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A special design of the measuring cell was proposed,
which makes it possible to determine the optical and elec-
trochemical characteristics of thin-film electrochromic
electrodes simultaneously. Also, the proposed cell provides
constant temperature control using a small-sized thermo-
stating unit built on Peltier elements and digital boards of
W1209 thermostats.

The cell was made using 3D printing with ABS plastic by
the fused deposition method (FDM), followed by a sealing
stage using a solution of polymethyl methacrylate dissolved
in dichloroethane.

In the course of the research, the use of a green laser with
a wavelength of 520 nm was substantiated. Separately, the
linearity of optical readings, the dependence of the indicators
of the optical characteristics measurement system on tem-
perature, as well as the uniformity of electrolyte heating in
the cell, were studied. In addition, the pattern of the electric
field was determined, which was an indicator of the unifor-
mity of the current density distribution on the measured
electrode.

The obtained dependences made it possible to assert that
the characteristics of the cell and the measuring system as
a whole are suitable for the stated research purposes.

It was also shown that the cost of the cell, together with
the optical measuring system and the constant temperature
control system, is more than two times cheaper than simple
electrochemical cells offered by manufacturers.

The proposed algorithm for the development of the cell
design, the approach to the selection of components, as
well as the given technical details, allow us to manufacture
measuring equipment for the specific goals of the researcher.
In this case, the given schematic, structural, and hardware
solutions can be used separately from each other.

Keywords: measuring cell, 3D printing, electrochro-
mism, optical characteristics, electrochemical characteris-
tics, KOH.
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This paper reports the results of calculating the magnetic
parameters for a direct dipole magnet in the system of verti-
cal convergence-separation of particle beams of the upper and
lower rings of the heavy-ion collider. An optimized variant of
the yoke and superconducting winding structures has been
obtained, providing for the assigned value of a homogeneous
magnetic field inside the aperture at the minimized contribu-
tions of higher-order harmonics, average-integral along the
length. The results from the analysis of the transverse pro-
jections of the magnetic induction obtained by 2D modeling
of two variants of the design of the central cross-section of
the dipole electromagnet are presented. The analysis results
have established the dependence of the stability of magnetic
parameters in the aperture of the electromagnet when the
current in the winding changes on the volume of those yoke
regions whose magnetization value is close to saturation.
A 3D model of the magnetically active part has been built for
two variants of the electromagnet design, and the values of
the average-integral harmonics of transverse projections of
magnetic induction in the aperture have been calculated. The
relationship between the third average-integral harmonic
of magnetic induction and the size lengths of the yoke and
winding has been empirically established, making it possible
to correct the heterogeneity of the transverse magnetic field
in the aperture of the electromagnet. The results of optimi-
zation of the structure of the magnetically active part of the
electromagnet are presented on the criteria for a minimum
of the values of the average-integral coefficients of magnetic
induction, carried out on the basis of correction of the initial
geometric parameters of the yoke and winding. An improve-
ment in the stability of magnetic parameters has been demon-
strated, by 3 times, as well as a two-fold reduction in the con-
tribution to the heterogeneity by the third average-integral
harmonic when using a two-row arrangement of the winding
turns inside the yoke in the design of the electromagnet.

Keywords: dipole electromagnet, superconducting wind-
ing, beam of particles, magnetic field harmonic coefficient.
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Methods for studying thermoelectric parameters of semi-
conductors that are optimal for the implementation of soft-
ware and hardware have been analyzed and selected. It is
based on the Harman method and its modifications, adapted
for pulse measurements, which are convenient to implement

on a modern element base. An important advantage of these
methods is the absence of the need for accurate measure-
ments of heat fluxes, which greatly simplifies and reduces the
time for conducting experimental research.

The required operating ranges for the voltage 10 uV-1V,
for the current 10 uA-300 mA and the element base per-
formance at the processing level of 40—200 million samples
per second have been determined. Structural and electrical
circuits, as well as software for a specialized computer sys-
tem for studying thermoelectric parameters of both bulk
and thin-film thermoelectric materials, and express analysis
of the operational characteristics of finished modules have
been developed. It has been shown that the proposed scheme
copes well with the task. And the use of FPGA and 32-bit
microcontrollers provide sufficient processing speed up to
200 MSPS and the necessary synchronization modes for the
implementation of the Harman pulse method even when
studying films of nanometer thickness.

Experimental studies of both bulk thermoelectric mo-
dules based on BisTes and thin-film thermoelectric material
based on PbTe have been carried out. The effectiveness of
the developed tools and techniques has been shown, which
made it possible to more than halve the time for sample
preparation and experiment. Based on the presented mo-
dels, all the main thermoelectric and operational parameters
have been determined, in particular, electrical conductivity,
Seebeck coefficient, thermal conductivity, thermoelectric
figure of merit.

As a result of the development of specialized computer
tools, it was possible to reduce the labor intensity of the
process of measuring the main electrical and operational
parameters of semiconductor thermoelectric materials and
energy conversion modules based on them, as well as to
automate the process of defects identification of thermo-
electric modules. The labor intensity of the research process
has decreased not only due to the automation of the mea-
surement process, but also due to an optimized technique
that allows research on a sample of one configuration,
since the manufacture and preparation of samples are the
most laborious.

Keywords: computer tools, information-measuring sys-
tems, signal processing, microcontroller systems, circuit de-
sign, speed, thermoelectric properties, defects identification.

