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INFLUENCE OF THE QUANTUM DOT MATERIAL DEFORMATION ON TAMM
SURFACE LEVELS

R. M. Peleshchak, R. Ya. Leshko, D. S. Karpyn
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INFLUENCE OF THE QUANTUM DOT MATERIAL DEFORMATION ON TAMM
SURFACE LEVELS

R. M. Peleshchak, R. Ya. Leshko, D. S. Karpyn

Abstract. Influence of the quantum dot material deformation on Tamm surface levels in the
strained InAs/GaAs nanosystem has been studied. The research has been provided in the framework
of deformation potential. The dependence of the Tamm surface energy on the quantum dot size in the
strained InAs/GaAs nanosystems has been obtained.

Keywords: clectron-deformation interaction, quantum dot, surface states, strained
nanoheterosystem.

BILIUB JE®OPMAIIIl MATEPIAJTY KBAHTOBOI TOYKH HA TIOBEPXHEBI PIBHI
TAMMA
P. M. Ilenewax, P. A. Jlewxo, /]. C. Kapnun
Anortanis. JlocrimkeHno BB aedopmanii maTepiany KBaHTOBOT TOYKH Ha MOBEPXHEBI
piBui Tamma y HampyxeHiil HaHOTeTepocucTeMi InAs/GaAs. JlociiKeHHs TPOBEICHO Y paMKax

nedopmartiitnoro nmorenmuiary. OTpUMaHO 3aJISKHICTh €HEpTii MOBEpXHEBUX piBHIB Tamma Biz po3MipiB
KBaHTOBOT TOYKH y HarpykeHiil rerepocuctemi InAs/GaAs.
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KurouoBi cioBa: enekrpon-aedopmaliiiina B3a€MOJisl, KBAHTOBA TOYKa, IIOBEPXHEBI CTaHH,

Hanpy>keHa HaHOT'€TEPOCUCTEMA.

BJIUSIHUE JTE®OPMAIIMA MATEPUAJIA KBAHTOBOM TOYKH HA
ITOBEPXHOCTHBIE YPOBHU TAMMA

P. M. Ilenewax, P. A. Jlewxo, /]. C. Kapnun

AHHoTanusa. MccrnenoBano BnusiHue nedopManuy Marepuaiga KBAaHTOBOW TOYKM Ha
MOBEPXHOCTHBIE YpPOBHU Tamma B HampspkeHHOH HaHoreTepocucteme InAs/GaAs. ccnenoanue
MpOBEIEHO B paMKax jaedopmManmumoHHOro moreHuuana. [lonyuyeHa 3aBUCUMOCTbh dHEPTHUHU
IIOBEPXHOCTHBIX YpOBHEW TaMMa OT pasMepoB KBAaHTOBOM TOYKHU B HAIPSKEHHOU I'E€TEPOCUCTEME

InAs/GaAs.

KuarwuyeBble cioBa: 31eKTpoH-AepopmManmoHHas B3auMOAEHCTBUE, KBAHTOBAsK TOYKa,
IIOBEPXHOCTHBIE COCTOSIHUS, HAIPSPKEHHAs! HAHOT€TEPOCUCTEMAX.

I. INTRODUCTION

Modern technologies for the fabrication of qua-
si-dimensional systems (for example, the Stran-
sky-Krastanov method) make it possible to obtain
stressed QDs on a substrate of a given semicon-
ductor [1]. The reason of appearance of strained
QDs is the InAs/GaAs heterosystem is the mis-
match of the constant lattices of these materials.

The theory, which describing the effect of
deformation on the spectra of quasiparticles in
stressed QDs is well developed for today [2-5].
In these works, the equation of elasticity is solved
taking into account the Laplace pressure, exter-
nal pressure, growth temperature, mismatch of
lattice parameter, presence of impurity and self-
consistent elastic interaction between QDs. It has
been shown that, due to these effects, the depth of
the potential well for quasiparticles (electrons and
holes) decreases, so their energy decreases. This
leads to change the effective band gap (optical
gap), which influence on absorption and lumines-
cence spectra.

Experimental works (devoted to the photolumi-
nescence) shows that in addition to the main sharp
peaks (caused by excitons), a longwave wide peak
[6-8] is observed, which is associated with im-
purity and surface states. Theoretical work [9]
clearly shows that the contribution to this long-
wave luminescence “tail* is given by impurity
acceptor states. However, the full explanation of
this dependence is not exhaustive. The reasons for

the existence of a “tail of luminescence, which
consist in the presence of surface states, are as-
sumed. Therefore, it is logical to determine the
influence of the surface. It can be the next step of
constructing a clear and consistent theory of QD
surface states.

As shown in [10, 11], there is a specific type of
surface states, which are caused by the presence of
a polarization trap near the QD surface. Moreover,
the trap depth is determined by the difference
in the dielectric constant of the materials of the
QD and the matrix. In addition to these types of
surface states, there are also other surface states,
in particular Tamm surface states [12], which are
modified due to the confinement potential. These
states also are changed due to the electron-defor-
mation interaction, which is essential in strained
heterosystems with QDs [5]. That is why the aim
of this work is to determine the effect of electron-
deformation interaction on the formation of Tamm
surface states in nanosystems as the next step in
the construction of the theory of surface states in
nanoheterosystems with QDs

II. THE NANOSYSTEM ENERGY

TAKING INTO ACCOUNT ELASTIC

DEFORMATIONS

Let us to consider an InAs/GaAs heterosystem
with a coherently stressed spherical QDs InAs
with the radius a >a, , where q, is the lattice con-
stant of the QD material. The following approxi-
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mations have been used to reduce the problem
with a large number of QDs to a single QD task:
the energy of pair-wise elastic interaction between
QDs is replaced by the energy of interaction of
every QD with the average field of elastic defor-
mation of all other QDs o, (N -1) (self-consistent
elastic interaction between QDs) [3—5]. Due to the
mismatch of the lattices constant of the QD and
the matrix, the QD can be considered as a dila-
tion nanoinclusion in the GaAs matrix (the cavity
volume is less than the inclusion volume on). The
electrons are confined in a spherical rectangular

well. 0. r<a,

Ucons (r) - {U,Onf r>a.

2.1)

C

We denote the change in the depth of the po-
tential well for the electron (electron-deformation
potential) due to deformations by

r<a

a’ (2.2)

r>

0,
Uy(r)= {_‘ D(l)g(n‘ _‘ D(Z)g@)‘

where £ =sps | £() is deformation tensor in

i-th environment, D" is hydrostatic deformation
1= 1InAs

2= GaAs} '
Accordingly, the total potential energy of the

electron has form

potential constants, i = {

U(r) =U oy (r)-i—Ud (r):

0. r<R,,
) oo
~ 0, r<a,
B {Uo r>a. @3)

For finding &) =Spe® | the displacement of
atoms were calculated, as in [3-5], and the cor-
responding boundary conditions were applied,
taking into account the Laplace pressure and the
mean field of elastic deformations. Schrodinger
equation for electron with Hamiltonian which ac-
count U, (r)

. ol
H :—TV—V+U(r)

e
mé‘

(2.4)

has been solved exactly, where

mgl) , r<a,
m, =

miz), r>a
is the electron effective mass in each medium. So-
lutions for states where E <U, , due to the spheri-
cal symmetry of the problem, is given by the prod-
uct of an angular component (spherical harmonics)
and a radial component, which is expressed by a

Bessel first-order spherical function and a modi-
fied spherical Bessel function of the second kind:

Ve (r.0,0) = 2. ()Y, (0.9),

AW j(kr), r<a,
758(’/):

2.5
A(Ez) k(lyr), r>a, 23)

where k = \2mPE /72, n=2m® (U, -E)/#* . With

using the Ben-Daniel-Duke standard boundaries
conditions and normalize conditions, the system
energy and unknown coefficients has been deter-
mined.

After calculating, the energy of the ground £
state and first excited state £, have been deter-
mined, with and without electron-deformation
interaction. The parameters of crystals and con-
stants have been used as in [5]. The results of the
calculations are presented in figure 1.

700

Fig. 1. The energy of the ground (curves 1, 1°) and

first excited (curves 2, 2’) states of the electron,

taking into account the electron-deformation

interaction (curves 1, 2) and without it (curves 1°,
2’), as a function of the QD radius
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The figure 1 shows that taking into account
the electron-deformation interaction leads to a
decrease in the energy of the ground and excited
states due to the reduction of the effective depth
of the potential well due to deformation effects.
Accordingly, the transition energy between these
states will vary depending on the electron-defor-
mation interaction (see figure 2).

400

300

= 200}

N 1001

%5 20 50 80 70 80 90
a, A
Fig. 2. The transition energy with deformation effects

(curve 1) and without deformation effects curve (2) as a
function of the QD radius

As can be seen from the figures 1, 2 , taking
into account the deformation effects leads to a de-
crease in the transition energy compared to the
case of their neglect. The results obtained will be
used in the determination of surface Tamm states.

II1. SURFACE TAMM STATES IN

THE STRAINED QD

We has been build the QD model (a>354, ) as a
crystal whose atoms are spaced apart at distance
a,. In the region near the atom, we suppose that
there is a potential barrier for the electron with
height U, and with width b (figure 3). On the sur-
face, the QD is bounded by a matrix that separates
the QD by the barrier U (see (2.3)).

[ & b

i b

0 x

Fig. 3. The crystal energy and surface within
the Tamm-Kronig-Penney model

The described model is well known as the
Tamm-Kronig-Penney model. According to the
basic Tamm model [13], the equation for deter-
mining surface energy has the form:

7 &
fctgg‘:ﬁ—q 1—q—2a (3.1)

where

f2m0 /Zmo myU,
& =a, h—zE, q=a h—zUO, p=ay PR

m, is free-electron mass, q, is lattice constant.
According to the Kronig-Penny model, the sys-

tem of equations for determining the allowed val-

ues of energies (in the notation [14]) has the form

cos(kaz0 —arctg{i?ao D‘ < ! =
“o Qa,
\/”[kao] (.2

- 2
2myag

E (kay)’,

where Qq, characterizes the dimensionless per-
meability of barriers. In the case of small energies
(Qay)/ kay >1 the (3.2) is reduced to

. ki
|sm (kay )| < {Qia(:)j ,
i (3.3)
E= kay)®.
2m0a§ (ko)

Let us to consider further that the energy is
small and expand it into a series, and limit to the
first two nonzero additives. We got

3
a
0 (3.4)
E= i (kay)?
2myag o

Substitute the first two solution for the product
ka, into the second expression (3.4) and find two
energy values as functions of the barrier perme-

ability Qa,
2 2
i)
2myay Qa

The width of the first forbidden zone (first band
gap) in the Kronig-Penney model is

E =0, E, = (3.5)
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E{", =E, —E,. (3.6)

Let us reconcile the Kronig-Penney and Tama
models with the condition Qa = p [13, 14] and ex-
press the parameter p through the band gap E{%,

1 1

— =—=1-gq,

Qa, p

(3.7)

In the deformed QD, the parameter of the
crystal lattice on its surface are the function of
the QD radius

a,™ (a)=a, (1—‘5(1) (a)

), (3.8)

eV =Spe® | £0 s deformation tensor in the QD.
We consider the uniform deformation of compres-
sion of the QD. Therefore angles between edges
of the crystal lattice are not changed. Therefore,
in formulas (3.1) - (3.7) it is necessary to replace
ay = ay" (3.8).

In the QD model, the first band gap in the po-
tential well is the distance from the bottom of the
potential well to the energy level E|_(electron-
hole interaction is not accounted). Therefore,
we will consider this distance as E£%,, that is
E{”, =E,, . Then the expression for parameter
p (3.7) is substituted into (3.1) and account that
E", = E,, . From here we find the energy of the
surface Tamm level.

Figure 4 shows the results of numerical calcu-
lations of the energies of the ground (curves 1°,
1) and the first excited (curves 2’, 2) states of the
electron and the surface energy of the Tamm level
(curves 3, 3) in the stressed QD of the InAs/GaAs
nanoheterosystem, parameters which is the same
as in [5].

It can be seen from the graphical dependence
of the energy, the decrease in the size of the QD
leads to a monotonous increase of the energy of
the ground and first excited states, both with and
without electron-deformation interaction. In par-
ticular, at the QD radius «=30 A, the difference
between the ground state energy levels with and
without electron-deformation interaction is 50
meV.

As can be seen from figure 4, the energy of the
surface state increases with decreasing the QD
size. In particular, the energy of the surface Tamm
level, taking into account the electron-deforma-

% 30 40 50 60 70 80 30
a, A

Fig. 4. The energy of the ground (curves 1,1°) and first
excited (curves 2, 2°) states of the electron, taking into
account the electron-deformation interaction (curves
1, 2) and without it (curves 1°, 2°), as a function of the
QD radius. Curves 3, 3’ denote the energy of the Tamm
surface level with and without electron-deformation
interaction, respectively

tion interaction, is greater than the corresponding
energy without considering it. This is due to the
compression of the QD material (3.8), which leads
to an increase in the degree of overlap of the elec-
tronic wave functions of the individual atoms on
the QD surface. As a result, the Coulomb repul-

sion energy V, ~

1 . . ..
o0 increases. i is explicit
[

=

forms of atom displacements. It can be defined
from the equations of balance, like in [3-5].
Vdivii =0 . (3.9)
In case of spherical QDs, the solution of (3.9)
looks like
ur(l)’ r<a, Cr, r<a,
. u,?, a<r<R ) C27+%= a <’”§R1’(3.10)

r

where R is the radius of the matrix. Coefficients
Ci were defined in [3-5] from the boundary condi-
tion for displacements and mechanical stresses.
Thus, for smaller QD sizes a< 20 A, the main
role in filling in the electronic levels belongs to
surface states. Due to this, the photoluminescence
curve has an additional peak appeared in the long
arbitrary region of the visible optical spectrum [6].
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SURFACE LEVELS
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Summary

The change of Tamm surface states in the InAs quantum dots of the InAs/GaAs heterosystem
due to the interaction of quasiparticles (electrons) with the elastic deformation of the crystal lattice
on the surface of the quantum dot has been studied. The dependence of the energies of the electron
Tamm levels is established both taking into account the deformation of the crystal lattice and without
it. To do this, on the one hand, a model of the strained quantum dot as a semi-finite chain of atoms
(Kronig-Penny-Tamm model) is constructed, taking into account the change in the lattice parameter
due to deformation, which depends on the quantum dot size. On the other hand, the quantum dot is
described in the framework of the effective mass theory, the model of the elastic medium and the
model of the rectangular potential barrier, which defines the limiting potential for the electron. The
models are matched by equating the energy distances between the first allowed levels in both models.

It is shown that due to the electron-deformation interaction, the electron energy of the Tamm
surface levels increases for the quantum dot, while the electron energy decreases in the quantum dot
volume. The reason for the increase in the energy of the Tamm surface levels for the InAs quantum
dot of the InAs / GaAs heterosystem is the decrease in the distance between the atoms due to defor-
mation. And the decrease in the energy of an electron in the volume of a quantum dot is explained
by a change in the effective depth of potential wells due to the deformation of the quantum dot. It is
established that the energy of the surface Tamm level, taking into account the deformation, increases
with decreasing quantum dot size. This is consistent with the data of other works, which do not take
into account the electron-deformation interaction.

Keywords: electron-deformation interaction, quantum dot, surface states, strained nanohetero-
system.
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BILIUB JE®OPMAIIIl MATEPIAJTY KBAHTOBOI TOYKH HA IOBEPXHEBI PIBHI
TAMMA

P. M. Ilenewax, P. A. Jlewxo, /{. C. Kapnun
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leshkoroman@gmail.com

Pegepar

VY po06oTi 1ociipKeHo 3MiHY TOBEPXHEBUX CTaHIB TaMMa y KBaHTOBUX Toukax InAs rerepo-
cuctemu InAs/GaAs BHACIiOK B3a€MOIIi KBa314aCTHHOK (E€JIEKTPOHIB) 3 MPYKHOIO nedopmariiero
KpPHUCTAIIYHOI TPATKH HA MOBEPXHi KBAHTOBOI TOUKU. BcTaHOBIIEHO 3ajeKHICTh eHepriii piBHIB Tamma
JUTSL €JIEKTPOHA SIK 3 ypaxXyBaHHAM Jie(opMallii KpHUCTaNIYHOI IpaTku, Tak 1 6e3 Hei. st poro 3 ofHo-
ro 00Ky moOyJ0BaHO MOJIEIIb HANPYKEHOI KBAHTOBOIT TOUKHU SIK HAITIBCKIHUEHHOTO JIAHITIO’KKA aTOMIB
(mozmens Kpownira-Ileni-Tamma) 3 ypaxyBaHHSM 3MiHHM IapaMeTpa IpaTKy BHACHIIIOK aedopMariii,
sKa y CBOIO Yepry 3aJIeXKHUTh BiJl pO3Mipy KBAaHTOBOI TOUKH. 3 IHIIOTO OOKY KBAaHTOBY TOUYKY OIHCAHO
y paMkax Teopii epeKTHBHOI MacH, MOielli PY>KHOTO CEPEJOBHILA Ta MOJEIi IPIMOKYTHOTO I10-
TEHIIAILHOTO Oap'epy, 110 3a7a€ MOTEHITIa]T OOMEXEeHHS [T elIeKTpoHa. Moieni y3roKeHo MUITXOM
MIPUPIBHAHHS EHEPreTUYHUX BiJICTAHEH MK NEPUIMMHU J03BOJICHUMHU PIBHSIMHU B 000X MOZAETISX.

[okazaHo, 110 BHACIIAOK €JIeKTPOH-AepopMaliifHOi B3a€EMOIi €Heprisl eIEKTPOHA TOBEPXHEBUX
piBHIB TamMma y KBaHTOBIH TOUIII 3pOCTAE, TO/I SIK y 00’ €Mi KBAHTOBOI TOUKHU €HEPTisl eIeKTPOHA 3MEH-
mryerbest. [IpruuHOIo 3pocTaHHs eHeprii HoBepxXHeBHX piBHIB Tamma y kBaHTOBIH Touli InAs rere-
pocuctemu InAs/GaAs € 3MEHIIIEHHS BiJICTaHI MK aTOMaMH BHACIIOK Aedopmariii. A 3MEHIICHHS
€Heprii eleKTpoHa B 00’ €Mi KBaHTOBIH TOYIII 3yMOBJIEHO 3MiHOO €(peKTUBHOI INTMOMHH MMOTEHIIIAIBHUX
sIM BHACJIIJIOK Aedopmaliii KBaHTOBOI TOUKM. BcTaHOBNIEHO, 1110 eHepris MoBepxHEeBOro piBHsA Tamma
3 ypaxyBaHH:M JeopMaliii 3pocTa€e Mpu 3MEHIIIEHHS pO3MipiB KBAaHTOBOI TOUKH. Lle y3romxyeTbes 3
JAHUMU THIIUX POOIT, B IKUX HE BPAXOBAHO €JIEKTPOH-Ae(opMalliiiHy B3aEMOIIIO.

KurouoBi cioBa: enekrpon-aedopmaliiiina B3a€MOJisl, KBAHTOBA TOYKa, IIOBEPXHEBI CTaHH,
Harpy>XeHa HaHOTeTepOCHCTEMA.
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ONTOEJIEKTPOHHUM PAIAP JIJIS1 BUSHAYEHHS ITIAPAMETPIB PYXY
HIBUAKICHUX OB’€EKTIB

A. I Jlenix, B. I. Caumoniu, B. B. fuxo, JI. M. Byoiaucvka, I. O. lsanuenxo

AHoTanis. B naniit po6oti po3B'sa3yeTbes npobiaema MmiABUIIEHHS TOUHOCTI O€3KOHTAKTHUX
BHUMIPIOBaHb ApPaMETPiB PyXy HIBUAKICHUX 00’ €KTiB po3poOKoro nazepHoro panapa (JIP) na ocHo-
Bl CIIEL1aJIbHOTO JIa3€PHOTO JATUYMKA 1 ONTUMAIBHOTO aJITOPUTMY JUCTAHIIHHOTO BUCOKOTOYHOTO
BHU3HAUEHHS JUHAMIYHUX XapaKTEPUCTHK MIBUAKICHUX 00’ €KTIB.

KurouoBi cioBa: nazepuuii pagap, Gpa3o-iMImysIbCHUI METO/, IIBUIKICHUHI 00’ €KT, mapame-

TpHu pyXy.

OPTOELECTRONIC RADAR FOR THE HIGH-SPEED OBJECTS MOVEMENT
PARAMETER DETERMINATION

Ya. I. Lepikh, V. I. Santoniy, V. V. Yanko, L. M. Budianskaya, 1. O. Ivanchenko

Abstract. This paper solves the problem of increasing the accuracy of non-contact measure-
ments of the high-speed objects motion parameters by developing laser radar (LR) based on a
special laser sensor and the optimal algorithm for remote high-precision determination the high-
speed objects dynamic characteristics.

Keywords: laser radar, phase-pulse method, high-speed object, motion parameters.
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OINTOSJIEKTPOHHBIN PAJIAP JIJISI OIIPEJEJEHUS ITIAPAMETPOB JIBUKEHUS
CKOPOCTHBIX OFBEKTOB

A U. Jlenux, B. U. Canmonuui, B. B. Auko, JI. M. byousanckas, U. O. Heanuenxo

AnHoTanus. B nanHoii pabore peuraercs npoodaeMa MOBBIIIEHHUS TOYHOCTH 0€CKOHTAKTHBIX
M3MEpPEHUH TapaMeTpOB ABUKCHHSI CKOPOCTHBIX 00BEKTOB pa3paboTKoi 1azepHoro panapa (JIP) ma
OCHOBE CIIEI[MAIbHOTO JIA3EPHOI0 AaTYMKA U ONTUMAIbHOTO aJlTOPUTMa AUCTAHIMOHHOTO BBICOKO-
TOYHOTO OIpEeNeNeHUs] TUHAMUYECKUX XapaKTEPUCTUK CKOPOCTHBIX OOBEKTOB.

KurroueBsble cjioBa: J1a3epHbIil pajgap, Ga3o-uMITYJIbCHBIH METO, CKOPOCTHON 00BEKT, Imapa-

MCTPBI ABHUIKCHUA.

Beryn

ITigBuIIeHHS TOYHOCTI OE3KOHTAKTHUX BUMI-
pIOBaHb MapaMeTpiB PyXy IMBHUIKICHUX 00’ €KTIB
€ aKTyaJIbHOIO MPOOJIEMOI0 Cy4acHOI ONTHYHOT
JIOKAIlI.

[Ipobnema CyTTEBO YCKIaIHIOETHCS KOJIH He-
00X1/IHO BU3HAUUTH KOOPAMHATHU 1 MapaMeTpu
PyXy BHCOKO HIBUJIKICHUX 00’€KTiB Ha MallMX
BIJICTaHSIX B YMOBAaX >KOPCTKOTO NediruTy vacy
00pOoOKM CUTHAJIIB B YMOBaxX 30BHIIIHIX 3aBaj
PI3HOTO THITY.

B naniii po6oTi nmpoGiema po3B'sa3yeThCs pO3-
pobxoro nazepHoro panapa (JIP) Ha ocHoBi crie-
L[1aJIbHOTO JIa3€pHOT0 JaTyuKa i ONTUMAJIbHOTO
QITOPUTMY JUCTAHI[IHHOTO BUCOKOTOYHOTO BHU-
3HAYEHHS TMHAMIYHUX XapaKTEpPUCTUK IIBUIKIC-
Hux 00’exTiB [1-2].

OcHOBHA YacTHHA

CrBopeno JIP 3 BUCOKUM NpOCTOPOBUM J103BO-
JIOM, B SIKOMY 3aCTOCOBaHO Cy4YacHY €JIEMEHTHY
0asy.

Jo cknany JIP BXOOUTh iMITyIbCHUH JTa3epHUNA
BUITPOMIHIOBaY, 3aTHUI opMyBaTu B iH(ppauep-
BOHOMY JI1alla30Hi CBITJIOBI IMITYJIbCH MaJIOl TpHU-
BasiocTi (1-10) ue. s BucokorouHoi podoru JIP
B IIBUAKICHOMY peXHUM1 HEOOX1IHO 3a0e31eUnTH
IICHTUYHUHN IMIYTBCHUN CTPYM Ha HETIHIHOMY
HABaHTAXXCHHI, B SIKOCTI SIKOTO BUKOPUCTAHO Jia-
3epuuil niox [3-4]. YV reneparopi HakauyBaHHS
Ja3epHOT0 BUIPOMIHIOBaYa 3aCTOCOBAHO MPUH-
IIUII JIABUHHOTO 1poboro. Jlo ckiagy anmaparHoi
peanizanii reHepaTopa yBIMIIUIM HACTYMHI (YyHK-
[IOHATBHI BY3JU: MiABUIINYBAaY HAMIPYTH 3 I’ ATH

BOJIBT JIO0 CTa ABAJALSATU BOJBT, OPMYBadi CHHX-
POIMITYJIBCY, KITFOUOBUH Kackajl, SIKUi 32 ()pOHTOM
CUHXPOCHUTHAIYy BUPOOJIs€ MOTYXKHUN HAaHOCE-
KyHAHHHA IMITyabC cTpyMy. [Ipu nibomy, peamiza-
i CXeMH HaKadyBaHHs HaIiBIPOBITHHKOBOTO
JIa3epHOTO BUIIPOMIHIOBaYa J03BOJISIE CHOPMY-
BaTH MOTYKHUH iMIynbC cTpyMoM 110 ~ 40 A Ha
HaBaHTakeHHI 1,5-2 OM.

Jlns 3abe3nedeHHss MpUHOMY ONTHYHUX 1M-
MyJIbCiB HAHOCEKYHTHOI TPUBAIOCTI PO3pOOIEHO
CXEMHI pillleHHs 3 BUKOPUCTAHHSM IIBUIKOIIO-
KX JIJABUHHKUX (oToaioniB. [TimcuneHus aMruiTy-
JIY CUTHATY (OTOBIMOBIII BiJl MOBEPXHI 00’ €KTa
3a0€3MeUYeHO IMITYIbCHUM ITiICUITIOBaYeM. IM-
MyJBCHI CUTHAJIA TPUBATICTIO Big 1 HC 10 15 HC
M1JCHITIOIOTHCS 32 aMILTITY/I0K0, a IMITYJIBCH 1032
HABEJCHUM Jiaria30HOM MPUAYIITYIOTHCS aMIDTITY-
JI010 y criBBimHOIIEHH] 15 1b Ha OKTaBy.

CdopmoBaHna Jriarpama CrpssIMOBaHOCT1 ONITHY-
Hoi cuctemu JIP 3 MOXKITUBICTIO 1 KOPEKIIii y mpo-
ctopi. s popmyBaHHS 3a71aHOT 30HU BUSIBIICHHS
00’exTa y (hokanpHil TUIOUIMHI NepeaaBaibHO-
ro Ta mpuiiManbHOro 00’extuBiB JIP po3mimre-
HO ONTOBOJOKOHHI CBITJIOBOJAH 3 IJIOLIUHKOIO
HeoOxi1HO1 ¢opMu 1 po3MipiB. Bukopucranus
CBITJIOBOJIIB JTO3BOJISIE OJICPIKATH TiIBUIICHHS
IMITYJIBCHOIT CBITJIOBOi MOTY>KHOCTI 32 PaxyHOK
00’e€/THaHHS BUMPOMIHIOBAHHS 3 JEKIJIBKOX Jia-
3epHUX JIO0IIB.

VY nepenaBanbHOMY 00'exkTHBI JIP 3amicTh of1-
HOTO MOHOIIITHOTO ONTHYHOTO €JIeMeHTa 3aCTO-
COBaHi JIBa pO3AUTHHUX: (POKYCYIOda JBOOITYKIIA
c(epuuHa iH3a 1 KOca Mpu3Ma, sKa 3MiHIOE Ha-
TIPSIM TIOIIUPEHHS 30HIyI0UOTO BUIIPOMIHIOBAHHSI.
3o00paxkenHs 3D Mozaeni ONTHYHHUX EJIEMCHTIB
HaBe/IeH1 Ha pucyHKyY 1. Ha HboMy moka3zaHo B3a-
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€MHE PO3TalllyBaHHS BCiX ONTUYHHUX EIEMEHTIB
MPUHMAIBHOTO 1 TIepeIaBAIBHOTO 00'€KTHRBIB, a
TaKOX X1JI POMEHIB yCepeIrH1 ONTHYHUX eJle-
MEHTIB 1 B IOBITPi.

Puc. 1. CTpyKTypHa cxeMa B3a€EMHOI0 PO3TALIYBAHHSA
ONTHUYHHX eJIEeMEHTIB NPHIIMAJIBLHOTIO i MepeIaBaJIBLHOTO
00’€KTiB. — XiJl IPOMEHIB.

