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Abstract

Relevance. In the last decade, the rapid development of solutions to the problems of preserving the planet’s energy
resources and improving “artificial” photosynthesis, which arose with the development of science and technology,
have required the creation of effective sources of spectral radiation that simultaneously emit bands and lines in given
spectral ranges. It is relevant to find ways to increase the radiation power of spectral bands in the violet-blue and blue-green
spectral ranges.

Purpose. The purpose of the study was to determine the plasma parameters in mixtures of diiodide, dibromide and
mercury dichloride vapours with helium at which the maximum value of the radiation power was obtained in the
experiment and to find their values at which the radiation power in the spectral bands can be maximum.

Methods. The parameters of the plasma discharge were determined by a numerical method based on finding the value
of the electron energy distribution function (EEDF). EEDF was determined by solving the kinetic Boltzmann equation
in a binomial approximation using the Bolsig+ programme. On the basis of EEDF, the average electron energies,
electron mobility, specific losses of discharge power for elastic and inelastic processes of electron collisions with mixture
components, and constants of elastic and inelastic electron scattering velocities were found.

Results. The results of studies of the parameters of a gas-discharge plasma barrier discharge on a mixture of vapours
of diiodide, dibromide and mercury dichloride with helium depending on the reduced electric field strength (E/N)
are presented. The value of the average energy, drift velocity, concentration and temperature of electrons is in the
range: 0.31 EV -24.2 EV, 2.8 - 10° m/s-2.0 - 10° m/s, 5.9 - 10" m® — 8.3 - 10" m?, 3,644.7 — 278 632 °K when changing
the E/N parameter from 1 to 200 Td. Dissociative excitation rate constants B’X — the state of the exciplex molecules
of monobromide, monoiodide and mercury monochloride by electrons reached a maximum value of 2.03 - 10 m®/c,
3.39 10 m?/s and 3.44 - 10 m®/c for the reduced electric field is 97.07 Td, respectively. The losses of specific discharge
power reach the maximum of 11.4%, 29.5%, 40.7%, 4.9% and 3.1% for values of the E/N parameter equal to 14.7 Td,
7.8 Td, 26.1 Td, 15 Td and 15 Td for electronic state of mercury monobromide B’X* = X?%* = mercury dibromide (HgBr, (D))

172 1/2
and B’Z*, | states of mercury monoiodide and mercury monochloride, respectively.

Conclusions. The results of numerical modelling give grounds to conclude that it is possible to improve the energy
characteristics of gas-discharge emitters based on a mixture of vapours of diiodide, dibromide and mercury dichloride
with heliumand by reducing the reduced electric field strength to a value of 26.1 Td
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Introduction

In the last decade, the rapid development of solutions to
the problems of preserving the planet’s energy resources
and improving “artificial” photosynthesis, which arose
with the development of science and technology, have
required the creation of effective sources of spectral ra-
diation that simultaneously emit bands and lines in given
spectral ranges. Among such sources emitting simultane-
ously spectral bands is gas-discharge plasma on mixtures
of mercury dihalogenide vapours with helium, which
emits spectral bands in the violet-blue, blue-green and
green spectral ranges with maximum intensity at wave-
lengths (A_ .=444nm, A =502nm, A =557 nm) [1-3].

In previous studies of gas-discharge radiation
sources of spectral bands in the visible, ultraviolet and
infrared ranges (excilamps), the authors used mixtures
of individual metal dihalogenide vapours of the second
group of the periodic table with gases [4; 5]. Regularities
were established: in the change in the brightness of radi-
ation in the spectral bands depending on the partial pres-
sures of the components of mixtures and on changes in the
temperature and frequency of following pump pulses. In
addition, the dependence of the parameters of a low-tem-
perature plasma on the reduced electric field strength
applied to the inter-electrode gap was determined, in-
cluding its value for the maximum radiation power in the
spectral bands. However, the plasma parameters, their
dependence on the reduced electric field strength, and
the effect on the radiation power in the spectral bands in
a vapour-gas mixture simultaneously of three mercury di-
halogenides with gases were not studied.

This circumstance was the motivation for determin-
ing plasma parameters on triple mixtures of diiodide, di-
bromide, and mercury dichloride vapours with helium un-
der the experimental conditions presented in the article [1].

The purpose of the research was to establish physi-
cochemical regularities in the dependences of the parameters
on the reduced electric field strength and on their basis to
identify the possibility of increasing the energy parameters
of the emitters.

