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FEATURES OF BRAKING ABSORPTION OF LASER RADIATION
Zhiguts Yuriy, Lazar Vasuylj, Hom jak Bogdan, Krajnaj lvan

OCOBJIMBOCTI I'AJIBMIBHOI'O ITIOTJIMHAHHSA JIASEPHOI'O
BUITPOMIHIOBAHHSA
Kuryn 10.10., JIazap B. @., Xowmsik b. ., Kpaiinsii L1

Theoretical and experimental work was carried out on establishing the parameters of the plasma with a
nanosecond duration of the laser pulse and the condition of the existence of the developed gas-dynamic
movement of the plasma. The authors obtained a solution to the problem of describing the absorption of laser
radiation in a dense layer of hot plasma. The authors have established analytical dependencies that correspond
quite well to real conditions and determine the geometric and analytical thickness of the plasma. These results
cooperate with the rigorous solution of the gas-dynamic equations for the evaporation process in the "self-
consistent™ regime. In real conditions, when the radiation is focused, the strong lateral expansion of the plasma
leads to the gquasi-spherical nature of the spread and the plasma density decreases much faster than in the one-
dimensional case. The authors compared the expressions for the internal energy and estimated the transition
time of a planar flow into a two-dimensional one. This made it possible to discover that both in the case of a
planar flow and in the case of a two-dimensional flow, the internal energy of the plasma grows according to
similar laws.

Key words: plasma, plasma regime, focusing, radiation, plasma density, one-dimensional and two-
dimensional plasma flow.

Ilposedena meopemuuna i eKCnepuMeHmManbHa podboma 3 BCMAHOBLEHHS NAPAMempie WiA3MU Hpu
HAHOCEKYHOHIU mMpUaioCcmi a3epHO20 IMAYIbLCY MA YMOBI ICHYBAHHA DO3BUHYIMO20 2A300UHAMIYHO20 DYXY
naasmu. Aemopamu ompuMano po3e’sa30K 3a0adi 3 ONUCY NOIUHAHHSA 1A3€PHO20 BUNDOMIHIOBAHHS 8 WiIbHOMY
wapi eapsayoi naazmu. Aemopamu 6CMAHOGICHO AHALIMUYHI 3AeHCHOCMI, KI 00cumb 000pe Gi0nosioarms
PEeanbHUM YMOBAM | BUSHAUAIOMb 2OMEMPUUHY | aHaIMuyHy moswiunyu niasmu. Li pesynomamu cnisnadaioms
3 cmpozum po38'a3KOM 2a300UHAMIYHUX DI6HAHb OJisl RPOYecy GUNAPO8YBaHHA Y "camoy32004cenomy” percumi.
B peanvnux ymosax npu oxycysanni sunpominiosants cuivbhe 60K08e POUUPEHHS NIA3MU NPU3800UMb 00
Keazicghepuyrnoco xapaxmepy po3ibomy i 2YCMUHA NAA3MU  3MEHULYEMbCS 3HAYHO weuouie, HidC 6
OOHOBUMIDHOMY 8UNAOKY. A8mopu nopieHanu upaszu 018 HYMPIUHbOI eHepaii niasmu i OYiHuIU 4ac nepexooy
niaockoi meyii 6 06osumipny. Lle 0ano smocy euseumu, wo K y 6unaoky njiockoi meuyii, max i y 6unaoxy
0808UMIPHOL meuii BHYMPIWHS eHep2isi NAA3MU 3POCMAE 3A CXONCUMU 3AKOHAMU.

Knrouoei cnosa: niazma, pesicum niazmu, ¢ooKycy8auHs, GUNPOMIHIOBAHHS, 2YCMUHA NAA3MU, OOHOMIDHA
ma 08OMiIpHa meyii naasmu.

The unique properties of laser radiation: coherence, high pulse power, and small
angular divergence make it relatively easy to focus optical systems while obtaining
extremely high power densities. The first studies of the effect of such a laser on the
surface gave an unexpected result — the kinetic energy of the emitted components at a
laser power of up to 10° W was hundreds of electron volts. Most laser-plasma

parameters depend nonlinearly on the power density of laser radiation. On the other
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hand, the idea of heating a substance to thermonuclear temperatures by laser radiation
[1] stimulated a number of analytical studies of plasma associated with high-intensity
irradiation of condensed substances [2-4].

Develop analytical dependencies to establish the main plasma parameters (density,
thickness, and others), and compare them with those calculated by the rigorous solution
of gas-dynamic equations and with practical data. Assess the adequacy and
appropriateness of the developed analytical dependencies.

Formulation of the problem. In modern plasma physics, the problem of estimating
the main plasma parameters occupies an important place. Therefore, the study of a
simplified method of their definition acquires relevant and significant importance. The
results of this problem can be used in the laser deposition of films to obtain soft X-ray
mirrors and gratings.

