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METHOD OF CALIBRATION OF THERMOELECTRIC SENSORS
FOR MEDICAL PURPOSES

This paper presents the results of creating an experimental bench for calibrating thermoelectric
heat flux sensors and analyzing their metrological properties. Calibration procedures have been
developed for both one and two sensors simultaneously. A new type of thermoelectric sensors
capable of simultaneously measuring temperature and heat flux on the surface of the human body
has also been created and tested.
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Introduction

The use of thermoelectric sensors is very promising for assessing local thermal radiation on the
surface of the human body [1 - 4]. Modern thermoelectric heat flux sensors, created on the basis of high-
performance semiconductor materials, are characterized by high sensitivity, fast response,
manufacturability, optimal weight-dimensional characteristics, high reliability and low cost [5 - 16].
These sensors are easy to maintain and are capable of continuously monitoring the thermal radiation of
the human body [17 — 31], as well as detecting heat losses in remote heating mains.

The issue of calibration of thermoelectric heat flux sensors, which are used in devices for
measuring integral heat fluxes of biological objects, losses through building elements, heat-shielding
materials and in sections of heating mains, remains relevant. Usually, the calibration of these sensors is
performed by the absolute method, which includes the use of a blocking heater and differential
thermocouples as indicators of zero temperature difference [32, 33]. However, such calibration requires
an increase in the accuracy of measurements, since these sensors are measuring instruments. Increasing
the accuracy is possible by using an additional highly sensitive thermoelectric heat flux sensor [34 — 40].

Therefore, the main purpose of the work is to create an experimental bench for calibrating
thermoelectric heat flux sensors using an improved method, as well as to analyze their metrological
properties.
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1. Design of the experimental bench for calibrating thermoelectric heat flux sensors
(HFS)

To analyze metrological parameters and calibrate thermoelectric heat flux sensors (HFS) in the
temperature range from — 30 °C to + 130 °C, a bench design was created, shown in Fig. 1.

Fig. 1. Visual inspection of the bench for analysis of metrological properties and calibration
of thermoelectric heat flux sensors (HFS).

The bench includes a measuring unit 1, a control unit 2 and a measuring instrument 3 (high-
precision digital multimeter). The measuring unit 1 is equipped with an aluminum platform on which
liquid heat exchangers, a clamping device and a switchboard are installed. One or two HFS under study
can be placed between the hot and cold heat exchangers.

Measuring unit 1 is schematically shown in Fig. 2.

Fig. 2. Schematic representation of the measuring unit of the bench for calibrating
thermoelectric heat flux sensors (HFS).
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As can be seen in Figs. 1 and 2, two identical heat exchange modules designed for heat removal
— cold heat exchangers — are installed on the lower base of the aluminum platform and on the suspension
of the upper base of the measuring unit 1. These heat exchangers are reversible, as they are based on
thermoelectric coolers (TECs) with liquid heat removal, and can operate in both cooling and heating
modes depending on the direction of electric current flow. On the working side of the TEC, copper plates
are fixed for heat equalization with built-in temperature sensors — platinum resistance thermometers.
These plates have a highly polished flat surface — the working platform, on which the studied HFS is
placed. The opposite side of the HFS is in contact with a hot heat exchanger — a flat heater, which has
two polished working surfaces (upper and lower). The flat heater is made thin enough to minimize the
area of its side surface and ensure uniform heating throughout the volume. The body of this heater also
has a temperature sensor — a platinum resistance thermometer. The use of platinum temperature sensors
allows one to accurately measure and control the temperature of the working areas of heat exchangers
using thermostats with an accuracy of + 0.1°C in the temperature range from — 30 to + 130 °C.

Since the side surface of the hot heat exchanger is not included in the heat exchange processes
with the HFS and can be a source of heat loss, an annular protective heater was installed to minimize
these losses. The main task of this heater is to maintain a temperature that corresponds to the temperature
of the hot heat exchanger. The temperature is controlled by a differential thermocouple connected to the
free channel of the thermostat. The thermostat is configured so that the appropriate adjustment of the
supply voltage to the heater of the annular protective furnace provides a zero thermocouple signal, which
contributes to the adiabatic insulation of the side surface of the hot heat exchanger.