Materials and Methods

Measurement of plasma parameters at atmospheric pres-
sure of the mixture, which was used in experiments, is a
complex task in methodological and technical terms [6].
In this regard, the authors of the article used a theoretical
method that was successfully tested in discharges based
on other mixtures of dihalide vapours with gases [7-9]. Ac-
cording to this method, the parameters and characteristics of
a gas-discharge plasma were determined on the basis of
the known electron energy distribution function (EEDF).
To determine EEDF the kinetic Boltzmann equation is
used for quasi-stationary electron energy distribution
functions [10]:

or

SV V=BV, f = CIf] ®)
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where f - electron distribution function in six-dimensional
phase space, v - speed coordinates, e — elementary charge,
m — the electron mass, E - electric field strength, V_— co-
ordinate gradient operator, V - speed gradient operator,
C - indicates the rate of change of EEDF due to collisions.

The kinetic Boltzmann equation (1) for quasi-sta-
tionary electron energy distribution functions can only
be applied for experimental conditions under which the
plasma medium is spatially homogeneous, characterised
by a constant composition of components, and is located
in an electric field, the strength of which does not change
during the establishment of the electron energy distribution
function. These experimental conditions were provided in
the study [1].

Plasma parameters were defined as general integrals
of the electron energy distribution function (EEDF) in dis-
charge on mixtures of diiodide, dibromide, and mercury
dichloride vapours with helium. EEDF was determined by
solving the Boltzmann kinetic equation in a binomial ap-
proximationusingthewell-knownBolsig+ programme[11].
On the basis of EEDF, the following parameters were de-
termined: the average electron energy, specific power
losses of an electric discharge, and constants of elastic and
inelastic electron scattering rates on mercury dihalides
molecules and helium atoms depending on the value of the
reduced electric field. Range of changes in the parameter
E/N=1-200 Td (1-10"7 - 2-10® In * cm?) and included the
value of the parameter E/N, which was implemented in
the experiment. All calculations were performed for the
partial vapour pressure of mercury diiodide 133 Pa, mercury
dibromide 270 Pa, mercury dichloride 900 Pa, and helium
109400 Pa, at which the emission of spectral bands of exci-
plex molecules of monoiodide, monobromide, and mercury
monochloride was observed [1].

The integral of electron collisions with helium atoms
and mercury dibromide, diiodide, and dichloride molecules
takes into account the following processes of elastic and
inelastic collisions of electrons with the components of the
mixture: elastic scattering, excitation of the electrical lev-
els of the atom He (2°S, 2'S, 2°P, 2'P, 3SPD, 4SPD, 5SPD),
ionization of the helium atom, vibrational excitation
of molecules HgBr, , excitation of HgBr,(D)) — the state
of HgBr, molecules, dissociative excitation of mercury
monobromide (X’2*, , B’L* , - states), adhesion, ion-
ization, dissociative excitation B’Z* , state of mercury
monoiodide, dissociative excitation B’Z* , states of mercury
monochloride, ionization of mercury dichloride mole-
cules. Data on the absolute values of the effective cross-
sections of these processes, as well as their dependence
on electron energies, are taken from the works [7; 12; 13].

Electron concentration (N,) was calculated using
the well-known formula [14]:

Ne =j/e Vqr 2
where j is the current density in the discharge, E is the
charge of the electron, V, . is electron drift velocity.
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The electron drift rate was determined from the
expression [14]:

Var. = le " E 3)

where u_is the electron mobility and E is the electric field
strength on the plasma.

The electric field strength at plasma E was calcu-
lated by the formula:

E = Upl./d (4)

where U, is plasma voltage, d is discharge gap.

The plasma voltage was determined according to
Kirchhoff’s second rule using experimentally measured
values of the time course of the voltage applied to the
electrodes of the gas-discharge cell U, as well as the voltage
drop across the dielectric capacitance U, [15]:

Upl. =U— Uy (%)

Voltage U, was calculated from the displacement
of the charge Q and the capacitance of the dielectric bar-
rier C;:

Ugr. = Q/Cq 6)

The charge moved in the circuit was determined
by current integration taking into account the initial con-
ditions:

Q) = [, I(Hdt + Qg %)

where Q,=Q(t=0).

