Du3nKa B3aMMOACHCTBUSA JIA3€PHOI0 U3JIYUYEHH C BeleCTBOM

NHoramos H.A.

https://www.itp.ac.ru/ru/persons/inogamov-nail-alimovich/



https://www.itp.ac.ru/ru/persons/inogamov-nail-alimovich/

OBOBEKT - CYDBEKT

OOBEKT = YTO N3yYaeM, 3a4EM

CybbeKT = KTO U KaK uU3y4aeT, Pu3unKa, Pusnvyeckne moaenu,
YTO YMEET, YeM MNONb3YyeTCA:UHCTPYMEHTAPUN, TEXHNYECKNE NHCTPYMEHTbI =

OT YPAaBHEHUW A0 Nporpamm



IcTopus B 0OLWMX YepTax



1830 - 1980

* MoniogeKb CO CKIOHHOCTbIO K HayKe U TEXHUKE UHTEepecyeTcs:




1830 - 1980

* MonoaeXb CO CKNOHHOCTbIO K HaYKE N TEXHNKE NMHTEPECYETCHAH

To ecTb 3TO «»Keneso», MoTopbl. Llapmua HayK — 3To mexaHMKa



~ 1980 — H.B.

* Monoaexb CO CKNOHHOCTbIO
K HayKe U TeXHUKe
NHTepecyeTca:




@
T
|
-
CcO
@)
—
¢

N3rotoBneHme

U

NMPUMEHEHMNE



~ 1980 — H.B.

M3rotoBneHue — «KBaHTbI», doTonuTorpacdus, ponb nasepos
"
[MpmeHeHne — NporpaMmmMmnpoBaHneE — «KMPOrpammmnupoBaHuE»
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MpUmeHeHWe YMMNOoB: NPOrPaMMUPOBaHUE («crapoe») — KMPOrPAMMUPOBAHUEY («HoBoE)

e ~ 1980

* [Iporpammbl BYKBa/IbHO:
* metka 1

* c=C+5

* if c>40 go to metka 2

e overwise go to metka 1



MpUmeHeHWe YMMNOoB: NPOrPaMMUPOBaHUE («crapoe») — KMPOrPAMMUPOBAHUEY («HoBoE)

e ~ 1980
* [porpammbl BYKBaNbHO:
* metka 1

o C=C+5 12 4 6 8 101214 16 18 :3 22 24 26 28 30 32 34 36 38 40 42 44 46 48 S0 52 54 56 SB 60 62 64 66 68 70-72 74 76 78 80

g00nonogoo00n0n00000700000000T0001700000NAGNNN00000C0CN000NCH0NTI000000000000008000

: SRR RRRRERERRRARIARR RIS RRRERR AR (RRRARRER R IRTR R AR IIERUIRIERRERRBERERER RO RE |
 if c>40 go to metka 2 s e e, P s

2222222222222222222222222222N22M22222222211222222222222222112222222222222222222222

1333(133333333333311333333N03333NR3333333331133BNN33333331333333337333 ""“”"303333333§

e overwise go to metka 1

IX 1985 r. TY 57-7-81

i14444444714471444444441144444444444411444444444444T14441144444441144444444444444444444 91
555555055550 505M550555505555555555555M5555555555555501555555555555555555555559539 0§
>
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1777177177107117777711I0777117171711177I071111171117111I0711707111117111111171171F11171
3[188/18888[188[1818013¢E ";;8583??7£1573;o&""“““““f““da38886 N8N8 78?30839”?F1888388
12°4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 : 44 46 43 50 52 54 56 58 60 62 64 65 68 70 72 '4A19 78 80
999899939119399D330 =¥n‘;BJ?w;px”“Eﬁ”W”TW”WW 11999999339999AN39999993929339983

_—W
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[TporpaMmmnpoBaHme cenyac

 [oTOBbIE NAaKeTbl

OcHoBHas“ pa60Ta Tenepb 3aKNOYaETCA B UTEHUN
* Manual K HUMm MaHyanos.