The annular protective heater also plays an important role in transferring its temperature to the
protective screen located opposite the side surface of the investigated HFS. On the lower and upper
surfaces of the annular protective heater, there are pre-milled grooves into which the "hot" ends of the
protective screens are inserted. The "cold" ends of these screens are in thermal contact with the working
surfaces of the cold heat exchangers. This creates a temperature gradient on the surfaces of the protective
screens in the vertical direction, which corresponds to the temperature on the side surface of the vehicle,
thus ensuring that heat is not dissipated into the environment during the vehicle calibration.

The bench uses two cold heat exchangers, which allows for the simultaneous comparative
calibration of two HFSs. When only one HFS is calibrated, the second cold heat exchanger functions as
an additional protective heater. It is set to a temperature similar to that of the hot heat exchanger using
a thermostat, which provides adiabatic protection against heat loss from the unused surface of the hot
heat exchanger. The thermostating process of all heat exchangers is controlled by control unit 2, which
includes adjustable power supplies for TEC and heaters, two dual-channel microprocessor temperature
controllers RE-202, switching elements and control terminals for measurements.

All electrical connections from the measuring unit 1 are assembled on a terminal block and
connected to the control unit 2 via a cable. A measuring device is also connected to this unit — a high-
precision digital multimeter M3500, which has the ability to transfer measurement results to a personal
computer in real time. This configuration of the bench allows for effective calibration of thermoelectric
HFSs and investigation of their metrological characteristics in dynamics.

2. Procedure for calibrating one thermoelectric heat flux sensor (HFS)

e Using the specialized bench shown in Fig. 1, calibration of one thermoelectric heat flux sensor
(HFS) is performed according to the following procedure:
e Connect measuring unit 1 to control unit 2;
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e Connect input cable of measuring device 3 to the corresponding terminals on the control unit 2;

e Connect the hoses of the liquid cooling system of the TEC to the water main, open the water
supply and activate the cooling system;

e Raise and fix the upper cold heat exchanger in the upper position;

e Place the investigated HFS on the working surface of the lower cold heat exchanger;

e Connect the leads of the investigated HFS to the corresponding terminals on the switchboard;

e Install the lower protective screen;

e Place the hot heat exchanger with the annular protective heater on the HFS and on the upper
edge of the protective screen;

e Install the upper protective screen;

e Lower the upper cold heat exchanger, so that its heat equalizing plate touches the upper
protective screen, while the pressing force is adjusted using weights;

e On the thermostats of control unit 2, set the temperature of the lower cold heat exchanger.

e On the control unit 2, set the measurement switch to the "Heater voltage" position. Turn on the
measuring instrument 3 and switch it to the "DC voltage™ mode with automatic range selection. Using
the formula

W =U?-R

(where R is the resistance of the heater), determine the voltage that must be applied to the hot heat
exchanger heater to achieve the required electrical power in the range from 10 mW to 1 W.

e While watching the "hot heat exchanger temperature” indicator on the corresponding channel
of the thermostat operating in the temperature sensor mode, and waiting for this temperature to
stabilize, set an identical temperature value on the upper cold heat exchanger. The temperature of the
annular heater is automatically regulated;

e Set the switch on control unit 2 to the "HFS thermoEMF" position;

e After the temperatures on the stationary heat exchangers reach the specified values, measure the
thermoEMF value of thermoelectric HFS;

e Switch the measurement switch to the "Hot Heat Exchanger Heater Voltage™ and "Hot Heat
Exchanger Heater Current” positions in sequence to accurately determine the corresponding electrical
parameters.

e Calculate the heater power using the following formula:

W=U-I. )

e Calculate the volt-watt sensitivity of a thermoelectric HFS using this mathematical formula:

v=—, 3

3. Procedure for calibrating two thermoelectric heat flux sensors (HFS)

Paired calibration of two thermoelectric heat flux sensors (HFSs) is performed simultaneously
only for identical samples. This process differs from the calibration of a single HFS in that the second
HFS is placed on top of the hot heat exchanger. The leads of this second HFS are connected to the
corresponding terminals on the measuring unit 1, and the measurement of the thermal EMF signal of the
HFS is carried out using the corresponding position of the measurement switch on the control unit 2.
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The same temperature is set on the upper cold heat exchanger as on the lower one using a
thermostat. The electric power released on the hot heat exchanger is distributed equally between the two
HFSs and dissipated through the two cold heat exchangers. Since the hot side temperatures of both HFSs
are common, and the cold side temperatures are the same and controlled by a thermostat, the volt-watt
sensitivities of each HFS can be calculated using the following formulae:

