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B npensiayiieit paboTe Oblta MpeioxkeHa MOANGbUKALUS MOAeIN TepMIdecKoro nuka (MTII), 6asu-
pyIoIIasAcs Ha CUCTeMe JBYX CBA3aHHBIX TUIIePOOIMIEeCKIX YPaBHEHUI TEILIOPOBOJHOCTEH /I 3JIEK-
TPOHHOTO T'a3a ¥ KPUCTAUINYECKOI PelIeTKH AJIs MO/IeTUPOBAHNUSA TEIUIOBBIX IPOIECCOB, BOSHUKAIO-
LIMX B MaTepUaax I0f JeicTBreM GpeMTOCEKYH/HBIX JTa3€PHBIX MMITYIbCOB.

JleficTBUe 1a3epa B 2IeKTPOHHOM rase, 6bLJI0 y4TeHO Yepe3 (GYHKINIO CTOYHHKA, KOTOPYIO BBIGpaIn
B BH/Ie IBOMHOT0 PeMTOCEKYHHOTO JIa3€PHOT'0 MMITY/Ibca. B runep6oinueckoM ypaBHEHUH B OTINYLE
oT n1apabosn4ecKoro, MPUCYTCTBYIOT AOIOJHUTEIbHbBIE TTapaMeTPhl, KOTOPbIe XapaKTepU3yIOT BpeMe-
Ha peJIaKCcalli!Y II0TOKA TeIlJla B 9JIeKTPOHHOM rase U KPUCTAaINIeCcKoi pemeTku. Kpome aroro, B mc-
TOYHUKe TUIePOOIUIECKOro YpaBHEeHUsI IPUCYTCTBYIOT JOIIOJIHUTEIbHBIE CIaraeMble-IIPOMU3BOAHbIE
OT IJIOTHOCTH MOIIHOCTY HUCTOYHUKA [1apaboIdecKOro ypaBHEHHS U OT PasHOCTHU TeMIIEPATyp 3JI€K-
TPOHHOTO ra3a ¥ KPUCTAIIMYECKOH PeIleTKU. DTO 03HaYaeT, YTO Ha TeMIIEPaTypy obpasiia OKa3pBaeT
BJIMSIHUE He TOJIBKO IIOTHOCTh MOIIHOCTH UCTOYHUKA, HO X CKOPOCTH €TI0 U3MEHEeHMs.

B npeapiayeii paboTe 4nCIeHHOE MOZI€TMPOBaHKE IIPOBOIIIOCE /IS TEIIJIOBBIX IIPOIIECCOB, BO3HU-
KAIOIUX B MaTepHuaJax Iof JeiicTBreM HeMTOCeKyHIHbIX Ja3ePHBIX UMITYIbCOB.

B HacTosmel paboTe IPOBOJAATCA aHAJIOTUYHBIE YHCIEHHBIE UCCIeJOBAHUS A1 HeMTOCeKyHIHBIX
U aTTOCEKYH/THBIX JIa3€PHBIX UMITYJILCOB C OZIHUMH UMITyIbcaMU. IIOCKOJIBKY IIPH aTTOCEKHHBIX BO3-
JiefiCTBUSAX BpeMsi IPOHUKHOBEHHS JIa3ePHOTO U3JIydeHuUs B 06pasel] CPaBHUMO C BpeMs e ICTBHUA JIa-
3epa, U1 ydeTa 5Toro spdekra B GyHKIIUHM NCTOYHHUKA HCIIOAb3yeTcs GyHKIMsA XeBucaiiia. [IpoBoasaT-
s CPAaBHUTEJIbHbIH aHAIN3 YUCIEHHBIX Pe3y/IbTaTOB II0IyYeHHBIX 00€ MU MOZEISIMHU.

KioueBble c10Ba: Hapa60nnqecxoe u rI/mep60quec1<oe YpaBHEeHUA MOJeJIn TePMUYECKOro IHKa,
(beMTOCeI(yHZ[HbII‘;I u aTTOCeKyH/IHbII‘/JI Jia3epHble UMITYJICHI, YUCJIEHHOE MOJe/INPOBaHIe

1. BBeaeHwue

VccnepoBaHre B3aUMOAEHCTBUS (GEMTOCEKYHIHBIX JIa3epPHBIX HMIIYIbCOB C Belle-
CTBOM SIBJISIETCS BAXKHBIM B CBSI3K C MHOTUMU GyHAaMeHTaIbHbIMY IIpobaeMamu (husuka
HEPAHOBECHBIX IIPOLIECCOB, FEHEPAIIS YAAPHBIX BOJIH, IA3€PHOE YCKOPEHNE HOHOB, MO~
¢uranny cBoicTB 06ayyaeMoro Marepuaia u T.4.) [1,2].

