axisymmetrical natural frequencies of vibrations of plates.
Also, the method gives acceptable results for all types of
laminates (symmetrical, non-symmetrical, antisymmet-
rical and with mid-ply symmetry.)
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Abstract — The new mathematical approach to the treatment
of positron annihilation lifetime data in humidity-sensitive
MgAlL, Oy ceramics are proposed. It is shown that water-
sorption processes in these ceramics leads to increase in
positron trapping rates of extended defects located near
intergranual boundaries. The fixation of direct positron
lifetime components allows refining the most significant
changes in positron trapping rate.

Keywords — mathematical treatment, water-sorption process,
intergranual boundaries, positron trapping.

[. Introduction

The  spinel-structured MgAl,O, ceramics are
perspective materials for humidity sensors mainly due to
a uniform porous structure, which promotes effective

adsorption of great number of water molecules [1].
Recently, it was shown that the amount of adsorbed water
in these ceramics affects not only their electrical
conductivity, but also positron trapping modes of
extended defects tested with positron annihilation lifetime
(PAL) spectroscopy [1,2]. The positrons injected in the
studied MgAl,O, ceramics underwent two positron
trapping with two components in positron lifetimes and
ortho-positronium o-Ps decaying, these parameters being
obtained with a so-called three-component mathematical
fitting procedure. Within this approach, the shortest
component of the deconvoluted PAL spectra with
positron lifetime 7; reflects mainly microstructure
specificity of the spinel ceramics and the middle
component with positron lifetime 7; corresponds to
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extended defects located near intergranual boundaries.
The third component with lifetime z; is due to “pick-off”
annihilation of 0-Ps in the nanopores. It is established that
the adsorbed water molecules act catalytically on positron
trapping in MgAlLO,; ceramics, do not changing
significantly o-Ps decaying modes [2].

To refine the most significant changes in positron
trapping in MgAl,0O, ceramics caused by water sorption, a
new mathematical approach to the treatment of
experimental PAL data should be developed in such a
way to accumulate the catalytic effect in some non-direct
trapping parameters, while other direct components (the
reduced bulk and defect-related lifetimes, in the first
hand) being left nearly constant.

ll. Experimantal

The PAL measurements were performed with an
ORTEC spectrometer with *Na source placed between
two ceramic samples (see Fig. 1) at 20 °C within row of
relative humidity (RH) of 25-60-98-60-25 % using
humidistat PID+ (see Fig.2).

dynode
anode

4.1 4.2 anode

5.2|

[

Fig.1. Block-scheme of conventional sample-source
“sandwich” arrangement for PAL measurements
using the ORTEC apparatus [1]:

1 — foil-covered **Na source, 2 — two identical samples,
3.1 and 3.2 — scintillators of y-quanta (plastic KL
detectors), 4.1 and 4.2 — photomultipliers (model RCA
8575), 5.1 and 5.2 — constant fraction discriminators
(model 473A), 6 — delay line (model 425A), 7 — time-
pulse height converter (model 467), 8 — preamplifier
(model 113), 9 — amplifier (model 471), 10 — single
channel analyzer (model 455), 11 — multichannel analyzer
(model 6420B), 12 — personal computer.

Fig.2. Schematic of humidity control instrument PID+:

Ug — turn-on voltage, which proportional to desired value
of RH; U, — output voltage of humidity sensor, which
proportional to desired value of RH in the chamber; &(t) —
difference between the set and necessary values: € ~ Ug —
U.; p(t) —regulator voltage, which proportional to the
given portion of air in humidity; R — difference input in
amplification regulation: k; (RK1), k, (RK2); I-
integration input in the general time regulation T;
(R6, C1), D —difference input in detection loss regulation
Tq (R8, C2), X-adder input from input voltage
controlling by voltage amplifier:

_ k), 1§ de(t) |, (1)
u(t) =k, [(g(z) - p(t)k?J + ?[‘([e(t)dt T,
where k;=RK1/RA1, k,=RK2/R3, T,=C1-‘R6 and

T,=C2-R8. These values for measuring chamber were
experimental selected based on previous calculations in
accordance with Zieglera-Nicholsa criteria.