BepHee Tak:
CraBuTCA 3aga4a

HaxoguTtca pewaTtenb = NPUKNAAHOM NaKeT
OcBOeHMe NakeTa = YTeHMe MaHyana

* YnpasnAawLwme nporpammbl K NakeTty



[ OTOBbIE NaKeTbl

 VASP =The Vienna Ab initio Simulation Package — DFT kop,
 DMol3, ABINIT — Bce ato DFT Kogbl

e InAa K

* I1nAa monekyn



Gold 5d10 6s1
VIV =1
E, = 935 eV

[ OTOBbIE NaKeTbl

VASP =The Vienna Ab initio Simulation Package N

e, e 0 4 8 12

ITIO pacyeTbl Encrgy E (&)

Fig. 1 Conduction band structure of cold gold 5d'%s' at T; =0,

Density of electron states g(E) (No/eV/atom)
o w
£
&L__“
| D
i

e K.lM. Muragan v ero ab-in

4 Te =0 and normal density V/V, = 1. Calculations of spectra and
thermodynamics of gold were performed with VASP package, see
B details in “Appendix 1. ” The energy range labeled Ef contains 11
—
> electrons. The Fermi energy EFf is reckoned from the bottom point
g E¢ of s-band. £} and E> indicate the left and right edge of d-band,
8 3 respectively
m .
2 F Yu. V. Petrov - K. P. Migdal - N. A. Inogamov - V. V. Zhakhovsky, Appl. Phys. B (2015)
g
> 2 8
2 _ | |
4 § - Gold, fcc lattice
2 = — V/V,=0.7, E;=1384¢V
§ 1k % 6 (= VVo= 136, By =667V
= S
- Z i
> L
2 |
% 4
0 g
E -
vy
N
Lt - 2 | .
Puc. 1. IIpubnamkerHoe olmMcadie 30HHON CTPYKTYPHI HU- iz |‘ /\w/ \PJ 1
5 L
Keld ¢ TOMOINLIo TTapabdost s 1 d A 1 >
0 L _._———/}HA\}/_—\ 1 _—l_\_rf\'—
0 5 10 15 20

MNeTtpos, UHoramos, Muraan, NMucema XKITO 2013
Energy E (eV)



Gold 5d10 6s1
VIV =1
E, = 935 eV

[ OTOBbIE NaKeTbl

VASP =The Vienna Ab initio Simulation Package N

ITIO pacyeTbl Encrgy E (&)

Fig. 1 Conduction band structure of cold gold 5d'%s' at T; =0,
4 Te =0 and normal density V/V, = 1. Calculations of spectra and
thermodynamics of gold were performed with VASP package, see
details in “Appendix 1. ” The energy range labeled Ef contains 11
electrons. The Fermi energy EFf is reckoned from the bottom point
E¢ of s-band. £} and E> indicate the left and right edge of d-band,
respectively

Yu. V. Petrov - K. P. Migdal - N. A. Inogamov - V. V. Zhakhovsky, Appl. Phys. B (2015)

8
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Gold, fcc lattice
—— VIV,=07, E,=13.84¢V

6 (—— VVo= 136, B =6.67eV

Density of electron states g(E) (No/eV/atom)
»
g
L_—"ﬁ_
i —
| D
=

e K.lM. Muragan v ero ab-in

3ayem 3TM pacyeTbl SNEKTPOHHOrO CnekTpa?
[0 HUM BblUUCAAEM TEPMOANHAMMYECKNE U
TPAHCMOPTHbIE XapPaKTEePUCTUKMN.
ITO HYXXHO ANA MOAENNPOBAHNA
laser-matter interaction 5

A DT T
ral
Puc. 1. IIpubnamkerHoe olmMcadie 30HHON CTPYKTYPHI HU- = /\\rw/ \PJ |
Keld ¢ TOMOINLIo TTapabdost s 1 d 1 > !
n—o/"\\\/_\
0 L b1 1 1 1 L

0 5 10 15 20
Energy E (eV)

g (number-of-states/atom/eV)

