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Electrochromic coating is the basis of smart windows with vari-
able optical characteristics. Nevertheless, despite the obvious ad-
vantages of using smart windows in construction, their cost is high.

We have considered the coatings obtained by the cathodic
template method, which are more economical in production. The
presented studies are devoted to tests at cyclic temperature loads —
repeated cooling and heating. The paper shows the influence of the
medium and the method of heat supply (removal) to an electrochro-
mic electrode based on a composite Ni(OH),-PVA coating as well as
the effect of surface preparation before its application.

As a medium for cyclic temperature loads, we used air or a
working electrolyte — 0.1 M KOH. As a preliminary preparation
of the transparent electrically conductive base, we used electro-
chemical etching of a part of the layer of the electrically conduc-
tive transparent coating of tin oxide doped with fluorine in a
solution of 1 M HCI.

The result of a series of experiments was the discovery of a
strong influence of temperature cyclic loads on the final charac-
teristics of electrochromic films. The electrochromic film on the
sample, which was subjected to cyclic temperature changes in air
and on the substrate without etching, almost completely lost its

electrochromic characteristics and adhesion. The sample, which
was subjected to thermal stress in an alkali solution, lost its unifor-
mity during coloring.

On the other hand, both films, which were deposited on etched
substrates, had generally better characteristics than samples de-
posited without etching and subjected to thermal stress in the air
and in alkali. In this case, the sample, which was obtained on the
substrate with pretreatment by etching and subjected to tempera-
ture cycling in alkali, had even slightly better characteristics than
the reference sample.

Keywords: electrochromic device, electrochemical deposition,
nickel hydroxide, template, polyvinyl alcohol, temperature tests,
adhesion.
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A cobalt-free perovskite oxide SmgsSrgsFeqgCros03.5 (SS-

FC) has been exploited as a novel cathode for intermediate-tem-
perature solid oxide fuel cells (IT-SOFCs). The cathode model
was synthesized with the addition of the chromium element in

the B side of the composite metallic oxide system, which was then



formed by the solid-state reaction method. The model system was
further characterized in detail for getting the properties behav-
ior. The solid-state reaction of the SSFC system was observed
through thermal gravimetric analysis. Meanwhile, the structural
properties were investigated by x-ray diffraction, and the weight
loss was examined by the thermal gravimetric analysis as well.
Furthermore, the thermal expansion coefficient was determined
by the thermal-mechanical analysis, and the conductivity proper-
ties were tested by the thermal conductivity analysis. The result
showed that the SSFC cathode demonstrated the crystalline
structure based on the design with a perovskite phase. The oxygen
content created on the model structure was obtained to be 2.98
after the calcination process. The average thermal expansion coef-
ficient was achieved up to 5.0x10% K-! as the heating given up to
800 °C. Moreover, the conductivity value reached from 2 S-cm™! at
400 °C and it increased to be a maximum of 7.5 S-cm™! at 700 °C.
In addition, the presence of Cr%* cation valence coordinated with
the oxygen anion could lead to generating a large concentra-
tion of oxygen vacancies on the cathode surface, facilitating the
transport of the O™ anion in the cathode system. Based on these
results, the SSFC cathode has good properties as a composite sys-
tem promising for IT-SOFCs application in the future.

Keywords: solid oxide fuel cells, cobalt-free cathode, perovskite
structure, oxygen content, conductivity.

References

1. Wakui, T, Yokoyama, R., Shimizu, K. (2010). Suitable operational
strategy for power interchange operation using multiple residential
SOFC (solid oxide fuel cell) cogeneration systems. Energy, 35 (2),
740-750. doi: https://doi.org/10.1016/j.energy.2009.09.029

2. Fernandes, A., Woudstra, T., van Wijk, A., Verhoef, L., Aravind, P. V.
(2016). Fuel cell electric vehicle as a power plant and SOFC as a
natural gas reformer: An exergy analysis of different system de-
signs. Applied Energy, 173, 13-28. doi: https://doi.org/10.1016/
j-apenergy.2016.03.107

3. Naimaster, E. J., Sleiti, A. K. (2013). Potential of SOFC CHP systems
for energy-efficient commercial buildings. Energy and Buildings, 61,
153-160. doi: https://doi.org/10.1016/j.enbuild.2012.09.045

4. Song, X., Le, S., Zhu, X,, Qin, L., Luo, Y., Li, Y. et. al. (2017). High
performance BaFe;—BiyO3 s as cobalt-free cathodes for intermediate
temperature solid oxide fuel cells. International Journal of Hydro-
gen Energy, 42 (24), 15808-15817. doi: https://doi.org/10.1016/
j.ijhydene.2017.05.061

5. Zhu, M., Cai, Z., Xia, T, Li, Q., Huo, L., Zhao, H. (2016). Cobalt-
free perovskite BaFe(g5Cug 1503.5 cathode material for intermedi-
ate-temperature solid oxide fuel cells. International Journal of Hy-
drogen Energy, 41 (8), 4784-4791. doi: https://doi.org/10.1016/
j.ijhydene.2016.01.071

6. Yao, C., Zhang, H., Liu, X,, Meng, J., Meng, J., Meng, E (2019).
A niobium and tungsten co-doped SrFeO* perovskite as cath-
ode for intermediate temperature solid oxide fuel cells. Ceramics
International, 45 (6), 7351-7358. doi: https://doi.org/10.1016/
j.ceramint.2019.01.019