The selection of corresponding values for measuring
chamber permit to investigation of samples at constant
values of RH in the range of 25-60 % with an accuracy of
+ 0,5 % and 60-98 % 3 with an accuracy of £ 1 %. The
obtained PAL data were mathematically treated within
three-component fitting procedure with fixed first and
second positron lifetimes using LT computer program.
Using formalism for two-state positron trapping model
[1], the following parameters describing positron lifetime
spectra can be calculated according to equations (2):

Kdzb{l_ljg 1+ ’T,=‘[Ill+‘[2[2’ )
I\7, =, Tb_[[ I, @ I, +1

AES
where & is positron trapping rate in defect, 7, — positron
lifetime in defect-free bulk and 7, —average positron
lifetime. The difference (7, -7,) can be accepted as a size
measure of extended defects, as well as the 7,/7 ratio

represents the nature of these defects [2].

lll. Results

It is established that the adsorbed water molecules act
catalytically on positron trapping modes in MgAl,O,
ceramics, do not changing significantly o-Ps decaying
modes [2]. Nevertheless, refining the most considerable
changes in positron trapping in the studied ceramics
caused by water sorption is a difficult problem through a
large quantity of arbitrary fitting parameters at treatment
of PAL spectra. This task can be permitted due to the
treatment of experimental PAL data at the fixed values of
lifetimes 7; and 7. It is established that lifetime z; reflects
mainly microstructure specificity of MgAl,O4 ceramics
[2]. The adsorption processes are not change the structure
of these ceramics. The lifetime 7; corresponds to extended
defects near intergranual boundaries where ceramics are
more defective. It is shown that the positrons are trapped
in the same extended defects in MgAl,O, independently
of the content of absorbed water in their nanoporous [2].

Thus, the lifetimes of the first and the second PAL
components (7; and 7;) at the treatment of experimental
PAL data can be considered nearly constant. Within this
mathematical approach, all changes in the fitting
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parameters of these components will be reflected in their
intensities (/; and ,). The third longest component with
lifetime 7; is non-fixed. The treatment of experimental
data was carried out at fixed lifetime values of 7,=0.17-
0.20 ns and 7,=0.36-38 ns. The best FIT was obtained at
constant lifetimes 7; = 0.17 ns and 7 = 0.37 ns. Within
this approach /; and /, intensities of the direct PAL
components are changes dependently from amount of
adsorbed water in the studied ceramics. So increasing of
RH from 25 to 98 % result in decreasing of [; intensity
and increasing of [, intensity. The changing of RH from
98 to 25 % reflects inverse to the previous direction in /;
and [, intensities (see table 1). The positron trapping in
water-filled defects reflecting the second component with
1, intensity occurs more intensive.

TABLE 1
PAL CHARACTERISTICS OF CERAMICS
RH, FITTING PARAMETERS
% 7, I, D, L, 73, I3,
ns a.u. ns a.u. ns a.u.
25 0.17 0.85 0.37 0.14 2.37 0.01
60 0.17 0.83 0.37 0.16 2.81 0.01
98 0.17 0.81 0.37 0.17 2.42 0.01
60 0.17 0.83 0.37 0.16 2.34 0.01
25 0.17 0.84 0.37 0.15 2.38 0.01
RH, Positron trapping modes
% T T, Kz, 7- /7,
ns ns ns’! T, NS
25 0.20 0.18 0.44 0.18 2.01
60 0.20 0.19 0.52 0.18 1.98
98 0.21 0.19 0.56 0.18 1.97
60 0.20 0.19 0.50 0.18 1.99
25 0.20 0.19 0.49 0.18 2.00

The lifetimes 73 are closed to ~2.3-2.8 ns (see table 1).
The input of this third component is not change and
intensity closed to 0.01. Thus, this channel is non-
significant to water sorption-desorption processes. The
positron trapping modes such as the average 7, defect-
free bulk 7, and difference 7, -7, are non-changed with
RH. In addition, the positron trapping centre (7,/%) is
formed on a typical for MgAl,O,4 ceramics level of ~1.9
[2], which testify to the same nature of trapping sites
whichever the content of absorbed water. In contrast,
most significant changes in positron trapping in MgAl,O,
ceramics caused by water sorption reflect in positron
trapping rate in defect x; Thus, the catalytic water-
sorption effect in the studied spinel-structured ceramics is
accumulated in non-direct trapping &; parameter.