1- kaHAT 171 PO3MIIIEHHS ONTHYHOTO eJIeMEeHTa Tepe-
JIaBaJIbHOTO 00'€KTHBA;

2 - BUXITHHHN 3'€IHYBaY, 10 Mepeaac BUIPOMIHIOBAHHS
3 OITOBOJIOKOHHOT'O Ka0eJto;

3 - rinp3a, mo Gokycye;

4 - 1BOsIKO omyKJIa cpepryHa JIiH3a;

5 - xoca npusma;

6 - miarpamMa IOUIMPEHHS MIPOMEHIB 3 MaiiTaHIMKa OIITO-
BOJIOKOHHOI'O Ka0eio;

7 - HaNIPSIM O PEHHS 30HYI0Y0TO BHITPOMiHIOBAHHS,

8 - MpOMiHHSA, 1110 BiIOWUTO BiJ] TOBEPXHi 00’ €KTAa;

9 - BXiIHa MUJIIHIPHUYHA TOBEPXHS MPHUIMAIBHOTO
ONTHYHOTO EJIEMEHTA,

10 - TiIO MpUEMANBEHOTO ONITHYHOTO SJIEMEHTA;

11 - Tpacu mepeIoMIIEHIX TPOMEHIB, SIKi TIEPETUHAIOTh
BXi/IHY ITOBEPXHIO MPUHAMAIFHOTO ONTHYHOTO €JIEMEHTA,

12 - Topomnapaborniynae A3epKaio;

13 - choxycoBaHi mpomeHi, BiTOUTI Bl TOBEPXHi,

14- eeMeHTH ABOX BXiTHUX 3iHHIb MPUIMATBEHIX OIITO-
BOJIOKOHHHUX KaOesiB

Ha pucynky 2 HaBeieH1 ONITHYHI €JIEMEHTH I1e-
penaBabHOTO 00'€KTHBA B TUIOIIMHI MMapasiebHil
fioro onTu4Hii oci. PucyHok 3 nae ysiBieHHs 1po
CIIBBIJIHOIICHHS PO3MIpiB MaliJaHYMKa ONITHYHUX
BOJIOKOH ONITHKOBOJIOKOHHOTO Kabeis, 300paske-

14

HOTO Y BUIVISAL 017101 pHCKH, KOTpa POKYCY€E BO-
OMYKITY JIIH3Y 1 3MIHIOE€ HAIIPSIMOK BUITPOMIHIO-
BAaHHSA KOCOI ITPU3MHU.

Puc. 2. OnTuYHi eJJleMeHTH MepeaaBajJbHOI0
00’ecKTHBA

Puc. 3. MalifaHYUKHU ONTHYHHUX BOJOKOH
OIITOBOJIOKOHHOI'0 Ta0eJIs1

[TommpeHHs1 BUIPOMIHIOBaHHS B IPUAMAIHHO-
nepeaBaibHOMY 00'€KTUBI B110yBa€ThCs B TaKii
MOCITIJOBHOCTI. BUNPOMiHIOBaHHS IBOX JIA3E€PHUX
JIioMiB 3 OJIOKY YIIpaBJIiHHS MOCTYIA€ HA BUXIJI-
HUI po3’eM MepeaaBaibHOTO ONTOBOJIOKOHHOIO
kabenst 2, sikuil 3aKkpituieHuil B GoKyci Tiip3u 3.
3a IOMOMOTO0 IBOOIYKIOi chepruyHoi TiH3M 4
BUIIPOMiHIOBaHHA QokycyeTbes. ChoKycoBaHUM
My4OK MPOMEHIB Ha MOBEPXHI KOCOI MPU3MH 5
3aJIOMJTIOETHCS 1 HAMPABISIETHCS B O1K MTOBEPXHI
00’exta. BinOuTi Bij AUISHKY MMOBEPXHI 00’ €KTa
pPOMEHI § MOTPaIUIAIOTh Ha IWIIHAPUYHY T10-
BEPXHIO 9 MPUUMAIBHOTO ONTUYHOTO €JIEMEHTA.
[TepenomiieHe Ha TpaHMLIl HOBITPS 1 CKJIAa BUIIPO-
MiHIOBaHHS 11 mig TUM ke KyToM, IIO 1 majaro-
Ye BUIPOMIHIOBAHE, MOTPAIUISIE HA MTOBEPXHIO
TOponapadoaiyHOro yBITHYTOTO A3epkaina 12.
BigOuBmIMCH BiJl MOBEPXHI YBICHYTOTO A3€pKaa,
puitHATE cPOKycoBaHE BUIIPOMiHIOBaHHS 13 Ha-
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MIPABISETHCA YCEPEIUHY BOJOKOH JIBOX BXIJTHHX
31HUIH MPUHOMHHX ONITOBOJIOKOHHUX KabeniB 14.
Jani (Mo 1BOM NPpUHOMHUM ONTOBOJOKOHHUM
Ka0eJsiM) BUITPOMIHIOBaHHS HAIXOAUTH Ha (POTO-
npuiimMayi, po3TalloBaHi B IpUHOMHUX MOAYJISX.

BuMiproBaHHS ITyMOBHX XapaKTEPUCTUK (HOTO-
MPUIMAaIBHOTO MPUCTPOIO MPOBOIMIOCS 3a J0-
nomoroto nudposoro ocruiorpadpa GDS840C
3 mponycKHO 3aarHicTio 250 MT'n. [Iupuna
IIYMOBO{ JOPI>KKK Ha BUXO/1 (oTonpuiimaya npu
3MiHI MIMOMHU HETaTUBHOTO 3BOPOTHOTO 3B'S3KY
XapaKTepu3yBasiacs 3HAYCHHSIMHU B iHTEpBaIl BiJl
1,3 no 2,5 MB.

Ha ocHOBI1 npoBeaeHux I0CIII)KEHb PO3pO-
OJIEHO y/IOCKOHaJeHUH (ha30-IMITYIIbCHUN METOT
BUMIipy IapaMeTpiB BiIOMTOTO JIA3EPHOTO BUIIPO-
MIHIOBaHHSI (pOTONPUIMAYEM B PEKHUMI IPSIMOTO
(hoToneTeKTyBaHHS.

CrpykrypHO-pyHKLiOHaNbHAa cxema JIB Ha-
BeJIeHa Ha pucC. 4.

ANTOPUTM pOOOTH CXEMH HACTYITHUH.

Curnan TakToBOi YaCTOTH 13 3a7al0U0TO Te-
Hepartopa 3I" mocTynae Ha TpaH3UCTOPHUMN Ja-
BuHHUH Kimrod TJIK. TJIK mo ¢gpoHTy TakTOBOTO
IMITyJIbCY, 10 IPHHAIIOB, (POPMYE IMITYJIBC CTPYMY
yepe3 nazepanit aion JII ammmitymnoro 40A 1 Tpu-

BaJicTiO 5 HC. CBITJIOBHH IMITYJIBC 3 JTA3€PHOTO
niona 3a gponomororo ontudHoi cuctemu OIT ¢o-
KYCYEThCS 1 CIPSIMOBY€THCS MapaiebHO OC1 KOp-
mycy JIB y 6ik moBepxHi 3aBaau. YactuHa eHepril
B1IOMTOTO BiJl MOBEPXHI 3aBaJM CBITIOBOTO 1M-
MyJbCY 32 JOTIOMOTOI0 MPUIMAaIbHOTO 00'€KTHBY
OII 36upaetbest 1 GOKyCyeTbCs HA MalJaHUUKY
¢doronpuitmaya OI1. Enekrpuyunuii immyssce ¢poTo-
BIJIMOBIJII 3 BUXOMY (poTompuiiMada MmocTymnae Ha
BXiJl iMImynbcHOTO miacmitoBada II1. Ha ixmmit
Bxi1 II1 momaeTwhest curnan 3 Buxony opmyBaya
BuMipioBabHOTO iHTEpBany ®BI. ®BI dopmye
BUMIPIOBAJILHUHN IMITyNIbC TpUBalicTiO 14,3 He 3
¢bpoHTOM, cHiBIaJal0uuM 3 (POHTOM IMITYIBCY
TaKTOBOI 4acToTH. [Ipu 30iry 3a 4acom iMImymbCy
¢dotoBianosizai i chopmosanoro GBI Bumipro-
BaJIbHOTO iMIyabcy Ha Buxoxl II1 popmyerbes
IMITyJIbCHHUI CUTHAJ, 10 CBIYUTH MPO MOSBY MO-
BEPXHi 3aBa/I HA NIyKaHii BijacTaHi. Jlani curaan
nocrymnae Ha popMyBau BUX1IHOTO iMITyibey OBI
Jie 00pOOISETHCS 10 33JaHOMY aJITOPUTMY.
MeTox ONTHUKO-EJIEKTPOHHOTO JalibHOME-
TpyBaHHs Ha 0a31 komreHcauii pazoBoro 3cy-
By 0a3yeThCsl Ha TOMY, 110 aBTOMaTU4HA CHUCTe-
Ma, OXOIUIEHA IETJICI0 HETaTUBHOTO 3BOPOTHOTO
3B 513Ky, KOMIIEHCY€ HAOIT (ha3u, KOTpHil OJIepKye

+
E—-CHEJEB Mp. +408
ot T
+80B
oun an
3r TINK m —— .
, =
. on )
-— ®BC ny OUU ®N <=—
| -

Puc. 4. CrpykrypHo-pyHKUioHaIbHa cxema JIB.

JIB - nazepuuit BunpomintoBad; Ol — onTryHa cucrema Jia3epHOro BUIPOMiHIOBaYa,;

@II - poronpuiimay; OD - ontuuHa cucrema potonpuiimada; [111 - noBepxHs 3aBaju;

L - nucranuis cnparopantst OIT; TJIK — Tpan3ucTopHuii TaBUHHUH KITIOY;
3" - 3anarounii reneparop; Crad.+5B - cradinizarop xusnennst OAIL; Ip. - dopmysau Hanpyru +40B ta +80B; IIT -

iMmyabcHuU# miacuoBad; @MU — popmyBad BUMiprOBaIbHOTO 4acoBoro inteprainy; ®BC - popMyBau BUXiIHOTO CHTHATY
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CTUMYJIIOIOUMI CHUHYCOIJaJIbHUI CUTHAN y Ha-
CJIIJIKY MPOJIBOTY ONITHUYHUM ITPOMEHEM TTO/IBIHHOT
JTaJIBHOCTI.

Po3pobneno HOBuil MeTo; 00pOOKH IPHHHSATO-
IO CHTHANY, IO JO3BOJISE MPOBECTH BUCOKOTOU-
He JUCTaHIlIliHe BU3HAYEHHS MapaMeTpiB pyxy
MIBUIKICHUX 00’ €KTIB METOIOM JIa3€PHOT JIOKAIIii.
VYnocKkoHaJICHHS METOY JIOKAIlii JOCATHYTO 3a
paxyHOK MiJBUIICHHS ONTUMAIbHOCTI CTPYKTYp-
HO-(PYHKIIIOHATBHOTO JIIJICHHS MK €IeMEHTaMHU
OIITOCIICKTPOHHHUX JIA3CPHUX CHCTEM.

ExcneprMeHTabHO TIOKA3aHO, 10 Mi>KKaHAIIb-
HUM (a30BUii 3CYB B PI3HUX PEKUMAX POOOTH IpU
4ac-TPOCTOPOBI 0OPOOII CUTHATIB HE T03BOJISIE
MOBHICTIO MOHU3UTHU 3aBajH, IO JIFOTH Ha OiYHI
MIENTIOCTKH JlarpaMu CIIPsIMOBAHOCTI aHTEHHU.

[Ipu 3axucti JIP BUKOprcTaHHS MPOCTOPOBUX
BIAMIHHOCTEH MK KOPUCHUM CHUTHAJIOM 1 3aBa-
JIOI0 peali3yeThesl MUIIXOM PO3HECEHOTO MPH-
romy. Y pasi, KoJau 00poOKa CUTHAJIIB B IPUCTPOT
(bimpTparii € maykoBOIO, HEOOXITHO OIIHUTH 00-
MEXEHHS B IPHUIYIICHH] 3aBajl.

JIP BunpomiHio€e He3racaroui Hayku JIa3epHUX
IMITyNbCiB. 3 OTIISATY Ha 11€ BUIPOMIHIOBAaHHS Bijl-
OMBa€THCS Bl HABKOJIMIIHIX 00'€KTIiB, BIH OTpHU-
MY€ MOKJIUBICTh 3HAUHO ORI TOYHO BU3HAYATH
BiJICTaHb 10 00’€KTa, OJHOYACHO OOYHMCIIIOIOYHN
HOro MBUAKICTh. BimOuTe BUMIPOMIHIOBAHHS BiJ
HEe3aTyXaluMX MadyoK JIa3epHUX IMITYJIbCIB Ja€
MoxJHBIcTh JIP mpaitoBaTu B HECHPUATINBUX
MTOTOJTHUX YMOBaX.

Ha 3acazi mpoBeieHOro KoMIT 10TEPHOTO MOJIe-
JIFOBaHHS OTPUMaHI 3aKOHOMIPHOCTI PO3pO0JIeHO-
TO YIOCKOHAJIEHOTO METOY JallbHOMETPYBaHHS,
B SIKOMY 3aCTOCOBAHO MOJYJISIIIO MapaMeTpiB
CBITJIOBOTO CUTHAITY, 110 JT03BOJISIE IPOBOAUTH BU-
COKOTOYHE BU3HAYCHHS MapaMeTpiB pyXy IIBHI-
KICHUX 00’ €KTIB.

Ha ocHoOBi pe3ynbpTariB MOJENIOBaHHS Te-
peTHHY JiarpaMm CIpsIMOBAHOCTI po3polieHa
KOHCTPYKIIisl MPUHMaJIbHO-TIEPEaaBaIbHOTO
o0’extuBa JIP. Po3ramntyBanns npuiitMaibHUX MO-
TyJTiB MpUAMaIbHO-TIEpeaaBaIbHOrO 00'€KTUBY
MOKAa3aHO HA PUCYHKY 5.

JlaTuuk BUsIBII€ 00’ €KT B yMOBaX BiJICyTHOC-
Ti BUAMMOCTI, HAIPUKIIAJ, KPi3b TaKi 3aBaju sIK
HITY4YHl UMM 1 TyMaH, oMy He 3aBa)aroTh 3a-
BaJIH, SIKi CTBOPIOIOTH CBITJIOB1I0MBarO4i 00'€KTH
[6]. JIP 3naTamii BusBIIATH 1piOHI 00’ €KTH HA Bij-
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Puc.5. IlpuiimanabHo-nepeaaBaJbHuii 00’ ekTus JIP
1 - mpuiimManbHUA MOMYIIB;
2 - BepXHill €IEMEHT KPIIICHHS,
3 - mpuiiMaIbpHO-TIepeaBadbHU 00'€KTHB;
4 - mpuiiMaNbHI OITOBOJIOKOHHI Kabesi OTHOTO KaHaIy
JIP;
5 - BXiJHI eKpaHOBaHi eNeKTpUYHI Kaberi

CTaHHAX /10 15 M 1 ioro BUMPOMIHIOBAaHHS MOXKE
MIPOHUKATH KPi3b CHIT 1 TyMaH.

Woro rabaputy He nepeBuuIyoTh 10x10x5cM.
JIP MOKHa MIAKIIOYUTH 10 OyAb-sSKOi CHCTEMH 32
nomomororo iHTepdeiiciB USB. 3a nomomoroto
crierianizoBanoro npoiecopa JIP Mmoxe crexxutu
32 PyXOMHUMH 00'€KTaMu, BUMIPIOIOYH X IIBH]I-
KICTb 1 BiZICTaHb 10 HUX [7, 8].

[iarpama cnpssMOBaHOCTI 1aT4rKa 3a0e3meuye
MOKPUTTS MOTO HATJISIIOM JOCTATHBO BEJHKI ILJI0-
1. OCHOBHOO 00JIaCTIO 3aCTOCYBaHHSI € YCTAHOB-
Ka TaKuX JaTYMKiB HA BEPTOIBbOTH PATYBAIBHUX 1
aBapiHUX CITyKO, SKi 3MYIICHI 31HCHIOBATH TI0-
CajJIKy B YMOBax TEMPSIBH 1 B TIOTaHUX TIOTOTHUX
YMOBaXx, [0 OOMEXYIOTh OTPHUMAHHS Bi3yalbHOI
iHdopmarlii mpo xapakTep HaBKOJIUIIHBOI MicC-
[IEBOCTI, Ta IHIIUX CHCTeMaX, MPU3HAYCHUX JIJIS
TOYHOTO BUMIPIOBAHHS KOOPAWHAT 1 TapaMeTpiB
PyXy HIBHIKICHUX 00'€KTIB.

BucHoBku

MamnorabaputHuii Bucokorounuii JIP moxe
OyTH BUKOPUCTAHUH SIK y ClleliaNbHIN TeXHilll,
TaK 1 B JICIKUX CyTO IUBUIHLHUX oOmacTsax. Bin
MOKe OyTH TaKOX BUKOPHUCTAHWH JIJIS IIHPOKO-
r0 3aCTOCYBaHHS B CKJIaJli CHCTEeM 3a0e3meueHHs
Oe3neku, B MEJHUIIMHI, HA TPAHCTIOPTI 1 B IHIIKUX
rajgy3sx MpOMHCIOBOCTI 1 rocnogapctsa. Oco-
OTMBO B 00JIACTSX, JIe MAIOTh MiCIIe HECTIPUSTIIMBI
YMOBH, IO YHEMOXXJIMBIIOIOTH BUKOPUCTAHHS
IHIINX TPUCTPOIB.
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OPTOELECTRONIC RADAR FOR THE HIGH-SPEED OBJECTS MOVEMENT
PARAMETER DETERMINATION

Ya. I. Lepikh, V. I. Santoniy, V. V. Yanko, L. M. Budianskaya, 1. O. Ivanchenko
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Summary
This paper solves the problem of increasing the accuracy of non-contact measurements of
the high-speed objects motion parameters by developing laser radar (LR) based on a special laser
sensor and the optimal algorithm for remote high-precision determination the high-speed objects

dynamic characteristics.
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The improved phase-pulse method for the reflected laser radiation parameter measuring by
a photodetector in the mode of direct photodetection has been developed. A new method of the
received signal processing has been developed, which allows carrying out high-precision remote
determination of the fast objects motion parameters by the method of laser location.

The improvement of the location method is achieved by increasing the optimality of struc-
tural and functional division between the elements of optoelectronic laser systems.

On the basis of the performed computer simulation, the laws of the developed advanced
method of long-range measurement are obtained, in which modulation of light signal parameters
is applied, which allows to carry out high-precision determination of the high-speed objects mo-
tion parameters.

Keywords: laser radar, phase-pulse method, high-speed object, motion parameters.
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ONTOEJEKTPOHHUM PAJAP JIJisI BUSHAUEHHSA MAPAMETPIB PYXY
HMBUIKICHUX OB’EKTIB

A. I Jlenix, B. I. Caumoniu, B. B. fuxo, JI. M. Byoiaucvka, I. O. lsanuenxo

MixBinomMunii HayKoBO-HaBUaIbHUN (hi3uko-TexHiuHuil nentp MOH i HAH Vkpainu npu
OpnecbkoMy HallioHaJILHOMY YHiBepcuTeTi iMeHi L1 Meunukosa,
e-mail: ndl_lepikh@onu.edu.ua

Pedepar

B naniit poGoti po3B'si3yeTbes mpobiema miIBULIEHHS TOYHOCT] 0€3KOHTAKTHUX BUMIPIOBaHb
napameTpiB pyXy IBHAKICHUX 00’ €KTiB po3poOKoio azepHoro panapa (JIP) Ha ocHOBI crienianb-
HOTO JIa3€pPHOT0 JAATYHKA 1 ONTUMAIBHOTO AJITOPUTMY AUCTAHLIHHOTO BUCOKOTOUHOTO BH3HAUCHHS
TUHAMIYHUX XapaKTePUCTHK MIBUAKICHUX 00’ €KTIB.

Po3pobneno ynockoHaieHU# (azo-iMIyJIbCHUI METOA BUMIpYy mapaMmeTpiB BiiOUTOTO Jia-
3epHOTO BUIIPOMIHIOBAaHHS (poTonpuitMaueM B pexxuMi npsiMoro ¢poroaeTekryBanHs. Po3pobieHo
HOBHUH MeTOJl 00pOOKHU MPHUIHATOrO CUTHAMY, 110 J03BOJISIE€ MPOBECTH BUCOKOTOYHE JUCTAHIIHHE
BHU3HAUEHHS MapaMeTpPiB PyXy MIBUAKICHUX 00’ €KTIB METOAOM Ja3epHOI JIOKallii.

VYockoHaIeHHS METOY JIOKAIii JOCATHYTO 32 PaxXyHOK MiABUILEHHS ONITUMAaJIbHOCTI CTPYK-
TYpHO-(QYHKIIIOHAJILHOTO JUICHHS MK €JIEeMEHTaMH ONTOCJIEKTPOHHUX JIA3PHUX CUCTEM.

Ha 3acazi mpoBeaeHOro KOMII IOTEPHOTO MOJICIIFOBAHHS OTPUMaHi 3aKOHOMIPHOCTI pO3po-
OJICHOTO YIOCKOHAJIEHOTO METOAY AaIbHOMETPYBAHHS, B IKOMY 3aCTOCOBAHO MOIYJISIIIIO TTapaMe-
TPiB CBITJIOBOTO CUTHAIY, IO JO3BOJISIE MPOBOJUTH BUCOKOTOYHE BU3HAYCHHS MapaMeTpiB Pyxy
MIBUIKICHUX 00’ €KTIB.

KurouoBi cioBa: nazepuuii pagap, Gpa3o-iMImyIbCHUI METO/, IIBUAKICHUHI 00’ €KT, mapame-

TpHu pyxy.
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BUKOPHUCTAHHS YACOBUX TAPAMETPIB CEUCMOCHUI HAJIIB JIJIS
PO3MI3HABAHHA PYXOMUX OB’€EKTIB BIIJIAJIEHUMU CEUCMIYHUMHA
IMPUCTPOAMU
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BUKOPHUCTAHHS YACOBUX TAPAMETPIB CEUCMOCHUI HAJIIB JIJIS
PO3IMI3HABAHHSA PYXOMUX OB’€KTIB BIIITAJJEHUMHA CEUCMIYHUMHA
IMPUCTPOAMU

11 I1. @acmuxoscvkuii, O. B. Trauenxo, A. 1. Jlenix, M. A. [aybepman

AHoOTAalisA. Y cTaTTi Ha OCHOBI aHAJI3y XapaKTEPUCTUK CEUCMIYHUX CUTHAJIIB BiJ JIIOIUHH Ta
TPAHCIIOPTHUX 3aC001B, 1[0 PyXalOThCS, MPOIIOHYETHCS 1 OOIPYHTOBYETHCS TOLUUIBHICTh BAKOPUCTAHHS
YaCOBUX MapaMeTPiB CEHCMOCUTHAIIIB Ul PO3Mi3HABAHHS PyXOMHUX 00’€KTIB BiJIaJICHUMHU aBTO-
HOMHUMH cedcMIYHUMU NPUCTPosiMU. ChopMylIbOBaHI MPOCTI Ta JOCTATHBO HAAIMHI METOIU pPO3-
mi3HaBaHHs pyXoMHX 00’€ekTiB. [IpoBenena anpobariist TAaKMX METOJIIB 3a JOTIOMOTOI0 PO3pOOIEHOTO
aBTOHOMHOT'O CEHCMIYHOTO MPUCTPOIO. BKa3zyeThCsl HA TEXHIKO-€KOHOMIUHY €(DeKTUBHICTH 3arpoIio-
HOBAaHUX METO/IIB y MOPIBHSAHHI 3 BI/IOMUMH PILICHHSMH HA IHIIUX MPUHLIUTIAX.

KurouoBi ciioBa: BignaneHuit ceiicMiyHU MPUCTPIid, 0COOTUBOCTI CEHCMOCUTHAIIIB, JIFOAUHA 1
TPAHCHOPTHI 3acO0M, YACOBI METOU PO3Ii3HABAHHS, arlpoOallis METO/IB.

USE OF SEISMIC SIGNALS' TIME PARAMETERS FOR MOVING OBJECTS
RECOGNITION BY REMOTE SEISMIC DEVICES

P. P. Fastykovsky, O. V. Tkachenko, Ya. I. Lepikh, M. A. Glauberman

Abstract. Based on the analysis of seismic signals’ characteristics from a moving person and
vehicles, the article proposes and substantiates the expediency of using the temporal parameters of
seismic signals for moving objects recognition by remote autonomous seismic devices. Simple and
sufficiently reliable methods for moving objects recognition have been formulated. The testing of such
methods was carried out using the developed autonomous seismic device. The technical and economic
efficiency of the proposed methods in comparison with known solutions based on other principles is
pointed out.

Keywords: remote seismic device, seismic signals features, person and vehicles, temporal rec-
ognition methods, methods testing.
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HUCIOJIb30BAHUE BPEMEHHBIX [TAPAMETPOB CEMCMOCHUTHAJIOB
JJISI PACIO3BHABAHMS IBUKYIINXCS OFBEKTOB YIAJIJEHHBIMHA
CEMCMHUYECKHUMHU YCTPOUCTBAMHU

11. Il. ®acmuikosckuii, O. B. Tkauenxo, A. U. Jlenux, M. A. [1aybepman

AH”HoOTanus. B cTaTtbe Ha OCHOBE aHAJIN3a XapPAKTEPUCTUK CEUCMUYECKUX CUTHAJIOB OT JBU-
KYIIUXCS YeJIOBEKAa M TPAHCTIOPTHBIX CPEJICTB Mpe/jIaraeTcsi 1 000CHOBBIBAETCS 11€71€CO00pa3HOCTh
WCIIOJI30BaHUsI BPEMEHHBIX MapaMeTPOB CEHCMOCUTHAIIOB JUIsl pAaCIIO3HABAHUS JIBUKYIIIUXCS OObEK-
TOB yJaJICHHBIMH @BTOHOMHBIMH CEHCMUYECKUMU yCTpoiicTBaMu. CPOopMyITHPOBAHEI TPOCTHIE U JI0-
CTaTOYHO HAJICKHBIE METOIbI PACIIO3HABAHUS JIBIKYIIUXCA 00beKTOB. [IpoBenena anpobaius Takux
METOJIOB C TIOMOIILIO0 pa3pabOTaHHOTO aBTOHOMHOT'O CEMCMHUYECKOTO YCTPONCTBA. YKa3bIBaeTCs Ha
TEXHUKO-IKOHOMHUYECKYIO 3((HEKTUBHOCTh TPEJIOKEHHBIX METOJIOB 10 CPABHEHHUIO C M3BECTHBIMH

pELIEHUs MU Ha JPYTUX PUHLUIIAX.

KiroueBble ¢JioBa: yIajqeHHOE CEHCMHUYECKOE YCTPOMCTBO, OCOOCHHOCTH CEHCMOCUTHAIIOB,
YCJIOBCK U TPAHCIIOPTHOC CPEACTBO, BDEMCHHLIC MCTO/IbI paCIiIO3HABaHUS, anp06auﬂﬁ METOOOB.

BCTYII

CeiicMiYHI 3ac00U BUSBJICHHS BIIHOCATHCS
710 3ac001B MACUBHOTO THILY 1 BHACIIJOK 1IOTO
MaroTh PsJ] MIepeBar: CKPUTHICTh, HU3bKE SHEp-
TOCIOKMBAHHS, MJIONIAJIKOBA 30HA BHUSBIICHHS.
[Ipu KOHCTpPYIOBaHHI BiJaJIeHMX aBTOHOMHHX
ceicMiuyHux npuctpois (CII), siki MOXyYTb OyTH
IIBUAKO PO3TOPHYTI, 3a3BUYall BUKOPUCTOBYIOTh
TOYKOBI YyTIUBI eeMEeHTH. Taki mpucTpoi ma-
I0Th Y CBOEMY CKJIaJli: YyTJIMBI €JIEMEHTH TeHe-
paropHoro tumy (reodonu abo m'e30eIeKTPUUHI
NEPETBOPIOBAYi), 110 NMEPETBOPIOIOTh CEHCMIYH1
KOJIUBAHHS IPYHTY B €JICKTPHUYHUIN CUTHAI; OJIOK
00pOOKHM CeHCMIYHUX CHTHAIIB, IO JI03BOJISE
3MIICHIOBATH CEJNEKIIII0 KOPUCHUX CHUTHAJIB BiJ
CEHCMIYHOro 1IyMy 1 Kjacugikaliio 3a IpUHLHU-
MIOM <«JTIOJIMHA — TEXHIKa»; pajionepenaBaabHui
070K, SIKUH 3/A1CHIOE Tepeaady MOBiJOMIICHHS
npo BusBieHHS 00'exTy B 30H1 Aii CII 10 nentpy
ynpasiinas [1, 2]. Po3po0ka 1 BUTOTOBIEHHS Ta-
kux CII mae Benuke 3HaYSHHS SIK JUTSI LTI 0XO-
POHM IUBITHHUX 1 BIMCHKOBUX 00'€KTIB, TaK 1 7151
PO3BiAyBaJIbHO-CUTHAMIZAIMHNX 1iIeil. B nanuii
yac Hailbunbm nepcnektuBauMEu CIT as BusiB-
JIEHHsI Ta pO3Ii3HaBaHHS PyXOMHUX OO'€KTIB BBa-
xatoThcs CII, ki BUKOPUCTOBYIOTh CIIEKTPaJIbHI
Ta CHEKTPAILHO-YaCOBI METOAM OOPOOKH ceiicMo-
cur"any [3-8]. Lle, B ocHOBHOMY, MOB'sI3aHO 3 iX
BHUCOKOIO (OUbIT (0,92) BipOTiIHICTIO KOPEKTHOTO
po3mi3HaBaHHs 00'€KTiB. AJie BUKOPUCTAHHS ITHX

20

METO/1iB TIPU3BOUTH J0 3HAYHOTO 301IBIIICHHS 1H-
(dbopMariifHUX Ta eHePreTHYHUX BUTPAT, 110 BKpai
HeOaxkaHo s BigmaneHux aproHomHux CII i
cucTeM Ha iX ocHOBI [9]. Hanmpuknan, Bigmae-
Huii CII, sax okpeMo (yHKIIOHYIOUHHA, TaK 1 TOH,
10 BXOJIUTH JI0 CKIaay Tak 3BaHoro Unattended
Ground Sensor (UGS) [10], sikuit aBTOHOMHO I1pa-
II0€ TPUBAJIUH Yac y pe:KuUMi BUSBICHHS [TOPYIII-
HUKIB KOPJIOHIB Ta JAUISHOK MEBHUX TEPUTOPIH,
MMOBUHECH MATH MiHIMAJIbHE CIIOKUBAHHS €HEPTIi.
VY naHiii CTaTTi IPONOHYETHCS JIsl PO3MI3HABAHHS
PYXOMHX 00 ‘€KTIB y TAKHX BHUIAIKaX BUKOPUCTO-
BYBaTH 4acoBi MeToan 0OpOOKHU ceficMOCHTHA-
Iy, TaK K MPUCTPOI, IO IX BUKOPUCTOBYIOTh, €
€HeproeKOHOMIYHUMH [9] 1 B TOM ke 4yac MOXKYTh
BOJIOZITH 3HAYHOIO BEJIMYMHOIO BiPOTiTHOCTI KO-
PEKTHOTO PO3TMi3HABaHHS PyXOMHX 00'€KTIB.