References

1. Beltran-Pitarch, B., Prado-Gonjal, J., Powell, A. V., Garcia-
Cafladas, J. (2019). Experimental conditions required for
accurate measurements of electrical resistivity, thermal
conductivity, and dimensionless figure of merit (ZT) using
Harman and impedance spectroscopy methods. Journal
of Applied Physics, 125 (2), 025111. doi: https://doi.org/
10.1063,/1.5077071

2. Vineis, C. J., Shakouri, A., Majumdar, A., Kanatzidis, M. G.
(2010). Nanostructured Thermoelectrics: Big Efficiency
Gains from Small Features. Advanced Materials, 22 (36),
3970-3980. doi: https://doi.org/10.1002/adma.201000839

3. Ruvinskii, M. A., Kostyuk, O. B., Dzundza, B. S. (2016).
The Influence of the Size Effects on the Termoelectrical
Properties of PbTe Thin Films. Journal of Nano- and Elec-
tronic Physics, 8 (2), 02051-1-02051-6. doi: http://doi.org/
10.21272 /jnep.8(2).02051

4. Freik, D. M., Dzundza, B. S., Lopyanko, M. A., Yavorsky, Ya. S,
Tkachuk, A. 1., Letsyn, R. B. (2012). Structure and Electri-
cal Properties of Thin Films of Pure and Bismuth-Doped



10.

11.

12.

13.

14.

15.

16.

17.

18.

Lead Telluride. Journal of Nano- and Electronic Physics,
4 (2), 02012-1-02012-5. Available at: https://jnep.sumdu.
edu.ua/uk,/component/content/full_article,/392

. Dunets, R., Dzundza, B., Deichakivskyi, M., Mandzyuk, V.,

Terletsky, A., Poplavskyi, O. (2020). Methods of computer
tools development for measuring and analysis of electrical
properties of semiconductor films. Eastern-European Journal
of Enterprise Technologies, 1 (9 (103)), 32—-38. doi: https://
doi.org/10.15587 /1729-4061.2020.195253

. Martin, J., Tritt, T, Uher, C. (2010). High temperature

Seebeck coefficient metrology. Journal of Applied Physics,
108 (12), 121101. doi: https://doi.org/10.1063/1.3503505

. De Boor, J., Miiller, E. (2013). Data analysis for Seebeck

coefficient measurements. Review of Scientific Instruments,
84 (6), 065102. doi: https://doi.org/10.1063,/1.4807697

. Druzhinin, A., Ostrovskii, 1., Khoverko, Y., Rogacki, K., Ko-

gut, I, Golota, V. (2018). Nanoscale polysilicon in sensors of
physical values at cryogenic temperatures. Journal of Mate-
rials Science: Materials in Electronics, 29 (10), 8364—8370.
doi: https://doi.org/10.1007 /s10854-018-8847-0

. Burkov, A. T, Fedotov, A. 1., Novikov, S. V. (2016). Methods

and Apparatus for Measuring Thermopower and Elec-
trical Conductivity of Thermoelectric Materials at High
Temperatures. Thermoelectrics for Power Generation —
A Look at Trends in the Technology. doi: https://doi.org/
10.5772,/66290

Kumar, A., Patel, A, Singh, S., Kandasami, A., Kanjilal, D.
(2019). Apparatus for Seebeck coefficient measurement of
wire, thin film, and bulk materials in the wide temperature
range (80650 K). Review of Scientific Instruments, 90 (10),
104901. doi: https://doi.org/10.1063/1.5116186

Tur, Y., Pavlovskyi, Y., Virt, I. (2019). Measurement of Ther-
moelectric Parameters of Thin-Film Semiconductor Mate-
rials Using the Harman Method. Physics and Chemistry of
Solid State, 20 (3), 306-310. doi: https://doi.org/10.15330/
pess.20.3.306-310

Harman, T. C., Cahn, J. H.,, Logan, M. J. (1959). Mea-
surement of Thermal Conductivity by Utilization of the
Peltier Effect. Journal of Applied Physics, 30 (9), 1351-1359.
doi: https://doi.org/10.1063/1.1735334

Favaloro, T, Ziabari, A., Bahk, J.-H., Burke, P, Lu, H., Bo-
wers, J. et. al. (2014). High temperature thermoreflectance
imaging and transient Harman characterization of thermo-
electric energy conversion devices. Journal of Applied Physics,
116 (3), 034501. doi: https://doi.org/10.1063/1.4885198
Farzaneh, M., Maize, K, LiierBen, D., Summers, J. A,
Mayer, P. M., Raad, P. E. et. al. (2009). CCD-based thermore-
flectance microscopy: principles and applications. Journal of
Physics D: Applied Physics, 42 (14), 143001. doi: https://
doi.org/10.1088,/0022-3727 /42 /14/143001

Gromoyv, G. G., Yershova, L. B. (2007). Complex method to
control the quality of construction and performance reli-
ability of thermoelectric modules in optoelectronic devices.
Applied physics, 4, 99—-106. Available at: http://applphys.
orion-ir.ru/appl-07,/07-4/PF-07-4-99.pdf

Defossez, M. (2012). Serial LVDS High-Speed ADC Inter-
face. XAPP524. v1.1. XILINX. Available at: https://www.
xilinx.com/support/documentation/application_notes/
xapp5b24-serial-lvds-adc-interface.pdf

Interfacing Analog to Digital Converters to FPGAs. A Lat-
tice Semiconductor White Paper (2007). Available at:
http://application-notes.digchip.com,/030,/30-20827.pdf
Dunets, R., Dzundza, B., Kostyuk, O. (2020). Specialized
software and hardware for impedance spectroscopy of ther-

moelectric energy converters. Measuring Equipment and
Metrology, 81 (4), 18-24. doi: https://doi.org/10.23939/
istemtm2020.04.018