As a result, the electric field strength at the plasma
gap was 1,275.000 V/m, and the reduced electric field
(E/N)=67.1 Td for the value of the total concentration of
the components of the mixture (N) = 1.896*10*% m?, in
which an experiment was conducted to study the spectral
composition of gas-discharge plasma radiation on a mixture
of mercury dihalides and helium [1].

Results and Discussion

Figure 1 shows the characteristic type of EEDF when
changing the E/N parameter in the range of 1-200 Td for
a mixture of Hgl,- HgBr,- HgCl,-He. An increase in its value
leads to an increase in the number of “fast” discharge
electrons. The average energy of discharge electrons in-
creases sharply from 0.31 to 2.3 EV with increasing E/N
from 1 to 7.8 Td. With a further increase in the reduced

electric field, the average electron energy also increases
and reaches a value of 24.2 EV for E/N equal to 200 Td.
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Figure 1. Functions of electron energy distribution

(EEDF) for the mixture: HgBr, : Hgl, : HgCl, : He = 0.0024:
0.0012: 0.00816: 0.9951 at total mixture pressure P=110.7 kPa

for values of the E/N parameter: 1 (1), 50,8 (2), 100 (3),

150 (46), 200 (5) Td; on the insert — dependence of the

average electron energy on the E/N parameter

The temperature of electrons in the gas-discharge
plasma of the emitter was determined by the well-known
formula (8) [9]:

€=3/2-kT (8)

where € is average electron energy, k is the Boltzmann
constant, T is the temperature in degrees Kelvin. It in-
creases from 3 644.7 to 278 632 °K.

The product of electron mobility and density, as
follows from the numerical calculation data, varies in the
range of 0.4181 E4+25‘N — 0.2913E+25-N (1/m/ V/s) when
the parameter E/N changes in the range of 1-200 Td, which
gives the value of the electron drift velocity 2.8:10° m/s
and 2.0-10° m/s, respectively, at the field strength on the
plasma V/m and electron concentration values 5.9-10" m? —
8.3-10® m? at a current density of 265-10° A/m? on the surface
of the inner electrode.

The values of the reduced electric field strength at
which the experimental studies were conducted, as well as
the value of the average electron energy and temperature,
were 67.1 Td, 9.53 eV and 110548 °K, respectively (Table 1).

Table 1. Electron transport characteristics: average energy (€), temperature (£°K), drift velocity (Vdr.)
and concentrations (N ) in the category on the mixture Ne : HgCl, : Hgl, : HgBr, = 109.4 kPa: 900 Pa : 133 Pa: 270 Pa
when the total pressure is 110, 703 kPa

E/N, Td
| 67.1 |

g, eV
9.533 |

T, °K
110 583 |

V,,m/c

1.6 *10° |

N, m?
10410 |

The electron concentration for the maximum value of the
current amplitude of 265 A was 1.04-10” m. Excitation
rate constants B2 ;r ,, — the states of exciplex molecules
of monobromide, monoiodide and mercury monochlo-

ride reached a value of 1.96:10™ m?3/s, 1.97-10* m?®/s and

2.19-10" m?/s, respectively. The maximum value of the
excitation rate constant was observed for the excitation of
the D — state of mercury dibromide molecules 1.05-10™ m®/s
(Table 2).
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Table):r 2. Values of excitation rate constants (k), ionization rate constants (k - ), elastic collision (kr) with electrons:

1, — state of exciplex molecules HgCI'", HgI*, HgBr*, D - state of mercury dibromide molecules, helium atom
levels (k ), in a mixture of helium, dichloride vapours, diiodide and mercury dibromide at a ratio of

109.4 kPa : 900 Pa : 133 Pa : 270 PA at a total pressure of 110.7 kPa for a reduced electric field strength of 67.1 Td

B

Kk Kk k., -103
HgCl = Hel *? HeBr*? >
E/N,Td  -10"%m’/s -10°%,m/s  m¥/s -112)"3521(1]1)3)5 k 10*3m?/s ,101(“1;;;13 /s 10" /s
A=557nm A=444nm A=502nm
HgCl, : Hgl,: HgBr, He
67.1 0.219 0.1973 0.1963E  0.1051 07724 | 0.2043 0.8308