Theoretical and practical studies. Consider the case when the vaporized substance
Is ionized to a large extent. At the same time, the steam begins to intensively absorb
laser radiation, which leads to an increase in the temperature of the substance and
significantly affects the dynamics of the entire process. Since, in the considered case, the
times for establishing thermodynamic equilibrium in a dense hot plasma are
significantly shorter than the characteristic duration of a laser pulse, the radiation
absorption coefficient can be calculated on the basis of the equilibrium theory in a
highly ionized absorption gas. That is, it is mainly determined by transitions in the
continuous energy spectrum of electrons with their simultaneous scattering in the
Coulomb field of ions. Absorption occurs both due to free-free and due to free-bound
transitions (bremsstrahlung and photoeffect). The problem is solved entirely by the
quantum mechanical method only for a water-like system. Assuming a Maxwellian
distribution of electrons according to velocities with temperature T, it is possible to
obtain an expression for the bremsstrahlung absorption coefficient [5] (Kramer-

Heisenberg’s formula):

1

Al 27 |2 z%°
K, =— N.N_,
! S{Ska} hemv? ' ¢ (1)
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where Z is the nuclear charge of the hydrogen-like system.

Taking forced reradiation into account, relation (1) takes the form:

1 6 7_1VFn2 kv
K, = $(Z0) B (o), @

3kt hemzv?
where Nq is the initial density of atoms, and Z is the average charge of plasma ions.

The value Q—\T/ at h7 KT can serve as an estimate of the share of the contribution to

the absorption coefficient of free-bound transitions in relation to free-free ones. In this
case, the absorption coefficient will look like this:

9 r(Z-1)iINg
K, =1,75-10"2 % (3)

For a weakly ionized gas, the interaction of an electron with radiation is mainly

carried out in the field of a neutral atom or molecule. In this case, the absorption

coefficient will be expressed

K, =32-1073%, mkm)? - (kt,evﬁ ‘N - N, (4)

With a nanosecond duration of the laser pulse, the condition for the existence of
developed gas-dynamic plasma motion is fulfilled. The characteristic time of its
acceleration during evaporation from the surface is 10™° s, and formally the problem can

be described by the system of gas-dynamic equations (5)-(8) [2]:

% +i(pt?) =0, (5)
Tivii=o, (6)
%(pc—p%z}:i[pv(chv;Jrg)—q], (7)
q(z,t) = qo exp[~ [ K(z,t)dz | 8)

Consider the behaviour of the integral under the sign of the exponent of the system
equation (9):

I= fxmK(z’,t) dz't. (9)

In this formulation of the problem, expression (3) describes the absorption of laser

radiation in a dense layer of hot plasma. Let the initial optical thickness of the layer be

13
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small and a significant part of the light flux reaches the surface. At the same time, as a
result of intensive evaporation, the vapor density increases. Therefore, according to (5),
the optical thickness also increases. Conversely, if the initial optical thickness is large,
the evaporation rate will decrease and the energy of the laser radiation will be spent on
heating the plasma, and this, together with the gas-dynamic expansion, will lead to a
decrease in the optical thickness and a subsequent increase in the evaporation rate. Thus,
there must be some optimal optical thickness of the plasma heated by laser radiation.
This indicates the existence of a stable asymptotic behavior of the plasma generated by
laser radiation near the surface of a dense substance, i.e. the so-called "self-consistent
regime”. In this mode, the value:
I=["K(z)dz =1 (10)
Though that the system (5)-(9) in the general case, taking into account the
absorption in pairs, can be solved only by numerical methods, under the above
assumptions it is possible to obtain an analytical solution that corresponds quite well to
real conditions. Let's write the absorption coefficient (3) in a slightly different form:
K = Kyp“cF, (11)
where p is the density, c is the internal energy, proportional to T.
The geometric thickness of the plasma is equal to the speed of sound multiplied by
time t.

The geometric thickness of the plasma is equal to the speed of sound

c=[(¢§ —1)7c]*/? ~c multiplied by time t. For the optical thickness, we get the ratio:

Kp®cP~12t = 1, (12)
from the law of conservation of energy we obtain
M (c+v?%/2) = qot, (13)

1
Considering M =c2pt, from (12) and (13), it follows:
c = (kﬁtqa}Zf[Ba—Zﬁ’—l), (14)

_1-1/Ba—2p-1)
p = [(kot)3q?F71] 7" : (15)
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M = (kazqg—w—l tBa’—E,{?—Z) 1f(30f—2»5’—1), (16)
In the case of fully ionized gas a=2, f=-2/2:
¢ = ko*qa/*t1/*, (17)
p = k~3/%t=3/8q1/4 (18)
M =k, *q?t3/4, (19)

These results, obtained by relatively simple considerations, coincide with the strict
solution of gas-dynamic equations (5)-(8) for the evaporation process in the "self-
consistent" regime.