Density of states g(E) (No/eV/atom)
=
T
o

MNeTtpos, UHoramos, Muraan, NMucema XKITO 2013



MNHCTPYMEHT B CMbIC/N1e 3HAaHUA =
npopeccnMoHabHasa NOArOTOBKA



KBAHTDI




RannnnapHblie ABAeHnA
AKYCTUKA

YaapHble BO/HbI
TepmomexaHunyeckme npoueccol
Ynpyroctb
Ynpyro-naacTMyHoOCTb
PaspylwleHue

KBAHTDI
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KBAHTDI

ONMTUYECKWE, FEL U XFEL
FEL = FREE ELECTRON LASER
XFEL = X-RAY FEL

MK—ONTUKA—YD—EUV/\SXR=SOFT X-RAY

JHEPTETURA

OT TEXHOJTOT'NMYECKUNX

00 NMETABATTHbIX =CBEPXMHTEHCMBHbIE BO3ENCTBUA
=PEJTATUBNCTCKUE NHTEHCUBHOCTU = KWUHETUYECKAA SHEPTNA
OCUMNNALUMK SNTEKTPOHA B NOE 3M BOJ/IHblI HAMHOTO
MPEBOCXOAUT SHEPTNIO NMOKOA 3/IEKTPOHA 0.5 M3B

ANNTENBHOCTU UMNYNBbCA OT ®C/MC A0 HC
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*Kypc TeopeTtmnyeckon pmnsmnkun. YuebHoe nocobume ana sysos B 10 Tomax.

*Tom |. MexaHunKa

*Tom Il. Teopua nons

*Tom Ill. KBaHTOBaA mexaHMKa. HepenATUBUCTCKaA TeopumA

*Tom IV. KBaHTOBas anekTpoanHamuka (Astopbl: B. b. bepecteukuin, E. M. indwmu, /1. M. NMrutaeBcKUi)
*Tom V. Ctatuctnyeckasa dusmka. HYacto 1.

*Tom VI. [mgpoanHamuKa

*Tom VII. Teopua ynpyrocTu

*Tom VIII. 2neKTpognHaMmMKa CNAOLLHbIX Cpea.

*Tom IX. Ctatuctmnyeckasa dmsmka. Yactb 2. (Astopbl: E. M. JIndwwnu, /1. M. NnutaeBckUin)
*Tom X. Pnsmnyeckaa KMHetuka. (Astopsbl: E. M. Jludwnu, /1. . [TMTaeBcKmi)
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https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81%D1%81%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%BF%D0%BE%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D1%80%D0%B5%D1%81%D1%82%D0%B5%D1%86%D0%BA%D0%B8%D0%B9,_%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80_%D0%91%D0%BE%D1%80%D0%B8%D1%81%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D1%84%D1%88%D0%B8%D1%86,_%D0%95%D0%B2%D0%B3%D0%B5%D0%BD%D0%B8%D0%B9_%D0%9C%D0%B8%D1%85%D0%B0%D0%B9%D0%BB%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D1%82%D0%B0%D0%B5%D0%B2%D1%81%D0%BA%D0%B8%D0%B9,_%D0%9B%D0%B5%D0%B2_%D0%9F%D0%B5%D1%82%D1%80%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D1%83%D0%BF%D1%80%D1%83%D0%B3%D0%BE%D1%81%D1%82%D0%B8
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0_%D1%81%D0%BF%D0%BB%D0%BE%D1%88%D0%BD%D1%8B%D1%85_%D1%81%D1%80%D0%B5%D0%B4
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D1%84%D1%88%D0%B8%D1%86,_%D0%95%D0%B2%D0%B3%D0%B5%D0%BD%D0%B8%D0%B9_%D0%9C%D0%B8%D1%85%D0%B0%D0%B9%D0%BB%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D1%82%D0%B0%D0%B5%D0%B2%D1%81%D0%BA%D0%B8%D0%B9,_%D0%9B%D0%B5%D0%B2_%D0%9F%D0%B5%D1%82%D1%80%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BA%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D1%84%D1%88%D0%B8%D1%86,_%D0%95%D0%B2%D0%B3%D0%B5%D0%BD%D0%B8%D0%B9_%D0%9C%D0%B8%D1%85%D0%B0%D0%B9%D0%BB%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D1%82%D0%B0%D0%B5%D0%B2%D1%81%D0%BA%D0%B8%D0%B9,_%D0%9B%D0%B5%D0%B2_%D0%9F%D0%B5%D1%82%D1%80%D0%BE%D0%B2%D0%B8%D1%87