19. Penco, G., Barni, D., Michelato, P., Pagani, C. (2001). Ther-
mal properties measurements using laser flash technique
at cryogenic temperature. PACS2001. Proceedings of the
2001 Particle Accelerator Conference (Cat. No. 01CH37268).
doi: https://doi.org/10.1109/pac.2001.986637

DOI: 10.15587/1729-4061.2021.228735
DEVELOPMENT OF A MODEL OF ELECTRIC
IMPEDANCE IN THE CONTACT BETWEEN THE
SKIN AND A CAPACITIVE ACTIVE ELECTRODE
WHEN MEASURING ELECTROCARDIOGRAM
IN COMBUSTIOLOGY (p. 32-38)

Arsen Savchuk

National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
ORCID: https://orcid.org/0000-0003-0454-4948

Long-term ECG (electrocardiogram) measurement in
patients with burns is a complicated problem since the over-
lapping of surface contact electrodes can lead to additional
injuries. The possibility of ECG recording in patients with
burns using capacitive electrodes was not proved, and there
are no models of the electrode contact with a patient’s body
while rehabilitation means are used.

In this paper, the model of the contact between capacitive
electrodes and the skin was modified and the circuit model of
the contact: skin — bandages (saline solution) — film — active
capacitive electrode, was described. The influence of the
parameters of a capacitive electrode on the frequency re-
sponse of the contact of an electrode with skin was assessed.
It was found that contact capacitance is crucial to obtain
a high-quality ECG signal. The parameters of the impedance
of bandages, saline solution, a dielectric film were calculated,
and their effect on the frequency response was studied. Based
on the modified model, the frequency response of contact was
modeled taking into consideration all the calculated param-
eters; it was found that the resulting frequency response of
the contact corresponds to the frequency range of the ECG
signal. Analysis of the calculations proves the possibility of
using capacitive electrodes when applying various rehabili-
tation means. It was found that at a change in the impedance
of the saline solution from 0.1 gigaohms to 1 gigaohm, the
changes in the frequency response of the contact are not cru-
cial for the final quality of the received signal.

All calculations were carried out by modeling in the Qucs
environment (ngspice SPICE).

Simulation results can be used in the development of new
types of capacitive electrocardiographic electrodes. The pro-
posed model can be used to study other wound covers, as well
as to model physiological processes when putting artificial
skin and wound covers.

Keywords: electrocardiography, capacitive electrodes,
burn injury, biomedical electrodes, impedance modeling.
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Metal nanoparticles are very important for their optical
properties when they interact with light. Metal nanopar-
ticles have the ability to confine the collective oscillation
of electrons, which is called localized surface plasmon reso-
nance (LSPR). In this work, silver nanoparticles have been
proposed to enhance light harvesting, which could be useful
for different applications. Metal nanoparticles such as gold
and silver nanoparticles have the ability to concentrate field
in a very small space. In this study, gold and silver nanopartic-
les optical response was investigated using frequency domain
simulation. The resonance wavelength of gold and silver
nanoparticles was about 550 nm and 400 nm, respectively.

Silver nanoparticles showed better LSPR performance
than gold nanoparticles. Therefore, silver nanoparticles were
chosen for optical field enhancement. Here silver nanopar-
ticles were placed on a silicon substrate for optical field
enhancement. To study the effect of size on the optical
response of silver nanoparticles, the optical properties of
this structure with different silver nanoparticles diameter
values were investigated. Silver nanoparticles with 40 nm
diameters showed a better optical response. To study the
effect of the distance between silver nanoparticles on the
optical response, different gap values were put between
silver nanoparticles. The gap value of 4 nm showed a better
optical response. The obtained results showed that the loca-
lized field is strongly dependent on the metal type, size, and
space between nanoparticles. In addition, the optical field
concentration can be controlled by tuning the size and space
between silver nanoparticles. This will support localized field
enhancement. The enhanced localized field will increase the
field absorption near the surface, which can be beneficial
for energy harvesting applications such as solar cells and
detectors.

Keywords: silver nanoparticles, LSPR, light harvesting,
optical response, light confinement, field enhancement, gold
nanoparticles, silicon substrate.
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A thermodynamic model for calculating the operating
process in the cylinder of a spark-ignition engine with inter-
nal mixture formation and stratified air-fuel charge based on
the volume balance method was developed. The model takes
into account the change in the working fluid volume during
the piston movement in the cylinder.

The equation of volume balance of internal mixture for-
mation processes during direct fuel injection into the engine
cylinder was compiled. The equation takes into account
the adiabatic change in the volume of the stratified air-fuel
charge, consisting of fuel-air mixture volume and air volume.
From the heat balance equation, the change in the fuel-air
mixture volume during gasoline evaporation in the fuel
stream and from the surface of the fuel film due to external
heat transfer was determined.

Basic equations of combustion-expansion processes of the
stratified air-fuel charge were derived, taking into account
three zones corresponding to combustion products, fuel-air
mixture and air volumes. The equation takes into account
the change in the working fluid volume due to heat transfer
and heat exchange between the zones and the walls of the



above-piston volume. Dependences for determining the tem-
perature in the three considered zones and pressure in the
cylinder were obtained.

Graphs of changes in the volumes of the combustion pro-
ducts, fuel-air mixture and air zones with the change of the
above-piston volume in partial load modes (7n=3,000 rpm)
were plotted. With increasing load from bmep=0.144 MPa
to bmep=0.322 MPa, at the moment of fuel ignition, the
volume of the fuel-air mixture increases from 70 % to 92 %
of the above-piston volume. At the same time, the air volume
decreases from 30 % to 8 %.

Analysis of theoretical and experimental indicator dia-
grams showed that discrepancies in the maximum combus-
tion pressure do not exceed 5 %.