7. Yang, H, Gu, Y, Zhang, Y, Zheng, Y., Zhang, Z., Ge, L. et. al. (2019).
Sr-substituted SmBag75Cag25C0FeOs.5 as a cathode for intermediate-
temperature solid oxide fuel cells. Journal of Alloys and Compounds,
770, 616-624. doi: https://doi.org/10.1016 /jjallcom.2018.08.143

8. Liu, H., Zhu, K., Liu, Y, Li, W, Cai, L., Zhu, X. et. al. (2018).

Structure and electrochemical properties of cobalt-free perovskite

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

cathode materials for intermediate-temperature solid oxide fuel cells.
Electrochimica Acta, 279, 224—230. doi: https://doi.org/10.1016/
j.electacta.2018.05.086

. Subardi, A., Chen, C.-C., Cheng, M.-H., Chang, W.-K_, Fu, Y.-P.

(2016). Electrical, thermal and electrochemical properties of
SmBa;—SrxCoy05+;5 cathode materials for intermediate-tempera-
ture solid oxide fuel cells. Electrochimica Acta, 204, 118—127. doi:
https://doi.org/10.1016 /j.clectacta.2016.04.069

Zhao, L., He, B, Zhang, X,, Peng, R., Meng, G., Liu, X. (2010). Electro-
chemical performance of novel cobalt-free oxide By, 5Sro5FeqsCug205-5
for solid oxide fuel cell cathode. Journal of Power Sources, 195 (7),
1859-1861. doi: https://doi.org/10.1016 /j.jpowsour.2009.09.078

Li, C.-H., Hu, S.-H., Tay, K.-W,, Fu, Y.-P. (2012). Electrochemical char-
acterization of gradient Smg5Sro5C003-5 cathodes on CeggSmg2O19
electrolytes for solid oxide fuel cells. Ceramics International, 38 (2),
1557—-1562. doi: https://doi.org/10.1016/j.ceramint.2011.09.041
Javed, M. S, Shaheen, N., Idrees, A., Hu, C., Raza, R. (2017). Electro-
chemical investigations of cobalt-free perovskite cathode material for
intermediate temperature solid oxide fuel cell. International Journal
of Hydrogen Energy, 42 (15), 10416-10422. doi: https://doi.org/
10.1016/j.ijhydene.2017.02.045

Ling, Y., Zhang, X., Wang, Z., Wang, S., Zhao, L., Liu, X, Lin, B.
(2013). Potentiality of cobalt-free perovskite Bag 5Sro 5Feg9Mog 1035
as a single-phase cathode for intermediate-to-low-temperature solid
oxide fuel cells. International Journal of Hydrogen Energy, 38 (33),
14323-14328. doi: https://doi.org/10.1016/j.ijhydene.2013.08.089
Subardi, A., Liao, K.-Y., Fu, Y.-P. (2019). Oxygen transport, thermal
and electrochemical properties of NdBag;Srg;5C09O5.5 cathode for
SOFCs. Journal of the European Ceramic Society, 39 (1), 30—40. doi:
https://doi.org/10.1016/j jeurceramsoc.2018.01.022

Baharuddin, N. A, Muchtar, A., Somalu, M. R. (2017). Short review
on cobalt-free cathodes for solid oxide fuel cells. International Jour-
nal of Hydrogen Energy, 42 (14), 9149-9155. doi: https://doi.org/
10.1016//j.ijhydene.2016.04.097

Baharuddin, N. A., Muchtar, A., Somalu, M. R., Kalib, N. S., Radu-
wan, N. E (2019). Synthesis and characterization of cobalt-free
SrFegTip203 5 cathode powders synthesized through combustion
method for solid oxide fuel cells. International Journal of Hydro-
gen Energy, 44 (58), 30682-30691. doi: https://doi.org/10.1016/
jijhydene.2018.11.142

Meng, X., Li, S., Yu, W. W,, Ji, Y., Sui, Y., Wei, M. (2018). Layered
perovskite LnBag;Srg5CusOs.5 (Ln=Pr and Nd) as cobalt-free
cathode materials for solid oxide fuel cells. International Journal of
Hydrogen Energy, 43 (9), 4458—4470. doi: https://doi.org/10.1016/
j.ijhydene.2018.01.033

Ding, X., Gao, X., Zhu, W., Wang, J., Jiang, J. (2014). Electrode redox
properties of BajyLa,FeOs s as cobalt free cathode materials for
intermediate-temperature SOFCs. International Journal of Hydro-
gen Energy, 39 (23), 12092-12100. doi: https://doi.org/10.1016/
j.ijhydene.2014.06.009

Yin, J.-W, Yin, Y.-M,, Ly, J., Zhang, C., Minh, N. Q., Zhang, W.,,
Ma, Z.-E (2014). Nd 5Sro 5Fep sCug203-5—xSmg 2Cey 019 cobalt-free
composite cathodes for intermediate temperature solid oxide fuel cells.
International Journal of Hydrogen Energy, 39 (31), 17852—17856.
doi: https://doi.org/10.1016 /j.ijhydene.2014.08.131

He, Z., Xia, L., Chen, Y, Yu, J., Huang, X., Yu, Y. (2015). Lay-
ered perovskite Smy—La,BaFeyOs.;5 as cobalt-free cathodes for IT-
SOFCs. RSC Advances, 5 (71), 57592-57598. doi: https://doi.org/
10.1039/¢5ra09762b