2-E
= y 4

=2 (4)
2-E,

= . 5

Vo= ()

where E; and E» are thermoEMF values for the first and second investigated HFS, accordingly. The
number "2" in the numerator of the formula arises because the total power dissipated in the hot heat
exchanger is divided equally between the two HFSs, so half the power value is used for each of them.
Thus, the volt-watt sensitivities of each of the HFSs can be calculated using the following expression:

W, =W, =—. (6)

4. Results of measuring HFS parameters

As a result of modification of the geometric parameters of the half-elements in the thermoelectric
microthermopiles, prototypes of primary converters of the HFS with dimensions of 22 x 22 x 4 mm
were created. These prototypes are characterized by an improved design, providing increased sensitivity
and accelerated response to changes (see Fig. 3). The metrological parameters of these converters, such
as volt-watt sensitivity and time constant, were analyzed using a specially designed test bench for HFS
calibration, according to the described methodology.

Visualization of the above HFS prototypes is presented in Fig. 3.

Fig. 3. Visualization of experimental models of HFS with dimensions of 22x22x4 mm.

Table 1 represents data obtained as a result of measuring characteristics of two prototypes of HFS
with dimensions of 22 x 22 x 4 mm.
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Measured data of the characteristics of thermoelectric heat flux sensors

with dimensions of 22 x 22 x 4 mm

Table 1

HFS

Ne Parameter name

Nel Ne2
1. | Heat flux range, W/m? 102+ 10° 102+ 10°
2. | Sensitivity, VIW 1.48 151
3. | Time constant, s 12 12
4. | Working temperature range, °C -30++130 -30++130

Overall dimensions of thermopile

5, m‘r’n imenst P, 22 x 22 x 4 22 x 22 x 4

A new design of thermoelectric converters was created, allowing simultaneous recording of
temperature and heat flux of the human body surface. Visualization of experimental prototypes of these
HFSs with dimensions of 16x16x3 mm is presented in Fig. 4.

Fig. 4. Visualization of experimental models of HFS with dimensions of 16x16x3 mm:
1 — thermoelectric heat flux sensor, 2 — temperature sensor.

Table 2 presents the results of measuring the main characteristics of the four prototypes of HFS
with dimensions of 16x16x3 mm.
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Table 2
Measured data of the characteristics of thermoelectric heat flux sensors with dimensions
of 16 x 16 x 3 mm

HFS
Ne Parameter name
Nel Ne 2 Ne 3 Ne 4
1. | Heat flux range, W/m? 102+10°% | 102+ 10° | 102+ 10° | 102%+10°
2. | Sensitivity, VIW 3.2 3.32 3.1 3.25
3. | Time constant, s 10 11 11 10
Overall di i f th ile,
a. m‘sra IMensIons OTtETMOPTIE, 116 « 16 x 3[16 x 16 x 3|16 x 16 x 3| 16 x 16 x 3

Time parameters of the above thermoelectric HFS are presented in Fig. 5.

Fig. 5. Time characteristic graph of thermoelectric HFS with dimensions of 16x16x3 mm,
equipped with ceramic receiving surface.

Therefore, a specialized bench for calibrating thermoelectric HFS provides the ability to analyze
the characteristics of these converters and effectively transmit measurement data to a personal computer
in real time. At the same time, the developed thermoelectric sensors, which simultaneously measure
temperature and heat flux, allow for continuous monitoring of a person's temperature and thermal state,
which is important for various applications in medicine and other industries.

Conclusions

1. A bench for calibrating thermoelectric heat flux sensors has been created and put into operation,
which provides the ability to analyze their metrological parameters and transmit measurement data
to a personal computer in real time. A methodology has been developed for calibrating both one and
two converters simultaneously.
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. An innovative type of thermoelectric converters has been created that allows for simultaneous

measurement of temperature and heat flux, which opens up opportunities for continuous monitoring
of a person's temperature and thermal state in real time.

