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ENERGY CHARACTERISTICS OF THERMOELECTRIC CONVERTERS 
POWERED BY HUMAN BODY HEAT 

The paper presents a three-dimensional physical model, analytical description and results of 
computer simulation of thermoelectric converters placed on the surface of the human body. Optimal 
properties of thermoelectric converters are determined, whereby maximum values of electric power 
Wmax and efficiency are achieved in a state of rest and during physical exertion on the human body. 
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Introduction 

In [1 – 10], simple one-dimensional physical models of a thermoelectric microgenerator and the 
process of temperature distribution and heat flows in the "human body – thermoelectric microgenerator" 
system are used. Such models do not take into consideration thermophysical processes in human 
biological tissue, namely blood circulation and metabolic processes 

Therefore, the purpose of the work is to develop a three-dimensional physical model of thermal 
and electrical processes in the "human body – thermoelectric microgenerator" system, its mathematical 
description and determination by computer methods of the optimal properties of thermoelectric 
converters, which achieve the maximum values of electrical power and efficiency in a state of rest and 
during physical exertion on the human body. 

1. Physical model

Consider a three-dimensional physical model of human skin (Fig. 1), on the surface of which a
thermoelectric converter 1 is placed. Human skin consists of four layers (epidermis 2, dermis 3, subcutaneous 
layer 4, internal biological tissue 5) and is characterized by the following parameters: thermal conductivity 
κi, specific heat capacity Ci, density ρi, blood perfusion rate ωbi , blood density ρb, blood heat capacity Cb and 
specific heat release qmeti due to metabolic processes (Table 1). The geometric dimensions of each skin layer 
are ai, bi, Li. The temperatures at the boundaries of the corresponding skin layers are T(zi). 

A thermoelectric converter 1 is a monolithic homogeneous bar of thickness L1 with equivalent thermal 
conductivity κ1. The temperature on the contact surface of the human skin and the thermoelectric converter 
is T(z1), and the temperature on the surface of the thermoelectric converter is T(0). The temperature difference 
across the thermoelectric converter is ΔТ. 

The surface of the skin and the thermoelectric converter are in a state of heat exchange with the 
environment with heat exchange coefficients α1 and α2. The ambient temperature is Tamb. The density of the 
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heat flow passing through the thermoelectric converter is Q. The lateral surfaces of the human skin and the 
thermoelectric converter are adiabatically insulated. 

 

Fig. 1. Physical model of human skin, on the surface of which a thermoelectric converter is located: 
1 – thermoelectric converter, 2 – epidermis, 3 – dermis, 4 – subcutaneous layer, 5 – internal tissue. 

Table 1 
Thermophysical properties of human skin layers [12 – 16] 

Layers of biological tissue Epidermis Dermis 
Subcutaneous 

layer 
Internal tissue 

Thickness, 
L (mm) 

0.08 2 10 30 

Specific heat, 
С (Wꞏсꞏkg-1ꞏK-1) 

3590 3300 2500 4000 

Thermal conductivity, 
κ (Wꞏm-1ꞏK-1) 

0.24 0.45 0.19 0.5 

Density, 
ρ (kgm-3) 

1200 1200 1000 1000 

Metabolic heat density, 
qmet (Wꞏm-3) 

368.1 368.1 368.3 368.3 

Blood tissue perfusion rate, ωb 
(m3ꞏs-1ꞏm-3) 

0 0.00125 0.00125 0.00125 

Blood temperature, 
Тb, (K) 

310 310 310 310 

Blood density, 
ρb (kgꞏm-3) 

1060 1060 1060 1060 

Blood heat capacity, 
Сb (Wꞏсꞏkg-1ꞏK-1) 

3770 3770 3770 3770 
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2. Analytical description 

In general, the equation of heat exchange in biological tissue has the following form [12-16]: 

    b b b b met

T
c T c w T T q

t


       


, (1) 

where ρ is the density of biological tissue, c is the specific heat of biological tissue, κ is the thermal 
conductivity of biological tissue, ρb is the density of blood, cb is the specific heat of blood, ωb is blood 
perfusion rate, Тb is blood temperature, qmet is the density of heat release due to metabolism. 