21. Baharuddin, N. A,, Mohd Nazrul Aman, N. A., Muchtar, A., Soma-
lu, M. R., Abdul Samat, A., Aznam, M. 1. (2019). Structural, morpho-

logical, and electrochemical behavior of titanium-doped SrFe;Ti,O3.5

(x=0.1-0.5) perovskite as a cobalt-free solid oxide fuel cell cathode.
Ceramics International, 45 (10), 12903-12909. doi: https://doi.org/
10.1016/j.ceramint.2019.03.216

22. Cai, H,, Zhang, L., Xu, J., Huang, J., Wei, X., Wang, L. et. al. (2019).
Cobalt—free Lag5Sros5Feg9Mog 03— electrode for symmetrical SOFC
running on Hy and CO fuels. Electrochimica Acta, 320, 134642. doi:
https://doi.org/10.1016/j.electacta.2019.134642

23. Chen, M., Paulson, S., Kan, W. H., Thangadurai, V., Birss, V. (2015).
Surface and bulk study of strontium-rich chromium ferrite oxide as a
robust solid oxide fuel cell cathode. Journal of Materials Chemistry A,
3 (45), 22614-22626. doi: https://doi.org/10.1039/c5ta05815¢

24. Niy, Y, Lv, W, Chen, D., Han, J., He, W. (2019). A model study on
correlation between microstructure-gas diffusion and Cr deposition in
porous LSM/YSZ cathodes of solid oxide fuel cells. International Jour-
nal of Hydrogen Energy, 44 (33), 18319-18329. doi: https://doi.org/
10.1016/j.ijhydene.2019.05.115

25. Parveen, I. M., Asvini, V., Saravanan, G., Ravichandran, K., Kalai-
selvi, D. (2019). Deficiency of O, molecules enhances ionic con-
ductivity in Cr-doped O-Ce-O for solid oxide fuel cell applications.
Ceramics International, 45 (10), 13127-13137. doi: https://doi.org/
10.1016/j.ceramint.2019.03.247

26. Lu,J., Yin, Y.-M,, Yin, J., Li, J., Zhao, J., Ma, Z.-E. (2015). Role of Cu
and Sr in Improving the Electrochemical Performance of Cobalt-
Free Pry,SryFe;CuyO35 Cathode for Intermediate Temperature
Solid Oxide Fuel Cells. Journal of The Electrochemical Society,
163 (2), F44-F53. doi: https://doi.org/10.1149,/2.0181602jes

27. Zhang, C., Zhao, H. (2012). A novel cobalt-free cathode material for
proton-conducting solid oxide fuel cells. Journal of Materials Chem-
istry, 22 (35), 18387. doi: https://doi.org/10.1039/c¢2jm32627b

28. Yin, J.-W,, Yin, Y.-M,, Lu, J., Zhang, C., Minh, N. Q., Ma, Z.-F.
(2014). Structure and Properties of Novel Cobalt-Free Oxides
Nd,Sry_(FepgCug203-5 (0.3<x<0.7) as Cathodes of Intermediate Tem-
perature Solid Oxide Fuel Cells. The Journal of Physical Chemistry C,
118 (25), 13357-13368. doi: https://doi.org/10.1021/jp50037 1w

29. Yin, S, Li, M., Zeng, Y., Li, C., Chen, X,, Ye, Z. (2014). Study of
Sm2CepsO019 (SDC) electrolyte prepared by a simple modified
solid-state method. Journal of Rare Earths, 32 (8), 767-771. doi:
https://doi.org/10.1016,/s1002-0721(14)60138-1

30. Li, S, Lii, Z., Huang, X., Su, W. (2008). Thermal, electrical, and
electrochemical properties of Nd-doped Bag5Sr5CoosFep205-5 as a
cathode material for SOFC. Solid State Ionics, 178 (35-36), 1853~
1858. doi: https://doi.org/10.1016/j.ss1.2007.11.016

31. Chen, M., Paulson, S., Thangadurai, V., Birss, V. (2013). Sr-rich
chromium ferrites as symmetrical solid oxide fuel cell electrodes.
Journal of Power Sources, 236, 68—79. doi: https://doi.org/10.1016/
jJjpowsour.2013.02.024

DOI: 10.15587,/1729-4061.2020.220489
DEVISING A TECHNIQUE TO IMPROVE THE
EFFICIENCY OF CdS/CdTe/Cu/Au SOLAR CELLS
INTENDED FOR USE AS A BACKUP POWER
SOURCE FOR THE SYSTEMS OF SAFETY AND
CONTROL OF OBJECTS (p. 21-27)

Natalya Deyneko

National University of Civil Defence of Ukraine, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0001-8438-0618

Alexander Zhuravel

Design and Technology Institute of Micrographics,
Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0002-0165-268X

Liudmyla Mikhailova

State Agrarian and Engineering University in Podilia,
Kamianets-Podilsky, Ukraine

ORCID: http://orcid.org/0000-0002-3419-5446

Arthur Onyshchenko
National Transport University, Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-1040-4530

Alexander Savchenko

National University of Civil Defence of Ukraine,
Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0002-1305-7415

Victor Strelets

National University of Civil Defence of Ukraine,
Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0002-9109-87 14

Elena Naden

National University of Civil Defence of Ukraine,
Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0002-3488-0662

Yevhen Yurevych

Design and Technology Institute of Micrographics,
Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0001-7695-5397