. An improved method for calibrating thermoelectric sensors has been introduced using an additional

highly sensitive heat flux converter, which helps to increase the accuracy of determining the volt-
watt sensitivity of these devices.
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YV Oaniii pobomi npedocmasneno pezyremamu CMEOPEHHA eKCNePUMEHMANbHO20 CMeHOY Ol
Kaniopy8anHs mepmoeieKmpuyHuxX 0amquxie menio6o20 NOMOKY ma AHALi3y iXHIX MEMpPOLOIYHUX
enacmusocmeil. Po3pobneni npoyedypu xaniopyeaHus Ak 018 00HO20, MAK i Ol 080X OAMUYUKIE
oonouacuo. Takooic 6yn0 cmeopeHo ma eunpoOYBaAHO HOGUU MUN MEPMOEIeKMPUUHUX OAMYUKIE,
AKI 30amHi 00HOUACHO BUMIPIOBAMU MeMNePAmypy ma meniosuii NOMIK Ha NOBEPXHI mina TOOUHU.
Karouosi cioBa: xaniOpyBanbHUI CTEH[], TEPMOENEKTPUYHNUI IAaTUYMK, TEIJIOBUH MOTIK, BOJBT-
BaTHA Yy TJIUBICTb.

NiTepatypa

1.

10.

11.

12.

13.

14.

15.

Amnatnayk JL.I. Tepmoenektpuka. T.2. TepmoenekTpuuHi iepeTBoproBadi eHeprii. Kuis, UepHiBiii:
[actutyT Tepmoenexrpuku, 2003. — 376 c.

Anatychuk L.I. (1998). Thermoelectricity. Vol.1. Physics of thermoelectricity. Kyiv, Chernivtsi:
Institute of Thermoelectricity.

Awnarnuyk JI.I. CyyacHwuii ctaH i gesiki nepcrekTuBu tepmoeiniekrpuku // Tepmoenextpuka. — 2007.
-Ne2.-C.7-20.

Hemuyk B.M., Kymnepuk JI.A., Py6nenuk .M. TepmoenekTpuuHi HaT4uku st opromesii.//
Tepmoenexrpuka. — 2002. — Ned, — C. 80 — 85.

[Natent Ykpaiau 53104 A. JlaTumk U1 orepeIHbO01 JIarHOCTUKY 3aNallbHUX TIPOIIECiB MOJIOYHUX
3an03 // A.A.Ameynos, A.B.Knenikoscbkuid, JI.5. Kymnepuk Ta in. — 2003.

Ameyno A.A., Kymuepuk JI.5. TepMoenekTpruuHuid npuian Ui MEIUKO-010JI0TiHHOT eKcTpec-
miarHocTuku // TeXHOJOTiSE Ta KOHCTPYIOBAaHHS B €IIEKTPOHHIN amaparypi. — Ned. — 2004, —
C.38-39.

ITar. 71619 VYxkpaima, MIIK HO1L 35/00. TepmoenekTpuuHuid MeIUuHHN TerioMip /
Anatnuyk JI.I., KoOwnstacekuit  P.P.; Incturyr Tepmoenexktpuku. — Neu 2011 14007,
3asBi. 28.11.11; ony6a. 25.07.12, Bron. Ne 14.

IMar. 72032 Vkpaima, MIIK HO1L 35/00. TepmoeneKTpUUHHI CEHCOP I BHMipIOBaHHS
Temreparypd 1 TermoBoro 1oToky [/ Awnatmuyk JI.I., KoGwmsacekuit P.P.; IHctHTyT
tepmoenekTpuku. — Ne U 2011 14005; 3asBn. 28.11.11; ony6a. 10.08.12, Bron. Ne 15.

IMar. 73037 VYkpaina, MIIK HO1L 35/02. TepmoeneKTpu4yHU MEAMYHUI mnpUCTpii /
Muxkutiok [1.1I.,, KoOunsacekuit P.P., Crmenentok T.B.; IHCTHTYT TEpMOCIEKTPpUKH. —
Ne u 2012 01922; 3asBn. 20.02.12; omry©6:. 10.09.12, brom. Ne 17.

[MTar. 78619 Vkpaina, MIIK HO1L 35/00. Metox BH3HAu€HHs TYCTHHH TEIUIOBOTO TOTOKY /
Anatnuyk JLI, KoOwmsucekuit P.P.; Incturyr tepmoenekrtpuku. — Neu 2012 11018;
3asBi1. 21.09.12; omy6. 25.03.13, Brom. Ne 6.

IMar. 79929 Vkpaina, MITK HO1L 35/00. TepmoeneKTpUUHHIA TIEPETBOPIOBAY TEIJIOBOTO MTOTOKY
st TpagieHTHUX TerioMipiB / Anatmuyk JLI.; IHctutyt Tepmoenektpuku. — Ne u 2012 11857,
3asBi. 15.10.12; omy6. 13.05.13, Brom. Ne 9.