Excitation rate constants B> : ,, — the states of  2.03-10"m’/s, 3.39 - 10" m*/s and 3.44 - 10" m’/s for the
exciplex molecules of monobromide, monoiodide and reduced electric field 97.07 Td, 200 Td, and 200 Td, respec-
mercury monochloride reached a maximum value of tively (Fig. 2)
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Figure 2. Dependence of electron collision velocity constants with gas-discharge plasma components on a mixture of
He: HgCl, : Hgl, : HgBr, = 109.4 kPa: 900 Pa : 133 Pa: 270 Pa when the total pressure is 110.703 kPa of the E/N parameter
Notes: 1is dissociative excitation of B’L*_ states of HgI* molecules, 2 is dissociative excitation of B’X*.  states of HgBr*

1/2 1/2
molecules, 3 is dissociative excitation of B2X* ,, States of HgCl, 4 is excitation (HgBr, (D)) states of HgBr, molecules

Figure 3 shows the dependence of the specific strength. For inelastic processes of electron collisions
power of discharge losses on elastic and inelastic processes ~ with plasma components, they are larger than elastic ones
of electron collisions with helium atoms, dichloride, diio- (3.8 -10% EV m®/s) and reach a value of 1.2-10" eV m?/s
dide and mercury dibromide on the reduced electric field  for E/N=200 Td. The values of the specific power of dis-
strength in the plasma of the mixture He: HgCl,: Hgl,:  charge losses on the elastic and inelastic processes of col-
HgBr,=109.4 kPa: 900 Pa : 133 Pa : 270 Pa at a total pres- lisions of electrons with helium atoms, dichloride, diiodide
sure of 110.703 kPa. There is an increase in specific powers  and dibromide molecules observed at the reduced electric
with an increase in the values of the reduced electric field field are given in Table 3.
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Figure 3. Dependence of the specific power of discharge losses on elastic (1) and inelastic processes (2) of collisions
of electrons with helium atoms, mercury dichloride, diiodide and dibromide molecules from the reduced electric field
strength in plasma on the mixture He: HgCl, : Hgl, : HgBr,=109.4 kPa: 900 Pa : 133 Pa: 270 Pa
at a total pressure of 110.703 kPa
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Table 3. Value of the specific power of discharge losses at elastic and inelastic processes of electron collisions with
helium atoms and molecules Mercury dichloride, diiodide and dibromide at the ratio: 109.4 KPA: 900 Pa: 133 Pa: 270 Pa
when total pressure 110.7 KPA for the reduced electric field strength 67.1 Td and 14.7 Td

Mixture He: HgCl, : HgI, : HgBr, = 109.4 kPa: 900 Pa : 133 Pa: 270 Pa.

E/N, Td

Elastic, power /N(eV m?/s)

Inelastic, power /N(eV m?/s)

67.1

0.1988E-15

0.1107E-13

The distribution of specific discharge power losses
to the main processes is shown in Figure 4.

The value of specific discharge power losses during
dissociative excitation of exciplex molecules of monobro-
mide, monoiodide, and mercury monochloride increases
with increasing E/N. It reaches its maximum of 11.4%,
29.5%, 40.7%, 4.9% and 3.1% for values of the E/N param-
eter equal to 14.7 Td, 7.8 Td, 26.1 Td, 15 Td and 15 Td for

1], %

Xt

electronic states of mercury monobromide B’Z*, P
— the states of

mercury dibromide (HgBr, (D)) and B’Z* P

mercury monoiodide and mercury monochloride, respec-
tively, and with a further increase in the parameter E/N
it decreases. For the reduced field strength at which the
experiment was performed (67.1 Td), the fraction of the
specific power of the discharge for B’2*,  — state were:

3.3% (HgBr), 1.3% (Hgl), 1.2% (HgCl) and for HgBr, (D) 20.6%.
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Figure 4. Dependence of specific discharge power losses on electron collisions in a mixture of mercury dibromide
and diiodide vapours with helium on the reduced electric field strength (E/N)
Notes: 1 - elastic electron scattering by helium atoms, 2 — excitation of helium atoms, 3 — ionization of helium
atoms, 4 — vibrational excitation of HgBr, molecules, 5 — resonant oscillation of HgBr, molecules, 6 — dissociative

excitation X*2*, P

states of HgBr molecules, 7 — dissociative excitation B2X*

., States of HgBr molecules, 8 — dissociative

excitation of the electronic state of mercury dibromide — (HgBr, (D)), 9 — ionization of mercury dibromide molecules,
10 — electron adhesion to mercury dibromide molecules, 11 - dissociative excitation of the state B’X*  molecules of
Hgl, 12 — ionization of mercury diiodide molecules, 13 — dissociative excitation of the state in’2*, , molecules of HgCl,

14 — ionization of mercury dichloride molecules

As it is known [2], the excitation rate constants of
a state are a quantitative measure of the efficiency of its
excitation, on which the population of the energy level
depends respectively. That is, by changing the reduced
electric field strength, the excitation efficiency of mercury
monohalides changes and, accordingly, the radiation in-
tensity in their spectral bands changes, which is observed
in experimental studies of the dependence of the intensity
on the temperature of the mixture and, accordingly, on the
total pressure of mercury and helium digalides [1].