Keywords: three-zone combustion model, engine operat-
ing process, stratified air-fuel charge.
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PO3POBKA HECTAH/IAPTHOI KOMIPKH I/l OIITUKO-EJIEKTPOXIMIYHIX BUMIPIOBAHD
3A IOIIOMOTIOIO 3D IPYKY TA CYYACHOI EJIEKTPOHHOI BA3H (c. 6-13)

B. A. Korok, B. JI. KoBanenko

Byua sanpononoBatna 0co6Ba KOHCTPYKINA BUMIPIOBAJIbHOI KOMIPKH, SKa J03BOJISE BU3HAYATH ONTHYHI Ta eJeKTPOXIMiuHi Xapak-
TEPUCTHKN TOHKOILIIBKOBUX €JIEKTPOXPOMHUX €JTEKTPOIB OAHOYAcHO. TAaKoK 3alpoNoHOBaHAa KOMipKa 3abesredye IMOCTIHUNA KOHTPOJIb
TEMITEPATYPHU 32 IOTIOMOT0I0 MAaTOrabapuTHOTO GIOKY TEPMOCTATYBAHHS MOOYI0BAHOTO Ha eleMeHTax [lesbrbe i mbpoBIX miartax TepMo-
cratis W1209 (Kurait).

Komipxka Gysa Burortosiiena 3a jomnomoroio 3/1 apyky miacrukom ABC merogom nHarrassernts (FDM) 3 mogasbIoio craiieo repMeru-
3ailii 3a JI0IIOMOTOI0 PO3UNHY ITOJIIMETHIMEeTaKpUIaTa PO3YMHEHOTO B IMXJIOPETaHI.

V npoueci pocimkents 6ya0 0OrpyHTOBAHO 3aCTOCYBAaHHS 3€JIEHOTO JIazepa 3 A0BKUHOW XButi 520 HM. OkpeMo Oy/n BUBYEHA JIiHITI-
HICTb ONTHYHUX TTOKa3aHb, 3aJIe’KHICTh MOKA3HUKIB CHCTEMHI BUMIPIOBAHb ONTHYHUX XaPaKTEPUCTHK Bi/l TEMIIEPATYPH, a TAKOK PIBHOMIPHICTD
HArpiBy eJeKTpoJiTy B KoMipiti. Kpim Toro, Oysia BusHaueHa KapTUHA €JIEKTPUYHOTO HOJIs, 10 OYJI0 OKA3HUKOM PIBHOMIPHOCTI PO3MOALLY
ITBHOCTI CTPYMY Ha BUMipPIOBAHOMY €JIEKTPO/I.

OTpumani 3a/1€KHOCTI I03BOJIMJIN CTBEP/UKYBATH, 1[0 XapaKTEPUCTUKI KOMiPKH i BUMIPIOBAJIbHOI CUCTEMU B IIJIOMY € ITPUJATHUMU JIJIS
3as1BJICHUX I11JIeH B IOCTI/KEHHSIX.

Takox 6yJ0 TIOKa3aHo, 110 COGIBAPTICTH OCEPEAKY PA3OM 3 ONTUYHOIO BUMIPIOBAILHOIO CHCTEMOIO 1 CHCTEMOIO M ATPUMKH TIOCTIHHOT TeM-
nepatypu B OLIBII HI3K B /1Ba Pa3y JEIIEBIIe, HIK TPOCTI eJIEKTPOXIMIYHI OCEPEIKH, TPOIIOHOBaHI BUPOOHUKAMHU.

3anponoHOBaHUil aJITOPUTM PO3POOKH KOHCTPYKIIii 0CEPEKY, MiAX0Ly 10 BUOOPY KOMIIOHEHTIB, a TAKOXK HaBeIeHI TeXHIYHI ToApoOuIL
JO3BOJISIIOTH BUTOTOBJIATH BUMIpIOBaJIbHE OOJIa[HAHHS il KOHKPeTHI 1iji gocaianuka. [Ipu nboMy HaBegeHi cxeMaTUyHi, KOHCTPYKIHHI Ta
araparypHi pillleHHst MOKYTh OyTH BUKOPUCTaHI OKPEMO OJIMH BiJl OZHOTO.

KurouoBi cioBa: BumipioBasibHa KoMipka, 3D 1pyK, eIeKTpOXpoMi3M, ONITHYHI XapaKTePUCTHKH, eJeKTpoxiMiuni xapakrepuctuki, KOH.

DOI: 10.15587/1729-4061.2021.228655 ]
PO3POBKA KOHCTPYKIIi MATHITOAKTUBHOI YACTUHHM JIUTIOJIbHUX EJTEKTPOMATHITIB
CHCTEMY BEPTUKAJIbHOTO 3BEJIEHHSA-PO3BE/IEHHS IIYYKIB (c. 14-22)