I'mmyk B.C. EnexkTpoHHHI pericTparop CHTHAIiB CEHCOPIB TEIUIOBOTO IOTOKY JIOAWHH //
Tepmoenektpuka. — Ne 4. — 2012. — C. 105 - 108.

I'mmyx B.C. EnektpoHHmii perictpaTtop 3 OOpOOKOIO CHTHANiB TEPMOEIEKTPUYHOTO CEeHCopa
tertoBoro motoky // Tepmoenextpuka. — Ne 1. — 2013. — C. 82 — 86.

I'mmyk B.C MogepHizoBanuii mpmiax Uit BUMIPIOBAaHHS TEIUIOBMX IIOTOKIB IrOAMHA [/
Tepmoenektpuka. — No2. — 2013. — C. 91 - 95.

Amnatnuyk JL.I., Kobunsucekuit P.P. JlocmimkeHHsl BIUIMBY TEpMOENEKTPUYHOTO TEIJIOMipa Ha
BH3HAYEHHS TeruToBuIiNeHHs o // Tepmoenektpuka. — Ne 4, — 2012. — C. 60 — 66.

ISSN 1607-8829 Journal of Thermoelectricity Ne3, 2023 47



L.1. Anatychuk, R.R. Kobylianskyi, V.V. Lysko, A.V. Prybyla, 7.4. Konstantynovich...
Method of calibration of thermoelectric sensors for medical purposes

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Anatnuyk JI.I., Koounsaebkuii P.P. 3D-mMoznens s BU3HAYCHHS BIUIMBY TEPMOCICKTPHUUHOTO
TEIIOMipa Ha TOYHICTH BHMIPIOBaHHA TeIIOBUAIIeHHs omuan [/ HaykoBuit BicHHK
UepHiBelbKoro yHiBepcuTeTy: 30ipHUK Hayk. mpanb. Dizuka. Enextponika. — T. 2, Bum. 1. —
YepniBui: YepHiBeubkuii HauioHadpHUH yHiBepcureT, 2012, — C. 15 - 20.

Anatnayk JLI., Koounsucekuii P.P. KoM’ rorepHe MoJeNOBaHHs TOKa3iB TEPMOEIEKTPHIHOTO
TEIUIOMipa B yMOBax peaibHOI ekciuiyarartii // Tepmoenekrpuka. — Ne 1. — 2013. — C. 53 - 60.
Anatnayk JL.L., T'i6a P.I"., Koounsacekuit P.P. TIpo meski ocoOIMBOCTI BUKOPUCTAHHS METUIHAX
TETJIOMIpiB TIPH JOCIIKEHHI JIOKAIbHUX TEIUIOBUICHD JitoauHu // Tepmoenekrpuka. — Ne 2. —
2013.-C.67-173.

Anatnuayk JL.I., Kobunsucekuii P.P., Koncrantunosud [LA. [Ipo BIUIMB TepMOENIEKTPUYIHOTO
JDKepena JKUBICHHS Ha TOYHICTH BHMIPIOBAHHS TEMIIEpaTypu 1 TEIUIOBOTO MOTOKY //
Tepmoenextpuka. — Ne 6. — 2013. — C. 53 - 61.

IBamyk O.1., Mopap LK., Koounsucekuii P.P., Henensik JI.B., [leneit B.Jl. Ponb TemnoBoro notoxky
4epEeBHOI TMOPOKHUHH B MOHITOPHHIY TOCTPOTO IECTPYKTHBHOTO maHkpeatuty // 30ipHHK Te3
HAYKOBO-NPaKTUYHOI KOH(epeH il "AKTyansHi nuTanHsa Xipyprii', M. UepHisil, Ykpaina. — 2013.
—C. 254 - 250.

KoGunsiacbkuii P.P. TIpo BIUIMB TEmaoBOi i30iiA1ii Ha TOKAa3HM TEPMOEICKTPUYHOTO CEHCOopa
Meau4yHOTo npusHadeHHs // HaykoBuii BicHUK YepHIBELKOTO YHIBEPCUTETY: 30ipHHUK HayK. Ipallb.
®izuka. Enexrponika. — T. 5, Bum. 1. — UepniBui: UepHiBelpKuii HallioHa bHu yHiBepeuTeT, 2016.
—C. 45 -49.

