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MccnepoBaHna B 061acTM HEAMHENHOM OMNTUKM U HENIMHEMHbIX BOJIHOBbIX AB/IEHUIA CErofHA MOXHO
OTHECTU K OAHMM M3 Hambonee aKTyasbHbIX M BOCTPEOOBAHHbLIX BO BCEM MUPE, OCOHBEHHO BaXKHbI
NcCNefoBaHUA, OTHOCALMECA K TAKOMYy HamnpaBieHWto, Kak (OTOHWKa. besycnoBHas 3HAYMMOCTb
YMCNEHHbIX UCCAeaoBaHU B AaHHOM ob6nactM B TOM, YTO OHW MO3BONAIOT onpeaenvtb Haubonee
NnepcrnekTUBHbIE HAMPaBAEHMA ANA OCYLLECTBAEHMA SKCMNEPUMEHTOB, @ TaKXKe PEKOMEHAYEMbIe YCN0BUA
W napameTpbl AnA Mx peanusauun. O4eBMAHO, YTO POCT MHTEpeca K YKasaHHOMY HanpasieHUto
NUCCNefOBaHUIM, BK/AOYAA  UYUC/AEHHbIE  MCCAeAoBaHMA, 0O0ycnoBAEH  AOCTAaTOMHO  LUMPOKMMMU
BO3MOXXHOCTAMU NPUMEHEHUA UX PE3Y/IbTATOB, HAaNPUMepP, NPU U3roTOBAEHNUM KOMMNOHEHTOB S1a3ePHbIX
cuctem, pas3paboTke M NPOM3BOACTBE BOJIHOBOAOB, M3rOTOBAEHUM TBEPLOTE/NbHbLIX HaKonuTenemn
MHPOPMALMMN U ONTOSNEKTPOHHbIX YCTPOMCTB.

Lenb nccnenoBaHma — M3y4nTb BAUAHWUA SNEKTPOHHOM M1a3Mbl Ha CNEKTPANbHblE XapaKTepUCTUKU
MOLLHbIX ONTUYECKMX MMMNYNbCOB B MPO3PaYHbIX ANINEKTPUKAX.

Matepuan u metogpl. 117 NOCTPOEHUS UYMCIEHHON MOAEANW, MO3BOAIOLWEN KOPPEKTHO ONMcaTb
ABNEHMA N NPOLLECCHI, KOTOpPbIe ByAYT NCCNeA0BATLCA, MOXHO MCMOAb30BATb MaTEMATUUYECKYO MOAENDb,
MOCTPOEHHYID Ha OCHOBE MOAMOULMPOBAHHbLIX MPU MOMOLLM CMeLmanbHbIX METOAMK BOJIHOBOIO
YPaBHEHUs M HenuHelHoro ypaBHeHusa LWpeauHrepa. [MonyyeHHas moaenb NO3BOAAET Y4YecTb
ancnepcuio, andpakumio, sddeKkTbl CaMOBO3LENCTBUA, a TaKKe WMHAYLMPOBAHHbIE MOHW3ALMOHHbIE
apoeKTbl, npusoAAlME K (GOPMUPOBAHMIO INEKTPOHHOM NNasMbl, BAMAHME KOTOPOM Ha
PacnpoOCTPaHAOLWMINCA MMMNYbC M aHANU3NPYeETCA.

Pe3ynbTathl MU X obcyKpaeHune. B faHHON cTaTbe npeacTaBieHbl OAHW M3 OCHOBHbIX Pe3y/bTaToB
UYMCNEHHOTO UCCNEAOBAHUA BAMAHUA WHAYUMPOBAHHOMW, Gnarofaps MOHM3AUMKM, NAasmbl CBOBOAHbIX
3/IEKTPOHOB Ha MapPaMeTPbl U XapaKTEPUCTUKM MOLLHbIX ONTUYECKUX MMMYNbCOB, PACNPOCTPAHAIOLLMXCA
B NPO3PaYHON AMINEKTPUYECKON cpene Ha npumepe KBapLEeBOro CTeKla. AHA/AM3UPYeTCA BAUAHUE
3/IEKTPOHHOM MJ/1a3Mbl Ha CMEKTPAJIbHbIE XapaKTePUCTUKU PaACNpPOCTPAHAOWMXCA UMMYIbCOB, a TaKKe
CBA3b MEXAY XapaKTepUCTMKaMM MNPOCTPAHCTBEHHO-BPEMEHHOIO NpoduaA TaKOro MMMyabca U ero
CNEKTPOM.