However, from simple physical markings, it is clear that in real conditions when
radiation is focused, the strong lateral expansion of the plasma leads to a quasi-spherical
spread, as a result of which the plasma density decreases much faster than in the one-
dimensional case. The outer region of the plasma clot will be transparent to radiation,
which will be absorbed only in a surface layer of the order of the focusing spot size,
where the motion will be close to one-dimensional. In general, the problem is two-
dimensional and its solution presents significant mathematical difficulties. Therefore, a
one-dimensional spherical model was investigated in [6], which corresponds well to
evaporation when radiation is focused on the surface. In this case, there is also a self-
consistent mode of evaporation. However, the constancy of the optical thickness refers
already to a layer of fixed thickness r:

K (pe)ro =1, (20)

The solution of the system of gas-dynamic equations (5)-(8) within the one-

dimensional spherical model for a fully ionized gas has the following form:

t = 0,45k, 177 @1/, (21)
p = 053K, 1;1Q'3, (22)
M = 1,1k 12 @5/, (23)

where Q is the total radiation flux.
By comparing the expressions for internal energy in formulas (5)-(8), it is possible

to estimate the time t' of the transition of a planar flow into a two-dimensional flow:
15
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. -1/9 _8/9 -2/9
t :KC' ;TDIQD j: (24)

As can be seen from (5)-(8), both in the case of a planar flow and in the case of a

two-dimensional flow, the internal energy of the plasma increases according to similar

4/9

laws of ¢~ and c¢~q*°. However, in the case of a two-dimensional flow, the internal

energy also depends on the focusing conditions.

The authors obtained a solution to the problem of describing the absorption of laser
radiation in a dense layer of hot plasma in the form of analytical dependencies and
determining the geometric and analytical thickness of the plasma. These results coincide
with the rigorous solution of the gas-dynamic equations for the evaporation process in
the "self-consistent” regime. The authors compared the expressions for the internal
energy and estimated the transition time of the planar flow to the two-dimensional flow.
This made it possible to discover that both for the planar flow and for the two-

dimensional flow the internal energy of the plasma increases according to similar laws.
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’KIHKHA B IT C®EPI: IEPEBATY TEHJIEPHOT'O BAJIAHCY B OCBITI TA
MPO®ECII
Kunkosa O.0., Typyra O.B.

WOMEN IN IT: THE BENEFITS OF GENDER BALANCE IN EDUCATION
AND PROFESSION
Zhydkova Oksana, Turuta Olena

Cepa ingpopmayivinux mexnonozii (1T) — oona 3 eanyseii cyuacHoi c8imoeoi eKkOHOMIKU, WO HAUOLTbUL
OUHAMINHO PO38UBAEmMbCsl. IHBOPMAYTUHO-KOMYHIKAYITIHI MEXHOI02TT CIMBOPIOIOMb YHIKAIbHI MONCAUBOCE OISl
E€KOHOMIYHO20 3POCMAHHA MA PO3BUMKY JH00CbKO20 nomenyiany. Y cmammi po3enioaomvcs NUMAaHHs,
nog'sizami 3 hopMy8aHHAM 30ANAHCOBAHOI 2eHOEPHOT NOTIMUKY 6 THOOPMAYIUHIT THOYCMPIT Ma MONCAUBICMIO
07151 JHCIHOK peanizyeamu ¢80l Kap epHi amoOiyii' y yiu eanysi.

Knrouoei cnosa: ingopmayitino-koMyHixayiini mexHonoeii, iH@opmayitina IHOycmpisn, 2eHOepHi
cmepeomunu, 2eHOepHUll OANAHC, 2eHOEePHA NOATMUKA.

Despite research findings that gender differences in cognitive abilities are negligible, women working in
information technology still need to prove their professionalism and competence. And sometimes they have to
prove it even to themselves.

The fact that women are in high technology industry on a minority undoubtedly undermines their self-
esteem and confidence in professional opportunities. But the root of the problem lies much deeper.

Among the reasons of this situation, the following can be distinguished: features of the emotional
background, difference in male and female thinking, upbringing or social stereotypes. The article substantiates
the idea that a balanced approach to gender policy brings tangible benefits to any business and helps to
strengthen its position on the market. The involvement of women in information sphere affects the overall growth
of the industry. Therefore, women should have new opportunities to realize their career ambitions in this
industry.

Key words: information and communication technologies, information industry, gender stereotypes,
gender balance, gender policy.

[ndopmartiitHo-komyHikamiiHl  texHosorii  (IKT)  cTBoproroTh  yHIKaJbHI
MO>KJIMBOCTI U1 €EKOHOMIYHOTO 3pOCTaHHS Ta PO3BUTKY JIFOJICHKOTO MOTeHI1any. Bonu
MalOTh BEJIMYE3HWU TOTEHI[iaN y TUTaHI CHOPHUSIHHS CTaJIOMY PO3BHUTKY, PO3LIUPEHHIO
MOKJIMBOCTEH KIHOK 1 YOJOBIKIB, a TaKOX [O3BOJIAIOTh HEBEJIMKUM TIpynam Ta
rpomajiaM OpaTé y4acTb y CyCHUIbBHOMY JKHUTTI Ta COLaIbHO-€KOHOMIYHOMY PO3BUTKY,

BUCJIOBJIIOBATU CBOi IyMKH Ta norisiau. CydacHi TEXHOJOr1i 3a0€e3MeuyoTh MOTEHIIHHO
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