KoOunsucekuii P.P.  Komm’rorepHe MonenioBaHHS TOKa3iB  TEPMOENEKTPUYHOTO CEHCOpa
MeauyHOTO npu3HadeHHs // Tepmoenekrprka. — Ne 4. — 2016. — C. 69 — 77.

I'mmyk B.C., Kobunsucekuii P.P., Uepkes P.I'. bararokananpHuii mpwmian Ajisi BUMIPIOBaHHS
TeMIepaTypH i TYCTHHH TeIuIoBUX NOTOKiB // HaykoBuii BicHUK UepHiBEBKOTO YHIBEPCHTETY:
30ipHuK Hayk. npaub. Disuka. Enexrponika. — T.3, Bum. 1. — YepniBui: YepHiBeubkuit
HamioHanbHUH yHiBepcutert, 2014, — C. 96 — 100.

Kobunsacerkwuit P.P., boituyk B.B. Bukopuctanas TepMOEICKTPHUYHUX TEIUIOMIPIB Y MEIWYHIN
niarsoctuii // HaykoBuii BicHUK UepHIBEIBKOrO yHiBepCHUTETY: 30ipHUK Hayk. mpaib. Di3uka.
Enextponika. — T. 4, Bun. 1. — YepniBui: YepHiBenbkuii HamioHansHuUi yHiBepcutet, 2015. —
C. 90 - 96.

Anarnayk JI.I., IBamyk O.I.,, KoOwmmsacekwmii P.P., Ilocreska I.JI., bomskxa B.}O., Tymryn LA
TepMoeneKkTpuaHIIA IPUIIa sl BAMIPIOBaHHS TEMITepaTypH i TYCTHHHU TerutoBoro notoky "AJITEK-
10008" // Tepmoenekrpuka. — Ne 1. —2016. — C. 76 — 84.

Anarnuyk JL.I., FOpuk O.€., Kobwmsacekuit P.P.,, Poii [.B., ®@imenxo f.B., Crobonsuiox H.IL.,
Opux H.€., lyna b.C. TepMmoenekTpuaaui Tpuiiag IS MiaTHOCTHUKY 3alaJIbHUX IPOIECIB Ta
HEBPOJIOTIYHHUX TPOSBIB O0cTeoXoHpo3y xpedra mroauuu // Tepmoenekrpuka. — Ne 3. — 2017. —
C. 54 -67.

Opuk O.€., Anarmuyk JL.I., Poii I.B., Kob6mmsacekuii P.P., ®imenko A.B., Cnobomsaiok H.IL.,
IOpux H.€., Iyna b.C. Oco6nuBOCTI TEIIOBOTO OOMIHY y MAII€HTIB 3 HEBPOJIOTIYHUMH ITPOSBAMHU
OCTEOXOHPO3Yy B HONEPEKOBO-KPMKOBOMY Biini xpeoTa // TpaBma. — T.18. — Ne 6. — 2017.
Amnarnuyk JI.I,,  Jlycre O.f.,  KoOunsHcekuii P.P.  IndopmauniliHo-eHepreTnyna  Teopis
TEPMOCICKTPUYHUX CCHCOPIB TEMIEpaTypH i TEIJIOBOIO IMOTOKY MEIMYHOTO Npu3HaueHHs //
Tepmoenekrpuka. — Ne 4, — 2017. — C. 5 - 20.

Anatychuk L.I., Kobylianskyi R.R., Cherkez R.G., Konstantynovych |.A., Hoshovskyi V.I.,
Tiumentsev V.A. (2017). Thermoelectric device with electronic control unit for diagnostics of

48

Journal of Thermoelectricity Ne3, 2023 ISSN 1607-8829



L.I. Anatychuk, R.R. Kobylianskyi, V.V. Lysko, A.V. Prybyla, 1.4. Konstantynovich...
Method of calibration of thermoelectric sensors for medical purposes

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

inflammatory processes in the human organism. Tekhnologiya i Konstruirovanie v Elektronnoi
Apparature — Technology and Design in Electronic Equipment, 6, 44 — 48.

Amnarnuyk JLI.,, IBamyk O.l., Kobunsacekuii P.P., IlocreBka I./l., bomsgka B.}O., TI'ymrym [.4.,
Uynposceka F0.51. Ilpo BmmB TeMmeparypd HaBKOJIMIIHBOTO CEpPENOBHINA Ha MOKa3d
TEPMOCICKTPUIHUX CEHCOPIB MeIMUYHOTO npu3HadeHHs // CeHcopHa eJeKTPOHIKa | MIKpPOCHCTEMHI
texHomnorii. — T. 15. — Ne 1. — 2018. - C. 17 - 29.