1. OCOBJIMBOCTI CEHCMOCHI'HA-
JIIB BIJ JIKOAUHU I TPAHCITIOPTHHUX
3ACOBIB, 1O PYXAIOTBCHA
ExcriepuMeHTalIbHI TOCTIKSHHS CEHCMOCIT-
HaJIIB BiJI PI3HUX PYXOMHUX 00'€KTIB BUKOHYBAJIUCS
3a JIOIOMOTO00 PO3pOOJIEHOrO IU(PPOBOTO 3amu-
CYIOYOTO TIPUCTPOIO 3 YaCTOTOIO AMCKpETH3allii
cur”airy 600 I'u. JIo loro KOMITJIEKTY BXOIUB MPO-
MUCIIOBHH BibponepeTrBoptoBay [IH-3-M1, skuit
MOHTYBAaBCSl HA HEBENHUKiH 1mardopmi 3 KOHYCOM
JUTsl yCTAaHOBKH B IPYHT. 3a BIZICYTHOCTI PyXOMOTO
00'eKTy Ha BUXO/Il 3aIMCYIOYOT0 MPUCTPOIO OyIu
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MIPUCYTHI BUTIA/IKOBI CUTHAIIU, B OCHOBHOMY, Ceii-
cMmivHi rymu. L1 mrymu HakIagamucst Ha CUTHAIIH,
10 BUHUKAIOTH MPH pyci 00'ekTiB. CelicMOCUTHA-
JaM BiJl JIIOAWHH, IO PYXa€ThCs, MPUTAMaHHUN
nepioANYHUM OIMONIIPHUM IMITYJIbCHUIN XapakTep
y BUIJISI/II TIAKETiB, 3 HAPOCTAHHSAM OOBIIHOI TIO-
CJIITOBHOCTI IMITYJIbCIiB TIPH TPOXOKEHH] JIFOIU-
HU B HampsIMKy npuctporo (puc.l). Tpusamicts

[\)
T

Hanpyra, B

0 1 1
1 601 1201

1801

Bimmiku

Puc. 1. Ocuujorpama ceiicMiyHOro curuajay Bia
JIIOAVIHM, SIKa e 10 celicMiYHOro peecTpaTropa

IMITyJIbCIB 3aJIEKUTh BiJ OaraTboX mapaMeTpiB
HaBITh JJIS1 OTHOTO THUITY IPYHTY: SIKOCTI KOHTaKTy
B3yTTS 3 TPYHTOM, BIJICTaHI1 JI0 JIFOJIMHU, IBH/]I-
KOCTI XOJIbOM, MacH JIFOAMHM 1 cTaHOBUTEL 100
Mc...300 mc. Ilepiox mpOXOmKEHHS IMITYJIbCiB
(KpOKIB JTIOAWHU) B 3aJI€KHOCTI BiJ IIBUIKOCTI
pyxy monuHu ctanoButh 0.3 c...1,5 ¢. lng cur-
HAIB Ha BificTaHi 15 M Bif] JTIOMUHU, IO PyXa€Th-
Csl Ha CTENOBOMY I'PYHTI, XapaKTEepH1 CIIEKTPH 31
cMyTOF0 YacToT mpubiu3Ho Bix 3 1o 100 I'x (puc.
2, KpuBa 3BUYaiiHO1 TOBIKMHM). OTpUMaHi pe-

Hampyra, B

1 25 48 71 95

YacTtora, I'1g

Puc. 2. CnexkTpu ceiicMoCUrHaJiB BiJ JIIOMHMHU, 110

pyxaeTbes, Ha BiAcTaHsAX Bil ceficMiyHOro peecTparopa:

15 M (kpuBa 3BHYAHHOI TOBIUMHM), 25 M (IOTOBIIEHA
kpuBa). IpyHT crenoBuii

3yJBTaTH SKICHO Y3TOJKYIOTBCS 3 pe3yJabTaTaMH,
0 oTpuMauH iHmI apropu [11, 12]. Ane y nanii
poOOTI 1Ie TOAATKOBO aHAI3yBaJIKCS CIEKTPH
CUTHAJIIB Ha PI3HUX BiACTaHsIX Bij JMoaunu. byno
BCTAHOBJIEHO, 110 31 301IbLICHHAM L€l BiaCcTaH1
BEPXHS MEKa YaCTOTHOI CMYTH 3HUXKYEThCS (pHUC.
2, moTtoBIeHa KpuBa). Llei edekr nos's3anuii 3
J€I0 TIPUIIOBEPXHEBOTO APy IPYHTY, B IKOMY
MOIIMPIOETHCS TOBEpXHeBa XBUIIsl Penest Bij Ha-
3eMHOTO JDKepesia CeMCMIYHUX KOJMUBAHb 1 KU
rpae posb (PUTETpa HU3BKUX YaCTOT, TOOTO CHITbHI-
11e nmoruHae BUCoki yactotu [13, 14]. [TorpiObHo
TaKOXX BpaxyBaTH, L0 BIACTHBOCTI IPYHTY, SIK
1H(pOpMaLIfHOTO KaHaITy, 3aJ1€XKaTh BiJ IPUPOAHO
- ximiMatugHUX dakropis [15, 16]. Y pesynbrarti
HE 3aJIUILIAIOTHCS CTPOTO MOCTIHHUMU Hi IUPHUHA
CIEKTpY, Hi 10ro CTPYKTypa HaBITh JIJIsl OHOI BiJI-
CTaHi JI0 PyXOMOro 00'€KTy 1 TOTO Y THITY TPYHTY.

CeiicMiuHi CHUTHAJIY, 1110 BUHUKAIOTH MIPH PyCl
TPAHCIOPTHOTO 3aco0y, HANPUKJIIal, KOJICHO-
ro TPAHCTIOPTY, XapaKTepU3ylThCs BiJCYTHIC-
TIO SICKPaBO BUPa)KEHOI MepiognyHocTi (puc. 3).

Hanpyra, B

O 1 1 1 1 1
1 1001 2001 3001 4001 5001

Bimmiku
Puc. 3. Ocuuaorpama celicMiuyHOro CHUrHajy Bij

JIErKOBOT0 aBTOMOOIJI0, IO MPOIKIAKAE
peecTparopa

nmoB3

[{i curHaau MarTh Oe3nepepBHUIN OIMOISIPHUT
xapaktep. Cursai, mo BHHUKAE B ceiicmorne-
peTBOPIOBaUl MPH PycCi TPAHCIIOPTHOTO 3aco0y,
00yMOBJIEHHI KOHTAKTOM IINH 3 TPYHTOM 1 Te-
penayero IpyHTy MeXaHI4HuX BiOpariiii JBUryHa i
TpaHcMmicii. CieKTp CUrHaITy BU3HAYAETHCS TUTIOM
TPAHCIOPTHOTO 3aco0y, MBUIKICTIO HOTO PyXY,
BIJICTAHHIO JI0 PYXOMOTO 00'€KTY, CTPYKTYpH 1
ctany IpyHTy. [Ipu HaGnMKeHH1 TPaHCIOPTHOTO
3aco0y 0OBITHAa CUTHAJTY 3pOCTa€, a TP BUJIAJICH-
Hi 3MeHIyeThes (puc. 3). Crnexrpu celicMocir-
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HaJIB TpH BiJCTaHI 25 M JI0 TEXHIKHU (JETKOBUI
aBTOMOO1JIb) Ha CTEIIOBOMY IPYHTI 3HAXOAATHCS
B cMy3i yactot Bix 3 g0 60-70 I'y (puc. 4, xpu-
Ba 3BMYaliHOT TOBmIMHMK). [Ipu 301IbIICHH] BifI-
ctani 10 40 M BepxHs MeXa YaCTOTHOI CMYyT'H

Hanpyra, B
(e} p—
S L o= W N

1 9

18 26 34 42 50 59

YacrtoTa, I'g

Puc. 4. CnekTpu ceiicMOCUTHAJIB BiJl J1erkoBoro
aBTOMOOIJI0, 110 PYXA€EThCSH, HA BiJACTaHAX Bix
ceilicMiuHOro peecrparopa: 25 m (KpuBa 3Bu4aiiHol
ToBmUHM), 40 M (HOTOBIIEHA KPUBa). [ pyHT cTrenoBuii

3 BIIMIYEHUX BUIIE MPUYUH 3HUKYETHCS (pHC.
4, motoBiieHa kpuBa). OTpuMaHi CIEKTpaibHI
Jliara3oHy XapakTepHi Ui IpsAMoi i Macu aBTo-
MoOLIs yepe3 konieca Ha IpyHT [17]. Po3mupenns
criekTpanbHoro aianazony ao 100-150 I, ske
CTIOCTEpirajiocsi Ha BIACTaHAX 70 15 M, 00ymMOB-
JIEHO TMepelavyeto I'PYHTY MEXaHIYHUX BiOpariii
JBUTYHA 1 TpaHcMicii [5, 6, 17].

2. PO3MII3BHABAHHS CEHCMOCHUT HA-

JIIB BIJI JIFOAUHU TA TPAHCIIOPT-

HUX 3ACOBIB, IO PYXAKTbBCS

3 aHANIM3y XapaKTePUCTUK CEWCMIYHUX CHT-
HaJIiB BU3HAYAETHCS O3HAKOBUH MPOCTIp - HAOIp
1HpOPMATUBHUX MTApaMETPiB CUTHAJIB /IS KJIACH-
¢ikanii pyxoMux 00'ekTiB. 3 ypaXyBaHHSM 3a3Ha-
YEeHOI BHIIE 3aJIE)KHOCTI CIIEKTPIB CeHCMOCHUTHA-
JiB B MicI iX peecTparii Bil 3MIHHUX ITapaMeTpiB
JDKepelia CUTHaITy 1 KaHaily nepenayl iHdopMarii
(TpUMOBEPXHEBHH AP 3€MJIi), 110 MPU3BOIUTH
70 oXuOKH Kiacugikaiii, CHeKTpalibHI Xapak-
TEPUCTUKU CUTHAJIB 1 1X 0COOIUBOCTI HE BUKO-
PHCTOBYBAJIUCH Y SKOCTI KIacU(iKaIIMHIX 03HAK
JUIsL BUSIBIICHHS JIFOJIMHU Ta TPAHCHOPTHUX 3aCO-
61B. Tpeba TakoX BIA3HAUNTH, [0 BUKOPUCTAHHS
JUTS 1TiIei kiacudikariii pyxoMux 00'€KTiB CIeK-
TpaJIbHUX, YACTOTHO-YACOBUX Ta CTAaTUCTUYHHX
MeToiB 00poOKu ceiicmocurHany [3-8, 18] 3Ha-
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YHO YCKJIaIHIOE 00pOOKY CUTHAIIB 1 301IIBIIYE 1H-
(dopmariiiHo-eHepreTUuH1 BUTpaTH. A 1ie BKpail
HeOaXkaHo ISl aBTOHOMHUX, Bigaanenux CII.

Tomy y sikoCTi iH(pOpMATHUBHUX Kilacu(ika-
IHHUX MapaMeTPiB CEUCMOCHUTHAIIIB BiJl JIFONIU-
HU, 10 PYyXa€ThCs, 3 YpaxyBaHHSIM HaBEACHUX
BUIIIE €KCIICPUMEHTAIbHUX JaHUX OOHpanCs ya-
COBI TTAPAMETPH: TPUBAJICTH CEHCMOIMITYJILCIB T,
Bix 100 mc 10 300 Mc 1 mepiof X MpOXOIKEHHS
T, Bin 0,3 ¢ no 1,5 c. PosmizHaBaHHs JIFOMMHM 110
il ceficMoimmysbcax 0a3yeThCs Ha BU3HAUCHHI
MikpokoHTposepom CII ux mapamerpisB 3 aHa-
T3y ceilicMOocHUrHaIy Ta iX MOpIBHSAHHI 13 3aJaHH-
MU B HOro mam'saTi 4aCOBUMU 1HTEpBaJIAMH MPU
KUTBKOCTI ITOCITIIOBHO 3apEECTPOBAHUX IMITY/ILCIB
N=5. Skmo oOuaBI BUMIpSIHI BETUUYUHH T, 1 T,
MOTPAIUISIFOTh Y BKa3aHi Jiarna3oHu BiAIOBIIHUX
rapamMeTpiB B KOKHOMY 3 IT"ITH TTOCTIIOBHUX 1M-
MYJIBCIB, TO PUCTPIH BUIAE CUTHAJ PO BUSIBIICH-
HS1 JTIOAUHU. [|J1 3MEHIIeHHS TIOMIJTKOBUX CITpa-
[[OBYBaHb MPUCTPOIO NMPU MPOHUKHEHH] B 30HY
Horo BUSIBIIEHHS TBAPUH HA BIAMIHY BiJl BITOMUX
pucTpoiB [9, 19] nomaTkoBO BBOAUTHCS YaCOBUI
KpUTepi Bi1OOpY, MOB'sI3aHUIA 3 0COOTMBOCTIMU
pPyXy cepenHix 1 Benmukux TBapuH. Lleit kpurtepiit
YTBOpPIOE TpeTiil iHpopMaTUBHUN Kilacu(iKailii-
HUU TapaMeTp celicMOCUTHAIIB Bij JIFOAUHU, 110
PYXa€eThCs, 1 IPYHTY€ETHCS] HA €KCIICPUMEHTAIBLHO
BCTAHOBJICHOMY (paKTi, 1110 BIJHOILIEHHS MaKCH-
MaJIbHO1 1 MIHIMaJIbHOT TPUBAJIOCTI CEHCMIYHOTO
iMoyascy T, /T, . Ticns m'STH MOCIIOBHUX
IMITYJIBCIB, IO MPOMIILIN KPUTEPIT BIAOOPY 32 Be-
nuurHam T, 1 T, Juist ToIMHM He MepeBuITy € Be-
nuauHY 1,25, a 11 90TUPUHOTO1 TBAPUHHU 11€ BijI-
HOILIEHHS 3aBKau Outblie 1,25. 3anpornoHoBaHui
METOJ pO3Mi3HaBaHHs JIOIUHU, 110 0a3yeThcs Ha
BUKOPHUCTAHHI YaCOBHUX MapaMeTpiB CEHCMOCHUT-
HaJiB (YacOBUI METOJ pO3Ii3HaBaHH:), 10 TOrO
x 3axumae CII 1 Big IeaKkux 1HIINX HTOMHIKOBUX
CHpaIbOBYBaHb, HAIIPHUKIIAJL, Bl pa30BHX a00 He-
NEepIOANYHUX CEHCMIYHUX 1 HABEIEHUX B IPYHTI
AKyCTUYHHUX IMITYJIbCIB.

Sk Oyno 3a3Ha4YeHO BUIIE, CEHCMOCITHAIN
B1Jl PyXOMHX TPAHCIOPTHUX 3ac001B MaloTh 0€3-
MepepPBHUIN XapaKTep, a MpU HAOIMKEHH] TeXHi-
KM 00BiJJHA CUTHAJIy 3pocTae. besnepepBHICTh
CUTHAJIy BHUTIKA€ 3 aHAJII3y MIKPOKOHTPOJIEPOM
CEUCMIYHOTO TPUCTPOIO Horo Tpusanocti. [Ipu
TPUBAJIOCTI OUIBIIE OHIET CEKYHIU MIPUCTPIN BH-
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3Haua€ CUrHaJ K Oe3nepepBHUi. Sk 03HaKa Ha-
ONMKEHHS] TPAHCIIOPTHOTO 3aco0y BUOMpPAETHCS
BigHomenns U / U - BEJTHYMH CEPENHBOTO 3HA-
yeHHs 00BIJHOI CUTHAIIB B MOMEHT BUSIBIIEHHS
curHainy t = 0 1 B HacTynHui MomeHT t = 1. Kpu-
TEpieEM MO3UTHUBHOTO PIIlICHHS BUOPAHO CIIBBIiJI-
nomwenns (U /U)"' > 1,5. Bennuuuna T He 0OfiHO-
3Ha4YHa, BOHA 3MiHIoeThes Big 0,5 ¢ 10 5 ¢ 10 THX
ip, MOKU peanizyeThcs (abo He pearmizyeThes)
HaBEJCHE BMIIE CHIBBIAHOIICHHS. Lle moB's3aHo
3 MOXKJTMBUM PO3KHIOM IIBUIKOCTESH TPAHCIIOPT-
HOTO 3aco0y, 110 HAOIMKYETHCS: TPU OIIBIIIH
IIBUAKOCTI MOTPIOHO MEHIIIE Yacy A peai3arii
3a3HAYEHOI'0 CIIIBBIAHOIIEHHI. 3a3HayeH]l YacoBl
KiacudikamiifHi 03HaKu BU3HAYAIOTh METOJT PO3-
Mi3HaBaHHS TPAHCIIOPTHUX 3aC001B, SIKUH 10 TOTO
x 3axuiae CII Big MOMUIKOBUX CIIpalibOBYBaHb
P IMITYJIbCHOMY XapaKTepi CUTHAIIIB.

3. AITPOBALISA METOAIB

PO3ITII3HABAHHA

Amnpo0artisi 3aIpONOHOBAHUX METOJIB PO3Ii3-
HaBaHHsS pyXoMHX 00’€KTiB BijOyBanacs 3a J10-
IIOMOTOI0 PO3pOOJIEHOTO paHille aBTOHOMHOTO
manoradbaputaoro CII [17], Ha crenoBoMy IpyH-
Ti SIK y BIJICYTHOCTI, TaK 1 B IPUCYTHOCTI pi3-
HUX NEepelKos 6e3MepepBHOro Ta iMIyIbCHOTO
XapakTepy, 30KpeMa, BeTUKUX (KiHb) 1 CepeaHix
(xo3a) TBapuH. SK mpaBumIIO, JKEpesa HOMUIIKO-
BUX CIpalbOBYBaHb IIPUCTPOIO MAIOTh a00 YHUCTO
ceficMiuHy npupoay (pyXoMi TBapHHH, AEPEBO,
10 PO3rOMIy€ETHhCS Ha BITP1, MEPIOAUYHI yIapu
1O 3eMJIi BiJl PI3HUX TEXHIYHHUX 00'€KTiB), a00
MIpUpPO.Y, NOB'sI3aHy 3 HABEAEHOIO 3BYKOM CEM-
CMIYHOIO XBHUJICIO, SIKA MOYK€ BUHUKATH SIK B1J
MOBITPSIHUX TPAHCIOPTHHUX 3ac00iB, TaK 1 BiJ
MIPUPOIHUX SABUII (TYPKIT TpoMy Ta iH.). Y poOoTi
[17] nHaBegeHO TakO’K OCHOBHI MPUHIIAIIA POOOTH
0JI0Ky 00pOOKH CEHCMOCUTHAITY, 1110 BU3HAYAIOTh
MpOIIeC BUSBICHHS CEHCMOCUTHAIB BiJl PyXOMHX
00’ €KTIB.

[IpucTpiit po3minnyBaBcs y BUKOTIAHIN HA TJTH-
6uny 0,3 M nyHui. TpaHcmopTHUM 3aco0oM OyB
nerkoBuil aBToMoOIb. [IIBUIKICTh IEpecyBaHHS
JIFOIMHHU 3MIHIOBAJIACS BiJ MOBIIBHOI XOIbOU 110
o6iry, a apromo0imo - Bix 10 kM / rox 1o 50 km /
roz. Sk 3a3Havanocs, Uit 3SMEHIICHHS TIOMHJIKO-
BUX CIIPAllbOBYBAaHb NMPUCTPOIO MPHU BUSABICHHI
JIONIMHHU, IO PYyXAEThCS, HA BIIMIHY BiJ BiIOMHX

PO3BIAYBaILHO-OXOPOHHHUX CEHCMIYHUX MPUCTPO-
iB 10 METOMy PO3Ii3HABAHHS JIFOJAWHU JI0IATKOBO
BBOJIMBCSI KPUTEPiH B1IOOPY, MOB'I3aHUNA 3 0CO-
OMMBOCTAMM pyXy TBapuH. B pesynbrari Bipo-
TIHICTh KOPEKTHOTO PO3Mi3HABAHHS NMPUCTPOEM
JIOAVHY B MPUCYTHOCTI PI3HUX MEPEIIKO Cei-
CMIYHOTO IMITYJIbCHOTO XapaKTepy CKiajana He
menie 0,9. J1ocTOBIpHICTh pO3Mi3HABAHHS JBOX
1 OubIIe 0ci0, MO PyXarThCs B 30HI BUSABICHHS
MPUCTPOIO, MAJAE, IO TIOB'A3aHO 31 3SMEHIICHHIM
BIPOT1THOCTI MOTAaHHsI HAWOIMKINX JTBOX CEH-
CMOIMITYJIBCOB BiJl ITUX OCI0 y 3aJjaHuil IHTEpBaJ
nepioy MPOXOKEHHS IMITYIbCiB. BiporigHicTh
KOPEKTHOTO PO3ITi3HaBaHHS TPAHCIIOPTHOTO 3aC0-
Oy, 1110 HAOJIMKAETHCS 10 CEUCMIYHOTO IMMPUCTPOIO,
3a HasIBHOCTI pi3HUX mepemkon ckianae 0,84.
BuxopucranHsi 4acOBUX METO/IIB PO3Mi3HABAHHS
Ha BIJIMIHY BiJl CIIEKTPaJIbHHUX 1 CIIEKTPAIBHO-
yacoBuX MeToiB Ao3Bonuio CII mpairoBatu 3
MajJuM eHeprocnoxuBaHHsaM: 10 MBT B pexumi
posmizHaBanHs 1 0,3 MBT B pexkumi ouiKyBaHHS
[17].

4. BUCHOBKHA

TakuM YMHOM BCTAHOBJICHO, 1110 JJIS Bijiase-
Hux aBToHOMHUX CII y sikocTi MeToniB po3mi3-
HABaHHS JIIOJWHU 1 TPAHCIIOPTHHUX 3ac00iB, 110
PYXalOThCs, MOXKYTh 3 YCITIXOM 3aCTOCOBYBAaTHUCS
METO/H, SIKI BUKOPUCTOBYIOTh YaCOB1 TapaMeTpu
CEUCMIYHUX CUTHAIIB Bl X 00’ ekTiB. Brocko-
HAJICHI YaCOB1 METOU PO3Mi3HABAHHS JO3BOJISATH
BignanieHuM aBroHoMHUM CII mpu HE3HAUHOMY
€HEProClOKMUBAaHHI MAaTH 3HAYHY BEJIUYHUHY Bi-
POTiIHOCTI KOPEKTHOTO PO3Ii3HABAHHS PYyXOMHUX
00'ekTiB. Y MOPIBHIHHI 13 CIIEKTPAIbHUMHU, Yac-
TOTHO — YaCOBUMH 1 CTATUCTHUHUMH METOJaMU
3aIpOIIOHOBAaHI YaCOB1 METOY 3HAUYHO IMPOCTIIIEe
1 1O3BOJISIFOTH KOHCTPYIOBATU BiJJajieH1 aBTO-
HomHi CII 3 MiHIMaTbHUMH €HEPTeTUYHUMHU BHU-
TpaTamMu.
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Summary

The aim of the work is to determine improved temporal methods for recognition of a moving
person and vehicles and the effectiveness of their use by remote autonomous seismic devices. Cur-
rently, the most promising seismic devices for the detection and recognition of moving objects are
considered to be devices that use spectral and spectral-temporal methods of seismic signal process-
ing. This is mainly due to their high probability of the objects correct recognition. But the use of
these methods leads to a significant increase in the information and energy consumption, which is
extremely undesirable for the remote autonomous seismic devices and systems based on them. The
article proposes to use the energy-efficient temporal methods of seismic signal processing and the im-
proved recognition methods based on the use of temporal parameters of seismic signals to recognize
moving objects in these cases. To implement this and to reduce false alarms of the seismic devices,
when animals penetrate into their detection zone, in contrast to the known devices, a temporal selec-
tion criterion related to the motion characteristics of medium and large animals is additionally intro-
duced into the recognition method of a moving person. The testing of the recognition methods has
shown that the proposed methods allow autonomous seismic devices to have both the insignificant
power consumption and a significant value of the probability of the moving objects correct recogni-
tion. Compared with spectral, time-frequency and statistical methods for moving object recognition,
the proposed temporal methods are much simpler and allow to design the remote autonomous seismic
devices with minimal energy consumption.

Keywords: remote seismic device, seismic signals features, person and vehicle, temporal rec-
ognition methods, methods testing.
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Pedepar

Merta po0OoTH mossirae y BU3Ha4€HHI BIOCKOHAIEHUX YaCOBUX METOJIIB PO3Mi3HABAHHS JIIOIUHH
1 TPAaHCTIOPTHHX 3aC001B, 1110 PyXalOThCs, Ta €(PEKTUBHOCTI IX BUKOPUCTAHHS BiJIaJICHUMHU aBTOHOM-
HUMH CEHCMIYHUMHU NPUCTPOSIMU. B nmanuii yac HalO1IbII NEPCIEKTUBHUMH CEHCMIYHUMHU IIPUCTPO-
SIMU JIJTs1 BUSIBJICHHS 1 PO3II3HABAHHS PYXOMHUX 00'€KTIB BBAXKAIOTHCS MPUCTPOT, 110 BUKOPUCTOBYIOTh
CHEKTPaJIbHI 1 CIIEKTPaIbHO-4acoBl MeToAM 00poOkH ceiicMociruany. Lle moB's3ano, B OCHOBHOMY,
3 1X BUCOKOIO BIpOTiHICTIO KOPEKTHOTO PO3Mi3HABaHHS 00'€KTiB. AJle BUKOPUCTAHHS ITUX METOJIIB
MIPU3BOAUTE JI0 3HAUHOTO 3017IbIIEHHS 1H(QOPMAIIIHUX 1 eHEPTeTHUHUX BUTPAT, 1110 BKpail HeOakaHO
JUIS BiIJAICHUX aBTOHOMHHUX CEMCMIUHUX MPHUCTPOIB 1 CHCTEM Ha iX OCHOBIi. Y CTaTTi MPOMOHY-
€TbCS /IS PO3IMi3HABAHHSA PYXOMHUX O0'€KTIB B IIMX BHIIAJKaX BUKOPHCTOBYBaTH €HEPrOCKOHOMIUHI
4acoBi MeTOU 0OpOOKU ceiicMocirHamy 1 BIOCKOHANICHI METOIM PO3Mi3HABaHHS, 10 3aCHOBaHI HA
BUKOPHCTaHHI YaCOBHUX MapaMeTpiB cericMocirHaiis. s peanizalii bOro Ta 3 METOI0 3MEHIICHHS
MTOMUJIKOBHX CHPAIlbOBYBaHb IMPUCTPOIB MPH MPOHUKHEHHI B 30HY iX BUSBJICHHS TBAPUH 10 METOIY
PO3Mi3HABaHHS PyXOMOI JIIOAMHU HA BIAMIHY BiJ BIIOMUX MPUCTPOIB JOIATKOBO BBOJUTHCS YACOBHM
KpuTepiil BiOopy, 110 MOB'I3aHUI 3 0COOIMBOCTAMHU PYXy CEPEAHIX 1 BETMKUX TBapHH. Anpodartis
METO/IiB pO3Ii3HABaHHS MOKa3aJ1a, 10 3alPOIIOHOBAHI METOIH JJO3BOJISIOTh aBTOHOMHUM CEHCMIYHUM
MPUCTPOSIM MIPU HE3HAYHOMY €HEPrOCHOKHMBAHHI MaTH 3HAYHY BEJMYMHY BipPOTiTHOCTI KOPEKTHOTO
po3Mi3HaBaHHS PyXOMHUX 00'€KTiB. Y MOPIBHAHHI 31 CHEKTPATbHUMH, YACTOTHO - YaCOBUMH 1 CTa-
TUCTUYHHUMHU METOJIaMHU PO3Ii3HaBaHHS PYXOMHUX OO0'€KTIB 3aIPOIIOHOBAHI YacOBI METOAM 3HAYHO
MPOCTIILE 1 JO3BOJISAIOTH KOHCTPYIOBATH BiJiIaliCHI aBTOHOMHI CEWCMIUHI MPUCTPOi 3 MiHIMAIbHUMU
€HEPreTUYHUMH BUTPATAMHU.