This paper reports a study into the impact of cadmium telluride
layer thickness on the effectiveness of the CdS/CdTe/Cu/Au film
solar cells. The physical mechanisms have been investigated of charge
transfer in the CdS/CdTe/Cu/Au solar cells, which are intended for
use as a backup power source for the systems of safety and control of
objects. This is important because, despite the growing popularity of
solar cell application, the effectiveness of laboratory samples differs
greatly from the theoretical maximum. Thus, it has been established
that the optimum thickness of the base layer of film CdS/CdTe/Cu/
Au SCs is 4 um. When the thickness of the cadmium telluride layer is
reduced, the effectiveness of such an assembly decreases. The decrease
in efficiency occurs as a result of reducing the shunting electric resis-
tance, increasing the density of a diode saturation current, as well as
consistent electric resistance. With the increase in the thickness of the
telluride layer exceeding 4 pm, there is also a decrease in the efficiency
of a solar cell due to the reduced shunting resistance and the increased
serial electric resistance. The deterioration of the specified light diode
characteristics of CdS/CdTe/Cu/Au SCs, which occurs when the
thickness of the base layer is reduced by more than 4 pm, is due to
the diffusion of copper from the contact to the area of the separating
barrier. The deterioration of light diode characteristics when increas-
ing the thickness of the base layer of cadmium telluride is associated
with a decrease in the positive effects of “chloride” treatment. The
examined physical charge transfer mechanisms in the CdS/CdTe/
Cu/Au solar cells have made it possible to establish the height of the
rear potential barrier. In the samples studied, the height of the rear
potential barrier is 0.3 eV. The existence of such a barrier gives rise to
the thermal-emission mechanism of charge transfer in such solar cells
when applying a direct offset exceeding 1 V.

Keywords: cadmium telluride, efficiency improvement, backup
power, security and control systems, emergency.
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The results of the study on the effect of the design param-
eters of a nonlinear inductor on the level of electromagnetic
interference generated by DC/DC converters are presented. The
paper proposes models designed for the LTspice XVII environ-
ment, which allow investigating conducted interference spectra,
efficiency and output voltage ripple of the converter using a
nonlinear inductor model. The simulation results showed that
the level of conducted interference is affected by the volume and
material of the inductor core, as well as the presence of an air gap
in the core. The results of measurements of conducted interfer-
ence spectra at different values of the cross-sectional area of the
inductor core of the DC/DC converter are presented. With the
nominal cross-sectional area of the core, calculated taking into
account converter output power, the study of the relationship
between the level of conducted interference and the width of air
gap in the inductor core is carried out. In the course of studies,
using the Chan model, the influence of inductor core material on
the level of interference generated by the DC/DC converter is
analyzed. Analysis of the influence of the width of the air gap in
the inductor core on the level of conducted interference is carried
out. It is shown that air gap width should be selected taking into
account inductor core material. Simulation results for a number of
commonly used materials made it possible to determine the most
effective one in terms of generated interference.

The results obtained in the analysis of switching voltage con-
verter operation, taking into account inductor nonlinearity, allow
us to formulate recommendations to reduce the level of generated
conducted interference by 4.5 to 6 dB due to the correct choice of
inductor material and design parameters.

Keywords: conducted interference, interference spectrum,
nonlinear inductance, core material, air gap.
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When studying transients in pulsed current traction motors,
it is important to take into consideration the eddy and hysteresis
losses in engine steel. Magnetic losses are a function of the magne-
tization reversal frequency, which, in turn, is a function of the en-
gine shaft rotation frequency. In other words, magnetic losses are
a function of time. Existing calculation procedures do not make it
possible to derive the instantaneous values of magnetic losses as
they are based on determining average losses over a period.

This paper proposes an improved model of magnetic losses in
the steel of a pulsed current traction motor as a function of time,
based on the equations of specific losses.

The adequacy criteria of the procedure for determining
magnetic losses in electrical steel have been substantiated: the
possibility to derive instantaneous values of magnetic losses in
the magnetic material as a function of time; the possibility of
its application for any magnetic material; and the simplicity of



implementation. The procedure for determining magnetic losses
in the steel of a pulsed current traction motor has been adapted by
taking into consideration the magnetic properties of steel and the
geometry of the engine’s magnetic circuit. In order to determine
the coercive force, the coefficient of accounting for the losses
due to eddy currents, as well as the coefficient that considers the
losses on hysteresis, the specifications’ characteristics of specific
losses in steel have been approximated using the pulsed current
traction motor as an example. The simulated model of magnetic
losses by the pulsed current traction motor has demonstrated the
procedure for determining average magnetic losses and time dia-
grams of magnetic losses.

The proposed model for determining magnetic losses could be
used for any magnetic material and any engine geometry under
the condition of known material properties and the characteris-
tics of change in the magnetic flux density in geometry.

Keywords: magnetic losses, eddy currents, hysteresis, trac-
tion motor, universal magnetic characteristic.
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B. A. Korok, B. JI. Koasenko, 1. H. Anaraiiuyk, A. B. Movaiog, H. II. Makapuenxo, P. K. Hadees, B. B. Bepounxuii

EnexTpoxpoMiue MOKPHUTTS — OCHOBA «PO3YMHUX» BIKOH i3 3MIHHUMHU ONTHYHUME XapakTepucTukamiu. IIpore ne quBssdmch Ha O4eBU/IHI
repeBary py BUKOPUCTAHHI «PO3YMHUX» BIKOH B OYAiBHUIITBI X BapTiCTh BUCOKA.