Amnarnuyk JL.I., IlaceunikoBa H.B., Haymenxo B.O., 3amopoxnwuii O.C., T'aBpmmok M.B.,
Kobunsacpkwii P.P. TepmoenexkTpuyanii mpuiiaa jisl BU3HAUYSHHS TETJIOBOTO TOTOKY 3 MOBEPXHI
oueit // Tepmoenexrpuka. — Ne 5. — 2018. — C. 52 — 67.

Anarnuyk JLI., KoOunsacekuit P.P., Koncrantunosuu [.A. I'panyroBaHHS TepMOEIEKTPHUYHUX
cercopiB TemioBoro motoky // Tpymu XV MixkHapoaHOT HAyKOBO-TIPAKTHYHOI KOH(pepeHIii
«CyyacHi iH(pOpMaIiiiHi Ta enekTpoHHi TexHomorii» 26-30 tpaBus 2014 poky. — T. 2. — Ogeca,
Vkpaina. — 2014. — C. 30 - 31.

Anarnuyk JI.I., Kobunsucekuii P.P., Koucrantunosuu [.A., Jluceko B.B., Ilyranmnesa O.B.,
PoszBep 10.10., TromenneB B.A. Crena mis rpaayroBaHHS TEPMOCIEKTPUIHHUX ITEPETBOPIOBAUIB
teroBoro notoky // Tepmoenekrpuka. — Ne 5. — 2016. — C. 71 - 79.

Amnarnuyk JLL, Koowmisuceknii P.P., Koncrantunosuu [ A., Kyss P.B., Mannk O.M.,
Hinosua O.B., Yepke3 P.I. TexHosoris BHTOTOBJEHHS TEPMOCIEKTPUUHUX Mikpobarapeit //
Tepmoenexrpuka. — Ne 6. — 2016. — C. 49 — 54.

Amnarnuyk JLI., PasinpkoB B.B., Byxapaepa H.P., Koounsucekuii P.P. Tepmoenexkrpuunuii Opaciet
/I Tepmoenextpuka. — Ne 2. — 2017. — C. 58 — 72.

Anarnuyk JI.I.,  TomypoB b.M., KoOumsucekuii PP., Jlxan C.A. Ilpo  BukopucTaHHi
TEPMOEJEKTPHYHNX  MIKpOTEHEPATOpiB IS OJKUBICHHS  eIEKTPOKapaiocTumMynstopis [/
Tepmoenexrpuka. — Ne 5. — 2019. — C. 63 — 88.

Amnarnuyk JLL., FOpuk O.€., Crpadyn C.C., Cramkesuu A.T., Koounsucekuii P.P., Uer’rok A./.,
Opuk H.€., Tyna B.C. TermmoMeTpryHi MOKa3HUKH y MAI[IEHTIB 3 XpOHIYHUM 00JIeM y Tiotiepexy //
Tepmoenekrpuka. — Ne 1. — 2021. — C. 52 - 66.

Chunzhi Wang, Hongzhe Jiao, Lukyan Anatychuk, Nataliya Pasyechnikova, \Volodymyr
Naumenko, Oleg Zadorozhnyy, Lyudmyla Vikhor, Roman Kobylianskyi, Roman Fedoriv, Orest
Kochan (2022). Development of a temperature and heat flux measurement system based on
microcontroller and its application in ophthalmology. Measurement Science Review, 22 (2),
73-179.

Kobunsgucekuit P.P., Tlpubmna A.B., Koncrantmnosuu [.A., bBoituyk B.B. Pesynsratu
eKCIIEPUMEHTAIbHUX JTOCIIDKEHb TEPMOCICKTPUIHUX MEIHUYHUX CEHCOPIB TEIIOBOTO MOTOKY //
Tepmoenekrpuka. — Ne3-4, — 2022. — 70 — 83.

Yuryk O., Anatychuk L., Kobylianskyi R., Yuryk N. (2023). Measurement of heat flux density as a
new method of diagnosing neurological diseases. Kharkiv: PC Technology Center, 31 — 68.

Haninura no penakuii: 11.07.2023.

ISSN 1607-8829 Journal of Thermoelectricity Ne3, 2023 49