Conclusion

The mathematical treatment of experimental PAL data
at constant values of reduced bulk and defect-related
lifetimes allow to refine the most significant changes
caused by absorbed water in the spinel-structured
MgAl,O, ceramics
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MonesoBanHs oaHi€l 00epHeHoi 3axa4i 10 3aaaui Credana
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Kadenpa indpopmatuku Ta BuIol MaTeMaTuky, KpeMeHUylbKUil AepiKkaBHUI MOJITEXHIYHUIT yHIBEpCUTET
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Abstract — A mathematical model is considered as a problem of
Steafan for equation of heat conductivity. The decision of problem
is found in space of gridding functions of the Rote method and by
a report to nonlinear integral equation of Gammershteyn type
with a basis of Grina’s functions. Basic parameter of control the
temperature field defined. The numeral calculations of the
temperature distributing are conducted.

KirowoBi croBa — problem of Steafan, mathematical model,
heat equation.

I.Bctyn

Y po0OoTi po3risiHyTa MareMaTHyHa MOJEb Y BHUIJISAIL
3agayi  Credana it pIBHSAHHSA — TEIUIONPOBITHOCTI.
Po3B’a30K 3amadi 3HAWEHO Y MPOCTOpPi CITKOBUX (DyHK-
uiif Metomom PoTe Ta muIsiXoM 3BeAEHHS 1O CHCTEMH
HeNiHIHHUX IHTeTpaJbHUX PIBHAHB THITY | ammepruTeitHa
3 aapom y Buriani ¢yskuiit I'pina. [locranoBka 3amadi
BUKJIMKaHa HEOOXITHICTIO CTBOPCHHS CHCTEMH KepyBaHHS
TeMIepaTypHHUM I10JIEM PYXOMOTO CEpPELOBHILA.
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II. MocTaHoBKka npobnemwu

Y mNopomKkoBiii MeTamyprii BHPOOHMIITBO CTPIDKHIB Ta
JPOTy 13 TYrOIUIaBKMX METajiB, HANpPUKIA] BOJIb(pamy,
BiI0YBA€THCS OZHOYACHO 3 MPOLIECOM MiAirpiBaHHs METary
[1]. Ile BuUKIMKAaHO THM, MO OUIBIIICTh TYTOIUIABKUX
MeTaliB He AeOpPMYEThCS TPU KIMHATHIH TeMIepaTypi.
[epen mnmacTuuyHOlO AeOpMAll€l0 JPIT, IO PYXa€EThCs
yepe3s 30Hy Harpiands noskuHOO &(f)=L—v(f)t 3i
mBUAKICTIO v(¢) # 0, pO3irpiBacThcsa €IEKTPUIHUM CTPY-
MoM [, ;O TexHoNOriuHOi Temmeparypu 7,, a HOTIM

MOTPAIUIIE Y MPUCTPiK uist nedopmyBanus. [Ipu mpoMy 10
OJIHOTO KiHIl 30HM HarpiBaHHsS MiABEICHUH HEPyXOMHH
CTPYMOTII/IBIZL, @ IO iHIIIOTO PYXOMMIA.

PosrisiHeMo JpiT y BUTJISAI pyXOMOTO i30TPOITHOTO
Cepe/IOBHUINA 31 CTUIMMHU TETUTO(PIZUIHUMH XapaKTepHC-
THKaMH, IO pPYXAeTbCsl Yepe3 30HYy HarpiBaHHS 31
mBuakicTio v(t) # 0. [Ipobrema kepyBaHHSA TeMIepaTyp-
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