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Computer Optimization of the Working Tool  
for a Thermoelectric Cryodestruction Device 

The paper presents the results of computer simulation of the temperature impact on 
biological tissue with an oncological neoplasm in the cooling mode. A physical, 
mathematical and computer model of biological tissue with an oncological neoplasm was 
constructed taking into account thermophysical processes, blood circulation, heat 
exchange, metabolic processes and phase transition. Computer optimization of the working 
tool and calculation of the heat removal system of thermoelectric modules for a 
thermoelectric cryodestruction device were carried out. Temperature distributions in 
biological tissue and the cooling working tool were determined. The results obtained make 
it possible to determine the freezing depth of biological tissue, in particular of oncological 
neoplasms, at a given temperature impact. A method of computer calculation of the 
temperature impact on biological tissues has been developed, which allows obtaining 
temperature distributions inside biological tissue and predicting the freezing depth during 
cryodestruction. 
Key words: thermoelectricity, thermoelectric device, working tool, computer optimization, 
computer simulation, cryodestruction, temperature impact, cooling mode, temperature 
distribution, biological tissue, oncological neoplasm. 

Introduction 
Modern thermoelectricity is a rapidly developing area of science and technology and is 

finding ever wider application. Thermoelectric energy conversion is based on thermoelectric 
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phenomena [1 – 3], the application of which allows the use of thermoelectric converters in 
various industries, in particular in medicine. Improving the quality of thermoelectric materials 
and modules [4 – 8] that form the basis of thermoelectric equipment for medical purposes is of 
great importance. 

According to statistics [9], about 310 million surgical operations are performed annually in 
the world. Each of these operations is risky, but its successful implementation gives a person a 
chance to return to a normal lifestyle. According to the World Health Organization (WHO), about 
15 % of all surgical operations are accompanied by serious complications, and the mortality rate 
during operations is 1 – 4 %. This means that the annual global mortality after surgical operations 
is about 8 million patients and places major surgical interventions among the leading causes of 
death, along with cardiovascular diseases, stroke, oncology and injuries [10]. 

It is known that treatment with antibiotics and other drugs is not always effective, since 
the human body has the property of getting used to some drugs. It has been established [11 – 19] 
that when low temperatures are applied to the affected area of biological tissue, all pathogenic 
microorganisms die, and that cold activates the immune system of the human body, mobilizes 
the endocrine and neurohumoral systems, provides resistance to stress and overload, improves 
a person's well-being and working capacity. The use of cryodestruction allows improving the 
results of treatment of many diseases in such areas of medicine as neurosurgery, oncology, 
gynecology, urology, proctology, otolaryngology, ophthalmology, traumatology, reflexology, 
dermatology, cosmetology, etc. [20 – 31]. 

As is known, the cell structures of different biological objects differ from each other in 
water content, the ratio of biological elements and electrolytic composition. These physical and 
chemical indicators mainly determine different critical temperatures. As shown by a number of 
experimental studies on determining the vital activity of tumor cells, when exposed to 
Тх = – 15 ÷ – 20 °C, relapses occur in half of cases, at Тх = – 30 °C – in 20 %, and at 
Тх = 45 ÷ 50 °C, a complete stop of tumor growth is observed [11-19]. The authors of [11] 
conducted studies on the dependence of the thermal conductivity of various tumors 
(hemangioma, melanoma, etc.) on temperature. It was found that in the temperature range from 
– 20 to – 18 °C, phase transitions completely stop and the values of thermal conductivity of 
biological tissue decrease. This is due to the appearance of microcracks in tissues during 
freezing, which in turn leads to an increase in thermal resistance and a decrease in thermal 
conductivity. In [11], the dependences of thermal conductivity of hemangioma and melanoma 
of different morphological structure and localization on temperature are given. As can be seen, 
with an equal amount of water (76 %), the values of thermal conductivity of different types of 
hemangioma are different. This suggests that thermal conductivity depends on the type of 
biological tissue, its localization and the amount of free water. 

It was shown that the thermal conductivity curves during freezing and thawing do not 
coincide (hysteresis phenomenon), which is probably explained by the change of the "particle-ice" 
thermal contact to the ice-water" contact. The differences in the values of thermal conductivity 
during freezing and thawing in the temperature range from – 20 °C to 0° C are about 25 %. 
Therefore, it can be considered that the most effective in terms of destroying tumor tissue are 
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temperatures in the range from – 5 °C to – 50 °C [11 – 19], which corresponds to the 
temperature range in which thermoelectric devices are effective. 