A. B. Terbman

Hageneno pesyJibrati po3paxyHKy MarHiTHUX ITapaMeTpiB MPSIMOTO JMIIOJBHOTO MArHITYy CHCTEMH BEPTHUKATIBHOTO 3BE/IEHHS-PO3BE-
JIeHHs MYYKiB YaCTUHOK BEPXHBOTO i HIKHBOTO KiJellhb Kojaiiepa BaXKUX i0HIB. OTpUMaHO ONTHMIi30BaHWI BapiaHT KOHCTPYKIIi sSpMa
i HAZITPOBIHOT OOMOTKH, KU 3a6esueqye 3a/laHe 3HAUCHHS O/HOPiZIHOTO MarHiTHOrO I10JI51 BCePEAMHI allepTypu [IPU MiHIMi30BaHUX BKJIaLaX
cepeIHbO-IHTEerPATbHIX 10 JTOBKNHI Koedil[ieHTiB TapMOHiK cTapmux cTyneHiB. HaBeseno pesysnsrati anamisy momepednux MpOeKILiil Mar-
HITHOI IHAYKITi{, OTPUMAHKX 32 10TIOMOT010 2D MOoieTIoBan st IBOX BapiaHTiB KOHCTPYKIIT IEHTPAILHOTO MTOTIEPETHOTO TIepepi3y AUIOTBHOTO
e/IeKTpOMAarHiTy. B pesysibraTi aHasisy BCTAaHOBJICHO 3aJI€KHICT CTaGlIbHOCTI MATHITHUX BJIACTUBOCTEH B AlIEPTYPi €I€KTPOMATHITY TP 3MiHi
cTpyMy B 0OMOTII Bij 06’eMy obacTeii sipMa, sSIKi MalOTh 3Ha4eHHsI HamarnidyeHocti 6smsbke 10 Hacuyenust. Ctopena 3D Mozesnb Maruito-
AKTUBHOI YaCTUHU /IS IBOX BapiaHTiB KOHCTPYKIII eJIeKTPOMArHiTy i po3paxoBaHi 3HaUCHHSI CepPeHbO-IHTEIPAILHUX FAPMOHIK IIOIePeUHUX
TIPOEKIIiff MAaTHITHOI IHAYKIII B arepTypi. EMITipiuno BcTaHOBJIEHO B3AEMO3B’SI30K Mi’K TPETHOIO CEPeIHBO-IHTETPATBHOIO TAPMOHIKOIO MarHiT-
HOT iHAYKIIT i raGapUTHUME JOBKUHAMU SIPMa | 0OMOTKH, IO I03BOJISIE KOPUTYBATH HEOHOPITHICTH MOTIEPEYHOr0 MATHITHOTO MOJISI B AlIEPTY-
pi esexkrpomarnity. HaBezeno pesyssratu ontumizaliii KOHCTPYKILii MArHITOAKTUBHOI YaCTHHM €JIEKTPOMArHITY 32 KpUTEPiEM MiHIMyMy 3Ha-
YeHb CepeHbO-IHTeTpaIbHUX KoeDilienTiB MariiTHOI iHYKIIi1, TPOBeIeHOi Ha OCHOBI KOPEKITii MOYaTKOBUX T€OMETPUYHIX MTAaPAMETPIB sipMa
i o6MoTKu. HaBeeHo nosrinieHHs cTabiibHOCTI MArHITHUX [TapaMeTpiB B 3 pasu i 3MEHIIEeHHs B 2 Pa3y BKJIAJLy B HEOIHOPIIHICTH TPETHOT ce-
PETHBO-IHTErPATbHOI TAPMOHIKH MPH 3aCTOCYBAHHI B KOHCTPYKITii €TEKTPOMATHITY IBOPSIAHOTO YKJIATAHHS BUTKIB OOMOTKI BCEPENHI SIPMA.

Kii0uoBi cioBa: AunosibHUii eJIeKTPOMArHiT, HaIPOBiAHA 0OMOTKA, ITYYOK YaCTUHOK, KOeMillieHT rapMOHIKH MarHiTHOTO TIOJIs.

DOLI: 10.15587/1729-4061.2021.227135 ] i
OCOBJIMBOCTI PO3POBKH CIIEIIAJII30BAHOI IHOOPMAIIITHO-BUMIPIOBAJIBHOI CUICTEMU
JUIS1 NOCTIJIKEHHS TEPMOEJTEKTPUYHHX BJACTUBOCTEI HAIIIBIIPOBITHUKIB (c. 23-31)

P. B. lyuens, B. C. [I3yun3a, JI. B. TypoBcbka, M. @. Ilamok, O. I1. ITomiaBebkuit

[TpoanamtizoBaHo Ta BIOPAHO ONTUMAJIBHI JJIsT peastizallil IporpaMHO-anapaTHUX 3ac00iB METOAN AOCIIKEHHS TEPMOEJEKTPUYHIX Ta-
paMeTpiB HAIiBIIPOBITHUKIB. 32 OCHOBY B3sTO MeToJl XapMaHa Ta iforo Moaudikailii, aanTtoBaHi st iMITyJIbCHUX BUMIPIOBAHb, SIKi 3pyYHO
peasidyBaTu Ha CydacHiii ejieMeHTHii 6asi. Bask/IMBOIO 1epeBaro 1aHuX METO/IIB € BiICYTHICT HEOOXIHOCTI IIPOBEICHHS TOUHUX BUMIPIO-
BaHb TETJIOBUX TTOTOKIB, 10 3HAYHO CIIPOIILYE Ta 3MEHIITYE Jac MPOBEICHHS eKCIePUMeHTATbHIX JOCi/IKEeHb.

Busnaueni nHeoOxiani poboui gianazonu 3a nanpyroio 10 MxB—1 B, 3a crpymom 10 MkA—300 MA Ta mIBUAKO/iS eleMeHTHOT 6a3u Ha piBHi
onparosanss 40—200 MinbiioHIB BUGIPOK B ceKyHIy. Po3po6ieHa CTPyKTypHa Ta eJIeKTPHYHA CXEMHU 1 IIporpamMHe 3abe3nedeHHst Creniasti-
30BaHOI KOMIT'IOTEPHOI CHCTEMN JIJIST IOCTIIPKEHHS TePMOEJIEKTPUYHIX [TapaMeTPiB SIK MACUBHUX, TaK i TOHKOILIIBKOBIX TEPMOEJICKTPUYHIX



MarepiajiB, a TaKOK E€KCIIPeC aHali3y eKCIUIyaTalliiiHuX XapaKTepUCTHK TOTOBMX MOAYJiB. IokasaHo, Mo 3amporoHoBaHa cxema noOpe
CIIPABJISIETHCS 3 MOCTABJIECHOW 3a1aueio. A 3actocyBants FPGA i 32 pospsiziHi MiIKPOKOHTPOJIEpU 3a0€31eUyI0Th A0CTATHIO MIBUAKO/IO 151
omnparoBanist 10 200 MSPS i HeoOXiani peskuMH CHHXPOHIZAI] Ui peasizailii iMITyJIbCHOTO MeToLy XapMaHa HaBiTh TIPH TOCTIKEHH]
IJIIBOK HAHOMETPOBOI TOBIIUHU.

