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/

ObbexYOBEKT

OOBEKT = YTO N3yYaeM, 3a4EM

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

OT YPAaBHEHUW A0 Nporpamm



McTopumua B oOWKMX 4YepT.



1880- 1980

AMonogaexb co CKNOHHOCTBIO K HAaYKe U TEXHUKE UHTepecyeTcs:




1880- 1980

AMonofiexb CO CKNOHHOCTBIO K HAYKe U TEXHUKE MHTEpeCYeTCs

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



~1980—-H .. B

AMOHO,EI,G)Kb CO CKNNOHHOCTbIO
K HayKe U TeXHUKe
NHTepecyeTca:
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N3rotoBneHme

U

NMPUMEHEHMNE



M3rotoBneHue — «KBaHTbI», doTonuTorpacdus, ponb nasepos
"
[MpmeHeHne — NporpaMmmMmnpoBaHneE — «KMPOrpammmnupoBaHuE»



[IpUMEeEHEeHNEe YNNOB:. (JdcPp SpROPAUNMPPROBMAR DB A

A~ 1980

Alporpammbl 6YKBaNbHO:
Ametka 1

Ac=c+5

Aif ¢ > 40 go to metka 2
Aoverwise go to metka 1
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Alporpammbl 6YKBaNbHO:
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[TfporpamMmmMmmnpoBaHMUe cen

AlotoBble nakeTsl

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

BepHee Tak:
CraBuTCA 3aga4a

HaxoguTtca pewaTtenb = NPUKNAAHOM NaKeT
OcBOeHMe NakeTa = YTeHMe MaHyana

AYHpaBnmom,me NPOrpammbl K NakeTy



[ OT OB ble MakKeT bl

AVASP = The Vienna Ab initio Simulation Package — DFT Koz
ADMol3, ABINIT — Bce ato DFT kozabl

Allns kd

Aﬂ,ﬂﬂ MONEKYN



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

[ OT OB ble MakKeTet

AVASP = The Vienna Ab initio Simulation Package N
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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

AK.N. Muraan v ero ab-in

4 Te =0 and normal density V/V, = 1. Calculations of spectra and
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— B details in “Appendix 1. ” The energy range labeled Ef contains 11
> electrons. The Fermi energy EFf is reckoned from the bottom point
o E¢ of s-band. £} and E> indicate the left and right edge of d-band,
EO 3 respectively
?‘% - Yu. V. Petrov L K. PV XhakjoyskyApplPhys. B (2015) |
<
& ' |
2 i % JGoId, fcc lattice
- 3aueMm 3TV pacyeTbl NEKTPOHHOIO CNeKTpa? = — zi’?; E]*; ‘(fj:/
= - i) — V/Vy=136, E.=6.67¢
E 1 [0 HUM BbluKMCNAEM TepmognHammyeckmne n = N
=or TPaAHCNOPTHbIE XapaKTEPUCTUKM. 3
% 4f
0 DTO HYXHO ANA MOA4E/IMPOBaAHNA 8
&=ty (V) laser-matter interaction z , |
2 2 € - > i
Puc. 1. IIpubmkennoe onmucamne 30HHON CTPYKTYPLI HI- % i |‘ /\\ﬂ“/ \PJ |
Keld ¢ TOMOINLIo TTapabdost s 1 d o 1 > o —
oL - — 1 1 ] 1

0 5 10 15 20

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



C

B

MHCTPYMEHT

npodeccunoHanbHaAa



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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lnypc TeopeTnyeckon pusmnkn. YyebHoe nocobume ana sy3os B 10 Tomax.

ATom |. MexaHuKa

ATom 1. Teopus nons

ATom 1. KBaHTOBas MexaHWKa. Hepenatnesmncrckaa teopuA

Aom IV. KsaHTOBas anekTpoanHaMMKa (AsTOpbl: B. b. bepecteukuir, E. M. indwmu, /1. M. NMrutaeBcKui)
Hom V. Ctatuctnyueckas dusumka. Yactb 1.

Hom VI. TnapoaviHamuka

Hom VII. Teopwus ynpyroctu

ATom VIII. dnekTpoanMHaMmMKa CIOLWHBIX CPEA.