The use of cryodestruction for the treatment of oncological diseases allows avoiding the 
spread of metastases during surgical operations and reduces blood loss and provides an 
anesthetic effect. However, despite obvious successes, the process of introducing 
thermoelectric principles of obtaining cold into medicine is still too far from completion. The 
study of the use of low temperatures during surgical operations requires a comprehensive in-
depth study of the features of the physicochemical processes in the field of cryotherapy in 
healthy and affected biological tissues, which is a complex task requiring the creation of 
accurate physical and mathematical models and the use of computer simulation.  

The purpose of this work is computer optimization of the working tool for a thermoelectric 
cryodestruction device and creation of a computer simulation method that will allow predicting 
the results of local temperature effects on biological tissue during cryodestruction of 
oncological neoplasms. 

1. Physical, mathematical and computer model of a thermoelectric 
cryodestruction device 

Predicting the consequences of cryoimpact is a multifactorial problem, which, with the 
development of the cryosurgical treatment method, requires a simple and accessible method of 
prediction based on the relationship of variable parameters, such as temperature, geometry of the 
cryo tool, cooling rate and time of its exposure, and the volume and structure of biological tissues 
subject to cryodestruction. 

To solve such problems, the method of analytical simulation of frozen tissue is usually used. 
There are a sufficient number of models describing freezing processes around a cryo tool, 

differing in the degree of complexity [32 – 34]. Analytical modeling of the assessment of the sizes 
of freezing zones is important as a method of analyzing and optimizing the effectiveness of 
cryodestruction and as a basis for calculating the designs of cryo tools and deep cooling systems 
for cryosurgical equipment. The breadth of implementation of methods of mathematical 
prediction of the results of cryotherapy will depend primarily on the probability of describing the 
thermal processes occurring during freezing of biological tissues and the accompanying phase 
transitions. 

In order to predict the results of local cryotherapy in advance, a physical (Fig. 1), 
mathematical and computer model (Fig. 2) of a device for cryodestruction of malignant 
oncological neoplasms was developed. 

Structurally, the device consists of a working tool surrounded by insulation, two two-
stage thermoelectric modules, on the hot side of which liquid heat exchangers are installed, a 
pump that pumps water through the channels, a fan and a liquid-air heat exchanger that cools 
the pumped liquid. Since cryodestruction requires achieving the lowest possible temperature 
values, two-stage thermoelectric modules ALTEC-011 are used, which are characterized by an 
increased temperature difference ΔΤmax. 
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Fig. 1. Physical model of a thermoelectric device for the destruction of oncological neoplasms:  

1 – tumor, 2 – working tool, 3 – insulation, 4 – two-stage thermoelectric module,  
5 – liquid heat exchanger, 6 – pump, 7 – fan, 8 – liquid-air heat exchanger 

Heat flow to thermoelectric modules:  

 2 1 HQ Q Q= + , (1) 

where Q1 is heat flow from the liver, QH is heat in-leak through the lateral surface of the working 
tool. 

Heat flow after thermoelectric modules: 

 3 2Q Q W= + , (2) 

where W is power of modules. 
Heat flow transferred to the liquid from the hot side of the thermoelectric modules 

 ( )4 4 4 5 6Q S T T= α − . (3) 

Heat flow transferred to the liquid-air heat exchanger from the liquid: 

 ( )5 5 5 6 7Q S T T= α − . (4) 

Heat flow transferred from a liquid-air heat exchanger to the environment: 

 ( )6 6 6 7 8Q S T T= α − . (5) 

where α4, α5, α6 are heat exchange coefficients, S4, S5, S6 are heat exchange surface areas. 
To find temperature distributions in the structural elements of the device for tumor 

cryodestruction and in the tumor itself, the Comsol Multiphysics application software package 
[35] was used, which allows simulation of thermophysical processes in biological tissues taking 
into account blood circulation, heat exchange, metabolic processes, and phase transition. 
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The heat transfer equation in biological tissue in this case will have the form [36] 

 ( ) ( )p b b b b met
TC T C T T Q
t

∂
ρ +∇ −κ∇ = ρ ω − +

∂
, (6) 

where: ρb  – blood density (kg/m3), which is equal to the mass of blood divided by its volume; 
Cb  – specific heat capacity (J/kg·K), which is equal to the amount of thermal energy required 
to create a unit temperature difference in a unit mass of blood; ωb – blood flow rate (1/s), which 
in this case means (m3/s)/m3, and describes the volume of blood per second flowing through a 
unit volume of tissue; Tb – arterial blood temperature (K), equal to 310.15 K; Qmet – amount of 
metabolic heat (W/m3). 