Posrisiiani TIOKPUTTST OTPUMAHI KATOAHMM TEMIUIATHUM METO/IOM, SIKi OLJIbII eKOHOMIuHI Y BupoOHuITBI. TIpeacrasieni pocmipKeHHs
TIPUCBSTYEH] BUTIPOOYBAHHSIM TIPH IIUKIYHIAX TEMITEPATYPHIX HABAHTAKEHHSIX — 0araTopasoBIX OXOJIOKEHHSI i HArpiBax. Y CTATTi MOKA3aHO BIUIMB
cepeioBrIna i criocody miBeaents (BiBeneHHsT) Telia 10 elIeKTPOXPOMHOIO eJIEKTPOLy Ha ocHOBI kKommosutHoro nokputtsa Ni(OH),-IIBC, a
TaKOJK BIIMB TT1/[ITOTOBKNU TTOBEPXHI TIepest ii HaHeCeHHsIM.

Sk cepenoBulie, B AKIH 3A1iCHIOBAIM IMKIIYHI TeMIepaTypHi HaBaHTa)KEHHs, BUKOPHCTOBYBAIM OBITPst ab0 poOOUMil eeKTpoIiT —
0,1 M KOH. B skocti nomepe/iHboi i IroTOBKY IPO30POi eJIeKTPOIIPOBIIHOI OCHOBI BUKOPUCTOBYBAJIN €JIEKTPOXiMiuHe TPaBJICHHS YaCTUHI
mapy eJIeKTPOIPOBIIHOTO PO30POTO MOKPUTTST OKCHJLY 0JI0Ba 101IoBaHoTo (hropom y posunni 1 M HCI.

PesysbraTom cepii eKCIEPUMEHTIB CTaJ0 BUSBJEHHS CUJIBHOTO BILUIMBY TEMIEPAaTYPHUX IMKJIIYHMX HABAaHTAKEHb HA KiHIIEBi
XapaKTePUCTUKH eJIEKTPOXPOMHUX TITiBOK. EleKTpoXpoMHa MiTiBKa Ha 3pasKy, IKMH IMi/iiaBain IUKJIIYHIM TIePeTiajiiB TeMIIepaTyp Ha MOBITpi
i 0cHOBI 6€3 TpaBJIeHH, NPAKTUYHO TIOBHICTIO BTPATHJIA €JIEKTPOXPOMHI XapaKTepUCTUKH 1 a/resiio. 3pasok, SKUi i [aBajiy TeMIepaTypHuM
HABaHTAKEHHSIM B PO3UKHI JIYTY, BTPATUB PIBHOMIPHICTS 1ipu (hapOyBaHHI.

3 inmoro 60Ky, OGHM/IBI TITIBKH, SIKi Gy OTPHMaHi Ha TPABIEHNX OCHOBAX, MOKA3AIN B 3arajibHOMY BHIIAIKY KPAIlli XapaKTePHCTHUKH,
HI’K 3pasKu, oca/yKeHi 6e3 TpaBJIeHHs, 10 MiIaBaIiuch TeMIIepaTyPHIM HaBaHTa)KEHHAM Ha TOBITPi i B Jysi. [Ipu nbomy 3pasok, mo 6yB
OTPUMAHUI HAa OCHOBI 3 TIEPeI0GPOOKOIO TPABJICHHSIM 1 Mi/IIABABCS TEMIIEPATyPHOMY IIMKJIMPYBAHHIO B JIy3i 32 XapakTepUCTHKaMi OYB HaBiTh
JIeTIo Kpaille, Hi’K eTaTOHHUI 3pa3oK.

KiiouoBi cioBa: eqeKTPOXPOMHUI TMPUCTPIN, €IEKTPOXiMiuHe OCAPKEHHs, TiAPOKCUI HIKEJII0, TEMILIAT, MOJIBIHIIOBUN CIHPT,
TeMITepaTypHi BUITPOOYBAHHSI.
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PO3POBKA BESKOBAJIbTOBOTI'O OKCUAHOTI'O (Smy 5Sr) 5Fe)sCrp205.5) KATOOA J1JISA
CEPEIHBOTEMIIEPATYPHUX TBEP/JIOOKCHUTHUX ITAJIMBHUX EJIEMEHTIB (CT-TOIIE) (c. 15-20)

Iwan Susanto, Dianta Mustofa Kamal, Sidiq Ruswanto, Rahmat Subarkah, Fuad Zainuri, Sulaksana Permana, Johny W Soedarsono,
Adi Subardi, Yen-Pei Fu