The term on the left side of equation (1) represents the rate of change of thermal energy contained 
in a unit volume of biological tissue. The three terms on the right side of this equation represent, 
respectively, the rate of change of thermal energy due to thermal conductivity, blood perfusion, and 
metabolic heat. 

To solve the problem posed in this paper, we will consider a three-dimensional stationary case. 
Then equation (1) will take on the form (2): 

  
2 2 2

2 2 2

( , , ) ( , , ) ( , , )
( ) 0b b b b met

T х у z T х у z T х у z
c w T T q

x y z

  
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  
. (2)  

The stationary heat exchange equation for a thermoelectric converter, provided that the influence 
of thermoelectric phenomena is neglected, which is valid for small temperature differences, will have 
the following form: 

 
2 2 2

2 2 2

( , , ) ( , , ) ( , , )
( ) 0
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x y z

  
   

  
. (3) 

Therefore, to find the stationary temperature distribution in the “thermoelectric converter – human 
body surface” system, it is necessary to solve the boundary value problem for a three-dimensional 
system of equations (4), each equation of which corresponds to the corresponding layer of skin according 
to the physical model (Fig. 1): 
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with the following boundary conditions (5 – 9) in the form: 
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where α1 is the heat exchange coefficient of the skin surface with the environment, α2 is the heat 
exchange coefficient of the thermoelectric converter with the environment, T(x,y,z) is the absolute 
temperature, Tamb is the ambient temperature (air). 

The solution to this boundary value problem gives the distribution of temperature and heat flow 
in the “thermoelectric converter – human body surface” system. 

To determine the maximum value of the generated electric power Wmax of the thermoelectric 
converter, we determine the EMF according to formula (10): 

 E N T    ,  (10)  

where 1(0,0, ) (0,0,0)T T z T   . (11)  

Then the maximum generated electric power Wmax of the thermoelectric converter is determined 
by the formula (12): 
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where the load resistance RL in the Wmax mode is equal to the resistance of the thermoelectric converter, 
i.e 
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The efficiency of the thermoelectric converter is determined by formula (14): 
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where the amount of heat passing through the thermoelectric converter is determined as follows: 
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3. Computer model 

In order to determine the optimal properties of thermoelectric converters, whereby the maximum 
values of electric power and efficiency are achieved, a three-dimensional computer model of human 
skin, on the surface of which a thermoelectric converter is placed, was created. For this, the Comsol 
Multiphysics package of application programs was used [17], which makes it possible to simulate 
thermophysical processes in biological tissue, taking into account blood circulation and metabolism 
[18 – 39]. 

The calculation of temperature distributions and heat flux density in human skin and a 
thermoelectric converter was carried out using the finite element method (Fig. 2), the essence of which 
is that the object under study is divided into a large number of finite elements and in each of them the 
value of the function is sought that satisfies the specified second-order differential equations with the 
corresponding boundary conditions. The accuracy of the solution to the problem depends on the level 
of division and is ensured by using a large number of finite elements [17]. 

 

Fig. 2. Finite element method mesh. 
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Using object-oriented computer simulation, temperature distributions (Fig. 3) and heat flux 
density lines in the skin and thermoelectric converter were obtained. 

 

Fig. 3. Temperature distribution in a cross-section of human skin, on the surface  
of which a thermoelectric converter is located (at an ambient temperature of T = 20 °C). 

4. Results of computer simulation 

Using computer simulation, the optimal parameters of thermoelectric converters were determined, 
whereby maximum values of electrical power and efficiency are achieved in a state of rest and during 
physical exertion on the human body (Fig. 4 – 9). 

 
Fig. 4. Dependence of the generated electric power on the height of the thermoelectric converter at an ambient 
temperature of T = 20 °C and a coefficient  of heat exchange with the environment of α = 10, 25, 50 W/m2 K. 
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Fig. 5. Dependence of the efficiency on the height of the thermoelectric converter at an ambient temperature of 

T = 20 °C and a coefficient of heat exchange with the environment α=10, 25, 50 W/m2ꞏK. 
 