KurouoBi ciioBa: Binnanenuii ceficMiuyHuiA TpucTpiif, 0COOIUBOCTI CEMCMOCHTHAIIB, JIFOMHA 1
TPAaHCHOPTHI 3acO0M, YACOBI METOJU PO3IMi3HABAHHS, arlpodallis METO/IB.
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IMPLEMENTATION AND EXPERIMENTAL RESEARCH OF THE TEST AND
REFERENCE SIGNALS DIGITAL GENERATORS FOR IMPEDANCE MEASUREMENT
IN WIDE FREQUENCY BAND

V. G. Melnyk, P. 1. Borschov, V. K. Beliaev, O. D. Vasylenko, O. L. Lameko, O. V. Slitskiy

Abstract. The structure and construction of the unified basic measuring module for creation
of the broadband means for impedance measurement are described, which was used by us to study
the important metrological characteristics of the test and reference signals digital generators for such
devices. The sources and the magnitudes of the modular and phase errors are determined for the
measuring channels with direct conversion of the impedance parameters and with compensation of
the phase shift of the signal in the measurement object, as well as for the channels with balancing the
measuring circuit modulo and phase. The researches shown attainability of measurement errors of
an object impedance on absolute value and on its phase angle tangent less than 0.1% at frequencies
up to 1 MHz. At the frequency of 1 kHz, the measurement error on the quadrature parameter did not
exceed 0.001%. The study of the two-phase generators with precise adjustment of phase difference
of reference and test signals showed the ability to achieve the time errors of their formation no more
than a few nanoseconds.

Keywords: impedance, measurement, phase error, test signal, reference signal.

PEAJIIBAIIA TA EKCIEPUMEHTAJIBHI JOCJII/KEHHA HIMPOKOCMYTI'OBUX
HNUP®POBUX 'EHEPATOPIB TECTOBHUX I OIIOPHUX CUTHAJIIB JIJIA
BUMIPIOBAHHS IMIIEJAHCY

B. I’ Menvnux, I1. I. bopwos, B. K. bensaes, O. /I. Bacunenko, O. JI. Jlameko, O. B. Cniybkuu

AHoTaniss. OnucaHo CTPYKTypy Ta KOHCTPYKLIIO YHI()IKOBAHOTO 0a30BOTO BUMipIOBAJIILHOTO
MOYJIsI, IPU3HAYSHOTO /sl OOYI0BH MIMPOKOCMYTOBHX 3aC001B BU3HAYCHHS ITaPaMETPIB IMIIEIAHCY,
AKUH OyJ10 BUKOPUCTAHO JUJIS TOCTIPKEHb BaXXJIMBUX METPOJIOTIYHUX XapaKTEPUCTUK HUDPOBUX
reHepaTopiB TECTOBUX Ta ONOPHUX CUTHAIIB, IO 3aCTOCOBYIOThCA B TAKUX MpUiIajax. BusHaueHo ike-
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perna i OI[iHEeHO BETMYMHU MOIYIBHUX 1 ()a30BUX MOXUOOK BUMIPIOBAJILHUX KaHAJIIB 3 IPSIMUM TIepe-
TBOPEHHSIM ITapaMeTpiB IMIEAAHCY Ta KOMIIEHCALi€r0 (ha30BOr0 3CyBY CUTHAIY B 00’ €KTI BUMIpIOBAaHHS
Ta KaHAJIIB 31 3piIBHOBAKEHHSAM BHMIpPIOBAILHOTO KOJIa 32 MOzyneM i ¢azoro. IlokazaHo, 1o moxudku 3a
MOJIyJIEM Ta TaHTeHCoM (ha30BOTo KyTa 00’ ekTa BuMiptoBanHs He ripire 0,1% Ha yactoTtax mo 1 MI'm.
Ha yacrori 1 xI'i moxu6ka o kBajgparypHomy napamerpy He nepesuiysana 0,001%. Jocnimkenns
IBO(a3HUX TEHEPATOPIB 3 TOYHUM PETYIIOBaHHAM pi3HHII (pa3 KOrepeHTHUX TECTOBUX Ta pede-
PEHCHUX CUTHAIIB IMOKAa3aJId MOXKIIUBICT JOCATTH YaCOBUX MOXMOOK IpH iX popMyBaHH1 He Oiblie
KIJIBKOX HAHOCEKYH]I.

KurouoBi ciioBa: imMrienanc, BUMiproBaHHs, (ha30Ba MOXuUOKa, TECTOBHIA CUTHAJ, OMOPHUIN CUTHAIL

PEAJIM3ALIUA U DKCIIEPUMEHTAJIBHOE UCCJIIEJOBAHUE
HIMNPOKOIIOJIOCHBIX HU®POBLIX 'TEHEPATOPOB TECTOBBIX 1 OIIOPHbIX
CUI'HAJIOB IS UBSMEPEHUA UMIIEJAHCA

B. I Menvuux, I1. M. bopwes, B. K. benses, A. /[. Bacunenxo, A. JI. Jlameko, A. B. Cnuykuti

AHHoTanus. OnucaHbl CTPYKTypa U KOHCTPYKIUS YHU(DUIHUPOBAHHOTO 06a30BOT0 U3MEPH-
TEJIBHOTO MOAYJIA, IPEIHA3HAUEHHOIO JJIsl IOCTPOEHUSI IIMPOKOIOJIOCHBIX CPEICTB ONPEIEICHUS
napaMeTpoB UMIIEIaHCa, KOTOPBIH OBbLIT UCIIOIB30BAH JIJIsl HCCIIEAOBAHUNA BaKHBIX METPOJIOTUYECKUX
XapaKTEePUCTUK MU(PPOBBIX TEHEPATOPOB TECTOBBIX U OMOPHBIX CUTHAJIOB, IPUMEHSIEMBbIE B TAKHX
npubopax. OnpeneneHbl HCTOUHUKU U OI[CHEHBI BEIMYMHBI MOAYJIBHBIX M (Pa30BBIX MOTPEIIHOCTEN
M3MEPHUTEIbHBIX KaHAJOB C MPSIMBIM NMPEOOPa30BaHUEM MapaMEeTPOB UMIIEIAHCA U KOMIIEHCAIEH
(a30BOroO CABUTa CHrHAJIa B OOBEKTE N3MEPEHUS, a TAK)Ke KaHAJIOB C YPaBHOBEIIMBAHUEM MOCTOBOM
LENH 110 MOAYIMIO U (aze. JJoCTUTHYTHI MOTPEIIHOCTH IO MOAYJIIO UMIIEaHCca 00bEKTa U3MEPEHHS U
TaHreHcy ero ¢aszoporo yria He xyxe 0,1% nHa yactotax 1o 1 MI'u. Ha wactore 1 kI’ morpemHocts
o KBajipatypHomy napametpy He npesbimana 0,001%. [TorpemHocti o BpeMeHn HopMUpOBaHUs
TECTOBBIX M PePEPEHCHBIX CUTHAJIOB B JBYX(ha3HBIX 'eHepaTopax ¢ TOUHON PeryJIupOBKOM pa3HOCTH
ux (ha3z He MPEeBBIIIATN HECKOJIBKUX HAHOCEKYH/I.

KiroueBbie ci10Ba: umrenanc, u3mMepeHus, (pa3oBast morpenHoCcTb, TECTOBBIM CUTHAJ, ONOPHBIN
CUTHAJL.

Introduction

The article [1], published in a previous issue of
the journal, shows an effective way to solve the
main problem in creation of the broadband means
for impedance measurement - significant increas-
ing of errors under dividing the information signal
into quadrature components with increasing fre-
quency. The results of the development of broad-
band digital generators of test and reference sig-
nals using Johnson ring meters, which ensure very
small phase errors, are presented. The structures
and principles of operation of impedance meters
that can be implemented on their basis with using
the impedance - voltage conversion, the bridge
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method with balancing by module and phase of
the imbalance signal, as well as their combina-
tions are considered. The following are the re-
sults of development and metrological research
of fundamentally important characteristics of the
prototype of the basic module of a high-precision,
broadband measuring channel designed for the
construction of information and measuring sys-
tems.

Research equipment
Based on a set of new technical solutions for

the test and reference signal generators described
in [1] as well as software and hardware for par-



Sensor Electronics and Microsystem Technologies 2020 —T. 17, Ne 3

allel-serial conversion of information signals [2],
a new basic measuring module MXP-6 was de-
veloped. This module can be the basis for the
creation of the impedance-meashuring devices
that are competitive with respect the best world
models of similar equipment. More detailed in-
formation on these issues can be found in the
references of the article [1], in [3], in the review
[4], in the materials of joint works of the national
scientific school on precision impedancemetry and
NIST (USA) [5,6], as well as on sites of leading
foreign companies, in particular [7 - 9].

Figure 1 shows its structure and photograph as
part of the measurement and information system.

The module includes generator of test and ref-
erence signals of GTRS, the unit of conversion
of informative signals based on three multi-bit
integrating ("multi-slope") ADC of the MAX-132
type with the synchronous (phase-sensitive) detec-
tor (SD) on the input, a source of constant refer-
ence voltage Uref for ADC and GTRS. The block
diagram also includes precision and high-discrete
voltage regulator with direct and inverse output
based on two integrated 12-bit analog-to-digital
converters DACI and DAC2, type AD7945 and
operational amplifiers: current-to-voltage con-
verter (I/U) and inverter (INV), as well as micro-
controller (MC), type STM32L152. The special-
ization of the measuring channel for specific tasks
performes the measuring block (MB), to which
the object under study is connected (sensor, elec-
trochemical cell, electrical product). The blocks

of the generator, controller with display and key-
board and measuring block realised as replaceable
submodules, which installed in the connectors of
the motherboard. Motherboard also houses the
other components of the circuit in Fig. 1, power
supply and various auxiliary components. A fea-
ture of the presented scheme is the high-discrete
regulation of the GTRS output voltage (with a
discreteness of one unit of ADC scale) by chang-
ing the reference voltage of the generator's DAC
with using the paired DACI and DAC2 of the
base module. This allows you to explore the char-
acteristics of the generator and the conversion unit
by automatic step-by-step scanning.

The DAC includes 74CH4053 chips (3 switch-
es for 2 positions), which connect 8 precision
resistors first to the source of the reference volt-
age of positive polarity, and then to the inverted
reference voltage. The DAC of the generator uses
an operational amplifier AD8032 with a frequen-
cy band of 80 MHz, which produces the output
quasi-sinusoidal signal U.. In the decoder of the
generator introduced the logic scheme "AND"
of coincidence of the logical state of the triggers
in the last cycle of the counter cycle and of the
clock pulse. It forcibly sets this state (phase 0°)
to prevent the malfunction of the ring counter
due to failures of the triggers under the action of
interference. This node is implemented on a three-
input circuit matching high levels of logic signals
(74HC10). Its output is connected to the inputs of
the triggers to set them to state "0". When imple-
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Figure 1. The photo of the information-measuring system for experimental research and the structure of its
measuring module
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menting a two-phase test signal generator [1], in
the master shaper is added another element of the
chip 74HC10, which generates for slave shaper
sync pulses "sync. 90°" (“mid of cycle”), which
corresponds to the phase angle 90° of the its out-
put signal.

The different variants of constructive decisions
of the generator block were researched. The best
frequency and phase characteristics are achieved
by using chips with minimal dimensions (distance
between the central pins of 0.635 mm) to reduce
the size of the unit. To optimize the connections,
the mounting of components were performed on
both sides of the printed circuit board. The mul-
tilayer board was not used due to ambiguous ex-
pectations regarding the impact of such a decision
on the characteristics of the generator. This issue
requires further research. The photos of prototype
samples of the generator unit and the entire elec-
tronic unit of the base module MXP-6 are shown
in Fig. 2. The variant with a paired, two-phase
generator has a block of two single-phase gen-
erators and the scheme of their synchronization,
which are installed one above the other (Fig. 2¢),
or next to each other (Fig. 2b).

We aimed the experimental studies of the test
and reference signal digital generators at assess-
ing the compliance of the parameters of the syn-

thesized signals with the theoretically expected,
based on the technical characteristics of the ele-
ment base used and the proposed principles of
reducing time shifts and phase errors. The opera-
tion of the circuit and the main parameters of the
generated signals with frequencies up to 1 MHz
were investigated using a basic module with a
single-phase digital generator. The basic module
with a two-phase generator was used to study the
time and phase differences of the synthesized sig-
nals of the master and slave generators.

The clocking of the generators counters per-
formed by the controller of the base module based
on the STM32L152 microcontroller in the range
from 32 Hz to 32 MHz, which corresponds to the
frequencies of the output signals 1 Hz - 1 MHz.
To control the two-phase generator, a unit for
adjusting the delay of the clock sequence and
synchronization of the slave generator relative to
the master was additionally installed.

A two-channel digital oscilloscope from Tek-
tronix TDS2012 with a sampling frequency of 1
GHz and a bandwidth of 100 MHz was used in
the study of generator signals. Measurement of
their amplitude and phase characteristics was per-
formed using the measuring channel blocks (SD,
ADC, DAC1). The following is a brief description
of the studies performed and their results.

Figure 2. The photos of an experimental samples of the generator unit and the entire electronic unit of the base
module MXP-6
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The purpose and content of metrological
research of the measuring channel

The general scope of the unified basic module
covers several areas that have particular require-
ments for its main characteristics: the number of
measurement channels; frequency range of test
signals; accuracy and resolution; range of mea-
sured values and sensitivity; ratio of the imped-
ance parameters of the object; restrictions on the
level of test signals and measurement speed. The
possibilities for improving each of these charac-
teristics depend on the limitations of the others.
Testing the metrological characteristics of the
basic measuring channel in the entire multidimen-
sional space of these requirements is technically
impossible and practically impractical. There-
fore, the studies were focused on determining the
main results in the directions of the last stage of
the work: on assessing the accuracy of regula-
tion of the test signal and its phase relationships
with the reference signals U, (“in-fase”) Ta U,
(quadrature), as well as on the study of possible
sources of phase errors in measuring impedance
parameters - of the phase delays under formation
of a quasi-sinusoidal voltage .

The research of the of regulation character-
istics of the test signal generator

The amplitude of the output signal of the digi-
tal generator in the researched channel can vary
from 0 to the reference voltage of the ADC (0.5
V) using the DACI1, which is part of the base
module MXP-6. During the research, the con-
trol code of DACI changed from 0 to 2048 by
alternate installation in "1" of one of the digits:
from the 1st (LSB) to the 12th (MSB). Values of
3072 (two high bits in "1") and 4095 (all bits in
"1") were also set. The alternating voltage at the
generator output were measured by the ADC unit
of the module with a synchronous detector by
separation on two components: common-mode
(“in-phase”) and quadrature with a test voltage. At
the maximum code of DACI (4095), the in-phase
component of the test signal was about 262,000
units of ADC discreteness. According to the esti-
mation of the accuracy of the information signals
conversion block, its total reduced error (integral
and differential nonlinearity, random component)
did not exceed several thousandths of a percent.

The obtained values of the in-phase compo-
nent were compared with the linear characteristic
passing through "0" and the value of the ADC
reading with the DAC code 2048. The error in
the quadrature component was defined as the dif-
ference between ADC reading in the current state
and with the code "0" DAC1. When evaluating
the obtained control characteristic, an accurate
millivoltmeter was also used and the differential
nonlinearity of DC reference voltage regulation by
means of DACI1 was taken into account (AD7945
chip has error of about 0.01%). The studies were
performed at two frequencies: 1 kHz and 1 MHz
with two instances of generators: with chips in
TSSOP-16 housings (copy 1, Fig. 2a) and larger
one, SO-16 (copy 2, Fig 2b). The obtained results
are presented in graphical form. Fig. 3 shows the
relative error of regulation of the main phase com-
ponent (amplitude) of the test signal, Figs. 4 - the
value of the reduced relative error of its quadra-
ture component (error of the tangent of the phase
angle): a - frequency 1 kHz (copies 1 and 2), b -
frequency 1MHz (copy 1). The level of quadrature
(phase) error of copy 1 is much lower due to the
optimization and miniaturization of the structure.

The obtained values of the errors in the regu-
lation of the reference voltage of the DAC of the
digital generator and the characteristics of the reg-
ulation of the test voltage at frequencies of 1 kHz
and 1 MHz in the range of codes 0 - 2048 (half of
the dynamic range) do not exceed the values de-
termined by the metrological characteristics on the
direct current of the AD7945 chip (DAC1). In the
upper half of the dynamic range, the non-linearity
of regulation increases to 0.3%. It was found that
the reason for this is the dependence of the resis-
tance of the keys used in the DAC of the generator
(high-speed and low-cost chips 74HC4053) from
the currents switching in this part of the dynamic
range (up to 1.7 mA). Reducing this nonlinearity
to an insignificant level is possible by means of
algorithmic correction (it is quite stable), or by
using keys with lower resistances in the open state
(if available at an affordable price and speed). It is
also possible by reducing the voltage regulation of
the DAC (Ureg) or by increasing the resistances
connected in series with the keys to form the stairs
of a quasi-sinusoidal voltage. The latter, however,
impairs the phase characteristics of the genera-
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Figure 3. The relative error of regulation of the main phase component (amplitude) of the test signal
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Figure 4. The value of the reduced relative error of quadrature component of the test signal (error of the tangent
of the phase angle): a - frequency 1 kHz (copies 1 and 2), b - frequency 1MHz (copy 1)

tor in the upper part of the frequency range. At
the same time, we note that the indicated error is
significant only for the precise measurements by
bridge and combined methods, but they are car-
ried out at lower frequencies.

The results obtained in this study show the
possibility of the absence of a practically signifi-
cant phase error of the regulation characteristic at
a frequency of 1 kHz. The relative error in the
quadrature component is about 10~ at a frequency
of 1 MHz. Note, the presented data are the end-
to-end characteristic of the conversion channel:
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from its input (the reference voltage U source)
to its output (ADC), and include the errors of all
its blocks except, in this case, the errors of the
measuring circuit block. In instruments for prac-
tical use, the overall error also depends on the
measurement methods and the characteristics of
the measuring circuit.

The study of phase delays under formation
of the test and reference signals.

Fig. 5a shows the waveforms of the test qua-
si-sinusoidal signal and the common-mode, U )
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reference signal for a synchronous detector at a
frequency of 1 MHz. Fig. 5 b, ¢ shows a portion of
the reference and test signal near zero value of the
test signal at frequencies of 125 kHz and 1 MHz.
The time delay of a quasi-sinusoid relative to the
front of the reference signal is about 30 - 40 nsec
(front duration is 10 nsec.). It is due to the delay
in the operation of the keys of the DAC generator
(about 20 nsec) and the delay in its operational
amplifier. The delay in the keys is fully compen-
sated by the synchronous detector delay relative
to the front of the reference signal. The delay in
the operational amplifier can be reduced by intro-
ducing a small inductance in the feedback. It was
proved by experimental studies (Fig. 4 b) that the
phase error of the through conversion channel
not exceed several nanoseconds in the range from
infra-low frequencies to 1 MHz.

The measuring channel with a two-phase digi-
tal generator which was developed on the basis of
the stated early [1] principles, can operate in the
mode of balancing the bridge circuit on modulo
and phase of the output signal at operating fre-
quencies up to 62.5 kHz. The limiting factors are
the clock frequency of the microcontroller (32
MHz) of this device and the minimum required
discreteness of regulation of the phase delay of
the signals of the slave generator, which should
be no worse than 1% of the phase range + 90° for
the bridge balancing. It is 0.7° at this frequency.
In this case, the accuracy of phase balancing of
the bridge provides an insignificant effect of the
quadrature component of the impedance on the

H-Sap-13 0130

measurement accuracy of its main parameter. An
increase in the clock frequency above 32 MHz is
impractical, taking into account the purpose and
area of this development. Therefore, a study of the
functioning of a two-phase generator and phase
relations between its signals was carried out at a
frequency of 62.5 kHz.

The block of formation of clock pulses (clock
sequencer, [1] fig. 3), realized in the tested sample
of the two-phase generator, provides exact anti-
phase of the quasi-sinusoidal test signals (U_, lags
behind U_ on a phase on 180° ) under 4-bits con-
trol codes "delayl", "delay 2" accordingly 7, 15.
Under control codes 0, 0 U_, lags behind U_, on
phase on 90.7°, and at codes 15, 15 U_, is ahead
of U, by 90°. The fig. 6 shows the oscillograms of
the reference signal "in-phase"of the master gen-
erator and the output signals of the slave generator
at the phase delay codes of the slave generator 15;
15 (a); 0; 0 (b); 7, 15 (¢).

Such phase relations allow balancing the
bridge circuit with the reference measure of active
resistance at any character of the measured imped-
ance. The materials of experimental studies of the
test and reference signals phase relationships in
the states that determine the potential phase char-
acteristics of the measuring channel given below.

In fig. 7a shows the time ratios of the reference
signals U, U, (“in-phase” or quadrature with U.)
of the master (0) and slave (v) generators at zero
values (0; 0) of the phase delay codes of the slave
generator (delay code 1, 2 in Fig. 3 [1]).

The fronts of the U and Uy reference volt-

16-Sep=-13 057

Figure 5. The complete period of the quasi-sinusoidal signal and reference signal with same phase at a frequency of
1 MHz (a); the reference and the test signal (bottom) near its zero value at frequencies of 125 kHz and 1 MHz (b, ¢)
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ages of the subordinate generator in this (initial)
state of FD 2, 3 counters (Fig. 3 [1]) are shifted
by one control step (30 nsec.) relatively to the U,
and U _ reference voltages of the master genera-
tor. The photo (Fig. 7 b) shows the corresponding
oscillograms obtained in experimental studies.
Fig. 8 a shows the "in-phase" reference signal
of the master generator (above) and the quadra-
ture reference signal of the slave generator (in the
same phases) with the phase delay control codes
15, 15. Fig. 8 b shows the time shift of the refer-
ence signal of the slave generator relative to the

L]
15=5ep-14 2%18

a b

FLOTT]
15-5ep-19 2813

master (above) by 30 nsec. when changing the
control code on one unit of discreteness (from 7,
15to 7, 14).

Fig. 9 shows the shift in time (about 30 ns) of
the quasi-sinusoidal voltage stairs of the master
generator (a) and voltage stairs of the slave gener-
ator (b, c) in the area of their zero values relatively
reference voltage U, of the master generator. Fig
9b corresponds the phase delay code 7, 15, as
well as relatively quadrature reference voltage
U, of the master generator under the phase delay
code of the slave generator 15, 15 (c).

Figure 6. The reference signal of the master generator U, and the quasi-sinusoidal signals of the slave generator
under different codes of phase delay

IF(0)
QF (0) | |
IF{‘U’}l n | |
- [
QF (V) I .
I !
or(0) || |IF{G:+
30:15;’" 30ns
IF (V) ||_F{'U’}
a

b:’ Emlll-Hr

15—3#—1! 2330

b

Figure 7. Time ratios between reference signals (U, and Uqf) of the master (0) and slave (v) generators at different
phase delay codes
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Figure 8. The reference signal U of the master (above) and the quadrature reference signal U, of the slave generator
under phase delay codes 15, 15; time shift of the reference signal of the slave generator relative to the master (above)
by 30 nsec. when changing the phase delay code from 7, 15 to 7, 14 (b)

Figure 9. Time shift (about 30 nsec.) of the master generator's quasi-sinusoidal voltages stairs (a) and the slave
generator's stairs (b, ¢) relatively to U, of the master generator under phase delay codes 7, 15 (b) or relative to U,
under codes 15, 15 (¢)

Fig. 10 a, b shows the delay (15 - 20 nsec.) the
fronts of the pulses of the formation of quasi-
sinusoidal voltage at the outputs of the DAC keys
(bottom) relatively to the pulse front at the key
inputs near the values of the phase angle 90° and
180°, respectively. The delay in the formation of
the quasi-sinusoidal voltage stairs at the output of
the DAC (30 nsec.) relatively to the pulse front at
the input of the DAC key is shown in Fig. 10 c.

Fig. 11 shows the stairs of the output quasi-
sinusoidal signals of the master (above) and slave
generators (in opposite phase) under the phase
delay control code of the slave generator 7, 15 (a),
as well as with the phase shift between them on a

f

unit of discreteness (0.7°) near the phase angle 45°
with control code 3, 14 (b).

The creation of a precise regulated measure
of phase shift for the low-frequency range, that
is an urgent task of measurements in the power
industry, becomes possible on the base of the de-
veloped two-phase digital generator with a phase
delay scheme. The shown results of the experi-
ments confirm that the error of synchrony in the
formation of test and reference signals is not more
than a few nanoseconds. This corresponds to an
error of phase 0.1° at a frequency of 62.5 kHz. At
an operating frequency of 1 kHz, the phase error
will be approximately 0.0016 °, and at a frequency
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Figure 10. The delay (15 - 20 nsec.) of the pulse fronts for formation of quasi-sinusoidal voltage at the outputs of
the DAC Kkeys (bottom) relatively to the pulse front at the key inputs
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Figure 11. The stairs of quasi-sinusoidal signals of the master (above) and subordinate generator (in opposite phases)
under delay code 7, 15 (a) and the phase shift between them by one unit of discreteness (0.7°) near the phase angle
45° at code 3, 14 (b)

of 50 Hz - no more than 0.0001°. The developed
schemes and samples of digital generators provide
limited discreteness of sinusoid approximation
and phase shift regulation, which may not meet
the requirements for the ethalons. Therefore, it is
advisable to increase the number of triggers of the
ring counter for increasing the number of stairs
of the quasi-sinusoid and reducing the number
of harmonics of the synthesized signal and their
levels. The discreteness of phase delay regulation
can be increased by doubling the bits in the delay
counters FD1 - FD3 in the diagram on Fig. 3 [1].
At a clock frequency of 32 MHz, the phase con-
trol discreteness at a frequency of 1 kHz may be
less than 0.01°, and at a frequency of 50 (60) Hz -
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about 0.0007°. The metrological characteristics of
the developed hardware and software, which are
given, allow to use its also for creation of preci-
sion quadrature bridges of alternating current with
phase control of balancing process.

Conclusions

Optimized structure and circuit solutions of
digital generator units provide undistorted form-
ing of signals up to the maximum operating fre-
quencies of the applied element base (in this case
up to 50 MHz).

The basic modules of measuring channels with
new digital generators are implemented with us-
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ing of an improved method of direct conversion
of impedance parameters with compensation of
phase shift of the signal in the object of measure-
ment and with balancing of the measuring circuit
by module and phase. Their important metrologi-
cal characteristics have been studied, the possi-
bility of obtaining errors in modulus and tangent
of the phase angle of the object of measurement
not worse than 0.1% of infra-low frequencies up
to 1 MHz has been shown. At a frequency of 1
kHz, the error in the quadrature parameter did not
exceed 0.001%. Taking into account the data on
the sensitivity and linearity of the MXP-6 module
signal conversion channel given in [3], the total
base error of the RLC meter based on the devel-
oped solutions can be expected at the level of
0.01% and below.

The researches of the characteristics of the
two-phase digital generators have shown the abil-
ity to provide time differences in the formation of
coherent test and reference signals of not more
than a few nanoseconds. The high accuracy of
highly discrete phase delay control between the
signals of the master and slave generators has
been experimentally confirmed.

The materials of developments and experimen-
tal researches given in this article and in article
[1] confirm technical and economic efficiency
of the new approaches to construction of genera-
tors of test signals and measuring channels of the
impedancemetric equipment offered in previous
works. The prospectiv of the developed ways of
realization of these approaches have been proved
for creation of the simple, technological and in-
expensive, broadband and precision impedance-
measuring microsystems, in particular sensory,
which on important characteristics are competitive
to the existing measurement means.
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IMPLEMENTATION AND EXPERIMENTAL RESEARCH OF THE TEST AND
REFERENCE SIGNALS DIGITAL GENERATORS FOR IMPEDANCE MEASUREMENT
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Summary

The structure and design of a new unified basic measuring module, which is intended for con-
structing broadband means for determining the impedance parameters are described. This module
was used by us to study the important metrological characteristics of digital test and reference signal
generators, as well as the entire measuring channel, which used in such devices. The features of the
created instrument are the possibility of highly-discrete and precise regulation of the amplitude of the
test signal, regardless of frequency in the range up to 1 MHz by paired integrated digital-to-analog
converters operating on direct current, and the possibility of obtaining additional coherent reference
signals that are phase-controlled relative to the test signal with an accuracy of no worse than a few
nanoseconds. The results of experimental studies of the regulation characteristics and a detailed
study of possible sources of errors in the formation of quasi-sinusoidal test and reference signals in
the ranges of their possible states are presented. The sources and the magnitudes of the modular and
phase errors of the new measuring channels with direct conversion of the impedance parameters and
with compensation of the phase shift of the signal in the measurement object, as well as channels with
balancing the bridge circuit modulo and phase, which are based on the developed digital generators,
have been determined. Ways to reduce the errors are indicated. It have been showne the possibility of
obtaining errors modulo and tangent of the phase angle of the measurement object is not worse than
0.1% of infralow frequencies up to 1 MHz and the possibility of creating a precision ethalons of the
tangent of the phase angle for the industrial frequencies. At frequency of 1 kHz, the error of the instru-
ment under study, on the parameter which is quadrature relatively the main, did not exceed 0.001%.