BeskobansroBuil mepoBekiTHU okena Smo5Stg5Fe)sCro20s5 (SSFC) BUKOPHCTOBYBAaBCS B SIKOCTI HOBOTO KaTO/A ISl CEPEAHBOTEM-
neparypHux tBepaookcuanux nannsHux eixemenTis (CT-TOIIE). Katonna Mozenb Gyiia CHHTE30BaHA 3 JIO/IABAHHIM €JIeMEHTa XPOMY Ha
CTOpOHI B KOMIIO3NTHOT METAJIOKCHIHOI CUCTEMH, KA TOTIM OyJ1a chopMOBaHa METOZIOM TBEPAOTINBHOI peakitii. MozenbHa cucrema GyJia e-
TaJIbHO OXapaKTepH30BaHa /Il BU3SHAYEHHS TTOBeIiHKY BiaacTuBocTeil. TBepaorinbHa peakiis cuctemu SSFC criocrepiranacs 3a J0OMOT0I0
TEepMOTPaBIMETPUYHOTO aHai3y. TuM 4acoM CTPYKTYPHI BIaCTUBOCTI JIOCTI/IPKYBAIM METOJIOM PEHTTeHIBChKOI Audpakiiii, BTpaTy Barnm — 3a
JIONOMOTOIO TepMOTpaBiMeTpryHOTO anatizy. KpiMm Toro, koedilienT TernymoBoro posmnupents BU3HAYAIN 32 A0TIOMOTOI0 TePMOMEXaHiYHoOTO
aHAJIi3y, a BJIACTUBOCTI MPOBIZIHOCTI MEPEBIPSIINCS 32 OMOMOTOIO aHAI3Y TEIJIONpoBiaHocTi. PesysibraT nmokasas, 1mo karoq SSFC nemon-
CTPYE KPUCTATIYHY CTPYKTYPY, 3aCHOBAHY Ha KOHCTPYKIIil 3 MepoBCKITHOO (ha3o1o. BMicT KUCHIO Ha MOJEIbHIN CTPYKTYPI IMics mpoiecy
nposapioanis cranosus 2,98. Cepenniii koedillienT Ter1oBoro posmumpents npyu Harpisanui g0 800 °C pocsaras 5.0x10°6 K. ITpu upomy
3HauenHs mposiaHocTi Aocarano 2 Cv-em™! ipm 400 °C i 36imbuyBanocs 1o Makcumymy B 7.5 Cme-em™' mpu 700 °C. Kpim Toro, HasBHicTh
karionmoi BanenTHocti Cré*, kKoopamHoBaHOi 3 aHiOHOM KHCHIO, MOYe IPUBECTH 0 YTBOPEHHS BEINKOi KOHIIeHTPAIlil KICHeBIX BaKaHciii Ha
MOBEPXHi KaTo/1a, TIOJIETNIyIoun TlepeHecens aniony O%” B katoaniii cuctemi. Buxosaun 3 nx pesysisratis, katon SSFC Bosiojtie Xopommmn
BJIACTUBOCTSIMH B SIKOCTI KOMIIO3UTHOI cricTeMu, Tiepenektusroi st 3acrocyBantist CT-TOTIE B MaitGyTHBOMY.

KouoBi cioBa: TBEPIOOKCH/IHI TTATMBHI eJleMeHTH, 6e3K06aNBTOBUI KaTo/l, TIEPOBCKITHA CTPYKTYPa, BMICT KMCHIO, TPOBIAHICTD.
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PO3POBKA CIIOCOBY HIJIBUIIEHHS EOEKTUBHOCTI IJIIBKOBUX COHSTYHUX EJJEMEHTIB CdS/
CdTe/Cu/Au, TPU3HAYEHUX JIJI51 PE3EPBHOTO KUBJIEHHSI CUCTEM BE3IIEKH 1 KOHTPOJIIO
OB’EKTIB (c. 21-27)

H. B. [leiinexo, O. I'. Kypaseusn, JI. M. MuxaiinoBa, O. B. Haapon, A. M. Ouumienxo, O. B. CaBuenko, B. M. Crpinenp, €. B. IOpeBuy

[TpoBeneHo AOCHiKEHHsT BIUIMBY TOBIIMHU IHapy TEIyPUAY KaaMmilo Ha eheKTUBHICTH MIiBKOBUX comsuynux enementiB CdS/CdTe/
Cu/Au. Tocaimkeni disnuni mMexanismu 3apsiponeperocy y constanux enemenrtax CdS/CdTe/Cu/Au, npusHaYeHUX i1 BUKOPUCTAHHS
B SIKOCTi PE3€PBHOTO JKUBJIEHHS CHCTEM Ge3Mekn i KOHTPorio 00’ektiB. Ile BaXkIMBO, TOMY 1110, HE3BAXKAIOUN Ha 3POCTAHHS MOIYJISIPHOCTI
BUKOPHCTAHHS COHSIYHUX €JIEMEHTIB, eeKTUBHICTh JabOPATOPHUX 3Pa3KiB 3HAYHO BIIPI3HAETHCS Bil TEOPETHYHOTO MaKCUMyMy. Takim
YHHOM BCTaHOBJIEHO, IO ONTHMadbHa ToBIMHA Gasosoro mapy miiBkoux CE CdS/CdTe/Cu/Au cranosuts 4 mxm. IIpu 3MeHmieHHi