 
Fig. 6. Dependence of the generated electric power on the height of the thermoelectric converter at an ambient 

temperature of T = 25 °С and a coefficient of heat exchange with the environment α = 10, 25, 50 W/m2 K. 
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Fig. 7. Dependence of the efficiency on the height of the thermoelectric converter at an ambient temperature of 

T = 25 °C and a coefficient of heat exchange with the environment α = 10, 25, 50 W/m2 K. 

 

Fig. 8. Dependence of the generated electric power on the height of the thermoelectric converter at an ambient 
temperature of T = 30 °C and a coefficient of heat exchange with the environment α = 10, 25, 50 W/m2 K. 
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Fig. 9. Dependence of efficiency on the height of the thermoelectric converter at an ambient temperature  
of T = 30 °C and a coefficient of heat exchange with the environment α = 10, 25, 50 W/m2 K. 

The obtained results show that the optimal height of the thermoelectric microgenerator is 
L = 30 ÷ 50 mm, regardless of the heat exchange coefficient of the thermoelectric microgenerator 
surface with the environment. Improving the heat exchange conditions from α = 10 W/m2K to 
α = 50 W/m2K leads to an increase in the generated electric power by 4 – 5 times. In this case, the 
efficiency of the thermoelectric microgenerator increases significantly in the range of L = 0 ÷ 100 mm, 
and a further increase in the height of the thermoelectric microgenerator does not lead to a sharp increase 
in efficiency due to a sharp decrease in the generated electric power. Improvement of heat exchange 
conditions on the surface of the thermoelectric microgenerator provides efficiency increase by 
approximately 3 times. 

As the calculation results showed (Fig. 4 – 9), the generated electric power and efficiency depend 
significantly on the ambient temperature. It is obvious that at elevated ambient temperatures the value 
of the working temperature difference on the thermoelectric microgenerator decreases, which leads to a 
decrease in the value of the generated power and efficiency. Thus, for instance, when the ambient 
temperature changes from 20 to 30 °C, the optimal value of the generated electric power of the 
thermoelectric microgenerator decreases several times from 25 μW/cm2 to 5 μW/cm2 for a coefficient 
of heat exchange α = 10 W/m2K and, accordingly, from 110 μW/cm2 to 18 μW/cm2 for a coefficient of 
heat exchange α = 50 W/m2K. Therefore, in order to preserve the energy performance of the 
thermoelectric microgenerator under elevated ambient temperatures, it is necessary to improve the heat 
exchange conditions. In practice, this can be ensured by an electronic heat exchange control system on 
the surface of the thermoelectric microgenerator. For example, for low-power electronic medical 
equipment, for the power supply of which 20 μW/cm2 generated by a thermoelectric microgenerator 
under normal ambient conditions (T = 20 °C, α = 10 W/m2 K) is sufficient, when the temperature 
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increases to T = 30 °C, it is necessary to improve the heat exchange of the surface of the thermoelectric 
microgenerator under conditions in which the coefficient of heat exchange will be α = 50 W/m2 K. In 
practice, this can be achieved by switching to forced convection from the surface of the thermoelectric 
microgenerator by controlling the electronic power supply system of the fans that cool the surface of the 
thermoelectric microgenerator. 

Thus, according to estimates and calculations carried out in the work, it was established that in a 
state of rest, from 1 cm2 of the surface of the human body can be obtained from 25 μW to 100 μW of 
electrical energy, and during physical exertion – from 40 μW to 150 μW of electrical energy, depending 
on the conditions of heat exchange of the surface of the thermoelectric microgenerator with the 
environment. If we take into account that the average human body surface is 2 m2, then due to heat 
emission from the entire surface of the human body, it is possible to obtain from 0.5 W to 2 W of 
electrical energy in a state of rest, and from 0.8 W to 3 W of electrical energy during physical exertion. 
Such indicators are sufficient to power many low-power electronic medical devices. 

Conclusions 

1. A three-dimensional physical model of thermal and electrical processes in the “human body – 
thermoelectric microgenerator” system has been developed, taking into account thermophysical 
processes in biological tissue, namely blood circulation and metabolism, and its mathematical 
description has been performed. 