Keywords: impedance, measurement, phase error, test signal, reference signal.
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PEAJIIBALIA TA EKCOIEPUMEHTAJIBHI JOCJII/KEHHA HIMPOKOCMYTI'OBUX
HNUP®POBUX 'EHEPATOPIB TECTOBHUX I OIIOPHUX CUTHAJIIB JIJIA
BUMIPIOBAHHS IMIIEJAHCY

B. I’ Menvnux!, I1. I. bopwos', B. K. Bensies®, O. /. Bacunenxo’, O. JI. Jlamexo'!, O. B. Cniyvkuii’

'Tacrutyt enexrpoaunamikn HAH VYipainu np. [lepemorn 56, m. Kuis-57, 03057, Vkpaina. E-mail:
melnik@ied.org.ua
?HauioHanbHUiA yHIBEpCUTET OiOpecypcCiB Ta MPUPOIOKOPUCTYBaHHS YKpaiHu,
Byn. T'epoiB O6oponn, 15, Kuis, 03041, Ykpaina

Pegepar

Omnucano CTPYKTypy Ta KOHCTPYKIIiIO HOBOTO YHi(piKOBaHOTO 0a30BOr0 BUMIipIOBAJILHOIO MO-
Tylisi, TPU3HAYEHOTO ISl MOOYI0BH IIMPOKOCMYTOBUX 3aC001B BU3HAYCHHS MMapaMeTpPiB iMIIEJaHCY,
KU OyJl0 BHKOPUCTAHO JJISi JOCHIDKEHb BaXJIMBUX METPOJIOTIYHHX XapaKTEPUCTUK LU(POBUX
TeHEPaTOPiB TECTOBUX 1 OIMOPHUX CUTHAJIIB Ta BCOTO BUMIPIOBAJILHOTO KaHAY, L0 3aCTOCOBYIOTHCS
B Takux npuiaaax. OcoOIMBICTAMU CTBOPEHOTO MPUCTPOIO € MOXIIUBICTH BUCOKO-TUCKPETHOTO 1
TOYHOTO PETyJIIOBAHHS aMIUTITY/IM TECTOBOTO CUTHAIIY HE3aJIeKHO Bijl HOTO YacTOTH B Jiana3oHi 1o 1
MI'1, 3a JOTIOMOTOI0 CTIAPEHUX 1HTErpaIbHUX IH(PPO-aHAOITOBUX MEPETBOPIOBAUIB, IO MPALIOIOTH
Ha TMOCTIHHOMY CTPyMi, @ TaKOX MOXIIUBICTh OTPUMAHHS JOAATKOBUX KOTEPEHTHHUX pedepeHCHUX
CUTHAJIB, [0 PETYIIOIOTHCA 32 ()a3010 BITHOCHO TECTOBOTO CHTHATY 3 TOYHICTHIO HE TIpIIe KUTBKOX
HaHocekyH. [IpencTaBneHi pe3yibTaTi eKCIepUMEHTATBHUX JTOCIIKEHb PETYTIOBAIbHUX XapaKTe-
PHUCTHK Ta JIETAJIBbHOTO BUBUEHHS MOMJIMBHX JUKEpes MOXHOOK (hOpMyBaHHS KBa3iCHHYCOITaIbHUX
TECTOBUX Ta pe(epeHCHUX CUTHAJIIB B Jiala3oHax iX MOXIMBUX CTaHiB. BusHaueHo mxepena i
OLIIHEHO BEJTMYMHHI MOIYJIBHUX 1 (ha30BUX MOXHMOOK HOBUX BUMIpPIOBAJIbHUX KaHAJIB HA OCHOBI PO3pO-
OJeHUX IIUPPOBHUX FEHEPATOPIB 3 MPSIMUM NEPETBOPCHHAM ITapaMeTPiB iIMIEIaHCY Ta KOMICHCALIEI0
(a30BOro 3CyBY CHUTHANTY B 00’€KTI BUMIPIOBAHHS, a TAKOXK KaHAJIB 31 3pIBHOBAKEHHSIM MOCTOBOTO
BHMIPIOBAJILHOTO KOJIa 32 MOAyJeM i ¢a3oro. Bkazani nuraxu ix 3MeHmeHHs. [TokazaHa MOXIHMBICTh
OTpHUMaHHS OXUOOK 32 MOJTYJIEM Ta TAHTeHCOM (ha30BOro KyTa 06’ exTa BuMiproBanHs He ripie 0,1%
BiJl iHppaHU3bKUX 4acToT A0 1 MI'11 i MOXKIMBICTE CTBOPEHHSI PELU3iiHOT MipH TaHTeHca (Pa30BOro
KyTa Ha MpoMucioBiit yactroti. Ha wacrori 1 kx['1 moxubka 1ociipKkyBaHOTO MpHUiIaay 1Mo KBajaparyp-
HOMY MapaMeTpy BIJIHOCHO OCHOBHOTO He nepesuirysaiua 0,001%.

KurouoBi ciioBa: iMmmnenanc, BuMmiproBaHHs, (ha30Ba MoXuOKa, TECTOBHIA CUTHAII, OTIOPHUIN CUT-
HaJI
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COHSIYHI CUCTEMH HA OCHOBI TEPMIYHHUX I ®OTOEJEKTPUUYHUX
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COHSIYHI CUCTEMH HA OCHOBI TEPMIYHHUX I ®OTOEJEKTPUUYHUX
IMEPETBOPIOBAUIB COHSIUHOI EHEPI'TI

A. B. Jlopowenxo, M. A. Inaybepman, A. 1. Jlenix, A. I1. baraban

AHoTauis. B oms10Biil cTaTTi NpoaHasi30BaHO TEXHIYHI 1 €KCIUTyaTalliifHi XapaKTepUCTUKH PO3-
POOJICHUX HA TaHUN Yac COHSIYHUX CUCTEM Ha OCHOBI TEPMIYHHUX 1 (POTOETEKTPUIHUX TIEPETBOPIOBAYIB
COHSTYHOT eHeprii 1 OCHOBHI HaMNpsAMU yaockoHaneHHs PV/T MoayimiB y cKilaji CUCTEM.

KurouoBi cioBa: ¢poroenexkTpuuHi nepersoproBaui, ¢poroenementu, PV/T moayni, Temiosi
KOJICKTOPH.

SOLAR SYSTEMS BASED ON THERMAL AND PHOTOELECTRIC SOLAR ENERGY
CONVERTERS

A. V. Doroshenko, M. A. Glauberman, Ya. I. Lepikh, A. P. Balaban

Abstract. The review article analyzes the technical and operational characteristics of currently
developed solar systems based on thermal and photoelectric solar energy converters and the main areas
of PV/T modules improvement as part of the system.

Keywords: photoelectric converters, photocells, PV/T modules, thermal collectors.

COJIHEYHBIE CUCTEMbI HA OCHOBE TEPMUYECKHUX "
®OTOINEKTPUYECKHNX MTPEOBPA3OBATEJENA COJTHEYHOM SHEPT UM

A. B. Jlopowenxo, M. A. [naybepman, A. U. Jlenux, A. I1. Baraban

AHHoOTauus. B 0030pHOIi cTaTbe MpoaHaTN3UPOBAHBI TEXHUYECKUE U IKCIUTyaTallMOHHbIE Xa-
PaKTEpUCTUKU pa3padOTaHHBIX HA TEKYIIMA MOMEHT COJIHEUHBIX CUCTEM Ha OCHOBE TEPMHUECKUX H
(oTo3NMEeKTpUYECKUX TIpeoOpazoBaTeieil COMHEYHON SHEPTMH M OCHOBHBIC HAIIPABJICHUS YCOBEPILICH-
crBoBanust PV/T mMonyneli B cocTaBe CUCTEM.
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KuroueBble ciioBa: GorosnexTpuueckue mpeodpasosarent, porodnementsl, PV/T monynu,

TCIIOBBIC KOJUICKTOPHI.

Beryn

Tpaauuiiinuii KpeMHi€BUN (HOTOETEKTPUIHHIMI
nepetBoproBay yuil 4-17 % consuHoi pasaiamii
MIEPETBOPIOE B €JICKTPOCHEPTit0. 3 1HIIIOT YaCTUHU
COHSIYHOTO BUINIpOMIHIOBaHHS 0115 50 % mepe-
TBOpIOEThCS B Temo. 111o 3 onHoro 6oky npusBo-
JMTH J10 3pOCTaHHA TeMIlepaTypH (poToeeMeHTIiB
1 3HWKEHHSI €(PEeKTUBHOCTI iX poOOTH, a 3 1HIIOTO
3HaYHA YaCTHHA IPOMEHEBOI EHEPril BTPAayaeThCs.

Tomy akTyanbHOIO € 33j1a4a ITiABUIICHHS e(eK-
TUBHOCTI BUKOPUCTAHHS COHSYHOTO BUIIPOMIHIO-
BaHHs1, 30KpeMa, IIIXOM 1HTerpaLii nepeTBopro-
BaHOI €Heprii B eJIEKTPUUHY 1 TETIJIOBY.

1. OcHOBHI HANIPAMKH PO3POOOK i
BIOCKOHAJIeHHA ()OTOCJIeKTPUYHUX
PV/T monyais

OcHoBHa npobiieMa MPaKTUYHOTO BUKOPHUC-
TaHHSI Cy9acHHUX (POTOCNEKTPUIHUX MOJYJIIB MO-
JIATa€e B 3HWKEHHI Koe(]iIlieHTa mepeTBOPEHHS 3
3pOCTaHHAM poOoU0i TemreparypH (hoTroeneMeH-
ta T (puc. 1). Tpaguuiiinuii KpemuieBui ¢poro-
enekrpuunuii (PV) mogyns neperBoproe 4-17%
COHSYHOI pajialii, 0 HAAXOAUThH B €IEKTPO-
eHepriio (MmepeBaxHO KOPOTKOXBUILOBA YACTHHA
crieKTpa BunpomiHtoBanHs) [1, 2]. 3 pemrtu co-
HsYHOI eHeprii, Ounbine 50% mepeTBOPIOETHCS B
TEeII0 (32 BUpaxyBaHHSM ONTUYHUX BTpar). Lle
MPU3BOAUTH IO 3pOCTaHHA POOOYOi TeMIeparTy-
pH (HOTOENEMEHTIB 0 KPUTUYHUX 3HAUEHb, IPU
akux cnocrepiraetbes naainuga KK/, y mopis-
HSHHI 31 3HQYEHHSMHU 3asBICHUMH BUPOOHHUKOM
JUIsl HOpMaJIbHUX YMOB (B cepeHboMy, - 0,4% Ha
OJIMH TpaJlyC meperpiBy B hotoeneMenTax 3 MOHO-
KpHCTaIigyHOTO KpeMHir). Kpim Toro, pobora B
YMOBaX €KCTpeMaJbHUX TEMIIepaTyp MOXKe MpH-
3BOAMTH JI0 pyHHYBaHHs KOHCTpYKLii PV monyns
[3]. V miacymMKy BUXOAUTH, IO JJIsl OYIb-SIKOTO
KPEMHI€BOT0 (DOTOENIEMEHTA 3 MMiJBUILEHHIM PO-
00401 TemMIiepaTypH JiHIHHO Ta1a€ HOro ePeKTHUB-
HicTh [4]. Ha puc. 1 mokazaHa 3amexHicTh e(ek-
tuBHOCTI PV Monyns Bix poGoyoi Temneparypu
¢doroenemenTa. [0IOBHIM YHHOM BOHAa OOYMOB-

JIeHa TIPOIIeCaMHu, IO MPOTIKAIOTh BCEPEIUHI Ha-
MiBIPOBIIHUKOBOTO MaTepiaiy - KpeMHIO MiJl 4ac
NOTJIMHAHHS eHeprii GoToHIB, TOOTO HEOOX1AHO
BPaxOBYBaTH, II0 TOPSI] 3 IEPETBOPECHHSM B €JICK-
TPUKY Ma€ MiCIe pO3CiIOBaHHS €HEePTii y BUIIAII
TEIUIa, a IIE B CBOIO Uepry 00yMOBIIIOE HAsBHICTb

1.02

0.98 A

0.94 4

ﬂT/ n Tref

0.90 4

-5, aVg. Pref
—&—m-Si, min. pref
== m-5i, max. Pref
0.86 1 = p-Si, avg. Pref

w—g-5i, avg. Pref

0.82 T 1
300 310 320 330

Operating temperature (K)

Puc.1. 3anexuicTs edpexkTuBHOCTI pizHuX BuAiB PV
nanesei (m-Si, p-Si, a-Si) Bix po6ouoi Temneparypu
¢oroesnemenTa

KOHBEKIi 1 BUIIPOMIHIOBAaHHS, IK OCHOBHUX Me€-
XaHI3MIB TeIJIoBUX BTpar. Poboua Temmeparypa
TAKOXK 3aJIC)KUTh BiJ 0ararbox 1HIINX, 30BHIII-
HIX YUHHUKIB, Cepe/ SIKUX MOTOAHI YMOBH, TaKi
SK TeMIlepaTypa HaBKOJIHMIIHBOTO CEPeOBHINA,
HIBUKICTH BITPY, BEJIMUKMHA OTOKY COHSYHOTO
BUIIPOMIHIOBAHHS, & TAKOXK XapaKTEPUCTHKH, K1
3aJIe’kaTh B1Jl MaTepiany 1 KOHCTPYKIIii, Halpu-
KJIa]1, POITyCKHA 37]aTHICTh IPO30POTO MOKPUTTS,
CTYIIHb YOPHOTH (poTOENEeMEHTIB TomIO [5, 6].
B ocnoBuomy 3anexuicts KKJ PV nmaneni Bin
po6oyvoi TemrepaTypu (HOTOCIEMEHTIB MOKHA
BUPA3UTU POPMYJIIOIO:

My =1y (1= B(T.=T,)),
B 1 (1)

ne 1,/ ny,, - koedinieHT epexruHOCTI PV ma-
HeJl, 1€ 7], - MACHUI KK PV Monynﬂ, Nopper = 38
HOpPMAaJIbHUX YMOB (IIpU TeMIIepaTypi HaBKOJIUIII-
HbOTO ceperoBuiia 25 °C 1 BeJIMYMHOIO TTOTOKY
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COHSTYHOTO BUIPOMIHIOBAaHHS 1110 JtopiBHIOE 1000
Bt / m?); ,Bmf - TeMIeparypHui KoeQilieHT, 1110
MOKa3ye B CKUIBKU pa3iB majae e(heKTUBHICTh
BUPOOJICHHS eJIeKTpOeHeprii Mpu MiABUILEHH]
TEMIIEPaTypu Ha OMH rpaayc; T, - Temneparypa
MOyJis (B HAWBUIIIN TOYIII), TIPH SIKIH €JIEKTPUY-
Ha e(heKTUBHICTH Najae 1o Hyls. Benuuuna f
3aJICKUTh B1Jl 3aCTOCOBYBAHOTO B (pOTOEIEMEHTAX
Mmarepiany: 0,45% / K nist kpuctanigHOro KpeM-
Hito, 0,25% / K mns CdTe 1 0,2% / K gns amopd-
HOTO KpeMHim [5, 7, 8].

[Tounnaroun 3 cepenuan 70-X pOKiB MHHYJIO-
rO CTOMITTS OyJIO MPOBEACHO BENHKY KIJIBKICTh
JOCHIIKEHb B 001acTi IPSIMOTO MEPETBOPEHHS
COHSYHOI eHeprii B eJekTpudHy. Bci BoHH, Oepy-
YH TI0YATOK 3 JIEKUTBKOX PO3pPOOOK PI3HUX aBTO-
piB, BunuiIuCA B i1et0 00'ennatu PV manens 1
COHSIYHUM TETJIOBHI KOJEKTOP B OJIUH MOAYJb
(OTTYTHO 3MEHIIUBIIYU TIJIONIY HEOOXIMHY ITif
YCTaHOBKY cucTteMu). OCKUIbKH, B IEIKUX BUIIA/-
Kax Ha 00'€KTax COHSIYHOI €eHePreTUKU Ma€ MicIe
HEOOXIHICTh OTPUMYBATU COHSYHY TEIJIOBY Ta
€JIEKTPUUHY €Heprii (LUISIXOM YCTaHOBKHU OJHO-
yacHO 1 corssyHux kojektopiB (CK) i1 PV nane-
JIeii), IJIKOM BUIIPABJAHUM CTAaBaTH MUTAHHS TIPO
PO3pOOKY TaKOTO MPUCTPOIO, SIKU ITOETHAB OU B
co0i oOuBa pillICHHS.

PV/T xonextop (Photovoltaic Thermal
collector) - e mozaynb, B sikomy PV BukoHye He
TUTBKU CBOIO Oe3mocepeaHo (yHKII0 BUPOO-
HUITBA EJIEKTPUKH, aje 1 pO3IISAAE€THCA B POl
MOTIMHAYA TeTuia. TaKuM YUHOM, OTHOYACHO BH-
poOIs€EThCS eNEeKTPUKA 1 BUIIAETHCS TEIUIOTA.
TonoBHMMHU Hanpsimkamu po3po6ok PV/T cramm:

1. [Ipuctpoi, miIKIIOUYEH] JO MEPExi:

a) Criouarky ocoOnuBy yBary Oyso 3ocepe-
KEHO Ha MiJBUIIEHHI €HEeproe(peKTHUBHOCTI.
O6'exramu ngocaimxens cranu PV/T monyni 31
ckIstHUM TOKpHTTIM (glazed PV/T), sax moBiTpsi-
HOTO, TaK 1 pIAMHHOTO TUITY, ajie He3abapoM 3Bep-
Hynu yBary 1 Ha PV/T 6e3 nokpurta (unglazed
PV/T), iHTerpoBaHi 3 TEIIOBHM HACOCOM.

6) Cnouarky 1990-X mHMpoKOro MOMmUpeHHs
HaOynu Benuki PV ¢acagu (TenaeHuis BCTaHOB-
JoBaTH (POTOEEKTPUYHI MaHem 6e31mocepeHbO
Ha (hacaq OyAMHKY), IKUM Oyrna notpidHa cuctema
BEHTHIIALI, 11100 BigBeCTH 3aiiBe Temio Bix PV
nanenei. [lpu npoMy BUHUKIIA i/1e BUKOPUCTO-
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BYBAaTH 1€ TEIUIO, HAPUKJIA, sl 00IrpiBy MpH-
MIIIIECHb.

2. ABTOHOMHI CHCTEMHU:

JUnist BeHTWISIIIT KOTeKiB Oynu po3polieHi
ABTOHOMHI CUCTEMH 3 HEBEJTUKUMH MOBITPSIHUMH
PV/T monynsimu, B SKUX BEHTHJISATOP MPHUBOINUTH-
csl B Iif0 eHepriero Big PV.

3. PV 3 pednexkropamu-koHIIEHTpaTOpaMu CO-
HsYHOTO MpoMiHHs (concentrated PV/T):

Hocnimkenns concentrated PV rpynTyBamucs
Ha 17e1 3aMIHUTH A0pori (OTOETIEMEHTH JICIIIEBU-
MHU BigOmBadamMu. Y IEHTpi yBaru Oyja BHCOKa
Temmeparypa (poToeIeMeHTIB, IO H0CATAETHCS.
BukopucToByBaHe MPUMYCOBE OXOJIOJKCHHS
CTBOPIOBAJIO MOXJIMBICTH BIJIBOJUTH 1 IEepeHa-
MIPABIISATH 1I€ TEILIO.

OcnoBHuit cnioci6 3i0patu PV/T moxyns 1ie
npukJeiTi poroenemMeHTn abo Xk I Gadpuy-
Uil PV-namiHar 10 TemiononMHaILHOIL I1ac-
TuHY TpanuiiitHoro miockoro CK. ¥V nmepmomy
BUIAJIKy €JIEKTPO KOHTAKTH (POTOEIIEMEHTIB He-
JIOCTATHHO 3aXUIICHI BiJ] BIUTUBY HABKOJIHUIIHBOTO
cepenoBulla (BOJIOTH), Y APYIOMY - Ma€ Miclie
BHCOKHH TepMiuHMH ommip Mix PV-maminarom i
MJIACTUHOIO, MOTIPIIYIOYN TETUIOBY MPOTYKTUB-
HICTb KOJIGKTOpA.

[Mono glazed PV/T moayniB 31 CKISHUM I0-
KPUTTSAM (CKJISIHE MMOKPUTTS POOJIATH, 100 Ha-
ONMM3UTH MMOKA3HUKHU TETUIOBOI €(DEeKTUBHOCTI 110
aHAJNOTIYHUX SK y Tpaauiiiaoro CK, mpumymms-
IIM pajiaiiiiHi 1 KOHBEKTUBHI BTPATH TEIUIA) Bap-
TO BII3HAYUTH XapaKTePHE 3HIKEHHS TEIUIOBOI
Ta €JIEKTPUYHOI €(PeKTUBHOCTI B MOPIBHIHHI 3
okpemo B3stumu CK i1 PV. IlpuunHamMu HU3BKOT
TETJIOBOI BiJ1a4l CIIyKaTh:

- crienr(iyHO HHU3bKA MOTTIMHAIBHA 3/1aTHICTh
¢doTo maHeni, M0 XapaKTePU3yETHCS BIAOUTTIM
IIPOMEHIB B pi3HUX Lapax PV-naminary;

- moBepxHs PV He Mae cieKTpasibHO CEeIeKTUB-
HOTO TIOKPUTTS (1€ MPU3BOAUTH 10 PaAialliifHUX
BTpAr);

- TETJIOBU OMIip MK MOBEPXHEIO, 110 MOTIH-
HA€ 1 TETJIOHOCIEM BEJIMKUHN Yepe3 HasBHICTh J10-
JaTKOBMX IIApiB MaTepialy, 110 B CBOIO YEepTry
BeZie JI0 JOIaTKOBUX TEIJIOBUX BTPAT 1 HE3HAYHO-
0 3HIKCHHS €JIEKTPUYHOI €(heKTUBHOCTI;

- 1 HapellTl, eHeprid, 10 IePEeTBOPIOETHCS Ha
€JIEKTPUKY - 1€ HeTIepEeTBOPEHA B TETLJIO EHEPTis.
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[Toxa3nuku edextuBHOCTI pinuHHoro PV/T
monyiist, PV maneni 1 CK HaBeneHi ajst mOpiBHSH-
Hs Ha puc. 2 [5]. TermoBa epeKTHUBHICTH TPEI-
cTaBlieHa SIK (DYHKIIiS BiJ HaBEICHOI TeMIlepary-
pH, a eNeKTpUYHA - BiJl TemrepaTrypu (otoere-
MeHTa 1 6epyThCs 3 BUpa3iB BUINISY:

_ mcp(Tout — T‘m)

h D
! 4,,G
b @
77el A G >

Ji€ 77, - TETUI0Ba €(PEKTUBHICTB, 711 - MACOBA BUTPa-
Ta, Cp - MUTOMA TETIOEMHICTh, T . T’ - Temmepa-
Typa TEIUIOHOCIS Ha BUXOMI-BXO/Il; 7] , - €JIEKTPHY-
Ha eQeKTUBHICTS, [ , V - cuna cTpyMy i Hanpyra
PV nparrrorogoro npu MakCuMasbHINA TOTYKHOCTI;
A - moma Moayis, G - MOTIK COHAYHOTO BUIIPO-

Al .
MIHIOBaHHA HAa NOBCPXH1 MOIAYJIA.
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Puc. 2. 3anexnicTs Tepmiunoi epexTuBHocti PV/T
MOJYJIsl Bil MpUBeIeHOI TeMnepaTypu

Sk BuHO 3 rpadikiB OCKIIHHSI MOAYIIS (KpUBa
2 Ha rpa¢iKy) MiABUIIYE TEIUIOBI XapaKTEPUCTUKU
B TIOPIBHSHHI 3 MoayJieM 0e3 Takoro (kpusa 3),
0CO0MMBO MpH ORI BUCOKUX TEMIIEpaTypax.
Kpim TOro, B miTeparypi 3a3Ha4aeTbCs, 110 IS

noBiTpsHux PV/T KonekropiB, Mae micie 3Ha-
YyHe 30UIbLICHHS TEIJIOBOi IPOAYKTUBHOCTI HpHU
BUKOPHUCTaHHI BEPXHBOTO CKJISTHOTO MOKPHUTTS 3
MOBITPSTHUM 3230pOM. 3 1HIIIOTO OOKY, CKJIO JICIIO
3HIKYE eJIEKTPUYHI XapaKTEPUCTHKHU Yepe3 J0-
JIaTKOBE BIIOWTTS HA MOBEPXHI MOKPHUTTA. [
nopiBHsSHHA HaBeneHi epextuBHocTi CK 1 PV
naHesni (kpusa 1).

Jlume nnst PV/T 6e3 moKpUTTS eIeKTpUIHa
e(eKTUBHICTh AiMICHO MOke OyTH BHIIE, HIXK Y
Tpamuiiinoro PV, Tomy 1o BoHa B mporieci Bij-
BEJICHHS TeIla OXONOMIKyeThes. Tak, Ha puc. 3
MOKA3aHO Pe3y/bTaTH MOPIBHIIBHUX BUIIPOOY-
BaHb TpaauuiiHoro PV 1 pigunnoro unglazed
PV/T, mo npoBoastecs B Typeuuunni. Temnepary-
pa PV naneni BapitoBanacs B mexax 50°C 1 66°C,
B ToH yac sk y PV/T cnoctepiranocs 3MileHHs
B 00MacTh OUIBII HU3BKUX TEMIIEpaTyp Ha piBHI
30°C i1 45°C npu MOKa3HUKY COHSYHOTO BUIIPO-
MmiHroBaHHs Oiu3bko 1000 W / M2, MakcumarbHa
enektpuuHa epextuBHicTh PV 1 PV/T cucrem
cknana 11,5% 1 13,6%, BigmoBimgHO.

14
o= k *PVT =PV
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'tl[]
Z y = -0,263x + 22,004
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Puc. 3. Pe3ynbTaTn NopiBHAJBHUX BUNPOOYBaHb
Tpaauuiiinoro PV i pinmuanoro unglazed PV/T

PV/T 6yB PV-nmaminat 3 MOHOKPHCTAIIYHOTO
KpPEMHIt0 1uioniero 1,6 M?%, y SKOro 3 TUIBHOTO
OOKy pO3TaIlloByBaBCs MOBITPSHIIA KaHAT TOBIIU-
Hoto 60 mm. Kanamom mpokauyBanocst moBiTps,
OXOJIO/IXKYIOUH 3aJTHIO MTOBEPXHIO JamiHary. [lani
1o e(peKTUBHOCTI YCTAaHOBKHM HaBeJleHI Ha pUC.
4. [IpoTsroM JHA TemIiepaTypa THIbHOI CTOPOHU
PV-naminaty 3mintoBanacs Big 12°C go 32°C i
BIJIMOBITHO TeMIIepaTypa TEIJIOHOCIS Ha BUXOJ1
3 kaHany Bix 3,5°C mo 14°C, mpu Temneparypi
HaBKOJIUIITHBOTO cepenoBuina Bix -1,6°C mo 9,5°C,
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1 MAaKCUMaJIbHUHN MOTIK COHSIYHOTO BUIIPOMIHIO-
BaHHSI 910 W / 2.
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Puc. 4. 3anexHicTh ejleKTpH4YHOI epeKTUBHOCTI
PV/T moayns Big BeJIMYHMHH NMOTOKY COHAYHOIO
BUIIPOMiHIOBAHHSA

B pe3ynbrati TemioBa epeKTUBHICTh CKiiana
22%, enexkrpuuHa - 15%. Takum ynHOM, BIajnocs
3a0e3nednuT podoTy (HOTOETEMEHTIB Ha PiBHI
MaKCHUMAaJIbHOI MOTY>KHOCTI, TaKOi XK, SIK 1 3asB-
JieHa BUPOOHMKOM JUIsl CTaHJAPTHUX YMOB, 0e3
naiHAS €PEKTUBHOCTI BHACIIOK HAarpiBy PV.