B Hacrosee BpeMs, BO3pACTaeT HEOOXOAUMOCTD B CO3JAHIU U COBEPIIEHCTBOBAHUN
ﬂOCTOBepHI)IX (I)I/IBI/I‘-IQCKI/IX MOﬂe]Ieﬁ, CHOCO6HI)IX OIINCBHIBATDH paS]II/I'-IHI)Ie npoueccm B Be-
mecTBe. [Ipy 3TOM KOMIIBIOTEPHOE MOJEINPOBAHNE 3aHUMAET CeMYac OLHO U3 [JIABHBIX
MeCT B UCCJIeIOBAHUY TAKUX 3a/a4.

2. IlocraHOBKa 3aa4u

HcxopHble ypaBHEHUA B 663p33MeprIX TIepeMEeHHbIX Y1 BeJINYUH NMEIOT BU/ [3]

T, 4T, 82T, ) OA(x, t)
a_te + Te?; = keW; - }/e(Te - Tl) - yeTeE(Te - Tl) +A(x, 1) + 7979
oT; *T, 8T,

o Tige kK

a
152 + (T, - Ti)+7’iTi§(Te - T).



378 VIHpOpMaLMOHHO-TeIeKOMMYHHUKAIIOHHbIE TeXHOJIOTUY ¥ MaTMOJeIupoBanue — 2024

AT, (x,t
To(x,0) = 1; %L_O =0;
0T, (x,t)
0x x=0

Ae(x,£) = A h() LD f(x, 1),

Ay = % A(x) = exp(—$).
PO_MZ

20

=0; Tp(Xpmax,t) =1; a =e,i.

Ht) = ——exp

Ver

IIpu 7, = 0, ; = 0 runepbosndeckuil MTII nepexonut B mapabonuyeckuit MTII.

B nipeapiaymux paboTax YUCIEHHOE MOAIEINPOBAaHIE IIPOBOAUIIOCH /IS TEIJIOBBIX IIPO-
1[eCCOB BO3HUKAIOIUX B MaTepHalax Ioj AeHCTBreM (HeMTOCEKYHIHBIX Ja3epHBIX UM-
Iy/7IbCOB. B HacTosMmIell paGoTe aHAJIOTUYHBIE UCCIeA0BaHMe, IJIs1 AaHATOTUYHBIX IIPOIiec-
COB IIPOBOAUTHCS IIPU BO3ZEHCTBUN aTTOCEKYHIHBIX JIa3€PHBIX UMIIYAbCOB C OJHUM HM-
nysabcoM. IIOCKONBKY B CIydae aTTOCEKYHAHBIX JIa3€PHBIX BO3EHCTBUI BpeMs IIPOHUK-
HOBEHUs JIa3ePHOTO U3JIydeHNs B 06pasel; CPaBHIMO C BpeMEH! BO3/IEHCTBHUS J1a3ePHO-
r0 UCTOYHUKA, A yueTa spdekTa IPOHUKHOBEHNU Ja3epHOT0 U3IydeHUs B obpasell, B
dyHKIIMK MCcTOYHMKA BBeZieHa GyHKIuA Xepucaiiga y(x) =1, x > 0, y(x) = 0, x < 0. IIpo-
BOZUTCSI CPAaBHUTEIbHBII aHAIN3 YUCIEHHBIX PE3YIbTATOB /IS TEIIJIOBBIX IPOI[ECCOB, BO3-
HUKAaOIINX B MaTepuaiax Mof AeHCTBUEM aTTOCEKYH/HBIX JIa3ePHBIX MMIIY/IbCOB C aHa-
JIOTMYHBIMY Pe3y/IbTaTaMy [TOJIy9eHHbIe IIPU BO3JecTBIH (PeMTOCEKYH/HBIX Ja3ePHBIX
HIMIIyJIbCOB.
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In previous work, a modification of the thermal peak model (TPM) was proposed, based on a system
of two coupled hyperbolic thermal conductivity equations for the electron gas and the crystal lattice to
simulate thermal processes occurring in materials under the action of femtosecond laser pulses.

The action of the laser in the electron gas was taken into account through the source function, which
was chosen in the form of a double femtosecond laser pulse. In the hyperbolic equation, unlike the
parabolic one, there are additional parameters that characterize the relaxation times of the heat flow
in the electron gas and the crystal lattice. In addition, the source of the hyperbolic equation contains
additional terms derived from the power density of the source of the parabolic equation and from the
temperature difference between the electron gas and the crystal lattice. This means that the temperature
of the sample is influenced not only by the power density of the source, but also by the rate of its change.

In previous work, numerical simulations were carried out for thermal processes occurring in materials
under the action of femtosecond laser pulses.

In this work, similar numerical studies are carried out for femtosecond and attosecond laser pulses
with single pulses. Since, during attosecond exposures, the time of penetration of laser radiation into
the sample is comparable to the laser action time, the Heaviside function is used to take this effect into
account in the source function. A comparative analysis of the numerical results obtained by both models
is carried out.

Key words and phrases: Parabolic and hyperbolic equations of thermal peak model, femtosecond and
attosecond laser pulses, numerical simulation