TOBUIMHU HIAPY TEJIyPHAY KaaMilo epeKTUBHICTh TAKOI NMPUIATOBOI CTPYKTYPU 3HUKYEThCS. SHUKEHHs e(DEeKTUBHOCTI BiAOYBa€ThCst B
pesymbTaTi 3MEHIIEeHHS ITYHTYI0YOTO eJIeKTPOOIIOPY, 3POCTAHHS MIITBHOCTI AIOHOTO CTPYMY HACHYEHHS i TTOCIi10BHOTO esteKkTpootiopy. [Tpn
301JIbIIeHH] TOBIMHY APy TEIYpupy OLIbile 4 MKM CIOCTEPITAETHCS TAKOXK 3HUKEHHsI eEKTUBHOCTI COHSYHOTO €JIEMEHTY 32 PaxyHOK
3MEHIIIEHHS IIYHTYIOYOTO i 3pOCTAHHS MOCTIIOBHOTO e1eKTpoonopis. IToripienns 3a3Havennx cBiTa0BuX aioxxnx xapakrepuctuk CE CdS/
CdTe/Cu/Au, sike BiaOyBaeTbCst MPU 3MEHIICHHI TOBIMHKA (GazoBOro Imapy Oiibll HiK 4 MKM, 06YyMOBJIEHO AU(Y3i€0 Mijli 3 KOHTaKTy B
0b6uacth cenapyouoro 6ap'epy. IIoripiieHHs CBITIOBUX AIOHUX XapaKTEPUCTHUK TIPU 301IbIIEHH] TOBIMHI 6a30BOTO MAPY TEAYPUILY KaaMiio
MOB'si3aHe 31 3HMKEHHSM MO3UTUBHOTO BIUIMBY <«XJIOPUAHOT» 00poOKu. Jlocrimkenti (Gismdani MeXaHi3MiB 3apsiIONepeHoCy B COHSYHUX
enementax CdS/CdTe/Cu/Au nano MOKIUBICTH BCTAHOBUTH BUCOTY TUJILHOTO MOTEHIiiiHOrO Gap epy. B pocaiukyBanux 3paskax BHCOTa
THJILHOTO ToTeHIIiiiHoro 6ap'epy cranosuts 0,3 eB. HasBHicTb 115010 6ap €py NpU3BOAMUTH 10 TEPMOEMICIHHOTO MEXaHi3My 3apsiI0TepeHocy
B TaKMX COHSYHUX eJIeMEHTaX IPY IPUKJIaJaHHi MPpsAMOTo 3MineHHs nonaz 1B.

KimouoBi cioBa: Tenypuj kaamilo, nigBuiients eeKTUBHOCTI, pe3epBHE JKUBJICHHS, CHCTEMU O€3IeKH i KOHTPOJIO, Ha/3BUYaiiHA
CUTYaITisT.
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AHAJII3 BIIVIMBY HACUYEHHA KOTYIIKHU IHAYKTHUBHOCTI HA PIBEHb EJIEKTPOMATHITHHX
3ABA/l DC/DC-ITEPETBOPIOBAYIB (c. 28-37)

B. B. Makapeunko, O. 0. JIykames

Hasezneno pesyJisraTil JOCI/KeHHs BIUIUBY KOHCTPYKTUBHUX IIapaMeTpiB HeJIiHIITHOI KOTYIIKY iIHAYKTUBHOCTI Ha PiBeHb CTBOPIOBAHIX
DC/DC-nieperBopioBayamMit €JI€KTPOMATHITHUX 3aBa/l. B po6oTi 3ampornionosani MojelIi, mpustadeni st po6ortu B cepenosuiii LTspice XVII,
110 I03BOJISIIOTH JIOCJI/KYBATH CIIEKTPU KOHYKTUBHUX 3aBaJl, KoeDilieHT KOPUCHOI /il i piBeHb MyJIbcalliii BUXiTHOT HAPYTHU TI€PETBOPIOBA-
va. PesysbraTu MOIETIOBAaHHS TTOKA3a/IM, 1110 HA PiBEHb KOHIYKTUBHUX 3aBaJl BIUIUBAIOTH 00'EM 1 MaTepial 0cep/isi KOTYIIKHU iHyKTUBHOCTI,
a TaKO’K HASBHICTH B OCEP/i HeMarHiTHOTO 3a30py. HaBezieHo pe3ysbraT BUMIPIOBAHHS CIIEKTPiB KOH/YKTUBHUX TI€PEIIKO/ TPY Pi3HNX 3Ha-
YeHHX IJIOMLI TTorepedHoro nepepisy ocepas korymku DC/DC-nepersopiosaua. [Ipn HoMiHanbHiil 17101 IepeTnHy ocep/isi, PO3paxoBaHOl
3 ypaxyBaHHSIM BUXiTHOI TIOTYKHOCTI ITepeTBOPIOBaYa, TIPOBE/CHI JOCTIPKEHHS 3a7Ie5KHOCT] PiBHS KOHAYKTUBHUX 3aBa/ Bi/l IUPUHI HeMar-
HITHOTO 3230y B OCEP/Ii KOTYIIKK iHAYKTUBHOCTI. B X011 socstizkensb i3 3acTocyBanHsaM moziesi Yana BUKOHAHUIT aHAJIi3 BIUIMBY MaTepiary
ocep/isl KOTYIIKU 1HYKTUBHOCTI, Ha piBeHb 3aBajl, crBopioarux npu pobori DC/DC-neperBopioBaua. [IpoBeieHo aHasi3 BIVIMBY ITHUPHUHI
HEMarHiTHOTO 3a30py B Oocep/li KOTYIIKN iHyKTHBHOCTI Ha piBeHb KOHAYKTUBHUX 3aBajl. [lokaszamno, 1o miprnHa HeMariTHOTO 3a30py TOBH-
HHa BUOUPATHUCS 3 YPaXyBaHHSAM MaTepiasy 0Cep/s KOTYIIKH HAYKTUBHOCTI. Pe3y/IbraTy MOIeIIOBaHH S ISt PSILY YaCTO BUKOPUCTOBYBAHIX
MarepiasiB J03BOJIIN BU3HAYNTH HAHOLIBbIT eeKTUBHUIT 3 HUX, 3 TOYKU 30Py CTBOPIOBAHKX 3aBaI.