3akntoyeHmne. Ha ocHoBe pe3y/ibTaTOB YMCAEHHOTO MCCNen0BaHMA AETasibHO NPOAHaAM3MpPOBaHbI
B/IUAHUA 3/IEKTPOHHOM Naa3mbl, MHAYLMPOBAHHON (POTOMOHMU3ALMEN ANINEKTPUYECKON cpeabl, Ha
CNEKTPasibHble XapPaKTEPUCTUKU MOLLHbIX OMNTMYECKUX MMMYAbCOB. [OKa3aHO, YTO cTeneHb BAUAHUSA
Niasmbl Ha PaCNpPOCTPAHAOWMNCA UMMYIbC BO MHOFOM OMpeaensetca ee MNJAOTHOCTblo, KoTopas
HanpsMylo 3aBUCUT OT MapameTpPoB CaMOro Mmnysabca. OTMeYeHo, YTO A/ OMNTMYECKMX MMMYAbCOB
$GeMTOCEKYHAHOW  ANUTENIbHOCTU BO3AENCTBME 3/IEKTPOHHOM NAasmbl MPUBOAUT K  U3MEHEHUIO
NPOCTPAHCTBEHHO-BPEMEHHOTO NPOdUAA MMMYAbCa, W, KaK CAeacTBME, 3aMETHOMY PacCLUMpPEHMIo
CNEKTPANbHOIO AManasoHa U3ydYeHus.

KnioueBble cnoBa: onTUYECKMI UMMYAbC, YNbTPAKOPOTKUIA Ia3epHbIA MMMYIbC, MHAYLMPOBaHHan
NMOHU3aLMA, MHOrOGOTOHHAA MOHM3ALUMS, NNa3Ma CBODOAHbIX 3/IEKTPOHOB.
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Studies in the field of non-linear optics and non-linear wave phenomena can be referred to most
urgent and required in the world; especially current are researches in the field of photonics. The
significance of numerical studies in this field is due to the fact that they make it possible to identify most
promising experiment directions as well as their recommended conditions and parameters. The growth
of interest in this research direction, including numerical studies, is evidently due to rather wide
opportunities for the application of their findings such as producing laser systems, solid-body
accumulators of information and optic electronic devices.

The research purpose is to study the influence of electron plasma on spectral characteristics of
powerful optic impulses in transparent dielectrics.

Material and methods. To build a numerical model which makes it possible to correctly describe the
phenomena and processes under study a mathematical model can be used which is built on the basis of
the modified, using special methods, wave equation and Schrudinger non-linear equation. The obtained
model makes it possible to take into account dispersion, defraction, self-impact effects as well as induced
ionization effects which result in the formation of electron plasma the impact of which on the spreading
impulse is analyzed.

Findings and their discussion. The main findings of the numerical study on the impact of induced due
to ionization plasma of free electrons on the parameters and characteristics of powerful optic impulses
which spread in the transparent dielectric environment on the basis of quartz glass example are presented
in the article. The influence of electron plasma on the spectral characteristics of the spreading impulses
as well as the connection between the characteristics of the space and time profile of such an impulse
and its spectrum is analyzed.

Conclusion. In the article, on the basis of the numerical research findings the impact of electron
plasma, which is induced by photo ionization of dielectric environment, on spectral characteristics of
powerful optic impulses is analyzed in detail. It is shown that the degree of plasma influence on the
spreading impulse is to a great extent determined by its density which directly depends on the parameters
of the impulse itself. It is pointed out that for femtosecond length optic impulses the impact of electron
plasma results in the transformation of the space and time profile of the impulse and, consequently, the
prominent expansion of the spectral range of the radiation.

Key words: optic impulse, ultra-short laser impulse, induced ionization, multiphotone ionization,
plasma of free electrons.