Halwa Hay4YHaA rpynna

 Awntros Cepreun Uropesuny OUBT

e }axosckuun Bacnnum Buktoposny BHUUA nm. [lyxosa
* lHoramoB Haunb Aninmosuy NUTD nm. Jlanpay

e Konobos KOpnn PomaHoBunyY NMNXP

* Pomawesckuu Ceprent AHapeesmny OWUBT

* [MMeTpoB KOpun Bacnnbesuny NTO nm. NlaHaay

* XoxnoB Buktop AneKkcaHaposuny NTO nm. NlaHaay



Halwa Hay4YHaA rpynna

 Awntros Cepreun Uropesuny OUBT

» Yaxosckuit Bacunuit Buktoposmy BHUUA um. Ayxosa  43/5245
* lHoramos Haunb Anmmosuy NTP nm. NaHaay 41/5890
* Konobos HOpunit PomaHosuy NNXD 35/5930
* Pomawesckuu Ceprent AHapeesmny OWUBT

* [MMeTpoB KOpun Bacnnbesuny NTO nm. NlaHaay

* XoxnoB Buktop AneKkcaHaposuny NTO nm. NlaHaay



BHelwHMne cBa3u

e Herbert Urbassek
e Baerbel Rethfeld
e Kansai Photon Science Institute



NcTopua cekTopa B UT® mm. JlaHaay
CBA3aHAa C BE/IMKMMUN MMEHAMM

* OcHoBaTenb cekTopa CUN AHUCMmOB, YyneH-kopp PAH

* Ab 3enbAoBNY TPUXKAbI rEPON coUuTpyaa COTPYAHMYAN B NAAaHE HAYKU
c C1 AHUCMmoBbIM

* [lpoxoposB AM, Hobenesckun naypeat, Cl AHUCMMOB PYKOBOAMUN
HedbOpManbHON TEOPTPYNMNOMN B €ro MHCTUTYTE

e ®opToB BE, npe3naeHt PAH, 6anxKanwmnim konnera Cl AHMCMMOBa,
COBMECTHO peLlanocb MHOXECTBO BOMPOCOB



3AZIAYM



Pump-probe (ctpobockon) —
OTAeNeHNe HaHO CN0A — KOAbla HblOTOHA

* AcTtopua



1.0 ps

Transient States of Matter during Short Pulse Laser Ablation

K. Sokolowski-Tinten, J. Bialkowski, A. Cavalleri, and D. von der Linde
Institut fiir Laser- und Plasmaphysik, Universitit-GHS-Essen, D-45117 Essen, Germany

A. Oparin and J. Meyer-ter-Vehn
Max-Planck-Institut fiir Quantenoptik, Hans-Kopfermann-Strasse 1, D-85748 Garching, Germany

S. 1. Anisimov
Landau Institute of Theoretical Physics, Russian Academy of Science, Institutskii prospekt 12, Chernogolovka, K

/M1 AN NI 1. 10000\

FIG. 1. Surface of a S1 wafer after irradiation with a 120 fs
laser pulse of 0.47 J/cm?. Frame size: 220 X 300 um. Expo-
sure time: 120 fs.
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Newton rings = well-established proof that
spallation after a short pulse
indeed takes place

Sokoowski-Tinten et al., PRL 1998
Inogamov et al., JETP Lett. 1999
Melting

Vacuum threshold

Inogamov et al JETP 2008

Remarkable observations have been done recently
¥y SC|ent|sts from KPSI found Newton rings
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Fig. 2 Nishikino et al.
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1.6 —— NR experimental

—— theory, dg =35 nm

1.2 —— theory, dg =15 nm

0.8

0.4

0 | I | | |
-10 0 10

distance from axis multiplied to sin22° (microns)

proportional count of photons on CCD



| could not understand why you put that for
interferometry t<100 ps. In your experimental figures
interferometry images up to 1475 ps