PesyJsibraTu, OTpUMaHi pu aHaizi pobOTH IMITYJIbCHOTO TIePETBOPIOBaYa HAIIPYTHU 3 yPaxyBaHHSM HEJIIHIIHOCTI KOTYIIKH 1HY KTHBHOCTI,
JO3BOJININ ¢(hOPMYBATH PEKOMEH/IAILT, 1[0 IAI0Th MOKJIUBICTD 3HU3UTH PiBEHb CTBOPIOBAHUX KOH/YKTHBHUX TI€PEIIKO/ HA BEJIMYUHY Bij 4.5
110 6 1B 3a paxyHOK BipHOrO BUOOPY MaTepiany i KOHCTPYKTHBHUX MapaMeTpiB KOTYIIKH.

Kmo4oBi ciioBa: KOH/lyKTUBHA 3aBaJia, CIIEKTP 3aBa/[¥, HEJliHIITHA 1HYKTUBHICTb, MaTepiasl ocep/ist, HeMarHiTHUIT 3a30D
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YIOCKOHAJIEHHSI MOJIEJII BTPAT IIOTY3KHOCTI TSITOBOTO JIBUTYHA IIYJIbCYIOYOTO CTPYMY
EJIEKTPOBO3A (c. 38-46)

C. 0. I'yznak, C. I0. Canponosa, B. II. Tkauyenko, €. C. Ps6os, €. O. Barpak

[Ipn mocaikenHi TepexiZiHNX MPOIeciB B TATOBUX ABUTYHAX ITyJIbCYIOYOTO CTPYMY BaKJINBUM € BPAaXyBaHH: BUXPOBHUX Ta TiCTePE3NCHUX
BTpAT B cTasii ABUryHa. MartiThi BTpati € (hYHKIEI YaCTOTH [IePEMarHiqyBaHHs, sIKa, B CBOKO Y€Pry, € (HYHKIIE 4acTOTH 0OGepPTaHHS BaLy
asuryHa. [Hmmmu croBamMm — MarHiTHI BTpaTH € YHKITIEIO yacy. [cHy109i MeTOIMKN PO3paxyHKY He A03BOJISIOTh OTPUMATH MUTTEBI 3HAYEHHST
MarHiTHUX BTPAT, 2 OCHOBAHi Ha BU3HAYEHHI CEPeHIX BTPAT 32 MePio]l.

3alpOIIOHOBAHO yOCKOHAJICHY MOJE/Ib MAarHITHUX BTPAT B CTaJli TATOBOTO JABUTYHA IIYJIbCYIOUOTO CTPYMY, K (DYHKIi 4acy, Ha OCHOBI
PIBHAHD TITOMUX BTpPAT.

OO6TpyHTOBAHO KpUTEPil aJleKBATHOCTI METOAMKM BU3HAUEHHsI MATHITHUX BTPAT B €JEKTPOTEXHIUHIIl CTasi: MOKJIUBICTH OTPUMAHHS
MUTTEBHMX 3HAYEHb MATHITHUX BTPAT B MAarHiTHOMY Marepiaii, sik (YHKINI Yacy; MOKJIMBICTH 3aCTOCYBAHHA [UIsi OY/Ib-AKOTO MarHiTHOrO
Matepiaiy; IpOoCTOTa peasizallii. ATanTOBaHO METO/VKY /I BU3HAUEHHS MarHiTHUX BTPAT B CTaJli TATOBOTO JIBUTYHA ITyJIbCYIOUOTO CTPYMY
HIJISIXOM BPaXyBaHHS MAarHiTHUX BJIACTUBOCTEN CTajli Ta TeOMETPil MArHiTHOTO JIAHIYIOTA JIBUTYHA. 3 METOI0 BU3HAYEHHS KOEPIUTHBHOI
cniy, KoedillieHTy BpaxyBaHHs BTPAT Ha BUXPOBi CTPyMH Ta Koedil[i€eHTYy BpaxXyBaHHs BTPAT Ha TicTepe3nc alpOKCHMOBAHO TMACIOPTHI
XapaKTEePUCTUKU IMUTOMUX BTPAT B CTajli Ha IIPUKJAJALI TATOBOTO ABUTYHA IIyJbcylouoro ctpymy. Ha imitauiiiniil Mogesi MarHiTHUX BTpaT
TSTOBOTO JIBUTYHA MYJIbCYIOUOTO CTPYMY IPOJEMOHCTPOBAHO METOJMKY BU3HAYEHHS CEePeHiX MarHiTHUX BTPAT Ta YACOBHUX JHiarpam
MAarHiTHUX BTpar.

3alpoIoHoBaHa MOJE/Ib BU3HAYEHHS MArHITHUX BTPAT MOKE 3aCTOCOBYBATUCH /Uil Oy/ib-SIKOTO MarHiTHOro marepiaiy i Oyab-sKoi
TeoMeTpii ABUTYHA TIPU YMOBI BiIOMUX BIACTUBOCTEH MaTepiary i XapaKTepUCTUK 3MiHN MIJIBHOCTI MArHITHOTO MMOTOKY B T€OMETPIi.

Komo4oBi ciioBa: MarHiTHI BTpaTy, BUXPOBI CTPYMH, FiCTEPE3NC, TATOBUIL ABUTYH, YHIBEPCaJIbHA MAarHiTHA XapaKTePUCTHKA.