The computer model represents a volume of biological tissue with isotropic thermal 
properties. Inside the biological tissue is placed a needle made of a material with high thermal 
conductivity, fixed on a rod made of the same material. The rod is surrounded by thermal 
insulation, which is in a state of heat exchange with the surrounding environment. The 
temperature at the end of the rod is given, and is equal to – 50 °C. The boundary condition is in 
the region far from the probe, where the temperature should be the same as the body temperature 
37 °C. During the freezing process, biological tissue will undergo a phase change at the freezing 
point, with losses of latent heat of phase transition and the temperature in the biological tissue 
remaining unchanged. The phase transition in biological tissues occurs at temperatures from 
– 1 to – 8 °C. The properties of biological tissue in the frozen and thawed states are given in 
Table 1. In the temperature range of – 1 ÷ – 8 °C, when biological tissue is frozen, the latent 
heat of the phase transition is absorbed, which can be modeled by adding the corresponding 
value to the heat capacity [37 – 39]. The computer model of biological tissue with an 
oncological neoplasm and a working tool takes into account thermophysical processes, blood 
circulation, heat exchange, metabolic processes and phase transition. 

Table 1 
Properties of biological tissue in frozen and thawed states [40 – 48] 

 Measurement units Value 
 Heat capacity of frozen tissue MJ/m3 °С 1.8 
Heat capacity of frozen tissue MJ/m3 °С 3.6 

 Heat capacity of blood МJ/m3 °С 3.6 
Thermal conductivity of thawed tissue W/m °С 0.5 
Thermal conductivity of thawed tissue W/m °С 2 

Latent heat MJ/m3  250 
Body temperature °С 37 

Lower phase transition temperature °С – 8 
Upper phase transition temperature °С – 1 
Blood perfusion in healthy tissue ml/s/ml 0.0005 

Blood perfusion in tumor ml/s/ml 0.002 
Metabolism in normal tissue W/m3 4200 

Metabolism in tumor W/m3 42000 
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When biological tissue is frozen, the capillaries constrict until all the blood in the 
capillaries freezes, and the value of ωb approaches zero. In addition, cells will not be able to 
generate metabolic heat when frozen, and Qmet will be zero at temperatures below zero. 

2. Optimization of the working tool and calculation of the heat removal system 
of thermoelectric modules 

2.1. Calculation of the cooling system of thermoelectric modules 

An important task in the design of thermoelectric devices is the selection of the required 
type of heat exchanger. The main indicator that determines the area of expedient use of the 
cooling method is the density of heat flow passing through the surface of the heat exchanger. 

The second indicator necessary for choosing a cooling method is the maximum 
permissible overheating of the elements ∆Тс. 

The efficiency of a particular type of heat exchanger is determined by the heat transfer 
coefficient, which is given for different types of heat exchange and type of coolant: 

1) free convection and evaporation   2 – 19 W/m2 K 
2) forced convection in gases     10 – 100 W/m2 K 
3) free convection in viscous liquids    200 – 300 W/m2 K 
Let us consider the calculation of “solid-liquid” heat exchanger. 
The process of heat transfer during the movement of a coolant in a pipe (channel) depends 

on many factors. The laminar or turbulent flow regime is determined by the Reynolds number 
Re: 

 Re ud
v

= . (7) 

where u is the average (over the pipe cross section) fluid velocity, d is the internal diameter of 
the pipe. 

When Re < Rerh1 = 2300 – the flow is laminar (Rerhl – lower critical Reynolds number). 
When Re < Rerh2 = 10000, a developed turbulent flow is observed (Rerh2 – upper critical 
Reynolds number). Reynolds numbers lying in the interval Rerh1 < Re < Rerh2, correspond to 
the transient flow mode, as well as the transient heat transfer mode [49].  

The load characteristics of the ALTEC-11 thermoelectric modules, developed at the 
Institute of Thermoelectricity of the National Academy of Sciences and the Ministry of 
Education and Science of Ukraine, which are characterized by increased values of the maximum 
temperature difference [50]. 