IIposeneno ekcriepuMeHTaIbHI OCTIKEHHS K MACHBHIX TEPMOCICKTPUYHIX MOy 1iB Ha ocHOBi Bi2Te3 Tax i TOHKOITIBKOBOTO TEPMO-
ejileKkTpryHOro Marepiany Ha ocHosi PbTe. TTokasaro eextuBHicTh po3pobIeHNX 3ac00iB 1 METOIMK, SIKI Ja MOKIUBICTD OLIBII HIXK y ABIYi
3MEHIINTU Yac Ha MiJITOTOBKY 3Pa3KiB Ta IPOBe/eHH: excriepuMenTy. Ha ocHOBI npejcTaBieHnX Mo/esell BU3HAUECHO BCi OCHOBHI TepMoe-
JIEKTPUYHI Ta eKCTITyaTalliiiii mapaMeTpu, 30KpeMa ITOMY eJIEKTPOITPOBIAHICTh, KoedilienT 3eebeka, TerIonpoBiHICT, TEPMOETEKTPUIHY
JOOPOTHICTD.

B pesyssrari po3pobIeHHS CIIEIiali30BaHNX KOMITIOTEPHIUX 3ac00iB BIATOCS 3MEHIINTH TPYAOMICTKICTD MPOIECY BIMIPIOBAHHS OC-
HOBHUX €JIEKTPHYHMX Ta EKCILIyaTallilfHUX HapaMeTpiB HaIiBIIPOBI/IHUKOBUX TEPMOEJIEKTPUYHUX MaTepiasiB Ta MOMIYJiB IepeTBOPEHHS
eHeprii Ha iX OCHOBI, a TAKOXX aBTOMATHU3yBaTH Ipoliec Ae(eKTyBaHHS TEPMOEIEKTPUYHNX MOJYJIiB. TPYZAOMICTKICTD TIPOIeCy AOCIIi/IKEeHHS
3MEHIITIIIAcs He TIIbKN 3aB/TKM aBTOMATN3aIli1 poliecy BUMipPIOBAHHS, A i 3aB/SKHI ONTHMI30BaHill METO/MILI, SIKa /Ia€ MOKINBICTD TIPOBOJIN-
TH JIOCIIKEHHST Ha 3pasKy ojHiel KoHirypariii, Tak K HalGiIbI TPYAOMICTKIME € BUTOTOBJIEHHS 1 THATOTOBKA 3Pa3KiB.

Kimouosi cioBa: komm'otepHi 3acobu, indopmariiino-BumipoBaibi cucremu, 00po6Ka CUrHAIIB, MIKPOKOHTPOJIEPHI CHCTEMH, CXEMO-
TeXHiKa, NIBUIKO/Iisl, TEPMOEJEKTPUYHI BIACTHBOCTI, eeKTyBaHHS.
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PO3POBKA MOJIEJII EJTEKTPUYHOIO IMIIEEJAHCY KOHTAKTY 3I HIKIPOIO EMHICHOI'O AKTUBHOT'O
EJEKTPOAY AJid BUMIPIOBAHHSA EJTEKTPOKAPAIOTPAMI Y KOMBYCTIOJIOTTI (c. 32-38)

A. B. CaBuyk

Jlosrorpusase Bumiptosanus EKI (esektpokapziorpamMn) y Haii€eHTiB 3 OMiKaMM € CKJAIHOIO 33/lauefo, OCKIIbKM HAKJIAJIaHHS I10-
BepXHEBUX KOHTAKTHUX €JIEKTPO/IiB MOKe TIPU3BOANTH /IO AOMATKOBUX MONIKo/Kenb. MoskmBicTs peectparii EKI y marientis 3 omikamu
3a JIOIIOMOTOI0 EMHICHUX €JIEKTPO/IIB He MiATBEP/UKeHa, a MO/leJli KOHTAKTY eJIeKTPO/LY 3 TiZIOM Mal[ieHTa 32 BUKOPUCTaHHS 3acobiB peabimita-
1ii BiZICYTHI.

B po6ori MoandikoBano Mojge b KOHTAKTY EMHICHUX eJIeKTPOIIB 31 IIKIPOIO Ta OIMUCAHO CXEMHY MOJE/Ib KOHTAKTY: IKipa — ountu (¢hi-
310JT0TIUHIIT PO3UNH) — IJTIBKA — AKTUBHUI €MHICHUIT esiekTpozt. OIiHeHO BIINB ITapaMeTPiB EMHICHOTO eJIEKTPOLY Ha aMILTTY/THO-4aCTOTHI
xapakrepuctuku (AYX) KOHTaKTy eJeKTPOLy 3i MIKiPOTO i BUSBIIEHO, IO EMHICTh KOHTAKTY € KPUTHYHOIO JIJIST OTPUMAHHS SKiCHOTO CHTHA-
ay EKT. PospaxoBaHo mapamerpu immenaHcy OUHTIB, (i3iooriuHOro po3unHy, AieJeKTPUYHOI IUIBKU, Ta TOCHIKeHO iX BIuB Ha ATX.
Ha ocnosi moandirosanoi mozesni nmpoenero mozemoBanis AHX KOHTAKTY 3 ypaxXyBaHHSM BCIX PO3PAXOBAHUX MTAPAMETPIB i BUSBIIEHO, IO
orpumana AYX KoHTaKTy BijioBizae yacrornomy miarnazony curuany EKI. Ananiz po3paxyHKiB MiZITBEP/KYE MOKJIUBICTH BUKOPUCTAHHS
EMHICHUX €JIEKTPOJIIB TIPU 3aCTOCYBaHHI Pi3HUX 3ac06iB 1uis peabinitarii. BussiaeHo, mo npu 3mini iMnenancy $hisioorivHoro posunty Bij
0.1 T'Owm o 1 I'Om 3minu AYX KOHTaKTy He KPUTHUYHI JIST KiHIIEBOI SIKOCTi OTPUMAHOTO CUTHAITY.