£ <100 ps

@)
SXRL
-

(Gold) Irradiation region

(c) t>100ps

SXRL
probe

Interference

~ Expansion shell

Au
Irradiation region (Gold)

Imaging Signal
(b) mirror (x20) i‘_ ?:;rence x-'f:y
Gold i — “:f’-"f'?t?~
target ., / §-
pran l :
; Double Lloyd's
N TS mirror (littie tilt)
4 pump beam
SXRJ
probe beam
(d ) Imaging
mirror (x20)
Gold / i ! - l
target _» _ i
y e -l s 4»". | !
\ = 1 ]
) ¥ Double Lioyd's
A TiS mirror (no tilt)
pump beam

probe beam

Reflectiv
pattern

Fig.1. Principles and schematic view of the experimental set up of Ti:Sa laser pump and SXRL probing of
ultrathin ablated shell expansion. (a) and (b) X-ray interferometry using double Lloyd’s mirror and (c),(d) X-ray

reflection imaging.
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EUV / soft X-ray 100 eV



N3rotosneHne ASML : POTOJTUTOTPAPINA

MHoOrocnomHblie 3epKana, ApobneHmne Kanam onoBa, 0IOBAHHAA NaMMNOYKa
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PHYSICAL REVIEW APPLIED 10, 064009 (2018)

Expansion and Fragmentation of a Liquid-Metal Droplet by a Short Laser Pulse
S. Yu. Grigoryev,'>" B. V. Lakatosh,> M. S. Krivokorytov 345V, V. Zhakhovsky, !

S. A. Dyachkov,**° D. K. Ilmtsky,' 2 K. P. Migdal,"* N. A. Inogamov,"* A. Yu. Vinokhodov,’
V. O. Kompanets,* Yu. V. Sidelnikov,* V. M. Krivtsun,*> K. N. Koshelev,*> and V. V. Medvedev**
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PHYS. REV. APPLIED 10, 064009 (2018)

2 Delay

generator

|

FIG. 1.

The scheme of the experimental setup for the study of

I, 10" W/cm?
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0 2 4 6 8 10 Ms

FIG. 2. Side views of the evolution of the target shape for the
different laser-pulse intensities presented on the vertical axis. The
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ssure maps within a thin cross section of a droplet, obtained at dimensionless times #* = ct/R. The lase’
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J[IMHaMMKA TOHKUX NaeHOoK — 1
ONTOAKYCTMKA: TpaHCAbOCEepPLI



1.1-Applications in optoacoustics

» We send the fs-laser pulse onto a film | | ey ||
above substrate be, el i

» There are two cases: (1) d; < d; and bt
(2) d; > d;

* The film oscillates as whole In the
case (1) with a period 2 d./C,

Khokhlov et al., J.Phys.: Conf. Ser. 653 (2015) 012003
Khokhlov et al., J.Phys.: Conf. Ser. 774 (2016) 012100
Khokhlov et al., AIP Conf. Proc. 1793, 100038 (2017)



1.1-Applications in optoacoustics

» We send the fs-laser pulse onto a film =
above substrate i el fim

» There are two cases: (1) d; < d; and (2) s
d; > dy

* The film oscillates as whole In the case
(1) with a period 2 d./C,

Y

* These oscillations send acoustics wave | T
into the substrate. Ve

* Oscillations decay In time due to (X,

sending an acoustic wave Into substrate "



1.1-Applications in optoacoustics

* Pump-probe technique A

» Measurements of |
reerCtiVity KKKRKKK“&AK‘ R \_ time

* (1) oscillations of a (o) v PROBE
fllm Change ItS R N K A R L puMP
refl eCt i V i ty Lo o ™ T e e T e e e e e e e e

° (2) Interference of two (1) The phase and amplitude of film oscillations depend
reflected rays - the on the rapid rise of electron pressure - we can check the
lambda in half two-temperature T, >> T, equation of state of the

condensed medium
(2) Thus we can see what is going on in the volumeé

condition: A/2



1.1-Applications in optoacoustics

* The example of multilayered mirrors
IS an Important one. Such mirrors are

designed to work with EUV/soft X-

rays A =10-40 nm.

» OptoAcoustics of a multilayer target.