2. Using computer simulation methods, the optimal properties of thermoelectric converters were 
determined, whereby maximum values of electrical power and efficiency are achieved in a state of 
rest and during physical exertion on the human body. 

3. It has been established that from 1 cm2 of the human body surface in a state of rest it is possible to 
obtain a maximum of about 100 μW of electrical energy and during physical exertion – about 
150 μW, and, accordingly, from the entire surface of the human body in a state of rest and during 
physical exertion it is possible to obtain about 2 W and 3 W of electrical energy, which is quite 
sufficient to power a variety of low-power electronic medical equipment. At the same time, the 
efficiency of thermoelectric microgenerators powered by the heat of the human body reaches 
0.5 – 0.6 %. 
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ЕНЕРГЕТИЧНІ ХАРАКТЕРИСТИКИ ТЕРМОЕЛЕКТРИЧНИХ 

ПЕРЕТВОРЮВАЧІВ, ЩО ЖИВЛЯТЬСЯ  
ВІД ТЕПЛА ТІЛА ЛЮДИНИ 

У роботі наведено трьохвимірну фізичну модель, аналітичний опис та результати 
комп’ютерного моделювання термоелектричних перетворювачів, розміщених на поверхні 
тіла людини. Визначено оптимальні властивості термоелектричних перетворювачів, при 
яких досягаються максимальні значення електричної потужності Wmax та ККД у стані 
спокою та при фізичному навантаженні організму людини. 
Ключові слова: термоелектричний мікрогенератор, тіло людини, енергетичні 
характеристики, стан спокою, фізичне навантаження, комп’ютерне моделювання. 

Література 

1. Анатичук Л.І., Іващук О.І., Кобилянський Р.Р., Постевка І.Д., Бодяка В.Ю., Гушул І.Я. 
Термоелектричний прилад для вимірювання температури і густини теплового потоку 
"АЛТЕК-10008" // Термоелектрика. − № 1. – 2016. – С. 76 – 84. 

2. Гищук В.С., Кобилянський Р.Р., Черкез Р.Г. Багатоканальний прилад для вимірювання 
температури і густини теплових потоків // Науковий вісник Чернівецького університету: 
збірник наук. праць. Фізика. Електроніка. – Т. 3, Вип. 1. – Чернівці: Чернівецький 
національний університет, 2014. – С. 96 – 100. 

3. Кобилянський Р.Р., Бойчук В.В. Використання термоелектричних тепломірів у медичній 
діагностиці // Науковий вісник Чернівецького університету: збірник наук. праць. Фізика. 
Електроніка. – Т. 4, Вип.1. – Чернівці: Чернівецький національний університет, 2015. – С. 
90 – 96. 

4. Демчук Б.М., Кушнерик Л.Я., Рубленик І.М. Термоелектричні датчики для ортопедії // 
Термоелектрика. – 2002. – №4. – С. 80 – 85. 

5. Ashcheulov А.А., Kushneryk L.Ya. (2004). Thermoelectric device for medical and biological 
express diagnostics. Tekhnologiia i Konstrurovaniie v Elektronnoi Apparature, 4, 38 – 39. 

6. Ladyka R.B., Moskal D.N., Didukh V.D. (1992). Semiconductor heat meters in the diagnostics and 
treatment of joint diseases. Meditsinskaia Tekhnika, 6, 34 – 35. 

7. Ladyka R.B., Dakaliuk O.N., Bulat L.P., Miagkota A.P. (1996). The use of semiconductor heat 
meters in the diagnostics and treatment. Meditsinskaiia Tekhnika, 6, 36 – 37. 

8. Anatychuk L.I. (1979). Thermoelements and thermoelectric devices: Handbook. Kyiv: Naukova 
Dumka. 

9. Anatychuk L.I., Lozinskii N.G., Mikitiuk P.D., Rozver Yu.Yu. (1983). Thermoelectric 
semiconductor heat meter. Instruments and Experimental Techniques, 5, 236. 