Bci pospaxyHku 1poBejieHO IIISIXOM MojiestoBaHHs B cepesosuiii Quces (ngspice SPICE).

Pesysisratii MOJETIOBAHHS MOXKYTh OyTH BHKOPHCTaHi B PO3pOOIH HOBMX BH/IB E€MHICHUX eJIeKTpOKapaiorpadiyHuxX eJeKTpoiB.
3arportoHoBaHa MOJIEJIb MOKE BUKOPUCTOBYBATHUCH TSI IOCJI/IKEHHS iHIINX PAaHOBHX MOKPHUTTIB, & TAKOXK /LTS MOJIeTIOBAaHHS (DisiosroriyHmx
TIPOIIECiB IIPH HAKJIA/IAHHI IITYYHOI MIKIPX Ta PAHOBUX ITOKPUTTIB.

KiiouoBi cioBa: esiekrpokapiorpadist, eMHICHI eJIEKTPOIN, OTKOBA TpaBMa, O10MeIIHi eJIeKTPOI, MOAETIOBAHHS IMITE/IAHCY.
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MIABUIITEHHA EOEKTUBHOCTI 350PY CBITJIA 3A TOIIOMOTOI0O HAHOYACTHUHOK METAJLY (c. 39-45)

Mohammad Tariq Yaseen

HanouacTnHKM MeTasy MAlOThb BEJIMKY ITIHHICTD 3aBISAKN CBOIM ONTUYHUM BJIACTMBOCTSIM IPHU B3aeMO/il 3i cBitsioM. Hanouactuukm
METaly MaloTh 3AATHICTh OOMEKYBATH KOJEKTUBHI KOJMBAHHs €JEKTPOHIB, SIKI HA3MBAIOTHCS JIOKAMI30BAHUM MOBEPXHEBUM IIA3MOHHIM
pesonancom (JITITIP). Y paniii poboTi aist migBuIeHHs eheKTHBHOCTI 3600py CBiT/Ia OYJI0 3aIllPOTIOHOBAHO BUKOPUCTOBYBATH HAHOYACTHHKI
cpibiia, ki MOKYTb OyTH KOPUCHI IS PI3HUX 3acTOCYBaHb. HaHOUacTHHKY MeTaJly, Taki IK HAHOYACTUHKM 30J10Ta Ta ¢pibJia, MaloTh 31aTHICTh
KOHIIEHTPYBATH TOJIE B Iy’Ke MaJeHbKOMY TIPOCTOPi. B maHOMYy JOC/IIZKEHH] 3a J0TIOMOTOI0 MOZIEIIOBAHHST B YaCTOTHIH 00/1acTi BUBYABCS
ONTUYHUIT BITYK HAHOYACTUHOK 30J10Ta i cpibia. PesoHancHa A0BKHMHA XBIJI HAHOYACTHHOK 30J10Ta i cpibia cranoBuia 6ausbko 550 HM
i 400 HM BiaIoOBiHO.

Hanouactunku cpibia nokasamu kpaii xapakrepuctuku JITITIP B mopiBHSHHI 3 HAHOYaCTHHKAMK 30J10Ta. TOMY JUIst TIOCHJIEHHST OITHYHO-
ro 110151 Oy o6pani HaHOYACTUHKK cpibua. J[Jist HOCKIEH S OITUYHOTO T10JI HAHOYACTUHKY ¢Pib/ia MoMilaii Ha KpeMHIEBY HiaKAaaKy. s
BUBYEHHSI BIUINBY PO3MIPY Ha ONTHYHHI BiATYK HAHOYACTHHOK cpibiia OyIIu JOCTi/KeHi ONTHYHI BIACTHBOCTI €l CTPYKTYPH IIPH PI3HIX 3HA-
YEHHSIX JllaMeTpa HaHOYaCTUHOK cpibsa. Harnoyactunku cpibia giamerpom 40 HM moKasaiy Kpauyil onTHaHui BiAryK. JIJist BUBYEHHS BIIUBY
BiJIcTaHi MisK HAHOYACTUHKAMU CPibJIa HA ONITHYHUI BIATYK, MK HaHOUaCTUHKaMU cpibiia GyJiM BCTaHOBJIEHI PisHi 3HaYeHHs 3a30py. Kpatmit
OTITHYHMI BIITYK Z0CATaBCS TP BeTM4nHi 3a30py 4 HM. OTpuMani pesysabraTi OKasasly, 110 JOKaIi30BaHe T0Jie CHIIbHO 3aJIesKUTD BiJl THITY
MeTaJly, po3Mipy Ta BifcTaHi Mi’k HaHoYacTUHKaMu. KpiM TOro, KOHIEHTPAIIIO ONTHUYHOTO TI0JisI MOJKHA KOHTPOJIIOBATH, BapilOIOUU PO3MIp
i BizcTanp Mixk HaHOYacTHHKamMn cpibmia. Ile crpusTuMe MoCHIEHHIO JOKaIi30BaHoro mosst. Ilocuiene sokanisoBaHe T0J€e TO3BOIUTD 30171b-
MIUTH TTOTTIMHAHHST T10J1sT G1JIs1 TOBEPXH, 110 MOKe OYTH BHKOPUCTAHO B IPUCTPOSIX 360PY €HEPrii, TAKNX SIK COHSTYHI €JIEMEHTH 1 IETEKTOPH.