In the case when the ambient temperature is 25 °С and using a radiator with two 
120 x 120 mm2 fans, one can expect a temperature difference between the radiator and the 
liquid of 5 ÷ 10 °С at a dissipation power of 200 ÷ 300 W. Thus, one radiator is enough for two 
thermoelectric modules. The liquid temperature will be 30 – 35 °С. 

The temperature losses at the thermal contacts between the thermoelectric modules and 
the liquid heat exchanger, as well as between the thermoelectric modules and the copper plate 
when using the KPT-8 thermally conductive paste with a gap h = 0.5 mm will be: 
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However, if we improve the density and bring the gap size to h = 0.005 mm, then 
∆T = 0.9 °C, that is, about 2 °C for two such heat spreaders. 

To these losses, it is also necessary to add the temperature difference between the liquid 
heat exchanger and the liquid, which will depend on the speed of pumping the liquid. 

The dependence of the cold side temperature of thermoelectric modules on the heat flow 
from the working tool and the fluid pumping speed in the liquid heat exchanger system was 
calculated, based on the temperature difference of the ALTEC-011 thermoelectric modules for 
a given heat flow (Fig. 4, 5). 

 
Fig. 4. Dependences of cold side temperature of thermoelectric modules  

on the heat in-leak from the working tool 

 

Fig. 5. Dependences of cold side temperature of thermoelectric modules  
on liquid pumping speed 
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As studies have shown, the in-leak value is 2 W, which allows for a plate temperature of 
about – 43 ºС. 

2.2. Calculation of the working tool design 
The temperature distributions in the working tool and tumor for heating and cooling 

modes were investigated, which made it possible to optimize the working tool. 
Figs. 6 – 7 show typical temperature distributions and isothermal surfaces in the cooling 

mode. 

 
Fig. 6. Temperature distribution in the working tool and tumor in the cooling mode 

 
Fig. 7. Isothermal surfaces in the working tool and tumor in the cooling mode 

In the cooling mode, the temperature distributions and isothermal surfaces are obtained 
based on the maximum possible cooling capacity and temperature differences in practice, which 
makes it possible to obtain the two-stage thermoelectric module ALTEC-011. 
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The working tool of the device was optimized. The dependences of the freezing depth on 
the diameter and length of the working tool, the dependences of the freezing depth and needle 
temperature on the thickness of the working tool insulation, and the dependences of the freezing 
depth and needle temperature on the needle diameter were determined. 

Fig. 8 shows a typical temperature distribution in the working tool and biological tissue in 
the cooling mode. For this case: rod diameter – 8 mm, rod length – 40 mm, insulation thickness 
– 5 mm, needle length – 7 mm, needle diameter – 2 mm. Curves 1, 2 – isotherms – 1 and – 8 ºС, 
respectively. The temperature distribution along the radius of the hemisphere of thermal impact 
of the working tool of the device – line R, which is shown in Fig. 8, is given in Fig. 9. 

 
Fig. 8. Typical temperature distribution in the working tool and biological tissue in the cooling mode 

 
Fig. 9. Temperature distribution along the radius of the hemisphere  

of thermal impact of the device for the cooling mode 
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Figs. 10 – 14 show the dependence of the needle temperature and the depth of freezing of 
biological tissue on the diameter of the rod at different rod lengths. Table 2 shows the values of 
the needle temperature, freezing depth, temperature at a distance of 5 mm from the center of 
the needle and heat flow from the rod for different values of the geometric dimensions of the 
rod. Insulation thickness his = 5 mm, needle diameter dn = 2 mm, needle length hn = 7 mm. 

Table 2 
Influence of the geometric dimensions of the working tool rod on the freezing depth, needle 