* Jointly with the JIHT lab: Agranat,
Ashitkov, Romashevskiy, Sitnikov et

al.
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[IMHaMMNKa TOHKUX NJIEHOK — 2
METanMnoOBEPXHOCTU



Cosganue peareOB Ha TOBEPXHOCTU
nanostructuring
 O0OBEeMHbBIE U I1A1€HOYHbIE MUIIIEHU

« HauHeM c nmaeHoK
e OTCcao0eHue I11eHOK OT IT0AA0KKU

 boapIIe 1 MaAable IISITHA Cl)OKYCI/IpOBKI/I

* TopMmoxeHne oTaeTa OTCAOUBIIEVICS ITAEHKI
IIOBePXHOCTHBIM HaTsI>KEeHNEeM

B cAy4ac IDITEH OOABIIIOTO AVlaMeTpa OCTaHOBITD
OTA€T MO>KHO TOADBKO IIPpIM O9€HDb MaAOu CKOPOCTNA
orAaerTa

* lnTepecHbIM SABAAETC CAy4dall MaAbIX IISITE€H, KOrja
KalAASpHbIE CUABI MOTYT OCTAHOBUTH YA€TAIOIIYIO
IIA€HKY Aa>Ke TIPY 3HaYUTEeAbHBIX CKOPOCTSIX OTAeTa




CosaaHne peabedOB Ha ITOBEPXHOCTU
nanostructuring

« OObeMHBIe U II/1IeHOYHbIEe MUITIICeHII

4

e OTCcao0eHue I11eHOK OT IT0AA0KKU

° T)‘OAI)H_II/IG " MaAble IIATHA (1)OKYCI/IPOBKI/I

fure 1. SEM images of the fra agmen ats of the central part of b].anon
ters formed on the surface of an aluminium sample after exp

pser pulse with a varying energy density at F/F, = (a) 2 and (b) 3. ° Figure 3. SEM images of the central part of craters on (a) nickel and (b)
tantalum at FIF, =2.




YIIpaBaeHue (pOpMOU 3a CYET DHEPIUU MMITyAbca:

cAaOble-yMepeHHble-CILAbHBIE =
KyII0A---KyII0A CO CTpyel---CTpys+Kallas---HaHOKOPOHBI — OTBEPCTIE B I1/1€HKe

TBepaast (pasa = 3e1e€HbIM --- pacIidaB = KpaCHbIM

bops0a: KanyaasipHOCTD ITPOTUB KPMCTAAAV3 ALV

MHA, Kaxosckuii, [ lucema KT, 1.100, c.6 (2014)
VIHA n ap., KOT®, 1.147, ¢.20 (2015)

INA et al., Appl. Phys. A 122:432 (2016)

INA et al., Nanoscale Res. Lett. 11:177 (2016)

Anncumos, VIHA u ap., Ksant. Daexrponnka T.47,
c.509 (2017)
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Let us write the equation of motion of the film in
dimensionless form:

0F_ el TE (15)
or da  pf oa
where
pe Oz oo D)
oa’ a 2\oR  kd/’
R= K k= Jrt+7?
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Let us write the equation of motion ¢

wr

dimensionless form:

2/\
or _

~)
Ot

L.

0’z _ oor
of  oa
c__(;’-
2NaR
k = AP +7
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Fig. 28. Comparison of results of M D computation (curves
2and 3) and model (17) (curve /); see Fig. 16. Parameters
of MD computations: thick film of initial thickness /2 =

32nm, V, = 0.776379. Dimensionless time 7 = 1.89 (7 =

6.47 ns) is used so that this figure can be compared with
Fig. 27.
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Fig. 28. Comparison of results of M D computation (curves
2 and 3) and model (17) (curve 7); see Fig. 16. Parameters
of MD computations: thick film of initial thickness # =

32 nm, V, = 0.776379. Dimensionless time 7 = 1.89 (7 =

6.47 ns) is used so that this figure can be compared with
Fig. 27.
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Laser-Induced Translative Hydrodynamic Mass Snapshots: Noninvasive Characterization
and Predictive Modeling via Mapping at Nanoscale
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Laser printing of resonant plasmonic nanovoidsf
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