Kmouosi cioBa: Hanouactunku cpibaa, JITIP, 36ip cBiTja, ONTHYHUIA BIATYK, YTPUMAHHS CBITJIa, IOCHJIEHHS T10JIsI, HAHOUYACTUHKU
30J10Ta, KPEMHI€BA T IKJIA/IKA.
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PO3POBKA TPU30HHOI MOJEJII 3rOPAHHS OO ABUT'YHA 3 ICKPOBHUM 3AITAJTIOBAHHAM
TA PO3UIIAPYBAHHAM ITAJIMBOIIOBITPAHOTIO 3APSNY (c. 46-57)

B. A. Koporoacekuii, A. C. Porosuii, O. I. Bopounkos, A. II. Ilonus’auuyk, II. I. Iakain, O. [O. JIucuug, 1. B. Xyasaxos,
T. B. MakapoBa, M. M. I'ium, €. A. I'aex

P03po6ieHo TepMOANHAMIUHY MOJIENTb IJIsI PO3PaXyHKY po6GOYOro TPOIiecy B MIUIHAPI ABUTYHA 3 iICKPOBUM 3aMaiOBAHHSIM Ta BHYTPIilI-
HIM CyMIIIIOyTBOPEHHSIM [PK OPraHizallii pO3UIapOBAHOTO MATUBOMOBITPSHOTO 3apsi/ly Ha OCHOBI MeTOIy 06’éMHOr0 Gasiancy. Mojesib Bpaxo-
BYy€ 3MiHy 00’eMiB poOOYOTro Tisa il yac nepeMilneHHs MOPIIHs B IHIIHAPI.

CxJiazieHo PiBHSIHHS 00’'€MHOrO GasiaHCy TIPOIECiB BHYTPINIHBOTO CYMIlIOyTBOPEHHSI NPH (e3M0CePeIHbOMY YIIOPCKYBaHHI TaiiBa
B IIAJIIHAD ABUTYHA. PIBHAHHS BPaxoBye afiabaTuuHy 3MiHy 06'éMy pO31IapoBaHOTO MATMBOIOBITPSIHOTO 3aPsILy, SIKMI CKIAIAEThCs 3 00'eMy
MaJIMBOTIOBITPSHOT CyMiIli it 06’eMy TOBITPsI. 3 PIBHAHHS TEIJIOBOr0 Gaarcy BU3HAYAETHCSA 3MiHa 00'eMy TTaJIMBOIOBITPSHOI CyMillli B TIpO-
1ieci BUNIapOBYBAHHS 6eu3uﬁy B [IaJIMBHOMY CTPYMEHI Ta 3 II0BePXHi IaJUBHOI [IJIIBKY BHACJII/IOK Ii/IBEJICHHS 3 30BHI TEILJIOTH.

BuBezienno ocHOBHI PiBHSHHS ITPOIIECIB TOPIHHA-PO3MINPEHHS PO3ITAPOBAHOTO TTATMBOIIOBITPSHOTO 3apsiy 3 ypaxXyBaHHSM TPBOX 30H,
SKi BIZANOBIAAIOTH 00'eMaM: TIPOAYKTIB 3rOPAHHS, HAIMBOMOBITPAHOI cyMmini Ta moBiTpsa. PiBHAHHSA BpaXxoBye 3MiHy 06’eMy pobodoro Tiia
BHACJII/IOK TIBEJIEHHS TEIIOTH 1 TEIIOOOMiHY MiK 30HaMU i CTIHKAMU HaAIOPIIHEBOTO 06'eMy. OTPUMAHO 3a/I€5KHOCTI UTsT BUSHAYEHHS
TeMIiepaTypH B TPhOX PO3TJIAHYTHUX 30HAX i THCKY B I[UJIIH/IPI.

[To6ynoBano rpadiky 3MiHU 06’€MiB 30HU TIPOYKTIB 3TOPSHHS, MAJTUBOIOBITPSIHOT CyMillli Ta MOBITPs TP 3MiHI HAJOPIIHEBOTO 00'eMy
Ha pesKMMaxX JacTKOBMX HaBaHTaxkenb (n=3000 x5 !). 3 migsmmennam maBantaxenns six p,=0,144 MIla no p,=0,322 MIla ma MomenT
3aliMaHHs naarBa 361bHIy€EThCst 00’€M NMAIMBOMOBITPstHOI cyMinii Big 70 % 10 92 % HaanopiiHeBoro 06’'emy. IIpu 1boMy 06’€M MOBITPS 3MEH-
myetbest 3 30 % 1o 8 %.

AHaJTi3 TeOPETUYHUX Ta EKCIIEPIMEHTAIBHIX 1HIMKATOPHUX [[iarpaM MoKasas, 10 PO36iKHOCTI 3a PiBHEM MaKCUMAIBHOTO THCKY 3TOPSTH-
HSI HE [IEPEBUIILYIOTD 5 %.

Kir04oBi ci10Ba: TpU30HHA MOJIENb 3TOPSIHHST, POGOUIA TIPOIIEC IBUTYHA, PO3IIAPYBAHHST TATIBOIOBITPSIHOTO 3apsITy.



