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AHaJIMTHYECKOe pellieHne BOJTHOBOI'0 YPaBHEHHs1, ONUCHIBAIOIIIEe
0e3/ucnepcuoHHOe pacnpocTpaHeHue peMTOoCeKYHIHOT 0
JIA3ePHOro UMIYJIbCa B cpejie ¢ KyOn4ecKoi HeJIMHEHOCThIO
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HeAuHeuHocmu ¢ yuemowm ompameynoﬁ 60HbBL HA 8X00e€.

Karouegvie caosa: ghemmocexynonslii Aa3epuvlit UMnyave, 6e30ucnepcuonnoe pacnpocmpanenue, cpeoa ¢ Kyouueckoii neauneii-

HOCMbIO.

M3BeCcTHO, 4TO P NPOXOXKIEHUHU MUKO- U (peMTOCeKyH-
JIHBIX JIA3€PHBIX UMITYJILCOB Yepe3 ONTHYECKU HEJIMHEHHYIO
0e3qMCIepCHOHHYIO Cpelly BO3HHKAET ACUMMETPHS AHTH-
CTOKCOBOM U CTOKCOBOW KOMIIOHEHT CIEKTPa, MPUYEM ITO
SIBJICHIE IMEET MEeCTO Jaxe 0e3 yqacTusi caMmo(OKyCHpPOBKH,
ONTHUYECKOTO Mpo0OOs U KOHEYHOro BpemeHu oTkimka [1]. B
pabotax [2— 5] ObLIM IPEII0KEHBI PA3IMYHbIE ACUMIITOTH-
YeCKHe PeIleHHs], OO BICHSIOLINE 3TY ACUMMETPHIO.

B HacTosimelt cTaTbe MPUBOIUTCS TOYHOE AHATMTHYEC-
KOe pellleHne ypaBHeHUs: MakcBelula, ONUChIBaroIiee 0e3-
JIUCTIEPCUOHHOE HEJIMHEMHOE pacmpocTpaHeHue QemToce-
KYHIHOTO JIa3€pHOI'O MMILYJIbca B O€3BbIHEPLUUOHHON cpene
C KyOM4ecKO! HEJIMHEHHOCThIO TPU YYETe OTPAKCHHS Ha
BXO/IE B Cpe.y.

BonHoBOE ypaBHEHHUE 1151 CKAISIPHOM IJIOCKON BOJIHBI B
KyOHMYecKr HEeJIMHEWHOM ONTHYECKH OJHOPOJIHOM HU30TPOT-
HOM JURJIEKTpHUKE Oe3 yyeTa XpOMAaTHYECKOW JMCIEPCUU U
MHEPILMOHHOCTU HEJIMHEHHOro OTKJIMKA, 3allUCAaHHOE B 0e3-
pa3MepHBIX BeJIMUUHAX, UMeeT BUJ [3]

S o’

Bespa3MepHble BeJMYMHBI, BXOJISILIUE B 3TO ypaBHEHUE,
OTIPEACIISIOTCS ClleiyoumM obpasoM: Z = z/uty, T = t /7o,
nt= n% +2nomy(EE )y, u = c/ng, &6 = ngEoz/no, E=Ey&, roe
27y — JUIMTEITLHOCTh UMITYJIbCA; #y — JIMHEWHAsl YacTh MMOKa-
3aTelisi MPeJIOMJICHUS; 1y — HeJIMHeHHast no0aBKa K IMOKa-
3aTeJo MPEJIOMJIEHUS; & — Oe3pa3MepHBIil MapameTp, oIpe-
JCJSIOIUI HEeJIMHEHHOCTD, Ey — MakcuMaJjlbHOE 3HAa4YeHUe
NEUCTBUTEILHON aMILIUTYABl BEKTOpA HAMPSKEHHOCTH
9JIEKTPUIECKOTO TOJIs; § — HOPMUPOBAHHOE IeHICTBUTEIHLHOE
3HAYCHHE BEKTOPA HANMPSIKEHHOCTHU IJIEKTPUIECKOTO MOJISI B
cpe/ie; YIJIOBble CKOOKM O3HAYAIOT YCPETHEHHE IO BPEMEHH.
B cinyuae, xorma ormbarolasi UMIyJIbca MEHSIETCS T10-
CTaTOYHO MEJJIEHHO (B MaciiTabe CpeiHero nepuojia KoJe-
Ganuit), (66); = |é"|2/2 u ypaBHeHue (1) npuHIMAaeT BHT
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Cornacno [6] npu D(E) = n3E + non2|E|2E ypaBHEHHE BTO-
poro mopsika (2) MOXHO CBECTH K YPaBHEHHUIO MEPBOTO
MopsiIKa
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D= n(z)EOEZ. B 6e3pasmepHbIx Oerynmx koopauHatax U =
Z — T, V = Z ypasuenue (3) c yueTom (4) IpuHAMAET BU
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Pemenue sToro YPaBHCHUS 3aIIUCbIBACTCS B BUIC
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:£{U+V[[1+g|g\2+g@@ d(@] —1”. (6)