temperature and heat flow to the cold sides of the modules 

Rod 
length, 

mm 

Rod 
diameter, 

mm 

Needle 
temperature, 

ºС 

Temperatur
e at the 
point   

R = 5 mm, 
ºС 

Distance to 
the point 

with 
temperature 
– 8 ºС, mm 

Distance to 
the point 

with 
temperature 
– 1 ºС, mm 

Heat flow 
from the 
rod, W 

10 

2 – 35.43 – 10.67 5.71 7.17 1.806 

4 – 45.32 – 15.44 6.79 8.31 2.223 

6 – 47.37 – 19.06 7.51 9,07 2.575 

8 – 48.13 – 22.86 8,28 9.9 3.004 

20 

2 – 26.5 – 6.6 4.62 6.06 1.472 

4 – 41.38 – 13.63 6.41 7.89 2.111 

6 – 45.19 – 17.96 7.30 8.82 2.535 

8 – 46.67 – 22.01 8.13 9.7 2.999 

40 

2 – 16.03 4.9 3 4.37 1.098 

4 – 34.79 – 10.62 5.7 7.16 1.93 

6 – 41.16 – 15.9 6.88 8.41 2.467 

8 – 43.84 – 20.4 7.82 9.39 2.989 

60 

2 – 10.13 14.5 1.83 3.15 0.898 

4 – 29.47 – 8.22 5.06 6.51 1.791 

6 – 37.51 – 14.06 6.5 7.99 2.408 

8 – 41.17 – 18.9 7.55 9.12 2.979 

80 

2 – 5.94 20.25 – 2.16 0.783 

4 – 25.08 – 6.02 4.47 5.92 1.684 

6 – 34.19 – 12.38 6.13 7.58 2.358 

8 – 38.63 – 17.46 7.28 8.79 2.972 
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Fig. 10. Dependences of needle temperature (Tn) and freezing depth  

(lfreez1 – distance to the isotherm with a temperature of – 1°C,  
lfreez2 – distance to the isotherm with a temperature of – 8 °C)  

on the rod diameter (rod length 10 mm) 

 
Fig. 11. Dependences of needle temperature (Tn) and freezing depth  

(lfreez1 – distance to the isotherm with a temperature of – 1 °С,  
lfreez2 – distance to the isotherm with a temperature of – 8 °С)  

on the rod diameter (rod length 20 mm) 
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Fig. 12. Dependences of needle temperature (Tn) and freezing depth  

(lfreez1 – distance to the isotherm with a temperature of – 1 °С,  
lfreez2 – distance to the isotherm with a temperature of – 8 °С)  

on the rod diameter (rod length 40 mm) 

  
Fig. 13. Dependences of needle temperature (Tn) and freezing depth  

(lfreez1 – distance to the isotherm with a temperature of – 1 °С,  
lfreez2 – distance to the isotherm with a temperature of – 8 °С)  

on the rod diameter (rod length 60 mm) 
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Fig. 14. Dependences of needle temperature (Tn) and freezing depth  

(lfreez1 – distance to the isotherm with a temperature of – 1 °С,  
lfreez2 – distance to the isotherm with a temperature of – 8 °С)  

on the rod diameter (rod length 80 mm) 

Table 3 shows the values of the needle temperature, freezing depth, temperature at a 
distance of 5 mm from the center of the needle, and heat flow from the rod for different values 
of insulation thickness. 

Table 3 
Impact of insulation thickness on freezing depth, needle temperature,  

and heat flow to the cold sides of thermoelectric modules 

Insulation 
thickness, 

Mm 

Needle 
temperature, 

ºС 

Temperatur
e at the 
point  

R = 5 mm, 
ºС 

Distance to 
the point 

with 
temperature
– 8 ºС, mm 

Distance to 
the point 

with 
temperature  
– 1 ºС, mm 

Heat flow 
from the 
rod, W 

2 – 43.76 – 20.24 7.78 9.35 3.057 

3 – 43.79 – 20.29 7.79 9.37 3.027 

4 – 43.82 – 20.34 7.81 9.38 3.005 

5 – 43.84 – 20.4 7.82 9.39 2.989 

Dependences of the needle temperature and freezing depth on the insulation thickness are 
shown in Fig. 15. The rod diameter dr = 8 mm, the rod length lr = 40 mm, the needle diameter 
dn = 2 mm, the needle length hn = 7 mm. 
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Fig. 15. Dependences of needle temperature (Тn) and freezing depth (h)  

on the insulation thickness (dг = 1 mm, hг = 10 mm, hст = 80 mm) 

Table 4 shows the values of the needle temperature, freezing depth, temperature at a 
distance of 5 mm from the center of the needle and heat flow from the rod for different values 
of the needle diameter. The dependences of the needle temperature and freezing depth on the 
needle diameter are shown in Fig. 16. Rod diameter dr = 8 mm, rod length lr = 40 mm, 
insulation thickness his = 5 mm, needle length hn = 7 mm. 