R.R. Kobylianskyi 
Energy characteristics of thermoelectric converters powered by human body heat 

 Journal of Thermoelectricity №3-4, 2022 ISSN 1607-8829 96

10. Anatychuk L.I., Bulat L.P., Gutsal D.D., Miagkota А.P. (1989). Thermoelectric heat meter. 
Instruments and Experimental Techniques, 4, 248. 

11. Gerashchenko О.А. (1971). Basics of thermometry. Kyiv: Naukova Dumka. 
12. Jiang S.C., Ma N., Li H.J., Zhang X.X. (2002). Effects of thermal properties and geometrical 

dimensions on skin burn injuries. Burns, 28, 713 – 717. 
13. Cetingul M.P., Herman C. (2008). Identification of skin lesions from the transient thermal response 

using infrared imaging technique. IEEE, 1219 – 1222. 
14. Ciesielski M., Mochnacki B., Szopa R. (2011). Numerical modeling of biological tissue heating. 

Admissible thermal dose. Scientific Research of the Institute of Mathematics and Computer 
Science, 1 (10), 11 – 20. 

15. Filipoiu Florin, Bogdan Andrei Ioan, Carstea Iulia Maria (2010). Computer-aided analysis of the 
heat transfer in skin tissue. Proceedings of the 3rd WSEAS Int. Conference on Finite Differences – 
Finite Elements – Finite Volumes – Boundary Elements, 53 – 59. 

16. Carstea Daniela, Carstea Ion, Carstea Iulia Maria (2011). Interdisciplinarity in computer-aided 
analysis of thermal therapies. WSEAS Transactions on Systems and Control, 6 (4), 115 – 124. 

17. COMSOL Multiphysics User’s Guide (2010). COMSOLAB. 
18. Анатичук Л.І., Кобилянський Р.Р. Дослідження впливу термоелектричного тепломіра на 

визначення тепловиділення людини // Термоелектрика. − № 4. – 2012. – С. 60 – 66. 
19. Анатичук Л.І., Кобилянський Р.Р. 3D-модель для визначення впливу термоелектричного 

тепломіра на точність вимірювання тепловиділення людини // Науковий вісник 
Чернівецького університету: збірник наук. праць. Фізика. Електроніка. – Т. 2, Вип. 1. – 
Чернівці: Чернівецький національний університет, 2012. – С. 15 – 20. 

20. Анатичук Л.І., Кобилянський Р.Р. Комп’ютерне моделювання показів термоелектричного 
тепломіра в умовах реальної експлуатації // Термоелектрика. − № 1. – 2013. – С. 53 – 60. 

21. Анатичук Л.І., Гіба Р.Г., Кобилянський Р.Р. Про деякі особливості використання медичних 
тепломірів при дослідженні локальних тепловиділень людини // Термоелектрика. − № 2. – 
2013. – С. 67 – 73. 

22. Анатичук Л.І., Кобилянський Р.Р. Про точність визначення температури електронним 
медичним термометром з термоелектричним джерелом живлення // Термоелектрика. − № 5. 
– 2013. – С. 75 – 79. 

23. Анатичук Л.І., Кобилянський Р.Р., Константинович І.А. Про вплив термоелектричного 
джерела живлення на точність вимірювання температури і теплового потоку // 
Термоелектрика. − № 6. – 2013. – С. 53 – 61. 

24. Гищук В.С., Кобилянський Р.Р., Черкез Р.Г. Багатоканальний прилад для вимірювання 
температури і густини теплових потоків // Науковий вісник Чернівецького університету: 
збірник наук. праць. Фізика. Електроніка. – Т. 3, Вип. 1. – Чернівці: Чернівецький 
національний університет, 2014. – С. 96 – 100. 

25. Кобилянський Р.Р., Маник О.М., Романюк С.Б. Електронний медичний термометр з 
термоелектричним джерелом живлення // Науковий вісник Чернівецького університету: 
збірник наук. праць. Фізика. Електроніка. – Т. 3, Вип. 1. – Чернівці: Чернівецький 
національний університет, 2014. – С. 105 – 111. 

26. Anatychuk L.I., Kobylianskyi R.R., Konstantynovych I.A. (2014). Thermoelectric power supply 
for electronic medical thermometer. Technology and Design in Electronic Equipment, 4, 28 – 32. 
DOI: 10.15222/TKEA2014.4.28. 