Kpaessle ycroBus 45151 HOPMUPOBAHHON HATIPSIKEHHOCTH
3JIEKTPUYECKOTO MOJISI U €ro NEPBOM MPOU3BOAHOM HaA Ipa-
HUIIE HEJIMHEHHOM cpelbl C BAKYYMOM B COOTBETCTBUH C [7]
HUMEIOT BU/L

&(U) = fu(U) + £:(U), W)

n(@H) g
o) (V) =em | T

3neck fin(U) u f;(U) — COOTBETCTBEHHO MAaJAIOLINI U OTpa-
JKEHHBIIl IMITYJIbCBI B BAKYYME.
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B uHTepBaax BpeMeHH, KOT1a IPOU3BOIHAS TTOJIs OJIU3-
Ka K HyJIFO, ITOCIIETHEE CIaraeMoe o1 3HAKOM KOPHS B peliie-
HuH (6) CTAHOBUTCS CYIIECTBEHHBIM. OHAKO HETPYIHO IO-
Ka3aTh, 4TO UpH 7o = 200/7wy, TAE Wy — HECyllasi 4acToTa
HAMITYJIbCA, JUTATEILHOCTD 3TUX HHTEPBAJIOB MPEHEOPEIKUMO
MaJja Mo CpaBHEHUIO C JIMTEIbHOCTHIO OHOU OCHUJIISIIMN
moJtst. Crie10BaTEIbHO, IPH BBHITIOJTHEHUU OTOBOPEHHOTO YC-
JIOBHSI 3THM cJlaraeMbIM B (6) MOXHO npeHeOpeub. [1pu ma-
JILIX & MOJKOPEHHOE BBIpaKEHWE TIOJI 3HAKOM HHTerpaja
MOJKHO Pa3JIOKHUTh MO CTETEHSIM & U, OTPAHUYUBASICH JIMHEH-
HBIM NpHUOJIIKeHNeM, U3 uHTerpaia (8) ¢ yuerom (4) moty-
YUTH CIIEAYIOIIee YpaBHEHHUE:

Y2+ (g + 1)y — 2fin = 0, 9)

%I’lo&
rae
Y = fin +fr. (10)

Peimienne ypaBHenust (9) pasyiokuM MO CTENEHSIM & U
OTSITH OTPAHMYMMCS JIMHEHHBIM MPUOIVKEHIEM:

y=yo+eyr. (n

[Ipu moacTaHOBKE pelleHHs B TAKOM BHJIE UCXOJIHOE ypaB-
Henue (9) pacnagaercs Ha JBa. V3 mepBoro mnoJjiyyaem

2fin
o — 12
Yo = o (12)
a U3 BTOPOro —
4 - 27
L= n0‘4/11n| fj;n (13)
(ng + 1)

Bmecre ¢ TeM ¢ yueToM MaJIOCTH € ypaBHEHUE (5) IpUHUMAET
CIIEYIOLINM BU:

o8 _eléf’ 08

v 2 U’ (14)