Table 4 
Impact of needle diameter on freezing depth, needle temperature,  

and heat flow to the cold sides of thermoelectric modules 

Needle 
diameter, 

Mm 

Needle 
temperature 

ºС 

Temperatur
e at the 
point  

R = 5 mm, 

ºС 

Distance to 
the point 

with 
temperature  

– 8 ºС, mm 

Distance to 
the point 

with 
temperature 
– 1 ºС, mm 

Heat flow 
from the 
rod, W 

05 – 44.71 – 14.8 6.61 8.1 2.517 

1 – 44.31 – 17.02 7.12 8.62 2.718 

2 – 43.84 – 20.4 7.82 9.39 2.989 

3 – 43.35 – 23.5 8.43 10.02 3.267 
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Fig. 16. Dependences of the needle temperature (Tn) and freezing depth (h)  

on the needle diameter (dr = 8 mm, lr = 40 mm, his = 5 mm, hn = 7 mm) 

Table 5 shows the values of the needle temperature, freezing depth, temperature at a 
distance of 5 mm from the center of the needle and heat flow from the rod for different values 
of the needle length. The dependences of the needle temperature and freezing depth on the 
needle length are shown in Fig. 17. The rod diameter dr = 8 mm, the rod length lr = 40 mm, the 
insulation thickness his = 5 mm, the needle diameter dn = 2 mm. 

Table 5 
Impact of needle length on the freezing depth, needle temperature  

and heat flow to the cold sides of thermoelectric modules 

Needle 
length, 

Mm 

Needle 
temperature, 

ºС 

Temperatur
e at the 
point  

R = 5 mm, 

ºС 

Distance to 
the point 

with 
temperature 

– 8 ºС, mm 

Distance to 
the point 

with 
temperature 
– 1 ºС, mm 

Heat flow 
from the 
rod, W 

5 – 44.48 – 18.37 7.25 8.69 2.735 

7 – 43.84 – 20.4 7.82 9.39 2.989 

10 – 43.35 – 23.5 8.35 10.04 3.349 

15 – 41.81 – 20.56 8.6 10.59 3.843 
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Fig. 17. Dependences of needle temperature (Тn) and freezing depth (h)  

on the needle length (dr = 8 mm, lr = 40 mm, hіз = 5 мм, dn = 2 mm) 

The obtained results allow selecting the design of a thermoelectric device and a working 
tool for a specific treatment method, and also form the basis for the development and 
manufacture of a thermoelectric device for cryodestruction of biological tissues, in particular 
oncological neoplasms. 

Conclusions 
1. A physical, mathematical and computer model of a thermoelectric device for 

cryodestruction has been created, allowing one to predict the results of local temperature 
impact on biological tissue during cryodestruction of oncological neoplasms for a specific 
design of the working tool, based on the necessary treatment conditions. 

2. The temperature distributions in biological tissue with an oncological neoplasm and a 
working tool in the cooling mode were determined. 

3. Computer optimization of the working tool and calculation of the heat removal system of 
thermoelectric modules for the thermoelectric cryodestruction device were carried out. 

4. A method for computer calculation of the temperature impact on biological tissues has been 
developed, which allows obtaining temperature distributions inside biological tissue and 
predicting the depth of freezing during cryodestruction. 
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Комп’ютерна оптимізація робочого інструменту  
термоелектричного приладу для кріодеструкції 

У роботі наведено результати комп’ютерного моделювання температурного 
впливу на біологічну тканину з онкологічним новоутворенням у режимі 
охолодження. Побудовано фізичну, математичну і комп’ютерну моделі біологічної 
тканини з онкологічним новоутворенням із врахуванням теплофізичних процесів, 
кровообігу, теплообміну, процесів метаболізму та фазового переходу. Проведено 
комп’ютерну оптимізацію робочого інструменту та розрахунок системи 
тепловідводу термоелектричних модулів для термоелектричного приладу 
кріодеструкції. Визначено розподіли температури у біологічній тканині та 
охолоджуючому робочому інструменті. Отримані результати дають можливість 
визначати глибину промерзання біологічної тканини, зокрема онкологічного 
новоутворення, при заданому температурному впливі. Розроблено методику 
комп’ютерного розрахунку температурного впливу на біологічні тканини, що 
дозволяє отримувати розподіли температур всередині біологічної тканини та 
прогнозувати глибину промерзання при проведенні кріодеструкції. 
Ключові слова: термоелектрика, термоелектричний прилад, робочий інструмент, 
комп’ютерна оптимізація, комп’ютерне моделювання, кріодеструкція, 
температурний вплив, режим охолодження, розподіл температури, біологічна 
тканина, онкологічне новоутворення. 
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