HOBYIO mepeMeHHYIO f = ¢ — o W nepenmineM ypagsaerue (6) B Bume
>*f 2 2 3
9092 - (1 +oa— GMqO)f + GNQOf + 2Nf = 07
OTKyZa

6‘f 2 2\ 2 3 4
<%> =14+ a—6ug)f*—4pgf° —pf*.

Bamena mepemenoit f = 1/y NPUBOIUT K yPABHEHWIO

oy ° 2
) =W — 4pqoy — 1,

re a = (1 +a—6ugd) =a —2 >0, nosromy

dy 2
<%> =a[(y —y)* — D?]. (7)
3necn
yo = 2pqo/a, D? = (ap+ 4p°qg)/a*.

Pemienue ypasuenus (7) nonygaerca nocse 3amenbl y = yo £ D cosh ¢, npuBonsmeit k
npocromy ypasrennio (9¢/09)? = a, pemenne koroporo ecth ¢ = \/a(d — Jp). 31ech
MOCTOSIHHAST UHTErPUPOBaHUs ) OMpeIessieT HAaYadbHyI0 (pa3y MCKOMOHN yeaTuHeHHOM
BOJTHBI.

Takum obpazom, nmeem

y(i) = (2uqo/a) (1 + /1 +a/2cosh¢>) .

J171s1 HOpMUPOBAHHOI TOISAPU3AINN CPEIBI U JIEKTPUUECKOTO TOJIsT OTCIOIA CIIeyeT

2(6%2 - 1)
@ =g [1+ - = <1+ e
K q0< 1+ 1+a/2(:oshq§> 1 1+ dcoshep )’

oE) — qoa(a — 2) _ 4qod2 (6% — 1)
1+ 1+a/2cosh¢) 1+ dcosho ’

rme ¢ = \/26(9 — ), a mapamerp § Takoii, uro a = 262.

[TosyIeHHBIe PeMIeHns OMICHIBAIOT PACIPOCTPAHCHHE CTAIIHOHAPHOTO BCILIECKa, (M-
My/bca) 3MeKTPOMArHATHOTO TOMA B (heppO3TeKTPHICCKOH cpefe. B 3aBUCHMOCTH OT
3HaKa B (8) UMITYIBCHI UMEIOT PA3INYHYIO TIOMAPHOCTh. B 06aacTn 1eficTBus IMITYabca
cpela MOYKeT MpPHOOPECTH JOMOJHHTEILHYIO MOJAPH3ANMIo WIH, HaoOG0pOT, mepeiiTn
B MAPA3TEKTPUIECKYIO Dazy.
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3akJiroueHue

Kpowme waiinennoro periennsi B ¢GhoOpMe yeIWHEHHON BOJIHBI, YPABHEHUS] MOIENN
00JIATAIOT PEIIEHUAME, COOTBETCTBYIOIIMME MEPUOANIECKUM (KHOUAAILHBIM) BOJHAM,
bOPMBI KOTOPBIX OMPEIEISIOTCS PA3INIHBIM BHIOOPOM JIOMOJHUTEIBHBIX YCIOBHIA.
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coBy u Ix.-I". Kanyro (J.-G. Caputo) 3a nosesnbie [uCcKyCcCuu.

E.B. Kazanmnesa 61aronapua Cosery mo rpantam [Ipesunenta Poccuiickoit @enepa-
muu 3a GuHAHCOBYIO noaaepxkky mo rpaary (MK-8750.2010.2) ais rocyaapcTBeHHOM
[O/IIEPYKKHU MOJIOIBIX POCCUIICKUX YYEHBIX.

Pa6ora yacruuno nopaepkana PODU (npoekr Ne 12-02-00561-a) u @enepasnbHoit
nenesoil nporpaMmoii «Haydrble M Hay4YHO-IIEJArOrMYECKHe KaJpbl MHHOBAIIMOHHOMN
Poccums.

Summary
E.V. Kazantseva, A.I. Maimistov. On the Propagation of an Extremely Short Electromag-
netic Pulse in a Nonlinear Ferroelectric Medium.

We present a theoretical study of an extremely short (one-cycle) electromagnetic pulse
propagating in a nonlinear ferroelectric medium for which two equilibrium states are possible.
The research is based on solving the system of Maxwell-Duffing equations. Its solutions describe
the stationary propagation of the electromagnetic pulse in such medium.

Keywords: extremely short pulse, ferroelectric, solitary wave.
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