B nanwmii wac mani npo po6oTu B cpepi BUBUCH-
Hs PV /T pospizHeHi, 1 nuiie gyxe oOMexeHa ix
KUIBKICTh 3HAMIIIIA 3aCTOCYBaHHS Ha peaTbHHUX
00'eKTaxX HETPAAUIINHOI eHEPTeTUKU. €IUHU-
MU PO3pOOKaMH, sKi 3aiiMal0Th JOCUTh CKPOMHY
YaCcTKy PUHKY B JIaHHI Yac, € oBiTpsiHi PV / T k0-
JIEKTOPH 11 aBBTOHOMHUX CUCTEeM. BeHTHmsI1HHI
cucremMu PV B ocHOBHOMY OysM MpescTaBieH] y
BUIJISI/II KOHKPETHUX PIlIEHb U1 OKPEMHX IIPO-
€KTiB, B TOM yac gk concentrated PV / T, a Takoxx
pinunHi glazed PV/T 1 unglazed PV/T xomepuiii-
HO JIOCTYTIHI, aJIe 1I1e He BUPOOJISIOTHCS B 00CsTax
JIOCTaTHIX, 00 MOKHA OyJ10 TOBOPUTH MPO MOITUT
Ha HUX.

Cepen MOXKITMBHX BapiaHTIB 3aCTOCYBaHHSI MO~
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BiTpstHUX PV/T BapTOo BUIIIUTH HANPSIMKH:

- 3a0e31e4eHHs MOTIePEeTHHOTO HarpiBaHHS 30-
BHIIIHBOTO MOBITPS, 110 HAAXOAUTh B CUCTEMY
BEHTHIIALIIT;

- 3a0e3MeyeHHs UPKYJIALis MOBITPS B MpU-
MIIIIEHH] 3a JIOTIOMOI'0I0 COHSIYHOTO KOJIEKTOPA;

- IIUPKYJIALS] HArPITOTO MOBITPS Yepe3 MOPOK-
HUHY B KOHCTPYKLIsX OyaiBii abo B mi1o31 (3B11-
KM TEIUIO MOXKe OyTH MOJAHO JI0 CIOXKHUBaua 3a
JIOTIOMOT'OI0 TTACHBHO1 200 aKTUBHOT LIUPKYJIAIIIT);

- TIOTIEPE/THE HATPIBaHHS BOAU Yepe3 TEerI000-
MIHHHUK TTOBITPS-PiJIMHA, MICJIA YOTO HarpiTa Boja
MOXe€, BUKOPUCTOBYBATHCS SIK BOJOIIPOBITHA 200
ISl OTIAJICHHSI TIPUMIIIICHb;

- MATPUMKA BEHTHJIALT Oy/TiBIIi 3@ TOTIOMOTOIO
IPUPOIHOI KOHBEKIIii, 32 TOTIOMOTOI0 BHKOPHC-
tanHs PV ¢acany sik npuponHOT BUTSIKKH.

2. llepcnextusy interpaunii PV/T monyas
B CKJIA/Ii COHSIYHMX OaraToyHKIioHAJIb-
HHUX a0COpOUiiiHUX cHCTEM

Sk nmokazano Hamu, PV/T moayni MoXyTh
OyTH 3acTOCOBHI B Oarato()yHKITIOHaJIbHUX CHC-
TeMax, 10 MPaLOl0Th HA OCHOBI TEMIOBUKO-
pucToByr0UOTrO abcopoOIiitHoro nukiy. [TomioH1
CHUCTEMH, MalOYl OCHOBHUM JIXKEPEIIOM, 1110 TIPU-
3BOJAMTS i1 B [i10, MpOMEHUCTy eHeprito CoHs,
BUKOPHUCTOBYIOTHCS JUISl BUPIIICHHS IIUPOKOTO
CTMIEKTpa 3aBJlaHb KUTT€3a0e3MeUeHHs, 30KpemMa
KOHJUI[IOHYBaHHS MOBITPS, SIK €HEProe(eKTHB-
Ha 3aMiHa LITY4YHOMY XoJioay. SIK mpaBuio, 110
CKJIaZy BXOJIUTH OJOK MOMEPETHHOTO OCYIICHHS
MOBITPS 1 OJI0K BUIMAPHOTO OXOJIOJKEHHS ra3iB 1
piauH. Y oCcylIyBaJIbHOMY OJIO1I1, 11O CKJIaAa€Th-
cs 3 abcopbOepa 1 mecopbepa, BUKOPUCTOBYIOTh-
Csl pO3YMHM a0COpPOCHTIB Ha OCHOBI KOMITO3HTIB
LiBr « H,O (3 nobaBkamu, 1o 3a0e3ne4yioTh
3HHKEHHS KOPO31MHOTO BIJIMBY aOCOpOEHTY Ha
KOHCTPYKTUBHI Marepianu). [Ipuknaa cxemHoro
pilIEHHS 3 BKJIIOYEHHSIM B pOOOTY CUCTEMU IO-
BiTpsiHOTO PV/T HaBeneHo Ha puc. 5. OcymeHHs
NOBITPSA 3MIMCHIOEThCA B abcopOepi, sSIKUil J1st
MiABUIIEHHS €(PEeKTUBHOCTI JOAATKOBO OXOJIO-
JOKYETHCS BOJIOKO BiJl TEXHOJIOTIYHOI rpajupHi
(B mpo1ieci MOIMMHAHHS BOASHOT MApy 3 MOBITPS
BUJIISIETHCS TEIUJIO 1 MPOILIEC OCYIIEHHS MPOTi-
Ka€ 3 HarpiBaHHSAM, a TEXHOJOT14HA TPaAUPHS
3abe3neuye HAOIMKEHHS Tpolecy adcopOii 1o
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130TepMigHOCTI). BiTHOBICHHS KOHIIEHTpAIlii a0-
copbeHTy micis abcopoepa BiIOyBa€eThCS B Je-
copOepi, J1e moTpiOHO MiABEACHHS TEIUIa Bij He-
3aJIeKHOTO JDKepera Ha TeMIiepaTtypHoMy piBHi 50
- 80 °C, B 3aJI©)KHOCTI BiJT pO3B'sI3yBaHOI 3aadi.
I1i#1 MeTi CITy’)KUTh COHSTYHA CUCTEMA 3 PIIUHHHU-
MU KOJIEKTOpaMH Ha OCHOBI OaraTokaHaJIbHUX 1
OaraTomapoBUX MOJIMEPHUX CTPYKTYp, paHiIe
po3pobiieHnx aBropaMu. B cxemi nependaueHo
Psa TEIUI00OOMIHHMKIB, IO CIIYXKaTh Ui 3a0e3-
TIEYCHHS BHYTPIIIHLOI pereHepariii Teria.

3 %]

ABTOHOMHICTb PO3POOIOBAHUX CHCTEM 3a0€3-
nieayerbest PV/T MomyisiMu, siki BUKOHYIOTh POJIh
JDKepesia eJeKTpoeHeprii uid poOOTH HU3bKOHA-
HipHUX BEHTHJIATOPIB 1 PIIMHHUX HACOCIB, 110
MePEeKaIyIOTh BOAY 1 po3unH abcopOeHTy. Takum
YUHOM, BIIeplIe NMPOMOHYEThCA KOTeHepaliiiHa
COHSIYHA CHCTEMa €HEepro-, TeIIo- 1 XOJIOA0MOC-
TauaHHs, 0 3a0e3neuye BUPOOICHHS K Tera
(CKX B ckmafii cucTeMH rapsiuoro BOIOMOCTaYaH-
HS1 00'€KTIB), TaK 1 XOJOAY (BHUIIAPHI OXOJIOIXKY-
Badi BOJIHU 1 MOBITPsI Y BUIVIsAL rpaaupens [ PT i

Husiprop®

SR

'

P WA AT

|.--.-.n.-.-.--.-.-.-.n.;-.--

Nomewerwne

*3aNMTHA INEKTPHYECTEOM BEHTHAATOPOR M HACOCOB

Puc. 5. lIpuHumunoBa cxeMa COHSYHOI cCHCTeMHU KOHIMI[IOHYBAHHSA NMOBIiTPA i1I0cTpye cnocid oxosoxxenus PV /T
KOJIEKTOPiB MOTOKOM BCHOI'0 MOBITPS Bil rpajgipHi TEXHOJIOTIYHOr0 NpU3HAYEHHSA, KA 00CIyroBye abcopoep
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BUTIAPHI OXOJIOKYBaui MOBITPsI HETIPSIMOTO THITY
HBO) B oxonomxyBaabHOMY OJIOII, @ TAKOXK Te-
Hepartito enekrpoeneprii B PV/T konekropax, 1mo
3abe3reuye MOBHY aBTOHOMHICTh PO3POOIIOBAHUX
COHSIYHUX CHCTEM.

[HTerpanis oxonomKyBaHOTO (pOTOENEeKTpUY-
HOTO MOJYJISI B CKJIa/li KOT€HEPaLIHHUX CUCTEM
VSIBIIIETHCSL OCOOIMBO MEPCTICKTHBHOIO TOMY IIIO
B OXOJIO/DKYBAJIBHOMY OJIOI CUCTEMHU € XOJOIHI
BUKIJTHI TOTOKH BOJM 1 MOBITPSI, SIKI MOXKYTb OyTH
BUKOPUCTAHI JJIsI 3a0€3MEUECHHS] ONTUMAaJIbHO-
ro TeMmIeparypHoro pexumy poootu PV/T 6e3
JOJIATKOBHX BUTPAT HA CHCTEMY OXOJIOJKCHHS
MOJYJIS 1 0€3 IKOAM JIJIST XOJIOMOTPOAYKTUBHOCTI
cuctemu. Lle cTocyeTbcst BUKOpUCTAHHS, HATPU-
KJIaJ, BUKUTHOTO BOJIOTOTO MOTOKY B Tpajup-
Hi TexHosioriynoro npusHadenus (I'PI / t). 06-
ciayroByrouoi abcopbep (puc. 5). Ilicnsa T'PII / T
TeMIIepaTypHUI piBEHb MOBITPS ICTOTHO HIKYUH
3a TeMIlepaTypy HaBKOJIWIIHBOTO CEpPEIOBHIIA.
Takox B SIKOCTI JpKepera XOJIOAHUX BUKUIHUX TO-
TOKIB MO’X€ BUCTYITUTH BHITAPHUIN OXOJIOMKYBaY
Henpsimoro tuny (HBO), B skoMy icHye xonoaHuit
aJie 3BOJIOYKEHUH «IOTIOMIKHHI TTOBITPSHUH 110~
TiK, III0 BUKHJIAE€THCS B CEPEOBHIIIE.

Onucana cucrema oxonomkenas PV / T mo-
JyNiB, SIK IPaBUJIO, BUMArae J0JaTKOBUX €HEPro-
BUTpAT, HAIPHUKJIA]], HA TIPUBIJ BEHTUIATOPA, 1110
3a0e3neuye pyx MOBITPSHOTO TIOTOKY B POOOYOMY
KaHaJii, ToOTO (h)aKTUYHO B TaKiii aBTOHOMHIN CHC-
TEM1 MU JIOJJATKOBO BUPOOJICHY €HEPTit0 BUKOPHC-
TOBYEMO JJISI BUPIIIICHHSI 3aB/IaHb OXOJIOKECHHS
dboromonyns. IarerpyBanns PV / T monymiB B
CKJIaJll PO3pOOJICHUX COHSYHUX CHUCTEM 3a0e3-
revye, mopsAl 3 MiABUIIEHHAM iX aBTOHOMHOCTI,
3pocTaHHs e(heKTUBHOCTI IUX CUCTEM, OCKLIBKU B
XOJIOJHUX TIOBITPSTHUX TIOTOKAX, [0 BUKUIAIOTh-
Csl B HABKOJIMIITHE CEPEAOBUIIE BKIIA/IEHA YaCTHHA
€HEProBUTPAT, BUTPAUCHUX HA OpraHi3aIliio po-
00TH cucTeMU. Y 3BUUAHUX CXEMHUX PILIICHHAX
i xonoai noroku Bix HBO Ta I'PIIT He MOoxyTh
OyTH CIIpSIMOBaHI B IPUMIIIICHHS, SIKE KOHJIUIII0-
HY€THCS, OCKIJIBKM BOHU MAlOTh BUCOKY BiTHOCHY
BOJIOTICTb.

PV/T, - poroTepmMoeneKTpryHi KOJEKTOPH
(oxonomKyBaHi GOTOMOIYI) PiAMHHOTO THILY;
CKX - niocki COHsIUHI KOJIEKTOPU P1IMHHOTO
tumy; ABP - abcopbep-ocymysau; /IBP - necop-
oep-pereneparop; HBO - BumapHuii 0XonomKyBad
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Henpsimoro tuny; BTA - 6ak-Teruioakkymynsrop;
T/0,T/01, T/OII T/ OII — TermmooOMiHHHU-
KH, 110 3a0€3MeUy0Th BHYTPIIIHIO PEreHepaIliio
teruta; HB - 30BHimHe noBiTps; O - ocymieHui
noBitpsiauii 11oTik; OC, BC - ocHOBHMII 1 J0110-
MDKHUM TTOBITPSIHI TOTOKH; B - BUKUIHUH TIOTIK;
p/kp, p/ cn - MiTHUH 1 c1aOkuil po3dunHu ab-
COpOEHTY; XK - MIPKUBICHHS PELUPKYIIALIMHOTO
nigBoay Boau; I1 - 1o cnoxkuBava; A - 010K aKy-
myasTopHux Oatapeit; K - kourponep 3apsaay /
po3psiay akymynsaropa; | - iHnBeprop.

3. ExciepuMeHTAJNbHI J0CTiI:KeHHS

xapakrtepuctuk unglazed PV/T

3 NOBITPSIHIM OXOJI0/IZKEHHSI

Jlis mocmimpkeHHs epeKTUBHOCTI OXOMOIKyBa-
Horo ®EIT (moxyne PV/T), mo mpaiiroe aBToHOM-
HO a00 B CKJIaJll COHSIUHUX CHCTEM KUTT€e3a0e31e-
YEeHHS HAMH PO3pOOJICHUI eKCriepuMEeHTaIbHUI
creny (puc. 6).

[Tpu Takomy miaxoai (mapajenbHi 1 OTHOYACH1
BUNIPOOYBaHHS (OTONEPETBOPIOBAYIB) AJIs MO-
PIBHIOBAHUX MOJYJIB OyAyTh YTPUMYBATHUCS OJI-
HAKOB1 30BHIIIHI YMOBH, SIK 32 PIBHEM COHSYHOI
aKTUBHOCTI, TaK M 10 BITPOBOMY HaBaHTaXEHHI1
Ha MICI[l PO3TalllyBaHHS €KCIEPUMEHTAIbHOTO
cTeHay (BITpOHABAaHTAXEHHS POOHUTH 1CTOTHHUI
BILUIMB Ha PIBEHb CyMapHUX TEIJIOBUX BTpAT).
Po3mipu mopiBHIOBaHUX MOIYJIB OJIHAKOBI IO
mvpuHi 810 MM, noBxuHi 1620 MM (TTo1a npu-
fimManbHOT oBepxHi 1,3 M?) i BIAPI3HSIOTHCS Ha-
SIBHICTIO TIOBITPSTHOTO KaHAJTy Y OXOJIO/IKYBAHOTO
monaynst PV / T; Bucora kanaimy 60 mMm. Moayis
PV/T 3abe3neuennii ctabini3aiiHUMU JUISTHKA-
Mu Ha Bxogi (morxkunHa 300 Mm) 1 BUX0i 3 pobo-
yoro kaHainy (mosxuna 100 MM, gani 1 JUIsTHKA
MepPeXoIuTh B KOH(DY30D).

bnok oxonoakeHHs Ha BXOJ1 B MOBITPSHUN
KaHal sBJsie COO0I0 BUMAPHUN OXOJIOMKYBay
npsimoro tuny (IO - direct evaporative cooler,
DEC). B MO 6nomi  peani3yeTbcs agiadbaTuy-
HUH Mpoliec BUMIAPHOTO OXOJIOKEHHS MOBITPS,
MIPH SIKOMY piinHA (BO/Ia) PEIUPKYIIIOE Yepe3 Ha-
CaJIKOBUH T1ap, 30epirarodu HE3MIHHY TeMIlepa-
Typy PiBHY TeMIepaTypi MOKPOro TepMOMETPa
30BHIIIHBOTO MOBITPA. B sIKOCT1 HacaIku LbOTO
TerI0-MacooOMiHHOTO anapaty TMA BHKOpHC-
TOBY€ThCS OaraTokaHajbHa HaCaI04Ha CTPYKTYpa



Sensor Electronics and Microsystem Technologies 2020 —T. 17, Ne 3

nupoMem

HopyxHul Boadyx

PEFACTRPATOR
AHHBLX

oxnoxdexnsl Boadyx

a

0

Puc. 6. 1 - Cxema ekcriepUMEHTAIBHOIO CTEHAY AJIs NOPiBHSJILHUX BUNPOOYBAHb EHEPreTHYHUX XapaKTePUCTHK
i nanux no epextuHocti PV i PV/T monyais. 2 -i3oMeTpu4HUIi BUIISA TOJTOBHOI YACTHHM.

PV/T, - oxonomiysanuii oroMoyib 3 noBiTpssHuM oxonokenHam; MO - 6nok sunaproro oxonomxkenns; TE, FE -

JIaTYUKU Temreparypu, Burpatu (1, 2 - Ha BXiZIHOMY i BUXiZJHOMY BUMIPIOBAIBHHX JAUISHKAX, 3 - Ha (oToeneMenTi); A,

V - BUMipIoBaui BOJIbTaMIIEPHUX XapaKTEPUCTHUK

3 MOJIMEPHOT0 Marepiaiay 3 po3MipoM KaHally
d, = 15-25 MM, Ip1 TIONIEPEYHOTOYHIH cXeMi B3a-
emoii ra3y 1 pianan. Po3aMip HacajKu CTAaHOBUTh
500x150 MM o ppOHTY MOBITPSIHOTO TOTOKY, IIPH
mbuHi 150 MMm. B sikocTi po3niofiibHUKA PiAUHU
BUKOPUCTOBY€ETHCS IIap MIKPOIIOPUCTOIO MaTepi-
amy. AepoAHaMIUYHUHN OMip HACAJKH B Jliara3oHi
IIBUKOCTEH MOBITPS B KaHallaX OXOJO/KyBadya
w =1-4,0wm/c ne nepesuntye 50 ITa.

VY ronoBHIN YacTHHI CTEHAY PO3TaIlIOBaHI J[Ba
IICHTUYHUX MOHOKpUCTamiuHux moxyns OEIT -
SHOTT PERFORMTM MONO 195, nHomiHaab-
HOIO MOTYXHIcTIO 195 BT kokeH (BIAMIHHICTh
XapakTepucTk + 5%). EQekTuBHICTH TaKOTO MO-
nynst cTaHoBUTh - 17,6%, pu TNOCT = 46 °C
(NOCT - HominaneHa poboua Temmeparypa ¢porto-
enementa (pu 800 Bt / m?, Wierma = Im/c,20°C).

[IpoBeneni nopiBHsuibHI BunipoOyBanHs DEIT
TpanuuiitHoro tumy ta ®EIT, 110 oxonomxyeThes
(na cxemi nosnaveni - PV u PV/T , Binnosin-
HO). PV/T | 0X01n0mKy€ThCs MOBITPAHIM MOTO-

KOM, SIKM TIPOTIKA€E 10 KaHATy MPUKPIIICHOMY 3
THIIbHOTO OOKy maneni. [lepi, HXK mOTpanuTu B
KaHaJ, MOTIK OXOJIOJKY€ETHCS B OJI0L1 BUITAPHOTO
oxoJo/pkeHHs. Ha BHX0/1 3 MOBITPSHOTO KaHATy
BCTAHOBIICHO BeHTHJIAITOp Systemair K160XL mo-
tyxHicTio 105 BT. Kommuieke aiis enekTpuyHuX 1
Tero(i3MYHUX BUMIPIOBAaHb BKJIIOYAE IEPBUHHY
(1aTyuKM) 1 BTOPUHHY cUCTeMy (cucteMa 300py
JTlaHuX), 1 3a0e3Medeni AaT4yiuKaMu: TeMIlepaTrypu
MOBITPs (MO CYyXOMY U MOKPOMY TE€PMOMETpaX);
BUTPAT MOBITPS Ha cTabuMi3alifHUX AUISTHKAX
MOBITPSHOrO KaHally; TEMIIEpAaTypu Ha Pi3HUX
ninsHkax PV maneneil; moTOKy COHSYHOIO BH-
IIPOMiHIOBAaHHS (IIIPOMETP); BOJIBT-AaMIIEPHUX Xa-
PaKTEPUCTHUK.

Takum 4MHOM BU3Ha4anucs 0a3oBi pobOouUi
XapaKTEePUCTHKH OPIBHIOBAHUX MOJIYJIIB MIPU Ba-
pIIOBaHHI OCHOBHUX T€OMETPUYHUX 1 PEKUMHHUX
napameTtpax. [Ipu 1iboMy BapirorOThCS:

1. 'eomeTpuyHi mapameTpu:

- BHcoTa pobdouoro kanany y PV/T;
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- HasBHICTH 1 THUII BCTABOK, 1[0 IEPEMIIITYIOTh
MOBITPSIHUYN TIOTIK B KaHai, TypOysi3ylHOuux mo-
BITPSHHI TOTIK B poOOYOMY KaHalli 1 IHTEHCHU-
(bIKYIOTh BiIBEICHHSI TEIIa BiJl TUIBHOI CTOPO-
Hu PV/T; BcTaBKM MOXYTh pO3TalllOBYBATUCS Ha
BXO/I1 B poOOUYHMI KaHaJ 1 0 HOTO JOBXKHHI, TPU
[IOMY YHCJIO BCTABOK MOYKE TAaKOK BapitOBATHCA.

B pesynbrari oTpuMYyIOTHCSI OCHOBHI Xapak-
TEPUCTUKHU OXOJOKYEMOTO (POTOMOAYIISI 3 BHU-
pOOJICHHAM PEeKOMEHIAMIN AJIs MIATPUMKH OTITH-
MaJbHUX MapaMeTpiB CUCTEMU MOBITPSIHOTO
OXOJIO/KCHHSI (aBTOHOMHE BUKOpHUCTaHHs PV/T).
V pasi inTerpauii Gporomoxnyns B abcopOuiiny
cucteMy (puc. 5) 3abe3nedeHHs] HeOOX1JHUX Ta-
pameTpiB CUCTEMH OXOJIOPKEHHS CTOCY€ETHCS PO3-
paxyHKy BCi€l YaCTHHU COHSYHOT CUCTEMH.

PV/T, - oxonomkysanuii poTomMoayb 3 1o-
BITPSHUM OXOJOMKeHHsIM; [B - Gnok BunmapHoro
oxonomxkenHs; TE, FE - naruuku tremneparypu,
Butparu (1, 2 - Ha BXiIHOMY 1 BUXIJHOMY BUMI-
prOBaIbHUX AUISTHKAX, 3 - Ha (poToeNeMeHTi); A,
V - BUMipIOBaui BOJIBTAMIIEPHUX XaPaKTEPUCTHUK.

BucuoBknu

Ya0ocKOHaJICHHS COHSYHHUX CHEPTeTUUYHHUX
CHUCTEM IUIIXOM iHTerparii PV MomymiB 1 Terio-
TeHepYyIoUHNX 3a0e31edy€e CyTTEBE IMiABUICHHS
eHeproe(PeKTUBHOCTI CUCTEM BIILJIOMY 1 € OTHUM 3
HaWNEPCIIeKTUBHININX HAMPSIMIB YI0CKOHAICHHS
IUX CUCTEM.
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SOLAR SYSTEMS BASED ON THERMAL AND PHOTOELECTRIC SOLAR ENERGY
CONVERTERS
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Summary

At the present time, solar heat and power generation systems have become quite widely used
as alternative sources of clean energy. However, a systematic analysis of technical solutions to the
development of this system, as well as possible areas for improvement, both in terms of improving
efficiency and experimental characteristics in the literature, in our opinion, is not enough.

The review article analyzes the technical and operational characteristics of currently developed
solar systems based on thermal and photoelectric converters of solar energy and the main areas of
improvement of PV/T modules as part of the system.

It is noted that combining a PV panel and a solar collector (PV/T) into one module makes it
possible to significantly increase the efficiency of solar / thermal and electrical energy.

The results of developments and researches of these systems received by authors are resulted.

Keywords: photoelectric converters, photocells, PV/T modules, thermal collectors.
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COHSIYHI CUCTEMH HA OCHOBI TEPMIYHHUX I ®OTOEJEKTPUUYHUX
IMEPETBOPIOBAUIB COHSIUHOI EHEPI'TI

A. B. Jlopowenxo,” M. A. [aybepman,’ A. 1. Jlenix,” A. I1. baraban ?

"HaBuanbHO-HAayKOBUI IHCTHTYT XOJIOJY, KPIOTEXHOJIOTIH 1 ekoeHepreTuku iM. B.C.
MapruniBcbkoro Onecbkoi HalllOHANBHOT akajeMii XapuoBHX TEXHOJIOTIH, By1. JIBopsiHCbKa, 1/3,
Oneca, 65082.

’OpnecwKuii HalioHaIbHUH yHIBepcuTeT imMeHi 1.1. MeunukoBa, By:n. J{BopsiHCchKa, 2, 65082, Oneca

Pegepar
Ha nanuii yac cOHAYHI TEIUIO- 1 €JIEKTPOTeHEPYI0dl CHCTEMU Ha0YIH IOCUTh IIMPOKOT'O 3aCTOCY-
BaHHJ, SIK aJIBTEPHATHBHI JDKEepelia eKOJIOTTYHO YUCTOT eHeprii. OJJHaK CHCTEMHOTO aHai3y TeXHIYHUX
pillieHb JOCATHYTOTO PO3BUTKY IIMX CHUCTEM, a TAKOXK MOXIIMBUX HAIMPSIMIB IX YIOCKOHAJICHHS, K 3
TOYKH 30pYy MiABHILEHHS €(PEKTUBHOCTI pOOOTH, TaK 1 EKCIIEPUMEHTAIBHUX XapaKTEPUCTHK, YOTO B
JiTeparypi, Ha Halll OIS, HEOCTaTHBO.
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B orns1oBiil cTarTi mpoaHani3oBaHO TEXHIYHI 1 eKCIUTyaTaliiHI XapaKTepPUCTUKH PO3POOICHUX
Ha JJAaHWH Yac COHSYHUX CUCTEM Ha OCHOBI TEPMIYHUX 1 (POTOETEKTPHUYHHX MTEPETBOPIOBAYIB COHSIYHOT
eHeprii 1 OCHOBHI HanpsAMu ynockoHasieHHs! PV/T mMonyiB y ckiiazi cucteMm.

Binznauaetbes, mo o0’ ennanus PV maneni i constanoro konekropa (PV/T) B omun Moayns nae
MOXKJTMBICTB CYTT€BO MiJIBUILUTH €(PEKTUBHICTH OTPUMAHHS COHSYHOI/TETIOBOT 1 €IeKTPUYHOI eHeprii.

Hageneni pesyibsraru po3po0OK 1 JOCHIKEHB IIUX CUCTEM, OTPUMAHHUX aBTOPAMH.

KurouoBi cioBa: poroenexkrpuuni neperBoprosadi, poroenementu, PV/T monymi, Terinosi
KOJIEKTOPH.
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Axanemik Hanionanbnoi Akagemii Hayk Ykpainu
€JIbCbKA TAHHA BAJIEHTHHIBHA
(10 80-pivusi Big AHSI HAPOIXKEHHS)

Buparauii yaenuii y raimy3i MOJIEKYIsIpHOT 6i0-
J10Tii Ta 610TEXHOJOT11, TOKTOP O10JIOTTYHUX HAYK
(1976), mpodecop (1986), akanemix HAH Ykpa-
ian (1992), naypear [lepxasnoi npemii YPCP 3
Hayku 1 TexHiku (1986), 3acimyxeHuil Q519 HaAyKd
i rexniku Ykpainu (1998) I'anna BajneHTuHiBHA
€abcebka Haponunacs 15 xotas 1940 p. y Jo-
HenpbKy. [licns 3akiHueHHs 3 Big3zHakow 1963 p.
JIOHELBKOTO MEJMYHOTO YHIBEPCUTETY pO3Ioyaa
CBill TpyIOBHUI IIJISIX HA MOCA/ll CTAPIIOTO J1a0bo-
paHTa, 3 1965 o 1968 pp. HaBuanacs B acmipaH-
TYpi IIpH BiJAUT HYKJIETHOBUX KUCIOT [HCTUTYTY
oioximii AH YPCP. 1968 poky m0CTpOKOBO 3a-
XUCTUJIA KaHAUJIATChKY.

3 1973 poky npaiitoe B [HCTUTYTI MOJNEKyIsp-
Hoi Oiosorii i renetuku HAH Vkpainu, npoimios-
Y IUISIX B1JI CTApIIIOro HAyKOBOTO CITIBPOOITHUKA
(1973), 3aBimyBaua BiqAlly MEXaHI3MiB TPaHCIIs-
uii renetnuHoi iHpopmarii (1978), 3acTynHuka
JTUpEeKTOopa 3 HayKoBoi poootu (1996), mupekTopa
Incruryty (2003-2019) — 10 mouecHOro AMpeEK-
TOpa, paJHUKa MPU JAUPEKIIii Ta TOJIOBHOTO Ha-
YKOBOTO CHIBpPOOITHUKA BIAALIY CTPYKTYPHOI 1
¢ynkuionanasHoi nporeomiku IMBI HAH Vkpai-
uu (3 2019 poky — 1o tenep).