Taxum o6pa3om, B ciIyvae, KOT/Ia HA TPAHUILY HEJIMHEH-
HOM cpebl MagaeT UMITYJIbC

Jfin(U) = a(U) cos KU, (15)

rae K = wytg, umnyibc B cpeae ¢ yderom (11)—(15) onwm-
CBIBACTCSI YPABHECHUEM

o 2
S(U.V) = 2a(U+£’I1/0é+(l1], Mk
74n08a3(U+8V£(U;V)|2/2) y
(n0+1)
xcos {K[U+eV|&(U, V)[*/2] }. (16)

B YaCTHOCTHU, OJIsI UMIIYJIbCA C TayCCOBBIM BPEMEHHBIM
npoduiieM Ha BXOIe

a(U) = exp (- U?/2) (17)
BBIPAXKEHHS JIJISI aMIUIMTYbI, (pa3bl 1 HOPMUPOBAHHOU He-

cylieit 4acTOTBI UMITYJIbCA, PACHPOCTPAHSIOLIETOCS B Cpeae,
B COOTBETCTBUU C (16) MPUMYT CIIeTyrOIINI BUI:
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Puc.1. 3aBucumMocTy aMILTUTYAbI UMITYJIbca E OT paccTtosiuus U npu z =
0(a), 0.9 (6) m 1.8 cM (8).
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(U, V) = KU +¢eV|6(U, V) /2], (19)
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Ha puc.1 -3 mpuBeneHbI pe3yjbTaThl YMCICHHBIX pac-
YETOB JUUISI aMIUTUTYbI (puc.l), HOpPMHUPOBAHHOW HeCYIIEH
4acTOTHI (pHC.2) ¥ HOPMUPOBAHHOT'O HEPTETUUECKOTO CIIeK-
Tpa nmmyJisca & (U, V) (puc.3)

_ew, )P
UAGE @D

max

s(W, V)

B cllydyae UMITYJIbCca JJIMTEIbHOCThIO 80 (¢ HA JIJTMHE BOJIHBI
Ao = 2me/wo = 1.3 MkM ¢ unTencusHOcThIO I = 5-10'2 BT/
CcM?, PAacIpOCTPAHAIOWETOCS B Cpede ¢ ny = 1.5 u ny =
3.2:107'% cm2/Bt (¢ = 1.07-1073). CoriacHo 5THM pacyeTam
MO/1yJIb OTHOILICHHS YIIIUPEHHS CIIEKTPA B AHTUCTOKCOBY 00-
JIACTh (s = Wy — W) K YIIUPEHUIO B CTOKCOBY (s = ms—
@) |@as/@s| = 1.98 U a5 — s = 0.74wp pu z = 0.9 cM u
|Das/@s| = 4.84 1 a5 — s = 2.32m0 ipu z = 1.8 cm.

Bocnonb3oBaBmmch ypaBHeHuHeM (18), MOXHO MOKa3aTh,
YTO C yYETOM JIUIIL (PPEHETIEBCKOTO OTPAKEHHS PACCTOSIHUE
Verit, HA KOTOPOM 00Opa3syeTcs yIapHbId (PPOHT, HAXOIUTCS
u3 ycnoBus &V = [(no + 1)/2}2(26)1/2 ~ 3.64. Bmecte ¢
TEM COTJIACHO YMCJICHHBIM PACUYeTaM C yUYeTOM TaKKe HEJIH-
HEWHOTO oTpaxeHus Vi ~ 3.73. HeTpyaHo moka3ats, 4TO
u3 ypaBHeHHs (14) MOXHO MOJIyYHTh YKOPOUCHHBIE YpaB-
HEHUs [IJI aMIUTHTYIbI U (a3bl, MPUBEICHHBIC B padboTe [2].
JleicTBUTEILHO, TIOACTABIISS

E(U,V)=a(U,V)cos|[KU + &(U, V)| (22)
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Puc.2. 3aBUCHMOCTH HOPMUPOBAHHOM HECYILEH YAaCTOThI UMITYJIbCa 2 OT
paccrosinust U ipu z = 0 (a), 0.9 (6) u 1.8 cm (8).