Conclusions

Based on the established parameters of the gas-discharge
plasma of the barrier discharge on the vapour-gas mixture
Hgl, : HgBr,: HgCl, : He = 0.0012 : 0.0024 : 0.00816: 0.9951
at total pressure of the mixture P=110.7 kPa detected the

possibility of improvement of radiation output character-
istics (radiation power in spectral bands and efficiency
of coherent (lasers) and spontaneous (exciplex lamps)
sources in the violet-blue, blue-green and green spectral
ranges (A_ =444nm, A_ =502 nm, A__ =557 nm) due to
a change in the reduced electric field strength. In further
studies of the parameters of gas-discharge plasma of barrier
discharge on mixtures of vapours of diiodide, dibromide
and dichloride of mercury with helium, it is advisable to
establish the parameters of plasma when changing the to-
tal pressure of the mixture, as well as the reduced electric
field strength. This study will establish the possibility of
increasing the energy characteristics in the spectral bands
emitting exciplex molecules of monoiodide, monobromide
and mercury monochloride.
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ITapamMeTpu ra30po3psAHOi IUIa3MHu 6ap’€pHOTO PO3PsAAy Ha CyMilllax mapiB AUHOAIAY,
ANOPOMUY Ta AUXJIOPHUAY PTYTi 3 TeJIieEM
Osekcanzip Mukosnaiiosind MariHiz, Kpicrian beitoBrud MosHap, AHTOHIHA OstekcanzipiBHa MastiHiHa

YKropoZCchbKUM HalliOHATbHUM YHiBEpCUTET
88000, Byz1. BosomnHa, 54, M. Ykropog, Ykpaina

AHoralig

AKTyanpHiCTh. B OCTaHHE [AeCATWIITTA CTPIMKWN PO3BUTOK BUPpIlIeHHS MpobsieM 30epeKeHHs eHepropecypciB
IUIAaHEeTH Ta YZOCKOHAIEHHA «IITYYHOI'o» GOTOCHHTE3Y, 110 BUHUKIM 3 PO3BUTKOM HAyKU i TEXHOJIOTIH, TOTPeOyIOTh
CTBOpeHHST epEeKTUBHUX JKepesl CIIeKTPaIbHOTO BUMPOMIHIOBAHHS, sIKi OJHOYACHO BUIIPOMIHIOIOTh CMYTH Ta JIiHil B
33[laHUX CIIEKTPAIbHUX Jiana3oHax. AKTyaJIbHUM € 3HAXO/PKeHH! CII0c006iB 301UIbIIeHH IOTYKHOCT] BUIIPOMiHIOBAaHHA
CIIEKTPAJIIBHUX CMYT Y (i0TIeTOBO-CUHBOMY Ta CHHBO-3€JIEHOMY CIIEKTPAJIbHUX Jlialla30HaXx.

MeTa. MeTot0 fOCTiZIKEHH 610 BU3HAYUTH TApaMeTPHU IUIa3MHU B CyMilliax apiB AUAOAUAY, AMOPOMILY Ta AUXTIOPULY
PTYTi 3 TeJlieM IIPU SIKUX B €KCIIEPUMEHTI Oy/I0 OTPUMAaHO MaKCHMabHe 3HaYeHHsI MTOTY:KHOCTI BUIIPOMiHIOBAHHS 1
3HAWUTH 3HAYEeHHA IX U AKUX IOTY>KHICTh BUIIPOMIHIOBaHHA B CIIEKTPAIBHUX CMYyTrax MO)Xe 6yTH MaKCUMAaJIbHOIO.