I'anna BanenTuHiBHA €1bCHKA SBIISIETHCS OHI-
€10 13 3aCHOBHUKIB HOBOTO HAMpsIMy JOCITIKEHb
y MOJIEKYJISIpHIN 61010Tii — perymnsmii excrpecii
TEHOMY BHUIIUX €yKapioT Ha piBHI TPaHCAIIT Ta
POJTi OKpEeMUX KOMITOHEHTIB anapaTy TPaHCIALIl y
ii BrisieHHi. 3a HaykoBe sBHIIE "(YHKIIOHATHHOT
ananranii TPHK" ['anHa €n1bcbka y criiBaBTOPCTBI
orpumana 1989 poxy /luniom Ha BIIKpUTTA y
HepxaBaomy KoMiTeTi y cripaBax BIIKpPHUTTIB Ta
suHaxoxis CPCP.

Jlpyruii HanpsIMOK HAayKOBOI JisUTHOCTI aKaJie-
Mika [. B. €11bChKOi OB’ SI3aHMIA 3 MOJICKYIISIPHOIO
O10€JICKTPOHIKOIO Ta aHATITUYHOK O10TEXHOJIO-
riero. @yHaaMeHTalbHI pO3pOOKH 3 BUBUCHHS
B3a€MOJIi1 010JIOTTYHUX MaKPOMOJIEKYJT 3 TOBEPX-
HSIMH €JICKTPOXIMIYHUX €JIEKTPO/IIB, 30KpeMa Ho-
HOCEJIEKTUBHUX MOJIBOBUX TPAH3UCTOPIB, CTAJIN
0a3010 JJ1s1 CTBOPEHHS 010CEHCOPIB — HOBOTO TO-
KOJIIHHSI aHAJITHYHHUX MPWIAAIB I MEIUIHOT

JIarHOCTUKH, TOTpeO O10TeXHOJ0Tii, Xap4oBOi
IIPOMMCIIOBOCTI T4 OXOPOHU JTOBKLJLJIS.

'anna BanentuHiBHa €1bCchKa CTBOpHUIIA Ta
0araro poKiB YCIIITHO KepyBajia HAyKOBHMH IITKO-
namu: "biocunTes 6inka y ccaBuis" Ta "Moneky-
nsipHA O610€IeKTpOHIKa", 30araTUBIIY BITYU3HIHY
HayKy SICKpaBUMH pe3yJbTaTaMU i TaTaHOBUTUMU

BUYCHHMHU.

Axanemik I. B. €nbcbka 3po0uia HEOIIHEeH-
HUM BHECOK I[0/I0 3aCHYBaHHS Ta PO3BUTKY B
VYKpaiHi TaKuX HAayKOBUX HANpPSAMIB SIK T€HOMI-
Ka, MOJICKYJISIpHA ¥ KJIIITHHHA O10TEXHOJOTs,
OioindopmaTruka Ta OioMeaUIIMHA. 3a 3aCIAyTH
y pPO3BUTKY 010XiMii Ta MOJEKYISIpHOi Oiosorii
it mpucymxkeno IIpemito HAH VYkpainu imeni
O. B. Ilammanina (1976).

TBopuuii 1opoOOK BYeHOT — 417 HAYKOBHUX pO-
0iT, 3 HUX 6 MOHOTpadiii, TECATKN aBTOPCHKUX
CBIJIONTB HAa BUHAXOAM Ta mareHTiB. [Haekc [Mpia
I". B. €16ChKOT 32 HAYKOMETPUYHOIO 0a3010 TaHUX
Scopus — 39.

[Tiz i1 HAayKOBUM KEPIBHHUIITBOM II1TOTOBJIEHO
1 3aXUIICHO 28 KaHAUJATCHKHUX Ta 6 JOKTOPCHKUX
JICepTallii.
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VY 2003 poui 3a BU3HAUHI YCHIXH Yy BIPOBa-
JOKEHHI Y IPAKTUKY JOCATHEHb HAayKH 1 Iepeo-
BOTO TeAaroriyHoro nocsiny ['anni BanenTuHiBHI
MIPUCBOEHO 3BaHHs "BinqMiHHUK O0cBiTH YKpaiHu'.

I'. B. €nbchka Benie BEIMKY HayKOBO-OpraHi3a-
LIHHY Ta TPOMaCHKy poOOTY, T THO MPAIIOI0YN
Bille-TIPE3UIEHTOM YKPATHCHKOTO 010XiMi4HOTO
TOBAapHUCTBA, rojioBoto Cremniaai3oBaHOi BUCHOT
paay i3 3aXUCTIB JTOKTOPCHKUX 1 KaHIUIATCHKUX
muceprauiii npu IMBI" HAH Vkpainu; uinenom
Buenoi pagu IMBI" HAH VYkpainn; ronosoro Ha-
ykoBoi paau HAH VYkpainu 3 ceHCOpHUX cucC-
TEM Ta TEXHOJOriii; wieHoM KomiteTy 3 mpucy-
mxeHHs [Ipemii Kabinery MinictpiB Ykpainu
3a po3p0oOJIEHHS 1 BIIPOBAYKCHHS 1HHOBAIIHHUX
TexXHOJIOT1i1; uwieHoM Komitery 3 JlepkaBHUX TIpe-
Miii YKpaiHu B rajgysi HayKd 1 TEXHIKH; YWICHOM
MixknapoaHoi paau 3 0ioTexHOJoTii Ta 0iopi3-
HoMaHiTTs MAAH; excrieprom HaykoBo-TexHiu-
HO1 pagu MiHicTepcTBa OCBITH 1 HayKH 3 TUTaHb
(hopMyBaHHS Ta BUKOHAHHS JEPKABHOTO 3aMOB-
JICHHSI Ha HAyKOBO-TEXHIYHY MPOAYKIIIO 3a Mpio-
PUTETHUM HANpsSMOM PO3BUTKY HayKH 1 TEXHIKU
"Bionoris, 610TeXHOIOTII, XapuyBaHHSA'"; YWICHOM
Panu 3 muTaHb HAYKOBO-TEXHIYHOTO PO3BHUTKY
VYkpainn; excieprom Crinbaoro Komitety mix
VYkpainorw ta €BporneiicbkkuM Cor30M 3 MUTaHb
HAyKOBO-TEXHIYHOTO CIiBPOOITHUIITBA; KEPIBHU-
KOM HayKoBo-TexH14HOi nporpamu HAH Ykpainu
"CeHCOpHI NTPUITaIN I METUKO-€KOJIOTTYHUX Ta
MIPOMHUCIIOBO-TEXHOJIOTIYHHUX TOTPEO: METPOIIO-
riyHe 3a0e3neueHHs Ta T0CiqHa eKCITyaTais ',
TOJIOBOIO TPYNU HAYKOBO-OpraHi3amiiHoro cy-
nposony komruiekcHoi nporpamu HAH Vkpainu
"MomnekysipHi Ta KJIITUHHI O10T€XHOJIOT1T AJIst
notTped MEeTUIMHU, TIPOMHUCIIOBOCTI Ta CLIBCHKOTO
rocroziapcTsa'; 4WIeHOM NEPCOHAIBHOTO CKJIaay
creniajbHOI KOHKYPCHOI KoMicii 3 popMyBaH-
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HSl PEUTHHTOBOTO CNHMCKY KaHAMJIATIB y YJICHU
[nenTudikamiinoro KOMIiTeTy 3 NUTaHb HAYKH;
€ TOJJOBHUM PEJaKTOPOM HAYKOBOTO XypHaly
"Biopolymers and Cell"; uneHom penakuiiHoi Ko-
nerii HaykoBuX >kypHaiiB "Ukrainica Bioorganica
Acta" Ta "BicHuK YKpalHCBKOTO TOBapHCTBA Te-
HETHKIB 1 CeJeKI[IOHEepiB"; YWICHOM pelaKIiifHO1
paay HayKOBHUX XypHaliB "YKkpaiHCbKUN 010X1-
MiuHUM xypHan', "Biotechnologia Acta" i Ha-
IIOTO XYPHAITY.

Axanewmika I. B. €1bcbKy BiI3HAY€HO HU3KOIO
nepxkaBHUX Ta npodeciitHux Haropon: [Touec-
Ha I'pamora BepxoBnoi Pagu Vkpainu (2004),
3onora Menane Ykpaincekoi (peneparii BueHUX
(2005), Bigznaka "European Quality Award" Ta
muruioMm €Bporeiicbkoi biznec Acambinei (2009),
Binznaka HAH VYkpainu "3a HayKoB1 TOCATHEH-
Hs" (2010), Opnen Auapis Ilepospanoro III cTy-
nenst (2012), [Tonsika [Ipem'ep-minicTpa Yipainu
3a 3aCJIyT¥ y PO3BUTKY BITUM3HAHOI HaykH (2013),
Opnenn kasrui Onbru 11 ta 11 crynenis (2008,
2015), 3omnora menans imMeHi B. 1. Bepaaacekoro
HAH Vkpainu 3a BugaTHi JOCATHEHHS B raiysi
MOJIEKYJISIpHOI O10J10T1i1 1 610enekTponiku (2016),
[Tpemis "XKinka Ykpainu 2016" y nHominanii "Ha-
yka 1 ocita" (2017).

3 IPUEMHICTIO XOYEThCS BIJI3HAYUTH HAIIy
IUTITHY CHIBIPALIO YHIBEPCUTETY 3 IHCTUTYTOM,
SIKMH 040JII0€ maHoBHa |'anna BamentuniBHa,
30KpeMa y CTBOPEHHI O10CEHCOpIB 1 IHTEIEKTY-
aJIbHUX CHCTEM 1y POOOTI B PEIKOJIErii HAIIOTOo
KYypHally, y IpOrpaMHUX KOMITETaX MIKHapOJI-
HUX HayKOBO-TEXHIYHHMX KOH(pepeHIiiii «CeHcopHa
eJIEKTPOHIKA 1 MIKPOCHCTEMHI TEXHOJIOT11».

Tox BiTaemo Bac, BenpmumanoBHa ['anHo Ba-
JICHTUHIBHO, 13 ci1aBHUM FOBineeM 1 3uunmo Bam
no0pa, 310poB’sl, macTs, JItoOOBi, TBOPUOTO JJOB-
TOJIITTS 1 MOAAJIBUINX HAyKOBUX 3BEPIICHB!

Peokonezia
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Yuen-kopecnonieHT Hanionanbnoi Axkagemii Hayk Ykpainun
CEPI'IiA MUXANJIOBUY PSIBYEHKO
(10 80-pivusi Big AHSI HAPOIXKEHHS)

22 xoBtHA 2010 p. BunoBHIOETHCA 80 POKIB 3
JIHS HapOKeHHs wieHa-kopecnonaenta HAHY,
JOKTOpa (hi3MKO-MaTeMaTUIHUX HayK, mpodecopa,
3aBiyBava BiJUIUIOM ()i3WKH MarHiTHHUX SIBUII [H-
ctutyty ¢izukn HAH VYkpaiau Cepris Muxaiino-
Buya Psabuenka. C. M. PsaOuenko po3nodyaB cBOIO
HayKoBY JisutbHICT B I[® HAH VYkpainu 3 HaBuaH-
HS B acHipaHTypi MiJ KEPIBHUIITBOM aKaJeMiKa
HAHY A. @. [IpuxoTbka, KyAu BiH HOCTYIHB
y 1963 pomi micns 3akinueHHs [[HimponeTpos-
CBKOTO JEpKaBHOTO yHiBepcuTeTy. Bin Gararo
KOHTaKTyBaB 3 4JieHOM-Kopecrnonaentom HAH
VYipaiau M.®. JlelireHuMm, sIKUI y Ti pOKU CTBO-
pIOBaB CBOIO HAyKOBY IIKOJY 3 nociimpkens EITP
1 paJlloCTIEKTPOCKOMIT B3arali, 1 3 HOro criBpooiT-
HUKaMH. BHACITIIOK Takoi CIiBIIpalli y HAyKOBOMY
cra”osiieHHl C. M. Pa0Ouenka mmoenanucs nesHi
pucu HaykoBUX wKkian akan. A. @. [Tpuxorska i
wi.-kop. M.®.[leiirena. B 1968 p. C. M. Ps0uen-
KO 3aXMCTUB KaHJUJATChKY AUCEPTAIlI0 Ha TEMY
“JlocIiIKeHHs CIIIH-CIIIHOBUX B3a€EMOJIIN y KpHC-
TaJyax METOJIOM MapaMarHiTHOTO PE30HAHCY’, sIKa
MICTHJIa €KCTIEPUMEHTAJIBHI TOCTIKEHHS (hopMU
ninii EIIP, 06ymMoOBII€eHOT CIiH-CIIIHOBUMU B3a-
EMOJIISIMH B KPUCTAJIAX 1 iX TEOPETUIHY 0OpOOKY.

B niepion 1967-1990 pp. HUM 1 Tpy1ioro CHiBpo-
OITHHKIB 1171 Horo kepiBHULTBOM (A. @. JIo3eHko,
®. B. bparin, . JI. Jludap, A. B. bounap, II.
O. Tpouenko, B. €. [onuapyk Ta iH.), OyB BU-
KOHAHUW MIUPOKUN LUKI POOIT, MPUCBIUCHUN
BJIACTUBOCTSIM KBa31IBOBUMIPHHUX KPUCTAIIIB, 10-
CIIPKYBaHUX METOJaMU MarHiTHOTO PE30HAHCY
(ETIP, AKP, IMP, AOMP). Byno BusiBieHo BHe-
COK 3TMHHHX KOJIMBaHb TAKUX KPUCTAJIB y mapa-
MarHiTHy Ta siZICPHY CITIH-TPATKOBY peJlaKcarlito,
0COOJIMBOCTI KPUTHUYHUX SBUII] IPU MAarHITHOMY
BITOPSIZIKYBaHHI HU3BKOBUMIPHUX MarHeTHKIB Ta
iX MposiB y MarHiTOPE30HAHCHUX CIEKTpax, J0-
CJIIJDKEHO aHTU(EpPOMarHiTHUN pe3oHaHC y Ima-
pPYBaTHX JIETKOIIOMMHHUAX aHTH(EpOMarHeTH-
Kax 1 BUSABJIIEHO OCOOJMBOCTI MarHiTONPYXHUX
ABUII B HUX. Ha OCHOB1 3HAUHOT YaCTHUHU LUX
nociimpkenb C. M. Psbuenko 3axuctuB y 1978 p.
JIOKTOPCHKY JcepTalio “MartiTHui pe3oHaHC
KBa31BOBUMIPHUX KpucTamiB”. JlocmipkeHHs 3

IIHOTO UKy YBIMIIIK 710 POOIT 3a ski B 1991 p.
B rpymni cniBaBropiB C. M. Psbuenky Oyna npu-
cymkeHna Jlepxmpemisi Ykpainu. [IeBHI acriekTu
i€l TEMaTUKU 3aIUIIAIOTHCSA aKTyalbHUMH Ta
npusepraioTh yBary C. M. Ps6uenka i 3apa3. Ce-
pen poOIT HpOro HAMpsAMY CIiJ BII3HAYUTH TEO-
peTudHy poOoTy, BUKOHaHY y 1985 p. crmisbHO 3
akaz. B. I. bap’saxrapom i akan. HAH VYkpainu
B. M. JlokteBuM, B sIKiii OyJI0 BUSBICHO 3MiHU
3TUHHO1 )KOPCTKOCTI HU3BbKOBUMIPHHUX MarHITHHX
KpucTaliB. Jlo BaXKIIMBHUX PE3y/IbTaTiB OTPUMaHUX
y 90-T1 poku (cripHO 3 K.(.-M.H. A. @. JlozeHko 1
IHITUMUF) CJTIJT BITHECTH BHSIBIICHY MarHiTONPYK-
HY TIpUpOy aHTH()EepPOMarHiTHUX JOMEHIB y JieT-
KOTUTOIIMHHMX [IApyBaTUX aHTH(EPOMarHeTHKaxX
Ta TOSICHEHHS Ha Lii OCHOB1 aHOMAaJIbHO CHJIBHOT
BUMYIIICHOT MAarHiTOCTPUKIIT LIUX CHOIYK Y Bij-
HOCHO HEBEJIMKUX 30BHIMIHIX TOJISX.

Oxpemuii 1uka poo6iT 80-X pokiB OyB Npw-
CBSUCHUN MaTrHITOPE30HAHCHUM JIOCIIKCHHIM
HECIIBPO3MIpHUX (a3, 110 BUHUKAIOTH 33 TIEBHUX
YMOB B KpHCTalIax 3 CTPYKTYPHUMH (pa30BUMH T1ie-
pexoniamMu, 30KpeMa CerHeTOEJIEKTPUIHOTO 1 Cer-
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HETOEJIaCTUYHOTO THMIB. Bynu 3’sgcoBaHi MposiBU
HecniBpo3MipHocTi y criekTpax AKP 1 IMP, Busis-
JICHO BHECOK Y SIJIEPHY CHIH-TPaTKOBY peaKcallio
0co0nmuBuX 30ymXKeHb — “(ha30HIB”, MPUTAMaHHHUX
HECITIBPO3MIPHUM cTpyKTypam. JlocimkyBanucs
CTPYKTYpHIi (a30Bi Mmepexoau B KpUcTaiax Ta ix
BIUIMB Ha ()i3U4HI BIACTUBOCTI CIIOJIYK.

B 1976-77 pp. C. M. PsGuenkom 13 CIiBaBTO-
pamu Oyio BIiepiie BUSBICHO 1 MOSICHEHO, K Ha-
CIIIIOK HOCIH-10HHOT OOMIHHOI B3a€MOII1, IBUILE
TITAaHTCHKOTO CITIHOBOTO PO3IIETICHHS €JIEKTPO-
HHUX €HEPTeTUYHMX 30H y MarHiTo3MilaHux (Ha-
MiBMarHiTHUX ) HaIiBIPOBIIHUKAX Ta TIraHTChKE
CIIHOBE PO3IICIUICHHS! EKCUTOHHUX CIIEKTPab-
HUX JIiHIN y mux crionrykax. [leit pesynbrar Bap-
THI 0COOIMBOTO BiA3HAYEHHS, 00 HOr0 HACHIIKH,
pa3oM 3 AOCTKEHHSIMH 1HIINX aBTOPIB, IPU3Be-
JIU 10 YTBOPEHHS IIMPOKOTO HANPSIMKY Ha MEXi
(G13UKM HaMiBNPOBIJHUKIB 1 (PI3UKU MAarHiTHUX
SIBHIII, IPUCBSIYCHOTO ONTHYHUM, MArHITOOIITHY-
HUM, TPAHCTIOPTHUM Ta 1H. SIBUIIAM y MarHito3-
MIIIaHUX HAMIBIPOBIIHUKAX, IO BEAYTHCS B Jia-
Ooparopisax Oararbox KpaiH cBiTy. HoBe auxanHs
i TeMaTuIll y ocTaHHl pokH (Bke y XXI — My
CTOJIITTI) HAJAJU MEPCIEKTUBU “CIIIHTPOHIKU -
CTBOpPEHHS HaIiBIPOBIIHUKOBUX HAHONPUJIAIIB,
JIe KOHTPOJILOBAaHUM MapaMeTpOM, 3MiHa SKOTO
3abe3nedye QyHKI[IOHAIBbHI 3aCTOCYBAaHHSI MPH-
CTpPOIO, € HE 3apsIIOBUIA, a CITIHOBUM CTaH MEBHOT
KOMIpKH.

B excriepuMeHTaNbHUX Ta TEOPETHUHUX J0-
CIIJDKEHHSX 3 I[OTO HAmpsiMKy, mpoBeaeHux C.
M. Psa6uenxoM crinbHO 3 FO. I CemenoBuMm, A. B.
Komaposum, O. B. Tepnenpkum, Oy BU3HaUEH1
rapaMeTpy HOCiM-10HHOT OOMIHHOT B3aeEMOJIT AJIst
OaraTboX KpUCTaIIIB (KyOIYHHX 1 TeKCAaroHaIbHHX )
Ha 6asi cnonyk A’ Me B° (ne Me- ionn Mn,
Fe, pinme Co), gocinikeHo BILUIUB (IyKTyarii
CKJIaJly TBEPJUX PO3UHHIB HA (OPMY EKCUTOHHUX
CHEKTpIB, 3 SICOBaHI MUTaHHS JUHAMIYHOI B3a€MO-
Jii CMIHOBHX IMIJICUCTEM BUTBHUX HOCIIB 3apsiay 1
JIOKaJII30BaHMX MarHiTHUX MOMEHTIB JIOMIIIIKOBHX
ioHiB, Tomo. CrinpHo 3 FO.I.CemeHnoBUM po3riisi-
HYTI TEOPETUYHI M1/ICTaBU Ta EKCIIEPUMEHTAJIbH1
MIPOSIBU YTBOPEHHS B IIMX KpHUCTajaX BUIBHUX Ta
3B'sI3aHUX MArHiTHUX NOJIsIpoHiB. B po6oTti C. M.
Psabuenka 3 npod. E. A. Tlammmekum (1979 p.)
OyJso Brieplie rnepeadoadeHe iHIyKOBaHE HOCISIMHU
CTpyMy (epoMarHiTHe BIIOPSAKYBaHHS HaIliBMar-
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HITHUX HaliBIOPOBITHUKIB. 3apa3 1€ BIOPSAKY-
BaHHS, sike y A""MnBY mae miciie ipu 10CTaTHRO
BHCOKHX TeMIIEpaTypax, IPUBEPTAE BEIHUKY YBary
JOCTITHUKIB y 6ararbox kpainax (SAmownis, CLIA,
Himeuunna, ®@panis, [lonemia, Pocis ta iH.), gk
MEPCTIEKTUBHE JJIsl CIIIHTPOHIYHUX 3aCTOCYBaHb.
Hocnimxenns C. M. Pabuenka B bOMy HalpsIMKY
MPOJIOBXKYIOTHCS 1 3apa3. 3 modarky 90-X pokiB
LEHTpP yBaru B HUX NMEPEMICTHBCS Ha HaMiBIIPO-
BIJIHMKOBI KBaHTOBOPO3MipHI HAHOCTPYKTYpPH,
CTBOpEHI 3 BUKOPUCTAHHSM HalliBMarHiTHUX Ha-
MIBIPOBITHUKIB. JIOCIIIKEHHS BKIIFOUAIOTh MIXK-
HapoJHEe HAyKOBE CHIBPOOITHUIITBO 3 BUCHUMU
Pocii, [Tonpmi, ®PH, ®pannii. [IposBom 1160-
TO CHiBpOOITHUIITBA 1 BU3HAHHS PiBHs poOiT € 3
rpantu INTAS, o Oynu Burpai 3 wiei npooie-
Matuku. 3po0JIEHO BHECOK B CIIOCTEPEHKEHHS 1 IO-
SICHEHHS e(eKTy “‘TapaMarHiTHOTO MiACHUICHHS
TiraHTCHKOTO CIIHOBOTO PO3MICTIIICHHS! €KCUTOH-
HUX JIIHIA Y HEMarHiTHUX kBaHToBUX siMax (K1)
3 HaIliBMarHiTHUMH O0ap’e€pamMu; CIIOCTEPEKEHO 1
MOSICHEHO J0/IaTKOB1 EKCUTOHHI MEPEXOIN B aCH-
Metpuunux K51, 3’scoBaHo MexaHi3Mu niepegadl
€HEeprii 70 CIiHOBO{ IMiJICHCTEMHU MarHiTHUX 10HIB
yepe3 B3a€MOJII0 3 JBOBUMIPHUM €JIEKTPOHHUM
ra3om, 1o crBoproeThes y KS; po3BunyTi ysiB-
JICHHS TIPO TIPUPO.TY MOIAPHU3AIIAHOT aHI30TpOoTTii
eKCUTOHHOT JIIOMiHECIEHIi1, BATPOMiHIOBaHOL
HOopmaibHO 10 K4, Tomro.

Hanpukinmi 80-X pokiB 0 TeMaTHKH POOIT
C.M.Psibuenka monamucst AOCIHIKEHHS MarHiT-
HUX 1 MarHiTOPe30HaHCHUX BJIACTUBOCTEH BU-
cokoTeMIieparypHux Haanposigaukis (BTHIT).
30kpema, Oysi0 BCTAHOBIICHO CTYTICHEBY (& HE eKC-
MOHEHI[IHY) TEeMIIEpaTypHY 3aJekKHICTh 4acy
CIiH-TpaTKoOBOi penakcaiii saep mii npu T<T,
110 MOTIM 3HAHMIILIO MOSICHEHHS K MposiB D-Tuimy
cnaproBanHs HocliB y BTHII, mpoBexneni nocii-
mokeHHs BruuBy nedekrtiB Ha BTHII, BusBieni
NPOSIBU Y SIIEPHIH CIIHOBIN JIyH1 3aXOTUICHHS Mar-
HITHOTO MOTOKY BUXOpamu, Toio. Hanmpuxinii
90-x pokiB 3 miei mpoOiaeMaTuku OyJ0 BUTPAHO
rpant CRDF. [IpoBeneni nocmikeHHs TeMIiepa-
TYPHHUX, KyTOBHX Ta MarHiTOTIOJIbOBUX 3aJIE)KHOC-
Tel T'YCTUHU KPUTHYHOTO CTPYMY Y €MiTaKCIHHIX
BTHII nanomniBkax (tommuau 30 — 300 HM) 3
MO03ai9HO OJIOKOBOIO CTPYKTYPOIO 1 MaJIOKyTOBH-
MU ME&KaMHU o3ty O1okiB. B pe3ynbrari HagaHo
MOSICHEHHS IPUYUHH, YOMY TYCTHHA KPUTUIHOTO
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CTPyMY Y TakuX IUTIBKaxX CAra€e 3HA4€Hb, SIKI Ha
JIBa TIOPSIIKYU TIEPEBHUIYIOTH IIEH JKe K TTapameTp
JUst MOHOKpucTamiB. [losicHeHHS 1aHO Ha OCHOBI
MOJIelli TIIHHIHTY BUXOpiB AOpPHUKOCOBa HOpMaJlb-
HUMH JI0 TUTIBKY JTUCIIOKAIISIMH, 1110 YTBOPIOIOTH
JUCJIOKAITIHI CTIHKH Y MaJIOKyTOBHX ME¥Kax TI0-
niny O65okiB, sika Oyna 3anpornoHoBaHa npod. E.
A. TTamuubKuM 1 pO3BUHYTA CIIJIBHO 3 HUM BiJI-
TIOB1JIHO JIO IPOBEICHUX eKcriepuMeHTiB. [1o0y-
JIOBaHa IIUJTICHA MOJIEITb TEMIIEPATyPHUX, KYTOBUX
1 TTIOJTBOBUX 3aJIEKHOCTEH KPUTHUYHOTO CTPYMY,
3B’si3aHa 3 MapamMeTpamMu OJIO0KOBOi HAHOCTPYK-
TypH.

3 mouatky 2000-x pokiB C. M. PsGuenko
BKJIIOYAETHCS TAKOX /10 JOCIIKEHb HAHOPO3-
MipHHUX (PepOMArHiTHUX YaCTUHOK 1 CTPYKTYp
Ha 1X OCHOBI. Y IIbOMY HamlpsiMi 3a HOro y4acTi
BUKOHAHO BEIUKHI 00CAT JOCHiI)KEHb HAHOTIO-
POIIIKiB MaHTaHITiB, MATHITOCTATUYHUX, MarHi-
TOTPAHCIIOPTHUX 1 MAarHITOPE30HAHCHUX J10CITi-
JoKEHb HAHOTPAHYJISIPHUX IJTIBOK, OararomapoBHX
MarHiTHUX HAaHOCTPYKTYp, OTpUMaHi HOBI1 (hi3u4H1
pe3yabTaTu 3 MUTaHb MPOSIBIB MIKYaCTHHKOBOL
B3a€MO/II1 Y TaKUX CTPYKTypax, ocoOIuBOCTEM
MarHiToOINopy B HUX. TOIIO. 3apa3 Iiei HaIpsIMOK
JOCIIJKEHb CTaB OJJTHUM 13 TOJIOBHUX Y HAayKOBI
po6oTi ouomtoBaHoro Psouenkom Bimainy B [D
HAH Vxkpainu.

B 90-x pokax munynoro cromtrs C. M. Psa6-
YEHKO BKJIIOYMBCS 1€ i B HayKO3HaB4Yl JOCIHi-
JOKeHHS 1111 (opMyBaHHS HAayKOBO-TEXHIYHOT
MOJIITUKHU, OOTPYHTYBaHHS PoJi, Mics 1 Gopm
opranizariii Hayku B YKpaiHi 32 YMOB I'pOMaJIsiH-
CBKOTO CYCIIILCTBA. IX pe3ynsraTy BiiouTi y my-
OJsiKalisx y BIAMNOBIAHUX BUAAHHSIX, B PI3HUX
JOTIOBITHUX, Y JIOMOBIIAX Ha KOH(DepeHIisx €B-
poreichKoro (hi3MYHOTO TOBAPUCTBA, TOILO.