R.R. Kobylianskyi 
Energy characteristics of thermoelectric converters powered by human body heat 

ISSN 1607-8829 Journal of Thermoelectricity №3-4, 2022     97

27. Анатичук Л.І., Кобилянський Р.Р., Константинович І.А. Градуювання термоелектричних 
сенсорів теплового потоку // Труди XV Міжнародної науково-практичної конференції 
«Сучасні інформаційні та електронні технології» 26-30 травня 2014 року. – Т. 2. – Одеса, 
Україна. – 2014. – С. 30 – 31. 

28. Анатичук Л.І., Кобилянський Р.Р. Про деякі особливості динамічних режимів роботи 
термогенератора, що використовує тепло людини // Термоелектрика. − № 3. – 2014. – С. 60 – 74. 

29. Анатичук Л.І., Кобилянський Р.Р. Про зростання ефективності термогенератора при 
використанні теплової енергії людини в динамічних режимах // Термоелектрика. − № 4. – 2014. 
– C. 70 – 80. 

30. Аnatychuk L.І., Kobylyanskyi R.R. Electronic medical thermometer with thermoelectric power 
supply // Materials Today: Proceedings 2 (2015) 849 – 857. – 12th European Conference on 
Thermoelectricity (ECT-2014); Published by Elsevier Ltd. ISSN: 2214 – 7853 (doi: 
10.1016/j.matpr.2015.05.109). 

31. Анатичук Л.І., Іващук О.І., Кобилянський Р.Р., Постевка І.Д., Бодяка В.Ю., Гушул І.Я. 
Термоелектричний прилад для вимірювання температури і густини теплового потоку "АЛТЕК-
10008" // Термоелектрика. − № 1. – 2016. – С. 76 – 84. 

32. Кобилянський Р.Р. Комп’ютерне моделювання показів термоелектричного сенсора 
медичного призначення // Термоелектрика. − № 4. – 2016. – С. 69 – 77. 

33. Анатичук Л.І., Кобилянський Р.Р., Константинович І.А., Лисько В.В., Пуганцева О.В., 
Розвер Ю.Ю., Тюменцев В.А. Стенд для градуювання термоелектричних перетворювачів 
теплового потоку // Термоелектрика. − № 5. – 2016. – С. 71 – 79. 

34. Анатичук Л.І., Кобилянський Р.Р., Константинович І.А., Кузь Р.В., Маник О.М., 
Ніцович О.В., Черкез Р.Г. Технологія виготовлення термоелектричних мікробатарей // 
Термоелектрика. − № 6. – 2016. – С. 49 – 54. 

35. Анатичук Л.І., Кобилянський Р.Р., Каденюк Т.Я. Комп’ютерне моделювання локального 
теплового впливу на шкіру людини // Термоелектрика. − № 1. – 2017. – С. 69 – 79. 

36. Анатичук Л.І., Разіньков В.В., Бухараєва Н.Р., Кобилянський Р.Р. Термоелектричний 
браслет // Термоелектрика. − № 2. – 2017. – С. 58 – 72. 

37. Анатичук Л.І., Лусте О.Я., Кобилянський Р.Р. Інформаційно-енергетична теорія 
термоелектричних сенсорів температури і теплового потоку медичного призначення // 
Термоелектрика. − № 4. – 2017. – С. 5 – 20. 

38. Анатичук Л.І., Тодуров Б.М., Кобилянський Р.Р., Джал С.А. Про використання 
термоелектричних мікрогенераторів для живлення електрокардіостимуляторів // 
Термоелектрика. − № 5. – 2019. – С. 60 – 88. 

39. Yuryk O., Anatychuk L., Kobylianskyi R., Yuryk N. (2023). Measurement of heat flux density as 
a new method of diagnosing neurological diseases. Modern methods of diagnosing diseases. 
Kharkiv: PC Technology Center, 31 – 68. doi: https://doi.org/10.15587/978-617-7319-65-7.ch2 

 
Надійшла до редакції: 03.10.2022. 