MeToam. ITapameTpu po3psAAy IUIa3MU BUSHAUWIN YHCEIbHIUM METOI0OM Ha OCHOBI IKOT'0 JISKUTh 3HAXO/KeHHY 3HAUeHHA
¢byHkuii po3noginy enekTpoHiB 1o eHepriax (PPEE). ®PEE BU3HaUWIM MIIAXOM PO3B’I3aHHAM KiHETHYHOTO PiBHAHHSA
BosbiiMaHa y BOWIEHHOMY HaGIMKeHHi 3a ZjomoMoroto mporpamu Bolsig+. Ha octosi ®PEE 6ynu 3HaiizeHi cepeHi
eHeprii eJIeKTPOHIB, PyXJIUBICTb €JIEKTPOHIB, TUTOMi BTPaTH MOTYKHOCTI PO3PsAAy Ha IPYKHi i HEMPY»KHi ITpoliecy 3iTKHeHb
€JIEKTPOHIB 3 KOMITOHEHTAMU CyMillli, KOHCTAHTH IIBHUAKOCTEMN MPY)KHOT'O Ta HEMPY>KHOT'O PO3CIFOBAHHS €JIEKTPOHIB.

PesynbTaTu. [IpuBeseHi pe3ynbTaTH AOCTIPKEHD TapaMeTpiB Ia30po3pAAHOI I1a3MH 6ap’€pHOTO pO3PsAAY Ha CyMiIlri
napiB Auitoauay, IUOPOMIZY Ta AUXTOPUAY PTYTI 3 TETIEM B 3aJIEXKHOCTI Biff TpUBeEHOI HATIPYKEHOCT] eJIEKTPUIHOTO
nosst (E/N). BennumHa cepeiHBOI eHeprii, IIBUAKOCTI Apetidy, KOHIIEHTpAIlii Ta TeMIepaTypH eJIeKTPOHIB 3HAXOAUTHCS
B Mexkax: 0,31 eB -24,2 eB, 2,8:10° m/c — 2,0-10° m/c, 5,9-10% m — 8,310 m?, 3 644,7 — 278 632 °K npu 3miHi mapamerpa
E/N Biz 1 1o 200 Ta. KoHCTaHTH HIBUAKOCTEN AWCONMATUBHOIO 30VMKEeHHS B?X — cTaHy eKCUILIEKCHUX MOJIEKYJT
MOHOGPOMIi/ly, MOHOWOAWAY i MOHOXJIOPU/Y PTYTi eJIeKTPOHAMU JOCATaIN MaKCUMaabHOI BemmanHaM 2,03-10™ M*/c,
3,39:10" m*/c i 3,44-10" M*/c mys mpuBeZieHOTO eyleKTpuYHOTO 1osist 97.07 T BiAmoBiAHO. BTpaTl MUTOMOI MOTYXKHOCTI
po3pALy AocAraroTb MakcuMmymy 11,4 %, 29,5 %, 40,7 %, 4,9 % i 3,1 % npu 3HaueHHaX napaMeTtpa E/N piBuux 14,7 Tg,
7,8 Tn, 26,1 Tz, 15 Ta i 15 T Ana eNeKTPOHHUX CTaHiB MOHOOpOMizZy pTyTi B°X | P ) ONN P aubpominy pryTi (HgBr, (D))

AN, . . L )
iB’X*, ,—craHy MOHOWOAWAY PTYTi Ta MOHOXJIOPU/Y PTYTi BIAIIOBIAHO.
BrcHOBKWU. Pe3y/bTaTy 9MCeNTbHOTO MOZETI0OBaHH 1al0Th Ii/ICTaBy 3pOOUTH BUCHOBOK ITPO MOJIUBICTb IiZIBUIEHHS
€HepreTHYHUX XapaKTEPUCTHUK I'a30pO3PsAAHIX BUIIPOMiHIOBAYiB Ha OCHOBI cyMiIi napiB guiioausy, ambpomizny Ta

JVIXJIOPUZY PTYTI 3 TeJlieM 3a ZI0TIOMOTOI0 3MeHIITeHHs IIPUBe/IeHO] HalIPy»KeHOCT] eJIEKTPIUYHOTO I10JIA ZI0 3HaYeHH 26,1 Ty

Kirro4oBi c1oBa: HU3bKOTEMIIEpATYpHA IUTa3Ma, apy JUHOAWUAY PTYTi, Mapu AUOPOMUIY PTYTi, APH AUXTIOPULY
PTYTi eKCUILIEKCHI MOJIEKYJIH, TapaMeTpH IUIa3Mu