C. M. Psabuenkom, pa3om 13 cHiBaBTOpaMH,
ony0mikoBaHo Oinbiie 170 pobiT, B TOMY 4HCITi
y TaKMX MPECTIKHUX HAYKOBUX IKypHaIaxX sK
[Mucema B XKKET®, )KET®, Phys.Rev.B, J.Appl.
Physics, Solid State Commun., Physica E:Low-
dimention. syst. and nanostruct., Physica C:
Superconductivity Ta iH. LlixaBi po6otu Haapy-
KOBaHi 1 B yKpaiHChkuX sxypHanax YOK, ®HT. C.
M. PsiGueHKko HEOJTHOPA30BO BUCTYTIAB 3 3aIPOIIIe-
HUMH JIOTIOBIISIMU Ha BCECOIO3HUX, YKPATHCHKHIX
1 MDKHapOIHUX KOH(EPEHIIIAX 1 IMIKOJIaX, BXOIUB
710 CKJIaJTy X OPTKOMITETIB, 30KpeMa: YKpaiHChKi

HayKoB1 KOH(epeHIIii 3 (i3UKH HaIliBIPOBITHUKIB,
JIB1 3 HUX MPOBOJIMIIMCS HA 0a3i HAIIOTO YHIBEp-
cutety, XXYIII Int. school & conf. on Semicond.
Phys. Jaszowiec’99, Poland; EPS-11 “Trends in
Physics”, 6-10 September 1999, London; Europ.
Magnet. Material. & Applicat. Conf., June 7-10,
2000, Kyiv, Ukraine; NATO AWR “Opt. Propert.
of 2D Systems with Interacting Electrons”, St.
Petersburg, Russia, 13-16.06. 2002, Spintech-5,
Krakow-2009 Poland Ta iH.

[Topsin 3 HaykoBoto pobotoro C. M. PsOuenko
OpaB 1 Oepe y4acTh y HayKOBO-OpraHi3aIiiHii Ta
rpoMaicbkiit po6oti. ¥ 70 - 80-Ti poku BiH BUe-
HUM cexpeTap cekuii “MarneTusm’ HayKoBO1 paju
AH VYkpainu 3 ¢i3uKkd TBEpJOTO TiJa, YWICH ITi€l
panu, 3apa3 ii roosa. Cepriit Muxaiinosuy uieH
HaykoBoi pagu HAH Ykpainu 3 ¢13uku HamiBripo-
BIJIHMKIB, OyB YJICHOM paJl 3 paioCIeKTPOCKOMIT
13 ¢i3uku marnitHux sBuil AH CPCP. Bin unen
peaxosierii YkpaiHCbKOro (pi3M4HOro XypHaiy,
KypHaiiB “Hayka i Hayko3HaBcTBO”, “Hayka iH-
HOBAIIii”, @ TAKOX HAIIOTO XypHaIy, OyB 4ICHOM
Koncynpramiitnoi pagu xxypHainy “@i3uka HU3b-
KUX TeMmneparyp”’, oqHuM 3 pemaktopiB Centr.
Europ. J. Phys., € perien3entom y 6aratbox ¢izud-
HUX YypHajiax, sIK BITYM3HSHUX, TaK 1 3apyOixk-
Hux. HeomHopas3oBo 3ampoliryBaBcs 10 y4acTi y
opr-, abo MporpaMHMUX KOMITeTaX HayKOBUX KOH-
depenmii. Y 1997 - 2001 pp. Oys [Ipesunenrom
VYkpaiHchKoro (hi3MUHOTO TOBAPUCTBA.

B 1989 p. C. M. Ps64yenko OyB BUCYHYTUH
kosektuBoM 1@ HAH VYkpainu kangumaTtom y
HapoaHi nenyraru CPCP. bys unenom Bepxo-
BHOT Pagu CPCP, 3acTyTHHKOM TOJIOBH KOMITETY
BP CPCP 3 nayku 1 trexnomnoriid. ¥ 1991 poui
foro npusHaueHo roioBoro KomiteTy 3 HaykoBO-
TexHiyHOTO nporpecy npu KM Vkpainu, koTpuit
3rogoM OyB niepeTBopeHui y Jlepkkomiter Yipa-
iHM 3 TUTaHb HAyKHu 1 TeXHONOTiH. B cTpykTy-
pi Ypsany YPCP noniGHoro oprany He Oyno, 60
HayKOBO-TeXHi4Ha mojituka oyna B CPCP mpe-
poraruBoio cor03HOi Bnaau. Cruparwodnuch Ha Ha-
ykoBY TpomazichkicTe C. M. PssGueHko cTBOpHB
HOBUM 11 YKpaiHU OpraH Jep>KaBHOI BIaju 1
MIPOBOJIMB CTBOPECHHS 1HIIIMX OPTaHiB, CTPYKTYP 1
IHCTUTYLIH, HEOOX1THUX JepXkKaBi 3 PO3BUHEHOIO
HAyKOI0, PEeali30ByBaB JICpKaBHY HAyKOBO-TEX-
HiYHY omituky 10 1995 p. [1ix yac nepeOyBaHHs
Ha BUOOPHUX Ta AP KaBHUX MOCAAAX BiH Y Mipy
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MOJKJIMBOTO MPOAOBXKYBAB (PaxoBy HAyKOBY PO-
00Ty, 3aJHUIIaI0YNCh KEPIBHUKOM Jlaboparopii [D
HAH VYkpainu Ha rpoMaicbKuX 3acajiax.

3 80-x pokiB i mo ceorogHi C. M. Ps6uenko
MpUILIsA€ 3HAUHY yBary miaAroToBul (axiBLiIB 1
HayKOBHUX KaJIpiB 1 CyMmiIllae HayKoBy poOOTy i3
YUTAHHSM JIEKLIH Ha pagiogizuaHoMYy (PaKyIbTeTi
KuiBcbkoro yHiBepcurety im. Tapaca [lleBuenka.
3apas3, 11e CIeNKypC 3 MarHiTHUX 1 CIH-3aJICKHUX
BJIACTUBOCTEH TBEpIUX TiI. BiH UUTaB TakOX Kyp-
CH 3 MAar”HiTHUX BJIACTHBOCTEH HAAMPOBIIHHKIB,
3 Mar”iTHOro pe3oHancy. Cepriii MuxainoBuu
Kepy€ NUIUIOMHHUKAMHU, aclipaHTaMH, MOITyKa-
YyaMy HAyKOBHX CTYIEHIB. 3arajaom mij Horo
KEpIBHUIITBOM MiJATOTOBaHO 9 KaHIMIATIB Ta 2
noktopH (iz.-mar. Hayk. C. M. Psbuenko € cepen
1HII1aTOPIB 1 OAHUM 13 3aCTYIHUKIB KEpiBHUKA
Capb6eiBchkoro 3araabHO(I3UYHOTO CeMiHapY,
110 BXK€ JIaBHO 1 peryssipHo BeaeTsest B IO HAHY.
3a 11 poku BiH HaOyB CTaTycCy 3arajlbHOMICHKOTO
HAyKOBOTO ceMiHapy 3 (hi3uKH, JIe HE PIJIKICTh J0-
MOBiAaYi 1 3 IHIIUX MICT 1 3-32 KOPJOHY.
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32019 Cepriiit MuxaifioBU4 04OJIMB SIK TOJIOBA
Jy’K€ BaXKJIMBY JJIsl YKPAiHChKOI HAyKH 1HCTHUTY-
miro [nentudikamniinuii komitrer HaykoBoi paau 3
IUTAaHb PO3BUTKY HAayKH 1 TEXHOJIOTIH YKpaiHu i
YCIIITHO HEIO KEPYE.

VY3aranapHIOOYH BiI3HAYEH] BUIIE HAYKOBI 3/10-
OyTKM MOXKHa CTBepKyBaTH, 110 C. M. PsiGuenko
30aratuB HayKy JOCSATHEHHSIMU CBITOBOTO PiB-
HS, BU3HAHUMU BITYM3HSAHOIO 1 MI>KHAPOJIHOIO
HAYKOBOIO IPOMaJICHKicTIO. Moro rpomansHchka
MO3MU1lis, HAYKOBa 1 HAyKOBO-OpraHi3aliiiHa JIisib-
HICTh Ma€ MO3UTUBHUI BIUIMB Ha CTaH HAyKOBOTO
noTeHIiany YKpaiHu, pO3BUTOK Yy Hill (pi3udHOi
HayKH.

Mu nepekonani, mo Cepriii MuxaimoBud i
Hajaui OyJe Tak caMo TUTITHO MPaIfoBaTH HA Ha-
YKOBill HUBI, 30epirarou Npu bOMY aKTHUBHY
IPOMAJITHCHKY TIO3HIIIIO.

Bitaemo Bac, BensmumanoBHuii Cepriro
MuxaiinoBuuy, 3 IOBineem 1 6axxaemMo 100poro
3I0POB’sl, IACTSI, HACHATH, TBOPYOTO TOBTOJITTS
1 HOBUX HayKOBHUX 37100yTKiB!

Peokonezia



Sensor Electronics and Microsystem Technologies 2020 —T. 17, Ne 3

IHOOPMALIA J1Jis1 ABTOPIB.
BUMOI'M 1O O®OPMJIEHHSI CTATEHN Y )KYPHAI

Kypnan «CeHcopHa eJIeKTpOHIKa 1 MIKpOCHC-
TEMHI TEXHOJIOTii» MyOIiKye cTaTTi, KOPOTKi MO-
BIZIOMJICHHSI, JTUCTH 10 Penakiiii, a Tako)k KOMEH-
Tapi, 10 MICTATh PE3yJAbTaTH QyHIaMEHTATBHIX
1 IPUKIIAJIHUX JTOCII/KEHb, 32 HACTYITHUMH Ha-
MPSIMKaMHU:

1. ®i3uyni, XiMiyHI Ta IHIN SBHINA, Ha
OCHOBI SIKHX MOXYTb OyTH CTBOpEHi CEHCOpH

2. TlpoekTyBaHHS i MaTeMaTHYHE MOJCIIO-
BaHHS CEHCOPIB

3. CeHcopu (Qi3MYHUX BEITUYHH

4. OnTuyHi, ONTOENEKTPOHHI 1 pajiamiiHi
CeHCcopHU

5. AKYCTOEJIEKTpPOHHI CEHCOpH

6. XiMmiuHI CEeHCOpH

7. biocencopu

8. Hanocencopu (¢pizuka, Marepianm, Tex-
HOJIOTis5T)

9. Marepianu a1 CEHCOPIB

10. TexHnomorisi BAPOOHUIITBA CEHCOPIB

11. CeHncopu Ta iHpOpMAaIIIifHI CUCTEMHU

12. MikpocucCTeMHI Ta  HAHOTEXHOJOTIT
(MST, LIGA-texHooris Ta iH.)

13. Jlerpamamis, MeTposoris i ceprudikaris
CEHCOPIB

Kypnan myOmikye Takok 3aMOBIICHI OIJISAN
3 aKTyaJbHUX IMUTaHb, IO BIAMOBINAIOTH HOTO
TEMaTHIIi, MOTOYHY 1H(POPMALIiI0 — XPOHIKY, IIEp-
COHaUTI1, MIaTHI PeKJIaMH1 MOBIJOMJICHHS, OT0JIO-
IICHHS 010 KOH(EPEHTIiH.

OCHOBHHUI TEKCT CTATTI IOBUHEH BIIIIOBIIaTH
Bumoram [locranosu [Ipesunii BAK Ykpainu Bifg
15.01.2003 p. Ne7-05/1 (bronerenp BAK Ykpainu
1, 2003 p.) i Oyt cTpykTypoBaHuUM. Martepiainu,
o0 HaACWIAIThCA 10 Pemakiiii, moBuHHI OyTH
HamMcaHl 3 MaKCHMAaJIbHOIO SICHICTIO 1 YiTKICTIO
BUKJIALy TEKCTY. Y MOJAHOMY PYKOIIHCI TOBUHHA
OyTu OOTpyHTOBaHA aKTyaJbHICTh PO3B’A3yBaHOT
3a/1a4i, chopMysIbOBaHa METa JIOCIIIPKEHHS, MiC-
TUTHCS OPUTiHAJFHA YaCTUHA 1 BUCHOBKH, 110 3a-
0€3IeYyIOTh PO3YMIHHS CyTi OTPUMAHHUX PE3YJIb-
TaTiB 1 iX HOBM3HY. ABTOpM IOBHHHI YHHKAaTH
HEOOTPYHTOBAHOTO BBEACHHS HOBUX TEPMIHIB 1
BY3bKONPO(IbHUX )KAPTOHHUX BUCIIOBIB.

Penakuis )kypHaixy NpoCUTh aBTOPIB IpU Ha-
IpaBJeHl cTaTel 70 JPyKYy KepyBaTUCS HACTYII-
HUMH TIPABUIIAMH:

1. Pykonucu MOBUHHI HAJCHJIATUCA Y JIBOX
NPUMIPHHUKAX YKpPAiHChKOIO, ab0 pOCIHCHKOIO,
a00 aHMIIHCHKOI0 MOBOIO 1 CYHNpPOBOIKYBaTHCS
daiinmamu TekcTy 1 MamoHkiB Ha CD. Pykonucw,
SKI TMPONOHYIOThCS aBTOpaMH 3 YKpaiHu abo
kpain CH/] 1o BuIaHHS aHIMIIMCHKOIO MOBOIO
000B’A3KOBO JONOBHIOIOTHCSA YKPAaiHOMOBHOIO
abo pociiicbkoMOBHOIO Bepcieto. Enexkrponna
KoIisi MO)ke OyTH HajicllaHa €JEKTPOHHOIO IO-
HITOIO.

2. llpuitasathi popmaru texcry: MS Word
(rtf, doc).

3. Ilpwuiiaatai rpadiuni dopMatu mjis pu-
cynkis: EPS, TIFF, BMP, PCX, WMF, MS Word
1 MS Graf, JPEG. PucyHku ctBOpeHi 3a J010-
MOTOI0 TPOTrPaMHOro 3a0e3MedYeHHs A MaTe-
MATHYHUX 1 CTATUCTUYHUX OOYUCIICHb, TOBUHHI
OyTH IEpeTBOPEHI JI0 OHOTO 3 IUX (OpMaTiB.

4. Ha crarTi aBTOpiB 3 YKpaiHU MarOTh OyTH
eKCIIePTHI BUCHOBKH PO MOXJIUBICTh BIAKPUTO-

ro JApPYKY.

Pykomnucu HajcujaTu 3a aapecoro:

Jlenix Spocnas Litiy, 3act. roin. penaxkropa,
Onecbkuil HaIllOHATbHUM YHIBEPCUTET 1IMe-
Hi I. I. MeunnkoBa, MHH®TL] (HJI-3),
ByJ1. JIBOpsiHChKa, 2, Oneca, 65082, YkpaiHa.
Tenedon / paxe +38(048) 723-34-61,
E-mail: semst-journal@onu.edu.ua,
http://semst.onu.edu.ua

30iticnioemvcs aHoHIMHe peyen3y8anHsL py-
Konucie cmametl.
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IIpaBujia miArOTOBKU PyKoOMuUcy:

Pykomnucu moBuHHI CynpoBomxKyBatucs ogi-
IHHUM JINCTOM, ITAMUCAaHUM KEPIBHUKOM YyCTa-
HOBH, ¢ Oyna BUKOHaHa poboTa. Lle nmpaBuio He
CTOCY€EThCA POOIT MPEACTABICHUX aBTOPAMH 13
3aKOPJIOHY YU MDKHAPOJHUMU TPyTIaMU aBTOPIB.

ABTOpCBKE TIPaBO MEePEXoauTh Buaasiiio.

TutynbHMM apKyL:

1. PACS 1 VYuiBepcanbuuii [lecstkoBuii Kon
Knacudikamii (YK) (a1 aBropis i3 kpain CHJI)
— y BEpXHBOMY JIiBOMY KyTi. JlomyckaeTbcs jie-
KUIbKA BIJAUIEHUX KOMaMy KOmiB. SKIIO HISKI
Ko Kiacudikailii He mo3HaueHi, koa(u) oyme(-
yTh) BU3HaueHo Penaxuiitnoro Koerieto.

2. Ha3zBa po6oTH (110 IIEHTPY, MPOIMTUCHUMH JTi-
Tepamu, mpudT 14pt, KUpHO).

3. IlpizBume (-a) aBtopa(-iB) (MO LEHTpY,
mpudT 12pt).

4. Ha3Ba ycTaHOBH, MIOBHA ajpeca, TenedoHu
1 (hakcw, e-mail 1y1st KOXKHOTO aBTOpA, HIKYE, Ue-
pe3 OIMH 1HTEpBaJl, OKPEMHUM PSAKOM (TIO IIeH-
Tpy, WpudT 12pt).

5. Anorauis: 1o 1000 cumBoutiB.

6. KitouoBi croBa: iXHSI KIJIbKICTh HE MOBH-
HHa TIEPEBUILYBaTH BOCBMHU CIiB. B ocobmmBHx
BHITaJIKaX MO)XKHA BUKOPUCTOBYBATH TEPMIiHU 3
JIBOMa — YU TphoMa clioBami. L{i cioBa moBuHHI
OyTH PO3MIIIEHI IMiJl aHOTAIEO 1 HATMCAH1 TIE0
CaMOI0 MOBOIO.

I.m. 2,3,4,5,6 MOCTiIOBHO BUKJIACTH yKpaiH-
CBHKOIO, aHIJTIMCHKOIO 1 POCIHCHKOI0 MOBaMHU.

Jlst aBTOpIB 3 3aKOP/OHY, SIKI HE BOJIONIIOTH
YKpaiHCBbKOI0 a00 pOCIHCHKOI0 MOBaMH, M. 2-5
BUKJIAJAI0THCS aHIIHCHKOK MOBOIO.

7. J10 KO’)KHOTO MPUMIPHHUKA CTATT1 JOIAI0Th-
csl pedepaTu YKpaiHCHKOIO Ta aHIMTIHCHKOIO MO-
BaMH (KO>KeH pedepar Ha OKpeMOMY apKyli).
OcobnuBy yBary ciij IpUAIIATA HAMCAHHIO
pe3roMe CTaTTi aHIiichbKo0 MOBOO. J1Jis 1IbOTO
JIOLIBHO KOPUCTYBATUCS MOCIyraMu KBasidi-
KOBAaHUX CHEIaJICTIB-IIHIBICTIB 3 OIAJIBIINM
HAyKOBHM pe/IaryBaHHSM TEKCTY aBTOPOM(-aMH).
Ilepen cnoBoM «pedepar» HeoOXiAHO HAMHUCA-
TU MOBHY Ha3BY CTAaTTI BIANOBIJHOIO MOBOIO,
VIIK, npi3Buina Ta iHiriaam aBTopiB, Ha3BU ycTa-
HOB. Pedepar o6csirom 200-250 cniB mae OyTu
CTPYKTYpOBaHUM: MeTa (4ITKO cPopMybOBa-
Ha), METOJU JTOCIIKCHHS, PEe3yIbTaTH JTOCIi-
JOKeHHS (CTHCIIO), y3aradbHeHHsS] a00 BUCHOBKH.
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[Ticns Texety pedepary 3 ad3airy po3MilLyIoTh-
Csl KJIIOUOBI CJIOBA.

8. TexcT cTarTi MOBHHEH OyTH HAJPYKOBAaHUI
yepe3 1,5 inTepBanu, Ha 6i10oMy nanepi popmary
A4. Tlons: 3miBa - 3cm, copaBa - 1,5¢M, BBepxy
1 3am3y - 2,5cm. pudt 12pt. IligzaronoBku,
SKILO BOHU €, TIOBUHHI OyTH HaJpyKOBaHI MpO-
MUCHUMH JIITEPaMH, KUPHO.

PiBHsiHHA MOBHWHHI OyTH BBEIIEHI, BHKOPHC-
toBytoun MS Equation Editor a6o MathType.
Po6oTu 3 pykonucHUMU BCTaBKaMH HE MpUiiMa-
10Tbcsl. Tabnuii moBWHHI OyTH mMpeacTaBieHi
Ha OKpeMHUX apKymax y ¢opmari BiIMOBITHHX
TEKCTOBUX (hopMaTiB (IUB. BUILE), Uu y popma-
Ti TEKCTy (3 KOJIOHKaMH, BiJIIICHUMHU 1HTEpBa-
JaMH, KOMaMH, KparkaM 3 KOMOIO, YW 3HaKaMu
TaOyJIIOBAHHS).

9. ¥V kiHIIl TEKCTy CTATTi yKa3aTH MpPIi3BHUIIA,
iMeHa Ta 1o 06aThKOBI yCiX aBTOpiB, MOIITOBY
aapecy, tenedo, ¢gakc, e-mail (s KopecnoH-
JIEHITiT).

10. Crnucok niTeparypu MOBUHEH OyTH Haj-
pykoBaHMii uepe3 1,5 iHTepBany, 3 JIiTEPATypoOIO,
MIPOHYMEPOBAHOKO B TOPSIZIKY i1 MOSBH B TEKCTI.
bibniorpadist ApyKyeThCs JUIIE JTaATHHULECIO (KH-
pwinLs noaaeTbes B TpaHcaitepauii). [lopsimok
odopMIIEHHS JIiITepaTypy MOBWHEH BIJIOBIIATH
BuMoraMm BAK Vkpainu, Harmpuknazu:

[1]. LM. Cidilkov skii. Elektrony i dyrki v
poluprovdnikah. Nauka, M. 450 s. (1972).

[2]. J.A. Hall. Imaging tubes. Chap. 14 in The
Infrared Handbook, Eds. W.W. Wolfe, G.J. Zissis,
pp- 132-176, ERIM, Ann Arbor, MI (1978).

[3]. N. Blutzer, A.S. Jensen. Current readout
of infrared detectors // Opt. Eng., 26(3), pp. 241-
248 (1987).

11. Tlignucu 10 pUCYHKIB 1 TaOIUIb TOBUHHI
OyTH HaJpyKOBaH1 B PyKOIIUCI 3 JBOMa MpooOia-
MU MiCs CIUCKY JiTeparypu. BUHOCOK, SKIIO
MOXIIUBO, 02)KaHO YHUKATH.

[TpuiimMaroThbCst TIIBKK BUCOKOSIKICHI PUCYHKHU.
Hamucn 1 cumBonm 1moBHHHI OyTH HaJapyKOBaHI
ycepenuHi pucyHky. Heratuswu, ciaiiay, i miano-
3UTHBU HE IPUUMAOTHCA.

KoxeH prucyHOK mOBUHEH OyTH HaAPYKOBaHUI
Ha OKPEMOMY apKylli i MaTd po3Mip, IO HE TIe-
pesunrye 160x200 mm. [l TEKCTY Ha pUCYHKaxX
BUKOpHUCTOBY#TE pudT 10pt. OnUHUIT BUMIPY
MOBMHHI OyTH MO3HAYEH] MiCIsi KOMU
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(He B KpYIVIHX JIy’KKaX). YCi pUCYHKH IOBUHHI
OyTH MPOHYMEPOBaH1 B MOPSIKY iX MOSBU B TEK-
CTi, 3 YaCTUHAMU MMO3HaYEeHUMH $K (), (0), 1 T.1I.
Po3milieHHs HOMEpiB PUCYHKIB 1 HAITUCY ycepe-
WHI MaJIFOHKIB HE J03BOJIAIOTHCS. 31 3BOPOTHOI
CTOPOHH, HAIUIIIITh OJIIBIIEM Ha3BY, Ipi3BHINE(a)
aBTOpa(-iB), HOMEp MAaJIFOHKAa 1 MO3HAYTE BEPX
CTPLIKOIO.

®dororpadii MoBUHHI OyTH OPHUTIHAIBHHMH.
KonpopoBuil Ipyk MOXJIMBHM, SIKIIO HOro Bap-
TICTh CIUTAYy€ETHCS AaBTOPAMH YH iX CIIOHCOPAMH.

12. Crarta mae OyTu mianucaHa aBTopoM (yci-
Ma aBTOpaMH) 3 3a3HAUCHHSM JIaTH Ha OCTAHHIN
CTOpIHIIL.

ABTOpH HECyTh TIOBHY BIJIOBIIaJIbHICTh 3a
6e31oraHHe MOBHE 0(OPMIICHHS TEKCTY, 0COOIH-
BO 32 MPaBUJIbHY HAyKOBY TEPMIHOJIOT1IO (i1 citijg
3BIpATH 32 ()aXOBHUMH TEPMIHOJOTIYHUMH CJIOB-
HUKaMH).

13. JlaToro HaIXOKEHHS CTATTI BBAXKAETHCS
JIeHb, KOJIU JI0 PEIKOJerii HaAiIIIOB OCTaTOYHHIA

BapiaHT CTATTI MICJI PELIEH3yBaHHS.

[Ticnst onep»aHHsI KOPEKTYPH CTAaTTI aBTOP MO-
BUHEH BUIIPABUTH JIMIIE TOMMJIIKH (YiTKO, CHHBOIO
a00 YOPHOIO PYUKOIO HEIPAaBUIbHE 3aKPECIINTH,
a TMopsiA 3 UM Ha TIOJIi HAIMCATH MPaBUIbLHUN
BapiaHT) 1 TEPMIHOBO BiJIiCJIaTH CTATTIO HA aapecy
penKoIIerii eNeKTPOHHOIO MOMITOO.

[linnuc aBTopa y KiHIII CTATTi O3HA4ae, 110
aBTOp IepeJiae IpaBa Ha BUIAHHS CBO€ET CTATTI pe-
JaKIii. ABTOp rapaHrye, 10 CTaTTs OpPUTiHAIbHA,;
Hl CTaTTsl, HI pUCYHKH 10 HET He Oynu omyOmiKo-
BaHl B IHIIWX BUJAHHIX.

BinxuieHi cTaTTi He TOBEPTAIOTHCSI.

o yBaru aBTOpiB

Mixnaponna areniis ISSN BcranoBuia cko-
pOYEHy Ha3By HAIIOrO XypHaiy «Sens. elektron.
mikrosist. tehnol.» [Ipocumo Bac y cBoix nocu-
JaHHAX 1 610miorpadi4yHuX JaHUX CTaTel BUKOPH-
CTOBYBAaTH caM€ TaKy Ha3By OCKUIbKH I10 Hil Oyne
3N CHIOBAaTUCS MOCWIaHHA Ha Bamy crarTio.
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INFORMATION FORAUTHORS

THE REQUIREMENTS ON PAPERS
PREPARATION

Journal «Sensor Electronics and Microsystems
Technologies» publishes articles, brief messages,
letters to Editors, and comments containing re-
sults of fundamental and applied researches, on
the following directions:

1. Physical, chemical and other phenomena,
as the bases of sensors

2. Sensors design and mathematical model-
ing

3. Physical sensors

4. Optical, optoelectronic and radiation sen-

5. Acoustoelectronic sensors

6. Chemical sensors

7. Biosensors

8. Nanosensors (physics, materials, tech-
nology)

9. Sensor materials

10. Sensors production technologies

11. Sensors and information systems

12. Microsystems and nano- technologies
(MST, LIGA-technologies et al.)

13. Sensor’s degradation, metrology and cer-
tification

The journal publishes the custom-made re-
views on actual questions appropriate to the men-
tioned subjects, current information — chronicle,
special papers devoted to known scientists, paid
advertising messages, conferences announce-
ments.

The basic article text should meet the SAC
Ukraine Presidium Decree requirements from
15.01.2003 Ne 7-05/1 (SAC Bulletin Ne 1, 2003)
and be structured. The materials sent to Editors,
should be written with the maximal text presen-
tation clearness and accuracy. In the submitted
manuscript the actuality of problem should be re-
flected, the purpose of the work should be formu-
lated. It must contain an original part and conclu
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sions providing the received results essence
and their novelty understanding. The authors
should avoid the new terms and narrowprofile
jargon phrase unreasonable introduction.

Journal Edition asks authors at a direction of
articles in a print to be guided by the following
rules:

1.Manuscripts should be submitted in dupli-
cate in Ukrainian, English, or Russian, a hard
copy and supplemented with a text file and fig-
ures on a CD. Manuscripts which are offered by
authors from Ukraine or CIS countries to the edi-
tion in English are necessarily supplemented by
Ukrainian or Russian version. An electronic copy
may be submitted by e-mail.

2. Acceptable text formats: MS Word (rtf,
doc).

3. Acceptable graphic formats for figures:
EPS, TIFF, BMP, PCX, CDR, WMF, MS Word
and MS Graf, JPEG. Figures created using soft-
ware for mathematical and statistical calculations
should be converted to one of these formats.

4.  For articles of authors from Ukraine
there should be expert conclusions about an op-
portunity of an open print.

Manuscripts should be sent to:

Lepikh Yaroslav Illich, The Vice Editor, Odesa
National I.I. Mechnikov University, ISEPTC (RL-
3), str. Dvoryanskaya, 2, Odesa, 65082, Ukraine.

Phone/fax +38(048) 723-34-61,

E-mail: semst-journal@onu.edu.ua,

http://semst.onu.edu.ua
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