Aom IX. Ctatuctnueckas dusmka. Yactb 2. (AsTopbl: E. M. Siudwmw, /1. M. NuTaeBcKuit)
Aom X. dusnyeckasn knHetuka. (AsTopbi: E. M. JIudwuw, /1. 1. Nutaesckuit)
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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

Hawa HayuHasd

AAwwnTKOB Cepreii Mropesny OUBT

A¥axoBckuii Bacunuii Buktoposuy BHUMA um. JyxoBa
AWHoramos Hamnb AnMmoBsuy NUTD nm. Jlanpay
AKono6os tOpuit PomaHoBMY NUMNXD

APomalueBckuit Cepreit AHapeesny OWUBT
AI‘IeTpOB tOpun Bacnnbesuy NTO nm. NlaHaay
AXoxnos BukTop AnekcaHapoBuy NTO nm. NlaHaay
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Hawa HayudHasa T pY

AAwwnTKOB Cepreii Mropesny OUBT

A¥axoBckuii Bacunuii Buktoposuy BHUWA um. Oyxosa  43/5245
AWHoramos Hamnb AnMmoBsuy NTP nm. NaHaay 41/5890
AKono6os tOpuit PomaHoBMY NNXD 35/5930

APomalueBckuit Cepreit AHapeesny OWUBT
AI‘IeTpOB tOpun Bacnnbesuy NTO nm. NlaHaay
AXoxnos BukTop AnekcaHapoBuy NTO nm. NlaHaay



BHelWHNMe CBSYAS3IMWN

AHerbert Urbassek
ABaerbel Rethfeld
AKansai Photon Science Institute



NMcTtTopuma cekTopa B |
CBA3aHa C BeNnNUWKINMUM

AOcHoBaTenb cektopa C AHucumos, yneH-Kopp PAH

Adp 3enbA0BUY TPUXKAbI FEPON COUTPYAA COTPYAHMYAN B NAAHE HAYKU
c C1 AHUCMmoBbIM

Al'lpoxopos AM, Hobenescknm naypeat, Cl AHMCMMOB pyKoBOAWUN
HedbOpManbHON TEOPTPYNMNOMN B €ro MHCTUTYTE

A(DOpTOB BE, npe3ngeHTt PAH, 6amkanwmm Konnera CU AHMcnMmoBa,
COBMECTHO peLlanocb MHOXECTBO BOMPOCOB



3AIAYM



Pumpprobe ¢ T p o 6)3-C K 0 n
oTaAenNneHNe —H@amBRUE NdiE I

AMCTOpMH



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 = webstablished proof that
spallation after a short pulse
Indeed takes place

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

Remarkable observations have been done recently
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
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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

t <100 ps .
(a) g (b) lr::f:g?(gxzo) Reference Signal
SXRL Gold R T, N e i
= target _. / : F- '
| l <
: Double Lloyd's
S TiS mirror (little tilt)
(Gold) Irradiation region 4 pump beam
sxw’
probe beam
(c) t>100 ps
Imaging
SXRL (d ) mirror (x20) CCD
i N
N target _» J ’ I
— Expansion shell \ o > | ] . '
\ & Double Lioyd's
Au A TiS . mirror (no tilt) Reflecti

S

probe beam

: pattern
Irradiation region (Gold) d ’ pump beam

Fig.1. Principles and schematic view of the experimental set upTofSalaser 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 Xay 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
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|

FIG. 1.

The scheme of the experimental setup for the study of

I, 10" W/cm?
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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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1.1-Applications inoptoacoustics

AWe send the ffaser pulse onto a film | | Grswsoemg ||

above substrate a. metalic fim
AThere are two cases: (d)< d; and bt
(2)d;>dy

AThe film oscillatesas whole in the
case (1) with a period &/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 inoptoacoustics

AWe send the ffaser pulse onto a film | | G ||
above substrate o metallic film
AThere are two cases: (d)< d; and (2) Subsirat
d. > d-

AThe film oscillatesas whole in the case
(1) with a period 2d/c,

Y

AThese oscillations send acoustics wa | T
into the substrate. Ve

AOscillations decay in time due to (ng

sending an acoustic wave Into substrate "



1.1-Applications inoptoacoustics

APumpprobe technique

AMeasurements of
reflectivity

A(1) oscillations of a
film change Its
reflectivity

A(2) interference of two
reflected rays the
lambda in half
condition:af2

A time
Y Y
vcs \—PROBE
nkﬂ)
K‘x"‘-ﬂ?‘?"ﬁ": R PUMP
[ ™ ™ e e M e e e T R T e R

(1) The phase and amplitude of film oscillations depen
on the rapid rise of electron pressukee can check the
two-temperaturd . >> T, equation of state of the
condensed medium

(2) Thus we can see what is going on in the volume



1.1-Applications inoptoacoustics

AThe example of multilayered mirrors
IS an iImportant one. Such mirrors are

designed to work with EUV/soft X

raysa-=10-40 nm.

AOptoAcousticof a multilayer target.

AJointly with the JIHT labAgranat
Ashitkov, RomashevsklySitnikov et
al.
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nanostructuring
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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 ¢
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dimensionless form:
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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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