B (14), mocie pa3niejieHus] HA KOCUHYCHBIC U CHHYCHBIC YaCTH,
YTO BO3MOXHO B NMPHUOJIMKEHUH MEIJIEHHO MEHSFOIIMXCS
AMIUTUTY/T, TIOJIy4aeM

da ed* Oa

v 20" @)
0bd ea? 0P eKd?
¥ 230 2 (24)

YTO COOTBETCTBYET YPABHEHUSIM, IPUBEICHHBIM B [2].

B otimume ot [3—5], rae maHbl perieHus ypaBHeHUs (2),
MOJIyYEHHBIE METOJIOM MHOTHX MAacIITaOOB TEOPUH BO3MY-
IIEHUH, B HACTOSIIEH paboTe orndaromas MMIyJIbca He CUH-
TaeTcss HEM3MEHHOW Ha HaYaJIbHOM JTalle CaMOBO3/ICHCTBUS,
a TAK)Ke YYUTHIBACTCS OTPAKECHUE HA BXOJIC.

Takum 00pa3oMm, Ojaromapsi CBEICHHIO HEJIMHEWHOTO
ypaBHEHUSI BTOPOTo nopsiaka (2) K ypaBHEHHIO TEPBOTO T0-
psaka (3) ynanoch MOJy4YuTh TOYHOE perieHue (6), He mpu-
Oerast X ACHMIITOTHYECKMM MeTOJaM. B wyacTHOCTH, TOJTy-
YEHO PpeIlleHNe, ONUCHIBAIOIIee pacpocTpaHeHne GpeMToce-
KYHJIHOTO JIa3€pHOTO MMIIYJIbCa C IayCCOBBIM BPEMEHHBIM
npodusieM B HeJIMHEHHOU Oe31MCIIepCuOHHOM O€3bIHEPIIOH-
HOU cpejie B MpuOJIMKeHUU Malioil (¢ < 1) HEJMHEHHOCTH.
[MokazaHo, YTO aHAJIUTUYECKOE 3HAUCHHE &V rit, COOTBETCT-
BYIOIIIee JIUITh (PPEHEICBCKOMY OTPaKEHHIO, W YHACIECHHOE
3HAUCHHUE &V i¢, COOTBETCTBYIOIIEE YUETY TAKKE U HEJIMHEH-
HOT'O OTPaXEHUs!, IPH 3aJaHHOM MaJIOM & IPAKTUYECKH COB-
najaroT.
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Puc.3. DBosroimss HOPMUPOBAHHOT'O SHEPIETUYECKOTO CIEKTpa § UM-
nyJsibea ipu z = 0 (a), 0.9 (6) u 1.8 cm (8).

A (MKM)

B 3axmovyeHue HagO OTMETHUTH, YTO TOYHOE AHAJUTHU-
YecKkoe pereHne (6) MoXeT OBITh HCIIOJIH30BAHO U B CIIydae
06sbIIMX HenmHeHHOoCcTel. [Ipr 3TOM B pa3JioKeHHH 110 CTe-
MEHSIM ¢ CJIelyeT YYUTBIBATh U 4WiIEHBI O0Jiee BBICOKHMX IIO-
PSIAKOB MAJIOCTH.

ABTOPBI BBIPAXAIOT NPH3HATENBHOCTH A.O.Menuksny
3a T0JIE3HbIE 3aMEYaHHUS.
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A.A.Akopyan, D.L.Oganesyan. Analytic solution of the wave equation
describing dispersion-free propagation of a femtosecond laser pulse in a
medium with a cubic nonlinearity.

An analytic solution is obtained of the wave equation describing the
propagation of a femtosecond laser pulse with a Gaussian temporal
profile in a nonlinear dispersion-free instant-response medium, consid-
ered in the approximation of a weak nonlinearity and taking account of
the wave reflected at the input.



